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JlaHHBI y4E€OHO-METOJIUYECKHUN KOMIIJIEKC PACCMOTPEH Hay4HO-
METOAUYECKUM COBETOM HaMaHraHCKOro MHKEHEPHO-CTPOUTEIBHOTO
WHCTUTYTa U PEKOMEHJIOBAH IS MCIOJIb30BaHUSA B Y4yeOHOM IMpoliecce.
(ITporokon 13-ro 3acenanus ot 04.07.2022).

CocTaBUTEIHI.
3.TypaeB

M.AOnynnaes
b.XaiuToB

Perniensenr:
P./lexkaHOB

npodeccop Kadeapsl XUMUYECKOH
TEXHOJIOTUHU
npodeccop Kadeapbl XUMHUYECKON
TEXHOJIOTHUHU

TOTEeHT Kadeapbl XUMUYIECKON TEXHOJIOTHH

noueHt kadeapsl Xumus HamaHraHckoro
['ocynapCcTBEHHOTO YHUBEPCUTETA



COJIEPKAHUE

TEOPETUYECKHUE MATEPHUAJIbBI

1. |Marepus u JBWxKeHHe. XuMUuUeckas ¢opma  JIBHKCHUS.
Xumudeckue saBiaeHus. OU3NUECKUE SIBICHHUS.

2. | Atom. ATOMHO-MOJIEKYISIPHOE YYECHHUE. OcHOBHBIE
CTEXMOMETPUUECKUE  3aKOHbI  XUMHHM. MOJSpHBIA  OOBEM.
OTHOCHUTENBbHAS ATOMHAs Macca.

3. | BaxHeiimme Kiacchl HEOPTaHUYECKUX coequHeHU. OKCHIBIL.
CgorictBa. Metonbl nosyuenus. [ 'mapokcuasl. CBoricTBa. MeTo bl
nonyueHus. Kucnorel. CsorictBa. Metoasl mnonmydyeHus. CoOJbl.
Kucierie conbl. KoMIuiekcHbie COeTMHEHNS.

4, |llepuomnueckuit  3akoH J[.M.Menneneepa. Ilepuoanueckas
CHUCTEMA U €€ CTPOCHHUE.

5. | Xumuueckass cBsa3b.  CTpoeHue MOJEKyJbl. B3aumoneiictue
MOJIEKYJI.

6. | TermoBbie 3(pdexThl xumMuueckux peakiuit (TepMoxumusi).

/. | XuMU4ecKasi KHHETUKA U XUMHYECKOE PABHOBECHE

8. |Boma m ee cBoiictBa. CTpoeHHEe XUIKOW BOabl. Dusmueckue u
XUMHUYECKUE CBOMCTBA BOJBI.

9. | PactBopumMocth. CBoOiicTBa pacTBOpOB. SIBIeHHE oOcMmoca.
OcmoTHYEeCcKOE JaBJIEHUE W €€ POJb B MNpUpojne. 3akoH BaHT-
T'oddoda.

10. | DnexTponutrudeckass guccormanus. CTeneHb UM KOHCTAHTA
auccoruanuy.  3akoH pasOaiaenuss  OctBanbpaa.  CBolcTBa
AIEKTPOIUTOB. MOHOOOMEHHBIE peaKInu.

11. | T'mgponus cosell.  DJNEKTPOJUTHUYECKAs] JAUCCOLMALMS  BOJBI.
HNonHoe npousseaenus Boabl. BomopoaHeiil nokasarens pH.

12. | OKuCIUTEITHHO-BOCCTAHOBHUTEIHHEIC pEaKInm. 3HaueHUE
OKUCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX peaKLui. Turnsl
OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHBIX PEAKIUN.

13. | dusnyeckre M XUMUYECKHE CBOMCTBA METAIOB. XUMHUYECKHE
CBOMCTBA METAJIOB.

14. | DNeKTpOXUMUYECKUN psii aKTUBHOCTHM METAJUIOB. Brruncienue

AJICKTPOJIHOTO MOTEHIIMala METAJJIOB Ha OCHOBAaHWHW YPAaBHEHMUS
Hepncra. Dnextpoasbiii noteHan. CTaHaapTHBIN 3JIEKTPOIHBIN




IIOTCHI MU AJI. ["anpBaHMYECKHE BJIEMCHTHI.

15,

[TonsiTue 006 5eKTpon3e. DNEKTPOIU3 U 3aKOHBI DJIEKTPOIU3A.

16.

Kopposusi metamioB u meroasl €€ mpemorBpameHus. CrocoOsl
OpEAOTBPAIEHHS]  KOPPO3WMHM  METaIOB.  AKTHUBATOpHl M
WHTHOUTOPHI KOPPO3HH.

MATEPUAJIbI IPAKTUYECKHUX 3AHATUH

TEMbI CAMOCTOSATEJIbHBIX 3AHATUM

A\

I'JIOCCAPU

CIHHUCOK JIMTEPATYPbI




| TEOPETHYECKHUE MATEPHAJIbBI

I-Tema. Conepxxanue u 3agaun npeamera xumus. OCHOBHbIE OHATHS
U CTeXHOMETPUYECKHE 3aKOHBI XUMUHU. MaTepus U IBUKEHUE.
Xumuueckas popma ABUKEHUSA. XMMHYECKUE ABJIeHUA. DU3nYecKue
SABJICHUS

Iliaau:
CoaeprxaHue U 3aJla4d IIpeiMeTa XUMHUU.
3HaYCHUE XMMUU B HAPOJHOM XO35UCTBE.
Hcropus xumuu.
Pa3zBuTHe mnpeamera XUMUA W XUMHUYECKONW NPOMBINIJICHHOCTA B
Y30ekucrane.
5. XUMHUS U DKOJIOTHUS.

RS\ e

OHOprIe CJlIoBa U BBIPAKCHUA npedMem Xumuu, eeujecmeo, melilo,
Xumudeckue A6J1€eHUA, ¢M3u‘l€CKM€ A6NIeHUA, npocmble eeujecmed,
CJlI0J2iCHble eeujecmed, cmecu, XumudecKkas npomsvlULIEHHOCMb, 3HAYEHUE
npedmema XUMUU, XUMUA U DKOJIO2UA

Xumus - HayKa O BEHIECTBaX, 3aKOHOMEPHOCTSIX WX MpeBpallieHuin
(pu3myeckux M XMMUYECKUX CBOMCTBAX) WM NpUMEHEHUU. B HacTosiee
BpeMs u3BecTHO Oosiee 100 ThiC. HeopraHumyeckux u Oosiee 4 MIIH.
OPraHUYE€CKUX COCIIMHEHUM.

BemiecTBa - BUIbl MaTepuu, TUCKPETHBIC YaCTHUIIBI KOTOPHIX UMEIOT
KOHEYHYIO Maccy MOKosI (cepa, KUCIOPOI, U3BECTh U T. 1.).

W3 BemecTB cocToAT (usmyeckne Tena. Kaxioe BEmecTBO MMEET
onpeneneHHble (U3NYECKUE CBOMCTBA: arperaTHOE COCTOSHHUE (PKHIKOE,
TBEpJI0€, ra3000pa3Hoe), TeMIepaTypy IUIaBJICHUS, KUICHUS, 3aMeP3aHusl,
IJIOTHOCTh, PACTBOPUMOCTb. ATpEraTHOE€ COCTOSIHUE MOXKET IMEPEXOAUTh
U3 OJIHOTO B JIpyroe. BenuunHbl, KOJUYECTBEHHO OTpa)arollue CBONCTBA
BEILECTB HA3BIBAIOTCS (DU3NYECKUMHU KOHCTAaHTaMU. Pa3inyaloT 4UCThIC
BellecTBa (cepa, xene3o, TUCTUIUIMPOBaHHAs BOAA) U CMecH (IIPUPOIHA
BOJIa, CoOJAEpXkallas coju, criaBbl). CMecH Ha3bIBalOT 10 BEIIECTRBY,
npeoOaaroiieMy B X coctaBe. B mpupojie abCoMOTHO YUCTHIX BEIIECTB



HE BCTpedaeTcs. EciaM KOJIMYECTBO NPUMECEM HHUYTOXKHO MAJIO, TO
BEIIECTBO CUMTAETCSA YCIOBHO YHUCTBIM. UHCTOE BEIIECTBO OIHOPOIHO,
cMecH OBIBAlOT OJHOPOJIHBbIE W HEOoJHOpPOAHBbIE. OJTHOPOJHBIE CMECH -
CMECH JIByX WJIM HECKOJIbKUX BEIIECTB, KOTOPbIE HE OOHAPYKUBAIOTCS MPU
MOMOIIY anmnapaTypsl (CMECH Tra30B, MHOTHE )KUAKOCTH, HAIIPUMED, KPOBb,
CILJIaBbl).

Paznmnuaror mpocTeie U CIIOKHBIE BEHIECTBA. BemecTBa, cocTosmue
13 aTOMOB OJIHOTO BHa, Ha3bIBAIOTCA MPOCThIMU (S - cepa, C - rpadur, O,
- kuciopoa, H, - Bomopoxa, Bce meramisl). BemectBa, cocrosiue u3
aTOMOB pa3HOro Bua, HasbiBatoTca cioxuHbiMuM (H,O - Boma, CO, -
yriekucibii ra3, H,SO, - cepnas kucmorta).

XuMHSA — YaCTh €CTECTBO3HAHUS, U3y4arollas CBOMCTBA BEIIECTB U
UX T[PEBpAILCHUS, CONPOBOXKIAIOIINECA HM3MEHEHUEM COCTaBa W
CTPYKTYPBHI.

XuMus - HayKa O BEIIECTBAaX, 3aKOHOMEPHOCTIX MX IMPEBpalCHUI
(pu3myeckux M XMMUYECKUX CBOMCTBAX) WM NpUMEHEHUU. B HacTosiee
BpeMs u3BecTHO Oosiee 100 ThIC. HeopraHumyeckux u Oosee 4 MIIH.
OPTraHUYECKUX COCTUHCHUM.

XUMHMA WH3Y4aeT COCTaB, CTPOCHUs, CBOMCTBA U IIPEBpAILECHUS
BEILIECTB, & TAKXKE SBJICHUS, KOTOPHIE COMPOBOKIAIOT 3TH MPEBPAILICHUS.

Heo0xoamMo yTOYHHUTH, 4YTO, BO-TIEPBBIX, B XHMHH pP€Ub HJAECT O
BEIIIECTBAX OIPEJICICHHOTO COCTaBa M CTPYKTYpPhl — XHMHYECKHX
BellecTBaXx, BOBTOPBIX, peyb UJIET 00 OTHOCHUTEIBHO
HU3KODPHEPTETUUECKUX TMPEBPAIICHUSIX — XMMHUYECKHUX peaKkIusx — Mpu
YCIOBUAX, OJM3KUX K OOBIYHBIM (TEeMIepaTypa, HE MPEBBIIIAONIA
HECKOJIbKMX JIECSITKOB ThICAY TPaayCoOB, BSHEPrus — OOBIYHO MEHEe
HECKOJIbKAX ThICAY KWIOJKOYJEd Ha TpaMM BEIIECTBA, [IABJICHUE —
00bIYHO MeHee coTeH MIIa).

ITox XUMUYECKUMH CBOMCTBAMHU BEILIECTB TIOHUMAKOT
COBOKYITHOCTh XMMHUUYECKUX PEaKIMi, B KOTOPhIE OHHM MOTYT BCTYIATh.
Kak wu  ¢Qusmdeckue cBoiictBa (IIBET, INIOTHOCTh, TBEPJOCTD,
ANIEKTPOINIPOBOHOCTh, TEMIIEpAaTyphl TUIABJCHUS W  KHUIICHHS), OHHU
ONPENECIAIOTCS JJIEKTPOHHBIM CTPOCHUEM BEIIECTBA, CTPYKTYpOU H
COCTaBOM.

IIpocToe xuMH4YecKoe BemecTBO (IMPOCTOE BEMIECTBO) — 3TO
BEILIECTBO,



KOTOPO€ HE MOXXET OBbITh Pa3l0KEHO Ha JPYTrHe BEIIeCTBA B YCIOBUSIX
XMMHUYECKUX PEAKLIUM.

ATOM — Menpyalasg 4acTHIa IMPOCTOrO BEMIECTBA, COXPAHSIONIAS
BCE€ €r0 OCHOBHBIC XMMHYECKHE CBONCTBA. B (u3MKke yCTaHOBIEHO, YTO
KaXIbI aTOM COCTOUT W3 OINPEAEIECHHOr0 YUCIa MPOTOHOB U HEUTPOHOB,
COCTaBJISIFOIIMX SJIPO, U 3JEKTPOHOB, KOJIUYECTBO KOTOPBIX PABHO UHCITY
POTOHOB, T. €. aTOM JJEKTpoHeHTpasieH. IMEHHO aTOM HE MOXET OBITh
IIPEBPALIEH B APYTUE ATOMBI B YCIOBUAX XUMUYECKUX PEAKIIHUM.

JIeMEHT — BHJ] aTOMOB, XapaKTEPU3YIOIIUXCA OJJMHAKOBBIM YUCIIOM
IIPOTOHOB; 3JIEMEHTY IPUCBAWBACTCS MOPSAIKOBBIM HOMEDP, PABHBIA YUCITY
IIPOTOHOB B €T0 SIAPE, U €My J1aeTCsl Ha3BaHUE, IepBbIe OYKBBI (JTATHHCKOTO
Ha3BaHMsS) KOTOPOIO SIBJISIOTCS CHUMBOJIOM JJIEMEHTa M OOBIYHO, KpOME
TOro, 00O3HA4YalT OJUH aroM. Hampumep, 3JIEMEHT C MOPSIKOBBIM
HomepoMm 18 HazpiBaeTcs Apron (Argon — jaT.) U o0o3HayaeTcsa Ar; 3HaK
OJIHOBPEMEHHO 0003HA4YaeT HajJu4yuhe OJHOro atoma (WJIW OJHOTO MOJIS
aTOMOB — CM. HMXKE).

CJI0:)KHBIM XMMHYECKHM BeleCTBOM (XMMUYECKUM COEAUHEHHEM )
ABJISICTCS. BEIIECTBO, COCTOSIIEE M3 AaTOMOB HECKOJIBKUX 3JIEMEHTOB.
XUMHAYECKOE COECIUHEHUE COCTOUT W3 TPYIIl aTOMOB, OTPAXKAIOIMIMUX €ro
coctaB, — (popMyJabHbIX equHul (PE).

MoJieKyJIOM  HA3bIBAIOT  MEJIbYAMINYK  YaCTUIly  BEIIECTBA,
CIIOCOOHYIO K CAMOCTOATEIIbHOMY CYIIECTBOBAHUIO M 00130y BCEMHU
€ro XUMHYECKMMHM CBOMCTBaMHM. Hampumep, U3 MOJEKyd COCTOAT
BemiecTBa: xjopoBojgopoa HCI (1 arom Bomopoaa coenuHeH ¢ 1 aToMoMm
xjopa), ammuak NHs, Boma H;O. B To e BpeMs BO MHOIHX
KOHJICHCUPOBAHHBIX (PKUJKUX M TBEPHbIX) XUMHUYECKUX COCIUHEHUSIX
HEJIb3s BBIJEIUTh MOJIEKYJIbI, TAK KAK OHU COCTOSIT U3 MPOYHO CBSI3aHHBIX
MEXJy COOOI0 aTOMOB, Ha KOTOPBbIE HEBO3MOXXHO Pa3AECiIUTh CIO0KHOE
BEIIECTBO, HE M3MEHHUB CYIIECTBEHHO €ro CBOWCTBAa (HAIpuMep,
kpuctaummueckue NaCl, K,SO,4, Fe,03). B aToM cityuae BMeCTO MOJIEKYT
UCTIONB3YIOT (GopMylibHBIe enuHuIsl (Hanpumep, K,SO, kp. 0603HagaeT
bopMyIBHYIO €IMHUILY BEIIeCTBA, COACpKaIlyr 2 aToma Kaius, 1 atom
ceppl U 4 aroma kuciopoda). llpu omucaHuum coctaBa W CTPOCHUSA
BEIIECTBA YACTO MCIOJB3YIOT MOHATHE O CTPYKTYpHOU eaunuie (CE) —
3TO OOJIEe



obmiee moHsATHE, 0OO3HAUaroIIee J0ObIe aTOMBI WM HUX TPYHIbl (B TOM
gucie u DE), KoTOpble HCHOAB3YIOTCS IS ONHCAHUS COCTaBa WM
CTPYKTYPHI BEIIESCTBA.

Takum 00pa3oM, COCTaB BEIIECTBA BBIPAXKACTCS €r0 XHUMHYECKOi
dhopmysi0il, KOTOpasi OIpeaeseT COOTHOIMICHHE MEXTY KOJIMYECTBOM
aTOMOB DJJICMCHTOB B COCIWHCHUH WM KOJMYECTBOM aTOMOB B IIPOCTOM
BEIIIECTBE; OHA MOYKET COOTBETCTBOBATh WJIM HE COOTBETCTBOBATH COCTABY
mouiekybl (Hanpumep: Cl u Cl,, P,O3 u P4Og, rae cHauana gana gpopmyna
COCTaBa BEIIECTBA, a TOTOM — MOJICKYJIBI).

IKBHBAJIEHT H YKBHUBAJIEHTHbIE MaCChI

N3MepeHnss B XUMUU MPOU3BOJIATCS C UCIOJb30BAHUEM PUHATOU BO
BCEM MUpE, B TOM 4ucie u B Poccnu, MexayHapOIHONU CUCTEMBI €IUHUII
uzmepenus (CU1). B aToli cucremMe uMeeTcsi CeMb OCHOBHBIX €IMHUIL: METP
(M, anuHa), Kuiorpamm (Kr, macca), cekynaa (c, Bpemsi), amnep (A, cuia
toka), KeneBun (K, Temneparypa), xkanmena (K1, CuJia CBETa), U MOJIb
(KOJIMYECTBO BEIIECTBA).

OTHOCUTEJIbHBIE ATOMHBIE W MOJIEKYJsIpHbIe Macchl (Ar, Mr).
Y CTaHOBJIEHHE CTEXMOMETPUUYECKHUX 3aKOHOB MO3BOJMJIO IPUIIKACATH
aToMaM XHUMHYECKUX JJIEMEHTOB CTPOrO OMpEACICHHYI0 Maccy. Macchl
aTOMOB 4Ype3BblYailHO Manbl. Tak, Macca aTomMa BOJIOpOAa COCTaBISET
1,67-10 %" kr, xucaopoga — 26,60-10 > kr, yrmepoma — 19,93-10 > kr.
[Tonp30BaThbCcsl TakKUMHU YHCIAMU TPU  PaA3IMUHBIX pacyeTax OYCHb
Heyno0Ho. [lostomy ¢ 1961 r. 3a egqunuily maccsl aToMoB npuHsta 1/12
MacChl M30TONa yriepoaa c - yriepoaHass eauHuna (y. e.) WIH
aTOMHAsI eJMHUALIA MACChI (a. e. M.).

Macca y. e. cocraBasiet 1,66043 . 107> kr (1,66043 . 107** r).
OTHOCHTEJBbHONH aTOMHOM Maccoi 3jieMeHTa (Ar) Ha3bIBAIOT OTHOIICHHE
abcoymroTHOM Maccel atomMa K 1/12 yactu aOCONIOTHOM Macchl aToMma
M30TOIa yriepoaa c.

Ar TOKa3bIBaeT, BO CKOJIBKO pa3 Macca aToma JaHHOTO d3JIeMEHTa
Tsokenee 1/12 macest atoma 12C. Hanpumep, Ar kuciopojia paBHa

ly.e.— 1,66 -0 **r
X —26,60 - 10 **r.



Otcroma X = 16,02.

DTO O3HA4aeT, YTO aToM KHUCJIO0pojJa IpUMEpHO B 16 pa3 Tsxernee
1/12 maccel aToma yriepona 2C. OrHOCHTEIBHBIC ATOMHBIE MAcChl
neMeHTOB (Ar) OOBIYHO TPHUBOIATCS B TMEPUOAMYECKON TaOIHIIE
Memnpeineena.

OTHocuTe/IbHON  MoJIeKyJsipHoii  Maccorr (Mr)  BemecTBa
HAa3bIBAETCS Macca €ro MOJIEKYJIbl, BBIPAXKECHHAA B Y. €.

Mr 4uCIIEHHO paBHa CyMME aTOMHBIX MacC BCEX aTOMOB, BXOJISIIIUX
B COCTaB MOJIeKydbl BemectBa. OHa ToOACUMTHIBaeTCS MO (opmyse
Beuiectea.Hanpumep, OTHOCUTENBbHAA MOJIEKYJsIpHAs Macca CEPHOU
kuciotsel H,SO,4 OyneT cnaratbes us:

ATOMHBIX MaccC JBYX aTOMOB BOJOpOJa 2-1,00=2,01;

aTOMHOM MacChl OJTHOTO aTOMa CEPhI 1-32,06=232,06;

aTOMHOM MAaCChI YETBIPEX aTOMOB Kuciaopoaa 4 - 16,02 = 64.08;
98,16.

3nauut, Mr (H,SO,;) paBma 98,16, wmm okpyrienHo 98. 3Oto
O3HA4YaeT, YTO Macca MOJIEKYJbl CEpHON KUCIOTHI B 98 pa3 Oombmie 1/12
Maccel aroMa uzorona 12C.

OTHOCUTENBHBIE ATOMHBIE W MOJIEKYJISIPHBIE MAacChl — BEJIUYUHBI
OTHOCHUTEJbHBIE, & IOTOMY — O€3pa3MepHBIE.

Kpome paccMOTpeHHBIX BEWYMH, B XUMUU YPE3BhIUANTHOE 3HAUCHUE
uMeeT 0co0asi BeJIMYMHA — KOJM4YeCTBO BemecTBa. KonnuecTBo BelecTna
ONPEACISIETC YUCIOM CTPYKTYPHBIX €AWHUIl (ATOMOB, MOJIEKYJI, MOHOB
WJIU JIP.) OTOTO BEIIECTBA U BBIPAYKAETCS B MOJISX.

Moab — 3TO KOJHMYECTBO BEIIECTBA, COJEpPKAIIEE CTOJIBKO
CTPYKTYPHBIX WU (POPMYJIBHBIX €IWHHUI], CKOJIBKO aTOMOB COJICPKUTCS B
12 r (0,012 kr) u3oromna “C.

[ToHsiTHE «MOJIBY» PpacHpOCTpaHsETCS Ha JOObIE CTPYKTYPHBIE
SIUHUIIBI (3TO MOTYT OBITh PEAIbHO CYIIECTBYIOIINE YaCTHIIbI, TAKHE, KaK
atomel (K, O, C), monexkynsl (Hy, CO,), kaTHOHBI (K+, Ca2+), AHHUOHBI
(CO5*", I-), pamukamsr (ON°, NO, ), dopmynsuere enuunmsr (KOH,
BeSOy,), anexTpoHsl u 1p.



OKCINEpUMEHTAIBHO YCTAHOBJIEHO, 4YTO B 12 T wH30TONA e
COACPKHUTCS 6,02:10° aromos (mocrosiHHass ABorazpo, N,); ece
pasMepHocTh — MoJb—l.Ilpu npuMeHEeHUM TOHATHS «MOJIbY» HAJI0
YKa3bIBaTh, KAKWE CTPYKTYPHbBIC €IMHUIIBI UMEIOTCS B BUITY.

Hanpuwmep, 1 mons atomoB H conepxut 6,02 10% aromos H, 1 moub
mosiekysl H,O conepxur 6,02-1023 mosiekysn H,O, 1 mons monoB H+
conepxut 6,02-10% nonos H u T. 1.

KonnuecTBo BeliecTBa 0003HavaeTcss OykBoi N.

OtHomeHne Macchl BemecTBa (m) K €ro KOJIM4ecTBy (n)
MPEJCTaBIISIET
c0o001 MOJISPHYI0 MaCCy BEIIECTBa:

M= ﬂ. T/MOIIb. (1.1)
7

m
Otcrona 1 = — . MOJIb. (1.2)

MosipHass Macca BEIIECTBA YMUCICHHO paBHA OTHOCUTEIBbHOMU
MOJIEKYJIIpHOM Macce 3Toro BemiecTBa (Mr), BBIpaK€HHON B aTOMHBIX
eauHuiiax maccel. Tak, monekyna H,O umeer maccy (Mr) 18 a. e. m., a 1
Mok HyO (1. e. 6,02-1023 monekyn) umeet maccy 18 r.

Ipumep 1. Kakomy KOJIMYECTBY BEIIECTBA COOTBETCTBYET 56 T a30Ta M
CKOJIBKO MOJIEKYJI a30Ta COJICPIKUTCS B 3TOM KOJIMYECTBE?

Pemenune. MonsipHas macca azota (N;) paBHa 28 r/moinb. CinegoBaTeiabHO,
56 T a30Ta COOTBETCTBYIOT JIByM MOJsIM. MoJib JIH00OT0 BeElIeCcTBa
cogepxut 6,02-1023 CTpyKTypHBIX €IHWHUI; B JBYX MOJIAX a30Ta
cogepxurcs 12,04-1023 monekyi.

IIpumep 2. B pesynbrare peakuum >Kejae3a € CEPOM IMOMY4YEHO 22 T
cynbbuna keneza (II). Kakoe kommdecTBO cynbduma xkenesa
COOTBETCTBYET 3TON Macce?

Pemenne. Monspuas macca cyinbduaa xeneza (II) — FeS — paBna 88
T/MOJIb.

77

Henomssya popumymy (1.2), onpenemiv komraectso FeS: n = % == § =0,25 nome.

IIpumep 3. KakoBbl Macca M KOJIWYECTBO BOJBI, KOTOpPhIE 00pa30BaIMCh
IIpy cropanuu § T Bojiopoaa’?
8r X



Pemenne. 3anuiiemM ypaBHEHUE PEAKIUN 2H2 + 02 =2H20
41 2.18r
3anuceiBaeM MoJisipabie Macchl: M(H,) = 2 r/monb; M(H,0) = 18 r/Momb.
BriuuciisieM Maccy BOJAbI 0 YPABHEHUIO:
u3 4 r Bojopoaa nmoiayyaerca 36 T BOJIbI
u3 8r noixyyaercss X r

Y_u_ iy
A= 4 = /& T BOIOBIL.

faa

i
P _m /2 \
ITo dopmyme (1.2) Haxoaum KonudecTBo Boasl 1 = — = — =4 (moms H)O).

M 18

I'azoBbIe 3aKOHBI

MHorue BemiecTBa (Harpumep, KUCIOPO U BOJOPO) CYIIECTBYIOT B
razo00pa3HOM COCTOSTHUU. ['a3bl MOAYMHSIIOTCS OMNPECICHHBIM 3aKOHAM.
bbUI0 3KCIEPUMEHTAIBHO YCTAHOBJIEHO, UTO BCe Tasbl (mpu t = const)
OJIMHAKOBO CxkuMaroTcs (3axkoH boist — Mapuorra: PV = const win

P,V; = P,V,), obiagaoT OJUHAKOBBIM TEPMHYECKUM KOA(DPUIIMEHTOM
pacmupenusi (3akonbl I'eit — Jlwoccaka u Hlapas: = V / Tconst nipu
MOCTOSIHHOM JiaByieHuu u P/ T = const npu MOCTOSHHOM 00BEME) U UMEIOT
HEKOTOpbIe Apyrue oodmue cBoiicTBa. CouetaHue 000MX 3aKOHOB HaXOJUT
CBO€ BbIpaxeHHe B ypaBHeHuu Kiianeipona

B, Bl
L1222 - const. (1.3)
L, T,

(OTUM BBIpaKEHHEM TOJIb3YIOTCS JJIs1 MPUBEICHUST 00BEMOB T'a30B OT
OJIHUX YCJIOBUM TeMIepaTyphl U JaBJICHUS K APYTHUM.)

Ha ocHoBe 3TuX ra3oBbIX 3aKOHOB M CBOMX HaOJIOJEHUN ABOTAApPO
chopmyaupoBai 3akoH (1811 r.): B paBHbIX 00beMax pa3jiMYHbIX Ta30B
MPH OJIMHAKOBBIX YCJIOBHSX COAECPKUTCH OAMHAKOBOE YHMCJI0 MOJIEKY.JL.

Ecau B341h 1 Mosb 1H000T0 Ta3a, TO JETKO yOSAUTHCS B3BEIIMBAHUEM
WM U3MEpPEeHHUEM OOBEMOB, UTO MPU HOPMAILHBIX YCIOBUSX OH 3aliMeT
00beM 22,4 11. DTO Tak Ha3bIBaEMbIA MOJIBHBIA 00bEM ra3a.



Hopmaabnble ycaoBusi B MexayHapoanoi cucteme enunun (CH):
nasienue 1,013-105 Ila (760 mm pt. ct. = 1 at™m.); Temneparypa 273 K
(0°C).

Ecnu yclioBust OTIMYaOTCS OT HOPMAJIbHBIX, MOJBHBIN 00BEM HMEET
JIpyroe 3HauyeHue, Il PacyeTOB KOTOPOI0 MOXKHO BOCIIOJb30BaThCs
ypaBHeHuem Menaesneesa — Kiianeiipona

.PV:%RI- (1.4)

rae P — naBnenue raza; V — o0beM; m — macca raza; M — MoJisipHas macca,
T — temneparypa (K); R — yHuBepcanmbHas (MojsipHas) ra3oBas
MOCTOSIHHASI, YKCJIEHHOE BBIPAKEHHUE KOTOPOW 3aBUCHUT OT €JUHHII,
OMPEACIISIIONINX 00BEM ra3a U ero J1aBjcHUE.
B Mexnynaponnoi cucreme usmepenu (CU) R = 8,314 Ila-m3/
MoJIb - K
(dx/moub°K).
JInsi BHECHUCTEMHBIX €IWHHI] HW3MEpPEHHs JaBJIeHUS H o0bema
BEJIMYMHA
R umeet 3HaueHuUs
R = 62400 mm pT. cT.-MJ1 / MoaIb-K; R = 0,082 atm-a / moab-K;
R =1,99 kaa / moan-K.

OTH 3aKOHBI CBHITpAJId OOJBIIYI0O POJb B YCTAaHOBJICHHH aTOMHO-
MOJIEKYJIIPHOTO CTPOCHHMSI Ta30B M B HACTOSIIEEe BpeMs IMIHPOKO
UCIIOJIB3YIOTCS ISl pACYETOB KOJIMUYECTB PEArupyIOIIUX ra3oB.

Ipumep 4. Haittu maccy 200 i1 xJjtopa npu H. y.
Pemenne. 1 Monp razoo0Opasnoro xjopa (CI2) umeer maccy 71 T wu
3aHuMaeT o0beM 22,4 1. CocTaiisieM NPONOPIHIO:

71r—22,4n
X1 —200 1.

Otcrona X =200 -71/22,4=633,2T.

JKBHBAJCHT. JKBUBAJIECHTHBIEC MACCHI



KonnuecTBEHHBIM MOAXOA K H3YYCHUIO XWMHUYECKUX SIBJICHUW H
YCTAHOBJICHHE 3aKOHA ITOCTOSHCTBA COCTaBa IIOKA3aJM, YTO BEIIECTBA
BCTYITAIOT BO B3aUMOJICUCTBUE B ONPEIACICHHBIX COOTHOIIEHUAX MACC, YTO
IPUBEJIO K BBEACHUIO TAKOTO BAXXHOTO IOHSTHS, KAK «IKBHUBAJIEHT», U
YCTAHOBJIICHUIO 3AKOHA 3IK8UBAEHMO8: MACChl B3aUMOAEHCTBYIOLIUX
0e3 oCcTaTKa BelleCTB COOTHOCATCS KAaK HMX ’KBHBAJIEHTHbIE MAacCChl.
MaremaTn4yeckoe BhIPaKEHHUE 3aKOHA YKBUBAJICHTOB

my Moy
rae M, 1 1 M, » — DKBUBaJI€HTHBIE MACChI.

IJKBUBAJIEHT — 3TO0 YaCTHIA WJIHM YaCcTh YacTHIbI, KOTOpas
coequHsAeTCH (B3aMMOAEHCTBYET) ¢ OJHUM aTOMOM BOJAOPOAa WJIH C
OJTHUM JJICKTPOHOM.

N3 »storo ompeneneHuss BUIHO, YTO IIOHATHE («OKBUBAJICHT»
OTHOCUTCA K KOHKPETHOW XWUMHUYECKOW PEAKIMU; €CJIU €ro OTHOCAT K
aTOMy B XHUMHYECKOM COEJWHEHUH, TO HUMEKT B BHUAY PEAKIUIO
o0Opa3oBaHUsl JTOTO COEAUHEHHUS U3 COOTBETCTBYIOIIETO IMPOCTOTO
BCIIIECTBA M HA3bIBAalOT IKBMBAJEHTOM 3JIEMEHTA B COeIMHEHHUH.

B omno#t ¢popmynbHO# enunHuIle BemiecTBa (B) MoXeT comepxarbes
Zp PKBHUBAJCHTOB ATOro BemiecTBa. Ymcino Zp HA3BIBAIOT MOKAa3aTeJeM
3KBHBAJIEHTHOCTH.

dakTop 3kBUBaJEeHTHOCTH (f) — H0JIS YacTULBI, COCTaBISIOIIAS
APKBMBAJICHT;

f <1 u MoxeT ObITh paBHbIM 1, 1/2, 1/3 1 T. 11.;

fB= (1.6)

1
Zy

Macca omgHOrOo MOJS DJKBUBAJICHTOB, BBIpaXEHHAs B TIpaMMax,
HA3bIBACTCS MOJISIPHOM SKBHUBAJEHTHOM Maccorl (Mbdk, 1/MOJb 3KB);
YUCJIEHHO OHAa paBHA OTHOCUTEIHLHOW MOJEKYJSIPHOW Macce 3KBUBAJICHTA
(KpaTKo €€ Ha3bIBAIOT SKBUBAJICHTHOM MacCOM).

IIpumep 5. OnpeaenuTs 3KBUBAICHT W S3KBUBAJIEHTHYIO MAacCy KHCIOpoaa
B HZO



Pemenne. Takas ¢dopmynupoBka Bompoca MPEANONAraeT peaxiuio
oOpa3oBaHusi MOJIEKYJIbI BOJIBI U3 KUCJIOPOAa U BOJOPO/A:

Hg + 1/202 = HZO,

T. € ¢ | aroMoM BOJOpOJIa COCAUHSETCA Y2 aTOMOB KHCJIOpO/JA.
CnenosarensHo, Z(0O) = 2. Macca ogHOTO MOJISI aTOMOB KHCJIOpPOJa paBHA
16 T, orctona Mok (O) = M(O)-1/Z = 16/2 = 8 r/moub.

OKBUBAJICHTBI OJTHUX U TEX K€ DJIEMEHTOB B PAa3JIUYHBIX XUMUUYECKUX
COEAMHEHHUSIX MOTYT Pa3invaThCs, TaK KaK BEIMYMHA YKBUBAJICHTA 3aBUCHUT
OT XapakTepa MpeBpallleHus, MpeTepreBaeMoro UM. Tak, B COCIUHEHUU
SO, skBUBaNIeHTHAas Macca cepbl paBHa § I/MOJb, YTO cocTaBiseT 1/4 ot
aTOMHOM Macchl, a B coeaquHeHnn SOz — 5,3 r/Moib, uTo cocraBisieT 1/6 ot
aTOMHOM Macchl cephl (Zs = 4 u 6) cooTBeTCTBEHHO. [IpakTHueckuii pacuer
SKBUBAJIEHTHON MAaCChI 3JIEMEHTA B COCIMHEHUH BEAYT MO (hopMyIie

A
ol

(1.7)

M, (3memenTa) = A, =

r7e A — aToMHasi Macca; (0 — CTENEHb OKUCJIEHUS 3JIEMEHTA B JAHHOM
coequHennu. (Hwxe Oyner mokazaHo, 4TO Uil pPeakiuu 0Opa3oBaHUS
COEJIMHEHUS U3 MPOCThIX BemiecTB ZB = Iol).

Hanpumep, ZB (Mn) B coenunennn KMnO4 (o = +7) coctaBiusier 7,
a Mbak (Mn) = 55/7 = 7,85 r/mounb; B coequHenn Mn203 (o =+3) — ZB =
3 u Mbak (Mn) = 55/3 = 18,3 r/mob.

JKBHUBAJIEHTHAsI Macca BellecTBA B XMMHYECKHX PpPeaKIusax
MMEET pa3JIMYHbIE 3HAYEHHS, B 3aBUCUMOCTH OT TOr0, B KaKOM
B3aMMOJICMCTBUM 3TO BEIIECTBO Y4YacTByeT. EciiM BO B3aMMOJIEHCTBUU
CJI0’KHOT'O BEIIIECTBA YYaCTBYET €r0 U3BECTHOE KOJIMYECTBO WJIW U3BECTHO
KOJIMYECTBO PEATHPYIOIIUX TPYMIL, TO JJISI pacyeTa 3KBHUBAJICHTHBIX MacC
MOYHO TIOJTb30BaThCsI CICAYIONMMH TTpaBWJIaMu U HOpMyJIaMH:

a) BemecTBa JpPYyr ¢ JPYroM pearupylT OJMHAKOBBLIMU
KOJIMYeCTBAMH IKBMBaJIeHTOB. Hanprumep, B peakuuu

2Al + 3/2 02 = Al203



6 MOJIb SKBUBAJICHTOB Al pearupyror ¢ TakuM k€ KOJIMYECTBOM KHUCIOPOa
(ZB (Al)=3,ZB (0) = 2);

0) JKBHBAJIEHTHAsI Macca KHUCJOTHl B PpeaKIUfAX 3aMelleHHs
HOHOB BOJI0PO/Ia PaBHA

] — M \
—'1'-{31::. KHCIIOTEL ~ - . (1 8}
KOJI — BO 3aMeCTHBIOHXCA HOHOB H™

Ipumep 6. OnpenenuTs SKBUBAJICHT M 3KBUBAJIECHTHYK) MAacCCy
H,SO, B peaknusx:
1) H,SO,4 + KOH = KHSO,4 + H,0
2) H,SO,4 + 2KOH = K,S0,4 + 2H,0

Pemenne. B peakiuum 1 3aMmecTwiics OJMH HOH BOJOPOJA,
CJICIOBATEIHHO, SKBUBAJICHT CEPHON KHCIIOTHI PaBEH OJHOMY MOJIIO, a Zp
(H,SO,4) =1, Mak(H,SO4) =M - 1 =98 r/mou1b.

B peaknum 2 3amectmiuch 00a MOHAa BOAOPOJ]A, CIICIOBATCIIBHO,
9KBHBAJICHT CEPHOM KH-

CJIOTHI paBeH aByM MoiisiM, Zg (H,SO4) =2, a Mok (H,SO4) =98/ 2 =
49 r/moib.

B) JKBHBAJIEHTHAasi MAacca OCHOBAHHUS B PeaKkUUd 3aMelleHUst
MOHOB THIPOKCHJIA paBHA

B) 3JKBHBAJIEHTHAS MACCA OCHOBAHHS B PeAKIHH 3aMelleHHS] HOHOB
THAPOKCHIA PABHA

*]"f‘}K_ OCHOBAHHA M . (1.9)
KOJI—BO 3aMecTHBINMxcH HoHos OH ™

IIpumep 7. OnpeaenuTs HSKBUBAIEHT W OSKBHUBAJEHTHBIE MAaCCHI
TMAPOKCH]Ia BUCMYTA B PEAKIMAX:

1) Bi(OH);3 + HCI = Bi(OH),Cl + H,0

2) Bl(OH)g + 3HCI = B|C|3 + Hzo

Pemenne. 1) Zg (Bi(OH)3) = 1, Mak(Bi(OH)3) = 260 r/mMmoab (Tak Kak u3
TPEX MOHOB IMAPOKCHUIIA 3aMECTHIICS OJIUH);
2) Zg (Bi(OH)3) = 3, a Mok (Bi(OH)3) = 260/3 = 86,3 r/moib (Tak Kak U3
Tpex noHoB OH 3amecTuiuch Bce TpH);



F) IKBHBAJICHTHas1 MacCCa COJIM B PCAKIUAX MOJHOI0 3aMECIICHUSA
KaTHOHAa WJIH aHUOHA paBHaA

v _ M
7 IK.COMH 35047 KATHOHA - KO—BO KATHOHOR
HIH : (1.10)
M
M

OO 33ps7 aHHOHA - KOT—BO AHHOHOB

Tak, Zg Aly(SO4)3 = 3:2 = 6. OnHaKO B peakiIMK 3Ta BEJIUYHMHA MOXKET
OBITH OoJIbIIIe (HemosTHOE 3aMENIECHHE) WIn MEHBbIIIE
(koMILIeKCOOOpa3oBanue). Ecin, Hampumep, 3TO COSAUHEHHUE YYacTBYET
BO B3aUMOJCHCTBUH 10 PCAKIIMU

A|2(804)3 + 12KOH = 2K3[A|(OH)6] + 3K2804,

TO MPH 3TOM TPU aHHOHA C CyMMapHBIM 3apsjoM 6 3amerniatorcs 12 OH
MOHAMH, CJIEAOBATENbHO, 12 SKBUBAJICHTOB JSTOr0 BEIIECTBA JOJDKHO
BCTynaTh B peakiuio. Takum oopazoM, Zg Aly(SO,); = 12;

A) HSKBHBAJEHTHAsi Macca OKCHIA B peaknusxX I0JHOIO
3aMellleHNsl paBHA

M

CTeIIeHb OFEHCIL. 2JIeM. - KOJII—BO aTOMOB 3JIehd. .

(1.11)

ﬂ'{'}li. OECHIA —

Hampumep, ZB (Fe,O3) = 3 - 2 = 6; Mak=M(Fe,03)-Zg=160-1/6 =
26,6 T/MOJIb.

OnHako B peakuuu
F@gOg + 4HCI = ZFGOHCIZ + Hzo

Zg(Fe,03) = 4, Mok = M(Fe,053)-Zg = 160-1/4 = 40 r/moinb, Tak kak Fe, O3
B3aUMOJEHCTBYET ¢ 4eThipbMs dkBUBajeHTamMu HCI.

[Ipu pemieHun 3ajiad, CBA3AHHBIX C Ta3000pa3HBIMHU BEIIECTBAMHU,
1eJeco00pa3Ho MOJIb30BAThCS 3HAYEHUEM IKBMBAJEHTHOI0 00bemMa. OT0
00BEM,



3aHMMAaeMbIi OJIHUM MOJIEM SKBHUBAJICHTOB razoo0pa3Horo BemiectBa. Jlis
BOJIOpOJa MpU H.y. ATOT oObeM paBeH 11,2 i (MomsipHbIi 00BeM Hj
coctaBnsgeT 22,4 1, a Tak kak Mdk (H) = 1 1, To 3KBUBaJICHTHBIN 00BEM
Oynet B 2 pa3a MEHbIIIE MOJISIpHOTO, T. €. 11,2 1).

IIpumep 8. Ha BoccranoBnenne 1,80 r okcuma Merauia
u3pacxogoBaHo 883 mu Bojoposa (H. y.). BBIUHCINTE 3KBHUBaJCHTHBIE
Macchl OKCUJa U METAILIA.

Pemenue. CornacHo 3aKkoHY 3KBUBaJieHTOB (1.5) macchl (0ObEeMBbI)
pearupyrommx BEIIECTB MPOMOPIMOHAIbHBI UX JKBHUBAJICHTHBIM Maccam
(o6BeMam):

Moxcaga _ M 5 oxenma - 180 _ M,
V(Hﬂ I?;K(H:} 0883 112
OT1croaa
1.8-112 .
My oxenna = =24.2 (r/mons): M oxemza = Mg meramma + M (O).

0,883

toraa Mak. meTtamia = Mak. okcuaa — Mak. (O) =24,2 — 8 = 16,2 r/Mob.
(Mbak (O) = 16/2 = 8 r/mo7b).
Ipumep 9. BerunucinTh 3KBUBAIEHTHYIO MAacCy IIUHKA, eciu 1,168 r
7/n BBITECHWIIN
n3 kucaotel 438 mu H, (t=17°C u P = 750 mm pr. CT.).

Pemenne. CoriiacHO 3aKOHY SKBUBaJIECHTOB (1.5)
Mgy _ Mss; (ZII)
mH: ‘MHC (H)

N3 ypaBHenust MenaeneeBa — Kianeiipona (1.4)

P-V-M _ 750-438.2

m(H,) =
- R-T 62400-290

=0.036r:

Mzy - Moy (H) _ 1168-1
0.036

= 32,6 r/MonB.

M, (Zn)= -
H,

Onpene.ﬂeHl/Ie ATOMHBIX 1 MOJICKYJISIPHBIX MacCC

W3 3akoHa ABoraapo ciemyeT, 4TO JBa raza OJIMHAKOBBIX
00BEMOB TIpHU



OJIMHAKOBBIX YCJIOBHUSAX COJICpXKAT OJHMHAKOBOE YHCIIO MOJICKYJN; OJHAKO
OHM HMMEIOT HEOJMHAKOBBIE MACChl: Macca OJIHOTO ra3a BO CTOJBKO pa3
0O0JIBIIIE IPYTOro, BO CKOJBKO pa3 O0JIbIIE ero MOJIsIpHas Macca:

m_M _ (1.12)
my, M,

rie D — oTHocuTenbHas TJIOTHOCTh oaHOro rasa (1) x apyromy (2) —
BeM4MHaA Oe3pazMepHas. OTcroaa

M, = M- D. (1.13)

IIpumep 10. Macca 1 x raza (H. y.) paBHa 1,25 r. Beruuciauts: a) M
raza; 0) Maccy OJTHOM MOJIEKYJIbI ra3a; B) IJIOTHOCTh r'a3a OTHOCUTEIHHO
BO31yXa.

Pemenne. MoJisipHy10 Maccy rasa HaiiieM 1o MojibHomy o0bemy (1
MOJIb Ta3a MpH H. y. 3aHUMaeT V = 22.4 1):

a) 1 n raza umeer maccy 1,25

22,4 n — Xr
X =28 1; Mraza = 28 r/MoJIb;

6) 1 Moxb rasa — 6,02-10% monexyn — 28 T

1 monexyna - Xr
X=———==4710" 1
6,02-10°
. M 1a 28 .
B) u3 (1.12) D rasa mo Bo3gyxy = - = —= 0.96. 1. . JaHHEIA Ta3 Ierde

Moy 29
BOo3ayxa B 0,96 pasa.
(Cpenssisg MosieKyJisipHas Macca Bo3ayxa M Bo3z. = 29 r/mouns).
IIpumep 11. Ananu3 nokaszai, 4to coeauHernue coctout u3 30,43 %
azora
u 69,57 % xucnopoma. OTHOCUTENbHASI IUIOTHOCTh 3TOTO BEIIECTBA IO
BOJIopoay paBHa 46.01peieIuTh ero MOJICKYISIPHYIO Maccy U (popmyiy.
Pemenne. Cormacio (1.13) ompenmensieMm  OTHOCUTEIBHYIO
MOJIEKYJISIPHYIO MacCy BEIIECTBA



Mr =2DH, = 2-46 = 92 r/M0JIb.

®opmyny BemiectBa npuMeM NxOy. UToObl HalWTH COOTHOIIICHHE
MEXIY X Uy, HaJI0 Pa3JeiuTh BECOBbIC KOJHUYECTBA (B JAHHOM MHpPUMEPE
MPOLICHTHOE COJIEpP>)KaHHWE) a30Ta M KHUCJIOpPOJia Ha COOTBETCTBYIOIIUE
ATOMHBIE MACCHI:

Orcroma mpocreitmas Qopmyna BemectBa — NOjp, KOTOpoOit
COOTBETCTBYET MOJIEKysipHass macca 46. Pasznenus 92 Ha 46, nomyuum 2.
3HAYUT, MpocTelinyo GopMyay HaJI0 yABOUTH, T. €. HCTUHHAs Qopmylia
BerrecTBa — NoOy.

ATOMHBIE, MOJSIPHBIE U MOJIEKYJISIPHBIE MacChl aTOMOB M MOJIEKYJI
MO>KHO OIPENIEIISITh, KaK MOKAa3aHO BBIIIE, U3 3aKOHA SKBUBAJICHTOB U W3
ra3oBbIX 3akoHOB. Kpome TOro, Mx HaxogaT NPUOIMKEHHO MeETOA0M
MenaeneeBa, Kak cpeiHee aprU(PMETUIECKOE aTOMHBIX MAacC COCEAHUX IO
MEPUOIMYECKON CUCTEME aTOMOB. MOKHO TakX€ OIECHUTh 3HAYCHUE
ATOMHOM MACCBHI IO YJIEJIbHOM TEIJIOEMKOCTH 13 3akoHA /lroj1oHra u IlTtu:
aTOMHBIE  TEIUIOEMKOCTH IPOCTBIX TBEPABIX BEIIECTB MNPUMEPHO
OJWHAKOBHI U COCTAaBJISAIOT OKO0JI0 25 JIk- monp KL

Ilpumeyanue: aTtoMHasg TEIUNIOEMKOCTh  BENIECTBA MPUMEPHO
ONpeAeISIETCA KOJUYECTBOM KOJIE0aHUM, KOTOPOE MOXKET COBEPIIATH aTOM
B KPUCTALUINYECKON PEIIETKE;, YUCIO TaKuX KoJICOAaHUN B TPEeXMEpPHOMU
pPELIETKE pPABHO TPEM; KaXIOMYy KOJIEOAHWIO COOTBETCTBYET JHEPTHS,
paBHas R = 8,314 [Ix/(monb-K), uto u naér okosno 25 JIx/(monb-K):

N 25{;[;5 MO -K_l.]: 25

a MoTe™ | 1.14
('"YJ(H?KT_I -K_l) C}-n [T MOJIb ] ( }

3Hasg HETOYHOE 3HAUCHHE aTOMHOM Macchl A' ¥ TouHOe 3HaueHue M,
JUIL JTaHHOTO DJIEMEHTAa W3 ONbITa W NPWUHAMAs BO BHUMAaHHE, YTO
BaJICHTHOCTH — I1€JI0€ YMCJIO, MOKHO HANTH TOYHOE 3HaUYCHHE A.

IIpumep 12. Ilpu B3aumoperictBuu 1,168 r meramna ¢ cepHou
KUCJI0TON BbIJIEeNIMIOCh 438 M1 Bojopojsia (00beM uamepeH npu 17 oC u
750 MM pT. cT.). YaenbHas TemiaoeMKocTh Metama — 0,39 JIx/r.
Brraucnuths aTOMHYIO MacCcy MeTajlla M ONPEICIUTh, KaKOH 3TO METal.

Pemienne



1. Tlo ypaBuenuto (1.4) Kianeiipona — MeHzaeneeBa BbIUYUCISEM
Maccy BBITECHEHHOT'O BOJIOPO/Ia

P-V-M(Hp) _ 750-438-2
R-T 624000-2990

m(H,) = =0.036T.

2. Tlo 3akoHy 3KBHBaJIEHTOB (1.5) onpenensieM 3KBUBAJIEHTHYIO
Maccy MeTasuia

mMe - Max(H) _ 11681
m(Ho) 0,036

= 32.69 r/moms.

My Me =

3. [To 3akony [rononra u [1tu (1.14) HaxoauM NpuOIN3UTEIbHYIO
aTOMHYIO Maccy MeTajia

e ‘ri:‘

A = = = 64,1 r/moas.
C}':{

4. Tlo SKBUBaJEHTHOW Macce W MPHUOJU3UTEIHLHON aTOMHOW Macce
METaJlJIa ONIPEAENSAEM BaJEHTHOCTD:

64.1
y=——=
32.69

196 =~ 2.

5. PaccuuthiBaeM TOUYHYH) aTOMHYIO MacCy M IO HEH HaXoJIuMm
METaJIJI B IEPUOIMYECKON CUCTEME:

Ar=Mbnk -V =32,69.2=065,38. OT10 HUHK (Zn).

TouHble 3HAYEHUS OTHOCUTEIBHBIX aTOMHBIX Macc (Ar) MPUBOIATCS
B llepuomgmueckon cucreme JI. WM. Menugeneera 104 CHUMBOJAMHU
aneMeHToB. OHU MPEACTABISIOT COOOW CpEeHUE 3HAYEHUS aTOMHBIX Macc
BCEX MPHUPOJHBIX M30TOIMOB C YYETOM MX OTHOCHUTEIBHOTO COJIEp)KaHUS B
PUPOJIE.

Ipumep 13. IIpupoaHbIii KHCIOPOI COCTOUT U3 U30TOIMOB 0 (99,76
%), 'O (0,04 %) u 0 (0,2 %). OnpeneanTs OTHOCHTEIBHYK ATOMHYIO
Maccy 3JIEMEHTa KUCIOpOo/Ia.

Pemenue. Ar=16-0,9976 + 17-0,0004 + 18-0,002 = 16,0.

TouHble 3HAUYCHHUS aTOMHBIX MaccC MOYTH BCEX AJIEMEHTOB, OJIHAKO,
ObLTM OMpPEJEICHbl U3 XUMUYECKUX PEaKIMil C UCIOJIb30BAHUEM BECOBOTO
aHanu3a (TaKk Kak B3BEIIMBAHUE MOXHO IMPOM3BOJUTH C OYEHb BBICOKOM
TOYHOCTBIO).



IIpumep 14. OmnpenenuTh aTOMHYIO Maccy cepebpa, eciu Mnpu
B3aMMOJICMCTBHM | T €ro ¢ a30THOM KHUCJIOTOM mnonyduioch 1,57479 r
HUTpaTa cepedpa.

Pemenne. 3anumiem ypaBHeHue peakuun Ag + 2HNO3 = AgNO3 +
NO2 + H20.

Ecnu um3BectHl Ar(N) = 14,0067 u Ar(O) = 15,9994, 10, moan3ysich
YPaBHEHUEM PEAKIIUH, MOKHO COCTABUTh TPOTIOPIIUIO:

u3 1 r Ag nosrydyeHo 1,57479 r
AgN03
u3 A r Ag nosyuyurcs (A + 14,0067 + 3.15,9994)r AgNO3,
T. €. 1 =ﬂ A= 62,0049 = 107.8733 r/mo1b.
A4 A+62.0049 0.57479

TouHble 3HAYEHUS ATOMHBIX MacC OMPEACIUINCH TaKkKEe METOJaMU
Macc-crekTporpaduu u peHTreHorpadum.

Xumunuyeckue popmyiibl. BajeHTHOCTH

Xumuueckas (popMyna OTpakaeT cOCTaB (CTPYKTYPY) XHUMHUYECKOTO
COCIMHEHUsS WK IpocTtoro BemectBa. Hampumep, H,O — nBa aroma
BOJIOpOJa COEAMHEHbI C aTOMOM KHCIOpOoJa. XHUMHUYECKHUE (POPMYJIbI
COJZIEpXkAaT TAKXKE HEKOTOpPbIE CBEJCHUS O CTPYKTYpE BEIIECTBA: HAIIPUMED,
Fe(OH)3, Aly(SO4)3 — B aTHX popMymax ykazaHbl HEKOTOPHIE YCTONYHUBBIC
rpynmupoBkn (OH, SO,), KoTOpble BXOIAT B COCTaB BEIIECTBA — €IO
MOJIEKYJIbI, (DOPMYJIHHOM
i ctpykrypHoi enuauisl (OE unu CE).

MouiekyasipHas (QopmyJia YyKa3blBAET YHCIO AaTOMOB KaXIOIO
JieMeHTa B Mojekysie. MomnekynsapHas (opMyna ONUCHIBAET TOJBKO
BEIIIECTBA C MOJICKYJISIPHBIM CTPOEHUEM (Ta3bl, XKUJKOCTH U HEKOTOPHIC
TBepAble BemniectBa). CocTraB BelleCcTBA C AaTOMHOW WM HOHHOU
CTPYKTYPOM MOXHO OMHUCATh TOJIBKO CUMBOJIAaMHU (DOPMYJILHBIX €THHMII.

@opMyJibHbIE €IUHHMIbI YKa3bIBAIOT MPOCTEUIIEE COOTHOIICHUE
MEXKJly YHUCJIOM aTOMOB pa3HbIX 3JIEMEHTOB B Bemiectse. Hampumep,
dbopmynbHas equHuna 6enzona — CH, monekynspaas ¢popmyina — CgHg.



CrpykrypHas (rpaguyeckasi) ¢opmMyJa yKa3blBaCT MOPSAOK
coeMHEeHUsI aToMoB B moJiekylie (a takxke B @E u CE) u uncno cBsazei
MEXK]ly aTOMaMH.

Paccmotpenne Takux ¢GopMmys MOpHUBEIO K MPEACTABICHUIO O
BajseHTHOCTH (valentia — cuna) Kak O CIOCOOHOCTH aTroMa JaHHOTO
AJIEMEHTA MPUCOEIUHATH K CceOe OMpeAeCHHOE YHUCIO APYTUX aTOMOB.
MOXHO BBIJIEJIUTh TPU BUJA BAJIEHTHOCTH: CTEXHUOMETPUUECKYIO (BKIIIOUAs
CTEIEHb OKUCIICHUS ), CTPYKTYPHYIO U DJIEKTPOHHYIO.

1. Crexuomerpuueckasi BaJJeHTHOCTh. KoTnyecTBEHHBIN MOAX0T K
ONPEICIICHUI0 BAJIECHTHOCTH OKAa3aJCsi BO3MOXXHBIM MOCJIE€ YCTAHOBJICHUS
MOHATHUS «IKBHUBAJIEHT» M €r0o OINPEJENCHHS MO 3aKOHY 3KBUBAJIICHTOB.
OCHOBBIBasICh Ha JOTUX TMOHSATHUSIX, MOXXHO BBECTH NIPEACTABICHUE O
CTEXMOMETPHYECKOH BAJIEHTHOCTH — 3TO YHUCJIO 3KBUBAJIICHTOB, KOTOPOE
MOXET K ce0€ MPUCOEANHUTD JAHHBIM aTOM, WJIM — YKCJIO SKBUBAJIICHTOB B
aToMe. DKBUBAJICHTBI OMIPEACISIOTCS 10 KOJIUYECTBY aTOMOB BOJ0OpPO/Ia, T.
€. Vux (akThueckm o3HavaeT YUCIO AaTOMOB Bojopoaa (Wid
SKBUBAJICHTHBIX €My YacTHIl), C KOTOPBIMH B3aUMOJICUCTBYET JAHHBIN
aToM:

Ve = Zs HIH Ve = M‘;. (1.15)
Hampumep, B SO3 (o S=+6); Zg (S) paBeH 6; V.(S) = 6.
OKBUBAJIEHT BOIOpOAAa paBeH |, MOATOMY IS DIEMEHTOB B

npuBeacHHBIX HIbKe coequnenusax Zg (Cl) =1; Zg (0)=2;Zg (N)=3,a Zp
(C) = 4.
YucneHHOE 3HAYCHUE CTCXHOMETPHUYCCKOW  BAJICHTHOCTH  MPHUHSATO
0003Ha4YaTh pUMCKUMHU LIUPpaMu:

I 1 |11 11 IV 1

HCI H,O NH; CH,

B T1ex cimyyasdx, Korma d3JIEMEHT HE COEIMHSETCA C BOIOPOAOM,
BAJIEHTHOCTh HMCKOMOI'O  JJIEMEHTa  OIPEAEIAECTCS II0  DJIEMEHTY,
BAJIEHTHOCTh KOTOPOT'O M3BECTHA. Yalle BCero ee HaXo4sT MO KUCIOPOY,
MOCKOJIbKY BaJICHTHOCTh €r0 B COCAMHEHUSX OOBIYHO paBHA JIBYM.
Hampumep, B coeTUHEHUSAX:



11 111 IV 11
CaO Al,O3 CO,

IIpu ompeneneHnn CTEXMOMETPUYECKOM BAJEHTHOCTH JJIEMEHTA IO
dbopmysie OMHAPHOTO COEIUWHEHMS CIEAyeT IMOMHHTb, YTO CyMMapHas
BAJICHTHOCTh BCEX AaTOMOB OJHOTO JJIEMEHTAa JOJDKHA OBbITh paBHA
CYMMAPHOH BaJIECHTHOCTH BCeX ATOMOB JIPYIOro 3JieMeHTA.

3Hasi BAJEHTHOCTh JJIEMEHTOB, MOHO COCTaBUTh XHUMHYECKYIO
dbopmyny BemiectBa. Ilpu cocTaBieHHMM XUMUYECKUX (GOPMYT MOXKHO
COOJTI0/IaTh CIACIYIOUIUN TOPSAIOK ACHCTBUMN:

1) mumryT psiIoM XUMUYECKUE CUMBOJIBI 3JIEMEHTOB, KOTOPHIE BXOSIT
B COCTaB COCIUHCHUS: KO AlCl AlO;

2) Haa CHUMBOJAMHU XUMHYECKHX DBJEMEHTOB MPOCTABIAIOT UX
BAJICHTHOCT:

I 11 11 111
KO AICI AlO;

3) ucnonws3ys BbIIEe CHOPMYJIUPOBAHHOE TMPABWIO, OMPEACISIOT
HauMEHbIIIee 00Iee KPAaTHOE YUCEII, BHIPAKAIOIIUX CTEXHOMETPUUECKYIO
BAJICHTHOCTH 000UX 371€MEHTOB (2, 3 1 6 COOTBETCTBEHHO);

4) neneHWeM HAUMEHBIIEro OOIIEro KPaTHOrO Ha BaJIECHTHOCTh
COOTBETCTBYIOIIETO JIEMEHTA HAXOISIT UHEKCHI:

I 11 11 il
K20 AlCl; Al,Os.

Ipumep 15. CoctaButh Gopmylly OKCHJIa XJIOpA, 3HAs, YTO XJOp B
HEM CEMUBAJIEHTEH, a KUCJIOPOJI — IBYXBAJICHTEH.

Pemenune. HaxonuMm HamMeHblliee KpaTHOE YKcen 2 U 7 — OHO PaBHO
14. Pa3nenuB HauMeHblliee OOIEe KpPAaTHOE Ha CTEXHOMETPUYECKYIO
BAJICHTHOCTh COOTBETCTBYIOLIETO JJIEMEHTA, HAXOAUM HWHACKCHL IS
aToMOB xJjopa 14/7 = 2, atomoB kucnopoaa 14/2 =17.

dopMmyna okcuaa — VI
C|207 .



CreneHb OKMCJIEHHUSl TAKXKE XapaKTepHU3yeT COCTaB BeEIIeCTBA U
paBHa CTEXHUOMETPUYECKON BAJICHTHOCTH CO 3HAKOM «ILTIOC» (11 MEeTalia
WK 00JIee NEKTPONOI0KUTEIBHOTO JIEMEHTA B MOJIEKYJIE) WIIA «MUHYC»:

O =+Vy 1.16

Onpenensercss ® yepe3 V., CIENOBATEIbHO, YEPE3 DKBUBAICHT, U
3T0 o3HavaeT, uro ®(H) = =+1; nmanee ONBITHBIM MYyTEM MOTYT OBIThH
HalJICHbl ® BCEX JPYrUX 3JJIEMEHTOB B pA3JIMYHBIX COCIAUHCHUSIX. B
YAaCTHOCTH, BAXKHO, YTO DS/ SJIIEMEHTOB MUMEIOT BCErJa WIM MOYTH BCETAA
MTOCTOSIHHBIE CTEIEHU OKUCIICHUS.

[Tose3HO TIOMHUTH CIEAYIOMIME MpaBuia ONPEICICHUS CTENEHEN
OKHCJICHUS:

1) o(H)==1 (0 =+1 8 H,0, HCI; ® =—1 B NaH, CaH,).

2) F (pTop) BO BCeX COCAMHEHHSAX HMMEET ® = —l, OCTalbHBIC
rajloreHpl ¢ MeTaylaMH,  BOJOPOJIOM W JApYrumMu  OoJiee
AIEKTPOIOI0KUTEILHBIMH 3JIEMEHTAMH TOKE UMEIOT ® = —1.

3) Kuciopos B OOBIYHBIX COCIMHEHUSX UMEET 0 = —2 (MCKIIOYEHUS
— MepOKCUJl Bojopoaa u ero npousBogusie — HoO, mnn BaO,, B koTopbix
KHUCIIOPOJT UMEET CTENEeHb OKucieHus —1, a Takke Gropun kuciopoaa OF,,
B KOTOPOM CTE€NEHb OKUCIIEHUS KUCIOPOa paBHA +2).

4) Ilemounsie (Li—Fr) u menouno-3emenpubie (Ca—Ra) merasl
BCETrJla UMEIOT CTENIEHb OKUCIICHHUS], PABHYIO HOMEPY Ipynisbl, T. €. +1 u +2
COOTBETCTBEHHO.

5) Al, Ga, In, Sc, Y, La u mantanouzs! (kpome Ce) — @ = +3.

6) Bricmiasi cTeneHb OKHUCICHUS 3JEMEHTa paBHA HOMEPY TPYMIIbI
MEPUOINYECKON CUCTEeMBbI, a Hu3mmasa paBHa (Ne rpynmsl — 8). Hampuwmep,
Beiciias ® (S) =+6 B SO3, nusmas o = —2 B H,S.

7) CTerneHu OKUCIICHUS MMPOCTHIX BEIIECTB MPUHATHI PABHBIMU HYJIIO.

8) CTeneHn OKUCIICHHUSI HOHOB PaBHBI X 3apsiiaM.

9) CreneHu OKHUCIEHUS 3JEMEHTOB B COCIUHEHUM KOMIIEHCHUPYIOT
Ipyr nApyra TakK, 4TO HUX CyMMa JJii BCEX aTOMOB B MOJIEKYJIe WU
HEUTpabHOW (OPMYJIPHON €AWHUIIE paBHA HYNIO, a JJIsI MOHA — €ro
3apsiAy. OTO MOXHO HCIHOJIB30BaTh JJISL  OMNpPEIEICHUS] HEU3BECTHOM



CTENEHW OKHWCIEHUS IO M3BECTHBIM M  COCTaBIICHHS  (POPMYJIbI
MHOT'O2JIEMEHTHBIX COCTMHCHUH.

Ipumep 16. Onpenenuth cTeneHb okuciaeHust xpoma B cou K,CrOy
1 B HOHE CI'20727 :

Pemenue. Ilpunumaem o(K) = +1; o(O) = —2. [Ins CTpyKTypHOU
equaunipl Ko,CrO4 umeem 2-(+1) + X + 4+(—2) = 0, orcroga X = o (Cr) =
+6.

Jlist wona Cr,077 mmeem 2-X + 7+(-2) = -2, X = © (Cr) = +6, T. e.
CTEIeHb OKUCIICHUSI XpoMa B 000MX CIIydasiX OJJMHAKOBA.

Ipumep 17. Omnpenenuts cTeneHb okuciaeHuss Qochopa B
coequHeHusx P203 u PH3.

Pemenne. B coequnennn P20; o (O) = —2. Wcxoas u3 TOro, 4ro
anredpandeckas cyMMa cTeneHeil OKMCJIeHUs MOJIEKYJIbI J0JKHA ObITh
PaBHOI1 HYJII0, HAXOJAUM cTeneHb okucieHus pochopa: 2-X + 3-(—2) =0,
orcroga X = o (P) =+3.

B coenqunennu PH3; o (H) = +1, orctoga X +3:(+1) =0; X =0 (P) =
—3.

IIpumep 18. Hamumwure ¢GopMyiasl OKCHIOB, KOTOPHIE MOXHO
MOJIYyYUTh TPU TEPMUUYECKOM PA3NIOKCHUU TEPEUUCICHHBIX  HIDKE
TUAPOKCHUJIOB:

H,SiO3; Fe(OH)3; HzAsO,; H,WO,; Cu(OH),.

Pemenne. H,SiO3. OnpenenseM cTeneHsb okucieHus kpemMuus: o(H)
= +1, o(0O) = -2, orcroga 2:(+1) + X + 3-(-2) = 0; o(S1) = X = +4.
dopmyna oxcuga — SiO2.

Fe(OH); — 3apsa ruapokcorpynnsl paBeH —1, ciemnoBarensHo, w(Fe)
= +3 u popMmyna cooTBeTCcTBYIOIIEr0 oOKcuaa — Fe,0s.

H3AsO, — cTeneHb OKHCICHHUS MBIIIbIAKA B Kucimote 3 . (+1) + X +
4-(=2)=0;

X = w(As) = +5. Takum obpazom, hopmyia okcuaa — AsyOs.

H,.WO, — (W) B kucnore paBHa +6. Takum oOpazom, ¢opmyina
COOTBETCTBYIOMIETO OKcuaa — WOs.

Cu(OH), — Tak kak uMeeTcs ABE THAPOKCOTPYIIIBI, 3apsija KOTOPOU
paBeH —1, ciegoBartenbHo, ®(Cu) = +2 u hopmyna okcuaa — CuO.

BOJIBIIUHCTBO DJIEMEHTOB HMMEIOT II0 HECKOJBKO CTEIIEHEH
okucieHus. PaccmoTpuMm, kak ¢ momormisio Tabmumer [, .



MenzgeneeBa MOXKHO ONPEAECIUTh OCHOBHBIE CTEIEHU OKHUCIIEHHS

AJIEMEHTOB.

YCcTOMYUBBIE CTENEHH OKHCJIEHUS 3JEMEHTOB TJIABHBIX MNOATPYII
MOYKHO OIIPEAENATH MO CIAEAYIOIMIUM IIPABUIAM:

* ¥V snementoB [-IIl rpynm CymecTByrOT €IWHCTBEHHBIE CTEIIEHU
OKHCJIEHUSI — TMOJIOKUTEIbHBIE W PAaBHBIC MO BEIWYMHE HOMEpPAM TPYIIII
(kpoMme Tamnus, umeroniero ® = +1 u +3).

* YV osmementoB IV—VI rpynm, KpoMme NONOXHUTEIBHOM CTEIEHU
OKHCJIEHUS, COOTBETCTBYIOIIEH HOMEPY TPYyNIbl, W OTPULATEIBHOM,
PABHOM PA3HOCTHU MEXKY YMCIOM 8§ MU HOMEPOM TPYIIIbI, CYIIECTBYIOT €IIIE
MPOMEXKYTOUYHBIE CTEIEHU OKHUCICHUSI, OOBIYHO OTIMYAIOIIUECS MEXKIY
coboit Ha gBe emauHuinbl. Jmua IV rpynmbel  CTENEHW OKHUCICHUS
COOTBETCTBEHHO paBHbI +4, +2, —2, —4; nua V rpynnsl — COOTBETCTBEHHO
—3,—1 +3 +5 u gna VI rpynmnsl cOOTBETCTBEHHO 16, +4, —2.

* ¥V anemeHTOB VII rpynmsl CylecTByrOT BCE CTENIEHU OKUCIIEHUS: OT
+7 no —1, paznuuaronyecs Ha ABE €IUHULLBL, T. €. +7, +5, +3, +1 u —1.

B rpynme ranoreHoB BblIeNSeTCSs (PTOp, KOTOPBIA HE HMMEET
MOJIOKUTEIIbHBIX
CTEIICHEW OKHUCIEHUS W B COCIMHEHUSAX C JPYTUMH D3JIEMECHTaMH
CYIIECTBYET TOJBKO B OJHOM CTENEeHW OKuciaeHus «—1». (Mmeercs
HECKOJIbKO COEAWHEHUW TaJOT€HOB C YETHBIMU CTEIECHSIMH OKHUCIICHUSA:
CIO, CIO, u ap.).

Y 351eMEHTOB MOOOYHBIX MOATPYIII HET MOPOCTOM CBS3U MEXKIY
YCTOMYMBBIMM CTEIMCHSIMHU OKUCIICHUS U HOMEPOM TPYHIbl. Y HEKOTOPBIX
AJIEMEHTOB TOOOYHBIX TMOATrPYIIN YCTOMYMBBIE CTENEHU OKHUCIICHUS
cieayet npocto 3anoMHuTh. K TakuMm anementam otHocstes: Cr (43 u +6),
Mn (+7, +6, +4 u +2), Fe, Co u Ni (+3 u +2), Cu (+2 u +1), Ag (+1), Au
(t3u+1),Znu Cd (+2), Hg (+2 u +1).

st coctaBienus: GOpMyJl TpeX- U MHOTORJIEMEHTHBIX COCIUHEHUN
M0 CTEMEHSM OKUCJICHHUS HEO0OXOIWMO 3HATh CTETEHHW OKHUCIEHUS BCEX
leMEeHTOB. I[Ipu 3TOM KOJIMYECTBO AaTOMOB 3JJEMEHTOB B (¢opmylie
ONPENEIACTCA U3 YCJIOBHS PABEHCTBA CYMMBbI CTEIEHEW OKHCJIEHUSI BCEX
aTOMOB 3apsiay (opMyJbHOM eIUHUIEI (MOJIeKYJbl, WOHA). Hampumep,
€CJIM M3BECTHO, YTO B HE3aPSHKEHHOU (POPMYJIBHOW €IUHUIE HUMEIOTCA
atoMbl K, Cr u O co cTeneHsiMu OKHUCIICHUsA, paBHbIMU +1, +6 u —2
COOTBETCTBEHHO, TO 3TOMY YCJOBHUIO OyAyT YIOBJIETBOPATH (POPMYJIBI



K,CrO4, K,Cr,07, K,Cr3Oy19 1 MHOTHE ApyTHE; aHATOTUYHO 3TOMY MOHY C
3apsiAOM —2, CoAepKalIEMy Cr°u 07, OyIyT COOTBETCTBOBATH (POPMYIIBI
CrO, 2_, Cr,04 2_, CI‘30102_, Cr40132_ U T. O
2. KoopanHanuoHHast (CTPYKTYpHasi) BAJEHTHOCTb, WIH
KOOPAMHALIMOHHOE YHUCIO Vi, ONPEACISIET YHUCIO COCEAHUX AaTOMOB.
Hanpumep, B mosiekysne SOz y cepbl UHUCIO COCEIHUX aTOMOB KHUCJIOpOAa
paBHO TpeM U V , = 3, Vox = V; = 6.
3. DJIeKTPOHHAsI BAJIEHTHOCTh V; — YHCJIO XMMHUYECKUX CBS3EH,
oOpa3yeMbIx gaHHbIM aroMoM. Hampumep, B H,0,
H-0
VCTX(O) - 11 VK.'{ (O) - 21 Vé (O) - 2’ |
H-0
T. €. UMEIOTCSI XUMUYECKHE COEUHEHUS, B KOTOPHIX CTEXMOMETPUYECKAs U
ANIEKTPOHHAS BAJICHTHOCTHM HE coBmagaroT (cMm. pasa. 1.3); k Huwm,
HaMpUMepP, OTHOCSITCS U KOMILJIEKCHBIE COSJTMHECHUS.
KoopauHanmonnass ¥ 3J€KTpOHHAs BaJECHTHOCTH OoJyiee MOAPOOHO
paccMaTpuBarOTCs B pazgenax «Xumudeckas cBa3b» U «KowmrekcHbie
COCTMHEHHUS.

CrpykrypHbIe GOpMYJIbI

B BellecTBax  (MOJIEKYJISIPHBIX, WOHHBIX,  KOBAJECHTHBIX,
METAJJIMYECKUX) aTOMbl CBSI3aHBl JIPYT C JPYyroM B OMNPEIEIEHHOU
MOCJIEIOBATEIBHOCTA, a MEXKIY IMapaMd aTOMOB (MEXIYy XUMHUYECKUMU
CBSI3SIMM) HUMEIOTCS oOmpeAciaEHHble yribl. Bc€ 3T0 HeoOXoaumo s
XapaKTepPUCTUKHU BEIIECTB, TaK KaK OT 3TOr0 3aBUCAT UX (U3UYECKUE U
XUMHUYECKUE CBOMCTBA. CBElIEHUA O TEOMETPHUM CBSI3€M B BEIIECTBAX
YaCTUYHO WJIM MOJHOCTBIO OTPaXXaloTCsl B CTPYKTYPHBIX Ppopmyiax. B aTux
dbopmynax cBsi3b MEXKIYy aroMaMmH u3o0paxaroT yeproil. Hampumep, H,0
nzobpaxarot Tak: H-O—H

Hg,Cl,:  Cl-Hg—Hg—Cl
HNO,: H—O-N=0

[Ipu n300pakeHUU CTPYKTYPHBIX (HOPMYJ 4YACTO MPUHUMAIOT, UTO
AJIEKTPOHHAsI BAJEHTHOCTh COBIIAAAET CO CTEXUMOMETPpUYECKOU. Takwue



CTPYKTYpHBbIE (OpMYJbl HecyT HH(MOpPMAIMIO O COCTaBe M MOPSIKE
PaCIONIOKEHUS] aTOMOB, HO HE COAEPKAT MPABUIIBHBIX CBEJICHUI O CBA3SX.
Hanpumep, HNOg:

e O - O
H-O-N - H-O-N:=. _

X0 o
(HenmpaBHIBHO) (mpaBHIBHO)

3nech Vo (N) =5, omnaxo V; (N) = 4.

CrpykrypHbie (OpMYIJbl, MOCTPOCHHBIE IO CTEXHOMETPUUYECKUM
BaJICHTHOCTSIM (Vx), HHOT/Ia HA3bIBAIOTCS TPAQHIECKHMH.

CoenuHeHusl, B KOTOPBIX Y BCeX 3JIEMEHTOB V., 1eHCTBUTEIbHO
COBIAJAET C IJIEKTPOHHOM BaJEeHTHOCTHIO (V;), HA3BIBAIOT MPOCTHIMH
COCIMHEHUSIMU; K HUM OTHOCSTCS TOJIBKO HEKOTOpBIE MOJEKYJISApPHbIC
coenunenus (Hanpumep: CO,, SO,, SOz, CHy, CIF; u ap.). Coenunenusi, B
KOTOPBIX 3TO YCJIOBUE HE BBIMOIHAETCS, HA3bIBAIOTCS CIA0KHBIMU. K HUM
OTHOCATCSI, HAapUMeEp, Bce KoMiuiekcHbie coenuuenus, CO, H,O, u ap.

BoJbIIMHCTBO OKCUIOB, KMCJIOT, OCHOBAaHUM M COJIEW CYIIECTBYIOT B
BUJIC TBEPIBIX WM KUJIKUX COCTUHEHHM C YACTUYHO MOHHBIMU CBSI3SIMU
WJIU B BUJIE PACTBOPOB, B KOTOPBIX COCTMHEHUS TUCCOLIMMPOBAHBI HA NOHBI
U KOTOpbhIE, B CBOIO oOuepelb, THApaTupoBaHbl. [losToMy naxke mnpu
COBMANEHUU V. MU Vz rpaduueckue QopMmysibl HE COOTBETCTBYIOT
CTPYKTYype, a HOCAT (pOopMabHBIN, YCIOBHBIA XapaKTep, MOKa3bIBas, Kak
MOTJIM ObI COCIMHSATHCS aTOMBI, €CJI OBbl BEIIECTBO COCTOSIJIO U3 MOJIEKYI,
COOTBETCTBYIOIINX (hopMYyJIe.

HUcTuHHYI0 CTPYKTYpHYIO (OpPMYIIYy MOXHO H300pa3uTh JUIIL Ha
OCHOBAaHMHM  HWCCJICAOBAHMUS  pEAIbHOM  CTPYKTyphl  BellecTBa  —
HSKCIEPUMEHTAIBHO WJIM TEOPETUYECKU (CM. pas3ll. YYECOHUKOB XHUMHUHU
«XuMHYECKasl CBA3bY).

[Ipu wu3o0paxkeHUU CTPYKTYpHBIX (Tpaduueckux) ¢GopMmys HYXKHO
BBITIOJIHATH CJIEAYIOLIME MPOCTHIC MpaBuia;

1) uncno 4uéproyek, UCXOAANIUX OT KaXKJOTO aTroma, PaBHO €ro
BaJCHTHOCTH (Vo = V5);



2) B OOBIUHBIX  KHCIOTaX HM  COJSAX  CO  CJOXKHBIM
KUCJIOPOJICOAEpKAIMM KaTHOHOM atombl H w Me coenunsorcs ¢
KHCJIOTOOOPa3YIOIIUM JIEMEHTOM YEPe3 KUCI0PO/1

— —
H-0-3_ Me—QD

3) oIMHAKOBBIE aTOMBI HE COSAUHSIIOTCS MEXAY CO00#, HE 00pa3yroT

TOMOIIETICH, OHU COCIMHSIOTCS Yepe3 aTombl HeMeTaiua: a) CrOs; 0) K, 0;
B) Al,Sa:

= _K S
a) /Cr»\//::oz 6) O . B)Al — S—Al wumm
o~ 0 K ™~ 5
S
NALS_Al —
“‘-—-\_“_\_‘S

HpaBHHa HapymaroTcia B CJIOXHBIX COCOAWHCHUAX, HAIIPUMED B
IIEPOKCOM IEPCYIb(O — COETUHEHHSX:
K-S K-0
K,S,: | K,0,: |
K-S K-0

HexoTtopsie kKuCIOTH U conu (pocdopa Takxke SIBISIOTCS CIOKHBIMU
COEIUHEHUSIMU.

H O

| |
Kucnotsr: HsPO, H-O-P=0 Hs;POs3 H-O-P -0
—H

| |

H H

Xumuueckue seieHuA. OJHHN BCHICCTBA IIPCBpAIIAOTCA B APYTIHUC,
OoTJIIMYaromuecss OT UCXOJHbIX COCTABOM U CBOfICTBaMI/I, IIpu 5TOM COCTaB
AACP aTOMOB HE U3MCHACTCH.



Dusuueckue aeneHusn: MEHICTCS (HU3NUCCKOE COCTOSHHE BEICCTB
(mapooOpaszoBaHue, TIaBICHHE, YIEKTPOIPOBOIHOCTD, BBIACICHNE TEIJIa U
CBETa, KOBKOCTh U JIp.) WJIM O0Opa3yrTCs HOBBIE BEIIECTBA C U3MEHECHUEM
CoCTaBa siJiep aTOMOB.

Bonpocwt 012 camokonmpona

1.
2.

No ok~

B yeM 3akiroyaeTcst CyIHOCTh M 3aJa4M IIPEAMETA CTPOUTEIbHAS XUMUS?
HazoBute o0nacTu MpUMEHEHUS CTPOUTENBHONM XMMUU B MPOMBIIUIEHHOCTU U
CTPOUTEIBCTBE.

. ChopmynupyiiTe omnpeaeiacHus TMOHATHUH: XHUMHYECKUM DJIEMEHT, aToM,

MOJICKYJIa, HOH, BCIICCTBO.

. B uem 3akmrouarorcs pas3indusd MCXKAY XHUMHUYCCKHUM JJICMCHTOM H IIPOCTHBIM

BEIIECTBOM?

. Urto XapaKTCPU3YIOT OTHOCUTCIIbHAA aTOMHAA U OTHOCUTCIIbHAsA MOJICKYJIApHAs

macca?

. KakoBa otHOcuTenbHas MosiekyssipHas Macca Mr HutpoOenszona COHSNO2?

KakoBa MOJICKYJIIpHAA MacCa 3TOTI0 BCIHICCTBA B a.e.m.?

2-TeMa. ATOM. ATOMHO-MOJIEKYJIsipHOe yueHue. OCHOBHbIE
CTeXMOMETPUYECKHE 3aKOHBI XUMUHN. MOJISIDHBIN 00b€EM.
OTHOCUTEJbHAsA AaTOMHAas1 Macca

Ilaan:
ATOMHO-MOJIEKYJIIPHOE YUYECHHUE
3aKOH COXpaHEHHUSI MACChI BEILIECTB
3aK0H ITOCTOSHCTBA COCTaBa
3aKOH KpaTHBIX OTHOILIECHUI
3aKOH 3KBHBAJICHTOB
3aK0H 00BEMHBIX OTHOIIICHHI
3akoH ABoraapo

OnopHblie cJ10Ba U BbIpaKeHUsi: Amomusm /{anbmona, KOpnycKyJibl,

CXUMUYECKAs — AmMOMUCMUKAY,  OalbMOHUObL,  Oepmoaiudvl,  3aKoH



COXpaHeHusi maccvl, 3aKOH NOCHMOAHCMEA CcOCmasda, 3aKOH KpPAamHbIX
omuowlenut, 3akoH  00veMHbIX ~ OMHOWEHUU, 3aKOH  O0O0bEMHBIX
omHuouerull, 3akon Asozcadpo, monapuvlll 00béM, 3AKOH IKEUBATIEHMOS,
axeusaneum, 3axkon bouna - Mapuomma, 3axon I'eu-Jlroccaxa, Ypasnenue
Menoeneesa - Knaneiipona, 06veodunenmviil 2a308blil 3aKOH.

2.1. Atomusm /laabTOoHA

Eme B XVI u XVII BB. aromucTuyeckne mnpeaCTABICHUS HUIPAIH
BAKHYIO POJIb MPU OOBSCHEHWU XUMHUYECKUX SIBIICHMH. B AHrnuum stu
UJeH TOJYYHJIM paclpocTpaHeHue B pesyibraTe pador P. boitnga u .
HprotoHa. ATOMBI, WM KOPIYCKYJIBI, PACCMATPUBAJINCh KAK OTAECIbHBIC
IUIOTHBIE M HENPOHUIAEMBIC YACTHIBI OYE€Hb MajbIX pPa3MeEpoB. IJTH
NpeACTaBJICHUA coxpaHuinn cBoe 3HadeHne U B XVIII B., ogHako Ha ux
OCHOBE XMMHUKaM YK€ TPYAHO CTaJIO0 OOBICHATH HOBBbIE (pakThl. CoracHo
OTUM  MNPEACTaBJIECHUSAM,  PA3ACICHHE W  COCAUHCHUE  aTOMOB
OCYILIECTBIISJIOCh YMCTO MEXaHMYECKH 3a CUET MX Pa3IUYHbIX (POopM - C
MOMONIBIO KPIOYOYKOB U KOJIEUEK, MOP U 3yOLIOB, BXOJSIIUX B 3alCIIJICHHUE
WJIW Pa3beINHSAIOMINAXCS.

3aKOH MOCTOSIHCTBA COCTaBa BEIIECTB ObLI MOATBEPKAeH JlanbTOHOM,
IIpaB/Ja, HA OCHOBE COBEPLICHHO JIPYTUX MCCIEAOBAHUN U pacCyx IeHul. B
TO € BpeMmsi Oyaroaapsi OpUrHHAIBHOMY TOAXOJY K MU3YYEHHIO COCTaBa
BEIIECTB J[aJIbTOH OTKPBUI M 3aKOH MPOCTHIX KpaTHbIX oTHOmmeHui. Ho
rJIaBHBIM oOpa3om JlanbTOH HM3BECTEH B HMCTOPUM HAyKH CO3JaHUEM
«XUMHAYECKOW ATOMHUCTHKH»- TEOPUU ATOMHOTO CTPOCHUSA BEIUIECTB,
KOTOPOE ONpEAEsieT NX XUMAYECKUE CBOMCTRA.

JlambTOH MPEANONOXKUI, YTO KAXKABIM BIEMEHT COCTOUT U3
XapaKTEPHBIX TOJIBKO €My aTOMOB, U UTO HAMMEHBIIIUE YaCTU COCIUHECHUM
COCTOSIT U3 XapaKTEPHBIX KOMOMHAIIMI HEOOJBIIIOTO YKCIa TAKUX aTOMOB.
[IponmopuvoHanbHbIE  3aKOHBI,  IPEICKA3BIBAEMBIE  €T0  TEOPHEM,
MOJATBEPKIATUCH HKCIIEPUMEHTOM. Bnepssie YCTaHOBJICH
MpE/IBAPUTEIIbHBIA KOHTAKT SKCIIEPUMEHTAIbHBIX JaHHBIX CO CBOMCTBaMH
aTOMOB, HWX OTHOCUTEIIBHBIM BE€COM. J3HAUYUTEIbHBIM MPOTrpecc B
OpPraHMYeCcKOW XUMHUHM OBLT JOCTUTHYT C HCHOJIb30BaHUEM (OPMYT H
MPEACTABJICHUEM  CBOWCTB, OTJHWYHBIX OT  BECa, NOCPEACTBOM
COOTBETCTBYIOIINX CUMBOJIOB B HUX. DOpPMYJIBI MOTYT BBIIOJIHATH CBOIO
GyHKIIMIO 0e3 COIMOCTAaBICHUS CHMBOJOB B HHUX COOTBETCTBYIOIIUM



atomaMm. CBOMCTBa aTOMOB JOJIKHBI ObUIM OBITh OTKPBITHI XUMHYECKUMHU
VCCIICIOBAHUSIMH, & HE M3JIOKEHBI KaK JaHHOCTh. CBOMCTBO BaJEHTHOCTH
ObLIO OJHOM M3 TaKUX XapaKTEPUCTUK, HEOOXOAMMOCTb KOTOpPOW cTalia
oueBuaHOM ¢ 1860-x rogos. IIporpecc B XumMuu AeBATHAALIATOTO BeKa ObLI
MPEANOChUIKOM, a HE Pe3yJabTaTOM BBEACHHUS AaTOMH3Ma B XHMHUIO,
HECMOTps Ha Teoputo JlanpToHAa.

ITocnenoBarenn aromu3ma HprOTOHA  BOCEMHAIUATOTO  BEKa
CTPEMUJIUCh OOBSICHUTh CBOMCTBAa OOBEMHOTO BEIIECTBAa, TaKHE Kak
KOAryJsiusi U Co3/aHue 28 XMMHUUYECKUX COCIMHEHUMN, MMyTeM OOpallieHus
K MEXaTOMHBIM cujiaM. ['maBHas mpoOJieMa Takoro mojaxoja 3aKiIoyanach
B pa3phiBE MEXAY pPACCYKIACHHUSIMHM O MEXKATOMHBIX CHJIAaX, C OJHOWU
CTOPOHBI, U TEM, YTO MOKHO OBUIO AKCIEPUMEHTAIBHO HCCJIEI0BATh, C
npyrou. B konue XVIII Beka Kion-Jlym beprosie, caM HbIOTOHOBCKUU
aTOMUCT, OOBSICHWI THIETHOCTH IMOIMBITOK BBIBECTH MEKATOMHOE POJICTBO
U3 DKCIIEPUMEHTOB MO XMMHUYECKUM PEAKIMAM B JIaOOPATOPUHU, TOCKOIBKY
aTOMUCT JOJDKEH TMpU3HATh, YTO JIOOBIE CXOJACTBA, HU3MEPSEMbIC Ha
MaKpOCKOMIMYECKOM  YpPOBHE  SIBIAIOTCA  (QYHKIMEH  COCTOSHUS,
TeMrnepaTypbl M MacC OOBEAMHSIONIMX BEIIECTB W BO3HUKAIOT U3
HEU3BECTHBIX PACTIOJIOKEHUI OOJIBIIIOTO YUCIa aTOMOB.

Ot 1mpoOsieMbl MOXHO OBUIO OBl CBECTH K MHHUMYyMY B
paccMarpuBasi cliydail ra3oB, KOTJa MOXKHO CUHATaTh aTOMBI JIOCTATOYHO
yAQJIEHHBIMUA Jpyr OT JApyra JJjsi TOro, 4ToObl WTHOPUPOBATH CHUJIBI
KOAryJsiluM W XUMHUYECKOro cpojcTBa (ImepBasi aromHas Teopwus,
MOJTYyYUBIIAsl 3HAYUTEILHYIO0 SMIIUPUUECKYIO MOJJIEPKKY, - KUHETHYECKAS
TEOPHUSI Ta30B - MOJHOCTHIO HTHOPUPOBAJIA MEKATOMHBIE CHIIBI U JIOITYCKAs
a0COJIFOTHO YIIPYTHE CTOJIKHOBEHUS MEXKIY aTOMaMH).

Atomu3m JlanbTOHA TMOSBUICA W3 HBIOTOHOBCKOW aTOMHCTHUYECKOM
TEOPUH Ta30B. ATOMHUCTHYECKAsT TEOPHS Ta30B CIOXKWIACH B KOHTEKCTE
OJIHOM M3 paHHMX Hay4yHBIX paboT /[ambToHa B 0o0jacTu MeTeoposioruu. B
1793 romy Mbl BUIMM, YTO OH HACTAaWBaE€T HA TOM, YTO MOTJONIEHHUE H
OCaXJICHUWE BOJSIHOTO Tapa atMocdepoil siBisieTcsi ckopee (U3UUECKUM,
4eM XUMUYECKUM TporieccoM. ToT (akT, 4TO KOJIMYECTBO BOJSHOTO Mapa,
KOTOPO€ MOXET TMOTJomaTkCs JaHHBIM O0BEMOM  BO3AyXa MpH
(UKCUPOBAHHOUN TeMIlepaType, HE 3aBUCUT OT JIaBJICHUS BO3JyXa B 3TOM
o0beMe, MPOTUBOPEUHT MpeodIagaromeil uaee 0 TOM, YTO MOTJIOIICHUE



100 -

20 1

ObLJI0O 00YCIIOBJIEHO HEKOTOPHIM XUMHUYECKHM CpPOACTBOM Mexay 30
BO3yXOM Y BOJIOM.

I[Tonnmanne JlasbTOHA, aTOMHCTHYECKOE C C€aMoOro Hayvaia,
3aKJIFOYAJIOCh B TOM, 4YTO aTOMBbI BOJbI, NEPEMEKAINUCH CPEAU IAPYTUX
aTOMOB, COCTABJIAIOIIMX BO3AYyX W B3aUMOACHMCTBOBAIM HE3ABHUCUMO OT
Hux. Wnes, 9To Kaxkaplid ra3 B 00beME BHOCHT CBOM BKJIaJ B IIOJHOE
JABJIEHNE, HE3ABUCUMO OT APYTHX ra3oB B CMECH, BCKOPE MOATBEPAUIIACH
DKCIIEPUMEHTAIBHO M COXPAHWIACh KAK «3aKOH MapUUAIbHBIX JaBICHHUHN
JlaapTOHAY.

Bo Bpemena JlanbToHa OBUIO WM3BECTHO TOJIBKO OJHO COEIUHEHUE
BOJOpOJA ¢ KACiaopoaom. [loaromy JlanbTOH pemmi, 4To BOJa COCTOUT U3
OJIHOTO aToMa BOAOPOJa W OJHOro aroma kuciopona. ns yrinepona u
KHUCIIOPO/ia ObUTH U3BECTHBI IBa coeAMHEHUs. CUUTANIOCh, YTO OJIHO U3 HUX
COCTOMT M3 OJHOIO0 aTroMa KHUCIOpOAa W OJHOTO aTroMa YTIeponaa, a B
JPyTOM Ha OJIMH aTOM YTJIepojia MPUXOISITCA IBa aTOMa KUCIOPOoaa.

Ecmu, nampumep, mo pgaHHepiM aHanu3a B 100 wgacTsax BOJIbI
cogepxurcs 11,11 gactu Bogopoaa u 88,89 yactu KUCIOPOAA, TO ATOMHBIN
BEC KHUCJIOpOJa OmpeensieTcs u3 cieayromiero coornomenus: 11,11: 88,89
= 1: x (x = 8§). Oror MeTon OBbII TOJOXKEH B OCHOBY OIpEICICHUS
COCIMHUTEIbHBIX, WIN SKBUBAJIICHTHBIX, BECOB, OJTHAKO IO CPAaBHEHHUIO C
M3BECTHBIMU B HACTOSIIEEC BPEMS 3HAUYCHUSMHU OHHM OKA3AINCh HE OYECHD
TOYHBIMHU. JlanbTOH caM yTOYHSUI HEKOTOPHIC AHAIUTHUYECKUE ITAHHBIC;
Hanpumep, g kuciaopoaa B 1803 r. OH Haiien 3Ha4eHHE OTHOCUTEIBHOTO
aTOMHOTI0 Beca paBHbIM 5,66, a B 1810 r.- paBHBIM 7.

18 19 20
© &
JIBOMHBIC
23 24 25
@O OO

TPOUHEBIE
26 27 28 29
COD OO COO ©O®
YETBEPTUUHBIE

30 31 32 32
Y /Y 7\



Puc. 2. 1 - IIpeacraBnenune JlaapToHa 00 aToOMax.

Opnako artomucTHYeckass Teopus JlampToHa Hamia MpU3HAHUE

JaJeKo He y BceX XUMHUKOB. OCOOCHHO 3TO OKa3ajloCh CIOXKHBIM MTOTOMY,
YTO aTOMHBIE Beca, NpeIoKeHHbIEe JlanbTOHOM, Ha camMOM Jejie ObUIH
HKBUBAJICHTHBIMU BECaMHU.
Ecnu BemiecTBa pearupyroT MexAy coOoll Hayeno u 6e3 ocmamka,
OMAUYUMENILHOU O0COOEHHOCHbIO TaKOTO XUMHUYECKOTO B3aUMOJICUCTBUS
SBJISICTCSI TO, YTO OHO OCYIIECTBIISIETCS HE B IMPOU3BOJBHBIX, & CMPO2O
onpeoenenHblX COOTHOIIEHUAX, KOTOpbIE Kak pa3 U PErynpyroTcs
CTEXHOMETPUUSCKUMHU 3aKOHAMH.

[lonstust «cmexuomempus» W TPOU3BOJHBIE OT HETO IIUPOKO
UCIIOJIB3YIOTCSI B COBPEMEHHON TepMHUHOJOTHH. Tak, KO03(pOUIMEHTHI
nepen  (GopMyamMu  BEIICCTB B YPaBHCHHUSAX XUMHUYECKHUX PCaKIIHM
Ha3bIBAIOTCSL  CMeXuoMempudeckumu Kosdgpguyuenmamu, a HUHICKCHI,
yYKa3bIBAIOIINE KOJMYECTBO aTOMOB B (opMynax COCIWHCHHH, - 3TO
cmexuomempuieckue uHoexkcbl. B XUMHUECKUX PEAKIUAX COOTHOIICHUS
KOMIIOHCHTOB, TIpM KOTOPBIX OHHU pearupyrT ©O0e3 ocTaTka, - 3TO
cmexuomempuiecKue COOMHOueHUs: i T.11.



3aKkoH coxpaHeHusi Macchbl. BriepBbie B oTueT/IMBOM (opme Ha
OCHOBE PE3YyJIbTaTOB MHOTOYHUCJICHHBIX IKCIIEPUMEHTOB 3TOT 3aKOH ObLI
chopmynupoBan emie B cepenune XVIlIBeka BeIUKUM pPyCCKUMM y4YEHBIM
M.B. JlomonocoBsim (1748-1756 rr.).

Macca eewjecms, 6cmynuguiux 6 XUmMu4ecKkyio peakyuio, pagHa macce
gewjecms, 00pa3yIOWUXC 6 pe3ylbmame
peaxyuu.

3aKOH COXpaHEHUsI MacChl BEIECTB
ABJISIETCS OCHOBHBIM 3aKOHOM XWMHH, BCE
pacdeTel IO  XUMHYECKUM  pPEaKIUAM
POU3BOIATCA HA €ro OcHoBe. MMeHHO ¢
OTKPBITUEM  3TOTO  3aKOHA  CBA3BIBAIOT
BO3HUKHOBECHHE COBPEMECHHOM XUMHH Kak
TOYHOM HAYKH.

3aKOH COXpaHEHHUS  MacChl  ObLI
TEOPETUYECKH OTKPBIT B 1748 romy wm
DKCIIEPUMEHTAIBbHO TMOATBEPKIEH B 1756
. rony PyCCKUM YUYEHBIM M.B.
Anryan Jlopan JlaByasne JIomoHOCOBBIM.  DpaHIly3CKUM  YUEHBIN
Antyan  JlaByazse B 1789  romy
OKOHYATEJIbHO yOeawn yd€Hbli MHUP B

YHHABEPCAIBHOCTH 3TOTO 3aKOHA.

IIpriMepbl HECKONBKUX XUMUYECKHUX peakuuii. KonmmyecTBo BemecTn

MPOAYKTOB PEAKIIUN MOTYIAETCS CTOJIBKO ke, CKOJIbKO OBbLIO M3HAYAILHO:
2H20 + 02 — ZHZO
2Na + 2H,0 —2NaOH + HZT
BBa(N03)2 + 2K3P04l + 6KN03
F9203 +3CO — 2Fe + 3C02T

Hcxons u3 3TOrO 3aKoHa - B JIIOOOM XMMHUUYECKOW pPEaKIMH YUCIIO
B3aUMOJECHCTBYIOIINX aTOMOB OCTAa€TCS HEU3MEHHBIM, IPOUCXOAUT TOJIBKO
UX TMEperpynmnupoBKa C pa3pylIeHUEM HUCXOJHBIX BEHIECTB U C
NOCJIeNYIOMKUM 00pa30BaHUEM HOBBIX KO3 (dULIMEHTH niepes hopmyliamMu
XUMHAYECKUX COCMHEHUMN HA3BIBAIOTCS CHIEXUOMEMPUUECKUMU.



3akoH nmocrosiHcTBa cocTaBa. Bnepsoie chopmynuponan XK.IIpycr
(1808 ). Besikoe XMMUYECKH YMCTOE COSTMHEHNE HE3aBUCHMO OT CIoco0a
€ro MOJIy4€HUs UMEET BIIOJIHE ONIPECICHHBIN COCTAB.

Ha ocHOBaHMM 3TOro 3akoHa COCTaB BEWIECTB BBIPAXKAECTCS
XUMUYECKOU (POpMyJION C MOMOIIBI0 XMMHYECKUX 3HAKOB U HHJIEKCOB.
Hanpumep, H,O, CH4, CoHsOH u T.10.

3aKOH  TMIOCTOSIHCTBA  COCTaBa  CIPAaBEJIMB  [JJI  BEIIECTB
MOJIEKYJSIDHOTO  CTpoeHus. Hapsmy ¢  BemecrBamu, HMEROIMMHA
MOCTOSIHHBIA COCTaB, CYIIECTBYIOT BEIIECTBA IEPEMEHHOTO COCTaBA.

K HHAM OTHOCATCA COEAMHEHUA, B KOTOPBIX YEpPEIOBAHUE
HEpa3AENbHBIX CTPYKTYPHBIX €AUHUIL (ATOMOB, HOHOB) OCYIIECTBIISIETCS C
HapyILICHUEM NIEPUOIUYHOCTH.

B cBa3du ¢ HamuuueM COCAMHEHUM IIEPEMEHHOIO  COCTaBa
COBpEMEHHasi (POPMYJUPOBKAa 3aKOHA TMOCTOSIHCTBA COCTaBa COJIEPKUT
YTOUYHEHUS

Cocmas  coeOuneHuil  MONEKYIAPHO2O  CMPOEHUsl, Mo  echb
COCMOAWUX U3 MOAEKY]L, SGNAeMCs NOCMOSHHBIM HEe3A8UCUMO Om Chocoba
nonyuenus. Cocmas e cOeOUHeHUll ¢ HeMONEeKYIAPHOU CMPYKmypou (c
AMOMHOU, UOHHOU U MemAaLIu4eckolu peulemkol) He A81Aemcs
NOCMOSAHHBIM U 3A6UCUM OM YCA08UU NOJYYEHUS.

C+ 02 = C02
CO + 1/20, = CO,

HaabToHMABI W OepToJIuAbL, TepMUHBL, BBen€HHbie H. C.
KypnakoBeiM B 1912-14 r.r. mis oOo3HaYeHUS XUMHYECKUX COEIUHE-
HUW MOCTOSIHHOTO CcOCTaBa (JajdbTOHUJIBI) M TEPEMEHHOIO COCTaBa
(6eproumnanl). TepMHH «HadbTOHUABDY TPEAJOKEH B maMsiITh JK.
JlanpToHa, a TepMuH «Oepromnunel» - B mamate K. JI. bepromne.
bonpmnHCTBO OOBIYHBIX XUMHYECKHUX COCJMHEHUH SABJISETCS
NalbTOHUJAMHU; WX COCTaB YJIOBJIETBOPSIET 3aKOHaM ITOCTOSIHCTBA
COCTaBa " KpaTHBIX OTHOIICHUH. MHoro4ucieHHbIE ciy4dau
0o0pa3oBaHUsl OEPTOJUIUIOB OTKPBITHl B METAJUTMYECKUX CUCTEMAX, a TaKKe
Cpeau OKUCIIOB, CYIb(PUI0B, KapOUIOB, TUAPUJIOB U JIP.

3aKoH KpaTHbIX OTHOmEHUH (OTKpHIT B 1803 r.). 3aK0H KpaTHBIX
OTHOIIECHUM J[anbTOHA, OAWH W3 OCHOBHBIX 3aKOHOB XHMHU: €CIIH JIBa
BelllecTBa (MPOCTHIX WM CIOXKHBIX) 00pa3yloT ApPyr C JApyrom Oosee
OJIHOTO COEJIMHEHUSI, TO MAacChl OJHOTO BEIIECTBA, MPUXOIAIINAECS HA OJIHY



U Ty K€ Maccy JAPYroro BEIIECTBA, OTHOCSTCS Kak IIeJIble YMCia, 0OBIYHO
HeOOoJIbIINE.

3akon o0bemHbIX oTHOmeHuii (I'eii-JIroccak, 1808 r.) OOGBeMbl
ra3oB, BCTYMAIOUMX B XHUMHYECKUE pEAKIMHU, U OOBEMbl Ta30B,
oOpa3yomuxcsi B pe3yjbTaTe PEakiuu, OTHOCITCS MEXIy coOOW Kak
HeOobIIMe 1ieNble 4Yuciaa. Hampumep:  Opu CHUHTE3€ aMMHaka U3
AJIEMEHTOB:

N2 + 3H2 — 2N H3

Onua o00BeM a3oTa pearupyer ¢ TpeMs oO0beMaMu BOAOPOAA;
oOpasyetcs mpu 3ToM 2 o0beMa aMMHaKa - 00beM UCXOIHOM Tra3000pa3Hoi
PEaKIMOHHOW MacChl YMEHBIIIUTCSA B 2 pasa.

3axon ABoraapo (1811 r.). B paBHbIX 00beMax pa3aUYHBIX Ta30B
IPU OJJMHAKOBBIX YCIOBUSX (TEMIlepaTypa, AABJICHUE U T.1.) COAEPKUTCS
OJIMHAKOBOE YHCJIO MOJIEKYII.

CornacHo 3akoHy ABOrajpo, OAHO U TO K€ KOJMYECTBO MOJICKYJ
JT1000TO ra3a 3aHUMaeT IIPHU OJMHAKOBBIX YCIOBHUSAX OJUH U TOT KE 00BEM.
C npyroit cropoHbsl, 1 MoOmp JIO00OTO0 BEMIECTBA COJACPKHAT (TO
OTIPE/ICIICHUIO) OJMHAKOBOE KOJMYECTBO YACTHUIl (HAIIpUMEp, MOJICKYN).
Otcroga cieayer, 4To MpU ONpPEeAECNEHHBIX TemIleparype U AaBlieHuH |
MOJIb JIFOOOTO BENIECTBA B ra3000pa3HOM COCTOSIHUM 3aHUMAET OJIMH U TOT
KE 00BEM.

B wactHOCTH, NP HOPMAIBHBIX YCIOBUSIX, TO ecTh npu 0 °C (273,15
K) u 101,325 klla, 00sém 1 Mons raza pasen 22,413 962 n. Oty
(GbU3NYECKyI0 KOHCTAHTY Ha3bIBAIOT CTAHAAPTHBIM MOJISIPHBIM 00BEMOM
UJeaabHOro ra3a u o0o3Havator Vm.

3akoH ’3kBHBajieHTOB. B o00meit ¢opme chopmynupoBan V.
Bommacronom B 1807. XumuyecKue HJIEMEHTBI COEOUHSIIOTCS JPYr C
JIPYyrOM B CTPOTO OIpPEJEICHHBIX KOJIMYECTBAX, COOTBETCTBYIOIIUX HX
HSKBUBAJICHTAM.

Eme 10 co3maHuss aTOMHO - MOJICKYJISIPHOTO Y4Y€HHUS ObLIO
YCTAHOBJICHO, YTO TPOCTHIE U CJOXHBIE BEIIECTBA BCTYNAalOT B
XUMUYECKHE PEAKIIMU B CTPOTO OMPEACICHHBIX MAaCCOBBIX COOTHOIIIEHUSIX.
DKBHUBAJICHTHOE COOTHOIIIEHWE O3HA4YaeT OJMHAKOBOE YHCIO MOJIb
SKBUBAJICHTOB. 3aKOH JKBUBAJICHTOB MOXHO C(QOpPMYJIHUpPOBATh HHAUE:
YUCJIO MOJIb SKBHUBAJIEHTOB /IS BCEX BEHIECTB, YYACTBYIOIIMX B PEAKILIHH,
OJINHAKOBO.



JKBUBAJIEHT XHUMHUYECKHI >3JIEMEHTa, €ro Macca (BbIpaKCHHas B
YIJEPOAHBIX  €AuHULAX (Yenepoonas  eounuya  yHuuyuposaHuas
AMOMHASL eOUHUYA Maccbl (Amomuas eOunuya maccol (a. e. M.), eOUHUUA
Maccol, npumeHsemas OJsl BbIPANCEHUS MACC MUKpoYyacmuy.) KOTopas
NPUCOEIUHIET WM 3aMENIAaeT OJIHY aTOMHYI0 MacCy BOJOpOJia WIH
II0JIOBUHY aTOMHOM MacChbl KUCJIOPOAA.

XUMHAYECKUN DJKBUBAJIEHT KHCJIOTHl PAaBEH €€ MOJISIPHOM Macce,
JNEJEHHOW Ha OCHOBHOCTH (YHCIO HMOHOB BOAOPOJA) KHCIOTHI.
XVWMUYECKAM 5SKBUBAJCHT OCHOBAHHUS PABEH €ro MOJIIPHOM Macce,
JEJIEHHOW Ha KHUCJIOTHOCTh (YMCJIO TUAPOKCUIIBHBIX TPYIMI) OCHOBAHMS.
XUMHAYECKUN IKBUBAJICHT COJIA PABEH €€ MOJSPHOW Macce, NEJICHHOM Ha
CyMMYy 3apsjoB 00pa3yronux €€ KaTHOHOB WIM aHWOHOB. B peakiusix
OKHCJICHUSI-BOCCTAHOBJICHHUSI XUMUYECKUN SKBUBAJIECHT OKHCIHUTENS pPaBEH
YaCTHOMY OT JEJEHUS €ro MOJISIPHOW MAacc€ Ha 4YHCIO HJIEKTPOHOB,
MOJIy4eHHOE€ aTOMOM (WM aToMaMu) BOCCTAHOBJICHHOI'O »JjieMeHTa. B
3aBUCHUMOCTH OT YKCJIA MPUHSATHIX OKUCIUTEIIEM 3JIEKTPOHOB XMMHYECKUI
HKBUBAJICHT MOET ObITh pa3nuuHbIM. [[OHSITHE XUMUUYECKUN SKBUBAJICHT
ITUPOKO TPUMEHSCTCS B CTEXHOMETPUUECKHUX pacuérax XHUMHYECKHUX
pEaKkuui.

2.3. OmnpenesieHue MOJIEKYJISIPHOM MacChl ra3000pa3HbIX BelleCTB

Tpu napamerpa - 00wem V, naBnenne P u remmeparypa T (T=273+t) -
onpenessitor (puznueckoe cocrosuue raza. Jlasmenwe 1,013-105ITa (760
MM 39A. cr.) u temmeparypa 273 K mim 0°C Ha3bIBalOT HOpMAalbHBEIMU
YCIOBUSMHU COCTOSIHHSA Ta3a, 4YTO B OYKBEHHBIX OO0O03HAYEHUAX ITUX
BEJIMYMH yKa3bIBaeTcs uHAEKCOM: Py, Ty, t,. O0bem raza npu H.y. - V,.

3akon boiias - Mapuotra. [Ipu nocTossHHOI Temmeparype o0bem
JTAHHOU MaccChl Ta3a U3MEHSETCsl 0OpaTHO MPOIMOPIIMOHATIBHO JIaBJICHUIO:

wm V,; P =V, P,=V;3P;3..., T.e. V-P=const.
3akon TI'eii-JIoccaka. [Ipu mocTossHHOM JaBJIeHUHM OOBEM JaHHOU
Macchl Ta3a MEHSETCS MNPSAMO  MPOIMOPIMOHAIBHO  a0COMIOTHOM

TEeMIIepaType Vi — P
Vo P
Vi T
Vo T

[Ipu moctossHHOM 00BEME:



P _T
P, T
YpaBuenue MenpgeseeBa - Kianeiipona. O0bennHeHHE 3aKOHOB

bouss, MapuqQtta u I'eit - JIrtoccaka JaeT ypaBHEHUE COCTOSIHUS T'a3a
[1P1_VoP» VP _VqPo
T, T, WJIN T T

€CJIM OJJHO U3 COCTOSIHUM SIBJISIETCS HOPMAJIbHBIM. VP
oo

s mr000ro raza KOJIMYECTBOM BeIISCTBAa 1 MOJIb BeIWYHMHA T
MIOCTOSIHHA M OJJMHAKOBA, MO3TOMY €€ Ha3bIBAIOT YHUBEPCAIBHOW Ira30BOM

y oPo
noctossuHo R. Eciam =R 1o VP = RT, a m1g raza KoJIM4ecTBOM
BElleCTBA N MOIb V, = SRT. Tax kax n PABHO OTHOIIEHUIO MAacCChl
BEIIIECTBA K €ro MOJIIPHOM Macce, TO o= 7~ RT - 9TO PaBEH-CTBO U

ABJIsIeTCS ypaBHeHHEM Menpeneena - KitaneiipoHa B OKOHYaTEIbHOM BHUJIE.
UucnoBble 3HAYEHUS YHUBEPCAIbHOMW Ta30BOM IMOCTOSIHHOW 3aBUCSIT OT
TOro, B KaKWX €JMHHUIIAX BbIpaXEHbl OOBEM U JaBlieHHE rasza. Tak, B
cucreme CU enununna oobema - KyOM4ECKHil METpP, a €IUHUIA JAABICHHUS -
nackaib (I1a), T.e. cuna B 1 HBIOTOH, TpUXOASIIIASICS 1M° miommau (H/MZ).
Hetoton (H) - cuma, cooOmiaromass macce B Ikr yckopenue B 1 m/c.
JIxoynb - pabota cuibl B 1 HbIOTOH Ha pacctosiuuu B 1m. IloacraBiss
COOTBETCTBYIOIIIUE 3HAYCHUS B POPMYITY VoPo - R » OIy4UM
0

22,45- 10°x>10°H/w?

Mon 273 K

Eciu o0bem ra3za wu3MepeH B JHUTpaxX, a JaBJICHUE Ta3a B
Meranackaiax (Mmna=106I1a), To R=0,0831-Mma-moms K. B pacueTax
OOBIYHO UCHOJB3YIOT YUCJIA, UMEIOIIME TPU 3HAYaIue HUdpbl, 4TO TaeT
BIIOJIHE JOCTAaTOYHYK) TOYHOCTb: 22,4910'3M , 22,4 n, 273 K, 8,31
}LK-MOJIL'l-K'l.

CormacHo 3akoHy ABOraJpo, B paBHBIX 00BbeMax IIOOBIX Ta3o0B,
B3SATHIX TPU OJIHOM M TOH >XK€ TeMImepaType U OJWHAKOBOM JaBJICHHH,
COJICP)KHUTCSI OJUHAKOBOE YUCIIO MOJICKYI.

NHbIMM ciOBaMH, OJHO U TO K€ YHUCIO MOJEKYJ JIF0OOro rasa
3aHUMAET P OJIMHAKOBBIX YCIOBUAX OAMH U TOT ke 00beM. BMecTte ¢ Tem
1 wMomp HO00OTO Tra3a COACPKUT OJUHAKOBOE YHCIO MOJICKYII.
CrnenoBarenbHO, MPU OJMHAKOBBIX YyCIOBHUSIX | Moap mwoboOro rasa

R= =8,3144 Jc-mons K



3aHUMAEeT OJIMH M TOT € 00beM. DTOT 00bEM Ha3bIBAETCA MOJIbHBIM
00BEMOM ra3za u npu HopMaibHbIX yeiaosusx (0°C, nasnenne 101,325 kIla)
paBeH 22,4 .

Ipumep 1. Onpenennts 00bEM, 3aHUMaeMbId 5,25 T a30Ta npu 26°C
u napieHuu 98,9 klla (742 mm 41A.cT.).

Pemenue. 3Hass MoJIbHBIH 00BEM M MOJIBHYIO Maccy (28,0 r/mounb)
a30Ta, HaXoJIuM OO0BEM, KOTOpHIM OymyT 3aHumaTth 5,25 T a3oTa mpu
HOPMAaJIbHBIX YCIOBUSX:

28,0 r a3oTa 3aHUMAIOT 00BEM 22,411

5,25 r a30Ta 3aHUMAIOT 00BEM Vg ,

oTkyaa Vo = 5,25:22,4/28,0=4,20

3aTeM MPUBOJAUM IOTYUYCHHBIN 00bEM K YKa3aHHBIM B 3aJ1aU€ yCIOBHUSM:

_ VoPoT  101,3-4,20-299
=T T 989273 Al
IHpumep 2. IIpu 25°C u pasnennn 99,3 «klla (745 MM pT.CT.)
HEKOTOpPOE€ KOJIMYECTBO raza 3aHumaer o0béMm 152 mui. Haiitu, kakoi
00BEM 3alMET 3TO K€ KOJINYECTBO ra3a rnpu 0°C u nainennn 101,33 klla.
Pemrenne. [loncraBnsss naHHble 3a7ayd B IMOCJEIHEE YpaBHEHUE,
MOJIy4aeM:

PVT, 99,3 152-273
Vo= TRT T T 10133208 - 136:5m
IIpumep 3. Hekortopsiii raz maccoit 5,6 r 3anumaer o0béM 4,84 1
IIPU TEMIIEPATYPE 17°C wu  paBnennmn  0,997-10° Ila. Yemy paBHa
OTHOCHUTEJbHASI MOJIEKYJISIPHASI Macca 3TOro ra3a’?

Pemrenne. 13 ypaBHeHus  MeHpeneesa - Knannepona-
M= MRT OTKYyZ1a
Vo

M) = 5,6:10%ke - 8,31H/mmons ™K' 260K 28 o/
T 0,997-10° H/u 4,84 -10°x° - cOchmone
Tak Kak 4YMCIOBOE 3HAYEHUE MOJISIPHOM MAacCChl, BBIPAXKEHHOW B

r/MOJIb, PABHO OTHOCUTEIIBHOUM MOJIEKYJISIpHOM Macce, T.e. {M}=Mr , To Mr
= 28.

Bonpocwt u 3a0auu 01a camokonmpons
1. CocTaBTe ypaBHEHHS pEaKIMi, C TMOMOIIK KOTOPBIX MOXHO CYIIECTBUTh
MpeBpaIICHUs:
a) Pb(NOy),, Pb(OH),, PbO, Na,PhO,, Pb(NO3),



0) Aly(SOy4)s, AI(OH)3, Al,O3, Nas[Al(OH)s], AlCls.

2. Hamnucats GopMynbl OKCHIIOB, COOTBETCTBYIOIIMX YKAa3aHHBIM COCIMHEHUSIM:
H4SiO4, CU(OH)Z, H3;ASO,, HgTeOs, Fe(OH)g, AI(OH)3

3. Hanumure ypaBHeHHMsI peakiuii, CBHUAETEIbCTBYIOIIUX OO0 OCHOBHBIX
coiictBax FeO, Cs,0, HgO, Bi,0;

4, CocraBbTe ypaBHEHHUS peEaKIMii, MNPOTEKAIOMIMX MPU B3aUMOJCUCTBUH C
pacTBOopoM THApOKcHaa Hatpus a) okcuaa yriepona(lV), 6) oxkcuna cepsi(1V), B)
okcuna azota(lll), r) okcmma azota(V). 3aBUCAT U MNPOAYKTHI KAXKIOM W3 ATUX
peakIuii OT TOTO, KAaKOE€ M3 UCXOIHBIX BEIIECTB B3ATO B U30BITKE?

5. CocTraBpTe ypaBHEHHS PEaKIIHil, M0 KOTOPHIM W3 COOTBETCTBYIOIIMX OKCHIOB
MO>KHO TMOJYYUTh CIHEAYIOIIME CONM: KapOoHat Oapusi, ¢ocdaT HATpus, CyJIbPUT
MarHusi, CHJIMKAT ITUHKA.

6. C KakuMH U3 CJICAYIONUX OKCHJIOB MOXKET PearupoBaTh TUAPOKCHI KaJIHS:
Si0,, MgO, Al,03, FeO, SeOs, Mn,0;. YkaxuTe yCIoBUs MIPOTCKAHUS dTHX PEAKIIHIA.
7. Onpenenute Maccy THIAPOKCHIA HATPUsS, MHHUMAJIBbHO HEOOXOIUMOTO IS

IIOJHOI'O IIOTJIOIICHUA 33,6 J VYIUICKHUCIIOIO TIa3a IIpU HOPMAJBHLIX YCIOBHUAX.
XHUMHMYECKHE CBOMCTBA KUCJIOTHBIX OKCHIOB.

8. ChopmynupyiiTe 3aKOH COXpaHCHHS Macchl. KakuM COeIMHEHHSM OH
MPUMEHUM U TTIoYeMy?
9. ChopmynupyiiTe 3aKOH IOCTOSHCTBA COCTaBa BemiecTBa. Kakue BemiecTBa

OTHOCATCA K BEIIECTBAM MOCTOSIHHOI'O, @ KaKHe - K BEIIECTBAM IEPEMEHHOrococTaBa?
10. CdopmymupyiiTe 3akOH OKBUBaJeHTOB. JlaliTe ompenencHUs TOHITHAM
HKBUBAJIEHT, MOJISIPHASI Macca SKBUBAJIEHTA, MOJIAPHBIN 00BbEM SKBUBAJICHTA.

11. CdopmynupyiiTe BaxkHelIne caeAcTBUE U3 3aKkoHa ABoraapo. Kakue ycnoBus
CUMTAIOTCS HOPMAJIBHBIMU U Y€MY paBEH MOJISIPHBIN 00BhEM raza mpH dTUX yCIOBUSIX?



3. BaxkHeilline KJaccChbl HEOPraHMYECKUX coeuHeHuii. OKCUabI.
CgoiictBa. MeToabl noaydenusi. 'mapoxkcuabl. CBorictBa. MeToabl
nosaydyenus. Kuciaorel. CoiictBa. Meroabl nosydeHusi. CoJbl.
Kucasblie couabl. KomniiekcHbie coeAMHEHU

ILan:
Baxuenuue Kiaccel HEOPraHUYECKUX COEAUHEHUN.
Oxkcumgsl.
CBoiicTBa.
MeTtoasl OJTydeHU .
IM'uppoxcuppl.
CBoiicTBa.
MeToasl IOJIydeHU .
KucnoTsl.
CBoiicTBa.
0. Meroasl nogy4eHus.
11. CounsL
12. Kucnsle coJbl.
13. KoMmIuiekcHbIE COEINMHEHUS

BHOooO~NoorwdE

OnopHble cJI0BA U BhIpa:KeHUs1: Memaiivl, Hememasivl, OUHAPHbIE
coeOuHeHus, amgpomepHovle Memainvl, OJA2OPOOHbIE MEeMAilvl, YepHovle U
ysemmuvle Memasibl, OKCUObL, NEePOKCUObl, Hecoleobpasyiujue OKCuobl,
coneobpaszyrowue OKCUObl, OCHOBHblE OKCUObL, KUCIOMHbIE OKCUObL,
amgomepuvle  OKCUObL, OCHOBAHUS,  aMomepHble  OCHOBAHUA,
amgpomepHbvle 2UOPOKCUOBL, KUCIOMbL, KUCIOPOOCOOepIcauue KUCiombl
(oxcokuciomot), OeCKUCI0pOOHbIE KUCIOMbL, CONU, KUCTbLEe CONU, CPEeOHUe
COJIU, OCHOBHbBLE COJIU, OBOUHbBLE COJIU.

BaxxHeige KJIAacCbl M HOMEHKJIATYPAa  HEOPraHMYeCKHX
BewiecTB. K BaskHEWIINM KjJaccaM HEOPraHMYECKHUX BEIIECTB MO TPAIULINU
OTHOCSIT TPOCThbIE (DJIIEMEHTApPHbIC) BEUIECTBA M CJIOXKHBIE BEIIECTBA.

HpOCTBIG BCIICCTBAa COCTOAT H3 OJHOI'O J3JICMCHTA, B COCTAaB CJIOXKHBIX

BCIICCTB BXOJUT JBa HJIN 0oyee PIIEMEHTOB. BGHIGCTB&, OTHOCAIIINCCA K



OJHOMY HM TOMYy € Kiaccy, oOJlaJlafoT CXOAHBIMH XHMHYECKUMH
cBorcTtBaMu. [Ipu BBIAETCHUM OTUX KJIACCOB HCIIOJNB3YIOT PA3HBIC
KJIaCCU(DMKAIIMOHHBIC TTPU3HAKH.

[IpocThie BemecTBa, B CBOIO O4YEpEIb, PA3JCISIOTCS Ha METalIbl U
HEMETaJlJIbl UM M € T a 1 J1 0 U 1 bl (puc. 3.1) (Hazeanue «memanioudoly
ObL10 86edeno 6 xumuio bepyenuycom (1808 2.) 0ns 0603naveHuss npocmovix
geulecms HemMemaiiuiecko2o xapakmepa. mo Ha3zeéauue HeyoauHo, mak
KaK «MEMAJLIOUO Y 8 OyK8aNLHOM nepesooe o3axHadaem

«Memaiono00OHbLILY).

[IpocTsie BemecTBa

a
Merannsl Hemeramnibl
Na, Al, Fe, Au Si, N,, P, O,, Cl,
MeTtamisl
O
N cTrHHBIE METAJLIIBI Am@doTepHbIe MeTaIbI

Na, K, Ca, Ba, Mn, Fe,Cu, Ag Be, Al, Zn, Cr, Sn, Pb....

Puc.3.1. Knaccuuxkanus mpocThIX BEIIECTB MO KOMILIEKCY (PU3HUUECKUX
CBOICTB (@) ¥ METaJJIOB IO XUMUYECKUM CBOMCTBaM (0).

MeTajuabl OTJIMYAIOTCS XapaKTCPpHbIM «MCTAJNIMYCCKHUM)» 6H€CKOM,
KOBKOCTbIO, TATI'Y4CCTbIO, MOI'YT INPOKATbIBATbCA B  JIMCTbI  HIJIU

BBITATUBATHCS B MIPOBOJIOKY, O0JIaJal0T XOPOIIEH TEMIONPOBOAHOCTHIO U



AJIEKTPUYECKOM IPOBOAMMOCTBIO. [IpM KOMHATHOW TeMmieparype Bce
METaJLJIbI (KpOME PTYTH) HAXOASTCA B TBEPJIOM COCTOSIHUU.

HemeTanabl - TpOCThIE BEHIECTBA, B KOTOPBHIX aTOMBI CBS3aHbI
MEXK]Ty CO00M KOBJICHTHBIMU (WJIU MEKMOJIEKYJISIPHBIMU) CBA3SIMHU.

Hemerannbel He 001agaroT XapaKTEpHBIM JJIsI METAJUIOB OJIECKOM,
XPYIKH, OYEHb TIJI0XO MPOBOJST TEIIOTY U 3JeKTpudecTBO. HekoTopsie u3
HUX TIPU OOBIYHBIX YCIOBHUAX ra3000pa3HbI.

Cnoxuble  BemiecTBa  (OKCHUIBI  (KHCJIOTHBIE, OCHOBHBIE U
amdoTepHbi€), THUAPOKCUIBI (YaCThb KHCJIOT, OCHOBaHMS, amM(OTEpHbIC
TUAPOKCUJIBI) U COJIM.) JACJISAT Ha OpPraHWYeCKHe M HEOpPraHUYECKHE:
OPraHUYE€CKUMU MPUHITO HA3BIBATh COCAMHEHUSI YTIIepOa; BCE OCTAIbHbIC
BEIIIECTBA HA3bIBAIOTCSI HEOPTAHUYECKUMHU (MHOTIa MUHEPATbLHBIMH ).

Heopranuueckue BellecTBa pas3feisiiOTCSd Ha KiIacChl JUOO TI0
COCTaBYy (ABYXDJIEMEHTHbBIC, OUHAPHbBIE COSTUHEHUS U MHOTO3JIEMEHT-HbBIC
COCIMHEHMUS; KUCIOPOACOAEpKAINe, a30TOCOAepKaIlie U T.I1.), JTUOO MO
XUMUYECKUM CBOMCTBaM, T.e. MO (PYHKIMSAM (KUCIOTHO - OCHOBHBIM,
OKHCJIUTEJIbHO - BOCCTAHOBUTEIBHBIM M T.lI.), KOTOPHIE ITH BEIIECTBA
OCYILIECTBISIOT B XHMHYECKHX PEAKIUIX, - MO0 HUX DYHKUUOHATbHHIM
npusnakam. J{ns xiaccuduKaiu HEOPTaHWYECKUX BEIIECTB HambOoliee
4acTO UCIOJB3YIOT JIeJIeHUE Mo (QYHKIMOHAIBbHOMY Tipu3HaKy. [Ipu 3Tom,
BCE HEOPTaHWYECKUE COCIMHEHUS MOXKHO pa3Je/INTh Ha 4YEThIpe Kiacca:
OKCH/JIbI, TUAPOKCHU/IBI, KUCJIOTHI, COJTH.

K BaxHeWmnM OWHApHBIM COEIUHEHHUSIM OTHOCATCS COCTUHEHUS

AJIEMEHTOB C KHUCJIOPOJOM (0Kcuowvl), ¢ TajJoTeHaMH (eanoceHudbl WU



2anuosl), a30ToM (Humpuowt), yriaepoaa (kapouosl), a TakKke COeIU-HEHUS
METAJIMYECKUX DJIEMEHTOB C BOJAOpPOAOM (eudpuodwl). WX Ha3BaHUS
0o0pa3yroTcss W3 JIAaTMHCKOIO KOpHS  Ha3BaHMs 0Oojiee  DJIEKTpo-
OTpUIIATEIILHOTO  (371eKmpoompuyamenbHocms — amoma,  YCl08HAs
BeIUYUHA, XAPAKMEPUIYVIOUWAs  CNOCOOHOCMb  amoma 6  MOJeKyle
npuobpemams  OMpuUYAMenbHblll  3apsa0  (MpUmMseU8ams  31EeKmMpoHsl).)
JIEMEHTa C OKOHYaHHMEM 10 W  PYCCKOrO Ha3BaHUA  MEHEe
ANEKTPOOTPHUIIATEIIBHOTO JJEMEHTa POJMUTEIBHOM IMajeKe, IpPUYEM B
dbopMynax OMHAPHBIX COCIMHEHUN MEPBBIM 3aMUCHIBACTCS CUMBOJI MEHEE
AJIEKTpooTpuIlaTesibHOrO annementa. Hampumep, Ag,O - oxcun cepebdpa,
OF, - dbropun kucioposa (Gprop - 6onee IAeKTPOOTPHUIIA-TEILHBIN JJIEMEHT
yeM kuciopon), KBr - 6pomun xamus, MgsN, - autpun marausa, CaC, -
KapOuJ KaJbLusl.

[To XuMHUYECKHUM CBONCTBAM Cpeau METAJIJIOB BBIJCIAIOT TPYIITY TaK
Ha3bIBAEMBIX aM@pomepHbix Memannoe. DTO HA3BAaHUE OTpPaKaeT
CIIOCOOHOCTh ATHUX METAJJIOB pearupoBaTh KaKk C KHUCJIOTaMH, TaK M CO
miesoYaMu (Kak aM(OTEPHBIC OKCUIBI MU THAPOKCHUIBI) (puc. 3.1-0).

KpomMe »sTOro, mM3-3a XMMHUYECKOM HHEPTHOCTH CPEAA METAJIIOB
BBIJICIISIIOT 01a20p00Hble Memaiibl. K HAM OTHOCAT 30JI0TO, PyTEHHH,
poavi, TAUIagdM, OCMHUW, UpUIUM, I[ulatuHy. Ilo Tpaguuum K
OJIarOpOAHBIM METaJlJlaM OTHOCAT M HECKOJIBKO 0oJiee PpeaKIMOHHO-
CriocoOHoe cepebpo, HO HE OTHOCAT TaKHWe HWHEPTHbIE METaJlIbl, Kak

TaHTall, HIOOMI M HEKOTOphle Apyrue. EcTe u npyrue xnaccupuxanmu



METAJUIOB, HAIPUMEP, B METAJUIYPTUM BCE METAJUIBI JCJAT HA YepHble U
Ug8emHble, OTHOCS K YEPHBIM METAJJIAM KEJIE30 U €TO CILIABBI.

N3 cnosxcuvix eeuwyecme HauOoJbIIEe 3HAYCHHUE HMEIOT, MPEXKILS
BCET0, OKCUObl, HO TaK KaK B UX KJIacCU(UKAIIUN YUUTHIBAIOTCS KUCIOTHO-
OCHOBHBI€ CBOMCTBA 3TUX COCAMHEHUM, MBI CHa4YajJla BCOOMHHM, YTO TaKOE
KUucaiomsl 1 OCHOBAHUAL.

3.2. Oxcuabl, X HA3BaHMS, MOJIy4YeHHE U CBOMCTBA

Oxcuapl. OxcugamMM Ha3bIBAlOTCS COCIOUHEHUS, COCTOSAIINE U3
KUCJIOPOJIa U APYroro sjieMeHta. [1o cBouM CBOMCTBaM OKCHUJIbI JIEIISATCS
Ha: KHUCJOTHBIC, OCHOBHBIC, amM@oTepHble, O€3pa3JuyHbIe OKCHIbI H
IIEPOKCHUJIBI.

KucioTHbIMU OKCHIaMU Ha3bIBAIOTCS CJIOKHBIE BEIIECTBA, THUIPATHI
KOTOPBIX ABJIAKOTCSA KUCI0TaMU. KHUCIIOTHBIE OKCUBI B3AaUMOJAEHUCTBYIOT CO
IIeJI0YaMHi, OCHOBAaHUSMH U OCHOBHBIMM OKCHAaMU C OOpa3oBaHUEM
conen. Hampumep,

CO, + Ca0O = CaCOs,
SO, + 2NaOH = Na,SO; + H,0.

BONBIIMHCTBO KUCIIOTHBIX OKCHAOB B3aUMOJICMCTBYIOT C BOJIOM, a B
pe3yabpTaTe uX B3auMOJICMCTBUS MOJIydaeTcs kuciora. Hampumep,

803 + Hzo = HZSO4.
KucnorHpiIMM  OKCHUAAMM  SBJISIOTCS  OKCHJbLI HEMETAJUIOB U

HEKOTOpbIE OKCHILI META/UIOB BbIciel BajdeHTHocTH. Hampumep, P,Os;

CrOz; MnO3; Mn,O5 1 T.11.



OCHOBHBIMM OKCHJIAaMU HAa3bIBAIOTCS CJIOKHBIC BEIIECTBA, THMIPATHI
KOTOPBIX SBJIAKOTCS OCHOBAaHWUSIMU. BOJIBIIMHCTBO OCHOBHBIX OKCHJIOB C
BOJIOM HE B3aUMOJCWCTBYIOT M COOTBETCTBYIOIIME WM THAPATHI
MOJIYy4arOTCd KOCBEHHBIM NyTEM - JICMCTBUEM WIEJIOYM HA PACTBOpP COJIU
JIaHHOTO MeTayuia. Harmpumep,

MnSO, + 2NaOH = Mn(OH), + Na,SO,.

Bce oOCHOBHBIE OKCHIBI B3aUMOJICMCTBYIOT C KHCIOTaMUA U

KHCJIOTHBIMHM OKCHJaMH ¢ oOpa3oBaHueM coJieii. Hampumep,
MgO + H,S0, =H,0 + MgSO4,
FeO + SO;3 = FeS0O,.

OCHOBHBIMHU OKCHJIAMU SBJISIOTCS TOJIBKO OKCHIbI METAJIOB, OOBITHO
¢ BasreHTHOCTEIO 1, 2 1 3: K,O, Ca0, FeO, Fe,03, NiO, Ni,O5, CuO, CdO,
MnO, Mn,O3 u T.71.

AMbOTEpHBIMU OKCHJAMU HA3bIBAIOTCS TaKHUE, KOTOpbIe 00JIalaroT
JIBOMCTBEHHBIMU CBOMCTBAMHU: U KHUCIIOTHBIX, U OCHOBHBIX OKCHJOB, T.C.
OHHM B3aWMOJICHCTBYIOT U C KHCJIOTaMHU, M CO IIeJo4aMu ¢ 00pa3oBaHUEM
cosiei. IIpu B3auMoOaeHCTBUM CO IIeI0UYaMH MeTall aM()OTEPHOr0 OKCHJIa
BXOJUT B COCTaB KHCIOTHOTO oOcTaTtka oOpa3oBaBuieiicss conu. Ilpu
B3aUMOJICUCTBUM C KUCIIOTOM AJIEMEHT OKCHJAA MEPEXOIUT B COJIb B BUJIE
KaTHOHa MeTaiuia. Hanmpumep,

Zn0 + 2KOH = KzznOZ + Hzo,
Zn0O + H,S0, = ZnSO, + H,0.
AMbOTEpHBIMA OKCHIAMU SIBIISIFOTCS HEKOTOPBIE OKCHABI METAJIJIOB.

Hampumep, Zn0O; BeO; Al,O3 u metamioB d-31eMEeHTOB ¢ MMPOMEKYTOUHOM



crenieHbto okuciaeHus: Cr,Os, MnO, u T.n1. Bce Tpu THma OKCHIIOB
SBJISIIOTCSL  COJICOOpA3yIOIMMHU  OKCHAaMU. be3paziMuyHbIMU  OKCHUJAMU
HA3bIBAIOTCS TaKWe, KOTOPhIC HE B3aUMO-JCHCTBYIOT HH CO IIeJI0YaMH, HU
C KUCJIOTaMHU U HE 00pa3yroT coliei. [Ipumepom Takux OKCUAOB SIBJISIOTCS
NO u N,0, CO.

Ilepoxkcuabl - coau nepokcujaa Boaopona (H,O,). B Momekyne
MepoKCcHUAa aTOMbl KHCIOPOJia CBS3aHbl MEXAY Cc000M, oOpasys Mepok-
cuguyto rpynmy “-O0-“. Hampumep, Na,O,, BaO,, CaO, u 1.1. I'padu-
YECKHU MEPOKCUJT HATPUSI MOXKET ObITh M300paKeH CICAYIOIIUM 00pa3oM:
Na - O - O - Na. Bce niepekucu sSBISIOTCS CUIIbHBIMUA OKHUCIUTEISIMH.

OKCHUIBI OTHOCSTCSI K TPYIINE KUCTOMHBLIX WU OCHOBHBIX TIO TOMY,
KaK OHHM PEarupyroT ¢ BOAOH (WM 10 TOMY, U3 KHCIIOT WM U3 OCHOBAaHHMA
OHM moJiy4aroTcsi). Ho ¢ Bool pearupyroT AajeKko HE BCE OKCHJbI, 3aTO
OOJBITUHCTBO M3 HUX pearupyer ¢ KUCJIOTaMH WM IIEI0-4aMHU, TOITOMY
OKCHJIBI JIyYIIIe KIacCU(UIIMPOBATH TI0 3TOMY CBONCTBY.

OcCHOBHBIE OKCHABI - OKCHJBI, CIOCOOHBIE pearupoBaTth C
KHCJIOTaMH 1 HE CTIOCOOHBIE pearupoBaTh CO IIEI0UYAMHU.

Kuca0THBbIe OKCHABI - OKCHIBI, CIOCOOHBIC pearupoBaTh CO
IIeJI0YaMH ¥ HE CIIOCOOHBIEC pearnpoBaTh C KUCJIOTAMHU.

AMoTepHble OKCHABI - OKCHJIBI, CIIOCOOHBIC pearupoBaTh U C
KHCJIOTaMH, U CO IIEJI0YaMHu.

Cy1iecTByeT HECKOIBKO OKCHUIOB, KOTOPHIE B OOBIYHBIX YCIOBUSX HE

pearupyrOT H1U € KUCJI0TaMH, HU CO LICIIOYaMU. Takue OKCHJIbI Ha3bI-BalOT



Heconeoopazyrwuwumu. J1o, Hanpumep, CO, S10, NO, MnO,. B otnuuue

OT HUX, OCTaJIbHbIE OKCHUJIbI Ha3bIBAIOT coleoopazyrouiumu (puc. 3.2.).

Oxcuapl
ConeoOpa3syroriue Heconeobpa3zyromue
CO, N,0, NO, MnO; ...
OcHoOBHBIE AmdoTepHbIe Kucnorusie
Na,O, CaO, FeO... BeO, Zn0O, PbO, A|203 CO,, N,O3, P,0O3, SO3 ...

Puc.3.2. Knaccudukanus okCua0B M0 UX CIOCOOHOCTH PearupoBaTh ¢
KHUCIIOTaMH U IIeJI0YaMHu

OcHoBHBIE OKcHABI. Kak HM3BECTHO, YTO BCE OCHOBHBLIC OKCHIBI -
TBEP/IbIC HEMOJICKYJISIPHBIE BEIIECTBA C HOHHOM CBSI3bIO.

K oCHOBHEIM OKCHJIaM OTHOCSITCS:

a) OKCHIbI IICIOYHBIX U IEJT0YHO3EMENIbHBIX 2JIEMEHTOB,

0) OKCHBI HEKOTOPBIX JAPYTUX JIEMEHTOB, 00OpPa3yIOIIUX METALJIbI, B
HU3IINUX CTENEHsIX okucienus, Hanpumep: CrO, MnO, FeO, Ag,0O u np.

B ux cocrtaB BXOIAT OJHO3apsA/HbBIC, ABYX3apsaHbie (OYEHb PEIAKO
Tpex3apsiAHble KAaTHOHBI) M  OKCHUI-WOHBL. Hambosiee xapakTepHbIe
XUMUYECKHE CBOMCTBA OCHOBHBIX OKCHJOB KaK pa3 M CBSI3aHBI C MPUCYT-
CTBUEM B HHUX JBYX3apsSAHBIX OKCHJ-UOHOB (OUYEHb CHUJIbHBIX YaCTHII-
OCHOBaHUM). XHWMHYECKas aKTHBHOCTh OCHOBHBIX OKCHJIOB 3aBHCHUT
MIPEXKIE BCETO OT MPOYHOCTH MOHHOM CBSI3M B UX KpHCTaJlIaX.

4)  Bce OCHOBHBIE OKCHIBI PEArHpyIOT C PacTBOpPaMH CHIIBHBIX



KHCJIOT:
Li,O + 2H50 = 2Li + 3H,0;
NiO + 2H30 = Ni +3H,0;
Li,O + 2HCI = 2LiCl + H,0;
NiO + H,SO, = NiSO, + H,0.
B nepBom citydae KpoMe peakiiui ¢ MIOHAMH OKCOHHUS MPOTEKAET €I1Ie
U peaKkius C BOJOW, HO, TaK KaK €€ CKOPOCTb 3HAYMTEJIbHO MEHBIIIE, €HO
MOXHO MpeHeOpeub, TeM 00Jjiee, YTO B UTOTE BCE PABHO MOJYYAIOTCS TE€ JKE
MPOJYKTHI.
B03M0XXHOCTh peaklyu ¢ pacTBOPOM CJIA00M KHCIOTHI ONPEAEIsIeTCs
KaK CHJIOM KHCJOTHI (4eM CHJIbHEE KHCIIOTa, TeM OHa aKTHBHEE), TaK H
MIPOYHOCTHIO CBSA3U B OKCHJIE (UeM ciiadee CBsA3b, TEM aKTUBHEE OKCH]T).
2) OKcuapl MEIOYHBIX U IIEIOYHO3EMEbHBIX META/VIOB PEarupyroT
C BOJOM:
Li,O + H,0 = 2LiOH;
BaO + H,0O = Ba(OH),
3) Kpome TOro, OCHOBHBIE OKCHJIbI pPEarupyrOT C KHUCIOTHBIMU
OKCHJaMH:
BaO + C02 = BaCO;g,
FeO + SO; = FeSQO,,
Na,O + N,Os = 2NaNOs.
B 3aBHCUMOCTH OT XMMHUYECKOW aKTUBHOCTU TE€X U JIPYTMX OKCHJOB
peakiuu MOTYT TMpOTeKaTh TpU OOBIYHON TemIeparype WIH IIpU

HarpeBaHNM.



B dyem nmpuunHa mpoTEKaHHS TAaKUX peakuuii? PaccMOTpUM peakiuio
oopazoBanusi BaCO; wu3 BaO wu CO,  Peakinus nporekaer
CaMOIIPOU3BOJILHO, & DHTPOIHUS B 3TOW peaklMu yMEHbINAeTcs (U3 JIBYX
BEILECTB, TBEPAOr0 U Ira3000pa3HOro, o0pa3yercst OAHO KPUCTAIUIU-YECKOE
BEILIECTBO), CJEAOBATENbHO, peakuusi JK30TepMuyeckas. B 3k3o0-
TEPMUUECKUX PEAKIUIX DHEPrusi OOpa3yroUIuXcs CBs3EH OoJbIle, YeM
SHEPrusi PBYIIMXCS, CleAOoBaTeIbHO, dHeprus cBsizeid B BaCOs Oosmblie,
yeM B ucxoaHbix BaO u CO,. Y B UCXOAHBIX BEIIECTBAX, U B MPOJIYKTaX
peakiy JBa TUIMA XMMHUYECKOW CBSI3U: MOHHAS U KOBAJICHTHAsA. DHEPTUS
MOHHOM cBsi3u (PHeprus pemietk) B BaO Heckoabko OobIe, 4YeM B
BaCO; (pa3smep kapOoHATHOro MOHA OOJIbIIIE, Y€M OKCHJ-WOHA), CJIEIO-
BaTeJIbHO, dHEpTHs cucTemMbl O, + CO, OosbIle, 4YeM dHEPrus CO32'.

