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Beeoenue

Kypc «Xumusa» Hapsmy ¢ ApyruMu 00111€00pa3oBaTeIbHBIMU AUCIUTUIMHAMU
COCTaBJISIET OCHOBY (PYyHIAMEHTAIBHOM TEOPETUYECKON TMOJATOTOBKH CTYJEHTOB,
dbopMHUpyeT Hay4yHBI B3IJIS[ Ha OKPYXalOMUMA MHpP B LEJIOM M Hay4yHO-
000CHOBaHHBIN MOAX0/ K PEIICHUIO IPAKTUYECKUX 3a]]a4 B YACTHOCTH.

Kpome TOro, misg CTyAEHTOB TakMX CHEHHAIBHOCTEH, Kak «MUKpo-
HAHOAJIEKTPOHHBIE TEXHOJIOTUM U CUCTEMbD», «MeIuUUHCKas 3JIEKTPOHHUKAY,
«MopnenupoBaHue W KOMIBIOTEPHOE TmpoektupoBanue POCy», «TexHuueckoe
oOecrieueHre 6€30MaCHOCTIY, KypPC « XUMHUs) SBISETCS 0a30BOM JUCITUTIITMHOM.

VYyebHo-MeToanueckoe — mocobue  «XuMHsS» A9 CTYIJEHTOB  BCEX
cnermanbHocTeid BI'YUP Oyner u3mano B JABYyX YacTsAX, COOTBETCTBYET THUIIOBOM
nporpamme NeTJ[-125/Tum. ot 24.06.2001 r. u paccuuTaHo Ha MOJIHBIA 00BEM Kypca:
68 u nexuwmii, 34 4 MabopaTopHBIX PadOT, 34 4 MPAKTUYECKUX 3AHITHI.

B 1-ii yactu mocoOus W3M0XKEHBI pa3feibl Kypca, CBA3aHHBIE C BOMPOCAMHU
oOIell XMMUU: 3aKOHBI CTEXHOMETPHUHM, COBPEMEHHAs TEOpHUs CTPOCHHSI aToMa H
XUMHUYECKON CBA3M, 3aKOHOMEPHOCTH MPOTEKAHUS (PU3UKO-XUMHUYECKHUX MPOIECCOB,
peaKIuu B pacTBOPax 3JIEKTPOJIUTOB.

Bo 2-i1 yactu nocoOus OyAeT U3J10KEeH MaTepuan Kypca « XUMHUsD), CBSI3aHHBIH C
OTIICTILHBIMH pa3jenaMu (U3MYECKOM XUMUU U CHEIUATBHBIMU BOIPOCAMH XUMUU
KOHCTPYKIIMOHHBIX MATEPHUAJIOB.

BapuanTel HANBUAYATBHBIX 3aJaHUH 11 KOHTPOJIBHOU pabO0Thl (hOPMHUPYIOTCS
JUISL CTYAICHTOB JJAHHOM CIELMATIbHOCTU MCXOAS M3 00beMa 4acoB, OTBEACHHBIX Ha

U3y4eHHEe Kypca IO Yy4eOHBIM IUIaHaM CHEIUATBHOCTH M PpaboyuM MporpaMMam
Kypca.



Pazoenwvt kypca «Xumusy»

BBeaenue. Xumus Kak pa3ziesl €CTECTBO3HAHUS U CBA3b €€ C APYTMMHU HAYKaMH.
Ponp xumMuM B pa3BUTUU  COBPEMEHHOW  TEXHUKH, MAaTEpUAJIOBEICHUS,
IKOJIOTHYECKOT0 00pa3oBaHus W BocnuTaHusi. OCHOBHBIE 3aKOHBI XMMHH B CBETE
COBPEMEHHBIX MPEJICTABICHUM.

1. CoBpemenHnasi Teopusi crpoeHusi aroma. CTpyKTypa mnepuoaudecKOM
Ta0JULBbI 3JIeMeHTOB. KOpIyCKyIspHO-BOJHOBAasE IPUPOAA JIEMEHTAPHBIX YACTHII.
VYpaBaenue ae bpoitns u npunnun HeomnpeneneHHoctu ['eiizenoepra. KBaHToBbIe
yrciia. MHOTO3JIEKTPOHHBIE aTOMbI, KBAHTOBO-MEXAHUYECKNE 3aKOHBI.

CrpykTypa NEepHOIUYECKON TaOIMIbI B COOTBETCTBHUHM CO CTPOCHUEM aToMa.
[leprnOIMYHOCTH CBOMCTB 3JIEMEHTOB: 3HEPTHS MOHU3ALHH, CPOJICTBO K 3JIEKTPOHY,
AIIEKTPOOTPULIATETILHOCTh, AaTOMHBIE W HOHHBIE paguychl. Kiaccudukanus
KOHCTPYKIIMOHHBIX MAaTePUAJIOB O MEPUOAUIECKON TaOIulIE.

2. XumMuYecKkass CBfI3b M ee Pa3HOBMIAHOCTH. KBaHTOBO-MEXaHUYECKOE
OOBSICHEHHE KOBAJEHTHOM CBSI3M. MeETO/ BaJEHTHBIX CXEM M MOJICKYJISIPHBIX
opbutaneii. OCHOBHBIE CBOMCTBAa KOBAJIGHTHOM  CBS3U:  HAaIPaBJIECHHOCTb,
HACBIIIAEMOCTb, MOJISIPHOCTh. [MMOJIbHBIE MOMEHTHI MOJEKyJ. MoHHas CBsI3b U ee
pPa3HOBUIHOCTU. Meraminyeckas CBA3b. BoIoponiHas CBA3b, MEKMOJIEKYJSIPHOE
B3aUMOJICHCTBHE.

3. Kuneruka (QU3HKO-XHMHYECKHX IPOLECCOB, XMMHYECKOe pPaBHOBeECHE.
['OMOreHHbIE M TE€TEPOreHHBIE MPOLECCHl U UX CKOPOCThb. 3aBUCUMOCTb CKOPOCTH
TOMOI'€HHBIX IPOLECCOB OT KOHLEHTpAaUWH (MapUHUaJbHBIX JaBJICHUI), 3aKOH
JNEUCTBYIOIIUX Macc. I'eTeporeHHsie Ipoueccsl U UX MHOIOCTaqUUHOCTD. IIporeccsl
¢ au(pQy3uOHHBIM U KHHETUYECKUM KOHTpOJieM. BiusHue TtemmepaTypsl Ha
ckopocTh, mnpaBuio Baut-I'odda, ypaBHeHue AppeHuyca. DHeprusi akTUBALMU
nporecca. Bimsinne karammsaropa. Kunernueckue ycioBHs — HACTYIUICHMS
PaBHOBECHS, KOHCTAHTA PAaBHOBECHs. Y CIIOBUS CMEIICHUS XUMHYECKOTO PaBHOBECHS,
npuHiun Jle Illarense. 3aBUCMMOCTh KOHCTAHTBI PABHOBECHS OT TEMIIEpPATYpHI,
ypaBHEHHE U300apbl XUMUUYECKOU PEaKLIUH.

4. PacTBOpBI. DJIEKTPOJIUTHI, PEAKIMU B PACTBOPAX IEKTPOaUTOB. O01IHe
NPECTaBICHUSA O PAacTBOpax M uX Kiaccudukanus. JKuakue u TBepaple pacTBOPHI.
CriocoObl  BBIpaKEHUsI ~ KOHLIEHTpauMi. PacTBOpsl  3JE€KTpPOIMTOB U HX
KOJIMYECTBEHHBIE XApAKTEPUCTHKHU: CJaOble M CHJIbHBIE JIJIEKTPOJMUTHL. 3aKOH
pa3baBnenus OctBanbaa. MoHHOe Npou3BEIEHUE BOJIbI, BOJAOPOJHBIA IOKA3aTeNlb

(pH). CunpHble 3JIEKTPONUTHI, MOHHAS CHUJA 3JIEKTPOJIMUTOB, AKTUBHOCTH HOHOB.



Peakiuu B pacTBOpax dIEKTPOJUTOB: OOMEHA, THUIPOIU3a, OKHUCIUTEIbHO-
BOCCTaHOBUTEJbHBIE.

KowmruiekcHble coeIMHEHNS CTPYKTYPa, CBOMCTBA. Y CTOMYMBOCTh KOMIUIEKCHBIX
COCIMHEHUH, KOHCTAHTa HECTOMKOCTH. [ [pUMEHEHNE B TEXHUKE.

TeMbl NPAKTHYECKUX 3aAHATUI

1. 3akoH 3KBHBaJICHTOB. PacueT 3KBUBAJICHTHBIX MACC MPOCTBIX U CIIOKHBIX
BEILIECTB.

2. KBaHToOBbI€ UnCiIa, KBAHTOBO—MEXaHUUECKHUE 3aKOHBI. DIEKTPOHHBIE (POPMYJIbI
aTOMOB.

3. CTpyKkTypa nepruoandecKoi TaOIHIIbl AJIEMEHTOB.
. KoBanenTHas xummuueckast CBA3b.
. OCHOBHBIE KNHETUYECKHE 3aKOHBl. XUMHYECKOE PABHOBECHE.
. DNEKTPOJIUTHI U UX OCHOBHBIE XaPAKTEPUCTUKHU. BonopoaHblil nokaszarens pH.
. Peakiiuu B pacTBOpax 37eKTpoIMTOB: 0OMeHa, ruapoausa, OBP.
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. KoMIuiekcHble coeTMHEHMS.
HaumeHoBaHus J1a00paTOPHBIX padoT

. OnpeniesieHre XUMUYECKUX DKBUBAJICHTOB BEILIECTB.
. Kunernka Qpu3nko—xuMuueckux peakuuii. XuMH4eCKOe PaBHOBECHE.
. DIeKTpoJauTHUYEeCcKas quccouuanus. Peakiium oOMeHa v ruiposinsa.
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. OKMCIUTEIbHO—BOCCTAHOBUTEIIbHBIC peaKnuum.



Tabauua eapuanmoe uHOUBUOYATbHBIX 3A0AHUIL

Ne memobt
Mo sapuanma T T4 [ 5 | 6 ] 7 ] 8 ] 9 | 10 ] 11 ] 12
1 5 |26 | 51 [100] 110 | 126 | 160 | 176 | 225 | 250 | 265 | 276
2 6 | 30 | 52 | 99 | 109 | 127 | 159 | 177 | 224 | 249 | 264 | 277
3 7 |34 | 53 | 98 | 108 | 128 | 158 | 178 | 223 | 248 | 263 | 278
4 8 | 38 | 54 | 97 | 107 | 129 | 157 | 179 | 222 | 247 | 262 | 279
5 O | 42 55| 96 | 106 | 130 | 156 | 180 | 221 | 246 | 261 | 280
6 10 | 46 | 56 | 95 | 105 | 131 | 155 | 181 | 220 | 245 | 260 | 281
7 1 |50 | 57 | 94 [ 104|132 | 154 | 182 | 219 | 244 | 259 | 282
8 2 [ 27 58] 93 | 103|133 | 153|183 | 218 | 243 | 258 | 283
9 329 |59 | 92 | 102|134 | 152 | 184 | 217 | 242 | 257 | 284
10 4 [ 31 |60 | 91 | 101 | 135|151 | 185 | 216 | 241 | 256 | 285
11 11 | 33 | 61 | 90 | 111|136 | 161 | 186 | 215 | 240 | 255 | 286
12 12 |35 | 62| 89 | 112137 | 162 | 187 | 214 | 239 | 254 | 287
13 23 | 37 | 63 | 88 | 113 | 138 | 163 | 188 | 213 | 238 | 253 | 288
14 24 | 39 | 64 | 87 | 114 | 139 | 164 | 189 | 212 | 237 | 252 | 289
15 25 | 41 | 65 | 86 | 115 | 140 | 165 | 190 | 211 | 236 | 251 | 290
16 13 | 28 | 66 | 85 | 116 | 141 | 166 | 191 | 210 | 235 | 266 | 291
17 14 | 32| 67| 84 | 117 | 142 | 167 | 192 | 209 | 234 | 267 | 292
18 15 | 36 | 68 | 83 | 118 | 143 | 168 | 193 | 208 | 233 | 268 | 293
19 16 | 40 | 69 | 82 | 119 | 144 | 169 | 194 | 207 | 232 | 269 | 294
20 17 | 43 | 70 | 81 | 120|145 | 170 | 195 | 206 | 231 | 270 | 295
21 18 | 44 | 71 | 80 | 121 | 146 | 171 | 196 | 205 | 230 | 271 | 296
22 19 | 45 | 72| 79 | 122|147 | 172 | 197 | 204 | 229 | 272 | 297
23 20 | 49 | 73 | 78 [ 123|148 | 173 | 198 | 203 | 228 | 273 | 298
24 21 | 47 | 74 | 77 [ 124 | 149 | 174 | 199 | 202 | 227 | 274 | 299
25 22 | 48 | 75 | 76 | 125|150 | 175 | 200 | 201 | 226 | 275 | 300
26 15 | 27 | 63 | 56 | 108 | 127 | 154 | 179 | 225 | 239 | 263 | 284
27 12 [ 32 [ 58 | 95 | 112139 | 163 | 183 | 204 | 248 | 256 | 277
28 19 | 43 | 72| 90 | 103 | 142 | 171 | 191 | 218 | 226 | 271 | 289
29 17 | 37 | 54 | 80 | 118 | 129 | 160 | 189 | 222 | 146 | 260 | 293
30 14 | 28 | 75 | 77 | 111 | 135 | 169 | 198 | 201 | 250 | 255 | 281




Oougue memoouueckue ykazanus no uzyuenuio Kypca “Xumua”
U 8bINOSIHEHUI0 KOHMPOJIbHOU Padombl

VY4eOHpIM MIaHOM MO Kypcy “XuMmus’ NpeayCMOTPEHO YTEHHE YCTaHOBOYHBIX U
0030pHBIX JICKIMK (6 ), BBITOJHEHUE JIBYX JJAOOPAaTOPHBIX paboT (8 u), mpakTUYecKoe
3aHsATHE (2 4), 0/1HA KOHTPOJIbHAS pad0Ta U cAaya SK3aMeHa WM 3a4eTa.

B 0030pHBIX JEKUHUSX, KOTOpBIE YUTAIOTCS B nepHUoa
YCTaHOBOUYHO-9K3aMEHAIIMOHHOM CECCUHM, U3JaraeTcss MaTepuai MO0 BaKHEHIINM
paszenam Kypca, JalTcs METOAMYECKHE YKa3aHUs MO M3YYEHHIO TEOPETHYECKOro
MaTepuana, PEKOMEHIYIOTCS HeOoOXOIuMble YUYEOHMKHM U Y4EeOHO—METOAMYECKUE
ocoous.

Ha mpaxkTuueckoM 3aHATHM OOBSICHSETCS METOAMYECKUH IMOAXOJA K PELICHUIO
3a1a4, Ha KOHKPETHBIX MPHMEpax IOKa3bIBAETCS BECh MYTh JOBEICHHUS PEIICHUS
3alayd [0 KOHEYHOI'O YHUCJIOBOIO pe3yjbTaTa, YKa3bIBaeTCs HEOOXOAUMOCTb
00BsICHEHHS (PU3NUECKOTO CMBICIIA BEJIMYUH, UCIIOJIb3YEMbIX TP pacuerax.

[Ipyn BbIMOAHEHUH JTaOOPATOPHBIX pPabOT CTYACHTHI MPUOOPETAIOT HABBIKU
HAyYHOTO 3KCIIEPUMEHTHUPOBAHUS, HCCIEAOBATEIbCKUN IMOAXOM K H3y4yaeMOMy
MaTepHally, y4aTcsl YeTKO ONPEJENTh LU U 3aJa4l SKCIIEPUMEHTa, METOJIUKY €ro
BBINOJIHEHHSI, OCMBICIIEHHO IMPOBOJUTH AHAIMU3 IOJIYYEHHBIX PE3YyJbTaTOB U JIENaTh
00OCHOBaHHbIE  BBIBOJBI, TI'PAMOTHO COCTABJISITH OTYETHl IO  PE3yJIbTaTaMm
BBITIOJTHEHHOMN pabOTHI.

KontponbHas pabota — ocHOBHas ¢opMa KOHTPOJIA 3a CaMOCTOSTENbHOMN
pabotoii crynmenTta. llpucTymarh K BBINONHEHUIO WHIWBUIAYAIbHBIX 3aJaHUMA
HEOOXOAMMO TOJIBKO TIOCJIE€ M3y4YeHUs TEOPETHYECKOro MarepHuala, YCBOEHUs
OTIpEACNIEHHOW YacTW Kypca, THIATeNbHOTO pa30opa pelIeHuid THUMOBBIX 3ajad,
IPUBEJICHHBIX B JAaHHOM 1ocoOuu. Eciu TOT uin MHOW pa3zen He YCBOEH, HE CIIEYEeT
NEPEXOAUTh K HW3YUYEHHUIO CIEAYIOIIMX MaTepuaioB, KOTOpbIE, KaK IPaBHIIO,
OazupyroTcss Ha  mOpenpiayumx. Ilpy  3TOM  HEoOXoIMMO — HMCMOJIb30BATh
WH/IMBHIyaJIbHbIE KOHCYJIbTALlMU TIPETO1aBaTeIs.

[Tpu odopmiieHHH KOHTPOJIBHON pabOThl HEOOXOIUMO CTPOTO MPUACPKUBATHCS
CJIEIYIOIUX TpeOOBaHUH.

1. Pabota odopmisieTcst B TeTpaau WM Ha JUcTax popmara A 4, Ha TUTYJIBHOM
JMCTE KOTOPOM MPUBOJATCS CBEACHUS 110 00pasily:



KonTposabnas pabora
o kypey “Xumus” cryaesra bI'YUP @3B u J10,
CIEeNUAIBHOCTh
damuniivsi, UMsi, 0TYECTBO
MIugp
JomamHui aapec

2. PaGoTa BBIMOJHSETCS YEpHUIIAMHU, YETKO, 0€3 HEJOMYCTUMBIX COKpAaILICHUH,
Ha CTPAHMIAX OCTABJISIOTCS LIMPOKUE MO JJIs 3aMEYaHUM pELlEH3EHTA.

3. Homepa u ycnoBus 3aj1ay NEpENUCHIBAIOTCS B TOM MOPSIJIKE, B KOTOPOM OHH
yKa3aHbl B 33/1aHUU (YCJIOBHS 3a/1a4M 3aIIUCBIBAIOTCS 0€3 COKPAILECHU).

4. Pemienuss 3aga4y M OTBEThl Ha BONPOCHI JOJKHBI OBITh TMOJHBIMU H
ucyepnsiBaolnMU. [Ipyu pemenun 3amau ciaeayer NpUBOAUTH BECh XOJ PELICHUS U
MaTeMaTU4YecKue npeoOpa3oBaHusl, B KOHIIE 1a€TCs OTBET.

5. Paborta nomkHa ObITH JaTUPOBaHA, MOJIMNKMCAHA CTYJIEHTOM U OTIPAaBJICHA B
YHUBEPCUTET JJIsl PELICH3UPOBAHUSI.

6. B KoHIe BBINONMHEHHON pabOThl 0053aTE€IbHO MPUBOIAUTCS CIUCOK
VICIIOJIb30BAHHOM JINTEPATYPHI.

7. Peuensupys paboTy CTyJA€HTa, MpEenojaBareib YKa3blBaeT Ha JOIYIICHHbIE
OIIUOKH, PEKOMEHAYET HEOOXOUMbIe YUEOHUKH U Y4EeOHO-METOAMYECKHE MMOCOOUs
JUTSI KICTIONIb30BaHMSI B pa0OTe Ha/l OMIHOKaMHU.

8. [locne mosyueHusi pabOThl OT pPELEH3EHTa CTYJIEHT 0053aH BBIMIOJIHUThL €ro
yKa3zaHus, IpU 3TOM padoTa HaJl OMMOKAMH JOJDKHA OBITh B KOHIE TETPaju, a HE B
pPELEH3UPYEMOM TEKCTE.

9. Ecniu pabota He 3auTeHa, OHA BBIMOJHAETCS MOBTOPHO B COOTBETCTBUU C
3aMEUaHUSAMM PELEH3EHTa M BBICBUIAETCS HA IOBTOPHYIO PELIEH3UI0 BMECTE C
HE3aYTEeHHOU pabOTOMH.

10. PaGoTa, BbINOJHEHHAss HE IO CBOEMY BapuaHTy (HOMEp BapHaHTa
orpezensieTcs MociaeHUMU ABYyMs Ludpamu mudpa CTyAeHTa), HE PELIeH3UPYETCs.



1. 3akoH 3xkBUBaIeHTOB. OnpenesieHue IKBUBAJTCHTHBIX MACC
MPOCTHIX M CJIOKHBIX BellleCTB

B pesynbrare pabor Puxtepa, [lambrona, Bomnactona (1804—1814 rr.) ObLn
OTKPBHIT 3aKOH HSKBUBAJICHTOB: BellECTBA B3aMMOJEHCTBYIOT IPYr C JAPYIOM B
KOJIMYECTBAX, MPONOPHHOHAIBHBIX MX 3KBHBAJEHTAM, WIH Macchbl (00beMbl)
pearmpyromux BelleCTB MPONOPIHHOHAIBHBI HX JKBHBAJEHTHBIM MaccaM
(o0bemam):
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m M m M V. V.
L= Yot o 1 _ Vo 1 _ Vol

0 0 ° 0o 0°
m, Maz Vz Vaz Vz Vaz

(1.1)

rae my, my, My, M5, — Macchl U 3KBUBAJICHTHBIE MACChl PEArHPYIONIUX BEILIECTB;
Vlo, Vzo, Valo, Vazo — 00BeMBI M PKBUBAJICHTHBIC 00bEMBI Ta3000pa3HbIX BEIECTB,
U3MEPEHHBIE (PAaCCUUTAHHBIC) MPU HOPMAJIbHBIX YCIOBHSIX.

Jlns mpuBeneHus 00beMa K HOPMaJIbHBIM YCJIIOBHUSIM MCIOJIB3YETCS YpaBHEHUE,
oObenuHstolee 3akoHbl boiinsa — Mapuotra u I'eii-Jlroccaka,

PV _ PV,
T T,

0

: (1.2)

rae P u V — naBnenue u o6bem raza npu jganHou temmnepatype T; Vo — o0bem raza
npu HopManibHbIX gaBienuu (Py = 101332 I1a) u temneparype (To = 273 K).

IJKBHBAJEHTOM () XMMUYECKOrO 3JIEMEHTA HA3BIBAETCA TAKOE €ro KOJUYECTBO,
KOTOpoe coemuHsieTcs (3ameriaer) ¢ 1 Moib aToMOB Bojopoaa win 1/2 Moib aTOMOB
KHCJIOPOa, BhIpaskaeTcst B MoJisix (M).

JxBuBajJieHTHaA wmacca (Ms) — Macca OJHOTO DHKBHUBAJIIEHTAa BEIIECTBA,
BbIpa)KEHHAs B TpaMMax.

JKBHMBAJIEHT BOAOPOJAa  pPaBEH €ro MOJK aromMoB, T.e. Opy=1M, a
IKBMBAJIEHTHAsl Macca BOJ0Poa paBHa | r/MoOJb.

JKBHBAJIEHT KHCJI0POAa paBeH 1/2 MOJb aTOMOB KHCIIOPOJa, T.€. Do = 1/2 M,
a SKBUBAJICHTHAs Macca KUCJIOpo/ia paBHa 8 I/MOJIb.

JKBHUBAJEHTHbIM 00beMoM (V5) HaszpiBaeTcs 00BEM, 3aHUMAEMbI MpU
JAHHBIX YCIOBHUSIX OJHUM OJKBHUBAJIEHTOM ra3oo0pa3Horo BemiectBa. Ilpu
HOPMAIIbHBIX YCIOBHAX (H.y.) 9KBHBaIeHTHbIH oO0beM (V'5) Haxomsr mcxoms u3
MOJIHOTO 00beMa ra3oB, paBHOro 22,4 1. Tak Kak SKBUBaJIEHTHAsI Macca BOJIOPOJia
paBHa | r/MOnB, a MOJBHAsg Macca BOJOpPOJAa, KaK MPOCTOTO BEIIECTBA, paBHA
2 1/MOJIb, TO PKBUBAJIECHTHBIA 00BEM BOJOPO/Ia B 2 pa3a MEHbIIIE MOJILHOTO, T.€.



V5(H,) = 11,2 1. DKBHBaneHTHAs Macca KHCIOPOAA PaBHA 8 I/MONb, a MOJbHAS
Macca ero paBHa 32 I/MOJb, TO €ro SKBUBAJIEHTHBbIA 00beM B 4 pa3a MeHbIIE
MOJIBHOTO, T.¢. V'5(0,) = 5,6 1.

OKBUBAJICHTHI U SKBUBAJIEHTHBIE MACCHI ITPOCTHIX BELIECTB PACCUUTHIBAIOTCA 110

dbopmye

M
=", (1.3)
B
rae M — MosibHas Macca dJIeMEHTa, I/MOIb; B — BalleHTHOCTS.
M M
Hanpumep: Oy = % = %M, a M5(Mg) = 12 r/mMomnb; Dp = TAI = %M,

a M5(Al) =9 r/moub.

JKBUBAJEHTOM CJIOKHOTO BelleCTBA HA3BIBACTCS TAKOE €ro KOJUYECTBO,
KOTOPOE MOXET 3aMelaTh, IPUCOSAUHATh WM ObITh KAKHM-THOO IPYTHUM CIIOCOOOM
HKBUBAJICHTHO OJHOMY MOHY BOJIOPOJIa B KHCIOTHO-OCHOBHBIX HMJIM MOHOOOMEHHBIX
pPEaKIUsAX WM OAHOMY SJICKTPOHY B OKHCIUTEIEHO-BOCCTAHOBUTEIBHBIX PEAKIIHIX.

DKBUBAJICHTHI ¥ SKBUBAJICHTHBIE MACCHI CJIOKHBIX BEIIECTB PACCUUTHIBAIOTCS TIO

bopmyiie

M

s = Bn ; (1.4)

riae M., — MOJIbHAsI Macca CJI0KHOT'O BEIeCTBa, I/MOJIb; B — BaJleHTHOCTD 3J1€MEHTa,
00pa3yrouIero COeIMHEHUE; N — YUCIIO aTOMOB 3JIEMEHTA B COCIMHEHUH.

BripaxkeHust 1711 pacuera SKBUBAJICHTHBIX MAcC OKCHJIOB, KUCIIOT, OCHOBAaHUH U
COJIE UMEIOT BUJT

M
Dot N 1.5
B.n (1.5)
M
I Do = Ity = —2+8; (1.6)
B
MKI/ICJI KHUCJI
Oaten = 3 : (1.7)

n. OCHOBHOCTH



niin 9KI/ICJI = 9H+9KI/ICH.OCT; (1.8)

MOCH MOCH
Ao = = : (1.9)
n KHCIIOTHOCTh
M M _ M
W Doey = Dyt Doy = — 1 +—2 = —¥+17; (1.10)
B 7 B
OH
M
Feomn = BMn : (1.11)
M M
niin 9COJm = 9M6+9KI/ICH.OCT T BMe + — D) (1.12)

KHCII.OCT

rae Z — 3apsii KUCIOTHOTO OCTaTKA.

IIpumep 1. OmnpenenuTs SKBHBAJICHTHI M OJKBHBAJIEHTHBIE MAacChl XJIOpa H
docdopa B coequnenusix PCl; u PCls.

Pemenne. Ucnonb3yss cootHomenue (1.3), ompenenuMm 5SKBaJIGHT XJIOpa,
koTopbiil B coequnenusix PCl; u PCls mposBiisieT moCTOSIHHYIO BaJI€HTHOCTb, PABHYIO

1. Torma O¢;= — = 1M, a ero 3KBUBaJIeHTHas Macca Oynmer paBHa 35,5 1/MOIb.
B

Tak xak ¢ocdop B 3THX coenuHEeHUIX TposBisieT BaieHTHOCTh 3 B PCl; u 5 B PCl;,

TO Dp = %Mp u Dp= %Mp COOTBETCTBEHHO, a DKBHBAJICHTHBIE Macchl (pochopa B
31 31
ATUX COCIUHEHUSIX PABHBI: 3 10,33 r/mMomnb 1 Y, 6,2 T/MOJIb.
Otser. Ba=1M; M>(Cl) = 35,5 r/mos; 3p(PCl;) = %M;

M5(P) = 10,33 r/mons; Dp(PCls) = %M; M5 (P) = 6,2 r/morb.

IIpumep 2. OnpenenuTes 3KBUBAJIEHT, JKBUBAJIECHTHYIO Maccy JIHOKCHAA
yTIepoa, UCXO U3 PeaklUid, BBIPAXKEHHBIX YPABHEHUSMMU:
C+0, = CO,,
CaCO;+2HCI = CaCl,+H,CO;

l
H,0+CO,



Pemienue. UMcxonss wu3 mnepBoM peakiuyd AUOKCHZ —yIVIEPOJA ITOJIY4YEH

okuciiennem yriaepoaa u B coorBerctBuM ¢ (1.5) O(CO,)= —=—M(CO,), a

44
M5(CO,) = i 11 r/momb.
ITo BrOpO# peakunn CO, ABIAETCS TPOLYKTOM PA3JI0KEHHS YTOIbHON KUCIIOTHI,

HKBUBAJIEHT KOTOpou, B coorBeTcTBUM ¢ (1.7), paBen D(H,CO;) = %M(HZCOQ, a

M5(H,CO;) = 6—22 =31 r/mounb. IIpu aTtom M5(H,CO3) = M5(CO,)+M5(H,0), oTkyna

M5(CO,) = M5(H,CO3)-M»5(H,0) = 31-9 = 22 r/mounb, T.€. I(CO,) = %M(COQ).
Otger. [lo neproit peakuuu: I(CO,) = %M(COZ), M5(CO,) =11 r/™mMo0nBb, 1O

BTOpOii— I(CO,) = %M(COZ), a Mo(CO,) = 22 r/Mosb.

IIpumep 3. [Ipu B3aumoaeiicTBuu xjiopa ¢ Meabto maccoit 0,33 r obpasyercs
xjopua Meau Macco 0,672 r. OnpenenuTh SKBUBAJICHTHYIO MacCy M BaJICHTHOCTh
MEJIY Y 3aluCcaTh YPaBHEHUE PEaKIIUH.

Pemenne. Mcxoas M3 Macchl XJIOpUaa MEIM M MAacChl MEJIU OIPESIUM Maccy
XJI0pa, YUYUTHIBAsA, YTO €r0 SKBHBAJIEHTHAs Macca B XJIOPWJIE paBHA MOJIbHOM Macce,
T.. M5(Cl) = 35,5 r/M0oab m¢) = Mgy —Mcy = 0,672—0,320 = 0,352 1.

