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BBEJAEHHUE

duznueckas U KOJUIOUIHAS XUMUSI, IBJISACH (PYyH/IaMEHTAIbHOM HayKoOH, Xa-
PaKTEpU3YET CBI3U MEXKIY XUMUYECKUMU U (GU3MUECKIMU CBOMCTBAMH BEILIECTB U
SBJICHUSIMH, IPOTEKAIOIIMMHI B CUCTEME B3aMMOJICHCTBYIOIINX BEIIECTB. Y CTAHOB-
JICHHBIE 3aKOHOMEPHOCTH J3THUX CBSI3€M TMO3BOJSIOT CHOPMYIUpPOBATH OOIIME
MPUHITUIBI TTPOTEKAHUS (PU3UKO-XUMUYECKUX TPOIECCOB, HEOOXOAMUMBIE TSI J0-
CTHDKEHHS] KOHEYHOW LIeJIM - MPEACKA3aHMs HAaIpaBJICHUS PEAKUUU U MOJTYYCHUH
HY’KHOT'O MPOJIYKTA.

JlaHHasi TUCHUIUIMHA SIBJISIETCSl 0A30BOM: €€ YCBOCHHUE B 3HAUMTEIILHOU CTe-
MIEHU OIpeAesieT CTAaHOBJICHUE BBHICOKOKBAIU(PHUIIMPOBAHHOIO CIEIUATUCTa —
TEXHOJIOTa, B Kakoil Obl M3 OTpaciedl MPOMBIIUIEHHOTO MPOW3BOJICTBA €My HU
NpUILIOCH paboTarh. Takue pacnpoCTpaHEHHbIE B MUINEBOW MPOMBIIUICHHOCTH
TEXHOJIOTUYECKHUE OTEpallii KaK cenapanusi, IUCTHULIALNS, SKCTPaKIUsl, yBapHuBa-
HUE, KPUCTAJUIM3AIUS U PACTBOPEHHUE MOTYT OBITh IMOHATHI TOJBKO HAa OCHOBE 3a-
KOHOB (pM3MYECKOW U KOJUIOMJHOM XMMHHU. Bce OMOXMMHUYECKHE IMPOLECCH, Je-
JKaIlle B OCHOBE psiJia MUIIEBBIX MPOU3BOJICTB, TAKXKE MOTUMHAIOTCS 3aKOHAM (Pu-
3UYECKON XUMHUH.

Kpome Toro, naHHbIil Kypc, OOBSICHSISI XMMHYECKHUE SIBJIEHUSI HA OCHOBE 00-

X TPUHIUIOB (PU3MKH, CIOCOOCTBYET (OPMHPOBAHUIO HAYYHOTO U MHXKEHEP-
HOT'O MBIIIJICHUS Y CTYJICHTOB U TOTOBUT UX K JY4YIIEMY BOCHPUITHIO CIEHHAIb-
HBIX JTUCIUIUINH, CBA3aHHBIX C TEXHOJOTUEH MPOIYKTOB MUTAHUS.
N3yyenue Kypca QU3NYECKOW M KOJUIOMAHOW XMMHMH HaIpaBICHUS MOATOTOBKU
260800.62 «TexHonorusi MPOAYKIIMA M OpPraHU3alMs OOIIECTBEHHOTO MUTAHUS)
3a04HOM (popMbl 00yUeHHs Oa3UpyeTcs B OCHOBHOM Ha CaMOCTOSITENIbLHOM padorTe.
B cBsi3u ¢ 3TUM LI€IbI0 HACTOSLIETO MOCOOUS ABIISETCS MPEIOKEHUE CTYyACHTaM
METOAUYECKUX YKAa3aHHM, HAPABJISIOMINX U OPUCHTUPYIOIINX CTYJEHTOB Ha IIy-
OOKOE TEOpEeTHUECKOE OCBOCHHE MaTepralla B COOTBETCTBUH C TPEOOBAaHUSMU IOC-
YAApPCTBEHHOTO CTaHAapTa K COAECPKAHUIO TUCIUIUIMHBI, a4 TAKXKE Ha MpaKTUYe-
CKOE€ NPUIIOKEHHE ITOTYYEHHOTO 3HAHHUSL.

JIist okazaHus peanbHOW MOMOIIM CTYJIEHTAM-3a04YHMKAM B U3YUYEHHH Kypca
aBTOPbl TMPHU COCTABICHUU MOCOOUS Pellay CIEAYIOIIUE 3a/1auu: ONpe/eTIeHUue
Kpyra OCHOBHBIX BOIIPOCOB MO KaXJ0W TeMe; MPEAJIOKEHNE METOANYECKUX yKa3a-
HUM JJIs1 IOCJIEIOBATENBHOTO CAMOCTOATEIBLHOTO U3YyUEHHUs BCEX Pa3/iesiOB TEMBI;
HaIlMCaHWEe KPAaTKOW TEOpUU U MPUIIOKEHHE CIPAaBOYHOM MHGOpMAIMK; MpPeio-
YKEHUE aJTOpUTMa PEIICHMs] TUIOBBIX 3a/1a4 MO KaXJI0M TeMme; Mmoa0o0p BOIMPOCOB
JUTSI CAMOKOHTPOJISI M 3371a4 JIJISl BBITIOJIHEHUSI CTYJEHTAMU KOHTPOJIbHON PabOTHI.
B cBs3u ¢ BBIIECKa3aHHBIM JTAHHYIO METOJMYECKYI0 pa3pabOTKy MOXKHO pac-
CMaTpHUBaTh KaK PYKOBOJACTBO JJII CAMOCTOSTEIBHOIO OCBOEHUS TEOPETHYECKOrO
MaTepHuaia TUCIUTIINHBI U BBITIOJIHEHUSI CTYJICHTOM KOHTPOJIbHOW PaOOTHI.

Meroanueckne yKa3aHUSI COCTaBIICHBI B COOTBETCTBHUU C TPEOOBAHHUSIMU
®I'OC 3+, mpeabsBISIEMBIMH K TIOJTOTOBKE JUTIOMUPOBAHHBIX 0aKaiaBpOB B 00-
JIACTH TEXHOJIOTUU MPOIYKTOB M OPraHU3alMU OOIIECTBEHHOIO MUTAHMUS.
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Obwue ykazanus

st u3ydyenus: GpU3NMUECKOM M KOJUIOMIHOM XUMHUHU CTYJIEHTAMU CHEIUallb-
HOCTH TEXHOJIOTHUSI MPOAYKTOB OOIIECTBEHHOTO MUTaHUA 3a04HOM (PopMBI 00yUe-
HUS B COOTBETCTBHUM C YYEOHBIM IJIAHOM OTBOJSATCS JICKIIMOHHBIC YAChl M YaChl
JUIS IPOBEICHUA TaOOPATOPHO-TIPAKTUUECKUX 3aHATUH B 00beMe He Oosee 25% ot
HeoOxoaumoro. M3ydeHne Kypca CTyJeHTaMU 3a09HOM U YCKOPEHHOU (hopM 00y-
yeHusi 0a3upyercs, B OCHOBHOM, Ha CaMOCTOSITeNbHOM paboTe. OHa ciaraercs u3
CJIEIYIOLIUX 3TAIOB:

- UW3y4YeHHE MaTepuaja 1o y4eOHUKY U Y4EeOHBIM MOCOOUSM;

- 3a0YHOE BBINOJHEHUE KOHTPOJIBHON pabOTHI.

Bo BpeMsi ceccuu CTYIEHTHI CIyHIAlOT OO030pHBIC JEKIMH, TIAe ITaeTCs
HaumOoJiee TPYIHBIM JJIsi CAMOCTOSITEIBHOTO M3YYEHHs Marepual MporpaMmbl, U
BBITIOJIHSIOT JIA0OPATOPHBIE U MPAKTUYECKUE PAOOTHI, MPEyCMOTPEHHBIE YIEOHBIM
iaHoM. JlabopaTOpHBIN MPAKTUKYM CUMTAETCS BBITIOJIHEHHBIM, €CIIA CTYJIEHT OT-
paboTan Bce 1abOpPaTOPHBIE pabOTHI, CIENAl OTYET [T0 HAUM M OTBETHII Ha BOIPOCHI
npenojaBaTelisi IPU UX 3allluTe.

CamocrosiTesibHast padora ¢ KHUro. CaMOCTOATENBLHOE U3YYEHHE Kypca
110 KHHUTE WK y4eOHOMY MOCOOMIO CIEAYET pacCMaTpuBaTh Kak OCHOBHYIO padoTy
IIPU U3YYEHUU TUCUHUIUIMHBL. OCBaMBaTh MaTepHall Kypca HY>KHO IO TEMaM C yde-
TOM BOIIPOCOB B nporpamme. [Ipu nepBom 4TeHUH HE 3aJiep>KUBATECh HA MaTeMa-
TUYECKUX BBIBOJIaX, COCTABJIICHUN YPABHEHUM PEaKIIMil, HO CTapalTeCch MOIYYUTh
oO1ee mpeacTaBiieHue 00 M3JlaraéMbIX BOMPOCAX, a TAKXKE BBIIBUTH TPYJHBIE U
HEesICHbIE MecTa. BHMMAaTeNbHO YUTalTEe TEKCT, BBIACICHHBIA KUPHBIM HMIPUPTOM.
[Ipy MOBTOPHOM M3YYEHHUH TEMBI YCBOMTE BCE TEOPETUUECKUE IMOJIOKEHHUS, MaTe-
MaTUYECKUE 3aBUCUMOCTH U WX BBIBOJIbI, & TAK)KE MPUHIIUITBI COCTABJICHUS] XUMHU-
yeckux ypaBHeHui. [Ipu sTom riy0ke BHHKaWTE B CYIIHOCTh BOMPOCA, a HE MbI-
TalTech 3alIOMHUTH OTJIETbHBIC SIBICHUA U PakThl. Takoil MoAX01 K U3YYEHHUIO BO-
mpoca crnoco0cTByeT 0oJiee riTyOOKOMY M TPOUHOMY YCBOCHHIO MaTepuaia. Takxke
JUTSL Ty4IIero MOHUMAaHUs HEOOXOAMMO 3aBECTH pabouyro TETpajb U 3aHOCUTH B
Hee (POPMYJTHUPOBKU 3aKOHOB M OCHOBHBIX MOHSTUH Kypca, HE3HAKOMBIE XUMUYeE-
CKHE TEPMUHBI U Ha3BaHUS BEIIECTB, (OPMYJIbI U YpaBHEHUS pEaKIuii, MaTeMaTH-
YECKHUE 3aBUCMMOCTH M MX BBIBOJBI. B cilydae, korga maTepual moanaercs Joru-
YECKOM CUCTEeMaTH3alluM, COCTABJISIUTE CXeMbl, rpaduKu, AuarpaMMbl, TaOIUIIbI.
OnHu 00JeryaroT 3alOMHUHAHUE U YMEHBIIAIOT 00BEM KOHCHEKTUPYEMOTO MaTepu-
ana. [Ipu moBTOpeHun matepuana (B MEPHUOJ MOJATOTOBKH K IK3aMEHY) KpPaTKHM
KOHCIEKT Kypca OyAeT HeoOXoAuM M mojie3eH. M3ydueHue Kypca TOJKHO COIpo-
BOXJIAThCS BBIMTOJIHEHUEM YIIPAXXHEHUM, TECTOBBIX 3aJIaHUM, PEIIECHUEM THUIOBBIX
3aJa4 Mo KakJoMy paszeny. Pemienue 3aad — oJJUH U3 Jy4YIIMX CIOCOOOB caMo-
KOHTPOJISI TPOYHOCTH YCBOEHHUSI TEOPETUUECKOTO MaTepurara.

BoinosiHeHHe KOHTPOJIbHOMH PadoThl. CTyIeHT 3a09HON (OPMBI 00yUEHUS
B IpoIlecCe U3Y4YEeHUs Kypca (PU3MYECKON M KOJUIOMAHOW XUMHUHU JTOJKEH BBINOJ-
HUTb 3a0YHO OJIHY KOHTPOJBHYIO padOTy M MPOUTH MO HEW yCTHOE codece0BaHne
C IpenojaBareneM-perieH3eHTOM. K BBIMOTHEHUI0 KOHTPOJIILHOM pabOThl MPUCTY-
NarT B MOMEHT, KOTJla u3y4YeHa Hy>KHas 4acTh Kypca U pa3o0paHbl pelieHus npu-



MEpOB, IPUBEACHHBIX IIEpe 33jadaMi K KOHKPETHBIM TeMaM KOHTPOJIBHOTO 3a/a-
HUSL.

B koHTpOabHOM paboTe pelieHue 3a1a4 U OTBEThI HA TEOPETUYECKUE BOMPO-
Chl JIOJKHBI OBITH KPaTKO, HO 4YETKO 0OOCHOBaHbI. MCKIIIOUEHHE COCTaBISAIOT CIIy-
Yau, TJIe 10 CYIIECTBY BOIIpOCa Takasi MOTUBHUPOBKa He Tpedyercs. [Ipu permenun
3aJ1a4y HY>KHO IPUBOJUTH BECh XOJI PEIICHHS U MaTeEMaTUYECKUE TPE0Opa30BaHUs.

B MeKCECCMOHHBIN NEPUOJ CTYACHT BBIIOJHIET CBOM BApUAHT KOHTPOJb-
HOI pabOThI B COOTBETCTBHHM C TpeOoBaHUsIMU Ha cTp. 87. B xoHile paboThI MpuBo-
JST CIUCOK HCHOJB30BaHHOW suTeparypbl. KoHTponbHas pabota MoiKHA OBITH
cllaHa CTYJIEHTOM J0 Hayayia ceccud. Eciau paboTa peleH3eHTOM BO3BpalleHa, TO
710 CIlauu HK3aMEHa OHa JOJKHA ObITh JopaboTaHa C y4eTOM 3aMEYaHUM.

N3yuyenue xypca 3aBepuiaetcst 3k3aMeHOM. CTyAeHT cuMTaercs JOMYIIEH-
HBIM K 3K3aMEHY IIpU BBIIIOJHEHUHM UM BCEX HEOOXOAMMBIX TPEOOBaHMN: HAIUYUS
3alUTHl 110 JaOOPATOPHOMY MPAKTHUKYMYy U MPOMIEHHOMY YCTHOMY cobecenoBa-
HUIO 110 KOHTPOJIBHOM padoTe.
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TEMA 1. ATPEI'ATHBIE COCTOSHUSA
OCHOBHBIE BOITPOCBI

ArperaTHble COCTOSIHUSI BEIIECTB: Ta3000pa3HoOe, KHUAKOE, TBepaoe. Da3oBbie me-
pPEXOJIbl - MPOIECCHl U3MEHEHUSI COCTOSIHMS BelllecTBa. ['a3000pa3HOe COCTOSIHUE.
[TapameTpsl onmucaHusi COCTOSIHHS Ta3a: JaBieHue, o0beM, TeMiiepatypa. Mojaenb
UJICAIBHOTO Ta3a. 3aKOHbI MJACATIbHBIX ra3oB: boilns-Mapuorra, I'eit-JIroccaka,
[Tapns, MenneneeBa-Knaneiipona, ABoraapo. IlapuuansHoe naBinenue. JXXujakoe
cocTostHuE BeniecTBa. [110THOCTE U MoJIsIpHBINA 00BeM. BsizkocTh. [ToBepxHOCTHOE
HATsHKEHWE M TIOBEPXHOCTHAs SHEprus. J[aBleHWe HACHIILIEHHOTO Mapa >KUIKOCTH.
TBepaoe cocrosiHKe BemecTBa. AMOp(PHOE U KpUCTAIINYECKOe cocTostHUSA. [lonu-
MOphU3M.

METOJMYECKHUE YKA3AHNA

[Ipu u3ydyeHnHn JaHHON TeMbl HEOOXOJIMMO MOHSTh, YTO MHOTHE U3BECTHBIE
BEILECTBA NIPU M3MEHEHUU BHEIIHMX YCIOBUHM (TeMIIepaTypa, JABJICHHUE), MOKHO
MOJIYYUTh B TPEX arperaTHbIX COCTOSHHSIX — ra3000pa3HOM, KUJIKOM M TBEPIOM.
[lepexoapl U3 OJJHOTO arperaTHOro0 COCTOSIHUSI BEILIECTBA B PYroe Ha3bIBaIOT (ha-
30BbIMH Iiepexoaamu. Ciieayer pa3o0parbes, UTO pa3iniyue MEXAy dTUMU TpeMs
arperaTHbIMH COCTOSTHUSIMU OIPENEIAETCS CUIIAMHU MEKMOJIEKYJIIPHOTO TIPUTSIKE-
HUSl U PacCTOSIHUEM MEXIy MoJieKyldamu. PaccMoTpute Bo3MokHbIE (pa3oBbIe TIe-
pexoabl BEUIECTB: UCHApEHUe, KOHIECHCAUIO, TUIaBJIECHNE, KPUCTAJUIM3ALUIO0, Cy0-
JUMalMIo, AecyOaumaIuio. 3aloMHUTE, KaKUe MPOLECChl Ha3bIBAIOT U30TEpMUYE-
CKMMHU, N300apHBIMHU, N30XOPHBIMH, aaradaTndyeckuMu. B manHOM paszene Oonee
NOAPOOHO CIIEYyEeT OCTAHOBUTHCS HA ra3000pa3HOM COCTOSHUM BELIECTBA M Ha
IIpUMEpPE MOJENIM HWACATBHOTO Ta3a, M3YYUTh B3aMMO3aBUCUMOCTH ITapaMETpPOB
(maBieHue, 00beM, TeMIIEpaTypa), ONpEACAIONINX ero coctossHue. Pazoepute 3a-
KOHOMEPHOCTH M COOTBETCTBEHHO Ta30Bble 3akOHbI bounsg-Mapuorra, ['eii-
Jlroccaka, Illapns. IlocTapaiiTech caMOCTOATENIBHO BBIBECTH OOOOIIEHHBIN 3aKOH
MenneneeBa-KnanelipoHa, onpenensaoni 3aBUCUMOCTh [TAPAMETPOB ra3a OT €ro
KOJINYECTBA.

MeTtoauueckue ykazaHus Ui MOAPOOHOTO H3YUYEHHs KUAKOTO COCTOSHUS
BellecTBa OyJeT JaHbl B pasjiele «pacTBOpb». B nanHOM paszzene cienyer mo-
HSTh, YTO B OTJIMYHME OT ra30B JKUJKOCTH XapaKTEPUIYIOTCs O0JIee CIOKHBIM BHYT-
PEHHHUM CTpPOCHHEM. MeXay MOJIEKYJIaMH JKHUIKOCTH JEHCTBYIOT JOCTAaTOYHO
OO0JbIlIME CHIIBI B3aUMHOTO MPUTSKEHUSI, YTO OMPEIENSIET U BBICOKYIO MJIOTHOCTD
KHUJKOCTEH, W CBOeoOpa3HbI XapakTep MOJEKyJIsapHOro aBkeHus. Crenyer
pazo0parbcsi B TAKUX MOHATUSAX KaK MOBEPXHOCTHOE HATSKEHHE JKUJKOCTU U TO-
BEPXHOCTHAs HHEPTUsl, a TAKKe CHOCOOHOCTh KUAKOCTH K CMAaYMBAaHUIO MOBEPX-
HOCTH TBEPJIBIX Tes. M3yuuTe Takoe Ba)KHOE CBOMCTBO KUIKOCTEU KaK BSI3KOCTb,
MPOSIBIIIFOLIEECS B CONMPOTUBIICHUH KUJIKOCTH IIPU MEPEMELICHUN OJJTHOM €€ YacTu
OTHOCUTEJIBHO JIPYroi, Harpumep npu nepememmBanuu. [logpo6HO MOXHO ocTa-
HOBUTHCS HA METOJIAaX OINpPEIEIEHUs BSI3KOCTH, T.K. BO MHOTHX CJIy4dasX IO 3TOU
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(U3UKO-XMMHUYECKOW XapaKTePUCTUKE BEIIECTBA CYAST O TOTOBHOCTH MPOIYKTOB
WJIU TIOJIYTIPOAYKTOB MHUILEBBIX TPOU3BOJICTB.

[Ipy u3ydeHHHn TBEPIOrO COCTOSHMS BEIIECTBA CieAyeT oOpaTUTh BHHUMa-
HUE, 4TO BCE TBEPbIC Teja JENATCS Ha KpucTtajuimueckue u amopdusie. Omnpee-
JIUTE OTINYUSA MEXKY KPUCTALTNYECKUMU U aMOP(HBIMU BEIlIECTBAMHU HAa OCHOBA-
HUU POCTPAHCTBEHHOI'O PACIOJIOAKEHHUS YaCTHUIl BEUIECTBA. 3alIOMHUTE, YTO TJaB-
HBIMH OTJIWYUSAMHU KPUCTAJUTMUYECKUX BEIIECTB OT aMOP(HBIX SBISACTCS HAIHUNC
CJICIYIONTUX CBOWCTB: OINMPEACIICHHON T€OMETPUIECKON (POPMBI OJUHOYHBIX KpHU-
CTaJJIOB, PE3KO BBIPAKECHHOM TEMIEPATypPhl IUIABJICHUS U AaHU30TPOIINU — HEOIH-
HAaKOBOCTH HEKOTOPBIX XAPAKTEPUCTUK (MEXaHUYECKOW MPOYHOCTH, TEILIONPO-
BOJHOCT, AJICKTPOIPOBOJHOCTH, IOKA3aTeNsl MPETOMIICHUS U Jp.) MO Pa3HbIM
HaIpaBJICHUSIM - OCSIM KpHUCTaIoB. BecrmomuuTe (M3 Kypca oOIieil 1 Heopranuue-
CKOM XUMHUU) THUIBI MPOCTPAHCTBEHHBIX KPUCTAJUIMUYECKUX PEIIETOK: aTOMHOM,
VOHHOW, METAJUIMYECKON, MOJICKYJISIPHOM.

Kparknii TeopeTnyeckuii MaTepuaJl

BoapIIMHCTBO BELIECTB MPU M3MEHEHWU BHEUIHUX YCIOBUH (TeMIiepaTypa,
JTABJIEHUE) MOTYT MEHSTh CBOM arperaTHbie cocTostHUs. llepexoabl u3 ogHoOro ar-
pPEraTHOrO COCTOSIHUSL BEIIECTBAa B JAPYTrO€ HAa3bIBalOT (PA30BBIMHU IEPEXOJaAMHU.
OOIIENPUHATHIMU arperaTHBIMKM COCTOSTHUSIMU HAa3bIBAIOT T'a3000pa3HOE, JKUIKOE U
TBEPAOE COCTOSIHUS. Paznuuus Mexxny HUMU ONPENENSIOTCS CUIIaMU MEXMOJIEKY-
JISIPHOTO MPUTSKEHUS U PACCTOSIHUSIMU MEXKITY MOJIEKYJIAMHU.

B raze Mosiekyiibl HaXOATCA Ha OUYEHb OOJIBIIIOM PACCTOSIHUU JIPYT OT JAPY-
ra, CUibl MPUTSHDKEHUSI MEXIAY HUMHU HUYTOXHO Maibl. [[03TOMy ra3el UMEIOT He-
OOJBIIYI0 TJIOTHOCTH, JIETKO CKUMAIOTCS M 3aHUMAIOT JIF0OOH MpeoCTaBICHHBIN
UM 00BEM.

B XKHJIKOCTH pacCTOSIHUE MEXIY MOJIEKYJIaMH HEBEJIUKO U COOTBETCTBEHHO
OombIe cuibl TpUTSDKeHHS. [109TOMY, XOTSI MOJEKYJIBI KUJIKOCTH M COBEPIIAIOT
NOCTyNaTebHOE WK KOJIeOATeNTbHOE IBMKEHUE, YTO ONPEENIIEeT TEKYUECTh KU-
KOCTEH, BCE 7K€ 00BEM KUIAKOCTH COXPAHSAETCS MOCTOSTHHBIM, XOTSI OHA JIETKO MpH-
HUMaeT Jo0yto (hopmy. [lpu cxxaTuM KUAKOCTH MEXKAY MOJEKYJIaMH BO3HHUKAIOT
3HAYUTEIbHBIE CUJIbI OTTAJIKUBAHUS U TIO3TOMY JKUJIKOCTU NIPAKTUYECKUE HE CHKU-
MaeMBbl.

TBepable Tena 0OBIYHO MOCTPOEHBI U3 MOJIEKYJI, aTOMOB WJIM HOHOB, (PUKCH-
POBAHHBIX B OINPEAEIIEHHOM MOJOKEHUU (MOJIEKYJISIpHbIE, aTOMHbIE, HOHHBIE KpU-
cTaJuinueckue peuietku). Iloaromy TBepible Tena XapaKTEpU3YIOTCS MOCTOSH-
cTBOM (OpPMBI 1 0O0BEMA.

T'azoobpaznoe cocmoanue. CocTosiHUE JAHHOW MaccChl Ta3a OMNpPENeIIsieTcs
Tpems mapaMmerpamu: aaBiernem P, ooremom V u temneparypoit T. Ot Bennun-
HBbl CBSI3aHBI MEXAY CO00H (DYHKIIMOHATBLHON 3aBUCHMOCTBIO, KOTOpas MOXKET
obITh TipenctaBiieHa cootHomenreMm f (P,V,T)=0, HazpiBaeMoro ypaBHEHHEM CO-
CTOSIHUSI Ta3a. YpaBHEHUE COCTOSHUS MJI€aJLHOTO Ta3a BBIBOAUTCS U3 TPEX 3aKO-



HOB: bolnga-Mapuotra, I'eii-JIlroccaka u ABorazipo. PeanbHbie ra3pl HOAYUHSAIOTCA
ATHUM 3aKOHAM TEM TOYHEE, UM MEHbIIIE JABJICHUE U BBIIIE TEMIIEpaTypa.

3axon boiina-Mapuomma: Tlpyn MOCTOAHHOU TemriepaType O00beM JaHHOU
Macchl Taza oOpaTHO MporopimoHaieH aapneHuto. Ecau V; u V, — o0beMbl razoB
nipu nasieHun P u P, cOOTBETCTBEHHO, TO

ﬁ:ﬁ VB =V,P, V P=const
vV, R (1.1)

3axon et — Jlroccaka: ipu MOCTOSSHHOM JIaBJIEHUW O00BEM JAHHON MacChl
ra3a MpoIopIHUOHAJIEH €r0 TeEMIIEpaType:
Vi L
Vi T, , (1.2)
rae Vi u V, — 00beMbl Ta30B npu a0CoMOTHBIX Temneparypax Ty u T, cooTBer-
cteenrHo (T, K = tC + 273).
O0bennHeHHbI 3aKk0H boins-Mapuorra-I'eii-Jlroccaka Bblpakaercs ypas-
HEHUEM:
iV _ BV,
L T (1.3)
3axon Aesocadpo: B paBHBIX O00BEMaxX pa3IMYHBIX ra30B MPHU OJUHAKOBBIX
YCJIOBUSIX COJIEPKUTCA paBHOE 4ucClio MoJiekys. Ywucino monekyn (N,) B 1 moine
BEIIECTBA OJMHAKOBO y BCEX BEIIECTB U paBHO 6,02-10% (umciao Aorapo). Cre-
JI0BaTEJIbHO, KOJMYECTBA BELIECTB B 1 MOJIb, HAXOASILUXCS B Ta3000pa3HOM CO-
CTOSIHUU MPHU OJIMHAKOBOW TEMIIEpAType U OJUHAKOBOM JABIICHUH, 3aHUMAIOT PaB-
Hble 00BbeMbl. IIpH HOpPMaTbHEIX ycioBusx (temmeparypa 0°C U naBieHHe =
1,01325 ITa) o6bem 1 mounb raza paBen 22,414 .
VYpaBHEHHE COCTOSIHUSA MACAIBHOIO rasa — ypaBHeHue MenneneeBa — Kiia-
nelpoHa JJisi OJTHOTO MOJIS ra3a UMEET BHI:

PV =RT (1.4)
a st 1000ro KOJIMYEeCTBA ra3000pa3HOro BEIIECTBA:
PV = nRT (1.5)

rae R — yHuBepcanbHas razoBas nocrosinaas, R = 8,314 Jx/(monb-K)

N — KOJIMYECTBO BEILIECTBA, MOJIb.

3Has, uto n=m/M, ypaBHeHue (1.5) MoxeT ObITh UCIIOIB30BAHO JJIsl ONPEIEICHUS
OTHOCHUTEJNBHON MOJIEKYJISIPHOW Macchl - M:

= MRT

PV (1.6)
r1e m - Macca rasa,r;
M — MonekynsipHasi Mmacca rasa, r/MoJib.

3axon Jlanemona: o6111ee TaBJIEHNE CMECH ra30B PaBHO CyMMe Maplualib-
HBIX JaBJICHUN COCTABHBIX YacTeM (KOMIIOHEHTOB):



Pooww =p1+p2t...... Px (1.7)
rae Pygy - OOlIee naBlieHHe CMeCH ra3oB;
P1,> P2, Px— HNapLUaIbHBIE TABICHUS KOMIIOHEHTOB CMECH.

[TapimanbHBIM Ha3bIBA€TCS JABJICHHE KaXKJIOTO KOMIIOHEHTa, €clii Obl OH
OJIMH 3aHUMaJl 00BEM, PaBHBIN 00BbEMY CMECH MPHU TOH K€ TeMIeparype. Y paBHe-
Hue (1.7) npuMEHUMO K CMECH ra30B, XUMHUYECKH HE B3aMMOICHCTBYIOIIUX APYT C
JIPYTOM.

Kuokoe cocmoanue. Mexny MOJIEKyJIaMH KHJIKOCTA JEUCTBYIOT JIOCTa-
TOYHO OOJBIIME CHUJIBI B3aUMHOIO MPUTSIKEHUS, YTO ONPEAEISET U BBICOKYIO
IJIOTHOCTH JKHUJIKOCTEH, U CBOEOOpa3HbIA XapaKTep MOJIEKYJISPHOIO JIBHKECHUS —
K0JI€0ATEeIbHOTO U MOCTYIMATEeIbHOTO €ro BUI0B. CHIIbI MEXMOJIEKYISIPHOTO MPH-
TSOKEHUS. HE JAI0T MOJIEKYJIaM JalleKO MEPEMEINAThCsi OT CBOETO PaBHOBECHOTO
MOJIOKEHUSI. DTUM OOBSICHSAETCSA MPAKTHUYECKH HECKUMAEMOCTh KUAKOCTEH U TO-
CTOSIHCTBO UX 00bE€Ma MPH BHICOKUX JABJICHUSX.

MHorue *XUAKOCTH COCTOSAT U3 IMOJISIPHBIX MOJIEKYJI C HEPAaBHOMEpPHO pac-
MpEACICHHBIMU MOJIOKUTEIBHBIMU U OTPULATEIBHBIMU AJIEKTPUUYECKUMU 3apsiia-
MU. B pe3synbrare uX 3J€KTpOCTATMYECKOTO B3aUMOJECHCTBUS 00pa3yroTcs MoJe-
KYJISIpHBIE accOLMaThl. Takue acCOMUPOBAHHBIEC KMIKOCTH (BOJA, CHUPTHI, alle-
TOH M TIpo4.) o0jagaroT 0oJiee BHICOKOM IMAJICKTPUYECKOM MPOHUIIAEMOCTHIO,
MEHBIIEH JIETYYeCThIO M OOJBIIEH TEIIOTON ucnapenus. BOnu3u kaxaoi MoJeKy-
Jbl KUJKOCTU HAOJIIOAeTCs 3aKOHOMEPHOE PACIHOJIOKEHHE JIPYTUX MOJIEKYJI —
OnvxkHUM nopsaok. Ilpu ynaneHuu oT Hee Ha HEKOTOPOE PACCTOSIHUE 3Ta 3aKOHO-
MEPHOCTb HAPYIIAETCH.

B cBsi3M ¢ pa3HbIM 3HEPreTHUYECKUM COCTOSTHUEM IMOBEPXHOCTHBIX U BHYT-
PEHHHX MOJEKYJ XKUAKOCTU CYIIECTBYIOT CHIIbI, CTPEMSIIUECS BTAHYTh MOBEPX-
HOCTHBIC MOJIEKYJIbl BHYTPb U YMEHBIIUTH MOBEPXHOCTh KUAKOCTH. OOpaTHBIN
IIpolLIecC Mepexo1a MOJIEKYJI B IOBEPXHOCTHOE COCTOSIHUE (HAIIPUMED, IPU CHKATHU
KaIluId WM PACTSHKEHUU TOHKOW IJIEHKH) TpeOyeT 3aTpaThl BHelIHEH paboThl. Pa-
00Ta yBEJIMYEHHS TUIONIAJM TMOBEPXHOCTH >KUJKOCTU IMEPEXOJIUT B MOTCHIIHUAIb-
HYIO0 DHEPTUI0 MOJIEKYJI TOBEPXHOCTHOTO CIIOSl — nogepxHocmuyio snepeuto. llo-
BEPXHOCTHAs SHEPTUs, OTHECEHHAs! K €AMHUIIE MOBEPXHOCTH, MOJIy4YHJia Ha3BaHUE

MOBCPXHOCTHOI'O HATAKCHHUA:

F
o=—

S, (1.8)

I7le€ G — IOBEPXHOCTHOE HaTshkeHue, H/m;
F — moBepxHocTHas sueprus, H-m;
S — MIOIIA/b TOBEPXHOCTH, M .

OT MOBEPXHOCTHOTO HATSKEHUSI 3aBHCHT CIOCOOHOCTH >KMIKOCTH CMayu-
BaTh MOBEPXHOCTh TBEPIBIX TEJI U BO3MOYKHOCTh €€ IMOABEMA IO KaNWJUIAPaM.
Hampumep, ecay moBepXHOCTh CMayMBaETCA BOJOW - KaIlisl pacTEKaeTcs Mo Io-
BEPXHOCTH TUIEHKOH - 3TO OOBSICHIETCS JOCTATOYHO OOJIBIIMMH CHUIIAMU TPUTSIKE-
HUSL MEX1y MOJIEKYJIaMU KUAKOCTH U CMAauMBaeMO MOBEPXHOCTHU (TuIpoduabHas
NOBEPXHOCTh). Eciu Cuiibl NMPUTSHKEHUS MEXIY MOJIEKYJIaMHU JKUIKOCTH OOJIbIIe
CWJI MX B3aUMHOIO CLEIUIEHUS C MOJIEKyJaMHU IOBEPXHOCTH TBEPAOIO Tea, TO
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KUJIKOCTh HE CMa4yMBaeT MOBEPXHOCTh — OCTaeTCs B BUJAE Karum (TuapodoOHas
MTOBEPXHOCTH).

XKuakoctn 00magal0T BI3KOCTHIO - CBOMCTBOM, MPOSBIISIOMIMMCS B COTIPO-
TUBJICHUH >KUJIKOCTH TIPH TIEPEMEIICHUH €€ TTapauIeTbHBIX CI0eB. Bs3kocTh MOX-
HO OTIPEICIIUTh KaK CUJTYy BHYTPEHHETO TPpeHUsI 3 ypaBHeHHs HpioToHa:

F:n@S
dx | (1.9)
nim
p—E du
S dx, (1.10)

rje 77 — K03 PUImeHT BHyTPEHHETO TPEHUS, WM JUHAMHYECKas BA3KOCTh, [1a-c;
F — cuna tpenus, H-m;
S — II0MmAb MOBEPXHOCTH TPYIUXCS CII0EB KHUIKOCTH, M;
du/dx — TpagMeHT CKOPOCTHM B HAMpPAaBICHUH, TMEPHEHAUKYISIPHOM IBUKECHUIO
KHUKOCTH.

BSI3KOCTb XHIKOCTH YMEHbIIAETCS ¢ pocToM TemmepaTypsl. IIpu 20°C 3Ha-
YEHUS BA3KOCTH MHOTHX >KHJIKOCTEH CBEJICHBI B CIIPABOYHUKH.

Teepooe cocmoanue. JIns TBEpIBIX TEN XapaKTepHa CIIOCOOHOCTH COXpa-
HSTh HE TOJIbKO 00BbEeM, Kak 3TO HabJtoaeTcs JuIsl KUJIKocTel, HO u Gopmy. Bee
TBEpJIbIE BEILIECTBA JCNAT HAa KpUCTauMueckue U amopdHbie. Kpucrammuyeckoe
COCTOSIHUE SIBJISIETCSl 00Jiee YCTOMUYMBBIM, YTO OOBSICHSIETCA XapaKTEPHBIM MPO-
CTPaHCTBEHHBIM PACIOJIOKEHHEM YaCTHUIl (ATOMOB, HOHOB, MOJIEKYJ), T.€. HAJIMYH-
€M KPUCTAUIMYECKOW PEIIEeTKH M COOTBETCTBEHHO JAJIBHETO MOPSIIKA, KOTOPHIN
pacrpocTpaHsieTcs Ha Bech 00beM BeliecTBa. B amopdHbIx Tenax (mogoOHO Ku-
KOCTSIM) COOJIIOJIa€TCS TOJIBKO OJMKHUN TOPSIIOK — YIOPSAOUYCHHOE PACIIOIokKe-
HUE TOJBKO COCEICTBYIOMMUX YacTuil. Bo BceM o6beMe aMOppHOTO BEIIeCTBa MO-
psiaka HeT. B aTom oTHoIeHNU amop(dHBIE BEIECTBAa MOXXHO pPacCMaTpUBaTh Kak
KUJKOCTU C aHOMAJILHO OOJIBIION BI3KOCTHIO.

[Topsimok B MPOCTPaHCTBEHHOM PACIOJIOKEHUH YaCTHUIl Y KPUCTAJUTHUECKUX
TeJI — MPOCTPAHCTBEHHAs KPUCTAJUIMYECKAs pEIIeTKa — OMpeessieT OCHOBHbBIC
BHEIIIHME MTPU3HAKN KPUCTAILTUYECKOTO COCTOSIHHUS:
- OIpeeNICHHAasl M Pe3KO BBIPAKEHHASI TEMIIEpATypa TUIaBJIeHUs (MIEpexo/ia B KHUJI-
KO€ COCTOSTHHUE);
- ompeJiesieHHas reoMeTpruyeckas (hopMa OMHOUYHBIX KPUCTAIIIOB;
- QHU3OTPOIHUSI — HEOJUHAKOBOCTh (PU3MYECKUX CBOMCTB KPUCTAIJIOB B Pa3HBIX
HaIpaBJICHUSX.

[To BUIYy CTPYKTYpPHBIX AJIEMEHTOB, W3 KOTOPHIX MOCTPOEHA KpHUCTaJINYe-
CKasl perieTka, U JCUCTBYIOIIUX MEXIY HUMHU CUJI Pa3JIMYarOT YEThIpE THUMA KpPHU-
CTAJIOB: MOJICKYJIIPHBIE, aTOMHBIC, HIOHHBIC 1 METAJTTHYECKUE.
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Penienue THNOBLIX 3a1a4

3anaua 1: [Ipu HekoTOpOM TeMIiepaType JaBlEHUE Ta3a, 3aHUMAaroniero oobeM 3
1, paBHo 93,3 kxIla (700 mm pT. cT.). KakuMm cTaHeT 1aBjieHUe raza, €Ciii, He U3Me-
HSIs1 TEMIIEpaTyphl, yMEHBIIUTH 00BEM raza a0 2,8 1?
Pemenue: O003HauuB MCKOMOE JAaBieHHE uyepe3 P,, B COOTBETCTBUU C 3aKOHOM
boia-MaproTTa MOKHO 3aIUCaTh:

P,/93,3 =3/2,8
Orcroma: P, =93,3-3/2,8 =100 xIla (750 mm prt.cT.).

3agaua 2: CmemmBaror 3 1 CO, ¢4 10, m 61 N,. Jlo cmemenns nasiaeHue CO,,
O, u N, cocraBisio coorBeTcTBeHHO 96, 108 m 90,6 klla. O6muii 006eM cMecH -
10 1. OnpeaenuTh 1aBICHUE CMECH.

Pemenne: 1) HaxoauMm nmapuuaibHbIe TaBICHUS OTACIBHBIX Ta30B:

96-3
pCOZ = T = 28,87{1761
108-4
Po, = 0 =432xlla
Py, = 901?) 6 =544kl la

2) OO1iiee aBlieHWE Ta30BOM CMECH PaBHO CyMME MapIMabHBIX JaBJICHUN KOM-
MTOHEHTOB:
P=288+432+ 54,4 =126,4 «lla.

3agaua 3: Kakoit o0beM 3aliMyT TIpu HOpMaJIbHBIX ycioBusax 120 mu a3oTta, co-
6panHoro Hax Boxoit nmpu 20°C u masmenmu 100 xIla (750 MM pr.ct.)? JaBieHue
HackImeHHoro napa Bojs! npu 20°C pasro 2,3 kI]a.

Pemenue: 1) Ecnu ra3 coOpan Haz KUAKOCTBIO, TO MPU pacyeTax ClelyeT UMETh B
BUJY, YTO €ro JaBJIEHUE SIBJISETCS MaplLHMaIbHBIM PaBHO Pa3HOCTH OOIIEro J1aBiie-
HUS Fa30BOM CMECH M MapLUUaIbHOTO JABJIEHUS Mapa KUAKOCTH. B cOOTBETCTBUU €
YCIIOBUSIMU JIAHHOM 3a/1a4y NaplyaibHOE JABJIEHUE a30Ta PAaBHO PA3HOCTU OOILETO
JIABJICHUS U NAPLHAIBHOIO JABJIEHUS Mapa BObIL:

Py, =Ps,— Puo =100-2,3=97TxlIa

2) O603Ha4YMB UCKOMBIN 00beM Yepe3 V( U UCMOoNb3ysl 00bEIUHEHHOE YpaBHEHUE
3akoHOB boits-Mapuorra u ['eit-JIroccaka, HaxoauM:

PVT,

V., =
0 TP,

Vo= 97,7-120-273/(293-101,3) = 108 mu.

3amaua 4: BeruucnuTh MOJIEKYJISPHYIO Maccy OeH3oiia, 3Has, 4To Macca 600 mu
ero mapos mpu 87°C u gasnenuu 83,2 kIla pasra 1,30 .
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Pemienue: Bripasus nannsie 3agaun B eqununiax CU (P=8,32- 10* IIa, V= 6-10'4M3,
m=1,30-10" xr, T=360 K) u moxcraBuB ux B ypaBHeHHe MeHueneeBa —
Kinaneitpona, Haxoaum:

o

. _3 . .
M= 1,30-10 - 831 3_460 =78,0-10x2/ monv="78,0 2/ mont
832-10"-6-10

Bonpocel 111 caMOKOHTPOJISA

OOBsSICHUTE TIOHATHSI: arPETaTHBIE COCTOSIHUS BEMIECTB, (ha30BbIC TIEPEXOIbI.
KakoBbI OCHOBHBIE pa3IM4usl MEXKAY arperaTHbIMU COCTOSTHUSIMHA BELIECTB: Ta-
3000pa3HBIM, KUIKAM, TBEPABIM?

. UneanpHoro rasza He cymectByeT. Kak Bbl nymaere, 1l 4ETro CO3/1aHa 3Ta MO-

nens? Kakum ycrmoBusiM oHa OTBEYaeT?

BriBenmuTe OCHOBHBIE Ta3oBble 3akoHbL: bouma-Mapuorra, Illapnsa, ['eit-
JTroccaka, MenneneeBa-KiamneipoHa.

Kak ompenensiercss oTHOcUTENbHAs MOJEKYJISIpHas macca Ta3000pa3HbIX Be-
HIECTB U BEIIECTB, JIETKO MEPEXOIAIINX B MapoodpasHoe coctosuue? Hamumum-
T€ U MOSICHUTE YPABHEHUE, I10 KOTOPOMY IPOBOJUTCS BBHIYUCIIEHUE.

OObsiICHUTE TIOHSTHS: MOBEPXHOCTHAS PHEPrUsl U MOBEPXHOCTHOE HATSXKECHUE
KUJKOCTH, BSI3KOCTh >KUJKOCTH U CIHOCOOHOCTh >KUJKOCTH K CMaYMBaHHUIO
TBEPAOUN NTOBEPXHOCTH.

KakuMn xapakTepHbBIMM CBOMCTBAMH OTJIMYAIOTCS TBEPHABIC KPUCTAILTUYECKHE
Tena OT aMOp(PHBIX?

Kakue cymecTBytoT TUITbI KPUCTATUIMYECKUX PEMIETOK?

TEMA 2. XUMHNYECKAS TEPMOJINHAMUKA
OCHOBHBIE BOITPOCBHI

BBeneHne B XUMUYECKYHO0 TEPMOJIMHAMUKY. TepMoauHaMudecKas CUCTEMA U €€
napameTpbl. TepMogMHAMUYECKHE MPOIIECChl: W30TEPMUYECKUN, U300apHBIH,
M30XOpHBIN, annabatnyeckuid. TemnoTa, paboTa, GyHKIIMKA COCTOSTHUSI CHCTEMBI.
BuyTtpennsist sneprus, sHTanbnus. [leppoe Havano TepMoauHaMUKH: GOpMYITHU-
POBKH, aHAJMTUYECKOE BBIpAKEHUE, cNeACTBUA. Tepmoxumus. TemnoBbie 3¢-
dekTbl XuMHueckux peakuui. 3akoH ['ecca. Teruora oOpa3zoBaHusl M TEIJIOTA
cropaHusi BeulecTB. Bropoe Havyano TepMOIuHAMUKKU: (GOPMYIUPOBKU U MaTe-
MAaTUYECKUE BBIPAKEHUS. DHTPONHS U TEPMOJUHAMUYECKAS] BEpOSTHOCTh. Ca-
MOITPOU3BOJIBHBIE M HECAMOIIPOU3BOJIBHBIE MpoLecchl. [Iponeccsl B HEU30IUPO-
BaHHbIX cucTeMax. KoadduuueHT mnoje3Horo AeWCTBUsS TEIUIOBOW MAIlUHBI.
Oueprusi ['mb0ca u sneprusa I'eabmronbua. Kpurepuun paBHOBECHBIX U CaMO-
IIPOU3BOJIBHBIX MPOLECCOB.
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METOAUYECKHNE YKA3AHUA

[Ipy n3yyeHnn JaHHON TEMBI CIEAYET MOHATh, YTO 3HAHUE OCHOBHBIX 3aKO-
HOB TEPMOJMHAMUKH TO3BOJIUT PACCUUTATh TEIJIOBbIE A(M(PEKThI peakiuii,
ONPEAECIUTh HAIPABIICHUE, MOJHOTY MPOTEKAHUSI CaMOIPOU3BOJBHBIX IMPOLEC-
COB U YCJOBHUS JOCTHKECHUS PAaBHOBECHUS, PACCMOTPETh ONTUMAJIbHBIE YCIOBUSA
MPOBEJICHUS MPOLIECCA U €r0 U3MEHCHHS B 3aBUCUMOCTH OT BHEIIHUX YCIIOBUM.
PaccMoTpenne naHHOM TEMBI HAYHUTE C MOHSATHUS TEPMOJUHAMHYECKOU CHCTE-
MbI (M30JIMPOBAHHOW M HEU30JIMPOBAHHOM), MapaMeTpPOB, OMPEACISIONINX €€
coctostHue (P,V, T, m) u TepmMoAHAMUYECKUX MPOIECCOB, MPOTEKAIOIIUX B CH-
CTeMe: U30TEePMUUYECKOIr0, H300apHOTO, U30XOPHOTO, afnadaTuyeckoro. Bemnowm-
HUTE U3 Kypca (U3HUKH, YTO CYLIECTBYIOT JIBa CIoco0a Mepeaadn dHEPruu CHU-
cTemMe (MM CUCTeMOM): TeruioTa U padboTa. 3aloMHUTE, YTO JJIsl XapaKTepUCTH-
KM H3MEHEHHUS COCTOSIHUM CUCTEMBI B PE3YJIbTaTe MPOLECCOB IEpeaayu TEII0-
Thl U DHEPTUU UCHOJIB3YIOT MOHATHE (PYHKIUU cOoCTosiHUS. Pa3bepute ciemyro-
e PyHKIIMM COCTOSIHUSI CUCTEMBI: BHYTPEHHIOW dHEpTuio (AU) u 3HTaNBIHIO
(AH). BriBeguTe mMaTeMaTU4YECKU MEPBOE HA4Yajao TEPMOAMHAMUKHU 4Y€pe3 3TU
(YHKIIUU COCTOSIHUSI U O3HAKOMBTECh C APYTUMH (HOPMYJIMPOBKAMH TEPBOIO
Hayaja (3akoHa) TepMoauHamMuku. CienyeT MPOBECTH COOTBETCTBUE MEXKITY
(yHKUIHEWH COCTOSTHUS - SHTAIBIIUEN U TEIUIOBBIM 3P dekToM npouecca. OTMETh-
T€ pas3uyus MEXKIy TEIUIOTaMH OOpa30oBaHMs, CTOpaHUs, PACTBOPEHUS, KPU-
crtam3auuu U ap. PaccmoTtpute 3akoH ['ecca m crnencTBUs, BBITEKAIOIIUE U3
Hero. Hayuurech nmpaBWIBHO 3alMCHIBATH TEPMOXUMHUYECKUE YPABHEHUS U pac-
CUMTHIBATH TEILJIOBBIC d(DPEKTHI XUMHUUECKUX PEAKIIUA, UCTIONb3Ysl CIPABOYHBIC
JTaHHBIE O TEIUIOTaX 00pa30oBaHus U TeruioTax cropanus Bemects (IIpunoxenus
1,2).

N3yuenne BTOpOro Hauvana (3akOHa) TEPMOJIMHAMUKU HAYHUTE C TOHATHS
CaMOTPOU3BOJILHOTO M HECAMOMPOM3BOJILHOTO Tiporiecca. Jlanee cnemayer oOpa-
TUTHCA K HOBOM (PYHKIIMU COCTOSIHUS — DHTPOINHH, XapaKTEpU3YIOIIEH Mepy
Oecropsizika, xaoca cucteMbl. O3HAKOMBTECH C PA3IMYHBIMU (HOPMYITUPOBKAMHU
BTOPOTO 3aKOHA TEPMOJIMHAMUKH, B TOM YHCIIC yepe3 MOHATHE KOod(hPuimeHTa
MOJIC3HOTO JACHCTBUS ISl TEIUIOBOM MalivHbl. Pa3depute BEpOSTHOCTH CaMo-
MIPOM3BOJILHOTO MPOTEKAHUS MPOLIECCOB B M30JMPOBAHHON CUCTEME, MPUMEHSIS
MOHSATUE PHTPOMUU U JJIsI HEU30JUPOBAHHBIX CUCTEM — YE€Pe3 HOBbIC (PYHKIIUU
cocTosiHuA — 3Hepruto ['nb6ca u sHepruto I'enbmronsua. BeiBeagure matemaTu-
YeCKHE B3aMMO3aBUCHUMOCTH BceX (PyHKIMI cocTosiHus. Mcnonb3ys maTteMartu-
YECKHE BBIPAKEHUS, HAYUYUTECh PACCUUTHIBATH BO3MOXKHOCTh MPOTEKAHUS TOTO
VI HTHOTO XUMUYECKOTO UITH (PU3UKO-XUMHUUYECKOTO MpoIiecca.

KparTkuii TeopeTu4ecKuii MaTepuall
Tepmomunamuka - pasnen (GU3NYECKON XUMUU, W3YYaIONUN MPOIIECCHI

MPEBPAILEHUS TEMJIOTHI U SHEPTUH. XMMHUUYECKass TEPMOAMHAMHUKA PACTIPOCTPaH -
€T 3aKOHBI U MOJOXKEHUS KJIACCUYECKON TEPMOJIMHAMUKN Ha XUMUYECKUe U (HpU3u-
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KO-XMMHUYECKHUE TMPOIIeCChl. 3HAHUE 3aKOHOB TEPMOJUHAMUKH MO3BOJISIET PACCUH-
TaTh TEIIOBbIE 3(D(PEKTHI peakuuid 1 YCTAHOBUTH MPUHUIUIIHAAIBEHYIO BO3MOKHOCTb
CaMOMPOU3BOJILHOTO TEUEHUS XMMHUYECKOM PEaKkiMy B ONpPEACIICHHBIX YCIOBHUSX.
N3yuyenue sHepretnyeckux 3PQPEKToB peakiuu JaeT UHPOpPMALUIO O CTPOCHUU
BEILECTB, MEXMOJIEKYJISIPHBIX CBA3SX M PEAKIIMOHHON CIIOCOOHOCTH.

TepMoauHaMuKa UCHOJB3YET CIEAYIOIINE MOHATH:

Cucmema — Teno (Tpyra Ten), BBIICICHHOE W3 OKpyXaromeh cpenbl ((hak-
TUYECKH WJIH MBICJICHHO).

Hzonupoeannas cucmema He MOKET OOMEHUBATBCS C OKPY’KAIOIIEH Cpenon
BEILECTBOM HJIM 3HEPrueil (TerioToil i paboToil), T.€. 00BEM U SHEPTUS U30JIH-
POBaHHOI CUCTEMBI - TIOCTOSIHHBI.

Heuzonuposanuas cucmema — MoOXeT 0OOMEHHUBATBCSI C OKpYKaroueh cpe-
JIOW BEILIECTBOM HJIM SHEPTUEM.

3akpeimas cucmema — HE OOMEHHBACTCS C OKpPY)KAIOIIEH Cpemol Belle-
CTBOM, HO MOXKET — dHEPruei, 00beM CUCTEMBI — HEITOCTOSIHEH.

Omxpvimas cucmema — CUCTEMa, CBOOOJIHASL OT BCEX OIPaHUYCHUH.

JIrobast cucreMa B J1H000H MOMEHT MOKET HaXOAMUTHCS B KAaKOM-TO OIpee-
JIEHHOM CcOCTOSIHUU. COCTOSTHUE — 3TO COBOKYMHOCTh (DU3UYECKUX M XUMHUYECKHX
CBOMCTB, XapaKTEepU3YIOLIUX JaHHYIO0 cucTteMy. CBOICTBA MOTYT OBITh UHMEHCUG-
Hble - He 3aBucsAnIMe oT konnyectBa Bemwectsa (P,T), u sakcmencusnvle — 3aBucs-
M€ OT KOJIMYECTBA BellleCTBa (Macca, 00beEM).

