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JlaHHBIN y4EeOHO-METOAUYECKUM KOMILJIEKC PacCMOTPEH Hay4dHO-
METOJUYECKMM COBETOM HaMaHraHckoro HWHXEHEPHO-CTPOUTEILHOTO
WHCTUTYTa W PEKOMEHJIOBAH IS HMCIIOJh30BaHUA B Y4eOHOM IpoIiecce.
(ITporoxona 1-ro 3acemanus ot 30.08.2024).

CocTaBUTEIHL.

3.MamangxaHOB Ao1eHT kKadeapbl XuMUYECKOW TEXHOJIOTUN
Peuensenr:

P./lexkaHOB noreHT Kadenpel Xumusa Hamanranckoro

['ocynapcTBeHHOrO YHUBEpCUTETA



COJIEPKAHUE

TEOPETUYECKHUE MATEPHUAJIbBI

1. |Marepus u JABWKeHHE. XuUMHYecKas (opMa JIBUIKEHHUS.
Xumudeckue ABiIcHUs. DU3NYECKUE SIBICHUA.

2. | Atom. ATOMHO-MOJIEKYJISIPHOE YYEHHE. OcCHOBHBIE
CTEXMOMETPUUECKUE  3aKOHbl XUMHUHU. MOJSpHBIA  00BEM.
OTHOcHTENbHAs ATOMHAs Macca.

3. | Baxueiimme Ki1acChl HEOPraHUYECKUX COeAUHEHUM. OKCHUIIBI.
CaoiictBa. Metoael nonyuenusi. ['mapokcuasl. CpoiicTBa. MeToasl
nonyueHus. Kucmorel. CsoiictBa. Mertoasl nomydeHus. CoOJbl.
Kucneie cosbl. KoMIuiekCHbIE COETUHEHHS.

4, |llepuonnueckuit  3akoH J[.M.Menneneea. Ilepuoauueckas
CHUCTEMA U €€ CTPOCHHUE.

5. | Xumuueckass cBsi3b.  CTpoeHue MOJEKyJbl. B3aumoneiicTue
MOJIEKYJI.

6. | TemioBbie a3 dexTh xumudeckux peaknuii (Tepmoxumus).

/. | XuMu4ecKasi KHHETUKA U XUMHYECKOE PAaBHOBECHE

8. |Boma u ee cpoiictBa. CTpoeHue Kujakoi Bojabl. dDuzmdeckue u
XUMHUYECKUE CBOMCTBA BOJBI.

9. |PactBopumocts. CBoiicTBa pacTBOpOB. SIBIeHHME oOcMoca.
OcmoTHuecKkoe JaBj€HHE U €€ POojb B MpUpojie. 3akoH BaHT-
Todda.

10. | OnexTponutnueckas aucconmarus. CTeneHb W KOHCTaHTa
auccouuaruu.  3akoH  pasOapinenus OctBanbaa. (CBoiicTBa
AEKTpOoauTOB. MOHOOOMEHHBIE peakInu.

11. | T'upponu3 cosjeid. DNEKTPOIUTHUYECKAs JTHCCOIMALMS  BOBI.
HNonnoe nipousseaeHus BoJibl. Bogopoansiil noka3zarens pH.

12. | OKUCHAUTETHLHO-BOCCTAHOBUTEIILHBIE peaKIuu. 3HaueHue
OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHBIX peaKuuil. Turbl
OKHCJIUTEJIbHO-BOCCTAHOBUTEIIBHBIX PEAKIU.

13. | ®usnueckue M XUMHYCCKHE CBOMCTBA METAIOB. XUMHYCCKHUE
CBOMCTBA METAJUIOB.

14. | DneKTpOXUMUYECKUN psii aKTUBHOCTH METAJUIOB. BrrumcieHue

ANEKTPOJHOIO MOTEHIMANa METAJUIOB HAa OCHOBAaHWHM YPaBHEHUS
Hepncra. Dnektpoassiii noreHan. CTaHJapTHBIN 3JIEKTPOAHBIN




IIOTCHIOHAJI. ["'anpBaHUYECKHE SJIEMEHTHI.

15,

[ToHsiTHEe 00 2JIEKTPOIN3E. DIEKTPOIU3 U 3aKOHBI JJICKTPOIIU3A.

16.

Kopposus MetamnoB u Meroanl €€ mpeaorBparieHus. CriocoObl
NpEOTBpAlIEHUs]  KOPPO3UU  METAIOB.  AKTHBAaTOpbl U
UHTHOMTOPHI KOPPO3HH.

MATEPUAJIbI IPAKTUYECKHUX 3AHATUH

TEMbI CAMOCTOSTEJBHBIX 3AHATUI

A\

I'JIOCCAPU

CIHHUCOK JIMTEPATYPbI




| TEOPETHYECKHUE MATEPHAJIbBI

I-Tema. Conepxxanue u 3agaun npeamera xumus. OCHOBHbIE OHATHS
H CTeXHOMETPUYEeCKHE 3aKOHbI XUMHUU. MaTepus U IBUKEHHUE.
Xumuueckasi popma ABUKEHUSA. XMMHYECKUE ABJIeHUA. DU3HYeCKUe
SABJICHUS

Ilnan:
CoaepxxaHue v 3a71a4d IpeIMeTa XUMUU.
3HauYeHUE XMMHUU B HAPOJHOM XO3SIMCTBE.
Hcropust xumuu.
Pa3zButne npeaMeTra XMMUM W XHUMHYECKOW MPOMBIIIJICHHOCTH B
V30ekucrane.
5. X¥MHS U DKOJIOTHS.

~odE

OHOprle CJIOBa U BBIPAKCHUS . npedMem Xumuu, eeuygecmeo, melio,
XumudecKue Ae6J1eHUA, d)us’uqecmte ABJNIEHUA, nNpocnivle e6eulecned,
CJIOJICHble eeujecnmed, CmMecu, XumMudeckKkas npomuvliUleHHOCmb, 3HAY€HUe
npedMema XUMUU, XUMUA U IKOJIO2UA

XUMHS - HaykKa O BEIIECTBaX, 3aKOHOMEPHOCTSAX WX IPEBPAIICHHMA
(pusruecKknx M XHMHYECKHX CBOMCTBAaX) WM NpUMEHEeHWH. B HacTosee
BpeMmsi u3BecTHO Ooznee 100 Teic. HeopraHmueckux u Oosiee 4 MIIH.
OpPTraHWYECKHUX COCTUHEHUH.

BemectBa - BUbI MaTepuu, TUCKPETHBIC YaCTHUIIBI KOTOPBIX HUMEIOT
KOHEYHYIO Maccy MOKos (cepa, KHCIOPOI, H3BECTh U T. II.).

W3 BemectB cocTosT (usmyeckue Tena. Kaxioe BEmeCTBO MMEET
onpeleNeHHbIe (U3NYECKHE CBOMCTBA: arperaTHOE COCTOSIHHE (GKHIKOE,
TBEPJI0€, Ta3000pa3HOE), TEMIIEPATYPY IUIABJICHUS, KUTICHUS, 3aMep3aHusl,
IJIOTHOCTh, PACTBOPHMOCTh. ATPEraTHOE COCTOSHHUE MOXKET IEepPEXOJIHTh
U3 OJIHOTO B JIpyroe. BenmuunHbl, KOJUYECTBEHHO OTPaXKaIoIINe CBONMCTBA
BEIIIECTB HA3BIBAIOTCS (DU3WYECKUMHU KOHCTaHTaMHU. PaszmuyaroT 4uCThIC
BellecTBa (cepa, xene3o, TUCTUIIMPOBaHHAs BOJAA) U cMecH (IIPUPOIHAs
BOJA, colepxamnias coiM, cruiaBbl). CMecH Ha3bIBalOT 1O BEUIECTBY,
npeoOajaroeMy B UX cocTaBe. B mpupojie abCOMOTHO YUCTHIX BEIIECTB



HEe BcTpeyaeTcs. Eciau KoJuuecTBO MpPUMECEd HHUYTOXKHO Majlo, TO
BEIIIECTBO CUMTAETCS YCJIOBHO YMCThIM. YuCTOE BEIIECTBO OJHOPOIHO,
cMecu ObIBalOT OJHOPOAHBIE W HEOAHOPOAHBbIC. OTHOPOIHBIE CMECH -
CMECh JIBYX WJIM HECKOJBKHUX BEIIECTB, KOTOPHIE HE OOHAPYKUBAIOTCS MPU
MOMOIIY anmnapaTyphl (CMECH Tra30B, MHOTHE KUAKOCTH, HAIIPUMED, KPOBb,
CILIaBHI).

PaznuyaroT mpocThie M CIOXKHBIE BellecTBa. BerecTBa, cocTosimue
13 aTOMOB OJIHOT'O BHJa, Ha3bIBaloTCs mpocThiMH (S - cepa, C - rpadut, O
- kuciopoa, Hz - Bomopoxa, Bce meramnsl). BemiecTBa, cocrosiuue u3
aTOMOB pa3HOro BujJa, HasbiBatoTcs cnoxHbiMu (H2O - Boma, CO2 -
yriekucibii ra3, HoSOs - cepnas kucnora).

XuUMHUS — 4acTh €CTECTBO3HAHMS, U3YYaOIas CBOMCTBA BEIIECTB U
WX TPEBpaIllCHUs, COMPOBOXKIAIOIIMECS H3MEHEHHEM COCTaBa W
CTPYKTYPBHI.

XuMHsA - HayKa O BELIECTBAX, 3aKOHOMEPHOCTAX WX MPEBPALICHUN
(pu3myeckux M XMMHUYECKUX CBOMCTBAX) M NMpUMEHEHUU. B HacTosiiee
BpeMmsi u3BecTHOo Oosee 100 Thic. HeopraHuueckux u Oosiee 4 MIIH.
OPTaHUYECKUX COCIUHEHUM.

XMMHAI U3y4YaeT COCTaB, CTPOCHHS, CBOMCTBA M IPEBpAICHUS
BEIIIECTB, a TAKXKE SBJICHUS, KOTOPHIE COMPOBOXK/IAIOT ATH MIPEBPAIIICHUS.

HeoOxoamMo yTOYHHTH, 4YTO, BO-IIEPBBIX, B XUMHHM pPE€Yb HJIET O
BEIIIECTBAX OINPEJICICHHOTO COCTaBa M CTPYKTYpPhl — XHUMHMYECKHX
BelllecTBAaX, BOBTOPBIX, peyb uaeT 00 OTHOCHUTEIIBHO
HU3KOHEPTreTUUECKUX TMPEBPANICHUSIX — XHUMHUYECKHUX PeaKkiusx — Mpu
YCIOBHUAX, OJM3KUX K OOBIYHBIM (TeMrepaTypa, HE MPEeBBIIIAOIAs]
HECKOJIBKMX JIECSTKOB TBHICAY TPaayCcoB, DSHEPrus — OOBIYHO MEHEe
HECKOJIBKMX ThICSY KWIOJKOYJIEH Ha TpaMM BENIECTBa, HABICHUE —
00b14HO MeHee coTeH MIIa).

[Ton ~ XMMHYeCKHMHM  CBOWCTBAMH  BEIIECTB  IOHUMAIOT
COBOKYMMHOCTh XMMHUYECKUX PEAKIM, B KOTOPhIE OHU MOTYT BCTYIATh.
Kak wu ¢Qusuueckue cBoiicTBa (IIBET, IUIOTHOCTh, TBEPAOCTbD,
AJIEKTPONPOBOJHOCTh, TEMIEPATyphl IUIABJICHUS W KUIICHUS), OHU
ONPEACINSIIOTCS  DJICKTPOHHBIM CTPOEHHUEM  BEUIECTBA, CTPYKTYpol U
COCTaBOM.

IIpocToe xuMHYeckoe BeleCTBO (IIPOCTOE BEIIECTBO) — 3TO
BEIIECTBO,



KOTOPOE HE MOXKET OBITh Pa3l0KEHO Ha JIPYrue BEIIECTBA B YCJIOBHUSIX
XAMHAYECKUX PEAKIAM.

ATOM — Menmpuanmas 4acTULAa IPOCTOr0 BEMIECTBA, COXPAaHSIOIIAs
BCE €r0 OCHOBHBIE XMMUUYECKHE CBOWCTBA. B (hu3mke yCTaHOBJIEHO, YTO
KaXJbI aTOM COCTOUT W3 OINPEACICHHOIO YUCIa MPOTOHOB U HEUTPOHOB,
COCTaBJISIFOIIMX SIPO, U BJIEKTPOHOB, KOJIMYECTBO KOTOPBIX PABHO YHCIY
IIPOTOHOB, T. €. aTOM dJIEKTpoHeuTpaaeH. IMEHHO aToOM HE MOXET OBITh
MPEBPANIEH B JPYTUE aTOMbBI B YCIOBUSAX XUMHUYECKUX PEAKIIHM.

JJIEeMeHT — BUJ aTOMOB, XapaKTEPU3YIOIIMXCS OJJUHAKOBBIM YHCIIOM
MIPOTOHOB; 3JIEMEHTY MPUCBAUBACTCS MOPSAIKOBBI HOMEDP, PABHBIA YHUCITY
MIPOTOHOB B €T0 SAJIpe, U MY JIaeTCsl Ha3BaHUE, MepBbie OYKBHI (JTATUHCKOTO
Ha3BaHUS) KOTOPOTO SIBISIFOTCSA CUMBOJIOM 3JIEMEHTA U OOBIYHO, KpOME
TOro, 00O3HA4YalOT OJWH aToM. Hampumep, 3JEMEHT C MOPSIKOBHIM
HoMepoM 18 HazbiBaeTcs Apron (Argon — jaT.) U oO0o3HayaeTcst Ar; 3HaK
OJIHOBPEMEHHO 0003HAYaeT HalW4yue OJHOro aroma (WM OJHOTO MOJIS
aTOMOB — CM. HIXeE).

CJ10:)KHBIM XMMHYECKHM BeleCTBOM (XMMUYECKUM COCIMHEHHEM )
ABJISICTCA BEUIECTBO, COCTOSIIEE M3 ATOMOB HECKOJBKUX 3JIEMEHTOB.
XUMHYECKOE COCIMHEHUE COCTOUT M3 TPYHIl aTOMOB, OTPA)KAIOIIUX €ro
cocTaB, — (popmyabHbIX euHul (PE).

Mosiekyjoil  Ha3bIBAIOT  MEJBYAWINYK)  YAaCTHUIy  BEIIECTBA,
CIIOCOOHYIO K CAaMOCTOSITEIbHOMY CYIIIECTBOBAHUIO M 00JIaIAOIIYI0 BCEMHU
€ro XUMHYECKMMH CBoOWcTBaMHM. Hampumep, U3 MOJEKyJd COCTOAT
BemiecTBa: xjopoogopoa HCI (1 atrom Bogopona coenuiHeH ¢ 1 aTroMom
xjopa), ammuak NHiz, Boma H2O. B TO e BpemMs BO MHOTUX
KOHJICHCUPOBAHHBIX (CKMJIKUX M TBEPJbIX) XUMHUYECKUX COCIMHEHUSIX
HEJIb3s BBIACIUTh MOJIEKYJIbI, TAK KAK OHU COCTOAT U3 MPOYHO CBA3AHHBIX
MEXJy CcOOOI aTOMOB, Ha KOTOPBhIE HEBO3MOXXHO Pa3ACiUTh CIIOXKHOE
BCIIIECTBO, HE W3MEHMB CYIIECTBEHHO €ro CBOWCTBa (Hampumep,
kpuctammieckue NaCl, K2SO4, Fe203). B aToM cinydae BMeCTO MOJIEKYT
UCTIONB3YIOT (GopMmylibHbIE eauHulbl (Hanpumep, KoSOs kp. 00603HavaeT
GbopMyJIBHYIO €IMHUILY BEIECTBA, COAECpXKaIllyr 2 aToma Kaius, 1 atoMm
ceppl U1 4 aroma kucioposaa). llpu omucanum coctaBa W CTPOCHUS
BEILIECTBA YACTO HCHOJIB3YIOT MOHATHE O CTPYKTypHO# exuHuune (CE) —
3TO OOJIEe



oO1iee MoHsiTHE, 00O3HAvaroIlee J00bIe aTOMBI WM UX TpyHmbl (B TOM
gucie u DE), KOTOpbhie HUCHONB3YIOTCS JJIsi ONUCAHUS COCTaBa WIH
CTPYKTYpPhI BELIECTBA.

Takum 00pa3oM, COCTaB BEIIECTBA BBIPAXKAETCS €ro XHUMHYECKO
¢bopmyJioii, KoTOpass OmpeueisieT COOTHOIICHHUE MEXIY KOJIMYECTBOM
aTOMOB JJIEMEHTOB B COCIWHEHHWM WJIM KOJIMYECTBOM ATOMOB B ITPOCTOM
BEIIECTBE; OHA MOXET COOTBETCTBOBATh WJIM HE COOTBETCTBOBATH COCTABY
Mojekyanl (Hanpumep: Cl u Cly, P2O3 u P4Os, rae cnauana gana gpopmysia
COCTaBa BELIECTBA, 4 TOTOM — MOJIEKYJIbI).

IKBHBAJIEHT H YKBHUBAJIEHTHbIE MaCChI

N3mepeHust B XUMUU TIPOU3BOJISTCS C MCIIOJb30BAaHUEM IPUHITOMN BO
BCEM MHUpe, B TOM uucie u B Poccun, MexnyHapo HONH CUCTEMBI €IUHUII
u3Mepenus (CH). B aTolt cucteme uMeeTCsl CeMb OCHOBHBIX €IMHUILL: METP
(M, quHa), Kwiorpamm (Kr, Macca), cekyHzaa (c, Bpemsi), amnep (A, cuna
toka), KenbBun (K, Temneparypa), kaHmena (K1, cCujia CBETa), U MOJIb
(KOIMYECTBO BEUIECTBA).

OTHOCHTEe/IbHbIE ATOMHbIE W MOJIEKYJsIpHbIEe Maccbl (Ar, Mr).
YcTaHOBJIEHHE CTEXMOMETPUYECKUX 3aKOHOB IIO3BOJIUJIO MPUIIHCATH
aToMaM XHMHUYECKUX 3JIEMEHTOB CTPOrO OMNpPEAEICHHYI0 maccy. Maccel
aTOMOB 4Ype3BbIYaiiHO Majbl. Tak, Macca aToma BOJOpOJa COCTaBJISET
1,67-10727 kr, xucaopoma — 26,60-10727 kr, yruepoga — 19,93-10727 kr.
[Toap30BaThCcs TaKWMMHU YHCIAMHA TIPA  PA3IMYHBIX pacdeTax OYCHb
Heyno0Ho. [TosTomy ¢ 1961 r. 3a enunuily maccel aToMoB npunsita 1/12
Macchl m3otoma yriepoga 2C — yriepoaHasi egdHuna (y. e.) HJIH
aTOMHAs eJMHUALIA MAaCChI (a. e. M.).

Macca y. e. cocraaser 1,66043 . 10727 kr (1,66043 . 10724 r).
OTHOCUTEJIbHOI ATOMHOM Maccoii 3jieMeHTa (Ar) Ha3bIBaIOT OTHOIIECHUE
a0OcoytoTHOM Macchl atomMa K 1/12 wactu aOCoiOTHOM Macchl aroma
n3oTomna yriepona 2C.

Ar TOKa3bIBaeT, BO CKOJIBKO pa3 Macca aToma JaHHOTO 3JIEMEHTa
Tsokenee 1/12 maccwt atoma 12C. Hanpumep, Ar kuciopoja paBHa

ly.e.—1,66-02*r
X —26,60 - 10724,



Otcroma X =16,02.

DTO O3Hayaer, 4YTO aToM KHUCJIOpoJa ONpuUMEpHO B 16 pa3 Tsokenee
1/12 maccel atoma yraepoja 2C. OTHOCHTENbHBIE ATOMHBIE MAacChl
eMEHTOB (Ar) OOBIYHO TPUBOASTCA B MEPUOJUYECKOM TaOUIle
Menpeneena.

OTHOCUTEJIbHOM  MoJieKyJasipHor  Maccoii (Mr) BemecTBa
HA3bIBAETCSI MAcCa €ro MOJICKYJIbl, BBIPAYKCHHAs B Y. €.

Mr 4KCIEHHO paBHA CYMME aTOMHBIX MAacC BCEX aTOMOB, BXOASIIUX
B COCTaB MOJIEKYJbl BemlecTBa. OHa MOACUMTHIBAETCS MO (opmylie
BemecTBa.HanmpuMep, oOTHOCUTEIbHAs MOJICKYJIsIpHAs Macca CEepHOU
kucinotel HoSO4 Oyner cinaratbes us:

aTOMHBIX MacC JIByX aTOMOB BOJIOPOJia 2-1,00=2,01;

ATOMHOW MacChl OJJHOTO aTOMa CEPBI 1-32,06=232,06;

aTOMHOM MAacCChI YEThIpEX aTOMOB kuciaopoaa 4 - 16,02 = 64,08;
98,16.

3naunt, Mr (H2SO4) paBna 98,16, wnm okpyrieHHo 98. Oto
O3HayaeT, YTO Macca MOJICKYJIbl CEpHOU KHUCIOTHI B 98 pa3 Oombiie 1/12
Maccel aroma uzorona 12C.

OTHOCUTENIbHBIE AaTOMHBIE M MOJICKYJSIPHBICE MacChl — BEJIUYUHBI
OTHOCHUTEJIbHBIC, a TOTOMY — O€3pa3MepHBIE.

Kpome paccMOTpeHHBIX BEWYMH, B XUMUU YPE3BBIUANTHOE 3HAUCHUE
uMeeT ocolasi BeJIMUhHa — KOJMYeCTBO BelecTBa. KoanuecTBo BelecTra
OTIPEACIISIETCA YUCIIOM CTPYKTYPHBIX €AUHHUI] (aATOMOB, MOJIEKYJ, WOHOB
WJIU JIP.) 3TOTO BELIECTBA U BBIPAYKAETCS B MOJISX.

Moab — 93TO KOJMYECTBO BEIIECTBA, COJACPXKAIEe CTOIBKO
CTPYKTYPHBIX WU (POPMYJIbHBIX €IUHHUI], CKOJIBKO aTOMOB COJICPKHUTCS B
12 1 (0,012 xr) n3orona 2C.

[ToHssiTHE «MOJIbY» PpACHpPOCTpaHSACTCS Ha JIOObIE CTPYKTYpPHBIE
€AUHUILIBI (3TO MOTYT OBITh PEAJIBHO CYILECTBYIOIINE YACTUIIbI, TAKKE, KaK
aromel (K, O, C), monekynsl (Hz, CO,), xatnonsl (K*, Ca?"), aHHOHEI
(COs*", I-), pamukanel (ON°, NO2' ), ¢dopmynbuble emumuuisl (KOH,
BeSOs), 251eKTpOHBI U Ap.



DKCHEPUMEHTAILHO yCTaHOBJIEHO, 4T0 B 12 1 wm3oroma 2C
comepxutcs  6,02-:102  aromos (moctosHHas Aporagpo, Nja); ee
pasMepHOoCTh — MoJb—1.Ilpu THpUMEHEHWHM TOHATHS «MOJbY» HAJI0
yKa3bIBaTh, KAKWE CTPYKTYPHBIC STUHUIIBI UMCIOTCS B BUITY.

Hanpuwmep, 1 mons atomos H conepxur 6,02-10% atomos H, 1 momns
monekyn HoO comepxutr 6,02:102 monexyn H,O, 1 mons monos H+
conepxkut 6,02-10%% nonos H 1. 1.

KonunyecTBo BelecTBa 0003HavaeTcst OykBou N.

OtHomieHne Macchl BemecTBa (m) K €ro  KOJIW4ecTBy (n)
IIPEICTaBIIsCT
c000#1 MOJIIPHYIO MAcCCy BEIIECTBA:

M= ﬂ. T/MOIb. (1.1)
i

m
Ot1croaa = — . MOIIb. (1.2)

Monsipaasi Macca BeIIecTBa UMCJICHHO paBHA OTHOCHUTEIBHOMN
MOJIEKYJIIpHOM Macce 3Toro BemiecTtBa (Mr), BBIpaKEHHOM B aTOMHBIX
eauHuiax maccel. Tak, monekyina HoO umeer maccy (Mr) 18 a. e. m., a 1
Moib H20 (1. e. 6,02-1023 monekyin) umeet maccy 18 r.

IIpumep 1. KakoMy KoIMYECTBY BEIIECTBA COOTBETCTBYET 56 T a3oTa H
CKOJIBKO MOJIEKYJI a30Ta COJIEPKUTCS B 3TOM KOJIMYECTBE?

Pemenne. Monsipuas mMacca azota (N2) paBHa 28 r/Moib. Ciie1oBaTenbHO,
56 r a3oTa COOTBETCTBYIOT JABYM MOJsM. MoJib JH000T0 BellecTBa
conepxkuT 6,02-1023 CTpyKTYypHBIX €IMHHUI; B JABYX MOJISIX a30Ta
cogepxurcs 12,04-1023 monekyir.

Ilpumep 2. B pesynprare peakuuu sxejae3a ¢ CEepoll MoydyeHo 22 T
cynbpuna xkeneza (II). Kakoe kommdecTtBo cyibduaa xKenesa
COOTBETCTBYET 3TOU mMacce?

Pemenne. Monsapuas macca cynbduaa xkeneza (II) — FeS — pana 88
I/MOJIb.

77

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

IIpumep 3. KakoBbl Macca M KOJIUYECTBO BOJIbI, KOTOpPbIE 00OpPa30BAIIUCH
IIpy cropanuu § T Bojopoaa’?
8r X



Pemenue. 3anuiieM ypaBHEHUE PEAKIINU 2H2 + 02 =2H20
41 2.18r
3anuceiBaeM MoJisipHbie Macchl: M(H2) = 2 r/moas; M(H20) = 18 r/Momb.
BriuuciisieM Maccy BOJAbI 0 YPABHEHUIO:
u3 4 r Bogopoaa nosy4daerca 36 T BOJbI
U3 8T nonyyvaercss 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 BeliecTBa (Halpumep, KUCIOPO U BOJAOPO) CYHUIECTBYIOT B
ra3o00pa3HOM COCTOSIHUU. ['a3bl MOAYMHSIIOTCS OMNPEICICHHBIM 3aKOHAM.
BbII0 3KCIEpUMEHTANIbHO YCTAaHOBJIEHO, UYTO Bce rasml (mpu t = const)
OJIMHAKOBO CxkuMaroTcs (3axkoH boiuisi — Mapuorra: PV = const uim

P1V1 = P2V2), o0nanaroT OJWHAKOBBIM TEPMUUECKUM KOdIPPUIIMEHTOM
pacuupenusi (3akonbl I'eit — Jlwoccaka u lapas: = V / Tconst npu
MOCTOSIHHOM JaBiieHuu U P/ T = const npu MoCTOSHHOM 00BbEME) U UMEIOT
HEKOTOpBIE Apyrue odmue cBoricTBa. CoueTaHue 00OMX 3aKOHOB HAXOIUT
CBOE BhIpakeHUE B ypaBHeHuu Kianeiipona

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

(OTUM BBIpaKEHUEM TOJIB3YIOTCS IS PUBEICHUS 00BEMOB Ira30B OT
OJIHUX YCJIOBHI TEMIEPATYpPhl U JABJICHUS K APYTHUM.)

Ha ocHOBe 3THX ra3oBbIX 3aKOHOB M CBOMX HaOJIOAeHMI ABOrajpo
chopmynupoBal 3akoH (1811 r.): B paBHbIX 00beMax pa3jIMYHbIX Ta30B
MPH OJIMHAKOBBIX YCJIOBHSX COAECPKUTCH OAMHAKOBOE YHMCJI0 MOJIEKY.JL.

Ecnu B3sTh 1 MOIB J1F000TO ra3a, TO JIETKO YOSIUThCS B3BEIIIMBAHUEM
WM U3MEpPEeHHuEeM OO0BEMOB, UTO IPH HOPMAJIbHBIX YCJOBHUSX OH 3alMET
00BeM 22,4 11. DTO Tak Ha3bIBAEMBIII MOJIbLHBII 00HLEM rasa.



Hopmagnbublie ycinoBust B MexayHnapoanoi cucreme eaunui (CH):
nasienue 1,013-105 ITa (760 mm pt. cr. = 1 at™m.); Temneparypa 273 K
(0°C).

Ecnu ycinoBust OTIWYAIOTCS OT HOPMAJIbHBIX, MOJIbHBIA 00BEM MMEET
Ipyroe 3HA4Y€HHWE, Il PaCYETOB KOTOPOTO MOKHO BOCIOJIb30BATHCS
ypaBHenuem Menaeneesa — Kimaneiipona

.PV:%RI- (1.4)

rae P — maBnenwme rasa; V — o0beM; m — macca raza; M — MoJspHas Macca,
T — remneparypa (K); R — yHuBepcanbHas (MoJisipHasi) raszoBas
IIOCTOSIHHAS, YMCJICHHOE BBIpAKCHHE KOTOPOM 3aBUCUT OT CIUHHII,
ONpeaeAoIINX 00bEM I'a3a U €ro JaBJICHUE.

B Mexnynaponnoii cucreme usmepenuit (CU) R = 8,314 Ila-m3/
MoJIb * K
(dx/mo41b° K).

11 BHECHCTEMHBIX CIWHMI[ HM3MEPEHMsS JaBJeHHsS H o0bema
BEJIIMYMHA
R nmeeT 3HaueHM

R = 62400 mm pT. cT.-MJ1 / Moa1b-K; R =0,082 atm-a / moab-K;
R =1,99 xaa / moasb-K.

OTH 3aKOHBI ChITpAId OOJBIIYI0O POJb B YCTAHOBJICHHH ATOMHO-
MOJIEKYJIIPHOTO CTPOCHMSI Ta30B M B HACTOSIIEE BpeMs IMIHUPOKO
UCIIOJIB3YIOTCS I PACUETOB KOJUYECTB PEArupyroInX ra3os.

Hpumep 4. Haittu maccy 200 i xJtopa npu H. y.
Pemenne. 1 mone razooOpaznoro xjopa (CI2) umeer maccy 71 T u
3aHuMaeT o0beM 22,4 1. CocTaBiisieM MPOIOPIUIO:

71r—22,4n
X1 —200 .

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

IKBHUBAJICHT. DKBUBAJICHTHBIC MACChHI



KonnaecTBeHHBIHM nmoaAxoa K H3YYCHHUIO XHMHYCCKHX SIBJICHUN U
YCTAHOBJICHUC 3dKOHaA IIOCTOAHCTBA COCTAaBa IIOKa3dJiM, 4YTO BCHICCTBA
BCTYIIAKOT BO B321HMOI[€I>1CTBPI€ B OIIPpCACICHHBIX COOTHOICHUAX MACC, YTO
IMPpUBCJIO K BBCACHHIO TAKOI'O BAXHOI'O IIOHATHA, KaK «IKBHBAJICHT», U
YCTAHOBJICHHUIO 3dKOHA 3JIKeéueda/leHmoe: MacCCbl B3aHMOHeﬁCTBy10HIHX
0e3 ocTraTka BEIIECTB COOTHOCHATCH KaK HX IKBHUBAJICHTHBIC MaACChbI.
MaremaTuueckoe BBIPpA’KCHUC 3aKOHA DKBUBAJICHTOB

my My

. 1.5
my Moy (1-5)

A€ Mox,1 1 Mg 2 — DKBUBAJIEHTHBIE MACCHI.

JKBUBAJIEHT — 3TO 4YacTHIA WJIM YacTh 4YaCTHIbI, KOTOpasi
coequHsieTcsl (B3aUMO/IEiiCTBYeT) C OJHUM aTOMOM BOJAOPOAA WIH C
OJTHMM JJIEKTPOHOM.

N3 »stOoro ompeneneHus BHAHO, 4YTO TMOHATHE «IKBUBAJICHT»
OTHOCUTCS K KOHKPETHOM XHMHYECKOM PEaKIHMH; €CIM €ro OTHOCIAT K
aTOMy B XHMHYECKOM COCAMHEHUHU, TO MMEIOT B BHIY PEAKIMIO
oOpa30oBaHMS DJTOTO COCAWHECHHUS M3 COOTBETCTBYIOIIETO IMPOCTOTO
BEIIIECTBA M HA3BIBAIOT IKBHBAJEHTOM 3JIEMEHTA B COeITMHEHHH.

B omnoii ¢popmynbHO# enuHuie BemiecTBa (B) MoxeT comepxarbes
Zp PKBHBAJCHTOB ATOT0 BemecTBa. Yncno Zp HaA3BIBAIOT MOKAa3aTe/eM
IKBHUBAJEHTHOCTH.

dakTop 3xBuBajeHTHocTH (f) — Honsg wacTwmpbl, cocraBisrOmIAs
SKBHUBAJICHT;

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

fB= (1.6)

1
Zy

Macca ogHOro MOJSi SKBUBAJIICHTOB, BBIPAXKEHHAs B TIpamMMax,
HA3bIBACTCS MOJISIPHOM SKBHUBAJEHTHOW Maccol (Mbdk, 1/MoJb 3KB);
YUCJICHHO OHAa paBHA OTHOCHUTEJIHHOW MOJEKYISIPHOM Macce SKBHUBAJICHTA
(KpaTko ee Ha3bIBAIOT SKBUBAJICHTHON MacCOM).

Hpumep S. Onpenenurs 3KBUBAJIEHT U SKBUBAJICHTHYIO MacCy KUCIOpOAa
B H,0.



Pemenne. Takas ¢dopMyJupoBKa BOIpOca MPEAIOIaraeT peakiuio
00pa30BaHUsI MOJIEKYJIbI BOJIbI U3 KUCIIOPOIa U BOAOPO/IA:

H, + %202 = Ho0,

T. € Cc 1 aroMoM BOJOpPOJAa COCAUHSIETCS )2 AaTOMOB KHCJIOPOJA.
CnenoBarenbHo, Z(0O) = 2. Macca 0gHOTO MOJIs aTOMOB KHCJIOpPOJia paBHA
16 r, orcroga Mok (O) = M(O)-1/Z = 16/2 = 8 r/mMoIb.

DKBHUBAJICHTHI OJIHUX U T€X K€ JIEMEHTOB B PAa3JIUUYHBIX XMMUUYECKHUX
COCAMHEHUSIX MOTYT pa3indaThCs, TaK KaK BeJIMUYMHA YKBUBAJICHTA 3aBUCUT
OT XapakTepa MpeBpalleHus, MpeTeprneBaeMoro uM. Tak, B COCIUHEHUU
SO, skBHBaJICHTHAs Macca cepbl paBHa 8 I/MOJIb, YTO cocTaBisieT 1/4 ot
aTOMHOM Macchl, a B coequHennu SOs — 5,3 r/Moab, 4To cocTaBisieT 1/6 ot
aTOMHOM Macchl cepsl (Zs = 4 u 6) cooTBeTCTBEHHO. [IpakTHueckuii pacuer
SKBUBAJICHTHON MACChI 3JIEMEHTA B COCIMHEHUM BEAYT MO hopmyIie

A
ol

(1.7)

M, (3memenTa) = A, =

r7ae A — aToMHas Macca; (0 — CTENEHb OKUCJIEHUS DJIEMEHTA B JAHHOM
coequnennu. (Hwuxe Oynmer mokaszaHo, 4TO JUIsi peakiuu 0O0pa3oBaHUs
COEAMHEHHMS U3 NpocThIX BelecTB ZB = lwl).

Hanpumep, ZB (Mn) B coenunenun KMnO4 (o = +7) coctasiser 7,
a Mok (Mn) = 55/7 = 7,85 r/moinb; B coequnenn Mn203 (o = +3) — ZB =
3 u Mbak (Mn) = 55/3 = 18,3 r/Mo0b.

JKBHBAJICHTHAs Macca BelleCcTBA B XMMHUYECKHX PeaKuusx
MMEET pa3JIMYHble 3HA4YEHHs, B 3aBUCUMOCTH OT TOrO, B KakKOM
B3aUMOJICMCTBUM 3TO BEUIECTBO y4acTByeT. Eciu BO B3auMOAECHCTBUU
CJI0>KHOTO BEIIECTBA YYACTBYET €r0 U3BECTHOE KOJIUYECTBO WIIA U3BECTHO
KOJIMYECTBO PEArHPYIOIIUX TPYMIl, TO JJIsI pacyeTa SKBHUBAJICHTHBIX MacC
MOYHO TIOJIb30BaThCs CIEAYIOIUMU ITpaBUIIaMu U (popMyJiaMHu:

a) BewecTBa JPyr C JPYIOM PpPearupywT OJAMHAKOBbIMH
KOJIMYECTBAMH 3KBUBaJIeHTOB. Hanpumep, B peakiuu

2Al + 3/2 02 = Al203



6 MOJIb SKBUBAJICHTOB Al pearupyroT ¢ TaKuM K€ KOJIUYECTBOM KUCIOPOJia
(ZB (Al)=3,ZB (0)=2);

0) SKBHMBAJICHTHasi Macca KHCJIOTbI B PpeaKIHUiX 3aMelleHUus
HOHOB BOOPO/a paBHA

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

Hpumep 6. Onpenenuth 5KBUBAJIECHT W JKBUBAJCHTHYIO MAaccy
H,SO4 B peaknusx:
1) H,SO4 + KOH = KHSO4 + H0
2) H2SO4 + 2KOH = K;S04 + 2H,0

Pemnenne. B peakuum 1 3amecTwiics OIMH MOH BOJOPOJA,
CJI€IOBATEIbHO, SKBUBAJIEHT CEPHOM KHUCJIOTHI PaBEH OJHOMY MOJIO, a ZB
(H2S04) = 1, Mak(H2SO4) =M - 1 =98 r/mob.

B peaknum 2 3amecTwinch o0a MOHA BOJOPOJA, CIIEIOBATENBHO,
DKBUBAJICHT CEPHOU KU-

CJIOTHI paBeH aByM MoJisiM, Zp (H2SO4) =2, a Mok (H2SO4) =98/ 2 =
49 r/MOb.

