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Knaccudoukauua
HeopraHn4Yeckux BeLllecTB

J1ns1 cucTeMaTMYecKoro ornncaHusl CBOMCTB BelllecTB HeoOXoauMa UX KJIacCu-
dbuxkayus. B oTiMuMe OT opraHMuecKoi XUMUU, IIe Kiaccupukauus coeIMHe-
HWUH OCHOBaHa HAa ONHOM OOILEM MPU3HAKE — HATUUYMU OOHON NAU HECKONBKHX
(PYHKLUMOHANBHLIX TPYNI, B clydyae HeOpraHUUYeCKUX coeAMHEeHUN NPUXOINUTCS
paccMaTpUBaTh Cpa3y Leabli psia NPU3HAKOB, OOYCIOBAMBAIOLINX Te UK UHbIE
xMMuueckue cBoiicTa. [losToMy npodiema knaccudukaluy HeopraH MuYeCcKUXx
BELLIECTB JIO CUX IOP OCTAETCS He A0 KOHLIA pelleHHOMH.

B Heopranuvuyeckoll XMMMUM BeuwlecTBa JAeJsAT Ha KJjaccbl. OAHaKO rpaHu-
bl MEXKIY KJacCaMM HeuyeTKUe, MOCKOJbKY YacToO MMO3BOJUTENbHO TPUHUMATD
BO BHMUMaHHe pa3inuHble XapakTepucTUKU BeulecTs. [locTapaeMcs npaBuUibHO
OLIEHUTb NOCTOMHCTBA U HEJOCTATKHU pa3IMUYHbIX CITIOCO00B Kiaccudrukalum.

1.1. Pa3Butmne NOHATUN O XUMUNYECKUX INIEMEHTAaX,
BellecTBaxX NPOCTbIX U CZTIOXKHbIX

Yxe B apeBHOCTU pUI0CO(dBl Noaaraiu, 4To BCe TeJjla COCTOSIT U3 3JIEMEHTOB.
Ho BnepBbie caMO NOHSITUE XUMUUYECKOTO 3JIeMEHTa BO3HUKIIO Avub B XVII B.
AHrIuiickuil yuenblit Boitib' B 1661 . B KHUTe «XUMUK-CKETITUK» ONMPEASTNI
2JIEMEHTbI KaK «IlepBOoHayajJbHble U MPOCTHLIE, BIIOJHE HE CMELUaHHble Teaa, KO-
TOPbIE HE COCTABJIEHbI APYT U3 APYTra, HO NpeacTaBasiioT cOOOM T€ YaCTH, U3 KO-
TOPbIX COCTABJICHbI BCe TAK Ha3blBaeMble «CMelUaHHbIe Teda» U Ha KOTOpble MO-
CJICAHUE MOTYT ObITb B KOHLIE KOHUOB pa3joXXeHbl». OH BBEJ MNpeacTaBIeHHUE
O MEPBUUHBLIX KOPMycKyaax (MeabyalluMX 4yacTULAX) KaK 3JIEMEHTaxX U O BTO-
PUUHbIX KOPMNYCKYJax KaK CJI0XHbIX Tejaax. boilib cuuTan a1eMeHTbl MMEHHO
BewlecTBaMu. OOHAKO OH OLIMOOUYHO (KAK Mbl TeIepb 3HAaeM) OTHOCWUJ BOIY
K 3JIeMEHTAaM, a 30JI0TO, Meb, PTYTb U CEPY — K COSIMHEHUSIM UM CMECSIM.
Beaukui pycCKUM yuyeHbIN JIoMoHoCOB® B pa6oTe «DjeMeHTbl MaTeMaTH-
yeckor xuMuur» B 1741 r. BBea npelcTaBicHUE 00 aToMax Kak o MeJbyalliux

' BOWJIb Po6Gept (1627—1691) — dhU3uK, XMMUK U 6orocios. OJUH U3 OCHOBOMOIOXKHUKOB HAYTHOTO
obl11ecTBa, KoTopoe B 1662 1. npeobpasosanoch B JIoHnoHcKoe KoponeBckoe ob11ecTBO. boilnb skcnepy-
MEHTaAbHO 000CHOBAI ATOMUCTUYECKYIO TEOPU IO, CNOCODCTBOBA CTAHOBASHUIO XUMHUH KaK HAYKH, BBEJ
3KCIepUMEHTAJIbHBIA METOA UCCAEeNOBAHUA B XUMUI0, 3a70XIUT HaUuala XMUMHYECKOTO aHaIu3a.

2 TIOMOHOCOB Muxaun Bacunbesuu (1711—1765) — pycckuit yaeHbil-3HUMKIONEIUCT, NTEPBbIii poc-
CUMCKUH akaneMuK. Ero uccinenoBaHusi OTHOCIWIHMCH K MaTeMaTrKe, GU3MKe, XMMUU, T€0JIOTHUH, MOYBO-
BeJeHNI0, aCTpOHOMHUMU. [TepBbIM U3 PYCCKUX YUEHBIX MPUCTYINUA K NOATOTOBKE YUeOHUKOB 10 XMMUH
1 MeTaJTyprud. EMy npuHaanexXuT 3acnyra co3gaHusa MocKoBcKoro yuusepcuTtera (1755), ansi Kotoporo
OH COCTaBWI MpPOeKT 1 yueOHy1o nporpammy. KpoMe Toro, JIoMOHOCOB HaMUcal psil TPYAOB MO UCTOPUU,
3KOHOMUKE, (GUIIONOTUHU, 3a10KHJ OCHOBBI PYCCKOTO JIUTEPATYPHOTO A3bIKA.
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yacTULIAX BELIECTB, CIOCOOHBIX CBSI3bIBATLCS B 00J1ee KPYIMHbIC YaCTULIbI {KOp-
MYCKYJbl) — MO HALUMM TNPEACTABIECHHSIM, B MOJIEKY/Jbl, U3 KOTOPBLIX COCTOST
CJIOXKHbIE BellEeCTBA.

MDpaHily3cKUiil yUeHbI-ecTeCTBOUCTIBITATE b JlaByasbe' nepBbiM HayuuiIcs
BbIJICASATh M3 COCAUHEHUN mpocTbie BellecTBa. OH NPEAnoaoXUI, UTO «3Je-
MEHT» BECHUT MEHbLUE, YeM coeauHeHUe. JlaByasbe, npeaJoXuBIUHMA B 1789 T.
«Tabauily MpocCThIX TEJI» — 10 CYLUECTBY MEPBYIO KJIacCUPUKALUIO 21EMEHTOB,
NPUMEHSI BJEMEHT U IPOCTOE TEJO KaK OAMHAKOBbIE TSPMUHBbI.

B Hauane XIX B. aHrIMicKuil yueHblit JalbToOH® ONpeaeina 3JeMeHT Kak
BELLUECTBO, COCTOSILICE M3 aTOMOB OJHOIro Buaa. B pa3HbiX BelecTBax NpUCyT-
CTBYIOT aTOMBbI, OTJIMUAIOLLIMUECS MO Macce; NPpU NPeBpaLLEHUIX BELLECTB aTOMbI
HE U3MEHSIIOTCH, a TOJIBKO neperpynnuposbiBatoTes. JasbToH nucan: « Ml ¢ Ta-
KUM K€ YCIIeXOM MOXEeM CTapaTbCsl NnpubdaByuTh HOBYIO T1aHeTy B COJIHEUHYIO
CUCTEMY, KAK YHUUTOXXHUTb UJIHU CO3AaTb ATOM BOJOpOAa». [JajibTOH OTKPbLI 3aKOH
KPAamHbixX OMHOUEHUU

eC/IM /1BA 3JIeMeHTa 00pa3yl0T HECKOJIbKO COeIMHEHU, TO B 3TUX COEJMHEHUAX
MACChI OAHOrO 3JeMEeHTAa, NPUXOoAAIIHECs HA OJHY U TY 2Ke MACCY ApYyroro, OTHOCAT-
CSl KaK 1iejble YucJia.

Lpenckuii yuenslit Bepuenuyc® B 1814—1818 rr. omy6aukosan TaGauiy,
B KOTOPOH yKa3al aTOMHble Macchl (Beca) 46 31eMeHTOB U JaHHbIE O NPOLIEHT-
HOM cocTaBe 0koJ10 2000 npoaHannu3npoBaHHbIX UM coeauHeHU. B 1841 . bep-
LeUYC MPeaJIOXKUII TOHITUE astomponiii. TaK Ha3bIBAlOT CBOMCTBO HEKOTOPDIX
3JIEMEHTOB (HarpuMep, yrjiepoaa M cepbl) CYILIECTBOBATb B BUJAE Pa3/IMUHbIX
MPOCTbIX BELLUECTB.

TakuM 00pa3oM, yuyeHble MHOIMX CTpPaH BHECJU CBOM BKIaJd B pa3sBUTHUE
npeacTaBieHUil 0 XMMHUUYeCcKHX 3JieMeHTax. Ho Bce Xe peliarolnyio poJb 31eCh
Chirpajiv paboThl BETUKOrO PYCCKOro yueHoro Menneneesa®. OH rnepBbIM Haual

' IABYA3LE Antyan-JTopaH (1743—1794) — dpaHuy3ckuii XuMUK. B cBoeii nabopatopuu JlaByasbe
NpoBeJI MHOTOMUCIIEHHBIE ONbITHI, B KOTOPbIX OH ONpeaensa U3MeHEHHs1 MacC BELLECTB ITPH UX NTPOKAIU-
BaHUU U ropeHUU. OH TaKKe 3aJ10XKIWI OCHOBBI OpraHuyeckoro aHanusa. Kpome toro, JIaByasbe — OIMH
M3 OCHOBaTeeld TEPMOXUMMH.

? TAJTBTOH JxoH (1766—1844) — aHrMUICKUHA XUMMK U (DU3UK; CUUTAETCS CO3MATeTeM XUMUUECKOi
aTOMUCTUKHU. TlpoBoaua HaGAOAEHU U 3KCNEePUMEHTHI 10 IPETOMIEHUIO CBeTa, U3y4dall MpUpoay Te-
IIJIOTHI, TIPEATOXMII TEOPUIO UCTIapEeHUsT U cMellleHus ra3oB. B 1802 . oTKpbil OOMH U3 OCHOBHbIX 3aKO-
HOB razoBoro coctosiHust. CHopMyJIUpOBan H 000CHOBAT OCHOBHbLIE MOJTOXKEHUS] AaTOMHO-MOJIEKYASIPHO-
ro y4eHHsl. ABTOp OJHOI0 U3 PyHIaAMEHTAIbHBIX 3aKOHOB XMMUM — 3aKOHA4 KpaTHbIX OTHOUIeHUH (1803).

> BEPLEJIMYC Menc ko6 (1779—1848) — miBeackuil XUMUK 1 MUHepanor OTKpPbLUT 3MeMeHThI Liepuit
(1803), ceneH (1817), Topuii (1828). B 1824—1825 rogax snepsble NMOAYYHUI B CBODOIHOM COCTOSIHUU KpeM-
HUIA, TUTAH, TaHTad U UMpKOHUIA. Co3aan (1812—1819) 3neKTpoXMMUUYECKYIO TEOPUIO CPOIACTBA, ChIrpaB-
IIYI0 TNPOTPEeCCUBHYIO POJib B pa3BUTUM XMMUU. Ha ee ocHoOBe MOCTPOMI KIACCUPUKALMIO 3MEMEHTOB
1 MX coenrHeHU . BBen coBpeMeHHbIe CUMBOJIBI aTOMOB XMMHYECKUX 3JIEMEHTOB U (POPMYbI COETUHEH U
(1814). PazpaboTan psia MeToA0B XUMUYECKOTo aHanu3a. Onpeaenit aTOMHbIe Maccehl (Beca) 46 31eMeHTOB.

* MEHAEJIEEB Jdmutpuii MiBanosuy (1834—1907) — pycckuii yueHbiil. B 1861 & co3man nepBblit pyccKuii
yyeOHUK no opranuyeckoi xumud. B 1868 . npuctymn K padote Haa KHUToM «OcHOBbLI XMMUL». [1pu co3na-
HHMHM 3TOro yueOHHMKA OH 1 OTKPBLT MepHoaAnYEecK il 3aKOH 1 cocTaBun Tlepuoanueckyto CUCTEMY S71IeMEHTOB.
B 5TH e roabl MeHaeneeB aKTMBHO 3aHMMANCA MpodaeMaMHy TaK Ha3bIBaeMbIX HEeoMpeaeaeHHbLIX XUMUYECKHUX
COSOMHEHUH, cO30aT XMMHUECKYIO (TMAPATHYIO) TEOPUIO BOAHBIX PaCTBOPOB, HAalllea oDllee ypaBHEHUE CO-
CTOSIHUS Ta30B. MeHaemeeB co3nal hU3MUeCKYIo TEOPUIO BECOB, pa3paboTal MeTOAbl TOUHOIO B3BELLIMBAHUAL.
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pa3inyaTthb TEPMUHBI «3JIEMEHT» U «[IPOCTOE TeJ0». B KayecTBe 0AHOMN U3 SIpKUX
WUTIOCTPALMi OH Ha3biBal 3J1eMEHT YIJIEPOA U MPOCTbIE BELISCTBA YIOdb, I'Pa-
dut 1 anmas. Menaenees cosnan Ilepruoanueckyro CUCTEMY 3IEMEHTOB, KOTO-
past OTpaxajaa CBOMCTBA MPOCThIX U CJIOXHBIX BELLIECTB (B 3aBUCUMOCTH OT ATOM -
HOI Macchl XUMUYECKOTro aaeMeHTa). CorlnacHo cogpeMeHHbIM npeocmasieHusm,
XUMHYECKHH DNEMEHT — ITO COBOKYMHOCTb OJAMHAKOBBIX ATOMOB.

Ecnan xMMHUYeckMe CBSI3W CYLIECTBYIOT MeXAY aToOMaMU OJHOIO U TOTrO Ke
3JlIeMeHTa — 3TO NpocToe BellecTBO. IToCcKOAbKY aTOMbI MOTYT OBLITh CBSI3aHbl
JAPYT C APYTOM Pa3INYHbIM 00pa3oM, 3JIEMEHT UHOT1a 00pa3yeT HECKOJIbKO NPO-
CTbIX BElECTB — aJJIOTPOMNHbIX MOANDUKALIMIA.

Bonpocobi

1.1. Kakue amoTporntsbie MoaAU(dUKaALMU yrjepoia U3BeCTHbI? PacCMOTpU-
Te CIOCOObI CBSI3bIBAHUSI aTOMOB B pa3arMuHbIX Moo ukalusax. CpaBHute ¢pu-
3UYECKHME U XUMHUYECKUE CBOMCTBA pa3audHbIX (pOpM yriiepoaa.

1.2. TlokaxuTe, KaK MEHSIIOTCSI CBOMCTBA MPOCTLIX BELLISCTB MPH U3MEHEHUH
NnopsiAKOBOro HoMepa 3jJeMeHTa B [leproaudyeckoin cucreMe. Kakue 3aKOHO-
MEPHOCTHU INPH 3TOM HaA0I10Aa10TCs1?

1.3. Mexny atomaMu 06J1aropoaHoOro rasa (B ripocToM BELUIECTBE) HET XUMM-
YeCKHUX cBsi3eid. MOXHO JIU CHUTATh XUMHUYECKUMU COSAMHEHUSIMHA JIPYTUE NPO-
CThiE BellecTBa?

1.2. Knaccudukauma Ha OCHOBe NoBefeHus
B BOAHbIX pacTBOpax

OnHa 13 kjaccupukKauil CA10XHBIX BellleCTB OCHOBaHa Ha CBOMCTBAaX UX BO/I-
HbIX pacTBopoB. B 1887 I 1uBeACKUM XUMUKOM AppeHMyCOMl Oblla npen-
JIOXKEHA Teopus 3JEeKTPOJUTHYECKONA AUCCONMALIMHM, COTIJTAaCHO KOTOPOM IIpH
PACTBOPEHUW MHOIMX HEOpPraHUUYEeCKUX BeUIeCTB (3JEKTPOJIUTOB) MNOSBJSI-
IOTCSI 3apsIKEHHbIE YacTULlbl (MOHBI), CIIOCOOHbBIE MepeMellaThCsl B pacTBope
U NPOBOAUTh 3JIECKTPUUECKUHU TOK. DIEKTPOAUTbI, KOTOPbIC AUCCOLMUUPYIOT
(pacragaloTcsi) Ha UOHbI MOJHOCTbLIO (HEOOpAaTUMO), HA3bIBAIOT CMJIbHbLIMM.
B pa306aBieHHbIX BOAHbLIX pacTBOpax CUJIbHbLIX 3JCKTPOJINUTOB NPUCYTCTBYIOT
TOJIBKO IMPOAYKThHI AUCCOLMALIMA — KATUOHbLI M aHUOHbI. B pacTBopax ¢aadbix
3JIEKTPOJUTOB HAPSIAY ¢ MOHAMU COAEPKATCS TaKXe HEIUCCOLUHNPOBAHHDbIE
MOJIEKYJIbI.
DJEKTPOJMUTHI JEAST Ha KUCIOTbl, OCHOBaAHUS, coyu (Tadt. 1.1.).

' APPEHUYC Caanre AgrycT (1859—1927) — miBenckuii yueHblit, OIMH U3 OCHOBAaTeNel (hU3MuecKoil
XUMUU U 3MEKTPOXUMUKA. OCHOBHBIE pabOTHI MOCBAILEHbI YYEHUIO O PACTBOPAX U KUHETHKE XUMUYECKHUX
peakliiid. Ha oCHOBe 3KCnepUMEHTANbHBIX JAHHBIX MO 3JIEKTPONPOBOAHOCTH CUWIBHO pa30aBlIeHHbIX
pacTBOPOB pa3paboTal TEOPUIO MEKTPOIUTHYECKOH AUCCOUMALIMU. AKTUBHO U3YV4al KMHETUKY XUMUYe-
CKUX peakuuii. Jlaypear Hobenesckoi npeMuy no xumuu (1903 ).
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CuabHble ocHOBaHUY (Tada. 1.2 u 1.4), HanpuMep TUAPOKCUI HATpUsl, He-
00paTUMO AUCCOUUMPYIOLLME B BOAHOM pacTBOpE ¢ 00pa30BaHHUEM I'MAPOKCHU-
MOHOB, CO31a10T CUAbHOLLIETIOUHYIO Cpeay:

NaOH =Na"+ OH~

Tabauya 1.4

XUMHYecKHue CBOMCTBA OCHOBAHMM

PacTBopyMble ocHOBaHMS (IIEJI0YH)

Maﬂopacmopumue OCHOBAHHA

PeampleT C KHUCJIOTaAaMH U KUCJIOTHBIMHA
OKCHUIaMH, a4 TAKXKC C aM(]JOTeprIMI/l
OKCHIaMHU U THAPOKCUIdAMU.
2KOH + H,S0, = K,SO, + H,0
2KOH + CO, = K,CO, + H,0
2KOH + Be(OH), = K,[Be(OH),]

PeampyIOT C KHUCJIOTaMUI U KUCJIOTHBIMHA
OKCHUJIaMH.
Mg(OH), + H,SO, = MgSO, + 2H,0
Mg(OH), + CO, = MgCO, + H,O

[1pu ymMepeHHOM HarpeBaHUU
He pazJjararoTcsl.

[Tpy ymMepeHHOM HarpeBaHUHW MOTYT
pas3jiaratbcsl.

Mg(OH), —————— MgO + H,0

PearmpyroT ¢ pacTBOpaMu coJiei
(ECJU B COCTAB COJIM BXOJUT

Peakuimu ¢ pactBopaMu coJjiei
HE XapaKTepHH.

METAaJLJ1, CITOCOOHBI 0O0OPa30BbIBATH

MaJIopacTBOPUMBIH TMAPOKCHU).
FeSO,+ 2KOH = Fe(OH),! + K,SO,

Cnabble ocCHOBaHUSI, OOpaTUMO JIUCCOLMUPYS B BOAE, TAKXKE CO3JAl0T Lle-
JouHVY10 cpeny. B ux pactBopax (HanpuMep, B pacTBOpe aMMHaKa) UMEIOTCH Kak
UCXOOHble TUAPATUPOBAHHbIE MOJEKYAbL (He caeayeT ynoTpedasiTb TEPMUH «T'U-
NPOKCHUJ, AMMOHUSI» — TaKOro coeJUHEeHMsl He CYIUSCTBYET), TaK U MPOAYKTHI
AUCCOLUAlIUU;

NH, - H,0 = NH} + OH™

MHoOrue KaTMOHbI METAJIOB U AaHUOHbI KMUCJIOT, 00pa3yIoLHeEcs IpU pacTBOpE-
HUM COJIM B BOJE, MOI'YT ITOJIBEPraThCsl OOpATUMOMY THAPOJIN3Y, B pE3YJIbTATE Yero
B pacTBOpE COJIU cpea cTaHOBUTCSI kucion (pH < 7)1 uin weaouHou (pH > 7),
T. €. IPOUCXOAMUT TaK HA3bIBAEMbIH «TUAPOJAN3 COJNU 110 KATUOHY WU 10 AHUOHY».

B nanbHereM ObUTH NpeyoXKEHbl U APYTHE TEOPUMU KUCIIOT U OCHOBAHMIA.
Haubosbliee pacnpocTpaHeHUE NMoaydusia «[IpoTOHHAas (IIPOTOJAUTHYECKAs ) Te-
OpUsl KUCJIOT U OCHOBAHUH», cO3JaHHasl AaTCKUM (PU3MKOXUMUKOM bpeHcTe-
NOM? 1 HE3aBUCHUMO aHTTUHCKMM XMMUKOM .Haypn3 . B ocHOBY 3TOI TEOpHU NO-

' BomoponHslit nokasartenb, WK «pH», HCMOMb3YIOT A1l KOJMUYECTBEHHON OLIEHKU KUCIOTHOCTH cpensbl
(pPaBHOBECHOI KOHIIEHTpallMM KaTUOHOB OKcoHUs H4O" B pactBOpe). pH = —Ig[H,07].

 BPEHCTEI HMoxannec Huxonaye (1879—1947) — natckuii huzanKoxuMuK. OMUH U3 aBTOPOB MPOTOH-
HOW TEOPUM KUCIAOT M OCHOBAHMIA; pa3BHBal TEOPUIO KMCIOTHO-OCHOBHOTO KaTaau3a.

> IAVPU (JTOYPU) Tomac Maptun (1874—1936) — anrnuitckuit xuMuk. OCHOBHbIE HayuHble pabOThHI
MOCBSILIEHDbl OPraHUYeCKO XUMHHM, TIpexXJae BCEro M3y4eHUl0 ONTUYEeCKOH aKTUBHOCTH OpPraHUYeCKUX
coeIMHEHU . ABTOP HECKOAbKUX padOT IO TEOPHU BOAHBIX U HEBOIHBIX pAaCTBOPOB KMCJIOT H OCHOBaHMIA.
B 1928 . npe1oXWI NpOTOHHYIO TEOPUIO KMCIOT U OCHOBAHUIA.
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CBoiicTBA MOHHbIX COECNUHEHUN MOXXHO OOBSICHUTH MUCXOJSI U3 UX CTpoe-
HUst. HanpuMep, B TBEpAOM COCTOSSHMU MOHHbIE COEAMHEHMS], KaK NpaBuio,
JI0XO NPOBOASIT JEKTPHUUECKUN TOK, a B pacnjaBaX UMEIOT BbICOKYIO HOHHYIO
2JIEKTPOINPOBOJIHOCTb. DTO OOBSICHSIETCS TEM, UTO B KPUCTAIIUYESCKUX CTPYKTY-
pax MOHbI 3aKperjieHbl B ONpeleeHHbIX MO3ULIMAX U HE MOTYT NepeMellaThes
Ha 3aMeTHble PacCTOsIHUsS, a B pacIulaBe OHU MOTIYT CBOOOAHO JBUIraThbCs Noj
JNIeCTBUEM BJIEKTPUUECKOTO I10JIS.

MoHHble KpUCTALAbl UMEIOT BbICOKUE TeMIlepaTypbl MJIaBAeHUSI U HU3KYIO
JIETYYECTh, [TOCKOJBLKY MNP TJIaBJAEHUW WM MCIIApEHUU 3TUX BELIECTB IPOUC-
XOAUT pa3pblB MHOTUX CBSI3€H: Bedb TaM OYeHb MHOI'O ITPOTUBOITOJOXHO 3apsi-
>)KEHHbIX MOHOB, KOTOpbIe NPUTSITUMBAIOTCSI APYT K IPYTY.

MoHHble KpUCTalJIbl OObIYHO OYEeHb TBEPAbIE, UX KPUCTAIIMYECKYIO PELLCT-
Ky TpyAHO dedopMuposaTh. Eciu 3T0 BCe Xe yaanoch ¢aeaaThb, KpUCTAMIbl pas3-
pYLIAIOTCS. XPYNKOCTb TAKUX COeAUHEHUI 00BSICHSIETCSI OCOOEHHOCTSIMU UOH-
HOI CBSI3U: KaK TOJbKO MOHbI XOTb HEMHOI'O CABUHY/JIUCH CO CBOUX MECT, BMECTO
CUJI NPUTSAXKEHHUSI HAUUHAIOT JeUCTBOBATL CUJILI OTTAJKMBAHUSI, U KPUCTA
pacKaJlblBaeTcsl.

MHorue MoHHble cOeAUHEHUST XOPOLLO pacTBOPUMbI B Boje. [1pu pacTBope-
HUU 3JEKTPOJAUTA B BOAE €r0 UOHbI TUAPATUPYIOTCS {B3aMMOIEHUCTBYIOT C MO-
JIEKYJAaMU BOAbl) — BblIAESIETCS] HEPrusl, KOMIIEHCUPYIOLAsl 3aTpaThl HA pas-
pylUeHWe KpUCTalIMuecKoi pelueTku. B paszbaBlleHHOM BOAHOM pacTBOpE
KATUOHbl 1 aHUOHbLI PaBHOMEPHO pachnpeacJeHbl cpear MOJEKYJ BOAbl (pac-
TBOPUTEJIS) U yAaleHbl ApYr OT Apyra. B oueHb KOHLUEHTPUPOBAHHbIX PACTBO-
pax OHU 0OPa3yloT accoUMATbl, CTPOEHHE KOTOPbLIX NOX0Xe HA TO, KAK YACTULLbI
pacroaoXeHbl B KpUcTa1ax.

MoJaexkyasipHbie BelecTBa rocTPOSHbl U3 MOJIEKYJI, AaTOMbI B MOJIEKYJ1aX CBSI-
3aHbl KOBAJICHTHLIMU CBSI3sIMU. B TBEpIOM WM XKUIKOM COCTOSIHUM MEXIY MO-
JIEKyJaMH AeHCTBYIOT MEXMOJIEKYIsIpHble ciabl. K MOJIEKYJISIDHBIM BellecTBaMm
OTHOCSITCSI IPOCTble BelIECTBa-HEeMeTallbl (BOAOPOA, KUCJAOPOA, a30T, rajao-
reHbl), a TAaKKe MHOrMe CoeIMHEHUS 2AEMEHTOB ¢ OJIU3KUMU J1EKTPOOTpULA-
TeJAbHOCTSIMH (HanpuMep, rajloreHuabl U OKCHUAbl HEMETALIOB).

CBoiicTBa MOJIEKYJISPHBIX BellIECTB TAKXKe ONpeneisilioTcsl 0cO0EeHHOCTIMU
CTpoeHUsl. boNbLIMHCTBO 3TUX BELWECTB AETYUU U OTIMUYAIOTCS HU3KHMMHU TEMIIE-
paTypaMU I1aBjJeHUs U KuneHus. B TBepaoM COCTOSIHMU MOJEKYJIsIPHbIE CJI0U
JIETKO CABUIaloTCsl OTHOCHUTEJbHO APYr Apyra rnoa AeldCTBUEM MeXaHWUeCcKMX
cul. MojeKkynsipHble COeAMHEHUSI — TUIMTMYHbIE IUJIECKTPHUKU.

JIOMONHUTENbHbIE CUJbI TIPUTSIKEHUSI MEXAY MOJIEKYJIAMU MOI'YT ObITh 00-
YCJIOBJEHbl 00pa3oBaHUEM BOJOPOAHbLIX cBsizeil. CoeaMHEHUS ¢ BOAOPOAHOMN
CBA3bIO (BoAa, (hTOPOBOAOPOA, aMMMUAK, KUCJIOPOACOAEpXKALIUEe HEOpraHuue-
CKHe KMCJIOTbI) MO CBOEMY CTPOSCHHMIO 3aHUMAIOT NPOMEXYTOUHOE MOJOXEeHUE
MeXAy HU3KOMOJIEKYISIPHbIMU BELLIECTBAMU U TMOJTUMEPAMMU.
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B noimmepax (BbICOKOMOJIEKYASIPHbIX CO€AUHEHUSIX) ATOMbI MOI'YT COCIUHSTh-
Cs1 KOBAJEHTHBLIMUM CBSI3SIMU C O0pa3OBAHWEM «MaKpOMOJIEKY/» — IMPOCTpPaH-
CTBEHHON pelueTKHU (KapkKaca), CeTOK WU Liene.

[TonuMepHVYIO Kapkachyro cmpykmypy UMEIOT, HalpuUMep, ajMa3 U KBapu
(0oaHa U3 MoaU(pUKaAUUHN THOKcHUAA KpeMHMs). [1s1 alMasa xapakTepHa TeTpa-
5JIpUYECKas KOOpAMHALMS BCEX ATOMOB YIJIEPOJa U BICOKOCUMMETPUYHAS 10-
BOJILHO ITJIOTHAsl YIIAKOBKA. AHAJIOTUYHOE CTPOCHUE UMEIOT KPEMHUM, repMa-
HUI1, KapOUa KPEMHMUS, CyJbpUa LMHKA U MHOTUE APYTUE NPOCTbIE U CIOXKHbIE
BewecTBa. OOHHU KapKacHble CTPYKTYPbl MOCTPOSHbI U3 aTOMOB OJHOI0 BMUAA,
ApYyrue — U3 aTOMOB pa3HbIX BUJOB. B CTpyKTYype KBapLa KaXXAblid AaTOM KpeM-
HUSI COCIUHEH C YETbIPbMSI aTOMaMM KUCJI0pOaa, a KaXXAblH aTOM KUCJIopoJa —
C IBYMSI aTOMaMM KPEeMHMSI.

Hanuuue TpexmMepHOIro Kapkaca B CTPYKTYpe TaKMX COSAUMHEHUN OOBSICHSIET
MX BA’KHEMIIWE CBOMCTBA: BbICOKYIO TBEPAOCTb M IMPOYHOCTb, OYEHb BbICOKHE
TEMIIEPATYPHI TJIABJICHUSI H KUITEHUSI, HEPACTBOPUMOCTD B JIIOOLIX PACTBOPUTE-
Js1X. TlepeBecTy Takoe BelECTBO B pacTBOP MOXHO JIMllb NMYTEM NPOBEACHMUS
XUMHUYECKOUN peaKIUM C pa3pylUeHUEM KOBAJIEHTHBIX CBSI3€M MEXKIY aTOMaMMU.

Caoucmasn NMOJUMEpPHaAsl cmpykmypa peaiM30oBaHa, HarnpuMmep, B KpUCTal-
Jax rpagpura. Iliiockue 1iecTUYrolbHUKNA U3 aTOMOB YIVIepoJa OObeIUHEHDI
B TJIOCKWE CETKU, HanoMuHallide coTbl. PacCToOssHHUE MEXAY CIOSIMU IOUTU
B 2,5 pa3 0oJiblle, YEM pacCTOSIHUE MEXIY aTOMaMU yIJaepoaa B CJ10€, YTO YKa-
3bIBAET Ha CJIA0VIO CBSI3b MEXIY CA0SIMU. CIOUCTYIO CTPYKTYPY UMEIOT TaKXKe
MOJUJbl KAAMMS, CBUHLIA U HEKOTOPbIX JPYIrUX METAJIOB, HEKOTOPbIE CHIU-
KaTbhl — MWHepaJbl TajlbKa, INMTUHBI, CA0Abl. Tak, CrioCOOHOCTb INIMH K Ha0yXxa-
HUIO U MX TJIACTUYHOCTL OOYCIOBJIEHA TEM, UTO MEXKIY HEIPEPbIBHBIMU CJIOSIMMU
KPEMHEKUCIOPOAHBIX TETPASIPOB MOTYT BHEAPSTHCS MOJIEKYJIbl BOJbI.

CoeIMHEHMUSI C YenoueuHoll CmpyKmypoii 0 CBOUM CBOMCTBAM NPUOJINKAIOT-
Cs1 K HU3KOMOJIEKY/ISIDHBIM BELWIECTBaAM. Takoe CTpOeHUE UMEIOT HEKOTOPbIE CU-
JIMKATHI (achecT), 0AHa U3 MoAU(PpUKALUKA TPUOKCHAA cepbl, CYAbPUI KPEMHUSI.

Meraiauuyeckue CTPYKTYpbI ITOCTPOSHbBI M3 aTOMOB METaL10B. K MeTassiaM
OTHOCSITCH 3JIEMEHTbLI ¢ HU3KOH 3JIEKTPOOTPULIATEILHOCTHIO; 3TH aTOMBbI Cla-
00 yoepKUBAIOT CBOM BAJIEHTHbIE 3JCKTPOHbI. MeTaminuecke CBOMCTBA IPO-
SIBJASIOT OOJbLIMHCTBO METANJI0OB — IMPOCTbIX BEWIECTB, CIJIaBbl METAIIOB, CO-
eAMHEHUSI METAIOB MeXAy cOOOM U ¢ HEKOTOPLIMU HeMmeTaaaMU. CorjlacHO
NPUHSTBLIM TPEACTABJACHUAM, METALIUUECKUE CTPYKTYPbl XapaKTEpU3YIOTCS
HAaJTHYHEM IOJIOKUTENbHO 3apsiXKEHHOI'0 OCTOBA, B KOTOPOM YAaCTULIbI CBSI3aHbl
oJ1aroaapsi B3aUMOJEHUCTBUIO C «JEKTPOHHBIM ra3zoM» — J1eJOKaJIU30BAHHbIMH
3JIEKTpoHaAMU. Takasi CBsi3b MEXKIY aTOMaMU B XKUJIKUX W TBEPAbIX MeTajljlax Ha-
3bIBAECTCSI MEMAARUUECKOU.

brarogapst HAIUYKUIO O0OOWIECTBISHHbIX JIETKO MUTPUPYIOLIUX 3JIEKTPOHOB
MeTalIbl (MeTa/JIMYeCKHEe BellecTBa) 00J1aJal0T BLICOKOU TEIUIO- U 2JEKTPO-
NpOBOAHOCTLIO. [1pKU HArpeBaHUKM TBEPIOro MeTaljia KojaebaHUs KATUOHOB B Y3-
JlaxX KPpUCTAJIMUECKOM pelleTKU yeuausaloresl. I103ToMy ¢ noBbllIeHUEM TEM-
nepaTypbl 3JEKTPUUECKOE CONPOTUBICHUE METANIOB YBeIMUUBaeTcsl. Boicokast
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[NJIACTUYHOCTb 1 KOBKOCTb MCTAJJIOB CBf3dHAa € TCM, UHTO MCTAJUIMYCCKAsl CBA3b
JOITYCKACT AOBOJIBHO 0O0J1bILIOE CMELLEHUE KATUOHOB 0€3 Pa3pPVILUCHUA KPpUCTA-
JIMYEeCKOH PELLHECTKH.

Bonpocobi

1.7. TlpuBenuTte npuMepbl NPOCTbIX BElLeCTB, 00pa3vyIoLIUX alA0TPOIHbIE
MoaudUKaALIMU C pa3HbIMU TUIIAMU CBA3U. CpaBHUTEe UX (hU3UUECKHE U XUMMU-
yecKue CBOMCTBA.

1.8. Hazosute OKCHUAbI, OTHOCALINUCCH K HOHHbLIM, MOJCKYJIAPHbBIM A IMTOJIH-
MEPHbLIM COCAUHCHUAM. MOFyT JM CYIUCCTBOBATL OKCHIbI, oOJiagaroIMe CBOU-
CTBAMM MeTA/UIMYECKHUX COeAUHEHUI?

1.9. K kakuM BewlecTBaM cjieAyeT OTHECTH cyabdaT aMMOHHSI B paMKax
KJ1accudUuKaly 110 CTPOSHUIO U TUILY CBsI3ei?

1.4. Knaccudukauuma no cocrasy

[lo 371eMEHTHOMY COCTaBY HEOpPraHMUeCKME BEUISCTBA MOXHO pa3feUuThb
Ha MpOCTble BeulecTBa (COCTOSIT U3 ATOMOB OJHOIO BMAA) U XMMHYECKHE CO-
elMHeHus (T. €. CJIOKHbIe BelllecTBa, KOTOpble 00pa30BaHbl ATOMaMU HECKOJIb-
KUX BUAOB). OObIUHO OTAEJAbHO pacCMATPUBAIOT OUCHb CJIOXHbIE BellleCTBA —
KOMILJIEKCHbIE COEJUHEH USI.

Cpely NpOCThIX BEIUECTB BbLACISAIOT TUITMUHBIE METAIbI (LUEAOUYHbIC U LIE-
JIOYHO3EMeEJIbHbIE), HeMeTaJibl (OOJAbIIMHCTBO p-31EMEHTOB), aM@OTEpPHbIE
2JIEMEHTBI U 6J1aropoaHble ra3bl. AMGMOTEpPHbIE 3JIEMEHTDI MPOSIBASIIOT XUMUHUYE-
CKMe CBOMNCTBa, XapakTepHble KaK s METAI0B, TaK WU Aad HeMeTawios (Be;
P-3J1EMEHTbI-METANIbI; BCE d-2JIEMEHTHI ).