JIrobast cucrteMa XapaKTepu3yeTcs mepMOOUHAMUYECKUMU NApaAMempamu:
TEMIIepaTypoH, 1aBieHHuEM, 00beMOM, KOHLEHTpaluel u p. Tak cocTosiHue pas-
HOBECHS B CUCTEME YCTAHABJIMBAETCS MPU HEKOTOPBIX ONPEIEICHHBIX COUYETAHMIX
TEPMOJMHAMHUYECKUX NTapaMETPOB U OMPENEIICHO YK€ U3BECTHBIM HaM 1o I riase
MaTteMaTH4ecKuM ypaBHeHHeM MenpaeneeBa-Knaneiipona (1.5):

PV =nRT

Tepmoounamuueckutl npoyecc — 3T0 J1I0O0E U3MEHEHHE B CUCTEME, CBSI3aH-
HOE C U3MEHEHUEM XOTsl Obl OJTHOTO M3 MapameTpoB. Eciu u3menenue mapamerpa
HE 3aBUCHUT OT MYTH MPOIIECCA, a 3aBUCUT TOJIBKO OT HaYaJbHOI'O U KOHEYHOT'O CO-
CTOSIHUSL CHUCTEMBbI, TAKO€ U3MEHEHHUE Ha3bIBAIOT (yHKyuel cocmosanus. llpouecc
HE 3aBHCHUT OT IIyTH MPOTEKAHUS, & ONPEACISeTCS HaYaIbHBIM U KOHEYHBIM COCTO-
STHUEM CHUCTEMBI.

OcHoBHbIE QYHKIIUU COCTOSIHUS CUCTEMbI

1.Buympennsn snepeus (AU) - oOmuii 3amac HEPTUM CUCTEMBI, KOTOpas
CKJIQJIbIBAETCS U3 SHEPTUU JBHKEHUSI MOJIEKY, SIAEP U 3JIEKTPOHOB B MOJIEKYJIaX U
aToMax, YHEPTUU MEXMOJICKYJISIPHOTO B3auMoieiicTBusa. M3 ob1ero 3amaca sHep-
TUU CIEAYET BBIYECTh KHHETUYECKYIO SHEPTUI0 CUCTEMbBl U MOTEHIMAIBHYIO SHEP-
TUI0 €€ MOoJoKeHus. J[Jisi U30JIMpOBaHHON CUCTEMBI CyMMa BCEX BHJIOB 3HEpPTUU
noctostHHast U = const. OOBIYHO TOBOPSAT 00 M3MEHEHUN BHYTPEHHEUW SHEPTHH:

AU = U, - U, (2.1)
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N3meHeHne BHYTPEHHEW SHEPTUU CUCTEMBI MOKET IMTPOUCXOIUTD:

a) B pe3yibTaTe XaOTUUYECKOTO CTOJIKHOBEHHUS MOJEKYJ ABYX COMpPUKACAIO-
HIUXCSI TEJl - MepO M3MEHEHHUSI SHEPTUH MPU STOM SIBISIETCS TEIIOTA;

0) B pe3yJibTaTe COBEPIICHHS pabOThl CaMOM CUCTEMOM WJIM HaJl CUCTEMOI:
MEepEMEIIICHUE PA3TUYHBIX MACC, MOJHATHE TEJl B MOJE TATOTCHUS, IEPEXO]T AJEK-
TPUYECTBA OT OOJIBIIIETO K MEHBIIEMY MMOTEHIIMATy, pacipeHue ra3a. Padora B
ATOM CJIy4yae TaKXke SIBIIETCS MEpOil U3BMEHEHUS SHEPTHUU.

[IpoTekanne XMMHUYECKOW PEAKIMH COMPOBOXKIACTCSI H3MEHEHHEM BHYT-
PEHHEW SHEpPruu pearupyromux cucteM. Eciaum BHYTpPEHHSSI SHEpPrusi CHUCTEMBbI
ymenbinaercs: (AU<0), To peakius IpPOTEKAET C BBIICICHUEM SHEPruu (3K30Tep-
Muyeckasi peakius). Ecnu BHyTpeHHsst sHeprus cuctembl BozpactaeT (AU>0), To
MIPOLIECC COMPOBOXKIAETCS MOTJIOIEHUEM SHEPTUU U3 BHEIIHEW cpenbl (dHIO0TEp-
MUYECKas pEaKIIHs).

2.0Oumanvnua (AH) — Mepa sHeprum, HakariuBaeMasi BEIIECTBOM IIPU €0
o0pa30BaHUU, WJIA IHEPTUS PACIIUPEHHOU CUCTEMBI, UIU MENI0CO0EPHCAHUE CU-
cmemul. [10CKOIBKY SHTANIBIUS TAK)KE SBISIETCA (PYHKIIMEH COCTOSIHUS, T.€. BCElle-
JIO ONPENEIISIETCS HAYaJIbHBIM M KOHEYHBIM COCTOSIHUEM CUCTEMBI, TO MPABHIBHO
TOBOPUTH 00 U3MEHEHUH YHTAIBIIUU CUCTEMBI:

AH = H, - H,; (2.2)
MaremaTn4eckoe BBIPAKEHHUE IS SHTAIIBIINN:
AH =AU + PAV, (2.3)

rae P — naBnenue;
AV — u3MeHeHne oobeMa;
PAV — pabota pacmupenusi.

T.e. sHTAIBNUSL ONpPENEINSIETCS BHYTPEHHEW SHEpruei. DHTAIbIUSA U BHYT-
PEHHSS SHEPTHS CWJIBHO OTJIMYAKOTCS APYT OT ApYyTa JJIs Ta30BBIX CUCTEM, HO MaJlo
OTJIMYAIOTCS JJIsI KOHACHCUPOBAHHBIX CHCTEM: KUIAKUX U TBEPABIX. JHTAJBIIHS
paBHA TEIJIOTE CUCTEMBI C OOPATHBIM 3HAKOM:

AH=-Q 2.4)

3. umponusa (S) - PyHKIUS COCTOSIHUS, XapaKTepU3yIOIIasi Mepy MpeBpaiiaeMo-
CTU TeIia B pabOTy, 3aBUCUT OT TeMIIEpaTyphbl U AABJICHUS. DHTPOMUS SBISCTCS
KOJIMYECTBEHHOW  Mepoi  Oecnopsiika CUCTeMbl. EJMHUIIA  U3MEpEeHUS:
KKaJI/MOJIb Tpajl. 3HaAYCHUE SHTPOIUHU 3aBUCUT HE TOJIBKO OT arperaTHoOro CocTosi-
HUS BEUIECTBA, HO U OT CIIOKHOCTH MOJIEKYJ:

Sco, >Sco AS =16,2 3.e.

SABnsAsch Mepol HEOOPaTUMOCTH TIpOIEcca IHTPOIMHMS MPSIMO MPOMOPIHO-
HaJbHA TEIJIOTE U 0OpaTHO MPOMOPIIMOHANIbHA TEMIIepaType:

_0
AS = T (2.5)

H3zmenenue sumponuu 6 npoyecce pagHo OMHOUEHUI0 MEeN108020 Ihghexma
K abcontomuol memnepamype.
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Ecmu B cucreme:

1) mpotiecchl MPOTEKAIOT CAMOIIPOU3BOJIBHO, TO AS >

il

2) HaOJIIO1aeTCsl COCTOSTHUE PABHOBECHS: AS = T

3) IMPOTCKAOT HCCAMOIIPOU3BOJIBHBIC ITPOICCCHI: AS < T

4. Ceoboonasa 3Hepeus uiu u300aAPHO-UZOMEPMUUECKUT NOMEHUUAT
(onepzusa I'mooca, AG) — GyHKIMSA COCTOSHUS, OTpakarolias HampaBjieHUEe Po-
TEKaHUS XUMUYECKUX MPOIECCOB, KOTOpasl peaanu3yercsl yepe3 BO3MOXKHOCTh He-
W30JJUPOBAHHON CHCTEMBI MPOU3BOIUTH PaboTy. B XuMHUUeckux peakmusax mpoTe-
KAIOT OJHOBPEMEHHO JIBA IPOTUBOIIOJIOKHBIX MPOIECCA: CTPEMIICHUE YacTHL] 00b-
CAMHUTHCS — YTO TMPHUBOJIUT K YMECHBIICHUIO YHTPOIUU CUCTEMBI, U CTPEMJICHUE
YaCTHUIl Pa3beAUHUTHCS, COMPOBOXKAAIOIIEECS yBeIudeHueM sHTponuu. Cymmap-
HBIM 3P PEKT dTUX TCHACHIMHA, MPOTEKAIONIUX TPU MOCTOSIHHBIX TEMIIEpaType |
nasiennu (T, P = const), oTpaxkaeTcsi B M300apHO-U30TEPMUUECKOM TMOTEHIIHANE
CUCTEMBI:

AG = AH — TAS (2.6)

Oueprusi ['mu66ca oTpakaeT BO3MOKHOCTh COBEPIIEHUS CHUCTEMOM MaKCH-
MajbHOUM padoThl. [Ipu mocTOSTHCTBE TEMIEPATyphl U TABJICHUS] XUMUYECKUE PEak-
IMA MOTYT CaMOIIPOU3BOJIBHO MPOTEKAaTh TOJIBKO B TAKOM HAIMpPABJIEHUU, MPU KO-
TopoM sHeprusa ['mb0ca cucremsl ymenbiaercs (AG < 0).

5. Ceéoboonan snepecua unu  U30XOPHO-U30MEPMUYUECKUIL NOMEHUUAT
(onepeusn I'envmzonvya) — AF: B ciyyae n30XOpHO-U30TEPMUUYECKUX MPOLIECCOB
(T,V =const):

AF =AU -T A4S (2.7)
1581071 AU= AF -T AS

BuauMm, yTo BHYTpEHHSISI DHEPTUSI CUCTEMBI COCTOUT M3 CBOOOIHOW SHEPTHUH,
KOTOpasi MOXET UJTH Ha coBepieHue cucteMoi padbotsl (AF) u Tak Ha3piBaeMoi
cBsi3anHoM sHepruu (TAS).

Bropas yacte BHyTpeHHel 3Heprun - TAS - cBsizaHa ¢ TEIIOTOMN. SABISsACH
SHTpONUUHBIM (hakTopoMm, TAS mokas3biBaeT, Kakoe KOJIMYECTBO TEIUIOTHI Oecro-
JIE3HO PACCESTHO B CaMOM COBEPIIECHHOM JBuratene. J[pyrumu cioBaMu, CBsI3aH-
Hasl SHEPTHUS HE MEePEXOUT B pabOTy, a BCETra OCTAeTCs B BUJIE TEILIa.

OcHOBHBIE 3aKOHBI TEPMOJINHAMUKH

I 3axon mepmoounamuku (pagnonpaeHvie onpeodeneHus):
1. B nr060ii n30JupOBaHHON CHUCTEME CyMMa BCEX BUJOB YHEPTUU MOCTOSHHA.
2. Paznbie popMbl SHEPTUM MEPEXOAAT APYT B JIpyTra B CTPOTO SKBUBAICHTHBIX
KOJINYECTBaXx.
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3. BeuHblll AgBUraTenb MEpBOro poja HEBO3MOXKEH. HEBO3MOXKHO MOCTPOUTH
MalIuHy, KOTopas AaBajia Obl MEXaHUYECKYIO padoTy, HE 3aTpaurBasi Ha 3TO
COOTBETCTBYIOIIETO KOJUYECTBA MOJIEKYJIIPHOW SHEPTIUU.

[lepBblii 3aKOH TEPMOJMHAMUKH BBIPAKAET HEYHUUYTOKUMOCTb U SKBHBA-
JICHTHOCTh PA3NMUYHBIX (JOPM SHEPTUU MPH PA3IUYHBIX Mepexojax. DTOT 3aKOH
IPEACTaBIIET COOOM NMPUMEHEHHE 3aKOHA COXPAHEHUsS 3HEPIHMHM K TEIJIOBBIM SIB-
JCHHUSIM. YUYUTBIBAs 3TO MOXKHO €ro c(popMyIupoOBaTh B 001IeM Buie: Mzmenenue
6HYMPEHHEll IHEPZUU CUCHEMbl He 3A6UCUM OM NYMU Npouecca, a 3a6Ucum
MONbKO OM HAYAINbHO20 U KOHEYHO20 COCHOAHUA CUCHIEMBL.

CyMMa COBEpIIEHHON CUCTEMOU pabOThl U MPUPOCTA €€ BHYTPEHHEU HEP-
MM JOJKHBI ObITh paBHBI KOJMYECTBY TEIUIA, MOCTYNMHUBIIETO OT HarpeBaress U3
OKPY’KAIOUIEN CPEBI:

O=AU+A (2.8)

Y CoBUIMCH CYUTATh, YTO TEIUIO, MOIJIOMIEHHOE CUCTEMOW UMEET 3HAK «+»,
OTIaHHOE — «-». PaboTa cumTaeTcst MOJOKUTENbHOM, €CIM OHA COBEpPILAETCS Ca-
MOM CHUCTEMOM, U OTPULIATEIBHON — €CJIM COBEpIIaeTCsa HaJl CUCTEMO (Hampumep,
paboTa 1o CXKaThio rasa).

3aKOH COXpPAaHEHUS YHEPTHM BBIPAKAET CMBICI MEPBOT0 Ha4yala TEPMOAUHA-
MUKH: YBEIMYEHHE BHYTPEHHEW 3HEPIHMHM CHUCTEMbI PABHO PA3HOCTH COOOIICHHOU
CUCTEME TEIUIOThI U PadOThI, MPOU3BEICHHON CUCTEMOI:

AU=0-A (2.9)

@®opmynbl 2.8 U 2.9 — Maremarnueckue (HOPMYJIUPOBKM MEPBOrO0 Hayayia
TEPMOJNHAMUKH.

IIpyuMeHeHHe MEPBOro 3aKOHA K XMMHYECKHUM MpOoLeccam
Tepmoxumus. 3akon I'ecca

T.K. XUMHUYECKHE PEaKIIUU Yallle OCYIIECTBIISIOTCS MPH MOCTOSTHHOM JiaBJie-
HUH, JUIsl XapaKTEPUCTUKH TIpoIiecca y100Hee MOJIb30BaThCS HE BHYTPEHHEH dHEP-
rueil Kak QyHKIMeH COCTOSHUS, a IHTAIBIIHEH, KOTOpasi OMPeaesieTcs COOTHOIIIe-
HueM (2.3). Bcnomanm, 4To (QYHKITUS COCTOSTHUSI — SHTAIBIUS WU TETJIOCOAEP-
YKaHUE CUCTEMBI — TEIIOTa, C OOpaTHBIM 3HAKOM (2.4).

JIyist GOJIBITMHCTBA W3BECTHBIX BEIICCTB 3HAYCHUE SHTAIBIIUUA — TEIJIOTHI
00pa30BaHMsI BEIIECTBA — PACCUYMTAHBI NIPU CTAHAAPTHBIX YCIOBHUSIX U CBENICHBI B
tabmuubl. O603naueHne - AH 05, Jlx/Monb (cM. npunoxenue 1). JlaHHbIe 10 3H-
TaJbITUN UCTIOJIB3YIOTCS TP BBIYMCICHHUSX TETUIOBBIX 3(PPEKTOB XUMUYECKUX pe-
akiuit. Cinemyer pa3innuaTh TEIUIOTY 0Opa30BaHUS U TETUIOTY CTOPAHUS BEIIECTBA

Tennoma obpazosanus seujecmsea — TemoBor 3¢dext odpazoBanus 1 Mo
CJIO’KHOTO BEIIECTBA U3 MPOCTHIX JIEMEHTOB:

C + O, = CO, AHS%COZ(?) =- 393,513 x/[»x/mMomb

Tennoma ceopanusi eewyecmea — TEIIIOBOM 3(PPEKT peakuuu B3aUMOJEH-

CTBHA BCUICCTBA C KUCIIOPOAOM OO 06p330BaHI/I$I IMPOAYKTOB ITOJIHOT'O OKHUCJICHUU:
CH3COOH+ 02 = C02 + HzO AH crop — 209,4 KKaJ1/MOJIb
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CyniecTByIOT TakKe TEeIJIOThl PACTBOPEHMS, TEIUJIOTHl KPUCTAJUIM3ALUU,
HENUTpaJIn3alu, pa3ioKeHUs U Ipoy.

KonuyecTBO TEmiIoOThI, KOTOPOE BBIJIEISETCS WM TMOTJIOMAETCS MPU XUMU-
YECKOM peakiM, Ha3bIBACTCS TEIJIOBBIM 3((PeKkToM XuMuyeckou peaxuuu. Temn-
J0BOM 3(PPEeKT 3aBUCUT OT arperaTHOro0 COCTOSTHHUS BEIIECTB, YYaCTBYIOIIUX B pe-
aKIMH, OT TEMIIEPATYpPhl, APYTUX YCIOBHUM MPOBEACHUS peakiuu. Ecin TennoBon
3Q(}EKT MOJOKUTENEH, T.€. TEIJIOTAa BBIAEISAETCSA, TO SHTAIBIHS UMEET OTpHUlla-
TEJIbHOE 3HaUeHUE (BHYTPEHHSISI SHEPTUs 00pa3yomuUXCcs IPU PEAKIUU MPOJTYKTOB
pEeaklMi YMEHbBIIAETCS, IO CPABHEHUIO C HCXOJHBIMUA PEAreHTaMM).

VYpaBHEHU XUMUYECKUX PEAKUUMN, /1€ YKa3bIBAETCS BEIMYHMHA TEIJIOBOTO
s dexTa, HA3BIBAIOTCS TEPMOXUMUYECKUMU ypaBHEHUsMU. OCHOBHOW 3aKOH TEp-
MOXHMMH, OTKPHIT pycckuM yueHbIM I'eccom B 1840 r.: Tennoeoii 3¢phexm xu-
MuuecKkou peakyuu (m.e. usmMeHeHue IHMAIbNUU AU GHYMPEHHEU IHEPZUU CU-
cmembul 6 pe3yibmame peaKyuu) 3a6UCUm MmoabKo Om HAYAIbHO20 U KOHEUHO20
COCMOAHUA YUACMEYIOWUX 6 PEAKUUU 6eUieCmE U He 3A6UCUM OM NPOMEeNHCy-
mMOYHBIX cMaoduil npoyecca.

Cneocmeus uz 3axkona I ecca:

1) TennoBoi 3 (eKT paznoKeHHs BEIIECTBA PABEH MO a0COIIOTHOW BETUYUHE

Y TIPOTUBOIIOJIOKEH IO 3HAKY TEIJI0BOMY 3P (DEKTy ero 00pa3zoBaHusl.

Qo6p =- Q pasnooskc

2) TemnoTta 00pa3oBaHUs MPOCTOIO AIEMEHTA paBHA HYIIIO.

3) TemnoTa cropaHus MPOCTOrO BEIIECTBA paBHA TEIJIOTE 00pPa30BaHUS €T0 OK-
cuja.

4) TemioTra XMMUYECKOM peakIMy paBHA CyMME TEIUIOT 00pa3oBaHUs MPOTYK-
TOB PEAKIIMA MUHYC CyMMa TEIJIOT 00pa30BaHuUsI UCXOIHBIX BEIIECTB:

AHpeaKuuu:: :AH§98npod _: :AH§98L[CX6—6

Termnora XumMU4eCcKon p€akouu paBHa CYMMC TCIIJIOT CIOpaHHsA NCXOAHBIX BC-
MCCTB MUHYC CyMMa TCILJIOT CIropaHu:Ag IIPOAYKTOB PCaKIIMU:

AHpeaKuuu:: ‘,Achopucxe—g _: :AHCZOPHPO()

Ilpumenenue 3axona I'ecca 0na pacuema Inepzuu (mennoeozo Ihgexma) nu-
HLEBAPUMETbHBIX NPOUECCO8 UNU KAIOPUIHOCHU RUULEELIX NPOOYKNOB:
Cpeonss kanoputinocms yeneeo0oe cocmasnsem 17 kllc/e (4 kxan/e);
Cpeonsisn kanoputinocms scupos cocmasinsiem 38 klic/e (9 kxan/e);
Cpeonsisn kanoputinocms benkos cocmasiasiem 17 klic/e (4 kxan/e).

Bropoii 3aK0H TepMOAMHAMMKH
CaMonpou3BoJIbHbIE M HECAMONIPOU3BOJIbHbIE MPOIECCHI

Camonpou360abHble WK TOJIOKUTEIBHBIE MPOLECCHl — IPOLECCHI, UAYLINE
0e3 3aTpaTsl paboThl, dHEpTUU MU3BHE. B pesynbpTaTe coBepuiaercst paboTa NpOTHB
BHEIIIHUX CHIL
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Hecamonpou3seonbHble WM OTPUIIATENBHBIE MPOLIECCH HE UAYT caMu COO0i,
IUI1 UX TIPOBEJCHHUS HEOOXOAMMO 3aTpaTHTh paboTy B KOJMYECTBE MPOMOPLHO-
HAJILHOM MIPOUCXOISIIEMY U3MEHEHHUIO.

Bropoii 3akoH TepMOIMHAMHKH YCTaHABIMBAET HEKOTOpPbIE OOIIME KpUTe-
pHUH CaMOTPOU3BOJIBHOTO MJIM HECAMOIPOU3BOIBHOTO MPOIIECCOB, a TAKXKE KPUTe-
pHUH paBHOBECHS, T.€. YKa3bIBAET BEPOSITHOCTh MPOTEKAHMSI MIPOLIECCA: 6 U30AUPO-
8AHHOII cucmeme CAMONPOU380JIbHO NPOMEKAIOM MONbKO me npoueccol, npu
KOMOpbIX IHEPeUA nepexooum om 0o.Jiee 6blcOK020 ypOeHa K HoJ1ee HU3KOMY.
PaBHOMNpaBHbBIE GOPMYITUPOBKH BTOPOTO 3aKOHA!

1. TertoTa HE MOXET MEPEXOIUTH cama coO0i OT OoJiee XOJI0JHOTO Tena K 60-
nee Teromy (JIoMoHOCOB).
2. HeBO3MOXKEH KpYTrOBO#M MpOLECC, €IUHCTBEHHBIM PE3yJIbTaATOM KOTOPOTO

SIBJISIETCS MIPEBpallleHUe TeIuia B padoTy.

3. Henb3st mocTpouTh MallnHy, KOTOpas, MpeBpailas Temio B padoTy, M0JIb30-

Bajach Obl TEIJIOM OT HEKOTOPOTO MCTOYHHMKA M paboTana Obl TOJBKO MpPH

OJIHOM TeMIEepaType ITOr0 UCTOUYHHUKA.

Tenno mpeBpariaercss B pad0OTy B TEIJIOBBIX MainHax. OHU OCYIIECTBISIOT
paboTy 3a cueT mpeBpalleHus Terjia OT UCTOYHUKA - HarpeBarens. Ho He Bce Ten-
JIO HarpeBaTtessi MOXKET ObITh MpeBpalleHo B padoty. Hekoropas yacts Temia o0s-
3aTeJIbHO MEPEXOANT K Tely ¢ 0ojiee HU3KOM TeMIepaTypoil — XOJIoIuIbHUKY. Pa-
00Ta MPOU3BOAUTCS 3a CUET PA3HOCTU TEMIIEPATyp HarpeBaTels U XOIOAMIbHUKA:

A=0,-0, (2. 10)

rae Q; — Tero, MoJIy4YeHHOE MAIIMHOM OT HarpeBaTels;
Q, — Tem1o, OTIaHHOE MAIIMHON XOJOIUIIBHUKY.
W npeobpazyem (2.10):
A=gli=1> @2.11)
T 1

I'ZI€ g — TEIUIO, MOJIy4a€MOU CUCTEMOM OT HArpEBATENS;
T;— Temrieparypa HarpeBarels;
T, — TeMrieparypa XOJO0AWIbHUKA.

OTtHotieHne padoThl, MPOU3BEACHHOW MAIIMHOW K BEJIMYMHE TEIUa, MOIy-
YEHHOT'0 OT HarpeBaresis, Ha3bIBa€TCA TEPMOJUHAMUYECKUM KO3(P(PULIUEHTOM MO-
ne3noro aevictBus — KIIJ[ mammHbI:

n="2.100% (2.12)

Q

Mamemamuueckas ¢hopmynuposexa eémopozo 3axona: Henvzsa odocmuuv 100%
KIIJ[, o yem b6onvuie pasHocms memnepamyp Hazpesames U X0100UTbHUKA, MeM
eviue K11/

T -T
=" 100% (2. 13)

1
Bce Bubpl sHEpruM MOTYT IEIMKOM TIpeBpamarbest B Teriory. OOpaTHbIi

MOJIHBIN Mepexo]] TEIIOBOM SHEPTHU B MEXaHUUYECKYI0 paboTy HeBo3moxkeH. KII/]
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TEIUIOBBIX ABUrareseit Bceraa Meunine 100%. B 3ToM oTHOIIEHUW cCaMbIMU TTPOU3-
BoauTenbHbIMU (KIII = 96%) siBnsitOTCS AEKTpOABUraTENH, T.K. JIEKTpUUECKas
SHEPTUs — SHEPIUs YNOPSAOYEHHOTO JBHKECHUS MOTOKA 3JIEKTPOHOB, a TEIJIOBAs
DHEPrUs — SHEPIUsl Xa0TUUECKOTO JBIXKEHHs MoJiekyld. Camo coboii Gecriopsnoy-
HOE JIBUKEHUE HE MOXKET MEPEUTH B YIOPSIAOUYCHHOE, TOATOMY TEILIOBAsl SHEPTUs
HE MOET OBITh MOJHOCTHIO TIPEBpaAIlleHa B Apyrue BUIBI dHEpruu. (s cpaBHe-
HUSI: MEXaHUYECKAsl JHEPTUSI — SHEPTUS TOXKE YIOPATIOYECHHOTO JBUKECHUS TEN.

Mepoii mpeBpamaeMocTi Terjia B padoTy sSBISeTCS (QYHKIHMS COCTOSHWS,
3aBUCALIAas OT TEMIEPATypbl U JABICHUS - IJHmMponusa - S (OT TPEYECKOTrO — Ipe-
BpaIllCHUE).

Bropol 3akoH TEpMOIMHAMHUKH Y€pe3 SHTPOIUIO. B u3zoiuposanuvix cu-
cmemax, 8 KOmopbviX 803MONCHbI CAMONPOU3BOJIbHbIE UL Heobpamumble npoyec-
cbl, sHmponust He modxcem ymenvuiamocs (dS > 0). B atoit popMyaupoBke 3aKito-
YeH KPUTEPUI CaMONPOU3BOILHOCTH MPOTEKAHUS MPOIIECCa B U30JIMPOBAHHON CH-
CTEME.

OpHako Ha TpPaKTUKE OOJBIIMHCTBO MPOLIECCOB MPOTEKAET B HEU3OJIUPO-
BaHHBIX CHCTEMaxX M CBS3aHO C TEIJIOOOMEHOM M M3MEHEHHeM o0neMa. B ciyuae
HEU30JIMPOBAHHBIX CHUCTEM JIJIsi OIIEHKH BO3MOXXHOCTH CaMOIIPOU3BOJIBHOTO MPO-
TEeKaHUs Ipoliecca CIEIyeT MOIb30BaThCA APYrUMU QYHKIIUSIMU COCTOSIHUS, KOTO-
pBI€ CBSI3aHBI C BO3MOKHOCTBIO CUCTEM MPOU3BOAUTEL PadOTy - CBOOOIHOM SHEPIU-
et I'mu66ca (npu P, T — const) unu cBoboHOM sHEeprueit ['enbmronsua (mpu V, T —
const).

PeimeHnue THNIOBBLIX 32424

IlepBblii 3aK0H TepMOAUHAMUKH. Tepmoxumus
3anaua 1: Berauciauth TernoBoit 3pdekT peakiuu mpu NOCTOSHHBIX JaBICHUU U
TEMIIEpaType CIEAYIOLIEH PEaKIIUHN:

C2H5OH ()K) + 02 = CH3COOH ()K) + HQO ()K)

Pemenue: TermnmoBoit addexT peakimu MOKeT ObITh pACCUUTAH MO CTaHAAPTHHIM
TEIJI0OTaM 00pa30BaHUS yUACTBYIOIINUX B PEAKIIUH BEIIECCTB:

_ 0 _ E AHO
AHpeaKuuu_ ZAH 2981pood 298&icx6—6

W3 cripaBOYHBIX JaHHBIX (MWL 1) HAXOAUM TETJIOTHl 0OOpPa30BaHUs UCXOJIHBIX Be-
LIECTB U MMPOAYKTOB PEAKIUU:

AHSQSCQHSOH =-277,63 xJIx/MoIB; AH§9SCH3COOH:' 487,0 x/lx/Moub;
AH o510 =— 285,96 kJlk/MoTb.

Hamomuaum, 4t0 TernoTel 00pazoBanus mpocThix BemiecTB (O,, H,) paBHBI HyIO.
TenmoBoit >dekT peaknuu TOpeHUs dTaHOJA HAWJEM, IMOJICTABHUB YHCIICHHBIC
3Ha4YeHUs B POpPMYITyY:

AH, pearyuu (AH§98CH3COOH+ A[—13981{20) - (AH§9SCZH50H)

AH = (- 487,0 - 285,96) — (- 277,63) = - 495,33 x/[>x/Mo11b
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3HaK MHHYC IEpE€a 3HAUCHHUEM TCIIJIOTBI O3HAYACT, YTO IPOHCCC IPOHUCXOAUT C
BBIICJICHUEM TCHJIOTI)I/E)HCpFI/II/I, T.C. BKBOTCPMHHCCKHﬁ.

3agaya 2: Beruucauth TemioBoi 3¢ deKkT 00pa3oBaHus STUIOBOTO CIUPTA U3 MPO-
CTBIX BEIIECTB, €CIIM U3BECTHBI TEMJIOTHI CTOPAHUS IPOCTHIX BEIIECTB.
Pewienne: VYpaBHeHuUe peakiuu:
2C + 3H2 + % Oz = C2H5OH
B npuitoxeHnn 2 HaxoAuM TEIJIOTY CrOPAHUS ATUIIOBOTO CIIAPTA:
AH....,.c.10mo0 = -1368,7 xJlbr/Monb

C y4eToM TOro, 4TO TEIUIOTAa CrOPaHUs MPOCTOTO BEIIECTBA paBHA TEILIOTE o0pa-
30BaHUs €r0 OKCHJIa, HAXOJJHUM IT0 MPHIL. | 3TH JaHHBIE:

AH,,.c = AH{C)O2 =-393,5 x/x/Monb
AH,.,.; =AHy, o= -286 xJlx/Moib

=0

Pacuer TenmoBoro B(b(l)eKTa pCakiuu I10 TCILNIOTaM CropaHusd BCIICCTB, YHACTBY-

OIIUX B pCaKHI/II/I
peakuuu ZAHceopucxe—e - Z czopnpoo

AH peaxkuumn ( crop C +3-AH crop H +% AH crop O ) AH crop C,HsO0H (x)
=(2- ( 393,5) + 3- (-286) + 0) — (-1386,7) = - 276,3 KJI%/MOJIb.

Hns xucnopona: AH. . =

AH peaxkuun

3agaua 3: CpaBHUTE KOJWYECTBO TEILIOTHI, oOpasyromieecs mpu cropannu 1,0 T
rtok03bl CgH1,06, ¢ KOTMUECTBOM TETIOTHI, KOTOPOE BBIAECISAETCS MPU CTOPAHUU
1,0 r caxapossl C1,H2,0y;.
Pemenue: Jlro0oe monmHOE CropaHue OPraHUYECKOTO BEMIECTBA MPOUCXOIUT C 00-
pa30BaHUEM MPOJAYKTOB PEAKIIMH — YTIECKUCIOTO Ta3a U BOJIbI.
1) Hanumiem ypaBHEHHE CTOpaHUsl TIIOKO3BI (T.€. €€ B3aMMOJICHCTBHSI C KHCIOPO-
JIOM) U BBEJIEM COOTBETCTBYIOIIUE CTEXHOMETPUUIECKUE KOIDPHUITUEHTHI:

CeH 1206 (15) + 6 Ozr)y = 6 CO; () + 6 HyO ()
[To cranmapTHBIM TeroTaM 00pa30BaHMS UCXOJHBIX BEIIECTB U MPOAYKTOB peak-
1y (mpui. 1) mo ¢popmyiie paccuuTaem TeIoBO 3G (HEKT peakiuu:

AHpeaKuuu: ZAHS98np00 _ ZAHS98ucxe—e
AH o= (6 AHS%CO2 +6- AH098H o) — (AHgGHIZOG)

AH e = (6° (-393,513) + 6 (-285,84)) — (-1260,0) = - 2816,118 x/Ix/Moib
2) AHaOTUYHBIM 00pa30M paccuuTaeM TEIIOBOW 3(PPEeKT peaknuu cropaHus ca-
XapOo3Bbl:

C1oH2041 + 12 Oy = 12 CO; () + 11H,0 ()

AH _(12 Aflgggco2 +11- A[1;)98H0) (AHglezle)

peaxkyuu

AH pegm = (12+(-393,513) + 11+ (-285,84)) — (-2221,0) = - 5646,0 xIx/Monb
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3) Paccuntaem u CpaBHMM KOJWUYECTBO TEIUIOTHI, BBIACIISIONICECS MPU CrOpaHUU
1,0 r rmroko3sl U 1,0 T caxapo3bl:

IIpu cropanuu 1 mons raroko3sl Beiaensercs 2816,118 kJlx. MomnsgpHas macca
rimoko3bel CgH1,0¢ paBHa 180 r/mMomb. CrietoBatenbHo, npu cropanuu 1,0 r rimroko-
361 BeiesieTcss 2816,118/180 = 15,6 xJ[x wmm 3,72 kkan (c yaetoM, 9to 1 kkam =
4,184 x/Ix).

Momnsipast macca caxapo3ssl coctaBisieT C,H»pOq. Cnenya npeasiaynieMy anro-
pUTMYy, moiay4yaeM, uro npu cropanuu 1,0 r caxapo3sl Beiaensercsa 16,5 kJx umm
3,94 kka.

Caxapo3a W rJIr0K03a OTHOCSITCS K KJIACCY COCTMHEHMM, HA3bIBAEMBIX YTIIEBOJAMHU.
N3 BBIIENIPUBEACHHBIX, a TAKXKE aHAJOTUYHBIX PACUETOB ISl IPYTUX YIJIEBOJIOB
JI0OKa3aHO, YTO MPH CTOPaHUU JIFOOOTO YTJIEBOJIa BBIACISICTCS MPUOIUZUTEIHHO
OJIMHAKOBOE KOJIMYECTBO SHEPTUU - puMepHO — 17 kJ[/T mnu 4 Kkai.

3agaua 4: B 450 r 3eMJIIHBIX OpeXoB cojiepkuTcs 214 r yrieBoioB, 146 r xupoB
u 79 r OenkoB. Beruucnure kanopuiiHOCTh OPEXOB B pacueTe Ha Kujorpamm. Ka-
KO€ KOJIMYECTBO 3€MJITHOTO Opexa MoTpeOoBanioch Obl €XKETHEBHO YEIIOBEKY C CY-
TOYHON MOTPEOHOCTHIO B A3HEPTUU B 2600 KKaJ1, eciau Obl OH MUTAJCS TOJBKO UMHU.
Pemenue: M3BecTHO, UTO
CpeoHnss kanoputinocms yeneeo0os cocmasnsiem 17 klloc/e (4 kkan/e);
Cpeonss kanoputinocms dcupos cocmasnsiem 38 klloc/e (9 kkan/e);
Cpeonss kanoputinocms benkos cocmasnsiem 17 klc/e (4 kxan/e).
1) PaccuuteiBaem kanopuiitHOCTH 450 T OpEXOB:
214:17 + 146-:38 + 79-17 = 10529 xJIx nim 2516,49 kkan
2) C moMonIbI0 MPOMOPIIUHU ONPEIEIIIEM KaIOPUIMHOCTD | KUJIorpaMma OpexoB:
450 r —2516,49 xkan
1000 r — x kKan
x =(1000-2516,49)/450 = 5592,2 xkan
3) PaccunTaeM KoJIMUYECTBO, HEOOXOIMMOE UEJIOBEKY C CYTOYHOM MOTPEOHOCTHIO B
sHepruu B 2600 KkaI:
1000 r - 5592,2 kkan
yT -2600 xkan
y =1000 - 2600 / 5592,2 = 464,93 1.

Bmopoii 3axon mepmoounamuru
Camonpou3eonbvhsle U HECAMONPOU3B0ILHBIE RPOUECCHL

3anava S: Paccunrarh W3MEHEHHE SHTPOIMH IIPH 00pa30BaHUHU BOISHOIO IMapa U
JKUIKOW BOJIBI MPH 25°C u3 KHUCJIOPOJIa ¥ BOJIOPO/IA.
Pemenue: HannieMm ypaBHEHUs peakiiuii B COOTBETCTBUHU C YCIIOBUSIMU 3a/1a4U:

1) %2 Oy(r.) + Hy(1.) = H,O (1.)

2) Y2 O,(r.) + Hy(r.) = H,0 (k.)
T.x. sHTpONHUS sIBAsSETCS (PYHKIIMEH COCTOSHUS, TO €€ pacyeT Il PeaKIUuU MPOU3-
BOJIUTCS 110 aHAJIOTMYHBIM MpaBuiaM sl GyHKIUN COCTOSIHUS:
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AS pcaKkuu :2 AS MIPOAYKTOB pe€akiun - Z AS HCX. BEHICCTB

CHpaBO‘IHBIC JaHHBIC I PaCuCTa U3MCHCHUA SHTPOIINH Ka)KIIOﬁ PCaKIU 6€p€M

u3 npunoskenus 1: ASy o, =188, 72 /[o1c/(K - mony
AS 1 o) = 09,94 {01/ (K - Moty

ASy ., =130,59 [{51c/(K - mony

ASo, ) = 203,03 {o1c/(K - mony)

1) PaccuuTeiBaeM M3MEHEHWE SHTPOIIMM NEPBOM PEAKLIUU C yUYETOM CTEXHO-
METpUUYECKUX KOA((PUITUEHTOB:

1
AS :ASHzo(z) _(ASHz(Z) +§ 02(2))

AS = 188,72 — (130,59 + 2 205,03) = - 44,385 JIx/(K-momb);
2) PaccuuThiBacM U3MEHEHHUE SHTPOIIMHU BTOPOM pEaKIUU:

1
AS :ASH20(.WC) _(ASHz(Z) +§ 02(2))

AS = 69,94 — (130,59 + 2 205,03) = -163,165 JIx/(K-Momb);
Buaum, 9T0 BO BTOPOM CiIydae CyIIECTBEHHOE YMEHBIIICHHWE 3HAYCHHS YHTPOIUN
CBSI3aHO ¢ 00pa3oBaHUEM 00Jiee YHOPSIOYECHHON KUJIKON (Pa3bl BOJBI.

3agaya 6: Ilonp3ysace TaONMUHBIMU JAaHHBIMU, MPEACKAXKUTE BO3MOKHOCTh CaMo-
IIPOU3BOJIBHOTO IpoTeKkanust peaxiuu mpu 25°C u 500°C:

CO (F) + 2H2(F) = CH3OH (r)
Pemenue: B ciydae OTKpPBITBIX CHCTEM ISl ONPEAEIEHUS] BO3MOKHOCTH CaMOIIPO-
U3BOJIBHOIO MPOTEKAHUSI PEaKLUU CIEAYEeT paccuuTaTh MU3MEHEHHE (YHKIUHU CO-
CTOSIHUSI CUCTEMBI — CBOOOAHOM 3Hepruu. T.K. mpolecc NpOUCXOIUT IPHU MOCTOSH-
HBIX JIaBJICHUH U TEMIIepaType, pacCUUuTaeM M300apHO-U30TEPMUYECKUI TTOTEHIIH-
an — suepruto ['n66ca (AQG).
1) Ipyu NpOTEKaHHH PeaKIMU B CTAHIAPTHBIX YCIOBHsX, T.e. npu 25°C = 298 K,
MOXHO i pacueta AG peakiuu BOCIOJIb30BaThCA TaOJUYHBIMU JaHHBIMU CTaH-
JapTHbIX 3HaueHud AG y4yacTBYIOIIMX B peakuuu BemectB (mpwi. 1):

AGey o) =-161,9 x]lx/mons; AGep.) = -137,268 x]Ix/Moib;
AG,,

L) = 0,0 xJ[x/MOIB.

AGpeaKuI/m = EAGl'IpOZ[yKTOB peakuunu - ZAGI/ICX. BCIIICCTB
AG§98 - AG§9SCH30H(2) - (AG§98C0(3) +2- AG§98H2(2))

AG"p05 =-161,9 - (-137,268 +2 - 0) = -24,62 K J[/MOIb
2) Ilpu pacuere 3Ha4YeHUS CBOOOJHOW HDHEPTUU DPEAKIIMH, MPOTEKAIOIICH MpU
500°C mnu 573 K, Heo6X0AMMO BOCIIONB30BaTHCS GOpMYII0it (2.6):
AG =AH —-TAS
s pacuera AG peakuuu HE0OOXOAUMO MPEXKAE PACCUUTATh CTAaHAAPTHBIE U3MeE-
HeHus dHTanenu AH u sHTpornu AS maHHON peakuuu, UCIONb3Ysl CHPABOYHBIC
naHuble (mpui 1):
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AH

peam;uu:

AH =-201,3 —(-110,523 + 2 - 0) = -90,777 xJ[)/M01b

AHS98CH30H(2) _(AH§98CO(2) +2- AH§98H2(2))

— 0 0
AS - A5’298CH30H(2) _ (AS298CO(2) + 2ASH2 (&) )

peakyuu

AS =236,0 - (197,91+2-130,59) = -223,09 JIx/(K-monp) =-0,2231 xJ[x/(K-Momb);
B) AG = AH — TAS

AG =-90,777 — (573 - (- 0,2231)) = 37,059 x/]x/mMomb.

Bwvi6oo: CaMompon3BOIBHO MPOTEKATh JaHHAS peakius OyAeT MpH TeMIIEpaType
25°C, T.x. TonmbKO B 3ToM ciydae AG < 0 . J{jis yBeJIMUEHHs CKOPOCTH PEaKIHH
(3aauenue AG = - 24,62 xJ[)x/M0JIb — HEBBICOKOE) CIEIYET MPUMEHSITh KaTaan3a-
TOP.

3agaua 7: K xormy c¢ Bojoif, Haxomsmeiics mpu temmeparype 100°C (373 K),
noasenu 8374 JIx tertotel. Haittu KIIJ m MmakcuManbHy0 paboTy KOTJIa, KOTO-
PYIO MOHO MOJIYYUTh OT KOTJIA, €CIIM TEMIIeparypa XOJOAWIbHUKA (B JTaHHOM
ciydae okpyxkaromeii cpeasr) pasua 30°C (303 K).

Pemenue:
1) MakcumanbHyt0 paboTy MOKHO HallTH 10 ypaBHeHuto (2.11):
A=gq T 1 -7 2
1
373—-303

N —

A4=8374272=305 _ 157
373 e

2) Haxomum KI1JI rerioBoit mammunbl o Gpopmyiie (2.13):

n=1"12 100%

1

=233 100-01875-100=18,75%

373

Bonpocsl 1j1s1 CAaMOKOHTPOJIS

. Uto Takoe TepMOAMHAMHUKA U KAKWE SIBJICHUS OHA U3y4aeT?
. Uro takoe cucrema? Kakue Buapl cucteM cymecTBytoT? K kakum tepmoamnHa-

MHYCCKHUM CUCTEMaM OTHOCATCA KHUBBIC OpFaHI/I3MBI?

. Uro Takoe mapameTpbl cUCTeMbl U (YHKUHHU COCTOSIHMS cuctembl? Ha3zoBute

OCHOBHBIE ()YHKITUU COCTOSIHUSI CUCTEMBI.

[IpuBenuTe HECKOIBLKO (POPMYITUPOBOK MEPBOrO 3aKOHA TEPMOIUHAMUKH

UTto Ha3bIBaeTCs TETIOBLIM 3P(HEKTOM XUMUYIECKON peaKiiuu?
Chopmynupyiite 3akoH ['ecca u ciencTBus, BbITeKawomme u3 Hero. KakoBo
3HaueHue HToro 3akoHa? OOBSICHUTE, MOYeMy 3akoH ['ecca ecTh YacTHBIN CITy-
Yyai IePBOro 3aKOHA TEPMOJINHAMHUKH.

Kakue ypaBHEHUS Ha3bIBAIOT TEPMOXUMHUYECKUMHU? UeM OHHM OTIMYAIOTCS OT
OOBIYHBIX YpPaBHEHUN XHUMHYECKUX peaknuii? Kakue XuMudeckue peakiuu
Ha3bIBAIOT SHJIOTEPMUUYECKUMHU M 3K30TepMHueckumu? Kakum maremaTtuye-
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CKUM 3HAKOM 0003HAYal0T TEIUIOTY, MOJABEACHHYIO K CUCTEME U TEIJIOTY, BbI-
JEJIEHHYIO CUCTEMOM?

8. Ilouemy [l KOHAEHCUPOBAHHBIX CHCTEM Pa3HULA MEXIY BHYTPEHHEN dHEPTHU-
eil ¥ DHTaNbIIUEN MaJia, a JIJIsl Ta3000pa3HbIX 3HAUUTENIbHA?

9. MaiiTe ompejeneHus MOHATUSAM «TEIJIOTAa OOpPa30BaHUA» M «TEIUIOTa Cropa-
HUSD.

10. IIpuBeauTe HECKOIBKO (OPMYITHUPOBOK BTOPOTO 3aKOHA TEPMOTNHAMUKHI

11.ITosicauTe KpuTepuu NPOTEKAaHUsS CaMONPOU3BOJBHBIX mHpoueccoB. Kakue
GYHKIIUHA COCTOSHUS JIUIS W30JIMPOBAHHBIX M HEM30JUPOBAHHBIX CHCTEM OTBE-
YaloT 32 BO3MOKHOCTh CAMOIIPOU3BOJIBHOTO ITPOTEKAHUS IPOLIECCOB?

12.YBenuueHrne >HTPONUHU B U30JMPOBAHHON CHUCTEME MOKA3bIBAET, YTO MPOLIECC
OCYILECTBIISIETCA CaMOIPOU3BOJIBHO. 3a4EM BBOJATCS TaKUE€ TEPMOIUHAMUYE-
ckue QyHKIIMH, Kak cBOOoHas 3Heprus | nd6ca u ['enbmromnbia?

13.BbiBeiuTe BCE BO3MOXKHBIE COOTHOUIEHUS MEXIAY TEPMOAUHAMUYECKUMU
dbyukmusamu coctosaus: AU, AH, AS, AG, AF.

14.Kak paccuutath MakcuMmaiabHyto paboty u KIIJ[ mobGoro nsurarens? Kakue
JTAHHBIE HEOOXOUMBI JIJISl TAKUX PACUeTOB?

TEMA 3. XUMHNYECKHUE U ®A30BbIE PABHOBECHUSA
OCHOBHBIE BOITPOCbBI

OOparumbie u HeoOpaTuMble pouecchl. [lonsTne paBHoBecus. KoHcTtanTa paBHO-
Becusl. OyHKIMMU COCTOSIHUSA Ul PABHOBECHOTO MOJOKEHUA. CMENIEHNe XUMHUYe-
ckoro pasHoBecus: npuHiun Jle-Illarense. MakTopsl, CMEIIAIOMINE XUMUYECKOE
paBHOBECHE B CHUCTEME: KOHLIEHTpAlMsl, TEMIEpaTypa, JaBjIeHUE sl raz000pas-
HBIX cucTeM. CBsi3b KOHCTAHTHI paBHOBecHUs U dHepruu [ mbo6ca-I'enpmromnsua. Io-
MOTEHHBIE U TeTeporeHHble cuctembl. [loHsTHe ¢a3pl U KommnoHeHTa. Pa3oBbie
paBHOBecus. Yucino creneneit ceo6osl. [IpaBumo da3 ['nbd6ca.

METOANYECKUE YKA3AHUA

Ilepen yrinyOneHuem B MaTepuan JaHHOW TE€Mbl HEOOXOIUMO BCIIOMHUTH U3
Kypca oOuieil XuMHH, Kakhe MpOLEeCcChl HA3bIBAIOT OOpaTUMBIMHU HIJIM HEOOpaTH-
MBIMH, @ TaKXX€ B KaKOM CJIy4ae BO3MOYKHO JIOCTH)KEHHE CHUCTEMON COCTOSIHUS
paBHOBecHA. 3Hasi O PAaBEHCTBE CKOPOCTEN MPSIMO U OOpATHOM PEaKLUH B COCTOSI-
HUU PAaBHOBECHS, MO’KHO BBIBECTM MATEMATHUECKH ypaBHEHHWE ISl ONpeNeIeHUs
KOHCTaHThI paBHOBecHs - K, (111 razoo0pasHbIx komnoHeHToB) mn K (11 pac-
TBOPOB PEArHPYIOLIMX BELIECTB) U MOHITH Pa3IudHe U CBA3b MexAy HUMU. [lanee
CJIETyeT pacCCMOTPETh C TEPMOJIMHAMUYECKUX MO3ULIUN 3HaUCHUSI (PYHKUIUN COCTO-
SIHUSI PaBHOBECHOM CHCTEMBI — SHTPOIUU U CBOOOJHON dHepruu. Taxxke HEoOXo-
MO BCITOMHUTH IpuHIun Jle-I1laTense 0 BO3MOXKHOCTH CMEIEHUS XUMUYECKOTO
paBHOBECHsI B Ty WJIM MHYIO CTOPOHY, MEHSs clieAyrolue (pakTopbl: KOHIIEHTpa-
MO0 UCXOJHBIX PEAreHTOB WM MPOIYKTOB PEAKLIUU, IaBJICHUE JJIsl Ta3000pa3HbIX
BEILECTB U TEMIIEPATYPY.
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N3ydenne pa3oBbIX paBHOBECHH JTydIlle BCETO HAYaTh C OMPEACICHUI TOMO-
TCHHOU M TeTepOTreHHOW CUCTEMBI, (a3bl, KOMIIOHEHTa, (a30BOr0 Mepexoaa. IToT
MaTepuai JIydille paccMaTpuBaTh, OOpAIIAsCh K MEPBOM TeMe Kypca: arperaTHbIe
cocTostHUS BemiecTBa. Jlanee cieayer pazodpaTh MOHATHS (Pa30BOTO paBHOBECHUS U
yucia creneneir ceodoapl. Ciaemayer moapoOHO M3yduTh npasmwio ¢a3 ['mdoca, nc-
MOJIB3YysI €r0 Ha TMPAKTUKE MPH pacdeTe Yucia cTeneHed cBoOOAbl mpu (Ha30BBIX
nepexoaax 1 (pa3oBhIX PAaBHOBECHSX.

Kparkuii Teopernyeckuii MaTepuall

PaBHOBECHBIM COCTOSTHUEM HA3bIBAIOT TAKOE TEPMOJMHAMHYECKOE COCTOS-
HUE CUCTEMBI, KOTOPOE HE M3MEHSETCS BO BPEMEHHU. Y CTOMYNBOE PABHOBECHOE CO-
CTOSIHHE XapaKTepU3yeTCH:
- HEUBMEHHOCTBIO COCTOSIHUSI CUCTEMBI [IPU COXPAHEHUU BHEIIHUX YCIOBUIA;
- MOABWYKHOCTHIO PAaBHOBECHSA: CaMOIIPOU3BOJIbHBIM BOCCTAHOBJICHUEM pPABHOBE-
CUs TOCJE MPEKPAICHUS] BO3JECUCTBUS, BBI3BIBAIOIIETO OTKJIOHEHUE CHUCTEMBI OT
MOJIOKEHUS] PAaBHOBECHS;
- IMHAMHUYECKUM XapaKTEPOM PaBHOBECHS: COXPAHEHHUEM €ro BCJIEICTBUE PaBCH-
CTBa CKOPOCTEW MPSMOTO U 0OPaTHOTO MPOIIECCOB;
- pa3IMYMEM B JIOCTUKEHUM PAaBHOBECHOI'O COCTOSIHMS JJIsl CAMOIIPOU3BOJIBHBIX U
HECaMOIPOU3BOJIbHBIX MPOLECCOB,;
- MUHUMAJIbHBIM 3HaueHueM 3Hepruu ['nb6ca (winm sHeprun I eabMrobia).

B ocHOBe yueHHsI 0 XUMHUYECKOM PABHOBECUHU PEAKIUMN JICKHUT 3aKOH JCH-
CTBYIOIIIMX Macc. 3amuIleM B O0IIeM BHJE YpaBHEHHE O0OPATHMOTO XMMHUUYECKOTO
npoiiecca:

aA+BB < cC+dD

XUMHUYECKOE PABHOBECHE YHMCIICHHO BBIPAKACTCS KOHCTAHTAMU PABHOBECHS
- TIOCTOSTHHBIMU BEJTMYMHAMM JUIS JaHHOW TemIiepaTypbl. Eciiu konudecTBa pearu-
PYIOIIMX BEIIECTB BBIPA3UTh 4Y€pPE3 PABHOBECHBIE KOHIICHTpAIlMU, TO KOHCTaHTa
paBHOBeECHs OyIET BBITJIAIETh CJICIYIOIIUM 00pa30M:

c d

K. = Ce-Gp

C Ca . Cb
A B 3.1,
VYpaBuenue (3.1.) — ypaBHEHUE XUMHUUYECKOTO PaBHOBECHUSI WM MaTeMaTHYECKOE
BBIpAKEHNE 3aKOHA JICUCTBYIOIIUX MAcC MPUMEHUTEIHLHO K 0OpaTUMBIM PEaKIUSIM.
Ecnu B peakiuu y4acTBYIOT ra3000pa3HbIe BEIIECTBA, TO JCHCTBYIOIIME MacChl

BBIpa)KaIOT qepes ux HapHI/IaJ]BHBIe JdABJICHUA .
K. = P Pg
ropp

A Lp (3.1a)

B ycnosusx pasnosecus npu Ooaunnoil memnepamype OmMHOUIEHUE NPOU3BEOCHUs.