B) JKBHMBAJICHTHAsI MAaCCa OCHOBAHUS B PeaKUUU 3aMelleHHs
HOHOB I'HJIPOKCIJIA PaBHA

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

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

Ilpumep 7. Omnpenenutb 53KBUBAICHT ¢ JKBUBAJICHTHBIE MacChl
THJIPOKCHUIA BUCMYTA B PEAKIIHSIX:

1) Bi(OH)3 + HCI = Bi(OH).Cl + H20

2) Bi(OH)3 + 3HCI = BiCl; + H,0

Pemenne. 1) Zg (Bi(OH)3) = 1, Mak(Bi(OH)3) = 260 r/mMoab (Tak Kak w3
TPEeX MOHOB TMIPOKCHIIA 3aMECTHIICS OAMH);
2) Zg (Bi(OH)3) = 3, a Mak (Bi(OH)3) = 260/3 = 86,3 r/mMoib (Tak Kak U3
Tpex noHoB OH ™ 3amectunnce Bce TpH);



F) IKBHBAJICHTHasI MacCca COJIM B PCAKIUAX IMOJHOI'0 3aMCIICHUSA
KaTHOHAa WJIH aHUOHA paBHaA

y B M
7 IKCOMH  353n47 KATHOHA - KOT—BO KATHOHOR
HTH : (1.10)
M
M

IMCOMH  33ps7 aHHOHA - KOT—BO AHHOHOR

Tak, Zg Al2(SO4)3 = 3:2 = 6. OtHaKO B PEAKIIMH Ta BEJIMYUHA MOXKET
OBITH OoJIbIIIE (HenmosHOE 3aMENICHHE) 7M1 MEHBIIIE
(koMIuiekcooOpazoBanue). Ecnu, Hanmpumep, 3TO COCAMHEHUE y4YacCTBYET
BO B3aUMOJCHCTBUHU 11O PEAKIINH

Aly(SOs)s + 12KOH = 2K3[AI(OH)e] + 3K,SO4,

TO MPHU 3TOM TPU aHHUOHA C CYMMapHbIM 3apsaom 6 3amemarorca 12 OH™
MOHAMHM, CJEAOBATEIbHO, 12 SKBHBAJECHTOB JTOTO BEIIECTBA JOJKHO
BCTYIaTh B peakiuio. Takum oopazom, Zg Alx(SO.)z = 12;

A) DJKBHBAJIEHTHAsI MAacca OKCHAA B PpPeaklusX IOJHOI0
3aMellleHUusl PaBHA

M

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

(1.11)

‘1{31{. OECHIA —

Hanpumep, ZB (Fe03) = 3 - 2 = 6; Maxk=M(Fe203)-Zp=160-1/6 =
26,6 T/MOJIb.
OnHako B peakiuu

Fe,O3 + 4HCI = 2FeOHCI, + H,0O

Zp(Fe203) = 4, Mok = M(Fe203)-Zg = 160-1/4 = 40 r/mounb, Tak kak FeoO3
B3aMMO/JIEUCTBYET ¢ ueThlpbMs 3kBUBaIeHTaMu HCI.

[Ipu pemieHun 3amad, CBA3AHHBIX C Ta3000pa3HBIMHU BEIIECTBAMU,
1[E7IeCO00Pa3HO MOJIH30BATHCS 3HAUCHUEM IKBUBAJEHTHOr0 00beMa. JTo
00BeEM,



3aHUMAEMbIIl OJITHUM MOJIEM SKBHUBAJIEHTOB ra3o00pa3Horo Bemiectna. Jluis
BOJIOpOJia IIpU H.y. 3TOT oObeM paBeH 11,2 1 (MoysipHBIE 00BeM Hp
coctaBisgeT 22,4 1, a Tak kak Mdk (H) = 1 1, To SKBUBaJICHTHBIN 00BEM
OyneT B 2 pa3a MEeHbIIIE MOJISIpHOrO, T. €. 11,2 1).

IMpumep 8. Ha BoccranoBnenue 1,80 r© okcuma wMeramna
u3pacxojoBaHo 883 mi Bogopoaa (H. y.). BelUMCINTE 3KBUBAJIEHTHBIE
Macchl OKCHJIa U METaJlIa.

Pemenne. CoriacHo 3akoHy SKBUBajeHTOB (1.5) macchl (00BEMBI)
pearupyrommx BEMIECTB MPOMOPUUOHAIBHBI WX JKBUBAJIEHTHBIM MaccaM
(oObemam):

Moxcaga _ M 5 oxenma - 180 _ M,
Vias) Vaxtay) " 0.883 112
OT1croaa
1.8-112 .
My oxenna = =24.2 (r/mons): M oxemza = Mg meramma + M (O).

0,883

Torna Mok. metamia = Mak. okcuaa — Moak. (O) =24,2 — 8 = 16,2 r/morb.
(Mbak (O) = 16/2 = 8 r/moub).
Hpumep 9. BeIUWCINT 3KBUBAIEHTHYIO MACCy LWHKA, ecnu 1,168 T
ZN BBITECHUIIN
u3 kucsoTsl 438 mu1 Hy (t = 17°C u P = 750 MM pT. cT.).

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

N3 ypaBHeHus MenaeneeBa — Knaneitpona (1.4)

P-V-M _ 750-438.2
R-T 62400-290

m(H,) = =0.036T:

Mzy - Moy (H) _ 1168-1
0.036

= 32,6 r/MonB.

M, (Zn)= -
H,

Onpene.ﬂemle ATOMHBIX M1 MOJICKYJISIPHBIX MacCcC

N3 3akona ABoraapo ciemyeT, 4YTO JBa raza OJIMHAKOBBIX
00bEMOB TpHU



OJHHAKOBBIX YCJIOBHUAX COACPKAT OJMHAKOBOC YHUCJIO MOJICKYJ; OIHAKO
OHH HMCHKOT HCOAMHAKOBBLIC MACChLI: MAaCCa OJHOIO rada BO CTOJIBKO pa3
OoJIbIIIE APYyroro, BO CKOJIbKO pas3s OOJIBIIIE €T0 MOJEIpHaA Macca:

M
A_-Ziop, (1.12)
my M,

raie D — oTHocuTenbHas TIOTHOCTH oaHOro rasa (1) xk apyromy (2) —
BenuuuHa 6e3pazmepHas. Orcrona

M; = My- D. (1.13)

IIpumep 10. Macca 1 i1 ra3a (H. y.) paBHa 1,25 r. Beruucaute: a) M
raza; 0) Maccy OJTHOM MOJIEKYJIbI ra3a; B) IJIOTHOCTh r'a3a OTHOCUTEIBHO
BO3/yXa.

Pemenue. MossspHyto Maccy raza HaijeM 1o MojbHOMY o0beMy (1
MOJIb Ta3a MpHU H. y. 3aHUMaeT V = 22,4 1):

a) 1 1 raza umeer maccy 1,25 r

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

6) 1 monb raza — 6,02-10% monekyn — 28 ¢

1 monekyna — Xr
X=———==4710" 1
6,02-10°
. . M 1a 28 .
B) 3 (1.12) D rasa mo Bosoyxy =———— = —= (0,96, 1. ¢. JaHHEIH ras Ierde

Mygpsa 29

Bo3ayxa B 0,96 paza.
(Cpenuss monekyJsgpHas Macca Bo3ayxa M Bo3a. = 29 r/moub).
IIpumep 11. Ananu3 nokaszai, 4yTo coeauHeHune coctouT u3 30,43 %
azora

u 69,57 % xucnopoaa. OTHOCUTENbHASI TUIOTHOCTh 3TOr0 BEIIECTBA IO

BOJIOpo1y paBHa 46.0npeaeuTh €ro MOJICKYJISIPHYIO Maccy U GopMyy.
Pemenne. Cormacno (1.13) ompenensieM  OTHOCUTEIBbHYIO
MOJIEKYJISIPHYIO MaccCy BEIIECTBa



Mr = 2DH> = 2:46 = 92 r/M0I1b.

®opmyny BemectBa mpuMeM NxOy. UToObl HaWTH COOTHOIIEHHUE
MEXy X Uy, HaJI0 pa3eiuTh BECOBbIC KOJWYECTBA (B JAHHOM IIpUMEpE
IPOLICHTHOE COJIEpKAHUE) a30Ta MU KHUCIOpOJa Ha COOTBETCTBYIOIIME
aTOMHBIE MACCHI:

Orcroma mnpocteiimas  dopmyia BemectBa — NOz,  KOTOpoit
COOTBETCTBYET MOJIEKYJIsipHasi macca 46. Paznenus 92 Ha 46, nonyyum 2.
3HAYUT, MpOCTEeHUIyI0 HOPMyTy HAJI0 yABOUTH, T. €. HCTUHHASA (Qopmyiia
BemecTtBa — N2Oa.

ATOMHBIE, MOJSIPHBIE W MOJIEKYJISIPHBIE MAacChl aTOMOB M MOJICKYJ
MOKHO ONPENENATh, KaK IMOKA3aHO BBIIIE, U3 3aKOHA SKBUBAJICHTOB U W3
ra3oBbIX 3aKOHOB. Kpome TOro, mx HaxoIdT MNPHOIMKEHHO MeTOA0M
MenaeieeBa, Kak cpeaHee apuMETHUIECKOE aTOMHBIX MAacC COCEIHHUX TI0
IIEPUOIMYECKON CHUCTEME aTOMOB. MOXHO TakKe OLECHUTh 3HAYCHUE
aTOMHOM Macchl MO YAEIbHON TEIIOEMKOCTH 13 3akoHa J{rosionra u Iltm:
aTOMHBIC  TEIUIOEMKOCTH TMPOCTBIX  TBEPJBIX BEIIECTB MPUMEPHO
OZIMHAKOBBI M COCTABIIIOT 0KOJIO 25 JIx- Monp -K 71,

Ilpumeyanue: aTtoMHasg  TEIUNIOEMKOCTh  BEHIECTBA MPUMEPHO
OTpEeAeIISIETCA KOJIUUECTBOM KOJIe0aHUM, KOTOPOE MOXKET COBEPIIATh aTOM
B KPUCTAUIMYECKON PEIIETKE;, YUCIO TaKUX KOJICOAHUW B TPEXMEPHOMU
pemIéTKe pPaBHO TPEM; KaXxJIOMy KOJEOAHUIO COOTBETCTBYET HHEPIus,
paBHas R = 8,314 Jx/(monb-K), uro u naér okoso 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 ] ( }

3Hasi HETOYHOE 3HAYEHUE aTOMHOM MacChl A' 1 TOUHOE 3HAUYCHUE M
JUISL JTaHHOTO DJIEMEHTAa W3 OMbiTa W NPUHHMAsT BO BHUMAaHHE, 4YTO
BAJICHTHOCTH — II€JI0€ YHUCJIO, MOYKHO HAUTH TOUHOE 3HAUYCHHUE A.

Hpumep 12. Ilpu B3aumogeiictBuu 1,168 T Mertamna ¢ cepHOU
KHCJIOTOM BbIIeNUIoch 438 M1 Bojgopoaa (00beM u3mepeH mpu 17 oC u
750 MM pT. cT.). YaenpHas TermioeMKocTh wmertaimia — 0,39 JIx/T.
BbIUunUCIUTE aTOMHYIO MacCy METaJllIa U ONPEICIUTh, KAKOW 3TO METaJL.

Pemenue



1. TTo ypaBuenuto (1.4) Knanelipona — MeHeneeBa BbIYUCIIEM
Maccy BBITECHEHHOT'O BOJIOPO/IA

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

m(H,) = =0.036T.

2. I1o 3akony 3kBUBaJICHTOB (1.5) onpeensieM 3KBUBAJICHTHYIO
Maccy MeTaia

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

= 32.69 r/moms.

My Me =

3. ITo 3akony Hrononra u Iltu (1.14) Haxoaum npuOIU3UTEIbHYIO
aTOMHYIO Maccy MeTajlia

e ‘ri:‘

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

4. Ilo SKBHUBaJEHTHOM Macce U MPUOJIM3UTEIHLHONW aTOMHOW Macce
MeTajula ONPEAEIIIEM BaJI€HTHOCTD:

64.1
y=——=
32.69

196 =~ 2.

5. PaccuuThiBaeM TOYHYIO aTOMHYKO MacCy WU IO HEH HAXOIUM
METaJIJI B IEPUOJUUYECKON CUCTEME:

Ar=Mbnk -V =32,69.2=065,38. D10 HUHK (Zn).

TouHble 3HAUEHUSI OTHOCUTEIBHBIX aTOMHBIX Macc (Ar) MPUBOIATCS
B Ilepmonnueckoin cucreme JI. M. Menngeneesa mnox CcuMBOJIaMHU
aneMeHToB. OHU MPENICTABISIIOT CO00M CpeHMe 3HAYE€HUS] aTOMHBIX Macc
BCEX NPUPOJHBIX U30TOIIOB C YYETOM MX OTHOCHUTEIIBHOI'O COJEP)KAHMS B
IPUPOJIE.

Ipumep 13. TIpupoaHbIi KMCIOPO COCTOUT U3 u3oTomnos °0 (99,76
%), 'O (0,04 %) u O (0,2 %). OnpenenuTs OTHOCHTENEHYIO ATOMHYIO
Maccy 3JIEMEHTa KUCIOPO/Ia.

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

TouHble 3HAYECHUS ATOMHBIX MAacC IMOYTH BCEX JIEMEHTOB, OJIHAKO,
ObLIIM OMpeJIeNICHbl U3 XUMUYECKUX PEaKIUi C UCIOJIb30BAHUEM BECOBOIO
aHanu3a (TaKk Kak B3BCIIMBAHHE MOYKHO NMPOU3BOJUTH C OYEHb BBICOKOM
TOYHOCTBIO).



Ipumep 14. Omnpenenutrb aTOMHYIO Maccy cepedpa, ecliu Mpu
B3aMMOJICMCTBUM | T €ro ¢ a3oTHOM KuCJIOTOM moayduioch 1,57479 r
HUTpaTa cepedpa.

Pemenne. 3anumem ypaBHeHue peakiuu Ag + 2HNO3 = AgNO3 +
NO2 + H20.

Ecnmu u3BectHbl Ar(N) = 14,0067 u Ar(O) = 15,9994, 10, moab3ysch
ypaBHEHHEM PEAKIIMH, MOKHO COCTaBUTh IIPOIOPIIUIO:

u3 1 r Ag nosnydeHo 1,57479 r
AgNO3
3 A T Ag nosyuurcs (A + 14,0067 + 3.15,9994)r AgNOs3,
T. €. 1 =ﬂ A= 62,0049 = 107.8733 r/mo1b.
A4 A+62,0049 0.57479

TouHble 3HAYEHHUSI aTOMHBIX MAacC OMPEACIUIMCH TaK)Ke METOJIaMu
Macc-crekTporpaduu 1 peHTreHorpaduu.

Xumuueckue ¢popmyJibl. BajieHTHOCTH

Xumuueckas (GopMmysa OTpakaeT COCTaB (CTPYKTYPY) XHUMHUYECKOTO
COeAUMHEHHs Win mnpocrtoro BemectBa. Hampumep, HoO — nBa aroma
BOJIOPOJIa COEAMHEHBl C aTOMOM KHUCIOpoJa. XuMHUecKhe (HOpMyIIbI
COJIEpKAT TaKXK€ HEKOTOPHIE CBEJICHUSI O CTPYKTYpE BEILIECTBA: HAIPUMED,
Fe(OH)3, Al2(SO4)3 — B aTHX QopMynax ykazaHbl HEKOTOPbIC YCTONYHMBBIC
rpynnupoBkr (OH, SO4), KoTOpble BXOISAT B COCTaB BEIIECTBA — €rO
MOJIEKYJIbI, (POPMYIbHOM
wiu cTpykrypHoit equnuibl (OE unu CE).

MouJekyasapHass ¢(opmysaa yKa3blBAET YMUCIO aTOMOB Ka)J0ro
3JIeMEHTa B MoJeKyJsie. MonekymsipHas (opMmylsia OMUCHIBAET TOIBKO
BEIIIECTBA C MOJICKYJISIPHBIM CTPOEHHUEM (Ta3bl, KUIKOCTH M HEKOTOPHIC
TBepAble BemiectBa). CocTraB BellecTBAa € AaTOMHOM WM HOHHOM
CTPYKTYPOIl MOKHO OMHUCATh TOJIBKO CUMBOJIAMU (DOPMYJIbHBIX €UHHII.

@opMyJibHbIe €IUHHMIBI YKa3bIBAIOT IPOCTEHINIEE COOTHOIICHUE
MEXKJly YHMCJIOM aTOMOB pa3HbIX 3JIEMEHTOB B BellecTBe. Hampuwmep,
dbopmynbHas eaunuia oensona — CH, monexymnsipras gpopmyna — CeHe.



CrpykrypHas (rpaduueckasi) ¢opmysa yKa3blBaeT NOPSAIOK
coeauHeHus atomoB B MojiekyJie (a Takke B ®E u CE) u uucio cpsseit
MEXIY aTOMaMHU.

PaccmoTpenue Takux Qopmysl TPUBEIO K TMPEACTABICHUIO O
BajeHTHOCTH (valentia — cuna) Kak O CHOCOOHOCTH aTroMa JaHHOTO
AJIEMEHTA MPUCOEAUHATH K CE0E€ ONMPEAECTICHHOE YHUCIO APYTUX aTOMOB.
MOXHO BBIJICIUTH TPU BUJA BAJCHTHOCTU: CTEXUOMETPUYECKYIO (BKIIIOUAs
CTEIIeHb OKUCIICHUS), CTPYKTYPHYIO U DJICKTPOHHYIO.

1. CtexuoMeTpruecKasi BAJIeHTHOCTb. KOoIMueCTBEHHBIN MOJIXO0 K
ONPENECICHUI0 BaJCHTHOCTH OKA3aJICSI BO3MOXHBIM IOCJIE YCTaHOBIICHUS
MOHSATUA «IKBUBAJICHT» WM €r0 OMNPEACICHHS MO 3aKOHY SKBUBAJICHTOB.
OCHOBBIBasICb Ha JTUX MOHATHUSAX, MOXHO BBECTH IPEIACTABICHUE O
CTEXHOMETPUYECKON BAJEHTHOCTH — 3TO YHUCIO SKBUBAJICHTOB, KOTOPOE
MOXET K ce0e MPUCOCANHUTD JaHHBIA aTOM, WJIM — YUCJIO SKBUBAJICHTOB B
aToMe. DKBHUBAJICHTHI ONPEACISAIOTCA MO KOJIMYECTBY aTOMOB BOAOPOAA, T.
€. Vex (dakThuuecku O3Ha4yaeT YHCIO aTOMOB Bojopoja (Wiu
HSKBUBAJICHTHBIX €My YacTHUI[), C KOTOPHIMH B3aUMOJICUCTBYET JaHHBIM
aToOM:

Ve = Zs nm Vo = M‘;. (1.15)
Hampumep, B SO3 (o S=+6); Zg (S) paBeH 6; Verx(S) = 6.
DKBUBAJICHT BOJOPOJa paBeH 1, IO3TOMYy JJis DJJIEMCHTOB B

npuBeacHABIX HIbKe coequuenusx Zg (Cl) =1; Zg (O)=2;Zg (N)=3,a Zgp
(C) =4,

YucieHHOE 3HAYCHHE CTEXHOMETPHYECKOM BAaJCHTHOCTH  IPHUHSATO
0003HaYaTh pUMCKUMU HUPPaAMU:

I 1 I 11 11 IV 1
HCI H.0O NH3 CH4

B T1ex cmyyasx, Korma dJJIEMEHT HE COCIMHAETCA C BOAOPOAOM,
BAJICHTHOCTb ~ MCKOMOTO  JJIEMEHTA  ONpPENENsAeTCs IO  DJIEMEHTY,
BAJICHTHOCTb KOTOPOI'0 M3BECTHA. Halle BCero ee Haxo[iaT 110 KUCIOPOAY,
NIOCKOJIBKY BaJICHTHOCTh €r0 B COECJAMHEHHUSAX OOBIYHO paBHAa JIBYM.
Hanpumep, B cCOeTMHEHUSAX:



11 111 IV 11
CaO Al203 CO,

IIpu ompenesieHUU CTEXHUOMETPUYECKOW BAJICHTHOCTU JJIEMEHTA IO
dbopMmysie OMHAPHOIO COCAUMHEHHUS CIIEAYET MOMHHMTH, YTO CyMMapHas
BaJICHTHOCTh BCE€X aTOMOB OJIHOTO JJIEMEHTa JOJbKHAa OBbITh paBHA
CYMMAPHOH BaJIECHTHOCTH BCeX ATOMOB JIPYIOro 3JieMeHTA.

3Hasi BaJEHTHOCTh DJJIEMEHTOB, MOHO COCTaBUTh XHUMHYECKYIO
dbopmyny BemiectBa. Ilpu cocraBieHUHM XUMHUYECKHX (HOPMYT MOXKHO
COOJII0/IaTh CIACIYIONIUM MOPSAIO0K ACHCTBUMN:

1) oumryT psaIoOM XUMUYECKHUE CUMBOJIBI DJIEMEHTOB, KOTOPHIE BXOAST
B COCTaB COCIUHCHUS: KO AlCI AlO;

2) Haad CHUMBOJAMHM XHUMHYECKHX DJIEMEHTOB IPOCTABIISIIOT HX
BAJICHTHOCT:

I 11 ne 111
KO AICI AlO;

3) ucnonb3ys BbIIE CHOPMYJIUPOBAHHOE MPABUIIO, OMPEACIISIOT
HaWMEHbIIIee O0IIee KPATHOE YHWCEII, BBIPAKAIOIIUX CTEXUOMETPHUECKYIO
BAJICHTHOCTh 000MX 3JIEMEHTOB (2, 3 1 6 COOTBETCTBEHHO);

4) neneHWEeM HAMMEHBIIEro OOIIEero KPaTHOrO Ha BaJICHTHOCTh
COOTBETCTBYIOIIETO JIEMEHTA HAXOISIT UHIEKCHI:

| 11 i1 T
K>0 AlCls Al>Os.

IIpumep 15. CoctaButh Gopmyisly OKCHIa XJIOpa, 3Has, YTO XJOP B
HEM CEMHUBAJIICHTEH, @ KUCIOPOJ — JBYXBAJIECHTECH.

Pemenue. HaxonuMm HauMeHblllee KpaTHOE YKCeN 2 U 7 — OHO PaBHO
14. Pa3znenuB HauMeHbIlee OOIEe KpPaTHOE Ha CTEXHOMETPUUYECKYIO
BAJICHTHOCTh COOTBETCTBYIOLIETO 3JIEMEHTA, HAXOAWM WHICKCHI: IS
aToMOB xJjopa 14/7 = 2, atomoB kuciopoaa 14/2 =17.

dopMyra okcuaa — VI
Cl,0O7 .



CreneHb OKHCJEHHUS TAKXKE XapaKTEPU3yET COCTaB BEIIECTBA H
paBHA CTEXUOMETPUYECKON BAJICHTHOCTH CO 3HAKOM «ILTIOCY (JJIsI MeTaslia
Wi 00Jiee IEKTPOIOIOKUTEIHHOTO JIEMEHTA B MOJIEKYJIE) I «MUHYCY:

® =V 1.16

Omnpenensiercss ® 4vepe3 Verx, CIEI0BATEIBHO, YEPE3 AKBUBAJICHT, U
3T0 o3HauvaeT, uto ®(H) = +1; manee ONBITHBIM MyTeM MOTYT OBIThH
HalJIeHbl (® BCEX JAPYTMX DJJIEMEHTOB B pa3JIMYHbIX COEIUHEHUAX. B
YaCTHOCTH, BAXKHO, YTO PsJI DJIEMEHTOB MMEIOT BCET/la WM MOYTH BCErjaa
MOCTOSIHHBIE CTEIIEHU OKUCIICHHUSI.

[Tone3Ho MOMHUTH CHEAYIONIME IMpPABUJIA ONPEACIICHUSI CTEIEeHEN
OKHUCJICHUS:

1) o(H)==1 (0 =+1 B H20, HCI; ® = —1 B NaH, CaHy).

2) F (dbTop) BOo Bcex COCIMHEHHSIX HMeEEeT ® = —1, OCTaJbHBIC
raJloreHbl ¢ MeTaJUlaMH,  BOJOPOJAOM W JpyrumMu  Oojee
JIEKTPOIIOJIOKUTEIHFHBIMH dJIEMEHTAMHU TOKE UMEIOT 0 = —1.

3) Kuciopos B 0OBIUHBIX COCIMHEHHUSAX UMEET ® = —2 (MCKIIFOUCHUS
— TMePOKCUJT BoJopoa u ero mpousBoaubsie — HoO2 wm BaOy, B KoTophIx
KHUCJIOPOJ] UMEET CTeNeHb OKucaeHus —1, a Takxke ¢propun kuciaopoaa OF,
B KOTOPOM CTETIEHb OKUCIEHUS KUCJIOpOa paBHA +2).

4) Iemounsie (Li—Fr) m menouno-3emenpHbic (Ca—Ra) Meraiisl
BCETJIa UMEIOT CTETICHh OKHCIICHUSI, PaBHYIO HOMEpY TPYIIIIHL, T. €. +1 1 +2
COOTBETCTBEHHO.

5) Al, Ga, In, Sc, Y, La u nantanousl (kpome Ce) — o = +3.

6) Bpicmiasi cTerneHb OKHCICHHS JJIEMEHTa paBHA HOMEPY TPYIIIBI
MEePUONYECKON cucTeMbl, a Hu3mas paBHa (Ne rpymnmel — 8). Hanpumep,
BhIciasg o (S) =+6 B SO3, Husmas ® = —2 B H»S.

7) CtenieHU OKHCIICHUS MPOCTHIX BEIIECTB MPUHSATH paBHBIMHU HYIIIO.

8) CTeneHu OKUCIICHHUS] MOHOB PABHBI X 3apsiIaM.

9) CreneHu OKHUCIEHHUS D3JEMEHTOB B COCIUHEHUHM KOMIICHCHPYIOT
Ipyr Ipyra TakK, 4TO HMX CyMMa JUIi BCEX aTOMOB B MOJIEKYJIE WU
HEUTpaJIbHOW (QOPMYINIbHON €JWHUIIE paBHA HYJIO, a JJIsI MOHA — €ro
3apsAmy. OTO MOXXHO MCIOJIB30BaTh ISl OMPEACIICHUS HEU3BECTHOM



CTENIEHW OKHWCJEHUS 10 M3BECTHBIM H  COCTaBIICHHS  (POPMYJIBI
MHOT'O3JIEMEHTHBIX COCTMHCHUH.

IIpumep 16. Onpeaenuts cTenenb okuciaeHus xpoma B coinu KoCrOy
u B none Cr,07° .

Pemenne. [Ipunumaem o(K) = +1; ©(O) = —2. JInga cTpyKTypHOI
equaubl KoCrOg4 umeem 2-(+1) + X + 4-(—2) = 0, orcroma X = o (Cr) =
+6.

Jna nona Cr,072 umeem 2-X + 7-(-2) = -2, X = o (Cr) = +6, T. €.
CTENEHb OKHUCIICHHS XpOMa B 000MX CITydasiX OJJMHAKOBA.

IIpumep 17. Omnpeaenuth creneHb okuciaeHus Gocopa B
coeqnHenusx P203 u PH3.

Pemenue. B coenunenun P203 o (O) = —2. Mcxoas u3 TOro, 4to
anreOpandeckas cyMMa cTeneHeld OKMCJIeHUsA MOJIEKYJIbI 10JKHA ObITh
PAaBHOM HYJII0, HAXOAMM CTeneHb okucieHus: gocdopa: 2-X + 3:(—2) =0,
orcroga X = o (P) =+3.

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

Ipumep 18. Hanummure ¢dopmysibl OKCHIOB, KOTOPHIE MOXHO
MOJIYYUTh TPU TEPMHUUYECKOM Pa3JIOKCHUU TEPEUUCICHHBIX HIKE
THIPOKCHJIOB:

HzSiO3; Fe(OH)3; H3ASO4; H2W04; CU(OH)Z.

Pemenne. HoSiOs. OnpenenseM cTeneHb okucieHus kpemuus: o(H)
= +1, ®(0O) = =2, orcroma 2-(+1) + X + 3:(=2) = 0; o(Si) = X = +4.
dopmyna oxcuga — SiO2.

Fe(OH)s — 3apsa ruapokcorpynmsl paBeH —1, ciaegoBarenbho, o(Fe)
= +3 u ¢popmya COOTBETCTBYIOIIEro okcua — FexOa.

H3AsO4 — cTeneHb OKWCIEHHUS MBIIIbsika B kuciore 3 . (+1) + X +
4-(=2)=0;

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

HWOs — o(W) B xmcnore paBHa +6. Takum oOpaszom, ¢opmyia
cootBeTcTBYyMOMIEro okcuaa — WOs.

Cu(OH), — Tak kak mMeeTcs ABE THIPOKCOTPYIIIHI, 3apsi KOTOPOM
paBeH —1, ciegoBarenbHo, ®(Cu) = +2 u hopmyna okcuaa — CuO.

BONBIIMHCTBO  JJIEMEHTOB HUMEKOT 10  HECKOJIBKO  CTEIECHEH
okuciieHusi. PaccmoTpuMm, kKak ¢ mnomonipto Tabmuner [, N.



MengeneeBa MOXKHO ONPEACIUTh OCHOBHBIE CTEIIEHU OKHUCIICHHS

AJIEMEHTOB.

YCTOMYMBBIE CTENEHW OKHCIEHHS 3JEMEHTOB TJIABHBIX MOATPYIII
MOYKHO ONIPEAEHATh MO CIAEAYIOINIUM NPaBUIaM:

* ¥V snemenTtoB [-III rpymnn CymecTByrOT €IMHCTBEHHBIE CTEIICHU
OKHCJIEHUSI — TMOJIOKUTEIIBHBIE U PAaBHBIC 110 BEJIMYMHE HOMEpPAM TPYIII
(kpoMme Taus, umerotiero ® = +1 u +3).

* V¥V anementoB IV—VI rpynm, KpoMe NOJIOKUTEIbHON CTEICHU
OKHCJIEHUS, COOTBETCTBYIOIIEM HOMEPY TPYIIbl, W OTPULATEIBHOM,
PaBHOW pa3HOCTH MEXKY YMCIOM 8 U HOMEPOM T'PYMIIbI, CYIIECTBYIOT €I
MPOMEKXYTOUYHBIC CTEIIEHU OKHCICHHS, OOBIYHO OTIMYAIOIIUECS MEXKIY
coboii Ha JaBe eauHunbl. Jusgs IV rpynnbel  CTENEHW OKHUCIEHUS
COOTBETCTBEHHO paBHbI +4, +2, —2, —4; nna V rpynnbl — COOTBETCTBEHHO
—3,—1 +3 +5 u gns VI rpynnsl COOTBETCTBEHHO 16, +4, —2.

* ¥V sneMeHTOB VII rpynmsl CymiecTByIOT BCE CTENIEHU OKUCICHUS: OT
+7 no —1, paznuuaromniyecs Ha JBE €UHUILIBI, T. €. +7, +5, +3, +1 u —1.

B rpynme ramoreHoB BblIeNseTCS (PTOp, KOTOpPHIM HE HMEET
MOJIOKUTEIIbHBIX
CTCIICHEW OKHUCICHUS W B COCIMHEHHUSX C JPYTUMH BJIEMEHTaMHU
CYIIECTBYET TOJBKO B OJHOM CTENeHu OKucieHus «—1». (Mmeercs
HECKOJIBKO COCAWHEHUW TaJOT€HOB C YETHBIMH CTEICHSMHU OKHCIICHUS:
CIO, CIOz u ap.).

Y 3lieMEHTOB MOOOYHBLIX MOATPYNII HET MOPOCTOM CBS3U MEXKIY
YCTOWYHMBBIMM CTEIECHSAMHU OKHCIIEHUS U HOMEPOM TPYIIIbL. Y HEKOTOPBIX
AJIEMEHTOB TOOOYHBIX TOATPYIIN YCTOWYMBBIE CTENEHU OKHUCIICHUS
cieayeT mpocto 3anoMHUTh. K Takum snemenTam otHocstes: Cr (+3 u +6),
Mn (+7, +6, +4 u +2), Fe, Cou N1 (+3 u +2), Cu (+2 u +1), Ag (+1), Au
(t3u+1), Znu Cd (+2), Hg (+2 u +1).

st coctaBienus: GopMysa TpeX- U MHOTO3JIEMEHTHBIX COCIMHEHUMN
M0 CTENEHSIM OKUCJICHUS HEOOXOJIMMO 3HATh CTENIEHHU OKHCIICHUS BCEX
aMeMeHTOB. [Ipu S3TOM KOJIMYECTBO aTOMOB OJJEMEHTOB B ¢opmylie
ONPENEISACTCA U3 YCJIOBHUS PABEHCTBA CYMMBI CTEIICHEW OKHCIIEHUS BCEX
aTOMOB 3apsiny (popMylbHOW eIUHUIBI (MOJIeKYyJbl, MoHAa). Hampuwmep,
€CJIM U3BECTHO, YTO B HE3aPSHKEHHOW (POPMYJIBHOM €IUHMIIE HWMEIOTCSA
atoMbl K, Cr u O co cTeneHsaMHu OKHUCIIEHUs, paBHbIMH +1, +6 m —2
COOTBETCTBEHHO, TO 3TOMY YCJIOBUIO OYAYyT YAOBJIETBOPATH (HOPMYJIbI



K2CrOg4, KoCr07, KoCrsO10 1 MHOTHE ApyTrHe; aHAJIOTHYHO ATOMY HOHY C
sapsagoM —2, cogepxkariemy Cr® u O2, OyayT cooTBeTCTBOBAaTE (POPMYJIBI
CrOqy 2_, Cr,0O7 2_, CF3O102_, CI’40132_ UT. 1.

2. KoopanHanuoHHast (CTPYKTYpHasi) BAJIEHTHOCTb, WIH
KOOPJIMHALIMOHHOE YHUCIO Vg, OMNPEICISIET YHUCIO COCEIHUX aTOMOB.
Hanpumep, B monekyie SO3 y cepbl YUCIO COCEAHUX aTOMOB KUCIOPOJA
paBHO TpeM U Viy = 3, Verx = Vi = 6.

3. DJIeKTpOHHAsl BaJEHTHOCTh Vz — UYHCIO XMMHUYECKHX CBS3EH,
oOpasyembIx gaHHbIM aTomoM. Hanpumep, B H20:

H-0
Vex(0) =1; Viq(0)=2; V: (0) =2, |
H-0
T. €. UMEIOTCSl XUMUYECKUE COSTMHEHUS, B KOTOPBIX CTEXHOMETPUUECKAs U
AJICKTPOHHAS BAJICHTHOCTH HE coBmagaroT (cMm. pasna. 1.3); Kk Huwm,
HaIpUMEP, OTHOCSITCS U KOMILJIEKCHBIE COETMHEHUSI.

KoopauHaiimonHasi U 3JIEKTpOHHAsT BAJICHTHOCTH OoJjiee MOAPOOHO
paccMaTtpuBarOTCs B paziaenax «XuMHYecKas CBsi3b» M «KoMIUIEKCHBIE
COEMHEHHUS.

CtpykTypHBIE (DOPMYJIbI

B BemectBax = (MOJIGKYJISIDHBIX,  HOHHBIX,  KOBaJICHTHBIX,
METAJJIMYECKUX) aTOMbl CBSI3aHBI JIPyT C JPYrOM B OIpPeaeIEHHOM
MOCJIEAOBATEIBHOCTH, @ MEXAY MHapaMd aTOMOB (MEXAY XHUMHUYECKUMH
CBSI3IMH) HUMEIOTCS ompeaeiéHHbie yribl. Bcé€ 310 HeoOXxomumo s
XapaKTepPUCTUKHU BEIIECTB, TaK KaK OT 3TOr0 3aBUCAT UX (UBUYECKUE U
XUMHUYECKHUE CBOMCTBA. CBEIEHUSI O TEOMETPHUM CBSI3€M B BEILECTBAX
YaCTUYHO WJIM MOJHOCTHIO OTPaXXaloTCsl B CTPYKTYPHBIX popmyriax. B aTux
dbopmynax cBs3b MEXKIY aTroMamH u3obOpaxkaroT deptoir. Hampumep, H20
n3oopaxaroT Tak: H-O—H

Hg.Cl,: Cl-Hg—Hg—Cl
HNO,: H-O-N=0O

[Ipu m300pakeHUU CTPYKTYPHBIX (OPMYJ 4YacTO MPUHUMAIOT, UTO
AJICKTPOHHAsS BAJICHTHOCTh COBIIAQJAET CO CTEXMOMETPUYECKOU. Takue



CTPYKTYpHbIE (OpPMYJIBI HECYT HH(POpMALMI0O O COCTaBe U MOPSAKE
PaCIONIOKEHUSI aTOMOB, HO HE COJIEPKAT MPABUIBLHBIX CBEICHUMN O CBSI3SX.
Hanpumep, HNOs:

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

X0 o
(HenmpaBHIBHO) (mpaBHIBHO)

3nech Verx(N) =5, ognaxo Ve (N) = 4.

CrpyktypHbie (OpPMYIbl, MOCTPOCHHBIE IO CTEXHOMETPUYECKUM
BAJICHTHOCTSIM (Vrx), MHOT/IA HA3BIBAIOTCS IPapuYeCKUMHU.

CoenuHeHHUsl, B KOTOPBIX Y BCEX 3JIEMEHTOB Vcrx AeCTBUTEIbHO
COBNAJAET C JIEKTPOHHOM BAJEHTHOCTHIO (Vz), HA3bIBAIOT MPOCTHIMH
COeIMHEHUSIMU; K HUM OTHOCSTCS TOJIBKO HEKOTOpbIE MOJEKYJISAPHbIC
coequnenus (Harmpumep: CO2, SOz, SO3, CH4, CIF3 u ap.). Coenunenus, B
KOTOPBIX 3TO YCJIOBUE HE BBIMIOIHSETCS, HA3BIBAIOTCS CIA0KHBIMU. K HUM
OTHOCSITCS, HAIpUMeEp, Bce KoMIuiekcHble coenunenus, CO, HoO2 u np.

BOJIBIIMHCTBO OKCUIOB, KUCJIOT, OCHOBAHUM M COJIEHM CYIIECTBYIOT B
BUJIC TBEPIBIX WM JKUJIKUX COSTUHCHHH C YaCTUYHO MOHHBIMHU CBS3SIMHU
WJIU B BUJIC PACTBOPOB, B KOTOPHIX COSTMHEHUS TUCCOIIUUPOBAHBI HA NOHBI
U KOTOpbIE, B CBOIO Ouepenb, TuaparupoBaHbl. [losToMy naxe npu
COBMaNCHUU Vex U Ve Tpaduueckue QGopmysibl HE COOTBETCTBYIOT
CTPYKTYpeE, a HOCAT (opMajbHbBIA, YCIOBHBIM XapakTep, MOKa3bIBas, Kak
MOTJIM OBl COEIMHSATHCSI ATOMBI, €CJIA OBl BEIIECTBO COCTOSIIIO U3 MOJIEKYI,
COOTBETCTBYIOIIUX (popmyiJie.

HUctuHHy0 CTPYKTYpHYIO (OpMYJTYy MOXHO H300pa3uTh JIHUIIL Ha
OCHOBAaHMM  HWCCJIEAOBAHMUS  pEANBHOM  CTPYKTYypbl  BelllecTBa  —
AKCIICPUMEHTAIBHO WM TEOPETUYECKU (CM. pas3ll. y4YCOHUKOB XUMHUH
«XHUMHUYECKasI CBS3bY).