OCHOBOM 15151 KJTacCU(PUKALLIMU NMPOCThIX BELISCTB CAYKUT OTHOLIEHUE K KHUC-
jJopoay (caMoOMy pacripoCTpaHEHHOMY B IIPUPOAE 3JIEMEHTY) U BoJe (CaMOMY
pacnpoCTPpaHEHHOMY COEAUHEHUIO KUCTIOPOaa).

Kuciaopoa oopasyeT COeIMHEHUS CO BCEMU 3JIEMEHTAMU, KPOME TeJIMSI, HEO-
Ha U aproHa. CoeanHeHMsI, COCTOSIIUME U3 AaTOMOB ABYX 3JIEMEHTOB, O1UH U3 KO-
TOPbIX — KHUCJOPO B cTeleHU okucaeHus (—11), Ha3biBaloTcsl okenpamu. K ok-
CUAaM He OTHOCSTCS (pbTOopHUAbl KUCAOPOAA, MEPOKCUIbl U IPYyrie COeAUHEHHS,
rae y KUCIopoaa CTeNeHb OKUCTeHUs oTar4dHa o1 (—11).

[IpucoeaMHeHUE BOAbLI K OKCUAaM ((popMaabHOE WM pealibHOE) INPUBO-
AUT K 00pa30oBaHUIO THAPOKCHAOB. CYIIECTBYIOT OPTO- U METAaruapoKCHIbI
(Taba. 1.5).

B 3aBUCHUMOCTH OT XUMMUYECKUX CBOMCTB OKCHUAbI U TMAPOKCHAbI IOApa3-
NeaAs0T Ha OCHOBHbIe (HanpuMep, K,O, KOH), kuciaorHeie (Hanpumep, SO,
H,SO,) u amgotepHbie (Hanpumep, ZnO, Zn(OH),).
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Tabauua 1.5
@ opmbl THAPOKCH/IOB
OpTo- B(0OH), S(OH), nnu B0O(OH), unum (OH)¢ unu
THAPOKCH/IbI H,30, H,90, H D0,
Meta- S0(0OH) i | BO(OH), umu | 30,(OH) unu | 30,(0OH), unu
THAPOKCH/IbI H30, H,30; HBO0; H,90,

OcHoeHbie okcuobl U cUOPOKCUObl O0PA3YIOT LUEAOYHbIE U ILIETOYHO3EMENbHbIE
3JIEMEHThI, MarHui, Tanui(l), a Takke d-31eMeHTbl B HU3IUHUX CTEINEHSIX OKUC-
JeHusi. Ux rmasHoe cBOMCTBO — CMOCOOHOCTD K B3aUMOAENCTBUIO C KUCIOTaAMU
U KUCAOTHBIMH OKCcHAaMH. OKCHUADBI LLEJOUYHBIX U 1UIEJTOUYHO3EMEJIbHbIX SJIEMEH-
TOB, Marius u taaaus(l) pearupylot ¢ Boaoil, od0pa3ys COOTBETCTBYIOLLIME TH/I-
POKCU/Ibl. XOPOLIO PAaCTBOPUMBIE B BOJE T'MAPOKCUADLI LIEA0YHbBIX 2JIEMESHTOB,
CTpOHLUUA, 0apus U Taiusi(l) Ha3bIBaIOT werouamu. a1 HUX XapaKTepHbl peak-
LMY HE TOJAbKO C KUCJIOTHLIMU, HO U ¢ aM(POTEPHBIMU COeJUHEHHUSIMU.

Kucaomusie oxcuost u euopokcudst 00pa3yloT HEMETANbI, a TAKXKE HEKOTOPbIE
p-METaJlIbl U d-27€MEHTb] B BbICILIMX CTEMEHIX OKUCAeHUS. boJIbLUIMHCTBO KUC-
JIOTHBIX THAPOKCHI0B XOPOLLIO PAaCTBOPSIIOTCS B BOAE U MOIYT ObITh MOJIyYEHbI
NpPsIMbIM B3aUMOJAEUCTBUEM COOTBETCTBYIOLIUX PACTBOPUMbIX OKCUAOB C BOJAOM.
OHH aKTUBHO pearupytoT ¢ OCHOBHBIMHM 1 aM(pOTEpHbIMU OKCHUAAMU U TMAPOK-
cuagaMu. ManopacTBopuUMble KMCJIOTHbIE THAPOKCUALI (THAPOKCHUAbl KPEMHUS,
MOJMOAeHA, BoJbppaMa U IPpYIruxX 3JeMEHTOB) U COOTBETCTBYIOILME UM OKCHUbl
B3aUMOAEUCTBYIOT TOJAbKO C OKCHUAAMH U TUAPOKCHUAAMU aKTHBHbIX METaJl/10B
(NpH CIaBAeHUU TUO0 B KOHUSHTPUPOBAHHbIX PACTBOPAX).

OcTanbHble TUAPOKCUIAbLI U COOTBETCTBYIOLIUE UM OKCHUAbl am@omepHsie.
OHU MajlopacTBOPUMbI B BoJe (KakK U Apyrue aM@PoTepHbIe BELWECTBA) U HE pe-
arupy1oT ¢ Hel, HO MPHU B3aUMOACHCTBUM C KMCIOTAMU U LIeI0UaMM o0pa3yloT
pPaAaCTBOPUMbIE MPOAYKTHI.

OCHOBHbIE U KHUCAOTHbIC CBOMCTBA OKCUAOB U TUAPOKCUIOB MOXKHO CpaB-
HWBAaTb, PYKOBOJCTBYSICb ITOJOXEHHUEM 37eMeHTOB B Ilepnoanuyeckon cucTe-
Me. [lo nepuoay ciaeBa HaripaBo YCHJIWBAIOTCS KUCIOTHbLIE CBOMCTBA OKCU-
N0B U COOTBETCTBYIOLLIMX TUAPOKCUAOB, IO IPYIINe CBEPXY BHU3 YCHJIMBAIOTCS
UX OCHOBHbIE CBOUCTBA.

KucaoTHble, OCHOBHbIE U aM(POTEPHbIE OKCHUABL! UIH TUAPOKCUADBI (KUCAOTHI
M OCHOBAHMUSI) B3aUMOJEHCTBYIOT APYT C ApYroM, obpasys coqu. Peakuiuss Mexny
KUCJIOTON U OCHOBAHMEM Ha3bIBACTCS peakyueir Heiimpaasudayuu. B peakuuu
HeUTpaau3alUU ¢ ydacTHEeM XOTS Obl OAHOrO TMAPOKCHIA Bceraa oopa3yeTcsl Ha-
psiAy C COJIbIO MATOAUCCOLMUPOBAHHOE COeAMHEHWE Boaa. Bulaeasilior cpeaHue
(HanpuMep, CaSQOy,), kucabie (Ca(HSOy,),), ocHOBHBIE ((CuOH),S0,), nBoi-
Hbie (KAI(SO,),), cmewandbie (HgCIF) coan.

Cpeonue coau COCTOSIT U3 KATHOHA OJHOro Metamia (OJHOro »JIeMEHTAa)
M aHUOHA KUCJIOThl. ECcAM B cOCTaB COJU BXOAMWT /1BA Pa3HbIX KATUOHA (3JIeMEeH-
Ta) — 3TO 080iiHas co1b. [1pU HATMUUK B cOCTaBe aHMOHA aTOMOB BOJA0OPO/1a COMb
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MHoruve BellecTBa NnposiBJISIIOT (B TOH UKW UHOM CTEIMEHU) CBOMCTBA U METa-
JIOB, M HEMETA/IOB. Takue npoCThie BELECTBA OTHOCITCS K aM(POTEPHBIM (0 epeu.
aM@PoTepoc — W TOT U Apyrou). [isi 9TUX DJIEMEHTOB XapaKTepHO 00pa30oBaHUeE
Kak KaTUOHOB, TakK U aHUOHOB. K aM@$oTepHbIM MOXHO OTHECTHU S-3JIEMEHT Oe-
puwiIuii Be, p-3J1eMeHTbl, KOTOPbIE HEJb3sl CUHUTATb TUNUYHBIMH HEMETAIaMU,
U BCe d-a71eMeHTbl. OHU XapaKTepU3YIOTCS NPOMEXYTOUHBIMH (MEXAY MeTala-
MM U HEMETAJIaMW) 3HAUEHUSIMU DJIEKTPOOTpULATEIbHOCTH (1,25—2,00), HO no-
CKOJILKY COOTBETCTBYIOLUME ITPOCTbIE BELECTBA 001a4a10T XOPOLIEH BIECKTPONpPO-
BOJHOCTbIO, 3TH 3JIEMEHTbI HEPEAKO OTHOCAT TAKXKE K MeTal1aM.

Jns1 HarasitaHocTU B [leproanueckoi cUcTeMe 3J1eMEHTOB MOJKHO INPOBECTHU
«aAraroHaab aMdoTepHOCTU» yepe3 aneMeHThl Be, Al, Ge, Sb, Po, otaensiiolnyio
MeTalJlbl OT HEMETaJJIOB.

[a3000pas3Hbie NpocTbie BewecTBa 37eMeHTOB VIIIA (18-11) rpyrinbl goaroe
BpEMS1 HE MOTJIM 3aCTaABUTL pearupoBaTh ¢ JPYrMMU, JaKEe OUeHb peaKLIMOHHO-
CIOCOOHbIMM, BELUESCTBAMU, [TO3TOMY ATHU CTOJIb HEAKTUBHbIE 3JIEMEHTbI Ha3Ba-
JIU «HHEePTHbLIMU razamu». Ho nosxe okazanoch, YTo 3TH rasbl Bee Ke CIIOCOOHbI
00pa30BbLIBATL XUMHUECKUE COETUHEHUS, HanpuMep ¢ gropoM. [1osTomMy celi-
4yac 3TU BJIEMEHTbI Ha3blBaAIOT «01aropoJHbIMU ra3aMu» U OOBEAUHSIIOT C HEME-
TaJlaMy (OJHAKO MHOTJA pacCMaTPUBAIOT OTAEAbLHO, CJIEAYS TPAIULIUU).

Jlaxke 1pu kinaccu(pUKaUKMM MPOCTHIX BELIECTB BO3HUKAIOT OIpeae/ieHHbIE
npo6seMbl. Tak, r1aBHOe (pU3UUECKOE CBOHCTBO META/IOB, OTJAMYAloLIee
MX OT HEMETAJJIOB, — 3TO BbICOKAsl 3JeKTPONPOBOAHOCTb, YMEHbILIAKOLIASICS
C POCTOM TeMIlepaTypbl (3JeKTPOHHAS MPOBOAUMOCTb). OJHAKO B IOCJIEIHUE
roabl ObIJIO [10Ka3aHO, UTO HEKOTOpble BelllecTBa, TPaAULIMOHHO OTHOCUMBIE
K HeMeTaataM (Bogopoa, (pocdop), TakKKe MOIYT CYILECTBOBATh B METAJIMYE-
CKOM COCTOSIHUM. HoJaroe BpeMsl CUMTATOCh, YTO HEeMeETalIbl, AJS KOTOPbIX
OoJiblle XapaKTEepHbl OKUCIUTEbHbIC CBOWCTBA, HE CIIOCOOHBLI O0OPA30BLIBATL
MPOCTbIE KATUOHBI (B OTJIMYUE OT METAJIJIOB, ITPOSBIASIOLLINX BOCCTAHOBUTEIb-
Hble cBOMCTBA). OKa3zanoch, UTO 3TO He Tak. bblaM MoJiyuyeHbl COEAUHEHUS, CO-

ACPKAUIHUC KATHUOHbI HEMETAJIJIOB, HAIIPpUMEDP KaTHOH JHUHUOAA4 l;, KATHUOH JHOK-

cureHwia Os.

1.5.1. MeTtannbl

CBolicTBa METAJIOB COBEPLUEHHO HE ITOXOXU HAa CBOMCTBA BCEX OCTAIbHbIX BE-
ILECTB — ATO 3aMETUJIM elle HalluM JaJiekue npeaku. He cayyaHo, ripu riepBoi
NONbLITKE KJacCU(PUKALKMMK TNPOCTLIX BEWECTB UX pa3ie/JUuiaM Ha METAJJIbl U He-
MeTaibl. MeTtamabl (96 sneMeHTOoB [leproanueckoil cMCTeMbl) UMEIOT MHOTO
OOLLUX CBOMCTB, OOYCAOBAEHHBIX OCOOCHHOCTSIMH CTPOEHUSI UX AaTOMOB U IpU-
POAOUN XUMUYECKOH CBSI3N.

ATOMbl «TUIMUUYHbIX METAJJIOB» UMEIOT CaMblé HU3KME 3HAUYCHUS IJIEKTPO-
OTpHLIATEeILHOCTU. K TUNMHUYHBIM MeTallaM OTHOCST |1 31eMeHTOB: 11e/10UHbIe
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MU LIEeJTOYHO3eMeNbHblE 2JIEMEHTHI, a TakKe MarHuil. ATOMBl DTHUX 2JIEMEHTOB
JIETKO TepsIlOT BHEllIHKe (BaJIeHTHbIE) 2JeKTpOoHbl. MMEeHHO cTpeMIeHHUEM aTo-
MOB 3THUX METa/JIOB 0Opa30BbIBATH KATUOHbLI OOBICHSIETCS] UX BbICOKAsl BOCCTA-
HOBUTeEJbHAasl CIIOCOOHOCTD.

[Ipu 06pa3zoBaHUKN XMMHUECKUX CBsI3el TUMUUHbIE MeTa/lJIbl UCTIOAB3YIOT BCe
CBOW BHELLIHUE B3JCKTPOHBI, ITO3TOMY UX CTEIMEHN OKHUCJIEHUST COBMNAAAaloT C HO-
MepaMH I'PYIII, B KOTOPLIX OHU PACIOI0XKEHHI.

TUnUuHbIe MeTa/1bl B OOBIYHBIX YCAOBUSIX pearupyloT CO MHOTHMMU HEMETal-
JaMU (HanpuMep, ¢ ¢ptopom, HoaoM, cepoii). OHU JIErKO OKUCTSIOTCSI KUCTIOPO-
AoM {OOJBIIMHCTBO — IPU KOMHATHOM TeMIlepaType), B3aUMOJAEHCTBYIOT C BO-
noH (Ipy 3TOM BBLLIEISIETCS TakKoe KOJIUYECTBO TEIIOThI, YTO HATPUH I1aBUTCH,
a KalMi MOXET 3aropeThest):

2Na + 2H,0 = 2NaOH + H,T

[ToaTOMY npU XpaHEHMM aKTUBHbIE META/JIbl (KpOME MarHwsi) U30JUPYIOT
OT BO3AyXa U Blaru, rnorpy:Kast B MHEPTHYIO JKUAKOCTb — Ba3€JIMH, Macao, KEpo-
CUH. Peakll¥ aKTUBHbIX METAJJIOB C KUCIOTAMM TaKXKe ITPOTEKAIOT OUeHDb Oyp-
HO. [Ipu 5TOM BBLIEJISIETCSI BOAOPOI U 00pa3yIoTCsl COJMU (HAaNpUMeEDP, XJIOPUIbI
MPU B3aMMOJECHUCTBUU C XJIOPOBOJOPOIHOM KUCIOTOM):

2Na +2HCI = 2NaCl + H,1

[TonobHbLIM 00pa3oM NMPOTEKAIOT peaKUMU TUITMYHBIX METAI10B C KAPOOHO-
BbIMU KUCAOTaMU U heHOJIOM:

INa + 2CH.OH = 2Na(CH.0) + H, 1

AKTHUBHBIE MeTa/lbl TAakKlKe BOCCTAHABJUBAIOT TajloreHajlkaHbl (peakLiysl
Bropua):

2CH;Cl + 2Na = C,H, + 2NaCl

Y100b1 OOHAPYXUTL NPUCYTCTBHE KATUOHOB HEKOTOPBIX aKTUBHbIX MeTall-
JOB, UX COeAUHEHUsI BHOCAT B OecliBeTHOe I1aMsl Ta30BOi ropeiky. KaTuoHbl
HATPUSI OKPALLIMBAIOT IJIaMsl B XKENTbIM LIBET, KAAUsI — B JIWJIOBbIN, KaJbLUsSI —
B KUPMUYHO-KPACHBIH, JUTHS — B MAJIUHOBBI.

B coennMHeHUsIX MeTalsIbl — 3TO BCeraa KaTMOHbI, OHU HE MOTYT BXOOUTb
B COCTaB HU MPOCTBIX, HY CIOKHBIX aHUOHOB.

Bonpocnbl

1.13. OxapakTepusynTe (KpaTKO) pacrojioXeHUe TUIMMUYHBLIX MeTalJIoB (a)
B [lepronrueckoi cucteMe U (0) B 3JAeKTPOXUMHUYSCKOM PsiAy HaTnpsiKeHU?

1.14. Y10 MOXHO cKa3aTb O CTPOEHUM IPOCTLIX BELISCTB, O0Opa30BaHHBIX
MeTa1aMH? Kakoil TUN XMMHWYECKOM CBSI3U peajlu3yeTCsl B TBEpAbIX MeTaaax?

1.15. Kakune ocOGEHHOCTH CTPOCHHUA ATOMOB TUIIUMYHLIX METAJIJIOB ACAAlOT
X CHJAbHBIMU BOCCTAHOBUTECISIMU?



1.5. Knaccugpumkauma npocThiX BELLECTB 17

1.5.2. HemeTtannbi

Bce seMeHTBI, aTOMbl KOTOPbIX 00pa3yloT NPOCThI€ BELLIECTBA, HE MNPOSIBIISI-
[OlME MeTaJIMYEeCKUX CBOMCTB, OTHOCAT K HeMeTa/slaM. ATOMbl HEMETANJIOB
OTJMYAIOTCSI OT MeTa/10B OOJbLIMMHU 3HAUEHUSIMH SJIEKTPOOTPULIATEAbHOCTH
M He CKJIOHHBI TEPSTh 3JIEKTPOHbI, IpeBpallasicb B KATHOHbLI. DTUM OOYCJIOB-
JIEHbI CBOMCTBA UX NPOCTbIX BEILECTB U XUMUUYSCKUX COSAUHEHUN. DIEMEHTbI-
HEMETALIbl pacrno/iaraloTcst B BepxHeM npasoMm yriay Ilepruoandyeckoin CUCTEMBI.

K HeMeTasnaM oTHOCAT 22 3JeMeHTa (BKIUas 1WecTh 6J1aropoJHbIX ra3os).
XapakTepHble 1L HUX BBICOKMWE 3HAUYSHUS SJIEKTPOOTPULIATEIbHOCTE CBSI3aHbl
C MaJIbIM paJuycoM aTOMOB (10 CpaBHEHU IO C aTOMAMH MeTa/JIOB). MaKCHUMalb-
Hbl€ 3HAUYEHMUS 2JEKTPOOTPULATEIbHOCTH AOMXKHBI ObITh Y 0JIJarOpOAHbIX [A30B
reJiusl U HeoHa; OJIHAKO JIJs1 HUX A0 CUX TMOP HE NOJYYEHO HU OAHOI0 XUMHUE-
CKOro coequHeHust. I1osToMy oObIYHO HauboJiee IECKTPOOTPULIATEIbHBIM DJIe-
MEHTOM CYUTAIOT (PTOD.

Y 00JIbILIMHCTBA HEMETAIOB (KpOMe BOAOPOaA, reunst U1 6opa) Ha BHELIHEM
SHEPreTUYeCKOM YPOBHE aTOMAa 00J1e¢ TpeX 2JAEKTPOHOB.

B oTanuue oT MeTa/10B AUISI HEMETALIOB XapaKTepPHbl KakK MOJOXUTEIbHbIEC,
TaK U OTpHLUATEbHbIE CTEIIEHU OKUCAEHUS. BOABLIMHCTBO HEMETAJIOB ITPOSIB-
JISIeT HECKOJbKO MOJOXUTENbHbIX CTeIIeHEe OKUCAeHUS, MAKCUMabHasl U3 KO-
TOPbIX, KAK NPaBUI0, COBIIAJAET C HOMEPOM I'pyniibl. McKioueHUe COCTaBIsIIOT
(bTOp, A5l KOTOPOro MnoJOXHUTEAbHbIE CTEIIEHU OKMUCIEHUS HEU3BECTHDbI, KHC-
JIOPOA, UMEIOUIMU MAKCUMAJbHYIO TOJOXUTEIbHYIO CTeIIeHb OKUCAeHUST +l1,
M HEKOTOpble OaaropoaHble rasbl. OTpULATEAbHBIX CTENCHEN OKUCIEHUS Y He-
METAJJIOB TakKXKe MOXET ObiTb HECKOJbKO, HAaMMeHbLUas CTeleHb OKUCIEHUS
paBHa HOMeEpY I'pyImnbl MUHYC 8§ (32 UCKJIIOUEHUEM Oopa, A1 KOTOPOIro MUHU-
MaJibHasl CTeNeHb OKUCIeHUS B coeauHeHUusX ¢ MeTtaiamu —l111). B coennHe-
HUSIX APYT ¢ APYTOM HEMeTaJZIbl 00pa3yIoT KOBAJICHTHLIE CBSI3U, 4 B COSIMHE-
HUSIX ¢ METaJlJIaMM BLICTYIAIOT B POJH NPOCTHIX AHUOHOB MU BXOJISIT B COCTaB
CJIOXKHbIX aHUOHOB.

B Ilepuoamyeckoil cucTeMe 3JIEKTPOOTPULIATEIbHOCTb 3JEMEHTOB YBEJIU-
YUBACTCS NO MEPUOY CAeBa HArlpaBO, a YMEHbIUASTCS I10 IPYIIe CBEpXy BHU3.
C yBeJIMYEHUEM JICKTPOOTPULATEIBbHOCTH B PSIY 3JAEMEHTOB OKMCIUTEAbHbIC
CBOICTBA aTOMOB YCUJIMBAIOTCS, a BOCCTAHOBUTEIbHBIE — ocinabesaloT. [103To-
MY IIpU CPaBHEHUW OKUCIUTENAbHbIX U BOCCTAHOBUTEbHbBIX CBOMCTB HEMETAJI-
JIOB MOXHO HCII0Ab30BaTh 3HAYEHUS UX 3J1eKTPOOTPHULIATEIbHOCTEH.

[1pocTbie BelecTBa-HeMeTalIbl (rajJoreHbl, KUCA0POA, a30T, Ocjblil doc-
(op, cepa), UMeroLLHE MOJIEKYISIDHOE CTPOEHUE, B TBEPAOM COCTOSIHUM JIETKO-
NJ1aBKU M CIIOCOOHBI K BO3roHke. BeuiectBa ¢ aTOMHBIMU KpUCTATLIMYECKHUMMU
peuieTkaMu (0op, aamas, KpeMHUM, YepHbIld (pocdop), KaK npaBuIo, OUYEHb
TBEP/ble, UMEIOT BLICOKHE TEMIMEPATYPh! INJIABJACHUSI U KMITEHUWSI U HU3KYIO JIETY-
YeCTb. Y NMPOCTbIX BELIECTB LEMOYeYHOro (IiacTuyeckas cepa) Uiu Ca0UCTOTO
(rpadUT) CTPOCHUS TTPOMEXKYTOUHBIE (PU3NYESCKUE CBOMCTBA.
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B ominune ot cepedpUcTo-06ebiX (KaK NMpaBHJIO) METALIOB OKpacKa MpOCThIX
BELLICCTB-HEMETA/UVIOB OUEHb pa3sHOOOpa3Ha, HAIIpUMEp CpeaUu TBEPALIX BELLUCCTB
MOKHO OTMETUTD OebIM, YSPpHbIA U KpaCHBLIN (PoCcop, KEATYIO CEPY, Cepble KpeM-
HUH Y KPUCTAJUTMUECKUI UOM; CPpeaU XXKUAKOCTEN OYpbIil OpoM, ToJy00il KUCIOPOoA
1 CUHUH O30H; CpeaU ra3oB 3eJeHOBAThLIN XJ10p U (PUOAETOBbLIE Napbl UOAA.

[IpocThie BelllecTBa-HEMETA1bl [1POSIBASIIOT OKUCIUTEAbHBIE CBOMCTBA B pe-
aK1IMSIX C MEHEE DIEKTPOOTPULIATEAbHBIMU 3JIEMEHTAMUY U BOCCTAHOBUTEJIbHBIC
CBOMCTBA — B peakKUUSIX ¢ Bojee 3JIeKTpoOTpULlaTeAbHBIMU. MHOrue HemeTall-
Jbl TIpU JEHCTBUU BOJbLI UJIN LUEJIOUYEH MOABEPTAIOTCS OUCHPONOPUUOHUPOBAHUIO
(Quemymauuu), NPosIBsISL OJHOBPEMEHHO U OKUCAUTENbHbIE, U BOCCTAHOBU-
TE€JAbHbIE CBOMCTBA:

Cl; + H,0 = HCI™' + HCI'O

3Cl5 + 6NaOH —% 5 sNaCI™! + NaCI1Y0, + 3H,0

JI151 HeMeTaJ1OB XapaKTepHO 00pa3oBaHUeE KaK MPOCTBIX, TaK U CIOXHDbIX aHH-
oHoB. HekoTopble HeMeTalabl (MO, KUCIOPO/1) CNOCOOHDI JaBaTh MPOCThIe KATH-
OHBbI, HO TOJBKO IPU ASHCTBUU OU€Hb CUIbHBIX OKUCIUTeNAeil. MHOrue HeMeTa-
Jbl 00PAa3yIOT CJIOKHbIE KATUOHDI (TIpUMEPBl — KATUOHBI AMMOHMUSI U OKCOHMUSI).

Bonpocnbl

1.16. Kakoe cTpoeHUe UMEIOT IPOCThie BelllecTBa-HeMeTa/uibl? Kakosbl
TUIILI CBSI3U B KpUCTALJIaxX aaMa3sa (a), rpagpura (0), KapOHHa (B), KpUCTaLIUYE-
CKOro KpeMHHU4 (1), 6enoro pocdopa (1), cepsl (¢), o30Ha (K)?

1.17. Tlouemy B peakLMsIX ¢ MeTa/lJITaMU HEMETAJLJ1bl BCeraa OKUCTIUTEIN?

1.18. IlpuBeauTe 1o Tpu npumMepa peakliii, B KOTOpPbIX HEMETaJ1 BLICTYIA-
€T B pOJU (a) OKUCIAUTEIS, (0) BOCCTAHOBUTEISI.

1.5.3. MpocTble BewecTBa ¢ amPpoTepHbLIMU CBONCTBAMMN

AMd)OTeprlel 3JE€MEHTbl TIPOSIBJASIIOT CBOWCTBA METalJIOB, U HEMETallOB.
Hasi HUX XapakKTepHbl IIPOMEXYTOUHbIe 3HAUEHMS DJISKTPOOTPHLIATEIbHO-
cTU (). K aM@OTepHbIM OTHOCUTCS OOJbILIUHCTBO 3JI€MEHTOB: OCPUILIUNA, BCE
d-31eMeHTbI, a TAKXKE p-d3JIeMeHTbl, He OTHOCsIIIMeCs] K HeMeTa/iaM. Kak yxe
TOBOPUJIOCH B Hadaje 2Toro pasaena, B Ilepvoanueckoil cucteMe 2JEeMEHTOB
MO>KHO BbLAEJIUTb «AUMaroHajJb aM@pPOTePHOCTH», MPOXOISIIYIO Yepe3 JIEMEHTHI
Be, Al, Ge, Sb, Po. Broliiie 3Tol AvaroHaau HaxXo[sTCs 2JeMeHThl-HeMeTalllbl,
Ha caMoU fuaroHaiu — aM@poTepHble, HUXe ee — aMdoTepHble U MEeTaIbI.
[IpocThbie BelllecTBa, 00Opa3oBaHHbIE AM(OTEPHBIMHU 3JIeMEeHTAMU, Yalle BCce-
ro NMposBASIOT BOCCTAHOBUTEIbHbBIE CcBOMCTBA. [e BelllecTBa, KOTOPLIE B 2JIEK-

'Cum. c. 13.
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TPOXUMHUUCCKOM pPAAY HEIl'[pSI)KCHl/Iﬁ HaXOOATCA JICBEC BOAOPOHA4d, OKHUCIAKTCA
KaTUOHAMHM BOJOPOA4d B BOJHLIX PaCTBOPaX KHCJIIOT.

Zn +2HCl=ZnCl, + H,T

SHGMGHTH, COCONHCHUA KOTOPLIX NPOABJIAKOT aM(bOTe-prle CBOFICTB&, pca-
IT'NPYIOT C BOOHBIMH PaCTBOPaMH LLIECJTOUYEH C O6pa3OBaHI/I€M IT'MAPOKCOKOMIJICK-

COB U BbIACJICHHUEM BOAOPO/A.
Zn + 2NaOH + 2H,0 = Na,[Zn(OH),] + H,T

[Ipy B3aUMOJEMCTBUU C AKTHBHBIMU MeTa/llaMU aMdoTepHbIEe DIEMEHTHI
MOTYT BBLICTYIIATb B POJU OKMUCIUTeNell (oOpa3ysl, Harpumep, CTUHOUA HATPHUs
Na;Sb).

B coenuHeHussx ampoTtepHble 371eMeHTbl BXOJSIT B COCTaB KaK KAaTUOHOB
(MPOCTBIX WU CJIOXKHBIX), TAK U aHUOHOB (OOBIYHO CJIOXHbIX).

Bonpocobl

1.19. Kakoe cTpoeHHe UMEIOT IIPOCThIE BellleCcTBa, 00pa30oBaHHbIe aMPOTep-
HBIMU 31eMeHTaMU? KakoBa rnpupoja ¢Bsi31 B 9TUX BelllecTBax?

1.20. Hexkotopble ripoctbie BelliecTBa, objanarolimve PU3NIECKUMU CBOM-
CTBAMU METAJIOB, 10 CBOUM XMMUUYECKUM CBOMCTBAM HE OTHOCSITCSI K TUMMHU-

HBIM MeTal1aM. C yeM 3TO CBsI3aHO?

1.21. Hanwumimure ypaBHEHUS peaKlIUM ¢ ydacTUEM aM(POTEPHBIX 3JIEMEHTOB,
XapaKTepHU3YIolIUe UX MEeTALJIMYeCKHe U HEMeTalIMYeCK1e CBOMCTBA.

1.5.4. bnaropoaHbie ra3sbl

braaropoaHsbie rasel HaxoasTcst B VIIIA (18-11) rpynine Ileproanyeckon cucre-
Mbl 3JeMeHTOB. B atoMmax 0aaropoaHblX ra3oB BaJIeHTHble OpOUTAAU MOJTHO-
CTbIO 3acejIeHbl 3JIeKTPOHAMHU, MTOITOMY aTOMBI 3TUX 2JIEMEHTOB HE MPOSIBJISIIOT
CKJIOHHOCTH K 00pa30BaHUI0 XUMHUYECKHUX CBSI3EU U, B YaCTHOCTH, HE MOTYT 00-
pa30BbIBATh KOBAJEHTHbIE CBSI3W Jaxe APYr ¢ IPpYyroM — MOJIEKYJIbl 0J1aropo-
HBbIX Ta30B OJAHOATOMHBI.

BHU3 o rpynne ¢ yBeJUMYEHHMEM aTOMHOIO paauyca 3JIE€MEHTOB YCTOWUM-
BOCTb 3aBEpPILUEHHOr0 BHELIHEro 2HepreTUYeCcKOro ypoBHS Y KaXXOIOro IOC/ie-
AVIOLIEro 3JieMeHTa YMeHblIaeTCsl (2AeKTpOoHbl Xe U Kr yaepXuBaloTcs siApoM
MeHee Ipo4yHo, yeM y He 1 Ne), nosToMy XMuMUUecKasi aKTUBHOCTb 2JIEMEHTOB
B 3TOM K€ HarpaBJeHWUH YBEJIUUMUBACTCS.

CoeanHeHUs 0J1aropoJaHbIX ra30B ObLIM MOAYUYEHbI JIU1b BO BTOPOH MOJIOBU-
He XX B. B 1960-¢ roabl amepukaHckuii xuMuk H. Baptiert', CYMEBILUMHIA OKUC-
JUTb MOJIEKYISIPHBIM KUCAOPOA € NMOMOLLBIO rekcadpTopuaa TIaTUHbI, 00paTHI

' BAPTJIETT Huun (1932—2008) — aMepukaHckuil XuMuK. [1epBOOTKPHIBATENb COSMUHEHU GIaropo-
HbIX ra30B; U3BECTEH TAKXKe UCCIeA0BaHUSIMU XUMUUECKUX CBOICTB (PTOPA.
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BHMMaHHe Ha 0J1U30CTh pa3MepoB U MOTEeHUMAA0B HOHU3aLUU MoJieKy O, 1 Xe.
OH cHUHTe3UpoBaJ IIEPBOE XUMUYECKOE CoeIMHEeHe 01aropoJHOro rasa (MMelo-
lllee riepeMeHHbIN cocTaB) IO peaKluu:

Xe + Ptly — Xe| PtEF],

rne 1 < x < 2. B nanpHelilieM B KayecTBe OKMCIUTENS CTaIU IPUMEHSIThL PTOP,
HCIIOJIb3Ysl TEPMHUUECKYIO, POTOXUMHUECKYIO UM APYIVIO aKTHBalLWio. B HacTo-
silee BpeMsl MOJAYYeHbl JOCTATOUHO YCTOMUYMBLIE coeAUHEeHUS Xe U Kr: pTopuab
(Xel,, Xely, Xelg, KrL,), ux cMecu, a Takke KUCIOpoAHbIE coeaMHEHUs Xe( V)
n Xe(VIII). s xpuntoHa noJjiydeHbl TOALKO IUPTOPUI U €TO MPOU3BOJHLIC.
XMMHUYECKHE CBOMCTBA paJJoHa U3YUYEHBI B MEHbILIEH CTEMEHU (U3-3a €ro paJuo-
AKTUBHOCTH). XOPOLLUO OXapaKTepU30BaHbl TOJbLKO (BPTOPUABI paJOHa, aHald0-
rMYHbIE MO cocTaBy PTOPHIAM KCEHOHA.
CoedHeHWH rejidsi, HeoHa U aproHa CUHTEe3UpOBaTh MOKa He YAAI0Ch.

Bonpocsbl

1.22. Kakoe cTpoeHHe UMElOT MPOCThiE€ BellecTBa, o0pa3oBaHHbLIe OJaro-
POJHLIMM razamMu? Kakue CBsI3U B TBEPJBIX U >KUJIKWUX 0J1aropoaHbIX ra3ax?

1.23. K KakoMy TUMNY OTHOCSTCSI XMUMHUUYECKUE CBSI3U B COCITMHEHUSIX OJaro-
POAHBIX Ta30B?

1.24. K KakuM 3jeMeHTaM OJINKe BCero o XMMHUYeCKUM CBOWMCTBaAM OJ1aro-
POAHBIE Ta3bl?

1.6. Knaccuopukauma HeopraHnyeckux coeanHeHum
1.6.1. Tmapokecnabl

OcHOBHBIE 'MAPOKCHABLI 0Opa30BaHbl TUITMYHBIMU MeTalJlaMU U aM(OTepHBIMHU
3JIEMEHTAMU B HU3LIMX CTEMEHSIX OKUCIeHUs. OHu umeroT gopmyny M(OH),,
rone M — MeTtaia. Y TaKUX BELUECTB IMPOCThIe HA3BAHUS: K CIIOBY «TUAPOKCUI»
n100aBIsIOT Ha3BaHUe MeTasia. Ec/ii MeTanl MOXKET MPOSIBJISITh pa3jiMuHbIE CTE-
MEHU OKUCTEHUSI, CTeIIEHb OKUCIEHUsI YKa3biBaloT B cKoOKax: LIOH — ruapok-
cua autud, Cr(OH), — ruapokcun xpoma(ll).

[MapoKcHUabl LIETOYHBLIX METAJIOB (JIMTUSI, HATpUs, Kalusl, pyOUIMsI, Lie-
3Usl, (ppaHuUsl), ILEAOYHO3EMEJIbHBIX METAII0B (CTPOHLMS, Oapusl, paausl)
1 TaJ1usi(1) XopoLo pacTBOPSIIOTCSI B BOJE. DTH BeLLISCTBA HA3bIBAIOT LIEI04YaMMU.

[Uapoxkcua Kaabuus (Takxke I1IeJI0YHO3eMeIbHbIH METal1) MalopacTBOPUM
B BoAe: 0,16 r B 100 r Boabl npy KoOMHaTHOM TeMIiepaTtype. OCHOBHBIE TUAPOKCU -
Nbl, HE OTHOCSIIMECS K LIejoYyaM, ellle MeHee paCTBOPHMBI B BOJE.

MHoruve €044 UMeIOT TpadullMOHHble Ha3BaHUs: NaOH — eakuil HaTp,
KOH — eakoe kanu, Ca(OH), — raimmenas ussectb, Ba(OH), — eakuit 6apur.
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OcHOBHbIE THUAPOKCUABLI B TBEPAOM COCTOSIHMM COCTOSIT U3 KATHOHOB
M AaHUOHOB, MO3TOMY NPH PACTBOPEHUU B BOAE OHM JIETKO AUCCOLUMUPYIOT
C BbIACJAEHUEM TMAPOKCHUI-UOHOB, B PE3VJbLTATE UEI0 CPpeaa CTAHOBUTCS LUE-
JOYHOM.