PABHOBECHBIX KOHYEeHMpayull (Uiu napyuaibHelx 0aeieHull 0is 2a3000pa3Hbix ee-
wecmas) npooyKmoe peakyuu K npou3eeoeHur0 KOHyeHmpayuil (Ui napyuaibHbix
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0aseHull) UCXOOHBIX Beujecms, G3MblX 6 CHENeHsX, PAGHLIX Cmexuomempuye-
CKUM KO3 duyuenmam, noCmosHHO.
Mexny xoHcrantamu K, u K, cymecTByer cB3b:

K, = K.(RT)*", (3.2)

rae An = (c+d) — (a+b) — pa3HOCTH cTeXHMOMETPUUIECKUX KOIP(DUITUSHTOB WA U3-
MEHEHHUE YKCIia MOJIeH B pe3ysibTaTe peakinuu. Eciam ke peakius uaer 0e3 n3mMe-
HeHUs uncia MoJiekyl (An=0), To

K, =K,

Ha xumMunueckoe paBHOBECHE MOXKHO BO3JEHCTBOBATh U CMEIIATh €T0 B HYX-
HOM HaIlpaBJI€HUH, T.€. U3MEHAThH BBIXOJ NPOAYKTOB peakuuu. M3yuenue sBiieHni
XMMHUYECKOTO paBHOBecus mno3poiwiio Jle-Illarense cpopmyaupoBaTh MPUHLIMII
CMEILIEHUSI XUMUYECKOTO paBHOBECHS: Eciu uzmenums 0OHO U3 YCI08Ul, NpU KO-
MOPBIX cUcmema Haxo0Umcs 8 COCMOAHUU XUMUYUECKO20 PABHOBECUsl, MO PAGHOGe-
cue cmewaemcs 8 HanpasieHuu Mot peakyuu, Komopas npomueooelucmsyem npo-
U38E0EHHOM) U3MEHEHUIO.

CMeleHne XuMUYECKOTO PABHOBECUSI B OCHOBHOM OITPEEIISAETCA:

- KOHIICHTPAllEeW pearnpyromux BEIIECTB;

- IaBJICHUEM, €CJIU pEarupyrollne BeIecTBa HAXOAATCS B ra3000pa3HOM WM
napooOpa3HOM COCTOSIHUY;

- TEMIIEPATyPOU, ITPXU KOTOPOU MPOUCXOAUT XUMUUIECKHUM MPOLIECC.

[IpyurHOW CMENIEHUs] XUMHUYECKOrO0 PaBHOBECUSI NPHU M3MEHEHUM KOHIICH-
Tpaluu, JaBJICHUs Pearupyronx BEIIECTB WM TEMIEpPaTypbl Mpolecca sSBIsSeTCs
HapylLIEHUE PAaBEHCTBA CKOPOCTEW MPAMON U OOpaTHOW peakiuil. IT0 cCMeleHue
OyAeT MpoJoJKAThCS A0 TE€X IHOp, MOKa CKOPOCTH 3TUX PEAKIMIl CHOBA HE CpaB-
HSFOTCSL.

Brusnue xonyenmpayuu: yBeINYEHHE KOHIIEHTPALIMH BEIIECTB MPUBOIUT K
CMELICHUIO PABHOBECHSI B CTOPOHY YBEIMYEHHS PAacX0oJa T€X KOMIIOHEHTOB (WM
KOMITOHEHTA), KOHLIEHTPALUsl KOTOPBIX YBEJIINYNBAETCS.

Brusnue oasnenus (01 2azoo0bpasuvix eewjyecms): CMEIICHUE PaBHOBECHS
IpU U3MEHEHUHU JaBJICHUS 3aBUCUT OT U3MEHEHMs uucia mMojiei (An) B mpoiecce
peakiuu. IIpu An = 0 cMmemenne paBHOBECHS NPY YBEIUYEHUN UM YMEHBIIECHUH
JTaBJICHUS HE TIPOU30MUIET.

[Ipu An # 0, paBHOBECHE CMEILIAETCS CIAEAYIOINUM 00pa3oM:

a) €cJIM MPOLECC UAET C YBEIIMYEHUEM YHUCia MOJIEH MPOAYKTOB PEAKIMH -
An > 0, TO yBeJIMYEHHE AaBICHUS MPUBEAET K CMEIIECHUIO PABHOBECHS B CTOPOHY
0o0pa30BaHUs UICXOJAHBIX BEILIECTB, & YMEHbILIEHHUE JABJICHUS] — B CTOPOHY MPOIYK-
TOB PEAKLINU;

0) ecnu mpoliecc UAET C YMEHbIIEHUEM YHClia MOJIeH MPOAYKTOB peaKiuu -
An < 0, TO yBeJIMUEHUE JABJICHUS MPUBEAET K CMEIICHUIO PABHOBECHS B CTOPOHY
oOpa3oBaHMs TPOAYKTOB PEaKIMU, & YMEHbBIICHUE IaBJICHUS — B CTOPOHY MCXOJI-
HBIX BEILECTB.

Tax ans peakiuu 00pa3oBaHUsI aMMHUaKa:
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3H2+N2 > 2NH3
(An=2-4=-2)

YBEJIMUEHUE NIABJICHUS B CUCTEME MPUBEAET K CMEUICHUIO PABHOBECHS B CTOPOHY
MPOJYKTa PEAKIMU — AMMHUAKa - M, COOTBETCTBEHHO, K OOJIBIIIEMY €r0 BHIXOY.

Brusnue memnepamypwi: yBeNHMUEHUE TEMIIEPATYpbl CHCTEMBI IPUBENET K
CMELIECHUIO PAaBHOBECHUS B CTOPOHY 3HJIOTEPMHUYECKON PEAKIIUHU:

a) eCIM peakuus 3K30TepMUYecKas (MIET C BBIICICHUEM TEIIa), YBEIU4Ye-
HUE TEMIEpaTypbl CUCTEMBbI IMPHUBEAET K CMEIICHUIO PABHOBECUS B CTOPOHY HC-
XOJIHBIX BEILECTB; YMEHBIIEHUE TEMIIEPATyphl (HapuMep, OTBOJ TeIlia OT CHCTE-
MbI) — CMEIIICHUE PABHOBECHS B CTOPOHY IIPOIYKTOB PEAKLIUH.

0) eciu peakius dHAOTepMUYecKas (UIET ¢ MOTJIONICHUEM TeIula), yBeIude-
HUE TEMIIEpaTypbl CUCTEMbI IIPUBEJIET K CMEIICHUIO PABHOBECHUSI B CTOPOHY MPO-
JYKTOB PEAKIMHU; YMEHBIICHUE TEMIIEPATYPhI — B CTOPOHY 00pa30BaHUs UCXOIHBIX
BEILECTB.

PaccMOTpUM COCTOSIHME XMMHYECKOIO PABHOBECHS C TOYKH 3PEHUS TEPMO-
JUHaMH4YecKuX QyHKIMM cocTosHus. [lycth peakius

aA +bB < cC+dD

IIPOTEKAET IIPU MOCTOSAHHOW Temneparype. HauanbHoe | 1 kOHEUHOE cocTosiHuE 2
ATOM CUCTEMBI ompeAesieTcs: cneayonuM oopazoM. CoctosiHue 1 COOTBETCTBYET
a Mosib A 1 b Mmonb B; ux napuuanbusie naBnenus OyayTt P u Pg mpu Temmnepary-
pe T. Cocrostnuto 2 coorBeTcTBYeT ¢ Mosib C 1 d Monb D; ux mapuuanbHble 1aB-
nenus — Pc u Pp ipu Toit :xe temniepatype T.

N3menenne cBoboaHoM 3Heprun (I'mb0ca unu ['enbmrosibiia) 3Toil peakuu
PaBHO:

AGrt = Gr(coctostaue 2) - Gr(cocrosaue 1)

[TockoJibKy Ta3bl MPEANnoJaratoTCs WICaIbHBIMU, JUISI KaXXIOr0 COCTOSTHUS
CBOOO/THAS PHEPTHS paBHA CyMME CBOOOIHBIX SHEPTUI Pa3IMUYHBIX KOMIIOHEHTOB:

Gr(cocrosnue 1) = aGr(P,) + bG(Pp);
Gr(cocrosnue 2) = ¢Gr(Pc) + dGr(Pp);

3HavyeHUsT CBOOOHBIX SHEPrUi HAaYaJIbHOTO M KOHEYHOTO COCTOSHUM OIpe-
JISIISIFOT COTJIAaCHO COOTHOIICHUIO:

Gt = G’ + RTInP

Onyckasi MaTeMaTHYECKHE MPeoOpa3oBaHus, MOKAKEM, UTO 3Hasi TeMIiepa-
Typy INpoliecca U 3HAUYCHHS TapIUaIbHBIX JaBJICHUM pPEareHTOB U MPOJYKTOB pe-
aKIMK, MPU UCIOJIb30BAHUU TAOJIUIl TEPMOJAUHAMUYECKUX JAHHBIX MOXHO OIpe-
JeTUTh U3MEHEHHE CBOOOIHOM dHepruu AGt TaHHOTO XMMHUYECKOTO0 Ipoliecca:

PPy
P;-P; (3.3)

Takum 06pa3om, MBI TOJTy4aeM CBSI3b MEXKITY U3MEHEHHEM CBOOOIHOM SHEP-
MU CUCTEMbl U KOHCTaHTOM paBHOBECHsI Tpoliecca:

AG, =AG?+RTn
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AG, =AG)+RTh K,
(3.4)
T.x. AG’r - U3MeHeHHe CBOGOIHOI SHEPIUU B CTAHIAPTHBIX YCIOBHAX MOCTOSH-
HO, TO IIPU PAaBHOBECHUH MOTYUUM:

AG’; = - RT InKp (3.5)
NnIn
_AG
K,=e KT
(3.6)

da3oBble paBHOBECHS

BemectBa, BXozsmire B TEPMOAMHAMUYECKYIO CUCTEMY, MOTYT HaXOAUTHCS
B PA3JIMYHBIX arperaTHBIX COCTOSHUSX: Ta3000pa3HOM, KUIKOM M TBEpJOM, 00pa-
3ysl OHY WJIM HECKOJBbKO (pa3. CucTeMy, COCTOSIIYIO M3 HECKOJbKUX (a3, Ha3bl-
BaIOT T€TEPOT€HHOM, a PAaBHOBECUE, YCTAHABIMBAIOILIEECS B TAKON CUCTEME, - TeTe-
POTEHHBIM WIH (Pa30BbIM PABHOBECHUEM.

Daza (D) — uacmeb cemepoceHHOU CUCMEMbL, 02PAHUYEHHASI NOBEPXHOCHBIO
pasoena u Xapakxmepuzyrowasici OOUHAKOBLIMU XUMUYECKUMY, QU3UYeCKUMU U
MepMOOUHAMUYECKUMU ceoticmeamu 80 ecex moukax. I1o uuciy a3 cucremsl ae-
JsTCs HA oiHO(a3HbIe, ABYX(a3Hble, Tpexpa3Hble U MHOTO(pa3HbIE.

CucreMa MOXKET COCTOATh U3 OJTHOTO WJIM HECKOJIBbKUX KOMIOHEHTOB. Kom-
HOHEHMOM CHUCTEMBbI HAa3bIBAIOT WHIMBUAYAJIBHOE XMMHYECKOE BEIIECTBO, KOTO-
pO€ MOKET OBITh BBIJICIICHO U3 CUCTEMBI M CYIIIECTBOBATH OT/ICJIHO OT HEe.

XYMMHUYECKH MHAUBHUAYaJIbHBIE BEIIECTBA, 0OOpa3ylolue JaHHYI0 CUCTEMY U
CIIOCOOHBIE CYIIECTBOBATH CAMOCTOSITENIbHO, HA3bIBAIOTCS COCTABHBIMU YaCTSMHU.
Hanpumep, pacTBop XJIOpUJa HATPHS B BOJIE COCTOUT U3 JBYX COCTABHBIX YacCTEH:
MOJIEKYJT BOJIbI M MOJIEKYJI XJIOpHJIa HATPHUA. Y CTAHOBIIEHO, YTO B (DU3NYECKUX CH-
cTteMax (Te OTCYTCTBYIOT XMMUYECKHUE PEAKIIMH) YUCIO KOMIIOHEHTOB PaBHO YU C-
JIy COCTaBHBIX YacCTeW CUCTEMBI, & B XUMUUYECKUX CHUCTEMaX YMCJIO KOMIIOHEHTOB
BCETJla MEHBIIIE YUCJIa COCTaBHBIX YacTEH Ha YUCIIO 0OpaTUMbIX XUMHUYECKUX B3a-
HMMOJICVICTBUH, TPOTEKAIOIINX B JAHHOW CUCTEME.

CocTosiHME CUCTEMbl XapaKTepU3yeTCsl YUCIIOM CTEeNeHel cB0oOOonbI (Bapu-
aHTHOCTBI0). Yucno cmeneneit c600600wl (C) 6 pagnosecHoil cucmeme — 3T0 YNC-
JIO HE3aBUCHUMBIX TEPMOJMHAMHYECKUX TapaMeTpoB (TeMIieparypa, JaBlICHUE,
KOHIICHTpAIHs), ONPEACNSIONINX COCTOSHUE CHUCTEMbI, KOTOPhIE MOXHO /10 H3-
BECTHOTO TIpeiesia U3MEHITh, HE Hapyllas paBHOBECHS B cucteMe (T.e. 0e3 u3Me-
Henus yucna ¢gas B cucreme). Ecnmu C = 1, To cucrema MoHoBapuanTHa, mpu C = 2
cuctema buBapuanTHa, mpu C = 3 - cucrema — TpexBapuaHTHA.

Ilpasuno ¢a3z I'uooca: B pasnosecnoit cucmeme cymma uucen gpas u cme-
neneii c60000vl pagHa UUCLy KOMNOHEHMO08, YBEIUYEHHOMY HA 08A:

O+C=K+2, mm
C=K-®+2, (3.7)
rae ® — yucno das;
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C — yucrno crenenelt CBOOOIbI;
K — Komm4ecTBO KOMIIOHEHTOB.

Creocmeue uz npasuna ¢az: Kaxaas HoBas (paza yMEHbIIIAET, a KaXKJIbIH HO-
BBIl KOMIIOHEHT YBEJIMYMBACT YMCIIO CTENICHEW CBOOOIbI TaHHOW paBHOBECHOU CH-
cTeMbl. J{7151 KOHIEHCHPOBAHHBIX CUCTEM (JIaBJICHHUE JIJIST KOTOPBIX MaJlO BIMSET Ha
COCTOSIHHE PaBHOBECHS), @ TAKXKE B CIyyae BIUSHUS HAa CUCTEMY TOJBKO TeMIEpa-
TypHl, IpaBmiio ¢a3 ['mb6ca BeipaXkaeTcsi ypaBHEHHEM:

C=K-9+1. (3.8)
Penienue THOBLIX 3a1a4

3agaua 1: B cucreme A (r.) + 2B (r.) = C (r.) paBHOBECHbIE KOHIIEHTpAI[UU PaB-
Hbl: [A] = 0,06 moub/it; [B] = 0,12 mons/n; [C] = 0,216 monb/n. HaliTi KOHCTaHTY
paBHOBECHSI pEaKIIMKM 1 UCXOHbIC KOHIIEHTpaIluu BeniecTB A u B.
Pemenue: KoHcTanTa paBHOBECHS JaHHON PEAKLINYU BBIPAXKAETCS YPABHEHUEM:
C
K.=_~c

< C-C

HOIICTaBJ'I}IH B HCTO JaHHBIC 3a/1a4H, I10JIy4acM:

0216,
0,06-(0,12)

JIns HaxO0XIEHHST NCXOIHBIX KOHIIEHTpalui BemecTB A U B ydrem, 4To corinacHo

ypaBHEHUIO peakiuu, u3 1 monst A u 2 moneit B o6pasyercsa 1 mons C. [Tockonb-

Ky MO YCJIOBHIO 33J]a4¥ B KakKJI0M JIUTpe oOpa3zoBaioch 0,216 Momsi, TO Ipu 53TOM

owu10 M3pacxonoano 0,216 moueit BemectBa A u 0,216 - 2 = 0,432 mouns Bele-

ctBa B. Takum o0pazom, HCKOMBIE UCXO/IHbIE KOHIICHTPAIUX PaBHBI:

[Ao] = 0,06 + 0,216 = 0,276 monb/T;
[Bo] = 0,12 + 0,432 = 0,552 mouib/mn.

3agaua 2: B kakoM HanpaBJI€HUN CMECTUTCS] pABHOBECHE B CUCTEMAX:
1. 2CO(r) + O, (1) «>2COy(r) AH =-566 x/Ix
2. Ny (r) + O, (r) <> 2NO (1) AH =180 xJIx
a) IpY MOHW)XEHUU TEMIIEPATYPHI;
0) npu MOBBIILICHUH JTaBICHUS?
Pemienne. CornacHo npunuumy Jle-Illatense noHmxeHue TeMiepaTypbl CMEIaeT
paBHOBECHE B CTOPOHY IK30TEpMHUUYECKOI peakuuu. Takum oO6pazom,
a) B IIEPBOM pEaklMM PaBHOBECUE CIBUHETCS B CTOPOHY INPSMOM pEaKIUH, a BO
BTOPOH - B CTOPOHY 0OpaTHOM peaKilny;
0) Mpu MOBBILLIEHUH JaBICHHUSI PABHOBECHE CMEIIAETCSI B CTOPOHY MEHBIINX 00be-
MOB. CriejoBaTENbHO, B NIEPBOM PEaKUUA PABHOBECHE CMECTHUTCS B CTOPOHY Ipsi-
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MOM peakuuu. Bo BTOpOU peakuu YUCII0 MOJIEN ra30B HE U3MEHSETCS B MIPOLIECCE
peakuuu, MoATOMY U3MEHEHUE AaBJICHUS HE BBI3bIBAET CMEIICHUS PABHOBECHS.

3amaua 3: Berunciaure cBoOoany0 sHepruto - AG mpoiiecca:

N, (r.) + 3H, (1.) <> 2NH;5(T.)
npu Temneparype 50°C U mpu YCIOBHH, 4TO PABHOBECHbIC MApIHAIbHBIC JaBIIC-
HUS Ta30B PABHBI: PN2 = 5,0 atm; PH2 = 2,0 atm; PNH3 =0,10 atm. Onpene-

JIUTC BO3MOKHOCTBb CaMOIIPONU3BOJIbHOI'O IIPOTCKAHMA IIPOUICCCA.

Pemenue: CBoOojaHast sHeprus OyAeT onpeaeniaTbes ypaBuenueM (3.4):
2

AG, =AG® +RTIn -
PN2 ‘P,
Jlas pacuera AG® mporecca, HEOOXOUMO BOCIIONB30BATHCS TAGINYHBIME TaHHbI-
MH CTaHIAPTHBIX 3HAYECHUM AG’ JUIS. UICXOJHBIX BemiecTB (mpui.l). Bcnomuum,
YTO JUISl TPOCTHIX BEILIECTB AG’ pasHo 0:

AGy, ., = Ot/ mons AGy, (., = Ot/ mons

Jnsa npoaykra peakuuu — NHs:
AGyyy, () =—16,64K/[5i1c/ mone

Ompenenum AG” 10 ypaBHEHHIO:
AG’ = (ZAG’ o) — (£ AG"ex)
AG? = (2- (-16,64) — 0) = - 33,28 xJIx/Momb i -33280 JIx.

Paccunrtaem cBOGOAHYIO dHepruio mpu Temmeparype 50°C mwm 323 K:

2
AG,,,=-33280+8314-323In % = 55553 /]oic

T.k. AG3p3 ©UMeEET OTpULIATENbHOE 3HaUCHUE «-55,55 k/[>», nemaeM BbIBOJ O caMo-
MPOM3BOJILHOM MPOTEKAHUH TMPOILIECCa B TAHHBIX YCIOBUSIX.

3agaua 4: OnpenenuTs YUCIO CTENEHEeH CBOOOJbI B CUCTEME YAaCTHYHO 3aMep3-
1IEH BOJBI.

Pemenue: B cucreme cyuiecTByeT paBHOBECHE: Jied <> BOJia <> Map, NO3TOMY CH-
cTemMa uMeeT Tpu (pa3bl U OJIHY COCTaBHYIO YacTh. Tak Kak 3Ta cuctema (pusmde-
CKasi, TO YUCJIO COCTaBHBIX YACTEH paBHO YHCITy KOMIIOHEHTOB, T.€. CUCTEMa OJHO-
KoMIioHeHTHa. OTcrofa no ypaBHeHuto ['n00ca (3.7.) HaX0IUM YHCIO CTENeHEN
CBOOO/IBI:

C=1-3+2=0

Cuctema Oe3BapuaHTHA. IJTO 3HAYMT, UYTO TaKas CHUCTEMa MOXET CYIIECTBOBATh
TOJIBKO TIPH CTPOTo ompeeneHubix yeaosmsix (T =0,01°C u P = 6,1 rlla).
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3agaua S: Kuakuil pacmias, cocrosmuii u3 40% kanmus u 60% Bucmyta, npu

144°C maxonutcs B PaBHOBECHUU C KpHUCTaUIaMU KaamMusa U BUCMyTa. CKOJIBKO CTe-

reHeil cBo00IbI HMEET 3Ta cucTemMa?

Pemenue: XXunkuit pacmiaB v KpUCTaJUIBI KaJIMHUS U BUCMYTa 00pa3yrloT TpH (a3bl.

Yuciio KOMIOHEHTOB — 2: KaaMuid U BUCMYT. CHcTeMa KOHJIEHCHpPOBaHHAas, IO-

3TOMY pacydeT CTeneHei cBoOO 1l HEOOXOIUMO BECTH IO YpaBHEHHUIO (3.8):
C=2-3+1=0

CrnepnoBartenibHO, cUCTEMA O€3BapUAHTHA.

BOHpOCLI AJIA CAMOKOHTPOJISA

—

. JaiiTe onpenenenust oOpaTUMbIM U HEOOPATUMBIM MTPOIIECCAM.
2. B xakux cimydasx oOpaTUMbIE peakIuu IPOTEKaroT A0 KoHIa? OOBICHUTE 3TO C
TOYKH 3PEHUS 3aKOHA JEHCTBYIOIINX MacC.
3. Uro 03Ha4YaeT COCTOSIHUE XUMUYECKOTO paBHOBeCUA? Kak MOXKHO ONpeNeIunTh,
YTO B CHCTEME HACTYIIUJIO XUMUYECKOE PABHOBECHE?
4. Kak cmemaercs XMMUYECKOE PAaBHOBECUE TIPU U3MEHEHUHU TEMIIEpaTyphl, KOH-
LEHTPalH, TABJICHUS?
5. KakoB cMBICII KOHCTaHTBl PABHOBECHSI B MAaTEMAaTUYECKOM BbIpaXEHUH. MoXxeT
JIM KOHCTaHTa paBHOBECHS ObITh PaBHOW eIMHHULIE?
6. Bripaszute mateMatuuecku Kp 115 cleayronmx peaxkiyi:
a) FeO + H, < Fe + H,O,;
6) 2HgO < 2Hg + Oy;
B) 2Cu + O, < 2CuO.
7. HanummTe ypaBHEHHE, CBA3bIBAIONICE CBOGOIHYIO SHepriio AG’ U KOHCTAaHTY
paBHOBecus Kp.
8. Haiite popmynupoBky npaBuia (a3, HAMUIIUTE YPABHEHHE U YKAKUTE YCIIO-
BHUSI, IPH KOTOPBIX 3TO YPABHEHHE CHPABEJIUBO.
9. Kak nensT paBHOBECHBIE CHCTEMBbI HA OCHOBE: @) YMCJa CTENeHel CBOOOIbI; 0)
KOJINYECTBA KOMITIOHEHTOB?
10./1aitTe onpeneneHus MOHATHAM «(aszay, «COCTaBHbIE YaCTH CUCTEMBI», «KOM-
MOHEHT», «CTENEeHb CBOOObI PABHOBECHOIN CUCTEMBDY.
11.YkaxuTe TOYHO YCJIOBHS, IPU KOTOPBIX ClpaBeauBa (hopmyia
O+C=K+2
12.Hanummre ypaBHeHUs npaBuiia Ga3 1151 KOHAEHCUPOBAHHBIX CUCTEM U JUJISl CH-
CTEM, COCTOSTHAE KOTOPBIX OMPEAEHSAETCA YETHIPbMS ITAPAMETPAMM.
13.0npenenute 4uciao CTeNeHe cBOOOABI B MEPUOJ 3aTBEP/ICBAHMS CILJIaBa, CO-
CTOSILLIETO U3 ABYX METAJJIOB, 00pa3yIOUINX OJHY KPUCTAJUIMYECKYIO CTPYKTY-
py.
14.0Onpenenute, Kakoe HauOoJbIIee YUCIO (Pa3 MOKET HAXOAUTHCS B PAaBHOBEC-
HOM CHUCTEME, COCTOSILEH U3 BOJBI U caxapa.
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TEMA 4. PACTBOPBI SJIEKTPOJIMTOB 1 HEQJIEKTPOJIUTOB
OCHOBHBIE BOITPOCBI

[Tonsitue pactBopa. Kiaccupukanust pactBopoB. CriocoObl BbIpaXKEHHUsI KOHIEH-
Tpaluu pacTBOPOB. PacTBOPHI 3JIEKTPOIIMTOB U HEANEKTPOIUTOB. KosuraruBHsie
CBOICTBa pacTBOpPOB. 3akoH Payiis. [loHmxkeHue qaBiaeHue napa pacTBOPUTEIIS HaJ
pactBopoM. [ToHmkeHue TeMriepaTypbl KpUCTAUIM3AMU U MOBBIIICHHE TEMIEpa-
Typbl KHUIIEHHSI PACTBOPOB IO CPAaBHEHHIO C YUCTBIMH pacTBOpUTEIsIMU. OcMoc.
OcmoTnyeckoe NaBlIeHHE. ODJIEKTpoJMTHYecKas aucconuanus. CTeneHb M KOH-
CTaHTa 3JEKTPOJUTHYECKON auccounanud. 3akoH OctBanbaa. Cpeapl BOJHBIX
pacTBOPOB 3JIEKTPOIUTOB. bydepusie pacTBopbl. ['uaponus coneil.

METOANYECKHUE YKA3AHUA

PaccMmoTpeHune 1aHHOro pasjena cielyeT HaUMHaTh C ONPEIEIICHHs PacTBO-
pa Kak CJIOXHOW CHCTEMBI, COCTOAIIEH M3 HECKOJbKUX KOMIOHEHTOB. Pa3bepute
KJIACCU(UKALIMIO PAaCTBOPOB B 3aBUCUMOCTU OT CTENEHH KOHILIEHTPAllMU PacTBO-
PEHHOr0 KOMIIOHEHTA, arperaTHOr0 COCTOSIHUSL COCTaBHBIX YacTE pacTBOpa, CIO-
COOHOCTH PacTBOPOB IMPOBOJAUTH 3JEKTPUUECKUN TOK U HAIUYUS B HUX MOBBIIICH-
Hoit konnenTpauuu H' umu OH™ nonos. Jlanee ciaeayer moapoOHO U3YUUTh CIIOCO-
Obl BBIp@)KE€HUS KOHLEHTpAIMil pacTBOPOB, T.K. 0€3 MOHMMAaHUS ONpPEIEIECHHOU
KOHLIEHTpalud — MOJISIPHOW, MOJISIIbHOM, HOPMallbHOM, MPOLIEHTHOM (MaccOBOM
JI0JIN), MOJIBHOW JTOJIM — HEJb3sl MPUCTYNATh K BBINOJHEHUIO 337a4 KOHTPOJIBbHOM
paboOTHI IO ATOMY pas3femy.

HecoMHeHHO Ba)kKHBIM SIBIIIETCS M3Y4YEHUE AIJAUTUBHBIX (DU3UKO-XUMHUYEC-
KHX CBOMCTB PAacTBOPOB, T.K. HA3bIBAEMBIX KOJUIUTATUBHBIX CBONCTB, KOTOPBIE
ONPENIENAI0TCA YUCIOM PAaCTBOPEHHBIX YACTHIl: MOHWKEHHE JABJIICHUS Tapa pac-
TBOPUTEJISI HAJl pACTBOPOM, MTOHMKEHUE TeMIIepaTypbl KpUCTATU3AINH (3aMep3a-
HUS) paCTBOPOB, MOBBIIICHUE TEMIIEPATYpPhl KUTICHUSI PACTBOPOB U TMOSIBIICHUE OC-
MOTHYECKOTO0 JaBiieHUs. ClelyeT YACHUTb, YTO B CIIy4ae pacTBOPOB 3JIEKTPOJIUTOB
B pE3yJbTaTe IUCCOLMALMU OOIIEee YUCIIO YAaCTULl [0 CPABHEHUIO C YUCIOM MO-
JIEKyJI BO3pacTaeT B i pa3, CIEA0BATENIbHO, B (POPMyYJIbI i pacyeTa (GU3HUECKUX
XapaKTEPUCTUK — TEMIIEPATypbl KUNIEHUSI U KPUCTAJUIM3Al[MK, JABJICHHS Mapa, oc-
MOTHUYECKOTO JIaBJICHUS - HEOOXOJAUMO BBOJIUTH M30TOHUYECKUN KOIPDUITUEHT i,
CBSI3aHHBIM CO CTENEHbIO AMCCOLMALMU AIEKTPOJIUTa — 0. Pazdepure Ha KOHKpET-
HBIX MpUMeEpax, Kak, MPUMEHSS OINbITHbIE JAHHbIE BBIUYMCICHUSI KOJUIMTAaTUBHBIX
XapaKTEPUCTUK PACTBOPA, MOXXHO ONPENEIUTh OTHOCHUTEIIBHYIO MOJIEKYISPHYIO
Maccy pacTBOPEHHOT'O BEUIECTBA.

Janee paccmoTpute noApoOHO, TOYEMY B pacTBOpax 3JIEKTPOIUTOB HaPsAY C
OOBIYHOW KOHIICHTpAIlMEeH, MOJIb3YIOTCSI aKTHBHOCTBIO, T.€. YCI0BHOU (3(deKrTnB-
HOI) KOHIIEHTpaluel, B COOTBETCTBUU C KOTOPOM OHA JCHCTBYET B XMMHYECKHUX
nporueccax. Cienyer NoHATh, 4TO KOA((UIUEHT aKTUBHOCTH MOHA - f, CBA3BIBAIO-
M KKYIIylocsl (aKTUBHOCTb) U OOBIYHYIO KOHIIEHTPALIMH, 3aBUCUT OT MOHHOMU
cuwibl pactBopa. M3yunte, kakum 00pa3oM COCTaB M KOHLEHTpAIMsl pacTBOpa, 3a-
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PSAI ¥ TIPUPOJA HAXOANIUXCS B PACTBOPE MOHOB ONPEICISAIOT BEIMUYMHY MOHHOU
CHJIBI PacTBOpA.

B crnydae pacTBOpOB CIIaOBbIX 3JICKTPOJIMTOB HAYYHUTECh BHIBOJHWTH 3aBHCH-
MOCTbH KOHCTAHTBI IUCCOITHAITUH C1a00T0 3IeKTpouTa - K, (MpuiokeHue 3) oT ero
CTeNeHHu aucconuanuu (3aKkoH OcTBaibaa).

[Tpu n3yueHun pasaena o cpefax BOIHBIX PACTBOPOB AJIEKTPOIUTOB CIEAYET
BCIIOMHUTH U3 001l 1 HEOPTAaHNIECKOW XUMHH TIOHSITHE HOHHOTO TIPOU3BEICHUS

Bomsl — Ky

.0 7 BO3MOXXHOCTb BBIYMCIICHUS KOHIICHTPALUHM T'MJPOKCHJ-MOHOB
OH', eciu M3BECTHA KOHIIEHTpaIMs HOHOB Bojopoaa H', u maoGopor, T.e. cpeny
(pH-3Hauenue) BoaHOrO pacTBopa. Pa3depure, kKakum 00pa3oM B 3aBUCUMOCTH OT
cooTHolIeHust KoHueHTpauuii H® u OH - MOHOB pa3iMyaroT TpH THIA CPEN:
HertpaneHyto (pH = 7), menounyro (pH > 7) u xucnyro (pH < 7) cpensi.

Jlanee cienyer MoHATH ompezeneHue OydepHOro pacTBopa, MPUBECTU MPHU-
Mepbl COCTABJIECHHSI KUCIOTHBIX WJIM IIEJOYHBIX Oy(EepHBIX CHCTEM U HAYUUTHCS
paccuMThIBaTh 3HaueHue pH-cpenbl OydepHoro pactsopa.

Tema « ruaponH3 coyiei» Takxke NoApoOHO onKcaHa B y4eOHBIX TOCOOUSIX 1O
oO1ieif 1 HEOpraHMYecKoW xuMuu. HamoMuHaem, 4TO THAPOIU3 — 3TO MPOIECC
OOMEHHOI'0 B3aMMOJICUCTBHS COJIM C MOJIEKYJIAMH BOJIbI, B pPe3yJbTaTe€ KOTOPOTO
o0pa3yrorcs cinalble ANEKTPOIUTHI U YTO CIIEICTBHEM TAaKOI'O B3aHUMOJECHCTBHUS SIB-
asieTcst u3MeHeHue 3HadeHus pH BogHBIX pacTBopoB coseil. M3yunre moapo6HO
Kak cienyromue (GakTopbl: MPUPOAA COJU, KOHIEHTPALUsl pacTBOpa, TEMIIEpaTypa
BIMSIOT HA CTENEHb I'MAPOJIM3a COINU. PaccMOTpUTE, KaKue THIIBI COJEH MOTYT
NOJIBEPIaThCs TUAPONIN3Y, U KaKUM oOpa3oM Tul coiau MeHsieT pH — 3HadueHue
BOJHOT'0O pacTBOpa COJIH.

[Tonpo6HO pa3zbepuTe Bce MpUMEpHI TUIMOBBIX 3314 110 TaHHOMY Pa3/ieny.

Kpartkuii Teopernyeckuii MaTepuall

4.1. llonsiTue pacrBopa. Knaccudukauus pactsopon
Cnoco0b1 BbIpa’KeHUs KOHLIEHTPALMU PACTBOPOB

PacTBOp — TepMOIMHAMUYECKH YCTOMYHMBAsi TOMOTE€HHAsI CHUCTEMa TEepEeMEeH-
HOTO COCTaBa, 0Opa3oBaHHas U3 JBYX M 0oyiee KOMIIOHEHTOB. B oOmeM ciyuae
pPacTBOPHI COCTOSIT U3 PACTBOPHUTEIISA, PACTBOPEHHBIX BEIIECTB U MPOIYKTOB MX
B3aMMOJICUCTBUS. PacTBOp — MEHEe yIopsiIoueHHasi CUCTEMa, YeM PACTBOPUTEIb U
PacTBOPEHHOE BEIIECTBO MO OTACNbHOCTHU. [10 9TO# mMpuiKMHE pacTBOpEHUE COMPO-
BOXK/IACTCS 3HAYUTEIILHBIM YBEIMUYCHUEM SHTPONHH. B COOTBETCTBUHM C yCIIOBHEM

AG = AH - TAS,

npu AS > 0, sneprust ['u66ca AG < 0, cienoBaTenbHO, MPOIECC PACTBOPEHUS SIB-
JISIETCSI CAMOTIPOU3BOJIBLHBIM.

Kak npaBuio, KOMIIOHEHT, HAXOISIIIUICS B OOJIBIIIEM KOJIMYECTBE, Ha3bIBACT-
csl pacmeopumesiem, 2 B MEHbBILIEM — pacmEOPEeHHbIM 8eUeCMBOM.



35

PasMephbl 4aCTHUI] B HCTHHHBIX PacTBOpax — MeHee 107 M (IOpSAIKa pasMepoB
MouiekyJ). IcTUHHBIE pacTBOpHI JENSATCS HA UIealbHbIe pa30aBiIeHHbIC, UAcab-
HbI€ KOHIICHTPUPOBAHHBIE U HEUJIeaIbHbIE (PeabHbIC) PACTBOPHI.

K uodeanvnvim pazbasnennvim pacmeopam OTHOCST PAacTBOPBI, B KOTOPBIX
MOJIbHAsI JIOJISI PAcTBOpUTENS ONM3Ka K €AWHUIIE, & MOJIbHAS JIONSl PACTBOPEHHOTO
BEILIECTBA MPUOIMKaeTCs K Hymo. B TakoMm pacTBope Kakaas MOJIEKyJia OKpYyKeHa
OOJIBIIUM KOJIMYECTBOM MOJIEKYJI PACTBOPUTENISI M B3AUMOJICUCTBYET TOJIBKO C HUMU.

K uoeanvnvim xonyenmpupoeannvimM OTHOCAT PACTBOPHI BEIECTB, OIM3KUX
M0 XUMHYECKUM U (PU3MUECKUM CBOMCTBaM. MeX Ty MOJIEKYJIaMi KOMIIOHEHTOB HE
MPOUCXOJIUT KAaKUX-TUOO0 B3aMMOICUCTBUI XUMHUECKOTO XapaKkrepa.

Peanbnbivu Ha3bIBAIOT PACTBOPHI, KOTOPhIE HE MOAUMHSAIOTCS 3aKOHAM HJIE-
IbHBIX PacTBOPOB. OOBIYHO OHU COCTAaBJICHBI M3 KOMIIOHEHTOB C Pa3JIMYHBIMU
CBOMCTBaMHU, CTPOCHUEM MOJIEKYJ U CUJIAMU B3aUMOJCHCTBUS MEXKIY MOJIEKyJIaMu
KOMIIOHEHTOB.

B 3aBUCMMOCTH OT arperaTHOrO COCTOSIHUSI Pa3IMYarOT CICAYIOIIUE THUIIbI
pactBopoB (I —ra3, K — xuakocts, T — TBepI0O€ BELIECTBO):

I' - I" (manpumep, BO31yX) K — XK (pacTBOp riuiepuHa B BOAE)
I' — 2K (pacTBOp KHCIIOpO/Ia B BOJIC) T — K (pactBop kanudoau B ciupTe)
I' - T (pactBOp Bojopozaa B nawtaguu) T — T (MeTasumyeckue U CoNeBbIE CIIaBbl)

PaBHOBeCHBII pacTBOpP, B KOTOPOM IpU OrPaHUYEHHOM PACTBOPUMOCTH
KOMIIOHEHTOB M 33/IaHHBIX BHEIIHUX YCJIOBUAX KOHIIEHTPAUUs OJHOTO U3 KOMIIO-
HEHTOB MaKCUMAJIbHA, HAa3bIBACTCS HACHIWEHHbIM, & €T0 KOHLIEHTPALlWs Ha3bIBACT-
Cs pacmeopumocmvpio KOMIIOHEHTA. IIpy KOHLIEHTpanusax pacTBOPEHHOIO Bellle-
CTBA, MEHBIIMX €r0 pacTBOPUMOCTH, PACTBOP HA3BIBACTCS HeHacviujeHHbiM. Pac-
TBOP, TEPEOXIIAXKIECHHBIA TaKUM 00pa3oM, YTO KOHIIEHTpAlUsl paCTBOPEHHOIO Be-
LIECTBA IPEBBIIIAECT €r0 PACTBOPUMOCTD, HA3bIBACTCA nepecviuyeHHviM. llepecs-
IICHHbIE PAaCTBOPHI METAacCTaOWJIbHBI, MPU BHECEHUM 3aTPaBKH WM IepeMelInBa-
HUM BO3MOKHO CaMONPOM3BOJIbHOE BBIJICIEHUE M30BITKA MEPECHIIIAONIET0 KOM-
MOHEHTA, YTO BEJET K 00pa30BaHUIO0 HOBOM YKUJIKOW MJIM TBEPAOH (pa3bl.

[Io HamMuuI0 WM OTCYTCTBUIO DJEKTPOJUTUYECKOW NHCCOLMALMU MOJIEKYJ
PACTBOPEHHBIX BEIIECTB PA3JIMYaIOT JBA OCHOBHBIX KJIACCa PacTBOPOB: PAaCTBOPBI
971eKMpOaUMO8 U PaCTBOPBI Hedlekmpoaumos. B 0coObIi Kiacc BBIIESIOT TAKKe
PacTBOPBI BBICOKOMOJIEKYJISIPHBIX COEIMHEHUM, CBOMCTBA KOTOPBIX CYIIECTBEHHO
OTJIMYAIOTCSA OT CBOMCTB PACTBOPOB HU3KOMOJIEKYJIIPHBIX BEILIECTB M3-3a OOIBIINX
pas3IMuui B pasMepax MOJIEKYJ PaCTBOPEHHOTIO BellecTBa U pactBopurei. Kiac-
cu(UKalus pacTBOPOB MOXKET ObITh OCHOBaHAa TaKXE€ W Ha JPYrHMX MpHU3HAKaX.
Tak, B 3aBUCHMOCTH OT KOHLEHTPALMA PACTBOPEHHOIO BEIIECTBA PA3JIMYAIOT pac-
TBOPBI KOHYEeHmMpUpo8anHvle U pazbasieHHble, B 3aBUCUMOCTH OT MPHUPOJBI pac-
TBOPUTEIIS BBIAEISAIOT BOAHBIE U HEBOJIHBIE PACTBOPHI; B 3aBUCUMOCTH OT KOHILICH-
tpauuu noHoB H' 1 OH™ — Kucible, HeMTpanbHbIE U IEI0YHbIE (OCHOBHBIE).

Konuentpauus pacrsopos. Cnioco0bl BbIPAKEHUST KOHLEHTPALUMM pac-
TBOPOB. KoOHIIEHTpanus pacTBOPOB OINPEAEHAETCA KOJUYECTBOM PACTBOPEHHOIO
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BEIIECTBA B OMpPENEICHHOM KOJMYECTBE pacTBOpa WM pacTBOpHUTeNs. B 3aBucu-
MOCTHU OT cioco0a M3MepeHus ITUX KOJIMUECTB (Macca, 00beM, YUCIIO MOJICH ) KOH-
IEHTpaIMs MOXKET OBITh BhIpaXK€HA Pa3IMYHBIMU criocobamu (Tadi. 4.1).

Tabnuna 4.1
Cnocooul éviparxiceHus KOHUECHMPAUUU pacmeopos
O0o3Ha-
Ha3zBanme qere Omnpenesienus, cnocod pacyera PasmepHocTh
Maccosas mpacmsopemaoeemecmsa_ m, 6e3pa3MepHa5I
© —
oons M omaopa xm, BEJIMYMHA
MaccoBas 10114, BbIpa)K€HHasi B MPOLIEHTAX
Ilpoyenmnas A0, BRIP ot
0, % — YHCJI0 TPAaMMOB PAaCTBOPEHHOI'O BEIIECTBA Y
KOHYeHmpayus
B 100 r pacTBOpa
n n
pacmeopewroeseujecmed__
Monvuas oons (n ==
. n,; n
— yucno moetl 0% 06wy y 0e3pazmepHas
coomsemcmyio- OTHollleHHEe 4Yuclia MOJIEl COOTBETCTBYIO- BEJIMYMHA
wezo geu/lecmga) mero BeuicCTrna K O6H.[eMy KOJIMYCCTBY MO-
JIel BCEX BEUIECTB B paCTBOpE
npacmm)pemzosemecmsa
Monapnas v
KOHYyeHmpayuu Cu . pacmeopa MOJIB/JT
(vonspHocmy) YHCJIO MOJIEH PACTBOPEHHOTO BEIIECTBA
B 1 1 pactBOpa
Spacmeope)w.zoeeu;ecm@c
Hopmanvnas v
KOHYeHmpayus Cy pacmeopa I-9KB./IT
YHCJIO TPAaMM-3KBUBAJIEHTOB PACTBOPEHHOTO
(HopmanvHOCMb)
BeliecTna B 1 J1 pacTBopa
n ACmMeopewros euecn s
Monsnvnas e ‘
KOHYenmpayus Cn . peemror MOJIB/KT
YHUCJIO MOJIEW pacTBOPEHHOTO BEIIECTBA
(MoasILHOCMY)
B | KT pacTBOpHTENs

4.2. ®u3nK0-XMMHUYECKHE CBOMCTBA PACTBOPOB HEJJIEKTPOJIUTOB

IHonamue 3nekmponuma u HelInrekmpoauma. BomHbie pacTBOPHI COJIEH,
KHCJIOT U OCHOBAaHUW 00JIaJal0T CIIOCOOHOCTHIO MPOBOJUTH 3IEKTPUUECKHUM TOK.
Ota cnocoOHOCTh OOYyCIIOBJIEHA AMCCOLMAIIMEN BEIIECTB HAa HOHBI, KOTOpPBIE U
CIIy’KaT MEePeHOCUUKaMH 3JIEKTPUUECKOTO TOKa. B COOTBETCTBUU € UX 3JIEKTPOIPO-
BOJIHOCTBIO BCE COEIMHEHUSI Pa3JICIAIOT Ha 3JIEKTPOIUTHI — BEIIECTBA, POBOISIINE
AIIEKTPUYECKUN TOK, U HEIJIEKTPOJIUTHl — BEIECTBA, HE O0JIaJatone Takou CIio-
COOHOCTBIO.

Paz0aBneHHbIE PacTBOPHI HEDJIEKTPOIUTOB O0JAAAIOT PSAIAOM CBOMCTB (KOJI-
JUTaTUBHBIE CBOWCTBA), KOJIMYECTBEHHOE BHIPAKEHHE KOTOPHIX 3aBUCUT TOJBKO OT
qrclia HAXOMAIIUXCA B PAacTBOPE YAaCTHIl PACTBOPUTENS U PACTBOPEHHOTO BelIle-
cTBa. PaccMOoTpuM 2TH CBOMCTBA.

INonu:keHue naBJieHUS] TApa PACTBOPHUTEJSI HAJ PacTBOpoM. 3akon Pay-
. OTHOCHUTENIbHOE MOHMKEHUE JABJICHMS IMapa pacTBOPUTENS HaJ pacTBOPOM
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PaBHO OTHOIICHHUIO KOJIHMYCCTBA PACTBOPCHHOI'O BCIICCTBA K O6H1€My KOJIMYECTBY
PACTBOPUTEIIA U paCTBOPCHHOI'O BEIICCTBA, T.C. PaBHO MOJIbHOU A0JI€ PaCTBOPECH-
HOT'O BCIICCTBA.

P1=X1P0 (41)
AP=P()—P1=X2P():PO e , (42)
n +n,

rae Py — napuuanbHOE JaBJICHUE HACBHIIICHHOTO Iapa pacTBOPUTENS HaJ pacTBO-
poMm; Py — 1aBiieHHE HACBIIIEHHOTO Mapa HaJ YUCTbIM PAaCTBOPUTENIEM; X| — MOJIb-
Has J10JIs1 pacTBOPUTEIS; X, — MOJIbHAS JIOJI1 pACTBOPEHHOI'O BEUIECTBA; 1| — KOJIH-
YECTBO PACTBOPUTEIIS, MOJIb; 1y — KOJIMYECTBO PACTBOPEHHOIO BELIECTBA, MOJIb.

IHonmxeHnue TeMieparypbl KpPUCTAUIM3ALMU (3aMep3aHusi) PacTBOPOB.
JKunkocTe 3aMep3aeT pu TOW TeEMIIEpaType, IPU KOTOPOU JaBJICHUE HACBIIICHHO-
ro Inapa HaJ HEW Takoe XK€, KaK HaJl KpUCTAJUIaMU JTOr0 BellecTBa. Tak Kak JIas-
JIEHWE HACBIIIEHHOTO TIapa paCTBOPUTEIS HaJ pACTBOPOM BCEra MEHBIIIE, YEM HAJl
YUCTBIM PACTBOPUTEIIEM, TO pa30aBICHHBII pacTBOp OyneT 3aMep3arh Ipu Oosee
HU3KOM TemIepaTrype, 4eM pacTBopuTenb. s Takux pactBopoB Paynb Hamedn,
YTO MOHW)KEHUE TEMIIEPATYPbl KPUCTAIM3ALUN PACTBOpaA MPONOPLUUOHAIBHO €r0o
MOJISITIBHON KOHLICHTPALIMMU:

AT, =K-C, 4.3)

riae AT, — MOHIWKEHHE TeMIlepaTypbl KpHCTaUIM3alluud (3amMep3aHus) pacTBOpa,
paBHOE Pa3HOCTU TeMIIepaTyp Kpuctausanuu pactBopurens (7y) u pactBopa (7)
AT, = Ty — T, C,, — MOJISUIBHOCTh pacTBOPA, MOJIL/KT; K — KpUOCKONUYECKasi KOH-
CTaHTa, Ha3bIBa€Masi MOJISIPHBIM MOHWKECHUEM TOYKH 3aMEP3AHUS PACTBOPUTEIS,
K-kr/Mons. OHa YHCIIEHHO paBHA MOHWKEHHUIO TEMIIEpATyphl KPUCTAILIM3AIUU
pacTtBopa, coJiepKamero | Mojib paCTBOPEHHOTO BEMIECTBA HA | KI' pacTBOPUTENS.
Bennunna K 3aBUCUT OT MPUPOJIBI PACTBOPUTENS U HE 3aBUCUT OT MPUPOJBI pac-
TBOPEHHOT'O BEILIECTBA.

Tak Kak Macchl HABECOK (PacCTBOPEHHOr'O BEUIECTBA - M1y U PACTBOPUTENS -
11;) Yallle BhIPAXAIOT B TpaMMax, TO

m, -1000

C,= ,
M,-m

4.4)
rae M, — MOJIsIpHast Macca paCTBOPEHHOIO BELIECTBA.

Torga B mosHOM BHJIE TIOHMKEHUE TEMITEPATyphl KPUCTAIUIA3AIUN OYI€T BhI-
PaKEHO YpaBHEHUEM:

K -m, -1000

AT, =
M,-m

4.5)

[IpuMeHsst ONIBITHBIC AHHBIE OMPEEICHHS TEeMIEPaTyphl MOHWKEHUS KPU-
CTAJUTU3AINK PACTBOPA, 3Ty (HOPMYITY MOKHO HCIIOJIH30BATh ISl BBIYUCICHUS OT-
HOCHUTEJIBHOW MOJIEKYJISIPHOM MacChl pacTBOPEHHOTO BEIIeCTBa (METOJ KPHOCKO-
IIHAH).



38

IHoBbIIeHHE TeMIIEPATYPbl KUIIEHUSA PACTBOPOB. JKUAKOCTh 3aKMIAET MPU
TEeMIEepaType, MPU KOTOPOU JTaBJICHUE HACBHIIMIEHHOTO Mapa XUIAKOCTH CTAHOBUTCS
paBHBIM aTMoOc(epHOMY JaBlieHHI0. Tak Kak J1aBlieHHE HACBIIIEHHOIO Tapa pac-
TBOPOB HEJIETYYMX WM MAJOJETyYMX BEIIECTB MEHBIIE NABJICHHUS HACBIIIEHHOTO
napa pacTBOPHTENIS, TO 3TH PACTBOPBI KHUIIAT MpHU 00Jiee BBICOKOW TeMIlepaType.
Jlnis pa30aBIEHHBIX PaCTBOPOB TAKUX BellecTB Paynb yCcTaHOBWII, YTO MOBBIIIICHHUE
TEMIIEPATYPhI KAIIEHUS PACTBOPA NPONOPYUOHANLHO €TO MOJSIIBHOCTH:

AT. = E-C, (4.6)
ar, =L£m 1000 4.7
M,-m

rne AT, — TIOBBIIICHNE TEMIIEPAaTyphl KHIICHUS pacTBOPa, paBHOE PA3HOCTH TEMIIC-
patyp kunenus pactsopa (7) u pactBopurens (1y): AT, = T — Tp; Cpy — MOTSITb-
HOCTh PacTBOpa, MOJL/KT; M, — MOJsIpHas Macca pacTBOPEHHOTO BeIIeCTBa; £ —
H0YyJUTMOCKONIMYECKasi KOHCTAaHTa, Ha3bIBacéMas MOJISIPHBIM ITOBBIIIICHUEM TOYKH
KumeHus pactBoputens, K-kr/mMoias. OHa YHCIIEHHO paBHA MOBBIMICHUIO TeMIIepa-
Typbl KUTIEHUS pacTBOpa, COAEpIKaIIero 1 MOab pacTBOPEHHOTO BeliecTBa Ha 1 KT
pacTBopuTensa. Benwunaa £ 3aBUCUT OT MPUPOILI PACTBOPUTENSI U HE 3aBUCHUT OT
MIPUPOBI PACTBOPEHHOTO BEIIIECTBA.

OcmoTH4yeckoe naBjiaeHHe. SIBIEHUE TEpexojia PaCTBOPHUTENS yepe3 MOITy-
MIPOHUIIAEMYIO MeMOpaHy U3 pa30aBJICHHOIO pacTBOpa B 0OoJiee KOHIIEHTPUPOBAH-
HBIM Ha3bIBaeTcs ocmocom. Ocmomuyeckum OagieHuem HA3bIBA€TCSI TO HAUMEHb-
niee JaBjeHUE, KOTOPOe, TOMHUMO JABJICHUS] CaMOTO PAacTBOPUTEINSI, HEOOXOAMMO
MPWIOKHUTH K PacTBOPY, YTOOBI MPEIOTBPATUTH MEPEMEIIEHUE PACTBOPUTEIIS Ue-
pe3 MeMOpaHy, pa3JeisIoNlyl0 pacTBOpP W PACTBOPHUTENb, MpUYEM MeMOpaHa
HEIMPOHUIIAeMa JIJIsi MOJIEKYJ paCTBOPEHHOTO BEIIECTBA

Bant-T'od¢d ycTtaHoBHII, 4TO OCMOTHUYECKOE JaBiICHUE pa30aBICHHBIX PACTBO-
POB TIOAYMHSICTCS 3aKOHAM, aHAJIOTUYHBIM 3aKOHAM HJIeaTbHBIX Ta30B. OcMOTHYE-
CKO€ JlaBJIeHHEe pa30aBIECHHOTO PacTBOPA YHCIECHHO PaBHO TOMY JABJICHUIO, KOTO-
poe MpOoU3BOIMIO0 OBl JTaHHOE KOJMYECTBO PACTBOPEHHOTO BEIIECTBA, €CIIM OBl OHO
HaXOJHMJIOCh B Ta3000pa3HOM COCTOSIHUM TIPU 33JJaHHOW TeMIlepaType W 3aHUMaJio
Ob1 00BEM pacTBopa (3axon Banm-Ioghga).