Ncxonsa u3 3akoHa skBuBajiieHTOB (1.1) umeem:

me, _ M, (Cu)

mg  M,(Cl)
Torna
M, (Cu) = me, M, (€D _ 0,32 355 _ 32,27 r/morb.
My, )
Tak kak M, (Cu) = 4(Cu) , 10 B= M(Cw) _ 63,54 _ 1,97 = 2,0.
B M,(Cu) 32,27

YpaBHEHUE PEAKLIMU UMEET BUJL
Cu + Cl, = CuCl,.
OtBet. M5(Cu) = 32,27 r/momnb; B(Cu) = 2.
IIpumep 4. U3 3,85 r HuTpata MeTa/muia MnojaydeHo 1,6 T ero ruapokcuia.
Brruncnuth 3KBUBaJICHTHYIO MacCy MeTalia.
Pemenne. Vicxonas u3 3akoHa SkBUBaIeHTOB (1.1)



m _ M, (Me)+*M,(NO;) |

mOCH M3 (MC)+M3 (OH- ) ,
3,85 _ M, (Me)+62
1,6 M,(Me)+17’

Z(NO;)=Z(OH) =1,

otkyna M»(Me) = 15 r/momb.
OtBer. M5 = 15 r/MOJIB.

NuaauBuayanbHbie 3a1aHUSA

1. ITpu BoccTanoBnenuu 1,2 T okcuaa Me (I1) Bomopogom obpaszoBaniocs 0,27 T
H,0 (r). Onpenenure >KBUBAJICHTHYIO Maccy Me, 3KBUBaJIE€HTHbIE 00BEMBI BOJISIHBIX
napoB u H; (H.y.).

2. U3 pactBopa xinopuoir Menu BeiTecHwM 1,6 T Cu(ll) TpexBameHTHBIM
metaiiom Maccod 0,45r1. YcTaHOBUTE MOJIBHYKO Maccy JTOTO MeTaula M
ompenenuTe, CKoibko norpedyercs autpoB O, (H.y.) Ha okucienue 270 T 3TOrO
MeTaia.

3. Ilpu B3aumoneiictBuu 1,28 Me (I) ¢ Bomoit Beigenminoch 380 mu H,,
U3MEPEHHOTO NPU t = 21°C u P =784 mm pPT. CT. YCTaHOBUTE, YTO 3TO 3a METAJUI, U
ONPENENINTE SKBUBAJIEHTHBIE MACChI €r0 OKCUAA, THIAPOKCUJIA U TUAPUAA.

4. Ha wneirpammzauuto 0,943 r H;PO, wuspacxomoBanocs 1,288 r KOH.
Briuncnrure OCHOBHOCTD KUCIOTHI U 3aMIUILINATE YPABHEHUE PEAKLIUH.

Yemy paBHBI 3KBHBajeHTHBIE 00beMbl O, 1 Cl, pu H. y.?

5. Ilpu pasnoxxkeHun Ha HarpeTo nomioxke 1,441 unoauma HEKOTOPOIo
metaia (II) macca nonnoxku ysennumiach Ha 0,44 r. Onpenenure, HOIUT KAKOTO
MeTajia ObUT HCIOJB30BaH, W PACCUMTAWTE SKBUBAJICHTHBIE MacChl OKCHAA U
TUAPOKCUIA ITOTO MEeTajlia.

6. Ilpu pactBopenunm 21 Hekoroporo s—Me II rpynmsl nepuognyeckou
Ta0MuIbl B BOJAC BbIAEHWIOCH 1,23 1 Ta3za, HW3MEPEHHOro Ipu t= 27°C mu
P =760 mm pT. cT.

YcTraHoBUTE, YTO 3TO 3a METAJUI, U PacCUMTAlWTe DKBUBAJEHTHBIE MAacCChl €ro
OKCHJIa U TUAPOKCHUA.

7. Ilpu B3aumoaencTBuu 5,95 © HEKOTOPOIO BEUIECTBA C 2,75 T XJIOPOBOAOPOAA
nonyuuinoch 4,40 r conu. BeluuciauTe SKBUBAJIEHTHBIE MAcChl BELIECTBA, COJIM M
ycTaHoBuTe hopmMyiry oopazoBasieiics conu (By = 1). UeMy paBeH SKBUBaJICHTHBIN
o6bem xsoposojiopoaa (HCly) npu H.y. ?



8. XKeneso maccoit 7 r BeitecHset u3 kucnotrsl HCI 3,2 1 H,, uamepennoro npu
t=39C u P=760 MM pr. cr. KakoBa BaJeHTHOCTb Kele3a B ITOH PEaKIHH?
Omnpenenure SKBUBAJICHTHBIE MACCHI €70 OKCUA U TUAPOKCHIA.

9. Ha mneurpammszanmioo 2,451 xucinorel uzper 2,0 THUAPOKCHUAA HATPHS.
Onpenenure SKBUBAJCHTHYIO MAacCy KHCIOThl W 3amuiInTe ee (GopMyily, eclu
KHCJIOTa JABYyXOCHOBHas. Kakoe ee koimMuecTBO MOTpeOyercss Ha okucieHue 46 r
HaTpus’?

10. Tlocne o6padotku 0,286 r xmopuna metama(ll) azoTHOKUCTBIM cepeOpom
obpazoBaioch 0,861 r AgCl. Ompenenure HKBUBAJCHTHYIO Maccy MeTaia |
3aMMIIATEe YpaBHEHHUE peakiuu. YeMmy paBeH 3KBUBAJICHTHBIM 00bEM XJIOpa MpH
H.y.?

11. Ha meiitpanu3anuio 1 r ocHoBaHus uzpacxogoano 2,14 r HCl. Beruucnure
SKBUBAJICHT OCHOBaHMs. Kakyro Maccy MarHus MOXHO OKHUCIUTh JTUM Ke
KOJIMYECTBOM KHUCJIOTHI?

12. Onpenenure SKBUBAJICHT W SKBUBAJIEHTHYIO Maccy (ocdopa, Kkuciopoaa u
opoma B coenunenusix PHs;, H,O, HBr.

13. HexoTopslii 37€MEHT MNPOSBISET BAJICHTHOCTh 3 W 5 B COCIUHEHUSIX:
xJjopusie U okcuae coorBeTcTBeHHO. Copnepkanue xjiopa B xiopuae 77,45%,
Kuciopoga B okcuae 56,35%. YcraHoBuTE, YTO ATO 3a DJIEMEHT U (HOPMYJIbI
YKa3aHHBIX COEUHECHUMN.

14. U3 1,35 r okcupa Merauia nonydaercs 3,15 r ero Hurpara. Beruucnure
HKBUBAJICHTHYIO MacCy €ro Metajuia.

15. U3 1,3 r rugpokcuia MeTajuia nmojay4daercs 2,85 r ero cynbdara. Beruncnure
HKBUBAJICHTHYIO Maccy MeTajljia.

16.0kcun TpexBameHTHOro Metaiia cofepkut 31,58% kucinopona. Beruucnure
HKBUBAJICHTHYIO, MOJIBHYIO M aTOMHBIE MacChl 3TOTO METalIa.

17. Onun okcupa maprasna coaepxkut 22,56% xucnopona, apyroit — 50,60%.
Brluncnute 5KBUBAJICHTHYIO MAaCcCy U CTEXMOMETPUYECKYIO BAJICHTHOCTh MapraHiia B
TuX okcunax. CocraBbTe (HOPMYITBI OKCHJIOB.

18. B 2,48 r okcuaga OQHOBAJIEHTHOrO Metaiuia coaepxkurca 1,84 r meramna.
BbluncnuTe SKBUBAJICHTHBIE MACChl METAJUIa U €ro okcuaa. UeMy paBHbBI MOJIbHAsI U
aTOMHAsI MacChl 3TOr0 MeTajuia?

19. 3,04 r HekoToporo Metaiia BeiTecHsroT 0,252 T Bogopoaa, 26,965 r cepebpa
n 15,885 r Menu w3 COCIMHEHHM JTHX DJIEMEHTOB. BBIUHMCINTE >KBHBAJICHTHBIC
MacChl JJaHHBIX METAJIOB.



20. Oxkcupn Mertamta couepxut 28,57% kucinopona, a ero dpropua — 48,72%
¢Topa. Berunciure sKBUBaJIE€HTHBIE MacChl MeTaia U hropa.

21. IIpu Boccranosnenuu 1,2 T okcuaa meramia (I1) Bogopogom oOpazoBanoch
0,27 r Bozbl. Onpenenure 3KBUBAJICHTHYIO U MOJIBHYIO MacChl METAJLIA.

22. BemiectBo comepxkut 38,0% cepbl U MBIIIbAK. DKBUBAJIEHTHAs Macca Cephl
16 r/mMOnb. BerunicnuTe 5KBUBAJCHTHYIO MAcCy U CTEXHOMETPUYECKYIO BAJIEHTHOCTD
MBIIIbSIKA, COCTaBbTE (POPMYITY JAHHOTO CyJib(puaa.

23. Ilpu oxkucnenun 16,74 T nByXBaJeHTHOrO MeTajia oOpazoBanoch 21,54 T
oKcuja. Beruncinure 3KBUBAJIEHTHBIE MAacChl METajula M €ro okcujaa. Yemy paBHBI
MOJIbHAsI U @aTOMHAsl Macchl MeTasia’?

24. Ilpm B3ammopnevicTBun 3,24 T TPEXBAIEHTHOIO METaJUIa C KHUCIOTOU
BbIIeNMII0Ch 4,03 71 Boopoa (H. y.). Beluuciure sKBUBaJIGHTHYIO U @aTOMHYIO MaccChl
MeTaia.

25. Kakoil o0beM Mpu H.y. 3aHMMAaeT SKBUBAJEHTHas Macca Kuciopopaa?
Briuncnure 3KBUBaJIEHTHYIO U MOJIBHYIO MaccChl JIBYXBaJICHTHOTO METajia, €CJIM Ha
okucnenue 8,34 r atoro merasia nouwio 0,68 i1 kuciaopona (H. y.).

2. Ctpoenue atoma. KBaHTOBBIE YHC/Ia. DJIEKTPOHHbIE (hOPMYJIbI
3JIEMEHTOB

CornacHO KBaHTOBO—MEXaHUYECKUM IPEACTABICHUSIM COCTOSHHE KaXKJIO0TOo
JJIEKTPOHA B aTOME€ XMMHUYECKOTO 3JIEMEHTA OIpPEAENAECTCS 3HAYCHUSIMHU YEThIPEX
KBAHTOBBIX YK ces: N, |, m; 1 mg.

I'1aBHOEe KBAHTOBOE YHCJIO N XapaKTEPU3YET IOJIHYIO YHEPTUIO0 IEKTPOHA B
aTOME — DHEPreTHMYECKUl YypOBEHb, MPUMEPHBIM paguyc aToMa M MPUHUMAET
3HAUEHUA psAJa LeNbIX ynucen ot 1 10 .

OpoOuranbHoe KBaHTOBOe 4MCJI0 | Xxapakrepusyer dHEpPreTHYECKUn
HOJypOBEHb D3JEKTPOHA Ha JAHHOM SHEPreTHYeCKOM YpoBHE, (OpMy aTOMHOU

opOutanmu u mnpuHUMaer 3HadeHus or 0 mo (n — 1). g oGo3HaueHus
HHEPreTUYECKUX MOAYPOBHEHN (000JI0YEK) UCTIONB3YIOT CTPOUYHBIE OYKBBI JIATUHCKOTO
andasura:

| 012345

obozHauenuss s p d fgh
S — DIIEKTPOHHBbIE oOpOuTaNM wuMET chepudeckyro dopmy; p — dopmy,

HAITOMUHAIONTYI0 TaHTeb; d u f — 6ostee cioxHyI0 Gopmy.
MarauTHoe KBAaHTOBOE YHCJI0 M XapaKTEPHU3yeT paclpeieicHUE dJIEKTPOHOB
110 KBAHTOBBIM s4ciikam (OpOMTAIIM) B Tpeleiax JaHHOTO SHEPreTHYECKOIo



MOJYPOBHS W MPUHUMAET 3HA4eHHUs OT -1 mo +1, Bkirowas Hysb, T. €. Bcero (21+1)
3HaueHui. Hampumep, Ha sHeprernyeckoM noaypoHe p (1= 1) anekTponsl mMoryt
ObITb B TpPEX COCTOAHUAX (B TpeX KBAHTOBBIX sS4YEHKax), YTO COOTBETCTBYET
OpHMEHTALMH I10 OCH X, Y, Z, T. €. M| UMeeT TpH 3HayeHus: - 1, 0,+1.

CnnHOBOE KBaHTOBOE 4YHMCIO0 Mg XapaKTepU3yeT MOMEHT KOJIMYECTBA
JBUKEHUSI 3JEKTPOHA BOKPYI COOCTBEHHOM OCHM M NPUHHUMAET JIBA 3HAYCHMS:
mg = -12n ms = +1/2.

PacripenerieHne 3€KTPOHOB B aTOME IMOAYMHSETCS KBAaHTOBO—MEXaHWYECKUM
3aKOHAM: IIPUHIIMIIAM MUHUMAaJIbHOU dHepruu, 3anpera Ilaynu, npasuwiam I'yHna u
KiteukoBckoro.

IIpyHOMIT MUHHUMAJIBHOW JHEPIMHM — DIIEKTPOHBI B OCHOBHOM COCTOSIHHM
3aIMOJIHSIOT OPOUTANIH B MTOPSAJIKE MOBBILLIEHUS YPOBHSI SHEPTUU.

[Ipunoun 3anpera Ilayam — B arome HE MOXET OBITh JABYX 3JIEKTPOHOB C
OJIMHAKOBBIM HA0OpOM YEThIPEX KBAHTOBBIX 4YHUCEN, T.€. Ha KaxJAOW OpOuTaIu
(KBaHTOBOH siuelike) MOXKET ObITh He OoJjiee JBYX 3JEKTPOHOB, PA3NIUYAIOLINXCS
YUCJIOM Mg, HAITPUMED .

IMpaBuio I'ynaa — 3anonHeHue opOUTANIel IEKTPOHAMH B MpeJenax JaHHOTO
HOTypOBHS TPOUCXOAMT TakUM 00pa3oMm, YTOObI HMX CyYMMapHBIA CHOUH ObLI
MaKCHMAJICH.

IIpaBuno KieuykoBCKOro — yBeIMYEHUE SHEPTUU U 3aMOJHEHHE OpOuTaneit
AJIEKTPOHAMHU MPOUCXOIUT B MOPSAKE BO3PACTAHUS CYMMBbI KBaHTOBBIX uucel (n+l), a
IIPU X PaBHOM CyMMe€ — B IIOPSAJIKE BO3PACTAHMS YHCTIA M.

IIpumep 1. CocTaBUTh 3JIEKTPOHHO-TpAPUUECKYIO0 (POPMYITY aTOMa 3JIEMEHTA C
NOPSIAKOBBIM HOMEpPOM 16.

Pemenune. Tak Kak YUCIIO IEKTPOHOB B aTOME PABHO €r0 MOPSIKOBOMY HOMEPY
B IIEpUOANYECKON Tabule, To A sneMenTa Ne 16 (S) anekrponHas Gpopmysa uMeer
B 15°2s°p°3s’p’.

['paduueckas popMyna oTpakaeT pacnoI0KEHHUE FNEKTPOHOB MO 000J0UKaM U

Op6I/ITaJ'IHM B COOTBCTCTBHMH C OCHOBHBIMH KBAHTOBO—MCXaHMYCCKHMMH 3dKOHaAMH



p
SO U N
n=3 1 p
s | TLTL| T
n=21]
n=11]

IIpumep 2. Omnpenenutb, KAKUMHA 3HAYCHUSIMU KBAHTOBBIX uucen (n, | U my)
XapaKTepU3yIOTCSd BHEIIHHUE P—OJEKTPOHBI B aTOME DJJIEMEHTa, HMEIOIIEero
JIEKTPOHHYI0 KOH(MUIYpaIlMio BHEIIHEro ciosi 4s’p’.YCTaHOBHTb, 4TO 3TO 3a
AJIEMEHT.

Pemenne. Tak kak riaBHOE KBAaHTOBOE YMCIIO N ONPENESAET SHEPreTUUECKUI
YpPOBEHb U HOMEp NEPUO/A, TO JAHHBIA JIEMEHT HAXOJIUTCA B YETBEPTOM IEPUOJIC
n = 4. OpOuTtajibHOE KBAaHTOBOE YKCJIO XapaKTEPU3yeT IHEPreTUUECKU MOAYPOBEHb
Ha JAHHOM SHEPreTUYECKOM YPOBHE M NMpUHUMAET 3HadeHus ot 0 m1o n—1, 1. e. npu
n=4,1=0,1, 2, 3 uiu OykBeHHbIE 0003HAYECHUS S, P, d, f.

MaruutHO€ KBaHTOBOE YHCJIO My IPUHUMAET 3HaueHus ot —l uepe3 0 no +1, T. e.
opu 1=1, m=-1, 0, +1. OHO xapakrepuszyeT uuciaO OpOUTareil Ha JaHHOM
NOAYPOBHE.

CoracHo 3J1eKTpOoHHOM (hopmylie aToMa, TPUBEICHHOW B YCIOBUU 3aJa4u, 3TOT
3JIEMEHT UMEET MOPSAKOBBIM HOMEp 32 U ero moJiHasi 3JIEKTpoHHast (hopMysia UMeeT
s 1s72s’p®3s’p®d'*4s’p?, uto coorBercrByer anementy Ge.

IIpumep 3. CoctaBuTh 3eKTPOHHO-Tpaduyeckue GopMyabl aToMa XJiopa U ero
AJIEMEHTAPHOI0 HOHA.

Pemenne. B cOOTBETCTBUU C MOPSAKOBBEIM HOMEPOM 3JIEMEHTA XJIOpa, PABHBIM
17, onpenensiroliuM MOJIOKUTEIbHBIN 3apsa] fApa U CYMMAapHOE YUCIIO AJIEKTPOHOB,
anekTpoHHO-Tpaduyueckue Gopmyinbsl atoma Cl u ero anmementapuoro nona Cl™ OyayT
UMETh BUJI;



Cl 15°2s’p®3s’p° CI 1s°2s’p°3s’p°

3p 3|11
3 (1L [
1 2p 25 | TL{1L T
25 | 1L |TL |1 X
Tl Is
Is T
Tl

NuaauBuayanbHble 321aHUA

26. DieKTpoHHAs 00O0NOYKA aTOMa JIEMEHTAa BKIOYaeT KoHpurypamuio 4f.
Hanumure 35ekTpoHHy10 (hopmysy 3ieMeHTa. B kakoM nepuojie U B Kakoil rpymnme
oH Haxoautcsi? Kakoe KBaHTOBOE 4YHMCIO OIpenenser Homep nepuoaa? Yro
OIIPENEIIAET HOMED IPYIIbI?

27. Ha ocHOBaHMH 3JIEKTPOHHO-rpaduyeckux (popmyis atoMoB 31eMeHTOB F u
Cl 1 KBaHTOBO—MEXaHHWYECKUX 3aKOHOB 0O0bscHUTe, nouemy F mnposBiser B
coeauHeHusax crenenb okucaenus —1, a Cl ot —1 go +7. [IpuBeaure npuMepsl Takux
COCAMHEHNN.

28. Ha ocHOBaHMM KBAHTOBO—MEXAHMYECKUX 3aKOHOB OOBSCHUTE, MOTYT JIH
Np— JIEKTPOHBI COJEPXKAThCS BO BHEUIHEM cJioe OOOJOYKM aToMa, €clid OHa
BKJTIOUYAET KOH(HUrypamuu ns’, ns', (n—1)d'’, (n-2)f*? Ipuseure cooTBeTCTRYOMIIE
IpUMEPHI.

29. B uem 3axmrouaetcs npaBuio Kiieukosckoro u npaswmio ['yaga? O0bsicHuUTe,
KAKOE€ YHCIIO DJIEKTPOHOB COAEPKUT aTOM, €CJIM CIEAYIOIIHUNA AJIEKTPOH JOJKEH
caenatb BeIOOp Mexay S5s u 4d aToMHON OpOHTANBI0? ATOM Kakoro 3JeMeHTa MpH
TOM oOpazyercsi?

30. 3anummure 3JIEKTPOHHBIE (HOPMYJIIBI AIEMEHTOB C MOPSAKOBBIMH HOMEPAMHU
15 u 23. K kakuMm cemMelcTBaM 3JIEMEHTOB OHU OTHOCATCA U nodemy? OObsicHUTE
CXOJICTBO M pa3jinyue B UX CBOMCTBAX.

31. B xakoM mepHoe U IpyIIe CTOUT JIEMEHT, UMEIOIUN TPU IJIEKTPOHA HA
BHEIIIHEM DHEPreTUYECKOM YPOBHE, Il KaxA0ro m3 Kortopslix n =3 u 1=1? Kakue
3HAYEHHs JUIsI HUX HMMEET MAarHUTHOE KBaHTOBOe uuciio my? Yemy paBHO uX
CyMMapHO€ CIIMHOBOE YUCII0?

32. 3anummure 3JIeKTPOHHBIE (HOPMYJIIBI AIEMEHTOB C MOPSAKOBBIMU HOMEPAMHU
17 u 25. K xakuM ceMeicTBaM 3J€MEHTOB OHHM OTHOCATCS U moyeMy? OObsCHUTE
CXOJICTBO U pa3jinyue B UX CBOMCTBAX.



33. I'maBHOe KBaHTOBOE YHCIO N =4. 3anuIIUTEe 3HAYEHUS OCTaJIbHBIX
KBAaHTOBBIX 4YHUCEJ. YKAXUTE DJJIEMEHT, Y KOTOPOrO 3aKaHYMBAECTCS 3alOJHECHHE
anexktpoHaMu 4d opoutanu. CKOJIbKO 3JIEKTPOHOB HaXOIUTCS Ha 48 1 4p opOuTassix?

34. CoctaBbTe AJIEKTPOHHBIE (POPMYIIBI STIEMEHTOB C OPSAIKOBBIMA HOMEPaMU 8§
u 16. OObsicHUTE, MOYEeMY MEPBbIA U3 HUX MPOSABISIET B COCAMHEHHUSIX OCHOBHYIO
CTEIIEHb OKUCJIEHUS —2, a BTOpOU OT —2 110 +6. [IpuBeauTe npuMepsl uX COETMHEHUN.

35. B arome »synemMeHTa HAXOAMUTCA 5 DJIEKTPOHHBIX CJIOEB W 7 BHELIHHUX
AEKTPOHOB. KakuMy KBaHTOBBIMM YHCIAMU OHHU XAPAKTEPU3YIOTCHA? YKaKUTE TOT
AJIEMEHT, ONPENEINTE HOMEDP MEPUOJA, TPYIIBI U BO3MOKHBIE CTEIIEHH OKHMCIICHUS B
coenunenusix. [IpuBeaure GopMyIibl STUX COSTUHEHUH.

36. Hanummure 30€KTpOHHBIE (OPMYJIBI ATOMOB 3JIEMEHTOB C IMOPSAKOBBIMH
Homepamu 9 wu 28. IlokaxuTe pacnpenesieHHe 3JIEKTPOHOB IO KBAHTOBBIM
opoutanaMm. K kKakoMy >JIEKTPOHHOMY CEMEHCTBY OTHOCHUTCSl KaXIblil W3 3TUX
AJIEMEHTOB?

37. HamummTe 35eKTpOHHBIE (OPMYJIBI aTOMOB Kaius U Meau. Y Kakoro u3
ATUX BEILIECTB CUIIBHEE BBIPAKEHBI METAJUIMYECKHE CBOMCTBA?

38. Hanummmre 37eKTpoHHYI0 (OPMYITy 3JIEMEHTa, aTOM KOTOPOTO COACPKHUT 2
anexkTpoHa Ha 3d-moxypoBHe. B kakoM mepuone, rpynne W MOATrpyIIe HaXOAUTCS
ATOT 3JIEMEHT U KaK OH Ha3bIBaeTCs?

39. CocraBbTe 3JEKTPOHHO-TPAQUUECKYIO0 (POPMYITy FJIEMEHTa C MOPSIKOBBIM
HoMepoMm 20. Onpenenure MOJI0XKEHUE HJIEMEHTa B MEPUOJIMYECKOW CUCTEME H
YKaXXUTE, HA KAKOM [TOAYPOBHE HaXOATCS BaJICHTHBIE 3JIEKTPOHBI?

40. Hanumwure AJIEKTPOHHBIE bopmybl aTOMOB AJIEMEHTAaPHBIX
HOJIyTIPOBOJHUKOB YETBEPTON IPYIMIbl IEPUOAUUYECKOMN TaOINIIBI 3JIEMEHTOB.

41. CoctaBbTe 3JEKTPOHHBIE (POPMYIIBI ATOMOB MapraHiia M Xjopa. YKaKuTe
OOLIHOCTH M pa3JInuue UX CBOMCTB.

42. Kakue 3HaueHuss MOTYT INPUHUMATh KBAHTOBBIC uUucia n, I, my u my,
XapaKTEPU3YIOIUE COCTOSHUE JJIEKTPOHOB B arome? Kakue 3HauYeHUs OHHU
IPUHUMAIOT ISl BHEILIHUX JIEKTPOHOB aTOMa repMaHus?

43. Hanumure 35eKTpoHHbIE (OPMYJIbl aTOMOB AJIEMEHTOB C TMOPSAKOBBIMHU
Homepamu 24 u 33 , yuuThIBas, YTO y MEPBOr0 MPOUCXOIUT “IpoBal’ OJHOTO
4s—nextpona Ha 3d—noxypoBeHb. UemMy paBeH MaKCUMAaJbHBINA CIIMH d-3JIEKTPOHOB
y aTOMOB IIEPBOT0 U P—3JIEKTPOHOB Y aTOMOB BTOPOTO 3JIEMEHTA?

44. B uem 3axmouaercs npuHmmn Ilaymm wm npaswio I'ynma? Ortser
NOJATBEPAUTE Ha MpUMEpE JH000ro p- U d-371eMeHTa YeTBEPTOro NePUOIa.



45. Hanumure sneKTpoHHBIE (OPMYIIbI aTOMOB WHJMS, TaJlIUs, MbIIbsika. Ha
KAKMX MOAYPOBHSX PACIIOIO0KEHBI UX BAJICHTHBIE DJIEKTPOHBI?

46. B dem 3akmouaercs mnpasmio KieukoBckoro? Kakue opOutanum atoma
3aMONHAIOTCA deKTpoHamu panbmie: 4s wim 3d; Ss wim 4p? CocraBbTe
AIIEKTPOHHYIO (hOPMYJTy aTOMa CKaHIUS.

47. CocTaBbTe 3IEKTPOHHBIE (POPMYJIIBI ATOMOB C MOPSIIKOBEIMU HOMEpamu 32 u
42, yuuThIBas, 4YTO y MHOCIEIHETO IMPOMCXOAUT “NPOBai’ OJHOIO SS—AJIEKTpOHA Ha
4d-nonypoBeHb. K KakoMy 3JIEKTPOHHOMY CEMENCTBY OTHOCUTCSI Ka)IbIM W3 3THUX
3JIEMEHTOB?

48. CKONBKO M KaKW€ 3HAYEHUS MOXKET NPUHUMATh MarHUTHOE KBAHTOBOE
yuciio my npu opoutansHom uncie 1= 0, 1, 2, 3? Kakue 3neMeHTsl B IEPUOANIECKOM
tabsuiie Ha3biBatoTcs d- u f-snementamu? [puBeauTe npumepsl.

49. Kakue opOutanu aroma 3anoiHstorcs pansiie: Sd umm 6s, 4f nm 6s? OtBer
o0ocHyiiTe ucxoas uz npasuia KieukoBckoro.

50. CocTaBbTe 3JIEKTPOHHBIE U 3JIEKTPOHHO-Tpaduueckue (GOpMyJIbl CEphl U ee
3J€MEHTAapHOro HoHA. K KakomMy ceMENCTBY 2JIEMEHTOB OTHOCHUTCSI aTOM CEPBI?

3. llepuoauueckasi cucrema iemenToB .. MennaesieeBa

[Tepuoauueckass CcUCTEMA JJIEMEHTOB OTPAXKAeT MEePUOJAMYECKHMIl 3aKOH
JL.U. MenaesieeBa: CBOIICTBa JJIEMEHTOB, a Takke (OpPMBI M CBOWCTBA UX
COEIMHEHUI HAXOASTCS B IEPUOJUYECKOI 3aBUCUMOCTH OT 3apsijia s/ipa uX aroma.

[Tepuoaunueckas Tabiuia 31€MEHTOB COCTOUT U3 NEPUOAOB, TPYIIT U HOATPYIII.

Homep mepuopa ompezensercss TJaBHbIM KBAaHTOBBIM 4ucioM N. Kaxbiii
MEepUOJ HAYMHACTCS DOIEMEHTOM C OIEKTPOHHOH KOH(Hrypauueii ns' —u
3aKaHUYMBACTCS SJIEMEHTOM C KOH(uUrypauueil ns’ (mepBblii mepuox) uim ns np’.
Marnsie nepuoasl (1 — 3) coaepkar 2 u 8 anemMeHTOB, OoJsibivie mepuoabl — 18 u
32 syeMeHTa, CeIbMOM NEPUOJT — HE3aBEPLICHHBIN.

Homep rpymnmsel (Bcero BoceMb TI'pyIMH) ONPEAENSIETCS CyMMapHBIM UYHCIOM
JIEKTPOHOB BO BHELIHEM CJIO€ WJIM BO BHEIIHEM M IIPEABHEUIHEM CIIOSX.

['pynnel genstcst Ha rJiaBHble MOATPYIIbI, Y KOTOPBIX AJIEKTPOHBI 3aNI0JHSIIOT
BHEIIHHE §- U P-000JIOUKH: $- U P-CEMEICTBA AJIEMEHTOB; U MOOOYHbIE MOATPYNIIbI,
y KOTOPBIX 3JIEKTPOHBI 3aNOJHSIOT npeaBHemnue (n — 1) d-o6onouku: d-cemeiicTa
anemMeHTOB U (n — 2) f — o0onouku: f-cemelicTBa 2JIEMEHTOB.

Tak Kak 3J€KTPOHHOE CTPOCHHE aTOMOB 3JIEMEHTOB U3MEHSETCS IEPUOANYECKH,
TO COOTBETCTBEHHO MNEPUOAUYECKH H3MEHSIIOTCS W CBOMCTBA 3JIEMEHTOB: SHEPTHUS

HOHHU3allM1, CPOACTBO K IJICKTPOHY, JICKTPOOTPHULUATCIIbHOCTL KU PA3MCPbl ATOMOB.



JHeprusi HOHU3AWUH — YTO SHEPTHsI, HEOOX0UMAs JUTsl YIAJICHHUS OJTHOTO MOJIS
AJEKTPOHOB OT OJHOTO MOJSI aTOMOB C MPEBpAlllCHUEM HX B TOJIOKUTEIBHO
3apsDKEHHBIE MOHBL. DHEPTHI0 MOHU3ALUU BBIPAXKAIOT B KHIOKOYJSIX Ha MOJb
(kIx/mMoab) win B 3JIEKTpoH-BoibTax (3B). Ona Bo3pacraer mo nepuoay u
YMEHBIIIAETCSI B TPYNIAX C YBEIWYEHUEM IOPSAJKOBOTO HOMEpa DJIJIEMEHTA U
XapaKkTepu3yeT BOCCTAHOBUTEIIbHYIO CTIOCOOHOCTh 3JIEMEHTA.