VnbiMu croBami, non CO3~ Gonee YCTOWYUB, Y€M OTACIBHO B3SITHIC
noH O, u mosiekyna CO,. A GoJbIasi yCTOWYUBOCTh KapOOHAT - HOHA (€ro
MEHbIIIasi BHYTPEHHSSI DHEPTHs) CBsi3aHA C paclpeieSICHUEM 3apsijia 3TOro
uoHa (- 2 €) Mo Tpem aToMaM KUCI0opoJa KapOOHaT-HOHA BMECTO OJHOTO B
OKCHUJI-MOHE.

4) MHorre OCHOBHBIC OKCHUJIBI MOTYT OBITh BOCCTAHOBJICHBI JO Me-
Tajuia 00jiee aKTUBHBIM METAJIOM MM HEMETAITIOMBOCCTAHOBUTEIIEM:

MnO + Ca = Mn + CaO (npu HarpeBaHuH),
FeO + H, = Fe + H,O (nmpu HarpeBanum).

B03MOXHOCTh NPOTEKAHUsI TAKUX PEAKLUUNW 3aBUCHUT HE TOJBKO OT

AKTUBHOCTH BOCCTAaHOBHTENS, HO U OT IMPOYHOCTH CBA3EH B HCXOJHOM U

o0Opa3yromemMcsi OKCHUJIE.



OO0muM CcrnocoOOM IOJAYYEHUS TOYTH BCEX OCHOBHBIX OKCHJIOB
SBJISICTCS OKHCJICHHE COOTBETCTBYIOIIETO METajia KHCIOPOJIOM. Takum
CIIOCOOOM HE MOTYT OBITh MOJIYYEHBI OKCH/IBI HATPHS, Kadus U HEKOTOPBIX
IPYTHX OYCHb AKTUBHBIX METAUIOB (B 3THX YCJIOBHUSIX OHH OOpa3yroT
MIepOKCUJIBI U OoJiee CI0KHBIC COCJIMHEHMS), a TakKe 30JI0Ta, cepedpa,
IJIATHHBI M JAPYTUX OYCHb MAajJO0aKTHBHBIX METAJNIOB (3TH METAJUIBl HE
pearupyroT ¢ KuciopoaoM). OCHOBHBIE OKCHABI MOTYT OBITH ITOJYyYEHBI
TEPMUYECKUM Pa3JI0KEHHEM COOTBETCTBYIONIUX THJ-POKCHUIIOB, a TaKXKe
HEKOTOPHBIX cojieil (Hampumep, kapOoHaToB). Tak, OKCHA MarHus MOJKET
OBITh ITOTYYEH BCEMH TPEeMs CIIocoOamu:

2Mg + O, = 2MgO0;
Mg(CH), = MgO + H,0;
MgCO; = MgO + CO..

Kuciaornbie okcuabl. Bece KUCIOTHBIE OKCUIBI - BEIIECTBA C KOBa-
JICHTHOM CBSI3BIO.

K KHCIIOTHBIM OKCHaM OTHOCSITCSI:

a) OKCHU/JIBI DJIEMEHTOB, 00pa3yIOIUX HEMETAJIIbI,

0) HEKOTOpHIE OKCHJBI DJIEMEHTOB, OOpa3yIONIUX METaJUIbl, ©CIIU
METAJIJIbI B OTHX OKCHAAX HAXOIATCA B BBICIIUX CTENEHIX OKHUCIIEHHUS,
Hanpumep, CrOz;, Mn,0-.

Cpeny  KHCIOTHBIX TIEPEXOJE B OKCHJIOB €CTh  BEIIECTBA,
IPEACTABIAIONINE COOON TP KOMHATHOM TeMIIepaType Tra3bl (HampHu-mep:
CO,, N,O3 SO,, Se0,), xuakoctu (Hampumep, Mn,O;) u TBepabIc
BCUICCTBA (Haan/IMep: B,Os, SiOg, N,Os, P,Og, P4Oq9, SO3, 1,05, Cl’Og).



BOJBIIMHCTBO KUCIOTHBIX OKCHJIOB - MOJICKYJISIPHBIC BeIlIecTBa (HMCKIIIO-
yeHus coctaBistioT B,O3, SiO,, TBepabiii SOz, CrO3; u HEKOTOPEIC APY-THE;
CYIIECTBYIOT W  HeMoJieKyasipHble wmoaudukanuu P,0Os). Ho wu
HEMOJICKYJISIPHBIC KHCJIOTHBIC OKCHABI TPH Ta3000pa3HOEC COCTOSHHE
CTAHOBSITCS MOJICKYJISIPHBIMHU.

JIns KHCIOTHBIX OKCHJOB XapaKTEPHBI CICAYIOIIHEC XHMHYCCKHUE
CBOMCTBA.
1) Bce KHCIOTHBIE OKCHUIBI PEarupyroT ¢ CHIBHBIMH OCHOBAaHHMSIMH, KaK C

TBEPABIMHU:
CO, + Ca(0OH), = CaCO3; + H,0

Si0O, + 2KOH = K,Si0; + H,0O (upum HarpeBaHuMH), TaKk H C

pacTBOpaMu Ienoye:
SO; + 20H = SO,” + H,0;
N,Os + 20H = 2NO3 + H,0;
SO3 + 2NaOH(p) = Na,SO4(p) + H,0;
N,Os + 2KOH(p) = 2KNO3(p) + H,0.

[IprumHa TIpOTEKaHUs peaKIuil ¢ TBEPIAbIMH THAPOKCHIAMH Ta XK€,
YTO C OKCHAAMH ).
2) Haubonee axktuBHbie KucioTHbie okcuabl (SOz, CrOs;, N,Os, Cl,05)
MOTYT pearupoBaTh U ¢ HEPACTBOPUMBIMHU (CIIA0BIMHU) OCHOBAHUSIMH.

KucioTHBIE OKCHIIBI pearupyroT ¢ OCHOBHBIMU OKCHJIAMH:

CO, + CaO = CaCO;
P4O19 + 6FeO = 2Fe3(PO,), (mpu HarpeBaHum)

MHoOTrue KUCIOTHBIE OKCUJIBI PEATUPYIOT C BOJIOM.



N,O3; + H,0O = 2HNO,;

SO,+H,0 = H,S0; (bosiee npaBuiibHAS 3aMUCh (POPMYIIBI CEPHUCTOM

kuciioTel -SO, -H,0)
N,Os + H,0O = 2HNOs3;
SO; + H,0 = H,S0Oq4

MHorue KHUCJIOTHBIE OKCHJbI MOTYT OBITh TOJYYEHBl MYTEM
OKHCJICHUSI KHUCJIOPOJAOM (COKMUTaHUS B KHUCIOPOJE€ WM Ha BO3JIyXe)
COOTBETCTBYIOIIUX NPOCThIX BemecTB (Cyy, Sg, P4, Py, B, Se, Ho He N, 1 He
rajoreHbl): C+0,=CO0y;

Sg + 80, = 8S0,;

WU TIPU Pa3JIOKEHUU COOTBETCTBYIOIIMUX KUCIIOT:

H,SO,4 = SO3 + H,0 (npu cuibHOM HarpeBaHuM),

H,SiO; = SiO, + H,0 (ipu BeICyIIIMBAaHUU Ha BO3IYyXE),

H,CO3 = CO, + H,0 (npu koMHaTHOI TemMIiepaType B pacTBope),

H,SO3 = SO, + H,0 (npu koMHaTHO# TeMrniepaType B paCTBOpE).

HeycTOMYMBOCTh YrOJBHOM M CEPHUCTOW KHUCJIOT II03BOJIAET
nonydath CO, u SO, nipu 1elicTBUN CHIIBHBIX KUCIIOT Ha KapOOHATHI

Na,CO; + 2HCI(p) = 2NaCl(p) + CO, +H,0

(peakumsi TpoTeKaeT Kak B pacTBope, Tak U ¢ TBepabiM Na,COsj), u
CYJIb(QUTHI

K2SOs3., + HoSOuomn = KoSO4 + SO, + H,O (ecnum Boabl MHOTO,
JTMOKCHJ] CEPBI B BUJIC Ta3a HE BBIICIISICTCS ).

AmdoTtepuble okcuabl. K amdorepusiM okcuaam oTHocsAT ZnO,

Al,O3, BeO, Cr,03, PbO, CuO u HeKOoTOpBIEC Apyrrue OKCHIbl. XUMUYECKas



CBSI3b B HUX IJIOXO OMHUCHIBAETCSA KaK B paMKax MOJIEJIM HOHHOU CBSI3H, TaK
U B paMKaX MOJICJTH KOBAJICHTHOU CBSI3H.

[To xXxuMHYECKHM CBOMCTBaM aM(OTEpHBIE OKCHILI IOXOXXKH Ha
OCHOBHBIC OKCHJIbI U OTJIMYAIOTCS OT HHUX TOJIBKO CBOEH CHOCOOHOCTHIO
pearupoBaTh C IIeJIo4aMHu, KaK C TBEPALIMHU (TMPU CIUIABJIICHHH), TaK U C
pacTBOpaMu, a TaKKe C OCHOBHBIMH OKCHJAaMHU. PaccMOTpuM 3T peakiuu
Ha IpUMeEpe OKCH/Ia ITMHKA.

[Ipu crutaBieHUU OKcUaa IUHKA co mieiaoubio (Hampumep, NaOH)
OKCHJI IIMHKAa BEJIET ce0s KaK KHUCJIOTHBIM OKCH, 00pa3ysi B pe3yjbTare
PEeaKIuu COJIb - IIMHKAT HATPHSL:

Zn0O + 2NaOH = Na,Zn0O, + H,0O

[Ipu B3aMOAEHCTBHUN OKCHJIA ITMHKA C PACTBOPOM IIEI0YH (TOTO Ke
NaOH) npoTtekaeT npyras peakiusi:

ZnO + 20H" + H,0 = [Zn(OH),]*

MosnekynspHOe ypaBHEHHE:!

ZnO + 2NaOH(p) + H,0 = Nay[Zn(OH)4](p).

OO0pa3yronuiicsi aHMOH Ha3bIBACTCSl TETPAruIPOKCOIIMHKAT-HOHOM, a
COJIb, KOTOPYIO MOKHO BBIJICJIUTH U3 PAacTBOpa - TETPAruIpOKCOIMHKATOM
HATpHSL.

B anamoruvnble peakmuu BCTyHAaIOT U Apyrue aM(OTepHbIC OKCHUJIBI.
CocraB M Ha3BaHMS ITHX BEIIECTB JIETKO MOYKHO OIPEACIUTH, MOIb3YsCh
tabnuueit 3.1.

[Ipu HarpeBanuu ampOTEpHBIE OKCHIBI PEarupyroT ¢ OCHOBHBIMHU

OKCHIaMU



Zn0O + Na,O = Na,ZnO,,
HO TOJBKO B Cllydae OKCHJOB IIEJIOYHBIX METAJIJIOB MOXKET HJITH
peub 00 00pa3oBaHUM COJIEH, B OCTAJbHBIX CIIy4yasxX 00pa3yroTCs CJI0KHBIE

OKCHJIEL.

Tab6muma 3.1.

CocTaB 1 Ha3BaHUSI AaHMOHOB, 00PA3YIOIIMXCA MIPU PEAKLUH CO IIET0YBIO
aM(}OTEPHBIX OKCUIOB

AMdo- | AHuOHBI, oOpa3yronuecs | AHUOHBI, 00pa3yIOIIUECs B pACTBOPE MIEIOUH.
TEPHBIN B pacCIUIABE LIEI0YHN
okcux | dopmyna Ha3zBanue dopmyna Ha3zBanue
ZnO Zn0,” IIUHKAT-NOH [Zn(OH).]” TETParuAPOKCOINMHKAT-HOH
BeO BeO,” | Gepumnar-non [Be(OH).]™ TETParuJapoKCoOepHUILIaT-
WOH
CuO Cu0,? KyHpar-uoH [Cu(OH),]*? TETPAruAPOKCOKYIPaT-HOH
PbO PbO,? | mmom6ar(Il)- [Pb(OH)3] Tpuruapoxcormomoar (I1)-
HOH WOH
Cr,03 CrO; xpomat(I1I)- [Cr(OH)e]” rekcarugapokcoxpomar(Il)-
HOH WOH
Al,Os AlOy amomunat- Al(H,0),(OH)4] JlmakBaTeTparuapoKco-
WOH [AI(OH)e]”° ATFOMHHAT-UOH,
PKCArMIPOKCOATIOMUHAT-HOH

CnocoObl oydeHus aMPOTEPHBIX OKCHIOB TE )K€, UTO U OCHOBHBIX
OKCHUJIOB.

Pe3koil rpaHuipl kKak MeXIy aM(POTepHBIMH M OCHOBHBIMHU, TaK U
MEXTy aM(POTEepHBIMU U KHCJIOTHBIMU OKCHJIAMHU HET. B OueHb JKECTKHX
yCIOBUAX aM(pOTEepHbIE CBOMCTBA MOTYT TMPOSBISATH KaK HEKOTOPHIC
OCHOBHBIE OKcuIbl (Hampumep, MO moa mgaBiIeHHEM MPU BBICOKOM
TEMIIEpaType W BBICOKON KOHIIEHTpAI[MU IIEJI0YM), TaK U HEKOTOphIC

KHCJIOTHBIC OKCUIBI (Hampumep, B,03).



3.3. OcHOBaHMs, UX HA3BAHUA, [10JYYECHHE, CBOMCTBA
Kak u3BecTHO, 4TO OOJIBIIMHCTBO KUCJIOT U OCHOBAHUN OTHOCHUTCS K
cuopokcuoam. Ilo CcrnocoOHOCTH THUIPOKCHIOB pearupoBatb M C
KHUCJIOTaMH, U CO IeJI0OYaMH Cpeid HUX (KaK U CPeJu OKCUJIOB) BBIJEISIOT

amghomepnute 2uopokcuowt (puc. 3.3.).

IM'uppoxcuapl

OCHOBHBIE THIPOKCH/IBI AMQOTEpHDIE THPOKCH/IBI KucaoTHbIe THAPOKCHIBI
(ocHOBaHMS) (OKCOKHCIIOTHI)

NaOH, KOH, Ca(OH)Z, Fe(OH)Z,... Be(OH)Za Zn(OH)Zl AI(OH)31 HNO3! HZSO41 H3PO41 HCI‘O4,

Puc.3.3. Knaccudukaiusi rTHAPOKCUIOB MO KX CIIOCOOHOCTH pearupoBaTh C
KHUCJIOTAaMU | IIeJI0YaMU

OcHoOBaHMsI - 3TO DJEKTPOJIUTHI, JUCCOLMHUPYIOIIME C 00pa3oBa-
HUEeM ruapokcua-uoHos (OH ).

BoJIBIIMHCTBO OCHOBAaHMM NPAKTUYECKU HEPACTBOPUMBI B BOJE.
XOpoII0 paCTBOPUMBIE B BOJI€ OCHOBAHHUs HA3bIBAIOTC IesioyamMu. K HUM
OTHOCATCS TOJIBKO TUAPOKCUABI IIEJOYHBIX U MIEJIOYHO3EMEIIbHBIX
METAJIJIOB.

OcHOBaHMsST W IIEJIOYM B3aWMOJECUCTBYIOT C KHCIOTaMU U
KHCIIOTHBIMU OKCHJIaMH ¢ 00Opa3oBaHUeEM coJiei u Bojbl. Hampumep,

Ca(OH)2 + COzT: C&COgl + H,0;
Ba(OH), + H,SO,= BaS0O,| +2H0.
OOBIYHO OCHOBaAHHUA MOJYYaIOTCS KOCBEHHBIM IYyTEM - JIEUCTBUEM

IIEJIOYM HA PACTBOP COJIM JAHHOTO MeTajuia, HalpuMmep,

CuCl, + 2KOH = Cu(OH),| + 2KCl.



[lenoun MOTYT OBITh MOJTyYCHBI HETIOCPEACTBEHHO

B3aMMOJICMCTBUEM OKCHJa MeTajlIa ¢ BoJou. Hampumep,
Na,O + H,O = 2NaOH;
BaO + H,O = Ba(OH),.

I'mapokcuapl TSOKEIBIX METAJIOB HE MHPOYHBI U JIOBOJIBHO JIETKO
BBIICIISIIOT

BOJy, OCOOCHHO Npu HarpeBanuu. Hampumep,

Cu(OH), —— CuO + H,0.

AmdoTepHble 0OCHOBaHMS. AMDOTEPHBIMU OCHOBAHUSIMU SBJISFOTCS
TaKue, KOTOphIe BEAYT ceOs M KaK OCHOBAHHWE, W KaK KHUCJIOTa, T.€. OHH
B3aMMOJICCTBYIOT M C KHCIIOTAMH M C OCHOBAaHHEM C 00Opa30BAaHHEM COJIH
Y BOJbl. Hammpumep,

Cr(OH); + 3HCI = CrCl; + 3H,0;
Cr(OH)g + KOH = KcrO, + 2H,0.

AM@oTepHbIe THAPOKCH/BI - TUAPOKCHUIBI, CIIOCOOHBIE pearupoBaTh
Y C KHUCJIOTaMH, U CO IIEJIOYAMHU.

3.4. KucjioTsl, MX Ha3BaHMS, MOJy4YeHHE, CBOMCTBA M UCIOJIb30BAHHE

Kucaorsl - C10KHBIE BEMIECTBA, CONEPKAIIME B CBOEM COCTABE MOHBI
OKCOHHMS WJIM MpPH B3aUMOJICMCTBHUU C BOJOM 0O0Opa3yroliue B KauyecTBe
KaTUOHOB  TOJBKO 3TH HOHBL. KHCIOTBI - 3TO  3JIEKTPOJIHUTHI,
JACCOLMUPYIOIIME B PAcCTBOPE Ha KATHOHBI BOJOPOJAa W AHUOHBI
KHCJIOTHOTO ocTaTtka. Hampumep,

HCI=H"+CI;
H,S0, = 2H" + SO~



OO01uue cBOMCTBAa KUCIOT - KUCJBIM BKYC U CIIOCOOHOCTh OKpaIliBaTh
JAKMyC, METWJIOPAaH>X B KpaCHBIM I[BET - BbI3BaHbl HAJUYUEM B UX
pacTBoOpax MOHOB Bojgopoxa, H' .

BOJBIIMHCTBO ~ KUCJIOT  pPACTBOPSIOT  aKTUBHBIE  METaUIbl €
BBIZCIICHUEM BoaOpoaa. Hampumep,

Zn + 2HCI = ZnCl, + H,1;
Fe + H,SO, (paz6) = FeSO, + HzT

OnHako HEKOTOPHIE KHUCJIOTHI PACTBOPSIOT aKTUBHBIE U HEAKTHBHBIC
MeTaJIbl  0€3 BBIACICHUS BOJOpPOJa, HO C BBIJCICHUEM OKCHAA
KHCJIOTOOOpasymiero sjaeMeHTa. Tak BeayT ceOsi KOHLECHTPUpPOBaHHAs
CepHas KMCIIOTa U a30THas KUCJIOTa JII000M KOoHIleHTpannu. Hanpumep,

Cu + 2H,S0O, (koHm) — CuSQO, + SOzT + 2H,0;
8Fe + 30HNO;056) = 8FE(NO3)3 + 3N,0O1 + 15H,0.

Kucnotel B3auMO€HCTBYIOT C OCHOBHBIMU OKCHIAMU, OCHOBAHUSMU
U CO IIesiouaMu ¢ 00pa3zoBaHueM cojiel u Bojbl. Hampumep,

H,SO, + I\/IgO = MgSO4 + H,0;
2HCI + Ca(OH), = CaCl, + 2H,0.

Kucnaorel MoOryT OBITH MOJIYyYE€HBI B3aMMOJCHCTBUEM KHCJIOTHOTO
OKCHA C BOJOU WJIM JIEHUCTBUEM HA COJIb JAHHOI KUCIOTHI 00Jiee CUIBHOU
WJIA MEHee JIETy4yen KuciaoTou. Hanpumep,

SO; + H,O = H,SOy;
2NaCl + H,SO,4 = Na,SO,4 + 2HCI.
Kpome  ykazaHHbIX  OOIIMX  CIIOCOOOB  CYIIECTBYIOT €I

criennpruIecKre CrocoObl MOTYyUYCHUS HEKOTOPBIX KUCIOT.



Takum oOpa3oM, MbI BBIAEISIEM KHCIOTHI M OCHOBAHHUSA M3 OOIICH
MAacCChl COCIAMHEHHI, HCIIONB3ys [Ba IMPHU3HAKA: COCTAaB U XMMHUYECKHE
CBOMCTBA.

[To cocraBy KHCIOTBI JACIATCA Ha  KUCAOpOOcodeprycauue
(oxcokucnomet) n 6eckucnopoonste (puc. 3.4.).

Kucaopoacoaep:xkamme KMCJI0TbI (OKCOKMCJIOTBI) - KHUCIOTHI, B
COCTaB KOTOPBIX BXO/ISAT aTOMBI KHCIOPOA.

BeckucaopoaHble KHCJIOTHI - KHCIOTHI, MOJEKYJIbl KOTOPBIX HE

coACpIKaT KUCJI0pOoaa.

Kucmnorsl

Kucnopoaconep:xamme KuciaoThl

becknucnopoaHbie KUCIOThI
(OKCOKHUCIOTHI)

HNOg, HNOZ, HZSO4, H3PO4, HC|O4 HF, HCI, HBr, HzS, ste, HCN

Puc.3.4. Knaccuduxarus KHCIOT MO COACPKAHUIO KUCIOPOIa

CrienyeT MOMHHTB, YTO KHCJIOPOACOAEPKAIIUE KUCIOTHI IO CBOEMY
CTPOEHHUIO SBIISAOTCS 2UOPOKCUOAMU.

IIpumeuanue. Ilo Tpaguuuu st OECKUCIOPOAHBIX KHCIOT CJIOBO
KHCJIOTa» MCIIOJB3YETCS B TEX ClydasdX, KOrJa pedyb HAET O PacTBOpE
COOTBETCTBYIOILIETO WHAWBHAYAJIBHOTO BEIIECTBA, HAIPUMEP: BELIECTBO
HCl Ha3pBalOT XJOpOBOJOPOJAOM, a €ro BOJHBIM pacTBOp -
XJIOPOBOJOPOJHOM WIJIH COJISTHOW KUCIIOTOM.

3.5. Couin, UX HA3BaHUS, OJIyUYeHHE, CBOMCTBA U UCII0JIb30BAHUE



Cosm. TepMUH «COJIbY» HCTOJIb3yeTCs u3naBHA. [lo mepe pazButus
HayKH, €r0 CMBICJI HEOJHOKPATHO U3MEHSIICS, PACIIUPSIICS U yTOuHsUIcs. B
COBPEMEHHOM TIOHMMAaHUU COJIb - 3TO HOHHOE COCIUHEHUE, HO
TPAJUIIMOHHO K COJISIM HE OTHOCSIT MOHHBIE OKCH/IbI (TaK KaK UX Ha3bIBAIOT
OCHOBHBIMM OKCHUJIaMH), HOHHBIE THIPOKCHUIBI (OCHOBAaHHUS), a TaK¥kKe
WOHHBIC TUIAPUIbLI, KapOuabl, HUTpuA6l U T. II. IlosTOoMy ympoIieHHO
MOXHO CKa3aTh, 4TO

Cosm - WOHHBIE COCJUHEHUS, HO HE THUIPHUJIbI, HE OKCHUIBl U HE
TUAPOKCHU/IBI.

CoJm - HIOHHBIE COEJMHEHMS, B COCTAB KOTOPBIX B KAYECTBE aHHOHOB
BXOJISIT KUCJIOTHBIE OCTaTKH.

JlaBasi Takoe ompejereHUe, COJIU OKCOHMS OOBIYHO OTHOCST M K
coisiM, U K kuciortaM. Coiu MNPUHATO TMOAPA3ENiaTh IO COCTaBy Ha
Kucvle, cpeonue u ocHosnule (puc. 3.5).

Kucable coam - coiau, B COCTaB KOTOPHIX BXOAST aHUOHBI,
CIIOCOOHBIE OT/IaBATh MPOTOH.

To ecTh B cCOCTaB aHMOHOB KHUCJIBIX COJIeH BXOJSAT aTOMBI BOJO-POJIa,
CBSI3aHHBIC KOBAJEHTHBIMH CBSI3SIMH C JAPYTMMH aToOMaM{d aHHWOHOB U
CIIOCOOHBIE OTPHIBATHCA MO IEUCTBUEM OCHOBAHUMA.

Kucnasie conu (rugpocosin) 00pa3yroTcsi Py HETIOJHOM 3aMe-IIeHUN
aTOMOB BOJIOpOJa B MOJIEKYJIe cl1a00oi KUCTOTHI. X MoJIeKyIbl comeprkar
KaTHOHBI BOJAOPOJIa, COSAMHEHHBIE C KUCIOTHBIMHM OocTaTkamu. Hampumep,
KHSO,, NaHCO; K,HPO, wu Tt.1. Kucaeie comu o0pa3yrorcs

MHOT'OOCHOBHBIMH CJIa0BIMH KHUCJIIOTAMHU.



Conu

OcCHOBHBIC Cpennuble Kucmusie
Mg(OH)Cl, Mgz(OH)gBr, Na,SOy, KC', NaHSO,, NaHCO;, (NH4)HS,
Zny(OH)PQO4, Zn(OH)NO3-H,0, KAI(SO4),, Mals, CaHPO,, Ca(H,PO,),

Puc.3.5. Knaccudukamus coseit mo coctaBy U KUCIOTHO-OCHOBHBIMH
CBOMCTBaM

Cpeanmue coJM - IPOAYKTHI MOJTHOTO 3aMEIIEHNS aTOMOB BOJOPOa B
MOJIEKYJIaX KHUCJIOT aTOMaMH METAJIOB, WM THAPOKCHJIBHBIX TPYMNI B
MOJICKYJIaX OCHOBaHUW KHUCIOTHBIMH OCTaTkamMu. MX Moyekynbl He
colepaT HHM KAaTHOHOB BOJOpPOJa, HU Tujapokcorpymm. Hampumep,
Na3PO4, Na,SOy,, KN03 U T.O.

OCHOBHBIE COJIM - COJIM, B COCTaB KOTOPHIX BXOAST KaTHOHBI, CIIO-
COOHbIE TPUHUMATH MPOTOH U COACPKAIMINUE THUAPOKCHUIBHBIC TPYMIIbI
(rpynmsl - O- H).

OcHOBHBIE coJIn (TUAPOKCOCONM) OOpa3yroTcsi MOpU YaCTUYHOM
3aMENICHUH THUAPOKCHIBHBIX TPYMHI B MOJIEKYJIE OCHOBHOTO THAPOKCHIA
KUCIIOTHBIMU OCTaTkaMu. KX MOJNEKynbl colepk’aT THUIPOKCOTPYIIIIHI,
COeIMHEHHbIC ¢ KaThoHamu MertauioB. Hanmpumep, FeOHSO,4 ZnOHCI,
(CuOH),SO4 m 1.1. OCHOBHBIE COJIM MOTYT OBITH 0Opa30BaHBI TOJIBKO
MHOTOKHUCJIOTHBIMH CJIA0BIMU THAPOKCUIAMHU.

OcHOBHBIE COJIU OOBIYHO WUMEIOT OYEHBb CJIOKHBIM COCTaB W 4YacTO

HEPACTBOPUMBI B BOJI€. TUNIMYHBIN TPUMEP OCHOBHOM COJIM - MUHEPAII

anmaxut Cu,(OH),COs.



JIBOWiHbI€ COJIM COCTOST W3 HMOHOB JBYX pa3HbIX METaNIOB W
kuciiotHoro ocrarka. Hampumep, KCr(SO,),, Kal(SO,4), u T.1. Ha3zanus
COJIeH COCTaBJISIIOT W3 Ha3BaHUS aHUOHA B HMMEHUTEIHLHOM TIAJiekKe U
KaTHOHA B POJUTEILHOM.

NaNQO; - nutpar Hatpus,

Al (SOy)s - cynbdar amoMuHwMS.

Ecim Metannm mposBISIET pa3HYHO CTENECHb OKHCICHHS, TO €€
YKa3bIBAIOT B CKOOKaX PUMCKOM (P POH.

NiSO, - cynbdar mukens (1),

Ni>(SOy)s - cynbdar mukens (111),
K>SO3 - cynbdut kanusi.

B ciyuae GecKUCIOpOAHBIX KUCIOT AaHUOH MMEET OKOHYaHUE “‘-up’ .
Hanpuwmep,

KCI - xmmopuy xanws,

Cu,S - cynasun meau (1),

KCN - iimanung xaaus.

Ha3Banue KuCIbIX coseil 00pa3yroT Tak ke, KaKk U CPEIHUX, HO MpHU
ATOM J00aBIAIOT MPUCTABKY “THAPO-’, a €ClIu HEeOO0XOAUMO, TO
COOTBETCTBYIOITUMHU YUCTUTCIHHBIMH, YKa3bIBAIOIIUMHU YHCIIO
HE3aMEIICHHBIX aTOMOB BoJiopojia. Hampumep,

Mg(HCO:s), - runpokapOoHaT Maraus,
KH,PO, - muruapodocdat xanus,
Na,;SiO,4 - opTocHIMKaT HaTpus,

Cu(HSO3); - rugpocynbsdut meau (1),



CUHS - rugpocynasdun meau (I).

HazpaHne OCHOBHBIX COJIeil 00pa3ylOT MOJ00HO HAa3BaHUSIM CPEIHHUX
COJICH, HO IIPH 3TOM J00aBISAIOT MPHUCTABKY “THAPOKCO-", YKa3bIBAIOIIYIO
Ha HAJIMYKUE HE3aMEIIEHHBIX TUAPOKCOTPYIIII.

MgOHCI - xyopua rupokcoMartus,

(CuOH),S0O, - cynbdat rugpoxcomenu (11),

[AI(OH),],SO4 - cyabbaT AMruapPOKCOATIOMHHHMSL.

B 1BOMHBIX COSIX Ha3BaHUSI META/UIOB MUIIYTCS yepe3 aeduc, oda B
poauTenbHOM Majaexe. B ckoOkax apaOCkumMu nudppaMu YKa3bIBalOTCS
aTOMHBIE YHCJIOBbIE COOTHOIIIEHUSI METAJIJIOB.

KCr(S0,); - cynbdat kamus-xpoma,

K2NaPO, - oprodocdar kanus-natpus (2:1).

BOHpOCI)I U 3a1a4M JJIsk CAMOKOHTPOJIsA
1. Tme B mNEpUOIUYECKON CHUCTEME DJIEMEHTOB PACIHOJIOKEHBI JJIEMEHTHI,
oOpa3yrolue MeTajlibl, a e - 3JIEMEHThI, 00pa3yIoIue HeMETaTbI?
Hanumute ¢hopMysbl ATH METAJUIOB U MATA HEMETAJUIOB.
[Touemy meTanbl HE CKIOHHBI TPOSIBIISITH OKUCIUTENIbHBIE CBOMCTBA?

Ot yero B MCPBYIO OUCPCAb 3aBUCHUT XUMHNYCCKAA aKTHBHOCTb METaJIOB?

o~ w

CocraBbTe CTPYKTYpHBIE dbopmyIibl CIHEIYIOIINX COEIMHECHUN
(H3O)Cl, (H30),S0,, HCI, H,S, H,SO,4, H3PO,4, H,CO3, Ba(OH),, RbOH.

6. KakuMm okcujaM COOTBETCTBYIOT CIEAYIOIINE TUIPOKCHIBI:

H,S0O4, Ca(OH),, H3PO,4, AI(OH)3, HNO3, LIOH?

/. KakoB xapakrtep (KUCIOTHBIN WJIM OCHOBHBIN) KaXXJ10I'0 U3 3TUX OKCUI0B?



8. Cpenn cnemyromux BemiecTB HauauTe conn. COCTaBbTe HMX CTPYKTYpHBIE
dopmyiel. KNO,, Al,Os, Al,S3, HCN, CS,, H,S, K;[Zn(OH),], SiCl,, CaSOy,
AIPO,

9. CoctaBpTe  CTPYKTypHBIE  (OPMYJBI  CIEAYIONUX  KHCIBIX  COJICH:
NaHSO,, KHSO;, NaHCO;3;, Ca(H,PO,),, CaHPO,

10. CocrtaBpTe ypaBHEHHUS peaklUid, MPOTEKAIOUX TMPHU B3aUMOJICUCTBUH C
pacTBOpOM THApOKcHaa HaTpus a) okcuaa yriepona(lV), 0) oxcuna cepri(1V),
B) okcuaa azora(lll), r) okcuma azora(V). 3aBUCAT JM MPOAYKTHI KaXKIOU U3

ATUX PEAKIHK OT TOTO, KAKOE M3 UCXOIHBIX BEIIECTB B3ATO B U30BITKE?
11. CocraBbTe ypaBHEHHS PEAKIIUN, MO KOTOPHIM M3 COOTBETCTBYIOIIMX OKCHJIOB
MOKHO TMOJYYUTh CJEAYIOIIMe COlH: KapOoHat Oapusi, docdar HATpus, CyIb(UT

Martausia, CUJIMKAaT UHKA.

4-tema. Ctpoenue aroma. Ilepuoanyecknii 3aK0H U EPHOINIECKAS
cucrema J[.M.MenngeseeBa

Iaan:
1. Atom — cioxHas cuctema. OTKpBITHE JIEKTPOHA
2. PanyoakTUBHOCTh
3. Teopuu cTpoeHust aroma
4. N30TOmbI U N300apHI

OnopHble ciaoBa W  BbIpakeHusi: [lepuoouueckuti  3aKoH,
nepuooudeckas — cucmema — XUMUYECKUX  IIeMEeHmOo8,  CMPYKmypda
nepuooudecKkoll cucmemvl, KOPOMKONEPUOOHAs Nepuooudeckas cucmemad,
OJIUHHONEPUOOHASL NePUOOUYECKAsl CUCTEMA, Nepuoo, ePYnnbl, 21aeHble U
nOOOYHbIe  2PYNNblL,  «WeN0UHble  MemAlibly,  «UjeIOYHO3EeMEIbHbIE
MEMAIbly, «2AN02eHbl», 20PU3OHMANbHAS NEPUOOUYHOCTID, BEPMUKANbHAS
NepUOOUYHOCMb, IHEP2USL UOHU3AYUU, CDOOCBO K IJIeKMPOHY.

Ihanemapnan mooenvs cmpoenus amoma

(3.Pesepdopa, 1911 r.)



1. ATOMBI XMMHYECKHX OJJIEMCHTOB HWMEIOT CJIOKHOE BHYTpPCHHEE
CTpOCHHE.

2. B neHtpe aroma HaxXOaWUTCS TOJOXKUTEIBHO 3aPSIKEHHOE SpO,
3aHUMAIOIIEEe HUYTOXKHYIO YacTh MPOCTPAHCTBA BHYTPH aTOMA.

3. Becyr mnonoxuTenbHbIA 3apsAd M [OYTH BCA Macca aroma
COCpeIOTOUCHA B siApe aToMa (Macca aJieKTpoHa paBHa 1/1823 a.e.m.).

4.  Bokpyr saapa 1mo 3aMKHYTBIM OpOWTAaJISIM JBHXKYTCS AJIEKTPOHBI. WX
YUCJIO PaBHO 3apany sAapa. [loaromy aTtoMm B IEIOM - DIEKTPOHEUTPAIIEH.

Anpo aroma

Snpo aToMa COCTOUT M3 MPOTOHOB U HEUTPOHOB (00IEEe HA3BaHUE -
HYKJIOHBI). HUCIO NPOTOHOB B sJIp€ aTOMa AJIEMEHTA CTPOIO ONPEAEIICHO -
PaBHO MOPSAJIKOBOMY HOMEDPY 3JIEMEHTa B NEPUOJMYECKON cucrteme - Z.
Yucno HEUTPOHOB B SIAPE aTOMOB OJHOIO M TOrO XK€ JJEMEHTA MOXKET
ObITh pa3nuuHbiM - A - Z (rme A - OTHOCHUTENbHasi aTOMHas Macca
3JIeMEHTA; Z - MOPSAIKOBBIM HOMED).

3apsia sapa aromMa omnpeneisieTcs 4uCIoOM NOpoTOHOB. Macca sapa
ONPENEIAECTCA CYMMOW IPOTOHOB U HEUTPOHOB.

HN30T0NBI

Hzomonur - PasHOBUIAHOCTHU aTOMOB OIIPCACICHHOTO XUMHYCCKOI'O
QJICMCHTA, UMCIOIIUEC OJII/IHaKOBBIfI aTOMHBIHN HOMCP, HO pa3HBIC MACCOBLIC
quclia. O6H21,H3IOT AapaMu ¢ OAMHAKOBBIM YHUCJIOM IMIPOTOHOB U pa3/IMYHbIM
YU CJIIOM HCﬁTpOHOB, HMCIOT OAMHAKOBOC CTPOCHHC IOJICKTPOHHBIX
000JIOYEK U 3aHUMAIOT OJHO U TO X€ MCECTO B HGpHOJIH‘IGCKOfI CUCTEMC
XUMHUYCCKHUX JJIEMCHTOB.

OTHOCUTENBHBIE  aTOMHBIE  MACChl  3JIEMEHTOB, MPUBOAUMBIE B
MEPUOJNYECKON CUCTEME - €CTh CPEIHUE MACCOBBIE YHCJIA MPUPOIHBIX
cMecerd M30TOMNOB. [l0ATOMYy OHM M OTIMYAIOTCA OT IEJIOYMCICHHBIX
3HAUYCHUH.

[Tpumep.



[Ipuponusiii Tamnuii (at.H.81, ar. macca 204,383) cocTtoutr u3 ABYX
U30TOMOB:

tasm — 203

203

1 1 0
81 Tl (811p, 1220n)-29,5/o

tajutuii - 205

205

1 ... )
a1 T1(81;p; 1225n) - 70,5%

CpeIIHHﬂ aTOMHadA MaccCa TaJlJIus paBHA:
A1y = (0,295 + 203 + 0,705 * 205) / 2 = 204,383
H30TOnHbI BOIOpOAa HMMCHKOT CIICHUAJIbHBIC CHMBOJIBI MW HA3BAHHA:

H - HpOTHﬁ'ZD - ﬂeﬁTepHﬁ'sT - TPUTHH.

1 1 ’1

XMMHUYECKHE CBOMCTBA U30TOIIOB OJHOIO 3JIEMEHTA OJJMHAKOBBI. 130TOIIBI,
MMEIOIIME OJMHAKOBBIE MAaCCOBBIE UMCJIA, HO PA3JIMYHBIC 3apsiabl sep,
HAa3bIBAIOTCS nzo0apamu

40, 40, 40. 112 112

Paouoaxkmuenocmo
Paoduoaxmuenocmo - CaMOITPOMU3BOJIEHOE IpeBpaIlcHUE

HEYCTOMYMBOIO M30TOMA OJHOTO XHMMHUYECKOTO 3JIEMEHTa B H30TOM
JIPYroro 3JEMEHTa, COMPOBOXKIAIOIICECS HCIYCKAaHUEM 3JIEMEHTapHBIX
YacTUIl WU siAep (HampuMep, o- YaCTHII).



Pa,Z[I/IOaKTI/IBHOCTB, MMposABJIsICMAd IMPpUPOAHBIMHA n30TOIIaMM
QJIEMCHTOB, HAa3bIBACTCA ecmecmeeHHoU DaaUOCleMGHOCWZbiO.

CamMonpou3BOJIBHBIN pacraj siAEp ONMUCHIBACTCS YPABHEHHUEM: m; =
mg * (1/2)t/ Typ rie my 1 Mg - MacChbl M30TOIIA B MOMEHT BPEMEHH t U B
HadaJIbHBIMI MOMEHT BpeMEHH; Tjp, - TEpUOI TOoJypacrnana, KOTOPBIU
SBJISIETCS TMOCTOSIHHBIM JJIsl TAHHOTO M30Tomna. 3a BpeMs Ti,, pacmamaercs
MOJIOBMHA BCEX SIJI€P JAHHOTO U30TOIA.

OcHoeHble 8UObL PAOUOAKMUBHO20 PACNAOA

o - pacnan. ComnpoBoXKJaeTcsi MOTOKOM  MOJIOKUTEIBHO
3apsOKEHHBIX SIJICp aTOMA Telus “,He (a- gactui) co ckopocthio 20 000
km/c. Ilpu aToM 3apsin Z UCXOTHOTO siApa YMEHBIIACTCS Ha 2 eIUHUITHI (B
€IMHUIIAX JIEMEHTAPHOIO 3aps/ia), a MaCCOBOE YUCIIO A - Ha 4 €IUHUIIBI
(B aTOMHBIX €IUHHIIAX MACCHI).

Z'=7-2
A=A-4

T.C. 06p8,3yeTC5I aTOM JJIEMEHTA, CMCIICHHOI'O 110 HCpHOI{H‘IGCKOﬁ CUCTEMC
Ha ABC KIICTKH BJICBO, OT HCXOJHOI'O PAAMOAKTHBHOI'O 3JICMCHTA, 4 Cro
MacCCOBO€C YUCJIO Ha 4 CANHUIIBI MCHBIIIC HCXOJHOTIO.

226 222 4
88 Ra — 86 Rn + 2He

B - pacmag. HM3znydenue sapomM aroma MOTOKA 3JIEKTPOHOB CO
ckopocthio 100'000 - 300'000 xm/c. (DmekTpoH 0OpasyeTcs MpU pacriaje
HeWTpoHa simpa. HelTpoH MoOXeT pacmaaaThCs Ha MPOTOH U DJIEKTPOH.)
IIpu B- pacmage mMaccoBO€ YHMCIO HM30TONA HE U3MEHSETCS, MOCKOJIBKY
oOlliee 4YKMCJIO TPOTOHOB W HEHUTPOHOB COXpaHSETCsA, a 3apsn sjapa
yBenuuuBaercs Ha 1. (XuMHUUECKUM 3JIEMEHT CMEIIAETC B IEPUOJUYECKOM
CUCTEME Ha OJIHYy KJETKY BIIPABO, 4 €r0 MacCOBOE YHMCJIO HE W3MEHSETCH)



234 234 0
90 Th — 01 Pa+_1E

v- pacnaa. Bo30OyxjaeHHOe SIpO HCIYCKAET SJICKTPOMArHUTHOE
M3JIy4CHUE C OYECHb MaJiOW UIMHOM BOJIHBI W BBICOKOM YaCTOTOMW,
oOnazaroiiee OOJIbIION MPOHUKAIOIIEH CIIOCOOHOCTBIO, MPU ATOM IHEPTHUS
AIpa YMEHBIIAETCA, MACCOBOE YHCIIO M 3apsifl OCTAIOTCA HEU3MEHHBIMU.
(XuMHUYECKHUI HPJIEMEHT HE CMENIaeTcsl B MEPUOJMYECKOM CUCTEME, €ro
MAaCCOBO€ YHCJIO HE M3MEHSETCSA W JIMIIb AAPO €r0 aroMa IMEPEXOIUT U3
BO30Y’KJICHHOTO COCTOSIHUSI B MEHEE BO30YKICHHOE).

SnepHble peakuuu - MNPEBpAlICHUs SAEp, MPOUCXOIAIIME TPU HX
CTOJIKHOBEHUH JAPYT C APYTrOM HJIM C dJIE€MEHTapHbIMU dacTuiiamu. [lepBas
WCKYCCTBEHHAs sAepHas peakius Oblia ocymecTtBieHa J. Pesepdopmaom
(1919 r.) npu  OomOapaAMpoOBKE  saep  a30Ta  O-YaCTHUIIAMH:

14, 4 17 .1
2N +,He —g0+H

C noMomp SAEPHBIX PEAKIM OBLIM IMOJYYEHBl M30TOINBI MHOTHX
XUMUYECKUX JJIEMEHTOB M sipa BCEX XHMHYECKUX DIJIEMEHTOB C
NOPSAKOBBIMU HOMepamu oT 93 o 110.

3aoauu u 60npocwvl 0711 CAMOKOHMPOS

1. Kakne peakuuu Ha3bIBalOTCA sAAepHbIMU? UYemM OHM OTIMYAKOTCA OT
xumudecknx? KeM u korma Obuta BiepBbIe OCYIIECTBIICHA SiACPHAS PEAKIIHS?

2. IlpupoaHblii BOAOPOA COCTOMT W3 JBYX HM30TOMOB - MPOTUS U JEHUTEpHs C
MaccoBbiMU J101siMUA 99,98 % 1 0,02 % cooTBeTcTBEHHO. BhIuncinTe aTOMHYIO
Maccy BOJOpO/Ia.

3. Onpenenute aTOMHYIO MacCy KHCIOPOJia, cocTosiiero u3 uotonos: 160, 170,
180 ¢ maccoBbiMu gomusimu 99,76 %; 0,04 %; 0,20 % cOOTBETCTBEHHO.

4. HazoBuTe Tpu H30TONA BOJOPOJA. YKaXKUTE COCTaB HX sjep. UTto Takoe
Tsokenas Boaa? Kak oHamosrydaercs U KakoOBbI €€ CBOMCTBA?



Pacnpejnesienne 3JIEKTPOHOB HA YHEPreTHYECKUX YPOBHSIX
U MOJXYPOBHAX

Ilnan:
1. Teopus H.bopa
2. KBaHTOBBIE UHCIIa DIEKTPOHOB
3. IlpaBuna KneukoBckoro
4. [lpunuun [laynu u npasuio ['yHaa

OnopHblie cjoBa U BbIpamxeHusi: meopusi H.bopa, keanmoewvie
yucna, 2nagHoe KeaHmogoe HUCI0, OpOUmaibHoe KEAHMOo80e UUCIO,
MACHUMHOE KEAHMOB0E HUCIO, CHUHOB0€ KEAHMOBOE HUCLO, NPABUIA
Kneuxosckoeo, npunyun [layau

CocTaB aToma

ATOM COCTOMT W3 aTOMHOIO SI/IPa U JJEKTPOHHOM 000JIOYKH.
SInpo aToma cocTOUT n3 IPOTOHOB (P*) U HEHTPOHOB (no). VY OonbplIMHCTBA
aTOMOB  BOJOpOJA  sAPO  COCTOMT M3  OOHOIO  IPOTOHA.
Yucno npotonos N(p*) pasHo 3apsamy snpa (Z) U MOpSAKOBOMY HOMEpY
3JIIEMEHTA B €CTECTBEHHOM Py 3JIEMEHTOB (M B MEPUOJNYECKON CUCTEME
AJIEMEHTOB).

N(p") =Z

o 0 o
Cymma yucna HelitpoHoB N(N), o6o3Hauaemoro mpocto OykBoii N, u
qyuciaa MPOTOHOB Z HAa3bIBAETCS MACCOBBIM YHCJIOM U 0003HaYaeTcs
OyKkBOi1 A.

A=Z+N

ONeKTpoHHAass 000J0YKa aToMa COCTOUT W3 ABWKYIIUXCS BOKPYT
sapa 3aeKTpoHOB (¢). Yncimo snextpoHoB N(€) B 2JIEKTpOHHOH 000JI0YKe
HEUTpaJbHOrO aToOMa pPaBHO YHUCIAYy OpoTOHOB Z B ero sape. Macca
MpOTOHA MPUMEPHO paBHA Macce HeilTpoHa u B 1840 pa3 Oosibllie Macchl
AJNIEKTPOHA, O3TOMY Macca aToMa MPaKTUYECKU paBHa Macce saapa. opma



atoma - cepuueckas. Pagumyc sapa mpumepro B 100000 pa3 meHbIe
pannyca aToMma.

XuMHYeCKUH JJIeMeHT - BHJ AaToMOB (COBOKYIHOCTb aTOMOB) C
OJIMHAKOBBIM 3apsi/IoM sijipa (C OJAMHAKOBBIM YHUCJIOM IPOTOHOB B SpE).

M30T0N - COBOKYITHOCTH aTOMOB OJTHOTO 3JIEMEHTA C OJJMHAKOBBIM YUCIIOM
HEUTPOHOB B siApe (WM BUJ aTOMOB C OJWHAKOBBIM YHMCJIOM MPOTOHOB H
OJIMHAKOBBIM UYKMCJIOM HEHUTPOHOB B sijipe). Pa3Hble M30TOMBI OTIWYAIOTCS
Ipyr OT Jpyra 4YUCIOM HEWTPOHOB B  fAIpax MX  aTOMOB.

OGo3HauEHNE OTAEIBHOIO aToMa WK u30Toma: z3(D - CHMBOI DIEMEHTA),
Hanpumep: 1H. 0. 7 CL,

CTtpoeHue 3J1IeKTPOHHOI 000JI0YKH aTOMA

ATOMHasi OpOUTAJIL - COCTOSIHHE JJIEKTPOHA B aTOME. Y CIIOBHOE
o0o3HaueHue opoOutamu - o. Kaxaol opOuTamu COOTBETCTBYET
AIEKTPOHHOE 00J1aKo.

OpOutanu peasbHbIX aTOMOB B OCHOBHOM (HEBO30Yy>KJAEHHOM) COCTOSIHUU
OBIBAIOT YETBIPEX THUIIOB: S, P, d 5 f.

DJIEKTPOHHOE 00JIaK0 - YaCTh MPOCTPAHCTBA, B KOTOPOU IJIEKTPOH MOKHO
OOHapy>XUTh ¢  BeposATHOCThIO 90 (wim  Oosiee)  MPOIICHTOB.

llpumeuanue: WHOTJIA TOHATUS "aTOMHas opOuTanb" W "AIEKTPOHHOE
oOJyilako" He pa3auYaroT, Ha3blBasg U TO, U Apyroe "aToMHOW opOUTaIbI0".

DnekTpoHHas 000J0YKa aTOMa CIIOUCTasl. JJIeKTPOHHBIN c10i 00pa30oBaH
AJIEKTPOHHBIMM O0JaKaMH OJJMHAKOBOTO pazMepa. OpOuTain OJHOTO CIOs
00pa3yloT 3JIeKTPOHHBIH (''IHepreTudyeckuii'') ypoBeHb, HUX DHEPTrUHU
OJIMHAKOBBI y aTroMa BOJOpOAa, HO Pa3IM4aroTcsi y APYyrHMX aTOMOB.

OpHOTHIIHBIE OPOUTAIM OJHOTO YPOBHS T'PYNIHPYIOTCS B IJIEKTPOHHBIE
(3HepreTuvyeckue) IIOJTYPOBHH:
S-TOTypOBEHb (COCTOUT M3 OJHOM S-OpOMTaN), yCIOBHOE 0003HAUCHHE - O,



P-TIOTypOBEHBb (COCTOUT U3 TPeX P-opOuTaseii), yCaoBHOE 0003HAYEHHUE - O
.

d-mogypoBens (cocTout u3 maTH d-opOuTaeii), ycioBHOE 0003HAYCHHUE - O
oTT.

f-moxypoBens (cocTout u3 cemu f-opouTaneit), ycioBHoe 0003HaUYCHHUE -
OTTT.

DHepruun opOuTanei OJIHOT'O IIOYpOBHS OJUHAKOBBI.

[Ipu o0603HaYeHWH TMOAYPOBHEH K CHUMBOJY TMOAYpPOBHS 100aBIsAETCS
HOMeEp CJI0sl (3JICKTPOHHOTO YpOBHs), Hampumep: 2S, 3p, 5d o3nagaer S-
IIOJIypPOBEHb BTOPOI'O yPOBHS, P-TIOJYPOBEHb TpEThero ypoBHs, d-
OAYpPOBEHB HATOTrO YPOBHSI.

OO6miee 4mciio MOAYPOBHEW Ha OJHOM YPOBHE pPaBHO HOMEPY YpOBHsS N.
OO6mee yncmo opouTaneir Ha OMHOM ypoBHE paBHO N°. COOTBETCTBEHHO

2
aTOMy, oOmee 4dYuciao oOOJIaKOB B OJHOM CJIO€ paBHO Takxke N°.

O06o3HaueHus: o- cBOOOAHAsE opOuTanb (0€3 3JIEKTPOHOB), - OpPOUTAIB C
HECTIAPEHHBIM 3JICKTPOHOM, m- OPOUTAIb C AIEKTPOHHOUW Mapoi (C AByMs
AIEKTPOHAMH).

[Topsimok 3amoiHEHUs] SJEKTPOHAMHU OpOWTalIeld aroMa OmpeAesieTcs
TpeMsi 3aKOHamMu Tpupoabl  (GOPMYIMPOBKH JIaHbl  YIPOILEHHO):

1. ITpyHUIMIT HAUMEHBIIEH PHEPTUM - JIEKTPOHBI 3aNOJHIIOT OpOUTAIN B
MOPSKE BO3pAaCTaHUs SHEPIruu opOuTanei.

2. Ilpunnun Ilaynu - Ha ogHON OpOMTAIM HE MOXET OBITh OOJBIIE NBYX
AIIEKTPOHOB.

3. IlpaBuno XyHzma - B Tmpeaenax IOAYPOBHS 3JIEKTPOHBI CHadasia
3aMoJHAIOT CBOOOAHBIE OpOuUTAIM (IO OAHOMY), M JHIIb IOCIE 3TOTO
o0pa3ytoT AJIEKTPOHHBIC naphl.

OO011ee 4nCciIo ANEKTPOHOB Ha AJIEKTPOHHOM YPOBHE (WUJIM B DJIEKTPOHHOM



CJ10€) pPaBHO 2n°,

Pacnpenenenue moaypoBHE# MO SHEPTHUSAM BbhIpaKaeTcs psaoM (B MOPSIKE
YBEJIMYEHHUS SHEPTUM):

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p ...

HarnmsinHo 2Ta  mocCienoBaTENbHOCTh — BBIPAKAETCS  DHEPreTHYECKOM
JTAArpaMMON
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Pacnipenenenue »1EKTPOHOB aroMa IO YPOBHSIM, MOAYPOBHSIM U
opOuTaisiM (JIEKTPOHHASI KOHPUTYpAITUs aTOMa) MOXKET ObITh N300paxeHa
B BHJEC DICKTPOHHON (OPMYJbl, HSHEPreTUUECKON AHarpamMMbl WIH,
YIPOILEHHO, B BUJE CXEMBbI 3JIEKTPOHHBIX CIOEB ("31meKTpoHHas cxema').

[IpruMepbl 3TEKTPOHHOTO CTPOEHUSI AaTOMOB:
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Ba.]'leHTHBIe 3JIeKTp0HbI - SJ'ICKTPOHBI aToMa, KOTOpHe MOFYT

MPUHUMATh YYacTHE B 00pa30BaHUU XUMHUYECKUX CBA3CH. Y JIFOOOT0O aTtoma
3TO BCE BHEIIHHE AJIEKTPOHBI IJTIOC T€ MPEABHEIIHUE IJIEKTPOHBI, SHEPTHUS
KOTOpBIX OoJibllle, yeM y BHemHuX. Hampumep: y atroma Ca BHEIIHHE
AJIEKTPOHBI - 4S°, OHM K€ U BaJIEHTHBIE; y aToMa Fe BHEIIHUE 31EKTPOHBI -
4s%, Ho y HETO €CTh 3d®, ciemoBarenbHO y aroma jkeje3a 8§ BaJCHTHBIX
AJIEKTPOHOB. BaneHTHast snekTpoHHas GopMyrna aToma KaibIus - 4%, a
aToMa sxenesa - 45°3d°.

KBanToBbIe UMcJia

YeTpbipe KBAaHTOBBIX YHKCJA OMNMHUCHIBAIOT COCTOSHHUE JJICKTPOHA B
aTOME M XapaKTEepPU3YIOT JHEPTrUi0 HJIEKTpOHa, (OPMY 3DIEKTPOHHOIO



oOJjlaka, €ro OpPHUEHTAIlMI0 B TMPOCTpaHCTBE W ero cnuH. [Ipu mepexome
aToMa M3 OJHOTO COCTOSIHMSI B JPYyroe IPOUCXOJIUT TNEPECTPOMKa
AJIEKTPOHHOI'0 00JIaKa, T. €. U3MEHSIOTCS 3HaUCHUS KBAaHTOBBIX YHCEII, YTO
COTNIPOBOXKJAACTCA TIOTJIONIEHUEM WM MCIyCKaHHEM aTOMOM KBaHTOB
SHEPIHUH.

I'naBHOe KBaHTOBOE YHCJI0 (N) XapaKTEPU3YET YHEPTUIO DJICKTPOHA
Ha JJAHHOM JHEPreTHYECKOM YPOBHE, HCIIOJB3yEeTCS KaK HOMEp YPOBHS,
ompeaeisIeT pa3Mepbl aTOMHOW opOuTanu. ['71aBHOE KBAaHTOBOE YHCIIO
MOKET IPHUHUMATh 3HaueHus ot 1 go « (n = 1, 2, 3, 4,..., ©). UHoraa
ypoBHHU 0003Ha4aroT OykBamu: 1 2 3 4...— ...K L M N... cOOTBETCTBEHHO.
Yem meHbmie n, TeM OOJBINE SHEPTrHUs B3aWMOJCHCTBHS JJIEKTPOHA C
sapoM. Ilpu n = 1 aToM Bogopoaa HaXOAUTCS B OCHOBHOM COCTOSIHUHM, TIPH
N> 1 — B BO30YX/JIECHHOM:

OpoutanbHoe kKBaHTOBOE 4mci0 (1) onpenenser popmy aTtomHOMI
opoutaim (AO) u npuHuMaeT 3HaueHus oT 0 10 (n — 1), T. e. N 3HAYCHUI.
Kaxaomy 3HaueHUI0 | COOTBETCTBYET OpOUTaNb OMPEAEICHHOW (POPMBI
(cM. T1abn. 4.1, puc. 4.1). OpOutanbHOE€ KBAaHTOBOE YHUCJIO MPHUHSITO
0003HayaTh OYKBEHHBIMU CUMBOJIAMU:

1=0 1 2 3 4..
s pd f g..

JJIEKTPOHBI C OAMHAKOBBIM 3HA4YeHHeM | 00pa3yloT noaypoBeHb.
Tabnuia 4.1.

O0o3HaueHHe OPOHTAIBHOIO KBAHTOBOTO YHCIA H IOVPOBHEH

n (YpoBeHB) [ (moxypoBeHs) Oo0o3HaUeHHE TOIYPOBHEH
1 0 ls
2 0.1 2s. 2p
3 0.1.2 3s. 3p. 3d
4 0.1.2.3 4s. 4p. Ad. 4f

Pemenue ypaBuenus llIpegunrepa nokasaino, 4to s-opoutans (1 = 0)



umeeT dhopmy 1apa, p-opourais (1 =1) — popmy rantenu u T. a. (puc. 4.1).

Takum oOGpa3zoM, il DIEKTPOHOB MEPBOr0 IHEPTETUUECKOTO YPOBHS
(n = 1) Bo3MOXXHa TOJBKO OJHa (opma opOurtamu (s) (puc. 4.1), mus
BTOpOro (n=2) — aBe (S U p) U T. A., T. €. SHEPTETUUECKUE YPOBHU COCTOSAT
W3 OJHOTO WJIM HECKOJBKHX JHEPreTHYEeCKUX MoaypoBHeW. [ma n = 1
BO3MOKE€H TOJIBKO OJUH MOoaypoBeHb ¢ 1 =0, mman=2—naBacl=0mul=1
U T. 1.

CocrosiHuE 3JIEKTpOHA B aroMe 0003HayarT IudpaMu U OyKBaMH.
Hanpumep, snektpon, y kotoporo n = 1 u I = 0, obo3nauaror 1s. 4p-
COCTOSIHUE€ O3HA4YaeT, uYTO JJIEKTPOH HAxXOAUTCA Ha YETBEPTOM
HEPreTuUecKkoM ypoBHE (n = 4); popma opOUTaIH COOTBETCTBYET TaHTEIH
I=Dwur. n.

MarnuTtHOE KBaHTOBOE YHUCJI0 (m) XapaKTepu3yeT
MPOCTPAHCTBEHHYIO OPHUEHTALUI0 OpOUTANM W TMPUHHUMAET CICAYIOIINE
sHauenms: 0, £1, £2,... £1.

Puc. 4.1. ®opmbl aTOMHBIX OpOuUTaset



Jlns xaxnaoro 3uadenus | paspemeno (21 + 1) 3mauenuiét m. Bce
opbuTtamy ogHOTO MOAYpOBHS | 00Magar0T OMHAKOBOW PHEPTHEH, HO TIO-
Pa3HOMYOPHUEHTUPOBAHBI OTHOCUTEIBHO APYT Apyra.

Takue cOCTOAHMS Ha3bIBAIOTCS BBIPO:KAEHHBIMH. Takum o0Opaszom,
P-COCTOSIHHE TPEXKPATHO BBIPOXKICHO, d — MATHKpaTHO U T. 1. (Tad. 4.2).

Tabmuna 4.2
[ToaypoBHH H aTOMHBIE OpOHTATH
1 m Hnemo AO VeIoBHOE 0003HATIEHHE
(moxypoBeHS) (opoHTaND) ¢ JaHHBIM 3Ha4YcHHEM [ OpOHTATSH
0 (s) 0 1 | ()
1 (p) +10-1 3 101 (p)
2 (d) +2+10-1-2 5 OO0 (d)
3(H 3210-1-2-3 7 N | O I 3

N3ydeHue aTOMHBIX CHEKTPOB MOKA3aJI0, YTO TPEX KBAHTOBBIX YUCEI
HEJIOCTATOYHO JJIsl OTMCAHUS CBOMCTB 3JIEKTPOHOB.

JIomONHUTENbHOE YETBEPTOE KBAHTOBOE YHUCIO — CIHHOBOE ()
(«spin» — BpallleHUWE, BEPETEHO) — XapaKTEPU3yeT COOCTBEHHBIN
MEXaHHUYECKH MOMEHT JIBUKEHHSI DJIEKTPOHA, KOTOPOE YCJIOBHO
MPEJCTABIISIIOT KaK BpallleHue BOKPYr COOCTBEHHOW ocu. OHO MOXET
MPOUCXOJUTh B JABYX B3aUMHO MPOTHBOIOJIOKHBIX HAMNPABICHUSIX.
[TosTOMy CIMHOBOE KBAHTOBOE YMCIIO UMEET TOJBKO JBAa 3HaUeHUs: +1/2 u
— 1/2. Hanuuume cnmHa y  DJEKTpOHA OBUIO  MOJITBEPXKACHO
HSKCIEPUMEHTAIBHO. OJEKTPOHBI C Pa3HBIMH CIHHAMH OO0O3HAYAOTCS
CTpEJIKaMH, HallpaBJICHHBIMU BBEPX U BHU3.

3ano/iHeHNe ATOMHBIX OPOUTAJIEH JIEKTPOHAMH
B MHOT'03JICKTPOHHOM aTOMe

B MHOr0O37€KTpOHHBIX aTOMaxX XapaKTEPUCTUKN aTOMHBIX OpOUTaien
Majo HU3MEHSIOTCS, OJAHAKO COCTOSIHHUA C pa3HbIMM | B TakoM aTome
OTJIMYAIOTCS MO0 JHepruu: uem Oosbiie 1, Tem Oosble 3HEPTHS.
Pacnipenenenue 3J€KTPOHOB B aTOME IO SHEPreTUYECKUM YPOBHAM H
NOJIYPOBHSIM MOJUUHSIETCS CIETYIOLUIUM 3aKOHAM:



1. Ilpunyun  HaumeHvwieu  dHepeuu.  JJIEKTPOHbI B  aTOMe
pacnpeaeJsioTcs M0 OpOUTAIAM TAKMM 00pPa3oM, YTO IHEPrusi aTOMAa
OKa3bIBaeTCH HAUMEHbLICH.

Kaxnon AO orewaer onpeneneHHas sHeprus. Ecim sHeprus AO
OJIMHAKOBA, TO TaKue OpOMTAIM HA3bIBAIOT BBIPOXKIACHHBIMHU. PaccrosiHue
Mexay AO B equHUIIaX dHEepruu HazbiBaroT paciierienuem AO (AE). [l
BBIPOKJICHHBIX aTOMHBIX opouTaneir AE = 0.

B cnyuae onmnosnexkrponnoro aroma (H, He+, Li2+, Be3+ u 1. 1.)
sHeprust AO 3aBUCHUT TOJBKO OT TJIABHOTO KBAHTOBOTO YMCJA: YEM OHO
oonpliie, TeM Oosbiine 3Heprusa snekTpoHa Ha AO. CookymHocTh AO ¢
OJHAM W TE€M € N Ha3bIBACTCS JIHepPreTrudeckum yposHeM. AO c
OJIMHAKOBBIMU N, | HA3BIBAIOT MOAYPOBHSIIMH.

2. llopspok cnepoBanus AO Mo SHEPTUM ONPEAEIACTCS NMPABUIAMHU
KneukoBCKOro:

1. DHeprusi 3JIeKTPOHA B OCHOBHOM OIpeessieTcsi 3HAYeHUsIMHU
rJIAaBHOTO (N) U 0PpOMTANBLHOTO (1) KBAHTOBBIX YHCeEJI, IO3TOMY CHAYAJIA
3JIeKTPOHAMHU 3ATNOJHSIOTCS Te MOAYPOBHH, JJIs1 KOTOPLIX cymma (N +
1) MeHb1IC.

Hanpumep, MOkHO ObUIO OBl MPEANOI0XKUTh, 4TO 3d-IOAYPOBEHB MO
sHeprun Hwxke, dem 4s. OpHako, coryiacHo IpaBwiy KiedykoBCKOro,
sHeprus 4s-cocTosiHus MeHble, ueM 3d, Tak kak s 4s cymma (n + 1) =4
+0=4,ama3d—(n+1)=3+2=5 (puc. 4.2).
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Puc. 4.2. Dueprun AO B MHOTO3JIEKTPOHHOM aTOME



2. B cayuae ecuu cymma (n + 1) 1191 ABYX HoAypOBHEl OJMHAKOBA
(nanpumep, aiasa 3d- u 4p-moaypoBHeH 3Ta CyMMa paBHa ISTH),
CHAYAJIa 3aM0JIHAETCH YPOBEHb ¢ MEHbIIUM .

IToatomy  ¢opMupOBaHHE DHEPreTUUYECKMX YpPOBHEH  aTOMOB
AIIEMEHTOB YETBEPTOIO nepruoja IIPOUCXOIUAT B TaKou
nocjenoBaTenbHoCcTU: 4s—3d — 4p.

Hampuwmep: 21Sc 15°25°2p°3s°3p%4s°3d",
31Ga 15°25°2p°3s*3p°4s5°3d*%4p*.

Takum o06pa3zom, ¢ yueToM npaBuil KjedykoBCKOI0, SJHEPTUsi aTOMHBIX
opOuTaliel BO3pacTaeT COTJIACHO PATY

1s <2s<2p<3s<3p<4s<3d<4p<5s<4d <5p<6s<4f<<5d
<6p <Ts<5f<6d<Tp.

(BHaku < o3HayaroT, 4yTOo AHeprud AQO OJU3KHU, TaK UYTO 3]ECh
BO3MO>KHBI HApyIIeHUs TTpaBui Kiie4kOBCKOTO).

[Tonmp3ysACh 3TUM PSIAOM, MOKHO OIPEIEIIUTH IEKTPOHHOE CTPOCHUE
mo0oro aroMa. st 3TOro HYXHO TMOCIEIOBAaTEIbHO J00aBISITh H
pa3MeniaTth Ha MOAYPOBHIX M aTOMHBIX OpOUTANSAX AJNEKTPOHBI. [Ipu aToM
HYHO I0JIb30BaThCS €IIE PSIAOM ITPaBUIL.

3. EmMxoctes AO onpenensiercs npuHuunom Ilayau: B arome He MoOkKeT
ObITh ABYX 3JJEKTPOHOB ¢ OJAUHAKOBBIM Ha0OpOM BcCeX 4YeTbIpex
KBAHTOBBIX YHCeJI.

NupiMu  croBamu, Ha oaHod AQO, XapakTepusyeMou Tpems
KBAaHTOBBIMM YMCJIAMH, MOXKET Pa3MECTUTHCS TOJBKO JABa IJEKTPOHA C
MPOTHUBOIOJ0KHBIMHA CIIUHAMH, T. €. 11 0JHOU AO MOXHO 3anucaTh JiBa
BO3MOKHBIX BAPHUAHTA 3aITOJTHCHUSA:

OJHHM 31€KTPOHOM | T |H ABYMA 31eKTpoHaMH || ]

[Ipr 3TOM KOHKPETHOE HANpaBJICHHE CIHHA JJI1 OJHOTO
AJIEKTPOHA Ha
opOuTanM HE HMEET 3HAYEHUs, Ba)KHO JIMIb, YTO CIUHBI O ABYX
ANEKTPOHOB Ha OJHOW AQO HMEIT MPOTUBOIOJOXKHBIE 3HAaKW. [IpuHUHN



[laynu ¥ B3aMMO3aBUCUMOCTh MEXIY 3HAYCHUSIMU h, | 1 m onpenenstor
MaKCUMajJbHO BO3MOXKHOE KOJUYECTBO JJICKTPOHOB Ha OpOUTaNH,
MOAYpPOBHE U ypoBHE (CM. Tad. 2.4):

— Ha oaHoM AQ — 2 3IEKTpOHa;

— Ha noaypoBHe 1 — 2(21 + 1) snekrTpoHa;

— HA YPOBHE N — 2N" 3JIEKTPOHOB.

Taomuna 4.3
Pacnipenenienue 3JeKTPOHOB
M0 PHEPTETUYECKUM YPOBHSAM U TTOAYPOBHSIM

DHepreTHY. ['naBHOE JHepreTHY. AToMmHBIE MakcHMaTBHOE
YPOBEHB KB. YHCIO | IOIYPOBESHB OpOHTATH THCIO €
NOIYpPOBEHB | YPOBEHB
1 1 s (I=0) O 2 2
s (I=0) 2
2 2 p(=1) || o 8
5 (I=0) | 2
3 3 p(=1) O ) 18
d (1=2) EmEEn 10

4. llpm 3anonHeHun >iekTpoHaMu AQO OJHOro NOAYPOBHS
coOJIro1aeTCs MOPSIAOK, ONpeAesieMblid MpaBuaaMu ['yHa:

a) B JaHHOM IOAYPOBHE 3JJIECKTPOHbI CTPEMATCH 3aMOJHATH
JHEpPreTHYecKre COCTOSTHUSA TAKUM 00pa3oM, YTOOBI CyMMa UX CIIMHOB
10 a0COJIIOTHON BeJIMYNHe ObLIa MaKCMMAaJIbHA (TIepBoe paBwio). [pu
3TOM 3HEPTrUsl CUCTEMbl MUHUMAaJIbHA.

Hampumep, paccMOTpUM 3JIEKTPOHHYIO KOH(UTYpalMI0 aToMa
yriepoaa. [lopsakoBsiii HOMEp aTOMa paBEH MIECTH. JTO 03HAYAET, 4TO B
aToMe 6 JIEKTPOHOB M OHU PACHOJIOKEHBI HA JIBYX KBAHTOBBIX YpPOBHSX
(aToM yrimepojga HaxXOAUTCS BO BTOPOM Iiepuojne), T. €. s 2822p2.
['padpuuecku 2p-noypoBeHb MOKHO U300pa3UTh TPEMS CIIOCOOAMMU:

ls 25 2p ls 25 2p s 2s 2p
I 4

m o o0 +s10-1 0 0 +10-1 O 0O +10-1

a o [+



CyMmma ciMHOB B BapHaHTE @ paBHA HYJII0. B BapuaHTax 6 u B cymma
CIIMHOB paBHa 72 +'2 = | (1Ba capeHHBIX 3JIEKTPOHA B CYMME BCEra AaroT
HOJIb, TIO3TOMY YUUTHIBAEM HECTIAPEHHBIE JICKTPOHBDI).

0) [Ipu BeIOOpE MEX Ty BapuaHTaMH & U 8 PyKOBOJICTBYEMCSI BTOPBIM
npaswiomM ['yHga: MUHMMAJILHON JHepruei 00JagaeT COCTOSHHE C
MAKCUMAJIbHOH (10 Aa0COJIIOTHOM BeJIMYUHE) CYMMOM MATrHMTHBIX
KBAHTOBBIX YHCeJI.

B  coorBerctBuM ¢ mnpaBwioMm ['yHma, TakuMm  oOpasowm,
peuMyIecTBoM obiagaeT Bapuant 6 (|1+ 0| = 1) , Tak kak B BapuaHTE &
[+1-1|=0.

Onpenenum, HapuMep, JIEKTPOHHYIO (POPMyITy AJIeMEHTa BaHATUsA
(V). Tak kak ero mopsaKoBBIM HOMEpP Z = 23, TO HY>KHO pa3MECTUThb Ha
NOAYPOBHSIX W YPOBHSIX (MX YEThIpE, TaK KaK BaHAJIWWd HAXOJIMUTCS B
YETBEPTOM Hepnoz[e3) 23 »spektpoHa. llociemoBaTenbHO —3aIOJHSIEM:
15°25°2p°3s*3p°4s”3d (mOMUepKHYTHl ~ HE3aKOHYEHHbICE  YPOBHU U
noaypoBHHu). Pazmemenue snektponoB Ha 3d — AO mo mpasuiny ['yHaa
oynet

m +2 +1 -1 -2

0
sa [T

Jlns cenena (Z = 34) nonHas snaekTpoHHas Gopmyiia Se:
15°25°2p°3s°3p°45°3d'4p*.
3anoJiHEHKE 3TOr0 MOAYPOBHS 1o nipaBwity ['yHaa:

LT

4p

OcoOyt0o pojib B XUMHUU WIPAIOT  DJEKTPOHBI  TMOCIETHUX
HE3aMOJTHEHHBIX YPOBHEHM M  TOJXYpPOBHEW, KOTOPBHIE HA3bIBAKOTCS
BaJIeHTHbIMHM (B popmynax V, Se — noguepkHyThl). Tak, Hanpumep, y V —
ATO AJIEKTPOHBI YETBEPTOrO YPOBHS 4S° M HE3aMOJIHEHHOTO MOAypoBHS 3d7;
T. €. BAJICHTHBIMU 3JIEKTpOHaMu OynyT: y V — 4s*3d° (5 2MeKTpOHOB); 115t
Se — 4324p4 (6 2IEKTPOHOB); 3d10-HO,Hyp0BCHI> B 9TOM CJIy4yae 3aroJIHEH U
HE SBJSIETCS BAJCHTHBIM (TIOCJI€ 3alOJIHEHHUS] OH TIEepeMeliaeTcss Io
SHEPrUM HIXKE, 4YeM 4s, TaKk 4YTO TMpaBWibHAs MOCJIEI0BATEIbHOCTD
3aI0JIHEHHBIX MOTypoBHEil y Se — 1s°25°2p°35°3p°3d'%4s%4p*).



[Io Ha3BaHUIO MOCIEAHErO 3aMOJHAEMOTO IOJYPOBHS 3JIEMEHTHI

HAa3bIBAIOT:

s-anemenrsl (Li ..2s%, Ca: ...45°);

p-anements (B ...25°2p’, Se ...45%4p%):;

d-snemenTh! (SC ..4323_dl, V ..4823_d3);

f-snements! (La 65°4f, Eu ..65%4f’, U ..75°5f%).
(B dopmynax 5IeMEHTOB MOJYEPKHYT TMOCIACTHUN  3amoOJHSEMbIN
MOJYPOBEHB ).

HaiineHHble MO0 ONMMCAHHOM BBINIE MpoLEaype GOopMyJibl BaJl€HTHBIX
AJIEKTPOHOB HA3BIBAIOTCA KAHOHMYECKUMH (HAWJICHHBIMU 1O MpaBUiIaM).
B nmeicTBUTENBHOCTH  peaibHble  (GOPMYJbL,  ONpeAcisieMble U3
HSKCIEPUMEHTAa WJIM KBAHTOBOMEXAaHMYECKUM pPAaCUE€TOM, HECKOJIBKO
OTJIMYAIOTCS] OT KAHOHUYECKHUX, T. €. TpaBmiia ['yHa HHOT1a HApYIIAKOTC.

[IpyuurHBI 3TUX MPOIECCOB PACCMOTPEHBI HUXKE.

IIpumep 1. 3anucars 37IEKTPOHHYIO (POpMylly aroma 3JIEMEHTa C
aTOMHBIM HOMEpoM 16. BaneHTHBIE 3JIeKTPOHBI U300pa3uTh rpaduuecKku u
OJINH U3 HUX OXapaKTEePU30BaTh KBAHTOBBIMU YUCIIAMH.

Pemienune. AtomHbi HOMEp 16 mMeer atoM cepbl. ClieqOBaTENbHO,
3apsaa sAapa paBeH 16, B LEIOMaroM CEPhl CONEPXKUT 16 SIEKTPOHOB.
OnekTpoHHas (opMysa aTomMa CEpbl 3aMUCHIBACTCS 1s°25°2p°3s°3p*
(HOMYEepKHYTHl  BaJICHTHBIE  JJIEKTPOHBI). ['paduueckas  ¢opmyna
BAJICHTHBIX 3JIEKTPOHOB

CocTosiHME KaXKJIOTO 3JICKTPOHA B ATOME XapAKTEPU3YETCS YETHIPHMSI
KBAHTOBBIMU YHUCJIaMH. JDJEKTPOHHAs (popMylia JaeT 3HAYCHUS TJIAaBHOTO
KBAHTOBOTO 4YHCJIAa W OpPOUTAIbHOrO KBAaHTOBOrO uucia. Tak, s
OTMEYEHHOT'0 3JIEKTPOHA COCTOSIHUE 3p O3HAYAET,
yto n = 3 u | = 1(p). I'paduueckas popmyna naer 3HaueHHUE €IIE IBYX
KBAHTOBBIX YHCEJI — MArHUTHOTO W CIHMHOBOTO. /[l OTME4YeHHOTro
anekTpoHam=—1 us = 1/2.

Hpumep 2. OxapakTepu3oBaTh BaJEHTHBIC JSJIEKTPOHBI aToMa
CKaHAUS YE€THIPbMsI KBAHTOBBIMH YHCJIAMHU.

Pemenne. CkaHauii HaxXOQUTCS B YETBEPTOM IMepuoAe, T. €.
IOCJIEAHUN KBAHTOBBIA CJIIOM — YETBEPTHIW; B TPEThEU IpyIIeE, T. €. TPU
BAJICHTHBIX 3JIEKTPOHA.

OnekTpoHHas GpopMyJia BaJE€HTHBIX 3JIEKTPOHOB — ...4s%3d%
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3aoauu u 60npocwvl 0131 CAMOKOHMPOJi

1. HanummTe 3JIEKTPOHHBIE U DJIEKTPOHHO - Tpaduueckue (HOpMyabl aTOMOB C
nopsiAKoBbIMU HoMmepamu 18, 63. K kakomy 3JIEKTpOHHOMY CEMEICTBY OHHU
OoTHOCATCA?

2. Kakoe 3HaueHune mMeeT: a) OpOMTAIbHOE KBAHTOBOE YMCIIO JUISI SHEPTETHUUECKHUX
MOJIypOBHEM, EMKOCTh KOTOpbIX paBHa 10 u 14; 6) riiaBHOE KBAaHTOBOE YHCIIO IS
SHEPreTUYECKUX YPOBHEN, EMKOCTh KOTOPBIX paBHa 32, 50, 727

3. YuuThIBasi €MKOCTh SHEPIETHUCCKUX YPOBHEH, MOKAKHUTE CKOJIBKO MX COICPIKHT
AJIEKTpOHHas 000si0uka atoma u3 18, 36, 54 u 86 >IEKTPOHOB.

IMepuoagnyecKul 3aKOH M MEPUOTUYECKAA CUCTEMA XUMHYECKHX
a1eMmeHnToB /[.M.MenaeneeBa

Inan:
1. Ilepuonnueckuii 3akoH JI.M1.Menneneena
2. Tlepuoauueckasi cucteMa u €€ CTpoOeHue
3. 3HaUyeHUE MEPHOINIECKOr0 3aKOHA

OnopHble cI0Ba ¥  BBIPAXKEHUSA: TNEPUOAUYECKUM  3aKOH,
IIEPUOINYECKAs CUCTEMA XUMUYECKUX DJIEMEHTOB, IEPUO, TPYIIIII



Ilepuoanyeckuili 3aKOH XMMHYECKHX 3JJIEMEHTOB (COBpPEMEHHAs
bopMyITHpPOBKA): CBOMCTBA XMMHUYECKUX 3JIEMEHTOB, a TaKKe MPOCTHIX U
CJIOKHBIX BEILECTB, MMU OOpa3yeMbIX, HAXOJATCS B MEPUOJAUYECKOU
3aBUCUMOCTH OT 3HAYCHMS 3aps1a U3 ATOMHBIX SJIED.

Iepnoauyeckas cucremMa - rpaduueckoe BbIpaKEHUE
NEPUOJUYECKOTO 3aKOHa.

EcTecTBeHHBIN PAA XHMHYCCKHUX 3JIJCMCHTOB - pPAd XHUMHUYCCKUX
9JICMCHTOB, BBICTPOCHHBLIX I10 BO3PACTAHHUIO YHCJIA ITPOTOHOB B AApaX HUX
4aTOMOB, HWJIM, YTO TO XKC CaMOC, II0 BO3PACTAHUIO 3apsAH0B AICP ITHUX
dTOMOB. HOpHI{KOBBIﬁ HOMCpP DJJICMCHTA B J3TOM piaAAdy PpPaBCH YHCITY
IMPOTOHOB B Aape JF000T0 arToMa 3TOI'0 QJIEMCHTA.

Tabnuia XUMHUYECKUX DJJIEMEHTOB CTpPOMTCA MmyTeMm 'paspe3aHus’
€CTECTBEHHOI0  psAla  XMMHUYECKUX  DJEMEHTOB  Ha  NEPHOAbI
(ropu3oHTaJIbHBIE CTPOKU TaONMIBI) W OOBEAMHEHUS B TPYIIIbI
(BepTUKaJIbHBIE  CTOJIOLIBI ~ TAOJMIIBI)  3JEMEHTOB, CO  CXOJIHBIM
AJIEKTPOHHBIM CTPOCHUEM ATOMOB.

B 3aBucumoctH OT cmnocoba OOBEIWHEHUS DJIEMEHTOB B TPYIIIHI
Ta0JIUIa MOXKET ObITh JJIMHHOMEPHOIHOM (B TPYIIbI COOpPAHbI JIEMEHTHI
C OJWHAKOBBIM YHCJIOM HW THUIOM BAJEHTHBIX 3JIEKTPOHOB) U
KOPOTKONEPUOAHON (B TpymnIbl cOOpaHbl JJIEMEHTHl C OJUHAKOBBIM
YUCJIOM BAJICHTHBIX 3JICKTPOHOB).

['pynmbel  KOPOTKONEPHOTHON TaOMUIIBI JIETAATCS Ha TOATPYIIIIBI
(r1aBHBIE ¥ MOOOYHBIE), COBIAMAIONINE C TPyIIaMH JUIMHHOIICPHOIHOMN
TaOALIBI.

Y Bcex aTOMOB JJIEMEHTOB OJHOIO IIEpHOJA OJMHAKOBOE YHCIIO
ANIEKTPOHHBIX CJIOEB, PABHOE HOMEPY MEPUOA.

Yucno aneMeHTOB B niepuojax: 2, 8, 8, 18, 18, 32, 32. boabmuMHCTBO
AJIEMEHTOB BOCHBMOTO TI€pHUOJia TIOJIYyYCeHBl MCKYCCTBEHHO, IIOCICIHHE
AJIEMEHTHI ATOTO MEPHOaa ellle HE CMHTE3UPOBaHbl. Bce meprosl, KpoMe



MePBOr0 HAYMHAIOTCA C AJIEMEHTa, oOpasyroiiero menodnoit meramn (Li,
Na, K u T. 1.), a 3aKkaHUYUBAIOTCS DJIEMEHTOM, 00Pa3yIOIIuM OJ1aropo HbIN
ra3 (He, Ne, Ar, Kru . 11.).

B kopoTkomnepuoaHoil Tabauie - BOCEMb IPYIIN, KaXaas U3 KOTOPBIX
JIEJUTCS Ha JIBE MOJArpYyNibl (TJIABHYIO U MOOOYHYIO), B INTMHHOTIEPUOIHOM
TabnuIEe - WIECTHAAUATh TPYMN, KOTOpble HYMEpPYIOTCS PUMCKHUMHU
nudpamu ¢ OykBamu A wiu B, nanpumep: [A, I1IB, VIA, VIIB. I'pynna [A
JJIMHHOTIEPHUOHOM TaOIUIIBI COOTBETCTBYET TIJIaBHOM MOATPYIINE IEepBOI
IpYIINbl  KOPOTKONEpUOAHOM Tabmuipl, Tpynna VIIB - mnobGouynoi
MOArPYIIIE CeIbMOU TPYMIIBL: OCTaJIbHbIE - AHAJIOTUYHO.

XapakTEPUCTUKU XUMUAYECKUX JIEMEHTOB 3aKOHOMEPHO MU3MEHSIOTCS
B IPYIIIAaxX U NEPUOIAX.
B nepuoaax (¢ yBeJrueHUEM MOPSIKOBOIO HOMEPA)

 YBEJIWYUBAETCSA 3apsij sApa,

 YBEJIWYUBAETCS YMCIIO BHEIIHUX JJIEKTPOHOB,

« YMEHBIIIAETCS PAgUyC aTOMOB,

« YBEJIWYUBACTCA MPOYHOCTh CBSI3U DJIEKTPOHOB C SAPOM (SHEPTrUs
WOHM3AIUN),

 YBEJIWYUBAETCA IEKTPOOTPULIATETBHOCTb,

« YCWIMBAIOTCS  OKUCIHUTEJIbHBIE CBOMCTBAa TMPOCTBHIX  BEIIECTB
("HemeTanIMyHOCTh"),

« 0CIa0EBAIOT BOCCTAHOBUTEJIbHBIC CBOWCTBA MPOCTHIX BEIIECTB
("mMeTammuuHOCTR'"),

« ocyiabeBaeT OCHOBHBIA XapaKTep THAPOKCUIOB M COOTBETCTBYIOIIUX
OKCH/JIOB,

« BO3pACTaeT KUCIOTHBIA XapaKTep TUAPOKCUJIOB U COOTBETCTBYIOIINX
OKCH/JIOB.

B rpynmnax (¢ yBeIuueHHEM MOPSIKOBOIO HOMEPA)

 YBEJIIMUYUBAETCS 3apsia A11pa,

« YBEIMYMBAECTCS paguyc aTOMOB (TOJIbKO B A-Tpymnmax),

e YMEHBIIAETCS MPOYHOCTh CBA3U DBJEKTPOHOB C SAPOM (dHEPrHUs
WOHU3AIIUN; TOJIBKO B A-TpyIIax),



« YMEHBIIAETCS AICKTPOOTPULIATEILHOCTD (TOJIBKO B A-Tpynnax),

« OCIa0EBAaIOT  OKHUCIHUTEIbHBIE  CBOWCTBA  MPOCTHIX  BEIECTB
("HEeMEeTaTMYHOCTB"; TOJBKO B A-rpynmnax),

« YCWIMBAIOTCS BOCCTAHOBUTEJIbHBIE CBOMCTBA MPOCTBHIX BEIIECTB
("MeTannM4HOCTR"; TONBKO B A-Tpymnmnax),

« BO3pPACTa€T OCHOBHBINH XapakTep TMAPOKCUJIOB U COOTBETCTBYIOIIUX
OKCHJIOB (TOJIbKO B A-rpymnnax),

« OclabeBaeT KUCIOTHBIN XapakTep TUAPOKCUIOB U COOTBETCTBYIOIINX
OKCHJIOB (TOJIbKO B A-rpymmax),

« CHWIKAETCS YCTOMYHUBOCTH BOJOPOAHBIX COCAMHEHUM (TIOBBIIIAETCS
UX BOCCTAHOBUTEJbHAS! aKTUBHOCTh; TOJILKO B A-Tpymnmax).

Pexomenoayuu k meme

[IpopaboTaB 3Ty Temy, Bbl HOKHBI YCBOUTH CIEAYIONINE TTOHITHUS:
aTOM, aTOMHOE SJIpO, OJJICKTPOHHAs 000JI0YKa, IPOTOHBI, HEHUPOHHBI,
AJIEKTPOHBI, MAacCCOBOE YHUCJIO0, XHMHUYCCKHH DJIIEMEHT, H30TOIIHI,
AJIEKTPOHHOE 00JIaKO, DJEKTPOHHBIA CJIOM, OpOUTaNlb, AIEKTPOHHBIM
MOTyPOBEHb, JJICKTPOHHBIA YPOBEHb, JICKTPOHHAS (popMyria, BaJleHTHas
AJIEKTPOHHAS dopmyna, IHEepreTuvecKas auarpamma.

Bbl AOJKHBI 3HATH: 3aKOHBI 3aMOJHEHUS OpOUTaNeil 3JIEKTPOHAMMU
(mpuHIMO HauMeHbleH sHepruu, npuHuun Ilaynm, mpaBuno XyHpa),
CTPYKTYPY HEPUOANIECKOU CUCTEMBI IJIEMEHTOB.

Bbl HOMKHBI yMETH: OIPEAEIATH COCTaB aToOMa IO IIOJIOKEHUIO
AJIEMEHTa B MEPUOJIMYECKON CUCTEME, M, HA000pOT, HAXOJIUTh DJIEMEHT B
MIePUOUYECKON CHCTEME, 3Hasl er0 COCTaB; M300pakaTh CXEMY CTPOCHUS,
AIEKTPOHHYIO KOH(UTypallMio aTomMa, MOHa, U, HA00OPOT, OMpPEIENIITh MO
CXEM€ U DJICKTPOHHON KOH(PUTYpaIliK MOJ0KEHUE XUMUYECKOI0 3JIEMEHTA
B [ICXD; naBath XapaKTEPUCTUKY 3JIEMEHTAa U O00pa3yeMbIX UM BEIIECTB
o ero nojoxenutro B [ICXD; ompenensite U3MEHEHUS pauyca aTOMOB,
CBOMCTB XMMHMYECKHUX DJIEMEHTOB M 00pa3yeMbIX MU BEIIECTB B Ipejiesiax
OJHOI0 MEPUOJA U OJHOM IIABHOU MOJATPYIIIBI IEPUOIUYECKON CUCTEMBI.

IIpumep 1. Omnpenenure KOJUYECTBO OpOUTAIEd Ha TPEThEM
AJIEKTPOHHOM ypoBHE. Kakue 3To opoutanu?



Jlns  ompeneneHWss  KOJMMYECTBA  OpOWTaneil  BOCHOJIB3YEeMCS

g _ 2 _ a2 _
popmynoit Nopsuraneir = N°, TI€ N - HOMEP YPOBHA. Nopguranci = 3~ = 9. OnHa
3s-, TpH 3p- u IATh 3d-opOuranei.

Ipumep 2. Onpenenure, y aToMa Kakoro 3JIEMEHTA AJIEKTPOHHAS
dopmya 15°25°2p°3s°3p™.
Jlist Toro, 4TOOBl ONMpENEInTh, KOKOM 3TO AJIEMEHT, HAJ0 BBISICHUTH €T0
MOPSAKOBBII HOMEpP, KOTOPBIA PaBEH CYMMApHOMY 4YHCIY 3JIEKTPOHOB
aroMa. B mannoMm ciyuae: 2 +2 + 6 +2 + 1 = 13. D10 amroMUHUMN.

3aoauu u 6onpocwl 011 CAMOKOHMPONA

1. Jlaiite coBpeMeHHYIO (POPMYITHPOBKY MEPUOIUUECKOro 3aKkoHa. Yem oHa
OTJIMYAETCs OT TOM, KoTopas Obuia naHa J{. 1. MenneneeBbiM?

2. OTKpBITHE KaKUX TPEX AJIEMEHTOB ObLIO TPUYM(POM MEPUOTUIECKOTO 3aKOHA?
Kak TO4HO coBMmaym CBOMCTBA 3TUX 3JIEMEHTOB U UX MPOCTEUIINX COCTUHEHUMN
CO CBOMCTBamHu, npeackazanubiMu . 1. MenaeneeBbim?

3. Tlokaxute, Kak MEPUOAUUECKHUI 3aKOH WUTIOCTPUPYET U MOATBEPKIAET OJIUH
13 BCEOOIIMX 3aKOHOB Pa3BUTHUSI IPUPOJIBI - 3aKOH MEepexoa KOJIMYeCTBa B
Ka4yeCTBO.

4. Kak yuyeHue 0 CTpOCHUHU aTOMa OOBSICHSIET MEPUOJUIHOCTh B U3MEHEHUU
CBOMCTB XUMUYECKUX DJIEMEHTOB?

5. Kakoil pusnyueckuii CMBICT UMEET MOPSAKOBBI HOMEp U MOYEMY XUMHUYECKHUE
CBOMCTBA 3JJIEMEHTAa BKOHEYHOM CYETE OIPEIHCIAIOTCS 3apsaoM sapa €ro

aroma?



5- teMa. Xummnueckas cBsizb. CTpoeHue MoJiekyJabl. B3aumoaeiictBue
MOJIEKY.I.

IInan:
1. Bo3HUKHOBEHNE XUMHUYECKOU CBI3H
2. Bunpl xumMu4deckoii cBA3u
3. BajleHTHOCTh XUMHUYECKHUX DJIEMEHTOB
4. BaneHTHOCTD U CTEIIEHb OKUCJIEHUS aTOMOB XMMHYECKUX DJIEMEHTOB

OnopHblie cJI0Ba M BBIPpAXKEHMSI: Xumuueckas C653b, BALEHMHbIU
9NIeKMPOH,  INEKMPOOMPUYAMETbHOCIb,  MOJEKVIAPHYIO  opOumans,
MOJIEKYNISIPHASL INIEKMPOHHASL 000JI04KA, UOHHAS CB853b, NPABUNA OKMemd,
Gopmynvl Jlvtouca, KOBANEHMHAS C653b, NOJIAPHAS KOBAJIECHMHAS CBA3b,
Memaniuideckas ces3b, OOHOPHO-AKYEeNMOpPHAsl C8:A3b, BANEHMHOCHb,
cmenenb OKUCIeHUS.

XNUMHYECKAS CBSI3b U EE OBPA3SOBAHUE B
XUMHUYECKOH PEAKIINA

Oo0Opa3oBaHNsA XUMHYECKOM CBA3U

CTtpeMJiIecHME K COCTOSHUIO C HaWMMEHBIICH DSHEPrueu SBISIETCA
oOIIMM CBOMCTBOM Matepuu. Bbl HaBepHsKa 3HAETE O TOPHBIX CHEXHBIX
JJaBMHAaX W KamHenajaax. VX sHeprus HACTOJIBKO BEJIMKA, YTO MOXKET
CMETaTh C JMIA 3€MJA MOCTBI, JJOMa W APYTM€ KPYIHBIE U TPOYHBIE
coopyxeHud. [IpyunHa 3TOrO0 TPO3HOTO SBJICHUS MPUPOJABI B TOM, YTO
Macca CHeEra WM KaMHEW CTPEMHUTCS 3aHSATh COCTOSIHUE C HAaWMMEHBIIEH
SHEprueH, a MoTeHIMaIbHas SHEePrus (U3UIECKOTO TeJla Y TMOJHOKbS TOPBI
MEHBIIIE, YEM HA CKJIOHE WJIM BEPIIUHE.

ATOMBI 00pa3yroT MEXAy CO0ON CBS3U 1O TOM JK€ MPUYUHE:
CyMMapHasi SHEpPrusi COCIMHUBIINXCSI aTOMOB MEHBIIE, YEM DHEPTUSA TEX

KC aTOMOB B CBO6OI[HOM COCTOSIHUH. DTO OYE€Hb CYACTJIMBOE JJIs1 Hac C



BaMU OOCTOSITEJIbCTBO - BEAb €CJIM Obl INPHU COCJUHECHUM aTOMOB B
MOJIEKYJIbl HE TMPOMCXOJWJ BBIMTPBIII B »HHEpruv, TO BceneHHyo
3alOIHSJIM ObI TOJIBKO aTOMBI DJIEMEHTOB, a IIOSBJICHHE IPOCTBHIX H
CJIO>KHBIX MOJIEKYJ, HECOOXOJMMBIX JIJI CYIIECTBOBAHUS KU3HH, OBLIO OBI
HEBO3MOKHO.

OnHako, aTOMBI HE MOTYT CBSI3BIBATHCS APYT C APYTOM IPOU3BOJIHHO.
Kaxnpiii aTtoM CIocoOeH CBS3BIBATbCA C KOHKPETHBIM KOJHYECTBOM
JpYyTUX aTOMOB, IIPUYEM CBSI3aHHBICE AaTOMBI  pPACIOJIAralOTCs B
MPOCTPAHCTBE CTPOTO  OMNpeleNieHHbIM oOpa3oMm. IlpuuuHy 93THX
OTPpAaHMYECHUN CJEAyeT HCKaTh B CBOMCTBAaX OAJIEKTPOHHBIX 000JOYEK
aTOMOB, a TOYHEE - B CBOMCTBAaX G6HeWwHUX DIEKTPOHHBIX 000JIOYEK,
KOTOPBIMHU aTOMbI B3aUMOJICHCTBYIOT APYT C APYTOM.

3aBepllieHHas] BHEIIHSS AJIEKTPOHHAs 000JI0YKa 001agaeT MEHbIICH
(T.e. OoJiee BBITOJHOM MJiS aTOMa) SHEprueu, yem HeszaBepiieHHas. [lo

IMpaBUJIy OKTCTA 3aBCPIICHHAA 000JI0UKa COACPIKUT 8 SJICKTPOHOB:

B CyMME §

ns® np° n=2,3,...)

TakoBbl BHEIIHHE HJIEKTPOHHBIE OOOJOYKH aTOMOB OJIArOPOJIHBIX

ra3oB, 3a UCKJIOUeHUEeM renus (n = 1), y KoToporo 3aBepIieHHast 000J109Ka
2

COCTOUT U3 JIBYX S-3JIEKTPOHOB (1s”) mpocTo moToMy, 4TO p-NMOAYPOBHS Ha

1-M ypoBHE HET.



Buewinue 006010uxku 6cex 3nemenmos, Kpome 61a20poOHbIX 2308,
AGNAIOMCA  HE3A6EPUIEHHBIMU U 6  npoyecce  XUMUUYECKO20
63aumooelcmeus OHU 3a6epPuiarmcs.

Xumudeckasi CBsI3b OO0pa3zyeTrcsi 3a CYET DJIEKTPOHOB BHEITHUX
AJIEKTPOHHBIX 000JIOUEK, HO OCYIIIECTBISAETCS OHA MO-pa3HoMy. PaznnuaroT
TPA OCHOBHBIX THINA XUMHUYECKOU CBSA3U: KOBAJIEHMHYIO CB653b U €€
Pa3HOBUJHOCTb  HOJIAPHYIO  KOBAJNEHMHYIO  C6A3b,  UOHHYIO  CBA3b,
MeMaiIudecKyo cessb.

XuMHUYeCcKas CBA3b U e€e BU/bI

B cnoBe «xoBajeHTHas» MNPUCTABKA «KO-» O3HAYAET «COBMECTHOE
ydacTue». A «BaJIeHTa» B NEPEBOJIC HAa PYCCKUM - cujia, ClocoOHOCTh. B
JAHHOM CJly4ae HMMEETCs B BHUJY CIOCOOHOCTh aTOMOB CBSI3bIBATHCS C
JIPYTUMHU aTOMaMH.

[Ipu 00pa3zoBaHUM KOBAJICHTHOW CBSI3U aTOMbl OOBEAMHSIOT CBOU
AJIEKTPOHBI KaK OBl B OOIIYI0 «KOMWIKY» - MOJEKVIAPHYIO OpOUmalb,
KoTopas GopMUpyeTcsl U3 aTOMHBIX 000J04eK 000MX aTOMOB. JTa HOBas
000JI04YKa COJICPIKUT MO BO3MOXKHOCTH 3d8epuleHHOe YUCIIO0 DJIEKTPOHOB U
3aMEHSEeT aTOMaM MX COOCTBEHHBIC HE3aBEPIICHHBIE AaTOMHbBIC 000JIOUKH.

PaccmoTprM BO3HHMKHOBEHME KOBAJICHTHOM CBS3M HA IIPUMEPE
oOpa3oBaHUs MOJIEKYJIbI BOJOPOJA M3 JBYX aTOMOB Bojaopona (puc. 5.1).
DTOT MPOLIECC YXKE SBISIETCS TUNUYHOU XUMuUueckou peaxyuei, TOTOMY
4TO W3 OJHOTO BellecTBa (aTOMApHOTO BOJAOpOIA) oOpasyercs Ipyroe -

MOJICKYJISIDHBIA ~ BOJAOPOA. DBHEIIHMM NPU3HAKOM  DHEPTETUYECKOM



“BBIFOJIHOCTH ~ 3TOTO  TpoIlecca SIBJISIETCA  BbIJICICHHE  OOJIBIIOTO
KOJINYECTBA TETLJIOTHI.

DNEeKTpOHHBIE 000JIOYKKM aTOMOB BOAOPOAA (C OAHUM S-3JIEKTPOHOM
y KaXJI0ro aroMa) CJIMBAIOTCS B O0OIIee DJIEKTPOHHOE 00JIaKo
(MOJIEKYISIpHYIO OpOMTalh), e 00a BJIEKTPOHA «OOCITYKUBAIOTY» sJlIpa
HE3aBHCUMO OT TOT0, «CBOE» 3TO SAJIPO WIM «4dykoe». HoBast ayiekTpoHHast
000104Ka MoJ00HA 3aBEPIICHHON ANEKTPOHHOM 000JI0UKE MHEPTHOTO rasa

2
reJjimst 3 AByX 3JICKTPOHOB: Is”.

aTomMHuble opoutanu (AO) MosekyisipHas opoutains (MO)
1st 1st aHAJIOT TeINeBoit 000mouky 15
° + ° _— [ ] [ ]
1anexTpon lsnexTpon 23JIEKTpPOHA
H H H,

Puc 5.1. Bo3HHMKHOBEHNE KOBAJIEHTHOM CBSI3U MPU 00Pa30BAHUH MOJIEKYJIbI
BOZIOPOJIA U3 IBYX aTOMOB BOJOPOAA.

IlepBoHauyaIbHO JBa atroMa BOJOPOJIa HAXOIATCS MAJIEKO JIPyr OT
Ipyra M HE OKa3blBalOT B3aUMHOTO BiusHUA. [Ipu ux cOMmKeHUn
HAYMHAIOT JIEMCTBOBATh CHJIbI OTTAJKUBAHUS «MEXKIY ABYMS OJWHAKOBO
3apsHKEHHBIMU JIEKTPOHHBIMU 000JI0UKaMU aTOMOB.

Ho ecnm 310 oTTankuBaHKWE BCE-TaKU MPEOJIOJEBACTCS aTOMaMu (7S
ATOTO HYyXXHa CpPaBHUTEIBHO HEOOJbINasg BHEIIHAS paboTa), TO TMpH

CIMAHHUHN SJICKTPOHHBIX 000J104YEeK ABYX aTOMOB BBIACIICTCA HAMHOI'O



OoJIbIlIE PHEPruy, 4eM ImoTpedoBaioch Ha ux coOmmwkenue. Kak 310
oOBbsiCHsAETCS?

Korna snekTpoHHbIE 000JI0YKH JBYX aTOMOB BOJIOPOJIA CIUBAIOMCA U
00pa3ylOT HOBYIO, TEIEPh YK€ MOJNEKYAAPHYIO DICKTPOH-HYIO 000JIOUKY
(puc. 5.1), sta HOBasg 000J0YKa TMOJMOOHA 3a6epuLeHHOU DICKTPOHHOM
oGoutouke aroMa GraropoxHoro rasa remus (1s°).

3aBepiieHHbIE  00OJIOYKHM, KaK Mbl I[IOMHHM, YCTOHYHBEE
HE3aBEPIICHHBIX. TakuM 00pa3oM, CyMMapHas SHEprus HOBOW CHUCTEMBI -
MOJICKYJIBI BOJIOPOJIA - OKa3bIBACTCS TOPa3/0 HIKE CyMMapHON SHEp-THHU
JBYX HECBSI3aHHBIX aTOMOB BoJOpona. M30BITOK JHEPrHH TpPH ITOM
BBIJICIISICTCS] B BUJIE TCTUIOTHI.

MUHHMYM 3HEPrHH MOJICKYJIBl OTBEUYAeT CTPOTO OIPEIACICHHOMY
PACCTOSTHUIO MEXy sSApaMH aToOMOB Bojopona (puc.6.2.). Eciu atomsr B
MOJICKYJIE C TIOMOINBIO BHEIIHEH CHJIBI CABHUHYTH €Ile OJMmKe, TO B
JNEHCTBHE BCTyMaeT MOINHOE OTTAJIKHBAHUE MEXKAY OJHOMMEHHO
3apsOKCHHBIMH  SIAPAaMH aTOMOB W OOIas SHEPTrHWs CHUCTEMbl HAaYHWHACT
OBICTPO BO3pacTaTh. DTO HEBBITOAHO CHCTEME, IOITOMY JJIMHA CBS3U
IPEACTaBISAET COOOM CTPOro OmpeaeliCcHHOe, paBHOBECHOE 3HaueHue. J[is
MOJICKYJIBI BOJOPO/a PaBHOBECHAS JIJIMHA XUMHYECKOH CBSI3M COCTABIISCT
0,74 anrctpema (1 A = 10°® CM;), KaK 3TO BUIHO Ha pHC. 5.2.

B oOpasoBaBiieiics cucteMe U3 ABYX BOJOPOJHBIX aTOMOB Ka)K0€
AIpO OOCITY>KMBAeTCs JBYMsI AJICKTpOHaMHu. B HOBON (MOJIEKYJISIPHOIN)

000JI0YKE YK€ HEBO3MOXKHO pa3JIMuWTh, KAKOW M3 SJIEKTPOHOB paHee



MpUHAIEKATT TOMY UM JApyroMmy aromy. IIpuHATO TOBOpPUTH, YTO

AIIEKTPOHBI 000OUecmaieHbl.

SHENTUA
A

COnuxenve aToMOR

® + ®

HcxonHblil ypoBEHb SHEPIUU
JIBYX aTOMOB, YIaJICHHbIX Ha
0oJbIIOE PAcTOSTHHE

A

31ech ypoBEHb SHEPTUH
BBIIIIE HCXOHOTO

Q)

Hwmxe ucxoaHoro

»
»

3/1ech ypOBEHb SHEPTUU

Paccrosinue MEXAY AApaMu aTOMOB

0,74 A
JUIMHA

~DAanLY

Puc. 5.2. KpuBas u3meHeHus: MOTCHIIMAIBHON SYHEPTUU TTPU B3aUMOJICHCTBUU JIBYX
aTOMOB BOJIOpOJia ¢ 00pa3oBaHUEM MOJIEKYJIBI BOJIOPO/A

[Tockonbky 00a siApa MPETEHAYIOT Ha Mapy 3JEKTPOHOB B PAaBHOM
CTEIICHH, AJIEKTPOHHAS IJIOTHOCTh COCPEAOTOUEHA KaK BOKPYT fAlIEp, TaK U
B NMPOCTPAHCTBE MEXKy aTOMaMH (3TO MOKa3aHo Ha puc. 5.3.). IMeHHO 3Ty
00JIaCTh TMOBBIIEHHON JJEKTPOHHOM IUIOTHOCTH MEXAY SApaMH |

Ha3bIBAIOT KOBANEHMHOU CBA3bIO0.

Puc. 5.3. O6pa3oBanue MoJIEKYJIbI BOJOPOAA



Hpyroit cmoco® H300pakeHUsT aTOMHBIX M MOJICKYJISIpPHOM
opOuUTaJIel: TYCTOTa TOYEK OTPAKAET «IJIEKTPOHHYIO TJIOTHOCTHY, TO €CTh
BEPOATHOCTh HAXOXKJICHUS DJICKTPOHA B KAKON-TMOO TOYKE MPOCTPAHCTBA
OKOJIO siJIep aTOMOB BOJOpoJia. BUIHO, 4TO 3HAYUTEIbHASI AJEKTPOHHAsS
IJIOTHOCTh COCPEJOTOUEHAa B MPOCTPAHCTBE MEXKAY JBYMS SiApaMHU B
MOJIEKYJIE BOJIOPOJA

Ha pucynkax 5.1. u 5.3. Bbl BUUTE OUYEHb JICTATHHOE M300pAKEHUE
KOBaJICHTHOM CBsi3W. Ha mpakTuke MCronb3yroT 00jee MPOCThie CIOCOOHI.
Hanpumep, amepukanckuii xumuk [[x. JIetouc B 1916 roay mpeanoxun
0003Ha4YaTh ANEKTPOHBI MOuKamu PSAIOM C CUMBOJaMU djieMeHTOB. OnHa
TOYKa 0003HAYaET OJMH AJICKTPOH.

B »Tom cnydyae oOpa3oBaHWE MOJIEKYJIbI BOJOpPOJia M3 aTOMOB

3aIlIUCBhIBACTCA TaK:
IMoACJICHHAA 11apa 3JICKTPOHOB

/

H + H —8 H:H wm H— H

Oxkazasioch, 4To (hopmysibl JIbtorca MMEIOT TIIYOOKHI XUMHYECKHUI
CMBICI. MBI BUAMM, YTO CBSI3b MEXIYy aTOMaMU BOJIOpoAa 00O3HAYaeTCs
napoi a5ekTpoHoB. Kak npeamnonoxui JIblouc, UMEHHO napa 31eKmpoHos
MO3BOJISIET 00pa30BaTh KOBAJICHTHYIO CBS3b. BIOCIEACTBUU  ATO
MPEANIOI0KEHUE TOATBEPIUIOCH KBAHTOBOU TEOPHUEH.

Koeanenmnoit ceazvio Hazvieaemcsa CeA3bIGAHUE AMOMOEB C
HOMOULBbIO 00UUX (NOOENIEHHBIX MENHCOY HUMU) IIEKMPOHHBIX Nap.

PaccmotpuMm cBsa3biBaHuEe ABYX atoMoB xJopa 17Cl (3apsg siapa Z =

17) B JBYXaTOMHYIO MOJIEKYJdy C TO3UIUNA CTPOEHUS BIECKTPOHHBIX



oOonouek xjopa. g 3TOro 3amuiueM »3JIEKTPOHHYIO KOH(MUIypaiuio

aToMa XJIOpa TaK, KaK MBI 3TO ACJIaJId B HpCI[BII[YHICI\/JI TJIaBC:

:Cl-

.37 3p5

Ha BHemHeM 3J€KTPOHHOM YPOBHE XJIOpa COAEPKHUTCS s* + p5 =7
A1EKTPOHOB. [IOCKOJBKY 3JIEKTPOHBI HUXHHUX YPOBHEHW HE MPUHUMAIOT
y4acTHUs B XMMHYECKOM B3aUMOJICUCTBHUU, TOUYKAMU OOO3HAYUM TOJBKO
AJIEKTPOHBI BHEUlHe20, TPETbEro YPOBHA. DTH BHEIIHUE SJEKTPOHBI (7
IITYK) MOXHO PAacIOJOXKHUTh B BHUAE TPEX DJICKTPOHHBIX Map U OJHOTO

HCCITAPCHHOI'O JJICKTPOHA. -

:Cl-

[Tocne oObenMHEHUST B MOJIEKYJTy U3 HECHAPEHHBIX 3JIEKTPOHOB JABYX

ATOMOB ITIOJIYYACTCsA HOBAA JJICKTPOHHAA I1apa.
ImoacJICHHAas 1mapa

HCIIOACIICHHLBIC Hapbl
o - O —, @@ wm Cl— ClI:

Hp(I;II AOTOM KaXKIbI M3 aTOMOB XJIOpA OKAa3bIBAETCA B OKPYKECHUHU
OKTeTa 3JIEKTPOHOB. B 3TOM JieTkO yOeauThes, eciii OOBECTH KPYKKOM
110001 U3 aTOMOB XJIOpA.

KoBasneHTHy10 CBA3b  00pa3yeT TOJBKO Iapa  JJIEKTPOHOB,

HaxoAdmmascs Mexay aromMamu. OHa Ha3bIBaCTCS MOOENeHHOU Napol.



OcranbHble TApbl AJIEKTPOHOB HA3BIBAIOT HenooeneHuvimu napamu. OHU

3aMOJHSIOT 000JIOUKH U HE IMPUHUMAIOT Y4aCTHUC B CBA3bIBAHHH.

MMOACJICHHAA I1apa

8 AIIEKTPOHOB

HCIIOACJICHHBIC I1aPbI

JIpIouC HE TOJIBKO TPEAJIOKII TEOPHUI0 KOBAJICGHTHOW CBSI3U, HO U
nepBbIM  cHOPMYJIHUpPOBAT  MPABUIO  OKTETa, KOTOPHIM MBI YK€
MOJIb30BAJIMCh B MPOILJION TJIaBe Mg OOBSICHEHHS yCTOMYUBOCTH aTOMOB.
OTO MOpaBWIO TNPUMEHUTEIBHO K XUMHUYECKHUM  CBS3SIM  MOYKHO
chopMyIupOBaTh TAK:

amomel  obpazyiom  Xumuueckue CceéA3U 6  pe3yibmame
0000uecmeneHua  MaAKoO20  KOaUYecmea  3IJ1eKMpPOHO8,  UMOObL
npuoopecmu INEKMPOHHYIO KOHDuzypayuro, noooOHYI0 3a6epUIeHHON
INEKMPOHHOU KOHDuU2ypayuu amomos 61a20pooHbIX I71eMEeHmOos.

JlBa atoma BOAOpOAa, OOBEAWMHUBIIMCH B MOJEKYIy, MNpUOOpEIn
“3aBEPIICHHYIO” MONEKYAApHYI0 000JIOUKY, IIOJJOOHYIO 3aBEpPIICHHOM
SIIEKTPOHHON 0GONI0UKE amoma GIaropomHoro rasa remust (1s”). AToMSI
XJOopa B MOJIEKYJIE HPUOOPEIN MOIeKyaapHyto 000JIOUKY, MOXO0XKYI0 Ha

3aBEPIICHHYI0 000JIOUKY amoma aproHa (3 s23p6).



ITo3HakoMuMcs Tenepb ¢ uoHHOU CBA3bIO. Kak HU yJIUBUTEIBHO, OHA
HUYEM MPUHIANHAAIBHO HE OTJIMYACTCS OT KOBAJICHTHOM CBSI3U. JIBMXKYIIIEH
CuUJIoON ee oOpa3oBaHUsS SIBJISIETCA BCE€ TO JKE€ CTPEMJIEHUE aTOMOB K
OKTEeTHOM oOosiouke. Ho B psjge cinydyaeB Takasi “okTeTHas” 000J0YKa
MOXET BO3HUKHYTh TOJIBKO MPH Mepeaade dIEKTPOHOB OT OJHOTO aToMa K
npyromy. IToaToMy noHHas CBsI3b, B OTJIMYME OT KOBAJICHTHOM, BO3HUKAET
TOJILKO MEXIY aTOMaMHU Pa3HOTO BUJIA.

PaccMoTprM  KOHKpETHBIM TpHUMEpP: PEeaKIri0 MEXJIy aToMaMu
Hatpus (Z = 11) u propa (Z = 9). IIpu oOpa3zoBaHUM CBSI3U MEXKAY HUMU
o0a »9JeMeHTa MPUOOPETAIOT BHEIIHIOW DJIEKTPOHHYIO  000JIOUKY
osaropoaHoro raza Heona (Z = 10). [nsa Toro, 4To0bl YyOEIUTHCS B 3TOM,
HAJI0 3aMUCaTh JICKTPOHHBIE (DOPMYJIBI BCEX TPEX IJIIEMEHTOB:

Na: 1s* 2s* 2p°® 3s'
F: 1s° 25° 2p°
Ne: 1s° 25% 2p°

B oanekTpoHHBIX (QopMynax HaM BaKHBI TOJBKO JJICKTPOHHBIC
KOH(QUTYpAIlUl  6HewHUX YPOBHEW (OHM TOJUEPKHYTHI). 3amuIleM
peaKIrio ¢ moMoIIko ¢popmy JIprouca:

+

e + +FT — “F
Na\/F Na F

Hatpuii, otnas ¢gropy cBo# 3s -3JIEKTPOH, CTAHOBUTCSI HOHOM Na' H
OCTaeTCsl C 3aMOJHEHHON 25°2P° 00O0JIOYKOW, YTO OTBEYAET AJIEKTPOHHOM
KOH(pUrypauuu aroma HeoHa. TOYHO Takyr K€ DIEKTPOHHYIO

KoH(urypamuo npruodperaer atoM F, NpUHAB OJUH 3JIEKTPOH, OTAAHHBIN



HarpueM. Temeps 3To moH F. Pasymeercs, mpu >Tom moHel F- u Na’
IPOJIOJKAIOT OCTABATHCS BCE TEMH K€ 3JIEMEHTaMH (PTOpPOM U HaATpHUEM,
IIOTOMY YTO HUKAaKHE€ JJIEKTPOHHBIE IIEPEXOAbl HE MOTYT HU3MEHHUTH
IIPUPOAY BJEMEHTA - YUCIJIO IIPOTOHOB B €TO SJIPE.

Tenepb B JOMOJHEHUE K KOBAJICHTHOMW COCTABJISIONIEH XMMHAYEC-KOU
cBs3M (0OpasoBaHMIO “okTera”) B Monekyite Na':F nmobasmsercs eme u
AIEKTPOCTATUUECKOE MPUTSKEHUE MEXK]Yy MOHaMu HaTpus u (dropa. 1o
YBEIIMYMBAET MPOYHOCTh XUMHYECKOW CB3U. OJHAKO KOBAJEHTHAS
COCTaBJIsiOIIas (CTPEMJIEHUE K OKTETY) MPOAOJAKAET UIpaTh OOJIBIIYIO
pPOJIb U B HOHHBIX COCIUHECHUSIX.

llonapnas  xoeanenmunas  c643b  3aHHAMAET  IPOMEKYTOUHOE
MOJIOKEHUE MEXAY YHMCTO KOBAJIEHTHOW CBA3BI0 M MOHHOM CBs3bIO. Tak
e, KaK 1 HOHHAs, OHa MO>KET BO3HUKHYTbH TOJIBKO MEXAY JABYMs aTOMaMH
pPa3HbIX BUAOB. B MOJSIPHON KOBaJlCHTHOM CBSI3U JJIEKTPOHBI CMENIAIOTCS
OT aroMa K aTOMy HE€ TaK CHJIbHO, K&K B MOHHOW. DTO MPOUCXOIUT TOT/A,
KOTJJa aTOMaM »JHEPreTUYECKHM HEBBITOJHO [JajeKo “‘OTHMYCKAaTh  CBOH
COOCTBEHHBIE  3JIEKTPOHBI, OTJAHHbBIE B OOy  “KONWIKY -
MOJICKYJISIpPHYIO OpOuTainb. ECu 3J€KTPOHBI CIMIIKOM JalieKO CABUHYTCS
K OJTHOMY U3 aTOMOB, MOJIEKYJISIpHasi OpOUTalb MePECTaHET ObITh MOXO0XKEH
Ha “OKTeTHYI0 . B TO ke BpeMs y pa3HbIX aTOMOB pa3HbIE JOHOPHBIE U
aKIENTOPHBIE CBOMCTBA, MO3TOMY CBS3bIBAIOIIAS SJEKTPOHHAs Mapa He
pacronaraeTcss TOYHO IMOCEPEIUHE MEXAY SApaMHU, KaK B KOBAJICHTHOM

CBi3H.



B kadecTBe mpumepa paccMOTpUM OOpa30BAHUE BOJIbI B pPEaKIUU
MeXay aromMamu Bojopojsa (Z = 1) u kucinopoxa (Z = 8). Jlus sToro
ya0OHO CHauvajla 3amucarh dJIEKTPOHHbIE (OPMYJbl i BHEIIHUX
000JI0Y€K BOJIOpOJIa (lsl) U KUCIIopoja (...2s2 2p4).

[Tocne storo Ha momoIls NpUXOAAT ¢Gopmyinbl JIbtonca, KOTOpbIe
HarJISiTHO TIOKa3bIBAlOT, KaK OO0pa3yloTcs ‘“3aBEepIlICHHBIC” AJIEKTPOHHbBIC

000JI0YKH pAaIOM € aTOMaM# BOAOPOJa U KUCJIOpOda B MOJICKYJIC BO/bI:

HCTIOACJICHHBIC ITaphbI

He + .0. + -H ﬂ@@ wm H-O:

. |

st ...2s%2p* 1s' H
OKaSBIBaeTCH, IJIdA OTOro HCO6XOI[I/IMO B35i1Tb HMMCHHO JBad aTOMa
BOJOpPOJAa Ha OAMH aroM Kuciopoaa. OJHAKO NPUPOAA TAKOBA, 4YTO
AKIOCIITOPHBIC CBOICTBa aToma KHCJIOpOJda BbIIIC, YCM Y aTOMa BOJOPOAA
(0 mpUYWHAX 3TOTO - YyTh MO3Ke). [103TOMY CBSA3BIBAIOIINE AICKTPOHHBIC
napel B ¢opmyne Jlprouca JJIs BOJBI ClieTKa CMEIICHBI K SApY aTroma
KHUCJIOpOoaa. CBsa3b B MOIJICKYJIC BOAbI - IIOJIAPHAsA KOBAJICHTHAA, a Ha
aToMax IIOABJIAKOTCA YaCTHUYHBIC IIOJOXHUTCIBHBIC W OTPHULIATCIBbHBIC

3apsIIbl. .

5§
H_

L]

—O0

H &
O ToM, Kak mpelcka3aTh aKIENTOPHBIE CBOMCTBA aTOMOB MU TIJI€
MPOXOJNUT “TpaHUId” MEXIY MOJIIPHON KOBAJICHTHOM M MOHHOM CBSI3SIMHU

MBI MOTOBOPUM MPU H3YUYEHUU KOBAJIICHTHYIO CBA3b, OOpasyromascs 3a



CYET Mapbl JJIEKTPOHOB OJTHOTO U3 aTOMOB, T.€. IO JOHOPHO-AKIIEITOPHOMY
MEXaHNU3MY, Ha3bIBAEMOM OOHOPHO-AKYENMOPHOLL.

ITo Teopun JIpionca u mpaBUITy OKTETa CBSA3b MEXKIY aTOMaMH MOXKET
OCYIICCTBIATHCS HE 0053aTeIbHO OJHON, HO U 08yMsA U JAXKE mpems
MOACIICHHBIMH TIapaMHM, €CJIM 3TOro TpeOyeT NMpaBHUIIO OKTeTa. Takue CBSI3H
Ha3bIBAIOTCS  O0BOUHbLIMU W  mpouHbimMu. Hampumep, TOJIBKO YTO
PACCMOTPEHHBI HAMH KHCJIOpPOJ MOXET OO0pa30BBIBATh JBYXaTOMHYIO
MOJIEKYJTYy C OKTETOM JJICKTPOHOB y Ka)KIOTO aToMa TOJBKO TOTJa, Koraa

MCIKAY aTOMaMH IMOMCIIAOTCA ABC ITOJCJIICHHBIC I1APbI:

JIBOoMHAs CBSA3b

Z(.?.-+o.(.5: — eo 1581071 Zb:b.i

6 3JIEKTPOHOB Yy KaXKJI0T'O 8 DIEKTPOHOB Y KaXkI0TO
aToma aToma

2 53 N

AToMbl azota (2s” 2p” Ha nocieaHel 000JI0UKE) TaAKKE CBA3BIBAIOTCS

B JBYXaTOMHYIO MOJICKYJY, HO JIJII OpTaHU3aIluU OKTETa AJIEKTPOHOB UM
TpeOyeTCsl pacmoOXKUTh MEXIY CO00H yKe TpU MOACIICHHbIE MapHhI:

TporiHas CBA3b

‘N - +-N: — & nm -N= N:
2s72p® ...28%2p°
B macrosiiee BpeMs NPUHATO M300pakaTh JJIEKTPOHHBIE Maphbl (TO

CCTh XUMHUYCCKHUC CBH3I/I) MCKIAY aTOMAMU YepmoUKamu. Kaxcz[aﬂ YCPpTOYKaA



- OTO IIOACJICHHAA IIapa 3JICKTPOHOB. B stom ClIy4ac Y>KC 3HAKOMBIC HaM

MOJICKYJIbI BBITJEAJAT TAK:

CTpyKTypHbIE (hOPMYIIBI
MOJIEKYT
H— H ‘CI—ClI: :0O=0: 'N=N: H—O—H
BOJIOPO/IA “xmopa’ KHCIIOpO/a a30Ta BOJIBI

@opMyJibI €  4YEPTOYKAMHM  MEXKIYy aTOMaMu  Ha3bIBAKOTCA
cmpykmypuoimMu  opmynramu. Yame B CTPYKTYpHBIX ¢opmysiax He
M300paKalOT HETOJICJICHHBIE Maphl 2JICKTPOHOB, HO B PAJIE CIIy4aeB (MBI
CTOJIKHEMCSI C HUMHU TIPU OOCYXJIECHUHM JTOHOPHO-aKIIENTOPHBIX CBSI3€H)
HETIOJEIICHHBIC NIapbl UTPAIOT BAXKHYIO POJIb.

CtpykTypHBbI€ (HOPMYJIIBI OUYCHb XOPOIIH JJIs1 U300PAKEHUST MOJICKY:
OHM YETKO TMOKAa3bIBAIOT - KaK aTOMbl CBSI3aHBI MEXIYy COOOM, B KaKOM
MOPSAKE, KAKUMU CBS3AMHU.

Ceazvieawouian napa 3iekmponos 6 gopmynax Jlvrouca - mo snce
camoe, YUmo 00HaA YepmoyKa 6 CMPYKmMypHouIX (hopmynax.

JIBOliHBIC M TPOWHBIE CBS3M HMMEIOT OOIee Ha3BaHUE - KpamHvle
cBs3u. O MOJIEKyJIe a30Ta Tak)Ke TOBOPAT, UTO OHA UMEET NOps0oK C8s3U,
paBHbIM TpeM. B Moliekylie KHCIOpOJa TMOPSJIO0K CBSI3M PAaBEH JBYM.
[Topsimok CBsI3M B MOJIEKYJIaX BOAOPOJa M XJIOpa - OAWH. Y BOAOPOAA U

XJIOpa y>K€ HE KpaTHas, a IpocTas CBS3b.



[Topsiok CBSI3U - 3TO YUCIO OOOOIIECTBJICHHBIX IMOJICICHHBIX Tap
MEXJy ABYMsI CBSA3aHHBIMM aToMaMmH. [lopsifok CBsi3M BBIIIE TpeX HE

BcTpeuaercs (tadi.5.1.).
Tab6mma 5.1.

I[JII/IHBI H IIPOYHOCTH CBsI3EH MCKAY aTOMaMH a30Ta B pa3JIMIHBIX

COCIMHEHHUSIX.

CBs3p JInmuHa cBs3M B aHTCTpemMax [IpounocTs cBsA3u B K[k Ha

1A =108 cm OJIMHAKOBOE YHUCJIIO MOJIEKYJI
ITpocTas N-N 1,45 58,5
JIBoiiHast N= N 1,25 456
Tpoiinas M=H 1.098 945

Buab! cBsi3u B TBepabIX Tesiax. [IOHATHSI 0 KPUCTANINYECKUX
peureTkax

B MmeTamiax cyuiecTByeT 0COOBIN BUJ CBA3M - METAJUIMYECKas
XUMHYECKAS CBA3b.

MeTa/uindeckasi CBSI3b - 3TO XMMUYECKas CBA3b, OOpa3yromascs 3a
CU€T TPUTSHKEHUS KATUOHOB (IMOJOKUTEIBHO 3apsiKEHHBIX HOHOB)
METAJJIOB U CBOOOJHO MEpEMENIatoNIMXCsl JIEKTPOHOB (TaK Ha3bIBAEMOIO
«QIIEKTPOHHOTO Ta3a»), 3apsHKEHHBIX oTpularenpbHo. Ha pucynke 5.4,
U300pakeHa MOJENb KPUCTANIMYECKON PEIIETKH METAJIOB: B y3Jlax
KPUCTAJUIMYECKON PEIIETKM HAXOIATCS KaK JJIEKTPUYECKH HEUTPAJIbHBIE,
TaK U TOJOXUTEIBHO 3apsKEHHbIE KAaTHOHBI METAJUIOB, 4 MEXAY HUMH
CBOOOJHO TMEpeMENIatoTCs OTPULIATEIBHO  3apsDKEHHBIE  AJIEKTPOHBI

(3JIEKTPpOHHBIN Ta3).



3a cuéT HaTU4Ms B KPUCTALIAX CBOOOHO JABUKYIIUXCS DJIEKTPOHOB
I71s OOJIBIIMHCTBA METAJIJIOB XapaKTEpHBI o0Iue (Pu3nmyeckue CBOMCTBA:
OCOOBIA  METaJUIMYeCKUi OJeCK, BBICOKHE DJIEKTPONPOBOJHOCTH U

TCILIOIIPOBOJHOCTDb, KOBKOCTb U APYTHC.
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Puc. 5.4. Monenps KpuCTasInuecKon pemeéTKu METaIoB

—@

_.\‘

KoBanentHast cBsi3p OOpa3zyeTcsd MeEXIAy aTrOMaMH, OJM3KUMHU IO
CKJIOHHOCTH K OTJay€ W TPHUCOCAMHEHUIO JJIEKTPOHOB, TOJBKO TOT/A,
KOTJa pa3Mepbl CBA3bIBAEMBIX aTOMOB HEBEIWMKU. B 3TOoM ciydae
AJIEKTPOHHAS MJIOTHOCTH B 00JACTH MEPEKPHIBAHUS AJIEKTPOHHBIX 00JIAKOB
3HAUUTENIbHA, M aTOMBbl OKAa3bIBAIOTCS MPOYHO CBS3aHHBIMHU, Kak,
HarpuMmep, B MmoJiekysie HF. Eciu xoTst Obl 0TuH U3 CBSI3bIBAEMbBIX aTOMOB
uMeeT OOJIBIION paanyc, 0Opa3oBaHWE KOBAJICHTHOW CBSI3M CTAHOBUTCS
MEHEE BBITOJHBIM, TaK KaK »JJEKTPOHHAs IUIOTHOCTh B 00JIaCTH
NEPEKPhIBAHUS AJIEKTPOHHBIX O0JaKOB y OOJBIIMX aTOMOB 3HAYUTEIHHO
MEHbIIIE, YEM Y MaJICHbKHX.

N Bce-taku Mexay OonpimiMu atomMamu (1, > 1,1 ) Bo3HHKaer

XUMUYECKasi CBA3b, HO B OTOM Clydae oOHa oOpa3yercss 3a CYeT



00001IeCTBICHU BCeX (WJIM 4YacTH) BaJCHTHBIX DJJICKTPOHOB BCEX
CBA3BIBAEMBIX  aTOMOB. Hampumep, B cllydae aToMOB  HaTpus
00001IEeCTBISIOTCS BCE 3S-2JIEKTPOHBI TUX aTOMOB, IPU 3TOM 00pa3yeTcs

CANHOC JJICKTPOHHOC 0071aKO:

3z 3z 3z ET: 33 3z
Ma Ma Ma Ha Ha Ma

AToMBI  00pa3ylOT  KpUCTallI C  METAUIMYECKOW  CBS3bIO.
Tak MOryT CBA3BIBaTHCS MEXKAY COOON KaK aTOMBI OJJHOTO 3JIEMEHTA, TAK U
aTOMBI pa3HBIX JJIEMEHTOB. B mepBoMm ciiydae oOpa3yroTCs IpPOCThIE
BEILIECTBA, HA3BIBAEMBIE METAJJIAMH, & BO BTOPOM - CJIOJKHBIE BEIIECTBA,
Ha3bIBAEMbIE MHTEPMETALINYECKUMU COEAUHEHUSIMU.

MexkMos1eKyJIspHbIe CBA3H

KoBanenTtHas cBsi3b, OOpasyromiasics 3a CUET Napbl 3JIEKTPOHOB
OIHOTO W3 AaroOMOB, T.€. II0 JIOHOPHO-AaKIENTOPHOMY MEXaHU3MY,
Ha3bIBAETCS OOHOPHO-AKYENMOPHOU.

Hanpumep, Takasg cBA3bp oOpa3zyercd MeEXIy aToMOM a3oTa B

+
monekyisie metunamuaa CH3NH, u nporonom H™ kucnotsr HCI:

TOHOP
H AMIENTOR H

+ HY' 1T —— |H;C-N=-H |l

HemnogeneHHaT }{
mapa

Honopuo-
SFIUETTOPHAT
CEASE

AMEETPOHOE

A nopunm
Metnmamun METHIIAM MOHHA

ATOM a30Ta OTJAeT CBOIO JIEKTPOHHYIO Mapy Ha 00pa3oBaHUE CBSI3U

M BBICTYIIA€T B POJM JOHOPA, a NPOTOH IIPEIOCTABISAECT BAKAHTHYIO



opOuTaab, Urpas poJib axKienTopa. ATOM-IOHOp IIpH ITOM IIpHOOpEeTaeT
TIOJIOKUTEIIbHBIN 3aps.

JlonopHo-akyenmopHas c6583b  OMIAUYAEMCS MOJbKO CNOCOOOM
00pazosanus;, nNO  CBOUCMBAM OHA  OOUHAKOBA C  OCMAJbHBLIMU
KOBAJICHMHBIMU CBA3SAMU.

BomopoaHas CBA3b BO3HUKAECT B PE3YIbTATE IJIECKTPOCTATUUECCKUX U
JIOHOPHOAKILENTOPHBIX B3aUMOJECUCTBUM C YYaCTUEM IOJIOKUTEIBHO
MOJSPU30BAaHHOIO  aToMa  Bojopojaa. Takas yacTtuia  oOjagaeT
AHOMAJIbHBIMM  CBOWCTBAaMM  BCJICICTBUE  OTCYTCTBUSL  BHYTPEHHUX
AJIEKTPOHHBIX  CJIOEB, JKPAHUPYIOIIMX SOPO, YPE3BBIUANHO MAaJIbIX
pa3MEpOB M HAIM4YHUS 3HAYUTEIIBHBIX aKIENTOPHBIX CIOCOOHOCTEH, YTO
MO3BOJISIET €M BCTymaTb HE  TOJBKO B DJIEKTPOCTATUYECKUE
B3aMMOJICUCTBUS, HO U TPOHUKATH IOJ JIEKTPOHHBIE OO0OJOUYKH JPYTHX
aTOMOB, B3aUMOJEUCTBOBATH M0 JOHOPHOAKIENITOPHOMY MEXAHU3MY.

BomoponHast CBsI3b  SBIISIETCSL  TIPUMEPOM  MEHCMOICKYAAPHBIX
e3aumooeiicmeuii, T.c. oOpa3zyeTcs HE MEXIy aToMaMH B MOJEKyJe, a
MEXIy MOJIEKyJaMu B CTPYKType BemiectBa. [IpaBma, cpeau ClOXKHBIX
OPTaHUYECKUX COCAWHEHUM BCTPEYAETCA W  BHYTPUMOJICKYJISIpHAS
BOJIOPOJHAST CBSI3b (HAIPUMEP, OTO CTAHOBUTCS BO3MOXKHBIM IIPH
OJIarONPUATHBIX B3aWMMHBIX OPHUEHTAIIUAX 3aMECTUTENICH B ITUKIMYCCKHUX
MOJIEKYJIax), HO CpeId HEOPTraHWUYECKUX COCAMHECHHI TaKue MPUMEPHI
KparlHE MaJIOYUCIICHHBI.

JI711 BOSHUKHOBEHHUS BOJOPOJHOM CBSI3U MEXIY ABYMS MOJICKYJIAMHU

HEOOXOIUMO:



-HAUIMYME aTroMa BOJOpPOJia C JOCTATOYHO OOJIBIIMM YaCTUYHBIM
MOJIOKUTEBHBIM 3apsi/IOM B OJTHON U3 HUX (T.€. COOCTBEHHBIC CBA3U B ATOU
MOJIEKYJIC TOJKHBI ObITh MOJISIPHBIMH );

-HAJIMYME OTPHUIIATEIbHO TMOJSIPU30BAHHOTO aTOMa »JJIEMEHTA C
BBICOKOM 3JIEKTPOOTPULIATEILHOCTHIO Y MAJIbIMU pa3MepaMu B JPYTOM.

ITocnennee 00YCJIOBJIEHO HEOOXOIUMOCTBIO obecrieueHus
JIOCTATOYHO CUJIbHBIX JIEKTPOCTATUYECKHUX MOJICH.

Takue seMeHThI, Kak GTOpP, KUCIOPO, a30T BIOJHE yAOBJICTBOPSIOT
3TUM TpeOoBaHUSIM. [10ATOMY UMEHHO UX COCIUHEHUS W WJUTFOCTPUPYIOT
TJIABHBIM 00pa3oM TMOHATHE MEXKMOJICKYJISIPHOM BOJOPOIHOM CBSI3H.
HecMoTps Ha TO, 4YTO SJIEKTPOOTPULIATETHHOCTH APYTHX SJIEMEHTOB,
HampuMep, XJIOpa WIM CEpbl, COIMOCTABAUMBI IO BEIUYHHE C
AIEKTPOOTPUIATEIILHOCTSIMUA BBIIICTIEPEUYNUCICHHBIX 3JIEMEHTOB, OHHM HE
CIIOCOOHBI K OOpa30BaHUIO MPOUYHBIX BOJOPOIHBIX CBSI3€M IO TMPUYKHE
OTHOCHUTEJIHLHO OOJIBIITUX Pa3MEPOB UX aTOMOB.

CaMbIM  pacnpOCTpaHEHHBIM  MPUMEPOM  MEXMOJICKYJISIPHOU
BOJIOPOJHOM CBSI3U  SABJSICTCS  JI€J, - KPHUCTAJUIMUECKOE BENIECTRBO,
CTPYKTYPHBIMU 3JIEMEHTAMU KOTOPOTO SABJSIOTCS MOJIEKYJIbI  BOJBI.
KoBasieHTHBIE CBSI3W B MOJIEKYJIE€ BOJABI OTHOCATCS K KaTErOPUHU MOJISIPHBIX:
ANIEKTPOHHAs ~ IJIOTHOCTH ~ CMEIEHa B HAmpaBleHHMH  OoJiee
AIEKTPOOTPUIIATEILHOTO aroMa Kuciopojga. B pesynprare 3TOro
CMENICHUS HAa aTOME BOJOPOJa UMEETCA YACTUYHBIN TTOJIOKUTEIIbHBIN, a HA
aTOME KHUCJIOpOJIa - YaCTHUYHBIA OTPUUATENbHBIA 3apsn. Hapyuienne

CUMMETPUM B PACHPEACICHUM DIEKTPOHHOW IUIOTHOCTH  SIBIIIETCA



IMPUYUHONM BO3HHKHOBEHHS IIOJIIOCOB B MOJEKYJ€ BOJBL. YTIIOBOE
CTPOCHHME OTOH MOJIEKYJIbI OOYCJIOBIMBACT pa3/eicHNE BO3HUKAIOIIUX
3apsIIOB: OTPHUIIATCIIBHBIM M TOJIOKHUTEIBHBIN MOMIOCH (DOPMHUPYIOTCS Ha
Pa3HBIX KOHIIAX MOJICKYJIBL.

KpoMe Toro, arom KWClIOpoJa HMEET JBE HEMOJCICHHBIC
AIICKTPOHHBIC TIAphl, HAIMYHE KOTOPHIX MPHIACT €My JOHOPHBIC CBOMCTBA.
CrencrBueM BceX 3THX d(P(EKTOB SABISICTCS BO3HHMKHOBEHUE BOJIOPOIHBIX
CBsI3€H MEK/Ty MOJICKYJIaMH BOJIbI, 3aHUMAIOITUMHU Y3JIbl KPUCTAIUTHYECKOM
pemeTku apaa. [lpy 3TOM Kakmas MOJIEKysda B3aWMOJEHCTBYET 3a CUET
JIBYX aTOMOB BOJIOPOJia M JIBYX HEMOJEJIEHHBIX JJEKTPOHHBIX Iap aToma
KHCJIOPOJa C YCTHIPhbMS COCEIHHMH, HAXOIAIIUMHUCI OT HEe Ha PaBHBIX
paccrostHusx (Puc.6.5.).

JIis  BOBHUKHOBEHHS BOJOPOJHBIX CBS3¢M Ba)XXKHO, YTOOBI B
MOJIEKYyJIaX BellecTBa OBLIM aTOMBI BOJOPOa, CBA3aHHBIC ¢ HEOOJBIINMH,

HO 3JICKTPOOTPpHULATCIIbHBIMHA aTOMAaMHU, HAIIPUMCED. O, N, F.
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Puc. 6.5. BogopoaHsie CBsI3M MEXIy MOJIEKYJaMH BOIbI (0003HAYCHBI
IIYHKTUPOM).
OTO co34aeT 3aMETHBIM YAaCTUYHBIM TIOJIOKUTEJIBHBIM 3aps]l Ha

atroMax Bojgopoaa. C  Jpyroil  CTOPOHBI, Ba)XHO, YTOOBI Yy



IEKTPOOTPHUIIATETLHBIX aTOMOB OBLITN HEIOCICHHBIC YJICKTPOHHBIE TTaPHI.
Korna oOenHEHHBIN SJIEKTPOHAMU aTOM BOJOPOJA OJHOW MOJICKYJIBI
(akmenTop) B3aMMOJICHCTBYET C HEIMOJICJICHHONW JJICKTPOHHOM mapoil Ha
atome N, O wim F npyroil mosiekynsl (AJOHOpP), TO BO3HUKAET CBS3b,

IMOXO0JKasd Ha IMOJIAPHYIO KOBAJICHTHYIO.

BajeHTHOCTH XUMHYECKHX 3JIEMEHTOB M CTENIeHb OKHCJIEHHU A
aTOMOB XUMHUYECCKHUX I3JICMEHTOB
BaneHTHOCTb »3JjIEMEHTA - YHCJIO0 XMMHYECKHUX CB$I3CI>'I, KOTOPBIC
06pa3yeT OJHWH aTOM OJAHHOI'O 3JICMCHTA B I[aHHOI‘/JI MOJICKYIJIC.
BaneHTHBIC BOBMOXKHOCTH aTOMa opCaACIAOTCA YUCIOM:
e HCCITAPCHHBIX 3JICKTPOHOB
e HCIIOACJICHHBIX JJICKTPOHHBLIX IIAP

e BAKAHTHBIX BAaJICHTHBIX Op6HTaHeﬁ

OHpGI[GJICHI/Ie BaJICHTHOCTH 3JICMCHTA

BaneHTHOCTh XUMHUYECKOI'0 3JIEMEHTA

IeMeHTEI — METaAJIIELI DJEMEHTEI — HEMETAJLIBI
['maBHBIX(A) no0o04HbIX(B) IepeMEHHas
MOATPYIIII HOATPYIIII l l
MIOCTOSIHHAs HEPEMEHHAA pprctias (un C;I :Iil{]f)aﬁaBHa
(‘-II/ICJ'IGHHO paBHa (Bmcmee 3HAa4YCHUC ( HUCICHHO paBH)a p
a3HOCTHU MEXIY
YHUCJICHHO PaBHA HOMCPY I'DYIIIBI p
HOMepY TpyITEI) HOMepY FpymIbI) YHCIIOM ¥ HOMEPOM
TPYIIIIBI)

1. BajleHTHOCTB BOJIOpOJia MPUHUMAIOT 3a | (enuHUILY).



2. Kucnopoj B CBOMX COCIMHEHUSIX BCET/A MPOSIBIISIET
BaJieHTHOCTH II.

3. Bbicliiasi BaIGHTHOCTh paBHA HOMEPY TPYIIIIHI.

4. Hwuziasi BaIGHTHOCTh paBHA Pa3HOCTU MEXIY YHCIOM §
(KOMYECTBO rpyn B TaOJHUIIE) © HOMEPOM TPYIIIbI, B KOTOPOU
HAaXOJUTCS JAHHBIA 2JIEMEHT, T.€. 8 - No rpyImsl.

5. BaJIeHTHOCTh MOKET ObITh MOCTOSIHHOM WJIY NMEPEMEHHOM.

6. BaJleHTHOCTB NMPOCTHIX BEIIECTB HE paBHA HYJIO. VIcKItoueHue
VIII rpynna rinaBHas noarpymnmna (61aropoHbie rasbl).

BaneHtHOCTH 3P7IE€MEHTOB HE HWMEET 3Haka. Y  METaJlIOB,
HaxXOJSIIMXCA B TJIABHBIX TOATPYIINAaX, BaJECHTHOCTh paBHA HOMEPY
rpynnel. Y HEMETAUIOB B OCHOBHOM TMPOSIBJISIFOTCA JBE BaJCEHTHOCTH:
BBICIIIAS M HUBIIIAS.

CrerneHb OKHUCIIEHHS 3TO YCIOBHBIM 3apsiji HA aTOME B MOJIEKYJIE WIIH
KpucTajie. Ero BBIUHCHSIOT, MOJIarasi, 4TO BCE KOBAJICHTHBIC MOJSPHBIC
CBSI3U HMMEIOT MOHHBIM XapakTep. B oTinume OoT BaJE€HTHOCTH, CTEIEHb
OKHCJICHUS MOKET OBITh MOJOXXHUTEILHOW, OTPUIIATEIIBHON WM pPaBHOMU
HyTi0. B  mOpocTedmmx HOHHBIX COCAMHEHUSIX CTENEeHH OKHUCIICHUS
COBITQJIAIOT C 3apsjaamMyd WOHOB. B OOJBIIMHCTBE CIy4aeB BaJCHTHOCTb U
CTEIIEHb OKHUCJICHUSI YHUCIEHHO COBHAJAIOT, XOTS OTO  pa3HbIC
XapaKTePUCTUKH.