POCM = CMRT; (48)

rae P, — ocMoTudeckoe nasienue, [1a; C, — MonsgpHas KOHIIEHTpAIMs pacTBOpa,
MOJIb/T; R — MossipHas razoBast moctosiHHas: R = 8,314 JIx/ (monw-K); T — abco-
JIIOTHAs TemMrieparypa, K.

4.3. D1eKTPOJUTHI. JIEKTPOJUTHYECKAS THCCOIMALIMS

[To cBoeun mpupoae BCE DIIEKTPOJMUTHI YCIOBHO MOXHO PA3JCIIUTh HA TPHU
IPYNIbL: CUIbHBIE, CPEHEN CUIIBI U Ci1a0ble ANIEKTPOJIUThl. OTHECEHHUE SIEKTPOIIH-
Ta K TOM WIM MHOM TPYIIE OCHOBAHO HA 3KCIEPUMEHTAIBLHO OMPEAECIIEMOM IO
snekrpornpoBogHocTd ero 0,1 H pactBopa npu Temmeparype 25 °C 3HaYeHUH CTe-
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MeHU AJICKTPUUECKON TUCCOIUAIMHI. DIEKTPOIUTHI CPEAHEN CUIIBI JUCCOIUUPYIOT
YaCTUYHO, OHU UMEIOT CTETIEHB JICKTPOIUTHUECKON aucconuanuu ot 3% 10 30%.
Cnalble 3JeKTPOJUTHI TUCCOLMUPYIOT Ha MOHBI B OYEHb MaJiol CTENEHH, B pac-
TBOpax OHU HAXOSATCS, B OCHOBHOM, B HEJUCOIIMUPOBAHHOM COCTOSIHUH (B MO-
JCKYISIpHOW ¢dopme); IS HUX CTEMEHb JJIEKTPOJUTHYCCKON MUCCOIHAINU
MeHbIe 3%.

Inekmponumuyeckas Ouccoyuayus — 3To MPoIECC pacnaga MOJIEKyJ Bellle-
CTBa Ha MOHBI MOJ| JEHCTBUEM MOJISIPHBIX MOJIEKYJT PACTBOPUTENIS, a TAKXKE MPU UX
pacrmaBienud. [Iporecc B AIEKTPOIMTUYECKON AUCCOIUAIIMN U300paxaroT, MOJb-
3ysiCh XMMHW4YECKUMH YypaBHeHusMmH. Hampumep, auccommanus HCI Bwipasutcs
YpaBHECHHUEM:

HCl< H +ClI

PacniamatbCcs Ha HOHBI MOTYT TOJBKO T€ MOJIEKYJIbI, XUMHYECKAs CBSI3b B KO-
TOPBIX UMEET JOCTATOYHO BBICOKYIO CTENIEHb MOHHOCTH. [ TaBHOW MPUYMHOMN JMC-
COLIMAIIMY B BOJHBIX PacTBOpax SABJISETCS TMApaTalnus MOHOB. B pacTBopax 3iek-
TPOJUTOB BCE MOHBI HAXOATCS B THIPATUPOBAHHOM COCTOSIHUU.

Jucconuanus 3JIeKTpOInTa MPUBOJIUT K TOMY, YTO 0O0Illee YUCIIO YACTHIL pac-
TBOPEHHOT'O BENIECTBA BO3PACTACT IO CPABHEHUIO C PACTBOPOM HEAIJIEKTPOJUTA
TON k€ MOJISIpHOM KoHUeHTpanuu. [losToMy cBOMCTBa, 3aBHUCSIIME OT OOIIETO
Yyucia HaXOASUIMXCSl B paCTBOPAX YaCTUI] PACTBOPEHHOTO BelIeCcTBa (KOJUIUTaTUB-
HbIE CBOMCTBA), TAKME KaK OCMOTHYECKOE JaBJICHWE, TOHMWKCHHUE JAaBJICHUS Tapa,
IIOBBILICHUE TEMIIEPATypPbl KUIIEHUs, IIOHWKEHUE TEMIIEPATYPbI 3aMep3aHusi, Ipo-
SBJIIIOTCSL B PACTBOPAX AJIEKTPOJIUTOB B OOJIbIIIEH CTETIEHH, YEM B PaBHBIX 1O KOH-
[EHTpAIMN pPacTBOpaxX HEIJIEKTPOJUTOB. Eciii B pe3ynbrare auccoluanuu ooiiee
YUCIIO YaCTHUI] BO3POCIO B i pa3 MO CPAaBHEHUIO C YUCIOM €ro MOJEKYJ, TO 3TO
JIOJDKHO OBITh YUTEHO TMPHU pacyeTe KOJUIMTAaTUBHBIX CBOMCTB pacTtBopa. dopmyia
JUUISl BBIYMCIICHUS TIOHV>KEHUS JIaBJICHUS Mapa pacTBoputens - AP - mpuoOperaer B
ATOM CJIy4ae CICAYIOIUNA BU/L;

AP=P "2 4.9)
m+in,
rae Py— naBieHue HACBHIIIEHHOrO Mapa HaJl YUCTHIM PAacTBOPUTENEM; Ny — KOJIUYe-
CTBO PaCTBOPUTENS, MOJIb; N, — KOJIMYECTBO PACTBOPEHHOI'O BEILECTBA, MOJIb; | —
M30TOHMYEeCKUH KorhduureHt umu korpdunnrert Bant-I'odda.
AHaNOTMYHO TOHM)KEHHE TeMIepaTyphl KpUcTau3auu AT; U MOBBIIICHHUE
TeMriepaTypsbl kutnieHus AT, pacTBopa 3JIEKTPOIUTAa HAXOAST 10 (GopMysam:

AT, =1-K-C (4.10)

ATy =1iE-Cy, 4.11)
rae C,, — MOJSUTBHOCTh pacTBOpa, MOJIb/KT; K u E — Kprockonuyeckasi u 30yJIno-
CKOMMYECKasi KOHCTAaHThI COOTBETCTBEHHO, K KI/MOJIb.

JInst BBIUMCIIEHUST OCMOTHYECKOTO JaBiieHusi (P) pacTBOpa SJEKTPOJIUTA HC-
MOJIB3YIOT GOPMYITY:
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P=iCyRT (4.12)

N3otonnueckuii KOAOPHUIIUEHT i CBSI3aH CO CTENECHBIO JUCCOIHAIIUU DJICKTPO-
JINTA 0. COOTHOILIECHHUEM:

i=1l+a(x—1)
NN
a=1=1 (4.13)
k—1

r7I€ o0 — CTETEHb AUCCOLUAIIMN JIEKTPOJIUTA; K — YACIIO MOHOB, HA KOTOpPBIE pacra-
naetcs npu aucconnanuu ekTposut (s KCl x paBno 2, miis CaCl, paHo 3).

Takum oOpa3om, Haisl MO ONBITHBIM JaHHBIM AP, AT, U 1p. MOXHO BBIUHC-
JIUTh CTENICHb JIUCCOIMAIINU JIEKTPOJIUTA B JaHHOM pacTBope. IIpu 3ToM ciexyer
UMETh B BHUJY, YTO B CITydae CHJIBHBIX AJICKTPOJUTOB HAWIEHHOE TaKHUM CITOCOOOM
3HAQYEHUE 0 BBIPAXKAET JIUIIb «KAXKYIIYIOCS» CTENEHb JHUCCOLUAINHU, TTOCKOIBKY B
pacTBOpax CHUJIBHBIE AJIEKTPOJIMTHI TUCCOLMUPOBAHBI MOJHOCTHIO. Habmromaemoe
OTJINYME KXKYIIEUCS CTENEHU AUCCOIMALUU OT €AUHUIBI CBSA3AHO C MENHCUOHHBIM
83aumodeticmsuem B pacTBope.

CuJibl ME@KHUOHHOTO B3aWMOJICUCTBUS 3aMETHO MPOSIBISIOTCS Aa)Ke MpU Ma-
JIOM KOHIICHTpAIIMU DJICKTpoiuTa. B pe3ynbraTe MOHBI OKa3bIBAIOTCA HE BIIOJIHE
CBOOOJHBIMH B CBOEM JIBIDKCHUH, U BCE CBOMCTBA JJICKTPOJIUTA, 3aBUCSIINE OT
qyycjIa MOHOB, MPOSIBISIOTCS ciiabee, 4eM ClIeIoBaI0 Obl OKMJIATh IMPH TOJHOU
JUCCOIMALNK AJeKTposuTa. [ToaToMy 111 onucaHusi COCTOSIHUSL HOHOB B PacTBO-
pax 3JEKTPOJIMTOB TOJIB3YIOTCS, HApsAy C KOHICHTpAIMEd MOHOB, UX AKMUBHO-
cmbio, T.€. yCIoBHOU (9(pPEeKTUBHON) KOHIEHTpAIMEl NOHOB, B COOTBETCTBUU C
KOTOpPOM OHA JIEMCTBYET B XUMHUYECKHUX MPOIIECCAX.

AKTUBHOCTbH MOHA a (MOJIb/JT) CBA3aHa C €ro MOJIEKYJISIPHOM KOHIIEHTpallUeH B
pactBope C,, COOTHOLICHUEM:

a=fCy. (4.14)

31ech f— KO3((PUIMEHT aKTUBHOCTU MOHA, Oe3pa3MepHas BeanunHa. Koapduim-
CHTHl aKTUBHOCTH MOHOB 3aBHUCAT OT COCTaBa M KOHIIEHTPAILIUU PACTBOpA, OT 3aps-
Ja ¥ TOpUPOABl MUOHA, OT ApYrux yciaoBuid. OgHako B pa30aBIEHHBIX pacTBOpax
(Cy < 0,5 Mow/n) mpupoaa HOHOB ci1ab0 CKa3bIBaeTCs Ha 3HAYCHHUH €ro Kodddu-
[[MEHTa aKTUBHOCTU. B 0011eM ciyyae MOKHO CUMTATh, YTO KOI(PPUIIMEHT aKTUB-
HOCTU MOHA ONPENEISIETCS UOHHOU CUNOU pacmeopd, KOTOpas PaCCUUTHIBAETCS 110
YPaBHEHUIO:

2
1 =05)Cz, (4.15)
i=1

rae [ — nonHas cuia pactBopa; C; — KOHLEHTpalMs KaKI0ro HOHa, IPUCYTCTBYIO-
IIETO B PacTBOpPE, MOJIB/IT;, Z; — 3apsJl KOKIOTO HOHA, PUCYTCTBYIOIIETO B PACTBO-
pe.

[TpubnuxxeHHo KO3(DOUIMEHT aKTUBHOCTUA MOHA f MOKHO TaK)X€ BBIYMCIIUTH
o ¢opmyiie:
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Ig f =051 (4.16)

Cnalble 2JIEKTPOJIUTHI XapaKTEPU3YIOTCS CTEIEHbIO AUCCOIUAIIUU — O, OTIpe-
JETISIOIICH IO TPOAMCCOIIMUPOBABIINX MOJICKYJ U KOHCTAHTON JHCCOIMAIUU
(KOHCTAHTOW paBHOBECHS PEAKIIUHU JUCCOIIMAIIMKM MOJICKYJIbI) (ITPUIIOKEHHE 3).

3axkon Ocmeanvoa BEIBOOUT 3aBUCUMOCTD KOHCTAHTEI JTUCCOIIHAIIMN CI1a00ro
AJIEKTPOJIMTA OT €0 CTEIIEHU JUCCOIUAIINU:

= a’C? _ a’C , (417)
((-a) l-a

rJe o — CTeneHb auccormanuu; K, — KoHcTanTa gucconuanuu; C — KOHIEHTpalUs
AIIEKTPOJIUTA B pAaCTBOPE, MOJIB/JI.

JI71s1 pacTBOPOB, B KOTOPBIX AUCCOLMAIIMS 3JIEKTPOJIUTA OUEHb MaJa, ypaBHe-
Hue 3akoHa OctBanibaa ynpoiiaercs. [lockonapky B Takux ciydasx a << 1, To Be-
JUYUHOU o B 3HaMeHaTesne ypaBHeHHs Uil K, MoxHO mipeHeOpeub. [Ipu 3Tom
ypaBHEHUE PUHUMAET BU]I:

K,=a’C (4.18)

DTO ypaBHEHHE HArJIsiJHO MOKAa3bIBAET CBSI3b, CYHIECTBYIOLIYI0 MEXIY KOH-
LEHTpaluen c1aboro IEKTPOJINTA U CTEHEHBIO €r0 AMCCOLUALMM: CTENEHb JHC-
COLIMAIIMY BO3PACTAET NP pa30aBIECHUHU pacTBOPA.

Cpeapbl BOAHBIX PacTBOPOB JIEKTPOJIMTOB. Boma — cnabblii ampoTepHbIi
sexTponut. be3 yuera rumparaiuu voHoB HY, ypaBHeHME QuCCOLMAIMU BOJIbI
UMeeT BUL:

Hzo > H +0OH

Kak BHAHO W3 JAHHOTO ypPaBHEHWs, KOHIEHTPAlMU MOHOB Bomopona H' m
rugpokcua-uonos OH™ B Bome ommmakoBel. IIpm 25°C [H'] = [OH ] = 107
Moib/n. [IpousBeneHre KOHIEHTpAIMi HMOHOB BOJOPOJA M THUIPOKCHU]-MOHOB
HA3BIBAETCSA UOHHBIM NpouszsedeHuem 800bt (KH,0):

Ki,o = [H']-[OH ]
e Ky,o — BeNMYKMHA TOCTOSIHHAS, U TP Temmepatype 25 °C:
Kio=10710"=10"

B paz6aBneHHBIX BOJAHBIX PacTBOpax 2JIEKTPOJUTOB, KaK U B BOJIE, MPOU3BE-
JICHUE KOHIICHTpali HOHOB BOJIOPOJa H" u rugpokcua-uoHoB OH BenuuuHa no-
CTOSIHHAsl NP JAaHHOU Temrieparype. MloHHoe npownsBeneHne BOAbl JaET BO3MOX-
HOCTh JIJIs1 JI000r0 BOJHOTO PAcCTBOpPa BHIYMCIUTH KOHIICHTPAITUIO THIPOKCH/I-
nonoB OH", ecm M3BeCTHA KOHIIEHTPALUs HOHOB Bogopoaa H', u HaoGoporT.

Cpeny m000T0 BOJHOTO PacTBOPa MOXKHO OXapaKTEepPU30BaTh KOHIICHTPAIHEH
HMOHOB BOJIOPOJA H" umu rugapokcua-noHo OH .

B BOgHBIX pacTBOpax pa3ianyaroT TPU TUIMA CPE: HEUTPATbHYIO, IIEJTOYHYIO U
KHUCIYIO.
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1. HeiitpanbsHas cpena — 3TO cpeaa, B KOTOPOM KOHIIEHTpAIUsl HOHOB BOJIO-
PoJda paBHAa KOHOCHTPAIUHU TUAPOKCUI-NOHOB!
[H']=[OH ] = 10" momnb/m.

2. Kucnas cpena — 3To cpena, B KOTOPOM KOHIIEHTpalWsi MOHOB BOJIOpOAa
0oJIbILIE KOHOCHTPAIWNH THAPOKCHUI-NOHOB!
[H']>[OH ]; [H*] > 10 mous/m.

3. lleno4Has cpena — 3TO cpelia, B KOTOPOM KOHUEHTPAIMS HOHOB BOJIOPOAA
MEHBIIIE KOHIIEHTPALIUK TUIPOKCU]I-UOHOB:
[H]<[OH ]; [H*] < 10 mouns/x1.

JIJist XapaKTepUCTUKHA Cpejl pacTBOPOB YIOOHO HCIOJIB30BATh TaK Ha3bIBae-
MBIM BOJIOPOJIHBIN ITOKA3aTEIb:

pH=-g [H],
pexe ucnonbzytoT pOH =—Ig [OH ]. B o61iem Bue:
pH +pOH = 14 (4.19)

JIns CUIIBHBIX KMCJIOT WIIM OCHOBaHuii KoHueHtpauus [H'] u [OH | pasna
3HAYEHUIO MOJIIPHOM KOHIICHTPALMM BOJHOI'O PacTBOPA KUCIOTHI MJIM OCHOBAHUSI.
[Ipu pacuere 3HaueHus pH caaObIX KUCIOT U CIaObIX OCHOBaHUN B COOTBET-
CTBUM C 3akOHOM OcTBajbja HEOOXOJUMO HCIIOIb30BaTh TAOJIMYHOE 3HAYCHUE
KOHCTAHTBI IUCCOLMAIIMN KUCIIOTHI U OCHOBaHUSA (MPpU.3):
a) 071 clabblX KUCIOM.:

[H+] = 0 Crpy = Kiemml 0. = KK—mblCK—mbl (420)

pH = 075'(pKK-TLI + pCK-TLI) (420&)

0) 015 c1abbIX OCHOBAHULL:

pH =14 - 0,5-(pKocu 1PCocn.) 4.21)

Bydepnbie pacTBopbl. bydepHbiMU Ha3bIBAIOT PACTBOPHI, MOIEPKUBALO-
M€ MOCTOsiHHOe 3HaueHue pH cpeapl npu n00aBIECHUM HEOOJBIIUX KOJUYECTB
KUCIOThI WM enoud. Kak mpaBuio, 3TO cMecH clla0bIX KHCIOT U UX coJied
(manpumep, CH;COOH + CH3;COONa) wiu cMecH ciiadbIX OCHOBaHHUI M UX COJel
(NH4OH + NH,CI). Pacuet pH Oydepnbix cuctem BeAeTcs 1o hopmyiam:

Cnabas kucioma + conb:

[H'] = Kin * Ceernd Ceomn (4.22)

PH = pKicrw + PCiri — PCeomn (4.22a)
C]ZCZ60€ OCHOBdHUE U e20 COJIb.

[OH ] = Koen." Cocn/ Ceomn (4.23)

[H] = 14 — (Koen” Cocn Coomn) (4.24)

pH = 14 - (pKOCH. + pCOCH. - pCconM), (4243)
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1€ Ky U Koo, — KOHCTAHTBI AMCCOLUALIMM CIa00M KUCIOTHI U €1aboro OCHOBa-
HUsL COOTBETCTBEHHO; Cy 1y, Cocps Ceomn — MOJISIPHBIE KOHLEHTPALIUK KHUCIIOTHI, OC-
HOBaHMsI, COJIN COOTBETCTBEHHO, MOJIb/JI.

Byghepnoii emxocmuio Ha3pIBaeTCA KOJIMYECTBO BEIIECTBA HKBUBAJICHTA CUJIb-
HOM KHCIIOTHI WJIM IIEJI0YH, KOTOPOE HYKHO 100aBUTh K 1 11 OydepHOTO pacTBopa,
yTOOBI BeM4rHA pH M3MeHWIach Ha €IUHULLY.

I'uapoaus coseil. 910 mpoiiecc 0OOMEHHOTO B3aUMOJICHCTBUSL COJIU C MOJIe-
KyJIaMHd BOJIBI, B pe3yJibTaTe KOTOPOro oOpa3yroTcs cialble 31eKTpoiauTsl. Cren-
CTBHMEM TaKOI'O B3aUMOJCHCTBUS SBIISIETCA M3MEHEHUE 3HaueHus: pH BoIHBIX pac-
TBOPOB coJsieid. CyIIHOCTh THIPOJIN3a CBOAUTCS K XUMUYECKOMY B3aUMOJICHCTBUIO
KaTHOHOB MJIM aHHOHOB COJIH ¢ ruapokcua-nonamu OH ™ uim nonamu Bogopoaa H*
U3 MOJIEKYN BOJbL. B pe3ynpraTe 3TOr0 B3auMojaencTBus o0pa3yeTcs MajoIucco-
HUUpYIOLlee COeqUHEHHE (Caadblil ANIEKTPOJINT). XUMHUUECKOE PaBHOBECHE IPO-
11ecca AUCCOLMALMH BOJIBI CMEIIAETCS BIIPABO:

H,0 — H" + OH"

[TorTOMYy B BOAHOM PacTBOPE COJIM TMOSIBIAETCS U30BITOK CBOOOJHBIX HMOHOB
H" wm OH, 1 pacTBOp COJM TIOKA3BIBAET KUCITYIO UITH ILEIOYHYIO CPELY.

['upponus — mporecc oOpaTUMbI 11 OOJBIIMHCTBA cosiel. B cocrosHun
paBHOBECHS TOJIbKO HEOOJIbIIAsl YacTh HOHOB COJIM TUApoau3yeTcsa. KoaudyecTBeH-
HO THUJIPOJIN3 XAPAKTEPU3YETCA CTENEHBIO THUAPOIU3a U KOHCTAHTOM TMApOJIM3a
(KOHCTaHTOW paBHOBECHs peakIuu Tuapoiinia). CTeneHb ruapoiin3a paBHa OTHO-
HICHUIO YKCIIa TUIPOJIM30BAaHHBIX MOJIEKYJ COJIM K OOIIEMY YHMCIy PACTBOPEHHBIX
MOJIEKYJI; PACCUMTHIBAETCS, KaK IMPAaBUJIO, B MPOLIEHTAX:

h = n/N-100%, (4.25)

rae h — cTeneHb TUIPOJIN3a; 1 — YUCIO MOJIEKYJI COJIM, MOJBEPIIIUXCS TUIPOIU3Y;
N — 00111€€ YMCII0 PACTBOPEHHBIX MOJIEKYJI COJIH.

CreneHb TUAPOIM3a 3aBUCUT OT MPUPOJBI COJM, KOHIEHTpPALlUU PacTBOpa,
temriepatyphl. [Ipu pa3zbaBieHuu pacTBOpa, MOBBIIIEHUU €r0 TEMIEpPaTyphl CTe-
MEeHb TUAPOJIN3a YBEIIMUHUBACTCS.

B 3aBUCHMOCTH OT CHJIBI HCXOAHOM KUCIIOTHI U UCXOAHOTO OCHOBAHMS TUAPO-
JIU3Y MOABEPraroTCs TOJBKO TPU TUIA COJICH:

- conu, 0Opa30BaHHBIC CHJIBHBIM OCHOBAaHHMEM M CJa0OW KHCIOTOU
(K5PO4, NaHCO3;, Na,COs, Na,S0O;), moaBepratotcst THAPOIU3Y 110 aHHOHY. AHU-
OHBI COJIM CBS3BIBAIOT MOHBI H', 00pasys ciabblil 21eKTpOnuT (KUCIOTY); B pac-
TBOPE YBEJIMYMBAETCA KOHILIEHTpalUs CBOOOAHBIX ruapokcua-uonoB OH . Iloaro-
My pacTBOP COJIM UMEET IIEJI0OUHYI0 peakiuto pH > 7.

- coJid, 00pa30BaHHbIC CHIILHOM KUCJIOTOM U ciabbiM ocHoBaHueM (CuCl,,
ZnSQO,, Col,, Mn(NOs),, Al,(SO,);), moaBepraroTcsi TUIPOJIN3Y MO KaTHoHy. Ka-
THOH COJIM CBsI3bIBaeT ruApokcusi- noH OH™ Bozbl, 0Opa3ys crnaOblid JIEKTPOIUT
(ocHOBaHUE); B pacTBOpPE MOABIAETCA M30LITOK MOHOB Bomopoxa H'. Cpena pac-
TBOpa coyii — kucias, pH < 7.

- comH, oOpa3oBaHHBIE CJIAOBIM OCHOBaHHEM M CJIa00N KHUCIOTOU
(NH4CO;, NH4CN), ruiponu3yrorcsi OJTHOBPEMEHHO 10 KaTUOHY M aHUOHY. OJTH
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coJin 00pa30BaHbl KATHOHOM CJ1a00ro OCHOBAaHMSI, KOTOPbIX CBs3bIBaeT MOHBI OH™
U3 MOJIEKYJI BOJABI M 00pa3yeT cinaboe OCHOBAaHHE, U aHHMOHOM CIa0O0M KHCIIOTHI,
KOTOPBIN CBS3bIBAET MOHBI H' M3 MOJIeKysbI BOABI U 00pa3yeTr clabyro KUCIIOTY.
Peakniust pacTBOpoB ATUX cojied MOXKET ObITh HEUTpPaJbHOM, CIAOOKUCIION WM
C1a0O0IIETOYHOM. ITO 3aBUCUT OT KOHCTAHT JUCCOILMAIIMY CIa00M KUCIIOTHI U Clia-
00ro OCHOBaHUs, KOTOPbIE O0OPA3YyIOTCs B pe3yJIbTaTe TUIpOIH3a.

Conm, 00pa3oBaHHBIC CHIIBHON KHCIIOTOW U CHIIbHBIM OCHOBAHHEM THUIPOJIU3Y
He noasepratorcs (NaCl, KI, HBr, CsBr, Ca(NO;),, K,SOy,).

Pemenne THIIOBBLIX 3aga4v

3amauya 1. Xuopua kaneiiust maccoit 20 © pactBopeH B Bojae maccoit 230 r. Ilnot-
HOCTh pacTBopa paBHa 1,05 /oM. OrnpenenuTh COCTaB PacTBOpA: a) B MACCOBBIX
JoJIsIX; 0) B MOJIBHBIX JIOJISIX; B) MOJISZIBHYIO KOHIIGHTPAILIMIO PacTBOPA; T') MOJISIP-
HYIO KOHIICHTpALIMIO pacTBOpAa.

Penienue:
a) MaccoBas 107151 XJIopua Kaaus OyJeT paBHa:
m 20
a): pacmeapemzoeemecmea: — 0,08 I/IHI/I 80/
204230 °

‘pacmeopa
0) Onpenensem koaudecTBo BemecTB — Bojbl U KCl — B Mosix:

n(KCl) = 20/Mxc, = 20/74,55 = 0,27 monb
n(H,0) = 230/M(H,0) = 230/18 = 12,77 moib

MoJibHBIE JOJM BEWECTB ONPEEISIEM IO YPABHEHUIO:

X — npacnwopemzoeemecmsa: nl
’ P n(H,0)+n(KCl)
_ 027 _
K= 774027
1277
=__ =17 _(og
B0~ 12774027

Nmm tak: Xy =1-0,98 =0,02.

B) OmpezensieM MOJSUTbHYIO KOHIIEHTpaiuio pactBopa. B 230 r Boabl wiu 0,23 kr
pactBopeHo 0,27 moas KCl. MonstiibHOCTB pacTBOpa OMpPEAEIIIeM M0 YPaBHEHUIO:

n

C pacmeopemwrzoeeuiecmec
m —

m

‘pacmeopuma

b

Cn=0,27:0,23 = 1,17 MmoJIB/KT
r) OnpezaensieM MOJISIPHYIO KOHIIEHTPALMIO PaCTBOPA MO YPAaBHEHHUIO:
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n

C — pacmeopemwroesenecmasc
M—

Vv

pacmeopa

Macca pactBopa paBHa 230 + 20 = 250 r. O06beM pacTBOpa paBeH OTHOUICHUIO
MacChl pacTBOpa K €ro MjIOTHOCTH:

V'=250:1,05 =238 mi unu 0,238 1
MomnsipHasi KOHIICHTpaIMs pacTBOpa paBHa:
C,=0,27:0,238 = 1,13 monn/1.

3agauya 2. B BOOHOM pacTBOpE COAEPHKUTCS a30THAs KUCIOTa MacCOBOM J0OJieH
16% u cepnas kucnora maccoBoi noinei 40%. Onpenenure MOJIbHbBIEC JOJIH KOM-
MTOHEHTOB.

Peuienue: M3 ycnoBusi 3aaud U ONpEIESICHUS] KOHIEHTPALUU «MaccoBas JOJIsH)
SCHO, 4TO B BOJIHOM pacTBope Maccoi 100 r conepxkutcsa 16 r HNOs;, 40 r H,SO4 u
44 r (100 — 16 — 40 = 44) H,0. OnpenensieM KOJIMYECTBO MOJIb KaKJIOTO KOMIIO-
HEHTa pacTBopa:

n(HNO;) = 16:63 = 0,254 mo1b

n(H,SO,4) = 40:98 = 0,408 mo7b

n(H,O) = 44:18 = 2,444 moib.
OrnpenernsieM MOJIBHYIO JOJTIO Ka)JI0r0 KOMIIOHEHTAa B COOTBETCTBUU C YPaBHEHMU-
eM:

X= Mpacmaopenmoseecnaa_ n(komnonenmy
My n(H,0)+n(HNQ,)+n(H,S0,)
Xbno; = 0,254+8:421(5)g+2,444 - gf(s)g =0818 mm 8,2 %
Xiys0, = %:0,131 mwm 13,1%
X0 = i’j% =0,787 wmu 78,7%.

3amaua 3. Onpenenure AaBiaeHue mapa pacrsopa npu 40°C, comepsKaliero rirKo-
3y maccoi 3,6 T B Boge maccou 250 r. /[aBineHue napa BOAbI IPU TOU KE TemIiepa-
Type paBHoO 73,74 rlla.

Pemenune. CornacHo 3akony Payis, naBieHue mapa Haj pacTBOPOM OINPEAEIAETCS
COOTHOILIEHHEM:

P1=X1P()

Haxoaum MOJIBHYIO JOJIFO PACTBOPUTEINS, ONPEAEIINB KOJIUYECTBA MOJIEU PacTBO-
PUTEIISI U PACTBOPEHHOTO BENIECTBA!

nz(C6H1206) = 3’6:MC6H1206 = 3,6180 = 0,02 MOJIb,
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n1(H;0) = 250:My,0 = 250:18 = 13,89 morb;

n, 13,89 13,89
X = = =
' om+n, 1389+0,02 1391

P, =0,998-73,74 = 73,59 rlla.

=0,998

3agaua 4. Onpenenure TemnepaTypy KpUCTaUIM3alUU PACTBOPA, COAEPIKALLETO
Hadtamua maccoit 0,8132 1t B Genzosne maccon 25,46 r. TemrepaTypa KpUCTaUIH-
3aIMu 9UCcToro Oersona 5,5 °C, a KpHocKomuIecKast KOHCTaHTa Jisi OCH30J1a paBHA
5,12 K-xr/mob.

Pemenne. Onpenenum BeTUUMHY MOHIKEHUSI KPUCTALTU3ALMK PacTBOpa MO CpaB-
HEHHIO C YUCTBHIM pacTBopuTenem — AT:

_ K-m,-1000

- M, -m,

_ 5,12-0,8132-1000
128-25,46

Tak kak AT, =Ty — T, o T=Ty— AT, =5,5—-1,277 =4,223°C.

3amaua 5. PactBop, coaepxkanuii rioko3y maccor 7,252 r B Boge maccoit 200 r,
samepzaer mpu 0,378 °C. Kpuockommyeckas TOCTOSHHas BOALI paBHA
1,86 K-xr/mMmomb. Onpenenure OTHOCUTENbHYIO MOJIEKYJSIPHYIO MAcCy TJIFOKO3bI U
OTHOCHUTEJIbHYIO OMIMOKY B MPOIEHTaX MO CPABHEHUIO C BEITUYMHON, HAMICHHOHN B
CIIPaBOYHUKE.

Pemienue. Beipa3um cooTHOLIEHHE

AT,

AT, =1277°C

Az, — Kom 1000
M,-m,
uepe3 MOJIEKYIISPHYIO MacCy PACTBOPEHHOTO BELIECTBA:
 K-m,-1000
AT m

[ToncraBnsas 3Ha4eHU U3 YCIOBHUM 33/1a4M, HAXOAUM MOJIEKYJISIPHYIO MacCy TJIO-
KO3B5bI.
_ 1,86-7,252-1000
2 0,378-200

=178 r/MOIB.

[lo cripaBOYHBIM JAaHHBIM HAaXOJUM, YTO OTHOCHUTEJIbHAs MOJIEKYJSpHas macca
r1I0Ko3bl cocTaBisieT 180 r/Moab. OTHOCUTEIBHAS OIIMOKA B OMPEACIICHUN MOJIe-
KYJISIPHOM MacChl COCTaBIISACT:

X= 100—@100 =112%.
180

3agaua 6. Onpenenure OCMOTHYECKOE JABJICHUE PACTBOpa TIIMIIEPUHA MAacCOBOU
(53 0 (8] 3
noneit 10% npu 15 °C. [TnotHocTh pacTBopa paBHa 1,023 r/cm”.
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Peuienue.

1) s onpeneneHus: OCMOTHYECKOTO JIABJICHUSI HEOOXOIMMO MEPEHTH K MOJIIPHOU
KOHIIeHTpaluu. MoJsipHas Macca riduepuHa 92 r/Monb, TOrjia Yucio MOJIeH Tiiu-
uepuna B 100 r pactBopa cocrapinsier 10/92 = 0,109 monb. O6bem 100 r pacTBOpa
pasen 100 /1,023 r/mn =97,75 ma.

OnpenenseM MOJSPHYIO KOHIIEHTPALHUIO, COCTABUB MPONOPLIHIO:

0,109 monb COAEPKUTCA B 97,75 mn pacTBopa
X MOJIb TJIUIIEPUHA — B 1000 mu1 pacTBOpa

x=Cy=1,112 Moab/n

2) IlepeBenem temmnepaTypy B rpaaychl KenbBuna (288 K), MoJIsIpHYIO KOHIICH-
Tpaupio B Mois/M® (1112 momb/m’). OmpesenseM OCMOTHYECKOE TABICHHE IO
YpaBHEHUIO:

Poow = CuRT
Poey = 1,112:8,314-288 = 26,62-10° [1a nu 2662 Ila.

3amaua 7. PactBop, conepxkamuii 0,85 T xnopuna uuHka B 125 r BoAbl, KpUcTai-
musyercs mpu —0,23°C. OnpenenuTe Kaxyinyrocs crenedb qucconuanuu ZnCl,.
Pemienne. Tak kak jro0as pacTBOpUMas coJib, B 4aCTHOCTH ZnCl,, sSIBJISIETCS CUITb-
HBIM DJICKTPOJIUTOM, JJIsI PEIICHUs BOCMOJb3yeMcsl (OpMYJION AJisl ONpeaeaeHuUs
NOHW)KEHUS TEMIIEPaTypbl KPUCTAIIU3ALMKA PACTBOPA AJNEKTPOJIUTA, T.€. C yUETOM
M30TOHUYECKOTO Kod(pdulreHTa:

_i-K-m,-1000

M, -m,
N3 sToit popmyssl HEOOXOIMMO HANTH 3HAYCHHUE M30TOHUYECKOTO KO3 duimeHTa
I

AT,

i =AL M, -my
K-m,-1000 "

[Toacrasnsiem B opMylly pa3HUIy MEKIY 3HAUYCHHUEM TEMIIEpaTyphbl 3aMep3aHus
YUCTOro pacTBoputens U pactBopa (AT=0,23), MOJIEKYJIAPHYIO MACcCy MOJIEKYIbI
ZnCl, (M = 136,3), koinuecTBa BEIIECTB B TpaMMax PAacTBOPUTEIISI U PaCTBOPEH-
HOT'O BEUIECTBA M U My, 3HAUECHUE KPUOCKOMUYECKOW KOHCTAHTHI i1 BOJbI K =

1,86:

P = 0,23-136,3-125 _
1,86-0,85-1000

2,48.

3Had i, a TAK)KE YMCIIO MOHOB, Ha KOTOPBIE paclagaeTCs MOJIEKyJa XJIoOpraa IMHKA
K = 3, OIpeaenuM KaKyIIyICcs CTENeHb AUCCOIHMAINN XJIOpUIA IIMHKA, BOCIIOb-
30BaBIIKCH (POPMYIION:
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i—1
a=—
k—1
o= 2’;EII =0,74 umm 74%.

3amauya 8. Beluncinure MOHHYIO CUIIy M aKTMBHOCTh MOHOB B PacTBOpeE, COJepKa-
mem 0,01 monws/n MgSO,4 u 0,01 mons/n MgCl,.
Pemenue. Monnyto cuity pactBopa paccuuThiBaeMm 1o ¢opmyie (4.15):

1=05(C,, .. -2? +CSO42, .2? +C,, 1=0,5(0,02-4+0,01-4+0,02) =0,07

2 .

KosdduimenT aktuBHOCTH HoHa Mg~ (M paBHBIN eMy KO3(MQHUIUEHT aKTHBHOCTH
2 ¥

noHa SO,”) HaXoAWM MO MPUOIM3UTENBHON (HopMmyIie:

lg f =—0,5z1
lg f =-05-4,/0,07 =—0,53
a2+ =107 =0,295
AHanoOruyHo paccyuThiBaeM K03 uireHT akTuBHOCTH HoHa Cl :
lg f =-05-1/0,07 =-0,13
for =107 =0,74.

Tenepsp, Moab3ysICh cooTHONIEHUEM: @ = f-C,,, HAXOJIUM aKTUBHOCTb KaXKJI0TO MOHA
i ux 3Q(HEeKTUBHBIC KOHIIEHTPAIMU B PaCTBOPE:

amg2+ = 0,02:0,30 = 0,006 mounb/m;

aso,2 = 0,01-0,30 = 0,003 monb/i;

acr- = 0,02:0,74 = 0,0148 moap/m.
3amaya 9. Crenenp gucconuanuu ykcycHou kuciotel B 0,1 M pacTBOope paBHa

_2 o
1,32:10 . HaiiguTe KOHCTAHTY JUCCOLMALIMMU KUCIOTHI U 3HaueHue pK.
Pewienue. /{151 HAXOXKIEHUSI UICKOMBIX BEJIMYMH UCMOIb3YeM 3aK0H OcTBaba:

K - a’C? :aZC
" Cl-a) l-a
. _2 2-
_ (1,32-107?) _?,1 _177-10°
1-132-10

pK =-1g(1,77-10) = 4,75

3agaya 10. Berunciure KoHIEHTpaIyio (MOJIb/JI) pacTBOpa HEKOTOpPOM ciaboi
KUCIOTHI, eciii pH ero paBna 3,44, a cTreneHb AUCCOLMALIMM KUCITIOTHI B 3TOM pac-
TBOpE paBHa 3,66%.

Pewienue. 3uas pH, serko onpeaennTs KOHIIEHTPAIUIO HOHOB [H+]:

—Ig [H] = 3,44
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[H]=10""
[H]=10"*=3,63-10"" monb/m.

TouHYI0 KOHILIEHTpPAIMIO CJIA00M KHUCIOTHI B BOJHOM PAacTBOPE OIpeeisieM, HcC-
MOJIb3Ysl 3HAUCHHE CTEIICHM JIUCCOIMAIINM, 33JITaHHOE B YCIOBUHM 3ajaun — 3,66%

i 0,0366:
Cem = [H'Va
Crer= 3,63:107/0,0366 = 9,9-10~ mMoun/a1.
Bonpocsl 111 CAMOKOHTPOJIA

1. JlaliTe onpeneneHre pacTBopa. Y KaKUTE OCHOBHBIC MPU3HAKKA pacTBOpoB. Ka-
KHE CUJIBI JEUCTBYIOT MEXK/ly MOJIEKYJIaMHU B pacTBope?

2. TlpuBenurte M3BECTHYIO KJIaCCU(UKAIIMIO PACTBOPOB, MOJOKHUB B OCHOBY arpe-
raTHOE COCTOsSIHME BenlecTB. [1osgcHUTE mpumMepamMu.

3. Uro Takoe KOHILEHTpalus pactBopa. llepeuncinTe M MOSICHUTE OCHOBHBIC
CIIOCOOBI BBIpAKEHHUS KOHIIEHTPAIIUA PACTBOPOB.

4. TloscHuTte, yeM MaccoBasi J0Jis KOMIIOHEHTa B PacTBOPE OTJIMYAECTCA OT €ro
MOJIBHOM JTOJIH.

5. Ot kakux (hakTOpOB 3aBUCUT JaBJICHUE HACHIIIEHHOIO Mapa KUJIKOCTHU?

6. OOBscHUTE, TOYEMY JTABJICHUE HACHIIIEHHOIO Mapa pacTBOpa HEJIETYy4ero Be-
IIECTBa MEHBIIE JAaBJICHUS HACHIIIEHHOTO Mapa pactBoputeis. Chopmymnu-
pyiiTe 3akoH Paysis, HanmumMTe ero MaTeMaTUYeCKOE BBIPAKCHUE U MOSICHUTE
€ero.

7. Uto Ha3pIBaeTCSA TEMIIEPATypOr KpHCTa/UIM3alMH (3aMep3aHus) pacTBopa?
OOBsiCHHUTE, ITOYEMY PACTBOPHI 3aTBEPACBAIOT MPH JIPYrol TeMIeparype, 4emMm
pactBoputenb. Chopmynupyiite 3akoH Payns 11 MOHMWKEHUS TeMIepaTyphbl
KpUCTAJUIU3allid pacTBOpA.

8. OOBsSICHUTE TPHUHIUII OMNpPEACICHUS MOJCKYIIPHON MacChl PacTBOPEHHOTO
BEILIECTBA METOJ0M KPHOCKOITUH, S0YJITHOCKOITHH.

9. Jlaiite ompenenenue dekTponuTa. [lo kakomy mpuHIUNY MPOBEACHO pasje-

JIEHUE JJICKTPOJIUTOB Ha CUibHBIE U ciabbie? [losicHUTE CYIIHOCTh TEOPUU
ANEKTPOJUTUYECKON  Aucconmanuu  Appenuyca. UYUrto Takoe ruapara-
1IUsI/CoJIbBATAIIMsI HOHOB B pacTBOpeE?

10.Kakue cunbl IeMCTBYIOT MEXIy MOHAMH B pacTBope? UTO Takoe MOHHAs cuia

pacTBopa U Kakumu (aKTOpaMH OHa ONpeeseTcs?

11.ITosicHuTe, mouyemMy B pacTBOPAX CHIIBHBIX AJIEKTPOJIMTOB, PealbHas KOHLIECH-

Tparusi He COOTBETCTBYET A((PEeKTUBHON (KaKYIICHCs), COTJIACHO KOTOPOM
MOHBI BCTYNAIOT B XUMUYECKUE peakiuu. YTo Takoe aKTUBHOCTh HOHOB?

12.TTouemy kaxymasica (3pGdeKTUBHAs) CTENEHb IUCCOIMAIMU JaKe OYeHb

CHUJIBHOT'O JJICKTPOJINTAa MOXKCT OTIIMYATbCA OT eI[I/IHI/II_[BI?

13.C kakoil uenplo Ipu pacyeTe KOJUIMTaTUBHBIX CBOMCTB PACTBOPOB AJIEKTPOJIH-

TOB HEOOXO/IMMO BBOJIUTH HOBYIO BEJTUUMHY — U30TOHMYECKUN KOAPPUIIUEHT?
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14.Kakum 00pa3oM M30TOHMYECKHI KOI(PQPUIUEHT CBSI3aH CO CTENEHBIO AUCCO-
[MAIMU DJIEKTPOJIUTa U YUCIOM MOHOB, Ha KOTOPbIE JAUCCOLUMUPYET AaHHBIN
AJIEKTPOJIUT?

15.Uto Ttakoe voHHOE TpousBeqeHue Bojbl? Kakue Bbl 3HaeTe cpeibl BOJTHBIX
pacTBOpoOB 3JeKTPoUTOB? OT KakuX (PAKTOPOB 3aBUCAT YNCIICHHBIC 3HAUCHUS
Cped BOJHBIX PACTBOPOB AJIEKTPOJIUTOBR?

16.ITouemy pacuer xouuenrpanuu nonoB H" 1 OH B pacTBOpax caObIX KHCIOT
Y OCHOBAaHMI HEOOXOUMO MPOU3BOJIUTH C YUETOM CTEIEHU U KOHCTAHTHI IUC-
COIIMAIIUU ITUX BEIIECTB?

17./latite mousitne OydepHOro pactBopa u ero Oydepnoit emkoctu. [IpuBenure
npuMepbl Oy(epHBIX PacTBOPOB, MOACPKUBAIOIIUX KHUCIYIO, HEHTPAIbHYIO
WIHM HIEJOYHYIO Cpefly. Y KaKUTe MPAKTUYECKYI0 3HAYUMOCTh Oy(epHBIX pac-
TBOpOB. Kak paccuntarh KoJlndyecTBa BEUIECTB (HampuMep, KUCIOTHl U €€ CO-
JIM) 7151 cocTaBiieHus OydepHOro pacTBopa C OIpeiesieHHbIM 3HaueHueM pH?

18.Yto takoe ruaponus? Kakue BemecTa noaBepratoTcsa JaHHON peakuun? Kak
U3MEHUTCS 3HaueHue pH pactBopa, eciii B HEM MPUCYTCTBYET THAPOIU3YIO-
nieeca BeniectBo? IloscHUTE, UTO Takoe CTENEHb M KOHCTaHTa THAPOIU3a
ONPEAECICHHON PEAKIINU.

TEMA 5. QJEKTPOXUMMUA
OCHOBHBIE BOITPOCBI

DneKkTpudecKasi IpOBOJIUMOCTh PACTBOPOB. Y I€/IbHASL U SKBUBAJICHTHAS DJIEKTPHU-
YyecKas MpOBOJAUMOCTb. YKCIIO IepeHoca U abCOIIOTHAs CKOPOCTh IBUXKEHUS MOHA.
[TonBuKHOCTh HOHOB. CBSI3b JIEKTPUUYECKOW MPOBOJUMOCTUA U CTENEHU SIIEKTPH-
yeckou aucconuanuu. 3akoH Konppayina. DJIeKTpOXUMUYECKUNA Pl HAPSIKEHUN
MeTaJI0B. OKUCIUTENN U BOCCTAHOBUTENU. DJIEKTPOAHBIE Tporecchl. CTaHaapT-
HBIW DJIEKTPOJIHBIN NMOTeHUMaI. Y paBHeHne HepHera. ['anpBaHnuecKkre 3J€MEHTHI.
Onextpoasmwxkymias cuia (3JC) ranbBaHMUECKOTO 3JIEMEHTA. DIEKTPOJIU3: TPO-
1ecChl Ha KaToJ€ U aHOJI€ pacIulaBOB M BOAHBIX pacTBOpoOB. llepenamnpsixeHue.
Brixon no Toky. 3akonbsl Dapajes.

METOJIMYECKHUE YKA3AHUA

PaccmoTpenue paHHOTO paszfena HaYHUTE C U3YUYEHUs] MOHSTHUS DJIEKTpUYe-
CKOW MPOBOJUMOCTU PacTBOpPOB. OmnpenenuTe CBs3b 3TOW BEJIMUYUHBI C CONMPOTUB-
JIEHWEM MPOBOJIHHMKA (BEILIECTBA) U BBIBEIUTE €AUHUILILI €€ u3mepeHusi. CpaBHUTE
JIBa TIOHSITUS: YAEIbHAsI U SKBUBAJICHTHAS JIEKTPUUYECKasi IPOBOAUMOCTD, UX CBSI3b
U eIMHULIB u3Mepenus. Pazdepure, mouemy ¢ yBenudeHueM pa30aBIICHUS PaCTBO-
pa dJEKTPOJIUTa SKBHBAJIEHTHAsl AJIEKTPUUYECKash MPOBOJUMOCTh BO3PACTaET H
CTPEMHTCS K TPENebHOMY 3HA4eHHUIO. Takke cleayeT MOHSTh, KaKuM o0pazoM
HU3MEPEHUE AIEKTPUUECKOU MTPOBOIUMOCTH MOXKET OBITH MCIOIB30BAHO JJIS OTpe-
JIEJICHUS CTETICHU U KOHCTAHThI SJIEKTPUUECKOMN JUCCOIUAIIUH.
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CrnenyeT ysiCHUTh, YTO B PACTBOPAX AJIEKTPOJMTOB AOJS JIEKTPUUECTBA, IIe-
peHocruMas KaKJIbIM MOHOM, HOCHT Ha3BaHUE yucia nepeHoca. Yucna nepeHoca
aHUOHA N, U KaTHUOHA N, =1 — n, 3aBUCAT OT CKOPOCTH JBHKCHUSI HOHOB B HaIlpaB-
JICHUU 3JIEKTPUYECKOro 1mojisi. O3HaKOMBTECh C ONpPEIeTICHUsIMU a0COMIOTHON CKO-
pPOCTH JIBM)KEHMSI MOHA M MMOJBWKHOCTH MOHA M €IWHULIAMU UX U3MepeHus. Pas-
oepute 3akoH Komppaymia: kakum 00pa3oM B3aWMOCBSI3aHbI BEIMUYMHBI HKBHUBA-
JIEHTHOM 3JIEKTPUYECKOM MPOBOJMMOCTH PACTBOpPAa M MOJBMXKHOCTH KaTHOHA U
AHUOHA, BXOJSIIHNX B AJIEKTPOJIUT.

N3yyenue paOOThl raJibBAHUYECKUX 3JIEMEHTOB HAYHUTE C MOHATHS CTaH-
JAPTHOIO 3JIEKTPOJHOIO MOTEHIMAa 3JIEMEHTA U 3JIEKTPOJHOIO MOTEHIHaIa 1o-
Jypeakuuu. BCIOMHUTE, YTO OKUCIUTEIBbHO-BOCCTAHOBUTEIBHBIE MPOLECCHI MPO-
TEKaIT C Mepeaadyeil JIEKTPOHOB OT BOCCTAHOBUTENS K OKHCIUTEIIO U UX MOXKHO
UCIIOJIB30BATh JIJISl MPEBPAICHUS] XUMUYECKON DHEPTUH B JIEKTPUUYECKYIO, U 00-
patHO. Taxke BCIIOMHHTE, YTO 3JEKTPOJHBIM MOTEHIHMAJI METAJIA OIPEAEIIAECTCS
€ro IMOJIO)KEHUEM B AJIEKTPOXMMHUYECKOM psily HanpsbkeHus. Pazdepute, 4to B co-
OTBETCTBUM C ypaBHeHHMEM HepHcTa NOTEHIMaN NOJIypeakUUU OIpeaeseTcs
cranmapTHEIM 3HauenneM E’ (mpunoxenue 4), TeMIepaTypoii, YHCIOM HepeHOCH-
MBIX 3JE€KTPOHOB U COOTHOIIEHHUEM KOHIEHTPALMI OKHCIEHHON M BOCCTAHOBIICH-
HOI (hopM BeliecTBa. Y ICHUTE, YTO IPOLIECCHI IPEBPAILEHUS SHEPTUHU IPOUCXOIAT
Ha rpaHulE 3JEKTPOJ (JIEKTPOHHBIM MPOBOJHUK) — PACTBOP 3JIEKTpoaHTa (MOH-
HBIM MTPOBOJIHMK) U 3aKJIOYAIOTCS B IEpeaye 3JEKTPOHA € 3JIEKTPOJa Ha MOH B
pacTBOpe MU 00paTHO.

Crnenyer 3alIOMHHUTB, YTO Ha aHOJE (OTPULATEIBHOM 3JIEKTPOJE) MPOUCXOTUT
OKHCJICHUE HMOHOB, Ha KaToJe (IIOJIOXKUTEIBHOM 3JIEKTPOJIE) — BOCCTAHOBIICHUE
MOHOB. HayuuTecr COCTaBIIATH rajJbBaHUYECKHE 3JIEMEHTHI M PACCUUTHIBATH IS
Hux 3HadyeHue DJ[C. aapBaHMYECKHUI 3JIEMEHT 3aIlMCHIBAIOT CICAYIOIIUM 00pa-
30M: CJIEBAa aHOJ, CIpaBa KaToJd; MEXJIy HUMHU NUIIYT COCAUHEHHBIE COJIEBBIMHU
MOCTHUKaMH PacTBOPBI 3JIEKTPOJIUTOB, B KOTOPHIE OMYIIEHBI AJIEKTPOJbl, HAIPH-
Mep:

— Zn | ZnSO, || CuSO4 | Cu +

Paz6epurte, kakum obpazom DJIC rampBaHumdeckoro siemeHta (E) cBsizaHa ¢
n3MeHeHuem 3Heprun ['n66ca (AG) XuMHUUECKON peaklnK, MPOTEKAIOIIeH B 3TOM
aneMenTe. Takxke, ucxoas w3 u3BecTHOro 3HaueHus DJIC aneMeHTa, cieayet
HAy4YUTHCA PACCUMTHIBATh 3HAUEHHWE KOHCTAHThI PABHOBECHUS U PABHOBECHBIX KOH-
LEHTpAaIil OKUCIEHHON U BOCCTAHOBIIEHHON (OopM. YSCHHTE, YTO MO 3HaKy E° u
AG MOXHO CyIuTh O BO3MOKHOCTH CAaMONPOU3BOJIBHOIO MPOTEKAHUS OKHUCIIH-
TEJIbHO-BOCCTAHOBUTEIIbHOM XUMHUYECKOW PEAKIIUU.

PaccmoTprTe BO3MOXKHOCTh MPOTEKAHUST HECAMOIIPOU3BOJIBHBIX OKHUCIUTEIb-
HO-BOCCTAHOBHUTEJIBHBIX PEAKIUUA MOJT BO3JECHCTBUEM BHEUTHETO UCTOYHUKA TOKA —
AJIEKTPOJIM3 PACIUIABOB U PACTBOPOB ANEKTPOIUTOB. M3yuuTe, 4TO IIpU Mpomnycka-
HUU TTOCTOSTHHOTO AJIEKTPUYECKOTO TOKA Yepe3 AIEKTPOJIUT Ha JIEKTPOAaX MpoTe-
KalOT XUMHUYECKHE PEaKIMU: Ha aHOJE - OKHCJICHHE MOHOB, Ha KaTOJe — BOCCTa-
HoBJieHUE. [lonpoOHEee 0cTaHOBUTECh Ha KaTOJHBIX U aHOJHBIX Ipolieccax, mpoTe-



52

KaoIUX [PH 3JIEKTPOJIU3€E PACTBOPOB AJIEKTPONIUTOB. Pa3zdepute, mouemy BO MHO-
I'UX ClIydasx Ha AJIEKTPOJIax PErMCTPUPYIOT BbIAEIEHUE ra3000pa3HbIX BOJIOPOAA
U KHCJIOpPOJIa, U KaKUM O0pa3oM 3TO CBSI3aHO C OKHCIEHUEM — BOCCTAHOBJIEHUEM
BOJIBI.