CpoacTBO K 3JIEeKTPOHY — JHEPreTudeckuid 3(PexT MPUCOSTUHEHUS MOJIS
AJIEKTPOHOB K MOJIIO HEWUTpAJbHBIX aTOMOB C IPEBPAIICHHEM HMX B OTPULATEIBHO
3apsbKeHHbIE MOHBL. CpPOJCTBO K AJEKTPOHY BBIPAXKAECTCS B KWJIODKOYJISIX Ha MOJb
(kI:k/M0Ib) WM B BIEKTpOH-BOJbTaX (3B), yBenumuuBaeTcs 10 MOEpUOAY U
YMEHBIIIAETCS B TPYINaXxX ¢ YBEIUUYECHUEM MOPSIIKOBOIO HOMEPA 3JIEMEHTA.

daekTpoorpuuareJbHocTh (J0) — mnonycymMMmMa DSHEPrul HMOHU3AUUU U
cpojicTBa K 3ekTpony (mo P. Mamnukeny, CIIA). JI. [ToauHr BBET OTHOCUTEIBHYIO
mKany anekrpoorpunarenbHoctTd (0930), npunss IO ¢ropa pasuoit 4. O30
BO3pacTaeT IO TEPHOAYy W HECKOJBKO YOBIBA€T B TpPYIIax C BO3pacTaHUEM
MOPSIZIKOBOI'O HOMEPA JIEMEHTA, XOTS 3Ta 3aBUCUMOCTh HOCHUT CJIOKHBIN XapakTep.

NuauBuayanbHble 3aJaHUSA

51. Onummre CTPYKTYpy HEPHOJUYECKOM CHCTEMBI 3JIEMEHTOB. Yem
onpenensieTcss HomMep nepuoja, rpynmnsl? CeMencTBa KakKMX 3JIEMEHTOB COCTABIISIOT
no0o4HbIe MOArpyMnIbl? OTBETHI NOATBEPAUTE KOHKPETHBIMU MPUMEPAMHU.

52. Yem oOycnoBiieHa TpyImoBas aHAJIOTHs JJIIEMEHTOB W THUIIOBas, WIH
anekTpoHHad? IlpuBenutre mpuMepbl TPYNIOBBIX M 3JEKTPOHHBIX aHAJIOIOB
AJIEMEHTOB. B 4eM CX0JCTBO U pa3jan4ue UX CBOMCTB?

53. Ilpusenure npumepsl s—uiemMeHToB I u II rpynn nepuoanyeckoi TabauLbI.
Kakue cBoiicTBa (KMCIOTHBIE, OCHOBHBIE UM aM(OTEPHBIE) MPOSBIISAIOT S-IJIEMEHTBI
II rpynme! B coenuuennsx? [IpuBenure npuMepsl TaKMX COCIUHEHUM.

54. OxapakTepu3yuTe p-3JI€MEHTHI NMePUOIUYECKON TaOJIMIIbI, YKa3aB, B KaKue
IpyIIIBI OHM BXOXAT M noueMy. Kakue p-37€MEeHThl NPOSBIAIOT METaUIMYECKHUE
CBOMCTBA, a kakue amdoTtepHbie? [IpuBeauTe npumMepsl.

55. Oxapakrepusyite d-3meMeHTHI Tepuoandeckor Tabimmbel. C  Kakoro
nepuoia M mouyemy HauumHaetcs (opmupoBanue d-snemenToB? Uem oOyciioBieHa
0JIN30CTh UX CBOMCTB M Ha3BaHUE “TIEPEeXOAHBIC METAJIBI ~?

56. CeMEHCTBO KAKHX DJJEMEHTOB COCTABJAIOT TJIABHBIE IIOATPYIIIBI B
neproguyeckoi Tadnume? B kakux nepuoaax HaXOISATCS TOJBKO S- U P-3JIEMEHTHI U
nouemy? OTBET 000CHOBATH.



57. Uto Ha3bIBaeTCS SHEPruei MOHU3ALMU U SHEPrUed CPOJACTBA K IJIEKTPOHY?
Uro TaKoe ANEKTPOOTPULIATENBLHOCTD (B0) 151 OTHOCHUTEIIbHAA
anekTpoorpuiaresibHocTh (0D0)? Kak oHM U3MEHSIOTCS TI0 TIEpHoJiaM U rpynnam?

58. Uem 0OYyCJIOBIEHO HaXOXJIECHHE HIIEMEHTOB B OJIHOM IE€pUOAE U Kak
MU3MEHSIOTCS CBOWCTBA DJJIEMEHTOB IIEPUOJA C YBEIWYEHHEM HX MOPSIKOBOTO
Homepa? Kakoll s1eKTpoHHOW KOHUTypauueld aromMa 3aKaHUYMBACTCS KayKIbIi
NEPHUOJI U KaKOW OH HAaUMHAeTCs?

59. Kak u3MeHsI0TCSl KUCIIOTHO-OCHOBHbBIE CBOMCTBA 3JIEMEHTOB C YBEIMYEHUEM
NOPSAJIKOBOIO HOMEpa 3JIEMEHTa B Mpejesiax OJHOI0 IMepuojia W OJHOM TpyHibl?
OTBeT NMOATBEPIUTE NMPUBEACHUEM COOTBETCTBYIOLIUX COCIUHEHUM.

60. YUeM 00yCJIOBIIEHO HAaXOXKJIEHUE TAIOT€HOB U d-METauIOB B OJHOM rpymre,
HO B pa3HbIX NoArpymnmnax nepuoandeckol tadmunpl? [loyemy d-smeMeHTSI
OTCYTCTBYIOT B TpeTheM nepuojie? OTBeT 000CHYHTE KOHKPETHBIMHU PUMEPAMHU.

61. Mcxonsd W3 MOJOXKEHMs 11€3us U IepMaHusi B MEPUOJUYECKOW Tadiuile
cocTaBbTE (POPMYJIBI OKCHIOB, METa- M OPTOTEPMAHUEBOM KUCIOT, nuruapodocdara
LE3USl.

62. Uto Takoe 3Heprus noHuzauun? B kakux eguHunax oHa Beipaxkaetcs? Kak
U3MEHSIETCS BOCCTAHOBUTENIbHASI AaKTUBHOCTb S-, P- DBJEMEHTOB B TIpynmnax
NEPUOANYECKOM TaOIHIIbI C YBEIMUEHUEM HOPSAKOBOro Homepa. [louemy?

63. Uto Takoe oanekTpoorpunarenbHoct (20)? Kak wusmenserca 20
P-2JIEMEHTOB B [IEPUOJIAX U TPYyNIaxX ¢ yBEIMYEHHEM MOPSAIKOBOIO HOMEpPaA?

64. Mcxols 13 MOJ0XKEHUs FepMaHusl U MOJUO/IEHA B NMEPUOJANYECKON TaOHLle
cocTtaBbTe (POpPMYJIBI CIEAYIOUIMX COEAMHEHUN: TUApUIa M XJOopuaa TepMaHus,
OKCHJIa MOJIMOIeHA, OTBEYAIOILME BBICIIEH CTENEHU OKUCIEHUS aTOMOB.

65. Uto Takoe CpOACTBO K 3JEKTpoHYy? B Kakux eIuHHIIaX OHO BbIpakaeTcs?
Kak n3meHsiercs OKUCIHUTENbHAs CIOCOOHOCTh HEMETAJUIOB B IIEPUOJAX U TPYIIAX C
YBEIMYEHHUEM MOPSAIKOBOIO HOMEpA?

66. CoctaBbTe (POPMYJIBI OKCUIOB U THAPOKCUIOB HIEMEHTOB TPETHETO MEPHOIa
NEPUOTUYECKON TaOIUIBI, OTBEYAIONIMX WX BBICHICH cTerneHu okucieHus. Kaxk
U3MEHSIETCS XMMHUYECKUN XapakTep 3TUX COEAMHEHWI IpH MEepexo/ie OT HATpHs K
XJopy?

67. Kakoli W3 2J€MEHTOB 4YETBEPTOrO MEPHOJA - BaHAAUW WA MBIIIBIK -
obOnamaer Oosiee BBIPAXXCHHBIMU METAJUTMUYECKUMHU CcBoiicTBamMu? Kakoit u3 »Tmx
3JIEMEHTOB 00pa3yeT raz000pa3HOe COEAMHEHUE C BOJOPOAOM?



68. Kakyto HM3IIYI0 CTENEHb OKHUCJIEHHUS IMPOSBISIOT XJOp, cepa U a3otr?
[Touemy? CoctaBbTe (HOpPMYJIbI COCAMHEHUI AaTOMHHHS C JAHHBIMHU JJIEMEHTaMH B
ATOW CTENEHU OKHUCJIECHUS. [[aiiTe Ha3BaHUE 3TUX COCIMHCHUN.

69. Ucxonss u3 MOJOXKEHUsT MeTauia B TNEPUOJAMYECKON Talnuie manTe
MOTHBHMPOBAHHBIA OTBET Ha BOMPOC: KAKOE M3 Ka)J0H MHapbl TUAPOKCUIOB Oojee
cunbHoe ocHoBanue: Ba(OH), wim Mg(OH),; Ca(OH), wiu Fe(OH),; Cd(OH),
unu Sr(OH),?

70. [loueMy wmaprasen, nposBISET METAUIMYECKHE CBOMCTBA, XJIOp -
HemeTtauinyeckue? Hanumure Gopmysibl OKCHA0B U TUAPOKCUIOB ITUX 3JE€MEHTOB.

71. Kakyro HH3LIYIO CTENEHb OKHMCIIEHHS HPOSBIAIOT BOJAOpoA, (TOp, cepa H
azot? [louemy? CocraBbre (HhOpMYJIbl COEIMHEHUM KaJIbLIMSI C IaHHBIMU 3JIEMEHTaMU
B HHA3LIEH CTEIEHH OKUcaeHus. Kak Ha3pIBalOTCA COOTBETCTBYIOLINE COCAUHEHHUS ?

72. Kakyt0 HM3LIYI0O U BBICHIYIO CTEIEHb OKHCIEHHUS MPOSIBISAIOT KPEMHHIA,
MbIbsik U xynop? CoctaBbTe (OPMYNBI COCAMHEHHWA JAHHBIX DJIEMEHTOB,
OTBEYAIOIINX 3TUM CTENEHSIM OKUCJIEHUS, U JAaUTe UX HAa3BaHHUE.

73. Kakyro BBICHIYIO CTENEHb OKHUCIIEHHUS IPOSBISIOT T'€pMaHUM, BaHAWM,
mapranen? Ilouemy? CocraBbTe (QOpMYNIBI OKCHAOB JAaHHBIX 3JIEMEHTOB,
OTBEYAIOIINX JAHHOW CTEIIEHU OKUCIICHHUS.

74. Kakyro HU3ILIYIO U BBICIIYIO CTEIIEHb OKUCIIECHHUS MPOSBIISIIOT YIIIEPOM, cepa
u poxa? Ilouemy? CocraBpTe (OPMYJIBI COEAMHEHHN YKa3aHHBIX 3JIEMEHTOB,
OTBEYAIOIIHNX 3TUM CTEIEHSIM OKUCIICHUS.

75. K KakoMy CEMEUCTBY OTHOCSTCS 3JIEMEHTHI, B aTOMaxX KOTOPBIX MOCIEAHUN
aekTpoH mnomnagaetr Ha 4f- u wa S5f- opOutanu? CKOJIBKO 3JIEMEHTOB BKIIOYAET
Kaxjaoe u3 3Tux cemerctB? Kak oTpaxkaeTcs Ha CBOHCTBaX 3THX DJIEMEHTOB
AJIEKTPOHHOE CTPOCHUE UX aTOMOB?

4. XuMu4eckasi CBA3b M CTPOEHHE MOJIEKYJI

JIns onucaHus XMMUYECKOU CBSI3M MCIOJIB3YIOT JIBA METOJIa: METOJI BaJICHTHBIX
ceszeii (MBC) u metoa mosiekyspubix opoutaneit (MMO).

OcHosuble nonoxenuss MBC:

1. ETMHUYHYI0  KOBQJIEHTHYH0  CBsi3b  OOpa3ylT JBa  DJEKTpOHA €
IPOTHBOIIOJIOAKHO HAMPABIEHHBIMU CIIMHAMMU.

2. IIpu 0O6pa3oBaHUU CBSI3M MPOUCXOIUT MEPEKPHIBAHNUE DJICKTPOHHBIX O0JIAKOB,
B pe3yJibTaTe MEXJAy aTOMaMH BO3HUKAET 30HA TIOBBIIIEHHON 3JEKTPOHHOMN
IJIOTHOCTH, YTO IPUBOAUT K MUHUMYMY NOTEHIIMAJIbHON SHEPIUU.



3. CBsi3b HampaBiieHa B CTOPOHY MAaKCHMAJIBHOTO MEPEKPHIBAHUS AJIEKTPOHHBIX
00J1aKOB.

4. I3 aByx cBsi3edl HamOoJiee MpoyHas Ta, y KOTOPOM 3JEKTPOHHBIE OOJiaka
MIEPEKPBIBAIOTCS B OOJIBIIIEH CTETICHH.

N3 MBC BbITEKaIOT OCHOBHBIE CBOMCTBA KOBAJIEHTHOMN CBSI3H.

HacblmaemocTsb, omnpejelsieMas YUCIOM HECHapeHHBIX AJIEKTPOHOB aToma B
HOPMaJIBbHOM WIM  BO30YXJI€HHOM coctossHud. Ilpu 3TOoM  pacnmapuBaHue
AJIEKTPOHHBIX ~ OOJIAKOB BO3MOXHO, €CITU: a) OJHEprus, HeooOxoaumas JJis
pacrapuBaHus, KOMIIEHCUPYETCS DHEPrueu, BBIACIIEMON NpU 0O0pa30BaHUM CBS3H;
0) umeroTcst cB0OOHBIE OPOUTAIN B TIpEiesaX OJHOTO M TOTO e KBAHTOBOIO CIIOS.

Cnenyer 3aMeTUTh, YTO YHCIO KOBAJICHTHBIX XHUMHUYECKUX CBSI3€d MOXKET
YBEIMYUTHCS 32 CYET NEPEKPBIBAHMS ABYXIJIEKTPOHHBIX (CIAPEHHBIX) O00JIaKOB
OJIHOTO aToMa (JIoHOpa) U CBOOOJHBIX OpOUTalie Npyroro aroma (akienropa) —
JOHOPHO—AKLENTOPHOE B3aUMO/IelicTBHE.

HanpaBieHHOCTB, onpesensemMas GopMoil SJIEKTPOHHBIX 00JIAKOB U CIIOCOOOM
WX B3aUMHOT'O MEPEKPBhIBAHUS.

Cesi3pb, oOpa3oBaHHAasi TEpPEKpPhIBAHMEM aTOMHBIX opOuTanel (00JakoB) IO
JUHUW, COCAUHSIONIEH  siApa  B3aWMMOJCUCTBYIOIIMX  aTOMOB,  Ha3bIBaeTCs
CUIMA-CBA3bI0 WIN G-CBA3bI0. OHA BO3HUKAET NP NMEPEKPHIBAHUM S-OpOUTAJICH, S-
U p-opOutaiie, px— U px—opouranei, s- u d—opoutaneii, d— u d—opouraieil.

CBsi3b, 00pa3oBaHHasi MEPEKPHIBAHUEM ATOMHBIX OpOWTajeil Mo 00e CTOPOHBI
JIMHUM, COCIUHSIONICH Spa aTOMOB, Ha3bIBaeTCs T - CBsA3bI0. OHA 00pazyercs mpu
IIEPEKPBIBAHUY Py- U Py- OPOUTAIIEH UK P~ U P,~ OPOUTATIEH.

[Ipu omHOBpeMEHHOM O0Opa30BaHWU B MOJIEKYJIaX O- M T- CBSI3€H BO3HUKAIOT
KpaTHbIE — JIBOVHBIE U TPOMHBIE CBS3U.

XapakTep XMMHUYECKUX CBSI3€W M BaJCHTHBIC YIJIbI MEXKIY HUMH OIPEACISIOT
IPOCTPAHCTBEHHYIO (POPMY MOJIEKYJI.

B onucanuu Gopmbl MOJIEKYJT UCIIOIB3YETCSI TEOPUsSl THOPUAM3AIUN ATOMHBIX
op6uTtaneit (AQ), coriacHO KOTOPOU MmepBOHAYaIbHAS (JopMa U IHEPTUsi OpOUTAICH
B3aMMHO HM3MEHSAETCS M 00pa3yloTcs ruOpHIHbIe OpOUTANM OJMHAKOBOW (POPMBI U
sHepruu. ['ubpuanbie opOUTAIN UMEIOT OOJBIIYIO BBITIHYTOCTh B IPOCTPAHCTBE IO
OJIHYy CTOPOHY OT s/ipa, 4YeM IO JPYrylo, 4YTO MNPUBOAUT K HUX HauOOJIbIIEMY
NEepEeKphIBaHUI0, 00Jiee CUMMETPUUHOMY PACTIPEEICHHUIO SJIEKTPOHHON MIOTHOCTH U
HHEPTETUICCKOMY BBIUTPBHIITY.

Pasnuuaror sp- , Sp>- , SP -THOPHAM3ALNM AaTOMHBIX opOuTameil. Tum

rubpuauzanu AQ ornpeaenseT BEJIMYMHBI BaJCHTHBIX YIJIOB U MPOCTPAHCTBEHHYIO



KOH(MUTYPALUIO MOJICKYJI: SP-TUOpUAN3AIUs — JTUHEHHAs KOHPUTyparus, yroji paBeH
180°; sp’-ruGpuamsanus — mIockas TPUrOHaNbHAs KOH(Urypaus, yron pasex 120°;
sp’-rubpuaM3anus — MPOCTPAHCTBEHHAs TETpadapudecKas KOH(GHIYpaIus, Yroi
pasen 10929’

IonsipHocTh CcBSI3M W MOJIeKYJ. CMeIIeHUE 3JIEKTPOHHOM IUIOTHOCTH K
HanboJiee DJIEKTPOOTPUIIATEIILHOMY aTOMYy OIpe/essieT MOJAPHOCTL CBSI3H, WU
CTEIEHb €€ HOHHOCTH.

3aBUCUMOCTh CTENIEHU MOHHOCTH CBSI3M, BbIpaXEHHAs B MPOLIEHTaX, OT
Pa3HOCTH OTHOCHUTENBHBIX 3JIeKTpooTpuniaTenbHoctel (0I0) aToMoB npecTaBieHa
B npui. 2. Hanuuue nNONSpHBIX CBSA3EH B MOJIEKYJIC ONPEAEISCT IMOJSPHOCTH
MOJIEKYJI, YHCJIEHHO XapaKTEepU3yeMYyH 3HAUYCHHUEM IJIEKTPHYECKOr0 MOMEHTAa
AUIOJSA |, KOTOPBIA pAaBEH BEKTOPHOH CyMMe 3JJIEKTPHYECKHX MOMEHTOB
AMIIOJIeH CBsi3eii M HeCBA3BIBAOIIMX opOuTaged. B  3aBUCHUMOCTH  OT
PACIIOJIOKEHUSI U CHUMMETPUHM OTHEIbHBIX CBSI3€M MOXKET OBbITh YacCTUYHAS WU
NOJIHASI KOMIIEHCAIUsl AUMNOJIBHBIX MOMEHTOB Mojekyid. Hanpumep, monekyna CO,
UMEET CUMMETpU4HOe JuHelHoe cTpoenne O =C =0, no3ToMy BCIEICTBHE
B3aMMHON KOMIICHCAlIUM JUIOJIbHBIX MOMEHTOB CBs3el C = (O MozekyJsia B LEJIOM
HenonspHa. [lo 3ToM ke npHYMHE HEMOJSPHBI MOJEKYJbl, HMEroIme Gopmy
miockoro TpeyroibHuka (BF;), BBICOKOCUMMETPUYHBIE TETPAdIPUICCKUE MOJICKYJIbI
(CCly). Hanporus, B yrioBsix (H,;0), mupamumanpaeix (NH3;) wMonekymnax
KOMIICHCAIlMU JIUTIOJbHBIX MOMEHTOB OTJEIbHBIX CBA3€H HE MPOUCXOAUT U
MOJIEKYJIbI MOJISPHBI.

Metoa MouiekyJasspHbIx opoutaseii (MMQO) B OOBACHCHUH XUMHYECKHX
CBsI3el SIBJISIETCS HauOoJiee YHUBEPCAIbHBIM, OOBSCHSIONIMM BO3HUKHOBEHHE U
XapaKTep XUMHUYECKHUX CBsI3eH y OoJsiee MHUPOKOTO Kpyra COSTMHEHUI 1 UX CBOMCTBA.
Onnako oH 0oJiee CIOXKEH U MEHee HarsfeH. DTOT MeTO ] YI00eH AJisi MPOBEICHUS
pacuetoB ¢ noMoibo IIIBM.

Ipumep 1. Kakaa n3 xummueckux csazed H — Cl, H — Se, H — K saBnsercsa
Haubosee nossapHoit? K kakoMy M3 aTOMOB CMelIeHa 3JIEKTPOHHAs MIIOTHOCTH?

Pemienne. IloysipHOCTH CBSI3M  ONpPENENSETCS PA3HOCTHIO OTHOCUTEIBHBIX
anekTpooTpunarensbHocteil (AOJI0) aromos. 3Hauenuss OO st aTOMOB BOJOPOAA,
XJIOpa, CelieHa W Kallisg COOTBETCTBEHHO paBHbl: 2,05 1,05 3,05 2,5; 0,91 (mpui. 1).
Uewm 6osbiiie AOIO, TeM 6oJibliie CTENeHh HOHHOCTH CBSI3U (MU 2).

AOI0 s ceszu H — C1=3,0 — 2,1 =0,79, s1exkTpoHHas JIOTHOCTh CMENIEHA
Kk atomy xsopa; AOIO nis ceszu H — Se = 2,5 — 2,1 = 0,4, 31eKTpoHHAs IJIOTHOCTh

cMmelieHa k aromy cenieHa; AOJO s cesizu H—- K= 2,1 -0,91 = 1,19, snekrponnas



IUIOTHOCTh CMEIIeHa K aToMy Bojaopoja. CienoBarenbHo, HauboJiee MoJisipHa CBSI3b
H — K (nau6onsuiee 3nauenne AQJ0).

IIpumep 2. OnpenenuTs XapakTep XMMUYECKMX CBSI3€U W IIPOCTPAHCTBEHHYIO
cTpyKTypy Mojekyibl CO,. Uemy paBeH ee 3IEKTpUIECKUA MOMEHT JTATIONS?

Pemenue. IIpu o6pazoBanuu mosekyisl CO, yriiepoa nposiBisieT BaIEHTHOCTD,
PaBHYIO YEThIpEM. ODJIEKTpOHHO-Tpaduyeckas (GopMysia BHEIIHETO CJIOsS aTOMOB
yriaepojaa B BO30YKJIEHHOM COCTOSIHUM UMEET BU/

2p

23 111
Tl

Haxonsch B cOCTOSSHUM SP-TMOpUIM3AIMKN, aTOM yTiepoja o0pa3zyeT ¢ JABYMs
aToMaMU KHCIIOPOJa, UMEIOLIUX IO JIBa HECMAPEHHBIX P-3JIEKTPOHA, IBE G-CBSI3U U

JIBE T-CBSI3U. SP-THOpUIHBIE OpOUTANK 00YCIOBIMBAIOT JUHEHHYIO T€OMETPUUECKYIO

o o
cTpyKTypy MOJIeKYNIbl CO,, T. e. O <= C = O. DieKTpoHHBIC 00JIaKa XUMHYIECKUX
v VA

CBSI3e CMENIIEHbl K aToMaM KHUCJIOpoAa, 4YTO OOYCJIOBJIMBAET WX MOJSPHOCTD,
YUCJICHHO XapaKTepU3yeMylo JIEKTPUYECKUM MOMEHTOM Junoiis. Tak Kak MojeKysa
CO, wuMeeT CHUMMETPUYHOE CTPOEHHUE, BCJIEACTBUE B3aWUMHOM KOMIIEHCALIUU
IUMOJbHBIX MOMEHTOB cBsized C = O wmonekyna CQO, B LEJIOM HENOJApPHA, T.€.

BHGKTpI/ILIeCKI/Iﬁ MOMCHT AHUIIOJNISA MOJICKYJIBI PaBCH HYJIIO.

NuauBuayanbHble 32 JaHUSA

76. Meton BaneHnTHbiX cBsizel (MBC) B 00bsicCHEHMM KOBAJEHTHOM CBSI3H, €r0
OCHOBHBIE TMOJOXKeHUA. HacblaeMocTh KOBaJE€HTHOM CBA3M (HAa KOHKPETHBIX
npuMepax).

77. HanpaBiieHHOCTh KOBAJIEHTHOM CBSI3U, O- U T- CcBsi3u. KpartHbie (ABOMHBIE U
TpoiiHble) cBsi3H. [IpuBennuTe npuMepsl MOJIEKYJI.

78. Teopusi rubpuamsanuu aToMHbIX opburameit (AO). sp-, sp- u sp'-
rubpuauzanusi. @opmel ruOpuHbIX AO 1 yriasl Mexay HUMH. OOBSICHUTE CTPOCHHE
Mounekyisl AlCl;.

79. C nosumuit MBC o0bsicaute nuHelHOe cTpoeHne Mosekyyibl BeCl, u
miockoe crpoenue mosekyssl BCl;. Kakoit Bun rubpuanzanuu umeror AO Be u B B
TUX MOJIEKyJIax?



80. C nmo3unmit MBC o00bsicauTe nupamugaibHoe crpoenune moiekyn NHjz u
NF;. Ykaxute Tun rudpuauzanuu AO y azorta. M300pasute rpadpuueckyto popmyiy
YKa3aHHBIX COCIMHEHUM.

81. IlonsspHOCTE KOBAJICHTHOW CBSA3U U €€ YHMCIICHHOE BbIpakeHue. Paccuuranite
nossipHoCTh CBI3U N — H u N — F B coenunennsx NH; u NF;. O0bsicHute paziaundune
BENMYUH aunojibHbIXx MOMEHTOB [W(NH;3;) = 1,48 D, uw(NF;)=0,2 D]. Paccuuraiite
JUTMHBI IUNOJIEN B YKa3aHHBIX MOJIEKYJaX.

82. NMunonsubie MoMeHThl Mosiekysl H;O u H,S paBHbI coorBeTcTBEHHO 1,84 1
0,94 D. Beluucnure aMHbl Aunoied. B kakol u3 MoJieKys cBsi3b OoJiee moJisipHa?
[IpuBeaute cTpyKTypHBbIE (POPMYIIBI MOJIEKYJ M YKAKUTE HAMPABICHUS JAUMNOJIBHBIX
MOMEHTOB.

83. B monekynax NH; u NF; a30T HaxoauTcsi B COCTOSTHUM Sp3-FI/I6pI/II[I/IBaHI/II/I
AQO. O0bsicHl ITe mupaMUIabHYIO (POPMY 3THX MOJIEKYJI U pa3Iv4ve B BEJIUYMHAX
ux aunoiabHeix MoMeHTOB: W(NH;3)=q,48 D; u(NF;) =0,2 D. Onpenenure IiuHy
JTATIOJIEN.

84. C mnozumuit MBC o0bsicHuTe miockoe crpoenne wmoisekyiasl BF; u
nupamuaanbHoe ctpoenue Monekysbl NF;. Ykaxure tun rubpunuzanuu AO y B u
N. IIpencrasbTe rpaduyeckre GopMbI ITUX MOJICKYI.

85. C nozunuit MBC o0bsicuute TeTpasapuueckyro gopmy monekynsl CHy u
wiockoe ctpoenue motekyisl C,Hy. Ykaxure Bun rubpuausauuu AO yriepoaa B
ATUX COCAMHEHUSIX M MPUBEIUTE UX TEOMETPUUCCKUE N300paKEHUSI.

86. IlomsApHOCTP XUMHUYECKMX CBSI3€M W MOJIEKYJd. JIMIOJbHBIE MOMEHTBI
MOJIEKYJ, €AUHUlbl u3MmepeHus. Uemy paBHa nonss noHHoctu cBszu C - H u
nunonbHbIl MoMeHT MoJiekysbl CHy4? Kakoit tun rubpuauzaunun AO y atoma
yriiepoja B MOJIEKyJie MeTaHa?

87. C nozuumit MBC o0bsicHUTE TETpa’ApUUYECKYIO CTPYKTYpy KpeMuus. Kakos
tun rudpuanzanuu AO y kpemuusa? OObsSICHUTE MEXaHU3M 00pa30BaHUSI MOJIEKYJIbI
SiF, u noua [SiFg]*.

88. Kakue coemHeHHs 06pa3yeT yriIepoi ¢ BOJOPOIOM B Ciydae Sp-, Sp- H
sp’-rubpummannn  AO yrmepoma? IlpuBemure reoMerpudeckne (OPMBI  ATHX
MOJIEKYI.

89. Kakoii tun rubpuamsanun AO KpeMHHsS B KOMILIEKCHOM anuoHe [SiFg]*™?
B03MO0HO 111 Cyl1I€CTBOBAaHHUE aHATIOTMYHOTO AHUOHA [CF6]2_? OtBeT 000CHOBATE.

90. C no3unuit Teopun rudpUAMU3AIMU OOBICHUTE T€OMETPUYECKYIo (opmy
mouekyn Cl,, HCl, BCl;. Uemy paBHa cTeneHb HOHHOCTH CBA3€H B 3TUX MOJIEKYyJax?



91. U3zo6pazute snekrpoHHO-rpadudeckue Gopmynsl monekyn F, u Cl, u
0o0bsicHuTe OoJiee MpouHYyr CBA3b B Mojekyie Cly, XoTsa 1iuHa CBSI3U B 3TOH
MoJIeKyJie 0oJiblIe, ueM B MoJiekyiie F.

92. Kakas xumuyeckas CBSI3b HA3bIBAETCA HWOHHOW? (OCHOBHBIE CBOMCTBA
MOHHOW CBsA3U. B Kakux M3 MepedyuclIeHHbIX HUXKE COCTUHEHUHN CBs3b 00Jjiee BCEro
npubnmxkeHa k nonHoi: NaCl, CsCl, HCI? OtBeT noarBepauTe pacueTamu.

93. Kakass xumuyeckas CBsI3b Ha3bIBAETCS JOHOPHO-AKLENTOPHOWU? YKaKHUTE
xapakTep cBsizedl B komiuiekcHOM coeauHeHuu [Zn(H,0)4]Cl,. Ykaxure noHOp U
aKIenTop.

94. Kakasa xumuyeckas cBA3b HasbiBaeTcs BomopoaHoil? Ilouemy H,O m HF,
uMesT MEHBIIYI0 MOJISIPHYIO MacCy, IUIaBSATCS W KHUIAT TpH 0oJjiee BBICOKHX
TEMIIEPATYpax, YEM UX aHAJIOTHU?

95. C no3ummii MBC o0bsicaure oOpa3zoBanue MmoJiekyiasl NHj; "
KOMILUIEKCHOTO HOHA [Zn(NH3)4]2+. B kakom cnyyae mmeer MeCTO JIOHOPHO-
aKLeNTOPHOE B3aUMOJICHCTBUE?

96. Uto Ha3bIBaeTCsl JIEKTPUUYECKUM MOMEHTOM JMMOJA U JUIMHOW aunosisi? B
KaKUX €QUHULAX OHU u3Mepsitorcs? Onpenenute MIMHY aumons mMosekynsl NFj,
eciu PW(NF5)=0,2 D.

97. OcHOBHbBIE TIOJOXKEHUS METO/la MOJEKYJsIpHbIX opOutaneit (MMO).
CBsi3bIBaIONIME€ M PA3PBIXJIISIONIME O- U T-MOJEKYJISIpHbIE OpOUTANIU. 3alMIIUTE
IEKTPOHHYIO (hopMyITy MOJieKyibl O, 1 OOBSICHUTE €€ IMapaMarHuTHBIE CBOMCTBA.

