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Paaaen I. OCHoBHLle laKOHLI XHMHH
 
XUMUJI - 3TOnayxa 0 npeepamenasx BemeCTB.
 

1.	 JaKoH coxpaaenaa MaCCLI 
B XHMH'leCKHX peaxnasx cyMMa Macc HCXO,llHblX KOMnOHeHTOB scerna pasna 

cyMMe Macc np0,llYXTOB peaxnaa. 
XUMU'IeCKOU peasuuei; nassraaerca CaM nponecc npeepauieaas OMHX BemeCTB B 

,llpyrne. 06bl'lHO ,llJIlI 3TOH ueJIH nOJlb3YJOTClI CHMBOJlaMH 3JIeMeHTOB, B311TbiX H3 
IIepHo,llH'leCKo» CHCTeMbI ,n.I1.MeH.neJIeeBa. 

2. JaKoH coxpaneuaa 3HeprHH 
B xone XHMH'leCKOH peaKUHH 3HepnUI He rrOHBJIlleTClI H He acxesaer, a MO)l(eT 

nepexoztars H3 O,llHOH <!lOPMbl B APYryJO HJIH OT oaaoro aemecrsa K npyrossy. 3Ta 
3HeprIDI MO)l(eT nornoniarscx R3 oxpyxaromero I1pOClpaHCTBa RJIH Bbl,lleJlllTbClI B Hero. 

3HepreTHlleCKoe COCTOllHRe seurecrsa xapaxrepasyerca ere 3HTaJIbilReH, KOTOpyJO 
'laCTO HaJblBaJOT TeIL'IOCO,llep)l(aHHeM. Benasnaa 3HTaJIbIlHH, B311TalI C 06paTHbiM 
3HaKOM, aaasrsaerca TeIIJIOBblM 3<!l<peKTOM peaxnaa. 

3.JaKoHLI~anLToHa 

I. ,naBJIeHRe CMeCH raaoa, XHMH'leCKH He B3aHMo.neHCTBYIOIllHX npyr C ztpyrov, 

paBHO cyMMe HX napuaanssux ,llaBJIeHHH. ,naaneHHe, coanasaeaoe O,llHHM 
KOMnOHeHTOM raaosoa CMeCH, HaJbIBaeTClI ero napUHaJIbHblM,llaaneHHeM. 

2. ITPH nOCTOll.HHOH resmeparype paCTBopRMOCTb Ka)I(,llOre H3 KOMnOHeHTOB 
raJOBOH' cMecR B ,llaHHOH )I(H,llKOCTH rrpasro nponopuaoaansaa ere napURaJIbHOMY 
,llaBJIeHHJO nan .)I(H,llKOCTbJO H He JaBHCHT OT ofimero ,llaBJIeHHJl B CMeCH H conepxaaas 
npyrax KOMIlOHeHTOB. 

4; JaKoH KpaTHLIX OTHomeHHH 
ECJlH :meMeHTbl Coe,llHHlI.JOTClI ,llpyr C npyro», o6paJyll 60Jlee onaoro coezunreaas, 

TO KOJIH'leCTJ~a 3THX 3JIeMeHTOB aaxonsrcs B "POCTbIX UeJJO'lHCJleHHblX OTHomeHHlIX 
npyr K .upyry. 

Cmaoueu aaasrsaror npoCTeHIIlHH aKT XHMH'leCKOH peaxuaa, xoropaa 

xapaxrepasyerca npacymef ell: CKOpocTbJO, COOTHOlIIeHHeM 3JIeMeHTOB H aeuiecra. 
Cmexuouempuu - yseaae 0 KOJIH'leCTBeHHblX OTHOlIIeHHlIX, B KOTOpblX aeurecrsa 

BCTynaJOT B XHMaqeCKOe B3aHMO.lleHCTBHe npyr C npyrou; BblBO.ll XHMH'leCKHX <POPMYJI 

H yCTaHOBJIeHHe ypaBHeHHH XHMlfqeCKOH peaKUHH. 
Cmexuauempueii peaxuHH nassraaerca COOTHOlIIeHHe Me)l(,uy KOJlH'leCTBaMH 

BCT)'rraJOJ.IIHX B peaKUHJO pearearos H ofipasyrouraxcs nponyxros. CTeXHOMeTpHlI 
OCHOBaHa na 3aKOHax Asoranpo, reii-J1JOccaKa, xparnsrx COOTHorueHHH, rrOCTOllHCTBa 

COCTaBa, COXpaHeHHlI MaCCbl. 
Cmexuouempuuecxas: tjJopMyJla - XHMH'leCKalI <POPMYJla, OTBe'laJOIllall 

H,lleaJIbHOMY neJlOtIHCJleHHOMY cocrasy XHMHtIeCKOrO COe,llHHeHIDI H3 aTOMOB, 
y,llOBJIeTBOPllJOlIIalI lpe60BaHRlIM aaneHTHOCTH. B 'raepznrx 'renax Ha6mo,llaJOTClI 
He60JlblIIHe OTKJIOHeHHlI OTCTeXHOMeTpHtIeCKOrO COCTaBa. 
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Pa3,lleJI D. 3J1enpoHHoe eTpoeHHe aTOMa 
1.CTpoeHHe BelQecTBlI . 

AmoM - HaHMeHblIl8R 'illCTHll8 XHMHqeCKoro 3lIeMeH1'8, coxpaHJUO~ Bee 

era csoacraa, Borrsuraa qacn, M8CCbI aTOMa, cocpenoroxeaa B era R,llpe. Macca 
311eKTpOHa npassepao B 2000 paa MeHbwe aToMa·.lIerqaAmero aT<:>Ma BO,nOpo,na. 

Paaayc THnH'lHOrO arossa COCTaBJIlieT (1-2,5) 10-10 M, B TO BpeMJI KaK panayc JI.D:pa 

aTOMa COCTaBJIlieT npaaepno 10.15 
M. 

CJIe,llOBaTeJIbHO, eCJIH 6bl aTOM OKa3aJICjI YBeJIHqeH .AO paaaepos 3eMJIH, TO 

ero lI.apo Morno CB060,llH0 YMeCTHTbCJI na epyI'60JIbHOM none, j{,zqJ0 aroxa 
CO,neplKHT nporoasr H HeihpoHbI, xoropsre HMeIDT npaxepao o,nHHaKOBhIe MaCChI, 

HO (>TJIuqaeTCJl sapsnoa. y. HeihpOHl!. HeT sapana, a rrpOTOH HMeeT . 

rrOJIOlKHTeJIbHblH sapsn, KOTOpbIH TOqHO KOMrreHcHpyeT OlpHl.(aTeJIbHhIH aapsn 
3JIeKlpOHa. B l..(eJIOM aTOM 3JIeKTpOHeihpaneH, norovy 'ITO qHCJIO 

rrOJIOlKHTeJIbHhIX sapanoa paBHO qHCJIy 0lpHuaTeJIbHO aapaxeansrx 3JIeKlpOHOB, 

coaepscauraxcs B aTOMe. 

B Ta6JI. 1 yxasaasr 3apR,llhI 'rpex nepeqHCJIeHHhIX aapszcennsrx qaCTHI..(, a 

TaKlKe HX MaCCbl, BblpalKeHHble B aTOMHblX e,nHHIU.\3X MaCChI. 

ATOMHalI e,llHHuua MaCChI (a.e.M.) onpenensercs KaK 1112 sacrs MaCChI aTOMa 

yrnepozia, B snpe xoroporo conepsorrcs urecrs rrpOTOHOB H urecrs HeHlpOHOB. B 
TaKoit UIKaJIe Macca nporoaa H HeHTJX>Ha 6JIH3KH K 1 a.e.M. KalK,ll;alI. 

qHCJIO nporoaoa B R,llpe aTOMa COOTBeTCTByeT rropJl,lU<OBOMY HOMepy 3JIeMeHTa B 

TIepHo,nHqeCKOH CHCTeMe 3JIeMeHTOB ,l.(MHlpHjj MBaHoBHqa MeH}J,eJIeeBa. 

Tafinaua 1 
3 

~ 

qacTHl\a 3aPJl,n Macca, a.e.M 

TIPOTOH +1 1,00728 

HeHTPOH ° 1,00867 

3neKTPOH -1 0,000549 

Maccosoe qHCJIO aTOMa (aTOMHalI Macca) paDHO rrOJlHOMY COJJ;eplKaHHID B 

aroste rrpOTOHOB H HeH1'pOHOB. 

IIpH.Mep. TIOPJl,nKOBbIH HOMep 6poMa 35, CHMBOJI B Ilepaonasecsoa CHCTeMe Br, 
CJIe,nOBaTeJIbHO 06mee qHCJIO 3JIeKTpOHoB B aTOMe 6poMa, pasaoe. qHCJIy 

nporosos, pasao 35. 

Ilpocmue u CJlom:Hble 6e".ecm6a 

ATOMbI BJaHMoJJ;eHCTBYIDT npyr C ,npyroM, 06paJYJl npocrue HJlH CJlOlKHhIe 

aetnecrsa. ECJIH B pe3YJIbTaTe BJaHMo,!J,eiicTBHjj OAHHX H rex lKe aTOMOB 

06paJyeTCJl BemeCTBO, TO OHO HaJhIBaeTCJl npOCmbIM, eCJlH B3aHMO,!J,eiicTBYIDT 

aTOMbl PaJHhIX 3JIeMeHTOB, ro B pe3YJIbTaTe 06pa3YJOTCX CJlO:HCllbie 6e".ecm6a. 
CJlen;OBaTeJIbHO, npocroe BemeCTBO COCTOHT H3 O,nHHaKOBbIX arosroa, a CJIO)f(Hoe _ 

H3 aTOMOB PaJHbIX 3JIeMeHTOB. 

MOJleKYJla - HauMeHbmall sacraua rrpocroro HJIH CJIOlKHOro Bell.\eCTBa 

06JIa,naromall BceMH ero CBOHCTBaMH. ' 

qHCJIO aTOMOB, BXOJlJlWHX B COCTaBMOJIeKYJIhi Pll3JlHllHO OT nsyx, aanpaaep,
 
MOJIeKYJIa sonopona H 2, COCTOJlll.(alI H3 n;BYX aTOMOB no COTeH H ThICXlJ, aanpaaep,
 
MOJIeKYJIhi BhICOKOMOJIeKYJIXpHbIX COe,!J,HHCHHH rrOJIH3TUJICH, 6eJIKH.
 

MOJleKYJlSlpHlUl Macca - CYMMa aTOMHhIX Macc ecex amOM06, BXOJlJllllHX B COCTaB 

MOJIeKyJIbI. IIpHMep: MOJIeKYJIHpHalI Macca MOJIeKYJIbl aJOTa M(N2 ) =2'14=28 a.e.M. 

MOJlb (rpaMM-MOJIeKYJIll, rpaMM -MOJIb). 1 MOJIb nannoro BemCCTBa qHCJICHHO
 

pasen ero MOJIeKYJIHpHOR Macce. IIpHMep: npa MOJIeKYJIXpHOR Macce H 2S04 pasaoa
 
98,082 a.e.M. Macca 1 MOM H 2S04 COCTaBJIlieT 98, 082 r.
 

TepMHH MOJIb npaueaserca He TOJIbKO K MOJIeKYJIaM, HO H K aTOMaM, na npasraxe
 
rOBOpJlT 0 MOJIe aTOMOB renas, 0 MOJIe aTOMOB sonopona.
 
TepMHH rpasee- aTOM, 3KBHBaJIeHTHblH rrOHJITHID rpaMM - MOJIb B nacrosmee BpeMX
 

HCrrOJIb3yeTCJl penxo.
 
3all:OHA6ozai)po. B paBHhIX 06'beMax PaJJIH'iHbIX raJOB npx OJlHHaKOBblX YCJIOBHJlX 

,naBJIeHHH H resmeparypa COn;eplKHTCJl O,llHHaKOBOe qHCJIO MOJIeKYJI. 

JrOT 3aKOH cneztyer H3 ypasaeaaa Meaneneesa- Knaneapoaa- Knaysayca. 

PV=.!!!.-RT,

M
 

rne P - naanenae H,neaJIbHOrO rasa; V - 06'beM; R- yHHBepCaJIbHaJI rasosax 
rrOCTOJlHHalI pasaaa 8,31 JI Ila MOJIb,1 K 1• 

IIPH HOpMaJIbHblX yCJIOBHllX (n.y.) 1MOJlb JIIo6ozo rasa 3aHHMaer 06'beM paBHbIH 

22,414JI:HarrpHMep: npa H.y. p=101, 3 ilia (l ar) H T = 273, 15 K 1 MOJIb (aaorna sa 
crannaprayro TeMrreparypy rrpHHHMlllOT 298 K). 
06'beM OJJ;Horo MOJIX (n=l) pasea V=RTIP 

. V 8,3Jjj·fla·MOJlb-
1K-1273.J5K 22414 -I = = .~·MOjjb . 

1,01·10' Ila • 

lfuCJIo Aeoeaopo. Henocpencrseaao H3 3aKOHa Asoraapo cnenyer, 'ITO OAHH MOJIb 

JIID60ro aeuiecraa coziepxar 6,022 10
23 crpyxrypnsrx e,nHHHl.( (MOJIeKYJI, lJaCTHl.(, 

HOHOB), rr03TOMY paJMepHOCTb qHCJIa Asoranpo: 1IMOJIb. 

4 

.' I'".> 
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"

2.CTpoeHHeaTOMa 

Cornacao COBpeMeHHblM npeACTaBJIeHHJIM, B uearpe aTOMa aaxonarcs AAPO, B 

KOTOpOM cocpenoroseaa OCHOBHlUl ern Macca H nOJIOJKHrenbHblH 3apAA, 

COOTBeTCTBYIDIl\HH nOpJlAKOBOM)' HOMepy. 

COCTOJlHHe 3JIeK1pOHa B aTOMe H BepOJITHOCTb ero HaxOlK):leHHJI B OKOJIOJl)lepHOM 

npocrpaacrse UeJIHKOM H nonnocrsro OnpeAeJIJleTCJI Ha60poM qeTbipex KBaHTOBbIX 

qHCeJI. 

n - znaenoe K6aHm060e 'IUCIIO, KOTOpoe cornacao KBaHTOBOH reopaa MOJKeT 

npHHHMaTb TOJIbKO UeJIOqHCJIeHHble 3HaqeHHJI: 1,2 .•. MaKCHMaJIbHOe 3HaqeHHe 

AonyCTHMo B03MOJKHOrO KBaHTOBOrO qHCJIa COOl'BeTCTByeT aoaepy nepaoaa 3JIeMeHTa 

DepHO,ll;HqeCKOH CHCTeMbI. Hanpmsep, )J.JIJI aTOMa BOAOPOAa, aaxonamerocs B I-M 

nepaone n = 1, a .!J.JI1i JIHTHJI, HaXO.lJ.l/merOCJI BO 2-M nepaone n MOJK:eT rrpHHHMaTb 

3HaqeHHJI 2, 1, )J.JIJI HarpHJI, HaxO.lJ.l/merOCJI B 3-M nepaone n MOJKeT rrpHHHMaTb 

3HaqeHHJI 3,2,1. )J,nJl scex aTOMOB paspemeasr see 3HaqeHHJI rJIaBHOrO KBaHTOBOrO qHCJla 

OT MaKCHManbHOrO, cooraercrsyiomero HOMepy nepaozta AO onaoro, 
Op6UJnaJIbHOe KoaHm060e 'IUCIIO I, xoropoe qaCTO Ha3blBaIOT a3HMytaJIbHblM HJIH 

rr060qub/M MOJKeT, rrpHHHMaTh TOJIbKO UeJIoqHCJIeHHble 3HaqeHHJI OT (n-l) AO O. 
m -MQZHUJnHoe K6aHm060e 'IUCJIO. DpHHHMaeT 3HaqeHHJI: m/= -I ...0... I. Bcero 

2( I + 1) 3HaqeHHH. MarHHTHbiM 3TO KBaHTOBoe qHCJlO Ha3blBaeTCJI rrOTOM)', qTO npa 
rroMellieHHH B MarHHTHoe nOJIe 3TH Op6HTaJIH HMelOT pa3JIHqHble saepraa. 

Cnunoeoe K6anm060e ",UCIIO (cnuH) - eAHHCTBeHHoe KBaHTOBOe qHCJIO, xoropoe 
HMeeT pa3MepHOCTb 3HeprHH hv . m, cnauosoe KBaHTOBoe qHCno. 

Xapaxrepasyer c06cTBeHHblH MarnHTHblH MOMeHT anexrpoua, 
MOJKeT npHHHMaTb .!J.JIl/ scex 3JIeKrpoHoB TonbKO ABa 3HaqeHHJI JIH60: + 1/2, JIH60 -1/2. 

Ilpunuun' Ilaynu. Bee 3JIeKTpoHbl aTOMa AOJIJKHbl OTJIHqaThCl/ APyr OT npyra XOTl/ 

6bl O)J.HHM KBaHTOBhIM qHCJIOM. 

I1HblMH CJlOBaMH B aTOMe He MOJKeT 6blTb AaJKe ABYX 3JIeK1pOHOB C OAHHaKOBblM 

Ha60poM scex sersrpex KBaHTOBblX xacen. Ha OCHOBaHHH sroro : npanuana 
2 

onpenenaercs MaKCHMaJIbHlUl 3aCeJIeHHOCTh KaJKAoro ypoaas: 2 n • 

Ha60p KBaHTOBbIX qHCeJI, OnpeAeJIl/IOIl\HX rrpocrpaacrsenaoe pacnpeneneaae 
HaH60JIbIIIeH Bepol/THOCTH HaxOlK):leHHl/ 3JIeK1poHa na AaHHOM paCCTOl/HHH OT uearpa 
aTOMa (anpa), Ha3bIBaeTCl/ Op6UmaJIblO. B OTJIH'IHe OT ycrapearnero nOHl/THJI Op6HTbl C 

!PHKCHP0BaHHblM nOJIOJKeHHeM 3JIeK1poHa B npocrpaacrse B AaHHblH MOMeHT BpeMeHH, 

Op6HTaJIb npeznronaraer TOJIbKO HaH60JIbIIIylO seposrtrocrs ero HaxOJK)J.eHHJI B naHHoH 

TOqKe OKOJIO JlAepHOro rrpocrpancrsa, XOTl/ B TOJKe BpeMl/ HaxOJK:AeHHe 3JIeK1pOHa B 

APyroH TOqKe npocrpaacraa KpOMe uearpa aTOMa H 6eCKOHeqHOM paCCTOl/HHH OT 
'1i.:' nenrpa aTOMa He pasaa O. I1Haqe rosops, 3JIeK1pOH KaK OTpHl.lareJIbHblH sapan 
~; "paassaaaa" B OKOJIOJlAepHOM rrpocrpaacrse no Op6HTaJIH. MMeHHO 3THM OTJIHqaeTCl/ 
~t.,;.,. nOHJlTHe Op6HTaJIH OT Op6HThI . 

DOJIHOCTblO COCTOlIHHe 3JIeKTpoHa onacsrsaercs 60llH060U rPY"K~ueu '1/, a 

BepOJITHOCTh HaxOJK)J.eHHJI 3JIeKrpOHa B OKOJIOJl)lepHOM npOC1paHCTBe '1/' (qHCTO 

!P0PMaJIbHO BeJIHqHHa'''rrCH''xapaKTePH3YeT aMDJIHTYiJ.Y 3TOH BepOl/THOCTH). 

B XHMHH rro60qHoMY KBaHTOBOMy qHCJIy enpHHJlTO nasars 6YKBeHHble 

0603HaqeHHJI e =0 -s - Op6HTaJIb; e= 1 - P - Op6HTanb; e= 2 - d- opoarans: e=3 - f 
Op6HTanb. 

3arrOJIHeHHe anexrpoaaaa COCTOJlHHH npOHCXO,ll;HT no Mepe YBenHqeHHJI HX 

nOTeHUHaJIbHOH snepraa TaKHM 06pa30M, qTO B aaxane 3arrOJIHJIlOTCl/ Te paspeureaasre 
COCTOJlHHJI, xoropsre 06JIll,lIaIOT MHHHMaJIbHOH oaepraea. 

Is< 2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f<5d<6p<7s<6d<5f 

Ha pac.l noxasaasr OTHOCHTeJIbHble 3HeprHH COCTOl/HHH B 3aBHCHMOCTH OT rJIaBHOrO 

KBaHTOBOro qHCJIa n. 

N
E 

4f 

4d-:..: . 32 
4p 

- 3d.>....
 
... 4S
 

n~4 

~... 
18 

,.:-:~- 3p 
..................._. 3S
 

n=3
 

2p
 
8 

............. ,
 -
2S 

n=2 
2 

IS 

n=1 

PHC. 1 Cxesaa pacnpeneneaax op6HTaJIeH no 3HeprKJIM.(N -MaKCHMa.1JbHOe qHCJIO 

3JIelCIpOHoB aa 3HepreTHqeCKOM yposae) 

Pacnpeaeneaae no 3Heprnl/M opfiaranea nOA'IHIDIeTCl/ cnezryiomesry npaBHJIY 

(npaaany KJIeqKOBcKoro): 

1) HHJKe rro 3HeprHH HaxOAHTCJI ra Op6HTaJIb, )J.JIJI KOTOPOH cyMMa n+l 
MHHHMaJIbHa. 

2) IIpH paaeacrse CYMMbl n+l HHJKe no 3HeprHH aaxozrarcs Op6HTaJIb C MeHbIIIHM 

3HaqeHHeM n (Ta6JI. 2). 

Ta6JIHua 2 

l1JIJIlOcrpal\HJI npasana KneqKOBCKOro )J.JIJI 3d, 4s H 4 006HTaJIeii 

006HTaJIb n+l In E 
4s 4+0=4 14 E. 
3d 3+2=5 I 3 E2 

4 4+1=5 /4 E3 -=J 
E, <E2 <E3 
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MaKCI1MaJIbH<UI eMKOCTb KIDKtlOH Op6HTaJIH He MOlKeT 6blTb 60JIee nsyx 

JJIeKrpoHOB C ;1;ByMJI rrpOTHBOrrOJIOlKHO aanpasneaasrxu cnaaaaa.B S COCTOHHHH 

He MOlKeT 6bITb 60JIhUIe nsyx JJIeKTpOHOB (0=1,1=0, m=O) (pac.Z a), 

~ 

h.Pz '" p,/

.. P.r 

PHc.2. Arosmsre Op6HTaJIH: a- aTOMa sozropozta; 6-aTOMa aJOTa. 

P COCTOJlHHIO coorsercrsyior TpH Op6HTaJIH p, , Pe, Pz, liOJTOMy eMKOCTb p 

COCTOSlHHH COCTaBJISleT He 60JIee 6 anexrpoaon (PHC. 2 6), MaKCHMaJIhHaJI eMKOCTh 

IUlTH d Op6HTaJIeii - 10 JJIeKTpOHOB, a f - COCTOSlHHH- 14 JJIeKTpoHoB. ITOJIHOMy 

3anOJIHeHHIO scex paapemenasrx Op6HTaJIeii. cooraercrsyer crpyxrypa HHepTHhIX 

raJOB. I1pH JTOM Heo6xonHMo YQHTbIBaTh, 'iTO aaepras 3d Op6HTaJIeH HHJKe, qeM 

3p Op6HTaJIeii., HO BhIlIIe qeM 4s Op6HTaJIH, nOJTOMY 3d COCTOSlHHH janOJIHSlIOTCH 

B qeTBepTOM nepnozte. AHaJIOrHqHOe JlBJIeHHe Ha6JIIO,a:aeTCJI ./lJISl 4d , 4f . B 
xasecrse npaxepa IIpHBeneM crpoenae aTOMOB, conepxamax 3d H 4f COCTOJlHHH 

Ta6JI.3. 

Ilpaeuno XyHoa: B npeztenax ozmoro IIOnypOBHH, TO ecrs op6HTaJIh C O.llHHM 

H TeM JKe 3HaqeHHeM l (onHOH H TOil: )J(e JHeprHeu) JJIeKTp0HbI pacnpenenmorcs 
TaK, 'iTo6hI cyMMapHblil: crraa Im

j 
6hill MaKCHMaJIeH. 

B xasecrse HJIJIIOCTpal.(HH npasana Xynzta npnseneu crpoeaae aTOMa aJOTa 1s2 

2s22 
p 3( p HC.3 ) . HenpaBHJIhHO IIpaBHJIhHO 

2pl H 2p 

2s I I I'tl 
H 

tl 
tl 

PRC.J. l1JIJIIOCTpau,HSl npasana Xyaaa na rrpaxepe CTpoeHHSl aTOMa aJOTa 

B nepsox cnyxea CyMMapHbIH cnna pasea +112, a BO BTOpOM 1,5. 
KpaTKaJI sanacs JJIeKTpoHHoH KOHljlHrypauRH aTOMa H pacnpeneneaae 

JJIeKTpoHoB no "KBaHToBhIM SlqeHKaM" oaaasaer cnezrytoinee: 

pll3Hble 3HaqeHHR m, 
KOJTlf'lec1BO :yIe1OWHOB HB Op6HT8JTH 

i-u::Ji12c )/2s22p'i 
6 ~r u 

3HBqeHHR n 
H ~ 

i m, = - Y2, 1m, = +1/2 

KaK BH.lI:HO H3 cxeMbI JJIeKTPoHHoH KOHqIHrypawm yrnepoaa, crpoeaae aTOMa 

ocym;eCTBJIHeTCJI TaKHM 06pa30M, 'iTO snepezta BeJ1H'IHHbI Op6HTaJIhHOrO KBaHTOBOrO 

q]lcn:a, ofiosaasaeaoro 6yKBOA, CTaBHTCJI ero rnasaoe KBaHTOBOe 'iRCJIO, a Ha,a 

6yICBeHHbIM 0603Ha'ieHHeM uHljJpoil YXa3aHO lJJlCJIO JJIeKTpoHoB, HaxO)IJllIlRXCH B JTOM 

COCTOHHHH. 

Bonee .lleTllJILHO aaeprerasecxoe CTpOeHHe aTOMa rrpe,llCTllBJUIIOT B BHJJ.e 

ICIl8BTOBbIX JI'IeeK, KaJIC,IlWl JI'IeAKa 0603HaQaeT COOTBeTCTBYJOJUYlO Op6HTaJIh, a 'iRCJlO 

JneKTPOHoB B HeH 0603HaQaeTCJI c1peJIKaMH, IIpRQeM MLICJleHHO no OCR opD;HHaT 

YICaJaHa 3HeprHJI naanoro KBaHTOBOro COCTOJlHHJlra6JI. 3. 
Haorna, xorna HllH60JIee BalKHbIM HBJUIeTCH crpoeaae BHeIIIHHX ypoBueA 

(B8JIeHTHLIX JneKTPOHoB), npezrsurymae ypOBHH 3aIIHCbIBaJOTCJI xparxo, HarrpHMep, [Ar],
226 3 } 3 6 

qTQ osaasaer JneKTPOHHoe crpoeaae aTOMa HHepTHOrO raaa aprona 1S 2s 2p s p.
llJ.mI KaJIHlI, TOr.IJ;a B01MolKHa 3aIIHCb: 3~ [Ar]4sl 

, 52Cr [Ar]3d5 4s • 

lJ,Jul60JIbIUHHCTBa aTOMOB pacnpeneneaae JJIeKTpoHoB no KBaHTOBbIM COCTOHHID!M 

npaseaeso B TIpHJJOJKeHHH ra6JI. TIL .. 

PHC. 4. <1>opMa 3anHCH JJ1eKTpoHHOH KOHepHrypal.(HH aTOMa 9 
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3.rOOMeTpH'I eCKaU CTpYJITYpa aTOMa 

Ha pHC. 6 IIOKll3aHa npocrpancrseaaas KOH«PHrypauHJI S, p, d -eOCTOJlHHit 

Z 

PHC. 6. <l>OPMbI 3neKTpOHHbIX o6naKoB )l,JlJl Pll3JlH'lHbIX COCTOlIHHH 3neKTPOHOB B 

)( 

arouax 

Tafinaua 3 

12 

------ ------ - ------ -------

~ne:eHT KpaTKllSI 3aIIHCb 3neKlpOHHoH TIpHMeHJleMble npaaana 
KOHqmrypaUHH 

Is1rtl 
LTIpHHUHII Ilayna 

'He 

~ 
l. TIPHHUHIl HaHMeHbilieH 

1S2 3HeprHH 

2. TIPHHUHIl Ilaynn 
Li l. TIPHHUHIl HaHMeHbilieH 

I f I. 3HeprHH 

t 2. TIpHHUHIl Ilayna 

~r-
3. JlHmH JlBnJleTCJI S -
3neMeHTOM, T.K. nocneznraa 

S2 2s1 i 3neK1p0HaMH 3anOJlHJleTCJI S -

ypoBeHb 
, "c I. Jlpasano Xyana - aa 2p 

tIt I I Op6HTMH ,nBa 3neKTpoHa C 

H 
O,D,HHaKOBbIMH CIlHHOBbIMH 

KBaHTOBbIMH 'IHCnaMH 

I~ 
L:- 1S2 2s2 2p2 

II.npaBHno Xyana, 

rul 2.TIPHHUHIl HaHMeHbilieH 

I3HeprHH E4s<EJd 

I 
tlt/tltlt I3.Mapraneu JlBnJleTCJI d

3neMeHTOM, T.K. nocnenaax 
Is2 2s 2 2p6 3s 23p6 3d5 4s2 

3neKTPoHaMH 3anOnHJIeTCll d -

ypoBeHb
J"K TIpHHuHn HaHMeHbIUeH saepraa 

ls2 2s2 2p6 3s2 3p6 4s 1 E4s<EJd 

'La 1.TIpaBImo Xyana, 
2.TIPHHUHTI HaHMeHbIUeH 

I 
3HeprHH E4s<E3d 

ls2 2s2 ~6 3s2 3p6 3d'o 4s2
4p6 5s2 

3.JIaHTaH JlBJIJleTClI f
4dlOSp6

4 6s2 
3neMeHTOM, T.K. nocnenana 

3JIeKTJXlHaMH 3aIIOnHlIeTCli f 
vposeas, 

"'y 

II
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Pa:me.rt III. XHMH'IKKall CBHJb 
OcHOBHblM nOIDITHeM xHMHllecKoR CB1l3H cnysorr BaJIeHTHOCTb. BaJieHTHOCTb - 3TO 

cnoC06HOCTb aTOMaK 06paJOBaHHlOXHMHqeCKOH CBR3H. 

I.HoHHaH CBH3b 

IfOHHag CM3b o6paJYeTCRaa cser KYJIOHOBCKHX CRJ] npHTR)I(eHlIRnOJIO)I(HTeJIbHO H 

OTpHuareJIbHO 3apg)I(eHHblX qaCTHU,B ,llaHHOMcnysae HOHOB.
 

CnoC06HOCTb aTOMa K 06Pa30BaHHIO IIOJIO)I(HTeJIbHO RJ]H OTpHuaTeJIbHO 3apR)I(eHHOrO
 

"OHa onpenenaercs ero nomeuuuanou UOHUJau.uu, cpoocmeau K JJleKmpOHy U 

JJleKmpoompUI(tltnt!JlbHOcmblO. 

IIoTeHQH8.'I HOHH3aQHH, xapasrepasyer- cnocoriaocrs 3JIeKTpOHeHrpaJIbHOrO 

aTOMa npeapamarscs B nOJIO)I(HTeJIbHO 3apR)I(eHHblit HOH. 