- CO (MOHOOKCH] YTI€poJa) - BAJICHTHOCTh aTOMa yIJiepoja paBHA

II, a crenenn okuciaeHus +2



- HNO;3; (a3otHas kuciora) - BaJ€HTHOCTh aTOMa a3oTa paBHa
IV, a crenenn okuciaeHus +5

- H,0; (mepokcua Boaopojia) - BAJICHTHOCTh BOJIOpOJia paBHa I,
BAJICHTHOCTh aToMa Kuciiopoga paBHa II, a crTeneHb OKHUCIECHUA
BOJIOpPOJIa paBHA +1, a cTemeHb OKHUCIEHMS KHUCIOpojaa paBHa -1.
AHaJIOTMYHO BO BCEX MEPOKCHUAAX BAJCHTHOCTH KHCJIOpoaa paBHa II.

- NyH, (runpaszun) - BameHTHOCTH a3oTa paBHa III, a cremeHb
OKHCJIEHUS paBHA +2.

- Hy (1), N, (1), O, (1), F, (D), Cl, (1), Bry (1), 1, (I), a cTenenn

OKHCJICHHUA PABHBI 0.

3aoauu u 60npoCwvl 07151 CAMOKOHMPOJ14

1. Kakyio XHMMHYECKYIO0 CBSI3b Ha3bIBalOT KOBaJeHTHOW? Onummre ee
OCHOBHBIE CBOMCTBA.

2.  Tlouemy npu 00pa30oBaHUN KOBAJICHTHOU CBSI3M PACCTOSTHUE MEXTY aTOMaMHU
ctporo onpeneneHHo? Kak oHo Ha3bIBaeTcs?

3.  Kakyno XUMHUYECKyIO0 CBsI3b Ha3bIBalOT HMOHHOW? Kak ona oOpasyercs u
KaKMMHM CBOMCTBaMHU o0OJiamaet?

4.  Yrto Ha3bIBae€TCA KPATHOCTHIO CBs3W? Kak BiMsSET yBelIMueHHWE KPATHOCTHU
CBSI3M Ha €€ JIJIMHY U SHEPTUIO?

S. Onpenenure KOBAJICHTHOCTh M CTENEHb OKHUCIEHUS: a) yriepoaa B
mouekynax C,Hg; C,HsOH; CH3;COOH; CH;Cl; 6) xmopa B monekynax NaCl,
NaClOs, NaClQ4, Ca(ClO),; B) cepbl B Mosiekynax Na,S,;03, Na,S, Na,SO,.

6.  Kakas u3 cBsseit Ca - H, C - Cl sBnsiercs Haubosiee MoOSIpHON U TIoueMy?



7. OObscHHTE, TOYEMy MaKCHMajbHas KOBAICHTHOCTH (Gocdopa MOKET ObITh
paBHOU 5, a y a30Ta TaKO€ BAJICHTHOE COCTOSIHME OTCYTCTBYET?

8. Kakoii Tum CBSI3M OCYIIECTBIAECTCS B KpuUcTauiax MeTaioB? KakoBbl
O0COOEHHOCTH 3TOI'0 THIIA CBI3U?

9. N300pa3ute HJIEKTPOHHBIMH YpaBHEHHSIMHU IIPOIECCHl OOpa3oBaHUSA W3
aTOMOB CIICIYIOIINX COCAMHEHHI ¢ HOHHOM cBsi3bio: ZNnS; Mgly; PbO,.

10. CocraBTe CTpyKTypHBIE (OPMYIBl W TOKOXHUTE OOpa30BaHHE OKTETa B
cneayromux coenuHeHusx: NHs; Ny, H,COs.

11. VYkaxuTe BaJICHTHOCTh U CTEMEHb OKUCIICHHS KaXJOT0 aTOMa B MOJICKyJax:
Cl;, H,O, N, NH;, H,S.OtBer 000CHYHTE, MOJB3YSICh TEOPHEH CTPOCHHS
BEIICCTBA.

12.  Omnpenenute CTENICHh OKUCICHUS aTOMOB B COCIMHCHUSX W MOHAX: CrO42',

HNO;, KCIO;, SO,* PO4%, K3PO,, SiH4, NH,".

6- Tema. TensioBblie 3¢ ekt XUMHUeCKUX peakunii (Tepmoxumusi).

Inan:
1. XuMHuuecKue COCTOSTHHE BEIIECTB
2. DHTAJIBINS
3.TennoBsie 3 (PEKTH XUMUUECKUX PEAKIIHIA
4. TepMOXUMUYECKHE YPABHEHUS

OnopHble ca0Ba W BBIPAXKEHUSI: meniogvle  3ghghexmul,
MePMOXUMUS, CUCMeMA, U0IUPOBAHHAS CUCTEMA, 20MO2EHHAs CUCmeMd,
eemepoceHHas cucmema, @aza, oucnepcHas ¢haza, OUcnepcHas cpeoa,
mepmMoouHamudeckue  (QYHKyuu,  BHYMPEHHA  dHepeus,  @QYHKYuu
COCMOAHUS,  3AKOHbI ~ MEPMOOUHAMUKU,  IHMANbNUS,  IHMPONUS,
9K30mepMuyecKue u dHoomepmuyeckue peaxyuu, 3akou [lecca, 3aKoH
Jlasyazve-Jlannaca, 3axon Kupxeoga, ynxyuu I'envmeonvya u l'ubcca,
snepeus I ubobca, snepeus I'ermveonvya.



6.1. IToHsiTHS 0 TEPMOXUMHMYECKHX TPolieccax

Baxueiias 0cCOOEHHOCTh XMMHYECKUX PEaKIUi CBSI3aHA C TEM, YTO
MX MPOTEKAHUE COIMPOBOXKIACTCS U3MEHEHUSIMU dHEpruu. bosbinas 4acth
SHEPTUH, MPOU3BOJIMMAS B COBPEMEHHOM MMPE, MOJYYACTCS B PE3YyJIbTATE
XUMHYECKUX peakKIdi, TIJaBHBIM 00pa3oM IIpM CXKUTAaHUW  YIJIA,
He(pTEeNPOJAYKTOB W MPUPOAHOrO Tra3za. Takum o0pa3oM, B XHMHUH
MPUXOJUTCS HMMETh ACI0 W C BEIIECTBOM, M C JHeprue. Bompocamu
W3MEHEHHUS YHEPrUH 3aHUMACTCA TEPMOJMHAMHUKA - HAyKa, KOTOpas U3y-
4aeT CJICAYIOIINE BOMPOCHI:

1. Ilepexoibl SHEPTUHU U3 OJJHOU (OPMBI B IPYTYIO.

2.0Hepretuueckue  A(PGEKTh,  CONMPOBOXKIAOIINE  Pa3IMYHBIC
dbuznyeckue W XUMHUYECKHE IMPOIECChl, 3aBUCUMOCTh HUX OT YCJIOBUU
MPOTECKAHMUS.

3. BO3MOXXHOCTh, HampaBJICHUE W TIPEIEIIbl CAMOIIPOU3BOJILHOTO
MPOTEKAHUS MPOLIECCOB B 3aJJaHHBIX YCIIOBUSX.

XUMUYECKUE PEaKIui OOBIYHO COMPOBOXKAAIOTCS BBIJCICHUEM WU
MOTJIOLIEHUEM DHEPTUHU B Pa3IMUHbIX (OpMax: CBETOBAs, JIEKTPU-UYECKas,
TEIJIOBAas.

Paznen TepMoamHaMUKH, W3y4aroIIui TeIioBble A(PHEKTHl XUMU-
YECKUX PEaKIUil, 3aBUCUMOCTh UX OT COCTaBa U CTPOCHUSI PEareHTOB U OT
YCIIOBUU MTPOBEACHUSA PEAKIINI, HA3bIBAETCI TEPMOXUMUEN.

B tepmoamHamuke mjisi U3y4EHUS BBIJICISIOT TEPMOJIMHAMUYECKYIO
CUCTEMY - COBOKYIHOCTH T€J, BBIJCICHHYIO W3 OKPYKaIOIIEro Mpoc-

TPAHCTBA U SBJISIONIYIOCS OOBEKTOM HCCiemoBaHus. Yale BCEero MMeErT



JI€N0 C 3aKPBITBIMM CUCTEMaMH, KOTOpPbIE HE OOMEHUBAIOTCA C BHEIIHEH
Cpeloi BEIIeCTBOM, HO OOMEHUBAIOTCSA SHEPTUEH.

Ecnu xe HeT oOMeHa U PHEPrue, TO 3TO - U30JMPOBAHHAS CUCTEMA.
CucremMbl MOTYT OTIMYAThCA KOJUYECTBOM (pa3. B roMmoreHHoil cucreme
BCE€ BEILIECTBA HAXOJATCS B OJJHOM arperaTHOM COCTOSIHMH, B OJJHOU (a3e.
B rereporeHHoil cucteMe BeIllleCTBAa HAXOASATCS B Pa3IMUHbBIX arperaTHbIX
COCTOSIHUSIX, HECKOIBKHX (pa3zax. da3a - 3TO 4aCTh CUCTEMBI, OJTHOPOIHAS
BO BCEX €€ TOYKax MO0 XMMHYECKOMY COCTaBy M CBOMCTBAM M OTJIEJICHHAS
OT apyrux (a3 cucTeMbl MOBEPXHOCThIO paznena. OgHa U Ta )Ke cucrema
MOKET HaXOJUThCS B PA3TUUYHBIX COCTOSIHUSX.

JIist  XapaKTepUCTUKHU COCTOSIHUSI CUCTEMBI HCIOJIB3YIOTCS TaKue
U3MEpUMbIe CBOMCTBA, kak Macca (M), temmneparypa (7), oobem (V), nas-
nenue (P), konnentpamus (C) u ap. - TepMOAMHAMUYECKUE TTapaMETPHI.

Ha ocHOBaHMM 3THUX NPOCTBHIX MNapaMETPOB MOXHO ONPEAEIUTh
apyrue, 0oliee CIIOXKHBbIE, EPEMEHHBIE BEJIMYUHBI, KOTOPbIE TaKXKE HC-
MOJIB3YIOTCS JUISl XapaKTePUCTUKU COCTOSIHUSI CUCTEMBI U T€X U3MEHe-HUMH,
KOTOpbI€ B HEH NPOUCXOAAT, - TepMOJAMHAMHUecKue (QyHkuuu. YacTh
TakuX (QYHKIUH SBISIOTCS (PYHKUUSIMU COCTOSIHUSI. DTO Takue (DyHKIUH,
KOTOPBbIE 3aBUCAT OT HAYAJIbHBIX U KOHEUHBIX MAPAMETPOB U HE 3aBUCST OT
OyTH TpoleccoB. TakOBBIMU  SBISIIOTCA BHYTPEHHSISI DHEpP-THUS U
HEKOTOpBIE JIpyrue PyHKIUH.

Hpyrue TtepMoauHaMuueckue (PYHKIMU, HAOpUMEP TEIJIOBBIC
abpdexter (Q) m pabora, coBepriaemas cuctemoil (A), HE SBISIIOTCS

dyHKIMSAME  cocTostHus. Buytpennss saeprus (U) - 310  (dyHKIUA



COCTOSIHUSI, KOTOpasi XapaKTepU3yeT MOJIHBIM 3amac sHepruu cucteMbl. Ee
aOCOJIIOTHYIO BEJIUYUHY HEJb3sl ONPEACNIUTh, OJHAKO Ha MPaKTHKE
JIOCTATOYHO 3HATHh U3MEHEHUE DHEPTUM MPU MEPEXO0e CUCTEMbI U3 OJTHOTO
COCTOSIHUS B JPYTOE.

N3MeHeHne COCTOSIHUSI CUCTEMBI, COMMPOBOXAAOMIEECS U3MEHE-HUEM
XOTsi Obl OJHOTO W3 IMAapaMETPOB CHUCTEMBI BO BPEMEHM, Ha3bIBA-€TCS
TEPMOJMHAMUYECKUM  mporieccoM.  [Ipoieccel  mpu  MOCTOSIHHOM
TeMIepaType Ha3bIBAIOT HU30TEPMUUYECKHMHM, MPU TMOCTOSIHHOM OObeme -
U30XOPHBIMU, MIPU MOCTOSTHHOM JABJICHUU - U300apHBIMH.

KonnuecTBEHHOE COOTHOIIIEHUE MEXKAY H3MEHEHHEM BHYTpPEHHEH
OPHEPIruM, TEIUIOTOM U pabOTOM YCTaHABIMBAET MEPBLIA 3aKOH TEPMO-
JTUHAMUKHY:

Q =AU+A; A=pAV (6.1).

[lepBbIii 3aKOH TEPMOJWHAMUKHU SABISETCS (OPMON BBIPAKECHUS
3aKOHa coxpaHeHusi SHepruu. COrIacHO H>TOMY 3aKOHY JHEpPrus He
MCUYE3aeT W HE BO3HUKAET, OHA MEPEXOJUT U3 OJHOM (POPMBI B APYTYIO B
CTpPOTO ONpEJEICHHBIX, BCET/Ia SKBUBAJCHTHBIX KOJIMUECTBaXx. B maHHOM
cllydae TeEIJIoBas JHEPrusi pacXxoAyeTcs Ha HW3MCHEHHE BHYTPEHHEU
PHEPrUM W Ha pabOTy CHUCTEMBbI NMPOTUB BHEIIHUX CHJI WJIM Ha PadboTy
BHEITHUX CWUJI HaJl CUCTEMOM.

Jl71st u30X0pHOTO Mpoliecca ypapHeHue (6.1) 3anuiiercst B BUaC

QV =AU.

Jl1st u3o06apHOTO Mporiecca

Qp =AU+ PAV =U; - U + pV;y - pVy = (Uy + pVy) - (Uy + pVy).



O6o3Hauas
(U+pV)=H (6.2)

noiyuyuM (QyHknuo H, KoTopass HOCUT Ha3BaHWE SHTAJIBIUS

npouecca. Torga
Qp =H,-H; =AH =AU + pAV. (6.3)

N3menenne 3HTanbnum (AH) - TtemnoBoii 3¢dekT u3o0apHO -
m3otepmuueckoil peaknuu. [lockonbky 3Hauenne AH onpeaensiercs
pasHocThi0 H, W H; U HE 3aBUCUT OT MYTH M CIOco0a MPOBEICHUS
MpoIecca, SHTAIBIUSA SBIsSETCS (YHKIMEH COCTOSIHUSA CHCTEMBI (Tak iKe,
kak u U).

6.2. TensioBble d3pPeKTHI XMMUYECKUX PeaKIUii

TemnoBoit 3¢ppexkT peakuMu - KOJIUYECTBO TEIUIOTHI, KOTOPOE
BBIJICIISIETCSI WM TOTJIONIAETCS CHUCTEMOM B pe3yjbTare MNPOTEKAHUS
XHUMHYECKOM peakiuu. D10 MoxeT ObiTh AH (P, T = const) wmm AU (V, T =
const).

Ecnu B pesynbrare peakiuy TENI0Ta BBIACISAETCS, T. €. SHTAIBIIHS
cuctembl moHuxkaercs (AH < 0), To peaknus Ha3bIBACTCS
9K30MepMUYECcKoU.

Peakiiuu, comnpoBoXAaromecss MNOIVIOMIEHUEM TEIIOThI, T. €. C
HOBBINICHUEM SHTajdbIuu cucteMbl (AH>0), HasbBaroTcs sndomepmu-
YyecKuMU.

Kak wu gpyrue GyHKIUM COCTOSHUS, DHTAJBIHS 3aBUCUT OT
KOJIMYECTBA BEIECTBa, 03TOMY ee u3MeHenne (AH) oObraHO OTHOCAT K 1

MOJIb BEIIIECTBA U BRIPAXKAIOT B KJ[>K/MOJIb.



OObIYHO (DYHKIIMU CHCTEMbI OINPEACHAIOT IIPU CMAHOAPMHBIX
ycliosusx, B KOTOPbIE, KpPOME MMapamMeTpOB CTaHJIAPTHOIO COCTOSHMUS,
BXOJUT cTaHjapTHas Ttemme-patypa T = 298,15 K (25 °C). Temneparypy
YKa3bIBAIOT B BUJIC HIKHETO nHaAeKca (AH %298 ).

TepMoxumMmnuyeckue ypaBHeHHs peakIuii - ypaBHEHHUS, B KOTO-PhIX
yKa3zaH TerioBOM 3(h(EeKT, yCIOBHS pEakKIuid M arperarHble COCTOSHHUS
BemecTB. OOBIYHO B KaudecTBe TemioBoro sddexkra 6epyr Qp = AH -
W3MCHEHUE DSHTAIBIUU peakiuu (Mpu MNOCTOSHHBIX P u T) wmm s
M30XOPHBIX PEAKIIUN - U3MEHEeHHEe BHyTpeHHer sHeprun AU. Hanpumep,

C(rpadur) + O, (raz) = CO, (ra3), AH®298 = -396 Kk JT.

TennoBoi 3(pheKkT MOKHO 3anucaTh B ypaBHCHUU PEAKIUU

C(rpadur) + O, (ra3z) = CO, (ra3) + 396 xJIx.

B nacrosiee Bpems neppast popma 3amucu ynoTpeosisieTcs vaiie.

6.3. Tepmoxumuueckue pacuernl. 3akoH ['ecca U ero cJjieacTBus

Pazpgen xumMum, wu3ydaronuid TEMIOBbIe A(PHEKTH XUMHYECKUX
peakiuii 1 (a30BBIX MPEBpAIEHUM, HA3bIBACTCS mepmoxumuel. Ypa-
HEHMS TIPOIECCOB, B KOTOPBIX YKa3aHbI TEIJIOBbIC d(P(DEKTHI, Ha3bIBAIOTCS

mepmoxumudecKkumu, HalrpuMep:
N2 + 3H2 = 2NH3, H;)gg: '92,38 K,Z]JfC.
Yto0bl OTHECTH HM3MEHCHHE SHTAJIBIINU p€akoiunu K OAHOMY MOJIXO

KaKoro-anbdo BCIICCTBA, TCPMOXHUMHUYCCKHUC YPABHCHUSA NHOI' Id UMCIOT

IpoOHbIE KO PUITUEHTHI:

2Al +3/2 0, = Al,Oz;  Hpgs = -1675,8 k/loc



B TepMOXuMHUECKHMX YpPAaBHEHHUSAX YKa3bIBAIOTCS  arperaTHbIe

COCTOSIHUS ¥ MOJAM(UKAIIUY UCXOTHBIX BEIIECTB M MPOIYKTOB PEAKIINH:
COy + Cpagury = 2CO;  Hoog = 172,47 x/Dorc.

B ocHOBE TEPMOXMMHUUYECKUX PACUETOB JICKUT 3aKOH, OTKPBHITHIN
poccuiickuMm ydeHbiM ['eccom I'. . (1841 r.). CyTh ero B clieayromem:
TEI0BOM 3(HEKT XUMUUYECKOM peakMy 3aBUCUT TOJIBKO OT Hayaib-HOTO
Y KOHEYHOI'0 COCTOSIHUSI CHCTEMBI, HO HE 3aBUCUT OT MMYTH NIpoO-Iiecca, T. €.
OT 4YHCJIa W XapakTepa MPOMEXKYTOYHBIX CTaAui. ITO, B YaCTHOCTH,
3HAYUT, YTO TEPMOXUMHUYECKHUE PEAKIIMH MOKHO CKJIaJIbI-BaTh BMECTE C UX
TeroBeiMU dddexkramu. Hampumep, obpazoBanue CO, u3 yriepoaa u

KHUCJIOPOJIa MOXHO MPEJACTABUTh CIEIYIOIIEH CXEMOM:

AH;’

Clrpagur) + > CO,

AH,’ AH3°

CO + 1/20,

1. Ciopagp)yTO2:=COs¢y AH’1=-396 K[k
2. Cipapyt1/2044=CO¢) AH=X xJlx
3. COy+1/205:y=COyy AH"3=-285 k[l
Bce 3t Tpu mporiecca HaXOAAT MIMPOKOE MTPUMEHEHHE B MPAK-THKE.
Kak u3BectHO, TeroBbie 3dekThl obpazoBanuss CO, (AH;) u ropenus
CO (AHj3) ompepensitorcs SKCIepuMeHTalnbHO. TeroBoil ke sddekt

oopaszoBanusi CO (AH,) skcnepuMeHTanbHO M3MEPUTHh HEBO3MOXKHO, Tak



KaKk TMpUd TOPEHUU VIIepoJa B YCIOBUSIX HEJAOCTaTKa KHUCIOpoaa
oopazyercs cmecbh CO u CO,.

Ho temnoty obpazoanus CO MOXKHO pacCUUTAaTh.
N3 3akona ['ecca cienqyer, 4To AH01 = AH02+ AH03. CraenoBaTenbHO,

AH’, = AH®; - AH®, = -396 - (-285,5) = - 110,5 (x/[x).

OueBuAHO, MOJIB3YACH 3aKOHOM I'ecca, MOXXKHO HAXOAUTh TEIUIOTY
peakiii, KOTOpPbI€ HEBO3MOXKHO OMNPEACIUTh OAKCIEPUMEHTAIBHO.
CornacHo cjeacTBHIO U3 3akoHa ['ecca TemioBoil 3gheKT peakiuu paBeH
CyMMe€ DHTaJIBINI 00pa3oBaHUs MPOJAYKTOB PEAKIIMU 3a BHIYETOM CYMMBI
SHTAJIBIINI 00pa30BaHUS UCXOHBIX BEIIECTB (PeareHTOB):

AI_on.p. = Znnpon.'AHOfnpon.'znncx. AHO fpearenTos. (64)

raie N - KOJIWYECTBa BEIECTBA; AHOf - CTaHJapTHas JHTaJb-
nusi(TerioTa) o0pa3oBaHuUs BEIIECTRA.

TennoBoit 3dexT npsiMoit peakiuu paBeH MO BEJIUYUHE U MPOTUBO-
MOJIOKEH TI0 3HaKy TermIoBoMy 3(ddekTy oOpaTHOM peakiuu (3aKOH
JlaByasbe - Jlamaca).

TennoBoit 3¢ PekT XuMHUUECKON peakIIuy paBEeH Pa3HOCTH CYMM TEIUIOT
obpazoBanusi (AHf) TPOAYKTOB peakIMM W MCXOJHBIX BEIIECTB,

YMHOXXEHHBIX Ha CTeXHOMETpruYeckre K03 GUIIMEHTHI (V):

AH® = Y (ViAH D upox. = S (ViIAH 1 ) ex.

TeroBoit 3ddekr XuMHUUecKOM peakiuu paBeH pPa3HOCTH CyMM
TeroT cropanus (AH;) HMCXOAHBIX BEMIECTB W MPOAYKTOB PEAKIIUHU,

YMHOXEHHBIX Ha CTeXHOMETpruUYecKkue KodpuImeHTsl (v):

AHO = Z(ViAHC,i)HDOI[. = Z(ViAHOC,i)I/ICX.



Takum 00pa3oM, MONB3YSICh TAOJWYHBIMU 3HAYCHHUSIMU TETUIOT
oOpa3oBaHUsl WJIM CrOpaHUsl BEHIECTB, MOXKHO pPacCUUTATh TEIJIOTY
peakiuu, He mpuberas K SKCIEpUMEHTY. TaOmudHbIE BEIUYWHBI TEILIOT
oOpa3oBaHUsT W CroOpaHUs BEIIECTB OOBIYHO OTHOCITCA K T. H.
CTaHJAPTHBIM yCIOBUAM. J[JIsl pacyéra TEmI0Thl IPOLIECCa, IMTPOTEKAIOIIETO
P HWHBIX YCIOBUSIX, HEOOXOJMMO WCIOJIb30BaTh M JAPYTHE 3aKOHBI
TEPMOXHMMUH, Hampumep, 3akoH Kupxroda, onmuchBaromuidi 3aBUCHMOCTh
Ter1oBoro 3¢ dexra peakiuu OT TEMIIEPATYPHI.

Ecnm HayanpHOE M KOHEYHOE COCTOSIHHS XHMHUYECKOW peaKInH
(peaxuuii) COBMaaIOT, TO UX TEII0BOM A(h(PEKT paBeH HYIIIO.

Pazmeprnocmo TernoBoro 3pdexra peakuuu Hy, (H2) - KJIK.

[Ipu BbIUKCIIEHUH TEILIOBBIX A3(DPEKTOB (M3MEHEHUS CTAHAAPTHBIX
SHTAIBIUIN) PA3TUIHBIX MTPOIIECCOB HEOOXOIUMO:

1) 3ammcaTh COOTBETCTBYIOIIMM TMPOIECC, YKa3aB arperaTHbIC
COCTOSIHHS BEIIIECTB, YYACTBYIOIIHUX B PEAKITUU;

2) paccTaBUTh CTEXMOMETPUUECKUE KOA(DPUIIUEHTHI;

3) BbIKMCATh U3 CIPABOYHMKA 3HAYCHHUS CTAHIAPTHBIX SHTAJBITHM

o0pa3oBaHusl  H{,,BCEX YYaCTBYIOIIMX B pEAKUWU BEIIECTB B

COOTBETCTBYIOIIUX arperaTHbIX COCTOSIHUAX;

4) ucnonw3ys 1-e cieacTtsue u3 3akoHa ['ecca, paccuuTarh TEMIOBOU
spdekt mponecca (H%gg). Crexuomerpuueckne  Kod(POUIUEHTHI
HEOOXOJMMO YUYWTHIBaTh, TAKKAKIHTAIBIIUS SIBISIETCA SKCTEHCUBHOM

BEJINYNHOM.



Temnopoit 3ddekT peakiuu o0Opa3oBaHus 1 MOJIb  CI0XKHOIO
BEIIIECTBA U3 IMPOCTHIX BEIIECTB, OMPEACICHHBIH TIPU CTaHAAPTHBIX
YCJIOBHSX, Ha3bIBA€TCS CTaHJAAPTHOM OHHTAJIbIIMEH 00pa3oBaHUS 3TOIO
BemiectBa (AH  ygpas. it AH® f kJIk/MOIB).

Tak kak aOCOJIOTHYIO SHTAJIBIHUIO  BEHIECTBA  OMNPEACIUTH
HEBO3MOXKHO, TO JJIsI U3MEPEHUNW U Pacue€TOB HEOOXOJIUMO OIPENEIUTh
Hayajgo OTCYeTa, T.€. CUCTEMY M YCJIOBHUS, JJISI KOTOPBIX MPUHUMAETCS
3HaueHue AH=0. B TepMoguHamMuke B KadyeCTBE Hayaja OTcCUeTa
MPUHUMAIOT COCTOSIHUSI MPOCTBHIX BEIIECTB B MX HauMO0JIEE YCTOWYUBBIX
dbopMax mpu 0OBIYHBIX YCIOBHUAX - B CTAHJAPTHOM COCTOSIHUHU.

Hanpumep: AH°f(O;) = 0, AH°f(O3) = 142,3 xJIK/Mob.
CrangapTHbIC SHTAIBIIUUA 00pa30BaHUS OMPEEIICHBI I MHOTHX BEIIECTB
U TIPOBEJICHBI B CIIPaBOYHUKAX (cM.Tab. 6.1).

CornacHo BbeIpakeHuto (6.4) mis peakumu ad+eB = ¢C + dD
TeII0BOM 3P (DEKT ornpenenseTcs KaK

AH%98 x ;= (cAH’C + dAH’/D) - (aAH’;A + 6AH";B).

Btopoe cneactBue 3akoHa I'ecca OTHOCHUTCA K OpPraHUYECKUM
BemiecTBaM. TerioBoit 3¢h@(ekT peakiuu ¢ y4yacTHEM OpPTaHUYECKHUX
BEIIIECTB PAaBEH CYMME TEIUIOT CTOpaHUsI PEareHTOB 3a BBIUETOM TEILIOT
CrOpaHHs IPOTYKTOB.

[Ipu »TOM TEIJIOTa CropaHusi OMpEACiseTcs] B MPEANOJIOKCHUU

MOJIHOTO cropanus: yriepoa okucingerca 10 CO,, Bogopon - no H,O, azor

- No.



TaOnuma 6.1.

TepMOIlI/IHaMI/ILIeCKHe KOHCTAaHTBI HCKOTOPBIX BCIICCTB

s | 2, 23| .2 % : e, | g8 : %

;| 82| 82| o2 g 5 5 o £ 23
Fl:EI88 23 | b% | f | 3P| 53| 2% | Py
& = & =

1 2 3 4 5 6 7 8 9 10
Ag TB 0 0 42,58 H - C4Hyp r -126,23 -17,17 310,33
Ag,0 TB -31,15 -11,26 121,04 H - CsHy, r -146,54 -8,37 349,18
Al TB 0 0 28,36 CeHs r 82,98 129,75 269,38
Al,O; [ TB | -1676,8 -1583,3 50,95 CeHi2 r -123,22 31,78 298,44
As TB 0 0 35,63 H - CgHy4 r -167,30 -0,25 388,66
As,O; | TB -619,2 -538,0 107,1 CH30H X -239,61 -167,20 126.69
As, 05 | TB -914,6 -172,4 105,4 C,HsOH r -234,5 -168,18 282,60
Br; X 0 0 152,31 CO Cl1, r -220,27 -206,88 283,91
Br; r 30,92 -3,13 245,35 CO r -110,60 -137,23 197,67
Bi TB 0 0 56,9 CO, r -393,77 -394,64 213,82
Bi,O; | TB -578,2 -497,7 151,0 CS; r 116,14 65,96 237,94
Cupaury | TB 0 0 5,74 Ca TB 0 0 41,45
Camasy | TB 1,89 2,83 2,38 CaCl, TB -796,30 -1011.50 104,70
CH,4 r -74,86 -50,85 186,44 CaO TB -635,51 -604.45 39,77
CH; r 226,17 208,61 200,97 CaC, TB -59,90 -64,90 70,00
CoHy r 52,5 68,38 219,43 Cu TB 0 0 33,20
CoHg r -54,78 -33,00 229,65 CuO TB -162,10 -129,50 42,73
CsHg r -103,92 -23,49 270,09 Cu,0 TB -173,30 -150,60 92,99
C4Hg r 110,24 150,77 278,92 Cl, r 0 0 223,17

TemnoBoit 3¢hdekT peakuyd OKHUCIECHHS KHUCJIOPOJOM DJIEMEHTOB,
BXOJIAIIIMX B COCTAaB BEIIECTBA, JO OOpa30BaHMS BBICHIMX OKCHIOB
o 0
Ha3bIBACTCS TEIJIOTON cropaHus 3toro BemiectBa (AH..). Ilpu 3Tom
o4eBHUIHO, 4TO cropanus O,, CO,, H,0O, N, mpuHumaroTcs paBHBIMU

HYJIIO.



Hanpumep, TenaoTy cropaHus 3TaHoJIa
C2H5(>K) + 302 = 2C02 + 3H20(F)
Mo>KHO paccuuTaTh 10 ypaBHeHHIO (7.4)

AH®, , = AH’,;.(C:H:0H) = 2AH" 4(C0) + 3AH’ (H,0) - AH® {(C;H:0H)

6.4. OcHOBHOI (BTOPOIi) 3aKOH TePMOAMHAMUKH. DYyHKIIMU
I'enbmroasna u I'uécca
Hexkotopsie ¢da3oBbie mepexoabl COMPOBOKAAIOTCS BBIICICHUEM WU

MMOTJIOICHUCM DHCPIU, HAIIPUMCD:

Crpapnr = Canmas, AH0298: 1,8 xJ>x/Monb;
B203 «—B203 ayopip» AH0298= 25 xJIx/Monb;
SO; ,— SO;5 AH0298= 23 xJIx/Monb;
H,O ,— H,0 ., AH0298= 44,0 x/>x/Momb;
Ag.— Ag AH0298= 251 x]Ix/Moub;

CrangapTHble DHHTANbIIMU TaKUX TMEPEXOJOB 3aBUCIAT OT THUMA
nepexoaa: HAUMEHbBIINE 3HAYEHUsI XapaKTepHbI Ui MEepexoaa U3 OJHOU
KPUCTAJUIMYECKOW MOAU(DUKAIMKU B JPYryr0 (3aMe€Ha OJHUX CBSI3el
Ipyrumu), a HauOoJbplliue - 1JId ucnapeHus (pa3pbiB cBs3eit). s
XUMUYECKUX  PEaKIMHUBOOOIIE BO3MOXKHBI CaMble  Pa3HOOOpa3HbIE
BeJIMUUHBI AH: OT OTpULIATENBHBIX 3HAYEHUN, COCTABISIOIINX HECKOJIBKO
TBHICSY (1711 TOPEHUsI OpraHndeckux BemecTn), 10 +800 k/[xx/monb. Kpome
OOBIYHBIX XUMHUYECKUX PEAKIMIA, MOKHO pacCMaTpUBaTh TaKHE MPOLECCHI,
KaK MOHM3AIIMS, TPUCOETUHEHUE FIIEKTPOHOB, paciaj Ha UOHBI:

Li,— Li", +e, AH 595 = 682k Ik/MoOnb=ly;

Cl +e—ClI, AH g5 = -229,4xJ1x/Monb=-E;



KF=K" +F, AH0298 = 812xJIx/Monb=U ey,

OHTaNBIINN 3THX PEAKLIUN HOCAT CIICIIUATIbHbIC HA3BAHUS: DJHEPT U
VWOHU3ALAH, CPOJCTBO K JIEKTPOHY aTOMOB M HEPTHS KPUCTAIUNIMYECKOU
pELIETKH.

OueHb MHOTHME PEaKIMU HU3Yy4aloTCs W MPOBOJATCS B pacTBopax. B
3TOM CiIy4yae HEOOXOAUMO YUUTHIBATh PEATIbHOE COCTOSIHUE PACTBOPEHHBIX
pearupyromux BemecTB. Tak, B3aumojencteue pactBopoB KBr u AgNO;
CBOJUTCS K NIOHHOW pEaKIUH

Ag’, + Br, = AgBr AH 05 4, = -85KJIK.

B3aunmopeiictBue JHO0bIX CHJIBHBIX KHUCJIOT C JIHOOBIMU CHUJIbHBIMU

OCHBAHUSIMH OTIMCBHIBACTCS PEAKLEH

H',,+ OH ,, = HyO,; AH 08, = -56K]TK,

T.€. pacyeTbl HYXHO TIPOBOJUTh C HCIOJb30BAHUEM DHTAJBIIHAN
00pa3oBaHUsl B3aMMOJCHCTBYIOIIUX HOHOB Ag+p, Br, H+p, OH,u 1.1. B
ATUX pacyeTax JUisl peaki[Mu B pacTBOpPax TAKXKE HEOOXOAUMO ONPENEIUTh
TOYKY OTcueTa. B kauecTBe TakoBOW OepyT AHTAIBINIO 00pa30BaHUsA H+p
.. AH% (H'p)=0. DHTanbmmi0 06pasoBaHus APYTHX HOHOB ONMPEIEIATH
OTHOCUTEJIBHO 3TOM BEJIMYMHBI; OHU TaK)Ke TaOyJIUPOBaHbI U IPUBOASTCS B
CIIPAaBOYHHKAX.

Hanpasienue xuMu4eckux peakumu. [Ipy usydeHnn XuMu-4eCKux
MIPOLIECCOB OYEHb BAYXKHO OLEHHUTH BO3MOXHOCThH WJIM HEBO3-MOKHOCTh UX
NPOTEKAHUSI TPU JAHHBIX YCIOBHUSX, T. €. HANpPaBJICHHE BO3MOYKHOIO

NpoOTCKaHug  1npouecca, MW KOJIHUYCCTBCHHO  OIPCACIUTL BCIIMYHUHY



XUMHUYECKOTO CpOJICTBA BEIIECTB (cTpemiieHHue BEIIECTB K
B3aUMOJICHCTBHUIO).

IlepBoe Hayamo TEPMOJAMHAMMKHU - 3aKOH COXPAHECHUSI SHEPIUU - HE
YKa3bIBA€T HAINPABJICHUE XUMUYECKOU PEAKIIMH, €€ BO3MOKHOCTD, [IOJTHOTY
MPOTEKaHWs, a »dTO NPEJACTABIICT COO0OM OCHOBHYIO 3ajady IpH
HCCIIeIOBAaHUH JII000T0 MpoIiecca.

CaMonpou3BOJIBHBIN NpoIecC MpoTeKaeT 0€3 3aTpaThl YHEPTUHU U3BHE
(cMmeleHue Ta3oB, IMepeada Terja OT TOpSAYero Tejia XOJIOJHOMY, Boja
CTeKaeT C KpbIK). MHOrHMe XHMHYECKHE pEaKIMU TakKXe IMPOTEKAoT
CaMOINPOM3BOJILHO, HAaIpUMEpP: OOpa3oBaHME pPrKAaBUMHBI Ha MeTalllax,
PAaCTBOPEHHUE COJIM B BOJIE U T. .

JIBIoKyIen cuioit 1o00ro mnpoiecca ABIseTCS CTPEMIICHUE CUCTEMBI
IIEPEUTH B COCTOSIHUE C HAMMEHBIIEH DHEPTUEH. YMEHBIICHUE YHEPTUU
CHUCTEMbl MOXKET OBITh CBSI3aHO KaK C YMEHBIIICHHMEM TEIUIOBOW SHEPIuu,
TaK U C yBEJIMUCHUEM «OECIOPSIKa» B CUCTEME.

JuTponus. Kraccudyeckoil TEepMOJAMHAMHUKON paccMaTpPUBAIOTCA
CHUCTEMBI, COCTOAIIME W3 MHOXECTBAa CTPYKTYPHBIX €IWHUI] (TOpsIKa
MOCTOSIHHOM ~ ABOragpo). OTWM 4YacTUIBl HAaXOASATCS B  COCTOSIHUM
HETPEPHIBHOTO ABMXKEHUS - COBEPIIAIOT JUHEHHBIC JIBUKECHUS, BpAIICHHUS,
KoJieOaHMs, BHYTPCHHHE JBWIKCHHS B 4YacTHIAX. OTH JIBHKCHUS
OTPEACIISIIOT BCE TEPMOJAMHAMHUYECKHE (DYHKIIUM U TIapaMeTphl cucTeM. B
TEPMOJMHAMUKE JIBUKCHUS MHUKPOYACTHUI] XapaKTEPU3YIOT CIICIUATBHOMN

byHKIMEH - TepMOAMHAMUYECKOM BEPOATHOCTBIO cucTeMbl W (Tak Kak



caMO JBWKEHHUE YaCTHUIl UMEET BEPOATHOCTHBIN XapakTep); TOBOPST, UTO
9Ta (QYHKIIUS SIBJISETCS XapaKTEPUCTUKON OECTIOpsiIKa CUCTEMBI.

[Ton OecnopsKOM CHCTEMbl TOHUMAIOT KOJMYECTBO Pa3IMYHBIX
BO3MOXKHBIX TIEPEMEIICHUN €€ YacTei, He U3MEHSIONIMX COCTOSHUE
CUCTEMbl B II€JIOM, - TEPMOJAMHAMHYECKYIO BEpPOSITHOCTH W (YHCIIO
MUKPOCOCTOHUM, KOTOpPBIE OMPEAENSIIOT JAaHHOE MakpococTosinue). W
COCTOSIHUSI CUCTEMBbI, cocrtosmeid Bcero u3 10 Monekyn rasza, paBHO
npumepHo 10000, a Benp TONBKO B 1 cM® rasa COIEPKUTCS 2,7-10"
MOJIEKYT (H. y.).

Benmuunna W 00bIYHO orpoMHa W HeyAoOHa Jisl MCIOJb30BaHMUS,

IMO3TOMY B TCPMOJMHAMHUKEC OOBIYHO HCIIOJIB3YIOT APYT'YIO q)YHKI_[I/IIOI

S =R-InW (Jlx-moms K™ - ypaBHeHue bosbrimana,

Ha3bIBaeMyl JHTpomueid (3mech R - yHuBepcaiibHasi ra3oBas
IIOCTOSIHHAS ).
[IpousBenenne AS-T - osHeprusi, cBsi3aHHasE C U3MEHCHHUEM

OecrniopsJika B CUCTEME - SHTPONUIHBIN (akTop.

DHTPOINUIO BEIIECTB, KAK W MX DHTAJBIHNI0 00pa3oBaHUs, MPUHSITO
OTHOCUTh K CTaHJAPTHBIM YCJOBHUSIM, IIPU 3TOM SHTPOIUIO 0003HAYAIOT
80298 M Ha3bIBAIOT CTAHAAPTHOW OSHTPONMMUEH. 3HAYCHUSA CTAHIAAPTHBIX
SHTPOMUM I HEKOTOPBIX BEIIECTB TaKXKe MpUBEACHBI B Ta0. 6.1.

B oTnuume oOT nOpyrux TEepMOIWHAMUYECKUX (DYHKIMH MOKHO
OTPEACINTh HE TOJBKO HM3MEeHeHue 3HTponuu (AS), HO W aOCOMIOTHOE

3HAYEHHE SHTPOIHH (S).



OHTponust ABAsieTCsl (YHKIUEH COCTOSIHUSL CHUCTEMBI, T. €. €€
W3MEHEHUE B Pa3IMUHBIX MPOIEcCaX HE 3aBUCUT OT MNyTu. VI3MeHeHue
SHTPONUU PEAKIIMU MOXKHO HAXOJUTh KaK Pa3HOCTb CyMM MPOJYKTOB U
pEareHTOB, aHAJOTUYHO SHTAIBIIUU U BHYTPEHHEUW SHEPTUU:

ASOx.p.: ) nnpou'Sonpon B aneareHTOB'SOpeareHTOB (65)

Hampumep, s peakuuun

Crpad + CO, (r) = 2CO(1)

80298 6 214 198 JIxx Moy K

ASOpeaKI_[I/II/I - 230298(00) - S (Crpadur) ~ SO298(002) =2-198-6-214 =176
Ix/K.

[TpakTHyeCcKu BaXKHBI CJICAYIONIME KAUYECTBEHHbBIE 3aKOHOMEPHOCTH:

1.  HauOomplryro SHTPOINUIO UMEIOT T'a3bl, 3HAYUTEIIBHO MEHBIITYIO
- JKUJIKWe U TBepAble BemectBa (cM. Tabn. 6.1). IlostoMy ecnu mipu
peaKkiui yBEJIWYMBACTCA KOJWYECTBO Ta3000pa3HBIX BEIIECTB, TO
YBEJIUIUBACTCS U SHTPOMUSA CUCTEMBI. Tak, HanmpuMep, MPU MPOXOKIACHUN
peaxiuu

CaCO;g(Kp) = CaO(Kp) + COZ(F)

CTaHJapTHasi YHTPOIHMS cUCTEeMbI Bo3pactaeT Ha 160 [Ix/Mons K.

2. CBs3b PHTPOINMU C arperaTHbIM COCTOSSHUEM MOXKHO IMOKa3aTh Ha
CIeAYIOIIEM MpuMepe:

BemectBo Bro Brym ) I

S°Iw/(voms k) 152,3 24535  116,7  260,6

3. DHTpomHs MPOCTHIX TBEPABIX BEIIECTB, CJIa0O 3aBUCHUT OT

MOpPAAKOBOTO HOMCPA 3JICMCHTA.



4. YBenu4eHre 4uciaa aTOMOB B MOJIEKYJIE U YCIOKHEHUE MOJIEKYJIbI
MPUBOJIUT K yBEIWUYEHUIO SHTponuu. Hanpumep:

BemecTtBo O O, O3

S Tix/(Mob-K) 161 205 238,8

DTO CBSI3aHO C DJICKTPOHHBIM CTPOCHUEM: YEM TSKEJIEe CTPYKTypHast
euHUIla, TeM OOJbIlIE B €€ COCTAaBE AJIEKTPOHOB M OOJIBIIE COCTOSIHUM, B
KOTOPBIX OHA MOXKET HAXOAUTHCA.

5.  DHTpoOmHUs 4YacTO BO3pACTACT MPHU PACTBOPEHUHU TBEPJIOrO WU
YKUJIKOTO BEIIECTBA U YMEHBIIIAETCS MIPH PACTBOPECHUH T'a3a B KUJIKOCTH:

BemectBo NaCl . NaCl, CH;0H,, CH30H,

S%08 72,4 115,4 127,0 132,3

VYBenuueHnue S CBSI3aHO C YBEJIWYCHUEM IMOJBM)KHOCTH YacTHUIl U
3aHUMAEMOTO MMM O00bEeMa, a YMEHBIIEHHE - C OOpa30BaHMEM HOBBIX
CBSI3€H U, ClIeI0BaTEILHO, OTPAHMYEHUEM CBOOOIbI MEPEMEIICHUM.

OHTponUsT U TEPMOJMHAMHUYECKAs BEPOSTHOCTh CHUCTEMBI -
BOKHEHUIIIME TMOHATUS TEPMOJAMHAMHUKH, B HHMX YCTaHABIIMBACTCS CBS3b
MEXJIy MUKPOM MaKpPOCOCTOSHUSIMU CHCTEMBI. [103TOMYy HEyAMBUTENIHHO,
YTO MMEHHO Yepe3 OTU MOHATHA (OPMYIUPYETCS OCHOBHOUN (BTOPOIA)
3aKOH TEPMOJWHAMHUKU. B HM30JUPOBAHHOM CHCTEME CaMOIPOU3BOJIBHO
UIyT TOJBKO TEIUIONPOIIECChI, KOTOPHIE COMPOBOXKIAIOTCS BO3pAacCTaHUEM
sHTponuu (AS >0).

Tepmoounamuueckue nomenyuanwvl. Ha npakmuke paccmompenue
UB0IUPOBAHHBIX cucmeM u ucnoavsosanue (AS)yy 6 Kauecme Kpumepus

PpasHo8ecus u HanpasieHusi npoyecca Kpatine HeyooOHO, MaK KaxK pacuem



USMEHEeHUsL IHMPONUU O U30IUPOBAHHOU cucmembvl 3ampyonumenen. Ho
C NOMOWDBIO IHMPONUU MONCHO BbIYUCIUMb Opyaue QYHKYUU - dHepuro
Tuboca(G) wunu smnepeuro Ienvmeonvya(A), sersowuecs kpumepusimu
pasHogecus U HanpasieHus npoyecca npu nOCMoOAHHbIX memnepamype u
oasnenuu uiu npu NOCMOSIHHBIX memnepamype u ooveme.

Y 100CTBO HCMONB30BaHUSI ATUX TEPMOAMHAMHYECCKUX (PYHKIMN B
KaueCTBE KPUTEpPHUs pPaBHOBECHS Ipollecca CBA3aHO C TE€M, UYTO MHOTHE
MPOIECCHl  XMUMHUYECKOW TEXHOJIOTMU TMPOTEKAIOT TMPU IOCTOSHHOM
JABJICHUHU U TEMIIEpa-Type, €CJIU OHM MPOBOJATCS B OTKPBITHIX anmaparax,
WU TIpU TIOCTOSSHHOM OObEeME U TeMIepaType, €CIM OHU IPOBOA-SATCSA B
3aKPBITHIX allllapaTax, HapUMEpP, B aBTOKJIaBax. BBenenue a3tux QyHKIIHiA
MO3BOJIMJIO COCAATh CPAaBHUTEIBLHO MPOCTOM B MaTEMAaTHMYECKOM ILJIaHE
oO1IMi1 anmapaTt COBpEeMEHHON TEPMOIMHAMUKH.

OHeprusi I'm606ca. Kak wu3BeCTHO, OOBEAMHEHHOE YpaBHEHHE
MEepBOr0 U BTOPOTO Hadajla TEPMOJMHAMHUKH MOXKHO HAIlMcaTh B BUJIEC
COOTHOIIICHUS:

TdS >dU + pdV + oW

rae W' - mone3nas pabora.

Pemmim 3T0 ypaBHEHHSI OTHOCUTEIBHO MOJIe3HOM padboTsl W':
-oW'>dU -TdS + pdV

B oOpatumom porecce Tmosne3Hass paboTa HUMEET HauOobIIee
3HAUEHHE M HA3bIBAC€TCS MaKCUMaJIbHO Moje3Hou padorour - W'm. Ilpu
MOCTOSIHHBIX MapaMeTpax- JaBJICHUU U TEMIIEpaType,- B cliydae 0OpaTUMIO

npoiiecca, HEPaBEHCTBO



-OW'max = d(U - TS + pV)
I7ie MpaBasi 4yacTh TOrO PABEHCTBA €CTh TEPMOJMHAMHUYECKas (yHKIIHS,
oOnagaromias cBoiicTBaMu mojHOro nauddepennuana. Ita  QyHKUIUS
Ha3bIBaeTCs YHeprueit ['nbdoca.
G=U+TS+pV

W3 Bblllle MPUBEACHHBIX YPAaBHEHUH BBITEKAET (PUBHYECKUN CMBICI

TOU PYHKIIUH:
dGp, T =oW'm
WIn
AGp,T = W'max

TO €CTh IOCTOSHHBIX [IaBJI€HUW U TEMIEpPaType YMEHBIICHUE
sHepruun ['mb0Oca s oOpaTMMOrO TMpolecca pPaHO MaKCUMAJIbHOM
M0JIe3HOM padorTe.

JHeprus ['eabMroJsbua. Beiie npuBeIeHHYIO HEPABEHCTBO MOYKHO
MPEJCTaBUTh B BUJIE:

oW - pdV >dU - TdS

[Ipyu mocTosiHHBIX 00bEME M TeMIEepaType U B ciiydyae oOpaTUMOro

MpoIiecca MociieIHEE YPaBHEHHUE MIEPEMUILIETCS B CIEYIONIEM BUIE:
oW'max - pdV =d(U - TS)
Oynkuus, 00J1aaroas CBONCTBaMU MoJbHOTO AudepeHimrana
A=U-TS
Ha3bIBaeTCs aHepeuel [ervmeonvya. POUBNYECKUM CMBICT ATOU

GYHKIMU: npu  NOCMOSAHHLIX 00beme U memnepamype YMeHbUleHUe



snepeuu Ienvmeonvya npu oboamumom npoyecce pagHO MAKCUMALLHOU
nozesHou pabome:
-dAV,T = 6 W'max
WIn
AAV,T = - W'max

Oneprusi ['mb0ca u sHeprus ['enbmrosibiia CBSI3aHbl C JPYTUMU

TEPMPIUHAMUYECKUMH (QYHKITUSIMHU COOTHOIIICHUSMMU:
G=H-TSum AG = AH - A(TS)
A=U-TSum A4 =AU - A(TS)

Oneprust ['ub66ca u sHeprusa I'enbmronbia - TEPMOIUHAMUYECKUE
GyHKIIMHA, KOTOpbIE, HWMEIOT BaXXHOE 3HAUYCHHUE B XUMHUYECKOU
TepMoHamMuke. OHU SBISIOTCS (QYHKIUSMH COCTOSHUSI, TO €CTh
U3MEHEHHE OSTUX (PYHKIIMK BO BpeMs IIpollecca HE 3aBUCUT OT IMYTH
mpolecca, a 3aBUCHUT TOJBKO OT HAYaJIbHOIO M KOHEYHOTO COCTSHUU
CHUCTEMBL.

3aauM ¥ BONPOCHI 1JIsl CAMOKOHTPOJIA

1. Yo uzyuaet repmMoxumus?

2. ChopmynupyiTe epBbIil 3aKOH TEPMOTUHAMUKH.

3. Uro nmokaspIBaeT CTaHAApTHAS TEIUIOTa 00pa3oBaHus?

4. Kak unraercs 3akoH ['ecca?

5. Ha3zoBute ycimoBus CaMONpPOU3BOJIBHOIO NPOTEKAHUS MPOLECCOB B
V30JIMPOBAHHOW CUCTEME.

6. IlpuBenurTe npuUMepbl MPAKTHUYECKOTO MCIOJIb30BAHMS 3HAHUS 3aKOHOB

TCPMOANHAMUKHU B TCXHOJIOTHH IIPUTOTOBJICHUS IMTUIIN



7. Temmotsl pactBopenus cynbdara meau (CuSO4) u MemHOro Kyropoca
(CuSO45H,0), paBubl -66,11 xJlx m 11,72 kJIk coOTBeTCTBEHHO. Bhruumcimre
TEIJIOTY THIpaTalluu Cyabdara Meu.

8. Beraucnure TemioBoit 3p¢GeKkT U HAMUIIUTE TEPMOXUMUYECKOE YPaBHCHHE
peaknuu ropenus oxHoro monus dtaHa (CyHer), B pesynabpraTte KoTOpoi 00pasyrorcs
napbl BOJIbI U JUOKCU] yriaepoa. CKOJIBKO TETUIOThI BBIICIUTCS MPU CTOPAHUM TaHa
o6bemMoM 1 M (H.y.)?

9. Peakmusi ropeHusi 6€H30J1a BBIPAKAECTCS TEPMOXUMHUYECKUM YPAaBHEHHUEM:
2CeHg(x) + 150,(r) = 12CO,(T) + 6H,0O(T). Bhruncnure TemnoBoi 3Q¢heKT 3Toi
pEaKInH.

10. I'a3000pa3HbIil 3TUIOBBIA CIIUPT MOKHO TOJYYUTh MPU B3aUMOJICHCTBUU
ATWJICHA W BOJSHBIX TapoB. Hamummure TepMOXUMUYECKOE YpaBHEHUE 3TON PEaKIIH,
BBIYUCIIUTE €€ TeIJI0BOM A (PeKT.

11. Beruucnure TeroBoi 3GeKT peakiuyu ropeHust STUIOBOTO CIIUPTA:

C,oHsOH(k) + 30,(r) = 2COy(1) + 3H,0(T)

12.Ilpouiecc cnuUpTOBOrO OpPOMKEHUST TIIOKO3bI MPOTEKAET IO YPaBHEHHIO
pEaKInu:

CsH1,06(xp) = 2C,HsOH(x) + 2CO,(T) AHX.p. = - 50,6 xJIx

Boeruucnute crangapTHYIO TEIUIOTY 00pa30BaHUs TIIFOKO3BI.

/- TeMa XUMHYECKas KHHETHKA 1 XUMHYECKOe PaBHOBECHC

Ilnan:
1. CKOpOoCTh XMMHUYECKUX PEaKLU U BIMSIONINE HAa He€ PaKTOPHI
2. Karanuzatopsl, KaTaTUTHYECKHUE MPOLECChHI
3. 'oMOTeHHBII 1 TeTepOTeHHBIN KaTaau3

OnopHbie CJI0Ba U BBIPAKEHUSI: CKOPOCMb XUMUUECKUX PearKyutl,
3aK0oH Oelicmeyrowux macc, 3nepeus lubbca, Komcmamma cxkopocmu,



KUHEeMUYecKas YpAaeHeHUs peaxKyull, KUHemuKda 2emepoceHHblX peaxyull,
3akon Bamm-I'ogpgha, memnepamypuoiti xoaghcpuyuenm Banm-Iogga,
ypasHenue  Appenuyca,  Kamauuzamopvl,  2OMOSEHHbIU  KAMAIU3,
2eMepPOceH bl KAmanus, OeHamypayusl, CeileKmusHoCmb, NPOMOMOpbL,
Kamanumuyeckue s0bl, UHSUOUMOPbL
7.1. OcHOBHbIE OHATHS 0 XMMUYECKO KHHETHKE

TepmonmuHamMuka wH3ydaeT TOJIBKO COCTOSHUS CHCTEM, OHa HE
IIPOCIICKUBACT MOAPOOHO MyTh PEAKIIMH, TIO3TOMY OHA ONPEACIISICT JIHIIb
MOTCHIIMAILHYI0O BO3MOXHOCTh €€ TMPOTEKaHHS B  ONPEACICHHOM
HaIpaBjieHUH. B ypaBHEHHSIX TEPMOJUHAMHUKH HET TaKOW BEJIWYMHBI, KaK
BpEMsI, TIO3TOMY OHA HE MOXKET ONHUCATh CKOPOCTH IpoiieccoB. CKOPOCTh
peaknuu IpsSIMO HE CBi3aHa coO 3HadeHueMm »Hepruu I['ubbca (AG).
Hampumep, TepMoauHaMu4eckass BEPOSITHOCTh PEAKIIUW  OKHUCIICHHUS
BOJIOPO/Ia IO BOJIBI

H, + %40, = H,0 (k), AG®598 = -237,2 xJI5k/MOIIb,

3HAYMUTENIBHO BBIIIE, YeM BEPOSTHOCTh PEAKIMH HEHUTpaIHM3alluH C

00pa3oBaHUEM BO/IbI
H' + OH = H,0 (x); AG®08 = -79,9 kJ[x/MOIIb.

Opnako mepBas peakmus B OOBIYHBIX YCIOBHAX O€3 Karajin3aTopa
IPaKTHYECKHU HE UJCT, a BTOpas peakKIus MpoTeKaeT MTHOBEHHO.

KuHeTHKka - Hayka O CKOPOCTAX M MEXaHHM3Max IIPOIIECCOB.
XUMHUYeCcKass KWHETHKA HW3y4aeT CKOPOCTH W MEXaHW3Mbl XHMHYCCKUX
pEaKIIUN.

3aauy XUMUYECKOW KUHETHUKH 3aKII0OYAETCS B CICTYIOLIEM:



— ONIpEeNeNAeT CKOPOCTh NPHXOJa PEAKIUOHHOM CMECH B COCTOSHHE
paBHOBECHS;
— HU3y4YaeT, uepe3 Kakue NPOMEXYTOUHbIE BEHIECTBA 00pa3yroTCs
KOHEUHbIE MPOYKTHI;
— HCCJIENYIOT 3aBUCUMOCTh KOJIMYECTBA PEAr€HTOB OT BPEMEHHU.
Cxopocts  xuMuueckou  peakumum  (Vyp) €CTb  HM3MEHEHME

KOHIIEHTPAILIMU KaKOT0-1100 peareHTa Win MpoAyKTa B €IUHHILY BPEMEHH:
AC dC
A—t(At —0) T Monb/ ¢ miam 1/cM°¢ (7.1)

IIpr 3TOM CKOpPOCTH M3MEHEHHS KOHILEHTPAlMN BCEX MPOAYKTOB U
pEareHTOB OJIHO3HAYHO CBSI3aHK MEXAy coOou. [[ns peakiuu
aA+bB+..=cC+dD + ..

~1dC, 1dC,  1dC,  1dC, _ (7.2)
a dt b dt c dt d d 7V

ITon MexaHM3MOM peaklM¥ B KUHETUKE MOHUMAIOT IYTh PEAKLUH,
T. €. NoAPOOHOE H3MEHEHUE KOOpAMHAT BCEX YacTHUI[ B €€ XOJe,
cOMMKEHNE U yJaJieHHWEe aTOMOB W PaJWKajIoB, TOBOPOTHI MOJIEKYJT M X
yacTell, pa3pblB M 0O0pa3oBaHHE HOBBIX XMMHYECKHUX CBsizel. B xoxe
VM3MEHEHUS KOOPJAUHAT AaTOMOB MPOUCXOIUT U3MEHEHUE SHEPTUM.

MexaHn3M XUMHYECKOW pPEaKIUH YJI0OHO OIMHMCHIBATH C IMOMOIIBIO
KpHUBBIX noTeHnnaabHoi neprun (KIIJ) B xoopauuarax sueprus (E) -
nyTh peakiuu (() (Ha caMoM Jiejie peakilusi ONMMCHIBACTCS MOBEPXHOCTHIO
NOTeHUAJILHOM JHepruu - [I[[D B MHOrOoMEepHOM MPOCTPAHCTBE

KOOpAWHAT BCEX aTOMOB CI/ICTCMI:I).



Ha puc. 7.1 nokazana cxemarnudo KIID mnist peakuuu peareHT —
—npoayKT (kpuBas 1). BugHo, 4To X0/a peakiydu OMUCAH MaKCUMaJIbHO
noapoOHo; Ha KIID ecTh MUHUMYMBI (peareHThl U MPOAYKThI) U MAKCUMYM
- JUIS. TIPOMEKYTOYHOTO TMEPEXOJHOTO COCTOAHMS. Takue MakCUMYyMBbI -
sHepreTudeckue oaprephl (£a) Ha MyTH peaKIuu, IPUUYEM OHM pa3HbIS JIJIs

npsSIMOM U OOpPaTHOM peakIuu, TaK YTO

_> 4—
Ea - Ea = AHa peaximu (73)
3I[€CI> Fa - BeIWYUHBI OHCPICTUUCCKHUX 6apbep0B, KOTOPBIC

Ha3bIBAIOT SHEPTUSMHU AKTUBALMH. ODTO BBIPAXKEHUE HAET CBA3b MEXKITY
KUHETUKON (Fa - KUHETHYECKUH MmapameTp) W TepMoauHaMukon (AH)
pEeaKkIuu.

KitoueBbIM ~ yTBEPKIECHUEM XUMUUYECKOM KUHETHKU  SIBISETCS
MOJIOKEHUE O TOM, YTO PEAKIIMHU MTPOUCXOIST B PE3YyJIbTaTE CTOJIKHOBEHUM
aTOMOB WJIM MOJEKYJ PEareHTOB; YacThb CTOJIKHOBEHHUM MPUBOJIUT K
peakuun. Kpuas 1, uzoOpaxeHnHas Ha puc. /.1, OTHOCUTCA K Ciydaro
NMPOCTOH (3JIeMEHTAPHOI) peaKkunu, T. €. PEaKINU, KOTOpasi MPOXOJIUT B
OJIHO CTOJIKHOBEHHE W B KOTOPOM HE 0Opa3yloTcsi MNPOMEKYTOUHbBIC
ycToiuuBbie coenuHeHus. KpuBasi 2 COOTBETCTBYET CIOKHOW peakiiuu,
npoTeKarolei uepe3 JaBe craauu (ABa Oapbepa) U yepe3 OAUH

MPOMEXKYTOUYHBIN YCTONUYMBBIN NMPOAYKT (MUHUMYM B CEPEIMHE KPUBOW).



v

q

Puc. 7.1. KpuBas noteHIuaiIHoi sHepruu s anementapHoi (1) u cnoxxHoi (2)
XAMHUYECKOU pEeaKInu.

Ha ckopocth peakiu BIUSIOT MHOTHE (haKTOPHI: KOHIICHTpAIIHs
pEareHToB,  TEMIIepaTypa, JlaBJICHUE, KaTaJu3aToOpbl,  BHEIIHHUE
BO3JICUCTBHUS, HAIPUMED U3TYUYECHHUS, U JP.

7.2. CkopocTh XMMHYECKHX peakiuuil U GaKkTopbl BJMSIONIHE HA
e€ 3HAYeHU

3aBHCUMOCTH CKOPOCTH XUMHUYECKON peakluu 0T KOHIEHTPAUU
peareHTOB. Tak KakK CKOPOCTh XHMHYECKOW pEaKIMh 3aBUCHUT OT
CTOJIKHOBEHHMH, a KOJIMYECTBO CTOJIKHOBEHHM B €IUHHIE OOBEMA,
OYEBUIHO, TPOTOPIUOHAIBHO KOHIEHTPAIIMN CTAIIKUBAKOIIUXCS MOJIEKYJI,
TO MOXHO TPEINOJOXKUTh, YTO CKOPOCTh PEAKIHUH MPONOPIIMOHAIIbHA
KOHIICHTPAIIUSIM PEareHToB, T. €. U1l HeOOpaTUMOM MPOCTOH peakiuu

aA+bB+...=cC+dD +...
V = k[A]*[B]°.
(3aKOH JEHCTBYIOIIMX Macc JUIsi KWUHETUKH). 37ech k - KOHCTaHTa
CKOPOCTH, T. €. CKOpOCTh peakuuu ipu [A] = [B] ==1 momnb/m.
OTU pacCyXJEHUS BEPHBI JIMIIbL B TOM ClIydae, €CId peakius

aneMeHTapHasi (B OJHOM CTOJIKHOBEHHMU YYacTBYIOT a MoJiekyln A, b



MoJiekyn B) u npu aToM cpaszy oOpa3yroTcst KoHeuHble TpoayKTel C, D u T.
1. Eciu peakuus cino)kHasi, TO CKOPOCTh 3aBUCHUT HE TOJILKO OT [A] u [B],
HO M OT KOHIEHTpAIUH MNPOMEKYTOUHBIX MPOJYKTOB M CKOPOCTEH HX
pacxoJ0BaHUsl, TaK YTO OOBIYHO KOI(D(PUIIMEHTHI B YPABHCHUU PEAKIIUU HE
COBIJIAIOT ¢ a U b (OHM MeHbIIe uX). B 3TOM cilydyae KMHETHYECKOE
ypaBHEHUE 3aMUCHIBACTCS:
V =K[AT" [BI°
B gapyrux ciydasx HMMEIOT MeCTO 00Jiee CIOXKHBIE ypaBHECHUS.

Hanpumep, asist CI0KHOM (LIETTHO) peakiinu

H, + Br, = 2HBr

Brltie mpuBeneHHbIE ypaBHEHHUS HA3bIBAIOTCS KUHEMUYEeCKUMU
VPABHEHUAMU XUMUYECKUX PeaKyUl.

Kospoummentst @ w b B  ypaBHGHMHM HOCIT Ha3BaHHC
«MOJIEKYJISIPHOCTB» PEaKIMu Mo BemecTBy A u B COOTBETCTBEHHO;
cymma (a + b) - cymmapnas (001mas) MOJISKYJIIPHOCTD IMPOCTON PEaKIUH.
[ToHsITHE «MOJEKYJISIPHOCTH» MPUMEHUMO TOJIBKO K TPOCTOM DPEaKIUH.
Beraucienust u HaOJIIOIEHUST TIOKa3bIBalOT, 4yTo (@ + D) He mMoxeT OBITH
oonbiie Tpex. Ecnm st kakoi-nmmbo peakuuu 3Ta cymma OoJbIIe TpeX, TO
MOXXHO  yTBEpXKHIaTh, 4YTO peakiusi cioxHas. [lo kommuuecTBy
CTAJIKMBAIOIIMXCS B DJIEMEHTAPHOM aKT€ MOJIEKYJ PEaKIUd Ha3bIBAIOT

MOHO-, OU- ¥ TPUMOJIEKYJISIPHBIMHU.



Koaddummentsl & u b B ypaBHEHWHM HOCAT Ha3BaHUE «YACTHBIN
MOPSIA0K» PEaKIIMH 110 BEIIECTBY A M B COOTBETCTBEHHO, a cymma (a + b) -
oOIMI  TOPSAIOK  PEaKIuu. Ot KOdpOUIIMEHTHI  HAXOMST
OKCIICPUMEHTAIbHO, W OHHM MOTYT OBITh  IICJIBIMH, JIPOOHBIMH,
OTPHUIATCIPHBIMA W PAaBHBIMH HYJIO. [IOPAIOK M MOJCKYJISIPHOCTH HE
BCEI/Ia COBIANAIOT M B cllydae MPOCTOM peakiMH; €clid, Hampumep,
KOHIICHTPAIMS OJHOIO0 W3 PEarcHTOB MHOI'O OOJbIlIe, YeM APYTHX, TO
CKOPOCTh TPAKTHYECKH HE 3aBHCHT OT 3TOH KOHIICHTpAIlMH M, XOTS B
peakIMu y4acTBYIOT BCE MOJICKYJbI, €€ TMOPSAI0K OyIeT MEHBIIe
MOJIEKYJIsIpHOCTH. Ha 3TOM OCHOBaHO HaXOXXJICHHE MOPSIKOB PEaKIUil 110
BEIICCTBAM - METO/I IOHMKEHHSI MOPAIKA PeaKIHM.

KoncranTa ckopoctu (K) He 3aBHCHT OT KOHIICHTpAllMii PEarcHTOB,
HO 3aBHCHT OT IPHUPOJBI PEarcHTOB, HAIPaBJICHUS pPeaKIHH (IIPUPOJIBI
IPOJAYKTOB) M OT TeMmIepaTypbl. KOHCTaHTy CKOPOCTH HaxOIAT W3
SKCIIEPUMEHTAIBHBIX JJAHHBIX pacdeToM (u3BectHsl V, [A], [B]....,a, b, ...):

v
YRR

Kak BUIHO M3 3TOT0 BBIpaKCHHMSI, pa3MEPHOCTH K 3aBUCHUT OT MOPSAKa
peaxIuu:

JUISL peakIiy mepBoro mopsiaka (a + b+..= 1) - ¢™;

JUISl pEaKIIMU BTOPOro MOPsSiAKa - 1 ¢t -momp™;

JUISl pEAKIINU TPEThero MmopsijaKa - ¢t -monp™

Oco0eHHOCTH KHHETHMKH I'eTEePOreHHbIX peakuuii. I'ereporeHnbie

peakiMu UAyT Ha MOBEPXHOCTH pazzena ¢as, MOITOMY O0COOEHHOCHIbIO



KUHETUKU DJTUX PEaKIUi SBJISETCS BIMSHUE IUIOMIAAN PEaKIIMOHHOM
OBEPXHOCTH (S) HA CKOPOCTh PEAKILIMH, P 3TOM KOHCTAHTa CKOPOCTH K =
k'-S.

Ecnu B peakuuu ydacTBYIOT TBEPAbIC WIM KHAKUE BeliecTBa (HE
pacTBOpbl), TO MX KOHIIEHTpalUs B YpaBHCHUH, NJi1 PABHOBECHUs, HE
yuuThIBaeTcs. Hanmpumep, aJist peakuuu

CaOK + COz(r) - CaCO3K

kuHeT4yeckoe ypasaenue umeer Bua V = K[CO,]* = k'S[CO,]", a mis
peakiuu CaO, + H,0,. = Ca(OH),, - V=k =K'S.

3aBHCUMOCTb  CKOPOCTH OT Temmnepartypbl. [loBhieHue
TeMIepaTypbl  yCKOpSET  OOJBIIMHCTBO  XMUMHUYECKHUX  pPEaKIUil.
[lepBonavanibHo Bant-I'opd sKcriepuMeHTaIbHO YCTAaHOBUJ, YTO TPH
YBeJIHYEHUN TeMIepaTtypbl Ha Kaxkiablie 10 rpagycoB cKopocTh
Bo3pactaer B 2+4 pasza (npaBwio Bant-I'odda). D10 cooTBercTByeT

CTEIICHHON 3aBUCUMOCTH CKOpPOCTH OT TCMIICPATYPhI:

T-To

10 (7.4)
V=V, 7
rae T>T,, v - remnepatypubiid ko3¢ppuunent Bant-I'odpda.
OpHako 3TO  ypaBHEHHE  TEOPETHUYECKM HE  OOOCHOBAHO;
DKCIEPUMEHTABHBIE JAHHBIE JIYUYIIE ONMUCHIBAKOTCS 3KCIIOHEHIUAIBHOM

dbyHkuueit (ypaBHeHre AppeHnyca)

_ E (7.5)
V = A- - —d
exp( RT



rae A - NpeadKCNOHCHIIUATbLHBIM MHOXUTEb, HE3aBUCIIINAN OT 7

E, - oHeprus akTuBanuu Xumuyeckoil peaknuu(klx/mMons); R -
yHUBEpPCabHas ra30Basi TOCTOSIHHASL.

YpaBHeHUsT AppeHHMyca OOBIYHO 3alMCHIBAIOT IS KOHCTAHTHI
CKOPOCTH: k=K, exp (- EE% ) (7.6)

DTO  ypaBHEHHE TEOPETHYECKH OOOCHOBBIBACTCS  METOJaMH
cratuctTudecko ¢u3uku. KayecTBEeHHO 3TO OOOCHOBaHHUE COCTOUT B
CICAYIONIEM: TaK KaK pEaKIMu HAYT B pe3yjibTare OeCHopsI0YHBIX
CTOJIKHOBEHUW MOJIEKYJ, TO OJTH CTOJIKHOBEHHUS XapaKTEPU3YIOTCS
MPAKTUYECKU HEMPEPHIBHBIM HA0OPOM HEPTUM OT CaMbIX MaJE€HbKUX O
oueHb OoJibIMX. OYEBUJIHO, YTO PEAKIUs MPOU3OUAET TOJILKO TOTr/a,
KOTJIla MOJIEKYJIBI COYJIapSIOTCS C DHEPTrUeil, TOCTaTOUYHOW JJIsi pa3pbiBa
(WM CYIIECTBEHHOTO PACTSDKEHHUS) HEKOTOPBIX XUMHUYECKUX CBsizeit. [[ms
KKJIOM CHUCTEMBI CYIIECTBYET MOPOT sHepruu Fa, HauumHasg C KOTOPOTo
SHEPrusl JOCTATOYHA ISl MPOTEKAHUSI PEaKIuu, - dTOMY MEXaHU3MY Kak
pa3 u cooTBeTcTByeT kpuBas 1 Ha puc. 7.1. Tak kak coymapeHus
MPOUCXOASIT €  YacTOTOM, 3aBHCALIEH OT  TeMIlepaTryphl IO
9KCIIOHCHIIMATFHOMY 3aKOHY, TO U IOJIy4aroTcst hopmyisl (7.5) u (7.6).

Torga mpeadKCHOHEHIMAIbHBIE MHOXUTEIH A M Ko MpeacTaBisiioT
HEKOTOPYIO XapaKTEPUCTHKY TIOJHOTO 4YHCIa CTOJKHOBEHHH, a YJICH
A-exp (- ﬁ ) IOMIO Pe3yIbTATHBHBIX CTOIKHOBEHHIL.

AHamn3  AKCINEPUMEHTAIBHBIX  JAHHBIX  IPOBOIAT, TOJB3YSICh
norapudmudeckoit hopmoii ypaBaenwii (7.5) u (7.6): |

- _Ea 7.7
Ink = Ink, = (7.7)



['paduk CTPOAT B TaK Ha3bIBAEMBIX APPEHUYCOBCKHX KOOPAMHATAX

( Ink _T(ik) ),  cm. puc. 7.2; u3 rpaduka Haxomat Ko u E,.
Ink 1

N .
t ——
In ks SYTR
w

"1

=

Puc. 7.2. AppeHnycoBcKasi 3aBUCUMOCTb JIJIsl KOHCTAHThI CKOPOCTH (TOUYKH -
AKCIIEPUMEHTAJIbHBIC JTAHHBIC)

[Tpu HaMMYWY SKCTIEPUMEHTATBHBIX JAHHBIX IS ABYX TeMIiepaTyp Kg

U E, 1erko TeOpETUUECKU HANTH:

— E
|nk1 = Inko- R—_Fll ; |nk2 = |nk0- % . (7.8)
’ 2
_ RT, T, ) kl _ 2,3'RT1'T2 kz
S U R S (7.9)

CKopoCTh XMMHYECKON PEaKIUM B 3HAUYUTEILHOW MEpE 3aBHUCHUT OT
SHEPruu axkTuBanuu. JJIsi moAaBIsArONIEro OOJIBIIMHCTBA PEaKIuidi OHa
aexuT B npeaenax ot 50 go 250 x/[x/monb. Peakiuu, nis kotopeix E, >
150 k/lx/mMonb, mnOpM KOMHATHOM TeMIlEpaType NPaKTUUYECKH HE

MPOTEKAIOT.



7.3. IIpocThie U ciioxHbIe peakunu. Llenuble peakuuu

PeakunonHass cuctemMa (peakTop) - 4acTb MPOCTPAHCTBA,
coelpxamniasi ~ COCTaBJISIIOIIME  BEHIECTBA:  MCXOJHBIE  PEareHTHI,
UHTEPMEIUAThI, MPOAYKTbl, HWHEPTHbIE KOMIIOHEHTBI. PeakIMOHHBIM
POCTPAHCTBOM MOKET CIIYKUTh TOBEPXHOCTb.

Knaccudukamus peakiimoHHBIX COCYI0B (PEaKTOPOB):
. 3aKpBITHIN: OTCYTCTBYET OOMEH BEIlIECTBAMU C BHEIIHOEH CPEIOil.
. Ctatnueckuil (711 3aKPBITBIX  PEAKTOPOB): OOBEM  PEAKIMOHHOTO
IPOCTPAHCTBA OCTOSIHEH.
. OTKPBITBIN: UMEET MECTO MAaCCOOOMEH C BHEIITHEH CpeoH.
. besrpaaneHTHBI  (TOYEUHBIM): KOHIEHTpAIUsi KaXJIOro  BEIIEeCTBa
OJIMHAKOBa B JIIDOOHM TOUYKE 00BEMA.
. PacnipenienieHHbIN: HMMeeTCS TPAJUEHT KOHUEHTpAlUU XOTs Obl OJHOTO
COCTABJISIIOILIETO.

PeaknmonHas cucrema MOXKET () UMETh WM HE UMETh MOCTOSHHYIO
TeMIiepatypy; (0) ObITb UM HE OBITH TEPMUYECKHA OAHOPOTHOM.

DJieMeHTapHble  peakuuM. B 5SJIeMEHTapHBIX  peaKIuax
IpeBpalleHue MCXOJIHBIX BEIIECTB B MPOIYKTHl MPOTEKAET TaK, Kak
3alMicaHo0 B  CTEXMOMETPUYECKMX YypaBHEHHsX (0e3 o0pa3oBaHuUs
UHTEPMEMATOB), MPUYEM MPOLIECC COMPOBOXKIAETCS 00Opa30BaHUEM WIH
pPa3pbIBOM OJTHOM XMMHUYECKOU CBSI3HU.

[Ipumepsrr:
P P H+0O,—>0H+H

CO+0OH — CO,+H [ OuMoseKyIsipHbIe
Br+H, - HBr+ H
H;0" + H,0 + CH,; — H50," + CH, TpuMonexyaapHas



Y4acTHUKK 3JIEMEHTapHOM peaKIuy BKIIOYAET B Ce0s 4YaCTHUIIBI C

8bICOKOU PeaKyuoHHOU CNOCOOHOCMBIO:.
- Pagnkanbl
- NoH-pagukaisl
- Nonbl

Monexynaprnocmoio BJIEMEHTAPHOU peaKkunu Ha3bIBACTCA
MHHUMAaJIbHOE YHUCJI0 YaCTHUIl, HEOOXOUMOE JIJI €€ IIPOTECKAHMUS.

IIpocThie n ci10:KHBIE peakmuu. [IpocThie peakuyu OTIMYAKTCS OT
AJIEMEHTApPHBIX TEM, YTO BCE€ YYAaCTBYIOIIME B HHUX YaCTHIIbI SIBJISIOTCS
monexynamu. Ilogapistoiee OOJIBIIMHCTBO MPOCTHIX PEAKIUN SIBISIOTCS
ajeMeHTapHbIMU. [IpumMep npocToit peakiuu:

2NOI — 2NO + 1,
Peakuuu, BKiIOUawIIUMEe o06e u 0Oollee DIEMEHTAPHBIX PEaKIni,

ABIIAKOTCA CJAOHNCHBIMU.

N,Os = 2NO, + 1/20, Criosxiias } Pasnoxenne
___________________________ okcuma azora(lV)
\
N205 = N02 + N03
OO6patumsie
NO, + NO: — NO,+NO+0O (HE DIIeMeHTapHBIEC) Tpu craguu
2 3 2 2 CJI0KHOM
NO +NO; — 2NO; ] Heobparmas peE
(omemenrapHast) )

COBOKYITHOCTh BCEX pEaKLUi, PEAH3YIOIIHNX [TaHHOE XUMHYECKOE
MIpEBpAILICHUE, COCTaBIIIET  MEXAHWU3M  pPEaKIMU. OOpatumeie
JJIEMEHTAPHBIE PEAKLMU PACCMATPUBAIOTCA KaK OfHaA craaus. Peakuuw,

MMPOTCKAOIHEC OUYCHb MCIJICHHO MOT'YT HC BKJIFOYATbCS B MCXAHHU3M.



IIpuBenemM KpaTKHe CBEACHUS M3 XUMHUUYECKOM KMHETHKU - HAYKH O
MEXaHU3ME M CKOPOCTHM XMMHUUYECKHX peakuuu. BaxHeuiias BeIn4YuHA -
CKOPOCTh XMMHMYECKOM PEaKIIMU - ONPEICIISICTCS] M3MEHEHUEM BO BPEMEHHU
KOJIMYECTBA KaKOIr'0-JIM00 M3 MUCXOJHBIX BEIIECTB MJIH MPOJTYKTOB PEaKIINMH
B pe3yJbTaTe XHMHYECKOIr'o IpeBpalieHus. XUMHUYSCKHE PEaKIMU MOTYT
MPOTEeKaTh T'OMOT€HHO (B 0OBbeMe oJHOHM (a3pl) WM TIeTepOreHHo (Ha
MOBEpPXHOCTU pasznena ¢a3). CKOpocTh TOMOI€HHOM peakiuu - 3TO
KOJIMYECTBO BEIIECTBA, BCTYMAIOIIETO B PEAKIMI0 MKW 00pa3ylolierocs B
pe3ysibTaTe peakiuu B EIAWHUIY BpEeMEHU B eauHuile odOwvema. Jlis
peaKIui, MPOTEKAIOIINX B CUCTEMAaX MOCTOSHHOTO 00beMa

: i
V| - W

rae Ci - KOoHIeHTparws | - TO BEIeCTBa, MOJlb M wm ke - :

Vi - CKOpOCTh peaKIIiH 110 | - My BEIEeCTBY, MO.Ib et ke et

Ecnum i-e BemecTBO - mpoaykt peakiuu, To dC; / dt > 0, ecinu aro
ucxoaHoe BemiecTBo, To dC;/ dt < 0. Xumudeckue peakiuu ACIATCS Ha
pocThie U cioxkHbIE. [IpocTas peakiius MpoTekaeT B OJJHOM HampaBJICHUU
U B OJIMH dTal; KNHETUYECKas cXeMa TaKOW peakiMu UMEET BU/I

X1+ Xo+L oY +Y,+L,
rae Xj - HCXOAHBIE BEMIECTBA; Xj - IPOAYKThI PEAKLIHH.

K crnoxHpIM  peakiusM  OTHOCATCS  OOpaTUMbIE  pEaKIuu
(OTHOBPEMEHHO MPOTEKAIOIIKE B IBYX MIPOTUBOIIOI0KHBIX HAITPABIICHUSX )
Xl + Xz +...— Yl + Y2+ ceey
napajuieIbHbIE PEaKIIMH, ONMUChIBAEMbIC, B YACTHOM CIy4ae KHHETHIECKOM

CXeMOU
[ Yl + Y2 + ...

X1+ Xo+...7
_Zl+ZZ+



Y MIOCJIEJOBATEJIbHBIC PEAKIINN, HAIIPUMED
X1+X2+L—>Y1+Y2+L—>Zl+22+|_

JImst  mpocToM peakuuh MOKHO —3amucaTh CTEXMOMETPUYECKOE

YpPaBHEHUE
V1X1+V2X2+L—)€1Y1+€2Y2+L,

riae vi , & - crexuoMeTpudeckrue Kod(h(HUIMEHTHI, COOTBETCTBEHHO
pPaBHBIE YHCJIAM MOJIEKYJ HMCXOJHBIX BEIIECTB U IPOJYKTOB PEAKIIUU,
Y4aCTBYIOIIUX B 3JIEMEHTAPHOM nporecce. CTEXMOMETPUUECKOE
YPABHEHUE MO3BOJISIET YCTAHOBUTH CBSI3b MEXKIAY CKOPOCTAMHU IPOCTOMU

PC€aKUH 110 PA3JIMYHBIM KOMIIOHCHTAM:

_ dCy, _ dCy ., dCy, ., _dCy,
Vi=Tgt s VT g s YT Vi= Tt

HpI/I KeasucmayuoHapHom 1POTCKAHUU TIIpoHecCa BCC HCXOIHBIC
BC€ICCTBA AOJIZKHBI HCYC34dTb, a4 MPOAYKTBI - TOABJIATHCA B PC3YJILTATC
XUMHUYECKOU pe€akinn B SKBHUBAJICHTHBLIX KOJIHUYCCTBAX, TO C€CTb HOJI’KHO

YHOBJICTBOPATHCA YCIIOBUC CTCXUOMCTPUHU:

i_ Ve Vi _ Yy

V1 V2

Yem Oosibllle BETUYMHA Vi WM &, TEM OOJbIIE 110 MOIYJIO JTOJKHA
ObITb  ckopocTh peakuuu Vi wia  V'j (To ecTh 1mpu  OoJblleM
3HAUYEHUH CTEXHMOMETPUUYECKOro Kkoadduimenta OoiblIee KOJIHMYECTBO

COOTBETCTBYIOIIIETO BEIIECTBA PEAarupyeT B €IUHUIY BpeMeHH). Ortcrona



CICAYCT, YTO HC3aBUCUMO OT BBI60pa BCIICCTBA, CKOPOCTb PCAKIIMHU MOKHO

0XapaKTEPU30BATh BEJIMUYNHOU

V:ﬁ—ﬁ: —V_]-’—V_Z,_.“

121 v, &

Benmununna V Ha3pIBae€TCSA  CKOPOCTBIO  NPOCTOM  peakiuu  0e3
OTHOIIEHHUS K KaKOMY-JIH00 KOHKPETHOMY KOMITOHEHTY.

CKOpOCTh TMPOCTOM pPEaKIUU TMOAYMHSASTCS 3aKOHY JCHCTBYIOIIMX
Macc y

V=kCxiCx L

rje K - KoHCTaHTa CKOPOCTH PEaKIUH, YHCIICHHO paBHas €€ CKOPOCTH
IIPY AMHUYHBIX KOHIICHTPAITUX.

[ToguepkHEeM, YTO B ATO YpaBHEHHE BXOAAT TOJIBKO KOHIICHTpAIlUU
WCXOJIHBIX BEIIECTB B CTETICHU UX CTEXHMOMETPUUECKUX KOA(D(DHITUEH-TOB.

CyMMa CTEXHOMETPHUYECKUX KOIDOHUIIMEHTOB V = >Vj, paBHas
KOJUYECTBY MOJICKYJ, NPHHUMAMOIIMX Y4YacTHEe B EIUHUYHOM aKTe,
HA3bIBACTCS  CTEXMOMETPHYECCKUM  TOPSAKOM  (MOJIEKYJISIPHOCTBIO)
peaKIuu:
v=>V; =1 - MOHOMOJIEKYJISIpHAS PEAKIIHS;
vV =>Vj = 2 - OUMOJIEKYyJIsIpHAs PEaKIIs;
V=YV =3 - TPUMOJICKYJISIpHAsl pPEaKIIUsl.

CTexuoMeTpUYEeCKUl TOPSI0K MPOCTOM pEaKIMy - BCErjaa IEeIoe
qucio (He ApoOHOE) M HE MPEBBIMIACT TpeX (BEPOSITHOCTH OJTHOBPEMEHHOTO

CTOJIKHOBEHHUs OoJjiee 4yeM TpeX MOJIeKysl Onu3ka K Hymwo). [IpuMeHsTsh



3aKOH JCHUCTBYIOLIMX MacC IS pacyera CIOXKHBIX PEAKIUKA MOXKHO JJIs
OJIHOCTaJAMNHON 00paTUMOM peaKkIuu, CKOPOCTh KOTOPOU
V=V+-V-,
rie V+, V- - CKOpOCTH peakiuu B TPSIMOM H OOpaTHOM

HamnpayieHusaX. [10 3akoHy IEeHCTBYIOIIMX Macc

V=Kk+ GIGE ... — k- Cyloy...

rne k+, k- - KOHCTaHTBI CKOpOCTH TpPSMOW W OOPAaTHOW peakIuil.

[Ipu V+ = V-BenuuuHa V= 0, 4TO COOTBETCTBYET XUMUUYECKOMY

PaBHOBECHIO CUCTEMBI.

B oOmem cinyyae [ ONUCAHUS CIOXKHOM peaklMH HYXHO
HECKOJIBKO CTEXMOMETpUYEeCKUX ypaBHeHUH. CKIlajbIBas WX, IMOJIydaem
OpyTTO-ypaBHEHHE PEAKIIMHU, KOTOPOE OMUCKHIBAET MPOLIECC B 1IEJIOM, HO HE
OTpa)kaeT MCTUHHOTO MEXaHHW3Ma XHUMHUYECKUX mpeBpanieHui. Jlus
CIIOXKHOM peakuuu MOXKHO (Ha OCHOBE OJKCIIEPUMEHTOB) 3alucath
ypaBHEHHUE, CBI3bIBAIOIIEE CKOPOCTh PEAKIIUU C KOHIIEHTPAI[UEH NCXOIHBIX
BEILECTB (KUHETUYECKOE YPaBHEHHUE)

V=kCRiCylL

rze Nj - TMOPSIOK PeaKIWH TI0 I-My BEMIECTBY; N =) N - TOPSIOK
peakuuyn (KMHETHYECKHI TOPSAOK peakuuu). B ortouume or v =
> 'vi, KHHCTHUECKUN TOPSIOK pPEaKIuu N MOXET OBITh JPOOHBIM HYHCIIOM.
Pa3MepHOCTh KOHCTAHTHI CKOPOCTH PEakIuu K 3aBHCHT OT ee mopsiaKa:

man=0, [k]=[C]-ct;

wsn=1, [K]=c* ;



pan=2, [k]=[C]* ¢,
rne[C] - mpuHsATas pa3MepHOCTh KOHIICHTPAIIHH.
Paznnuue B pa3aMepHOCTH KOHCTAHTBI CKOPOCTH PEakIuu K CBSI3aHO ¢
TEM, YTO Pa3MEPHOCTh CKOPOCTH PEaKIIUU BCeraa ToJbKHA ObITh [V] = mosw
P tum V= ke - mP et
CKOpOoCTh TOAABIAIONIECTO OOJBIIMHCTBA peAKIUM (MPOCTHIX U

CJ'IO)KHBIX) MOBBIIIACTCA C POCTOM TCMIICPATYPhI T , 4 KOHCTaHTa CKOPOCTH

peaKIy OTUYMHSICTCS 3aKOHY AppeHnyca
E
k= Z-exp(— RT

IJI€ Z- TPEIdKCIOHEHT  (MPEAIKCIIOHCHIIMAIBHBIA ~ MHOKHUTEIb,
YacCTOTHBIM  (akTop), pa3sMEpHOCTh KOTOPOTO paBHA Pa3MEPHOCTH
KOHCTaHTBI ckopocTH peakuuH [Z]=[K];

T - abcomoTHas TemIeparypa, K;

E - sHeprus akTuBaIuu peaxiium, ﬂofc-MOﬂb'l;

R =8,3134 JJoic K™ monw™ - YHUBEpCabHas ra30Basi IOCTOSHHAS.
be3pasmepHbIli MOKa3aTellb SKCIIOHEHTHI B 3aKOHE AppeHHmyca

Ha3bIBACTCS Kpumepuem AppeHuyca:

ame E
M= RT,’

rae T, - XapakTepHas TemIieparypa.

DTOT KPUTEPHI BBIPAXKAET YYBCTBUTEIBHOCTh CKOPOCTH XUMUYECKOMN
peakuMu K HM3MEHEHUIO TeMnepaTypbl. UeM Bbllie 3HaueHue Arn, tem
CWIbHEE JTa YyBCTBUTEIBHOCTh. BXxomdmue B 3akOH AppeHuyca

BEJIMYNHEI Z M E Ha3BIBAIOTCI KMHETHUYECKMMH KOHCTAaHTAMH XHMHUYSCKOMU



peakuuu. Du3MyeCKUd CMBICIA DHEPrUM AaAKTUBAUMMU £ 11  IPOCTOMN
peaKkui COCTOUT B TOM, YTO ATO DHEPrusi, KOTOPOMl HOJKHA 00J1anaTh
MOJIEKYyJla JiJIi TOTO, YTOObI BCTYNHUTh B peakiuioo. s CIOoXHBIX
peakuuu £ He AMEET IIPOCTOTO (bHU3UIECKOro CMbICJIA.
3HaueHus Z, E onpenestoTcs, KaKk IpaBuio, SKCIIEPUMEHTAIbHBIM ITyTEM.
KuHeTnueckrne KOHCTaHThI TOJTHOCTBIO OMPEEIIAIOT CKOPOCTh MPOTEKAHUS
KaX/JI0 KOHKPETHOM PEaKIMHh, B TOM UYMUCJIE U PEAKIMUA BOCIIJIAMEHECHUS
WM TOpEHUs. 3ajlaya dKCIEPUMEHTAIIBHOTO OIMPEICICHUS 3TUX KOHCTAHT
SBJISICTCS BKHEHIIIEH MPU UCCIEA0BAHUH (DU3UKO-XMMUUYECKUX MPOIECCOB
B BBICOKOHEPIETUYECKHUX YCTAHOBKAX.

XUMHYECKass  peakluus  OPOXOAUT € BBIACICHUEM  Terla
(3K30TepMUYECKas peakiiys), MO0 ¢ ero MoTJIoeHueM (IHI0TEpMUYECcKas
peakiusi). Ecnu mpsimast peakiusi - SK30T€pMHUUYECKasi, TO oOparHas -
sHpoTepMuyeckas. KoandecTBo Terwia, BBIAEIAEMOrO IIPU  IIOJIHOM
pearupoBaHUM CAMHUIBI KojaudecTBa BemiecTBa (1 more wmm 1 ke),
Ha3bIBACTCS TEIJIOBBIM 3(PdheKkToM peakiuu (.

PasmepHocTh TemmoBoro 3ddekra peaknuu [(] :ﬂafc-mmzb'l 158107
[d] = Hoe - ™.

7.4. Katanutnueckue peakuuu. ['oMoreHHblii n
rereporeHHbId KaTajius

Ecte BeliecTBa, KOTOPBIE BAUAIOM HA CKOPOCMb XUMUYECKOU
peaxyuu, He A6AAACL npu dmom peazenmamu. OHU IPUHAMAIOT B peaKIuu
CaMO€ HEMOCPEACTBEHHOE Y4acCTHUE, HO B PE3YJIbTATE PEAKIUU OCTAIOTCA

HEU3MEHHBLIMU. Takue BCIICCTBA HA3BIBANOTCA Kamajiuzamopamu, cCCIN



OHH YCKOPSIIOT PEaKIHIo, U WHeUOUmMOpamu, eciv 3aMelysioT ee. 75%
XUMUYECKON TPOMBIIUICHHOCTH HCIIOJIb3YeT KaTaJUTHUUYECKHE IPOIECCHI.
Cpenu HUX - KaK KPYTHOTOHHQ)XHBIC MPOW3BOJCTBA: CUHTE3 aMMHaKa U
€ro OKHCJICHHE, IIPOM3BOJICTBO CEPHOM KHCJIOTHI, TaK U TOHKHE
MHOTOCTaIUMHBIC CUHTE3bI, HAIIPUMED, JICKAPCTBEHHBIX CPEJICTB.

Bce Gnoxumudeckne peakiuu, MPOTEKAOIIUE B )KUBBIX OpraHu3Max,
TPeOYIOT y4acTusl MPHUPOIHBIX KaTaan3aTopoB - (pepmeHTOB. DEepMEHTHI
IPEACTABISAIOT COOOM KpYIHBIE OCTKOBBIC MOJICKYJIBI C TaK HA3bIBAEMBIM
aKTUBHBIM IIEHTPOM - KaK MPaBHJIO, 3TO XUMHUYECKH CBSI3aHHAS C OCIKOM
MOJICKyJIa HEOETKOBOM TIPUPOABI WM HOH MeTaia. Depmenmol
obnaoarom  Henpes30UOeHHOU  AKMUBHOCHIbIO  (m.e.  CKOPOCMbIO
Kamaniumuyeckoeo npoyecca), YCKOpssS peakiuu B MWUIHAPIBI |
TPWUIMOHBI pa3 TMpH KOMHATHOM Temreparype. IIpu  BBICOKHX
TEMIIepaTypax OHH TEPSIOT aKTUBHOCTH, TaK KaK OEJIOK JeHATypHUPYyeTCs.
Kpome  Toro, Gpepmenmol  XapaxmepusyrHmcs Upe38bIYAliHOU
usdUpamenvbHoCmolo  (CeIeKMUGHOCMbIO), TIpEeBpallias JHIIb CTPOro
ONpeJie/ICHHbIE BEIIECTBA B CTPOTO OIpeAeieHHbIE NPOAyKThl. OHH
CIIOCOOHBI Ha 3TO Oyiarogapsi CBOeW YHHKalbHOW (¢opme, K KOTOpOu
pearcHThI TOJDKHBI TMTOJOWTH, KaK KU K 3aMKY.

JlelficTBHe KaTaau3aTOPOB OCHOBAHO HAa TOM, YTO OHH YMEHbULAIOM
SHepeuro akmusayuu peaxyuu. Muoeue xamaauzamopevl He NPOCMO
YCKopsiiom  peakyuu, a 6edym ux no opyeomy nymu. Tak, peakius

OKHCJICHHS aMMHaKa 0e3 KaTajJn3aropa:



4NH;3; + 30, = 2N, + 6H,0
HE TMPEACTABISIET HHUKAKOIO WHTEpeca Uil MPOMBIILUICHHOCTA, a B
pe3ybTaTe KaTaIUTHYECKOTO OKUCIICHUS Ha TJIATHHE:

4NH;3; + 50, = 4NO + 6H,0
MoJTy4aeTcsl HEHHBIN mpoayKT - okcuj azoTta(ll).

OnnuMm u3 Hambosiee PacCHpPOCTPAHEHHBIX B XUMHUYECKOW MPAKTUKE
METOJIOB  YCKOPCHMSI XUMHYECKUX pEaKkIuid  SABJISETCA  KaTajaus.
Karanm3aTop - BemecrBo, KOTOPOE€ MHOTOKpPaTHO Y4YacTBYET B
MPOMEXYTOUHBIX CTaUAX PEAKIUU, HO BBIXOJUT K3 HEE XHUMHUYECKHU
HEU3MEHHbBIM.

Hanpuwmep, miist peakuun A, + B, = 2AB yuactue katanuzaropa K
MO>KHO BBIPa3UTh YPaBHCHUEM

A2 + K+ B2 — AzK + Bz - AzKBZ — 2AB + K.
OTU ypaBHEHUS MOKHO TPEICTAaBUTh KPHUBBIMU TMOTEHIHAIBLHOU

sHepruu (puc. 7.3). I3 pucyHka BUgHO, 4TO:

bes KaTajin3daTropa

C katanuzaTopm
_»A :
Ea !
A K+B} |
U ks | o
\ \4 ! : ! ¥
As + By + K AB + AB+ K 'q

Puc. 8.3. DHepreTrueckas cxema Xo/1a peakliiy ¢ KaTajiu3aTopa



1) kaTanu3aTop yMEHBIIAET SHEPTUIO AKTUBAIIMHU, U3MEHSISI MEXaHU3M
peakiui; OHAa MPOTEKAET uepe3 HOBBIE CTaAUU, KaxJas U3 KOTOPBIX
XapaKTEPU3YETCsl HEBBICOKOW YHEPTUEN AKTUBALINY;

2)karanuzatop He udmensieT AH peakuuu (a takke AG, AU u AS);

3) ecnu KaranuzupyeMas peakuus oOparumasi, KaTalau3aTtop He
BJIUSICT HAa paBHOBECHE, HE U3MEHSAET KOHCTAaHTY paBHOBECHUS W
PaBHOBECHBIC KOHIICHTPAIlMM KOMIIOHEHTOB cHcTeMbl. OH B paBHOH
CTEIIEHU YCKOPSET U MPsIMYI0, U 00paTHYIO PEaKIMu, TEM CaMbIM YCKOPSs
BpeMsl JOCTHKEHUSI paBHOBECHSI.

OueBUAHO, B TPUCYTCTBUM KaTaju3aTopa OJHEPrus aKTUBAIIMU
peakiuu cHuxaercs Ha BenuuuHy AFEK. I1oCKOJNBKY B BBIPOKEHUU IS
KOHCTaHThl CKOpOCTH peakiuu (ypaBHeHHEe (8.6)) ZHEprusi akTUBAIIUU
BXOJUT B OTPHUIATEJIbHBIM TOKa3aTesib CTEMEeHU, TO JaXe HEOOJbIIoe
yMeHbIlleHHe E, BbI3bIBA€T OYEHb OOJIBIIIOE YBEIMYEHHUE CKOPOCTH

CaKIInn
p = Vi eAEk/RT

V ~
Bnusnue KaTajin3aTopa Ha CHHKCHUC Ea MOXHO IIOKa3aThb Ha

MpUMEPE PEAKIINM paciaja noau1a BOA0poaa:

2HI =Hy + 1.
E., kJ>x/MOIB AE, Vi/V-(500 K)
be3s karanuzaropa 168 -
Karanmzatop Au 105 63 ~ 310°
Karanuzatop Pt 59 109 ~ 10"




Takum oOpazom, sl paccMaTpUBAEMON pEaKIUU YMEHbIICHUE
SHEpruM axkTtuBanuu Ha 63 k/[x, T. €. B 1,5 pasza, COOTBETCTBYET
noBbleHnI0 ckopoctH peakiuu mpu 500 K 6osee uem 106 pas.

Cnenyer OTMETUTb, 4YTO MPEAIKCIOHEHIHATbHBIA MHOXUTENb
KaTaINTHYeCKOil peakuun Ko' He paBeH Ko 1 0GBIMHO 3HAYHTEIIBHO MEHBLIIE,
OJIHAKO  COOTBETCTBYIOIIEE YMEHBIICHHE CKOPOCTHM  Jajl€KO  HE
KOMIIEHCUPYET €€ yBeJIn4eHus 3a cUeT E,.

7/.5.3HaYeHHe KATAIU3ATOPOB B NIPOMBINIJIEHHOCTH

Karanutuueckue  peakiuv  KJIACCUPUUMPYIOTCA MO  THUILY
KaTaJIM3aTOpOB W MO THUIy peakuuil. Tak, Hampumep, MO arperaTHOMy
COCTOSTHUIO KATaJM3aTOPOB M PEAreHTOB KaTaliu3 TOApa3/eiaeTcs Ha
TOMOTEHHBIN (KaTanu3aTop W peareHT o0pa3yloT oaHy ¢azy) #u
TEeTEPOTCHHBIN (KaTalu3aTop M peareHThl - B pa3HbIX ¢azax, UMeeTcs
rpaHuiia pasjaena ¢a3 MexXIy KaTaau3aTopoM U peareHTaMu).

[IpuMepoM TOMOT€HHOTO KaTajiu3a MOXeT ObITh okuciienne CO 1o
CO, xucnopogom B mpucyrctBuu NO, (katanuzatop). MexaHu3M
KaTajan3a MOKHO U300pa3uTh CIEAYIOIUMHU PEAKITUIMHU:

CO(r) + NOy(r) — COy(T) + NO(T)
2NO(T) + Oy(r) — 2NOy(T)

u katanuzatop (NO,) CHOBa y4acTBYeT B IIEPBOM PEaAKIIUH.

AHQJIOTHYHO 3TOMY MOXET OBITh KaTaJlU3WpOBaHA PEAKIIMS
okucienuss SO, B SO3; momo0OHast peakius MPUMEHSIETCS B TPOU3BOJICTBE

CEPHOM KUCIIOTHI «HUTPO3HBIM» CLIOCOOOM.



[IpuMepom TreTeporeHHOro Kartaiausa sBiseTcs noiaydenne SOz u3
SO, B npucyrctBuu Pt i V,0s!

SOz(F) + 02(1“) — SOg(F)

Ota peakuusi TakkKe MPUMEHAETCS B MPOU3BOJCTBE CEPHOU KHUCIOTHI
(«KOHTaKTHBIN» METOJ).

['eTeporennslii  kaTanuzaTop (OKee€30) TMPUMEHSAETCS TakKXkKe B
IPOU3BOJICTBE aMMHaKa M3 a30Ta M BOJOPOJAa U BO MHOTHX APYrUX
npoiieccax.

O(PPEeKTUBHOCTh TETEPOreHHBIX KaTAIM3aTOPOB OOBIYHO HAMHOTO
OomblIe, YeM roMOreHHbIX. CKOPOCTh KaTaTUTUYECKUX PEAKIUil B cilydae
TOMOIE€HHOI'O KaTajiu3aTopa 3aBHCUT OT €ro KOHIIEHTpPAallMH, a B Clydae
TeTEePOreHHOTO - OT €ro yAEeJbHOM MOBEPXHOCTU (T. €. JUCIEPCHOCTH) -
4yeM OHa Oouibllie, TeM OoJibllie CKOpocTh. [locienHee cBs3aHO C TEM, UYTO
KaTaJINTUYECKask PEaKius UIET Ha MOBEPXHOCTH KaTaIU3aTOpa U BKIIOYAET
B cebs craguu ajacopOumu (MPWIMIIAHWE) MOJIEKYJ peareHTOB Ha
MOBEPXHOCTH; M0 OKOHYAHUH PEAKLHUH €€ MPOAYKThI Aecopoupyrorces. s
YBEJIMYEHUS MMOBEPXHOCTH KATaJIU3aTOPOB UX MU3MEJbUYAIOT WIH MOJYy4aroT
CHeUUaJbHBIMU  croco0aMM, TMpU  KOTOPHIX  OOpa3yroTCs  OYEHb
TOHKOJIUCIIEPCHBIE TTOPOIIKH.

[IpuBeneHHBIC TPHUMEPHI OJHOBPEMCHHO SBJISIOTCS IPUMEpaMHU
OKHCJIUTEIbHO-BOCCTAHOBUTEIBLHOIO KaTain3a. B aToM cilyyae B KauecTBe
KaTajnu3aTOpOB OOBIYHO BBICTYNAIOT TMEPEXOJHbIE METaUIbl WU UX

coequuenns (Mn**, Pt, Au, Ag, Fe, Ni, Fe,O3 u zp.).



B KHCI0THO-O0CHOBHOM KaTaJjiu3e POJIb KATaau3aToOpa BBIMNOJIHSIOT
H', OH wu napyrue momo6HBIE HYACTHIBI - HOCHTENH KHCIOTHOCTH H
OCHOBHOCTH.

Tak, peakuys TUIPOIU3a

CH3;COOCH; + H,0 CH3;COOH + CH3;0H

yckopsiercs:s npumepHo B 300 pa3 mnpu go0aBjiaeHUM JI000M U3
crtbHBIX KucnoT: HCI, HBr umn HNOs.

Bosnbiioe 3HaueHWEe KaTajau3 MMEeT B OMOJOTMYECKHX cucTeMax. B
3TOM CJIydae KaTaJu3aTop Has3biBaloT (epmMeHTOM. OP(PEKTUBHOCTD
NEUCTBUA MHOTMX (EpPMEHTOB HAMHOIro OoJibllle, YeM OOBIYHBIX
KkaTanuzaTtopoB. Hanpumep, 1151 peakiuuu CBS3bIBAHUSA A30Ta B AMMHUAK

N2 + 3H2 = 2N H3

B IPOMBIIUICHHOCTH HCIOJIb3YETCS TE€TEPOTCHHBIM KaTalu3aTtop B
BUJIe TyOUaTOro *eje3a ¢ J00aBKaMu OKCUJIOB U CYJIb(paTOB METAJIIOB.

[Ipu 3TOoM peakuus npoBoaures npu T = 700 K u P = 30 MIla. Otot
K€ CHHTE3 HACT B KIyOeHbKax OOOOBBIX pacTeHUM MO JIEUCTBHEM
dbepmeHTOB 11pu 00bIYHBIX T U P.

KaTtanutrnueckue cuctemMbl HeOe3pa3IUUHbl K IPUMECSIM U JJOOaBKaM.
Hekotopeie u3 HUX yBEeIWYMBAIOT J(OPEKTUBHOCTh KaTalau3a, Kak,
HanpuMep, B BBIINICIPUBEACHHOM MPUMEpPE KaTalin3a CHUHTE3a aMMHaKa
xene3oM. Takue A00aBKM B KaTajlu3aTOp HAa3bIBAIOTCS MPOMOTOPAMM
(oKCcHIIBI KaJIMsS U allOMUHUS B Kele3e). HekoTopele nmpumecu, Ha000poT,
MOAABIIAIOT KAaTaJUTUYECKYIO PEAKLIHIO («OTPABJSIOT» KaTAIM3aTOp), 3TO

KaTaJauTudeckue siabl. Hanpumep, cunre3 SOz Ha Pt-kaTanuzarope o4eHb



YyBCTBUTEJIEH K TMPUMECAM, COAEpXKalluM CyJbQUIHYIO Ccepy; cepa
OTPaBJIIET TOBEPXHOCTh IUIATUHOBOIO Karajau3zaropa. W HampoTus,
KaTanu3atop Ha OCHOBe V,0s MaJOUyBCTBUTENIEH K TaKUM IPUMECSIM;
pa3pabOTKK KaTajau3aTopa Ha OCHOBE OKCHJA BaHAJIUsi TNPUHAIJICKUT
poccuiickomy yuénomy ['. K. bopeckony.

Nuruduropsl, yegeruuusaiom suepeuio axmusayuu peaxyuu. B
MUIIEBON  MPOMBINIJIEHHOCTH IIMPOKO MCIOJB3YIOTCS HHTHUOUTOPHI,
MPE0TBPALIAIOIINE THAPOJINU3 KUPOB, PEAKITUN OKUCIICHUS U OpOKEHHUS.

OcoOblii crydail Katanusa - aymoKamanus, Uiy yCKopeHue peaxyuu
0OHUM U3 ee npodykmog. IIpu 3TOM CKOpPOCTh pEaKIMU HE yMEHBIIAETCS
10 MEPE pacX0JOBAHUS PEArCHTOB, a pacTeT. Tak, peakius

2KMnO,4 + 5K,S03 + 3H,S0,4 = 2MnSO, + 6K,SO,4 + 3H,0
YCKOPSIETCSI TI0 MEPE HAKOIUICHUS HOHOB Mn?", o0pa3yromuxcsi mpu
BOCCTAaHOBJICHUM TIEpMaHTaHaTa.
7.6. O0paTuMble U HeOOpPaTHUMBbIE peaKknuu. XUMHYECKOe PABHOBECHE.
Mpunnun Jle-IllaTeanbe

XuMHUYeCKOe PABHOBECHE - COCTOSTHUE XUMUYECKOW CHUCTEMBI, MIPHU
KOTOPOM BO3MOJHbBI pCakKuuuv, HAYIIHUEC C pPaBHbBIMHU CKOPOCTAMHU B
IMPOTHUBOIIOJIOKHBIX  HAIIPABJICHUAX. HpI/I XUMHUYCCKOM  PAaBHOBCCHUH
KOHILOCHTpAaOKUHU pCarcHTOB, TCMIICpATypa U APYTHUC IIapaMCTPbl CUCTCMbI HC
MU3MEHSIFOTCSI CO BPEMEHEM.

Heobpamumvie u oopamumvie peakyuu. Ecivu ciuth pacTBOPEI

KHUCJIOTHI U IIEJI04H, 00pa3yeTcs COoJib U BOJA, HAIPUMED,

HCI + NaOH = NaCl + H,0,



U €CJIM BEIIeCTBA ObUIM B3SIThl B HYKHBIX MPOMOPIHUAX, PACTBOP
UMEET HEUTPAIbHYIO PEAKIMIO U B HEM HE OCTAETCs JaXke CIEA0B COJISTHOM
KHUCJIOTHl M TUJIPOKCHUAA HATpusi. ECIM MONBITaThCS TPOBECTU PEAKIUIO B
pacTBOpe Mexay oOpa3oBaBLIMMUCS BEUIECTBAMH - XJIOPUAOM HATpUs U
BOJIOM, TO HUKAKMX MU3MEHEHUU HE OOHapy>KUTCS. B mOmOOHBIX Ciiydasix
TOBOPST, YTO PEAKIMs KUCJIOThI CO IIEIO0YbI0 HeoOpaTuMa, T.€. oOpaTHas
peakiuss He unaer. llpaktudyecku HeoOpaTMMbl MpU  KOMHATHOMU
TeMIepaType OUYeHb MHOTHE PEAKIUU, HAIPUMED,

H2 + C|2 - 2HC|,
2H2 + 02 - 2H20 " ap.

MHorue peakuuu oOOpaTUMbI yXKe€ B OOBIYHBIX YCJIOBHUAX, OTO
O3HAYaeT, 4YTO B 3aMETHOM CTENEHU IMpOTEeKaeT oOpaTHas peakuusl.
Hanpumep, eciiv monbITaTbCcsl HEUTPaIU30BaTh IIEJI0UYbI0 BOJAHBIN PacTBOP
OUEHb CJIA00N XJIOPHOBATUCTOM KHUCJIOTHI, TO OKAXETCSA, YTO PEAKIIUS
HEUTpanu3aluu A0 KOHILA HE UIET U PACTBOP MMEET CHUIIbHOUIEIOYHYIO
cpeny. OTO 03HAYaET, YTO PEAKIIUS

HCIO + NaOH < NaClO + H,0
oOpatnma, T.€. TPOAYKTHI 3TOW peakiuu, pearupys APYyr ¢ JAPYroMm,
YaCTUYHO MEPEeXOASAT B HMCXOJHBbIE cOoeAuHEHUs. B pesynbTaTe pacTBOp
UMEeT MICNOUHYI0 peakiuio. O0paTuMa peakiius oOpa3oBaHUsS CI0XKHBIX
3¢upoB (oOpaTHas peakius Ha3bIBA€TCSI OMBUICHUEM):
RCOOH + R'OH«~ RCOOR' + H,0,

Y MHOTHE JPYTUE MPOLIECCHI.



Kak u MHoOrue Jipyrue moHATUSI B XUMUU, MOHITHE OOPATUMOCTH BO
MHOTOM YycCJIOBHO. OOBIYHO HEOOpPaTHMMON CUHUTAIOT PEaKIUI0, IMOCie
3aBEPIICHUS, KOTOPOW KOHIEHTPAllUK HCXOJHBIX BEIIECTB HACTOIBKO
Majlbl, 4YTO HMX HE€ YyJaercsi OOHapyXuTh (KOHEYHO, 3TO 3aBUCUT OT
YyBCTBUTEILHOCTU METOJ0B aHaiu3a). [Ipu u3MeHeHU BHEITHUX YCIOBUM
(mpexie BCero TeMmepaTypbl U JaBJCHUs) HEOOpaTUMasi pPEeakius MOXKET
cTaTb oOpatumMoil W HaoOopoT. Tak, mpu aTMOcHEepHOM MABJICHUU U
temneparypax Huxe 1000°C peakiuto

2H, + O, =2H,0
€IIe MOXKHO CUMTaTh HEOOpaTUMOii, Toraa Kak npu temneparype 2500°C u
BBIIIIE BOJIAa JMCCOLMUPYET HA BOJOPOJ M KUCIOpPOJ nmpumepHo Ha 4%, a
npu temneparype 3000°C - yxe Ha 20%.

B konrme 19 B. Hemenkuii ¢puzukoxumuk Makc boaenmrein (1871-
1942) npetanbHO W3Yy4YWJ TPOIECCH 00pa3oBaHUS U TEPMHUYECKOU
JCCOIMAIIMY UOJI0BOAOPO/IA:

H2 + |2 = 2HI

W3MmeHnsisi TemmepaTypy, OH MOT JIOOWUTHCS MPEUMYIIECTBEHHOTO
MPOTEKAHUS TOJBKO MPSAMOM WIJIM TOJBKO OOpaTHOW peakiluu, HO B OOIIEeM
ciydyae o00€ peakiuu IUIM OJHOBPEMEHHO B  IPOTHUBOIOJIOKHBIX
HanpapieHusx. [lomoOHBIX TIPUMEPOB MHOXKECTBO. OIWH W3 CaMbIX
M3BECTHBIX - PEAKIHUs CUHTE3a aMMHUAKa

3H2 + N, = 2NH3,
oOpaTUMbl U MHOTHE JPYTHM€ pEeakiuu, HarpuMep, OKUCICHUE IUOKCHAA

cephl



2802 + 02 = 2803,

pEaKH OPraHUYECKUX KUCIOT CO CHUPTAMU H T.I.

CkopocTtb peakuuu u paBHoBecue. [IycTs ecTb oOpaTumasi peakius

A+B—~C+D

Ecnu nmpeanosiokuTh, YTo OpsiMasg U oOpaTHasl peakuusi TpOXOAsT B
OIHY  CTaAul0, TO CKOPOCTH JTUX peakuuid OyayT  mOpsMo
MPONOPIMOHAIBHBl ~ KOHUEHTPALMSIM PEAreHTOB: CKOPOCTh  MPAMOMU
peaknuu vy = Ki[A][B],ckopocts oOpatHoii peakmmm Vo, = Ky[C][D]
(kBaZlpaTHBIMU  CKOOKaMHM  OOO3HAUY€Hbl MOJSIPHbIE  KOHLIEHTpPALMU
peareHToB). BugHo, YTO MO Mepe MPOTEKAHUS MPSIMOMl peakuu
KOHIIEHTPAllUM UCXOJHBIX BemecTB A U B CHHKArOTCs, COOTBETCTBEHHO,
YMEHBIIAETCSI M CKOPOCTh mpsaMoi peakuuu. CKOpPOCTh K€ 0oOpaTHOM
peaKkurn, KOTopas B Ha4aJIbHbI MOMEHT paBHA HYJIIO (HET MPOoAYKTOB C u
D), nocteneHHO yBenuuuBaercs. PaHO WM MO31HO HACTYNUT MOMEHT,
KOrJa CKOPOCTH IpsIMOM M 00paTHOM peakuuid cpaBHstoTcs. Ilocne 3Toro
KOHIIEHTpalnu Bcex BemecTB - A, B, C u D He u3MeHs10TCs CO BpEMEHEM.
OTO 3HA4YWT, 4YTO pEeaKUWs JOCTUIVIA TIOJIOKEHUS pPAaBHOBECHUS, a
HEU3MEHSIOIMNECS CO BPEMEHEM KOHIIEHTPAlWHU BEIIECTB HA3bIBAIOTCS
paBHOBeCHbIMU. HoO, B OT/IMUME OT MEXAaHWYECKOTO PABHOBECHS, NPHU
KOTOPOM BCSIKO€ JBH)KEHUE MPEKPAIIAETCS, TPU XUMUYECKOM PABHOBECHH
o0e peakiuu - U mnpsiMasi, 1 oOpaTHas - MPOJOJKAIOT UATH, OJTHAKO X
CKOPOCTH PaBHBI U MMO3TOMY Ka)KETCSl, YTO HUKAKUX U3MEHECHUN B CUCTEME

HC IIPOUCXOUNT.



JlokazaTb mpoTeKaHHE TMpPSIMOM M OOpaTHOM peakuui mocie
JIOCTHKEHHSI PABHOBECHSI MOKHO MHOXKECTBOM crioco0oB. Hampumep, eciu
B CMECh BOJIOPOJA, a30Ta M AMMMAaKa, HAXOJAIIYKOCS B MOJIOKECHUH
paBHOBECHUS, BBECTM HEMHOIO H30TOIA BojJopoda - jgeurepusa D,, ToO
YyBCTBUTEIBHBIA aHAIU3 Cpa3y OOHAPYXKUT MPUCYTCTBUE aTOMOB
nenuTepusi B MoJIeKyJax ammuaka. I HaoOOpoT, eclii BBECTH B CHUCTEMY
HEMHOIO JeurepupoBaHHoro ammumaka NH,D, To pgenrtepuit TyT *Ke
MOSIBUTCS B HMCXOJHBIX BemlecTtBax B Buae MoJiekysl HD u D,. [dpyrou
3¢ PeKTHBIN OMBIT OBUT MPOBEACH Ha XUMHUYECkoM (akynbrere MI'Y.
CepeOpsiHyI0 TUIACTHHKY TOMECTHJIM B pacTBOpP HHUTpaTa cepelpa, npu
ATOM HHMKAKMX HM3MEHEHHM HE HaOJII0AaJoch. 3aTeéM B pPAacTBOpP BBEIH
HUYTOXKHOE KOJIMYECTBO HOHOB PAJUOAKTUBHOTO cepebpa, Mociie Yero
cepeOpsiHasl IJIACTMHKA CTajla PaJUOaKTUBHON. DTy paguoOaKTUBHOCTh HE
MOTJIO «CMBITh» HH CIIOJIACKMBAHUE TJIACTUHKYU BOJIOM, HU MTPOMBIBAHHE €€
COJSAHOM  KuCIOTOW. TONBKO TpaBJ€HUE A30THOM KHUCJIOTOW WU
MexaHuyeckas o0paboTKa NOBEPXHOCTH MEJKOW HaKJayHOW Oymaroii
caenanio ee¢ HeakKTUBHOM. OOBSCHUTH OTOT DKCHEPUMEHT MOYXKHO
CIUHCTBEHHBIM 00pa30M: MEXIYy METaJIOM M PacTBOPOM HEMPEPHIBHO
MPOUCXOJAUT OOMEH atroMaMu cepedpa, T.e. B CHUCTEME HJeT oOpaTuMas
peaknus Ag(tB) - &= Ag’. TlosToMy 106aBIeHHE PaJHOAKTHBHEIX HOHOB
Ag’ K pacTBOpy IPHBOIMIO K MX «BHEIPCHUIO» B IUIACTHHKY B BHJIE
AIEKTPOHEUTPAIBHBIX, HO MO-TIPEKHEMY PAJIMOAKTUBHBIX aTOMOB.

Takum o0pa3oMm, paBHOBECHBIMH OBIBAIOT HE TOJIBKO XWMHYECKHE

peaKiMu MEeXIy TrazaMd WKW pacTBOPaMU, HO U MPOIECCHl PACTBOPECHUS



METaJuIoB, OcaAkoB. Hampumep, TBepaoe BEIIECTBO OBICTpEE BCETO
pacTBOpSIETCSA, €CJM €ro IOMECTUTh B YHUCTHIM pPacTBOPUTENb, KOTJa
CUCTEMa JajeKka OT PAaBHOBECHS, B JIAaHHOM CIydae - OT HACBIIIEHHOTO
pactBopa. IlocTemeHHO  CKOpPOCTb  pacTBOPEHHs]  CHHXKAeTCs, U
OJIHOBPEMEHHO YBEJIMYMBAETCS CKOPOCTh OOPATHOTO Mpoliecca - nepexoaa
BEILIECTBA M3 pacTBopa B KpucTaumueckuid ocajgok. Korga pactBop
CTAHOBUTCSI HACBIIIEHHBIM, CHUCTEMa JOCTUraeT COCTOSHUSI PaBHOBECHS,
Py 3TOM CKOPOCTH PACTBOPEHHUS W KPUCTAUIM3ALMM PaBHBI, a Macca
ocaika co BpeMeHeM He MmeHseTcs. COoCTOosiHUE paBHOBECHS XapPaKTEPHO
JUIs OOPATUMBIX XUMUYECKUX PEaKIIUi.

OOpaTumasi peakiusi - XUMUYecKasi peakius, KoTopasi Mpyu OJHUX U
TeX e YCIOBUAX MOXKET UATH B MIPSIMOM U B 0OpaTHOM HaMpaBJICHUSIX.

HeoOpatumoii Ha3bIBaeTCsl peakiusi, KOTopas UAET MPAKTUYECKHU 10
KOHIIa B OJJHOM HaIpaBJICHUH.

XuMHYecKoe PpaBHOBeCHE - COCTOSHHE CHCTEMBbI, B KOTOPOM
CKOPOCTb MPSIMOM PeakIluu paBHa CKOPOCTU 0OpaTHOMN peaKIuu.

N3 kypca HEOpPraHMYECKOM XHWMHUU W3BECTHO, YTO CKOPOCTHU
XUMUYECKUX PEAKIHM, XapaKTepu3yeMble HU3MEHEHHEM MOJISIPHBIX
KOHIICHTPAIIUM pearupyromrx BEIIECTB B €AUHUILY BPEMEHHU, 3aBUCSIT OT
NPUPOABl 3THX BEIIECTB, a TaKXKe€ OT KOHIICHTpAIlMHU, TEMIIepaTyphl,
MPUCYTCTBUS KaTaJau3aTOPOB U APYTUX (HaKTOPOB.

3aBUCUMOCTb CKOPOCTH PEAKIIMM OT KOHIIEHTpAIMN pearupyromnmx
BemiecTB, copmynupoBanHas ['ynpadeprom u Baare (1867), momyunia

Ha3BAHUE 3AKOHA OCUCHMBUA MACC: CKOPOCMb XUMUYECKOU peakyuu npsamo



NPONOPYUOHATILHA NPOU3IBEOCHUIO MOIAPHBIX KOHYEHMPAYUU Deasupyroujux
geujecmas, B3AMblX 6 CHENeHsx, COOMEemcmeyIuux Kod@pouyuenmam
Kaxco002o eeujecmaea 8 ypasHeHuu peaKyuu.

JlomycTrumM, 4TO M MOJIEKYJI BEIIECTBA A pearupyroT ¢ N MOJEKyJIaMu
BelecTra B: M A +nB = pC

Torga no 3aKOHy JAEHUCTBUS MACC YPABHEME CKOPOCTHU PEAKIIUA UMEET
BUA V =k[A]'[B]"

rae K - KoHcTaHTa CKOPOCTH, ITOCTOSIHHAS [Tl JaHHOM peakuuu (Ipu
ONpPEJCICHHON TeMIepaType) BEIMYMHA, XapAKTEPHU3YIOIIass BIUSHUE
IIPUPOJIBI PEATUPYIOIINX BEIIECTB HA CKOPOCTh UX B3AUMOICUCTBUSA APYT C
npyrom. KBaapaTHble CKOOKHM 0003Ha4alOT KOHIIEHTpAalLMIO BEIECTBa B
MOJI/JI.

J1J1s1 KOHKPETHBIX CIIy4aeB TOMOTEHHBIX CUCTEM
NH4C| + KOH = NH,OH + KCIl u 2NaOH + H,SO, = Na,SO, + 2H,0
T.€. TIpU B3aUMOJICMCTBUM JOTUX BEIIECTB B PACTBOPAX YPABHCHUS
CKOPOCTEN PEAKIMN ITUITYT COOTBETCTBEHHO

v = k[NH,CI1]-[ KOH ] u v = k[NaOH]* [ H,SO,]

B rereporeHHpIX cHUCTEMax € y4acTHEM TBepAoil ¢ha3bl CKOPOCTh
pPEaKIMU HE 3aBUCUT OT OOIEd KOHIIEHTpAlMu TBEPAOTo BellecTBa (Ipu
HEOOJIBIIION MOBEPXHOCTH €r0), a U3MEHSETCS JIHUIIb B 3aBUCUCMOCTH OT

KOHIIEHTPAIUK ra3000pa3HbIX (MJIM pACTBOPEHHBIX ) BEILIECTB, HAIPUMED:

C+C0,=2CO; v=Kk[CO,]



B cimydae 0OpaTUMBIX pEaKIUi yCTAaHABIWUBACTCS IIOJBHIKHOC
Xumuyeckoe paeHogecue, TIPU KOTOPOM B CHCTEME OJHOBPEMEHHO
IPHCYTCTBYIOT KaK UCXOJHBIC, TaK M 00pa3yIOIIHeCcs BEIICCTBA.

Xumuueckum pasnogecuem HA3bIBAIOM MAKOe COCMOSHUE CUCHEMbl
Peazupyrowmux eewecms, npu KOMopom CKOPOCMU NPAMOU U 0OPAMHOLU
peaxkyuii pasHol.

s cuctemsr M A +nB <« pC + gD

Cxopocts npsiMoii peakuun v1 = Ki[A]"[B]" , a ckopocTs 06paTHOI
peakimu v, = Ko[C]P[D]%.IIpu xuMuueckoM paBHOBECHH CKOPOCTH MPSMOii
¥ 00paTHOW pPeakIiy PaBHBI: V1 = Vy. [103TOMY MOXKHO HAIMCATh:

ki[A]"[B]" = k,[C]"[D]"

[Tocne mpeoOpa3zoBaHUS MOTYIUM

ki/ ko = [CI°[D]*/ [A]"[B]"

Ho oTHomeHne ABYX MOCTOSHHBIX BenwunH Ki/K, ecTth Takoke
BEJIMYHMHA IIOCTOSHHASA, KOTOPYI0 0003Ha4aloT 4epe3 K M Ha3bIBAIOT
KOHCMAHMOU PABHOBECUSL:

K= (k. [CI°[D]"/ ki [A]"[B]")

Ilpu  xumuweckom  pasHosecuu  NpPousBeoeHue  MOJAPHLIX
KOHYEHMPAayutl NOIYYAOWUXC  8eujecms, OeleHHOe HA NpPou3seoeHue
MOJSAPHLIX KOHYEHMPAyull UCXOOHbIX Gewjecms, npeocmasisiem coooll
NOCMOSAHHYIO OJ151 OAHHOU PeaKyuro 8elIuyUty, HA3bI8AeMYI0 KOHCMAHMOU
pasnogecuss (3HAYCHHE KaXKIOM KOHIICHTPAIMM BO3BOIAT B CTCICHb,
paBHyr0 kodbduiuenty mneped GoOpMyoil BeliecTBa B ypaBHEHUU

peaxkuun).



Koncranra PaBHOBCCHA II0KAa3bIBACT, BO CKOJIBKO pPa3 CKOPOCTb
npsaMOR peakuuu OoJbIlle CKOpOCTH oOpaTtHoM peakuuu Ky / K, (mpu
JAHHON TeMImepaType M OJIMHAKOBBIX KOHIIEHTparusax). Eciu koHcTaHTa
paBHoBecuss K = 1, TO CKOpoCTH TIpsIMOM U OOpaTHON peakiuu
pUOIU3UTENBHO paBHBL. Eciu Benmunna K > 1, To mpeobiiagaeT npsaMas
peakiys U JUHAMUYECKOE paBHOBECHE CABUHYTO BipaBo. Hakonen, npu K
< 1 uaeT mpeuMyIIecCTBEHHO OOpaTHasi peakius U PaBHOBECHE CMEIICHO
BJICBO.

Yem Boime BeauundHa Kp, Tem Oojbllle B paBHOBECHOM CMeCH
NPOAYKTOB mOpsiMOM peaknuu. CMEIIEHHE PaBHOBECHUS B HYXHOM
HaIpaBJICHUU JTOCTUTACTCS U3MEHEHUEM YCJIOBUU peakuuu (mpuHuun Jle-
[[laTense).

3amavyu ¥ BONPOCHI JAJI1 CAMOKOHTPOJISI

1. Bo CKOJBKO pa3 YBETMYHUTCS CKOPOCTHb pEaKIWW, €CIH TemIepaTrypa
noBeicwiiach Ha 30°, a TemnepatypHbiii KodhuireHT pasex 37?

6. Beruuciaure TemmepaTypHbI KOA(D(HUIIMEHT CKOPOCTH HEKOTOPBIX PEaKIIHid,

€CJIM TIPU TOBBIIICHUH TeMIepatypsl: a) oT 283 mo 323 K ckopocTh peakiuu

yBennamiiach B 16 pas; 0) ot 323 no 373 K ckopocTh peakiuu yBeInduiach B

1200 pas3.

7. Ha ckonbko rpagycoB HY>KHO IOBBICUTH TEeMIEpaTypy, YTOOBI CKOPOCTh
peaknuu yBenuuuiack B 81 pas, ecim TemmepaTypHbI KOd(DPUIMEHT CKOPOCTH
pasen 37

8. Uemy paBeH TeMIiepaTypHbIH KOI(PPUIIMEHT CKOPOCTH PEaKIiu, €Clu Mpu
YBEIMYEHUH Temrneparypsl Ha 30 rpagycoB CKOpOCTb Bo3pacTaeT B 27 pa3?

9. Peakmus uzper no ypaBHeHuto: A + 2B «» C; KoHCTaHTa €€ CKOpPOCTH IpH

omnpenesieHHOW TemnepaTrype paBHa (0,4, a HauvalbHbIE KOHIIEHTPAIMU COCTaBJISUIH



(MOJ’IB/I[MB)I [A] =0,3 u [B] = 0,5. Beruucinure CKOpOCTh 3TOM pEaKiu MpU TON Ke
TeMIlepaType B Ha4albHbIii MOMEHT M IOCIE TOTO, Kak mpopearupyer 0,1 Moab/am°
BellecTna A.

10.HauanpHble KOHIIEHTpAIMM BELIECTB, YYACTBYIOIIMX B peakuuu: No(r) +
3H,(r) <> 2NHs(r), passr (Moms/mm’): [N,] = 1,5; [H,] = 2,5; [NH3] = 0. Kakosbl
KOHIIEHTpalliu a30Ta W BOJOpPOJa B MOMEHT, KOTrJia KOHIICHTpalldsg aMMHaKa cTaa
paBHoit 0,5 MOJIB/IM?

11.Bo cKOJBKO pa3 U3MEHUTCS CKOPOCTh NPSMON XUMUYECKON peaKIui,
npoTekatomieit B romoreHHou cucteme: 2NO + Br, = 2NOBr,mpu:  a) yBenudeHUH

kouuentparuu NO B 1Ba pasza
0) yMeHbLIEHUU KOHUEHTpaluu Br, B Tpu paza

12.Kak ckaxxercs yMeHbIIIEHHE 00bEMa B YEThIPE pa3a Ha CKOPOCTH

CHEAYIOIINX PEAKIINH:
a) 2C(K) + Oz(r) = ZCO(F)
6) ZKM(K) = ZK(K) + M(F)

13.Kak M3MEHHTCS CKOPOCTb TOMOT€HHOW pEaKIMH TpPH TOBBIIICHUN
Temmepatypsl o 67°C 1o 97°C mpu TemmepaTypHOM KOA(GHIEHTe pPaBHOM
YEThIPEM?

14. PaccuuTaiiTe yeMy paBeH TeMIIepaTypHBI KOI(DPUIMEHT CKOPOCTH, €Clu
M3BECTHO, YTO MOHIDKCHHH Temmeparypsl oT 150°C mo 120°C ckopocTs peaxiuu

YMEHBIIWIACH B 27 pa3.



8- rema. Boaa u ee cBoiictBa. CTpoeHue xuaKkoii BoJbl. ®u3nueckue
U XUMHUYeCKHe CBOMCTBA BO/bI.

Ilnan:
1. JlucnepcHbIe CUCTEMBI
2. Konuenrpaius pacTBOpoB. PacTBOpUMOCTh
3. CBoiicTBa pacTBOpOB. SABIeHHE ocMoca

OnopHble cj10Ba U BbIpaxkeHusi: Pacmeopumocms, pacmeoperue,
HACbIUWEeHHble, HeHACbLUEeHHble, NepecblleHHble PACMBOpbl, KOIhhuyuerm
pPaAcmeopumocmol, OUCNEPCHASL cucmema, 2pybooucnepcHvle Cucmembl,
oucnepcHas ¢haza, 301U, CYCHEeH3UU, IMYAbCUU, NeHbl, KONIOUOHBLU
pacmeop, 1uoguivHvle U auopobuvie gazvi, Koa2ynayus, KoaiecyeHyus,
ceOumenmayus, 2uOpamayus, pacmeopumocms, 3¢gexm 6vicalusaHusl,
MePMOOUHAMUKA PACMBOPEHUSl, KOHYEHMPAYUs pacmeopos, HOPMANLbHAS
KOHYEeHmpayus, MOJISPHAS KOHYEeHmMpayus, NPOYEeHMHAs KOHYeHmMpayus,
3axonvl Payns, xpuockonuueckue u 30yIUOCKONUYECKUE NOCMOSHHbIE,
2UNOMoOHUYecKuUe, U30MOHUYECKUe U 2UNepPmoHUYecKue pacmeopul, 0CMOC.

8.1.CTpykTypa BoJHOIi cpeabl IuiaHeThl (ruapocdepa)

Kaxnpii ocBeOMIIEH O KpPYroBOPOTE€ BOJbI, O TOM, YTO IIOCIE
VCIIAPEHUS €€ C TOBEPXHOCTHU 3E€MIJIH, TIE-TO AANEKO MPOXOJIUT JOKb WU
cHer. Knumart perynupyercs UMEHHO Oyiarofapsi CBOMCTBaM >KHMJIKOCTH,
KOTOpass MOXET OTHaBaTh TEIUIO, & caMa INPHU ITOM IPAKTUYECKU HE
VU3MEHSET CBOIO TEMIIEPATypy.

/5% - Takas umdpa IMOKa)XeTcs OrpOMHOM, HO ATO BCS BOJa Ha
IJIAHETE, TAXKE Ta, KOTOPasi HAXOAUTCA B Pa3HbBIX arperaTHBIX COCTOSTHUSX,
B KUBBIX CYIIECTBAX W OPraHUYECKHUX COCIUHEHUSX. ECiM ke yd4ecTb
JIMIIb )KHAJIKOE, TO €CTh BOAY, HAXOIAIIYIOCS B MOPSIX M OKEaHAaX, a TAKKE B

TBEPAYIO - B JIEAHUKAX, TO MPpo1ieHT cTaHoBUTCS 70,8%.



PacrnipeniesieHue npoLeHTHOTO COJIEPKAHUA TPUMEPHO TaKOE:

Mopsi U okeanbl - 74,8%, HoO mpecHbIX HMCTOYHUKOB, pacupe/esiCHHas
HEpaBHOMEPHO IO IIAHETE, B JIJHUKAX cocraBisieT - 3,4%, a B o3epax,
0oJsiotax u pekax Juiib 1,1%.

Ha noxzemubie ncrounuku npuxoaurtcs npumepHo 20,7% ot Bcero
KOJINYECTBA.

XapakTepucTHKA Ts2KeJI0H BOAbI. [I[pupoaHoe BEMECTBO - BOJAOPO/T
BCTPEUAETCS B BUJIE TPEX M30TOIOB, B TAKOM K€ KOJIMYECTBE (POPM €CTh U
KHUCJIOPOJ. DTO MO3BOJISIET BBIJICIATh KPOME OOBIYHON MUTHEBOM BOJIBI €111€
JNEUTEPUEBYIO U TPUTHUEBYIO.

JlefiTepueBass UMeEET CaMyl YCTOWYMBYIO (popMy, OHa BCTpedaeTCs
BO BCEX MPUPOJHBIX MCTOUYHMKAX, HO B OYEHb MAajOM KOJIMYECTBE.
Kunkocts ¢ Takoi dopmysoil obiamaeT psAIOM OTIUYUN OT MPOCTOU H
nerkoi. Tak, oOpa3oBaHHWE KpHUCTA/UIOB B HEH HAYMHACTCS YyXKE€ MpH
temneparype 3,82 rpaayca. A BOT TeMnepaTrypa KUIEHHUS] HEMHOTO BBIIIIE -
101,42 rpanyca Ilenbcusi. Y Hee OoJiblll€ TUIOTHOCTh M CIOCOOHOCTH K
pPacTBOPEHUIO BEIIECTB 3HAYUTEIBHO CHMkeHa. Kpome Toro, ee
o0o3Havarot Apyrou hopmyioii (D,0).

JKuBble CHCTEMBI pEarupyroT Ha TaKOE€ XUMHUYECKOE COCIUHCHUE
110X0. JIUIIh HEKOTOphIE BUJIBI OAKTEPHU CMOTJIM B HEM MPHUCIIOCOOUTHCS
K JKM3HM. PBIOBI M BOBCE HE BBIJICPKAJIM TaKOro JKCIepuMeHTa. B
OpraHu3Me YeJIOBEKa, NEUTEPUN MOKET HAXOAUTHCS HECKOJIBKO HEJEIb, a

IMOCJIC BBIBOOAUTCA, HC IIPUYUHAA BpCa.



8.2.IloBepXHOCTHBIE BOJIHbI€ MCTOYHUKH

[ToBepXHOCTHBIE BOJBI CYIIU - BOJIbI, KOTOPbIE TEKYT (BOJOTOKH)
WM COOMpAIOTCS Ha TMOBEPXHOCTU 3eMiid (Bomoémbl). Paznuuarorcs
MOPCKHE, O3€pHBIC, peUHbIE, OOJOTHBIE U JpyTrHe BOjbl. [I0BEpXHOCTHBIE
BOJIbI MOCTOSIHHO WJIM BPEMEHHO HAXOJATCS B MOBEPXHOCTHBIX BOJHBIX
o0bekTax. OObeKTaMU TOBEPXHOCTHBIX BOJI SIBJISIFOTCS: MOPsi, 03€pa, PEKH,
0ojioTa U Jpyrue BOJOTOKM UM BOJOEMBI. [IOBEpXHOCTHBIE BOJBI
MPOTHUBOMOCTABIISIOTCS TOJ3EMHBIM BOJIAM.

Pexka - mpupoaHblii BOAHBIA TOTOK (BOJOTOK), TEKYyIIHH B
BBIPA0OOTAHHOM UM YTJyOJICHUU - TMOCTOSHHOM €CTECTBEHHOM pyclie U
MUATAIOMIMKCS 32 CYET MNOBEPXHOCTHOTO M TMOJ3EMHOrO CTOKa C €ro
OacceliHa. Pexu SIBISIOTCA MPEIMETOM HM3Y4YEHUs] OJIHOTO W3 Pa3/esioB
TUAPOJIOTUU CYIIHU - PEUHOU THUAPOJIOTUM (TIOTAMOJIOTHH).

B xaxnol peke pa3auyarT MECTO €€ 3apOXKJCHUSA - HCTOK U MECTO
(yuacTok) BIIaJICHUSI B MOPE, 03€PO WU CIUSHUS C IPYTOM peKOM - yCThE.

Pexu, HemocpenCcTBEHHO BIIAJAIOUIME B OKEaHbI, MOPs, 03€pa WU
TepsIOIIMEecs B eckax M 00JI0Tax, Ha3bIBAIOTCS TJIABHBIMU; BITaJIAIOIIME B
IJIaBHBIE PEKH - MPUTOKAMH.

['maBHast peka co BceMu €€ MpUTOKaMHu 00pa3yeT PEeUHYI0 CHCTEMY,
KOTOpAasi XapaKTEPU3yeTCsl TYCTOTOM PEYHOU CETH.

[ToBepXHOCTh CyIIM, C KOTOPOW peUHasi CUCTeMa COOMpAET CBOW BOJIHI,
Ha3bIBACTCS BOJAOCOOpPOM, WM BOAOCOOpHOW ILIomaabio. BomocOopHas

TJIOIIA b BMECTE C BEPXHUMH CIIOSIMH 3€MHOM KOPBI, BKIIFOYAIOMIasi B ceOsI



JAHHYIO PEUYHYI0 CHUCTEMY W OTACIEHHAS OT JPYTUX PEYHBIX CHCTEM
BOJIOpa3jeIaMH, Ha3bIBACTCS PEUYHBIM OACCEHHOM.

Pexu OOBIYHO TEKYT B BBITSIHYTHIX MOHWKEHHBIX dopMmax penbeda -
JO0JIMHAX, HanOoJiee MOHIKEHHAS YacTh KOTOPBIX HA3bIBACTCS PYCIIOM, a
4acTh JIHA JIOJWHBI, 3aJIMBaeMasi BLICOKUMU PEYHBIMH BOJAMH, - TTOHMOMH,
WJIN TIOUMEHHOW TEPPACOU.

B pycnax wuyepenytorcs Oojee TiIyOOkKHe MecTa -  IUIECHI U
MEJIKOBOJIHBIC YYaCTKH - TIepeKarhl. JIMHUS HamOOJbIINX TIyOWH pycia
oOpazyer QapBarep, a JUHUS HAUOOJBIIUX CKOPOCTEH TeUeHUs
HA3BIBACTCS CTPEIKHEM.

['panureii BoJOTOKA PEKH Ha3bIBaeTCsA Oeper, B 3aBUCHMOCTH OT
PACIIOIOKEHHUSI TI0 TEYCHHWIO OTHOCHUTEIBHO CpPEIHEH JIMHUM pycla
BOJIOTOKA Pa3IMYarOT IIPaBbIi U JICBBIM Oepera BOAOTOKA.

Pa3HOCTH BBICOT MEXIy HCTOKOM H YCThEM PEKH Ha3bIBaCTCS
NaJIcHUEM PEKH; OTHOIIICHUE MMaJICHUS PEKH WIIM OTACIBbHBIX €€ Y4aCTKOB K
UX JUIMHE Ha3bIBaCTCS YKIOHOM pPEKH (y4JacTKa) W BBIpaKaeTCs B
nporneHTax (%) uiu B mpomunie (%o).

B 3aBucumMocTu OT penbeda MECTHOCTH, B IpeeiaaXx KOTOPOW TEKyT
PEKH, OHHM pa3JesAtoTCSd Ha TOPHBIC W paBHUHHBIC. Ha MHOTMX pekax
MEPEMEKAIOTCS YIaCTKA TOPHOTO U PaBHUHHOTO Xapakrepa. [ opHbBIe pekH,
KaK MPaBHJIO, OTJIMYAIOTCS OONBIIMMHU YKIOHAMH, OYPHBIM TCUCHHEM,
TEKYT B Yy3KHX JIOJWHAX; IMpeoOslaaloT Tporecchl pa3mbiBa. Jlis
PaBHUHHBIX PEK XapaKTEepHO HAJW4YWe W3BWIMH PYyCla, WIA MEaH/Ip,

o0Opa3yrolumxcs B pe3yJibTaTe pyciaoBbIX MpolieccoB. Ha paBHUHHBIX pekax



YEepeayTCs YUYACTKU pa3MblBa PycClla U aKKyMYJISIIUM HA HEM HAaHOCOB, B
pe3yJibTaTe KOTOPOM 00pa3yroTCs OCEepENKM U IMEepeKaThl, a B YCThAX -
nesbThl. MIHOrIma OTBETBIEHHBIE OT PEKUM PyKaBa CIMBAKOTCA C JAPYyrou
PEKO.