98. C nozuruit MMO 00bsicHUTE OJIM30CTh 3HAYCHHWM SHEPTUN JUCCOIUALIUH
monekya N, (945 k/x/monp) u CO (1071 x/[/Momab). 3anummuTe UX 3JIEKTPOHHBIC
bopMyJIbl U OIIPEACIIUTE MOPSIOK CBSI3H.

99. Ha ocnoBanuu MMO 00BsICHUTE Pa3IUYHYI0 TPOYHOCTh MOJeKyJasl NO
(149 kxan/monb) u MonekynspHoro nona NO' (251 xkan/mons). UeM 0OBACHSIIOTCS
napamarauTHbie cBoiicTBa NO U AuaMarHuTHbIC NO™



5. CxopocTh XUMHYECKUX peakiuil. OCHOBHbIC KHHETHYECKHUE
YPABHEHUA

Paznen xumuu, u3ydarompii MEXaHU3M U CKOPOCTh IMPOTEKAHUS XUMHUYECKUX
peaKunii, Ha3bIBACTCSI XMMHUYECKOM KMHETHUKOM. Peakiuu, mporekaromme BO BCEM
o0beMe C yuyacTMEeM BEIIECTB, HAXOMAIIMXCS B OJHOM (ase, HA3BIBAIOTCA
rOMOreHHbIMH. Peakiuum Mexay BeliecTBaMH, HaXOJSAIIUMHUCS B pa3HbIX (aszax,
Ha3bIBAIOTCS reTePOreHHbIMH.

CkopocTh  peakuuMii 3aBUCUT OT MPUPOJBl  PEarupyronux  BELIECTB,
KOHIICHTPAIIMU W NapluaibHbIX JaBJIEHUM (IJ1s Ta30B), TeMIEpaTyphl, 1aBJICHUS,
IPUCYTCTBHUS KAaTaanu3aTopa, OT BEIUYUHBI TOBEPXHOCTH B3aUMOACHCTBHS.

3aBUCUMOCTh CKOPOCTH PEaKIMU OT KOHIEHTpauui (mapluaibHbIX JIaBJICHUN)
BbIpaXkaeTcsi 3aKOHOM JeicTBusi Mace (3IM): CKOpPOCTH IOMOIreHHOM peaKkIuu
NPUA TNOCTOSSHHOM TeMmIepaTrype MPAMO MNPONOPUMOHAIBHA TMPOU3BEICHHUIO
KOHLEHTPauuid (IaBJieHUil) pearupywoiuX BellecTB, BO3BEAEHHbIX B CTeNEeHb, €
NMOKa3aTeJasIMH, PABHBIMH CTEeXHOMETPHYECKUM KO3 duumueHTaM, CTOAINM B
ypaBHeHHMHU peakuuu. i peakiuu

ZNO(F)+02(F) = 2N02(r)

O, = k[NO]2 [0, ] mm V= kPIfIOPOQ. (5.1)

3aKOH JEHCTBYIOIIMX MACC IIPUMEHUM M JUIsl TETEPOrEHHBIX PEaKLUi, OAHAKO
KOHLIEHTpalMu TBEpAbIX Bemectsa B 3/IM He BXOAAT, TaKk KaKk OHU MOCTOSHHBI.
Hanpumep, ns peakunun
Fe;03¢p) + 3Hy ) = 2Fe(p) + 3H,0
BbIpakeHue 3/IM umeer Bua

v, = k[H2 ]3 WIHV, = kaI2 : (5.2)

X.p

rae kK — KOHCTaHTa CKOPOCTH, IOKa3bIBAIOIIAsA, C KAKOM CKOPOCTBIO NIPOTEKAET
peaxkus Ipyu KOHUEHTPALUAX BEIECTB, paBHBIX | MOJIB/II.

Uucnennoe 3HaueHne K 3aBUCHT OT MNpPUPOABI PEArupyroOIIMX BEILECTB,
TEMIIEPATYPBI U OT MPUCYTCTBUS KaTAIA3aTOPA.

3aBUCUMOCTh CKOPOCTHM XMMHYECKOM pEaKLHMH OT TEMIEPATYPhbl BBIPAKAETCS
npaswioM Banr-T'op¢ga: npm yBeandyeHuM TeMIepaTypbl Ha Kaxable 10°
CKOpPOCTH OOJBIIMHCTBA XHMHYECKHX peaKkuuil BoO3pacraer NpuMepHo B 2—4
pa3sa, ninu



t -t

— 10
v, =v 7",

(5.3)

rae V¢ U Vg — CKOPOCTH peakluu IIpu Temieparypax t; u t; COOTBETCTBEHHO;

Y - TeMIePaTypPHBIA KOI(PPHUIUEHT pEeaKLMH, I10Ka3bIBAIOIIUNA, BO CKOJIBKO pa3
BO3PACTAET e¢ CKOPOCTh MPH MOBBIIICHHH TeMrepaTypsl Ha 10°.

YucneHHoe 3HAYEHUE Y 3aBUCUT OT IPUPOJBI PEArupyrOLIUMX BEIIECTB U IS
JAHHOMW PEAKIMU ECTh BEJIMYMHA MIOCTOSHHAS.

bonee TouHas 3aBUCHMOCTb CKOPOCTH PEAKLUU OT TEMIIEPATypPhbl BBIPAKACTCS
ypaBHEHHEM AppeHuyca:
Ea Tz 'T1

In = , 5.4
ko, R T[T, 54)

Trac Ea — JHEprus akKTHBalUHU pPCaKIWM, T.C. MUHHMAJIbHAd OHCPIus, KOTOPYIO

HEO0OXO0IMMO COOOIIUThH YaCTHUIIAM, YTOOBI UX B3aUMOJICUCTBUE ObLIIO A(h(PEKTUBHBIM,
BbIpakaercs B KK/ MoJIb.

YucieHHoe 3HAYCHUE Ea 3aBUCHUT OT IIPHUPOABLI PCATUPYIOIINX BCUICCTB H

npucytcTBus karanuzartopa. Eciu T, — Ty = 10, To Bipaxenue (5.4) npumer Buj
Iny=— —. (5.5)

CKOpOCTh TE€TEPOreHHBIX PEAKIHUM 3aBUCHT TAaKXKE€ OT BEJIWYMHBI ITOBEPXHOCTH
B3aUMOJICHCTBUS, C YBEJIMUYEHUEM KOTOPOU CKOPOCTh PACTET.
BBenenue karanuszaTropa B CUCTEMY HU3MEHSET IIYTh INPOXOXKICHUS PEAKLUHUU U

yucieHHoe 3HadeHue E,: aktuBaTopel ymeHbIIaioT 3HaueHue E,, HHruOUTOpPHI

(3aMenIuTeNn) — YBEJIMUYHUBALIOT.
Ilpumep 1. Hanucate Bbipaxenue 3M s peakuuid, BbIPAXKEHHBIX
ypaBHEHUSIMU
a) CaOp)+COyy = CaCOsep),
0) 2NOH 1O,y = 2NO;y (.
Kak u3mMeHsTcs CKOpoCTH peakiuil Mpyu YMEHbIIEHUH PEaKIIMOHHBIX 00BEMOB B
3 paza?
Pemenne. Tak kKak M3 ypaBHEHHUs a CJIEyeT, YTO JaHHAs peaKIus SIBISETCS
reTepOreHHOW U KOHIeHTpanusi TBepaoro BemectBa (CaQ) He u3MeHseTcss B XOJie
peakiuu, To ypaBHeHue, Beipaxartoiee 3/IM, Oyner umMeTh BUJ



Vyp = K[CO;,] i Uy, = kPco,.

[Tpu ymeHbllIeHHH peakIIMOHHOTO 00beMa B 3 pasa koHieHTpauus CO,, uiu ero
napuyagbHOE 1aBJICHUE, YBEJIIUUUTCA B 3 pa3a, KOHCTAHTA K€ CKOPOCTU IIPU STOM HE
MU3MEHUTCSA, & CKOPOCTh PEAKLMN BO3PACTET B 3 pasa.

JInst peakuuu, BeIpaXXE€HHOW ypaBHeHUEM 0, cornacHo 3/IM

_ 2 _1,p2
v,,=k[NO] [0, ], nn U, ,=kPyo Py,
[Ipu ymeHbIIEHNN PEeaKIHOHHOTO 00beMa B 3 pa3a KOHIICHTPAIMU KaXI0TO U3

ra3oB BO3PACTYT Takke B 3 pa3a U Vyp =K [3NOJ*[30,], T.e. CKOPOCTH peaKIuu
BO3pacTeT B 27 pas.

OtBer. CKOPOCTh XUMHYECKON PEAKLIMU a YBEIUYUTCS B 3 paza, XMMHUYECKOU
peakiuu 6 — B 27 pas.

IIpumep 2. Bo CKOJIBKO pa3 M3MEHUTCS CKOPOCTh HEKOTOPOM XUMHUYECKOU
peakuuu npu noBbiieHun Temiepatypsl oT 300 mo 400 K, ecnu TteMnepaTypHbIit
koaddunment (y) paBen 2? OnpeAenuTbh YUCICHHOE 3HAYCHHE YHEPTUU aKTHUBAIMH
(Ea).

400-300

— 10
Pemenue. Mcnons3ys coornomenue (5.3), samumem V,,, = Vi, Y 1581071

100
Vaoo _ .10 . .
——— =y, rOe Yy - TeMIepaTypHbll KO3(QQHUIMEHT, AJIi1 AAHHOM peakluu
v
300

v
400 _ .10
— g J

L, 10
paBHbIi 2. CrieioBaTelbHO, , T. €. CKOPOCTb BO3pacTeT B 2~ pa3.

V300
Jns nHaxoxnaenus 3HaueHuss E, wucnonb3dyem ypaBHeHue Appenuyca (5.4),

KOTOpO€ OyJeT UMETh BUJI

1gv400 _ E, T,-T _ E, 400-300
Ve 23R TT 2,3R 400 300
10
oTkyna E,=2,3-8,314-400-300 Ig— = 68,84 x/I:x/Mo1b.

100

19
Orser. 200 = 2'% E, = 68,84 kl:k/MouIb.
Ux.p(300)



NuaauBuayanbHble 321aHUA

101. IIpu nossimiennu Temneparypsl oT 298 mo 308 K ckopocTh HEKOTOPOW
peakiuu yBenuuuiack B 3 pasza. Onpenenute YKUCICHHbIE 3HAYECHUS BEIUYUH

TemriepaTypHoro kosddunmenta y u sueprun aktuBanuu E,. OT kakux ¢akTopos

OHM 3aBUCAT U KAKOB UX (PU3NYECKHUI CMBICI?
102. Vcxons u3 3akoHa aeiictBus macc (3IM) ompeaenute, Kak U3MEHUTCS

CKOpPOCTb XUMUYECKOH peakuuu (Vy.p)

2802"‘02 = 2803,
eciii 00beM Ta30BOM cMecH yBenuuMuTh B 3 pasza. OT Kakux (akTopoB 3aBHCUT
YHICIEHHOE 3HAYE€HNE KOHCTAHTHI CKOPOCTH M KaKOB €€ (PU3n4ecKuii CMbICIT?

103. Beraucnute suepruto aktusaiuu (E,) u TemnepatypHsiii ko3 dunuest (y)
peakuuu, ecnu npu 285 K ona npotekaer 3a 60 ¢, a npu 298 K 3a 30 c. Ot yero
3aBUCST UX YUCIIEHHbIE 3HaueHus? Kakoi (pu3nueckuii CMbICI 3TUX BEIIUYUH?

104. Ckopocts peakuuu C,Hyp+H, = CHgy yBemmumiace B 9 pas. Mexons us
3JIM paccunraiite, BO CKOJIBKO pa3 YBEIMYWIACH KOHLEHTPALMS PEArnpyrOIInX
BELIECTB 110 CPABHEHUIO C MEepBOHauaibHOU. KakoB uU3MUecKuil CMbICI KOHCTAHThI
CKOPOCTH PEaKLMU U OT KaKuX (PaKTOPOB 3aBUCHUT €€ YHCICHHOE 3HaUYCHUE?

105. Omnpegnennure HHEPrUI0 aKTUBALMU PEAKLUUHU, €CIM IPU YBEIUYCHHUU
temiiepatypbl oT 280 1o 300 K koHcTaHTa ckopoctu (K) yBenunumiack B 10 pa3. Ot

Kakux (akTOpoB 3aBUCAT uucieHHble 3HaueHUus: E, u k? KakoB ux ¢uznueckuii
CMBbICI?
106. Ucxons u3 3[IM onpenennte CKOpOCTb Fr€TepOreHHON pEAKLIUN
Fe;,034p) T 3CO(y = 2Fe(p) + 3CO;yp,

eciim oHa Hawamach npu [CO]=0,5 monp/n. Kak M3MEHUTCS CKOPOCTh JTaHHOU
peakiuu, ecau o0beM CUCTEMbl YMEHbIIUTh B 3 paza? KakoB ¢uznueckuili cMmbici
KOHCTaHThl CKOPOCTHU PEAaKIMU M OT KakuX (PaKTOpPOB 3aBUCUT €€ UHCICHHOE
3Ha4YeHue?

107. Peakuus uzier no ypaBHEHHIO

2NO;y + Clyyy = 2NOCly.

HUcxonurie KOHIIEHTpAaILIUU BEIIECTB ObLIHU: [INO]=0,4 MOJIB/JI,
[Cl,] = 0,3 monw/n. Kak M3MEHUTCS CKOPOCTh peakmnuu, Korma mpopearupyetr 50%
NO? Ot kakux (akTOpoB 3aBUCUT YHUCJICHHOE 3HAYEHUE KOHCTAHThI CKOPOCTH
peakuun?

108. Onpenenure CKOPOCTh pEaKLUU



2803y =250,y + Oy
IpU UCXOJHOM KoHUEeHTpauu SO3, paBHOU 2,8 MOJIB/JI, © B MOMEHT BPEMEHH, KOT'1a
nonmyuurcs 1 wmone/nm O,. KakoBa koHueHTpamuss noiyuduBmierocss  SQ,?
ChopmynupyiiTe 3aK0H JEHCTBUS Macc.
109. Peakius nmpoTeKkaeT no ypaBHEHUIO
3Am+ By =2C.
HcxonHble KOHLEHTpAllMM BemiecTB Obutk, Moab/1: A =42; B=20.

Omnpenenure Vg, B HaYalbHBIi MOMEHT M II0 MCTEYCHHM BPEMEHH, KOTAa
[A] = 1,2 monb/n. Kak u3MeHUTCS TIPU 3TOM JIaBJICHUE Ta30BOM cMecH?
110. PaccuuTaiiTe nU3MEHEHUE CKOPOCTH PEAKIIUU
ZCO(r) + Oz(r) = 2C02(r)
IpU YMEHBUIEHWH JaBiicHHs B cucrteme B 10 pa3. Kak mnoBiusieT yMEHbIIEHUE
JIABJICHUS HA 3HAYEHUE KOHCTAHTBHI CKOPOCTH?
111. Onpenenute CKOPOCTh XMMUYECKOW PEAKLIUU
Nz(r) + 3H2(r) = 2NH3(F)
npu UCXOAHBIX KOHIEHTpanusx [N,] =2 mons/n u [H,] =8 Monab/m u B MOMEHT
BPEMEHHM, KOT/1a KOHIIEHTpalus a30Ta yMeHbmuiaach Ha 10%.
112. Paccunraiite, BO CKOJBKO pa3 M3MEHUTCA KOHCTAHTA CKOPOCTH PEAKLIHUH

(k) npu yBenmuenuu temrepatypsl oT 500 go 1000 K, eciiu sneprus akruBanuu (E,)

nporecca paBHa 95,5 kJlx/Monb. KakoB ¢usmyeckuit cmpicn K 1 E; U oT Kakux
(aKTOPOB 3aBUCAT UX YUCIICHHBIC 3HAYCHUS ]
113. Onpeaenure CKOPOCTh XUMUYECKOW peakiuu
3A@m+ By =2Cq,
€ClIM peaklMs Havajach TMpH CIACAYIOUMX KOHIeHTpauusax: [A]=1 wonb/m;
[B] = 0,5 monp/n. OnpenenuTe IaBjieHUE ra30BOM CMECH B HadalbHBII MOMEHT U B
MOMEHT BpeMmeHH, koraa [A] ymensimiack Ha 30% (T = 300 K).
114. 3anummuTe Boipaxkenue 3AM 1iis clienyronmx peakiyi:
Fe304p)tCO ) = 3FeO (1py T C O3
Fe;033p) 3 Cxp) = 2Fe(1p) T3CO .

Kak u3MmeHATCS WX CKOpOCTH, €CIM a) JaBlIEHHE YBEIWYUTh B 3 pa3a; 0)
noBbicuTh TemnepaTypy Ha 100 K (temneparypnblii k03pPuIeHT nepBoi peaxiuu
paBeH JBYM, BTOPOIl — Tpem)?

115. Kakue peaknuy Ha3bIBAIOTCA TOMOTEHHBIMH U I€TEPOre€HHBIMU? 3alMILINTE
BbIpaxkenue 3IM 11s peakuuid:

I) NO@+Os3q) = Oyt NOy;
2) Fe;034q)t3Hy 1) = 2Fep)t3H,0 .



Kak Hajo u3MeHUTH AaBlieHHWE B CHUCTEMax, YTOOBI CKOPOCTh IEPBOM peakiuu
yBeInumiack B 36 pa3, a cKopocTb BTOpoil — B 27 pa3? OTBeT NOATBEPIAUTE
pacyeTaMu.

116. Ilpu Temneparype 423 K HekoTOpas peakuus 3akaHuuBaercs 3a 16 MuH.
Uepe3 CKOIBKO MHUHYT 3aKOHYMTCS 3Ta peakuus npu 473 K, ecnu temnepaTypHbIi
kodbdunment peaxkiuu (y) paBeH 3?7 KakoB ¢u3anueckwii CMBICI Y M OT KaKUX
(GhaKkTOpOB 3aBUCUT €TI0 YUCICHHOE 3HaUYCHUE?

117. Beruucaute suepruto akruBanuu (Ey) peakunu
2N02(r) = ZNO(r) + 02(1-),
€CJIM KOHCTaHThl ckopocTed (k) 3tou peakiuu npu 600 u 640 K cooTBEeTCTBEHHO

paBHbl 84 u 407 monw/n-c. KakoB ¢uzudeckuii cmbicii E4 1 K 1 0T Kakux ¢GakTopoB

3aBUCST UX YMCIICHHbIC 3HAUCHUs?

118. Kakue peakunu Ha3bIBAIOTCS TE€TEPOTeHHBIMHU? BO CKONIBKO pa3 cieayer

U3MEHHTD JIaBJICHUE B CUCTEME

COx0)+ Ciip) = 2COy,
4TOOBI CKOPOCTh PeaKkluu yBeauumiach B 16 pa3z? HazoBure paktopsl, BIUSIOMINE HA
CKOPOCTb TE€TEPOTCHHBIX PEAKIIUH.

119. Onpenenure snepruto aktuBauuu (Ea) u temneparypusiii koadduireHt
peakuuu (y), ecnu npu moBbleHUH TemrepaTypbl oT 290 mo 300 K ckxopocth
peakuuu Bo3pociia B 2 pa3a. KakoB gu3nyeckuii CMBICI 3TUX BEJIMYUH U OT KaKUX
(baKkTOpOB OHU 3aBUCSAT?

120. Peakius, BeIpake€HHAs] ypaBHEHUEM

Aw*2Be =C,
Hayanach npu KoHreHTpanusax: [A] =0,03 mons/n, [B] =0,05 mons/n. Koncranra
ckopoctu K = 0,4. Onpenenure Ha4aJIbHYK0 CKOPOCTb PEAKIHUH U CKOPOCTh €€ B
MOMEHT BpemeHu, korga [A] ymensmmnace Ha 0,01 monw/n. KakoB ¢dusmuecknii
CMBICJI KOHCTAHTbI CKOPOCTH M OT KaKuX (paKTOPOB OHA 3aBUCHUT?

121. Bo CKOJIBKO pa3 H3MEHHTCS CKOPOCTh XHMHYECKOM PpEaKUUHA IIpH
noBbiieHny Temrneparypsl oT 300 mo 400 K, ecnu temnepaTypHblid KO3(PHUITUEHT

v =2? Onpenenure >Hepruto aktuBanmu (E,) peaknun. KakoB ¢usmdeckuii cMbIca

E, u vy 1 oT kakux (hakTOpOB OHU 3aBUCAT?

122. Tlpu noseiienuu temnepatypbl oT 298 no 318 K ckopocTh peakuuu
Bo3pocia B 9 pa3. Ompepenute TemmepaTypHbId KOI()PHUIMEHT U SHEPTHUIO
aKTUBalMK peakiuu. OT Kakux (GaKTOPOB 3aBUCAT UX YUCIICHHbIC 3HAYCHUS ?

123. Hanumure Beipaxenne 3/IM it cneayrommnx peakumii:



Ny t3Hz 1) = 2NHjp;
Ca0 iy +3Cxp) = CaCsp)+ CO(yy.

Kak moBiuseT NOBBILIEHUE JABJICHHUS B ATHUX CUCTEMax B 3 pa3a Ha CKOpPOCTb
peakiuii? OtBeT 0OOCHOBaTh pacueramMu. OT KakuxX (PaKTOpPOB 3aBUCUT 3HAYCHUE
KOHCTaHTBI CKOPOCTH PEaKIUU?

124. Bo CKOJIBKO pa3 CIEAyeT YBEIMUNTh KOHLIEHTpanuio O, B cucreme

2NO @)+ Ozt = 2NOyp),
qTOOBl MpH yMeHbLIeHHM KoHLEeHTpanuu NO B 4 pa3a CKOpPOCTh pPEAKIUH HE
u3MeHwiack? OTBeT noaTBepAuTe pacyetamu. OT KakuX (pPaKTOpoB 3aBUCAT CKOPOCTh
Y KOHCTaHTa CKOPOCTH TOMOT'€HHBIX PEAKLUI?
125. Yemy paBHa sueprus akruBauuu (E,) u remneparypubiii koappuuueHt (y)

peakuuu, eciau npu noBbilieHMH Temnepatypsl or 290 mo 310 K ckopocth ee

yBenuuuiack B 4 paza? KakoB ¢usuueckuit cmpici E4 v ¥ 1 oT Kakux ¢akTopos

3aBHUCST UX YMCICHHBIC 3HAUCHUS !
6. XuMu4eckoe paBHOBecCHE

XuMHnyeckoe paBHOBeCHEe — COCTOSTHUE OOpaTUMOro Ipoliecca, mpu KOTOPOM
CKOPOCTbh IpsiMOM peakimu (Vyp) paBHa CKOPOCTH 00paTHOM peakuuu (Vogp). Takum
o0pa3oM, KHMHETHYECKMM YCJOBHEM HACTYIJIEHUSI PaBHOBeCHSI SIBJISAETCS

PaBeHCTBO CKOpPOcTeH Vyp = Vo5, UMCIEHHO XMMHUYECKOE PABHOBECHE BBIPAXKAETCS
KoHcTanTamMu paBHoBecuss K¢ unu Kp, xotopeie BeiBomarcs u3 3IM. Hampumep,
TSl OOpaTUMOM peakiuu

N,+ 3H, & 2NH;

3 _ 2 3 _ 2
npu paBHoBecuu k;C N, C H, =k,C NH, WM klPN2 P NH, =k,P NH, * 3aMecHUB

orHoueHust ky/k, dyepes HoBywo mnocrosinnyio K¢ u Kp cooTBeTCTBEHHO, MOTydYUM

BBIpa)KeHI/IH
k C;
Ke=-t=—cr Ng; : 6.1)
2 N, “H,
k, P
K, = kl - N;; : (6.2)
2 N, T H,

rae C u P — paBHOBeCHbIE KOHIIEHTPAIlMU U PABHOBECHBIE MAPIUATIbHBIC JTABICHHUS
ra3000pa3HbIX BEIIECTB.



YncsieHHOe 3HAYeHHe KOHCTaHThI paBHoBecusi K¢ n Kp nokaspiBaer, kakue
BellecTBa (MCXOAHbIC MJIM KOHEYHbIe) MpeodaJaloT B PABHOBECHOH cucreme,
T.e. ompejaessieT mpejaes, WiM IJIyOMHY, NPOTeKaHWs NMpoLecca B BbIOPAHHOM
Hanpasiaennu. Eciu Kc(Kp) < 1, npeoOmanaroT HCXOJIHBIE BEIIECTBA, ECIH
Kc(Kp) > 1 — koHeuHble TIPOAYKTH. E€ 3HaueHHE 3aBUCUT OT MPHUPOJbI BEIIECTB U
TEMIIEpaTypbl, HO HE 3aBUCHUT OT KOHLUEHTPALMIl WINA NapUualbHbIX JaBICHUI.

Hcxons u3 ypasuenust Menneneesa — Kianeipona

RT
PV=nRT mmm P=nT=CRT, (6.3)

MOJKHO BBIBCCTH COOTHOIIICHNC MCKIY Kp u Kc, KOTOPOC BBIPA3ZUTCA YPABHCHUCM
— An

rje An — pa3HOCTbh MEXKJy CYMMOM YKCJIa MOJIEH ra3000pa3HbIX MPOAYKTOB peaKIuu
¥ CyMMOI1 uncia MoJiel ra3000pa3Hbix ncxoaubix Bemects. Eciu An = 0, Kp = Kc. B
KOHJICHCUPOBAHHBIX cUcTeMax (OTCYTCTBYeT razooopasznas ¢asa) Kp = Kc.

XUMHUUYECKOE PABHOBECHME YCTOMYMBO MpPH 3aaHHBIX YCIIOBUSIX: PABHOBECHBIX
KOHLICHTPALMSX, TEMIeparype W JaBiieHWW. [Ipy W3MEHEHMM yCIOBHM DPaBHOBECHE
Hapyuiaercs. HampaBneHume  CMelIeHMs PAaBHOBECHS — ONPENEISETCS  NMPHHIMIIOM
Jle IllaTesibe: ecjin HA CHCTEMY, HAXOASNIYIOCS B PABHOBECHH, OKA3bIBACTCH BHEIIIHee
BO3/1eiiCTBHE, TO OHO OJIATONPHUATCTBYET PeaKIUU, 0CJIA0JIAIOLIeH ITO BO3AeiiCTBHE.

Ilpy yMeHbIIEHMM PABHOBECHOM KOHLEHTPAUMH MCXOJHBIX BEILECTB
paBHOBECUE CMELIAETCS B CTOPOHY OOpaTHOM peakiuu, NPUBOSAIIEH K YBEIUYCHUIO
KOHIIEHTpAI[MM HMCXOJHBIX BEIIECTB, U HA00OPOT. YBeJHnYeHHEe KOHIEHTPALMHU
HCXOIHBIX BeleCTB CMEIIAECT PABHOBECHUE B CTOPOHY IIPSMOU pEaKIIUU.

YBe/inueHUe JaBJIECHUS B PABHOBECHOW CHCTEME CMENIAET PABHOBECHE B
CTOpOHY OOpa30BaHWs MEHBIIETO YHCJIa MOJied Tra3000pa3HBIX BEIIECTB, T.C. B
CTOPOHY pEaKIuy, YMEHbIIAIOUIEH JTaBICHUE.

IloBbllIeHHe  TeMmepaTypbl  CMENIAET  pPABHOBECHME B CTOPOHY
SHAOTEPMHUYECKOM peakiuu, uaymeu c mnorjmomeHueMm sHeprun (AH > 0),
IIOHI)KEHUE TEMIIEPATypbl — B CTOPOHY JK30TEPMHUYECKOW PEAKUUU, UAYLIEH C
BbijieieHueM sHepruu (AH < 0). UuncieHHoe 3HaUeHHE KOHCTAHTHI PABHOBECHUS
IpU TMOBBIIICHUU TEMIEPATYPhl YBEIUYMUBACTCA B DHAOTEPMHUUECKUX Mpolieccax u
YMEHBIIIAETCS B AK30TEPMUYECKUX MPOLIECCAX.

IMpumep 1. Beraucnute koHcTanTy paBHoBecHs (K¢) oOpatumoii peakimu

ZNO(r)+02(r) : 2N02(r),



0
eciu HavyajJbHbIC KOHIICHTpaILuU peareHToB OBLIH: C'~no = 4 monb/11;

C’ . =2 wmoab/n, a K MOMEHTY PaBHOBECHs H3pacxonoBano 80% OKcuaa a3ora.
02

Ornpenenute paBHOBECHOE JaBJICHHUE Fa30BOM CMECHU MpPH CTAHAAPTHOW TEMIIepaType
(T =298 K).
Pemenue. 3anuiiem BoIpaKeHHE JJI1 KOHCTAHTHI PABHOBECHS B COOTBETCTBUH C

(6.1):

Hcxonas U3 yclioBHsl K MOMEHTY paBHOBeCHUs u3pacxoioBaiioch 80% HavallbHOM
kounentparuu NO, T.e. ACno =4 0,8 = 3,2 monn/1, a Cp(NO) = Co(NO)-AC(NO) =
=4-3,2 = 0,8 monp/n. [lo ypaBHeHHIO peakiuu Ha Kaxasie 2 Mok NO pacxomyercs
I momp O, u obpasyercs 2 wmoinb NQO,, cienosarenbHo, ACo,=1/2 ACyo =
=1,6 Mmoms/n, a  Cp(0,) = Co(0,)-AC(0,) =2-1,6 = 0,4 mons/1;  Cp(NO,) =
=AC(NO) = 2AC(0,) = 3,2 moub/m.

Kc =3,2°/0,8% - 0,4 = 40.

Tak kak B 3akpeitoM cocyae npu T = const Py =2 CRT, TOrnma
Poasn = (0,8+0,443,2)-8,314-298 = 10901,32 IIa.

Otser. K¢ = 40; Py = 10901,32 I1a.

I[Ipumep 2. Omnpenenuth HampaBiIeHUE CMEIIECHUS paBHOBeCHS B 0OpaTUMOI
CUCTEME

H,(r)+Ix(r) 5 2HI,
IIpU TIOBBIIICHUU JIABJICHUS B 2 pa3a U OJITHOBPEMEHHOM YBEJIWYEHUU TEMIIEPaTypHI,
YUUTBIBAS, UTO Yup = 2, @ Yoop = 3,5. Kak U3MEHUTCS YMCICHHOE 3HAYEHNE KOHCTAHTBI
paBHOBecusa? Kakast 3To peakuus: 3H10- WU IK30TEPMHUYECKAs?

Pemenne. Tak xak peakuusa oopasosanus Hl, uner 6e3 u3sMeHeHUs JaBIeHU
(An=0), TO MOBBIIICHUE JABJICHUS B CUCTEME HE TMOBJIMUSET HAa COCTOSHHE
pPaBHOBECHSI.

[Ipu yBenuueHuu TemrepaTypbl CKOPOCTb OOpaTHOM peakuuu Oyaer Ooiblile,

4CeM CKOPOCTb HpHMOﬁ, TaK KaK IO YCJIOBHIO 3aJla4Mi ITOBBIIICHUC TCMIICPATYpPbI HA

Kaxkable 10 K Vyp(x.p) yBeIHUMBaeTcs B 2 pasza (Y = 2), a Vogxp) - B 3,5 paza (y = 3,5).