HHblMH CJIOBaMH no BeJIHqHHa MHHHMaJIbHO Heo6xo)l;HMOH3HeprHH, KOTOpylO 

Hy)I(HOsarparars )I)UI TOro, 'lTo6b1 O,llHH MOJIb aTOMOB 3JIeMeHTa npesparars B 

nOJIO)l(HTeJIbH03apg)l(eHHbIH MOJIb aTOMOB HOHOB no pellKIJ,HH: 
A°- ne --> An+, 

Hanpasaep, Na + Ie --> Na+ + e 

B Ta6JI. 4 npasenema nepssre nOTeHUUaJIbI HOHH3aIlHH aTOMOB aexoropsrx 
3JIeMeHTOB. qeM 60JIbille nOTeHUHaJI HOHH3aUHH aTOMa, TeM rpynaee OTIUlTb y Hero 

3JIeK1pOH, H TeM MeHee YCTOH'lHBblM OKaJblBaeTCR nOJIO)I(HTeJIbHO 3apR)I(eHHblH HOH.If ' 

aaotiopor, qeM MeHbille nOTeHUHaJI HOHH3aUHH, TeM MeHbille HY)l(HO 3HeprHH )lJIR 

06pa30BaHHR H3 Hero HOHa, TeM nerse H3 aTOMa06paJyeTCR nOJIO)I(HTeJIbHO 

3apg)l(eHHbIH HOHH TeM 60JIee OHYCTOH'lHB. 
Ta6JIHua4 

IT -

Ilpouecc 3aypaqeHHag aaepraa Ilpouecc 3aypaqeHHag 3HeorHR 

3B K)l.)I(/MOJIb . 3B K~MOJIb 

FO- e --> F+ 17,42 . 1682,0 N"-e-->W 14,54 1404,5 

Cl" - e --> CI 

Bro - e --> Br 

13,01 

11,84 

1256,0 

1143,0 

Co -e --> C+ 

BO- e --> B+ 
11,26 

8,30 

1087,0 

801,0 
IO-e-->1+ 

If"':'e-->H' I 
10,44 

13,60 

1007,0 

1313,0 

Beo  e --> Be+ 

Li o 
- e --> Li 

9,32 

5,39 

900,0 

520,0 
SO  e"':'" S+ 10,40 1004,0 Nao  e --> Na+ 5,14 496,0 

TeO e --> Ie+ 

Sea- e --> Se 

9,01 

9,75 

870,0 

941,0 

MgO  e --> Mg' 

sr - e --> Si 

7,64 

8,15 

738,0 

787,0 

CPOACTBO K 3J1enpoHy - 3TO3HeprHR, KOTOpag BbI,lleJIjjeTCR npa ,l106aBJIeHHH 

3JIeK1pOHasa BaJIeHTHylO ofonosxy aTOMa. Hanpaaep, )I)UI aTOMacPTopa CPO,llCTBO K 

3JIeKrpOHY E, COCTaBJIReT: 
FO 

+ e" -->F Ee=Ml= - 337 K~MOJIb. 
OqeBH.nHO, 'ITO CPO,llCTBO K 3JIeK1pOHY aTOMacPTOpa paaao no 3Ha'leHHIO H 

nFTHBOnOJIO)l(HO no 3HaK)' aaepraa HOHHlaUHH cPTOpH,ll HOHa: 
F -->F+ + e- I = ~H=+337 K)l.)I(/MOJIb. 

14 

B Ta6JI.5 npaseneasr 3HaqeHHR CpO,llCTBa K anecrpoay rex )I(e aTOMOB, 'ITO H B ratin. 4. 
Ta6JIHua 5 

COO,llCTBO K 3JIeKTj)OHY E, 
IlpoueccITpOUecc 

FO+e-->F 

CI"+ e --> cr 2,10 I 203,0 

Br"+ e --> Be' 

3,80 I 367,0 
33,54 I 342,0 0,33 t ::....:22.:,0_--1 

IO+e-->r 0,00 0,0
 

if + e --> If
 
3,29 I 318,0 

0,54 I 52,0
 

SO + e --> S

0,74 I 71,0 
0,47 I 45,0 

TeO+ e --> Te 
2,07 I 200,0 

3,6 I 347,0 0, 32 1 31,0 '1 
1,46 141,1! 

P+ e --> P

3,5 338,0Sen+ e --> Se" 
0,50 48,0 . .J0,8 77,0 

B ueJIOM nocnenoaarenssocrs H3MeHeHH$I CpO,llCTBa K anexrpoay aTOMOB TaKag )I(e, 

KaK H )I)UI nOTeHUHaJIa HOHHlaUHH. 3JIeMeHTbI C 60JIbIIlHMH 3HeprHJl:MH HOHH3aUHH 

HMelOT H fionsuree CP0,llCTBO K anexrpoay, O,llHaKO HMeeTCR HeCKOJIbKO HCKJIlOqeHHH. 

TaJ(, cPTOp HMeeT 60JIee HH3Koe CP0,llCTBO K 3JIeKTpOHy,qeM XJIOp, eme fionsuree 

p83JJH'lHe B napax N-P H O-S. 
Ilon JlleKmpOOmpuu.amt!JlbHOCmblO 'lame acero IIOHHMaJOT cnocofiaoers aTOMOB K 

06pll3OBaHHlO HOHHOH CBR3H. B HaH60JIee IIPOCTOM cnysae 3JIeKTpOorpHuaTeJIbHOCTb 

paaaa nonyCyM'Me noreauaana HOHH3aUHH H Cp0,llCTBa K anexrpoay naaaoro aTOMa. 

qeM 60JIbIIIe 3JIeKTpOOTpHllaTeJIbHOCTb H qeM 60JIbIIIe CpO,llCTBO K 3JIeKTpOHY, TeM 

60JIbille cnococnocrs aTOMa 06paJOBaTb orpauarensasra HOH. qeM MeHbille 

3JIeK1pOorpHllaTeJIbHOCTb, TeM 60JIbIIIe cnocooaocrs 06paJOBaTb nOJIO)l(HTeJIbHO 

3apJOKeHHbIH HOH. 
B nOCJIe,llCTBHH K.Jl. ITOJIHHf npHHAA cacrexy 3JIeKrpoorpHllaTeJIbHOCTeH B 

omOCHTeJIbHhlX enaaauax, npHIIHCaB 30 aTOMa sonopona 2.1, rorna 

3JIeKrpoorpHuaTeJIbHOCTH OCTaJIbHbIX 3JIeMeHTOB TaK)l(e IIOJIyqalOTcR B OTHOCHTeJIbHblX 

e)l;HHHUax. CHCTeMa 3JIeKTpOrpHuaTeJIbHOCTeH aeonaoxparao yTOQHAAacb, n03ToMY B 

TafiJIH.l.\e 3HaQeHH$I 3JIeKTpoOTpHuaTeJIbHOCTeR npasenema HaH60JIee aeposrasre ee 

3HaqeHH$I. 
ITo paJHOCTH 3JIeKTpOOTpHllaTeJIbHOCTeH nayx 3JIeMeHTOB YCTaHaBJIHBaJOT HX 

crpeunenae K 06paJOBaHHlO HOHHOH CBR3H. geM oOllblUe pasnocms 

JlleKmpoompuu.amt!JlbHOCmeu 8JaUMoOeucm8YIO~ux amOM08, meM oOllblUe OOIUl 

UOHHOU CflRJU 8 OOP(lJYIO~eMCJI XUMUIleCKOM coeouneHUu. 

3JIeMeHT C 60JIbIIIeH 3JIeKrpOOTpHuaTeJIbHOCTblO sapaxaerca npa 3TOM 

OTpHuaTeJIbHO. HaH60JIbIIIag B03MO)I(HaJ! paJHOCTb 3JIeKTpOorpHuaTeJIbHOCTeH (Ta6JI.6 ) 

HMee-rCR Me)l(,lly cPTOpOM 4 H ueaaex 0,7. CJIe,llOBaTeJIbHO, )lJIR COe,llHHeHHR CsF HOHHaR 

CB1l3b 6Y.lleT asrpaaceaaaaafonee pesxo. 
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3aBHCHMOCTb ,nOJIH HOHHOH CBR3H B XHMH'lecKHX COe,llHHeHHH 01' Pa3HOCTH 

3JIeKlpOOTpHuareJIbHOCTeH 06pa3YJOmHX ero aTOMOB, HeJIHHeHHaR H ormcusaerca 
ypasaeaaea rana: 

i = [1- e -o.26(taJ)' 1100, %, 

rzie i - ,nom HOHHOH CBR3H, Bblpax<eHHaR B npouearax, a tJ.30 - Pa3HOCTb 

3JIeKlpOOTpHuaTeJIbHOCTeH MeJK.D.Y aTOMaMH C 60JIbllleH H MeHbllleH 

3JIeKlpOQTPHuaTeJIbHOCTRMH. COOTBeTCTBeHHO, ,nOJIli KOBa'leHTHOH CBJl3H COCTaBJIjieT 

BeJIH'lHH)', paBHYJO 100 - i %. 

TIpHMep pacsera ,nOJIH HOHHOH CBR3H B MOJIeK)'JJe NaC!. 

3~.= 0,93; 30CI=3,16 (Ta6JI.6); !J.30= J,16-0,93=2,23 • TIo <PoPMYJIe pacser 

rrpasonar K HeCKOJIbKO HHOMY 3HaQeHHIO i = [1_e-o·26
(2.2J)' j100 = 71,6%. 

CJIe,nOBaTeJIbHO, B NaCl ,nom HOHHOH CBR3H COCTaJlJIjieT -70 %, a KOBaJIeHTHOH 

30%. TIpaKTHKa noxassreaer, lJTO coeAHHeHHJI, B KOTOpbIX ,nom HOHHOH CBJl3H 

COCTaBJIReT He MeHee 50 %, MOryT paccxarpaaarscs KaK coenaaeaas C HOHHblM THIIOM 

CBR3H. Coe,llHHeHHJI, B KOTOPblX nona HOHHOH CBR3H KOJIe6JIeTCll 01' 15 ,no 40 % - KaK 

coenaaeaas C rrOJJRpHOH CBR3blQ. B TaKHX coe,nHHeHHRX XHMH'leCKall CBR3b 

npeaaymecraeaao KOBaJIeHTIloro rana, r.e. ocyntecranserca He sa cser rtepeaasa, a sa 

cser 0606meCTBJIeHHJI 3JIeKTpoHoB, O,llHaKO era CBR3b IIOJIRpH30BaHa. TIpHMepaMH TaKHX 

coe,llHHeHHH RBJIJlIOTCJI MOJIeK)'JIbI HCl, B KOTOpblX npa !J.30= 3,16-2,2=0,96 ,nOJIll 

HOHHOH CBJl3H COCTaBJIlleT 16-19 % HJIH HP (!J.30= 1,3, i= 25-35 %). TIpHMepoM 

coe,llHHeHHH C lJIiCTO KOBaJIeHTHblM THITOM CBR3H cnyxar coe,nHHeHHJI_H3 O,llHHaKOBbIX 

aTOMOB, B HHX !J.:JO= 0; i= 0, a TaKJKe npyrae COe,llHHeHHJI C 6JIH3KHMH 3Ha'leHHJlMH 

3JIeKTP0OTpHuareJlbHOCTeil:, aanpnaep, Kap6H,l( KpeMHIDI SiC (tJ.30 = 3,5-0,93=2,23, 

i=9,0-12 %). 

3aBHCHMOCTb MelK.!J.Y Pa3HOCTJlMH 3JIeKTpooTpHllarenbHOCTJlMH H ,nOJIeH HOHHOH 

CB1I3H npH6JIHJKeHHO naaa aa pHC. 7. TaK, aanpaxep, ,llJIji CB1l3H Si-O H3 Pa3HOCTH 

3JIeKTP0OTpHllaTeJIbHOCTeH, pasaoa 1,7 MOlKHO YCTaHOBHTb npmsepno 50 % HOHHOH 

CBR3H. 

llHcneHHoe 3HalJeHHe B CHCTeMe 3JIeKlpOOTpHuaTeJIbHOCTeH He OTJIHlJaeTCR 

6o.IJblllOH T01fHOCThIO, rr03TOMY KOppeJIj/l\HJI MelK.!J.Y Pa3HOCTblO 

3JIeKlpOOTpHuaTeJIbHOCTeH H HOHHblM xapaxrepox CBJl3H HOCHT npH6JIHJKeHHblH 

xapaxrep, Oc06eHHO CBJl3H 3aBHCJIT, aarrpassep, TaKJKe 01' BaJIeHTHOCTH 3JIeM~HTa B 

,naHHOM coenaaenaa, 01' xapaxrepa ero OKpyJKeHHR H np, 

~ 
100 

~ 
7S~ x 

':s:::a 
:I: SO 

£ 
:I: 

2S 

<5 

PHC. 7. Coornoureaae MelK.!J.Y Pa3HOCTblO 3JIeTpOOTpHuaTeJIbHOCTbIO H HOHHblM 

xapasrepov XHMHlJeCKOH CBJl3H 

BaJIeHTHOCTb aTOMa YlJacTBylOmero B HOHHOH CB1l3H,onpe,nemeTcJI KOJIHlJeCTBOM 

OT):\8.HHbix HJIH npHHJITblX 3JIeKTpoHoB, aanpaaep, NaCI BaJIeHTHOCTb HaTpHJI H xnopa 

pasaa 1. CaF2 BaJIeHTIlOCTh Ca pasaa 2, a cPTOpa ezraaaue. 

Pa3HOCTh 3JIeKTpOoTpHuaTeJIbHOcTeit 

!l11otl/
 
cnfTY:'f"l
 

f'l.~YL~;)~::::< .. ~;'l
 
l • l 

Cn01epF'\lp' \1r :A,-"" L.·.. ·, 'X 4-Ue. UJ I , ..Jnlnlj~liG. kr'I~U' , 
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Ta6JIHl\a 6 Ta6JIHl\a 7
 
3rreKTpOOTpRl\aTeJIhHOCTL :meMeHTOB Ka)f(ymHeCR j>a,LlHVCbI aTOMOB (OlIllRVCblllOJIHHl'l1) 

I
Z 3rreMeHT 30
 3JIeMeHTZ 30
 3JIeMeHTZ 30
 
H 2,2 35
 2,741
 Br 69
 Tm 1,11 
He -2
 36
 70
Kr Yb 1,06-

37
 Rb3
 Li 0,98 0,89 71
 Lu 1,14 
Be 1,574
 38
 Sr 0,99 72
 Hf 1,23 

yB 2,04 1,115
 39
 73
 Ta 1,33 
3,55C 40
 1,226
 Zr 74
 W 1,40 

7
 N 3,04 41
 Nb 75
 Re1,23 146
 
8
 3,44 42
 1,300 Mo 76
 Os 1,52 
9
 F 3,98 43
 77
Tc 1.36 Ir 155
 
10
 Ne 44
 Ru 78
- 1,42 Pt 1,44 

Na 0,93 45
II
 Rh 79
1,45 Au 1,42 
Mg 1,31 Hg46
 Pd12
 1,35 80
 1,44 

AgAl 1,61 47
 1,42 81
13
 Ti 1,44 
14
 Si 1,9 48
 Cd 1,46 82
 Pb 1,55 

49
 In15
 2,19 1,49P 83
 Bi t.67 
16
 S 2,58 50
 So 1,72 84
 Po 1,76 
17
 CI 3,16 51
 Sb 85
1,82 At l.90 

.18
 Ar 52
 Tc 2,01 86
 Rn -
K 0,82 I
19
 53
 2,21 87
 Fr 0,86 

1,020
 Ca 54
 Xe 88
 Ra 0,97-
21
 0,86Sc 1,36 55
 Cs 89
 Ac 1,00 
22
 TIIT 1,54 56
 Ba 0,97 90
 Th 1,11 
23
 57
V
 1,45 La 1,08 91
 Pa 1,14 
24
 Cr 58
 Ce 92
1,56 U 1,221,08 

Np25
 Mn 1,60 59
 Pr 93
 1,22107
 
26
 Fe 1,64 Nd Pu 1,2260
 1,07 94
 

(1,2)l,0727
 Co 1,70 61
 Pm Am95
 
(1,2)28
 1,75 CmNi 62
 Sm 1,07 96
 
(1,2)29
 1,75 BkCu 63
 Eu 97
1,01 
(l.2130
 Zn 1,66 64
 Cd I,ll 98
 Cf 
(1,231
 Ga 1,82 65
 Tb 99
 Es1,10 

32
 Ge 2,02 66
 100
 Fm (1,21Dy 1,10 
(1,2As 2,20 67
 Ho Md33
 101
1,10 

(No) (1,2)2,4834
 Sc 68
 Er 1,11 102
 
BeJIHqHHa 3neKTpOOTpHl\aTeJIhHOCTH )l;JlR sonopona npaaezreaa no IIOJIHHT)', 

Berrll'lHHh1, naneaaraaasre )l(HpHhlM mpH<pTOM - no .1IHTrny H AxcoHcy. BeJIH'ilIHhlB 
cKo6Kax oneaeasr IIpH6nH3HTeJlbHO, OCTllJIbHbIe .n;aHHbIe no Onnpezry H Poxosy. 

18
 

ATOM r, Ar, A AToMr, A ATOMr, AATOM 
1.10P2.2r1.74Ca1.34Ag P'+ 0.352.03K0.99Ca'+1.26Aft K+ 1.30Pt1.330.99CI1.43Al Ptl + 0.801.231.81 I Licr0.5AF Pt4 + 10.650.68cf+ Li0.271.34Au 
1.048
1.36MgLl8Au3+ Cr0.90 
1.84Cr3+ Ml+ sr0.660.630.91B 84+ 0.37Cr(r+ Ll7B3+ Mn0.520.23 
0.30S""Mo'+ 0.46Ll7Cu1.98Ba 
1.17Si0.7CuL+ N0.721.34Ba'+ Si4+ 0.42N'+ ·0.160.64F0.89Be 

N 5+ 1.41Sb0.13 
~ -~-0.35 11.33BeL+ IF 

Sb'+ 0.621.57NaI Fe 1.171.5Bi 
1.40So0.97Fe1+ Na 

SnL+ 
0.74BiJ+ 0.96 

0.93Ll5NiFeJ+ 0.641.14Br 8n4+Ni1+ 0.710.691.44Hg
 
Hgl '
 

1.96Br" 
OL' 1.25Zn1.4LlO0,.77C 

0.74ZnH
0.6601.83C4' ' 0.16 I
 

3HepzUR XUMU'leCKOU C6R3U UOHHOZO muna 

3HeprHIO XHMHqeCKOH CBR3H Me)l()J;)' ,!\ByMR pa3HOHMeHHo 3apR)f(eHHhlMH 

HOHaMH MO)f(HO paccxarars no <poPMYrre: 

E, =_z+z~e'(l_.!.) 
mm 4JrO"o n ' 

rne z', Z' - qHCJIO nOJIO)f(HTeJIhHhlX H OTpHuaTeJIbHblX sapxaos 
e - BeJIH'ilIHa oaaoro aneuearapaoro sapana 
s _ BeJIH'ilIHa ,D;H3JIeICqmqeCKOH npoHHuaeMocTH cpenst, B KOTOpoH

12
 
npoHcXO,!\HT B3aHMo,!\eHcTBHe MOHOB (B cpaBHeHIDI CBaKYYMOM). &0 = 8,85 10. , &I~ 
=821:0 [K..'12/,a)f(M], 0 - K03<p<pHl\HeHT C)l(HMaeMOCTH (12< 0< 5). 

3HepzUR XUMU'leCKOU C6J13U 6 UOHHOM KpUCmQJlJle 

Kpacrannsr npe.n;CTaBJIlIIOT C060H rHraHTCKHe MOJIeKyJIbl, COcTORll\He 
npaKTHqeCKH M3 6eCKOHeqHOrO qHCJIa aToMOB, MOJIeKyJI HJ1M HOHOB, pacnonoxennsrx 
B onpeneneaaou nopsnxe, B HOHHOM KpHCTarrrre scerna HMeeT MecTO 60JIhillee 
'lHCJIO B3aHMo.n;eHCTBHH, qeM Me)f(.ny napoit HOHOB. YqeT scex 3THX B3aHMo,!\eHcTBHH 

onacusaercs KOHeTaHTOH Maaenynra A. 
3HeprHRnpHTR)f(eHHR rtapsi HOHOB B uexoropox xpacranne panna: 

E. =_ANz'z-e'(I_.!.\j 
rmn 4Jrer no 
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3HaqeHHR KOHCTaHT Manenynra .u.nR HeKOTOpbIX HOHHbIX KpHCTaJIJIOB (pac.B) 
npezrcraaneasi BTa6JI.8. 

Ta6JIRua 8 
DOCTORHHbIe Maaenyara nna HeKoTOpbIX Ky6HqeCKHX crpyxryp 

"S;Q2 llNPll 

T:02 PY'I'IUlCeP \flIlyopnz 

fl. 
c.el U83XK XAOptIA '".CI Itnprotll ltlIoSJl'lo 

HaHMeHOBaHHe DOCTORHHaR Ilpauepu 
Manenyara ..._--f-------. 

Ky6HQeCKaR,rpaHeueHTPHpOBaHHaR 1.748 ! NaCl, TiC, z-c, MgO, 
THlIaNaCI. CaO, TiO 

-
Ky6uqeCKaR,06beMHo 1.763 CsCl,Mo, VV,~-Fe
 

UeHTPHpOBaHHaR THlIaCsCl
 
Ky6HQeCKaR,rpaHeueHTPHpOBaHHaR
 6.522 ZnS, C anaas, BeO 

THIIaZnS (crpanepar) I
 
Ky6HQeCKaR,rpaHeueHTPHpOBaHHaR
 5.039 .CaFz,z-o, i

I 
THlIa CaFz (<!JmoopHT) 
Ky6HQeCKaR,06beMHo cu,o4.322 

UeHTPHpOBaHHaR THlIaCu-O
 
(KyIIPHT)
 

lnIQIOOtt»d llC5MaKU 

NO tIlJlHlIUl OIlCtU\ 

L!IBIl~lC~ 

III A. KIIICUJI apceHIIA 

PHc.·8. l10HHbIe KpHCTaJIJlbI PaJJIHQHbIX coeAlmeHHH 

21 
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2.KoBllJIeHTH3R CBRJb 

Kosanearaas CB1I3b Me)f()ly aTOMaMH cPOpMHpyeTCli nyrea B3aHMo.n.eHcTBHlI 

aenapaux :meKTJ>OHoB H BaKaHTHbIX MeCT aTOMHbIX oP6HTaneH. Ynponresao BeJIHllHHa 

BWIeHTHOCTH B nOM cnyxae onpenensercs 'IHCJIOM uecnapeasux 3neKTJ>OHOB H 

BaKaHTHbIX MeCT aa aTOMHbIX op6HTaJIlIX. 

Hanpaaep, aTOM sonopona aa O.n.HOH 1S - op6HTanH conepaorr OJl:HH HenapHbIH 

3JIeK1'pOH H O.n.HO BaKaHTHOe .D.JI1i 3J1eKTPoHa MeCTO. MOJIeKyJIa BOJ1:0po.n.a Hz ofipasyerca 
aa cser 3anOJIHeHHlI BaKaHTHbIX MeCT ABYMll 3JIeKTJ>OHaMH (no O.D.HoMy OT K8)f()lOrO 

aTOMa) KaK no nOKll3aHO aa pHc.9. 

o +o~m 
H H Hz 

PHC. 9. Ilepespsrsaaae 3JIeKTpoHHbIX op6HTarreA MOJIeK)'JIbI sonopona 

IIpH 3TOM npOHCXOJl:HT nepexpsrsaaae 1S - Op6HTaJIeH H ofipasyerca B MOJIeK)'JIe 

Hz KaK 6b1 O.D.Ha Op6HTaJIb nOJIHOCTbIO 3anOJIHeHHalI .D.ByMR 3JIeKTpoHaMH. 

Aaanorasaas CHTY8IJ,IDI B03HHKaeT npa B3aHMo.n.eHCTBHH aenapasrx 3JIeKTJ>OHoB 

aTOMa sonopona H 2p - Op6HTWIH aTOMa 4Jyopa. 

D<:') -r: O~ o<V 
F H HF 

PHc.l0. Ilepespusaaae 3JIeK1'pOHHbIX op6HTarreA MOJIeK)'JIbI drroposonopona 

Ha nOM pHC)'HKe nOKaJaHbI TOJIbKO B3aHMo.n.eHCTByKlmHe opoarana, conepacautae 
aecnapeaasre 3JIeKTPOHbI. Op6HTWIH, conepxanrae rrapsr 3JIeKTpOHOB, T.e. nOJIHOCTblO 

3anOJIHeHHbIe, He npHHHMaIOIIUie Y'!8CTHe B 06p1l30BaHHH XHMHllecKOH CB1I3H, He 

noxasaau, 'IT06bI He 38I]X>MO)K)laTb pHCyHOK, XOTli paayxeercs OHH IIpHCyTCTBylOT B 

MOJleKY.:re HF. 
B03HHKHOBeHHe XHMHlleCKOA CB1I3eH MO)I(HO H306pll3HTb TaK)f(e H JlPyrHM 

cnoco60M, aarrpassep B MOJIeK)'JIe asora Nz . 

N 

2p 

2s1 H 

.fS I i! N 

i! I 2s 

2p 

PHC. 11. 06pll30BaHHe MOJleK)'JIbI aJOTa 

22 

H 

H 

!'12 

HIHIi! 

i! 

u IIs I i! 

llocKonbK)' KaJK,llbIH aTOM asora conepsorr TPH necnapeaasax 3neKTJ>OHa H TPH 

B8JCaH MeCTa, TO aTOMbI B MOJIeK)';le asora CBlI3aHbI MelK.D.Y C060H TJ>OHHOH CB1l3blO.THbIX 
1b-3a 3Toro MOJIeK)'JIa aaora N OTJlH'IaeTCli O'leHb BbICOKOH nposaocrsio. 3HeprHlIz 

pa3pblBa acex TpeX CB1I3eH COCTaBJIlleT 154 rc,UlK/ MOJIb. 
KaK BH.n.HO H3 pHCyHKOB 9-11 MOJIeKYJIbI BO.n.OPO.n.a, cPTOpOBo.n.opoJla H asora 

HMelO JIHHeHHylO cTPYKTYPY, a BarreHTHbIH YTOJI (YTOJI MelK.D.Y BllJIeHTHbIMH CB1l311MHT 

COCTaBJIJleT 180°).
Y aTOMa KHCJIOpo.n.a na ABYX p - op6HTaJIlIX conepxarca no O.D.HOM)' aa Ka)f()lOH 

op6HTaJIH naa aenapnsrx 3JIeKTJ>OHa, a na TPeTbeH Heno.n.eJIeHHalI napa 3JIeKTPOHOB. 

llOCKOJIbK)' p- Op6HTWIH pacnOJIO)f(eHbI non yrnoa 90°, TO H BWIeHTHbrH yrOJI, aanpaaep 

B MOJIeK)'JIe BO.D.bI)6JIH30KK 90°, 

PRe. 1"2. CTJ>OeHHe MOJIeK)'JIbI BOJl:bI 
ATOM 1130Ta sa rpex p - Op6HTaJUIX Co.n.epJKHT, KaK 6bIJIO nOKaJaHO paaee, no 

O.D.HOM)' 3JIeKTpoHY, n03TOMy C aTOMoM BOJ1:0po.n.a K8)f()lall Op6HTaJIb ofipasyer oznry 
XHMH'lecK)'lO CB1I3b (acero CB1I3eH B MOJIeK)'JIe TPH), BarreHTHbIe yrnsr TaK)f(e MH3KH K 

H900 (PHC.l3). llonylleHHoe coe.n.HHeHHe NH 3 HMeeT nHpaMH.D.arrbHOe CTJ>OeHHe, B O.D.HO 

H3 BepIIIHH aaxomrrcs aTOM asora. 

H 

PHC.l3. CTPOeHHe MOJIeK)'JIbI aMMHaKa 

H 

Z3 
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- ~ 

BBHJO' Pll3JIH'IIDl 3JIeKTpOOTpHllaTeJI},HOCTeH aTOMOB BO.nOPO.na, lflTOPa, KHCJIOpO.na ()Ioco6h1 a - nepeKpl>IBaHHJl
aJOTa B MOJIeKYJIax HF, HzO, NH3 npacyrcrsyer 3aMeTHaJl .nOM HOHHOH 
cocTaBJUJIOmeA XIIMH'IecKoA CBflH. 06mWl3JIeKTpoHHlllI napa (3JIeKTpOHHWl fiJIOTHOCTb) x 
csrenreaa K 60noo 3neKTpOOTpHl.\aTeJILHhIM aTOMIlM epropa, KHCJIOpO.na, aJOTa, npa TIOM 
nOJIO)I(Jfre]Jl>HhIA 3apJl,ll cxenrea K aTOM)' sonopona. TlIXHe MOJIeKYm.I H!I3l>IBalOT --1=-* '. Py -4JopMaftOJUlPHWMII. B MOJIexynax HF, HzO, NH3 OTpHl\aTeJILHIJK aapaa JIOKaJIH30BaH 
COOTBeTCTBeHHO OKOJIO epTOPa, KHCJIOP0./la, !I3OTa, a nOJIOlKHTeJILHI>IA - OKOJIO aTOMa .y " ~y 
BO./l0PO,!UI. 3T0 OOCTOn'eJII>CTBO OOyCnllBJIHBaeT Cnel.\HeplflleCKHe csoacraa nOJUlPH&lX 
MOJIeKYJI, B 'IacTHOCTH, COJILBaTllIlHlO, T.e, cnoc06HOCTh rrpHTJIrHBaThCH .npyr K .npyry 
p!l3HOHMeHHLIMH 3apJl,llSMH. z 

" z 

Cnoc06h1 1t - nepexpl>IBaHHll 
3.THDI•• nepelqU.lBllHHR 8TOMHL.X op6HTBJleti 

x 

Hs pHc,9,lO BH.ZlHO, 'ITO KOBaneHTH8Jl CBJI3h 06p!l3yeTCJl nyrex o606meCTBneHH.II 
3JIeKTpOHoB B3llHMo.neAcTByIOUUIX aTOMOB, nyresc nepespsraaaax HX op6HTl1JIeH. B TIOM 
cnysae 06p!l3yeTCJl 3JIeKTpOHHlllI napa KaJl(Jl;oii: XHMIf'IeCKOH CBJI3H sa cser roro, 'ITO ~Y ?::*:C ~ y 
o606meCTBJ1eHHhIe anexrponsr H HX op6HTlLlJI npaaaaneaar O.!lHOBpeMeHHo 
B3llHMo.neHCTByIOIqHM aTOMaM, npH'leM 3JIelITpOHhI, ysacrsyromae B XHMHqeCKOH CBflH 
CMemeHLI B CTOpoHY 6onoo 3JIeKTpOOTpHl.\aTeJILHoro aTOMa. z ".11 

Ilepespsrsaaae op6HTaJIeA MOJKeT rrpOHCXO.ZlHTl> no TpeM THnaM: 1) B.nOJIL OCR, 
coe,nHHHlOmeH snpa aTOMOB - o-caass. Ami: aee XapaKTepHhI S-S, Sop, pop, dod. Sod. R p p. -l\JopMS 
d - nepexpsrsaaas; 2) nepespsrsanae p-p, pod R d-d op6HT8J1eil. no ooe CTOpoHhI OCH, X 

coe.ZllfIDllOmeA x.npa aTOMOB- 1t-CIDl3I>; 3) B nap8JIJIeJILHLIX fiJIOCKOCTllX, xapasrepno 
TOnl>KO ,WUI HeKOTOp&lX mnOB dod - op6HTaJIeA - O-CBJl3I>. Hexoropsre epoPMhI 
nepespsrsaaaa npencraeneasr aa pHc.14, :r:r ¥ 

z 

I 

PRc. 14. CllopMhInepexpl>IBaHHJl aTOMHI>IX op6HTaneit 

Hanpaxep, B MoneK)'JIe lI30Ta rpa CIUl3R: ozraa 06p!I3YeTCji o - nepeKphIBaHlIeM, a 

npyrae ,naeMOryr nepexpl>IBaThcji ronsso 1t- THlIOM. 