LiOH=Li"+ OH™
OCHOBHbIE rTMIPOKCHUIADLI PCarupyroT ¢ KUCJIOTaAMH C OGp’dSOBaHMeM COJIEH.
Cﬁ(OH)z + HzSO4 = CaSO4~L + 2H20

Takue peakliMy UMEIOT O0LIee Ha3BaHUE — peak it Helimpaauzayuu (LI CO-
Jleo0pa3oBaHMsl).

OCHOBHbBIE TUAPOKCUAbl PEATUPYIOT ¢ KUCAOTHBIMU OKCHAAMU KaK B OT-
CYTCTBME BOJAbl, TAK U B BOJHOM pPAaCTBOPE; NPOAYKTHI 3TUX peakKLMUK TaK>Ke
COJIM.

2KOH + CO, = K,CO, + H,0

PacTBopuMble B BoAe OCHOBHbIE T'MAPOKCUAbLI pearupyloT ¢ COJSIMU, €CJIU
B pe3yJibTaTe 00pa3yeTcst XOTs1 Obl OIHO MaJIopacTBOPHUMOE BellleCTBO (OCHOBHbIN
TMAPOKCHI WU COJb).

2KOH + MgCl, = Mg(OH),J + 2KCI
Ba(OH), + Na,SO, = BaSO,l + 2NaOH
B PCaKUHUAX Luenoqeiil C COJISIMHA aMMOHMHA BbIACITACTCH aMMUAK.:

NaOH + NH,Cl = NaCl + H,0 + NH,T

HexkoTopble OCHOBHble THUAPOKCHIbLI MOTIYT INOABEpraTtbcslt Aeruapartalun
(OTLUETIIEHWEe MOJIEKYJ BOAbI), HanpuMep NpU HarpesaHUU, ¢ oOpa3oBaHUEM
OCHOBHBIX OKCUIOB:

2LiIOH ——> Li,0+ H,0

Ca(OH), —2Pesie , 20+ H,0

OaHaKo 60JbIUMHCTBO LIeJIoYel [1J1aBITCSI U KUIIAT 0e3 pa3/1oXKeHUs!.
LLIe1oun o0pa3yoTcs rpy B3aUMOAENCTBUA aKTUBHbBIX METANIOB U UX OKCH-
OB C BOJIOMH.

2Li+2H,0 =2LiOH + H,T
Ba + 2H,0 = Ba(OH), + H,T
Li,O + H,0 =2LiOH

KpOM@ TOI'O, TMAPOKCHAbl AKTUBHLIX MCTAJJI0B IMMOJIYYalOT JJICKTPOJIHWU30M BOI-
HbIX paCTBOPOB HUX COJICH:

2NaCl + 2H,0 ——>=- 2NaOH + CI,T + H,T
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IJICMCECHTA (BJ'leMeHT, ATOMbI KOTOPOI'O BMECTC C ATOMdAMH BOAOPOAd U KUCJIOPOda
06p33y10T MOJICKYITY KI/ICJ]ODOI[COIlep)KaLLLGﬁ KI/ICJ'IOTbl) nO0aBISIIOT pPa3JIM4YHLIC

cyhdukcsl (Tadu. 1.6).

Tabauua 1.6
Ha3paHus HEKOTOPBIX KHCA0POACOAEPKAIMX KUCIAOT U UX AHUOHOB

KucJaora

AHHOH (KMCJOTHBINA OCTATOK)

H,CO; — yroabHas

COf — kapGoHar

HCO3; — ruapokap6oHar

HCIO — xnopHoBaTucras

ClIO™ — runoxyiopur

HCIO, — xnopucras

ClO; — xnopurt

HCI10,; — xnopHoBaras

ClO3; — xnopart

HClO, — xnopHas

ClO; — nepxiopart

H,CrO, — xpomoBgas

CrO; — XpoMar

H,Cr,0; — nuxpomoBas

Cr,07 — AUXpoMaT

HMnO, — mapranuoBas

MnQOj; — nepmanranar

2—
MnOj;" — maHranar

HNO, — azotucras

NO; — uutpur

HNO,; — a3oTHas

NO3 — uutpar

HPO,; — metadochopHas

PO; — meradocdar

H,PO, — oprodocdopHasn

PO; — opTodocdar

HPO?{ — ruapooptodocdar

H,PO; — aurunpooprodocdar

H,P,0, — nudocdopHas

P,OF — nudocdar

H,SO; — cepHucTasn

SO, - nH,O — noauruapat AMOKCUIA CEPBI

SO%‘ — cyAb(UT

H,SO, — cepHas

SO; — cylbgat

H,S,0, — nrcepHas

SZO%_ — Iucyabdar

H,SiO; — MeTakpemMHueBas

S1037 — mMeTtacuwiukar

H,S10, — opToKkpemMHueBas

. ~d—
S10; — oprocuamkar
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Ecan KUCIOTOOOPA3YIOUIUNA 3JIEMEHT NPOSBAsieT MAaKCUMAJbHYIO CTeIeHb
OKUCJEHUSI (OHA COOTBETCTBYET HOMEPY I'PYIIIbl), K HA3BAHUIO 3JIEMEHTA MPH-
0aBJILIOT «-Has» WU «-oBasg»: HNO; — aszornas kucnora, H,SeO, — ceyieHoBas
KUCJI0TA.

Ecay cTeneHb OKMCIACHUS 3JIEMEHTA HUXKE MAKCUMAJbHOU — «-HCTasA»:
HNO, — azotucraa kuciaora, H,S¢0; — cenenmeras KUcaora.

Ecau sneMeHT 00pa3yeT 00J1ee ABYX KMCIOPOACOASPKALUMX KUCIOT B pas3iny-
HbIX CTEMNEHSIX OKUCICHUS, UCNONB3YIOT TakKe Cy(pPpuKke «-Hopar-»: HCIO; —
xaopnoearasi kuciaora, HCIO — xaopHoBaTucTasi KUCaAO0TA.

HekoTropble 3JIeMEHTBl B OJJHOM M TOM K€ CTEINEHMW OKUCJIEHUS 0Dpa3yloT
HECKOJAbKO KMUCAOPOJACOoAepKalIUX KUCIOT. K Ha3zBaHUIO KUCJIOTbI, COOepKa-
e HAUOOJbLUEE YUCTO aTOMOB KUCIOPOJa, N00ABASIOT NPUCTABKY «OpHO-»
(H;PO, — oprodochopHasi K1Uca0Ta), a K HA3BAHUIKO KUCIOThI, COAEPKALLEH
HauMeEHbIlIEe YUCA0 aTOMOB KUCJI0pOJa — MNPUCTaBKyY «mema-» (HPO; — mera-
ocdopHas KHUcaoTa).

B Ha3zBaHMSIX KUCAOTHbIX OCTATKOB {AHUOHOB KUCIOT) MUCIIOAb3VIOT JTATHUH-
CKME Ha3BaHUS KMCIOTOOOPA3YIOLLEro 3JIEMEHTA.

bOJILHLIMHCTBO KUCIOPOACOACPXKALIMX KUCIOT XOPOLIO pacTBOPUMBI B BO-
1€; UCKINIOYEHUsI — HanpUuMep, YroJibHast KUCA0Ta U pas3iuyHbie KPEMHUEBLIE
KUCTOTHI.

[1py noaHon aernapatalMu (Ipy BbICOKHUX TEMITEpATYpax UAU MO IEHUCTBM -
€M BOJOOTHUMAIOIUUX PEAreHTOB) KUCAOPOACOAepKALLME KUCAOTbI NEPEXoasT
B KMCJOTHbIE OKCHAbLI. Hanpumep, ¢ noMollbio CEpHOH KUCJIOTHLI IOJYYarOT
okcua MapraHua( VII):

2HMnO, —22%5 Mn,O, + H,0

Kucnopoacoaepxalliiye KUCJAOTbI BCTYIAIOT B peaklMK ¢ MeTa/lJIaMM, a TaK-
K€ ¢ OCHOBHBIMU U aM@OTEepHbIMU OKCUAAMU U TUAPOKCHUAAMU (C 0Opa30BaHU-
eM CcoJiei):

Mg + H,SO,(pa36.) = MgSO, + H,T
MgO + H,S0,(pa36.) = MgSO, + H,0O

PeakliMy paCTBOPUMBbBIX KUCJIOPOACOAEPAKALUMX KUCIOT C COJSIMU IIPOTEKAIOT
JO KOHIIa, €C/IK 00pa3yeTcs razoo0pasHbli Uik MaJlopacTBOPUMBbIH NPOAYKT:

BaCO, + 2HNO, = Ba(NO,), + H,0 + CO,T
Ba(NO,), + H,SO, = BaSO,! + 2HNO,

PaCTBOpHMble KHUCJTOpOACOACPKALIUC KHUCJTOTbI MOI'YT ObITh NOJIVHCHBI ITPA-
MbIM B3aUMOICICTBUEM COOTBCTCTBYIOLIUX OKCHUIOB C BOOOMU:

P4010 + 6H20 = 4H3PO4

ManopacTBopUMble KUCIOpoAcoAepKallue KUCJIOThbl (0oOpa3oBaHHbIE Si,
Mo, W u T. A.) B3aUMOJIeICTBYIOT TOJbKO C OKCHJIaMM U TMAPOKCHIAMU HANOO-
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Jlee aKTMBHBIX METAJIOB JUIbL NPU CIJIaBASHUU JTUOO B KOHLIEHTPUPOBAHHbIX
pacTBOpax.

Kpome B3auMoaeiCcTBUSI KUCAOTHBIX OKCUAOB ¢ BOJAOU IJIsI MOJYUEHUS] KMC-
JIOpOACOASP KALUMX KUCAOT UCTTOIB3VIOT U ApYyrue crnocodbl. HekoTopbie KMCTO-
Tbl MOJYYAIOT B pe3yAbTaTe OKUCIAUTE1bHO-BOCCTAHOBUTENbHbIX peaKLMid HeCo-
J1e00pa3yIolIMX OKCUIO0B ¢ BOAOW (MHOrAA B MPUCYTCTBUH OKHUCIWUTENEH):

ANO, + O, + 2H,0 = 4HNO,

MHorue KHUCJIIOPOACOACPKAWNE KUCTOTDI 06p33y10TC51 I[Npru OKUCJIICHNUHU HE-
MCTAJ1J10B KOHL[CHTDMDOBEIHHOP] a30THOH U CepHOﬁ KHUCJIOTAMMU.

S + 6HNO;(koH1.) = H,SO, + 6NO,T + 2H,0

Cnadble KUCJAOTbl MOXHO [MMOJAYYUHNUTD JEUCTBHEM CUJIbHBIX KHMCAOT Ha COOT-
BETCTBYIOLLIMC COJH.

2KNO, + H,S0,(pa36.) = K,SO, + 2HNO,

AmdoTepHbie TMAPOKCHIABI O0PA3YIOT OCPUIIIHUIA, p-2JIEMEHTbI, PACITOJTOXKEH -
Hble B [lepuoanueckoil cucteMe Ha «auMaroHaau aM@poTepHOCTU» U HUXKE ee,
a TakKKe OOJIbLUMHCTBO d-3JIEMEHTOB; d-3JEMEHThI, AJ1s1 KOTOPbIX XapaKTepPHbI
HECKOJILKO CTEIEHEN OKMCIEHHUS, OObIUHO 00pa3yioT aM(POTEPHbIE THAPOKCHUALI
B NPOMEXYTOUHbIX CTENEHSIX OKUCAeHUsI. [TpuMepoM MOXET CAYXKUTb aM(Po-
TepHbI ruapokeua xpoma(lll).

AM@POTEPHBIE TUAPOKCHUIbLI TPOSIBASIOT KAaK KUCJOTHbLIE, TaK U OCHOBHbIE
CBOMCTBA, HAITPUMEP OHU MOTYT BCTYNATb B PEAKIMIO U C KUCJIOTAMHU, U CO LUE-
JjoyaMH, a TakXke CO MHOTMMU okcugamu. [1pu 3ToM 00pasyloTcst COaU, B KOTO-
pbIX aM(OTEPHBIA 2JIEMEHT BXOJUT B COCTaB JUOO KAaTUOHA, IMOO aHUOHA:

AI(OH), + 3HCl = AICL, + 3H,0

Al(OH);+ NaOH ——— NaAlO, + 2H,0

Hpn B3aMMOJECHCTBHU aM(bOTCDHle r’mApOKCHIOB CO LIE/I0OUaMHW B BOAHOM
pPacTBOpPEC 06pa3yIOTCH KOMIUIEKCHLIC COJIN.

Al(OH); + NaOH —===— Na[Al(OH),]

Ha3zpaHust aMm@oTepHbIX THAPOKCHUAOB O0OPa3yIOTCs TaK 3Ke, KaK /17151 OCHOBHbIX
TMIPOKCHUAOB. ¥ HEKOTOPbIX aM(POTEPHbBIX TUAPOKCUIOB eCTh OpTO- U MeTapop-
Mbl: HanpuMmep, AI(OH); — oproruapokceua anromuHug, AIO(OH) — metarua-
POKCUA aNntoMUHHSI. OOLIYHO OPTOTMAPOKCUALI NPHU HarpeBaHUMW IMepexonsiT
B MeTaruapokKcuabl. s HeKOTopblX aM(POTEPHBIX 3IEMEHTOB TMAPOKCHUAbI He-
M3BECTHDI, a NOJYYEHbI JINILIb MAJTOPACTBOPHUMbBIE TUAPATHI OKCHUAOB, HANPUMED
Sb,0; - nH,0O — nonuruapar okcuaa cypoMbi(111).

[IpakTHuecKkH BCce aM(pOTEPHbIE TUAPOKCUILI B BOJIE HEPACTBOPUMBI.

AMPOTEPHBIE TUAPOKCUIBI TEPMHUYECCKH HEYCTOMUUBbLI M J1aXKe NpPU HEOOb-
LLIOM HarpeBaHUM TEPSIOT BOAY, npeBpailasicb B aM(poTepHbie OKCUADI:

Zn(OH), = ZnO + H,0
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AM@oTepHbIe THAPOKCUAbLI CIOXHO MOJYYUTL MNpU AOEHCTBUM LUETOUEH
M CUJIBHBIX KUCIOT Ha COJHU, coaepxKalyre aM@OTepHbI 3JIEMEHT B BUJE KaTUO-
Ha WJIU B COCTaBe CJA0XHOro aHWoHa — NMPU BBeAeHUU U30bITKA peareHTa ocaaok
amM@OTEepHOTro rUApoKcHaa Jerko pactpopsiercsi. [1oaToMy A1 UX MOaydyeHUsI
Mo OOMEHHBIM peaklMSIM B BOAHOM pacTBOpe UCMOAb3YIOT c1abble OCHOBAHMUS
U KUCAOTHI {UJIK COOTBETCTBYIOLLIME KUCTOTHBIE OKCHbI ):

AINO,), + 3NH, - H,0 = AI(OH)-4 + 3NH,NO,
INa[AI(OH),] + CO, = 2A(OH);{ + Na,CO, + H,0

Bonpocpl

1.25. M3 cieaylouiero CnuckKa BELIECTB BLIOEPUTE IIEJIOUYM U COCTABLTE
ypaBHEHUSI UX peaKLIUi ¢ COJSIHOM KUCIOTON: THAPOKCHI pYOUIUSI, THAPOKCHU
meau(ll), ruapoxkcua auTusg, TUAPOKCUA HaTpusl, ruapokcua xeaesa(ll), ru-
APOKCUI LUMHKA, THAPOKCH Kadusl, TMAPOKCUI dapusl.

1.26. Vicnonb3ya npasuio IlonuHra, onpenennure, Kakue U3 MepeuMUCIeH-

HbIX KHUCJIOT CUJIbHBbIE, a KaKue — ciaaobie: a) H,SeOy; 6) HCIO;5; B) HBrO,;
r) H,TeOs; n) HIO;5; x) H,S105; 3) H;AsO,4; 1) HCIO.

1.27. Boibepute am@otepHbie ruapokcuabl: a) Be(OH),; 0) B(OH)j;
B) Mg(OH),; r) AI(OH);; 1) TIOH; ¢) Zn(OH),.

1.6.2. Okcuapl

HaszBaHus1 oKCHA0B 00pa3yloT MPOCTO: K CIOBY «OKCUA» (oM 1am. oXygenium — KHUC-
J0poa) 100ABISIIOT HA3BaHUE BTOPOro v1eMeHTa (T1ad:1. 1.7). B Ha3BaHUsIX OCHOBHBIX
1 aM(poTepHBIX OKCUIOB, 00pa30BaHHBIX JAEMEHTAMU, JJIs1 KOTOPHLIX XapaKTepHbl
HECKOJILKO CTeNeHel OKUCIEHUS, YKA3bIBAIOT CTeNeHb OKUCIEHWSI, HAalIpUMEP OK-
cua MapraHua(ll). B Ha3zBaHHUsIX KUCJIOTHBIX OKCHIOB NMPUHSTO UCIOAb30BaTh YUHC-
J0BbIe NpUcTaBKU: SO; — TpUOKCcUA cepbl, N,Os — NeHTAOKCHUa AUA30TA.
OcHOBHbIE OKCHABI PEATUPYIOT ¢ KUCTIOTaMH, 00pa3yst coau (TadJ. 1.8):

CaO + H,80, = CaSO,¥ + H,0

OCHOBHBIE OKCUADI MOTI'YT pcarupoBaTtb ¢ OKCHMAaMH HCMCTAJIJIOB. ITU pe-
dAKIIMH TPOTCKAKOT U B OTCYTCTBUC BOALI, 1 B BOAHOM PACTBOPC, UX IIPOAYVKTHI
TAKXKEC COJIN.

Ca0 + CO, = CaCO,

OKCHIBI 1IETOYHBIX U LIEJTOYHO3eMEIbHbIX MeTaNI0B U Taausi(l) pearupy-
I0T C BOAOMH:

Na,O + H,0 = 2NaOH
CaO + H,0 = Ca(OH),
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OIHaKO UCMOJBb3VIOT U APYTUEe METOAbl, HAIIPUMEP TEPMHUUECKOE Pa3IoXKe-
HHEe TUAPOKCUAOB, KAPOOHATOB, HUTPATOB U APYIUX CIOKHbIX BELLIECTB:

Cu(OH), —>>- CuO + H,07T
CaCO, —"— Ca0 + CO,T

2Pb(NO,), —2=— 2PbO +4NO,T + 0,1

HGKOTOpble OKCHUAblI MOI'YT OKHUCJIATDLCA WMJAW BOCCTAHABJIHWUBATLCA JO APYIUX
OKCHIOOB.

4CrO;, — 2Cr, 05+ 30,7
4FeO + 02 — 2F€203

Bonpocobl

1.28. K KakoMy KJaccy OTHOCUTCS OKCUJ, €CJIU OH He pearupyeTt ¢ BOAON?
Kaxk 3To onpeaeauts?

1.29. CocTtaBbTe ypaBHEHHUSI peakLMi, B pe3yabTaTe KOTOPbIX MOXHO MOJaY-
YUTb: a) AMOKCU] yrjepoaa; 0) OKCH/I KaJlbLMs; B) OKCUA MarHusl; r) AeKaOKCUI
TeTpadocdopa. K KakoMy KJ1acCy OTHOCUTCSI KaXXKAbIH U3 3TUX OKCUIOB?

1.30. CoctaBbre ypaBHEHUS peaKlivil, C MOMOLIbIO KOTOPbIX MOXHO OCYIIE-
CTBUTD CJIeYIOLLME ITPEeBpaLlleHUSI:

a) SO, - S0O; > H,5S0, - BaS0O,

6) NO —> NO, > HNO; > NH;NO;

By P,—> P,0,,— H,PO, > NaH,PO, > Na,HPO, —» Na;PO,

1.6.3. Conu

BaskHoe CBOUCTBO KUCJIOTHBIX U OCHOBHBIX TUAPOKCHUIOB COCTOUT B TOM, UYTO
OHU CINOCOOHBI BCTYNATh APYT ¢ APYTOM B peaKliUio HEUTpaJIU3aLMU ¢ 00pa3oBa-
HUEM COJU U BOAbL. COJMU MOIYT ObITb CPeAHUE, KUCIble, OCHOBHbIE, JBOMHbIEC
MU CMELIaHHbIE.

OOBbIYHO K COJISIM OTHOCSIT ITPOAYKTHI B3aUMOACHUCTBUSI HE TOJAbKO KHUCIOT-
HBIX U OCHOBHBIX TUAPOKCHUIOB WU OKCUIOB, HO U JIOOBIX KUCJIOT U OCHOBA-
HWUM, B TOM UYMUCJIe OpraHuyeckux. Cpedrnue coau 00pa3yloTCs MpU MOJHOM HEH-
TpaJUu3alluu OCHOBAHUM KUCJIOTAMMU:

3Ba(OH)2 + 2H3PO4 = Ba3(PO4)2 + 6H20

B KPUCTATJIHNYCCKOM COCTOAHHWUNM COJTH UMCIOT HMOHHYIO CTPYKTYPY. KDHCTEU'I-
JIbl COJIKM MOI'VT COACPKATL KAdK IIPOCTLIC KATUOHLI MCTAJIJIOB, TAK U CJIIO2KHBIC
HECOPIraHNYCCKHUC HJIN OPraHHYUYCCKHUC KATHUOHDLI, HAIIpUMEDP KATHUOH aMMOHMWA.
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Kuciable coiu coaepxaTr KUMCJIOTHbIE OCTAaTKU ¢ He3aMellleHHbIMU aTOMaMU
Bogopoaa. B HazBaHMe aHMOHA BKJIIOYAalOT Ha3BaHKMe aTOMa BOAOPOAA — «THPO»
¢ uicaosoil npuctasko: BaHPO, — runpooprodocdar 6apusi, Ba(H,PO,), —
auruapooptodocdar dapusl.

Kucibie coin MOTYT ObITb MOJAYUEHbI TAKKE MPU AEUCTBUH U30bITKA KUCIO-
Tbl UM KUCJIOTHOIO OKCHUAA HA CPEAHION COJb, aM(pOTEPpHbIII OKCHI WU TU-
APOKCUJL, HATTpUMED:

BaCO; + CO, + H,0 = Ba(HCO,),

BOonbUIMHCTBO KUCABIX COJIEN, 32 NUCKIIOUEHUEM HEKOTOPBIX r'HApoopTodOC-
(baToB, B BOJE XOPOILIO pacTBOPUMbI. B BOAHOM pacTBOpe aHWOHbI KUCJIbIX CO-
JIEU MOABEPraloTCst TMAPOAN3Y. B 3aBUCUMOCTHU OT CBOMCTB KUCJIOTHOTI'O OCTATKAa
B paCTBOpPE KUCION COJMU MOXKET BO3ZHUKHYTH JIUOO caabokucaasl cpeaa (B pac-
TBOpaxX TIUApPOCYIb(PaToOB, TUAPOCYAbPUTOB, AUrUApoopTodochaToB), AHO0
cjadouieaoyHas (B pacTBopax ruapokapooHaATOB, T'MAPOCYAb(PUIOB, THAPOOD-
TodochaToB).

[Ipu nobabaeHHUM OCHOBAHUS KUCJAbIe COJW I1OABEPraroTcs AajbHeNluen
HEUTpaJIn3aluu.

Ba(OH), + Ba(H,PO,), = 2BaHPO,! + 2H,0
Ba(OH), + 2BaHPO, = Ba;(PO,),4 + 2H,0
l_[QIl IICI‘;ICTBMQM CUJBbHbBIX KUCAOT KUCJIble COJIU OOBIYHO Pa3pyILLUAIOTCAH .
Ba(H,PO,), + H,SO, = BaS0O,! + 3H,PO,

OcHOBHBIE O O0Opa3yloTCsl NMPU B3aUMOACHCTBUU LUEI0OUYEH ¢ pacTBOPU-
MbIMU CpeIHUMU COJAsIMU. OCHOBHbIE COJU COAEPXKAT TMAPOKCOIPYIINbl WUIH
aToMbl kKcaopoga(—II).

CyleCTBYIOT pasHble CrocoO0bl 3anUMCU cocTaBa OCHOBHBLIX cojeid. Ha-
npuMmep, GopMyJy OCHOBHOIO HUTpaTa KodajbTa MOXHO 3anMcaTh Kak
CoNO;(OH) — ruapokcua-nutpat kodansra(ll) unm (CoOH)YNO; — HuTtpart
ruapokcokodansra(ll). I'lepsas popmyna oTpaxaeT COCTaB TBEPAOU COJIU, B Y3-
JlaX KpUCTANIMUeCKOU pellieTKU KOTOPOH HaXoAsITCSI KATUOHbI KObanbTa, HUTpAaT-
MOHbl MU TUAPOKCHUA-UOHBI; BTOpast (popMyJjia MMOKa3blBaeT, UTO B HACbILLIEHHOM
BOJHOM pacTBOPE NMPUCYTCTBYIOT KATUOHbI TMAPOKCOKODAIBTAa U HUTPAT-UOHBbI.

[ToayduTb OCHOBHYIO COJIb MOXKHO TPU ACUCTBUH OCHOBAHUS { B3SITOTO B HE-
JOCTATKE) Ha CPEJAHIOIO COMb:

Co(NO,), + NaOH = CoNO,(OH)! + NaNO,

ﬂpu n00aBAeHUN KUCI0THI OCHOBHbIE COJU NnpeBpaniarTcs B CpCcIHUE COJTN,
a [1pH 1nmoauicaia4ymBaH CpCabl — B THAPOKCHU LI

CoNO,(OH)(1) + HNO, = Co(NO,), + H,0
CoNO,;(OH)(T) + NaOH = Co(OH),{4 + NaNO,
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e BbLIOpATh YaCTULIbl, B3aUMOAEHCTBUE KOTOPLIX MPUBOAUT K BbIMAJEHHUIO
ocajJKa, BblAeJIEeHUIO raza UK 0o0pa30BaHUIO ¢1adoro 3JeKTPOIUTA; 3aIlu-
CaTb COOTBETCTBYIOLLIME TNPOAYKTHI B TPaBOX 4aCTH MOHHOIO ypaBHEHMUSI,
oTMeuasi 06pa3oBaHUe ocanka 3HaKoM |, o6pa3oBaHue raza — 3HaKOM |
e 1oa06patb kKo3hPUUHUEHTL B MOHHOM YpaBHEHUM peakUWUU: B JIEBOM
W MpaBoOil 4acTIX MOHHOI0O ypaBHEHHS! JOJXKHBI ObITb paBHbl HE TOJbLKO
YMUCJI0 ATOMOB OJHOTO THIIA, HO U CYMMApPHbBIH 3apsii BcEX HOHOB

e 3arnucaTb [POAYKTHI peaKLUU B [IPABOM YaCTU MOJEKYJISIPHOTO YpaBHEHUSI
W [IepEHECTH B Hero noJiydeHHble KO3 ULIMEeHTHI.

YT1o0Obl onpeneauTb, HACKOJbKO PAaCTBOPHUMbI B BOJE TPOAYKTHl peaklLMU
WOHHOro OOMeHa, MCIOJb3YIOT TAOJMLY pacTBOPUMOCTH (CM. TPUJIOXEHUE
Ha caiiTe u3naTteabcTBa). Ecnu Ha nepecedyeHUU CTPOKU, OTBeUalolleil KaTUO-
HY, 1 cTOJI0LA, OTBEYAIOLIEr0 aHUOHY, YKA3aHO, YTO BEllIeCTBO MaJl0opacTBOPHUMO
WU HEPACTBOPUMO, peaklius ero obpa3zoBaHUs U3 PACTBOPUMBIX 3J€KTPOJUTOB
UIET A0 KOHILA.

Oco0oe 3HauYeHUe UMEIOT peaKLMKW HelTpaau3aluuy MeKI1y KUCA0TaMU U OC-
HOBaHUSIMU, B pe3yabTaTe KOTOPbIX Bceraa odpasyeTcsl MaJloAUCCOLUUpYIOLLIee
BELIECTBO BOJA, U, TaK KaK Mpu AUCCoLMaliM KUCJIOT 00pa3yioTCsl KATUOHbI BO-
aopoaa, a npu J1UCcolMaliMi OCHOBaHU — FHAPOKCUA-UOHBI, peaKlius PaKTU-
YeCKM WAEST MeXAy 3TUMU YacTULIAMU:

H*+OH™ = H,0

Bonpochbl

2.1. CocTtaBbTe MOJICKVYJIAIPDHOC U HOHHOC YPABHCHUSA PCAKLMHW MCXKIAY Kap-
OOHATOM HATpHUA U COJISTHOW KHUCJTOTOM.

2.2. Hanummurte ypaBHEHHE peakKUUMK, OTBEUAlOLIEH NpeBpalleHHUIO:
Mg(OH), —» Mg*

2.3. Hoqemy NMOHHbLIC YPAaBHCHHUA COCTABJIATDL JCIYC, UCM MOJ]eKy.}'lH'prle?
[Tokaxkute Ha KOHKPETHOM IIPpUMEPC.

2.1.2. OkuncnuTenbHO-BOCCTAHOBUTEJIbHbIE peaKuumn

OxucaureIbHO-BOCCTAHOBUTENbHbIMU peakuusavu (OBP) Ha3biBaloT peakluu,
NpyA KOTOPLIX NPOUCXOIUT OOMEH 2JICKTPOHAMU MEXKIY aTOMAMU OJHOI0O UM
HECKOJIbKMX BellecTB. PazdepeM HECKOJIbKO NPUMEPOB.

[opeHMe MeTalIMYeCKOro HAaTpUs B aTMOocdeEpe XJ1opa NPpUBOAUT K 00pa30-
BaHUIO XJIOpUIA HATPUSI:

2Na + Cl, = 2NaCl

B XJTOPpHUIC HATPHUA CBA3b MCXKIAY aTOMdMH XJIOPA U HATPUS MOHHAM, CIACIO-
BATCJIAbHO, pCcaKlUus Cro O6pa3OBaHl/lH COIIPOBOXIACTCAHA INOJIHbLIM TIEPEXOCAOM
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[Ipn onpeaeneHun cterieHUW okucaeHust (CO) aToMoOB PYKOBOACTBYIOTCS
CJCAYIOLLMMU NpaBUJiaMH, KOTOPbI€ HAO 3a[1OMHHTb.

1) B nipocThix BelIeCTBAX aTOMbl HAXOJSITCS B HYJI€BOM CTeIIeHU OKUCIECHUSI.

2) B OuMHapHbIX COEAUHEHUIX aTOMbl Dojiee BIEKTPOOTPULATEIbHbIX 3Jie-
MEHTOB WMEIOT OTpMLIATE/IbHbIE CTeNeHU OKUcIeHUsl. CTerneHb OKUCIeHUS
(pTopa B CoOeAMHEHUSIX C APYTUMU 31eMeHTaMu —I, kucaoponaa yauwe Bcero —I1,
rajioreHoB (Cl, Br, 1) B coeaAMHEeHWH ¢ MeHee 3AeKTPOOTPULIATEIbHbIMH 2J1EMEH -
TaMU —I. ¥ KUcaopoaa B nepoKCUAHbIX coeaHeHUsIx CO —I, B coeaMHeHUsIX
dTopa CO +11 unu +1. Y Bogopona B coeAMHEHUSIX ¢ 00J1ee 3AeKTPOOTPULIATE I b-
HbIMU 3eMeHTaMU CO +I, B coefUHEHUSIX ¢ MeHee IEKTPOOTPULIATEIbHBIMU
aneMeHTaMu CO —I. MeTaibl UMEIOT, KaK MpaBUI0, MOJOXUTEAbHYIO CTEINEHD
OKUCJIEHUS B COeAUNHEHMUSIX.

3) B Monekyjie cyMMa CTeleHel OKMUCIEHUSI BCEX aTOMOB paBHa HYIIO,
a B MOHE OHAa COBMNAJacT C 3apsa/ioOM UOHA.

B coeaumHeHUsIX MaKcUMaJlbHasl MOJOXUTEAbHAS WU OTpULIATE/IbHASI CTe-
MeHb OKUCJIEeHUS aToMa oIrpeaeasieTcsl moaoxeHueM B [leprmoanueckKon cucte-
Me: Bbiciiasi CO aToMa 3JieMeHTa paBHa HOMEPY I'PYIlNbl, B KOTOPOW OH HaXo-
AUTCSE (MCKJTIOUEHMSI U3 3TOTO MpaBua — (pTop U KUcaopon), a Hu3wast CO (s
HEMETaJJIOB) — Pa3HOCTH HOMepa rpyIribl U HUPphI 8.

Crnenyetr NOHUMATb, YTO CTEIIEHb OKUCJIEHUsI aTOMA HE COBITAJAET ¢ €ro UC-
TUHHBIM 3apsinoM. Hanpumep B moaekyie HCl uCTHHHBIE 3apsiibl aTOMOB BO-
nopoaa v xJjopa paBHbl +0,17 n1 —0,17 cooTBeTcTBeHHO. CTCIIeHb OKUCICHUS
HE COBIIAJAeT U C BAIEHTHOCTbLIO aToMa (YUCJI0M KOBaJIeHTHbIX CBs13¢eil). Hanpu-
MeEp, B MOJIeKyJe MepoKCHIa BOAOPOAA BaJIEHTHOCTh KUCAOpoaa 2, a CTereHb
okucjaeHuda —I:

H-—O'—0'-H

[Ipy OKUCIUTEIbHO-BOCCTAHOBUTEAbHbLIX peaKLUsAX INPOUCXOAAT OAHO-
BpeMEHHO J1Ba Irpouecca — oTjada U npuHsATUE 3J1eKTpoHoB. [Ipouecc oTnaun
3JIEKTPOHOB Ha3blBaeTCsl OKUCJAEHUEM, a BEILIECTBO, aTOMbI UJIM MOHbI KOTOPOTO
OTAAIOT 3JIEKTPOHBI, — BOCCTaHOBUTENEeM. OOpaTHBIF NpouecC NPUHSITHS IJTeK-
TPOHOB Ha3blBAETCS] BOCCTAHOB/IEHHEM, a BELLIECTBO, AaTOMbl UJIM MOHBI KOTOPOTO
MPUHUMAIOT JIEKTPOHbI, — OKHCJIUTENEM.

[Tpouecchl OTIAYM U NIPUHSITHS] DJIEKTPOHOB B OKHUCIHTEIbHO-BOCCTAHOBH-
TeJbHBIX peaKlMsiX B3aMMOCBSI3aHbl: BOCCTAHOBJIEHUE OKUCIUTE/s1 00513aTEIbHO
CONPOBOXIAETCS OKHUCJIeHUEeM BOoccTaHOBUTENS. TIpoliecchl OKUCIEHUSI U BOC-
CTAHOBJIEHUS MOXHO MPEACTAaBUTb KAaK OOMEH 3JIEKTPOHAMU B COMNPSIKEHHbIX
OKUCJIUTENbHO-BOCCTAHOBUTEIbHBIX Mapax OKHCICHHasA ¢opMa — BOCCTAHOB-
neHHast dopma: Na'/Na, Cl,/2CI™, Fe’*/Fe*", 1,/21™ u apyrue (ta6n. 2.2). dns
OMUCAHMS MPOLECCOB OKUCACHNSI — BOCCTAHOBJIEHMST UCMOJIB3YIOT YpaBHEHMUS
NnoJiypeakumm.

[Ipy OKMCAUTENbLHO-BOCCTAHOBUTEbHBIX peaKLIMUsIX cO01101aeTCsI DNEeKTPOH-
Hblii 0ajJaHc, T. €. UMCI0 3JeKTPOHOB, OTAABAEMbIX BOCCTAHOBUTENIEM, PABHO
YUCJY MEKTPOHOB, IPUHUMAEMbIX OKHUCIHUTETEM.
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Tabauua 2.2

ITpumepbl npoLeccoB OKMCIEHUSI U BOCCTAHOBIEHUS

Hpoueccm OKHCJIEHHA

BoccranoBurenb IHoaypeakuus Oxkuciaennas ¢popma
(BoccranoBaeHHas dopma, OKHCJIEHHS (MOTeHIMAIBHBIM OKUCIHTEIb,
B OBP okucisercs) B OBP BoccTanaBMBaeTcs)
Na’ Na’ — € =Na* Na*
CU C _ 46 _ C+IV C+IV
I 217 = 2¢e =1, I,
IIpouecchl BOCCTAHOBIEHHS
OkucJurens (OKUCIeHHAA IHoaypeakuus Boccranosaennas ¢gpopma
¢dopma, B OBP BOCCTAHOBJIEHHS (MOTeHUHAJBbHBIH BOCCTAHOBHTE b,
BOCCTAHAB.,IUBAETCS) B OBP okucnsercs)
ClS Cl} + 28 =2CI Cl-
Fe'* Fe’* + € = Fe** Fe*
— _ 11
O} 0) + 48 =207! O

B YPAaBHCHUAX OKHUCITINUTC/IIbHO-BOCCTAHOBHUTCJ/IbHDLIX peakunﬁ KOS(I)(I)I/IL[HCH—
Tbhl MO2KHO I]Oﬂ6l/l'paTb MCTOAOM JJIEKTPOHHOI'O Oananca.

1)} 3anucatb GOpMYJIbI peareHTOB U NPOIYKTOB
U HAWUTU 3J€MEHTbI, KOTOPbIE MOHUXAIOT/NOBbI-
11a}OT CTeIleHb OKUCAEHUSI.