Takum 00pa3om, TMOBBIINICHHE TEMIIEPATyphl CMEIIAET pPaBHOBECHE B JaHHOU
CUCTEME B CTOPOHY WCXOJHBIX BeEMIECTB. UWMCICHHOE 3HAYCHHE KOHCTAHTBI
paBHOBecusi ymeHbliuTcsa. CrenoBarenbHO, peakuus oOpaszoBanus Hl, -
HK30TEPMHUYECKAS.



NuaauBuayanbHble 321aHUA

126. PaBHOBeCHE B cUCTEME
H,(r)+Ix(r) S 2HI,

YCTAaHOBWJIOCh TIPH CIEAYIONIMX KOHILEHTpanusx BemiectB, Moiw/1: H, = 0,025;
I,=0,005; HI=0,09. Onpeaenure 4YMCIECHHOE 3HAYEHUE KOHCTAHTHI PABHOBECHS
(Kc) m naBnenme B cucreme npu paBHoBecun (T =298 K). Kak mnosnuser
MOBBIIIEHUE AABJIEHUS U TEMIIEPATyphl HA CMEILEHUE PAaBHOBECHUS, €CIU PEaKIIMs
AK30TepMHUYECKas?

127. Halinute koHcTanTy paBHoBecus (K¢) sngorepmudeckoit peakimu

N204(r) : ZNOZ(F),

eciu HadajbHas KoHueHTpanus N,O4 paBHa 0,08 MO/, @ K MOMEHTY PaBHOBECHUS
ero m3pacxonoBaioch 50%. Ykaxure CnocoObl CMEIIEHUs PABHOBECHS BIIPABO.
Kakoit ¢usnueckuii cmbicn K¢ U OT Kakux (PakTopoB 3aBUCUT €€ UHCIECHHOE
3HaueHue?

128. ITpu HEKOTOPOI TeMnepaType paBHOBECUE B Ia30BOM CUCTEME

ZNOZ(F) s 2N0(r)+02(r)
YCTaHOBUJIOCH TPU CIEIYIOIIMX KOHLIEHTPALUSIX BELIECTB: CNOZ = 0,006 Momnb/m;

Cno = 0,024 momnp/it; C 0, = 0,012 monb/n. Onpenenure koHcTaHTy paBHOBecus (Kc)

Y UCXOHYI0 KOHLeHTpaunio NQO,. Kak Hy’>KHO U3BMEHUTH aBJI€HNE U KOHLECHTPaLUH
BEILIECTB, UTOOBI IOBECTH PEAKIIUIO JO KOHIIA?
129. IIpu cocTosiTHUM paBHOBECHS B CUCTEME

N2(r)+3H2(r) = 2NH3(r)
KOHIIEHTPAIIMU YYAaCTBYIOIIMX BEILECTB PaBHBbI: CNz = 3 MOJIB/II; CH2 =9 MOJIB/II;

CNH3 =4 wmonw/n. Onpenenure KoHcTaHTy paBHoBecusi (K¢) u  ucxoansie

koHneHtpauu N, m H,. B kakoM HampaBieHUM CMECTUTCS PABHOBECHE IIPU
YMEHBUICHUHU TEMIIEPATYPBI, ECIIU PEAKIUS IK30TepMUIeCcKas?
130. KoHcTanTa paBHOBECHS T€TEPOr€HHON PEAKLIUU

FeOqptCOqy S FeptCOx
pu HEKOTOpoil Temneparype paBHa 0,5. Haiinure paBHOBecHble KoHUEeHTpauuun CO
u CO,, ecnu HavanbHele coctabisum: Ceo = 0,05 monb/i; Ceo,= 0,01 mons/n. Kak



HOBJIMSIET TOBBILIEHUE JABJICHUS HA PAaBHOBECUE CHUCTEMBI M YHMCIICHHOE 3HAYEHHE
KOHCTAHTBI PAaBHOBECUS?

131. Boruncinure koHcTaHty paBHOBecus (Kc¢) M paBHOBECHOE AaBiieHUE IPU
298 K B razoBou cucreme

PCl; S PCl;+Cl,,
€ClIM HayajJbHas KOHLEHTpanusd CPClS =1 MOnB/1, a K MOMEHTY PaBHOBECHUS €TrO

uzpacxogoBaiocb 50%. B kakoM HampaBleHMM CMECTUTCS paBHOBECHUE IIPU
MOBBIIIEHUN TEMIIEPATYPBI, €CIIU PEaKIUs SHI0TEpMUYecKas?
132. Koncranra paHoBecus (K¢) B razoBoii cucteme

A+B S C+D

paBHa 1. CKOJIbKO IIPOIIGHTOB BEIIECTBA A IMpopearupyer K MOMCHTY PaBHOBECHS,
eciu HavajabHble KoHIeHTpauu Obuu: Ca = 0,02 monb/it; Cg = 0,1 monp/n? Kakumu
croco0aMy MOXHO CMECTHTh PaBHOBECHE BIIPaBoO (peakius sHporepmudeckas)? Ot
KaKuX ()aKTOPOB 3aBHCHUT YHCICHHOE 3HAaUYCHUE KOHCTAHTHI PAaBHOBECHS ?

133. Cucrema

CiptCOzy 5 2CO — Q

HaxXOOUTCsS B COCTOSIHMU paBHOBecusa. Kak m3menurca konuentpauus CO B cioyyae:
a) TOBBIMICHUS TeMmiieparypel npu P = const; ©) TOBBIIIIEHUS [aBJICHUS TIPU
T = const. B xakoMm cnydyae W Kak H3MEHUTCS (YMEHBIIUTCS WA YBEIUYHUTCS)
3Ha4YeHUE KOHCTAHThI paBHOBecHsA? OTBET HEOOXOIUMO 0OOCHOBATD.

134. B kakoM HanpaBJI€HUU CMECTUTCS PABHOBECHUE B Fa30BOM CUCTEME
A+B, 5 2AB,

€ClIM JIaBJICHHUE YBEJIWYUTh B 2 pa3a U OJHOBPEMEHHO NOBBICUTH TEMIIEpaTypy Ha
10 K. Temmepatypubie KO3(h(UIMEHTH TpsIMOW W OOpaTHOM peakuuid paBHBI
cooTBeTcTBeHHO 2 W 3. Kakas 3T0 peakumsi 3k30- WM dHAOoTepMuyeckas? OTBer
HE00X0MMO 000CHOBAT.

135. Koncranra pasHoBecust (K¢) B razoBoii cucreme

A+B S C+D

paBHa 1. BeluncnuTe paBHOBECHbBIE KOHIIEHTPALIUK BEILIECTB, €CJIM B Hauaje peakiuu
B 00bMe 10 11 comepxutca 60 moib BemectBa A u 40 moib BemecTBa B. Ykaxute
crocoObl CMENIEHUsI paBHOBECHUSI BIIPaBO (peakius 3x3oTepmuueckas). Kak npu stom
WU3MEHUTCS YMCIIEHHOE 3HAaUCHNE KOHCTAaHThl pABHOBECHS?



136. B cocyae emkoctbio 10 J1 yCTaHOBUIIOCH PABHOBECUE B Fa30BOM CUCTEME
CO+Cl, S COCLHQ.

CocrtaB paBHoBecHOU cucteMbl: 11 r CO; 36 T Cly; 42 1 COCl,. Beruucnure
koHcTaHTy paBHoBecus (K¢) u ucxonusie konuentpauun CO u Cl,. Kak usmenurcs
yucieHHoe 3HaueHne K¢ npu yBennueHnu temnepaTrypbl U ouemy?

137. B cocyn emkoctero 0,2 1 momectwiim 0,3 v H, m 0,8 v I,. Ilocue
YCTaHOBJIEHUsI paBHOBecus B cocyjie oOHapyxkeHo 0,7 r HI. 3anummure ypaBHeHUE
peaKuu, BEIYUCIUTE KOHCTAHTY PABHOBECHUSI M YCTAHOBHUTE HAIPABICHUE CMEIICHUS
paBHOBECHS MPU YBEIWYEHUU TEMIIEpaTyphbl, €CIM peakius sk3oTepmuueckas. Kak
WU3MEHUTCS MPU 3TOM YUCIIEHHOE 3HAYEHUE KOHCTAHTBI PABHOBECUS?

138. 3anummure BbIpaxkenue i KOHCTaHT paBHOoBecHus K¢ n Kp rereporennoi
CUCTEMBI

ZZHS(KP)+302(F) s ZZHO(Kp)+2SOZ(r)+Q

u omnpeaenute yuciaeHHoe 3HadeHue Kp, ecnu oluiee napienue B cucteMe 1 arm, a
napuvaibHoe JaBiieHue kuciaopoaa Po,=0,26 atM. Kak u3MeHuTCs ee 3Ha4YeHUE
ecnu: a) yenuuuTh AaBieHue (T = const); 6) yBenuuuth Temmnepatypy (P = const).

139. Onpenenurte 4YUCIEHHOE 3HAYEHHE KOHCTAHThI paBHOBecus Kp razooii
CHUCTEMBbI

2HI S I,+H, - Q,
€CJIM PAaBHOBECHE YCTAaHOBWJIOCH NP CHEAYIOIMX MAPIUAIbHBIX JABJICHUSAX Ta30B:
Py = 4,05'104 I1a; PIz = 4,4-102 I1Ia; P, = 7,5-102 ITa. Kak u3MEHHUTCS YHCICHHOE

3HaueHue Kp npu yBennuenun tremmnepatypbl? OTBET 000CHOBATH.
140. Koncranra papHoBecus (Kp) mpu HEKOTOpoO TemMniepaType B CUCTEME

4HCl(r)+02(r) : 2C12(r)+2H20(r)+Q

paBa 0,3. Kakwue BemecTtBa mnpeoOiagaloT B COCTOSIHUM paBHoOBecus? Kakum
CIOCOOOM MOXHO yBEIMYHUTHh 4HucCieHHOe 3HadeHue Kp? OTBEThI JOMKHBI OBITH
000CHOBAHHBIMH.

141.YeMy paBHO 4YHMCJIEHHOE 3HA4Y€HUE KOHCTAHTHI paBHOBecus Kp, eciau Ha
MOMEHT PABHOBECHS B CUCTEME

CaCO3(Kp) A CaO(Kp)+C02(F) - Q

napuuaibHoe aasienne CO, paBHo 1 atm? Kakum criocobaMu 3Ty peakuuio MOXKHO
JIOBECTH 110 KoHIa?
142. Kakumu crioco6aMu 00paTUMYIO PEaKIrio



250,110z 5 2S05,)+Q
MOKHO JJOBECTH J0 KOHIA? 3aluIINTE BbIpaKE€HUE JUIsl KOHCTAHT paBHoBecus K¢ u
Kp. OT xakux ¢pakTopoB 3aBUCUT YUCICHHOE 3HaYCHHE KOHCTAaHTHI PaBHOBECHA?

143. TIpu 782 K KOHCTaHTBI CKOPOCTEH MPSIMOMl M OOpaTHON peaKlMil paBHBI
coorBercTtBeHHO 0,16 m 0,0047. Uemy paBHa kxoHCTaHTa paBHoBecus? Ilpu kakmx
KWHETUYECKUX YCIOBUSX HacTymnaer paBHoBecue? OT KakuX (PaKTOpPOB 3aBUCHUT
YUCJICHHOE 3HAYE€HNE KOHCTAHThI PaBHOBECHS?

144. 3anummure Beipaxkenus i Ke n Kp cnenqyronein paBHOBECHOM CUCTEMBI:

CuptCOzy S 2CO+HQ.
Kak u3menurcs xonuenrpauus CQO, u yucnennoe 3Hauenue K¢ ecnu: a) yBeaIuuuTh

temrieparypy (P = const); 6) yBenuuuth nasienue (T = const). OTBeT 000CHOBATE.

145. Ilpu HEKOTOpPOU TemIlepaType PaBHOBECUE B Tra30BOM CHCTEME

2S0,+0, S 2S0;

YCTAaHOBUJIOCh TIPH CICAYIOIIMX KOHIIEHTpAIUIX BemecTB, Moub/1: SO, = 0,04;
0, =0,06; SO;=0,02. PaccuntaiiTe YMCIECHHOE 3HAYEHUE KOHCTAHTHl PABHOBECHE
K¢ u wucxoanwsie koHueHtpamuu SO, u O,. Kakas 3T0 peakuus, 3K30- WIH
SHJOTEPMHUYECKAs], €CJIM C MOBBIIMICHUEM TEeMIIepaTyphl 3HaueHne K¢ yMEeHbIIUIOCH.
OtBet 000CHOBATE.

146. Mcxonnble KOHIEHTpALl| |1 OKCHIA a30Ta U XJIOpa B Ta30BOM CHCTEME

2NO+Cl, 5 2NOCl

cootBeTcTBeHHO paBHbl 0,5 u 0,2 monb/n. Beraucnure koncranty paBHoBecusi K¢ u
PaBHOBECHOE JIaBJIEHUE B CHUCTEME, €ClIi K MOMEHTY PaBHOBECHSI M3PACX0J10BaJIOCh
20% NO (T=298 K). Kak mnoiauser MOBBIIICHUE JABICHUS HAa CMEIICHUE
paBHOBeCHUS U ynciaeHHoe 3HaueHue K¢?

147. Beruuciaute 3Ha4eHUE KOHCTAHT PaBHOBECHS B CUCTEMAX

CoupytO2) 5 COqry;
B KOTOPBIX paBHOBECHBbIE MapuuanbHbie nasieHuss CO, cocrasmsuim 0,2 atM npu

oO1ieM AaBiaeHUM Ta30BbIXx cMece 1 atMm. Kakoil (usnueckuil cMbIC KOHCTAHTHI

paBHOBECHUS U OT KakuX (DAKTOPOB 3aBUCUT €€ 3HAUCHHE?

148. Beruncnure paBHOBECHYIO KOHIIEHTPALMIO BOAOPOA B Ta30BOM CHCTEME
2HI 5 H,+1, - Q,



eciiu ucxonnas konmeHtpauus HI paBra 0,05 Monb/i, a KOHCTaHTa pPaBHOBECHS
K¢ = 0,02. Kak u3menurcs yucieHoe 3HaueHue K¢ npu yBelmyeHuu TeMreparypbl?
OTBeT 000CHOBATh.

149. KakoBo paBHoBecHoe nasienue npu 300 K B razoBoii cmecu
2HI S H,+1, - Q,
ecnu ucxonHas kouuentpauus HI paBna 0,55 monb/n, a KOHCTaHTa paBHOBECHUS
paBHa 0,127 Kak cmectuTh paBHOBecue BIpaBo? M3MmeHUTCS 1M, KaK U B KaKOM
ciay4dae yucieHHoe 3Hauenue K¢?

150. Mcxons u3 KMHETUYECKUX YCIOBUN HACTYIUICHUS PABHOBECHSI BBIBEAUTE
BBIpQXKEHUS 111 KOHCTAHT PAaBHOBECHS CIEIYIOIIUX TOMOT€HHBIX U F€TEPOTreHHBIX
CUCTEM:

ZNOZ(F) hary ZNO(F)+02(F) — Q;
ZnS 0y S Ly SOy +Q;
CaCO;p) 5 CaOp)+COyy — Q.

VYkaxuTte Bce CIMOCOOBI, TMO3BOJIAIONIUE CMECTUTh PABHOBECHE STHUX CHUCTEM

BIIPaBO. B Kakux ciyyasx U3MEHUTCS YHCICHHOE 3HAYE€HUE KOHCTAHT paBHOBECHS?

7. PactBopbl. Crioco0bI BHIPAKEHUSI KOHLIEHTPALIUI PacCTBOPOB

KonuenTpauuss pacrBopa — coJepXKaHUE PACTBOPEHHOTO BEILIECTBA B
OTpeIeICHHOM 00beMe (Macce) pacTBOpa UM PACTBOPHUTEIIS.

Paznmuuator cnemyromiue crnocoObl BEIPAKEHUS KOHIICHTPAIIUA PACTBOPOB:

a) MaccoBasi 101 (®) — OTHOIIIEHUE MACChl PACTBOPEHHOTO BellecTBa (m’) K
Macce pactBopa (m):

m\
OJ:_

(7.1)

m

MaccoBast 10Ji1 paCTBOPEHHOTO BEUIECTBA, BbIPAKEHHAs B MPOLIEHTax, - Macca
pactBopenHoro Beuiectsa B 100 r pactBopa.

Hanpumep, 15%-ii pactBop NaCl cocrour u3 15 r NaClyp u 85 r BOIBI
(pacTBOpUTEIA);

0) MoJsIpHAS KOHUEHTPAUMS, WK MOJAPHOCTb, (Cy) — KOJIUYECTBO MOJICH
PacTBOPEHHOI0 BelllecTBa B 1 J1 pacTBopa:



A}

CM 4 — / (7.2)
, MOJIB/JT , /.
MV

riae M — MosibHasi Macca pacTBOPEHHOTO BEIIECTBa, I/MOJb, V — 00BEM pacTBopa, J1;
m /M — KOJIMYECTBO MOJIeit PacTBOPEHHOI'0 BELIECTBA;
B) JKBHBAJIEHTHAsI KOHLEHTPALMsl, I HOPMAJIbHOCTh, (C,, WX H) - YUCIIO
MOJIb-9KBHUBAJICHTOB paCTBOPEHHOTO BelecTBa B 1 J1 pacTBopa:
o
Cy = ——, Momb-3KB/I , (7.3)

M,V

]

rzie m /M — 9HCII0 MOJIb-OKBHBAJICHTOB PACTBOPEHHOTO BEICCTBA.

Hcnonb3ys  pacTBOpbI, KOHLEHTpalWs  KOTOPHIX  BBIpAXKEHA  4epes
HOPMaJIbHOCTh, MOKHO BBIYHMCIIUTH, B KAKUX OOBEMHBIX OTHOIICHHUSX OHH JOJIKHBI
OBITH CMEIIaHbI, YTOOBI PACTBOPEHHBIC BEIIECTBA MOJTHOCTHIO TIPOPEArUPOBAITH.

ITycte Vi — 00beM pacTBOpa ¢ KOHIIGHTparuend Hy, a V, - 00beM pacTBopa C
KOHIIGHTpalMel H,. Tak Kak HOPMaJbHOCTH (H) — 3TO YHUCJIO JKBHUBAJIECHTOB B
enuuuIle oowbema, TO Vi'H; U VyH, — YHCIO DKBHUBAJICHTOB JTUX BEIIECTB,

BCTYNUBIINX B peakuuo. Mcxoas u3 3akoHa S3KBUBAIEHTOB Vi-H; = V,-H) UMEEM:
— = (7.4)

') MOJIAJIbHAS KOHUEHTPALMS, I MOJSJIBHOCTD, (Cpy, WK M) — KOJIHUYECTBO

MoOJIel PaCTBOPCHHOI'O BCUICCTBA B 1 kr paCcTBOPHUTCIIA:
m'1000
c =——
M

IIpumep 1. PaccuuraTh MOJSUIBHOCTB, MOJISIPHOCTh M HOPMaJbHOCTH 15% - ro

(7.5)

pactopa H,SOy, miotHOCTh KOTOpOro p = 1,1 r/em’.

Pemenne. Ucxons wu3z (7.1) 15%-# pactBop H,SO4 cooTBeTcTBYET
coaepxkannto B 100 r pactBopa 15 r kucnotsl u 85 r Boabl. Berunucium maccy H,SOy
B 1000 r (1 xr) BOBI:

15 -85
x -1000 x =15-1000/85=176,5T
Monspnaas macca H,SO,4 paBHa 98 1/mMoI1b, ClleIOBAaTEIIBHO,
Cn=176,5/98 = 1,8 moab/Kr.



Jlns pacyeTa MOJISIPHOCTH PacTBOpa OMpPEJETUM MacCy KUCIOTHI B 1 J1 pacTBOpa
(1000 M, wmm 1000 cv’). Tak kak mWIOTHOCTH pacTBopa p = 1,1 r/em’, To Macca 1 1
pactBopa paBHa 1100 r. Macca H,SQ, Oyzaet paBHa:

15-100
x -1100 x =15-1000/100=165T

CnenoBarenbHo, Cy = 165/98 = 1,68 moJb/m1.

Tax kak okBuBameHtHas wmacca H,SO4 paBma 49 1/MOnb, TO
C,=165/49 = 3,37 »kB/11.

OtBer. C,, = 1,8 moaw/kr; Cy = 1,68 moaw/n; C, = 3,37 5kxB/71.

IMpumep 2. Jlna weittpanuzanuu 42 mia pactsopa H,SO,4 notpedoBanoch 14 mi
0,3 H. pactBOpa menoun. Onpenenuts MOIIpHOCTH pacTBopa H,SOy.
Pemenne. Cornacuo (7.4) onpenenum HopMaiabHOCTh pacTBopa H,SOy:

V., _H, 4203 H:140,3
Vv g 14 w0 42

T K K

= 0,1 »kB/1.

Tax xak oskBuBaizeHt H,SO4 paBen 1/2 wmonb, 1O w™MossipHocth H,SOy
Cv=0,1-0,5=0,05 moJn/m.
OtBert. Cy; = 0,05 mounb/m.

NuauBuayanbHble 3aJaHUSA

151. Ckonpko rpammoB NaCl u H,O HyxHO B34Th 1 npuroroiaenus 0,5 n
2 H. pactBopa? (OtBet: 58,5 r NaCl u 441,5 mn H,0).

152. Onpenennre HOpMaNbHOCTE U MOJAPHOCTH pactBopa H,SO4, B 250 mn
kotoporo coaepxkurcs 24,5 r H,SOy. (OtBet: 2 H.; 1 M).

153. Kakoii o6sem 1 H. pactBopa HCI HeoOxomum st Heiitpanuzanun KOH,
coaepxkaierocst B 10 mi ero 0,2 H. pactBopa? (OtBet: 50 mi).

154. Onpenenure HopMmanbHOCTH pactBopa H,SO4, 15 wMi koToporo
B3auMoieicTBYOT ¢ 30 Mi 0,5 H. pacTtBopa BaCl,. (OtBeT: 1 H.).

155. KakoBa mpolleHTHAas KOHIIEHTpAlMsl pacTBOpa, IMOJIYYEHHOTO TMIpH
pactBopenuu 80 r caxapa B 160 mi Boawl? (OtBet: 33,3%).

156. Boiuuciure MOJSPHYIO U HOPMAJbHYIO (9KBUBAJICHTHYIO) KOHIEHTPALIMH
20%-ro pactBopa CaCl,, minotHocts KoTOporo 1,178 /e, (OtBeT: 2,1 M; 4,2 1.).

157. Cxonbko mutpoB 2,5%-ro pactBopa NaOH (p=1,03 r/cMm’) MOXKHO
npurotoButh U3 80 mi 35%-ro pacteopa (p = 1,38 r/em’)? (Otser: 1,5 ).



158. Paccuuraiite MOJSPHOCTh U HOPMaIbHOCTh 2,5%-ro pactBopa NaOH
(p = 1,03 r/em’) (OtBet: 0,64 M; 0,64 1.)

159. Onpenenure HOpMaabHOCTH W MOJsipHOCTH pacTBopa H,SO4, B 250 mn
KoToporo coaepxutcs 12,25 r kucnotel. (OtBet: 1 H.; 0,5 M).

160. PaccuuTaiite MOJISIPHOCTb, MOJISLIBHOCTh U HOpMaJIbHOCTH 10%-i1 H,SO4
(p=1,07 F/CM3). (OtBer: 1,09 momb/it; 1,13 momnb/kr; 2,18 3KkB/M0).

161. ns weditpanmszanuu 20 ma 0,1 H. pacTBOpa KUCIOTHI NOTPEOOBANIOCH 8 MII
pactBopa NaOH. Ckonbko rpammoB NaOH coxepxut 1 1 atoro pactsopa? (OTBer:
10 r).

162. Bpluncaure MOJSIPHYIO W DKBHUBAJEHTHYI KOHLEHTpauuu 20%-ro
pactBopa CaCl,, miotHocth kKoToporo 1,178 /e’ (OtBet: 2,1 M; 4,2 1.).

163. Yemy paBHa HOopMainbHOCTb 30%-ro pactBopa NaOH, mioTHOCTh KOTOPOTro
1,326 r/em’? K 1 1 9TOr0 pacrBopa mpuOGaBHIN 5 1 BOAbL. BBIMMCINTE HPOLCHTHYIO
KOHIICHTPALIUIO MOJIy4YeHHOro pactBopa. (OtBet: 9,96 H.; 6,3%).

164. K 3 n 10%-ro pacrBopa HNOj;, mmotHocts Kotoporo 1,054 r/em’,
npubaBmmu 5 1 2%-ro pacTBOpa TOH e KHCIOTHI ¢ IUIOTHOCTBIO 1,009 r/cm’.
Bbluncnure npoUeHTHYI0 U MOJISIPHYIO KOHLEHTPAUU MOJIYyYE€HHOTO pacTBOpa, €CIH
CYHMTaTh, 4TO ero oobeMm paseH 8 1. (OTBet: 5%:; 0,82 M).

165. BpluuciauTe 5SKBUBAJIECHTHYIO M MOJIIpHYIO KoHUeHTpauuu 20,8%-ro
pactBopa HNO;, miotHOcTs KOTOporo 1,12 r/cm’. CKONBKO IPAMMOB KHCIIOTBI
coaepxkurcs B 4 11 atoro pactsopa? (Otset: 3,70 H.; 4,17 M; 931,8 1).

166. Bpruuciure MOJSPHYIO, SKBUBAJCHTHYI0 U MOJSUIBHYIO KOHIICHTpPALUU
16%-ro pactBopa AlICl;, miotHOoCTh KOTOpOro 1,149 /e’ (OtBet: 1,38 M; 4,14 1.;
1,43 m).

167. Kakoii o6sem 20,01%-ro pactBopa HCI (motHOCTS 1,100 r/cM’) Tpebyercs
s mpurotosienns 1 1 10,17%-ro pacteopa HCI (mtornoets 1,050 r/em’). (OTser:
485,38 ).

168. Cmemamu 10 e’ 10%-ro pactBopa HNO; (mmotnocts 1,056 r/em’) u
100 cm® 30%-ro pactBopa HNO; (rotHOCTS 1,538 r/cM’). BhIuncanTte mpomeHTHyIo
KOHIIEHTpALMIO ojaydyeHHoro pactopa. (Otser: 20,38%).

169. Kakoit o0bem 0,3 H. pacTBopa KUCJIOTbI TpeOyeTcs A HeUTpaau3aluu
pactBopa, conepskamero 0,32 r NaOH B 40 cn’. (OtBer: 26,6 cv).

170. Kakoii o6bem 50%-ro pactBopa KOH (miotHocts 1,538 r/cm’) Tpebyercst
JUIS TIPUrOTOBNEHHS 3 1 6%-ro pactBopa (mioTHOCTs 1,048 r/em’)? (OTser:
245.5 cm).



171. Kakoit o6veM 10%-ro pactBopa Na,CO; (mmotHocts 1,105 r/cm’)
TpeGyerTcst /Ul IPUrOTOBIeHHs 5 1 2%-r0 pacTBopa (motHocts 1,02 r/em’)? (OTBert:
923,1 cm?).

172. Ha neitrpammsammio 31 cm® 0,16 . pacTBopa wienoun tpedyercs 217 e’
pactBopa H,SQO,. Uemy paBHBI HOpMallbHOCTH M TUTP pactBopa H,SO4? (Otger:
0,023 u.; 1,127 -107° r/en).

173. Cxonbko rpamm/[ B HNO; coaepxalock B pacTBOpEe, €CId Ha
HeffTpanm3auio ero morpebosanock 35 cm® 0,4 H. pactBopa NaOH? Uemy pasen
tutp pactBopa NaOH? (Otser: 0,882 r; 0,016 r/cv’).

174. Ha neiitpanusaumio 1 11 pactBopa, comepxkariero 1,4 r, Tpedyercs 50 e’
KHUCIIOTBI. Bbrunciiure HopMallbHOCTh pacTBopa KuciioThl. (OTBet: 0,53 H.).

175. Ckonmbko rpammoB NaNQj; HyxHO pactBopuTh B 400 T BOMABI, YTOOBI
npurotoBuTh 20%-i pactBop? (OtBet: 100 1).

176. 3 10 xr 20%-ro pactBopa npu [IxnaxaeHuu Bbiaenauwioch 400 r comnm.
Yemy paBHa MPOLICHTHAsI KOHIIEHTpalUs oxjiaxaeHHoro pactsopa? (Otset: 16,7%).

8. DuaexTpoaursl. OnpeaeneHne KOHIEHTPALUN HOHOB B CHJIbHBIX
U CJa0bIX 2JIEKTPOJUTAX. AKTUBHOCTH HOHOB

DJIEKTPOJIUTBI — BEILECTBA, BOJHBIE PACTBOPHI (MJIM paCIIaBbl) KOTOPBIX
YaCTUYHO WJIM TOJHOCTBHIO COCTOSIT U3 MOHOB M XapaKTEPHU3YIOTCS CIOCOOHOCTHIO
IPOBOJUTh  BJEKTPUUYECKUH  TOK.  DJEKTPONPOBOJHOCTH HUX  OOYCJIOBIJIEHA
HaIpaBJICHHBIM JBUKEHUEM HOHOB (KaTHOHOB M @HMOHOB) B 3JEKTPUUYECKOM IIOJIE,
MO3TOMY HMX Ha3bIBAIOT MOHHBIMH NMPOBOAHUKAMM WU NMPOBOJHUKAMHU BTOPOIro
poaa. K »JeKTposiuTaM OTHOCSATCS BOJAHBIE PACTBOPHI KUCJIOT, OCHOBAaHUW U COJIEH,
pacIiyiaBbl YKa3aHHBIX COCIMHEHUH, a TaKKE OKCHJIOB U TUAPUAOB S— METAILJIOB, T. €.
COCMHEHUN C MOHHBIM WJIM MOHOTEHHBIM XapaKTepOM XMMHUYECKOW cBs3u. [lanee
paccMaTpUBaIOTCS TOJIBKO BOAHBIE PACTBOPBI AJIEKTPOJIUTOB.