4. r06pH,llHble op6HT8JlO 0 I1I6pH,llUbIe CBRlO 

Pacmapeaae BaneHTH&lX B03MOJKHOCTeit aTOMOB MOJKeT ocymeCTll.llllTbCji nyreM 
nepexermraaaas 3HepremqeCKH 6nH3KHX op6HTaneii. Tax, HanpHMep, 6hIJ1a HenOmrma2 2 

B()3MOJKHOCTh 06pawBaHRJl XHMHqeCKHX CBJI3en. aTOMOM 6epRJI1IHJl: 15 2s 2pO , 
z

1peXBaJIeHTHoe cOCTOJlHRe aTOMa 6poMa: l5z 2s 2pl, qeThlpeXBaneHTHoe cOCTOjiHlIe 

aTOMa yrnepona: lsz 2sz 2pzHT.n. ECJIH paCCMaTpHBaTh CTal.\HOHapHoe COCTOjiHlIe 3TIIX 

zsZ4 

z 

enocOOhI 0 - nepeKphIBaHHJl 
x 
dzy -4JOpMS 
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Cl 

I 

iioua..- rP F'F 

T'.;flIf'~-'" 
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Cl Be Cl 

~~I~ 

PHc.16. reoMeTpH'IeCKRSl <popMa MOJIeK).JI 

ABe ep-op6MTanM 

"8TbIp8 sp3-op5MTan. 

SJHll!ipMAM3a4MJI BaneKTllbDl opl5MTa11~ 

(s+p)· Op6KTi1I1M 

s 

*~Q,,~ 

(o+P+P+9}-op61fT1l11. 

CI)opllla SP-rn!ipMAHOIl 
opl5MTa11M 

a... 

(S+p+p)-opl5llTI111M TPM sp2-op&rranM 

sp2-nt6pil,l1M3a4M" BanBHTllbDl op~ 

26 

PRC. IS. THUbI rn6pH,lI,H3RUHH: a - cPopMa O,QROH rn6pH,QROH Op6HTaJIH; 6- BH,lI, sp

m6pHAH30BaHHbIX Op6HTaJIeH; B - BH,lI, Sp2- rH6pH,lI,H30BaHHhIX opoaranea; r - BH,lI, Sp3_ 

rn6pH.QH30BaHHbIX Op6HTaJIeii 

-------~p 

aTOMOB, TO OK8)KeTClI, 'ITO aTOM 6epHJIIDUI He CO.QeplKHT aenapasrx 3JIeKTPOHOB, aTOM 

fiopa - TOJIbKO O,QRH, a aTOM yrnepoaa TOJIbKO .QBa. BbIXO.Q H3 aroro nOJIOJKeHHlI COCTOJIJI 

B TOM, 'ITO 2s - COCTOJIHHe H 2p - COCTOJIHHe 3THX aTOMOB MOryr CMelIIHBaTbCli. B 

pesynsrare ,lI,OJIlKHbI 06pa30BaTbCli CMeWaHHhIe Op6HTaJIH. ECJIH, aanpassep, 

CMeWHBlUOTCSl O,QRa s Op6HTaJIb C O,QROH p-Op6HTaJ1blO, TO B pesynsrare ,lI,OJIJKHhI 

06Pa30BhIBaTbCli .QBe CMeWaHHhIe sp - Op6HTaJIH. 

Ha pHC. IS,a rroxasaaa cPopMa O,QROH rn6pH.QHoH Op6HTaJIH. Ha pHc.IS, 6 - nae 

rn6pH,QRhIe sp - Op6HTaJ1H, nOJIyqeHHble nyTeM nepeMewHBaHHlI O,QROH s - H O,QROH P 

Op6HTaJlH, Ka)l(,lI,RSl H3 KOTOPbIX cO.QeplKHT no O,QR0MY aerrapaoxy 3JIeKTPoHy, KlIK no 

nponcxonar y aTOMa 6epHJIJIHlI. TIPH nOM He -HapywaeTCli lIH UpHHUHU TIayJIH, HH 

UpaBHJIO Xyaaa, 
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Ta6JIHua 9 
rr -- - -r , -  --~--

THn rH6pH.L\H3auHH H BaneHTIlhIH 061llaJI llpHMepl>I 

reouerpanecxaa cPopMa yron (rpan) cPopMYJIa 
MOJIeKYJI 

hI (aoaa) 

sp - JIHHeHHaJI 180 AB2(1) B02', BeF2, CO2, NO/ N 2O, 
HCN, NCS', Sn02 

sp" - 'I'peyrOJII>HaJI 120 AB3 (2) AlF3,B03j',C03 
1',N0 

3-,S03, 
- COF2 

sp' - TCTpaJ.L\PHlIeCKaJI 109,5 
AB2 (3) 
AB4(4) 

N02-, S02, 8nF2, 0 3, N02 
[BF4L CCLt, Cl04-, NH/, 
sot, SCh02, S03S2. 

AB3 (5) AsF), H)O+, NH), SO)-, SOF2 
AB2 (6) [BrF2t ,Cl02-, H 2O, 

Sp3d - 'I'pHroHaJII>HaJI 

6HIIHPaMH.L\aJII>HaJI 

120 AB5 (7) 
AB) (9) 

AsF5, PCl5, PF 5, SbCl5 
BrF), ClF3, [XeF3t 

Sp3d1 
- OKTaJ.L\PH'IeCXlIJJ 90 

AB 2 (10) 
AB6 (11) 
AB) (12) 

fIBr2l-. KrF2, XeF2 
[AlF6L [AsF6L 106" , SF6

BrF5 [SbF6f 
sp'd1 

- neararoaaasaas 72 AB7 (13) IF7 

6HnHPOMH.L\a 

5.MeTOLl MOJIeKYJlHpHblX Op6HTllJIeH 

IIpH C6JIH)I(eHHH aTOMOB aTOMHhIe Op6HTaJIH BaJIeHTHbIX 3JIeKTPOHoB HaqHHaIOT 

B3aHMO,ll;eHCTBOBaTb nyrea nepespsrsaaaa npyr npyra. llOCKOJIbKy .n:BHJKeHHe 

3JIeKTpoHoB HOCHT BOJIHOBOH xapasrep, TO nepexpsrsaaae op6HTeJIeH MO>KHO 

npencrasars XaK HHTepcPepeHUHIO CTOjJqJfJ( BOJIH C aMIIJIHl)',ll;OH, H3MeHlI1O~eHCJI B 
npenenax OT +", ,l:\0- '" , rne '" - BOJIHOBaJI cPyHKUHJI C paJHOCTblO cPaJ mr, a n - uenoe 
qHCJIO. ECJIH BC'I'peqalOTcJI aMIIJIHTy.n:hI oaaoro 3HIlKa, TO OHH CKJI8.L\I>IBaIOTClI, T.e. 

cysosapaaa aMWIHTy.n:a BepoJITHOCTH H3XOJK.n:eHHJI 3JIeKTpoHa B03paCTaeT: 

'P.= N'("'A+ "'B). 
3.n:ecb "'A - BOJIHOBaJI cPYHKIlIDI,OIIHCblBaIO~aJI ,llBHJKeHHe onaoro 3JIeKTpOHa aTOMa 

A, "'B _BOJIHOBaJI cPyHKUHlI, OfiHChIBaIOIUaJI ,llBHJKeHHe onaoro 3J1elITpOHa aTOMa B, N, 
K03cPcPHD,HeHT nponopuaoaansaocra, Y'lHThIBaIOIUHH creneas (rnytiaay) nepespsmaaas 
Op6HTaJIeii ("'A H "'B), a BepoJITHOCTb aaxoxaeaaa 3JIeKTpOHa O.L\HOBpeMeHHO B nOJIe 
,l:\eHCTBHJI aTOMOB A H B pasaa ",2: 

2= 2("'A+ 2+ 2+ 
'P t N t "'B)2= N\2("'A "'B 2 "'A· "'B) 
ECJIH nepexpsraaiorca aroassre Op6HTaJIH o60Hx aTOMoB, HMelOIUHe aMIIJIHl)'.L\I>I 

KOJIe6aHHlIpasaoro 3HIlKa, TO 06IUaJI aMIIJIHl)',l:\a ('P2) YMeHbIUaeTCJI: 

28 

'P2= N2("'A- "'B),
 
H COOTBeTCTBeHHO YMeHblIIaeTCJI nnoraocrs BepoJITHOCTH HaxO)l()l;eHHll 3JIeKTpOHa
 

• none .n:eAcTBIDI aTOMOB A H B:
2 2+ 2_'Pl= Nl("'A- "'Bi= N2 ("'A "'B 2 "'A· "'B). 

BH,llHO, 'ITO B cnysae nepespsraaaaa aTOMHbIX op6wraJIeA, HMelOIIUfX aMIlJUrIY.n:y 

J:one6aHID1 onaoro 3HaKa. BepoJITHOCTb HaxoxmeHHll 3JIeKTpOHa B nOJIe .n:eHCTBHJI neyx
2

aTOMOB B03paCTaeT aa BeJIH'IHH)' 2 "'A. "'B, TIlK KIlK 'PA - 3TO BepOJITHOCTb HaxO)l()l;eHHJI
23JleKTpoHa B nOJIe aTOMa A, a 'PB - 3TO BepOllTIfOCTb HaxO)l()l;eHHJI 3JIeKTpOHa B nOJIe 

aTOMa B, a B cnysae llPOTHBODOJIO>KHhIX 3HaqeHHH aMWIHl)'.n: Be]JOJITHOCTb HaxO)l()l;eHHJI 

3JleKJPOHa B 1I0JIe.n:eHCTBHJI ,llByx aTOMOB A H B yMeHbWaeTCJIaa BelIlI'DIHY 2 "'A· "'B· 
TaICHM 06paJOM H3 .L\Byx op6wraJIeH aTOMOB A H B, OIIHCaHHhIX cPYHKD;IIJIMH "'A H 

"'B, cPoPMHpyIOTCJI ,llBe MOJIexyJIJlpHhIe op6HTaJIH "'1 R. "'2. ITPH nOM BeJlH'[HlHOH "'I 
on:pe.neJIJleTCjf BOJIHOBWI cPyHKIlIDI XHMH'IecKOH CBlI3Haa C'IeT YBeJIH'IeHHJIBepOJlTIfOCTH 

B8XOlK)leHHJI 3JIeKTpOHa B nOJIe .n:eHCTBHJI nsyx aTOMOB. TllKlIJJ "'1 - cPynKUHJI 
HaJhIBae'l'CJI CBDbIBaKllIIeH, a ee Op6HTaJIh - 'CBDhIBaIOlIIeil: tofOJIeKYJIJlPHOH Op6wraJIblO. 

BeJIH1IHHoii "'2 onpenensercs BOJIHOBWI cPyHKIlIDI Pa3phIXJIJllOlIIeH MOJIeKYJIJlPHOH 

op6HTaJIH. 
llOTeHUHaJIbHaJI 3HeprIDI cBDhIBaIOlIIeH Op6HTaJIH cymecraeano MeHbme 

n~aJIbHOii 3HeprHH paspaxaeomea op6HTaJIH, D03TOMY 3JIeKTpOHaMH saasaae 
3aIIOJIHJIeTCjf CBDhIBaIOlIIaJI op6HTIIJIb, a nOTOM pa3phIXJIJllOm;aJI. Ha pHc.16, a DOKa38Ha 

3BepI'e'I1l'leCKaJI .L\HarpaMMa 06PaJOBaHIDI MOJIeKYJIJlPHhIX op6HTaJIeil: MO H3 ,llByx 
op6HTaJIeA AO aa npaxepe MOJIexyJIhI sonopona. 3a aynesoe COCTOJlHHe IIpHHJlTO 

HCXO.L\Hoe COCTOJlHHe H30JIHpoBaHHhIX aroaos sonopona. CBDhIBaIOm;aJI MOJIeKYJIJlPHaJI 

op6HTaJIb o, naer BhIHrphIW aaepraa, a paJphIXIDIlOm;aJI G;- TIlKOH )l(e IIpOHrphIIII 

3Hepni:H. IIocKOJIbXY mo6aJ1 CHCTeMa eTpeMHTCJI K COCTOJIHHIO C MHHHMYMOM 3UeprHH, 

TO 3JIeKTpOHhI aTOMOB npa HX BJaHMo.n:eHCTBHH caasana JaIIOJIJUIIOT CBJI3bIBaKlmyIO 

Op6HTaJIb, a paJphIXJUlIOlIIaJI OCTaeTCJI aaxaaraoa. 
MeTO.n: MOJIexyJIJlpHhIX op6HTaJIeft., HCnOJIb3Y1OmHHcJI AJIJI aaanasa XHMH'IeCKOH 

CBJI3H, n03BOJIJleT YCTaHOBHTb B03MO>KHOCTb ee 06paJOBaHHlI, OD,eHHTb ee IIP0'IHOCTb 110 

3HeprHH paapsrsa. Cnenars BhIBO.n: 0 sparaocra XHMH'IeCKOH CBJI3H no CHJIe 3aHJIThIX 

3JIeKTpOHaMH CBDhIBaIOlIIHX op6HTaJIeil:, onpe.n:eJIJleMOH Bh!p8)l(eHHeM: (Plu -n)/2, rne 

Pl ,nu' - 'lHCJIO 3JIeKTpOHoB, HaxO.LlJllD,HXCJI aa CBDhIBaIOIIUfX H Pa3phIXIDIIOIIUfXu 

op6HTllJU1X. 
Ha pHC. 17, 6 npencraaneao 06paJoBaHHe MOJIeKYJIJlPHhIX op6HTaJIeii B 

IIpOcreHweH MHoroaTOMHOH MOJIexyJIe - JIHHeft.Hoft. MOJIexyJIe BeH2• OHH 06paJ}'IOTcJI 

IIpH KOM6HHaIUlH 1s - op6wraJIeA aTOMOB sonopoaa C 2s- H OWlOH H3 2p- op6HTaneA 

aTOMa Be. Ocransasie ,llBe 2p- Op6wraJIH aTOMa Be B 06paJOBaHHH CBDeH He 

Y'la.cTBylOT H aa 3HepreTH'leCKOA .L\HarpaMMe (B nOJIe MOJIexyJIJlPHhIX op6HTaJIeA) 

KJIacCHcPHIlHPYIOTCJI KIlK HeCBJI3hIBaIOID,He 1t
0 

- MO, T.e. KIlK HMelOmHe aynesoe 

BJaHMo.n:eHCTBHe c ls - Op6HTaJIJIMH aTOMOB H. 
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06m;lUI nOCJIe.n.OBaTelIbHOCTb 3anOJIHeHHJI 3JIeKTpOHaMH MOJIeKYJIJlPHbIX 

CBlI3h1BaIOmHX H PIl3PLIXJUllOmHX op6HTaJIeA TaKlUI lite KaK H aTOMHbIX. Caasana 
3aDOJIHJJ1OTCg MOJIeKYJIJlPHhle op6llTl1JIH C HaHMem,weii noreanaamaoa 30epmeA, a 

3aTeM - no Mepe B03J)aCTaHlIJI nOTeHIUlaJIbHoA saepraa, 
c, < O°ls < 02s <0°15 < 02p < 1t2py~ 1[2pz < 1[°2py < 1t°2PZ < 0° 2px • 

EMKOCTb KlllKJ.IoA MOJIeKYJIJlPOOH op6llTl1JIH, B COOTBeTCTBHH C npHH~OM 

Ilayaa, KaK H aTOMHbIX - He 60JIee .n.syx 3JIeKTpOHOB. 3JIeK1pOHbl pacnpenenatorcs aa 
MOJIeKYJIJlPHblX op6HTaIDIX B COOTBeTCTBHH C IIpaBBJIOM Xyana, llpH 3TOM ofimee 
'lHCJIO MOJIeKYJIJlPHLIX op6HTaJIeA (CBlI3b1BlUOIItHX H pa3PLIXJUllOIItHX) .n.OJDKHO 6blTb 

pBBHO 'lHcny 06pa3YJOmHX HX aTOMHbIX op6HTanell.. 3TO 03Ha1UleT; 'ITO 06pa:roBaHHe 

KaJK,!loA cBJl3bIBaIOm;eA MOJIeKYJIJlPHOH op6HTaJIH 6y,neT conpoeoanarscs 
06pa30BaHHeM pa3pLIXJUllOm;eA, a 3aCeJIeHHOCTh nHX op6HTaneA 3BBHCHT OT 

KOJIlflIeCTBa 3JIeK1pOHoB, HMelOmHXcg y aTOMOB. 

a 6:, 
BeH2AO MO AO 

HA H, fl. '-V_E 
Be0° Is'1'E 

H, 
H, 

'1'+ ols 

2p-

"~ 
c1ee, 

o'~~ 

PRC. 17. 3HepreTH'lecme AHarpaMMbI MOJIeKYJIJlPHbIX op6HTaJIeA: a - aTOMa aonopona; 
6 - MOJIeKYJ1h1 BeH2 

Ilpa KOHCTp)'HpOBlIHHH MOJIeKYJIJlPHLIX op6HTllJIeA H3 aTOMHLlX aesoropsre 
Tpy,ll,HOCTH MOJKeT BJ,;(3BaTh TO 06CToJlTeJIbCTBO,'ITO Y B3aHMo.n.eACTBYJOm;HX aTOMOB 

Auce 0,ll,HH H re lite (no Ha60py KBaHTOBbIX 'lHcen) op6HTaJIH 06JIa,n;aIOT Pa3HOH 

IlOTeHl\HaJIbHOA 3HepmeA (PHC. 18). C yseJIlflleHHeM 1l0P.lI,llI«)BOro HOMepa 3JIeMeHTa 

IlOTCHl\HaJIbHWI saepras Is, 2s, 2p, 38 H APYfHX op6HTaJIeH CHHJKaeTCg. ::tra 

30 

0c06eHHOCTb ysarsraaerca K03.pc}lHUHeHTOM S , KOTOpbIH pBBeH .n.OJIe )"IacTHJI HJIH 

1180H aTOMHOH op6HTaJIH B C03AaHBB MOJIeKYJIJlPHoH op6HTaJIH: 

'1'08=Nca(S'VA+ 'VB)'
ECJIH npHBJITh, 'ITO 30eprHJI aToMHoA Op6HTaJIH aTOMa A 60JIbme HJlH pasaa 

elIbHLIX3SeprHH aTOMHoA op6HTaJIH aTOMa B, TO O<S<I. B npe.n. CJIY'WIX: S-+1 

030a'laeT, 'ITO 3HeprHJI B3aHMo.n.eiicTBywlJlHX aToMHbIX op6HTaJIeit pasasr H 
eJIJleTCg 

cBlI3b1B81ODllUl MOJIeKYJIJlPHlUI Op6HTaJIb B pBBHOH CTeneHH onpe.n. aTOMHh1MH 

op6HT8J1J1MH aTOMOB A H B: 

'1'&.= N08('VA+ 'VB)' 
S-+O osaasaer, 'ITO 30eprHJI aTOMHOA 06HTaJIH aTOMa A naeronsso BeJIHKa, 'ITO 

ee .n.0JIJI )"IaCTHJI B CBlI3h1BaIODleii MOJIeKYJIJlPHOii op6HTaJIH CTpeMHTCg K 0 H BOJIHOBWI 

c}lyHKUIDI CBJI3h1BaIODleii MOJIeKYJIJlPHOA op6HTaJ1H onpe.n.eJIJleTcg TOJIbKO BOJIHOBOA 

c}lyHImHeH B3aHMo.n.eiicTBYIODleil:op6HTaJIH aToMa B: 'I' ca=Ncs'VB' 
B 3TOM cnynae aTOMHh1e Op6HTaJIHBe MoryrC03.n.aTh MOJIeKYJIJlPHYIO Op6HTlUTh. 

----,---, 

10 116 7 8 9 

-10 ...: 
I 

c
E,a8 -15 j" 0 

-20 

25 1 • 
-
30 1 

:;'1 

-

~j 
-45 

z 

PHC. 18. lbMeHeHHe nOTeHU;HaJIbHOA 3Hepnm AO s H P cOCTOJIHHA B 

38BHCHMOCTB OT nopll,llKOBOro HOMepa aTOMOB 

3\ 

*'f."" 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



j

l 

NOz(r) 

NO+ y,o,(r) 

Yo N2 + Yo02(r) 

MI 
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BaJKHeHWeH XapaKTepHCTHKOH JII06oro CJIOJKHoro Bem:eCTBa CJIY>KHT CTaH.ll:aPTRoe 
H3MeHeHHe 3HTaJIbIIHH rrpa ero 06pa30BaHHH H3 rrpOCTbIX Bem:eCTB - Mf298. 3Ta 
BeJIHtIHHa npe,nCTaBJUIeT co6oA H3MeHeHHe 3HTaJIbIIHH peaKJUIH, B KOTOpOH 1 MOJIb 
aemecrsa 06pa3Yen:R H3 npocrux semecra npH'leM Bee OHH .ll:0JI)KHhI HaxO.ll:HTbCR B 
CTaH,[lapTHOM COCTOJlHHH. 3a CTaH.ll:apTHoe cOCTORHHe npHHRTO c'IHTllTb T=298 K H 

P=laT.(103,1 KIla).
HpUMep 2. TepMOXHMH'lecicoe ypasaeaae 06pa3oBaHHR CYJIbcP8Ta CBHHu;a 113 

MeTaJIJIH'lecKOro CBHHIJ;a, KpHCTlIJlJlH'IeCKOH cepsr H ra3oo6pa3HOro MOJIeKYJIRPHOro 

KHCJIOpo,na 3aIIHChIBaeTCR Tax: 
Pb(T)+S(T) + 202(r)= PbS04(T) MI=-919,28 ~MOJIb 
3To rrpou;ecc MO>KHO nposecra CJle.ll:Y1OJIUlM 06pa30M: 
Pb(T)+S(T) = PbS(T) Mf 1 =-94 3~MOJIb 
PbS(T) + 2~(r) = PbS04(T) Mf2 =-825,0K)J,)I(/MOJIb. 

CYMMHPYR 3TH repMOXHMH'leCKHe ypaBHeHIDl, nOJIY'laeM 
Pb(T)+S(T) + 202(r)= PbS04(T) MI=-919,28 kA>K. 
IIpHMep 3. PaCC'lHTaTb H3MeHeHHe 3HTaJIbIIHH peaKUHH B CTaH,[lap1Hh!X YCJIOBIDIX: 

3Mn304(T)+ 8Al(T) = 4Ah03 + 9Mn. 

PRC. 19.1lio6pa>KeHHesasoaa I'ecca 

TeIIJIOBOH 3cPcPeKT(3HTaJIbIIHR) XHMHtIeCKOH peasuaa Y2 N 2+ 02(r) -+ N02pasea 
cyMMe TeIIJIOBhIX 3cPcPeKTOB peaKUHH 1 H 2 Mf298 = 90,25 + (c57,07) = 33,18 x,nxc. 

113 3aKOHa Tecca BhITeKaIOT ,[lBa CJIe.ll:CTBIDI, BaJKHhIe ,WIll pac'leTOB. 
1. ,lVuI JII060HpeaKJUIH npa nOCTORHHOM ,naBJIeHHH H3MeHeHHe 3HTaJIbrrHH MI 

paBHO pa3HOCTH Me)K,[ly cyMMoA 3HTaJIbIIHH 06pa30BaHIDI nponysros 
peaKD;HH H CyMMOH 3HTaJIbIIHH 06pa30BaHIDI HCXO,[lHhIX semecrs. 

Mfpeaxn.= IIi Mf2981lpO~ peas, + IIj Mf298 BCXOAH"'X BeUl.. '. 

2. . ',lVuI JII060H peaKJUIH npa rrOCTORHHOM .ll:aBJIeHHH H3MeHeHHe 3HTaJIbllHH MI 
paBHO pa3HOCTH Me)K,[ly cyMMOH 3HTaJIbIIHit ropeHIDI HCXO.ll:HhIX Bem:eCTB H 

cyMMOH 3HTaJIbIIHA ropeaas nponysros peaKD;HH. 
Mfpeaxn.= IIi Mf298.crop. RCXOAH"'X sen + IIj Mf298 crop. 1lpO~ peas. 

,, 

... 

1. 3HepreTHlfeCKHe xapBKTepHCTHKH BeIQecTB8 H XHMB'IecKIIX peBKQHH 

P83,lJ;eJI IV. TepMO,lJ;HHBMHKa H KHHeTIIKB XHMHlfecKIIX peBKQHii: 
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TepMOOUHaMUKa - aaysa 0 rrpeBpaI:QeHIDIX onaax BR,lJ,OB saepraa H pa60ThI B 
zrpyrae. 

TeflJlos"lM ;u/HjJeICmoM XHMIfIIecKOH peaKQHH Ha3b1BlleTCR H3MeHeHHe saepraa npa 
H306apHoM nepexone ozmoro '1HCJIa MOJIeH HCXO,[lHhIX seutecra B COOTBeTCTBYJOm:ee 
'lHCJIO MOJIeH nponyxron peasnaa. 

TeIIJIOBOH 3cP<peKT XHMHtIeCKOH peaKUHH H31depRen:R H3MeHeHHeM 3HTl1JThIIHH npa 
nepexoae CHCreMbI H3 COCTORHHR HCXO.ll:HhIX Bem:eCTB B cocrosaae nponyzroa peasnaa, 

3HmtlJl"nueu (reIIJIOTOH) 06pa30BaHIDI CJlOJKHoro aemecraa H3 II'pOCThIX Bem:eCTB 
Ha3hIBaeTCR reIIJIOBOH 3cPcPeKT peasnaa 06Pa30BaHIDI naaaoro semecraa H3 npoersrx 
Bem:eCTB B CTlIH,[lap1HhIX COCTORHHRX, oraecermsrx K O.ll:H0MY MOJIIO nonysasomerocs 
eemecrsa, ,lVuI KpaTKocTH ee Ha3LIBaIOT CTlIH,!UlpTHOH 3HTaJIbrrHeH (reIIJIOTOH) 
o6pa3oBaHHR H 0603Ha'laIOT Mf298 . 

ECJIH B xone XHMHtIeCKOH peaKUHH rrpoHCXO,[lHT aarpesasae peaKqHOHHOH CMeCH, 
TO TaKYJO peaKIUUO Ha3hIBaIOT 3K30repMH'leCKOH (peaxrras R,lJ,eT C BhI.ll:eJIeHHeM reIIJIa), 
aanpaxep: 

C(TB) ~(r) -+ CO2(r) Mfm = -393 K,llxc. 
PellKUHH H.ll:YJIUle Cnoraomeaaea saepraa - 3H.ll:OTepMH'IeCKHMH: 
H 20 (r) = Hdr) + 11202(r) Mf298 = 241 K,llxc. 
IIoCKOJIbKY a6coJIIOTHoe anaseaae TeIIJIOCO.ll:ep)I{aHIDI (3HTaJIbIIHH) H3MepHTb 

HeB03MOJKHO, TO o6m:errpmurro, ~ craaaapraoe (npa HOpMaJIbHhIX YCJIOBIDIX) 
saaseaae 3HTaJIbIIHH npocrsrx Bem:eCTB paBHO 0, a 3HTaJIbIIHR peaxnaa 06pa30BaHIDI 
CJIO:lKHOro senrecraa Ha3hIBaeTCR 3HTa.1IbIIHeH (reIIJIOToH) 06pa3oBaHHR naaaoro 
serrtecraa. 

JUICOH Tecca: 3HTaJIbIIHR peaKJUIH 3aBHCHT OT npapozrsr H COCTOJIHIDI 
pearnpYJOII\HX (HCXO.ll:HhIX H KOHe'IHhIX) Bem:eCTB H He 3aBHCHT OT sacna H xapasrepa 
npoMeE)'TO'IHhIX CTyIIeHeH, '1epe3 KOTOphIe MO)KeT npoxonars XHMH'IeCKU peaKUIDI. 

HpUMep 1. BhI'lHCJIHTb 3HTaJIbIIHlO 06Pa30BaHIDI N02 H3 npocrsrx Bem:eCTB N2 H 
O2, eCJIH·H3BeCTIlO, 'ITO 

~ N2 + ~02(r) -+ NO Mf298 = 90,25 K,llxc, 
NO + ~02(r) -+ N02 Mf298 = -57,07 K,llxc. 

fpa<pH'lecKH sro MO)KeT 6hITb npencraaneao CJIe,[lyIOJIUlM 06pa3oM(PHC. 19). 
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IIpOllOrrJKeHHeTa6JI.IO 

H'crrOJIb3YJl ~lIHHhle Ta6JI. 10, B xoropoa rrpHBO.llJlTCJI cranaapraue 3Ha'leHHlI 

JHTaJIbrrHH 06paJOBaHHJI COe~HHeHHH H3 npocrsrx BemeCTB, 3arrHIUeM non KalK,LlbIM H3 

semecrs cooraercrsyromee saaseaae Mf29S (B K,1:VK!MOJIb): 

3Mn30b) + 8AI(T) =4Ah03 + 9Mn. 
-1388.5 0 -1668,2 O. 