2) Ilpu atomax, UBMEHSIOLIUX CTEIIEHU OKUC-
JIEHUS1, YKa3aTb pPUMCKUMU LIU(ppaMU CTEINEHb
OKUCJIEHMUS].

3) CocTaBUTb ypaBHEHMSI MoaypeakLi BoccTa-
HOBJICHUSI U OKUCAEHUS, COONI0/1as1 3aKOH coXpa-
HEeHMsI BelllecTBa (YMCI0 aTOMOB 2JIeMeHTa cJieBa
M cripaBa OT 3HAaKa paBEHCTBA PABHbI )} U 2JIEKTPO-
HEUTPANbHOCTDL (CJieBa U crnpasa CyMMapHbIid
3apsi OAUHAKOB).

4) B kaxnoi nmojypeakunM HAMTHU HAUMEHbILEE
ooluIee KpaTHOE (H. 0. K.) JJIs1 UMcaa SJIeKTPOHOB.
[TonoGpaTh MHOXXWUTENU AT YPABHEHU M MTOJYPE-
aKUWW, YTOObI YPABHATL CYMMAapPHOE YHUCAO IMPU-
HSITbIX U OTOAHHBIX 3JIEKTPOHOB.

5) IloayyeHHble KO3(PPULMEHTHI TPOCTABUTD
B CXeMe peaKLM1U.

6) YpaBHATbL 4UCJIO OCTAJbHBIX ATOMOB, YYACTBYIO-
IIMX B peaKliMK, U HaKOHel, HanucaTb ypaBHEH e
peakluy ¢ 11oaodpaHHbIMU KodhduLIMeHTaMU.

MnQO, + O, + KOH —
— KyMnQO, + ...

Mn™Y = Mn™
0) - o™

Mn™ = 28 = Mn™!

) + 4 =207"
H.0.K.=4

Mn*™Y —2e=Mn*" | 2
O) +4e=207" 1

2MnO, + O, + KOH —
5 2K,MnO, + ...

2MnO, + O, + 4KOH =
— 2K2MHO4 + 2H20
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]_lpl/l YPaBHHMBaHWUN YHUC]Ia ATOMOB BOJOPOdad H KHCJI0OPOAd B YPABHCHMAX T10-
nypeaKuMﬁ HaaA0 UMCTbL B BUAY, YTO B PA3HbIX YCJIOBUAX y,[lOGHO HUCITOJIb30BaATb
CJICAVIOILINC COOTHOLUCHMUNA .

1) 6 kucaoit cpeoe:

[H']=H"
[0+ 2H"=H,0

2) 8 WeaouHoIll cpeoe:

[H']+ OH™ = H,0
[0~ + H,0=20H"

PaznuuyaT HeCKOALKO TUIMOB OKUCTIUTEAbLHO-BOCCTAHOBUTEN bHbIX peaKLll/IF'I.

BHyT PUMOJECKY/IAPHDBIE PEeAKIUKH COIIPpOBOXIAIOTCA HU3IMCHCHHMCM cTerneHeu
OKHUCJIICHUA JICMCHTOB, HAXOIAALINXCA B COCTABC OJJHOI'O BCLICCTBA:

2H"O = Of + 2Hg"

K 4acTHbIM ciay4dasiM BHYTPUMOJIEKYASIPHbIX OKHUCIUTEIbHO-BOCCTAHOBMU--
TEJbHbLIX peakKUMM OTHOCATCH peaKLUU AMCMYTAIMH (AUCNPOnoOPIuHUOHUPOBAHUSA )
M KOHMyTauun {(conponopuuonmpoBanus). Ilpu ducnponopuyuonuposanuu mpo-
MCXOIMUT IpeBpalle¢HUEe aTOMOB OJIHOIO U TOI'O XK€ 3JIEMEHTA — OHMU IEPEXOAST
M3 OAHOM CTEIIEHU OKHUCAEHU B IBE PA3HbIE CTENMEHU OKUCTIEHUS !

3AU'F = Au''F; + 2A0°

[1pu conponopyionuposearuu U3 aTOMOB OJHOTO 3JeMEHTA B ABYX CTEIEHSIX
OKUCJEHUSI MOJAYyYaloTCsl aTOMBI TOTO 3JIEMEHTA B OMHOM CTENEHU OKUCIEHUS:

N-H,N"O, = N} + 2H,0

Me)KMO.I[eKyJ]ﬂprle peakiunu  COIIPOBOXKIAKOTCA HW3MCHCHUCM CTEINEeHEU
OKHCJIICHUSA IJIEMCHTOB, HAXOIAUINXCH B COCTABC PA3HBIX BECLIECCTB (M.}]M B pPa3-
HblX MOJICKYJIaX OAHOTI'O BGLH@CTB&)Z

2Mg’ + 0) = 2Mmgo!
PbS™ + 4H,0;' = PbSV'O, + 4H,07"
B Takux PCaAKLIHUAX TAKXKE BO3MOXKHbLI KOHMYTALIUA.
2H,S™+s%0,=38"+2H,0
U ANUCMYTAllNA .
>NY0, + H,0 = HN"0, + HNYO,

OKMCJ’IHTGJ’[bHy}O NJIN BOCCTAHOBUTC/ILbHYIO CITOCOOHOCTDb I[TPOCTLIX BCLUCCTB
MO>XKHO OUCHHUTDL MCXOAA U3 IMTOJOKCHNWSA 3JACMEHTA B nepHO,ﬂ,l/lLIGCKOfI CUCTCMC.
M3BecTHO, YTO 3HauyeHMUs SJNEKTPOOTPUUATCIABbHOCTH 3JJIEMCHTOB B IIEPHUOAAX
BO3pPaACTaAlOT CJACBa HAllpdBO, a B I'PYIIIIdaX — CHU3Y BBCPX. Takas xe 3aKOHOMCEP-
HOCTb U3MEHEHUS HEMETAINYECKUX CBOUCTB 3JIEMEHTOB — B I'pyIIIax CHHU3Yy
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BBEPX, METANIMYECKHUX CBOMCTB — B OOpPATHOM HarpaBjleHWU, T. €. CBEPXY BHU3
(CM. IPUJIOKEHHE).

[IpocTble BelleCcTBa 3J1€MEHTOB C BLICOKOM 3JICKTPOOTPULIATEIbHOCTDIO (aTO-
Mbl KOTOPbIX CTPEMSITCSI TIOJHOCTbIO UM YaCTHUUHO IMPUHSITh 3JIEKTPOHbI HA Ba-
JIECHTHbIE MOAYPOBHU) NPOSBISAIOT OKUCIUTEIbHbBIE ¢BOMCTBA. [1pocThie Belle-
CTBa, COCTOSIILME U3 aTOMOB 3J€MEHTa C HU3KOHM 2JeKTPOOTPULATEAbHOCTHIO,
OTHOCSTCS! K BOCCTAHOBUTEJIIM, TaK KaK UX aTOMbl CKJIOHHBI OTJaBaThb (ITOJHO-
CTbIO WM YaCTHYHO) CBOU BaJIEHTHbIE 3JeKTpOHbl. CiaenoBaTe/lbHO, MPOCTLIE
BelleCTBA HaudoJee 3JeKTPOOTpULIATEeAbHbIX 3JeMeHTOB ((PpTOp, KUCIOPO,
XJ0p) NPOSIBASIOT CUABbHO Bblpa’k€HHbIE OKUCIWUTEIbHbIE CBOMCTBA, a LIea04-
Hble U LIEA0YHO3EeMeNbHbIEe METANIbl — SIPKO BbIpaXX€HHbIE BOCCTAHOBUTE/ b-
Hble CBOWUCTBA.

[IpocTble BellleCcTBa MHOTUX 3JI€MEHTOB-HEMETANI0B MOIYT MPOSIBISITh KaK
OKUCJAUTENbHbIE, TAK U BOCCTAHOBUTE/IbHbIE CBOMCTBA B 3aBUCUMOCTU OT YC-
JIOBUM NpoBedeHUs] peakuUM U OKUCIUTEJbHO-BOCCTAHOBUTEIbHBIX CBOWCTB
Broporo yyactTHuka OBP. Tak, Bonopos B peakuHsix ¢ raJloreHaMu, KUCI0pOa0OM
W IPYTUMH HEMETAJIAMU BbLICTYNAET B POJIHM BOCCTAHOBUTEI

H, + Cl, = 2HCI
d B pCakKllUiax ¢ MECTAJIIAMHU — B POJIN OKHUCJIUTEJIA.
OLi+ H,=2LiH

Hast npeacka3zaHusl OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX CBOMCTB CJA0XKHbIX
BeLIECTB (KOTOPOE JaJeKO He BCeraa ObiBaeT NPOCTbIM U OJTHO3HAUHbIM) I10J1€3-
HO 3HaTh CTENECHU OKUCIEHUS BJIEMEHTOB, BXOASILLIUX B COCTAaB COSAUHEHUS.

B cnydyae ClOXHBIX BELWECTB, UMEIOLIUX B CBOEM COCTaBe aToM (HeMeTasll
MU aM@oTepHbIN 3JIEMEHT) B BbICOKOM CTeNEeHU OKWUCIEH U (HN*VO}, HCI+VO3,

VI
H,S™0,(xon1t.), K;Cr; V'O, KMn™10,), MO3XHO 0XHIATh NPOsIBISHUS OKUC-

JINTeJIbHbIX CBOMCTB, a B cay4yae COeJMHEHUM, B COCTABE KOTOPbLIX UMECTCS JIe-
MEHT B HU3KOM CTEIeHU OKUCICHMWS (HZS"H, HC]‘I, HI™, N_I“H3), BOCCTAHO-
BUTEJbHbIX.

BeluecTtBa, KoTopble coaepKaT HeMeTall Wi aM@POTepHbIN 3JIEMEHT B BbIC-
[11eil cTelreHW OKUCIEHUS, CTIOCOOHBI NPOSABAIThL TOAbKO OKUCIUTEIAbHbBIE CBOM-
CTBa, HAfIpyuMep a30THasl KUCJI0Ta UMeeT a30T (+V), IepMaHraHaT KajJausi — Map-
raHeu (+VII).

YacTulbl BellecTBa, cCoAep:Kallero 3J1eMeHT B HU31el cTereHU OKUCISHMUS,
MPOSIBISIIOT TOJBKO BOCCTAHOBUTENbHbIE CBOMUCTBA, Hanpumep K,S, B KOTOpoM
cepa HaAXOAMTCs B HU3LUEH CTEIIEHU OKUCIeHHUs, Uiy amMuak NH, — nmeetcs
atoM azota (—I1I).

Beuiectsa, B COCTaB KOTOPbIX BXOAMT 3JI€MEHT B NPOMEXYTOUHOH CTErNeH!
OKUCJAECHUS, MOTYT MPOSABISITH KAK OKHMCAUTEIbHbIE, TAK U BOCCTAHOBUTEJIbHbIE
CBOWMCTBA B 3aBUCUMOCTU OT YCJAOBUM NpoOBeAeHUSI peaKlIMU U OKUCIUTEIbHO-
BOCCTAHOBHTEbHbIX CBOMCTB BTOPOro ydacTHUKA peakuMu. Hanpumep, nepok-
cua Boaopoaa H,O,, B KOTOpOM y KUCI0Opoaa CTereHb okucaeHus —I, B peak-
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Tabauua 2.3
BaxHelue OKUCAUTENN U BOCCTAHOBUTEIH
OKucauTeIbHbIE OKucauTEIBHbIE BoccranoBuTebHbIe
CBOMCTBA (110.16K0) H BOCCTAHOBHTEJIbHbIE cBolicTBa (M0.abK0)
CBOMCTBA
Huprop F, Hwusonopon H, MeTtasabl
Hukuciaopoa O, Huxnop Cl,
Huopom Br,
Huunon I,
AzoTHas kucaota HNO, XJIOpHOBaTHCTasl KUCJIoTa | Xiaopua-uoH Cl™

HCIO

Cepnas kucaora H,SO,(koHu.) | XsopHast kucaota HCIO,; | bpomun-non Bro

[Tepmaxranar-uon MnQOjy Azotucrtag kuciaora HNO, | Moaua-voH I~

Hutpur-uon NO;

Jduxpomar-uoH CFQO%_ [lepokcua Bogopona H,O, | Cyabdpua-mnoH S*”

Xpomat-uon CrOj

Jdunokcua ceuHua PbO, Nuoxcua mapranua MnO, | Katron ammonusa NH;
KartuoH okconuss H,O" MoHookcua yrinepoga CO | —
KatuoH cepebpa(l) Ag” Huvoxcun cepol SO, —

CyabpUT-UOH SO%'

daToB (SO?{); dbochop — no bocdartos. TakuM 00pa3oM, CTerneHb OKUCICHUS

2JIEMEHTAa B IPUPOIAHBLIX COSAMHEHUSIX YaCTO [MO3BOASET Ipeacka3aTb OKUCIN-
TeJIbHO-BOCCTAHOBUTEAbHbIE CBOMCTBA APYTHX BellIeCTB.

OxucauTesbHast akTUBHOCTD BellleCTB BO3pacTaeT B KUCJIO0H cpelie, a BoccTa-
HOBUTeJAbHAasA — B LIeJouHO. KpoMe Toro, cpeaa MoxeT BAUATh Ha (hOpMbl UC-
XOAHbIX peareHToB, HanpaBJleHUe OKUCIUTEIbHO-BOCCTAHOBUTENbLHOM peaklIuu
W COCTaB €e NMPOAYKTOB.

Bonpocobi

2.4. YkaxuTte (pyHKLUMU pearcHTOB B CJeAYIOLIeH peakKLUu:
HCIO + H,S=HCIl+ S + H,0

2.5. TlpuBenute npuMepbl TUIIUYHBIX OKUMCIUTENENR 1 BOCCTAHOBUTEJIEN.

2.6. Onpenennte OKUCIUTEIb U BOCCTAHOBUTEAb B CACAYIOWUX Mapax pea-
FeHTOB: a) BOJOPOJ U KUCA0pOI; 0) HATPU U Cepa; B) XJIOP U XKeJIe30; I') noj
W HATpUH; 1) KUCJOPOA U ATIOMUHUM; €) BOAOPOA U PTOP; 3K) KUCIOPOA U JTU-
THUI; 3) OpOM U KaJIMIi; M) cepoBoaopo U KUcaopod. CocTaBbTe YpaBHEHUS pe-
aKLUHA, NPpOTeKAOWMX MEXKIY 3TUMMU INapaMy BelLECTB, UCTIOAb3Ysl METO/I DJCK-
TPOHHOIO 0ajsaHca.
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2.7. VIcriosib3yss METON DJIEKTPOHHOro 0ajaHca, HanuiuuTe YpaBHEHMUS:
a) TEpPMHUUECKOTO pa3l0KEeHU XaopaTa Kaaus (6e3 Kataauzartopa); 0) peakLUH
MexXay kapooHaTtoM MapraHua (1) u xnoparom Kanumsl.

2.8. [londepute KO3PPHUUUEHTLI B YPABHEHUSIX peaKUUi: a) o0XKUra rnupu-
Ta; 0) pa3oXeHUs] AUXpoMaTa aMMOHMUSL.

2.9. Tlondepute KoO3PPUUUMEHTH B JAEKTPOHHO-WOHHBIX IOAYpEeaKLUsIX,
COOTBETCTBYIOLUMX NPEBPALLIEHNUSIM: a) [Cr(OH)6]3" —> CI‘O?( (LuesIouHas cpe-

na); 6) MnO; — Mn** (xucnas cpeaa); B) MnO; — MnO, (HeiiTpanbHas cpe-

aa); r) SO§_ — SOﬁ_ (kucaast cpena); ) SO%‘ — SO?{ (WeIouHasi cpena).

2.10. CocrtaBbTe YpaBHEHUSI OKUCIUTEAbHO-BOCCTAHOBUTEAbHbIX PEAKLIWH,
MCII0JIb3YS METO/, DAEKTPOHHO-UOHHOTO OajaHca:

a) KMnO, + H,0,+ H,S0, =

0) KMnO,+ K,SO;+ KOH =

B) MnO,(T1) + HCI(KOH1L.) =

2.11. IlpuBenute npumMepbl OKUCIMTEIbHO-BOCCTAHOBUTEAbLHBIX peaklUi
pa3HOro TUIA.

2.2. CtexnomerTpuyeckue pacyeTbl B XMMUM

B XxuMHUeCKHX peaklLMsIX aTOMbl HE MCUE3al0T U HE BO3HUKAIOT, B pe3yJbTaTe
peaKlUU NPOUCXOAMUT JHLIb NEePerpynnupoBKa aToMoOB, a YMCJIO ATOMOB HE M3-
MeHsieTcsl. UToObl npoBecTU pacuyeTbl, HAA0 pacCTaBUTb CTEXMOMETPUUECKHE
KO3 PULMEHTHI B ypaBHEHUU peaKUMWH, IEHUCTBYS 110 CAeAVIOLIEMY T1J1aHYy.

1) BHuMaTeabHO NpouYUTaTh YCA0OBUE 3aJa4n.

2) Bbinmucatb U3 yCa0BUS 3aJauyl BCe UHUCIOBbIE JaHHbIE, UCTONAb3Ys ODLLE-
NPUHSITbIE 0003HAYEHUS U PA3MEPHOCTHU.

3) CdhopmynupoBaTh BOIIPOC 3aauM.

4) CocTaBUTb YpPABHEHUSI peaKLMM (€CIM 3TO HEOOXOANUMO).

5) JOnoaHUTH yCAOBHE 3aJauy CrpaBoOYHbIMU JAHHBIMH (MOJASIPHBIH 00beM
ra3oB, MOJSIpHbIE MACChI BEILIECTB, YUCTO ABOTaIpO U T. 1.).

6) BcrioMHUTL (pOpMyibl, HEOOXOAUMBIE [IJ1s1 pacueTa.

7) BbiBecTu (popmyay Aas1 pacyeTa UICKOMOM BeIHMUMHbI Uepe3 yKe U3BeCT-
HblE.

8) IlpoBepUTb NMpaBUAbLHOCTL pAaCUeTHOM (POPMYJbl, TTOACTABUB B HEE pa3-
MEPHOCTH.

9) IlpoBeCTH pacueT 1 MOJYYUTb UMCICHHDbIM OTBET.

PacyeThl o ypaBHEHUSIM peaKUMi BO3MOXKHbI, €CJIM BCE peaKLUMM NPOTEKAa-
IOT «J10 KOHUA», T. €. 10 UcUepllaHUs MO MeHbLUEH Mepe OAHOIO M3 peareHToOB,
U 00BbEMBI Ta30B NPUBEACHBI K HOPMAaJIbHbIM YCJIOBHSIM (H. V. ).
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[1pu pelrieHUM MHOTHX 3aJa4 Hapsiay ¢ ypaBHEHHWEM peakliM HaJ0 UCTTOJb-
30BaThb M ApYyrye JaHHble, HaTpUMep TabauIly paCTBOPUMOCTH.

MHorna no U3BeCTHOMY KOJMMYECTBY (Macce, 00bEeMY) MCXOIHOro peareHTa
TpebyeTcs onpeneJuTb YUCIeHHOE 3HaYeHUe (PU3UKO-XMMHUUECKOTO NnapaMeTpa
A1 KOHEUHOTro NpoayKTa. s 3TOro MoKHO BOCI0J1b30BaTbCs 3AKOHOM COXpa-
HEHUS BENECTBA.

KoJimuecTBO aTOMOB OJJHOTO 3JIEMEHTA, BXO/ISAIIHUX B COCTAB KAK UCXO/AHOI0 Be-
ECTBA, TAK U KOHEYHOrO MPOAYKTA, HE U3MEHAETCA B pe3y.bTaTe peaklyy 1 He 3a-
BUCHUT OT YKCJIA M BUAA NPOMEKYTOYHBIX XMMHYECKMX Peakimid.

Bonpochbl

2.12. Ha tutpoBanue 20,00 M1 pacTBopa cyabdUTa HATPUS B KUCIOH Cpe-
e notpedoBanoch 15,03 ma 0,1 M pacTBopa nepMaHradata Kaausi. OripeaeauTe
MOJISIDHYIO KOHLEHTpaLUIO pacTBopa cyabgdpruTa HaTpusl.

2.13. CocTaBbTe ypaBHEHUE peakUMHU MeXIY KapOOHATOM HaTpUs U CyJiba-
TOM MarHusi B BOOHOM pacTBope. PaccuuTtaiite Bbixoa (%) Marnuiicoaepxaluero
NpoAyKTa, eCJI1 ero Macca coctasuiaa 41 r, a Macchl peareHToB — 110 60 1.

2.2.2. 3aKOH 3KBUBaJNeHTOB. PacueTsbl

B nepsoil nonoBuHe XIX B. B XUMHUU ObLIO BBEACHO MNOHATHE «3KBHBaJeHTa»
U CPOPMYJIIUPOBAH 3aKOH IKBUBAJNEHTOB (1IN 3A4KOH 3K6UBAACHIMHOCHI ).

Oana BecoBas 4yacTbh dJ€MEHTa B COEIUHEHMH MOXKET ObITbhb 3aME€HEHa CTPOro
onpe/iejIeHHbIM BECOBbIM KOJMYECTBOM JAPYroro 3J1eMeHTa.

CornacHoO cogpeMeHHbIM NPedcmasieHusM, 34 IKBUBAJEHT NIPUHSITA pealibHasl
WJIM YCJIOBHASI yacTU LA, KOTOpast MOXKET IMPUCOEAUHSTh / BLICBODOXIATb KATUOH
H™ B MOHOOBMEHHBIX peaklMsIX WK 3JeKTPOH B OKUCIUTEIbHO-BOCCTAHOBHU-
TeJIbHbIX peaKLUsIX.

NaOH + HCI = NaCl + H,0
31ech SKBUBaJIEHT — 3TO peajibHasi YacTula UOH Na'.

Zn(OH), + 2HCl = ZnCl, + 2H,0

Ho 1/QZn(OH)z — YCJ0BHAas yacTULA.
TakiM 00pa3oM, 3KBUBAJEHT — 3TO 4acTUlia, B 7 pa3 MeHbluasi, yeM (pop-
MYJIbHAasl ¢IMHMULA YYACTHUKA peaKUWUU, TIE 7 — IKBUBAJEHTHOE YUCIo0, 7 > 1.
151 OKMCIUTENbHO-BOCCTAHOBUTEAbHBIX pPEaKLMi 3KBUBAJEHTHOE YUCIO
PACCUMUTBLIBAETCS KaK YMUCIO 3JCKTPOHOB, NPUHSITLIX UJINW OTAAHHBLIX COOTBET-
CTBYIOLUEH (POPMYJIBHON €AMHULUEH B YpaBHEHUU noaypeakumu. Tak, nasa pe-
aKII1U

K,Cr,0, +4H,S0, + 6HCl = 3CL,T + Cr,(SO,); + 7H,0 + K,SO,






OCHOBblI XMMUNYECKOW
TEPMOAUHAMUWKAN U KUHETUKWN




JHepreTuka XmMm4Yeckunx
peakuun

3.1. OCHOBHbIE MOHATUSA
XUMUYECKON TepMOANHAMUKH

[Ipy XMMMUYECKHUX peaKlMsIX XUMUYECKAsi SHEePrusi 4yaCTUUYHO MNpeodopasyeTcs
B TEMJIOBYIO WJIH, PEXKE, B SQHEPIrUIO CBETOBOIO U3JyyeHUs . PeakiMu, npoTeka-
IOLIME B ABUraTeIsiX BHYTPEHHETO CrOpaHUs MJIA FalbBAHUUECKUX BJIEMEHTAX,
CONPOBOXKIAKTCS COBEPLICHUEM MEXAaHUUECKOU WM BJICKTPUUYECCKON padOTHI.
Hanpumep, npu ctapre pakeTbl B €€ ABUraTesae NpOUCXOAUT rOpPEHUE TOILIMBA
(peakuysi OKMCIEHUS), UTO COMPOBOXKAACTCS BBIACJIECHHUEM TEILIOThl U 00pa30-
BaHUEM razoo0pas3HbIX NPOAYKTOB, NPU BbIOPOCE KOTOPBLIX BOZHUKAET peaKTUB-
Hasi cuja (COBEpLIAETCS MeXaHWYeCcKas padoTa); 2JAEKTPUUYECKUHN TOK B baTapeii-
K& KapMaHHOro (hoHapuMKa Uiu MUKPOKAILKYISATOpA OOYCJOBAEH I1POTEKAHUEM
OKUCAUTEIbHO-BOCCTAHOBUTEILHOM peaklMK, BCeraa COMNpPSIXKEeHOM ¢ paboTol
Mo NepeMelleHMIO 3apsiaa MeXAy TOYKAMU ¢ pa3/IMUHBLIM 3JEKTPUUYECCKUM T10-
TEHLMAJIOM.

DHepreTuyeckue >Pp@PeKTbl XMMUUYECKOro rnpouecca, T. €. padboTy M Te-
MJO0TY, JETKO U3MEPHUTb. DTO TMO3BOJSECT KOJIUUYECTBEHHO 0OXapaKTepHU30BaTh
KOHKPETHBLIM NpOoLEeCcC M yJacTBYIOWIME B HEM BEIIECTBA — UX TEPMUUECKYIO
YCTOMUUBOCTb, KUCITOTHO-OCHOBHbIE U OKUCIUTEJIbHO-BOCCTAHOBUTEIbHbIE
CBOMCTBA.

XuMnyeckas TepMOAMHAMUKA (0m epey. TepMe — TEMNJIOTa U AMHAMUC — CUJ1A)
M3yJyaeT Iepexoabl SHEPIrUM U3 OAHOH (POPMBI B APYIYIO NPH XMMHUUECKHUX peak-
LUsIX. TepMoaMHAMHUUEeCKHE pacuyeThl MO3BOISIIOT YCTAHOBUTL, MOXET JIU ITPOUC-
XOAUTDb IPOLECC CAMOIIPOU3BOJIBHO U B KAKOM HanpaBieHUN.

C nosiBJIEHUEM M PaA3BUTHUEM DHEPreTUUECKOI'O I10AX0Aa XUMUS NpeBpaTH-
Jlacb U3 OIUCATEJbHOM HAYKM B HAYKYy NPeAcKas3aTebHYIO, Koraa pedyb UIeT
O HAMpapBJeHUM JIIOObIX XUMHUYECKUX pPEAKLUM, a TakKXe O KOJUYECTBEHHOM
OLIEHKE XMMUYECKMX CBOMCTB BEIIECTB. 3HAHUE TEPMOJMHAMUYECKHUX 3aKOHO-
MEPHOCTEM MO3BOJISIET U30EXKATH NPOBEACHUI XUMUUECKUX 3KCIIEPUMEHTOB, 3a-
paHee OOpPEUEHHbIX Ha Heyaauvy.

XUMUUECKasl TEpMOJUHAMMKA pacCMaTPUBAET CYMMApPHbIE SHEPreTHUECKUE
PE3YJETAThl XUMHUUYECKOTO NpoLiecca, NPUBOISILErO K NPEBpaLLIEHUD pEareHTOB
B NPOAYKThI, a TAKXKE COCTOSIHUE XMMUUECKOIO paBHOBECHUS B TAHHbIX YCIOBH-
S1X (B COCTOSIHUU PaBHOBECUSI CUCTEMA COJEPKUT KAK UCXOAHbIE BEIECTBA, TaK
W NPOAYKTbl pEaKLIUK).
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3.1.1. MaTtepwus, BeLLecTBO, 3HEeprug

Marepus CyILIECTBYET KAK OObEKTHBHAS pealbHOCTb HE3aBUCHUMO OT YEJOBE-
4yecKoro pasyma. MzBecTtHoO aBe (pOpMbI CYLIECTBOBAHMSI MATEPUM — BELIECTBO
U noJe. J1MCKpeTHbIe YacTULbl BemecTBa {MOJEKYJbl, aTOMbI, MOHbI) 001a0a10T
Maccoil nokosi. Bropas ¢popma cyliecTBOBaHUsSI MATEPUU — MoJ1e, KOTOPOE Xa-
PAKTEPU3YETCS IMHAMUUYECCKON MACCOH U NPEACTABAsAET COOOU MaTepUabHYIO
Cpeay, CBSI3bIBAIOILYIO YACTHLIbl BELIECTBA WU MEPEIatolyI0 HX B3aUMOJICHCTBUS
C KOHEUHOU CKOPOCThIO.

JIBrkeHne — 0011iee CBOMCTBO MaTepUM; MAaTEPUSI CYLIECTBYET TOJAbKO B 1BU-
JKEHWU. JdBHXKEHHUE MOXET rnepeaaBaTbesl OT OJJHOro Tejla K Ipyromy, oT OaHOMN
yacTUubl K apyroi. PaszinuaioT MHoro BuaoB ((popM) ABUXKEHHUS CIIOCOOHDIX
K B3aUMHbIM NpEBpaLLEHUSIM: MEXaHUYEeCKOe IepeMelleHe B NPOCTPAHCTBE
C OMNpPeacJeHHON CKOPOCTbIO, ABUXEHWE B MOTEHLUAJAbBHOM IM10J1€, XUMHUUYECKOE
B3auMoaecUcTBUe (0cobas (popMa ABMKEHUS, NMPH KOTOPOM MPOUCXOIST Ipe-
BpalleHUsT MOJEKYI, aTOMOB, UOHOB W 3JEKTPOHOB), BHYTPUATOMHbLIE U BHY-
TpUSIAEPHBIE TIpoLecChl. KOMHYECTBEHHON XapaKTepPUCTUKOM JBHUXKEHUSI CNY-
JKUT 3Heprua (om epey. NEUCTBUE, MOILb) — (PU3UUECKUIN MapaMeTp MaTEpPUM,
Mepa repexoaa oaHOU (PopMbl IBUXEHUS MaTepPUU B APYTIVIO.

Iloanan sHeprua 11000ro Teja paBHa CyMMe KMHETUUECKOW M MOTEH WA b-
HOM SHEPIrUU BTOrO TeJa U €ro BHYTPEHHEN SHEPruu. XUMHUecKasl peakims
NPOBOAUTCA, KaK NPaBUIO, B HENOABUXHOM arinapatype U B HEU3MEHHOM TIpa-
BUTALLMOHHOM I10JIe 3€MJIU, MO3TOMY U3BMEHEHHNE KUHETUUECKOM U MOTEHUU-
aJIbHOM DHEPIrUM peakKUMOHHOM MaccChl (MJIU peaKLIMOHHOIO anriapara B LIeJ10M )
MOXHO He yuyuTbiBaTb. [Ipy npoTeKaHUM XMMMWUECKON peaklWU NPOUCXOAMUT
NpexXae BCEro UBMEHEHME BHYTPEHHEN 3HEPIUN.

Bropasi xapakTepUCTHKA MAaTEPUU U €€ IBUXKEHHUsI — Macca. Maccoi Ha3biBa-
€TCs1 Mepa MHEPTHOCTHU BELLECTBA, KOTOpasl OTpaXKaeT CroCOOHOCTh TeJla CoXpa-
HSITh OTHOCUTEJbHBIH MOKON WM OAHAXAbl HAYaTOE ABUXEHUE. FKBUBAICHT-
HOCTb MAaCChl U SHEPIrUU BbIPAXAET ypasHEHUE DitHumerina':

E=mc’

rae KBaapaT CKOPOCTH cBeTa (cz) — 3T0 KO3(M(pHUUMEeHT nponopLUUOHATIbHO-
CTU MEXAY Maccoy TeJia m U ero sHeprueil £. VI3 ypaBHeHUs SWHIUTEHHA Clie-
AYEeT, HarpuMmep, 4yto 1 Mr Jwodoro BewecTBA COOTBETCTBYET 3arac 3HEPrum
~90 - 10% k1. B XuMHuecKux peakLusX U3MEeHEeHUe 3HEPruu peakKo rnpeBbiiia-
€T HECKOJIbKO TbICSY KWUIOIKOYIEH, NO3TOMY U3MEHEHNUE MACChl B pe3yJibTaTe
peaKlMM HE YIABAMBACTCS JaXe CAMbIMH TOUHbIMH AHAJIUTUUYECKUMH BECaAMMU,
T. €. 3aKOH COXpaHEHUSI MacChl HE HApPYLUAETCS].

'SUHIUTEUH Anbbepr (1879—1955) — dusuk-Teopetuk (pabotan B IepManuu, llIBeituapun
y CIHIA). OnMH U3 ocHoBaTenel cCoBpeMeHHOH TeopeTuueckod ¢pu3mnku. Jlaypeat Hobenesckoil mpeMuu
no ¢puzuke (1921), ob1ecTBeHHbIH AeATeNb-T'YMaHUCT.
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Bonpocobi

3.1. YkasmbiBaeT A1 3KBUBAJIEHTHOCTb MacChl U SHCPIMN HA BO3MOXHOCTD
NX B3aUMHOI'O npeBpameHus{?

3.2. B kakuxar PEraTHbIX COCTOAHUAX MOXKET HAaXOAUTDBCA BeleCTBO?

3.3. CyuwiecTBYIOT JIU YUCTble UHAUBUAYAIbHbIE BELLECTBA?

3.1.2. Cucrema, BHewWHAa cpena, das3a

TepMonrHaMuyeckast cMcTeMa — STO BbIOpaHHasli TeM WJIU HUHBIM CIIOCOOOM
4yacTb IPOCTPAHCTBA, coaepxkKallasi OAHO WM HECKOJbKO BElUECTB U OTACICH-
Hasl TpaHULIAMU CUCTEMBI ( peaibHbIMH WM BoOOpaxaeMbIMU) OT BHENIHEN cpe-
Jbl { BECb OCTA1bHON MUP).

Mexkay OTAeAbHBIMM YacTIMU CUCTEMbI BO3MOXXHO XMMMUYECKOE B3aUMO-
AEUCTBUE WIU IepepaclipeleeHUe MacChl U 3Hepruu. Kpome toro, B o0l1eM
cJiyyae CUCTeMa MOXET OOMEHUBATBLCS ¢ BHEWHEH CpeON BELIECTBOM U 3HEP-
rMeH uepes peaabHyo UKW BOOOpaAKaeMyl0 MOBEPXHOCTb, 00pa3yIOLLYIO I'PaH -
LIbl CUCTEMBI.

B xumuueckoit mepmoounamuxe CUCTEMOMN 4allle BCEro ya100HO CUUTATL CO-
BOKYITHOCTb B3aMMOJEHCTBYIOLIMX BEUIECTB, a rpaAHUUEH CUCTEMbl — BHYTPEH-
HIOI0 TOBEPXHOCTb PEAKLMOHHOIO cocyaa (IpoOUpKU, KOJA0bl, XUMUYECKOTO
peakTopa). MMHoraa okasbiBaeTcCsl Mpolie BKJIIOUUTL B pacCMaTpUBAEMYIO CH-
CTEMY pPEaKLUMOHHbIM COCY/; B OTOM Cjydyae rpaHUUAMHU CUCTEMbl CTAHOBUTCS
BHELUHSS TTOBEPXHOCTb cocyaa. B KayecTBe CUCTEMbI MOXKET ObIThb BEIOpaH TaK-
JK€ HEKOTOPbIM 00beM BHYTPU peaKkTopa, OrpaHHUYeHHbIN JULb BOOOpaKaeMoi
NOBEPXHOCTLIO.

Yactb 00beMa CUCTEMBL, OTAEEHHAs! OT APYTMX YaCcTEH CUCTEMbI ITOBEPXHO-
CTBIO pasfesia, Ha3biBaeTcs (pazoi. BHYTpU (pas3bl CBOMCTBA U3MEHSIIOTCSI HETIpe-
PLIBHO, 4 HA TTOBEPXHOCTH pasaena MexKay pazaMu — CKauKooOpa3Ho.

[To yucay a3 cucTeMbl IeJI5IT HA rOMOT€HHbIE U reTeporeHHbIe.

TomoreHHo# Ha3blBAECTCs1 00HOpa3Haqa cucmema. B 3aBUCUMOCTH OT arperar-
HOI'0 COCTOSIHUSI TOMOI€HHAsI CUCTeMa MOXKET COAEpKaTb JUOO TBEPAYIO, JUOO
SKUAKYI0, 1100 ra3zoodpasHyio ¢pasy. OmanuymurtebHass 0COOeHHOCTb FTOMOIMeHHbIX
CUCTEM COCTOMT B TOM, UTO peaKlIMU HAYMHAIOTCS U MPOTEKAIOT Cpa3y BO BCEM
00BbEME CUCTEMBI.

I'ereporeHHoi Ha3bIBACTCH MHO2OA3HAA cucmeMd, B KOTOPOHU (pa3bl OTae-
JIEHbl ApYr OT JApyra rnoBepxXHocTsIMH pasaeia. [IpumMepbl reTeporeHHbIX CU-
CTEM BECbMa pas3zHooOOpa3Hbl. Takue CUCTEMbl MOIYT COACP:KaTb HECKOJbKO
TBEPAbIX BELISCTB, pa3jIMUHbIX IO COCTaBY (XKeJIe30 + cepa) UAU CTPYKType
(rpaUT + aiMa3), HECKOJIbKO HECMELIMBAIOLLMXCS XKHAKOCTEN (PTYTh + BO/JA)
UAU OOJHOBPEMEHHO TBepAble U XUAKKE (Pa3bl B pa3IWUHbIX COUECTAHUSIX APYT
C ApYyroM U ¢ razoobdpasHoi dasoi (rpadut + aamas + kucaopon). Cucre-
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Ma, coaepKallasi OJHO BELISCTBO, HO B pa3JIMUHbIX arperaTHbIX COCTOSIHUSIX
(Booa + 1€a), TakxXe rereporeHHasi. OCoOeHHOCTb reTepoOreHHbIX CUCTEM 3a-
KJII04YaeTcsl B TOM, YTO peakKlMUM HAYWMHAIOTCH U MPOTEKAKT Ha I'PaHULIC pa3-
nena ¢as.