N3yunte 3akoHbl Dapanesi, KOTOPBIE ONPEAEISIOT COOTHOLIEHUE MEXIY
MacCOU MPOAYKTa, 00pa3yroIIerocs Ha JIEKTPOAE, U KOJHMYECTBOM HIEKTPUYECTBA
(3TEKTPUYECKHUM 3apsIIOM), IPOMYIIEHHBIM YEPE3 JIEKTPOJIHT.

Kparkuii Teopernyeckuii MaTepuall

Dnexmpoxumusi — pazaes PU3NYecKord XUMUH, U3ydalolui epexo] XumMmie-
CKOM SHEpPIruM B AJIEKTPUYECKYI0 U OOpaTHO, a TakyKe CBOWCTBA PACTBOPOB AJICK-
TPOJIUTOB U JABUKEHUE HMOHOB MO JCHCTBHUEM 3JieKTpuyeckoro moisi. Ilepexon
XUMHYECKON SHEPIUHU B BJIEKTPUUECKYIO OCYIIECTBIISIETCS B 3JIEKTPOXUMHYECKUX
(raTpBaHMYECKHX) AJIEMEHTaX U akKKymylatropax. B mpouecce anexkmponusa snek-
TpUYECKasi SHEPTHS NEPEXOJIUT B XUMUUECKYIO SHEPTHUIO.

BHeKTpH‘IeCKaH MMPOBOAUMOCTDL PAaCTBOPOB

DNeKTpruYecKas MPOBOAMMOCTb OINPENESieT CIIOCOOHOCTh BELIECTB IMPOBO-
JIUTH JJICKTPUYECKUM TOK W SBJISIETCS BEIUYMHON, OOpAaTHOM COMPOTUBIICHUIO.
EnuHnna wu3MepeHust 3JIEKTpUYECKOM NpoBoauMoctd B cucreme CU — cumeHc
(Cwm, S) BennunHa obpatHas Omy.

CM=0OMm"
CornpoTuBiieHHE POBOJHUKA BBIPAKAETCA YPAaBHEHUEM:
[
R=p— 5.1
P < (5.1)

9

r7i€ P — YACIbHOE CONMPOTUBIICHUE MPOBOJHUKA; [ — JJIMHA MPOBOJHUKA; S — ILIO-
11aJb €ro MOMepeyHOrO CEUEHHUS.
Torpaa snexrpudeckast mpoBOAUMOCTh G:

(5.2)

I7I€ O — YAEJIbHAs 3JIEKTPUYECKas MPOBOJAUMOCTb ITPOBOJHHUKA.

Yoenvroti snekmpuueckoii IPOBOAUMOCTBIO PAaCTBOpa AJIEKTPOJIMTA HAa3bIBa-
I0T AJIEKTPUUECKYIO MPOBOJAUMOCTD CTOJI0A pacTBOpa JIMHOW 1 M, muIonaabpio mo-
nepeunoro ceuenust 1 m>. B CH ona uzmepsiercs B Cm/M.

11
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J11st BBIYKMCIICHUS YACIBHOU 3JIEKTPUYICCKOMN MTPOBOIMMOCTH HY)KHO 3HATh T10-
crosHHyI0 cocyaa C', KOTOpas paBHA OTHOLIEHHIO PACCTOSHHS MEXKIY DJIEKTPO-
namu ([) v TIomaau daeKTpoIoB (S):

C=— (5.4)

[TocTosiHHYIO cOoCyna OMpeneisioT, U3MEPUB COMPOTUBICHUE PAcTBOpA, IS
KOTOPOTO M3BECTHA YJIEIbHAs AJICKTPpUUECKasi MPOBOANMOCTb. Toraa

C=R-o (5.5)

IKeuaNeHMHOU d1eKMpuiecKkou TPOBOJAUMOCTBIO HA3bIBAKOT SJIEKTPUUECKYIO
MPOBOJIMMOCTh CTOJI0A pacTBOpa JIIMHON 1 M, ¢ TakoW IJIOLIAJBI0 MONEPEUHOTO
CEUeHHMsI, YTOObI MEX]y JEKTPOJAAMH MOMeIIaics 00beM pacTBOpa, CoAep KAl
KOJIMYECTBO BEIIECTBA dKBUBaJIeHTa B 1 MoJb. OHa 0003HayaeTcsi A U U3MepsieTcs
B CM-M/MOJIb.

OKBHUBAJIEHTHAsA S3JEKTPUYECKas MPOBOAUMOCTH CBSI3aHA C YACIBHOM JIIEK-
TPUYECKOU MPOBOJUMOCTHIO COOTHOILIEHUEM:

d=cV, (5.6)

rae V — 06beM pacTBopa (pa3baBieHue), M .
Tak kak V = 1/c, rae ¢ — MolispHas KOHLIEHTpAIUsl YKBUBAJICHTa PACTBOPEH-
HOTO BEIL[CCTBA, MOJIB/M°, TO

A=2 (5.7)

C yBenuueHuneM pa3z0aBlICHHUS pacTBOPa SKBUBAJIECHTHAs JICKTpUUECKas MPO-
BOJIMMOCTb BO3PACTACT U CTPEMUTCS K MPEACIbHOMY 3HAYEHUIO A, Ha3bIBAEMOMY
9KBUBATIEHMHOU IIeKMPUYECKOU NPOBOOUMOCMBIO NPU OECKOHEeUHOM pa30asieHUl.

H3mepenne 3IeKTpuuecKo MPOBOAMMOCTH MOXET ObITh MCIOJIB30BAHO JIJIS
ONpEICJICHHs CTENEHU AJIEKTPUUECKOM NUCCOIMALUN

a:ﬂ,_ (5.8)

00

Hcnonb3yst ypaBHeHue (5.8), MOKHO paccCUUTaTh KOHCTAHTY UCCOIUAITUU
DIEKTPOJIUTA:

/12

Lo >

Tak xak s cadbIX 2JIEKTPOJIUTOB A Majia, U B 3HaMeHaTesne ¢popmysl (5.9)
€10 MOKHO MpeHedpeyb, Toraa

K=—— (5.10)
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B pactBopax 3JEKTpPOJIUTOB JOJS JJIEKTPUYECTBA, MEPEHOCUMAS KaKIbIM
MOHOM, HOCUT Ha3BaHUE yucla nepeHoca u 0bo3Havaercs n. Yucna nepeHoca aHu-
OHa 1, U KaTHOHA n, =1 — n, 3aBUCAT OT CKOPOCTU ABUKECHUS MOHOB B HaIlpaBJic-
HUU 3JIEKTPUYECKOTO TOJIS.

Abcontomuoil ckopocmuio IBUKEHUSI HOHA (V) Ha3bIBaeTCA MyTh (M), MPOXO-
JVMBIA MOHOM 3a | C, IpH IaJeHUH HAaIpsHKEHUS dJIeKTpudeckoro nosst 1 B Ha
1 M, 1 m3Mepsiercst B M7/B-c.

[IpousBenenre aOCOMOTHON CKOPOCTU JBMXKEHUs MOoHA Ha uncio dapanes,
F, paBHoe 96485 K, Ha3pIBaeTCs MOABMKHOCTBIO HOHA (L):

L, =v,.F, L. =v.F (5.11)

[TogBUKHOCTh MOHA HMEET OJMHAKOBYIO Pa3MEPHOCTh C SKBHUBAJICHTHOM
ANEKTPUUYECKON NPOBOJIUMOCTHIO.

CornacHo 3axony Konvpaywia 35KBUBAJIEHTHAS 3JIEKTPUYECKAs] TPOBOJIUMOCTD
pacTBopa npu 0ECKOHEYHOM pa30aBICHUH paBHA CyMMeE MOJIBI’KHOCTEH KaTHOHA U
aHMUOHA, BXOJSIINX B 3JIEKTPOJIUT:

Aw=L,+ L=, + v)F (5.12)

DJieKTpoAHbIE Npoluecchl. ['aibBaHUYeCKHE 3J1€eMEHThI

Ecnu nmactuHKyY MeTania, morpyKeHHYI0 B PaCTBOP €0 COJIM C KOHIIEHTpa-
1IMell MOHOB METaJlIa, paBHOW | MOJIB/JI, COSIMHUTD CO CTAaHAAPTHBIM BOJIOPOTHBIM
AIEKTPOAOM, TO TIOYUUTCS 2A/1b8AHUYECKUL IleMenn. DIESKTPOIBIKYIAs CHUIIa
storo aneMenta (3/C), usmepennas npu 25°C, xapakTepu3yeT CHAHOAPMHbLI
IJIEKMPOOHBLIL NOMEHYUA Memaiia, 0003HaYaeMbIii 0OBIYHO KaK E’. Merausi,
PacCIIOJIOKEHHBIE B MOPSAIKE BO3pACTaHUS X CTAaHAAPTHBIX DJICKTPOJHBIX MOTCH-
[IMAJIOB, OOpa3ylOT TaK HAa3bIBACMBIM 2JIEKMPOXUMUYECKUIL PAO HANPAINCCHUIL
memannoe (tabmn.5.1).

Tabmuma 5.1.

SJTEKTPOXUMHYECKHH PAJ] HAIIPAZKEHHUH META/I/IOB

Li [Cs [K [Ba |Ca |Na (Mg |Al |Zn Fe |[Co Ni (Sm |Pb [(H, |Cu

-3,041-3,011-2,92| -2,90 | -2.87 |-2,71| -2,36 | -1,66 | -0,76 [ -0,44 | -0,28 | -0,25 | -0,14 | -0,13 0 | +0,34

Li* |Cs* [K* [Ba™ [Ca™ [Na' [Mg™ |AI** |Zn™* [Fe** [Co™ [Ni** [Sn™* [Pb™ [2H*|Cu™

Bo03MOXHOCTh TIpOTEKaHUsI 000N OKUCIUTENbHO-BOCCTAHOBUTEIBHON pe-
aKIMU B peajbHBIX YCJIOBHIX OOYCJIOBJIEHA PSIOM MPUUMH: TEMIEPATypoH, mpH-
pPONOW OKHUCIUTENS W BOCCTAHOBUTENSA, KUCIOTHOCTBIO CpEIbl, KOHIEHTpaLuen
BEIIECTB, YYaCTBYIOIIMX B PEAKLMHU U T.J. YUECTh BCE 3TU (PaKTOPhI ObIBAET TPY-
HO, HO, TIOMHS O TOM, YTO JIt00as OKUCIMTEIbHO-BOCCTAHOBUTEIbHAS pPEaKLIUs
IIPOTEKAET C MEPEHOCOM AJIEKTPOHOB OT BOCCTAHOBUTENS K OKUCIUTEII0, MOKHO
YCTaHOBUTh KPUTEPUN BO3MOXKHOCTHU IPOTEKAHUs Takou peakunu. KonmuectBeH-
HOM XapaKTEPUCTUKON OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOLECCOB SBISIOTCS
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HOpMaJIbHBIE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIC TOTEHIIUANBI OKUCIHUTENEH U
BOCCTAHOBUTENCH (WU cmanoapmuvle NOMeHYuaavbl nekmpooos) (pui. 4). A
KOJIMYECTBEHHBIM KPUTEPHUEM OIICHKH BO3MOXKHOCTH IMPOTEKAHHUS TOW WU WHON
OKHCIIUTETPHO-BOCCTAHOBUTEIIEHON PEAKITUH SBIISICTCS NOJLONCUMENbHOE 3HAUEHUE
PA3SHOCMU CMAHOAPMHBIX OKUCIUMENLHO-80CCMAHOBUMENILHBIX NOMEHYUAN08 NO-
JIypeaxyuii OKUCIeHUs U 80CCIMAHOBLEHUS. UTU, OPYUMU CTOBAM, NOJIOHCUMETbHOE
snayenue J/{C peaxyuu.

OmHOBpPEMEHHO B MPHUJIOKECHUU 4 TPUBENCHBI CTAaHAAPTHBIE OKHCIUTEIBHO-
BOCCTAaHOBUTEIHHBIC MTOTEHITMAIIBI, U3MEPECHHBIC U JJII HEMETAIUTMIECKUX CHCTEM,
HaXOJISANIUXCS B PABHOBECHOM COCTOSTHUM I10 OTHOIICHHWIO K HOPMaJIbHOMY BOJIO-
POTHOMY DJIEKTPOITY.

[Tportecchl mpeBpalieHus dACKTPHIECKON YHEPTUN B XUMUIECKYIO U 0OpaTHO
MIPOUCXOAAT Ha TPAHUIIE AIEKTPO] (IJIEKTPOHHBIM MPOBOJHUK) — PACTBOP AJICK-
TpoJiuTa (MOHHBIM MPOBOJHUK) U 3aKIIOYAIOTCA B Mepeade AIEKTPOHA C IEKTPO-
Jla Ha MOH B pacTBOpe WM 00paTHO. Tak OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO pe-
aKIIUI0, TPOTEKAIONIYI0 B dJIeMeHTe JaHWA1s1, MOKHO MPEJCTAaBUTh B BHUJIE COBO-
KYITHOCTH JIBYX TOJTypEaKIUii:

Zn (TB.) — Zn** + 2¢
Cu®** +2¢” — Cu (1B.)

[{MHKOBBIN ANEKTPOJ HA3bIBAECTCA AHOOOM; HA HEM IMPOUCXOAUT OKHCIICHUE
(motepst 3MEKTPOHOB). MeaHbBIN 3JIEKTPOA HA3BIBAETCA KAMOOOM; HA HEM IPOHUC-
XOJIUT BOCCTAHOBJIEHHUE (MPUCOEAMHEHUE SJIEKTPOHOB). DJEMEHT 3alHChIBACTCA
TaK, 4TOOBI CJIeBa ObLT OTPUILIATEIBHBIN SJIEKTPO/I:

— Zn | ZnSO, || CuSO4 | Cu +

Tot ¢pakT, yTO BHEIIHUI TOK (T.€. HOTOK AJIEKTPOHOB) TE€UET OT aHOJA K KaTo-
Ny, O3HA4aeT, 4TO MEXAY ABYMS JJIEKTPOJAaMU MUMEETCS Pa3HOCTh MOTEHIIMAJIOB
umu anexkmpoosudcyuiasn cuna (DJC) sanemenTa. CKauyku MOTEHIIMANA OTIACIbHBIX
AJIEKTPOJOB HeolpeaeneHHbl. MoxHOo onpeaenuts auib J/C anemenTa.

Hcnonb3ys Tabnuunbie qanubie (mpui.4), momydaem 3nadenue DJC nis sme-
MenTa Jlanusis npu 298 K u nipu onrHakoBbix KoHLEHTpanusax CuNO; u ZnNOs:

E° B
Ha aHOJE: Zn (tB.) — Zn** + 2" +0,76
Ha KaToJe: Cu’" +2e — Cu (TB.) +0,34
CyMMapHas peaKIys: Zn (1B.) + Cu>* — Zn** + Cu (1B.) +1,10

DNEeKTPOHBIN MOTEHIHAI METaJla, NOTPYKEHHOTO B pacTBOP €ro COJiv, 3a-
BHUCHUT OT €€ KOHIIEHTpaluu (AKTUBHOCTH) U BBIPAXKAETCA YPAaBHCHUEM:

RT
E=F+—na (5.13)
nk’
rae E° — ctanmapTHBIA MOTEHIMAN, T. €. AJCKTPOJHBIM MOTEHIIMA METajlla MpU
AKTUBHOCTH €T0 MOHOB B PACTBOPE, pABHOM €AMHUIIE; R — YHUBEpCcaibHas ra3oBas
noctosinHasi, paBHast 8,314 JIx/(monb-K); T — Temrneparypa mno abCcoatoTHOM IIKa-
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ne; F — uucno Papanes, paBHoe 96485 Ki; n — 3apsia KaTMOHA; a — aKTUBHOCTh
MOHOB METaJljia.

[ToncTtaBuB 4MCIOBBIE 3HAaYeHUsI R U F B 3TO ypaBHCHHE U 3aMEHUB HaTy-
paJIbHBIN JTorapu(dM JeCATHYHBIM, moiayunm rpu 25 °C (298 K):

0,059
n

E=E+ lga (5.14)

OJIC anemenTa E OyaeT paBHA pa3HOCTH JIEKTPOIHBIX TOTEHIIUATIOB:
E=E -E,

rae E; — noTeHnman nojgoXuTeapHOro 3I€KTpoia B 3JeMeHTe, a B, — oTpunarens-
HOTO.

BrIpa3uB BeIMUMHY 3JEKTPOJHOTO MOTEHIMANa yepe3 ypaBHeHnue (5.14), no-
JTYYUM:

0,059 0,059

E=E +

%%—&Q+ lga, (5.15)

Ecnu 3apsipl HOHOB OJMHAKOBEBL: 1| = N, = 1, TO ypaBHeHuUe (5.15) mpuHuMa-
€T BUJ:

0,059, ¢
g— (5.16)
n a,
OJIC 21eKTpOoXUMHUECKOTO 3jieMeHTa (F£) CBsA3aHa C M3MEHEHHEM SHEpPruu

['u66ca (AG) XUMUYECKOW peakiliu, MPOTEKAIOIeH B ATOM JIEMEHTE, YpPaBHEHHU-
eM:

E=E -E+

AG = —nFE (5.17)

TJIe 7 — YMCJIO AJIEKTPOHOB, YYaCTBYIOIIUX B peakiuu; F — uncio Papanes paBHOE
3apsany 1 mons anektponoB (96485 Kn wnm 1 dapaneit). CooTHoIeHHE MEXKITY
cB0OOTHOM sHeprueit ' mb0ca u KOHIIEHTpaIuen onpenenseTcs ypaBHEHUEM

AG = AG° + RTInK, (5.18)

rae K — KOHCTaHTa paBHOBECHUS PEaKLUU.
Hcnonb3ys ypaBHeHue (5.18), MoxxkHO nonyuuTs 3aBucuMoctb JJIC smekTpo-
XUMHUUYECKOTO 37eMeHTa (£) OT KOHIEHTPALIUH:

e=£ -k (5.19)
nF
3necw E — Habmogaemas 3J[C smemenTa, a E° — DJIC, koTopas HaOIr01a1aCh
Obl, ecii OBl BCE PEareHThl W MPOIYKTHI PEAKIMU XapaKTePU30BAIMCh aKTUBHO-
CTBIO, PAaBHOUM €MHUIIE B UX CTAHJAPTHBIX COCTOSHUSX. DTO 3aBUCUMOCTH TOJY-
yuja Ha3BaHUe ypasHeHnus Hepucma.
[Tpu 298 K ypaBHeHue HepHcTa npruHUMaEeT BU/L:
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0,05916

n
[To 3HaKy E° MOXHO CyAUTh O BO3MO>XHOCTH CaMOIIPOU3BOJIBHOIO MpOTEKa-
HUSI XUMUYECKOUN peakuuu. Peakius uaeT caMonpou3BOJIbHO CJIEBA HAIPABO, €CIU
E°>0.

E=FE - lgK (5.20)

DJIeKTPOJIU3
[Ipu mpomyckaHUU MOCTOSHHOTO JIEKTPUUYECKOTO TOKA Yepe3 AICKTPOTIUT Ha
AIIEKTPOJIaX MPOTEKAIOT XUMUYECKUE PEAKITH PA3JIOKECHUS pacilyiaBa IeKTPOIUTa
Ha COCTABJISIIOIINE €T0 AIEMEHTHI:

2NaCl (x.) — 2Na (xk.) + Cl, (1.)

Takue mpouecchl, OCYIIECTBISEMbIE MPU TOMOIIM BHEIIHETO HCTOYHHUKA
ANEKTPUUYECKON SHEPTYU, HA3BIBAIOTCS PEAKLIUSIMU AJIEKTPOJIM3a U MPOBOMSTCS B
ANEKTPOIUTUUECKUX SUEUKaX (NEKTPOIU3Epax).

CorylacHo MOHHOW TEOPHH 3JIEKTPOJIN3a, MPOXOKIECHUE MOCTOSHHOIO 3JIEK-
TPUYECKOTO TOKa YEpe3 DJIEKTPOJIUT OCYIIECTBISIETCS € IMOMOIIbI0 HOHOB. Ha
ANIEKTPOAAaX MPOUCXOIUT MEPEHOC BJEKTPOHOB K MOHaM b0 oT Hux. I[loatomy
MPOIIECCHI, MPOTEKAOIIUE HA 3JIEKTPOJAX, MOTYT PACCMAaTPUBATLCS KaK BOCCTAHO-
BUTEJIbHBIE WJIM OKHUCIUTENbHBIE TTOTypeakuu. Ha aHoze Bcerna ocyecTBiIsieTcs
OKHCIIUTEIIbHAS TTOYPEaKUsl: aHUOHBI TEPSIOT AJIEKTPOHBI U Pa3psKAOTCS, Mpe-
BpalllasgCh B HEUTpalibHbIE YacTUIbl. Ha KaTtone Bceraa OoCyllecTBIsSETCS BOCCTa-
HOBUTEJbHAS TMOJTYPEAKIMs: KaTHOHBI MPUOOPETAIOT AJIEKTPOHBI U Pa3psiKaloTCs,
MPEBPAIAsACh B HEUTPAJIbHBIC YACTHUIIBI.

B cnydae snekTponuza xjopuaa HaTpUsL B 3JIEKTPOJIM3EPE MPOTEKAOT CIEAY-
IOLLUE PEAKIIUU:

Ha anoge 2C1 (x.) — Cl (1) +2e

na karoge 2Na' (k.) + 2¢- — 2Na (k.)

2Na" (x.) + 2CI (x.) — 2Na (k.) + Cl, (r.)

CocTtaB NpoAYKTOB 3JIEKTPOJIM3a 3aBUCUT OT YCJIOBUW MPOBEACHUS IpoIiecca.
Tak HaTpuil HeNb3sd MOJYYHUTh BJEKTpoiau3oM BoaHoro pactsopa NaCl, motomy
4TO BOJA BOCCTAHABIMBAETCA Jierue, ueM Na* (BogH.):

2H,0 (x.) +2e — H, (r.) + 20H (BoaHn.) E°cer =—0,83 B
Na" (Bogn.) +e¢ — Na (1B.) E°ocer =—2,71B

CrnenmoBarenibHO, TpH 3JIEKTposin3e BogHoro pactBopa NaCl Ha kaTone BMe-
cto Na noipkeH BbiaensaTeess Hy. B aTOoM citydae Ha aHOZIE BO3MOXKHO OKHUCJIEHHE
Cl nmm H,O:

2C1" (Boan.) = Cl, (r.) + 2¢” E° s =—1,36 B

2H,0(x.) — 4H" (Bomn.) + O, (1.) +4¢~ E°nen=—1,23 B

XOTs CTaHJAPTHBIE OKUCIUTENIbHBIE TOTEHIIMAIBI OTJIMYAIOTCS APYT OT Apyra
HE CJIMIIKOM CWJIBHO, HO U3 MX CpaBHEHHs clenyeT, uto H,O momkHa OKUCHAThCA
c Oompmieit nerkocteio, yeM Cl. OmHako Uisi OCYIIECTBJICHHS PEAKIIUU WHOTA
TpeOyeTcsi HaMHOTO Oo0Jie€ BBICOKOE HAIpPsKEHUE, YeM TO, KOTOPOE€ YKa3bIBalOT
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ANIEKTPOJHBIE MOTEHIUasbl. JlOMOMHUTENIbHOE HaNpsHDKEHHE, HEoOXOAUMOoe s
MIPOBEICHUSI DJIEKTPOJIN3a, HA3bIBAETCS IEPEHANPSIKEHUEM.

DNEKTPOOCAKIECHUIO METAIOB COOTBETCTBYIOT HM3KHE 3HAuY€HUs TMepeHa-
NpsDKEHUs, HO TMepeHanpsHKEHUsl, COOTBETCTBYIOIIME BBIJIEICHUIO Ta3000pa3HOTO
BOJIOPOJIa WJIM Ta3000pa3HOTO KUCIOPOJa, OOBIYHO BeCchMa 3HAYUTENbHBEL. B pac-
CMaTpMBaEMOM TpUMepe MepeHanpsbkeHue, Heodxoaumoe i obpasoBanus Ho,
HACTOJIbKO Benuko, 4ro Cl okucnsercs nerue, yeM H,O. Ilo 3Toil mpuunne npu
eKTpoau3e BoAHBIX pacTBopoB NaCl oOpasyrorcs H, u Cly, ecnu TOIbKO KOH-
neHTpanus Cl™ He CIUIIKOM HU3KA; IPHU STOM MPOTEKAIOT CIACAYIOIINE PEaKIIUU:

Ha anoge 2Cl (BogH.) — Cl, (T.) + 2e—

Ha katone 2H,0 (x.)+2e — H, (r.)+20H (BoxH.)

2CI (Boan.) + 2H,0 (kx.) = Cl, (r.) + H, (r.) + 20H (BOaH.)

[Io 2JIEKTpOJHBIM TMOTEHIIMAJTaM MOKHO yCTaHaBJIMBAaTh MHUHHUMAJIbHOE
HaIpspKeHUE, Heo0XoAuMoe TSl TPOBEACHUS dJeKkTpoun3a. Jis oopazoBanus H, u
Cl, u3 pacTBOpa NMpU CTAaHAAPTHHIX YCIOBUIX TPEOyeTCS MHUHUMAJIbLHOE HaIpshKe-
Hue 2,06 B.

E° = E°ypen (C1) + E°peer (H,0) = —1,23 B + (-0,83 B) = 2,06 B

Briuncnennoe Boiiie HanpspkeHue (9/J1C) umeer oTpuuarenbHOe 3HAUYCHUE,
T.€. pacCMaTPUBAEMbI MPOLECC SBIIACTCA HECAMOIPOU3BOJIBHBIM U JOJKEH MPO-
BOJMUTHCS 33 CYET BHEITHETO UCTOYHUKA SHEPTUU.

Ha npaktvke NpuxXoAWTCS BBIUUCIATH BBIXOJ MO TOKY. BBIXOAOM 1O TOKY
HA3bIBACTCSl OTHOLIEHHE MAacChl (PaKTUUYECKH BBIJACIIEHHOTO IMPH 3JIEKTPOJIU3E Be-
IIECTBA K Macce BEILECTBA, KOTOPOE JOKHO ObLIO Obl BBIAEIUTHCSA COTJIACHO 3a-
koHaM Dapajest. Beixoa 1o Toky 1 00bIYHO BBIpaXKaeTcs B MPOIEHTaX.

3akonbl Dapajaesi. OTU 3aKOHBI ONPEACISAIOT COOTHOLICHUE MEXIY MacCOr
POJYKTa, 00pa3yIOIIErocs: Ha 3IEKTPOJE, U KOJUYECTBOM AIIEKTPUUECTBA (DJIEK-
TPUUECKUM 3apSAI0M), IPOIMYUIEHHBIM Y€PE3 AINEKTPOIIUT.

Ilepsoviii 3axon @apades TAACUT, YTO Macca BeIlECTBa, 0Opa3yroIIEerocss Ha
ANEKTPOJE, MPONOPLUUMOHAIbHA KOJUYECTBY MPOIYIIEHHOTo 3jiekTpuuecTtBa. Ko-
JMYECTBEHHOM MEpOii 2JIEKTPUUYECKOTO 3apsija sBigeTcs equauia dapaaeit. Gapa-
Jeil — 3TO 3apsijl, KOTOPbIM HeceT Ha ce0e OJMH MOJIb 3JIEKTPOHOB MM OJAMH MOJIb
OJIHO3apsIIHBIX NOHOB.

1 dpapaneit = 96 500 Kn/monb = 3apsig 1 MoJist 57IEKTPOHOB =
= 3aps 6,022-1023 3JIEKTPOHOB;
6,022-1023 MOIIb | — YHCIIO ABorazapo.

MaTeMaTI/I‘—IeCI(Oe BBIPA’KCHHUC IICPBOI'O0 3dKOH CDapaI[e;{ NUMECT BHU.
m=kQ=kIt, (5.21)

IZle m — Macca BBIIEIMBIIETOCS BELIECTBA, KI; () — KOJUYECTBO MPOILIEIIErO
anekTpuuectBa, Ki; [ — cuna Toka, A; t — Bpems, ¢; kK — KO3QQPUIUEHT MPONOpIuo-
HAJIBHOCTH — Macca BEILECTBA, BBIIEIUBIIETOCS U3 PacTBOpa Ha AIEKTPOJAAx IpH
IIPOITYCKAHHUH YEpe3 HEro KoauuecTna 3nekrpuyectsa 1 K.
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Bmopoii 3axkon @apadesi THACUT, YTO JJIsI pa3psiia OJJHOTO MOJISI KAKOTO-JIH00
MOHA Ha DJIEKTPOJIE HEOOXOIUMO MPOMYCTUTh Yepe3 JIEKTPOJIUT TaKoe yucio (da-
pajieeB 3apsijia, KOTOPOE PaBHO YHUCIY DJIEMEHTAPHBIX 3apsI0B HA 3TOM HOHE.

MatemMaTuyeckoe BbIpakeHrue BTOporo 3akoH Dapajes UMeeT BU/L:

=Lt M

F oz (5.22)

rjae; F — nocrosinHas dapanes, M — MoJeKyJsipHas Macca MOHa, 7 — 3apsi/l MOHa.
MaremaTudeckoe BbIpaxkeHHe, oObeauHsoniee od6a 3akona dapazaes, OyaeT
AMETH BU/I:

m=1/F)-OM/z=1/F)-1t/ z (5.23)

Penienue THNOBLIX 32124

3agauya 1. [lapamienbHble IUIATHHOBBIE JJIEKTPOABI C IUIOUIAABI0 IOBEPXHOCTU
2,15 eM® (2,15-10* M%), Haxoxsumecs Ha paccrosaun 10 cM (10-107° M) apyr oT
Jpyra, IOMEIIEHbl B pacTBOP IMAPOKCHIA KalMsl, UMeIero konuenrpamuo 0,1
M npu 18 °C. Ecnu K 37€KTpojiaM IPUIIOKHTE Pa3sHOCTh HoTeHimanos (U) B 5 B,
TO Yepes pacTBop moiinet Tok cuioit (1) 22,9 MA (22,9-10° A). Haiiaure Betman-
HY YJEJIbHOU U SKBUBAICHTHOM 3JIEKTPUYECKON ITPOBOAUMOCTH PACTBOPA.
Pemenne. OnpenensieM CONPOTUBIEHUE PACTBOPA THAPOKCUAA Kalus, MOJb3YsICh
3akoHOM Oma: U = IR.

U 5

R="Z=—> _-2183 Oum.
I 229-10° Ou

[To popmyre (5.3) HaXOUM yIETBHYIO AIEKTPUIECKYIO TPOBOIUMOCTD:

11 10107

1L _213 ,
CTR'S T 2183-(215-10%) Cwim

BbruncisieM S5KBHBAJICHTHYIO 3JICKTPUYECKYIO MMPOBOIUMOCTD, MOJIB3YSACh YpaBHE-
Huem (5.7):

o 213

c 01-10°

0,0213 Cwm-m*/moub, nmm 213 Cm-cM>/MOTIb.

3amava 2. YienbHas snektpuueckas npoBoguMocTh pactBopa KOH koHueHTpa-
nmeit 10% npu 18 °C pasHa 0,3124 Cwm/cm, a mioTHOCTH ero 1,113 r/em’. DkBuBa-
JICHTHAs AJEKTpUYEcKasi MPOBOJMMOCTh PAacTBOpPA JIaHHOTO BelllecTBa MpU OecKo-
HEYHOM pa3bapieHuH paBHa 217,5 CM-cM*/MONb. BBIYHCINTE KaXKyIIylOCs CTe-
neHb aucconnani KOH n KOHLIEHTpanuio ruiJpOKCHI-HOHA B PACTBOPE.
Pemienne: Haxoaum MossipHyto KoHieHTpanuio pactsopa KOH:

01-1,113-10°
CcC=
40-107

=2,78 (monw/m), umm 2,78-10° Moms/m’.
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[Tonb3ysick hopmynoit (5.7), onpenensieM SKBUBAJIECHTHYIO AJIEKTPUUECKYIO ITPOBO-
JTIUMOCTb:

~03124-10°
2,78-107°
Brraucisiem kaxymryrocs CTeTeHb quccoranuu u3 Gopmyis (5.8):
112,3
o=
2175

=0,01123 Cm-M*/MOIB.

=0,516, T1.e.51,6%.

Haxoaum xonnentpauuto [OH J:
[OH ] =2,78:0,516 = 1,43 monn/11.

3agaua 3. PactBop xnopuna kanusa konueHtpamuu 0,1 M nmeer conpoTUBIEHHE
35,2 Om. B 1ol ke u3MepuTeIbHOU sSUeiKe pacTBOP HUTpaTa cepedpa KOHIIEHTpa-
uuu 0,1 M umeer conporusiieane 42,4 OM. 3Has, 4YTO IEKTPOJIUTAYECKAS MMPOBO-
JIMOCTb PacTBOpa XJIopuza Kaus papHa 1,29-107" CM/cM, BBIYHCITHTB: a) OCTOSH-
HYIO STYEHKH; 0) AIEKTPOIUTHUYECKYIO TPOBOJAUMOCTb PACTBOpA HUTpATa cepedpa.
Pewmenue.

a) IlocTosiHHY10 slUelKH (OTHOIIEHHUE JJIMHBI TPOBOJHUKA K IJIOLIAIN €r0 IMO-

MEPEYHOr0 CEYEHUs) HaXOAUM U3 ypaBHeHUS (5.3):

I/S=R-c=3520m1,29-10 > C™m-cm
ITockonpky 1 CmM =1 Om ', umeem
I/S =45,4-10-2 cm !

0) OnekTponuTHuecKkas NPoBOAUMOCTH pactBopa AgNO; KOHILEHTpauuu
0,1 M ompeaensieTcs CAeayOIUM 00pa3oM:

o= (I/S)(1/R) = (45,4-10 % cm )-(42,4 Om ") = 1,07-10 > Cm/cm.

3apaua 4. C yyeToM TOTO, YTO JJIs rajJbBaHU4ecKoro 3neMenta Zn—Cu E° = 1,10
B, a okuclieHMEe IIMHKA XapaKTEePU3YEeTCsS AJICKTPOJHBIM MOTCHIUAIOM FEogen =
0,76 B, Beruncnute E°;occ; AJIS1 TPOIIECCA BOCCTAHOBJICHUS MEJIN:

Cu*" (Bogn.) + 2¢” — Cu (1B.)

Pemenue.
anneMeHTa = EOOKI/ICJ'[ + EOBOCCT
1,I0B=0,76 B+ Eyocer
E°rcer = 1,10 B—-0,76 B=0,34 B.

3amaya S. Bocnosib30BaBIIMCH 3HAYEHUSIMHU CTAHAAPTHBIX MOTEHIUANOB (MIPUIIO-
JKeHue 4), BBIYMCIIUTE KOHCTAHTY PAaBHOBECHUS PEAKITUU:

2KMnQO, + 5SnCl, + 16HCl — 2MnCl, + 2KCI + 5SnCl, + 8H,0

Pemenue. Hanmiem ypaBHeHME peakuny B HOHHOM BHJIE:
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2MnO 4 + 5Sn** + 16H" — 2Mn** + 5Sn*" + 8H,0

Ecau sta peaknuus MpOTCKACT B I'aJIbBAHUICCKOM 3JICMCHTC, TO Ha OTPHULATCIIbHOM
QJICKTPOAC UACT IIPOUCCC OKNUCIICHUS:

Sn** — Sn** 4+ 2¢”
a4 HA ITOJIOKUTCIIBHOM — BOCCTAHOBJICHU A .
MnO, + 8H" + 56 — Mn*" + 4H,0

KoHcTaHTa XMMUYECKOW peaKIluu MOKET ObITh BBIUMCIICHA 10 ypaBHEHHUIO (5.18).
B mpunoxenuu 4 HaxoauM CTaHIAAPTHHIC YJIEKTPOJIHBIC TTOTCHIIMAIBI U BHIYHUCIIS-
eM E°:

Sn** +2¢” — Sn** E°=0,151B

MnO; + 8H" + 5¢° — Mn”* + 4H,0 °=1,507 B

T.K. KaK B paCCMAaTpUBACMOM 3JICMCHTC IICpBad IMOJYpCaKIUA ITPOTCKACT B IIPOTH-
BOIIOJIOKHOM HaAIIPpABJICHUN MCHACM 3HAK E°:

E°=1,507-0,151=1,356 B
TaK KaK B peakiuu y4actBytoT 10 snmektponoB n =2-5=10:

K= w =230
0,059

Orcroma K = 10%°.

3amaua 6. [lonb3yscek Tabnuuent (mpui. 4), onpeaennTe, Kakoe U3 NepeUrCcICHHbIX
HIKE BEIICCTB SBISICTCS HambOosee CHIbHBIM okucimteneM: MnO, (B KUCIOM
pactBope), I(TB.), Zn**(BoxH.).

Pemenne. Hanbomnee CUIBHBIM OKUCIHUTEIEM JOJDKHO OBITH TO BEIIECTBO, KOTOPOE
Jerye Bcero BoccraHaBiuBaercs. CrenoBaTeibHO, HEOOXOIMMO CPaBHUThH BOCCTa-
HOBUTEJIbHBIC MMOTEHITMAIBI YKA3aHHBIX BenlecTB. M3 Tabmuipl (ipuit. 4) HaX0IUM:

MnO, (Bomm.) + 8H' (Bomr.) + 5S¢ — Mn®* (Bomm.) + 4H,0 (K.) E°peer= 1,51 B
I,(tB.) + 26" — 2I (BOIH.) E°occr = 0,54 B
Zn** (Bomn.) + 2e— —> Zn (TB.)  E°yocer = —0,76 B

[TockonbKy 1151 BocctaHoBieHUss MnO, XxapakTepeH HauOONbIIUA MOJIOKUTEb-

HbIl BOCCTAHOBUTEJbHBIA MOTEHIMAJ, W3 TPEX YyKa3aHHBIX BEIIECTB HaubOoJiee
CUJIBHBIM OKUCIHTENEM sABsieTcss MnQOy .

3amaua 7. Ilonb3ysch cTaHAAPTHBIMU AJICKTPOJAHBIMU MOTEHIIMAIAMH, YKa3aHHBI-
MU B TIPUJIOKEHUHU 4, BBIYUCIIUTE CTAHIAPTHOE M3MEHEHHE CBOOOJIHOW SHEPruu
AG®° B peakiuu

2Br (Bogn.) + F,(r.) = Br, (k.) + 2F (BoaH.)
Pemenue:

2Br (BoaH.) = Br, (k.) + 2e E°ouen=—109 B
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F,(r.) +2e — 2F (BoaH.) E°rocer = 2,87 B

2Br (Boan.) + F,(r.) = Br, (k.) + 2F (BoaH.) E°=178 B
B nanHO# peakiuu nNpoucxXouT NEPEHOC JBYX AJIEKTPOHOB, TOATOMY 1 = 2.
AG® =-——nFE° =-2-96500-1,78 = -344 x/Ix

3aMeTUM, YTO CaAaMOIIPOM3BOJILHBIM PEAKIIMSIM COOTBETCTBYET OTPHUIATEIILHOE 3HA-
yeHrue AG®, HO OJI0KHUTEILHOE 3HaUeHue £°.

3agaua 8. [Ipu npoxokJIeHUH AICKTPUUECKOr0 TOKa uepe3 pa3z0aBlICHHBIH pac-
TBOP CEPHOM KHCJIOTHI B TeueHue 10 MUH BhIIEIUICS Bogopoa oobeMoM 100 oM’
npu 18°C u gaBnennu 100,0 kITa. Beramcnure cuiy Toka.

Pemennie. Maccy BBIIETUBIIETOCS BOJAOPOJA HAXOJIWM W3 YPaBHEHHUS COCTOSHUS
MICaNBHOTO ra3a ¥, mojacTaBuB 3HaueHms: V — 100 cm® = 1-10* m°, P = 100,6 kIla
=1,006-10° ITa, T=291K, R = 8,314 JIx/(mons-K), M (H,) = 2-10" kr/Moib, 110-
JTyq4aeM:

_MPV_2-107-1.006-10-1-10*

=832-10° kr
RT 8,314-291
Cuny Toka HaxoauM U3 ypaBHenus (5.21):
. _6 .
I 8,32-107-96500 _134 A

1-107-600

3agaua 9. BeiuncnuTe KOJIMYECTBO allFOMUHMS, OJydeHHOro 3a 1,0 yac npu smek-
Tposm3e paciasieHHoro AlCl; tokom cunoi 10,0 ammep.

Pemenue. [lonp3yschk cooTHOomenueM () = [, HAXOAUM KOJIMYECTBO 3JIEKTpUYE-
CTBa:

3600¢

0=10-1 =3,60-10* K

3
[Tonypeakuus BoccTaHoBIeHUs Al”" onuchIBaeTCs ypaBHEHUEM:

AP +3¢ > Al

KonruecTBO BBIJIEIEHHOTO aFOMUHMS 3aBUCUT OT YHMCJIa MPOMYIICHHBIX Yepe3
ANEKTPOJIU3ep INEKTPOHOB: | Monb Al ~ 3 F. [loaToMy MOXKHO 3anucaTh:

. 4 .
_36-10 27:3,36r
96500-3

Bonpocs! 111 CAMOKOHTPOJISA

1. TTouemy MeTasIbl U PACTBOPHI MPOBOAAT deKTpruueckuid Tok? K nmpoBogHrKaM
KAaKOI'0 poJia OTHOCATCS PACIUIABBI COJICH?

2. Ot kakux (aKTOpPOB 3aBUCHUT BJIEKTPUUECKasi TPOBOJUMOCThH PACTBOPOB?

3. Yto Takoe ynenbHas 3JIEKTPUYECKAs IPOBOAUMOCTh? UTO Ha3bIBAETCS IKBUBA-
JIEHTHOM 3JeKTpuueckoil mpoBoauMocThio? Kak oHa m3mensieTcsi ¢ pasz0aBiie-
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HueM? Kakoe oObsiCHEHHE ATOTO U3MEHEHHs AaeTcs Uil ciaOblX U JJIs CHUJIb-
HBIX JIEKTPOJIUTOB?

4. Kak omnpenenuTh 3KBUBAJICHTHYIO 3JIEKTPUUYECKYIO TIPOBOJUMOCTH MPU OECKO-
HEYHOM pa30aBIIEHUU CUJIBHBIX U CHa0bIX 3JIEKTPOJIUTOB?

5. Uro Takoe rajbBaHUYECKUM 3yeMeHT? Kak BbIYUCISETCS SIEKTPOIBUKYIIAs
CUJIa TaJIbBAaHUYECKOTO AJIEeMEHTA?

6. Ha kakoM U3 351€KTpOI0B, aHO/E WK KaTOJ€, IPOUCXOJIUT OKUCIEHUE B JTHOOOM
AIEKTPOXUMUYECKOM 3emMeHTe? Ha KakoM 3ieKTpoJe MPOUCXOAUT BOCCTAHOB-
nexue?

7. Hanmumure ypaBHEHHMs peakUWi, IPOTEKAIOIMNUX Ha 3JIEKTPOJAX U B LIENH B Lie-
JIOM, JIJI CJIEAYIOLINUX TalbBAaHUYECKUX AIIEMEHTOB:

a) Mg | MgSO, || NiSO, | Ni;

0) Zn | ZnCl, || KC1 e HgoCly | Hg;

B) Cd | CdSO4, Hg2804 | Hg

3anummTe ypaBHEHHUS MPOLIECCOB, MPOTEKAIOIINX Ha 3JIEKTPOAaX.

8. Uto Takoe cTaHAApTHBIM BOJOPOAHBIM 31ekTpor? Hamwumwnre, Kakas UAET Ha
HEM peaKIlysi, €ClIM OH SIBIISAETCS: a) MOJIOKHUTEIbHBIM U 0) OTpUIIaTEIbHBIM
AIEKTPOAOM B dyieMeHTe. JIJIsl KaKoW e OH MMPUMEHSIETCA?

9. Yro npexncrarisier coboi ypaBHeHHe HepHceTa M Kak OHO CBSI3bIBAET HaIpsKe-
HUE raJIbBaHUYECKOTO PJIEMEHTA C KOHIEHTpaLUsIMu?

10.Yto Takoe smekTponn3? KakoBO MpakTUUECKOE 3HAYCHUE AIEKTPOJIn3a?

11.PactBOp, conepamuid o 0,1 mosb HUTpaTa 1uHKa, HUTpata Mmeau (I1) u HuT-
pata cBuHna (II), moaBepraercs anexTponuzy. B kakoi mocienoBaTelbHOCTH
OyIyT pa3pspKaTbCs UOHBI HAa KaToje?

12.MO>HO JI1 TIOJIYYHUTh JIF0OO0H METaJUT IIPU SJIEKTPOJIM3E BOJHOTO PAaCTBOpA €ro
conu?

13.Kakue npoiiecchl IPOTEKAIOT y ANEKTPOAOB MPHU JIEKTPOJIU3E PACTBOPA XJIOPH-
na meau (II) ¢ nmmaTHHOBBIMY U ¢ METHBIMH JIEKTPOAAMU?

14.1Touemy nipu anextposnsze pacmiaBa AlCl; u BongHoro pactsopa AlCl; momyda-
I0TCS pa3Hble TPOoayKThI? Kakue npoaykTsl 00pa3yroTcs B Kaxa0M ciydae?

15.Chopmynupyiite 3axkonsl dapanes. Hanumure u nosicHuTe ypaBHEHUE, 00b-
eIMHSIONIeE 00a 3aKOHA.

16.Yto Takoe BeixoA no Toky? [loueMy BBEJEHO 3TO MOHATHE?

TEMA 6. KHHETUKA XUMHWUYECKHUX PEAKIIUI
OCHOBHBIE BOITPOCBI

CKOpOCTh peaKkIMu C TOYKH 3PEHUS XMMHYECKOW TEPMOJMHAMUKH. XUMHUYECKas
KMHETHKA. OCHOBHOM NOCTYJAaT XUMHUYECKON KMHETUKH. MOJIEKYISIpHOCTh U IO-
PAIOK XMMHYECKOW peakiuu. MaTeMaTuuecKoe BRIPAXKEHNUE 3aKOHA IEMCTBYIOLINAX
Macc 4epe3 KOHCTAHTYy CKOPOCTH JUIsl peakLUi HyJIEBOro, MepBOro, BTOPOro, Tpe-
Thero nopsaka. Ilepuon nmomynpespamenus Bemecrsa. PakTopel, ONPEAEIAIONINE
CKOPOCTh XMMHMYECKOM pEaKIUU: NPHUPOJA PEarupyroliux BeEIIECTB, UX KOHIECH-
Tpauus, TEMIIEPATypa, HAJWYUE KaTaau3aTropa, BEJIMYMHA MOBEPXHOCTU pas3zena
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JUIS TETEPOTreHHBIX cucTteM. YpaBHeHue Baut-I'odda; Temmneparypssiii ko3ddu-
mueHT Bant-T'opda. KoHcTaHTa CKOPOCTH peakiy U €€ pa3MEepHOCTh IS peak-
I pa3IMyHOTO MOpsiiKa. YpaBHEHHE AppeHuyca. DHEeprusl akTUBALIMK PEaKIIUU.
Karanu3: roMOreHHbIi, TeTepOreHHbIN, (PepMEHTATHBHBIMH.

METOANYECKUE YKA3AHUA

[Ipn u3ydyeHnH JaHHON T€Mbl BCIIOMHUTE M3 OOLIEH M HEOPraHWUYECKOW XU-
MUU MOHATHE CKOPOCTH XUMHUYECKON peakui U MaTEMaTHYECKOE BBIPAKEHHE IS
pacdera CKOPOCTH peaklMd T'OMOTEHHBIX U F€TEPOr€HHBIX CUCTEM (OCHOBHOM IO-
CTyJaT XMMHUYECKON KMHETHKH - 3aKOH JIEUCTBYIOIIMX Macc). BcmomHuTe Takke,
YTO OCHOBHBIMU (DaKTOpaMH, ONPEAEISIOIUMU CKOPOCTh XUMHYECKON pPEaKIUH,
ABJIAIOTCA: MPUPOJA PEArHpPYIOLIMX BEIIECTB, MX KOHIIEHTpaLus, TEeMIIepaTypa,
HaJIM4Me KaTalu3aTopa W BEJIMYMHA ITOBEPXHOCTU CONMPUKOCHOBEHMS AJI TE€TEpo-
T€HHBIX CUCTEM.

B kypce gusnyeckoil M KOIOMIHON XMUMHMM CTYIEHTBI JOJKHBI O3HAKO-
MUTBCS C HOBBIMHU MOHATUSIMH XUMUYECKON KUHETHKHU: MOJIEKYJISPHOCTBIO U TO-
PAIKOM XUMHMUYECKON peakiyy, MepruoIoM Modypacnana (MoaylnpeBpalleHus) Be-
niecTBa. Pa3depure moapoOHO 3aMCh MATEMATHYECKUX BBIPAXKEHUM IS pacyera
KOHCTaHTbhl CKOPOCTH PEaKIMU HYJEBOI'O, MEPBOT0, BTOPOTO, TPETHETO MOPSAIKA.
[TonpoOyiiTe CaMOCTOSTENBHO BBIBECTH Pa3MEPHOCTh KOHCTAHTBI CKOPOCTH IS
PEaKLNI pa3IMYHOTO TTOPSIKA.

Bcenomuute ypaBaenue Bant-I'odda, Beipakaroliee 3aBUCUMOCTb CKOPOCTH
XMMHYECKOH peakluu oT TemnepaTypsl. Takxke pazdepure ypaBHeHUE AppeHuyca,
B KOTOPOM Ba)KHO YBHJIETH CBSI3b KOHCTAHTBI CKOPOCTH PEaKLUH, TEMIEPATYphl U
DHEPIUU aKTHBALMU PEAKLIUU.

OcTaHoBUTeCh MOJPOOHO HA MOHATHM «KaTaiau3y». Cleayer pa3nuyaTh clie-
JYIOIlME €ro BUJbl: TOMOT€HHbIN (pearupyoliye BelecTBa U KaTaiau3aTop Haxo-
JSTCSL B OJJHOM arperaTHoM COCTOSIHMM) M T€TE€pPOreHHbIN (pearupyroliue Belle-
CTBa M KaTaJu3aToOp HAXOMASTCS B PAa3IMUHBIX arperatHbIX COCTOsIHUSAX). Pa3z0oepu-
T€, KakKUM OOpa3oM KaTaju3aTop COXpaHsAET CBOM COCTaB M KOJUYECTBO MOCIIE
y4dacTusl B peakuuu. M3yunte posib KaTanu3aTropa B CHUKEHUH SHEPTHH AKTUBALIMU
peakuun. Oco0oe BHUMaHHUE yJIETUTE MOHATUAM: cnenupuyeckuil karanus, gep-
MEHTATUBHBIN KaTaJN3.

Kparkuii TeopeTu4ecKuii MaTepuall

[IprHIMNMATBEHYI0 BO3MOXHOCTH IIPOTEKAHWS TOW WJIM MWHOW XUMHYECKUU
peakiuu mpeAcKa3biBaeT xuMuueckas tepMmoauHamuka (AG < 0). OnHako nanexo
HE BCE TEPMOJMHAMHYECKH BO3MOXKHBIE PEAKIIMU OCYILIECTBIIAIOTCS B JEHCTBU-
TEIBHOCTU. Xumuueckas KUHemuka yCTAHABIUBAET 3aKOHBI, ONPEICISAIONINE CKO-
POCTh XUMUYECKHUX MPOLIECCOB, BBISICHSET POJIb PA3IMUHBIX (DaKTOPOB, BIUSIOLUIUX
Ha CKOPOCTh M OMNpPEACNAIONINX MEXaHU3Mbl peakiuil. 3Has 3aKOHbl KMHETUKH U
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MEXAHU3Mbl PEAKLUN, MOKHO YIPaBIATh XUMUYECKUMU IpoueccaMu. OT ckopo-
CTH XMMHYECKON PEaKIMM 3aBUCHUT BBIXOJ MPOIYKTOB, T. €. IPOU3BOJUTEIBHOCTD
TpyZda U anmnaparypsl.
CkopocTh XMMHYECKOH peakuuu OIpeaessieTcsi KOJIN4ecTBOM Belle-

CTBAa, IPOpearupoBaBlIero B eMHUIY BpeMeHH B eMHHUIEe 00beMa.

B o0miem ciyyae cKOpOCTh XUMHUYECKON PEaKlMu OMpEeNsieTcs] KaKk Mpou3-
BOJ[HAsl KOHIIEHTPALIMU PEarupyrollero BemecTsa N0 BPEMEHH IIPU NOCTOSSHHOM
00bEME CUCTEMBI:

v = -dc/dt, (6.1)

II€ V — CKOPOCTh, BbIpaK€HHas yObUIbIO KOHLUEHTpPAUUH (c) pearupyrouniero Be-
1IECTBA; ! — BpEMSI.

Ecnm ckopoCTh XMMUYECKOW PEAKLIMK BBIPA3UTh YEPE3 KOHLIEHTPALIMIO OJHO-
IO U3 MPOAYKTOB peakiMy (KOHIIEHTpAIKs TPOTYKTOB YBEJIMUYUBAETCS ), TO

v = dc/dt (6.2)
CornacHo 3aKkony oelicmeyiouux macc, CKOpoCTb XUMUUYECKON peakiuu
aA + bB =cC
OIIPpCACIIACTCA BbIPAKCHHUCM
v =kCr° Cy’, (6.3)

rae Ch u Cp — KOHIEHTPALUU PEarupyromux BEHIECTB; k — KOHCTAHTa CKOPOCTH
peaKkuu. JTO BBIPAKECHUE HA3BIBACTCS OCHOGHBLIM NOCHYAAMOM XUMUYECKOU KU-
HeMmuKu.