I[To noBEpPXHOCTHM 3EMHOTO IIapa PEKHU pPaCHpPeAcCHbl KpanHe
HEpaBHOMEpHO. Ha KaxaoM Marepuke MOXHO HAMETUTh TIJIaBHbIC
BOJIOpa3/ieNibl - TPaHUIIBl 00JIACTEM CTOKA, MOCTYMAIOIIEr0 B Pa3IMYHbIC
OKeaHbl. [ TaBHBIN BOgOpa3ies 3eMIId IEJIUT NOBEPXHOCTh MATEPUKOB HA 2
OCHOBHBIX OacceifHa: aTJIaHTUKO - apKTUYECKud (CTOK C TUIOMIAH
KOTOpOTO MocTynaeT B Atiantudeckuil 1 CeBepHbIid JIeJOBUTHI OKEaHBbI)
U TUX0OKeaHCkuil (cTok B Tuxuit u Unauiickuii okeansl). O0BEM CTOKA C
IJIONIAAN TEPBOTO U3 OTUX OACCEMHOB 3HAYUTENIBHO OOJBIINE, YeM C
IJIOIAXA BTOPOTO.

I'yctora peyHOW CeTM W HANpaBICHUE TEYCHUA 3aBUCAT OT
KOMILIEKCA COBPEMEHHBIX MMPUPOAHBIX YCIOBUHM, HO 4aCTO B TOW WJIM UHOU
Mepe COXPaHSAIT YEePThl MPEKHUX TEOJOrMYeCKUX 3mox. Haunbombiieit
IyCTOTBI pPE€YHasg CETh JOCTUTAaeT B JKBATOPUAJIBHOM IIOSICE, TAE TEKYT
BeJIMUaIe peku Mupa - Ama3zoHka, KoHro;, B TpONMYECKHX U
YMEPEHHBIX MOsSICaX OHA TaKXe OBIBACT BBICOKOH, OCOOCHHO B TOPHBIX
parioHax (Aubnel, KaBka3, Ckanucrteie TOpbl U Jp.). B IyCTBIHHBIX
00JacTsax pacIpoCTpaHEHbI AMU30IUYECKU TEKYILIHNE peKH,
MPEBPALIAOIIAECS U3PENKA TP CHETOTASHUU WJIA UHTEHCUBHBIX JIMBHSX B
MOIIHbIE NOTOKM (peku paBHHMHHOTO Kazaxcrana, ysael Caxapbl, KpUKH

ABCTpayviu u Jp.).



8.3. llmpkyasinusi BoAbI B IPUpoae

Bona siBasieTcst cambIM pacipoCTpaHEHHBIM BEIIECTBOM B Ouocdepe.
KpyroBopot Bojbl B MpUpOJIe - 3TO HEMPEPHIBHBIA 3aMKHYTBIM MPOIIECC
MepeMeIeHUs BOJIbl MEXAYy ruapochepoit, arMochepoit u nurochepoit Ha
3emie. OTO CTAaHOBUTCS BO3MOXKHBIM, OJyiarojiaps CHOCOOHOCTH BOJIbI
U3MEHSTh CBO€ cocTosiHue. Ha Hamieil miaHeTe Boja CYIIECTBYET B Tpex
arperaTHhIX COCTOSTHUSIX - TBEPOM, KHUIKOM U ra3000pa3HOM.

OcHOBHBIE 3amachkl BOJBI - 3TO COJIEHBIE BOJBI MOpPEH M OKEaHOB
(97%). Toapko 3% Boabl U3 00mIeEro od0bema rujpocdepsl - IMpPecHBIE.
[Tpuuem 70% mpecHOM BOABI HAXOIUTCS B TBEPJIOM COCTOSTHUU B JICTHUKAX
(2,24%). Ha rpyntoBsie Boabl npuxomutcs 0,61% mnpecHod Bonbl, a Ha
BOJBI 03€p, peKk u armocdepHoi Biaru, coorBercTBeHHO, - 0,016%,
0,0001% u 0,001%. 13- 3a HEenpepbIBHOW HHUPKYJSIMUA BOABI HA 3€MHOM
nrape ee o0Iee KOJIMYECTBO OCTACTCS MOCTOSTHHBIM.

KpyroBopor BOAbI oOCymIeCTBIsSIETCs, Onarojgapsi HCHapeHHIo,
NEPENBIDKCHUIO BOJSHOTO TMapa B aTMocdepe, KOHJIEHCAIUU €ro,
BBITIAJICHUIO OCAJKOB W HAJMYHUIO CTOKOB. HauwmHaeTcss KpyroBopoT C
UCTIApEHMsI BOABI C TOJCTWIAIOIICH TOBEpXHOCTH BogoemoB. C
BO3JYIIHBIMU TEUYCHHUSIMU BOJISIHBIE TIapbl TIEPEMEINal0TCs W3 OJHOMN
obnacTu B Jpyryr. bosblias dacTe BOJBI MCHApPSETCS C MOBEPXHOCTH
MupoBoro okeaHa W TpH KOHJIGHCAIlUM B BUAC OCAJKOB BO3BpaIacTCs

oOpaTHO. MeHbIlasi 70Jis UCMApPUBILIEHCS BOJbI MEPEHOCUTCS Ha CYIIY



BO3YITHBIMHU TeueHUsIMU. OOBEM BOJIbI, KOTOpAsi HCTIAPSIETCS HAJl CYIICH U
BBIHOCHUTCS BO3AYITHBIMU TEUCHUSMH B OK€aH, HE3HAYUTEIICH.

Takum o00Opa3oM, IpH HCHAPSHUH MOpPS M OKCaHBl TEPSIOT
3HAYMTEJIBHO OOJBIIE BOJBI, YE€M IIOJY4YalOT BJard IPU BbBINAJICHUH
OCaJKOB, Ha cymie - Haobopor. Ho B Mops W OKeaHbl C MaTEpPUKOB
MOCTOSIHHO ~ TIOCTyMaeT CTOK pPEYHOHW BOJBI. OJTO  oOecreunBacT
MOCTOSIHCTBO 00BheMa Bojibl Ha TiaHete (Puc. 8.1). B cBsa3u ¢ nporeccamu
KOHJICHCAIIMM BJIard TIPOMCXOJMWT BBIMIAJICHUE OCAAKOB. YacTh Biaru
aTMOC(EpHBIX OCAJKOB HCIHApSETCS, YacTh 00pa3yeT BPEMEHHBIC WIIH
MOCTOSIHHBIE BOJOCTOKH M BOJ0eMbl. OTpeieieHHass MaccoBasi J0JIs BJIaru
aTMOC(EpPHBIX OCAJKOB IMPOCAYMBAETCS B TPYHT, (GOPMHUPYS IOA3EMHBIC

BOJIEL.

Puc.8.1. KpyroBopot BozsI B mpupo/ie (ThIC. KM3)



B npupone pa3nuyaroT HECKOJIBKO THUIIOB KPYTOBOPOTOB BOJBI B
3aBUCHUMOCTH OT MECTA, IJI€ BJlara WCIAPWIACh, U TAE BBINAJINU OCAIKH.
Boinensior  Oonbiioit  (MuUpoBOM) W Mayible  (OKEAHWYECKUW U
KOHTUHEHTAJIbHBIN) KPYroBOpPOThl BOJbI. [Ipu OosbIIOM KpyroBopoTte
BOJSHOM Map, 0O0pa30BaBIIMIICS HaJl MOPSAMH M OKEaHaMU, MEPEHOCUTCS
BO3AYIIHBIMM TEYEHUSIMA HA KOHTHHEHTBI, KOHJICHCUPYETCS TaMm C
BBINIAJICHUEM OCAJKOB, M BJIara CHOBA MOMAJAacT B OKEAH B BUJE CTOKOB.
JlaHHBI BUJ KPyrOBOPOTa COMPOBOKIACTCS U3MEHEHUEM KayecTBa BOJbI,
TaK Kak IPU HCHApPEHWUU COJICHAs BOJA CTAHOBUTCS MPECHOM, a rpsA3Has
BOJIa OYMIIAETCS.

B mponecce Maloro OK€aHMYECKOTrO KPyroBOpoTa BOJSHBIE MApHI,
chopMupoBaBLINECS HAJl OKEAaHOM, ITOABEPTatOTCA KOHJAEHCALIUH, U B BUJIE
OCaJKOB BO3BpAILIAIOTCA B OKeaH. Maublii BHYTPUKOHTUHEHTAJIbHbIN
KPYrOBOPOT - 3TO KOHIEHCAIUS HaJl MOBEPXHOCTHIO CYIIH MCIIAPUBIIEHCS
BO/JIbI, U TIOCJIEAYIOLIEE BBINMAJCHUE OCAJIKOB HaJl Mareprukamu. KoHEUHbIi
3TAIl MAJIOT0 KOHTHHEHTAJILHOTO KPyroBOPOTA - Tak’ke MUpPOBOI1 OKEaH.

CKOpOCTH TpPaHCIOPTUPOBKU BOABI B Pa3IUYHBIX COCTOSHHUSIX
OTJINYAETCS, TAK K€, KaK Pa3JINYHbl BPEMEHHBIE MPOMEKYTKH PACXOJI0B
BOJIbI U BpeMs ee 0OHoBiieHUsl. Camasi BbICOKasi CKOPOCTh BOJOOOMEHA - B
JKMBBIX OpraHu3Max (HECKOJbKO 4acoB). B emHMKax MOJSpPHBIX 00JacTei
KPYTrOBOPOT BOJBI MPOTEKAET ThICA4YM JeT. Boasl MupoBoro okeana
MOJIHOCTBIO OOHOBIIAIOTCS 3a 2,7 THICSIUH JIET.

8.4. CTPyKTYpa MoJIeKYJIbI BOAbI



Bona - okcua Bomopoga - OMHApHOE COCIMHEHHE HEOPTaHUYeCKOM
TIPUPOIBI.

®opmyna - H,O. Monsgpuas wmacca - 18 r1/Moimb. MoxkeT
CYIIECTBOBAaTh B TPEX arperaTHBIX COCTOSHUAX - KHUJIKOM (BOAQ), TBEPIAOM
(Jtem) u razoo0pa3HoM (BOASIHOM map).

dopMyna BOJBI U3BECTHA KaXKJAOMY CTYACHTY. DTO TPU MPOCTHIX
3HaKa, HO cojiepkKaTcsi OHU B 75% OT 00111€i1 MacChl BCEro Ha IIaHETe.
H,O - st0 nBa aroma Bojopomau oOauH - Kuciopoma. CrTpykrypa
MOJICKYJIBI UMEET SMITMPUUECKYIO0 (OpMY, MOITOMY CBOMCTBA JKUIKOCTH
TaKre MHOTO0Opa3HbIe, HECMOTPS Ha MPOCTOi cocTaB. Kaxkmast u3 MoIeKy
HAXOJIUTCS B OKPYKeHHH cocezieii. OHM CBSI3aHBI OJTHON KPHCTALTHYECKON
PEIIETKOU.

B Monekyne Bombl - JaBe KoBaJIeHTHBIC HoJisspHbIe cBsi3u O - H u nBe

HCHOJIGHéHHBIC OJICKTPOHHBIC IIapbl HAa aTOMC KHUCJIOpOJA. CTpYKTypHaSI

dbopmysl Boasl (puc.8.2).
H
e
104.45°
v
.
O
0.9584 A

Puc.8.2. CtpykrypHast GopMyJibl BOJbI



DJeKTpoHHas Gopmyia:
H:0:

Mornekysia BOJIbI HMMEET YIJIOBOE CTPOCHHUE. YTOJI MEXKIY CBSI3SIMU
coctapisier 104,5°. Mosekyna mpeacrtaBiseT coOoi aumnoiab. B Helt atom
KUCJIOpOJia HECET  OTpUIATEIbHBIA 3aps]l, a aToMbl BojJOpoaa -

MOJIOKUTEIbHBIN

[TossipHOCTE MOJIEKYJI BOJBI YacTO MPEJCTABISIETCS YIPOIIEHHO B

BHJIE DJUJIUIICA C IBYMS IMOJIFOCAMH:
=

[TonmsipHOCTH MOJIEKYJIBI BOJBI OKAa3bIBAET CUJIBHOE BIIMSIHHE Ha €€
buznyecKkue U XUMUIECKUE CBOMCTRA.

BrIsicHUM CTpYKTYpy TEPMOJIUHAMUYECKOTO MPEIIECTBEHHUKA BOIbI
- Jbaa. TeM caMblM MBI TTOBTOPUM IYTh BCEX HMCCJICIOBATEJIC BOJIBI.
Kaxnpiii M3 HUX, TBITAICh MOHATH CTPYKTYPY BOJbI, paHO WU IO3JHO
MIPUXOMIT K HEOOXOAUMOCTH pa3o0paThCsi B CTPYKTYPE JIbJA.

B 1910 r. amepuxanckuii ¢usuk I[I. bpuwmxkmen u Hemenkuit
uccienonarens ['. TammaH oOHapYyXWIIM, YTO JIEd MOKET OOpa3OBHIBATH

HECKOJIbKO MOAUMOP(HBIX Kpuctaimmyeckux Moaudukanuu. Ceituac



U3BECTHO 9 Moaudukauil jpja, y HUX Pa3IUyHbIE KPUCTAIMYECKUE
PEIIETKH, pA3JIMYHbIE TJIOTHOCTH M TEMIEpATyphl IIaBieHUus. BceM Ham
XOpOIIIO 3HAKOMBIM JieJl HaszbiBaeTcsa "npaom 1", apyrue moaudukanuu
JbJIa CYWIECTBYIOT MpH AaBiieHusX, npesbimaronmx 2000 ar. Hanpumep,
aen I, obpasyromuiics npu gapiaeHun 2115 at, Tspkenee Bojpl, a jtea VI
(mpu paBnenun okoyso 20 000 ar) mmaBUTCA TMpH  TEMIIepaType,
npesbimatomeid 80 °C. B 0OBIUHBIX YCIOBHSIX MBI MOXEM HAOIIONAThH
auinb jed I, o u uzydeH HauOosee moiaHo. Huxke peds UaeT MMEHHO O
HEM.

Kaxnass Momekyna BOAbI MOXET 0OOpa3oBbIBaTh JO YETHIPEX
BOJIOPOJIHBIX CBSI3€H, €CJIM BOJM3M OKaXETCAd JOCTATOYHOE KOJUYECTBO
MOAXOSIINX COCeNIel, MpuueM Ojaromapsi CBONCTBY KOOIEPATUBHOCTH
KaXJ1asi MOCTEayIomasi CBsI3b TPEOYeT sl CBOETO OO0pa3oBaHUsI MEHBIIIE
SHEPIruu, MOITOMY OHA OyJEeT 0OpPa30BBIBATHCS C OOJIBIIEH BEPOSITHOCTHIO,

yeM npeasiayimas (puc. 8.3).

Puc. 8.3. Bomopoanas cBs3b
Bo nbny Bce MOJNEKYJbl CBSI3aHbl MEXAY COOOH BOJIOPOJAHBIMU
cBsa3siMU. IIpu 3TOM 4YeThIpe CBSI3UM KAXIOW MOJIEKYJIBl JIOKAJIBHO

OpraHU30BaHbl B TETPA3APHUUECKYIO CTPYKTYpY, T.€. UEThIpe OJIM3IexKa-



M€ MOJIEKYJIbl PpAacloyiaratoTCsl B BEPUIMHAX TPEXTPAHHOW NMUpPaAMUJIbI, B

IIEHTPE KOTOPOW HAXOIUTCS TATas MOJICKyJia BojbI (prc.8.4).

Puc. 8.4. Bonoponnasi cBsi3b

Takum oOpa3om, TeTpadapuueckas (popma OTIAECTBHOU MOJIEKYJIbI
MOBTOPSAETCS. B KPUCTAUIMYECKOW  CTPYKType JbJa. Bo3moxHO,
OTIpeIeTIEHHYIO POJIb 3IeCh Urpaet To, 4to yroa H - O - H monexynst H,0O
MOYTH PAaBEH HJACAIBbHOMY TeTparapuueckoMy yriy 109°, a Momexymsl
BOJIbI, KaK MBI 3Ha€M, OOBEAUHSIOTCS C MOMOIIBI BOJOPOJHBIX CBSI3EH,
KOTOpbIE OHM 00pa3yroT UMEHHO B HampapieHuu O- H. DTu TpexrpaHHbie
MUpPaMUIbl MOTYT TaKKe OOBEUHSITCA B HEKYIO CBEPXCTPYKTYpY. Bo nbay
TaKas CII0KHAsl TPEXMEPHAsI CBEPXCTPYKTYpa U3 TETPA3APOB MPOCTUPAETCS

Ha Bech 00beM. HaunHas ¢ m000ro aTomMa KUCI0po/Ia, Iepexos OT coceia



K cOCely 1O BOJOPOJHBIM CBSI3SIM, MOXKHO CTPOUTH OECKOHEYHOE YHCIIO
Pa3IUYHBIX 3aMKHYTHIX QUTYP.
Ota cBs3b cnabee KoBaleHTHOW. Ho Omnaromapsi el 3HaYMTEIHLHO

TIOBBIIIAIOTCS TEMIIEPATyPhl IUIABJICHUS U KHIICHHS BeriecTB (puc.8.5).

a s
S

Puc.8.5. Bomopoanas cBs3b

BOJIOpOJIHBIMI/I CBA3SIMA OOBSACHSIETCS TakKXe CIOCOOHOCTH BOJbI

00pa30BBIBATh IIPH 3aMEP3aHUU CHEXXUHKH pa3Hoi GhopMmel (prc.8.6).

Puc.8.6. O6pazoBaHne CHEKNHOK

N3 Bcex KHUIKUX H TBépI[I)IX BCOICCTB Yy BOJbI CaMasi BbICOKAs

TEIUIOEMKOCTh. OHa MCIJICHHO HAarpeBacTCA U TaK K€ MCIAJICHHO OCTbIBACT.



brnaronaps TakoMy CBOMCTBY BOJla BIMSIET Ha KJIMMaT 3€MJIM, CTJIa)XKUBas
KoJieOaHusl TeMneparypbsl. Mopsi U OKeaHbl HAKAIUIMBAIOT TEIJIO B TEIMJIOE
BpEMs, a B XOJIOJJHOE - €r0 OCBOOOXKIALOT.

Y  Boabl  BBICOKME 3HAYEHUS TEIUIOTHl  IUJIABJIEHUS U TEIIOTHI
napooOpazoBanus. [losTomy mporeccel TasHHS JbJa U CHEra, UCIapEHUs
BOJbI MPOUCXOAST MOCTENEHHO U MPUBOJAAT K MEIJICHHOW CMEHE CE30HOB
roJia: 3MMa - BECHA - JIETO - OCEHb.

Emé onHa o0COOEHHOCTh BOJBI -  BBICOKOE IOBEPXHOCTHOE
HaTsbKeHue. [IOBEepXHOCTHOE HATSXKEHHE OO0YCIIaBIMBAET KalWIISPHBIC
SBJICHUS, cOOMpaeT BOAY B KaIlJd, CO3/1a€T MOBEPXHOCTHYIO IJIEHKY H
M03BOJISIET HEKOTOPHIM HACEKOMBIM MEPEMEILATHCS 1O HEMl.

Boicokas moisipHOCTh MOJEKYJ O0O0YCIaBIUBAET CIIOCOOHOCTH BO/IbI
pacTBOPSATH BEUIECTBA C HMOHHOW WJIM KOBAJEHTHOW TMOJSPHOM CBS3bIO.
Takue BemecTBa yacTo HasbIBaOT rUApOoPmIbHBIMU. K HUM OTHOCATCS
COJIY, IIENOYM, HEKOTOPhIE KHUCIOTHI U Jpyrue. HemonsipHbie BellecTBa B
BOJIE HE pacTBopsitoTca. X Ha3bIBaloT ruipoPOOHBIMH.

[IpocToTa  CTpOEHHUs MO3BOISET  KUIAKOCTU  CYIIECTBOBaTh B
HECKOJIBKUX arperaTHbIX COCTOSHUSAX. HU OHO BellecTBO Ha IJIAHETE HE
MOKET HaXOJMUTCS B TPEX arperaTHbix cocTostHusAx. H,O oueHb moaBuxKHA,
OHAa YCTYIaeT B 3TOM CBOMCTBE JIUIIb BO3AYXY.

Od4eHb JAaBHO JIIOJM TOHSJIA HEOLIEHUMOE 3HAYEHUE >KUJKOCTH s
BCETO KMBOTO U IUJIAHETHI B 1IeJIOM. be3 Hee 4elloBeK HE MOXKET MPOXKUTh U
Henemu. Kakoro ke  mosiesHoe  JIeHCTBHE  OT  DTOr0  CaMoro

pacmpoCTpaHEHHOTO Ha 3eMiie BelecTBa?



CaMoe riiaBHOE MPUMEHEHHE - 3TO HAUIMYUE B OPTaHU3ME, B KIETKAX,
rI€ MPOXOAAT BCE BAXKHEUIIINE PEAKIIUU.

OOpazoBaHue BOJOPOIHBIX CBs3el OJIArONMPHUATHO CKa3bIBAe€TCs Ha
YKUBBIX CYIIECTBAX, BEJb MPU WU3MEHECHUU TEMIIEPATYPbI KUIKOCTh B TEIE
HE 3aMep3acT.

Hwu onuH npoMBIIIEHHBIN 3aBOI HE MOXKET paboTaTh 0€3 KUIKOCTH.

H,0 - ucTOYHMK KU3HU U 3J0POBbSI, OHA SBJISETCS JIEKAPCTBOM.
PacTeHust ucnosib3yroT €€ Ha BCEX ATamax CBOEro pa3BuTus U xu3Hu. C ee
MOMOIIBI0 OHU TMPOU3BOJAT KUCIOPOJ, TAKOW HEOOXOIUMBINA NI >KU3HU
YKUBBIX CyIIECTB, T'a3.

Kpome caMbIx OYEBHIHBIX IMOJIE3HBIX CBOMCTB, UX HMEETCS €I
OYE€Hb MHOTO.

8.5. XuMHYecKHe 0CHOBBI 00pa30BaHMsl BOJAbI

BzaunmopericTBrue BOOpOIa C KUCIOPOJIOM, KaK 3TO YCTAHOBUJ €IIe
I'enpu KaBennaui, mpuBOIUT K 0Opa3oBaHUIO BOJbI. JlaBaiiTe Ha 3TOM
MPOCTOM MPUMEPE TMOYYUMCA COCTABJISITh YPABHCHUS XHUMHUYECKHX
pEaKId.

["'openue Bogopoa popManbHO BIpaX)aeTcsl CyMMapHOU peaKIuei:

2H2 + 02 — ZHZO

OnHako 3Ta cCyMMapHas peaKkuus HE ONUCHIBAECT
Pa3BETBIEHHBIEC LIEMHBIE PEAKIMU, MPOTEKAIOIIME B CMECSX BOAOpPOJA C
KUCJIOPOJOM WJIM  BO3IyXOM. B  peaknusx yd4acTBYIOT BOCEMb
komrnoHeHnToB: H,, O,, H, O, OH, HO,, H,0, H,0,. Ilogpobnas kune -

THYCCKadA CXCMa XHMHNUYCCKHX peaKuHﬁ MCXKAY OTUMH MOJICKYJIaMU U



aToMamMu BkJIroyaer Oojiee 20 dJEeMEHTApHBIX peaKIuid ¢ y4dacTHEeM
CBOOOJIHBIX PaJUKaliOB B pearupyromieit cmecu. [lpu Hanuumm B cucreme
COEIMHEHUH a30Ta WJIU YIiepoJia YUCIO KOMIIOHEHTOB M 3JEMEHTapHBIX
peaKIil CyllIECTBEHHO YBEINYUBACTCA.

B cuity Toro, 4To MeXaHU3M rOpeHusl BOJOPOJa SBIISIETCS OJHHUM M3
HanOoJiee NPOCTHIX [0 CPABHEHUIO C MEXaHHW3MaMH TOPEHUS MPOUYUX
ra3oo0pa3HbpIX TOIUIMB, TaKUX, HampuUMep, Kak CUHTE€3 - Ta3 Wiu
yIJIE€BOJOPOJHBIE  TOIJIMBA, @  KUHETUYECKHE  CXEMbl  TOPEHUS
YIJIEBOJOPOJHBIX TOIUIMB BKJIOYAIOT B €e€0d BCE KOMIIOHEHTHl M
AJIEMEHTApHBIE PEAKIIMU U3 MEXaHM3Ma FOPEHUsl BOJIOPOJIa, OH M3y4daeTcs
4Ype3BbIYalHO MHTEHCMBHO MHOTMMHU TpyIIIaMH HCCIIe -J0BaTeseH.
Opnako, HeCMOTpsI Ha 0OoJee YeM CTOJIETHIOIO MCTOPHIO MCCIIEIOBAHMIA,
ATOT MEXaHHU3M JI0 CUX MOP U3Y4YEH HE MOJIHOCTHIO.

Yro nmonyyaerca U3 BOJOPOJAa U KUCIOPOJIa, MbI YK€ 3HAEM:

H2 + 02 — HzO

Teneps yurem, 4TO aTOMbl XMMUYECKHX 3JIEMEHTOB B XMMHUYECKHX
peaKIMsAX HE HMCYE3al0T U HE MOSBIISIOTCS U3 HUYEro, HE MPEBPAILAIOTCS
Ipyr B Jpyra, a COCIUHSIIOTCS B HOBBIX KOMOMHAIMSAX, 0Opa3ys HOBBIE
MOJIEKYJIbl. 3HAYUT, B YPAaBHEHUH XUMHUYECKOW PEaKI[MU aTOMOB Ka)J0To
3JIEMEHTa JOJKHO OBITh OAMHAKOBOE KOJMYECTBO J0 pEeaKkiuu (cieBa OT
3HAKa PABEHCTBA) U IIOCJE OKOHYAaHUS peakuuu (crpasa OT 3HAaKa
paBeHCTBA), BOT TaK:

2H2 + 02 = 2H20



OTO U €CTh YPABHEHUE PEAKIIMU - YCJIOBHAs 3aMMCh IMPOTEKAIOIICH
XUMHYECKOHN PeaKIiM C ITOMOIIBI0 (OPpMYJI BEIIECTB U KOADGDUITUSHTOB.
DTO 3HAYUT, YTO B NPUBEICHHON pEaKIMU JBa MOJISI BOJOPO/a JTOKHBI
npopearupoBaTb  C OJJHUM  MOJIEM KHUCIIOpOJa, W B  PE3yJbTare
MOJIYYUTCS B MOJIS BOJIBI.

BzanMonaencTBrue BOAOPOJa C KUCIOPOJAOM -  COBCEM HE MPOCTOM
nporiecc. OH MNPUBOAUT K HU3MEHEHHUIO CTENEHEM OKHUCICHUS JTUX
aneMeHToB. UToOBl moadoupaTh KOI(POUIIMEHTHI B TaKUX YpPaBHEHHUSX,
OOBIYHO TTOJIB3YIOTCS METOJOM «DJICKTPOHHOTO OajlaHCay.

Kornma u3 Bomopoaa u kuciopoja oOpasyeTcsi BoJa, TO 3TO 3HAYUT,
YTO BOJOPOJ] TOMEHSUT CBOIO cTeneHb okucieHus ot 0 mo +1, a kuciaopos -
ot 0 10 -2. ITpu 3TOM OT aTOMOB BOAOPOJIa K aTOMaM KHUCJIOpOJia MEPEIIo

HECKOJIBKO (N) 3JIEKTPOHOB:

2H2 + 02 = 2H20
W7

n-e
Bomopon, oTnaroninit 3J1EKTPOHBI, CIYKHUT 3/I€Ch BOCCTAHOBUTEIIEM, a
KI/ICJIOpOI[, HpI/IHI/IMaIOHII/Iﬁ 3JI€KTpOHI)I - OKHCIIUTCIICM. HOCMOTpI/IM
TGHGpB, KAaK BBITJIAOAT HpOHCCCI)I oTaaunu u HpI/ICMa BHGKTpOHOB 110
OTACIBbHOCTH. BOI[OpOI[, BCTpCTI/IBIHI/ICI) C «HpI/IO6pCTaIOIHI/IM» -
KHUCIIOPpOAOM, TEPACT BCC CBOC JOCTOAHUC - JBa JJICKTPOHA, H CI0 CTCIICHb
OKHCJICHUSI CTAHOBUTCS paBHOM +1:
H,’ - 2e- =2H"

[Tonyunnock ypaBHEHUE MOIYPEAKIIUN OKUCIECHUS BOJAOPOAA.



A OKHUCIIHUTCIIb - KHCIOPOA 02, OTHAB IIOCJIICAHHC JJICKTPOHBI Yy aTOMa
BOJIOpPOa, IpHO0JIalacT HOBOM CTEIEHbIO OKUCIICHUS - 2.
0, + 4e- =207

DTO ypaBHEHHUE MNOJIYPEAKIIMHM BOCCTAHOBJICHUS KUCIOPO/A.

OCTaeTC}I I[O6aBI/ITB, qTO H «OKHUCIHUTCIb», U €I0 «BOCCTAHOBUTCJIIb»
HOTCpHJ‘II/I CBOIO XI/IMI/I‘IGCK}’IO I/IHI[I/IBI/II[yaJ'IBHOCTB nu nu3 HpOCTBIX BCIIICCTB -
r'a30B C I[ByxaTOMHBIMI/I MOJ'ICKYJ'IaMI/I H2 nu 02 HpeBpaTI/IJ'II/ICB B COCTABHBLBIC
HaCTHU HOBOI'O XUMHWYCCKOI'O BCIIIECCTBA - BOAbI HzO.

JIaJIBIJ_Ie 6yz{eM pacCyxxaarb CJICAYHOIIUM 06p2130M: CKOJIBKO
OJICKTPOHOB OTAAJI BOCCTAHOBUTCIIb 6aHI[I/ITy- OKHCJIIUTCIIIO, CTOJIBKO TOT U
l'IOJ'Iqu/IJI. I‘II/ICJ'IO BHGKTPOHOB, OTAaHHBIX BOCCTAHOBUTCIICM, JOJIZKHO 6BITB
paBHO IH/ICJ‘Iy SHGKTPOHOB, HpI/IHHTBIX OKHUCIINTCIICM.

3Ha‘lI/IT, Haa1o0 ypaBHHTB qUuCJIO SJ'IGKTPOHOB B HepBOﬁ n BTOpOfI
l'IOJ'IypeaKHI/ISIX. B XUMHUHN l'IpI/IHSITa TaKasd yCJ'IOBHaH (l)OpMa 3alluCu

YPaBHEHUH MTOTYpPEAKIIHIM:

2  H,-2e-=2H"

1 0O, +4e-=207

3nech uncia 2 u 1 cieBa or GUTYypHOU CKOOKHM - 3TO MHOXHUTEIH,
KOTOPbIE TTOMOTYT OOECIEUUTh PABEHCTBO YKCJA OTJIAHHBIX U MPUHSTHIX
AJIEKTPOHOB. YUTe€M, 4YTO B YypPaBHEHUSX MOJypeakuuid OTHaHO 2
AJNIEKTPOHA, a NpUHATO 4. UTOOBI ypaBHATH YKCIIO MPUHSITHIX U OTJAAHHBIX
AJIEKTPOHOB, HAaXOJSAT HaWMEHbIIIEE O0Iee KPaTHOE U JIOMOIHUTEIbHbBIC

MHOXUTENU. B Haimiem ciiydyae HauMeHbliee oOlllee KpaTHOE paBHO 4.



JlonoHUTEbHbIE MHOXKUTENINU Oy IyT AJisl BOJlopoja paBHbl 2 (4 : 2 =2), a
it kuciopoga - 1(4:4=1)

[TonydeHHbIE MHOXHUTEIU U OYIYyT CIYXUTh KO3(QdUIIMEHTaMuU
OyJlylIero ypaBHEHHUS PEaKIuu:

2H,’ + 0, = 2H,™0"
8.6. Pu3NKO- XUMHYECKHE CBOICTBA BOAbI

duznveckue cBoiicTBa BoAbl. Boja - npo3padnHas sXKuJIKoCTh (H.Y.).
Junoneublii.  MoMeHT - 1,84 J[ (3a cyueT CHJIBHOIO pa3Iudus
ANEKTPOOTPHUIIATEIBHOCTEN KHUCIOpoJa U Bojopojsa). Boma obmamaer
CaMbIM BBICOKMM 3HAUYC€HHEM YJACIbHON TEIJIOEMKOCTH CpeIu BCEX
BEILIECTB B KUJIKOM U TBEPAOM arperaTHOM COCTOSTHUSIX.

biarogapst BOJOPOIHBIM CBSI3SIM MEXKIY MOJIEKYyJIaMH Boja 00JajaeT
PAIOM YHUKaJIbHBIX CBOMCTB. IlmoTHOCTH nbma Ha 9% MeHbIE, 4eM Yy
Bogel - 0,917 r/eM® | uto OOYCJIOBJIEHO €ro “phIXJON” KPUCTANINYECKOM
CTPYKTYpOU, CTaOMJIM3UPOBAHHON BOJOPOIHBIMU CBSI3SIMU. ITO CBONCTBO
JBJa TIPEoXpaHsieT BOJOEMBI OT MpoMep3aHus. TerioTa miaBjaeHus Jibaa
6 x/[x/monb, Teriora ucnapenus Boabl 44 k/[x/monb. B Tanoit Bome
JAaCTUYHO COXPAHSIOTCS ()parMEHTBhI CTPYKTYPHI JibAa. Y JKUJIKOW BOJIBI
3aBUCHMOCTD TEIUIOEMKOCTH OT TEMIIEpATyphl UMEET MUHUMYM Iipu 37°C,
YTO COOTBETCTBYET TEMIIEpAType YEIOBEUECKOTO Tejia. ITO CIIOCOOCTBYET
HanOosnee H(PheKTHBHOMY TIPOTEKAHUIO OHMOXMMHUYECKHUX pEaKIuii B
OpraHW3Me YeJIOBEKa.

[ImoTHOCTB XXMAKONH BOJbI MakcuManbHa Tipu 4°C u paBHa 1 r/cm?

1000 r/am?). B ornmume ot Apyrux BewiecTB TBEpaas Boma (J1€x) Jierde
py p



xkuakor. IlmotHocts npaa npu 0°C  coctaBisier 0,92 r/em®.  TloaTomy
alicOepru MmiaBarT MO MOBEPXHOCTH OKEAHOB, a MPECHOBOHBIE BOJOEMBI
3UMOM  HE€  MpPOMEp3aloT  J0  JHA, M OOMTaloImMe B HHUX
OpraHu3Mbl BBDKMBAIOT BO BPEMSI CUIIBHBIX MOPO30B.

[Tpu HOpManbHOM atMochepHoMm naBienuu (760 mm pr. ct., 101
325 ITa) npu Temnepatype B 0°C Boga mepexoauT B TBEPJOE COCTOSHUE
U KUnuT (mpeBpaiaercss B BOJAAHOW map) mpu Temmeparype 100 °C
(3Hauenuss 0°C wu 100°C ObuIM BBIOpaHBI KakKk COOTBETCTBYIOIIWE
TeMIeparypam TastHUS h119i ¢:] u KUTICHUSI BOJIbI npu
CO3/IaHUM TEMIIEPATYpHOU MIKanbkl «mo Ilenbcuto»). ITO aHOMAIBHO
BBICOKME 3HAYEHHUS [T BEIIECTBA C TAKOW HU3KOM MOJIEKYJISIPHOU MACCOU.

[Ipu cHuXeHUM JABJICHUS TeMmIlepaTypa TasHus (TUIaBJICHMS) JbJa
MEIJICHHO pacTET, a TEMIIEpaTypa KUIEHUs BOJIbI - majaet. [lpu naBnenuun
B 611,73 Ila (oxomno 0,006 aTM) TeMmmeparypa KUIEHHUS W IJIABJICHUS
coBnagaet u craHoutcsa pasHou 0,01°C. Takue naBieHue U Temreparypa
Ha3bIBAIOTCA TPOHHON TOuko# BoAbl. [Ipu Oonee HU3KOM JaBIIEHHHM BOAA
HE MOXET HAXOJIWThCS B JKUJAKOM COCTOSHUHW, WU JIEA MPEBpAIIACTCS
HETMOCPEICTBEHHO B Tap. TemmepaTypa BO3TOHKH (CyOJMMAaIlvm) Jbaa
MaJlacT CO CHMKEHHEM JaBjeHUs. [Ipy BBICOKOM JTaBJIECHUU CYIIECTBYIOT
MOIU(UKAITUY JIbJIa ¢ TeMIIepaTypaMu IJIaBJICHUS BBIIIIE KOMHATHOM.

C pocToM maBiICHHS TeMIIepaTypa KUIIEHUsS BOABI pacTéT (Tadi.8.1).



Tab6mauma 8.1

N3menenus TEMIICPATYPbI KUIICHUA BOAbI B 3dBUCUMOCTHU OT

JTaBJICHUS
JlaBienue, aTm. Temneparypa kunenust (Ty,,),
°C
0,987(10° Ia - HOpMAIBbHBIC YCIOBHS) 99,63
1 100
2 120
6 158
218,5 374,1

IIpu pocre naBlIeHHS IUIOTHOCTH HACHIIIEHHOTO BOJISHOTO Iiapa B
TOYKE KUIIEHUS TOXKE pacTET, a )KMAKON BOJbI - manaeT. [Ipu temmeparype
374°C (647 K) U JaBJICHUH 22,064 MIla (218 atm) BOJIa
IPOXOAUT KPUTHYECKYIO TOUYKY. B 93TOH TOYKE IUIOTHOCTE W JPYyTHE
CBOMCTBA XKMJIKOH U ra3000pa3HOi BOABI coBnamaroT. [Ipu 6osee BRICOKOM
JABJICHUH W/ TEMIIepaType ucue3acT pasHHUIla MEXTY KHUIKON BOJIOU U
BOJASHBIM  mapoM. Takoe  arperaTHoe€  COCTOSHHE  Ha3bIBAIOT

«CBEPXKPUTHYECKAS KUIAKOCTHY (prc.8.6).
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Puc. 8.6. ®a3zoBas nuarpaMmMa BOJBIL: IO BEPTHKAIBHOM OcH - naBieHue B [la, mo

TrOpU30HTAJILHOM - TeMriepaTypa B KenbBunax. OTMmeuensl kputuueckas (647,3K;

22,1 MIlIa) u tpoitnas (273,16 K; 610 I1a) Touku. Pumckumu nripaMu 0OTMEUEHBI
pa3lInyHbIe CTPYKTYpPHBIE MOU(DHUKALINHY JIbA.

Boma  MokeT  HaXoIUTbCS B METACTAOMJIBHBIX  COCTOSHHSIX-
NEPECHIIEHHBIN Map, NEPErpeTas )KUAKOCTh, EPEOXTAKICHHAS KUJTKOCTb.
OTH COCTOSIHMSI MOTYT CYILIECTBOBATH [IJIMTEIBHOE BpPEMs, OJHAKO OHU
HEYCTOMYMBHI U TPU CONMPUKOCHOBEHHH C OoJsiee yCTOMYMBOM (hazoii
MPOUCXOAUT mepexoa. Hampumep, MOXKHO MOJIYYUTh MEPEOXTAKIAEHHYIO
XKUJIKOCTh, OXJIAAUB YUCTYK) BOAY B unCTOM cocyae Huxke 0°C, ogHako
NpyU TOSBJICHUM LEHTPA KPUCTAUIM3ALMM KUJKasg BoAa OBICTPO
MPEBPAILIACTCS B JIEN.

VnaenbHas TemnoTa 1iaBiaeHMs Boabl - 333,25 kJDK/Kr (OC),
napoo6OpazoBanus - 2250 kJx/kr. Boma crocoOHa pacTBOPSATH MOJISAPHBIC
BelecTBa. Boma oOnamaer BBICOKMM TMOBEPXHOCTHBIM HATSHKEHUEM H
OTPUILIATEIBHBIM JIEKTPUYECKUM MTOTEHIIMATIOM TOBEPXHOCTH.

H,O wu ee  cBoilcTBa3aBHCAT OT MHOTHX  KIIKOYEBBIX
(dakTopoB. OCHOBHBIE U3 HUX:

Kpucrasuinyeckass pemerka. CTpoeHHE BOAbI, a TOYHEE €€
KPUCTAJUIMYECKON PEIIETKH, 00YCIIOBJICHO arperaTHbIM cocTosiHueMm. OHa
UMEET PBIXJIOE, HO OYEHb MPOYHOE cTpoeHHe. CHEXKMHKHU IOKa3bIBAIOT
pELIETKY B TBEPJAOM COCTOSIHUH, a BOT B MPUBBIYHOM - KUJKOM, YV BOJbI
HET YETKOCTHU B CTPOCHHUM KPUCTAIUIOB, OHU MOJIBUKHBI U U3MEHYUBHI.

Ctpoenne mMoJjiekyJbl - map. Ho BiusiHME 3€MHOTO MHPUTSKECHUS
3aCTaBJACT BOAY NMPUHUMATH (POPMY COCYyJa, B KOTOPOM HaxoauTcs. B

KOCMOCE OHa OYJIeT FTeOMETPUUECKU MPABUIBHOU (POPMBI.



Pearupyer Boja ¢ IpyruMu BELIECTBAMH, B TOM YHCJE C TEMU, KTO
oOJlajlaeT Hepa3JeJICHHBIMU DJICKTPOHHBIMU TapaMH, CPEIU HUX CIHUPT U
aMMHaK.

OO6nagaeT BHICOKOM TEIJIOEMKOCTHIO M TEILIOMPOBOJHOCTHIO, OBICTPO
HarpeBaeTcs U JOJITO HE OCTHIBAET.

N3BectHO, uTo Temmneparypa kurnenus - 100 rpagycos Llenscus. B
YKUJIKOCTHU TOSBJISIOTCA KPUCTAUIBI MPU MOHWKEHUHU 110 +4 Tpaaycos, a
BOT JieJl o0pa3yeTcs Mpu erie 0oybIeM CHUXKEHUH. TeMnepaTypa KUIEHUsI
3aBUCUT OT JAaBJieHUs, B KoTopoe momectuTh H,O. EcTh 3xciepumMenT, npu
KOTOPOM TEMIIEpaTypa XHUMHUYECKOro coeauHenus gocturaetr 300
I'paayCcoB, MPU 3TOM KUAKOCTh HE KUIUT, a TJIABUT CBUHEIL.

Eme ogHuM BaXXHBIM CBOWCTBOM  SIBJISIETCA  MOBEPXHOCTHOE
HaTspkeHue. dopmynia BOABI TO3BOJISIET €My OBITh OYEHb ITPOYHBIM.
VYyeHble BBISICHWIH, YTOOBI pa3opBaTh €ro morpedyercs cuiia ¢ Maccou
oosbiie 100 ToHH.

H,0O, ouwnmienHas oT mnpumeceld (AUCTUIUTMPOBAHHAS), HE MOXKET
MPOBOJUTH TOK. ITO CBOMCTBO OKCHJAa BOAOPOJA TMOSBIISIETCS JIUIIb MPU
HAJIMYMU PACTBOPEHHBIX B HEM COJICH.

Jlex - 3TO YyHMKaJbHOE COCTOSIHUE, KOTOPOE CBOWCTBEHHO OKCHIY
BoJI0oposia. OH 00pa3yeT pHIXJIbIE CBSI3U, KOTOPHIE JIETKO AehOPMUPYIOTCS.
Kpome Toro, paccTosiHue Mexay 4acTUIIaMU 3HAYUTEJIbHO YBEJINUUBACTCS,
nenas TUIOTHOCTh Jibla HAMHOTO HHUXE JKHAKOCTH. OTO TI03BOJISIET
BOJIOEMAM HE IPOMEP3ATh MOJHOCTHIO B 3UMHHI MTEPUO/T, COXPAHSS KU3Hb

1o/ CJI0oeM Jibjaa. JIeTHUKH - OOJBIION 3amac MPEeCHOW BOIBI.



Y H,0 ecTbh yHUKaIIbHOE COCTOSIHUE, KOTOPOE HA3bIBACTCA SIBICHUEM
TPOWMHOM TOYKH. OTO KOIJ|a OHAa HAXOJUTCS Cpasy B TPEX CBOUX
cocTosiHUAX. BO3MOXKHO 3TO ycinoBue, auiilb pu temieparype 0,01 rpaayc
u nasienuu 610 Ila.

XuMU4YecKne CBOMCTBA BOAbI. Pa3nensior BOAYy MO KECTKOCTH, OT
MSTKOM W CPEOHEHM - 10 JKECTKOM. OITOT II0Ka3aTellb 3aBUCUT OT
COICpX aHUsl COJEd MarHus W Kaausada B pactBope. EcTh Takxke
TaKW€ METAJUIbI, KOTOpPbIE HAXOMSITCA B JKUJIKOCTH IOCTOSIHHO, a OT
HEKOTOPBIX MOKHO U30aBUTHCS KUIITUCHUEM.

Oxucienune u BocctaHoBjgenne. H,O Biouser Ha MPOLECCHI,
M3y4aeMbl€ B XMMHH, TPOUCXOSIINE C APYTUMHU BEIIECTBAMU: OJIHM OHA
pacTBopsieT, C JpyrMMU BCTymaer B peaknuio. Hcxom mrob6oro
HKCIIEPUMEHTA 3aBUCUT OT MPABUIBHOTO BHIOOpA YCIOBHUM, MPU KOTOPBIX
OH TTPOXOJIUT.

Bausinue Ha OmoxMMHMUYecKHe mpouecchl. Bojia ocHOBHasi 4acTh
000 KJIETKH, B HEH KaK B Cpejie, MPOUCXOIAT BCE PEAKIIMY B OPTaHU3ME.

B uJIKOM COCTOSIHUY BIIUTHIBAET B CEOS ra3bl, KOTOPbIE HEAKTUBHBI.
Nx wMonekynsl pacnojiararorcss Mexay wmosekyitamu H,O  BHyTpu
nosiocteit. Tak oOpa3yroTcs KJaaTpaThl.

[Ipy momomm oKcHAa BOJIOpOAa O0Opa3yIOTCS HOBBIE BEIIECTBA,
KOTOPBI€ HE CBSA3AHBI C OKUCIUTEIBHO - BOCCTAHOBUTEJIBLHBIM ITPOIECCOM.

Peub HUACT O HICJIoYax, KHUCJIOTaX U OCHOBAHUAX.



Eme ogna xapakTepucTHKa BOJBI - 3TO CIIOCOOHOCTH OOPa30OBLIBATh
KpucTtauioruapatbl. OKCHUI BOJOPOAa MPU ITOM OCTAECTCS B HEU3MEHHOM
Bujie. Cpeiu 0OBIUHBIX THAPATOB MOKHO BBIJICIUTh MEJTHBIN KYTOPOC.

Ecnu yepe3 coeuHeHrE MTPOMYCTUTD AIEKTPUUECKUM TOK, TO MOKHO
Pa3JIOKUTh MOJIEKYJTY Ha Ta3bl.

Bona - Hambosiee pacnpocTpaHeHHBI pacTBOpuUTEldb. B pacTtBope
BO/IbI CYIIIECTBYET PaBHOBECHE, IOITOMY BOAY Ha3bIBAIOT aM(OIUTOM:

H20 > H+ +OH < H30+ + OH

[Ton neicTBHEM BJIEKTPUUYECKOTO TOKA BOJIA pa3jiaraeTcsi Ha BOJOPO/I
U KUCJIOPO/I;

Hzo - H2 + 02

[Ipu KOMHATHOU TeMmmepaType BOJa PacTBOPSIET aKTUBHBIC METAJLIbI
Cc o0Opa3oBaHUEM IIEJIOYEH, MPU ATOM TaKKE MPOUCXOIUT BbIJCICHHUE
BOJIOpPOJA:

2H,0 + 2Na = 2NaOH + H,1
Bona cnocobGHa B3auMoOJEeWCTBOBaTH C (TOPOM U MEXTaJlOUAHBIMU
COCAMHEHMUSIMHU, TPUYEM BO BTOPOM Cllydae peakius MpOoTeKaeT Ipu
MOHWKEHHBIX TeMIIepaTypax:
ZHQO + 2F2 = 4HF + OzT
3H,0 +IFs = 5HF + HIO;
Comnu, oOpa3oBaHHBIC CJ1a0BIM OCHOBaHHWEM U CJIa0OW KHCIIOTOM,

MOABCPIrarOTCA THAPOJIN3Y IIPHU PACTBOPCHUHU B BOIC:!

A|283 + GHZO - 2A|(OH)3l + 3HZST



Boma cmocoOHa pacTBOPSATh HEKOTOpbIE BELIECTBA METAUIbl U
HEMETAJLJIbI [P HAIPEBAHUU:
4H,0 + 3Fe = Fe;0, + 4H2T,
Hzo +C - CO+ H2
Boxa, B NOpUCYTCTBUM CEpPHOW KHUCIOTBHI, BCTYNAeT B PEaKLUU
B3aUMOJCHCTBUS (TUApaTaliu) C HENpeAesIbHbIMH YIJIEBOJAOPOAAMU -
aJIKEHaMH ¢ 00pa30BaHUEM MPEAEIbHBIX OJTHOATOMHBIX CIIUPTOB:
CH2 - CH2 + H2O — CH3- CHZ- OH
Hoanyyenue BoAbI. Boay MOny4aroT IO peakUUU HEUTpaIn3aLUH,
T.€. PEAKLIMU B3aUMOJACUCTBUA MEXKIY KUCIOTAMU U 1EJTI0YaAMU:
H,SO, + 2KOH = K,SO, + H,0;
HNO; + NH,OH = NH4;NO; + H,0;
2CH3COOH + Ba(OH), = (CH3C0OO0),Ba + H,0
OguH u3 cnoco0OB TMOMYYEHUsS] BOABI - BOCCTAHOBIICHHE METAJIOB
BOJIOPOJOM U3 UX OKCHUJIOB:
CuO +H,=Cu+H,0
8.7. IloHsATHSI 0 BOAHBIX PACTBOpPAaX
Boxa -  yHuBepcanpHbBIM pacTBOpUTENL. B BOIE pacTBOpAOTCH
TBEP/IbIE, )KUJIKUE U Ta3000pa3HbIe BelecTBa, 00pa3ysi BOAHBIE PACTBOPHI.
Ecny oqHUM U3 KOMIIOHEHTOB PACTBOPA SIBIAETCA BOAA, TO:
- TAaKWE PaCTBOPHI HA3BIBAKOTCS BOJHBIMU PACTBOPAMM;
- BOJA B HUX SIBJISIETCS PACTBOPUTEIIEM;
- JIpyrou KOMIIOHEHT pacTBOpa Ha3bIBACTCA PacTBOPEHHBIM

BEILIECTBOM.



Takum o00pa3oM, KOMIOHEHTAMH BOJHBIX PACTBOPOB SIBISIFOTCSA
pacTBOpHUTEIH (BOJIa) U paCTBOPEHHBIC B HEM BEIIECTRBA.

[Ipu pacTBOpeHMHM MHOTHX BEHIECTB B BOJE MPOUCXOAUT HE TOJIBKO
¢u3nyeckoe sBIEHUE, T. €. MEXaHUYECKOE IMEepeMEIIMBaHHE, HO H
XUMUYECKHE MPEBPAILCHHUS, T. €. 00pa30BaHUE TUAPATOB.

PactBopbl -  OJHOPOAHBIE CHUCTEMBI, COCTOSIIUE M3 MOJIEKYJ
pPacTBOPUTENST U YACTHUI[ PACTBOPEHHOIO BEIIECTBA, MEXKIY KOTOPBIMU
MPOUCXOIAT (PU3NUECKUE U XUMUYECKUE B3aUMOJICUCTBUS.

CTopoHHUKH PUBHUECKON TEOPUH PACTBOPOB, KOTOPYIO pa3BUBAIU
Bant- I'opd, Appennyc u OcTBasnp/l, CYMTAIN, YTO MPOILIECC PACTBOPEHUS
ABJsieTCs pe3yiabTaroM aud@ys3uu, T. €. MPOHUKHOBEHUS PACTBOPEHHOTO
BEIIIECTBA B IPOMEKYTKHU MEXKIY MOJICKYJIaMU BOJIBI.

B mpoTHBOMOJIOKHOCTh TMPEACTABICHUSAM (PU3MYECKON Teopuu
pactBopoB  JI. . MenaeneeB ¥ CTOPOHHUKM  XUMHYECKOU
TEOPHUH PACTBOPOB JOKA3BIBAINU, YTO PACTBOPEHHUE SBISETCS PE3YJIbTaTOM
XUMHUYECKOTO B3aMMOJICUCTBUSA PACTBOPEHHOIO BELIECTBA C MOJIEKYJIAMH
BOJbl. B pe3ynbTare XUMHUUYECKOTO B3aWMMOJCHCTBUS PACTBOPEHHOIO
BEILIECTBA C BOJIOM 00pa3yrOTCA COSIMHEHHUS - TUIAPATHI.

llpusnaxu gusuueckux senenut:
muddy3usi: nepexoa MHOTUX «Ka4eCTB» PACTBOPEHHOTO BEIIECTBA B
pacTBop.

[Ipu pacTBOpeHNU caxapa BECh PACTBOP CTAHOBUTCS CIAIKHUM.

[Ipu pacTBOpeHNN MHOTHX OKpAIlIEHHBIX BEIIECTB PACTBOP IpruoOpeTaet

UX OKpAackKy.



IIpuznaku xumuyeckux s61eHuil:
1. BBIICJICHUE U TIOTJIONICHUE TEIJIOTHI IPU PACTBOPEHUM PA3TUUHBIX
BEILIECTB.
IIpu pacTtBOpeHUH B BOJE KOHILIEHTPUPOBAHHON CEPHOM KHUCIIOTHI
BBIJEJISIETCS. OOJIBIIOE KOJTUYECTBO TEIIOTHI.
2. I3MeHeHne OKpacku HEKOTOPBIX BEIIECTB MPU PACTBOPEHUMU.
be3poansiii cynbdar meau(Il) 6emnsiii, a B BOIHOM pacTBOPE OH
roJiyooi.
B Hacrosiiiee BpeMs pUHSTA TEOPHUs, KOTopasi 00ObeaNHSET 00e
TOYKH 3pEHUSI, - (PUBUKO - XUMUUYECKas TEOPHUs paCTBOPOB.
CnocobHocmb 8ewjecme pacmeopsimusCsl 8 KAKoM - 10 pacmeopu-
mene Ha3vl8aemcs pacmeopumoCcmoio.
N3 W3HEHHOTO ONbITa BaM HU3BECTHO, YTO PACTBOPHMMOCTH BEIIECTB
He Oe3rpaHuyvHa.
[lo cTeneHu pacTBOPUMOCTH BEILIECTBA MOKHO Pa3/IeNUTh Ha:
- mpaxmuvecku Hepacmeopumsie (xyaopun cepeopa - 0,0015 r/n);
- Mmanopacmeopumole (TUNC - 2 T/1);
- xopouto pacmeopumvle (caxap - 2000 /).
PacTBOpUMOCTh KHCJIOT, OCHOBAaHHM M COJIEM MOXHO OIPEHEIIUTD,
MOJIB3YSICh TaOIUIEH PAaCTBOPUMOCTH Ha (hop3aile ydeOHMKA XUMHUH.
PacTBOopuMOCTh OOJBIIMHCTBA TBEPABIX BEIIECTB (3a MCKIIOYCHHEM
HEMHOTHUX, HAIpUMeEp, TUIICA, WU3BECTH) C TOBBIIIEHHEM TEMIIEPATYPHI

BO3pacCTacT.



Kosgppuyuenm pacmeopumocmu - 310 OTHOIIICHHUE MACChl BEIIECTBA,
00pa3ylollero HACHIILICHHBIN MIPU JTAHHOW TEMIIEpaType pacTBOP, K 00bEMY
pacTBOpUTEISL.

PactBopuMOCTh ~ 3aBUCUT  OT  HOPUPOJABI  PACTBOpPUTENS U
pPacTBOPSIEMOT0 BEIIECTBA, MX arperaTHOro0 COCTOSIHUSA, TeMIIEpaTyphbl U
JaBJeHUs (115 Ta30B).

JlaBiieHME MPAKTUYECKU HE OKa3bIBA€T BJIMSHUSI HAa PACTBOPUMOCTH
TBEPIBIX BEIIECTB U KUJIKOCTEH.

PacTBOopuMOCTh Ta30B ObIBaeT paznnuHa. HekoTtopelie rassl (Boa0poa,
WHEPTHBIC Ta3bl) MaJIOpacTBOpUMBI B Boje. Jlpyrue raspl (aMMHax,
XJIOPOBOJIOPO/]T) XOPOIIIO PACTBOPUMBI.

PacTBOpuMOCTh Ta30B BO3pacTaeT MpH MOHWKEHUU TEeMIepaTypbl U
MOBBIIIICHUH JaBJICHMUS.

OCHOBHOE BJIMSIHHE HAa PACTBOPEHHE JKUIKOCTEW OKa3bIBaeT MPUPOJIA
PacTBOPEHHOTO BEIIECTBA U PACTBOPHUTEIIA.

Co BpeMEH aJIXUMHUU HU3BECTHO «30JI0TOE MPaBUIO» — MOJA00HOE
pacTBopsieTcs B 1o00HOM. Tak, B MOJISIPHBIX pacTBOPUTENIX (BoJa U Jp.)
XOPOIIO PACTBOPSIFOTCS BEMIECTBA C MOHHOM M KOBAJIEHTHOM MOJSPHOMN
CBSI3IMU (KHCJIOTBHI, COMH, IMIENoun). B HEMOJSIpHBIX pacTBOPUTENAX, Kak
MIPaBUJIO, PACTBOPSIOTCS BEIIECTBA C HEIMOJSIPHON CBSI3bIO (BOAOPO/I, cepa,
yIJIEPO U JIp.).

[Ipumep: OCH3UH IIOXO PACTBOPSIETCS B BOJE, HO XOpPOIIO - B

OPTraHUYECKUX PACTBOPUTENSX.



Eciu pactBopsiTh B BOAE XJIOpHUJ Kaiaus, TO IPU KOMHATHOWU
temnepatype (20 °C) moxer pactBoputhest Tosbko 34,41 comu B 100 T
BOJIbI; CKOJIbKO OBl HHM TMEpEeMElIMBaIM PacTBOP C  OCTaTKOM
HEPACTBOPUBIIEUCS COJIH, OOJIBIIIE COJIM HE PACTBOPUTCSI — PacTBOp OyAeT
HACBIIIIECH ATOM COJIbIO MPU JAHHOW TEMIEPaTypeE.

Hacviwennvim nazvliearom makou pacmeop, B KOTOPOM IPHU JAHHOU
TeMIepaType BEIIeCTBO OOJIbIlIe HE paCTBOPSETCS.

Ecnu sxe npu 3Toit Temnepatrype B 100 r Bobl pacTBOpUTH XJIOpUJIA
Kaius MeHble, ueMm 34,41, TO pacTBOp OYyAET HEHACHIIICHHBIM.
Henacviwyennvim nasvlgarom maxou pacmeop, B KOTOPOM NpPU IAHHOU
TEMIIEpAaType HAXOAUTCS MEHbBIIE PACTBOPSEMOIO BEIIECTBA, YEM B €TO
HACBIIIIEHHOM PAacTBOPE.

[Ipy oXJNaXIEHUU HACHIIIEHHOTO PAacTBOpa BO3HUKAET U3OBITOK
PacTBOPEHHOTO BEILIECTBA; €CJIM OHO HE BBIMAJIET B OCAJIOK, TO 00paszyercs
MEPECHIIICHHBIN PaCcTBOP.

llepecvliyennvim nazvigaiom maxkou pacmeop, B KOTOPOM TpPH
JAHHOW TemIlepaType HaxOJUTCS B PACTBOPEHHOM COCTOSIHUU OOJIbIIE
BEIIIECTBA, YEM B €0 HACBIIIIEHHOM PACTBOPE MPH TEX K€ YCIOBUSIX.

N3  HEKOTOphIX  BEIIECTB  CPABHUTEJIBHO  JIETKO  MOJYYHUTh
MEePECHINICHHBIE ~ pacTBOpbl. K~ HUM  OTHOCSTCS,  HaIlpUMED,
KPUCTAJUIOTHIPATHI - TJIayOepoBa COJIb U MEIHBIN KyIIOPOC.

IlepecpiieHHble  pacTBOpPBl  TOTOBAT  Tak. llpuroraBinuBaroT
HACBIIIEHHBI PACTBOP COJIM MPU BBICOKOW TeMIEpaType, Hanpumep, Mpu

TeMmriepatype KumeHus. M30bITOK coiau OTGUIBTPOBBIBAIOT, HAKPHIBAIOT



KOJIOY ¢ ropsiuuM (UIBTPATOM BaTOM M OCTOPOKHO, M30€ras COTPSCEHUM,
MEJIEHHO OXJIAXKIAIOT IMPU KOMHATHOU Temrieparype. [IpuroroBieHHbIN
TakKuM O00pa3oM pacTBOpP, MPEAOXPAHAEMBbI OT TOJYKOB U TOMAJaHUS
MbUTM, MOXET XPaHUTHCSA JIOBOJIBHO A0Jr0. HO CTOUT TOJNBKO B Takoi
MEPECHIIEHHBIM PAcTBOP BHECTH CTEKISHHYIO MMAJOYKy, Ha KOHYHUKE
KOTOPOM HMMEETCSI HECKOJIBKO KPYNMHOK J3TOW COJIM, KaK HEMEIJICHHO
HAYHETCA €€ KPUCTAIUIA3AlU U3 pacTBOpa.
8.8. PacTBOpBI M JUCTIEPCHBIE CHCTEMBI, UX BH/IbI

Ecnu B kakoMm- 1100 BeliecTBe (Cpefie) pacipeiesieHO B BUJIE MEJTKUX
YacTHUIl JAPYroe BEIIECTBO, TO TaKas CHUCTEMa HAa3bIBACTCS AMCIEPCHOM
(AC) (nucneprupoBaTh - 3HAYUT U3MEJIbYATH).

JlucriepcHbie CUCTEMBbl 00pa30BaHUs U3 JBYX WM OOJIBIIETO YHCIa
¢da3 (Ten) ¢ CWIbHO Pa3BUTONM MOBEPXHOCTHIO paszjena Mexay HUMHU. B
JTUCTIEPCHBIX CUCTEeMaax 1o KpaliHel Mepe ojHa u3 ¢a3 - nucnepcHas dasza
- pacmpejeiieHa B BHJAE MEJKUX YacTull (KpUCTAUIMKOB, HUTEH, TJIEHOK
WM TJIACTUHOK, Karelb, IYy3bIPbKOB) B JPYro, CIUIONIHOW, (aze -
JIUCIIEPCUOHHOM  cpene.  JlucmepcHble  CUCTEMBI IO  OCHOBHOWM
XapakTEepUCTUKE - pa3MepaM dYacTUl WK (4TO, TO IKE CaAMOE)
JTUCTIEPCHOCTH (OmpeeasieMOi OTHOIIEHUEM OOIIeH TIomaan Mex(a3Hou
MOBEPXHOCTH K O0BEMY AMCHEpPCHON (a3bl) - nensTcsa Ha Tpy0o (HHU3KO)
JUCTIEPCHBIE U TOHKO (BBICOKO) JAUCIEPCHBIC, WU KOIOUIHBIE CHCTEMBI
(kommounpl). B rpy0oaucnepcHbIX CUCTEMAax YacTHIIBI UMEIOT pa3sMmep OT
10 * cM u BLIIIIE, B KOJUIOMAHBIX - OT 10° 410 ° mo 10 " em. Tlo

arperaTHOMy  COCTOSIHUIO  JUCIIEPCHOHHOM  Cpelbl  pa3iuyaroT



ra3oJIMCIEPCHbIE CHUCTEMBI - a’po30JM  (TyMaHbl, JIbIMbI), MbLIb;
KUJIKOJAUCIIEPCHbIE -  30JM, CYCHEH3UH, DOMYJbCUU, TIEHBI
TBEPJOAUCIIEPCHBIE - CTEKJIO0OpA3HbIE WIM KPUCTAUIMUECKUE Tela C
BKJIIOUCHUSIMU MEJIbUYANIIINX TBEPABIX YACTHI, Kallellb XUJIKOCTH WIH

y3BIPHKOB rasa (cM. Taoi. 8.2).

Ta6mmma 8.2.
Knaccuduxkanuys qucnepcHbIX CUCTEM M0 arperaTHOMY COCTOSIHHIO (a3
JAucnepcuon- Jducnepcuas dasza
Hasf cpeaa I'azoBasi AKuakasi Teépnas
["azoBas JlucniepcHbI€ CUCTEMBI HE
Tymanb1 JIpIMBI, TIBLTB
oOpasyroTcs
OMyJIbCUH, 301
Kunkas [Tenbr (KoJLITONTHBIE CycneHnsuu
pPacTBOpPHI»)*
Teepnas TBEpabie 3011
P Kunkue BKIIOUEHUS P
Absporenu (MMOPUCTHIE TeJIA) ) (pybuHoBOE
B TBEPJIBIX TEJIaX
CTEKJIO)

*[IpenenbHO  BBICOKOAMCIEPCHBIE  CHUCTEMBI  (30/1M) HMHOIAA  TPYAHO
KJIACCU(PHUIIMPOBATH IO arperaTHOMY COCTOSIHUIO TUCTIEPCHOM (ha3bl.

[Ip11b, cycrneH3uu, JUOo(POOHBIE SMYJIBCUU - T'PyOOAUCIIEPCHBIC
CUCTEMBbI; Kak TMpaBwio (MPH HAIMYUM PA3HOCTU IUIOTHOCTEH), OHHU
CEAMMEHTAIIMOHHO HEYCTOWYMBBI, T. €. HMX YaCTHIBI OCEHAl0T TIOJ
JNEUCTBHEM CHWJIBI TSOKECTH WJIM  BCIUIBIBAIOT. 307U - THUIIMYHBIC
BBICOKOIUCIIEPCHBIE KOJIJIOMJIHBIC CHUCTEMBI, YAaCTUIIBI JAUCTIEPCHOM (Da3bl
KOTOPBIX (MUIIEIUIBI (Hogonam. micella, ymenvuumenvrnoe om aam. mica -
KpowiKd, KpYNuHKa) omoenvbHas 4acmuya OUCnepcHou @asvl 3078, m. e.
8bICOKOOUCNEPCHOU KOMNOUOHOU CUCEMbL C JHCUOKOU OUCNEPCUOHHOLL
Cpeooti.) y4aCTBYIOT B OpOYHOBCKOM JIBM>KEHUU (BpoyHoeckoe osudwcenue -

npasuibHee OpayHo8CcKoe OsudiceHue, 0ecnopsiOoyHoe O0BUNCEHUE MAJIbIX




(pasmepamu 6 HECKONbKUX MKM U MeHee) Hacmuy, 636eUIeHHbIX 8
HCUOKOCMU UTU  2da3e, Npoucxoosiwee noo Oeucmseuem moauKko8 Cco
CMOPOHBL MOJIEKYNl OKpYdcaroujeli cpeovl.) U MOTOMY CEAMMEHTAIIMOHHO
ycToWuMBhl. JKunkue W TBEPIBIC TEHBI, COCTOSIINE M3 Ta30BBIX SYCCK-
My3bIPHKOB, pa3JeIEHHBIX TOHKMMH IPOCIIOWKaMHU HENpPEephIBHON (Da3bl,
MPEACTABISAIOT OCOOYI0 TPYMNIy CTPYKTYPUPOBAHHBIX SUCHUCTBIX CHCTEM
(cm. Hmke). [lo MHTEHCMBHOCTH MOJICKYJIIPHOTO B3auMOJCHCTBHS (a3
pasnmuuaroT JguopuiabHble W JauodoOHBIe. JlMCTEpCHBIE CHCTEMBI B
TUO(PHUIBHBIX CHCTEMaX MOJICKYJIIPHOE B3aMMOJCHCTBHE MEXTy (azamu
JOCTAaTOYHO BEJIUKO M YyJAelbHAs CBOOOJHAS IOBEPXHOCTHAS DHEPTHS
(IToBepxHOCTHOE HATsHKEHHE) Ha MeX(pa3HOW TpaHUIlEe OYEHb Maa.
JInodpusibHBIE CHUCTEMBI 00pPa3ylOTCS CaMOIPOU3BOJILHO (CIIOHTAHHO) U
UMEIOT TIPEACIIBHO BBICOKYIO HCIIEPCHOCTh. B 1m0oOHBIX cHcTeMax
B3aUMOJCHCTBHE MEXKIYy MOJEKYJaMHU Pa3IudHbIX (a3 3HAYUTEIHHO
ciabee, yeM B ciydae JUODWIBHBIX CUCTEM; MeX(a3zHOE MOBEPXHOCTHOE
HATSHKEHHWE BEJIMKO, BCIICJICTBHE YETO CHCTEMa IPOSIBISET TCHICHIIMIO K
CaMONIPOMU3BOJILHOMY  YKPYNMHEHHUIO  YacTHIl  JUCHEPCHOW a3l
(koarynsmusi W KoanecueHuuss (om saam. coalesce - cpacmarocs,
COEOUHSIOCY) CUSHUE Kanelb Ul ny3vipeli npu CONPUKOCHOBEHUU 8HYMPU
NOOBUIICHOU CPedbl (AHCUOKOCMU, 2A3a) UNU HA NOBEPXHOCIU KAKO2O0 - TUOO
mena). O0s3aTeNbHOE YCIOBUE CYLIECTBOBAHUS JTMO(DOOHBIX AUCHIEPCHBIE
CHUCTEMBI - HaJIUYHE CTAOMIM3aTOPOB, BEIISCTB, KOTOPHIC aACcOpOUPYIOTCS
HAa TIOBEPXHOCTH paszaena ¢a3 ©u  00pa3yloT 3allUTHBIC  CJIOH,

MPENsTCTBYIOMINE COJNMKEHUIO YacTHI AUcCHepcHOM ¢asbl. JlucnepcHble



CUCTEMbl MOTYT OBITh OECCTPYKTYpHBIMU (CBOOOJIHOJIUCIIEPCHBIMU) H
CTPYKTYPUPOBAHHBIMU  (CBSI3BHOAMCHEPCHBIMU).  CTPYKTypUPOBaHHbIC
JUCTIEPCHBIE CUCTEMBI MPOHMU3aHbI CETKOM - KapKacoM M3 COCAMHEHHBIX
MEXay coOoi wyactull (Kamejab, ITy3bIPbKOB) JHCIIEpCHON  (ha3kl,
BCJICJICTBUE 4YEro 00J1alaloT HEKOTOPHIMU MEXaHUYECKUMHU CBOMCTBAMHU
TBEPABIX TeJ. XapaKTepHasi 0COOEHHOCTh JUCIEPCHBIX CUCTEM - BBICOKAs
CBOOOJHAsE DHEPTrUsl KakK CJIEJACTBUE CHJIBHO pPa3BUTOM Mexda3zHOU
MOBEPXHOCTU;, TMOITOMY JHUCIEPCHBIE CHUCTEMBI OOBIYHO  (KpoMme
TUO(UIBHBIX JUCIEPCHBIX CHUCTEM) TEPMOJMHAMHUYECKH HEYCTOWYMBHI.
OHu  00JIamatOT  TOBBIIIEHHOW  aJCOPOIMOHHOM  CIOCOOHOCTHIO,
XUMUYECKON, a HWHOrJa U OWMOJIOrMYECKOM aKTUBHOCTHIO. JlucmepcHbie
CHUCTEMBI - OCHOBHOM OOBEKT M3yUECHHS KOJJIOMAHON XUMUU. JlUcriepCcHbIe
CHUCTEMbl IIIHUPOKO PACIPOCTPAHEHBI B TPUPOJEC, TEXHUKE U OBITY.
[IpuMmepamMu IUCTIEPCHON CHUCTEMBI MOTYT CIY>KUTh TOPHBIC TOPOJIBI,
TPYHTBI, TIOYBHI, ABIMBI, 00Jaka, aTMOC(HEpPHBIE OCAJKH, PACTUTEIbHBIC U
YKUBOTHBIC TKAHU;, CTPOUTEIIbHBIC MAaTepHUabl, KpAaCKU, MOIOIIINE CPEJICTBA,
BOJIOKHUCTBIE U3JICNINS, BAXKHEHIITNE MUIIIEBBIE TPOAYKTHI U MHOTHE JIp.
OCHOBHBIE XapPAKTEPUCTHKH PACTBOPOB U JAPYIHX JHUCIHEPCHBIX
cucTeM. B 3aBUCHMOCTH OT arperaTHOTO COCTOSHUSI PaclpeuesisieMoro
BEIIECTBA W CPEAbl PA3IUYAOT JIEBITh TUNOB auctepcHbiXx cuctem (1C)
(ra3 - )KUJKOCTh; Ta3 - ra3; KUIKOCTh - XHAKOCTh U T. 1.). Hanbomnbiiee
3HadueHue 111 XuMuu uMetoT JIC, B KOTOPBIX CpeIon SBISETCS )KUIKOCTD.
CgoiictBa JIC (MX YCTOMYHMBOCTH) CHJIBHO 3aBHUCIT OT Pa3MEPOB

pACIpEICTIEHHBIX YaCTHII.



B3Becu - pasmep yacTuil 10* - 10° com (rpy0oaucnepcHbIe
cuctembl). B3Becw - O4YeHb HENMPOYHBIC, TETEPOTCHHBIC CHUCTEMBI, a
pacrpeieIeHHOE BEIIECTBO CaMOIPOM3BOJIBHO BBINMAIAET B OCAAOK WU
MOTHUMAETCS BBEPX. DTO TPyOOJMCIIEPCHBIC CUCTEMBI, KOTOPHIC OOBIYHO
OBIBAIOT B BHUJC CYCIICH3UH (TBEpHbIC YACTHIIBI B JKHIAKOCTSX; HAPUMED,
B3BECh TJIMHBI B BOJIC) TUOO B BHJIEC DMYJIbCHIM (PKUJIKHE YACTHUIIBI BEIIECTBA
B KHUIKOW Cpejie MPU COXPAHCHUH IeTePOTCHHOCTH; HAIIPUMED: MaCIIsHBIC
IMYJIbCUU B BOJIE, MOJIOKO).

Kossionanbie pacTBoOpbI - pa3Mep YacTHII 10°-107 cm. [Tpumepom
koutousHbIX JIC ciy:kaT pacTBOpBI Kjes M JKeNaTwHbl. KosutoumgHbie
PacTBOPHI MOXKHO OTJIMYHTH OT MCTUHHBIX TE€M, YTO WX YaCTHIIBI CHIBHO
paccenBarOT TPOXOAAIIMN Yepe3 HHUX CBET W JIeJal0T 3aMETHBIM ITyTh
MPOMYIIEHHOTO cBeTOBOrO Jiyuya (3d ekt Tungans).

HWctunnble pacTBOpbI - pasmep wactun 107 - 10° cm, t. e.
JTUCTICPTUPOBAaHUE HA aTOMHO - MOJIGKYJSIpHOM ypoBHe. Bo MHoOrmx
crydasx (KpoMe TepechIEHHBIX pPacTBOPOB) - OTO TOMOIEHHEIE,
ycrounBeie JIC, HE pa3nemsromyecs Mpyu CKOJIb YIOIHO JIOJATOM CTOSTHUH.
[IpuMepsl WMCTHHHBIX PAaCTBOPOB - BOJHBIC PAacTBOPHI MHOTHX COJICH,
KHCIIOT, OCHOBaHHUH, CIUPTOB; MOPCKas BOJIa U JIp.

B xumun HanbosbIee MpakTHYIECKOS 3HAUCHUE HMCIOT PAaBHOBECHBIC
WUCTUHHBIE PAacTBOPHL. ITO OHO(A3HBIE MHOTOKOMIIOHEHTHBIE CHUCTEMBI,
COCTaB KOTOPBIX MOXHO HM3MEHATHh B IIUPOKHUX Mpejenax 0e3 U3MEHEHUs

OoIHOpOoAHOCTU. OHU YCTOWYUBBI, UX Pa3/ICICHUE BO3MOXKHO TOJIBKO yTEM



UCIIAPEHUS, KPUCTAIUIU3AIMU VI C TIOMOIIbI0 XUMUYECKON peakiuu; B UX
o0beMe CBET HE pacceruBaeTCs (OHU ONTUYECKU MYCThI).

KoMnoHeHT, arperartHoe COCTOSIHUE KOTOPOro HE H3MEHSETCS IMpHU
oOpa3oBaHUMM pPacTBOpa, TMPUHITO CUWATATh PACTBOPUTENEM; €CIIU
arperatHble COCTOSIHUSI OJJMHAKOBBI, TO pPACTBOPUTEIEM OOBIYHO HA3bIBAIOT
BEILECTBO, KOTOPOE HAXOAUTCS B OOJIBIIIEM KOJIUYECTBE.

PactBOphsl KiIacCUUUMPYIOTCA 1O Pa3IUYHBIM IPU3HAKAM: 10
arperaTHOMy COCTOSIHUIO - TBEp/ible (MHOTOUYHMCIICHHBIC CILIABBI), KUIKHUE
(Mopckasi Bojia), razoobpasHbie (Bo3ayx - pactBop O,, mapoB BOJBI U
0JIarOpOJHBIX Ta30B B a30T€); MO AJIEKTPOJUTHUUECKON JUCCOLMALUN
PacTBOPEHHOTO BEIIECTBA (DJIEKTPOJIUTHI U HEAJIEKTPOJUTHI); MO COCTaBY
pacTtBopuTeNs (BOAHBIE, aMMHaYHbIE, OCH30JbHbBIC U JIP.); IO OTHOIICHHUIO
K PaBHOBECHIO «pPAacCTBOP - PACTBOPUMOE BEIIECTBO» (HACHIIICHHBIE,
HEHACBIIICHHBIE, TEPECHIIIIEHHBIC); MO KOHIEHTpauuu (pa3OaBieHHbBIC U
KOHIICHTPUPOBAHHBIE).

B co3ganuu coBpemMeHHON (DU3UKO - XUMHYECKOU TEOPUU PaCTBOPOB
OOJIBIIIYIO POJIb ChITpalii paboThl pycckux ydeHsix /| M. Menneneena, .
A. Kab6nykosa, K. II. Mumenko u ap. Eme B konue XIX B. pacTBopbl
CUMTATUCh (PU3MYECKMMHU CMECSMU JIBYX WM HECKOJbKMX BEIIECTB, B
KOTOPBIX OTCYTCTBOBAJO Kakoe - JHUOO B3aWMOJIEUCTBUE MEXKIY
PAcCTBOPEHHBIM BEIIECTBOM U PACTBOpUTEIEM. XUMUUYECKUE SIBICHUS MPU
oOpa3oBaHUM pPacTBOPOB BIIEpBbIE ObUIM H3y4eHBbl B paborax [I. W.

Menneneena.



Ha ocHOBe d3KcHepUMEHTAIbHBIX  (AKTOB  OH  BBIABHUHYJI
IPEANONOKEHHE O CYIIECTBOBAHMM B  PacTBOpax  OMNPEACICHHBIX
XUMHYECKUX COCIWHCHUM pPAaCTBOPECHHOI'O BEIIECTBA C MOJICKYJIaMH
pacTBOpHTENS (COJBBATOB MJIM THAPATOB - B CiIydae, €CJId PaCTBOPUTEIID -
BOJIA).

SIBnenue ruapatanuu (0Opa3oBaHUE T'WJIPATOB) MOXKHO HaOJII0AaTh,
HE TOJIb3YACh CIeUaIbHBIMU npubopamMu. Tak, 6€3BOIHBIN Cynb(haT Meau
- Oeroe BEeIIeCTBO - P PACTBOPEHUHU B BOJIe 0OpasyeT rojyool pacTBOp.
Oxkpacka oOycCloBJI€Ha THMAPATUPOBAHHBIMU HMOHAMU Cu2+-nH20. Nuorma
CBS3W MEXJy HOHAMH pAaCTBOPEHHOI'O BEIIECTBA M  MOJICKYyJIaMH
pPacTBOPHTENIS HACTOJBKO MPOYHBIC, UYTO MNPH HCHApeHUHU H30BITKA
pacTBOpPUTENS  OOpa3yroTCs  COOTBETCTBYIOIIME  KPHUCTALUIOCOIBBATHI
(KpUCTa/UIOTUAPATHI), KOTOpPhIE, KaK 3TO JOKa3aHO Pa3IUIHBIMH
crocobamu, SIBJISTFOTCS TBEPIbIMHU COJIbBOKOMILJICKCAMH
(axBakomimiekcamu) - CuSO4-5H,O = [Cu(H,0)5]SO,4; FeCls-6H,0
[Fe(Hzo)G]Clg,, BeC|24H20 = [BE(H20)4]C|2

PacTtBopoM HasbiBaeTca ojHO(da3Hasg cucteMa, oOpa3oBaHHas He
MEHEEe YeM JIByMs KOMIIOHEHTaMU U CHOCOOHAas B M3BECTHBIX Mpejesiax K
HEMPEPHIBHOMY HM3MEHEHHUIO0 cocTaBa. [Ipm 3TOM HEKOTOphle CBOWCTBa
pacTBopa M3MEHSIIOTCA, NPUYEM HM3MEHEHHUS 3aBUCSAT HE OT MPUPOJIBI
pPacTBOPEHHOTO BEIIECTBA, a OT KOHIIEHTPAIIMU PACTBOPEHHOI'O BEILECTBA
HE3aBUCHUMO OT €r0 XMMHUYECKOTO CTPOCHHS. DTO CBUIECTEIBCTBYET, UTO
PacTBOPEHHOE BELIECTBO HE pearupyeT ¢ pacTBOpUTeNieM. Takue CBOMCTBA

pacTtBOpa HOCAT HA3BAHUC KOJIJIMI'ATUBHBIX (CJ'IOBO «KOJTUTATUBHBIN»



(«colligy - xomyiern) o3HavYaeT «CBSI3AHHBIN APYT C APYTOM») U 3aBUCST OT
4ucia paCTBOPEHHBIX yacTuil. K HUM OTHOCST:

1) noHM>xeHue JaByieHus napa;

2) MOBBIIICHUE TEMIIEPATYPhl KUTICHUS - 30YJIMOCKOIHSI;

3) NOHMXXEHUE TeMIIEPaTyphl 3aMEP3aHUs - KPUOCKOMUS;

4) ocmoc.

OCHOBHBIM W3 HUX SIBJSICTCS TOHWKECHUS JaBJICHUS HACHIIEHHOTO
napa, a Tpu OCTaJbHbIC CBOMCTBA BBITEKAIOT U3 HETO KaK CIEJCTBUSI.

Tak Kak KOJUIMTaTUBHBIE CBOICTBA PACTBOPOB 3aBUCSIT OT 4YHCIA
PACTBOPEHHBIX YACTHUIl, TO ATO IMO3BOJISIET OMPEACIATh C UX IMOMOIIBIO
MOJISIpHBIE MAacChl BEILECTB, HaubOOJee TOYHBIM M3 KOTOPBIX SIBIISETCS
KPUOCKOMUYECKUU MeTo . KprOoCKOMUUeCKUM METOJI0M Ha3bIBACTCS METOJ
OTIPE/ICIICHUSI MOJIIPHOW MAcChl BEIIECTBA MO MOHUKEHUIO TeMIIEPATypPhI
3aMep3aHusd €ro pa30aBICHHOTO PACTBOpPA IO OTHOLICHUIO K YHUCTOMY
PacTBOPUTENIO.

Kpuockonuueckuif MeTOJ TPUMEHSICTCS [JIs OMNpeAcsiCHUs psia
(GU3UKO- XMMUYECKUX KOHCTAHT PACTBOPEHHOI'O BEIECTBA, a TAKXKE IS
W3YUYCHHUS CBOWCTB pPAcCTBOPOB M OHOJOTHMYECKUX >KUAKOCTEH (KpOBB,
YKETyAOUYHBIA COK, CTMHHOMO3I0Basl )KUAKOCTh, MOYa U JI.).

JInst pacTBOPOB HERJICKTPOJIUTOB METOJOM KPHOCKOTHH MOXKHO
ONPEJIETUTh MOJISIPHYIO MacCy pPacTBOPEHHOTO BEIECTBA, JJIsl pacTBOPOB
ANEKTPOJIUTOB W  OHMOJIOTUYECKUX JKHIAKOCTEH - OCMOTHYECKYIO

KOHIICHTPAIIUIO 1 OCMOTHYECKOE JaBJICHUE, NI pa30aBICHHBIX PAaCTBOPOB



QJICKTPOJIHUTOB - CTCIICHb AUCCOIOMAIMH, a CICIOBATCIbHO, U KOHCTAHTY

JUcconranmrm paCTBOPCHHOI'O BCIICCTBA.

8.9. Cnnoco0ObI BhIpaskeHUsI KOHIEHTPALMH PACTBOPOB

Baxnenimen  XapakKTepUCTUKOW  BCSAKOIO  PacTBOpa  SIBJISAETCA
KOHIIeHTpanus. KoHleHTpalMen Ha3bIBACTCA COJIEPKAHUE PACTBOPEHHOTO
BEIIIECTBA B €MHUIIE MACChHI WM 00bEMa pacTBOpa WU pacTBoputens. B
XUMUHU HCIOJIB3YETCS HECKOJIBKO Ppa3IMYHBIX CIOCOOOB BBIPaKEHUS
KOHLICHTPALUH.

Kpatko paccMoTpum Hambolsiee ydacto ymnoTpeoOssiembie. MaccoBasi
n0Js1  (MPOWEHTHAsT KOHIEeHTpauus) (®) - OTHOWIEHHWEe MAaCChI
PACTBOPEHHOT0 BelIecTBa K 001Ieill Macce pacTBopa (BbIpakaeTcs B

MMpoOHOCHTAax WUJIN B HOJIAX GI[I/IHI/II_[BI)Z

M pemecrsa

“= mpaCTBopa
Mp- pa=Vp
rae V - o0beM pactBopa (Mi); p - INIOTHOCTh pacTBOpa (T/mi).
Hamnpumep, nmeeTcss pacTBOp Kakoro- jJuOO BEIIECTBA C MacCOBOM
noient 5 %. D10 3HauuT, 4TO 5 % OT 00IIEeH MacCchl pacTBOPA MPUXOIUTCS
Ha pacTBOPEHHOE BeniecTBO U 95 % - Ha pacTtBopuTesb. MaccoBasi 40Jist
BemecTBa cocrasirsieT 0,05.

IIpumep. B 450 r Boxe pactBoprin 50 r BemiectBa. Halitu

MacCOBYIO JIOJIO BEIlIECTBA B PaCTBOPE.



Pemenue. O0mias macca pactBopa coctaisieT 500 r (450+50 mo
dhopmyiie

_ M semecrra 100 — i —100
o = Mpscrmon 100% = 500 100 =10%

MoJubHast 10415 () - OTHOILIEHHE KOJIMYECTBA BelleCTBA OJJHOI0
PACTBOPEHHOI0 KOMIIOHEHTAa PACTBOPA K 001IeMy KOJIMYECTBY BCeX
KOMIIOHEHTOB:

Ny
=5 np=ng+ny+..+
X1 SNy 2N =N+ N

OHa Tak)e MOKET ObITh BRIpaKEHA B MPOLICHTAX.

¥i - 0e3pa3MepHe BEIUYUHBI, JJIs1 KOTOPBIX i=Y1+ Y2 +.....x%i = 1.

MobHYI0 J0JIF0 PacTBOPEHHOI'O BEIIECTBA B PBCTBOPE C M3BECTHOM

MacCOBOH HOJIEU JIETKO OIIPCACIINTD.

ry (W 100w
Y= % % + T“H), rae (100 - wy)- maccoBast J0JISI BOJBL.
sy i¥lq LRl

Hampumep, mist 8% - ro pactBopa Na,SO4(M=142r/moms):

2 a 92 0,058
=—(—+-)=—"—""-—=0,011=1,1%
142142 18 0,056+5,050

MoJasipHasi KOHIleHTpauusi, WJIH MoOJsipHOCTH (Cm, wam M) -

YHCJI0 MOJIEH PACTBOPEHHOT0 BelecTBa B 1 tuTpe pacTBopa (MOJIb/JI).

PaBHa OTHOIIEHHIO KOJIMUECTBA BENIECTBA K 00BEMY pacTBOpa:

BoipaxaeTcs B MOJIB/JI.
IIpumep. Ckosbko rpammoB KOH copepxurca B 500 mn 5 M
pactBopa?
Pemenne. 5 M pactBop - 3to 5 Mmoine KOH B 1 1 pactBOpa. Mkon =

56 r/MOb.



CocrapisgeM OponOPLUIO:

1 1 pacTBOpa - 5-56 r BemecTa

051-Xr

X =0,5-5-56 =140 r KOH.

MoJsipHasi KOHUIEHTPAUUs JKBHUBAJIEHTa, WJIH HOPMAJIbLHOCTH
(Crx, mam H), - xoamdyecTBO (M0Jb) IKBHBAJIEHTOB PACTBOPEHHOIO
Beuiecrsa B 1 ;1 pacrBopa (M0JIb IKB/JI).

Tutp (T)- Macca pacTBOPEHHOTO BEIIECTBO B 1 M1 pacTBOpa (I/mi):

"
=y

3Hasg HOPMAJBHOCTBb paCTBOpA, TUTP MOKHO paCCHUTATH I10 (1)OpMy.He

— CBKMBK
1000

MoJsiibHasi KOHIEHTpanus, WJIH MOJsUIbHOsICTE (Cm), -
KOJIMYEeCTBO (MOJb) pacTBOopeHHOro BemecrBa B 1000 r wucroro
pacTBopuTessi (MOJb/KT).

Ipumep. [na wedrpanuzamuum 42 mn H,SO, norpeboBanoch
no6asute 14 mn 0,3H pactBopa menoun. OnpeaenuTb MOISPHOCTb
pactBopa H,SO,.

Pemenue. [lockonbKy, COrjacHO 3aKOHY SKBUBAJICHTOB, BEIIIECTBA
B3aUMOJICHCTBYIOT B 9KBUBAJICHTHBIX KOJIMYECTBAX, TO MOXKHO
UCII0JIb30BATh CIIEIYIOIEE PABEHCTBO:

Cu1'V1 = Cyp'V, (toe Cyy u Cyyp - MOJIAPHBIE SKBUBAJICHTHBIE
KOHIICHTpAIlU1 pacTBOPOB, a Vi u V, - 00BbeMbl).

CnenoBarenbHO, Cy . 42 = 0,3-14; orcroga Cy . = (0,3-0,14)/42

=0,1 H.



[Tockonbky M, (H,SO,4) = M/2, 1. €. 0,5 Moi1b, TO MOJIIpHOCTE (Cy)
kucaotTel coctaBisaeT 0,1:-0,5 = 0,05 monb/m.

3ajaum ¥ BONPOCHI 1JIsl CAMOKOHTPOJIA
1. Kakue crocoObl BbIpaXeHHs KOHIIEHTPAIIMKA PAacTBOpa BaM MU3BECTHBI?
2. Uto o3HayaeT 3anuch: 5%- HbIM pacTBOP MOBAPEHHOMN COJN?
3. Urto nmokasbIBaeT MOJSIPHOCTh pacTBopa’?
4. U3 pactBopa conu (o = 16 %) maccoit 640 r Bemmapuian Boay Maccoit 160 r u ipu
TOM W3 pacTBOpa BbINAN OCaJOK Maccod 8 r. Berumciaute conepkaHue coiau B
pacTBOpE B MacCOBBIX JOJISX.
5. Kakyro maccy pacTBOopa cepHOW KHUCIOTBI ¢ MaccoBoil noneid 50 % cuenyer
n06aBuTh K 150 cM® BOXBI U MONYYEHHMSI PAaCTBOPA CEPHOM KHCIOTBI C MACCOBOI
nodxeit 20 %?
6. Paccumraiite maccy pactBopa KOH ¢ maccoBoii qoneit 7,9 %, B KOTOpOM HY>KHO
pactBoputh K,0 maccoit 47 r nnst nonydenus pactsopa KOH ¢ maccoBoii noneit 21,0
%.
7. Paccuuraiite 00beMbI pacTBOpa CEPHON KUCIOTHI ¢ MaccoBou monen 93,5 % (p =
1,83 F/CM3) U BOJIbI, HEOOXoAUMBIE AJisi mpurotoBiaeHus 100 cm® pacTBopa CEpHOMU
KHCIIOTHI ¢ MaccoBoit goneit 15 % (p = 1,10 r/em’).
8. Kak koHIIeHTpaiusi pacTBOpa BIUSET Ha TEMIEPATypy KHUIIEHHUS U TeMIEpaTypy
3amMep3aHust?
9. Urto moka3pIBalOT KPUOCKOTTMYECKasl U D0YJUTMOCKOITMYECKasi KOHCTAHTHI?
10.Berunciure Temneparypy kurnenust 10% - HOro pacTBopa TIIFOKO3BI B BOJE (IS
pacyeToB BO3bMHUTE Maccy pacTBopa, paBHyto 100r).
11. Beiuucnure temnepaTtypy 3amep3anusi 15% - HOro pactBopa caxapo3bl B BOJIE
(mmst pacyeToB BO3BMHUTE Maccy pacTBopa, paBHyto 100r).

12.Onpenenure ocMotrudeckoe nasienue 0,05M pacTBopa caxaposbl pu 25°C.



O- Tema. JiekTpoJUTHYECKAS JUccomuanmsi. CTeneHb U
KOHCTaHTA Aucconuanun. 3akoH pazoasiaenust OcTBajbaa.
CroiicTBa 3j1eKTPOUTOB. LOHOOOMEHHBIE peakunu

Iaan:
1. Teopus 2IEKTPOIUTHICCKOMN JUCCOIUAITUN
2. CusbHBIE U CJ1a0bIe AIEKTPOJIUTHI
3. CreneHb BJICKTPOJIUTUUECKOMN JTACCOLALINH. Koncranra
JTACCOIMAINT
4. 3akoH pa30aBiICHUS

OnopHble ¢JIOBA U BbIPAKEHUS Inexmpoaumol u
He3IeKMPOUmMbl, JIeKMPOIUMULECKAss OUCCOYUAYUs, CUNbHblE U Cllabble
INEKMPOSIUMbL, MEOPUs. NEKMPOIUMUYECKOU OUCCOyUayuu, UOpamuas
meopus  JI. U. Menoeneesa, ecudpamvi,  CcOnb8aAmMbl,  CONLBAMAYUS,
auopamayusi, Kpucmauio2uopamsl, OUCCOYUAYUS KUCTIOM, OCHOBAHUU U
conetl, cobeamayus, cmenetv ouccoyuayuu, KOHCMAauma
INEKMPOIUMUUECKOU OUCCOYUAYUL,

BemiectBa, pacTBOpbl KOTOPBIX MPOBOJAT DJIEKTPUYECKUN TOK,
Ha3bIBAIOT JICKTPOJIUTAMH.

PacTBOphI caxapa, criupTa, IJIIOKO3bl U HEKOTOPBIX JPYTHX BEIIESCTB
HE MPOBOSAT JICKTPUUECKHUI TOK.

BemiectBa, pacTBOphl KOTOPBIX HE MPOBOJAT SJICKTPUUECKHUM TOK,
Ha3bIBAIOT HEDJICKTPOJIUTAMM.

ITouemy ke pacTBOPHI JIEKTPOJIUTOB MPOBOAAT FJIEKTPUUECKUIN TOK?

[IIBeackuii yu€Hbii CBaHTe AppeHMyC, H3y4yas »dJICKTPONpo -

BOJTHOCTh PACTBOPOB PaA3JIMUHBIX BEHIECTB, NpuIIéa B 1877 r. K BbIBO1Y,



YTO MPUYMHOM JJIEKTPOIPOBOJHOCTH SABJISETCS HAJIUYUE B PacTBOPE
MOHOB, KOTOpPbIE 00pa3yrOTCs MPU PACTBOPEHUH JIEKTPOJIUTA B BOJIE.

[Iponecc pacmaga »BIEKTPOJIWTa HA HOHBI HA3bIBAKOT JJIEKTPO -
JUTUYECKOU AUCCOLIUALIUEN.

C. AppeHuyc, KOTOpBIM mpuaepkuBaicia (U3NUECKOH TEOpUu
PacTBOPOB, HE YUUTHIBAJ B3aUMOJICUCTBHS AJIEKTPOJIUTA C BOAOM U CUUTAII,
4YTO B paCTBOpPAX HaXOJATCSI CBOOOHBIE HOHBI

Teopusi 3iexkTposuTnyeckoin auccoummamum (TDJ]) Obina
peIoxKeHa mBeackuM yueHbiM CBante Appennycom B 1887 r. [lo3nuee
T3]/l pa3BuBanach W COBEPHIEHCTBOBAJACh. B OTIIMUME OT HEro pycCKue
xumukn HN. A. KabnykoB u B. A. KUCTIKOBCKMU NpPUMEHUIN K
OOBACHEHUIO 3JIEKTPOJIUTUYECKON AUCCOLMAIMN XUMHUYECKYI0 Teoputo /l.
. MenneneeBa © JOKa3ald, 4YTO IPU PACTBOPEHUU DIECKTPOJIUTA
IMPOUCXOJUT XHUMHUYECKOE B3aMMOJAECHCTBUE PACTBOPEHHOIO BEHIECTBA C
BOJIOM, KOTOpOE MPUBOAUT K OOpa30BAHUIO TUAPATOB, a 3aT€M OHH
JUCCOLMUPYIOT HA MOHBI. OHHM CUHTAIM, YTO B PACTBOPAX HAXOIATCS HE
CBOOOJIHbIE, @ TUAPATUPOBAHHBIE MOHBI, «OJETHIE B LIYOKY» W3 MOJIEKYI]
BO/IBI.

ChopMmynupyeM OCHOBHBIE TIOJIOKEHUS TEOPUU DIEKTPOIU -
TUYECKOU JTUCCOIUAIINN.

1. DaekTpoauTel B pacTBOpax CaMOIPOM3BOJIBHO PAaCIaJar0TCs Ha
VOHBI [10]1 IEMCTBUEM MOJIEKYJ PACTBOPUTEIIA. TakoM MpoLece Ha3bIBAETCs

- JJIEKTPOJUTHYECKON auccoumamuen. Jluccoumanusi TakKe MOMKET



MPOMCXOJIUTh IIPU IUIABJICHUH TBEPIBIX JJIEKTPOJUTOB (TepMHUUYECKas
JACCOITMAIIUS DJICKTPOJIUTOB).

2. MoHBI OTIIMYAKOTCS OT aTOMOB IO COCTaBy M IO CBolcTBam. B
BOJHBIX PACTBOpPAX HOHBI HAXOMATCSI B TUIAPATHUPOBAHHOM COCTOSIHUH.
NoHbl B TrHApPaTUPOBAHHOM COCTOSIHUM OTJIMYAKOTCS IO CBOWCTBaM OT
HMOHOB B ra3000pa3HOM COCTOSIHUU BEIlIECTBA.

3. B pactBOpax wumm paciuiaBax 3JEKTPOJUTOB HOHBI JBUKYTCS
Xa0TUYHO, HO TIPU MPOMYCKAHUU YEPE3 PACTBOP WJIA PACIUIAB DJIEKTPOJIUTA
AICKTPUYECKOI0 TOKa, HMOHBI IPHOOpPETAIOT HAaIlpaBJICHHOE IBH)KCHHUE:
KaTUOHbI TEPEMEIIAOTCI K KaTOoJy, aHWOHbI - K aHonay. PactBop uium
pacIuiaB 3JEKTPOJIMTA SABJIAETCS MPOBOJHUKOM C MOHHOW ITPOBOJIUMOCTBIO
- npoBoaHUKOM Il pona.

[TpuunnOMN AJIEKTPOIUTUUECKON JTUCCOLAIIN T SABJISIETCA
VHTEHCUBHOE B3aMMOJICMCTBUE PACTBOPEHHOI'O BEIIECTBA C MOJIEKYJIAMH
pactBopuTens (conbBaTalus, ruaparaius). VIMEHHO Tuaparaius HOHOB
MPENATCTBYET 0OpPaTHOMY COEAUHEHHUIO HOHOB B HEUTPAIbHBIE MOJICKYJIBI.

Jlerue BCEro NMCCOLMUPYIOT BEIIECTBA C MOHHOM CBSI3BIO, TaK Kak
OHU YK€ COCTOSIT U3 TOTOBBIX HOHOB.

Ilpy w©x  pacTBOpEHWH  JUMNOIM  BOJBl  OPUEHTUPYIOTCS
MIPOTUBOMOJIOKHO 3apPSHKEHHBIMH KOHIUAMU BOKPYT TMOJIOXKUTEIBHBIX U
OTPHULIATEIIBHBIX HOHOB 3JIEKTPOJIUTA.

Mexay MOHaMu 3JIEKTPOJIUTA U JIUIIOJIAMUA BOJIbI BO3HHUKAIOT CHIIBI
B3aMMHOTO NMPUTSKECHUA. B pe3ynbTarte XuMrU4YecKast CBSA3b MEXKIY HOHAMU

ocliabeBaeT, U MPOUCXOIUT MEPEX0]l HIOHOB U3 KPUCTAJIa B pacTBOP.



[TocnemoBaTenbHOCTH MPOIECCOB, TPOUCXOAITUX MPU JUCCOIUAITAN
BEIIICCTB C MOHHOM CBSI3bI0 (COJIEH U IIesiouei), OyIeT TaKou:
1) opueHTaIus MOJIEKYJT - JUIOJEH BOAbl OKOJIO MOHOB KPUCTAJLIA;
2) rungparanusi (B3aMMOJIEMCTBHUE) MOJIEKYJ BOJbI C MPOTHUBOIOJIOXKHO
3apsOKCHHBIMA HOHAMH TIOBEPXHOCTHOTO CJIOSI KPUCTAILTIA;
3) aucconmanus (pacmaj) KpucTaaia dJIEKTPOJIUTa Ha THIPATUPOBAHHbBIC
VOHBI.

YTpoméHHO MPOUCXOISIIHIE TPOIIECCHl MOXKHO OTPa3UTh ¢ IOMOIIBIO
CJICAYIOIIEr0 YPaBHEHUS:

NaCl=Na"+ CI

AHaJIOTUYHO JUCCOMMUPYIOT U AJICKTPOJIUTHI, B MOJIEKYJIaX KOTOPBIX
- KOBJICHTHAs TIOJISIpHASI CBSI3b (HampuMep, MOJISKYJIbI
xsopoBosiopoaa HCI), Tonpbko B 3TOM ciiydae TOJ BJIUSHUEM JUIOJICH
BOJbI TPOWCXOJWT TPEBPAIICHUE KOBAJICHTHOW TIOJNSAPHOW CBS3U B
WOHHYIO, M TIOCJICIOBATEIIBHOCTh IMPOIECCOB, MPOUCXOJSIINX TIPH 3TOM,
OyzeT Takas:
1) opueHTaIMs MOJIEKYJT BOABI BOKPYT TOJIFOCOB MOJICKYJIBI AJICKTPOJINTA,
2) rugpatanus (B3aUMOJCUCTBHME) MOJEKYJ BOJBI C MOJEKYJIaMu
AIEKTPOJIUTA;
3) uWOHHBAIMUS MOJIEKYJ DdJIeKTposuTa (MpeBpalieHue KOBaJEHTHOM
MOJISIPHOM CBSI3U B HIOHHYIO);
4) nuccommanus (pacmag) MOJIEKYJ 3JIEKTPOJIUTa Ha TUAPATUPOBAHHBIC
VOHBI.

YpaBHEHHE TUCCOUMALIMU COJITHOW KUCIIOTHI:



HCl= H"+CI

Teopust «ruaparauum» 1.U. Menaeneesa. Kpucramsioruaparsl

PacTBopeHre TBEpHABIX BEIIECTB B JKHJIKOCTSAX OOJIBIICH YacThIO
COIMPOBOK/IAETCSl TOTJIOIIEHUEM TeIla, BCIEJCTBUE YEro TOJBKO YTO
IIPUTOTOBJICHHBIN PACTBOP MMEET O0Jiee HU3KYIO TEMIIEpaTypy, YeM B3sITas
JUTSI PACTBOPEHHMS KUIKOCTb.

HekoTtopsie TBepabIe BEIIeCTBA PACTBOPSIOTCS C BBIJICIICHHEM TeEIUIA.
Tak, Hampumep, NpU pPACTBOPEHHH B BOJIE €JKOTO HaTpa, IOTaIla,
0€3BOJTHON CEPHOKHUCIIONW MeIW TPOMCXOIUT 3aMETHOE IIOBBIIICHUE
TEMITePaTYPHI.

Brigensercs Temio Takke Mpyu pacTBOPEHUH HEKOTOPBIX JKUIKOCTEH
U BCEX Ta3oB.

Konuuecmeo menna, noznowaroujecocs (unu evloersiowe2ocs) npu
pAcmeopeHuy  00HO20  MOJIA 6eujecmed,  HA3vbleaemcs  meniomou
PAcmeopeHus 5mo2o 8euecmad.

Tennora pacTBOpeHHS WMEET OTPHIATEIBHOE 3HAUYCHWE, SCIU TNPH
pPacTBOPEHUU TIOTJIOMIAETCS TEIJIO, W TIOJOXKHUTEIbHOE - B Clydae
BBIZICIICHUS TEILIA.

[Tpu pacTBOpPEHUHU TBEPJI0TO BCIIECTBA MIPOMCXOTUT
pa3pylieHne ero KpUuCcTauIMueCKOW PEIIEeTKH M PaclpeiesieHue MOJCKYII
(MJTM MOHOB) TIO BCEH Macce pacTBOpUTENs, TpeOyrolee 3aTpaThl YHEPTHUH.
[ToaToMy camo 1o cebe pacTBOpPEHHE JOJDKHO OBLIIO ObI COMPOBOXKIATHCS

IHOTJIOIIICHUECM TCILJIA. Ecan xe B HCKOTOPLIX ClIydasax Ha6J'IIO,Z[aCTCH



0oOpaTHBIN ¢ deKT, To 3TO MTOKAa3bIBAET, 4TO
OJTHOBPEMEHHO C PACTBOPEHUEM MPOUCXOJUT KaKoe- TO XHUMHUYECKOE
B3aMMO/JICHCTBUE MEXIY PAaCTBOPUTEIEM U PACTBOPSIEMBIM BEIIECTBOM,
Opy KOTOPOM BBIENAETCS OOJbIIE Temiia, YeM €ro pacxojyercs Ha
paspyllieHne KpUCTAJUIMYECKON PEIIETKH.

JIeCTBUTENBHO, TPUMEHSS pa3Ju4Hble METOMAbl HUCCIEIOBaHUS,
yaJ0Ch MOKa3aTh, YTO MPHU PACTBOPEHUU MHOTUX BEHIECTB MOJICKYJIBI HX
CBSI3BIBAIOTCS C MOJIEKyJaMH pacTBOPUTEN, 00pasys o0co0oro poja
COCJIMHCHMSI, TaK HA3bIBa€MbIe C O JI b B a T bl (OT JIaTUHCKOTO SOlvere -
pacTBOpsATh). B wacTHOM ciyuae, KOrja pacTBOpPUTENEM SIBISECTCA BOJA,
3T COCJAMHEHHUS HA3bIBAIOTCA THApATaMH, a CaMblid MPOIECC HX
oOpa3oBaHUs - THUApATAITUEH.

OO6pazoBaHue COIBBATOB OOYCIIOBIUBACTCS MOJIAPHOCTHIO MOJICKYJ
pPacTBOPSIEMOT0 BEIIECTBA, Ojarofaps KOTOPOW OHU MPUTATHUBAIOT K cede
MOJIIPHBIE MOJIEKYJIBI pacTBopuTeis. [IoHATHO, UTO CONMBBATHI OYIyT TEM
ycToiuuBee, ueM OoJjiee MOJISIPHBI T€ M JPYrHe MOJIEKYJBI. A TaK Kak U3
OOBIYHBIX  pacTBOpUTEIEH  HaWOONbIIEH  MOJSIPHOCTBIO  00JIaIat0T
MOJICKYJIBI BOJbI, TO MPAKTUUECKH TPUXOJUTCS HMETh [€J0 TJIABHBIM
o0pa3oM ¢ rugpaTamu.

[Ipenmomnoxkenne o CyIIECTBOBAHWHM B BOJHBIX PAacTBOpax TUIAPATOB
ObLJIO BBICKa3aHO W oOocHOBaHO B 80- X rojax MNpOUUIOr0 CTOJIETHS
MenpeneeBbIM, KOTOPBIA CUUTAJ, YTO MPOIECC PACTBOPCHUS SBIISICTCS HE
TOJIbKO (PM3MUYECKUM, KaK B TO BpeMs NPUHHUMAIOCh, HO U XUMHUYECKUM

IIPOLIECCOM; UTO BEILIECTBA, PACTBOPSIIOLIMECS B BOJIE, MOTYT 00Opa30BbIBaTh



c Hero (paznuyHbie coeuHeHusA. O0 3TOM CBUAETENBCTBYET MPEKIAE BCETO
U3YUYEHHUE TEIUIOT pacTBOpEeHUs. «Eciin Obl paCTBOPEHUE COCTOSIIO B OJJHOM
U3MEHEHUU (PU3MUECKOr0 COCTOSIHMS, TO MIPHU ra3ax pa3BUBAJIOCH Obl, a IPU
pPacTBOPEHUHU TBEPABIX TEJ MOTJIOMAIOCHh Obl CTOJIBKO TEIJIa, CKOJIBKO
OTBEYAET IIEPEMEHE COCTOSIHUS, B IEUCTBUTEIBHOCTH K€ IIPU PACTBOPECHUHU
ra3a BCerja OTAeNAeTcs 0OJiblliee KOJIUYECTBO TEILIA, a JJI TBEPABIX TEN
MOTJIOMIAETCST MEHEE TEIUla, YTO 3aBUCUT OT TOrO, 4YTO IIPU HEM
COBEPIIAECTCA AaKT XUMHUYECKOTO COCIUHEHUs, COMPOBOXK- JIAOIIUKCS
OTACJIEHUEM TEIUIOThD)

[ToaTBEepKACHMEM XHMHU3MaA IPOLIECCA PACTBOPEHUS SABIIAETCS TAKKE
TOT (aKT, YTO MHOTHE BEIIECTBA BBIJICIAIOTCS W3 BOJHBIX PACTBOPOB B
BUJIC KPUCTAJIOB, COJIEPKAIIMX TaK HA3BIBAEMYI) KPUCTALUIM3ALUOHHYIO
BOJMY, IMPUYEM HA KAKIYIO MOJEKYJy pPacTBOPEHHOIO BEIIECTBA
NPUXOAUTCS ONPEACICHHOE YHCIO MOJEKYJT BOABL. «ITO, -  MOHUCAJ
Menpgenees, - aeT MOBOJ AyMaTh, YTO U 3 CAMBIX PACTBOPAX UMEIOTCA
TaKue K€ WM TMOJOOHbIE WM COCIUHEHUS PACTBOPEHHBIX T C
PacTBOPHUTEINIEM, TOJIBKO B JKUIAKOM (M OTYACTH Pa3JIOKECHHOM) BUJIEY.

JIeNCTBUTENBHO, M3y4dass 3aBUCUMOCTh YAECIbHBIX BECOB PACTBOPOB
CEpHOM KHCJIOTHI OT €€ KOHIUEHTpauuu, MeHaeneeB OOHApY>KWUI Ha
KPUBBIX, BBIPAKAIOIINX 3Ty 3aBUCUMOCTD, PAJl MEPETHOOB, YKA3bIBAIOIIUX
HAa CYUIECTBOBAHUE B PACTBOPE OMNPEACICHHBIX COCAWHEHUN CEPHOU
KUCJIOTHl C BOJOW. AHAJOTHMYHBIC JaHHbIC OBUTM WM TOJYYEHBI IS

PacTBOPOB XJIOPUCTOTO KaJbLUSA U HEKOTOPBIX IPYTUX BEIIECTB.



OpHako mNO3JHEWINNE HUCCIEAOBaHUS B ATOM OO0JIACTH TMOJIHOCTBIO
NOATBEPIUIIN NPEANOIOKEeHUsT MeHieneeBa 0 CyleCTBOBAaHUM THIPATOB B
pacTBopax, W €ro TUApaTHas, WIM «XUMHUYECKas», TEOpPUsS PacTBOPOB,,
paciliupeHHasl ¥ corjacoBaHHas ¢ «pusznueckoit» Teopueit Bant- ['opda u
AppeHnyca, BOIIUIa B HAyKy KaK COCTaBHas 4acThb OOIIETO yYEHUS O
pacTBopax.

['uapaTel -  JOBOJBHO HEYCTOMUYMBBIE COEAWHEHHS, BO MHOTHX
ClIydasiX pasjararoiiydecs: yke Mpu BhIapuBaHuu pacTtBopoB. Ho mHorma
rujpaTHas BOJa HACTOJIKO TMPOYHO CBs3aHAa C  MOJIEKYJIaMU
PacTBOPEHHOTO BEIIECTBA, YTO IMPHU BBIJACICHUM IMOCIEIHETO U3 PacTBopa
OHa BXOJUT B COCTaB €ro KPUCTALIOB. Takue KpUCTAUIMYECKUE
o0pa3oBaHMs, B MOCTPOCHUU KOTOPBIX MOJICKYJIbI BOJIBI YYaCTBYIOT Kak
CaMOCTOATEJIbHBIC €IWHMIILI, TOJYYUIN Ha3BaHWE KPUCTAJJIOTHAPATOB, a
cojieprKalascs B HUX BOJIa- KPUCTA/UIM3AIIMOHHON BOABl. OCOOEHHO JIETKO
00pa3yIoTCs KPUCTAIUIOTHUPATHI Pa3IUUHbBIX COJICH.

CocTaB KpHUCTAJUIOTHAPATOB MPHUHATO H300paxkaTh (opmyliamu,
MOKA3bIBAIOIIMMH, KAaKO€ KOJHUYECTBO KPUCTAJIM3AIMOHHONW  BOJIBI
COJICPXKHUT KpucTamoruapar. Hanmpumep, KpucTtauioruapar CEpHOKHCION
Meau (MEIHBIM Kymnopoc), coAepkamuii Ha oaHy rpammoiekyny CuSQO,
NATh TpPaMMOJIEKYJ1 BOJbI, uzobpaxaercsa dopmynoir CuSO, -5H,0;
KPUCTAJUIOTHIpAT CEPHOKUCIIOTO HaTpus (raayoepoBa colib) — HopMysioi
Na,SO, - 10H,O u 1. 1.

[Ipo4HOCTH CBSI3M MEXY BEIIECTBOM M KPUCTAILNIM3AIUOHHOW BOJOMU

B OTHACJIIBHBIX KPpUCTAJIIOrHApATAX BECbMa pa3jINdHA. MHorue wu3 HHUX



TEPSIOT KPUCTAUIM3ALMOHHYIKO BOAY YXKE€ IPU KOMHATHOW TEMIIEpaType.
Tak, Hanmpumepy», MPO3pavyHbIe KPHUCTAIIbD) OOBIKHOBEHHOM «OEIbheBOiN»
combl (Na,COs3-10H,0), eciim ocTaBUTh HX JIeKaTh HA BO3AYXE, OUYCHD
JIETKO «BBIBETPUBAKOTCSA», T. €., TEPSAA BOAY, CTAHOBATCS TYCKIBIMU U
MOCTENEHHO PACChINATCd B MOpOmIoK. [l 00e3BOXKMBaHUSA APYTUX
KPUCTAJNIOTUPATOB TPEeOYETCs TI0BOJIBHO CJIbHOE HarpeBaHUeE.

YtoObl  BBISICHUTH, OT  YE€ro  3aBUCUT  TIOTEpPS  BOJBI
KpUCTAJUIOTUApPATAMH,  NPOU3BEAEM  CIECAYIOIIMA  OMBIT:  BBEIEM
KPUCTAJUIMK ~ MEIHOr0  Kymopoca B TOPUYEIUIMEBY  MYCTOTY
OapoMmeTrpudeckoil TpyOku. Kpucramn ToTd4ac HAYMHAET TEPATh BOLY,
U PTYTh B TpyOKe OIMyCKaeTcs J0 TeX IMOp, MOKa JaBJICHUE 00Pa3yOIIerocs
BOJISTHOTO TIapa HE JOCTUTHET OIPENECICHHOM BEJIWYUHBI. ECIU MOBBICUTH
TEMIIEPATYPy, TO KPHUCTAUI TEPSAET €IIE HEKOTOPOE KOJIMYECTBO BOJbI,
JABJICHUE TIapa YBEJIMYUBACTCS U PTYTh OMycKaeTcs: Hke. Haoboport, nipu
IMOHWKEHUH TEMIIEPATypPbl 4acTh BOJbI CHOBA BCTYIIAET B COCAUHEHUE €
COJIbIO, [IABJICHWE T1apa YMEHBIIACTCS W PTYTh NOAHUMAETCI. Takum
o0pa3oM, paslioKEHHE METHOI0 KyIlopoca Ha O€3BOJHYIO COJIb U BOJIY
MIPECTaBIISIET COO0M 0OpAaTUMBII TIPOIIECC.

B 3aMKHYTOM NpPOCTPAHCTBE UMEETCSI PABHOBECHE:

CuSO, -5H40 2 CuSO,4 + 5SH,0

IIpn kaxaol teMmeparype COCTOSHUIO PABHOBECHUS OTBEYAET
ONpE/ICICHHOE JaBlieHHE OOpa30BaBIIETOCS BOISHOIO Mapa, KOTOPOe
HA3bIBACTCA YIIPYTOCTBIO mapa Kpucrawioruapara. llpu mnoBeiieHun

TEMIIEpaTypbl PABHOBECHUE CABUTAETCSA B CTOPOHY 00pa3oBaHusl O€3BOJHOMN



COJIY, KaK U CJIEAyeT OXKUAAaTh COIVIacHO npuHiuiy Jle- Illarenbe, Tak Kak
paslioKEHNE KPUCTAIJIOTHIpaTa COMPOBOXKIAETCS IOTJIONICHUEM TeIlIa;
P TIOHM>KEHUH TEMITepaTypbl OEpeT nmepeBec oOpaTHasi peaxIiusl.

Yopyrocte mapa pa3IMYHBIX  KPUCTAJUIOTHAPATOB  JAJICKO HE
onuHakoBa. Hampumep, npu 30°C ymnpyrocts mapa riay0oepoBoil CoJH
Na,SO4 10H,O paBra 27 mm, megnoro kymopoca CuSO,- 5H,O -
12,5 mm, a xnopucrtoro 6apus BaCl,- 2H,0 - Bcero 4 mm.

ATMochepHBIi  BO3MyX  BCEra COJEPKUAT  BOASHBIC  Iaphl,
0OBIKHOBEHHO 0K0J10 60% TOrO KOJIMUECTBA, KOTOPOE HEOOXOIUMO JIJISl €r0
HachlmeHus. Te KpucTauioruapaTsl, yIPYrocTh IHapa KOTOPBIX OOJIbIIe
JaBJICHUS Tapa, HaXOAIIEroCs B BO3AYXe, TOCTENIEHHO TEPSIOT CBOIO BOY
npu OOBIKHOBCHHOW TemIlepaType, T. €. BBIBETPHUBAIOTCS, TaKOBBI
riiayoepoBa coib, cofa u Ap. Kpucramioruaparsl ¢ MEHBIICH YIIPYTOCTHIO
napa He OOHApPYKXUBAIOT PA3JIOKEHHUS, a HEKOTOPBIC AK€ TOTJIOMAI0T
BOJISTHBIC napsl u3 BO3JIyXa. Hampuwmep, 3epHCHBIN
xsopucteii kanpuuid CaCl, - 2H,0 ynoTtpebinsercss nis OCylIeHHs] Ta3oB
UMEHHO ITOTOMY, YTO YIIPYTOCTh €T0 Mapa OYeHb Maja U OH COSIUHSICTCS C
BOJISIHBIM MapoM, Tiepexo st B 6osiee 6orateiii Bojgou ruapat CaCl, - 6H,0.

[Iporiecc oOpa3oBaHHS THIPATOB MPOTEKAET C BBIJCICHUEM TeIlIa.
[Ipu pacTBOpeHHMHM BeENIECTBA, IOABEPrarOMIEroCcsS THApPATAIUH, OOIIHIA
TErIoBOM 3(PdeKT ckimaapiBaeTcss U3 TeroBoro 3ddexkra coOCTBEHHO
pacTBOPEHMS M TEIIOBOrO d(pdekTa rumparanuu. Tak Kak MEePBbIM U3 dTUX
MIPOIIECCOB DHJIOTEPMHUYECKHUM, a BTOPOM SK30TCPMHYECCKHM, TO OO

TeIIoBOM  d(PdexT mporecca  pacTBOPEHUS  JODKEH  PaBHATHCSA



anreOpandyecko cymMMe TEIIOBBIX 3(P(EKTOB OTACIBHBIX MPOIECCOB U
MOXET OBITh KaK IIOJIOKUTEJIbHBIM, TaK W OTpularelbHbiM. OTcCrona
CIeAYyeT, YTO, OMNPEACIUB OTACIbHO TEIUIOTY PACTBOPEHUS] W OOIIUA
TEIUIOBOM 3 (PEKT Ipoliecca paCTBOPEHHUS, MOKHO PACCUYUTATh U TEILIOTY
ruapaTaluu.
CusibHbIe ¥ cj1a0ble 3JIEKTPOJIUTHI.
CreneHb 3JIEKTPOJUTHYECCKON AUCCOLMALUMN

[Ipu pacTBOpeHUM OJHUX JJIEKTPOJUTOB PABHOBECHE JUCCOIMAIINU
3HAQYUTEILHO CMEIICHO BIPABO, B PACTBOPAX TAaKUX JJIEKTPOJUTOB
JUCCOLMAIMA ~ MPOUCXOJIUT  MPAKTUYECKU  TMOJHOCThIO  (CHIIbHBIC
ANEKTpoauThl). IIpu pacTBOpeHHH APYTUX HICKTPOIUTOB IHUCCOLMAIIUS
IIPOUCXOJIUT B HE3HAUNTEIBLHOM Mepe (c1adble DJIeKTPOJINTHI).

C mo3uiuii COBPEMEHHOM 3JICKTPOCTATUUECKONW TEOPUHU CHIIHHBIC
ANIEKTPOJIUTHI JUCCOIUUPYIOT HEOOpaTUMO, a cjadble JJIEKTPOIUTHI -
oOpatumo.

JI71s1 KOJTMYECTBEHHON OIICHKH CHJIBI AJICKTPOJIUTA BBEIACHO MOHSTHE
CTETICHH DJICKTPOJIMTUYECKOUN AUCCOIUAIINH.

1. CreneHb 3JeKTPOJUTHYECKON JTUCCOIMALMU - OTHOIICHHE
KOJINYECTBA BELIECTBA DJIEKTPOJIMTA pacmaBmerocs Ha HMOHBI (Vpuen) K

KOJIMYECTBY BEUIECTBA JICKTPOJIUTA, TOCTYHHUBIIETO B PacTBOP (Vg ):

rae o - ctenensb D/, 0 <o < 1.
CreneHpb AUCCOLMALIMKM TaK)Xe BBIPAXKAIOT B MporieHTax, Toraa 0% <

o < 100%.



CTterneHb 2MEKTPOJMTUYECKONM JUCCOIMAIIMA 3aBUCUT OT IPUPOIbI
AJIEKTPOJINTA, €ro KOHIIGHTpalluM B pacTBope u Temieparypbl. C
pazbaBicHUEM " c ITOBBIIIICHUEM TeMIIepaTypbl CTEIICHb
AICKTPOJIMTHYECKON TUCCOIUAIIMHA BO3pACTaET.

OUeHUTh CHIIYy Pa3IMYHBIX DJEKTPOJIUTOB MOXKHO, CpaBHUBAs
CTEIEHb HX DJCKTPOJIUTUYECKOM JUCCOLMAIMM TIPH  OJMHAKOBBIX
YCIOBUSAX. DJEKTPOJUTHI, CTENEHb AUCCOIMALIMM KOTOPBIX IpHU 18°C B
pactBopax ¢ koHueHTpamued 0,1 monw/n anexktponuta Oonbiie 30%
OTHOCAT K CHJIbHBIM 3JIEKTPOJHMTAM. JTO IIEI0YH, OOJIBIIMHCTBO COJICH,
HekoTopele Heopranumdeckue kuciaorel (HCIO4 HI, HBr, HCI, HNOs;,
H,SO,). DnexkTponuTsl, CTENeHb AUCCOIMAIMU KOTOPBIX mpu 18 °C B
pactBopax ¢ KoHueHtpauue 0,1 Monb/n snexrponutra Menble 3%
OTHOCST K CJaObIM JJIEKTPOJMTAM. OTO MHOTHE HEOPTraHUYECKUE
kuciotel: H,S, HCN, HCIO, npakThueckd BCE OpPraHUYECKHUE KHUCIOTHI
(mampumep, HCOOH, CH3COOH, CH3;CH,COOH), BoaHbIii pacTBOp
ammuaka NH3'H,O, Boga. DIeKTpOoIUTHI, CTENEHb TUCCOIUAIIMN KOTOPBIX
npu 18 °C B 0,1M pactBopax oT 3 10 30% OTHOCAT K 3JEKTPOJIMTAM
cpeaHel cuabl. JTo, Hampumep, opTodochopHas kuciota HzPOy,

dbropoBogopoanas kuciiora HF, azotucras kuciaora HNO,(1a6:1.9.1).

Tabmuma 9.1.
Kiraccuduxkanys 3JeKTpOauTOB 10 CHUIIS
DJIEKTPOJIUTHI
CnalpIie Cpenneit cuiibl CunbHbIC
a<3% 3% <o <30% o> 30%

[Ipornecc auccornmanuu

[Tponecc qucconuanuu oOpaTum
IPAKTUYECKU HEOOpaTUM

Muorue  Heopranmueckue | HsPO,, H,SO3, HF | Ilenoun




kuciotel: H,S, HCN, HCIO bonbMHCTBO coJieii.
[TpakTuuecku BCE Hexortopsie HEOPraHUYECKUE
OpTraHUYEeCKHue KHCJIOTHI. KHCJIOTHI:

Hampumep, HCOOH, HCIO,, HI, HBr, HCI, HNO;,
CH3;COOH, H,SO,.

CH3;CH,COOH.

Bopaublii pactBOop amMmmuaka

NHg‘HgO

Boxa H,O

KoncTanTa jekTposuruyeckoil auccomuanuu. Kak yxe ObLIO
CKa3aHO BbImie, O]l cmadbIX »dIEKTPOJIUTOB - OOpaTUMBIA IIpoIecC.
HOBTOMy CUITY JJICKTPOJINTA TAKIKC MOXKHO OXapaKTCPHU30BaATh C ITIOMOIIBIO
KOHCmMAHNbl XumuuecKkozco pPaBHOGECUA npoyecca duccouuauuu
JqleKkmpojiuma - KOHCTAHTHI ITUCCOLIMAIINMA. TaK, HaHpI/IMep, JAUCCOIIUAINA
YKCYCHOM KHCJIOTBI IIPOTEKAET 10 YPABHEHUIO:

CH;COOH < CH3;COO +H"

XapaKTepI/IByeTCH KOHCTaHTOﬁ AUCCOIHUAIINN.

_ lcr,coo | |1+ ]

=1,754-10"° 25°C
[CH,COO] (npu2s°c)

0

3aBHUCHUMOCThD MCXKAY CTCIICHBIO JUCCOMAllMN H KOHCTAQHTOM
Aucconranuun cl1aboro QJICKTPOJINTA OopPCACIIACTCA 3AaKOHOM

pasoaBjenus OcrBajbaa:

KoncranTa gucconumanuy 3aBUCUT OT TEMIEPATYPhl, HO HE 3aBUCHUT
OT KOHLICHTPALNU 3JIEKTpoJuTa. B 3TOM €e mpenMymniecTBo Mo CPaBHEHUIO
CO CTEMEHBIO 3JIEKTPOIUTHYECKON Auccoruanuu. Yem Ooiblle 3HaYCHUE

KOHCTAHTBI JUCCOHALINH, TCM CHJIBHCC JJICKTPOJINT.




JIucconuanusi KUCJI0T, OCHOBAHUHU M COJIeH

Huccoumanusa KHCI0T. COrilacHO TEOPUH  BIEKTPOJUTHYECKOU
OUCCOLMALIMY, KHCIOTAaMU HAa3bIBAalOT BEILECTBA, KOTOPBIE B BOJHBIX
pacTBopax oOpa3ylOT B KauecTBE KaTHOHOB HOHBI Boaopoma H+.
OQHOOCHOBHAsT KHUCJIOTAa JOUCCOLMUPYET HAa HMOHBI B OJHY CTYICHb.
Hanpuwmep:

HCl » H™+CI.
JIByXOCHOBHBIE€ KHCJIOTHI PACIIaTal0TCs HA HOHBI B JIBE CTYIICHH:
niepBast cryrneHb: HySO, SH +HSO,
BTOpas ctynens: HSO, — H + SO42'.

IlepBasg cTyneHb AUCCOLMALMM, KaK IPAaBUIO, OCYIIECTBISETCS B
OosblIel cTeneHu, yeM BTopas. M3 ypaBHEHMH AUCCOLMALIMM BHUJIHO,
4YTO B PACTBOPE CEPHOM KUCIOTHI UMEIOTCS TpU Buaa noHos: H+, HSO, u
SO,

TpexoCHOBHBIE KUCIOThHI AUCCOUUUPYIOT IO TPEM CTYIICHSIM: IO TIEp-
BOM CTyneHu B OOJIbLlIEH CTENEeHH, YeM [0 BTOPOM, a MO BTOpPOM - B
OombIIel, yem no Tpetbeil. Hampumep, auccouuarus GocopHoit KUCIOTHI

IMPpOTCKACT II0 CXCMaM:

nepas crynens: HsPO, 5 H' + H,PO, (muruapodochar- non),
BTOpas cTynens: H,PO,” s H + HPO,* (runpocdocdart- non),

TPEThs CTYHGHI:IHPO42_ s H' + PO~ (bocdat- non).



Boausiii pactBop ¢hochopHOM KUCTOTHI COJIEPKUT UOHBI BOJOPOA
H*, murunpodocdara H,PO, , ruapodochara HPO,” u ¢ocdara
PO43' , mpuyeMm uoHoB H,PO, Oombiie, yem HPO42' , a TIOCJICIHUX
0oJbIIEe, YEM PO43' . KonnuecTBO HOHOB PO43' HUYTO>KHO MaJo.

Juccoumanusa ocHoBaHmil. Ilo Teopum BIEKTPOIUTUYECKOU
JMCCOLMAIIMM OCHOBAHMSIMU Ha3bIBAIOT BEIIECTBA, KOTOPHIE B BOJHBIX
pacTBOpax B KaueCTBE aHMOHOB COJIEpXkKaT TOJbKO MOHBI ruapokcuia OH .
Jlucconmaluio OCHOBAaHUM MOYHO BBIPAa3UTh, HANPUMEP, CICTYIOMIUMU
ypaBHEHUSMU:

NaOH - Na*+OH'; Ba(OH), - Ba” +20H.

BemiectBa, KOTOpbhIE JUCCOIUUPYIOT M KaK KUCJIOTHI M KaK OCHOBA-
HUS, Ha3BIBAIOTCS aM(DOTEpHBIMHU COCAMHEHUSIMU Wiu amdonutamu. K
HUM OTHOCSATCA THUAPOKCHUIBI HEKOTOPBIX MeTaioB. Hampuwmep,

A1(OH)3, Zn(OH), u np.

Zn(OH), 5 Zn*" + 20H" (quccomuanys o THITy OCHOBAHHS),

H,Zn0O, s 2H" + ZnOZZ' (muccoruanus mo TUMY KUCIOTHI).

CnenoBaTesibHO, B pacTBOpPE aM(pOTEPHOTO COCAUHEHHUS COICPKATCS
HMOHBI MCTAaJliIa, FI/II[pOKCI/IJI- HNOHBI, HWOHBbI BOI[OpOI[a U KHCIOTHOTIO
ocTaTKa.

Bopga nuccouuupyer 1o ypaBHEHUIO

H,0 s H + OH .
CJIGI[OB&TGJIBHO, BOJa TAKKC ITPOABJIACT CBOWCTBa KHCJIOTHI, 06pa3y51

+ o -
nonbl H', u cBoiicTBa ocHOBaHusi, 00pa3yst nonsl OH .



Auccoumanua coJseu. /[ucconmanusa HOpMaIbHOM conu. Hopmansb-
Has CONb MAWCCONMMPYET HAa HOH Meramia, aMMmoHus NH, u uon
KMCJIOTHOT'O OCTaTKa:

KNO; » K" + NOg',
Aly(SO,); > 2Al" +350,%

JAucconmanusa KUCJIOM cogu. B pgaHHOM ciydae auccoruanus
MPOTEKAET MO HECKOIBKUM CTYTICHSIM.

Hanpumep, KHSO,4 nuccounupyer no a1Bym CTyleHsIM:

nepBas ctynenb: KHSO, — K" + HSO,,
BTOpas cTymens: HSO, s H + SO, .

Kak BuHO, paCTBOpP KHUCJIOM COJIM COJIEPKUT KaTHOHBI BOAOPOIa (KaK
pe3yabTaT AUCCOLMAIMM MO BTOPOM CTYNEHUW) U MeTaljia (B OTJIIMYHE OT
KHMCJIOTBI, COAEPKAILEH TOJIBLKO HOHBI BOJIOPOA).

JIucconmanusa ocCHOBHOW cosm OCHOBHBIE COJIM - O3TO COJIH,
MOJICKYJIbl KOTOPBIX KpPOME HOHOB MeETalljla M KHUCJIOTHOIO OCTaTKa,
coAepaT MOHbI TMAPOKCOrpynmbl. Hampumep, Xmopua ruapokcoMarHus
MgOHCI. ducconuaiys 3Toi Coau MPOTEKAET COIIaCHO YPaBHEHHIO

nepBas ctynens: MgOHCI » MgOH™+CI,

BTOpas cTyneHs: MgOH™ 5 Mg**+OH".

OCHOBHBIE  COJIM  QMIOMUHMSA:  CyJbdaT  THAPOKCOATIOMHHUS
A1OHSO; wu  cyasdar  guruapokcoamoMuuus — [A1(OH),],SOy,

JTUCCOLMUPYIOT, KaK MOKa3aHO HUXKE:

A1OHSO, » A1OH*" + SO~



[A1(OH),], SO, = 2[A1(OH),]" + SO, .

JAuccouunauusa aBOMHON coau. Eciau arombel  BOgOpoJa B
MHOT'OOCHOBHOM KHCJIOTE 3aMEIIICHBI aTOMaMU JIBYX Pa3JIMYHBIX METAJJIOB,
COJb  HA3bIBAOT  JABOWHOW. [Ipumepsl:  altOMOKaIMeBbIE  KBAaCIbl
KAL(SO,), 12H,0; ceraeroBa coub (TapTpaT kanus- HaTpus) NaKC4H,Og,
dbochar ammonusa- Hatpusi NHyzNa,PO,. Jlucconmanus ux mpoTekaeT 1o
cXeme

KAL(SO,), > K"+ A1** +250,%"
NaKC,H,O4 — Na"+ K"+ C4H4062- )
Na;NH,PO, > 2Na" + NH," + PO,*.

Kak BUJIHO, B BOJJHOM PacTBOpE JABOMHOMN COJIM COJIEPKATCS KaTUOHBI
JIBYX METAJIJIOB WJIK METajlyia 1 aMMOHHSL.

Jucconmanusi  KOMIUIEKCHBIX  coJjieil. Ilpu  aucconumaruu
KOMIUJIEKCHBIX COJIeH 00pa3yIoTcs MPOCTON U KOMITJIEKCHBIN UOHBI.

Hamnpumep:

Ka[Fe (CN)g] »4K" + [Fe(CN)g]*,

[Fe(CN)g]* s Fe* +6CN°

[Ag(NH3),]Cl- [Ag(NH;),]" + Cl-,

[Ag(NH3),]" 5 Ag™+2 NH;.

B pacTBOpPC KOMIUIEKCHOU COJIU IMPAKTHYCCKHU HCT OTACIIbHBIX MOHOB

QJIEMCHTOB, BXOJJILIMX B KOMIUICKCHBIA HOH. TaK, B pacTBOpPC COJIH

2+ - . .
K4[Fe(CN)g] Het moros Fe” u CN™, a ecTh CIIOKHBIH KOMIUICKCHBIH MOH



[Fe(CN)¢]*- Tak kak aucconuamms 1O BTOPOHl CTYNEHH MPOTEKACT

HE3HAYUTEILHO.
Ipumep 1. HazoBure BeliecTBa M HANMIIUTE YPABHCHHUS PEAKIIUU
muccormarn H,S, Cu(NO3), Ca(H,PO,), AIOHCI,.

Pemenune. Cmabas cepoBojOpoaHas KHCIOTa JIUCCOIMUPYET

CTYyIIEHYATO:
H,Ss H + HS (mepBas CTyIICHb),
HS s H'+S* (BTOpasi CTyIECHB).

Cpe,Z[H}I}I COJIb HUTPpAT MU PpACTBOPACTCA B BOAC, SABJIICTCA CHIIbHBIM
QJICKTPOJIUTOM MU HUCCOLIUUPYCT C O6pa30BaHHCM IIOJIOZKUTCIIBHOI'O HOHA
MCTaJlJIa 1 OTPpULATCIIBHOI'O HOHA KUCIIOTHOT'O OCTAaTKa:

Cu(NOs),—»Cu** + 2NO;3 .

Kucnas conps runpodocdat kanplust TUCCOUUUPYET CTYNEHYATO:

Ca(H,PO,), » Ca** + 2H,PO, ; (mepBasi CTyIeHb),
H,PO, s H" + HPO42' (BTOpasi CTyICHB),
HPO,” s H" + PO~ (TpPEThS CTYTICHB ).

OnHako CTENeHb »JJIEKTPOJIUTUUECKOW JTHUCCOIUALNU YXKE IO
BTOPOM CTYNEHU OYEHBb Maja, MOATOMY PacTBOP KHUCJIOW COJU COACPIKUT
JIIIIb HE3HAYUTEIBHOE YMCIIO HOHOB BOJIOPOA.

OcHOBHasi COJIb TUIPOKCOXJIOPUJ ATIOMUHHUS JUCCOLUUUPYET C

06pa30BaHH€M OCHOBHBIX M KHCJIOTHBIX OCTAaTKOB:

AIOHCl,— A10H*+2CI".



HI/ICCOHI/IaHI/IH HOHOB OCHOBHBLIX OCTAaTKOB Ha HWOHBI MCETalla H

THJIPOKCOTPYTIIBI IOYTH HE UMEET MECTA.

3amavyu ¥ BONPOCHI AJI1 CAMOKOHTPOJISI

1. Hasosure Buabl (HU3MKO- XUMHYECKMX IIPOLECCOB, MNPOTEKAIONIUX MPH

PacTBOPEHHH BEIIECTB.

2. Ha3oBuTe U KpaTKO OXapaKTepU3yhTe OCOOEHHOCTH TEIJIOBBIX 3(PQEKTOB
pacTBOpEHMUS.

3. Ha3oBuTe BaXHEHMIIME [IOKA3aTEJIbCTBA IPABHWIBHOCTH THUAPATHOM TEOPUH
pPacTBOPOB U aBTOpa 3TOM TEOPUHU.

4. Ha KOHKpETHBIX IPUMEPAX MOSICHUTE MPAKTUUYECKOE 3HAUEHUE THAPATHON TEOPHH.
5. DIeKTpoJIMTaMH Ha3bIBAIOT BEILIECTBA. . .

6. DJIEKTPOJIMTHYECKON AUCCOUMAIlMe Ha3bIBAE€TCS MIPOIIECC. ..

7. IIpuurHON SIEKTPOIUTUYECKON TUCCOUNALINH SBIIIETCSI UHTEHCUBHOE. . .

8. K CHJIBHBIM 3JIEKTPOJINTAM OTHOCSTCS, HAIIPUMEDP

KHCJIOTBI

TUIPOOKUCH. . .

COJIH. ..

9. K c1abpIiM 271€KTpOIUTaM OTHOCSTCS, HAPUMED,

KHUCJIOTHI. ..

TUJIPOOKHCH. . .

10. Hanummre ypaBHEHUS SJIEKTPOJIUTUUECKON JUCCOLMAILIAN

(NH4)2FG(SO4)2, H,SO3, NaH,PO,, C&(OH)z



10-rema. I'mapoJn3s coJieil. IJIeKTPOJNTHYECKAS JUCCONM AN
BoAbl. MoHHOE npou3BeaeHus BoaAbl. BonopoaHblil mokas3are/ib
pH

Inan:
1. DnexTpoauTUUecKas JUCCOIUAINS BOJIbI
2. Bopopoansiii nokazarens pH
3. I'maponus coineit

OnopHble C10Ba U BbIPAKEHUSI: dnexmpoaumol u
He3NIeKMPOIUmsl, — JIeKMpoaumuyeckas  ouccoyuayus,  accoyuayusi
KAMUOHbl U AHUOHBL, CONbBAMAYUL, UOPAMAYUsl, CONbEAMAayUs, UOH
2UOPOKCOHUS, UOHHO- MOJIeKYIApHble YpaeHeHus, npaeuno bepmoie,
UOHOOOMEHHbIEe peaKyul, UOHHbLE YPABHEHUS, UOHHOE NPOU3BedeHue 800bl,
8000poonbll nokazamens (PH), npouszsedenue pacmeopumocmu, cuoponus,
COJIbBONIU3, CINENEHb 2UOPOIU3A

CaoiicTBa pacTBOpPOB 3J1eKTPOIUTOB. MOHHBIE peakuuu

DIEeKTpOoIUTaMH Ha3bIBAIOTCS BEIECTBA, KOTOPHIE B PaCIIaBICHHOM
WJIM PaCTBOPEHHOM COCTOSIHUH IPOBOIAT AIEKTPUUCCKHIH TOK.

[Ipennoxennass CBanTe APPEHUYCOM TEOPHS IJICKTPOJUTHUCCKOM
JTUCCOITMAIINA OOBSICHUIIA TTOBEJCHNE W MHOTHE CBOMCTBA 3JICKTPOJIUTOB.
CoracHo 3TOM TEOPUU MOJIEKYJIBI DJICKTPOJIUTA B BOJE WU APYTOM Cpeje,
pacrajaloTcs Ha HWOHBI - TOJOKUTENIbHBIC (KaTHOHBI) U OTPHUIATEIhHbIC
(aHMOHBI).

[Ipomecc pacnmaga BemiecTBa Ha HWOHBI TOJYYHJI Ha3BaHUE

BHCKTpOHHTquCKOﬁ AUCCOMalH. I[JI}I cI1a0BIX QJICKTPOJIMTOB OHA



NpOTEKaeT OOpaTUMO U  BBIPAXKAETCA  CIACAYIONMIMM  ITPUMEPHBIM

ypaBHenneM: KA 5 K'+A

K osnexkTponuTtam OTHOCATCS BEUIECTBA, B MOJIEKYJIAX KOTOPBIX
aTOMBI CBSI3aHbI CUJIBHO TTOJISIPHOM WJIM HOHHOW XUMHUYECKOW CBSI3BIO.

ITo COBPEMEHHBIM MPEICTABICHUSAM AIEKTPOIUTHYECKAS
JTUCCOLMAITAS B PACTBOPE MPOUCXOJIUT B PE3YIbTATE CIOKHOTO (DU3HUKO-
XAMHUYECKOTO B3aMMOJCUCTBUA MOJIEKYJ DJIEKTPOJUTA C MOJSPHBIMU
MOJIEKYJIAaMHA PacTBOpUTENA. B3anmMoaeincTBue HWOHOB C MOJISIPHBIMU
MOJICKyJIaMH PacTBOPHUTENSA Ha3bIBACTCS CoOJbBaTaliMend (I BOJHBIX

pacTBOpoB - rujaparaiueii) noHos (puc.10.1).

I/"-'_\ /":\ ;o X ﬁ @
'K ‘;{Cl‘,:K‘ CI‘ AN ﬂ

B N W T K
(CI'={K"; 'CI" : @ ﬂ@%

\__l,’ ‘\J_-, ~o - ~_—
K HCr = K ucu NS @ &
L ,J-\ [ >t cr‘
(CI'HK CI - K*‘ @

Puc. 10.1.9xexkTponuTudeckast AMCCOIUAIUS MOJSIPHBIX MOJICKYJT
ConpBaTauusi NPUBOJUT K OOpa30BaHUIO B PACTBOpPE accolMaIUid
MEXJy MOHaMU (KaTMOHAMHM M aHMOHAMH) M MOJIEKyJaMHU PacTBOPHUTEIIS.

+ 4 -
[Ipouecc pactBopenusi BemectBa K A B BOJIE, SBIISIIOIIETOCS



COCAMHEHHEM C THUIMYHOM HWOHHOM CBS3bI0, MOXET OBITH 3alHuCcaH
CIEIYIOIIUM 00pa3oM:

K+A_ + XHZO — K+ (HZO)K + A (HgO)a
TBEpIOE KUIIKHI pacTBop

BEI[ECTBO  PACTBOPUTEJIb

DNEeKTpoJIUTHYECKAsT Juccouuanus noyisipHeix wmosiekyna (KA) B
pacTBOpE MPOUCXOJIUT BCJIEACTBUE OCIA0JICHHS CBSI3U, BBI3BAHHOTO

I[CflCTBI/ICM IMOJIAPHBIX MOJICKYJ PACTBOPUTCIIA:
KA +xH,0 5 K'(H,O)x + A (H,0)a

Accommarmn K'(H,O)x u A™ (H,O)a mpeacTaBiasioT coboif
TUAPAaTUPOBAHHBIC KATUOHBI U AaHUOHBI.

Ecnu B pacTBOpe MONOJHUTENIBHO MOTYT BO3HUKHYTH €IIE U
BOJIOPOJIHBIE CBSI3M MEXIY MOJIEKYyJaMUd PAacTBOPUTENISI W aTOMOM
BOJIOPO/Ia PACTBOPEHHOT0 BEIIECTBA, TO MPOLECC AUCCOLUAIIMU TPOTEKAET
emie 6osiee 3PHEeKTUBHO.