Bonpochi

3.4. C no3uuui cTaTUKU WIU JUHAMUKHU HAJ0 paccMaTpUBaTh TEPMOJMHA-
MUYECKYIO CUCTEMY?

3.5. MoOXHO 11 cuUTaTh CUCTEMOM BceneHHy10?

3.6. KakuM 0o0pa3oM cucTeMa MOXET B3aMMOACHCTBOBATb C OKpYyXalowen
cpenoun?

3.1.3. BHyTpeHHAaqa aHeprud, TennoTta n pabora

Buyrpennsa sHeprua (U) — 3To 4acTb MOJHOM 3HEPruv Teja (CUCTEMDbI),
HEe BKJIIOUAIOAST KUHETUYECKYIO M ITOTEHUMAJIbHYIO SHEPIUIO 3TOr0 Tejla Kak
MaKpOCKOITMUECKOTO 00BbEKTA.

MOXXHO BbIAEIUTb YETbIPE COCTABASIOLIME BHYTPEHHEN 3HEPIruu, XapakTe-
PU3YIOLUE ONPEACICHHbBIN BUJ IBUXEHUS B CUCTEME:

) KMHeTHuecKas sHeprus £, nocTtynaTejbHOro, BpallaTejJlbHOro, KoJjeba-
TE€JILHOI'O YACTHUL], ABHXKEH 1S

2) noTeHLMaNbHas 3Heprust £ B3aUMOACHCTBUS XMMUUECKUX YaCTHL, KO-
TOpast 3aBUCUT OT CHJI NPUTSIKESHUSI (CLIECTIICHMUS) U OTTATKHBAHUS

3) xumMuuyeckasl sHeprus E,, oripenenasieMass ABUXEHUEM U JIOKAnU3alLuen
BAJICHTHbIX 2JIEKTPOHOB I1PU 00pa30BaHMH XUMUUECKHUX CBSI3eH

4) atoMHasi sHeprus £, onpeaenaseMasl B3aUMOACHUCTBUEM 3JIEKTPOHOB
B ATOME U HYKJIOHOB (IIPOTOHOB U HEUTPOHOB) B s1Ape.

HTtax, BHyTpeHHsisl 2Heprusl U oripenensieTcsi CYMMOM SHEPIUM:

U=E +E,+ E.+ E,;

Bkian 3TUX ciaraeMblX BO BHYTPEHHIOW 3HEPruio HepaBHOLEHEH. Tak, 00-
pa30oBaHKE€ ATOMHbIX s1/Iep U3 HYKJIOHOB COMNMPOBOXKAACTCS BbLIAECAEHUEM OIPOM-
HOIro KOJMYecTBa Hepruu, Ha 8— 10 nopsiaKoB MpeBbILLAOIIEro YHEPrrio odpa-
30BaAHUS MOJIEKYJ M3 aTOMOB { BCJAEeACTBUE UEro siapa aTOMOB 0O4eHb YCTONYMBHI
M TIPU XMMHUUYECKUX peakKlUsIX OCTAlOTCs HEU3MEHHBIMM). DHEprusi odopa3ona-
HUSI AaTOMOB U3 SAeP W 3AEKTPOHOB HAMHOI'O MEHbllle, HO TaKKe BecbMa BeJ1UKa
MO CPABHEHUIO C SHEPIUEN XUMMUECKUX CBA3eH. Benuunnn £, U E_, HAaNpOTUB,
CYLIECTBEHHO MEHbLLIE XMMHUUECKOU COCTaBIsOWIEn £, ; yallle BCero BeJIMUHHDI
E.n E_ conoctaBuMbl. B uaeanbHbIX razax, no onpeaeaeHuio, £, =0; B MOHHbIX
KpUcTalax, HalIpoTUB, ITOTEHUMWAIbHASI 3HEPIUsl MEXKMOHHOIO 3JIEKTPOCTATU-
4eCKOr'o B3aUMOJIelICTBUSI OUE€Hb BEJIMKA.
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OIHO3HAYHO OrpeaeaeHbl JINIb U3MEHEHHUS BHYTPEHHEN SHEPIrUU NpH Me-
pEX0e CUCTEMbI U3 OHOTO COCTOSIHMSA (/) B Apyroe (2):

AU: U2 — Ul

DTO 03HAYAET, UTO IOBOPUTH 00 aOCOJIOTHOM 3HAUEHWUM BHYTPEHHEHN 3HEP-
'’MU HEe UMeeT cMblcaa. g XuMHUUuecKOoM peakliMu paccMaTpUBaeTCsl U3BMEeHeHHe
BHYTPEHHEH HEPrUM IpU INepexoae OT peareHToB (T. €. U3 HaYaabHOI'0 COCTOS -
HUs1 /) K npoayKTaM, (B KOHEUHOE coCTosiHUE 2) (pUc. 3.1).

B xvMMnuyeckuX peakLusIX siapa He IpeTepreBaT U3MEHEeHUN (KOJIUUYECTBO
ATOMOB KaXXAOIro BUJAa B CUCTEME HEU3MEHHO). [103TOMY aTOMHasl COCTABISIIO-
1Asl BHYTPEHHEN 2HEPTUM E. . NOCTOSIHHA, B PE3YAbTATE peaKlLMKU U3MEHSIOTCS
JIULLIbL KMHETUYEeCcKasl, NoTeHUMaabHas U XUMUYeCcKasl SHeprusl.

Uz— Ul:AEK+AEH+AEX

DTa dopMyJia 1aeT HaM NOHUMaHUE NPUYMH U3MEeHEHHWs] BHYTpEHHel sHep-
MU NPU XUMUYECKON peakKUUU Ha MOJIEKYISIPDHOM YPOBHE, HO OHA HeIlpUIro/l-
Ha AJ151 BKCIIePUMEHTANbHOTO OornpeaeieHUs U3MEeHEHHWsI BHYTPEHHEN 3HEPTHUM,
TaK KakK (pU3UYeCKMMU MEeTOJaMM HEBO3MOXHO Onpede/]uTh 3HaueHusi AE.,
AE_un AE, no otaeabHocTH. O CyMMapHOM M3MEHEeHWUW BHYTPEHHEH 3HEPTUHU
CUCTEMbl MOXHO CYAUTb TOJBKO IO BHEIIHWM NPOSIBJIEHUSIM 3HEprooome-
Ha CUCTEMbl C BHELIHE cpeloil — BblAeAeHUE WU NOorjaolleHue Temnorbl (Q)
U coeplieHre padorsl ( H); 3TU 3HepreTuueckue 3pdeKThbl MOXKHO HEerocpe/I-
CTBEHHO U3MEPUTD.

Temwiora — 5To nepegaya 3HepPruy OT CTPYKTYPHLIX YACTHL, CUCTEMbBl {MO-
JIEKyJa, aTOMOB, MOHOB) K JacTHWLIAM BHellUHel cpedbl (MM HAaoO00OpOT) B BUAE
xaomuueckux TMOCTYIATEJbHbIX, KoJebaTeJbHbIX W BpallaTeJbHbIX ABUXEHU
(TerioBOro ABMXKeHUs). 151 MakpoOCKOINUUYECKO CUCTEMbI CaelyeT FOBOPHUTDL
O Temaonepenaye — riepeaade TeIvioThl OT CUCTEMbl K cpele UaKu obpatHo. Te-
njiornepeaadya OCYLIECTBISIETCS INOCPEACTBOM TelJIONPOBOJAHOCTU, WU3TYy4YSHMS
WJIM KOHBEKIIUU.

Pabora — 5Ta nepenaya 3Hepruu OT CTPYKTYPHbIX YACTULL CUCTEMbI K UACTU-
laM BHeEILUHEeW cpelbl (MKW HA00OPOT) B BUAE YHOpsOoyeHHO20 NBUKEHUS!, Ha-
NpUMep NBUXKEHUS DJIEKTPOHOB BO BHELWIHEH Lenu npy rnporeKaHuu peakiiuu
B raJlbBAHWUYECKOM BJIEMEHTE WM ABUXKEHUSI Ipy3a Ha MOpPLIHE MPU paclluupe-
HUU rasza.

8 CoctosgHue 2

CocrosaHue [/

Puc. 3.1. Kpyrosoi TepMoaMHaMuy4eCcKmui npouecc (OykBamMu a, 6, 8 0003HAYECHbI PA3HbIE
MYyTH [IEPEX0a1a U3 COCTOSAHMA [ B COCTOSIHUE 2, NYHKTUPHASA TUMHUS — OOPAaTHbLIIA NYTh)
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Ecnu cucteMa He coBepiuaeT padboThl, BCS MnojaBeAeHHasl K Hell Terniota O
pacxoayeTcsl Ha yBeJIMYeHUe BHYTPEHHEN SHEePruu:

AU=0Q

Ecau Xe TeruioTa rnepeaaeTcsi OT CUCTEMbl BO BHEIIHIOW Cpey, BHYTPEHHSIS
SHeprus yMeHbluaetcsl. I1onoXXuTejabHOH B TEPMOAMHAMUKE CUUTACTCS TEIIO-
Ta, noaseacHHast K cucteme. [1o3TomMy AIs1 3K30TEPMUUYECKUX peakKUMi (Koraa
Ternao Buiaessierest) O <0, a j1st SHAOTEPMUUYECKUX (TpeOyeTCsl NOABEICHUE TEI-
aa) O > (.

B oTcyTcTBHUE TEIJIOOOMEHA BCS COBeplliacMas Had CUCTEMOM paboTa 3aTpa-
YUBACTCS Ha MOBbILIEHUE BHYTpeHHEeN 3Heprun. CunuTtasi padoTy, COBEepLIaeMy10
CUCTEMOMW HAJl BHEILIHEH CPpEeAOH, MOJOXNUTENBHON, a paboTy, COBEPILIAEMOHN CPe-
J0H HaJ CUCTEMOM, OTPULATENBHON, NOJYYUM

AU=-W

B obweM caydae aist pacueta AU HEOOXOAMMO U3MEPUThL 00€ BEJIWUMHbI —
Tenaoty Q u padory W.

TakuM oOpa3oM, TEII0TY M pabOTy HAAO paccMaTpuBaTh KakK (pOpMbl dHEP-
MU (CrocoOkbl ee repejavyn ). CUcTeMa MOXKeT OOMEHUBATLCSI SHEPTUEH ¢ BHEL -
Hell cpenoil Ui B popMe TeI10Thl, UIU B hopMe paboTbl (MeXaHUUYSCKOU pa-
0OTbl WM padoOThl O MepeMelleHHIO 2aeKTpUdeckKoro 3apsaaa). OnHO M TO XKe
M3MEHEHHUE BHYTPEHHEN dHeprum AU MoXeT ObITb JOCTUTHYTO AUOO noaBeae-
HUEM K CUCTEME TEIJIOThl, JUOO COBepLIeHUEM Haad CUCTeMOM paboThl. Onpe-
JEJIWTb TEILUIOTY U paboTy MOXHO, JULIb U3yUyasl NMPoLecC nepeaadyr 3HEpruu,
3HepreTudeckue 3p@eKTol, HO NPU 3TOM HEJIb3sl CYUTATh, UTO HEKOTOpPAsl 4acThb
SHEPruu 3araceHa TeJJoM (CUCTEMOM ) B BUE TEIJIOTbI, 4 OCTAbHAasl SHEPrusl IMo-
I11J1a HA COBEpLUEHUE PabOTHI.

Tenuionepeaaya Mexkay ABYMsI TeAaMU BO3MOXHAa TOJbKO NPY HATHUUM MEK-
Ay HUMU pasHOCTU TeMiiepatyp. [Ipn npoTeKaHUHM 3K30TEPMUUECKUX PEAKLINH,
HanpuMmep

H,(r) + Cly(r) = 2HCI(r)

NPOUCXOAUT OOpaszoBaHUe MNMpOoUHbIX xuMuuyeckux cpdazeil H—Cl (AE, < ()
M YMEHbLUEHWEe BHYTPEHHEeH 3HEPTHUH, UTO COMNPOBOXKIAECTCS YBEJIMUSHUEM KU-
HEeTUYECKOM sHeprun £, (AE, > 0) CUCTEMBI, T. €. NOBbLILLEHUEM TEMIIEPATYPbI;
MEXIY CUCTEMON U CpeloM BO3HUKAET PA3HOCTL TeMIlepaTyp, U HAYMHAETCS
npoLecc nepejayu TerJioTel OT CUCTEMbI BO BHELLHIOW Cpeay.

[Ipnbdop nast HU3MepeHUs] KOJUUYECTBA TEIUIOTHI, MepeJaHHOW CUCTEMOU
BO BHEILUHIOIO cpely, Ha3blBaeTcs KajopuMeTpom. B rpocTeiiuieM KalopuMeTpe
U3MepsieTcsl U3MeHeHUe TeMIIepaTypbl KATOPUMETPUUECKON XKUIKOCTH, HANPU-
Mep BOAbI, OKpYXKalollel peaKLIMOHHbIN cocyl (HanpuUMep, aMIlyay), B KOTOpOM
npotekaeT peakuus. [1pu 3ToM B KanopumeTpe

Q=mec, AT
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M30JMPOBAHHbIX CUCTEM He cyluecTByeT. B nepBoM npubJIHXKEHUN U30JIUPOBAH-
HOI CMCTEMOI MOXKHO CUMTATb 3alastHHYIO aMIyJly C BELWECTBOM, UMEIOLIYIO
MAealbHYIO TEIJIOU30JSLIMI0. FHEProodOMeH HM30JUPOBAHHON CUCTEMBI B JIIO-
O0OM BUAE OTCYTCTBYET:

Q=0 u W=0
N €€ BHYTPEHHSIS DHEPIUs NMOCTOSIHHA:
AU=10

3aKkppITOi (MM 3aMKHYTOM) HA3bIBAXOT CUCTEMY, Macca KOTOPOM IMOCTOSIH-
Ha, a SHEPryusi MOXET U3MEHSIThC. BHewiHUe rpaHulibl (000J104KA) 3aKpbITOM
CUCTEMBbI TPEMATCTBYIOT IIEPEHOCY BEIIECTBA, HO HE WUCKIKOUYAXOT NPOLECCOB
Tenjornepeaadyr U CoBepLIeHUI0 paboThl. 3aKPbLITbIe CUCTEMBI LLIUPOKO PacIIpo-
CTpaHEHbI B XMMHUUECKOM npakTuke. [1pruMepoM MOXET CIYKUTb PEakTop, B KO-
TOPOM B3auMoJencTBUEeM opTodocdarta KalbUKs ¢ CEpHON KUCTOTON ITOAYYaloT
opTOhPOCPOPHYIO KUCAOTY:

3H,504(p-p) + Ca3(PO,),(xpuct.) = 2H;PO4(p-p) + 3CaSO4(kpuct.) + ¢

B pPCaKTOpC, CTCHKHWN KOTOPOIO U €CThb I'PaHULIbl CUCTCMbI, MAdCCa BCLUCCTB
HC MW3MCHACTCHA, OIJHAKO BHYTPCHHAA SHCPIWA CUCTCMbI M3MCHAACTCH KN3-34
TCIAOIICPCAAY U. COBepmaeMaﬂ HAa CUCTEMON MeXaHU4YeCcKasl pa60Ta, HallpH1-
MCP HEPEMCILUHUBAHNUC OJIsd YCKOPCHHUA ITpOUCCCa, IMTOJHOCTLIO IICPEXOIAUT B TC-
[JIOTY, KOTOPYIO HC CJIICAYCT BKJIIOUYATb B TCIJIOTY pCaKL N HA.

OnHa u3 pa3HOBl/Iﬂ_HOCT6ﬁ BaKpblTOﬁ CUCTEMbl — aaMadaTuyeckasn CUCTCMA,
HU3IMCHCHHAC BH}’TDCHl-lef/’l JHEPIrnuun KOTOpOﬁ BO3MOXKHO TOJbKO I1pU COBECPLLUCHUN
CUCTEMOH pa6OTbl. Termonepeﬂaqa B 3TOW CUCTEME INMOJHOCTbIO UCKJIIOUEHA:

0=0

OTKpbITbIE CUCTEMBl CITIOCOOHBI U3MEHSITh KaK Maccy, TaK U 3HEPrUio. DTO
pACIIPOCTPAHEHHbIH THUI CUCTEM; IIPUMEPOM MOKET CJAYKUTL NPoOUpKa ¢ Kap-
OOHATOM KaabliMsl, HArpeBaemasl rlaMeHeM ra3oBOi ropejkiu, B KOTOpOil rnpo-
TeKaeT peakliys:

CaCO;4(kpuct.) = CaO(KpUCT.) + COy(r)

Yepe3 rpaHuMLy cUCTeMbl MIET Teruoriepeaadya (HarpeBaHHE POOHUPKHU),
a razoobpasHoe BelecTBo (CO,) yaanseTcst B OTBEPCTUE NPOOUPKHU, COBEpILIas
paboTy pacluUupEeHUs.

Bonpocobi

3.10. K KakuM cucteMaM OTHOCSITCSI: a) JI€d B TepMoce; ©) ropsidyasi Boaa
B rpejKe; B) HEMpepblBHO paboTalolliast KOJIOHHA CMHTe3a aMMHaka?

3.11. Kako¥ 3HaK UMeeT U3BMEHEHHWE BHYTPEHHEN 3HEPIrUM 3aKPbITON CUCTE-
Mbl, B KOTOPOU NPOUCXOAUT TassHUeE Jibaa? Kak U3MeHSII0TCS NPU 3TOM KMHETU-
yeckasl M MoTeHLMa1bHasi COCTaBJSIIOLIME BHYTPEHHEH YHEPrum?
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HUIO BHYTPEHHEHN 3HEpPrum aas nepexoja M3 2 B I, HO ¢ 0OOpaTHbIM 3HAKOM,
AU, = —AU,. IlosToMy npu Bcex Tpex criocobax (a, 6, 8) nepexoaa us I B 2 usme-
HEHWE BHYTPEHHEHN BHEPrur OJMHAKOBO, U OHO ONpPEae/IsieTCsl TOJbKO Havyalb-
HbIM ¥ KOHEYHBIM COCTOSIHUSIMM CUCTEMBI, T. €. HE 3aBUCHUT OT INYTH (Crnocobda)
nepexosia U3 oIHOro cocTosiHUd B Apyroe. I'lostoMy rosopst, uto U — pyHKums
cocToaHua. TakMM oOGpa3oM, MepsBblid 3aKOH TEPMOJUHAMUKU BBOAUT U OOBSIC-
HS1IET HOBYIO, paHee€ HEU3BECTHYIO (PYHKLIUIO COCTOSIHUSI — BHYTPEHHIOK 3HEP-
rmo U cucTeMsl.

Teniota ¥ padoTa A8 KaXa0oro U3 Tpex nNyTeu rnepexoaa pa3auuHbl, XOTs 1J151
BCEX NnepexooB pa3sHoCcTh () — W nioctosiHHa. Tak, ans nytei a v o:

Qa—Wa:Qﬁ—Wo':AU
HO Q,#0;, n W, =W;

TakuM obpa3oMm, mensoma u paboma 3asucsam om HYMU npouecca, OHM
He (PYHKUHUMU COCTOSIHUSI cUcTeMbl. CiieaoBaTeibHO, I KPYroBoro rnpolecca
[ > 2 — [ Teruiota u paboTa He paBHbI HYJIIO.

CocCTOsSIHUE CUCTEMBI MOXHO OIpeaenThb, eCIU U3MEPUTDL BCE ee CBOMCTBA.
Takux CBOUCTB 0eCKOHEYHO MHOTO, HO COCTOSIHWE CUCTEMbl OJHO3HAYHO 3a4a-
€TCsl JULUb HECKOJBKUMHU — MapaMeTpamMu COCTOsAHUS cucTeMbl. Bce ocTanbHbie
CBONCTBA SBASIOTCS (PYHKLUMSIMU STUX MapaMeTpoB COCTOSIHUSI, WIU NPOCTO
(pyHKLHMSIMU COCTOSIHUSI.

HMTtak, B TepMoauMHaMuKe oa (pyHKUUed COCTOAHUA NOHWUMAT PYHKLMIO
HECKOJIbKMX HE3aBUCHUMBIX IapaMeTpoB, KOTOpble OAHO3HAUHO OMpPeAcasiioT
COCTOSIHME TEPMOIUHAMUUECKOMN cUCcTeMbl. TepMoanHaMuueckasl (pyHKILIUSI CO-
CTOSIHUS 3aBUCUT TOJBKO OT COCTOSIHHSI TEPMOAMHAMUYECKON CUCTEMbBI U HE 3a-
BUCUT OT TOr0, KAKUM MYTEM CUCTEMa Npuliljia B 3TO COCTOSIHUE.

BDKCTEHCUBHbIE NApaMeTpbl CUCTEMbl (Harnpumep, o06beM M Macca) 3aBUCST
OT KojJMuyecTBa BelliecTBa. MHTeHCHBHbIE napaMeTpbl (AaBJeHUE, TeMIlepaTypa,
MJIOTHOCTb, KOHUEHTPALIMUS ) OT KOJHUECTBA BElECTBA HE 3aBUCST.

Yuciao tepMoaMHAMUYECKUX TapaMeTpOB, ONpeacasiiolmX COCTOSIHUE CU-
CTEMbI, 3aBUCUT OT BUAA CUCTeMbl. B npocTeiileM ciaydae 3aKpbiTOM CUCTEMBI,
coaep Kalei YacTULbl TOJBKO OJHOIO KOMIIOHEHTA, TaKMX rnapaMeTpoB ABa.
BoiOpaTth UX MOXHO no-pasHomy. Hanpumep, aas nopuuu Kakoro-auodo rasa
(coaep:kallleid | MOJIb yacTHLl) B KQUeCTBe apaMeTpoOB MOXKHO BblOpaTh TeMIIE-
patypy T W naBjieHue p, wiau 7' V (o6bem), unu p u V. Ecau Boldopanbl T U p,
00BEM CUCTEMbI OKa3bliBaeTCsl (PyHKLMEN 3THUX ABYX MEPEMEHHBIX, UYTO OTpaXKa-
eTcs 3anucoio V(T, p); ecnu ke Buiopadbl T u V, 1o p(T, V). ECIv KOAUYECTBO
raza 1 MOXeT U3MEHSITbCsl (OTKpPbITasl CUCTeMa), YUCA0 NMapaMeTPOB YBEJIMYUBA-
eTcsl 1o Tpex (Hanpumep, T, p, n). CocTosiHUE CUCTEMbI, B KOTOPOU MpoTeKaeT
XHUMUUeCcKasl peaklusi, OObIYHO onpeaesioT napametpamu p, 7 (unu T, V) u Ko-
JIMYECTBOM KaXXJIO0ro U3 coliepxallerocsl B cucteMe BellecTs. B xoae peakuuun
KOJIMUECTBA YYACTBYIOIIUX B HEM BELWWECTB MEHSIIOTCS, UTO U ONPEACTISICT U3ME-
HeHUEe BHYTPEHHEN BHEPriU CUCTEMBI.
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Ecan T = const, npouecc Ha3bIBAIOT U30MepMUMeCKUM; NPU U300aApUHECKOM
npolecce p = const, a npu uzoxopuveckom — V = const. Eciin B Xoae npouecca
HE NPOUCXOJMUT MOTJIOLUEHUSI UIU BbleJIeHUs TeIr10Thl (AU =0), OH Ha3biBaeTCs
aguadaTNICCKUM.

Bonpochbl

3.12. [lToueMy B MaTeMaTHUECKOM 3aMu1CH IepBOro 3aKoHa TePMOAUHAMMUKH
rnepea CMMBOJaMU TENOTHL U paboThl OTCYTCTBYET OyKBa A?

3.13. Kak BLIMISIAUT MaTeMaTuueckasl 3aruch rnepBoro 3aKoHa TepMOIUHA-
MUKH AJ151 (a) U30JUPOBAHHOMN CUCTEMbI; (0) 3aKPbITOM CUCTEMbI, HE COBEpLLIA-
Jo1lIel HUKaKOM pa0doTbl; (B) 3aKPbITOM CUCTEMbI C MACATbHOM TEMJIOU30SILIUEH
(agrMadaTuyeckom)?

3.2.2. Tennosou 3 PeKT XMMNYECKON peakuun. SHTanbnns

KoauyecTBO TEMa0OThl, BblASAUBLICHCS WU MMOMIOWEHHON B KOHKPETHOM XU-
MHUYECKOM peaKLIMH, HA3bIBAIOT TemioBbiM 3(pdekrom ().

CornacHo repBoMy 3aKOHY TEPMOAMHAMUKHU, IPU NOAIEPXKAHUU MTOCTOSIH-
HOro o0beMa CUCTeMbl padoTa pacluupeHust (CxKaTusl) paBHa Hyawo. B oTcyT-
CTBUE APYrux BHUAOB paboThl TEIUIOBOH 3(P@PeKT peakKuUH paBeH U3MEHEHMIO
BHYTPEHHEN SHEPIUU:

AU=0Qy
PaccMOTpUM B KauecTBE NpUMepa peakL1Io CHHTE3a XJIOPOBOI0OPOA:
H,(r) + Cl,(r) = 2HCI(r)

DTa peakKuus rnporekaeT 0€3 U3MeHeHUs1 o0beMa (CyMMapHbIH 00beM pea-
reHTOB paBeH 00bEMY MTPOAYKTA), NOITOMY TEILIOBOH 2(pPeKT peakiy onpeae-
JISIETCS TOJIBKO U3MEHEHHWEM BHYTPEHHEN SHEpPTMH CUCTEMBbI!

AU=0yp=—185 kJIx

TakuM o0pa3oM, peaklysl CHHTe3a XJOpPOBOAOPOJa — 3K30TEPMHUYECKUN
NPOLIECC W COMPOBOXIACTCS YMEHbUICHUEM BHYTPEHHEW SHEPIruu CUCTEMbI
Ha 185 xk/1x (npy 06pa3oBaHUM 2 MOJIb XJIOPOBOAOPOIA).

[MTpy nogaepKaHUU MOCTOSIHHOTO JaBJIEHHUSsI TeN10BON 3(PpPeKT paBeH CYMME
U3MEHEeHHs1 BHYTPEHHEN SHEPrun U paboThl pacluupeHus1 (Apyrux BUAOB pado-
Thl HE COBepLIAeTCs1):

Q,=AU+pAV

st [epexoaa TAKOM CUCTEMbl U3 HAUYAJIBHOT'O COCTOSIHUSI / B KOHEUYHOE CO-
CTOSIHUE 2 MOXKHO 3anMcaThb

Q,=(U, = U) +p(Vy = V) =(U,+pVy) — (U, + pV))
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Puc. 3.2. Cxema, unnoctpupyionas 3akoH [ecca

3. DHTanbnus peaklMM paBHA CYMME 3HTaldblUK 00pa3oBaHUs MPOAYKTOB
3a BBIUETOM CYMMbl 3HTAJbIIUK 0Opa3oBaHUsl pearcHTOB (C YUETOM CTEXHMOME-
TpUYECKUX KOIPDULUEHTOB):

AH°(298,15)=> vA H°(298,15,ripor.)— > VA r H°(298,15, pear.)

3akoH [ecca MOXHO UCHOJIB30BAThL JUISI pacueTa IHTAJbIUM CBA3U (00pa30-
BaHUSI XUMUYECKOM CBsI3U), KOTOpAsl paBHA SHTANbLIIMU peakUMK 00pa30BaHMUs
COOTBETCTBYIOLLETO ra3o00pa3Horo BewecTBa U3 0JJHOATOMHbIX T'a30B.

B Mosaekyne Boaopoaa 3HTaAbIKS CBSI3U YUCIEHHO paBHA SHEPruu, KoTtopast
BbIAEASIeTCS NpY 00pa3oBaHUU MoJieKyJbl H, u3 atomoB H:

H(r) + H(r) = Hy(r): AHP(298,15) = —435 kJIxk

DHTanbu© odpaszoBaHus cBs3u H—Cl MOXHO y3HaATL, onpeacjauB SHTalb-
MU0 peaklum

H(r) + Cl(r) = HCI(r)

s atoro PaCcCMOTPHUM B4 criocoda cCUHTe3a r33006p33H0r0 XJTOPOBOOO-

poJja.
1) ITpssMOIi — M3 aTOMOB (2HTAAbIINIO 3TOU peaKUUU HEOOXOIUMO HANTU ):

H + Cl=HCI

2) TpexctanMHbIM — T10JAYyYeHUE MOJICKYISIpHBIX BoaopoJa U XJiopa
(B KoaunyecTBe 1o 0,5 Mob) ¢ UX NOCISAYIOIHUM 00beAUHEHUEM B KOHEUYHbI I
NPOOYKT:

H+H=H,
Cl+ Cl=Cl,
'/,H,+'/,Cl,= HCI
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OObIUHO 1JI151 XapaKTEPUCTUKU BEIUECTB UCTOAb3YIOT MOJISIPHYIO U YAENbHYIO
TEIMJI0OEMKOCTM.

Moasgpnaa Temi0eMKoCTb — KOJMYECTBO TEILIOTbl, KOTOPOE HEODXOAUMO
MoABECTU K | MOJIb BelleCcTBa, YTOObLI HATPETH €0 Ha €IMHULLY TEMIIEPaTyphl.

YaeabHana (MaccoBas) TEILIOEMKOCTb — KOJUYECTBO TEIMIOThI, KOTOPOE HEOO-
XOJAUMO NOABECTU K €AUHMILIE MACChl BELWIECTBA, YTOObl HArPETh €r0 HA €AMHULLY
TEMIIEPATypPhbl.

TennoeMKOCTb — 3KCTEHCUBHbIM TepMOAMHaAMUUeCKMM napaMeTp. OOQHaAKO
[PHU NMOCTOSIHHOM 00beMe MOJSIpHAs TEeIIOEMKOCTh (KaK U OCTaJibHbIe MOJISIP-
Hbl¢ BEJIUUYMHbI) OTHOCUTCS K MHTEHCUBHBLIM MnapamMeTpaM. OHa UCIOJb3YeTC s
AJs1 pacyeTa U3MEHEHUsI BHYTPEHHEN SHEPruu npuv U3MEeHEeHMUM TeMIlepaTyphl
NPy INOCTOSIHHOM OObeMe:

dU=C,dT

TernJ10eMKOCTb IpU MOCTOSIHHOM JAaBJIeHHUU (M300apHasi TEMNJIOEMKOCTb) UC-
MOJIb3YETCH ISl pacyeTa USMEHEHNS SHTANbIIUU [TPU U3MEHEHWHU TEMITEPATYPhI
(6e3 U3MeHeHMSs JaBAeHMUS):

dH=C,dT

[TocKOJIbKY OOJBIIUHCTBO TEPMOXMMHUYECCKUX JaHHbIX, TPUBEACHHbIX
B CIIpaBOYHMKAX, OrpeaelieHbl Ipy Temnepatype 298,15 K, a1a pacdera Ternio-
BblX 3P PEKTOB NpU APYrux TeMnepaTypax MCII0/Ab3yIOT YpaBHEHHE Kupxm(})a1
B nndpdepeHUnaNbHON hopMe

WH_, o
d7l’

WJIU B UHTErpajibHON popMe
fg
AHp=AHp + [ AC(T)AT
i

rae AC, — pa3HOCTb U300apHbIX TETUIOEMKOCTEN MPOAYKTOB U PeareHTOB (C yue-
TOM CTEXUOMETpUIEeCKUX KOIPPULUEHTOB):

AC, =2 vCn=2. Vi
Ternooii a¢ppexT peakuuu, ajisg Koropoil AC, = 0, He 3aBUCUT OT TeMIIEpa-
TYPBI.

AH(T)=AH(298,15) = const
Ecau pasHocTb T, — T; HeBenuKa, MOXHO npuHATh AC, = const. Torna

AH(T)=AH°(298,15) + AC (T — 298,15)

' KUPXTO® Tycras Podept (1824—1887) — Hemelkuil dbusnk. PaBoThl MOCBAILEHBI 3NEeKTPUUECTBY,
MeXaHUKe, ONTUKE, MaTeMaTUJYeCKO (pU3HKe, TEOPUU YIIPYTOCTH, TUAPOAMHAMUKE U TepMOAHHAMHKE.
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[1pu 00ab1ION PA3ZHOCTU TEMIEPATYP HEOOXOAUMO UCIOJb30BaTh TEMIIEpa-
TYPHYIO 3aBUCUMOCTb AC (7). Ins1 MUHEpaioB U ra3oB 5Ty 3aBUCUMOCTb HacTO
NpeacTaBAsIOT B BUIE MHOTOUJIEHA:

C,=a+bT+cT™

KoadduiieHTbl a, b U ¢ NIPpUBEAEHbI B CIIPABOYHBIX TEPMOJAMHAMUYECKUX Ta-
OaMLax (U1 KaXA0ro BELECTBA UX OMPeAeIsiioT SKCNEPUMEHTANBHO).

Bansanue napaenusi HAa U3MEHEHUE S3HTANBIIMU PeaKLIMU OObIYHO OUYEHb MaO,
TeM 00Jiee UTO Ha MPAKTHKE BO3MOXHBIA MHTEPBAJ JABJAEHUI CPABHUTENbHO
HeBeauK. HanpuMep, A5 peaklilMui CUHTE3a aMMUAaKa U3 NPOCTbIX BEWECTB U3-
MeHEHUWE 3HaueHus1 A H npu yBeandyeHuu aasieHus ot 101 no 50500 kIla co-
cTaBjsieT Aullb ~5%.

Bonpocnbi

3.24. o-Moagudukauus xKeaesza (00beMHOLEHTpUPOBAHHAS KybHUyecKasl
peuierka, C (o-Fe) = 40,33 [1x/(Monb - K)) npeBpaiiaercs B Y-MOAUGDUKALIMIO
(rpaHeLieHTpUMpOBaHHast Kybnueckas pewetka, C(y-Fe) = 34,68 Ix/(mob - K))
npu temnepatype 1183 K ¢ nornmowienueM tennorbl, AH®(1183) =670 J1>k/MOb.
Hainute sHTanbnuo npolecca npu 1200 K.

3.25. [loab3yschb CripaBOYHbIMU JAaHHBIMU, HANMUMLIKUTE ypaBHEHUE 3aBUCH-
MOCTH 3HTaNbNUKU odpazoBaHus Fe,0; ot TeMriepatypsl. Paccuutaiite AH® npu
1000 K. NU3BecTHO, UTO

AH5o5(Fe,05) = -821,32 kIX/MOonb

C,(Fey03) =97,74+ 72,13 - 107°T— 12,89 - 10°T~* JIx/(Monb - K)
C,(Fe)=19,25+21" 107 T Ix/(monb - K)

C,(0,)=31,46+3,39- 107°T—3,77 - 10°T~* [Ix/(monb - K)



HanpaBneHue
XUMUNYECKOU peaKkuun

4.1. HeobpaTnmbie n o6paTuMblie NpoLECCH!

[lepBbli 3aKOH TEPMOJUMHAMUKHU (3aKOH COXPAHEHMS] DHEPrUM) — OOUH U3 3a-
KOHOB ripupoabl. HeT (M He MOXKET ObITb) SIBJIEHUU WU NPOLECCOB, IMPOTHBO-
peyaliux 3TOMY 3aKOHY. OOHAKO 3TOT 3aKOH HE IMO3BOJISIET OOBSICHUTDL BAXKHYIO
OCOOEHHOCTb BCEX IIPOTEKAIOIIMUX B MPUPOAE NPOLECCOB — HX SAPKO BbIpa-
JKEHHYIO HalnpaBAeHHOCTb, T. €. CIIOCOOHOCTb CaAMOMNPOU3BOJbHO UATH TOJbKO
B OAHOM MpPEANOYTUTEBbHOM HarpabjeHUM. Tak, BHU3 KaMHU NajJaroT CaMo-
MMPOU3BOJBHO, a CAMOCTOSITE/IbHO JABUIaTbCsl BBEPX OHW HE CITIOCOOHBI; a30T
W KUCJIOPOJ CaMOITPOU3BOJIbHO CMEIUMBAKOTCS, HO UX CMECh (BO3AYX) HE MO-
KET CaMOINpPOU3BOJbLHO Pa3deJUTLCs Ha JABAa UCXOJHbLIX KOMITOHEHTA; ropsiuee
TeJ10, OKPYXKEHHOE 00J1¢€ XOJOJAHbIMU, CAMOITIPOU3BOJIBHO OXJ1AXKIAETCSl, HO 00-
paTHbIU MPOUECC HEBO3MOXEH; YIroJib CAMOIIPOU3BOJIBHO CropacT B KUCIOPO-
e ¢ 00pa3oBaHUEM AMOKCUAA YIJepoaa, HO NPOAYKT 3TOM peaKl U HE MOXET
CaMOITPOU3BOJILHO pa3jaraThCcsl Ha yrjaepoa U Kuciaopoa. Kasanock Obl, BO BCeX
NPUBEJCHHBIX NpUMepax U NpsIMOi, U OOpaTHLIM NPOUECCHl MOIJIM Obl TaKXKe
YIOBJETBOPSITh 3aKOHY COXpaHeHUs aHepruM. HanpuMmep, npyu naaeHUM KaMHsl
NOTeHLUUANbHAasI YHEPTUs IpeodpasyeTCsl B KUHETHUYECKYIO DHEPIHUI0 U TEIIOTY
(1U3-3a TPEHUSI), pacCeUBAIOILYIOCS BO BHEIIHEN Cpeae; OOpaTHLIN XKe MpoLece
NOJXKEH ObLT Obl CBOJIUTLCS K NPEOOPA30BAHUIO TEIJIOTHI, KOTOPYIO Tepsiia Obl
BHEIUHSAS cpeaa, B KHHETUYECKYIO M AaJiee B NMOTEHUMATbHYIO SHEPIUIO KAMHSI.
OJHaKO 4YTO-TO NPENSITCTBYET MPOTEKAHUIO DTOro IMpoliecca, 3anpewaeT ero.
CJieaoBaTebHO, CYWECTBYET HEKUM YHUBEPCAIbHBLIM 3aKOH, ONPEacsIIONIUA
BO3MOXHbIE HaripaBJICHUsI MPOTEKAHUS BCEX NPOLIECCOB, B YACTHOCTU XUMMUUE-
CKUX peaKLUH.