@U3NYECKHUI CMBICT KOHCTAHThI CKOPOCTH kK MO>KHO YCTaHOBUTD, €CJIH MPU-
HATHh KOHLUEHTPALUH BCEX PEArNPYIOIINX BEIIECTB PABHBIMU €IUHHULIE. Toraa,

v =k (6.4)

T.€. KOHCTaHTa CKOPOCTH XUMUUYECKON PEAKIIMU — 3TO CKOPOCTh PEAKLUU ITPU KOH-
LEHTPAlUAX PEATHPYIOLIMX BEIIECTB, PABHBIX €AUHULIE.

KoncranTa ckopocTH, Kak U CKOPOCTh, 3aBUCHUT OT IIPUPOJIBI pEarupyrommx
BEIIECTB, TEMIIEPATYPbI, HAUIMYMS KaTaln3aTOPa, HO HE 3aBUCUT OT KOHLICHTPALIUH.
[1o u3BECTHBIM BEJIMUMHAM k CPAaBHUBAIOT CKOPOCTH PA3JIMYHbBIX PEAKIIMI.

Monexynapnocms XUMUYECKOM PEAKIUU OMNPEACISACTCS YHCIOM MOJICKYII
(dacTulr), y4aCTBYIOIIMX B JJIEMEHTapHOM akTe peakuuu. [lo MojekynspHOCTH
pa3IM4aroT OJHOMOJIEKYIISIPHBIE, IBYyXMOJICKYJISIPHBIE U TPEXMOJICKYJISIPHBIE PEAK-
10518

llopsook peakyuu — cyMMa TMokasateyiel cTerneHel KOHIEHTPallui BCeX pe-
areHTOB, BXOJISIINX B YPABHEHHUE CKOPOCTH Peakiu. Peakiuu MOTyT OBITh:

nepBoro nopsiaka (v = kc);

BTOpOro Hopsiaka (v = kc’),

TpeThero nopsaka (v = kc’),

a TaK»Ke HyJIEBOTO U APOOHOTO MOPSIKA.



66

Ilepuoo nonynpespawenus (epuo nojypacnana) peakyuu — BpeMs, He00-
XOJIMMOE JJIsl TOr0, YTOObI KOHLIEHTpAIUsl peareHTa cTajia paBHa MOJOBUHE UCXOI-
HOTO 3HAYEHUSI.

Kunemuuecxoe ypaenenue BbIpakaeT 3aBUCUMOCTb CKOPOCTH XUMHUYECKOUN
PEAKIHUH OT KOHLIEHTPALU KOMIIOHEHTOB PEAKIIMOHHON CMECH.

Kunetnueckoe ypaBHEHUE JI1 HEOOPATUMOMN PEAKLIUU H)1€8020 TIOPSIIKA:

k, =%(C0 —C), pasmepHOCTb ky [MoOIb/(11-¢)] . (6.5)

[lepuon mosrynpeBpalleHus 1jisi HeOOpaTUMOM peaKkIMU HYJIEBOTO MOpsAAKa Mpo-
MIOPLIMOHAJIEH HAYAJIbHOMY KOJIMYECTBY BELIECTBA:

C
hin= j . (6.6)
0
Kunetndeckoe ypaBHEHUE I HEOOPATUMOM PEAKITUH 1ep8o20 TIOPSIKa:
1. C
ky :;111?0 , pasMepHocTh k; [¢ '], [mum ']. (6.7)

HepI/IOI[ IMOJYIIPCBpAICHUSA TJIA HGO6p&THMOﬁ PCaKIuU IICPBOI'oO IMOpsAAdKa, HC 3a-
BHCHUT OT Ha4yaJbHOM KOHLCHTPAIMHU PCArupyromux BCIICCTB!

1 C 1
t,=—In—"-=—In2
172 kG2 k (6.8)
Kunetndeckoe ypaBHEHUE AJIT HEOOPATUMOM PEAKITUN 8710p020 TIOPSIIKA:
= C.C pasMepHOCTh [J1/(MoJIb-C)]. (6.9)

[Tepuon mosymnpeBpaiieHust AJjisi HEOOpaTUMOM peakIui BTOPOTo Mopsijika oOpaTHO
MPOMOPUMOHAICH HAYaJIbHOW KOHLIEHTPALUK PEarupyronux BEMIECTB:

)i — i CO _% CO — 1
" kH CO % CO kIICO

(6.10)

3aBHCHMOCTH CKOPOCTH peaKluM OT TeMieparypbl. OpUEeHTHPOBOYHYIO
3aBUCUMOCTb CKOPOCTH PEAKLHUM OT TEMIIEPATYpPHI ONpelesaeT ypaBHEHUE BaHt-
Todda:
L1
v, =v, 710, 6.11)
IZI€ Vi, U Vt, - CKOPOCTH XUMUYECKOM PEAKLUU [PU TEMIIEPATYPE COOTBETCTBEHHO t;
U t; Y — TeMOepaTypHbld KO3QPUIIMEHT peaKkiuu.
N3 ypaBHenus Bant-I'odda BeiTekaeT cBsI3b KOHCTAHTHI CKOPOCTH U TEMIIE-

paTypsbl: noBbiieHue Temneparypsl Ha 10° (10 K) yBennuuBaeT KOHCTaHTY CKOPO-
CTHU peakuuu B 2—4 pa3a:
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k.10
kr
Ypasnenue Appenuyca CBA3BIBa€T KOHCTAHTY CKOPOCTH PEAKLUUHU C YaCTOT-
HBIM (DaKTOpPOM A, SHepruei akTuBanuu £, u remneparypou 7

y= (6.12)

dink E
k=Ae " pnm T R;Z (6.13)

Kamanuz MOXHO onpenenuTh KaKk U3MEHEHHE CKOPOCTH XMMUYECKHX PEaK-
MM TIOJ BIUSHHUEM BEIIECTB — KaTAJIN3aTOPOB, MHOIOKPATHO BCTYITAIOLIUX B IIPO-
MEKYTOYHOE XMMHUYECKOE B3AMMOJACHCTBHE C YUACTHUKAMU PEAKIUU U BOCCTAHAB-
JMBAOIIMX ITOCIIE KAKIOTO IIUKJIAa TPOMEKYTOUHBIX B3aMMOJCHCTBUI CBOM XUMU-
YECKUM COCTaB. B 3aBUCHMOCTH OT arperarHoro COCTOSIHUS yYaCTBYIOLIUX B PEaK-
LMY BEIIECTB U KaTaan3aTopa pa3andyaroT TOMOTEHHBIM U I€TEPOre€HHbIN KaTaJIn3.

Crnenr(puyHOCTh KaTaau3aToOpPOB 3aKJIIOYAETCS B TOM, YTO OHH MPOSIBISIOT
AKTUBHOCTb JIMIIb B OTHOLICHHWHM OJHOW PEAKUMHU WM Y3KOM TPYNIbl PEaKIUi.
OcobeHHo crnienuuyuHO AelcTBUE OMOJIOTMYECKUX KaTaau3aTOpoB — (DEPMEHTOB.
DepMEeHTH! KaTaIU3UPYIOT NPEBPALLIECHUSA UL OTACIbHBIX XUMHUYECKUX COEIHU-
HEHUI, 1a)Ke eCJIM B PEaKIIMOHHOW CMECH HaXOJUTCS OOJIBIIOE YUCIIO CXOJHBIX O
CTPOEHUIO U30MEPOB JaHHOI'O BELIECTBA.

Peimenue THNIOBBLIX 33424

3agaua 1. Kak u3mMeHHTCS CKOPOCTh pEAKIIUU

250; (r) + Oa(y) = 2S04
€CJIM YMEHBIIUTh 00BbEM PEAKIIMOHHOTO COCY/ia B TpU paza?
Pemenue. Jlo u3mMeHenus o0beMa 3aKOH JEHCTBUS MAacC JUIsl pEaKIMU BBbIPAXKEH
ypaBHEHUEM:

v=k[SOF[0,].
BcnenctBue ymeHbleHHsT 00beMa KOHLIEHTpALMs Ka)XJA0ro U3 pearupyrommx Be-
LIECTB BO3pacTaeT B TpH paza. CiieqoBaTeNnbHO:
v =k@[sa,] ) @0,) =27kso Flo,].

CpaBHUBas BBIPAXKEHUS JJIsI L U L, HAXOAUM, YTO CKOPOCTh PEAKIIUHA BO3PACTET B
27 pas.
3amaua 2. [Ipu u3ydyeHur peakiyu pas3jioKEeHHs alleToHa B Tra30Boi (aze ObLIn
MOJIYYEHBI CIEAYIOLINE YKCIIEPUMEHTAJIbHBIE TaHHBIE!

Pow TOpp. 250 300 500
tp, MUH. 23,8 24,0 23,9

Onpenenute NOPsIAOK peaklMi U KOHCTAHTY CKOPOCTH.

Pemenue. [lepuon momypacmana B mpejennax ONMIMOKH U3MEPEHHUN HE 3aBUCUT OT
HAYaJIbHOM KOHUEHTPALMU all€TOHA B CMECH, UTO XapaKTEPHO ISl PEAKLIHUN 1nepeo-
2o nopsigka. CoriiacHO ypaBHEHHIO (6.8)
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K _In2_23-0301
"t 239
3agaua 3. BemectBo 4 cMemano ¢ BemiectBaMu B 1 C B paBHBIX KOHIICHTPALIHAIX
(Co = 1 momw/m). Uepes 1000 cexynn ocranock 50% BemniectBa 4. CKOJIBKO Bellle-
ctBa 4 octanercs yepe3 2000 cexyH (peakius IepBOro mopsiaka)?
Pemenue. /s HeoOpaTUMO# peakIuy MEPBOTO MOPSAKA, MCTIOIB3Ys ypaBHEHUE
(6.8), HaXOIMM KOHCTAHTY CKOPOCTH PEAKLIUU:

=0,029 mun .

 _In2
t]/Z
k = 23lg?2 _ 2,3-0,301 —693-10% ¢
1000 1000
[To ypaBHEHHUIO 1J1s1 peakUuu epBoro nopsaka (6.7), Haxoaum:
t C r A A

1,386 =2,3-1g100/A; 1g100/A =0,602; 100/A=4; A=25%

3agaua 7. YacTo BBICKA3BIBAETCS YTBEPKACHHUE, YTO MIPHU TEMIIEpaTypax, OMM3KUX
K KOMHAaTHOM, CKOPOCTbh PE€aKIMU YJBAaWBAETCS MPU MOBBILIEHUN TEMIEPATyphl Ha
10 °C. BbIuucianTe 3HEPTHI0 AKTHBAIMK PEAKIMH, CKOPOCTH KOTOPO# MPH MOBHI-
meHnn TemrepaTypst ot 27 1o 37 °C Bo3pacTaeT B JiBa pasa.

Pemenne. Cormacuo ypaBaenuio (6.13) k = Ae **'; 1o ycnosusim 3agaun:
kz/ kl = 2
ZefEa /RT,
CrnenoBarenbHO: 2= 7o E TR, -

Jlorapudmupys 3T0 BhIpaKEHHE, MOJIyYaeM:

E E
n2=0693=—"9%—| ——= - =
RT, ( RYI]’ rne ;=300 Ku 7, =310 K,

_0,693-8,314-(300-310)
310—-300

=5,36-10" kJ>x/MOJIb.

OTKYyJa a

Bonpocsl 1j1s1 CAMOKOHTPOJISI

1. YTO mMOHMMAIOT MO TEPMUHOM «CKOPOCTh XMMHUYECKOW peakuun»? Yem oT-
JIMYAKOTCS J1Ba TEPMUHA — «CKOPOCTb XUMMUYECKOW PEAKLHUU» U «CKOPOCTH
XUMHYECKOUN PEAKIINHU 110 JAHHOMY BELLECTBY»?

2. B xakux eaMHUIAaxX U3MEPEHUS BBIPAKAETCS CKOPOCTh XUMUYECKON PEAKIUU?

Mo>KeT JIu CKOPOCTh peaKIMU ObITh OTpULIATENbHONW BenrunHOM? UTO 03Ha-

yaeT 3anuck: W = —dCa/dt nis peakuuu A — B?

W
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4. Kak ¢hopmynupyeTcs OCHOBHOM MOCTyJIaT XUuMU4Yecko kuHeTuku? KakoB du-
3UYECKUI CMBICII KOHCTAHTBI CKOPOCTH PEAKIIUU?

5. Yto Ha3pIBaeTCA MOPSAKOM PEAKIMHU MO0 BELIECTBY M OOLIUM (IIOJHBIM) KHHE-
TUYECKUM MOPSAIKOM peakiuu? MoKeT 1 NOpsAI0K PEaKIK ObITh HYJIEBBIM,
IpOOHBIM, OTPULIATEITBHBIM?

6. Ot xakux (pakTOpPOB 3aBUCUT MOPSIOK JaHHOW peakuun? MoXKeT i MOpsIoK
M3MEHUTHCS B XOJI€ peaKkuu?

7. YKaxuTe pasMEPHOCTH KOHCTAHT CKOPOCTEW pEeaKUuid HYJIEBOIO, IEpPBOTIO,
BTOPOTO U TPETHErO MOPSAKOB. MOMXKHO JIM CpaBHHBATh KOHCTAHTBI CKOPOCTH
peakuMii pa3HbIX NOPSIKOB?

8. IloscHHUTE TEPMHUH «MOJIEKYJIIPHOCTBY» peakuuu. Ilouemy MOJIEKYISIpPHOCTB
peakumii He mpeBbIaeT Tpex? B ueM paznuune NOHATUN «IIOPAIOK» U «MO-
JEKYJISAPHOCTb» XUMHUYECKOW peakuun? MOKET 1M MOJEKYJISIPHOCTh OBbITh
00JIbIlIE WJIM MEHbIIE MOopAIKa peakuunu? J{as Kakux peakiuil HopsaoK U Mo-
JEKYJSIPHOCTB BCETJa COBIAIAOT?

9. Kakyro uH(popMannio 0 XUMHUYECKOW peakld MOXKHO IOJIYYUTh U3 3aBHCH-
MOCTH KOHIIEHTPALIMH PEAarupyrolero BemecTsa OT BpeMeHu?

10. Yrto 03HauaeT TEPMUH «IEPHUOJ MoJypacnana»? MOKHO JIH €ro MPpUMEHSTh K
peakLusiM BTOPOTO U TPETHETO MOPSIKOB?

11. Kaxk Bnuser Temreparypa Ha CKOPOCTbh XUMUYECKUX PEAKIIAN?

12. OOBsICHUTE CMBICT TOHATHUS «3HEPIus akTuBaumu». Kak sHeprus akTuBauuu
CBA3aHa C 3aBUCHMOCTBIO CKOPOCTH PEAKIUHU OT TEMIIEPATYpPhI?

TEMA 7. HOBEPXHOCTHBIE SABJIEHUA U AACOPBLIUA
OCHOBHBIE BOITPOCBI

[ToBepxHOCTHBIE siBJICHUS. TepMOIMHAMHUKA TOBEPXHOCTHBIX siBJieHU. CBOOOIHAS
noBepxHocTHas sHeprus. [loBepxHocTHOe HaTspkeHue. CopOuus: aacopOuus u
abcopOuus, ¢puznueckas U xumuueckas ajgcopomus. [lonstus: agcopOeHT, aacop-
Oar. AncopOuus Ha TIaJKUX MOBEPXHOCTSIX U MOPHUCTHIX TBEPABIX aJCcOpOCHTAX.
VYpaBuenus uzorepmel agcopouuun: Opeitnanuxa, Jlharmiopa, ['nbd6ca. Kanmi-
JsipHas KOHJeHcalus. AJcopOIusi U3 pacTBOPOB Ha TBEPJOM ajcopoeHTe. Bius-
HUE Ha BEJIUYUHY aJCcOpOLUU MPUPOJBI afcopOeHTa U ajcopOara, KOHIEHTPALUU
agcopOara, npupoabl pactBopurens. M3ouparenbHas aacopouus. AAre3us U Kore-
3uss. I'mapopoOHOCT, H  TUAPOGUIBLHOCTH MOBepxHOcTeW. IloBepXHOCTHO-
aKTUBHBIC BEIIECTRA.

METOANYECKUE YKA3AHUA

N3yuenune pasnena HAYHUTE C MOHSATUS «IIOBEPXHOCTHAS dHEPrus» (oOpaTu-
tech k Teme ). Cnemyer pa3oOparbesi, B KAKOM CIy4dae MPOUCXOIUT BO3PACTAHUE
MOBEPXHOCTHOM SHEPIrUH, U KaKOe CYIIECTBYET MAaTEMATHUYECKOE BhIPAKEHHE, CBSI-
3bIBAIOIEEC TMMOBEPXHOCTHOE HATSHKEHUE U IUIONIAAh TOBEPXHOCTH. YSICHUTE, Ka-
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KHE MTOBEPXHOCTHBIE SIBIICHUS C TOYKHU 3PEHUS] XUMMUYECKOW TEPMOJAMHAMUKHU MO-
I'yT POTEKATh CAMOIIPOU3BOJIBHO.

O3HAKOMBTECh C HOBBIM SIBJIEHUEM — copbyus W pa3zdoepute TEPMHUHBL: aj-
copOuusi, aacopOeHT, aacopoar, abcopOrus, pusnyeckas aacopOIys, XuMudecKas
aacopomus. [TogpoObHO M3yunTe 3aBUCUMOCTH BEJIMYHMHBI aJICOPOIMN HA TBEPAOM
TeNe - aficopOeHTe OT JaBJCHMs ra3000pa3HOro BELIECTBa — ajacopOara, KoTopas
BBIPAKAETCA U30TEPMOM aACOpOIMHU (AMIUPUYECKUM ypaBHeHHEM) DpelHnxa.
OOparure BHUMaHHUE, YTO NMPUMEHEHHE ypaBHEeHUs DpeilHaiixa OrpaHU4eHO Ma-
JBIMU JTaBICHUSIMH ajicopbata u 4Tto 0oJiee yAOBICTBOPUTEIBbHYIO KOJIUYECTBEH-
HYIO XapaKTepUCTHKY aJCOpOLMHU, KaK MPU HU3KUX, TaK U IPU BBICOKHUX JaBJICHU-
X aJIcopOMpPyeMOro BELIECTBA 1a€T YpaBHEHHE U30TEPMbI ajcopoumu JIrHrMiopa.
N3yunTe BO3MOXKHOCTH I'paUUYECKOTO ONpEe/eNICHUsT KOHCTAHT M BEIUYUHBI a-
copO1uu, BXo X B ypaBHeHus Opeitnanuxa u JIsHrmiopa.

Taxoke cnemgyer pa3oOpaThbesi, B KAKMX CIydasX Ha TBEPHABIX MOBEPXHOCTSIX
BO3MOKEH MIEPEXO]1 OT MpoLecca acopOuM K KaIWUIIPHON KOHACHCALIUH.

[TonpoOHO M3yuHnTE peanusalnuio aJcopOIu U3 pacTBOPOB HA TBEPAOM aj-
copOeHTe. 3aMeThTe, UTO B ATOM CiIydae JUIsl pacueTa BEJIMYMHBI aJCOPOLIUU TAKKe
NPUMEHSIIOT ypaBHeHus1 OperiHanmmxa u JISHrMiopa, 3aMEHHUB TaBICHUE PaBHOBEC-
HOM MOJISIPHOM KOHIIEHTpallMel BellecTBa B pacTBope. BHuMarenbHO pazdepute
(bakTOphl, ONPEECISAIONIYI0 BEIUYUHY aJCOPOLMH M3 pAcTBOPOB HA TBEPIAOM all-
copOeHTe: MPUPOAY U BEIUUYHHY IMOBEPXHOCTU aICOPOEHTa, MPUPOY PACTBOPEH-
HOT'O BELIECTBA U PACTBOPUTENS.

Onpenenute CynHOCTh M30MpaTenbHOU aacopOuuu. OOpatuTe BHUMAaHUE,
4YTO IpPU U30MpaATEIIbHON MOHHOM a7copOIuu BaXHOE 3HAUEHUE UMEIOT MPUpOJa,
3apsij, BAJICHTHOCTb M paauyc ajacopOupyemoro moHa. IIpum n3ydeHMHM HaHHOTO
nojipasziesia BHOBb CJeIyeT oOpaTUThCA K TeMe | U BCIIOMHUTH TEPMUHBI: CMaydH-
Ba€MOCTb, TUJIPOPUIBHOCTh U TUAPO(POOHOCTH MOBEPXHOCTHU, a TAKXKE 3ayUUTh
HOBBIE: aIr€3Ms U KOTe3HUsl.

Jlanee cieayeT pacCMOTPETh IMPOLIECC CAMOINPOU3BOJIBHOW aacopOLuu Ha
I'PaHULIE PACTBOP — ra3. 3allOMHUTE, YTO MOBEPXHOCTHOE HATSHKEHHE pacTBOpa G
MOYTH BCETr/Ia OTJIMYAETCS OT MOBEPXHOCTHOTO HATSYKEHUSI YHCTOI'O PACTBOPUTENS
Go M YTO JJIsi CHUKEHUS MOBEPXHOCTHOTO HATSXKEHUS PACTBOPUTENS MPUMEHSIOT
noBepxHocTHO-akTUBHBIE BenlecTBa (ITAB). Pa3zoepure posb [IAB Ha KOHKpETHBIX
npumepax.

Kpartkuii Teopernyeckuii MaTepuall

[Ipu paccMOTpeHHM TIOBEACHHS MOJEKYJ TOBEPXHOCTHOTO CJOS YKHIKOCTH
Ha TpaHuIle ¢ Ta3oM (cM. TeMa I) ObIO MOKa3aHO, YTO HAXOMASIIMECS Ha ITOH IMo-
BEPXHOCTH MOJIEKYJBl O0JIa/Ial0T 3aracoM IMOTEHIMATbHOM DHEPTUU — TOBEPX-
HOCTHOMU »Heprueid. C yBelInueHHEeM MOBEPXHOCTH BO3PACTACT W MOBEPXHOCTHAS
sHeprus. [loBepxXHOCTHAsI YHEPTHUST BO3pACTACT W MIPH TaKOM IIpollecce Kak Apoo-
JICHWE TBEPJOro Teja B Ta3e WIW KHUAKOCTH, KOTOPOE COMPOBOKIACTCS YBEIHUE-
HUEM MOBEPXHOCTH pazjeina ¢as.
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Ecnu npoGnenue ogHo#l Ga3bl B Ipyroil UIET B U30TEPMUUYECKUX YCIOBHUSAX
U TpU MTOCTOSIHHOM 00bEeME, TO U3MEHEHUE PHEPTUU MOBEPXHOCTH PABHO M3MEHE-
HUIO U30XOPHO-U30TEPMHUYECKOTO OTEHIINANIA!

F=0S, (7.1)

rae F — noBepxHocTHas sHeprus, H-M, niam n30X0pHO-U30TEPMUYECKUI TIOTEHIIU-
a;

0 — MMOBEPXHOCTHOE HaTshKeHue, H/wm;

S — MIOMIA/b TOBEPXHOCTH, M.

CornacHO BTOPOMY 3aKOHY TEPMOJMHAMHUKHA CaMOIPOU3BOJIBHO HUIYT TE
MPOIIECChl, NPU KOTOPHIX H30XOPHO-U30TEPMUUYECKUN mOoTeHuuan — F -
yMeHbIaeTcsi. B reTeporeHHbIX cucteMax BO3MOXKHBIM ITyTeM yMEHbIIeHUs1 F sB-
JISIeTCS COKpalleHUe MOBEPXHOCTH. Tak Kak MOBEPXHOCTh TBEPIBIX TEJ CAMOIPO-
U3BOJIBHO COKPAIAThCSl HE MOXKET (SIBJSIETCS MOCTOSHHOM BEIIMYMHOI), CaMOIpo-
U3BOJIbHOE YMEHBIIEHUE TOBEPXHOCTHOM HSHEPTHUM MOXKET OBITh PE3yJIbTaTOM
CHUKEHHUSI IOBEPXHOCTHOTO HATSIKEHUSA G IIPU MOTJIOIEHUH MOJIEKYJ UJIN PACTBO-
PEHHOT'0 BEUIECTBA MOBEPXHOCTHIO TBEPJIOTO TEA.

SIBNeHHE MOTJIOIIEHUS! TBEPJbIM WIIM KUJIKUM TEJIOM BEIIECTB W3 BHEIIHEH
cpeabl Ha3biBaeTcst copoyueti. CopOLus, MPOUCXOAsIIAs TOJbKO HA MOBEPXHOCTU
Tesa, Ha3bIBaeTcs agcopOuueil. Eciu ke noriomnieHre npoucxoauT BCeEM 00bEMOM
MOTJIOTUTENIS, TO TAKOE SIBIICHHE Ha3bIBaeTcs adcopOiuent. Cuiibl B3aUMOIEUCTBUS
azgcopOeHTa u ajcopOara, onpeeaonIe acopOInIo, pa3IuyHbl, U 00BIYHO pac-
CMaTpUBAIOT JBa KpaHMX cliydasi, Korja ajacopOuusi xapakrepusyercs (puznue-
CKMMU (BaH-Jep-BaaJIbCOBBIMU) TUOO XUMHUYECKUMH B3aUMOICHCTBUSIMU.

AncopOrus MOXET UATH Ha MOBEPXHOCTH pasjelia cieayromux ¢as: ras-
TBEPJIO€ TEJIO0, PACTBOP — TBEPJIOE TEJIO, a3 — PaCTBOP, KUJKOCTh - pacTBOp. Al-
COpOITMIO BBIPAXKAIOT B MOJISIX TMOTJIOMICHHOTO BellecTBa (ajcopbaTa) Ha KBaapaT-
HBIM MeTp nornoTutens (agcopoenta). OMHAKO MOBEPXHOCTh MOTJIOTUTENS HANTH
TpyJHEEe, YeM €ro Maccy, M03TOMY YacTO aJCOPOIUIO BBHIPAXKAIOT B MOJIB/KT, a aj-
COpOITUIO ra30B — B KyOMUECKUX METpax Ha KUJIOTPaMM.

Aocopbyus eazos meepovimu adcopoenmamu. BennurHa aacopOLuM 3aBH-
CUT OT MIPUPOJBI ajcopdbaTa U aacopOeHTa, OT TEMIEpaTyphl U OT JABJICHUS Ta3a
azgcopOara. 3aBUCUMOCTh aJCOPOLIMKU OT JaBJICHUS Ta3000pa3HOIO BEIECTBA BbI-
pa)kaeTcs SMIUPUIECKUM ypaBHEHMEM DpelHmxa:

1
X 1
=a P (7.1)
IJie X — KOJIMYECTBO aicopbaTta B MOJSIX WIH 0OBEM B M'; M1 — MAcca MOTIOTUTENS
(ancopbOenTta), kr; P — naenenwue, [la; a u n — KOHCTaHTHI, XapaKTepHbIC IS J1aH-
HOTO Tpouecca aacopouu (n > 1).

Tak xak 3TO ypaBHEHHE CIPABEUIUBO TOJBKO MPH MOCTOSHHON TeMIlepary-
pe, TO €ro Ha3bIBaIOT uzomepmou aodcopoyuu. KOHCTaHTBI a U n B ypaBHEHHUH
OpeiiHanuxa MOTYT ObITH ompeseeHbl rpadguueckum crocodoMm. C 3TOH 1EelNbio
YPaBHEHUIO JOTapU(MUPYIOT:
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1
et =lga+-lgP. (7.1a)
m n

Jlamee B norapu(MHUYECKUX KOOpIWHATAX CTPOSAT TpaduK H30TEPMBI a-
copOImu: 1Mo OcH abCIHUCC OTKIIABIBAIOT JIOTapU(PMbI PABHOBECHBIX JaBleHUi 1gP,
a o ocHU OpAMHAT — Jorapu@msel aacopouuu lgx/m. M3oTepma mpencraBiseT co-
0o0if npsmyro auHUIO (puc. 7.1).

Ecnu ke 3Ty mpsiMyto IpOAOKUTE JI0 TIEPECEUSHUS €€ ¢ OChI0 OPAMHAT, TO

. . X
OHa Ha HEW OTCeYeT OTPe30K, paBHbIN 1ga. Ecom 1gP = 0, To lg— =lga. TanreHc xe
m

yriia HaKJIOHa 3TOM MPsIMOM K ocu abciuce ecTh 3HaueHue 1/n.

lg x/m

g a[
Ig p
Puc. 7.1. Jlorapudmuueckas uzotepma aacopouuu Opelinanmxa

Opnnako ypaBHeHne dpelHyMXa HEMPUMEHUMO B O0JACTH MalbIX U 0O0JIb-
IMX JaBJICHUH agcopOupyemoro BemecTBa. CpaBHUTENIBHO yIOBIETBOPUTEIBHYIO
KOJIMYECTBEHHYIO XapaKTEPUCTUKY acOpOLMHU, KaK MPU HU3KUX, TaK U TPHU BBICO-
KHX JIaBJICHUSAX aICOPOMPYEMOr0O BEIIECTBA 1a€T YPaBHEHUE U30TEPMBI aAcOPOLIUN
JIpHrmropa, BEIBEICHHOE HA OCHOBAHUU MOJIEKYJIIPHO-KMHETUYECKOU TEOPUU:

P
r=r,— (7.2)
“P+b’
rae [’ — KOJUYeCcTBO aJcopOUpyeMOro BemecTBa (MOJb) €IUHUIICH MOBEPXHOCTH
norJIoTUTENs; I, — KOJTUYECTBO aJCOPOMPYEMOTO BEIIECTBA B MOJISIX MIPU MOJHOM
HACBIIIIEHUU €IMHUIIBI TOBEPXHOCTH; P — naBjeHue; b — KOHCTaHTa ajcopOIMOH-
HOT'O PAaBHOBECHSI.

Jlns onpenenenus I, u b rpapudeckum cnocoOboM HEOOXOIUMO ypaBHEHUE
JIbHrMIopa npuBecTU K JUHEWMHOMY BUIy. C 3TOM 1EibI0 €AUHUILY JEJAT Ha 00€
YaCTU YPaBHECHUS:

I b 1 1

. +_
I TP T (7.2a)

Ecnu Ha ocu abcuucce oTa0XuTh BearuuuHy 1/P, a Ha ocu opaunar 1/17, To Ha
rpaduke momyuutcs npsimasi uHus (puc. 7.2). 3 npeoOpa3oBaHHOTO ypaBHEHUS
JIbarmropa crnenyer, yro ecau 1/P =0, o 1/I"= 1/,
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CrnenoBatelibHO, €ClIM MPSIMYIO JIMHUIO TpauKka IpOJOJIKUThH 10 Mepeceye-
HUS C OCbIO OpJIMHAT, TO 0Tpe3ok OA Ha ocu opauHat Oynaet paseH 1/1°,,. Tanrenc
yrjla HaKJIOHAa ATOM MpsMOM K ocu abcmucc ecTh 3HaueHue b/l tgp = b/, =
BC/AC.

OnpenenuB rpa@uvIecKUM METOJAOM KOHCTaHTy [, KOHCTaHTy b Temepb
MOXHO TaK>K€ pacCuuTaTh U3 ypaBHEHUs JISHrMIOpa.

1./T
_'_'_'_,_,da-"'"'
B///"
A :/’_"’_/_f_ij
C
0 1/P

Puc. 7.2. I'paduueckoe onpeeneHue KOHCTAHT [ ,, U b, BXOJAIIUX
B ypaBHEHUE ajcopoumu JIsHrMIopa.

Kanunnapnas xonoencayus. KanumisipHas KOHIEHCAlUsi B CaMOM Hadaje
MOKET paccMaTpHBaThCS KakK aJcopOUMOHHBIN mpouecc. OgHako npu copOuuu
NapOB Ha TBEPJIBIX NOPUCTHIX aJCOPOEHTaX MPOLIECC MOXKET NEPEUTH B KalUIUISP-
HYI0 KOHJEHCalNio. AJCOpOUpYsICh Ha CTEHKaX Mop (KamwuIsipoB) copOeHTa, map
KOHJICHCUPYETCS B JKUJIKOCTh. ECIIM )KMJIKOCTh XOPOIIO CMAa4MBAET NOBEPXHOCTH
TBEPJOIO Tejla, CaMble TOHKHE KAaIWUISPbl 3alOJHSIOTCS JKUJIKOCTBIO, 00pa3ylo-
LI BOTHYTBIM MEHHUCK. /[aBieHre HACBIIIEHHOrO napa HaJl BOTHYTBIM MEHUCKOM
BCETJja MEHBUIE JIABJICHUS M1apa HaJl IUIOCKOW MOBEPXHOCTHIO )KUJIKOCTH U ITO3TOMY
nap Ha4YHET KOHJEHCUPOBATHCS HAJ BOTHYTHIM MEHHCKOM U KalWJUIAPHI 3alO0JIHS-
I0TCS JKUJKOCTBIO.

Aocopbyus u3z pacmeopos Ha meepoom aodcopbeHme — Tpoliecc Oomee
CIIOXHBIN, ueM azncopOuus ra3oB. PacTBOpbI, KAK MUHUMYM, SBIISIFOTCS JIBYXKOM-
MOHEHTHBIMH CUCTEMAaMH, COCTOSILIUMHU U3 PACTBOPEHHOTO BEIIECTBA U PACTBOPHU-
tens. [Ipu ancopOunu TBEpABIM TEJIOM U3 pacTBOpa B ypaBHeHUsX DpeiltHaiuxa u
JIburmropa nmaBienne P 3aMEHSIOT BEJIMYMHOM PABHOBECHOW MOJISIPHOM KOHIIEH-
Tpauuu C:

1
x —
= .Cn.
—=a-C; (7.16)
r=r.-¢ (7.26)
C+b

Ecnu xe apcopOumsi kakoro-Jim00 BEIIECTBA MPOUCXOIUT Ha MOBEPXHOCTH
pacTBopa, TO 3TO MPUBOJNUT K M3MEHEHHUIO MTOBEPXHOCTHOT'O HaTshKeHHs. Komnde-
CTBEHHOE COOTHOIIICHHE MEXIY BEIUYMHOW aJcopOIMH M M3MEHEHHEM TOBEpPX-
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HOCTHOTO HATSDKCHHMSI C KOHIICHTpAallMeld pacTBOpa ONpENesieTcs ypaBHEHUEM
I'ub6ca:

C oo
=——02.272 (7.3)
RT oC
2
rae I — agcopOuus — M30LITOK pACTBOPEHHOTO BEIIECTBA, MOJIL/M
C — MoJIsipHast KOHI[EHTPAIHsI PaCTBOPEHHOTO BEIIECTBA B PACTBOPE, MOJIB/II;
R — rasoBas nocrosuuas, J[x/(mons-K); T — temneparypa, K; o — noBepxHocTHoe

HaTsbKeHue, H/M.

O
I[J'I}I HpI/I6J'II/DKCHHBIX pacuCToOB —~ MOKHO 3aMCHUTDb HA BBIPAKCHHC:

oC
do_o,-0,
oC c¢,—¢
Torpa
r-_G o-a (7.4)
RT C,—-C,

W3 ypaBHEHUs clenyeT, YTO €ClIU C YBEIWYEHUEM KOHUEHTPALMH PacTBO-
PEHHOr0 BEIIECTBA MOBEPXHOCTHOE HATSHDKEHHE YMEHBILAETCS, TO aacopOuus mo-
J0XUTENbHA. ECM K€ pacTBOPEHHOE BEIIECTBO MOBEPXHOCTHOE HATSXKEHHUE T1O-
BBIIIACT, TO aICOPOLIUS OTPUIIATEIIbHAS.

AncopOuys U3 pacTBOPOB OMPENEISETCS HE TOJBKO CHJIAMU B3aUMO/ICH-
CTBHUS MEX]Iy MOJICKYJIaMU PaCTBOPEHHOTO BEIECTBA U aICOPOCHTA, HO U B3aUMO-
JIEUCTBUEM PACTBOPUTENIb — AJCOPOEHT M PACTBOPUTEIh — PACTBOPEHHOE BEIlle-
ctBo. EciM pacTBOpeHHOE BEIIECTBO — D3JEKTPOJIUT, TO MPOLECC aacopOuuu
OCJIOKHSIETCSl €lle M TEeM, YTO B 3TOM CIIy4ae aJCOpPOMPYIOTCS HOHBI, HECYLIUE
AIEKTPUYECKUH 3apsi.

bonbiioe BiusiHUE Ha aJCOPOLIMIO M3 PACTBOPOB OKA3bIBAIOT MPUPOAA afl-
copOeHTa, MpUpoJia paCTBOPUTENS U IPUPOAA PACTBOPEHHOTO BEIIECTBA.

Ilpupooa aocopbenma. Bce ancopOEHTHI MOKHO pa3OWTh Ha JIBa THUMA: TH/I-
podubHbIE, KOTOPHIE XOPOIIO CMA4YMBAIOTCA BOAOW (IECOK, TJIMHA, MOPHUCTOE
CTEKJIO) U TuipodoOHBIE, KOTOPbIE HE CMAYyMBAIOTCSI BOJIOW, HO CMAaYyUBAIOTCS He-
MOJISPHBIMU  OPTAHMYECKUMU JKUJIKOCTAMH (aKTUBUPOBAHHBIA yTOJb, TaJbK).
bonbiioe 3HaueHWe MMEET MOPUCTOCTh AJCOPOEHTA: YeM MEHbIIE TOPhI, TEM
OO0JIBIIIE TOBEPXHOCTH COPOCHTA U €r0 acCOPOIMOHHAS aKTUBHOCTb.

IIpupooa pacmeopumens. KuakocTH, XOpOIIO CMaYUBAOIINE TOBEPXHOCTh
TBEPJBIX TN, OOBIYHO MMEIOT HEOOJBIIOE MOBEPXHOCTHOE HaTshkeHue. M3 Bcex
MPUMEHSEMBIX PAaCTBOPUTEIIEH BOJIa UMEET caMoe OOJIBIIIOE TOBEPXHOCTHOE HATSI-
YKEHHE; MOBEPXHOCTHOE HATSHKEHUE OPraHMYECKUX PACTBOPUTENICH 3HAYUTEIIBHO
Huxe. [loaromy, kak npaBuiio, afcopOLUs JIydllle UAET M3 BOAHBIX PacTBOPOB U
Xy’K€ U3 pacCTBOPOB C OPraHUYECKUMH PACTBOPUTEIISIMH.

IIpupoda pacmeopennozo eewyecmsa. B obuiem ciayyae MOXKHO CKa3aTh, YTO
ruapodoOHbIe ancopOCHTHI JTOJDKHBI JIy4YIle aJcOopOMpOBaTh OpPraHUYECKHE Ou-
@unvHble (CcocTOsAME U3 JIBYX YacTei: MOJSPHOM M HEMOJSPHON) BellecTBa W3
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BOJIHBIX PacTBOPOB; TUAPOGUIBHBIE aJICOPOSHTHI JODKHBI JIydllle aicopOMpoBaTh
WX W3 HETIOJIIPHBIX WK CIa0OTMOJISIPHBIX PACTBOPUTEIICH.

[Tpu agcopOImH AIEKTPOIUTOB TBEPIBIMHA aJCOPOCHTaMU HAOIIOJACTCS 13-
oupamenvras adcopdbyus: MPEUMYIECTBEHHAs aJIcOpOIUs KaTHOHA WM aHHWOHA.
Benuunna m30uparenbHON aacopOumMu Ompenensercs ClAeAyIoMUMH (aKkTopaMu:
PUPOION ancopOeHTa, MPUPOION MOHOB, UX BAJIEHTHOCTBIO, PAIUYyCOM M CTETIe-
HBIO THApaTanuu. Yem OoJibllie BAIGHTHOCTh MOHA, TEM JIyUIIle €ro afcopOIus; u3
MOHOB OJJMHAKOBOM BAJICHTHOCTH JIy4Ille aJICOPOUPYETCs MOH HAMOOJBIIIETO pajau-
yca; HAJIMYHe THAPATHON 000JIOUKH MPETSATCTBYET aICOPOIINH.

Aocopbyus na epanuye pacmeop — 2a3. B cmydae maHHoro Buaa aacopOuuu
MOBEPXHOCTHASI SHEPTUs CaMOIIPOU3BOJIBLHO YMEHBINASTCS Onaromaps CHUKCHHUIO
MOBEPXHOCTHOTO HaTsKeHHs. [[oBepXHOCTHOE HATSHKEHHE pacTBOpa G MOYTH BCe-
I7la OTJINYAeTCs OT MOBEPXHOCTHOTO HATSHKCHHS YUCTOTO PacTBOPHUTENS G,. Berrre-
CTBa, KOTOPbIE YMEHBIIAIOT MOBEPXHOCTHOE HATSXKEHUE PACTBOPHUTEINSI, HA3bIBa-
10TCS nogepxHocmuo-akmueuvimu seujecmeamu (ITAB).

Peimenue THNIOBBIX 32424

3agaua 1. BerauciuTe BeTHMUMHY acopOIyy aproHa Ha yrie npu —78,3 °C B M/kr
(mpUBENEHHBIM K HOPMAJIbHBIM YCIOBUSAM), €CIM JAaBJIEHUE aproHa paBHO
1,01-10° [Ta, a = 4,83-10° m’/kr, 1/n = 0,6024.
Pemenue. /Ins pacuera mpumeHsieM ypaBHEHHE M30TepMbI ancopouuu dpeinpim-
xa. [loacTaBisist ONBITHBIE TAHHBIE 3a/1a4¥ B YPaBHEHHUE, PACCUUTHIBAEM BEITUUYHHY
a7IcCopOITHH:

X 1

—=qa- p” :

m

L —483-107-(1,01-10°)*%*= 0,06 MY/kT .
m

3amaya 2. BeryuciauTe BeIWYMHY aJCOPOIMU a30Ta CIIIOJION MpHU TeMmmepaTrype
90 K B M’/kr (mpuBeeHHbIX k TemnepaType 20 °C u pasnenuio 1,013-10° Ila), ec-
v gaBneHue azota pasuo 3173 Ila, 7, = 0,0385 Mm/kr, b = 847.

Pemienne. [yt pemieHust 3agaydl  BOCIIOJIB3YEMCS YPAaBHEHHEM H30TEPMBbI
JIbarmropa. IloacTaBisisi B ypaBHEHHE OTBITHBIC JaHHBIC, HAXOJUM BEIMYUHY ajl-
copOuuu:

r=r -2
p+b
3173
I'=0,0385———— =0,0304 m’/xr.
3173+847 Mk
3anaua 3. Mcxons u3 ciienyronux JaHHBIX afcopOiuu a3ora Ha ciroze mpu 90 K
(mpuBeneHHbIX K Temneparype 20 °C u gasnennio 1,013-10° Ila), rpadmueckum

METOJ/IOM OTIPE/IeTTUTE KOHCTaHTHI @ U 1/n B ypaBHeHnn dpeinmxa:

| P, Ia | 5300 | 9900 | 1730,0 | 2370,0 | 45300 |
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| x/m, /e | 00149 | 00191 | 00242 | 00273 | 0,0368 |

Pemienne. [l HaxoXaeHUsS KOHCTAHT a M 1/n rpadudeckum criocoboMm HeoOXo-
JTUMO TIOCTPOUTH TpaduK JorapupMuIecKor H30TepMsbl agcopOruu. s moctpoe-

HUs rpaduka Ha ocu abCIce OTKIaabpIBaeM 1gP, a Ha ocu opauHat — lgx/m (puc.’.
3).

1gP 2,724 2,995 3,238 3,375 3,656
lg x/m —1,827 -1,719 -1,616 —1,564 —1,434
lg o —lgp
w'm 4 5 1 1.5 T 5 E 3E 4
B
15 ___'_--rf'_d
] - = - |
- - I
'j T 3 |
55

Puc.7.3. Jlorapudmuyeckas usorepma ajacopOIuu K 3aaaye 3.
N3 pucynka 7.3 onpeaensieM:

lga =-2,98, a=1,0510" m/kr 1/n=tgo
Taurenc yrja paB€H OTHOHICHHWIO ITPOTHUBOJICKAIIICTO KATCTa K IIPUJICIKAIIICMY .

tg o = BC/AC. BC=1,18; AC=2,8.
1/n=1,18/2,8 = 0,42.

3amaua 4. Omnpenenurs axcopouuo mpu 15 °C Ha IOBEPXHOCTH pacTBopa
M30BaJIEPUAHOBON  KHUCJIOTBHI MOJISIpHOM  KoHIeHTpamuu 0,25 monb/n, eciu
TOBEPXHOCTHOE HATSKEHHE pacTBopa paBHO 35,0-107° H/M, a mOBepXHOCTHOE
HaTsDKeHHe Boxbl pu 15 °C paBro 73,49-10° H/m.

Pemienue. [Ins HaxoxneHuss ajcopOIMu npuMeHuM ypaBHeHue [ubOca.
KOHLIEHTPAIIMIO ~ PACTBOPA MEPECYMTaeM B  MOJB/M’, OIBITHBIC JAHHBIC
MOJICTaBJIsIEM ¢ ypaBHeHHEe [ 100ca 1 paccunuThIBaeM afcopOITHIo:

__ G oo
RT C,-C,
250 350-10° —7349-10° )
_ 2% ’ ~161-10°° 2
8315-288 250—0 MOJIB/M

BOHpOCbI U 3aJ1a94 JJIs1 CAMOKOHTPOJIA

1. JlaiiTe onpeneneHus] TIOHATUSAM: COpPOITHs, aacopOIus, abcopOIus, 1ecopOIus.
[IpuBenute npuMepsl.
2. OOBsICHUTE BO3MOIKHBIE MEXaHU3MBI aJCOPOITHH.
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UYro Takoe akTUBMpPOBaHHAsI aICOPOIMS U KaWJUISIpHAsl KOHAEHcaLus?

Kakue ¢axTops! BIustoT Ha agcopbuuto? B ueM BbipakaeTcs Ux aenctue?

[TpuBenuTe ypaBHEHHs, BBIPAKAIOLIUE 3aBUCUMOCTh aJCOpPOLUU OT JaBJICHHUS.

[Ipu BCAKMX M NABJICHUSX CIIPaBEUIMBBI 3TH YPABHEHUS?

6. Ilokaxkure, €CTh JM CBSI3b MEXKY SMIUPUYECKUM ypaBHeHHEeM DpelHmxa u
ypaBHeHHeM JI3HrMIopa.

7. B 4em cOCTOMT CYIIHOCTh TpaUuecKoro MeToja OMpEeNeHHs KOHCTAHT B
ypaBHeHUsX @peringnuxa u JIanrmropa?

8. Uto Takoe MOBEPXHOCTHOE HATSIKEHUE U KAaK OHO BOZHUKACT?

9. B kakoMm cnydae B ypaBHeHUAX DpevHnuxa u JI3HIMIOpa BMECTO JaBJICHUS
azcop0aTa MCIONb3YIOT €r0 MOJISIPHBIE KOHLIEHTPALUu?

10.Kakue nmoBepxHOCTH HA3bIBAIOT TUAPOPUILHBIMUA U TUAPOPOOHBIMHU?

11.Yt0 Takoe cMauyMBaHUE U KaK MOXHO OOBSICHHUTH 3TOT IPOLECC C MO3ULUHN
MEXMOJIEKYJIIPHOTO B3aUMOJIECHCTBHSA?

12. [laiiTe onpeaeneHre u NpyuBeIuTe NPUMEpPHI U30MpaTENbHOMN a1copOLuu.

13.[losicHuTe, Kak BIUSIOT HAa BEIMYMHY aacopOuuu (pacTBOp — TBEPAOE TEIIO)
npupojia aacopOeHTa, paCTBOPEHHOTO BELLIECTBA U PACTBOPUTEIIS.

14.Kakne BemecTBa Ha3bIBaIOT MMOBEPXHOCTHO-aKTUBHBIMU? [IprBeauTe npumepsl
[TAB.

15.Hanumure ypaBHEHHE KOJIMYECTBEHHOTO COOTHOIIEHUSI MEKy BEITUYHMHON aj-

copOIMH, U3MEHEHUEM MTOBEPXHOCTHOIO HATSKEHUSI U KOHLUEHTpAIMeR pacTBo-

pa. B 4eMm coCcTOUT MpakTUYECKOE 3HAUEHUE ITOTO YPABHEHHUS ?

SNhs W

TEMA 8. [IlucniepcHblie cUCTEMBI.
PacTBOpBI BHICOKOMOJIEKYJISPHBIX COCAMHEHUN

OCHOBHBIE BOITPOCBI

Hucnepcubie cuctemsl. Knaccuduxarus nucnepcHbix cucteM. ONTHYECKUE sIBiIe-
HUS B JIUCIEPCHBIX cHCTEMaxX. MeTobl MOJyYEHUsl IHUCIEPCHBIX CHUCTEM. 30JIH.
Cycnen3un. Omynbceun. llensl. IlacTel. YcToWUMBOCTh IUCHIEPCHBIX cUCTEM. Tep-
MOJAMHAMHYECKHE U KUHETUYECKUE (PAaKTOPhl arperaTuBHOM ycToMuuBoCcTH. Cenu-
MEHTalus. DJIEKTPOKMHETHUUECKHE SIBJIEHUS. MeXaHu3Mbl 00pa3oBaHUsl U CTPOe-
HUE JIBOMHOTO DJJEKTpUUECKOTo clios. Muremiooopa3zoBanue. Koarymsius.
CrpykTypooOpa3oBaHHe B KOJJIOMJIHBIX CHCTEMaX.

PactBOpbl BhICOKOMOJIEKYJISIpHBIX coenuneHuit (BMC). DnexkTpuueckue, MoJeKy-
JSPHO-KUHETHYECKHE M onTuueckue corictBa BMC. WM3o03mekTpudeckas Toyka.
Crenenp HaOyxanus u ckopocth Habyxanuss BMC. I'enu. Cryguu. [omykomnoun-
JbI.

METOANYECKUE YKA3AHUA

N3ydyeHne 1aHHOM TEMBI CIEAYET HAYaTh C HOBBIX OIPEICIICHUM: AUCIIEepC-
Has cuUcTeMa, aucrnepcHas (aza, TUCTIEPCHOHHAs Cpejia, CTENEeHb AUCIEPCHOCTH
BemiecTBa. Mccnenyiite kiaccuuKaiuio JUCIIEPCHBIX CUCTEM T10 pa3Mepy YacCTHIl
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JTUcniepcHON (a3bl U arperaTHOMY COCTOSIHMIO TUCIEPCHOM (pa3bl U JUCHIEPCHOH-
HOU cpenibl. AKIEHTUPYWTE BHUMaHUE Ha KOJUIOMJHBIX cucTteMax. PaccMoTpute
BO3MOKHOCTH MX TMOJYYEHUs METOJaMHU JAUCHEprupoBaHusl U KoHaeHcanuu. Cre-
yeT pazo0paTh, KakuM o0Opa3aM JOCTUraeTcs KMHeTHdeckas (CeauMeHTaIMOH-
Hasl) yCTOWIMBOCTH KOJUTOMIHBIX CHCTEM.

3amoMHHTE, YTO KPOME KUHETUYECKOW YCTOWYMBOCTH, UMEETCS acpecamus-
Hasl yCMou4u80Ccmy — yCTOMYMBOCTh YAaCTUI] K B3aUMHOMY CJIIMIAHUIO U YTO JJIA
KOJUIOMHBIX CHUCTEM 00Jiee CBOMCTBEHHA MMEHHO arperaTuBHAas HEYCTONYHBOCTD,
IpeojIoJieBacMast JIMIb MyTeM aacopOIid MOHOB WM MOJICKYJT Ha YacTHUIAaX JIHC-
NEepPCHOM (a3bl.

BaxxHbIM B 3TOM pazzelie sBIsSeTCs U3yuyeHHUe oO0pa3oBaHUs JIBOWHOIO 3JIEK-
TPUYECKOTO CJIOSI HAa TIOBEPXHOCTH YAaCTUIBI JHUCTIEpCUOHHOU (a3bl. Pazbepute
npaBuio IleckoBa-@asiHca, CYHNIHOCTh KOTOPOTO 3aKJIIOYAETCS B TOM, YTO Ha IO-
BEPXHOCTU TBEPJIOM YACTUIIBI U30UPATETHHO aICOPOUPYIOTCS TOIBKO T€ MOHBI, KO-
TOpbIE CIOCOOHBI JIOCTPOUTH €€ KPUCTAJUIMUECKYIO PEIIECTKY WM U30MOPQHBI C
Hell. [lonpoOHO uccnenyiiTe CTpoeHne KOJUIOUIHOM YaCTHUIIbI: TPaHYJIbl U MUIICJI-
abl. M3yuute, kakum 00pa3oM SiIpO YaCTHUIIBI, B COOTBETCTBUM ¢ TpaBuiioM llec-
koBa-DasHCA, aCOPOUPYS TE€ WIM WHBIE HOHBI, HAXOIAIINECS B pacTBOpe, MPHUOO-
peTaeT 3apsll, U OYEeMy 3TH MOHBI Ha3bIBAIOTCS MOTCHIHATIONpeaesomuma. [1o-
HSTHO, YTO TIOCJIC BOBHUKHOBEHUS 3apsija arperar HauMHAeT MPUTITHBATh U3 pac-
TBOpA UOHBI C MPOTUBOIOJIOKHBIM 3HAKOM (ITPOTUBOMOHBI) U 00pa3yeTCsl IBOMHOM
AIEKTPUYECKUH CIIOH.

Hayuntech mpaBWIIBHO 3alMCHIBATH CTPOCHHME YACTHIIBI C TIOMOIILIO OOIIIe-
MPUHATHIX YCIOBHBIX 0003HaueHui. Ha KOHKpEeTHBIX MpuMepax pazdepute cTpoe-
HUE KOJUIOUTHOM YacCTHIIbI, 00pa3yroIIeiicss METO0M KOHACHCAIIMHU B U30BITKE OJ1-
HOTO 0O APYroro peareHTa - crabunusaropa. Jlaiite onpeneneHue mpoiecca Ko-
aryJsIuu KOJUIOUJHBIX yacTull. Pazbepurte, kak MOKHO CHATH 3apsij] ¢ KOJIJIOW/I-
HBIX YaCTHI], NMPUMEHSS OOIIEHU3BECTHBIE METOJbl KOATYyJSIUUA: MEXaHUYECKOe
BCTPSIXMBaHWE, TMOBBIIICHUE WIM TOHWKEHUE TEMIepaTypbl, 00JydeHHE pacTBO-
POB, MPOMYCKaHUE AIEKTPUUYECKOTO TOKA, MOBBIMICHUE KOHIICHTPAIMU 30715, J0-
OaBJIeHHE JIEKTPOJIUTOB.