Hcnonssys nepsoe CJIellCTBHe H3 3aKOHa Fecca, 3arrHIUeM ypasaeaae rerrJIOBOrO 

6aJIlIHca: 
Mf029S=4 6Ho3+ 9 Mf04 - 3 Mf J- 8 Mf2• 

CJIe~eT OTMeTHTb, 'ITO Ta6JIH'IHhle 3HTaJIbrrHH 06paJOBaHHlI MfOj OTHOCJlTClI K 

MOJII> COOTBeTCTByromHx coe~HHeHHH. ITo CBq,eH npapone H3MeHeHHe 3HTaJIbrrHH ~,I~ 

I 

lIBJIJleTCJI BeJIH'IHHOH 3KCTeHCHBHOH, T.e. nponopnaoaansaoa MacceBemeCTBa. IT03TOMY 

npa BhI'IHCJIeHHH Mf298 peaxnaa Heo6xo~MO yMHOJKHTb 'IHCJIO MOJIeH 

(CTeXHOMeTpHqeCKHH K03<P<PHllHeHT) KaJKllOrO neutecrsa aa Mfj 06paJOBaHHlI I MOJIlI. ... 
IToCJIe rrO~CTaHOBKH QHCJIeHHhIX 3HaQemiil: Mfj B ypasaeaae TerrJIOBOrO 6aJIlIHca 

rro.rryQHM: 
6H0298 = - 4 1668,2 + 3 1388.5 =-2529,37 r<):(JK. 
TaKHM 06paJOM, peaxnax aJIIOMOTepMH'IeCKOrO BOCCTlIHOBJIeHHJI Mn304 

corrposoxaaerca 3HaQHTeJIbHbIM BbIlleJIeHHeMTeIIJIa, xoropce, He ycnesas paccearscs B 

oxpyscasoruea npocrpaacrse, BbI3h1BaeT CHJ1bHOe pasorpesanae peaKllHOHHOH CMeCH. 
Ta6JIHu:a 10
 

T - 

'" 
, 
" 

3;" 

Bemecrso COCTO 
-lIHHe 

SaZ98, 
31fillonHlI 

LllKi(MOJlbK 

tiHvZ98, 
3HTlI.IIbnHlI 
K,[llKiMO!Jb 

BeLl.\eCTOO COCTO
lIHHe ,

Su298, 
[{JK!(MO!Jb 

K) 

tiHOZ98, 
KJlJK!MO!Jb 

Ba TO 66,9 0,0 Fe70Hh TO 79.4 -567.6 

BaC03 TO 112,0 -1217,6 Fe(OH)3 TO - -823,4 

BaCIz TO 125,4 -859,4 Fe;<S04h 282,8 -2580,3 

BaO TO 70,2 -557,6 FeS04 107,5 -927,6 

BlilN03)z TO 213 -979,0 FeSz 52,9 -163,2 

BaS TO - -433,1 FeS 60,3 100,4 

Ba(OHh 108,8 -941,4 FeCIz 118,0 -341,7 

BaS04 TO 132,1 -1463,8 FeC!) 142,0 -397,0 

BeO r 197,2 49,3 CBr4 r 357,4 50,1 

BeO TO 14,2 -610,3 CCI4 r 309,3 -106,6 

Bi r 186,8 207,7 COCh r 288,8 . -222,8 

Bi TO 56,,8 0,0 CSz r 237,4 115,4 

Biz03 TO 151,3 -576,4 COS r 231,1 -137,1 

Br r 174,7 111,6 Ca TO 41,4 0,0 

Br2 r 244,9 30,5 CaO TO 39,7 -634,9 

BrCI r 239,5 14,6 CaC0 3 TO 92,8 -1206,3 

C(lI.IIMlI3) TO 2,4 
-

1,9 Ca(OH)z TO 76,0 -985,6 

C(rpad>HT) TO 5,7 0,0 CaS TO 56,4 -481,9 

C r 158,0 717,7 Ca(HC03h 155,0 -2344,0 

CO r 197,7 -110,3 CaS04 TO -1436 106,7 

COz  r 213,6 393,3 CI r 165,1 121,2 

Cr03 TO 20,9 -578,5 Ciz r 222,8 0,0 

Cr203 To 81,1 -1127,3 CIOz r 236,6 103,2 

C~ TO 82.7 0,0 ChO r 266,2 76,1 

CszO TO - -317,2 CIz03 r - 265,0 

CU TO 33,2 0,0 CIF r 217,8 -55,6 

CuBr2 TO 146,4 -142,7 CIF3 r 278,4 -154,7 

CUC03 TO 87,8 -594,4 Cr r 173.9 336.5 

cuCh TO 108,1 -215,6 Cr TO 23,8 0,0 

CuF TO 66,1 -256,0 Ge TO 42,2 0,0 

CuF2 TO 68,6 -537,6 GeO r 219,4 
-

-95,3 

CuI r 254,9 259,1 GeOz TO -536,3 

Cu(OHh TO 83, -444,3 H r 114,5 217,-L 
0,0 

CuO TO 43,4 -155,0 Hz r 130,4 
221,5 

CuS TO 66,4 -48,5 B r 123,3 
0,0 

Cd TO 51,4 0,0 Bz r 144,6 

CdO TO 54,7 -254,1 HD r 143,3 
-781,2 

0,2 

CdS TO 71,0 -144,2 HBOz TO 46,0 
-1087,6 

F r 158.4 76.5 H3B03 TO 89,4 
-36,2 

F2 r 203,1 0,0 HBr r 198,1 
-92,3 

F20 r 246,2 23,0 HC1 r 186,4 
-268,3 

Fe TO 27,2 0,0 HF r 173,5 
-241,6 

FeO TO 53,9 -266,2 HzO r 188,5 
- -187,2 

FeZ03 TO 88,9 -821,4 HzO JI( 

- -187,2 
Fe304 TO 146,3 -1116,0 H20z JI( 

,~ 

Beuiecrao COCTO $uZ98, tiHuZ98, BemeCTBO COCTO 80
Z98, tiHOZ98, 

lIHHe 3HTponHlI 3HTlI.IIbnHlI lIHHe ,[llKi(MO!Jb K,[llKIMO!J b 
,[{JK!(MO!JbK K,[llKIMO!Jb K) 

Ag r 172.6 288.9 AI(OH)3 TO 70,1 -1294,3 
Ag TO 42.5 0.0 AI!) TO 200.6 -314.3 

AgBr TO 107,1 -100,4 AIz03 TO 51,0 -1668,2 
AgzC03 TO 167.2 -505.8 Ah83 TO 96.1 -508.3 

244,5'- 
~-~_.._.. _-~ 

AgCI r -96,9 As r 173,9 253,3 
AgCI TO 96,1 -127,0 As TO 35,1 0,0 

AgCI04 TO - -32,6 AsC!) r 326,9 -299,9 . 
AgF TO 83,6 -202,7 AsF3 r 288,8 -912,5 
Agi TO 114,1 -62,3 AsH3 r 222,4 66,9 

AgN0 3 TO 140,9 -122,9 AszOs TO 105,3 -913,7 
AgzO TO 121,6 -30,5 Asz03 TO 107,0 -618,6 
AgzS 140,6 -33,3 ASZS3 TO - -146,3 

AI r 164,3 0,0 B TO 6,7 0,0 
AI TO 28,3 7,5 B r 153,4 406,3 

AI(CH3CO TO - -1890,7 BBr3 r 323,9 -186,4 
AIBr3 TO 183,9 -129,1 BCh r 229,7 -395,0 
AI4C3 TO 104,5 BF3 r 253,7 -1109,3 
AICh TO 167,2 BH r 165,5 308,5 
AIF3 TO 96,1 -1299,9 BzH6 r 232,4 31,3 

AIz(S04h 239,2 -3441,8 BZ03 TO 53,9 -1262,3 

L-..A~ 20,2 -318,1 CH4 r 186,0 -74,8 - 
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,.,w

IIpo~on~eHHeTa6n. 10 

Bemecrso COCTO 
-llHHe 

S"298, 
orrrponaa 

.ll:lKI(MOJlIoK 

ilHo298, 
orrram.nas 
K.lJ:lK!MOJlb 

Beuiecrso COCTO
llHHe 

SuZ98, 
AJK!(MOJlIo 

K) 

ilHu
Z98, 

~MOJlh 

HzOz r 232,8 -132,9 NaCl lK 115,4 -407,5 
HeS r 205,4 -20,1 Na10 T8 72,7 -415,5 
H1Se r 221,1 85,7 NaOH T8 - -426,4 
HzTe r 234,1 154,2 Ni T8 30,1 0,0 
H[ r 206,0 25,9 NiO T8 38,4 -244,1 

HN3 r 237,0 293,8 Ni(OHh TB 79,4 -537,5 
HNOz lK 164,4 .115,9 KCI T8 82,3 -435,5 
HN03 lK 155,6 -174,1 KCI04 TB 150,9 -433,0 
H2C03 lK 190,0 ·699,0 KCIOl TB 142,9 -390,8 
HCN lK 127,3 107,2 KH r 197,7 125,4 

HlPO. lK 200,8 -1271,9 Li r 138,8 155,1 
HlPO. TB 110,4 -1279,0. Li T8 28,0 0,0 

H2S r 205,7 -20,9 Lh r 196,9 198,9 
H2S lK 123,6 -39,7 LbO TB - -595,2 

H2S03 lK 217,0 -613,4 LiO 
. 

TB 50,1 -486,9 
H2SO4 lK 156,9 -814,2 LiH . r 170,5 128,3 

Hg r 174,7 61,0 LiBr r 224,9 -171,4 
Hg lK 77,3 - 0,0 LiCI r 2[3,2 

232,8 
-221,5 
-66,9HgBr r 271,7 96,1 Lil r 

HgCI r 260,0 79,4 Mg T8 32,6 0,0 
Hll.H r 219,0 242,8 MgO T8 26,7 -601.1 
Hgl r 280,5 137,9 MgCOl T8 65,6 -1111,9 
HgS TB 77,8 . -58,1 Mn TB 31,7 0,0 
H2O T8 73,1 -90,3 Mn30. TB -1388.5 

1 r 180,6 106,6 MnC03 T8 85,7 -894,1 
lBr r 258,3 40,5 MnO TB 60,2 -384,6 
lCI r 247,0 17,5 Mn02 TB 53,1 ·520,4 
K TB 63,5 0,0 Mn(OHh T8 88,2 -693,0 
K r 160,1 89,9 P r 163,0 314,3 
Kz r 249,5 128,7 P1 r 217,8 141,3 

KCf r 239,1 -215,7 p. r 279,6 54,8 
N r 153,0 470,2 PBrj r 347,4 -150,1 

~2' r 191,4 0,0 PC!) r 311,4 ·306,0 
NH3 r 192,3 -46,0 ret, r 324,3 -591,5 

NH4CI TB 94,5 -315,2 PHj r 209,8 9,2 
NO r 210,2 90,3 Pb T8 64,8 0,0 
NOz r 240.3 33.8 PbC03 TB 130,8 -699,3 
NzO r 219,8 81,5 PbO TB 69,4 -217,8 

N203 r - 83,6 Pb0 2 TB 76,5 -276,3 
N20S T8 - -41,8 Pbj04 T8 211,1 -734,0 
Na r 153,4 108,7 Pb(OHh TB 87,8 -514,1 
Na TB 51,0 0,0 PbS TB 91,1 -94,0 
Naz r 229.9 142.1 PbSO. TB 147,1 -917,5 

NazCOj TB 135,8 -1129,8 S r 167,6 222,3 
NaHCOj TB 102,0 -946,8 S T8 31,7 0,0 
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OKOJIlUIHHe Ta6n.10 

BeutecTBO COCTO 
-lIHHe 

S0298, 
:lIfrponHlI 

1llK!iMOJlbK 

ilH0298, 
3HTaJJIonlfli 

~MOJlb 

Beurecrso COCTO-
RHHe 

SO298, 
AJK!(MOJlb 

K) 

ilHU298, 

K)llK!MOllb 

NaAI02 T8 70,7 ·1133,0 Sl r - 125,0 

NaBr lK 142,1 -361,8 S6 r - 105,7 

NaCHjCO T8 124,3 -708,7 S02 r 248,3 -293,0 

0 r 160,9 247,4 S0 3 r 255,8 -395,0 

Oz r 204,8 0,0 SF6 r 290,5 -1095,1 

03 r 237,4 142,1 Sr r 164.2 163.8 

Sb TB 439 0,0 Sr TO 54,3 0,0 

Sb r 180,1 254,1 srO TO 54,3 -589,8 

seer, r 337,7 -314,3 SrS r . 79,4 

Sbels r . -392,5 Te r 182,3 198,9 

Se r 176,4 201,5 Te TB 49,7 . 0,0 

Se, r 251,6 138,3 TeF6 r 337,3 -1316.7 

SF6 r 313,9 ·1028,3 Te02 TO 71,0 -324,8 

Si r 167,6 367,8 Ti T8 3026 0,0 

Si TO 18,8 0,0 no, TO 50,1 .940,1 

Sif4 r 284,2 -154,7 TiCI. r 352,8 -759,0 

SiH4 r 203,5 -61,8 Zn r 160,9 130,4 

SiO r 206,0 -111,6 Zn TO 41,8 0,0 

sio, TB 42,6 -856,9 ZnO .. TO 43,9 
-

-347,8 

Sn r 168,0 301,0 lnS r -58,5 

Sn TB 81,4 0,0 

SnO TB 56,4 -285,9 

SnOz TO 52,2 -550,2 

2. KHHeTHK8 XHMH'IeCKHX peaKUHH 

XUMU'leCKaJI KUHemUKD - 3TO aayxa 0 CKOPOCTIIX H MeXaHH3Max (cnocooax 

~eCTBJIeHHlI)XHMHlJeCKHX peaKUHH. 
OCHOBHOH 3aKOH XHMHlJeCKoit KHHeTHKH - 3ilKOH oeUcm6YIO~UXseacc, KOTOphIH 

1}l0PM)'JIHpyeTCJI TaK: CKOpOCTb XHMHlJecKOH peaKUHH nponop1lHOHaJIbHa napllHaJIbHblM 

,llaaneHHlIM (aKTHBHbIM KOHueHTplUlHJlM) pearapyronnrx BemeCTB B CTeneHID<: HX 

CTeXHOMeTPHlJeCKHX K031}lI}lHUHeHToB. 
CKOpOCTb cnOlKHOCTb XHMHlJeCKOH peaKUHH, COCTOJIlIleH H3 HeCKORbKHX cranaea, 

onpenenserca CKOPOCTblO CaMOH MewreHHoH CTa,nHeH, xoropax H<I3bIBaeTCJI 

mlMHTHpYlOmeH. 
LJ;OrryCTHM, BemeCTBO A pearapyer C BemeCTBOM B, B pesynsrare nponyxraaa 

peasuaa JlBJIj[f()TCJI BelIleCTBO C H 0 no peaxnaa: 
aA +bB =cC + dD. 
Torna CKOpOCTb npespanteaaa A H B BCD onpenensercs KaK 

V= k [AJ" [BJb, rne [A], [B] - napllHaIlbHble ,llaBJIeHHJI HJIH aKTHBHble 

KOHl{eHTplUlHH BemeCTB A H B , a, b ., COOTBeTCTBylOmHe CTeXHOMeTpHlJeCKHe 

K03f}lI}lHllHeHTbI, k- K031}ll}lHllHeHT nponOpllHOHaJIbHOCTH, KOTOpblH lJHCJIeHHO 

37 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



paaea V CKOpOCTH peasuaa npa [A], [B] = 1. JrOT K03cPqJHIUieHT 

rrponOpllHOHaJIbHOCTH Ha3ldBllIOT KOHCTaHTOA CKOPOCTH XHMHQeCKOA peaxuaa B .naHHOM 
cnysae KOHCTaHTOH CKOpOCTH npespameaas A H B B C J:I D. 

I1pHMep 1. ,llruI peaxnaa CHHTe3a aMMHaKa N2 + 3Hr-+2NH3, CKOPOCTh 

XHMH'IecKOH peaxnaa MO'lKeT6ldTb npeacraaneaa Bldp~eHHeM: V=k; [N2] [Ht 
.' ..; Onaospeaeaao C 3TOH peasnaea, xoropyro Ha3blBafOT KaK npaaano npllMOH, 

nporexaer ofiparnas peaxnas npespanieaaa C H DBA H B, KOTOPYfO Ha3bIBafOT 

o6paTHoH peasnaea, aanpaaep, peaxuas npespameaaa aMMHaKa B a30T H BO.nOpO.n 
- - 22NHr -+ N2 + 3H2• Torna CKOpOCTb TaKOH peaKUH!, 6y.neT paana: V = k [NH3] . 

2 

KOHCTaHTa CKOpOCTH nOKa3bIBaeT HHTeHCHBHOC'fb npoXO)f(,L{eHHX XHMHqeCKoH. ) 
peasnaa KaK npllMOH, TaK H 06paTHoH. Ee BeJIH'lHHa JaBHCHT maBHbIM 06pa30M OT 

resmeparypsr H COCTOXHHlI pearapyromax seurecra. 3aBHCHMOCTb KOHCTaHThI CKOPOCTH ) 
peaxnaa H, CJIe.nOBaTeJIbHO, CKOpOCTH· peaxnaa OT restrreparypra onpeaenaercs 

ypa6HeHUeMAppeHuyca: k = s, ex{- :;.J' 
rne Ko - npe.n3KcnOHeHIUiaJIbHbIH MHO'lKHTeJIb (nOCTOXHHbIH .LlJIX naaaoro crrysaa); 

E, - saepras aKTHBallHH. 

3HepZIIR aKmU6au.uu 3TO HaHMeHbWee KOJIH'IeCTBO 3HeprHH MOJIeryJIbI no 

cpaBHeHHW co Cpe,LlHeH BeJIH'IHHOH npa .naHHOH resmeparype, .nOCTaTO'IHOe .LlJlX roro, 

'IT06bI Morna npoH30HTH peaxuas npa CTOJIKHOBeHHH sacrau, ysacrayromax B peaxmra; 

T- a6COJIfOTHaxTeMllepaiypa, '1<; R - yaasepcansaaa rasoaas nOCTOJlHHalI. 

EQ H EQ snepraa aKTHBallHH npJlMOH H 06paTHOH peaxuaa, 

3HTaJIbnHll O,LlHOCTa,LlHHHldX peaxnaa HJIH Ka)f(,L{OH CTa,LlHH MHOrOCTa,LlHHHbIX 

peaKIUiH panna Pa3HOCTH 3HepmH a.KTHBallHH npllMOH H 06paTHOH peaxuaa: 

EQ - E
Q 

== ~H. 

3HepZIIR axmusauuu - 3TO MHHHMaJIbHO Heo6xo,LlHMOe aaaseaae 3HeprHH, 

xoropoe l'pe6YeTCX .LlJIX npaaeneaas pearapyroruax semecrs B COCTOXHHe aKTHBallHH B 

CMldCJle cnOC06HOCTH XHMH'IeCKOH peaxnaa, OqeBH,LlHO, qeM ssnne TeMlleparypa H 'IeM 

MeHbIIIe saepras aKTHBallHH, reM 60JIbWe CKOpOCTh .naHHOH peaxnaa. 

B'Ta6JUille 11 npasenesu 3HaqeHHlI napaaerpos ypaBHeHHX Appeaayca .LlJlX )
HeKoTopbIx peaKUHH. . 

Ta6JIHila 11 ) 
KHHeTH'IeCKHe KOHCTaHThIrosroreamrx peaKUHH 

PeaKlJ,J1H Ko,c-' s, K1lJK!MO.1b 
C2HsBr -+C2~ + HBr 217,25 
CzHsC!-+C2~ + HC! 4· 10' 246,50 
N20S -+ NZ04 + Y, Oz 4,6' IOu 101,94 

N204 -+ 2N02 10" 58,49 
CCI4 -+ CCI3+ CI 2· IOU 355,13 

CzHsCI -+CH3+ CI 2· 10'3 355,13 
C2H6 -+2CH3 2 . IOU 350,95 

3.YQeHHe 0 paBHoBecHH 

B xone npllMoA H o6paTHOH peaxnaa HaC1)'IIaeT MOMeHT, xorna CKOpoCTH rrpXMOH 

II 06paTHOH peaxnaa CTaHOBlITCX paBHbIMH npyr ztpyry, T.e. xorna CKOPOCTb 

06pa30BaHHX C H D H3 A H B CTaHOBXTCX paBHldMH npyr npyry, T.e. cxopocrs 

06pa30BaHHlI C H D H3 A H B CTaHOBHTCX paBHOH CKOpOCTH pa3JIO'lKeHHX C H D C 

06p83oBaHHeM A H B. Taxoe COCTOXHHe Ha3blBaeTCX COCTOXHHeM XUMU'IeCKOZO 

pa8Ho6eCU/l. 
B COCTOXHHH XHMH'IeCKoro paBHOBeCHX KOHlle8TpaIUiH pearapyrounrx seiuecrn 

QCTlUOTCX HeIDMeHHldMH H Ha3bIBafOTCX paenoeecuuseu: B peaKllHOHHOH CMeCH 6y.LlYT 

oAHOBpeMeHHo npHcYTCTBoBaTb semecraa ABC D, B KOJIHqeCTBllX, COOTBeTCTBYfOIIIHX 

HX paBHOBeCHldM KOHlleHTpaIUixM. qeM 60JIbWe B paBHOBeCHoH CMeCH aeurecrs C H D , 

n:M CQOTBeTCTBeHHO BeIIIeCTB A H B MeHbwe, H ror.na paBHOBeCHe 60JIee C.nBHHYTO 

BDpaBO. 

qeM 60JIbille B pe~oHHblii CMeCH aemecrs A H B H COOTBeTCTBeHHO MeHbille C H D, 

TeM 60JIbwe peaxnna c,LlBHHYTa MeBO. 

B COCTOXHHH paaaoeecas H3 paBeHCTBa cxopocrea npXMOH H o6paTHoii peaKUHH 

enenyer: 

K = ~ = icIIDll, rne [AUBUCUDl - pasaoaecaae xoanerrrpauaa (napnaansaue
k A B 

2 

neaneaaa) pearapyromax aemecrs. 
BeJIHqHHa K HOCHT Ha3BaHHe Koncmanm6' pa6n06eCIIR, BeJIH'IHHa xoropoa .LlJlJl 

Ka'lK,L{OH peaxuaa 31U1HCHT OT reaneparypu 

K =KoexJ - tiH) LllI - 3HT8JIbnHll xHMWleCKoH peaKUHH, a K o - onpenenaercs1.: RT 
'lHCJlOM COCTOJlHHH pearapyiomae cacresrsr, KOTOpax OlleHHBaeTCJI BeJIH'lHHOH 

3HTpOnHH ~S. CJIe)i;oBaTeJIbHO,.LlJlX 3K30TepMH'IeCKHX peaKllHH ~H<O. C yBeJIHqeHHe6M 

rexneparypa KOHCTaHTa paBHOBeCHH ysreasnraercs, K = Koexp( - tiH) H paBHOBeCHe 
. RT 

CMemaeTCH sneao, r.e. B CTOPOHY YBeJIHqeHHlI HCXO,LlHldX semecra. ,lVrH 

3H,L{OTepMH'ieCKHX peaKIUiH LllI>O C yBeJIH'IeHHeM reaneparypsr KOHCTaHTa paBHOBeCHH 

yBeJIH'IHBaeTCH. 

B csoe BpeMH npaseneaasre 3aKOHOMepHOCTH 6bIJIH ccPOPMYJIHpoBaHbI B sane 

npasnana Jle Illarense: npa saeuraess B03.neiicTBHH na pearapyromyio CHCTeMY B Heii 

B03HHKafOT H3MeHeHHlI, rrpellJlTCTBYWIIIHe 3TOMY B03.neHCTBHH, 'r.e. OCJIa6JIXfOmHe 3TO 

B03.neiicTBHe. 

3HTpOnHH nponopuaonansaa JIOrapHcPMY 'lHCJla B03MOlKHbIX COCTOHHHJl CHCTeMbI 

(W) S =kin W , rzte k - nocrosaaaa DOJIbIlMaHa. 

3nmponllR ecrs Mepa aeynopxno-raocra CHCTeMbI. 
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2. PaBHoBecHe B pacraopax CJla6bIX 3J1eKTpOJlHTOB 

rH,npOKCHA CBHH~a: 

1. PB(OHh -+ PBOlr + OR" 

2. PB(OHt -+ PB2+ + OR" 

B pacrsopax CJIa6hIX 3JIelCTpOJIHTOB paBHOBeCHe YCTaHaBJIHBaeTCli MeJK.ny HOHaMH 

R peansno CYlllecTBYIOmHMH HeAHccoUHRpOBaHHhIMH MOJIexyJIaMH. 
CJIa6ble 3JIeKTpOJIHThI AHCCOIIHHpylOT '1aCTH'IHO, 

TaX KaK creneas AHCCOURaIIHH 

cyurecrsyer B He,nHCCO~HHPOBaHHOM 

CTyrreH'IaTO, KIDK,llaJI cryneus 

orrpe,lleJIJleTCJI OTHOWeHHeM rrpOR3BeAeHHlI KOHueHTpaIIHH HOHOB B pacrsope cnafioro 

3JIeKTpOJIHTa K xonuearpauaa ero He,nHCCOUHHpoBaHHoH '1acTH. 

6) KHCJIOpOAOCOAep)f(amHe- HCI04 ,HMn04 ,HCIO), HBrO) , HNO), H 2S04, 

H2Se0 4' 

JlHCCOnH8UIDICRJIbHbIX 3JleKTpOJIHTOB rrpeneraanser npouecc He06paTHMhIH: 

CHJIa KHCJIOT orrpenenaercs BeJIR'IHHOH KOHCT8HThI paBHOBeCHH npouecca 
3neKTPOJlHTH'IeCKOH AHCCOUHauHH, KOTOpYJO 'larue HaJhIBaJOT KOHCTaHTOil: AHCCOIIHaUHH 

. 

KOHCTaHTbI AHCCOUHauHH rrpeACTaBJJeHhI B Ta6JIHue 11. 
MHoroocHoBHhIe KHCJIOThI H OCHOBaHHJI AHCCOUHHpylOT CTyneH'IaTO, rrpR'IeM 

K8JKAaJI crynens xapaxrepasytorcs cBoeH BeJIH'IHHOH KOHCTaHTbI ,llHCCOUHaIIHH K~. 
Hanpaxep, OpTo410C410pHBJI KHCJIOTa AHccoIIHHpyeT cJIe.nyIOIUHM 06paJOM: 

l.HPO -+W+HPO' KJW IH2po,-j 

) 4 2 

2 · H PO' Tr+ HPO 2·• 2 4-+n + 4 

3. HPO/'-+ W+PO/ 
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Plll,IleJIV. DpHMeHeHHe KOHCTllBTbl paBHOBeCHIi B XHMH'IeCICHX paC'IeTaX 

1. 3J1eKl"pOJlH'l'H'IeclCllJl ~HCCO"Ra"BIi 

Pacraopeaae JIBlUIeTCJI CJlO)JQIJ,IM 4lH3HKo-XHMH'IecKHM nponeccoa, B pe3YJIbTaTe 

KOTOpOro xacrama pacrsopeaaoro aemecraa 3HeprH'IHO B3aHMOAeikI'ByIOT C 

MoneKYnaMH pacrsopareaa. ECJIH paCTBOpHTeJIb sona, TO 3HepI1lJl raxoro 
B3aHMo,neACTBHJI: BOMHOrHX eJIY'llIJIX erons BeJlHKa, 'ITO ee ,nOCTaTOIIHO AJI.II paspynrenaa 
HOHHOH (aanpaxep NaCl) HJIH MOJIeKYJlJlPHOA pemerox, eCJIH MOJIeKYJIbl nOCJIeAHeA 

conepaar .lJOJIJIPHbIe CBJl3H (aanpaxep, HgCh). Bemecrsa THTIa KHCJIOT, conea H 

OCHOBaHHH paCTBOpJlIOTCJI B sone B BHAe HOHOS, T.e. ysacrsyior B nponecce 
3neKTpOJIH'fHlieCKOA AHCCO~HlIlU!H. 

3neIcrpOJIHTaMH HaJhIB8lOTCli semecraa, xoropsre IIpH paCTBopeHHH 

AHCCO~yIOT aa KaTIlOHbI (nOJIOIOITeJIbHO 3ap.lDKeHHbIe HOHbI) H 3HHOHbI 

(OTPHUaTeJThDO 3apJl)f(eHHhIe HOHhI). 3ro npoBO,nHHKH sroporo POA3. 

Ilpoueccu 3neK'I'pOJIlITH'IeCKOA AHCCOnH~ 3anDChIB8lOTCJI B BRAe HOHHbIX 

YpaBHeHHA, HaIIpHMep: 
HCI + H 20 = H)O+ + cr, rne H)O+  HOHTHAPOKCOHIDI. 

Bonee KpaTKaJI4lopMa 3anDCH HMeeT BHA: HCI = W + Cr. 

TllKWI epopMa 3anDCH HII'Iero. He roBOpHT 0 my6HHe nponecca AHCCOUB8IlHH, II 

npocro yrsepxnaer, 'ITO HCI B BOAHOM pacrsope sener ee6J1 KU KHCJlOT8, T.e. 

AHCCOnHHPyeT C OTlIleIJJI.eHHeM KaTHOHa sonopona. 

KOJIH'Iec'l1IeBHO npouecc AHCCOnHllUHH TOro HJIH HHOro 3neKTpOJIHTa 

XapaKTePH3YeTCJI KOHCTanroii paBHOBeCHJI: nponecca 3neKTpOJIllTH'leCKOH AHCCOnH8IlHH 

K, H creneasro 3JIeKTpOJIllTH'leCKOH AHCCOnHaD;HH a, KOTOpU upencrasnaer coooA 
OTHOWeHHe 'lHCJIa MoneKYn, pacnaBlIIHXCJI aa HOHhI, K 06111eMY 'lHcny MoneKYn 

n . 
JneKTpOJIHTa a =-, rne n- 'IRCnO rrpoAHCC0nHHPOBllHHhIX MOJIeKYJI, N- o61I1ee 'lHCJlO 

N 
MOJIeKYJI. 

3neKTpOJIHThI, AJI.II XOTOpLIXcreneas 3JIeK'I'pOJIHTH'lecKoA AHCCOnH8IlHH a Mana, 

a«l, Ha3hIB3lOTCJI ClIa6WMU 3JJeIOflJ1OJ1umaMU. 3neKTpOJIBThI, AJI.II xoropux naae B 

AOCTaTO'lHO KO~eBrpHpoBaHHhIX paCTBOp3X a BeJlHKaa-+1, HOCJIT HaJB3HHeCII/J"H6IX 

3JleKmpOJlUnlotJ. 

Xapasrepaoa OCo6eHHOCThIO CHJThHbIX 3JleKTpOJlHTOB JIBlUIeTCJI HX oaeas 60JIbwU 

BeJIH'lHHa K)l> r.e, npaxrasecsa nOJIHBJI 3neKTpOJIHTH'IeCKBJI AHCCOUB~ B BOAHOM 

pacrsope, xoropas conpoaoanaerca 06paJoBaHHeM rH,lij>ampoBaHHhIX HOHOB. 

K CIIJIhHHM3neIcrpOJlHT8.M OTHOCJlTCJI: 

1. no'ITH Bee COJIH. 

2. OcHOBaHHll - nmpOKCRAb/ ID;eJIO'IHhIX H lIleJIOIIHO - 3eMeJIbHhIX MeTaJIJlOB:LiOH, 

NaOH, KOH, RBOH,CsOH, Ca(OH)z, Sr(0H)2 H Ba(0H)2. 

3. KHCJIOThI: 

a) 6eCKHCJIopo.znu,le- HCI, HBr, HI. 

HNO)= W +NO)'
 

H+ + HS04'
H 2S04= 

NaOH = Na+ +OR" 

ZnS04 =Zn2+ -so,'. 

K - [w IHso;] 
,...·.R,sO.  [H

2SO,] 

[wINo-]
K -~----"'~~ 

",,'.RNO,  [HNO,] 

71-10-' 
[H,PO.]· 

2
 
H+ HP0 - 8
K= =6,2·10
. H,PO,-

KJr Ip~~L4,4.1O-'3. 
HPO, 

Y,- "-'-, '=3,0.\0-8 
, 

peaxuas nporexaer 06paTHMo, 

He60JIbIIIBJI H 3Ha'lHTeJIbHBJI '1aCTb 3JIeKTpOJIHTa 

BHAe. TaKHe 3JleKTPOJIHThI AHCCOUHHpylOT 

xapaxrepasyerca KOHCTaHTOH ,llHCCOUHauHH. OHa 
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1 

npO,IlOJDKeHHe Ta6JI. 12 

KOHCTllHTa ,IlHCCOUHlillHH, crenens ,LlHCCOUHlillHH H KOHueHTPauHlI CB1I3aHbI MelK)lY 

~ 
C060H JflK.OHOM pQ36a6JIeHUR 

0 
CllUlaJlboa. K 

CaCa Ca' = -- =--, rne 
C-Ca I-a 

C - KOHueHTPaUHlI 

3JIeKT}JOJIHTa CJIa60H KHCJIOTbI, a - creneas ,LlHCCOUHlillHH. 