[Ipu wu300pakeHUH CTPYKTYpHBIX (rpadudeckux) (Gopmys HYKHO
BBITIOJTHATH CJICAYIOIINE MPOCTHIE MpaBuia;

1) uncno 4€proyek, UCXOASANIUX OT KaXJAOro aroma, PaBHO €ro
BaJIeHTHOCTH (Verx = Va);



2) B OOBIUHBIX  KHCIOTaX M  COJMAX CO  CJOXHBIM
KUCJIOPOACOAEp)KAIUM  KaTuoHOoM atomMbl H wm Me coegunsAoTcs ¢
KHCJIOTOOOPA3YIOIINM 3JIEMEHTOM Yepe3 KUCIOPO/]

— —
H-0-3_ Me—0=D

3) OIMHAKOBBIE ATOMBI HE COCAUHSAIOTCS MEXAY CO00, HE 00pa3yroT

roMol1ienei, OHU COSAUHSIOTCS uepe3 aToMbl HemeTasa: a) CrOsz; 6) KoO;
B) Al»Sa:

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

[IpaBuia HapymarOTCs B CIIOKHBIX COCAMHCHUAX, HANpUMEpP B
MIEPOKCOH TePCyIb(Po — COeTUHEHHSX:
K-S K-0
K2Sz: | K20:: |
K-S K-0

HexoTtopsie kKuCIOTH U conu (pocdopa TakkKe SIBISIOTCA CIHOKHBIMU
COCIMHECHUSIMU.
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Kucnorsr: HsPO2 H-O-P=0 HsPOs; H-O-P-0O
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Xumuueckue aenenusn: OJHU BEIIECTBA NPEBPAIIAIOTCA B JpYyTHE,
OTJIMYAIOIIHECS OT UCXOJHBIX COCTABOM U CBOMCTBAMHM, IIPU ITOM COCTaB
sJiep aTOMOB HE U3MEHSIETCHI.



Du3uueckue a61eHUA: MCEHsICTCS (U3NYECKOE COCTOSHUE BEIIECCTB
(mapooOpa3oBaHue, IJIABICHHUE, HJICKTPOIIPOBOJHOCTD, BBIJICICHUE TEIJIa U
CBETa, KOBKOCTh M JIp.) I 00pa3ylOTCs HOBBIC BEIIECTBA C U3MEHCHUEM
COCTaBa siJiep aTOMOB.

Bonpocul ona camokonmpons

1. B yem 3akitodaeTcsi CyluiHOCTb U 3a/1a4d MPeIMETa CTPOUTENIbHASI XUMHUS?

2. HazoBuTe 007acTH MPpUMEHEHHUS CTPOUTEIHHOW XUMHUH B TIPOMBIIIICHHOCTH U
CTPOUTEIIbCTRBE.

3. ChopmynupyiiTe ompeneiacHUus] TOHATHH: XUMHYECKUH DJIIEMEHT, aToM,
MOJIEKYJIa, HOH, BEIIECTBO.

4. B yeM 3aKJIIOYAIOTCS Pa3Iuyusi MEXKIY XUMUUYECKUM BJIEMEHTOM M MPOCTHIM
BEILIECTBOM?

5. Uto xapakTepu3yroT OTHOCUTENIbHAS aTOMHAsl U OTHOCUTEINIbHAS MOJIEKYJIsIpHas
macca?

6. KakoBa oTHOcuTenpHasi MoyieKyligpHas Macca Mr Hutpobenzona COHSNO2?
KakoBa moJiekyJisipHasi Macca 3TOro BEIIECTBA B a.€.M.?

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

IInan:
ATOMHO-MOJIEKYJIIPHOE YUCHHUE
3aKOH COXpaHEHUSI MacChl BEIIECTB
3aKO0H ITIOCTOSTHCTBA COCTaBa
3aKOH KpaTHBIX OTHOIIEHUH
3aK0H YKBUBAJICHTOB
3aK0H 00BEMHBIX OTHOIIECHUH
3akoH ABoraapo

Noahs~owhE

OnopHble C10Ba U BbIPpAKeHUsI: Amomusm /larbmona, KOpnyckyisl,
«XUMUYECKAs — aMOMUCMUKAY»,  OANbMOHUObL,  Oepmoiuosl,  3aKoH



COXpaHeHUsi Maccvl, 3aKOH NOCMOAHCMBA CcOCmaesa, 3aKOH KpPAamHblX
omHowenul, 3akon  00veMHbIX  OomHOWweHul, 3aKoH  00bEMHbBIX
omHowenutl, 3axon Aeoeadpo, MONAPHLIIU 00bEM, 3AKOH IKEUBALEHMOS,
axeusanenm, 3axon bounsa - Mapuomma, 3axou I'eu-Jlroccaxka, Ypasuenue
Menoeneesa - Knanetipona, 06ve0urerHblll 2A308blli 3AKOH.

2.1. Aromusm /laabTOHAa

Eme B XVI u XVII BB. aTOMUCTUYECKHUE MPEACTABICHUS UIPAIU
BAKHYIO POJIb MPU OOBSCHEHUU XUMHUYECKUX SsIBIICHUH. B AHrmuum stu
UJer TMOJYyYWIM pacinpocTpaHeHue B pesyibrare padbotr P. boins u U.
HptotoHa. ATOMBI, WM KOPIYCKYJIbl, PACCMATPUBAIUCH KAK OTACIbHBIC
IJIOTHBIE M HENPOHUIIAEMBIC YACTHUIIBI OYE€Hb MallbIX pPa3sMepoB. OTH
MpEACTaBJIECHUA coxXpaHuinu cBoe 3HaueHue U B XVIII B., ogHako Ha nx
OCHOBE XHMMHKAM YK€ TPYAHO CTajio OOBICHATH HOBbIE (pakThl. CoTsIacHO
OTUM  TPEACTABICHUAM,  pPa3JCIICHWE W  COCAUHEHHUE  aTOMOB
OCYIIECTBIISIOCh YMCTO MEXAHMYECKH 3a CUET UX Pa3IMYHBIX (PopM - C
MTOMOIIIBI0 KPIOYOYKOB U KOJICUEK, IMOP U 3yOIIOB, BXOSIIUX B 3allCIIJICHUE
WJIA Pa3bEeIUHSAIOIINXCS.

3aK0OH MOCTOSTHCTBA COCTaBa BEIIECTB ObLT MOATBEPkKACH JlaTbTOHOM,
IIPaB/1a, HA OCHOBE COBEPUICHHO JIPYTUX MCCIEIOBAHUN U pACCYyXIeHUM. B
TO € BpeMmsi Oyiarojapsi OpUrdHAIbHOMY TOAXOJY K M3YYEHHIO COCTaBa
BeleCTB JlaJIbTOH OTKPBUI M 3aKOH IIPOCTBIX KpPaTHBIX OTHOLIeHW. Ho
IJIaBHBIM 0oOpa3oMm JladbTOH WM3BECTEH B HCTOPUM HAYKH CO3JIaHUEM
«XUMHUYECKOW aTOMHUCTHUKHA»- TEOPUU ATOMHOTO CTPOCHHUS BEIIECTB,
KOTOPOE OMpPEAEIAECT UX XUMUUYECKHUE CBOMCTBA.

JIaIbTOH TPEANONOKWI, YTO KaXIbIM DIEMEHT COCTOUT U3
XapaKTEPHBIX TOJIBKO €EMY aTOMOB, U UTO HAUMEHBIINE YaCTU COCAUHEHUN
COCTOSIT U3 XapaKTEPHBIX KOMOMHAIINI HEOOJIBIIIOTO YKCIa TAKUX aTOMOB.
[IponopunroHanbHbIE  3aKOHBI,  NPEJICKA3bIBAEMBIE €TI0  TEOPHUEH,
IOJATBEPKAATMCH AKCIIEPUMEHTOM. Briepsrie YCTaHOBJICH
IIPEABAPUTEIILHBIA KOHTAKT 3KCIEPUMEHTAJIbHBIX JTaHHBIX CO CBOMCTBAMU
aTOMOB, HX OTHOCHUTEJIIBHBIM BE€COM. 3HAYUTEJbHBIA MpOrpecc B
OpPraHMYeCKOM XUMHUHM OBbUI JOCTUTHYT C HCHOJIb30BaHUEM (OpMyT U
IPEACTABJICHUEM  CBOWCTB, OTJHMYHBIX OT  BECa, IOCPEACTBOM
COOTBETCTBYIOIIMX CHUMBOJIOB B HUX. DOpPMYJIbI MOTYT BBINOJIHATH CBOKO
GyHKIMIO 0€3 COMOCTaBJICHUS CHUMBOJIOB B HHX COOTBETCTBYIOIIUM



aroMaMm. CBoMCTBa aTOMOB JOJDKHBI ObUIM OBITh OTKPBHITHI XMMHUYECKUMU
WCCIICIOBAHUSIMU, & HE U3JI0OKEHBI KaK TAaHHOCTh. CBOWCTBO BaJICHTHOCTH
OBLJIO OJHOM M3 TaKMX XapaKTEPUCTHUK, HEOOXOAMMOCTh KOTOpPOH cTasa
oueBuaHOM ¢ 1860-x romoB. IIporpecc B XumMuu JeBITHAALIATOTO BEKa ObLI
MPENOChUIKOM, a HE Pe3yJbTaTOM BBEACHUS AaTOMU3MAa B XUMMIO,
HECMOTPS Ha Teopuro JlanbTOHA.

ITocnenoBarenn aromu3sma HprooTOHA  BOCEMHAAUATOTO  BEKa
CTPEMUJIUCh OOBSICHUTH CBOWCTBA OOBEMHOTO BEIIECTBAa, TaKUE Kak
KOAaryJsfius U co3/lanne 28 XMMUYECKUX COCIUHEHHH, MyTeM oOpalieHus
K MEXaTOMHBIM cujiaM. ['1aBHast mpoOJieMa Takoro mojxoja 3aKiydaliach
B pa3pbhiB€ MEXAY PACCYKIACHHUSIMHU O MEXKATOMHBIX CHIaX, C OJHOU
CTOPOHBI, U TEM, YTO MOXKHO OBLIO SKCIEPUMEHTAILHO HCCIIENI0BaTh, C
npyrou. B xonue XVIII Bexka Knox-JIym bepromie, caM HbIOTOHOBCKUM
aTOMUCT, OOBSICHUII TIHIETHOCTH TOIBITOK BBIBECTU MEKATOMHOE POJICTBO
U3 DKCIIEPUMEHTOB 10 XUMHUYECKUM PEAKIUAM B J1JAOOpAaTOPUH, MOCKOJIbKY
aTOMUCT JOJDKEH TMpU3HATh, YTO JIOObIE CXOJCTBA, H3MEpsieMble Ha
MaKpOCKOIIMYECKOM  YpPOBHE  ABJSIOTCA  (PYHKIMEH  COCTOSIHUS,
TEMIIEpaTypbl M MacC OOBEAMHSIONIMX BEIIECTB W BO3HUKAIOT U3
HEU3BECTHBIX PACTIOJIOKEHUI OOJIBIIIOTO YKCiia aTOMOB.

Ot 1npobiieMbl MOXKHO ObUIO OBl CBECTH K MHUHUMYyMY B
paccMarpuBasi Cliydail ra3oB, KOTJa MOXXHO CUHMTATh aTOMBI JOCTATOYHO
yAQJIEHHBIMUA Jpyr OT JApyra JJjisi TOro, 4ToObl WUTHOPHUPOBATH CHJIBI
KOAryJsiiui W XUMHUYECKOrOo CpojicTBa (TmepBasi aToMHasi TEopus,
MOJYyYUBIIAS 3HAYUTEIBHYI SMIIMPUUECKYIO MOIJIEPKKY, - KHHETUUECKAS
TEOpHUsI Ta30B - MOJHOCTHIO UTHOPUPOBAJIA MEKATOMHBIC CHJIBI U JIOITYCKas
a0COJIFOTHO yIIPYTHE CTOJIKHOBEHUS MEXKIY aTOMaMu).

Atomu3zM JlanbTOHA MOABHIICS W3 HBIOTOHOBCKOM aTOMHUCTHYECKOM
TEOpUM Ta30B. ATOMHUCTHYECKAsE TEOPUSI Ta30B CIIOXKWIACH B KOHTEKCTE
OJIHOM M3 paHHUX HAy4HBIX padoT JlanmpTOHA B 00sacTU MeTeopoiaoruu. B
1793 rogy Mbl BUAMM, YTO OH HACTaMBae€T Ha TOM, YTO NOIJIONICHUE U
OCaXJCHWE BOJSHOTO Tapa aTMocepoil sBisieTcss ckopee (U3NUECKUM,
4eM XUMUYECKUM TporeccoM. ToT (akTt, 4To KOJIMYECTBO BOJSHOTO mapa,
KOTOPO€ MOXET TMOrjomarskCsd JaHHBIM 00BbEeMOM BO3AyXa MOpH
(bUKCUPOBAHHOMN TeMIIepaType, HE 3aBUCUT OT JIaBJICHUS BO3JyXa B 3TOM
o0beMe, MPOTUBOPEUUT Ipeodsiaaroieil uaee o TOM, YTO IOIJIOIICHUE
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ObUIO0 OOYCIIOBJICHO HEKOTOPHIM XHMHYECKUM CpojACTBOM Mexay 30
BO3/IyXOM M BOJIOM.

I[lonumanue JlaabTOHA, aTOMHUCTHMYECKOE C C€aMOIr0 Hayaina,
3aKJI0YAIIOCh B TOM, YTO aTOMBI BOJIbl, NEPEMEKAIUCH CPEAU APYTUX
aTOMOB, COCTaBJISIONIMX BO3JyX M B3aWMOJICHCTBOBAJIM HE3aBUCHUMO OT
Hux. Maed, 4Tro KaXApld ra3 B o0ObeMe BHOCUT CBOM BKJIAJ B IIOJHOE
JABJICHUE, HE3aBUCUMO OT JAPYTUX ra30B B CMECH, BCKOPE MOJATBEPANIACH
HKCIIEPUMEHTAIBHO M COXPAaHWIIACh KaK «3aKOH MaplUAIbHBIX JTaBJICHUM
JlaneTOHaY.

Bo Bpemena JlanbTOHa OBUIO HM3BECTHO TOJIBKO OJHO COEIUHEHUE
BOJIOpoia ¢ kuciaopoaoMm. [losromy J[anbTOH peminsi, 4To BOJa COCTOUT U3
OJIHOTO aToMa BOAOpPOJia M OJIHOrO aroMa Kuciopona. [dns yrimepoaa u
KHUCJIOpOJia ObUTM U3BECTHBI JIBa coeMHEeHUA. CUUTAIOCh, YTO OJHO U3 HUX
COCTOMT W3 OJHOTO aroMa KHCJIOpOJa U OJIHOTO aTroMa yriepojaa, a B
JIPYyroM Ha OJIMH aTOM YTJiepoa MPUXOASATCA JIBa aTOMa KUCIOPO/Ia.

Ecnu, wnampumep, mo naHHeiM aHaimuza B 100 wyacTsax BoAbI
conepxutcs 11,11 gactu Bonopoaa u 88,89 wactu Kuciopoaa, TO aTOMHBIN
BEC KHCJIOpOa OIpeesaeTcs u3 cieayromero cootnomenns: 11,11: 88,89
= 1: x (x = 8). Oror MeToa OBLI TOJIO)KEH B OCHOBY OIpE/CICHUS
COCIMHUTENIbHBIX, WA SKBUBAJECHTHBIX, BECOB, OJHAKO MO CPABHECHUIO C
W3BECTHBIMU B HACTOSIEE BPEMsI 3HAYCHUSMHU OHU OKAa3aJINCh HE OYECHb
TOYHBIMU. JladbTOH caM yTOYHSIJI HEKOTOPhIE aHAJUTUYECKUE JaHHBIC,
Hanpumep, 1i1d kuciaopoaa B 1803 r. OH Hallesl 3Ha4€HUE OTHOCUTEIBLHOTO
aTOMHOTO Beca paBHbIM 5,66, a B 1810 r.- paBHBIM 7.
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Puc. 2. 1 - IIpeacraBnenue JlaapToHa 00 aToMax.

Opnako artomucTHYecKass Teopus JlaapToHa Hammia MpU3HAHUE

JIaJIeKO He Yy BceX XUMHUKOB. OCOOEHHO 3TO OKa3aJoCh CIIOKHBIM ITOTOMY,
4TO aTOMHBIE Beca, MpeJIoKeHHbIe JlampToOHOM, Ha camMoM Jeie ObUIH
SKBUBAJICHTHBIMU BECaMH.
Ecau BemiecTBa pearupyroT MeEXAy Cco00OM Hayeno u 6e3 ocmamka,
OMIUYUMENbHOU 0COOEHHOCMbI0 TAKOTO0 XMMHUYECKOr0 B3aUMOJICHCTBHUS
SIBIIIETCA TO, YTO OHO OCYIIECTBISIETCS HE B TMPOU3BOJIBHBIX, & CHIPO2O
onpeoenenHblX COOTHOIICHUAX, KOTOPHIE KaK pa3 H PETyIUPYIOTCS
CTEXHOMETPUUECKUMHU 3aKOHAMH.

[Tonsitust «cmexuomempusy W TPOU3BOJHBIE OT HETO HIUPOKO
UCIIOJIB3YIOTCSI B COBPEMEHHOM TEpMHHOJOTHH. Tak, KO3 OUIMEHTHI
nepen  (GopMyniamMu BEIIECTB B YPaBHCHHUSAX XHUMHUYECKUX pEaKIUi
HA3BIBAIOTCSI  CMeXUoMempuieckumu Kodguyuenmamu, a WUHICKCHI,
YKa3bIBAIOIINE KOJMYECTBO aTOMOB B (OpMysax COEIUHEHHUH, - 3TO
cmexuomempuieckue uHoekcvl. B XUMUYECKUX peakIUsIX COOTHOIICHUS
KOMITOHCHTOB, TIPH KOTOPBIX OHH pearupyrT ©Oe3 ocTarka, - 3TO
cmexuomempuiecKkue COOMHOUEHUs 1 T.11.



3akoH coxpaHeHusi Macchl. BriepBeie B OTUeTIUBON (opme Ha
OCHOBE PE€3yJIbTATOB MHOTOYHMCJIEHHBIX JKCIIEPUMEHTOB ITOT 3aKOH ObLI
chopmynupoBan emie B cepenude XVIIIBeka BeIUKUM pPyCCKUM y4E€HBIM
M.B. JlomonocoBbiM (1748-1756 rT.).

Macca sewjecms, scmynuguiux 8 XUmMu4ecKyro peaxkyuio, pagHa macce
geujecms, 00pA3YIOWUXCA 8 pe3ylbmame
peaxyuu.

3aKOH COXpPaHEHUsS MAacChl BEIIECTB
ABJIIETCA OCHOBHBIM 3aKOHOM XWMHH, BCE
pacdeTel MO  XUMHYECKUM  pPEaKIUAM
MPOM3BOJIATCA Ha €ro ocHoBe. MMeHHO ¢
OTKPBITUEM  3TOTO  3aKOHA  CBS3BIBAIOT
BO3HUKHOBEHHE COBPEMEHHOM XUMHHU Kak
TOYHOU HAYKH.

3aKOH  COXpaHEHHS  MacChl  OBLI
TEOPETUYECKU OTKpPhIT B 1748 romy wu
AKCIIEPUMEHTAIbHO TOJATBEPKIEH B 1756
roay pycCKAM YUYEHBIM M.B.
Anryan Jlopan JlaByasse JIoMOHOCOBBIM.  DpaHIy3CKUHA  YYEHBIN
Antyan  JlaByazse B 1789  ronmy
OKOHYATENIbHO yOeaun y4€HbIi MHUpP B

YHUBEPCAITBHOCTH 3TOTO 3aKOHA.

[TIpriMepbl HECKOJIBKUX XUMHUYECKUX peakiuii. KoinmyecTBo BemecTn

MPOAYKTOB PEAKIUN MOJYYAETCS CTOJIBKO K€, CKOJIBKO OBLIO M3HAYAIBHO:
2H-0 + O, — 2H,0
2Na + 2H,0 —2NaOH + Hz1
3Ba(NO3), + 2K3P04| + 6KNO3
Fe,Os + 3CO — 2Fe + 3CO27

Hcxons u3 3TOro 3akoHa - B JIOOOW XMMHUYECKOW pEaKIMU YUCIIO
B3aMMOJICUCTBYIOIINX aTOMOB OCTA€TCSl HEM3MEHHBIM, MPOUCXOIUT TOJIBKO
UX TEPErpynmnupoBKa C pa3pylIeHUEM HCXOJHBIX BEHIECTB U C
MOCJEAYIOIUM 00pa30BaHUEM HOBBIX KO3 duIMeHTsl nepes hopMyaaMu
XUMUYECKUX COCTMHEHUM HA3bIBAIOTCS CHexuoMempuidecKumu.



3akoH nmocTosiHcTBA cocTtaBa. Briepsrie chopmynuponan XK.IIpyct
(1808 ). Besikoe XMMUUYECKH YMCTOE COEIMHEHNE HE3aBUCHUMO OT Crocoda
€ro MOJy4YEHUs UMEET BIIOJIHE ONMPEICICHHBIN COCTaB.

Ha ocHoBaHuM 3TOro 3akoHa COCTaB BEHIECTB BBIPAXKACTCS
XUMUYECKON (OpMYJION C MOMOIIbI0 XMMHUYECKUX 3HAKOB U HHJICKCOB.
Hanpumep, H20O, CH4, CoHsOH u 1.11.

3aKOH  TMOCTOSIHCTBA  COCTaBa  CIPAaBEJJIMB  JJI  BEIIECCTB
MOJIEKYJIIDHOTO  CTpoeHusi. Hapsmy ¢  BeliecTBamMu, HMEHOIUMHU
MOCTOSIHHBIN COCTaB, CYIIECTBYIOT BEIIECTBA IEPEMEHHOTO COCTABA.

K HUM OTHOCATCS COEAMHEHHsS, B KOTOPBIX YepeTOBAHUE
HEpa3ACNbHBIX CTPYKTYPHBIX €IUHUIl (ATOMOB, HOHOB) OCYIIIECTBIISIETCS C
HapyILICHUEM NEPHUOIUYHOCTH.

B cCBA3M ¢ HamMuYMeM COCIMHEHUH IEPEMEHHOTO COCTaBa
COBpEeMEHHasi (POPMYJUpPOBKAa 3aKOHA TIOCTOSIHCTBA COCTaBa COJICPKUT
YTOYHCHMUS:

Cocmas  coeOuneHuil  MOJNEKYIAPHO2O  CMPOEHUs, Mo  eCcmbp
COCMOAWUX U3 MOAEKYL, SGIAeMCs NOCMOSHHbIM He3a8UCUMO Om Cnocoba
noayuenus. Cocmae dce cOeOUHEHUL C HEeMOJIeKYIAPHOU CMPYKmypou (c
AMOMHOU, UOHHOU U MeMmALIU4ecKolu peulemkol) He sA6a1emcs
NOCMOSHHBIM U 3a68UCUM OM YCIIO8UL NOJYYEHUS.

C+0,=C0Oy
CO + 1/20, = CO;

HaabTOHUABI W OepToJIuAbl, TepMUHBLI, BBeAEHHble H. C.
KypnakoBbiM B 1912-14 r.r. gns o0o3HaYeHUsS] XUMHUYECKUX COEJIUHE-
HUN MOCTOSIHHOTO CcOCTaBa (JadbTOHUIIBI) M TIEPEMEHHOTO COCTaBa
(6eprommuanl). TepMuH «IaTBTOHUIBD» TPEJIOKEH B MmamsaATh JK.
JanpToHa, a TepmuH «Oepromuae» - B namars K. JI. bepromie.

bonpnmHCcTBO OOBIYHBIX XUMHUYCCKHUX COGI[I/IHCHI/Iﬁ ABJIACTCA
JAJbTOHUAAMH, HX COCTAB YAOBIICTBOPACT 3aKOHAM ITOCTOAHCTBA
cocraBa U KpaTHBIX OTHOILICHUH. MHOTro4MCIeHHbIC CilIy4dan

o0pa3oBaHUs OEPTOJUIUIOB OTKPBITHI B METAJUTMYECKUX CUCTEMAax, a TaKkKe
Cpeau OKUCIIOB, CYIb(PUI0B, KapOUI0B, THAPUJIOB U JIP.

3akoH KpaTHbIX OTHOmEHUH (OTKpHIT B 1803 r.). 3aK0H KpaTHBIX
oTHomieHuM JlanbTOHA, OAWMH W3 OCHOBHBIX 3aKOHOB XHUMHH: €CIIM JBa
BeIlleCTBA (MPOCTHIX WM CJIOXHBIX) 00pa3yloT Jpyr C JIpyrom oOoliee
OJIHOTO COEJIMHEHUSI, TO MaCChl OJTHOTO BEIIECTBA, MMPUXOIAIINECS HA OAHY



U Ty K€ MaccCy Jpyroro BEIIECTBa, OTHOCATCA KakK IEJIble YKCIia, OOBIYHO
HeOoJIbIINE.

3akon o0bemHbIX oTHomeHuil (I'eii-Jlroccak, 1808 r.) OOBembI
ra3oB, BCTYMAIOIIUX B XHUMHUYECKHUE pEAKIMH, U OOBEMBbI Ta3oB,
0o0pa3yloluxcsi B pe3ysibTaTe€ PEAKIMH, OTHOCSTCS MEXKIy CO00l Kak
HeOoJbIlIMe 1IeNible Yuciaa. Hampumep:  npu CUHTE3e amMMuaka U3
AJIEMEHTOB:

N> + 3H, — 2NHs3

Omun oObeM a3oTa pearupyer ¢ TpeMs OObeMaMu BOJOPOJA;
oOpa3zyercs Ipu 3ToM 2 00beMa aMMHaKa - 00beM HCXO0HOM Ira3000pa3HOM
PEaKIMOHHONW MacChl YMEHBIIIUTCS B 2 pasa.

3akon ABorajapo (1811 r.). B paBHBIX 00beMax pa3IMYHBIX T'a30B
MIPU OJIMHAKOBBIX YCIOBUSX (TEeMIlepaTypa, MaBJICHUE U T.1.) COACPKHUTCS
OJIMHAKOBOE YK CJIO MOJICKY!L.

CornacHO 3akOHY ABOrajpo, OJHO M TO XE€ KOJMYECTBO MOJIEKYJI
J1000r0 Ta3a 3aHUMAET MPU OJMHAKOBBIX YCIOBUSIX OJUH U TOT K€ 00BEM.
C npyroit cropoHsl, 1 Moyb JIO00r0 BEIIECTBA COACPKUT (TI0
ONPEICIICHUI0) OJMHAKOBOE KOJMYECTBO YACTHUI (HAIIpPUMEp, MOJIEKYN).
Otcroga cieayer, 4To IpU OMNpeAcIEHHBIX TeMmIleparype U AaBiieHuu |
MOJIb JIFOOOTO BEIIECTBA B Ta3000pa3HOM COCTOSIHUU 3aHUMAET OJUH U TOT
xKe 00BEM.

B wacTHOCTH, ITpU HOPMAJBHBIX yCIOBUSX, TO ecTh npu 0 °C (273,15
K) u 101,325 klla, 065ém 1 Mons raza pasen 22,413 962 n. Oty
(U3MYECKYI0 KOHCTAHTY HAa3bIBAIOT CTAHAAPTHBIM MOJSIPHBIM 00BEMOM
UjeaJbHOro ra3a u o0o3HavarotT Vm.

3akoH 3xkBUBaJIeHTOB. B o0meir ¢opme chopmynupoBan V.
Bomtactonom B 1807. XHWMHUYECKHE 3JIEMEHTBI COEOUHSIIOTCA IPYT C
JIPYyrOM B CTPOTO OINpPEEICHHBIX KOJIMYECTBAX, COOTBETCTBYIOIIUX UX
HSKBUBAJICHTAM.

Eme 1o co3maHusi aTOMHO - MOJIEKYJISIPHOTO Y4Y€HUS OBLIO
YCTAHOBJICHO, YTO TMPOCTHIE U CJOXKHBIE BEIIECTBA BCTYMHalOT B
XUMUUYECKHE PEAKIIMU B CTPOTO OMPEIEICHHBIX MAaCCOBBIX COOTHOIICHUSIX.
OKBHUBAJICHTHOE COOTHONIIEHHWE O3HA4YaeT OJIMHAKOBOE YHUCIO MOJIb
HSKBUBAJICHTOB. 3aKOH JKBUBAJICHTOB MOXXHO C(OpMYJIHpOBaThH HHAYE:
YUCJIO0 MOJIb SKBHUBAJIEHTOB JJI1 BCEX BEIIECTB, YYACTBYIOIIUX B PEAKIINH,
OJINHAKOBO.



JKBHMBAJIEHT XHMHMYECKHH 3JEMEHTa, €ro Macca (BbIpaKE€HHas B
VIJIEPOAHBIX — eIMHULAX (Venepoonas edunuya  yHUGUYUPOBAHHASA
AMOMHAsT eOuHUYa maccol (Amomuas eounuya maccol (a. e. M.), eOUHUYA
maccewl, npumeHsemas Oas GblPAdXdCEeHUs: MAcCC MUKPOYacmuy.) KOTOpas
MPUCOCUHSIET WM 3aMeNlaeT OJIHY aTOMHYI0 MacCy BOJAOpOJa WIH
MOJIOBUHY @TOMHOM MaccChl KUCJIOPOJA.

XUMUYECKAM HKBUBAJCHT KHUCJIOTBI PaBEH €€ MOJIIPHOM Macce,
JIEJICHHOW Ha OCHOBHOCTH (YHCIIO HMOHOB BOJOPOJa) KHUCIOTHI.
XUMHAYECKUM OSKBUBAJIEHT OCHOBAaHMUS PAaBEH €ro MOJSPHOW Macce,
JIEJICHHOW Ha KHUCJIOTHOCTh (YUCJIO TUAPOKCUIIBHBIX T'PYII) OCHOBAHWUSI.
XVWMHYECKUM SKBUBAJICHT COJIM PAaBEH €€ MOJISIPHOM Macce, JCJICHHOM Ha
CyMMY 3apsiioB 0Opa3yromux €€ KaTHOHOB WM aHHWOHOB. B peakumsax
OKHCJICHUSI-BOCCTAHOBJICHUS] XUMUYECKUN SKBUBAJICHT OKHUCIIMUTENS PaBeH
4aCTHOMY OT JEJEHUS €ro MOJIIPHOW Macce Ha YHCIO JJIEKTPOHOB,
MOJIyYEHHOE€ aTOMOM (WM aToMaMH) BOCCTAHOBJIEHHOI'O »3jieMeHTa. B
3aBUCHUMOCTH OT YMCJIa MPUHSATHIX OKUCIUTEIEM JICKTPOHOB XUMHUECKUM
HKBUBAJICHT MOXET OBITh pa3nu4HbIM. [[OHATHE XMMUUYECKUN SKBHUBAJICHT
IIMPOKO TMPUMEHSETCSI B CTEXMOMETPUUYECKUX PaACUETaX XHUMHUYECKUX
pEaKIn.

2.3. OmnpenesieHue MOJIEKYJISIPHOM MacChl ra3000pa3HbIX BelleCTB

Tpu mapametpa - o6bem V, naBnenue P u remmepatypa T (T=273+t) -
onpenenstoT puznueckoe cocrosinue rasa. Jasiaenue 1,013-105I1a (760
MM 39A. cT.) u Temneparypa 273 K unu 0°C Ha3bpIBalOT HOpPMaJbHBIMU
YCIOBUSMHU COCTOSIHMSA Ta3a, 4YTO B OYKBEHHBIX OOO3HAYEHUAX ITUX
BEJIMYUH yKa3bIBaeTCsA UHIEKCOM: Po, To, to. O0BEM raza npu H.y. - Vo.

3akon boiiiis - Mapuotra. [Ipu nmoctosiHHOM Temmieparype o0bem
JAHHOW MaccChl Ta3a U3MEHSIETCsl OOPAaTHO MPOMOPIUOHAIBHO JIaBIEHUIO:

i V1 P1= Vo P, =V3Ps.. ., T.C. V-P=const.
3akon I'eii-JTioccaka. [Ipy nmocTossHHOM JaBlieHMUM O0bEM NTaHHOM
MacCchl Ta3a MEHSETCS  MNPSIMO  MNPOMOPIUOHAIBHO  aOCOIIOTHOM

TEMIEpaType Vi _ P
Vo P2
Vi_Ta
Vo, T T

[Ipu nocTossHHOM OOBEME:



P T1

P, T
YpaBHenue MenjaeneeBa - Kiaaneiipona. O0ObeauHeHHE 3aKOHOB

boins, Mapuqtra u ['eli - JIroccaka gaet ypaBHEHUE COCTOSIHUS Ta3a
ViPi_VoP» VP _VoPo
T T» A T  To

CCJIN OJHO U3 COCTOSIHUH SIBJISICTCS HOPMAJIbHBIM. VP
0o

s 1r000ro raza KOJIMYECTBOM BeIlecTBa 1 Mosib BelIHYMHA T

IIOCTOSIHHA M OJMHAKOBA, ITOJTOMY €€ Ha3bIBAIOT YHUBEPCAIBHOM Ia30BOM
VoPo

noctossuHo R. Eciam T, = R to VP = RT, a n14 raza KoJIu4ecTBOM
Bemectea n Moiib Vp = NRT. Tak kak n paBHO OTHOIIEHUIO MAacChl
BEILCCTBA K €r0 MOJSIPHOW Macce, T0 /= ™M RT - OTO paBEH-CTBO U
ABJIAETCS ypaBHeHHEM MenzaeneeBa - KnanelpoHa B OKOHYATEIbHOM BUJIE.
UucnoBble 3HAUYEHUS YHUBEPCAJIbHOW Ta30BOM IMOCTOSIHHOM 3aBUCAT OT
TOro, B KaKWX €JWHULIAX BbIpaXEHbl OOBEM U JAaBleHHE raza. Tak, B
cuctreme CU enununa oobema - KyOM4eCcKuil MeTp, a €IUHUIA JaBJICHUS -
nackanb (I1a), T.e. cuna B 1 HpioTOH, npuxoaamasics 1m? muomamy (H/m?).
Heroron (H) - cumma, coobOmarommass macce B 1kr yckopenue B 1 Mm/c.
Jlxoynb - pabota cuibl B 1 HbIOTOH Ha pacctosiHur B 1M. IlojacraBmsis

COOTBETCTBYIOIIME 3HAUEHUS B POpMYITy VoPo — R » HOTy4IHUM
0

22.45- 1033-10°H/n?

Mon 273 K

Ecimu o00beM rasa HM3MEpPEeH B JINTpPaX, a MAaBICHHEC Tra3a B
meramackangax (Mna=106I1a), To R=0,0831-Mna-moms-K1. B pacuerax
OOBIYHO HCIOJNB3YIOT YUC/Ia, MMEIONIME TPH 3HAdYalmue LUQPHI, 4TO JaeT
BIIOJIHE JIOCTATOYHYIO TOuHOCTh: 22,4910°3m3, 22,4 71, 273 K, 831
Tk monp 1K,

CornacHo 3akoHY ABOrajapo, B paBHBIX 00beMax JIOOBIX Ta30B,
B3ATBIX IPM OJHOM U TOH K€ TEMIEPAaType M OJMHAKOBOM JIaBJICHHUH,
COJIEPIKUTCS OAUHAKOBOE YMCIIO MOJIEKYIL.

VHBIMH CJIOBaMH, OJHO M TO € YHCJIO MOJEKyl Jro00oro rasa
3aHUMAaeT IIPU OJMHAKOBBIX YCIOBHAX OJMH U TOT %ke 00beM. Bmecte ¢ Tem
1 Momp mOOOro Traza CONEPKUT OJWHAKOBOE YHCIO  MOJIEKYL.
CnenoBarenbHO, NPH OJMHAKOBBIX yCJIOBUAX 1 Monb Jr06oro rasa

R= =8,3144 /[ic-monv Kt



3aHUMAET OJMH U TOT XK€ 00beM. DTOT 00bEM HA3BIBAECTCS MOJBHBIM
o0beMoM Ta3a u npu HopMalibHbIX ycnoBusix (0°C, gaBnenue 101,325 kIla)
paBeH 22,4 .

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

Pemenue. 3Hast MOJIBHBIN 00bEM M MOIBHYIO Maccy (28,0 r/moiib)
a30Ta, HaXoauM OOBEM, KOTOpPBIM OyayT 3aHuUMaTh 5,25 T a3oTa MNpu
HOPMAaJIbHBIX YCJIOBUSX:

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

5,25 T a3oTa 3aHUMaIoT 00bEM Vo ,

otkyaa Vo = 5,25-22,4/ 28,0 =4,20 n

3aTeM MpUBOAUM IOJTYYEHHBIH 00bEM K YKAa3aHHBIM B 3aJ1a4€ YCIOBUSIM:

VoPoT 101,3-4,20-299
To ~ 98,9-273 = 4Tl
Ipumep 2.IIpu 25°C u naenenum 99,3 kIla (745 MM pr.cT.)
HEKOTOPOE KOJIMYECTBO raza 3aHumaer o0bém 152 mui. Haiitu, kakoi
00BEM 3aliMeT 3T0 ke KonmuecTso rasa npu 0°C u nasnennnl01,33 kI]a.
Pemenne. [lofcTaBisis gaHHBIE 3aJa4yd B TIOCTEIHEE ypaBHEHMUE,
MOJIy4aeMm:

V=

PVTo  99,3-152-273
PoT ~ 101,33-298

IIpumep 3. Hexoropsiii ra3 maccoit 5,6 T 3aHumaer o0béM 4,84 1
npu remneparype 17°C wu  gasmemmm  0,997-10°I1a. Yemy paBHa
OTHOCUTEJIbHASI MOJIEKYJISIpHAsI Macca 3Toro raza’?

Vo= = 136,5mx

Pemenue. I3 ypaBHenus = MengeneeBa - Knannepona-
M = mRT OTKyZa
1 — Vp

_ 5.,6:103%e - 8,31H/m-monv - KL 260K
M) =770997-10° Hin4,84 1097 = 28 elwon

Tak kak 4YMCIOBOE 3HAYECHUE MOJISIPHOW MAacCChl, BBIPAXKECHHOM B
I/MOJIb, PABHO OTHOCUTEIBHOM MOJIEKYJISIpHON Macce, T.e. {M}=Mr , To Mr

= 28.

Bonpocwt u 3a0auu ona camokonmpons
1. CocraBTe ypaBHEHUS PEAKIMI, C MOMOIIID KOTOPHIX MOXHO CYIIECTBUTH
IIPEBPALICHUS:
a) Pb(NO3)2, Pb(OH)z, PbO, N&szOz, Pb(NO3)2



0) Aly(SO4)s, AI(OH);, Al;O5, Nas[AlI(OH)g], AICls.