Pacriag monekysn KuCIIOT, COJIeM W OCHOBAHUW IOJ JEWCTBUEM MOJISIPHBIX
MOJIEKYJ BOJbl HA HOHBl HAa3bIBACTCAd JJICKTPOJTUTHYECKOH IHCCOLUALMEH.
KonnyecTBeHHO CIOCOOHOCTH BEIIECTB IUCCOLMUPOBATH HA MOHBI XapaKTEPU3YyETCA
CTEeNeHbI0 JUCCONUMANMU (0) — OTHOUIEHHWEM YHCIA MOJIEKYJ DJIEKTPOJIUTA
pacnaBmuxcs Ha MOHBI (N), K 00IIeMy YHCIYy MOJEKYJ SJEKTPOJUTa B pacTBOpe

(No):

o= N -
N, (8.1)



UuclieHHOEe 3HAaYEHUE O 3aBUCUT OT MPHUPOIBI IEKTPOIUTA, €r0 KOHLEHTPAIUU
B PacTBOpE, TEMIIEpATypbl U MPUHUMAET 3HAYEHUS, MEHbIIINE WU PaBHbIC €IMHUIIC
(o £ 1). B 3aBUCMMOCTH OT 3HAYEHUS O JIEKTPOJIUTHI ACISITCS YCIOBHO HA CUIIbHBIE
(oo > 1) u cnadpie (a0 << 1). K cCHJIBHBIM 3JIEKTPOJUTAM OTHOCUTCSI OOJIBIIIMHCTBO
oHOOCHOBHBIX MuHepanbHbIX kucioT (HCl, HBr, HNO;, HCIO4 u ap.) u oaHa
nByxocHoBHas (H,SOy4), OoCHOBaHMS WHIENOYHBIX U IIEJIOYHO3EMEIBHBIX METAIJIOB
(LiOH, KOH, Ba(OH),, Sr(OH), u np.), xopoiio pactBopumsbie coyid. K cjadbim
3JIEKTPOJIMTAM OTHOCSTCA TMouTh Bce opranudeckue kucinotel (CH3;COOH,
HCOOH, H,C,04 u ap.), HEKOTOpbIE OJHOOCHOBHBIE MHUHEPAJIbHBIE KHCJIOTHI
(HCN, HF, HNO,, HCIO u np.) u Bce mHOrOoOocHOBHBIE KuCIOTH (H,SO;, H,COs,
H;PO, u ap.), maniopactBopuMbie ocHoBanusi (Cu(OH),, Ni(OH),, Fe(OH); u np.) u
comu (AgCl, BaSQ,, CaSO4 u np.). Xopolio pacCTBOPUMBIN THAPOKCU] aMMOHHS
(NH4OH) sBiisieTcst c1a0bIM 3JIEKTPOJIUTOM.

Bce cuiibHbIE 3JIEKTPOJIUTHI JMCCONMUPYIOT HEOOPATHMO, HAIIPUMED:

H,S0, - 2H+S0,™;
Ba(OH), > Ba’*+20H;
AICL; — AP™+3CI.

Caabble 3JIEKTPOJUTHI  JUCCOUUHUPYIOT OOpaTUMO JO  YCTAHOBJICHUS
paBHOBECHs, KOTOpPO€ XapakTepusyercs KOHcTaHTOM aucconmammu  (Kjy),
YUCJIEHHOE 3HAYE€HHE KOTOPOM 3aBHCUT OT MPUPOJIbI JIEKTPOJIUTA U TEMIIEPATYPHI.
3navyeHus Ky mpu 298 K U1 HEKOTOPBIX CIIAOBIX JJEKTPOJUTOB IIPHUBEICHBI B

npui. 3.
Hanpumep:
N ) H" J[HCO;
1)H,CO,  H" +HCO;, m=[ I CO3],
[H,CO,]
+ H' 5
2)HCO; ” H +CO§', n [ ][C(_)3 ],
[HCO; ]

pu otoM Ky << Kj;.
Crenenp aucconmanuu (o) u koHcranta auccouuannu (Kp) cBs3aHbl Mexny
co00ii ypaBHEHHEM, BhIpakalollluM 3aK0H pa3taBijeHuss OcTBajabaa:

2
o Cy,

b

K:

; (8.2)

l-a

rae Cy — MoJisipHasi KOHLEHTpaiusi 3jekTponuta. I[Ipu o << 1 3TO0 ypaBHEHUE

IMPpUMCT BUI



_ 2 _ Ky
= Cy mma= [—. (8.3)
M

K

N3 ypaBuenus (8.3) ciieyer, 4TO CTENEHb TUCCOLUAIMU CIIA0bIX JIEKTPOJIUTOB
YBEIMYMUBACTCS TIPU YMEHBIIIEHUN WX KOHIIEHTpaluu (pa30aBiIeHUN PacTBOpa).

KoHueHTpauusi HOHOB B CWIBHBIX 3JeKTpouTax (oo=1) wam (o — 1)
omnpenensercs no popmylie

C.,=C, an, (8.4)

IJIe N - YKCJIO MOHOB, HAa KOTOPBIE paciaacTcs OJiHa MOJIEKYJIa, HAlIPUMeEp:
AL(SOy); — 2AI"+380,7;
CA13+ = CM (X'z; CSO42_ = CM o-3.

B caadbix ajekrposutax n=1 (auccoumamus mo cragusaMm) Ci=aCy,

K

o= |—2 u KOHIIEHTpAIUsl HOHOB OIpeAenseTcs 1mno hopmye
M

C.=C el K,C
= Cy C— = abwu - (8.5)
M

Tak Kak B CHJIBHBIX OJJIEKTPOJWTAX B PE3YJbTATE IIOJHOW JIUCCOLIMALINU
KOHIIEHTPALMSI MOHOB BBICOKA, TO B 3HAUYUTEIBHOW CTENEHU NPOSIBIISIIOTCS CHUIIBI
MEKMOHHOTO  B3aUMOJECHCTBUS, KOJHMYECTBEHHOM MEPOM KOTOPBIX SBJISETCH
ko3¢ unment akruBHocTH (f). UncinenHoe 3nauenue f < 1; yem OoJbie MoJspHast
KOHIIEHTpAIMsl, TEM MEHbIIE OTHOCHUTEIbHO eauHulbl 3Hauenue f. Jluda
paz0aBieHHbix pacTtBOopoB f=1. Pe3ynbTaToM 3TOro B3aUMOJICUCTBUS SIBIISIETCS
yMeHbIlIeHHe (aKTUYSCKOW KOHIICHTpAIMd WOHOB W BBEJCHUE TOHATHUS AKTHUBHOI
KOHIIEHTPAUMM WJIH AKTHBHOCTH HMOHOB (ai), CBSA3AHHOM C MOJSPHOU
KOHLIEHTPAILIMEW €r0 HOHOB B PaCTBOpPE COOTHOILIEHUEM

a4+ = fi CMi- (86)
[TpubnmxeHHo KOADPUIIUEHT aKTUBHOCTH BBIYHUCIISIETCS 110 (hopMyJIe
lgf. =—0,57* 1. (8.7)

3nech Z — 3apsia uoHOB, I — HOHHAsI cWiia BJIEKTPOJIUTA, BRIYUCsieMas 110 hopmyJie



=12 2C;Z% (8.8)

rae C; — MoJisipHasi KOHIIEHTPAIIUs HOHOB.

Koaddunment akruHoct noHOB (f) Mpu paznuyHbIX 3HAUEHUSIX NOHHOW CHUJIBI
AIEKTPOJIUTA IPUBEEH B MPUJL. 4.

Hpumep 1. OmnpenenuTs KOHIEHTparuio noHOB Bojopoma (Cy') B 0,2 M
pactBope MypasbuHON kuciaotst HCOOH (Kp=1,8 - 10*) u paccumrars, BO
CKOJIBKO pa3 OHa YMEHBIIUTCA, €CH K 1 J1 aToro pactBopa no6aButh 0,1 Moib conu
HCOONa (a=1).

Pemienne. VYuuteiBas, uyro HCOOH sBasercs cnaObiM DJICKTPOJHTOM,
3aMuIIeM YpaBHEHHUE TUCCOLMAIINY:

HCOOH S H+HCOO", K;=1,810"

B cootsercTBuu ¢ (8.5) onpenenum C,, ' :

C,. =JCuK, =1,8-10%-2-10" = 6-10" mos/a.
Cunbnbiii snekTpoaut HCOONa auccoruupyet HeoOpaTUMO MO0 ypaBHEHUIO:
HCOONa — Na'+HCOO".
[Tpu noGaBieHN K PAaBHOBECHOU cUCTEME
HCOOH S H'+HCOO™
anekTposmTa ¢ ogHouMeHHbIMM noHamMu HCQOOQO™ paBHOBECHE CMECTUTCSI B CTOPOHY

HequccormpoBanHbix  Mosiekyl HCOOH, 1. creneHp auccouuaniy  KUCIIOTHI
YMEHBIIUTCS, a CJef0BaTeIbHO, yMeHbImMTCS M KoHueHtpamus Cy'. Kowncranra
JMCCOLMALIMU KUCIIOTBI MPU 3TOM HE U3MEHUTCA. OO0O03HAUUM HOBYIO KOHLIEHTPALMIO
C i uepes X, Torma HoBasi konneHtpamss HCOO™ Gyzer pasra (x+0,1), a KOHIICHTpAIHs
HenuccormupoBaHHbix Mosiekyl HCOOH pagha (0,2 — X). 3anuiueM BbIpaKE€HHE IS
KOHCTAHTBI IUCCOLMAIIAN ¥ PACCUMTAEM HOBYIO KoHIeHTpamuio Cy

_x(x+0,1)

K
8 0,2-x

[Tockonpky B mnpucyrctBuu cuiibHoro anektposuta HCOONa crerneHb
nucconmannt HCOOH ouens mana, To 3HaueHuem X 1o cpasHenuto ¢ 0,1 u 0,2
MOKHO MpeHeOpeyb, OTCI0/1a

1,8-10" =x 0’1, x =3,6-10" Momb/1.

9

CpasuuB ncxonnyo Cy'(6°107) ¢ paccunraunnoii (3,6 107, Haxomum, 4To OHa
yMmeHnbures B 16,7 pas.



OtBer. Cyy =610 moun/i1; C iy = 3,6°10~ moan/a; Cy'/C 4" = 16,7 pas.

IIpumep 2. BBIYMCINTE aKTUBHOCTH WOHOB M HMX KOJIMYECTKA B PacTBOPE,
coaepxkaiem 0,01 mons/m MgSOy4 u 0,01 mons/n MgCl,.

Pemenne. Taxk xak MgSO, u MgCl, xopomo pactBopumsbie coiu (o =1), To
OHH JIUCCOIMUPYIOT B paCTBOPE HEOOPATUMO 10 YPABHEHUSIM:

MgSO, —> Mg>+S0,”;
MgCl, » Mg**+2CI".

Konuentparuss nonoB Mg?* B pactope Gymer pasa 0,02 MOIB/I, HOHOB
SO, - 0,01 moms/1, moroB CI” - 0,02 Mois/1. PaccunTaeM HOHHYIO CHTy PacTBOpA,
UCII0IB3Ys cooTHoIIeHue (8.8):

1=0,5YC; Z’=0,5(Cyy 2"+ Cs04 2"+ Ciy - 1%) =

=0,5(0,02-4+0,01-4+0,02-1)=0,07.

KosddunneHt aktuBHOCTH fMg2+ = fs04" paccumtaeM 1o hopmye (8.7):

lgf=-0,52*V1 =-0,54 /0,07 =-0,53; f=0,30.

KoaddummenT ak THBHOCTH MOHA XJI0pa paBeH:

lgfo =-0,5'1 /0,07 =—0,13; o =0,74.

Cnenyer yuecth, uTo KOd(hdumumeHnt f ogHO- W ABYX3apsiIHOTO WOHOB TIPH
3alanHoOM BenuurHe I MOKHO B3sTh U3 npuil. 4.

[Tonw3ysacs cooTHoumieHueM (8.6), HaXoAMM aKTUBHOCTb Ka)KJIOrO HOHA B
pacTBope:

apg = fyg Cy = 0,3+ 0,02 = 0,06 MoTB/IT;
asos” = fsos” Cy = 0,3 - 0,01 = 0,03 moub/x;
acy =fa Cu=0,74 - 0,02 = 0,0148 monn/1.

KonmdecTBo MOHOB Ka)X70TO BUAA OMPEACIACTCS UCXOIs W3 3aKOHAa ABOTapo,
COrJacHO KOTOpoMy 1 MoOJb J1H000r0 BEIIeCcTBAa COJIEPKHUT OJMHAKOBOE KOJIMYECTBO
CTPYKTYPHBIX DJIEMEHTOB (aTOMOB, MOJIEKYyJd, HOHOB W T.I.), PaBHOEC YHCIY
Asoraapo — 6,02 - 10%,

Orcioma: Ny ™ = 0,066,02-10 = 3,6 -10*' nonos

Nsos = 0,03:6,02-10% = 1,8 -10*' nonos;
Nei = 0,0148:6,02-10 = 8,9 -10*' nonos.

OtBeT: ay, = 0,06 Momb/T; Ny ' = 3,6 -10*' nomos;

asos’ = 0,03 Mo/ Nsos® = 1,8-1021 HOHOB;
ac, = 0,0148 monw/1. N¢ = 8,9-1021 HOHOB.



NuaauBuayainbHbIe 3a1aHUSA

176. Onpenenure KOHUEHTpALMIO M KojinuecTBO MOHOB B 0,02 H. pacTtBOpe
Na,CO; (a0 =1). 3anuimure ypaBHEHHE AUCCOLIUAIUU.

177. Crenenp pucconMamnuu o cjaaboii OJHOOCHOBHOH kuciorel B 0,2 M
pactBope pasHa 0,03. Boruuciure konuentpanuio H' u koncranty mucconnamuu Ky

178. Omnpenennre KOHLEHTPALMIO M KoundecTBO MOHOB B 0,06 H. pacTtBOpe
FeCl;.

179. Onpenenure koHueHtpauuto noHoB OH B pactBope, B 1 1 KOTOpOrO
cogepxutcs 3,5 r NH4OH. 3anumure ypaBHEeHUE TUCCOLMALIMU U BBIPAKEHUE IS
Kn. Kak usMmenuntcs 3HaueHus o U Ky npu yBenumueHHH KOHLIEHTpalMM pacTBopa?
OTtBeT 000CHOBATH.

180. Ompenenure KOHUEHTpanui U KonudecTtBO MOHOB B 0,002 H. pacTBOpE
conu CuCl,.

181. 3anumure ypaBHenus: nuccoumanuu ruapokcunoB NaOH u NH,OH u
onpenenute koHeHTpanuo noHoB OH™, ecnu B 1 1 UX pacTBOPOB COJEPHKUTCS:

a) 0,4 r NaOH;

0) 0,35 r NH,OH.

182. Onpenenure koHueHtpauuo noHoB B pactsope NHOH (Kj = 1,8-107),
ectn o =20%. 3anummure ypaBHeHUe aucconuanuu. Kak H3MEHUTCS o TpHU
YMEHBIIEHUU KOHUEHTpauu pacteopa? OTBEeT 000CHOBATh.

183. 3anumure ypaBHeHue nuccouuaruu 0,5 H. pactBopa H,SO4 (a0 =90%) u
paccuuTanTe KOHIEHTPALUIO U KOJUYECTBO HOHOB B PacTBOPE.

184. 3anumure ypaBHEHHE JIUCCOLMALIMM PACTBOpa YKCYCHOM KHUCIIOTHI
CH;COOH u omnpenenuTe €€ KOHIIGHTPAIMI0O W CTEHEHb JUCCOLMALNM, €CIIH
Cy = 10~* mob/11. Henocraroiue qaHHbie BO3BMUTE U3 MPUIL. 3.

185. Onpenenure CTENeHb IUCCOIMAIIMN U KOHIIEHTPAIIMIO HOHOB B pacTBOpE, B
1 1 xoroporo coxepxurcsa 3,5 r NHOH (Kj = 1,8-107). 3amuumre ypaBHEHHE
mucconuanun. Kak msmensarcsa 3nadenus oo u Kj pacTtBopa Ipy yMEHBUICHMH €rO
KoHIIeHTpanuu? OTBET 000CHOBATH.

186. BbIUHUCINTE KOHLIEHTPALUIO MOHOB M MX KOJMYECTBO, COACPHKAIIMUXCS B
100 M 0,01 M pactBopa HNO, (K = 4.10™"). anuimTe ypaBHEHHE JUCCOLHAINY U
BBIPKCHME Ul KOHCTAHTBI AMCCOLMALNK, KaK u3MeHaTcs 3Hayenus o u Ky HNO,
IpY YMEHBIIEHNN KOHLEHTpauu pactBopa? OTBET 000CHOBATS.

187. OnumuakoBa 1M KoHIEHTpamus uoHoB H' B pacTBopax ciabbix
anextponutoB HNO, 1 HCN 1npu nx oa1MHaKOBOW MOJIIPHOM KOHIIEHTPAaLUU, PaBHOU



0,1 monws/n? 3anummure ypaBHEHUS AUCCOIMAIIMM M BBIPAXEHUS JISI UX KOHCTAHT
nucconuanui. OTBET NOATBEPAUTE pacyeTamHu.

188. B pactBope oobemom 250 mi coxepxkutrcs 3,55 r Na,SQy4. Onpenenure
KOHIIEHTPAIIMIO ¥ KOJIMYECTBO HOHOB B ATOM pacTBope (o = 1).

189. KakoBa crenenp nuccoumanuu MypaBbuHOl kuciotsi HCOOH B ee
0,46%-M pactBope (p=1 r/cm’), ecim Cy' =107 momb/n? 3amummre ypaBHEHHE
JUCCOLMALINY U BBIPAXKEHUE ISl KOHCTAHTBI JUCCOLAALINH.

190. Onpenenure koHIeHTparo HoHOB B 0,6 H. pacTBope conu FeCl; (o = 1).
3amuImTe ypaBHEHHE AUCCOLHMALNN U ONMPEACINTe KonmdectBo noHoB Fe' B 1 mn
pacTtBopa.

191. 3anumure ypaBHeHHE aAvccounanuu ciaboit azotucrtoi kuciotel (HNO,)
M ONpEeeINTe MOISIPHOCTh pacTBopa, eciu Cy' =2-10" moms/n. Kak m3menstcs
3HaueHusd o U Ky npu ymeHpIIeHMM MOJSPHOM KOHLEHTpauuu pactsopa? Otser
000CHOBATh.

192. OnpenenuTh KOHLEHTpPAUXIO HWOHOB B pactBope, B 250 M KOTOpPOro
conepxkurcs 3,5 T KOH (a=1). Ckxonbko monos OH™ coxpepxkutcs B 250 mu
pactBopa?

193. B 500 mn pactBopa conepxutcsa 7,1 r conu Na,SOy4 (o = 1). Onpenenure
KOHIIEHTPAINIO HOHOB M X KOJMYECTBO, COJIEpPKAIIECECS B ITOM 00bEME.

194. 3anumure ypaBHenus auccounanuu kuciaor HNO; (a=1) u HNO,
(KH=4-104). Jlokaxure, mouemy INpH OAWHAKOBOW KOHIIEHTpPALlMM UX PaCTBOPOB,
paBHoii 0,01 M, korneHTpanus nonos H' paszmimyna.

195. 3anumuute ypaBHEHHS AMCCOLMAIMU CHA00M JBYXOCHOBHOM KHCIIOTHI
H,SO; 1 BblpakeHUs Uil KOHCTAHT AMCCOLIMALMU IO MEPBOM M BTOPOW CTAIUSIM.
Onpenenute KoHeHTpauio nonoB H' B 0,4 H. pacTBOpe, yIUTHIBAs TOIBKO TIEPBYIO
CTaJUI0 TUCCOLIMAIUU.

196. B 0,1 uH. pactBope crenens aucconuannu ykcycHoil kuciotsl CH;COOH
paBHA 1,32:107° [Ipu xakou koHueHTpauuu azorucror kuciotel HNO, ee creneHb
aucconuanuy OyaeT Takoi ske? 3alnuInTe ypaBHeHUS JUCCOLUAIIIHN 3TUX KUCIIOT.

197. Bo CKOJNBKO pa3 yMEHBIIMTCS KOHIEHTparus noHos H' B pacTBOpe
CH;COOH (K= 1.8:107), ecnu k 1 1 0,005 M pacrBopa no6asuth 0,05 MOIb
anerata Hatpusi CH3;COONa (a=1). OtBeT 000CHOBaTh COOTBETCTBYIOIIUMHU
ypaBHEHUSIMU qucconanuu u pacueramu. (OTBet: B 166,6 paz).

198. BbluucnuTe aKTUBHOCTh MOHOB UM HOHHYIO CHIIy 3JIEKTPOJIMTA,
coaepxkaiiero 0,02 sxe/n K,SO4 1 0,01 mons/n KCI.



199. Bpiuncinure HOHHYIO CUJTy U akTUBHOCTh HOHOB B 0,1%-M pactBope BaCl,
(p =1 r/ew).

200.3anumure ypaBHeHus nuccounanuu conerd MgSO4 n MgCl, u onpenenure
MOHHYIO CHJIy 3JIeKTpoauta, coctosimero u3 0,02 H. pactBopa MgSO4 u 0,01 M
pactBopa MgCl,. Onpenenure akTUBHOCTh HOHOB.

9. UonHoe npousBeaeHue Boabl. Bogopoanbii nokasareuans (pH)

Boma sBasiercss ciaObIM  SJEKTPOIIUTOM € TUCCOIMUPYET OOpaTUMoO TI0
YPaBHEHUIO

H,0 5 H+OH, Ky=Cy -Con’/Cy -

YucnenHoe 3HaueHue Kj BOJBI ONpPENENIEHO DKCIEPUMEHTANBHO 110 JAHHBIM
snextporpoBogHocty mpu 298 K u pasuo 1,86-107'°. PaBHOBeCHAas KOHIGHTpALIHS
HEJIMCCOLMMPOBAHHBIX MOJIEKYNl BOJbI paBHa Cy,o = 55,56 momw/n (1000/18), rae

1000 r — macca 1 1 Bouel (p =1 F/CM3), 18 r/mMoisp — MobHasA Macca BOJbl. Tak Kak

-9
CTEIEHb JIMCCOLMAINK BOJIBI HUYTOKHO Maua (o = 1,810 "), To Ch,o MOXKHO CUHTATH
BEJIMYMHOU MOCTOSIHHON. Torma

KiCy,o =Cu Con, 1,86107°+55,56 = Cy" Con ™

[IpousBenenue
Cy'Con =Ky o = 107" 9.1)

Ha3bIBACTCSI HOHHBIM MPOU3BeJAEeHUEM BOIbI WU ITOCTOSHHOMN BO/JIBI.
B HelTpajbHBIX cpeaax Cy =Con = 1077 MOJIB/TT, B KHCABIX Cy > 10_7M0J'IB/J'I,
B mesiounbix Cy'< 107 Mouib/i1.
Ha mpakTuke XapakTep BOJHOW Cpejibl OILICHHUBAIOT C MOMOIIbIO BOAOPOIHOTO
nokaszareass (pH) — oTpunarenbHoro JecATUYHOrO Jorapupma MOJSPHOU
KOHIIEHTpAIIMU HOHOB BOJAOPO/IA, T. €.

pH=-1lg Cy". 9.2)
Ananorn4Ho paccuuteiBaetcsa pOH:

pOH =1g Coy . (9.3)

Torna nokazarens pK H,0 OyJIeT paBeH



PKHZO =-lg KHZO == 1g(CHjLCOH_) = 14, (9.4)
OTKy/a
pH + pOH = 14. (9.5)

B meurpanbabix cpenax pH = pOH =7, B kucnbix cpenax pH<7, B meno4Hsx —
pH>7.

3nas BenuuuHy pH, moxno paccumtars pOH, u Ha060pOT, MO HM3BECTHOMY
3naueHuto pOH onpenensercs sennunna pH.

IIpumep 1. Omnpenenurs pH BoaHoro pactBopa, B 250 M KOTOPOro
coaepxurcs 0,14 r rugpoxcuna kanus (KOH).

Pemenne. Onpenenum mMossipHyto koHueHTpauuto pactsopa KOH o popmyne

| Yold = 0,01 moub/m.

C o4 pr—
MMV 56-0.25

VYuursiBas, uro pactBop KOH sBisiercss cuiabHBIM 3ieKTpoiauToM (o = 1),

3aluIIeM YpaBHEHHE JUCCOLMAIIMN B ONIPEeINM KOHIIeHTpanto noHoB OH ™
KOH —» K'+OH, Coy =Cy an=0,01-1-1=10" mons/m.
Onpenenum pOH u pH pactBopa
pOH=-lg Coy =-1g107°=2; pH=14-2=12.

Otser. pH = 12.

Ipumep 2. Omnpenenautb MOJSIPHYIO KOHUEHTPALUIO THUAPOKCUAA AMMOHUS
(NH4,OH), eciu pH=11.

Pemenune. PacTBOp ruapokcuaa aMMOHUS SBIISETCS CIA0BIM 3JIEKTPOJIUTOM H
TUCCOLMUPYET 00paTUMO 10 YpaBHEHUIO

NH,OH S NH,+ OH, K;=1,810",

C yuetom (9.5) pOH=14-pH=14-11=3.

Ucxons u3 ypasuenns pOH=- 1g Coy, Con =10 moms/1. Omnpenennm
MoJIsIpHYO KoHILeHTparuto pactBopa NH4OH, ucnons3ys cootHouienue (8.5):

Con = K,Cy; , C’on =K;Cw, 0TKyaa Cy=Clon /Ky =
=10"°/1,8-10"° = 0,056 Mo/

OTtBet. C\(NH4,OH) = 0,056 Mmoab/a1.

[Ipumep 3. Onpenenuts MOJSpHYIO KoHLEeHTpauuio (Cyy) pacTBOpa yKCyCHOM

+
KHCJIOTBI, CTENEHb €€ JIuccolnuanuu (o) ¥ KOHIEHTpanui HoHOB Bojopoaa (Cy ),



eciu 3Hadenue PH pactBopa paBHo 3,87. KoHcTaHTa auccouuanii KHUCJIOTHI
K;=1.810".
Pemenue. 3anumeM ypaBHEHUE JUCCOLMALIAN
CH;COOH & H'+CH;COO'.
3nas pH pactsopa, onpenennum Cy '
pH =-lg Cy" = 3,87, orkyaa Cy" = 1,35-10* moms/m.
N3 cootHomenus (8.5) onpenenum Cy:

C . (135-10%)
C.=.C,K,,omkyna C, = L= (¢ ) =0,001 moub/m.

5
K, 1810

W3 3akoHa pa3dapiienus OCTBaIb/Ia OMPEACITAM O

K -5
a=, |—= =\/1’8 130 =0,13.
Cy V 10

Oteer. Cy' = 1,35-10" mosw/i; Cyr = 10> mMonw/it; o = 0,13.

NuauBuayanbHble 3aJaHUSA

201. B 1 n pactBopa coxmepxkurcs 0,28 r KOH. Beruucoute pH pactBOpa,
cuutas auccounanno KOH nonnom.

202. Omnpenenute pH pactBopa, B 500 mu koroporo copepxkutrca 0,175 r
NH,OH (K;=1,8-10").

203. Onpenenute monsipHocTh pactBopa HSO4 (a0 = 0,9), ecniu pH = 2.

204. Yemy pasHbl Mossipable KOHLeHTpaunu pactBopoB HNO; u NaOH, ecin
st meporo pacrsopa pH=2, a gus Broporo 13?7 3anummre ypaBHEHHS HX
JTUCCOLIMAIIH.

205. 3anumuTe ypaBHeHHE aucconuainuu ciaboro ocHoBanus NH4OH wu
paccuutaiite pH pactBopa, B 250 mu koToporo coaepxkurcs 0,875 r NH,OH.

206. OnunakoBbl nu 3HaueHus pH pactBopoB KOH u NH4OH oaunakoBoii
KoHIeHTpanuu, papaoit 0,001 M? OtBeT 000CHOBAaTh YPAaBHCHUSIMH JTUCCOLIMAITUN U
pacyeTamH.

207. Yemy paBubl 3HaueHus pH 0,1 M pactBopoB cuibHbIX 351eKkTpoanToB HCI
n NaOH? Kak u3MeHsTCs X 3HAYEHHUs IPU YBEIIMYCHUN KOHLIEHTPAUA PACTBOPOB B
10 paz?

208. Onpenenute pH pactBopa, B 250 ma kotoporo conepxutcsa 0,14 r KOH.
Uemy paBHa koHueHTpaus noHoB OH™ B pactBope?



209. 3anumunte ypasHeHus auccouuanuu HNO, (K= 4-10*) u HNO; (o= 1)
u onpenenure pH m pOH pacTBOpoOB 3TUX KHUCIOT OJMHAKOBOM MOJISPHOU
KOHIIeHTpauu, pasHou 0,01 M.

210. 3anumwMre ypaBHEHHE JUCCOLMALMM ClIa00M YKCYCHOM KHUCIOTBI
CH;COOH u omnpenenute ee MOJISIpHYIO KOHIIEHTpaluto, eciu pH pactBopa paBen
5,2.

211. Onpenenure, ckonapko rpammoB NaOH conepxurcs B 1 1 pactBopa, pH
KOoTOporo paseH 10. /lucconmannio OCHOBaHUSI CYUTATh MOJIHOM.

212. KakoBa creneHp aucconuanuu mypaBbuHOM kuciotei HCOOH B ee
0,46%-M pactBOpe (p = 1r/em’), ecm pH pacTBopa paBen 3?

213. 3anuiuTe ypaBHeHHe nucconuanuu ruapokcuaa 6apus Ba(OH), (aa=1) u
Berarcante pH pacTBopa, KoHIEHTpalus KoToporo pasra 0,171% (p = 1 r/ew’).

214. Onpenenute, ckosibko rpammoB HNOj; coaepxkutcs B 1 11 pactBopa, pOH
KoTtoporo paseH 11. 3anummure ypaBuenue auccouuaun HNQO;, ecnu o = 1.

215. Onpenenute, ckoapko rpaMmmosB 1mesnoun KOH conepxurcs B 500 mut ero
pactBopa, pH kotoporo pasen 12.

216. Cxombko rpammoB rugpokcuga ammonuss NH4OH (Kj = 1,8-10_5) u
rugpokcuna kanuss KOH (o= 1) comepxutca B 1 1 UX pacTBOpPOB, €ClIM 3HAYECHUS
pH y Hux oauHakoBel W paBHbl 11,137 OTBer nNoATBEpAUTH YpaBHEHUAMH
JIMCCOIMAIIMKN U COOTBETCTBYIOIIMMU pacyeTaMu.

217. Ckonbko rpamMmmoB ykcycHoM kucinotel CH3COOH copepxutcs B 1 1
pactBopa, pH xoToporo pasen 2,877 3anuiunTe ypaBHEHUE AUCCOUUAIMNA KUCIOTHI U
BBIpaKEHUE JJIs1 KOHCTAHTBI JUCCOLUALINY.

218. Omnpenennure MOJSPHYIO KOHIIEHTPALMIO PACTBOpPA THAPOKCUIA AMMOHHS
NH,OH, ecoim pH=11,13. 3anumure ypaBHenue auccouuanmu NH,OH wn
BbIpaKEHUE /ISl KOHCTAHTBI TUCCOLUALINY.

219. Cxonpko rpammoB ykcycHou kuciorel CH3;COOH conepxutcs B
pactBope, pH xoToporo paseH 5,27 3anumuTe ypaBHEHUE JUCCOLUUALIMN KUCIOTHI U
BbIpaKEHUE ISl KOHCTAHTBI TUCCOLUALINY.

220. Cromnpko noroB H' conepxurcs B 1 M1 pactsopa, pH koToporo pasen 13?

221. Onpenenute creneHb auccounanuu MypasbuHoil kuciiotst HCOOH B ee
0,46%-M pactBope (p = 1 r/cm’), ecin pH pacTBopa paBeH 3. 3amuIunTe ypaBHEHHE
JUCCOLMAIIH.

222. Onpenenure, ckoiabko rpamMmmoB ruapokcuaa KOH coxepxurca B 500 mn
pactBopa, pH koToporo pasen 13.



223. Omnpenenute pH 0,2%-ro pactBopa 1aBukoBodl kuciotel HF
(p =1 r/em’), eciy cTemeHb ee AUCCOLMALIHU paBHa 2%.

224. Onpenenure komuuectso noHos H' u OH, comepskammuxcs B 100 mi
pactBopa, pOH koToporo paseH 4.

225. Cxkonpko rpammoB ruapokcuna ammonHuss NH4OH conepxurcs B 1 71
pactBopa, pH kotoporo paseH 2,877 3anumure ypaBHEHUE AUCCOLUUAIMUA JJIsS
NH,OH u BeipakeHue 1JIs1 KOHCTAHTHI JTUCCOLHALIHH.