B rex CJIyqaJlX, xorna creneus ,IlHCCOUHlillHH a « 0,1, npa BbIqHCJIeHHlIX, He 

TIJe6yroIllHX 60JIbiliOH TOqHOCTH, MOlKHO npnasrs, -rro C-Ca :::: C HJIH, TO )f(e casroe, 
1-a:::: 1. Torna 

CaCa , ~ K=-- HJIH K=Ca, orxyna a= -,
C C 

H3 sroro BbIp~eHHlI BH,IlHO, sro eCJIH KOHueHTPlillHIO cnaooro 3JIeKTpOJIHTa 

YBeJIHqHTb B 100 pas, TO creneas ,IlHCCOUHlillHH a YMeHbWHTCli rrpH6JIH3HTeJIbHO B .J1OO , 
'r.e, B lOpaa. 

KOHCTllHTa ,IlHCCOUHlillHH cnatioro 3JIeKTpOJIHTa aanserca MepOH ero 

OTHOCHTeJIbHOH CHJIbI (Ta6JI.ll). TaK, H3 COrrOCTaBJIeHHlI KOHCTllHT ,LlHCCOUHlillHH CJIa6bIX 

KHCJIOT, aanpaxep, HNOz , CH3COOH , HClO H HCN, xoropsre passu 
COOTBeTCTBeHHO 5'10-4, 1,75'1O'~, 5·IQ·8H 6,2-10'10 , BHAl:lO, qTO HX OTHOCHTenbHali CHJIa 

YMeHbiliaeTCli OT HNOz K HCN. 

Ilpuuep. KaKOBa KOHueHTPaUHll BO,Il0PO,IlHbIX HOHOB B 0,01 M pacrsope yKcyCHOH 

KHCJIOTbI? 

Peiueuue: 
[w]= ~K"C = .jl,75-IQ" -0,01 = 4,2-10-4 MOJIb/JI. 

Ta6JIHua 12 
K --- --_____ ---- r"'-----_---_---- -------- .' -----_ .... ~ ..... 

3JIeKT}JOJIHT 

, 

<l>oPMYJIa KOHCTaHTa ,IlHCCOUHlillHR 

COe,IlHHeHHlI K 1 Kz K 3 

4 52 3 
5,1.10 -4 HNOzA30THCTali 

10'5HN3A30THCTOBO,IlOPO,LlHali 

HN03A30THali 4,36·10 
4,0.10-13HAIOzAmOMHHHeBali (MeTa) 

7,5.10 10 

EOPHali (OpTO) 

HBOzEOPHali (MeTa) 

5,8.10-10
H 3B03 

2,0·10 -8 1,8·10-4EOPHali (TeTPa) HzB407 

2,5.10 -9HBrOEpOMHOBaTHCTali 

lOY 

BHHHalI 

EPOMOBO,IlODO,IlHWl HBr 
9,1.10 -4 4,3·10 sHZC4~06 

2,0-10.13I'epaaaaeaas HZGe0 3 5,0·10'10 
6,3.10-1 4,0-10-4~THOHOBali HZSZ06 

2,8.10 -z 6,3-10.1Honaas H~I06 

1,6.10 -IHomroaaraa HI03 

4 5~ 1 32 
- 4,5-10 13 

HIOHO.naOBaTHCTali 
10HIHO)lOBO)lODO,IlHali 

1,6-10 122,2.10 10
H zSi03Kpc:MHHeBali (MeTa) 

1,0_IQ-IZ2,0-10 IZ2,0-10 10~Si04Kpc:MHHeBali (opro) 
1,8·10-4HCOOH

My~bHHalI 
3,0.10-12 1,0.10-76,0.10 -3MJ,IIIIbliKOBali (OpTO) H 3As04 

8,3-10 10HAs02MJ,IWbllKOBHCTali 

2,0.10 12 

6,8.10 -4 
HzOzllepOKCH.Il aonopona 
HF 

1,4·10 1 

IInaDHKOBali 

HSCNTHOUHllHOBali 
4,8.10 92,4-10 3H ZSe03 

8,9-10 -3 
CeneHHCTali 

H ZSe04CeneHOBali 
1,2.10 zH ZS04CepHali 
6,2·10 81,3.10-z 

H ZS03CepimCTali 
1,3-10 138,9·1O--1lHzS 

2,0.10 16 
CepoBO,n:OPO,Il 

HzPbOzCBHHUOBHCTWl 
6,2_10-10 

HCNCHHHJIbHali 

4,0.10 5. HSb(OH)6CypbMllHali . 
1,9.10 z2,5.10 1THocepHiuI H ZSZ03 

4,5.10-7 4,8.10-11 
YroJIbHali HZC03 

1,8-10 5 YKcyCHali CH3COOH 
2,0.10 71,6.10 zHz(P H 0 3) 

7,6-10 3 
~<PoPHCTali 

4,4.10 136,2-10--1lC1>OCtPOp Hali H 3P04 

7,9.10 zH(PHzOz)~tPopHoBaTHC"Tali 
1,1-10 zHClOzXnopacraa 
5.l·10--1l 
107 _108 

HClOXnopHOBaTHCTali 

HClXnopaas 
3,2.10 -71,1-10-1 

XPOMOBali HZCr04 
2,3.10 zHZC rZ0 7ABYXPOMOBWl 

1,8·10 -sNH3 +HzOAMMHaK 

9,8.10.7Nz~+HzOfH,IlPa3HH 

9,6.10 9NHzOH+HzOfH,IlpOKCHJIaMHH 
1,5.10 14 

2,3-10 -I 
MOqeBHHa CO(NHz)z 

Ba(OH)z~POKCH,Il 6apHli 
1,3.10 -4 Fe(OH)z~.zq>oKCH,Il )f(ene3a 

1,3.10-IZ 1,8,10- 11 
IR.IlPOKCH,Il )f(ene3a Fe(OHh 

5,0.10 -3Cd(OH)zJ'R.npOKCH,Il Ka,IlMHlI 

4,0·10~~_.._fR,IlPOKCH,Il KaJIbUHll Ca(OH)z 

43 
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OKOH'UlHHe rn6JI.12 

I 2 3 4 5 
fH.ll.POKCH,J:l JIHTIIJI LiOH 6,8.10 1 

fH,J:lPOKCH.ll. MamHR Mg(OH)2 2,5.10 3 

fH,J:lPOKCHJl Me,J:lH CU(OH)2 3,4.10 7 

fH,J:lPOKCH,J:l HHKeJUI Ni(OHh 2,5.10 -5 

fH.ll.POKCHJl xpoua Cr(OH)3 1,1'10 10 

fH,J:lPOKCH.ll. CBHHUa Pb(OH)2 3,6.10 -4 3,0.10 8 

fH,J:lPOKCHJl cepe6pa AgOH 5,0.10 3 

fH,J:lPOKCH,J:llJ,HHKa Zn(OHh 4,4-10 5 1,5.10-9 

3. HOHHBH CHJIB. AKTHBHBH KOHQeHTpBIlHH 

Ilpa 3JIeKTpOCTaTHqeCKOM B3aHMo,J:leHCTBHH MelKJlY pa3HOHMeHHo 3apll)I{eHHbIMH 
qaCTHUaMH B03HHKalOT HOHHbIe napsr, HJIH B 60Jlee06weM cnyxae, HOHHhIe accouaarsr, 
06pa30BaHHe KOTOpbIX B ocooeuaocra 6J1arOnpHRTHo nporexaer B KOHI.\eHTpHp0BaHHbIX 
pacrsopax 3J1eKTpOJIHTOB, COCTOllII.\HX H3 JlBYX, rpex, a HHOr,J:la H 60Jlee 
BbiCOK03apll)I{eHHbIX HOHOB. 

,llJI1i roro qro6bI OTpa3HTb MHoro06pll3He scex lj>aKTOpOB, BJIHRIOII.\HX sa CBOHCTBa 
pacTBOPOB CHJIbHbIX 3J1eKTpOJIHTOB - 3J1eKTpOnpoBO,llHOCTb, CHJIhI B3aHMHoro 
npHTlI)I{eHHR pa3HOHMeHHo sapsxeaasrx HOHOB, BJIHJlHHe raaparanaa HOHOB H npyrax 
lj>aKTOpOB - acnonsayercs nOHRTHe aKmUSHOCmu uoua. AKTHBHOCTb HOHa a 
nponopuaoaansaa aHaJIHTHqeCKOH KOHI.\eHTpaIlHH HOHa C MOJIb/Jl 

a=jC , 

cue f- K03lj>lj>HI.\HeHT aKTHBHOCTH HOHa(Ta6J1. 13). 
AKTHBHOCTb - no zionx ofimero qHCJIa HOHOB, KOTOpag BJIHlIeT aa 

3J1eKTpOnpoBO,J:lHOCTb PaCTBOPa, OCMOTHqeCKOe ziaaneaae, naanenae napa H 
TeMnepaTYPY 3aMep3aHHR, resmeparypy KHneHHR H T•n, TaK, eCJIH Cpe,llHHH 
K03lj>lj>HI.\HeHT aKTHBHOCTH HOHOB. B 0, I M pacrsope HBr pasea 0,76, TO aKTHBHOCTH 

HOHOB aH , Han,' - COCTaBJIRIOT 
. ·2 

a , = a , ' = 0,1 . 0,76= 7,6' 10 MOJlb/Jl.
H 8

AKTHBHOCTb HOHOB 3aBHCHT He TOJlbKO OT HX KOHI.\eHTpaI.\HH, HO H OT 
KOHI.\eHTpaIlHH npyrax HOHOB, npHcyrCTBYIOWHX B pacrsope. CYMMapHoe BJIHRHHe 
Pa3JIHqHhIX HOHOB B pacrsope aa aKTHBHOCTb K8)I{JlOro H3HHX ssrpaacaerca C nOMOWbIO 
nOHRTHR UOHHaJI cuna pacmeopa. 

HOHHaJI cuna pacrsopa - no BeJIHqHHa, KOTOpag 3aBHCHT OT KOHI.\eHTpaQHH H 
JaPAAOB scex HOHOB, HaxO.llRWHXCR B pacrsope, Ii lIBJIlieTCR MepoH 
3JIeKTpOCTaTHQeCKOrO B3aHMO.lleHCTBHlI MelKJlY HHMH. 

I10HH)'lO CHJIy pacrsopa 11 MO)I{HO asipaaars ypasnenaesr 
I z , , 

jI = 2"(C,z, +C,z, +...C.z.), 

rile Ci, C2, Cn - MOJIRJIbHble KOHI.\eHTpaWIH HOHOB, npHcyrCTB)'lOWHX B pacraope, 

ZI, Z2, ....z, - HXsapazrsr. 
HpUMep 1. BbT'IHCJIHTb HOHH)'lO CHJIY 0,0 I M pacrsopa Ca(N03h K I JI xoroporo 

il06aaHJIH 0,05 MOM NaCI 
PeUJeHue. KOHI.\eHTpaQHlI HOHOB Ca2+, N03', Na+ H cr pasnsr COOTBeTCTBeHHO 

001 002,0,05 H 0,05 MOJIb/JI, a HOHHalI CHJla pacrsopa COCTaBJIlieT 

, , jI'= ~(0,01' 2' +0,02 ·1' +0,05·" +0,05 ·1') = 0.08 •
 
2
 

Ta6J1Hua 13
 
IIOH6JIH)I{eHHbIe 3HaqeHHR f a 3aBHCHMOCTH OT 11 H sapsna HOHa 

3apAA 
HOHa 0,01 0,02 0,05 0,1 0,2 

I 0,97 0,95 0,93 0,90 0,87 0,81 0,76 0,70 

2 0,87 0,82 0,74 0,66 0,57 0,44 0,33 0,24 

3 0,73 0,64 0,51 0,39 0,28 0,15 0,08 0,04 

4 0,56 0,45 0,30 0,19 0,10 0,04 0,01 0,003 

HpUMep 2. BbIQHCJIHTb HOHHYIO CHJIY pacrsopa H aKTHBHOCTb HOHOB B 0,025 M 
pacrsope CUS04. . 
Peusenue Hoaa CHJIa pacrsopa 

I , , 
jI =-(0,025·2 +,0,025·2 ) =0,1.

2 
no Ta6J1HI.\e HaxO,J:lHM, qTO .IlJllI HOHOB C 3apRJlOM, paBHbIM 2, rrpa 11=0,1 Cpe.llHHH 

K03lj>lj>HI.\HeHT aKTHBHOCTH f= 0,33 
3 

Q. r- = a.
V 

" = 0,025 '0,33= 8,25'10. MOJIb/Jl.) 

(. '.... 4 

,llJIg OQeHb pa36aBJIeHHbIX paCTBopOB 3aBHCHMOCTb K03lj>lj>HI.\HeHTa aKTHBHOCTH HOHa f 
OT 1I.0HHOH CHJIbi pacrsopa ssrpaacaerca lj>OPMYJlOH lle6al1 H fIOKKeJlR 

Igf = -o,5z' -r;;, 
rne z - aapan HOHa. BbIQHCJIeHHe f no nOH lj>oPMYJle nposonarca .llJIR 3J1eKTpOJIHTOB C 
HOHHOH CHJIOH 11<0,00 l. 
,llJIg pacraopos 3J1eKTpOJIHTOB C HOHHOH CHJlOH 0,01 H 60Jlee peKoMeH.llYeTCJI 
pacmupeHHalI lj>oPMYJla lle6al1 H fIOKKeJlR 

0,5z' -r;;
Ig=----.

1+ jI 
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4. Bouuoe npoH1BelleHHe BO~bL Bo~OPOAHbIAH ~POKC~HbIA nOlQUaTeJlb 

Bo,ZUl DJIJleTCJI BeCbMa cna6bIM 3JIeKTpoJIHTOM. ~CCOUHllQHJI BO,nbI MOJKeT 6bITb 
BbIp8Jl(eHapaDHOBeCaeM 

H 20 -+W+ Off, 
,, xoacraara soroporo npa 25 

0 C COCTllBJlJleT 

K=~=18.10-16 
H20 ' 

B rrpHBe~eHHOM BhlpaJKeHHH lHaMeHaTenh [H20]IIpe~CTliBJlJIeT COOOB 

KOImeH"l.'paUHIO HeJUlCCOD;HHpOBllHHhIX MOneIeyJl BO,nbl. O~O, ecna npeHe6pe'lb 
npeaeepexarensao ManoA ~OneH MOneIeyn, pacrraDIIIHXcJI aa HOHhI, sonuempameo 
He~cCOUHHpoll8.HHblX MOneIeyn BO,nbl MOJKHO rrpHIDlTb paDHOA 06meA Ko~eHTpaUH 

BO,!{hI, KOTOpaJI COCTaBnJIeT 1000 : 18 = 55,5,5 MoJlbln. Toraa 
[H+ lowJ= K[H20]= 1,8·\0-16 ·55,55 = 1·\0-14= K",. 

,[(nlI BO,nbl H ee pacrsopos npoaaseneaae KOuueHTpllUHB BO~OPOJIHhIX H 

~KC~ HOBOB - BeJ1H'IHBa rrOCTOJIBHaJI npa ,lUIBHOB TeMIIepa-rype. OHa 
HalhIBlleTCJIHOHHhIM npoH1Be,ZJ;eHHeM BO,nbl K H npa 25°C COCTaBnJIeT 1,10,14.w 

110CTOJlHC'mO HOHHOro npoaaaeaeaaa BO,nbI npa nOCTOJlBHoA rexneperype 
osaasaer, 'ITO B JII060M BO~OM pacrsope - Hei!:TpanbHOM, KHcnOM HnH w;enO'IHOM ~ 

scerna npe~CTaBJIeHhI 06a B~a HOHOB, r.e, sonoponaae H IlI,ZlpOKCHnhHhIe. Xapasrep 
cpensr onpenensercs TeMH HOHaMH, KOBIIellTplilnDl KOTOpLDl: 6onbme. lloIDITHJI KHcnaJI, 

HeATpanbHaJIH menO'JBaiI cpena npaotiperasor KOJlHlleCTBeBHbIA CMblcn. 

B cnysae, ecna [H+]= [owl= .[-1.10.1
• =I' I O"MoJIbIn, cpena Hei!:TpanbHaJI. 

Ecna [W J> 10" H pasaa, HarrpHMep 10-6, 10,5 HnH 10-4, TO [ow] 6Y~eT HMeTb 

COOTBeTC"meBHO lHa'leHBJI 10'8, 10-9HJIH lO,iO MOJILln, r.e, cpena KHcnaJI. 

Ecna [W]<IO" MOnh/n, aanpaaep 10'8, 10.9 HnH 10,10, TO [ow j 6Y~eT HMeTb 

COOTBeTCTBeBHO lHa'leHHJI 10-6, 10.5 HnH 10-4Monb/n, r.e, cpena menoaaaa, 
O6bI'lHO WIJIxapaKTepHCTHKHcpe,nbl ~OCTllTO'lHO rrpHBeCTH KOBIIeHTplUlHIOonaoro 

BH.I\a HOHOB, HarrpHMep HOHOB [H+ J. BbIp8:lKeHHe [H+ j= I 0'3 oaaasaer, 'ITO cpena xacnas, 
a ecna [H+ J=10,13, TOcpena menoaaas. 

Bme y~06Hee n0Jlb30BaTbCJI ,WUI xapaKTepHCTHKH cpensr norapH<pMOM 
KOH~eHTpaumt HOHOSW HOff, BlJITb1MH C 06paTHblMH lHaKaMH. 3TH BeJiHtmm.I 

HalblBaIOTCJI COOTBeTCTBeHHO BO~OPO~MH H nmp<lKCHJIbHblMH IIOKa3aTenJIMH H 

o600Ha'llllOTCR CHMBOnaMH pH H pOH: 

pH =-lg[W ]; pOH = -lg[OW J, rrpH'leM BOscex cnysaax pH +pOH = 14. 

C yuenuqeRBeM TeMIIepaTYPbI BORBOe npoasaeaeaae BO,nbl YBenH'lHBaeTCJI, a C 

IIOHHJKeHHeM TeMIlepa'l}'phI - YMeHbmaeTCR. TaK, npa 0 °c aaaseaae K... COCTllBJIJIeT 

0,114 .10.14 , a npa 50°C - 5,47'10'14, rr03TOMY npa srax resmeparypex pH HeATpanbHoA 

cpeasr yx<e He 6Y~eT ~HO ceMH. Y'IHTbIllall, 'ITO npa mo60H reaneparype B 

HeilTpanbHOD cpene [W]= [owj, HaxO~, 'ITO reaneparype 0 "C COOTBeTCTB)'IOT 

cne~w;He 3Ha'leHBJI [W JHpH: [W]=[OW]=.[1l,4.\O·16 =3,38'IO-BMonb/n, 
46 

~ -- 

pH =8-1g3,38 =7,47. 

OpUMep 1. BhIlIHcJIliTb pH O,IM paersopa MYPaDbHHOi!: KHCnOThI, KOHCTllHTa 
,llJilCCOnHanHH KOTOpoA K = 1,8'10-4 (npa 25°C). 

PeweHue. 

[H+ ]=~K_C = ~1,8'10-4 ·0,1 = ~18.10'" = 4,2·\0-3 MOJlbl JI 

pH=3-lg4,2=2,38 

OpUMep 2. BhIlIHCnHTb pH 0,34%-HOro pacrsopa aMMHaKa, IInOTHOCTb KOTOPOro 

MOJKHO npHHllTh paDHOHe.ztHHHue. Koacraara ~CCOUHlIUHH OCHOBaHHJl K= 1,8'10'5. 
Petueuue. MOnRpHaJI xoanearpanaa aMMHaKa pasaa 
C 1000·0,34 02 b! 

= 100.17 ' Mon n. 

KOHQeHTpllQHJl rMPOKCH.I\ HOHOB MO]KeT 6hITb BhIlIHcneHa Bl COOTHomeHBJI 

[OH-]=~K"",C = ~1.8'1O's ·0,2 = ~3,6.10'" = 1,9·\0·3MOJlblJI.
 

rH~poKCHJIbHhIAnoxaaarem, pOH paaea
 
pOH = 3-lgI,9 = 2,72.
 

TaK KaK pH +pOH =14, TO=14-2,72 = 11,28.
 

47 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



v 

S. llpOH3BeAeHHe p8CTBOpHMOCTH 

HaH60JIee pacnpOClpaHeHHbIe neopraaasecxae coeznnreaaa - COJIH, KHCJIOTbI, 
OCHOBaHHJI - XapllKTepH3YIOTCJI MaJIOH paCTBOpHMOCTbIO B BO.lIHbIX pacrsopax. 

Ilpoaaseneaae KOHI.\eHTPalUfH HOHOB B HaCbilI.\eHHOM pacrsope MaJIOpaCTBOpHMOH 
COJIH JlBJIJleTCJI BeJIHqHHOH nOCTOJlHHOH npa .lIaHHOH TeMrrepaTYPe. OHa HaJbIBaeTCJI 
np0U36eoeHueM pacmt/opUMocmu, 0603HaqaeTCJI CHMBOJIOM TIP H npencrasnser 
C060H KOHCTaHTY paBHOBeCHJI rereporeaaoa CHCTeMbI, COCTOJImeH H3 TBep.lloii <PaJbl 
MaJIOpaCTBopHMOH COJIH Hee aacsnneanoro pacrsopa, 

,llnJl cyJIb<paTa6apHJI 3Ta BeJIHqHHa onpenensercs BbIpWKeHHeM 
~, [BaH] [SO/]= IIPB0504 H COCTaBJIJleT 1,1·10'10 npa 25°C. 

~t , 

"1." ~ 
B 60JIee crporax pacserax CJIe.l\YeT yqHTbIBaTb He KOHI.\eHtpaI.\HH HOHOB, a HX 

aKTHBHOCTH H CqHTaTb, qTO npoasseneaaea paCTBopHMOCTH HaJbIBaeTCJI npoaaseneaae 
aKTHBHOCTeH HOHOB B HaCbImeHHOM pacrsope MaJIOpaCTBOpHMoro COe.llHHeHHJI: 

IIPBaS04 =aBa2+aSO/-. 
Ilpoaseeneaae pacTBOpHMOCTH - sro KOHCTliHTa paBHOBeCHJI B pacrsope 

rpynaopacraopaxsrx BemeCTB (B OCHOBHOM conen), 
,llnJl pacseroa, He rpeoyioniax 60JIbIIJOH TOqHOCTH, H ocofiemro B rex CJIyqaJIX, 

xoraa HOHHaJI CHJIa HaCbIlI.\eHHbIX pacraopos MaJIOpaCTBOpHMbIX COJIeH fl < 0,001, 
MO)l(}{O npaxars, qTO K03<p<pHI.\HeHTbI aKTHBHOCTeH HOHOB rrpH6JIH)KaIOTCJI Kenaaaue, a 
caMH llKTHBHOCTH HOHOB MO)KHO CqHTaTb paBHbIMH HX aHaJIHTHqeCKHM 
KOHI.\eHlpaIJ.HJlM. 

3HaJI senasmry IIP MaJIOpaCTBOpHMOH COJIH, MO)KHO Bbl'IHCJIHTb ee 
pacTBOpHMOCTb (B MOJIbLn H r/JI). TaK, eCJIH 0603HaqHTb paCTBopHMOCTb 6HHapHoro 
(pacnanaroureroca aa .lIBa HOHa) COe.llHHeHHJI, nanpaaep AgCl, BaS04, AIP04 H r.n. 
BeJIlfqHHOH S MOJIb/JI (MOJIbHaJI paCTBOpHMOCTb), TO KOHI.\eHtpaI.\HJ1 Ka)K,lJ.OrO H3 HOHOB 
6Y.lleT pasaa TOH )Ke BemNHHe S MOJIb/JI, a npoasaeneaae paCTBOpHMOCTH, supasceaaoe 
sepes S, COCTaBHT IIP=S2 HJIH S=fiiP. 

B cnysae cynsdrara 6apHJI [Ba2+]=[S042']=S, OTCIO.lIa 

S=~1,\ .10. 10 = 1,05 .10.5 MOJIb/JI. 

TaKOBa )Ke H MOJIbHaJI paCTBOpHMoCTb BaS04, a pacTBOpHMOCTb B rpasoaax aa 
JIHtp COCTaBHT 233-1,05'10'5=2,44'10'3 r/JI. 

llpUMep. 1. KaK MO)KHO CHH3HTb paBHOBeCHOe coaepxaaae HOHOB cepe6pa B 
. 10 

necsrs TbICjIq pas, eCJIHIIP(AgCI) = 10' (Ta6JI.14). 
I.BbIqHCJIHTb pacTBOpHMOCTb AgCI 

lAg + lei'J= 10. 10 
; s =.JIO"· =10" • 

2. 113 yCJIOBHJI 3MaqH 1[AgjJ = 10' .rneAg+ 
cepe6pa 

10" 
TaK KaK lAg+ J= 10", TO [Ag+ J=-, = 10-9 

r 10 
113 aroro CJIe.l\YeT, qTO KOHI.\eHtpauHJI 

10-1•

[er1= 10.9 =10.1MOJIb/JI. 

48 

[Ag+ J- H3MeHeHHaJI KOHI.\eHtpaI.\HJI HOHOB 

• 

HOHOB xnopa B pacrsope .lIOJI)KHa 6blTb: 

QTBeT: B paCTBOp MaJIOpaCTBOpHMOH COJIH AgCI He06xo.llHMO .lI06aBHTb, 
aaIIPHMep, 0,1 M pacrsop CHJIbHOro 3JIeKTpOJIHTa, conepxautero O.llHOHMeHHbIH HOR 

r.e- NaCI (HCI). 

Ta6JIHI.\a 14 

.... I.VVIC.I.J.LP'-I'~...., .......I ....... 1Jw......... _.J...,J. .... •.. _- .-

cIlooMYna COJIH 

AfJ.I03 
AfJ.2C204 
AfJ.,C03 
AfJ.2Cr04 
AfJ.2Cr07 

AfJ.2S 
AfJ.2S03 
AgzS04 

AfJ.,As04 
ArJ.Br 

ArJ.Br03 
ArJ.CH3COO 

AgCl 
AfJ.CI02 
ArJ.C103 
ArJ.C104 
AgCNS 

AgI 
ArJ.N02 
AgP04 
AIP04 

np 
3,1*10" 
1,0*1O-1! 
8.2*10"" 
1,1*10'12 
1,0*10"u 
6,3*10"u 
1,5*10"4 
1,6*10" 
1,0*10~ 
5,3*10'13 
5.S-IO" 
4,0*10'3 
I,S*IO'\U 
2,0*10 
5,0*10'" 
2,0*10-4 
1,1*10"" 
8,3*\0' 
1,6*10-4 
1,3*1O-=2lT 
5,S*IO,19 

onP 
7,52 
11,00 
11,09 
11,95 
10,00 
49,20 
13,S2 
4,SO 
22,00 
12,28 

2,40 
9,75 

1,30 
3,70 
11,97 
16,03 
3,SO 
19,89 
IS,24 

<f>opMyJIaCOJDl np 

Bi2(C204)3 4,0*10'36 

C03(As04h 7,6*10'"' 
COC204 4,0*10'· 
COC03 S,O*IO'13 

CoS (a) 4,0*10'"' 
CoS (6) 2,0*1~ 
Co(OHh 2,0*10'16 

Co(OH)J 4,0*10-4' 

Ca(AS04)2 6,S*10,19. 

CaHP04 5,0*10-<> 

Ca(H2P04)2 1,0*10'3 

Ca(l03)2 7,0*10' 
Ca3(P04)2 2,0*10'29 

CaC204 .

~,3*1O-9 

CaC03 4.,S*IO·9 

CaCr04 7,1*10-4 

CaF2 4,0*10'\1 

CaHP04 2,7*10

Ca(OHh 6,3*10'6 

CaS03 1,3*16'8 

CaS04·2H2O 1,3'10-4 

pnp 

28,12 
7,40 
12,10 
20,40 
24,70 

18,17 

3,00 
6,15 
2S,70 
S,64 
S,32 
3,15 
10,40 
6,57 

7,89._ 

Al(OHh 
AIAs04 

Ba(Br03h 
Ba(I03)2 

Ba3(As04)2 
BaC204' 
Ba2P207 
BafN03h 
Ba3(P04h 
BaMn04 
BaS20 3 

BaS03 

>- BaS04 
I BaCr04 
> Ba(0H)2 

BaF2I--. 

I- BeC03 
Be(Om, 

Bh S3 
'-- BiAs04 

3,7*10'1> 
1,6*10"6 
5,5*IO~ 5,26 
1,5*10 S,S2 
7,S*IO"\ 
1,1*10' 
3,0*10' 10,52 
4,5*\0'3 12,96 
6,0*\0'39 3S,22 
2,5*10'10 9,60 
6,0*10' 4,22 
S,O*IO' 6,10 
1,1*10'10 9,97 
1,2*\0,10 
50*10'3 
1'1*10=0

-' 
, 

1,0*10'3 3,00 
6,3*\O'u 
1,0*10' 
2,S*10'1O 9,36 

CaS04 
CdC03 
CdC204 
CdcOH)2 
CdSe04 

CdS 
CdS03 
CrAs04 
CrP04 

Cr(0H)2 
Cr(OH)3 
Cu(I03)2 

CuBr2 
CUC204 
CuCb 
Cuh 

CU(01I)2 
CuC03 
CuCNS 
Cucr04 

2,4*10' 
5,2*10''" 
1,5*10'8 
2,2*10~4 

1,3*10'9 
7,9*10'27 
1,0*10-<> 
7,8*10'21 
1,0*\0'17 
1,0*10' 
6,3*10'3 
7,4*1if8 
5,8*10-9 
3,0*10~ 

1,2*1l?' 
1,1*10.12 

2,2*10'20 
2S"10'1O 

4,S*IO'" 
3,6*10-<> 

4,62 ._ 
11,30 
7,SO 

26,10 
6,00 
35,12 
17,00 

.
7,13 
S,28 
7,52 
5,92 
11,96 

9,60 

14,32 ---1 
5,44 
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OKOlPlaHHe Tll6JI.14 

6. r-mpoJIHl cOJIeiilIlopMyJIa COJIH IIP pIlP <IloPMYJIa COJIK IIP pDP 
Bil3 8,1·10' 18,09 CuS 6,3·10'" 35,20 

BiOCI 7,0·10" 8,85 CuSe 1,0·10...• 49,00 
BiPO. 1,3·10''''' 22,90 NaIO. 3,0·10" 

Fe(OHh 1,0·10'1' 15,00 Ni(I03h 1,4·10.... 7,85 
Fe(OH)3 3,2·10'''' 37,50 NiC30. - 4,0·10'10 9,40 

Ft\2S3 1,0·10.... 88,00 NiC03 6,6·10'" 8,18 
FeAsO. 5,8·10" 20,24 Ni3(AsO.h 3,1·10'<0 
FeC20. 2,0·10' 6,70 Ni(OHn 2,0·10'" 
FeC03 3,5·10' 10,46 Pb(CNS)2 2,0·10" 4,70 
FePO. 1,3·10'« 21,89 Pb3(AsO.)2 4,1·10'" 35,39 

FeS 5,0·10'" 17,30 Pb3(PO.h 7,9·10"" 42,10 
HgzBr2 5,8·10'2> 17,88 PbB1'2 9,1·10-6 5,04 
H~Cb 1,3·10'" 17,88 PbC03 1,0·10'" 13,00 
H~Iz 4,5·lO'll' 17,88 PbCzO. - 8,3·10'1.< 11,10 
HgS 1,6·10"3 51,80 PbCrO. 1,8·10" 13,75 

KzNa(CoCN02'l6) 2,2·10'" 10,66 PbCh 1,6·10" 4,79 
K3(C(N02)6) 

KCIO. 
4,3·10·w 

1,1·10'< 
9,37 
3,70 

PbF2 
PbIz 

2,7·10" 
1,1·10" 

7,57 
8,98 

KIO. 
Li2C03 

8,3·10'" 
1,9·10'3 

3,70 Zn3(PO.)2 
ZnC20. 