2.  Hammcats ¢hopMysbsl OKCHIOB, COOTBETCTBYIONIUX YKa3aHHBIM COCIUHEHUSIM:
H4SiO4, CU(OH)z, H3ASO4, HaTeOG, F@(OH)g, A|(OH)3

3.  Hammmmre ypaBHEHHMS peakIui, CBUIACTEIBCTBYIOIMX 00 OCHOBHBIX
cBoiictBax FeO, Cs,0, HgO, Bi,0s

4, CocraBpTe ypaBHEHHUS pEaKIMii, MPOTEKAOIMMX IPH B3aUMOJCUCTBUH C
pacTBOpoM ruapokcuaa Hatpus a) okcunpa yriepoaa(lV), 6) okcuma cepsi(1V), B)
okcuga azora(lll), r) okcuaa azora(V). 3aBUCAT U NPOAYKTHI KaXKIOHW M3 ITUX
peakiuii OT TOro, KAKOE€ U3 UCXOJIHBIX BEIIECTB B3ATO B U30BITKE?

S. CocraBbTe ypaBHEHHS peaKkiluii, M0 KOTOPHIM U3 COOTBETCTBYIOIIMX OKCHIIOB
MOXHO TIOJIYYUTb CIICIYIOIIME COJI: KapOoHaT Oapusi, docdar HaTpusa, cyabPur
MarHusi, CWJIMKaT IIUHKA.

6. C Kak¥MMH U3 CIEAYIOIIUX OKCHIOB MOKET pearrpoBaTh T'HAPOKCHI Kalus:
Si0,, MgO, Al,03, FeO, SeO;, Mn;07. YkaxxuTe ycIoBHS MIPOTESKAHUS dTHX PEAKIIHIA.
7. Omnpepenure Maccy THAPOKCHIA HATPHsS, MHHHMAJIBHO HEOOXOIMMOTO IS

IIOJIHOTO ToryiomeHns 33,6 11 yIVIEKMCIOTO Tra3a IpU HOPMAJIBHBIX YCIOBUSX.
XHWMHUYECKUE CBOMCTBA KACIOTHBIX OKCUOB.

8. ChopmynupyiiTe 3aKkOH COXpaHeHHs: Macchl. KakuM COEIUHEHUSIM OH
IIPUMEHHUM U TIOYEMY?
Q. CdopmynupyiiTe 3aKOH IMOCTOSHCTBAa COCTaBa BellecTBa. Kakue BemiecTBa

OTHOCATCA K BEIIECTBaM MOCTOSIHHOTO, a KaKHUe - K BEIIeCTBaM NIEPeMEHHOrococTana?
10. CdopmynupyiiTe 3akoH OSKBUBaJeHTOB. JlaliTe omnpeneneHuss MNOHATUSAM
HKBUBAJICHT, MOJISIPHASI Macca YKBUBAJICHTA, MOJIAPHBIN 00HEM YKBUBAJICHTA.

11. CdopmynupyiiTe BakHEWIINE CIECTBUE U3 3aKoHa ABoraapo. Kakue ycioBus
CUMTAIOTCS HOPMAJILHBIMU U Y€MY PaBEH MOJIIPHBIN 00HEM rasza nmpu dTUX YCIOBHIX?



3. BaxkHeilline KJacChl HEOPraHMYeCKNX coeauHeHuii. OKCUabl.
CgoiictBa. MeToabl noaydenusi. 'mapoxkcuabl. CBorictBa. MeToabl
nosaydyenus. Kuciaorel. CoiictBa. Meroabl nosydeHusi. CoJbl.
Kucasle coabl. KoMmniiekcHbie cOeIMHEHUS

ILan:
Baxkxnenime Kiaccbl HEOPTaHUYECKUX COCAUHEHU M.
OKCHIIBL.
CBoiicTBa.
MeTopl MoJIydeHus.
IMuppoxcuppl.
CBoiicTBa.
MeTtoabl OTy4YEeHUS.
Kucnotsl.
CBoiicTBa.
0. Meroasl mosydeHUs.
11. Counbl
12. Kwucible COJIbL.
13. KoMmmiekcHble coe JUHEHUS

BHOoO~NoOoRwhE

OnopHble cJI0Ba U BbIPAXKEHUNA: Memanvl, Hememasivl, OUHAPHbIE
coeoduHenust, amgomeprvle Memasivl, O1A2OPOOHBIE MEMAllbl, YepHble U
ygemHuvle Memasivl, OKCUObL, NEPOKCUObl, Heconeobpasyuue OKCUuobl,
coneobpazyrowue OKCUObl, OCHOBHbIE OKCUObl, KUCIOMHbIE OKCUObL,
amgomepHvle  OKCUOWBL, OCHOBAHUsL,  amghomepHvie  OCHOBAHUS,
amgomepnvle 2UOPOKCUOBL, KUCIIOMbL, KUCIOPOOcoOepHcaujue KUCiomol
(okcokuciomsl), 6€CKUCIOPOOHbIE KUCIOMDBL, CONU, KUCAblE CONU, CPEOHUe
COJlU, OCHOBHbLE COJIU, OBOUHbBIE CONU.

Baxueiilmue Kjgaccbl W HOMEHKJATYpa HEOPraHM4YeCKUX
BemecTB. K BayKHEHIIIUM KJ1accaM HEOPraHMYECKUX BEILIECTB 10 TPAJULIUU
OTHOCSIT TPOCThIE (DJIIEMEHTApPHbIE) BEHIECTBA M CJIOXKHBIE BEIIECTBA.

HpOCTI)IG BEIICCTBA COCTOAT H3 OJHOI'O 3JIEMCHTA, B COCTAB CJIOKHBIX

BC€IIECTB BXOAUT JABa HWJIH 0oJIee PJIEMEHTOB. BCIHGCTB&, OTHOCAIIHUECA K



OHOMY HM TOMYy € Kiaccy, oO0JamaloT CXOAHBIMA XHMHYSCKUMH
cBorcTtBaMu. [Ipu BBIAEICHUM OTUX KJIACCOB HCIIOJNB3YIOT Pa3HBIC
KJIaCCU(DMKAIIMOHHBIC TTPU3HAKH.

[IpocThie BemiecTBa, B CBOIO O4YEpEIb, PA3JCISIOTCS Ha METalIbl U
HEMETaJlJIbl UM M € T a 1 J1 0 U 1 bl (puc. 3.1) (razeanue «memanioudoly
ObL10 86edeno 6 xumuro bepuenuycom (1808 2.) ons 0b6o3nauweHuss nPocmvix
geujecms HemMemaiiuiecko2o xapakmepa. mo HA38aHue HeyoauHo, makx
KaK «Memaiouoy 8 OYK8aATLHOM nepesooe o3anadaem

«Memaniono00OHbIILY).

[IpocTeie BelecTBa

a
Meraiibl Hemeramnel
Na, Al, Fe, Au Si, N2, P, Oz, Cl3
MeTamiel
N cTUHHBIE METAJJIBI AMq)OTepHLIe METAaJJIbI

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

Puc.3.1. Knaccuduxarus mpoCThIX BEIIECTB MO KOMITIEKCY (U3HUIECKUX
CBOICTB (@) ¥ METAJJIOB TI0 XUMUYECKUM CBOMCTBaM (0).

MeTanabl OTIMYAIOTCS XaPAKTEPHBIM «METAJTMYECKUM) OJIECKOM,
KOBKOCTBIO, TATYYECTbIO, MOTYT TMPOKATHIBATBCA B JIUCTHl WU

BBITATUBATHCS B MIPOBOJIOKY, OOJAJal0T XOPOIIEH TEMIONPOBOAHOCTHIO U



AJIEKTPUYECKOM TPOBOAMMOCTBIO. [IpM KOMHAaTHOW TemIieparype Bce
METaJLJIbI (KpOME PTYTH) HAXOASTCA B TBEPJIOM COCTOSIHUU.

HemeTanabl - TpoOCThiE BENIECTBA, B KOTOPHIX aTOMBI CBSI3aHBI
MEXK]Ty CO00M KOBaJICHTHBIMU (UJIU MEKMOJIEKYJISIPHBIMU) CBA3SIMHU.

Hemetaminbel He 00afaloT XapakKTEPHBIM Ui METa/IOB OJIECKOM,
XPYIKH, OYEHb TJI0XO MPOBOST TEIIOTY U 3JeKTpuiecTBO. HekoTopsie u3
HUX MIPU OOBIYHBIX YCIOBUAX ra3000pa3HbI.

Cnoxuble  BemiecTBa  (OKCHUIBI  (KHCJIOTHBIE, OCHOBHBIE U
amdoTepHbi€), THUAPOKCUIBI (YaCThb KHUCJIOT, OCHOBaHHS, amM(OTEpHbIC
TUAPOKCUJIBI) U COJIM.) JACHSAT Ha OpPraHWYECKWEe M HEOpPraHWYeCKHUe:
OPraHUYE€CKUMU MPUHITO HA3BIBATh COCAMHEHUSI YyTIIepOa; BCE OCTaIbHbIC
BEIIIECTBA HA3bIBAIOTCSI HEOPTAHUYECKUMU (MHOTJ]a MUHEPATbHBIMU).

Heopranuueckre BelllecTBa pa3fesiiOTCAd Ha Kiacchl JU0O T10
COCTaBYy (ABYXDJIEMEHTHbBIC, OUHAPHbBIE COSTMHEHUS U MHOTORJIEMEHT-HbBIC
COCAMHEHMUS; KUCIOPOACOAEpKAIINe, a30TOCOAepKAIlNe U T.I1.), JTUOO 1O
XUMUYECKUM CBOMCTBaM, T.e. MO (PYHKIUSAM (KHCJIOTHO - OCHOBHBIM,
OKHCJIUTEJIbHO - BOCCTAHOBUTEIBHBIM M T.lI.), KOTOpPbIE ATH BEIIECTBA
OCYILIECTBISIIOT B XHMHYECKHX PEAKIUIX, - MO0 HUX PYHKUUOHATbHBIM
npusnakam. J{ns wiaccudukalyu HEOPTaHWYECKUX BEIIECTB HaumoOoJiee
4acTO UCIOJB3YIOT JIeJIeHHe M0 (QYHKIMOHAIBHOMY TIpu3HaKy. [Ipu 3Tom,
BCE HEOPTaHWYECKHE COCIUHEHUS MOXHO pa3Je/INTh Ha 4YEThIpE Kiacca:
OKCH/JIbI, TUAPOKCHU/IBI, KUCJIOTHI, COJIH.

K BaxHeWmuMm OWHAPHBIM COCIMHEHUSM OTHOCSTCS COCIUHEHMS

AJIEMEHTOB C KHCJIOPOJOM (OKcuowvl), C TaJoTeHaAMH (2anoceHudbl WU



2anuosl), a30ToM (Humpuowl), yriaepoaa (kapouosl), a TakKkKe COeIU-HEHUS
METAJIMYECKUX DJIEMEHTOB C BOJOpPOAOM (eudpuodwl). WX Ha3BaHUS
0o0pa3yloTcss W3 JIAaTMHCKOIO KOpHS  Ha3BaHMs 0Oojiee  DJIEKTpo-
OTpUIIATEILHOTO  (371eKmpoompuyamenbHocms — amoma,  YCl0GHAas
BeIUYUHA, XAPAKMEPU3VIOWas CHOCOOHOCMb — amoma 6 MOJIeKYe
npuobpemamv  OMpUYAMENbHbI  3apsa0  (NPUMsUBAMb  JJIEKMPOHDBL).)
JIEMEHTa C OKOHYaHHMEM 10 UM  PYCCKOrO Ha3BaHUA  MEHEe
ANIEKTPOOTPHUIIATEIIBHOTO JJEMEHTa POJUTEIBHOM IMaJeKe, MNPUYEM B
dbopMynax OMHAPHBIX COCIMHEHUN MEPBBIM 3aMUCHIBACTCS CUMBOJI MEHEE
aJIEKTpooTpuliaTesibHoro anementa. Hampumep, Ag.0O - okcun cepebpa,
OF; - dbropun kucioposa (Gprop - 6onee IASKTPOOTPHUIIA-TEILHBIN JJIEMEHT
yeM kuciopon), KBr - 6pomun xamus, MgsN2 - autpun marausa, CaC, -
KapOu1 KaJbIusl.

[To XuMHUYECKHUM CBONCTBAM Cpeau METAJIJIOB BBIJCIAIOT TPYIIY TaK
HA3bIBAEMBIX aM@pomepHbiX Memannoe. DTO HA3BAaHUE OTPaKaeT
CIIOCOOHOCTh ATHUX METAJJIOB pearupoBaTh KaKk C KHUCJIOTaMH, TaK M CO
mesoYamMu (Kak aM(OTEPHBIC OKCUIBI MIU THAPOKCHIBI) (puc. 3.1-0).

Kpome »sToro, m3-3a XMMHUYECKOW HHEPTHOCTH CpPEIU METAIJIOB
BBIJICTISIIOT 01azopoonble memanivl. K HUM OTHOCIT 30J0TO, PYTEHHI,
pooui, mNajaaud, OCMHUW, HUpUAWKM, miatuHy. Ilo Tpaguumm K
OJIarOpOAHBIM METaJlJlaM OTHOCAT M HECKOJIBKO 0oJiee PpeaKIMOHHO-
criocooHoe cepedpo, HO HE OTHOCSAT TaKHUe HWHEPTHBIE METajlIbl, Kak

TaHTaj, HUOOWW W HEKOoTOpble Apyrue. EcTh u apyrue kiaccudpukaiuu



METaJVIOB, HAIPUMEP, B METALUIYPIrUH BCE METAIUIBI JEIIST HA YepHble U
HeemHwle, OTHOCA K YEPHBIM METAJLIAM KEJI€30 U €r0 CILIABHI.

U3 cnoscuvix eeuwjecme HamOOIIbIIEE 3HAUYCHHE HUMEIOT, MPEXIE
BCET0, OKCUObL, HO TaK KaK B UX KJIACCU(DUKAIIMU YUUTHIBAIOTCS KUCIOTHO-
OCHOBHBIE CBOMCTBA ATUX COEJMHEHUM, Mbl CHa4aja BCIIOMHUM, YTO TaKOE
KUC10mbl I OCHOGAHUA.

3.2. Oxkcuabl, MX HA3BAHMS, MTOJyYeHHE U CBOICTBA

Oxcuapl. OkcujamMu Ha3bIBAIOTCS COCIUHEHMS, COCTOAIIME U3
KUCIOpoAa U Apyroro sneMeHTa. [fo cBoMM CBOWCTBaM OKCHUJbI AECIATCS
Ha: KHCJIIOTHBIC, OCHOBHBbIE, aM(OTepHble, Oe3pa3IUYHbIC OKCUIBl W
MIEPOKCHU/IBI.

KucnoTHpIMU OKCHJAMHM HA3BIBAKOTCSI CJIOKHBIE BEIIECTBA, THAPATHI
KOTOPBIX SIBIIAIOTCS KUCIOTaMu. KHUCIOTHBIE OKCUIBI B3aUMOJIEMCTBYIOT CO
I[eJI0YaMHi, OCHOBAHUSMH M OCHOBHBIMM OKCHAAMU C OOpa3oBaHUEM
conen. Hampumep,

CO, + CaO = CaCOsg,
SO, + 2NaOH = Na S0z + H20.

BOJIBIIMHCTBO KUCIOTHBIX OKCHJIOB B3aUMOJICMCTBYIOT C BOJOM, a B
pe3yibTaTe uX B3auMOACHCTBUS TToydaeTcs kuciaora. Hanmpumep,

SO3 + H,O = H,SO..
KucnoTHeiMu  OKCHJIaMU  ABJISAIOTCS  OKCHUIBl HEMETALUIOB U

HEKOTOpbIE OKCHALI META/UIOB BbIcIIel BajeHTHOcTU. Hampumep, P2Os;

CrO3; MnOs3; Mn,0O7 u T.11.



OCHOBHBIMM OKCHJIAaMU Ha3bIBAIOTCS CJIOKHBIC BEIIECTBA, THMIPATHI
KOTOPBIX SIBJISIOTCS OCHOBAHMSIMHU. DBOJBIIMHCTBO OCHOBHBIX OKCHJIOB C
BOJIOM HE B3aUMOJCWCTBYIOT M COOTBETCTBYIOIIME WM THAPATHI
MOJIy4arOTCs KOCBEHHBIM MYTEM - JACUCTBUEM IIEJI0YM HA PacTBOP COJIM
JIaHHOTO MeTaiuia. Hammpumep,

MnSO4 + 2NaOH = Mn(OH); + NaxSOa.

Bce OCHOBHBIE OKCHABI B3aUMOJCUCTBYIOT C KHUCIOTaMM H

KHCJIOTHBIMHM OKCHJaMH ¢ 0Opa3oBaHueM coiieii. Hampumep,
MgO + H,SO4 = H,0O + MgSO4,
FeO + SO3 = FeSO0a.

OCHOBHBIMHU OKCHJIAMU SBJISIOTCS TOJIBKO OKCHIbI METAJIOB, OOBITHO
¢ BasreHTHOCTRIO 1, 2 1 3: K70, Ca0, FeO, Fe,03, NiO, Ni,O3, CuO, CdO,
MnO, Mn,Os u T.1.

AMbOTEepHBIMU OKCHJAMU HA3bIBAIOTCS TAaKHUE, KOTOpbIe 00JIalaroT
JIBOMCTBEHHBIMU CBOMCTBAMHU: U KHUCJIOTHBIX, U OCHOBHBIX OKCHJOB, T.€.
OHHM B3aWMOJICHCTBYIOT U C KMCJIOTaMHU, M CO IIeJo4aMu ¢ 00pa3oBaHUEM
cosiei. Ilpu B3auMoOAeHCTBUM CO IIeI0YaMH MeTall aM()OTEPHOr0 OKCHJIa
BXOJUT B COCTaB KHCJIOTHOTO oOcCTaTka oOpasoBaBiieiics comnu. [lpu
B3aUMOJICUCTBUM C KUCIIOTOM AJIEMEHT OKCHJA MEPEXOJUT B COJb B BHUIE
KaTHOHa MeTaiuia. Hanmpumep,

Zn0O + 2KOH = K»Zn0O3 + H-»0,
Zn0O + H>S04 = ZnS0O4 + H,0.
AMbOTEpHBIMU OKCHAAMU SIBIISTFOTCSI HEKOTOPBIE OKCHABI METAJIJIOB.

Hanpumep, ZnO; BeO; Al,O3 u MeTtamioB d-371eMEHTOB ¢ TPOMEKYTOUHOM



crenieHbto okuciaeHus: CrpOs3, MnOz u T.1. Bce Tpu Tuma OKCHIIOB
SBJISIIOTCSL  COJIEOOpA3yIOIMMHU  OKCHAAMU. be3paziMuyHbIMU  OKCHUJAMU
HA3BIBAIOTCS TaKWe, KOTOpPhIE HE B3aHMO-JICHCTBYIOT HU CO IIEJIOYaMH, HU
C KMCJIOTaMHU U HE 00pa3yroT cojieid. [Ipumepom Takux OKCUIOB SIBJISIOTCS
NO u N0, CO.

Ilepoxkcuabl - conu nepokcujaa Boaopona (H202). B Momekyne
NMEepOKCHUAa aTOMbl KHCIOPOJia CBS3aHbl MEXAY c000i, oOpasys Mepok-
cuguyto rpynmy “-O0-“. Hampumep, Na0z, BaOz, CaO2 u T1.4. I'padu-
YECKHU MEPOKCUJT HATPUSI MOXKET ObITh M300pakeH CIEAYIOIIUM 00pa3oM:
Na - O - O - Na. Bce niepekucu sSBISIOTCS CUIIbHBIMU OKHUCIIUTEISIMHU.

OKCHUIBI OTHOCSTCSI K TPYIINE KUCTOMHBIX WU OCHOBHBIX TIO TOMY,
KaK OHHM PearupyroT ¢ BOAOH (WM 10 TOMY, U3 KHCIJIOT WM U3 OCHOBAaHHMA
OHM moJiy4aroTcsi). Ho ¢ Bojoi pearupyroT AajeKko HE BCE OKCHBI, 3aTO
OOJBITMHCTBO M3 HUX pearupyer ¢ KUCIOTaMH WM IIEIO0-4aMHU, TOITOMY
OKCHJIBI JIyYIIIe KIacCU(UIIMPOBATH TI0 3TOMY CBONCTBY.

OcCHOBHBIE OKCHABI - OKCHIBI, CIOCOOHBIE pearupoBaTh C
KHCJIOTaMH Y HE CTIOCOOHBIE pearupoBaTh CO IIEI0UYAMHU.

KuciaoTHble OKCHABI - OKCHJBI, CIIOCOOHBIC pearupoBaTh CoO
IIeJI0YaMu U HE CIIOCOOHBIEC pearupoBaTh C KUCIOTaMHU.

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

Cy1iecTByeT HECKOIBKO OKCHUIOB, KOTOPHIE B OOBIYHBIX YCIOBUSX HE

pearupyroT Hu ¢ KUCJIOTaMH, HA CO IICJIOYaMMU. Takue OKCHUABI HA3bI-BAIOT



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

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

Okcuapl
ConeoOpa3yrolue HeconeoOpasyromiue
CO, N20, NO, MnOs, ...
OCHOBHBIC AmMdboTepHbIe Kucnorasie
Na2O, CaO, FeO... BeO, ZnO, PbO, Al,O3 CO3, N2O3, P203, SOs3 ...

Puc.3.2. Knaccuduxanus oKCUI0B M0 UX CIOCOOHOCTH PearupoBaTh ¢
KHUCIIOTaMU U IIeJI0YaMHU

OcHoBHbIe OKcHAbI. Kak M3BECTHO, YTO BCE OCHOBHBIE OKCHJIBI -
TBEp/Ible HEMOJIEKYJISIPHBIEC BEIIECTBA C MOHHOM CBA3BIO.

K OCHOBHBIM OKCHIaM OTHOCATCS:

a) OKCHUBI IIEJTOYHBIX U IIETIOYHO3EMENbHBIX 3JIEMEHTOB,

0) OKCHJBI HEKOTOPBIX APYTUX 3JIEMEHTOB, 00pPa3yIOIIMX METaJlIbl, B
HU3IIUX CTEIEHsIX okuciienus, Hapumep: CrO, MnO, FeO, Ag,O u ap.

B ux coctaB BXOAST OQHO3apsAIHBIC, NBYX3apsAHbIE (OYEHb PENIKO
Tpex3apsiHble KaTHOHBI) U OKCHA-WOHBL. Haumbosiee xapakTepHbIe
XUMHUYECKHE CBOMCTBAa OCHOBHBIX OKCHUJIOB KaK pa3 M CBSI3aHBI C MPUCYT-
CTBUEM B HHUX JBYX3apSIHBIX OKCUA-UOHOB (OYEHb CHUJIbHBIX YaCTHII-
OCHOBaHuUM). XuMHUYECKass AKTUBHOCTb OCHOBHBIX OKCHUJIOB 3aBUCHUT
IPEXJI€ BCEro OT MPOYHOCTH MOHHOM CBSA3M B UX KpUCTaJIaX.

4)  Bce OCHOBHBIE OKCHIBI PEarupyroT C PAcTBOPAMH CHIIBHBIX



KHCJIOT:
Li.O + 2H30 = 2Li + 3H,0;
NiO + 2H30 = Ni +3H,0;
Li.O + 2HCI = 2LiCl + H,0;
NiO + H,SO4 = NiSO4 + H,0.
B nepBom citydae KpoMe peakiiui ¢ MOHAMUA OKCOHHUSI IPOTEKAET €IIIe
U peakius ¢ BOJOW, HO, TaK KaK €€ CKOPOCTb 3HAYMTEJIbHO MEHBIIIE, €HO
MOXHO MpeHeOpeub, TeM 00jIee, YTO B UTOTE BCE PABHO MOJYyYAIOTCS TE KE
MPOJYKTHI.
B03M0XXHOCTh peakiyu ¢ pacTBOPOM CJIa00H KUCIOThI OIPEIEIISETCS
KaK CHJIOM KHCJOTHI (4eM CHJIbHEE KHCIIOTa, TeM OHAa aKTHUBHEE), TaK U
IIPOYHOCTHIO CBSA3U B OKCHJE (UeM ciadee CBs3b, TEM aKTHUBHEE OKCH).
2) OKcuapl MIETOYHBIX U IMIEJI0YHO3EMETbHBIX METANJIOB PEarupyroT
C BOJOM:
Li,O + H,O = 2LiOH;
BaO + H,O = Ba(OH):
3) Kpome TOro, OCHOBHBIE OKCHIBI PEArupyrOT C KHUCIOTHBIMU
OKCHJaMH:
BaO + CO, = BaCOs,
FeO + SOz = FeS0Oq,
Na,O + N>Os = 2NaNOs.
B 3aBHCMMOCTH OT XMMHUYECKOW aKTUBHOCTU TE€X W JIPYTMX OKCHJIOB
peakIiMiy MOTYT TIpOTeKaTh MpPH OOBIYHOM TemmepaType WId TpHu

HarpeBaHUU.



B dyem nmpuunHa mpoTeKaHUs TaKuX peakuuii? PaccMoTpum peakuuio
oopazoBanusi BaCOz; wu3 BaO wu CO;.  Peaknuss nporekaer
CaMONPOU3BOJIBHO, @ HTPOIHUS B 3TOM peaklnu yMeHbIIaeTcs (U3 ABYX
BEILECTB, TBEPAOr0 U razo00pa3HoOro, o0pasyercst OJHO KPUCTAIIU-YECKOE
BEILIECTBO), CJEAOBATENbHO, peakuus dK3oTepmuyeckas. B 3k3o0-
TEPMUYECKUX PEAKIUSAX SHEpPrusi oOpa3yrolIuxcsl CBA3EW OoJibllie, 4YeM
SHEPrusi pBYIIUXCS, ClieAoBaTeIbHO, 3Heprus cBszeid B BaCOgz Oomblie,
yeM B ucxoaHbix BaO u CO2. M B uUCXOAHBIX BEIIECTBAX, U B MPOIYKTaX
peakiuy JBa TUIMA XWMHUYECKOW CBSI3U: MOHHASI U KOBAJCHTHAs. DHEPrus
MOHHOUN cBsizu (dHeprusi pemietkd) B BaO Heckosbko 0OoJibllie, 4em B
BaCO3 (pa3smep kapOOHATHOro MOHA OOJIbIIIE, Y€M OKCHJ-WOHA), CJIEIO-
BaTeIbHO, dHeprus cucteMbl O, + CO; Gonbine, yem sueprus COz2,

Unbivu cnoBamu, noH CO3? Goslee yCTOMYMB, YeM OTAEIBHO B3STHIE
noH Oz u mosiekyna COz. A GoJbliasi yCTOWYUBOCTh KapOOHAT - MOHA (€ro
MEHbIIIasi BHYTPEHHSISI SHEPIus) CBSA3aHa C paclpeieieHueM 3apsiia 3TOro
uoHa (- 2 €) Mo TpeM aToMaM KHCI0poJa KapOOHAaT-HOHA BMECTO OJHOTO B
OKCHUJI-UOHE.

4) MHorue OCHOBHBIE OKCHJIbI MOTYT OBITh BOCCTAHOBJICHBI 0 Me-
Tajuia 0ojiee aKTUBHBIM METAJIOM WM HEMETAIJIOMBOCCTAHOBUTEIIEM:

MnO + Ca = Mn + CaO (npu HarpeBaHuH),
FeO + H; = Fe + H,O (nipu HarpeBanun).

B03MOXHOCTh NPOTEKAHUsSI TAKUX PEAKLUMANW 3aBUCUT HE TOJBKO OT

AKTUBHOCTH BOCCTaHOBHUTENSI, HO U OT MPOYHOCTH CBSI3€M B MCXOAHOM H

o0pa3yroiiemMcsi OKCHUJIE.



OO0muM crnocoOOM TOIYyYEHHUS TOYTH BCEX OCHOBHBIX OKCHJIOB
SBISICTCS OKHCIICHHE COOTBETCTBYIOIIEIO METalllIa KHCJIOPOAOM. Takum
CIIOCOOOM HE MOTYT OBITh MOJIYYEHBI OKCHJIBI HATPHS, Kaaus U HEKOTOPBIX
IPYTHX OYCHb AKTUBHBIX METAUIOB (B 3THX YCIOBHUSIX OHH OOpa3yloT
MIePOKCUJIBI U 0o0Jiee CI0KHBIC COCIMHEHHsS), a TaKXe 30JI0Ta, cepeodpa,
IJIATAHBI M JAPYTUX OYCHb MAaJOaKTHBHBIX METAJNIOB (3TH METAJUIBl HE
pearupyior ¢ KuciaopojoM). OCHOBHBIC OKCHIBI MOTYT OBITh IIOJYYCHBI
TEPMUYECKUM Pa3JI0KEHHEM COOTBETCTBYIOIIUX THI-POKCHIOB, a TaKXKe
HEKOTOPHIX cojici (Hampumep, kapOoHaToB). Tak, OKCHI MarHus MOJKET
OBITh MTOTYYEH BCEMHU TPEeMs CIIOCOOaMu:

2Mg + O, = 2MgO0;
Mg(OH), = MgO + H0;
MgCO;3; = MgO + CO..

Kuciaornbie okcuabl. Bece KUCIIOTHBIE OKCUIBI - BEIIECTBA C KOBAa-
JICHTHOH CBSI3BIO.

K KHCIIOTHBIM OKCHaM OTHOCSITCSI:

a) OKCHJIBI DJIEMEHTOB, 00pa3yIOIUX HEMETAJIbI,

0) HEKOTOpBhIE OKCHIBI DJIEMEHTOB, OOpa3yrOIIUX METaJUIbl, €CIU
METAJIJIBl B OTHX OKCHIAX HaXOIATCSI B BBICHINX CTEHEHSIX OKHCIICHHS,
Hanpumep, CrOsz, Mn,0y.

Cpeny  KHCIOTHBIX TEPEXOJe B OKCHJIOB €CTh  BEIECTBA,
IPEACTABIAIONINE COOON TP KOMHATHOM TeMIIepaType Tra3bl (Hampu-mep:
CO2, N203, SO, Se0y), xwuakoctu (Hampumep, Mn.O;7) u TBepabic
BCIIICCTBA (HaHpI/IMepZ BzOs, SiOz, N205, P406, P4Olo, SOg, |205, CrOg).



BOJIBIIMHCTBO KHUCJIOTHBIX OKCHIOB - MOJIEKYJISIpHBIC BeliecTBa (HCKIIIO-
yeHus coctaBistioT B2O3, SiO2, TBepabiii SO3, CrO3 u HEKOTOPHIC APY-THE;
CYIIECTBYIOT W  HeMoJeKyasipHbple Moaudukanuu P20s). Ho wu
HEMOJICKYJIIPHBIE KHCIOTHBIE OKCHJBI MNPH Ta3000pa3HOE COCTOSHUE
CTAHOBSITCSI MOJICKYJISIPHBIMU.

I KUCIIOTHBIX OKCHIOB XapaKTEPHBI CJCIYIOIIME XUMHUYECKHUE
CBOMCTBA.
1) Bce KHCIOTHBIE OKCUIBI PEarupyroT ¢ CHIBHBIMH OCHOBAHHMSIMH, KakK C

TBEPIABIMU:
CO, + Ca(OH)z = CaCO3z + H,0O

Si0; + 2KOH = K3SiO3 + H;O (mpu HarpeBaHuu), Tak U C

pacTBOpaMH Ieaoye:
SO3 + 20H" = SO4% + H,0;
N>Os + 20H" = 2NO3 + H0:;
SO3 + 2NaOH(p) = NazS04(p) + H20;
N20s + 2KOH(p) = 2KNO3(p) + H20.

[IpuurHa NpOTEKaHUST pPeakIuidi ¢ TBEPABIMU THAPOKCHUIAMH Ta XK€,
YTO C OKCHUIAMM).
2) Hambonee axtmBHbIe KuciioTHbie okcuabl (SOsz, CrOsz, N20s, Cl,07)
MOT'YT pearupoBaTh U ¢ HEPACTBOPUMBIMHU (CJIAOBIMH) OCHOBAHUSIMU.

KucnotHbie OKCHUIIBI pearupyroT ¢ OCHOBHBIMU OKCUIAMU:

CO; + CaO = CaCOs
P4O10 + 6FeO = 2Fe3(PO4); (mpu HarpeBaHum)

MHorue KMCI0THBIE OKCHJIBI PEArupyIOT C BOJOM.



N2O3 + H,O = 2HNOg;

SO2+H20 = H,SO3 (bosiee npaBuiibHAs 3aMMCh (POPMYIIBI CEPHUCTOM

kucitoTel -SO7 -H,0)
N>Os + H,O = 2HNO3;
SO3 + H,O = H,SO4

MHorue KHUCJIOTHBIE OKCHJbI MOTYT OBITh TOJYYEHBl MYTEM
OKHCJICHUSI KHUCJIOPOJOM (COKMUTaHUS B KHUCIOPOJE WM Ha BO3JyXe)
COOTBETCTBYIOIIUX MPOCThIX BemEeCTB (Crp, Sg, P4, Pxp, B, Se, Ho He N2 u He
rajoreHbl): C+0,=CO0y;

Sg + 80, = 8S0;;

WJIU TIPU Pa3JIOKEHUU COOTBETCTBYIOIIUX KUCIIOT:

H.SO4 = SO3 + H2O (npu cuiibHOM HarpeBaHuM),

H2SiO3 = SiO; + H2O (ipu BeICyIIIMBAHUHU Ha BO3IYyXE),

H,CO3 = CO2 + H20 (ripu koMHATHOM TeMmIiepaType B pacTBOpeE),

H.SO3 = SO; + H2O (mpu koMHaTHO# TeMIiepaType B pacTBOpE).

HeycTOMYMBOCTh YrOJBHOM M CEPHUCTOM KHUCIOT IIO3BOJIAET
nonydath CO2 u SO nipu 1eicTBUM CHIIBHBIX KHUCIIOT Ha KapOOHATHI

Na,CO3 + 2HCI(p) = 2NaCl(p) + CO2 +H20

(peakuusi TpoTeKaeT Kak B pacTBope, Tak U ¢ TBepAbIM NaCOs3), u
CYJIb(UTHI

K2SOsp + HaSOukony = K2SOs4 + SO, + HO (ecnu Boasl MHOTO,
JTMOKCHJ] CEPBI B BUJIC Ta3a HE BBIICIISICTCS).

AMpoTtepuble oxkcuabl. K amdorepusiM okcumam oTHocsAT ZnO,

Al;O3, BeO, Cr,03, PbO, CuO u HeKOoTOpBIC Ipyrue OKCHIbl. XUMUYECKas



CBSI3b B HUX TJIOXO OMHMCHIBAETCSA KaK B paMKaX MOJICIIM MOHHOM CBS3H, TaK
U B paMKaX MO/JICJTH KOBAJICHTHOU CBSI3H.

[To XxuMHYECKHM CBOMCTBAM aM(OTEpHBIE OKCHILI IOXOXXKH Ha
OCHOBHBIE OKCHIbI U OTJIMYAIOTCA OT HUX TOJBKO CBOEH CIIOCOOHOCTHIO
pearupoBaTh C IIeJIo4aMHu, KaKk ¢ TBEPALIMHU (TPU CIUIABJICHUH), TaK U C
pacTBOpaMu, a TaKKe C OCHOBHBIMHM OKCHJaMHU. PaccCMOTpUM 3TH peakIuu
Ha IpUMeEpe OKCH/Ia ITUHKA.

[Ipu craBieHUU OKcuaa LMHKA co mieiaoubio (Hampumep, NaOH)
OKCHJ| ITMHKAa BeleT ce0s Kak KHUCIOTHBIA OKCHJ, 00pa3ys B pe3yJsibTaTe
PEeaKIu COJIb - IIMHKAT HATPHS:

Zn0O + 2NaOH = NaZnO; + H,O

[Ipu B3anMOAEMCTBHUM OKCHJIA ITMHKA C PACTBOPOM IIEJI0YH (TOTO JKE
NaOH) npoTtekaeT apyras peakiusi:

ZnO + 20H" + H,0 =[Zn(OH)4]*

MonekynspHOoe ypaBHEHHE:!

ZnO + 2NaOH(p) + H20 = Naz[Zn(OH)4](p).

OO6pa3yromuiicsi aHUOH Ha3bIBACTCS TETPAruIPOKCOIMHKAT-HOHOM, a
COJIb, KOTOPYIO MOKHO BBIJISJTUTH U3 PAacTBOpa - TETPAruIpOKCOIMHKATOM
HaTpHSL.

B anHamoruvnble peaknuu BCTYHaOT U APpyrue aM()OTEepHBIC OKCHUIBI.
CocraB M Ha3BaHMS ITHX BEIIECTB JISTKO MOYKHO OIPEACIHTh, MOJIb3YSAChH
tabnuueit 3.1.

[Ipu HarpeBanun amM@oTepHBIE OKCHIbI PEardPYIOT C OCHOBHBIMH

OKCHUIaMHU



Zn0O + NaxO = NazZnO,
HO TOJBKO B Cllydae OKCHJOB IIEJIOYHBIX METAJIJIOB MOXKET HITH
peub 00 00pa3oBaHUM COJIEH, B OCTAJbHBIX CIIy4yasxX 00pa3yroTCs CI0KHBIC

OKCHJIEL.

Tabnuia 3.1.

CocTaB ¥ Ha3BaHUS AaHMOHOB, O0PA3YIOIMIMXCS MIPH PEAKIIUU CO IIET0YbI0
aM(OTEPHBIX OKCHIOB

Ambo- | AHHOHBI, 0Opa3yromrecs | AHHOHBI, 00Pa3yIOLIUECs B PACTBOPE IIEIOYH.
TEPHBIN B pacIUIaBe IICJI0YH
okcupg | @opmyna |  HaszBanue dopmyna Ha3zBanue
ZnO Zn0,? | uMHKAT-HOH [Zn(OH)4]® | TeTparugpoKCOIMHKAT-HOH
BeO BeO,? | 6epumnar-uon | [Be(OH),]? TEeTParuApoKcoOepUILIaT-
HOH
CuO Cu0,? KyHpar-uoH [Cu(OH),]? TETPAruAPOKCOKYIPAT-HOH
PbO PbO,? | mmom6ar(Il)- [Pb(OH)s] Tpurunpoxcormomoar (I1)-
HOH WOH
Cr,05 CrOy xpomart(III)- [Cr(OH)g]? rexcaruapokcoxpomar(IIl)-
HOH HOH
Al;O4 AlOy amomuHat-  AlI(H20)2(0OH)4] - JlnakBaTeTparuapoKco-
VIOH [AI(OH)q]? AIIFOMUHAT-UOH,
EKCArMIPOKCOATIOMUHAT-HOH

Cnoco6sbl nonyyeHust aM(pOTEPHBIX OKCUIOB T€ K€, YTO U OCHOBHBIX
OKCHU/JIOB.