C TOYKM 3peHHs] TEOPUH DIIEKTPOIUTHYECKON AUCCOLUALINU
KHUCJIOTOW HA3bIBAETCS COEAMHEHHE, TUCCOLUUPYIONIEE B BOJHOM PAaCTBOPE
c 00pa3oBaHMEM TUAPATUPOBAHHBIX BOJIOPOJHBIX MOHOB (TUIPOKCOHUH -

WOHOB) U KUCJIOTHOTO OCTAaTKa:
HA + H,0 5 H30" + A (H;0)a

+ )
rie HsO - wuoH ruapokcoHus. Bce o0miue cBoicTBa KHCIOT
(KHCHIBIM BKYC, CIIOCOOHOCTh H3MEHSATh OKPAacKy HHJIMKATOPOB U T.1.)

IMPUHAIJICIKAT HOHY THAPOKCOHUA.



B Bogze, gBISOIIEHCS pAaCTBOPUTENIEM, CTATUCTUYECKH PABHOMEPHO
pACHPENECISAIOTCA TOJHOCTBIO THAPATUPOBAHHBIC KATUOHBI W AHUOHBI
CUJIBHOTO DJICKTPOJIUTA. IDJEKTPOCTATUYECKOE B3aUMOJICHCTBUE MEXITY
HOHAMHU OCHa0IseTCs A0 MHUHUMyMa OOJBIIMMHU PACCTOSHUSIMH MEXKITY
HUMH W THJIPATHBIMA O00J0YKAMH, BBINOJHSIOIIUMU SKPAHUPYIOIIYIO
pOJIb.

B oTauume OT CHIBHBIX DJJEKTPOJIUMTOB JIHUCCOIMAIUS CJIa0bIX
AJIEKTPOJIUTOB MPOTEKAET 0OPATUMO 1 YCTAHABIMBACTCS PABHOBECHE.

KoanuecTtBeHHO IpOo1eCC JIMccolauu MOJKET OBITH
OXapaKTEPU30BAH PSAJAOM BEJIWYMH: CTENCHBIO  AJICKTPOJIUTUYECCKOU
JUCCOIAIINY A, KOHCTAHTOU 3JIEKTPOJMTHYECKOMN aucconpanuu K u ap.

Honno - mMoJiekyJApHbIe ypaBHeHUs. Peakuuum B pacTtBOpax
AJIEKTPOJIUTOB, IIPA KOTOPBIX HE MPOUCXOIUT U3MEHECHUS 3apsA0B MOHOB,
BXOJISIIIIUX B COCIMHEHMSI, HA3bIBAIOTCSI HOHOOOMEHHBIMH PEAKIIUSIMH.

[IpaBuno bepromie: pasHogecue 6 UOHOOOMEHHBIX pPeaKyusx
cmewaemcsi 8 CMOPOHY 00pa308aHus HaAuMeHee OUCCOYUUPOBAHHBIX
coeoureHu.

B cooTBeTcTBMM C 3THM HampaBjEHHUE DPEaKIUii HOHHOTO OOMEHa
ONIPENIENACTCS CICAYIOIMUM SMIIMPUUYECKUM TPABUIIOM: UOHHbIE peaKyuu
npomeKarom 68 CMOPOHY 00pa308anuss 0cadkos, 2d308, ClAObIX
9NIEKMPOAUM OB, KOMNIEKCHBIX UOHOB.

PaccmoTpum nipuMep HEUTpaIU3alui CUIIbHOW KUCIOTHI CHIIbHBIM

OCHOBaHUEM, HaIPpUMED:

HCI + NaOH = NaCl + HOH



IIpotecc  mpencraBieH B BHUJEC MOJIEKYJIIPHOTO  YPaBHEHHUS.
MN3BeCTHO, 4YTO KaK HCXOJHBIC BEIIECTBA, TaK U IPOIAYKThl PEaKIMU B
pacTBOpE MOJHOCTHIO HOHM3WPOBaHbI. [loaTOMY mpencTaBuM mpolecc B
BUJIE MMOJJTHOI'O HOHHOTO YpaBHEHMSI:

H"+CI" +Na"+ OH =Na" + CI" + HOH

ITocne «cokpallieHus» OJMHAKOBBIX MOHOB B JICBOM M MPaBOM 4acTAX

YPaBHEHHUS MTOJYYa€M COKPAIIEHHOE HOHHOE YPAaBHEHHUE:
H*+ OH = HOH

MBI BUAUMM, YTO IMPOLIECC HEUTpaIu3alluk CBOJAUTCS K COCIUHCHHIO
H+ u OH u oO6pa3oBaHHIO BOJHI.

[Ipu cocTaBieHUM HOHHBIX YpPaBHEHUU ClielyeT MOMHHUTH, YTO B
WOHHOM BHJI€ 3aIlUCHIBAIOTCS TOJBKO CHJIBHBIE 3JEKTpOJUTHL. Cradbie
AJIEKTPOJIUTHI, TBEPJbIE BEIIECTBA M Ta3bl 3alKMCHIBAIOTCS B UX
MOJICKYJISIPHOM BU/IE.

Hanee paccMoTpuM peaknuio ocaxiacHus. (CmeniaeM BOJHBIE
pactBopsl AgNO3 u HI:

MonekynsipHOe YpaBHEHUE
AgNO; + HI —Agl| + HNO3
[TostHOE MOHHOE yYpaBHEHUE
Ag"+NOs +H" + 1" ->Agl| + H" + NO3
CokpanieHHOE HOHHOE YPaBHEHUE
Ag'+ 1T —Agl|
IIponecc ocaxkaeHUs: CBOJUTCA K B3aUMOJICUCTBUIO TOJIBKO Ag+ ul n

o0pa3oBaHuUIO0 HEpACTBOPUMOro B Boje Agl.



YtoObl y3HATh CIIOCOOHO JIM MHTEPECYIONIEE HAC BEIIECTBO
pacTBOpSITRCS B BOJE, HEOOXOAWMO BOCIOJIB30BaThCA  TaOJUIlCH
HepacTBopuMocTH(Ta0:1.10.1).

Paccmorpum  TpetuM TN peakuuMi, B PE3YyJbTATE KOTOPOM
oOpa3yeTcs JieTydyee COEJUHEHHE. OTO pEakiMh B3aUMOJICUCTBUS
KapOOHATOB, CYJIH(OUTOB WK CYIb(OUI0B ¢ KucioTamu. Hanpumep,

MonekynsipHOe YpaBHEHUE
Na,SO3; + 2HI — 2Nal + SO,1 + H,0
ITostHOE MOHHOE ypaBHEHUE
2Na" + S0 +2H" + 21" —> 2Na* + 21" + S0O,1 + H,O
CokpallleHHO€ HOHHOE YpPaBHEHHUE
SO5% + 2H" — SO,1 + H,0

Tabmuma 10.1
PacTBOpHMOCTB KUCIIOT, COJIEM U OCHOBAHUU B BOJE

Womst | H+ | NH,” | K" | Na* | Ag" | Ba® | Ca®" | Mg™ | Mn”" | zn**
OH P P P § P M M H H
NO3 P P P P P P P P P P

F P P P P P M H M p M
cr P p p P H p p P P P
Br P p p P H P P P P P
I P P P P H P P P P P
S* P P P P H § § | H H

S05° P P P P M M M M H M
S0~ P P P P M H M P P P
CO5” P P P P H H H H H H

SiOg” H - P P H H H H H H
PO, P P P P H H H H H H

CH;COO | P P P P P P P P P P

Homst | Ni** | Sn”* | Pb** | Cu™ | Hg™" | Hg,™" | Fe™ | Fe®* | APP* | Cr*
OH H H H H | | H H H H
NO3 P P P P P § P P P P




F P p M p - M M H M | M
CI P P M | P P H P P P P
Br P P M p p H P P P P
I P P H - H H P - P P
s* H H H H H H H H - -
S04~ H - H - - - M - - -
S04~ P H P M P P
CO5” - - H - - H H - - -
Si0s” H - H - - - H - - -
PO,” H H H H H H H H H H
CH;COO | P P P P P M P P P P

[Ipy cMelIeHuM HEKOTOPhIX pPACTBOPOB HMOHHBIX COEIMHEHUN,
B3aMMO/JICVCTBUS MEXKy HUMHU MOKET U HE MPOUCXOUTh, HAITPUMEDP
MouiekyisipHOE ypaBHEHUE
CaCl, + 2Nal = 2NaCl +Cal,
[TonmHOE MOHHOE ypaBHEHUE
Ca®" +CI +2Na" + 1" =2Na" + CI' + Ca”"+ 2I
CokpalnieHHOe HOHHOE YpaBHEHHUE OTCYTCTBYET.

Urak, OABOIS UTOT, OTMETHUM, YTO XUMUYECKHUE
MpEBpAILICHUS] HAOIIOAAIOTCS B CIydasiX, €CIM COOJII0JIaeTCsl OHO U3
CIICAYIOIINUX YCIIOBUM:

— oOpa3oBaHHME HEIJEKTPOJUTAa. B KauecTBE HEIIEKTPOIUTA MOMKET
BBICTYIIATh BOJA.

— oOpa3oBaHHE OCajKa.

— BBIJICJICHUE Ta3a.

— 00pa3oBaHKe CcJ1a00T0 NEKTPOJIUTA, HAPUMEDP YKCYCHOU KUCIOTHI.

— MEPEHOC OJHOTO WJIM HECKOJBKUX 3JIEKTPOHOB. DTO peaIu3yercsl B

OKHUCJIHUTCIIbHO - BOCCTAHOBHUTCJIbHBIX PCAKIIUAX.



— oOpa3oBaHHWE WM pa3pblB OJHOM MM HECKOJBbKHUX KOBAJICHTHBIX
CBSI3EH.

ITonsiTie 0 NpoU3BeIEHUN PACTBOPUMOCTH

3aKOH JEMCTBYIOIIMX MAacC NMPUMEHUM KaK K TOMOT€HHBIM, TaK U K
TETEPOT€HHBIM  CHCTEMaM. PacCMOTpUM  T€TEpPOreHHBIE  CHUCTEMBI,
HalpUMEP, HACBIIIEHHBIE PACTBOPHI, COMPHUKACAIOIIUECS C OCAIAKOM TOTO
WJIM MHOTO BEIIECTBA.

PaccMoTpuM cHCTEMBI, B KOTOPBIX KOHTAKTHUPYIOT OCAJOK U PaCTBOP
TOr0 WJIM MHOTO BeniecTBa. HachllIeHHBIN pacTBOp M OCAJ0K OT/ACIICHBI
JIpYT OT JpyTa MOBEPXHOCTHIO pa3jielia U SBIAIOTCS (Pa3zamMu reTeporeHHOM
CUCTEMBL.

[Ipy CONMpPUKOCHOBEHUH C BOJON KaKOro- JMOO MajJopacTBOPUMOIO
AJNEKTPOIUTA, HAIpuMep, cyibdara 6apust BaSO,4, noHbI Ba”" u SO, nox
JNEUCTBUEM [IATOJIEM BOJBI TMEPEXOASAT C MOBEPXHOCTHU KPUCTALIOB B
pactBop. OZHOBPEMEHHO HAYHETCS U OOpaTHBIN MPOLECC - OCAXKICHUE
BaSO,, wmomsi Ba”* u SO,° B pacrtBOpe MOIYT CTAlKHBATHCS C
MOBEPXHOCThIO KpuctaluioB BaSO, u ocaxnmarbcs (BBLACHATHCS) TOA
BIIUSIHUEM  TPUTSKEHHUS  JAPYrux HWOHOB. [locTemeHHO  CKOpOCTh
pacTBOPEHUSI BEIIECTBA YMEHBIIAETCS, & CKOPOCTh MPOTHUBOIOIOKHOTO
MPOIECCa - OCAXKIACHUS - YBEIUUYUBACTCS, YTO U MPUBOJUT K COCTOSIHUIO
JTAHAMHAYECKOTO PAaBHOBECHS, MPU KOTOPOM YHCIO HOHOB Ba®* u SO,
YXOISIIUX B €IWHUIY BPEMEHH C TOBEPXHOCTH TBEpJOH (a3bl, paBHO
YUCJIy HMOHOB, BO3BPAIAIOIIMUXCS HA 3TY MOBEPXHOCThb. TakuM 00pazom

MOJIy4aeTCsl HACHIIICHHBIM pacTBOp cynb(daTra Oapusi, B KOTOpOM OOJIbIIIE



HE HaAOII0/AaeTCsT HU YMEHBIICHUS KOJUYecTBa TBepJod ¢as3bl, HHU
HAKOIUIeHUs: HOHOB Ba’' u SO42'.

K HachllllecHHOMY pacTBOpYy, KaK PaBHOBECHOW CHUCTEME, MPUMEHUM
3aKOH JIEUCTBYIOIIMX Macc. Ecii CKOpoCTh pacTBOpeHHUs Vi MOKa3bIBACT
gncno wonoB Ba®* u SO, YXOIAIIUX 3a OMNPEJCIICHHOE BpeMs C
MOBEPXHOCTU TBEPI0H (ha3bl B pacCTBOP, TO CKOPOCTh JIOJKHA OBITH MPSIMO
MpPOMOPIIMOHATIbHA YHUCIYy OSTUX HOHOB Ha €AWHUIIE ITOBEPXHOCTH.
OnHako TpU yMEHbBIIEHWHU OOIIEero KoJaudecTBa TBepaor da3bl (B
MPOIECCE PACTBOPEHMS) pACMOJIOKEHHME MOHOB Ha €€ IOBEPXHOCTH
OCTaeTCsd HEU3MEHHbIM. [l0PTOMYy MOXHO JOMYCTUTh, YTO CKOPOCTH
pacTBOpeHUsl TBEPAOU (Pa3bl OCTAETCS MOCTOSSHHOM M PaBHOW HEKOTOPOM
BeanunHe Ki: v = Ky,

CKOpOCTh MPOTHUBOIIOJIOKHOTO MPOIIECCa - OCAKICHUS - V, ONpeIes-
eTCS YHCIIOM CTOJIKHOBeHMH noHoB Ba” u SO, ¢ exunnueii MOBEPXHOCTHU
kpuctayuioB BaSO4 3a To ke BpeMs. OueBuHO, OHAa OyneT TeM OoJIbIile,
YEeM BBIIIE KOHIEHTPALUS NOHOB Ba” 1 SO,” B pacTBope. Orcropa v, =
K2[Ba2+] [SO42'], BEJIMYMHA MIOCTOSIHHAS IPU HEM3MEHHOM TeMIEepaType.

Ho B HachIlIeHHOM pacTBOPE CKOPOCTH 0OOMX MPOIIECCOB PABHBI: Vi =
Vo.

[ToaTOMY MOHO HANMCATh:
K,[Ba**1[SO,*] = K; wmm [Ba?*][SO,*] =K, / K,

OtHomenne aBYX mnoctosHHbIX BenwunH K; / K, - BenmunHa

IIOCTOSIHHAA, KOTOPYIO NPUHATO 0003Ha4aTh [P gas04).



Bemnunna I[P KOJMMYECTBEHHO  XapaKTEpU3yeT  CBOWCTBO
MQJIOPACTBOPUMOI'O  JJIEKTPOJIMTA  PACTBOPATBCSI U HA3bIBACTCH
npou3BeJcHUEeM pacTBopuMocTd. OTCroAa clielyeT MpaBWIO: Kak Obl HE
VM3MEHSUIMCh KOHUEHTPALMUA OTAEIbHBIX MOHOB B HACBIIICHHOM pPacTBOpE
MaJIOPaCTBOPUMOTO JJIEKTPOJIUTA, MPOU3BEICHUE UX (MPU HEU3MEHHOU
TEeMIEPaType) OCTACTCS MOCTOSHHON BETUUUHOM.

B o6mem ciydae MalopacTBOPUMBIN 3JIEKTPOJIUT AUCCOLMUPYET IO
YPaBHEHHUIO:

KAp 5 NK™ + mA™

Torga mnpaBWwIO NPOU3BENCHUS PACTBOPUMOCTH MOJYYAaEeT TAKOE
MAaTEMATUYECKOE BBIPAXKEHHUE:
[Km+]n[An—]m — HP(KnAm)
rne [K™] u [A"] - paBHOBecHBIC KOHIIEHTPAIMH KATHOHOB U aHHOHOB,
oOpa3yromuxcs Ipu Auccouuanuu sekrponuta KpAm;
N ¥ M CTENEHH, B KOTOPbIE HEOOXOIUMO BO3BECTH KOHIIEHTPAIIMN HOHOB.
Hampumep: 1P ga3posy2) = [Ba”T[PO,*T°
ITo cTreneHun HACBIICHUS Pa3IMYalOT PACTBOPbI HEHACHIIICHHBIE,
HACBIIICHHBIC W TIEPECHACHIIIICHHBIE.
Jns HeHacsleHHoro pactBopa 1P ga3poa)) > [Ba2+]3[PO43']2.
Jns HaceimeHHoro pactopa IIPgaszpoay2) = [Ba®*]’[PO,*T°.
Jns nepenacsimeHHoro pactsopa I[P ga3poay) < [Ba®*]’[PO,*T°.
Uucnennple BenmuuuHbl [IP  HEKOTOPBIX ManOpacTBOPUMBIX

SJICKTPOJIHUTOB IPUBOAATCA B CIICHHUAJIbHBIX Ta6n1/1uax, aJist CpaBHCHUC



pPacTBOPUMOCTH MaJI0 PACTBOPHMBIX JICKTPOJIUTOB MCIIOJIB3YIOT 3HAUCHHUSI
I1P.

Hanpumep: TTPagcy = 1,78:107", a [TPag = 8,3:10°"
Pacteopumocts AgCI Gombire uem Agl (1,78:107 %> 8,3-10° 1)

Bobruncienue nmpousBeaeHUs PaCTBOPUMOCTH MaJIOPACTBOPUMOIO
3JIEKTPOJIMTA MO0 €ro pPacTBOPUMOCTH. 3HAas PacTBOPUMOCTb KaKOTO-
au00  MaJopacTBOPUMOTO  JJEKTPOJUTA, MOXKHO BBIYUCIUTH €0
MIPOU3BEJICHUE PACTBOPUMOCTH, a IO 3HAYEHUIO MPOU3BEACHUS
PACTBOPHUMOCTH BJIEKTPOJIATA - PACTBOPUMOCTH 3TOTO BJIEKTPOJUTA B
BOJI€ U B PACTBOPE, COAEPKALIEM OJJTHONMEHHBIN UOH.

JInd  BBIUMCIEHHS  NPOU3BEACHHUS  PACTBOPUMOCTH  JTAHHOIO
AJIEKTPOJIUTA MO U3BECTHOU PACTBOPUMOCTH €T0 CIEIYET:

1) cocTaBUTh CXEMY UCCOITUAIINN AJICKTPOJINTA, IPOU3BEICHUE
PacTBOPUMOCTH KOTOPOT'O HY>KHO BBIYUCIIUTE;

2) BBIPA3UTh MPOU3BEICHNE PACTBOPUMOCTH JICKTPOJIUTA Yepe3
MIPOU3BEICHNE KOHIIEHTPALIMK €T0 NOHOB;

3) BBIYUCIIUTH PACTBOPUMOCTH BEIIIECTBA B MOJIB/ M ;

4) MOJIBb3YSCh YpPaBHEHUEM IACCOLUALAN 151 3HAYEHUEM
pPAaCTBOPUMOCTH, NOJYYEHHOU MO M. 3, BBIYUCIUTH PABHOBECHYIO
KOHIICHTPALUIO KaXKJI0TO UOHA;

5) mojicTaBUTh 3HAYCHUE KOHIICHTPAIMM MOHOB, HAlICHHOW 110 11. 4, B
BBIpAXXECHUE TPOU3BEJICHUS PACTBOPUMOCTH (M. 2) U MPOU3BECTHU

HGO6XOﬂI/IMBI€ BBIYUCJICHUS.



Ipumep 1. Brruncaute npousBenenue pactopumoctu CaCOg,
eciim ipu 20°C B 1 11 HACBHIIEHHOTO pacTBOpa CoaepkuTcsa 6,9 mr =

6,9-10 °r CaCOs.

Pemenue.
1. VYpaBHeHHe auccOLHMAINU
CaCO; & Ca”™* + CO;
2.  BpIpaxxeHue nMpou3BeACHUS PaCTBOPUMOCTH

[P = [Ca*"] [CO5* ]

3. Hnsa Beramcaenus pactBopumoctu CaCOjz (B MOJIB/,Z[Mg) HaX0oJIUM
3HaueHue 1 mouss CaCOgj: on paBen 100,09 r. Orcroma pacTBOpUMOCTH

CaCOj; paBHa

6,9-10°

=6,9-10"° monn/ on®
100,09

1. Ilpu aucconmanuu kaxjaoro mojisi CaCO3 oopasyercs 1 r- noH Ca** u

I r- won Cng' . CinemoBaTelibHO, MOHBI Ca®" u C032' HaxXoJsTCs B
pacTBOpPE B OJIMHAKOBON KOHIIEHTPAIIUM, PABHOW paCTBOPUMOCTHU COJIU:
[Ca®*]1=6,9- 10" r- now/am° u [CO5* ] = 6,9-10"° r- non/am”
2. llomctaBuB 3HadYeHHE KOHIICHTPAIMH HMOHOB Ca’" u C032' B
BBIpA)KCHUE MPOU3BEJICHUS] PACTBOPUMOCTH, MOJYUUM
MMPcacos=6,9-107°-6,9-10°=47,61-10"=4,8-10"
Bbiuunciienne pacTBOPMMOCTH 3JIEKTPOJUTA B BOJI€ 10 U3BECTHOMY
NMPOM3BeAEHHUI0 PacTBOPUMOCTH. Y10o0kI MIPOU3BECTH

COOTBCTCTBYIOIIUC PACUCTHI, CIICAYCT:



1) cocTaBUTh ypaBHEHHE JHCCOIMAIIMU BEIIECTBA, PACTBOPHUMOCTD
KOTOPOTro TpeOyeTCsl BEIYUCIINUTE;

2) BBIpa3UTh NPOU3BEJCHHE PACTBOPUMOCTH  BEIIECTBa  4epe3
MPOU3BEACHNUE KOHIIEHTPAIUM €r0 HOHOB;
0003HAYUTh PACTBOPUMOCTD BEII[ECTBA YePe3 X MOJIB/IM;

3) MoNB3ysACh YpaBHCHUEM JIHCCOIMAIIMM  BEIIECTBA, BBIYUCIUTH
PABHOBECHYIO KOHIICHTPAIIMIO KaKJI0TO HOHA €T0;

4) moAcTaBUTh HaijeHHOE B (1. 4) 3HAYCHUE KOHIICHTPAIMA MOHOB B
BBIpAKECHUE TMPOU3BEACHUS PACTBOPUMOCTU (M. 2) U MPOU3BECTH
BBIUKCJICHUS.

Ilpumep 1. Boiuuciauth pactBopumocts AgBr B mr/am°, ecnu
U3BeCTHO, 4TO IIPa¢gr paBHO 5,3+ 10° B

Pemenue. YpaBHEeHUE IUCCOLMALINU
AgBr s Ag" +Br

O6o03HauuM pactBopuMocTh AgBr uepes x MOJIB/IM .
Kounnentpanus nonos Ag+ paBHa KOHIEHTpalluu HOHOB BrI |, T.e.
[Ag"]=[Br]

[IpousBeneHme paCTBOPUMOCTH

MTP(ager) = [Ag'] - [Br']
Tak kak B pacTBOpE NPOUCXOJHUT IOJHAS TUCCOLUMALNS PACTBOPECHHOU
COJIM, KOHLIEHTPAUs KaXJ0r0 MOHA PaBHA KOHLEHTPALIMU COJIH, T. €. €€
pPacTBOPUMOCTH B MOJIB/ M

[Ag']=x u [Br]=x



[loncraBisieMm 3T 3HAYEHUS B BBIPAXEHUE  MPOU3BEICHUS
PacTBOPUMOCTHU
[MPageny = X " X = x°
Tak kak Mo yCJI0BHIO 3a/1aUU
P (agen = 5,3 - 107", 10 5,3 - 107 = °
Pemaem 1mojlyueHHOE YpaBHEHHE U BBIYUCISIEM pPAaCTBOPUMOCTH B
MOJIB/IM° 1 pactBopumocTh AgBr B MumurpamMmmax Ha 1 TV
5310 18 - x2; x= MOJ'IB/I[Mg
Wrtak, B 1 1M° HACHILIEHHOTO pacTBopa pactBopero 7,3 -10 "MOJIB,
nockoiabky 1 wMonp AQBr pasen 187,8 1, pactBopumocts AgBr
COCTaBJIsIET
187,8-7,3-10""=1,37 - 10" * r/em® =0,14 mr/am’.
Ipumep 2. Beruucnuts pactBopumocts Mg(OH), B Mr/oM°, ecim
TP mgcomy2 paBHO 6,0-10° 10
Pemenue.

YpaBHEHUE TUCCOLIUALIUN
Mg(OH), & Mg** + 20H

BrIpakeHHe IpOU3BEICHUS PACTBOPUMOCTH
TP wg(ony2 = [Mg*'] [OH]’
O603HauuB pactBopumocts Mg(OH), gepes x Moib/mM°, oaydaem
[Mg®"] = xu [OH ] = 2x
[ToacTaBisieM 5TH 3HAYCHHMS B BRIPAXKCHUE MTPOU3BEICHHS PACTBOPUMOCTH
3

Orcrona HPMg(OH)2: X‘XZ =X

4x°=6,0 101 x°=1,5-10"1°



x=315-10" =3/150-10 =5,31-10™*

Wrak, pacreopumocts Mg(OH), pasra 5,31-10" * moms/mm°. Tax
kak 1 wmomp MQ(OH), pasen 58,33, pacrBopumocts MQ(OH),
coctapnser: 58,33 - 5,31 - 10°* =310 - 10°* = 31,0 - 10 °r/nam® =31,0
Mr/L[M3

Jlis ©ojee TOYHOIO BBIYMCIICHMS IPOM3BEICHUN PacCTBOPHUMOCTH
clenoBajio  Obl  IOJIB30BAaThCA  HE  KOHICHTPALMSIMH  HOHOB
MajIOpacTBOPHUMOI'0 JICKTPOJINTA, & UX aKTHBHOCTSIMH, TaK KaK B pacTBOPE
SIIEKTPOJIMTA ACHCTBYIOT MCKHMOHHBIC CHJIbI. ECIM yYHMTHIBATH 3TH CHIIBI,

TO BeIpaxkenue 1P qyst Toro sxe cynbdara 6apus mpruoOpeTacT HHOU BU/I;

TP as04) = a(Ba™)- a(SO,™)

DJIEKTPOJTUTHYECKAA quccouuanus Boabl. Boropoanbiii moka3arenib
IIpouecc 3MEKTPOIUTHYECKON AUCCOLMALIMU BOABI IPOTEKACT B
JIBE CTaIUU:

06p8,30BaHI/IC BOI{OpOI{HbIX HNOHOB N FI/IILPOKCI/II[-I/IOHOBZ
H,0 s H + OH
ruaparagus BOAOPOAHOTO HOHA C O6p330BaHI/ICM T'MAPOKCOHUA-NOHA!
H +H,0 s H;0O"

[lepBas cTamusi 3TOro Mpolecca NPOTEKAET C MOTJIOMICHUEM TeIlIa,
BTOpasi - C BBIJACJICHUEM €ro 3HAYUTENIbHOro KoiuyectBa. Iloatomy
MPAKTUYECKH BCE€ MOHBI BOJIOPOJIA THUAPATUPOBAHBI U JUCCOLMALMS BOJIbI

J0JIKHA M300paxaThes CIEAYIONMM YpaBHEHUEM:



2H,0 $ H;0"+ OH’

IIpu 22°C creneHp >IEKTPOIMTUYECKOM IUCCONMALUMN BOJALI PaBHA

-9
1,8-10° 7, To ectp mu3 555 000 000 monekyn BOJBI JUCCOUMUPYET OJIHA.
CrnemoBaTenbHO, BOJA - OYCHb CJAOBIA DJEKTPOJUT, W JJIS OINHCAHUS

nmponecca €€ fucconruan NIpuMEHUM 3daKOH ,Z[GI\/’ICTBYIOH_II/IX Macc:

[HsO']'[H']
[H.,O]°

K=

rie K - KkoHcTraHTa aucconuyanuy Bojbl. IlociienHioo ypaBHEHHIO
MO>KHO HaIlUCaTh B CIACIYIOIIEM BU/IE:
[Hs0"]-[OH ] = K-[H,0]"
Tak kak [H,O] = const, To nmosyunm:

[H;0"][OH ] = K.

IlocTosinnas K, Ha3bIBaeTCsi HOHHBIM MPOU3BeleHMEeM BO/bI.
B 1 1 Bogpl, Maccy KOTOpOU MOKHO ITpUHATH paBHou 1000 T,

Haxoautca 1000 1/18 © = 55,5 w™monp BemecTtBa (ee MoOJsipHas
KoHIeHTpanus). CrnenoBatenbHo, npu 22 °C  KOHIIEHTPAMM HOHOB
THIPOKCOHMS M TMAPOKCHA-HOHOB paBHbl: [H;O'][OH ] = 55,5-1,8-10 ? =
1,000-10" " r- mon/m.

Bennunna Kw Bo3pacTaeT ¢ MOBBIIIIEHUEM TEMIIEPATYPHI, TaK KakK MpU
TOM YBEJIWYMBAETCS CTENEHb JJIEKTPOJIUTUYECKON auccouuanuu:o. [lpu
KOMHATHOM TEMIIEpAaType MNPUHUMAIOT OKPYTJIICHHOE 3HAYEHHE WOHHOIO

-14
MpOU3BEICHUS BOJbI 10 ™,



Boaopoaubii nokasareb. BoHbIE pacTBOPBI PA3JIMYHBIX COECAU-
HEHUW MOTYT, JaBaTh KHCIYIO, IICJIOYHYI) WJIM HEUTPAJbHYI PEaKIUIO.
Peakiusa cpeapl 3aBUCHUT OT COOTHOIICHUWSI KOHIIEHTPAIMA HWOHOB
TUJPOKCOHUS U THAPOKCUA-UOHOB B PACTBOPE.

Eciu KoHIIEHTpaluu 3TUX MOHOB PaBHBI MEXIY COOOM, TO €CTh
[H;O"] = [OH ], To peakuus cpexs! HeifrpanpHas. ClenoBaTeabHO, BOA
MPUHAJICKUT K TUMMUYHBIM aM(OTEPHBIM COCIMHEHUSIM, COBMEIIAOIIAM
KUCJIOTHBIE 1 OCHOBHBIE CBOMCTBA, BHIPAKEHHBIEC B OJIMHAKOBOU CTEIICHHU.
Ecnu KoHIIeHTpalusi HOHOB THAPOKCOHUS OOJIbIIIE KOHIICHTPAITUU
THIPOKCUI-HOHOB, TO ecth [H30'] > [OH ], To peakuus cpemsl
CTAHOBUTCS KUCJIOW. KHCIOTHOCTh T€M BbIIIIE, YeM OOJIbIIE KOHIICHTPAIUS
MOHOB ruIpokcoHus1. Eciiu Ha000pOT, KOHIIEHTpAIMsI UOHOB THIPOKCOHUS
MEHbIIIe KOHIIEHTPAIUH THAPOKCHI-HOHOB, To ecTh [H30'] < [OH ], To
peakuusi Cpeapl CTAaHOBHUTCA WIea0o4HOW. ClienoBaTeNIbHO, MO 3HAYEHHIO
KOHI[CHTPAIUK A3TUX HOHOB MOKHO KOJIMYECTBEHHO OXapaKTEPU30BaTh
PEAKIIUIO CPEBI.
KucnoTHOCTh MM OCHOBHOCTB PACTBOPA MOKHO BBIPa3UTh, B35IB
BMECTO KOHIICHTpPAllMM HWOHOB BOJOpPOJa €€ ACCATUYHBIM Jorapudm.
YtoObl W30aBUTHCA OT  OTPHUIIATENILHOM  CTEMEHW B  3HAYCHHUU
KOHIIEHTpAIlMK  MOHOB  BOAOPOJA,  MOPEIJIOKEHO  IOJb30BATHCS
OTPHIATENBHBIM 3HAaueHWeM Jjorapudma Bemmuuebsl [H'], Ha3BaHHBIM
BOJIOPOJHBIM MOKa3aresneM win pH:
pH = - 1g[H'];
[H+] = 10°PH



B npakruke npuaaMaercs Kw = 10" (22 °C), orcrona [H'] =
100 " r- wow/n wu pH = 7. CooTHomEHUsT MEXIy peakiuenl Cpebl,
KOHIICHTpAlIMSIMA ~ MOHOB M 3HAYCHHUEM BOJOPOJHOTO  IOKa3aTels
MOJTYYaIOTCsI CJICTYIOIINE:
Heiitpanbhas cpena [HsO]=[OH ] = 10" r- non/n, pH = 7.
Kucnorsas cpeaa [Hs0]>[OH ] > 10" - non/x, pH < 7.
enounas cpena [HsO'] <[OH ] < 10 " - won/n, pH > 7.

DTO MOKHO npcaACTaBUTb B BUJIC CXCMBI:

0123456 7 8 910 11 12 13 14
YcunuBaeTcs KMCIOTHAs YcunuBaercd meioyHas
peaknus Cpeabl peaknus cpeabl

I'mapoaus coseit. KoHcTaHTHI rUAPOJIN3a M CTeNIeHb THAPOJIN3a

['uaponu3 - mporecc OOMEHHOTO Pa3JIOKEHUS COCAMHEHUU BOIOM.
['Maponu3y noaBepraroTcsi OpraHu4ecKe U HEOPraHUYECKUEe COCIUHEHUS,
pacrajasch Ha UOHBI.

Cpenu HeOpraHMYECKMX BEIIECTB THUAPOIU3 XapakTepeH s
pPacTBOPUMBIX COJiei, 00pa30BaHHBIX:
— cyaboi KUCJIOTON U CUIIBHBIM OCHOBaHUEM (THAPOIIU3 110 aHUOHY);
— CHUJIbHOM KHCJIOTOM U CcJ1a0bIM OCHOBaHUEM (110 KaTHOHY);
— ¢1a0oil KUCJIOTOM U CcJ1a0bIM OCHOBaHUEM (110 KATUOHY U aHUOHY).
Conm, 00pa3oBaHHbBIE CHJIBHBIMH KHCJIOTAMH U OCHOBAHUSIMU, TUIPOJINA3Y

HE TOJIBEPTarOTCA.



['maponus cosieit MpoTeEKaeT B JBa dTarna:
- JMCcCOLMAaIus - paciaji BEIECTB HA MOHBI (KATHOHBI U AHUOHBI);
- B3aUMOJEHCTBHE MOHOB C MOJIEKYJIAMH BOJIbI U 00pa30BaHUE HOBOTO
BEILIECTBA.
KoHEe4HBIM MPOAYKTOM THAPOJIU3a COJEH SBISETCS CIa0bIN 3JIEKTPOJIUT -
KHUCJIOTA WJIM OCHOBAHHUE.
B 3aBucHUMOCTH OT OPUPOABI COJU W CBSI3M C MOHAMH BOJbI BBIICIISIOT
TUIPOJIU3:
M0 KATHOHY - peakiys oOpaTuMa, KaTUOHBI CBS3BIBAIOTCS C aHHOHOM
BOJIbI;
0 AHUOHY - peakiusi 0OpaTUMa, aHUOHBI CBSI3BIBAIOTCS C KaTHOHOM
BOJIbI;
M0 KaTHOHY M aHUOHY - PEaKIUs HeoOpaTUMa, C BOJIOW CBSI3BIBAIOTCS
Y KaTUOHBI, U1 aHWOHBI.
Huoxe npuBeIeHBI TUITBI THPOIU3a COJIEH:

TUIPOJIN3 MO Katuony pH <7

NH,CI + H,O s NH,OH + HCI

NH," + CI" + H,0 s NH,OH + H" + CI
rUApoIn3 o anuony pH > 7

CH;COONa + H,0 5 CH;COOH + H™ + CI

Na* + CH;COO™ + H,0 s CH;COOH + OH™ + Na*

TUJIPOJIA3 110 KATUOHY U aHMOHY pH =7



CH;COONH, + H,0 5 CH;COOH + NH,OH

CH3COO™ + NH," + H,0 5 CH;COOH + NH,OH

BOnbIIMHCTBO OpPraHMYeCKUX BEHIECTB - OCJKH, YTIEBOJbI, >KUPHI,
raJIoreHajKaHbl, CI0KHBIE A(UPHI - MOJBEPratoTCs TUAPOIU3Y YaCTUUHO U
3a4aCTyI0 TpeOyIOT JOIOJIHUTEIIbHBIX YCJIOBUM. Hanpuwmep,
rajor€HaJKaHbl THUIPOJU3YIOTCA B WIEJIOYHOM Cpele, a XUPbl - IIpU
HarpeBaHWM U MOJ IEUCTBUEM KHUCIOT. | HAPOJIN3 OPraHNYECKUX BEIIECTB
MIPOTEKAET HEOOPATUMO.

Cnabpie SJEKTPONUTHI, OOpa30BaHHBIE TMPU THAPOIU3E COJICH,
MIPAKTUYECKHU HE PACHAJAOTCS HA HOHBI.

KoncranTra ruaposmsa. [maponus xapakrtepusyercss  ABYMs
BEJIMYMHAMU:

CTENEHbI THAPOJH3a - KOJWYECTBEHHBIM OTHOIIEHHEM PACIABIINXCS
MONEKYI (Cpyyp) K 00IEMY KOJIUUECTBY MOJIEKYII DJIEKTPOJIUTA

(Coom): 00 = (Cryupp/Copm) - 100 %;
KOHCTAHTOM - PABHOBECUEM PEAKIINH.

KoHcTanTta ruaponn3a mOOUMHSIETCS 3aKOHY JACHCTBYIOIIMX MAacC:
CKOpPOCTh ~ pE€aKkuuMh  MNpsIMO  MPONOPUHOHATIBHA  MPOU3BEICHUIO
KOHIECHTpauu peareHTOB. (COOTBETCTBEHHO, BBIYUCINATH KOHCTAHTY
paBHOBECHSI MOXKHO TIO ciieayrouien popmyie:

K = [K'][AV[KA],
rae: [K'] - koHIeHTpanus kaTHoHOB; [A’] - KOHIIEHTPALUS AHHOHOB;

[KA] - KOHIIEHTpalusg HAYJIbHOTO COCAUHEHUS.



3HadYeHWE KOHCTAHTHI THAPOJIN3a HEKOTOPHIX BEIIECTB MOKHO HAWTH
B Ta0smmite 10.2.
Tab6mauma 10.2.

KoncranTsl ruapoJin3a HCKOTOPBIX BCUICCTB

Haszeanue Dopmyna Suauenue
KOHCMAaHmbl

MypaBbuHas KUCIOTA HCOOH 1,77-10°*
YKCyCHast KUCJIOTA CH;COOH 1,74-10° >
OpTokpeMHUEeBast H4Si0, 1,6-10° "
A3zoTucrasg Kuciaora HNO, 4,0-10 4
docdopHas kuciora H5;PO, 7,52-10° ?
CepoBogopogHas KHUCJIOTa H,S 6,0-10°
CepHucras KUCII0Ta H,SO, 1,58-10°°
Cepnas KucJIoTa H,SO, 1,0 10°
DTOPOBOAOPOAHAS KHCIIOTA HF 6,61-10""
XJIOpHOBAaTUCTAas! KUCJIOTA HCIO 501-10°°
['mapokcua HaTpus NaOH 15
['mapokcua Kanus KOH 2.9
['mapoxcu MarHust Mg(OH), 2,5:10°°
['mapokcu T KaabIus Ca(OH), 4,3-10 2
['mapoKCcHT CTPOHTIHS Sr(OH), 0,15
['mnpokcuna Oapus Ba(OH), 0,23
I'mnpoxcua menm (1) Cu(OH), 3,4-10-7
['mnpokcut MUHKA Zn(OH), 1,3-107°
Tuapoxeny xeresa (I10) Fe(OH), 4,810

Benuuunael 3aBUCAT Apyr OT Apyra. Yem BhIlIe 3HAYEHUE KOHCTAHTHI,

TeM CHUJIbHEE JJICKTPOJIUT pacrajacTcs Ha HOHBL. B3auMOCBSI3b BEIHMYUH
2

BeIpakaeT popmyna K = C-h®, rae C - KoHIIEHTpaI¥s Cojii B pacTBope, h -

CTCIICHb I'MApOJIn3a.



3agaum U BONPOCHI 1JIsI CAMOKOHTPOJISI
[TpousBenenneM pacTBOPUMOCTH TPYIHOPACTBOPUMBIX BEIIECTB HAa3bIBAIOT. . .
. Jlns nenaceimennoro pactsopa BaSO, Beipaxenue [P umeer Bu. ..
Jlnst HaceienHoro pactBopa Phs(PO,), Beipakenue 1P umeer Bu. ..
TP cgs)=7,9-10° 27 TIP(CuS) =6,3-10"*. Menee pacTBOPHMBIM SBISETCSL. ..
TP ges) = 3,2:10° 18 paccuuraiire pacTBOpUMOCTh FeS MOJIB/IM® | T/,
Pacteopumocts AQCI pasHa 1,210 *mouts/am’. Paccunraiite TTPaqc).

Kakoga cpena pactBopa ecnu pH = 3?

©® N o U w N e

B Bony (pH=7) noGaBunu kucinoThl. YBenuuuTcs win ymeHnbmutcs pH pactBopa

IIPU 3TOM?

9. B Boay (pH = 7) mo6aBunu pactBop menoun. Kak m3mennrcs pH pactBopa mpu
3TOM?

10.HanummTe ypaBHEHUsI peakliy THAPOIIN3a B MOJICKYJISIPHO HOHHOK (popme comeit
CrCl;, CH;COONa, CH3;COONHy,. Kakast cpena OyaeT B BOAHBIX pacTBOpax THX
coJien?

11.3anumure ypaBHEHUs] THIPOJIM3a COJIEH U OMpeAesuTe Cpely BOJAHBIX paCTBOPOB

(pH) u THII TUIPOJIN3A!

Na,SiO3 , AlCl;, K,S.

11-teMma OKHCIUTEIHbHO-BOCCTAHOBUTEIbHbIC PEAKIIMH.
3HavYeHHe OKHUCINTEIbHO-BOCCTAHOBUTEIbHBIX peakuuii. Tunbl
OKHMCJIUTEIBbHO-BOCCTAHOBUTEIbHBIX PeaKIMH

Inan:
1. 3HayeHHE OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIX PEAKIIUM
2. THIIBI OKHUCIUTEILHO-BOCCTAHOBUTEIBHBIX PEAKIINI



3. CocraBnenue YpaBHECHUI OKHCJIUTEIbHO-BOCCTAHOBUTEIIBHBIX
peakuuii

OnopHble ¢JI0BA M BbIPAXKEHUsI: DIeKMpPOOMpuyameibHOCmy,
cmenenb OKUCHeHUs, BALEHMHOCMb, OKUCIUMENbHO- 80CCMAHOBUMENbHDLI
nomenyuan, ypaenenuss Hepucma,  oxuciumenv, 80CCMAHOBUMEID,
oKUcleHHas  gopma,  80ccmaHoGieHHAs — (opma,  OKUCIUMETbHO-
B80CCMAHOBUMENbHbIE DPEeaKyul, BGHYMPUMONEKYIAPHbIE OKUCTUMENbHO-
80CCMAHOBUMENbHbIE — PeaKyuu,  MEHCMONEKYIAPHblE  OKUCIUMENbHO-
80CCMAHOBUMENbHBLE peaxyuu, 80CCMAHOBUMEND, peaxyuu
OUCNPONPOYUOHUPOBAHUSL, MUNbL OKUCAUMENIbHO- B80CCHAHOBUMENbHBIX
peaxyuti

OKUCJIUTEJBHO-BOCCTAHOBHUTEJIBHBIE PEAKIINU

OKHCIIATEIIPHO-BOCCTAHOBUTEIBHBIC PEAKIIMM — 3TO XHMHYCCKHE
peaKIuu, MPOTEKAIIINe C M3MEHECHHEM CTEICHEH OKHCICHHS aTOMOB,
BXO/SIIMX B COCTAaB PEarupyroIIUX BEIISCTB, PCATH3YIONIUXCS MYTEM
nepepacIpeieNIieHs JICKTPOHOB MEKy aTOMOM-OKHCIIMTEIEM U aTOMOM-
BOCCTAaHOBHUTEIICM.

B nporiecce OKHCIIUTEIIFHO-BOCCTAHOBUTEILHOU peaKIuu
BOCCTAaHOBHUTEIIb OTHAET DJIEKTPOHBI, TO €CTh OKHCISAETCS; OKHUCIIHTENb
MIPUCOSTUHSICT SJCKTPOHBI, TO €CTh BOCCTaHaBiuBaeTcs. Ilpuuém mrobas
OKHCJIUTEIbHO-BOCCTAHOBUTEIbHAST ~ PEaKIHs  IPEACTaBIsSET  COOOM
CAUHCTBO JABYX IPOTHBOMOJIOXKHBIX TMPEBPAIICHU — OKHUCICHUS W
BOCCTAHOBJICHHUSI, POUCXOIAIINX OJTHOBPEMEHHO M 0€3 OTphIBa OJHOTO OT
JPYTOro.

Okucnenue

[Ipn OKHCAEHWM BeIIecTBA B pe3ylbTaTe OTIA4d JJICKTPOHOB
YBCINYUBACTCA €0 CTCIICHb OKHCJICHUSI. ATOMEBI OKUCIIIEMOTO BCIIIECCTBA,
Ha3BalOTCA JIOHOpPaAMHU 3JIEKTPOHOB, a aTOMBI OKHCIUTEIS — aKIEeNTOpaMHu
AJICKTPOHOB.

B HekoTOpeIX cCilydasx MpH OKHCIACHWHW MOJICKYyJIa HCXOJHOIO
BEIIIECTBA MOXKET CTaTh HECTAOMJILHOM 1 pacnacThCs Ha 0ojiee CTaOMIbHbBIC
u Oojee MEIKHE COCTaBHbIC YacTH. [Ipm 3TOM HEKOTOpHIE M3 aTOMOB



MOJIYYUBIIUXCS MOJIEKYJT UMEIOT 00Jie€ BBICOKYIO CTETIEHb OKUCIICHUS, YEM
T€ K€ aTOMBI B UCXOJHOU MOJIEKYJIE.

Okucnurens, MpUHUMAS AJIEKTPOHBHI, npuoopeTaeT
BOCCTAHOBUTEIIBHBIE  CBOMCTBA,  NPEBPAIIASCH B CONPSKEHHBIN
BOCCTAHOBUTEIIb:

OKHUCJIUTEI + €— <> CONPS)KEHHBIA BOCCTAHOBUTEb.

Boccmanoenenue

BoccranoBinéHueM Ha3bIBaeTCs MPOIIECC MPUCOSTNHEHUS DICKTPOHOB
aTOMOM BEILECTBA, IIPU ITOM €r'0 CTENICHb OKUCIIEHUS TOHUKAECTCS.

ITpu BOCCTaHOBIEHUM ATOMBI UM UOHBI MIPUCOCAUHSIOT JIEKTPOHBI.
[Ipy 3TOM MPOUCXOAUT MOHUKEHHE BAJECHTHOCTH (CTENEHHU OKHUCIICHUS)
aneMmeHTa. [IpuMepsl: BOCCTAaHOBIIEHHE OKCHIOB METAJIJIOB JO CBOOOJIHBIX
METaJUIOB MPU IIOMOIIM BOJOpPOJAA, YIJEpoAa, APYIUX BEILIECTB;
BOCCTAHOBJICHUE OPTaHUYECKUX KHUCIOT B aAJIBJACTHUIbI U  CIUPTHI;
TUIPOreHU3aLUs )KUPOB U AP.

BoccranoButenb, oTaaBasi 3JIEKTPOHBI, MPUOOPETAET OKUCIUTEIBHBIE
CBOMCTBA, IPEBPALLIAICH B CONPSKEHHBIN OKUCIUTEb:
BOCCTAHOBUTEIIb - €— <> COMNPSIKEHHBIN OKUCIIUTEND.

OKucaumenbHo-60CCMAHOBUMENbHASA napa

COBOKYITHOCTh OKHUCJHUTENS (BOCCTAaHOBUTEISI) C TPOAYKTOM €T0
IIPEBPALLCHUSA COCTaBJISIET COIIPSIKEHHYIO OKUCJIUTEIBHO-
BOCCTAHOBUTEIIBHYKO Mapy, a €€ B3auMOIIPEBpAILECHUE  SABISIETCS
MOJTypeaKIueil BOCCTAaHOBJICHUS (OKUCTICHHUS).

B n11000¥i OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW pPEAKIIMU MPUHUMAIOT
y4acTUE€ [IBE€ COIMNPSIKEHHBIE OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIE TIAPHI,
MEXIY KOTOPBIMU UMEET MECTO KOHKYPEHIIUSA 32 JIEKTPOHBI, B PE3YJIbTATE
4ero MpOTEKAKT JBE MOJYPEAKLMU: OJHA CBsA3aHA C IMPUCOCAUHEHUEM
AJIEKTPOHOB, T. €. BOCCTAHOBJIIEHUEM, APYras — C OTAAYEHN DJIEKTPOHOB, T.
€. OKUCJICHUEM.

Crnenyer MOMHUTBH, 4YTO BO MHOTHX CIy4asX OKHUCJIUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIUW IPOUCXOJUT HE TMOJHBIA IEPEHOC
AJIEKTPOHOB, & TOJILKO CMEIIEHUE 3JEKTPOHHOTO 00Jlaka OT OAHOTO aToMa



K apyromy. OQHaKo Ha MPAKTUKE NMPU 3alUCH YPABHEHUM OKUCIUTEIBHO-
BOCCTAHOBUTEIIbHBIX pEaKIUi 3TOT (haKT CYIICCTBEHHOIO 3HAYCHHUSI HE
MEET.

Cmenenv oKucnenus

CreneHb OKHUCJEHHS - 3TO YCIOBHBIM 3apsijl aroMa B MOJIEKYJIE,
BBIYMCIICHHBI B MPEANOJIOKEHUHU, YTO MOJIEKYJIa COCTOUT U3 MOHOB U B
LIEJIOM DJICKTPOHEUTPAJIbHA.

HauGonee anexTpooTpuiaTebHbIE 2JIEMEHTHl B COSAUHEHUNU HUMEIOT
OTPUIIATEIbHBIE CTEIEHU OKHUCICHHS, a aTOMbl 3JIEMEHTOB C MEHBIIEH
AIEKTPOOTPUIATEIILHOCTBIO - MOJIOKUTEIbHBIE.

Cmenenv okucnenusn - GopMalbHOE TOHATHE; B PSAC CIy4aeB CTEIEHb
OKHCJICHUSI HE COBMAJaeT ¢ BalieHTHOCThI0. Hampumep: N,H, (rugpazun)
CTEIIeHb OKUCIJICHUS a30Ta — -2; BAJICHTHOCTb a30Ta — 3.

Pacuem cmenenu okucnenusa. [l BBIYMCIEHUS CTEIIEHU OKHCICHUS
AJIEMEHTA CIIEAYET YUUTHIBATH CICIYIOIINE MOJIOKEHUS:

1. CreneHu OKUCIEHUS aTOMOB B MPOCTHIX BEIIeCTBaX paBHbI HYJO (Na
=0; H, = O)

2. AnrebOpanyeckass CyMMa CTENEHEW OKHCJIEHUS BCEX aTOMOB,
BXOJIAIIMX B COCTAB MOJIEKYJIBbI, BCET/la paBHA HYJIIO, @ B CJI0KHOM HOHE
3Ta CyMMa paBHa 3apsiy UOHA.

3. IloCTOSIHHYIO CTENEHb OKUCICHUS UMEIOT aTOMBI: IIEJIOYHBIX METAILIOB
(+1), memoyHo3eMeNbHBIX MeTauioB (+2), Bogopoaa (+1) (xkpome
ruapugoB NaH, CaH, m np., rne cremeHb OKHCIeHHS Boaopoda -1),
kuciopoaa (-2) (kpome F,*0" u MIEPOKCHUIOB, coAepkamux rpymry —O—
O-, B KOTOpOH CTEIIEHb OKUCJICHHS KHcaopoaa -1).

4. JInsl 3NEMEHTOB TOJOKHUTENIbHASL CTENEHb OKHCIICHUS HE MOYKET
MPEBBIIIATh BEJIMYMHY, PABHYI0 HOMEPY TPYINbl NEPUOTUIECKOM
cucreMsl. [Ipumepsr:

V2+505-2; Na2+1B4+SO7-2; K+1C |+7O4-2; N-3H3+1; K2+1H+1P+504-2;
Na2+1Cr2+607-2

Pealmuu 0e3 u c usmeHeHuem cmeneHu OKUC/1eHUs

CymecTByeT ABa TUA XUMUYECKUX PEAKIUN:



A Peaknuu, B KOTOPbIX He HM3MEHSIETCH CTeNeHb OKHUCIEHHS
3JIeMEHTOB:
Peakiuu npucoenudenus SO, + Na,O = Na,SO;
Peakiuu paznoxenus Cu(OH), —t°= CuO + H,0
Peakiun oomena AgNO; + KCl = AgClT + KNO;
NaOH + HNO3; = NaNO; + H,0
B Peakuuu, B KOTOPLIX NPOUCXOAUT H3MEHEHHE CTeleHeH
OKHCJIEHUSI ATOMOB JJIEMEHTOB, BXOJSIIIIMX B COCTAB pearupylomux
COCIUHEeHMI:
2Mg° + 0,° = 2Mg*?0™
2KCI™05% —t°= 2KCI™* + 30,
2KI™ + ClI,° = 2KCI™ + 1,°
Mn*0, + 4HCI™ = Mn*?Cl, + CI,+ 2H,0
Takme peaknuy Ha3bIBAIOTCS OKUCIUTEIBHO - BOCCTAHOBHUTEIHHBIMU.

B OKHCIMTENHHO-BOCCTAHOBUTEIBHBIX PEAKIUSIX OSJIESKTPOHBI OT
OJIHUX aTOMOB, MOJIEKYJ WJIM HMOHOB TepexoisaT kK apyruMm. IIporecc
OTJIauul DJICKTPOHOB - OKHCIJICHHE. [Ipu OKHCICHHH CTENEHb OKUCICHHUS
TIOBBIIIACTCS:

H,? - 26 =2H"
§%-26=¢
Al°- 38 =Al"
Fet?-g=Fe"
2Br -2e= BI'ZO
IIponiecc mnpucoenuHEHNUs BIEKTPOHOB - BOccTaHoBieHue: Ilpu

BOCCTAHOBJICHUU CTEIICHb OKUCICHUSI TOHMKACTCH.
+4 - +2
Mn ™ + 2 =Mn

¥ +28=5"
Cr®+3g=Cr"
Cl,Y +28 = 2CI
0,° + 48 =207

ATOMBI HIIH HOHBI, KOTOPBLIC B HaHHOﬁ p€akuuu IMPpUCOCIUHAIOT
SJICKTPOHBI ABJISIIOTCA OKUCIUTCIEIMHU, a4 KOTOPBIC OTHAANOT 3JICKTPOHBI -
BOCCTAaHOBUTCIISIMU.

OKHUCINTEIHFHO-BOCCTAHOBUTEIbHBIE CBOMCTBA BE€IIECTBA U CTCIICHU
OKHCJICHHA BXOAIIKUX B HCI'O aTOMOB



CoenuHeHus, coaepKalye aTOMbl 3JIEMEHTOB C MaKCHMalbHOMN
CTENIEHBIO OKHCIICHUS, MOTYT OBITh TOJIBKO OKHCIUTEISIMHU 3a CYET ITHX
aTOMOB, T.K. OHM YK€ OTJIaJId BCE€ CBOU BAJICHTHBIC AJIEKTPOHBI U CLIOCOOHBI
TOJIBKO IPUHUMATBH DJIEKTPOHBI. MakCuManbHas CTENEHb OKUCIIEHHS aTOMa
3JIEMEHTA paBHA HOMEPY TPYMIbl B MEPUOJUYECKON TAOIHIE, K KOTOPOH
OTHOCUTCS JNaHHbIA 3neMeHT. COoeIuHEHHs, COJAECPKalIUE€ aTOMBI
AJIEMEHTOB C MUHAMAJIbHOU CTENEHBIO OKHUCIEHUSI MOTYT CIIY’KUTh TOJBKO
BOCCTAHOBUTEIIAIMH, TIOCKOJIBKY OHHM CIOCOOHBI JIMIIb  OTJABaTh
AJEKTPOHBI, MOTOMY, YTO BHEIIHUM SHEPre€TUYECKUN YPOBEHb Y TaKHX
aTOMOB 3aBEpIICH BOCEMBIO DJJIEKTpOHaMU. MMUHUMAaNbHAS CTENEHb
OKHCJICHHUSI Y aTOMOB MeTautoB paBHa 0, jis HemeTawioB - (N-8) (rme n-
HOMEp TPYIIbl B Tepuoanueckoit cucreme). CoeaMHEHUs, COJEpIKaIINE
aTOMBI JIEMEHTOB C MMPOMEKYTOYHOMN CTETEHBIO OKUCIICHUS, MOTYT OBITh U
OKHCJIUTEIIAMA W BOCCTAHOBUTEISIMH, B 3aBUCHMOCTH OT IAPTHEpPA, C
KOTOPBIM B3aUMOJICHCTBYIOT U OT YCIOBUM PEAKIIHH.

BaskHelmime BOCCTAHOBUTEIU U OKHCJIUTEH
Boccmanosumenu
Merasuibl, BOOOPOA, yIoJib.
Oxkucsk yrnepona (II) (CO).
Cepoonopon (H,S); oxcun cepst (IV) (SO,); cepuucras kucinora H,SO3 u
€€ COJIN.
["anoreHoBOIOPOHBIC KUCIOTHI U MX COJIH.
KarvoHbl MeTa/ioB B HUBIIMX cTeneHsax okucienus: SnCl,, FeCly,
MnSQ,, Cr2(804)3.
A3zotuctas kuciora HNO,; ammmak NHs; ruapasun NH;NH,; okcun
azora(ll) (NO).
Karon mipu anekrponuse.

Okucnumenu
["anoreHsi.
[lepmanranar kamusas(KMnQO,); wmanranat kamus (Ko,MnQOy); oxcup
mapranna (IV) (MnQO,).

Huxpomat kanus (K,Cr,07); xpomar kanust (K,CrOy).
AzotHas kuciota (HNOs3).
Cepnas kucinora (H,SO,4) koI,



Oxcun meau(Il) (CuO); okcup ceunna(IV) (PbO,); okcup cepedbpa (Ag,0);
nepokcua Bogopoaa (H,O»).

Xnopun xene3a(Ill) (FeCly).

bepromierosa coib (KCIO3).

AHOJI IPU AIIEKTPOJIH3E.

Knaccugpukauua okucaumenbno-60ccmano8umeIbHulX peakuuil
MeXMOJIeKyISIpHBIEC OKUCIUTEIFHO-BOCCTAHOBUTEIIbHBIC PEAKITUH
OkucauTenb U BOCCTAHOBHUTEh HAXOAATCA B Pa3HBIX BEIIECTBAX; OOMEH
AIIEKTPOHAMH B 3TUX PEAKIUAX IMPOUCXOIUT MEXKAY Pa3IUNYHBIMA aTOMaMH
WJIH MOJICKYJIaMM:

SO + 020 — S+402-2

S - BoccTtaHOBUTEINb; O) - OKUCIIUTEIh

Cu**0+C™0=cu’+C"0,
CO - BoccranoButenb; CuO - OKHCIUTEIb

Zn° + 2HCI = Zn**Cl, + H,0
Zn - BoccranoBuTenb; HCI - okucanuTens

Mn*0, + 2KI™ + 2H,S0, = 1,° + K;S0, + Mn**SO, + 2H,0

KI - BocctanoBuTens; MnQO, - OKHCIINTEIIb.

Croa k€ OTHOCSTCS pPEaKIMU MEXKAY BEIIECTBAMU, B KOTOPBIX ATOMBI
OJHOTO M TOT'O XK€ JIEMEHTA UMEIOT pa3HbIe CTEIICHU OKHUCICHUS

2H,S™ + H,S"05 = 38° + 3H,0
BHYyTpUMOJIEKYIISIpHBIE OKUCIUTEIIBHO- BOCCTAHOBUTEBHBIE PEAKIIUH
Bo BHYTPUMOJIEKYISIPHBIX pEAKIUIX OKHUCIUTEIb U BOCCTAHOBUTEIIb
HAaXOJATCS B OAHOW U TOU K€ MOJIEKYJE. BHYTpUMOIIEKYJISIpHBIE peaKLUNU
MPOTEKAIOT, KAaK MpPaBWIO, NPU TEPMHYECKOM pA3JIOKEHUM BEIIECTB,
COAEPKAINX OKUCIUTEIb U BOCCTAHOBUTEb.

2KCI*05” = 2KCI™ + 30,

CI+5 - okuciurens; O - BOCCTAHOBUTED

N°H,N"™0; —t°= N, 0+ 2H,0
N*™ - OKHCJIUTEIIb; N - Boccranosurenn

2Pb(N*03%), = 2PbO + 4N*0, + O,’
N*> - OKHUCJIUTEJIb; O - BOCCTAHOBUTEID
OmneiT. Paznoxxenue nuxpomara aMMOHUS
(N'3H4)2Cr2+607 —t°= Cr2+303 + N20+ 4H,0

Cre- oKucauTelb, N~ - BOCCTAaHOBUTEb.



Jlucnponopuyuonuposanue - OKUCINTEILHO-BOCCTAHOBUTEIIbHAS PEaKIIHs,
B KOTOPOM OJMH 3JIEMEHT OJJHOBPEMEHHO IOBBIIIAECT U MOHMKAET CTEIICHD
OKMCJICHUS.
Cl,° + 2KOH = KCI"™'O + KCI™* + H,0
3K,Mn*®0Q, + 2H,0 = 2KMn*'0, + Mn**0O, + 4KOH
3HN™0, = HN™0j; + 2N"0+ H,0
2N"™0, + 2KOH = KN*0; + KN**0, + H,0
CocraBieHNE YPABHEHUN OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIAMN
A AnekmpouHwll 6ananc - METO]T HAXOXKJICHUS KOd(PPUIIMEHTOB B
YPaBHEHUSAX OKHCIUTEILHO-BOCCTAHOBHUTEIBHBIX PEAKIIHH, B KOTOPOM
paccMaTpuBaeTCs OOMEH JICKTPOHAMH MEXKIY aTOMaMH 3JIEMEHTOB,
M3MEHSIOIINX CBOIO CTEIEHb OKUCIICHHU. YHCIIO 3JIeKTPOHOB, OTJAaHHOE
BOCCTAHOBHUTEJIEM PAaBHO YUCITY DJICKTPOHOB, MMOJYIaEMBIX OKUCIIATEIIEM.
VYpaBHEHHE COCTABISACTCS B HECKOJIBKO CTa UM:
1. 3amuchIBalOT CXEMY pEaKIIUH.
KMnO, + HCI = KCI + MnCl, + Cl,+ H,0O
2. TlpocTaBisiOT CTETIEHU OKHUCIICHHUS HaJl 3HAKaMHU DJIEMEHTOB, KOTOPHIC
MEHSIFOTCS.

KMn*'0, + HCI* = KCI + Mn**Cl, + CI,°+ H,0

3. BBII[GJ'ISIIOT QJICMCHTBI, HU3MCHAIOIINEC CTCIICHU OKHUCICHUA H
OHPCI[CJIHIOT qUCIIO BHGKTpOHOB, HpI/IO6peT€HHI>IX OKUCIINTCIICM n
OTAaBACMBbIX BOCCTAHOBUTCIICM.

Mn*" + 58 = Mn*?

2CI* - 28 = C1
4. YpaBHUBAIOT YKCIIO MPUOOPETEHHBIX M OTAABAEMBIX JJIEKTPOHOB,
yCTaHaBJIMBasi TEM CaMbiM KO3(POUIIMEHTHI AJi1 COCTUHEHUM, B KOTOPHIX
HpI/ICYTCTBYIOT JJIEMCHTBI, U3MCHAOIIHNEC CTCIICHDb OKHUCIICHUA.
Mn*" +58=Mn"? 2
2CIt - 28 =C1,°5

2Mn*" +10CI"* = 2Mn*? + 5CI,°
5. [Ton6uparoT KOA3)GUIMEHTHI JJIsI BCEX OCTaJbHBIX yYaCTHHUKOB

peakuuu.
2KMn*'0, + 16HCI = 2KCI + 2Mn*Cl, + 5CI,° + 8H,0



B DJJiekTpOHHO-MOHHBIN Oajianc (MeTOx MOJypeakuuil) MeToJ
HAaxXOXJeHUsT KOA(DPUIMEHTOB, B KOTOPOM paccMaTpUBaeTcs OOMEH
JIEKTPOHAMH MEXKy HOHAMH B PACTBOPE C YUETOM XapaKTepa CPeibl:
2CI¥ - 28 =CI,° 5
MnO," + 8H" + 58 = Mn** + 4H,0 2

10CI" + 2MnO," + 16H" = 5CI,°+ 2Mn** + 8H,0
(77151 ypaBHMBAaHMS HOHHOM Tonypeakuun ucnonssyior H', OH™ nmu Bosy)

Tunutmblepealamu OKUCJ/ICHUA-60CCMAHOG6/ICHUA
Pealcuuu cyuacmuem nepmanzanama Kalius 6 Kkauecmee oxkuciumelin

HpH BBaHMOHeﬁCTBHH HepMaHraHaTa KaJlusa C BOCCTAHOBUTCJICM
06pa3y10TC${ paSJ'II/I‘IHI)IG HpOI[}IKTBI BOCCTAHOBJICHHUA B 3aBUCHUMOCTHU OT pH
CpEIbI.
Peaxkuuu ¢ kucnoii cpeoe
5K,S™05 + 2KMn*'0, + 3H,50, = 6K,S™0, + 2Mn**SO, + 3H,0
AJIEKTPOHHBIN OalaHc
Mn*" + 58 = Mn™? 2
§™ _28=8" 5
METOJ ITOJIyPEaAKIUN
MnO, + 8H* + 56 = Mn*" + 4H,0 2
SO5* + H,0 — 28 = SO,* + 2H* 5

2MnO, + 16H" + 5S05” + 5H,0 = 2Mn*" + 8H,0 + 550, + 10H"
N
2MnO; + 6H" + 5S0;” = 2Mn** + 3H,0 + 5S0,”
®duonetoBbii  pactBop KMnO, oOecuBeunBaeTcs Tpu J00aBICHUU
pactBopa K,SO:s.
Peaxkuyuu ¢ neitmpanvHnoi cpeoe
3K,S™03 + 2KMn*0, + H,0 = 3K,S™0, +2Mn*™0,? + 2KOH
AIIEKTPOHHBIN OaslaHC
S™-28=8" 3
Mn*" +3& = Mn"™ 2
METOJ TTOJTyPEaKIAM:



MnO,* + 2H,0 + 3& = MnO, + 40H- 2
SO% + 20H - 28 = SO,* + H,0 3

2MnO,4 + 4H,0 + 3505> + 60H" = 2MnO, + 80H" + 3S0,” + 3H,0
win 2MnOy” + H,0 + 3505 = 2MnO, + 20H" + 350,~
®duosietoBbii  pactBop KMnO, 1nocie  OKOHYaHMSI  pEaKUHUHU
oOeciBeUnBaeTcs U HaOJIIOAaeTCs BhINIaJieHne Oyporo ocajka.

Peaxkuyuu ¢ wenounoii cpeoe

K,S*0; + 2KMn*'0, + 2KOH = K,S™0, +2K,Mn*®0, + H,0

AJICKTPOHHBIN OaslaHC

s™-2e=8" 1
Mn*" + 18 = Mn*® 2
METO/T OJTYPEAKIHM:
SO5% + 20H" - 28 = SO,42- + H,0 1
MnO," + & = MnO,* 2

SO3” + 20H + 2MnO,” = SO,” + H,0 + 2MnO,~
Takum o6pa3zom, @uoneroBbiii pactBop KMnO, mnpeBpamiaercs B
3eseHoBaThIi pacTBOp KoMnOy,.

Peakuuu C Ouxpomamom Kdjlusa 6 Kauecmee oxkucjiumeis

CreneHb OKHCJIEHUS XpoMma TMOHMXkaerca ¢ +6 po +3. HaOmromaercs
MU3MEHECHHE OKPAaCKH PEAKIMOHHOW MAacChl C JKEJITO-OPaH)KEBOI'O IIBETA JI0
3€JICHOT0 MJIU (PUOJIETOBOTO.
1)  K,Cr,0; + 3H,5? + 4H,50, = K,S0, + Cr,"3(S0,); + 3S° + 7H,0
AJIEKTPOHHBIN OaslaHC:
2Cr*® + 68 = 2Cr™ 1
s*-28=9° 3

METOJ TTOJTyPEaAKIAM:

Cr,0;” + 14H" + 68 = 2Cr°" + 7TH,0 1

H,S? - 28 =S+ 2H" 3




Cr,0;% + 8H" + 3H,S = 2Cr*" + 7H,0 + 35°
2)  K,Cr,"®0; + 6Fe™S0O, + 7H,S0, = 3Fe,™(SO,); + K,S0O, +

Cr,™(S0,); + 7H,0
AJIEKTPOHHBIN OajaHC:
2Cr*® + 68 = 2Cr* 1
Fe'*—&=Fe® 6
METOJI MOJIyPEAKIIUK:
Cr,0;” + 14H" + 68 = 2Cr*" + TH,0 1
Fe*" - &=Fe' 6

6Fe?* + Cr,0,% + 14H" = 2Cr®*" + 6Fe®* + 7H,0

3) K,Cr,™0; + 14HCI™ = 3CL,°+ 2KCI + 2Cr**Cl; + 7H,0
AJIEKTPOHHBIN OajaHC:
2Cr'® + 68 = 2Cr™® 1
2CI* — 28 =CI’° 3
METOJ MOJIypEaKIU:
Cr,0;” + 14H* + 68 = 2Cr°* + 7H,0 1
2CIY - 28 = CL,° 3

2- I-
Cr,0;% + 6C" + 14H* = 2Cr®** + 3CL,° + 7H,0
OKuCJlumeJleble ceoﬁcmea a30ml-l0l7 KUCJIoOmbl

o +5 o

OkucnuTeneM B MOJIEKYJIE a30THOU KHUCIOTHI SIBIIETCS N, KOTOPBIA

B 3aBUCUMOCTH OT KoHUeHTpaiuu HNO3; © cuiabl BOCCTaHOBUTENA
(HampuMep, aKTUBHOCTH METaslia - CM. Takxke Temy " A3oTHas kucioTa'")

MpUHUMAET OT 1 10 8 3JIEKTPOHOB, 00pa3ys

N*0,; N*0; N,0; N, N_3H3(NH4NO3);

1) Cu®+ 4HN"O4(konr.) = Cu+2(NOs), + 2N**0,+ 2H,0



AJIEKTPOHHBIN OalaHC:
Cu0 —2&=Cu™ 1
N* +&=N" 2
METO/T OJTYPEAKIIHM:
Cu’ -2 = Cu"™ 1
NO; + 2H" +&=NO, + H,0

Cu’ + 2NOy + 4H"* = Cu*™ + 2NO, + 2H,0
2) 3Ag° + 4HN™Os(kon.) = 3Ag™NO; + N*?0 + 2H,0

AJICKTPOHHBIN OalaHC:

Ag’-s=Ag" 3
N*+3g=N" 1
METOJ TTOJIYPEAKIIUN:
Ag’-g=Ag" 3
NO; + 4H" + 38 = NO + 2H,0 1

3Ag° + NOs + 4H+ = 3Ag" + NO + 2H,0

3) 5Co° + 12HN*>04(pa36.) = 5Co*4(NO;), + N,0+ 6H,0
AJIEKTPOHHBIN OaslaHC:
Co’-28=Co™ 5
2N™ + 108 = N,0 1
METOJ TTOJTyPEaKIAM:

Co’- 28 =Co™ 5



2NO5 + 12H" + 108 = N, + 6H,0 1

5C0° + 2NO5 + 12H* = 5Co** + N, + 6H,0

4)4Ca° + 10HN*>05(0u.pa36.) = 4Ca*(NO3), + N*H,NO; + 3H,0

AJIEKTPOHHBIN OalaHC:

Ca’-2&=Ca" 4
N*°+85=N" 1
MCTOO nonypeaKquI:
Ca’-28=Ca" 4
NOz + 10H" + 88 = NH," + 3H,0 1

4Ca° + NO; + 10H" = 4Ca’" + NH," + 3H,0
[Ipu B3ammoneiicteBun HNO3 ¢ HeMeTaninaMu BBIIEIAETCS, KaK MPaBUIIO,
NO:
1)3C° + 4HN™0; = 3C+40,+ 4AN*?0O+ 2H,0

AJIEKTPOHHBIN OaslaHC:
c’-4g=C" 3
N*™+38=N" 4
METOJ TTOJTyPEaKIHM:
C® + 2H,0 - 48 = CO, + 4H' 3
NO;3 +4H" + 38 = NO + 2H,0 4




3C° + 6H,0 + 4NOj3 + 16H" = 3CO, + 12H" + 4NO + 8H,0
Nnu
3C° + 4NOy + 4H" = 3CO, + 4NO + 2H,0
2) 3P° + BHN™0; + 2H,0 = 3H;P™0, + 5N*0

AJIEKTPOHHBIN OallaHc:

P°- 58 =pP" 3
N*° +38=N" 5
MCTOO nonypeaKquI:
P° + 4H,0 - 58 = PO,” + 8H" 3
NO; + 4H" + 38 = NO + 2H,0 5

3P° + 12H,0 + 5NO; + 20H" = 3PO,” + 24H" + 5NO + 10H,0
niin
3P° + 2H,0 + 5NO3 = 3PO,> + 4H" + 5NO

Hepoxcu() 8000p00tl 6 OKUC/IUMEIBHO-60CCMAHOBUMEIIBHbLX DEAKUUAX
1. OOBIYHO IMCPOKCHU I BOAOPOAa UCITOJIb3YOT KaK OKHUCJIIUTCIIb.
H,0, + 2HI™ = 1, + 2H,0
AJIEKTPOHHBIN OaslaHC:

2I'- 28 =1,° 1

[0,]% + 28 =207 1

METOJ TTOJTyPEAKIUM:

21 - 26 =1, 1



H202 + 2H+ +2€ = 2H20 1

21"+ H,0, + 2H" = I, + 2H,0
I[Ipy nOeUCTBUHM CHJIBHBIX OKHCIWTEICH TMEPOKCH] BOJAOPOJAa MOXKET
OKHCIISATECS, 00pa3yst KHCIOPOJI U BOIY.
5H,0, + 2KMn*'0, + 3H,S0, = 50,°+ K,S0O, + 2Mn**SO, + 8H,0
AJICKTPOHHBIN OallaHC:
[0,]%-2e=0,°5
Mn*"+58=Mn" 2
METO]T TIOTYPECaKITUH:
MnO, + 8H" + 58 = Mn°* + 4H,0 2
H,0, - 28 =0, + 2H+ 5

2MnO, + 5H,0, + 16H* = 2Mn** + 8H,0 + 50, + 10H"
wi 2MnO,” + 5H,0, + 6H* = 2Mn?* + 8H,0 + 50,

3aoauu u 60npocwvl 07151 CAMOKOHMPOJ1A

1. Vkaxure, Kakue W3 YKa3aHHBIX BEIIECTB MOTYT IPOSBIATH TOJIBKO
OKHMCJIMTEJIbHBIE CBOWCTBA, TOJBKO BOCCTAHOBUTEIILHBIC CBOWMCTBA,
MPOSIBJISIOT OKUCIMTEIbHO-BOCCTAHOBUTEIBHYIO JIBOMCTBEHHOCTh: a)
MnOg, KMnO4, P205, Nags; 6) KzSOg, HNOg, HZS, NOZ, B) Cr,
Nagcr04, KCrOz, chr207; F) NH3, KCIOQ, N>, KNOg, KzMnO4.

2. Hanmuiute ypaBHEHUS peakidid, B pe3yJbTaT€ KOTOPHIX MOXKHO
OCYIIECTBUTh MpPEBpAlllCHUs: a) yIrjiepoa — KapOuJ Kaablusi —

TUJIPOKCUJ KaIblUSl — XJIOpHAs MU3BECTh — XJIOP — XJIOPAT KU —



KHCJI0pO; 0) CepoBOIOPOa — cepa — JAUOKCHJ CEpPhbl — CEPHHUCTAsS
KHUCJIOTa — CYJIb(UT HATPUSL — CyJb(haT HATPUSL.

3. Kakue ciokHbIe BemecTBa MOKHO MOJYYHTh, UMES B PaCTIOPSHKCHUH: Q)
KpPEMHHMI, BOJAOPOJI, KMCIOPOJ, HAaTpHil; 0) a30T, KUCIOPO, cepedpo U
BoJopoA. Hamummre ypaBHEHUs peakIUii W HA30BUTE TOJYYCHHBIC

MPOJYKTHI.

13- Ttema. PusnuyecKkue 1 XUMHYECKHE CBOMCTBA METAJIJIOB.
XNMMHYECKHE CBOMCTBA METAJLJIOB

IL1an:

1. CBoiicTBa METAIIIOB

2. HaxoxneHue MeTajjioB B IPUPOIE
3. 'ambBaHWYECKHUE DIIEMEHTHI

4. TTonsitue 00 AIEKTPOJIU3E

5. DJEKTpOoIU3 paCTBOPOB U PACILIAaBOB
6. 3aKOHBI JIEKTPOIU3a

OmnopHble C€JI0Ba W BBIPAKEHHSI: Memalivl, SHepeuu UOHU3AYUL,
cpoocmea K DIeKMPOHY U  INeKMPOOMPUYAMeIbHOCMb  Memaiios,
KPUCMAIUYECKAs. peulemKka U MemalIudeckas C68513b, NI0OMHOCb,
meepoocms, memnepamypa niaeieHusi Memaios, HaxodcoeHue Memaiios
8 npupode, Ccnocobvl NoOJNYUeHUuUe Memalos, YepHas U UYBEMHAs
Memainypeus, ceolUCcmeda Memaiios, CNJLABbI MEmaiios,
UHMEPMeMaIIUObl, NPUMEHEHUE MEeMANN08 8 NPOMbIULIEHHOCTU

DJIeMEHTHI YCIOBHO TOPAa3IeTSIOTCS HA METaJUTBl i HEMETAJLIBL.
Metamisl (ot Tpedeckoro Mmettallon, mepBoravaabsHO — BaxTa, KOIIH)

— 3TO BEIECTBA, 00JIaat0NIe B OOBIYHBIX YCJIOBUSX XapaKTEPHBIMU, T.H.



METAUIMYECKUMHU CBOWCTBAMU: BBICOKOM 3JIEKTPUYECKON ITPOBOJIUMOCTHIO,
BBICOKOM TEIIONPOBOIHOCTHIO, METAILTUYECKUM 0JIeCKOM,
HEMPO3pPayHOCThIO, OTPUILIATEIILHBIM KO3(PPUIIMEHTOM DJIEKTPUUYSCKOM
IIPOBOJIMMOCTH, TUTACTUYHOCTHIO. B TEeXHHWKE K MeTajljlaM OTHOCSAT Kak
COOCTBEHHO METAJUIBI(ITPOCTHIE BEIIECTBA), TAK UX CIUIABBI, NI KOTOPBIX
TaK)Xe XapaKTePHbI METAJUTMYECKUE CBOMCTRA.

Kpome Toro, meTamibl 061a1a0T crieuPUIeCKUMH MEXaHUIECKUMH
cBoiictBamu. OHH 0oJiee WM MEHEE KOBKHE, a MHOTHE HX HHUX HMEIOT
OOJIBITYIO POYHOCTD MPH PACTSIKEHUH U TPU CIKATHH.

Panpire xapakTepHbIMH TpHU3HAKAMHA METAUIOB CUYUTAINCH OJIECK,
MJJACTUYHOCTh UM KOBKOCTh — «CBETJIOE TEJ0, KOTOPOE KOBATh MOXKHO
(M.B.JIomonocoB). Ho meramnudyecum OjiecKOM 00JaJal0T ¥ HEKOTOPbIE
MeTaJUTbl, HAapuUMep Hoj, KpeMHUH 1 Ap. M3BeCTHBI | XPYIKUE METaJLIbI,
HaIlpuMep BUCMYT.

B Hacrosmee Bpems OJHMM W3 BaKHEHIHUX MPHU3HAKOB METAJUIOB
CUHMTACTCS OTPUIIATESIIBHBIA TeMIEPaTyPHbIH KO3 PHUITUSHT dIEKTPUISCKON
MPOBOJUMOCTH, T.€. MOHWKEHUE IJIEKTPUUYECKONU MPOBOJUMOCTH C POCTOM
TeMrnepaTypbl, W OCOOCHHOCTb DJJEKTPOHHOTO U KPHUCTAUITMYECKOTO
CTPOCHHUS.

B KHIKOM COCTOSHUM MeTajulaM TMpHUCYIle OOJBITUHCTBO U3
MIEPEYNCIICHHBIX CBOMCTB, MCUE3aAIOIIMX IS ra3000pa3HOTO COCTOSHUS.
[Tapsl MeTaJUIOB TIPO3padyHbl M HE IMPOBOMAAT DJIEKTPUUECKUM TOK.
CrnenoBaTeabHO, METAJUTMYECKUE CBOMCTBA CBSI3aHbI C TBEP/BIM U JKUJIKUM

COCTOAHHCM.



MeTtamibsl — B IEPUOJUYECKON CHCTEME M3 BCEX DJIEMEHTOB 22 IIT.
SABJISIOTCS HEMETalllaMH, a OCTaJlbHbIe BCE€ DJEMEHThI SBIISIIOTCS
MetauiamMu. M3 Hux 12 mt. S — aneMenTsl, 10 mrT. p — anemMeHTsl, 28 mT. f
— DJIEMEHTbI M OCTaJbHBIC OTHOCATCA K ceMeHcTBY O — 3JIEMEHTOB.
MeTamy B TeXHUKE JeIATcsa Ha 2 rpynnbl. 1) YUepHble METalIbl — KEJIe30
(MapraHeI| ¥ XpoM JIOIOJIHUTEIILHO) U CILIABhI Xkeie30 (CTallb U YYTyH). 2)
[{BeTHBIE METAIIIBI — OCTAJIbHBIE BCE METAJLIbI M UX CILJIABHI.

Metamibl 10 MEXaHWYECKUM CBOMCTBAM KJIACCUMUIIMPYIOTCS B
CJICAYIOLIUM TOPSIAKE:

1) Jlerkue metamisl — Li Na K Rb Al Mg Ti Cs Be Ca

2) Tsoxensie metamutel — Cu Pb Ni Zn Sn Sb Hg Ag

3) bnaropoansie metauisl — Au Ag Pt Pd Ir Ru Os

4) Paccesnnbie Metaiisl — Ga In Tl Ge Re

5) Penkue meramisl — Co Cd Mo W Sb Hg Bi

6) Penko3eMenbHbIC MeTAILIbI — LA U JTaHTAaHOMIBI

7) PanguoaktuBHble MeTaiibl — Ra PO U Pu AC u akTUHOUIBI.

Haxo:xaenue B mpupojae

K naunbosnee pacTnpocTpaHEHHBIM B MPUPOJE METa/iaM OTHOCATCS
AJTFOMHUHUM, KEJI€30, KAIbIINN, HATPUM, KAJTUA, MATHUWA, TUTAH.

bonpiras yacte MeETalNIOB HAXOIWTCI B 3EMHOM KOPE B BH/IE
XUMUYECKUX coeauHeHnit ( B Buae MuHepanoB). K  HaumbOosee
pacrpoCTpaHCHHBIMH  MHUHEpaJlaM  OTHOCSTCA  CHJIMKAThl, OKCH/IBI,

cynbGuIbl, KapOOHATHI, CYIb(aThI, TaTOTCHUIBI.



CaMbIM pacHpOCTpaHEHHBIM B 3€MHON KOpe MUHEpajIaMH SIBJISIOTCS
CHJINKATHI: KaOJIMH Al,05-2510,°-2H,50, cIIroga OeJas
K;0-3A1,03:6S10,-2H,0,  oproknaz  K,0-Al,O3-6S10,, acoecT
Ca0-3Mg0-4S10; u ap. K npupoaHbIM CUIIMKAaTaM MPUHAJJICKAT MOJIEBBIC
IIIaThl, TJIMHBI, CIIOABI, TalbK, acOecT WU MHorue apyrue. CuiaukaThl,
coZiepKalllie QIOMUHUNM, Ha3bIBAIOTCA altoMocHiIukaTamu. CamMbIMHU
BAXHBIMHM M3 HUX SIBJISIOTCS IIOJIEBBIE INATHI, B COCTaB KOTOPHBIX, KPOME
OKCHIOB KPEMHHS M QIIOMHUHHS BXOIAT OKCHIbI Kallus, HATPUS HWIIH
kajuplpsa. K amomMocuiankaTaM OTHOCSTCS TakyKE CIIOJBI, OTJIMYAIONIHECs
CIIOCOOHOCTBIO pacCiaMBaThbCs Ha TOHKHE, TMOKHE MiIacTHHKH. CIIFobI
MMEIOT CJIOKHBIM COCTAaB U KPOME KPEMHHS U aTIOMUHUS, COIEPKaT HaKKe
BOJIOPOJI, Kaiuil Wiu HaTpuil. B cOCTaB HEKOTOPBIX CIIOJA BXOJIST €IIIe
KaJblluid, MarHui ® kene3o. M3 kpucramioB kBapma SiO,, mojaeBoro
ImaTta U CJIOJBI COCTOSIT CaMbl€ PACHPOCTPAHEHHBIC CIIOKHBIC TOPHBIC
MOPOJIbl — TPAHUTHI U THEHCHI.

N3 oOKCHAHBIX MHUHEPAJOB pacCHpOCTpaHeHbl MarHeTUT FesOy,
rematuT Fe 03,  rerut Fe,O3 ‘Fe(OH)s xpomuctsiii xenesnsik FeO-
Cr,03 O6okcut Al,O3-xH,0, nupontozur MnO,, raycMaHUT Mn30y,
kynputr Cu,0, ceppantut SbO,4 u np.

Cynbduanbie MUHEpabl: XeJe3HbI KoiuenaH FeS,, CBUHIIOBBIN
oneck PbS, muHkoBas oOManka ZnS, kuHoBaph HgS, anTuMoHHT Sb,S3
koBeJuinH CuS, xanbko3uH Cu,S, xanskonuput CuFeS,.

KaGonaTHbie MHHEpaNbl: MEJN, MpPamMoOp, HM3BECTHAK, PaKYIICUYHHUK

CaCOs;, wmarmesutr MgCO;, gomomur CaCO3-MgCO;, Mamaxur



CuCO3-Cu(OH),, nepyccut PbCO3, pomgoxpo3ut MnCOs3, Tpona NaHCO3
‘Na,CO3- 2H,0 u np.

Cynbbarabie MuHepaiabl: MupaOuauT Nap,SO,4 10H,O, Tenapaut
Na,SO,4, runc CaS0O,-2H,0, kuzepur MgSO,4 -H,O, Tspkenaslit mmar
BaSO4, neauctun SrSO4 u ap.

dochaTubic MUHEPAJIbI; anaTUTBI 3Ca3(PQy,),-CaF,,
3Ca3(PO,),-CaCl,, ruapookcumn-amatut3Caz(PO,4),-Ca(OH), wu np.

N3 ranoreHuaoB pacnpoCTpaHEHbl MHUHEpAJbl: KaMEHHas COJib
(ramut) NaCl, cunbBun KCl, kapuammut KCI-MgCl,-6H,0, darooput
CaF,, kaunut KCI1-MgSO,4-3H,0, kpuonut Naz[AlFg].

HanmeHee akTHBHBIE METAJUIBL: PTYTh, CEPEOPO, 30J0TO U METAILIbI
IJJATHHOBBIM TPYIIBI  HAaXOASATCI B 3€MHOM KOpe B CBOOOJHOM
BUJI€(CaMOPOJIKH ), HO J0JISI TAKUX MECTOPOKICHUIN HEBEINKA.

CamMOpOJIOK  CpPaBHUTEJIIBHO KPYIIHOE MPUPOJHOE 000co0IeHuE
CaMOpOJHOTO MeTayuia (30JI0Ta, cepedpa, IUIaTUHBI U Ap.) B PYIAHBIX U
POCCHITTHBIX MECTOPOXKIECHUIX; 0OBIYHO PE3KO OTIUYACTCS MO0 pa3Mepam OT
npeobiafaroiie Macchl YacTUIl ATUX MeETaioB. Berpeuaercs penko.
Macca caMmopojaoK, Kak TpaBuio, npessimaeT 1 r. Hanbomee kpymHbIC
CaMOPOJKBI 30J10Ta HaieHbl B ABcTpanun — «llnura Xonrepmanay (285
KI BMECTE C KBaplem; macca uyuctoro 3ojiota 83,3 kr) um «KenaHHbIH
HesHakomer» (70,9 kr c kBapiem: macca 4ucToro 3osora 69,6 kxr). B
AnvaznoMm donge Poccum  xpaHATCS camMoposoK 30i0Ta  «bombinoi
TpeyroJdbHUK» (36,2 kT), «Bepomon» (9,29 kr) u ap. KpyrnHsie caMopoaKbl

IUTATUHBI OOHApYXXEHBI B JYyHUTAX (MarmMaThueckas TOpHas IOpoja,



yJIbTPAOCHOBHAS, YEPHOT0, TEMHO- WJIU CBETI0-3es1éHOTO 11BeTa) (0,427 KT)
U pocchiiaX (MECTOPOXKJICHHUS, CKOIUICHHS HAa 3CMHOM ITOBEPXHOCTH
MEJKUX OOJOMKOB TOPHBIX IOPOJ WM MHUHEPAJIOB, BO3HUKAIOIIMX
BCJICJICTBUE  Pa3pYIICHUSI  KOPEHHBIX  MECTOPOXKJACHUW  IMOJE3HBIX
MCKOTIAEMbIX WJIM TOPHBIX MOPOJ, KOTOPHIE COACPKAT BKIFOUEHUS IIEHHBIX
MUHEPAJIIOB B pa3Mepax, JIOMYCKAIOMMX SKOHOMHUYECKH BBITOJHOE WX
n3pieueHue) (9,639 kr) Hmwkuerarmibckoro maccua Ha CpeHem Ypadie.

3HaYuTEIbHAS YaCTh METAJIJIOB U UX COCAUEHUN HAXOAUTCS B 36MHOM
KOpe€ B BHJE MECTOPOXJCHHUH, T.C. XapaKTEPU3YETCs HEPaAaBHOMEPHBIM
pactpenenenueM. Ho HeKoTOpble MeTauibl HEO0IaAal0T CIOCOOHOCTBIO K
KOHIICHTPUPOBAHUIO B 36MHOM KOpE, T.€. pacClpeieNICHbl B KAKOW — TO MEpe
pPaBHOMEPHO; TaKHE€ METaJUIbl OTHOCSTCS K PACCESIHHBIM DJIEMEHTaM.
OOBIYHO paccestTHHbIE JIEMEHTHI BXOJST B BUAE M30MOp(PHOI mpumecH B
MUHEpaJIb 00JIee PacIpPOCTPAHEHHBIX 3JICMEHTOB, HanpuMmep pyouauii Rb
nzomopduo 3ameniaer kamuid K, kagmuit Cd — mmek Zn, rapauin Hf —
UPKOHUH ZT.

Cnoco0blI mosiy4eHue MeTajljioB

N cXoaHbIM ChIphEM JJIs TMOJYYEHUS METAJIJIOB SIBIISIFOTCS pa3nYHbIe
pyael. Pyma — »To mpupoaHoe MHUHEpabHOE 00pa3oBaHHE C TaKUM
COoJep)KaHUEM  METa/UIOB WM  TIOJIE3HBIX  MHHEPAJIOB, KOTOPOE
o0ecreunBaeT IKOHOMUYECKYIO 11€JI€CO00Pa3HOCTh UX U3BJICUCHHUS.

Bce pyasl UMEOT CIOXKHBIM M 4YaCTOHEOJHOPOJHBIM COCTaB.
Paznuyaror MOHO- W TNOJMMHHEPAIbHBIE  PYIbl,  COCTOSIIHE

COOTBCTCTBCHHO N3 OHOI'O UJIN HCCKOJBbKHUX MHUHCPAJIOB. HpC,Z[BapI/ITeJIBHO



pyaa oOpabaTbiBaeTcsi C 1IEJIbIO OTACICHUS IIyCTOM MOPOJABI s
YBEJIMUCHUS KOHIICHTpAllMM MeTauia. Tak Kak OOJIBIIMHCTBO METAJUIOB
HAXOJSITCS. B TMPUPOJIE B OKHUCICHHOM COCTOSIHMHM, TO HW3BJICUCHUE HUX
OCHOBAaHO Ha BOCCTAHOBIIGHUM TE€X WJIA HMX WHBIX COCAUHEHUI.
BoccranoBieHre MPOBOJIAT XUMHUYECKHUMH WU DJIEKTPOXUMHYECKHUMHU
croco0amu.

XUMHYECKOE BOCCTAHOBJICHUE 3aKIIOYAeTCs BO B3aWMOJCHCTBUU
COCIMHEHWNA METAIJIOB C  YIJIEPOJOM, BOJOPOJAOM, MeETajljlaMu-
BOCCTaHOBHUTENIMU U Jip. CyIIecTByeT MHOTO pa3sHOOOpPA3HBIX CIIOCOOOB
MOJTyYEeHHS] METAJIJIOB.

Metamnyprust (ot rped. metallurgéo — nmoObiBato  pyay,
oOpabaTeiBat0 MeTayibl, OoT métallon — pynHuk, metamn u €rgon —
paboTta) — OTpaciab MPOMBIIIJIEHHOCTH, 3a/ladya KOTOPOM 3aKIIo4YaeTcsi B
MOJIyYeHUH METaJUIOB W3 PYJ WJIA OTXOJOB MPOU3BOICTB. MeTamutypruro
MOJIPa3JICISAIOT HA YEPHYIO U IBETHYIO. YepHas METaTyprusi COCTaBISET
IPOM3BOJICTBO 4YyTryHa, ctaiu U (deppociiaBoB. L[BeTHas meramtyprus
BKJIFOYAET MPOU3BOJCTBO IBETHBIX W PEIKUX METAJJIOB M HMX CILJIaBOB.
Bo3HUKHOBEHUE METAJTYPrUU OTHOCSITCS K TI1yOOKOM IPEBHOCTH.

Bce wmHOrooOpaswe cmocoOOB TMOJAYyYEHUS METAIOB MOXHO
KJIaCCU(PUIMPOBATh  CICAYIOIMM  00pa3oM: MNUPOMETALTYPTUYECKUE,
THIPOMETAILTYPTHYECKUE U DJIEKTPOMETAILTYPTrUIECKHE TTPOIIECCHI.

IupoMeTasrypruuecKkue MeToaAbl

I[Tupomeraimtyprusa (oT rped. pyr — OroHb W MeTamnyprus

COBOKYITHOCTb METAJUIYPIrUYECKUX IPOLECCOB, IPOTEKAKIINUX IIPU



BBICOKHUX TemIieparypax. l[IlupoMeraiuryprus — OCHOBHAasg M CTapeuinas
obsracte Metamryprud. C IpeBHUX BpeMEH 10 KOHIA 19 B. MpOU3BOJCTBO
METaljoB 0a3upoBaJIOChH MOYTHU HWCKJIIOUYUTEIbHO Ha
IMUPOMETALTYPITHUECKUX MTPOLIECCaX.

ITupomMeTayprudecKuM CrocoOoM IOJy4aloT OCHOBHYHO 4YacTh
M€/, CBUHIIA, HUKEJISA, TUTAHA U IPYTUX BAXKHEHIINX METAJIIOB.

CpaBHUTEIBHO MaJlO aKTHBHBIC METaJUIBI(KENIEe30, IIMHK, CBHUHEII,
M€llb U JIp.) MOJYyYar0T U3 OKCHJIOB BOCCTAHOBIICHUEM YIIepoaoM. B atom
cilydae MEeTOoJ Ha3zbIBaeTcs kapoorepmueii. Ocoboe 3HaUeHHEe KapOoTepMus
UMEET JIJISI TIOJIyYEHHUsI CIIJIaBOB Ha OCHOBE JKeJie3a (UyryHa U CTajiei).

SnO, + C=Sn+2CO
/n0+CO=2n+CO,

B kadecTtBe BOCCTAHOBUTEJIEW B IMHUPOMETAIUIYPTHUU HCHOJIB3YIOTCA
HEKOTOpbIE METaJUIbl. BOCCTAHOBIIEHWE METAJJIOB W3 HX COEIAUHECHUH
0oJiee aKTUBHBIMM METaJUIAMHU Ha3bIBACTCS METaIOTepMue. B kadecTBe
METAJJIOB-BOCCTAHOBUTEIIEN NMPUMEHSIOTCS MArHUW, KaJIbIUM, aJTFOMUHUN
Y Jp., JaHHBIC PEAaKIUU MPOTEKAT MPU BBICOKUX Temmeparypax. Eciu B
Ka4eCTBE METalJIa-BOCCTAHOBUTENSI TMPUMEHSETCS TMOPOIIKOOOpa3HbIN
AJIIOMHHUMN, TOTraa Iporecc Ha3bIBacTCA ATFOMUHOTEPMHUEH.
Takumcroco0oM Moaydar0T MapraHell, XpoM:

3Mn304 + 8Al = 9Mn + 4A|203 + Q
Cr,0O; + 2Al = A|203 + 2Cr
Hekotopsie MeTalJIbl MOJIYyYarOT METAILIIOTEPMUYECKAM

BOCCTAHOBJIEHHEM XJIOPUJIOB MeETAJUIOB. Hampumep, TUTaH MOJIy4arOT



IJIaBHBIM o0Opa3zoM BOCCTaHOBJICHUEM ero TeTpaxjiopuaa
MarHueM(METaITIOTePMUS):
TiCly + 2Mg = Ti + 2MgCl,
Zrly=7r + 21,
Ni(CO), = Ni + 4CO
2Gel, = Gel, + Ge

JUist monydeHusT HEKOTPhIX METajuioB, HampuMmep BoJb(dpama,
MonuOJieHa, KoOalibTa, >Kejie3a M Jp., B KaueCTBE BOCCTAHOBUTEIIS
UCIIOJIb3YETCS BOJIOPO/I:

MoO; + 3H; = Mo + 3H,0
W03 + 3H2 =W+ 3H20
I'mapomerajryprudecKkuii MeTox

B  rugpoMmeTtaistyprud  BOCCTAHOBJIEHHE  METAJUIOB U3  PYA
OCYUIECTBIISAETCS 0e3 PUMEHEHHUS BBICOKHX TEeMIIepaTyp.
I'uppomeramnyprust (ot [uodpo... m Mertamnyprus) U3BJICUCHHE
METaJUIOB W3 Py, KOHIIEHTPATOB W OTXOAOB PA3JIMYHBIX IMPOU3BOJICTB
BOJHBIMU  PACTBOpPAMH XHUMHUYECKHX PEAareHTOB C  MOCJIEAYIOIIHUM
BBIJICJICHUEM METANIOB W3 PacTBOPOB. JlaHHBI METOJA 3aKioyaeTcs B
U3BJICUCHUHN METAJJIOB U3 PY/bl C UCIOJIB30BAHUEM XMMHUYECKUX PEaKIUH.
['MapomMeTamtypruaeckuii MeTo; MPUMEHSETCS 1711 U3BJICUCHUSI METaJIOB
U3 ChIpbS C HHU3KHM COJIEpKAHUEM MeTajllla M He MOAJAIOUIErocs

nepepaboTKe APYTUMHU METOAaMHU.



K JOCTOMHCTBOM  THAPOMETAINIYPrUM  OTHOCHUTCS  TakKKe
BO3MOXKHOCTb pa3JiejeHUs] OJIM3KUX MO CBOMCTBAM METAJIOB(LIMPKOHUS U
radHus, HUOOHUS M TaHTaJla, CMECEH PeJIKO3eMEeIbHBIX METAILJIOB).

IIprMeHeHUs THAPOMETAITYPTMYECKHUX METOJIOB BO MHOTHX CIIydasx
CYIIECTBEHHO CHHXKAeT 3arpsA3HCHHUS OKPYIKAIOIIEH Ccpeabl BpPEIHBIMU
oTxoaamu. Tak, Bce OoJiplliee 3HaUCHUE MPUOOpeTaeT npsiMas nepepadoTka
Cylb(GUIHBIX KOHIICHTPATOB MEIM, HHUKEJs, LMHKA, CBUHIIA W Jp. 0Oe3
o0kura (00Xur MpUBOAUT K BbIAeIeHUIO SO, KOTOpHIM MpH BHIOpOCE B
aTMoc(epy 3arps3HsIeT OKPYKaIOIIYIO Cpeary).

Cu,S + 20, = 2Cu0O + SO,
CuO + H,SO, = CuSO, + H,0O
CuSO,4 + Fe = Cu + FeSO,
2K[AU(CN),] + Zn = K,[Zn(CN),4] + 2Au

[Ipu rugpOoMETaLTYprudecKux METOodaX METasll, BXOJSAIIUN B COCTaB
pyAbl, IEPEBOJSAT B BOJHBIM PACTBOP MOIXOJSIIUM PEareHTOM, a 3aTeM C
MIOMOIIBI0 TOW WJIM MHOM XMMHUYECKOM PEAKIMUA WU3BJICKAOT METAJJl U3
ATOTO pacTBopa.

IM'mapoMeTamypruueckuii  METOJ] TMPUMEHSIOT ISl TOJy4eHUs
cepebpa, 30710Ta, MJIATHHOBBIX METAJUIOB, PAAHOAKTUBHBIX METAUIOB(YpaH,
TOpHUI), MHOTHUX PEIKMX META/UIOB M HEKOTOPBIX I[BETHBIX METaJLIOB(
MeJlb, HUKEJIb, KOOAIbT, 0JIOBO H JIp.).

DJIEKTPOMETALTYPrudecKue MeTo/Ibl — 3TO MOJYYECHUE METAIIOB C
MOMOIIE0 AJEKTPOJM3a W3 PACTBOPOB WM W3 PACIIaBOB COCIMHEHUM

MCTAJIJIOB.



OO01ue cBoiicTBa
Tlonooicenue memainnos 8 nepuoouyeckol mabauye

Eciu B mnepuoamveckod Ttabnuue osnementoB J.M.Mengeneena
MPOBECTH JAUAroHa b OT OEPUILIMS K acTaTy, TO CJI€Ba BHU3Y MO JAUaroHaJIu
OyIyT HaXOJIUTHCS DJIEMEHTBI-METAIIBI (K HUM € OTHOCSITCSI DJIEMEHTHI
noOOYHBIX TOATPYMM), a ChpaBa BBEPXY — DJIEMEHThI-HEMETAJLIbI.
DJIeMeHThI, pacnoiokeHHble BOIM3u auaroHanu ( Be , Al , Ti, Ge , Nb ,
Sb u 1p.), 00;1a1a0T TBOMCTBEHHBIM XapaKTEPOM.

K amemenTam - metamiaM oTHOCSTCSA S - anemeHTsl | u I rpymm, Bce d
- u f - 2JIeMEHTHI, a TakXKe p - AJEMEHTHI TriaBHbIX noArpymi: III (kpome
oopa), IV (Ge, Sn,Pb), V(Sb, Bi)wu VI ( Po). Hanbonee tunuunsie
AJIEMEHTBl — METaJUIbl PACHOJIOKEHbl B Hayaje IMEpHUOJIOB (HAYMHAA CO
BTOPOTO).

Obwue ceoticmea mMemaios

Buabl KpuCTamIn4ecKux pemeTok:

aToOMHasl

HMOHHAasI

MeTaJTnYecKas
Kpucramnndeckue pemeTk METaINIMYECKOTO TUIA COAEpKaT B y3J1ax
MOJIOKUTENIBHO 3aPsKCHHBIE MOHBI U HEWTpaJbHbIE aTOMBI; MEXKY HUMHU
MEePEBUTAIOTCSI OTHOCUTEIBLHO CBOOOIHBIE 3JIEKTPOHBI.
Obuwue guzuyeckue ceolicmea

OOBACHAIOTCS  OCOOBIM  CTPOCHHEM  KPUCTAJUIMYECKOW  pEIIeTKH -
HaJM4ueM CBOOOJHBIX 3JIEKTPOHOB ('3JIeKTpOHHOTO raza').
1) IlmacTMYHOCTH - CIIOCOOHOCTH U3MEHATh ¢GopMy TMpU yAape,
BBITATUBATHCS B MPOBOJIOKY, IIPOKATHIBATHCA B TOHKHUE JUCTHL. B psagy —
Au, Ag, Cu, Sn, Pb, Zn, Fe = ymeHnsIaercs.
2) bneck, oObIYHO cepbli IIBET W HEMPO3pPAYHOCTb. DTO CBS3aHO CO
B3aUMOJCHCTBUEM CBOOOAHBIX DJIEKTPOHOB C MAJalOMIMMU HAa MeETalll
KBAaHTAMU CBETAa.
3) DOnaextponpoBoAHOCTb. OOBSCHSETCS HaNMpPaBICHHBIM JIBUXEHUEM
CBOOOJIHBIX AJIEKTPOHOB OT OTPUIATEIBHOTO MOJI0CA K MOJ0KUTEIHbHOMY



TI0JT BIMSTHUEM HEOOJIBIION pa3HOCTH MoTeHImaioB. B psay - Ag, Cu, Al,
Fe = ymenpmaercs. [Ipu HarpeBaHun 31€KTPONPOBOIHOCTh YMEHBIIAETCH,
T.K. C TOBBIIIEHUEM TEMIIEpaTypbl YCUJIMBAIOTCA KOJIEOAHUS aTOMOB U
VMOHOB B y3JI1aX KPUCTAJUIMYECKOU PEIIETKH, YTO 3aTPYAHSAET HAIIPABIECHHOE
JIBUKEHHE "DJIIEKTPOHHOTO ras3a’.
4) TermnonpoBOJHOCTb. 3aKOHOMEPHOCTh Ta e. OO0ycloBiI€Ha BBICOKOM
MOJIB>KHOCTBIO CBOOOJHBIX 3JIEKTPOHOB MU KOJEOATENbHBIM JABUKEHUEM
aTOMOB, Ojaromaps 4YeMy MPOUCXOIUT OBICTPOE BBIPABHHBAHHE
TEeMIIepaTypbl 1Mo Macce meTtamia. Haubomnpmias TEmIONpOBOJHOCTH - Y
BUCMYTAa U PTYTH.
5) Tepmoctb. CaMblii TBEPIbINA — XpOM (PEKET CTEKIIO); CAMBIE MSTKUE —
IIEJIOYHbIC METAUIbl — Kajluid, HAaTpuil, pyouauil WU 1E3ud — PEexKyTCs
HOXOM.
6) IInotHOCTh. OHA TEM MEHBIIIE, YEM MEHBIIIE aTOMHAsI Macca METaJlIa U
yeM OoJibllie paJnyc ero aroMa (camblii jerkuit - nutuit ( p =0,53 r/cm ):
caMbIil TsDKeNbId — ocmuit (P =22,6 r/cm 3 ). Mertamibl, umeronme p < 5
r/cM® cumTaroTCs "IerkuMu Metamamu".
7) Temmneparypsl IaBiaeHus U KUeHus. CaMbli JIETKOTUTABKAM METaLT —
pTyTh (T.101. = -39°C ), caMblii TyroriaBKuii MeTamut — BoJibgpaM (t © 1. =
3390°C).
Meramer ¢ t°mn. Beime 1000°C  cumTaroTCs TYrOIUIABKUMH, HUXKE —
HU3KOIJIABKUMU.

3aauM ¥ BONPOCHI 1JIsl CAMOKOHTPOJIA

1. ['ne mpoxoauT rpaHuia Mexay MeTailaMi U HemeTtaiuiaMu B [lepuoanueckoi
cuctemMe? Kak u moyemy U3MEHSIOTCA METAUNIMYECKHE CBOMCTBA XHMHYECKHUX
AJIEMEHTOB B MEpUOAaX U B rpynmnax?

2. B 4yem coctouT riaBHoe U HauboJee 001ee XUMUIECKOEe CBOMCTBO METAIIOB?
OObsiICHEHUE WILTIOCTPUPYHUTE YPABHEHUSIMU PEAKLIUM.

3. [Touemy aTroMbl METAJIOB (CPaBHUTEIBHO C HEMETaUIaMH) JIETKO OTHAIOT
BaJICHTHBIE 3JIEKTPOHBI, MIEPEXOJAT B MOJIOKHUTEIBHO 3apsKEHHBIE NOHBI U SIBISIOTCA
BoccTaHoBuTesIMU? [IpuBenure npumepsl peakuuid METAUIOB C HEMETaJUIaMH,

BOJIOM, IIEJI0UYaMH, KMCJIOTAMH U COJISIMU.



4. [Ipu peakuuu ¢ BOJOM OJHOBAJEHTHOrO MeTajuia Maccod 15,6 T BBIAEIHIOCH
4,48 nraza (H. y.). Onpenenure, Kakoil 3TO METaJI.

S. [Io kxakoMy MpHU3HAKy COCTAaBIIEH DJJIEKTPOXUMUYECKUN psii HANpsHKECHUH
MmetauioB? [IpuBenuTe 3TOT psiA U ONUIIUTE €r0 CBOMCTBA.

6. Hanuimumre npomykTbl BO3MOMKHBIX pPEakIUi, OOBSICHUTE BO3MOXKHOCTh HX
npotekanus: a) Zn + HCl1 =6) Ag + HCl = B) Zn + FeSO4 = B) Cu + FeSO, =

1. [IpuBeaute mnpuMepsbl TMOMYYEHHUS METANIOB MUPOMETAILTYPIUYECKUM U
TUAPOMETALTYPTUYECKUM METO/IaMH, HAIUIIUTE YPaBHEHUS COOTBETCTBYIOIIUX
peaKunil.

8. IIpu peiicTBuM Ha cMech Meau M Kene3a maccol 20 T U3OBITKOM COJSIHOM
KHUCIIOTBI BBIJICAWIOCH 5,6 11 ra3za (H.y.). Onpeaenutb MaccoBble JOJU METAJIOB B
CMECH.

Q. [Ipu neicTBUM cMecHu MOPOIIKOB JKelie3a W IMHKAa Maccoil 9,3 T Ha U30BITOK
pactBopa xjopuna meau (II) oGpazoBamock 9,6 T Memu. Omnpenenure cocTaB
HCXOHOU CMECH.

10. Kakoii 06sem 15%- ro pacTBopa cepHoii kuciotsl (p = 1,10) motpelyeTcs ans

peakuu ¢ 24,3 T Mmaraus?

14-Tema. JIEKTPOXMMHUYECKUN PAX AKTUBHOCTH METAJLIIOB.
BorunciieHne 3JIeKTPOAHOI0 MOTEHIMAJIA METAJLJIOB HA
OCHOBaHUM ypaBHeHUus HepHcTa. DiIeKTPOAHBIH MOTEHIMAJL.
CranaapTHbIN 2JIeKTPOAHBIH MOTeHIHAJ. ['ajbBaHNYecKHe
3JIEeMEHThI
DJIEKTPOXMMHUYECKHE NMPOLECCHI
DIIEKTPOXUMUYECKUE  MPOILECCHI, Kak | OKHCIIUTEIBHO-

BoccTaHOBUTENbHBIE peakiuu (OBP), cBsizaHbl ¢ MU3MEHEHUEM CTEICHU

OKHCJICHUS BEIIECTB, YYaCTBYIONUX B peakuuu. OcHoBHoe oTianuue OBP



OT BJIEKTPOXUMHUYECKUX MPOIIECCOB 3aKIIOYACTCS B TOM, YTO IMPOLIECCHI
BOCCTAHOBJICHUSI M OKHUCJIEHUSI MPOCTPAHCTBEHHO pPa3ei€Hbl U TMEPEHOC
AJICKTPOHOB MOKET ObITh 3aUKCUPOBAH KaK HEKOTOpbIH TOK (B
raJbBaHUYECKOM  DJIEMEHTE, TMpH  KOPpPO3WH)  WJIHM,  Hao0OpoT,
ANEKTPOXUMHUUECKUM MPOILIECC MOXKET MPOUCXOJUTh 3a CUET BHEIIHETrO
HMCTOYHHMKA TOKA (RJIEKTPOJIN3).

B mobom ciiydae Uit IPOTEKAaHUS AJIEKTPOXUMHUUYECKOW peakiuu
HE00X0IMMa AICKTPOXUMHUYECKAS 1ETb, CYIIECTBEHHBIMU KOMIIOHEH- TaMU
KOTOPOH SIBJISIFOTCS JIEKTPOJIbI U DJIEKTPOJIUT (BOAHBIN MM HEBOJIHBIN).

[Ton snexkTpogaMu OOBIYHO TMOHMMAKOT WA COOCTBEHHO HEKHUU
MPOBOJHUK WJIM CUCTEMY, COCTOSIIYIO M3 MPOBOJHUKA, MOTPY>KEHHOTO B
pacTtBop a2uiekTposuTa. [Ipu KOHTAKTEe METATIUYECKOTO TMPOBOJHHUKA C
PacTBOPOM DJICKTPOJIUTA HA €r0 MOBEPXHOCTU BO3HUKAET HEKHU 3apsi, 3a
CYET TEepPeHOca DJIEKTPOHOB, UYTO MPUBOAUT K BO3ZHUKHOBEHHIO PAa3HOCTU
ANEKTPOCTATUYECKUX MOTEHIIMATIOB MEXIY DJEKTPOJIOM U HAXOISIIUMCS C
HUM B KOHTAKT€ AJIEKTPOJUTOM. DTa Pa3HOCTh HA3bIBACTCS DJICKTPOIHBIM
MOTEHIINAJIOM.

AOCOIOTHYIO BEJIUYUHY JJIEKTPOJHOTO IOTEHIMAAa OTAEIBHOTO
ANEKTPOJAa U3MEPUTh HEBO3MOXKHO, MOITOMY H3MEPSIOT BCEr/a Pa3HOCTh
MOTEHIINAJIOB UCCIIETYEMOT0 JJICKTPOJa W HEKOTOPOrO CTaHIApTHOTO
ANEKTPOJa CpaBHEHHUs, T.€. COCTABISIOT DJCKTPOXMMHUYECKYIO Iienb. B
Ka4yeCcTBE AIIEKTPOJIOB CpaBHEHUS TSt BOJTHBIX cpen
HCIIOJIB3YIOT XJI0PCEPEOPSIHBIN U 00paTUMBI  BOJOPOAHBIN  AJIEKTPOT

cpaBHeHus. Ilocmemuuii  mpencTaBiaseT Cco0OW  TUIATHHUPOBAHHYIO



(2JIEKTPOXUMHUYECKUM CIIOCOOOM OCaXJAECHHYIO HA IUIATUHOBYIO TJIACTUHY)

IJIaTUHY, MOTPYKEHHYI0O B PAacTBOP KHUCIOTHI (CEpHOM, COJSHOW) C

aKTHBHOCTBIO HMOHOB BOJOPOJa pPaBHOW 1, uepe3 KOTOpBIM IPOTYBAIOT

Bostopox mipu nasiennu 101kIla. B cucreme ycranaBnuBaeTcst paBHOBECUE
Ha(r) <> Hy(Pt) <> 2H(Pt) <> 2H" +2¢(Pt)

[ToTeHIIMan H3TOro paBHOBECHUS B YKA3aHHBIX YCIOBUSIX MPUHST
PaBHBIM HYJIIO TIPH JTIOOBIX TEMIEpaTypax.

TabnuuHble 3HAYCHUS CTAHAAPTHBIX DJIEKTPOJHBIX MMOTEHIIMATIOB
(E,) mpuBeIcHBI OTHOCUTEIBHO OOPATHMOT0 BOJOPOIHOTO JICKTPOIA. DTH
3HAYCHUsS HOPMUPOBAHBI HA OJMH DJEKTPOH U HUX OTHOCAT K MPOLECCY
BOCCTaHOBJICHUS:

Ox + ne =Red

B mpaktudeckux paboTax B KauecTBE 3JIEKTPOJa CpPaBHEHUS dYallle,
4eM  BOJOPOJIHBIH, UCTIOJIB3YIOT  XJIOPCEPEOpAHBIA  BIJIEKTPO/I.
XnopcepeOpsiHbIN ANEKTPO/ MPECTABIIET CO00M cepeOpsSIHYIO TPOBOJIOKY,
ANEKTPOIUTHUECKH TOKphITyI0 AgCl, MOMEIIEHHYI0 B HAaCHIIICHHBIM
pactBop KCI.

CrangapTHble SJEKTPOJHBIC IOTEHIIMAIbl METAJUIOB W BOAOPO/A,
pacrojio)KeHHbIE B TOPSAJIKE WX  BO3pACTaHUsA, COCTABIAIOT P
CTaHJIaPTHBIX AMEKTPOTHBIX MOTEHIINAJIOB METaJIJIOB, WJIH
DIEKTPOXUMUUYECKUN PsJi HANPsOKEHUHM METAIUIOB. Psa  3IeKTpoaHbIX

IIOTCHOHAJIOB AACT ITOJIC3HBIC 3HAHUA .



l.Mertannpl, UMEKOMNXE 3HAYEHUS DBJIEKTPOJHOTO  IOTEHIHAJIA
MEHBIIIE, YEM Y BOJIOPOA, MOTYT PACTBOPATHCS C BBIJICIICHUEM BOJAOPO/IA B
KHUCJIOTaX, aHUOHBI KOTOPHIX HE ABJISIOTCS OKUCITUTEIISIMH.

2.Meramnpl, uMmeromue OoJiblliee, YEM Yy BOJIOPOJA, 3HAYCHUE
CTaHJIAPTHOTO AJIEKTPOHOIO MOTEHIIMAIa MOTYT BCTPEUAThCsl B IPUPOJIE B
CaMOpPOJITHOM BHJIE.

3.Meramiabpl, UMEKIIME  MEHbIIEE  3HAYEHUE  DIEKTPOJHOTO
MOTEHIIMAIa MOTYT  BBITECHSATH METAUIBI C  OOJIBIIUM  3HAYCHUEM
AJIEKTPOIHOTO MOTEHIIMANIA U3 PACTBOPOB UX COJEH.

4 MeTaniapl, UMEIOIIME DJICKTPOJAHBINM TMOTEHIIMAT MEHbIIE, 4YeM
MOTEHIIMAJ PEAKIIUU

2H,0 +2e =H, + 20H E,= -0,83B
B CTaHJIAPTHBIX YCIOBUSX MOTYT PACTBOPATHCS B BOJIE C BBIJCICHUEM
BOJIOPOIA.

[Ton ranbBaHMYECKUM  3JIEMEHTOM MOHUMAIOT EIWHUYHBIC SUYCUKHU
XUMUYECKUX HMCTOYHUKOB TOKA, MpPEAHA3HAYEHHBIX [JI1 OJHOKPATHOIO
AIEKTPUUECKOTo paspsiia. ['anbBaHMUECKUN 3JEMEHT MPEICTABIsAET CO0Oit
JBa DJIEKTPOJa Pa3IUYHON TPUPOABI U DIAEKTPOJUT. MakcumaabHas
Pa3HOCTh TMOTEHITUAJIOB 3THX JJIEKTPOJOB B OTCYTCTBHE JIJIEKTPHUYECKOTO
TOKa Ha3bIBACTCA JICKTPOJABUAKYIIEH CHION (3.11.C.) TaJbBaHUYECKOTO
aJieMeHTa. J.J.C. MOXET OBbITh paccudTaHa KaK Pa3HOCTh PABHOBECHBIX
MOTEHI[MAJIOB 3TUX JIEKTPOJIOB.

JIJisi TanbBaHUYECKOTO 3JIEMEHTa, COCTaBJIECHHOI'O M3 KEJIE3HOT0 U

MEJIHOT'O JICKTPOIOB 3.71.C. OyJeT paBHa:



Fe *" + 2e =Fe o= -0,44
Cu’®"+2e=Cu  E,=+0,34
s.a.c. =+ 0,34 - (-0,44) =0,778,

JJIeKTPpUYECKHEe MOTEeHIHAJbl Ha (a3oBbix rpanunax. I[lpu
COIPMKOCHOBEHHUM IPOBOJHHKA TEPBOro pojia (MEKTpoAa) ¢ MOISIPHBIM
pacTBopuTeineM (BoAoi) MO0 pacTBOPOM DJJICKTPOJIMTA Ha T'paHMIE
DJICKTPOJ - JKUJIKOCTh BO3HUKAET T.H. IBOWHOW  JJIECKTPUYECKUU
cioit (JIDC). B kadecTBe mpumepa pacCMOTPUM MEIHBIM DJIEKTPO,

HOrPY>KEHHBIN B BOY OO B pacTBOp cyiabdara menu (puc. 14.1).

A -®® B +®®

¥ i P M + P

o - 5 a e + = 3
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Puc. 14.1 Cxema ABOHHOIO JEKTPUUECKOTO CJI0SI HA TPAHMIIE DJICKTPO/I -

pacTBoOp

[Ipy morpyXeHun MEIHOTrO 3JIEKTPOoJa B BOAY 4YacTb MOHOB MEIH,
HAXOJAIMXCSA B y3JlaX KPUCTAUIMYECKOW PEIIECTKH, B PE3YJbTATE
B3aUMOJCHUCTBUS C JUMNOJSAMH BOJbI OyJeT MEepeXoauTh B PacTBOP.
Bo3Hukaromuii mpu 3TOM Ha JJEKTPOJE OTpHULATEIbHBIN 3apsia OyneT
YIECPKUBATh MEPEIICAIIME B PACTBOP HOHBI B  IPUIIECKTPOIHOM

MPOCTPAHCTBE - 00pa3yeTcsi JBOMHOM JIEKTPUUECKUMN CITOMH.



OTpuuarenbHbIl  3apsiji Ha DdJEKTpoAe OyAeT NpensaTcTBOBaTh
JanbHEHIIEMy MEPEXOoqy HMOHOB MEIW B pacTBOp, M 4YEpe3 HEKOTOPOe
BpeMsl YCTAHOBUTCA JMHAMHYECKOE PABHOBECHE, KOTOPOE MOXKHO
OJIHO3HAYHO OXAPAKTEPU30BATh MOTEHUMAIOM 3jeKTpruueckoro noisa I2C
@, 3aBHUCAIIECTO OT 3apsja Ha 3JIEKTPOJIE, WM HEKOTOPOHW PABHOBECHOM
KOHIIEHTpaluel MoHOB B MpudjekTpoaHoMm cioe C,. Ilpu morpyxenuun
MeaHoro »sJjektpoaa B pactBop CuSO,, conepkamuii MOHBI MEIU B
KoHIeHTpauu C BO3MOXKHBI TP CIydasi:

1. C < C,. [TockonbKy KOHIEHTpaMs HOHOB MEAU B MOBEPXHOCTHOM CJIO€
MEHbIIIE PABHOBECHOM, HAUHETCS MEPEX0/] MOHOB U3 3JIEKTPOJa B PacTBOD;
ANEKTPOJ 3apsHKAETCA OTPULIATENBHO, B MOBEPXHOCTHOM CJIOE€ pacTBOpa
KaTHOHOB OyJeT Oosbliie, 4eM aHHOHOB (puc. 14.1A).

2. C > C,. [TockoibKy KOHIIEHTpALIMSI HOHOB MEU B MTOBEPXHOCTHOM CJIO€
OOJbIIIE pABHOBECHOM, HAYHETCS MEPEXO0/ MOHOB U3 PACTBOPA B AIIEKTPO/I;
Ha 3JIEKTPOJEC BO3ZHUKAET MOJIOKUTEIBHBIN 3apsl U B IOBEPXHOCTHOM CJIO€
npeo01aatoT aHUOHBI SO~ (puc. 14.1B).
3. C = C,. IlockoybKy KOHIEHTpAIAsi HOHOB MEJIM B MOBEPXHOCTHOM CJIOE€
paBHa PaBHOBECHOH (TakWe pPAcTBOPHI HA3BIBAIOT HYJECBBIMH), 3apsia Ha
AJIEKTPOJI€ HE BO3HUKAET, JIBOMHOM SJIEKTPUUECKUI €0 HE 0Opa3yeTcs.
lanbBannveckunii 3jement. JJC rajJbBaHNYeCKOro 3J1€eMEHTA.
['anpBaHUYECKUN DJIEMEHT - CUCTEMA, B KOTOPOM XMMHYECKas DHEPTHUs
OKHCIIUTEIIBHO - BOCCTAHOBHUTEJIBHOIO TMIPOILECCa MpPEBpallacTCs B

AJIEKTPUYECKYIO, Ha3BaHHbIM B 4ecTh Jlymmxu ['anbBanu. Ilpum stOoM



IPOIIECCHl OKHCJICHUST M BOCCTAHOBIICHHWSI B CHUCTEME NPOCTPAHCTBEHHO
pAa3/ICIICHBL.

PaccMoTpum 1mpocTeMny rajlbBAHMYECKUM 31eMeHT Jlanuansa -
SAko0u, CcoOCTOSIIMI W3 JBYX IOJYdJEMEHTOB - IIMHKOBOM M MEIHOM
IJACTUH, IIOMEIICHHBIX B PacTBOPHl Cynab(})aToB IHMHKA U MEIH
COOTBETCTBEHHO, KOTOPBIE COCIUHEHBI

MCIKIY coOoit IMoCpCACTBOM

ANEKTPOIUTAYECKOTO KJIF0Ya
HarpuMmep, MOJIOCKHU OyMaru, CMOYEHHOU
pPacTBOPOM Kakoro- JM0O 3JIEKTPOJIUTA.
Cxemarnyecku JTAHHBIN BJIEMEHT

I/I306pa)KaCTC$I CJIcayromunum 06pa30M:

Zn|Zn*" || Cu*" | Cu

Ha moBepxHOCTH KaXJaoro u3
AJIEKTPOJIOB UMEET MECTO IMHAMUYECKOE Jlynku I'anbBanu
paBHOBECHE NEpexo/ia HOHOB MeTalia U3
AJIEKTPOJia B PacTBOp M OOpaTHO, XapakTepuzyemoe mnoreHimamom J[OC
(3apsmoM Ha oanekTpone (). Ecam coenuHUTh MEIHBIM M IITMHKOBBIN
AJIEKTPOJIBI METAJNIMYECKUM TIPOBOJHHUKOM, HEMEIJICHHO IIPOHU30MIeT
nepepacrpeiefieHue 3apsjioB - OJEKTPOHBI HAYHYT TMEPEMEIIaThCs C
NeKTpofa ¢ Oojiee OTpPHUIATEIBHBIM 3apsaoM (B HalleM ciydae -
IIMHKOBOT'0) Ha JJIEKTPOA ¢ Oojiee MOJIOKUTEIbHBIM 3apsaaoM (MEIHBIN),
T.€. B MPOBOJIHUKE BO3HUKHET DJIEKTPUUECKUN TOK. M3MeHeHnEe BETUYNHBI

3apsA/ia KaKJOro U3 3JEKTPOJOB HapyIllaeT PaBHOBECHE - HA IIMHKOBOM



AJIEKTPOJIE HAYHETCSl MPOIIECC MEPEXojia MOHOB U3 AJIEKTPOJia B PACTBOP
(oKHMCIEeHHEe MeTaljla), Ha MEJHOM - M3 pacTBopa B DJIEKTPOL
(BOCCTaHOBJICHHE METallia); MpU 3TOM IPOTEKAHUE MpoIlecca Ha OJHOM
AJIEKTPOJIE 00yCIOBIMBAET OJIHOBPEMEHHOE MIPOTEKAHUE
IIPOTHBOIIOJIOKHOTO MpoIiecca Ha apyrom (puc.14.2):
Zn® — Zn* + 2e-
Cu®* +2¢ — Cu°
DNeKTpoj, Ha KOTOPOM MpH padoTe TaIbBAHMYECKOTO DJIEMEHTa
MPOTEKAET TMPOLIECC OKHUCICHUs, HA3bIBACTCA aHOOOM, DIEKTPOH, Ha

KOTOPOM HMACT IMPOUCCC BOCCTAHOBJICHHS - KamoooM.

AHOJ Karon
- +}
MeMopaHa
Zn — Cu

S0y <

@) || @)

ZIISO4 CUSO4

ConeBon
AIEKTPOJ MOCTHUK AJIIEKTPOJ

(-)ZnJ ZnSO4J|| CuSO, | Cu(+)

pPAaCTBOPHI COJIEU
Puc. 14.2. 'anpBarnveckuii 3neMeHT Janmais - Axkobu



[Ipu cxemaTuyeckoM H300paKEHUU TaAIbBAHUUYECKUX DSJIEMEHTOB
CJi€Ba 3alMCHIBAIOT AHOJ, CIpaBa - KartoJ (CTaHIApTHBIA BOJOPOIHBIM
AJIEKTPOJI BCErjJa 3amuchbiBaloT cieBa). CyMMapHBI OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIM ~ MpOIECC, MPOUCXOASIUMNA B  TaJlbBaHUYECKOM
AIIEMEHTE, BBIPAKAETCS CIECAYIOIINM YPAaBHECHUEM:

Cu®" +2Zn° — Cu®+2Zn**

Takum oOpa3om, rajJbBaHUYECKUN AJIEMEHT MOXKHO OMPEACIIUTh Kak
npubop i MpeoOpa3oBaHUs XUMHUYECKOM DHEPTUU OKUCIUTEIHHO-
BOCCTAHOBUTEJIbHOW  peakuMu B DJEKTPUYECKYI0 332  CUeT
IPOCTPAHCTBEHHOTO pazzeneHus IPOLIECCOB OKUCJICHUS u
BOCCTaHOBJIEHUs. PaboTa, KOTOPYIO MOKET COBEPIIUTH AJICKTPUUECCKUI
TOK, BBIpa0AThIBAEMBIN TajJbBaHUUYECKUM JJIEMEHTOM, OIpeAeseTCs
Pa3HOCTBIO  JJIEKTPUYECKMX  MOTEHIHMAJIOB  MEXKAY  DJIEKTpOJaMu
(Ha3pIBaeMOM  OOBIYHO TIPOCTO PA3HOCTHIO TMOTECHIMAIOB) A@ W
KOJIMYECTBOM TIPOIICAIIETO MO HEMH JIEKTPUUIECTBA (:

da = A¢-dq (14.1)

Pabota TOKa rajdbBaHMUYECKOTO »3JeMeHTa (U, CJIeA0BaTeNbHO,
pPa3HOCTh MOTEHIIMAIOB), OyJeT MaKkCUMallbHa TIPU €ro oOpaTuMoi padoTe,
KOIla IPOIIECChl HA DJIEKTPOJaX MPOTEKAIOT OECKOHEYHO MEJJICHHO U CUjia
TOKa B LIeNM OECKOHEYHO Maya. MakcumalibHasi pa3HOCTh MOTEHIMAJIOB,
BO3HUKAIOMIAs NpU 00paTUMOIl paboTe TaibBAaHUYECKOTO 3JIEMEHTA, €CTh
anexkTpoaBwkyias cuia (3/1C) raapbBaHMYECKOTO JIEMEHTA.

ITousiTHe 0 MOTEeHUHAJIE JJIeKTpoaa. YpaBHeHue HepHcra



DJIeKTPOAHBIM  moTeHUMaJd. YpaBHenue Hepucra. DOJIC
rajJbBaHUYECKOro 3JieMeHTa E ymo0HO mpeacTaBisTh B BHAE PA3HOCTH
HEKOTOPBIX BEJIMYMH, XapaKTEPU3YIOIIUX KaxXIblii U3 DJIEKTPOJIOB -
ANIEKTPOJHBIX MOTEHIIMATIOB;, OJHAKO JjIi TOYHOIO OINPEJENCHUS 3THUX
BEJIMYUH HEOO0XO0JMMa TOYKA OTCUETA - TOYHO M3BECTHBIN 3JIEKTPOIHBIM

MOTEHIMAT KaKOro - JHOO 2JIEKTPOJA. DJIEKTPOJAHBIM IOTEHIIMATIOM
anekTpoaa € Ha3biBaeTcss JJIC aiemeHTa, COCTaBJICHHOIO M3 JAHHOTO

ANEKTPOJa W CTAaHAAPTHOTO BOJOPOJHOTO JJEKTpoja (CM. HIMXKeE),
AIEKTPOJAHBIN MOTCHIIUAT KOTOPOTrO0 MPUHST PaBHBIM HYJIIO. [Ipru 3TOM 3HaK
AJEKTPOJHOTO MOTEHIHMAda CYUTAKOT TMOJIOKUTEIbHBIM, €CIM B TaKOM
rajJlbBaHUYECKOM 3JIEMEHTE UCHBITYEMBIA 3JICKTPOJ SBJISETCS KAaTOJOM, U
OTPULATEJILHBIM, €CIIA MCIHBITYEMBIA 3JIEKTPOJ  SIBIIIETCS  AHOJIOM.
HeobOxoaumMo  OTMETHUTh, UYTO HWHOTAA  JJIEKTPOJIHBIA  IMOTEHIIUA
ONpPENEAIOT KakK '"pa3sHOCTh IOTCHIUAIOB HA TPAHUIIE DBIEKTPOa -
pacTtBOp", T.€. CUUTAKOT €ro TOXJAECCTBEHHbIM mNoTeHnuainy JIC, dyro He
BITOJIHE MPABUJIBLHO (XOTS ATH BEJIMUYMHBI B3aUMOCBSI3aHbI).

DnexTpoiHbI noTeHman M «— M "+ ne

IeKmpooHvlil NOMEHYUA1 - PA3HOCTh MOTEHIIMATIOB, BOZHUKAOIIAs
MEXIY METAJJIOM U paCTBOPOM €0 COJIH.

Cmanoapmmuutit  31ekmpoonviit. nomenuyuan E, - pasHOCTH
MOTEHIIMAJIOB MEXJIy CHCTEeMOM MeTallI/pacTBOp COJM MeTauila M
CTaHJAPTHBIM BOJIOPOJIHBIM 3JIEKTPOJIOM, H3MEPEHHAasi B CTaHIAPTHBIX

yeaosusx (p - Lamm., T - 25°C, koHneHTpauu Beex noHoB 1 M).



BenuunHa 3JIEKTPOJHOrO MOTEHIMAAa METAJUIMYECKOI0 JJIEKTpOoAa
3aBUCUT OT TEMIEPATypbl U AKTUBHOCTHU (KOHLICHTpAIlMK) HOHA METaJllIa B
pPacTBOPE, B KOTOPBIN OIYIIEH JIEKTPO; MATEMAaTUYECKH 3Ta 3aBUCUMOCTD
BbIpaxkaetcs ypaBHenueM Hepucera (3necy F - moctosinnas ®apanest, z -

3apsi]] MOHA):

E= EOM*’% Inay" = E° +%I' In[m*] (14.2)
B ypaBuenuun Hepucta E° - cTangapTHBIN SJ€KTPOAHBIN MOTEHIIHA,
PaBHBIM MOTEHIMAITY 3JIEKTPOJIa IPU AKTUBHOCTH MOHA METaJlia, paBHOU 1
MOJIb/T. CTaHAgapTHBIE JIEKTPOJHBIE MOTEHIMAIBI 3JEKTPOJIOB B BOJHBIX

pacTBOpax COCTaBJISIIOT psAjx  HamnpsbkeHuid. Benuuwmna E° ecte Mepa

CIIOCOOHOCTH OKHUCJICHHOM dbopmbl
JIEeMEHTa WM HWOHA  TIPUHUMATH
JJIEKTPOHBI,  T.€.  BOCCTaHABIMBATHCA.
Wuorna paznu4reM MEXTY

KOHIICHTpAllMe W aKTUBHOCTHIO HOHA B
pacTBOpe IpeHEOperarT, U B YpPaBHCHHH
Hepucrta  mox  3HakoM  jorapudpma

burypupyer KOHIEHTpalus HOHOB B

pacTtBope. Beanunna DJICKTPOJHOTO
J>xoH JlaHuA71b NOTCHIMAJIAa  OIIPCACIIICT  HaIpaBJICHUC
Ipoliecca, MPOTEKAIOMIETO Ha JJICKTPOJC

npu paboTe TaTbBAaHMYECKOTO 3JIeMeHTa. Ha monysneMenTe, 3JeKTPOTHBIHI

MOTEHIIMAI KOTOpPOro wuMeeT Oojbiiiee (MHOTJAA TOBOPAT - Oosee



MOJIOKUTENIBHOE) 3HAYEHUE, OYyJIeT MPOTEKATh MPOIECC BOCCTAHOBJICHUS,
T.€. JaHHBIN 3JIEKTPOJ OyACT SABIATHCS KATOJIOM.

Paccmorpum pacuér DJIC snemenTta anudis - SIkoOu ¢ mOMOIIbIO
ypaBHeHust Hepucera. 3/1C Bceraa siBISIeTCSl MOJI0KUTEIbHON BETUUMHON 1

paBHa pa3HOCTH JJICKTPOAHBIX ITIOTCHIHUAJIIOB KAaTOJA4 U aHO/da:

E=Ecu- Ez (14-3)
RT .
Ecy =E°u+ 5 IN[Cu™] (14.4)
RT .
Ezn= E%+ 55 In[Zn*'] (14.5)
RT . RT .
E=E%+ o IN[CU™T - E%;- 5= In[Zn*] (14.6)
RT, [Cu®
E=E’ci-E2+5F '”Ez—nzr} (14.7)

Kak Bumno wu3 ypaBuenus (14.7), D/C
sanementa Jlanwdnsg - SkoOM 3aBUCHUT OT
KOHIIEHTPAINH (TouHee roBOpA,
aAKTUBHOCTH) MOHOB MEIH M IIUHKA; TIPH UX
paBHbIX KOoHIEeHTpauusx JIJC »smemeHTta
Oyler paBHa Pa3HOCTH  CTaHAAPTHBIX

OJICKTPOAHBIX IMTOTCHIIMAJIOB!

E=E’u- E’z (14.8)

Mopur SAxo6u



Ananmuzupysi  ypaBHeHue (14.7), MOXKHO oONpeAeIuTh Mpenael
HEOOpaTUMON pabOTHI FaIbBAHUYECKOTO AJIEMEHTA.
[TockoynbKy Ha aHOJIE€ WUJIET MPOLIECC OKUCICHUS IUHKA, KOHIICHTpAaLUs
MOHOB IIMHKA MpU HEOOpaTUMON paldoTe TrajlbBaHUUECKOIO JJIEMEHTA
MOCTOSIHHO ~YBEJIMYMBAETCS; KOHIEHTpAIIMSI HOHOB MEJU, HaIMpOTUB,
yMeHbIiaeTcsa. OTHOIIEHWE KOHIICHTpalluii HWOHOB MEAW U I[MHKa
MOCTOSIHHO YMEHBIIAETCSd U JIOTapu(M ATOTO OTHOIIEHUS MPHU [Cu®'] <
[Zn®*] cramoBuTCcs OTpHuATEnbHBIM. T.0., PA3HOCTh IOTCHIMAIOB IPH

HeoOpaTuMoOl  paboTe  TaJIbBAHMYECKOTO  JJIEMEHTa  HEMPEPHIBHO
yMeHbInaetca; npu E = 0 (T.e. Ek = €a) ranbBaHUYECKUWA BJIEMEHT HE

MOXET CcoBepliaTh padoTy (HeoOpaTuMas paboTa TrajJbBaHUYECKOTO
DJIEMEHTAa MOJXKET TIPEKPATHTBhCS TaKKE€ MW B pe3yJbTare IOJHOTO
pacTBOpPEHHUS [IMHKOBOT'O aHOIA).

VYpaBaenue (14.7) o0OBsCHSIET Takke H PpabOTOCIIOCOOHOCTH
T.H. KOHIICHTPAIIMOHHBIX IIeTIel - TAIbBAHUYECKUX 3JIEMEHTOB, COCTOSIINX
U3 JIByX OJWHAKOBBIX METANIMYSCKUX OJEKTPOJOB, ONYIICHHBIX B
pacTBOPBI COJIM 3TOr0 METaula C Pa3IMYHBIMA aKTHBHOCTSAMH a; > ap.
Katomom B »3TOM ciydyae OyAeT SBISATHCS DJICKTPOA ¢ OOJbIIeH
KOHIICHTpAllMEeH, T.K. CTAHJAPTHBIC JJICKTPOJHBIC TOTCHIIMAIBI O000MX
ANEKTpoAOB paBHbL, sl IJ[C KOHIEHTPAIMOHHOTO TaJIbBAHUYECKOTO

9JICMCHTA IMOJIyHacM:



EnUHCTBEHHBIM pe3yJIbTaTOM PabOThl KOHIIEHTPAIIMOHHOTO dJIEMEHTA
SABJISICTCS IIEPEHOC HOHOB MeTala M3 00jiee KOHLEHTPHUPOBAHHOIO
pacTBOpa B MEHE€ KOHIICHTpUPOBaHHBIN. T.0., paboTa 3JIEKTPHUYECKOTO
TOKa B KOHIICHTPAIlHOHHOM TaJbBaHUYECKOM »JJIEMEHTE - 3TO paboTta
ni¢ @ y3UMOHHOTO TIpoliecca, KOTOPBIM MPOBOJAUTCS 00paTUMO B pe3yJIbTaTe
IIPOCTPAHCTBEHHOTO PA3JCICHUS €ro Ha JIBa IIPOTHUBOIIOJIOXKHBIX IIO
HanpaBJICHUIO 00PAaTUMBIX JIEKTPOIHBIX IIpoliecca.

OnpenesieHue 3JIEKTPOABHKYIEH CHIIBI

DJIEKTPOJIBUKYIIAs] CHJIA TaJbBAaHWUYECKOTO 3JIEMEHTA 3aBUCHUT OT
XUMHYECKUX U (DU3MYECKUX CBOMCTB BEIIECTB, €I0 COCTABISIONIMX, U HE
3aBUCUT HU OT (OPMBI M pPa3MEpPOB IJIEMEHTa, HU OT €ro BHYTPEHHETO
ycrpoucTtBa. Ho BHyTpeHHEE yCTPOMCTBO U pa3Mepbl OTAECIbHBIX YaCTEU
AJIEMEHTAa UMEIOT OOJIBIIIOE BIWSHUE Ha €r0 BHYTPEHHEE CONPOTHUBIICHHUE,
TaK KaK OHO 3aBHCHUT OT PACCTOSHUSI MEXKIY MOJIFOcaMH (IPYU YMEHBIIICHUU
ATOTO PACCTOSIHUS BHYTPEHHEE COMPOTUBJICHUE AJIEMEHTa YMEHBIIAETCs),
OT pa3Mepa MOrPYKEHHONW B JKUAKOCTb IMOBEPXHOCTH TIOJIOCOB (MpH
YBEJIUYCHUH ATOU ITIOBEPXHOCTHU BHYTPEHHEE COIPOTUBJICHUE
YMEHBIIIAETCA), OT XUMHYECKOTO COCTaBa JKUIKOCTH  DJIEMEHTA.
BHyTpeHHEE CONMPOTHUBIICHUE TaJIbBAHUYECKUX DJJIIEMEHTOB HE SIBIISIETCS
MOCTOSIHHBIM M TI0 Mepe padOThI 3JIEMEHTA OHO TTOCTEIIEHHO BO3PACTAET.

DJIEKTPOJIBMKYIIasi ~ CAJIa  TaJlbBaHUYECKOTO  DBJIEMEHTA paBHA
Pa3HOCTH €ro JJEKTPOAHBIX moTeHmuanos: E - E; - E, rtme E -
AJIEKTPOJBMIKYIIASA CUJIA DJIIEMEHTA, a £y U Ey - 3IEKTPOIHBIE MOTEHIUAIIBI.

AOCOJIIOTHOE 3HAYEHHE SJICKTPOAHOI'O IMOTCHIHAIa U3MCPUTHL HEJIb3s, HO



MOYHO OIMPEJETUTD JICKTPOABMKYIIYIO CUITY TAIbBAHUYECKOTO JIEMEHTA,
COCTAaBJICHHOTO M3 JBYX 3JIEKTPOJIOB, NMPUYEM IOTEHIIMAT OJJHOTO U3 HUX
YCJIOBHO TMPUHSTH PaBHBIM HYJ0. Be3ycnoBHO, MpH 3TOM HU3MEPSIOT HE
a0COJIIOTHYIO BEJIMYMHY JIEKTPOJHOIO MOTEHIMAIa, a €0 OTHOCUTEIBLHOE
3HaueHue. B KkadecTBe »SJEKTpo/Ja C HYJEBBIM MOTCHIIMAJIOM MPHUHST
HOPMAaJIbHBIN BOJOPOIHBIN JICKTPO/I, IPEACTABISIOMINN COO0M IIIaCTUHKY
C HAHECEHHOMW Ha HEe MEJIKO pa3ApoOJEeHHOW IUIATUHON (TJIaTUHOBAs
YepHbB), IOTPYKEHHYIO B PACTBOP CEPHOU KHCIOTHI (puc. 14.3).