9,1·10'» 
1,5·10'" 

32,04 
8,80 

LhPO. 3,3·10 PbS 2,5·10'<1 26,60 
LiF 1,5·10" PbSO. 1,6·10.... 7,80 

LiOH 4,0·10'z PbSe03 3,0·10'12 
Mg(I03)2 3,0·10" Pb(Br03)2 8,0·10"" 
M~(OH)2 

M~(As04h 

5,5·10'" 
2,1*IO'zU 

11,26 
19,68 

Pb(OH)z 
Pb(I03h 

. 7,9*10"0 
2,6·10'1> 

M~(PO.h 1,0·10'" 13,00 ShzS3 1,6·10...• 92,80 
MgC204 8,6·10" 4,10 PbSe04 1,4·10' 
MgC03 4,0·10" 4,40 SnI2 1,0·10'" 4,00 
MgF2 6,5·10'" 8,19 SnS 1,0·10'<' 25,00 

MgNlW'O. 2,5·IO'1J 12,6 Sn(OHh 6,3·10"<1 

M~S03 3,0·10" 2,52 Sn(OHU 1,0·10'" 
Mn OHh 1,9*10'" Sr3(AsO.)2 1,3·10'10 17,79 
Mn OH)3 1,0·10··b Sr3(PO.)2 1,0·10'31 31,00 
Mn( OH)<i 1,0·10"6 SrC20. S,S· 10" 7,25 

Mn)(AsO.n 1,9*10'" s-so, 3,2·10' 6,49· 

MnC20• 1,0·10'" 15,00 s-so, 4,0·10" 
MnC0 3 I,S·10'lI 10,74 Sr(°Hh 3,2·10-4 

MnNH,PO. 1,0·IO"Z 12,00 s-seo, 4,4·10'" 
MnS 2,S·10'·v 9,60 s-co, 1,1·1O·w 9,96 

NiS (a) 3,2·10'" 18,SQ Sr(I03n 3,3·10'7 7,40 
Ni(CN)z 3,0·10'23 s-oo, 3,6·10" 4,44 
ZnS(a) 
Zn(I0 3n 

1,6·10·.... 
2,0·10" 

23,80 SrF2 
Sr(HC03h 

2,5·10'" 
1,83·10"" 

8,60 

ZnC03 6·10' 10,84 Zn3(AsO.)2 1,1·10'2/ 26,97 

--..
 
[iI.JlpOJI1BOM H83hIB8eTCJI nponecc p83JIOXCeHHJI pacrsopeaaoro Be~eCTBa BO,/(OH H 

~. '1acTHLIM cJIY'laeM COJIJ>BOJIH3a (pasnoseaae paCTBOpeHHOro semec'rsa 

~p)l'l'eJleM).
B 38BHCHMOC1'H OT canst KHCJIOT H OCHOBllHIdi, 06pa3)'lOmHX COJlH, nOCJIe~lIlHe no 
~~ MO'lJ(HO p83,/(eJIHTI> aa 4 rpynnsr, 

tI) COlIII, 06JHl306IlHHble CUJl6HblMU OCHOBIlHIIIIMU U CJUl6WMU KUCJlOmllMlL 

3Tll rpynna BKJIJOtmeT HOpMaJIWiLIe COJlH, 06p83oBaHHIde OCHOBaHHHMH m;eJlO'IHhlX 
Met'BJ1ll0B H MHOroocHOBHLIMH CJIa6LIMH KHCnOTaMH, aanpaxep, NaCI~, Na2C03, 

1CJS03' N a2S, Na3PO• H T.,/(.
NaCI03 + H20 f-+ NaOH + HCI03 

Na++CI03-+ HOH - Na++Off+ HC103 

CI03'+ HOH - Off + HCI03 
rll,lq)OJIH3Y nO,nBepraeTCJI aHHOH CJIa60H KHCnOTLI. YpaBHeHHe nosasaaaer, 'ITO B 

npoqe<:ee H,l(eT. HaKaIDUlB3HHe HOHOB Off H paCTBOP rrpH06peTlleT ~eJIO'IHYlO 

~. 
KOHCTaHTY paBHOBeCIDI raaponasa MO:lKHO BLItlHCJTHTI> no ypasaemoo: 

_ X., 
Xr--

XJQfC.KHC. 

a CTenem. I'IQq)OJlH3a h; h = ~. 
. . Vc 

. PacCMOTpHM rH,lij)OnH3 Kap60HluaHaTpKll - COJIH, 06p83oBatlHoH MHOrooCHOBHOH 

DCJJoroii. 
B BO,/(HOM pacrsope Kap60HaTa aarpas YCTaHllBJlHBaeTCJI paBHoBecHe: 

Na2C03 + H20~NaHC03+NaOH; 
C032-+H20~HC03-+0W . 

6) COJIu, 06P1l30tl1lHH61e CJlIl66lMU OCH081lNlUlMU U CUJl6HblMU KUCJlomflMlI. 

NH.N03 + H20 ~ Nl-40H + RN03
 
NH/+ N03'+ H 20 ~ Nl-40H + W + N03'
 

Nl-4++H20 ~ MOH+W.
 
K
 

fH.lqlOJIH3Y nonsepraerca xaraoa cnafioro OCHOBaHHJl, XI' =~
 
IJ;lfC.OCH. 

fM,lqlOJIH3 MHoro3apAAHoro xaraoaa
 
Pb(N03)2 + H 20 ~ PbOHN03+ HN03
 

Pb2+ + H20 ~ PbOW + W.
 
Il) COJIu, 06PIl3OBIlHH61e CJla6b1Mu OCHOBIlNIUlMU U CJla661Mu KIlCJIOmflMlL 

Nl-4N02 + H20 ~ Nl-40H + HN0 2
 

NH.t++ NOi + H20 ~ Nl-40H + HN02
 
Nl-4++ H 20 ~ Nl-40H + W.
 

Xapaerep cpensrB pacrsopax TaKHXconea MO:lKHO onpenenars, cpaBHHBllJI 

.IUICCOqualJ)Ul: cJIa60ii KHCJIOThI H cna60ro OCHOBllHIDI: s, X;
X IJ;lfC.oCH 1Qf£'XHC. 

TPY,/(HOPCTBOpHMLIe COJIH npaxrasecsa HenO,/(BepralOTCH nmpoJIH3Y· 

SI 
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e) COJlu, 06pil30BOHHble CWlbHbLMU OCHOBOHU1IMU U CWlbHbLMU KUCJlOmaM, 

m.zq>OJIH3Y He nonsepraiorcs, 
NaN03+ H20 NaOH + HN03 

Na+ +N03-+ HOH Na++Off + W + N03
HOH ...... Off + H\ r.e., 

rrpOTe.~aeT TOJIbKO nponecc ,nHccoUHaUHH aonsi, TaKOH pacrsop HMeeT HeHTpaJIbH)'1O 
cpeny. 

7.Cnoc06bl BblpaaceHHH KOHQeHTpaQHH paereopos 

Pacrnopa - onaoponasie CHCTeMhI, COCTORruHe H3zrayx IiJIH60JIee KOMrrOHeHTOB H 
nponyxros HXB3aHMo,neHCTBHJI. 

1. MaCCOBag ,nOJIR aeutecraa (nponeanias KOHueHTpaUHJI) C - noxassraaer 
CKOJIbKO rpaMM pacrsopenaoro seutecraa co,nepJICHTCR B 100 rpasosax pacrsopa, 

Maccosaa ,nOJIR seutecraa - npouearnoe OTHOmeHHe MacChi pacrsopeaaoro 
aeutecrsa K 06rueH Macce pacrsopa, 

2. MOJIbHag )J.OJIR pacrsopexaoro semecraa N - OTHomeHHe qHCna MOJIeH 
pacrsopeaaoro senrecrsa (n.) K cyMM:e qHCJIa MOJIeK pacTBOpHTeJIR (n2) K cyMMeqHCJla 
MOJIeK paCTBOpHTeJIR It pacrsopeaaoro semecraa 

N,=_n_,_ . 
n, +n 2 

MOJIbHali )J.OJIR paCTBOpHTeJIR N2 

__n_2_
N,- . 

n, +n 2 

CyMMa MOJIbHhlX AOJIeH scex KOMrrOHeHTOB pacrsopa paaaa I 
N, +N2 =1. 

MOJIbHWH npouexr pasea MOJIbHOH AOJIe, YMHOlKeHHOH na 100. 
3. MOJIllJII,Hag KOHueHTpaUltR (MOJIAAbHOCTh) Cm - nOKa3b1BaeT KOJIltqeCTBO 
MOJIeH B 1000 rpaMMax pacTBOpHTeJIR (B BO)J.HbIX pacrsopax aa 1000r BO)J.W) 
4. MOJIRpHag KOHueHTpaUHR (MOJIRpHOCTb) CM ltJIH M - aro KOJIHqeCTBO MOJIb 

aemecrsa, cOAepJICaIUltXCJI B O.D;HOM JIHTpe pacrsopa. 
5. 3KBHBaJIeHTHali KOHueHTpaUHR (HOPMaJIbHOCTb) CH HJIH H - 3TO KOJIltqecTBO 

3KBltBaJIeHTOB, COAeplKaIUHXcR B OAHOM JIHTpe pacrsopa, 
3KBHBaJIeHTOM .BerueCTBa Ha3bIBaeTCR .TaKoe ero KOJIlfqeCTBO, .xoropoe 

coeztaasercs C 1 MOJIb aTOMOB sonopona ltJIH 3aMeruaeT TO JlCe KOJIHqeCTBO aTOMOB 
BOAopOAa B XHMltqeCKHX peaKUHRX. 

3KBHBaJIeHTHOH MacCOH Ha3b1BaeTCR Macca 1 3KBHBarreHTa aemecraa. 
6. THTp pacrnopa (T) - qHCJIO rpaMMoB pacraopeanoro semecraa, conepxaurero 

B OAHOM MltJIJIHMeTpe pacrsopa. 
t':'O. 7. K03«P«PHu;HeHT pacTBopHMOCTH. 3TOT BHA BWpaJICeHHR KOHueHTpaUltH CJIyJICltT 
'\ .D;JIJI 0603HaqeHHR npenensaoii pacTBopHMOCTH semecraa, Ero, KaK npaaano, 

BbiPaJICaIOT KOJIHqeCTBOM eAHHHU MaCCbI 6e3BoAHoro seutecraa, uacsnuaroutero 
npa AaHHoH rexneparype 100 e,nltHltU MaCCbI. 
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DpBMep 1. CKOJIbKO rpaMMOB Na2S03 norpetiyercs .D;JIJI npHrOTOBJIeHHJI 600 r 

l00~ -TO pacTBopa? 
.100 r pacTBOpa - 10 r Na2S03 
.600 r pacTBopa- x 

~'!Q=60r Na2S03. 
S· 100 
MacC8 BO~ mBO/l,bJ =mpAf:7BOPA -mpAC77l.BEll/EC17IA 

600 r - 60 r =540 r H 20 
CJIe,n:oBaTeJIbHO, HeOOxO.D;HMO csremars 60 r Na2S03 H 540 r H20 .D;JIJI rrOJI)"leHHJI 

600 r If % - ro pacraopa. 
DpBMep 2. CKOJIbKO MHJIJIHJIIITpOB 20% - ro pacrsopa cepaoa KHCJIOThI (p= 1?14 

r/Wl) He06xo,n:HMO B3J1Th ,nJUI rrpHfOTOBJIeHHJI 500 MJI 0,2 H pacrsopa? 
B 500 MJI 0,2 H pacrsopa conepsorrcs 0,5 . 0,2 = 0,1 r 3KBHBaJIeHTa H 2S04. 

~lCBlIBlUIeHTHag Macca H 2S04 pasaa 98:2= 49, rne 2 - OCHOBHOCTb KHCJIOThi. 
CJIe,n:OBaTeJIbHO, .D;JIJI rrpHroTOBJIeHHJI pacrsopa Hoo6xo.D;HM0 0,1' 49 =4,9 r H2S04• 

B nepec'Iere na 200/0 pacrsop 3TO COCTaBHT: 
B 100 r pacrsopa - 20 r H2S04 
Xpacrsopa - 4,9 r H2S0 4. 

x « 100·4,9 = 24,Sr.
 
20
 

m 245 
06'beM pacrsopa V = ~=-'= 21,SMJI. 

. P 1,14 

• }1.ruI npHrOTOBlleHHJI 500 MJI0,2 H pacrsopa He06xo.D;HMo B3JITL 21,S MIl 200/0 -0 ro 
~pa H 2S04 pB36aBHTh BO,nOH, 06IUHit 06'beM pacrsopa ,nOJIJlCeH COCTaBJIfib 500 

MJI. 

DpBMep 3.flnOTHOCTh 20% pacrsopa Na2S04, COCTaBllReT 1,091 r/MJI. 
BW'lHCJIHTb: a) MOJIRJIbHYIO KOHUeHTpauHIO, 6) THTp, B) MOJIRPHOCTb, r) HOpMaJIbHOCTb, 

a) MOJIRJIbHag KOHueHTpauHJI HJIH MOJIRJIbHOCTb: 
B 80 r H20 - 20 r Na2S04 
B 1000 r H20 - x r Na2S04 

1000·20 
x =---=250 r Na2S04 

80 
MOIDlpHag MaccaNa2S04 - 142 r/MOJIb 

250 
Cu,=142 =1,69MOJIb/l000 r H20 

6) THTp pacrsopa : Macca 1 MJI pacrsopa pasaa 1,091 r, a conepscaaae B HeM 
Na2S04 HJIH THTp, cOCTaBJIJleT 1,091 '0,2 = 218,2 r HJIH 218,2: 142 = 1,54 MOJIDlJIo 

B) HopMaJIbHOCTh pacrsopa: 3KBHBaJIeHTHag Macca Na2S04 pasna Yz M01UlpHOH 
MacCLI II, CJIe,nOBaTeJIbHO, CH = CMo2=1,54'2=3,08 r-3KB/JI. 
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Pll3~eJI VI. Pa60TB XRMR"lecKol peaKQRH 

CllMOnpolOBOJIbHO XHMHqeCKalI peasuas nporexaer B TOM H TOJIbKO B TOM cnysae, 
eCJIH OHa cosepinaer pafory nporas BHemHRX CHJI. Taxas paficra HlI3b1BaeTCJI 

nOJIe3HOH pa60TOH ~eCKOH peaKUHH. BeJIH'lHHa ee onpeaensercs nOTeHQHaJIOM 

rH66ca (~G): 

r:..G=M{+TM, 
rne - 3H.TllJlbnIDI XHMH'IeCKOH peaKUHH; T - TeMlleparypa; M - 3HTpOllIDI XHMaqeCKOH 

peaICQHH; TM - JIBJljjeTCJI Mepoii paccesnnoa saepraa B xone peaxuaa, r.e, roa 
eaepraea, KOTOpaR He MO)l(eT 6bITb npespameaa B nOJIe3HYIO pafory. 
M - npencrasnaer c060it pa3HQCTb anre6paaqeCKoit CYMMbl 3HTpODHH np0.l\YKTOB 

peaICQHHH HCXO~ semecra C yqeTOM CTeXHOMeTpaqeCKRX K03tP41HllHeHTOB: 

M= LSnrop.pE<K. - LSHCX.BmI. 

Caaa 3HTponIDI S onpenenserca JIOrapHtPMOM 'lRCJIa CB060,lUlbIX COCTOJIHHH T.e. 

creneas Pll3ynopJlJl,OqeHHOCTH pearapyiourax Be~eCTB. S = R In W , rne W - qaCJIO 

cocrosaaa CHCTeMhl. 

nOCKOJIbICY 'iRCJIO cocrosaaa MO)l(HO nocsarars, TO MO)I(HO nocsarars H 

saaseaae 3HTpOrrHH Ka)I(,D;Oro aemecrsa. B Ta6JlHQe 14 npHBe,neHbl 3HaqeHIDI 3HTpOIIHH 

npocrsrx H CJIOllCHl>lX semecra, a 3HaR aaransnmo XHMHqecKOit PeaKUHH, MO)I(HC 

BWlHCJIHTb BeJI&qHIfY ~G , r,e. 'I)' rrOJIe3HylO pa60'l)', KOTOpaR cOBepmae! 

C8..\lOnpoH3BOJIbHO npcresasomas XHMaqeCKaR peaxnas. 
ECJIH pearapyiomae aemecrsa B3RTbl B craanapraox COCTOmHH H pe8XllHJl 

nporexaer BIIJlOTb ,D,O COOTORHIDI paBHOBeCIDI, Kor,na KOnaqecTBO HCXO,D,HbIX BemeCTB H 

npo.l\YKTOB peaKIJ;HH COOTBeTCTBYJOT paBHOBeCHbIM,TO nOJIe3HaR pa60Ta TaKOR 

XHM&qecICOHPeaKUHH Ha3b1BaeTCJI cTIm.napTHbIM nOTeHUHaJIOM rH66ca AG 298° • 

CJIe,D,OBaTeJIbHO t.G~1 =M{~ + T,~,S~91' 

Y'iHTbIBaR, qTQ MI, ~S, KaJ.( npasano, He oseas 3aBHCRT OT reaneparypu, TO 

MO)I(HO npH6JIH3HTeJIbHO paccsarars nOJIe3HYJO pa6o'I)' npa pasasrx rexneparypax, . 

npa 3TOM sa; = M{~I + TM~I' 

IIpUMep. Paccsarars H3MeHeHHe H306apHO - aaorepscrsecsoro rrOTeHUHaJIa B He 

CTllHJI,8pTHbIX yCJIOBHJIX T=2000 K 
C~(r) + 202 (r) =C<h(r) + 2H20(r) 

MI~91 -75 0 -393 -242 

M~ 186 205 214 189 

MI~p =2'MI~", +MI~:o, -(2MI~, +AH~.)=2 (-242) - 393 +75= - 802 W 
M~p =2.S:", +S~'O, -(2S~ +S~)= 2 (189) + 214 - 2205 -186 = -4,lV1c/MOJIbK 

t.G~ =M{~91 + TM~ =-802000 - 2000·4= -882000,l(x< • 

C KOHCTaHTOH paBHOBeCIDI K, G T
O

cassaaa CJIe.l\YIOIUHM 06Pll3OM 

GTO=-RTlnK 

I3.G -882000
K =exp(--)=exp( ) = e" = 1014 

• 
P RT 8,31·2000 

BeJIHqRaa KOHCTa.HTbI paBHoBecIDI roBOpHT 0 npaJ.(THqeCKH nOJIHOM npoxoxneaaa 

,lI;amiOH peaKUHH. 

S4 

....
 
ECJlH pearHPYlOmHe seutecrsa B3RTbi B aecraanapraox COCTORHHH, TO rrOJIe3HaR 

pa60Ta paCC'IHTblBaeTCR rro tPopMyJIe: 

o [Cnvr 
r:..Gr =t.Gr + RTin [Af[Bf ' 
rne ~GT necraazapmoe aaaseaae nOTeHUHaJIa rH66ca, [A),[B),[C],[D)

.ICOJlUeHTPaUHH BemeCTB, KOTOpble He pasas; 1 MOJIiJJI, r.e, 3TO necraanaprnue 

yCllOBWI.
 
yQHTblBaR, 'ITO r:..G~ =-RTlnK p' nonysaesc
 

~f~r ~r~r .
t.Gl~-RTlnKp+RTln[Af[Bf ,r,ne Kp=[At[Bf ,CJIe,nOBaTeJlbHO. 

_ [Ct[vt [envr 
W r --RTln [At[B}';, + RTln [At[Bf ' 

rae [At,IBl';,,[cfp,[Dt - paaaoaecaue KOHUeHTP8UKH BemeCTB. 

Ib nOCJIe,nHero ypaBHeHHR CJIe.l\YeT, 'ITO B TOM cnysae, eCJIH KOJIHqeCTBO 

HCXO,ll;HblX BemeCTB paBHO paBHOBeCHbiM ~GT = 0, T. e. CHCTeMa pearapyiomax 
aemeCTB, HaxoMlUaRCR B paBHOBecHH, HH KaKOR rrOJIe3HOR pa60TbI He rrpoH3BO,nHT. 

ECJlH KOJIHqeCTBO B3RTbiX np0.l\YKTOB peaKUHH MeHbIlle paBHOBeCHbIX, a 

1C000H'lecTBO HCXO,nHblX BemeCTB 60JIblIIHX paBHOBeCHblX,· TO ~GT < 0 H peaKUIDI 

JJPOTeKae! fJ rrpRMoM nanpasnenaa BIIJlOTb no ,noCTH)J(eHIDI paBHOBeCHbiX 3HaqeHHH 

1ICX0JI,HbIX BemeCTB H nponyjcros peaKUHH• 
. ' . ECJIH KOJIHqeCTBO B3RTblX npo.l\YKTOB peaKUHH 60JIblIIe paBHOBeCHbIX, a 

KoJIH'le.CTBO HCXO,nHbIX BelUeCTB MeHblIIe paBHOBeCHbIX, TO ~GT>O Ii peaKUHR 

caMonpoH3BOJIbHO 6y,neT nporexars B 06paTHOM HarrpaBJIeHHH, r.e, H3 BemeCTB C H .n. 
6y.uyT 06p1l30BblBaTbCR seutecrsa A H B, BnJIOTb,nO ,nocTH)J(eHHR pasaoaecasrx 

3UaqeHHH. 
TaKHM 06pll3oM, rro pacaeraosry 3HaqeHHIO ~GT MO)J(HO aapaaee onpenemrrs 

oeyurecrsaaocrs JII060R peaKUHH B sanaaasrx yCJIOBIDIX HJIH onpenemrrs yCJIOBHR, npa 

. KOTOpblX ~GT OKa)l(eTCR MeHblIIe HyJIR H peaKUHR 6y,neT ocymecTBHMa B 3a,naHHOM 

HanpaBJIeHHH. 

Paanen VII. 3J1elITp0xHMHH 

1.Pa60TIl OKHCJlHTeJlbHo- BoccTauoBHTeJlbHblX peaKQHH 

OKUCJlume.nbHO _ 60CCntOH06ume.nbHOU peaKUHeH HlI3b1BaeTCR TaKM peaKIJ,llR, 

KOTQPaR H,neT C H3MeHeHHeM creneaa OKHCJIeHHR peampYlOmHX BelUeCTB sa cser 

nepeuoca 3JIeKTPoHoB OT aemecraa, KOTOpoe HlI3bIBaeTCR BoccTaHoBHTeneM K 

BelQecTBY, xoropoe HlI3bIBaeTCR OKHCJIHTeJIeM.
 
TllKHM 06p1l30M BoccTaHOBHTeJIeM RBJlReTCR BemeCTBO, KOTOpoe B npouecce peaKIJ,llll
 

OT.lJ.8eT 3JleKTPoHbI, a OKHCJIHTeJIeM - BemeCTBa, xoropue npHHHMaeT 3JIeKTPoHbI.
 
YqllCTHe roro HJIH HHOro semecrsa KaK OKHCJIHTeJIR HJIH BoCCTaHOBllTeJIR,
 

0npe,neJIReTCJI ero BeJIH'lHHOH ero snexrpozmoro rroTeHIJ,Hana.
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CmaHdapmHblM :JJIeKmpoOHblM nOmeU141U1l10M Hll3hIBaeTCX Pll3HOCTh 

rrOTeHQHlIJIOB Me:JlC,l:(y BOAOPOAHbIM 3JIeKTpOAOM H 3JIeKTpOAOM AaHHOro semecraa. 

KamoOoM Hll3hIBaeTCX 3JIeKTpOA, KOTOphIii nOChIJIaeT CBOH nOJIOlKHTeJIbHO 

3apjDKeHHhIe HOHhIB paCTBOpH sapaaaerca OTp~aTeJIbHO. 

AHOdOM Hll3hIBaeTCXnOJIO)l(}fTeJIbHO 3apj{)l(eHHhIH "3JIeKTpOA, KOTOPhIii npHHHMaeT 

3JIeKTpOHhI. 

no Me:JlC,l:(yHapoAHoMy cornaIIIeHHIO CTaHAapTHhiM 3JIeKTpOAOM cpOOlHeHHJI 

XBJIJleTCJl BOAOPOAHhIH 3JleKTpOA CTaJIAaPTHhIii nOTeHUHlIJI KOTOpOro pasea 0 

(T=298 K, AaBJIeHHe 1 aTM (101,3 Klla), KOHueIiTpaIUUI HOHOB B pacrsope paaaoa 

1MOJIblJI). B raonane 15 npaaeaeasr BOCCTaHOBHTeJIbHhIe craanaprnue nOTeHUHlIJIbl 

HeKOTOphIXMeTaJIJIOB. Bonee nOJIHaJI Ta6JI~a 3JIeKTpOAHhIx nOTeHUHlIJIOB npaseneaa B 
npHJImKeHHH Ta6JI. " 

Ta6JIHua 15 

C - " " - CT - - - - -- --

BOCCTaHOBHTeJIbHhIii CTaHAaPTHi.Iii BOCCTaHOBHTeJIbHhIH 

nponecc nOTeHQHlIJI npouecc 
u' + e --+ Lio -3,045 Zn~+ + 2e --+ Zn" 

Na+ + e --+ Nao -2,714 Sn" + 2e --+ Sno 
K+ +e --+ KO -2,925 Ni~+ + 2e --+ Nio 

Be~+ + 2e --+ Beo -2,900 Pbz++ 2e --+ Pbo 

Mgz++ 2e --+ MgO -2,370 - 2W + 2e --+ H2 ° 
Ca" + 2e --+ Cao -2,87 Cu" + 2e --+ Cu" 
Al" +3e --+ Al" -1,700 Ag+ +.e --+ AgO 

Fe" + 2e --+ Fe" -0,490 AuJ+ +e-+ Au" 

CTaHAapTHhiH 

nOTeHQHlIJI 

-0,763 

-0,136 

-0,250 

-0,126 

0 

+0,343 

+0,800 

+1,500 

2.Yp8oHeHHe HepUC'T8 

YpaBHeHHe Hepacra CJIeAYeT H3 ypasaeaae pa60Thi XHMH'IeCKOH peaKUHH 

/1G ~-RTlnKp + RTln [cf[Dfr . [Ay[Br 

TaK KaK CBJI3aHa c AGT DO 3aK0HY <DapaAeJl COOTHOIIIeHHeM: AGT = - nFluI' , rne 

Acp Pl13HOCTI. 3JIeKTpOAHhIxnOTeHUHlIJIOB Me:JlC,l:(y BeW;ecTBOM, xoropoe CJIy)l(HTKaTOAoM 

H BemecTBO~crry)l{aIUHM aHOAOM. 
n - 'lHCJIO 3JIeKTpOHoB, nepenaaasrx B K8.lICJtOM asre XHMH'IeCKOH peaKQHH; F ----'lHCJIO 

<DapaAeJi 96 400 KJI. 
ECJIHnpouecc nporexaer B CTaHAapTHhIX yCJIOBIDIX, TO AG TO=- nFAcp ~ 

YpaBHeHHe HepHCTa B rrOJIHOM BHJleHMeeT BHJI: 

_ [cf[Df 
fifp - /1'Po - RTln [ArrBr' 

rae Aq> - 3TOPll3HOCTb DOTeHUHlIJIOB KaTOAaH aHOAa; Aq>o - 3T0 Pl13HOCTb IIOTeHI.(HlIJIOB 

crannapraoro BOAOPOAHOro H HCCJIeAYeMoro 3JIeKTpOAOB; R = 8,31 ,lVK/MOJIb K; T= 

298K. 

...,
 
UOACTaBHB '1HCJleHHble 3Ha'leHHX KOHCTaHT B cTaHAapTHhix yCJIOBHXX, ypasaenae 

I1plfloleT BM: 
/1 ~ /1 _ 0,0591 [cj[Df 

'P 'Po n g [AJ"[Bf . 

OpllMep: OnpeAeJIHTb Pll3HOCTb 3JIeKTpoAHblX nOTeHIIHlIJIOB peaKIIHH: 

ir' + lI2 Hr.... Li
o

+ tr 
PIl3)l,eJUIM AaHHhIH npouecc aa nonypeaxuaa:

Lt +1e --+ Lio 'Po ~ -3,045B 

1;2 Hz -Ie --+ K 'Po -OB 

'P~,.II.'O +'Pj/ 2H, IH ' ~ -3,045B 

pa60Ta AaHHoH peaKUHH paBHa: 
AGTO=- nFAq> 0= - 1· 96500 . (-3,045) = 293 K~ /MOJlb. 

BbltlOd: no BeJlH'IHHe Pa3HOCTH 3JleKTpoAHblx nOTeHUHlIJIOB MO)l{HO onpeAeJlHTb 

HanpaBJIeHHe H pa60ry caMonpoH3BOJlbHO npOTeKaIOIIIeH OKHCJlHTeJlbHO-

BOCCTaHOBHTeJlbHOH peaKIIHH. 

3.r8J1b08HH'lfeCKHH 3J1eMeHT 

npeBpaJl.(aIOIl\8Xcacrena,H83blBaeTCJlraJI6SaUUlleCKUM 3l1eMeUmOM 

XHMH'lecKYIO 3HeprHIO B 3JleKrpH'IecKYIO,

3JIeKTpOABH~w;eH CHJlOH (3)l,C) rllJlbBaHH'IeCKoro 3JIeMeHTa Ha3blBaeTCll
 

HaH60JIbIIIaJI pa3HOCTb nOTeHUH8JIOB ero3JletcrpOAoB.
 
rllJlbBaHH'leCKHH 3JleMeHT, 06pa30BaHHbIH UHHKOBbIM H MeABblM 3JIeKrpoAaMH
 

(yCJlOBHX crannaprasre): Zn/ZnSOJ/CuS04/C U. 

B AaHHOM 3JleMeHTeocyw;eCTBJIXeTClI cyMMapH8X peaxuaa:
 
2+


Zn (TB) + Cu2+ (p-p) -+ Zn (p-p) + Cu (TB). 

o 0 0,059 tZn2+~ [C 0] [Z 0] 6'P • . " -'P 10." ~'P CulCu" -'P Z"'l"" ---Ig 2+' rne U JI. n npHHlITO pars 
C I C z~ n Cu 

paBHblMH 1MOJIb/Jl. 

'P
C

• . " -'Pl",o." ~ 0,34-(-0,76) - 0,~59Igt~::: ~ 
' C 

B CTaHAapTHhiX YCJlOBHH [Cu2<] H [Zn
2+] paBHbl 1 MOJlb/Jl, 

'PC•,C." -'Pz",o." ~0,34-(-0,76) ~l,IB. 
TllKHM 06pa30M, 3HaJI KOHIIeHrpaIIHH 3JIeKrpOJIHTOB B pacrsopax, MO)l{HO 

paccsarars 3JIeKTPoABJI.~W;YIO CH.llY rnofioro rllJlbBaHHQeCKoro 3JleMeHTa, 

COCTaBJIeHHOrO H3 CaMblX pa3Hoo6pa3HbIX 3JleKrpoAOB (nOJIy3JIeMeHToB). 
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4. Pacser 3JIekTpOJlBhIX DOTeHnHBJlOB pa3JIHIIHhlX nponeceos 

B 3llBHCHMOCTH OTOKHClIHTelIbHo-BOCCTaHOBHTelIhHOro nponecca 06mee 
ypasaeaae npHHHMaeT Pa3lIH'lHhIH BH,n. 