Pe3koli rpaHuibl Kak MexJy amM(pOTEpHbIMHU W OCHOBHBIMH, TaK U
MeXIy amM(pOTEpHBIMU U KUCJIOTHBIMU OKCHJIaMH HET. B OueHb &KeCTKUX
ycloBUsX amM(pOTEpHBIE CBOMCTBA MOTYT TMPOSIBISATH KakK HEKOTOPHIE
OCHOBHBIE OKcuabl (Hampumep, MQO moa naBieHUEM TMpU BBICOKOM
TEMIEPAType W BBICOKOW KOHIEHTPALMM IIEJI0YM), TaK U HEKOTOPHIE

KHCJIOTHBIC OKCUABI (Harpumep, B203).



3.3. OcHoBaHMs, UX HA3BAHUSA, N10JYYeHHE, CBOMCTBA
Kak u3BecTHO, 4TO OOJBIIMHCTBO KUCIOT U OCHOBAHUN OTHOCHUTCS K
cuopokcuoam. Ilo CcnocoOHOCTH THUIPOKCUIOB pearupoBatb M C
KHUCJIOTaMH, U CO IIeJI0YaMU Cpelid HUX (Kak U Cpelu OKCUIOB) BBIICIISIIOT

amghomepnuie 2uopokcuowt (puc. 3.3.).

['mapoxcuasl

OcCHOBHBIE THIPOKCHUIBI AM}OTEPHBIE THPOKCHUIBI KucnorHbie rupokcu bt
(ocHOBaHUs) (OKCOKHCIIOTHI)

NaOH, KOH, Ca(OH)z, Fe(OH)z,... Be(OH)z, Zn(OH)2, AI(OH)s,  HNOg, H;SOs, HsPO., HCrOx,

Puc.3.3. Knaccuduxanus ruipoKCUI0B 10 UX CIIOCOOHOCTH pearupoBarth ¢
KHUCIIOTaMU U 1IEeJI0YaMHU

OcHoBanusg - >TO SJICKTPOJHNTHI, TUCCOUUUPYHOINUEC C O6p330Ba-
HHMEM TUAPOKcHA-noHOB (OH").

BOJIBIIMHCTBO OCHOBAHUM IMPAKTUYCCKU HCPACTBOPUMBI B BOJC.
XOpOHIO paCcTBOPHUMBIC B BOAC OCHOBAHUA HA3BIBAKOTCS IICIIOYAMU. K UM
OTHOCATCsT TOJIBKO THAPOKCHUABI MICJIOYHBIX W ICJIOYHO3CMCIIbHBIX
MCTaAJIJIOB.

OCHOBaHI/IH n mIcj1049u B3aHMOI[efICTBy}0T C KHNCJIOTaAMHA n
KHUCJIIOTHBIMHU OKCHUIaMU C O6p&30BaHI/IeM COJIEN U BO/JIEI. HaHpI/IMep,

Ca(OH), + CO21= CaCOs] + H,0;
Ba(OH); + H,SO4= BaS0O4| +2H,0.
OGBIYHO OCHOBAHHMS IOJYYAIOTCS KOCBEHHBIM IIYTEM - JIEHCTBHEM

IIEJI0YH HAa PACTBOP COJIM JAHHOT'O METajia, HalpuMep,

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

BOJly, OCOO€HHO MpHu HarpeBanuu. Hampumep,

Cu(OH), —— CuO + H0.

AM@oTepHble ocHOBaHUSA. AMPOTEPHBIMH OCHOBAHUSIMU SIBJISIOTCS
TaKue, KOTOphIe BEAYT Ce0sS M KaK OCHOBaHWE, W KaK KHCJIOTa, T.C. OHU
B3aMMOJICCTBYIOT M C KHCIIOTAMH M C OCHOBAaHHEM C 00Opa30BAaHHEM COJIH
v Boabl. Hammpumep,

Cr(OH)3 + 3HCI = CrCl; + 3H20;
CI‘(OH)g + KOH = KcrO; + 2H,0.

AM@oTepHbIe THAPOKCHBI - TUAPOKCHUIBI, CIIOCOOHBIE pearupoBaTh
Y C KHUCJIOTaMH, U CO IIEJIOYAMHU.

3.4. Kuciotnl, X Ha3BaHMs, MOJY4YE€HHUE, CBOMCTBA M UCI0JIb30BaAHHE

Kuciotsl - C10KHBIE BEIIECTBA, COACPIKAIIME B CBOEM COCTABE HOHBI
OKCOHHMSI WJIM MpPH B3aUMOJICMCTBHUH C BOJOM 0O0pa3yroline B KauyecTBe
KaTUOHOB  TOJBKO 3TU HOHBL. KHCIOTBI - 3TO  3JICKTPOJIHUTHI,
JTACCOLMUPYIOIIMNE B PACTBOPE HA KATHOHBI BOJOPOJIAa W AHUOHBI
KHCJIOTHOTO ocTaTtka. Hampumep,

HCI=H"+ Cl";
H,SO4 = 2H* + SO4*



OO0uue cBOMCTBAa KUCIOT - KUCJIBIM BKYC U CIIOCOOHOCTh OKpallIuBaTh
JAKMyC, METWJIOPAaH>X B KpaCHbIM IIBET - BBI3BAaHbI HAJUYUEM B UX
pacTBOpax MOHOB Bojopoaa, H* .

BOJBIIMHCTBO ~ KUCJIOT  PACTBOPSIOT  aKTUBHBIE  METaUIbl  C
BBIZICIICHUEM Boaopoaa. Hampumep,

Zn + 2HCI = ZnCl; + H21;
Fe + HoSO4 (pass) = FESO4 + Ha 1.

OnHako HEKOTOPHIE KUCIOTHI PACTBOPSIOT aKTUBHBIE U HEAKTUBHBIC
MeTaJIbl  0€3 BBIACICHUS BOJOPOJa, HO C BBIICICHUEM OKCHA
KHCJIOTOOOpa3yomiero sjaeMeHTa. Tak BeAyT ceOsi KOHLEHTPUpPOBaHHas
CepHas KMCIIOTa U a30THAs KUCJI0Ta JI000M KOoHIleHTpanuu. Hanpumep,

Cu + 2H2S04 (xommy = CUSO4 + SO21 + 2H20;
8Fe + 30HNO3(pass) = 8Fe(NO3)z + 3N201 + 15H20.

Kucnotel B3auMOI€MCTBYIOT C OCHOBHBIMU OKCUIAaMU, OCHOBAHUSMH
U CO IIeJiouaMu ¢ 00pa3zoBaHuEM coJjiei u Bojabl. Hampumep,

H,.SO, + MgO = MgSO4 + H,0:;
2HCI + Ca(OH), = CaCl; + 2H.0.

Kucnorel MOryT OBITH MOJYy4YE€HBI B3aMMOJCHCTBUEM KHCJIOTHOTO
OKCHJIa C BOJOW WJIM JICHCTBUEM Ha COJIb JAHHOU KUCJIOTHI 00Jie€ CUIIbHOM
WJIA MEHEe JIeTy4yer KuciaoTou. Hanmpumep,

SO3 + Ho0O = HySOy;
2NaCl + HzSO4 = NaSO4 + 2HCI.
KpoMe  ykazaHHbIX  0OOWIMX  CHOCOOOB  CYIIECTBYIOT  €IIIE

cnenuduueckre crnocoObl MOTYyYEHUsSI HEKOTOPBIX KUCIOT.



Takum oOpa3oM, MbI BbIAEISEM KHUCIOTHI M OCHOBaHHUS U3 0OMICH
MAaCChl COCIAMHEHHI, HCIIONB3ys [Ba IPH3HAKA: COCTaB U XHUMHYECKUE
CBOMCTBA.

[To cocraBy KHCIOTBI JACIATCA HAa  KUCAOpOOcodeprycaumue
(oxcokucnomet) n 6eckucnopoouste (puc. 3.4.).

Kucaopoacoaep:kamue KHCJI0TbI (OKCOKHMCJIOTBI) - KHCJIOTHI, B
COCTaB KOTOPBIX BXO/IAT ATOMBI KHCIIOPO/A.

BeckucaopoaHbie KHCJIOTHI - KHCIOTBI, MOJEKYJIbl KOTOPBIX HE

coACpIKaT KUCJI0poaa.

Kucmnorsl

Kucnopoaconaep:xaiiye KuciaoThl

becknucnopoaHbie KUCIOThI
(OKCOKHCIIOTHI)

HNO3, HNOZ, HzSO4, H3PO4, HC|O4 HF, HC', HBr, HzS, ste, HCN

Puc.3.4. Knaccudukaiiusi KUCIOT MO COACPKAHUIO KUCIOPOa

CienyeT mOMHHUTB, YTO KHUCJIOPOJICOMIEPKAIME KUCIOTHI IO CBOEMY
CTPOECHHUIO SIBIIIOTCS 2UOPOKCUOAMU.

IIpumeuanue. [lo Tpaauuu s OECKUCIOPOJIHBIX KHCJIOT CIIOBO
KHCJIOTa» HCIIOJB3YETCSl B TE€X CIydYasX, KOrJa pedb HAET O pacTBOpE
COOTBETCTBYIOIIETO WHAWUBUAYAIBHOTO BEIIECTBA, HAIPUMEP: BEIIECTBO
HCl Ha3pBaloT XJOPOBOJOPOJAOM, a €ro BOJHBIM pacTBOp -
XJIOPOBOJIOPOTHOM WIIM COJISTHOM KHUCJIOTOM.

3.5. Cosin, uX HA3BaHUS, MOJIyYeHHE, CBOMCTBA U UCIOJIb30BAHUE



Couu. TepMuH «conp» ucnosb3dyercs u3aaBHa. [lo Mepe pa3BuTus
HAyKH, €r0 CMBIC]I HEOJJHOKPATHO U3MEHSJICS, PACIIUPSIICS U YTOUHsICA. B
COBPEMEHHOM [OHMMaHUU COJb - OTO HWOHHOE COEJUHEHUE, HO
TPAJUIIMOHHO K COJISIM HE OTHOCSIT MOHHBIE OKCH/JIBI (TaK KaK UX Ha3bIBAIOT
OCHOBHBIMM OKCHUJIaMH), HOHHBIC THUIPOKCHUJbI (OCHOBaHHUA), a TaK¥Ke
WOHHBIC TUAPUABI, KapOuapl, HUTpuAbl u T. II. [losToMy ympoineHHO
MO>HO CKa3aTh, YTO

Cosm - MOHHBIE COCJUHEHMS, HO HE TUIAPHUIbI, HE OKCHUIbI U HE
TUAPOKCHU/IBI.

CoJ14 - MOHHBIE COEIMHEHUS], B COCTAB KOTOPBIX B KAU€CTBE aHUOHOB
BXOJISIT KUCJIOTHBIE OCTaTKH.

JlaBas Takoe OmpeaesieHHE, COJM OKCOHMS OOBIYHO OTHOCIT U K
cojiiM, U K kuciaoram. Coiau TPUHATO NOAPA3NEIATh IO COCTAaBY Ha
Kucavle, cpeonue u ocHostule (puc. 3.5).

Kucable coimm - coid, B COCTaB KOTOPBIX BXOJSAT aHUOHBI,
CIIOCOOHBIE OT/IaBaTh MPOTOH.

To ecTh B coCcTaB aHMOHOB KUCJIBIX COJIEM BXOASAT aTOMbI BOAO-pOa,
CBSI3aHHBIE KOBAJEHTHBIMH CBSI3SIMM C JAPYTMMH aToMaM{d aHUOHOB U
CIIOCOOHBIE OTPBIBATHCS MO/ IEUCTBUEM OCHOBAHUM.

Kucnasie conu (rumpoconn) 06pa3yroTcsi Py HETOJHOM 3aMe-IIeHUN
aTOMOB BOJIOPOJIa B MOJIEKYJie cl1aboil KUCcIoThl. X MOneKybl comepxar
KaTHOHBI BOJAOPOJIa, COSAUHEHHBIE C KUCIOTHBIMU OocTaTkamu. Hampumep,
KHSO4, NaHCO;, K;HPOs wu Tt.n0. Kucnsle comu oOpasyroTcs

MHOT'OOCHOBHBIMH CJIA0OBIMHM KHCJIOTAMHU.



Comu

OCHOBHBIE Cpeanbie Kucneie
Mg(OH)CI, Mg2(OH)sBr, NazS0s, KClI, NaHSO,, NaHCOs, (NH4)HS,
Zn2(OH)PO4, Zn(OH)NO3-H>0, KAI(SOa4)2, Maly, CaHPO,, Ca(H2PO4),

Puc.3.5. Knaccuduxanus coseid no coctaBy U KHCJIIOTHO-OCHOBHBIMU
CBOKCTBaM

Cpeanmue coJM - IPOAYKTHI MOJTHOTO 3aMEIIEHNS aTOMOB BOJOPOa B
MOJIEKYJIaX KHUCJIOT aTOMaMH METAJJIOB, WM THAPOKCWIBHBIX TPYIMN B
MOJICKYJIaX OCHOBaHUW KHCIOTHBIMH OCTaTKamMu. MX MoOJeKyiasl He
colepaT HHM KAaTHOHOB BOJOpPOJa, HU Tujapokcorpymm. Hampumep,
NazPOg4, NaxSO4, KNO3 1 T.1.

OCHOBHBIE COJIM - COJIU, B COCTaB KOTOPBIX BXOASAT KaTHOHBI, CIIO-
COOHbIE TPUHUMATH MPOTOH U COACPKAIMNUE THUAPOKCUIBHBIC TPYMIIbI
(rpynmsl - O- H).

OcHOBHBIE coJIn (TUAPOKCOCONM) OOpa3yroTcsi MOpU YaCTUYHOM
3aMEIICHUH THUAPOKCWIHHBIX TPYMNI B MOJIEKYJIe OCHOBHOTO THAPOKCHAA
KUCIIOTHBIMU OCTaTkaMu. KX MoOJeKynbl colepx’aT THUIPOKCOTPYIIIIHI,
COoeMHEHHbIC ¢ KaThoHamu MertauioB. Hanmpumep, FEOHSO4, ZNOHCI,
(CuOH)2SO4 m 1.1. OCHOBHBIE COJM MOTYT OBITh 0OpPa30BaHBI TOJIBKO
MHOTOKHUCJIOTHBIMH CJIA0BIMU THAPOKCHUIAMHU.

OcHOBHBIE COJIM OOBIYHO WMEIOT OYEHBb CJIOKHBIA COCTaB U YacTO

HEPACTBOPUMBI B BOJI€. TUNIMYHBIN IPUMEP OCHOBHOM COJIM - MUHEPAII

anmaxut Cuz(OH),COs.



JIBOiiHbIE COJIM COCTOST W3 HMOHOB [IBYX pa3HbIX METAUIOB U
kuciotHoro ocrarka. Hampumep, KCr(SOa)2, Kal(SO4)2 u T.1. Hazpanus
COJIEH COCTaBJISIIOT W3 HAa3BaHUA AaHMOHA B HMMEHHUTEILHOM TMaJexke |
KaTHOHA B POJUTEIHHOM.

NaNOs3 - nutpar HaTpus,

Alx(SO4);3 - cynbdar amoMuHwMS.

Ecim Metann mnposiBISIET pPa3HYKO CTENEHb OKHCICHHS, TO €€
YKa3bIBAIOT B CKOOKaX pUMCKOM 1uppoii.

NiSOs - cynbdar aukens (1),

Ni2(SO4)s - cynbdar mukens (111),
K2SOs3 - cynbdut kanus.

B ciyyae GecKUCIOpOAHBIX KUCIOT AaHUOH UMEET OKOHYaHUE “‘-una’ .
Hampuwmep,

KCI - xmmopuy kanws,

CuyS - cynasun meau (1),
KCN - iimanung xanus.

HasBanue xucnbix cosieit 00pa3yroT Tak ke, KaKk U CPEIHUX, HO TIPH
ATOM J00aBIAIOT MPUCTABKYy “THAPO-’, a €CIu HEeoO0XOAUMO, TO
COOTBETCTBYIOIUMU YUCJIUTEILHBIMH, yKa3bIBAIOIIMMHU YHCIIO
HEe3aMEeNIeHHBIX aTOMOB BoJiopojia. Hanpumep,

Mg(HCO:3); - runpokapOoHAT Maraus,
KH2PO4 - muruapodocdar xanus,
NasSiO4 - opTocuuKat HaTpus,

Cu(HSO3)2 - rugpocynbdput meau (1),



CUHS - rugpocynasdun meau (I).

HazpaHne OCHOBHBIX COJIeil 00pa3ylOT MOJ00HO Ha3BaHUSIM CPEIHHUX
COJICH, HO IIPH 3TOM J00aBISAIOT MPUCTABKY “THIAPOKCO-", YKa3bIBAIOIIYIO
Ha HAJIMYKUE HE3aMEIIEHHBIX THAPOKCOTPYIII.

MgOHCI - xyopua rupokcoMartus,

(CuOH),2S04 - cyabdar rugpoxcomeau (11),

[AI(OH);]2S04 - cyiabdar AMruapoKCOATIOMHHHMSL.

B 1BOMHBIX COMSIX Ha3BaHUSI META/UIOB MUIIYTCS yepe3 aeduc, oda B
poauTenbHOM TMajaexe. B ckoOkax apaOckumMu nudppaMu yKa3blBalOTCS
aTOMHBIE YHCJIOBBIE COOTHOIIIEHUSI METAJIJIOB.

KCr(S0.)2 - cynbdat kamus-xpoma,

K2NaPOy4 - oprodochar kanus-natpus (2:1).

Bonpocsl 4 3aa1a4u 1JI CAMOKOHTPOJIA
1. Tne B mnepuoOAMYECKOM CHUCTEME DJJIEMEHTOB PACIIOJIOXKEHBI AJIEMEHTHI,
o0OpasyroIniue MeTaJljIbl, a e - JIEMEHThI, 00pa3yIoe HEMETaIbI?
Harmumuite hopMyssl IATH METAJIOB | MATH HEMETAJIIOB.
[Touemy MeTasuIbl HE CKIIOHHBI TTPOSIBIISITH OKUCIIUTENbHBIE CBOMCTBA?

Ot uero B MCPBYIO OUCPEAb 3aBUCHUT XUMHNYCCKAsA aKTHBHOCTDb METaJlJIOB?

ok 0D

CocraBbte CTPYKTYpHBIE dbopMyIbI CHENYIOLINX COCMHECHUN:
(H30)Cl, (H30),S04, HCI, H.S, H,SO4, H3PO4, H.COs, Ba(OH),, RbOH.

6. Kakum okcugaM COOTBETCTBYIOT CIEAYIOITNE THAPOKCHIBI:

H2S0O4, Ca(OH),, H3PO4, AI(OH)3, HNO3, LIOH?

7. KakoB xapakTep (KMCIOTHBINA UM OCHOBHBIN) KaXKJIOT'O U3 ITUX OKCUIOB?



8. Cpenu crnenmyrommx BemecTB HaiauTe coiu. CocTaBbTe HMX CTPYKTYPHBIE
dopmysel. KNOy, Al;Os, AlyS;, HCN, CS;,, H,S, K3[Zn(OH)4], SiCls, CaSOs,,
AlIPO,

9. CoctaBbTe  CTPYKTypHBIE  (GOPMYJBI  CIACAYIONIMX  KHCIBIX  COJEH:
NaHSO,4, KHSO3, NaHCO3, Ca(H.PQO,),, CaHPO,

10. CoctaBbTe YypaBHEHHS pEaKIMii, MPOTEKAIOIUX TMPH B3aUMOJCUCTBUU C
pacTBOpOM THpOKcUaa HaTpud a) okcuaa yraepona(lV), 6) oxkcuna cepoi(IV),
B) okcuaa azota(lll), r) oxcuma azora(V). 3aBUCIT U MPOAYKTHI KaXIAOU U3

ATUX PEAKIHI OT TOro, KAKO€ U3 UCXOJHBIX BELIECTB B3ATO B U30BITKE?
11. CocrtaBbTe ypaBHEHHs PEaKIMii, 10 KOTOPHIM U3 COOTBETCTBYIOIIUX OKCHIOB
MO>KHO MOJYYUTh CJEAYIOIIME CONM: KapOoHat Oapusi, ¢ocdar HATpus, CyJIbPUT

Marausa, CHJINKAT OHUHKA.

4-tema. Ctpoenue aroma. [lepuoanuecknii 3aK0H U EPHOAUIECKAA
cucrema J[.M.MenngesieeBa

Ilnan:
1. Atom — ciioxkHas cuctema. OTKpBITHE DJIEKTPOHA
2. PannoakTHBHOCTD
3. Teopuu ctpoeHust aroma
4. V3oronsl 1 U300apbl

OmnopHble cjaoBa ©  BbIpakeHUsA: [lepuoouyeckuii  3aKOH,
nepuoouyeckas — cucmema - XUMUHECKUX  JIeMeHmOos,  CmMpPYKmypda
NepuooOUYecKoll cucmembl, KOPOMKONEepUooOHas nepuooudeckas cucmemd,
ONIUHHONEPUOOHASL NePUOOUYeCcKas cucmemd, nepuoo, cpynnvl, 2iaeHvie u
nobounvle  2pynnvl,  «WeEN0UHble  MEMALIbly,  «UEIOYHO3EMENbHbLE
MEMAIbly, «2al02eHblY, 20PU3OHMAIbHASL NEPUOOUUHOCTb, BEPMUKAIbHAS
NepuoOUYHOCMb, dHEP2Usl UOHUZAYUU, CPOOCEO K INEKMPOH).

Inhanemapnasn mooenvy cmpoenus amoma

(3.Pe3epdopn, 1911 1.)



1. ATOMBI XUMHYECKUX 3JJIEMEHTOB HMMEIOT CIIO)KHOE BHYTPEHHEE
CTPOCHHE.

2. B 1neHtpe aroma HaxXOIWTCSA TMOJOXKUTEIBHO 3apsKEHHOE SJIpo,
3aHUMAIOIIEE HUYTOXKHYIO YacTh MPOCTPAHCTBA BHYTPH aTOMA.

3. Becb MONOXKWATENBHBIM 3apsl W MOYTH BCSI Macca aroma
COCpeZIoTOYEeHa B s/Ipe aToMa (Macca 3JIeKTpoHa paBHa 1/1823 a.e.m.).

4.  Boxkpyr sapa 1o 3aMKHYTBIM OpPOHMTAJISAM JBIKYTCS DJEKTPOHBI. X
YHCJI0 PaBHO 3apsany snapa. [loaToMy atoM B LIETIOM - AJIEKTPOHEHUTPAJICH.

Anpo aroma

Aapo aroMa COCTOUT U3 MPOTOHOB M HEUTPOHOB (00IIEe HA3BAHUE -
HYKJIOHBI). YKCI0 MPOTOHOB B SIAPE aTOMa 3JIEMEHTA CTPOTO OIMPENIEIICHO -
pPaBHO TIOPSIKOBOMY HOMEPY 2JIEMEHTAa B NEPUOIUYECKOMN cucteme - Z.
Uuciao HEUTPOHOB B siAPE aTOMOB OJTHOTO U TOTO K€ DJIEMEHTa MOMKET
ObITh paznuuHbiM - A - Z (rae A - OTHOCUTENIbHAas aTOMHas Macca
AJIEMEHTA; Z - OPSAKOBBIA HOMED).

3apsaa siapa aroma oOIpeAeNseTCs YHCIOM INpOTOHOB. Macca sapa
ONPENEIAECTCA CYMMOW IPOTOHOB U HEUTPOHOB.

HN30T0NBI

Hzomonwr - PasHOBUIAHOCTHU aTOMOB OIIPCACICHHOTO XUMHYCCKOI'O
QJIEMCHTA, UMCHOIIIHC OI[I/IHaKOBI)II\/'I aTOMHBIN HOMCP, HO pa3HbIC MAaCCOBBLIC
qucJa. O6J'IaI[aIOT AapaMu ¢ OAMHAKOBBIM YHUCJIOM IMPOTOHOB U PA3JIMYHBIM
YUCJIOM HCﬁTpOHOB, HMCHOT OAMHAKOBOC CTPOCHHC IBJICKTPOHHBIX
000JIOYEK M 3aHUMAIOT OJHO U TO K€ MCCTO B HCpHOI{I/I‘IeCKOﬁ CHUCTEMCE
XUMHUYCCKHUX JJIEMCHTOB.

OTHOCI/ITCJIBHBIG dTOMHBIC MacCChbI SJICMCHTOB, HpI/IBOJII/IMbIG B
MEPUOINYECKON CHCTEME - €CTh CPEIHUE MACCOBBIE YHCJA MPUPOIHBIX
cMeced u30TONnoB. I[l03TOMY OHM M OTJIMYAKOTCS OT LEJIOYUCICHHBIX
3HAYEHUH.

[Tpumep.



[Ipuponueii Tammuii (at.H.81, ar. Macca 204,383) cocToUT M3 JIBYX
W30TOIOB:

tasm — 203

203

1. ... .
o1 T1(8L,p; 122,n) - 29,5%

tajutuii - 205

205

1. ... )
o1 T1(8Lyp; 122,n) - 70,5%

CpeIIHHﬂ aTOMHadA MaccCa TaJlJIus paBHA:
Aoty = (0,295 203 + 0,705  205) / 2 = 204,383
N30Tonm! BOAOPOAa HMCKOT CIICHHAJIBHBIC CHMBOJIBI WM HA3BAHUWA:

H - npOTHﬁ'ZD - z[eﬁTepI/Iﬁ'3T - TPUTHM.

1 1 1

XMMHUYECKHE CBOMCTBA U30TOIIOB OJHOIO 3JIEMEHTA OJJMHAKOBBI. 130TOIIHI,
MMEKIINE OJWHAKOBBIE MACCOBBIC YMCJIA, HO PA3JIMYHBIC 3aApsabl SAED,
Ha3bIBAIOTCSA nzobapamu

40, 40, 40. 112 112

Paouoaxkmuenocmo
Paouoaxmuenocme - CaMOIIPOM3BOJIBHOE IpeBpaIlcHUE

HEYCTOMYMBOrO M30TONA OJHOIO0 XHWMHYECKOrO 3JIEMEHTa B H30TOII
IPYroro JJIEMEHTA, CONPOBOXKAAIOIIECECS HCIYCKAHUEM 3JIEMEHTAPHBIX
YacTUIl WK siAep (HampuMep, o- YaCTHII).



PaI[I/IOaKTI/IBHOCTB, MpOosABJIACMAd IMPpUPOIHBIMHA Hn30TOIIaMH
QJIEMCHTOB, HAa3bIBACTCA ecmecmeeHHoU DaaUOCleMGHOCWIbiO.

CaMOnpou3BOJIBHBINA pacnajl siACp ONHUCHIBACTCA YpaBHEHHEM: Mt =
Mo * (1/2)!/ T12 Te m; ¥ Mo - Macchl U30TOIA B MOMEHT BPEMEHH t U B
HA4YaJIbHBIM MOMEHT BpeMeHu; Ti1p - mepuoa mnosaypacnaza, KOTOPBIU
ABJISICTCS MOCTOSIHHBIM JIJISI JAHHOTO M30Toma. 3a Bpemsa T2 pacnagaercs
ITOJIOBHHA BCEX SAJIEP NAHHOIO U30TOMA.

OcHosHble 6U0BL PAOUOAKMUBHO20 PACNAOA

o - pacnaf. CompoBoXKIaeTcsi IOTOKOM  MOJIOKUTEIBHO
3apshKEHHBIX anep atoma renus “;He (a- gactuiy) co cxkopoctsio 20 000
km/c. IIpu aTOM 3apsia Z UCXOTHOTO Sapa YMEHbBIIACTCS Ha 2 €AUHUIIBI (B
SAMHUIIAX JIEMEHTAPHOIO 3apsjia), a MaCCOBOE YMCIO A - Ha 4 TUHHMIIBI
(B aTOMHBIX €IUHHIIAX MACCHI).

Z'=7-2
A =A-4

T.C. 06pa3yeTc>1 dTOM 3JIEMCHTA, CMCIICHHOI'O 110 HepHOI[quCKOfI CUCTCEMC
Ha ABC KIJICTKH BJICBO, OT HCXOAHOI'O PaAMOAKTHBHOI'O 3JICMCHTA, a4 €TI0
MacCCOBO€ YuCJIO Ha 4 CAWMHUIIbI MCHBIIC HCXOAHOTO.

226 222 4
88 Ra — 86 Rn + 2He

B - pacmaag. HM3zmydyeHue sapoM aTroMa MOTOKA BJIEKTPOHOB CO
ckopocthio 100'000 - 300'000 xkm/c. (DnekTpoH oOpa3yeTcsi mIpu pacriajie
HEeWTpoHa sigpa. HEeHTpoH MOKeT pacnaaaTbCsd Ha TPOTOH U JIIEKTPOH.)
[Ipu B- pacmage MaccoBO€ YHCIO H30TOMA HE M3MEHSETCS, MOCKOJBKY
oOlllee 4YHWCIIO TPOTOHOB W HEWTPOHOB COXpaHAETCS, a 3apsan sapa
yBean4yuBaeTcs Ha 1. (XUMHUYECKUH 3JIEMEHT CMEIIAETCA B IEPUOIUYECKOMN
CUCTEME Ha OJIHYy KJETKY BIIPaBO, a €r0 MacCOBOE YHUCJIO HE U3MEHSIETCS)



234 234 0
90 Th — 01 Pa+_1E

v- pacnaa. Bo30OyxJaeHHOE SIpO MCIYCKAET SJIEKTPOMArHUTHOE
W3JyYEHUE C OYEHb MAaJIOW JJHWHOM BOJIHBI M BBICOKOM YaCTOTOH,
oOJasiaroree 0O0JIbIION MPOHUKAIOUIEH CITOCOOHOCTHIO, MPU STOM SHEPTHUS
AJlpa YMEHBIIIAETCSI, MAaCCOBOE YHUCJIO U 3aps]i OCTAIOTCS HEHU3MEHHBIMHU.
(XMMUYECKHUM APJIEMEHT HE CMEIIAETCd B MEPUOJUYECKOM CHUCTEME, €ro
MacCOBO€ YMCJIO HE M3MEHSETCS W JIUIIb PO €ro aromMa IMepexoiuT W3
BO30Y’KJICHHOTO COCTOSIHUSI B MEHEE BO30YKIECHHOE).

SAnepHBle peakiuu - TPEBpaIlCHUs sIep, MPOUCXOMSIINE TPU HX
CTOJIKHOBEHHUH JIPYT C IPYTOM HJIM C DJIEMEHTApHBIMU YacTuilamu. [lepBas
UCKYCCTBEHHAs siiepHas peakius Oblna ocymiecTBieHa J. Pesepdopaom
(1919 r.) npm  OomMOapaupoBKE  sAep  a30Ta  (-YACTHUIIAMHU:

14, .4 17 .1
"N+ He -5 0 +1H

C nmoMouiplo SACPHBIX PEaKIMil ObLIM MOJTYYEHBl U30TOMBI MHOTHX
XUMUYECKUX DJJIEMEHTOB M SApa BCEX XUMHUYECKUX JJIEMEHTOB C
NOPSAKOBBIMU HOMepamu oT 93 o 110.

3aoauu u 60npocwvl 0711 CAMOKOHMPOS

1. Kakue peaknuu Ha3pIBalOTCAd AAepHbIMH? YeM OHM OTIMYarTCAd OT
xuMuueckux? Kem u korya Obuia BIIEpBbIE OCYIIIECTBIICHA si/IepHast peaKius?

2. IlpupoaHblii BOAOPOA COCTOMT W3 ABYX HM30TONOB - MPOTUA M JEUTEpUs C
MaccoBbIMH J0JsIMH 99,98 % u 0,02 % coOTBETCTBEHHO. BhIUKCINTE AaTOMHYIO
Maccy BOJIOpOJa.

3. Ompenennute aTOMHYIO Maccy KHCJIOPOJia, COCTosIero u3 uzoronos: 160, 170,
180 ¢ maccoBeiMu gonsimu 99,76 %; 0,04 %; 0,20 % cOOTBETCTBEHHO.

4. HazoBuTe Tpu H30TONA BOAOPOJAA. YKAKHUTE COCTaB UX suep. UTo Takoe
Tsbkenas Boaa? Kak oHamnolsy4aeTcsi U KakoBbI €€ CBOMCTBA?



Pacnpejnesienne 3JIEKTPOHOB HA YHEPreTHYECKUX YPOBHSIX
U MOJXYPOBHAX

Ilnan:
1. Teopust H.bopa
2. KBaHTOBBIE YHCIa JIEKTPOHOB
3. IlpaBuia KneukoBckoro
4. Ipunnun [Maynu u npasuso ['yHaa

OnopHble cjoBa M BbIpaxeHusi: meopusi H.bopa, keanmosuvie
yucia, 2enasHoe KBAHMOBOE HUCIO, OpOUMANIbHOEe KB8AHMOB0E YUCTO,
MAcHUMHOE KBAHMOB0OE YUCI0, CHUHOBOE KBAHMOBOE YUCIO, NPABUId
Kneuxoseckoeo, npunyun Ilaynu

CocTaB aToMa

ATOM COCTOUT W3 ATOMHOIO #1APa W JJIEKTPOHHOU 000I0YKH.
Sapo atoma coctout u3 potonos (P*) u Helitponos (N°). V GonpmuHCTBA
aTOMOB  BoAopoAa  SAPO  COCTOMT M3  OJHOIO  MPOTOHA.
Yucno npotoroB N(pP™) paBHo 3apsay siapa (Z) ¥ MOPSIKOBOMY HOMEPY
AJIEMEHTA B €CTECTBEHHOM PsJIy JIEMEHTOB (M B MEPUOIUYECKON CUCTEME
AJIEMEHTOB).

N(p*) = Z

Cymma umcna HeritponoB N(n®), oGosmasaemoro mpocto OGyksoit N, u
YKclia TPOTOHOB Z HA3bIBAETCS MACCOBBIM YHCJIOM K 0003HayaeTcs
OyKBOIi 4.

A=Z+N

OnekTpoHHass 000JIOYKA aTOMa COCTOUT W3 JABUXKYIIMXCS BOKPYT
spa 3IeKTpoHOB (€7). Yncmo 3nextpoHoB N(87) B 2JIEKTpOHHON 000JI0UKe
HEHUTpaJIbHOTO aToOMa paBHO YHWCIy MNpPOTOHOB Z B ero saupe. Macca
IPOTOHA MPUMEPHO paBHA Macce HeWTpoHa U B 1840 pa3 Goibllie Macchl
JIEKTPOHA, IO3TOMY Macca aToMa MPakTHYECKU paBHA macce anpa. Popma



atoMa - cdepuueckas. Paaumyc sapa nmpumepHo B 100000 pa3 meHblie
paauyca aToma.

XuMHYeCKH JJIEeMEHT - BHJ aTOMOB (COBOKYIIHOCTh aTOMOB) C
OJIMHAKOBBIM 3apsaJoM siapa (C OJMHAKOBBIM YHCJIOM HPOTOHOB B SIJPE).

M30T0MI - COBOKYITHOCTh @TOMOB OJHOT'0 3JIEMEHTA C OJIMHAKOBBIM YHCIIOM
HEUTPOHOB B sape (WM BHJ aTOMOB C OJMHAKOBBIM YMCJIIOM IPOTOHOB H
OJIMHAKOBBIM YKMCJIOM HEUTPOHOB B siApe). PasHble M30TOIBI OTIMYAIOTCS
Ipyr OT Jpyra 4YMCJIOM HEHUTPOHOB B  SJpaXx HX  aTOMOB.

OG6o3Ha4YeHne OTAEIBHOIO aToMa MK u3otomna: z3(D - CUMBOI 2JIEMEHTA),
Hanpumep: 1H. 150, 701,

CTtpoeHue 3JIEKTPOHHOM 000JI0YKH ATOMA

ATOMHAasi OpOUTAJIb - COCTOSIHME DJIEKTPOHA B aTOME. Y CIOBHOE
o0o3HaueHue opobutanu - o. Kaxgoil opOuTanu COOTBETCTBYET
AIEKTPOHHOE o0Jako.

OpOuTaian peaJbHBIX aTOMOB B OCHOBHOM (HEBO30YXKJICHHOM) COCTOSTHUH
OBIBAIOT 4EThIPEX THUIIOB: S, P, d 5 f.

DJIeKTPOHHOE 00JIaK0 - YaCTh TPOCTPAHCTBA, B KOTOPOU 3JEKTPOH MOKHO
OOHapykuTh ¢ BeposTHOCThIO 90 (wnm  Oosee)  MPOLEHTOB.

Ilpumeuanue: wHoOTAa NOHATUS "aTOMHasi opOUTaIL" U "INEKTPOHHOE
o0Jlak0" HE pa3IuyaroT, Ha3bIBasi U TO, U JPYyroe "aToMHON OpOUTablo'.

DJeKTpoHHAas1 000JI0YKa aToMa CJIOUCTasl. JJIEeKTPOHHBIN ¢J10ii 00pa3oBaH
AJIEKTPOHHBIMM O0JIaKaMU OJMHAKOBOTO pazMepa. OpOuTaI OJHOTO CIIOS
00pa3yloT 3JIeKTPOHHBIH (''IHepreTnyeckuii'') ypoBeHb, UX SHEPTUU
OJIMHAKOBBI y aroMa BOJOPOJA, HO Pa3IMYAlOTCA y APYTHUX aTOMOB.

OnHOTUIIHBIE OPOUTATIN OJHOTO YPOBHS TPYNIHUPYIOTCS B 3JI€KTPOHHbIE
(3Heprernyeckue) IIOJTYPOBHH:
S-MOIYpOBEHB (COCTOUT M3 OAHOM S-0pOUTAJIN), YCIOBHOE 0003HAUEHHUE - O.



P-MoIypOBEHB (COCTOUT U3 TpeX P-opOuTaseii), yciIoBHOE 0003HAYCHHUE - O
.

d-noypoBeHs (cocTouT M3 MATH d-opOuTaNieii), YCIOBHOE 0003HAYCHHUE - O
OTT.

f-momypoBens (cocTout u3 cemu f-opOuraseii), ycaioBHOE 0003HAUCHHE - T
oTTT.

DHepruun opOurasei OJTHOTO MOy POBHS OJINHAKOBBI.

[Ipu oOo3HaueHWH NOAYPOBHEH K CHUMBOJY IMOJYPOBHS J00aBISETCS
HOMEp CJI0sl (RJIEKTPOHHOTO ypOBHs), Hampumep: 2S, 3p, 5d o3Hagaer S-
HOJlypOBEHb BTOPOTO YPOBHS, P-NIOAYPOBEHb TPEThero ypoBHs, d-
MOJyPOBEHb MATOTO YPOBHSI.