4.1.1. HanpaeBneHHOCTb NPOLECCOB B XUMNU

Eue B XIX B. Beptiao' u ToMcen? C(hopMyaupoOBaIU NPUHLMII, COMJTACHO KOTO-
pOMY OOJIbLLMHCTBO XUMMMUYECKHUX peaKLWid, NPOTEKAIOIIUX CaMOMNPONU3BOJbLHO
(1, KaK npaBujio, 10 KOHLA), OTHOCSITCS K 3K30TepMHUECKUMM. 3HaK paBeHCTBA

' BEPTJIO Mbep 3xeH Mapcenen (1827—1907) — dbpaHIy3cKUil XUMUK Y TOTUTHYECKU I TesiTenb. Cun-
TaJ1 CHHTE3 OCHOBHBIM METOJOM OpraHUYeCcKOoi XUMUHM, BEPBbIe MOJYYII MHOXECTBO BellecTB. B 1865 .
Hayan UcCcaeaoBaHus B 001acTU TEpMOXUMUM. M3ydan neiicTBre B3phiBYATHIX BELLECTB.

 TOMCEH Xanc Metep I0pren K0nuye (1826—1909) — natckuii xuMuk. HauuHas ¢ 1852 . BHIMOTHUT
TEPMOXUMMUUECKUE UCCIeN0BaHUS BaXHbIX XUMHUUECKUX peakKlMid. Pa3zpaboTtan (1853) npoMblli1IeHHbIH
Croco0 NONyUEHUs COAbl M CyIb(raTa aMMOH K.
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(=), KOTOPbI CTABUTCA B CTEXMOMETPHUUYECKUX YpaBHEHUSIX peaKLUil, UAYLINUX
J0 KOHLIa, 03HauyaeT, UTO 3TH peakluu UuayT HeodpaTuMo (co 100%-M BEIXOIOM
MPOAYKTa) OO0 UcuepraHWsl UCXOAHbIX BELIECTB WKW XOTs Obl ONHOIO U3 HHX.
YuuThiBas1, YTO 3K30TepMHUeCKUN 2(pDEKT CBsI3aH C YObIIbIO BHYTPEHHEN DHEP-
MU CUCTEMBI, MOKHO cUUTATh, YTO npuHLUN beptio—ToMceHa nongunHsieTcs
O0lIIEMY NPUHLMITY MEXaHUKU, COIJIACHO KOTOPOMY MOTeHllMalibHasl SHEPrus
CTPEMUTCSI K MUHUMYMY U I1PU caMOIPOU3BOJbHbBIX MTPoLeccax MepexoJuT B Te-
MJIOTY (HampuMmep, nNpyxXnuHa MexaHUUeCcKUX YacoB).

OnHako no3xe OblLI10 MoKa3aHo, YTo NpuHLun beptio—ToMceHa npuMeHUM
TOJILKO B 00JIaCTU HU3KHX TeMIlepaTyp (He Bblllle KOMHATHOM). A Belb U3BECT-
Hbl 3HIOTEPMHUUYECKHE NPOLIECCHl, KOTOPbLIE U MPH BbICOKUX TeEMIIEpaTypax Mo-
ryT MpoTeKaTb CaMONPOU3BOJILHO U HeobpaTumo. Hanpumep, npu 900 °C caMo-
MPOM3BOJbHO U HeOOpaTUMO UAECT peaKliUs pa3loxXeHUs KapOoHaTa Kajbliusl,
COIPOBOXKAAIOLLASICS MOTJIOLEeHHeM TEMJIOThL. B TO e BpeMsi HEKOTOpbIe 3K30-
TepMHUYeCKUE peaKlIMUM HEBO3MOXHO MPOBECTU A0 KOHLIA, HAlIpUMep:

3H,(r) + N,(r) =2 2N H4(1); AHP(298,15) = —92 kJIx
2S0,(r) + O,(r) 22 2S04(r); AH°(298,15) = —397 kJIx

B 0beunx peakliMsIX yBeAHUYCHUE KOHLIEHTPaUWUU IIPOAYKTA B CUCTEME MpeKpa-
IHACTC 34400 A0 [MOJHOTO UCUEepIIaHUSl peareHTOB. OTO CBSI3aHO ¢ MPOTEKA-
HUEM O0OpaTHOM peaKl UK pa3aoKeHUs MPOAYKTA.

Peakuuu, npotekawliiue OJHOBPEMEHHO B NPSIMOM U 0OpaTHOM HalpaBJe-
HHUSIX, Ha3bIBalOT 00OpAaTUMbIMHU (B YpPABHEHUU peaKlIMU 0OpaTUMOCTD I0KAa3blBa-
IOT 3HAKOM 2). B TakMX peakuUsax CKOpOCTH U MPSIMOM, U o0paTHOM peaKLUH
OTJIMUHDI OT HYJIS1, TOTOMY MHOTAA UX HA3bIBAIOT KHHETHYECKH 00PATHMbIMM.

Bce oO0paTuMble peakKlLUMHM Yepe3 HeKOTopoe BpeMsl Iocje Haualla MepexoasT
B COCTOSIHUE paBHOBECHSI, IPU KOTOPOM CKOPOCTHU MPSIMOHN U OOpaTHOM peak-
LUMHU paBHbl. BaXkHO OTMETUTHL, UTO paBHOBECHE OOpATHUMBbIX peaKlIMi JOCTUTA-
ETCS1 CAMOIIPOU3BOJBHO.

MHorue o0paTUMbI¢ peaklLUX IHUPOKO UCITONB3YIOTCS B XUMHUYECKOHN Npak-
THUKE WU NIPUBOISIT K AOCTATOYHO BLICOKOMY BbIXOAY IMPOAYKTOB. 151 3TOrO He00-
XOOMMO NoagodpaTh ONTHUMAaJbHbIE YCJIOBHS peakKUMU (TeMIiepaTtypa, JaBjeHUe,
KOHLIEHTpallUU UCXOAHBIX BEWECTB) U O0ECIICUNUTE [PUEMIIEMYIO CKOPOCTh IMPO-
Liecca ¢ NMMOMOLLbIO KaTaJlu3aTopa.

Bonpochi

4.1. TlpuBenute npuMep XMMHUUYECKOro Mpoliecca, KOTOPbI MOXHO UCMONb-
30BaTh /U151 MOJyUeHUsl paboThI.

4.2. Kak M3MeHSI0TCS apaMeTpbl CUCTEMbI TMIPU MPOTEKAHUH CAMOIIPOU3-
BOJILHOI'O Mpouecca?

4.3. UTOo NnpoUCXOAUT C 3HEPrUel CUCTEMbl NpPH MPOTEKAHHUU CaAMOIIPOU3-
BOJIbHOTIO rpouecca?
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4.1.2. NoHaTna HeoOpaTUMOCTH M 0OBpaTMOCTU
B TEpMOANHAMUKE

Bce camonpou3BoabHO MpOTEKAaloOlMe NpOoLEecChl TEPMOAMHAMUYECKH HeoOpa-
TUMbL. EC/IU cucTeMa nepexoauT U3 COCTOSIHUS [ B COCTOsSIHUE 2 HEOOpaTUMO,
BEPHYTb 3Ty CUCTEMY B HayaJlbHOE COCTOsIHME [ (M OJHOBPEMEHHO BEPHYTH
BHELIHIO Cpelly B UCXOAHOE COCTOSIHME) HEBO3MOXHO. Tak, yraBwHid ¢ ropbl
KaMeHb, KOHEUHO, MOXXHO OTHECTU HaBePX U MOJOXUTb Ha TO XK€ MECTO, OJHAKO
BO BHEILIHEM MHUPE OCTAHYTCSI HEU3IIAJAUMBbIE Cleabl: MOTEHUMUAIbHAs YHEPrus
KaMH$ paccesiyiach B BUAE TEIJIOTHI, a YEJIOBEK IMPU MMEPEHOCKE KAMHS 3aTpaTUII
HEKOTOPYIO YACTh CBOEH BHYTPEHHEN SHEPTUMU.

[Tocne npoTekaHUsl 00paTHMOro rnpolecca U CUCTeMa, U BHELWHSIS1 Cpeaa MO-
r'YyT BEPHYTLCS B MepBOHAYalbHOE COCTOsSIHUE. OHAKO B NPUPOJE TAKHE MPO-
LeCChl MPAKTHYECKU OTCYTCTBYIOT. ENMHCTBEHHOE UCKJIIOUEHUE — JBHXEHHE
MOJIEKYJI, HanpuMep, B raze. Ho 3ToT npouecc He OTHOCUTCST K MaKPOCKOTHYE-
CKUM — COCTOSIHUE CUCTEMBbI B LIEJIOM HE U3MEHSIETCSI.

ChnenyeT pasjivyaTbh TEPMOJIMHAMMUECKYIO U XMMMHUECKYIO HEOOpPATUMOCTD.
Jliobast XxuMHUyecKasl peakuusl, MpoTeKalollass caMoOIpOr3BOJbHO (B TMPOOUPKE,
peakTope U T. I1.), OTHOCUTCS K TEPMOIMHAMUYECKH HEOOPATUMbBIM MPOLECCaM, B KO-
TOPBLIX UCXOJHbIE BeLIECTBA (MJIU XOTs Obl OTHO U3 HUX) paCXOAVIOTCS JINOO MMOJTHO-
CTbIO, €CJIK 3TO HeobpaTUMasi peakLusl, JIMOO0 YaCTUYHO, €CJIM OHAa obpaTuMasl.

JI1060€ MTHOBEHHOE COCTOSIHUE CUCTEMBbI IPU CaMOIIPOM3BOJIBHOM U, Clie-
JOBATE/IbHO, TEPMOJUHAMUUECKHU HEOOpAaTUMOM MpPOLIECCe HEPABHOBECHO, I10-
5TOMY TaKHE MPOLECChl HA3bIBAlOT HEPABHOBECHbIMM.

[Ipy TepMoaMHAMMYECKH OOPATUMOM MpoHEcce JT1000e MTHOBEHHOE COCTOSI-
HUE CUCTEMbI PABHOBECHO, TAKHE NPOLIECCHl MOTYT MPOTEKATH 10 KOHIIA TOJBKO
NPU UCIOJb30BAHUM CIleUUANbHBIX YCTpOoUCcTB. Hanpumep, MOXHO 0OOBsI3aTh
rpy3 A (puc. 4.1) BepeBKOM, MPOMNYCTUTL €€ uepe3 070K, a K ApYroOMY KOHLY Be-
pPEBKU NMpUBS3aTh I'py3 b, Toraa rnpu onyckaHuu rpysa A rpy3 b noaHumaetcst
(Ha onpenesieHHYIO BLICOTY), JaxKe €CJIU Macca rpys3a b oTiHyaeTcsi OT Macchl
rpy3a A Ha HUYTOXKHO Malyro BeJMUYUHY. [Ipy 3TOM nmoTeHLManbHasl 3HEPrusl
rpy3a A repeBOJUTCS HE B TEIJIOTY, a B MOJIE3HYIO padboTy — noabeM rpysa b,
npuyeM npu U3MEHEHUH COOTHOLIEHHSI Macc A U b Ha COOTBETCTBYIOLLYIO Ma-
JIVIO BETUUYUHY, MOXXHO BEPHYTb CUCTEMY B UCXOJAHOE COCTOSIHUE 0€3 UBMEHEHU
BO BHellHel cpene. CoBeplueHUe MoJe3HOM padoThl (¢ MOMOILLBIO CIICLIUATbHO-
ro YCTPONMCTBA, HAIIpUMeEDP JIBUTaTe1s1) — HEOOXOAMMOE YCJIOBUE TEPMOJUHAMM -
yeCKH 00paTUMOro MpoTeKaHusl npoliecca. PeanbHble npoliecchl (B ABUTATEIsIX)
HUKOTJa HE ObIBAlOT BITOJIHE OOpATUMbIMU, MOCKOJIbKY YaCTh MOJIE3HOW padbOThHI
pacXxoJIyeTcsl Ha TpeHUE WX MPOUCXOJAT APYTUE IHEPreTUUECKMUe noTepu. Tak,
B pAaCCMOTPEHHOM BblllIe NpUMEpPE C rpy3aMUu AJISI MOJHOH OOPAaTUMOCTH I10-
TpeOOBaJIUChL Obl 010K 0€3 TpeHUs1, HeBeCcOMasl BepeBKa U 0ECKOHEUHO 00JIbLLIOE
BpeMsl U3-3a OECKOHEYHO MaJOM CKOPOCTH ONYCKAHUS rpy3a (e€CJU CKOPOCTb
HE CTOJIb MaJia, Fpy3 MpHUOoOPETACT KHHETUUYECKYIO SHEPTUIO, KOTOPAas NMepexoauT
B TCIIOTY).
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CorjlacHO rnepBOMY 3aKOHY TepMOAUHAMUKU,
AU=Q0—-W,=0-2FA¢p

[locKoJbKY B 3TOM ciaydae pa®oTa paclIMpeHUsl OAU3Ka K HYA10 (U3MEeHeHUE
00beMa oueHb Mano), To AU = Q,. Teruora npouecca, nNpoTeKalolero B rajibBa-
HHUYECKOM JIEMEHTE:

Q=0p+2FA0

BennuuHa Q oTianyaeTcss OT TEMI0oBOro sgdexkra peakuuu Jy, KOTOPbIH,
[0 OMNpeleieHHUI0, OTBeUaeT TePMOAHMHAMUUECKHM HEOOpaTUMOMY IPOLIECCY,
MpOoTeKaloEeMy 0€3 COBEpILUEHUSI padOTHI.

2aeMeHT JaHusnsa—AKoOU — 370, Mo CYyTH, HeOOJIbLIAsT 3JIeKTPOCTAHLIMSI.
OHAKO JajleKO He KaXIylo peakurlo MOXHO UCHOJb30BaTh A1 MOJAYYECHMUS
AJEKTPUUECKON 3HEPrUU, MPOBOAS €€ TepMOoJIUHaAMUYIecKU obpaTtuMo. Co3na-
HHe TOMJIMBHOIO 3JIEMEHTA, B KOTOPOM peakLWsl ropeHUsl yriepoaa

C(T) + O,(r) = CO,(T)

ripoTekaja Obl TEpMOAUHAMUUYECKU OOPATUMO, MMO3BOJAUIO Obl 3aMETHO MOBbI-
CUTb KO3(PPULIUEHT NMOAE3HOTO AeHCTBUSI YCTPOUCTB, B KOTOPbLIX UCITOJIb3YeTCS]
UCKOIMAaeMoe Cbipbe {(Yroyb). DTo UMeso Obl OFPOMHOE 3HaUeHUe A1 Pa3BUTHS
Hawlel uyMBunuzaluy. OaHako pelillieHUe 3TON MpooaeMbl MoKa He HalJIEHO.

Bonpochbl

4.4. MOXHO M NPOBECTU XUMHUUYECKYIO peakKLWIO TEPMOAUHAMHUYECKU 00-
paTUMO?

4.5. [lpuBeaute npuMepbl XUMUUYECKU HEOOPAaTUMbIX U OOPATUMBIX [IPOLIEC-
COB.

4.2. BTOpOUN 3aKOH TEPMOAUHAMMUKN

Btopoil 3aKOH TepMOAMHAMMKH, KaK U MepBOC HAUYAJI0 TEPMOAUHAMUKHU, YCTa-
HOBJIEH 3KCIIepHUMEHTAJIbHO, B YACTHOCTU, U3 HAOAIOAEHUN 3a padOTON TEIJIO-
BbIX MAlUUH (Mpeodpa3yrollnX TEMIOTY — OAHY U3 (POPM ABHUXKEHUSI MATEPUU —
B AIPYTYI0 POPMY JBUXKEHUSI — MeXaHUUECKYIO padoOTY).

M3BeCTHO MHOTO POPMYIUPOBOK BTOPOTrO 3aKOHA TEPMOJIMHAMUKHU. Bce OHU
SKBUBAJICHTHbI, WU, €CJIU BLIOPATh O/IHY, BCe OCTaJbHbIe (POPMYAUPOBKH OKAXKYT-
Csl €€ JIOTUYECKUMMU CAEICTBUSIMMU.

[TepBbIl 3aKOH TEpPMOIMHAMUKH MOXKHO CPOPMYIUPOBATH KaK YTBEP KIACHUE
O HEBO3MOXHOCTH CO3JaHHS BEUHOrO ABWUrATE/s MEPBOro poaa, T. €. YCTPOM-
CTBa, MPOU3BOJASLIECTO padOTyY U3 HUYETO.
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B3auMoOCBsI3b O00OMX 3aKOHOB TEPMOAUHAMWUKHW HALASIIHO ITOJAYEPKMBAET
(bopMyIHpOBKa BTOPOro 3aK0Ha, rpeajoxXeHHast B 1888 L. OCTBaIbAOM

BEe4Hblil IBUraTe b BTOPOro poaa, T. €. YCTPOUCTBO, EAMHCTBEHHBIM pe3y/bTa-
TOM JEUCTBUSI KOTOPOTO Obl1 Obl NepeXod TEIJI0Thbl, OTHUMAEMOM OT €€ UCTOU-
HUKa (HanpuMep, MHUpOBOro okeaHa) B paboOTy, HEBO3MOKEH.

Kﬂ::ly;myc2 B 1865 r. chopmynupoBan BTOpoH 3aKOH B Oosiee 0000LIEeHHOM
BU/IC U Ha3BaJl €r0 «BTOPbLIM HayaJloM TepMOoAMHAMUKW». B ocHOBe popMyan-
pOBKU KJiay3uyca JeKUT MOHSATUE SHTPOIHUM.

4.2.1. JHTpONUSA

IlepBas yacto popmyaupoBku Knaysmyca.

CyuiecTByeT (PYHKIIMS COCTOSIHUSI — SHTPONMS S, U3MEHEHUE KOTOPOH B mep-
MoOOuHamuuecku obpamumom npoyecce paBHO OTHOUICHUIO TEIIOTHI Mpouecca
K aGCoMI0THOM TeMriepatype (no mkaie KenbBuna®). 1ns M30TepMUUYECKOTO
U3MEHEHMUS COCTOSIHUS 3aKPbITON CUCTEMDbI:

AS =Q/T (obpaTUMBbIH npoliecc)

HMTak, BTOpO#i 3aKOH ( BTOpOE Haualo) TepMOJIMHAMUKU BBOJUT HOBYIO (PYHK-
LHIO COCTOSIHUSI — DHTPOIUIO (MU OAHOBPEMEHHO OIpeaeasieT U3MEHEHUE 3TOU
(pyHK1IMH), a B IEPBOM 3aKOHE TEPMOJMHAMUKMU TIPEAIIoaraeTcs cylecTBOBa-
HUEe ApYyroi (pyHKLMU COCTOSIHUSI — BHYTpeHHel sHepruu. Knaysuyc B 1865 1.
nucan. «f cneudasbHO TAkK noaodpan CI0BO «3HTPOIUS», YTOObl OHO ObLLIO
CO3BYYHO CO CJIOBOM «3HEPIusl», TaK KaK 3TH JIB€ BEJIMUUHBI CXOJHbI 1O CBOE-
MY (DU3HUYECKOMY CMbICAY U CO3BYUME UX HA3BAHUIM MHE KAXETCs MOJE3HbIM.
B nepeponge ¢ rpeuecKoro «3HTPONUsl» 03HavyaeT rpeBpalicHHUE.

Bropas yactb popmyauposku Kinaysnyca.

B mepmodunamuuecku neobpamumom npouecce U3MEHEHHE SHTPOIMUMU BCEraa
0OJIblUE OTHOILEHKSI TEIMJIOThl Nnpolecca K adCOJITHON Temmepartype. s
U30TePMUYECKOTO UBMEHEHUsI COCTOSIHUSL 3aKPbITOH CUCTEMDbI:

AS > Q/T (HeoGpaTUMbIH npoLiece)

' OCTBAJIbJ Bunbsrensm @punpux (1853—1932) — HeMeuKuil bu3ukoxuMuk u dunocod. OCHOBHbIE
HayuyHble paboThl MOCBAIIEHb Pa3BUTUIO TEOPUM 3TEKTPOAUTUYECKONH Auccouraumu. Hauen 3akoHO-
MEPHOCTD, CBSI3BIBAIOLLYIO CTeNEeHb IUCCOLIMAllMK 3AE€KTPOIMTA C €r0 KOHUeHTpaluei. M3yuyan Takxe BO-
MPOCHI XMMUYECKON KMHETUKM U KaTanu3a. 3a paboThl MO KATalIM3Y, a TAKXKE 33 UCCNeI0BaHUS OCHOBHBIX
MPUHIIMITOB YIIPaBAEHUs XMMHUYECKUM PaBHOBECUEM U CKOPOCTAMM peakuMii ctain B 1909 . naypeaTtom
Hobenesckoi npeMUM Mo XUMUU.

2 KITAY3UYC Pynonbd HOnuye Dmmanyens (1822—1888) — HeMelkuit (hM3MK U MATEMAaTHK. ABTOp
OCHOBOTIOJIATalolIMX paboT B 001aCTH TEOPETHUECKOH TEPMOIMHAMUKH U MOJIEKYISIPHO-KUHETUUECKOM
TEOPUHU TeINOTHI. [1peanoxun oaHy U3 GOopMyJIUPOBOK BTOPOTO Havuana TepMOAMHAMUKK; BBEI MOHATHE
SHTPOIUMU.

> TOMCOH Yunbsam, nopa KEJIbBUH (1824—1907) — anrnuiickuii dhusuk. M3secteH pabotaMu B 06-
71aCTU TepMOAUHAMUKU. B 1848 1. BBE «aOCOMKOTHYIO TEPMOMETPUYECKYIO LIIKATY».
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TennoTta TepMoaAMHAMUYECKU HEOOPAaTUMOTO Mpoliecca BCera MeHbllie, 4YeM
TerJioTa oopaTUMoro npouecca. Ilpy 3ToM U 1jis1 06paTUMOro, U 1t HeOOpaTH -
MOTO Mepexoa CUCTEMBL U3 COCTOSIHUS [ B COCTOSIHME 2 U3MEHEHUS SHTPOIUU
(KaK pYHKUMHU COCTOSIHUSI CUCTEMbI) OAUMHAKOBHBI.

O06¢ yacTH BTOPOro 3aKOHA IMPUHSITO OObEIUHSITL OAHON (POPMYJION:

TAS = Q)

B KOTOPOH 3HaK paBeHCTBAa OTHOCHUTCS K oOpaTHMBIM MpoLeccaM, a 3HaK Hepa-
BEHCTBa — K HeoOpaTUMBIM. J11s1 U30J1MpoBaHHBLIX cucTeM ¢ O = () BTOpOI1 3aKOH
npuodpeTaeT BUA;

AS =0

HOCKOﬂbe BCC CAMOIIPOUSBOJIBHBIC IIPOLCCCHI ITPOTCKAIOT H606paTI/lM0, CO-
IJIaCHO BTOPOMY 3aKOHY TCPMOANMHAMUWUKH B HSOJ]l/lpOBaHHOﬁ CUCTCMC BO3MOXK-
Hbl JIMIUDb TC INMPOLCCCHl, KOTOPLIC YBCINYHUBAIOT CC SHTPOIIMIO, B TaKOW CUCTEME
COCTOAHUIO PABHOBCCHUA COOTBCTCTBYCT MAKCHUMYM SHTPOITHUMHA.

Bonpochbl

4.6. Kak u3MeHsieTcst TeMIiepaTtypa U30JAUPOBAaHHOUN CUCTEMBI ITPU MPOTEKa-
HUU XUMUUYECKON peakLIUU?

4.7. Uto 001IETO Y SHTPONUU U TeILI0eMKOCTU? HeM OHU pasinyaloTcs?

4.2.2. SHTPONUA Bew,ecTBa U ee 3aBUCMMOCTb
OT TeMnepartypbl U AaBNEeHNSA

1151 onpenesieHUs SHTPONUU BelIeCTBa NPpH 3aJaHHOU TeMnepaTtype 1 UCIOJIb-
3VIOT 3KCMEPUMEHTAAbHO HaliAeHHbIE 3HAUEHUSI MOJSIPHON TEMJIOEMKOCTH Be-
wectea Cy B MHTEpBaie teMmnepatyp ot 0 no 7 (no wkane KenbBuHa). Omnpe-
JeJeHUE TEMIOEMKOCTHU 00513aTeJAbHO MPOBOJAUTCS B YCAOBUSIX MUHUMAJIbHbBIX
rpaIMeHTOB TEMIIEPATYPhl B CUCTEME, T. €. B YCIAOBUSIX, MAKCUMATbHO NMPUOJIU-
SKEHHBIM K TepMOJAUHAMUUYECKU OOpaTUMBIM. Ten10oeMKOCTh CBsI3aHa ¢ TeI10-
TOHM oOpaTuMoro npouecca Q.

Qo6p — CVAT
CoriacHo nepBoii yacTy GOpMYIMPOBKU SHTPOIUM:
AS= Qo6p/T: CAT/T

Otcloga ciaenyeT BO3MOXHOCTbL pacyeTa DHTPOIMU BellecTBa MpH J11000M
TeMrepaTtype 7 10 U3BECTHBLIM 3HAUEHUSIM €ro TeEII0eMKOCTH.
B cayyae TepMoauHaMuuecky obpaTUMBbIX (PA30BbIX [1epeXo10B, 1151 KOTOPbIX

Qo6p =AH









4.2. BTopon 3aKOH TEePMOJNHAMUKIA 77

HUEM TeMIlepaTypbl SHTPOMMUS BELIECTBA B TBEPIAOM COCTOSIHUM OCTAETCs1 OJM3-
KOH K HYJI10 (OTpe30K 0a); AJs1 )KUAKOCTH POCT SHTPOIUH OKa3bIBACTCS 3aMETHO
Bbille (OTPE30K Hc); MO Mepe NOBBLILICHUSI TEMIIEPATYPbl Ta3a IHTPOIIUS PEe3KO
yBEJIUYUBAECTCS (OTPE30K de).

[Ipu (pa30BbIX NepexoJax U3 OJHOTO arperaTHOro COCTOSIHUSL B IPYroe TeM-
nepaTtypa BelleCTBa He M3MEHsSIETCS, a PYHKLHWU COCTOSIHHUSI — BHYTPEHHSIS
SHEePrusl, SHTAAbIIUS, SHTPOIIUSI — U3MEHSIOTCS NPHU MOCTOSIHHOM AAaBJICHUU
CKAuKOo00pa3Ho.

[Ipu oOpaTUMBIX M300apHBIX MpoLleccax HarpeBaHUsl WU OXJIaXIEHUS KO-
JIMYECTBO TEIJIOTHI, HEOOXOAUMOE 1151 U3MEHEHUS TeMIIepaTypbl CUCTEMbI, Bbl-
paXarT ¢ MOMOLIBIO TEIIIOEMKOCTHU:

8Q06p — de T

Torna u3aMeHeHMe 3HTPOINUU MOKHO 3aMcaTh Kak UHTerpaJl B paccMaTpUBa-
EMOM TeMIIepaTypHOM UHTepBaje (ot 77 1o 75):

80, €
0
AS = b j%d T
1 1
d, CCJIU TCIVIOCMKOCTDL HC 3aBHUCHUT OT TCMIICPATYPbl, MOXKHO INPONHTCIPHUPOBATL.
5

1

AS = Cp In

Ecnu uM3MeHeHHe TeMIiepaTypbl MPOUCXOOWUT MPU MOCTOSSHHOM 0O0beMe,
B BblllenpUBeaeHHbIX hopMynax C, Haa0 3aMeHHUTb Ha Cy.

151 ynoOb¢cTBa CpaBHEHMSI MCIOAb3YIOT CTAHAAPTHbIE (OTHECEHHbIE K CTaH-
JAPTHOMY COCTOSIHUIO) SHTPONMM BewecTB S°; SHTPOMUU pa3lUUHbIX BELICCTB
YKAa3blBAIOT IPpU OJHOH TeMIiepatype, yawe rnpu 298,15 K. MMeHHo Takue 3Ha-
yeHUsl SHTPOMUM pa3lIMUHbIX BElEeCTB MPUBEAEHBI B clIpaBOYHUKAaX (CM. MpPU-
JoxXeHue). HauMeHbllee 3HaueHUe CTAaHAAPTHOM 3HTPONMUU — Y aaMas3a — 3TO
HaudoJiee YopsiIoueHHOE U3 BCEX MU3BECTHLIX B MPpUpOAEe BelecTB: S° (298,15,
aiMa3z) = 2 JIx/(K - Moab). SHTpOMUS MeHee YyIopsiaoueHHOro rpagpura He-
CKOJbKO Bbiwe: S° (298,15, rpadput) = 6 1:x/(K - MOJIB), a DHTPOIMUS BCEX Tra30-
0o0pa3HbIX BElLEeCTB, HANIPUMEP, YIICKUCIOro ra3a, u3MepsieTcsl Tpex3HauHbIMH
yucaamu: S§° (298,15, CO,(r)) =214 Ix/(K - moub).

Jnst pacueTa aOCOJMIOTHOM SHTPOIMU BelllecTBA B CTAHAAPTHOM COCTOSI-
HUM HalO 3HATh 3aBUCUMOCTb TEIIOEMKOCTH C, OT TeMIlepaTypbl A5l KaXa0M
U3 a3, a TakxKe TeMNepaTypbl U HTaAbNUU (Pa30BbIX NepexoaoB. Tak, Hanpu-
Mep, a0COIOTHAs PHTPOIUS ra3oo0pa3HoOro BelliecTBa B CTAHAAPTHOM COCTOSI-
HWUU MpH TeMIepaType 1 CKJIaJblBaeTCs U3 CISAYIOIUX COCTABJISIIOLLIAX:

T o T o T
IL1 KMII C
S° = J o0 g7y A J PO 4T + Ay J 20 4T
T I, 2 T T :

0 ILT TKH]'I
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COMPOBOXKAACTCSI YMEHbIIIEHUEM CTaHJAPTHOM SHTPONMMUU (0OBEM CHUCTEMBI
yMeHblaeTcs B 1,5 pasa). OQHAKO NpH KOHTAKTE ¢ KAaTaJau3aTOPOM (MENKO-
pa3apoOJeHHON IJIaTUHOM) CMECh BOAOPOJA U KHCJOpoaa (rpeMyyudid ras)
MOMEHTaJAbLHO Mpopearupyetr ¢ obpa3zoBaHUEM BO/bl; NIPU 3TOM B U30JUPO-
BAHHOM CUCTEME pe3KO MOBLICUTCSI TeMIlepaTypa, YCIAOBHUSI B HEeM IepecTa-
HYT ObITb CTAHJAAPTHLIMU, U SHTPOIIUS BCEH CUCTEMbl BO3pacTeT (KpuUBas ab
Ha puc. 4.4).

TakuM o6pa3oM, Mo cTaHAApTHOM SHTpONUU peakuuM AS°(7T) Heab3sl 10-
CTOBEPHO CYAUTb O BO3MOXHOCTU €€ NMPOTEKAHUsI B U30JUPOBAHHOM CUCTEME.
Ta BeJIMUMHA HY2KHAa AJIs1 pacuyeTa CTAaHJapTHOINO U3MEHEHHWSI SHEPrUU Tuooca' —
(PYHKLIMU COCTOSIHUS, OMpeacasiiolleid HarnpaBiaeHHe MPOLECCOB B 3aKPbIThIX
(HO He U30JMpPOBAHHbIX) cUcTeMax MpH p, T = const. [TocTosIHCTBO TeMMiepaTty-
pbl B TAKUX CUCTEMaX O0ECIeUMBAEeT TEIJIOBOM OOMEH ¢ OKpPYKalolle Cpeao.
[1pu npoTeKaHWU 3K30TEPMHUUECKON peaKLIMH TEIJ1I0Ta OTBOJUTCSI OT CUCTEMBbI,
a B Cy4yae PHAOTEPMHUUYECKON — IMOJIBOJAUTCS.

Bonpocobi

4.10. Tlpeackaxkute, He MOJb3YSCh PaCUETOM, 3HAK DHTPOIIUU CIEAYIOLIUX
peaKLHM:

a) CaCO;(kpuct.) = CaO(kpuct.) + CO,(r)

0) 2CO(r) + O,(r) = 2C0O4(1)

4.11. PaccuuTtaidTe CTAaHAAPTHYIO SHTPOINUIO peaKLIU:
a) 2H,(r) + O,(r) = 2H,0(1)
0) 2S0,(1) + O4(r) =2 2S04(T1)

4.12. CoBnagaloT JU SHTPONUS COeAUMHEHUS B CTAHJAPTHBIX YCAOBUSIX U 3H-
TPOIMMUsI 00pa30BaHUs PTOrN0 COeAUHEHUS?

4.13. Kak 3aBUCHUT OT TeMriepaTypbl U3BMEHEHHWE SHTPOMNUU peaKUHH?
H,S + CO, =H,0 + COS

HNcnion b3YﬁT€ CJICAVIOLINC JaHHDbIC!

BeiectBo 5°(298,15), C,=a+bT+ ¢'T %, Ix/(moab - K)
K/ (Moab - K) 4 b 10° ¢ 10°°
H,S 205,64 29,37 15,40 —
CO, 213,60 44,14 9,04 —8.,53
H,O 188,74 30,00 10,71 0,33
COS 231,53 48,12 8,45 —-8,20

' TUBBC Oxo3aits Yiwinapn (1839—1903) — aMepuKaHCKUit (UMK M MATEMATHK, ONUH U3 OCHOBaTeeil
XUMUYECKOH TepMOAUHAMUKHY U CTATUCTUYECKON MexaHUKU. OH nepBbiM MPUMEHUI B TEPMOJIMHAMUKE
rpapryecKue MeTOAbl, C MOMOLIbLIO KOTOPbIX MPEeACTaBAsU1 BCe TEPpMOAMHAMUYECKUE CBOMCTBA BE1IECTRA.
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4.3. HanpasneHue peakunm B 3aKpbITOU
cucrteme. Kpurepuu

Ha npakTuke peako BCTpedyaloTcsl U30JUPOBAHHbIE CUCTEMbI, B KOTOPbIX Ha-
MpaBJ€HUE BO3MOXKHBIX MTPOLIECCOB MOXKHO OIPEACIUTD IO UBMEHEHUIO SHTPO-
nuu. K ToMy Ke pacuyeT 3SHTPOIHUU CUCTEM, B KOTOPbIX HAYT peaKLHMU ¢ U3MEHE-
HUEM TeMIIepaTypbl U JaBJCHUSI, BECbMa CI0XEH. bONbIIHMHCTBO XUMHUUYECKUX
peakLy MpPOTEKAET B YCIOBHUAX OTHOCUTEIbHOIO NMOCTOSIHCTBA IABACHUS U TEM-
nepaTyphl (B 3aKpbIThIX CUCTEMAaX). BaxXXHO HAUTH KpUTEPUH Aas ONpeaeaeHMs
HaripapJaeHU$ TaKUX MPOLECCOB.

4.3.1. JHepruga Mmb6¢ca

CornacHO nepBOMY 3aKOHY TepMOJAMHAMUKU, I MPOLIECCOB NpU p, T = const,
COIPOBOXAAIOLLUMXCSI COBeEpLUEHWEeM padoThl TOAbKO OAHOIO BUAA (paclupeHUs
WJIU CXKATUA),

Q,=AH
[ToaTOMY BTOpOJ 3aKOH TEpMOAUHAMUKHU B (popme
TAS 20
NPUHKUMAET BUA:
TAS > AH
AH—TAS<0

I/ICI']OJ'Ib3y51 HaYvYaJIbHBIC WU KOHCYUHLIC 3HAUCHHUA SHTAJALIIUM WM SHTPOIIHMMH,
MNOJIVUHMM.