J.3I1eIOrlpOOH61il npouecc B61ptulCaelffCSl ypaBHeHUe.M: 
Me" + ne B Meo , rae n - 3apR,!( HOHa MeTaJIJIa. 
3TOTCJIY'laH BKJIIOlJaeT mo6ylO CHCTeMY, B KOTOPOH MeTalIJJHlJecKHH 31IeKlpO,n 

Haxo,nHTCR B pacrsope COlIH 3TOro:lICe Menuma, npH'leM oKHclIeHHoH <pOpMOH MeT8JIJIa 
JIBJJJIIOTCR ero HOHhI Me" , a BOCCTlIHOBJIeHHOH - aTOM Meo . 

ClIe~OBaTelIhHO, [Ox] = [Me"+ j[Red]= lMeo j= const, TaKxax KOHUeHTplllViJl aTOMOB B 

TBeP~OM MeTaJIJIe pasaa 1. 
TaKHM 06pa30M, ypasaeaae Hepacra HMeeT°BR,!(: 

o 0,05921 r....] rp =rp +-- gllVle • 
n
 

Hanpaaep, ~ nponecca Co2+ + ~ -+ Coo
 

_ 0 0,05921 rc 2+] -0 277Drp-rp +-2- gr 0 ,rp-, . 

2. 3I1eKmpOOH61ii npoU;ecc B61ptulCaemC/l ypaBHeHueM: 

Me"" +(n2 -n,)e BMe"" 

B 3TOM cnysae H OKHClIeHHaR Me"'+ H BOCCTaHOBJIeHHaR Me": <pOPMhI semecraa 
naxonsres B pacrso e H !D" KOHUeHTpal{HH - BeJIH'lHHLl nepeaerrsue. IIo3ToMY: 

o 0,059 1 Me"'+
 
qJ=rp + n -n g Me":
 

2 1 

Harrpaaep, All" nponecca: Sn4 
+ +2e B &2+ 

=0150+ 0,0591 {sn4+J. 
rp, 2 g Sn 2+ 

J. 11M fiollee CJlO:»cH6tX :JIIeIOrlpOOH6tXpeaKu,uii, npOTeKaIOlqHX B KHClIhIX 
cpeaax, KOTOpLle MOlKHO onacars ypasaeaaea B 06meM BR,!(e: 

xOx+ yH++neBzRed+aHp 

= +0,0591~ 
({J rpo n g[Redt[HPt' 

Hanpaxep: Cr20;-+14H+ +6e +-; 2Cr3+ +7Hp. 

KOHUeHTpauuH scex HOBOB, yqacTBYJOl.QHX B peaxuaa - BeJIH'lHHhI nepesseansre. 
Koauearpamno BO~ Bpa36aBJIeHHhIX pacrsopax MO:llCHO CtJHTaTb nOCTOJIHHOH. 

~;' 
YpaBHeHHe anexrpozmoro nOTeHl{HaJIa HMeeT BR,!(: 

0,059 Crp;- H+ 4 
ip =({Jo+--g1
 

6 Cr~
 

rp =1,333 + 0,0591g Crp;- + 14·0,0591g[H+ ], 
6 Cr'+ 6 

If' =1,333+0,01lg[~rp;-rt-0,138PH. 
lCr~ 
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,llaHHhIH npHMep nOKa3hIBaeT, 'lTOB cnyuae :meKTpO~HhIX peaxuaa, rrporexaronrax 
CyqacTHeM BOJlhI, noremraansi 3aBHCRT OT pH. 

5. XHMH"leCKHe HCTO"lHHKH TOKa 

IMaplaHu,eBo - U,UHKOBblU :JIIeMeHm 

Zn / NliiCI / Mn02 
4Mn02+ 4N~Cl + 2Zn -+ 4 MnOOH + ZnCh + Zn(NH3)4Ch 

2.PmymHo - U,UHKOBblU :JIIe.MeHm (HaJIHBHOH THn) OCHOBaH na OKHClIeHHH UHHKa 

oKlfChJO pTYTH B melIO'lHOH cpene:
 
ZniKOH/HgO
 

HgO + Zn + 2KOH ---)Hg + K2Zn02 + H20
 

CoxpaHJIeT pa60Tocnoco6HOCTh.l\O +50°C.
 
3.PmymHo - uHoueBb'u :JIIeMeHm (caMhIHMHHHaTJOpHhIH)
 
In(Bi)(cnnaB) I KOH / HgO, C
 

2ln + 3HgO ---)3Hg + In203.
 
K 3THM 31IeMeHTllM npensaanmorca ClIe.l\YJOmHe Tpe60BaHHlI;
 
_MaKCHMaJIhHOe snaseaae 3,llC (<PH);
 

- 1C0MnaKTHOCTh;
 
- .l\OlIrOae'lHOCTh;
 
- He60lIhIIlaR CTOHMOCTh.
 
HaH60lIec;: nonHoe BhInOlIHeHHe scex 3TH YClIOBHH rpefiyer 3Ha'lHTelIhHhIX YCHlIHR
 

XHMHKOB H KOHCTpyKTOpOB.
 

6. 3JIeKTpOJIH3 BOJlbI 

31IeKTpOlIH30M uaasrsaerca nponecc pa3lIOlKeHHlI pacrsopa non tJ,eRcTBHeM 
3JIeKTpH'leCKoro TOKa. ITo cymecrsy, npa 31IeKTpolIH3e npOTeKaJOT peasuaa, ofiparaue 
peaKl{HliM B raJIhBaHH'leCKHX 31IeMeHTax. 

311eKmpooHblepeaKu,uu pil3llo:»ceHUR BOObl :JIIeKmpU.,ecKUM mOKOM. 
Ha orpauarensao 3apJl:llCeHHOM xarone: 

2 HiO + 2e -+ H 2+ 2 OH', 

T. e. HtJ,eT npouecc BOCCTaHOBlIeHHJI BO.l\0P0.l\HhIX HOHOB
 
.lJ,rr" TaKoH peaKUHH ypasneaae Hepacra HMeeT BM:
 

_ 0 _ 0,0592I PH, 
rp-({J 2 glH 2+] ' 

IlpH PH,o =1aTM H tp"= 0 IIpH [It]= 1 r-HoHlJI, T.e. npa pH = 0 ({J = ({J0 = 0, npH pH/O 

({J = 0+ 0,05921glWj 

({J=0-0,0592pH. 

Ha nOlIOlKHTeJIhHO 3apRlKeHHoM anexrpone IIpH 3TOM 6Y.l\eT IIpoHCXOtJ,HTh rrpouecc 

OKHCJIeHue MOJIeKYJI sonsr: 
2H20 - 4e -> O2+ 4H+ • 

Pa3JlOlKeHHe BO,llhI npOHCXO,llHT C06pa30BaHHeM HOHOB sonopona H MoneKyJl 
kHCJIopotJ,a: 
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2HO' - 4e --+ O2 + 2W. 

,AruI TaKOH peasnaa ypasaeaae Hepscra HMeeT BH,ll,: 

o 0,0592 P., [wf
1f{J=f{J --4- g-[on- f . 

IIpH Po, = t aTM H npa [0Jf]= 1 r-aoa/n, pH = 14
 

00592 [
f{J=f{J°--'--lgH+ ]T.O. f{J=O,414B
2 

IIpH pH =14 pa3JlO>KeHHe BO)n>I C 06pa30BaHHeM W H 0:2 Tpe6yeTCJI pa3HOCTb 

nOTeHIUiMOB C BO~OPO~hIM anexrponca 0,414 B, 'r.e. ~ ~aHHOH peaKD.HH 

f{J0 =1,23B, H ypasaeaae npHHHMaeT BH,lJ;f{J =1,23-0,0592pH. 

3aBHCHMOCTh snexrponsoro nOTeHQIIMa pa3JIO>KeHHJI BO,nI,x OTpH - pacrsopa 
MO>KeT 6h1ThnpoHJIJIIOCTPHpoBaHa ~arpllMMOH llyp6e (puc. 20): 

'P 

pH 

2H,O +2e-+H, + 20W 

2 

PHC. 20.,llHarpaMMa IIyp6e 

Me>K.llY KpHBhIMH 1 H 2 BO~a HMeeT ycroasaaee COCTOJlHHe. Bsnne KpHBOH 

paspzsaercs sozta CBbl.neneHHeM xacnopona, HH>KeKpHBOH 2 BhmeJIJleTCJI BO~Opo~. 

7. 3J1eKTpOJlHl BOIlBblX p8CTBOpoB cOJIeu 

1. 311eKipOllH3 BO~HOro paersopa NaCl, aHO~ HepacmopHMhiH - yronsasrn. 
NaCl--+Na+ + cr 

H 20 -It+OIr
 
YrollhHhlH
 YroJIbHLIH 
KaTO.Il K( -)2It+2e = H 2 aHO~ A(+) 2Cr - 2e = Ch 
B6JIH3H KaTO~a Na++OIr- NaOH 
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JIa J(aTO~e BbmeJUleTCjI ra3006pa3HhlH BO.ll0P0.ll (paspsnxe nonaepraercs HOHbI 

fIlllPOJ(COHUj! cOrJIaCHO ypaBHeHHIO 2H30++2e--+H2+2H20), a na anone e

~p83HbmXlI0p. 
2 3JIeJ<TP0JIH3 BO~HOro pacrsopa NaCl, aHO~ pacrsopasraa - Me.llHblH. 

•	 NaCl--+Na+ + cr
 

H 20 --+W+OH

Me~HbIHMe~HbIH 
J(aTO~ K(-)2W + 2e =H 2i	 aHo~ A(+) CuO - 2e = Cu 2 

+ 

Cu2++20Ir = Cu(OHh	 Cuo+ 2H20 = H 2 + CU(OH)2 

B pacCMOTpeHHOM npaaepe 3JIeKTJXlJIHT He npereprresaer HHKaKHX XHMH'leCKHX 

lI3foleHeHHH, KOJIH'leCTBO NaCI He H3MeHjleTCM, H TOJIbKO Me~HhlH aHO~ nocrerremro 
pacrBOPJleTCJI no Mepe rrpOXOlK~eHHjI 3JIeKTpH'leCKOrO TOKa. 

3.	 3JIeKTpOJIH3 sonaoro pacrsopa CUS04, aHO~ HepacTBOpHMhlH - yrOJIbHhIH. 
CUS04--+ Cu2++ sot 

YronbHhlH KaTO~ YrOJIbHbIH 
K(.) 2H20 --+W+OH" aaoztA(+) 40Ir - 4e = 2H20 + O2 

cif++ 4e = 2Cu 
4.	 3JIeJ<TPOJIH3 sonnoro pacrsopa CUS04, aHO~ f.acTBOpHMbIH - Me.llHhlH. 

CUS04--+ Cu2++ S04 . M ~ 
u • e.llHhIH 

Me,lUlbIH ° 2+2++2 C	 anon Ar-j Cu -2e=Cu 
KaTO~ K(-)Cu e= u 

IIpHMeHeHHe Me~Horo paCTBopHMOrO 3JIeKTpO.lla rrpH 3JIeIcrpOJIH3e ~aeT 

opBIlfHMbHYlO KapTHHY pacTBOpeHHJI Me~H H xaronnoro OCaJK,l\eHHjI ee - rrpOHCxOJlHT 
DepeKa'lHBaHHe Me.llH C aaona aa xaron, B pacrsope nonaepxaaaercs rrOCTOjlHHalI 

KOHQeHTp3.UIDI HOHOB, Tal< KaI< KaTO.llHOe BOCCTaHOBJIeHHe H aaonaoe OKHCJIeHHe 
c6anaHCHpoBaHbI. IIpHMeHIDI B xasecrse sarona nnaCTHHY O'lHIIIeHHOH Me~H, a B 

Kll'leCTBe aHo~a - TeXHH'lecKYIO Me~b, npOH3BOMT O'lHCTKY - pa<pHHHpOBaHHe Me~H 

3JIeKTpH'ieCKHM cnocofiox. 

5. 3JIeKTpOJIlf3 BO~HOro pacrsopa Ni(N03)2, aHO~ pacraopasrsrii - HHKeJIeBbIH.
 
Ni(N03h--+ Ni2+ + 2N03-,
 

H 20 --+W+OIr
 

HHKeJIeBhlHMe~bIH 

xaron K(-) Ne++ 2e = Ni	 aHO~ A(+) Nio - 2e = Ni
2+. 

Ha MeJlHOM xarone OTJIaraeTCjI naxens, ECJIH B xasecrse xarona HCrrOJIb30BaTb TO 
Il1II{ BHoe MeTMJIHqeCKOe	 H3~eJIHe, ero MO>KHO rroxpsrrs HHKeJIeM - HHKeJIHpOBaTb. 

npRMeHJlj! pacraopaxsre aHO)n>I H3 Pa3JIH'iHbIX MeTMJIOB, B TexHHKe ocyuiecranaior 

llaHeceHBe MeTaJIJIH'leCKHX rrOKphITHH 3JIeKTpH'leCKHM MeTO~OM. 

ECJIH aHO~ H3roTOBJIeH	 H3 MeTaJIJIa, KaTHOHbI KOTOpOro axonsr B COCTaB 
3JIekTpoJIHTa, TO XHMHqeCKali npapona aHHOHOB He OKa3bIBaeT BJIHjlHHjI na xapaxrep 

3JIeI<1pO~HhIXnponeccos. 
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AHHOHbl OCTlllOTCSI B pacrsope B HeH3MeHHOM COCTOSlHHH, rrOMeplKHBali 

rrOCTOSlHHYIO KOH~eHlpalUfIO :meKTpOJlHTa. TaKOH npouecc 3J1eKTpOJlH3a MOJKeT H,nrn 

no rrOJIHOrO paCTBOpeHHSI aaona. 
6. 3J1eKTpOJlH3 BO,L\HOro pacrsopa K ZS0 4, anon HepaCTBopHMhIH - IIJIaTHHoBblH. 

KZS0 4- 2K++ sot . 
HzO-li+OH

lliaTHHOBblH lliaTHHOBblH 
KaTO,n K(-)4W+4e = 2H2j aaon A(+) 40Jr - 4e =2HzO + OZ 
4K++ 40I-f =4KOH 4W + SOz-4 - 2HzS04 

3neKTpOnH3y nonsepraercs BO,L\a, pons pacrsopeaaoro B sone 3J1eKTpOJlHTa B 

3TOM cnysae CBO,L\HTCli K C03.naHHIO :meKTpOrrpOBO):\llmeH Cpe,L\LI. -Cnenyer 3aMeTHTh, 

'ITO 'IaCTO HMelOT MeCTO rrpHMepLI 3J1eK1pOJlH3a, xorza Ha6J1IO,L\aIOTCR BTopHLIHble 

peaxnaa, B peaynsrare KOTOpblX 06pll3yeTcR, aa rrepBblH B3rJl~ HeOJKH,L\aHHble 

setuecrsa TaK, npa 3JIeKTpOJIH3e aJOTHoifKHCJIOTbl rrOJIY'IaeTCR aMMHaK B pe3YJlLTaTe 

roro, 'ITO 06pll3ylOUUlHCli Y KaTO,L\a aroaapasra BO,L\0P0,nBOCCTaHaBJIHBaeT aHHOH N03-: 
N03- + 9tr + 8e = NH) + 3 HzO. 

AToMapHblH BO,nOpO.n,06pll3ylOUUlHCR y KaTO,L\a npa 3J1eKlp0JlH3e, sooome 
06J1a,naeT OLIeHh CHJIhHblM BOCCTaHOBHTeJlhHhlM .neHcTBHeM aa BeUJ,ecTBa, aaxonauiaecs 
B KaTO,L\HOH 06J1acTH. 

8. AKKYMyJlHTOpbl 

A""yMyJIRmopOMu aaasraaior I:aJIhBaHH'IeCKHe 3J1eMeHTbl, xoropue MOJKHO 

rrOJlHOCTbIO pereaepaposars, nporrycxas xepes HHX 3JIeKTJlH'IeCKHH TOK H: sarpasaeaa 

anexrpasecxyio saeprmo (sapanxa), 
B npaanane Jl1060H 3J1eMeHT MOJKHOB KaKoH-To creneaa pereaepaposars, 

nporrycxas xepea Hero 3neKTpH'IeCKHH TOK, HO 06blLIHO 3TO He rrpaKTHKYeTClI, TaK KaK 

eMKOCTh HX nonysaercs O'IeHh He60JlhilialI, a uesoropsre 3J1eMeHTLI B peaynsrare TaKOH 

nepesapanxa npocro BhIX0,LIRTH3 C1pOR. 

HaH60JIee IIIHpoKO TIpHMeHJllOTCli B TeXHHKe CBHH~OBhle aKKYMYJlRTOpLI. OHH 

CJIyJKaT HCTO'IHHKaMH TOKa ):lJI1i CTapTepOB, nsararenea anyrpeaaero cropaaaa, ,!I)llI 
asapatinoro OCBem;eHHlI H npyrax ~eJIeH. 

CsullqoslJle a"Kj'MyJIRmopb' OCHOBaHLI aa OKHCJlHTeJlhHO-BOCCTaHOBHTeJlhHOH 

peaKIIHH: paspaaxa 
Pb+40 Z+ PbO ... --> 2Pb-z

3a,,,,,,,,,, 

I1x yCTpOHCTBO H npanuan ,L\eHCTBHSI ,D,OBOJIhHO CJIOJKHhI. TInacTHHhI CBHH~OBOro 

aKKYMyJIRTOpa rrpe,nCTaBJIRIOT co60H OTJlHBKH H3 XapT6J1eR (rsepnoro CBHHlJ,a C 

TIpHMeChIO CypLMbl) R'IeHCTOH CTpYKTYpLI. B RLIeHKH sanpeccossraaior CMeCh OKCH)j.a 

CBHH~a C rJIH~epHHOM. 3Ta CMeCL 06JIa,D,aeT cnocooaocrsio aarsepneears, 06pll3yll 

rnauepar CBHH~a. TInacTHHhI cofiapaior B fiarapea H orrycxaror B paCTBOp H ZS04, a 

3aTeM 3apJIJKaIOT, nponycxas 3JIeKTpHLIeCKHH TOK. 

3apROKa 
(-) KaTO,LI:	 PbS04 + 2e ~ Pb

D
+ SO/

) 
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+4 

(-) aHoA: PbS04 - 2e + 2HzO ~ PbO? + SO/- + 4I1 
PbS04 + 2H20 ~ Pb + PbOz+ 2H zS04 

npH 3apg.nKe nnOTHOCTL 3J1eKTpOJlHTa HZS04 pacrer. ECJIH rrOCJIe 3apRlIKH 

aJlCYMYJU cpaay acnonssyerca rro HaJHa'IeHHIO, TO HHKaKHX ,LIOrrOJIHHTeJIhHhlXr rop 
O..-I1HH 60JILlIle He .rpetiyercs, a eCJlH OH ,LIOJlJKeH nexoropoe BpeMli xpaHHThCSI, TO H3 

o ~y---	 aero BLVlHBalOT 3JIeKTpOJlHT, rrpOMhIBalOT BO,L\OH H B CYXOM BH,L\e OH MOx<eT XPllHHThCli 

11.0 2 ner. Ilocne xpaaeaas .LIJIR HCrrOJIh30BaHHll aKKYMYJIRTOpa B Hero 3aJIHBlllOT 

~eJ("lJ'OJlHT. rIPH xpaseaaa C H ZS04 He3apllJKeHHhIX aKKYMyJlRTopOB npoacxonar HX 

«cym4JaTHpoBaHHe» , T. e. 06paJOBllHHe aa IIJIaCTHHax 60JIhlllOro KOJIHLIeCTBa PbS04, 

1lIO nopTHT aKKYMyJIliTOp. 

Paspeoxa . 
(-) llHO,LI: Pb - 2e + (S04i- ~ PbS04 I 

(+) KaTOA:	 Pb02 + 2e + 4W + (SO.0z- ~ PbS04 + 2H zO 
Pb + PbOz+ 2HzS04 4 2PbS04 + 2H zO 

IJpH pa3pR,D,Ke IlJlOTHOCTh 3J1eKTpOJlHTa H 2S04 nanaer, Ilo rrJlOTHOCTH 3JIeKTp0JlHTa 

MOlICHO cynan, 0 creneaa pll3peJKRHHOCTH aKK)'MyJlllTopa. 

Pll3HOCTh rrOTeH~HaJIOB XOpOIllO 3apJIJKeHHoro 3JIeMeHTa aKKYMyJIRTOpa COCTaBJIlieT 

~I B. AKKYMYJIRTOpHhle 6aTapeH ssmycxaior Pa3JIH'IHhIX BH,LIOB: CT~HOHapHhle, 

c:raprepHhIe H ,LIp. 

npeHMyUJ,eCTBa CBHH~OBOro aKKYMyJlRTOpa - 60Jlhiliall 3JIeKTpH'IeCKali eMKOCTh, 

ycTOHtJHBOCTh B paoore, 60JlhiliOe KOJIH'IeCTBO ~HKJIOB (paapanxa - sapsnsa). 

He,LIOCTaTKH - 60JIhlIlali Macca H, CJle,L\OBaTeJIhHO, MaJIali y,L\eJIhHalI eMKOCTh, 

BW,lJ,eneHHe sonopona TIpH 3apR,LIKe, HerepMeTH'IHOCTh npn HaJIH'IHH 

KOH~eHlpHp0BaHHOropacrsopa HZS0 4

B 3TOM OTHOIIIeHHH JIyLIIIIe UJ,eJlOLIHhle aKK)'MyJlllTOpbl. 

Ka,D,MHeBo-HHKeJleBhIe aKKYMYJllITOPhI OCHOBllHhl aa OKHCJIHTeJIhHO 

BOCCTllHOBHTeJlhHOM TIpOL\eCce C yLJaCTHeM Ni3+; 

paapanxa 
T3	 22M (OH)3 + Cd f-4 2Ni (OH)2 + Cd+ (OH)z 

38pJ.lJKB 

3JIeKTpoJlHTOM CJIyJKHT KOH. 

Ka,nMHeBO-HHKeJIeBble aKKYMYJIliTOPhI MOryT 6hlTh repMeTHLIHhIMH. 

Cepe6pRllo-quII,,06we aKKYMyJlRmopb' Hw60Jlee IIeHHhl rro CBOHM KaqeCTBaM: 

60JILIlIali ynensnas eMKOCTh (a-wK2), BhICOKali pll3HOCTh IlOTeHIIHaJIOB, MaJIO 

113MeIllllOUJ,alICR BO BpeMli pl13pR,LIKH. OHH OCHOBaHhl aa CJIe.nylOw:eM OKHCJlHTeJlhHO

BOcCTaHOBHTeJIbHOM nponecce: 
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P83PJUlK. 

2AgO + Zn + H 20 <-.... Ag20 + Zn (0H)2 
lapJlllK'a 

Ag20 + Zn + H 20 <- .... 2Ag + 2Zn (OH)2 

p83PJUlK. 

2AgO + 2Zn + 2H20 .." 2Ag + 2Zn (OH)2 
3apJUllC8 

9.THnH'IHWe OKHCJlHTeJlH H BOCCTaHOBHTeJlH, npHMeHHeMble B 

aHaJlHTH'IecKoii H ij»H3H'IeCKOii XHMHH 

OKUClIUme.llU 

1. Csofonasre 3JleMeHThl (srerannoama): 
O 2 + soccraaoaarens - H 20, OH"J
F2 F 

C12} cr 
Br2 + BOCCTaHOBHTeJlb - Br' 
G r 

2. TIpeHMYmecTBeHHo BblCIIlHe KHCJlOp0.l\HLIe KHCJlOTbI H HX conn: 
H 2S04 (KOH~.)+ BOCCTaHOBHTeJIh - S02 

+ CHJIhHhIH BOCCTaHOBHTeJlh - H 2S 
(KI, aKTHBHhIH MeranJl) 

RN03 (KOH~.) + BoccraHOBHTeJIh - N02 

RN03 (p1l36.) + BOCCTaHOBHTenb - NO 

HN03 (CHnbHO pasfi.) + aKTHBHhlii Merann - NH/ 

Mn04- 1+BOCCTaHOBHTeJlh KHCJIlUI cpena _ Mn2+ 

Mn042) HeHrpanhHlUI HJlH urenosaaa Mn02 

B CHJlbHOII.\eJIOqHOH cpeae B YCJIOBHlIX He.l\OCTaTKa BOCCTaHOBHTeJlll Mn04" MOJl(HO 

nepCBeCTH B Mnot. 

3cr20t }+BOCCTaHOBHTeJIb KHCJIlUI cpezta - Cr + 

crOt HeiirpanbHlUI HnH menosaas cr02

XpOMaThI H .l\HXpOMarbi npOllBJIlIJOT OKHCJIHTeJlhHhle CBOHCTBa nysiue B KHCJlOH 

cpene. 
CI03", Br03", 103 (W)1 + BOCCTaHOBHTeJIh - cr. s-, r 
CIO", BrO",10" J COOTBeTCTBeHHO 

3. tAeT8JlJIbI C nepeMeHHoH BaneHTHOCThlO B BLICIIleH CTeneHH oJrnCJIeHIDl: 

Fe2+
npe~ecTBeHHO 

fe~ Pb2+B KHCJIOH cpene + BOCCTaHOBHTeJIh 
pb02 Mn2+ 
tAn02 
(If-CO cso60,n;HhIMH aKTHBHblMH MeTaJIJlaMH -+ H2) · 

BoccmaHo6ume.nu 

1.Cs060,IlHble 3JIeMeHTLI (B OCHOBHOMMeraJIJIhI): 

tde (pJI.Il HanplDKeHHll) + OKHCJIHTeJIh - Mn 
D 

+ 

S + OKHCJIHTeJIh - S02, sol 
112 H2 

2. HR3II1He KHCJIopo,IlHhIe KHCJIOTbl, HX aHm,n;pH)l;LI B conn: 

H~ - S~ 
SOz +OICHCJIHTeJIb - sol-
so,""

3. ROUbI MeTaJlJIOB B Bblcmeii crenena OKHcneHIDl: 
2'", 4 2

F~ B KHcnofi cpene - Fe Sn +, Cu -' 

SrI'" + OKHCJlHTeJIh" 
ea· B II.\eJIoqHoA cpene -+ Fe(0H)3, SnOt 

4. OtpHIJ.aTeJIbHO 3apJDKeHHble aoasr aesserannos: 
HCl(IDIIU.) Cl2 
Br-' Br2 

r + OKHCJIHTeJIb...... 12, 103" 

r s.so," 

OKUCJIUme.nbHO - 60CCtrUlH06umeJ1bHlUI 060UcflUleHHocmb 

NOz" (B KHCJIoA cpene) + OKHCJIHTeJIh - N03"
 

NOz" (B~eJIOqHOH cpene) + BOCCTaHOBHTeJIb - NO
 

H20 2 + OKHCJlHTeJIh - O 2 

H20 2 + BOCCTaHOBHTeJIh - H20 , OIr 

PeaKI4UU CIlMOOKUCJIeHUJI - CtlM060CCmaHOtlJleHUJI 

el2 KCIO + KCI (aa XOJIo.l\e) 

Br2 + KOH - (O,n;HHaXOBO)
12 KCI03 + KCI ( npa aarpesaaaa) 

s K2S03 + K2Sp 
+KOH -+ KH2P 0 4+ P H 3 

Mnol + KHCJIOTa - Mn04" + Mn02 

6564 
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Ta6nHl.(all2 

Cpozrcrso K 3JIeICTp0HY E, aTOMOB Ho.o.HoaTOMHbIX aHHOHOB 
llPHJIOJKEHIDI 

3neKT}J0HHbJe KOHqlHrypaIUfH aTOMOB 3neMeHTOB Ta6JlHUa II 1 

Z 13neMeHTI 3JleKTpOHH8Jl z 3JleMeHT 3JIeKTpOHH8Jl 
KOB' KOH' 

I I H I Is 37 Rb Kr]Ss 
2 I He lisT 38 Sr Jl5$T 
3 I Li I rHe12s 39 y 4d'5s ' 
4 I Be I (He] 25' 40 Zr Cr]4d'SS' 
SiB I /He1 2.§221l 41 Nb Krl4d4SsZ 

6 I C I /Hel2s22D 42 Mo rKrl4d5Ss( 

7 I N I me] 272t 43 Ie [Krl4d'Ss' 
8 I 0 I /He12s"2 4S Rh Kr14dSSs 

9 I F I /He12s'21l 46 Pd fKr14dflr 

10 \ Ne \ [He12SZ"21l 47. AlZ Kr] 4dlU5s 
II I Na I [Ne] 3s 48 Cd Cr] 4d'oSsz 
12 I MlZ I [Ne]3? 49 In J] 4dlOSiS1l1 

13 I Al I [Nel~ 50 Sn Krl 4drus?s7 
14 I Si I [Ne13i3D2 51 Sb [IG] 4d lOSs"5r 

15 I P I [Nel 3S23~ 52 Ie Krl4dJUSs'Sr 

16 lSi fNe13i3~ 53 fkrl 4dlU5s2Sr 

17 I CI I [Ne13731l 54 Xe Kr14dmssrSr 
18 I Ar I [Ne] 37311 55 Cs rxe16s 
19 I K I [Ar]4s 56 Ba [Xe] 65' 
20 
21 

I 
I 

Ca 
Se 

I 
I 

. [ArW 
[Arl 3d'47 

57 
72 

La 
Hf 

el Sdl6s2 

el4r4 Sdz6sz 

22 I Ii [Ar13d24sz 73 Ia el4fl4 Sd36s2 

23 I V ! [Ar13(f4sz 74 w e14f" 5d46s 

' 
24 I Cr I [Arl 3d'4s 75 Re e14r45d56s' 
.,,, I Un .1 [Ar] 3(1'4s" Os eJ4f'45d667 
26 J l'e [Arl 3d64SZ Ir e14fl45dl6s2 

27 I Co I [Ar13d'4sz 78 Pt e 14f'4 5d96s 

28 I Ni i fAr] 3d84sz 79 Au e14f'45dHT6sr 

29 I Cu I fAr13.:r04s1 80 Hg e'4f'~ 
"30 I. Zn I rAr]3d104SZ 82 Pb e14f'4Sd'"6s16p 

31 
32 
33 
34 

I 
I 
I 
! 