OOuiee yucio MOAYpPOBHEW HAa OAHOM YPOBHE PaBHO HOMEpPY YPOBHA N.
OO0mee uncno opOuTaneii Ha OZHOM ypoBHE paBHO N?. COOTBETCTBEHHO
5TOMy, OOIIEe 4YMCIO OOJAaKOB B OJHOM CIOE€ pPaBHO TaKke N2,

O06o3HaueHus: o- cBOOOAHAsA OopOuTaIh (0€3 AIEKTPOHOB), m- OPOUTAIH C
HECIapEHHBIM 3JICKTPOHOM, m- OpOUTAJIb C AJICKTPOHHOUW Mapout (C aByMs
AIEKTPOHAMM).

[lopsimok 3amosiHEHUs 3JIEKTPOHAMHM OpOWUTale aroMma ompeaesercs
TpeMsl 3aKOHamMu Tpupoabl  (GOPMYJIMPOBKH JaHbl  YHPOILEHHO):

1. ITpyHIMTT HAUMEHBIIEH YHEPTUM - IEKTPOHBI 3aMOJIHIIOT OpOUTAIU B
HOPSIIKE BO3PACTaHUs DHEpPrun opOuTanei.

2. Ilpunnun Ilaynu - Ha ogHON OpOUTAIM HE MOXKET OBITh OOJBIIE NBYX
AJIIEKTPOHOB.

3. IlpaBuno Xynga - B Tmpeaenax MOAYPOBHS AJIEKTPOHBI CHaualia
3aMOJIHSIOT CBOOOJHBIE OpOuUTanu (MO OJAHOMY), W JIMIIL IMOCJE 3TOrO

0o0pa3yoT JIEKTPOHHBIE napshl.

OO0mree Yuco AIEKTPOHOB HA AIEKTPOHHOM YpPOBHE (MJIM B JIEKTPOHHOM



cI10€) PaBHO 2n2,

Pacnpenenenue noaypoBHEN MO YHEPTUSAM BbIpa)KaeTcst psiAoM (B OPSIKE
YBEJIUUCHUS SHEPTUH):

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

HarnsgHo »5Ta  MmoCHEa0BaTENIbHOCTh — BBIPAXKACTCS  DHEPTETUYECKOMU
JTHArpamMMOMu:

b LLT]
e I
6d [ITTTTTT]
7s0 5F

L]
6p [(T111]
5d [IITITT]
650 7

p [I111]
25 4d

45 DEE:D:%:D
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s 3r

[T11
25 ip
1= [

ZHepTHA opbHTaned

Pacnipenenenue 3JIEKTPOHOB aroMa MO YPOBHSM, IMOIYPOBHSIM H
opOUTaIsIM (JIEKTPOHHASI KOHPUTYpALUs aTOMAa) MOKET ObITh NU300paxeHa
B BHUJE DJIEKTPOHHOW (HOPMYJIbI, SHEPreTUYECKOW AuarpaMmbl WIIH,
YIOPOIIEHHO, B BUJIE CXEMBbI 3JIEKTPOHHBIX cl0oeB (''3yeKTpoHHas cxema').

[IprMepsI 3EKTPOHHOTO CTPOEHHUSI ATOMOB:
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BajleHTHBIE YJIEKTPOHBI - DJIEKTPOHBI aTOMa, KOTOPbIE MOTYT
NPUHAMATh YYacTHE B 00PA30BAHMU XMMHUUECKUX CBsi3eil. Y J11060ro aroma
3TO BCE BHEILIHHUE MIEKTPOHBI ILUIIOC T€ MPEABHENIHUE YIEKTPOHBI, SHEPTHs
KOTOpBIX OOJbIlE, YeM y BHemHHX. Hampumep: y atoma Ca BHeNIHHE
3J1eKTPOHBI - 4S2, OHU e M BaJIeHTHBIE; y aToMa Fe BHelIHHe 21eKTPOHBI -
4s?, Ho y Hero ecth 3d%, crmemoBaTensHO y aroma keneza 8 BaJEHTHBIX
3JeKTPOHOB. BalieHTHas »1eKkTpoHHas (GopMyiaa atoma Kauplus - 4S2, a
aToma xenesa - 4523d°.

KBaHTOBBI€E uHcJIa

UYeThlpe KBAHTOBBIX YHUCJIA OIMUCHIBAIOT COCTOSIHUE DJIEKTPOHA B
aTOME M XapaKTEPU3YIOT JHEPTHUI0 DIIEKTPOHA, (POpMY 3SIEKTPOHHOIO



o0Jlaka, €ro OpPUEHTAIMI0O B MPOCTpaHCTBE W ero cnuH. [lpu mepexoje
aToMa M3 OJHOTO COCTOSHMSL B JPYroe IIPOUCXOJUT TEPECTpOMKa
AJIEKTPOHHOI'O 00JaKa, T. €. U3MEHSIOTCS 3HAUYCHUS KBAHTOBBIX YUCEII, YTO
COIIPOBOXKJIACTCS IIOIJIOIICHUEM MM MCIyCKAaHHMEM aTOMOM KBaHTOB
AHEPIHUH.

I'1aBHOEe KBaHTOBOE YMCJIO0 (N) XapaKTEPU3YET SHEPTHUIO DJIIEKTPOHA
Ha JAHHOM DYHEPreTUYECKOM YPOBHE, MCIIOJb3YyEeTCs KaK HOMEp YpPOBHS,
OMpeAeNsIET pa3Mepbl aTOMHON opOuTanu. ['J1aBHOE KBAHTOBOE YHCIIO
MOKET MPUHUMAThH 3HaueHus ot 1 go o (n = 1, 2, 3, 4,..., ©). U”oraa
ypoBHHM 0003HauyaroT OykBamu: 1 2 3 4...— ..K L M N... COOTBETCTBEHHO.
Uem MeHbllle n, TeM OOJbIIEe JHEPrus B3aMMOJCUCTBHS DJIEKTPOHA C
saapom. Ilpu n = 1 atoM Bogopoia HaXOAUTCSI B OCHOBHOM COCTOSIHUHM, TIPH
N > 1 — B BO30YXJICHHOM:

OpoutanbHoe kBaHnToBoe 4ucio (1) onpenenser popmy atomHOM
opoutanu (AO) u npuHumacT 3HaueHus ot 0 7o (n — 1), T. e. N 3HAYCHUIL.
Kaxaomy 3HadueHuio 1 cOOTBETCTBYET OpOUTab OMpEeAeICHHONW (POPMBI
(cm. Tabn. 4.1, puc. 4.1). OpbOutanbHOE€ KBAaHTOBOE YHCIO IPUHSITO
0003HayaTh OYKBEHHBIMU CUMBOJIAMU:

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

DJIEKTPOHBI ¢ OIUHAKOBBIM 3HaUYeHHeM | 00pa3yroT nmoAypoOBeHb.
Tabmuma 4.1,

O0o3HaueHHe OPOHTAIBHOIO KBAHTOBOTO YHCIA H IOVPOBHEH

n (YpoBEHE) [ (moaypoBeHs) Oo0o3HaUeHHE NOIYpOoBHEH
1 0 ls
2 0.1 2s. 2p
3 0.1.2 3s. 3p. 3d
4 0.1.2.3 4s. 4p. 4d. 4f

Pewenne ypaBuenus lllpenunrepa nokasaio, uro s-opoutans (1 = 0)



umeeT Gpopmy 1mapa, p-opourais (1 =1) — popmy rantenu u T. 1. (puc. 4.1).

Takum 00pa3zoM, JJIsi SJIEKTPOHOB MEPBOTO IHEPTETUUECKOTO YPOBHS
(n = 1) Bo3MOxkHa TOJNbKO oaHa (opma opbutamu (s) (puc. 4.1), ans
BTOpOro (n =2) — aABe (S U p) U T. A., T. €. DHEPTETUUECKUE YPOBHU COCTOSAT
U3 OJIHOTO WJIM HECKOJBKHX DHEPreTHYECKUX MoaypoBHeu. Jlma n = 1
BO3MOXKEH TOJBKO 0JuH MmoaypoBeHb ¢ 1 =0, mmsain=2—ngBacl=0mu1=1
U T. 1.

CocTtosiHue 3JeKTpoHa B aToMe 00O3Ha4arT IudpamMud U OyKBaMHu.
Hampumep, snektpoH, y kotoporo n = 1 u 1 = 0, ob6o3navator 1s. 4p-
COCTOSIHUE O3HA4aeT, UTO DJICKTPOH HAXOJUTCS Ha YETBEPTOM
HSHEPreTUYECcKoM ypoBHE (n = 4); ¢hopma opOUTATU COOTBETCTBYET FaHTEIIH
dI=Dwurt. .

MarnuTHOe€ KBaHTOBOE YUCII0 (m) XapakTepusyer
MPOCTPAHCTBEHHYIO OPUEHTALIUI0 OpPOUTAIM U NPUHUMACT CICTYIOIINE
sHauenus: 0, 1, £2,... 1.

Puc. 4.1. ®opmbl aTOMHBIX OpOUTaIei



s xkaxgoro 3HaueHust | paspemreno (21 + 1) 3madenmii m. Bce
opOHuTaI OJHOro MoaypoBHs | 001ama0T 0UHAKOBOM SHEPIHEH, HO IO-
Pa3HOMYOPHEHTHPOBAHBI OTHOCHTEIIHFHO APYT ApYyTa.

Takue cOCTOSHHS Ha3BIBAIOTCS BBIPOKAEHHBIMH. Takum o0pazoM,
P-COCTOSIHHE TPEXKPATHO BBIPOXKACHO, d — MATHKpATHO U T. 1. (Tabm. 4.2).

Tabnuua 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 CIEKTPOB MOKA3aJI0, UTO TPEX KBAHTOBBIX YUCEII
HEJIOCTATOYHO JJIs1 OITMCAHUS CBOMCTB 3JIEKTPOHOB.

JIOTIOJIHUTENILHOE YETBEPTOE KBAHTOBOE YHCJIO — CIHHHOBOE (S)
(«spin» — BpallleHHE, BEPETEHO) — XapaKTepPU3yeT COOCTBEHHBIN
MEXaHMUYECKMM MOMEHT JIBHXKEHHS DJIEKTPOHA, KOTOPOE YCJOBHO
MPEACTABIISIIOT KaK BpalleHUE BOKPYr COOCTBEHHOW ocu. OHO MOXET
MPOUCXOJUTh B JABYX B3aUMHO MPOTHBOIOJIOKHBIX HANpaBICHUSIX.
[TosToMy CTMHOBOE KBAaHTOBOE YMCIJIO UMEET TOJBKO J[Ba 3HAUCHUA: +1/2 u
— 1/2. Hanuuue cnmHa y  D3JEKTpOHA OBUIO  MOJTBEPKACHO
AKCIIEPUMEHTAIBHO. OJJEKTPOHBI C Pa3HBIMU CIHMHAMH OO0O03HAYAIOTCS
CTpeJIKaMH, HallpaBJIEHHBIMU BBEPX U BHU3.

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

B MHOT0O3IEKTPOHHBIX aTOMaxX XapaKTEPUCTUKU aTOMHBIX OopOuTaneit
Maji0 HU3MEHSIIOTCS, OJIHAKO COCTOSIHUSI C pa3HbIMU | B TakoM arome
OTJIMYAIOTCS MO JHepruu: uem Oonpiie 1, Tem Oonblie sHeprus.
Pacnpenenenue SJeKTPOHOB B aTOME 10 JHEPreTUYECKUM YPOBHSIM H
MOAYPOBHSIM MOTUMHSIETCA CICIYIONIUM 3aKOHAM:



1. Ilpunyun  Haumenvwieu  3Hepeuu. IJIEKTPOHbI B  aToMe
pacnpeejsiloTcs Mo OPOUTAISIM TAKMM 00pPa30M, UTO JHEPIUsi aToMa
OKa3bIBaeTCH HAUMEHbLICH.

Kaxnoin AO orBeuaer omnpeneneHHas 3Heprus. Ecim sneprus AO
OJIMHAKOBA, TO TaKWE OPOMTAIM HA3BIBAIOT BBIPOXKJICHHBIMU. PaccTosiHue
Mexy AO B equHuIax sHeprun HasbiBaroT pacuieriennem AO (AE). [l
BBIPOKICHHBIX aTOMHBIX opoutaneit AE = 0.

B cnyuae omnosnektponHoro aroma (H, He+, Li2+, Be3+ u 1. n.)
sHeprusi AO 3aBUCUT TOJBKO OT IJIAaBHOTO KBAHTOBOTO YHCJIA: YEM OHO
OoubItie, TeM Ooublie 3Heprus anekTpoHa Ha AQO. CoBokynHocTh AO ¢
OJJHUM M TE€M >K€ N Ha3bIBaeTCs JIHepPreTuyeckuM ypoBHeM. AO c
OJIMHAKOBBIMU N, | HA3bIBAIOT MOAYPOBHSIIMH.

2. Ilopsnok cnemoBanust AO 1o 3HEPrUM OMPENECTACTCA MPaBUIaAMU
KneukoBckoro:

1. JDHeprus 3JIEKTPOHA B OCHOBHOM OIpe/essieTcsl 3HAYeHUAMHU
rJIAaBHOTO (N) U 0PpOMTANBLHOTO (1) KBAHTOBBIX YHCeEJI, IO3TOMY CHAYAJIA
3JIeKTPOHAMHU 3ATNOJHSIOTCS Te MOAYPOBHH, JJIs1 KOTOPLIX cymma (N +
1) MeHb1IIE.

Hanpumep, MOXHO ObUIO OB IPEATIOI0XKUTh, UTO 3d-OAYPOBEHB MO
sHepruM Hmwxke, 4yeM 4s. OmHako, coryacHo mnpaBwiry KiledkoBCKOroO,
sHeprus 4s-cocTosiHUS MeHble, yeM 3d, Tak kak maist 4s cymma (n +1) =4
+0=4,ama3d—(n+1)=3+2 =5 (puc. 4.2).

“

E
EZ0
_— — P
__d4s
B — 2
—_— 35
_—— 2

Puc. 4.2. Oueprun AO B MHOTO3JIEKTPOHHOM aTOME



2. B cayuae ecam cymma (n + 1) 1191 AByX noaypoBHeil OAMHAKOBA
(manpumep, aias 3d- u 4p-moaypoBHeH 3Ta CyMMa paBHA NSATH),
CHAYAJIa 3aM0JIHAETCH YPOBEHb ¢ MEHbIIUM .

[TosToMy ¢opmMupOBaHHE DSHEPreTMUYECKUX YpPOBHEH  aTOMOB
AJIEMEHTOB YETBEPTOTO nepuojia MPOUCXOJIAT B TaKou
nociegoBarenbHoCTH: 4s—3d — 4p.

Hanpuwmep: 21Sc 1522522p83s23p%4s23d?,
31Ga 15%25%2p83s23p®4s23d1%4p?.

Takum oOpaszom, ¢ yueToMm npaBuil KiieukoBCKOTO, SHEPTHSI aTOMHBIX
opOuTalieil BO3pacTaeT COTJIaCHO PALY

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f<<5d
<6p <7s<5f<6d<T7p.

(BHaku < o3HauyalT, yTto AHepruu AQO OJM3KH, TaK UYTO 37ECh
BO3MOJKHBI HapylIeHHs NpaBui Kie4koBCKOro).

ITonb3ysACh 3TUM PSAAOM, MOKHO ONPEAEIIUTH JIEKTPOHHOE CTPOCHUE
aoboro aroma. i1 3TOro HYXHO TIOCJIEIOBATENIbHO J100aBIsATh U
pa3Memarh Ha MOJYPOBHAX M aTOMHBIX OpOUTaNSAX 37eKTpoHbl. [Ipn sToM
HYKHO I10JIb30BaThCS €IE PSAOM IIPaBUIL.

3. EmMroctes AO onpenensercs npuHuunom Ilayau: B atome He MoKeT
ObITHL [BYX 3JJEKTPOHOB € OAMHAKOBBIM HAa0OpOM BcexX 4YeTbIpex
KBAaHTOBBIX YHCeJI.

NupiMmu  cioBamu, Ha oxHot AQO, XapakTepuzyeMou TpeMs
KBAaHTOBBIMH YHCJIAMHU, MOXKET PA3MECTUTHCS TOJBKO [ABA JJIEKTPOHA C
IIPOTUBOIOJI0KHBIMU CIIMHAMH, T. €. JJIsi 0oqHOM AO MOXHO 3amucarth J1Ba
BO3MOYHBIX BApUAHTA 3aIOJHCHUS:

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

IIpy 5TOM KOHKPETHOE HAMNPAaBICHUE CIHWHA IS OJHOTO
AJIIEKTPOHA HA
opOUTAIM HE HMEET 3HAYCHHUs, BAXKHO JIMIIb, YTO CHOUHBI JJISI JIBYX
ANEKTPOHOB Ha OAHOM AQO MMEKT MPOTUBOIOJOXKHBIE 3HaKkW. [IpuHIUN



[Taynu ¥ B3aMM03aBUCUMOCTh MEXK]ly 3HAUCHUSIMU N, | © m onpenensior
MaKCUMaJIbHO BO3MOHOE KOJUYECTBO JJICKTPOHOB Ha OpOUTAIIH,
MOAYPOBHE U ypoBHE (cM. Tabm. 2.4):

— Ha oaHoil AQO — 2 3IeKTpoHa;

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

— Ha ypoBHe n — 2n? 2JIeKTPOHOB.

Tabnuna 4.3
Pacrnipenenenue 3J1€KTpPOHOB
0 YHEPTETUYECKUM YPOBHSM U OAYPOBHIM

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. Ilpu 3anonHenun osiekTtpoHaMu AQO OZHOrO TMOIYPOBHS
coOJIroJaeTcst MOpsIAOK, ONpeAesieMblid mpaBuiaaMu ['yHpa:

a) B JAaHHOM TIOAYPOBHE JJIEKTPOHBI CTPEMATCS 3aMOJHSATH
JHEPreTUYeCKHe COCTOSHUA TAKUM 00pa3oM, 4YTOObI CyMMa UX CIIMHOB
1o adCOJIIOTHOI BeJIMuMHe OblJIa MaKCMMAJIbHA (TiepBoe npaBwiio). [Ipu
3TOM SHEPTUSI CUCTEMbI MUHUMAJIbHA.

Hanpumep, paccMOTpuM 3JIEKTPOHHYIO KOH(QUIypaluui aroma
yrieponaa. 11opsakoBslii HOMEp aTOMa PaBEH WIECTH. JTO O3HAYAET, 4TO B
aToMe 6 BJIEKTPOHOB M OHU PACIIOJIOKEHBI Ha JABYX KBAHTOBBIX YPOBHSX
(aToM yriepoma HaxoOAUTCs BO BTOPOM IHepuone), T. e. 1s522522p2.
['paduuecku 2p-noaypoBEHb MOXKHO U300pa3UTh TPEMS CIIOCOOAMU:

ls 25 2p ls 25 2p Is 25 2p

I 0 Y T

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

a o [+



CymMmMma ciHOB B BapuaHTE @ paBHA HYJIIO. B BapuanTax 6 u B cymma
CIIMHOB paBHa %2 +%2 = 1 (;1Ba cmapeHHBIX dJICKTPOHA B CYMME BCErja JIaroT
HOJIb, IO3TOMY YUHUTHIBAEM HECHIAPEHHBIE AJIEKTPOHBI).

0) IIpu BeIOOpE MEXK1y BapuaHTaMM 6 U 6 PYKOBOJICTBYEMCSI BTOPBIM
npaswiomM ['yHga: MUHMMAJILHON JHepruei 00JagaeT COCTOSHHE C
MAKCHUMAJIbHOU (M0 a0COJIIOTHON BeJMYHUHE) CYMMOM MATHMTHBIX
KBAHTOBBIX YHCeJI.

B coorBercTBUM ¢ npaBuioM ['yHIa, TakuM  00pasom,
npeuMyIiecTBoM obisanaet Bapuant 0 (|1+ 0] = 1) , Tak Kak B BapuaHTe 6
[+1-1|=0.

Onpenenum, HampuMmep, ICKTPOHHYIO (HOPMYJTy dJIEMEHTa BaHAAUS
(V). Tak kak ero mopsiAKOBbIM HOMEpP Z = 23, TO HYKHO pa3MECTUTh Ha
MOAYPOBHSIX W YPOBHSX (MX YEThIpE, TaK KaK BaHAIWWA HAXOJIMUTCS B
yeTBepTOM Tiepuoje) 23 anekTpoHa. llociegoBaTenbHO —3amoJIHSIEM:
1522522p83s23p%4s23d®  (momuepKkHYTBI ~ HE3aKOHYEHHBIC  YPOBHH U
noaypoBHu). Pazmenienue snexktpoHoB Ha 3d — AO mno npasuny ['yHaa
oyner

m +2 +1 -1 -2

0
sa [T

s cenena (Z = 34) noyiHas 3JeKTpoHHAs Gopmya Se:
15225%2p®3s23p°4523d1%4p?.
3amnoJiHEHHE ATOr0 MOAYPOBHS 10 TipaBwity ['yHaa:

T

4p

OcoOyi0 pojib B XUMUU UTPAOT  BIEKTPOHBI  MOCIEIHUX
HE3alOJTHCHHBIX ypOBHEW W  TMOJYpOBHEH, KOTOpPHIE HA3BIBAIOTCS
BajJleHTHbIMHM (B popmynax V, Se — noguepkHyThl). Tak, Hanpumep, y V —
3TO JJIEKTPOHBI YETBEPTOTO YPOBHSA 452 U HE3aIOMHEHHOTO TOAypoBHs 3d3;
T. €. BAJIGHTHBIMU dJIeKTpoHaMu OyayT: y V — 4s23d® (5 amexTpoHOB); 11s
Se — 4s%4p* (6 snextponos); 3d°-nmoaypoBeHs B 3TOM cilyuyae 3alojHEH U
HE SBJISIETCS BaJIGHTHBIM (IIOCJIe 3allOJIHEHHSI OH IMepeMemiaeTcs Io
PHEPruu HWXKe, 4YeM 4s, TaK UYTO TpPaBWIbHAs TIOCJIEI0BATEIHLHOCTh
3aII0JHEHHBIX MOAYpOBHEH y Se — 15225%2p®3523p®3d104s%4p*).



[Io Ha3BaHUIO MOCIETHErO 3aIOJHSIEMOIO MOAYPOBHS 3JIEMEHTHI

Ha3bIBAOT:

s-anementsl (Li ..2st, Ca: ...4s2);

p-anementsl (B ...2522p?, Se ...4s24p%);

d-snementsl (Sc ..4s23d?, V ..4523d°);

f-anements! (La 6s24f%, Eu ..6s%4f", U ..7s°5f).
(B  dopmynax 92€eMEHTOB MOMUYEPKHYT TOCJICAHUN  3arOJIHSIEMbIN
MIOJTyPOBEHB ).

HaiiieHHbie Mo OMUCAHHON BBINIE Mpoleaype Gopmyibl BaICHTHBIX
AJICKTPOHOB HA3BIBAIOTCA KAHOHMYECKHMMM (HAMJICHHBIMU IO MpaBUiaM).
B pgeiictBuTenbHOCTH  peayibHbie  (OPMYIIBI,  OMpeAe/sieMble U3
OSKCIIEPUMEHTAa WJIM KBAaHTOBOMEXAaHMYECKUM PpPAaCu€TOM, HECKOJIBKO
OTJIMYAIOTCS] OT KAHOHUYECKHUX, T. €. MpaBuiia ['yHaa MHOT1a HapyIIatoTCA.

[IprUyrHBI 3TUX MPOLECCOB PACCMOTPEHBI HUKE.

Ipumep 1. 3anucate 370€KTpOHHYIO (OPMYJy aToMa 3JEMEHTa C
aTOMHBIM HOMEpoM 16. BaneHTHBIE 2IE€KTPOHBI U300pa3uTh rpapuiecku u
OJINH U3 HUX OXapaKTEPU30BaTh KBAHTOBBIMU YUCIIAMH.

Pemenune. AtomHubili HOMEp 16 mMmeeT atom cepbl. Clie0BaTENbHO,
3apsg sapa paBeH 16, B 1€IOMaTtoM CEpPhl COACPXKHUT 16 3IIEKTPOHOB.
OnektpoHHas (opMyla aroMa cephl 3amuceiBaerca  1s22522p°3s23p?
(momuepkHyThl  BaJICHTHBIE  JJIEKTPOHBI). ['paduueckas  dopmyna
BAJICHTHBIX DJIEKTPOHOB

CocTosiHuEe KaXJ10ro 3JIEKTPOHA B aTOME XapaKTEPU3YETCSl YEThIPbMSI
KBAHTOBBIMHU YHCJIaMH. DJEKTpOHHas (popMysia JaeT 3HAYCHHS TJIAaBHOTO
KBAaHTOBOTO 4YHUCJa M OpOUTAIBHOTO KBAaHTOBOro uyucia. Tak, mis
OTMEYEHHOT0 JIEKTPOHA COCTOSIHUE 3p O3HAYAET,
gyto n = 3 u | = 1(p). I'paduueckas popmyna naer 3HaueHHUE €IIE TBYX
KBAHTOBBIX YHCEJI — MAarHUTHOTO M CIHUHOBOTO. /[l OTME4YEeHHOTro
anekTpoHa m=—1 us=1/2.

IIpumep 2. OxapakTepu3oBaThb BAaJEHTHBIE DJJIEKTPOHBI aTOMa
CKAHAMSI YETHIPbMSI KBAHTOBBIMU YHCJIAMHU.

Pemenne. CkanHauii HaxXOOUTCA B YETBEPTOM II€pUOJE, T. €.
IOCJICIHUM KBAHTOBBIM CJIOM — YETBEPTHIA; B TPETbEU TIPYIIIIE, T. €. TPU
BAJICHTHBIX 3JICKTPOHA.

DnekTpoHHas GOPMyJia BaJEHTHBIX JJIEKTPOHOB — .....4s23d".



45 3d
I'padmaecka dopmyna: il
m 0 +2+10 -1-2
3

Ne sgexTpona 12

JHAUEHHA KBAHTOBBIX YHCET BATSHTHEIX JICKTPOHOB S¢

Ne g

n
i

m

Ll == [ T I S TSy
gl ) ol I SN | )
el | B I BN LR ]

™

hy ) /2

3aoauu u 60npoCwvl 07151 CAMOKOHMPOJ1A

. HamuimmTe 37€KTpOHHBIE M 3JEKTPOHHO - rpaduueckue (HOpMyiabl aTOMOB C
MOpsAAKOBBIMM HOMepamu 18, 63. K kakomy BJIEKTPOHHOMY CEMENCTBY OHH
OTHOCSTCSA?

. Kakoe 3HaueHne mmeer: a) opOMTAIBHOE KBAHTOBOE YMCIIO JJI YHEPreTUYECKUX
MOJYPOBHEHN, EMKOCTh KOTOpPbIX paBHa 10 u 14; 6) rmaBHOE KBAHTOBOE YHCIIO IS
DHEPreTUYECKUX YPOBHEN, EMKOCTh KOTOPBIX paBHa 32, 50, 727

. YUUTBIBasi €EMKOCTh SHEPr€TUYECKUX YPOBHEH, IMOKAKNUTE CKOJIBKO UX COACPIKUT
AJICKTpOHHAas 00010uka atoma u3 18, 36, 54 u 86 37IEKTPOHOB.

IMepuoagnyecKul 3aKOH M MEPUOTUYECKAA CUCTEMA XUMHYECKHX
1eMmeHToB /[.MU.MenaeneeBa

Iaan:
1. Tlepuoanueckuii 3axoH J[.M1.Menneneena
2. Tlepuoauueckas cucteMa u e€ CTpoeHue
3. 3HaueHHe NePUOUYECKOro 3aKOHA

OHOpHI)Ie CJI0Ba n BbIPAKCHUIA HCpI/IOI[I/ILICCKI/II\;I 3aKO0H,

nmepunoanvcCKasd CUCTCMa XUMHUYCCKUX 3JICMCHTOB, IICPHUOI, I'PYIIIIbI



Ilepuoanyeckuid 3aKOH XHMHYECKHX JJIEMEHTOB (COBpEeMEHHas
(GhOpMYJIUPOBKA): CBOMCTBA XMMHUYECKUX DJIEMEHTOB, a TaK)K€ MPOCTBHIX U
CIOKHBIX BEIIECTB, MMH OOpa3yeMbIX, HAXOIATCS B TEPHOINYECCKOU
3aBUCUMOCTH OT 3HAYCHUS 3apsiga U3 aTOMHBIX SJIED.

Ilepunoanueckas cucremMa - rpadguyeckoe BBIPAXKEHHE
NEPUOUYECKOTO 3aKOHa.

EcTrecTBeHHBIN P XMMHYECKHUX IJIEMEHTOB - PsiJ XUMHUYECKHX
AJIEMEHTOB, BBICTPOEHHBIX MO BO3PACTAHUIO YHCJIA MPOTOHOB B SJIpaX UX
aTOMOB, WJIM, 4YTO TO € CaMO€, IO BO3PACTAHMIO 3apsAJIOB SIAEP ATHUX
aTtoMOB. [lopsSnKOBBIM HOMEpP dJIEMEHTa B 3TOM Py pPaBEH YHUCITY
MIPOTOHOB B Anpe 1000T0 aToma 3TOTO DJIEMEHTA.

Tabnuua XUMHUYECKUX D3JIEMEHTOB CTPOMUTCS IyTeM 'pa3pe3aHud"
€CTECTBEHHOI0  psA/la  XMUMHUYECKUX  JJEMEHTOB  Ha  NEPHOAbI
(ropu3OHTaJbHBIE CTPOKM TaOMHUIbI) U OOBEJUHEHUS B  TPYIIIHI
(BepTHUKaJIbHBIE  CTOJIOBI ~ TAONMIIBI)  JJEMEHTOB, CO  CXOJIHBIM
AJIEKTPOHHBIM CTPOCHUEM aTOMOB.

B 3aBucumoctu 0T crnocoba OOBEIWHEHUS SJIEMEHTOB B TPYIIIbI
Ta0JIUIIa MOXKET ObITh JJIMHHONEPUOIHOM (B TPYIIBI COOpPaHbI 3JIEMEHTHI
C OJWMHAKOBBIM YHCJIOM ¥ THUIOM BaJEHTHBIX DOJEKTPOHOB) U
KOPOTKONEPUOAHOM (B TpyIbl COOpaHbl AJIEMEHTHI C OJIMHAKOBHIM
YHCJIOM BaJICHTHBIX 3JICKTPOHOB).

I'pynmbl KOPOTKONEPUOAHON TaOIUILBl JSNATCA Ha MOATPYIIIBI
(r1aBHBIE U MO0OYHBIE), COBIAJAIONINE C TPyIIAMHU JTTHHHOIICPHOIHOM
TaOJINIIBI.

Y Bcex aTOMOB 3JIEMEHTOB OJHOTO TEpHOAa OIWHAKOBOE UHCIIO
AJIEKTPOHHBIX CJIOEB, pAaBHOE HOMEPY IMepHoa.

Yucno sneMeHToOB B nepuojaax: 2, 8, 8, 18, 18, 32, 32. bonsmmHCTBO
AJIEMEHTOB BOCBMOI'O TI€pHOJia TMOJYYeHbl MCKYCCTBEHHO, MOCICIHUE
AJIEMEHTHI 3TOr0 MEepHojia elle He CHMHTE3UPOBaHbl. Bece mepuoibl, KpoMe



IIEpPBOTO HAYMHAIOTCS C 3JIEMEHTa, oOpaszyroliero meinoyHoi meramn (Li,
Na, K u T. 1.), a 3aKkaHUUBaAIOTCS AJIEMEHTOM, 00pa3yIoIuM OJ1aropoHbIN
ra3 (He, Ne, Ar, Kru 1. 1.).

B kopoTkornepuoiHON Tabaulle - BOCEMb I'PYIM, KaXKJ1asi U3 KOTOPbIX
JEUTCS Ha IBE MOATPYIIbI (TJIaBHYIO U TOOOYHYIO), B JNIMHHONIEPHUOIHOM
TabauIle - WIECTHAALATh TPYII, KOTOpble HYMEPYIOTCS PUMCKUMU
uudpamu ¢ OykBamu A unu B, nanpumep: [A, I1IB, VIA, VIIB. I'pynna TA
JUTMHHOIIEPUOHON TaOJUIIBI COOTBETCTBYET TJIaBHOM MOJATPYIIE MEPBOM
IpYININbl  KOPOTKONEpUOAHOM Tabmuipl, Tpynma VIIB - mnobGouynoit
MOArpyIIIe celIbMOM TPYMIIBL: OCTaJIbHbBIC - AHAJIOTUYHO.

XapakTepUCTUKN XUMHUYECKUX DJIEMEHTOB 3aKOHOMEPHO M3MEHSIIOTCS
B rpynmnax u nepuojax.
B nepuonax (¢ yBeJr4eHUEM MOPSAIKOBOIO HOMEPA)

 YBEJIIMUYUBAETCS 3apsi A1Ipa,

« YBEIIMUMBACTCS YUCJIO BHEIIHUX DJIEKTPOHOB,

« YMEHBIIIACTCS PaJNyC aTOMOB,

« YBEJIMYUBAECTCS TMPOYHOCTHh CBSI3M JJIGKTPOHOB C SIAPOM (DHEPTHS
WOHU3AIIUHN ),

« YBEIUYHMBACTCS DJICKTPOOTPULIATEIHHOCTD,

o YCWIMBAIOTCA  OKHCJIHMTEIbHBIE CBOWCTBA TMPOCTBHIX  BEIIECTB
("HEeMeTaTUYHOCTh"),

« o0cnabeBarOT BOCCTAHOBUTEJIBHBIE CBOMCTBA TMPOCTHIX BEIIECTB
("mMeTannu4HOCTH"),

« oclabeBaeT OCHOBHBIM XapakKTep THAPOKCHUIOB U COOTBETCTBYOIIUX
OKCHJIOB,

« BO3pacTaeT KUCIOTHBIM XapaKTep THIPOKCHUIOB U COOTBETCTBYIOIIUX
OKCHJIOB.

B rpynnax (¢ yBeaudeHueM MOpsiIKOBOrO HOMEPA)

 YBEJIIMUYUBAETCS 3apsia A11pa,

« YBEJIWYHUBAETCA PAJINyC aTOMOB (TOJIBKO B A-TpyIIIax),

e YMEHBIIAETCA MPOYHOCTh CBA3U BJIEKTPOHOB C SAPOM (PHEPTHUs
WOHW3ALUH; TOJIBKO B A-TpyIax),



« YMEHBIIIACTCS AJAEKTPOOTPULIATENHHOCTD (TOIBKO B A-rpynnax),

e OCIa0EBAIOT  OKUCIMUTENbHBIE  CBOWCTBA  MPOCTHIX  BEILECTB
("HEeMeTamIMYHOCTh'"; TOJBKO B A-rpynnax),

« YCWIMBAIOTCS BOCCTAHOBHUTEIbHBIC CBOMCTBAa MPOCTHIX BEIIECTB
("MeTamM4YHOCTR"; TOJIBKO B A-Tpymnmnax),

« BO3pPACTAET OCHOBHBIM XapaKTep TMAPOKCUJIOB U COOTBETCTBYIOIIHUX
OKCHJIOB (TOJIbKO B A-rpymnmax),

« ocyiabeBaeT KUCJIOTHBIM XapakTep TUAPOKCUIOB U COOTBETCTBYIOIINX
OKCHJIOB (TOJIBKO B A-rpymnnax),

« CHIIKAETCS YCTOMYHUBOCTH BOJIOPOJHBIX COCAMHEHUM (TIOBBIIIACTCS
UX BOCCTAHOBUTEJbHAs! aKTUBHOCTh; TOJILKO B A-TpyImax).

Pexomenoayuu k meme

[IpopaboTtaB 3Ty TeMy, Bbl 10TKHBI YCBOUTH CJIECAYIOIIUE TOHSTHS:
aToM, AaTOMHOE SIAPO, DJJIEKTPOHHAs O000JIOYKa, MPOTOHBI, HEHUPOHBI,
AIEKTPOHBI, MAaCCOBOE YHUCIO, XUMHYECKHMU DJIEMEHT, HW30TOIIBI,
AJIIEKTPOHHOE O00JIaKO, SJEKTPOHHBIA CJIOW, OpOUTANIb, AIEKTPOHHBIM
MOYPOBEHb, DJIEKTPOHHBIA YPOBEHb, DJIEKTPOHHAs (popMyra, BaJleHTHas
AIEKTPOHHAS dopmyna, SHEpPreTHUYECKas qyarpamma.

Bbl 10MKHBI 3HATh: 3aKOHBI 3aMOJIHEHUSI OpOUTANICld 3JIEKTpOHAMU
(npuHUMN HauMmeHbllied sHepruu, npuHuun Ilaynu, npaBwio XyHpaa),
CTPYKTYPY MEPUOJAYECKON CUCTEMBI AJIEMEHTOB.

Bbl 1ODKHBI YMETB: OIPEACHATH COCTAB aToMa I10 IOJOXKECHUIO
3JIEMEHTA B MEPUOAMYECKON CHCTEME, U, HA00OOPOT, HAXOIUTh JIEMEHT B
NEPUOINYECKON CUCTEME, 3HAsl €ro COCTaB; U300pakaTh CXEMY CTPOCHHS,
AJIEKTPOHHYIO KOH(PUTYpallUIO aToMa, MOHA, U, HA00OPOT, ONPENENATh MO
CXEME U 3JIEKTPOHHON KOH(PUTYpALIUH MOJIOKEHNE XUMHUECKOTO 3JIEMEHTA
B IICXD; naBath xapakTE€pUCTHKY BJIEMEHTa U 00pa3yeMbIX UM BELIECTB
no ero nosioxkenuto B [ICXD; ompenensath M3BMEHEHHUSI paguyca aTOMOB,
CBOMCTB XMMUYECKHUX JIEMEHTOB U 00pa3yeMbIX UMHU BEIIECTB B Mpeeax
OJHOI0 MEPUOAA U OJHOM IIABHOU MOATPYIIIBI IEPUOAUUECKON CUCTEMBI.

IIpumep 1. Omnpenenurte KOJUYECTBO OpOUTaNEl Ha TpETheM
3NEeKTPOHHOM ypoBHe. Kakue 310 opOutanu?



Jns  ompeneneHus  KOJMYECTBa  OpOUTaleil  BOCHOJIB3YyeMCS
popmynoit Nopsuraneis = N?, TI€ N - HOMEP YPOBHSA. Nopouraneir = 32 = 9. OnHa
3s-, TpH 3p- " ST 3d-opOuranei.