OOparruTe BHIMaHHUE, YTO HA MPAKTHKE HAUOOJBIINNA WHTEPEC MPEICTABIISICT
KOaryJIsus 10 TEUCTBUEM IJICKTPOJIUTOB. Pazbepure, 4TO KOAryJsiuio BhI3bIBA-
€T JINIIb TOT UOH DJIEKTPOJIMTA, KOTOPBIA UMEET 3apsijl, MPOTHUBOTIONOXKHBINA 3apsiTy
rpaHyJbl. 3alIOMHUTE, YTO MPU OMUCAHUN KOATYIISIIIUU C TIOMOIIBIO AJIEKTPOJIUTOB
UCITOJIB3YIOT TTOHATHE IOpora Koaryusnuu. Ha nmpuMepax mpHuBEICHHBIX TUITOBBIX
3aza4, ucnosb3ys npasuiio lynbie-I"apau, HayuuTech pacCUnMTHIBATh MOPOTH KO-
aryJSIITUU 30J1€H SJIEKTPOJIUTAMU ONIPEICIICHHON KOHIIEHTPAITIH.

[TpuBeauTe OTAMYUS CBOOOTHOAMCIIEPCHBIX OT CBSI3BHOAMCIIEPCHBIX CUCTEM U
paz0epuTe, KakuM 00pa3oM MPOUCXOJIUT CTPYKTYpOOOpa30BaHKE KOJUIOUIHBIX CH-
crem. Creyet moapoOHO pacCMOTPETh MPOIIECCH TeIe00pa3oBaHus MO ACHCTBU-
€M TeX WU UHBIX (hakTopoB. [laiiTe onmpeneneHrs MOHITHIM: TUKCOTPOTIHS, CUHE-
pesuc.
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[Ipu n3ydyeHun TeMbl 0 BEICOKOMOJIEKYIsIpHbIX coenunenusx (BMC), cnenyer
0OpaTUThCS K aHAJOTUYHBIM pa3jielaM OPraHMYeCKOW XMMHUU U BCTIOMHUTH METO-
JIbI TIOJTYYEHUSI UICKYCCTBEHHBIX MOJIMMEPOB, a Takxke (B pasjesax CIOXKHbIE yrie-
BOJIbI, O€JIKM) pa3o0paTh CTPOCHUE HEKOTOPHIX MPUPOIHBIX MOJUMEPOB. 3alIOMHHU-
T€, YTO B OTJIMYHE OT HU3KOMOJIEKYJSPHBIX COE€IMHEHHH, pacTBopeHHo BMC
IPEAIIECTBYET CcTaausi HaOyXaHHs, CONPOBOXKAAIONIASCA YBEIUYEHUEM MACCHI U
oowema yvactur; BMC. Pa36epure, ueM oTiimuaeTcs OrpaHMYCHHOE HaOyXaHHUe OT
HeorpannyeHHoro. [lepeuncnure (akTophl, BIMAIONIME HAa CTENEHb HaOyXaHUS.
Takoxe cienyer JeTaabHO Ppa300paThCsi B OCHOBHBIX OTJIMUMSIX pacTBopoB BMC ot
KOJUIOMJHBIX U UCTUHHBIX PACTBOPOB.

Kparkuii TeopeTudecKuii MaTepuall

JlucriepCHBIMA Ha3bIBAIOT CJIOKHBIE CUCTEMbI, B KOTOPBIX OJHO BEILIECTBO B
BHJIC€ YaCTHUI[ Pa3JIM4YHON BEJIIMYMHBI PABHOMEPHO PACHPEACIICHO B IPYTOM BeEllle-
ctBe. CTeneHb pa3apo0JICHHOCTH YacCTHUIl HA3bIBACTCS CTENEHBIO JAUCIIEPCHOCTH.
Cpena, B KOTOpOW HaxoIUTCA pa3ApoOJieHHOE (IUCTIEPTUPOBAHHOE) BEIECTBO,
Ha3bIBAETCS JTUCIIEPCUOHHOU Cpelor, a pa3poOJEeHHOE BEIIECTBO B BUJIC YACTHII
OTpeJICIICHHBIX Pa3MEPOB — JTUCIIEPCUOHHOMN (Da30il.

Knaccugpukayua oucnepchvix cucmem. J[IUCTIEPCUOHHBIE CHCTEMBI KJIACCHU-
(GULIHUPYIOT MO pa3Mepy YacTHUIl TUCTIEPCUOHHON (ha3bl WM MO CTENEHU JUCIIEPCHO-
ctu. Kpome Toro, ux paziesnstoT Ha TPYNIbl, OTJIUYAIONIUECS M0 MPUPOJE U arpe-
raTHOMY COCTOSIHUIO JUCIEPCUOHHOM (ha3bl U IUCTIEPCUOHHOM cpefpl. Tak mo pas-
MEpY YacTHUIl JUCTIEPCHBIE CUCTEMBI JIISIT Ha TPyOOAUCIIEpCHBIE — pa3Mep YacTHIl
107...10”° m, kommouzausie - pasmep gactury 107...107 M U HCTHHHBIC PACTBOPHI —
pasmep gactur <107 M.

[To arperaTHOMY COCTOSIHUIO TPYOOIUCTIEPCHBIE CHCTEMBI MOTYT OBITh CYCIICH-
3usMu (TBepaas (asza M KUJKas cpeja, HapuMep, B3BECh YACTHII TJIMHBI B BOJIEC)
WK SMyJIbcusiMu (Kukas (aza B )KUIKOM cpejie, HalpuMep, Karid Macjia B BOJIE).
DTHU CUCTEMBI HEYCTOMYUBHI.

YacTuupl 1UCepCUOHHON (Da3bl KOJJTOMAHBIX CUCTEM 3HAUUTEIIBHO OOJIbIle
MOJIEKYJ TUCTIEPCUOHHON CPE/ibl, UTO MPUBOAUT K HAJIMYMIO TOBEPXHOCTH pasJie-
Jla MEXJy yacTuliamu u cpenoil. KosmonaHeie cUCTEMbl OTHOCUTENIBHO YCTONYH-
Bbl, HO, B OTJIMYME OT MUCTUHHBIX PACTBOPOB, CO BPEMEHEM MOTYT pa3pylIaThCsl.
Takxe, B OTJIMUME OT CaAaMOIPOU3BOJBLHOIO 00pa30BaHUS UCTUHHBIX PACTBOPOB,
NP MOJTYYEHUH KOJUTOUIHBIX CUCTEM 3aTPAuyMBACTCsl BHEIIHSISI SHEPTUSL.

Konnouonwie cucmemot. MeTopl MOJTyYEHUS KOJUIOUIHBIX PACTBOPOB MPEI-
CTaBJICHBI JIByMsI TPYIIIaM: METOJIbl KOHJICHCAIIMU U AUCIIEPCUOHHBIE METOIbI. OT-
JIETBHO BBIICTISIOT METO]I MENTH3AIM — 00pa30BaHUE KOJUIOUIHBIX PAcCTBOPOB B
pe3yabpTare mepexoja 4acTUIl M3 OCaJKa B PacTBOp MO ACHCTBHEM HEKOTOPBIX
BEILECTB.

Ha komtonnHble 4acTUlbl, pacipeleieHHbIE B JUCIIEPCUOHHOW Cpele, Aeu-
CTBYIOT B MPOTHUBOIIOJIOKHBIX HAMpaBJICHUSAX ABe CWIbl. [0 neficTBUEM CUIIBI TS-
YKECTH YaCTUIIbI CTPEMSITCSI OCECTh Ha JIHO — cedumenmuposams. Cunbl nuddy3umu,
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HA000POT, CTPEMSITCS PACTIPEACIUTh YACTUILI PABHOMEPHO 0 BCEMY 00BEMY CH-
cteMbl. CIIOCOOHOCTh JIUCTIEPCHBIX CHUCTEM COXPAHSTh ONPEICICHHOE pacIpeje-
JICHUE YacTUIl MO0 00bEeMY Ha3bIBACTCS CEIMMEHTALIMOHHON W KUHEemUYecKol
ycmouyugocmoio. I'py0oauCIepCHBIE CUCTEMbl KMHETHYECKH HE YCTOMYMBBI, MX
YACTHUIIbl OCENAIOT MOJI JACUCTBUEM CHUIIbI TsKeCTH. MIcTUHHBIE (MOJIEKYJISIPHBIC)
pacTBOpPHI 00JIaAI0T OYEHb BHICOKON KMHETHYECKOW YCTOMYMBOCTHIO. KuHeTnue-
CKasl YCTOMYMBOCTh KOJUIOWJHBIX CHCTEM 3aBUCHUT OT Pa3MEpOB YACTHUI[. YEM
MEHBIIIE pa3Mep YaCTHIl, TeEM 00Jiee KHHETUYECKH YCTOWYNUB KOJIJIOMIHBIN pacTBOP.

H.IIL. ITeckoB yCTaHOBHWJ, YTO CBOWMCTBA KOJUIOWJIHBIX CHUCTEM 3aBUCIT HE
TOJIBKO OT Pa3MEpPOB YACTHII, HO U B rOpa3fo OOJbLIEH Mepe OT HaJIU4YUs MOBEPX-
HOCTH pasfiesia co 3HAYUTENbHOU CBOOOJHOM 3Heprueit. boin ciaenaH BBIBOA, YTO
KpOME€ KHUHETUYECKOW YCTOMYMBOCTH, UMEETCSl acpe2amusHds YCmoOUuyugoCms —
YCTOMYUBOCTD YACTHUIL K B3AUMHOMY CIIMIIAHHUIO.

KomnonaHelM cucTeMaMm CBOWCTBEHHA arperaTMBHasi HEYCTOMYMBOCTH, Ipe-
oJloJieBacMasi JTUIIb MyTeM aJICOPOIIMM MOHOB MJIM MOJIEKYJ Ha YacTHUIIaX JIUCIIEePC-
HOM (ha3zbl.

Inekmpuueckue ceolicmea Koanououvlx cucmem. Cmpoenue muuyenn.
OnemMeHTapHas KOJUIOMAHAs YacTUIla — MHIEIJIa — COJAEPKUT HEpacTBOPUMOE B
JAHHOU TUCTIEPCHOU cpelie sApo. Aapo cOCTOUT U3 AUCIEPTUPOBAHHOTO BEIIECTBA
U TIpeACTaBsieT cOO0M MUKPOKPHUCTAUT WM arperat U3 MHOTUX MHUKPOKPHUCTAJI-
noB. IloBepxHOCTh siApa obnanaer 3anacoMm CBOOOAHOW 3HEPTUU M U30MpPaTEIbHO
aJIcOpOMPYET MOHBI U3 OKPYKAIOIIEH CPEIbI.

DKCIEpUMEHTAIBHO MMOKa3aHO, YTO Ha TOBEPXHOCTH sAJipa MPEUMYIIIECTBEHHO
a7IcOpOUPYIOTCS MOHBI, OJTHOUMEHHBIEC C COCTABOM S/Ipa U TIPU 3TOM HAXOASIIUECS
B U30bITKE. [Ipasuno lleckosa-Pasnca enacum: Ha NOBEPXHOCMU MBEPOOU YACTU-
Ubl U3DUpamMenbHoO adcopoUpPYIOMcst MoOJbKO Me UOHbL, KOMOopble CHOCOOHbL 00-
Ccmpoums ee KpUCmaiiudeckylo peuemKy ui U30MopgHbl ¢ Hell.

B pesynbrare aTOro mnporecca s1po ¢ aacopoOMpOBaHHBIMUA HOHAMH TIPUOOpe-
TAET MOJIOKUTEJIbHBIN WM OTPULIATEIILHBIN 3apsa. MOHBI, CO3Mar0IINE 3TOT 3apsij,
Ha3bIBAIOTCS MOTEHIHAIONPEAESSIONNMU HOHaMU. ECcTecTBEHHO, YTO MOCIE BO3-
HUKHOBEHHUSI 3apsijia arperaT HauMHAET MPUTATUBATh U3 PACTBOpPa MOHBI C MPOTH-
BOIOJIOXKHBIM 3HAKOM (IIPOTMBOMOHBI); OOpa3yeTcsi IBOMHON 3IEKTPUYECKUI
cioil. HekoTopas 4acTh MpOTHBOMOHOB OYE€HB MPOYHO MPUTATUBAETCS K arperary,
o0pazyst aICOPOIMOHHBIN CI0M MPOTUBOUOHOB.

Arperar BMecTe C aCOpOMPOBAHHBIM CJIOEM Ha3bIBAIOT YACTHUIIEH WU rpa-
Hysnoi. TakuM oOpa3om, yactuiia (rpaHysia) XapakTepu3yeTcsi JBOMHBIM 3JIEKTPHU-
gyeckuM cioeM ([I9C), koTopelii 00pa3yeTcss U3 MOTCHIIMAIONPESIISIONINX HOHOB
Y NPOTUBOMOHOB. [IpOTUBOMOHBI, KOTOPBIE HE BXOAAT B ABOMHOU JJIEKTPUUYECKUAN
CJION U HaXOMAATCS Ha 0oJiee TaJeKOM PACCTOSIHUM OT siApa, 00pa3yroT TaK Ha3bIBE-
MBI T y3HBIN CIT0I TPOTUBOMOHOB.
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Puc. 8.1. Munenna 3015 noauaa cepedpa, moJydeHHOTO 10 PEaKIuu
AgNO; + KI npu u30siTke KI.

PaccMoTpum cTpoeHne MUlesUibl KOJUIOMIHOTO pacTBOpa — 30Ji1 MOJUAa ce-
pedpa, MOJIy4eHHOTO METOJIOM KOHIEHCAIMU NpH cIMBaHUHU pacTBOpPoB AgNO; u
KI. ITycts npotiecc oOpazoBanus muneut uaet B u3obitke Kl (puc. 8.1).

CocTaB MULIEIUIBI TAKKE MOXKET OBITh H300PAKEH CXEMaTUUYECKHU:

{m[Ag]] - nI (n-x) K"} - xK*
A0po aocopou- NPOMUBOUOHDL NPOMUBOUOHDL
poBamnHbvle aocopouUpoBaAHHO20 oughghyznozo
UOHDL cnos cnos
arperar

KOJUIOUHAs YacTulia (rpaHyia)
MUI[CITA

B paccmarpuBaemMoM mpuMepe SApO MHIIEIIBI COCTOUT M3 KPUCTAJTMKOB
Agl. IToreHnmanonpenensonMMI HOHAMH, aICOPOUPYIOIUMUCS HA MOBEPXHOCTH
sqipa, SBIISIOTCS WOHBI | : MMEHHO OHM SIBIISIOTCS OJHOWMEHHBIMH, T.C. BXOIST B
COCTaB sJipa W MPU ITOM HAXOIATCS MO YCIOBHUIO TOJYYCHHs KOJUIOMTHOTO pac-
TBOpa B M30bITKe [loTeHInanonpeaenstonye Houpl [ mpuIa0T yacTrile OTpHIa-
TenbHBIA 3apsaa. [IpoTMBOMOHAMHM B HalleM clydae SBISOTCS HMoHBI K' | T.K.
MMEHHO OHM HaxXOJSITCS B M30BITKE. DTH e MOHBI BXOJAT M B cocTaB q1uddy3non-
HOTO CJIOSl. DIEKTPUUYECKU HEUTPAIbHYIO YACTHUILY Ha3bIBAIOT MULICIIION.

Ecnmu Ob1 0OpazoBanue xoyuonaHoro 3o0is Agl mpoucxoawsio nmpu u30bITKE
AgNO;, To cxema MUIICIITBI ObliIa OBl CIEAYIOIICH:

{m[Agl] - nAg’ (n-x) NO; }** xNO;
a0po aocopbou- NPOMUBOUOHDL NPOMUBOUOHDL
posannbie aocopoupoeanno2o ouggysnoeco

UOHbBI cnos cnos

[Ipu ABM>KEHMH YaCTHUIBI B PACTBOPE MPOUCXOAUT PA3pPbIB MULICIUIBI Ha JIBE
YacTHU: TBEPAYIO TPaHysly, Ha3bIBAEMYIO TaKXKe KOJUTOMIAHOW "acTurein u nuddy-
3UOHHBIN CJIOW. ['paHuIly, 10 KOTOPOM MPOUCXOJIUT Pa3pblB MUILIEIUIbI, HA3bIBAIOT
TPAHULEN CKOJIBXKEHUA. DJIEKTPUUECKUN MOTEHIMAl HAa IJIOCKOCTH CKOJIbXKEHUS
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HA3bIBAIOT 2eKMPOKUHemU4ecKkum unu 0zema-nomenyuaiom. Hanuuuem Ha ya-
cTULIAX JucnepcHoi (asbl ABOMHOrO Anekrpuueckoro cios ([3C) oOycnoBneHb!
ANIEKTPOKUHETHUECKUE SIBIICHUS: 21€KMPOOCMOC U INeKMPOPope3.

Koazynayua. YxkpynHeHue 4acTHIl KOJUIOUIHON CHCTEMBI 33 CUET CIIMIIAHUS
0] BIUSTHUEM MOJIEKYJISIPHBIX CUJI MPUTSDKEHUS — WIIM HapyIIEHUE arperaTUBHON
YCTOMYMBOCTU — HA3bIBAETCA KOAryJsIIUEH. YKPYNMHEHUIO (00BbEIHMHEHHIO) KOJIIO-
UIHBIX YaCTHUI MPEMSATCTBYIOT HOHHBIE aTMOC(Ephl YaCTHI], @ TAKXKE TOHKAsI COJIb-
BaTHasi 000JIOUKa, CBsI3aHHAs C NPOTUBOMOHAMH, CO3/JAlOINasi JOMOJIHUTENbHBIE
CHJIbI OTTaNKUBaHuA. Korja 4yacTHIIbI MOTy4al0T JOCTATOUYHYIO SHEPTHUIO IS Tpe-
OJI0JIEHHS ITOT0 3HEPreTHYECKOro Oapbepa, HAUMHAETCS MPOLIECC KOAryIISIIHN.

Koarynsus MoKeT HACTYNHTh MO ACUCTBUEM PA3IUYHBIX (PaKTOPOB: MeXa-
HUYECKUM BCTPSXHMBAHUEM, MOBBIIICHUEM WM MOHWKEHUEM TeMIIEpaTyphl, 00Iy-
YEHHUEM PAcCTBOPOB, MPOIYCKAaHHEM AJIEKTPHUECKOTO TOKA, MOBBIIIEHUEM KOHIICH-
TpaLMHu 305151, 100aBICHUEM JIEKTPOIUTOB.

Haubonpimunii MHTEpeC MpencTaBisieT KoaryJysius Moj JACHCTBHEM 3JIEKTpO-
autoB. Koarynsiiuio BbI3bIBAa€T JHILIb TOT MOH 3JIEKTPOJIUTA, KOTOPHIA MMeEET 3a-
psid, TPOTHUBOIOJIOXKHBIN 3apsiny TpaHyibl. YTOOBI BbI3BAaTh KOATYJSIUIO 30JI,
HE00X0/IMMO KOHLIEHTPALMIO IPUIIMTOTO AJIEKTPOJIUTA B 30JI€ JIOBECTH A0 ONpee-
JICHHOW BEJIMUYMHBI. Ta MUHUMAaJIbHAs MOJIApHAs KOHIIEHTPAIUS IPUIUTOTO K 30JT0
AIIEKTPOJINTA, IPU KOTOPOW HAYMHAETCS KOAryJSIus 3051 00beMoM 1 J1, Ha3bIBa-
€TCsI IOPOTOM KOATYJISIIIHH:

7=JV— (8.1)

sonn
IJie y — HOpPOr KOAryJsiuy, Moib/M’; C(X/z) — MOIApHAs KOHIIGHTPAIIUs SKBHBa-
JIGHTA HJIEKTPOJINTA, MOIB/M; V., — 0OBEM NPHUIATOrO BIEKTPOIHTA, M ; Vion —
00beM KOaryJInpyIoLIero 30s, M.

Bennuuna, oOpaTHas mOpory KoaryJisliiK, Ha3bIBa€TCsl KOAryJUPYIOIIEH Ccrio-
COOHOCTBIO 3JIEKTpOJIUTA (TOYHEe, Koaryaupyrouiero uona). Ilpu skcnepumeH-
TaTbHOM M3YYCHHH KOATYJISAINN 30J1€H dJIEKTPOIUTaMH ObIIIO YCTAHOBJICHO MPaBU-
o Wyneua-I'apau: ¢ noBellieHHEeM 3apsifa (BaJ€HTHOCTH) MOHA €ro Koaryjupy-
Iol1asi CIOCOOHOCTh MOBBIIIAETCS. ECIu MpUHATH KOAryJupyIOLIyI0 CIOCOOHOCTD
OJTHO3apsTHOTO MOHA 3a €IMHUILY, TO KOaryJIHpyromias CocOOHOCTh IBYX3apsi-
HBIX MOHOB Oy/J€T Ha MOpPsA0K OOJblle, a TPex3apsJHOro — Ha JiBa MOpsIKa:
777" = 1:10:10%

Cmpykmypooopa3zoseanue ¢ oucnepcHvix cucmemax. KommonaHble CUCTEMBI,
B KOTOPBIX YACTHUI[bl HAXOASTCS HA JOCTATOYHO OOJBIIMX PACCTOSHUSAX JIPYT OT
Jpyra ¥ MPaKTUYECKU HE B3aMMOJIEHCTBYIOT MEXIy COOOM, HA3BIBAIOTCS C80000-
Hooucnepchoimu cucmemamu. CyHECTBYIOT TaKXKE CEA3HOOUCNEPCHBIE CUCMEMDb,
B KOTOPBIX YaCTHUIIBl CBS3aHBI JAPYT C IPYTOM MEKMOJCKYISIPHBIMA CUJIAMHU U
BCJIEICTBHE 3TOTO HE CIMIOCOOHBI K B3aHMHOMY TepeMelIeHno. YacTHIlpl aucnepc-
HOM (pa3bl B TAKUX CHCTEMaX 00pa3yloT MPOCTPAHCTBEHHYIO CETKY WIIH CTPYKTYPY.
[lepexo KOJUTOMAHOTO PacTBOpa U3 CBOOOJHOJIUCIIEPCHOTO COCTOSIHUSA B CBSI3HO-
JMCIIEPCHOE HA3bIBAETCS 2e1e0Opazoeanuem, a 00pa3yrolmuecs Npyu 3TOM CTPYKTY-
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pUpOBaHHBIE KOJUIOUJHBIE CHUCTEMbl Ha3bIBAIOTCS 2censmu. 1'eneoOpazoBaHue MoO-
’KET ObITh BBI3BAHO NMPUOABICHUEM AJIEKTPOJIUTOB, YBEIMUYEHUEM KOHLIEHTPAILUU
307151, TOHW>KEHUEM TEMITepaTyphI.

Pacmeopur  gvicokomonexkyaapuvix coedunenuit (BMC). BpicokoMonexy-
JSIPHBIE COCMHEHUS MOJIyUnIIN TaKoe Ha3BaHUE Ojaroaapsi O4eHb OOJIBIION OTHO-
CUTEJIbHOW MOJIEKYIsipHOKH Macce. Makpomonekynsl BMC — noinMepoB - mo-
CTPOEHBbI U3 OJMHAKOBBIX, MHOI'OKPAaTHO MOBTOPSAIOIIMXCSA TPYII aTOMOB — 3Jie-
MeHTapHbIX 3BeHbeB. [lo mpupoae BMC penstcs Ha npupoaHbie (OeNKH, LETIo-
J03a, KpaxMajl) U CHHTeTHYeCKHe (TOMUATIICH, Te(JIOH); o (hopMe MaKpOMOJIe-
KyJ - Ha JIMHEWHbIE, PA3BETBIICHHBIE U CETYATHIE.

[Ipy KOHTaKTe MOJMMEPOB C PACTBOPUTEIEM BCErJa MPOUCXOAUT €ro Haldy-
xaHue. Habyxanue — 3TO caMOIPOU3BOJIBHBIA MPOIECC MOTJIONICHUSI HU3KOMOJIE-
KYJISIPHOTO PacTBOPUTENSI BBICOKOMOJIEKYJISIPHBIM BEIIECTBOM, COIPOBOXKIAI0-
IIMICS YBEIMUEHUEM €ro Macchl U oObema. Pa3znnyaror orpaHudeHHoOE (10 ompe-
JICJICHHBIX 3HAY€HWI) 1 HEOrpaHWYEHHOE HaOyxaHHe (IO IMOJIHOTO PaCTBOPEHHMUS
BMC). OrpanndyeHHo HaOyXIIui NOJUMEP MOJTY4rII Ha3BaHue cTyaHs. Habyxanue
NOJIUMEPA XapaKTEPUIYETCS CMeneHbio HabyXaHus:

g="1"" (8.2)
m,

r7le 0. — CTeNeHb Ha0yXaHus; My 1 m — Macca moJimMepa 0 U nocie HaOyXxaHus
COOTBETCTBEHHO.

Crenenb HaOyXaHHsI 3aBUCHT OT MPOYHOCTU MEKMOJIEKYJSIPHBIX CBA3EH B
ITOJIMMEPE, IPUPOJIBI PACTBOPUTEIIS], SHEPTUN COIBBATALIMHU, TEMIIEPATYPHI.

[Ipu HeorpanmuenHoM HaOyxanuu BMC MoryTt pacTBOpsSThCS U 00pa30BbI-
BaTh PACTBOPBI, KOTOPBIE MO PSAY CBOMCTB MOXO0XKM HA OOBIYHBIE KOJIJIOMIHBIE
pacTBOpbI (30511). OOHAKO CYHIECTBYIOT MPHU3HAKH, [0 KOTOPHIM pacTtBopsl BMC
OTJINYAKOTCS OT KOJUIOUIHBIX PACTBOPOB:
- CaMONPOMU3BOJIbHOE 00pa30BaHKE (CaMOIIPOU3BOJIBHOE PACTBOPEHHE);
- pactBopbsl BMC - romMoreHHsie, B OTJIMYHME OT FE€TEPOre€HHBIX KOJJIOMIHBIX CH-
CTEM;
- pactBopsl BMC n0ocTaTouHO CTOWKH M HE U3MEHSIOTCSA CO BpEMEHEM, He TpeOy-
10T CTa0MIIN3aTOPA;
- B OTJIMYHE OT KOJUIOMAHBIX cHUCTeM pacTBopsl BMC o6Gianator Gosbiiiei BI3KO-
CTBIO IO CPAaBHEHHUIO C BS3KOCTBIO PACTBOPUTENS (IMCIIEPCUOHHOW cpefbl) U
BIIOJIHE U3MEPUMBIM OCMOTUYECKUM JABJICHUEM.

Penienue THOBLIX 3a1a4

3agaua 1. CocTaBpTe CXeMy MUIIEIUIBI 307151 OpoMuia cepedpa, MOTydeHHOTO CIIH-
BaHueM paBHbIX 00beMoOB 0,1 M pactBopa AgNO; u 0,2 M pactBopa NaBr. Ilpu
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NpUIMBaHUU K Hemy snekTponuta K,SO,4 onpenenure, kakue HOHBI OyTyT BBIMOJ-
HSATH POJIb KOATYJISITOPOB JTAHHOTO 307I51.

Pemenne. Hanuiiem ypaBHeHHWE XUMUYECKOW PEaKIIUU MOTYUICHHS 307151 OpomMuaa
cepebpa:

AgNO; + NaBr < AgBr| + NaNO;

W3 ycnoBus 3ajauu ClaeAyeT, YTO PEaKIMI0 MPOBOAAT B M30bITKE pacTBopa NaBr
(0,2 M). B cB431 ¢ 3THM, Ha NOBEPXHOCTH siipa AgBr B COOTBETCTBUM C IPABUIOM
[TeckoBa — @asiHCca OYyT a1cOPOUPOBATHCS MOHBI Br, KOTOpBIE SIBISIOTCS MOTEH-
UAJIONPEAEISIIONMMUA HOHAMUA M OyIyT NMpUAaBaTh IpaHylie OTPULATEIbHBIA 3a-
psa. CnegoBarenabHO, CXeMa MULEIITBI OyIET TaKOBa:

{m[AgBr] - nBr (n—x)Na" }* - xNa'
A0po aocopbu- NPOMUBOUOHDL NPOMUBOUOHDL
poBaHHble  A0COpOUPOBAHHO20  OUuPPy3H020
UOHDBL cnost cnost

JloOaBiaeHHBIN AIEKTPOJIUT TUCCOLIMUPYET B paCTBOPE, JaBasi CICAYIOIINE HOHBI:
K,SO, < 2K* + SO,*

Tak kak 3aps rpaHyisl 30751 OpoMua cepedpa OTpULIATENbHBII, TO POJb KOary-
JATOPOB OyAYT BBIIONHATE IPOTUBOIIOIOKHBIE MO 3HaKy HOHBI K.

3amaua 2. Jlng xoarynsmuu 10 M 301 noauaa cepedpa norpedoBasioch 4,5 M
pacTBopa HUTparta Oapusi ¢ MossipHOM KoHueHtparued 0,05 monw/n. Onpenenute
MOPOT KOATYJISAIINH SJIEKTPOJIUTA.

Pemienue. [lopor koarymisiiuu pacCUMTBHIBAEM, HCIOJB3Ys BBIIIE MPUBEICHHYIO

dbopmymy (8.1):

C(l X)-V.,

< 0000
\%

3074

7/:

[Topor koarymsanuu paccuntbiBaeM B eauHunax CH, mosTtomy mnpenBapuTesbHO
ClIeJIaeM IepepacyeT MOJIIPHOM KOHLEHTpALMu HUTpaTa Oapus B MOJISIPHYIO KOH-
LEHTPALMIO0 SKBUBAJIIEHTA 3TOTO JIETKPOJIUTA, & MUJUIMIUTPHI B KyOUYECKUEe MeET-

pBI:
c¢(1/z Ba(NOs),) = z-¢(Ba(NO3),) = 2:0,05-10° mons/m” = 100 mois/m’

Haxoaum nopor koaryiisiiiuu snektponuta Ba(NO;),:

_ 45-10° 27 - 100mone

1010%.7 =45 MOIB/M .

BOHpOCbI U 3aJ1a94 JJIs1 CAMOKOHTPOJIA

1. Kakoe monoxeHue 3aHUMAIOT KOJIJIOUIHBIE PACTBOPHI B 00IIeH Kiaccudpuka-
UM TUCIIEPCHBIX CUCTEM?



2.

3.

et

*
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B deMm cocTouT NMpUHIMIHAIBHOE OTIMYHUE KOJJIOMIHBIX CUCTEM OT Tpy0o-
JVCIIEPCHBIX CUCTEM U HCTUHHBIX PaCTBOPOB?

[TosicuuTe paznuuvs MEXIy CYCIICH3UAMH, SMYJIbCUAMH, 30JIIMH, acCTaMH,
MIEHAMM.

[Tepeuncaure BO3MOKHBIE METOIbI ITOTYUYECHUS KOJUIOUIHBIX CUCTEM.

KakoBo crpoenne muriemn auodoOHbIX 30iei? [lokaxuTe Ha CTPOSHUU MU-
nesutbl 3075 cynbduaa cypbMbl (III) Sb,S;. Tlouemy amcopOrimoHHBINA CIIOM
KOJUIOMJIHOM YaCTHUIIbI MO-APYroMy MOKHO Ha3BaTh MOHOreHHbIM? UTO mpen-
CTaBJsIeT co00# MU Py3nOHHBIN CITOW MHUIICIIITHI?

KakoBo cTpoeHHe JBOHMHOrO 3JeKTpuyeckoro cios? Yrto Takoe na3era-
MOTEeHIAAI?

B gem cyminocTs npaBuia [leckoBa — ®asiHca? [lokaxkuTte, kak paboTaeT Ipa-
BHWJIO HA KOHKPETHBIX NPUMEPAX.

Kakoil kommouHbIi arperaT Ha3biBatoT Mullesioi? Uto Takoe rpanysna?
OOBsICHUTE DJIEKTPOKUHETUYECKHUE SBJICHUS KOJJIOMJIHBIX PacTBOPOB: JJICK-
TPOOCMOC | 3JIeKTpodopesa.

10.HaﬁT€ OIIPpCACIICHUA IIOHATHUAM: KHHCTHYCCKAdA MW arpCraTuBHaAs YCTOﬁqH-

I1.

12.

13.

14.

15.

16.

17.
18.

19.
20.

BOCTb. llepeuncnure pakTopsl yCTOWYUBOCTH KOJUTOUMIHBIX CUCTEM.

JlaliTe onpenesieHne MOHATUAM: KOaryJisiius; CEAMMEHTAlus; CKpbITas Koary-
JISALUSL, SIBHASI KOATYJISALIMS.

[lepeunciure pakTophl, MpU JEHCTBUUA KOTOPBIX MOYKET HACTYIHUTh KOAryJs-
LU 30JIEH.

B dem nposBisieTcs 0COOEHHOCTh KOAryJisiiiuy 30Jed TMOJ JEUCTBUEM dJICK-
TPOJIUTOB?

Yro Ha3bBarOT noporom koaryssinuu? Kak oH onpenensiercs? Urto takoe mo-
JsipHask KOHUEHTpALMs 3KBUBAJICHTA JIEKPOJIUTA-KoaryiasTopa’?
Cdopmynupyiite npaswiio 3Haunoct [lynbie-I'apau u npuBenure mpumepsl,
ITOATBEPKIAIOLINE €TO.

Haiite onpenenenns CBOOOIHOAUCIEPCHBIM U CBSI3HOJUCIIEPCHBIM CHCTEMaM.
UYro o3HauaeT npoiiecc CTpyKTypooOpa3oBaHus B KOJUIOUIHBIX CHCTEMaX?
JlaliTe onpeneneHus MOHATHAM: TUKCOTPOIIHSI, CHHEPE3HC.

[TosicuuTe, yTO Takoe BhIcOKOMOJIEKYsipHbIe BenlecTBa (BMC) u kakumu u-
3UKO-XMMHUYECKHUMH CBOMCTBaMU 00JIa1at0T UX PACTBOPHI.

HasoBure ocHoBHBIE OTIIM4MS pacTBOPOB BMC OT KOJUIOWIHBIX pacTBOPOB.
Urto takoe crenens HaOyxanuss BMC? Ot kakux (pakTopoB 3aBUCHUT 3Ta Be-
JUYrHA?



O MMOPSJAKE BBINOJHEHUS KOHTPOJbHOM PABOTHI

86

OBIINE YKA3AHHIA

[Ipu uzyuenuun Kypca Gu3NUeCKOl M KOJUIOMTHOM XUMHUH CTYIECHTHI BBINOJI-
HSIOT KOHTPOJIBHYIO paboTy, cocToAlyo U3 8 3amad. Jiis onpeneneHus HOMEPOB

3a/1a4 KOHTPOJBHOU pabOThl HEOOXOUMO MOIB30BATHCS TAOTUIICH:

HavanbHble OyKBBI

IlepBble TpU OYKBBI

IlepBble TPpU OYKBBI

IlepBble nBe OyK-

(l)aMu.m/[n, HMEHH, OT- AMUJINH HMCHU Bbl 0TYE€CTBA
4eCcTBA CTYAEHTA 1 2 3 4 5 6 7 8
A P 1 16 31 46 61 76 91 106
b C 2 17 32 47 62 77 92 107
B T 3 18 33 48 63 78 93 108
r Yy 4 19 34 49 64 79 94 109
Ji | ()] 5 20 35 50 65 80 95 110
E X 6 21 36 51 66 81 96 111
K I 7 22 37 52 67 82 97 112

3 | 8 23 38 53 68 83 98 113
4 11} 9 24 39 54 69 84 99 114
K 11} 10 25 40 55 70 85 100 115
JI bl 11 26 41 56 71 86 101 116
M b 12 27 42 57 72 87 102 117
H ) 13 28 43 58 73 88 103 118
O IO 14 29 44 59 74 89 104 119
11 A 15 30 45 60 75 90 105 120

Homepa mepBbIX Tpex 3aay KOHTPOJIbHOM pabOThl OMPENENstOTCS Tpems
nepBbIMU OykBamu (haMUJIUU CTYJIEHTa, HOMEpa TpeX CIEAYIOIIUX 3aJay — TpeMs
NepBbIMU OYKBaMHM MMEHHU U MOCIEAYIOMIMX ABYX 3a7a4d — ABYMs NEPBbIMU OyKBa-

MU OTYECTBA, HAIPUMED:

CTEITAHOB BUKTOP AJIEKCAHIPOBNY

pemaet 3amaun Ne 2, 18, 36, 48, 69, 85, 91, 116.
KonTtpoasHas paboTa 1omkHaA OBITH BBITTOJIHEHA B CPOK, IIPETYCMOTPEHHBIN

y4eOHBIM TpauKoM, U CJlaHa Ha TIPOBEPKY.

Odopmisercst KOHTpoJIbHASE padoTa B OTAENIbHOM TeTpanu. Homepa Bompo-
COB JIOJDKHBI COOTBETCTBOBATH 3ajaHuto. CojepkaHue BOMpPOca U3JaraeTcs moJ-
HOCTBIO TepeJl OTBETOM. 3aJlaHHMsl MOTYT OBITh KaK TEOPETHYECCKUMH, TaK M CBS-
3aHHBIMU C PEIICHUEM 3aja4y. Bce pacyersl, MpOBOJUMBIC MPU PEIICHUM 3ajad,
JIOJKHBI COMPOBOXKIATHCA KPATKUMU MOSICHEHUsIMU. B TeTpanu Ha KaxkJI0W cTpa-
HUIIE HEOOXOMMO OCTaBUTh MOJIs JJIA 3aMedaHui npernojasatens. B konie pado-
ThI TIPUBOJIUTCS CIIUCOK MCITOIB30BAHHOM JIUTEPATyphl, B KOTOPOM YKa3aHbl (haMu-
JIMA aBTOPOB, Ha3BaHUE, MECTO U T'OJ] U3/IAHUSI.

KonTtposnrHast paboTa moANUCHIBAETCS CTYJACHTOM C YKa3aHUEM JIaThl €€ BhI-
noiHeHus. Ha nepBoit ctpanuile He0OX0IUMO MPOCTABUTh HOMEPA BBITIOJHEHHBIX
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3aJlady COOTBETCTBYIOIIEro BapranTta. Ha o6noxke Terpaau ykaspiBaeTcst (haKyiib-
TET, Kypc, (pamuusi, UMsi, OTYECTBO, IOMAIIHUI aJpec, Ha3BaHUE AUCLMIUIMHBI, 110
KOTOPOH BBITIOJIHEHA KOHTPOJIbHAsA padoTa.

BOITPOCHI 1 3AJIAYH K KOHTPOJIbHOM PABOTE 110
JANCHUIIVIIMHE «®PU3NYECKAA U KOJJVIOUIHASA XUMUSA»

Tema 1. ArperaTHblie COCTOSTHMA

1. Kakoii 00beM 3aHUMAET XJIOP MAacCoi 5 KT MPU HOPMAJIbHBIX YCIOBUSIX?

2. Cmech, cocrosimas u3 1 o0bema metana u 4 00bEMOB KUCIOPOJa, HAXOAUTCS B
3aMKHYTOM cocyse npu 150 °C naenenuu 1-10° kITa. Kak n3MeHHTCS JaBIeHHE
IIOCJIE B3pbIBA U MPUBEAEHUS COCyJa K NMEpBOHAYalbHON Temneparype? Kakos
COCTaB 00pa30BaBIICIICSA CMECU B 00BEMHBIX JTOISAX?

3. Omnpenenute Maccy KUCIOpPOJAA, HAXOMSIIETocs B KOJOE BMECTUMOCTBIO 2 I,
pu temieparype 125 °C u gaBnenun 93,31 kI1a.

4. B xon6e Bmectumoctbio 500 em® mpu 20 °C Haxoautest okcux asora (II) mac-
coit 0,615 r. KakoBo ngaBiienne raza?

5. Beruuciure miotHocTh ammuaka (r/i) npu 18 °C u naBnenun 986,4 rlla.

6. I'azoBas cmech npurotoBieHa u3z 2 1 H, (P = 933 klla) u 5 1 CHy (P =
112 xITa). O6bem cmecu paBen 7 j. HaliTu mapruanbHble JaBICHUS T'a30B U
oO11ee TaBIEHUE CMECH.

7. Han Bomoii ipu 26 °C u gaBnenuu 98,7 klla cobpansl 250 mi Bogopoa. Jlas-
JIeHUe HachImeHHoro mapa Boxasl mpu 26 °C cocrasiser 3,4 klIla. Beraumciure
00BEM BOAOPO/Ia TPU HOPMAJIBHBIX YCIOBUSX U €r0 Maccy.

8. B raszomerpe Haa Bomoit Haxomutcs 7,4 1 kucimopona npu 23 °C u gaBiIeHHH
104,1 kIla (781 MM pT. cT.). [JaBieHue HACHIIEHHOTO BOJSHOTO Mapa Ipu
23 °C pasno 2,8 xIla (21 mm pT. cr.). Kakoii 00beM 3aiiMeT HaXOISAIIMIACS B ra-
30METpPE KUCIOPOJ IPU HOPMAJIBHBIX YCIOBUSX?

9. Yemy paBHO arMochepHOe naBienue Ha BepimHe Kaszoeka, ecymm mipu 0 °C mac-
ca | 1 B3aToro tam Bo3nyxa pasHa 700 mr?

10.ITpu B3aumonerictBun NH; ¢ Cl, 06pa3zyroTcst XJ10poBOAOpOa U a30T. B kakux
00beMHBIX cOOTHOMICHHAX B3aumoaercTByoT NH; u Cl, n kakoBO cOOTHOIIIE-
HUE 00BEMOB TOTYYAIOITUXCS Ta30B?

11.Macca 200 mn aneTuiieHa npyu HOpMaJIbHBIX yciaoBusaX paBHa 0,232 r. Onpene-
JIMTE MOJIBHYIO MaccCy aleTHJIeHA.

12. TIpu 17 °C HekOTOpOE KOJNMYECTBO Ta3a 3aHuMacT 0obeM 580 mur. Kakoit 06b-
eM 3aiiMeT 3TO ke KoymuecTBo rasa npu 100 °C, ecim JaBiieHHE €ro OCTAaHETCS
HEU3MEHHBIM?

13. Ha ckonbko rpagycoB HaJ0 HarpeTh ras, HaXOJSALIUHCSA B 3aKPBHITOM COCY/IE
rpu 0 °C, 4T00BI JaBICHUE €r0 YBETHIUIOCH BABOE?

14. TTpu 7 °C naBienue raza B 3aKpeITOM cocyze paBHO 96 klla. Kakum craHer
JaBIICHHE, €CJIM OXJIaIuTh cocy 10 —33 °C?

15. ITpu nasnenun 98,7 kIla u Temmeparype 91 °C HEKOTOpOE KOJIMYECTBO rasa
3aHnMaeT ooreM 680 mut. Halimure o0beM ra3za mpu HOpMajabHBIX YCJIOBHSIX.
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Tema 2. Xumuveckasi repmoguHamuka (IIpu BoinonHeHUH 3a1a4 TEMbI BOC-

MOJIb3yUTEeCh TAOTUYHBIMU 3HaUeHUSIMU [Ipunoskenus 1) .

16. Boluucnure uU3MEHEHHE SHTAIBIUHU IS KaXKIOW M3 CIEAYIOIIMX peaKIuil.
VYkaxute, Kakasg U3 HUX SIBISETCS AHAOTEPMHYECKOM, a Kakas HK30TepMUYe-
CKOU:

a) 6H, (r.) + P, (tB.) = 4PH; (T.)

0) 3Fe (1B.) + 20, (1.) = Fe304 (TB.)

B) 2HF (r.) + Br, (k.) = 2HBr (k.) + F, (T.)
r) CaO (1B.) + CO, (1.) = CaCO5(TB.)

17. Tennora oOpa3zoBanus antpanena C4Hjo (TB.) paBua 121,3 x/[x/Monb, a Ten-
jota obpazoBanus 9,10-qurunpoantpanena C4Hy, (TB.) paBHa 66,4 kJ[>k/MOJIb.
Boruncnute u3mMeHeHne SHTaNbIINKN PEeaKIuu

C14H10 (TB.) +H2 (F) = C14H12 (TB.)

18. I'munepun (CH,OH),CHOH — BemecTBo, o0pa3yroiieecss B OpraHu3Me B MPO-
recce MetadoM3Ma KUpoB, UMEET TeIuIoTy oOpa3zoBanus —666 k/[x/moinb. Ha
nocyienHen craauu Merabosiv3ma riauiepud mnpespamiaercs B CO, (r.) u H,O
(k.). BeraucmmTe KOJTMYECTBO IHEPTUHU B KUJIOKOYIISIX M KHJIOKATIOPHUIX, KOTO-
poe BhIAENSAETCS B pe3yJibTate nojiHoro meradbonusma 10,0 T rounepuHa.

19.0npenenure MakCUMaJIbHYIO pab0Ty, KOTOPYIO MOXKHO TMOJIYYUTh, €CIIU K BOJIE
npu 100 °C noxsoautcst 4000 JIx TemioTsl, a TeMneparypa kouzaencara 20 °C.

20.CpaBHuTe TEpMOAUHAMUYECKYIO 3(P()EKTUBHOCTH MApOBOM MAIIMHBI U MalllM-
HbI, paboTarolell Ha PTYTHOM Mape, €ClIu KOTEJ MEePBOM UMEET TeMIlepaTypy
200 °C, Bropoii 460 °C, a XOJIOUIBHUK KAXKIO0M U3 MalllMH HMEET TEMIIEPATYPY
30 °C.

21.Paccunraiite 3HaueHne AG g CAEAYIOINX PEAKIMNA M YCTAHOBUTE, B KAKOM
HaIpaBJICHUN OHU MOTYT MPOTEKaTh CAaMOMPOU3BOJILHO B CTaHAAPTHBIX YCIIO-
BUSIX?

a) NiO (1B.) + Pb (TB.) = Ni (1B.) + PbO (TB.)
6) Pb (tB.) + Cu (1B.) = PbO (1B.) + Cu (TB.)
B) 8Al (TB.) + 3Fe;0, (TB.) = 9Fe (1B.) + 4Al,05 (TB.)

22.Boruncinre AG®g mporecca Copnas — Crpagur IpH 25 °C. Ecim aTOT mporece
CaMOITPOU3BOJIbHBIN, TO TTOUEMY ajiMa3 He IpeBpaniaercs B rpadurt?

23.BplyuciauTe u3MEHEHUE CBOOOIHOM PHEPTUM CJICAYIONIMX PEaKIUii BOCCTaHOB-
nenust okcuza xenesa (II):

a) FeO (k.) + 1/2C (rpadur) <> Fe (x.) + 1/2CO, (1.)

0) FeO (x.) + C (rpadur) <> Fe (x.) + CO (r.)

B) FeO (x.) + CO (r.) « Fe (x.) + CO, (1.)

[IpoTekanue Kakoii U3 3TUX PEAKIIUN HAauboJee BEPOSITHO?

24. Kakue 13 mepeyuciIeHHBIX OKCUIOB MOTYT OBITh BOCCTAHOBIICHBI ATIOMHUHUEM
npu 298 K: CaO; FeO; CuO; PbO; Fe,0;; Cr,05?

25. Beruuciure AG® Ui peakuuu

CaCO; (k.) «» CaO (x.) + CO, (1.)
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npu 25, 500 u 1500 °C. 3aBucumoctsio AH® u AS° oT TemrepaTypsl IpeHe-
Opeub.
26. 200 T oBcsHOM Kamu coaepxuT 42 r 0enkoB, 134 1 yriaeBojoB U 7 T KUPOB.
KakoBa KaJoOpuitHOCTb 3TOr0 KOJIMYECTBA KAl B KUJIOJKOYJISX U KHIJIOKAJO-
pusix?

27. He npon3Bos BEIYMCICHUN, YKKUTE, I KAKUX U3 MEPEYHCIICHHBIX TIPOIeC-
COB M3MEHEHHE SHTPOMHH MOJIOKHUTEIBHO:
a) MgO (k.) + H, (r.) « Mg (x.) + H,O (k.)
0) C (rpadut) + COy(1.)«> 2CO (1.)
B) CH;COOH (Boan.)«> CH;COO (Boan.) + H" (Boxn.)

28.CrangapTHOE UBMEHEHHE DHTAIBIINU PEaKIUU

CaCO; (1B.) = CaO (1B.) + CO; (T)

paBHo 178,1 kJlx. Mcnonb3ys craHgapTHbIE TEIUIOTHI 0Opa3oBaHus (mpui.l),
BBIYUCIIUTE CTaHJAPTHYIO TeIoTy oopazoBanus CaCO; (TB.).

29.Temnora cropanus yrieponaa ¢ oopazoanuem CO, paBHa —393,5 k/[>x/M0b,
a Teriota cropanus CO ¢ oOpazoBanuem CO, paBHa —283,0 x/[>x/monb CO,.
Brruncnure TemioTy cropanus yriepoja ¢ oopazoBanuem CO.

30.Kakoe KoaMuecTBO TEIUIOTHI BBIAETSATCS MPHU CTOpaHUU 4,5 T MeTaHa, €Cld B
CUCTEME MOAJEP>KUBACTCS TIOCTOSIHHOE J1aBJIeHUE?

Tema 3. Xumuyeckne u ¢pa3zoBbie paBHOBeCHUsI
31.B 3akpbITOM cOCy/ie YCTaHOBUIIOCH PaBHOBECHE
CO,(r.) + Hy(r.) <> CO (1.) + H,O (1)
KoHcranta paBHOBecusi paBHa eauHuue. OnpenenuTe, CKOJIbKO MPOIEHTOB
CO, noxgepruercs npepamieHnto B CO mpu AaHHOW TEMIIEpATYype, €CIU
cmemats 1 Mmoas CO, u 5 moxeit H,.
32. Ilpu cocTosSTHUM PaBHOBECHUS B CUCTEME
3H, + N, <> 2NH;; AH = 92,4 x]JIx/MOJIb
KOHLIEHTpAllMu YYacTBYIOIIMX B PEaKUWU BelIecTB paBHBI: [N,] = 5 Monb/i;
[H,] = 6 monb/n; [NH;] = 3 monb/n. Onpenenure:
a) ucxoaHble KoHueHTpauuu H, u Ny;
0) B KAKOM HampaBJICHUH CMECTUTCS] PAaBHOBECHE C POCTOM TEMIIEpaTyphl?;
B) B KaKOM HaIlpaBJICHUH CMECTUTCSI pPaBHOBECHUE, €CJIM YMEHBIIUThL 00beM
PEAKIMOHHOTO cocyaa?
33. Berunciaure AG® nipu 298 K peakiuu nonusamnuu H,O:
H,0 <> H'(Bogn.) + OH (BoaH.)
Kak cBsi3anbl 3HaK U BeanuuHa AG® ¢ IOJI0KEHHEM PaBHOBECHUS?
34. PaBHOBecHasi cMeCh, B KOTOPOU MPOTEKACT PEAKIIUS
PCl; (1.) + Cl; (1.) > PCl;s (1.)
ipu 460 K comepKuT ra3pl IpH CIEAYOMMNX MAPHHAIBHBIX JAaBJICHUAX:
P(PCl3) = 0,25 atm., P(Cl,)=0,25 atm. u P(PCls) =0,5 atM. Beruucnure 1o
stuM nasHbM AG.
35. KoncranTta paBHOBeCHS peakinu
FeO (x.) + CO (r.) «> Fe (x.) + CO, (1.)
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pu HEKOTOopou TemnepaTtype paBHa 0,5. HaiiTu paBHOBECHBIE KOHILICHTP AU
CO u CO,, ecnu HaYaJIbHBIE KOHIEHTPAIIMU 3TUX BEIIECTB COCTABJISIIN:
[CO]° = 0,05 moms/it; [CO,]° = 0,01 Momb/m.
36. PaBHOBecue B cucteme
Hy(r.)+ 1, (r.) <> 2HI(1.)
YCTAaHOBUJIOCh TIPH HEKOTOPOH TeMmIepaType IpH CICIYIOIIUX PaBHOBECHBIX
koHneHTpamusax: [H,] = 0,025 wmonw/m; [I;] = 0,005 wmonw/m; [HI] =
0,09 Moaw/n. OnpeaenuTe UCXOIHbIE KOHIICHTPAIIMK BOJ0OPO/Ia U Hoja.
37. Ilpu HekoTOpOI TeMIlepaType paBHOBECHE B CUCTEME
2N02 <~ 2NO + 02
YCTAaHOBWJIOCH TIpHM cieAyromux KoHmeHTpanusax: [NO,] = 0,006 momnw/m;
[NO] = 0,024 monb/n. HalimuTe KOHCTaHTY paBHOBECHUS PEAKIIMH M UCXOJAHYIO
koHieHTpaiuo NO,.
38. Boiuucnute K, peakiuu
FeO + CO < Fe + CO,
npu 1000 K u gasnennu 1,013-10° Ila, eciin paBHOBECHAs! CMECh Ta30B COIEP-
*kut CO, MmaccoBoi goieit 39%.
39.0npenenute, kakoe HauOoJblIee YUCIO (Pa3 MOXKET HaXOAUTHCS B PaBHOBEC-
HOM CHUCTEME, COCTOSAIIEH U3 BOJBI U caxapa.
40.B BoHOM pacTBOpE COAEPKUTCA CMECH XJIOPUAOB HaTpus U Kanbius. Onpene-
JIUTE KOJIMYECTBO COCTABHBIX YACTEW U KOMIIOHEHTOB B JJAHHOW CUCTEME.
41.B3aumojelicTBre KapOraa Kajublus ¢ BOAOW BbIPAXKAETCS] YPABHEHUEM:
CaCz (TB.) + 2H20 ()K) > Csz (F) + Ca(OH)z (F)
Omnpenenute BApUaHTHOCTh U (Pa30BbIA COCTAB TAHHOW CUCTEMBI.
42.1Tpu 1385 °C 1 1,013-10° ITa MosxHO momy4uTs hochop:
2Ca3(POy); (tB.) + 10C (1B.) = 6CaO0 (1B.) + P4(TB.) + 10CO (TB.)
Omnpenenute $ha3oBbIA COCTaB M BAPHAHTHOCTH CUCTEMBI.
43.113 )xuaKoro pacrjiaBa CBUHIIA U CYPbMBl YaCTUYHO BBITIAJH KPHUCTAILIBI CYyph-
Mbl. KakoBa BapuMaHTHOCTh JaHHOW CUCTEMBI?
44.Kaxoe MakCHMaJIbHOE YMCJIO CTEIIeHEH CBOOOIBI MOKET HMETh CUCTEMA, COCTO-
sA1as U3 yrJIeBOJOPOOB MpomnaHa u OyraHa?
45.3aKpbIThId BOJHBIA PACTBOP COACPKHUT B CBOEM COCTAaBE XJIOPHALI MarHwus,
KaJIbIUsl U cTpoHIMs. Kakoe MakcuMmanpbHOE YHCiIOo (a3 MOKET UMETh JaHHas
cucrema’?