10. Peaknum o0MeHa ¥ THAPOJIN3A B PACTBOPAX JIEKTPOJIUTOB

OOMeHHBIE peaknMH B pPacTBOPAX AJIEKTPOJIUTOB HAYT B HANpPABICHHUH
CBSA3BIBAaHUSI MOHOB B MaJOpacTBOPUMbIE BELIECTBA, 0Opa30BaHUs Ia30B WK CIa0bIX
a51eKTposInTOB. Eciu ke cialble 371eKTPOIUThI, OCaJKH WU T'a3bl UMEIOTCS KaK Cpeau
UCXOJHBIX BEIECTB, TAK W CPEAH NPOIAYKTOB PEAKLUHU, TO, BBUIY OOpPATUMOCTH
TaKUX MPOIECCOB, PABHOBECHE CMEILEHO B CTOPOHY Hambosee ciadbIX 3JE€KTPOIUTOB
(c meHpmuM 3HaueHueM Kj) uinm HamMmeHHMe pacTBOPUMBIX BEIIECTB (C MEHBIINM
3HaYeHUeM npousBeeHus pactsopumoctu IIP).

CymHocTh peakuuii oOMeHa HanOoyiee TOJHO BBIPAKACTCS NPU 3alUCH B
KpaTKoM (opMe HOHHO-MOJEKYISPHBIX YpaBHEHUH, B KOTOPBIX TOJBKO CHUJIbHBIE
AJIEKTPOJIUTHl 3aIUCHIBAIOTCS B HOHHOM (opMe, a OcCTalibHble BEIIECTBA — B
MOJIEKYJISIPHOM.

[IpumepomM TakuUX peakUUl SABJISAIOTCA PEAKIUMUA HEUTpaIn3aluu CHIBHON
KHUCJIOTBI CUJIbHBIM OCHOBAHHMEM, CJIa00r0 OCHOBAHUS CUJIBHOM KHUCIOTOM U HA000pOT
W11 OOMEHHBIE peaKkluu B pacTBOPAX COJIEH:

HNO;+NaOH = NaNO;+H,O0;
H'+OH = H,0;

NH,OH+HCI = NH,CI+H,O0:;
NH,OH+H" = NH,"+H,O0;
Ba(OH),+2HNO, = Ba(NO,),+2H,0;
20H +2HNO; = 2NO, +2H,0;
Na,CO;+CaCl, = CaCO;+2NaCl;

CO;? +Ca* = CaCO,.

O6M€HHBI€ peaKHI/II/I BBaHMOHeﬁCTBHH HNOHOB COJIN C MOJ'IeKYJ'IaMI/I BOJbI C
O6pa30BaHI/I€M CJ'I&6LIX SJIGKTpOJ'II/ITOB HaA3bIBAKOTCIA peaKHI/IHMI/I FI/IIlpOJII/I3a COﬂeﬁ,
KOTOPBIC IMPUBOAAT K U3MCHCHHUIO XApPAKTCPa CPCIAbl, T.C. K U3MCHCHHNIO BCIIMYNHBI
pH pactBopa.



Xapaktep cpeibl 1 00pa3yoIUXCsl MPOAYKTOB TUPOIN3a 3aBUCHUT OT MPUPOJIBI
conmu. ['maponuszy He NOABEPrarOTCs COJM, OOpa30BaHHBIC MPU HEUTpaTU3ALNU
cuiabHBIX KUCIOT cuibHbIMU ocHOoBanusMu (NaCl, KNOjz;, NaBr u ap.), pH
pacTBOpa paBeH 7 (HeHTpaibHas cpefa).

KonnuecTBeHHO THAPOIU3 XapakTepuszyercs creneHbi0 ruapoamnsa (h) mu
KOHcTaHToi ruapoausa (K,), cBsi3aHHBIX MEXKy COOOM COOTHOIIEHUEM

K
h= [—, (10.1)
CM

rae Cy - MoJisipHasi KOHUEHTpAlMsd HOHOB COJIM, IMOJBEPTarOIIUXCS THAPOJIU3Y,
KOTOpAasi paBHA MOJISIPHOM KOHUEHTPALUU COJIU.
Uucnennoe 3Hauenue K, 3aBUCUT OT NpPUPOIBI COJM U TEMIEPATYPHI.
PaccMmoTpum xapaktepHble TPUMEPBI THIPOIN3a PA3JIAYHBIX COJIEH.
I'mapoau3 mo oaHO3apsiIHOMY KAaTHMOHY (coiib oOpa3oBaHa cCiaObIM
ocHoBaHueM U cuiibHOM kucioTon (NH,4CI).
Tak Kak TUAPOIU3Y MOJBEPrarTCs XOPOILIO pacTBopuMbie conu (o= 1), To
ypaBHenue nucconmanuu NHyCl umeet Bua
NH,Cl - NH,+CI".
3anuiieM B TOJHOW MOJEKYJISPHOW W KpPAaTKOW HMOHHOW (opMax ypaBHEHHUS
TUPOIIN3A;
NH,CI+H,0 S NH,OH+HCI;
NH,+H,0 & NH,OH+H".
KoHcTanTa paBHOBECHS, Ha3blBaeMasi KOHCTAHTOM TMIPOJIN3a, PACCUUTHIBACTCS
MCXOJs U3 3aKOHA JIEMCTBUS MACC:

K, =C NH,OH C - /IC NH? C H,0 = const, npyHUMaeMasi 3a €AUHULLY.

Bripasus u3 cootHomenns (9.5) Cy' uepes KHZO u Coy , TOJTYUUM:

_ CNH4OHKH20 _ KHZO _1o™
1" .
Ca:Con Ky (NH,OH) K soem

(10.2)

N36s1ToK oHoB H' (06pasosanue kucnotsl HCI) onpesenseT KUCIYIO PEaKIIHIO
pactBopa conu NH4CL, 1. e. pH <7.

I'mapoau3 mo oaHo3apsiiHOMY aHHOHY (cosib  00pa3oBaHa  ciaboit
OJTHOOCHOBHOM KHUCJIOTOU U CUiIbHBIM ocHOBaHHEM (NaNQ,).



NaNO, - Na'+NO,;
N3N02+H20 s HN02+NaOH;
NO, +H,0 5§ HNO,+OH'".
Kio _ 10"
K K

K= (10.3)

J(xuc) J(xwuc)

N36biTok moHoB OH™ (0OpazoBanue NaOH) omnpenensier mel04Hy0 peakiuio
pactBopa NaNQO,, 1. e. pH > 7.
I'uapoJn3 no MHOro3apsiiHBGIM MOHAM HAET CTYNEeHYAaTo, yepe3 00pa3oBaHue
OCHOBHBIX WJIM KHCJIBIX cojieii. Hampumep, THIpOIN3 MO ABYX3apsiTHOMY KaTHOHY:
CuCl, —» Cu”'+2CI.
1) CuCL,+H,0 S CuOHCI+HCI;
Cu’+H,0 S CuOH'+H".

K - two _ 107 10.4
r(l) KILZ(OCH) KHZ(OCH) . ( . )
2) CuOHCI+H,0 S Cu(OH),+HCI;
CuOH+H,0 S Cu(OH),+H".
K=o _ 107 10.5
" KHI(OCH) KIII(OCH) ( . )

Tax xak Ky, << Ky, 10 u3 ypasuenuii (10.3), (10.4) cnenyer, uro Kr; >> K.
Takum o00pa3om, THIPOJIM30M IO BTOPOM CTaJAMM MOXXHO MpeHeOpeub. XapakTep
cpennl kuciwiii (pH < 7).

I'maposaus mo AByX3apsiiHOMY AHUOHY:

Na,CO; — 2Na'+CO;™.
1) Na,CO3;+H,0 S NaHCO;+NaOH;
CO;"+H,0 5 HCO; +OH'.

K

mo _ 107" . (10.6)

K

ray —
Lotoen R, (e

2) NaHCO;+H,0 S H,CO;+NaOH;
HCO;+H,0 S H,CO;+OH'".



K = Kyo 107
re — X . (10.7)
1, () 1, (sne)

XapakTtep cpenbl menounoi (pH > 7).

I'uapoau3 o1HOBpPeMEHHO MO AHMOHY M KaTHOHY (coib oOpazoBaHa cinaboit
KUCJIOTOH u  cinabbiM  ocHoBanueMm, Hamnpumep CH;COONH,). Takue conu
MOJIBEPraloTCsid TMOJHOMY (HEOOpaTMMOMY) THIPOJU3Y, XapaKTep Cpeabl, Kak
npaBuiio, HeuTpaibHbld (pH = 7).

CH;COONH, - CH;COO +NH,;
CH;COO +NH,+H,0 & CH;COOH+NH,OH.

IIpumep 1. 3anmcarb  MOJEKYJISpHbIE  ypaBHEHUs peakuuid  oOMeHa,
COOTBETCTBYIOIIUE CIEAYIOIIUM HOHHBIM YPABHEHHUSIM:

H,S+20H" 5 2H,0+S™;
CO;"+Ba*'s BaCOxs;
2H'+20H S 2H,0.

Pemenne. Tak Kak B MOHHBIX YPABHEHUSIX CJIA0bIE AJIEKTPOIUTHI 3aMUCHIBAIOTCS
B MOJIEKYJIIpHON (opMe, a CWIbHBIE - B MOHHOW, TO MOJIEKYJISIPHBIE YpPaBHEHMUS
OyIlyT UMETb BUJ;

H,S+2NaOH S 2H,0+Na,S;
K,CO;+Ba(OH), 5 BaCO;+2KOH;
H,SO,+2NaOH 5 Na,S0,+2H,0.

IIpumep 2. B monekynsipHOW W KpaTKol MOHHOM (popMax 3amucaTh ypaBHEHUS
oOpazoBanus u rugponusa conu FeCl,. Yka3arh, Kak U3MEHUTCS XapakTep Cpeabl B
pesyiabTate ruAponu3a. Ha oOCHOBaHMM TPUBENEHHBIX YpaBHEHUN OOBICHUTH
IIPOTEKAaHKWE THAPOJIN3a JAHHOU COJIM, B OCHOBHOM, IO IEPBOM CTaAUH.

Pemenune. Tak kak conp — 3TO NPOAYKT HEUTPAIUZALUUU KUCIOTHI OCHOBAHUEM,
To peakius oopa3zoBanus FeCl, Bbpa3uTcsi ypaBHECHUSIMU:

Fe(OH),+2HCI = FeCl,+2H,0;
Fe(OH),+2H" = Fe’*+2H,0.

SBngsace xopomo pactBopuMor coapro, FeCl, nucconmupyer mnoJHOCTBIO
(a=1):

FeCl, - Fe*'+2CI".

T'uaponus uaeT 1o aByx3apsaHoMy Katnony Fe’. B cooTBeTcTBHM ¢ ycnoBHeM
3a/layu 3aluIleM B TOJHON MOJIEKYJISIPHON U KpaTKOW MOHHOW (hopmax ypaBHEHHUS
THUIPOJIA3A MO TIEPBOM CTaIUU



FeCl,+H,0 = FeOHCI+HCI;

Fe**+H,0 = Fe(OH) +H".

[osiBAsTOmEeECs B pe3ylabTaTe Iuapoiu3a HoHel H' M3MEHSIOT XapakTep cpemsl
Ha kucibid, T. €. pH < 7. Uucnennoe 3nauenne pH B coorBercTBuu ¢ (9.1) 3aBUCUT
OT KOHIEHTpamuu noHoB H', KOTOpas, B CBOIO oOuepeiab, 3aBUCHT OT CTETCHH
ruaponusa (h) no neppoii craauu:

CH+ =Cwm - h(l),

rine Cy — wmomsgpHas koHueHrpauusa comn FeCly; hgy — paccuumrteiBaercs B
cootBeTcTBHH C (10.1) M0 ypaBHEHHIO

K

_ r'd)
h, = G
M
3anuieM Belpaxkenue i Ky 11 ypaBHenus Fe’*+H,0 = Fe(OH)"+H":
Tem $= CFe(OH)* CH+
ra) — C .
Fe2+

Hcxons u3 noHHOTO nponsseenus Boasl (9.1) Cy' = 10/Con-, Torna

14
K - CFe(OH)* 10 _10™
¢ 2 C K o (recomy,)

107 —
Torna h(l) = ﬁ, a CH*(I) = KF(I)CM .

A2(ocH) M

3anuiieM ypaBHEHHE TUIPOJIN3a 10 BTOPOM CTaINH:

FeOHCI+H,0 S Fe(OH),+HCI;

FeOH'+H,0 S Fe(OH),+H".

K _ CyCreom, _ 1077
rey — C - K

FeOH™ H(1)ocn

Tax xak koncranta guccoumanuun Fe(OH), no mnepsoit cramum (Kpy)
3HauuTeNbHO Oosbiie, yeM 1o BTopoll (Kj), To Kpy >> Kp,. CnenosatenbHo,
TUAPOJIN3 COJIeH 110 MHOT'03apsiTHBIM KaTHOHAM (Fe2+) WJIM MHOTO3apsIHBIM aHHOHAM
(CO;%), KaKk MpaBHJIO, IPOTEKAET IO MEPBOIl CTAZHK C OOPa30BAHHEM OCHOBHBIX
(FeOHC) wu kucneix (NaHCO3;) coseil COOTBETCTBEHHO.



NuaauBuayaibHble 321aHUA

226. B MonekynspHOW M KpaTKoW HOHHOW (opMax 3aluIlIUTe YypaBHEHUS
peakuui nosryyeHnus u ruapoaunsa conu K,SO; n paccunrainite pH 0,04 H. pacTBOpa
ATOM COJIM, YUUTHIBAs TOJBKO MEPBYIO CTYNEHb TMAPOIU3A.

227. B wMonekymspHOM M KpaTKod HOHHOW (opMmax 3amuinuTe ypaBHEHUS
peakumii nonyuenuss u ruaponusa auerara Hatpus CH3;COONa. Paccunraiite pH
pactBopa, B 1 1 koToporo coaepxutcs 0,082 r 3Toi conu.

228. B MonekydaspHOW M KpaTKOH HMOHHOW (opMax 3amuIlIUTe YpPaBHEHUS
peakumii mosyyenuss u rugposmsa conu K,CO; u paccuuraiite pH ee 0,006 H.
pacTBOpa, yYUTHIBAs TOJIBKO NEPBYIO CTYIIEHb THIPOJIN3A.

229. B MonekynsapHOW M KpaTKol HOHHOW (opMax 3alUIlIUTe YypaBHEHUS
peakuuy nonydeHuss M ruaponusa coau Na,SO; m onpenennre pH pactBopa, B
kotopoMm conepxurca 0,02 SKBUBaJIEHTa 3TOW COJM, YYUTBHIBAs TOJBKO IEPBYIO
CTyII€Hb TMIPOJINA3A.

230. B MonekydaspHOW M KpaTKOH HOHHOW (opMax 3amullIUTe YpPaBHEHUS
peakumii monydeHus u rujaponusza conu NaNQO, u paccuutaiite pH pactBopa, B
250 ma xoroporo coxnepxures 0,172 r aTout conn.

231. B MonekynspHOW M KpaTKol HOHHOW (opMax 3alUIIUTe YypaBHEHUS
peakuuii monydyeHus u rugponusa conu Li,CO; um paccuumraiite pH ee 0,002 n.
pacTBOpa, yUUTHIBas TOJIBKO NEPBYIO CTYIIEHb THIPOJIN3A.

232. B MonekynspHOW M KpaTKOW HOHHOW ¢GopMax 3amuIInTe YPaBHECHUS
peakuui nonydyeHuss u ruaponusza coimu NH4Cl u paccuuraite Benmuuny pH
pactBopa, B 1 1 kotoporo conepxkurcs 0,0535 r conm.

233. B wmonekymspHOM M KpaTKol HOHHOW (opMax 3amuinuTe ypaBHEHUS
peakuuu nosydenuss u rugponusa coau K;CO; u paccuutaiite pH ero 0,001 M
pacTBOpa, yYUTHIBAs TOJIBKO NEPBYIO CTYIIEHb THIPOJIN3A.

234. B MonekyJIspHOW M KpaTKOM HMOHHOW (opMax 3amuIlIUTe YpPaBHEHUS
peakuuii nonydenus u ruaponusa coiu CuCly u paccuutaiite pH 0,04 H. pacTBopa
COJIM, YYUTBIBAsA TOJIBKO MEPBYIO CTYNEHb TUAPOIIN3A.

235. B MonekynspHOW W KpaTKOW HOHHOW ¢GopMax 3amuIInTe YpPaBHECHUS
peakuuii noayuenus u ruaposnsa coiu Li,SO; u paccunraiite pH 0,02 H. pacTBOpa,
YUUTBIBAsI TOJIBKO MEPBYIO CTYNEHb THAPOIN3A.

236. B MonekylIsSpHOW M KpaTKOH HOHHOW (opMax 3aluIIUTE YPaBHEHHUS
peakumii nonydyeHus u rugponusza conu K,SO; u paccuumraiite pH ee 0,02 H.
pacTBOpa, YUUTHIBASL TOJIBKO MEPBYIO CTYIIEHb FUAPOJIH3A.



237. B MonekynsSpHOW M KpaTKOW HOHHOW ¢dopMax 3amuIInTe YpPaBHEHUS
peakunii nosyuenuss u rugponusa conu KCN u paccuuraiite pH 0,01 H. pactBOpa
3TOU COJIU.

238. B wmonekymspHOM W KpaTKod HOHHOW (PopMax 3amuiuTe ypaBHEHUS
peakuuii monyuenus U ruaponusa coiu NaF u paccunraiite pH 0,01 M pactBopa
9TOM COJIN.

239. B MonekylspHOW M KpaTKOH HOHHOW (opMax 3aluIlIUTE YpPaBHEHUS
peakiuii nonydyenus u rugponnsa coiu NaQCl u paccuuraiite pH 0,01 1. pactBOpa
JTOU COJIU.

240. B MonekynspHOW M KpaTKOW HOHHOW (opMax 3aluIlIuTe ypaBHEHHUS
peakuui nosyuyenns u rugpoaunsa conu K;PO4 u paccunrante pH 0,03 H. pactBOpa
ATOH COJIU, YUUTHIBAsI TOJIBKO MEPBYIO CTYNEHb TMAPOIU3A.

241. B wmonekymspHOM W KpaTKoW HOHHOW (PopMax 3amuiIuTe ypaBHEHUS
peakuui noaydenus u ruapoausa conu NHyNO; u paccunraiite pH pactBopa, B 1 11
KoToporo coaepxurcs 0,8 r 3Toi CoJH.

242. B MOneKyJIspHOW M KpaTKOH HMOHHOM (opMax 3aluIlIUTE YpPaBHEHUS
peakiuii nonyuenust ¥ ruaponusa conu NaNQ, u paccuuraiite pH pactBopa, B 1 1
kotoporo coaepxurca 0,01 sxkBuBaneHTa TOU COJIN.

243. B MonekyJspHOW M KpaTKOW HWOHHOW (QopMax 3aluIlIUTe ypaBHEHHUS
peakuui nosyyeHnus u ruaponusa conu NazPOy4 u paccunraiite pH pactBopa, B 1 1
kortoporo conepxkurcs 0,02 SKBUBAJIEHTA ATOM COJM, YUYUTHIBAs TOJBKO IEPBYIO
CTyIIEHb IUAPOJIN3a.

244. B MOneKyIspHOW M KpaTKOH HOHHOM (opMax 3aluIlIUTE YpPaBHEHUS
peakiui nonydyenuss u ruaponusa coiu Li,CO3; u paccuuraiite pH 0,001 M
pacTBOpa, yUUTHIBAs TOJIBKO NEPBYIO CTYIIEHb THIPOJIN3A.

245. B MonekyJsapHOH W KpaTKol HOHHOW (opMax 3amuiiuTe ypaBHEHUS
peakuuy nonydenus u ruapl lnusa comm Li,SO3 u paccuunranite pH 0,02 H. pacTtBOpa,
YUUTBIBAs TOJIBKO MEPBYIO CTYNIEHb TUAPOIN3A.

246. B MonekynsapHOW M KpaTKOW HOHHOW ¢opMax 3aluIInTe YPaBHECHUS
peakuui noaydeHus u ruaponusa conu LiF m paccunraiite pH pactBopa, B 1 1
KoToporo coaepxkurcs 0,26 r 3TOH COJIH.

247. B wMonekymspHOM M KpaTKod HOHHOW (PopMax 3amuinuTe ypaBHEHUS
peakuuii mosiydeHuss u ruaponuza coiu Na,CO; u paccuumtaiite pH 0,002 H.
pacTBOpa, yUUTHIBAs TOJIBKO NIEPBYIO CTYIIEHb THIPOJIN3A.



248. B wMonekynspHOW W KpaTKOW MOHHOW (opMax 3aluIluTe YpPaBHEHUS
peakuui nosydeHus u ruapoausa conu HCOONa u paccunraiite pH pactBopa, B
1 11 koToporo coaepxkutcs 0,68 T 3Toi conu.

249. B MOneKyJIspHOW M KpaTKOM HOHHOW (opMax 3aluIIUTE YPAaBHEHHUS
peaxkuumii nomydenus u rugaposnza conu NHyNQO; u paccuutaiite pH pactBopa, B 1 1
KOTOPOT'O CONEPKUTCS | SKBUBAJIIEHT COJIN.

250. B MonekynspHOW M KpaTKOH HOHHOW (opMax 3amuIlIUTe YpPaBHEHMUS
peakuuii nonydyeHus: v ruapoausa coiu Li,SO; u paccuutaiite pH 0,02 H. pacTBOpa,
YUHTHIBAs TOJIBKO MEPBYIO CTYIEHb TUAPOJIN3A.

11. OxkuCcaANTEIBbHO—BOCCTAHOBHUTEIbHbIE PeaKIUN

XHUMUYECKHE PEAKIMHU, CONMPOBOKIAAIOIINECST N3MEHEHUEM CTEIIEHEW OKHUCIICHUS
aTOMOB OJIHOTO WJIM HECKOJBKHX 3JEMEHTOB, BXOJSIIMX B COCTaB pPEarupyronmx
BEIIIECTB, HA3bIBAIOTCSI OKUCIUTEIbHO—BOCCTAHOBUTENbHBIMU (OBP).

BemiecTtBo, coaepikailiee aTOMbl 3JIEMEHTOB, OTAAIOMIUX JIEKTPOHbI (CTEICHb
OKHMCJIEHUS] BO3PACTaeT), HA3bIBAETCS BOCCTAHOBHMTEJIEM, a IPOILIECC — MPOLEcCcOM
okucjgeHuss. KoinMyecTBEHHO BOCCTaHOBHUTENbHASI CIIOCOOHOCTH OMpeaeNsieTcs
JHepruel MOHM3AUMU — SHEprueil, HeoOXOIMMOM Ui OTPbIBA 3JEKTPOHA OT aTOMa
(umn  woHa). Yem MeHblIE DHEPrus HOHU3AIMH, TEM sipu€ BbIPAKEHA
BOCCTaHOBUTEIIbHASL CTOCOOHOCTD.

BemecTBo, conepxaiiee aToMbl 3JIEMEHTOB, NPHUHUMAKIIMX 3JI€KTPOHBI
(cTeneHb OKHUCJIEHUS YMEHBINAETCS), HA3bIBACTCS OKHUCJIUTENEeM, a Ipolecc —
NpPOLECCOM BOCCTaHOBJeHUsl. KoOIMYECTBEHHO OKHUCIUTENbHAs CIOCOOHOCTH
ONPENEIIAECTCS SHEPTUEH CPOACTBA K JIEKTPOHY — DHEPTUEH, KOTOpas BBIJIEISAETCS
(pexe ToriomaeTcs) Npu MNPUCOCIUHEHUHU DJJIEKTPOHA K aTOMy WM HOHY. Yem
OoJbIlIe PHEPrUs CPOACTBA K DJIEKTPOHY, TEM SpU€ BBIPAKEHA OKHUCIUTEIbHAs
CIIOCOOHOCTb.

IIpu cocraBnenun ypaBHeHuid OBP, npoucxomsmmux B pacTBOpax
AJIIEKTPOJIUTOB, UCIIOIB3YETCSI METO/T AIEKTPOHHO—HMOHHBIX CXEM, KOTOPBII OTpaxaeT
peaqbHOE COCTOSIHME BEIIECTB B pacTBOpaXx M YUWUTHIBACT XapakTtep cpeabl. B
KHCJIBIX Cpeiax wu30bITO4HbIe HOHBI Kuciopoxa (O) HpH  BOCCTAHOBICHHH
CBSI3BIBAIOTCA ¢ HoHaMu Bogopoaa (H), ¢ o6pasoBanmeM BOjbI, a HEOOXOAUMBIE s
OKHCIIeHHs: HoHbl O MOMOIHSAIOTCS 3a CYET MOJIEKYI BOIbI ¢ BbiaenenneM H'. B
IEeJTOYHBIX cpefax H30bTodnbie HOHbI (OF) CBA3BIBAIOTCS C MOJEKYJIAMH BOIBI C
obpazoBanueM ruapokcua—uoHoB (OH), a HegocTaroMe A1 OKUCICHUS HOHbI (058
nonoJiHstoTcs 3a cueT noHoB OH™ ¢ BhiIesieHHEM MOJIEKY BOBI.



B HeliTpaJbHBIX cpeAax B OKHUCIUTEIbHO—BOCCTAHOBUTEIBHOM IPOLIECCE
YUacTBYIOT TOJNBKO MOJEKYNBbI BOABI C BblaeneHueM uoHoB H' mpu okucienun u
noHoB OH ™ npu BOCCTaHOBJIEHUMU.

Crnenyer ydecTb, YTO IPU COCTABICHHM HOHHBIX YPAaBHEHUMU 3aIACHIBAKOTCS
TOJBKO T€ MOHBI U MOJIEKYJIbI, B KOTOPBIX aTOMBlI U3MEHWJIA CTEIEHb OKUCJICHUS U
OIIPEAEIAIOT XapaKTep CPEABL.

Paccmorpum mpumepsl coctaBieHus ypaBHeHUM OBP 351eKTpOHHO-MOHHBIM
METOJIOM B 3aBUCHMOCTH OT XapakTepa Cpessl.

Kucaas cpena

3anuuieM HEMNOJIHbIE MOJIEKYJISIDHBIE YPAaBHEHUST M ONPEAEIIUM  CTEICHb

OKHCJICHHA aTOMOB, YCTAHOBUB OKHUCJIMTCIIb U BOCCTAHOBUTCIIb.
+7 +4 +2 +6
KMHO4+N32SO3+stO4—)MnSO4+Nast4.
3anumieM ypaBHEHHE B KPaTKOW MOHHOM (OpPME B COOTBETCTBHM C

BBIIICYKa3aHHBIM
MnO, +SO;* +H'—> Mn*'+S0,"".

CocTaBuM ypaBHEHMS] BOCCTAHOBJICHUSI M OKUCJIEHUS C YYETOM MaTepUaIbHOIO
U DJIEKTPOHHOTO OaaHca:

MnO, +8H +5¢ = Mn2++4H20 — BOCCTAHOBJICHHE;
SO32_+H20 -2e= SO42_+2HJr - OKHUCJICHHE.

Tak Kak 4YHCIO DJIEKTPOHOB, OTJAHHOE BOCCTAHOBHUTEIIEM, PABHO YHUCIY
AJIEKTPOHOB, MPUHATHIX OKUCIUTENIEM, YMHOKUM TIEPBOE ypaBHEHUE HA 2, a BTOPOE
Ha 5 ¥ 3alUIleM CYMMapHOE€ HOHHOE YPABHEHUE OKUCIICHHS] — BOCCTAHOBJICHUS:

MnO, +8H'+5¢ = Mn*"+4H,0 2
SO;"+H,0 - 2e = SO/ +2H" 5
2MnO, +580;"+6H" = 2Mn*"+580,* +3H,0.
Ha ocHOBaHMM WOHHOTO YpaBHEHHUS 3alUIIEM IOJIHOE MOJIEKYJISIPHOE
ypaBHEHHUE:
2KMnQO4+5Na,S0;+3H,S04 = 2MnS0,4+5Na,S0,4+K,S04+3H,0.

HeiitpaabHas cpena

Ananoru4to coctaBuM ypaBHeHust OBP 11 HelTpanbHOM Ccpebl:
KMnO4+Na,SO;+H,0 - MnO,+Na,S0y;
MnO, +SO;* +H,0 - MnO,+S0,*.

3anuuieM peakiuyu BOCCTAHOBIICHUS — OKUCIIEHUSA:
MnO4 +2H,0+3e = MnO,+40OH™ | 2
SO;*+H,0 - 2e = SO,”+2H" 3



CyMMapHbIe HOHHBIE I MOJIEKYJISIPHBIC YPABHEHHSI HUMEIOT BU/I:
2MnO, +3S0;* +H,0 = 2Mn0,+3S0, +20H ;
2KMnO,+3Na,SO;+H,0 = 2MnQO,+3Na,S0,+2KOH.

Hlenounas cpena

KMnO4+Na,S03;+KOH — K;MnO4+Na,SOy;
MnO, +S0;*+OH — MnO,"+S0,”".
3anuiieM peakiiuu BOCCTAHOBIICHUS! — OKUCJICHUSA:
MnO, +1le = MnO,* 2
SO, +20H -2e=S0,/+H,0 |1
CyMMapHble MIOHHBIC U MOJIEKYJIIPHbIC YPABHEHUSI UMEIOT BU/IL;
2MnO, +SO;*+20H = 2MnO,*+SO, +H,0;
2KMnQO,4+Na,S0;+2KOH = K,;MnQO,+Na,SO,+H,0.

Takum o0OpazoM, Kak BUJAHO U3 MPHUBEIACHHBIX NPUMEPOB, ¢ yBenuueHuem pH
cpensl okucauTenbHas crnocobHocth KMnQ, yMmeHbIIaeTcs: B KHCIOH cpene
(pH<7) Mn"" BoccranaBimuBaercst mo Mn'’; B Heiirpamsuoit (pH=7) Mn"’
BoccTaHaBIHBaeTcs 10 Mn™; B memnounoii cpexe (pH > 7) Mn'’ BoccranaBiuBaeTcs
10 Mn*®,

NuaauBuayanbHbie 321aHUA

Ha ocHoBanum QJICKTPOHHO—HNOHHBIX CXCM COCTABBTC ITIOJIHBIC MOJICKYJIAPHBIC
YPaBHCHUA OKCIHUTCIBbHO—BOCCTAHOBHUTCIIbHBIX peaKHHﬁ, YCTaHOBHUB
BOCCTAHOBHUTCIIb, OKUCIIUTCIIb U IIPOUCCChI OKUCIICHHUA U BOCCTAHOBJICHU .