IIpumep 2. Onpenenure, y aToMa Kakoro 3JI€MEHTA 3JIEKTPOHHAs
dopmyna 1522522p%3s23pL.
st Toro, 4ToOBl OMPEACIUTh, KOKOM 3TO AJEMEHT, HaJ0 BBIICHUThH €rO
MOPSAKOBBIA HOMEDP, KOTOPBIA PAaBEH CYMMAapHOMY YHCIY 3JIEKTPOHOB
aroMa. B manHoM cirywae: 2 +2+ 6 +2 + 1 = 13. D10 amroMUHUM.

3aoauu u 60npocwvl 0711 CAMOKOHMPONA

1. JlaitTe coBpeMeHHYI0 (GOpMYITUPOBKY MEPUOAYECKOTO 3aKkoHa. YeM oHa
OTJIMYaeTCs OT TOM, KoTopas Obuia nana J{. 1. MenneneeBbiM?

2. OTKpBITHE KaKUX TPEX SJIEMEHTOB OBLIO TpUyM(POM MEPUOIUIECKOTO 3aKOHA?
Kak TOuHO coBIasv CBOMCTBA 3TUX 3JIEMEHTOB M UX MPOCTEUIINX COCAUHEHU
co cBoiicTBamu, npeackazanubivu J1. 1. MenaeneeBbiM?

3. TlokaxwuTe, Kak MEPUOAMICCKHUI 3aKOH WIUTFOCTPUPYET U MOATBEPKIACT OJTUH
U3 BCEOOIINX 3aKOHOB Pa3BUTHS MIPUPOJIBI - 3aKOH MEPEX0/ia KOJIMIECTBA B
Ka4yeCTBO.

4. Kak yyeHue 0 CTpOCHUHU aToMa OOBSICHSIET MEPUOANYHOCTh B U3MEHEHUU
CBOMCTB XUMUYECKHX 3JIEMEHTOB?

5. Kakoil puznueckuii CMbICT UMEET MOPSAKOBBII HOMEpP U MOYEMY XUMHUYECKHUE
CBOMCTBA 2JIEMEHTAa BKOHEYHOM CYETE OINPEIACISIIOTCS 3apsjoM sapa €ro

aroma?



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

IInan:
1. Bo3HUKHOBEHNE XUMHUUECKOU CBSI3U
2. Buapl XUMHUYECKOM CBA3H
3. BajleHTHOCTH XUMHYECKUX DJIEMEHTOB
4. BaneHTHOCTD U CTEIIEHb OKUCJIEHUSI aTOMOB XUMHUYECKUX DJIEMEHTOB

OnopHblie cJI0Ba M BBIPAXKEHMS: Xumuueckas c6:3b, GANEHMHbIU
9NEeKMPOH,  INEeKMPOOMPUYAMENbHOCMb,  MOJEKYIAPHYI0  opbumans,
MONEKYAAPHASL DIEKMPOHHASL 000N0YKA, UOHHAS C6A3b, NPAsUld OKmemd,
Gopmynvl Jlvlouca, Ko8aneHmuas c653b, NOJAPHAS KOBAJIEHMHAS CE53b,
MEemaniuyeckas cesa3b, OOHOPHO-AKYENMOPHAsL CB8:3b, BAJLEHMHOCHIDb,
CMmenenb OKUCTICHUA.

XUMHUYECKAA CBsA3b U EE OBPA3SOBAHUE B
XUMHUYECKOM PEAKIIUU

Oo0Opa3oBaHNsi XUMHYECKOM CBA3M

CtpemiieHHE K COCTOSIHUIO C HaWMEHBIIEH SHEpPrueu sBIseTcCs
oOIIMM CBOMCTBOM Matepuu. Bbl HaBepHsKa 3HA€TE O TOPHBIX CHEXHBIX
JaBUHAX W KaMHemnanax. VX sHeprusi HACTOJbKO BEJIMKA, YTO MOXET
CMETaTh C JIMIAa 3€MJM MOCTBI, JOMa W JAPYTrd€ KPYIHBIE U TPOYHBIC
coopyxeHus. [IpuurHa 3TOr0 TpO3HOTO SIBICHUS MPUPOJLI B TOM, YTO
Macca CHera WJM KaMHEW CTPEMMTCS 3aHSITh COCTOSIHUE C HaWMEHBIIEH
SHEprueH, a MoTeHIMaIbHAs SHEPTUs (PU3UIECKOTO TeJla Y TTOJHOKbS TOPBI
MEHBIIIE, YeM Ha CKJIOHE WJIU BEPIIUHE.

ATOMBI 00pa3yrOT MEXAy COO0ON CBS3M 1O TOW K€ MPUUYMUHE:
CyMMapHasi PHEPTHUsl COCIUHUBIITUXCA aTOMOB MEHBIIIE, YeM SHEPTUsl TeX

K€ aTOMOB B CBO60)IHOM COCTOSIHMH. JTO OYEHb CYACTINBOEC JIs1 Hac C



BaMU OOCTOSITEJIbCTBO - BEAb €CJIM Obl IMPU COCJUHECHUM aTOMOB B
MOJICKYJIbl HE TMPOMCXOJWJ BBIMTPBIII B OHHEpruv, TO BceneHHyro
3alOIHSJIM Obl TOJIBKO aTOMBI JJIEMEHTOB, a IIOSBJICHHE IPOCTBIX H
CJIOKHBIX MOJIEKYJ, HECOOXOJUMBIX JIJI CYIIECTBOBAHUS KU3HH, OBLIO OBI
HEBO3MOKHO.

OnHako, aTOMBI HE MOTYT CBSI3BIBATHCS APYT C APYTOM IPOU3BOJIHHO.
Kaxnpiii aTtoM CIocoO€H CBS3BIBAaTbCA C KOHKPETHBIM KOJHYECTBOM
JpYyTUX aTOMOB, IIPUYEM CBSI3aHHBICE AaTOMBI  pPACIOJIATalOTCS B
MPOCTPAHCTBE CTPOTO  OMNpeleNieHHbIM oOpa3oMm. IlpuuuHy 9THX
OTPpAaHMYECHUHN CJEAyeT MCKaTh B CBOMCTBAaX JJICKTPOHHBIX OOOJOYEK
aTOMOB, a TOYHEE - B CBOMCTBAX G6HeWwHUX DIICKTPOHHBIX O000J0YEK,
KOTOPBIMHU aTOMbI B3aUMOJICHCTBYIOT APYT C JPYTOM.

3aBepIlicHHAs BHEIIHSSA 2JICKTPOHHAs 000j04Yka 00JialacT MEHbBIICH
(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 BHEIIHUE JJEKTPOHHBIE OOOJIOYKM aTOMOB OJIarOPOIHBIX
ra3oB, 3a UCKJIOUeHUEM renus (n = 1), y KoToporo 3aBepIieHHasi 000J109Ka
COCTOMUT M3 JIBYX S-3JIEKTPOHOB (15?) MPOCTO MOTOMY, YTO P-IIOLYPOBHS Ha

1-M ypoBHE HET.



Buewinue o6on0uku ecex 3nemenmos, Kpome o01a2opooOHbIX 2A308,
AGNAWMCA  HE3A6EPUIEHHBIMU U 6  npouecce  XUMUUECKO20
63aumMoo0elicmeus OHU 3a6ePUIarOmcs.

XUMHYECKass CBSI3b 0Opa3yeTcs 3a CYeT DJIEKTPOHOB BHEIIHUX
AJIEKTPOHHBIX 000JI0YEK, HO OCYIIECTBISETCS OHA IO-pa3HoMy. Pazinnyaror
TPU OCHOBHBIX THIIA XHUMHUYECKOM CBS3U: KOBAJIEHMHYIO CB853b U €€
PAa3HOBUJHOCTb  NOJAPHYIO  KOBANEHMHYIO  CB853b, UOHHYK)  CB53b,
MEeMAIIU4ecKy1o Ces3b.

XuMuueckas CBfi3b U €€ BHbI

B cnoBe «koBajeHTHas» MNPHUCTaBKa «KO-» O3HAYACT «COBMECTHOE
ydqacTue». A «BaJIeHTa» B NEPEBOJIC HAa PYCCKUM - cujia, cClocoOHOCTh. B
JAHHOM CJly4ae HMMEETCS B BHUJY CIOCOOHOCTh aTOMOB CBSI3bIBATHCS C
JIPYTUMHU aTOMaMH.

[Ipu 00pa3zoBaHUM KOBAJICHTHOW CBSI3M 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 AJIEKTPOHOB U
3aMEHSET aTOMaM MX COOCTBEHHBIC HE3aBEPIICHHBIE aTOMHbBIC 000JIOUKH.

PaccMoTpuM BO3HMKHOBEHHE KOBAJCHTHOM CBS3U Ha MpuUMEpe
oOpa3oBaHUs MOJIEKYJIbI BOJOPOJa M3 IBYX aTOMOB Bojgopoja (puc. 5.1).
DTOT MPOLECC YXKE SIBISIETCS TUINUYHOU XuMuueckou peaxyuei, TOTOMY
4TO W3 OJHOTO BelIecTBa (aTOMApHOTO BOJAOpOA) oOpasyercs Iapyroe -

MOJIEKYJISIDHBIA ~ BOJAOPOA. DBHEIIHMM NPU3HAKOM  DHEPTETUYECKOU



“BBIFOJIHOCTH ~ ATOTO TMpoIlecca SIBISIETCA  BbIJEICHHE  OOJBIIOTO
KOJIMYECTBA TETLJIOTHI.

DNeKTpOHHBIE 000JIOYKHM aTOMOB BOAOpOAa (C OJHUM S-DJIEKTPOHOM
y KaxJI0ro aroMa) CJIMBAIOTCS B 0OIIee DJIEKTPOHHOE 00JIaKo
(MOJIEKYJISIpHYIO OpOMTalh), rae 00a 3JIEKTPOHA «OOCITYKMBAIOT» sApa
HE3aBHUCHUMO OT TOTO, «CBOE» 3TO SAPO WM «4ykoe». HoBas anmekTpoHHast
000JI0YKa 1og00Ha 3aBEPIICHHOMN JIEKTPOHHOM 000JI0UKE MHEPTHOI'O ras3a

requs U3 ABYX DIIEKTPOHOB: 152,

aTomubie opoutanu (AO) MoieKyJisipHas opoutains (MO)
1st 1st AHAJIOT TeInueBoi 060m0uky 152
° -+ ° _ ° °
lanexTpon 1snexTpoH 237eKTpoHAa
H H H»

Puc 5.1. Bo3HuKHOBEHNE KOBAJIGHTHOM CBSI3H MPU 00PA30BAHUM MOJIEKYJIbI
BOJIOPOJA U3 IByX aTOMOB BOJOPOAA.

IlepBoHaUaIbHO JBa atroMa BOJOPOJIa HAXOIATCS MAJIEKO JIPyr OT
Ipyra M HE OKa3bIBalOT B3aUMHOro BiusHUA. [Ipu ux cOMmxeHun
HAYMHAIOT JIEMCTBOBATH CHJIbI OTTAJKUBAHUS «MEXKIY JABYMS OJWHAKOBO
3apsHKEHHBIMU JICKTPOHHBIMU 000JI0OUKaMU aTOMOB.

Ho ecnu 3T0 oTTankuBaHue BCE-TAKU MPEOJIOJIECBACTCS aTOMaMu (1)1t
ATOTO HYXHAa CpPaBHUTEIBLHO HEOOJbINIasgs BHEIIHAS paboTa), TO MpH

CIIMAHHUHN SJICKTPOHHBIX 000JI04EeK ABYX aTOMOB BBIACIICTCA HAMHOI'O



OoJIbIlIe PHEPruy, 4eM ImoTpedoBaioch Ha ux coOmmwkenue. Kak 310
00BsICHSETCS?

Korna snekTpoHHbIE 000JI0YKH JBYX aTOMOB BOJIOPOJIA CIUBAIOMCS U
00pa3ylOT HOBYIO, TEIEPh YK€ MOJNEKYAAPHYIO DICKTPOH-HYIO 000JIOUKY
(puc. 5.1), sta HOBasg 000J0YKa TMOJMO0OHA 3a6epuLeHHOU DICKTPOHHOM
000J104Ke aToMa OG1aropoHoro rasa reaus (1s?).

3aBepiieHHbIE  O0OJIOYKHM, KaK Mbl IIOMHHUM, YCTOMYHMBEE
HE3aBepIICHHBIX. TakuM 00pa3oM, CyMMapHasi SHEprus HOBOW CHCTEMBI -
MOJIEKYJIBI BOJIOPOJA - OKa3bIBACTCS rOpa3/io HUXKE CYMMAapHOW dHEP-THHU
JIBYX HECBSI3aHHBIX aTOMOB BoJOpona. M30BITOK JHEPrHH TpPH ITOM
BBIJICISICTCS B BUC TCILJIOTHI.

MUHUMYM 2HEPrHH MOJICKYJIBl OTBEUYAET CTPOTO OIPEACICHHOMY
PACCTOSIHUIO MEXIY SiApaMu aToMOB Bojiopoaa (puc.6.2.). Eciu atombl B
MOJIEKYJIE C TIOMOIIBIO BHEIIHEW CUJIbI CABUHYTH e€Ile OJuxke, TO B
JNEHCTBHE BCTyMaeT MOINHOE OTTAJIKHBAHUE MEXKAY OJHOMMEHHO
3apsOKCHHBIMH  SIAPAaMH aTOMOB W OOIas SHEPTHs CHUCTEMBl HAadHWHACT
OBICTPO BO3pacTaTh. JTO HEBBITOJHO CHUCTEME, IMOATOMY [IJIMHA CBA3U
MpECTaBIISIET COO0M CTPOro OmpejieiieHHOe, paBHOBECHOE 3HadeHue. Jlis
MOJIEKYJIBI BOJIOPOJIa PAaBHOBECHAS JJIMHA XUMHUYECKOM CBSI3U COCTABJISICT
0,74 anrctpema (1 A = 108 cm;), kak »To BuaHO Ha puc. 5.2.

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

000JI0YKE YK€ HEBO3MOXXHO pa3IMYUTh, KAKOW W3 DIIEKTPOHOB paHee



MpUHAUIEKATT TOMY WA JApyroMy aromy. IlpuHdaTO TOBOpPUTH, UYTO

AIIEKTPOHBI 000OUecmaieHbl.

AHENTUd
A

COnmmxkenre aTOMOR

® + ®

Hcxonublii ypoBeHb SHEPIUU
IIBYX aTOMOB, yIaJIeHHBIX Ha
00JIBIIIOE pacTOsSTHHE

A

3/1ech ypOBEHb SHEPTUH
BBIIIIE HCXOJHOTO

Q)

Hwmxe ucxoaHoro

»
»

3/1ech ypOBEHb SHEPTUU

Paccrosinue MEXAY AApaMu aTOMOB

0,74 A
JUIMHA

ADanTT

Puc. 5.2. KpuBas u3mMeHeHus1 NOTEHIIMAIbHON SHEPTUU MTPU B3AUMOJEHCTBUU JBYX
aTOMOB BOJIOPOAA ¢ 00pa30BaHUEM MOJIEKYJIBI BOJOPOIA

[Tockonbky 00a siApa MPETEHAYIOT Ha Mapy 3JEKTPOHOB B PAaBHOM
CTENEHH, 3JIEKTPOHHAS INIOTHOCTh COCPEOTOUEHA KaK BOKPYT SAEp, TaK U
B [IPOCTPAHCTBE MEXKy aTOMaMH (3TO MOKa3aHo Ha puc. 5.3.). ImeHHo 3Ty
00JaCTh TMOBBIMIEHHON JJEKTPOHHOM IUIOTHOCTH MEXAY SApaMH |

Ha3bIBAIOT KOBAIEHMHOU CBA3bI0.

Puc. 5.3. O6pazoBanue MoJIEKYJIbI BOJOPOA



Hpyroil cmoco® H300pakeHUsT AaTOMHBIX M MOJICKYJISIpHOM
opOuUTaJIel: TYCTOTa TOYEK OTPAKAET «IJICKTPOHHYIO MIIOTHOCTHY, TO €CTh
BEPOATHOCTh HAXOXKJICHUS DJICKTPOHA B KAKON-TMOO TOYKE MPOCTPAHCTBA
OKOJIO SiIEp aTOMOB BOAOpOJia. BUIHO, 4TO 3HAYMUTENbHAS JJIEKTPOHHAS
IJIOTHOCTh COCPEJIOTOYEHA B MPOCTPAHCTBE MEXKIYy JBYMS SIpaMy B
MOJIEKYJIE BOJIOpOAA

Ha pucynkax 5.1. u 5.3. Bbl BUJUTE OUYEHb JICTAIBHOE M300pAKEHUE
KOBaJICHTHOM CBsi3W. Ha mpakTuke MCHonb3yroT 00jiee MpOCThie CIOCOOHI.
Hanpumep, amepukanckuii xumuk [[x. Jletouc B 1916 rogy mpeanoxun
0003HaYaTh EKTPOHBI MOYKaAMU PSAJOM C CHUMBOJIAMU 3JieMeHTOB. OHa
TOYKa 0003HAYAET OJMH AJICKTPOH.

B »TomM cnydyae oOpa3oBaHHME MOJIEKYJIbI BOJOpPOJia M3 aTOMOB

3allUChIBACTCA TAK:
IMOACJICHHAA IIapa 3JICKTPOHOB

/

He + H —> H:H wm H— H

Oxkazasioch, 4To (hopmysibl JIbtonca MMEIOT TIIYOOKHIT XUMHYECKHUI
CMBICI. MBI BUAMM, YTO CBSI3b MEXJIY aTOMaMU BOJIOpojJa 00O3HAYaeTCs
napou 31ekTpoHoB. Kak npeanonoxun JIbrouc, UMEHHO napa 21eKmpoHos
MO3BOJISIET 00pa3oBaTh KOBAJGHTHYHO CBsI3b. BrociaeacTBuu  3To
MPEATNIOI0KEHUE TOATBEPAUIOCH KBAHTOBOU TEOPHUEH.

Kosanenmmnoit cea3vi0 Ha3zvleaemcsa CeA3bl6AHUE AMOMOE C
HOMOWBIO 00UIUX (NOOETIEHHBIX MeXHCOY HUMU) ITIEKMPOHHBIX nap.

PaccmoTpuM cBs3biBaHuE JIByX aTomMoB xJjiopa 17Cl (3apsig sapa Z =

17) B ABYXaTOMHYIO MOJICKYJIy C TIO3MIIUHA CTPOCHHUS JJIEKTPOHHBIX



o0onouek xjopa. Jimsg 3TOro 3amuiueM »3JIEKTPOHHYHO KOH(MUryparuio

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

:Cl-

...3s23p°

Ha BHeIIHEM BJIEKTPOHHOM YPOBHE XJIOpa COep:KUTCH s2 + p° = 7
31EKTPOHOB. [IOCKONBKY 3JEKTPOHBI HUXHHUX YPOBHEH HE MPUHUMAIOT
y4acTUs B XMMHYECKOM B3aUMOJICUCTBHUU, TOUYKAMU OOO3HAYUM TOJBKO
AIIEKTPOHBI GHeuiHe20, TPETbEro YPOBHA. OTHU BHEIIHHE 3JEKTPOHBI (7
MITYK) MOXHO PAacIOJOXHUTh B BHUAE TPEX DJICKTPOHHBIX Map U OJHOTO

HCCITAPCHHOI'O JJICKTPOHA. "

:Cl-

[Tocne oObenMHEHUS] B MOJIEKYJTy U3 HECTIAPEHHBIX 3JIEKTPOHOB JIBYX

ATOMOB ITIOJIYYAaCTCsA HOBAA JJICKTPOHHAA I1apa.
IMOACJICHHAA I1apa

HEMO/IEICHHBIE MaphI
:Cl- + -Cl: — @@ WIn :Ql —C_:_l:

Hp(I;Il ATOM KaXXIbIi W3 aTOMOB XJIOpa OKa3bIBACTCS B OKPYKECHUH
OKTeTa 3JIEKTPOHOB. B 3TOM Jjierko yOemuThes, eciii OOBECTH KPYKKOM
110001 U3 aTOMOB XJIOpA.

KoBanenTHyro CBs3b  00pa3yeT TOJBKO Tiapa  AJIEKTPOHOB,

HaxoAsImascs Mexay aromMamu. OHa Ha3bIBACTCS MOOENEeHHOU Napoll.



OcranbHble TApbl 3JIEKTPOHOB HA3BIBAIOT HenoodeneHuvimu napamu. OHU

3aMOJHSIOT 000JIOUKH U HE IIPUHUMArOT Y4aCTHUC B CBA3bIBAHHH.

MMOJCJICHHAA I1apa

8 BIIEKTPOHOB

HCITOACJICHHBIC IIaPbI

JIpIouC HE TOJIBKO TPEAJIOKII TEOPHUI0 KOBAJIGHTHOW CBSI3U, HO U
nepBbIM  cHOPMYJIHUpPOBAT  MPABUIO  OKTETa, KOTOPBIM MBI YK€
M0JIb30BAJIMCh B MPOILJION TJIaBe g OOBSCHEHHS yCTOMUYUBOCTH aTOMOB.
OTO MOpaBWIO TPUMEHUTEIBHO K XUMHUYECKHUM  CBS3SIM  MOYKHO
chopMyIupoOBaTh TAK:

amomvl  0o0pazyiom  Xumuueckue C6A3U 6  pe3yibmame
0000uecmenenua  mMaAKoO20  KOAUYeCcmea  I1eKmpoOHO8,  UHOObl
npuoopecmu 31eKmMpPOHHYIO KOH@pu2ypauur, noooOHyr 3a6epuieHHOu
INEKMPOHHOU KOHPu2ypauuu amomoe 01azopooHblxX I1eMeHmos.

JIBa atoma BoOIOpOAa, OOBEAMHUBIIMCH B MOJIEKYIY, MPUOOpETU
“3aBEPIICHHYIO” MONEKYAApHYI0 000JIOUKY, IIOJOOHYIO 3aBEpPIICHHOM
>JIEKTPOHHON 000J10uKe amoma OGnaropogHoro rasa remus (1s?). ATOMEI
XJIOpa B MOJIEKYJIE MPUOOPETN MONEeKYAApHYI0 O00JIOUKY, MOXO0XKYI0 Ha

3aBepLIeHHYI0 00010UKy amoma aprona (3s23pb).



ITo3HakoMuMcs Tenepb ¢ uoHHOU CBSA3bIO. Kak HU yJIUBUTENIBHO, OHA
HUYEM MPUHIANHAAIBHO HE OTJIMYAETCS OT KOBAJICHTHOM CBSI3U. JIBMKYyIIIEH
CUJIoOM ee oOpa3oBaHUsS SIBJIISIETCA BCE€ TO JKE€ CTPEMJIEHUE AaTOMOB K
OKTEeTHOM oOosiouke. Ho B psjge cinydyaeB Takasi “okTeTHas” 000J0YKa
MOXET BO3HUKHYTh TOJIKO MPHU MEpeIade 3JIEKTPOHOB OT OJHOTO aToma K
npyromy. [ToaTomy MOHHas CBSI3b, B OTJIWYHE OT KOBAJICHTHOW, BOSHUKAET
TOJILKO MEXJY aTOMaMu Pa3HOTO BUJIA.

PaccMoTprM  KOHKpETHBIM TpHUMEpP: PEeaKIri0 MEXIy aToMaMu
Hatpus (Z = 11) u propa (Z = 9). IIpu oOpa3zoBaHUM CBSI3U MEXKAY HUMU
o0a »9JeMeHTa MPUOOPETAIOT BHEIIHIOW DJIEKTPOHHYIO  000JIOUKY
osaropoaHoro raza HeoHa (Z = 10). [nsa toro, 4ToObl YOEIUTHCS B 3TOM,
HAJI0 3aMUCaTh JIEKTPOHHBIE (DOPMYJIBI BCEX TPEX IJIEMEHTOB:

Na: 1s? 252 2p® 3s!
F: 1s% 252 2p°
Ne: 1s? 2s? 2p°®

B oanekTpoHHBIX (opMynax HaM BaXHBI TOJBKO JJICKTPOHHBIC

KOHQUTYpAIlUl  6HewHUX YpPOBHEW (OHM TMOJUEPKHYTHI). 3amuIileM

peakiuio ¢ momMoIsio hopmy JIsrouca:
+
[ ] [ ]

Nas + F. —— Na.F

\/ PR oo
Hatpuii, otnas ¢gropy csoii 3s’-snextpon, cranosurcs nonom Nat u
OCTaeTcs ¢ 3amoNHEeHHON 2s°2p° 060JI0YKOM, YTO OTBEYAET JIEKTPOHHON

KoHpurypanum aromMa HeoHa. TOYHO TaKyr K€ DJIEKTPOHHYIO

KOH(UTypaIuo mpuodbpetaet aroM F, mpuHAB OAWH 3JEKTPOH, OTAaHHBIN



HaTpueM. Termeps 310 moH F~. Pasymeercs, mpu 3tom moHbI F~ m Na®
IPOJIOJKAIOT OCTABATHCS BCE TEMH K€ AJEMEHTaMH (PTOPOM M HATpUEM,
IIOTOMY YTO HUKAaKHE€ OJJIEKTPOHHBIE IIEPEXOAbl HE MOTYT HU3MEHHUTH
IIPUPOAY BJIEMEHTA - YUCIJIO IIPOTOHOB B €TO SJIPE.

Tenepb B JOMOJHEHUE K KOBAJCHTHOMW COCTABJISIOIICA XMMHUYEC-KOU
cBs3u (0Opa3oBaHuI0 “okTeTa”) B MojeKkyiae Na':F moOapnsercs eime H
AIIEKTPOCTATUUECKOE MPUTSKEHUE MEXK]y MOHaMu HaTpus u ¢ropa. ITo
YBEIIMYMBAET NPOYHOCTh XUMHYECKOW CBA3U. OJHAKO KOBAJEHTHAS
coCTaBJIsiolIas (CTpEMJIEHUE K OKTETY) MPOAOJAKAET UIpaTh OOJIBIIYIO
pPOJIb U B HOHHBIX COCIUHECHUSIX.

llonapnass  xoeanenmunas  c643b  3aHHUMAET  IPOMEKYTOUHOE
MOJIOKEHUE MEXAY YHMCTO KOBAJIEHTHOW CBA3BI0 M MOHHOM CB3bIO. Tak
e, KaK ¥ HOHHAs, OHA MOKET BO3HUKHYTbH TOJIBKO MEXAY JIBYMs aTOMaMH
pPa3HbIX BUAOB. B MOJSIPHON KOBaJlCHTHOM CBSI3M JJIEKTPOHBI CMENIAIOTCS
OT aToMa K aTOMy HE€ TaK CWJIbHO, K&K B MOHHOW. DTO MPOUCXOIUT TOTA,
KOrJJa aTOMaM »JHEPreTUYECKHM HEBBITOJHO [JajeKo “‘OTHYCKAaTh  CBOH
COOCTBEHHBIE  3JIEKTPOHBI, OTJAHHbBIE B OOy  “KOONWIKY -
MOJIEKYJISIpPHYIO opOuTainb. ECu 3J€KTPOHBI CIMIIKOM JaleKO CABUHYTCS
K OJTHOMY U3 aTOMOB, MOJIEKYJIIpHasi OpOUTalb EPECTAHET ObITh MOXO0XKEH
Ha “OKTeTHYI0 . B TO ke BpeMs y pa3HbIX aTOMOB pa3HbIE JOHOPHBIE U
aKIENTOPHBIE CBOMCTBA, MO3TOMY CBS3bIBAIOIIAsl AJIEKTPOHHAs Mapa He
pacronaraeTcss TOYHO IMOCEPEINHE MEXAY SApPaMHU, KaK B KOBAJICHTHOM

CBA3H.



B kadecTBe mpumepa paccMOTpUM OOpa30BAHUE BOJIbI B pPEaKINU
MEXay aTtomMamu Bojopojsa (Z = 1) u kucinopona (Z = 8). Jlus sToro
ya0OHO CHauvajla 3amucarh dJIEKTPOHHbIE (OPMYJIbl 11 BHEIIHUX
o6ono04ek Bogopoaa (1s!) u kucnopona (...2s? 2p%).

[Tocne storo Ha momoIls NpUxXOAAT ¢Gopmyinbl JIbtonca, KOTOpbIe
HarJISITHO TIOKa3bIBAlOT, KaK O0pa3yroTcs ‘“3aBEepIlICHHBbIC” AJIEKTPOHHbBIC

000JI0YKH pAaAOM C aTOMaMHi BOAOPOJa U KUCJIOPOJda B MOJICKYJIC BOJbI:

HCTIOACJICHHBIC ITaphbI

H. + .0. + «H ﬂ% WITH H—tl)..

1st  ...2s%2p* 18 H

Oka3zbiBaeTcs, NI 3TOr0 HEOOXOJIMMO B3SITh MMEHHO JBa aToma
BOJIOPOJAa HA OJMH aTroM Kuciopona. OmgHako MIpUpoJa TAaKOBa, YTO
aKIENTOPHBIE CBOMCTBA aTOMa KUCJIOPOAA BBIIIE, YEM Y aTOMa BOAOPOJIA
(0 mpuUYMHAX 3TOrO - YyTh MO3XKe). [[03TOMY CBSI3BIBAIOIIUE AIEKTPOHHbBIE
napel B (¢opmyse Jlbtonca ajisi BOIBI ClIeTKa CMENIEHBI K SAJIpy aroMa
kuciaopona. CBA3b B MOJIEKYJE BOJBI - MOJISIPHAs KOBAJICHTHasA, a Ha

aToMax IIOABJIAKOTCA YaCTHYHBIC IIOJOXHUTCIBHBIC W OTPHLATCIBbHBIC

3apsIbl. 5"
H—O.
Ho*
O ToMm, Kak mpeacKa3aTh AKUENTOPHBIE CBOMCTBA aTOMOB W THAE
MPOXOAUT “TpaHuIA” MEXIY HOJSIPHOM KOBAJECHTHOM U MOHHOMW CBSI3SIMH

MBI [OFOBOPUM MPU H3YUYEHUU KOBAJIICHTHYIO CBA3b, OOpasyromasics 3a



CYET Mapbl JJIEKTPOHOB OJTHOTO U3 aTOMOB, T.€. IO JOHOPHO-aKIIEITOPHOMY
MEXaHU3MY, Ha3bIBAEMOM OOHOPHO-AKYENMOPHOLL.

ITo Teopunu JIprorca 1 mpaBUily OKTETa CBSA3b MEXKIY aTOMaMH MOXKET
OCYIICCTBIIATBCS HE 0053aTEIbHO OJHON, HO U 08yMsA U JAXKE mpems
MOACIICHHBIMH TIapaMHM, €CJIM 3TOro TpeOyeT IMpaBUiIo OKTeTa. Takue CBI3H
Ha3bIBAIOTCS  0BOUHbLIMU W  mpouHbiMu. Hampumep, TOIBKO 4YTO
PAcCMOTPEHHBIN HaMH KHCJIOPOJ MOXKET OO0pa3OBBIBATH JIBYXAaTOMHYIO
MOJIEKYJTYy ¢ OKTETOM JJICKTPOHOB y KaXKIOTO aToMa TOJBKO TOTjJa, Koraa

MCIKAY aTOMaMH IMMOMCIIAOTCA ABC ITOJCIICHHBIC I1APbI:

JIBOMHAs CBA3b

O+O — eo WA Z.C.):bi

6 2JIEKTPOHOB Y KaXKJI0T'O 8 2JIEKTPOHOB Y KaX0T0
aToMma aToMa

Atomel azora (2s? 2p® Ha mocenaHe 000I0YKe) TAKKE CBA3BIBAIOTCS
B JIByXaTOMHYIO MOJIEKYJy, HO JUISl OPTaHU3aIMH OKTETa AJICKTPOHOB MM

TpeOyeTCsl pacmoOXKUTh MEXIY COO0H yKe TpU MOACIICHHbIE MapHhI:

TpoitHas CBSI3b

N + -N: — é nm -N= N:
2s22p° ...2s%2p°
B mHacrosiiee BpeMs NPUHATO M300pakaTh JJIEKTPOHHBIE Maphbl (TO

€CTh XMMHYECKHUE CBSI3HM) MEXKIY aToMaMu yepmouxkamu. Kaxas yeprouka



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

MOJICKYJIbI BBITTIAJAT TAK:

CtpykTypHBIE (HOPMYIIBI
MOJIEKYTI
H— H ‘CI—CIF ‘0= O: ‘N = N: H—O—H
BOJOpOAA “xnopa’ KHCJIOpOa a30Ta BOJIBI

@opMyJibI €  4YEPTOYKAMH  MEXKIYy aTOMaMu  Ha3bIBAKOTCA
cmpykmypHoiMu  @opmyramu. Yamie B CTPYKTYpHBIX (¢opmysax He
M300paKalOT HETOJICJICHHBIE Taphl 2JICKTPOHOB, HO B PAJIE CIIy4aeB (MBI
CTOJIKHEMCSI C HUMHU TPU OOCYXIECHUH JOHOPHO-aKIICNTOPHBIX CBSI3€H)
HETIOJEIICHHBIC NIapbl UTPAIOT BAXKHYIO POJIb.

CrpykTypHble (HOPMYJIIBI OUYEHb XOPOIIH JJIsi U300PaKEHUST MOJICKYT:
OHM YETKO TMOKAa3bhIBAIOT - KaK aTOMbl CBSI3aHBI MEXIYy COOOM, B KaKOM
MOPSAKE, KAKUMU CBS3SAMHU.

Ceazviearwouian napa nekmponos 6 popmynax Jletouca - mo sce
camoe, Ymo 00Ha YepmouKa 6 CMPYKMypHoIX (hopmyax.

JIBOliHBIE M TPOWHBIE CBS3M HMMEIOT OOIee Ha3BaHUE - KpamHvle
cBsi3u. O MOJIEKyJIe a30Ta TakXKe TOBOPAT, UTO OHA UMEET NOpsi0oK C8s3U,
paBHbIM TpeM. B Moliekylie KHCIOpOJa TMOPSJAO0K 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 OOOONIECTBJICHHBIX IMOJICICHHBIX Tap
MEXJy ABYMSI CBSA3aHHBIMM aToMaMu. [lopsiiok CBsI3U BBINIE TPEX HE

BcTpeuaercs (tadi.5.1.).
Taomuma 5.1.

]_IJ'II/IHBI H IIPOYHOCTHU CBSI3EH MCKAY aTOMaMH a30Ta B pa3JIMIHBIX

COEIUHEHUAX.

CBs3b JlnvHa CBSI3M B aHTCTpEMax ITpouHocTh cBsA3M B KJ[k Ha

1A=10%cm 0JIMHAKOBOE YHCJIO MOJICKYJI
ITpocTas N-N 1,45 58,5
JlBoiiHas N= N 1,25 456
Tpotinas M= 1.098 945

Buapbl cBsi3u B TBepAbIX TesaxX. [IOHATHS 0 KPHUCTAIINYECKHUX
peulieTKkax

B Mertamnax cyimiecTByeT ocoObIi BUI CBSI3U - METAJNTNYECKas
XUMUYECKAS CBA3b.

MeTra/uindeckasi CBSI3b - 3TO XMMUYECKas CBA3b, 00Opa3yromasics 3a
CU€T TPUTSHKEHUS KATUOHOB (IMOJOKUTEIBHO 3apsiKEHHBIX HOHOB)
METAJJIOB U CBOOOJHO MEpEMENIAtONIMXCsl JIEKTPOHOB (TaK Ha3bIBAEMOIO
«AIEKTPOHHOTO Ta3ay»), 3apsKEHHbIX oTpularenbHo. Ha pucynke 5.4,
U300paK€Ha MOJENb KPUCTANIMYECKON PEIMIETKH METAJJIOB: B  y3Jlax
KPUCTAJUTMYECKON PEMIETKA HAXOAATCSA KakK SJEKTPUUECKU HEUTpasbHBIE,
TaK U TOJIOKUTEIBHO 3apsiKEHHbIE KAaTHOHBI METAJIJIOB, a MEXIYy HUMH
CBOOOJHO TMEpeMENIatoTCs OTPULIATEIBHO  3apsDKEHHBIE  AJIEKTPOHBI

(2JIEKTPOHHBIN Ta3).



3a cuéT HaIWMYHUSA B KPUCTAIIaX CBOOOIHO ABMIKYIIUXCS 3JESKTPOHOB
JJ1s OOJIBIIMHCTBA METAJIJIOB XapaKTEpHBI o0IIMe (Pu3myecKkue CBOMCTBA:
OCOOBIN  METaJUIMYEeCKUi OJIECK, BBICOKHE JJICKTPONPOBOJHOCTh U

TCILIOIIPOBOJHOCTDb, KOBKOCTb U APYTHC.
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Puc. 5.4. Monenb KpUCTANIMUECKON PEIIETKA METAIIIOB
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KoBanenTHast cBsi3b 00pa3zyercs MeEXIy aroMaMu, OJIM3KUMH [0
CKJIOHHOCTH K OTJau€ W TPUCOEAVMHEHUIO AJIEKTPOHOB, TOJHKO TOT/A,
KOT/la pa3Mephl CBSI3bIBAEMBIX aTOMOB HeEBelWkH. B 3ToM ciydae
AJIEKTPOHHAS TUIOTHOCTh B 00JIACTH MEPEKPHIBAHUS DJIEKTPOHHBIX 00JIaKOB
3HAYUTEIbHA, ¥ AaTOMBl OKAa3bIBAIOTCS TMPOYHO CBSI3aHHBIMH, Kak,
Hanpumep, B mojekyine HF. Eciu xoTs Ob1 0iuH U3 CBSI3BIBAEMBIX aTOMOB
UMeeT OOJIBIION paanyc, 0Opa3oBaHME KOBAJICHTHOM CBSI3M CTAHOBUTCS
MEHEe BBITOJHBIM, TaK KaK »JJICKTPOHHAs IUIOTHOCTh B 0O0JacTH
MEPEKPHIBAHMS DJICKTPOHHBIX OO0JIAKOB y OOJBIIMX aTOMOB 3HAYUTEIHHO
MEHBIIIE, YeM y MaJICHbKUX.

N Bce-taku Mexay OonbimiiMmu atomamu (ro > 1,1 ) Bo3HHMKaer

XUMUYECKasi CBA3b, HO B OTOM Cllydae oOHa oOpa3yeTrcss 3a CYeT



00001IecTBICHU BCceX (WJIM 4YacTH) BaJCHTHBIX DJICKTPOHOB BCEX
CBA3BIBAEMBIX  aTOMOB. Hampumep, B cllydae aToMOB  HaTpus
00001IEeCTBISIOTCS BCE 3S-2JIEKTPOHBI TUX aTOMOB, IPU 3TOM 00pazyercs

CANHOC JJICKTPOHHOC 0071aKO:

AToMBI  00pa3ylOT  KpPUCTAUI C  METAIMYECKOW  CBA3BIO.
Tak MOTYT CBA3BIBATHCA MEXKIY COOOM Kak aTOMbI OJIHOTO JIEMEHTA, TaK U
aTOMbI pPa3HbIX 3JEMEHTOB. B mepBoM ciiyyae o00pa3yroTcs MOpOCThIE
BEIIECTBA, HA3bIBAEMBIC METAJLUIAMHU, & BO BTOPOM - CIIOKHBIE BEUIECTBA,
HAa3bIBAEMBIC HHTEPMETAIIIMYECKUMU COCTUHECHUSIMMU.