UYepes pacTBOp MPOMYCKAIOT Ta3000pa3HbId  BOJOPOJ, KOTOPBIN
azcopOupyeTcs IIaTUHOM, TOT/Aa BOJOPOJHBIN 3JIEKTPOJ BeleT ceds Tak,
KaK eciau Obl BOJAOPOJ ObLI TBEPABIM METAJJIOM, OMYIIEHHBIM B PacTBOD,

COJZEpKAIIAN €r0 UOHBI.

k!ﬂaTI/IHOBaH YCPHb

Puc. 14.3. Cxema cTaHIapTHOTO BOJOPOHOTO IEKTPOa

Yrto kacaercs IUIATHHBI, TO OHA ABJISICTCSA HOCUTCIIEM 3TOI'O BOAOPOJA
H ITPOBOJHHUKOM JJICKTPOHOB.

B BOOpOIHOM 3JIEKTPO/I€ MPOUCXOIUT PEAKIIUS



1/2H, - H" + e

BHOJ‘IHG dHAJIOIr'N4YHasia peaKHI/ISIM, HpOTeKaIOHII/IM Ha HOBerHOCTI/I
MECTAJIIITMYCCKHUX BHGKTpOI[OB, OﬁpaTI/IMBIX OTHOCHUTCIIBHO KaTHuOHa.
IratuHa 3ACCh HUI'PpACT POJIb TOJBKO HMHCPTHOI'O IMPOBOJHHUKA WM MOXKCTb
6BITB 3aMC€HCHa naJulaaucMm, I/IpI/II[I/IeM, 30JI0TOM WHJIN HeKOTOpBIMPI
JPYTMMU  METAJUIaMH. OJIEKTPOJAHBIM MOTEHIMAI TaKOIro JJIEKTpOoJa
3daBUCHUT OT KOHHOCHTpALlMKM HOHOB BOAOPOAAa B pPaCTBOPC, OT HAaBJICHUA
BOAOPOAa B PaCTBOPC, OT HaBJICHHA BOAOPOIa B ra3zoBou cbaze n OT
temneparypsl. [Ipu nocrosanom nasnenuu pH, - 1 atwm.

RT

>E Inay*,

—r0
EH+ —E H++

MoxHO IIoKa3arhb, 4TO JIAA APYTOro JaBJICHUS sz
Ens =E%4+ +%(InaH+ - 1/2 InpH,)

Bonopoanslil 371eKTpo 1 MOXKET TPUMEHSITHCS MPU JTFOOBIX JTaBICHUIX
BOJIOPO/Ia, MPH JIFOOBIX KOHIIEHTPAITUAX HOHOB BOJOPO/Ia B PaCTBOPE U MPHU
TIO0BIX TEMIIepaTypax. DJIEKTPOAHBIN MOTEHIIMA €T0 3aBUCHUT OT YCIIOBHIA,
IIPU KOTOPBIX OH paboTaeT.

HopwmanbHbIM BOJIOPOIHBIM 3JIEKTPOJOM CUMTAKOT TAKOM, B KOTOPOM
IJIATUHA MOTPYKEHA B PACTBOP CEPHOM KHCIOTHI, COAEpKAMMN [ 2- uow
BOJIOpoJia Ha | . W Korga ra3o00pa3HbId BOJOPOJ, aACcOpOMpPYEMBbIit
IJIATUHOM, MOCTYIAET B BJIEKTPOJ MOJ JaBiieHueM B 1 amm. Ecnu Takou
AJEKTPOJ COCAUHUTH C JIPYTUM  BJEKTPOJOM, TO UW3MEpPEHHAas

ANEKTPOJABIIKYINAST Cuja OyJeT MOTEHIIMAJIOM JPYroro ajeKkTpoja. Tak,



IICKTPOABMKYIIYIO CHIY DJIEMEHTA, COCTaBJICHHOTO M3 BOJOPOIHOTO H
IIUHKOBOT'O AJICKTPOJIOB, ONPEACIISIOT YPaBHEHUEM:

—_ 2
E = Evom+ - Eznzd™

CrangapTHbBIN 3JIEKTPOAHBbIN MOTEHUNAJ BOAOPOIA U
METAJLJIOB.

[loTeHMan CTaHIApPTHOrO BOJAOPOJHOIO DJIJIEKTPOAA  IIPU CTaH-
naptHbix yenoBusax (101 325 ITa, 298 K) npunsar pasueiM 0,00B8. Tak kax
3HAUYEHHE CTaHJApPTHOTO BOJOPOJHOTO 3JEKTpoja Oyner umeTh Oosee
MOJIOKUTENBHOE YHUCIIO, YEM IMOTEHUMaNl BOomopomHoro siekrpoxa 0,1M
pacTBOpax KHUCJIOT, TO OH OyJeT SBIATbCS KAaTOAOM, a KHCJIOTHBIE
AIEKTPOABI - AHOIAMM.

CraHnapTHbIN BOJOPOAHBIM  BJEKTPOJ  SIBISETCA  ATAJOHOM,
OTHOCHUTEJILHO KOTOPOTO BEJIETCS ONPENEIIEHUE JIEKTPOTHOTO
MOTEHIMAJA BCEX CYIIECTBYIOIINX AJIEKTPOIOB.

st onpenenenust D/]C ranbBaHUYECKOTO JIEMEHTAa HEOOXOIUMO U3
NOTEHI[Maja KaToJa BBIYECTh MOTEHIMAT aHOJa, T. €. MPU BBIUYUCICHHUU
OJC »neMeHTa MEHBIIMK AIEKTPOJHBIM TMOTEHUHUAT BBIYMTAETCA U3
0o0JIbIIIETO (B allre0panyeckoM CMBICIIE), TTOTYUHUM:

SI[C = E(KaTOJI) - E(aHOJI)

BHCKTpOHHLIe MMOTCHIHAJIbI  PACCUUTBIBAIOTCA II0  YPABHCHHIO

Hepncra:
P E=E° J@Igc



rae, Ep- CcTaHmapTHBIM JJIEKTPOIHBIM IOTEHLMAN DJIEKTPOAA; n -
YUCIIO DJIEKTPOHOB, NPUHUMAIOLIMX Yy4yacTHe B IIpolecce; C -
KOHLIEHTpALKsI HOHOB JJIEKTPOJIa B PaCTBOPE.

Ilpumep. TanbBaHWYeCKHH ODJIEMEHT COCTaBJI€H M3 JBYX BOJOPOIHBIX
AIIEKTPOAOB, U3 KOTOPBIX OJMH CTAHIAPTHBIN. B Kakoi U3 MepeyncIeHHbIX PACTBOPOB
CJIETyeT MOTPY3UTh APYTOU AJIEKTPO M1 MOTyYeHUs HauOombIeH 3. 1. c.: a) 0,1 M
HCI; 6) 0,1 M CH3;COOH; B) 0,1 M H3PO,?

Pewenue.

UeM MeHbIIE YUCICHHOE 3HaueHue Jjorapudma, Tem OOJbIlIe MOJIydaeTcs
3HAQUCHHUE YJICHA @ lgc Tak kak CH3;COOH saBnsercss Oojiee CiaaOBIM
anexktpoautom, Hexenn HCl u H3PO,4, TO ipu paBHBIX KOHIIGHTpAIMAX PacTBOP B
HEM OyJeT cojep:kaTh MEHBIIE YUCIO MOHOB BOJOpoja (¢ OyAeT MMETh MEHbIIEE
YHUCJIICHHOE 3HauyeHue). YneH @ lgc , cnenosarensHO, GyneT MeTh GomblIee
YuCJIeHHOE 3HadeHwe, T.e. aHojy B pactBope CH3COOH Oymer ©Oonee
ANIEKTPOOTpUIIaTeNbHbIN, yeM B pactBopax HCl u H3PO,, moTtomy 4tO yBenuuutcs
pasHMLA MEXIy 3HAaYEHUSMH MOTEHIMATI0B KaToAa U aHOAA [Earon) = E(anom]), DHAC

raJJbBaHMYCCKOI'0o 3JICMCHTA YBCIIMYNUTCH.

CrangapTHelii moteHnman sjaekrpoga E° - 310 DJIC CHUCTEMB,
COCTaBJICHHBIM U3 ATOTO JIEKTPOJIa B CTAHAAPTHBIX YCIOBUAX(8oy = 8reg =1,
t = 25°C)u cTaHIapTHOTO BOJOPOAHOIO AIEKTPOA.

CraHgapTHBIM TOTEHIMAT 3aBUCUT OT MOPUPOABLI DJIEKTpOJia |
MIPUPOJIBI PACTBOPHUTEIIS.

CrangapTHblE TOTEHIIMAIBI B BOJOPOJAHOM IIKajde JJI1 MHOTHUX
ANEKTPOJOB CBEICHHI B TaONUIBI W IIMPOKO HCIHOJB3YIOTCA B
anekTpoxumun (Ta6m.14.1).

HMcnonanp3oBaHue Ta6HI/IHBI CTaHAAPTHBIX ITOTCHIUAJIOB!



1) Jlns pacuera paBHOBECHOT'O ITOTCHIMAJA 110 YpaBHeHUIO HepHcra.

Harmpumep, 11s1 HTMHKOBOTO 3JIEKTPOAA

RT

Ep:'0,76+ T

Inaz,*,
Tabnuua 14.1

CTaHI[apTHI)Ie IIOTECHIINAJIbI

DNEKTPOJ DJIEKTPOHAS PEAKITHUS E°, B
Na‘/ Na Na' +e < Na -2,71
Zn**/ Zn Zn“* +2e < Zn -0,76
Fe”*/ Fe Fe?* + 2e < Fe - 0,44
Cd**/ Cd Cd** +2e < Cd - 0,40
Ni“*/Ni Ni“* + 2e < Ni -0,25
Sn®*/Sn Sn°* +2e¢ < Sn -0,14
2H*/H, H +e < 1/2H, 0,00
Cu“*/Cu Cu“ +2e & Cu +0,34
OH-/OZ 1/202 + HZO +2e < 20H +O,4O
2CI/Cl, Cl, + 2e <> 2CI’ +1,36

2) J1nst mpaBUIJIBHOM 3aITMCH 3JIEMEHTOB M OIIPEICIICHUS HAIIPaBICHUS
peaKIu B HUX.

CormacHo MexXayHapoJHOH KOHBEHIIMM CIpaBa  3alKCHIBAIOT
ANEKTPOJ, ¢ Oojiee MOJIOKUTEIBHBIM TMOTEHIIMAJIOM, a ClieBa - ¢ OoJiee
OTPHIIATEIIHHBIM.

B kadecTBe nmpuMepa pacCMOTPHUM, CUCTEMY, COCTOSIIIYIO U3 MEIH,

IIMHKA ¥ pacTBOPOB, COACPIKAIINX UX HOHBI:

Zn | ZnS0O, ” CuSO, | Cu
E%? lcy = +0,34B;  E°2/7,=- 0,76B;
[Iporeccy OKUCIEHHUS Ha JICBOM DJIEKTPOJIE COOTBETCTBYET

peakuusda BOCCTAHOBJICHUA HA ITPABOM.



JleB.om. : Zn - 2e = Zn**
IIp.om.: Cu®* +2e=Cu
CyMmMapHoOe ypaBHEHHE B djieMeHTe: ZNn + Cu®*=Zn*" + Cu
3) s onpesiesieHnss KOHCTAHThI PABHOBECHSL.
Ha npumepe Toit ke cucteMsl: Zn | ZnSO, || CuSO,4 | Cu paccurntaem
ee crangaptHyro D JC:
E%c oy - E%2?/z0=+0,34 + 0,76B = 1,1B.

KoHcTaHTa paBHOBECHS] CYMMApHOU pPEAKIINU: Cu*+Zn=Cu+zn*

R' — aZn2+
-DA6H. ™ a
Cu2+

Torna B cootBercTBUM ¢ ypaBHeHUueM E, = RT/zFInK,

2.2
_ 0,059, @azn2+ Azn2+ 059 _ 137
11= 2 dcu2+ dcuz+ 10° =10

B ycnoBusax paBHOBECHSI OTHOIIIEHHE KOHIICHTPAIMM MOHOB IIUHKA U
37.
M€Y B pacTBOPE JIOJIKHO ObITh paBHBIM 10

Ecmu B3sTHIC KOHLHCHTpaOoun HC pPaBHbl PABHOBCCHBLIM, TO B

AJIEMEHTE CaMOIIPOU3BOJIBHO TMOWJET MPOLECC B CTOPOHY JOCTHUIKECHHS

PaBHOBCCHBIX KOHHeHTpaHI/If;I.

CHCI{OB&TCJH)HO, 3HAHUC CTAHAAPTHBIX ITOTCHIHUAJIOB ITO3BOJIACT

OICHHUTH TC KOHHCHTPpAIIUH, 10 OJOCTHUIKCHHUA KOTOPBLIX OJWH MCTAJI 6y,Z[€T

BBITECHATH JIpyroil MeTaml ( Wiad BOJOPOJ) M3 pacTBopa €ro MOHOB. B

o0111eM cltyyae:

V]_ L E 0 _ EO
oMy =100,059( 2~ EY)
p Vs

M,



OTHOHIHGHI/IG paBHOBeCHBIX KOHHGHTpaHI/Iﬁ TCM 6OJ'II>IH€, 9ycM
OoJIBIIIE PAa3HOCTh CTAHJAPTHBIX MOTEHIMAIOB. IIpuuem mMetamn ¢ Oolee
OTpUIlATEIbHBIM OyJEeT BBITECHITH M3 pacTBopa MeTaul c OoJiee
[NOJIOKUTCIBHBIM IIOTCHIIMAJIOM MW 3TO BBITECCHCHHUE TEM IIOJIHEC, YEM
JaJibIlle PAacHoiI0XKEeHbl APYT OT JApyra MeTaulbl B TaOJHIIE CTaHAAPTHBIX
IIOTCHIINAJIOB.

Ha 9TOM CBOﬁCTBe OCHOBAH KOHTaKTHLIﬁ CHOCO6 O4YUCTKHA paCTBOp0B
IIyTeEM yemernmayuu OJHOTO MeTania JpYyTHUM. Hanpuwmep,
l'IpOMBII].IJICHHLIfI paCTBOp JJIsL BHGKTpopa(I)I/IHI/IpOBaHI/ISI HUKCIIA
l'IOJ'IyllaeTCSI HpI/I dHOJIHOM paCTBOpeHI/II/I ‘IepHOBOI‘O HUKCIISI U COI[ep)KI/IT
MHOI'O MOHOB MC/IN. OIII/ICTKa OT M1 HpOI/ICXOI[I/IT HyTeM OEMCHTAIINN €€
KCIC30M - B paCTBOp l'IpI/I HepeMeIHI/IBaHI/II/I 3aCBIITIacCTCs )KGJ'ICSHBIﬁ
l'IOpOIJ_IOK NN prHKa. BOBHI/IKaeT O6M€HHa$I peaKHI/IH (HeMeHTaHI/II/I)Z

Fe + Cu®* < Cu + Fe?
OHa HOﬁI[eT a0 HaCTyrIJ'IeHI/IH paBHOBeCI/IH, l'IpI/I KOTOpOM IMOTCHIIUAJIbI

COOTBCTCTBYIOIIUX 3JICKTPOAOB CTAHOBATCS PABHBIMU.

0,059 _ 0,059
0,34 + TlgaCuz+— -0,44 + 5 IgaF ot

0,059 | Ape2r 2+
> 19 gz - =0,34+0,44=0,78 B; T 100089 - g
u

[IpakTruecku MoJIHAsI OYKMCTKA PACTBOPA OT HOHOB MEIH.



ECJII/I MCTAJIZI HAXOAWUTSI B paCTBOpe, coz[epxcameM HUOHBI JHOTOI'O
MceTaJljia paBHOﬁ CTCIICHU OKHCIICHUA, TO, I/ICHOJ'II)SYH CTaHI[apTHBIe
HOTCHHI/IEU'II)I, MOXHO paCCtH/ITaTB paBHOBCCHBIG KOHHGHTpaHI/II/I TUX
HOHOB. aZz .

Zy 77 K = M2t
1M +M =2 .M~ pasn.—

Z;
a 75
M

Hampumep, mi1st cucteMbl cu®*, cu’ | Cu, roe mpoTekaeT peakiusi:
Cu” + Cu — 2Cu"

2
2 £ -
a 109:059 (0.34-0.52)

Cu+
dcu2+

=10°

Takum 00pa3oM, eclii MeIb HaXOJIUTCS B PAaBHOBECUHU C PACTBOPOM,
COAEpXkaIllMM €€ MOHBI, KOHIEHTpAlHs €€ OJHOBAJICHTHBIX MOHOB B 103
pa3 MEHbIIIE, YEM JBYXBaJICHTHBIX.

IToCKONBKY  3JICKTPOXHUMHUYECKHE PEAKIUU HAYT C 3aMETHOM
CKOPOCTBIO TIPY KOHIIEHTpauusix He Huxke 10 .10 M, IIPUMEHEHUE
TEPMOJMHAMUYECKUX YPABHEHUHN K JIEKTPOXUMHUYECKUM PEAKIUIM UMEET
CMBICJI B PaCTBOpPAX ¢ KOHUEHTpanuen He Hrke 10° M.

Pacdyer KOHCTAHTBI paBHOBECHUsI IO3BOJISACT MPAaBUILHO BHIOPATh
pEaKTUB ISl MPOBEICHUS TUTPOBAHHWS B AHAIUTUYECKOW XUMHH.
Hanpumep, pactBopsl coseid osoBa (Il) mpumeHstoT 171 KOJIM4eCTBEHHOTO
ONpEAETHUS NOHOB Fe**. B PAaBHOBECHOM COCTOSIHHH, KaK 3TO CJIEAYET U3

CTaHAAPTHBIX MOTEHIIMAJIOB, TMOCTH BCE PACTBOPEHHOE XKeJIe30 Oyner

2+
MIPUCYTCTBOBATH B (hopme Fe” .

2
A 2(0,15-0,77)
e A, _ 19 0059 _ 10207




Hns cozoanus XWUToB ¢ 1Heapl0 MOAYYEHUS MaKCHUMaJIbHO BO3MOXKHOM

OJ1C HeobxoauMo OpaTh JIEKTPOABl KaK MOXKHO JAJIbIIE OTCTOSAIINE JPYT

OT Jipyra B TaOJMIE CTaHAAPTHBIX NMOTeHIHaIoB. OJHAKO 3TO HE BCeEra

BO3MOJXHO CACJIAaTb, TaK KaK HC BCC JJICKTPOAbl TCPMOINHAMHUYCCKU

YCTONYUBBHI.

33[[3‘11/1 U BOIIPOCHI TJIA CAMOKOHTPOJIsA

1.

Yto Takoe BJIGKTpO,Z[HBIﬁ IIOTCHIOIMAJI, CTaHIIapTHBIﬁ Z)JIGKTpO,Z[HBIﬁ IIOTCHOUAJI,

3.4.c.? Kak 3aBUCHUT AJIEKTPOAHBIA OTEHIMAN OT KOHIIEHTPALUHU, TEMIIEPATYPHI?

. UTo Takoe rajapBaHUYECKUM BJIeMEHT?

. Paccuntaiite mno ypaBuenuto Hepucra (15.2) Teopernyeckoe 3HaUYCHUE

anextpoanoro notennuana napel Fe(Il) | Fe(Ill) ms kaxaoro cimydas

. Paccuuraiite TCOPCTUYICCKOC 3./.C. I'aJIbBAHHUYCCKOI'O 3JICMCHTA, COCTABJICHHOI'O M3!:

Fe(Il) | Fe(IIl) (Pt) u xnopcepeOpsinoro anekrpoaa. [loreHmuan xiaopcepeOpsHOTro

anektpoaa E =+0,22B.

. CpaBuute usmepeHtHoe n.1a.c. snekrpoxumuueckoir 1ienu Fe(Il) | Fe(Ill) (Pt)]

Ag|AgCl c¢ TteopernueckuM. [loqunHsercs mMojgyyeHHas BaMH 3aBHCHUMOCTD

ypaBHeHuto HepHcTa?

. CocTaBbTe AJICKTPOXUMHUICCKYIO OCIIb JJIA HN3MCPCHUA CTaHIapPTHOI'O

AIIEKTPOAHOTO MOTEHI[MAJIa CBUHIIA.

. CocTaBbTe ypaBHEHHS PEAKIMi B3aUMOJCUCTBHUS KaNbIMS C Cydb(aToM IMHKA,

COJISTHOM KMCJIOTOM, BOJIOM.

.I/I306paBI/ITC CXEMY I[HMHKOBO- OJIOBAHHOIO TaJIbBAHUYCCKOIO JJICMCHTA U

paccUmTaiiTe ero 3.1.C. IPH KOHIeHTpaumsx: [Zn°*]=0,01M, [Sn*"] =0,1M.



9. Paccuuraiite Benu4uHy 3JeKTpogHoro mnoreHiuana muaka B 0,01 M pactBope
cynbdara IMHKA, 10 OTHOLIEHUIO K XJIOPCEPEOPSHOMY JIEKTPOJY B HACBHIILIEHHOM

PaCTBOPC TMAPOKCHU A HUHKA

15-tema. IlonsiTHe 00 3J1eKTPOJIM3E. DIEKTPOJIN3 U 3AKOHbI
IJIEKTPOJIU3A
Inan:
1. IlonsTue 00 3aeKTpOoIU3eE.
2. DJIEKTPOJIM3 U 3aKOHBI AJICKTPOIIH3a
3. DneKTpoaun3, pacCTBOPOB COJIEH U PacIiaBOB

OnopHble CJI0BAa W BBIPAXKEHMSI: IJIKMPOIU3, IAEKMPOIU3
pacmeopos  cojet U PAchiaéos,  dJ1eKmpoo,  aAHOO,  Kamoo,
B80CCMAHABUMENbHASL ~ AKMUBHOCMb,  OKUCIUMENbHASL — AKMUBHOCHD,
npoyeccvl Ha Kamooe, Npoyeccbl HA aHooe, OKUCTIeHUe, 80CCMAHOBIeHIE,
INEKMPOAU3 C PACMBOPUMBIM AHOOOM, IJIEKMPONU3ED, DIEKMPONU3 C
HepacmeopuUMbiM aAHOOOM.

:‘)HeKTpOJII/I?o " 3aKOHBI JJICKTPOJIN3A

16.1. DjekTpou3, pacCTBOPOB COJIel U PACILIIABOB
OnekTpon3 - (PU3NKO- XUMHUYECKHA MPOIIECC, COCTOSIIUNA B
BBIJICJICHUM Ha SJIEKTPOJAaX COCTaBHBIX YacTE€l PacTBOPEHHBIX BEUIECTB
WU JAPYTUX BEIIECTB, SBJISIOMINXCS PE3YyJIbTaTOM BTOPUYHBIX PEAKIUA HA
AJNEKTPOJAX, KOTOPBII BOZHUKAET MPU MPOXOKIACHUU IIIEKTPUUECKOTO TOKA
gyepes pacTBop, 1100 pacmias 3ekTpoauTta (Puc.16.1).
[Ipu »nekTposiv3e pacTBOPOB HY)KHO  YUUTHIBATH  BO3MOXHOCTH

paspsiia Ha 3JEKTPOAaX HEUTPAIBHBIX MOJIEKYJ PAaCTBOPUTEIS - BOJBI:

2H,0 +2e=H,+20H"  (E,=-0,83B)


http://metal-archive.ru/osnovy-metallurgii/1800-elektroliz-s-rastvorimym-anodom.html

Jlamma Kmiou

IF AHOn Karong
+ -

c

AHo0 — 3mo nonodxcumenvro  Kamoo — 2mo ompuyamenvHo
3apANCEHHbIU INIEKMPOO — OH  3APANCEHHBII INEKMPOO — OH
obosnauaemes A(+) bosnauaemes K(-)

Puc. 16.1. IlepemenieHue MOHOB B 3JEKTPOIUTE
TOJT IEHCTBUEM BJIEKTDUYECKOTO TIOJIS

B pacTtBOpe snekTposmuTa KpOME HOHOB, IMOJYYUBIIMXCA IMPHU €ro

+
Aucconnanuu, MpUCyTCTBYIOT CIIC U MOJICKYJIBI BOAbI, 4 TAKKC NOHBI H u

OH’ (Puc. 16.2).

+ AHox Karon -

Puc. 16.2. Dnextponaus pacTBOpOB

B03MOXHOCTh NPOTEKaHUs DJIEKTPOJHOM PEAKIUU pa3psna HOHOB
METajyla WA MOJIEKYJI BOJBI ONPEAENACTCS 3HAYCHUEM DIJIEKTPOIHOTO
noreHuuana. Eciu cTaHgapTHBIA 3JIEKTPOIHBIM IOTEHUHWAN pPEaKUUU
paspsiia meraiiia

Me"™ + ne = Me (5.1)
VMMEET MOJIOKUTEIBHOE 3HAUYCHUE, TO B CTAHAAPTHBIX YCIOBUAX HA KATOHE

Oyner BbAeHATbCS MeTtaul. Ecmm E, peakuuun  (5.1) MeHble, uem



MOTEHIMaJl peakuuu paspsga Bojasl (- 0,83B), To Ha KaTojJe BBIACIAETCS
TOJBKO BOJOPOJ. B OCTalbHBIX cllydyasx IMapajuieibHO HPOTEKarT o0a
npoiiecca.
Li K Ba Ca Na Mg Al Mn Zn Cr Fe Co Ni Sn Pb H, Cu Ag Au
1) Ecnu MmeTamt crout A0 MN, To BOCCTaHABIMBACTCS UOHbL 8000P0OOd

2H,0 + 2¢ = H, + 20H

2) Eciii MeTasnu1, KOTOpBIH pacioyioxKeH B psy HamnpspkeHui (mocie Al
u 10 H), To OyayT mpoTekaTrh JBa MpoIlecca: BOCCTAHOBJICHHUE
MeTaJljla ¥ HOHOB BOJIOPO/Ia

Zn** +2e = zZn°
2H,0 + 2e¢" = H, + 2H,0

3) Ecim metamn (ctoutr B mocie Hjp), TO BOCCTaHABIMBAIOTCS UOHbL
Memana

Cu*" +2¢" = Cu°
[TocnenoBaTenbHOCTh pa3psAJIKM AaHWMOHOB Ha aHOJIE 3aBHUCHT OT

IPUPOAbI AHUOHA!

F, NOs, SO,5, OH", CI', §*, Br, I

»

»

Boccmanasumenvnas akmuenocmes aHUOHO8 YCUTUBAECTNCS
1) TTpu amekTposu3e pacTBOPOB COJICH OSCKUCIOPOIHBIX KUCIOT (KpoMe

(GTOPHUIOB) OKUCIISIIOTCS aHUOHBI KHUCJIOTHBIX ocTaTkoB (Puc. 16.3).

2CI" - 2¢" =Cl,



Gisg NaOH +H, ,
Y /

)

2Na’

AHOpf, Katon
2CI—>Cl, + 2e 2H,0 +2e>20H"+H,
—— _—

CI> COH‘

i

.

i 3
7 MembpaHa =~/
NaCl H,0
Puc. 16.3. DnexTposin3 pacTBOPOB COJICH OECKHUCIOPOIHBIX KUCIOT
2) ITpu 351eKTpoNIH3e PacCTBOPOB COJICH KHCIOPOACOACPIKAIINUX KHCIOT U
(GTOPUIOB BBIIEISIOTCS KUCIOPO/
2H,0-4e =0, + 4H*
3) [Ipu 3aeKTpOSM3E PAcTBOPOB IIEIIOYCH OKHUCISAIOTCS THAPOKCH/I-
WOHBI
A40H +4e =0, + H,0O
[Tpu snekTposnse pactBopa CuSOy
K(-) Cu ** +2e =Cu
A(+)2H,0 -4e = O, + 4H"
Ha KaroJe BbIIEIsIETCS MeAb. Ha aHome BBIAETAETCS KHUCIOPOA, a B
pacTBOPC HAKAIIJIMBACTCA KUCJIOTA.

CyMmapHOE ypaBHEHUE

2CuS0O, + 2H,0 = 2Cu + O, + 2H,S0,.



DIeKTpom3 -  3TO GU3UKO -  XHUMHWYECKHH OKHUCIUTEIHHO-
BOCCTAaHOBHUTEIIBHBIN MPOIIECC, MPOTEKAOIINMA B PACTBOPAX HMIIM paclljiaBax
AJIEKTPOJIUTOB MO/ JACHCTBUEM DJIEKTPUUYECKOTO TOKA, 3aKIHOYAOIINICS B
BBIJICJICHUHM Ha DJIEKTPOJaX COCTaBHBIX YacTeH pPACTBOPEHHBIX BEICCTB
WJIN JPYTHUX BEIIECTB - MPOAYKTOB BTOPHYHBIX PEAKIIUHA Ha SJICKTPOAaX.
npoyecc Ha kamode K(- ). KaTMOH TPUHUMAET DJICKTPOHBI M
BOCCTaHABJIMBACTCS;
npoyecc na anode A(+): aHHOH OTJACT JICKTPOHBI U OKHUCIISACTC.

PaccmoTrpuM  mporiecchl, TPOTEKAKOIHUE MpU  DJISKTPOJU3E, Ha
npuMepe XJiopuaa HaTpus. [Ipu CHIIBHOM HarpeBaHUM TBEPIBIA XIJIOPH]T
HaTpus TUIaBUTCA. [loMydeHHBIM pacIUIaB COACPIKHUT IOJABHUKHBIC HOHBI
HaTpPUS M XJIOpa, OCBOOOIUBIIHECS W3 KPUCTAJUTMYECKOH PEIICTKH, |
MO3TOMY TPOBOJUT DJSKTPUUSCKUH TOK. Ecim B paciuiaB OMyCTHTH
YTOJBHBIC 3JIEKTPOJbI, TPUCOCAMHEHHBIE K WCTOYHHKY TOKA, HOHBI
IPHOOPETAIOT HAIpaBlIeHHOE IBIDKEHHe: KaTHOHBI Na' IBIKyTcS K
OTPHUIATCIPHO 3apsOKEHHOMY JJIGKTpoAy - Karoxay, aHmoHbl Cl - k

MOJIOKUTENBHO 3apsHKEHHOMY AJIEKTpoy - aHoay (Puc.16.4).

«—DIIEeKTPOHBI + AHOI[ KaTO}I - <« DJICKTPOHBI CXeMa 3HeKTp0_]‘IH3a

NaCl — Na" + CI’

(K)- / \(A)+

Na'+e — Na | - 2e”— Cl,

2Na" + 2CI" — 2Na +Cl,

McTOYHMK TOCTOSIHHOTO TOKa

Puc.16.4. DnexTponau3 paciuiaBa XJaopuaa HaTpuUs



Ha xarozme monsl Na' moiy4aroT 3JIeKTPOHBI M BOCCTaHABIMBAIOTCS
710 MeTaJlIa;
Na’ + e” — Na (BoccTaHOBIEHHE),
a Ha aHoje WoHbBI Cl” 0THAIOT 3JEKTPOHBI U OKUCISAIOTCS JI0 CBOOOIHOTO
XJiopa:
2Cl "~ - 2e"— Cl, (okucneHue).
Takum  oOpa3oM, B  pe3yJbTaTe
mporiecca d3JEKTPOIN3a paciulaB XJopHuja
HATpUs  pas3jaraercs  Ha  IIPOCTHIC
BEIIECTBA!
K:2Na"+ 2e"— 2Na
A" 2Cl - 2e"— Cl,
CyMMapHOe ypaBHEHHUE JJICKTPOIIH3A:

3110k 2Na* + 2CI" — an.tok 2Na + Cl,

DJIIEKTPOJIN3 OTINYACTCS OT OOBIYHBIX

I'emdpu IoBu
(1778-1829) OKHCJIUTEIILHO- BOCCTAHOBUTEIBHBIX pEaK-

uui. Ilpu  3nekTponusze Molypeakuuu

pa3zelieHbl B MPOCTPAHCTBE: BOCCTAHOB- JICHUE MPOUCXOJUT TOJBKO Ha
KAaTOJI€, 2 OKUCJIEHHUE - HA IPOTUBOIOJIOKHOM JJIEKTPOJE - AHOJE.

OKUCIUTENBHOE M BOCCTAHOBUTEIIBHOE JEHUCTBUE DIIEKTPUUYECKOTO

TOKa HAMHOTO CHJIbHEE JEeUCTBUS OOBIYHBIX XUMUUECKUX BEIIECTB. TOJIBKO

C TIOMOIIBIO TOKA YYCHBIM YJAJOCh IMOJYy4YUTh HauOojee aKTHUBHBIC

MIPOCTHIC BEIIECTBA - HATPUH, Kaauid u GTop. [TnoHepoM B MCIIOIB30BAaHUM

ANEKTPUUECKOTO TOKAa B XUMUHM ObLIT aHTTIMUCKUK yueHsbii ['emdpu JI>Bu. B



nepBbie roJbl XIX Beka yBIEKCS M3YyYEHHUEM JEHUCTBUS JJIEKTPUUECOTO
TOKa Ha pa3JIMYHbIE BEIECTBA, B TOM UYMCIIC€ HA PACILIABJICHHBIE COJIM U
miesnoun. [loaBepras 3ieKTpoNn3y paciuiaBbl Pa3iuyHbIX COCIMHEHUH, OH
OTKPBLI BOCEMb HEU3BECTHBIX JJO HETO XUMUYECKHUX JIEMEHTOB.

DJIEKTPOJIM3 PACTBOPOB IEKTPOJUTOB. B BOJIHBIX pacTBOpax
IPOLIECCHl  BJIEKTPOJIM3a OCIOXKHSAIOTCS MPUCYTCTBUEM BOJBI, KOTOpAs
IPOSIBISIET JBOWCTBEHHYIO MPUPOAY: OHAa MOXKET MPOSIBIATH CBOMCTBA U
OKUCIUTENS, U BOccTaHOBUTENsA. Ha katome Bojga MOXKET NPUHUMATH
AJIEKTPOHBI, U TOT/Ia AaTOMbI BOJIOPO/Ia B HEM OYIyT BOCCTAHABIMBAIOTCS 10
ra3oo00pa3HOro BOAOpOa:

K: 2H,0 +2e — H,T +20H.

Ha anozme Boaga MOXKET OTAaBaTh JJIEKTPOHBI, MPU 3TOM aTOMBI

KHUCIIOPOJia OyAyT OKUCIATHCS 0 ra3000pa3HOTO KUCIOPOa:
A" 2H,0 -4e — O, + 4H".

HpyruMu cioBamMu, MOpU BIEKTPOJIHM3E PACTBOPOB 3JIEKTPOIUTOB
(daie Bcero cojieid) Ha KaTroJe M aHOJAE MPOTEKAIOT KOHKYpPUPYIOIIWE
Tmpolecchl:  KaTHOHBI  MeTamna Me'™" KOHKypupyloT ¢ KaTHOHaMu
Bofmopona H', a aHMOHBI KHCIOTHBIX oOcTaTKoB AN KOHKYPHPYIOT ¢
aaroHamMu  TuapokcwiabHBIX  rpym (OH).  Paccmorpum  moapoOHee
IIPOLECCHI, TPOTEKAIOIINE HA NEKTPOIAX.

3aKkoHOMEpHOCTH TMponeccoB Ha Karoge. Ha orpunarensHo
3apSOKEHHOM  DJIEKTPOJIE - KaToJe, MPOUCXOIUT BOCCTAHOBIICHUE
KaTUOHOB, KOTOPOE HE 3aBUCUT OT MaTepualia KaToAa, U3 KOTOPOro OH

CAcCJIaH, HO 3aBUCHUT OT aKTUBHOCTHU MCTaJljid, T.C. OT ITOJIOKCHHA MCTAJllla B



NEKTpOXUMHUUECKOM  psiay — HampspkeHus — (OXP). (CpaBHuBaem
OKUCJIUTEJIbHYIO  CIIOCOOHOCTb, TO €CTh CIIOCOOHOCTh MPUHHUMATH

AJIEKTPOHBI, HIOHOB METAJJIOB U MOHA BOJI0po/1a) (Taba.16.1).

Tab6muma 16.1

OxwucauTeIbHBIE CIOCOOHOCTH HOHOB METAJVIOB M HOHA BOJOPOaAAa

Li K Ca Na Mg Al Mn Zn Fe Ni Sn Pb Cu Hg Ag Pt Au

Me + ne # Me™ + ne =Me¢’

2H20 +2e = H2 + 20H" 2H20 +2¢ = H2 + 20H

Me™ + ne =Me°

Ha xarone moryr

BOCCTAHABJIMBAThHCS U MOHBI Ha karone
Ha karone
MeTaia, U BOJIbI BCErjla BOCCTaHABIIM
BCErjla BOCCTAHABJIMBAIOT
B 3aBUCUMOCTHU OT BAKOTCSI HOHBI
Cs MOJIEKYJIbI BOJIBI
TUIOTHOCTHU TOKa, T u METAJIJIOB

KOHIOCHTPAaOHuH COJIU

Ecnu conp oOpa3oBaHa aKTUBHBIM METAJUIOM, CTOSIIIUM B PAIY
HanpsDKCHUST O MapraHila, Ha KaToJle HE BOCCTAaHABIMUBAIOTCS KATHOHBI
METAJJIa, a MPOUCXOAUT BOCCTAHOBJIEHHE BOABI C  BBLACICHUEM
razoo0pa3Horo BOAOpoAa.

Ecau wmetann, oOpasyroomnmuid coib CpelaHed aKTMBHOCTH (TTOcie
ATIOMUHUA, HO 10 BOJOpoAa), TO Ha KaroJle BO3MOXHBI JBa
KOHKYPHUPYIOIIMX IpOLEecca: U BOCCTAHOBJIEHUE BOJbL, 1 BOCCTAHOBJICHHE
KaTHOHOB MeTayia. [IpeoOnaganue TOro WM MHOTO Mpollecca 3aBUCUT OT

IJIOTHOCTHU TOKA, TEMIIEPATYPBI U KOHUEHTPALUH COJIH.



Jlerdye Bcero mpuHUMAlO 3JIEKTPOHbI HEAKTUBHBIE METAJIbI (CTOSIIINE
B OXP nocne H), mosToMy OHU JIETKO BOCCTAaHABIMBAIOTCS HA KAaTOJE 1O
IIPOCTOr0 BEIIECTBA - MeTajlIa.
3akoHOMepHOCTH NPOLECcCOB Ha aHoje. IIpouecc
HA MOJIOKUTEIBHO 3aPSIKEHHOM JJIEKTPOJIC - aHOJE 3aBUCUT OT MaTepuasa
aHOJIa U OT HMPUPOJbI aHMOHA. [Ipu 3MeKTpoIM3€e PacTBOPOB IIEKTPOJIUTOB
Ha aHOJI€ MPOUCXOJUT OKHUCJIEHUE aHUOHOB. OOpa3yIOMMICA MPOIYKT
3aBUCUT OT BOCCTAHOBUTEIIbHOW aKTUBHOCTH aHUOHA KUCIIOTHOTO OCTATKA.
Tabnuma 16.2

3J'I€KTpOJ'II/I3 C y4aCTUCM PACTBOPUMBIX U HCPACTBOPUMBIX dHOIOB

KuciaoTHbBIN OCTATOK

beckucnopoaHblii KUCIIOPOJICOAEPKALIUN
oy o ; 2- B =
Cl,Br,l,S NO3,SO4,PO4,F
AHORI
Ha AaHoJIc OKHCIISIOTCS
Ha AaHOJIE OKHUCIISIOTCS
HOHBI KHUCJIOTHOT'O
MOJIEKYJIBI BOJbI
ocTaTKa
B menounoi cpene:
Oxucienue agmoHa 40H -4e —2H,0+0,
HEpPaCTBOPUMBIN  (Kpome GTOPHUIOB): B xwucmon, HeWTpagbHOU
E — 0
Acm -me = Ac cpene:

2H,0 -4e” — 4H" + O,

OkucieHne MeTajria aHoJ1a:
PacTBOPHUMBIi Me’-ne” =Me +n
aHo]I pacTBOp



Psi BoCCTaHOBUTEILHOM aKTHUBHOCTH aHMOHOB (yMmeHbIaercs). 11o
CIIOCOOHOCTH  OKHCJISIThCSI aHUOHBI  PacCIojiaraloTcs B CIEAYIOLIEM
MOPSIIKE:

J>Br>S“>CI’>0H>S0,">NO3>F

AHOJT MOXKET OBITh PACTBOPUMBIM U HEPACTBOPUMBIM (MHEPTHBIM).

1. PacTBOpUMBIN aHOJ MpPU BICKTPOIU3E, KaK MPABHUIIO, PACTBOPSETCS C
o0pa3oBaHMEM KaTHOHOB MeTajlia aHO/a.

2. Ha HepacTBOpMMOM aHOJE, €CJIU KHUCJIOTHBI OCTaTOK COJIH
OecKUCIOpOaHBIN (KpoMe (PTOPUIOB), TPOUCXOAUT OKUCICHUE aHWOHA JI0
MIPOCTOTO BEIIECTBA - HEMETaJla.

3. Ecnu B cocTaB COMM BXOJUT OCTAaTOK KHUCJIOPOACOACPIKAIICH KHUCIOTHI,
TO Ha aHOJIE MPOUCXOJUT OKHUCICHUE BOJbI U BBIACISIETCA KUCIOPOI(Tad.

16.2).

3aoauu u 60npocwvl 07151 CAMOKOHMPOJ1

1. Uto Taxoe anexTponu3? Kakue npoiecchl BKIIOYAET B ¢e0s dIEKTPOIU3?

2. Kakue nporiecchl MpOTEKAIOT MPH IEKTPOJIU3E HA KATOIe U aHoIe?

3. KakoBa mocnenoBaTeIbHOCTh pa3psIKi HOHOB Ha KaToe U aHOe?

4. B ueMm paziauyuie MPOIIECCOB AJIEKTPOJIM3a C PACTBOPUMBIM U HEPACTBOPUMBIM
aHoaoM?

5. Kakwue npoiieccbl NpOTEKAOT Ha 3JIEKTPOoAaxX MpH AJIEKTPOIU3€ BOJAHOIO pacTBOpa
xjnopuna xkenesa(ll): a) Ha yroibpHBIX JEKTpoiax; 0) ¢ KeJIe3HbIM aHOA0M?

6. Kakne MeTamipl MOXKHO TMOJYYUTh ITyTEM DJIEKTPOJIM3a BOJHBIX PACTBOPOB HX
cosieit? Kakue MeTaibl Hellb3s MOJYyYUTh TAKUM CIOCOO0M?

7. DAEKTPOIM30M KAaKWUX COCIUHEHWW, W TMPU KaKUX YCIOBUAX MOXKHO TIOJNYYUTH

Mmetauisl: K, Ca, Al?



8. Ilouemy moteHmansl pasnoxenus kucior: HzPO, HNOjz; H,SO, u menoueit
NaOH, KOH ouens 6au3kwu 1o 3HaueHusM (1,67-1,70 B)?

9. MeeTcsa cMech CoJIEl ¢ paBHOM KOHIIEHTpAIlMEld KaTHOHOB B pacTBope. B kakou
MOCJIEAOBATEABHOCTH OYIyT BBIACIATHCS METAUIBl MPU  DJIEKTPOJIHU3E, €CIH
HaIpsDKEHUE JT0CTaTOYHO IS BBIICJICHHS JIFOOOTO W3 HHUX: Q) Na® | Sn2+, Au3+; 0)
Ni?*, Fe?", Cu®*; B) Mg®, Cr¥*, Au**; r) Pb*, Sn?*, Ca**; x) Mn**, Ag" , Zn*"?

10. ITpoBOaUTCS BAEKTPOINU3 pacTBOpA THAPOKCHAA HATpUsl. byJer 1n MEHSIThCS BO
BPEMEHU: a) KOJUYECTBO IIesioun; 0) KoHIeHTpanus pactBopa? [louemy? Hanumure

YpaBHEHHUS pPEeaKIMi, MPOTEKAIOIIUX Ha AJIEKTpoaax.

16-Ttema. Koppo3usi MeTa/Lu10B U METO/AbI €€ NMPea0TBPAlleHUs].
Cnoco0bI npe0TBPALIeHU KOPPO3UH METAJIOB. AKTUBATOPLI U
HHIHOMTOPBI KOPPO3UH
Iaan:
1. TlonsiTie 0 KOPPO3UKU METAIIOB. THUIIBI KOPPO3UU
2. CriocoObl TPeI0TBPAILICHHS KOPPO3UH METAIIOB

3. AKTUBAaTOPHI 1 HHTHOUTOPHI KOPPO3HUH

OmnopHble cjJoBa W BbIpakeHusi: Kopposus, oxuciumenbHo-
80CCMAHOBUMENbHbL NPOYECChL, XUMUHECKASE KOPPO3UsL, 2A308d5 KOPPO3Us,
HCUOKOCMHASL KOPPO3US, INEKMPOXUMUUECKAsT KOPPO3Usl, 8UObl KOPPO3UU
Memainos, amOOHble U  KAMOOHble  NPOYecchl,  OKCUOUPOBAHLE,
Gochamuposanue, azomuposarue BOPOHEHUE CMAU, YeMeHmAayus,
npedomspaujerue Koppo3uu.

18.1. Koppo3usi MeTa/LUI0B M UX PA3HOBU/IHOCTH
Marepunaisl u3 METAJIOB o/, XUMHUYECKUM W
AIEKTPOXUMHUYECKUM BO3JAECHCTBUEM OKPYKAKOUIECH Cpelibl MOABEPTaAKOTCS

paspylieHuio,  KOTOpOe  Ha3blBaeTcsi  Koppo-  3ueid. Kopposwus



METaJJIOB BBI3bIBAETCSI OKUCIUTEIBHO- BOCCTaHOBHU- TEJIbHBIMHU
pEaKIUsIMHU, B PE3yJbTATE KOTOPHIX METAJUIbl MEPEXOJAT B OKUCICHHYIO
dbopMy H TEpAOT CBOM CBOWCTBA, YTO TMPUBOJUT B HETOJHOCTH
METAJUIMYECKUE MaTEPHUAIIBI.

Koppo3sueit Ha3zpiBaeTCsi mpoLEecC CaMONPOU3BOJIBHOTO Pa3pyIlICHUS
METaJUIOB TIOJI BJIUSIHUEM BHEIIHEW cpeabl. Koppo3usi - OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHAS PEAKIMsl, COTPOBOK/IAOIIASACA EPEXOJOM METAIIA B
MOHHOE COCTOSIHUE.

Pa3zpymienne meramia mpu CONPUKOCHOBEHHUH C BJIEKTPOJIUTOM C
BO3HUKHOBEHHEM B CUCTEME AJIEKTPUUYECKOTO TOKa
HA3bIBACTCSA JJIEKTPOXUMHUUYECKOU KOPPO3UEM.

B armocdepHBIX YCIOBHUSX pOJb D3JIEKTPOJUTA HIPAET BOJSHAs
IJICHKAa HAa METaJUIMYECKOM TMMOBEPXHOCTH, B KOTOPOM pPacCTBOPEHBI
AIEKTPONPOBOAIINE MPUMECU. IDJIEKTPOAAMH SBJISIIOTCS CaM METall U
colepXkailuecs B HEM TpuUMecH. B TakoM  TrajJibBaHUYECKOM
AJIEMEHTE MPUMECH, HUMEIOIUe  OOJIbIIeE 3HAYEHHE  DJIEKTPOJHOTO
MOTEHIMAJIa UTPAIOT POJIb KaToJa, a caM METaJUl sBjiseTcs aHojmoMm. Ha
KaTojie OOBIYHO BBIACISCTCS BOJOPOJ M3 MOJICKYJI WJIM MOHOB CPEIbl, a
aHOJI pacTBOpsAETCA, T.€. TMOABEpraercs Koppo3uu. Hampumep, npu
KOHTAaKTE Xejie3a ¢ MEIbI0 B PAacCTBOPE COJITHOM KHUCJIOTHI 00pa3yercs
raJilbBAHUYECKUN 3JIEMEHT:

Fe[Fe?*, HCI, Cu®*|cu”
Ha anone Fe -2e = Fez+,
Ha katozme (Cu) 2H" + 2e = H,


http://zadachi-po-khimii.ru/obshaya-himiya/okislitelno-vosstanovitelnye-reakcii
http://zadachi-po-khimii.ru/obshaya-himiya/okislitelno-vosstanovitelnye-reakcii

CymmapHas peakius Fe + 2H" = H, + Fe?"

Ecnu peakuust npoxoauT B aTMOC(HEPHBIX YCIOBUSIX B BOJIE, ITPOIIECC
YCIOKHSETCS JPYTUM IMPOLECCOM, CBSI3aHHBIM C PACTBOPEHHBIM B
AIEKTPOJIUTE KHUCIOPOJOM, KOTOPBIM Ha KaTOJE MOKET y4acTBOBaTh B
pE€aKkuuy, UMEHYEMOM KHUCIOPOIHOM JICTIOJISIPU3ALUENA KATO1a

O, + 2H,0 + 4e = 40H
B »sTOoM ciydae WOHBI Kejne3a COCIUHSIOTCS C MEPElEIIUMU B
pactBop noHamu OH- U OKUCIISIFOTCS KHUCIOPOJOM BO3/1yXa,
Fe?* + 20H = Fe(OH),
4Fe(OH), + O+ 2H,0 = 4Fe(OH)s;,
ITocnenHuii YaCTUYHO OTILETUISIET BOLY
Fe(OH); = FeOOH + H,0

[TonydeHHOE BEIIECTBO MPUMEPHO OTBEYAET COCTaBy Oypou
P KaBUYHUHBL.

ITo xapakTepy 3alMTHOrO ACHUCTBUS MPOTUB BJIECKTPOXUMHUYECKOUN
KOPpPO3UU pa3JIWYalOT AHOJHBIE W KaTOJHbIE TOKpbITHSA. K aHOAHBIM
OTHOCSIT TaKHU€ TOKPBITUS, B KOTOPBIX MOKPHIBAIOIIUN MeTaul oOJiazaet
OoJiee OTpUIIATEILHBIM MOTEHIIMAIOM, Y€M 3alUIaeMblid (OIIMHKOBAHHOE
xene30). K KaToIHBIM OTHOCSTCS TOKPBITUS METaIOM C  OOJBIINM
3HAYEHHEM 3JICKTPOJHOI0 MOTEHIHAaNa (JIy>)KEHOE, T.€. MOKPBITOE OJIOBOM
xene30). [loka ciol, MOKpBIBAIOIMIMNA OCHOBHOM METasj, MOJHOCTHIO
M30JIMPYET €r0 OT BO3JAECUCTBUS OKPYKAIOWIEH CPEAbl, TPUHLMUITHAIBHOIO
pa3muuus MEXKAYy OTHUMHU BHIAAMHU TOKPBITHIM HeT. [Ipu HapyumeHun

HCJIIOCTHOCTHU IIOKPBITUA CO3HAKOTCA COBCPHICHHO PA3JIMYHBIC YCJIOBHUA.



KaTtogHoe moKpbeITHE TMpecTaeT 3alluiiaTh W YCUIMBACT CBOUM
MPUCYTCTBUEM KOPPO3UI0. AHOAHOE MOKPHITHE OYyJET CamMO MOABEPraThCs
pa3pylLIEHUIO, MPOJIOIAKAs 3aIUIATh OCHOBHON METAJLII.

MO>KHO BBIIENNTH 3 MPU3HAKA, XaPAKTEPU3YIOIIUX KOPPO3UIO:

Koppo3ust - 3T0 ¢ XUMHYECKOM TOYKM 3PEHUS IPOILECC
OKHCJIUTEIbHO- BOCCTAHOBUTEIBbHBIM.

Kopposus - 310 camMonpou3BOJIBHBIA MNPOLECC, BO3HUKAIOIIUKA IO
MPUYUHE HEYCTOMYMBOCTA TEPMOJMHAMUYECKON CHUCTEMBI METall -
KOMITOHEHTBI OKPY>KAIOIIEH CPEIbI.

Kopposus - 310 mporiecc, KOTOPbIM Pa3BUBAETCS B OCHOBHOM Ha
MoBepXHOCTH MeTtauia. OIHAKO, HE HCKIKYEHO, YTO KOPPO3USI MOKET
MIPOHUKHYTH U BriyOh MeTaJLIA.

Buabt  koppo3uun wMera/uioB. Haubosee dyacTto  BCTpedaroTCs
CJHEYIONINE BUbI KOPPO3UU METAIIIIOB:

a) PaBHOMepHas - OXBaThIBACT BCIO IOBEPXHOCTh PABHOMEPHO

b) HepaBHOMepHas

C) UzbupatenbHas

d) MecTHas nATHAMU - KOPPOAMPYIOT OTACIbHBIC YIACTKH TOBEPXHOCTH

e) SI3BeHHas (MM MUTTHHT)

f) Toueunas

g) MeXKpuCTalLIMTHAS - PACHpOCTPAHSICTCS BIOJIb TPaHHUI] KPUCTaJia

MeTasia
h) PacTpeckuBarommas

1) ITogmoBepxuocTHas (Puc.18.1.)



9 h i

Puc. 18.1. OcHOBHBIE BUbI KOPPO3UU

C TOYKM 3peHHUsT MEXaHU3Ma KOPPO3WOHHOTO MPOIECCAa MOYKHO BBIJICIIUTH
ZBa OCHOBHBIX TUIIA KOPPO3ZUU: XUMUUECKYIO U DTIEKMPOXUMULECKYTO.
XuMHYecKass KOPPO3UA MeETAIOB. XHUMHUYECKAs KOPpO3Us
METAJUIOB - JTO PE3yJbTAaT MNPOTEKAHUS TAKUX XMMHUUYECKHUX PEAKLUU, B
KOTOPBIX IIOCJIE pPa3pyLICHUs METAJUIMYECKOW CBSA3M, aTOMbl METaUIAa U
aTOMBI, BXOJISIIME B COCTAB OKUCIUTEJIECH, 00pa3yroT XUMUUYECKYIO CBSI3b.
ONEKTPUYECKUN TOK MEXAY OTIAEIbHBIMH YYacTKaMH ITOBEPXHOCTH
MEeTajula B 3TOM CJIy4yae HE BO3HUKAET. TakOM TUIl KOPPO3UM MPHUCYII
cpelaM, KOTOpble HE CHOCOOHBI MPOBOAUTH JJIEKTPUYECKUA TOK - 3TO

ra3bl, JKUAKHC HEIJICKTPOJIUTDI.



XUMHUYECKass KOPPO3HUS METAJIOB OBIBAET ra30BOM U JKHUIKOCTHOM.

I'azoBasi KOppO3HS METALJIOB - JTO pe3yiabTaT JAEHCTBHUS
arpeCCUBHBIX Ta30BBIX MM IMAPOBBIX CPEX Ha METaul IPH BBICOKHUX
TeMIlepaTypax, MpPd OTCYTCTBUU KOHICHCAIMU BJarM Ha ITOBEPXHOCTHU
MeTajia. JTO, HAIIPUMED, KUCIOPOI, TUOKCU CEPBI, CEPOBOIOPO/, MaPHEI
BOJIBI, TallOT€HBI. Takash KOPpO3Hs B OJHUX CIIy4asX MOXET IPUBECTH K
HOJHOMY pa3pylICHUIO MeTaia (€CIM METall aKTUBHBIH), a B JAPYIHX
CllydasXx Ha €ro MOBEPXHOCTH MOKET 00pa30BaThCS 3alllUTHASA ILICHKA
(HammpuMep, aIFOMUHHUI, XPOM, IUPKOHUIA).

KuakocTHast KOPpPO3Hsi METAJLIOB - MOXET IPOTEKaTh B TaKHX
HEDJIEKTPOJINTAX, KaK He(PTh, CMAa304YHbIE Macjaa, KEPOCHH U ApP. DTOT THUII
KOPpPO3UH TPH HATUYHMK JaKe HEOONBIIOr0 KOJIMYECTBA BJIard, MOKET
JIETKO TIPUOOPECTH IACKTPOXMMHUECKHUI XapaKkTep.

[Ipy  XUMHUYECKOH KOPPO3HM CKOPOCTh  paspylICHHS MeTallia
IPOIOPIMOHATbHA CKOPOCTH XMMHMUYECKOH peakIud U TOH CKOPOCTH C
KOTOPOM OKHUCINTEIh IPOHHKAET CKBO3b IUICHKY OKCHIAa MeETajlia,
HOKPBIBAIOIIYIO €r0 MOBEPXHOCTh. OKCHIHBIE IICHKA METAZIOB MOTYT
OPOSIBIATh HIIM HE TPOSBIATH 3aIMTHBIC CBOMCTBA, YTO ONPEAEIACTCS
CIUIOIITHOCTEIO.

CIUIONIHOCTh TAKOM  IUIEHKH  OIICHMBAIOT  Beau4MHE (pakTOpa
[Mummuara-  bagsopaca: (o0 = Vo /Vye) IO OTHOHIEHHIO  0ObeMa
00pa30BaBIIErocs OKCHAA WM APYroro Kakoro- JMOO0 COCAHMHEHHS K

00bEMY U3PACXOJOBAHHOTO HAa 00pa30BaHUE ATOTO OKCHJIa METaJlIa

00 = Vo Vite = Mo Prie/ (0 A Pox)s



rae V. - 00beM 00pa3oBaBIIErocs OKCH/Ia
Ve - 00b€M MeTaIa, U3pacxo0BaHHbIN Ha 00pa30BaHUE OKCHUIA
M., - MOJIIpHast Macca 00pa30BaBIICTOCS OKCH/IA
PMe - IDIOTHOCTH METajia
N - YUCJI0 aTOMOB METaJlIa
Ame - aTOMHAs Macca MeTajia
Pox - INIOTHOCTH 00PAa30BaBIIETOCS OKCH/JIA

OkcuaHbIC TUICHKH, Y KOTOPBIX 00 < 1, HE SIBJISIOTCS CIUIOIIHBIMH M
CKBO3b HHUX KHCJIOPOJ JIETKO IIPOHUKACT K ITOBEPXHOCTH MeTajiia. Takue
IVICHKM HE 3alllUINAl0T MeTaul OoT Koppo3uu. OHHM 00pa3yroTcs Ipu
OKHCIICHHH KHCJIOPOJOM IIEIOYHBIX M IIMEIIOYHO- 3EMEIbHBIX METaJJIOB
(uckirovasi OepusIuit).

OxkcuaHbIe TUICHKH, Y KOTOPBIX 1 < a0 < 2,5 SABISAIOTCS CIUIOIIHBIMH H
CIIOCOOHBI 3aIIUTUTHh METAJT OT KOPPO3HH.

[Tpu 3HaueHMsIX o0 > 2,5 yclioBHE CIUIONIHOCTH YKE€ HE COOJII0IaeTcs,
BCJICJICTBHE YET0 TaKWE IJICHKHU HE 3alIUIIA0T METaJUT OT pa3pyIICHHUS.

Hwkxe npencraBieHsl 3HaUYSHUS 0L 111 HEKOTOPBIX OKCHJIOB METAJIOB
(Ta6m1.18.1)

Tabnuia 18.1.

3Ha4YCHU o AJs1 HCKOTOPBIX OKCHUIOB MCTAJIJIIOB

MeTaiul |OKcu| o |MeTal| OKCULI o
K KO [0,45| Zn Zn0O 1,95
Na |[Na,O|0,55| Ag | Ag,O 1,58
Li Li,O |059 | Zr ZrO, 1,60




Ca | CaO |0,63| Ni NiO 1,65
Sr SrO | 0,66 | Be BeO 1,67
Ba BaO | 0,73 | Cu Cu,0O 1,67
Mg | MgO [0,79| Cu CuO 1,74
Pb | PbO |1,15| Ti Ti,03 1,76
Cd | CdO |1,21| Cr | Cr,03 2,07
Al |AlL0,[1,28| Fe | Fe0Os 2,14
Sn | SnO, |133| W WO; 3,35
Ni NiO | 1,52

JJIEKTPOXMMHUYECKAA KOPPO3USl METAJLUIOB. DIJIEKTPOXHMHUYECKAs
KOppO3Usi METAJIOB -
PAa3JIUYHBIX 3JIEKTPOIUTOB, KOTOPBIM COMPOBOXKIACTCA BO3HHUKHOBCHHUEM
BHYTPH CHCTEMBI SJIEKTPUUECKOTO TOKA.

IIpr TakoMm THUIIE KOPPO3HM aTOM YIAISETCS W3 KPUCTALIMYECKON

PELIETKH PE3yJIbTaTe JBYX COMPSIKEHHBIX MTPOLECCOB:

ATO TMPOUECC pa3pylIeHUs METALUIOB B Cpele

AHOOHO20 - METaIIN B BUJIE MOHOB MEPEXOJUT B paCTBOP.

Kamoomnozo - obpazoBaBunecs: npu aHOAHOM IPOLECCE JIEKTPOHBI,

CBSI3BIBAIOTCSI ICMIOJISIPU3ATOPOM (BEIIECTBO — OKUCIIUTEND).

Cam IMpoHeCC OoTBOAA 3JICKTPOHOB C KAaTOAHBIX YUYACTKOB HA3bIBACTCA

NETOJIIpU3aied, a  BEIIECTBA
JEeTNOJISIPU3aTOPaAMH.
Haubonbiiiee pacnpocTpaHeHue

CITIOCOOCTBYIOIIUE

UMEET KOpPpOo3usl

BOJOPOJHOM U KMCIOPOJHOMN JECTIOIAPU3ALMCH.

MCTAJIJIOB



Bonopoanas npenosisipu3aiivisi OCyIIECTBISIETCA Ha  KaToAe IMpu

ANEKTPOXUMHUUECKONU KOPPO3UU B KUCIION cpesie
2H" + 2e'= H, pa3psix BOZOPOIHBIX HOHOB
2H;0" + 2" = H, + 2H,0

Kucnoponnas nmemnosisipu3aiiusi OCYIIECTBISIETCS Ha Karoje IMpu
AJIEKTPOXUMHUAYECKON KOPPO3UHU B HEUTPAIIBHOU CPELE

O, + 4H" + 4e” = H,0 BoCCTaHOBIICHHE PACTBOPEHHOTO KUCIOPOIa

O, + 2H,0 + 4e = 40H

Bce wMeramnbl, 1O HMX  OTHOIICHHIO K DJICKTPOXHMHYECKOM
KOPPO3UH, MOKHO pPa3OUTh Ha 4 TpyIIbl, KOTOPHIC ONPEACISTIOTCS
BEJIMYMHAMU UX CTAHJAPTHBIX JICKTPOIHBIX IMOTCHIIUAIOB:

AKTUBHBIE  MeTaJUIbI (BBICOKAsT  TEPMOJUHAMUYECKas HecTa-
OWIBHOCTB) - 9TO BCE METaJUIbl, HAXOJSIIUECS B HUHTEPBAJE ICIOYHbBIC
METaJIbl - KagMHUU (E0 = - 0,4 B). x xoppo3usi BO3MOXKHa Jaxe B
HEUTpAJIbHBIX BOJHBIX Cpelax, B KOTOPBIX OTCYTCTBYIOT KHCIOPOJ WJIU
JIPYTUE OKUCIUTEIIH.

Metamnbl  cpellHel — aKTMBHOCTH (TEpMOJMHAMHUYECKass  HecTa-
OWJIBHOCTB) - PACMOJIAraloTCS MEXKIY KaJIMHUEM U BOJIOPOIOM (E°=0,0 B).
B HeWTpanpHBIX cpefax, B OTCYTCTBHHM KHUCJIOPOAA, HE KOPPOAUPYIOT, HO
MOJABEPralOTCsl KOPPO3UHU B KUCIIBIX Cpeax.

MarnoakTuBHBIE METAJIIBI (MPOMEXKYTOUHAST TEPMOJMHA - MUYECKas
CTAOMJILHOCTH) - HAXOASATCS MEXIY BOJOPOJOM U POAUEM (E0 = +0,8 B).
OHHU YCTOWYHBBI K KOPPO3UHU B HEUTPATBHBIX 1 KUCIIBIX CpeaaxX, B KOTOPBIX

OTCYTCTBYET KUCIIOPOJ WU APYTHUE OKUCIUTEIH.



biaropoansie METaJIJIbI (BBICOKAS TEpMOJIMHAMUYECKas
CTaOMJIBLHOCTh) - 30JI0TO, IUIATWMHA, UWPUIWNA, nawiaauii. Moryr
MOJIBEPTaThCsl KOPPO3UM JIHIIb B KHUCIBIX Cpelax MPU HAIMYUKA B HHUX
CIIbHBIX OKUCIIUTEIICH.

DNEKTPOXUMHUYECKass KOPPO3US MOKET MPOTEKAaTh B Pa3JIMUYHBIX
cpenax. B 3aBUCHMOCTH OT XapakTepa Cpejibl BHIJICISIOT CICIYIOIINE BUIbI
AIEKTPOXUMHUUECKOU KOPPO3UHU:

Koppo3usi B pacTtBopax »dJEKTPOJUTOB - B PpacTBOpax KHCIOT,
OCHOBAaHMH, COJIEH, B MPUPOJHOU BOJE.

ATMocdepHasi Koppo3usi - B aTMOC(HEPHBIX YCJIOBUAX U B CpeJe
J1000r0 BIAXHOTO ra3a. DTO caMblil pacCIpOCTPAaHECHHBIN BUJl KOPPO3UH.
Hanpumep, npu B3auUMOJICHCTBUM Kejle3a ¢ KOMIIOHEHTAMH OKpY KaroIiei
Cpedbl, HEKOTOpPhIE €ro Y4YacTKU CIy>KaT aHOJOM, TJI€ IPOUCXOJUT
OKHCJICHHE KeJie3a, a IPyTrue - KaToA0M, T/ie TPOUCXOAUT BOCCTAaHOBJICHUE
KUCJIOpOa:

A: Fe - 2" = Fe**
K: O, + 4H" + 4¢" = 2H,0

KaTtomom siBiisieTCSsl Ta MOBEPXHOCTD, TJI€ O0IbIIE TPUTOK KUCIOPOa.

IlouBeHHasi KOPpoO3Ms - B 3aBUCUMOCTH OT COCTaBa IOYB, a TaKkKe
€e adpaluu, KOppo3usli MOXKET MPOTeKaTh 0ojiee WM MEHEe WHTCHCHUBHO.
Kucisie mouBsl HanboJsiee arpeCCUBHBI, a MIECYaHbIE - HAUMEHEE.

AdpanMoHHAasi KOPPO3Us - BO3HUKACT TIPU HEPABHOMEPHOM

JNOCTYIIE BO3AYyXAa K Pa3jIMYHbIM 4acCTAM MaTepraa.



Mopckasi KOppoO3us - IMPOTEKAET B MOPCKOW BOJE, B CBS3U C
HaJM4YMeM B HEU pacTBOPEHHBIX COJICH, ra30B U OPTaHUYECKUX BEIIECTB.

Buoxkoppo3usi - BO3HUKAET B pE3yibTaTe€ KU3HEIACATCIHbHOCTHU
OakTepuil U APYyrux OpraHu3MoB, BeIpadaThiBatomuX Takue ra3bl kKak COo,
H,S u 1p., ciocoOcTByOIIIE KOPPO3UHU METaa.

DJIEKTPOKOPPO3MS - IPOUCXOJIUT TOJ JCUCTBHEM OJIY>KIArOIIMNX
TOKOB Ha TOJ3EMHBIX COOPY>KCHHSIX, B pe3yJibTaTe padOT DJICKTPUUECKUX
YKEJIE3HBIX JIOPOT, TPAMBAWHBIX JJUHUM U IPYTUX arperaTos.

18.2. IlpenorBpanieHue KOPPO3MUA METAIOB

MeToabl 3amuThl OT KOpPpo3um Metawaa. OCHOBHON cmoco0
3alIUTBl OT KOPPO3UH METajja - ATO CO3JaHHUE 3aIUTHBIX MOKPBHITHH -
METATUYECKUX, HEMETAJUIMYECKUX UJIM XUMUYECKUX.

MeTanan4yeckue NOKPbITUA. MeTaNIMUeCKOE MOKPHITHE HAHOCUTCS
HAa METaJUl, KOTOPhIA HY)XHO 3alllUTUTh OT KOPPO3UM, CIOEM JPYyroro
MeTalljla, YCTOMYMBOTO K KOPpPO3MH B TeX Ke yciIoBUsX. Ecuu
METAJIMYECKOE  TOKPBITUE  HW3TOTOBJIEHO W3  MeTalia ¢ Oosee
OTpUIIATEIBLHBIM MOTEHITMATIOM (00JIee aKTUBHBIN) , UEM 3allUIIAEMBbIH, TO
OHO Ha3bIBACTCS AHOJHBIM TOKphITHEM. Ecin MeTayindeckoe MOKPBITHE
W3TOTOBJICHO M3 METajula ¢ 00Jiee TOJOKUTEIBHBIM TOTEHITHAIOM (MEHee
aKTUBHBIM), dYeM 3allUIaeMblii, TO OHO Ha3BIBAETCS KATOHBIM
MOKPBITHEM.

Hanpumep, npu HaHECEHUH CJIOS IIMHKA Ha YKEJIe30, IPU HapYIICHUU

HCJIIOCTHOCTHU IIOKPBLITHA, HOUMHK BBICTYIIACT B KAa4YCCTBC aHOAA H 6y,Z[eT



paspymiaThCs, a JKeJe30 3alIMIICHO A0 TeX IMOp, IMOKa HE M3PACXOIyeTCs
BeCh UHK. [[HHKOBOE TTOKPBITHE SBISETCS B JTAHHOM CJIydae aHOIHBIM.

KaTtomHbIM MTOKpHITHEM JUIS 3alllMTHl JKejle3a, MOXKET, Halpumep,
OBITh MEJb WJIU HUKEIb. [Ipu HapyIIeHUHN EJIOCTHOCTH TaKOTO TOKPBITHS,
pa3pylaeTcs 3aluIIAacMbId METAJLIL.

HeMmeTajuinyeckne mNOKPBITUSL. Takue TMOKPBITUS MOTYT OBITH
HeopraHnueckue (IIEMEHTHBIM pacTBOp, CTEKIOBHJHAs Macca) W
opraHuyeckue (BBICOKOMOJICKYJISIPHBIC COSAWHEHHUS, JIaKh, KpacKH,
oUTyM).

XumMnyeckue MOKPbITHHA. B 3TOM ciydae 3amuiiaeMblii MeTasl
MOJBEPral0T XHUMHYECKOM 00paboTKe C IMeiabl0 oOpa3oBaHMS Ha
MOBEPXHOCTH IUJICHKH €r0 COCJAMHEHUS, YCTOHYMBON K Kopposun. Croma
OTHOCSTCS:

OKCUOUPOBaHUE - TIOTYUYCHUE YCTOMUUBBIX OKCUAHBIX TIEHOK (Al,Os3,
Zn0O u ap.);

Gdocghamuposanue - TONydeHUE 3aMMUTHOM IWIeHKH docdaToB
(Fes(POa4)2, Mn3(PO,)y);

azomuposanue - TOBEPXHOCTh MeTaJljIa (CTaIM) HaChIIAIOT a30TOM;

B0pOHEHUe cmaiu - TIOBEPXHOCTh MeETalllla B3aMMOJICHCTBYET C
OpraHWYECKUMH BEIIECTBAMU;

yemenmayus - TIOJyYCHHE Ha IMTOBEPXHOCTH METaJlJla €r0 COSAMHEHUS
C YIJE€pPOJIOM.

N3MeHneHne coctaBa TEXHHMYECKOTO MeTajjia TakKe CIOCOOCTBYET

MOBBIICHUIO CTOMKOCTH METajuia K KOppo3uu. B 3ToM ciiydae B MeTas



BBOJAT TAKUE COEOUHEHHUS, KOTOPHIE YBEIUYMBAIOT €ro KOPPO3HOHHYIO
CTOMKOCTb.

N3MeHeHue coctaBa KOPPO3HMOHHOUM Cpeibl (BBEICHUE WHTUOUTOPOB
KOppPO3UM WM YJAJICHUE MPUMECEH U3 OKPYXKAIoIIeH Cpenbl) TOXKe
SBJISIETCS CPEICTBOM 3aIIUThHI METAIJIA OT KOPPO3HUH.

DNEeKTpOXUMHUYECKasi 3alllUTa OCHOBBIBAETCS HA MPUCOEAUHEHUU
3AIIMIIAEMOTI0 COOPYKEHHUSI KAaTOy BHEIIHErO0 HMCTOYHUKA MOCTOSHHOIO
TOKAa, B PE3YJbTATE YETr0 OHO CTAHOBHUTCS KaTOAOM. AHOJOM CIYKHUT
METAJUIMYECKUNA JIOM, KOTOPBIA Pa3pyllasch, 3alIUINAECT COOPYKEHHUE OT
KOPPO3HH.

IIporekTopHasi 3amuTa - OAUH W3 BUIOB 3JIEKTPOXUMHUYECKOM
3AIIUTHI - 3aKJIFOYAETCS B CIEAYIOMIEM.

K 3ammiaeMoMy COOpPYXEHUIO NPUCOECAMHSIOT IUIACTUHBI Ooliee
aKTUBHOTO MeETaljla, KOTOPBIM Ha3bIBaeTcs NpoTekTopoM. [IpoTektop -
MeTaul ¢ Oosiee OTpUIIATENbHBIM IMOTEHIMAIOM - SIBISIETCS aHOAOM, a
3aIIMIIAEMOE COOpYyKeHue - KarogoM. CoeauHEeHHE MPOTEKTOpa W
3aIMIIAEMOT0 COOPYKEHUS TPOBOJAHUKOM TOKA, MPUBOJUT K Pa3pyIICHUIO
IPOTEKTOPA.

JUist 3amMThl METaUIOB OT KOPPO3UM YacTO XUMHUYECKUM WIH
JIEKTPOXUMHUUECKUM IyTeM (POPMHUPYIOT HA €r0 MOBEPXHOCTH 3aLUTHYIO
OKCUIHYIO IUIEHKY. /[l amroMHHUS HCIONB3YIOT JJIEKTPOXUMHUYECKUN
cnoco0: aHoaupoBanue. s xene3a, NPUMEHSIOT, HaPUMEp, KUIISTUYECHUE

B pacTBoOpe cojieit pochopHON KUCTOTHI HJIM B A30THOM KHUCIIOTE.



IIpexorBpanieHue CIJIOMIHOM KOPPO3UM, 3AIIMUINAS ITOBEPXHOCTH
Metaiia. CruiomHass KOppo3usi SIBIISIETCS OJHUM W3 BHUJOB KOPPO3HH,
KOTOpasi BOBHUKAET OJHOPOJHBIM CIOCOOOM Ha OTKPBHITOM IMOBEPXHOCTH
MeTaiyia. B 3ToM Tumne KOppo3uu BCS MOBEPXHOCTh METaJllIa MOJABEPKEHA
KOppPO3UM M, TaKUM OO0pa3oM, KOPPO3Us MPOXOJAUT C OJUHAKOBOU
CKOpOCThIO. Hampumep, eciu HE3alIUINCHHAS KEJE3Has  KpbIlla
CUCTEMAaTUYECKU TOJBEPraeTcs BO3ACHCTBHUIO O, BCS IMOBEPXHOCTH
KPBIIIK OyAET BCTYNAaTh B KOHTAKT C IPUMEPHO OJIMHAKOBBIM KOJIUYECTBOM
BOJIbI U, TAKUM 00pazom, OYJIeT pa3belaThCsi C PABHOMEPHOU CKOPOCTHIO.
Camblil TpoCTOM CIOCOO 3aIIMThl OT CIUIOIIHOW KOPPO3UHU - TOCTABUTH
3aIUTHBIN Oapbep MEXIYy METAJIOM M Pa3beAalollMM areHToOM. DTOro
MOXHO H30€XaTh OOJIBIIMM Pa3zHOOOpa3reM METOJ0B, IPUMEHEHUEM
KPAaCKU, MACJISTHOT'O TePMETHKA WM JICKTPOXUMUUYECKUM PEIICHUEM THUIIa
raJibBaHMYECKOTO IIMHKOBOT'O TTOKPHITHS.

IIpenoTBpaiieHue rajbBaHNYeCKOil KOPPO3MH IyTEM OCTAaHOBKHU
MOHHOT'0 TIOTOKA M3 OJJHOTO METaJljIa B APYroi. DTO OJIHA U3 BAXKHBIX PopM
KOPPO3UH, KOTOpAsi MOXKET MPOU30MUTH, HE3aBUCUMO OT (PU3NUECKOMN CHUJIBI
METaJLJIOB, y4aCTBYIOITUX B ANEKTPOXUMHUIECKOU KOPPO3HUH.
["anpBaHMYECKass KOPPO3Us IPOUCXOJIUT, KOT/Ia JIBa MeTaJljia
C Pa3JIMYHBIM 3JIEKTPOJHBIM MOTEHIIMAIOM HAXOASATCS B KOHTAKTE APYT C
JPYrOM B TPHUCYTCTBHHM JJICKTPOJUTA (HANMpuUMeEp, MOPCKON BOJIbI),
KOTOPBIN BBICTYIMACT B KauyeCTBE DJIEKTPUUYECKOTO IMPOBOJHUKA MEXKIY
HuMu. Korzma 3TO MpoOUCXOIUT, MOHBI METAJJIOB BBITEKAIOT M3 OoJiee

AKTUBHOI'O MCTaJlZla K MCHCC AKTUBHOMY MCTAJJIYy, B PC3YyJIbTATC 4YCTO



00Jiee aKTUBHBIN METaJLI MOJIBEPraeTcsi KOPPO3UU B YCKOPEHHOM TEMIIE, a
MEHEE AKTUBHBIM METAJUI - C MEHBIIIEW CKOPOCTHIO. B IIpakTHUYECKOM ILIaHE
ATO O3HA4YaeT, 4YTO KOppo3us OyAeT pa3BHBAaThCd Ha 00jIee aKTHUBHOM
METAJIE B TOYKE KOHTAKTA MEXKAY ABYMS METAJJIaMU.

JIroOoii MeToJ 3aluThl, KOTOPBIA MPEIOTBpAIACT MOTOK HOHOB
MEXKTY MeTalJIaMH, MOJKET MOTCHIIMAJILHO OCTAaHOBHUTH
AJIEKTPOXUMHUUYECKYI0 KOppO3Ht0. ECiay 3alMTUTh METAUT 3alUTHBIM
MOKPBITUEM, O3TO  MOXKET IIOMOYb  MNPEAOTBPATUTh  BO3JACHCTBUE
AJIEKTPOJIUTOB M3 OKPYXKAIOWIEH CPEeabl OT CO3JaHUS DJIEKTPUYECKOTO
MIPOBOJHUKA MEXIY ABYMS METAJJIaMH, & JIEKTPOXUMHUYECKHUE MPOLECCHI
3alllUThl, TaKWe KaK TallbBaHM3alMs M AaHOJUPOBAHUE, TaKXe OyIayT
xopoiio padotats. Kpome TOro, MOXKHO MOMENIATh 3JAEKTPOXUMHUYECKOM
KOPPO3UM M30JUPYsl OO0JACTH METAJIOB, KOTOPhIE€ BCTYMAIOT B KOHTAaKT
IPYT C IPYTOM.

Takke, OT TaJIbBAaHUYECKOW  KOPPO3UM  MOXKET  3alUTUTH
MCTIOJIb30BAHNUE KATOIHOM 3aIUTHI UJIA PACXOAYEMOTO aHO/IA.

IIpenoTBpamieHe TOYEYHOW KOPPO3MM, 3AIIUINAS TTOBEPXHOCTh
MeTallia, u30eras 3KOJI0TMUYECKUX UCTOYHUKOB XJIOpU/Ia U n30erast BMSATUH
U napanuH. ToyeyHas KOppo3us - oaHa U3 (HOpM KOPPO3UH, KOTOpas
MPOUCXOAUT HA MHKPOCKOIIMYECKOM YPOBHE, HO MOXKET HMETh
MaciTaOHbele TociencTBusd. OHa oOKa3bIBaeT OOJIBIIOE BO3JIEHCTBHE Ha
METaJUJIbl, KOTOPBIE 3alUINAIOTCSI OT HEE TOHKHM CJIIOEM MAaCCUBHBIX
COCAMHEHHM Ha TIOBEPXHOCTH, TaK Kak d3Ta (opMa KOPPO3HH MOXKET

MPUBECTH K MOBPEKIACHUIO KOHCTPYKIHMHU B CUTyalMsX, KOTJa 3aIUTHBIN



CJIOM, KaK IIpaBuj0, UM Memaer. TodyeyHas KOppo3us NPOUCXOAUT, KOTaa
HeOoJbIIasl 4YacTh MeTajla TEPseT CBOM 3alllUTHBIM MACCHUBHBIN CIIOM.
Korma 5T0 mnponcxomuT, raiabBaHWYEcKas KOPpPO3Us IPOUCXOAUT Ha
MUKPOCKOMMYECKOM YpPOBHE, UYTO MPUBOJUT K OOpPA30BAHUIO HEOOIBIINX
OTBEPCTUN B MeTajuie. BOKpPYr 3THUX OTBEPCTUH JIOKAIBHOE OKPYKEHHUE
CTAHOBUTCSI OYE€Hb KHUCIIBIM, YTO YCKOPSET IpoLecc. TOYEYHYI0 KOPPO3UIO
OOBIYHO MOKHO MPEIOTBPATUTh MyTEM HAHECEHUs 3alIUTHOTO MOKPHITHUS
Ha METAJUIMYECKYIO IIOBEPXHOCTH WM MCIOJIb3Ys KATOAHYIO 3AIUTY.

KoHTakT ¢ OKpyXawluen cpelod C BBICOKMM COJAEPKAHUEM
XJIOpUAOB (KaK, HalpuMep, ¢ COJIEHOM BOJIOM), KaK HM3BECTHO, YCKOpSET
IIPOLIECC TOYEYHOU KOPPO3HH.

IIpenorBpamienye meaeBOM KOPPO3MM 33 CYET MUHUMH3ALUU
OTPAaHWYEHHOTO MPOCTPAHCTBA MpPHU MPOEKTUpPOBaHUM OOBeKkTa. [lleneBas
KOppO3usl IIPOMCXOIUT B IPOCTPAHCTBAX METAUIMYECKUX IPEAMETOB,
KOTOPBbIE UMEIOT IJIOXOM JOCTYH K BO3JIYXY WJIH XHUIAKOCTH, HAIIPUMED,
1ol BUHTaMH, MO/JI 11aiibaMu, 1MoJT paKOBUHAMU WJIM MEXY COCIUHCHUSIMU
mapuaupa. llleneBas koppo3usi MPOUCXOIUT TaM, TAE€ pa3pbiB BOIU3U
METAJUIMYECKON TMOBEPXHOCTU JIOCTATOYHO IIHMPOK, YTOOBI TO3BOJIUTH
KUJKOCTA BOWTHU, HO JOCTATOYHO Y30K, YTOOBI KUAKOCTH MOIJIa OTTyAa
BBIWTH, IIOATOMY OHAa TaM 3acrauBaercs. JIOKalbHOE OKpPYXKEHHE ITUX
HEOOJIBIIUX MPOCTPAHCTB 00pa3yeT KOPPO3UIO U METAII pa3zbeaeTcs Kak
B ClIy4yae C TOYE€UYHOM Koppo3ueu. [IpenoTBpaleHue meneBod KOPpO3uu,
Kak [MpaBWIO, BONpOC Au3aiHa. HyXHO CBOOUTh K MHHUMYMY

BO3HUMKHOBCHHUC  Y3KHUX H.[GJICIZ B  CTPOUTCIBLCTBC MCTAJLNIMYCCKUX



MPEIMETOB IMYTEM 3aKPbITUSI ITUX MPOOETOB WM CO3/1aBaTh XOPOIIUM
MOTOK BO3JAyXa WIM S>KUJIKOCTH, UYTOOBl MHUHHUMHU3HPOBAThH IIEJIEBYIO
KOpPPO3HIO.

[IleneBass KOppo3usi BBI3BIBAET OCOOBIE MPOOJIEMBI, MpU padoTe C
TAKUMH METaJUIaMH, KakKk aJIIOMHUHHUH, KOTOPbIM HMEET 3allUTHBIN,
IIACCUBHBIM BHEIIHUK CJIOHM, a4 MEXAHWU3M IIECJICBOU KOPPO3UU MOXKET
CIIOCOOCTBOBAThH MMPOOMBAHUIO ITOTO CJIOS.

IIpenoTBpaiieHue KOpPpO3WH MO HANPS)KEHHUEM C T[OMOIIbIO
Oe3omnacHoil Harpy3ku u omxkura. Kopposuss mon nHanpsixkenuem (SCC -
stress corrosion cracking - kopposzuonnoe pacmpeckusanue noo
HanpsxceHuem) SIBIIETCS peakor ¢GOpMOM KOPPO3HMH, CBSI3aHHOM C
pa3pylleHueM KOHCTPYKIIUH, KOTOpasi MPEACTABIsAET OCOOBIN MHTEpeC s
WH)KEHEPOB, KOTOpbIE TMPOEKTUPYIOT CTPOUTENIbHBIE KOHCTPYKIIHH,
npeHa3HAYCHHbIC IS BBIJCPKUBAHUS CEPhE3HBIX HAarpy3ok. B ciydae
SCC, Hecymue metamuinueckue (popMbl 00pa3yroT TPEIIMHBI U TIEPEIOMBI
HIDKE YKa3aHHOTO Tpejeia Harpy3ku. B IpUCYyTCTBUH KOPPO3HMOHHBIX
HWOHOB, KPOIICYHBIC, MUKPOCKOTTMYECKHUE TPEIIUHBI B METAJJIC, BHI3BAHHBIC
paCTATUBAIOIITUM HaIpsoKEHUEM oT OOJIbIIION Harpy3KH,
pPaCIpOCTPAHSIOTCS KaK KOPPO3HMOHHBIE HWOHBI W JIOCTUTAlOT KOHIIA
TPEIIMHBL. DTO MPUBOAUT K TOMY, UYTO TPEIIMHBI MOCTEIIEHHO HAYMHAIOT
pacTd M B KOHEYHOM MTOTE MOTYT IIPUBECTH K Pa3pyIICHUIO KOHCTPYKIIHH.
SCC o0cobeHHO omacHO, TakK Kak 3TO MOXET MPOU30WTH Jaxke B

NPUCYTCTBUU BEUIECTB, KOTOpPHIE OYEHb CJIa00 BIMSIIOT HA KOPPO3HUIO



MeTaaiaa. ITo 03HA4acCT, 4TO KOPPO3HA MPOUCXOAUT B TO BpPECM:A, KOI'Jdad

OCTaJIbHas 4aCTb IIOBCPXHOCTHU MCTAJJIa KaXKCTCs H€3&TpOHYTOfI.

18.3. Koppo3uoHHbIe AKTUBATOPHI 1 HHTHOUTOPHI

Axmusamopul (0T J1aT. activus - akTUBHBIN, JiesITeIbHbIN). BeliecTna,
CIIOCOOCTBYIOIIIE  KOPPO3WHM, Hamp. HOHBI BOAOPOJA, KHCIOPO.,
PacTBOPEHHBIN B BoAc. B OMoXMMUM aKkTHBaTOpaMU Ha3bIBAIOT BEIIECTBA,
YCUJIMBAIOIIHE IeUCTBUE (DEPMEHTOB.

XHUMHYECKYI0 KOPPO3HIO YCKOPSICT TIOBBIIIICHHWE KOHIICHTPAIlUU
arpeCCUBHBIX (CIOCOOHBIX XMMHYECKH B3aMMOJICHCTBOBATh C METAJIJIAMH )
BEIIICCTB.

NHTEHCHUBHOCTD JJICKTPOXUMHUYISCKOU KOPPO3HH B OCHOBHOM 3aBHUCHT
OT TPHUPOJLI KOHTAKTHUPYIOIIUX METAJIJIOB, OT KOHIICHTpAIlMd W BHJA
anekTposinTta. CKOPOCTh JJEKTPOXUMUYSCKOW KOPPO3HH TEM BBIIIE, YEeM
OOJBIIIE PAa3HOCTh TOTCHIIMAJIOB MEXAY HaXOASAIIMMHUCA B KOHTAKTE
mertamuiamu. Hampumep, xene3o (E°rgre- = - 0,44 B) mnpu KOHTakTe C
Menbto (E°cycup+ = +0,34 B) Oyaer paspymiarbcsi ObICTpee, YeM MpH
KOHTaKTe ¢ 0J0BOM (E°spsn2+ = - 0,14 B).

[Iporiecchl OKHCJICHUS Ha aHOJEC W BOCCTAHOBJIICHHS Ha KaToJe
B3aUMOCBS3aHbl. [IpH yCKOPEHUU WM TOPMOXKEHHWHM KAaTOJIHOTO IIpoliecca
OyIeT Tak)Ke TOBBIIIATHCS WIIM CHIDKATBCS M CKOPOCTh KOppo3uu. Tak,
TIOBBIIICHHE KOHIEHTpanmu HoHoB H' mmm Momekyn kuciopoma O, B
JIEKTPOJIUTE  YBEIMYMBACT  CKOPOCTh  KAaTOJHOM  peakmu,  a

CJIEJIOBATENIbHO, YCKOPSET MIEKTPOXUMHUUECKYIO KOPPO3UIO METaIA.



[Iporecchl 3IEKTPOXUMUUYECKON KOPPO3UU TAKKE CUIBHO YCKOPSIIOTCS B
npucytctBuu noHoB C1° (pactBopéHHbIe conu - Xnopuasl:NaCl, CaCl, u
Ip.).
XUMUYECKOE B3aUMO/JICUCTBHE METAJIJIOB C PA3IMYHBIMU BEIIECTBAMU
B JIOTIOJIHEHUE K OJJIEKTPOXMMHUYECKOW KOPPO3UM BCErJa YBEJIMYUBACT
OOIIYI0O CKOPOCTh pa3pyllIeHUs MeTaUIoB. B OOJIBIIMHCTBE CiIydacB
TaKUMH aKTUBHBIMU BEIIIECTBAMHU MO OTHOIICHHIO K METaIaM SIBJISIOTCS
KHCTOTHL. KHCIOTB, B KOTOPBIX OKHCIMTENeM sBiseTcs HoH H',
pearupyoT ¢ MeTajlylaMHi, HUMEIOIIMMHM OTPHUIATECIbHBIE 3HAYCHUS
MOTEHIIMAJIOB, C 00pa30BaHUEM COJIEH U BBIJIEJICHUEM Ta3a - Bojaopojaa Ho.
Hanpumep, eciu IUHKOBOE W3JEIUE TMOJBEPracTCs BO3ICHUCTBUIO
pactBopa comsHoi kuciotel HCI1, To Hapsigy ¢ OObIYHOM peakiuein
pPacTBOpPEHUS IMHKA B KUCJIOTE:
/n+ 2HCI1 — ZI]Clz + HzT
Zn° - 28 — Zn*
2H" +28 — H,°t
MPOUCXOMAT TAKXKE HICKTPOXUMHUECKHUE TMPOIECChl B TaJlbBAHUYECKHUX
AJIEMEHTaX Pa3HOTo pojia, 00pa3yIoMMXCs Ha TOBEPXHOCTH MeTaJjla:
Anon: Zn° - 2¢é —7Zn°"
Katom: 2H" +2é— H,°1(B kucnoii cpese)
OO0miass CKOpOCTh pa3pylleHus MeTauila OyJdeT CKIaAbIBaThCs U3
CKOPOCTEH XUMHYECKOTO U AJIEKTPOXUMHUUECKOTO TIPOIIECCOB.
[I[€moun B BOAHBIX PAacTBOpPax XMMHYECKH HE B3aHMOJICUCTBYIOT C OOJIb-

IIMHCTBOM  MCTAJUJIOB, OJHAKO HCKOTOPLIC aM(bOTGPHBIG MCTaJIJIbI



(ayIroMUHUM, HUHK, OCpUIUIMHM, OJIOBO, CBUHEI]) pa3pyIlIAlOTCS BOIAHBIMU
pacTBOpaMHU 1IEJIOYEN, HATPUMED:
2A1 + 6KOH — 2K3A103 + 3H,?

PaccmotpuM, Kakue OpoIECChl MOPOUCXOASAT TMPU  KOHTAKTE
IIMHKOBOT'O U3JICJIUS C BOJHBIM pacTBOPOM IIEn04u, Haripumep, NaOH.
Tak e Kak v B OpeAbAYIIEM MPUMEPE, IIUHK BCTYIIAET B XUMHYECKYIO pe-
aKIMIO, U MIPU 3TOM, OKUCIISIACH, Pa3pPyIIaeTCs:

Zn+ 2NaOH—Na,ZnO; + H,1t
Zn° - 28 —Zn*"
2H" +28 — H,°1

DIJIEKTPOXUMHUYECKAsT KOPpO3Us IIMHKA B CpPENE DJIEKTPOJIMTA B

JTAHHOM CJTy4ae OMMUCHIBAETCS YPABHCHUSIMU:
Anox: Zn°- 2e — Zn**
Karona: O, +2H,0 + 4¢é —4(OH) (B OTCYTCTBHE KHUCITIOTHI)

IIpucyrcTBytomme B 1menoyHoM pactBope moHbl OH™  3amenmsior
KaTOAHYIO PEaKIMI0, a, CJIEAO0BATEIbHO, AHOIHBIM MPOILECC OKUCICHUS
IIMHKA TaKXke OyAeT MOAaBISThCS.

Takum oOpa3oMm, B IIEJIOYHOM cpelae Koppo3us amM(OTEpHBIX
METaJVIOB MPOUCXOJUT IMPAKTUYECKU MOJHOCTHIO 32 CYET XUMHUYECKOIO
B3aUMOJICHICTBUSL.

XUMHYECKOE B3aUMOJECUCTBUE METAJIa C PACTBOPAMH COJIEM TAKKE
MOXET  YCKOPSTb  TpoIlecC KOpPpo3uM 3a CYET  oOpazoBaHUs
JIOTIOJIHUTEJIbHBIX MHUKPOTAJIbBAHUYECKUX JJEMEHTOB. WM3BECTHO, 4YTO

MCTAJIZI MOXKET BOCCTAHABJIMBATL HOHBI MCTAJJIOB, HMCHOIIHNX 0osee



BBICOKHE 3HAQUYE€HUS TMOTEHIMAJIOB, W3 BOJHBIX PACTBOPOB COJEH.
Hanpumep, npu 100aBI€HUN B 3IEKTPOJIUT, HAXOASIIUICA B KOHTAKTE C
MHKOM, pacTBOpa MEIHON COJIM MPOUCXOJUT BOCCTAHOBIICHHE MEAU
(E Zn°<ECu°) :
Zn + CuSO,—7ZnSO,+ Cu
Menp ocaxnmaercss Ha TMOBEPXHOCTHM I[IMHKA B BHJAE MEJKHUX
KPUCTAIJIOB - 00pa3yeTcs MHOXKECTBO MHUKPOTaJbBAHUYECKUX Map IUHK-
Meab. Cpasy HauMHAETCs IOMOTHUTENbHAS IEKTPOXUMHUYECKask KOPPO3HUs
[IMHKA 10 CXEMaM:
Anon: Zn | Zn° - 28 —Zn**
Karox: Cu | 2H" +28— H,°1(B KuCIOH cpere)
WIIH:
Anon: Zn | Zn° - 28 —Zn**
Karox: Cu | O, +2H,0 +4 € — 4(OH) (B oTCYyTCTBHUE KUCIIOTHI)
NHrubuTopsl  KOpPpO3WM -  BEIECTBA, KOTOPbIE, HAXOIACh B
KOPPO3UMOHHOM cpeie B JOCTATOYHOM KOHIEHTPAIMU, CHIIBHO 3aMEJIIOT
aub0  BOOOWIE MPEKpallalOT KOPPO3UOHHOE  pa3pylleHHe MeTaia.
NHrubuTopoM KOppO3UU MOKET OBITh KaK OJIHO COCIMHEHHUE, TaK U CMECh
HECKOJIbKHUX.
O} heKTUBHOCTh AEUCTBUS MHTHOUTOPOB KOPPO3UU MOXKHO OIEHUTH
M0 JIBYM IIOKasaTelsiM: cTerneHu 3amuthl (Z, %) u kxosdduumueHty
TOPMO>KEHHUS KOPPO3UH Y (3aLTUTHBIN 3P(HEeKT HHrHOUTOpA).

dopmyJia Aj1sl ONPEACITICHUS CTETICHU 3alUThI Z:

Z = [(Ks- K2)/Kq]-100 = [ (i - i2)/i1]-100,



rae Ki, K; - ckopocTh Koppo3uu (pacTBOpeHHUs) MeTalia B cpejie 0e3
WHTMOUTOpA U C HUM [F/(MZ"{)];
I1, Iy - IUIOTHOCTh KOPPO3HMOHHOI'O TOKAa B HEMHTHOHUPYEMOM cpele U
UHTUOUpPYEMOM, COOTBETCTBEHHO [A/CMZ].
3nauenue Z paBHo 100% Toraa, korga METaJI HOJHOCTHIO 3aIMIIEH,
CKOpPOCTh KOppo3uu coautcs k 0.
3amuTHbIN 3 PEeKT UHTUOUTOpa pacCUUTHIBAETCS 1O (popmyrie:
Y= K1/K2 = |1/|2
KoadduimeHT TOpMOKEHHUSI TOKa3bIBa€T, BO CKOJIBKO pa3 Mo/
JNEeWCTBUEM MHTMOUTOPA YMEHBIIIACTCS CKOPOCTh KOPPO3HHU.
Mexay Ko3)PUIMEHTOM TOPMOXKEHHUS W CTENEHBIO 3alUTHl CYIIECTBYET
CBSI3b, OIpeenstonasics GopMyIou:
Z=(1-1/v)100.
Kaaccupukanuss uHruOuropoB kopposum. I[lo Tumy cpensl

UHTUOUTOPBI KOPPO3UU PA3IUYALOT:

MHTUOUTOPHI HEUTPATBHBIX KOPPO3UOHHBIX CPET;

aTMoc(hepHOI KOPPO3UH;

UHTUOUTOPHI KUCIIBIX CPE/I;

CEpOBOJOPOJHON KOPPO3UH;

UHTUOUTOPHI HEQTIAHBIX CPE/I.

B pa3HbIX KOPpPO3MOHHBIX Cpefax OJUH U TOT K€ UMHTMOUTOP MOMKET
BECTHU C€0sI COBEPILIEHHO 10~ Pa3HOMY.
Knaccudukanuss ”~HTHOUTOPOB KOPPO3UU MO MEXAHU3MY JCHCTBUSL:

- TACCUBUPYIONINE UHTUOUTOPHI;



- aJICOPOIIMOHHBIC UHTHOUTOPBI.

[To xapakTepy 3allUTHOTO JEUCTBUS pa3IuyalOT HUHTHOUTOPHI
aHOJHBIC, KaTOJIHbIC, CMEIIIaHHbIC.

[To XuMUYECKOW MpUpPOJIE HHTUOUTOPHI JEIATCS Ha: JETy4ue,
OpraHUYECKHUEe, HEOPTaHUYECKHUE.

AJICOPOIIMOHHBICE ~ MHTUOUTOPHI  KOPPO3UM aJCOPOUPYIOTCA  Ha
MOBEPXHOCTH 3allMIAEMOr0 HU3JAeNus, 00pa3ys IJIEHKY, U TOPMO3AT
ANIEKTPOXUMHUUECKUE peakiuu. MHorga goctaTouHo oOpa3oBaHHWE TOHKOM
MOHOMOJIEKYJIIPHOW TUICHKH. AJCOPOIIMOHHBIMU HMHTHOUTOpPaAMHU 4Yallle
Bcero sBisOTCS [TAB (IOBEpXHOCTHO- aKTUBHBIE BEIIECTBA), a TaKKe
opraHvyeckue coeauHeHus. I[lpu  BO3meMCTBUM Ha U3JACIHE OHHU
JOTIOJTHUTEILHO YCUJIMBAIOT 3alllUTHBIE CBOMCTBA OKCHUIHOM TIJICHKH.
[ToaTOMy MOKHO cHelaTh BBIBOJI, UTO HAJIMYME B KOPPO3UOHHOU Cpene
KHCIIOPOJIa  CIIOCOOCTBYET  YBEIWYEHUIO  3alUTHOTO s dekra
a7ICOpOIIMOHHBIX WHTHOUTOPOB KOPpO3uU. Eciam ke OKcHuIHas TIUICHKA
HEYCTOMYMBA - 3aTPyJHACTCS aICOpPOIMs MHTHOMUTOpa HA MOBEPXHOCTH
MeTasuia, KUCIOPO HOTOTHUTEIBHOTO BIUSHUS HE OKa3bIBAET.

[TaccuBupyrOIe HHTHOUTOPHI KOPPO3UU UTPAIOT BAXKHYIO POJIb MPHU
o0pa30BaHMM Ha TIOBEPXHOCTH MeETaJlla 3allUTHON IUICHKHU, KOTOpas
naccuBupyert ee. [laccuBaropamu yaiie BCero SIBJISIOTCS HEOPTaHUYECKHE
COCAMHEHMS, OO0JaaloNINe OKHUCIUTEIbHBIMU CBOWCTBAMH (HUTPUTHI,
MouOaaThl, Xpomathl). [Ipu 06paboTKe MOBEPXHOCTH STUMHU BEIlIECTBAMMU

KOPPO3MOHHBIM NOTEHIMAJl CABUTAE€TCA K IIOJIOKUTEIBHOU CTOPOHE.



[TaccuBupyroniye COeIUHEHUs CcuuTaloTcs Oojee A(PEPEKTUBHBIMU, UYEM
OO0JIbIIast YaCTh HEMAaCCUBUPYIOLIUX.

Heopranuueckre MTHrHOUTOPHI KOPPO3UU UCIIOIB3YIOTCS Yallle BCETO.
K HUM OTHOCSTCSI HEKOTOpBIC ACCUBATOPHI, KATOJHBIC, AaHOJHBIE,
MJIEHKOOOpa3yroue HHruouTopsl u T.J. MHrnbupyromuii 3Phext Takux
COCAMHEHHUI MOXXHO OOBICHUTH UX COCTaBOM. HekoTOpbie aHHOHBI (PO43' :
NO, , CrO,%, Si05*", Cr,0;~ ), a TaK)Ke€ KaTHOHBI (Ni2+, Ca®*, As®" sSb*
Zn*", Bi3+) CIIOCOOCTBYIOT YMEHBIIIEHUI0 CKOPOCTH KOPPO3UOHHOTO
mpoiiecca.

K HeopranmueckuM HHTHOMTOpPaM KOPPO3UU OTHOCATCS (ocdarsl,
OMXpOMaThl, XpOMAaThl, HUTPUTHI, TOTMpOocPaThl, CUIMKATHI U T.]I.

Opranvueckue WHTHOUTOPHI KOPPO3WU CUMTAIOTCS  BEIIECTBAMU
CMeIIaHHOTO AehcTBUsA. OHM 3aMeISIF0 KaTOJAHYI0 M aHOJHYIO PEaKIIUH.
OyeHb YacTO WX MCIHOJB3YIOT MPU KHUCIOTHOM TpamjieHuu. [lpu sTom
pa3IMYHbIC 3arpsi3HEHUs, p>)KaBUYMHA, OKaJIWHA YIAISIOTCA C MOBEPXHOCTH,
a OCHOBHOUM METasul HE PacTBOPAETCS. 3aMUTHBIN dPEHEKT OpraHuYECKuX
WHTUOUTOPOB 3aBUCHUT OT HMX KOHIICHTpAIlUM, TEMIIEPATyphbl, MPUPOILI
COEIMHEHUI.

Yare Bcero B cOCTaB OPraHUYECKUX UHTHOUTOPOB BXOJUT KUCIOPO/I,
a3oT, cepa. OHHM amCcOpPOUPYIOTCS HCKIIOUUTEIHHO Ha IOBEPXHOCTU
Metayyia. K opranndyeckumM MHrHOUTOpaM OTHOCSTCS HEKOTOPHIE JIETy4He,
aMUHBI, OPTaHUYECKUE KUCIOThl U MX COJIM, MEPKaITaHbl (TUOJIBI) U JIP.

Nuruéutopsl HelTpaiabHbIX cpea. [lo Pozendenbny mHruOMTOPHI

JAHHOT'O BUJIa KIAaCCU(PHUITUPYIOT TaK:



- C OKHUCIUTEIbHBIMM CBOMCTBaAMU (XpOMAThl, HUTPUT HATpHS,
OpraHWYECKHE COCIMHEHUS, KOTOPBIE COIECPKAT HUTPO U KAPOOKCHIIbHYIO
rpynmy);

- UHTUOUTOPBI, KOTOPBIE 00Pa3yIOT TPYJIHOPACTBOPUMBIE COCTMHEHUSI, HO
HE HMEIOT OKHUCIUTENIbHBIX CBOMCTB (OoOpathl, cuiukaThl, GdocdaTsl,
KapOOHAT HATpUsl, TUAPAT HATPHUS);

- HHTHOUTOPHI CO CJIA0BIM OKHUCIUTEIbHBIM JICUCTBUEM C aHMOHAMM THUIIA
(MetOy4)" (BaHamaThl, XpOMaThl, BOJAb(PAMATHI, MOIMOIATHI).

Huwxe paccMOTPEHO HECKOJbKO TPYNN YacTO MPUMEHSEMbIX
WHTUOUTOPOB KOPPO3UU HEUTPATIBHBIX CPEI.

Hutpur natpusa. CaMoe MHMPOKOE pAaCHpOCTPAHEHUE CpPeau
WHTMOUTOPOB HEUTPAIBHBIX CPEJ MOJYYUJ AHOIHBIA UHTUOUTOP HUTPUT
Hatpust NaNO,. JlocTynHbli, TpPOCTOM HMHTHOUTOP OYEHb 4YaCTO
MPUMEHSIETCS JJIs 3allUThl CTaldu B Boje. [Ipy MOBBINIEHUN TeMIIEpaTyphl
3 PEeKTUBHOCTH AEHCTBUS HUTPUTA HATPUS YMEHBIIIAECTCS, TIOATOMY HYKHO
MOBBIIIATH €TI0 KOHIIEHTPALIHIO.

OueHb YaCTO HUTPUT HATPHUS MPUMEHSETCS MPU MEKOIMEPAITMOHHOMN
3ammTe MeTauia. Jlms 3Toro ero moBEepXHOCTH oOpadaTweiBaoT 10%
BOJIHBIM PacTBOPOM HHTuOUTOpa. KOHIIEHTpalus HUTpUTA HATPUS BO
MHOTOM 3aBHCUT OT KOJIMYECTBA B BOJIe MOHOB XJiopa. KoHIeHTpauus
JAHHOT'O BEIIEeCTBa JOJKHA ObITh pa3 B 10 Oojbllie KOHIIEHTPAIIMH HOHOB
XJIOpa.

Hurtpur HaTpus HE MpUMEHSIETCs AJIsl 3alIUThI MEAU U LIMHKA, npu pH

oouee 5.



®ocharbl.  [llupoko  OpuMeEHSIOTCS  JJI8  UHTUOUPOBAHUS
OXJIAAUTENbHBIX CHCTEM SHEPreTHYECKUX YCTaHOBOK. docdaTtel -
JOBOJIBHO CHJIbHBIE WHTUOUTOPBI, KpOME TOro HeTOoKcuuHble. C HUMH
o0OpallathCsi Hy’>KHO OCTOPO’KHO, UTOO HE NEePEOOPIIUTEH C KOHIICHTpaIUEH.
Ecnu BBECTM CHMIIKOM OOJBIIOE KOJMYECTBO - CKOPOCTh KOPPO3UHU
Hao00poT yBeauuutcs. Pocdarsl ¢ NPOAYKTaMU KOPPO3UU O0pa3yroT Ha
MOBEPXHOCTH CTAJId TPYJIHOPACTBOPUMBIE COEIUHEHUS, KOTOPHIE CO
BPEMEHEM YIUIOTHSSA- I0TCA, W30JuUpysl MoBepxHOCTh. Docdarhl, Kak u
HUTPUT HATPUsI, SBJISETCS OMACHBIM MHTUOUTOPOM, T.K. €CJIM BBECTH €TI0 B
CUCTEMY B CIMIIKOM MajoM JIUOO OOJIBIIIOM KOJUYECTBE - 3TO MPUBEAET K
YCUJIEHUIO KOPPO3UOHHOTO paspyuieHus. Ho mepea HUTpUTOM HATpuUs
dbocdaTel UMEIOT CBOM MPEUMYIIIECTBA - UX 3AIMUTHBIN A3()PEKT HE 3aBUCUT
OT coJepkaHusi B Bojae xJjopunoB. 10 mr/m - wyacrto wucnosib3zyemas
KOHLIEHTpauus (pochaToB IS 3alUTHI CTAIHN B BOJE.

Xpomatbl. XpoMaTbl OTHOCSTCS K YHUBEPCAIBHBIM HHTHOUTOpaM,
T.K. TPUMEHSIOTCA JUIsl 3allUThl MOYTH BceX MeTaioB. (OdveHb
3 PeKTUBHBI 171 MHTUOMPOBAaHMS BOJHBIX cpel. Ha mpaktuke yacTo
MPUMEHSIOT JJI1 3alUThl OT KOPPO3WH TEIUIOHOcUTENnern. Ha 3amuTHbIN
3¢ dexT O60bII0E BIUSHUE OKA3bIBAIOT XJIOP MOHBI, KOTOPHIE YMEHBILIAIOT
nevcteue uHruOutopa. KoHIEHTpalus XpomaToB JOJKHA MPEBBIIIATh
KOHIIEHTPALIUIO XJIOP HOHOB HE MEHEE, 4YeM B 2 - 3 pasa.

C noBeImieHreM TeMnepaTypbl d(PGHEKTUBHOCTh TIEUCTBUS XPOMAaTOB
Cpa3y 3HAYUTEIbHO YMEHBINAETCA, TpeOyeTcs ero 0oJbliasi KOHIEHTPaLIUSL.

Hamnpumep, npu Temneparype koppo3uoHHoi cpenbl 20 °C tpedbyercst B 2



- 3 pa3za MmeHbllle uHruourtopa, uem npu temneparype 80°C. Ecnu nipu
MOBBIIICHHOW TEMIIEpAType B KOPPO3MOHHOW CpeAEe COAECPKHUTCS
HEJIOCTAaTOYHOE KOJMYECTBO MHTHOUPYIOMIMX JTI00ABOK - KOPPO3UsS HOCUT
JIOKAJIbHBIN XapakKTep.

Hemuoro ©Oonee 3(QEKTUBHBIMM CUMTAIOTCA  XpoMaThl Ha
OpraHUYECKOU OCHOBE (MeTHUIaMMHAa, UKJIONEKCUIIAMUHA,
W30MPOINIIAMUHA, TYaHUIUHA).

XpoMaTtbl MPUMEHSIOTCSI TOJIBKO JIJIsl 3aIIUTHI MeTaJlJla B 00OPOTHOM
BOJIE.

3amaum U BONPOCHI JIsl CAMOKOHTPOJIA
1. XuMHu4Jeckast i QJICKTPOXUMHNUYCCKAA KOPPO3WA: B UEM IIPUHIUIINAIBHOC PA3JINIUC
Mexay Humu? llpuBenure mnpumepsl KOPpPO3UM IKEll€3a MO XUMHUYECKOMY M
DJIEKTPOXUMHUYECKOMY MEXaHU3MaM KOPPO3HUHU.
2. Tlepeuucnute OCHOBHBIE (PAKTOPHI, OMPEICISAIONIUE CKOPOCTh XUMHUYECKON U
ANEKTPOXUMHUYECKOU KOPPO3HH.
3. Hanummre ypaBHEHUsS aHOIHBIX W KaTOAHBIX MPOLECCOB, MPOTEKAIOIIMX MPH
KOPPO3HH: a) OLIMHKOBAHHOT'O U JIY>)KEHOTO JKeJie3a B aTMOC(EPHBIX YCIOBUAX MpHU 25
HapYILIEHUU MOKPBITUS; 0) MarHus, HaXOASUIETOCs B KOHTAKTE C MEIbIO B COJISTHOU
KHCIIOTC.
4. B yeM 3aki04aeTcsl CYUIHOCTh MPOTEKTOPHOW 3allUThl METAIIJIOB OT KOPPO3UU?
Kakne meTanibl MOTYT CIYXXHUTb B Ka4CCTBC IIPOTCKTOPA IMPH 3alIUTC OT KOPPO3NHU
JKese3a, CBUHIA?
5. XKene3nblii rBO3b BOUT BO BIAXKHYIO ApeBecuHy. Kakas yactb ro3ns Oyner
obicTpee pxkaBeTh? HapyskHast 9acTh TBO3/S WM Ta, YTO HAXOJUTCA B IpeBecrHe?

6. Ha yem ocHoBaHO jaeiicTBUE HHTUOMTOPOB Koppos3uu? IlpuBeaurte mnpumepsl

WHTUOUTOPOB.



7. Kakue Metaiuibl: xene3o, cepedpo WM HUKeNb OyAyT paspylaThcsi B aTMochepe
BJIQXXHOIO BO3Ayxa, HacblmieHHoro CO,? OTBer paiiTe Ha OCHOBAHMM pacyeTa

AG°298 nporieccos.



Il MATEPHAJIbI TIPAKTUYECKUX 3AHSTUIA

MeToauueckue YKazaHue pEeIICHUA THIIOBbBIX
3ajgav 1o XuMHnuun

1-npakTnyeckas padora
Tema: CocraBiieHHe 3JIEKTPOHHOH (pOPMYJIbI 3J1eMeHTOB. Pemienue 3aga4 no
CTPOCHMS ATOMA U SIACPHBIX PEaKLMH.
IIpuMepsI pelieHus 3a1a4

Ilpumep 1.3anuiuTe 371€KTPOHHBIE (POPMYIIBI FIEMEHTOB MOJ HOMEpaMHu 7 U
33.
CKOJIbKO aTOMHBIX OpOMTasiel P-TOAYypOBHS 3alOJHEHO Y JaHHBIX 31eMeHToB? K
KaKOMy CEMEICTBY OHHM OTHOCATCSA? Y Kakoro M3 HHUX HauboJjiee BbIPAKEHBI
METaJUIMYECKUE CBOMCTBA?

Pewenue. Haxonum 31eMEHT 1OJ HOMEPOM 7 B MEpUOAWYECKON Taluile
MengeneeBa: 7 N — azor (nmepuox — 2, rpynmna — V).

7N - 15°2s* %,

[TockonbKy, Ha BHEUIHEM SHEPreTUYECKOM YPOBHE 3aIlOJIHSIETCS P-MOIYypOBEHb, TO
a30T OTHOCHUTCA K CEMEHCTBY P-3ieMeHTOB. Jljisi oTBeTa Ha BOIPOC O KOJIUYECTBE
3aMoJHEHBIX P-opOuTaneil BCNOMHUM MpaBwio XyHnaa. Ha p-mogypoBHe Bcero Tpu
opbutanu. Ha BHelIHEM 3HEpPreTHYEeCKOM YPOBHE aToMa a30Ta TPU P-3JEKTPOHA,
KOTOpbIE B COOTBETCTBUM C MpaBWIOM XYHJa 3aloJHIAT BCe TpU OpOUTanU, Ha
KQKJI0M U3 KOTOPBIX Oy/IeT MPUCYTCTBOBATH 110 OJTHOMY DJIEKTPOHY.

Haxonum snemenT noa Homepom 33 B mepuoguyeckon tadbnuiie Menaeneena:
33As — mblibsK (repuon — 4, rpymnmna — V).

33As — 15°25°2p°3s°3p°4s73d'%4p°.

[Ipu cocTaBnenun nanHou hopmyssl yuteM npaBmwio KieukoBckoro. B Hauane
3aMOJTHAIOTCS 4S-0pOuTaip, 3ateMm 3d-opOurais, 3aTeM 4p-opourtanu. B cooTBeTCTBUM
¢ mpaBwioM XyHJla BHa4aje 3arojHATCS TPHU P-OpOUTaNM, HA KaXIAOW U3 KOTOPBIX
OKKETCA MO OJHOMY OJIEKTpOHY. IIOCKONBKY Yy MBbIIbAKA 3arojHIeTCa pP-
MOJyPOBEHb, TO OH OTHOCUTCA K CEMEHUCTBY P-3JIEMEHTOB.

MeTtannnyeckue CBOMCTBA Y MBIIIbAKA BBIPAXKEHBI CUJIBHEE, YEM Yy a30Ta, Tak
KaK dJIEKTPOHBI BHEIIHETO JHEPreTHYECKOrO0 YPOBHSI MBIIIbsKA YJaJ€Hbl OT sapa
Jajpliie, 4eM Yy a30Ta, COOTBETCTBEHHO JIErd€ MOTYT OBITh OTAAaHBI (MBIIIbIK
HaXOJUTCS B 4-M MEPHOJIE, a a30T BO BTOPOM.

Ilpumep 2. Kakue 3HaYCHUS MOTYT NMPUHUMATh KBaHTOBBIE yucia N, |, ml, ms,
JIJIsl BHEIIIHUX JIEKTPOHOB aTOMa KUCI0poaa’?

Pewenue. Kuciopon HaxoauTcs BO BTOPOM IIEPUOJIE, CIEA0OBATEIBHO: TJIaBHOE
KBAHTOBOE YHUCJIO JJI BHELIHUX 3JIEKTPOHOB, N = 2; opOUTaIbHOE KBAHTOBOE YHUCIIO



npuHumMaeT 3Hauenus: 0, 1 (To ectb uMeeTcs S U P-noaypoBeHs). Homep kucnopona B
NEPUOJIMYECKON CHUCTEME paBeH &, ClIeIOBAaTEIbHO aTOM KHCJIOPOAA COJEPXKHUT &
AJIEKTPOHOB. DIEKTPOHHAs (GopMya KUCIOPOaa CIASAYIOIAs:
%0 — 1s"2s%2p"

JIsis BHENIHUX S-3JICKTPOHOB MarautHoe yucio Ml = 0. [Iyisg P-3JeKTPOHOB OHO
npuHuMaeT 3HadyeHus: -1, 0, 1 (to ectb umerorcs 3 p-opobutanu). CnuHOBOE
KBAHTOBOE YMCJIO, MS JUIsI S-2JIGKTPOHOB paBHO +1/2, -1/2; aHamoruyHo s
AJIEKTPOHOB TMEPBBIX IBYX P-opOuTaneil (Ha HUX HAaXOJUTCS MO JBa 3JeKTpoHa). Ha
OCTaBIICHCS P-OpOUTAIN HAXOUTCS OJIMH JICKTPOH, CIIE0BATEIILHO MS = +1/2.

Ilpumep 3.KaxoBo pacnpeziesieHue 3IeKTPOHOB MO OpOUTAIsIM aToMa KaaMus?

Pewenue. dnement kaamuii Cd pacnoioxkeH B MATOM MEPUOAE, 3HAUUT N = 5.
B ero arome 351eKTpOHBI pacipeiesIeHbl MO MATH YHEPreTHYECKUM ypoBHsIM (N = 1, n
=2,n=3,n=4,n=25); BHemHUM OyJIeT NATHIA ypoBeHb (N = 5). DIEKTpOHHAS
(dopMysa BHEIIHEro »Hepreruueckoro ypoHs kaamus: 4d105S2, cooTBeTCTBEHHO
JICCSITh DJICKTPOHOB 3aIOJIHSAIOT Y€TBEPThIH (-1T0ypOBCHB, a JIBa DJICKTPOHA MATHIA S-
IIOlyPOBEHb.

321]13‘11/[ I CAMOCTOATEC/IBbHOI'O PCIICHUA

1. CkonbKO aTOMHBIX OpOHMTajell P- MOAYpPOBHS 3alOJHEHO Yy 3JEMEHTOB C
MOPSAKOBBIMU HOMEpaMu 5 U 147? 3anummTe ux 3JIeKTPOHHBIE (POPMYIIBI.

2. Uem otnmyaeTcsi MOCIEA0BATENbHOCTh B 3alI0JIHEHUHA aTOMHBIX OpOuTaneil y
aToMOB S, P 1 d — ayleMeHTOB? 3aNUIIUTE MIEKTPOHHYIO (HOPMYITy MarHuUs.

3. Kakwe 3HaueHuss MoOryT mHpHHMMaTh KBaHTOBBIe ymciaa N, |, ml, ms,
XapakTepU3yloIIMe COCTOSIHUE DJJEKTPOHOB B aroMme. Kakue 3HauYeHUs OHM
MIPUHUAMAIOT ISl BHEIIHUX JJIEKTPOHOB aTOMa KaabLus?

4. CKOJBKO aTOMHBIX OpOuTaneld P- MOAYPOBHS 3alOJHEHO Y AJIEMEHTOB C
MOPSIIKOBBIMU HOMepamu 35 u 547 3anumure ux 3JIeKTPOHHBIE POPMYIIHIL.

5. CkonbKO aTOMHBIX opOuTanedd d- MOXypOBHS 3allOJIHEHO Y 3JEMEHTa C
MOPSIIKOBBIM HOMEPOM 23? 3anuImTe ero 3JIeKTPOHHYI0 (hopMyIy.

6. Ilouemy MapraHenr NOpOSABISIET METAUIMYECKHE CBOMCTBa, a XJIOp —
HeMeTauinueckue? OTBET MOTHUBHUPYWTE CTPOEHHMEM aTOMOB 3THX JJEMEHTOB.
3anuimTe ux 3IEKTPOHHBIE (POPMYIIBI.

7. CKOJIIbKO aTOMHBIX opOuTaneit d - MoaypOBHS 3alOJIHEHO Y 3JEMEHTOB C
NOPSIKOBBIMU HOMepamu 43 u 76? 3anuinre ux 3JeKTPOHHbIE (HOPMYJIBI.

8. CkoJIbKO aTOMHBIX opOuTanel d- TOIYpPOBHS 3allOJHEHO Y 3JIEMEHTa C
MOPSAKOBBIM HOMEPOM 827 3aNUIIKUTE €ro MIEKTPOHHYIO (HOpMYyITy.

9. V Kakoro u3 p-—53JIEMEHTOB IMSTOW TPYINIbl MEPUOJUYECKOU CUCTEMBI —
dbocdhopa Wi CypbMbl — CHIIbHEE BBIPAKEHbI HEMeTalulMueckue cBoicTtBa? OTBeT
00OCHYWTE€ WCXOAs W3 CTPOCHHS AaTOMOB JIaHHBIX DJIEMEHTOB. 3alUIINTE WX
AIIEKTPOHHBIE (POPMYIIBI.



10. CkonbKo aTOMHBIX opOuTaned f- MmomypoBHsS 3amoNHEHO y SJIEMEHTOB C
NOPSIKOBBIMU HOMepamu 59 u 65?7 3anuiinre ux 3JeKTPOHHbIE (HOPMYIIBI.

11. Ckonbko aTOMHbBIX opOuTayiiedi f- MmomaypoBHS 3aloJIHEHO Y 3JEMEHTa C
MOPSIIKOBBIM HOMEpOM 69? 3anuuiuTe ero 3JeKTPOHHYI0 GOpMyITy.

12. ¥V kakoro sjieMeHTa 4eTBEPTOrO MEPUOJA — XpOMa WJIM CEJEHA — CHUJIbHEE
BBIPKEHBI METAJUIMYECKHUE CBOMCTBA? 3aMUIIUTE UX JIEKTPOHHbIE (hOPMYIIBIL.

13. Ckonbko aTOMHBIX opOuTaiied f- MmomaypoBHS 3aloJIHEHO Y 3JEMEHTa C
nopsaKoBeIMH HOMepoM 717 Tlokaxkute pacmpeneneHue 3JIeKTPOHOB MO OpOUTATISIM.
YKaxuTe, K KAKOMY CEMEVCTBY OTHOCHUTCS JAHHBIM JJIEMEHT.

14. CocraBbTe 27eKTpoHHYIO (hopmyny atoma snaementa u3 [VB rpymnmer u IV
MEepUOJIa. YKAKUTE CEMENCTBO JJIEMEHTOB.

15. CocraBbTe HJIEKTPOHHYIO (QopMyay aTroMa »dJIEMEHTa C MOPSIKOBBIM
HoMepoMm 26. Ilokaxkute pacrpeneneHue 3JIEKTPOHOB MO OpOUTAIsAM. YKaXKHUTE, K
KaKOMY CEMEWUCTBY OTHOCHUTCS JJaHHBII 3JIEMEHT.

16. CocrtaBbTe 371€KTpOHHYIO (popmyiy atoma siemeHTa u3 VB rpynmber u VI
NEpUOJA. YKaKUTE CEMENCTBO JIEMEHTOB.

17. CocrtaBbTe »3IEKTPOHHYIO (OpMyTy aroma »3JEMEHTa C MOPSAKOBBIM
HoMmepoM 47. TlokaxkuTe pacHpelesieHue 3JEKTPOHOB MO OpOUTaIsIM. YKaXKuTe, K
KaKOMY CEMEWUCTBY OTHOCHUTCS JJaHHBII 3JIEMEHT.

18. CocraBbTe A7eKTpOHHYIO (hopMyny atoma aneMmeHTa u3 VA rpymnmsl U VI
MepruoJia. YKaKUTE CEMENCTBO JJIEMEHTOB.

19. Kakue opOuTanu aroma 3aroJIHAIOTCS 3JieKTpoHaMu paHbiine 4d wim 5S; 6S
uwin 5p? Ilouemy? CocTtaBbTe 3JIEKTPOHHYIO (QopMyny aroma anemeHta u3 IIIA
rpynmnsl 1 VI nepuoaa. Ykaxnute ceMENCTBO 3JIEMEHTOB.

20. Kakuie opOuTaiM aToMa 3aroJIHSIOTCS 3JeKTpoHaMHU paHbiine 4S wiau 3d; 5
uin 4p? Ilouemy? CocTaBbTe 3JIEKTPOHHYIO (POpPMYIy 3JE€MEHTa C MOPSIKOBBIM
HoMepoMm 45. Tlokaxkure pacrpeeracHue JIEKTPOHOB 1O OpOHMTANSIM. YKaXHUTE, K
KaKOMY CEMEWCTBY OTHOCHUTCS JaHHBIN JJIEMEHT.

21. O6mas xapakrtepuctuka f-smementoB. JlaHTaHOWMIBI.  3aIUIIUTE
AJIEKTPOHHYIO (HOPMYILy aTOMa 3JIEMEHTa Mo HoMepoM 59.

22. CocraBbTe 3J€KTpOHHYIO (hopmyny aroma snementa u3 IIIA rpynmer u IV
IepUoJIa. Y KaKUTE CEMENCTBO JJIEMEHTOB.

23. Kak MeHsS0TCd METAUIMYECKUE CBOICTBA B TPYIIE 3JIEMEHTOB
MEPUOIMYECKON CUCTEMBI? MeTallInuecKue CBOMCTBA YBEIIMUUBAIOTCS B pAdy?

1) Bi, Sh, N; 2) I, Br, S;

3) Tl, Sn, C; 4) Ge, Ga, In.

24. Kak MEHSI0TCS HEMETANIMYECKUE CBOWCTBA B TPYMIE DJIEMEHTOB
NEPUOJIMYECKON cUCTEeMbI? 3alUIIUTe AIEKTPOHHYIO (POpMyIly aroMa 3JeMEHTa MOJ
HoMepoM 50.

25. DIEKTPOHHOE CTPOCHHE METAJJIOB, M30JATOPOB M IMOIYIPOBOJHUKOB. Kak
MEHSAIOTCS HEMETAJUIMYECKHE CBOMCTBA B MEPHUOAE DSJIEMEHTOB MEPUOANYECKOM
CUCTEMBI?



26. DNEKTPOHHOE CTPOCHHE aTOMOB. S—, P—, d—, u f— anementol. Kak mMeHsroTCSs
METaJUIMYECKUE CBOWCTBA B IIEPUOJAE IJIEMEHTOB IIEPUOJNYECKOM CHUCTEMBI?
3anuiuuTe 3JIEKTPOHHYIO (POpMyYITy aToMa 3JIEMEHTA 101 HOMepoM 32.

27. KBantoBble yncia. @opMbl 3JEKTPOHHBIX 00JIaKOB. ATOMHAas 3JIEKTpOHHAs
opoutanb. Kak MeHsI0TCS paguychl 3JIEMEHTOB B IPYIIIE AJIEMEHTOB NIEPUOJUIECKON
CUCTEMBbI? 3allUIINTE IEKTPOHHYIO (POPMYILy aTOMa 3JIEMEHTA [0 HOMEPOM 54.

28. Kak MEHSIOTCS paJnyChl 2JIEMEHTOB B IIEPUOJE FIEMEHTOB MEPUOANIECKON
CUCTEMBI? 3alUIIUTE IEKTPOHHYIO (OPMYITy aToMma dJieMeHTa 1o Homepom 30.

29. Kak MeHseTcss sHepruss MOHM3alHUKM B TPYIIIE 3JIEMEHTOB IEPHOANYECKOU
CUCTEMBbI? 3aluIINTE JIEKTPOHHYIO (POPMYITy aTOMa 3JIEMEHTA IO HOMepoM 25.

30. Kak MeHseTcs HEpPTrUs MOHU3AIMH B MEPUOJIEC SJIEMEHTOB MEPUOANYECKOM
CUCTEMBI? 3alMIINTE SJIEKTPOHHYIO (POPMYITy aToMa 3JIeMeHTa 1o Homepom 20).

2-mpaKkTH4yecKas padora
Tema: X¥MMHYeCKOM CBSI3M, BUJAM XUMHYECKOMN CBA3H
[Tpumepsl pemenus 3aaa4

Hpumep 1. Kakasa n3 xumuueckux cBase H-F, H-Br, H-C aBnsercsa nanboiee
MOJIIPHOM. YKaXUTE B KaXK0M MMape HauboJsee 3JIeKTPOOTPUIIATEIbHBIN SJIEMEHT.

Pemenue. B coorBerctBuu co mkanou [lonvHra, ykazaHHble aTOMBI UMEIOT
clIeayroIure 3HaueHus daekTpoorpunatensuoct: H (2,15); F (3,98); Br (2,96); C
(2,55). PasHOCTH MEXKIY AJIEKTPOOTPHUIIATSILHOCTHIO BOAOPO/IA U
anexTpoorpunarensHoctssmu F, Br, C, coorBercTBenno cocrapistot: H-F (1,83), H-
Br (0,81), H-C (0,40). Takum 00pa30oM MOJIPHOCTH CBSI3U B IAHHOM Py yObIBaCT.
Hawnbonee »neKTpooTpUiaTeIbHBIMU JIEMEHTAMU B YKa3aHHBIX Mapax SBISIOTCS, CO-
otBercTBenno: F, Br, C.

Ipumep 2. Vkaxure Tun cBsA3u B cienyrommx Bemiecrsax: HCI, Hy, NaCl.

Pemenue. HCI. Pa3zHOCTB 351eKTpOOTpHUIIATEIBHOCTEH BOIOPOIA M XJIOPa 110
mkaine [Tonunra (ITpunoxenne b) coctasnsier: 3,16-2,15=1,01. Cs3b siBnsieTcs
KOBaJICHTHOU NoJiApHOM. Hy- CBs3b SABIISETCS KOBAJIECHTHOW HEMOJSPHOM, TaK KaK
aTOMbI 00JIa7]AI0T OJIMHAKOBOM JIEKTPOOTPHUIIATEIIBHOCTHIO.

NaCl - Pa3zHocTh 37€KTpOOTpHUIIATEILHOCTEH BOIOPOIa U XJ10pa 1o 1kaie [lo-
nunra (Ilpunoxenue b) cocrapnset: 3,16-0,93=2,23. CBs3b SABISAETCA HOHHOM, TaK
KaK Pa3HOCTh DJICKTPOOTPHUIIATEILHOCTEH 2JIEMEHTOB 3HauuTeNbHa (>1,7).

IIpumep 3. CKOJIBKO HECTAPEHHBIX 3JIEKTPOHOB UMEET aTOM YIJIEPOIA B
HOPMAaJILHOM U BO30YXKJIEHHOM COCTOSIHUSIX? Pacripesenure 3TH 3JIEKTPOHBI 110
KBAaHTOBBIM siueiikaM. Yemy paBHa BaJICHTHOCTb yIJIepoJia, 00yCIOBICHHAS
HECITAPEHHBIMU JIEKTPOHAMU ?

Pemenne. AToM yriepoaa B OCHOBHOM COCTOSIHUM UMEET JIBA HECITAPEHHBIX
AJIEKTPOHA, a B BO30YKAEHHOM - YETHIPE:

1s: 2s: 2p* DE 1s: 2s: 2p-



B TakoMm cocTosiHMM aTOM yTiepoja crnoco0eH 00pa30BbIBATh COSUHEHMS, T1€
OH OyJIeT YEThIPEXBATICHTEH.

IIpumep 4. 3anucarb cxeMbl 00pa30BaHUs MOJIEKYJIAPHBIX OpOUTaIeit
creayrommx Mosekyn Li, u He,. MoryT i cyiecTBoBaTh o J00HbIC COSAMHCHUS?
HapucoBats 3HEpreTuuecKkre quarpaMMbl YKa3aHHBIX COCIMHEHUM.

Pemenue. [llenounbie MeTamibl B Ta3000pa3HOM COCTOSIHUU CYIIECTBYIOT B
BU/JIE ABYXaTOMHBIX MOJIeKyJl. [TonmpoOyem moka3aTh BO3MOKHOCTD CYIIIECTBOBaHUS
JIBYXaTOMHOUN MOJIEKYJbI Ly, HCITONB3YSI METOT MOJICKYJISIPHBIX OpOUTAIICH.
WcX0THBII aTOM JIUTHS COJIEPIKUT JEKTPOHBI HA ABYX AJIEKTPOHHBIX YPOBHSIX -
TIEPBOM U BTOPOM « S U 2S). [locTporM SHEPreTHIecKyIo JuarpaMmmy MOJeKyIbI Li,.

B cucreme u3 1ByX aTOMOB JUTHS LI, IECTh AIIEKTPOHOB; YETHIPE HA CBS3HI-
BAIOIIMX U JBA HA Pa3phIXJIAIOIIMX OpOUTANIIX:

Li,:Li[15225] + Li[15225] = Li, [(JCEIS)Z(J?'HE?' 15)*(o225)* (ov2025)"

[lepekppiBaHUE paBHBIX MO SHEPTUH ATOMHBIX 1S opOuTaneil aTOMOB JIUTHS 1ACT
JIBE S-0pOUTaIH, CBA3BIBAIOLIYIO M Pa3pPhIXJIIONLYI0, KOTOPbIE COTJIACHO MPUHIIMIA
MUHHUMYMAa SHEPTUU OyIyT NOJHOCTBIO 3aCEJIEHBI YETBIPbMS JIEKTPOHAMU. BBIMTphIII
B DHEPIUU, NIOJIy4YaE€MbIU B pE3yJIbTATE MEPEX0/IA AIEKTPOHOB HA CBI3BIBAIOLIYIO
opOuTaNb HE CIOCOOEH KOMIIEHCUPOBATh MMOTEPH SHEPTHH MPU NEPEXOAE IIEKTPOHOB
Ha Pa3pbIXJISIIONLYI0 opOuTaib. BoT mouemy Bkl B 00pa30BaHUE CBS3H MEXKIY
aTOMaMH BHOCST JIEKTPOHBI BHELIHETO DJIEKTPOHHOIO ciios. [IepekpsiBanue 2S -
opOuTaneil aToMOB JIUTHUS IPUBEJET TaK)Ke K 00pa30BaHUIO S-CBA3BIBAIOIIEH U S-
Pa3pBIXJISIONIEH MOJIEKYJIIPHBIX OpOuTaneil. J[Ba anekTpoHa 3aiiMyT MECTO Ha CBsI-
3bIBAIOLIEH OpOUTaNH, JaBasi BEIMTPHILI B SHEPTUU JABYX 3JIEKTPOHOB.

B cucrteme u3 1Byx aromoB renus He, 4eTbipe 351eKTpoHa; 1Ba Ha CBSI3bIBAIOIIEH
¥ JIBa Ha pa3pbIXJIsIoLIeil opOouTamu:

He,:He[1S*] + He[15%] = He, | (a°15)” (a7515)

Monexkyna renust He, cyiiecTBOBaTh HE MOXKET, TaK KaK BBIUTPHIILIA B SHEPTUU
py 00pa30BaHUU CBSA3U HE MPOUCXOIUT. DHEPreTHUECKUE TUarpaMMbl MoJieKy Li, u
He, nokasansl Ha puc.
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CyMMupyeM Bce JTJaHHBIC JUIS YaCTHII, PACCMOTPEHHBIX BBIIIEC B TAOJIHIIC:
Yacrura He2 Li2

ITopsinok cBsizu 0 1

3anatm I CAMOCTOATEC/IBHOIO PEIICHUA

1. Kakas u3 xumnueckux cssseit H-1, H-P, H-S, H-CI, H-Br asnsercs nanboiee
MOJISIPHOM? YKa)KuTe B KXKJI0M nape HanboJiee 31eKTPOOTPHULIATENIbHBIHN 3Jie-
MEHT.

2. YKaKATE XUMUUICCKHAE COSTMHECHHUS C TMTOISIPHBIMA KOBAICHTHBIMU CBSI3SMH:
NO, N.H., C.H., F,. Kakue u3 npeacTaBIeHHBIX MOJIEKYJI MOJISIPHbI?

3. YKaKATEe XUMUUICCKHAE COCTMHCHHS C HETTOISIPHBIMA KOBAJICHTHBIMU CBSI3SIMH:
HCI, J,, CO, H,. Kakue u3 npeacTaBiIeHHbIX MOJIEKYIT MOJSPHbI?

4, YKaxuTe XUMUYECKUE COCTUHEHUS C MOISIPHBIMU KOBAJICHTHBIMH CBSI3SIMHU:
H.S, CF4, MgO, N,. Kakue u3 npeactaBaeHHBIX MOJICKYJT HEMOJISIPHBI?

5. VYKaxuTe XUMAYECKUE COSTMHEHUS ¢ HETIOJISIPHBIMHA KOBAJCHTHBIMHU CBS3SMU:
AgJ, Ny, H.Se. Kakue u3 npenctaBieHHbIX MOJIEKYJT TOJISIPHBI?

6. YKaxuTe XUMUYECKUE COCTMHEHUS C MOISIPHBIMU KOBAJICHTHBIMH CBSI3SIMHU:
HBr, CaC,, PH;. Kakue 13 npeacTaBiaeHHbBIX MOJICKYJI MOJSPHBI?

1. YkaxuTe XUMUYECKUE COSTMHEHUS C MOJSPHBIMU KOBAJICHTHBIMU CBSI3IMU: Jo,
C.Hg, N.Os. Kakue u3 mpeacTaBieHHBIX MOJICKYJI HETIOJISPHBI?

8. YKaxuTe XUMUYECKUE COSTMHEHUS C MOJISIPHBIMU KOBAJICHTHBIMU CBSI3SIMHU:
NHs, CaF,, SO,. Kakue u3 npeacTaBieHHBIX MOJIEKYJI HEMOJISIPHBI?



Q. YKaKATe XUMUYIECKHE COSTMHECHHSI C HETIOJISIPHBIMA KOBAJICHTHBIMU CBSI3SIMH:
SFg, BeO, CO,. Kakue u3 npeacTaBiIeHHBIX MOJEKYJ HOJISIPHBI?

10. Ompepenute THII XMMHUYECKOH cBsi3u B coequneHusx: SiF,, PCls, Cl.O. Kakue
U3 MPEACTaBICHHBIX MOJIEKYJI OJISIPHBI?

11. B psaay LiF NaF, KF noaspHOCTh KOBaJICHTHOM CBSI3U YBEIUYHBACTCS I
yMEHbIIAeTCs?

12. B pagy BeO, MgO, CaO noaspHOCTh KOBAJICHTHOM CBSI3U YBEIMYMBACTCS WIIH
yMeHbIIAeTCs?

13. B psmy SiH., PH3, H,S nonsipHOCTh KOBaJICHTHOH CBSI3M YBEJIMIHBACTCS MITH
yMEHbLIAeTCs?

14. B psany B,, BF;, CF,4, OF, monspHOCTb KOBaJCHTHOMN CBSI3U YBEJIMYNBACTCS HITH
YMEHbIIIAETCS?

15. U3 snemMeHTOB, NPUBEACHHBIX HIKE, BHIOEPUTE T€, KOTOPHIE MOT'YT OBITh
JIOHOpPaMHU 3JIEKTPOHHOM Maphbl, U T€, KOTOPbIE MOTYT OBITh €€ aKIENTOPAMHU
py 00pa3oBaHUK JOHOpHO-akuenTopHoi cs3u: B, Cl, N, S. Oteer
MOTHUBUPYUTE UCXOJI U3 CTPOCHUSI aTOMOB JJAHHBIX 3JIEMEHTOB.

16. Kakue u3 nepedrciIieHHbIX HIKE BEIIECTB B KUJKOM COCTOSIHUM aCCOIUH-
POBaHHI 3a cueT 00pa3zoBaHus BojgopoaHo# cBsa3u: H.S, H.O, HJ? Kak aTo
CKa3bIBACTCS HA MX CBOMCTBAX?

17. Kakue u3 nepeqrciIeHHbIX HIKE BEIIECTB B KUJKOM COCTOSTHUH aCCOLIUU-
pOBaHBI 3a cueT obpazoBanus BogopoaHou cesizu: NHs, HF, CH.? Kak 310
CKa3bIBACTCS HA UX CBOMCTBax?

18. Kakue u3 caeayoomux COeTMHCHUN SBISTFOTCS HOHHBIMH COSAMHEHUAMU: H,
KCI, NH;, CaBr,?

19. Kakwue u3 caeayomnx COeTMHCHUN SBISIFOTCS HOHHBIME coeauHeHussMu: CH,,
0., H.O, N,, NaClI?

20. Kak u3meHsercs moJIIpHOCTh cBsi3el B psaay moiekyn: H.O, H.S, H.Se, H.Te?
[Touemy?

21. Kak u3MeHsieTcs OISIPHOCTh XUMHYUECKOH CBs3M B cieaytromiem psay: HF, HCI,
HBr, HI?

3-npakmuueckas paboma
Tema: Xumuueckasa kunemuka
Ilpumep 1.Bo CKOJIbKO pa3 UBMEHUTCSA CKOPOCTh MPSMOM M 0OpaTHON peaKIuu

B CHCTEME:
2NO gy + Oy = 2NO 3y,
€CJIM: a) 00hEM Ta30BOI CMECH YMEHBIIIUTH B TPH pasa; 0) koHnentpanuo  NO

YMEHBIMUTh B 2 pasza, a koHneHtpamuto NO, yBenmnuuTh B TpuU pasa;
B)KoHIIeHTpanuio O, yBeanunTh B 2 pasa, a korrneHTpamnuio NO, yBennuuts B 5 pas.



Pewienue. a) B cooTBETCTBUM € 3aKOHOM JEMCTBYIOIIMX MAacC, CKOPOCTH
npsiMOM M OOpaTHOM peakUMid 3aBUCAT OT KOHLIEHTpAlMil BELIECTB CJEAYIOLIUM
obOpazom:
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[Ipu ymenblienun o6miero oobeMa ra3oBoi CMeCH B TPH pas3a 3aKOH JEHCTBYIOIIUX
Macc JiJi1 HOBBIX YCJIOBUNA UMEET BUI:
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CKOpOCTh IpSIMOM peakIuu yBEIMUUTCS B 27 pa3, a CKOPOCTh OOpaTHOM peakluu
yBennuuTes B 9 pas.

0) Ilpu ymensiiennn konueHTpauuu NO B 2 pasza, v yBeJIMUEHUH KOHLIEHTPALIUU
NO, B Tpu pa3za 3aKOH ACHCTBYIOIIMX MacC i NpSAMOM M OOpaTHOM peakuuii
MIPUMET CJIECIYIOIIUN BU:
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CKopocTh MpsSIMOM peakluy YMEHBUIUTCS B 4 pasa, a CKOPOCTh 0OpaTHOM peakuuu
yBEIU4UTCS B 9 pas.



B) Ilpm yBenmuuenun xonnentparuu O, B 2 pasa, a konnentparuu NO, B 5 pas
3aKOH JICMCTBYIOIIMX MaccC JiJIsi MPsSMOM M OOpaTHON peakIUi MPUMET CIeTyIOIIUM
BUJI:
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CKOpOCTh MPSMOM peakIuy YBEIUYUTCA B 2 pa3, a CKOPOCTh OOpaTHON peakiuu
YBEJIUUUTCS B 25 pas.

IIpumep 2. Kak wu3MEHUTCS CKOPOCTh pEaKIMH, €ClId TeMmIeparypa
yBennuutcs Ha 80 °C. TemmeparypHblil KO3 GUIMEHT peakiMy paBeH 2.

Pewenue. B coorBercTBUU ¢ nipaBuiioM BauT-I" ododa:
. T Se
Fj _‘]_.-"1:] =210 = 2h¢
Ilpumep 3. DOHeprusi akTHBallMM HEKOTOPOM pEaKUWMH B OTCYTCTBHUE
katanu3aropa paHa 40,2 k/[/MoJb, a B IPUCYTCTBUH KaTajau3aTopa OHa paBHa 25,2
k/[/Monb. Bo CKOJIIBKO pa3 BO3pacTeT CKOPOCTb ATOM pPEAKUUU B MPUCYTCTBUU
kaTanuzatopa npu 50 °C.
Pewenue. Bocnons3dyemcs ypaBHeHHeM AppeHuyca. OO003HAUUM SHEPTHIO
akTUBaUMM Oe3 Karaimu3atopa - E,;, a SHeprur akTHUBaUMM B MPUCYTCTBUH
KaTtanuzaropa - E,».
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HaﬁI[CM OTHOIIIEHNE KUHETUYECKON KOHCTAHTBI pC€aKiiy B IPUCYTTCTBHUU KaTaJin3a-
TOpa K KHHETUUECKON KOHCTAHTE B OTCYTCTBHC KaTalIn3aTropa:

~Ea, ~40,2-103+25,2 103
Ji:‘:l _ ’r‘lD -e RT — g 3.31-:_5G+2?3:| — 26?,3
Jr\': _Eﬂz
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COOTBETCTBEHHO B NMPUCYTCTBUU KaTajau3aTOpa CKOPOCTh PEAKLUUU BO3pACTET B 267
pas.