(Hy—H)—T(5 = 8)=(H,—-15)—(H - T5) =<0

[TOCKOJbKY 3HTAAbIIUS U SHTPONUI — (PYHKUMH COCTOSAHUSI CUCTEMBI, pa3-
HOCTb H — T8 Takke PYHKUMS COCTOSIHUS CUCTeMbI. E€ Ha3biBalOT M300apHo-
M30TEPMHYECKUM MOTEHUMANOM WU 3Hepruei Ind6ca u o6o3HaualoT 6ykBoil G:

G=H-T5

MN3meHeHue 3Hepryuu [nbd0ca npu nepexoae CUCTEMbl U3 cOCTOIHUE [ B CO-
CTOsSIHUE 2 paBHO

G, — G, =AG=AH — TAS

TakuM oOpa3oM, B ciyyae MPOLECCOB, MPOTEKAIOUIUX B 3aKPbITbIX CUCTE-
Max npHu p, T = const, o6a 3aKoHa TepMOAMHAMUKH OOBEAMHSIOTCS OTHUM YC-
JIOBUEM:

AG<(
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cJaraeMblX JOJJKHO ObITb OTpMUATEJAbHBIM U MPEeBOCXOAUTH MO a0COJIOTHOM
BeJIMUMHE BTOpPOE cJlaraeéMoe, €CJaM OHO MOJOXUTEAbHO (MPensiTCTBYET IPO-
TEeKAHUIO NPSIMOM peakLMK). TakuM odpa3oM, peaklivsl MO0 JOJKHA COMPOo-
BOKIATbCsl yBeaAUUeHHeM 3HTponUuH (AS > 0), 1100 ObITh 3K30TEPMUUECKOMN
(AH < 0), 1TMO60 NONXKHBI BBIITOJHSITLCS 00a YCI0BUS.

[1o 3HaUe€HUIO 3HTAAbIMH MOXKHO ONpPEAcIUTh HalpaBjieHUe TOJbKO TEX pe-
aKUUH, rae sHTponUHHbIA dakTop ( 7AS) He BauseT Ha sHepruio [ubdobeca, T. e.
peaklusl [POUCXOAUT MPU OYEeHb HU3KUX TeMIlepaTypax JUOO 3TO peakLiusl,
B XO/J¢ KOTOPOM 3HTPOMUS MpakKTUuecky He usMeHsetcsl. Ecau Bkinaa TAS man,
TO AG = AH. TToaTtomMy 3K30TepMHUueckue peakumu (AH < () uayT caMoIpous-
BOJbLHO B MPSIMOM HarlpaBjieHUH, a JHAoTepMUuUeckue (AH > 0) — aulib B 00-
paTHoM. CrnenoBatesibHO, NpuHUMN bepTaio—ToMmceHa, ¢CBI3bIBalOLIUKN OCYLIE-
CTBUMOCTDb peaKLIM cO 3HAaKOM TeIl10Boro 3¢gpdekTa, BHITEKAeT U3 COOTHOLLCHMUS]

AG=AH—TAS

U BBIMOJHSIETCS J1s1 NPOLIECCOB, MPOTEKAIOIIMX MPH HEBBICOKUX TeMIlepaTypax
WU 0e3 U3MEHEHHS SHTPOIIUMU.

Eciu AH = TAS, T0 AG =0, T. . cucTeMa HaxX0AUTCS B COCTOSIHUM KHUHETU-
YeCKOIo paBHOBECUS MeXKIYy pearecHTaMu W npoaykTtamMu. das CUCTEMbl, B KO-
TOPOU BO3MOKHA oOpaTUMast XUMHUecKasl peaklMsl, 3TO COCTOsSIHUE OTBeuaeT
TaK>Ke TepMOAUHAMUUYECKOMY PaABHOBECHIO. BTOT BbIBOJ OTHOCUTCS HE TOJILKO
K XUMHUYECKHM peaKUKsiM, HO U K (pa30BbIM NepexoaaM ((puszndyeckKuu npouecc),
HarpuMep rJassiliyecst KpUCcTalabl — paciiiaB, KUMsIast XKUAKOCTb — rnap, Ha-
ChILLEHHbIH pacTBOp — KPUCTAJIbl pACTBOPEHHOIO BellecTBa U T. A. (IPH YCI0-
BUU, UTO AG = 0).

[To onpeneneHulo

AG(T)=AH° — TAS®

3aBUCUMOCTb CTaHJApTHOM 3Heprud ITndbdca oT TeMrepaTypbl B MEPBOM TPU-
OJMXEHUU MOXHO CYUTATh JIMHEMHOM, TaK KaK BJAMUSIHUE TeMIlepaTypbl Ha Be-
JUUYUHBL AH® 1 AS® He3HauyuTeabHO. HakJoH »TOM npsiMOM 3aBUCUT OT 3HakKa
U 3HaueHUus1 AS®°. Ha puc. 4.6 nokazaHo, UTO C pOCTOM TeMIlepaTypbl CTAHAAPT-
Hasl aHeprust [no6ca MoxkeT Kak yMeHbIIATLC (npsiMast a), TaK U YBEJIUUUBATh-
cs (npsimas b). s peakKuMid, Mayuiux 6e€3 U3aMeHEHUs1 SHTPONUU, TeMIIepaTypa
HE BJIMSIET Ha HamnpaBjaeHUe (rnpsiMasl ¢). Bce peakliMyu, npU KOTOpPbLIX 00pa3y-
IOTCSI Ta3000pa3Hble MPOAYKTHI UK YBEIUUMUBAETCS 00bEeM peaKUMOHHOH CMecH
(COOTBETCTBYIOT MPSIMOM @), COMPOBOXAAIOTCS YBEJIUYCHUEM SHTPOMUU. DTHU
peaKl U HEBO3MOXHBbI ITpU HU3KUX TeMnepaTypax (AG® > 0 nipu T< 77), HO OCy-
ILECTBUMbI NPU MOBbIWIEHUH TeMrepaTypbl (AG® < 0 npu 7> T)). IlpoTekaHU10
peakKlU U, COMPOBOXIAIOIIUXCI YMEHbILEHUEM SHTPONUU (NpsiMmast ), MOBbILLIE-
HUE TeMIlepaTypbl, HAO0OPOT, NPENATCTBYET (B CTAHJIAPTHBIX YCAOBUSIX): AG°(T')
MepexoJnuT U3 001acTU oTpuLaTeabHbiX 3HadeHU (npu T < 7T,) B 001aCTh 1O-
JIOXKUTENBHBIX (pyU T > T5).
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AG(T) &

AH°<0, AS°=0 c

Puc. 4.6. 3aBUCUMOCTb CTaHAApPTHOHM 3Hepruun [1606ca peakuum OT TeMNEpPaTypbl

3Hasl cTaHAapTHYIO 3Hepruo [166ca, MOKHO OLIEeHUTb U3MEeHEeHUEe XUMHYe-
CKUX CBOMCTB, HAlIpUMep, OKCUJOB 3JIEMEHTOB TpeThero rnepuoja:

Na,O(xkpuct.) + H,O(x) = 2NaOH(kpucT.) AGC(298,15) = —148 kX
MgO(kpuct.) + H,O(x) = Mg(OH),(kpuct.) AG°(298,15) =27 kJIx
AL O5(kpuct.) + 3H,O(x) = 2AI(OH)s(kpuct.) AG°(298,15) =+16 kK

OcHOBHBIE CBOMCTBA 9TUX OKCUAOB 0cCJ1abeBalOT OT HATPHS K AJIIOMUHHIO.

O XxMMHUUeCcKOH aKTUBHOCTHU rajloreHoB M XajJbkoreHos (VIA unu 16-i1 rpyn-
a) MOXHO CYAUTb MO CTaHIAPTHBLIM 3HeprusiM [1606ca obpa3oBaHUS UX ra3o-
0Opa3HbIX BOAOPOJAHBIX COeAUHEHUI, HATIpUMeD:

AG°(298,15, HE) = =270 k/1xx/Monb AG(298,15, HI) = +1 k/Ix/Monb
AG°(298,15, Hy0) = =33 kllx/Monb  AG° (298,15, HyTe) = +138 kXK /Moib

OTpuuatesibHble 3Hepruu Iud6ca ob6paszoBaHuga drToposoaopona HF
U Boabl H,O, 6oablure no abconoTHOM BeIUUMHE, CBUAETENbCTBYIOT O 00€€
BLICOKOW TEPMOJAMHAMMUUECKON YCTOMUHUBOCTH 3THX COCAMHEHUU B CpaBHE-
HUU ¢ nogosoaopoaoM HI u tennyposonopoaom H,Te. B To Xe BpeMst 00Jib-
1as (NoJoXHUTeJIbHAasl) cTaHAapTHAas1 2Heprust [Tnodca odpa3oBaHUsl TEIYpPO-
BOJAOPO/Ja MO3BOJSIET MNpeacKas3aTh 0ecrnepcneKTUBHOCTL MOMNBITOK MPSIMOTo
CUHTE3a U3 MPOCThIX BElLIECTB.

[TOBBILLIEHHYIO XUMUUYECKYIO AaKTHUBHOCTb $-3JIEMEHTOB I10 CpPaBHEHMUIO
C d-31eMeHTaMU WIIOCTPUPYIOT CASAYIOLINE IBE peaKLUU:

2Rb(kpuct.) + ' /,0,(1) = Rb,O(KpHCT.) AG(298,15) = —292 kXK
2Ag(kpuct.) + 1 /,0,(1) = Ag,O(KpUCT.) AG(298,15) = —13 k/IX
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peajqu3aluU rpoliecca U BpeMeHHU ero rnpoTeKaHus. TepMoJUHAMHUUECKHE Ma-
paMeTpbl XUMUUECKON peaKLIMUM HUKAK He CBSI3aHbl C €€ CKOpOCTblo. Peakiiys
¢ 00JIbIUUMM OTpHULATEJbHBIM 3Hau¢HUeM 3Hepruu [u66ca MOryTt nporekatb
MeIJeHHO, U HaobopoT. Hanpumep, yxe npu oObIYHON TeMIlepaType CMecCh
ra3o00pa3HbIX BOAOPOAA U KMCA0pOoJa OO KHA MPaKTHUECKU MOJHOCTLIO Mpe-
BpalllaTbes B Boay (AJ1s1 3Toi peaklMu A,G° = —450 kJIX), 0IHAKO B peaJbHOM
SKCMEPUMEHTE BOAA MPAKTUUECKHM He oOpa3yeTcsl. AiMa3 B OOBIUHBIX YCJO-
BUSIX JOJIKEH CaMOIIPOU3BOJAbLHO MpeBpallaTthbed B rpaduT (TepMOAUHaAMUYE-
CKU 00J1ee YCTOMUUBLIN), OJHAKO B JEUCTBUTEIBHOCTH TAKOIro MpeBpalleHUs
HE MMPOUCXOOMT.

Takoe Kaxylieecsl IpOTHBOpeUre MeXAY TCOPETUUECKHUMU MpeackKa3aHUIMH
U NPAKTHUYCCKUMMU pe3yabTaTaMH O0YCJIOBASHO TEM, UTO B TEPMOJUHAMUKE YUK -
TbIBA€TCSl TOJAbKO HayalbHOE U KOHEUHOE COCTOSIHMUSI CUCTEMbl, HO HE paccMa-
TPUBACTCS MEXaHU3M Iepexoja U He YUYUTHIBACTCS TAKOW MPAKTUYECKH BaKHbI 1
napaMeTp, Kak BpeMsi. PeaabHo J11000¢€ npeBpallueHUe ¢BsI3aHO € IIpeoaoIeHUEM
HEKOTOPOrO 3HEPreTHUECKOro dapbepa: MpoUCXOAUT pa3pbliB CBI3eH B MOJIEKY-
Jlax pearvpylouux BellecTB, NMepecTpoiika KpUCTATIUYECCKON pelleTKH U T. .
Ecau sHepreTHYeCKUM Oapbep BLICOKUHM, TEOpPETHYECKU BO3MOXHAasl peakLUMs]
MPOTEKAeT HACTOJAbKO MEAJEHHO, UTO 3a HEKOTOPBLIA NPOMEXYTOK BpPEeMEHH
B CUCTEME MOXeET He HabI10aaThCsl HUKAKWX MaTepUaIbHbIX U3MEHEHU (peak-
1S «HEe UAeT»). 3aKOHOMEPHOCTH MPOTEKaHUSI XUMHUYECKUX peaKlIMi BO Bpe-
MEHHM M3Yy4YaeT XUMHYECKAsl KHHETHKA.

CkopocTh TOMOIreHHOM peakLMHd — 3TO U3MEHeHMEe KOJIMUecTBa pearcHTa
WJIK MTPOAYKTA B €IMHULIE 0ObeMa 3a €IUHULY BPEMEHU:

¢ v — CKOPOCTb peakKLlMU, Ac — U3MEHEHHe KOHLIEHTpallMu, a Al — BpeMsl,
3a KOTOPOE 3TO UBMEHEHHE [TPOU30LLLIO.

Ecau cKopoCTb peakluM ONpeaessieTcsl o npoaykTy, rnepel ee 3HaueHUeEM
CTABUTCH 3HAK «+»; €CJIU CKOPOCTh OIPEACsIETCS MO pearcHTy, CTABUTCS 3HaK
«—». [TOCKOJIbKY B XHMHWUECKOU peaKLMU BellIeCTBa B3aUMOIEHUCTBYIOT (U 00pa-
3YIOTCS1) B CTPOTO OINpeae/IeHHbBIX COOTHOILLEHUSIX, CKOPOCTb MOXKHO pacCUMUTATD
Mo JI000MY YYACTBYIOLUEMY B HEeil BEILIECTBY.

CKOpOCTh peaKlMU 3aBUCHUT OT MHOTHX (PaKTOPOB: MPUPOAbI pearupyronimx
BELLECTB, ITPUPOALI PACTBOPUTENS (A8 peakKUMH B pacTBOpax), KOHLIEHTpaLWU,
TeEMIIEPaTypbl, IPUCYTCTBUS KATaJIU3aTOPOB, UHTMOUTOPOB U T. 4. I1pU nocTo-
STHHBIX YCJIOBUSIX CKOPOCTb peaKUMH B KAXKAblii MOMEHT 3aBUCHUT TOJBKO OT KOH-
LICHTpALIUH pearcHTOB.

DTa 3aBUCUMOCTb BbIPaXKaeTcsl OCHOBHBIM MOCTYJ1ATOM XMMHYECKOH KMHETHKM:
B KaXnbli MOMEHT BpeMeHU CKOPOCTb XMMHUECKOU peakliMU MPOHOpPLIUO-
HaJlbHa NPOM3BEeACHNI0 KOHLIEHTpALIUi pearupyroliux BeEeCTB, BO3BEeAEHHbIX
B HEKOTOpbIE CTEMEHMU.
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Tak, 1151 HeKOTOpOH peakLIMM MeXXay BelllecTBaMU A, B, D, ...
aA + bB + dD + ... - npoaykThl

3aBUCUMOCTh CKOPOCTHU OT KOHUEHTpaLWUM pEearcHTOB BbIPAXKacTCsl KMHETHYEe-
CKHUM YPABHEHUEM

v=Kke)cgcp ...

[lokaszaTenu cTerneHen ny, 1y, Az, ... HA3BIBAIOTCS NMOPSAKOM PEAKLMH 10 Belle-
crBam A, B, D, ...; X cyMMapHoe 3HauyeHue # = 1| + 1y + A3 + ... — OOIIKM NO-
PSAKOM PeaKIUM.

KospdpuMeHT nponoplMOHATbHOCTU K B KHHETUUYECKOM YpaBHEHUU Ha3bl-
BA€TCSI KOHCTAHTOM CKOPOCTH PeaKLMM; KOHCTAHTa CKOPOCTH K UMCJIEHHO paBHa
CKOPOCTH peakKLUMU NpHu KOHUEHTPAUUUH BCEeX pearupylollimx BelLUEeCTB, paBHOM
CAUHULIE. Cpo = Cg = Cp = | MoJIb/J1. KOHCTAHTBI CKOPOCTH 3aBUCST OT CBOWMCTB
peareHTOB U YCJIOBUH MPOBEASHUS peaKlUMU (IpeKae BCero, oT TeMIiepaTyphbi).

[Tops 1oK Mo peareHTY YacTO HE COBNAAAET CO CTEXUOMETPUUECKUM KO3IPPU-
LIMEHTOM IPU 3TOM BELIECTBE B YPABHEHUU PEAKLIUHU (T. €. BOBMOXKHO, UTO /1| # d,
ny,ZbWUT O.).

Bonpocobi

4.27. Bcerna ayM oAMHAKOBbl KUHETUYECKHWE YPpABHEHUS 1151 peaKLUid, Mpo-
T€KaIOLIUX B COOTBETCTBUU C OJJMHAKOBbIMU XMMUUYECKUMU YpaBHEHHUSIMU?

4.28. JInst sneMeHTapHbIX peakLuWi BBOAMTCS TMOHSITUE <«MOJIEKYJISIPHO-
CTU» — YMUCIA MOJIEKYA, MPUHUMAIOLIMX YYaCTUE B 3JIEMEHTAPHOM aKTE XUMU-
YEeCKOro B3auMOOEHUCTBUSA. MOHO-, OU- U TPUMOJEKYISIPHbIE peakUUU — 3TO
peaklUU MepBoro, BTOPOro U TPEThEro Nopsiika COOTBETCTBEeHHO. BepHo 11 00-
paTHOE yTBepXKaeHHE?

4.4.2. OaHocTOpOHHUE peakuun

HCKOTOpble PCaKL MU B OIIPCACICHHDBIX YCJIOBHUAX ITPOTCKAIOT JAHWILIDb B OJHOM Ha-
IpaBJICHHUHNU OO MMPAKTHYCCKHU IMOJIHOI'O HCYHEC3HOBCHUA MCXOJHBIX BCLICCTB, T. €.
PaBHOBCCHUC B HUX OYCHbL CMJIbHO CMCLICHO B CTOPOHY O6p830BaHHH ITPOAYKTOB.
Takue p€aKUMHU HAa3blBAOTCH KHHETHYECKH HGOﬁpaTl’lelMl’l UJINU OJHOCTOPOHHUMM.

K OAHOCTOPOHHUM PCAKLHAM Repeoco ﬂOpﬁdfCa OTHOCATCA B OCHOBHOM pPC-
dKIIWUH PA3JTOKCHUS.

N205 —_ 2NO2 + 02
CH3OCH3 — CH4 + H2 + CO

B o6uiem CAydac YpaBHCHHWC PCAKLIMKA TICPBOIoO IOpAIdKa MOXKHO 3allCATDb
B BUAC.

A — NpOAYKThI
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Ecau B HavajsbHbIA MOMEHT BpeMeHU (f = (}) KOHLIeHTpallUs BellecTBa A paB-
Ha a, a Uepe3 HEKOTOPOE BpeMsl OHAa YMEHBbLIWAACH Ha X, B 11000 MOMEHT Bpe-
MEeHH CKOPOCTb peaKLHU:

Ac

v=—n=k(a-x)

At
Eciu 3anucarb 370 BhIpaxkeHue B BUaAe AU dpepeHUMATbHOTO YpaBHEHUS U MPOUH-
TErPUPOBATL €ro, MNOAYYMM KMHETHUECKOE YpAaBHEHUE peaKliiy e pBOro rnopsaka:

In—2— = kt
a—Xx
WU
kzllni
I a—-x

M3 nocaeaHero ypaBHeHUsI BUAHO, YTO pa3MePHOCTb KOHCTAHTbl CKOPOCTU pe-
AKIIMIi MEPBOTO MOPSIAKA COOTBETCTBYET O6pAaTHOMY BpeMeHH (77') U ee MOXHO
BbIpasKaTh B ¢\, MUH ', 4" U T. 7. (B 3aBUCUMOCTHU OT BbIOPAHHOW pa3sMepHOCTH
cKopocTHh). KoOHLIeHTpallMM BEe1ECTBA BXOASIT B KHHETHUECKOE YpaBHEHME B BH/IE
OTHOLLIEHHS, [TO3TOMY UX MOXHO BbIPa’kaTb B JI0ObIX OJUHAKOBLIX €IMHULIAX —
3TO HE NOBJIUSET Ha YUCAEeHHOe 3HaYueHUe KOHCTAHTbl CKOPOCTU peaKLMH.

K peakuusim smopoeo nopsaodxka OTHOCSITCS, HanpyuMep, peakliysl o0pa3oBaHUs]

HOA0BOAOPOd4d B ra3oBou (1)336
H2 + 12 —_ 2H]
U peaKlius pa3jioxeHus1 okcuaa azota(lV)

2N02 — 2NO + 02

[lo BTOPOMY IIOPAIKY IIPOTCKAKOT JICMCHTAPHLIC 6I/IMOJ'[6KyJ'alHbI€ p€aKL MU
C Y4aCTHCM daTOMOB U CBOOOHbIX padnuKajaloB, K3THUM PCAKLIUAM OTHOCATCA IIPO-
MCXKXYTOYUYHbLIC CTAAVNHN MHOI'IX XUMHWYCCKHUX peaKunﬁ.

3anuuieM CXCMY pPpCaKLIMUH BTOPOIO IOPAIKA:

v,A + v,B — npoaykrhl

Ecau B HayanbHbBIA MOMEHT BpeMeHHU (7 = () KOHLUeHTpallMu BeliecTB A U1 B
paBHbl @ U b COOTBETCTBEHHO W Uepe3 HEKOTOPOE BpeMsl ! KOHLEHTpalus A
YMEHbUIWIACh Ha X, CKOPOCTh peakKLUH:

v _AX_ k(a—x)(b——v—zx]
Al Vi

[IpovHTEerpUpoBaB COOTBeTCTBYIOLIee AUddpepeHLIMaTIbHOE YpaBHEHHUE,
MOXKHO MOJYUHUTb KUHETUYECKOE YpaBHeHUE peaKLIMU BTOPOTo Mopsiaka:
1 ]

=kt
a—X d
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NN

1{ 1 1Y 1 X
k =] —/—————— | T —»
Na-x a/) I ala-x)
BunHo, 4TO B pa3MepHOCTb KOHCTAHTbl CKOPOCTH peakKlM¥ BTOPOTO MOPSI/-
Ka BXOJSIT BeJIMUMHBI, 0OpaTHbIe BpEMEHU U KOHLUEHTPALMHU, T. €. HA UUCJICHHOE
3HaYeHME KOHCTAHThl CKOPOCTH BJIMSIET BLIOOD €€ pa3MepPHOCTH.

M3BeCTHBI TaKKe peaKLIMU mpembeeo nopsadka, Hanpumep razodaszHasi peak-
LISl OKUcTeHUs1 okceuaa aszota(ll)

2NO + O, =2NO
U peaklisl BocCTaHOBAeHUs xjaopuaa xenesa(lll), nporekaloliasi B pacTBOpe
2FeCl; + SnCl, = 2FeCl, + SnCl,
YpaBHeHHMe peaKliMM TPEThero NopsiaAKa MOXHO 3aMMcaTh B 00LLUEM BH/IE:
A+ B+ C — npoaykThl

B npocteiinieM caydae, Koraa UCXOJHbIe KOHLIEHTpaLlMU BCeX peareHTOB OJIMHA-
KOBBIE, T. €. CAo = Cg = Cc = @, CKOPOCTb 3TOH peaKLNU:

AX 3
=—=k(a-x
v=——"=Fka-x)

[locne UHTCIPUPOBAHHWA COOTBCTCTBYIOLICTO ﬂ,l/l(b(bepeHLl,MaﬂbHOFO YPaBHCHIA
ITOJIVHUM.

1 L1
2t (a-x)* &

B obuieM ciyuae, Koraa peareHTbl HMEIOT pa3Hble UCXOAHblE KOHLIEHTpAaLUU d,
b, ¢, CKOPOCTb peaKliuu:

AX
v=—n=k(a—x)(b—x)(c—x)
At
[TpouHTEerpupoOBaB COOTBETCTBYIOWEE AUPPepeHIMATbLHOE YpaBHEHUE, 110-

JAYUYUM KHNHCTHUYCCKOC YPABHCHHUEC PCAKLIMHA TPCTLCTIO MOPAAKA.

k= Ha- b)(bl- c)(c—a) in [ afx]H (bTbx)ca (cTch—b_

151 peakliMy MepBOro rnopsiika, B COOTBETCTBUU C €€ KUHETHUUECKUM ypaB-
HEHUEM, BLINOJHSIETCS JUHEHHAasl 3aBUCMMOCTL JorapudpmMa KOHLeHTpaluun
OT BpeMeHHU. a1 peakKlMHU BTOPOro nopsiaka Takasl 3aBUCUMOCTbL HabJloaa-
eTcsl B KoopauHaTtax |1 /(a — x) — 1. AHaATOTUUHBINA rpapuK MOXHO MMOCTPOUTDL
JUISI peaKlMUM TpeTbero nopsiaka. Jas onpeaeaeHust o0L1ero nopsiaka peaklium
CTPOSIT rpadUKHU B pa3IMUHBIX KOOpAUHATAX (MCIOJAb3Ysl SKCIIepHUMEHTAJIbHbIE
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lg ¢
a o

Puc. 4.7. OnpeneneHue CKOPOCTU peakliny (&), a TAKKE Nopsiaka
1 KOHCTaHTbl CKOPOCTH peakLunu (6) rpapruuecKUM METOAOM

AaHHBIC O KOHUCHTPpalWKX OOHOIo M3 Yy4aCTHUKOB PCaKIIUHU — pPCarcHTa HMJIH
MNpoayKTa — B pa3HbIC MOMCHTDI BpeMGHM) C TEM, yTOObI [TOJAYYUTD HMHeﬁHy}O
3AdBUCHUMOCTD.

ﬂ,J’lH OINpPCOCACHUA TTOPAAKA PCAKLIUH MO PCATCHTY TAK2KC MOKHO HCITOJIB30-
BaTb rpadpudeckuii Metoa. CKOpOCTh peakllMy #-T0 MopsiaKa o paccMaTpUuBae-
MOMY BCLICCTBY PaBHA

v=kc"
WIKH
lgv=Ilgk+nlgc

rae ¢ — TeKyulasi KOHLUESHTpallUs pearupylouiero BeuiecTna.

Jns1 onpeaeaeHus nopsiaka cHauyasna CTposiT rpadpuK 3aBUCUMOCTHU KOHLIEH-
TpallMd OT BpeMeHU. [1poBoasT KacaTeabHble K KpUBOH B TOUKAX, COOTBETCTBY-
IOLIUX PA3/IMUHBIM MOMEHTAM BPEMEHHU 1y, fy, ..., U HAXOAST IO TAHTEHCY YIJa
MX HAKJIOHA CKOPOCTH PEaKLUUHU V|, Vs, ... (pUC. 4.7, a). 3aTeM CTPOST rpad K 3a-
BUCUMOCTH Jlorapupma CKOpPOCTH OT Jiorapudrma KOHLUEHTpALUU (¢, C5, ...): CO-
rJ1aCHO MOCJeIHEMY YPaBHEHUIO, 3TO NpsiMasi, TAaHTe€HC yIrja HAKJI0HA KOTOPO
paBeH MOPSIAKY peakKLM1, a OTCEKAeMblid HA OCU OpAUHAT OTPE30K — JoTapUPMy
KOHCTAHTbI CKOPOCTH (pUc. 4.7, 0).

CyLIECTBYIOT TakKxXKe ApYrue MeToAbl oIpeaeceHUs] Mopsiaka peakliMU; Kak
MPaBUJIO, JJIS 3TOr0 HEOOXOJUMO COUYETATh HECKOJIbKO METOI0B.

Bonpochl

4.29. Kak onpeleanTb NOPSIAOK peaKliuu, eCiIy KOHLEHTpaluy OJHOro Uiu
HECKOJbKUX peareHTOB He MEeHSI0TCS BO BpeMeHU?

4.30. Hanumure B o0OLIEM BUAE KUHETHUYECKOE YpaBHEHUE peakLUH #1-TO
nopsaka.
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4.4.3. BnnaHune temneparypbl Ha CKOPOCTb
XUMMNYECKOU peakuumn

[loBbllIeHUE TeMIIEpaTypbl, KaK MPaBuao, MPUBOAUT K YBEJIUUYEHHIO KOHCTAHTDI
CKOpOCTHU peakuru. CornacHO npaBuiy BaHT-I’od)(ba1 TeMIIepaTyYPHbI KO2P-
(PULIMEHT CKOPOCTU Y, PABHBIKM OTHOLIEHUIO KOHCTAHT CKOPOCTU peakLMU IpHU
temnepartypax 7'u (7'+ 10), usMeHsieTcs B ripeaeaax ot 2 1o 4:

kT+10 _ 2+ 4

s

[1pu u3MeHeHUU TemrniepaTtypbl oT 7 10 (T + 10n), roe # MOXET ObITb MOJOXH-
TeJAbHBIM UJIW OTPHULIATEAbHBIM, LIEJbIM UJIHW APOOHBLIM YUCIOM, MOXKHO OIpeae-
JIUTh TeMIIEpaTypHbIi KOM@ULMEHT Y CeAYIOLIE (hOPpMYJION:

n_ kT+10n
Kr

v

[IpaBuio BaHT-Todda npuUOIMKEHHOE, OHO MOJYYEHO 3SMIUPHUUYECKH.
TemnepaTypHbl KO3M@PULMEHT 3aBUCUT OT TeMIIepaTypHOTO UHTEpBaaa: rpu
BBICOKHX TemmepaTtypax Yy — 1. I1oaToMy 3TO npaBUI0 MOXKHO UCIOJb30BATh
TOJIBKO 1J1S1 MOJYKOJUUYECTBEHHbIX OLEHOK B 00J1aCTU CpaBHUTEAbHO HU3KHX
TeMneparTyp.

boJiee TOUHO 3aBUCHUMOCTb KOHCTAHTBI CKOPOCTU OT TEMIIepaATypPhl NepeaacT-
Csl ypaBHEHUEM AppeHuyca:

lnk=—£+C
T

rae B u C — nocTosiHHbIe, XapaKTepHble 1J1s1 JaHHOU peaKlIMU U HE 3aBUCSLLIME
OT TeMIlepaTyphl.

YpaBHeHUe AppeHUuyca TakKe ObL10 NMOAYyUYeHO IMIIUPUUECKU, HO 3aTEM OHO
MOJYUYUIO U TeopeTUUeCcKoe 0OOCHOBaHUE.

[Ipu BuIBOZIE ypaBHEHUSI AppeHUYC MPEAION0XKWI, UTO B peaKLIMIO BCTYNAIOT
He BCe MOJIEKYJIbI, a JIULIb Te, KOTOPble HAXOAATCS B aKkmugHom cocmosgrui. dr1o-
Obl peaKliUg cTajJa BO3MOXHOM, BCcs cUcTeMa, coJaepkallast MHOXKeCTBO YacTUll,
JOJXKHA 00JlaJaTh HEKOTOPOU MUHUMAJbHOW JHeprueil U XapakTepUus3oBaThcs
MoAXoAsiliel NMPOCTPAaHCTBEHHON opUeHTallMel 2TUX JacTull. B ciyuae oOblu-
HbIX IOMOTE€HHBIX peakLUMil MMUHUMAJbHYIO DHepruio, Kotopass HeoOxoauma
114 nepeBoja | Moab MoJIeKYJl U3 OObIYHOTO COCTOSIHUSI B aKTUBHVIO peaKliv-
OHHOCMOCOOHYIO (hOPMY, Ha3biBalOT 3Heprueil akrupanuu E,. 3T1a BeJMUMHA CO-
OTBETCTBYET Pa3HOCTU MeEXAY cpeaHel sHeprueil pearMpylolux YacTULL U BCex

' BAHT-TOO® k06 XeHnpuk (1852—1911) — roftaHACKUHA XUMUK, OTHH U3 OCHOBOTIONOXHUKOB (hH -
3U4ecKol XUMUH U cTepeoxuMU . [1epBoiit naypeat HobeneBckoli npeMuu no xuMuu (1901 r).
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In &£

0 1/T
Puc. 4.8. Ipajduk 3aBucumoctu Inkor 1/7

YyacTHL, MMEIOUIMXCS B TaK HAa3blBAEMOI1 «CUCTEME peareHTbl — NPOAYKTbI» (TeEp-

MUH BBeJ B 1920-x rT. Toamen?).
KoOHCTaHTa CKOPOCTH peaKLMU CBsI3aHa ¢ Hepruell akTUBALIUU:

k _ Ae—Ea /RT

WK, cuuTast KoahduumeHT A paBHBIM €, nociae JorapudMUPOBAHUS MOTYUUM:

Ink=— E, +C
RT

Kaxk BUAHO M3 3TOro ypaBHEeHUS, AorapuPmM KOHCTAHTbI CKOPOCTU — JIU-
HelHast (PpyHKLMUSI OoOpaTHOM TemMmepaTyphl ('T_l). [TosToMy nas1 3Kcnepu-
MEHTANbHOrO OrnpeacaeHus £, HaXOASIT KOHCTAHTHI CKOPOCTHU peakLHH IpHU
HECKOJbKUX TeMIlepaTypax U CTpodaT rpadpuK 3aBUCUMOCTU B KOOpIUHAaATAX
Ink — 1/7 (puc. 4.8). OTpe30oK, oTceKaeMbli MpsIMOM Ha OCHU OpAMHAT, paBeH
KoHcTaHTe C, a 3HepIrusl akTUBALUMU BBIUUCASIETCSI U3 TAHTE€HCA YIJjla HaKJIOHA
NpsIMOH.

Ecnau M3BeCTHbl KOHCTAHTHI CKOPOCTH peakKUMM IMpH ABYX TeMIiepatypax 7
U T,, SHEPIryuIo aKTUBALIMU MOKHO BBIYUCIUTL MO (hOpMYJIE:

lnkz_Ea(l_l)
ko R\T T,

rne K U k, — KOHCTAHTBI CKOPOCTH NpH TeMmneparypax 7; u 7s.

Bonpocel

4.31. /1151 KaKUX 4yaCTHL, — MOJIEKYJ, ATOMOB WU CBOOOIHbIX paJHKAIOB —
SHEPrusl akTUBaUUU peakliuy 0oJiblie?

4.32. Bceraa nu noBbillieHHUE TeMIIepaTypbl [IPUBOAUT K YBEJIHUEHHUIO CKO-
POCTU peakKlunu?

' TOJIMEH Puuapn Yeit3 (1881—1948) — aMepuKaHCKUil DUBMK-MATEMaTUK U (DU3UKOXUMUK; UCCTIe-
J0BaHUS B OOJIACTH CTATUCTUUECKON MEeXaHUKHU.
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4.5. HanpasneHue OKUCNUTENbHO-
BOCCTAHOBUTEJIbHbIX peakuumn

4.5.1. FfanbBaHN4YeCKue 3N1eMeHTbl 1 OKUCIINTENbHO-
BOCCTAHOBUTEJIbHbIE 3NIeKTPOAbl

JI1000i1 CcaMOIMNpPOU3BOJBbHbLIA MPOLIECC MOXET ObITb MCTOUHUKOM padoOTHI,
HO TOJILKO TPU €ro NpoOBeASHUHN B COOTBETCTBYIOLLEM YCTpOUCTBE. B X016 OKHC-
JIMTEJIbHO-BOCCTAHOBUTEAbHOU peakuuu (OBP), npotekawlweili B npodupke,
KoJ0€e, XUMHUUECKOM peaKTope U T. 1., HEMMOCPEACTBEHHbIU MEPEHOC ICKTPOHOB
OT BOCCTAHOBUTEASI K OKUCJIUTEIIO HE COMPOBOXKAACTCS COBepllieHHeM pabo-
Thl. B raibBaHUYECKOM 3JIEMEHTE, I/1e MMPOLECChl BOCCTAHOBICHUS OKUCTIUTENS
U OKHUCJIEHUS] BOCCTAHOBUTES pa3aeaeHbl (ITPOTEKAlOT Ha pa3HbIX 2J1EKTPOJax),
a BJICKTPOHBI MEPEXOASAT OT BOCCTAHOBUTEJISI K OKUCIUTEIO HE HANPSIMYIO, a Ye-
pe3 METAIMUECKUU MPOBOJHUK, COCAMHSAIOIIMN 21eKTpoabl {puc. 4.2), OBP
CJIYKUT UCTOUHUKOM 3JIEKTPUUECKON padOTHI.