Ga 
Ge 
As 
Se 

I fAr13dlO4i4p 

I fArl 3d104sz4n 

I [Ar13d104sz41'l 
'[Ar] 3d104s'241l 

83 
84 
85 
86 

Bi 
Po 
At 
Rn 

eI4£,45dI06s
'61l 

.eI4f14 5d106sz61l 
e14f" Sd"'6?61l 
.eI4f'45d I06s26D 

3S 
36 

I 
I 

Br 
Kr 

I IArl 3J11l4s24D 
I IArl 3dlO4sz4D 

87 Fr Xe}7s1 

Z ATOM 
(aHHOH) 

n, I<):(xc/MOJIL Z ATOM 
(aRBOH) 

a, I<):(xc/MOJlL 

1 H 0 35 Br -324,6 
2 He -72,7651 36 Kr 0 
3 Li -59,8 37 Rb -46,89 
4 Be 0 38 Sr 0 
5 B -27 39 Y 0 

6 C -122,3 40 Zr -50 

7 N +7 41 Nb -100 
N +800 42 Mo -100 

8 0 141,0 43 Ie -70 
O· +780 44 Ru -110 

9 F -327,9 45 Rh -120 

10 Ne 0 46 Pd -60 

11 Na -52,7 47 Ag -125,7 

12 Mg 0 48 Cd 0 

13 Al -44 49 In -29 

14 Si -133,6 50 So" -121 

15 P -71,7 51 Sb -101 

16 S -200,4 52 Ie -190,14 
. S" +590 53 I -295,3 

17 ' Cl -348,8 54 Xe 0 

18 Ar 0 55 Cs -45,49 

19 K -48,38 56 Ba 0 

20 Ca 0 57 La -50 

21 Se 0 58
71 

Ln -5

22 n -20 72 Hf 0 

23 V -50 73 Ia -60 

24 Cr -64 74 W -60 

25 Mn 0 75 Re -15 

26 Fe -24 76 Os -110 

27 Co -70 77 Ir -160 

28 Ni -111 78 Pt -205,3 

29 Cu -118,3 79 Au -222,73 

30 Zn 0 80 Hg 0 

31 Ga -29 81 Tl -30 

32 Ge -120 82 Pb -110 

33 As -77 83 Bi -110 

34 Se -194,9 
se +420 

67 
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Ta6JIHuaID 
CPO~CTBO K :meKTpOHY E, MOJIeKYJI HP~KaJIOB 

MOJIeKYJIa Ee• K):VK/MOJIb 
(p~HKaJI) 

Brz 250 
Cz 
C3 

C CH 

300 
170 
360 

CH, 8 
CJ1s 172 
CN 369 
Clz 232 
Fz 297 

HOz 300 
HS 220 

Iz 240 
N3 300-340 

NCS 206 
NHz 139 
NOz 230 
N03 380 

MOJIeKYJIa 
(Pa,D;HKaJI) 

CJ'Is 
CJ1s CHz 

CH,O 
TDeT-CH3O 

aeo- CsHllO 
., C6HsO 

Oz 
0 3 

OH 
PH3 

SFs 
SF6 

S02 
SiR, 
TeF6 

UF6 

WF6 

Ee, K):VK/MOJIb 

212 
87 
153 
180 
193 
227 
48 
190 
177 
120 
353 
144 
100 
140 
322 
500 
357 

Ta6JIHuail4 

'foproBble HTeXHlAeCIGIe Hll3BaHIDI HaH60JIee qaCTO npHMeWleMbIX np0il)'KTOB 

XHMH'leCKlllIHa3Bl1HHe){mmqecKlllI .N'2 ....,..-- Ha3B8JlHe coe.u;HHeHHlI d>oPMYlIaeoenaneaasd>oDMYna nlil 
Jlanoroa CNeCb BaS04H 

AgN03 27J!!!
1 

A,nclCHA KlIMeHb ZnS 
AgN03JImHCMgSO.·7HzO 28AHrJIHACKlll! COJlb2 

(roPbKlll! COJlb) MgOMame3Hl129CaOCh]ieJmJIbHlllI H3BeCTh
3 llOlCeHllJI 

MaCCHKOT PbO30ASZ03BenbIit NbIIIlb.iK CuSO.'5HzO4 Me)lHbll\ synopoc 31KC103);epTOJIeTOBll COJlbS (cHIIHA KaNeHb) 
Men (NPllMOP) CaSO.32BaSO.DlIaHd>HKC Fez03 C6 MyMHll33NazB.07'7HzO Bypa npHNeCJINH7 

BOAHbffiHamaTbIpHbID34NaZS203'5HzOfllIIDCYJIblllHT pacTBOpNH3I cnapr 
NH4C1HamaThlPb35PbOfJIeT Ca(N03)z9 HOpBeJKCKlll!36Na2S0.·10HzOfnay6epoBll COJlb10 ce1IHTPa 
Na20zOKCH1IHT37Ba(OHhEAKHli 6apHH11 Bo~Pl\CTBllepmJtpoll38NaOHEAKHliH8Tp12 HzOz(30%) 
KZC0 3 llOTam39KOH13 E,nICoe KaJIH Ca(6H)zrIvmOHKll40FeSO.,5H20:JKene3HbIli KYIIOl>OC14 NazSxHK2SXCepaas neseas 41K.tFe(CN)615 )l(eJ1Tllll KpOBlIH8lI 

COJlb (JKeJITOe
 
CHHbKaJIH)
 cepa SCepHi>rli WlCT42CaO16 lliBeCTbaerameaas 

(H3BecTb lKlKeHllJI),
 
KHlIeJ1X8
 NaZC03

Co~43Ca(OH)z17 Hsaecrs rameaaa \(8JlbITlmJrnOBaHBlllI 
NaHC03Coztanarsesaa44H~Ch18 KanONeJlb (co.l\a o~eHHllll) 

HgChCVlIeNa45CaC219 KaP6H.!l Pb30•CypHK46SiC20 Kap60JlYH.l\ CBHHUoBi>rli 
Na2B.07·7HzOTHHKaJI47NaOH21 KayCTHK
 

(IC8VCTH'lecKlll! coaa)
 Ti02THTaHOBble 6eJIHna48HgS22 KHH<lBaub CaOChXnopHllll H3BeCTb49K3Fe(CN)6 23 KpacaasKpOBlIHllJI
 
COJlb(KpllCHoe
 

CHHbK81IH)
 KZCr207
XPOMIIIl.K50Fez0324 Kpoxyc KaJlHeBbIH 

Na2Cr207XpoMJ1H)(52H2SO425 KynopocaoeMacno HaroueBbIH 
L.... 
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61I. nsn.L..,""'''""''''....,~~A .._

Ta61IHQan 5 
HOpMaJIhHbIe (craaaaprasre) OKHClIHTelIhHO - BOCCTaHOBHTelIhHbIe nOTeHQHaJIbl 

:meMeHTOB (no OTHomeHHIO K cranaapraoxy BOJ(0PO,lUlOM)' aaexrpony) 

PeaxqRII BOI:CTBBOIIJIeBBII .0,8 PeakQRII BoceTBBOBJIeBRII .0,8 
A30T IioD 
3Nz+2e =2N3 -3,400 BF. +3e = B+4F -1,040 
3Nz+ 2W + 2e = 2HN3 -3,100 HB03+3W+2e =B+3H2O -0,869 

N2 + 4H20 + 2e = 2NH20H + OH .3,040 BO/-+ 6W+3e = B + 3HzO -0,165 
N2+ 4H20+ 4e - N2H.+40H -1,160 5poM 
N, + 8H20 + 6e = 2NH.OH +60H -0,740 2BrO + 2HzO + 2e- = Br2 + 40H 0,450 
NOz +H,O+e = NO + 20H -0,460 2Br03 + 6H,0 +IOe ., Brz+120H 0,500 
NOz + 6HzO+ 6e-= NH. OH +70H .0,150 BrO, +2H20 +4e =BrO + 40H 0,540 
NO, +2H20 + 3e =NO +40H -0,140 BrO, + 3H20 +6e = Br +60H 0,610 
N03 + 7HzO + Be = NH.OH +9OH -0,120 BtO +HzO+ 2e = Br +20H 0,760 
NO, + HzO +2e = NO +20H 0,010 Br3 + 2e = 3Br 1,050 
N2+ 6W +6e =2NH, 0,057 Bryz\+ 2e =2Br 1,065 
N2H.+ 4H,O +2e-= 2NH.OH +20H 0,100 BrO, + 6W+6e = Br + 3H2O 1,440 

N2+8W +6e = NH. 0,275 HBrO+ W +2e = Br - + HzO 
2BrO,+ 12W + 10e =Br, + 6H2O 

1,340 
2NO + 4H,O +6e = N2 +8QH  0,410 1,520 
NH20H + 2HzO+ 2e -NH.OH+20H 0,420 2HBIO + 2H' +2e = Br, + 2H2O 1,590 
2ND,- +4HzO+8e - N2+ 80H 0,530 BReMY!' 
NO +2W+e - NO,+HzO 0,780 Bi203 + 3H20 + 6e = 2Bi + 60H 0,160 
2NO + 2HzO+4e- - N2 + 40H 0850 BiOCI +2W + 3e-= Bi + H20 + CI  0,180 
HN02+ 7W +6e =NH.' + 2H2O 0,864 Be++3e = Bi f),215 
NO, +10W+NH. , +2H,O+NH. '+3HzO 0,870 BiO' + 2W + 3e =Bi + H2O 0,320 
2NO, +2e- = 2 NO, 0,880 Bi,03 +6W + 6e = 2Bi + 3H,O 0,371 
N,O + H,O+2e-= N2+ 20H 0,940 BoAOPGA 
NO, + 3W + 2e = HNo, +H2O 0,940 H2+2e = 2H -2,251 
NO, +4W+3e-=NO+ 2H,O 0.957 2HzO+2e = H2+20H -0,828 
HN02+W+e = NO + 2H,O 1,000 W+H20+2e =H,+OH .0,414 

N02+W +e = HNo, 1,090 2Ir +2e-= H2 - 0,000 
NO, +IOW 8e = N20 + 5H20 1,1l6 H,0,+2W +2e = 2H2O 1,776 
NO, +12W 10e =N, + 6H20 1,246 repMIIIIBI 
2HN02 + 4W + 4e = N20 + 3H2O 1,297 H2GeO, + 4W + 2e = Ge" + 3H2O -0,363 
2N02 + 8W + 8e- = N2 + 4HzO 1,360 Ge02 + 4W +4e = Ge + 2H,O -0,150 
2HNo, + 6W + 6e-=N2+ 4H20 1,450 H2Ge03 + 4W +4e- = Ge + 3HzO -0,130 
2NO +4W +4e =N2 + 2H2O 1,678 Gez++2e = Ge 0,000 

N20 +2W. +2e = N2+ H2O 1,766 3i:eJIe30 

liapBl FeS + 2e =Fe + S2 -0,950 
Ba" + 2e = Ba -2,905 Fe(OH)., +2e = Fe + 20H -0,877 
IieplIJJJIRII FeC03+ 2e =Fe + CO,'

Fe(OID3+e = Fe(OH).,+ OH 
-0,756 

Be2, + 2e = Be -1,847 -0,560 
Be(OH), +2W + 2e = Be + 2H2O -1,820 Fe2, + 2e = Fe -0,440 
Be02z·... 4lf + 2e = Be + 2H,O -0,909 Fe(OH)3 +e = Fe(OH), + OH -0,150 

Fe,O. + 8W + 8e = 3Fe + 4H2O -0,085 
Fe,03 + H20 + 2W + 2e = 2Fe(0H), -0,057 Cd(OH),+ 2W + 2e- = Cd + 2HzO 0,005 
Fe,03 + 6W +6e - =2Fe + 3H2O -0,051 CdO + 2W + 2e- = Cd + H2O 0,063 

&oeeTIIJIOB.lleBBII~
1)',8 PealCQu BOceTBBOB.lleBU I)',B l 

~+ 2W + 2e - Fe + 2H2O -0,047 KURt 
K++e-K -

KaJo,qal 

Ca(OH), +2H,O + 2e = Ca + 20H -

-0,037 2,925 

Fee0H), + 3W He  Fe + 2H,O 
~+3e= Fe 

0,059 

'FeeOHh + W + e ., Fe(OH), + H2O 0,271 3,030 

FeeCN>6" + e = Fe(CN)6 0,356 C7++2e- =Ca -2,866 

F~+e- =Fe2+ 0,771 KBeJlopoA 

0, + 2",0 + 4e- .:.40H "'030 • +8Ir + 2e - 3Fe:'++ 4H,O 0,980 0,401 

FflJr + 8It +3e - Fe" + 4HzO 1,700 02 +2It +2e - = H2O, 0,682 

:JolIOTO 
O2 + 2H,O +4e- =40H  0,815 

Au(CN) 2+ - Au + 2CN -0,610 0, + 4H' + 4e- = 2H2O 1,228 

A?+2e= Au' 1,401 0, + H20 +3e-= 0, + 20H 1,240 

At?'+3e-Au 1,498 H202 + 2e - =20H  1,360 

Au +e=Au 1,691 0 3 + 6It + 6e- = 3H2O 1,511 

lLm 
H202+2H' + 2e = 2H,O 1,776 

IOJ-+2 H,O +4e -=10 - +40H  0,140 O, +2It + 2e = 0,+ H2O 2,070 

2103- +6H20 +IOe -= h+120H 0,210 Ko6aJJ"T 

103-+ 3H,O +6e -= r + 60H <. 
0,250 l3-CoS +2e ~ Co + S2 -1,070 

210-+ 2H,O +2e -=1, + 40H  0,450 u- CoS+ 2e- = Co + S2 -0,900 

1O-+H20+2e-=r+ 20H 0,490 Co(OH), + 2e- = Co + 20H -0,730 

I, +2e -= 2C 0,536 COC03 +2e- ., Co + C032 .0,640 

I,+~ -= 31 0,545 Co(NHl);(+ + 2e = Co + 6NH3 -0,420 

103-+ 2H20+4e-= 10-+ 4OH 0,560 eo2+ +2e = Co -0,277 

IDo+It+2e-= r+H,O 0,990 Co(OH), +2It +2e = Co +2H,O 0,095 

103-+ 6Jt +6e -=r +3H,O 1,085 CoO + 211' +2e = Co + H,O 0,166 

103-+ srr +4e- =IDO + 2H,O 1,140 Co(OHh +e- = Co(OH), + OH O,~ 
0,418 

1,808 
2103-+ 12It +10e = I, + 6H2O 1,190 Co3 , + 3e- = Co 

2ID0 + 2It + 2e- = 12+ 2H2O 1,450 Co'+ +e- = Co2' 

H,IOa + H' + 2e- =10,-+ 3H2O 
1,600 KpeMBBi 

SiO,' +3H,O +4e- = Si + 60H 
=Si+6P

-1,700 
-1,200KaaM•• 

CdS + 2e- = Cd + S2 . -1,175 siFl-+ 4e 
Sio,(KBapq) +411' +4e-= Si + 2H20 -0,857 

-0,789C(CN)l"- + 2e- = Cd + 4CN 2It -1,090 

j:d(0H), + 2e- = Cd + 20H  -0,810 H,Si03(BOAH.)+4W +4e-= Si + 3H,O 
Si032-+ 6It +4e = Si + 3H2O 

-0,455 
Cd(NH3)/+ + 2e- = Cd + 4NH3 

-0,610 
0,102 

C~+2e- =Cd -0,403 Si +4H' +4e- = SiR. 

71 
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. npO,!l;OJDKeHHe Ta6JI. ns 

npO,!l;OJDKeHHe Ta6JI. ns 

Pea~RlI BOeCTaBOBJJeBBIi .°08 P~RlI BOCCI'aBOBJIeBRlI .°08 
.J1Jn'Bi Cu" + r +e =CuI 0.860 
Lt+e-= Li -3,010 M0JIB6~eB 

MIIl'BRi H2MoO.+ 2H" + 2e - MoO, + 2H2O -1,091 
Mllt'Om, + 2e = MIt - 20H -2,690 MoO.~ + 4H20 + 6e - Mo + 8mf -0,072 
MI!/+ + 2e- = MI!: -2,363 Mo++3e"- Mo -0.200 
Mllt'Om, +2W+2e = MI!: + 2H2O -1,862 M~+4W +4e-Mo+2H20 -0,072 

MapraBeo; MoOt'+8W + 6e =Mo + 4H2O 0,154 
Mn>++3e=Mn -0,283 Mo03+ 2H" + 2e = M002+ H2O 0.320 
MnC03 + 2e-- Mn + C03 -1,480 MoO[+ 4W + 2e - Mo02+ 2H2O 0,606 
Mn2++2e"~Mn -1,180 MwWLIIK 

MnlOm,+ 18 + 2e"= Mn + 2H2O -0,727 AsOi + 2H20 + 3e - As + 40Ir -0680 
MnO; + e-= MnO[ 0.564 AsOi" + 2H~ + 2e - As~· + 40Ir -0.670 
MnO; + 1820 + 3e"- Mn02 + 40H" 0,600 As + 3W+ 3e = AsH3 -0.600 
Mn~ + 4W + 2e"= Mn"+ + 2H2O 1228 HAs(}, + 3W + 3e =As + 2H2O -0.250 
Mn203+ 6W + 2e'- 2Mn"+ + 3H2O 1.443 ~03+6W +00 =2As+3H2O 0.234 
MnO; +8W + 5e= Mn"+ + 4H,0 1507 As'+ +3e=As 0.300 
Mn'++eo = Mn"+ 1.509 As,Os + 10H+ 10e= 2As + 5H2O 0,429 
MnO; .+ 4W+ 3e' - MnQ,+ 2H2O 1.692 lhAsO. + 2H + 2e - HAs~ + 2H2O 0,560 
MnO;+ 4W+ 2e"= MnO + 2H2O 2.257 AsO/' + 8H + 5e = As + 4H2O 0,648 

MeAL HaTPBi 
CU2S + 2e = 2Cu + S" -0.890 Na++e =Na ,2714 
CuS + 2e"= Cu + S"' -0.710 IIBIrelJ1> 
Cu(CN);+ e = Cu+ 2CN -0.430 y-NiS+2e= Ni+S" -1,040 
CH20+ H20 + 2e = 2Cu + 20Ir -0.360 a-NiS+2e- Ni+S'" -0,830 
Cu(OH), + 2e - Cu + 20H ,0220 Ni(OHh + 2e - Ni + OH" -0,720 
CuI+e =Cu+I -0.185 NilNHl."++ 2e = Ni + 6NH3 -0,490 
Cu(NH3)" + e. Cu + 2NH3 -0.120 NiCOl + 2e - Ni + C03+' -0,450 
CulNH3).'++ 2e = Cu + 4NH3 -0.070 Ni"++2e=N'i 

Ni(OHh + 2W + 2e - Ni+2H2O 
-0250 

Cul2"+e-Cu+2r 0.000 0,110 
CuBr+ e=Cu+Br 0.030 NiO+2W+2e=Ni + H2O 0.116 
Cu20+ H,O + 2e - 2Cu + 20" 0.053 OJlOBO 1 
CuCI +e-Cu+Cl 0.137 SnS'" 2e- Sn 4- S"' -0.940 
Cu"'+e=Cu 0.153 SnF6 "' + 4e" - Sn + 6F" -0,250 
CuO + H20 + 2e'- Cu + 20Ir 0,156 Sn++ + 2e - Sn -0,136 
CulOffi, + 2e".cu + 20Ir 0,190 Sn~+2H+ +2e = SOO+ H,O -0,108 
2eu"+ + H20 + 2e - Cu20 + 2F 0,203 SnQ,+ 4W+4e - Sn + 2H,o -0106 
Cu·+...2e =Cu 0,337 SnO+ 2W +2e. Sn + H2O -0,104 
Cu'+e=Cu 0,521 Sn(0H)2 + 2W+ 2e - Sn + 2H2O -0,091 
Cu++ +CI +e-CuCI 0,538 Sn4+ +4e- Sn 0,007 
CuO +2H + + 2e"=Cu+ H2O 0,570 Sn4 

' + 2e = Sn"+ 0,151 
Cu(Om, + 2H" + 2e' • Cu+ 2H2O 0,609 .Ila.lJmt,AJIi 

Cu" + Br' + e - CuBr 0,640 Pd(OHh + 2e - Pd + 20H 0,070 
2CuO + 2W + 2e = CU20+ H2O 0669 Pdl/+2e = Pdl/- +2r 0,623 

+ 2e" =Hg 

IiImd 

PbS + 2e' =Pb + szo

0.972 

-0,920 

0.357 

-0.065 

0.311 

1,685 

,0.476 

0.290 
0.231 

1.150 

0.006 
0,149 

0.170 

-0.4S0 
-0.524 

1,694 

0.170 
0.159 

0.200 

-0.280 
-0.350 

-0,268 
-0.126 

-0.356 

-0,506 
-0.365 

S22·+ 2e'= 282

2807' + lOW + 8e" = s207 + 5H20 

so7+ 4W + 2e = H2S03+ H20 
S03+'+ 6W+6e =81-+ 3H20 

s20T+ 6W + 8e = 2S2.+3H20 
sol' + 8Ir + 8e = sr.+ 4H,0 

sol- + 2H20 + 2e' = s07 +20Ir 
2S03- + 3HO + 4e ' = S20/" + 60Ir 

2S0t+ 5H20+ 8e = s20l' + l00H" 
sol + H20 + 2e = S& + 20H
Cepa 

seQl + H20 + 2e = seo? + 20H
SeQ,z-+ 3H20 + 4e = Se + 60Ir 

2S+2e-=s7' 

PbCh + 2e= Ph + 2Cl" 
Pb2+ + 2e = Pb 

SeQ.2- + 4W + 2e = H2SeQ3+ H20 

S+W+2e=HS 

sot + lOW + 8e- = H2S+ 4H20 

PbOl"+ H20 + 2e = PbOt + 20H

S00 8W +6e=S+4H,0 

PbO + 2Ir+2e = Pb + H20 
Pb(OH), + 2W + 2e = Pb + H20 

SO;=+4W(KOHq) +2e" = SOu,) + 2H20 

S+2e"=S" 

Pb" + 2e =pj)2+ 
CeIIeB 
Se + 2e = S? 

P~ + SOl" + 4H + 2e = PbSO.... 2H20 

Se+2W +2e=H,Se 

Pb4++4e =Ph 
~ + H20 + 2e= PbO + 20H

H2SeQ3 + 4W + 4e= Se + 3H20 

Pb30. + 2W + 2e = 3PbO + H20 

S + 2W + 2 e =H2S 

PbBr2+ 2e = Pb + 2Br

Pb8O. + 2e = Pb + s07 
PbF, + 2e = Ph + 2F

PbC03+ 2e - Pb + CO.'" 
Pbl,+2e=Pb+21

-0.690 

,0,850 

0.098 

0,788 

-2,925 

-0.041 

,0.930 

0,920 
0.926 

0,615 

1,449 

-0.040 

1.045 

0,480 

-0.580 

0.730 
0.980 

0,210 
0,268 

1.188 

0.720. 

-0.370 

0,590 

0.393 
0,580 

1,288 
1,283 

-0,950 

0,993 
0,987 

0,896 
0,960 

1-0·640 
0,150 

'iii())+:ZH" + 2e = PdQ+H20 

~ Ptll" + 2e- = Ptl/-+ 21 -

~7+2e- = PtBr.- +2BT

:Z:+2e =Hg+4C 

weN)l + +2e = HI!: + 4CN

)(KP8CIIIIlI) + .H20'" 2e= HI!: + 20H

'ryn. 

~rl+2e-=Pt+4Br" 

b+2e=2Hg+2I . 

LPboz +4W + 2e' = Pbz+ + 2H20 

~2e=Pt 

2W + 2e = Pt(0H)2 

PbO+ H,O + 2e" = Ph + 20Ir 

C...eo; 
Rh+ e=Rb 

J?+2e'~+2 

0+2lt +2e'-HI!:+H,O 

~ + 2e= PdBr/" + 2Br

~=Pt+Sz. 

:t"1IIS+2e=Hg+S" 

ILBaCf" + 2e' = HI!: + 4Cl" 

;1 Hlb~2e =28. 

~BaBrt + 2e'= Hg+ 4Br" 
!.1Ia.c1z + 2e' = 2HI!: + 2cr 

11 Ha28O. + 2e' 0= 2Hg + sol' 

Pea~B11 IIOCCTIIBOBJJeBBII ...t:J!.~ 

0,248 
0.277 
0.280 
0.784 

-0.400 
-0,366 
0,050 
0.741 

-0.930 
-0.760 
-0.750 
,0.580 
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TIpo,nOJDKeHHe TaGn. TI5 

OKOH'laHHe rn6n.TI5PeaKQBlllIOCCTlUIOBJleBBll 1lI0,B PeaKQBII BOCCTlUIORJIeBBII 1lI0,B 

H2S0, + 411 + 2e - 8 + 3H20 0449 TBTaB 
Ti"+Ze= Ti~O,'- + 6W +4e - 28 + 3H20 0,500 -1,630 

so> + 6W +4e - 8203'"+ 3H20 0705 TiO + ZW-+Ze=Ti + H2O -1,306 
S20t + Ze- ZSO/' Z,010 Ti'++ 3e=Ti -1.ZIO 
Cepe6po TiF/'+4e  Ti +6F -1,190 
a-A~S + 2e - 2Ag+S2. -0,690 TiC>:! + 4W + 4e - Ti + ZH20 -0.860 

All!rCNh +e- A~ + 2CN -0,290 TiOu~l + 4W + e - Ti'+ + ZH20 -0.666 
Ag +e-Ag+l -015Z TiO,{~ + 4W +Z e - Ti + -I- ZH20 -0,502 
All!CN+e-All:+CN -0,040 Ti" + e -Ti + -0368 
Agl ~O,h'" + e - Ag + zS20l 0010 Ti<Y + zIt +Z e - Tj"+ + H2O -0,135 
All: Br + e-All: + Br 0,071 TiO'+ ZW+e- n" + H20 0.100 
AIl.CI + e =All: + cr O,Z2Z 

YmelMm 
HCOO-+ 2HP + Z.e= HCHO + 301f -1.070 

All:20 + ZH20 + 2e - ZAll: + ZOH 0,344 
All:INH'h'+ e = All: + ZNH, 0,373 
AIQCrO.+ Ze- ZAg+ crO•. 0446 ZCC>:!+ZW +Ze- H2C2O. -00490 
All:>C O. +2e - ZAll: + C2O/' 0,472 CO:! + 2W + Ze= HCOOH -0 ZOO 
A.BrO, + H20+ Ze= ZA~ + BrO . 0,550 CCI1lIIlbHT) + 4H' + 4e = C~ -O,13Z 
2All:O + 2W+ Ze- All:P + Olf' 0,600 CO2+ ZW + 2e - CO + H2O -0120 
All:" +e=All: 0799 HCOOH + 4Ir + 4e = CH30H + H,O 0,145 
AIQO+ ZW+ Ze= ZAg + H2O 1,173 HCOO-+ 3W + Ze- HCHO + H2O 0,167 
ZAll:O + 2If+ 2e ~ ~O + H2O 1398 CIbCHO + ZW + 2e - C2H,OH 0190 

Col' + 6Ir + 4e = HCHO + ZH20 0197 . 
CJaUI,llBB HCOO' + 51f + 4e - CH,OH + H2O 0,199 
Sc'" + 3e=Sc -Z,077 C03" + 8W + 6e - ClbOH + 2H2O O,Z09 

CO,'· + 3W + Ze= HCOO' +H2O 0,227 
CTPOB~Bi HCHO+ ZW + Ze- CH,OH 0,232 
Sc"-Ze=Sr -Z,888 2CO," +4W + ze = C20.· + ZH20 0,441 

C2H,OH+ ZW + Ze - C2~+ H2O 0,460 
Cm..... CO/' + 6W + 4e~ C(I'PlU!IHT) + 3H2O 0,475 
Sb02'+ ZH20+ 3e = Sb + 401f -0.675 CO + 6W + 6e= CII. + H2O 0,497 
Sb + 3Ir + 3e - SbH3 -0510 CIhOH + ZW + Ze - CII. + H2O 0,590 
SIlO,' + Hp + Ze = Sb02' + 20R -0,430 

cIloejop 
H2PO;+e ~P+ 201f -Z,050 

ShzO, + 6H'+ 6e - 2Sb + 3HP O,15Z 
SbO++ ZW+ 3e= Sb+ H2O 0,Z12 
SbO; + ztr' + 3e = SbO{ + H2O 0,353 HPOl" + ZHzO + Ze=H2POi + Olf -1,570 
Sb20, + 4W + 4e - SbzO, + 2H2O 0671 PO/' + 2H20 + 2e - HP03"" + 30ff -1,IZ0 

ZHJP0. + 2W + Ze ~P206 + 2H2O -0,940 
TeJIJIYP P+ 3H 0 + 3e - PH, + 30ff ',0890 
Te+2e= H2Te -1,140 H,PO, + W +e- P +ZH2O -0,510 
Te+ZW+2e-H2Te -0,720 H~ + 3W + 3e ~ P(6eJn,dt) + 3H2O -0.50Z 
Te03"+ 3H 0 + 4e =Te - 601f -0.570 H,POl + 2W + Ze - H3POz+ H2O -0,500 
TeOZ + 4It 4e - Te + ZH20 0,529 H>POl + 3W + 3e - PCKPIICH.) + 3H2O -0,454 
TeO/'+ zIt + 2e - TeO/' + H2O 0,89Z H,PO. + 5W + 5e ~ P(6em.til)+ 4H2O -0411 

H,PO. + 4W + 4e = H3Paz + ZlI20 -0,390 

- peaKJlBll aeceraaoaneaas Ql',B PeaxUBBBoceraHOBJJeBBli Ql'.B 
t-il.po. + 5W + 5e= P(Iq)llc.) + 4H2O ,0383 XINIM 

Cri6Hh-+2e-- Cr+ZOIr~ +ZH' + 2e - H3POl + H,O -0,276 -1.400 
1*3W + 3e - PHl 0,060 creOID3+3e-- Cr +30H'" -1.300 
1-ii:iJ.06 +2Jt + 2e=H,PO 0,380 cr02-+2H,0+ 3e-- Cr-+ 40Ir -1.200 
r.;;;;u Cr'+ +Ze- Cr 

Cr'++3e-- Cr 
CreOH), +3W + 3e- - Cr + 3 H2O 

-0.913 
~+2lf +4e  ZF' + H2O 2,[00 -0,744 

1i.+Ze=ZF Z,870 -0.654 
~_D Cr'-+ e-- Cr'

Cr02-+4W+3e-' Cr+ZH2O 
crO /- + 4H20 +3e - CrCOHh + SOH'" 

-0.407 
-0,213 
-0,130 

CIa -+ H2O+- Ze- ClO,-+ 20Ir 
2C10·+ ZH20+ Ze- C1:+ 40Ir 

0,360 
00400 

C[O -+ 4H20+8e  cn 80Ir 0.560 Cr20l-+14W +IZe - ZCr + 7H2O 0,Z49 
~ + 3H2O+6e CI-+ 60Ir 0.630 CrO/"'+811 +6e=Cr + 4H2O 0366 
ao;+2H20+-5e - cr+ 40Ir 0.850 cra/-+4H20 +3e - creOID, + 50H'" 0,557 
00-+.H,O+- 2e= cr+ZOIr 0.880 crO.'-+411 He ~ CrO,- + ZH,O 0,945 
CIO;+2lf + ze =ClO,-+H,O 1.189 cr02 +411 +e = C? + ZH20 1.188 
a:;o+4lf + 4e - ZHCI+ H2O 1.351 Cr2072-+1411 +{;e - ZCr'+ + 7H2O 1333 
Ciz + Ze-=2Cr 1.359 cro /-+8W +3e C?' +4H2O 

I1BBK 
Zns +2e-- Zn + S'" 

1,477 

·10405 

CIO.-+8W + 8e - Cr+4H20 1.380 
1ClO;+ 16W+14e = CIz+ 8H2O 1390 
CI02 + 5H + 5e  HCI + ZH20 1,436 

i no.- +6W + 6e= cr+ 3H2O 1,451 ZnCCN)/-+Ze=Zn""4CN"' -IZ60 
2CiOJ- + IZW + 1Oe=C12+ 6H2O 1,470 ZnCOID2 + 2e ~ Zn+ZOIr -1245 
HCIO+W + Ze  cr+ H2O 1;494 ZnO/'+ZH20 +Ze- Zn+40Ir -1.216 

ICJO" +4It + 5e =cr+ H2O 1,510 zeco, +Ze=Zn+CO/' -1.060 
2Clo. +811 +8e- Ch + 4H,0 1,549 ZnCNH3>.z, +Ze- Zn +4NH, -1.040 
HCIO, +3W +4e - Cl-+ZH2O L570 Zn 2++Ze- Zn 

Zno,'''+4H +Ze=Zn+H,O 
-0,736 
0.4412HeiO +2W +2e = CI, + ZH20 1.630 

2HCIOz +6W +6e  C1:+ 4H2O 1.640 
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