Ipumep 4. 3anumurte 3aKOH ACHCTBYIOIIMX Macc s peakuuu: ad + bB —
cC + dD. Onpenenute 00K MOPSIOK MPSAMOM M 0OpaTHOM peaKIUM, CUUTAs, YTO
YaCTHBIE TOPSJKA XUMHUYECKOW pEeakIuh COOTBETCTBYIOT CTEXHMOMETPUUYECKUM
Kod(purmeHTam.

Pewenue. aA+bB — c¢C+dD
b, ¢, d -crexuomerpudeckue KOd(PPUIMEHTH peaklui U B COOTBETCTBUU C YCIOBHUEM
3aJlayu 4acTHbIE MOPSAAKH peakuuu nosemecrsam A, B, C, D.



CKOpOCTh IPSIMOM peaKUU ONPENEIeTCS] YPABHEHUEM:

V,=k,-C3-CB

OOt TOPAIOK MPSIMOI PeaKI[Uu paBeH: Pr1=a + b .
CkopocTh 0OpaTHOM peakIiu ONpeeseTCs] ypaBHEHUEM:
V, =k, C5-C4
OOt mopsAI0K OOPATHOM peakiuu paBeH: Py= C + d.
IIpumep 6. KonmeHTpaiiuss HEKOTOPOTO BEIIECTBA B CHUCTEME H3MEHSJIAChH
CJICAYIOITUM 00pa3oM:

Bpewmsi,cek 0 2 4 6 8 10
Konnenrparus, | 2,8 1,321 0,864 0,642 0,511 0,424
MOJIB/JI

Onpenenure TOPSIOK pEaKIMH, KAHETUYECKYI0 KOHCTaHTY M BpeMs TOJympe-
BPAIIICHMUSI.

Pemienne. Eciu CKOPOCTh peakiiMu OMUCHIBAETCS OJIHUM M3 KHHETUUYECKUX
ypaBHeHul 0-ro, 1-ro, 2-ro wim 3-TO MOPAAKOB, TO 3HAYCHUE KUHETHUYECKOU
KOHCTAHThI CKOPOCTH PEaKIUK OyAeT OMUCHIBATHCS COOTBETCTBYIOIIUM BBIPAKEHUEM
U3 Tabnuibl 2 U OyAeT MOCTOSIHHBIM HE3aBUCUMO OT BPEMEHH. BBIMOIHUM paccyeTsl
KMHETUYECKOW KOHCTaHThI peakiuu 0-ro, 1-ro, 2-ro U 3-ro MOpsIAKOB ISl KaXKJI0r0
MOMEHTA BPEMEHHU.

Pe3ysabTaThl pacueToB 3aHeceM B Ta0JIUILy.

Bpema 0 2 4 6 8 10
Konyenmpauyus, 2,8 1,321 0,864 0,642 0,511 0,424
MOIb/N
ko = Co—C - 0,740 0,484 0,360 0,286 0,238
T

i 1 fCq - 0,378 0,294 0,245 0,213 0,189
Ky, = ?' In (T
. 1 '31 1 ) - 0,200 0,200 0,200 0,200 0,200
k;==-In (— -

T _{," CI:I
‘. _1 CGg-cCF - 0,223 0,303 0,383 0,463 0,543
¢ 2t Cc3-c3

Kak BHUAHO M3 PACUYCTHBIX JAaHHBIX, COXPAHACTCA ITIOCTOAHHOC 3HAYCHHC

KHUHETUYECKOM KOHCTAHThI AJI1 pE€aKunu 2-10 ImopsiaKa.

CrnenoBaresibHO, UCXOJIHBIE JAHHBIC, U3MEHEHUE KOHIIEHTPAI[UU COOTBETCTBYET
peakiuu 2-ro nopsaka. OTcroga KHHeTHYeckas KoHcTtanTa peakuuu: K= 0,2 1/(Moib
c).

Bpewmst nonymnpeBpaiieHus:



1 1
fos=%c.-02.28 »'°

33[[3‘!1/1 I CAMOCTOATEIBHOTO PCIICHUHA

1. Azot okucisiercs o ypaBaenuto: 0,5 N2 (e)+ O2 (¢) — NO2 (¢). Kak usmensarcs

CKOPOCTb MPSIMON W 0OpaTHOM peakIuii, €CiI 00BEM CHCTEMBl YMEHBIIHUTCS B 3
paza?
Okwuciienue cepbl mpoTekaeT mo ypaBHenuto: S (k) + 02 (2) — SO2 (2). Kak
U3MCHSATCS CKOPOCTh MPSIMOW M OOpaTHOW peakiuii, €cid 00BEM CHCTEMBI
YBEJIUYUTCS B JIBa paza?
OKucIIeHHe TUOKCHA CEPhI MMPOTEKACT M0 YPAaBHEHUIO:

2502 (e) + 02(2) — 2S03 (o).
Kak u3MEHSATCS CKOpOCTh HPSIMOM M OOpaTHOW peakiuii, eClii KOHIICHTapIIHS
JTHOKCHA CEPhl YBEIMYUTCS B JBa pasa, a KoHieHTpamus SOz MEHBIIUTCS B TPU
paza?

4. AmMuak obpasyercs o peakiuu: N2 (2) + 3H2 (2) — 2NH3 (2). Kak u3meHuTCs

93

CKOPOCTh 00pa3OBaHMs aMMHaKa, €CIM 00bEM CHCTEMbl YBEIMYUTH B 2 pasa, a
KOHIICHTPALIMIO a30Ta YBEJIUYUTH B 3 pasza?

. Peaknus npotekaet no cienyromei cxeme: 2S02 (2) + 02 (2) — 2503 (2).

Kak u3MeHuTCs CKOPOCTh MPSIMON peaklud — 00pa30BaHUsl CEPHOTO aHTUIPHIA,
€CJIM YBEIMYUTh KoHLeHTpanuto SO2 B 3 paza?

6. Peakuus uaet no ypaBHEHUIO

10.

11.

12.

N2 (2) + O2 (¢) — 2NO (2).
KoHneHTpammn HCXOAHBIX BEIISCTB 0 Hadama peakuuu Obutd: [N2] = 0,025
Mouw/1; NO] crana paBaoi 0,001 Mons/m.
Peakiust uaer mo ypaBHenuio N, (2) + 3H, (2) « 2NH;3 (2). Konuentparyu
YUYacTBYIOIIMX B Hel BemecTB ObutH: [N;] = 0,9 momw/im; [H | = 2 monb/i; [NHj]
= 0,15 Monw/n. Beiunciute KOHIIEHTpAIMIO a30Ta U aMmMuaka, korna [H,] crana
paBHo# 0,2 MOJIB/II.
Kak wu3MeHUTCS CKOpOCTh peakiuu, IpoTeKarouieil B ra3oBod (asze, mnpu
MOBBIIIIEHUN TeMmepaTypbl Ha 60 rpajn, eciau TeMrepaTypHbI KodhuIMeHTt
CKOPOCTH JaHHOM pEaKLMH PABEH ABYM?
Kak wu3MeHHTCS CKOpPOCTh peakIluu, NpOTEKaroliell B ra3oBod (aze, mpu
MOBBIIICHUN TeMIiepaTypbl Ha 80 Tpajn, eciiu TeMriepaTypHbI KodhdUITMEHT
CKOPOCTH JaHHOM peaklny paBeH Tpem?
Kak w3MeHuTCS CKOpPOCTh peakIuu, TpOTEKaroleil B ra3oBoil ¢ase, Npu
MOHKEHUH Temneparypsl Ha 30 Tpaj, eciau TeMmiepaTypHbI KodhdUIMeHT
CKOPOCTHU JAHHOW peaKIMK paBeH TpeM?
DKCIEPUMEHTAIILHO OIPeEIIeHbl KHHETHYECKUE KOHCTaHThI peakuuu npu 80 °C
(k=1), u mpu 120 oC ( k =10). Onpeaennure 3HEPrHIO AKTUBAIUH.
DKCHEPUMEHTAJIBHO OIpPEeSICHbl KHHETUYECKUE KOHCTAHThI peakuuu npu 100
oC (k=2.,5), uipu 150 oC ( k=8,5). Onpeaenure S3HEPIUIO aKTHBALIIH.



13. Peakuus npotekaet no ypaBHeHuto 2NO(e) + O2 (2)« 2NO2 (e) (Konuentpamuu
ucxoaHeix BemecTB Obutk: [NOJO = 0,01 momaw/m, [02]0 = 0,02 monb/n. Kak
U3MEHHUTCSI CKOPOCTh PEaKLUU, €CIIM YBEJIUYUTh KOHIICHTPALUIO KUCIOPOJa J0
0,20 monw/n u koHeHTpanuo NO 1o 0,08 Mos/m.

14. Hanumurte BbIpa)keHHUE 3aKOHA JACHCTBYIONIMX MACC JJisi T€TEPOr€HHON CUCTEMBI:
CO2 (e)+ C(x) « 2CO(e). Kak wu3MEHHUTCS CKOPOCTh MPSIMOM peakIuu —
oOpazoBanus CO, eciu koHieHTpaiuio CO2 yMeHbIIUTh B YEThIpe pa3a’?

15. Bpluucaute, BO CKOJIBKO pa3 YMEHBIIUTCS CKOPOCTh PEAKIMH, MPOTEKAIOIIEH B
ra3oBoii (aze, ecnu moHU3UTH Temrepatypy ot 140 mo 90 °C. TemmneparypHbIit
ko3 pummeHT CKOpoCcTH peakiuu paseH 4,0.

16. KonmeHTpanus HEKOTOPOTO BEIIECTBA B CHUCTEME HM3MEHSJIACH CIICTYIOITIM

oOpazom:
Bpems,cek 0 5 10 15 20
Konnenrpanus, | 4,000 3,875 3,75 3,625 3,5
MOJIb/J1
Onpenenure NOPAIOK peaklui, KHHETUUECKYIO KOHCTaHTY U BpeMs IOy~
IpeBpAIlICHUS.

17.  KoHIeHTpalus HEKOTOPOTO BEIECTBA B CUCTEME U3MEHSIIACH CIICTYIO-
UM 00pa3oM:

Bpewmsi,cex 0 5 10 15 20

Konnenrparus, | 10,000 | 1,818 1,000 0,690 0,526

MOJIB/JI
Omnpenenure MOPSJIOK PEaKUK, KHHETHUECKYI0 KOHCTaHTY U BpeMs ITOJTy-
IIPEBPAILICHHUS.

18.  KonneHTparus HEKOTOPOTO BEIIESCTBA B CHCTEME U3MEHSIACh CIICIYIO-
UM 00pa3oMm:

Bpewmsi,cex 0 5 10 15 20

KonuenTpanms, | 10,000 |4,724 2,231 1,054 0,498

MOJIb/J1
Onpenenure NOPSAIOK pEaKINU, KHHETHYESCKYIO KOHCTAHTY ¥ BpeMs I0JTy-
IIpEBpAIlCHHUS.

19. KoHmeHTpamusi HEKOTOPOTO BEIIIECTBA B CUCTEME U3MEHSIIACH CIICTYTO-
UM 00pa3oM:

Bpems,cex 0 5 10 15 20

Konnenrpanus, | 4,000 2,963 2,195 1,626 1,205

MOJIb/J1
Onpenenute NOPAIOK peaKuy, KHHETHYECKYIO KOHCTAHTY U BpeMs IOJTy-
IIPEeBPAILICHHUS.

20. KoHmeHTpanus HEKOTOPOTO BEIIECTBA B CUCTEME U3MEHSIACh CICAYIO-
UM 00pa3oM:

| Bpemsi,cek 0 5 |10 |15 | 20 |




Konnenrpanus, | 4,000 0,976 0,556 0,388 0,299
MOJIB/JI

Onpenenure NOPAIOK peaklui, KHHETHUYECKYI0 KOHCTaHTY U BpeMs MOy~
peBpaIleHuUs.
4-npakmuueckan paboma
Tema: Onpedenenus KOHYEHMAPUUU PACMEOPOE

Ilpumep 1.Bbluucnute: a) TPOLIEHTHYIO, 6) MOJSIPHYIO, U 8) MOJSUIbHYIO
KoHIeHTpanuu pactBopa H3PO4, moaydeHHOTO TpH pacTBOPEHUU —8 T KUCIIOTHI B
282 cM BOzBL, eci MWIOTHOCTH ero —,03— r/em® (Ipunoxenwue I).

Pewienue: a) BecoBas nporieHTHas KOHIIEHTpaIUsl MOKa3bIBAE€T YUCJIO IPaMMOB

(enuHUIl Macchl) BemiecTBa, cojepxamieecs B 100 r (eauHull Maccel) pactBopa. Tak

kaK macca 282 cM> BOJbI paBHa 282 1 (IJIOTHOCTH BOABI — r/em®), TO Macca
noixydyeHHoro pactsopa 18 + 282 = 300 r wu, crnemoBaTeapHO, MaccoBas
KOHLIEHTpalus MMOJIYyYEHHOI0 pacTBOpa paBHa
m, 1s
w=—"—"100%=———=0,06-10 = 6%
m, +m, 18 + 282

0) MosspHas KOHIEHTpalMs WIH MOJISIPHOCTh IMOKAa3bIBAE€T YUCIO TpaMM-
MOJIEKYJI paCTBOPEHHOTO BEWIECTBA, coAepxkamieecs B 1 11 pactBopa. Macca 1 nutpa

pactBopa 100 r. MonsipHy10 KOHIIEHTPALMIO PacCTBOpa HaXOaUM 1o (popmye:

B) MouisiibHasi KOHIIEHTpAIYsl, U MOJISUIbHOCTb, TTOKa3bIBA€T YUCIIO IPaMM-
MOJIEKYJT paCTBOPEHHOIO BellecTBa, cojaepxkaiieros B 1000 r pactBoputens. Maccy

H3;PO,4 B 1000r pacTBOpUTENSI HAXOAUM U3 COOTHOLICHHS

Ipumep 2. Paccuuraiite konmuuectso conu (NaCl), Heodxomumoe ais

npurotosieHus: 100 mu pactBopa ¢ koHuenrpanuei 10 %.

Pemenue. Macca pactBopa paBHa



[1moTHOCTB pacTBOpa ONpEAEIIAEM MO MPUIOKEHUIO [
Torna,

Mpumep 3. K 1 1 10%-noro pactBopa KOH (mmorrocts 1,092 r/cm® (Ilpuinoxenmue
') npubasman 0,5 1 5%-moro pactBopa KOH (mrotsocts 1,045 t/em®
(ITpunoxenue I')). O6beM cMecu JOBETU YUCTOM BOJIOM N0 2 JAUTPOB. Berumciute
MOJIIPHYIO KOHIIGHTPAIUIO MTOJIy4YeHHOTO pacTBOpA.

Pemenne. Macca ognoro nutpa 10%-noro pacrtsopa KOH 1092 r. B atom

pacTBOPE COACPHKUTCS

1092-10 _ 96 195 1 KOH
100

Macca 0,5 1 5%-noro pactBopa 1045*0,5 = 522,5 r. B aTOM pacTBOpe COAECPKUTCA

525,55 .
252212 — 26,125 r KOH

B o6uiem o6bweMe nonyueHHoro pactopa (2i1) macca KOH cocrtasnsier 109,2

+26,125 = 135,325 r. OTCroga MOJIIPHOCTBh 3TOr0 PacTBOpPa

135,325 MOJb
bt el Py [y Bttt
2561 JI

Cm

rae 56,1 - monekynspaeiil Bec KOH.

Ilpumep 4. Kakoit 00bemM 96%-HOW KUCIOTHI, IJIOTHOCTh KoTOpoi 1,84 r/em®
(ITpunoxxenue I'), morpedyetcs nns npurotosienus 3 i1 0,4 M. pactBopa?
Pewenue. MonspHas macca cepHoit KUcsoThl 98 r/moub. Jliis npurotosienus 3 i 0,4
M. pactBopa Tpedyercs 98-0,4-3=117,6 t cepnoit kucnotsl (100 %). Macca 1 cm3

96%-noi1 kuciotse! 1,84 T.
Torna nns mpurorosnenus 3 1 0,4 M. pactBopa TpeOyeTcs

% = 66,6 cv®* 96 % — HOH CepHOH KHC/IOTH.
3agaum IS CAaMOCTOSATEIHHOTO PelIeHUs!

1. OnpenenutTh MOJIAPHYIO U MOJISUThHYIO KOHIeHTparmu 20 %-Horo pactBopa HCI.

Ckonpko moTpelyercs Takoro pactBopa s mpurotoBienus 2 a1 10 %-Horo

pactBopa HCI1?



2. OnpeneanTs MOJIIPHYIO ¥ MOJISIIbHYIO KOHIIeHTpalmu 16 %-noro pacrsopa H,SO,.
p PHYIO Y Y p P

W

Ckonbko moTpeOyeTcsi Takoro pactBopa s npurotoBieHuss 2 1 10 % Horo
pactBopa H,SO,?

. OnpenenuTes MOJSIPHYIO M MOJUIbHYIO KoHIeHTpauuu 20 % pactBopa KOH.

CKOJIBKO HaJI0 UCTIAPUTH BOJIbI, YTOOKI MOIy4duTh 2 11 30 %-Horo pactBopa KOH.

4. OnpenenuTs MOJISIPHYIO U MOJISUTbHYI0 KOHIeHTpauuu 50 %-noro pactBopa NaOH.
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o)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ckonbko moTpeOyeTcsi Takoro pactBopa ais npurotoBieHuss 3 1 20 %-Horo
pactBopa NaOH?

. Onpenenuth MOJsipHYIO0 KoHueHTpamuio 60 %-noro pactBopa HNOj;. Ckonbko

noTpedyercst Takoro pactBopa Juisi npurorosiieHus 1,5 1 20 %-Horo pacteopa
HNO3?

. Onpenenute MOJIsIpHYIO KOHIeHTpauuto 30 %-noro pactBopa NH,OH. Ckonbko

noTpedyercsl Takoro pactBopa aiig npurotoBieHus 2 1 20 %-Horo pactBopa

NH,OH.

Paccuutate mnponeHTHyr0 KoHIEHTpamuio pactBopa NaCl ¢ momispHOU
KOHIICHTparuei 1,2 MoJb/1.

Paccuutate mponeHTHy0 KoHueHTpanuio pactBopa KCl ¢ wmomsapHoit
KOHIICHTparuei 2,2 MOJIb/JI.

Paccuutate mnponentHyio konmeHtpauuto 0,01 momspHoro pactBopa NaCl.
CkonbKo Hago0 100aBUTH cod Ha 1 1, 9T0OBI mOy4duTh 0,5 MONSPHBIN pacTBOp?
N3meHenneM oobema mpeHeOpeyb.

Paccuurtate mnpoueHTtHyro koHueHtpauuto 0,1 wmomspHoro pactBopa NaCl.
Cxosibko Hag0 100aBUTH coiu Ha 1 1, 4T0OBI moyduTh 0,5 MOISPHBIN pacTBOp?
N3meHenneM oobema mpeHeOpeyb.

Paccuutate nponenTHyro koHuentpauuto 0,01 momsproro pactBopa NH4CI.
CKOJIBKO HAJI0 B3SITh COJIM, YTOOBI MPUTOTOBUTH 2 JT TAKOTO pacTBopa’?
Paccuutats mponentHyto konreHTpanuto 0,1 monspuoro pactopa KCl. Ckonbko
HAJI0 B3STh COJIM, YTOOBI MPUTOTOBUTH 3 JI TAKOTO pacTBopa’?

Onpenenuts mMaccoByto KoHueHTpanuio 20 %-nHoro pactBopa HNOj;. Ckonbko
HAJI0 B3STh JTOTO PACTBOpa, 4TOOBl mpuroToBuTh 1 1 10 %-HOrOo pacTBOpa
HNO3?

Onpenenuts mMaccoByto KoHueHTpanuio 10 %-nHoro pactBopa HNOj;. Ckonbko
HAJI0 B3SATh 3TOTO PacTBOPa, 4TOOBI MPUTOTOBUTH 1 715 %-Horo pactBopa HNO3?
Onpenenuts MaccoByr KoHIeHTpaiuto 20 %-noro pactBopa H,SO,. Ckosbko
HAJI0 UCMAPUTh BOJABI U3 2-X JI 3TOr0 pacTBOpa, 4ToObl moyduth 40 % pacTBOp
H,SO,?

OrnpenenuTh MaccoBYyr0 KOHIIeHTpanuto 26 %-noro pactsopa HCl. Ckonbko Hano
PacTBOPUTH XJIOPUCTOTO BOAOPO/IA, YTOOBI MOTYUYUTH 2 J1 yKa3aHHOT'O pacTBopa?

Onpenenute mMaccoByro KoHueHTpauuw 60 %-nHoro pactBopa HNOj;. Ckonbko
HAJI0 B3SITh 3TOTO PacTBopa, YToObl MPUroToBUTH 1 11 10 %-Horo pactBopa HNO3?
Onpenenute mMaccoByto KoHueHtpanuio 40 %-nHoro pactBopa HNOj;. Ckonbko
HAJI0 B3SITh 3TOTO PacTBOpa, YTOOBI MPUTOTOBUTH 2 11 15 %-Horo pactBopa HNO3?



19. Kaxoit 06bem 80 %-HO# cepHOI KHUCTIOTHI, MOTPEOyEeTCs JJIsl MPUTOTOBIEHUs 1 11
0,2 M pactBopa?

S-mpakTHyecKasi pabora

XumMHn4yeckasi CBOMCTBA PAaCTBOPOB

Ilpumep 1. 3anucate ypaBHeHust Tuaponm3a mius coserd: NaCl, NH,CI,
Al(NO3)3;, CH3COOK, CH3COONHy,, Al,S;. Kak mensiercss pH BOAHBIX pacTBOpPOB

ATUX coJieii? B kakom ciyuyae rujposin3 npoTekaeT HeoopaTumo?

Pemenne: a) NaCl obpazoBana cunbHbiM ocHOBaHHeM NaOH u cuibHOMN
kucioroir HCl. ruaponusy He moaBepraeTcs, T.K. HM KaTHOH, HM aHUOH COJIU HE
MOTYT MPU B3aUMOJECHCTBUH C BOJION 00pa30BaTh MOJICKYJIbI CIIA0BIX AJIEKTPOJUTOB.
BoiHbIC pacTBOPBI 3TOM COJIM UMEIOT HEUTPaIbHYIO peakiuio cpeabl (PH = 7).

0) NH4Cl oOpa3oBana c1aObIM OCHOBAaHHEM M CHJIBHON KHCJIOTOM, IO3TOMY

T'uAPOJIU3YIOTCA 110 KaTHUOHY!:

NH,Cl+H.0 - NH,OH + HCI
B nonnoit popme:

NH; +H,0 - NH,0OH +H*

Jlst BogHOTO pacTBOpa nanHou conu pH<7, T.x. annonsr OH ~ cBsi3anb1 00pa-
3oBaBImUMcs ciradbim annekTposutoM NH:OH | a katnonsl H+ co3m1aroT KHCIOTHYIO
Cpeay B pacTBope.

B)  AlI(NOj3);. 00pa3zoBaHa MHOTOBAJICHTHBIM KaTHOHOM, ITO3TOMY HPOTEKAET
CTYNEHYATO, Yepe3 CTaIMA 00pa30BaHMUS OCHOBHBIX COJICH:

1 CTylIeHb:
AI(NO3); + H,O0 — AI(OH)(NO,. + HNO,
AP + H,0 — [AI(OH)]*" + H'
2 CTylleHb:
AI(OH)(NO.). + H,O — AI(OH).(NO,) + HNO.
[AI(OH)]** + H,0 — [AI(OH),]" + H
3 CTyNEeHb:

AI(OH).(NO.) + H,0 —> AI(OH,, + HNO,



[AI(OH),]" + H,O — AI(OH), + H*
['uaponu3 mpoTeKaeT AOCTATOYHO CHUIIBHO IO TEPBOM CTYIEHH, ClIa0o - 1O BTOPOWM
CTYIIEHM M COBCEM cJlab0 - IO TpeThed CTyNeHW (BBUIY HAKOIUICHHS HOHOB
BOJIOPO/Ia, MPOIIECC CMEIIAeTCs B CTOPOHY HMCXOJMHBIX BEIIECTB). boiiee mosHOMY
THIPOJIM3Y CIOCOOCTBYET pa30aBJICHHE pacTBOpPa M MOBBINICHHE Temmeparypbl. (B
9TOM cllydae MOXHO YYHTHIBATh THAPOIN3 W T0 TpeThel crymeHu.) Conb
oOpa3oBaHa C1a0bIM OCHOBaHHWEM M CHJIBHOHW KHCJIOTOW, TIOTOMY THAPOJIU3
NPOTEKAET 10 KaTHOHY, a peakiius pacTBopa kucias pH < 7.
T) CH3COOK o06pa3oBana CHJIBHBIM OCHOBAaHHUEM U CIa00# (acCOIMUPOBAHHOMN)
KHCJIOTOM, TO3TOMY THIIPOJIU3YETCS 10 AaHUOHY:

CH3;COOK + H,0 — CH3;COOH +
KOH B nonHoi#t dhopwme:
CH.COO + H,0 —» CH3COOH +0OH" Coinn MHOTOOCHOBHBIX
KHUCJIOT TUAPOIU3YIOTCS CTyIIEHYATO (C 00pa30BaHUEM KHCIIBIX COJIEH):
1 CTYIEeHb:
K.CO, + H,O —» KHCO. + KOH
CO= + H,0 - HCO3 + OH’

2 CTyIIeHb:

KHCO, + H,0 -H.CO3;+ KOH

HCO; + H,0 —» H.CO, + OH’

[lepBas cTyneHb rupoJin3a NpOTEKaeT JOCTATOYHO CUIIBHO, a BTOpas - cj1ado,
o uéM cBuaeTenbCTBYET pH pacTBOpa kapboHara u rujgpokapbonara kamus. (JIumb
IpU CUJILHOM pa30aBJIICHUH U HArpEeBaHUU CIIEIYET YUUTHIBATH THAPOIN3 00pa3yro-
mieiicst kucnoit conu). IlockonbKy npu B3aMMOACHCTBUU C BOJOW aHHMOHOB CIAOBIX
KHCJIOT 00pa3ytoTcss noHbl OH’, BOJHBIN pacTBOpP COJIM UMEET IICIOYHYIO PEaKIHI0
(pH > 7).
n)  CHsCOONH: oOpa3oBaHa cnaOblM OCHOBAaHUEM M €00 KUCIOTOM, TOITOMY
FPI)IPOHI/I3yeTC$I U I10 KATUOHV U TTO0O AHUOHV!

CH.COONH, + H,0 — CH3;COOH + NH,OH
Wnu B nonnout popme:

CH,COO™ + NH." + H,0 — CH3;COOH + NH,OH
I' naponu3 Takux cosiel MPOTEKAET OYEHb CUIIBLHO, TOCKOJIBKY B PE3YyJIbTATE €r0

o0Opa3yroTcs U ciiaboe OCHOBaHUE, U ciiabasi KMCJIOTa.
Ko(NH,OH) = 6,3 + 10°%;

Ko(CH3COOH)=1,8+10".



Ko(NH4OH)> K, (CH3;COOH), mostomy peakiiyst BOJHOTO pacTBOpa 3TOW COJIA
OyzeT cinaboIIeI0uHOM, TOYTH HEUTPaTbHOM:

(pH = 7-8).

e)  AlS;. I'maponus nporekaeT HeoOpaTUMO ¢ 00pa30BaHKMEM JICTYUYHX U MaJo-
PacTBOPHUMBIX IPOJTYKTOB:

AlSs + sH,0 — 2AI(OH);" + 3H.S.
[MockonbKy 1 katroHsl H' 1 arnonst OH ~ cBA3aHBI 00pa30BaHUEM MaJIoOIHC-
COIMUPYIOIIMNXCS TPOAYKTOB, TO JIJI TAHHOTO PacTBOpPa, YUUTHIBAS PACTBOPUMOCTD
H,S B Boxe, pH<7.

3az{atm AJIA CAMOCTOATECJIBHOIO PCIICHUA

CocraBbTe MOHHBIE M MOJIEKYJISIDHBIE ypaBHEHUs ruaposm3a coner. Kakxoe

3HayeHue pH (Oomblile Wik MeHbIIE 7) UMEIOT BOAHBIE PACTBOPHI ATUX COJIECH?

1. CH3COOH, Zn(NOs3),, AL,(SO4)3
2. NH,4CI, ZnSQO4, Ca(HCO.,),

3. Cu(HCOO),, (NH4).S, Na,SO.

4. CuSO., MgHPO,, ZnS

5. (NH.).CO,, CH.COONH,, CaCO,
6. Al(CH3COO0);, Cu(NOs),, Na,CO,
7. NaClO, KNO,, Na,PO.

8. (NH.).CO,, MgHPO:, CH3COONa
9. A1,(S0y)3, AI(CH3COO0)3, CuSO.
10. Ca(HCO.,),, AiCs, ZnS

11. Li.S, AIPO,4, NiSO,

12. Naz2S, CoCl,, Na2CO;,

13. K2COs, Cry(S04)3, (NH4)-CO4

14. RbCI, Ni(NO3z), Pb(NO3),

15. NiSO4, CoCl,, RbCI

16. Cwmemranu paBabsie 00bembl 0,01 M pactBopa AgNO; u 0,04 M pactBopa

HI. Byner nu oOpa3oBbIBaThCS OCaJAO0K, €CIM Ipou3BeAeHHEe pacTBopumoctu Agl

paBHo 9,7*10" . IInOTHOCTH BCEX paCTBOPOB MPUHATH PaBHBIMH 1 T/MII.
17.  Omnpenenuts CTENEHb JUCCOLUMAIUU KUCIOTH H2S, ecin ee KoHCTaHTa
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nucconmaruu pasHa 1,23 . [Ipu penennn BOCOIb30BaThCS YPaBHEHUEM
OctBanbaa. PaccMaTpuBaTh CyMMapHOe ypaBHeHHe nucconuanun: HoS=2H" + S

18. OmnpenenuTh cTeNeHb aHUccOIManMU KUcIoThl HF, ecnu ee koHcTaHTa
JHccolManyy paBHa 6,67-10. TIpu peleHHH BOCIONIB30BaThCS ypaBHeHHEM OCT-
BaJIbJIa.

19. Uto takoe pH u pOH? Uemy paBen pH= 0,02 MonspHBIX pacTBOPOB yK-
CYCHOM KHCIIOTBI ¥ THIPOKCH]Ia aMMOHHUSI, €CITH CTETICHb UX JUCCOIMAIINH, TIPU JaH -
HBIX yCJIOBUsX paBHa 3,1 %?

20. Yro Takoe pH u pOH? Uemy pasen pH= 0,1 MoIsIpHBIX pacTBOPOB YKCyC-
HOM KHCJIOTHI M TUAPOKCHA aMMOHHSI, €CJIH CTENIEHb UX TUCCOIUAIINH, TIPH TaHHBIX
ycnoBusax pasBHa 1,3 %?

21. Cmemanu paBubie 00beMbl 0,02 M pactBopa Ca(0H). u 0,02 M pactBopa
KOH. byzaer nu 0o0pa3oBbIBaThCS OCAAOK, €CIH MPOU3BEIECHHUE PACTBOPUMOCTHU

Ca(OH). paBHo 5,5* 10°. II0THOCTB BCEX PaCTBOPOB MPUHSATH PABHBIMA 1 T/MIL.

6-npakTudyeckas padbora

OKUCJ/IMTEJBHO-BOCCTAHOBUMTEJBHBIE PEAKIIUHN

Ilpumep 1.0npenenute, ABIASETCS JIU peaKIUs OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM ?
Ecnu na, TO B KaKuX 4acTUIlaX aTOMbI MEHSIIOT cmenens okucaenua? Paccunraiite

CMEéNnéHb OKUCJ1eHUA 3TUX aTOMOB.
a) CuSO, + Zn=Cu + ZnSO
0) 2KMnQO, + 3K,S03 + H,0 = 2MnO,+ 3K,S0O, + 2KOH

B)  CaC+H.O = Ca(OH).+ C.H,
r)  (NH,).CO + H,0 = :NH, + CO,

Pemenne. OxucaumenbHo-60CCMAaHOBUMENbLHBIMU AGISIIOMCA peakyuu a), 6) u
8), MaK KaK 6 HUX yuacmeyom MOaeK)yibl, amoMbl KOMOPbIX MEHAIOM CTeNeHb

OKHCJ/ICHMUA.

Hpumep 2. Ypasuars OBP meTomom snekTpoHHOTO OanaHca.

Pemenue.



KMnO4 = KzMnO4 + |\/|n02 + 02
Mn*" +3e=Mn"

Mn*" + e = Mn"*®
0*?-2e=0,50,"
2KMnO, = K;MnO,4 + MnO, + O,
Ilpumep 3.Ypasusate OBP MeT0/10M 371€KTPOHHO-MOHHOTO OanaHca.
Cry(SO,); + KMnO, + H,0 = Cr,0,% + Mn?* + ...
Pewenue. 2Cr’+ +:H:0 — 6 e = Cr.0/" + 14H"

MnO,+ 8H+ + 5 ¢ = Mn** + 4H,0
1) 10Cr** + :sH.0 — 30 e = 5Cr,0,* + 70H"
6MnO, + 48H+ + 30 ¢ = 6Mn** + 24H,0
2) 10Cr** + uH.0 + sMnOs = 6Mn*+ +5Cr,0;% + 22H"
3) 10Cr* +1550,% +11H20 +6MnQO4 +6K* = 6Mn®* +5Cr,0,* +22H* +1550,% + 6K"

5Cr,(SO, + sKMnO, + 11H,0 = 5H.Cr.O. + sMnSO, + sKHSO, +3H.SO,
3agayuu 118 CaMOCTOSITEILHOTO PeLeHUsI

CocraBbpTe JIEKTPOHHBIE ypaBHEHHs. PaccraBpTe KOA3(DPUIMEHTH B ypaBHE-
HUAX OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX peakiuil. K kakoMy TUIy OHU OTHOCSITCS?

1 oo + 14H+ +6Cl" — 5Clo + 2Cr’+ + -H,0

2 P+HIO, + H,O— HPO. + HI

3 HS+CIl +HO— HSO, + HCI

4  K,C., + H.,SO, (koum) - CrO, + K,SO, + H20

5 KBr + KBroO, + H,SO, —» Br, + K.SO., + H,0

6 Na.S0; + KMn0, + H,0 — Na.S0, + Mn0. + KOH

7 KMn0O, + Na.S0; + KOH — K.Mn0, + Na.S0, + H,0
8 P+ HNO; + H,0 — H3P0, +H,0

9  NazAs0O; + I, + H,O — Na3As04 + Hl

10 N.S.03 + H.SO4 — S + SO. + H.O + H.SO,

11 FeSo4 + HNoO3(kxoni.) — Fe(N03); + NOo(1) + H20 + H.SO,4



12 Na.S0; + KMnO,4 + H,O — Na.S0,4 + Mn0. + KOH
13 HCIO4 + SO, +H20 — HCI + H.SO,
14 Ti+HCI— TiCl; + H: |
15 K2S + NaClO + H2S04 — S + NaCl + K2S04 + H20
16 NH3;+ 02— N2+ H0
17 CU20 + HNO3 — Cu(N03)2 + NO + H20
18 Mn0. + 0, +KOH — K>-Mn04 + H,0
19 1. + NaOH — NaOl + Nal+H,0O
20 MnSQ,4 + Pb0. + HNO3 — HMnOQ, + Pb(NO03). ++ PbS0,4 + H,0
21 H.SO; + HC103 — H.SO, + HCI
Kakue u3 NmpuUBEIEHHBIX pEaKIUid, MPOTEKAIOIIMX MO CXeMaM, SIBISIOTCS
OKUCJIUTEILHO-BOCCTAHOBUTEIbHBIMU? PaccTaBbTe KOAPGUITMEHTHI B YPAaBHEHUSIX
pEAKLIUH.
22. Ca(HCO03), + Ca(0H), — 2CaC0s + 2H.0,
23. PbS + HNO3; — S + Pb(N03), + NO + H-0,
24. KMn0,4 + H.S04 + KI = 1> + K2S04 + MnS0,4 + H-0.
25. NaHSO3; — Na.S.03 + H.O
26. Na.CrO4 + H2SO4 — Na.Cr.0, + Na.So4 +H.O
27. H.SO4 + NaOH — Na.SO,4 + H20
28. NH;3 + NaClO — N.H,4 + NaCl + H,0
29. NH4CI + Ca(OH)2. — NH3 + CaCl. + H.O

30. NaClO — NaClO3; +NacCl

/-mpakTH4yeckas padora

Tema: Biausinue cpeabl Ha TeYeHHE PeaKIUd OKUCICHUSA-BOCCTAHOBJICHMS.



Bo MHoOrux cnydasix OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIMU MPOTEKAIOT B
ONPEAECICHHON Cpejie: HEUTPATbHOM, KUCION WX IIeJI0o4YHOW. KHCIoThl U 1mienoyun
PAcCXOyIOTCSl IPU 3TOM Ha 00pa30BaHME COJIEH U BOJIBI.

IIpumep. I[Ipu B3auMoeiicTBUY NepMaHTaHaTa Kajlus ¢ MOAUAOM Kalausl B KUCION
Cpelie peakiys BhIpaKaeTcsl CIEYIONIEH CXeMOM:

KMnO, + KI + H,SO,=MnSQO, +I, + K,SO, + H,0
Mn*" + 5¢=Mn"? 2
21" -2e=1, 3)

Tak kak MOJEKyJBl HOJa JBYXaTOMHBI, KOI(PQPHUIIMEHTH HYXHO YIBOHWTH.
PaccraBnsiem ko3(pduumeHTsl B ypaBHEHUW Tiepes] GopMylaMU OKHCIHUTEIS,
BOCCTAHOBUTEJS, OKUCIICHHON U BOCCTAHOBJICHHOU (opM, a 3aTeM cyib(dara Kaaus:

2KMnQ,4 +10KI1+H,S0,=2MnS0O, + 5I, + 6K,SO,4 +H,0

B npuBeneHHOM 37eCh ypaBHEHMHM HE IIOCTaBJICHbl KO3(PQUIIMEHTH mMepes
dbopmyliaMu  CepHOM KHCIOTBI HM Bojabl. Yumciao wmomekyn H,SO; momxHO
cooTBeTcTBOBaTh unciay mojekyn MnSO, u K,;SO,, obpasyrommxcs npu peakiuu.
[TogcunThIBass 4YMCIO KUCIOTHBIX OCTAaTKOB B JBYX Mouiekyinax MnSO, u mectu
mouekynax K,SO,, onpenensieM, 4To B peakiiuu y4acTByeT BoceMb MoJieKysn HySOy:

2KMnQ, +10KI1+8H,SO, =2MnSQO, + 5l, + 6K,SO, + H,0

[Tocne 3TOro JIErKO YCTAaHOBUTH YHCIO OOpA30BABIIMXCS MOJEKYT BOAbL. Jlis
ATOr0 TOJCYMTHIBAEM YHCJIO aTOMOB BOJIOPOJia, OOO3HAYECHHBIX B JIEBOW YaCTH
ypaBHeHus. Ilomyuaercs mectHaguate. CnepoBaTenbHO, nepen (HOpMysoil BOJIbI
Hano mocTaBuTh Kod(pduuueHnt 8. Ha oOpa3oBaHue BOABI HIET KHUCIOPO/I,
ocBoOoauBImMiics  mpu  BocctaHoBiaeHMH  KMNnO,  Ilocnme  momcTraHOBKH
koddunrenta nepea (GopMynaoll BoAbI MPOBEPSETCS MNPABWIBHOCTh YpPaBHEHUS
MyTeM MOJICYETa AaTOMOB KHCJIOPOAa B 00€UX YACTSX:

2KMnO, +10K1+8H,S0,=2MnSO, + 51, + 6K,S0O, + 8H,0

UtoObl myuIlie YSICHUTH POJIb KHCJIOTBI B PACCMOTPEHHOM 3]1eCh PEAKIINH,
COCTaBUM MOHHOE YPaBHEHHUE ITOU pEaAKIINU:
2K™+2MnO, +10K"+101'+16H"+8S0,*=2Mn"*+2S0,? + 51, + 12K"+650, +8H,0
[Tocne cokpanieHust OHO UMEET CIICTYIOIIUNA BU:
2MnO, +101'+16H" =2Mn**+ 51, +8H,0

W3 sToro ypaBHEHUS BHIHO, YTO OKHCIIEHHE MOHOB | B CBOOOJHBIN MO/ MOHAMU
Mn*? compoBoxmaeTcs cBsi3biBanneM HoHOB H' B Moexyibr Boasl. CieI0BaTelIbHO,
KHCJIas Cpeia sIBISETCS HEOOXOAUMBIM YCIIOBUEM ATOM peaKIuu.

Ipumep. Peaknus okucnenus xiaopuga xpoma (I11) OpomHoii Bogoii mpoTekaeT B
LIEJIOYHOU Cpelie:

+3 0 ] -1
CrC1:+Br;*NaOH=Na,CrO4~NaBr+-NaCIl+H-0
9TON peakiuu ¢ oxHoit mojaekynoit CrCl; B3aumoaeiicTByroT Tpu atoma Opoma, a B
pesyJibTare peakiuu oopasyrorcs ogHa moiiekyna Na,CrO,, tpu Monekynasl NaBr u
tpu Mojekyiasl NaCl. Ilockonbky OpoM HaxoauTCs B BHIE MOJIGKYJ  Bry,
KO3 UITUEHTHI yIBaUBAIOT:



2CrC1; + 3Br, + NaOH=2Na,CrO, + 6NaBr + 6NaCl + H,O

[loacunThIBas YMCIO aTOMOB HATpHsl B MPAaBOW YAaCTU YpPaBHEHHUsI, HAXOIUM, YTO
TUAPOKCUJIA HATPUS B PEAKIIMH JIOJDKHO YYacTBOBATh IIECTHAALATH MOJIEKy. Toraa
YUCJIO OO0pa30BaBIIMXCS MOJEKYJ BOAbl OyneT Bocemb. I[locie paccTaHOBKH
K03 (PUIIMEHTOB ypaBHEHUE IPUHUMAET CIEIYIOUIUN BU/I:

2CrCl; + 3Br,+16NaOH=2Na,CrO,4 + 6NaBr + 6NaCl + 8H20

J171s1 BBISICHEHUS POJIM IIETI0YM COCTAaBUM MOHHOE YPaBHEHUE PEAKIUU:

2Cr** +3Br; + 160H=2Cr0,” + 6Br +8H,0

Orcrofa BHAHO, 9TO okucierue uoHoB Cro* B CrO,” GPOMOM COMPOBOXIACTCS
NoTpeOeHuEM TUAPOKCHIT HOHOB. CleI0OBaTEIbHO, PEAKLUUI0O HAJAO0 MNPOBOAUTH B
HIETIOYHOM Cpee.

B o0mieM cimydae NOBBIIEHUE CTENIEHW OKUCICHHSI aTOMOB METAJIOB MPOUCXOIUT
MIPEUMYILECTBEHHO B LIEJIOYHOM Cpene, a NOHMKEHHE CTENEHU OKHMCIIECHUS UX — B
KHUCIIOU CpeJe.

WHorna KucioTa BHICTYMAET U B KAUECTBE OKUCIUTENS (UJIM BOCCTAHOBUTEIIA), U B
Ka4yecTBE coeo0pa3oBarTesl.

Yucno MOJIEKYJ KHUCIOTBI B pPEAKIUM OyJIeT cllaraTbCsi W3 YHUCIA MOJIEKYI
KHUCTIOTBI, 3aTpAueHHONM Ha  OKUCJIEHHE (BOCCTAHOBJIEHHE), U  KHUCIOTHI,
U3pacxo/I0BaHHON Ha coyieoOpa3zoBaHue. B CBSI3U € 3TMM B METOAMKY COCTaBJICHMS
ypaBHEHUH JOJKHBI OBITh BHECEHbI HEKOTOpbIe AoOaBieHus. [loscHuM >TO Ha
npuMepe.

IIpumep. [Ipy B3auMOECTBUM MEIU ¢ KOHLIECHTPUPOBAHHON a30THOW KUCJIOTOU
pPEaKUs BBIPAYXKAETCS CICTYIOMIEH CXEMOM:

0 =5 =2 -4
Cu~+ HNO;,:CU, (NO;,)] T NO_@ T HgD
Yacte aTOMOB a30Ta M3 a30THOM KUCJIOTHI IIPU 3TOW PEAKUUU HE U3MEHUJIA CTEIECHU
OKHUCJIEHMS, T. €. 4aCTh a30THOM KHUCJIOTHI HE NPUHSIA YYaCTUS B OKUCICHUM MEMM.
OTa 4acTh a30THOM KUCIOTHl y4acTBOBajia B OOpa3oBaHWUU COJIM, HUTpATa MeEIU
(I1). DnexTpoHHOE ypaBHEHHE:
" Cu™ +2e=Cu’°
2. N™+e=N"™

Takum oOpa3oM, JUisl OKUCIEHUSI OAHOTO aTOMa MEAN PACXOAYETCS JIBE MOJIEKYJIbI
HNOs. Kpome Toro, Ha oOpa3oBanue onnoit Monekysbl comu CU(NO3), pacxomyercs
emte aBe Mojekyiasl HNOj:

Cu + 2HNO; =Cu (NO3), + 2NO, + H,0 Ha okucieHnue Ha cojaeo0pa3oBaHue

[logcunThiBa€M YHCIO aTOMOB BOAOpPOJAa B JIEBOM 4YacTU YpaBHEHUS W
onpeaensieM, 4To BO/bl 00pa30BaIOCh IBE MOJIEKYJIbI:

Cu+ 4HN03=CU (NO3)2 + 2N02 + 2H20

[IpoBepka MNpPaBWIBHOCTH YPaBHEHUS NPOU3BOJUTCS IOJCYETOM aTOMOB

KHCJIOPOJA.



bonee cioxHBIME = OBIBAIOT peaKkWW, B KOTOPBIX OKHUCICHHWIO (WA
BOCCTAHOBJICHHIO) TIOJBEPralOTCsS aTOMbl WJIM HOHBI HE OJHOTO, & HECKOJBKHX
9JIEMEHTOB B OJTHOU MOJIEKYJIE.

Ipumep. Peakuus oxucienus cynbbuna meimbsika (111) xmopHoBaToit kuciaotTon
BBIPAXKACTCSI CXEMOM:

.

32 = = -6 1
s 5383 T HC103 T H_*.O:HyﬂLSO_; T HgSO.; +HC1

As™ 3nech okncmsercst B As*, a S? B S*°. Kaxpriii atom As™ tepsier mpu sToM
J(Ba DIEKTPOHA, a aTOM S TepsieT BOCEMb JIEKTPOHOB. TakuM 06pa3oM, BCe aTOMBI,
oOpasyromue MoJeKynbl AS;S;, OTHAIOT TP  OKUCIECHWW JIBa/IIaTh BOCEMb
AIEKTPOHOB:

-3 -5 -2 -6 -5 -6
2As-4e=2As u 35 —24e=38 mmn As;S;-28e=2As + 3§

T IBafuATh BOCEMb JIEKTPOHOB mpuHUMaroTcs atomamu C1™° B xmopHOBaTOi
kuciaore. Atom C1*°, mepexons B mon Cl™ B Xigopuie Kamusi, NPHHHEMAET IICCTH
AJIIEKTPOHOB:

C1™ + 6e-=CI

OueBuaHO, /ISl OKUCIeHUs cynbduaa mbiiibsika (111) Ha kaxple mecTb MoKy

As,S; Hazo aBaaiath BoceMb Mosiekysl HCIO3. CocraBisiem cxemy:

As>S;-28e-=2As7+ 38~ 28 3
84

C17 + 6e-=CI' 6 14
CokpatuB KOd(pPUIMEHTH HA 2, MOJIYYHUM, YTO HA TpU MOJEKynbl AS,S; Hamo
yetbipHaaaTh Mojiekys1 HCIOs. ITpu aToM mosydaercs 1mecTb MOJIEKYJI MBIIITbIKOBOM
KUCJIOTBI, JEBSATH MOJIEKYJ CEPHOM KHCJIOThl M YETHIPHAAUATH MOJIEKYJ COJSHOU
KUCIOTHL. [Tocie paccTaHOBKH 3THX KOAP(PUIIMEHTOB MOTYYaAEM:
3AS,S; + 14HC|03 + H,0=6H;AsO, + 9H,SO, + 14HC1

YtoObl ypaBHSATH YHCJIO aTOMOB BOJAOpPOAA, CTaBUM B JICBOM 4YAaCTH ypaBHEHUs
nepea gopmynoi Boabsl kodpduuuent 18. Torma peakuusi okucieHus cyibpuaa
mbImbska (1) xmopHoBaTOM KUCIOTON N300pa3UTCs CIASAYIONIUM YpPaBHEHHUEM:

3As,S3+ 14 HCIOz+ 18H,0=6H3As0, + 9H,S0,4+ 14HC1

B npaBmiibHOCTH ypaBHEHHUS PEaKITUH MOKHO YOSIUTHCS MTyTeM IMOACYEeTa aTOMOB
KHUCJIOPOJIA B ITPABOM U JIEBOW YaCTSIX.

Jlns  cocraBieHHsT YPAaBHEHUW OKHUCIWTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLUM,
MPOXOJSIIMX B PacTBOpax, MHOT/AA MPUMEHSIOT UOHHOXJIEKTPOHHBIA METOH (METO.
NOJIypeaKinii). B ero OCHOBE JIGKHUT COCTaBJICHHE HOHHBIX YPaBHEHHU /IS Tpoliecca
OKHCJICHUsSI U TIpoIlecCa BOCCTAHOBJICHUs (YACTHBIE YpPaBHEHHUS) M IOCIEIYyIOIIee
CyMMHUpPOBaHHE UX B o0lliee ypaBHeHue. [Ipu cocTaBieHUM HWOHHOM CXEMbl peaKIuu
CIEeAyeT TO0JIb30BAaThCSl MPABWIAMU COCTABJICHUS KPAaTKMX HWOHHBIX YPaBHEHUM:
GbopMysbl CHUJIBHBIX DJIEKTPOJIMTOB 3alUChiBaTh B BHUAE MOHOB, a CIa0bIX
AIEKTPOJIUTOB, T'a30B, OCAJAKOB — B BUJAE MOJIEKYJ; HE BHOCUTh B CXEMY HMOHBI, HE
WU3MEHSIOIIUECS B PE3YJIbTATE PEAKLIHM.



IIpumep. Peakius OKMCIEHMS HMOAMAA Kalusg B KUCIOM Cpele € NOMOIIBIO

NepMaHTraHaTa Kajius BIPAKACTCs CXEMOM:
KMnO, + KI + H,SO,=MnS0, +I, + K,SO, +H,0
3anuiieM ypaBHEHHE STOM peakluu B KpaTKOM HOHHOM Qopme:
MnO, =Mn** + 4H,0

U3 ypaBHeHust cieayer, 9to uoH MnO, BoccTaHaBImBaeTcs B HOH Mn?*. Ombit
MOKAa3bIBAET, YTO B KUCJIOM PACTBOPE aTOMBI KHCJIOPOJIa, BXOJAIINE B COCTAB MOHOB
MnO,, BMecTe ¢ HOHaAMH BOIOPOJIa 00pa3yr0T MOJICKYJIBI BOIBI.

B npaBunpHO HANMMCAaHHOM YPaBHEHMHM PEAKIMHM OTPa)KaeTCs COXpaHEHHE Kak
Yyclia aTOMOB, TaK W YHCIA JJIEKTPUYECKHX 3apsAA0B B HCXOJHBIX BEIIECTBAX H
npoAayKTax peakiuu. [lodToMy ypaBHEHHE TONypeaKIMH  IOCJIE€ PACCTAHOBKH

K02 GUIMEHTOB OYIET MMETH BULI: |
MnO, +8H =Mn~ + 4H,0
OEHCIeHHAR BOCCTAHOE-
hopua JIeHHAA
thopua

Jlanee Hamo, 9TOOBI B TOMypeakiuu BoccTaHoBiaeHUs MNO, paBeHCTBO OBLIO HE
TOJILKO MO YHMCIYy aTOMOB 3JIEMEHTOB, HO W MO 3apsaaMm. AJnreOpanueckas cymma
3apsI0B MOHOB ClIeBa COCTaBisieT -7, a cmpaBa 4-2. llosTtoMy K J€BOW 4YacTu
YpPaBHEHHUS JOTUIIEM S€:

MnO, +8H"+ 5e'=Mn’* +4H,0
[Tonypeakius okuciaeHus noHoB noxa:21=l,
JIns ypaBHEHU 3apsSA0B HAJO OT JIEBOM YaCTH CXEMbI OTHSTh 2€:

2 - 28 = I
BOCCTaHOE- OKHCTEHHAA
NeHHAA hopma
fbopma

CyMmMmupyeM ypaBHEHHUS peakiiuii B 00IIee ypaBHEHHUE:
MnO, +8H"+ 5¢” +2I -2e =Mn*" + |, +4H,0

[ToncTaBuM  COOTBETCTBYIOIME  KOA(MMHUIIMEHTHI  Tepes] OKUCIUTEIEM M
BOCCTAHOBUTEJIEM M COCTABUM YpPaBHEHHE OKHCIUTEIbHO-BOCCTAHOBUTEIBHOTO
npoiiecca B MoJiekyssipHoi popme (H,SO,4 B3sTa B KauecTBe Cpejibl):

2KMnO, +10KI+ 8H,S0,=2MnS0O, + 5I, + 6K,SO, + 8H,0

JI7g  KONMMYECTBEHHOW  XapaKTEPUCTUKU  OKUCIUTEIIbHO-BOCCTAHOBUTEILHOM
AKTUBHOCTH BEILECTB, HAXOSAIIUXCS B PacTBOpaxX WJIM COMPUKACAIOIIUXCA C HUMHU,
MOJIB3YIOTCS BEJIMYMHAMH DJICKTPOJHBIX WM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
noTeHuanoB. YeM MeHblie anreOpanyeckasi BEIUYMHA DJICKTPOIHOIO MOTEHIMATA,
TEM aKTHBHEE JaHHAs YacTHIla KaK BOCCTAHOBHUTEIbh, 1 HaoOopoT. Hampumep, craH-
JIapTHBIC MOTEHIIUAIIBI MPOLIECCOB

F, + 2e=2F u H, +2e=2H"

paBHbI cOOTBETCTBEHHO 12,85B 1 -2,23B. CnenpoBaTtenbHO, MosieKyia F; — CHIIbHBIM
OKHCJIUTENb, a4 HOH H - CUJIBbHBIM BOCCTAaHOBUTEIID.

[Tonp3ysice  Tabmuien CTAHJAPTHBIX  OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX
IMOTEHIINAJIOB, MO>KHO NpeACcKa3aTh  BO3MOXKHOCTh  OCYIIECTBJICHUSI U



HaIpaBJICHHOCTh OKHUCIHUTEIbHO-BOCCTAHOBUTENIbHBIX peakiuuid. OKHUCIUTEIbHO-
BOCCTAHOBHUTEJIBHBIN MPOIIECC MOXET MPOTEKaTh B BBHIOPAHHOM HAIPaBJICHUH IPU
YCIOBUM, €CJIM Pa3HOCTh MOTEHUHAJIOB HMEET IMOJOXKUTEIbHOE 3HAYCHHE, a
ciaenoBarenbHo, U DJC cucTeMbl SABISIETCS MOJ0KUTEILHON BEJIMYUHOM.
[IpuBeneM npuMepHl.
IIpumep 1. Tpebyercs omnpenennuTb, MOKHO JIM HCIIOJB30BaTh JIJII OKUCIICHHUS
noHoB |, Br, F B kauecTBe okucauTens nou Fes*,
Haxomum B Tabnuiie 7 OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE TOTEHIIUAJIBI TTAP:
Ep1n2y= 0,53 B; Eororr2y=2,85B
E-oBr/Br2-1,08 B; Eo(Fe3+ire2ny=0,77 B
OmnpenensieM 3JIEKTPOABUKYILYIO CUITY PEAKIIUU:
2KI1 + 2FEC|3 = 2KCI + |2+2FeC|2
OJ1C = E° okucnaurensa — E° BOCCTaHOBUTEIIS
DJC=0,77-(+0,53)=0,24 (B)
CnenoBatenbHO, peakius Bo3MokHa ¢ Hampspkenwem 0,24 B. Mowbsl Br u F He
oKHCIsIOTCS noHamu Fe®* Bereacteue Toro, uto OJIC »Tux peakuui oTpulaTesIbHas
BeJIMunHa. Tak,
2KBr+2FeCl;=Br,+2KCIl+2FeCl,
51C =0,77-(+1,08)=-0,31 (B)
Hao6oport, Br, MoxeT OKUCIIUTh HOHBI Fe®* B nonn Fe*':
2FeBr, + Br,=2FeBr;
9JC=1,08-(+0,77) = 0,31 (B)
Ipumep 2. Ilepmanranar kamuss KMnO,; MOXHO TOJYyYUTh OKHCICHHEM
MaHraHaTa kamus K,;MnO,4 xiaopowm:
2K2Mn04 +C12:2KMnO4 +2KCl1
MOXHO JM BMECTO XJopa HOpUMEHHTh OpoMm unu uon? Haxomum
3JIEKTPOIHBIC TOTEHIIMAJIBI Tap:
EMno4-2/Mn049=0,56 B; E-pciicizy= 1,36 B
E-oprmr2y=1,08 B; E°0112)= 0,53 B
Brruucnsem 2J1C peakiuii 115 ciydaeB, KOra MpeanoaaraéMbIMU OKHCIUTEISIMU
SIBJISIIOTCS: a) XJIOp, 0) OPOM | B) HOI:
a) DJIC =1,36-( +0,56) = 0,80 (B)
0) DJ1C =1,08-( + 0,56) = 0,52 (B)
B) DJIC =0,53 -(+ 0,56)=-0,03 (B)
CnenoBarenbHo, mia noaydenus KMnO, u3z Ko;MnO, B kadecTBe okuciauTesnei
MOYHO MCIO0JIb30BaTh TOJILKO XJIOp U OPOM, HO HEJb3s1 HOJ.
B npuBengeHHbIX mnpumepax ObUIM HCIOJIB30BaHbl BEJIMYMHBI CTaHIAPTHBIX
3JIEKTPOIHBIX MMOTEHIIHAI0B (E°).
CraHgapTHBIA AIEKTPOIHBIA MMOTEHIMAN - 3TO MOTEHIMAJ JAHHOTO 3JIEKTPOIHOIO
MpoIecca Mpu YCIOBUU, UTO KOHIIEHTPAIMK B PACTBOPE BCEX YUACTBYIOIIUX BEIIECTB
paBHbl enuHUIE. B cllydae, eciau KOHIIEHTpalud BEIIECTB HE paBHbI €AMHULIE,



pacCUUTBIBAIOT COOTBCTCTBYIOIIHC 5001 BCJIMYHUHBI OKHUCJIUTCIBbHO-
BOCCTAHOBHTCJIbHBIX IIOTCHIINAJIOB E:

£ = 040059 Cou
n o Cown
rae £ — WCKOMBIM AJIEKTPOJIHBIM TOTEHIMAT CUCTEeMbl, E£° — cTaHJapTHBIN
AJIEKTPOAHBIN MOTEHIMAN, 7 — YHUCIO TMEPEAABAEMBIX B DJEKTPOJHOM MPOIIECCe

AJIEKTPOHOB, X U ) — KO3 (GUIUEHTHI IPU OKUCIUTEIIE U BOCCTAHOBUTETIE.

[Ipu pemiennu OOJBIIOTO KOJIMYECTBA 3aJad MO OMPENEICHUI0 BO3MOXHOCTH U
HaIPaBJICHHOCTU OKUCIUTEIbHO-BOCCTAHOBUTENLHBIX PEAKIIMM CIIEyeT MOMHUTB:
1. Oxucnumenvno-6occmanosumenvHuvle  peakyuu  NPOMeKarom 8  CIMOPOHY
00pasoeanus MeHee AKMUBHBIX OKUCIUMenel U eoccmanosumeneu u3 oOonee
AKMUBHBIX.
2. U3 6cex 803MOXMCHBIX NpU OAHHBIX YCIOBUAX OKUCIUMENbHO-80CCHAHOBUMELHBIX
peaxyutl 8 nepsyio ouepeds 8 bonvuuncmee ciayuaeg npomexaem ma, I/[C komopot
HauboNbUAs.

3agaum 11 CaMOCTOSITEILHOTO pPellieHus!
1. VkazaTh, Kakue U3 CIEIYIOUIUX PEAKIUN SBJISIOTCS OKUCIUTEIHHO-
BOCCTAHOBUTEJIbHBIMU
HC1+ NaOH=NaCl + H,0
H,SO, + BaCl,=BaS0O, + 2HC1
Zn+H,S0,=ZnS0O,+H,0
C +02:C02
CaCO3=CaO + CO,
MoryT nu OBITh OKHCIHTEIbHO-BOCCTAHOBHUTEIIBHBIMUA PEAKIIMU  Pa3I0KEHUS,
COCIMHCHMUS, 3aMEIICHUSI 1 oOMeHa?
2. YKa3aTb, 4YTO SBISETCS OKUCIUTEIIEM M YTO BOCCTAHOBUTEIEM B PEAKIIHAX:
H,S + Br,=2HBr+S 2HgO=2Hg +0O,
3. Yka3arp, Kakue M3 UOHOB U aTOMOB MOTYT SIBJISITHCSI TOJIBKO BOCCTaHOBUTEIISIMHU,
TOJIKO OKHCIIUTEISIMH M KaK BOCCTAaHOBHTEISAMH, Tak n okxucimressivmu: K, CI, S?
S+6, S+4, N+3, N+4, N+5, N_S.
4. Tlomo6path KO3 GUIIUEHTHI B TPUBOJAUMBIX HIKE YPAaBHEHUAX U YKA3aTh OKUCIIH-
T€JIb 1 BOCCTAHOBHTEIIb:
SO,+Br,+H,0=HBr+H,S0O,
HN03+P+HQO:H3PO4+NO
HC|03 + HQSO;g:HCl + HZSO4
I,+HNO3;=HIO3+NO+H,0
HZSO3 +02=HZSO4
FeCl; + H,S=FeCl, + S + HC1
P,Os + C=P + CO
5.ITonoOpathk k03P GULIMEHTHI B YPABHEHUSX:



HNO3+CU:CU(NO3)2 + NO + H,0
HNO3 + Cd=Cd(NO3)2 + NZO + Hgo
HNO3+ anzn(NO3)2 + NH;NO; + H,0O
K,Cr,0O; + H,S + H,SO,=Cr» (804)3 + S + K,SO, + H,0
K,Cr,0O; + HI + HZSO4=CI’2(SO4)3+|2+KZSO4 + H,0
Pb02 + HC1=PbC12 + C12 + Hzo
KMnO, + H,SO, + HNO,=MnSO, + K,SO, + HNO3 + H,0O
Cr(OH)g + Br,+KOH=K,CrO, + KBr + H,0O
Nal + MnO, + H,SO,=Na,SO, + MnSQO, +I,+H,0
Pb02 + MnSO, + HNO3;=HMnO, + PbSO4 + Pb(N03)2+H20
6.ITogo6path kK03 GUITUEHTH B ypaBHEHUSX
FeSO, + HNO3 + H2804:F92(SO4)3 + NO + H,0
KC10;3=KC1 + O,
HC1 + A|:A1C13 + H,
HC1 + KMnO4:MnC|2 + C1,+KC1 + H,O
KMnO, + FeSO, + H,SO, =MnSO, + Fez(SO4)3 + K,SO, + H,0
NaN03+Hg+H2804:Nast4+HgSO4 + NO + H,0
HCIO + H,S=HC1 + H,SO,
HC10 + SO,=HCI+H,S0O,
7.Ilomo6patk k03D PUIMEHTHI B ypaBHEHUSX:
As,S; + HNO3 + H,0=H;As0O, +NO+ H,S0O,
FeS,+0,=Fe,03 + SO,
FeS + HN03=Fe(N03)2+S + NO, + H,0
Fe (Cng)z + Na,CO; + O,=Na,CrO, + Fe,0O; + CO,
KMnQO, + H,0, + H,S0,=MnSO, + K,SO, + O, + H,O
FEC|2+H202 + NaOHzFE(OH)g + NaCl
8. TlomoOpaTe KOI(DPUITMEHTH B ypaBHEHUSX CIECAYIONIUX PEAKIU, MOJb3YsICh
MOHHORJIEKTPOHHBIM METOAOM:
FESO4+K2CF207+HZSO4=F92(804)3+KzSO4+CF2(SO4)3+HQO
NaCrO,+Br,+ NaOH=NaBr +Na,CrO, +H,0
9. Moxno mu BoccTtaHOBUTH cynbdar xenesa (l1l) B cynsdar xeneza (Il): a)
pactBopoM H,SO3; 6) kKene3HbIMHI OMMIKaMu?"
10. MoryT 11 OJHOBPEMEHHO HAaXOJIUThCA B pacTBope kucioTel HBrO; u HI?
11. Mox#o nu Co(OH), okuCIUTh TEPOKCHUIOM BOJIOpOIa?
12. PaccunTtarh SKBUBAJICHTHl M SKBUBAJICHTHBIE MACChl CEPHOM KHUCIOTHI JJII OKHUC-
JIUTELHO-BOCCTAHOBUTENIBHBIX ~ TMPOIIECCOB,  MPOUCXOASANIUX  TpU  JEHCTBUU
KOHLIEHTPUPOBAHHBIX ee pacTBopoB Ha Zn, Cu u Mg.
' Jlnst otBeta Ha Bompocs! ynpaxseHnii 9, 10, 11, 12 BOCIONIB30BaThCS TabIUICH
7, TOMEUIEHHOW B MPUJIOKEHUH.

8-nmpakTuyeckas padora



Tema: BHCKTPOXHMI/I‘ICCKHC nmpoueccobl

Ipumep 1.COCTaBUTH DJICKTPOHHBIC YpPaBHEHHS IMPOLIECCOB, MPOUCXOIAIMMX Ha
ANIEKTPOJAX TMPH  DJIEKTPOJM3E BOJHOTO pacTBopa cyinbdara MeId C
HCIIOJIb30BAHUEM:

a) WHEPTHBIX JIEKTPOIOB;

0) MEJIHBIX 3JIEKTPOJIOB.

Pewenue. CuSO, mucconuupyer B pactBope o ypasaernio: CuSO, «>Cu?* + SO*
a)  JUIA MHEPTHBIX AJICKTPOIOB:
Ha karoze mnpoUCXOIUT BOCCTAHOBJICHWE HWOHOB MEIHM M O0pasyercs MeEIb II0
peakumm: Cu®™ + 2e = Cu’, T.xk. CU pacIIONOKeH B pSAy HANPSDKCHMH mpaBee
Bojioposia. Ha aHote okucisercs Boja M 00pa3yeTcsl KUCIOPOT IO PEeaKIUH:
2H, O- 4e = O, + 4H".
CocTraBisieM ypaBHCHHS ITOTYPEAKIIHIA:
K : (H,0, Cu™") Cu* + 2e = Cu° (BOCCTaHOBIICHHE)
A: (H,0, SO,?) 2H,0-4e = O,-+4H+ (oxucienue)
2Cu*+ + 2H,0 = 2Cu° + O, + 4H"
2CuS0, + 2H,0 = 2Cu° +0, + 2H,S0,
0) JJI1 MEJTHBIX DJIEKTPOJIOB:
Menp BeIZIETIICTCS Ha KaToe, aHO pacTBopseTcs, a koimdectBo CuSO4 B pacTBope
B TCUCHHH BCErO IMpoIlecca OCTASTCS HEM3MEHHBIM. TakuM 00pa3oM, Ha KaToje Tak
)Ke Kak ¥ B CIydae MHEPTHBIX 2JIEKTPOIOB BOCCTAHABIHMBAcTCA Memab: Cu™'+ 2e =
Cu°, a Ha aHOJIe MPOMCXOIUT OKUCJICHHE MeAH (PacTBOPEHHUE aHOJ]A) MO0 PCaKIIUU:
Cu’-2e = Cu**
CocTaBisieM ypaBHCHHS ITOJTYPEAKIIHA:
K : (H,0, Cu®") Cu* + 2e = Cu’ (BoccranoBeHueE)
A: (H,0, SO,?, cu®) Cu’ -2e = Cu** (okucnerue)
Ipumep 2. CocTaBUTh 3JICKTPOHHBIC YpPaBHEHHS TPOIECCOB, MPOUCXOIAIINX Ha
JIEKTPOJIaX MPH AICKTPOJIM3E PACILIaBa XJIOPUIA KaJHSL.
Pemenne. KC1 B pacrase auccouuupyert no ypasHennio: KCl <> K™+ CI
Ha karoje mpoMCXOTUT BOCCTAHOBJICHHE WOHOB Kallus W 00pasyercs KaJuid II0
peakuuu: K T+ é=Ko,
Ha aHO/Ie OKHCIISAIOTCSI HOHBI XJI0pa U 00pa3yeTcs XJIOp MO PeaKI[uu:
2C1l —2e=C1,

CocTaBisieM ypaBHEHHS MTOJTYPCaKIIHA:

K: (K+) K'+e=K’ (Boccranosienue)

A: (CI") 2CI" - 2e = Cl,1 (oxucnenue)

2CI" + 2K+=Cl,+2K"° 2KCI=Cl,+2K®°



IMpumep 3. CocTaBUTh ASIEKTPOHHBIE YpPaBHEHHUS MPOIECCOB, MPOUCXOIAMNUX Ha
AJIEKTPOJaX MPH IIEKTPOITH3E:
a)  pacuiaBa TUAPOKCHIIA KaJUs;
©)  pacTBOpa THIPOKCHUAA KaJIHs C HHEPTHBIMH (HEPACTBOPUMBIMHU) JICKTPOIaMHU.
Pewenue. KOH puccomuunpyer no ypasaenuto: KOH «<» K ¥+ OH’
a) A pacIuiaBa THAPOKCHIA KaJHs:
Ha xatoae mpoucxoauT BOCCTAHOBIICHUE HOHOB KaJIHs i 00pa3yeTcs KaJIHid 1Mo
peaxmn: K © +e = K°.
Ha anozne oxucnsrorcs annonbl OH™ 1 06pa3yeTcst KHCIOPOI 10 PEaKITNu:
40H - 4e :2H20 + 02.
CocraBiisieM ypaBHEHUS MTOJTYPCAKITAMN:
K: (K+) K+ + e =K° (BOCCTaHOBJICHHE)
A: (OH’) 40H" -4e =2H,0 + O, (oxucnenue)
4K* + 40H = 4K° + 2H,0 + O,
4KOH = 4K’ + 2H,0 + O,
0) s pacTBOpa THAPOKCHAA Kallusg C MHEPTHBIMH (HEPACTBOPUMBIMH) JJICK-
TPOJIaMHU:

Tak kak Kajgui pacmoyiokKeH B psAly HANPSKEHUN JIeBe€e BOJIOPOJIa, TO Ha KAaTOJe
IPOUCXOUT BOCCTAHOBIIEHHUE BOJIBI U 00paszyercs Bogopo no peakiuu: 2H,0 + 2e
=H, + 20H".

Ha anoge okucisirorest annousl OH 1 06pasyeTcs KHCIOpOI 10 PeaKIiu:

40H - 4e = 2H20 + 02.
CocraBiisieM ypaBHEHUS MTOTYPEAKITAN:
K: (H,0, K+) 2H,0 + 2e =H, + 20H" (BoccTaHoBIIeHHE)
A: (H,0O, OH") 40H"-4e =2H,0 + O, (okuciacuue)
4H,0 + 40H = 2H, + 40H + 2H,0 + O,

2H20 = 2H2 + 02

Takum 00pa3oM 3JEKTPOIN3 PacCTBOPA THIPOKCHUIA KAJIHS CBOAUTCS K DJIECKTPOJIHU3Y
BOJIBI.
Ipumep 4. OmnpenenuTh Maccy METAUIMYECKOTO HUKENs, BBIJACIHMBIIETOCS Ha
KaToje NpH IponycKaHuM 4epe3 pacTBop cyibdara Hukens NiSO, Toka cuioi 5
amriep B Teuenne 10 MunyT?

Pemenue. Bocnonp3oBaBmmch dbopmymnoit Qdapanes, 3aMuIIeM:
. M-I-t: b58.69-5-600 0.91
"TTWF T 296500 "

B ykazannoit popmyre: M=58,69 r/monb - MoIsipHast Macca HUKEJIS;

N=2 - 4KUCJIO DJIEKTPOHOB, YYACTBYIOIIUX B MPOIIECCE OKHUCIICHUS-BOCCTAHOBIICHHUS;
I=5 | - cuna toka, nponyckaemoro uepes snekrposusep; t = 10 « 60 = 600 ¢ - Bpems
MPOTEKaHUA TOKA.

Ilpumep 5. 1lpu snexTponuse pacTBopa cyibdara Meau moaaeTcs: Tok cuion 10 A u
UCIIOJB3YyETCSI MEAHBIN aHO Maccor 9 r. CKOJIBKO BPEMEHU MOXKET MPOTEKATh AJIEK-
TPOJIU3 A0 MOJHOTO PACTBOPEHHUS aHOAA?



Peuwienue. Bocnonbzyemcs Gopmyioii (12.7). Beipazum u3 Hee Bpemst:

m-n-F: 9-2-96500
b= M-I~ 63,52-10
B ykazannoit ¢opmyne: M=63,5 r/monp - MoispHas macca Meaw; N=2 - YHCIO
AJIEKTPOHOB, YYaCTBYIOIMX B Mpoliecce oKucieHusi-soccranoBieHus; 1=10 A - cuna
TOKa, MPOIyCKaeMOro uepe3 dJeKTposimzep; M=9 r - macca aHonma (Macca Menw,
KOTOpasi BOCCTAaHOBUTCS Ha KaToJIE.
Ilpumep 6. CKoIIBKO BpPEeMEHH HYKHO MpPOMYCKaTh 4epe3 PacTBOpP KHUCIOTHI TOK
cuioit 8 A, yToObI monyunTh 10 1 Bogopoaa (rpu H. y.)?
Peuwenue. Bocionb3oBaBmuchk Gpopmyoi (12.8), BeIpa3uM U3 Hee BpeMS:

V-n-F: 1lo0-2-96500 180
L= T T 224 UM
Ilpumep 7. Cxkonmpko tpammoB KOH oOpa3oBanoch y KaToja TpU JJICKTPOIH3E
pactBopa K,SO,, ecnmu Ha aHozae Beiaenwioch 11,2 1 Kuciaopoga, ©3MEPEHHOTO TPH
HOPMAJIbHBIX YCIIOBHSIX?
Pewenue. Tlpu snextponmse K,SO, Ha xarome u aHONE MPOTEKAIOT CIIETYIOIIHE
TIPOLIECCHI
K: (H;0, K+) 2H,0 + 2e =H, + 20H" (BoccTaHOBIICHHE)
A: (H,0, SO;;") 2H,0 -4e =0, + 4H+ (okucienue)
6H,0 = 2H, + O, + 4H+ + 40H"
2K,S0,4 + 6H,0 = 2H, + O, + 2H,S0O, + 4KOH
W3 ypaBHeHUs peakiy BUIHO, 4TO N=4, COOTBETCTBEHHO HA OJIMH MOJIb KHCJIOPO/Ia

= 2734 5¢

BBIJIEIIAETCS 4 MOJIA KOH. 11,2 b KHCTIOpoaa COCTAaBJISAIOT
112 _ 0,5 Mmone
224 ]

Torma KOH o6pasyercst 2 monb unu 2 « M =2 « 56=112 1, rine

M=56 r/Mo01b - MOJIIpHast Macca THAPOKCHIA KaJusl.

Ilpumep 8. MarHueByro IUIaCTUHKY OIYCTHJIM B pacTBOp ero conu. I[lpu stom
ANEKTPOJHBIA TMOTEHIMAd MarHus oka3aics paBeH - 2,41 B. Breruncaure
KOHIICHTPAIINIO NOHOB MarHusi B MOJIb/JI.

Peuwienue. CTanapTHBIN NOTEHIIMAT MarHusi 0epeM U3 NPUII0KEHUS.

3aiada pemaercs Ha OCHOBaHUU ypaBHeHus HepHcra:

E;".fg+2 = Eﬂf‘,'_rg+z + D'ELSQ -lg [flrfg +2]
Mg Mg
2,41 =-2,37 +0’259-1g [Mg+2]
g[M9-2] --13793 [Mg*] = 4,17 192201

Banaqn JIA CAMOCTOATEC/ILHOIO PCIICHUSA



10.

11.

12.

Onektponu3 BogHoro pactBopa K,SO, mpoBomunu mpu cwie Toka 3 A B
teueHue 1 4. CocTaBbTe 3JIEKTPOHHBIE YPABHEHHUS MPOLIECCOB, MPOUCXOISIINX
Ha 3JIEKTPOIaX, BHIYUCIUTE 00bEM BBIICIAIONIMXCS HA AJEKTPOIaX BEIIECTB.
CocraBbTe DJIGKTPOHHBIE YpPaBHEHHUS IPOILIECCOB, MPOUCXOASNIMX  HA
AIEKTPOJIax MPH 3JEKTpoJin3e BoaHoro pactBopa MgSO,. B oboux ciaydasx
aHoJl yroyibHbIA. CKOJIBKO ra3a BBIJICJIUTCS Ha aHoje, eciu nponyctuth 1000
K anexkrpuuectra?
Ipu snektponmse BogHOro pactBopa CuSO, Ha aHome BbizeamIock 300 cm’
KHCJIOPOJIa, W3MEepEeHHOTo TpH H.y. CKOJBKO TPaMMOB MW BBIICITUIOCH Ha
Karojae?
CKOJIBKO TPaMMOB BOJIBI Pa3JI0KHIIOCH TIPH 3JIeKTposm3e pactBopa K,SO4 npm
cwuiie Toka 10 A B TeueHue 2 u?
DJIEKTPOIU3 BOAHOTO pacTBOpa HUTpaTa cepedpa MPOBOAUIU MPU CHIIE TOKA
2A B teuenue 2 4. [IoToMm cuily TOKa YBEIUYMIM 10 5 A W 3JEKTPOJIU3 MPO-
Bojuian eme B TedyeHWH | 4. CKOJIbKO TpaMMOB cepebpa BBIAEIMIOCH Ha
Katozne?
CocraBuTh ypaBHEHHs 3JekTposin3a BoaHoro pactBopa NaOH wu pacminaBa
NaOH.
DNeKTpoau3 BOJHOTO pacTBOpa CcyibdaTa Kaius IPOBOJUIN B T€UECHHE 2 U, B
pe3ysbTaTe 4ero BBIASIWIOCH § JI Tra3a, U3MEPEHHOTO NpH H.y. Beraumcnure
CUJTy TOKa.
[Mpu osnekrponuse BomHbIX pactBopoB MQ(NO3), u ZnCl,, coeauHeHHBIX
MOCJICIOBATEIFHO C HCTOYHUKOM TOKA, Ha OJHOM M3 KaTOA0B BhIACTHIOCH 0,5 T
raza, I3MEpPEHHOTO MPH HOPMAJBHBIX yCIOBHUAX. CKOJIBKO TpaMMOB BEIIESCTBA
BBIZICTTMTCS HA JPYTrOM KaToJIe; Ha aHOax ?
CKkoJIbKO OyIeT TPOI0IIKAThCS TIpoliece pahuHUPOBAHUS MEIH TPU CHUJIE TOKa
10 A u macce anozna 1 xr?
Beluucnoute Maccy cepHOM KHUCJIOTHI, 0Opa3syrolieics BO3Jie aHoja IpU
aneKTpoiin3e BogHoro pactBopa Na,SO,, eciu Ha aHO/E BhIACHASTCS 2 J1 ra3a,
U3MEPEHHOTO TpH H.y.? YKaXWTe BEIIECTBO, BBIJCISIONICECS Ha KaTtoje, U
BBIYHCIIUTE €TO MacCy.
CocTaBbTe DJICKTPOHHBIC YPaBHEHUS MIPOIIECCOB, TPOTEKAIONINX HA AJIEKTPOaaX
IIPH JIEKTPOIN3E CIACAYIONIMX BOJHBIX PACTBOPOB B CIydae YroJbHOTO aHO/a:

A1,(SO,)3, AgNO3, CuBr,;

KBr, KOH, Nal;

CdSO,, CuSO,, Na,SOy;

Mg(NO,),; NaOH; ZnBr;;

CuBr,; H2SO,; K,CO;;
CocTaBbTe 3JEKTPOHHBIE YPaBHEHUS MPOLIECCOB, MPOTEKAIOIIUX HA AJIEKTPOJIax
npu snektponusze pacmiaBa LiCl. PacuutaTh HampspkeHHE paszlioKEHUs STOU
COJIU.



13. CocTaBbTe 3JEKTPOHHBIE YPaBHEHHSI MTPOLIECCOB, MPOTEKAIOIINX Ha 3IEKTPoAax
npu snektponuse paciuiaBa MgCl,. Pacuutars HanpskeHue pasioKeHUs: dTOu
COJIH.

14. CoctaBbTe 2JIEKTPOHHBIE YPaBHEHMSI MTPOLIECCOB, MPOTEKAIONINX Ha JIEKTpoaax
npu snektponuse pacmiaaBa KCl. PacuurtaTe HampsbkeHuE pasiioKEeHHsI dTOM
COJIH.

15. CocTaBbTe 2JIEKTPOHHBIE YPAaBHEHMSI ITPOLIECCOB, MPOTEKAIONINX Ha JIEKTpoAax
npu anektponuse pacruiaa KOH. PacuutaTe HanpspkeHHe pa3ioKEeHHs TH-
pOKCHJA.

16. Ilpu Kakoil KOHIGHTPALHH HOHOB Zn°' (B MOIB/I) MOTCHIHAT LHHKOBOTO
anektpona Oyner Ha 0,02 B MeHblIe €ro CTaHAAPTHOTO AJIEKTPOIHOIO
NOTEHIMANA.

17. Ilpu kakoif KomieHtparmuu noHoB Cu'® (B MOIB/T) MOTEHIMAT MEIHOTO
NeKTpoJa OyJeT B 2 pa3a MEHbLIE €ro CTaHJapTHOTO 3JEKTPOIAHOTrO
NOTEHIMAA.

18. MapraHueBslii 3J€KTpOJ B BOJHOM pacTBOpe cylb(aTa MapraHiia HMeEeT
norenrman -2,0 B. BEIUHCIHTE KOHIEHTPAIHIO HOHOB MN*? B MOJIB/IL.

O-npakTHyeckas padora
IMosmmepHbIe coeTMHEHUS OPraHUYeCKUX BellecTB

IInacmuueckue maccol (naiacmmacceyl) - 5T0 MHOTOKOMIIOHEHTHBIE CUCTEMBI,
OCHOBOM KOTOPBIX SBJISECTCS OJUH WM HECKOJIBKO mojiuMepoB. [lonmmep cBA3bIBaET
B €IMHOE 11€JI0€ KOMIIOHEHThI CUCTEMBI U TIPUJIAE€T UM OIpe/esieHHbie cBorcTRa. [lo-
JUMEPHOE BEIECTBO SIBJISETCS CBs3yronuM. KpoMe momumMepa B cOCTaB IIacTMace
BXOJISIT HATIOJIHUTEIU, TIIACTU(DUKATOPHI, CTAOUIN3AaTOPBI, KPACUTENH, OTBEPAUTETN
U Ap. OTH 100aBKHU YJIY4YIIAIOT IKCIUTyaTallUOHHBIE CBOMCTBA MOJUMEPOB, a TaK ke
o0JervyaroT ux nepepadaTbiBaeMOCTh.

B 3aBucHUMOCTH OT TOBEEHUS MPU MOBBIIMICHHBIX TEMIIEPATypax MOJUMEPHI
JeNsATCd ~ Ha  TEPMOIUIACTMYHBIE  (TEpPMOIJIAaCThI) W TEPMOPEAKTHUBHBIC
(peaktomiactel). K TepmormiactaM OTHOCST TMOJUMEPBI, KOTOPbIE MOYXHO
HEOJTHOKPATHO TEPEBOJIUTh M3 TBEPJOr0 B XKUJKOE COCTOsHHME (IIpu HarpeBe) Oe3
KaKuX JHOO XUMHUYECKHX IPEBPAIICHUH M 3aMETHOTO YXYIIMICHHS WX (DHU3UKO-
MEXaHWYECKUX XapaKTepUCTHK. K HUM OTHOCSTCS MOJMATHIICH, MTOJTMBUHHIIXJIOPUI,
MOJTUCTUPOA U T.II. XapakKTEepPHOM CIIOCOOHOCTBIO AITUX MaTEpPHUATIOB SBIISIETCS
BO3MOXHOCTbh ITOBTOPHOM TMepepadOTKU Ha IPyrue U3JeNIHs, YTO OCOOCHHO BaXKHO C
AKOJIOTHUYECKON TOUKH 3PEHUS.

PeakTomniacTel UM TEPMOpPEAKTUBHBIC TOJMMEPHI TIOCIIE WX MOJYyYCHUS TPH
HarpeBe TaKXe MOTYT MEPEXOIUTh B BA3KOTEKYUee COCTOSIHHE, HO TTIOTOM HeoOpaTu-
MO TBEPJCIOT 3a cueT oOpa3oBaHus ceTdaroid CTpykTypbl. K mogoouasiv BMC otHO-
CSATCA MOYEBHHO-(POpMANbICTUIHBIE U (EeHOTI0-POPMAIIbICTUIHBIE CMOJIBI, TOJIU-



a¢upHbIe, AMOKCUIHbIE U KapObamuaHble cMOJbl. COOTBETCTBEHHO BTOPUYHAS Iepe-
paboTKa MOAOOHBIX MaTEpUaIOB BO3MOXKHA TOJIBKO B TBEPIOM BUJE.

10.

3agaum VIS CAMOCTOSATEIBHOIO PelICHUs!
Kak ximaccupuuupyroTcss mMOJMMEpPhl IO IPOCTPAHCTBEHHOM CTPYKTYpE
MaKpOMOJIEKYJIbI?  NPUBEIUTE COOTBETCTBYIOIME IPUMEpPbl  Haubosiee
PacIpOCTPaHEHHBIX MOJMMEPHBIX MATEPUAJIOB.
Haiite ompezneleHHe MOHOMEpa, IoJMMepa U comnoiauMmepa. ONMIIATE BUIBI
MIPOCTPAHCTBEHHBIX CTPYKTYP COMOJIMMEPOB.
UTro Takoe TOMOLENHBIE M TE€TEPOLEHHBbIE MOJIUMEPbI? ATOMBI KakHUX 3Jje-
MEHTOB Han00JI€€ YaCTO BCTPEUYAIOTCS B F€TEPOLIEIHBIX MOJIMMEPAX U MOYEMY?
OOBsiCHEHUS TPOMIUTIOCTPUPYITE KOHKPETHBIMU TPUMEPAMHU.
Yro Takoe cTeneHb MOJMMEpHU3alMi U MOJIEKYJsipHas macca nonumepa? Kak
BIIMSAET TIOCHIENHSSl Ha arperartHoe cocTtosHue mnoiaumepoB? Ilpuseaute
IPUMEDPBL.
[lokaxxnTe Ha KOHKPETHBIX IIpUMEpax pas3jinuyue MEXaHW3MOB LEINHON U
CTyIleHYaTON peakuuil noauMepusanuu. KakoBsl 0COOEHHOCTH pauKanbHON U
MOHHOMW ITOJIMMEPHU3ALIHH.
Harnmmure ypaBHEeHHs peakUui MOOTMMEPU3ALNN 3THIICHA. YeM paznmyaroTcs
IOJINATUIIEH BBICOKOTO, CPEHETO U HU3KOTO AaBICHUSA?
Hanummre ypaBHeHus mnoiaumepuszanuu ¢ropomnacta-4 u (Qroporiacra.
Kaxoill u3 ykazaHHbIX MaTepuagoB OTIMYAETCS 00Jiee BHICOKOM KOPPO3UOHHOMN
CTOMKOCTBIO?
Urto Takoe mnpouecc mNoaukKoHAeHcaunu?! Hamummre peakuuio IoIydYeHHs
MoJIMaMHUia, HEWJIOHA, MYTEM IMOJIMKOHJEHCAUUU JUKAPOOHOBBIX KHCIOT C
nuamyuHamu. Kakue moOo4Hble MPOAYKTHI IPU 3TOM MOITYHYaIOTCs?
Hanumumre peakuuio nojgydeHHs alleTHIeHA U3 KapOuaa KaJbLUsa. KaK MOXHO
NOJIYYMTh BUHWIXJIOPUJ U3 aneTwieHa? Hamummre ypaBHEHUs moauMepusa-
MY BUHUJIXJIOPUJA.
Kakoe coennneHne noaydaercs Mpy B3auMOJIEMCTBUU METAKPUIIOBOU KUCIIOTHI
C METWIOBBIM crnupTroM? OnumuTe Npouecc MOIMMEPU3AUU TOJIy4aeMOro
COCAUHEHHS.

JIABOPATOPHBIE PABOTbI

JIABOPATOPHASA PABOTA Nel

OBIIUE IMPABUJIA PABOTHI B XUMHUYECKOM JABOPATOPUU

1. ITopsinok padoThI B J1adopaTopuu
IIpu pabote B xuMHuUeCcKOH J1abopaTopur HEOOXOAMMO 3HATh U COOJIIOAATh

CIICAYIOHME ImpaBuiia:



1. Ilepen mnpuxomoM Ha 3aHATUS O3HAKOMHUTHCS C TEMOW 3aHATUS TIO
METOJMYECKOMY PYKOBOJICTBY, YYEOHUKY U 1O 3aIKUCSIM JICKIUH.

2. Ilepen mpoBeaeHHEM ONbITa NPOYUTATh COOTBETCTBYIOIIEE OIMUCAHUE,
MOJATOTOBUTH BCE, YTO TPEOYETCs JUIsl MPOBEJICHUS ONBITA, BHISCHUTH BCE HEMOHSITHBIC
BOIIPOCHI Y TIPETOJIaBaTelii W TOJBKO TOCJIE€ ATOT0 MPUCTYNaTh K BHITOJHEHUIO
padoTHL.

3. CoOmomath Bce HEOOXOIMMBIE MEphI MPEIOCTOPOKHOCTH, YKa3aHHBIE B
CHEIUATbHOW WHCTPYKIIMM 1O TEXHUKE OE30MacHOCTH Y B METOJUYECKOM
PYKOBOJICTBE.

4. PabGouee mecTo cojepkaTh B YHCTOTE M TOPSAJIKE, HE 3arpOMOXKIATh €ro
HEHY>KHbIMU TipeaMeramu. [lepen yxomom u3 mabopatopuu MpuBecTu pabodee MECTO
B TOPSIOK, BBEIKIIOUNTH BOJMY, T'a3, AJICKTPOHATPEBATEIbHBIC TPUOOPHI U BBITSKHYIO
BEHTUJIATINIO.

5. Meroaudeckue pPyKOBOJCTBA M KHHTH BO BPEMS BBITTOJHCHHS DPaOOTHI
clIemyeT o0eperaTh OT MOIaIaHus Ha HUX BOJIBI, XUMHUYECKUX PEaKTUBOB H T. .

6. Kareropuyecku 3ampemniacTcsi CTaBUTh CKJISIHKA C PEaKTHBAMH Ha KHUTH,
TETpaju U T. .

7. Ilpu nonb30BaHUM PEAKTUBAMU MPUIEPKUBATHCS IIPABWUIL:

a) Mpexae 4yeM OpaTh PEakTHUB C TOJIKM, BHUMATEIBHO MPOYECTh ITHKETKY C
Ha3BaHUEM PEaKTHBA, BEPHYTh 3aT€M PEAaKTHB Ha TO K€ MECTO W CHOBA IMPOYECThH
ATUKETKY;

0) BCE CKIITHKH C PAaCTBOPAMHU JIeP>KaTh 3aKPBITBIMHA M OTKPBIBATh UX TOJBKO BO
BpeMs YIIOTpeOJICHUS; 3aKphIBasi CKISTHKU, HE TTyTaTh MPOOOK, TaK KaK B 3TOM cliydae
PEaKTUBBI 3arPSI3HSIIOTCS U CTAHOBSTCS HETTPUTOIHBIMU;

B) HE YHOCUTB PEAKTUBHI OOIIETO MOJIb30BAHUS HA CBOU padovHe MECTa;

I) CyXHE€ PEaKTUBBI OpaTh YHUCTHIM MIMATENEM, CICIHAIBHON JIOKEUKOH,
YUCTOU, CyXOH MpOOUPKOIL;

1) €CJIM B PYKOBOJICTBE HE YKa3aHO, KaKOoe KOJMYECTBO BEIIECTBA HEOOXOIUMO
B3STh I MPOBEJACHUS B MPOOHMPKE TOTO WJIM MHOTO OIBITA, CIACAYeT OpaTh CyXoe
BEIIIECTBO B KOJIMUECTBE, 3aKPHIBAIOIIEM JHO IPOOHMPKH, a pacTBOp — He Oojee 1/6
o0BeMa MpOOUPKH;

€) HEeM3pPACXOJIOBAHHBIE PEAKTHBHI HU B KOEM Clydyae HE BBl CHIATh WM
BBUTMBATH OOPATHO B T€ CKJISTHKH, U3 KOTOPBIX OHU B3SITHI;

) OCTaTKU PacTBOPOB, COJEpKallue cepedpo, pTyTh, OPOM U MO/, BHUIUBATH B
crieruanbHble OaHKU, HAXOAIIMECS B BBITSXKHBIX IIKadax.



8. be3 pa3pelenus npenoiaBaTeisl HA B KOEM CIIy4ae He MPOBOAUTH ONBITHI, HE
IIPEYCMOTPEHHBIE B COOTBETCTBYIOILLIEM PYKOBOJICTBE.

2. Mepbl Ipe10CTOPOKHOCTH

Bo u3bexaHre HeCUaCTHBIX CIIy4aeB HEOOXOIUMO:

1. Bce ombITHI C SIMOBUTHIMHU, HEMPUSITHO MAXHYITUMHU BEMIECTBAMHU, a TAKXKE
yHapuBaHUE KACIOT U KUCJIBIX PACTBOPOB IMPOBOJNUTH B BBITSDKHOM TTKa(y.

2. OmBITHI C JIETKO BOCIUTAMEHSIONTAMUCS BEIIECTBAMH TPOBOIUTH BIAIH OT
OTHHI.

3. IIpu pabote ¢ MeTaUIMUYECKUM HATPUEM U JAPYTUMH IIETOUYHBIMU METaJUIAMH
ocTeperaThCsi BOJbl. XpaHUTh MICIIOYHBIC METAILIBI O] KEPOCUHOM, HE COJEPKaIUM
Biaru. OOpe3kH MIETOYHBIX METAJUIOB CIaBaTh JJA0OpAaHTYy U HU B KOEM Ciydae He
OpocaTp B Oaku JUIsl MycOopa WM B PAKOBUHBI.

4. Tlpm HarpeBaHWHM pPacTBOPOB B MPOOHUPKE IOIH30BATHCA JAepKaTeiieM |
BCeT/a MOMeNaTh MPOOUPKY TakK, YTOOBI €€ OTBEPCTHE OBLIO HAIPABJICHO B CTOPOHY
OT pabOTAIOIIEro U €ro cocee mo paboyemy CToy.

5. He HawIOHATH NUIIO HaJ HArpeBaeMOM >KUAKOCTHIO WIIM CILIABJISIEMbIMHU
BEII[ECTBaMHU BO M30€KaHWe MONa anus OPBI3T HA JTUIIO.

6. Hioxatp kakue Obl TO HU OBLJIO BEIIECTBA B JIAOOPATOPUU C OCTOPOKHOCTHIO,
HE HAKJIOHSSACH HaJ MPOOUPKON M HE BIbIXas TMOJHOW TPYAbIO, a HAMpaBisas K cebe
mapel WM Ta3bl JISTKUM JBIDKEHHWEM pYyKW. Takue CUJbHBIE SABI, Kak
MBIIIbSIKOBUCTBIN, POCHOPUCTHI BOJOPOA U T. 1., HIOXATh HEJIb3S.

7. Co Bcemu BellecTBaMH B jabopaTopuu oOpaiiatbes Kak ¢ 6ojee uiu MeHee
SIOBUTBIMH, TaK Kak Oosiee 3/4 BelecTB, IPUMEHSIEMBIX B JJAOOPATOPHH, SJIOBHUTHI.

8. Ilpu pabore ¢ TBepAbIMHU IenoYamMu (U3MENbUCHHUE KPYITHBIX KYCKOB B
CTYIIKE, MPUTOTOBJIEHUE CMECEd IS CIUIABJICHUS W T. NI.) O0s3aTENIbHO HAJEBaTh
3alATHBIE OYKH. bpaTh MIENnoYs pasperniaeTcsl TOJbKO INUIIIAMH WIIA TTHHIICTOM,
Heo6xonumo TmareasHo yOupaTh OCTaTKH IIEJI0UU ¢ pabouero Mecra.

9. Ilpu paz0aBiieHUU KOHIICHTPUPOBAHHBIX KUCJIOT, OCOOCHHO CEPHOM, BIMBATh
OCTOPOKHO ¥ HEOOJIBIIIUMH MOPIUSMHU KUCIOTY B BOJY, a HE HA000POT.

10. PaGoTty co pTyThiO TPOU3BOAUTH HAJl CIICIIUATLHBIMHI TPOTHBHSIMH.

11. He npuanMaTh Uity B 1abopaTopumu.

12. He GpocaTs B BOJIONPOBOJIHBIE PAKOBUHBI Oymary, OUTOE CTEKJIO, OCTaTKU
METauioB U T. A. st 3TOro ciemyeT MoJib30BaThCsl CHENUATbHBIMU MYCOPHBIMU
AIMKAMU WA OaKaMH.



3. Oxa3aHue nepBoi MOMOIIH

J1Jist oka3zaHus MepBOil MOMOIIY MOCTPaAaBIIEMy HEOOXOAUMO:

1. Ilpu monaganuu Ha KOXY (PYK, JIULIA U T. A.) KOHIIEHTPUPOBAHHBIX KHUCJIOT
(cepHO#, a30THOM MW JAp.) HEMEJIEHHO MPOMBITH OOOXIKEHHOE MECTO OOJBIIUM
KOJIMYECTBOM BOJIbI, IIOCJIE€ YETO HAJIOKUTh MOBSI3KY U3 BaTbl, CMOYEHHON CIIUPTOBBIM
pacTBOpoM TaHuHA WK 3% pacTBOPOM MepMaHraHara kanus. [Ipu cuibHBIX 0orax
NIOCJIE OKa3aHUs NEPBOM MOMOIIHM OOPATUTHCS HEMEAJIEHHO K Bpayy.

2. Ilpu oxore KOXHU pacTBOpaMHu IIEIOYEH MPOMBIBATH BOAOU OO0O0MOKEHHBIN
Y4acTOK KOXH /IO T€X TOop, MOKa OHA HE IMEpPeCTaHET OBITh CKOJIb3KOW Ha ONIYIb,
IIOCJIE YEr0 HAJOXUTh IMOBS3KY U3 CIIUPTOBOrO pacTBOpa TaHWHA WK 3% pacTBopa
MEpMaHraHaTa Kajusl.

3. Ilpu nonaganuu OpBI3r KUCIOTHI WM IIEJI0YU B I1a3a HEMEIJIEHHO MPOMBITh
MOBPEXJICHHBIN 1a3 O0NBIIUM KOJIMYECTBOM BOABI KOMHATHOM TeMIIepaTyphbl, OCIIE
Yero cenyac ke 00paTuThes K Bpauy.

4. Ilpu oxore KOXH TOPSYMMH MpeaMeTaMu (CTEKJIO, MEeTaulbl U T. J.)
HAJIOKUTh CHayajla MOBSI3KYy W3 CHOUPTOBOIO pacTBOpa TaHWHA win 3% pacTBopa
IIEpMaHIraHaTa Kajwusl, a 3aTeM JKUPHYIO NOBSA3KY C Ma3bIO OT OKOI'OB.

5. Ilpu oxorax ¢dochopoM yaaauTh ¢ MOBEPXHOCTU Tena octaTku (ocdopa,
HaJIOXKUTh Ha O00MOKEHHOE MECTO MOBSI3KY, CMOYEHHYI0 2% pacTBopoM cyib(ara
MeJU U 00paTUThCS K Bpaydy.

6. Ilpu otpaBieHuu XJ0poM, OpOMOM, CEPOBOAOPOJIOM, OKHCHIO YIJepoaa
HEMEJJICHHO BBIBECTH MOCTPAAABUIETO HA BO3JIYyX M OJHOBPEMEHHO OOpaTUTHCA K
Bpauy.

7. Ilpu OTpaBlIEHHH COCIMHEHUSIMHU MBIIIbSKA U PTYTH, a TaKKE [IUAHUCTHIMU
COJISIMU HEMENIJICHHO OOpaTUTHCS K Bpayy.

4. OdopmiieHne pe3ysibTATOB JIA0OPATOPHBIX PadoT

Bce paboThl, 3a MCKIIOUEHHUEM HEOOJIBIIOTO YKCJIa OMBITOB, BBITIOJIHSIIOTCS
CTYJIEHTOM WHINBUAYATBHO.

[Tocne oxoH4yaHUsI OmMbITa BCE HAONIOACHHUS M PE3YIbTaThl HAZ0 TOTYAC HKE
3aHECTH B CIICIHAIBHYIO TETPajb - JIA0OPATOPHBIA JKypHaJI (HE CIEIyeT IenaTh
3aMMCH B YEPHOBUKAX W HA OTHEIBHBIX JUCTOYKAX Oymaru). 3ammcu B KypHae
JIOJDKHBI  OBITh AaKKypaTHBIMH, C IIUPOKMUMH HWHTEPBAIAMH MEXIYy CTPOUYKAMH H
nosisiMi. OHU JAOJKHBI BKITIOYATh: YPABHEHUSI PEAKIIMM, KPaTKOE ONUCAHUE TEUEHUs
npoliecca, yCIIOBUSI MPOBEJEHUS OMBITOB, pe3yJbTaThl HAOMIOICHU (BbITaJCHUE



WM PAaCTBOPEHUE OCAJKOB, M3MEHECHHE I[BETA, BBHIJEICHUE T'a3a), BHIBOJABI M OTBETHI
Ha BOTMPOCHI, COJEPIKAIINECS B ONMMCAHUM OIbITa, PUCYHKH, €CIIM OHU TPUBOISATCS B
PYKOBOACTBE. ECIi 110 YCIIOBHSIM OIBITa HYXKHO MPOW3BECTH PACUEThI, TO CIEAYET UX
PUBOJUTH TOJTHOCTHIO, HE OIyCKas MPOMEXKYTOUYHBIX BBIYMCICHUH. HeoOxommmo
BBITIOJTHATH BCE YKa3aHUA 110 0POPMIICHUIO PabOThI, MPUBOANMBIC B PYyKOBOJICTRBE.

- Odopmnenne kaxmon J1abOpaTOpHOU PAOOTHI PEKOMEHIAYETCS HAYUHAThH C
HOBOW CTPaHUIIBI C YKa3aHUEM JaThl, HAUMECHOBAHMS TEMbI U HA3BaHUI OIBITOB.

Ha o6noxke mabopaTtopHOro *)ypHaja ClIeAyeT yKa3aTh CBOIO (haMUJIHIO, UMS,
OTYECTBO, (aKyJIbTET, KypC U TPYIIITY.

JABOPATOPHASN PABOTA Ne2
CKOPOCTHb XUMHNYECKHUX PEAKIINMN.
XNUMHNYECKOE PABHOBECHE

meopemuyecKuil 4acmo

CkopocTh XHMHYECKHX peakKIHii B TOMOreHHbIX cucreMax. CucTeMoil B
XMMHUH Ha3bIBAaCTCS YacTh INPOCTPAHCTBA, 3aIOJHCHHAS BEIICCTBOM HJIH CMECHIO
BCIICCTB W OTTPaHMYCHHAs OT OKpy)Karolieh cpeapl. OTACIbHbIC YaCTH CHCTEMBI,
UMEIOIIUEe HA BCEM IPOTSHKCHHH OJWHAKOBBbIC (DM3MUYSCKHE CBOWCTBA, OJIHOPOIHBIM
XUMUYECKAN COCTaB M 00J1a/Taf0IIKe IIOBEPXHOCTHIO pa3ielia, Ha3bIBAIOTCS (a3aMu.

CMmech Ta30B, BOJIa, PaCTBOPHI SBJISIOTCS IMPUMEPaMH TOMOT'€HHBIX CHCTEM (YHCII0
dasz-1).

K rereporeHHbpIM CHCTEMaM OTHOCSITCSI CHCTEMBI, COCTOSIIIME U3 HECKOIbKUX (a3,
HaIpuMep:

BOJIa-JIe/I-BOASIHOM Tap (uucio ¢az-3);

BOJIa-KHCJIOPOI-BOAOPO/ (Urciio das-2).

XHWMHYECKHE PEAKIUU MPOTEKAIOT C Pa3IMIHOM CKOPOCTHIO. DTa CKOPOCTH
U3MEpSACTCS HW3MEHEHHEM KOHIICHTPAIMM PEardpyrolluX BEIIeCTB B CIUHHILY
BpeMeHr. KOHIIEHTpaI1Io Jalle BCero BhIPAXKaroT YHUCIOM MOJICH B JIUTPE, a BpEMs-B
CCKYHJIaX.

CKOpOCTh XMMHUYECKUX PEAKIUI 3aBUCUT OT Pa3INYHBIX (hakTOpoB. OCHOBHBIM U3
HUX SIBJISICTCS MPHUPOJA peardpyrommx BemecTB. CKOPOCTh XUMHYECKHX pPEaKIUh
TaK)Ke 3aBHCHUT OT KOHIIEHTPAlMd PEardupyloliMX BEHICCTB M OT YCJIOBHH, IpPH
KOTOPBIX OCYIIECTBIIICTCS PEaKITHs.

Jlnst Toro 9TOoOBI MOJICKYJBI PEarupyroIIUX BEIIECTB BCTYIHWIN B XHMHYECKOE
B3aMMOJICUCTBHUE, HEOOXOANMMO UX CTONKHOBeHHE. ClenoBaTenbHo, YeM Jame OyayT
CTAJIKUBAThCSI MOJICKYJIBl PEarvpyroIUX BEIIeCTB, TeM OOJbIIe OYyAeT CKOPOCTh



peakuuy. Ynucao CTOJIKHOBEHUH MOJIEKYJ B €IMHULY BPEMEHU 3aBUCHUT OT CKOPOCTH
UX JBUXKEHHUS M OT KOJMYECTBAa UX B €AMHHUIIE 00bema, T. €. OT TeMIlepaTyphl U
KOHIIEHTpAI[UU BEIIECTB.

Crnenyer OTMETUTD, UTO HE KaXK/10€ CTOJIKHOBEHHE MEX]IY MOJIEKYJIAMH TPUBOJIUT
K 00pa30BaHMIO HOBBIX BEIMIECTB. XMMHUYECKOE B3aMMOJICHCTBIE MPOUCXOAUT TOIHKO
MEXy «aKTHUBHBIMH» MOJIEKYJamH, T. €. 00JaJarollMMU B MOMEHT CTOJIKHOBEHUS
OoJnbpLIC 3HEpPrueil, yeM CcpedHss SHEprus MoJjekyn B cucteme. M30bITOk Han
CpeIHeil sHeprueil MoyieKysd, HEOOXOAUMBIA N7l TOTO, YTOOBI peaklvs Haudajach,
Ha3bIBACTCS 2Hepeuell akmusayuu. YeM OoJibllie KOHLEHTpAIUsl pearupyronmx Be-
IIECTB, TeM OOJbIIE M YUCIO «AKTUBHBIX» MOJIEKYJ] B €AMHULE O0beMa, a
CJIEIOBATEIbHO, U CKOPOCTh PEAKIIUH.

3akon nerictBuga macc. H. H. beketoB (1865 r.) BnepBble yCTaHOBHJI BIHUSIHUE
KOHLIEHTpPAllM¥ pearrupyrolrX BEIIECTB HA CKOPOCTh XHMMHUYECKOIrO Ipolecca U
Ha ero HamnpasieHue. Ilozanee (1867 r.) HOpBexkckue yueHble ['ynpa0epr u Baare
chopMyIHpOBAIM 3TO TMOJOXKEHUE B Oojee obmieit hopme: ckopocmsb xumuueckotl
peakyuu npsamMo NPONOPYUOHANbHA NPOU3BEOEHUI0 KOHYEHMPAayull peasupyroujux
sewjecms (3aKOH JedcTBUS Macc). Eciu B peakiuio BCTymHaroT ABa Bemectsa A u B
(mA + nB = pC), To mMareMaTHYeCKOE BBIpAKCHHUE 3aKOHA JCHCTBHS Macc s

JTAHHOUW peaKkIuu OyJeT:
V=k[A]"[B]",

rae V-cKopocTh peakiuu,

[A] u [B]-monsipHble KOHIIEHTpaIuX BeniecTB A u B,
k-KOHCTaHTa CKOPOCTH PEaKIINH,

m u n-kKo3PUIIMEHTH B ypaBHEHUU PEAKITUH.

IIpumep: 2NO + 0, =2NO,
V =k [NOJY0,]

BeposiTHOCTh OTHOBPEMEHHOTO CTOJKHOBEHHUS OOJiee 4eM TpeX YacTHIl KpaiHe
Mmaza. [loaTomMy clokHBIE peakiuy, YPaBHEHHSI KOTOPBIX COAEPkKAT OOIBIIOE YHCIIO
YaCTHIl, MPEACTABISIIOT COOOM COBOKYIMHOCTH TOCIEAOBATEIHHO WM TapaiIeIbHO
MPOTEKAIOIIUX TMPOLECCOB, KaXAbI U3 KOTOPHIX MPOUCXOIUT, KaK MPaBUIIO, MPHU
CTOJIKHOBEHHMM JBYX YAaCTHUI[ WIM B pe3yJbTare pacnaja OTAEIbHOW 4acThllbl. B
NOJOOHBIX CIy4yasX 3aKOH JACHCTBUS MAacC MPUMEHUM TOJIBKO K KaKIOM OTAEIbHON
CTaJuU PEAKIINH, HO HE K PEAKIIU B LIETIOM.



KoncranTa ckopoctu peakiuu K He 3aBUCHUT OT KOHIEHTPAIMH PEarupyrOInxX
BEII[ECTB, HO 3aBUCUT OT MX MPUPOJBI U OT Temreparypbl. Ee dnciieHHOe 3HaueHue
PaBHO CKOPOCTM PEAKIMKW TPH YCIOBHM, €CIU KOHUEHTPAIMH pPearupyrommx
BEILIECTB PaBHbI €IMHHUIIC.

CKOpOCTh XMMHYECKHX PEAKUMN B TETEPOTCHHBIX CHCTEMaX. 3aKOHOMEPHOCTH,
ONPEAEISIONME TEUYEHUE PEAKIM B TOMOT€HHBIX CHUCTEMAaX, paclpOCTPaHAIOTCS Ha
reTepOreHHbIE CUCTEMBI HE B IOJIHOM Mepe. Hanpumep, B reTeporeHHol cucrteMe ras-
TBEPJOE BEILLECTBO, CTOJIKHOBEHUE MEX]y MOJEKYJIaMH ra3a U TBEPAOTO BEIIECTBA
MOKET MPOUCXOAUTH JIUIIb HAa MOBEPXHOCTH pazzena (a3. KoHueHTpaius TBEpAOTro
BELIECTBA MPEACTABIsAET COOOW MOCTOSHHYIO BEJIMYMHY U BXOIUT B KOHCTaHTY
ckopoctu. Hanmpumep, 1151 BocctanoBiieHus: okcuaa xenesa (1) Bonopogom

FeO + H,= Fe + H,O

CKOPOCTL pCaKIuu IPOoInopuroHalbHa TOJIbKO KOHOCHTPAIWH BOJOpOAa, T. €.
V =k [H,]

B rereporeHHbIx cucTeMax peakilds MPOXOJUT Ha TMOBEPXHOCTH paznena ¢as,
MOATOMY, 4YeM OOJbIIe TMOBEPXHOCTh COMPUKOCHOBEHUS, TEM OOJIbIIE CKOPOCTh
peakiuu. BoT modemy TBepible BEIIECTBA 3HAUYUTENIBHO OBICTpEE pearupyroT B
WU3MEITbYEHHOM COCTOSTHUM.

Bausinne Temnepatypbl Ha CKOPOCTh peakuuu. C MOBBIIICHUEM TEMIIEPATYPhI
YBEIIMYMBAETCS JI0JS1 AKTUBHBIX MOJIEKYJ B CHCTEME, a CJEJ0BaTEIbHO,
YBEIIMYMBAETCS U YUCJIO CTOJIKHOBEHUN aKTHUBHBIX MOJIEKYJI B €IMHHILy BpeMeHU. B
CBSI3U C 3TUM IIpU MOBBIIIEHUH TemnepaTypbl Ha Kaxable 10°C ckopocTh peakuuu
BO3pacTaeT npuMepHo B 2—4 pa3za.

-1y

G =Gy

Uucno, mokassiBarollee, BO CKOJIbKO pPa3 YBEIMYUBACTCA CKOPOCTh JaHHOMU
peaKuuy npu MoBbIIEHUH TeMrieparypsl Ha 10°C, Ha3bIBaeTCs Y - memnepamypHbvim
koaghpuyuenmom peaxyuu. OOBIYHO OH paBeH 2-4.

JUia cioywasi, Korja TeMIIEpaTypHbI KO3(PQPHUIMEHT peakuuud paBeH ABYM,
MaTEMaTHYECKOE BBIPAXKEHHWE 3aBHUCHMOCTH CKOPOCTH PEAaKLHUU OT TEeMIEpPaTypbl
MMEET CIEAYIOINI BU:



9,=9-2"

rae &, -CKOpOCTh peaKuu TpH T000H KOHEUHOH (3amaHHOI) Temieparype, H -

Ha4daJIbHasd CKOPOCTDb,
Nn-9UCJIO ACCATKOB I'payCOB, Ha KOTOPOC M3MCHUJIACh TCMIICpATYyPAa.

IIpumep. Omnpenennutb, Kak HU3MEHHUTCS CKOPOCTh XHMHUYECKOW pEaKLHH IpU
noBellIeHHH Temrepatypbl or 20 no 50°C, ecnu TemneparypHbId KO3(QQPUUUEHT
JIAHHOU pEeaKIuy PaBEH JIBYM:

50-20

_qg .o 10 _gq .
.92—812 —918

T. €. CKOPOCTb PEAKIIMU BO3PACTAET B BOCEMbB Pa3.

BimsitHue karamuszaTopa Ha CKOPOCTh XMMHUYECKOW peakuuu. Bemectsa,
MU3MEHSAIOIIME CKOPOCTh XMMHUYECKOTO MPOLECCa, HA3BIBAIOTCH KAMAIU3AMOPAMU.
Karanuzaropamu MoryT ObITh TBEpABIC, KUAKUE U Ta3000pa3HbIe BEUIECTBA, COCTAB
Y KOJIMYECTBO KOTOPBIX K KOHILY PEAKI[MH OCTAOTCs 0€3 U3MEHEHMUS.

M3MeHeHne CKOpOCTM XHMMHMYECKOW peaklMu B MPUCYTCTBUHM KaTalau3aTropa
Ha3bIBACTCA KAMAIUZOM.

Pasznuuaror karanus comocenHvili U 2emepoceHHblti TI0 TOMY, HAXOIATCS JIU
KaTaJn3aTop W pearupyroliyde BelecTBa B OJHOW wiM B pa3Hbix (azax. [lpu
reTepOreHHOM KaTalli3e COOTBETCTBEHHO UMEETCS I'paHMIla pasziena ¢as.

Karanu3, nmpu KOTOpOM Karaju3aToOp HAXOJMUTCS B KOJUIOMJHOM COCTOSIHUH,
IIOJIyYMJl Ha3BaHUE MukpocemepozeHHozo. K 3TOMy poOay Karain3a OTHOCSTCS
OMOKaTaTUTUYECKUE TIPOLECCHI, B KOTOPBIX KaTaJIM3aTOPAMHU SIBISIOTCA (DEPMEHTHI.

Hapsgy c BemecTBamMu, YCKOPSIOIIMMH PEAKLUUIO, MPUMEHSIOT W BELIECTBA,
3aMeIISI0NINEe peaklnio. Takue BenecTBa Ha3bIBAOTCS UHUOUMOPAMU.

XuMu4eckoe paBHOBecHe. Bce XMMHYECKHE pEAaKUMHU MOXHO PA3AEiIuTh Ha
oOpatumbie U HeoOpatumble. OOpaTUMBIMM HA3bIBAIOT PEAKIUH, MPOTEKAIOLIUe
OJHOBPEMEHHO B JBYX IIPOTHUBOIOJIOKHBIX HAaIlPaBICHUAX, HEOOPATHMBIMU-
peaKkuy, MpOTEKalole NPAKTUYECKM 10 KOHLA B OJHOM HampasieHuu. Hucio
HEOOpaTUMBIX PEaKIUi OrpaHUYEHO: OOJILIIMHCTBO PEAKIUil B TOW WM MHOW Mepe
0OpaTUMBI.



B ciydyae 06paTuMOro XuMHUIECKOro mporecca
nA+mB«< pC+ gD

CKOpPOCTh MpSMOM peakuuHu (CJIeBa HAMpaBO) IO 3aKOHY JEHCTBYIOLIMX MAacc
BBIPA3UTCSl YPAaBHEHUEM:

vi= ki[A]"[B]"
CxopocTh 0OpaTHOM (CrpaBa HAJIEBO) BBIPA3UTCS YPAaBHEHUEM:
Vo= k[C]°[D]*

[Ipn ycTaHOBJIEHMM XHMHYECKOTO PABHOBECHS CKOPOCTH MNpPSIMOM U OOpaTHOU
pEaKIui paBHBI:

Vi =V, uimn Ky [A]" [B]"=k, [CT° [D]°, oTkyna cnenyer:

k, _[c]”-[DF

Tk TIAT BT

rae [A], [B], [C] u [D]-paBHOBeCHBIE KOHIIEHTPALUH BEIIECTB.
Tak, Hanpumep, 711 00paTHMOTO TIporiecca

NZ + 3H2<:>2NH3
2
K _ﬁ_ [NHS]

) k2 ) [Nz]'[H2]3

[IpuBeneHHOE BBIPAKEHUE SIBIISIETCS YPABHEHUEM XMMHUYECKOTO paBHOBecUsA. OHO
MOKAa3bIBAET, YTO MPU OOPATUMBIX pPEAKIUSIX PAaBHOBECHUE YCTAaHABIIMBAETCS, KOI/a
OTHOUIEHUE MPOU3BEACHUS KOHIEHTPALMI 00pa3yonuxcsi BEUIECTB K MPOU3BEICHUIO
KOHLIEHTpalMil HCXOJHBIX BELIECTB (BEJIMYMHBI BCEX KOHLIEHTPALMN BO3BOISATCS B
CTETICHH COOTBETCTBYIOIIUX CTEXHOMETPUUYECKUX KOA((PUIIMEHTOB) CTAaHOBUTCA
PaBHBIM HEKOTOPOU ITOCTOSIHHOW BeJIMUnHE K.



Bennuuna K Ha3bIBa€TC KOHCMAHMOU XUMUYECKO20 PAGHOBECUsl U TIPEICTABIISIET
XapaKTEPHYIO Ul KaXJA0W oOpaTUMOM peakIuu BEJIMYMHY, KOTOpas OMpeessieTcs
MPUPOJON pearupyromux BEIIECTB, HE 3aBUCUT OT WX KOHLIEHTPAIlUU, HO 3aBUCUT OT
TEeMIIepaTyphl.

[Tpu TOBBITIICHHH TEMITEpaTyphl KOHCTaHTA PaBHOBECHs yBelMuuBaeTcs (eciu K;
pacTeT MHTEHCUBHee, YeM K;), yMeHbmaeTcs (eciu K, pacteT MHTCHCHBHEE, YeM Ki)
WIM ocTaeTcsa HeusMeHHOM (ecam Ky m Ky HM3MEHSIOTCA ¢ OJMHAKOBOMU
HHTCHCUBHOCTHIO).

C mnoMmouipl0 ypaBHEHHMsS] KOHCTAHThl PaBHOBECHUS MOXKHO  OIPENEIUTh
KOHIIGHTpAIlMU BEIIECTB B MOMEHT pPAaBHOBECHS, €CIIM M3BECTHBHI BeauuuHa K u
UCXOJIHbIE KOHIICHTPAILUU, U HA000POT.

CMeleHne XuMH4ecKoro pasHoBecusi. CocTossHuE XMMUYECKOTO PaBHOBECHS B
OCHOBHOM 3aBUCUT OT TPEX BEJIWYHUH: a) KOHIEHTPALMN pearupyromux BEIecTB, 0)
TEMITepaTypbl U B) JABJCHUS, €CJIM B PEAKIMHM Y4YacCTBYIOT rasbl. [Ipw m3MeHEHHH
XOTs OBI OJTHOM M3 YKa3aHHBIX BEIMYMH XHUMHUYECKOE PAaBHOBECHE, KOTOPOE SIBISICTCS
MOJIBM)KHBIM, HApyIIaeTCs, U KOHIICHTPALIUU BCEX YYACTBYIOIIUX B PEAKIIUU BEIIECTB
HAYMHAIOT U3MEHATHCS. I3MeHeHne KOHIIEHTpaIui MPOJA0IKACTCS 10 TEX MOp, MOKa
OTHOIIICHWE  TIPOU3BEJCHUS  KOHIIGHTpAlui  0Opa3ylomuxcs  BEIIECTB K
MPOU3BEACHUIO KOHIICHTPAIIMH BCTYMAIOIIUX B PEAKIMIO BEIIECTB HE CTAHET PABHO
KOHCTaHTE pPaBHOBECUsI JTAaHHOW peakIuu Tpu JaHHOW TemmepaType, T. €. IMokKa
CKOPOCTH TIpsMOMl M O0paTHOW peakuuii He cpaBHAOTCA. Torma cHoBa
YCTaHABJIMBACTCS PAaBHOBECHE, HO YK€ IPU HWHBIX, YeM paHbIIE, KOHIICHTPAIIHIX
BEILECTB.

IIpouecc u3MEHEHMsT KOHUECHTPALMK, BBI3BAHHBIA HApYyILIEHHUEM pPaBHOBECHS,
HA3bIBACTCS cMewjeHueM unu co8u2om pasHosecus. Eciu mpu 3TOM yBEIUYUBAIOTCS
KOHIICHTpAI[MU BEIECTB, 0003HAYCHHBIX B MPABOW YaCTH ypaBHEHHS, TO TOBOPST,
YTO PABHOBECHE CMEIAETCS BIIPABO; IMPU YBEIWYCHUU KOHIICHTPAI[MU BEILECTB,
0003HaYEHHBIX B JICBOM YaCTH YpaBHEHUsI, TOBOPSIT O CMEIIICHUU PAaBHOBECHS BIIEBO.

HampaBnenue, B KOTOPOM CMEIIAETCS PAaBHOBECHE, OMPENEISETCS CIEeAYIOIUM
MIPaBUIIOM:

eciu U3MeHums OOHO U3 YCI08Ul, NpU KOMOPLIX CUCMEMA HAXOOUMCS 8
COCMOSAHUU XUMUYECKO20 PABHOBECUs], HANPUMED KOHYEHMPAYUio KAKo20-1ubo U3
peazupyrowux eewecms, Ulu memnepamypy, uiu OdeleHue, mo pasHoBecue
cMewjaemcsi 8 HANPAGIeHUU Mol  peakyuu, Komopas —Nnpomueooeucmeayem
npouzeedennomy usmenenuro (nmpunmun Jle-1larense).

Jl1st mpuMepa paccCMOTPUM PaBHOBECHYIO Ta30BYIO CUCTEMY:



N2 + 3H2<:>2NH3 + Q

Cornacno mnpunuuny Jle-lllarense yMmeHbIIEHHE KOHIEHTpPALMU OJHOTO U3
KOMIIOHEHTOB BBI30BET CABUI XHUMHYECKOTO PABHOBECHS B CTOPOHY OOpa3OBaHUS
TOrO0 KOMIIOHEHTAa. YMEHBIIEHHE KOHIEHTpAllMd a30Ta WM BOAOpOAa B
IPUBEICHHON CHUCTEME BBI30BET CMEILEHHE PABHOBECHS B CTOPOHY IUCCOLIMAIIUU
aMMHaka, 1 HaoOopoT. Ilpu MOBBIIEHNH TeMIlepaTyphl PaBHOBECHE CMEIIAECTCS B
CTOPOHY SHAOTEPMHUYECKOTO Ipolecca (B JAaHHOM MpUMeEpe B CTOPOHY OOpaTHOI
peakuun), Npu NOHWKEHUH TEMIIEPaTypbl-B CTOPOHY 3K30TEPMUYECKOTO mpoliecca (B
npUMepe B CTOpPOHY mpsiMoil peakuuun). [Ipu yBenmueHuu HaBieHUsS paBHOBECHE
CMEIIAaeTcs B CTOPOHY PEaKIMM, NPUBOJAALIEH K 00pa30BaHMIO MEHBIIETO dYHcia
MOJIEKYJl Ta30B, a CJel0BaTeIbHO, U MEHBIIEro o0bema (B MpHUMEpPE B CTOPOHY
IPSIMOM peaKinm).

KaranuzaTtopsl M3MEHSIOT B paBHOM Mepe CKOPOCTh MHPSIMOTO M 0OpaTHOTO
IPOIIECCOB, CIIOCOOCTBYIOT CKOPEHIIEMY YCTAaHOBJICHHUIO PABHOBECHUS B CHCTEME, HE
OKa3bIBasi, OJJHAKO, KAKOr0-1100 BIUSHUS HA COCTOSIHHE PAaBHOBECHS.

Xo00 nabopamopuu

IIpuGopsr u mocyaa.

1) Becbl ¢ pa3HOBecOM.

2) lIItaTuB C JAnKoil W KOJIBIIOM.

3) MeTpoHOM WU CEKYHIOMED.

4) Kpucrannuzarop.

5) IIpoGupka ¢ ra300TBOJHOM TPYOKOI.

6) l'openka.

7) Tepmometp Ha 100°C.

8) ITpubop nmnst M3y4eHus: CKOPOCTH TETEPOTCHHBIX PeaKiuu (puc.l).

9) JIBa cooOriaromuxcs coeyaa (puc. 2), 3arnonHeHHbie okcuaoM azora (1V).

10) ITaTtuB ¢ mpoOUpKaMHu.

11) ITpobupku emkocthio 50 Mt ¢ HOMepam# (3 1T.).

12) MepHbIi TUIUHIP AJIS BOJBI HA 25 ML

13) MepHblie TUIUHIPHI 715 pacTBopa THoCybdaTta Hatpus Na,S,03 eMkocThio 25
wi (| rr.) m st pactBopa cepHoit kuciotrel H,SO4 emkocThbio 25 mut (1 1mt.).



14) Xumunueckue crakanbl eMKOCThHIO0 200 mut (2 mIT.) 1 eMKOCThIO 25 it (1 mit.).
15)Crynka.

16)[TuneTka.

17) lllnaTens.

18) Jlyunnka.

PeakTuBBI U MaTepHUaJIbI.

1) LluHK rpaHyIMpOBaHHBIN (IPOTPABIEHHBIN) U B MOPOILKE.
2) JKene3o (MOPOILIOK U CTPYKKA).

3) Iepcynbpar ammonus (NH,;),S;0s)

4)Oxcun mapranna (1V) MnQO..

5) Okcun xpemuus (1V) - SiOs.

6) Hutpar ceunna Pb(NOs),,

7) Noauna xamms Kl.

8) Xmopun kanust KC1.

PacTBOpBI.

1) Ykcycnas kucinora CH;COOH (0,1 u.).

2) Consnas kuciora HCI (0,1 1.).

3) AzotHas kuciaora HNO;3 (2 H.).

4) Cepnas kucnora H;SO4 (2 1. u | : 200)

5) IMepoxcua Bogopoaa H,O, (30%).

6) Xmopun xene3a (111) FeClz (0,001 H. u HachIL.).
7) Pomannn kamuss KSCN (0,001 H. u HackImI. ).
8)Tuocynsdar natpus Na,S,03 (1 1. u 1 :200).

9)  Cymbpar  mapranma  (Il) MnSO, wimm  HUTpaT  Maprasia
(1) Mn(NOg3), (0,5 n.).

10) Hutpar cepedbpa AgNO; (0,1 H.).

11) UaauroxkapMuH.

3aBUCHUMOCTDH CKOPOCTH PEAKIMU OT KOHIEHTPAIMM PEearupyroiux BemecTsB.
a) K 1 wu. pactBopy Ttuocynbpara nHatpus NaS,0; mnpwmts 2 H.

pactBOop cepHoit kuciotel H,SO, Habmomate momyTHeHHE pacTBOpa, KOTOPOE
BBI3BAHO B3aMMOJICHCTBHEM THOCYJIb(aTa HATPUS U CEPHOM KUCIOTHI C BIICICHUEM
CBOOOJIHOM CEpHI:

Na,S,05; + H,SO,= Na,S0,+S0O, + H,0O + S



Bpewmsi, koTopoe mpoxXoauT OT Hauajga peaklud 0 3aMETHOTO MOMYTHEHHS
pacTBOpa, XapakTepU3yeT CKOPOCTh PEaKILUU.

0) B Tpu Oosbinme HymMepoBaHHbIE NPOOUPKH HaIWTh pa3daBiaeHHbIN (1:200)
pactBop THOCylb(ara Hatpus Na,S;03: B mepByro—5 Mi, Bo BTOpyro-10 mi, B
Tpetbio-15 mi. K comepkumoMy mepBoit mpobupku n1o0aButh 3areM 10 M BOAbI, a
BTOPOIi—35 M1 Boibl. B Tpu npyrue npobupku HamuTh 1o 5 mut paz6asiennoit (1:200)
cepHoil kucioTel. B  kaxnmyro mpobupky ¢ pactBopoMm Na,S,0; mnpunuth
IpU MOMEIIMBAHUU TI0 5 Mul ipurotoBiaeHHon H,SO, 1 onpenenuTs Bpemsi ¢ MOMEHTa
N00aBIEHMSI KUCJIOTHI 10 IOMYTHEHMSI pacTBOpa B KaX 101 IpOOUpKe.

3anucams pe3yibmamol no cieoyruieil popme:

IIpo- | O6vem | OOBEM O0bem OO6muit . Bpewms npote- | CropocTs peak-
OupKHU | pacTBOpa H,0, pacTBopa 00BeM ¢ £ . |KaHuWs peakuyu | IWU B YCIOBHBIX
= o 9
Na,S,0s, MII H,S0,, | pactBOpa, S 8 ¢y | A0 nosBneHus SAMHULIAX
MIT MIT MIT 85 MYTH, CEK
5 =
Q
>
1 5 10 5 20 1C
2 10 5 5 20 2C
3 15 — 5 20 3C

Te >xe pe3ynbTarhl U300pa3uTh rpauuecku, OTIOKUB HA OCU aOCIIMCC YCIOBHBIE
koHnentpanuu Na,S,03, a Ha 0CH OpIUHAT-CKOPOCTH peakiuu V = 1/t

Cnenatb BBIBOJA O 3aBHCHMOCTH CKOPOCTH pEaKIUd OT KOHIICHTpAIlUu
pearupytomux BemecTB. CornacyroTcs JId Balld HAOMIOJEHUS C 3aKOHOM JICUCTBUS
macc?

3aBMCUMOCTDh CKOPOCTH peaknuud OT TeMmmneparypbl. s ombiTa B3STh
pazbasnennsbie (1:200) pactBopsr Na,S;03 1 H,SO,.

Hanuth B Tpu Gosbiiiie HymMmepoBaHHbIe pooupku 1o 10 mit pactBopa Na,S,0s, B
npyrue Tpu npooupku-mo 10 mi1 pacTBopa CEpHOI KUCIOTHI U Pa3AeNuTh UX HA TpU
napsl: o npodupke ¢ pacrBopom Na,S,03; u H,SO, B ka0 nape.

OTMeTHTh TeMIepaTypy Bo3ayXa B 1a0OPaTOPHH, CIUTh BMECTE PACTBOPHI IIEPBHIX
JIBYX MPOOHUPOK, BCTPSXHYTh M OTMPEICIUTh BPEMsI C MOMEHTa 100aBIICHUST KUCIOTHI
710 TOMYTHEHUS pacTBOPA.

JIBe npyrue npoOUpKU MOMECTUTh B XMMHUECKUI CTaKaH C BOJAON M HarpeTh BOIY
no temneparypsl Ha 10°C Bplllle KOMHATHOM. 3a TEeMIEpAaTypoll CIEOUTh 110



TEPMOMETPY, OMyIIeHHOMY B Boay. CIUTh COAEPKUMOE MPOOHUPOK, BCTPAXHYTH H
OTMETHUTb BPEMsI OT CJIMBA /IO TIOSIBJICHUS MYTH.

[ToBTOpUTH OMBIT C OCTABHIMMHCS ABYMSI MPOOUPKAMH, HATPEB HUX B TOM XKeE
CTakaHe ¢ BoAow 110 Temreparypsl Ha 20°C Bbllle KOMHATHOM.

3anucams pe3yromamot no ciedywujei popme:

Ne O6bem O6bem | Temmepatypa, °C Bpems CkopocTb
npoOMpKHU | pacTBopa | pacTBOpa JIO TIOSIBJICHUS peakuuu
Na,S,0;, H,S04, MYTH, BYCIJIOBHBIX
MIT MIT CeK SIMHULIAX.
1 10 10 0°c
2 10 10 10°
3 10 10 20°

CocTaBUTh TrpauK, WIUIIOCTPUPYIOMIMNA 3aBUCUMOCTbh CKOPOCTH PpEaKIHH OT
TEMIEpaTypbl s JAaHHOTO ombiTa. JIjis 3TOro Ha oOcu aOCIUcC HAHECTH B
ONpEJEICHHOM MaclTabe 3HA4eHHs] TEMIIEpaTypbl OINbBITOB, @ HA OCH OpPJMHAT-
BEJIMYMHBI CKOPOCTH peakiuu V= 1/t.

CnenaTe BBIBOJ O 3aBUCHUMOCTH CKOPOCTH XUMHUYECKOM peakiuu OT
temneparypbl. Kakue 3HaueHUs NPUHUMAET TeMIEepaTypHbIM Kod()PUIMEHT Is
OOJBIIMHCTBA XUMUYECKUX PEaKIUii?

CMeleHne XMMHMYECKOI0 PaBHOBECHsI NMPHM HM3MEHEHHUM KOHLEHTPALMii
pearupymommx BeulecTB. B Hebompmom crakanumke cmemarbh mo 10 mu 0,001 H.
pactBopoB xyopuga xkene3a (I11) FeCl; m pomanmpma kamms KSCN. Hanucats
ypaBHEHUE 3TON 00pAaTUMOM peaKIuU U BhIPAXKEHUE KOHCTAHThI PABHOBECHSI JIJISl HEE.

[Tonmy4yeHHBI pacTBOp pas3iiuTh MOPOBHY B 4eThIpe MpoOupku. B mepyro
npoOUpKy J00aBUTH HEMHOT'O KOHLEHTPUPOBAHHOTO pacTBOpa xJjopuia xenesa (111),
BO BTOPYIO-KOHIIECHTPUPOBAHHOIO pPacTBOpa pOJAHUJA Kajus, B TPETbIO-HEMHOIO
KPUCTAJIUTMYECKOTO XJIOpUJA Kajus, a 4YEeTBEpPTYI0 MPOOUPKY OCTaBUTh MJIs
cpaBHeHusi. CpaBHUTH I1IBET KHUAKOCTeH B mpoOupkax. I[lo wu3MeHeHuro
WHTEHCUBHOCTU OKpAacKU CYAST 00 M3MEHEHHHM KOHIIEHTPAllMM POJAHMJIA Keje3a
(111) Fe(SCN)s, T. e. o cmemeHnn paBHOBecus. OOBSICHUTh M3MCHCHHUE I[BETA HA
OCHOBAaHMM 3aKOHA JeulcTBUS Macc. CMeCTUTCS JId paBHOBECHE MpU pa3daBICHUU
MOJIYYeHHBIX pacCTBOPOB?

Biausinue wW3MeHeHHsI TeMIepaTypbl Ha CMelleHHe XHMHYeCKOro
paBHOBecusi. JIyisi ombITa WCHONB30BAaTh JBa cooOmarmuxcs cocyaa (puc.2),



3anongHeHHble okcugoMm aszora (IV). Okcup asora  (IV)  monumepusyercs, B
pe3ysibTaTe 00paTUMOI peakliiy yCTaHABIMBACTCS] PABHOBECHE:

2N02 = N204 + 54,39 K]_—[)K

NO,-ra3 TemHo-Oyporo 1Bera, N,O4-OmeqHO-KENTHIA, MOYTH OCCIBETHBIA Ta3.
[To3TOMY IO U3MEHEHHUIO OKPAaCKH CMECH 3THX Ia30B MOXXHO CYAUTh 00 M3MEHEHUU
KOHLIEHTPAllMu €€ KOMIIOHEHTOB, T. €. O CMEILEHUN PAaBHOBECHSA B CTOPOHY MPSMOMN
win oOpatHoM peakuuu. OnHy U3 KoiO mpubopa ONMyCTUTh B CTAaKaH C ropsiuei
BOJIOM, a JpYryloo-B CTakaH ¢ XojogHoW. HabOmronaTe mM3MeHeHue IBeTa Tra3oBOM
cMecH B Kojibax. B Kakylo CTOpOHY CMECTHJIOCh paBHOBECUE B KaxAOW U3 KOJ0?
BriHyTB cocynbl u3 crakaHoB. Kak M3MeEHsAETCS OKpacka raza B 3ToM ciy4dae? JlaTe
00BsICHEHHE HAOIIOJAEMBbIM SIBJICHUSAM, UCX0s u3 npuHuuna Jle [latensbe.

Konmponwvnwie éonpocul
1. Ymo maxoe ckopocme Xumuyeckou peakyuu?
2. Hazosume obnacmu npomekanusi XuMu4eckux peaxkyuil.
3. Chopmynupyiime 3aKoH 0eticmeyouux mMacc 0asi CKOpoCmu peax-
yuu.
4. Ymo maxoe nopsoox Xumuueckou peakyuu no eeuiecmeay?
5. Quzuueckuti cmoici memnepamypHozo Kodppuyuenma 8 ypagHeHuu
Banm-TI'ogga.
6. Ymo maxoe sHepeus akmusayuu Xumuueckoeo npoyecca?
7. Kax moocno onpedenumsw E,,,, no sxcnepumenmanohvim OaHHbIM?
8. Kaxum 0b6pazom MOANCHO YCKOPUMb 2eMepOceHHYI0 PeaKyuio?
9. Umo maxoe kamanumuvecxkas peaxyus? B uem cyuHocmo 1usiHus
Kamaauzamopa?

JIABOPATOPHAS PABOTA Ne3
ITPUT'OTOBJIEHUE PACTBOPOB.



Pacmeopom Hnazviearom comocennyto cucmemy, Ccocmoswyro U3 08yX Ul
HEeCKONbKUX eeujecmas (komnonenmos). I[Ipuuem oOHoO (Uunu HeCKONbKO)-pacmeopeHHoe
8eUeCmBo-PaGHOMEPHO PACNPEOeNeHO 8 8UOe MOIEKY, AMOMO8 UTU UOHO8 8 OPY2OM-
pacmeopumerne.

PaCTBOpI/ITeJIGM OOBIYHO CYHTAIOT BCIICCTBO, arp€raTHoc¢ COCTOAHHC KOTOPOI'O
COBIIAACT C TAKOBBIM IJIsI PaCTBOpPA.

Ecnun arperaTHbIC COCTOAHHA BCCX KOMIIOHCHTOB pPAaCTBOpa OIHWMHAKOBBIC, TO
PaCTBOPUTCIICM CUHUTAIOT TO BCHICCTBO, KOTOPOTO oonpire. Mckmouenne cocTaBiseT
BOJa, KOTOpasa BCCraa CAUTACTCA paCTBOPHUTCIICM.

PacTBOpUMOCTB KUIKOCTEN B XKUAKOCTAX pasiaudHas. Hekoropsle cMemmBaroTcs
JPYT € JPYrOM B JIFOOBIX COOTHOLICHHUSX, IPYTrUe MPAaKTUUECKH HEPACTBOPUMBI IPYT B
apyre. BOJXBIIMHCTBO K€  KUAKOCTEM HWMEET OrPaHUYEHHYI0  B3aWMHYIO
pacTBOpUMOCTh. [Ipu MOBBILLIEHNN TEMIIEPATypPbl pACTBOPUMOCTD JKUJIKOCTEW B OJJHUX
ClIly4asiX YBEJIUUUBAETCS, @ B APYTHX YMEHBIIAETCS.

PacTBOpHMOCTB Ta30B B KUAKOCTSIX OUCHb pa3IMyHa. bojbIas yacTh ra3oB Jrydiie
pacTBOPSIETCS B MEHEE MOJISPHBIX PACTBOPUTENSIX, YeM B BoJie. PacTBOpUMOCTH T'a30B
B BOJC YMCHBIIACTCS IPW HArpeBaHWM W TOHW)KCHWU naBjicHus. J[ns rasos,
pacTBOPUMOCTh KOTOPBIX HEBEIMKA W KOTOPbIE HE BCTYHNAlOT B XHUMHYECKOE
B3aMMOJICHCTBHE C PAaCTBOPUTEIEM, CYIIECTBYET CIICAYIOIIAs 3aBHUCHMOCTB: MAcCCd
2asa, pacmeopaowasncs 6 OAHHOM o0veme JHCUOKOCMU, NPAMO HPONOPYUOHATbHA
0asenuio, 00 KOMopwvlM Haxooumcs 2a3 (3akou I enpu).

Ecmu Haj KUIKOCTBIO HAXOIWUTCS CMECHh Ia30B, TO KaXIbld ra3 pacTBOPSETCA
MPOIMOPLUMOHAIBHO CBOEMY NAapPLUUAIBHOMY JABIICHUIO.

PacTBOpUMOCTh Ta30B 4acTO BHIPAKAIOT depe3 KodhdumueHT adbcopOIuu-anciio
o0beMoB Ta3za, npuBeAcHHBIX K O°C U HOpMaJIbHOMY aTMOC(HEPHOMY HaBJICHHUIO,
PACTBOPSIIONINXCS B OJHOM JIUTPE KUAKOCTH TPHU TMAPIUAIHLHOM JaBJICHUU Tasa,
pasrom 1,013-10° ITa.

1. IlpuroroBjieHHEe PACTBOPOB C 3aJaHHOM MAaccoBOil jJo0Jieil BellecTBa B
pacrBope. a) U3 meepoozo eewiecmea u 600wt. IlpuroroButs 200 1T 5%-HOrO
pactBopa kapOoHata Hatpus u3 kpuctaunueckoit cosbl Na,CO3 - 10H,0 u BogbI.

Beruucnutsh, kakas macca Na,COs-10H,0 Tpedyercst nns nmpurotosieruss 200 r
5%-Horo pacTBOpa B pacueTe Ha 6e3B0HYIO cojib Na,CO:s.



OTBecUTh 3Ty Maccy HM3MENbYEHHON COJbl B MPEIBAPUTEIILHO B3BEIIEHHOM
CTaKkaH4YMKe Ha BecaxX ¢ TOYHOCTRIO 10 0,01 .

Paccuutath, Kakoil 00beM BOJbI HEOOXOAUM [ PACTBOPEHUS B3ATOM HABECKHU.
OTMepuTh MEpHBIM LUIUHAPOM ASTOT 00BEM BOJbI. BBUIMTH BOLYy B CTakaH H
PacTBOPUTH B HEM OTBEUICHHYIO COJIb.

W3meputh TemmnepaTypy NPHUTOTOBJIEHHOTO pacTBOpa U, €CJIM OHa HE paBHA
TeMIiepaType, KoTopas yka3aHa B Tabnuile 4, JOBECTH €€ 0 YKa3aHHON BEJIMYMHBI,
HarpeBass WM OXJaXJas pacTBOP.

BoutuTh pacTBOp B CyXO# (MJIM OMOJOCHYTHIM 3TUM PAcTBOPOM) BBICOKHH Y3KHUI
UUJIMH]P U ONPEIETUTh C MTOMOIIBI0 aPEOMETPA €r0 IIIOTHOCTh. APEOMETP MPOMBITh
BOJIOM, BBITEPETh JIOCYXa U CIATh JIaOOpaHTy. PacTBOp BBUIUTH B MPUTOTOBJICHHYIO
CKJIAHKY.

[To HaiiiIeHHOH MJIOTHOCTH, TOJB3YsCh Tabnuieit 4, onpeneants W (%) Na,CO; B
pactBope. Ecnu B Tabnuile HET STOW BEIMYMHBI IUJIOTHOCTH, a €CTh HEMHOTO
MEHbIIIass WJIA OOJbIas, TO WCIOJIb30BaTh METOJ HUHTepnosnua. CpaBHHUTH
MOJTyYEHHYIO BEIMYUHY C 3aJaHHOH.

Paccuntarh MOJNSpHYIO M HOPMAJbHYIO KOHIIEHTPAllMd IPHTOTOBJICHHOIO
pacTBopa.