251. Cu,S+HNO; > Cu(NO;3),+S+NO
KMnO4+Na,SO;+H,0 - MnO,+Na,SOy

252. KNO,+KI+H,S04 > NO+I,
Na3;AsO;+KMnO4+KOH — Na;AsO4+K,MnQO,

253. PH;+Cl,+H,0 —» H3;PO,+HCI

KN02+KMHO4+stO4 —> KNO3+MHSO4

254. Mg+HNO; > Mg(NO;),+NH,NO;
KMnO,+SO,+H,0 — H,S0+MnO,

255. PbS+H,SO,; — PbSO,+S0,+S
KClO;+CrCl;+KOH — KCIHK,CrO,

256. KBr+KMnO,+H,SO, - Br,+MnSO,

I,L+KOH — KIO+KI



257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

KMnO,+KI+H,SO4 —» I,+MnSQOy
Cl,+Na,S03;+H,0 — Na,SO,+HCl
KI+PbO,+HNO; —»> Pb(NO;),+I,
KCl103+MnO,+KOH — K;MnO,+KCl
KBrO+MnClL,+KOH — KBr+MnO,
Cu,S+HNO; > Cu(NO3),+H,SO4+NO
As,0;+HNO;+H,0 - H3;AsO4+NO
NO,+KMnO,+H,0 - KNO;+MnO,
Na,SO;+KMnO4+H,S0O4 — Na,SO,+MnSO,
NaCrO,+PbO,+NaOH — Na,CrO,+Na,PbO,
K,Cr,0,+H,S+H,S04 — S+Cr,(S0y);3
NaCrO,+Br,+NaOH — Na,CrO,+NaBr
HNO;s;+Ca - Ca(NO;3),+*NH;NO;
H,S+Cl,+H,0 —» H,SO4,+HCI
K,Cr,0,+/HCl — CrCl;+Cl,

I,b+NaOH — NalO+Nal

HNO;+Zn — Zn(NO;),*+N,0
P+HC10;3;+H,0 —» H;PO4,+HCI
KNO,+KMnO,+H,S0O4 — KNO;+MnSO,
PH;+Cl,+H,0 - H;PO,+HCI1
K;MnO4+H,0 -»> KMnO4#+MnO,
K,;Cr,0,+FeSO4+H,S04— Cry(SOy);+Fey(SOy)3
KNO,+H,S0O4—> KNO;+NO
KBrO+MnClL,+KOH — KBr+MnQO,
KCI1O0;+CrCl;+KOH — KCI+K,CrO,
K,Cr,0,+H,S+H,S04— Cr,(S0y4):+S
K,Cr,0,+KI+H,SO4— Cr,(SOy);+],
S+NaOH — Na,S+Na,SO,

KI+PbO,+HNO; - 1,+Pb(NO3),
K,S+K;MnO4+H,0 —» S+MnO,
KI+KMnO4+H,SO4 - 1,L+MnSO,
Br,#KNO,+KOH — KBr+KNO;
FeSO4+KMnO4,+H,S0; — Fe;(SO4);+MnSOy
NaAsO,+I,+NaOH — Na3zAsO4+Nal



274. BiCl;+Br,+KOH — KBiO;+KBr
K;MnO4+H,0 -» KMnO4+MnO,

275. NaBr+MnO,+H,SO, — Br,+MnSO,
MnO,+KCl0;+KOH —» K;MnO,+KCl

12. KommiaekcHbIe COeTMHEHUSA

Monekysipabie coeuHEHUsI, 00pa3yroIue KOMIUIEKCHBIC HOHBI, CIIOCOOHBIE K
CYIIECTBOBAHUIO KaK B PAaCTBOPE, TAK U B KPUCTAJUIE, HA3bIBAIOTCSA KOMILJIEKCHBIMH
coeqnHeHusIMU. [leHTpanmbHOE MECTO B KOMIUJIEKCHOM COCJAMHEHUU 3aHUMACT
KOMILIEKC000pa3oBaTe/ib — OOBIYHO MOJIOKUTENBHO 3apSKEHHBIM MOH (Yalle BCero
MeTami). Bokpyr kommiiekcooOpa3oBaTelsi pacloioKeHbl, WM KOOPAUHUPOBAHBI,
JUTAHAbI — HWOHBI IIPOTHUBOMOJIO)KHOTO 3HAKAa WM HEUTPAIbHBIE MOJICKYJIBI.
KommiiekcooOpa3zoBaTesb 1 JUraHbl 00pa3yloT BHYTPEHHIOI cdepy KOMIIIIEKCHOTO
coeauHeHus. oHbI, HE BOIIEIINE BO BHYTPEHHIOK c(hepy, COCTABIISIIOT BHEIIHIOK)
cepy KoOMIUIEKCHOTO coeiuHeHus. BHyTpenHsst cdepa oraensieTcsi OT BHEIIHEH
KBaJJPaTHBIMU CKOOKaMHU.

Yuco, ITOKa3bIBAIOIICE, CKOJIBKO JINTaH0B yAEpKUBAET
KOMILIEKCOOOpa3oBaTeilb, HA3bIBACTCS  KOOPAMHALMOHHBIM  4mcjaoM. OHo
MIPUHUMAET, KaK IIPaBWIO, TOJIBKO YETHbIC 3HaUeHus: 2, 4, 6, 8.

TunuyHbIMU KOMILIEKC000pa3oBaTesiMi ABJISAIOTCSA d—a1eMeHTBI
NepUOANYECKON TaOuIbl. KaTHOHBI ATHX 2JIEMEHTOB UMEIOT MEepeXoaHble OT 8 K 18
AJIEKTPOHHBIE YPOBHH M JIETKO TMOJSPU3YIOT AHUOHBI U TOJISIPHBIE MOJICKYJIBI,
00pa3ysi KOMIUIEKCHbIE HOHBI. K HUM OTHOCSTCS: Ag+, Au’, Cu’, Cu2+, Zn2+, Cd2+,
Fe’*, Fe* Co", Ni**, Pt*", Pt* u np.

BaxkHelimiuMu JMrangaMu SBISIIOTCA  JIUOO HEWUTpalibHBIE  MOJICKYJIBI,
UMeroIMe TunmoiabHbi Xapaktep, H,O, NH;, CO, NO u T.1., 1160 nonsl — CI, Br,
I, CO32_, CN, NO,, OH wu 1.1. KommiekcooOpa3zoBarejb M JUTAHAbI CBA3aHbI
MEXITY coboi KOBaJICHTHBIMU CBSI3SIMU, 00pa30BaHHBIMHU 110
JOHOPHO—AKIENTOPHOMY MeXaHHU3MY.

HNonamu BHelHel cdepsbl SBISIOTCS MOHBI IMICJIOYHBIX U IIETOYHO-36METbHBIX
METAJJIOB, aMMOHMSI W Jp. HekoTopbie KOMIUIEKCHBIE COEAMHEHUS HE HMEIOT
BHEIIIHEW cPephl — y HUX OTPHUIATEIbHBIN 3apsii HOHOB, BXOJSIIMUX BO BHYTPEHHIOO
chepy, paBeH TIOJIOKHUTEILHOMY 3apsjay KoMIuiekcooOpaszoBaTens. Hampumep,
[Pt(NH;),Cly], [Co(NH;);Cl3] 1 mip.

3apsii  KOMIUIGKCHOIO HWOHA paBeH ainreOpamdeckodl CcyMMme  3apsijioB
KOMILJIEKCO00pa3oBaTeisi U JIUTAH/I0B.



Ha3BaHue KOMILIEKCHBIX COeIMHEHMI - BCEr/la CHavyaJla Ha3bIBAIOT aHHOH (B
UMEHUTEILHOM MajIeXke), a 3aTeM KaTUOH (B POJUTEIIBHOM Ma/IexKe).

Ecnu B coenuHeHHE BXOOUT KOMILIEKCHBIH KAaTHMOH, TO CHayajla Ha3bIBAIOT
JUIaHAbl — HeNTpajbHble MOJIEKYJbI, BXogdmue B komiuiekc. [Ipu atom NHj
HA3bIBAIOT aMMMH (ero HasbiBalOT mnepsbiM), H,O — akBa (Ha3bpIBaloT IMocCIie
aMmMuaka). Eciau IMranioB HECKOJIbKO, TO CIIEpBa HA3BIBAIOT UX YUCJIO HA TPEYECKOM
s3bIKE: 2 — U, 3 — TpH, 4 — TeTpa, 5 — neHTa, 6 — rexkca. 3aTeM Ha3bIBAIOT JIMTAHAbI —
HOHBI, BXOJSIIME B KOMIUIEKC (OOBIYHO KHCIOTHBIE OCTAaTKH), J00aBJsisi K HUM
oxoHuanue - 0. Hanpumep, muarno (CN°), xiopo (CI), autpo (NO;), okco (0O%),
rugpoxco (OH), turmano (CNS)), tio (S) u T. x. Hakomer, cieayer Ha3BaHHE
KOMITIIEKcooOpa3zoBartensi (pycckoe Ha3BaHUE DJIEMEHTA), a B CKOOKaxX MOKa3bIBAIOT
ero creneHb okuciieHus. Hampumep:

[Ag(NH3),]Cl — xmopun,  muammuacepeopa (1);
[Cu(NH3),SO,4 — cynbdar Terpaammunmesu (I1);
[PtCI(NH;)s5]Cl; — xnopun  neHTaaMMuHxsoporiatussl (IV).

Eciu B coennHeHue BXOIUT KOMILUIEKCHBIH aHHMOH, TO CHayajga Ha3bIBAIOT
JUTAHJBI - HeNTpajdbHbIe MOJIEKYJIbI, 3aTEM JIMTAHbI — HOHBI C BBEJCHHUEM B
HAaMMEHOBAHUE IPEUECKUX YUCIUTEIbHBIX, nocJe 4ero Ha3bIBAIOT
KOMILIEKC000pa3oBarTe/ib, HCIHOJIb3yS  JIATUHCKOE  Ha3BaHUE  DJEMEHTa C
no0OaBlieHHEM cliora — aT, a IMepej Ha3BaHUEM dJIEMEHTa B CKOOKaxX yKa3bIBaeTCs
CTENeHb €ro OKucJeHHus. B KOHIle Ha3bIBaeTCsi KATHOH BHelmHeill cdepbl B

poautenbHOM Tanexe. Hampumep:

K[Ag(CN),] — nuuuanoaprenTtat (I) kamus;
K;[Fe(CN)g] — rekcartmanodeppat (I11) xanws;

NH,4[Cr(CNS)4(NH3),] — nnammunterpapoganoxpomar (1) ammonusi.

Ha3Banue HelTpaiabHBIX KOMILIEKCOB (BHELIHSA cepa y TaKMX KOMIUIEKCOB
OTCYTCTBYET) COCTABJISIETCSI W3 Ha3BaHUU JMraHgoB (B YKAa3aHHOM BbIIIE
MOCJIEIOBATEIbHOCTA) M OOBIYHBIX PYCCKMX Ha3BaHUM LIEHTPAJIbHBIX aTOMOB B

MMEHHUTEILHOM IMAaJE’kKe, CTEIIEHb OKUCIIEHUS IPpU 3TOM onyckaercs. Hampumep:
[PtCl4(NH3),] — imaMMUHTETpaxJIOpOIJIaTHHA;

[Co(NO,)3(NH3)3] — TpHaMMUHTPUHUTPOKOOATIBT.
B BoaHBIX pacTBOpax KOMIUIEKCHBIE COSUHEHHUS TUCCOLMUPYIOT MOJHOCThIO U
IIPU AUCCOIUAIIUA 00Pa3yI0T KOMIIJIEKCHBIC HOHBI:

[Ag(NH;),]C1 - [Ag(NH3),] +CT;



K[Ag(CN);] - K'+[Ag(CN),]".
KomrjiekcHbIe HOHBI B CBOIO OoUuCpCab IMOABCPIarOTCA BTOpH‘IHOﬁ JUCConuanm:

[Ag(NH3),]" S Ag'+2NH3;

[Ag(CN),] ( Ag++2CN-.

[TpumeHsist 3aKOH AEMCTBYIOIMX Macc K 0OpaTHUMBIM IpoleccaM, MOITYYUM BBIPAXKEHUS IS

KOHCTAaHT HECTOMKOCTH KOMIIJIEKCHBIX HOHOB:

Krecr = [Ag+][NH3]2 / [[Ag(NH3)2]+] = 6,8(10-8 ripu 298 K;

Kuecr = [Ag+][CN-)2 / [[Ag(CN)2]-] = 1,0(10-21 ripu 298 K.

KoHcTaHTa HECTOMKOCTH KOMILJIEKCHOTO MOHA XapaKTepU3yeT MPOYHOCTh BHyTpEHHEH chepbl
KOMIUIEKCHOTO COeIWHEHUs. V3 TpuBENeHHBIX MPUMEPOB BHUIHO, YTO Oojiee MPOYeH BTOPOU
KOMIIJICKCHBINA HMOH.

[Ipumep 1. YcTaHOBHUTH, B KAaKOM Ciydae MPOU30MAET B3aMMOJECUCTBUE MEXAY pacTBOpamMu

OJICKTPOJIUTOB:

1) K2[Hgl4]+KBr;

2)  K,[HgLJ]+KCN.

Pemenne. 3anuiiem npeanonaraeMoe ypaBHeHue peakiuu (1):
K;[Hgl4]+4 KBr S K;[HgBr, ] +4 KI.
CpaBauM 3HaueHUS Kjecr KOMITJIEKCHBIX HOHOB:

Kool [Hgly]” = 1.5:107

Kuee:[HgBrs]* = 1107,

CnepoBarenbHo, peakuus (1) HEBO3MOXXKHa B MPSMOM HallpaBiCHUH, OHA
BO3MOYKHA TOJIBKO B oOpaTHOM HaIpaBJICHUH, MIOCKOJIBKY
Kueer[HgLs]*” < Knect[HgBry]*.

IMpumep 2. Bolumcnuts KoHmeHTpamuio HoHoB Ag' B 0,1 M pacTtBoOpe
[Ag(NH;),]NO;, conepxarniem B u3dobitke 1 mosib/n NHs.

Pemenne. Coenunenue [Ag(NH;),]NO; auccomuupyet nojgHocteio (o0 = 1) mo
CIIEIYIOLLIEN CXEME:

[Ag(NH;),]NO; — [Ag(NH3),] +NO;~.

CrenoBatensHo, [[Ag(NH);]]=[NO5 ] = 0,1 mons/m.
3anuiieM ypaBHEHHE AUCCOLMAIMA 00pa30BaBIIETOCS KOMILJIEKCHOTO HOHA

[Ag(NH3),]" 5 Ag'+2NH;.



nu BBIpEI)I(eHI/Ie JIJIs1 KOHCTAHTBI HGCTOfIKOCTI/I
Kueer = [Ag']-[NH;5]*/ [[Ag(NH);] "] = 9,3-10"° mpm 298 K.

[Tpn no6aBnenun k paBHoBecHOU cucteme 1 monb NHj; paBHOBecHe cMecTUTCA
BJIEBO, T.€. B CTOPOHY HeauccormupoBaHHbX noHOB [Ag(NH;),]". KonuenTpanus
MOHOB Ag yMEHBIIMTCH, 3HAaueHHE ke Kyeer He M3MeHHTCA. OGO3HAYMB HOBYIO
KOHIIEHTPAIMIO MOHOB Ag' 4epes X, HOIy4UM

9.3.10° X(2x +1)
’ 0,l-x

Tak Kak 3HaYEHHE X CIMIIKOM Majo 1o cpaBHeHuUto ¢ 0,1 u 1, TO MOXKHO yIPOCTUTB:

9,3-10% = %, oTKy

x=9,3-10°-10"=9,3-10° moub/i.
OtBer. [Ag'] = 9.3-10~ moub/11.

NuauBuayanbHble 3aJaHUSA

276. 3Bamumure (QopmMyly  KOMIUIEKCHOTO  COCJUHEHUS, B  KOTOPOM
komiiekcooOpaszoBarens Cu(ll), nurangst monst CN°, KOOpAMHAIIMOHHOE YHUCIO
paBHo 4. HazoBure »3TO CcO€QUHEHHE, 3alUIIUTE YpPaBHEHUE AUCCOIMALUU U
BBIpaKEHUE ISl KOHCTAHTHI HECTOMKOCTU KOMIUIEKCHOT'O aHHOHA.

277. Hanumurte hopMmyily KOMIUIEKCHOW COJM HHUTpaTa IMAMMHUHOAPTreHTyMa.
HazoBute xoMiiekcooOpazoBaTelib, JUTaH bl U BEJIMUUHY KOOPJAUHAITMOHHOTO YUCIA.
3anuummuTe ypaBHEHUE OUCCOLMALMM KOMIUIEKCHOTO KAaTHOHA W BBIPaXXEHUE IS
KOHCTaHTbI HECTOMKOCTH.

278. 3anumure HopMyiny KOMIUIEKCHON conu rekcanuanodeppara (II1) xamus
(KkpacHas KpOBsIHasi COJib), YPABHEHHS IHMCCOLIMAIMM U BBIPAXKEHUE IJISI KOHCTAHTBI
HECTOMKOCTH KOMILJIEKCHOTO aHUOHA. Y KaXKUTE KOMIUIEKCOOOpa30BaTeb U JTUTAH/IbI.

279. Hanumwute BbIpaK€HUs JI1 KOHCTAHT HECTOMKOCTHM KOMIUIEKCHBIX HOHOB
[Ag(NH3),]", [Fe(CN)6]4'. Onpenenure CTENEHb OKHUCIEHUS W KOOPAWMHALIMOHHBIE
yuciia KomIuiekcooOpaszopateneid. CocTaBbTe TOJHBIE (OPMYJIBI KOMIUIEKCHBIX
COCMHECHUN U TANTE UX HA3BAHUA.

280. U3 coueranmst yactun Co’, NH;, K cocraBbre hopMyIibl KOMILIEKCHBIX
COCIMHEHNH, yKa3aB KOMILJIEKCOOOpa30BaTelb, JUTaHAdbI, BEIINYNHY
KOOPAMHAIMOHHOTO yucia. JlaiiTe ux Ha3BaHuUs. 3alUIIUTE YPABHEHUS TUCCOIUAIINT

KOMINJICKCHBIX HOHOB W BBIPpAXKCHUA IJIAI KOHCTAHT HECTOMKOCTH.



281. 3anummre ¢dopmyny rekcanuanodpeppara (1) kamusg, ypaBHEHHS
JUCCOIMAIIMM  COJIM, KOMIUIEKCHOIO aHHMOHA U BBIPOKEHHE [JIi KOHCTAHTHI
HECTOMKOCTH.  YKaXUT€  KOMIUIEKCOOOpa3oBarelb, JIMTAHABI W BEIUYUHY
KOOPAMHAIMOHHOTO YHUCJIa.

282. 3anumuTe ypaBHEHUE B3aUMOJIECHCTBHUS THAPOKCHAA LIMHKA C PACTBOPOM
THAPOKCHIA HATPHUS C OOpa3oBaHWEM KOMIUIEKCHOW COJIM TETParuJIpOKCOITMHKATA
Hatpusi. Kakue cBoiictBa mnposisisier Zn(OH), B 3Toil peakuuu? VYKaxure
KOMIIJIEKCO00pa30BaTeNb, JTUTaH b, BEIMUNHY KOOPIAUHAIIMOHHOTO YHCIIA U 3aMHIINUTE
BBIpaKEHUE JJIsl KOHCTAHThI HECTOMKOCTH KOMIUIEKCHOT'O aHHOHA.

283. Hanumure bopmyIibl KOMIIJIEKCHBIX COCIMHECHUM:
a) TerpaakBadocdaToxpoma; 0) IMAMMUHINXIIOPOTUIATHHBL
B) AMaMMUHTETpallMaHOKOOaabTa. B KaXaoM M3  KOMIUIEKCOB  YKaKUTE
KOMILIEKCOOOpa30oBaTelb, €ro 3apsiji U JIUTaHIbI.

284. Hanumure ¢GopMysibl KOMIUIEKCHBIX COCJAMHEHUM, COCTABJICHHBIX U3
cnenyromux gactui: Ag, NHs;, NO,, Cu**, CN°, K, Cu®, CI'. IIpuseaure mux
Ha3BaHUsI U OMPEJICTUTE 3apsiibl KOMIUIEKCHBIX HOHOB.

285. 3anummte  (QOpMyNBl  KOMIUIEKCHBIX  COCIUHEHUW:  a) MUXJIOPHUJ
TETPAaKBOIMHKA; 0) TeTparuIpOKCOIMHKAT HATpUSL. VYkaxure
KOMIUIEKCOoOOpa3oBarenb, €ro 3apsji M KOOPAMHAIIMOHHOE YHUCJIO. 3aluIlnuTe
ypaBHEHHUS AUCCOIMAIIMU U BBIPAXKEHUS 1JISI KOHCTAHT HECTOMKOCTH.

286. Ormpenenure 3apsii KOMIUIEKCHOTO HMOHA, CTENEHb OKUCICHUS U
KOOPJAMHAIIMOHHOE 4YHCIo KoMIuiekcooOpazoBatens B coenquHeHUAX: [Cu(NH;3)4]SOy,
K,[PtClg], K[Ag(CN),]. Hanumure ypaBHEHHS AUCCOLMALUM 3THUX COCAUHECHUN B
BOJIHBIX PacTBOpax.

287. Omnpenenute 3apsig [ JOMIUIEKCHOTO HOHA, CTENEHb OKUCICHHS U
KOOpJMHAIMOHHOE 4uciio cypbMbl B coeauHeHusix: Rb[SbBrg], K[SbClg],
Na[Sb(S0,);]. Hanumure ypaBHEHHS AMCCOLMALMNA UX B BOJHBIX PACTBOPAX.

288. CocraBbTe (HOpMYJIBI CIEAYIOMIMX KOMIUIEKCHBIX COEIMHEHUN cepedpa:
AgCl-2NH;, AgCN-KCN, AgNO,-NaNO,. KoopiunaimonHoe unciio cepedbpa paBHO
nByM. Hanumure ypaBHEHUs TUCCOLMAIIMN ATUX COCIMHEHUI B BOJIHBIX PaCTBOpax.

289. U3 coueranms uactury Co’', NH;, NO,, K' cocrasere hopmyimbl
KOMIUIEKCHBIX coeuHeHui, oqHa u3 Kotopbix [Co(NH;3)e](NO3)s.

290. Omnpepenurte 3apsa ciaeayromux KoMIUleKCHbIX HOHOB: [Cr(H,0)4Cly],
[HgBr], [Fe(CN)g], ecin xommiekcooOpaszoaremsimu siBisirores: Cre, Hg?', Fe''.

Hanummmre ¢popMynbl KOMITJIEKCHBIX COSTUHEHUHN C YKa3aHHBIMUA HOHAMMU.



291. Omnpenenute 3apsa koMmmuiekCHbIX MOHOB: [Cr(NH3)sNO;], [PA(NH;)Cl;],
[Ni(CN)4], ecnu kommiexkcoobpazosarenn: Cr'*, Pd**, Ni**. Hammmute (popmyIisi
KOMILUIEKCHBIX COCIMHEHUH C YKa3aHHBIMUA HOHAMM.

292. U3 coueranus uyactum: Cr'', H,0, CI' n K’ cocraBere opMyis!
KOMIUIEKCHBIX coequHeHui xpoma, omHa u3 KoTtopbix [Cr(H,0)¢Cl;. Hanummure
ypaBHEHHUS UX IUCCOLIMAIIMU B BOJIHBIX PACTBOPAX.

293. Hanumure BBIpAXKEHUS U1 KOHCTAHT HECTOMKOCTH KOMIUJIEKCHBIX HMOHOB
[Ag(NH3),]", [Fe(CN)6]4_, [PtCl6]2_. Onpenenure CTENEHb OKHUCICHHUS U
KOOPJIMHALIMOHHOE YMCII0 KOMILIEKCOOOpa3oBaTes.

294. CoctaBbTe (GHOPMYJIBI CIEAYIOMUX KOMIUICKCHBIX coeauHeHuit Pt(+2),
KOOpAMHAMOHHOE 4yuciao KoTopbix paBHo 4: PtClL:3NH;, PtCl,-NH;-KCl,
PtCl,-2NH; Hanuure ypaBHEHUsI UX TUCCOIMALIMM B BOJAHBIX pacTBOpax.

295. CoctaBbTe (HOpPMYJIBI CIEAYIONIMX KOMIUIEKCHBIX COEIMHEHHM KoOabTa:
CoCl;-6NH;, CoCl3-5NH;, CoCl;3-4NH;. Koopaunanuonnoe uuciio Co(+3) paBHo 6.
Hanumwnre ypaBHEHUS UX JUCCOLMALIMK B BOJHBIX PACTBOPaX.

296. KoncrauTs! HecToiikocTH koMmiutekcHbix noHoB [Co(NHs)e]™, [Fe(CN)ql*,
[Fe(CN)¢]>” coorBerctBenno pasusl 6,2-107°°, 1,0-107%, 1,0-10*. Kakoii u3
yKa3aHHBIX MOHOB SIBJIsIeTCsl OoJsiee mpouHbIM? Hanuiute BbIpa)keHUs JJisl KOHCTaHT
HECTOMKOCTH MOHOB U (hOPMYJIbI COEAMHEHUH, COJEPIKAIIUX 3TH UOHBI.

297. Hanumwure (opmysly KOMIUIEKCHOTO HOHA, KOMILJIEKCOOOpa3oBareib B
KOTOPOM - MOH Fe'*, a nuramzas! - nous: F-, KOOpAMHALMOHHOE YKciio paBHO 6. KakoB
3aps 3TOro noHa?

298. I'mapoxcun amomunus AI(OH); pacTBopsieTcss B M30bITKE IIEI0YH, 00pa3ys
TUAPOKCOCOCIMHEHUE C KOOPAMHALMOHHBIM 4uCIIOM, paBHbIM 6. KakoBa (opmyna
3TOrO coequHeHus? Hanumunre ypaBHEHUE 3TOW peaKLUU.

299. Ilpu B3aUMOJEHCTBUU KaKUX MOJIEKYJ OOpa30BaJOCh KOMILIEKCHOE
coenuHeHne K,[Zn(OH)4]|? Hanumure ypaBHEHHME 3TOW peakUMd W YpPaBHEHHUE
JTUCCOLMAILIMY COEIMHEHUSI B BOJTHOM PacTBOPE.

300. Hanumwure bopmyiy KOMIIJIEKCHOTO VOHA, B KOTOPOM
KOMIIIeKcooOpasoBaTeneM siBisercs noH Cu’’, JUraHzaMd — MOJIEKYJIB BOJIBI,
KOOpAMHAIMOHHOE 4YuciIo paBHO 4. Hanumute ypaBHEHHE AMCCOIMALMUA 3TOTO
COCIMHEHUS U BBIPAKCHUE JIJISI KOHCTAHTHI HECTOMKOCTH.
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Hpunoxenus

IIpunoxenue 1

OTHocuTenbHBIE JJIeKTpooTpHIaTeJbHOCcTH (0J0) aTomoB

H
2,1
Li Be B C N 0 F
0,98 1,5 2,0 2,5 3,07 3.5 4,0
Na Mg Al Si P S Cl
0,93 1,2 1,6 1,9 2,2 2,6 3,0
K Ca Ga Ge As Se Br
0,91 1,04 1.8 2,0 2,1 2,5 2,8
Rb Sr In Sn Sb Te I
0,89 0,99 1,5 1,7 1,8 2,1 2,6

Ipuioxenue 2

3aBHMCHMOCTH CTEIIEHH HOHHOCTH CBSI3H OT Pa3HOCTH OTHOCHUTEJIbLHOH

1eKkTpooTpuuareabHocTH (AOJI0) aTomoB

AOD0 0.5 1,0 15 2,0 2.5 3,0 33
C
jor e 6 18 34 54 64 82 89
HOHHOCTH, Y%




Ipuioxenue 3

KoHCTaHTBI AN CCONUAIIMU HEKOTOPBIX CJIA0BIX JIEKTPOJIUTOB

B BOJAHBIX pacTBopax npu 298 K

DJIEKTPOJTUT Ky
Asorucras kucjora HNO, 4107
Ammonus ruapokcux NH,OH 1,810
Kpemuuesas kuciaora H,SiO3 1)2,2-107"

2)1,6-107"
Mypasbunas kuciora HCOOH 1,810
Cepuucras kuciaora H,SO; 1) 1,6-10_2
2) 6,3-10°°
CepoBoaopoanas kucaora H,S 1) 6,0-10°°
2)1,0-107™
YroabHasa kucaora H,CO; 1) 4,5-10_7
2)4,7-107"
Ykceycnas kuciaora CH;COOH 1,810
®ochopuas kucaora H;PO, 1)7,5107
2) 6,3-10°°
3)1,3-107"
dTopoBogopoaHas kuciaora HF 6,6:107*
HuanoBogopoaHas KHCJI0TA 7,9-107"
HCN
IlaBenesas kucaora H,C,0, 1) 5,4-107

2) 5,4-107°




Ipuiaoxenue 4

Ko puuuentol aktuBHoCcTH (f) HOHOB IPH pa3IMYHbIX 3HAYECHUSAX
HOHHOM CUJIBI

HNonnas 3apsiax uona Z HNonnas 3apsig uona Z
CHJIA CHJIa

pacTBopa +1 +2 +3 pacTBopa +1 +2 +3

I I

0,001 0,98 0,78 0,73 0,1 0,81 0,44 0,16
0,002 0,97 0,74 0,56 0,2 0,80 0,41 0,14
0,005 0,95 0,66 0,55 0,3 0,81 0,42 0,14
0,01 0,92 0,60 0,47 0,4 0,82 0,45 0,17
0,02 0,90 0,53 0,37 0,5 0,84 0,50 0,21
0,05 0,84 0,50 0,21




IIpusoxenue 5

KoncranTol HecTONKOCTH (K, o.;) HEKOTOPBIX KOMILUIEKCHBIX HOHOB

B BOJHBIX pacTBopax npu 298 K

Koncranra HECTOMKOCTH
Cxema JAUcconrali KOMIIJIECHOI'O HOHA K
[Ag(NH3),]' S Ag'+2NH, 9,3-10°°
[Ag(NO,),|” S Ag'+2NO, 1,810
[Ag(CN),]” S Ag'+2CN~ 1,1.107
[AgBr,]” S Ag 2Br~ 7,8-107°
[AgL]¥ S Ag'+4I 1,810
[AIFg]T S AP +6F 1,44-107%°
[AuCl]” 5 Au’™6CI" 5,0-1072
[Au(CN),]” 5 Au’+2CN” 5,010~
[Co(NH3)e]*" & Co*"+6NH; 7,75-10°°
[Co(NH3)e]'" & Co’"+6NH; 3,0.107%
[Co(CN)¢]* & Co*+6CN 1,0-107"
[Cu(NH3),]" 5 Cu'+2NH, 2,24.10°°
[Cu(NH3))*" S Cu®*"+4NH; 2,14-107"
[Cu(CN),] & Cu'+2CN~ 1,0-107
[Cu(CN) " S Cu*+4CN 5,010
[Fe(CN)s]> 5 Fe’'+6CN- 1,0-107"
[Fe(CN)s]* 5 Fe?"+6CN- 1,0-107*
[Hg(CN), > S Hg"+4CN™ 4,0-107"
[HgBry]* S Hg*+4Br 2,0-10%
[Hgly]© & Hg™'+4I 2,48-107
[Ni(NH;),]** 5 Ni**+4NH, 1,12-10°
[Ni(NH;)6]** 5 Ni*+6NH, 1,86-10°°
[Zn(NH3)]*" 5 Zn**+4NH; 3,46-107"
[Zn(OH)4]* S Zn*+40H™ 3,610
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