Tema 4. PacTBOpnI

46.11pu pactBopenuu 5,0 r BemectBa B 200 T BOABI MOTYyYaETCS HE MPOBOISIINIMA
TOK pacTBOp, KpucTaamusyroumiics npu —1,45 °C. Onpenenure MOJIEKYISIPHYIO
MaccCy pacTBOPEHHOT'O BEIIECTBA.

47.BpruuciauTte TEMIEpaTypbl KUIEHUS BOJHBIX OJHOMPOLIEHTHBIX PACTBOPOB: a)
TJIAIepYHA; 0) TIIOKO3BI;, B) CBEKJIIOBUYHOTO caxapa. J0YIITHOCKOTHUYECKas TO-
crostHHast BojbI paBHa 0,512 K-kr/morb.

48.Yemy paBHO ocMoTuueckoe aarieHue 0,5 M pactBopa rimoko3sl CgHi,0¢ npu
25°C?
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49.1Tpu 25 °C 0cMOTHYECKOE IaBJIEHUE HEKOTOPOro BOJHOIO PacTBOpa paBHo 1,24
MITa. Beruncnure ocMoTrdeckoe aasiaenue pacrsopa mpu 0 °C.

50.K 100 mx 0,5 M Boanoro pactBopa caxapossl C,H»,0;; no6asneno 300 mi Bo-
16l YeMy paBHO OCMOTHYECKOE JIABJICHUE MTOJIYYEHHOT0 pacTBopa mpu 25 °C?
51.1Ipu 25 °C ocMoTHYECKOE JaBICHHE pacTBOpa, COAEPKAIIEro 2,8 T BBICOKOMO-
nekyisipHoro coeaunenust B 200 mi pactBopa, paBHo 0,70 klla. Halinure mo-

JEKYJISIPHYO MAacCy PaCTBOPEHHOIO BEILIECTBA.

52.PactBop, B 100 M koToporo Haxomautcs 2,3 T BellecTBa, o0naaaet npu 298 K
OCMOTHYECKHM JaBiieHueM, paBHbIM 618.,5 klla. Onpenenure MONEKYJISIPHYIO
Maccy BELIECTBA.

53.PactBop, comepxkamuii 2,1 r KOH B 250 r Boasl, 3amep3aer npu —0,519 °C.
HailinuTe aiig 3Toro pacrBopa u30TOHUYECKUH KO OUIIMEHT.

54.1Tpu 0 °C ocmotuueckoe masinenue 0,1 H pacTBOpa KapOoHara Kalks pPaBHO
272,6 xlla. Onpenenure kaxyurytocs crenenb quccounannu K,COs B pacTBope.

55.PactBop, conepxammii 0,53 r kapObonata HaTpus B 200 T BOJAbBI, KPUCTAILIU3Y-
ercst ipu —0,13 °C. BerumcimmTe Kaxyyrocs CTENEHb JUCCONUAIUH COJIH.

56.B paBHBIX KOJIMYECTBaX BOJbI PACTBOPEHO B 0gHOM ciy4ae 0,5 mMoJib caxapa, B
apyrom 0,2 monb CaCl,. TemmnepaTypbl KpucTad3alud oOOUX pacTBOPOB
0JIMHAKOBBI. OnpeaenuTe KaxXyIylocs CTENEHb XJI0pH/1a KaabIUs.

57.0Ipu 100 °C naBnenme mapa pactBopa, cozpepkamero 0,05 mons cynbdara
Hatpus B 450 r Bonbl, paBHo 100,8 klla (756,2 MM pT. cT.). Onpenenure Kaxy-
rytocs creneHb aucconuanuu Na,SOy.

58.Kaxymasics crenenp auccoruanuu xjopuaa kanus B 0,1 H pacTBope paBHa
0,80. YUeMy paBHO OCMOTUYECKOE JaBJIEHUE DTOro pacTBopa mpu 17 °C?

59.11pu 75 °C naBienue napa Bojbl paBHo 385 rlla. Ono monmsuinock Ha 4,92 rlla
npu pactBopeHuu B Bojie maccoil 100 r xjmopuna ammMoHus maccoi 22 1. Bbi-
YHUCIIUTE KaxKylrytocs crenenb aucconuanuu NH,Cl B 3ToMm pacTBope.

60.0npegennte MaccoByIO JOJIIO TJIFOKO3bI B PAcTBOpE, €CJI JIaBICHUE Tapa HaJl
HUM PaBHO MPHU TOH )K€ TEMIIEpaType JaBICHUIO Mapa pacTBOpa, COAEPKAILIETO
Mo4eBHUHY Maccou 1,56 r u Bogy maccoit 90 r.

Tema 5. Duexkrpoxumus

61.YnenpbHOE COMPOTHUBIIEHHE pacTBOpa XJIOpUIa Kalblius MaccoBoil moneit 10%
mpu 18 °C pasuo 8,764 Om-cM, a miotHOCTH 1,0852 r/cm’. Beruncnnte kaxy-
LIYIOCSI CTENEHb IUCCOLMALMN XJIOpUAa KaJIbLHS B 3TOM PacTBOPE M KOHLEH-
TPALHH HOHOB KAIBLWS U XJI0pa. A, = 116,5 CM-cM*/MOIIB.

62.1Tpu 18 °C xaxymiascsi CTeNeHb JUCCOMUAINN PACTBOpPA XJIOPHIA JIATHSA MO-
nsspHoit koHueHnTpanuu 0,01 Monws/n paBHa 93,13%. DKBUBaJCHTHAs JICKTPHU-
yeckasg  NPOBOAMMOCTb  HpU  OECKOHEYHOM  pa30aBJeHMM  paBHA
98,9 Cm-cM’/Monb. Haifute yaenbHYIO 3JEeKTPUYECKYI0 HPOBOANMOCTD 3TOTO
pacTBopa.

63.Y nenpHast 3yeKTpUYECKasi MPOBOJMMOCTh PACTBOPA COJITHOW KHCIOTHI Macco-
Boi moneir 30% mpu 18 °C pasua 0,662 Cm/cM, IUNIOTHOCTH 3TOTO pacTBOpa
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paBHa 1,152 r/cM’. Ompeennte SKBUBAICHTHYIO DJICKTPHUECKYIO IIPOBOJIH-
MOCTb pacTBOpa.

64.Y nenpHOE COMPOTHUBIICHUE PACTBOPA a30THOW KHUCJIOTHI MOJISIPHOM KOHIIEHTpa-
1,017 moms/n npu 18 °C pasHo 3,2 OM-cM. DKBUBaJICHTHAS 3JIEKTPHYECKAS
MPOBOAMMOCTh PAaCTBOpPa a30THOM KHUCIOTHI NpU OECKOHEYHOM pa30aBiIeHUU
paBHa 376,7 CM-cM>/MOJIb. Onpenenute KOHIEHTPALIMIO MOHOB BOJOPOJA B
pacTBope.

65.ITorennnan kaaMueBOTO dJiekTpoma B BogHoMm pacTBope CA(NO;), = 0,1
mons/kr 1ipu 25 °C pasen —0,441 B. Cpenuuit kosdduument axrusrocta Cd>*
paBeH 0,516. Bpiuncnure cTaHIApTHBIA AJIEKTPOJHBIN MOTEHIMAN KaaIMHUS U
HAWJICHHYIO BEJIMUMHY CPAaBHUTE C TaOIuyHOU (Tpui.4).

66.1Ipu 25 °C s11eKTpOoaHBIA MOTEHIHAI cepedpa, MOrpyKEHHOI0 B BOIHBIN pac-
TBOp ¢ KoHIeHTpamuer AgNO; =0,2 momnw/kr, paBer 0,747 B. Cpennanii ko3 (-
¢uruent akruBrocTH Ag' = 0,657. BplUMCIMTE CTaHAAPTHBIA DJIEKTPOMHBIMA
MOTEHIIHAJI CEpPeOPSTHOTO AIEKTPO/Ia U TIOTYUYCHHYIO BEJIMUYUHY CPABHUTE C Ta0-
JINYHOU.

67.1Tonp3ysick TaOMUYHBIMU JAaHHBIMU (TpU.4), YKaKUTE OJUH WM HECKOJIBKO
BOCCTaHOBUTEJIEH, BOCCTaHABIMBAOIUX Ag' 10 Ag, HO He CIIOCOOHBIX BOCCTa-
HaBiuBaTh I, 10 [ mpu cTaHIApTHBIX YCIOBUSIX.

68.1Tonp3ysiCch TAOMMYHBIMU JaHHBIMH, YKKUTE OKUCITUTENb, okuciswomuii Cl™ B
Cl,, HO He criocoOHBbII OKUCHATH F Bo F, pu cTaHapTHBIX yCIOBUSAX.

69.IToTeHIMan HUKEJIEBOTO JJIEKTPOAa B pacTBOpe cyibdara Hukeas mpu 25 °C
paBeH —0,275 B. BeluncinnTe akTHBHOCTh HOHOB HUKENSL B pACTBOPE.

70.KakoBa 10JKHA OBITH MOJISIpHAsl KOHIICHTPAILMS HOHOB MEIU B PacTBOpE, UTO-
OBI DIICKTPOAHBIN MoTeHIHan Meau pu 25 °C GBI paBeH HyITO?

71.0npenenute, OyAyT JU CIEAYIOLIME MPOLIECCHl MPOTEKATh CaMOIPOU3BOJIBLHO
IIPU CTAHJAPTHBIX YCIOBUSAX:

a) O, (r.) +4CI" (Bomn.) + 4H" (Bomn.) — 2H,0 (k.) + 2Cl, (r.)
6) Cr (tB.) + AI’* (Bomn.) — Al (1B.) + Cr’* (BoH.)
B) 2Br (Boan.) + Cl, (r.) — Br; (k.) +2Cl (BoaH.)
r) Sn** (Boxn.) + 2Fe’ (Bogn.) — Sn** (Bomn.) + 2Fe” (Bom.)
1) Cu (18.) + Cl, (r.) — Cu®" (Bogn.) + 2CI™ (Bozm.)

72.Beruncnute 3/]C raabBaHMYECKOro 3JeMeHTa Zn—Ag Mpu CIAEAYIOUUX YCJo-
BUSIX:

Zn (1B.) + 2Ag" (0,5 M) — Zn*"(0,01 M) + 2Ag (TB.)

73.Toxk cumnoit 1,2 A npoxoaut uepe3 pactBop xjiopuaa menu (II) B reuenue 2 u.
CKOIbKO M€ BBIJIETTUTCS Ha KaTtoje?

74.PactBop, comepxaumii Cd™, snexrponmsyior TokoMm cuioi 0,5 A. CKOIbKO
rpaMMOB METAJUTMYECKOT0 KaaMus ocaxaaercs 3a 20,0 Mmun?

75.Cxonbko MUHYT noTpedyeTcst 11 ocaxaenus 10,0 r MeTauinyecKkoro HUKest
u3 pactBopa NiSO, npu cune toka 1,5 A?
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Tema 6. KuneTuka XuMu4ecKkux peakumi

76.11pu 508°C konctanTta ckopoctu peakuuu H, + I, = 2HI paBua 0,16 n-Monb
1-MuH . BBIYHCINTE HAYAIBbHYIO CKOPOCTb PEAKIIHH, eCIH MCXOIHbIC KOHIICH-
Tpanuu pearupyromux BemectB Obuu: [Hy] = 0,04 monw/in, [I;] = 0,05 Moms/m.
Uemy Oyner paBHa CKOPOCTh 3TOM peakumu, koraa [H,] monusurcs mo 0,03
MOJIb/11?

77.Peakmus okcuaa azota (II) ¢ kucnopogom 2NO + O, = 2NO, saBisieTcs peakiiu-
€l TpeThero nopsiaka. Kak M3MEHUTCS CKOPOCTh 3TOW PEAKIMH, €CIIM MOJSAP-
HYIO0 KOHIIEHTpaiuio okcuna azora (II) yBenuuuth B 2, a MOJIIPHYIO KOHIICH-
Tpaluo Kucjiopojaa B 3 paza?

78. T'maponus HEKOTOPOro MHCEKTHUIUAA (CpelcTBa it OOPhOBI C HACEKOMBIMU)
B Bojic mpu 12 °C mpoTeKaeT Kak peakius IMepBOro MOPsIKa ¢ KOHCTAHTOU CKO-
poctr 1,45 rox '. B pe3ynbraTe JETHEro JMBHS HEKOTOPOE KOJNHMYECTBO TOIO
WHCEKTUIINIa ObIJIO CMBITO C MOJEH B 03€po, T/I€ YCTAHOBUIIACH CPEIIHASI €ro
KOHIICHTpaLUs 5,010 r/em’. Cunrast, 910 addexTrBHAsS TemrepaTypa o3epa
12°C, BblunCIUTE: @) KOHIIEHTPAIMIO UHCEKTUIINIA B 03€pe CIYCTSI POBHO TO/I;
0) Bpemsi, HEOOXOAMMOE 11 YMEHBILICHHUSI KOHIIEHTPAllUM UHCEKTUIINIA B 03€-
pe 1o 3,0-1077 /e’

79.PaccmoTpuM rUnoTeTUYECKYI0 peakiuio A + B — npoodykmer. Iy kaxaoro
U3 TEPEUYUCIIEHHBIX HUXKE BO3MOXKHBIX YPaBHEHHI CKOPOCTHM TAKOW peakuuu
YKaKUTE MOPSAOK PEaKUU MO peareHTy A, 1o peareHTy B u moJiHbIi HOpSA0K
peakuun: a) ckopocmv = k[A][B]; 6) ckopocms = k[A]*; B) ckopocmb =
KA][BT*.

80.B3aumopericteue okcuna yraeposaa (I1I) ¢ xaopom BeipaxaeTcsi ypaBHEHUEM:
CO + Cl, = COCl,, Konnienrparust okcuaa yriaepona (II) pasua 0,3 monb/m, a
xJyiopa 0,2 monb/n. Kak i3MEHUTCS CKOPOCTh NPSIMOM PEaKIMH, €CIIU YBEIUYUTD
KOHIIeHTpaIruto okcuaa yriepoaa (1) mo 1,2 moib/i, a KOHIIEHTpALMIO XJI0pa
10 0,6 Monb/n? CuuTarh, YTO 3TA PEAKLKs BTOPOTO MOPSIKA.

81.Cxopoctb peakiuu A + 2B npu koHnenTpauuu [A] = 0,5 Mosb/11 1 KOHIIEHTpa-
uu [B] = 0,6 monw/n paBHa 0,018 monw/(;1-MuH). Berunciaute KOHCTaHTY CKO-
POCTH pEakilfK, CUUTAas], YTO PEAKIIUS TPETHEro MOopsIKa.

82.YcraHoBneHo, 4TO pa3iioKeHUE HEKOTOPOro BEUIECTBA MPOTEKAET MO ypaBHE-
HUIO NIEPBOro nopsiaka. Ecnu KOHIEHTpalus 3TOr0 BEIIECTBA YMEHbBIIAETCS 10
TIOJIOBHHBI HCXOIHOTO 3HAYEHHs 3a BpeMs 2,5-10° ¢, To KaKOBO 3HaUCHHE KOH-
CTaHTbhI CKOPOCTH €0 Pa3IOKEHUA?

83.YcraHoBneHO, YTO BEIIECTBO pasyiaraeTcs Mo peakuuu nepBoro nopsaka. Ecim
M3BECTHA KOHCTAHTa CKOPOCTH k = 8,6-107 ¢, TO KaKoil mepros MoJTympeBpa-
HIEHUS UMEET 3Ta PEAKLUS?

84.11pu kakoit TeMriepatype 3aKOHYUTCSI HEKOTopas peakius 3a 0,5 MUH, ecliv pu
70 °C ona 3akanunBaercs 3a 40 Mun? TemrepaTypHbii KO3QQUIMEHT peakiium
paBeH 2,3.

85.KoncranTa ckopoctu razodaznoro pasnoxeHus N,Os Ha NO, u O,, SBisroIe-
rocst IPOLIECCOM TepBoro mopsmka, npu 65°C pasna 4,87-10° ¢'. Eciu B
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Hayase peakiuu B cocyae ooreMoM 500 mi coaepxutcsa 0,500 mons N,Os, To
ckoJibko Mosield N,Os octaneTcsa Tam no ucredeHuu 5,0 MmuH? CKOJIBKO BpeMe-
HU JIOJDKHO MPOUTH JIJIs TOTO, 4TOOBI KomuecTBO N,Os ymenbuiiocs 10 0,100
MoJsi?

86.Brrunciute, BO CKOJIBKO pa3 YBEIUYUTCS CKOPOCTh PEaKIMK MPU MOBBIIIEHUN
temmeparypsl Ha 150 °C, npuHnMas TemriepaTypHbii K03 UIIMEHT CKOPOCTH
pEaKuuu paBHBIM 2.

87.1IpeBparenue nmepekrcu OCH30MIA B TUATUIIOBBIN 2huUp (peakius mepBoro mo-
psiaka) mpu temmeparype 60 °C 3a 10 munyt mpomuto Ha 75,2%. Beraucnure
KOHCTaHTY CKOPOCTH JIaHHOW peaKIuu.

88.0neprus axrtuBanuu E, 1t Hekotopol peakuuu paBHa 70,0 xJx/mons. Kakoe
BJIMSIHUE HA €€ CKOPOCTh OKa3bIBAET MOBBIIICHUE TeMIlepaTyphl: a) ot 25,0 1o
35,0 °C; 6) ot 100 mo 110 °C? Ilpeamonaraercsi, 4T0 KHHETHYECKUE MTAPAMETPBI
E, n A He 3aBUCAT OT TeMIepaTyphl.

89.Peakmusa SO,Cl, — SO, + Cl, onuckiBaeTcsi KWHHETHYCCKUM ypaBHEHHUEM TIEp-
BOTO TTOPSIKA C KOHCTAHTOM cKopocTH k = 2,2-107 ¢ ' mpu 320 °C. Kaxas actb
ucxoanoro kommuectBa SO,Cl, pasznoxurca npu temmeparype 320°C 3a 90
MUH?

90.)1151 peaximu nepBoro nopsigka A — C KOHCTaHTa CKOpocTh k =5 muH . Ilpu
NPOTEKaHUM peakuuu nepBoro nopsiaka D — B ymume 10% Bemecta D pas-
JaraeTcsl 3a TaKoW >Ke MPOMEXKYTOK BPEMEHH, KOTOphId Tpedyercs mist 50%
pa3lIokKEHHUs BellecTBa A B MEpBOM peaklnu. BruncinTe KOHCTAHTY CKOPOCTH
k st BTOpoi peakiuu.

Tema 7. IloBepXHOCTHBIEC SIBJICHUSI M AICOPOIUA

91.YTo0 Takoe MoBEpXHOCTHOE HATSKEHHUE U KaK OHO Bo3HUKaeT? Kakue BemiecTBa
Ha3bIBAIOT MOBEPXHOCTHO-aKTUBHBbIMU? [IprBeuTE MpUMeEpHI.

92.Hanuiure ypaBHEHHE KOJWYECTBEHHOTO COOTHOIICHUS MEXKIY BEIUYUHOMN
afcopOIUK, U3MEHEHHEM TTOBEPXHOCTHOTO HATSKEHUSI M KOHIIEHTpalMei pac-
TBOpa. B ueM cOCTOUT IpakTU4YECKOE 3HAYEHUE ITOTO YPABHEHUSA?

93.00bsicHUTEe MPUUUHBI aJicopOru. UTo Takoe aKTUBHPOBAHHAS ajcopOLUs U
KanWJUIsIpHAs: KOHJIEHCAIMs?

94.BrIuncianTe BEIMYMHY aicopOnuu aprona Ha yrie npu —78 °C, eciii 1aBjieHue
aprosa pasHo 1,72-10% u 7,52-10" ITa, a = 4,83-10” m’/kr u 1/n = 0,6024.

95.Ha ocHOBaHWMU ONBITHBIX JAaHHBIX TpaUUECKUM METOJIOM pPACCUHUTANUTE B
ypaBHeHUU DpeiHammxa KOHCTaHThl @ U 1/n s aacopOumu aproHa yriem

pu —78 °C:
P, Ila 7220 13100 17200 29000 39300
x/m, M /kr | 0,0102 0,0147 0,0173 0,0237 0,0284

96.Paccunraiite azcopOumio azora (M /kr) Ha cmoze npu 90 K (IpHBeIeHHBIX K
temmepatype 20 °C u gasnenmio 1,013-10° Ila) o ypasrenuto JIsHrMIOpa, ec-
U gaBieHue azota papHo 1730 u 670 Ila, 77, = 0,0385 M/kr, b =847.
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97.PaccuunTaiitTe KOHCTaHTBI @ U 1/n TpadUyecKUM METOJIOM JJid aACOpOIUU YK-
CYCHOU KHCIIOTBI )KHBOTHBIM yriieM mpu 25 °C Ha OCHOBE CJIEIYIOIIUX OITBIT-
HBIX JIAHHBIX:

PaBHOBeCcHas MossipHast

Konnenpanus 0,018 0,126 0,268 0,471 2,785
CH;COOH, moab/n

X/m, MOJIB/KT 0,47 1,11 1,55 2,04 4,27

98.0mpenenure ancopOUHUI0 YKCYCHOM KHCIIOTHI Ha JKHBOTHOM yrie mpu 25 °C,
€CJIM paBHOBECHAasi MOJISIpHAas KOHIICHTpamus KuciaoThl paBHa 0,062 mMoib/m u
0,882 monw/n. Koncrautel: a = 0,155 monw/kr, 1/n=0,42.

99.Ha ocHOBaHMM JaHHBIX aACOPOIMU OCH30MHOM KHCJIOTHI U3 OEH30JIa Ha yrJje
npu 25 °C ompenenure rpapuuecKMM METOAOM KOHCTAHTHI B ypaBHEHUH
OpenHmxa:

PaBHOBecHas MomsipHast

KOHIICHTpAIUs 0,006 0,025 0,059 0,118
CH;COOH, momp/n

X/m, MOJIb/KT 0,44 0,78 1,04 1,44

100. I'paduueckum myteM HaiauTe B ypaBHEeHHU DpelHIIUXa KOHCTAHTHI IS
aJcOpOIIMKY MPOMUOHOBOM KHUCJIOTHI 1 T YIUISI, MOJIB3YSCh CIACAYIOIMIUMH JlaH-
HBIMHU:

HauanwsHast MmonsipHasi KOH- 0.030 | 0,120 0.460 0.660
nentpanus C3;HgO, Mob/n

PaBHOBecHas MomsipHast

koHueHtpanua C;HgO, 0,004 | 0,061 0,370 0,540
MOJIB/JT

101. Omnpenenure TpaduyecKkumM METOJOM KOHCTaHThl [, U b B ypaBHEHHUH
JIaHrmiopa A aacopOIMM YKCYCHOM KHCIIOTBI U3 BOJHOTO PacTBOpa >KUBOT-
HbIM yriiem npu 25 °C, ucxo/s U3 CIIeMYIONINX JaHHbIX:

PaBHOBecHast MOJIsipHAast KOHLIEH-

rpatus CH:COOH, Moms/n 0,031 0,062 | 0,268 0,822

I, Monb/KT 0,624 1,010 1,910 2,480

102. Ilpu uzydyenuu agacopOuuu OpoMa yriieM U3 BOJbl ObLIM MOJIYYEHBI CIEIY-
IOILME TAHHBIE:

PaBHOBecHas MomsipHast 000259 | 000669 | 0.01708 0,02997

KOHLIeHTpauus Br,, Monb/n 5

I, Monb/KT 3,10 4,27 5,44 6,80

Omnpenenure KOHCTaHTHI [ ,, U b B ypaBHEeHUH JIsHIMIOpa rpauuecKuM METOIOM.

103. Ompenenure agcopouuto npu 10 °C 11 pacTBOpa MeIaproHOBOM KHCIOTHI
mouisipaoit koHteHTparuu 0,000316 Moub/i1, ecium MOBEPXHOCTHOE HATSXKEHUE
pactBopa paBHO 57-107° H/M, a IOBEPXHOCTHOE HATSKCHHE BOZBI IPH DTOIL
Temmepatype paBHo 73,49-10° H/m.

104. IloBepXHOCTHOE HATSHKEHHE BOJHOIO PAacTBOpa M30BAJIECPUAHOBOM KHUCIIOTHI
MosipHOil konnenTpauun 0,0312 moms/m mpu 15 °C pasro 57,5-107° H/m.
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Onpenenute aacopOLUI0 KUCJIOTHI HAa TMOBEPXHOCTH PACcTBOpPA, €CIIU MOBEPX-
HOCTHO€ HATSKEHHE BOJEI pa]3H073,49-1073 H/m.

105. IToBepXHOCTHOE HATSHKEHHE BOJHOIO PAacTBOpA THIPOKCH]IA HATPHS MacCo-
Boii poseit 20% npu 20 °C pasHO 85,8-1073 H/m. Onpenenute aacopOuuio Ha
MOBEPXHOCTH PaCcTBOpa U CAeIaiTe BHIBOJ O MMOBEPXHOCTHON aKTUBHOCTH THI-
pokcuaa Hatpus. [ToBepxHocTHOE HaTspkenue Bo sl ipu 20 °C pasuo 72,75-10°
> H/m, a mmotHocTh pactBopa NaOH pasna 1,219 r/em’.

Tema 8. /lucnepcHble cucteMbl. PACTBOPBI BBICOKOMOJIEKYJISIPHBIX COeTUHE-
HUH

106. KakoBo ctpoenue mwurest duodoOHbIX 30meii? [lokaxuTe HA MpUMEpe MU-
el 30 cynbbuna cypsMbl (III) Sb,S;. Iloyemy amcopOIMoHHBIN Ciiol
KOJUIOMJTHOM YaCTHIIbI MO-APYrOMy MOXHO Ha3BaTh MOHOTeHHbIM? UTto mpen-
cTaBisieT co00it nudPy3nOHHBIN CTTON MUIICIIITBI?

107. OObsicCHUTE IIEKTPOKUHETHUUECKHE SIBJICHUSI KOJUIOMHBIX PACTBOPOB: DJIEK-
TPOOCMOC U JIEKTpodopes.

108. Jlaiite ompeneneHus MOHATHSIM: KUHETHYECKas W arperatuBHas yCTONYH-
BOCTh. [lepeuncnure pakTopbl yCTONYMBOCTU KOJJTIOUIHBIX CUCTEM.

109. Yrto nazpBaroT noporoMm koarymsiuuu? Kak on onpenenserca? Uto takoe
MOJISIpHAsi KOHLIEHTpaLKs SKBUBaJICHTA dJieKpoiauTa-koarynsatopa? Chopmynu-
pyiite npasuio 3HadyHocth llyneue-I'apae n npuBenuTe npumepsl, TOATBED-
KIAIOLIUE €TO.

110. Hanummute hopmMyIibl MULIEIUT CIAEAYIONTUX 30JICH:

a) 30111 kapoonara Oapusi BaCOs, cTabunu3upoBaHHOTO XJIOPUIIOM Oapusi (MMeeT-
csi B BUy 305ib BaCOj3, monydennsiii mpu u3osiTke pactBopa BaCl,);

0) 30751 cynb(duaa cBUHIIA, CTAOUIM3UPOBAHHOTO CYIb(UIOM HATPUS,

111. HanummTe GopMyIibl MUTIEIUT CIEAYIOIINUX 30JICH:

a) 30118 ruapokcuaa xene3a Fe(OH);, crabumusupoBanHoro Fe(NOs)s;

0) 307 xsmopuna ceunia PbCl,, crabunu3upoBaHHOTO XJIOPUIOM KaJIHs;

112. Kakue voHbI OyIyT ABIATHCS Koarynsaropamu 305 cyibdara 6apus BaSO,,
cTabuian3nupoBaHHoro cyibdatrom kamuss — K,SO,4, ecnu k 3010 npubaBuTh
cieayromue avektpoautbl: a) KNO;; 6) Pb(NOs),; B) Nal;r) AINO;)s3;
1) K;[Fe(CN)]; €) NazPO,. J1ist Kakoro U3 MPUBEICHHBIX 3JEKTPOIUTOB OyIeT
HANMMEHBIIUHN MTOPOT KOATyJISIAN?

113. 3onb Opomuga cepedbpa nonyuen cauBanuem 16 mur 0,005 Momnw/a1 pactBopa
AgNO; n 40 M 0,0025 M pactBopa KBr. Kakoii u3 AByX 3J€KTPOJUTOB —
MgSO, u K;[Fe(CN)y] Oyner umeTs OOJBIINNA MOPOT KOATYJISIIIUKN ISl TIOJTY-
YEHHOTO 30JI517

114. Kak pacnonokeHbl MOpPOTH KOaryJsanuu B psay pactBopoB coieid NaCl,
AICl;, Na,SO,4, NaH,PO, nns 3015 rugpokcuia xene3a, NoJIy4eHHOTO METO-
JIOM THUpOIn3a?

115. Kak pacnosoxatrcs moporu koaryiasiuuu B psiay pactBopoB AlCl;, MgSO,,
NaH,PO, nns otpunatebHO 3apsiKEHHOTO 30J1s1 AuoKcuaa KpeMHus — Si0,?
JlaliTe MOsICHEHUS.
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116. Iloporu KoaryjisiMK SJEKTPOJUTOB AJIE HEKOTOPOro THAPO30Js PaBHBIL:
C(NaNO;) = 300 mous/ M°, C(MgCl,) = 25 moms/m”, C(Na,SO,) = 295 mounb/
M, C(AICL;) = 0,5 Moms/ M°. Kakoit 3apsi; HECYT YaCTHIIBI 301517

117. Tloporu Koaryisiuu JIEKTPOJIUTOB JIJIi HEKOTOPOro JIMO()OOHOTO 3015 paB-
a1 C(NaCl) = 100 mons/ m°, C(CoCl,) = 40 moms/m’, C(K,SO,) = 125 moms/
M, C(AICL) = 0,5 mois/ M’. Ompe/ieNnTe 3HAK 3apsiia KOIOMIHON JacTHIbI?
K anony nnum xarogy OyaeT ABUTAThCS 3Ta YaCTUIIA TIPH JeKTpodopese?

118. Yto o3Hauaer mpouecc CTPyKTypooOpa3oBaHHs B KOJUIOMIHBIX CHCTEMax?
JlaiiTe onpeaeneHust NOHATUSIM: TUKCOTPOIIUS, CHHEPE3HC.

119. IlosicHuTe pa3nuuus MEXIY CYCHEH3USIMU, IMYJIbCUIMHU, 30JIMH, [TaCTaMH,
MIEHAMU.

120. IlosicHute, uTO Takoe BbICcOKOMOJIEKYJsipHble BemecTBa (BMC) u kakumu
(bU3UKO-XMMUYECKUMH CBOMCTBaAMHU 001a/1al0T UX pacTBOphl. [lepeuncnure
OCHOBHBIE OTIU4Ms pacTBOpoB BMC ot koutongHbeix pactBopoB. UTo Takoe
creneHb HaOyxanus BMC? Ot kakux (pakTopoB 3aBUCHUT 3Ta BeIUUMHA?
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Ilepeyenb pecypcoB HH(MOPMANMOHHO-TEJICKOMMYHMKANUOHHON CETH

«I/IHTepHeT», HCOﬁXOZ[I/IMbIX AJIA OCBOCHHA JUCIHHUITIMHBI (MOHyJ’lﬂ)
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OnextponHo-6mbmoteunas cucrema ZNANIUM.COM (MH®PA-M) [Dnek-
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I[MPMJIOXXEHWA
Ipunooicenue 1

CranaapTHblie JHTAJIBIHNU 00Pa30BaHNsl, CBOOOIHbIC JHEPIUH 00PA30BaHUA
U CTAHJAPTHBIE a0COJTI0THbIE JHTPONHHU

B Tabiuiie comepiKaTcs JaHHBIE O CTAHAAPTHBIX SHTANBIUAX (AH®) B CBOOOIHBIX
sHeprusax (AG°g) 00pa3oBaHMs U3 JEMEHTOB B UX CTAaHIAPTHBIX COCTOSHHSX,
BBIPQKEHHBIE B KUJIOJKOYJISIX HA MOJIb, @ TAK)Ke TEPMOJAUHAMUYECKUE (BHIYUCIICH-
HBIC M3 TPETHETO 3aKOHA), MM aOCONIOTHEIE, SHTPOIHHK (S°) B KOYIIAX HA KEIlb-
BHUH Ha MOJIb; BCE 3THU JIaHHbIE OTHOCATCA K TemnepaTtype 298 K. da3oBoe cocTosi-
HUE COCIUHEHUS YKa3bIBACTCS CIASAYIOMMM 00pa3oMm: (T.) — ras, (3K.) — KHUIAKOCTb,
(TB.) — TBEpIO€ BEIIECTBO, (BOAH.) — BOJHBII PacTBOP; B HEKOTOPBIX CIy4asx yKa-
3bIBAETCS KpHCTaUIM4YecKas (opMa TBepaoro Bemiectsa. [Ipu mepeBone U3 AKOY-
JIEW B KaJIOpHH, CIEAYET UMETh B BUAY, uTo 1 kan = 4,184 J[x.

AH’94 AG®94 s°
I'pynna Bemecrso kJ>k/MOJIB k/x/Mone | Jx/(K-moib)
IA |H() 217,94 203, 24 114,61
H* 0,00 0,00 0,0
H, (r.) 0,00 0,00 130,59
Li (TB.) 0,00 0,00 28,0
Li* (Bomn.) —278.46 -293.80 14,0
Na (TB.) 0,00 0,00 51,0
Na* (BozH.) 239,66 261,87 60,2
NaF (1B.) —569,00 —541,00 58,6
NaCl (tB.) —411,00 —383,03 72.4
NaBr (TB.) —359,95 —347,70 —
Nal (B.) 288,00 —237,00 —
Na,CO; (1B.) ~1131,00 —1048,00 136,0
K (1B.) 0,00 0,00 63.6
K* (BozH.) —251,20 —282,20 103,0
KClI (1B.) —435,87 —408,32 82,68
KClI (r.) —219,00 —235,00 239,5
KCIO; (1B.) —391,20 —289,90 143,0
IIA |Be(r) 320,60 282,80 136,17
Be (1B.) 0,00 0,00 9,54
Be" (BoaH.) —-390,00 -356,00 —
Mg (1B.) 0,00 0,00 32,5
MgO (tB.) —601,80 ~569,60 26,9
Mg™ (BoziH.) —461,96 —456,01 ~118
MgCl, (1B.) —641,83 —542.32 89,5
Ca (1B.) 0,00 0,00 41,6
Ca’" (BozH.) —542,96 —553,04 —552
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IIpooonsxcenue npun. 1

I'pynma AH s AG" s AN
ITA Bemectso kJ[>x/MOITB kJx/Mons | Jx/(K-moib)
Ca(OH), (1B.) —986,60 —896,80 76,1
CaCOs; (TB.), KaJIBIUT —1206,90 —1128,80 92,9
CaCO; (TB.), aparoHUT —1207,00 —1127,70 88,7
CaF,-(tB.) —1214,62 -1161,90 68,87
CaCl,-(1B.) —794,96 —750,19 113,81
Sr (TB.) 0,00 0,00 544
Sr™* (Boam.) —545,51 ~557,30 -39,0
Ba (1B.) 0,00 0,00 67,0
Ba™ (BoxH.) ~538,36 ~560,70 13,0
BaCl, (1B.) —860,06 —-810,90 126,0
BaSO, (1B.) —1464,40 —1353,11 132,21
IVE | Ti(tB.) 0,00 0,00 30,3
TiO, (TB.), pyTHI -912,10 -852,70 50,25
TiO™ (BoxH.) — ~577,00 -
Ti,0;5 (TB.) —1536,00 —1448,00 78,78
VIII | Fe (1B.) 0,00 0,00 27,2
Fe™ (BoxH.) —87,90 —84,93 ~113,0
Fe’* (Boxm.) —47,70 ~10,60 —293
Fe,O; (TB.), reMaTtut -822,10 -741,00 90,0
Fe;0, (TB.), MarueTur -1121,00 -1014,00 146,0
Co (1B.) 0,00 0,00 28,45
Co* (BozH.) —67,36 -51,46 155,23
CoO (1B.) —239,32 —213,38 43,93
Ni (TB.) 0,00 0,00 30,13
Ni** (BozH.) —64,02 —46,44 159,41
NiO (1B.) —244 35 -216,31 38,58
Ni(OH), (1B.) —-538,06 —453,13 79,50
Ib | Cu(tB.) 0,00 0,00 33,3
Cu” (BogH.) 51,90 50,20 —26,0
Cu”* (BozH.) 64,39 64,98 —98,7
CuO (1B.) —162,00 —129,90 42,6
CuSO, (TB.) —769,86 -661,90 113,0
Ag (TB.) 0,00 0,00 42,7
Ag” (Bomn.) 105,9 77,11 73,93
AgCl (1B.) —127,03 —109,72 96,11
AgBr (TB.) —99.50 —95.94 107,11
AgNO; (TB.) —123,10 —37,20 140,9
IIb |Zn(1B.) 0,00 0,00 41,6
ZnO (TB.) —348,00 —318,20 439
Hg (x.) 0,00 0,00 77,4
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IIpooonscenue npun. 1

BemecTBo AH 04 AG 208 §
kJ[>x/MOITB kJx/Mons | Jx/(K-moib)
HgCl, (1B.) —230,00 —186,00 144,0
Hg,Cl, (TB.) —264,90 -210,70 196,0
IITA | B (1B.) 0,00 0,00 6,53
B,O; (TB.) -1264,00 —1184,00 54,02
B,Hg (1.) 31,00 82,80 2329
BCI; (1) -395,00 -380,00 289,9
BCl; (kx.) —418,40 -379,00 209,0
BBr; (1.) —187,00 -213,00 324,2
BBr; (k.) —221,00 -219,00 229,0
H3;BO; (1B.) -1087,84 -963,16 89,58
H;BO; (BonH.) -1067,76 -963,32 159,83
Al (1B.) 0,00 0,00 28,32
Al’* (BOmH.) —524,70 —481,20 -313,0
Al O3 (TB.) -1669,80 -1576,40 50,98
AICl; (TB.) —653,40 -636,80 167,0
IVA | C(1B.), anma3 1,89 2,866 2,43
C (1B.), rpadut 0,00 0,00 5.69
CO (r.) -110,52 —137,268 197,91
CO, (1)) -393,51 -394,383 213,64
CO, (BojH.) -412,90 -386,20 121,0
CH, (1.) —74,85 -50,794 186.2
CH, (1)) 226,75 209,00 200,8
C,Hy(r.) 52,28 68,124 219,5
C,Hg (1)) —84,67 -32,88 229.5
Cs;Hg (1)) —103,80 -23,50 269,9
H-C4Hy (1) —124,70 —-15,70 310,0
uz0-C4Hy, (1.) —131,60 —-18,00 294.6
Ce¢Hg (1.) 82,93 129,65 269,2
CeHe (k.) 49,03 124,50 172,8
H-CgH g (k.) —250,00 6,48 360,8
HCOOH (r.) -362,60 -335,70 251,0
HCOOH (x.) —409,20 -346,00 129,0
HCOOH (BoaH.) —410,00 -356,10 164,0
H,CO; (BonH.) —698,70 -623,40 191,0
CH;COOH (x.) —487,00 -392,00 160,0
CH;COOH (BoaH.) —488.,45 -399,60 -
CH;COO™ (BogH.) —488,87 -372,50 -
HC,0O4 (BoaH.) -818,80 —698,70 154,0
C,0,” (BoH.) —842,20 -674,90 51,0
HCHO (r.) -116.00 -110,00 218,7
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IIpooonscenue npun. 1

BemecTBo AH 04 AG 208 §
kJ[>x/MOB kJx/Mons | Jx/(K-moib)
HCHO (BojH.) - —130,00 —
CH;OH (1.) —201,30 -161,90 236,0
CH;OH (x.) —238,64 -166,30 127,0
CH;OH (Boan.) —245,90 -175,20 132,3
C,HsOH (r.) -235,40 —-168,60 282,0
C,HsOH (x.) -277,63 —174,80 161,0
VA CH;OCH; (1)) —184,05 -112,92 267,1
CH;CHO (r.) -166,40 -133,70 266,0
CH;CHO (x.) —195,00 - -
CH;CHO (BoaH.) —208,00 — —
C;HgO3 (k.) rmuuepun —666,0 -479,49 204.60
CeH 1,06 (1B.) -1260,00 -919,20 288.9
Si (TB.) 0,00 0,00 18,7
SiO, (TB.), KBapIy -859,40 -805,00 41,84
Ge (TB.) 0,00 0,00 42,42
Sn (TB.), cepoe 2,50 4,60 44,8
Sn (TB.), Oemoe 0,00 0,00 51,5
SnO (TB.) —286,00 -256,90 56,5
SnO; (TB.) —580,80 -519,30 52,3
Pb (1B.) 0,00 0,00 64,89
Pb™* (BozH.) 1,60 —24.30 21,0
PbO (1B.), KpacHbIH —219,20 —189,30 67,8
PbO (1B.), KenThI -217,90 —188,50 69,5
PbO, (TB.) —276,60 -219,00 76,6
PbS (TB.) -94,31 -92,68 91,21
PbSO, (1B.) -918,40 -811,24 174,28
N, (1.) 0,0 0,00 191,49
NO (r.) 90,37 86,668 210,62
NO, (1.) 33,85 51,84 240,5
NO;™ (BogH.) -206,57 -110,60 146,0
N,O (1.) 81,55 103,60 220,0
N,Oq (1.) 9,661 08,286 304,3
NH; (1)) —46,19 -16,64 192,5
NH; (BoaH.) -80,83 -26,60 110,0
NH," (BoaH.) -132.8 —79,50 112.8
NH,CI (1B.) -315.4 -203,90 94,6
N,oH,(k.) 50,42 - -
NH,—-CO-NH, (1B.) -332,2 -197,20 104,6
(NH4),SOy (1B.) -1179,3 -900,35 220,3
P (TB.), Genblii 0,0 0,00 44.4
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Oxonuanue npun. 1

BemniectBo AH 505 AG 95 §
kJ[>x/MOITB kJ/Dx/mMones | Jx/(K-moib)
P (TB.), KpacHbI —-18,0 —14,00 29,0
P,Os (TB.) —1492,0 —1348,80 114,5
PCl;s (1.) —398,9 —324,60 353,0
H;PO, (TB.) —1281,14 — -
As (TB.), cepblii MeTaILT 0,0 0,00 35,0
AsHj; (1.) 171,54 — —
H;AsO, —900,40 — —
VIA | O, (1) 0,0 0,00 205,03
OH (BoxH.) —229,94 —157,30 —105,0
H,0 (1.) —241,8 —228,59 188,72
H,0 (x.) —285,84 —237,19 69,94
H,0, (k.) —187,6 —113,70 92,0
H,0O, (BoaH.) -191,1 -131,67 -
S (TB.), opTopoMOnUecKas 0,0 0,00 31,9
S (TB.), MOHOKJIMHHAS 0,30 0,096 32,6
S* (BoxH.) 41,8 83,70 —
SO (1.) 79,58 53,47 2219
SO, (1.) —296,9 —-300,40 248.5
SO; (1)) —395,2 —370,40 256,2
H,S (1.) —20,15 —33,02 205,6
H,S (BoaH.) -39,0 —27,40 122,0
SO,” (BoxH.) —907,51 —741,99 17,15
H,SO, (x.) —627,98 -527,31 132,38
VIIb |F (1) 0,0 0,00 203,0
HF (1.) —269,0 —271,00 173,5
Cl, (1) 0,0 0,00 222,95
C1,07 (x.) 251,0 — —
HCI (r.) -92,312 —95,265 186,68
HCI (BoaH.) —167,46 —131,17 55,2
HCIO (BonH.) -116,4 —79,956 130,0
Br (BomH.) -120,9 -102,82 80,71
Br, (1.) 30,7 3,14 245,35
Br, (k.) 0,0 0,00 152,3
HBr (1.) -36,2 —53,22 198,48
I (BomH.) —55,94 —51,67 1094
L (1.) 62,24 19,40 260,5
I, (TB.) 0,0 0,00 117,0
I, (BoaH.) 21,0 16,43 —
HI (r.) 26,0 1,30 206,3
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Ipunooscernue 2

CTaHHapTHLIe IHTAJBIINK CTOPAaHUS HEKOTOPLIX BEIICCTB

BemectBo AH° 1op, KJK/MOTB
CH, (1.) 890,4
C,Hg (1)) 1560
C2H2 (F) 1300
C2H4 (F) 1411
C3H8(F.) 2218
C;Hg (1.) — nponuiien 2058
C4H10 (F) 2877
C5H12 (F) 3536
C6H12()K.) 3912
C6H14 ()K) 4163
Cngz()K.) 5512
C]()Hg (TB.) 5157
CH;0OH (x.) 726
CH;CHO (r.) 1193
C6H5OH (TB.) 3054
(NH,),CO (1B.) — MOYEBHHA 632
C;H5Oj5 (TB.) — rnuuepuH 964
CgH,0¢ (1B.) — 0-D-rimroko3a 2802
CgH,0¢ (1B.) — B-D-rmoko3a 2808
C,Hp, Oy (TB.) — caxapo3za 5645
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Ipunoowcernue 3

KoHCTaHTBI JUCCOMMAIME HEKOTOPBIX CJ1a0BIX YJIEKTPOJIMTOB
B BOAHBIX pacTBopax npu 25 °C

Jnekmpoaum Ky pK = —1gK,

A3zoTtucTtas Kucjiora HNO, 4,0 10 3,40
I'mapokcung ammonust  NH,OH 1,75-10 4,75
bopnas kucnora (opro) H;BO; K,=5.,8" 10" 9,24
Kpemnuenas kucinora H,SiO; K,=2,2-10" 9,66
K,=1,610" 11,80

JImMoHHAas KHCJIOoTa H;C¢Hs0O; Ki=74: 10 3,13
K,=1,7-107 4,88

K;=4,0-10" 6,40

Mypasbunas kucinora HCOOH 1,810 3,74
CepHas KHCJIOTA H,SO, K,=12:10" 1,92
Cepuucras kuciora  H,SO; K,=1,6-10" 1,80
K,=63-10"° 7,21

CepoBoaopo H,S K,=6,0-10" 7,22
K,=1,010" 14,00

VroabpHas KUCIIOTa H,CO; K,=4510" 6,35
K,=47-10" 10,33

YKCycCHast KUCio0Ta CH;COOH 1,75 107 4,75
®docdopHas kuciora (0pTo) K,=7,5-10" 2,12
H;PO, K,=63-10"° 7,20

K=1,310" 11,89

1{[1aHOBOZOPOL HCN 79-10" 9,10
[[{aBeneBas kuciora H,C,0,4 Ki=54 10 1,27
K,=5410" 4,27
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Ipunoorcenue 4

CTaHHapTHbIe OKHCJIUTEC/IbHO—BOCCTAHOBHUTC/IBHBIC IOTCHIHAJIBI

npu 25 °C (298 K)

[Moaypeakiyu E°. B
Lit+e =Li —3.,045
Na"+e =Na 2,714
K'+e =K -2.925
Rb* +e =Rb ~2.925
Cs"+e =Cs -2,923
Ba’* +2¢ =Ba -2.906
Ca’* +2¢ =Ca ~2.866
La’* +3e =La ~2.522
Mg™* +2e = Mg —2,363
AI(OH); + 3¢ = Al + 30H ~2.30
AlFy" + 3e = Al + 6F ~2.07
Be™ +2¢ = Be —1,847
A" + 3e = Al ~1,662
Ti"" +2¢ =Ti ~1,628
Zr"+de =7r -1,529
Cr(OH); + 3¢ = Cr + 30H ~1,30
V*+2e =V ~1,186
Mn”* + 2 = Mn ~1,180
PO,” + 2H,0 + 2e = HPO;” + 30H" ~1,12
WO, +4H,0 + 6e =W + 80H ~1,050
FeS +2¢ =Fe + S* ~1,01
SO,” + H,0 +2¢ =S0O;* +20H" -0,90
2H20 +2e = H, + 20H —0,828
Se +2¢ =Se” ~0,770
Zn"t +2e¢ =7Zn -0,763
Zn™* + Hg + 2¢ = Zn(Hg) —0,7627
Cr*+3e =Cr —0,744
AgS +2¢ =2Ag+S” 0,71
SO;* +3H,0 + 6e =S* + 60H" -0,61
PbO + H,0 +2¢ =Pb + 20H -0,578
02 +e = 027 —0,563
Ga™ +3e =Ga ~0,529
S+2 =S —0,510
NO, + HL O+e =NO +20H -0,46
Fe™* + 2¢ = Fe —0,440
Cr+e =Cr —0,408
Cd™* +2e =Cd —0,403
Ti** +e = Ti* —0,369
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IIpooonocenue npun. 4

TI"+e =TI ~0,3363
Co™ +2e =Co —0,277
Ni** + 2 = Ni ~0,250
Mo™* + 3e = Mo —0,20
Agl+e =Ag+1 —0,151
Mn(OH), + 2e = Mn + 20H" ~1,47
Sn** +2e =Sn —0,136
Pb** + 2¢ =Pb —0,126
CrO,” + 4H,0 + 3e = Cr(OH); + 50H" -0,12
Ti* +e =Ti* —0,04
Fe’* + 3e = Fe ~0,036
D' +e ='/,D, ~0,0034
H' +e ='/H, 0,000
Ge™ +2¢ =Ge +0,01
NO37 + Hzo +2e = N027 +20H +0,01
MnO, + 2H,0 + 2¢ = Mn(OH), + 20H" +0,05
AgBr+e =Ag+Br +0,0732
10; + 2H,0 +4e =10 +40H +0,14
Sn** +2¢ =Sn”* +0,15
SO,” + 8H'+ 8¢ =S +4H,0 +0,15
Cut+e =Cu’ +0,153
SO,” +4H™+ 2e = SO, + 2H,0 +0,20
AgCl+e =Ag+Cl +0,222
105 + 3H,0 + 6e =1 + 60H +0,26
Cu™ +2e¢ =Cu +0,337
Fe(CN)s +e = Fe(CN)s~ +0,36
Ag,0 + H,0 +2¢ =2Ag + 20H +0,36
',0, + H,0O + 2 =20H" +0,401
2BrO + 2H,0O + 2e = Br, + 40H +0,45
Cu*+e =Cu +0,521
L+2e =2I' +0,535
I, +2¢ =31 +0,536
BrO; +2H,0 + 4e = BrO + 40H +0,54
Te* +4e =Te +0,56
Cu™ +Cl +e = CuCl +0,56
MnO, +e = MnO,” +0,564
MnO, + 2H,0 + 3¢ = MnO, + 40H" +0,57
Rh*" + 2¢ =Rh +0,60
Cu”* +Br +e = CuBr +0,657
02 +2H + 2e = H202 +O,682
PtCls~ + 2e = PtCly" + 2CI° +0,72
PtCl,” +2e =Pt + 2CI” +0,73
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Oxonuanue npun.4

Fe’* + e = Fe’ +0,771
NO; +2H'+e = NO, + H,0 +0,78
Hg,”" +2e =2Hg +0,788
Agh+e =Ag +0,7991
Hg™* + 2¢ = Hg +0,854
NO; + 10H + 8¢ = NH," + 3H,0 +0.87
Hg™ +e =Hg" +0,91
2Hg" +2¢ =Hg,™ +0,92
HNO; + 2H" + 2e = HNO, + H,0O +0,934
HNO; + 3H" + 3¢ =NO + 2H,0 +0,957
NO; +4H'+ 3e = NO + 2H,0 +0,96
Pd** +2¢ =Pd +0,987
I0; +6H + 6e =1 + 3H,0 +1,09
Br, + 2¢e =2Br +1,065
Pt +2¢ =Pt +1,20
Cut+e =Cu’ +0,167
H,0, + 2H' + 2¢ = 2H,0 +1,77
O, + 4H" + 4e = 2H,0 +1,229
MnO, + 4H" + 2¢ = Mn”" + 2H,0 +1,23
Cr,0,” + 14H' + 6e = 2Cr’* + 7TH,0 +1,33
T +2¢ =TI* +1,25
Cl, +2e =2Cl° +1,36
10, + 8H" + 8¢ =1 +4H,0 +1,4
BrO; + 6H" + 6e =Br + 3H,0 +1,44
ClO; +6H" + 6e =CI + 3H,0 +1,45
PbO, + 4H' + 2¢ = Pb** + 2H,0O +1,455
Au’t +3e = Au +1,498
MnO, + 8H" + 5¢ = Mn”* + 4H,0 +1,51
MnO, + 4H" + 3¢” = MnO, + 2H,0O +1,695
PbO, + SO, + 4H' + 2¢ = PbSO, + 2H,0O +1,682
Au'+e =Au +1,691
BrO, +2H" +2e =BrO; + H,0O +1,763
H,0, + 2H" 4+ 2¢ = 2H,0 +1,77
Co* +e =Co™" +1,82
H, + 2e =2H +2,20
F, +2e =2F +2,87
F, + 2H" + 2¢" = 2HF 43,06