[Ipole Bcero sl OCYIUECTBACHUSI OKMCIHUTEAbHO-BOCCTAHOBHUTEIBHOIO
npolecca ONyCTUTb IMJIACTUHKY MeTalia (3JeKTPod) B pacTBOP COJU TOTO XKe
MeTalla (2JIEKTPOAUT). Tak, ec/iv ONYCTUTh B pacTBOP CyJib(paTa MEaAU 00E3KHU-
PEHHYIO U OUUILEHHYIO OT OKCUJIHOM TJIeHKHU MEAHVIO MJIACTUHKY WJIU NPOBO-
JIOKY, Ha MOBEPXHOCTH MEIHOIO 3JIEKTPOAa NPOUCXOAUT OOPATUMbBIH MPOLECC:

Cu(t) =2 Cu”(p-p) + 2€

[Ipy >TOM Ha MeJHOM MJIACTHHKE (3JIeKTPOo/Ie) BO3HUKAST OTpULIATEAbHbIN
JIeKTPUUECKUI NOTeH1IMAal, TaK KakK, eCau UCXoAHast KOHUESHTpaUWsl KATUOHOB
Meau(ll) B pactBope (BOIM3M MOBEPXHOCTH JIEKTpoaa) Oblaa HEOONAbILOM, Ka-
TUOHbI MEJU NEePEXOISIT U3 MeTal/Ia B paCTBOP, a 3JIEKTPOHbBI OCTAIOTCS] B METAJ -
je. B pesyabraTte 3/1eKTprUueCcKU MoTeHLMAa [TOBEPXHOCTHU MeTaljla CTAHOBUTCS
0oJsiee OTpULIATEeAbHBLIM, Iepexo] KaTUOHOB B pacTBOp (TOYHee — B MPUDJICK-
TPOAHYIO 00JIACTb) 3aMEATSIETCs, U Yepe3 HEKOTOpOoe BpeMsl yCTaHaBIUBAETCS
3JIEKTPOAHOE PpaBHOBecHEe TPU HEKOTOPOM MOTEHLUaAE 2JeKTpoJa, KOTOpbIH
onpeaesisieTcsl nepBoHavYaJibHOM KOHLeHTpauueid katuoHoB Menu(ll) B pac-
TBOpe (M3MEHEHUE UX KOHUECHTpALUMUHW B pe3yJbTraTe OIMCAHHOro Ipouecca
rpeHedpexxruMo Maio). I1pu yBearuyeHUU UCXOOHOW KOHLEHTpaUuWU MOTESHIIU-
aJ100pa3ylox UOHOB B pacTBOpe MNMOTEHLMaA MeTalaa ([ocjae yCTaHOBJIEHUS
paBHOBECHSI) CTAHOBUTCSI MEeHee OTpUUATeJbHbIM. ECIU OT 3aeKTpoaa, Haxo-
JSIIErocst B paBHOBECUU C pacTBOPOM, OTBOJUTL 3JAEKTPOHbI, MeTalIUYeCKUN
AJIEKTPOoa (Hanpumep, MeOHbI) pacTBOPSETCS, €CJIH Xe MOABOAUTDL BJIEKTPO-
Hbl — MPOUCXOAUT BJIEKTPOOCaAXKISHUE 2TOr0 MeTajla U3 pacTBoOpa. BIEKTPO-
Ibl, OOpaTHUMbI€ MO OTHOLWICHUIO K KATHOHY, Ha3blBAlOT 3JEKTPOJIaMH NEPBOro
poaa. M3BeCTHBI TakxXKe 3JeKTPOoJbl BTOPOro poaa, oopaTUMble MO OTHOLIEHHIO
K aHUOHY, U TaK Ha3blBAEMbIE «OKHCJIUTEIbHO-BOCCTAHOBUTE/IbHbIE 3JIEKTPOAbI»,
Ha KOTOPbIX MOXET [IpOTeKaTh, HAIpUMeED, CIeayiollas MoJypeaKkLys:

Fe’t + € = Fe*
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Puc. 4.9. Cxema usmepeHusa 1 C oKMCIUTENbHO-BOCCTAHOBUTENBHOU
peakumMu Boaopoaa ¢ xaopom: H,(r) + Cly(r) —» 2ZHCl(p-p)
(aHOA), TOe COCOUHSIOTCS ¢ aaAcopOUpoBaHHLIMU MoJiekyaaMu Cl,, KOTOpbie
BOCCTAHaBAUBAIOTCS 10 MOHOB Cl™ M nepexoasiT B pacTBop B BuUae HOHOB Cl .
Takum o06pa3oM, B pacTBoOpe (BHYTPEHHSISI LieMb) UMEIOTCS 1Ba BHUJA MEPEHOC-
4YUKOB 3apsiaa — noHbl H;O™ u CI™.

B paccMOTpeHHOM TrajlbBaHUUECKOM 3JIEMEHTe MOTEeHUHAJ BOAOPOIHOTO
anekTpoaa (napsl H'/H,) 6onee orpuuareneH, yueM y xaopHoro (napsl Cl,/Cl7);
S C ransBaHuueckoro aieMeHTa (3 C cooTBEeTCTBYIOLIEH peakKLMK) ONpeae-
JISIETCS KaK pa3HOCTb MOTEHLUAIOB

AE=A¢=0("/,Cl/CI") — o('/,H"/H,)

Bonpochi
4.33. MOXHO JIU UBMEPUTH MMOTEHLUMAJ DJIeKTpoaa?

4.34. B snemenTe JlaHuenss—HAKoOM NpU paBHbLIX KOHLIEHTpaLUAIX (HaNpU-
Mep, 1 Moab/1) cyiabdhaTa Meau M cyabdaTta HIMHKA B pacTBOpax, pa3aeJeHHbIX
anagparmoit, 31C = 1,102 B. Paccuntaite 31eKTpHUUECKYIO padoOTy, MpPOU3BO-
AUMY10 3TUM TFaJlbBAaHUUECKHUM 3JIEMEHTOM.

4.5.2. CraHpapTHble OKUCNNTENbHO-
BOCCTaHOBUTENbHbIE NOTEHUManbl

OKHCJ’[MTCJ’IbHO—BOCCTaHOBMTeﬂbHle CITIOCOOHOCTDb Pa3HbIX BCLUCCTB MOXKHO
CpaBHHUBATL, U3MEPAA UX IJICKTPOAHLIC MNOTCHLHWAJIbBI OTHOCUTC/IIBHO OAHOI'O
H TOI'O 2KC JJICKTpPOAd4d, MNOTCHLUWAJA KOTOPOIo yCJIOBHO MOKHO IPUHATL PABHLIM
HYJI10. I/I3M6p6Hl/l$1 [MNpOBOAAT B CTAHIAPTHLIX YVCAOBUAX! TINPU KOHUCHTpPAlLIUH
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BCE€X MOHOB, YUACTBYIOLUMX B 3J€KTPOJAHBIX ITpoueccax, | Moab/1, napunuajibHOM
JaBJIEHUU BCeX razoo0opasHbix KOMNOHeHTOB, 101325 [1a (1 at™M) U MOCTOSIHHOM
TeMnepaTtype (Kak npasuio, 298,15 K).

CTaHaApTHBIM 3J1€KTPOOOM CpaBHEHMUS C YCIOBHBIM 3HaAUYeHHEM MOTEHLIMAala
¢©° = 0 (npy BCexX TeMneparypax) CUMTAIOT CTAHAAPTHBIA BOAOPOAHbIA 3JEKTPO
(BD), Ha KOTOpOM NpOTEeKaeT MoJaypeakLnsi BOCCTAHOBJICHUSI:

YH,0" + 28 = H,(r) + 2H,0
WU, YIIpoluast
2H" + 2€ = Hy(r)

CTtanaapTHblii BOAOPOAHBbIN 3JEKTPOA CAeJaH M3 MJIaTUHOBOM IJACTUHBI UK
NPOBOJOKH, IMTOKPBLITOH CJIOEM TaK Ha3biBaeMOM «I1J1aTUHOBOM YE€pPHU» (MEIKO-
3epHUCTOrO MOPOLLIKA MIATUHbI), KOTOpAasl IOrPyKeHa B BOAHbIM pacTBOP CUJb-
HOW KUCHOoThl ¢ KoHLeHTpalveil [H;0] = 1 moab/a (puc. 4.10). Uepes pacTBop
NPOIYyCKAIT MOJEKYASPHbLIM BOAOPOA, JaBJI€HHE KOTOPOro IOAAepXUBAIOT
paBHbIM | aT™M. [1pu agcopObuMu Ha MOBEPXHOCTH IJIAaTUHbLI MoaeKyabl H; pac-
rnagaloTcsl Ha aTOMbl, KOTOPble MOTYT OKUCASITLCS (OTAaBaTb CBOU DJICKTPOHbBI
MJIaTUHE) U NEPEXOAUTD B pacTBoOp B BUuae MoHoB H;O™. I1naTuHoBast YepHb UMe-
€T pa3BUTYIO [TOBEPXHOCTDb, O1aroaapsi YeMy CJAYKHUT KaTaau3aToOpOM 3TOTO Ipo-
Lecca, BpeMsi KOHTaKTa MoJiekya H, ¢ mjaTHHON YyBEJIUUYMBAETCS U CO3A0TC
YCIO0BHS A8 IPOTEeKaHUsI Ha 3JIeKTpoae OKUCIeHKsI aTOMapHOT0O BOAOpOAA.

Hast onpenejeHUs CTaHAAPTHOrO MoTeHUMajaa JOOoro 3JeKTpoJa OTHO-
cuTeJIbHO BD 00a a1ekTpoaa coeaMHSI0T, HanpuMep, Kak B 3j1eMeHTe JdaHue-
JAs1—AKOoOH, ¢ MOMOLIBIO CTEKISIHHOW TPYOKHM, 3aroJJHEHHOH KeneoOdpa3HbIM

~

[

A

Puc. 4.10. CxeMa cTaHAapTHOIO BOAOPOAHOIO 3JEKTPOAA



4.5. HanpaBneHne OKNCINTENbHO-BOCCTAHOBUTEBHbIX PEAKLINIA 101

pacTBOPOM XJIOpHJa Kajlus (K HeMy aobaBiaeH arap-arap), u usmepsior 3C
CO3JaHHOTr0 TaKMM 00pa3oM rajbBaHHYeCKOro 3jeMeHTa. HanpapiaeHue nony-
peakKlMH, NMpoTeKalollel Ha CTAHAAPTHOM BOJAOPOAHOM 3JIEKTPOAE, ONpeacsi-
eTCs MoJypeakKuue Ha BTOPOM 2JIeKTpoae (I10c/ie 3aMblKaHUS 3JIEKTPUUECCKOM
LHeNU BHEUIHUM METaNTUYEeCKMM MPOBOAHUKOM). ECIM Ha BOJAOPOJIHOM 3J1€K-
Tpoae (BD) noaypeakiius

2H,0" + 28 = H, + 2H,0

MPOTEKAET B OOpPAaTHOM HanpapiaeHUU, TO H, OKUCIAETCS, a BELeCTBO HA CMEX-
HOM 3JIeKTpoAe BoccTaHaBauBaeTcs. CleaoBaTe/JIbHO, B 3TOM CJyyae CTaH-
JAPTHBIU OKUCJIUTEIbHO-BOCCTAHOBUTE/IbHBIM MOTEHUMUA paccCMaTpHUBAeMOToO
BELUECTBA IMOJOXKUTEAbHBLIM (MO CpaBHEHHIO CO CTAHAAPTHBLIM 3JIEKTPOJHLIM
MOTEHUMATIOM BOAOPOAA).

Ecau noaypeakuuss Ha B3 mpoTekaeT B npsiMOM HalpaBJIeHUU, TO HOHBI
H,0" BoccTaHaBAMBAIOTCS, a BELECTBO HA CMEXKHOM DJIEKTPO/IE OKHUCISIETCS —
ero CTaHAApTHbIA OKMUCIUTEJIbHO-BOCCTAHOBUTEIbHbIM IMOTEHLIMAA OTpULIA-
TebHBIN (110 cpaBHeHUIO ¢ BD).

[1pu U3MepeHU U CTAaHAAPTHOTO OKUCINUTEIbHO-BOCCTAHOBUTEALHOIO IMMOTEH-
LiMaJia rnapbl «KaTUOH MeTajlsia/MeTalan» (HarpuMmep, A13+/Al, Zn* /Zn, Fez+/ Fe,
Sn**/Sn, Pb*"/Pb, Cu**/Cu, Ag"/Ag, Au™/Au U Ap.) B KauecTBe SIeKTPOAA MO-
JKET UCIOJb30BATLCS caM MeTall. [ToTeHumnan, u3MepeHHbIN B TAKWUX YCJIOBUSIX,
Ha3bIBAIOT TAKXKE 3JEKTPOAHbIM NOTEHUKAIOM.

[ToTeHUMAaNBl pa3/IMUHbIX OKUCIUTEAbHO-BOCCTAHOBUTEIbHLIX Map, HU3Me-
peHHbIE (10 CTAHAAPTHOMY BOAOPOAHOMY BJCKTPOLY) B CTAHIAPTHDIX YCIOBUSIX
npu 25 °C (298 K), npuBeaeHbl B CIIPAaBOUYHbIX TadJULIAX {(CM. TPUJTOXKEHUE).
BausiHue temnepatypbl Ha OB-noTeHUManbl HEBEJIUKO, MMO3TOMY NMPH TEMIIE-
patypax 0—100 °C nouTtu Bcerna MOXHO MCIIOJb30BaTb TAOJUUHbIC 3HAUEHMUS
CTaHAAPTHBLIX MOTeHUMAN0B. [1py HEOOXOAUMOCTH MOXKHO TaKXe UCIOJb30BaTh
(popMyJibl, ONUCHIBAIOLIUE TEMIIEPATYPHYIO 3aBUCUMOCTb CTAHIAPTHBIX NOTEH-
LLMAJIOB.

Psn MeTasnoB, pacrioJioOXEHHBIX B MOPsIAKE YBEAWYEHUSI CTAHAAPTHOTO
OKMCAUTEJbHO-BOCCTAHOBUTEBHOIO MOTEHLMaAa Napbl «kKATHOH MeTalljia/Me-
TajJl», Ha3blBAETCS JJIEKTPOXUMHUYECKUM PAAOM HanpsikeHud meTaanoB (DXPH;
CM. MIPUJTOKEHMUE):

Li Rb .. Sn Pb H Sb Bi .. Pt Au

B cTaHaapTHBIX YCIOBHUSAX METALbl, CTOSILLIME B 3TOM psiay jJeBee (¢ 6oJiee OT-
pULATEAbHbIM 3HAYEHUEM (0°), BOCCTAHABAMUBAIOT KATUOHbI METAIOB, paclio-
JIOXEHHBIX npasee (C 60Jiee MOJOXKUTEIbHLIM 3HaUeHUEM (°). MeTanbl, CTOS-
LKME JeBee BOAOPOAA, pearupyloT ¢ KUCIOTAMU-«HEOKHUCIUTEISIMU» (HanpuMep,
¢ HCl u H,SO4(pa36.)), Bocctanasnupast H™ 1o H,(r); MeTamnbl, cTosgume npa-
BEE€ BOJAOPOJA, B OOLIUHBIX YCJIOBUSIX ¢ KATHOHAMU BOJOPOJA HE pearupylor.

M3MepUTh OKUCIUTENbHO-BOCCTAHOBUTEAbHbINA MOTEHLUMUA HEKOTOPLIX I0-
JlypeakKlIMii BOCCTAHOBJEHUWSI HEBO3MOXHO; €ro pacCUMTbHIBAIOT, UCIOAb3YS U3-
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okucauteab — H-0,, o = ©°(H,0,/H,0) = 1,76 B; BoccTaHOBUTEIb —

Na,SO;, Qox = 0°(SO7 /SO = —0,10 B (cM. npuioxeHKe Ha caiiTe u3aaTellb-

CTBAa). Hainem PA3HOCTDL CTAHAAPTHbBIX OKHUC/IUTEJIBHO-BOCCTAHOBUTCJILHbBIX I10-
TCHUHWAJTOB.

A9° = ¢°(H,0, /H,0)- ¢°(SO; /SO )=1,76-(-0,10)=1,96 B

S C sTOoro BoodbpaxkaeMoro ralbBaHUUYeCKOro DJIeMeHTa — IOJOXUTENbHAas Be-
JIMYUHA, TO3TOMY 3Ta peakLMsl B CTAaHAAPTHBIX YCJIOBHUSIX CAMOIIPOU3BOJILHO MPO-
TeKaeT B MPSIMOM HarlpaBleHUM, U sHeprus [11060ca 3T1oil peak MU OTpULIaTeIbHA.

B kucoii cpenie U3GLITOK MOHOB H™ criocoBCcTBYET CBSI3bIBAHUIO AaTOMOB KUC-
JIopoAa, OCBOOOXIAIOLIMXCA TPHM BOCCTAHOBJAEHUMU KHUCIOPOACOAEPKALLETO

_ _ p
aHWOHA MU NpH ero npespaiueHuy B akBakatod ( Cl10; — ClO;; CnO7 —

— [Cr(H20)6]3+; MnO; — [Mn(H20)6]2+), B pe3yJabTaTe UEro OKUCIUTEIbHbIE

CBOICTBA KHUCJTOpOOCOICPKAILLIMX aHHWOHOB YCHUJIMBAKOTCA. LL[CIIOLIHEIH cpcaa
YCUJIUBACT BOCCTAHOBUTCAbHLIC CBOMCTBA TeX BCLICCTB, B INOJIYPCAKILIHUAX OKUC-
JJEHUA KOTOPDbIX.

® YBC/IMYUBACTCA UYUHUCIIO dATOMOB KHUCJIOPpOJda B HWOHC BOCCTAHOBUWTCIIA

(Se0; — SeO;; SO; — SOT),
® AHKWOH OECKUCIOPOJIHOM KHUCIOTHI WU MPOCTOE BEILECTBO MPEeBpallacTCs

B KMcaopoacoaepxkatnit anuon (I~ — 105; I, » 105; 7 > SOﬁ_ ),
® AKBAaKaTUOH WU TMAPOKCOKOMILIEKC [MePeX0JAUT B KUCIOPOACOAepKalllui
aHuoH (Cr’" — Cr,05 — Cr(OH);” — CrO).
B 111e104HOM cpeae TMAPOKCUA-HUOHBI AKTUBHO «I1OCTABASIOT» aTOMbl KUCJIOPO-
na. B kyciaoil ¥ HeliTpaabHOM cpeae HeAOCTATOK aTOMOB KMUCJI0p0/1a BOCIIONHS -
I0T TOJbKO MOJIEKYJIbl BOAbl, YTO YMEHbILUAET aKTUBHOCTD [ePEUMUCIEHHbIX BOC-
CTAHOBHUTEJCH.

MHorue TepMoAMHAMUYECKH BO3MOXKHBIE OKMCIUTEIbHO-BOCCTAHOBUTE1b-
Hble peaKllM1 Ha PpaKTUKE HEOCYLIECTBUMbI U3-3a KUHETUUYECKUX 3aTPYAHEHUA.
Hanpumep, peakiiyst OKMCIeHUsI KATUOHA aMMOHMS B KUCJIOM cpede KATUOHOM
xkenesa(lll), naga koropoit Ag® > 0 (0,499 B), He uaeT M3-3a KYTOHOBCKOTO OT-
TalKUBaHUS1 KATUOHOB OKUCIUTENS] U BOCCTAHOBUTENS]. AHAJOTHYHO, MO MPU-
YMHE KYJIOHOBCKOIrO OTTAJKMBaHUSI aHUOHOB, HE MPOUCXOJUT OKUCAECHUS HUO-
AWJI-UOHOB HUTpPAT-MOHAMH B KMCJIOM cpeae, XOTs Al 3TOW peaklLMH Takxe
Ap® > 0 (0,420 B). 1ng npoBeaeHHUs1 3TOH peaKLIMKM MOXKHO A00aBUTh B pacTBOP
MeTaJJIMYeCKUN IIMHK — OH BOCCTaHaBJAMBAeT HUTPAT-UOHbI 1O HEeUTpalbHbIX
MOJEKYI ¢J1adoi a30TUCTON KHMCJOThI, KOTOPbIE 3aTEM OKUCASIIOT UOAW/I-UOHBI.

Bonpochi

4.37. TloaTBepanTe BO3MOXHOCTb [IPOTEKaHUS peaKlMU (I1pU CT. V.)

CuClL(p-p) + Fe(1) = Cu(t) + FeClL(p-p)
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UCITOJIb3YA 3HAYCHHUA CTAHAAPTHLIX ITOTCHUMAJIOB.
0°(Cu**/Cu) =+0,337 B
o°(Fe*"/Fe) = —0,440 B

4.38. MeToa BbITeCHeHMs1 OAHOTIO MeTasljla IPYTUM M3 pacTBOpa LLIMPOKO UC-
MOJb3YETCS B TEXHOJOTUAX MOJYUYeHUsI OJaropoJHbiX MeTallJIoB, B YACTHOCTHU
30J10Ta. MIcnonb3ys cnpaBodHblie JaHHbIE (CM. IPUJIOXKEHUE Ha caiiTe U3JaTe b
CTBa), OLIEHUTE BO3MOXHOCTb IPOTEKAHWS peaKLIUu:

2[Au(CN),] (p-p) + Zn(T) = [Zn(CN),]*"(p-p) + 2Au(T)

4.39. Bo3MOXHO JIM B KUCJIOU cpele B3aUMOJACUCTBUE MEPOKCUAA BOAOPOIA:
a) ¢ HUTpUTOoM Kanus (KNQO,), 6) ¢ nrnokcuaom cepbl (SO,)? Kak 3T XKe BellecTBa
BEYT Ce0s1 B CTAHJAPTHDBIX YCJIOBUSIX (pearupyroT MeKay ApYT ¢ APYTOM WK HeT)?

4.5.4. CraHpapTHble 3neKTpoaHble NOTEeHUuabl
n cnocoObl nx npeacraBneHna

CyllecTBYET HECKONbKO CIOCOOOB TPEACTABACHUSI CTAHAAPTHBLIX DJIEKTPO-
JHbIX MOTEHLMATOB: CIIpaBOYHbIC TAOJMLLI, AMarpamMmel JIaTumepa v aMarpaMmmbi
®pocra.

I narpamma Jlatumepa (psaa Jlatumepa) coaepKUT CTaHAAPTHDBIE 2JEKTPOAHbIE
MOTEHLUMXAaNBl MOJypeakKUUi BOCCTAHOBJAECHUS pa3lIHUYHbLIX (POPM OJHOIO 3Je-
MeHTa. @opMybl COOTBETCTBYIOLIMX YACTHLL 3alIMCHIBAIOT CJIeBa HAMpaBo B I10-
psiiKe YMEHbIIIEHUS] CTeIIeHUW OKUCIeHHd 3ieMeHTa. HanpuMmep, 111 MapraHia
OHU UMEIOT CJCAYIOLIUI BUAI:

a) B kuchou cpeae (pH 0)

MnO; —2° s MnO? —22 5 MnO, —22 5 Mn** —2L s Mn?* — s Mn

0) B LiegouHoM cpeae (pH 14)
MnO; —2° 5 Mn0O2" —22 s MnO, -2 5 Mn,0, —*2 5 Mn(OH), —2% 5 Mn

PparMeHT gUarpaMmsbl Jlatumepa

MnO; —22 5 MnOZ-

O3HAyaeT, YTo A1 NoaypeakLMu
MnOj + € — MnO;

©° (MnOj; /MnO;3 ) = 0,56 B. Ha auarpaMme nokasaHbl YaCTHIIbl, COAEPKALIME

MapraHell B pa3JIU4HbIX CTEINEeHSIX OKUCACHUS (TPUCYTCTBYIOLLME B BOIHOM pac-
TBOpE MpH JaHHOM 3HaueHUM pH). Hanpumep, B kucaoi cpene Mn(l1l) npucyr-
CTBYET B BUe UOHOB Mn**, a mpu pH 14 — B BUe Mn(OH),.
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C noMmollblo aMarpaMMbl JlaTuMepa MOXKHO BBIUMCIWTL JIESKTPOJHbIN IO-
TeHUMAaJ 110001 OKUCINUTENbHO-BOCCTAHOBUTENAbHOM Mapbl 3aJaHHOTO 3JIEMEH-
Ta. OnHako ¢yHKUMs ¢° He obJagaeT CBOMCTBOM alAUTUBHOCTH: CKJIAAbIBATh
MOKHO TOJIbKO BEJIMUHHbI #@°, NponopLUuoHaJbHbie AG®:

nFo° = AG°

B o01ieM CJIyHdac JICKTPOAHLIC ITOTCHLUKMAJIbl HAa AUArpaMMce HaTMMepa CBA3aHbl
COOTHOLWICHHUECM!

O . O O
Q3 = Q) + 1HQ;

rae ¢° — BAeKTPOAHbIM MOTeHLIUAT OKUCIUTEAbHO-BOCCTAHOBUTEIbHOM MAaphl,
B — YUCIO 3JIEKTPOHOB, YUYACTBYIOUIUX B MPOLECCEe BOCCTAHOBACHUS JJ1s1 OTOM
napbl (OOBIYHO # pPaBHO Pa3HOCTH CTeI€HEH OKMCJIEHUSI aTOMOB 3JIEMEHTOB
OKMCJUTENbHON U BOCCTAHOBUTEIbHOM (popMax).

JluarpaMMbl B KOOpAMHATaX <«BOJbT-3KBUBAJEHT — CTENEHb OKWUCICHUS»
yacTo HasblBaloT auarpammamu ®Opocra Wiy auarpaMmMamMm OKHCJIMTENbHBIX CO-
cToaHuM. 111 MOCTPOEHUS 3TUX AMarpaMM Ha OCU abCUUCC OTKAaAbiBalOT CTe-
MEeHU OKUCIEHUS /1 BJIEMEHTA 3, A HA OCH OPJIMHAT — BOJIBT-3KBUBAJIECHTbI A1(°
napbr D" /3.

PaccmoTpuM nocTpoeHHe auarpamMmbl ®PpocTa Ha npuMepe MapraHua
(puc. 4.11).

Havano koopauHaT COOTBETCTBYET YCAOBUIO: n(p° = 0 AJs1 naphbl Mn"/Mn"
npu » = 0. JIag noaydeHusi KOOpAMHAT APYrMX TouyeK Ha auarpamme Ppocta
CTAHJAPTHBLIM 2JEKTPOAHBIA MOTEHILIMAA OKHCIUTEAbHO-BOCCTAHOBUTEIBHOM

ne°, B A

6
MnO,

0 ' -
5 7 CreneHb
OKUCJICHUS #
A MnO;
-2

Puc. 4.11. Iuarpamma @pocta ang mapranua: © — npu pH ~ 0; X — npu pH ~ 14



108 4. HanpaBneHmne XMMM4eCcKOon peakumm

napbl D" /D yMHOXAIOT Ha CTelleHb OKUCIEHUS 1eMeHTa B OKUCIEHHO hopMe.
Hanpumep, mis Mn?*:

ne°(Mn*/Mn’y=—1,18-2=-2,36 B
st MnQOy:
ne°(MnO, /Mn")=0,025-4=0,10 B

BeanW4yuHbl BOJALT-2KBUBAJCHTOB AJIS1 MapraHua B pa3jJUYHbIX CTEMEeHsIX
okucaeHus npv pH 0 npuBeneHsl B Ta061. 4. 1.

Tabauya 4.1
BoabT-3KBMBA/IEHTBI MAPraHNa B pa3/IMYHbIX CTENEHAX OKUCIEHHUs

Mopma CreneHn okucJieHus (n) ©°(Mn"/ Mn") ne°
Mn 0 0 0
Mn** [ —1.18 —2.36
Mn** 1 —0,283 —0.85
MnO, v 0,025 0,10
MnOj; VI 0,77 4,62

C nomouiblo nuarpamMmMmbl @pocta yaoOHO XapakKTepU30BaTb OKUCIMTEBHYIO
CMOCOOHOCTbL COeAMHEHUN MapraHlia B pa3iWYHbIX CTEMEeHsIX OKUCJICHMUS, Ha-
npumep Mn'" / Mn" u an/ Mn'. Ha guarpaMme OKHCIUTENbHBIX COCTOSIHMIA
(puc. 4.11) TaHreHC yria HakKJIoOHa JUHUH (tg o) paBeH CTAHIAPTHOMY 3JIEKTPO-
JHOMY TOTEHLIMaNy COOTBETCTBYIOLUEH COMPSIXKEHHOW OKMUCIAMUTEIBHO-BOCCTA-
HOBUTEJBHOM Mapbl. BUIHO, UTO tg O = (po(Mnm/ Mn'Y) Gonbuie, yem tg o, =
= (p°(MnW/ Mn'). CrnenoBarenbho, katuon mapranua(lll) — Gonee cUIbHbII
OKUCAUTESb MO CpaBHEHUIO ¢ okcuaoMm MapraHua(lV) (npu npespallieHUH
B Mn(II)).

Kpome Toro, mo MUHMMYMY Ha auarpamme @ pocta MOXKHO OMpeaeJuTh HaU -
0oJiee YCTOMUMBYIO CTEIMEeHb OKMCJICHUS 2JiIeMeHTa (MpH OMpeacaeHHOU KUC-
JIOTHOCTH cpeabl). s MapraHua B KMcao# cpeae (puc. 4.12, a) MUHUMYM CO-
OTBETCTBYET CTerneHU okucaeHus (11). JedCcTBUTENIBHO, B KUCIOW cpelie U TNpHU
BOCCTAHOBJEHUHM BceX (DOpPM MapraHiia, ¥ Mpu oKuciaeHur Mn' 00pa3yloTcs
coenuHeHuss Mn(Il). B menounoi xe cpeae Hanodonee ycronuuB Mn(111), no-
atoMy Mn(OH), Jierko okucasieTcsi, HaripuMep, Npu KOHTAKTe ¢ KUCTIOPOAOM
BO3ayXa, oopasys Mn,0; (cM. puc. 4.11).

[To anarpamme @pocTa MOXKHO TakKxXKe OMNpeaeIUTb HEeYCTOMUUBYIO POPMY
2JIEMEHTa, CKJIOHHYIO K JAUCIPONMOPLUHUOHUPOBAHUIO: KOOpPAMHATA COOTBET-
CTBYIOLUECH TOUKM HAXOAMTCS] BblLIE JWHUM, COeAUHSIOUIEH COceAHHEe TOUKHU
(puc.4.12, 6), u ans peak UMy aucnponopurnoHupoaHus A, G° < 0. Eciau ke Tou-
Ka, COOTBETCTBYIOLLASI OKUCIUTEIbHOMY COCTOSIHUIO, HAXOAUTCS HUKE JIMHUMU,
COCIUHSIOUIEH coCeIHUE TOUKU (pUC. 4.12, 8), BOBMOXHO NPOTEKAHUE peaKLIUH






5 XnMmuyeckoe paBHosecue

XHMHUUYECKOe PaBHOBCCHUC — OJHO U3 OCHOBHBLIX MOHSITUMN OOLLIEH U HEOPIraHU-
yecKou XUMHUU. C10BO «PaBHOBCCHC» O3HAUACT COCTOAHUCE I[TOKOA, C6&JIE[HCI/IDO-
BAHHOCTDb BCCX ,ﬂ‘el‘leTBYIOLLI,I/IX CHJI.

5.1. Ycnosue paBHoOBeCcUS
5.1.1. OCHOBHbIE NONTOXEeHUS

XUMHUECKHe peaklLMK JeJsIT Ha oOpaTHMble U MpakKTUYeCKU HeoOpaTHUMble
(B 3aBUCUMOCTH OT IMOJHOTBI UX NpoTekaHus). Eciau peakiiys

VaA+vgB - vpD +viE

MPOTEKAET B MPSAMOM HarpaBIeHHUH A0 KOHLIA, TOBOPST, UTO peaklis HEOOpaTH-
Ma. PeareHTbl, B3SThi€ B CTEXUOMETPHUUECKHX KOJHUYECTBAX (T. €. /14/Va = Ng/Vp),
B HEOOpATUMOW peakllMh M3PACXOAYIOTCS MOJHOCThIO. TlpH npou3BOJILHOM
COOTHOWIEHHUH KOJIMYECTB PEAreHTOB MOJHOCTBIO U3PACXOAYETCd TOABKO OIWH
U3 HUX (HarpUMep, peareHT A, €ClIU 1, /V4 < ng/Vg). ECIM XMMHUeCcKoe B3aUMO-
NEUCTBUE MEXKIY MPOAYKTAMU HEOOPATUMOM peakliuMh HEBO3MOXHO

D+ E#

peak1lu0 UHOTIA Ha3blBaIOT 0CHOCMOPOHHEI.

[IpyuMmep HeoOpaTUMOM peakuMU — B3auMoaeicTBue HUTpata pTyTU(I])
U cyabdyraa Kajlusl B BOAHOM pacTBope. B 3ToM peakuuu obpa3yeTcsi pakKTH-
YeCKU HepacTBOPUMOE BellecTBO cyabdua pTyTH(I]), mosToMy roBopsT, 4TO 3Ta
peaklivsl npoTekaeT TOJbKO B NPSIMOM HalpaBIeHUHU:

Hg(NO,), + K,S = HgSJ + 2KNO,

B ciyyae oOpatUMoOi peakllMU U peareHTbl, U MPOAYKTbl MOTYT B3aUMOAEH-
CTBOBAaTb MEXAy COOOH, T. €. peaKliUsl UJeT KakK B MpPsSIMOM, TaK U B 0OpaTHOM
HarnpaBleHUSX:

VaA+vgB - vpD +viE
vpD +VeE - v A+ vgB

B sToli peakuuM Heab3st noayduTh 100%-i Beixon npoaykTtoB. [Ipumep takoid
peakliMy — B3auMOAEeHUCTBUE ra3000pa3HbiX BOAOPOa U MoJa:

Hy(r) + 1,(r) 22 2H1(r)
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HCHHA IPCKPAllaloTCAa, 1 B CUCTCME YCTAHABJIMBACTCH HOBOC XUMHYCCKOC PABHO-
BECHUC. ﬂpu ITOM KOHUCHTPALIUM BCEX IIPUCYTCTBYIOUIUX B CUCTCEMC BCLLICCTB 10—
CTUTAKOT PABHOBCCHDLIX (ﬂJ'[H ITHUX yCJ]OBl/[ﬁ) 3HAYEHWUH U MepecTaroT USMCHATBCA.

Bonpochi
5.1. [lpuBeaute npuMepbl HeOOpPATUMON U OOpPAaTUMOU peaKLIui.

5.2. 3aBUCUT JIU COCTAaB PABHOBECHON CUCTEMBbI
H,(r) + I(r) = 2 HI(r)

OT COCTaBa UCXOJAHOM DCEIKLLHOHHOfi cMecu?

5.1.2. XnMuniyecKku noTeHuuman

CorjacHO MepBOMY 3aKOHY TepPMOAMHAMHUKHU (C YyUETOM pa3aUyHBbIX BH/OB
padoThl),

AU=Q—-A,mt E

rae £ — Bce BUABI paboThI, KpoMe padOThl paclIMpeHUs A, .. 1 obpaTuMoro
npoliecca

AU=TAS — Ay + E= TAS — pAV+ E

[Ipy MOCTOSIHHOM BHellIHEM JAaBJIEeHUUW YacTb BHYTPEHHEW 3Hepruu CUCTEMBI,
criocoOHasl npeBpallaThCsl B MoJe3Hyo padoTy £ (B TOM yMcie UCTIONAb30BaThLCS]
A8 mepepacnpeneneHust YacTUL, T. €. 11 XMMHUECKOTIo MpeBpalleHusl), paBHa

E=AU+pAV — TAS = AG

3TO 00001EeHHO€E YPABHEHUE NEPBOr0 U BTOPOI0 3AKOHOB TEPMOJAMHAMUKM (17151 CU-
CTEM, B KOTOPbIX UIYT XUMUUYECKHE peaKLUH).

Jasi onmHUCaHUsT CUCTEM € MEPEeMEHHbIM UMCAOM YacTHUU (U3MEHSIOLIMUMCS
Mo Mepe INpOTEKaHUS XMMHWUECKOM peaKUMM) UCIOJNb3YIOT TEPMOJUHAMUYE-
CKYI0 PYHKUUIO, KOTOPYIO HA3bIBAIOT XUMHUYECKHM NOTEHIUAJIOM.

B ciayyae CUCTeMBbl, COCTOSILIEN U3 | KOMITOHEHTOB, XUMMYECKHIA NOTEHLKA LI,
OMNnpeaesieTCsl KaK U3BMEHEHUE BHYTPEHHE 3HEPIru cUcTeMbl U npu nodapJe-
HUU B CUCTEMY OECKOHEUHO MAJIOr0 KOJUUYECTBA i-TO KOMITOHEHTAa (B MOJIb) NpH
MOCTOSIHHBIX 00beMe V, SHTPONUHU S Y KOJTUUECTBAX BCEX OCTATbHbIX KOMITOHEH-
TOB #; (j # i). B o011IeM ciydyae XMMHYECKHUM MOTEHUHUAT MOXET ObITh OInpene/ieH
KakK U3MEHEHHUE JI000Tr0 NoTeHlMala TepMOJUHAMMUYECKONH CUCTEMBI TTPU COOT-
BETCTBYIOLLUX MMOCTOSIHHBIX NNapaMeTpax: U3MeHeHue 3Hepruu [1o6ca G rpu no-
CTOSIHHBIX JaBJICHUU p, TeMIlepaType T U n;; U3BMeHeHue sHeprum lenbmronbia £
MPU NOCTOSAHHBLIX V, T W n;; UBMEHeHUE SHTAbIUU H npu MOCTOSHHBIX S, p U A}

U oG oF oH

“f: —] =| — =| — — —J
anf S, V. n an‘f pLn anl LV, n; 84 S, Dy 1
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XUMHWYECKUN MOTEHLMAT 3aBUCUT KaK OT KOHILIEHTpaUUKH [-TO KOMIMOHEHTA,
TdK 1 OT d)a3030r0 COCTOAHHUA U KOHUCHTPaUHWH APYINX KOMIIOHCHTOB CUCTCMEBI

o u o .
(basbl). CtaHgapTHLIA XUMUUYECKUH MoTeHUUad W; i-TO KOMIIOHEHTA OTHOCSIT

K CTAHJAPTHLIM YCIOBUSAM p; = | at™, ¢; = | Moab/ 1.
MOKHO 3ar11caTh, 4TO

AG =) wAn,

B OTKprTOﬁ CUCTCMC MOXCT IIPOTCKATD C&MOHDOI/IBBOJ]beIﬁ [Ipouccce 1npu

Z Ww;An; <0

CucteMa HaxXoJIUTCS B PaBHOBCCHUU, €CCIIN

Z “z’Ani = O
[Ipu

Z w;An; >0

rpoTeKaHue npoliecca HeBO3MOXKHO.
B cMmecu naeanbHbIX ra30B | 3aBUCHT JHWIb OT KOHLIEHTPAUMKH KOMITOHEHTA
U OT TeMIIEpaTypHhl:

W =M; + RT In p,

rae p;, — napuyvajbHOE JaBJIEHUE i-TO0 KOMITOHEHTA B CMECH, R — YHUBepcaJibHas
O
ra3oBasl MOCTOSIHHAs, K; — 3HaueHUe L,; TIpU p; = | at™.
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