0) U3 KOHUEHTPUPOBAHHOIO pacTBOpa M BoAbL. 1. I[IpuroroButs 250 r 10%-
HOT'O PacTBOpa KUCJIOTHI U3 UMEIOLIETOCS B JIA0OPATOPUH PacTBOpA.

Omnpenenuts apeoMeTpoM IUIOTHOCTh PacTBOpa CEpHOU (MM COJISIHOM) KHUCIIOTHI,
uMmeronelicss B naboparopuu. Haittu B Tabmume 3 W (%) pactBopa KHCIOTHI,
OTBEUAIOLIYI0 HalJEHHOHN IUIOTHOCTU. PaccunTarh, Kakyr0 Maccy 3TOro pacTtBopa
KHUCJIOTBI HYKHO B3AThb JUisi mpurotosiieHuss 250 r 10%-Horo pactBopa, M 3aTeM
nepecyuTaTh IMOJTYYCHHYIO BEJIMYMHY HaBEeCKM Ha 00beM. PaccunTarh HyXHBIN
00BEM BOJIbI, OTMEPUTH €r0 MEPHBIM IIMJIMHIPOM U BIUThH B CTaKaH.

OTMepUTh MEPHBIM ITUJIMHIPOM PACCUUTAHHBIN 00BHEM pAcTBOpa KUCIOTHI, BIUThH
ero B Boay (B ciydae CEpHOM KHCIOThl BBUIMBATH TOHKOW CTpyed mHpH
NepeMeIlIMBaHMK) M TIIATEJbHO TNepemMemars pactBop. OxyiaauB e€ro Ao
TEeMIEPaTyphl, yKa3aHHOU B TaOIHIIE 6, IEPENUTh, B CyXOW BBICOKMWA UWIMHAP U
ONpENENIUTh IUJIOTHOCTh  apeoMeTpoM. CIIHTh MOJIyYEHHBIA PAcTBOP KUCIOTHI B



NPUTOTOBIICHHYIO CKIISIHKY. [lome3ysice Tabmumeir 3, ompenemuts W (%)
MOJIyYEHHOT'0 pacTBOpA U MPOBEPUTH TAKUM 00pa30M TOUHOCTH BBIIIOJIHEHUS OIIbITA.

Brraucnnuts MOJSIPHYIO 1 HOPMAJIBHYIO KOHLIEHTPALMY MTOJy4€HHOTO PacTBOpa.

2. Tpurotosuts 200 Ma pacTBOpa rmapokcuaa Hatpust (p = 1,050 r/em®) m3
KOHIIEHTPUPOBAHHOTO PAacTBOPA U BOJIBI.

OnpenenuTs apeoMETPOM IIOTHOCTh KOHIICHTPUPOBAHHOTO pacTBopa. Haittm W
(%) runpoxcuma Hatpus (Tabia. 3) B HCXOJHOM U TMOJY4a€MOM pacTBOpax.
Berauciuth Maccy TpHUTOTOBIISIEMOTO pacTBopa. PaccumTaTh HaBECKy, a 3aTeM
00bEM KOHIIEHTPUPOBAHHOTO pacTBOpa MW 0O0BEM BOABI, HEOOXOJMMBIC IS
MIPUTOTOBJICHHS 33JITAaHHOTO PacTBOPA.

OTMepI/ITB MCPHBIM HIUJINMHAPOM BBbIYHCICHHBIC 00BEMBI KOHOCHTPHUPOBAHHOI'O
PacCTBOpa U BOALI, CJIUTh UX, TINATCIBHO IICPCMCIIATD KUAKOCTD, ITIOCJIC OXJIAXKIACHHA
BBIJIMTH B CYXOﬁ BBICOKHUM HUWJINHAP W OIIPCACIUTL apCoOMCTPOM INNIOTHOCTH
IIOJIYYCHHOI'O paCTBOpPA, a 3aTCM BBIJIMTH €TO B CKIISIHKY.

Onpenenuts pacxokJAeHUE HAWJEHHOW IUIOTHOCTHM W 3aJlaHHOM B MPOIEHTAaX.
Brraucinte MOJISIPHYIO 1 HOPMAJIBHYIO KOHIIEHTPALMU MTOJIYyYEHHOTO PacTBOpa.

B) CMemMBaHue IBYX PACTBOPOB C Pa3jIMYHON MacCOBOil [10Jieiil BellecTBa B
Hux. [IpuroroButs 250r 8%-Horo pactBopa xnopuaa Hatpus u3z 5%-noro u 20%-
HOro pacTBOpoB. Ilonb3ysich MpPaBUIOM CMENIEHUs, HaWTH TpeOyemMble MacChl
HCXOJHBIX PACTBOPOB.

Beraucnuth uX 00bEMBI, ONIPEISTUB INIOTHOCTh ATUX PACTBOPOB (TabII. 4).

OTMepuTh MEPHBIM ITWJIMHJIPOM PACCUYUTAHHBIE 0OBEMBI PACTBOPOB, CIUTh UX U
XOpOUIO TepeMeliaTh. BbUINTh MOJYYEHHBI PACTBOP B UMJIMHIP U ONPEACIIHTH
apeoMeTpoM ero ImioTHOCTh U W (%) mo Tabnune 4. HaliTu pacxokaeHue 3Toi
BEJIMYMHBI C 3aJaHHOW. BBIYUCIUTE MOJSIPHYI0O M HOPMAJIbHYIO KOHIIEHTpaIlUU
MOJIy4YEHHOTO pacTBOpA.

2. IlpuroroBJieHne pacTBOPOB ONpeIeJICHHONH MOJIAPHOH U
HOPMAJIbHOM KOHUEHTPAaLM

a) U3 TBepaoro BemecTBa u BoablL. [Ipurorosuts 250 mi 0,5 H. pacTBopa
xsnopuaa 6apus BaCl, uz BaCl,-2H,0 u Boapl.



Paccuutats, kakas macca BaCl,-2H,0 tpeGyercs s npurotosienus 250 v 0,5
H. pacTBopa xyopuaa 6apusi. OTBECUTh B MPEABAPUTEIILHO B3BEIICHHOM CTaKaHUUKE
ATy Maccy CoJM Ha Becax ¢ TO4HOCThbiO 710 0,01 r. B3sTyto HaBeCKy BCHIIATh 4epes
BOPOHKY B MeEpHyI KoiOy emkocTeio 250 M M THIATENIBHO  CMBITh
JUCTUWTMPOBAHHOM BOJIOM C BOPOHKHM OCTaBIIIYIOCSl Ha Hel conb. HaBecky B koibe
PacTBOPUTH B MAJIOM 00BhEME BOJIBI, JOJIUThH KOJIOY BOAY /10 METKH, 3aKPBITh MPOOKOM
Y XOpowo nepememars. [lepennTs noryd4eHHbIM pacTBOP B CyXOM BBICOKMH LIAJIMHIP
U OTIPEJICTTUTh aPEOMETPOM €To TIOTHOCTh U W (%) (Tab:. 4). 3aTem pacTBOp BHUIHTH
B CKJIIHKY. BBIYMCIUTh MOJISIDHYIO W HOPMAJIBHYIO KOHIIEHTPAUUU MOJYYEHHOTO
pacTBopa. YCTaHOBUTh PACXOXKACHUE KOHIEHTpPAUUMU TMOJY4EeHHOTO pacTtBopa ¢
3aJJaHHOU.

0) 3 KOHUEHTPUPOBAHHOIO pacTBOopa U Boabl. [IpuroroButs 250 M 1 M
pacTBOpa COJSIHOM (WJIM CEpHOM) KHUCJIOTHI U3 pacTBOpa, HMEIOUIErocs B
nabopaTopuu.

OnpenenuTs apeoMEeTpOM IIOTHOCTh pacTBOpa KHUCIOTHI, HMEIOIIETOCS B
nabopatopuu. Haiitu ero W (%) (Ta6:1.3). Berurciuth HaBecKy, a 3aTeéM 00BbEM 3TOTO
pacTBOpa, HEOOXOMWUMBIM IS TMPUTOTOBICHHUS 3adaHHOTO pacTtBopa. OTMEpUTH
MEPHBIM IJIMHIPOM PAaCCUMTAHHBIA 00bEM PacTBOPa KUCIOTHI.

Hanute B MepHy10 K00y eMKOCTBIO 250 MJ OKOJIO MOJIOBUHBI €€ 00beMa BOAbI 1
BJIUTH B Hee (B Clydae CEpHOU KHUCIOThl TOHKOW CTpyei) uepe3 BOPOHKY pPacTBOP
KHCJIOTBbI, OTMEPEHHBII MEPHBIM IUJIHHJIPOM.

CMBITh KHUCJIOTY C BOPOHKM BOJOH, B300ATaThb pPAcTBOP U OXJAIAUTh €ro [0
KOMHATHOM Temneparypsl. JloiuTh KoJO0y BOJOM 10 METKH, 3aKpbITh NPOOKOH U
XOpoLIO mnepeMeliars. BbUIMTh MOJyYEHHBIM PacTBOP B CyXOW BBICOKUH LIUIMHID,
ONPEAECIUTh apeOMETPOM €ro IUIOTHOCTh W 3aT€M BBUIUTH B IIPUTOTOBJICHHYIO
ckigHky. Haiitu W (%), MOJSpHYI0O M HOPMaJbHYIO KOHIEHTpAllUd pacTBOpa.
CpaBHHMB BBIYMCIICHHYIO MOJISIDHYIO KOHLIGHTPALMIO C 33JaHHOM, YCTAHOBHTH
TOYHOCTb BBIIIOJTHEHUS OIIBITA.

DJIeKTPOJUTHYECKAS] JUCCOMUANUS. INIeKmMPOIUmMbl-KUCIOThI, OCHOBaHUS U
COJIM TIPH PACTBOPEHUH B MOJISIPHBIX PACTBOPUTEIISIX pacHaalOTCs Ha 3apsHKEHHbBIC
YaCTHUIIBI-MOHBI. DTO SIBJICHUE HA3BIBACTCS IIEKMPOIUMUYECKOU OUCCOyUayuel.



OTHolLIEHHE 4YHClIa MOJEKYJ, pacHmaBIIMXCS Ha HWOHBI, K O0OIeMy YHCIy
PACMBOPEHHBIX  MONEKY  JAEKMPOIUMA HA3bIBAEMCs  CMENneHbio  OUCCOYUAYUU.
CreneHp IUCCONUALMU BBIPAXKAOT B TOJISIX €UHULBI UIIU B IIPOLICHTAX.

B 3aBUCHMMOCTH OT CTENEHHW AUCCOIMAIMU SJICKTPOJUTHI Pa3/IEIsIIOT Ha CHIbHBIC,
cpennue u ciadpie. CTeneHb MUCCOIMAIMU CHUIIBHBIX 3JIEKTpoJauToB Oosbiie 30%,
1
cpenuux-ot 2 10 30%, cnabsix-amwke 2% (B 0,1 H. pacTBOpax).

[Ipu pazbaBieHun pacTBOpa CTENEHb UCCOIMAlU yBenuuuBaercs. [loaTomy npu
CPaBHEHUU CHWJIBl DJIEKTPOJIMTOB HEOOXOAUMO OpaTh pacTBOPHI OJUHAKOBOM
HOPMAaJbHOCTH. [{JI1 XOpOIIO PaCTBOPUMBIX 3JIEKTPOJIUTOB CYIIECTBYET CBOM MpEAE
pa30aBieHuss, B paMKax KOTOPOTO KOHIIEHTpAlMsi HOHOB B €IUHHIIE OObeMa
YBEIIMYMBAECTCA OT pa30aBJICHUs] BCIEJACTBUE YBEIUYCHUS CTEIECHU JIHUCCOLUALINU.
Beiie »TOro mpejena KOHIIGHTpAIlMsi HMOHOB YMEHBINAETCS 3a CYET CHUJIIBHOIO
yBEJIMUYEHUS 00BEMa pacTBOpa.

OO0 OTHOCHUTENBHON CHJIE JIEKTPOJIUTOB MOXKHO CYAHTH II0 AIEKTPOIPOBOIHOCTH
WX pacTBOPOB, & Mak#ce N0 XUMHUYECKON aKTUBHOCTH B HEKOTOPBIX PEAKIIHSIX.

UctuHHas cTeNeHb NMCCOLMAIMU CUJIBHBIX JJIEKTPOJUTOB B PacTBOpax JHOOOM
KoHIeHTparuu paBHa 100%. OgHaKoO BCAEACTBUE AIIEKTPOCTATUIECKOTO NPUTSKEHUS
MPOTHBOIOJIOKHO  3apSDKCHHBIX HMOHOB, KOTOpO€ OCOOCHHO 3HAYUTEIBLHO B
KOHIIEHTPUPOBAHHBIX PACTBOpPAX, AaKTUBHOCTh HOHOB CHIXKAETCS M  CHJIbHBIN
AJICKTPOJIUT BeIeT ceOsl Tak, KaK eCiau Obl OH HAaXOIWJICS B COCTOSHUM HEIOJHOM
nuccormanuu.  IloaToMy — AuUCCOIMALMIO  CHJIBHBIX — DJICKTPOJUTOB  MPHUHATO
KOJINYECTBEHHO XapaKTEPU30BATh KANCYUEUCS CIMENEHbIO OUCCOYUAYUU.

JlJis BceX OCTaJbHBIX 3JEKTPOIMTOB BJEKTPOJIUTHUECKAs AUCCOLMAIUS SIBIISAETCS
poLeccoM 00paTUMBIM:

K,A,< nK™ + mA™

[TosTOoMy B pacTBOpax 3JEKTPOIUTOB UMEET MECTO PAaBHOBECHE MEXKy MOHAMU U
HEJIMCCOIIMUPOBAHHBIMU MoOJieKyinamMu. KoHcTaHTa paBHOBeCHUS 3TOrO0 OOpaTUMOTO
IpoLecca Ha3bIBACTCS KOHCMAHMOU INeKMPOIUMULECKOU OUCCOYUAYUU:

_ n[K™]-m[A™]
" [Ko Al




rae [K™] u [A"]-KoHIeHTpanuy B pacTBOpe KATHOHOB U aHHOHOB B MOJISIX HA JIATD,
[KhAp]-KOHIIGHTpaIMs HETUCCOIMMPOBAHHBIX MOJICKYJI B MOJAX Ha Jymtp. Jis
JAHHOTO JJEKTPOJUTA 3HAYCHUE KOHCTAHTHI DJIEKTPOJUTUYECKONW JAUCCOLMALUN
MOCTOSIHHO MPU ONPEEICHHONW TeMIiepaType U B OTJIIMYUE OT CTENEHHU TUCCOIAIUU
HE 3aBUCUT OT KOHIEHTpauuu. Jlucconuanusi 371€KTPOJIUTOB B BOJHBIX PacTBOpax
COITPOBOXKIAETCS THAPATALMEN HOHOB, T. €. B3aUMOJECUCTBHEM WX C MOJISIPHBIMU
MoleKyIamu Bopl. Tak, HAIpEMeEp, B BOJE 110 CYIIECTBY HET HOHOB ZN°* MM HOHOB
Cr*,a umerorcs TUAPATUPOBAHHBIE KOMIUIEKCHBIE  HOHBI [ZN (H,0),]** u [Cr
(Hz0)e]*"

I[I/IHOJ'IBHBIG MOJICKYJIBI BOABI B33HMOI[€I>1CTB}HOT C MOHaMHU B paCTBOPC KaK 3a CHCT
HCIIOACJIICHHBIX JJICKTPOHHBIX IIdp, TAK U 34 CUCT O6p&30BaHI/ISI BOI[OpO,Z[HOﬁ CBi3H.

[Ipomecc 3aE€KTPOIUTUUECKON JUCCOIMALIMKM KHUCJIOTHI CIE0Bago0 Obl BhIpakaTh
YpaBHEHUEM:

HA + nH,0<H;0™+A (H,0),

H3;O"-MOH THAPOKCOHMS, ONMpeneNsIomuii oblmue cBoicTBa KucaoT. Imaparamus
KaTUOHOB OCYIIECTBJISIETCS MO JTOHOPHO-AKIIENTOPHOMY MEXaHW3MYy, & aHHMOHOB-3a
CYET BOJIOPOJAHOM CBSI3H.

Ha npakTuke OOBIYHO MOJB3YIOTCS YNPOUICHHBIMH ypaBHEHUSIMU 0€3 ydera
TUApPATALIMN UOHOB:

HNO; < H" + NO3°
NaOH <> Na*+OH’

CBoiicTBa BOJHBIX PACTBOPOB KUCIOT U OCHOBAHHUM OMPEAEIISIIOTCS TEMU UOHAMU,
Ha KOTOPBIE OHU JIUCCOLIMUPYIOT.

KucnoTel MOXKHO OTIpENeuTh KaK AJICKTPOIUTHI, 00Pa3yroIie Mpy AUCCOIUAIIAN
B BOJIHBIX PacTBOpax B Kaue€CTBE KATUOHOB TOJILKO MOHBI BOJIOPO/Ia, @ OCHOBAHUS -KaK
AIIEKTPOJIUTHI, 00pa3yIolIre B KA4eCTBE aHUOHOB TOJIBKO THIPOKCH/I-HOHBI.

MHOTOOCHOBHBIC KHUCIIOTHI JUCCOIMUPYIOT OOBIYHO IOCTENEHHO (CTymeHJaTas
JIACCOIHAIINSA ):

Y H,80,<> H'+HSO,



2) HSO, < H" +S07%/,
MIPUYEM I10 IEPBOM CTYNIEHU CTENEHb JUCCOLMALIMK OO0JIbIIE, YEM 10 BTOPOIA.

CryneHuarass JuccouMalusi XapakTepHa U JJIi OCHOBAHHUMW, COJAEpKallux
HECKOJIBKO TUIPOKCOTPYII B MOJIEKYJIE:

1) Mg (OH), ©MgOH" + OH"
2) MgOH*<Mg* + OH’

CTYHGHLIaTOCTB JUuCCconuanmy KHUCJIOT H OCHOBaHUM O6YCJ'IOBJII/IBaeT BO3MOXXHOCTbD
06paSOBaHI/IH KHCJIBIX M1 OCHOBHBIX COJICH.

N3BecTHBI QJICKTPOJIUTBI, KOTOPBIC IIpH AUCCOOHUALIMN 06p33y1-0T N HOHBbI
BOJOpOaa, U THAPOKCHUIA MOHBI. Takue COCIMHCHU HA3bIBAIOTCA aM([)omeprmu.

[Tpaktrueckn am(pOTEPHOCTh COCIUHEHUS MOXKHO OMPEEIUTh MO CIOCOOHOCTH
ero oOpa3oBbIBaTh COJIM KaK C KHUCIOTaMH, TaKk M co Iienodyamu. [Ipumepom
aM(pOTEpPHOr0 DJEKTPOJIUTA MOXKET CHYKUThb Truapokcus amomunus Al(OH)3-
VYpaBuenus peakiuit A1(OH); ¢ kucinoTtoit u ¢ ocHoBaHueMm 0e3 ydeta ¢hakTopa
TUAPATAIAA MOTYT OBITh MTPEACTABIICHBI CICIYIONAM 00pa3oM:

AI(OH); + 3NaOH = Na [Al (OHg)]
A1(OH)z+30H = [A] (OH)]*
A1(OH); + 3HC1 = A1C14 + 3H,0
Al(OH);+3H"=A1** +3H,0

CornacHo Teopun bpeHcTena KUCIOTBI MU OCHOBAHMS  OOBEAMHSIIOTCA B TPYIIILY
MPOTOJIMTOB-BEIIECTB, CIIOCOOHBIX OTAABATh WM NPUHUMATh NPOTOHBI. C 3TOM TOUKU
3peHHs KUCIIOTA ABISAETCSI OOHOPOM TIPOTOHOB, & OCHOBAHUE-AKYEeNnmopoM MPOTOHOB.
[ToaToMy KHMCIIOTa 1 OCHOBAaHME B3aUMHO CBSI3aHbI, U B 00111e# (hopMe MOKHO MHUCATH:

KHCJI0Ta<=IPOTOHtT OCHOBAHUE
Takue cucTeMbl Ha3bIBAIOTCS CONPSKEHHBIMU, HAITPUMED:
HF + H,O0<H;0" + F

NH; + H,O < NH,” +OH



CocTtosiHMEe paBHOBECHUSI B HACBIIIIEHHOM PAacTBOPE MOKHO BBIPA3UTh
CJICIYIOLIEU CXEMOM:

OH- OH-
[Zn (H0),F** = [Zn (OH), (H,0),—» Zn (OH),J*
Ha+ HaOH+

B KHUCJIOW Cpelle PAaBHOBECHE CMEIIAETCS BIIEBO, B WIEIOYHOW-BOpaBo. M3
CpaBHEHHS CBOMCTB KHCJIOT, OCHOBaHUM W aM(POTEPHBIX COCAMHEHUN BHUIHO, YTO
TUJPOKCHUABI PA3JTUYHBIX AJIEMEHTOB MOTYT JUCCOLIMPOBAT IO OJJHOMY U3 TPEX THUIIOB:
a) OCHOBHOM THII JIUCCOIMALINK; 0) KMCIOTHBINM TUM JUCCOIHUAIIMN;, B) JHUCCOIIHAIUS
aM(OTEepHBIX THUIPOKCHUIOB.

Xapakrep nucconmanuu ruipokcnioB DOH 3aBUCHT OT CpaBHUTEIBHOU crmeneHu
noaapuocmu ceazeu. I3—O um O—H, kortopas omnpenensercs B OCHOBHOM
BEJIMYMHAMHU YCIIOBHBIX PaJUyCOB U 3aps/iOB HMOHOB 3JIEMEHTOB, OOpa3yIOLINX
ruapokcusl. Ecnu monspHocTh cBsisu H—O Oonbiue nonsproctu cBsizu 9—O0O,
TUAPOKCHJ AUCCOLUUPYET 110 KMUCIOTHOMY THITY, HalIpUMED:

HOCI<H™+CIO

Ecmu monsprocts cBsisu H—O wMeHblie mnonspHocTH CBsI3M O—O, THUAPOKCHUT
JACCOLIMUPYET IO OCHOBHOMY THITY, HaIlpUMED:

NaOH<Na ™ + OH

Ecmun momsprocts cBsizsu H—O npumepHO paBHA moOnspHOCTH CBA3M O—O, TO
TUAPOKCU]] JAUCCOLUMHUPYET MO aM(OTEepHOMY THUIy; HampuMep, MPOCTEUIIUM
aM(OTepHBIM coeIMHeHHeM saBnsieTcs Boaa: H,O'™+OH

B pacTBOpax aneKTpOJMTOB pEarupyrOT HOHBI PACTBOPEHHBIX BEUIECTB. Peaknuun
MEXAy HOHAMM HaIlpaBj€Hbl B CTOPOHY OOpa30BaHUS TPYIHOPACTBOPUMBIX HIIU
MaJIOAUCCOLIMMPOBAHHBIX BEUIECTB:

FeCl; + 3NaOH = Fe (OH)3| + 3NaCl
Fe** + 3CI'+3Na " +30H = Fe (OH)3] + 3Na * + 3CI'

Hcknrodas W3 WMOHHOTO ypaBHEHWS OOO3HAYEHWsS HWOHOB, HE BCTYMHBIINX B
) + -
xumudeckoe BzanmozeicTue (Na” u C17), MOKHO TIPUBECTH €ro K 60jiee MpoCTOMY
BUTLY:



Fe*"+30H" = Fe (OH)s/

[Ipy cocraBieHMM HMOHHBIX YpaBHEHUW peakuuid (QOpMyJsibl  CHIBHBIX
AJIEKTPOJIUTOB 3aMKUCHIBAIOT B JAUCCOIMUPOBAHHOM BHE. Cradble 3JIEKTPOIUTHI U
TPYAHOPACTBOPUMBIE BEIIECTBA B MOHHBIX YPAaBHEHUSX, KaK B IIPaBO, TaK U B JICBOM
JacTH PaBEHCTBA, HM300pakaroT (opMynaMud HE - JUCCOIMUPOBAHHBIX MOJICKYII.
PactBOop, B KOTOPOM KOHIIEHTpalHsi HOHOB H" u OH OJWHAKOBAas1, SBISACTCS
netimpanouuiv.  PacTBop ¢ TpeobmamanmeM wuoHOoB H'  Oymer kucneim,
npeoOnamaanemM xe noHOoB OH -wenounvim. KUCIOTHOCTE M MIETOYHOCTH CPEIbI
ONPEAEISAIOTCS C MOMOIIBIO PEAKTUBOB, U3MEHSIOIIUX CBOM LBET B 3aBUCUMOCTH OT
OTHOCHUTEIIbHBIX KOHIICHTPAllUi HOHOB H" u OH. D pPEaKTUBBI HA3BIBAIOT
unouxamopamu. B KauecTBe HWHIUKATOPOB MPUMEHSIOT JIAKMYC, METHJIOBBIM
OpaHXXeBBIH, eHondTaTIeHH, YHUBEPCATbHBIM HHINKATOP | JIP.

Xox 1aboparopuu
IIpudopsI u mocyxaa.
1) Akkymynsitop Ha 2 B.
2) AmniepMmetp Ha 3-5 A.
3) I'padutoBbBIE DNEKTPOIHI.
4) Mepubie UHAPHI eMKOCThiO 10 Mit (2 miT.) 1 emrocThio 100 Mot (2 mit.).
5) Crakanbl emkocThio 200 Mt (6 1IT.).
6) LlltatuB ¢ nmpoOUpKaMH.
7) Pe3uHoBbIe TPYOKH.
8) Kpyxok u3 danepsl.
PeakTussbl.
1) Hunk (rpanyi.).
2) Xnopodopm CHCls.
3) Aueron (CHj3),CO.
4) Oranon C,HsOH.



5) Xnopun xansius CaCl,.
PacTBOpHI.
1) Comstrast kucmora HC1 (2 1., 1 1., 0,1 H. 1 koHL., p=1,18 r/em’).

2) Cepnas xucnorta H,SO, (xonir., p= 1,84 F/CM3, 2 H., 1 H. 1 pa36aBieHHas 1:25,
1:50, 1:250).

3) Ykcycnas kucnora CH,COOH (2 1., 1 1. u 0,1 1.).
4) I'mapoxcun kanus KOH (2 u.).
5) 'mnpoxcua vatpus NaOH (2 1., He coaeprkaruii KapOoHaTa).
6) AMMuUak BoAHBIN (2 H. U 1 H., HE coaepKaluii kKapOoHaTa).
7) Xnopun kamus KC1 (1 1.). Xuropun Hatpust NaCl (2 u.).
8) Xnopua menu (1) CuCl; (0,5 1.).
9) Xmopun xene3a (111) FeCls (0,5 u.).
10) Xnopun xo6anesra (1) CoCl, (Hacekimr.).
11) Hutpar cepedpa AgNO; (0,1 H.).
12) Xnopar xamus KCIO; (1 1.).
13) Cynbdat Hatpus Na,SOy (1 H.).
14) Anerat varpus CH3;COONa (1 n.).
15) Jlakmyc.
16) MeTuii0BbIi OpaHKEBBIi.
17) ®enondranens.

s mpuroroBieruss pacmeopa NaOH, we cooeporcaweco xapbonama, MOKHO
NPUMEHUTh  croco0, OCHOBaHHBIM  Ha  HepacTBopumocTH  Na,CO; B
KOHLIeHTpupoBaHHOM pacTBope NaOH. PacTBopstoT ruipokcu HaTpusi B paBHOM I10
Macce oObeMe BOJbl. PacTBopeHHE NpPOU3BOAAT B BBICOKOM IWJIMHAPE, IIOTHO
3aKPBITOM PE3NHOBOM MPOOKOI. PacTBOpY MArOT OTCTOATHCS B TEUCHHE HECKOIBKUX
JTHEW, T[IOCJ€ 4Yero TMpO3payHbli pacTBOP OCTOPOXKHO CIMBAIOT C OCAIKa,



conepxkamiero Na,COj;. IlomyueHHBI KOHIIEHTPUPOBAHHBIM PACTBOP Pa30ABIIAIOT
TUCTUTUPOBAHHOM BOJOH, 0cBOOOKACHHOM 0T CO, KUNISTUeHUEM.

JUJis IPUTOTOBIICHUST AMMUAKA 80OHO20, He codepicaujeco Kapdonama, OIydaroT
YUCTBI aMMHaK KHIITYEHHEM pacTBOpa aMMHaka ¢ HEOOJBIIUM KOJUYECTBOM
Ca(OH), nns ynepxxanus kap6onara B Buae ocagka CaCO3. 3arem razooOpa3HbIit
aMMUaK pacTBOPSIOT B JUCTUIUIMPOBAHHOM Bojie, He conepxkatieid CO,.

JIEKTPONPOBOHOCTH PACTBOPOB KHUCJIOT, LIIeJI04YeH U COJIei.

a) Bzate akkymynarop (2-4 B), amnepmerp (3-5 A) u rpaduToBBIE 3IEKTPOIHI,
BCTaBJeHHbIE B (paHepHbId Kpyxkok. CoOpaTh ycTaHOBKY Mo pucyHky 3. Ha
rpauTOBBIE ANEKTPOJBI JIOJDKHBI OBITh HAJEThl PE3UHOBBIE TPYOKH, IUIOTHO
3aKpBIBAIOIINE BEPXHIOIO 4acTh CTepkHEH. B Tpu crakana Haiuth 1o 100 mu 1 H.
PacTBOPOB COJITHOM, CEPHOM M YKCYCHOM KHCJIOT. OIlyCTUTH B CTAKaH C COJISTHOU
KUCJIOTOM 3eKTpoabl (puc. 3). OTMETUTh MOKa3aHHWE CTPEIKH aMmIepMmeTrpa. 3aTeMm
NOTPY3UTh BJEKTPOJABl IMOCIEI0BATEIbHO B CTAaKaHbl C CEPHOM M YKCYCHOM
KHCJIOTAMU M TaKK€ OTMETUTD MMOKA3aHUs aMIIepMETpa.

[Ipu mepexome OT OFHOTO pacTBOpa K JPYroMy HAIO »dJICKTPOABI Tepe
MOTPY)KCHHEM WX B HOBBIA PacTBOpP TIIATEIHLHO IMPOMBIBATH IUCTHITUPOBAHHOU
Bo0M. CpaBHUTH IEKTPONPOBOAHOCTh UCCIIEIOBAHHBIX KUCIOT U CPOPMYITHPOBATH
3aKII0YEHHE 00 WX OTHOCHTENbHOM cuie. TakuMm ke o00pa3oM HCIBITATh
ANIEKTPOINPOBOIHOCTh 1 H. pacTBOPOB TUApPOKcHIAa HaTpus U ammuaka. CpaBHUTH
CTENEHb AUCCOLUAIINU dTUX IIETOUECH.

Dopma 3anucu

BemectBo Konyenmpayusa pacmeopa | 1lokazanus amnepmerpa

Puc. 1. YcranoBka JJIs1 CpaBHCHUA SJICKTPOMNPOBOAHOCTH paCTBOPOB.



HpI/I OITYCKAaHHHU B CTAKaH C JKUAKOCTBIO 3JICKTPOAOB HA/I0 IMPOCIICANTD, YTOOBI
B OIIbITaX C PAa3HbBIMU KXKUIKOCTAMH B HHUX ObL1a IIOTPyKCHA OJHNHAKOBAA Y4CTb
QJICKTPOOOB. CpaBHI/ITB IMOJIYUYCHHBIC PC3YJIbTAThI C TaOTMYHBIMU JaHHBIMH, Xa-
PAKTCPUIYIOIITUMHU KOJIMYCCTBCHHO CTCIICHDb Aucconnanmn HCCIICAO0OBAaHHBIX
SJICKTPOJIUTOB.

0) HcmbiTaTh AJIEKTPONPOBOIHOCTH, | H. pacTBOpPOB COJEH XJIOpHAA Kamus,
HUTpaTa Kanus, cyib(paTa HATpHs, alerara HaTpUsd. 3amucaTh IOKa3aHUs
amnepmeTpa. CrenaTh BIBOJ O CHIIE UCCIEA0BAHHBIX JIEKTPOIUTOB.

B) HanuTe B n1Ba crakaHa 2 H. pacTBOpPbl YKCYCHOM KHCIOTBI M aMMHaKa H
HCCIIEN0BATh DJJIEKTPOIPOBOAHOCTD KAaXXIOIO M3 HHUX. 3aT€M CIUTh COACPKUMOE
00OMX CTaKaHOB BMECTE U HCIBITaTh 3JIEKTPONPOBOJHOCTH MOIYYEHHOIO PacTBOpa.
OOBsACHUTH HAOIIOAAEMbIE Pa3INYMsl B 3JIEKTPOIPOBOJAHOCTH PACTBOPOB U3YUEHHBIX
BEILLECTB.

JMuccouuanms coJseii a)  Bzsate HemHoTrO Xyopuna meau (11) u orMeTuTs 1BeT
TBepoii conu. OJIHY YacTh COJIM PAaCTBOPUTH B alleTOHE, a APyryto-B Bojae. Halumro-
JaTh OKPACKy pacTBOpa B IIEPBOM U BO BTOPOM ciayyasix. J[aTb oObsicHEHHE.

0) Kpucramnmuueckuit xnopuga memu (ll) pactBoputh B 2-3 Karusix BOJBI.
OTmeTuTh OKpacky pactBopa. JJ00aBUTh HECKOIbKO MUJUTMIUTPOB Boabl. Habmonats
M3MEHEHUE OKpacku pacTBopa. Jlath oObscHeHue. HammcaTh ypaBHEHHE peakuu
nauccormaruu xiaopuaa meau (11).

CpaBHeHHe XMMHMYECKOl AKTHBHOCTH CHJIBHBIX M CJIAa0bIX 3J1EKTPOJIHUTOB.
a) B oany npobupky Hanuth 5 mi 0,1 H. pacTBOpa CONSIHOW KUCIOTHI, B APYTYIO-
ctosibko ke 0,1 H. pacTBopa YKCYCHOM KUCHOTbl. OMYCTUTh B KXKIYI0 IPOOUPKY IO
OJIMHAaKOBOMY KycOouKy IMHKa. Kakoil ra3 Beiaensiercs B mnpoOupkax? Hamwucatb
ypaBHEHUE TPOUCXOIANINX peakiuid. B kakoit kuciore mporecc wuuetr Oosee
SHEPrUYHO?

OOBSCHUTH ITO SBJICHUE, TTOJIB3YSCh IAHHBIMH O CTETICHU AUcCcOoIManuu  (Tabi. 5)
COJISTHOM M yKcycHOM kucioT B ux 0,1 H. pactBopax.

0) Hanmute B 11Be mpoOupkHM pacTBOp XJjopuaa Kaiblus. B oaHy mnpoOupky
n00aBUTh 2 H. pacTBOp THUAPOKCHUIA HATPHUs, a B APYTyIO-Takoil ke o0beM 2 H.
pacTtBopa aMMHaKa (pacTBOpBI HE JOJIKHBI cozep
*aTh KapOboHaToB). Uto HabmogaeTcss? OOBACHUTH NMPUUHUHY PA3TMYHOTO JACUCTBUSA
Ha XJIOPHJT KAJIBLIMSI B3ATHIX OCHOBaHUM.



Oxpacka wuHAukaTopoB: a) Hamute B Tpum mnpobupku mno 3 M
JUCTWJUIMPOBAaHHOW BOABI M NpHOAaBUTh IO 2 Kalld pPacTBOpa OJHOIO W3
MHIMKATOPOB: JaKMyca, METUJIOBOIO OpaHkeBoro u (¢eHondranenHa. OTMETUTH B
TabJIMIE UX LBET B HEUTpaiabHOU cpene. B kaxayro npoOupKy npubaBUTh pacTBOP
KakoW-HUOyAb KuCHoThl. HabmiomaTe W3MEHEHHMS OKpacKH M 3amucath HX B
COOTBETCTBYIOIIUE Tpadbl TAOIHUIIBI.

0) [Iponenats TO xe camoe, B35B BMECTO KHUCJIOTHI PACTBOP KaKo¥ TUOO0 IIEeT0YH.

IBeT MHAUKATOPA
Cpena JaKMyca METHJI0BOT0 OPAHKEBOI0 denondranenna
Hevimpanvnas
Kucnaa
Henounas

Konmponwsnsie 6onpocwi

1. Hazosume cnocobvl 6vipasicenus KOHYeHMpayuu pacmeopos.

2. Ymo Hazvieaemcs MOAPHOU KOHYeHmpayuetl pacmeopa?

3. Onpedenume MONAPHYIO KOHYESHMPAYUIO PACMBOPA, eClU U3BECMHA
MAcco8as KOHYeHmpayus eeuecmaa 8 pacmaeaope.

4. Kaxoii o6vem 20%-1i consinotl Kuciomol HeobdXo0umo 835ms OJis
npuecomosieHus 00Ho2o aumpa 6%-i conanou kuciomot?

5. Cronvro epamm NaCl neobxooumo 63ame s npucomosieHust
0,5 1 12 %-20 pacmeopa?

JIABOPATOPHAS PABOTA 4
NOHOOBMEHHBIE PEAKIIUA

meopemuuecKuil 4acmao

Peakiun, mporekaromme B pacTBOpAaxX — AJEKTPOJUTOB, CBOIATCS K
B3aMOJECUCTBUIO MEXK]y MOHAMU PAaCTBOPEHHBIX BEIIECTB. Peakuumu B pacTBopax
AJIEKTPOJIUTOB UAYT TOJIBKO B TOM CIIy4ae, €CIIA B PE3YJbTaTe 3JIEKTPOCTATUYECKOIO
B3aMMOJICUCTBUS PA3HOMMEHHO 3apsSKEHHBIX MOHOB 00pa3yrOTCsl MOJEKYJbI HOBOIO
BEILIECTBA: TPYAHOPACTBOPUMOTO, Ta3000pa3HOTO WM MaJoJIUCCOIMUPOBAHHOTO.
Ecnu HU OIHO U3 TakuX BEIIECTB MPU PEAKIUU HE 00pa3yeTcs, TO He MPOUCXOAUT U
camoil peakiuu. K cnaOpiM 3JIEKTPOIMTaM OTHOCSITCS HE TOJBKO MOJIEKYJIBI Ca0bIX



KHCIIOT ¥ OCHOBAaHWM, HO W WX MOHBI, 00pa3yIomuecs Mpy TUCCOIMAIIIN TI0 TIEPBOU
WM BTOpOil crymenu (Hampmmep, HCO3", HPO?;, MgOH"). Koucranra
JTUCCOLMAIIMM WX, Kak [paBWIO, MEHbBIIE, YeM KOHCTAHTHl JIHCCOIMAINN
COOTBETCTBYIOIIUX MM KHUCJIOT U OCHOBaHMM. K cabbIM 37IEKTpOIMTaM OTHOCATCS U
OTHOCHTEIFHO MPOYHBIC KOMIUICKCHBIE HOHBI.

Ecim B peakuuio  BCTymaroT  ciaOble  JJCKTPOJIMTHI, JIETydyue  WIH

MajopacTBOPUMBIE BEIIECTBA, TO PEAKIHMH MPOUCXOIAT B TE€X CIydasX Korja
oOpasyromiuecss BeliecTBa OyAyT MEHee AMCCOIMHUPOBAHHBIMU, OOJiee JIETYYHMH,
MEHEEe PaCTBOPUMBIMHU.

Peaknumn, uaymmue ¢ oOpa3oBaHMeM CJIa0bIX 3JIEKTPOJUTOB. a) Peakius
HeuTpanu3auuu. [Iponecc B3auMoOIeCTBUIT OCHOBAHUSA C KUCJIOTOM, MPUBOISIIUN K
00pa30BaHUIO COJIM U BOJIbI, HA3bIBACTCS peaxyuel Heumpaiuzayuu.

1) KOH + HNO3z; = KNO;3 + H,0O

O6paszoBanue 1 Monb Boabel u3 woHoB H' u OH npu HelTpanu3aluy CHIbHBIX
KUCJIOT CHJIbHBIMA OCHOBAaHUSIMHM COITPOBOXIAETCS BhIAEIECHUEM 57,54 K/[’K TENIOTHI
(TemoTa HEUTpaAIU3aIIUN ).

Peakiuss HeWTpanu3aluu MOXKET MPOTEKAaTh MEXKIY CHUJIBHBIM OCHOBAaHHEM U
c1a00M KHUCIIOTOM WM ClIa0bIM OCHOBAaHMEM W CHJIBHOM KHCIIOTOM, CIIa0BIM
OCHOBAaHHMEM M CJIa00W KUCJIOTON. B Takmx crucTeMax yCTaHABIMBACTCS XMMHYECKOE

paBHOBECHE, TaK KaK MMEET MECTO oOpaTHbIN mpoiecc. Peakius cpeasl He Oyaer
HEUTPAIBHOM.

2) KOH + CH3COOH < CH3;COOK+H,0

B nonHoit dopme: OH +CH3;COOH < CH3;COO + H,0

3) NH,OH + HCl < NH,CI + H,0
Honnoe ypaBuenue peaxiuu: NH,OH + H*< NH," + H,O

B atux ciydasx cimaOble SIEKTPOJUTHI MMEIOTCS B YHCIIC KaK HCXOJHBIX, TaK U
KOHEUYHBIX MPOAYKTOB. PaBHOBecrne B MOJOOHBIX CHUCTEMaX CMEMIAETCS B CTOPOHY
oOpazoBaHMsi BemECTB C MeHbIeH Kj,., T. €. TPOIECCHl B 3TUX CHCTEMax
HaIpaBJeHbl B CTOPOHY 0Opa3zoBaHms Oosee CIIa0bIX AJIEKTPOJIUTOB U MPHUBOIAT K
OoJlee MoHOMY cBsi3bIBaHUIO HOHOB: H * (B peakuuu 2), OH™ (B peakuuu 3).



0) Peakuuu, naymnue ¢ o0pazoBaHueM cjaa0bIX KUCJIOT UJIH OCHOBAHMI
CH3;COONa + HC1 = CH3COOH + NaCl
Wonnoe ypasaenue peakuun: CH3COO™ + H' = CH3COOH
KCN + CH3COOH = CH3COOK + HCN
Honnoe ypasuenue peakiuu: CN™ + CH3COOH=HCN+ CH3;COO
B pesynbrate peakuun o6pasyercs 0osee cinadbiii dnektpoaut HCN.
K e HCN<K,e.c CH3COOH

Konuentpanus nonos H' moHmskaercs 3a cueT Golee IOJHOIO CBA3BIBAHHMS UX
CN’ nonamu B mosexynsl HCN.

Peaknumn, uaymmue ¢ o0pa3oBaHueM TPYAHOPACTBOPHMMOIO BelIeCcTBA.
3HAUUTENBHO Yalle NPUXOAUTCS UMETh JIEJI0 C 00pa30BaHUEM TPYIHOPACTBOPHUMBIX
BEILECTB, KOTOPbIE YIAISAIOTCS U3 Chepbl pEaklK B BUJI€ OCaJKa, HAIPUMEp:

Ca (NOg)z"‘N&zCOg = CaCO;J,J, + 2NaNO;
VM MOHHOE ypaBHeHue peakiun: Ca’* + CO*3=CaCOs|

M3ydeHne paBHOBECHs B HACBIIICHHBIX pPAaCTBOPAX CHIIBHBIX JJIEKTPOJIUTOB
(Hanpumep, cojel) JaeT BO3MOXKHOCTb BBISICHUTH YCJIOBHS, BBI3BIBAIOIINE
oOpa3oBaHME WM PAcCTBOPEHUE OCAAKOB B 3TUX pacTBopax. [lpm pacTtBopeHun
KPHUCTAJUIOB DJJIEKTPOJUTOB C HOHHOM KPHUCTAJUIMYECKOM PEMIETKOW B PacTBOp
MEPEXOIAT HE MOJIEKYJIbI, @ HOHBI.

B HacellieHHOM pacTBOpe KakoOWM-TMOO COJM C  OCaaKoM (Hampumep,
CaCO3) umeeT MeCTo paBHOBECHE:

CaCO5=Ca’"+CO?%

[lepexon noOHOB U3 TBEPAOH (Pa3bl B )KUJIKYIO IPOUCXOIUT TOJIBKO C MOBEPXHOCTU
Y HE 3aBUCHUT OT MacChl TBEPJOTO BEIIECTBA.

OO003HaYMM 4YHUCJIO MOJIEH, MEPEXONAIMX B PAcCTBOP 3a E€AMHHILY BPEMEHHU C
CIMHUIBI TIOBEPXHOCTH, 4epe3 Ki. Drta BenuuumHa OyaeT BbIpaKaTh CKOPOCTh
Hepexojia MOHOB B PacTBOp, T. €. Vi = K;. OdeBumHO, BenuunHa V\ OyAeT 3aBHCETh
TOJIBKO OT MPUPOJIBI BEHIECTBA U TeMiiepaTypbl. OOpaTHBIN Mpolecc-nepexo]; HOHOB



M3 PacTBOpa B O0CAAOK-3aBHCHUT OT MX KOHHOCHTpALlMK B PaCTBOPC. CKOpOCTB 9TOI0
IMponeccCa BbIPpAKACTCA paBCHCTBOM:

V, =k, [Ca?*] [CO%T,

rie Ky-ko3hpHUIMeHT IponopIMOHaTILHOCTH, PABHBIH CKOPOCTH BBIJICIICHHUS HOHOB M3

2+ 2 -
pacTBOopa Ha €AMHUILY IMOBEPXHOCTU ocaika npu KoHmeHTpamusix Ca™ u CO%3,
paBHBIX e/lMHUIIe. B MOMEHT paBHOBecCHUs

Vi =V, u k=k, [Ca®*] [CO%]

[epenecs Benmuunny K, B JIEBYIO 4acTh, MOJTy4aeM:
kl _ 2+ 2—

k——[Ca 1-[CO;7]

2

W3 »TOor0 paBeHCTBA BHUIHO, YTO TPOU3BEJACHUE KOHIICHTpAIlMi WOHOB B
HACBHIIIICHHOM pPAacTBOPE €CTh BEJIIMYMHA TIOCTOSHHAs. JTa BEIMYMHA Ha3bIBACTCS
npousgedeHuem pacmeopumocmu U 00bI9HO 00o3HavaeTcs OykBamu [1P.

[TpousBeneHneM pacTBOPHUMOCTH HA3bIBACTCS MTPOU3BEICHNE KOHIICHTPAIIUA HOHOB

B HACBIIIEHHOM pAaCTBOPE MAJIOPAaCTBOPUMOIO  JJIEKTPOJIMTAa TPU JAaHHOU

TeMIepaType. lpc,co, =[Ca *1-[CO;7]

Takum 00pa3oM, MPOU3BEACHUE PACTBOPUMOCTH XApPAKTEPU3YET PACTBOPUMOCTH
TBEPAOTO JJIEKTPOJUTA IPU ONPEAECICHHOW Temrieparype. M3 IByX OZHOTHIIHBIX
coJiell MEHbIIIeH PacTBOPUMOCTHIO 00JalaeT Ta COJb, JIJIi KOTOPOW MpOU3BEICHUE
PacTBOPUMOCTH MEHBIIIE.

Crnenyer, oaHaKo, OTMETUTH, 4TO pacueTbl 1o (opmyne [P OyayT ToYHBIMH
TOJBKO B CIEAYIOIIMX CiIy4asx: 1) Korga pacTBOPUMOCTH COJIEH O4YeHb Majia U 2)
KOTJ]a PACTBOP HE COJIEPIKUT MOCTOPOHHUX COJIEH.

N3menss KOHICHTPAIUM HOHOB B HACBIMICHHOM pPACTBOPC, MOXHO HAPYIIUTH
PaBHOBCCHC U BbI3BATh OCAXKICHHUC UJIK PACTBOPCHUC OCaKa 3JICKTPOJIMTA.

OC&)KI[CHI/IC BBI3BIBACTCA YBCIMYCHNCM KOHICHTPAINHW MOHOB IIYTCM BBCIACHHA B
pacTBOp OJHOUMMCHHBIX NOHOB.

Ipumep. IIpu poGaBneHun KoHIeHTpUpoBaHHOTO pacTBopa Na,CO; K
2 -
HachelieHHOMY pactBopy CaCOj; yBenuuuBaercs KoHUeHTpauuss moHoB CO®3 B
pacTBOpe, U PAaBHOBECHE CMENIAeTCsl B CTOPOHY oOpaszoBanus ocagka CaCOs.



PaCTBOpeHI/Ie oCaaKa BBI3bIBACTCA YMCHBUIICHHUCM KOHICHTpPAIMKM HWOHOB IIYTCM
CBA3BIBAHHWA UX B MOJICKYJIbBI MAJIOAUCCOIMMHUPYIOIIUX BCIICCTB.

[Tpumep. IIpu nobaBnennn HC1 k wackimennomy pactBopy CaCOs; ¢ ocaakom
TIPOUCXOANT PEAKITUS MEXTy HOHAMMU:

CO%+2H" = H,CO;4

Takum 00pa3oM, MPOUCXOAUT yYMEHBIIICHUE KOHIICHTPAIIMA HWOHOB B PacTBOPE.
DTO BBI3BIBAET CMEIICHHE PABHOBECHUS B HACHIIIEHHOM pacTBOPE B CTOPOHY
2 -
oOpa3zoBaHust HOBBIX HOHOB CO“3 3a cUeT pacTBOPEHUS OCAJIKA.

Hepenko  mpuxomurcss  BCTpedaTbCsd € pEAKUMSIMH, NOPU  KOTOPBIX
TPYIHOPACTBOPUMBIE COEAVMHEHUS HMEIOTCS B YHUCIE M HMCXOAHBIX BEUIECTB, M
KOHEUYHBIX IPOAYKTOB, HAIIPUMED:

BaCO3 l + Na,SO, = BaSQ4l+ Na,COs3

PaBHOBecue B MOJOOHBIX CHCTEMaX CMEIIAETCA B CTOPOHY OOpa30BaHUsl BELIECTBA
C MEHBIIIMM 3HAUYCHHEM ITPOU3BEICHUSI PACTBOPUMOCTH.

Peakuuu, uaymme ¢ oOpasoBaHueM rasza. K 3TuM peaknusm OTHOCIT B
OCHOBHOM pPEaKIIMH, COMPOBOXKIAIOIIMECS BBIICICHUEM BOJOPOIHBIX COEIWHEHUMN
HemetaiioB H,S, HF,HCI, HI, NH3, u ap., nHanpumep:

ZnS + 2HC1 = ZnCIZ + HQS T

HJIM HOHHOC YPAaBHCHUC PCAKIIUM:
ZnS +2H" =Zn*" +H,S 1

Tak kak cynb(ua MUHKA MJI0X0 PACTBOPUM B BOJIC, B MOHHOM YPaBHEHUHU PEaKIIUU
3Ty COJIb 3alMCHIBAIOT B MOJICKYJIsApHO# dopme. [Ipu 3TOM, 0gHAKO, TOMHST, YTO
pacTBopeHue cyib(duaa UHKA B COJSHON KHUCIOTE MPOUCXOIUT 3a CYET TOr0, YTO
MEXIy ZNS, HaXOASIMIMMCS B OCaJKe, U PACTBOPEHHON €ro 4acThlO0 CYIIECTBYET
paBHOBECHE: ZnS < Zn** + S,

2-
0CaJIOK PacTBOP KOTOPOE CABUTACTCS BIPABO IO MEPE CBA3BIBAHUS MOHOB S° B MO-
JIEKYJIbl CEPOBOOPOAA.



Xon n1abopaTropuu
IIpuOops! u nmocyxaa.
1) I'openka.
2) MepHblii HHIIMHIP €MKOCTBIO 20 MIT.
3) llnaTens.
4) ltatuB ¢ mpoOUpKaMHU.
5) CreksHHas MMaJlovKa.
6) Tepmomerp.
7) MUKpOKaNbKYJISTOP.
PeakTuBBI U MaTepHUAaJIbI.
1) unk.
2) 'mppoxcun kansius Ca(OH),
3) Oxkcanat kanbiust CaC,0;.
PacTtBOpBI.
1) Consinas kucnora HCI(2 1. u . 1,18).
2) Cepnas xucnora H,SO,4 (2 ).
3) Asotnast kuciota HNO; (p=1.4 r/emd).
4) Vkcycnas kuciora CH3COOH (2 n.).
5) 'mppoxcupg vHatpus NaOH (2 u.).
6) I'mapokcun kanus KOH (2 u.).
7) Xnopun xanust KCI (macermt.).
8) Xmnopar kanust KCIO3 (nacki. ).
9) Xnopat Hatpust NaClO3 (Haceim.).

10) Auerat Hatpust CH3COONa (2 n.).



11) Cynsdar natpus Na,SOy4 (2 H.).

12) Cynsdun vatpus Na,S (1 H.).

13) Xnopua 6apus BaCl, (0,5 H. 1 HachIl.).
14) Hutpar 6apus Ba(NOs), (Hachi.).

15) Xmopun crponnus SrCl, (0,5 H.).

16) Cynbdart ctponuus SrSO, (Hachkl. ).
17) Xnopun xansiusa CaCl, (0,5 1.).

18) Cynbdat xamsius CaSO,4 (HackIml.).

19) Xmopua meau (11) CuCl, (0,5 H.).

20) Cynsdar muaka ZnSO, (0,5 H.).

21) Cynbdar xenesa (1) FeSO, (0,5 H.) cBeXKENPUTOTOBICHHBIH.

Peakuus HeiiTpanusauun. @) Bzaumoodeiicmeue cunvHoii  Kuciomsl U
cunvbHo20 ocHosanus. Hamute B papdopoByro vamky 5 miu 2 H. pactBopa HCI u
npubaBiaTh K HeMy mo kamisiMm 2 H. pactBop NaOH. PactBop mnepememiuBarth
CTEKJITHHOM TMAaJIOYKOW M MCIBITBIBATH €r0 JIEUCTBHE HA JAKMYC, MEPEHOCS KaIllro
pacTBOpa Ha JIaKMYCOBYI0 OyMaxky. Hy>kHO TOOUTHCSI HEHTpabHON peakivu (CUHSIS
M KpacHas JlakMycoBas OyMmakka HE H3MEHsIeT OKpacky). [lomydeHHbii pacTBop
BBINAPUTH Jocyxa. YUYro oOpazoBasiock? HamucaTe MONEKYJISpHbIE W HOHHBIE
YPaBHEHUS PEAKIIUI.

0) Bzaumooeiicmeue cnaodoii Kuciomsl U CUIbHO20 OCHO6aHusa. Haimutbe B
npoOupKy 2 M 2 H. pacTBOpa LIEIOYU M JT00ABUTH OJIHY Karuio (eHos(TanenHa.
Jo6aBnsATh MO KamisiM 2 H. PacTBOP YKCYCHOM KHCIOTBI 10 OOECIIBEYMBAHUS
pacTBopa. HamucaTe MOJIEKyJsIipHBIE U .MOHHBIC ypaBHEHUS peakiuil. OObSICHUTS,
MOYeMy pPaBHOBECHM HWOHHOW pEaKIuu, B KOTOPOW MPUHUMAET ydacThe CIaObIi
MEKTPOIUT (YKCyCHas KHCJIOTAa), CABUTACTCS B CTOPOHY OOpPa30BaHUS MOJEKYI
BOJIbI.

OOpa3oBaHue TpyAHOPacTBOPUMBIX cojeil. Hanute B Tpu npobupku mo 2—3
MJT pacTBOPOB XJOPHUIOB Oapus, CTPOHLMS U Kaiblus. B mepByro mpoOUpKy MPUIATH



pacTtBop cyib(dara HaTpus, BO BTOPYIO-HACHIIIEHHBIN pacTBOp cyib(dara Kaius U B
TPETHIO-HACKIIICHHBIN PACTBOP CyJib(aTa CTPOHITHSI.

OObaAcHUTH HAOMIOaEMbIE  SIBJIICHUS, TIOJB3YSACh MPABHIOM TMPOU3BEICHUS
pactBopuMOcTH. HanmcaTe MOJEKYJISIPHBIE U MOHHBIE YPABHEHUS PEAKIUN.

Peakuuu, uaymue ¢ obOpa3oBaHHMeM JieTydero coeauHeHusi. B mpoOupky
HAJIUTh HEMHOTO pPAacTBOpa KaKOW-HHOYIb COJIM aMMOHHS, MPUOaBUTh 1—2 M
pactBopa NaOH u Harpets 10 kuneHus. B BbiensionIyecs: mapbl BHECTH BIAKHYIO
KpacHyl0 JakMycoByto OyMaxky. Uto Habmomaetcs? [lath oObsicHenue. Hammcarthb
ypaBHEHUS PEaKIIUH.

Konmponwsusie éonpocwi
1. Yem omauuaromes npoyeccyl 31eKmMpoaUmuieckou OUCCoyuayuu
CUTILHBIX U CIAOBIX IIEKMPOIUMOE?
2. K kakomy muny s1ekmpoaumos OmHOCUmMcst 2UOPOKCUO Kanbyus?
3. Kak 3asucam cmenensb u KOHCMAaHmMa OUCCoyUayul ciadwvlx 21eKmpo-
JIUMO8 OM UX KOHYEHMpayuu?
4. [Ipeonosicume geujecmsa, Hecenue KOMopwix 8 pacmeop YKCyCHOU

Kuciomol npusedem k ymenvutenuro cmenenu ouccoyuayuu CH3COOH.

5. Om uezo 3a6ucum eaudUHa UOHHO20 NPOU3BEOCHUSL BOObL?

JIABOPATOPHAS PABOTA NeS

PEAKIIMN OKHCJIEHUA-BOCCTAHOBJIEHUSA
meopemu4ecKuil 4acmao

PaznuuaroT nBe Tpynmnbl XMMHUYECKHX peaklUWid: peakiuu, MNpoTekaroume 0e3
VU3MEHEHUs CTEIIEHU OKUCJIEHHUS, U PEAaKLHUU, IPOTEKAIOIINE C U3MEHEHUEM CTEIICHU

OKHUCJICHHUA aTOMOB 3JICMCHTOB.

PeaKHI/II/I, NAYIIHUE C UBMCHCHUCM CTCIICHU OKUCIICHUA, HA3BIBAIOT OKUCIUNENIbHO-
60CCNMAHOBUNIETIBHBIMU.



HM3MeHeHne CTEIEeHU OKMCIICHHUS aTOMOB 3JIEMEHTOB BbI3BIBACTCS WU epexoaomMm
QJICKTPOHOB OT OJHHUX ATOMOB HWJIM MOHOB K APYTUM, NI CMCHICHUCM JJICKTPOHOB.

B 0KHCIMTENBbHO-BOCCTAHOBUTEIBHBIX PEAKIMAX BCETNA HU3MEHSETCA CTEICHb
OKHCJICHHS aTOMOB 3JIEMEHTOB, a BAJICHTHOCTh MOXKET MEHATHCA MJIM OCTaBaThCs O€3
NU3MEHEHWH.

Tak, Hanpumep, B pesynbrare peakiuun Cl, + H,=2HCI| BanentHOCTH aTOMOB
XJIOpa U BOJIOPOJa HE U3MEHSETCS, a CTENIEHb OKUCIICHUS M3MeHseTcs. B peakiuu

4HC1+Mn02:MnC|2 + C|2 + 2H20

HU3MCHAIOTCA BaJICHTHOCTbL MW CTCIICHb OKHCJIICHHUS aTOMOB MaprabHia, H3MCHACTCIA
CTCIICHb OKHCJICHHA aTOMOB XJIOpd, HO HC M3MCHACTCA MX BAJICHTHOCTD. Oxucnenue
KaKoro-JInOo aromMa B MOJICKYJIC XapPaKTCPU3YCTCA IIOBBINICHUCM CIro CTCIICHU
OKHUCJICHHUA, H, HaO60p0T, BOCCTAHOBJICHHUC AaTOMA-yMCHBIICHUCM €TI0 CTCIICHU
OKHUCJICHHA. BGHIGCTBO, dTOMbI HJIX HOHBI KOTOPOI'O IIOBBIIIAIOT CBOKO CTCIICHDL
OKHUCJICHHA, HA3BIBACTCA 60CCMAHOBUMETEM.

BemecTBo, aTOMBI MM MOHBI KOTOPOT'O IOHMKAKOT CBOIO CTENEHb OKHUCIICHHS,
Ha3bplBaeTCsl  okucaumenem. OKHCICHME HEBO3MOXKHO 0€3  NPOTEKAaIOLIEro
OJTHOBPEMEHHO C HHMM BOCCTAHOBJICHHS, W BOCCTAHOBJIEHHE OJHOTO BEILECTBA
HEBO3MOXXHO 0€3 OJHOBPEMEHHOI'O OKHCJIEHHs Apyroro BemecTtBa. llpumepom
MIPOLIECCOB OKHCIIEHUS-BOCCTAHOBIIEHUSI MOTYT CIYKUTh PEAKLMM BBITECHEHHS Me-
TaJJIOB U3 PACTBOPOB UX COJIEW APYTMMU METAJIaMU, HAIIPUMED:

CuSO, + Zn=Cu + ZnS0O,

B aT0#1 peaknuu aToMbI IMHKA TEPSIOT 2 3JIEKTPOHA, B TO BPEMs KaK MOHBI MEIH
() npuoOpeTaroT 2 37eKTPOHA, IEPEX0/Isl B AIEKTPOHEHUTPATLHBIC ATOMBI.

[Ipomtecc mepeMenieHusl DIEKTPOHOB MOXKHO TPEACTaBUTh C  MOMOIIBIO
AIIEKTPOHHBIX YPaBHEHUH (CXEMBbI JIEKTPOHHOTO OallaHca):

7Zn°-2e=Zn*"
Cu**+2e=Cu°

B »sroit p€akurn aToOM HHWHKA OKHCIIICTCA, ABJIASCH BOCCTAHOBUTCIICM, HWOH JKC
MCIN BOCCTAHABJIMBACTCA U HUTPACT POJIb OKHCIUTCIIA.



BoccranoBurtensiMu MOTYT OBITh: a) HelimpaibHble amomMbl 8CeX IEMEHMO8, KPOME
amomos ¢mopa u HeKOmopwvlX «UHepmHbiX» 2a306. Haumbonee >SHEPrUYHBIMU
BOCCTAHOBUTESIMU W3 HUX SBILIIOTCS AaTOMbl C MallbIM  MOHU3ALIMOHHBIM
IIOTEHIUAJIOM;

6) amomawl Hememaiilos 6 ompuuameﬂbﬂoﬁ cmenenu OKUCJIeHUA, Hnx
BOCCTAHOBUTCJIbHAA CITOCOOHOCTh IIpu OHHHaKOBOﬁ CTCIICHHU OKHUCJICHUA
BO3pacCTacT € YBCJIMUYCHHUCM YCIIOBHOI'O paanyCca noHa.

Tak, B psiny C17, Br, J' BoccTaHOBUTEIbHAS aKTUBHOCTH PACTET;

B) amombl  JJEMEHMO8 8  NPOMENCYMOYHOU  NOJIONCUMETbHOU — CMeneHu
42 ont2
okucaenus, Hanpumep Fe ™, Sn™ u np.

OxucIuTeNsIMU MOTYT OBITh: a) Heumpanbhbie amomuvl Hememainnos. Haubomee
CHUJIHBIMU OKHCJIUTEISIMU SIBJITFOTCSI aTOMBI 3JIEMEHTOB TUIaBHBIX noarpynn VI u VI

rpym;

6) amomabal JIeMEHRMoe6 6 I’lpO]l/le.?fC_)/WlO’{HOIZ NOJIOHCUMEIbHOU cmenernu

OKUCJIeHUA,

B) aniombul dJleMernmos 6 gvicuiell NOJIOHCUMENbHOU cmenenu OKUcC

JIEHUAL.

Jlyst cocTaBlieHUs YpaBHEHUN Peakiiidi OKUCIECHUS-BOCCTAHOBJICHUSI HEOOXO0IUMO
3HaTh (POPMYJIBI BEUIECTB, YUYACTBYIOIIUX U MOJYUYAIOIIUXCS B PE3YJIHTATE PEAKIIUH.

[IponykThl peakuuu OOBIYHO HAXOIAT HA OCHOBAaHMM JAHHBIX ombiTa. B psne
CIIy4aeB MOKHO IpEAyrajaarb, KakuMe BELIECTBa IMOJy4aTcsi B PE3yJbTaTe PEeakiuy,
HCXOAs W3 H3YYCHHBIX paHEE CBOMCTB pEarupyromux BemecTtB. Eciam peaxknus
MPOTEKaeT B PacTBOpE, B HEM MOXKET MPUHUMATh ydyacTue Boja. Bompoc 06 yuactuu
BOJIbl B PEAKIIMHU OOBIYHO BBISICHSIETCS] IPU COCTABICHUU YPABHEHUS PEAKIIUU.

[IpumeHstoT 1Ba METOIAa COCTaBJIEHUS YPAaBHEHUW PEaKUUA OKHUCIICHHUS-
BOCCTAHOBJICHUS: METOJ] AJICKTPOHHOTO OajaHCca W METOJI MOHHO-AJICKTPOHHBIN. B
OCHOBE O0OOMX METOJOB JIKUT TIOJOXKEHHE O TOM, YTO B OKHCIUTEJIbHO-
BOCCTAHOBUTENBHBIX  MpoIeccax oOllee YHuCIO  3JIEKTPOHOB,  OTAABAEMBIX
BOCCTAHOBUTENEM (MM OTTSHYTBIX OT HEro), paBHO OOIIEMY YHCIY AJIEKTPOHOB,
MPUCOEANHSAEMbBIX OKUCIIUTENIEM (WA MPUTSHYTHIX K HEMY).



Jlnis ynoOcTBa mpU COCTABJICHUN YPAaBHEHUU OKUCIUTEIHbHO-BOCCTAHOBHUTEIBHBIX
peaKuui IPUHUMAIOT, YTO IPOUCXOAUT HE OTTSKKA, a IPUEM U OTJaya JICKTPOHOB.

B mMerone snexTpoHHOro GanaHca MOJCYET YUCHIA MPUCOSAUHICMBIX U TEPSIEMBIX
AJIEKTPOHOB MPOU3BOAUTCA HA OCHOBAHUM CPABHEHMSI BEJIMUUH CTEIIEHEH OKHCICHHUS
aTOMOB 3JIEMEHTOB JI0 U TOCJIE PEAKIIHH.

Pealcmm OKHC/ICHUA-BOCCTAHOBJICHUA MOKHO II0Jpa3a€e/iuTb HA TPHA I'PYIIILBI.
1. PG&KHI/II/I MCKATOMHOI'O HJIM MCKMOJICKYJEIPHOTO OKHCIICHUA-BOCCTAHOBJICHHA.
CI-OI[a OTHOCAT TAKHUC PCAKIIUHU, B KOTOPBIX ooMeH QJICKTPpOHAMM IIPOUCXOOUT MCIKOAY
pa3iIndHbIMU aTOMaMH, MOJICKYJIaMH WK HOHAMH, HAIIPUMCP:

2Ca +0,=2Ca0
H, + C1,=2HC1

2. Peakuu caMOOKHCIIEHUSA-CAMOBOCCTAHOBJICHUS (IUCIIPOIIOPIIMOHUPOBaHNs). B
3TOM CJIy4ae OJHH U T€ K€ aTOMBbI, MOJIEKYJIBI WJIM HOHBI UTPAIOT POJIb U OKUCIIUTEIS,
1 BoccTaHoBuTeNs. Hanpumep, npu peakunn

NaClO=NaCl + NaC104

M3MEHSAETCsl CTENEeHb OKMCIEHUs IHIIb y xjopa. Oueuano, atomel C1* u3 Monekyn
NaClO 6ynyT u oTnaBaTh, ¥ IPUHUMATH IEKTPOHBIL:

Cl* —4e=CI"
Cl™ +2e=Cl"

W3 mpuBeIeHHOH cXeMbl BUIHO, 4To oauH aToM C1* SBIIseTcss BOCCTaHOBHTETEM,
a JIBa IpyTruX aroma C1’ BBICTYNAIOT B posik okucauTeneil. CiaegoBaTeabHO, BCETO B
AJIEMEHTAPHOM OKHCIUTEIbHO-BOCCTAHOBUTEILHOM MPOLIECCe MPUHUMAIOT y4dacTHe
tpu atoma C1 * | uto coorserctByer Tpem monekyaam NaClO. B urtore ypaBHeHue
OyJleT UMETh CICAYIOIINI BU/I;

3NaClO=2NaCl + NaC103

3. Peakiuu BHYTPUMOJIEKYJISIPHOTO OKHUCJICHHS-BOCCTaHOBIEeHUs. Cro/la OTHOCST
peakiuu, B KOTOPBIX MEPEXO AJICKTPOHOB MPOHMCXOIUT BHYTPH OJHOW M TOH Ke
MoJieKybl. Hanmpumep, npu peakiuu KC105;=KCI1 +0O,



+5 -
atoM Cl ~-okucauTenb-npuoOpesn MecTh MEKTPOHOB U mpespatwica B uoH Cl7, a
-2
BOCCTaHOBUTENb-aTOM  O™“-oTma;m  gBa  DJIGKTpOHA W IIpeBpaTwicid B
IIEKTPOHEUTPANIBHBINA aTOM KHCIOPOAA:

C1™+ 6e=CI
02 -2e=0°

Moekyna KHCIOpoJa COIASPKHT JBa aToMa, CIEIOBATEIbHO, KOAD(PHUITMEHTHI
HaJI0 Y/IBOMTH: C1"®+ 6e=CI’ 207 -4e'=20"°

[Tocne paccranoBku ko3 durmentos nomydaem: 2KC103=2KC1 + 30,

Bausinue cpeabl Ha TeyeHHE PEAKUMH OKHCJICHUSA-BOCCTAHOBJIEHHMs. Bo
MHOTHX CJIy4asgX OKHCIHUTEIbHO-BOCCTAHOBUTEIbHBIE PpEAKIIMU TPOTEKAIOT B
ONPEAECICHHON CpeJle: HEUTPAIbHOM, KWCIOW WM IIEJIOYHOW. KUCIOTH M mienouun
pPacXoyrOTCs IPU 3TOM Ha 00pa30BaHUE COJIEH U BOABI.

B obwem cryuae nosviutenue cmenenu OKUCIEHUSI AMOMO8 MEMAlI08 NPOUCXOOUM
npeuMywecmeeHHo 8 WeNoYHOl cpede, a NOHUJICeHUe CMeneHu OKUCIEHUS UX-8
KUCJ0t cpeoe.

I/IHOFI[a KHCJIOTA BBICTYIIACT U B KAYCCTBEC OKHUCIIUTCIIA (I/IJ'II/I BOCCTaHOBI/ITCHH), B
Kad€CTBC COHCO6paSOBaT€HH.

Yucio MoJIeKyJl KHCIOTBI B peakuuu OyAeT claraTbCsi M3 4YHUCia MOJEKYI
KUCJIOTBI, 3aTpPaueHHOM Ha  OKHUCJIeHUE (BOCCTAaHOBJICHUE), U  KHUCJOTHI,
M3PACXOJ0OBAaHHOM Ha cojieoOpa3zoBaHue. B CBSI3M ¢ 3TUM B METOJAMKY COCTaBJICHUS
ypaBHEHUH TOHKHBI OBITh BHECEHBI HEKOTOPHIC JOOABICHUS.

Xona 1aboparopun

a) Haneiite B mpoOupky pacTBOp MOAuAa Kayiusi, OJKUCIUTE €ro CEpPHOU
KHUCJIOTOM 1 J00aBbTE€ HEMHOTO MEPOKCH A BOIOpoAa. Peakiys mpoTekaer mo cxeme:
KJ +H202 + HZSO4 — Jz + KzSO4 + HzO
Yro nabmogaercs? Kakyro QpyHKIHIO BBIIOJHAET NEPOKCH]] BOJOPOIA B ITOU
peakiuu? Hanuimre ypaBHEeHHE peaklui, COCTaBUB CXEMY 3JIEKTPOHHOr0 OajaHca.
YKaxuTe MpOLECChl OKUCIECHNS U BOCCTAHOBJIEHUS, OKUCIIUTEND U BOCCTAHOBUTEIIb.
B)  Hanelite B nmpoOupKy pacTBOp NEepMaHraHata Kajusi, MOJKHUCIUTE €ro
CEpHOM KHUCIOTOW W 100aBbTe MEpokcua Bojopoaa. Kak mensiercs user pactBopa?
Kak n3MeHnIachy CTeneHb OKUCIECHUs aToMa MapraHua? Kakue cBOMCTBa MpOSBISIET
MIEPOKCH]T BOJIOPO/Ia B 3TOW peaKuu’?



Peakuums nportekaer 1o cxeme:
KMnQO, +H,0, + H,SO, — MnSO, + K,SO, + O,

Hanummre ypaBHEHHME peaklMM, COCTaBMB CXEMY JJIEKTPOHHOro OaiaHca.
VYKaxxuTe NMpoueccsl OKACIEHUS U BOCCTAaHOBIJICHMSI, OKMCIIUTEb U BOCCTAHOBUTEIID.

Ilpumeuanue: B psne BEIIETIPUBENCHHBIX OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peakumii u3MeHseTcs IBET pacTBopa. 110 n3MeHeHu o 1BeTa pacTBOpa MOKHO CYIUTh
O NPOAYKTaxX OKHCIICHHS-BOCCTAHOBIICHHUS, €CIM 3HAThb LBETA COOTBETCTBYIOLIUX
HMOHOB.

I[BeT KAaTHOHOB IIBeT aHMOHOB
cu** ["omy6oii CrO,~ KEITBIN
crt 3eNeHBIN Cr,0;~ OpaHKEBBIN
Mn?* BecnBeTHbIN MnO, (bHOIETOBBIN

Konmponsnovie éonpocut
1. Cchopmynupytime nonsmue okucaiumensi u 60CCMAHOBUMESL, UCXOO5L
U3 cmenemel OKUCIeHUSA D1eMeHMOs.
2. Kakue u3z cneoyowux sewpecms. Cly,, KMnO,, Na,S, FeSO,4, NaNO,,
KJ, PbO,, KBr, Na,SO3, K,CrO4 — mocym nposisisime moabvko OKUCIUmMe b-
Hble CEOUICMBA, KaKue — MOoJIbKO 60CCMAHOBUMENbHbIE C6OUCEA, KAKUE —KAK

OKUCJAUumebHble, maK U 60CCmaHoeumelbHble ceolicmea?



JIABOPATOPHAS PABOTA Ne 6
XUMHUYECKHUE CBOMCTBA METAJLJIOB
meopemu4ecKuil 4acmo

Ecnu B mnepuommyeckoin Tabnuie siemeHtoB J[.M.MenneneeBa mnpoBecTu
JUaroHajgb OT OCPUIUTHS K acTary, TO CJIeBa BHHU3Y 110 THArOHAINA OYIyT HaXOIUTHCS
AIIEMEHTBI-METAJUTBI (K HUM K€ OTHOCSITCS DJIEMEHTHI MIOOOYHBIX MOATPYII ), a CIIpaBa
BBEPXY — DJIEMEHTHI-HEMETAJUTBI. DJIEMEHTHI, PACIIONIOKEHHBIC BOIM3HM TUAroHamu (
Be, Al, Ti, Ge,Nb, Sb u ap.), 06;1a1a10T TBOWCTBEHHBIM XapaKTEPOM.

K snemenTtam - meramiam oTHocsTcs s - 3neMenThl | u Il rpynm, Bce d - u f -
AJIEMEHTHI, a TAKXKe P - JIeMeHThI M1aBHbIX nmoarpyni: 111 (kpome 6opa), IV ( Ge, Sn,
Pb), V (Sb, Bi) u VI (Po). HauGosiee TUIIMUHBIE 3JIEMEHTHI — METAJIIbI PACTIOJIOKEHBI
B HayaJie Mepruoi0B (HaYMHasi CO BTOPOTO).

Bcee MHOTo00pasue Croco0oB MOJTYYCHUS METaJJIOB MOKHO
KJ1accu(uImpoBaTh CIEAYIOIIUM obOpazom: MAPOMETAJUTYPrUYECKHE,
THAPOMETAILTYPTUYECKUE U JIEKTPOMETAIUTYPTUUECKHE MPOIIECCHI.

Iupomerasryprudeckue meroasl. [lupomeramnyprus (OT rped. pyr-orous u
Merannyprus COBOKYITHOCTb METAJUTYPTHUECKUX IIPOLIECCOB, NPOTEKAIOIIMX IIPU
BBICOKMX TemrepaTypax. llupomeTamiayprus-ocHOBHas U crapeilmias o0jacTb
Metasyprun. C apeBHHX BpeMEH 10 KOHIA 19 B. NpOW3BOACTBO METAJIOB
0a31pOBaAIOCh OYTH UCKIIIOUNTENBHO HA MUPOMETAJUTYPTUYECKUX ITPOLIECCaX.

[TupomeTamypru4eckuM crocoOOM MOJIy4aroT OCHOBHYIO YaCTh M€Y, CBUHIIA,
HUKEJI, TATaHA U IPYTUX BaXXHEHIITNX METAJIOB.

CpaBHI/ITeJIBHO MaJIO aKTHBHBIC MCT&J’IJ’IBI()KCJICSO, OWHK, CBUHCI, MCIb U ,Z[p)
IOJy4ar0oT M3 OKCHIOB BOCCTAHOBJICHUCM YIJICPOIOM. B »sTom ci1yda€ MCTOA



Ha3bIBaeTcs kapborepmueil. Ocoboe 3HaUeHHE KapOOTepMUsl UMEET ISl MOJIydeHUs
CILJIABOB HAa OCHOBE jkKele3a (Y4yryHa U crajien).

SnO, + C=5n+2CO
ZnO + CO =Zn + CO,

B kauecTBe BOCCTaHOBUTENEH B MUPOMETAITYPIUU MCMOJIb3YIOTCI HEKOTOPHIE
MeTautbl. BoccTaHOBIEHHME METAIOB W3 WX COCOWHEHWN Oojiee aKTHUBHBIMH
METaJUIAMU Ha3bIBACTCS METAUIOTEPMUEH. B KauecTBe MeTannoB-BOCCTAHOBUTEIICH
MIPUMEHSAIOTCSI MATHUM, KaJbLIMH, ATFIOMUHUN U Jp., JAHHBIE PEAKIUHA TPOTEKAIOT MPHU
BBICOKMX TeMIieparypax. Ecium B KauecTBe MeTallla-BOCCTAHOBUTENS IMPUMEHSAETCS
MOPOIIKOOOpa3HbIN AIIOMUHUMN, TOrJAa TMPOIECC HA3bIBACTCS ATIOMUHOTEPMHUEH.
TakuMcoco60M MOTy4aroT MapraHell, XPoM:

3Mn,0, + 8Al = IMn + 4AL,0; + Q
Cr,05 + 2Al = A|203 + 2Cr

HexoTopbie MeTajIbl MOJYyYarOT METATIOTEPMUYECKUM BOCCTAHOBJICHUEM XJIOPUIOB
MeTaioB. Hampumep, TUTaH MoJiy4alOT TJIaBHBIM 0Opa3oM BOCCTaHOBJIEHHUEM €ro
TETPaxJopHuIa MarHueM(METaIIIOTCPMHUSI):

TiCls + 2Mg = Ti + 2MgCl,
Zrl,=2Zr + 21,
Ni(CO), = Ni +4CO
2Gel, = Gel, + Ge

JIyst monmy4yeHrs HeKOTPBIX METaIoB, HApUMep BoJbdpama, MoIuOaeHa, KOOaIbTa,
JKeses3a u JIp., B Ka4eCTBE BOCCTAHOBUTEIS HCTIOIB3YETCSI BOJOPOI:

MoO; + 3H, = Mo + 3H,0
W03 + 3H2 =W+ 3H20

I'mppomMerasnypruuyeckuidi mMeroa. B rugpomeTtamsiypruv BOCCTaHOBJIEHUE
METAJIOB M3 pPyA OCYLIECTBIsIETCd 0€3 IPUMEHEHHS BBICOKHMX TEMIEPATYP.
I'mapomerannyprust (0T [ uopo... 1 Meramnyprus) U3BJICYCHUE METAJUIOB U3 PYI,
KOHIIEHTPATOB U OTXOJOB pAa3JIMYHBIX IPOU3BOJACTB BOJHBIMU pPacTBOpaMU
XUMHUYECKUX PEArcHTOB C MOCICAYIOIIMM BBIICICHUEM METAII0B U3 PacTBOPOB.



JlaHHBI METOJ 3aKJIIOYAETCSl B U3BJICUCHUU METAIOB M3 PYAbl C UCIOJIb30BAHUEM
XUMHUYECKUX peaknui. [uapoMeTauypruueckuid  MeToj  NpPUMEHSeTCS IS
W3BJICUCHUS METAUVIOB M3 CBIPhS C HHU3KUM COJIEp)KaHMEM MeTallla U He
Mo/1aroIerocs nepepadboTke APYyruMu METOIaMH.

K  1OCTOMHCTBOM THAPOMETAUIypTUA OTHOCUTCA TaKKe€ BO3MOXKHOCTh
paszneneHusi OMU3KUX TIO CBOMCTBAM METAIOB(LIMPKOHMS W radHUs, HUOOUA U
TaHTaja, CMECEN pEKO3EMENIbHBIX METAIIJIOB).

[IpuMeHeHHs TUAPOMETAIIYPIrMYECKUX METOJOB BO MHOTHUX  Cilydasx
CYLIECTBEHHO CHU)KAET 3arpsi3HEHUS OKpY KaroIlel cpe/ibl BpeIHBIMHU OTX0AaMHU. Tak,
Bce Oousblliee 3HA4YEHHE MpUOOpeTaeT TmpsMas MmepepadoTKa  CyJab(HIHBIX
KOHLIEHTPaTOB MEJIH, HUKEJI, IMHKA, CBUHIIA U JIp. 0e3 00xura (00KUTr NpUBOJUT K
BeiicieHn0 SO,, KOTOPBIA MpU BeIOpOce B arMocdepy 3arpsA3HIET OKPYKAIOIIYIO
cpeny). Cu,S + 20, = 2Cu0 + SO,

CuO + H,S0O, = CuSO, + H,0
CuSO, + Fe = Cu + FeSO,
2K[AU(CN),] + Zn = K,[Zn(CN),4] + 2Au

[Ipy rugpoMeTaiulyprudeckux MeTOJax METaJUl, BXOIAIIMN B COCTaB PYIBI,
IIEPEBOAAT B BOAHBIM PACTBOP MNOAXOISAIIMM PEAreHTOM, a 3aTEM C IOMOLIBIO TOM WJIN
MHOW XUMUYECKON PEAKIIMH U3BJIEKAIOT METAJUI U3 3TOTO PacTBoOpa.

[MunpomeTanmyprudeckuii MeTOo ] IPUMEHSIOT JIJIs TIOJy4YeHus cepedpa, 30J10Ta,
IJIATUHOBBIX METAJUIOB, PaJMOAKTUBHBIX METAUIOB(YpaH, TOPHil), MHOTUX PEAKUX
METAJIJIOB U HEKOTOPBIX IIBETHBIX METAJIOB( M€Jlb, HUKEJIh, KOOAIBLT, OJIOBO U JP.).

DJIEKTPOMETALIIYPrudecKre MeToAbl — 5TO TIOJYYCHUE METAJJIOB C TIOMOIIIHO
AIIEKTPOJIN3a U3 PACTBOPOB WIIM U3 PACIJIaBOB COCIMHEHUI METAJIIOB.

Xoa paéoTbi

a) B mpoOupKky Ha KOHYMKE IITaTeNIsi BHECUTE JKeJIe3HbIe ONUJIKU U J00aBbTE 3-
5 kamenb XJOpHOHM BOMBI (pacTBOp XJiopa B Bojie) BerpsixHuTe mpoOMpKy U manTe
U30BITKY JKeje3a OTCToAThCsA. CledTe XKHUAKOCTh C OCajka U J100aBbT€ HECKOJIBKO
Karemb pactBopa mienoud. [lo nBety oO6pa3oBaBiIerocs ocajgka yCTaHOBUTE CTETIECHb
OKHCJIEHHS JKeJie3a B IOJyYEHHOM THAPOKCHU/IE.

Cnenyer umerp B BUIy, 4TO Tuapokcupa sxene3a (II) mmeer 3eneHoBaTyro
OKpacky, a ruapokcu xkenesa (II1) — 6ypyro. Hanummmre ypaBHeHus peakiuii:



B3aUMOJICHCTBHS JKeJle3a C BOJHBIM PacTBOPOM XJIOpPa;

B3aUMOJEHCTBUS MTOJYYEHHON COJM C PACTBOPOM IIEJIOYH.

06) Heckoyibko KyCOUYKOB MEIHOM CTPYKKU UITU MEIHOU MyApbl TOMECTUTE B
npoOUpPKy M (OCTOPOKHO! ONBIT MIPOBOJMUTCS B BBITSDKHOM MmiKady!) moOaBbTe
HECKOJIbKO Karesib KOHIEHTPUPOBAHHOIO pacTBOpa a30THOW KucinoTel. OOpaTute,
BHUMAaHHE Ha LBET BBIJCISIONIETOCS ra3a U U3MEHEHHUE LBETa pacTBopa. Hamummre
YPaBHEHUE PEAKLIUH.

B) B npobupky c pactBopom comu menu (II) momecture 3auyuiieHHBIN
HaXJIa4HOM Oymaroi »keje3Hbld rBo3Jb. Yepe3 HECKOIbKO MUHYT MOKHO OTMETHUTH
BBITECHEHUE MEOUM M3 pacTBopa ee coud. Kakoil BbBIBOJA MOXHO cIenaTh O
CPABHUTEIBHOW BOCCTAHOBUTEIBHOM aKTUBHOCTH KeJie3a U MeJIn?

Hanummre ypaBHEHME peakyu.

[Tonp3ysach COOTBETCTBYIOIIEH TaONuUIECH, 3alUIIMTEe 3HAYEHUS BEIUYUH
CTaHJAPTHBIX DJIEKTPOAHBIX TOTeHIManoB s menu EO(Cut2/Cu) u xenesa
EO(Fe+2/Fe). Kakue BbIBOJIbI MOXHO CZEJIaTh, UCXO/sI U3 MOJO0KEHHUS METAJLIA B PAIY
CTaHJAPTHBIX JEKTPOJHBIX MOTEHIIMAIOB METAIIIOB?

r) B npobupky Hanerite 3-5 kanenb pactBopa cyibdara meau. Kakyro peakiuio
Cpelpl MMEET BOJAHBIA pacTBOp 3Toro BemectBa? [loOaBbTe B pacTBOp TIpaHyLy
METaJUINYECKOro NUHKA. Yepes 2-3 MUHYTHI MOKHO 3aMETUTh Ha TOBEPXHOCTH LIUHKA
BBIJICJICHHE M€Y U IIy3bIPHKOB BOJIOPOJA.

Hanummure ypaBHeHUs peakiuii: B3auMOACUCTBUS Cyb(daTa MeIu ¢ IIUHKOM,
rUaposin3a cyib(ata MeId M B3aUMOJEWCTBHE LMHKA C OJHUM M3 MPOAYKTOB
TUIPOJIN3A.

Konmponsnwie éonpocot
. Kaxue enewnue usmenenuss 0yoym HaOM00amvcs, eciu 6 mpu NpooOUpKu ¢

pacmeopom MeOHO020 Kynopoca e6Hecmu CcoomeemcmeeHHO HebonbuLUe Kyco4Ku

MemayludecKoco AlioMUurusA, ceurHyd, C€p€6p(1?

Veenuuyumcs, ymewvwiumcs uiu ocmavemcs 0e3 UBMEHEHUs MAacca YUHKOBOU
naacmuHku npu ezaumoodeticmseuu ee ¢ pacmeopamu: a) CuSQO, 6) MgSO, 8)
Pb(NO3),; 2) AgNOs; 0) NiSOs, e) BaCly? Ilowemy? Cocmagbme siekmponHble U

MONEKYIAPHbLE YPAGHEHUSA COOMBEMCMEYIOUWUX PEaKYUl.

o 2+ 3
. Hpu Kaxkou KoHyeHmmpayuu UuOHO8 /n (MOJZb/OM) nomeHyual YUHKoO68020 aﬂekmpoda

o6yoem na 0,015 B menvuie e2co cmanoapmuoco 21eKmpooH020 NomeHyuana?



JIABOPATOPHAS PABOTA Ne7

CHOCOBBI TIPEJOTBPALHIEHUSA KOPPO3UA METAJIJIOB.
IJIEKTPOJIN3

meopemuuecKkasn uacmo

Buowt  koppo3uonnwvix  paspywenuin. Kopposus, 3axBaTuBIIAS  BCHO
MOBEPXHOCTh MeETallJla, Ha3bIBaeTCA CIUIOMIHON. EE aensT Ha paBHOMEpPHYIO U
HEPABHOMEPHYIO B 3aBUCHMOCTH OT TOTO, OJMHAKOBA JIM TIyOMHA KOPPO3HMOHHOTO



pa3pylieHus Ha pa3HbIX ydacTkax. [Ipu MecTHON KOppo3uu MopakeHus JOKaJIbHbI U
OCTaBJISIIOT TMPAKTUYECKH HE3aTPOHYTOM 3HAUYUTENbHYIO0 (MHOT/IA TOJABIISIONIYIO)
4acTh IMOBEPXHOCTU. B 3aBUCMMOCTM OT CTENEHW JIOKAJIM3alUU Pa3IUyaroT
KOPPO3HOHHBIE TSATHA, A3BbI U TOYKHU (MUTTUHT). TodyeuHble MOpaKkeHUs MOTYT JaTh
Ha4yaJlo MOJIMOBEPXHOCTHON KOPPO3UH. PAaCPOCTPAHSAIOMICHCS B CTOPOHBI O]l OYEHb
TOHKUM (HampuUMeEp, HAKJIEMaHHBIM) CIIOEM MeETajula, KOTOPBIM 3aTeM B3IyBaeTCs
ny3pIipsiMi - Wi wenymurcs. HauOonee omacHele BUABI MECTHOM KOPPO3UU-
MEKKPUCTAJUIUTHAS. (MHTEPKPUCTAIUIUTHAS), KOTOpasi, HE paspyliasi 3¢peH MeTalia,
MPOJIBUTaeTCsl BriayOb MO UX MEHEe CTOWKUM TpaHUllaM, U TPAHCKPUCTAJUIUTHAS,
paccekaronias MeTajul TPEeIUHOW NpsAMO yepe3 3€pHa. [loutn He ocTaBisisi BUIMMBIX
CJIEOB HA IOBEPXHOCTH, 3TU MOPAXKEHHUS MOTYT MPHUBOAHWTH K IIOJHOM MOTEpE
MPOYHOCTH U PA3pyIICHUIO JCTAIM WIM KOHCTPYKIMH. biiM3ka K HUM IO XapakTepy
HOXKEBasi KOPPO3Hsl, CIOBHO HOKOM pa3pe3arollas METal BAOJIb CBAPHOIO IIBAa MpPH
AKCIUTyaTalliM HEKOTOPBIX CIUIAaBOB B 0CO00 arpeccuBHBIX pacTtBopax. HMHoraa
CIIEIUAJIBHO BBIACISIOT MOBEPXHOCTHYIO HUTEBUAHYIO KOPPO3HIO, Pa3BUBAIOIIYIOCS,
HaIpuMep, Mo HEMETAIUTMYECKUMU MOKPBITUSIMH, U TMIOCIONHYIO0 KOPPO3HIO, UAYIIYIO
MPEUMYIIIECTBEHHO B HAMpaBlIeHUU TutacTuueckoi jaedopmanuu. Crnenuduana
n30upaTenbHas KOPpo3usi, MPU KOTOPOH B CIJIABE MOTYT U30UPATEIHLHO PACTBOPSTHCS
JaXxe OTJEIbHbIE KOMIIOHEHTHI TBEPJBIX PAcTBOPOB (Hampumep, OOECIMHKOBAHHUE
JaTyHen).

Xumuueckaa u Inekmpoxumuyueckaa Koppos3ua. Kopposua aensemca
XUMUYECKOU, €CIU TIOClie pas3pblBa METAUIMYECKOH CBSA3M aTOMbl MeTajula
HETMOCPEICTBEHHO COCAMHSIOTCS XUMHYECKOW CBSI3bI0 C TEMH aTroMamMu WM
rpylNImaMu aToMOB, KOTOPBIE BXOIAT B COCTaB OKHWCIHMTENEH, OTHUMAIOIINX
BaJICHTHBIC DJJICKTPOHBI MeTayia. XHUMHUYECKas KOpPpO3usi BO3MOXKHA B JIHOOOMH
KOPPO3MOHHOM cpeJie, OJIHAKO Yallle BCEro OHa HaOJI0JaeTcsl B TE€X CiIydasX, KOrjaa
KOPpPO3MOHHAsA Cpella HEe SBIAETCA DJIEKTPOJUTOM (Tra3oBasi KOPPO3Hsi, KOPPO3Hs B
HERJIEKTPONIPOBOJHBIX OPTaHUYECKUX KHUAKOCTAX). CkopocTh €€ yalie BCero
ompenensercs auddy3uerd 4acTUI] MeTaula U OKUCIUTENs 4Yepe3 MOBEPXHOCTHYIO
IUIEHKY TPOAYKTOB KOPPO3UHM (BBICOKOTEMIIEPATYPHOE OKHCICHHE OOJBITMHCTBA
METAJIJIOB Ta3aMH), WHOTAA-PACTBOPEHUEM WM HWCIAPEHHEM JSTOW TUIEHKU
(BeicokOTeMIiepaTypHoe okucienne W unm Mo), e€ pactpeckuBaHueM (OKHCIEHUE
Nb mpu BBICOKHX TeMmmepaTypax) U U3pelKa-KOHBEKTUBHOW TOCTABKON OKHCIUTEIS
U3 BHELIHEH cpeabl (MIPU OYeHb MAJBIX €r0 KOHLIEHTPALIHAX ).



DJIEKTPOXMMHYECKAsi KOpPpPo3us — Hauboyiee pPACIPOCTPAHCHHBIA BHUJT
KOPpPO3UH METAJJIOB, 3TO pa3pylleHUE MeTayla B Cpele DJIEKTPOJIUTa C
BO3HUKHOBEHUEM BHYTPH CHUCTEMBI SJIEKTPUUECKOTO TOKa. [[puMepoM KOppO3HOHHBIX
MIPOLIECCOB JIEKTPOXUMHUUCKOTO XapaKTepa SIBISECTCS pa3pylICHUE AeTalleld MAllluH U
Pa3IMYHBIX METAUINYECKUX KOHCTPYKIMUA B ITOYBEHHBIX, T'PYHTOBBIX, PEYHBIX H
MOPCKHUX BOJaX, BO BIAKHON atMoc(hepe, B TEXHHUECKUX pacTBOpax, Mo JeHCTBUEM
CMa304HO-OXJIAKIAIOIINX KUJKOCTEH, TPUMEHSIEMBIX MIPU MEXaHUYECKOU 00paboTKe
METAJJIOB U T. 1. [IpUUMHON 3JIEKTPOXUMHYECKON KOPPO3HUM SBIISIETCS 0Opa3oBaHUE
Ha TIOBEPXHOCTHM MeTauia OOJBIIOr0 KOJWYECTBA MHUKPOTAIbBAHUYECKUX Tap,
KOTOpBIE€ BO3HUKAIOT I10 CJICAYIOLIUM IPUYUHAM:

1. Hajmume mnpumeceld METAUIOB WM JPYTHX BEIIECTB, OTJIMYAIOIIMXCS IO
AKTUBHOCTH OT OCHOBHOTO MeTaJljIa.
2. CTpyKTypHasi HEOTHOPOTHOCTh MMOBEPXHOCTH MeTallla, YTO OMpEACIIsIeT HaTuIne
YYaCTKOB C pa3HON aKTUBHOCTBIO.
3. HepaBHOMEpHOCTH pacrpeneneHus AedopMaIiuii B MeTalljIe TIOCIe TEPMUUECKON 1
MEXaHU4eCKOil 00paboTKH U JIp.

[Tpu 37CKTPOXMMHYECKON KOPPO3MH Ha MOBEPXHOCTH METajlla OJJHOBPEMEHHO
MPOTEKAIOT JBa Ipoliecca:

* AHOJIHBII — OKHCIIeHUe MeTasuia; Me — né = Me™

* KaTOJIHBIN — BOCCTAHOBJICHHE HOHOB BOJOPO/Ia B KUCIION CpeJie:

2H" + 2¢ = H, unu MoseKkyn KUCIOpoJa, PacTBOPEHHOTO B BOJE, B ClIydae

aTMoc(epHON KOPPO3UU:
2H20 + 02 +4&=40H .

WNoubl uiu MOEeKyIbl, KOTOPble BOCCTAHABIMBAIOTCS HA KaTOJE, HA3bIBAIOTCS
oenonsapuzamopamu. Ilpu aTMocpepHON KOPPO3UN — KOPPO3UH BO BIIAXKHOM BO3/1yX€
MIpU KOMHATHOM TeMIepaType — ACHOJIIpU3aTOPOM SBIISIETCA KUCIOPOSI.

Xoa padoTsI

1. 3asucumocmo koppozuu om pH cpeowt

B nats npobupok HanenTe no 2-3 Ml CIeIyIOIUX pacTBOPOB:
1) B mepByto — xsopuaa Hatpus (pH 7);
2) BO BTOpYIO — XJjopuaa Hatpus u jaBe kariu 2M pactBopa NaOH (pH
12);
3) B TPEThIO — MIUCTHJUITMPOBAHHOW BOJIBI U 2 Karm 1M cepHOi
kuciotsl (pH 2);
4) B 4eTBEPTYIO — NIUCTHILIHPOBaHHOM BoabI (pH 5);
5) B ATYI0 — BOJONIPOBOAHOM BOJIBI.



Bo Bce npobupku no6aBbTe 1o 2 karumu pactBopa K3[Fe(CN)6]
U OIIYCTHUTE B KaXKIYIO JKEJIE€3HBII I'BO3/Ib.

OTMeuaiiTe  MMOCIENOBATENLHOCTh  IOSBICHHS  CHHETO  OKpaIldBAHFS
TYpHOYIIEBOM CHHH B ITPOOHMpPKax. Pe3ynbTaTel HAOIIOAEHUH 3aMUIINTE.

2. Koppo3us 6 ycnosuu konmaxma paHplx Memaniioe

a) B nBe mpoOupku Haneilte mo 2-3 mMa 2M pacTBopa COJISHOW KHCIOTHI U
BHECHTE I10 OJTHOM rpanyJie nuHka. HaOmroaiite BbI€IEHHE ra3a B MPOOHpKaXx.

0) B omHy m3 mpoOMpOK BBEIUTE METHYIO MPOBOJIOKY, HE KacasCh KyCOYKa
1uHKa. B3anMoaeicTByeT u Meab ¢ KUCTIOTON?

B) [IpuBenTe METHYIO TPOBOJIOKY B COITPHUKOCHOBEHUE C IIMHKOM.
Kak wu3Menmmace ckopocth peakiuu? OOpaTuTe BHUMaHHE Ha HaKOIUICHHE
y3bIPbKOB T'a3a Ha MOBEPXHOCTH MEIHON MNpPOBOJNIOKH. OOBACHHUTE HAOIIOJAEMbIE
SIBJICHUSL.

3. Koppo3us 6 cpede snekmpoauma
Haneiite B mpobupky 2 mu 2M pacTBOpa COJISTHOW KHUCIIOTHI U OITYCTUTE B Heé
ATIOMUHUEBYIO TpoBoJIouky. Unér peakmus? Jlo6aBbTe B MpoOMPKY HEOOIBIIOE
KOJIMYECTBO KPUCTAIUTMYECKOTO XJIOpUJIa HATpusA. 3anuiuTte HaOmoaeHus. Crenaiite
BBIBO/I O BJIUSIHUM CTUMYJISITOpAa KOPPO3UH HA CKOPOCTH Mpoliecca.

4. Koppo3us oyuHK06aHH020 U 1Y)HCEHO20 dHcene3a
B nBe mpoOupku HaneiTe mo 4-5 M1 AUCTUUIUPOBAHHOM BOJIBI, 10
0aBbTE B Kaxayro 1o 3 karum 1M pacTBopa cepHOM KUCIOTHI U MO 2 KaIlju KpacHOU
kpoBsinoii conu K3[Fe(CN)6]. Hanecute ckaibliejieM IapanuHbl Ha IUIACTHHKAX
OLIMHKOBAaHHOTO M JIy’)KEHOr'0 >Kejie3a M MOMECTUTE MX B pa3Hble mpoOupku. Uepes
HECKOJIbKO MHUHYT HaONoaliTe TOSBICHUE CHHETO OKpAalllMBaHHS B OJIHOM U3
poOUpoK (B Kakon?)

5. Ilaccueayus ynceneza
3auncTUTe HAXKIAYHON OyMaroi 2 >KeJIe3HbIX TBO3/S M OJIMH U3 HUX MTOMECTUTE
HAa 5 MHUHYT B MOPOOMPKY C KOHIICHTPUPOBAHHOM a30THOM kucioroil. [lpomoiite
T'BO3/IM BOJIOM M OMYCTUTE MX B CTAKaH C pa30aBICHHOW cepHOU KucaoTol. CpaBHHUTE
WHTEHCUBHOCTD BBIJICJICHUSI Ta3a B 000X CIydasX.

6. Inexkmponuz pacmeopa cynrvpama meou(Il).
a) B anextponuszep HaneiTe pacTBOp cyib(daTa Meau ¢ MOJIIPHOM KOHIIEHTparuei 1
MOJIb/JI, OITYCTUTE YTOJbHBIE DJIEKTPOJIBI M MPOMYyCKaTe TOK B TeueHue 5—10 MUHYT.
[Touemy Ha kaToAe MOSBIAETCA KpacHbd Haner? YUto mpoucxoaut Ha aHoae? Ha
KaKOM 3JIEKTPOJIe 00pa3yroTcsl My3bIpbku Ta3a? CocTaBbTe CXEMY AJIEKTPOJIN3a COJH
C UHEPTHBIMU 3JIEKTPOJAAMHU.



0) U3menurte HampaBieHue NnpoTekaHus Toka. [lepexmrounte 37eKTpOAbl: OBIBIINI
KaToJ| CeJIaliTe aHOJIOM, a aHOJ — KaTonoM. CHOBa npomyckaiTe Tok 3—5 MUHYT. UTo
IIPOUCXOJNUT C MEIHBIM HajeToM Ha aHoje? Kakue HM3MeHEHUs IPOUCXOMIT Ha
karone? Hanummre cxeMmy 3J€KTpoIn3a pacTBopa cyibdara MEAU ¢ MEAHBIM aHOJIOM.

[. dnexmponuz 600H020 pacmeopa Xa0puoa Hampus

Haneiite B snextponuzep pactBop coiu NaCl, ormycture yrojabHbie 3JE€KTPOIbI
U BKIIOYMTE TOK. YUepe3 3—-5 MHUHYT OTKIIOYMTE TOK. B KaTomHOE MPOCTPaHCTBO
npwieite 2—3 karum (perondrasenHa, a B aHOIHOE — 4—5 Kamenb pacTBOpa HOauAa
KaJIiA U KpaxMaiabHOro Kieiictepa. Yto Habmonaercs?

OOBbsicHUTE TPOU3OLIEAIINE HM3MEHEHHs] B PAcTBOpE Yy KaToJa M aHOJa.
CocTaBbTE CXEMY BJIEKTPOJIN3A.

Koumponwvnwie gonpocol

1. Kaxoiut yukn pabomsl 2anb8aHUYECK020 2JIeMEHMA NPOUCXOOUM NOO Oelicmeuem
BHEUHe20 UCTOYHUKA IIeKMPULEeCKo20 MOoKa'?
2. Kak nazvlieaemcs Hanpssicenue, npu KOmopom HA4uHaemcs npoyecc 21eKmpoausa?
3. B uem mnpuHyunuanivbHoe paziudue IJIeKmpoIuU3ad pPAacniasos U pacmeopos
INEKMPOIUMOB?
4. Yem ompeoensemcs NopsOOK NpOMEKAOWUX HA INeKmMpooax Npoyeccos npu

anexkmpoauze?

5. Kakue npoyeccol 6yoym umems Mecmo HA Kamooe npu 31eKmpoiuze pacmeopd

CaCl,?



JIABOPATOPHAS PABOTA Ne8
CBOMCTBA OPTAHUYECKHWX BEIIECTB

meopemuueckas uacmosp

Henanr paGoThl: MO3HAKOMUTHCSA C JIAOOPATOPHBIMU CIOCOOAMHU TMOIYYEHUS
HEKOTOPBIX MPEICTABUTEIEH TOMOJIOTMYECKUX PAJOB MPEIEIbHBIX, 3THUJICHOBBIX H
allETWICHOBBIX YIJIEBOJOPOAOB M M3Y4YUTh MX CBOMCTBA. CpaBHUTH PEaKLMOHHYIO
CHIOCOOHOCTH AJIKAHOB, AJIKEHOB U AJIKUHOB.

PeakTuBbI U MaTepuabl: 00E3BOKECHHBIN alleTaT HATPUS, HATPOHHAS U3BECTh
(cMech TOPOIIKOB OKCHJA KaJlbIlUsl C THAPOKCUIOM HaTpus, 3:1); HACHIIEHHBIH
pacTBOp OpoMHOI BOJbI; 1%-HBIN pacTBOp nepMaHraHata Kamus; 5%-HbI pacTBOp
OpoMa B YETBHIPEXXJIOPUCTOM YIJEPOJe; KOHIIEHTPUPOBAHHBIE KHUCIOTHI: COJISHAs,
CepHasi, a30THasl; KOHLUEHTPUPOBAHHBIA PAcTBOp aMMHaka; | H pacTBOp KapOoHarta
Hatpus; 0,2 H pacTBOp HUTpara cepedpa; aMMuauHblid pactBop xiopuna menu (1); 1
%-ubIil ciupTOBOM pacTBOp (eHondranenHa; jJakMycoBass Oymara CUHsSA, MEHTaH
(rekcaH, TeMTaH); >KUAKWAWA HENPEACNIbHBINA YIJIEBOAOPOJ; KEPOCHH; IKUIKUN
alleTUJICHOBBIN yriaeBoA0po 1 ((heHUIANETUIICH); TTIECOK.

OO6opynoBaHMe: CTyTmKa, MECTUK, TA300TBOHASL TPyOKa ¢ MPOOKOM, CTEKIISH-
Has Jonarka, Habop MpoOUPOK B MITATUBE, CIUPTOBKA.

OmnpiT 1. IMosryyeHue W M3y4eHHe CBOWCTB MeTaHa. B cTynke TuiaTesnbHO
pacTUparOT 00€3BOKCHHBIM arleTaT HaTpusi C HATPOHHOW W3BECTHhIO (BECOBOE
cootHomenne 1 :2). Cmech moMemaroT B TPoOUPKY (BBICOTAa cjost 6-8 MMm),
3aKPBIBAOT MPOOKOH C Ta300TBOAHOM TPYOKOM U 3aKPETUISIIOT B TPOOUPKOIEpKaTETIE.



B oany npobupky HamuBaioT 2-3 mi
pacTBopa I€pMaHraHaTa Kalusi H

sporau Koindy MTOAKUACIISIOT 1 -2 KamsMu

|

KOHLICHTPUPOBAHHOMN CEpHOM
KHCJIOTBI, B IPYTYIO MPOOUPKY - 2 MJI
Opomuoit Bonmbl. CMmech B MpOOUpKE

RN |
|

HarpeBaroT B IIJIaMCHU CIITMPTOBKH U

KOHEI] Ta300TBOAHOM TPYOKH OOUYEPETHO BHOCAT B PACTBOPHI IEpMaHTaHaTa KaJIus U
OpoMHoi Bojwl. [Iponyckanue raza mpoBoasaT B teuenue 20-30 c. Ilocne storo ra-
300TBOJIHYI0 TPYOKY IE€pEBOpPAYMBAIOT BBEPX M MOKHUTAIOT Ta3 y KOHIA Ta3o-
OTBOJTHOM TPYOKHU.

CHsCOONa + NaOH — CH,T + Na,COs
CH4 + 202 —> C02 + 2H20

[Tocne oxnaxaeHus: MpoOUPKHU K COJIEPKUMOMY J100aBIISIIOT HECKOJIBKO Karellb
KOHILICHTPUPOBAHHOM COJITHOW KHUCJIOTBHI.

OnbiT 2. [lonyyeHne u u3ydeHHe CBOMCTB 3TWiIeHA. B cyxyro mpoOupky
MOMEIIAIOT JBE CTEKJISIHHBIE JIOMATKA CyXOro IecKa, HaluMBaroT 1 MJ 3TaHona M
OCTOPOKHO 3 MJI KOHLUEHTPUPOBAHHOW CEPHON KHCIIOTHI, 3aKpbIBAIOT MPOOKOH C
ra3ooTBOAHON TpyOKoW. Cmech OCTOPOXKHO HarpeBaroT, HE JOIMYyCKas CHJIIbHBIX
TOJTYKOB PEAKIIMOHHOM cMecHu. Tak ke, kKak B omnbITe | , U3y4aroT B3aUMOJICHCTBUE
ra3a C pacTBOPOM II€pMaHTaHaTa Kajausi U OpOMHOM BOJIOH, TOpPEHHE JTUJICHA Ha

BO3JIyXE.
CH,-CH,OH + HOSO,H - CH,-CH, -0OSO;H + H,0
etoksisulfon kislota
CH,-CH,-0-SO,H Lﬂ)OC>CH2 =CH, + H,SO,

Omnpit 3. [onnyyeHue U U3y4YeHHe CBOMCTB alleTHICHA. ALICTUICH MTOIYYarOT
B NMPOOHMpKE C Ta300TBOJHOM TpPyOKO#l AecTBMEM Ha KycodeK KapOuja KajlbLus
BojoMu. IlomydeHHBIM anETHUIEH MNOPOIYCKAOT Yepe3 3apaHee IPUTOTOBICHHBIE
pacTBOpBL: ITOAKHUCIEHHOTO CEPHOM KHUCIOTOM pacTBOpa IEpMaHraHaTa Kajiusd,
OpOMHOI1 BOJIbI, aMMHA4YHOI0 pacTBopa xyuopuaa meau (1) u pactBopa rugpokcuaa



nuammuHcepeopa (1). s mpurotoBieHus mocaeaHero B MpoOUPKY BHOCAT 2 Karliu
pacTBopa HUTpara cepedpa M HECKOJbKO Kameidb KOHIEHTPUPOBAHHOIO pacTBOpa
aMMHaKa (0 MCUYEe3HOBEHHs BHadajie oOpasyrolerocsi ocagka okcumga cepeopa (1)).
Tak e, KaKk ¥ B IPEBIIYIINX ONBITAX, U3Y4alOT TOPEHHE alleTUIICHA Ha BO3yXE.

C

 "Ca+2HOH->Ca{ OH) ,+HC=CH
C

2C,H, +50, —"“— 4CO, +2H,0

[Tocne mpoBeaeHMs OMbITa B TPOOUPKY, B KOTOPOM MOTyYaIH alleTHIICH, J00aBIsSIOT
Karmo GeHosdraaeuHa.

OnbiT 4. U3yvyeHue aeilcTBUA KOHUEHTPHMPOBAHHBIX CEPHOM M a30THOI
KHCJIOT HA MNpe/ejbHble U 3TUWIEHOBbIE YIiaeBoaopoabl. [1o 1 Mi B ogHy npobupky
HAJIMBAIOT QJIKAaH, B JAPYIYIO - ajkeH. llapamnenbHO IMPOBOIAT OIBITHI CPaBHEHUS:
N00aBIAIOT MO 4 KAl KOHIEHTPUPOBAHHOW KHUCIOTHI (CEpHOM WM a30THOM) B
Kaxayro npoOupky. Cmech BCTpsIXUBalOT B TeueHue 1 -2 muH. O mnpoTeKaHUU
peaKkuu CyZAT IO CIEAYIOIIMM INpPHU3HAKaM: pa3orpeBaHUE CMECH, MCUYE3HOBEHUE
CJI0s1 YIJIEBOAOPOAA, U3BMEHEHNE OKPACKHU.

OmnbiT 5. U3yyeHue geiicTBUs OpoMa HAa KUAKHE AJIKAHbI U aJIKeHbl. B
CyXyl0 MNpOOMpPKY HanmuBaroT | Mi ankaHa M JA00aBisAOT 1-2 Kamiaum pacTBOpa
NepMaHraHara Kajiusg B BOZHOM pacTBope. Conep:kumMoe NpOOUpPKU BCTPSIXUBAIOT B
teyeHue 1 muH. Eciin u3MeHeHu He MPOUCXOIUT, OCTOPOKHO HArpeBaroT MPoOUPKY
0 ucue3HOBeHMs oOkpacku. [locie 3TOro K OTBEPCTHUIO NPOOMPKUA MOIHOCST
CTEKJISTHHYIO MMAJIOYKY, CMOYEHHYIO KOHLIEHTPHUPOBAaHHBIM PacTBOPOM aMMHaKa, WU
BJIQKHYIO CHHIOIO JIAKMYCOBYIO OyMa)kKy. AHAJIOTMYHO MPOBOMAST OMBIT C KUIKUM
AJIKEHOM.

CH,=CH;+ 2 KEMnOy + 4 H;0 — CHs — CHz + 2 MnO, + 2K OH
I I

OH OH

Konmponwsusie éonpocwi
1. Ilouemy ucnonvzyemcs 6e3600mbll ayemam Hampus? 3auem HeobXo0umMa HAMpPOHHAS

uzeecms? Cocmasvme YypasHerUue peakyuu noay4erusl memand.



. Kak uzmensemcsa okpacka pacmeopamu nepmaneanama Kauus u 6poMHol 60001 npu
nponyckanuu uepe3 nux memana? K xaxomy eomonocuueckomy psoy OMHOCUMCS

memaw?

. Kaxos yeem nnamenu npu copenuu memana? Ilouemy? Hanuwume ypaenenue

peaxkyuu coperu-l.

. Hna yeeo npodenvigarom nocneonuii onvim? Onuwiume HabaroOoaemvie sGNEHUA U

cocmaesbme ypadeHEeHUe peaKkyuu.
. B kauecmee ueco npu nojxydeHuu SmuieHa ucnojb3yemcs necok?

. Kakxosa ponv xonyeHmpuposanuol ceproti KUCI0msl 8 peakyuu noayd4eHus: SmuieHa?

Omeem noomeepoume ypasHeHUIMU peaxKyuil.

. Kax usmensiemcsa oxkpacka pacmeopoe nepmaneanama Kaius u OpoMHOU 8000l npu
nponyckanuu uyepes nux smunena? K xaxkomy eomonocuueckomy psaoy omHocumcs

smunen? Hanuwume ypasuenusi nposedeHHblX peakyul.

JIABOPATOPHASA PABOTA Ne 9

CBOMCTBA BOJHBIX PACTBOPOB

I'maposus coseit. PacTBOpeHME MHOTHUX BEIIECTB YACTO COMPOBOXKAAETCS XUMU-
YECKUM B3aMMOJICHCTBUEM MX C PACTBOpPUTEICM. Peakyuu 83aumooeticmseus mexncoy
COCMABHLIMU  YACAMU MOJIEKYNl pPACMEOpUmens U pacmeoOPeHHO20 Beujecmsd
HA3b18AIOMCSL CONbBONUZOM (OJ151 B00bI-2UOPOTIUZOM) .

['uapoau3y MOTYT MOABEPraThCs XUMUYECKHE COCIMHEHUS Pa3IMYHBIX KIJIACCOB:
COJIH, YTJIEBObI, OCJIKH, 3PUPHI, )KUPHI U T. 1. B HeopraHnyeckoi XMMHUM Yalile BCEero
OPUXOAUTCS BCTPEUATHCS C TUAPOIU3OM COJIEH, KOTOPBII Mbl U PACCMOTPHUM.



B xumuyecku 4ncTo BOAE KOHLEHTPALMs MOHOB BOJAOPOJA U TMAPOKCUI MOHOB
OJIMHAKOBA, BCJEJICTBHUE YEro BOJAAa MMeeT HeWTpanpHyro peakuuto (pH=7). Ilpu
pacTBOPEHMM MHOTHMX COJ€M B BOJE MX HOHBI, OOpa3yloIIUecs B pe3yJbTaTe
JUCCOLMAIIMM, BCTYNAIOT BO B3aWMOJCHCTBHE C MOHAMM BOJBI, IIPH 3TOM MOXKET
npousoiiti cBs3biBaHue HOoHOB H' miam monos OH ™ moHamu comu ¢ o6pa3oBaHHEM
MAIOJIUCCOLMUPYIOIIUX COEUHEHUMN.

Ilpoyecc 63aumooeticmeus UOHO8 PACMBOPEHHOU CONU C B00O0U, NPUBOOAUUL K
00pazo8anuio caadvIx IMEeKMpPOIUMOE, HA3bIBACMCSL 2UOPOIU3.

B pesynbrare ruUAposiM3a CMELIAETCA  PABHOBECHUE  DJIEKTPOJUTHYECKON

+ ~

nuccouuanuu Boawsl: H,O=H" + OH, m mosTtomy pacTBOpbl OOJIBIIMHCTBA COJCH
MMEIOT KUCIIYIO WIH IIEJIOYHYI0 PEAKIIHIO.

Pa3nuuaroT Tpu ciyvast rTuapoJid3a cojei.

1. Conu, oOpa3oBaHHbIE CUJILHBIM OCHOBaHUEM M CJIa00W KUCIOTOHN (Harpumep,
CH3COONa, KCN, K,;SO3, Na,S). I'uaponus 3Tux coseil, 00yclIoBIeH CBSI3bIBAHUEM
WOHOB BOJIOpPOJia B CJAOBIA AMEKTPOJUT. Tak, THAPONU3 amerara HATPUS MOXKHO
MPEJICTABUTH CIEAYIOIIEH CXEMOM:

CH3COONa=CH3;COO- +Na *

3 npuBeneHHON cXeMbl BHAHO, 4To MOHBI H' BOABI CBA3BIBAIOTCS HOHAMU
CH3COO  conum B MOJIEKYJIBI MaJIOAUCCOLUMUPOBAHHONW YKCYCHOM KHCIIOTBI, 4YTO
BBI3BIBACT JIMCCOILMAIIMIO HOBBIX MOJIEKYJI BOJbI M JajbHEHIlIee CBSI3bIBAHUE MOHOB
H'. B pactBope BO3pacTaeT KOHIeHTpaius HoHoB OH', M peakuums pacTsopa
craHoBuTCs menounoit, [OH J>[H'].

[porece ruapon3a NpoTeKaeT A0 TeX Mop, TOKAa HE YCTAHOBUTCS PABHOBECHE:
CH3COONa + HOH=CH3COOH + NaOH
W B monHow opwme:
CH3;COO-+HOH=CH3;COOH + OH" (pH>7)

Conu, 00pa3oBaHHBIC CHJIBHBIM OCHOBAaHHEM M CJIa00M MHOTOOCHOBHOW KHCJIOTOM,
TUAPOJIM3YIOTCS  CTyNeHYaTro, ¢ oOpa3oBaHMEM KHCIbIX cojed. [Ipumepom
CTYTEHYATOTO THAPOJIM3a MOXET CIYXKHTh THApPOJU3 KapOonara kamws. llepBas
CTYIICHB:!



K,CO; + HOH=KHCOj; + KOH
CO5” + HOH=HCO; + OH (pH>7)
Bropas crynens:
KHCO; + HOH=H,CO; + KOH
HCO5;+HOH=H,CO4+OH" (pH>7)

bornee cuibHO BBIpaXKEH THUAPOJIU3 MO MEPBOM CTYNMEHU. DTO OOBSACHSIETCS TeM,
yto noH HCOj3  siBisieTcst 6omee ciiadbiM 31eKTpoiuToM, yem moiekyna H,COjs (Ta6o.
6). Bo Bcex pacCMOTPEHHBIX HAMU CIIy4asiX CBSI3bIBAIOTCS MOHBI BOJOPOJA BOJBI U
oOpa3zyeTcst U30bITOK CBOOOIHBIX THIPOKCHU] HOHOB.

Pacmeopwi coneil, 06paz08anHbIX CUTLHBIM OCHOBAHUEM U CAAOOU KUCIOMOLU,
UMeom Wel0uHYI0 peakyuio ecieocmaue euopoausa (pH>7).

2. Comu, oOpa3oBaHHble  CIaObIM  OCHOBAaHMEM U CHJIBHOM KHCJIOTOMN
(mampumep, NH4CI, CuSO,4, ZnCly). Tmaponmus s3tux conedd  00yciIoBIeH
CBSA3BIBAHUEM THIPOKCHJ MOHOB BOJABI B CHAOBIA AJIEKTPOIUT. Tak, TUapoiu3
XJIOpH1a aMMOHUSI MOKHO MPEACTABUTH CIEIYIONMIEH CXEMOM:

NH,C15NH,+C1
H,O0S0OH +H"

- +

Nouet OH  Bogwsl cBsizpiBatoTcsi woHamu NH, B MamomucconumpoBaHHBIC

mosiekysiel NH,OH. B pactBope HakamimBaeTcst M30bITOK HOHOB BOJIOPOQ; PEAKIIUS
pacTtBopa cTaHoBUTCS Kucyion (pH<7):

NH,C1 + HOHSNH,OH + HC1
NH," + HOHSNH,OH + H'

Eciau conmb 0oOpa3oBaHa MHOTO3apsAHBIM —KAaTHOHOM, THIPOJIM3 MPOTEKAET
CTYIIEHYaTO, C 00pa30BaHHEM OCHOBHBIX COJIEH, HAIIPUMED THAPOJIN3 XJIOPUIA IHHKA
ZnCl,. TlepBas crymeHs:

ZnCl, + HOHSZn (OH)C1 + HC1
Zn* + HOHSZn (OH) * + H" (pH<7)

Bropas crynens:



Zn (OH)Cl + HOH S Zn (OH), + HC1
Zn (OH) * + HOH S Zn (OH), + H™ (pH<7)

[Ipu OOBIYHBIX YCIOBUSAX THAPOJINU3 TPAKTHYCCKH 3aKAaHUYMBACTCS Ha TMEPBOUN
cTyneHu. Pacmeopvl coneil, 00pa308aHHbIX CNAOLIM OCHOBAHUEM U CUILHOU
KUCTIOMOLL, UMerom KUCIYIo peakyuio ecieocmaue euopoausa (pH<7).

B psne ciyuaeB npu ruaponuse coiei, oOpa3oBaHHBIX cIa0bIM OCHOBAaHHEM MU
CWJIBHOH KUCJIOTOM, IIOJIy4arOTCsl OKCOCOJIH; TaK, HAIIPUMED, IIPHU TMAPOJIN3E XJIOpUIa
cypeMbl  (lIl) mporekaer peakuusi:

SbCl; + H,0 S SbOCI + 2HCI1
B paccMOTpeHHBIX ciIydasx TUApOJIn3 SBISETCS MPOLIECCOM OOpPaTUMBIM.

OmHoweHue yucia 2uopoIU308aAHHBIX MOJEKYL COMU K obujemy 4uciy MoJeK)y
CONU, HAXOOAWUXCS 6 pacmeope, Haszvlgaemcs cmenenvio uopoausa. CTeneHb
TUJIPOJIN3A YBEIUYMBAECTCS C TOBBIICHUEM TEMIIEPATYPHI U C Pa3BEICHUEM PACTBOPA.

Bo mMHOrux ciy4asx CTEleHb TMAPOJIM3a COJIM O4YeHb Maya. Tak, Hanmpumep, npu
temneparype 25 °C B 0,1 H. pacTBopax cTeneHs ruapoau3sa h Oyaer paBHa 1s:

arterata Hatpus CH3;COONa-0,007%
muranuaa kaansa KCN-1,2%

[IpuBeneHHBIE JaHHBIE TOKA3BIBAIOT TAKKE, YTO CTEIEHDb TMIPOIN3a COIU 3aBUCUT OT
KOHCTaHThl JMCCOLMAIIMKM OOpasyromed ee KHUCIOThl. [uaponu3 Oyaer Tem
WHTEHCHBHEE, YeM ciabee KUCIoTa.

3. Comm, oOpa3zoBaHHBIC C1ab0H KHCIOTOM M ciaabbiM ocHoBaHueM. CoH 3TOro
TUTIA TUJPOJU3YIOTCS B HaumOoyiee BBICOKOW CTEMEHH, TaK KaK WX HOHBI
OJTHOBPEMEHHO CBSI3BIBAIOT HOHBI BOJAOPOAA M THAPOKCHI HOHBI BOJBI, CIBHUTAs
paBHOBeCHE AMCCOIMAIMKA BOJABI. Hampumep, rHaposn3 amerata aMMOHHS BhIpaka-
€TCs CIIEAYIOLIEH CXEMOM:

CH3COONH,; S CH3COO + NH,"

H,0 S H' + OH




CH3COO + NH," + HOH S CH3COOH + NH,OH

B 3aBHCMMOCTH OT COOTHONICHHSI KOHCTAaHT JIHCCOITMAIINHN, OOpa3yIOIIUXCS MPH
TUAPOJIU3E KHUCIOTHI M OCHOBAaHMS, PACTBOPHI COJEH 3TOr0 TUIA MOTYT HUMETh
C1a00KHCITYIO WM CIIa00IeNI0OuHYI0 peakiiuio, T. €. pH 61au3ko k 7.

Conu, obpasoeanuvie oueHb cnabolU Jemyuel KUCIOMOU U OYeHb ClabbiM
OCHOBaHuem, euopoausyiomes Heoopamumo. Hanpumep:

ALS; + 6H,0 < 2A1(OH); +3H,S

Conu, o0bpasoeanHvle CUNLHOU KUCIOMOU U CUIbHLIM  OCHOBAHUEM, He
noosepaaromcs 2uOpoIU3y, MmaxK KaKk npu ux 63aumMoOetucmseuu ¢ 000U He MO2ym
ObIMb NOYYEHbl CIAObLE DNIeKMPOTUMBL.

B cucreme H,OSH'+OH paBHOBecue He HapylIaeTcs, IIOTOMY B pPacTBOPax
aTuX coneut pH- 7.

CornacHO COBPEMEHHBIM JIaHHBIM, THJAPOJM3 SBIAETCS MpoleccoM Ooiee
CIOXKHBIM. B pesynbrare ruapoiuza o0pa3yroTcsi THAPOKCOAKBAKOMILIEKCHI.
[ToaTOMy mpoCThIE 3amUCH YpaBHEHUW peakUuid THAPOJIM3a SBISIIOTCA B 0OIIEM
CJIy4ae YCJIIOBHBIMHU. Y CTAHOBJIEHO, UTO THAPOJIM3 COJIEH MOKHO pacCMaTpuUBaTh Kak
PEe3ybTaT IMOJSPU3AIMOHHOTO B3aUMOJICHCTBHS MOHOB C MX THIPATHON 000JOYKOI.
Tak, HampuMep, MOHHOE ypaBHEHUE THUIIPOJIM3a IO TEPBOWM CTYNEHHU JOKHO OBITh
(W (14% 01112078

[Al (H,0)s]*+HOHS [A1 (H,0)sOH]* + H3;0"
Y CITOBHO: A1**+ HOH S A1(OH)*+ H'
Xoa padoTnl

IIpudopsl n mocyna.

1) MepHblii UUTUHAP eMKOCThIO 10 M.

2) T'opernka.

3) BopoHka.

4) CrexIsiHHAS MaJIOYKa.

5) IlratuB ¢ mpoOupKamu.



6) MUKpOKaIBbKYJIATOP.

PeakTuBbI U MaTepHUaJIbI.

1) Maruwmii (mopomiok).

2) JlakmycoBast Oymakka.

3) ®dunbTpoBasibHas OyMmara.

PacTBophbI.

1) Consnas kuciaora HCI1 (2 H.).

2) lN'mapoxceun Hatpust NaOH (2 1.).

3) Cynndar ammonus (NH4)2S04 (2 1.).
4) Xnopun amomunus (1) A1C13 (2 u.).
5) Xnopun xenesa (111) FeCls (2 1.).

6) Cynbdar meau (11) CuSO4 (0,5 1.).

7) Hutput narpus blablOr (2 1.).

8) Cynbdun natpus Na,S (1 H.).

9) Cynbdur natpust Na,S0; (2 H.).

10) Kap6onar natpus Na,COj3 (2 H.).

11) Auerat narpus CH3;COONa (2 1. 1 0,5 H.).
12) Xnopun varpus NaCl (2 un.).

13) Xnopun cypemst (111) SbCl; (0,5 H.).
14) ®enondranenH (CIUPTOBOHA).

15) YauBepcanbHas HHAUKATOpHAs Oymara.

1. Peaknus cpeabl pacTBOPOB coJiell pu ruaposu3se. a) M3  umeromuxcs B
nabopaTopuy PEaKTHBOB IMOAOOpAaTh PACTBOPHI COJICH, OOpPa30BAaHHBIX CIIA0OM
KHUCJIOTOM W CHJIbHBIM OCHOBaHHeM. HanuTh B OAHY MNpOOUPKY pacTBOpP COJIH,
00pa30BaHHON OJHOOCHOBHOHM KHCIIOTOM, B APYTyI0 pPacTBOP COJH, 0Opa30BaHHOMN



MHOTOOCHOBHOM KHCIJIOTOM, W HCCJIENOBAaTh PEAKIMI0 Cpelbl PacTBOPOB, HAHOCS
KalUll0 ~ pacTBOpa Ha  JIAKMYCOBYHO ~ OYMaXKKy  CTEKJISIHHOW  TaJlOUKOM.
Hanucate  MoJeKkylspHble UM  HOHHBIE YpPaBHEHMs]  peaKIUil  TUIpoJu3a
B3STHIX coJiel. B kakoM citydae rujiposin3 OyneT NpouCXOAUTh CTYIIEHYATO?

0) Harmucates  ypaBHeHHME peakinuu Tuapoim3a cyibpara wmeau-(I11) B
MOJIEKYyJIsipHOM W woHHOM  (Qopme. Kak ngelictByer ero pacTtBop Ha
naxkmyc? [IpoBepHuTh MPaBUILHOCTH 3aKITFOYCHHS, IIPOJICIIAB OIBIT.

Kakne HOHBI O6YCJ'IOBI/IJ'II/I N3MCHCHHC IIBCTAa HaKMyca? B PE3YJIbTATC KaKOIro
Imponeccca 3T NOHBI TOSIBUJIUCH?

B) Kakyio peakiuio Ha JakMycC JOJKEH TOKa3blBaTh PACTBOP XJIOpUIa HaTpus?
[IpoBeputsb PaBUWIBHOCTD 3aKIIFOUYCHUS, OCYILIECTBUB
OTIBIT.

Pe3ynbraThl HMCHIBITAHWI PACTBOPOB COJIEM HA MHIMKATOP IMPEACTaBUTH B BHJC
TaOJIULIBI:

dopmyna Oxkpacka Peaknus 3nauenue pH B pactBope:
JaKMyca cpeabl

Konmponwsnsie éonpocwi

1. Kaxas 3asucumocmu cyuecmeyem mexncoy 3apaoom u pasmepamu KamuoHa u e2o
CNOCOOHOCMbBIO K 2UOPOIU3Y?

2. Kakas cywecmagyem 83aumocesnzb mMexicoy CKIOHHOCMbI0 KAMUOHA K 2UOPOIU3Y U
CNOCOOHOCMBIO €20 2UOPOKCUIA K OCHOBHOU uonuzayuu (cuia ochosanus)?

3. Kakas 3aeucumocms cywecmeyem mexncoy 3apsoom U pasmepamu aHUOHA U e20
CKJIOHHOCMbIO K 2UOPONU3Y?

4. Kakas cywecmgyem 63aumoces3b MexHcoy CKIOHHOCMbIO AHUOHA K 2UOPOTIU3Y U
CNOCOOHOCMBIO 0OPA306AHHOU UM KUCTIOMbL K KUCIOMHOU uonuzayuu (cuia

KUCI0mbl)?



Il TEMbI CAMOCTOSTEJBbHBIX 3AHSTUI

XuMust ¥ IpoOIIEMbI OKpPYKarOIIEH Cpeibl

Pemenue sHepreTHYecKux MpoodsieM ¢ MOMOIIbIO JOCTUKEHUN XUMUU

["a30BbIC 3aKOHBI

SBneHue amoTponuu

M30oTonsl, n300apbl 1 U30TOHBI

Pamnyc atoma. EcTecTBeHHast 1 ICKyCCTBEHHAS PAIOAKTUBHOCTD, SITCPHbBIE

peakiuu, X BUABI 1 MEXaHU3M

7. Tlonspuzanus U MeKMOJICKYJISIPHBIE CHITBI

8. I'mOpumuzanms u €€ BUIBI

9. 3akoH ACHCTBYIOIINX Macc

10.T'unpatHas Teopus pactBopoB JI.1.Menneneena

11.3akoH pazbasnenus OcTBaabaa 3aKoH JCHCTBYIOMINX Macc.

12.3axon Bant-T'odda.

13.'oMOTeHHBIN U TEeTEPOTCHHBIN KaTalu3.

14. XuMuueckasi paBHOBECHE.

15.1Tpunnun Jle-Illatense.

16.PactBopsl. 3akonsl ['enpu u ['enpu-/lanbToHa.

17.1TpousBeneHne pacCTBOPUMOCTH.

18.5IBnenne Ocmoca u 3akoH Baut-I'odda.

19.Cpena B mporiecce TUApOIHA3a. 3HAYECHUE THIPOJIN3a B TIPOMBIIIIICHHOCTH

20.Poab OKUCTUTEIIBHO-BOCCTAHOBUTENBHBIX PEAKITUH B TIPUPOJIC

21.OCHOBHBIC OKHCIUTEIM W BOCCTAHOBHTENW. BeliecTBa, MpOSBISIONIAE U
OKHUCJTUTEIIbHBIC, 1 BOCCTAHOBHUTEIILHBIE CBOMCTBA

22.I'anbBaHWYECKUE  HJIIEMEHTHI, DJJIGKTPOAHBIM  TMOTEHIMAT, MEXaHU3M
BO3HUKHOBEHUS JIEKTPUUECKOTO TOKA B TAJIbBAHMUECKHUX dJIEMEHTaX

23.IIpuMeHeHne dIEKTPOIIN3a B MPOMBIIIIICHHOCTH [ abBaHUYECKHE IIEMEHTHI.

24 Koppo3usi MeTaioB.

25.M3omepust KOMIUIEKCHBIX COCTMHEHHUM U MPUPOJIa XUMHUYECKOU CBSI3H

26.IIpumeHeHne KOMILICKCHBIX COSAUHEHUMA

ook wnE

IV I'JIOCCAPUM

Xumusa - 3TO HaykKa O BENIECTBAaX, MUX CBOMCTBaxX, CTPOCHHHU H
MPEBPALICHUAX, MPOUCXOMSINIMX B PE3YJIbTATe XUMMUUYECKUX PEaKUUM, a

TAKIKC O 3aKOHAX, KOTOPBIM 3THU IIPCBPAIICHUA IMTOJTUYHNHAIOTCA. HOCKOJIBKY



BCE BEIIIECTBA COCTOSIT M3 AaTOMOB, KOTOpbIE OJjlarojapsi XMUMUYECKUM
CBSI3aM MEXJYy HHUMHU CHOCOOHBI (OPMUPOBATH MOJIEKYJIbl, TO XHUMUS
3aHUMAETCSI B OCHOBHOM H3yYE€HUEM B3aUMOJICUCTBUM MEXKIy aTOMaMu U
MOJIEKYJIaMH, IOJIYY€HHBIMU B PE3YJIbTATE TAKUX B3aUMOJCUCTBUIA.

Bewecmeo - Buj matepuu C ONPEACIEHHBIMU XUMUUYECKUMH H
dbuznueckumu cBorictBaMu. COBOKYMTHOCTh aTOMOB, aTOMHBIX YACTHI] WJIH
MOJIEKYJI, HaXOAsSIascs B OMNPEICIEHHOM arperaTHoM COCTOsSIHUU. I3
BEIIIECTB COCTOST (hu3nueckue Tena (Meb - BEIIECTBO, a MEIHAsI MOHETA -
dbuznyeckoe Teio).

Amom - Menpuaias, XUuMHYECKU HEICINMAasi, SJIEKTPOHEUTPAIIbHAS
yacTtuia BeniectBa. COCTOUT U3 si/ipa U AJIECKTPOHHOU 000710uku. Kakablii
aTOM TPUHAJICKUT OMNPEACIEHHOMY XUMHUUYECKOMY 3JIEMEHTY. DJIEMEHT
UMEET Ha3BaHME, MOPSAKOBBIM HOMEpP, U MOJOKEHUE B MEPUOIUYECKOM
tabnuiie MenzaeneeBa. B Hacrosiiee Bpems u3BecTHO 118 xumuueckux
anemeHToB, 3akaHuuBass Uuo (Ununoctium — yHyHoKkTHi). Kaxsiii
AJIEMEHT O0003HAY€H CUMBOJIOM, KOTOPBIM MPEACTABISICT OAHY WU JIBE
OYKBBI U3 €ro JIATUHCKOTO Ha3BaHWs (BOAOpOJ 00o3HaueH OykBoi H -
HIepBOM OYKBOI €ro JaTHHCKOro Ha3Banus Hydrogenium).

Banenmnocms -  KOJIMYECTBO XHWMHYECKHX CBSI3€M, KOTOPOE
o0pa3yeT OJIMH aTOM.

Monexkyna - HauMEHbIIAg YacCTHUIA BEIIECTBA, COXPAHSIONIAS €To
XUMHUYECKUE CBOMCTBA. COCTOUT U3 aTOMOB.

Ceoiicmea - COBOKYIHOCTb MPHU3HAKOB MO KOTOPHIM OJHU BELIECTBA

OTJIMYAKOTCs OT APYTIUX, OHU OBIBAIOT XMMHYECKUMU U (1)I/IBI/I‘I€CKI/IMI/I.



Du3uueckue ceoiicmea - - IpU3HAKK  BEIIECTBA, MPH
XapaKTePUCTUKE KOTOPBIX BEIISCTBO HE HM3MCHSET CBOM XHUMHUCCKHM
coctaB (IDIOTHOCTH, arperaTHOE COCTOSHHE, TeMIICpaTyphl IIABICHUS U
KUIICHUS U T. 11.)

Xumuueckue ceoiicmea - CIIOCOOHOCTH BEIIECTB
B3aMMOJICCTBOBATh C JAPYTHMH BEIIECTBAMH WIIH HM3MEHSATHCS II0]
JEHCTBHEM ONPEICIEHHBIX YCIOBHM. Pe3ynbTaToM SIBISETCS MPEBpPAIICHHE
OJIHOT'O BEIIECTBA MJIM BEIIECTB B IPYTHE BEIIECTBA.

AzpezamHuble cocmosaHua eewjecmeéa -  COCTOSIHUE BEIECTBA,
XapaKTEePU3YIOIIEEeCsS  OMpEeNeNIEHHBIMA ~ CBOMCTBAaMH  (CIIOCOOHOCTH
coxpaHATh ¢Gopmy, o00beM). BBIACISIIOT TpU OCHOBHBIX arperaTHbIX
COCTOSIHUS: TBEPJIOE TEIIO, KUIKOCTh U Tas3.

AHOO - DIIEKTPOJl, COCAMHEHHBIN C TOJIOKUTEIHLHBIM HCTOYHHUKOM
TOKA.

AmomHulil 6ec - cpellHEEe 3HAUCHUE MACChl aTOMa XUMHUUYECKOTO dJIe-
MEHTA, BBIPQXKEHHON B OTHOCHTEIIBHBIX yTJICPOJIHBIX CAMHUIIAX.

Humepmeouam - mpoMeKyTOUHOE BEIIECTBO ¢ KOPOTKUM BpEMEHEM
KU3HM, oOpasyromeecss B XOJ¢ XUMHUYSCKOM peakIuu U 3aTeM
pearupyroimume gajaee 10 MpoayKToB peakiuu. OOBIYHO WHTEepMEIUaTaMHu
SBJISFOTCS QTOMBI WJIM MOJIEKYJIBI C HE3alOJHEHHBIMHA JJICKTPOHHBIMU
000109YKaMH, HaITpUMEP paJIUKajIbl, KapOOKaTHOHBI, KapOaHUOHEI.

Keazucmayuonapnoiiit npouecc - Tmpolecc, TNPOTCKAIOMUA B

OTPAaHMYCHHON CHCTEME W PACIPOCTPAHSIONIMICS B HEW TaK OBICTPO, YTO



3a BpeMS PACIpOCTPAaHCHUS 3TOr0 IPOIECCa B MPEAETax CHUCTEMBI €€
COCTOSIHME HE YCIIEBAET U3MEHUTHCH.

Mons - Mepa KOJIHMYECTBA BEIIECTBA, cojepxkamas Yucmio
ABoraapo (Na = 6,02 x 1023) Mo0bIX  CTPYKTYypHBIX  4acTull. (Na -
KOJIMYECTBO aTOMOB B 12 rpammax yriepoza 1,C.)

Ilepuoouueckuit 3axkon -  (GyHIAMEHTAIbHBIA 3aKOH MPUPOJIBHI,
oTkpwIThIN 1. . MenaeneeBsiM B 1869 roay npu COrnocTaBiI€HUN CBOMCTB
U3BECTHBIX B TO BPEMS XMMHYECKHX 3JIEMEHTOB M BEJIWYUH UX ATOMHBIX
Macc. B nacrosmee Bpemsa llepumonmueckuit 3axkon [l. M. Menneneena
UMEET CIETYIONLYI0 (OPMYTUPOBKY: «CBOMCTBA XMMUYECKUX DJIEMEHTOB, a
Takke (QOpMBI W CBOHCTBA 00pa3yeMbIX HMH MPOCTHIX BEIICCTB U
COCAMHEHHUI HAXOMSITCA B IMEPHOJMYECKONW 3aBUCUMOCTH OT BEJIWYUHBI
3apsiAoB sAnep ux atomoB». OcobenHocTs [lepuonnyeckoro 3akoHa cpeau
npyrux GyHIaMEHTAJIbHBIX 3aKOHOB 3aKJIIOYAETCS B TOM, UTO OH HE UMEET
BBIDQXKEHHUS B BHUJE MaTEeMaTH4YECKoro ypaBHeHus. [padudeckum
(TaONIMYHBIM) BBIpAXKEHHEM 3aKoHa sBisieTcs [lepuoguueckas cucrema
XUMHUYECKHUX DJIEMEHTOB, I€PBOHAYAIBHBI BapuUaHT KOTOPOMl  ObLI
pazpabotan JI. 1. MenaeneesiM B 1869- 1871 ronax.

Ilpocmoe eewiecmeo - BEWIECTBO, COCTOSIEE W3 ATOMOB OJHOTO
XUMHYECKOTO 3JIEMEHTA: BOJIOPO, KUCIOPOA U T. 1.

Cnoocnoe éeuiecmeo - BEIIECTBO, COCTOSIIEE U3 ATOMOB Pa3HBIX

XUMHUUYCCKHUX 3JICMCHTOB: KUCJIOTHI, BOJA U IP.



OmuocumenvHas amomHas macca - Macca (a. €. M.)
6,02 x 107 MOJIEKYJI IMMPOCTOrO BEIIECTBA, I'/I€ a. €. M. - aTOMHas €JIuHUIIA
MAacCCHI.

OmuocumenvHaa MoaeKyIApHaa macca -  Macca (a. €. M.)
6,02 x 10%° MOJIEKYJT CIIOKHOTO BellecTBa. UMCIEHHO paBHAa MOJISIPHOU
Macce, HO OTJINYaeTCs Pa3MEPHOCTBHIO.

Peakyuonnan cucmema (peaxkmop) - 4acTh MPOCTPAHCTBA,
colepkalllasi  COCTaBJISIONIME  BEHIECTBA:  MCXOJHBICE  PEarcHTHI,
WHTEpMEINAThl, MPOAYKTHl, HWHEPTHBIC KOMIIOHEHTHL. PeaKIMOHHBIM
MIPOCTPAHCTBOM MOKET CITY>KUTh MOBEPXHOCT.

Xumuueckaa  c6a3b - 3TO  B3aUMOJICMCTBUE aTOMOB,
00yCJIaBJIMBAIOIIEE YCTOMYMBOCTh MOJICKYJIbl MJIM KPUCTAJIJIa KaK I1€JI0ro.
XuMH4deCKas CBS3b OlpeIensaeTCs B3aMMOJICICTBUEM
MEXTy 3apsHKEHHBIMH YacTUIIAMHU (SpaMU U SJICKTPOHAMH).

Booa msascenasn - w3otonHas pPa3sHOBUIAHOCTH BOJbI, B KOTOpOM
OOBIKHOBEHHBIN BOJAOPO]I 3aMEIIIEH €r0 TAKEJIbIM H30TOIIOM — JIeUTepruemM
D. ®opmyna HDO unu D,0.

Booopoonwiit nokazamens pH - BeludnHa, XapakTepU3yolas KOH-
LIEHTPaIlUI0 MOHOB BOJIOPOJIa B PAcTBOpAX; YHUCICHHO paBHA OTPUIATEINb-
HOMY JIorapu(pMy KOHIIEHTpaIIMH, BHIpAXKECHHONW B IpaMM- HOHAX Ha JIUTP.

Bo3zonka (cyOnumanius) - npeBpalleHue BellecTBa NPy HarpeBaHUU
13 TBEPJIOTO COCTOSIHUS HEMOCPEACTBEHHO B T1ap 03 IJIaBICHUS.

Boccmanoenenue - xuMmudeckasi peakiius, B pe3ysbTare KOTOPOH K

aToOMaM HUJIM MOHaM IPHUCOCOAUHAKOTCS 3JICKTPOHEI. B OpF&HH‘-IGCKOfI XUMHUHN



BOCCTAHOBJICHUCM HA3BIBAIOT IIPHCOCAMHCHHUC BOJOPOJa K MOJICKYJIC

OpraHNM4YCCKOro COCANMHCHMUA.