MekMos1eKyJIsIpHbIEe CBSI3H

KoBanentHasi cBsizb, oOpasyroImiascs 3a CuUeT Mapbl SJIEKTPOHOB
ONHOTO W3 AarOMOB, T.€. IO JOHOPHO-AaKUECNTOPHOMY MEXaHU3MY,
Ha3bIBAETCS OOHOPHO-AKYENMOPHOU.

Hanpumep, Takas cBsi3b oOOpa3yeTrcss MeEXIy aTroMOM a30oTa B

moJiexyse Mmetmiiamuaa CH3NHz u mporonom H* kucinorer HCI:

TOHOP
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HemnogeneHHaT
mapa
AMEETPOHOE

Honopuo-
SFIUETTOPHAT
CEASE

A nopunm
Metnmamun METHIIAM MOHHA

ATOM a30Ta OTJAET CBOIO AJIEKTPOHHYIO IIapy Ha 00pa30BaHUE CBA3U

N BbBICTYIIACT B POJIM AOHOPA, a IPOTOH IPCAOCTABIACT BAKAHTHYIO



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

JloHopHo-akyenmopHas c6583b  OMIAUYAEMCS MOJbKO CNOCOOOM
00pazosanus;, NO  CBOUCMBAM OHA  OOUHAKOBA C  OCMAJbHBLIMU
KOBAJICHMHBIMU CBA3SAMU.

BomopoaHas CBA3b BO3HUKAECT B PE3YIbTATE IJIECKTPOCTATUUECCKUX U
JIOHOPHOAKIIENITOPHBIX B3aUMOJICUCTBUM C Y4YaCTUEM MOJOKUTEIHHO
MOJSPU30BAaHHOIO  aToMa  Bojopojaa. Takas yactuia  oOjagaeT
AHOMAJIbHBIMM  CBOWCTBAMM  BCJICICTBUE  OTCYTCTBHUSI ~ BHYTPEHHHUX
AJIEKTPOHHBIX  CJIOEB, OJKPAHUPYIOIIUX SAPO, YPE3BBIYAMHO  MAaJbIX
pa3MEpOB M HAIM4YHUS 3HAYUTEIIBHBIX aKIENTOPHBIX CIOCOOHOCTEH, YTO
MO3BOJISIET €M BCTymaTrb HE  TOJBKO B DJIEKTPOCTATUUYECKUE
B3aMMOJICUCTBUS, HO U MPOHUKATH IOJ DJIEKTPOHHBIE OO0OJOUYKH JPYTHX
aTOMOB, B3aUMOJEKUCTBOBATH M0 JOHOPHOAKIENITOPHOMY MEXAHU3MY.

BonoponHast CBsI3b  SIBIISIETCSL  TIPUMEPOM  MEHCMOICKYAAPHBIX
e3aumooeiicmeuii, T.c. oOpa3zyeTcs HE MEXIy aToMaMH B MOJEKyJe, a
MEXIy MOJIEKyJaMu B CTPYKType BeulectBa. [IpaBma, cpenm CIIOKHBIX
OPTraHUYECKUX COCAMHEHUM BCTPEYAETCA W  BHYTPUMOJICKYJISIpHAS
BOJIOPOJIHAsl CBSI3b (HANpuUMeEp, H5TO CTAHOBUTCS BO3MOXKHBIM TPH
OJIarONPUATHBIX B3aWMMHBIX OPHUEHTAIUAX 3aMECTUTENICH B ITUKIMYCCKHX
MOJIEKYJIax), HO Cpeld HEOPTraHUYECKUX COCAMHCHHI TaKue MPUMEPHI
KparlHE MaJIOYUCIICHHBI.

JI711 BOSHUKHOBEHHUS BOJOPOJHOM CBSI3U MEXKIY ABYMS MOJICKYJIAMHU

HEOOXOIUMO:



-HAUIMYME aToMa BOJOpPOJia C JOCTATOYHO OOJIBIIMM YaCTUYHBIM
MOJIOKUTEIBHBIM 3apsJIOM B OJJTHOM U3 HUX (T.€. COOCTBEHHBIEC CBSI3U B TOM
MOJIEKYJIC TOJKHBI ObITh MOJIIPHBIMM );

-HAJIMYME OTPHUIIATEIBHO TMOJSIPU30BAHHOTO aTOMa »JJIEMEHTA C
BBICOKOM 3JIEKTPOOTPULIATEILHOCTHIO U MAJIBIMU pa3MepaMu B JPYTOM.

ITocnennee 00YCJIOBJIEHO HEOOXOIUMOCTBIO obecrieueHus
JIOCTATOYHO CUJIbHBIX JIEKTPOCTATUYECKHUX IMOJIEH.

Takue seMeHThI, Kak GTOpP, KUCIOPO, a30T BIOJHE yAOBICTBOPSIOT
3TUM TpeOoBaHUsIM. [109TOMY UMEHHO UX COCIUHEHUS W WJUTIOCTPUPYIOT
IJIABHBIM 00pa3oM TMOHSTHE MEXKMOJICKYJISIPHOM BOJOPOJIHON CBSI3H.
HecMoTps Ha TO, 4YTO SIEKTPOOTPULIATEIBHOCTH JAPYTHX 3JIEMEHTOB,
HampuMep, XJopa WIM CEpbl, COIMOCTABAUMBI IO BEIUYHHE C
AIEKTPOOTPUIATEIILHOCTSIMUA BBIIICTIEPEUNUCICHHBIX 3JIEMEHTOB, OHHM HE
CIIOCOOHBI K OOpa30BaHMIO MPOYHBIX BOJOPOAHBIX CBS3€H MO MPUUUHE
OTHOCHUTEIHLHO OOJIBIITUX Pa3MEPOB UX aTOMOB.

CaMbIM  pacnpoOCTpaHEHHBIM  MPUMEPOM  MEXKMOJICKYJISIPHOU
BOJIOPOJHOM CBSI3W  SBJSICTCSL  JI€J, - KPUCTAJUIMYECKOE BEIIECTBO,
CTPYKTYPHBIMU 3JIEMEHTAMU KOTOPOTO SABJISIOTCS MOJIEKYJIbI  BOJBI.
KoBasieHTHBIE CBSI3U B MOJIEKYJI€ BOJABI OTHOCATCS K KATErOPUU MOJISIPHBIX:
ANEKTPOHHAs  IJIOTHOCTH ~ CMEIIEHAa B HampaBlieHHMH  Ooliee
AIEKTPOOTPUIIATEILHOTO aroMa Kuciopojga. B pesynprare 3TOro
CMEIICHUS HAa aTOME BOJOPOJa UMEETCA YACTUYHBIN TTOJIOKUTEIIbHBIN, a HA
aToOM€ KHCIIOpOJa - YaCTUYHBIM OTpUUATENbHbIM 3apan. Hapymenwue

CUMMETPUM B PACHPEHECICHUM DIIEKTPOHHOW IUIOTHOCTH  SIBIIAETCA



IMPUYUHON BO3HUKHOBEHMS IIOJIOCOB B MOJIEKYJ€ BOJBL. YTJIOBOE
CTPOCHUE HTON MOJEKYJbl OOYCIOBIMBAET pPa3/CICHUE BO3HUKAIOIINX
3apAJI0B: OTPUIATENBHBIA M TMOJO0KHUTEIbHBIN IOIIOCH (DOPMUPYIOTCS Ha
Pa3HbBIX KOHIIAX MOJICKYJIbI.

Kpome ToOro, arom Kuciopoga UMEET JBE HEMOJCICHHBIC
AJICKTPOHHBIC Taphl, HAJIMYUE KOTOPBIX MPHUIAET €My JOHOPHBIC CBOMCTBA.
CnenctBueM BceX 3TUX 3(PGHEKTOB SBISECTCS BOZHUKHOBEHHE BOJOPOHBIX
CBSI3€M MEXy MOJIEKYJIaMH BOJIbI, 3aHUMAIOITUMHU y3JIbl KPUCTATITUYECKOM
pemietku ybaa. [Ipu 3ToM Kaxkaass MOJIEKyJa B3aUMOJICUCTBYET 3a CYET
JIBYX aTOMOB BOJIOpPOJia U JIBYX HEIMOJICJIEHHBIX JJICKTPOHHBIX Map aTtoma
KHCJIOPOJa C YETHIPbMS COCEIHMMHU, HAaXOJIAIIMMHUCS OT HEE Ha PaBHBIX
paccrosiausax (Puc.6.5.).

J11  BO3HMKHOBEHHS BOJOPOJHBIX CBS3€H BaXHO, 4YTOOBI B
MOJIEKYJIax BelllecTBa ObUIM aTOMbI BOJIOPOA, CBA3AHHBIC C HEOOIBIITUMH,
HO JICKTPOOTpUIIATEeIbHBIMU aToMaMu, Harpumep: O, N, F.
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Puc. 6.5. BogopoaHbie CBS3M MEXy MOJIEKyJIaMu BOBI (0003HAYEHBI
MYHKTUPOM).
OTO cO34aeT 3aMETHBIM YAaCTUYHBINM TIOJIOKUTEJIBHBIM 3apsJl Ha

atoMax Bojgopoda. C  Jpyroil  CTOPOHBI, Ba)XHO, YTOOBI Yy



IEKTPOOTPHUIIATEITBLHBIX aTOMOB OBLITH HEIOCICHHBIC YJICKTPOHHBIE TTaPhI.
Korga oOenHEHHBIN SJIEKTpOHAMU aTOM BOJOPOJA OJHOW MOJICKYJIBI
(aKkmenTop) B3aMMOJICMCTBYET C HEIOJCIICHHON 3JICKTPOHHOHN IMapoil Ha
atome N, O wm F npyroil mosiekynsl (AJOHOpP), TO BO3HUKAET CBS3b,

IMOXO0JKasd Ha IMOJIAPHYIO KOBAJICHTHYIO.

BajileHTHOCTH XUMHYECKHX 3JIEMEHTOB M CTENIeHb OKHCJIEHHU S
aTOMOB XUMHUYECCKHUX I3JICMEHTOB
BaneHTHOCTb »3JjIEMEHTA - YHCJIO0 XMMHYECKHX CB$I3CI>'I, KOTOPLIC
06pa3yeT OJHWH aTOM OJAHHOI'O 3JICMCHTA B I[aHHOI‘/JI MOJICKYIJIC.
BaneHTHBIC BOBMOXKHOCTH aTOMa opCaACIAOTCA YUCIIOM:
e HCCITAPCHHBIX 3JICKTPOHOB
o HCIIOACJICHHBIX JJICKTPOHHBIX IIap

e BAKAHTHBIX BAaJICHTHBIX Op6HTaHeﬁ

Onpez[eneHHe BaJICHTHOCTH 3JICMCHTA

BaneHTHOCTE XUMHUYECKOI'0 3JIEMEHTA

DJIEMEHTHI — METAILIEI DIJIEMEHTBI — HEMETAJLIBI
['maBHBIX(A) no0o04HbIX(B) MepeMeHHas
OATPYIIIT NOATPYIIII l l
MOCTOSTHHAS nepeMeHHast BBICIIIAA Hu3Masg
(4MCIEHHO paBHa (BBICIICE 3HAYCHHUE ( YHCIIEHHO paBH)a ;I;P;CJZCCHHO peaBHa
YHUCJIEHHO paBHA HOMEPY TPYIIIIBI HOCTH MCXIY
Homepy rpynii) HOMEpY rpr})/nm,l) YHCJIOM ¥ HOMEPOM
TPYIIIIHI)

1. BajleHTHOCTh BOJIOpOJia MPUHUMAIOT 3a | (enuHuILy).



2. Kucnopoj B CBOMX COCIMHEHUSIX BCET/a MPOSIBIISIET
BAJIEHTHOCTS II.

3. Bbicliiasi BaIGHTHOCTh paBHA HOMEPY TPYIIIIHI.

4. Hwusiasi BaIGHTHOCTh paBHA Pa3HOCTU MEXIY YHCIOM §
(KOIMYECTBO rpyNm B TaOJHUIIE) © HOMEPOM TPYIIIbI, B KOTOPOU
HAaXOJUTCS JAHHBIA 2JIEMEHT, T.€. 8 - No rpymmsl.

5. BajaeHTHOCTh MOXXET ObITh MOCTOSIHHOM WJIH MIEPEMEHHOM.

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

BaneHTHOCTH 2JIEMEHTOB HE HMMEeT 3Haka. Y  METajlJloB,
HaxXOJSIIUXCA B TJIABHBIX TOATPYIINNAaX, BaJECHTHOCTh paBHA HOMEPY
rpynmnbl. Y HEMETAIJIOB B OCHOBHOM IPOSIBJISIIOTCS JBE BaJCHTHOCTH:
BBICIIIAS M HU3IIIAS.

CrerneHb OKHUCIIEHHS 3TO YCIOBHBIM 3apsij] HA aTOME B MOJIEKYJIC WIIH
KpucTajuie. ETo BBIYUCISIOT, TMOJjiaras, 4To BCE€ KOBAJCHTHBIE MOJISPHbBIC
CBSI3U HMMEIOT MOHHBIM XapakTep. B oTinume oT BaJE€HTHOCTH, CTEIEHb
OKHCJICHUS MOKET OBITh MOJOXXUTEILHOW, OTPULIATEIIFHON WM pPaBHOU
HyTt0. B mOpocTednmmx HOHHBIX COCAMHEHUSIX CTENEeHU OKHUCIICHUS
COBITIJIAIOT C 3apsjgaMyd MOHOB. B OOJBIIMHCTBE CIy4aeB BaJICHTHOCTh U
CTETICHb  OKHUCJEHUsS YHCICHHO COBMAAaloT, XOTS O3TO  pPa3HbIe
XapaKTePUCTUKH.

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

II, a creneHs okucaeHUS +2



- HNO3 (a3otHast kucnoTa) - BaJICHTHOCTh aToMa a30Ta paBHA

IV, a crenenp okuciaeHus +5

- H207 (mepokcua Bojopojia) - BAJICHTHOCTh BOJIOpOJia paBHa I,

BAJCHTHOCTh aToMa Kuciiopoga paBHa II, a creneHb OKUCIECHUA

BOJIOpPOJIa paBHA +1, a cTemeHb OKHUCIEHMS KHUCIOopojaa paBHa -1.

AHaJIOTMYHO BO BCEX MEPOKCHUAAX BAJCHTHOCTH KHCJIOpoaa paBHa II.

- N2H4 (runppasun) - BaneHTHOCTH a3oTa paBHa III, a cremenb

OKHCJIEHUS paBHA +2.

- Ha (D), N2 (11D, Oz (1D, F2 (1), Cl2 (), Bra (1), 12 (I), a ctenenu

OKHCJICHHUA PABHBI 0.

3aoauu u 60npocevl 0131 CAMOKOHMPOJ1

1.

Kakyro XMMHYECKYI0 CBSI3b HA3bIBAIOT KOBAaJIEHTHOW? Onummre ee
OCHOBHBIE CBOMCTBA.

[Touemy nipu oOpa3oBaHNUN KOBAJCHTHOMN CBSI3U PACCTOSIHUE MEXIY aTOMaMHu
ctporo onpenesneaHo? Kak oHo Ha3bIBaeTcs?

Kakyro xuMuyeckyro CBs3b Ha3blBalOT MOHHON? Kak oHa oOpasyercs u
KaKUMH CBOMicTBamMu o0Jiajact?

Uto Ha3bIBa€TCA KPATHOCTHIO CBsI3M? Kak BIMsSIET yBEeIMYEHHWE KPATHOCTH
CBSI3U Ha €€ JITTMHY U YHEPTUI0?

OnpenenuTe KOBAJICHTHOCTh M CTENEHb OKHCJICHHS: a) yriepoaa B
monekyinax CoHs, CoHsOH; CH3COOH; CH3Cl; 6) xmopa B mosekynax NaCl,
NaClOs, NaClO,4, Ca(ClO),; B) cepnr B Mosiekyiax NayS;03, NaoS, NaxSO..

Kaxast u3 cBszeit Ca - H, C - Cl sBasiercst HauboJiee noJsipHOi U mouemy?



7. OOBsicHUTE, TTOYEMY MaKCUMaJibHasi KOBAICHTHOCTh (ochopa MOKET ObITh
paBHOM 5, a 'y a30Ta TaKoe BAJICHTHOE COCTOSIHUE OTCYTCTBYET?

8. Kakoil Tum cBsSI3W OCYHIECTBISIETCS B KpUCTauiax MeTaioB? KakoBbl
O0COOEHHOCTH 3TOTO THIA CBS3U?

9.  U3ob6pa3ute »HIEKTPOHHBIMU YpaBHEHHUSIMHU TMPOILIECCHl 00pa3oBaHUs U3
aTOMOB CJICIYIOIUX COSIMHEHUHN C MOHHOM cBs3bi0: ZNS; Mgly; PbO..

10. CocrtaBTe CTpYKTypHBIE (OpMYJIbl M TOKaXHUTE OOpa30BaHHE OKTETa B
cienytonux coequHeHusx: NHs; Na; H2COs.

11. VYkaxwuTe BaJICHTHOCTb U CTEIECHb OKUCICHUS KaXI0r0 aTOMa B MOJIEKYyJIax:
Cl;, H20, N, NHj, H;S.OtBer 000CHYiTE, MOIB3YSICh TEOPHEH CTPOCHHS
BEIIIECTBA.

12.  Omnpenenute CTENEHb OKUCICHUS aTOMOB B COCIMHCHUSX U MOHAX: CrO4%,

HNOs, KClOg, SO42' PO43', K3PO4, SiH4, NH4+.

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

Ilnan:
1. XumMHuueckne COCTOSIHAE BELIECTB
2. OHTANBNUA
3.TernoBblie 3G (HEKTh XUMUYECKUX PEAKIIMiA
4. TepMOXUMHUYECKUE YPaBHEHUS

OnopHblie cja0Ba W BBIPaKeHUsI: menjiogvie  Ighghexmul,
MEPMOXUMUSA, CUCMEMA, U30TUPOBAHHAS CUCEMA, 20MO2EHHAs CUCTNEMA,
eemepozennas cucmema, @asza, oucnepcuas asza, oucnepchas cpeoa,
mepmoouHamudeckue  QYHKYuu,  GHYMpeHHsAs  dHepaus,  QYHKYuu
COCMOSIHUSL, ~ 3AKOHbl  MEPMOOUHAMUKU,  DHMAIbAUA,  IHMPONUS,
9K30mepmMuyecKue u 3Hoomepmudeckue peaxyuu, 3axkou Iecca, 3aKoH
Jlasyazve-Jlannaca, 3axkon Kupxeogha, ¢ynxyuu [envmeonvya u lI'ubcca,
snepeusi [ uboca, snepeus I ermveonvya.



6.1. IloHsAITHS 0 TEPMOXUMHYECKHUX MPOLIECCAX

Baxneriiiass 0cOOCHHOCTh XMMUUYECKUX PEAKIMNA CBsI3aHA C TE€M, UTO
UX MPOTEKAHUE COMPOBOKIACTCI U3MEHEHUSIMH SHEpruu. bonbiias 4acThb
SHEPrUM, IPOU3BOAMMAs B COBPEMEHHOM MHPE, MOJIYYAETCS B PE3yJIbTATEe
XUMUYECKUX PpEaKIMii, TJaBHbIM O0O0pa3oM TMpU CHKUTAHUM  YIJIA,
He(TEeNPOJAYKTOB M MNPUPOAHOTO Taza. Takum o0pa3oM, B XHUMHUH
IPUXOJIUTCS MMETh JIEJI0 YW C BEUIECTBOM, M C 3Hepruer. Bompocamu
W3MEHEHHUS YHEPrUH 3aHUMACTCA TEPMOJMHAMHUKA - HAyKa, KOTOpas U3y-
4aeT CJICAYIOIINE BOMPOCHI:

1. Ilepexoibl SHEPTUHU U3 OJJHOU (OPMBI B IPYTYIO.

2.0Hepretudeckue  dPOEKTH, COMPOBOKIAIOIINE  PATUYHBIC
dbuznyeckue W XUMHUYECKHE IPOIECChl, 3aBUCUMOCTh HUX OT YCJIOBHUU
MPOTECKAHUS.

3. BO3MOXHOCTh, HampaBJICHUE W TIPEIEIIbl CaMOIIPOU3BOJILHOTO
MPOTEKAHUS MPOLIECCOB B 3aJJaHHBIX YCIIOBUSX.

XUMUYECKUE PEaKIuid OOBIYHO COMPOBOXKAAIOTCS BBIJICICHUEM WU
MOTJIOLIEHUEM DHEPTUU B Pa3IMUHbIX (OopMax: CBETOBAs, JIEKTPU-UYECKas,
TETIOBAas.

Paznen TepMoauHAMUKHM, W3Yy4aloIIUi TeEIIoBble A(PEHEKTHl XUMU-
YECKUX PEaKInii, 3aBUCUMOCTh UX OT COCTaBa U CTPOCHUSI PEareHTOB U OT
YCJIOBUM ITPOBEACHHUS PEAKLIUM, HA3bIBAETCA TEPMOXUMUEN.

B tepmoamHamuke mJisi U3y4EHMS BBIICISIOT TEPMOJAMHAMUYECKYIO
CUCTEMY - COBOKYIHOCTH T€JI, BBIJCICHHYIO W3 OKPYKaIOUIEro Mpoc-

TPAHCTBA U SABJISIONIYIOCS OOBEKTOM HCCleNOBaHUs. Yale BCEero MMeErT



JIEN0 ¢ 3aKPBITBIMH CHUCTEMaMH, KOTOpble HE OOMEHUBAIOTCS C BHEITHEH
Cpeaoi BelecTBOM, HO OOMEHUBAIOTCSI YHEPTUEH.

Ecnu sxe HEeT oOMeHa M PHEPrueii, To 3TO - U30JIMPOBAHHAS CUCTEMA.
CucremMbl MOTYT OTIWYAThCA KoiuuecTBoM (a3. B romorenHoit cucreme
BCE BEIIECTBA HAXOJATCSA B OJJHOM arperaTHOM COCTOSIHMM, B OJTHOM (a3e.
B rereporeHHoil cucteMe BeIIeCTBAa HAXOATCS B PA3JIMYHBIX arperaTHbIX
COCTOSIHUSIX, HECKOJIbKUX (hazax. daza - 3TO 4acCTh CUCTEMBI, OJTHOPOHAS
BO BCEX €€ TOYKax M0 XMMHYECKOMY COCTaBy M CBOMCTBAM M OTJICJICHHAsI
OT Apyrux (a3 cucTtembl MOBEPXHOCTHIO pasiaena. OjHa U Ta e cUcTema
MOKET HAXOJUTHCS B PA3TUIHBIX COCTOSTHUSX.

JIJIsi  XapaKTepUCTUKH COCTOSIHUSI CHUCTEMBI HCIIOJIB3YIOTCS TaKHe
U3MEepUMbIe CBOMCTBA, kak Macca (M), temmneparypa (7), oobem (V), nas-
nenue (P), konnenrpaius (C) 1 ap. - TEpMOAUHAMUAYECKHE TTapaMeTpPHhI.

Ha ocHOBaHMM JTHUX TIPOCTBIX IapaMETPOB MOXHO ONPEICIUTH
apyrue, Ooliee CIIOXKHBIC, TIEPEMEHHBIC BEIWYUHBI, KOTOPHIE TaKKe HC-
MOJIB3YIOTCS JUISl XapaKTePUCTUKU COCTOSIHHUSI CUCTEMBI M TeX M3MEHE-HUM,
KOTOpBbIC B HEH NPOUCXOAAT, - TepMoaWHamuueckue (yHkiuu. YacThb
TakuX (QYHKIUH SIBISIOTCS (QYHKIHUSIMHU COCTOSHHSI. DTO Takue (DYHKITUH,
KOTOPBIC 3aBUCAT OT HAYAIbHBIX U KOHEYHBIX IMAPaMETPOB U HE 3aBUCST OT
IyTH TIPOIEeCCOB. TaKOBBIMH SBIISIFOTCS BHYTPCHHSS DHEP-THS U
HEKOTOpPBIC JIpyrue PyHKIINH.

Hpyrue TepMoauHaMHUUYeCKHe (DYHKIIMHA, HaNpUMEp TEIUIOBBIC
abdexter (Q) m pabora, coBepriaeMas cucremMor (A), HE SBISIOTCS

dyHKIIMSAME  cocTostHMs. Buytpennss suaeprus (U) - 310  (dyHKIUA



COCTOSIHUS, KOTOpasi XapaKTEpU3yeT MOJIHBIN 3amac YHEPrun cucteMbl. Ee
aOCOJIIOTHYIO BEJIUUMHY HEJb3sl ONPEAC/IUTh, OJHAKO Ha TMPaKTHKE
JOCTATOYHO 3HATh U3MEHECHUE YHEPTUU MPU MEPEX0JI€ CUCTEMBI U3 OJTHOTO
COCTOSIHUS B APYTOE.

N3MeHeHne COCTOSIHUSI CUCTEMBI, COMPOBOXAAONIEECS U3MEHE-HUEM
XOTsi Obl OJHOTO W3 IMapaMETPOB CHUCTEMBI BO BPEMEHM, Ha3bIBA-€TCS
TEPMOJUHAMUYECKUM  mpoueccoM.  [Ipomeccel  mpu  MOCTOSAHHOU
TeMIepaType Ha3bIBAIOT HU30TEPMUUYECKHMHM, MPU TMOCTOSIHHOM OObeme -
WU30XOPHBIMU, MIPU MOCTOSTHHOM JABJICHUU - U300apHBIMH.

KonnyecTBEHHOE COOTHONIIEHHE MEXIY HW3MEHEHHEM BHYTPEHHEH
OPHEPIruM, TEIUIOTOM U pabOTOM YCTaHABIMBAET MEPBBIA 3aKOH TEPMO-
JTVHAMUKH

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

[lepBbIii 3aKOH TEPMOJIWHAMUKHU SABISETCS (OPMON BBIPAKECHUS
3aKOHa coxpaHeHusi SHepruu. COorIacHO 3>TOMY 3aKOHY DJHEpPrus He
MCUYE3aeT U HE BO3HHUKAET, OHA MEPEXOJUT U3 OJHON (POPMBI B APYTYIO B
CTPOTO OMPEAECICHHBIX, BCEr/Ia YKBUBAJICHTHBIX KOJWYECTBaX. B maHHOM
ClIydyae TeIUIOBasi SHEPrHusl pacXOAyeTcsi Ha W3MEHEHUE BHYTPECHHEU
PHEPruu W Ha pabOTy CHUCTEMBbI MPOTUB BHEIIHUX CWJI WJIM Ha PadboTy
BHEITHUX CHJI HaJl CHCTEMOM.

Jl71st u30X0pHOTO Mpoliecca ypaBHeHue (6.1) 3anumiercst B BUaE

QV =AU.

Jl1st u3o0apHOTro mporiecca

Qp=AU+ PAV =U;-U; +pV2-pVi=(Uz + pVa) - (U1 + pVa).



O6o3Hauas
(U+pV)=H (6.2)

noiyuyuM (QyHkiuo H, KoTopass HOCUT Ha3BaHUE SHTAJIBIUS

npouecca. Torga
Qp =Hz - Hi = AH = AU + pAV. (6.3)

N3menenne 3HTanbnum (AH) - TtemnoBoii 3¢dekT u3odapHoO -
m3otepmuueckoil peakuuu. [lockonbky 3Hauenne AH onpeaensiercs
pasHocThi0 H> W Hi W HE 3aBUCUT OT MYTH M CIOcO0a MPOBEICHUS
MpoIecca, SHTAIBIUSA SBIsSETCS (YHKIMEH COCTOSIHUS CHCTEMBI (Tak iKe,
kak u U).

6.2. TerioBble 3¢ PeKThl XMMHUYECKUX PeaKIni

TemoBo 3¢pdexkT peakuuu - KOJIUYECTBO TEIUIOTHI, KOTOPOE
BBIJICTISICTCSl WJIM TIOTJIOIIAETCSl CUCTEMOM B pe3yjibTare MPOTEKaHUS
XHUMHYECKOM peakiuu. D10 MoxeT ObiTh AH (P, T = const) wmm AU (V, T =
const).

Ecnu B pesynbTaTe peakiuy TEIUIOTA BBIACISIETCS, T. €. DHTAJIBIIHS
cuctembl moHmxkaercs (AH < 0), To peaknus Ha3bIBaCTCS
9K30MepMUYECcKOU.

Peakinin, COMPOBOXKIAIONIMECS TMOTJIOIMIEHUEM TEIJIOThI, T. €. C
HOBBIICHUEM SHTajdbnuu cucteMbl (AH>0), HasbBaroTcs sndomepmu-
YyecKuMU.

Kak wu gpyrue GyHKIUM COCTOSHUS, ODHTAJBIHS 3aBUCUT OT
KOJIMYECTBA BEIECTBa, 03TOMY ee u3MeHenue (AH) oObdHO OTHOCHT K 1

MOJIb BEIIECTBA U BbIpaxkaroT B KJ[/MoOb.



OObIYHO (DYHKIIMU CHCTEMbI OIPEACHAIOT IIPU CMAHOAPMHBIX
ycnosusx, B KOTOpbIE, KpPOME MapaMeTpOB CTaHJIAPTHOIO COCTOSHMUS,
BXOJUT cTaHgapTHas Temmne-parypa 1 = 298,15 K (25 °C). Temneparypy
YKa3bIBAIOT B BHJE HUKHEro uHjekca (AH 9298 ).

TepMoxumMmnuyeckue ypaBHeHHs peakIuii - ypaBHEHHUS, B KOTO-PhIX
yKa3zaH TerioBOM 3(h(EeKT, yCIOBHS pEakIuil M arperatHble COCTOSHHUS
BemiecTB. OOBIYHO B KauecTBe TemioBoro 3ddexra Oepyr Qp = AH -
W3MEHEHUE DSHTAIBIUU peakiuu (Mpyu MOCTOSHHBIX P u T) wam s
M30XOPHBIX PEAKIIUN - U3MEHEHHEe BHyTpeHHer sneprun AU. Hanpumep,

C(rpadur) + Oz (raz) = CO2 (raz),  AH%298 = -396 k/Ix.

TemnnoBoi 3(pheKkT MOKHO 3amucaTh B ypaBHCHUHU PEAKIUU

C(rpadur) + O3 (raz) = CO2 (ra3) + 396 xJIx.

B nacrosiee Bpems neppasi popma 3anucu ynoTpeossieTcs vaiiie.

6.3. Tepmoxumuueckue pacuyerbl. 3akoH I'ecca u ero cJjeacTBus

Paznen xuMum, wu3ydaronmuid TEMaoBble 3(PGEKTHl XUMHYESCKUX
peakiuii 1 (a30BBIX MPEBpAIEHUM, HA3bIBACTCS mepmoxumuel. Ypa-
HEHMS TIPOIECCOB, B KOTOPBIX YKa3aHbI TEIJIOBbIC d(P(DEKTHI, Ha3bIBAIOTCS

MEPMOXUMUYECKUMU, HATTPUMED:
N2 +3H, =2NH3, Hjy=-9238 x/{oc.
YroObl OTHECTH H3MEHEHHME DHTANIBIIMU PEAKIUH K OJHOMY MO0

KaKoro-anbdo BCIICCTBA, TCPMOXHUMHUYCCKHUC YPABHCHUSA NHOI'Id UMCIOT

IpoOHbIE KO PUITUEHTHI:

2Al +3/2 0y = Al,Os;  Haos = -1675,8 k/{oc



B TepMOXMMHUYECKHX YpPaBHEHMSIX YKa3bIBAIOTCS arperaTHbie

COCTOSIHUSI 1 MOAU(DUKAIIMY UCXOJHBIX BEIIECTB U MIPOJAYKTOB PEAKIIUHU:
CO2 + Cupaguny = 2CO;  Hyes = 172,47 klorc.

B ocHOBEe TEpMOXMMHUYECKMX PACUYETOB JIEKUT 3aKOH, OTKPBITHIN
poccuiickuMm ydeHbiM ['eccom I'. . (1841 r.). CyTh ero B clieayroomem:
TEI0BOM 3P(HEKT XUMUUYECKOM peakIuy 3aBUCUT TOJIBKO OT Hayalb-HOTO
Y KOHEYHOT'O COCTOSIHUSI CUCTEMBI, HO HE 3aBUCHUT OT IIyTH IpO-IIecca, T. €.
OT 4YHUCJa M XapakTepa MIPOMEXKYTOUHBIX CTaguid. ITO, B YACTHOCTH,
3HAYUT, YTO TEPMOXUMHUUYECKHE PEAKIIMHA MOKHO CKJIabl-BaTh BMECTE C UX
TerioBeiMU 3 dexkramu. Hampumep, obpazoBanue CO, u3 yriepoaa u

KHUCJIOPOJIa MOXHO MPEJCTABUTh CIEIYIOMIEH CXEMOM:

AH;°

C(rpaq)m) + > COZ

AH>° AH3°

CO + 1/20;

1. Ciapap)tO20)=COx2) AH®1=-396 Ik
2. Crpap)t1/202:)=CO(ry AH®=X /I
3. COry+1/202¢=COxr) AH°3=-285 xJlx
Bce atu Tpu nporiecca HaXOAAT MMPOKOE MPUMEHEHHUE B MPAK-THKE.
Kak u3BectHO, TeroBbie 3dekThl o0pazoBanuss CO2 (AH1) u ropenus
CO (AH3) ompexpenstorcs SKCIEepUMEHTalbHO. TermnoBoil ke 3ddekt

obpazoBanusi CO (AH2) skcniepuMEHTAIbHO M3MEPUTh HEBO3MOXKHO, TaK



KaK TIpd TOPEHUU VyTIiepoJa B YCIOBUSIX HENOCTaTKa KHUCIOPOJia
oopazyercs cmech CO u COa.

Ho temnoty obpazoanus CO MOXXHO pacCUUTAaTh.
U3 3akona I'ecca cinenyer, uto AH% = AH%+ AH%. CnenosarensHo,

AH®; = AH®1 - AH® =-396 - (-285,5) =- 110,5 (x/Ix).

OueBuAHO, MOJIB3YACH 3aKOHOM ['ecca, MOXXHO HAXOJUTh TEIUIOTY
peakiuii, KOTOpPbI€ HEBO3MOXKHO OMNPEACIUTh AKCIEPUMEHTAJBHO.
CornacHo cjieacTBHIO U3 3akoHa ['ecca TemnoBoil 3P heKT peakiuu paBeH
CyMMe€ DHTaJIBINI 00pa3oBaHUs MPOJAYKTOB PEAKIIMU 3a BHIYETOM CYMMBI
SHTAJIBIINI 00pa30BaHUS UCXOHBIX BEIIECTB (PeareHTOB):

AI_on.p. = Znnpon.'AHofnpon.'znncx. 'AHOfpeareHToB. (64)

rie N - xomudecta BemectBa; AH®; - crampaprHas osHranb-
nusi(TerioTa) o0pa3oBaHus BEIIECTRA.

TennoBoit >PpdexT npsmMoit peakiuu paBeH MO BEJIWYHUHE U MPOTHUBO-
MOJIOKEH TI0 3HaKy TermIoBoMy 3(ddekTy oOpaTHOM peakiuu (3aKOH
JlaByasbe - Jlamaca).

TennoBoit 3¢ PekT XuMHUUECKON peakIIuy paBEeH Pa3HOCTH CYMM TEIUIOT
oOpazoBanusi (AHf) NOPOAYKTOB peakIMM W MCXOJHBIX BEIIECTB,
YMHOXEHHBIX Ha CTeXHOMeTpruuYeckue KodhGuimenTsl (v):

AH® = Z(ViAHf,i)npoz[. = Z(ViAHof,i)ch.

TeroBoit 3ddekr XuMHUUecKOM peakiuuu paBeH pPa3HOCTH CyMM
TeroT cropanus (AHc) MCXOAHBIX BEHMIECTB W MPOAYKTOB PEAKIINUHU,

YMHOXXEHHBIX Ha CTEXHOMETpUYecKkre K03 OUIIMEHTHI (V):

AH® = Z(ViAHC,i)npoz[. - Z(ViAHOC,i)I/ICX.



Takum 00pa3oM, MONB3YSICh TAOJUYHBIMH 3HAYCHHUSIMU TETUIOT
oOpa3oBaHUsl WJIM CrOpaHHWs BEIIECTB, MOXXHO pPacCUUTATh TEIIOTY
peakiuu, He mpuberas K SKCIEpUMEHTY. TaOJudHbIC BEIUYWHBI TEILIOT
oOpa3oBaHUsT W CropaHUsl BEIIECTB OOBIYHO OTHOCITCS K T. H.
CTaHJAPTHBIM yCI0BUAM. J[JIsl pacyéra TemI0Thl MPOLIECCa, ITPOTEKAIOIIETO
P HWHBIX YCIOBUSIX, HEOOXOJMMO WCIOJIb30BaTh M JAPYTHE 3aKOHBI
TEPMOXHMMUH, Hampumep, 3akoH Kupxroda, onmuceBaromuii 3aBUCUMOCTb
Ter10Boro 3¢ dexra peakiiuu oT TEMIIEPATYPHI.

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

Paszmeprnocmo temnoBoro 3ddexra peakiun H, (H?) - KJIK.

[Ipu BerUKCICHNH TETUIOBBIX 3G (PEKTOB (M3MEHEHHUS CTaHAAPTHBIX
SHTAJIBIINI) PA3JIUYHBIX IPOLIECCOB HEOOXOIUMO:

1) 3amucath COOTBETCTBYIOIIMI TPOILIECC, YyKa3aB arperaTtHbie
COCTOSIHUSI BEIIECTB, YYACTBYIOIINX B PEaKIINU;

2) paccTaBUTh CTEXMOMETPUUECKUE KOA(DPUIIUEHTHI;

3) BhIIUCAaTh U3 CIPABOYHUKA 3HAYEHHS] CTAHIAPTHBIX SHTAIBIUN

oOpa3oBaHusl  H,,BCEX YYaCTBYIOIIMX B pEAKUMWHA BEIIECTB B

COOTBETCTBYIOIIIUX arperaTHbIX COCTOSIHUAX;

4) ucnonw3ys 1-e cieacTtsue u3 3akoHa ['ecca, paccuuTarh TEMIOBOU
abpdexkr mpomecca  (H%pgs). CrexmomMerpuueckne  KOAIDPHUIIHMCHTHI
HEOOXO/IMMO YUYWTHIBaTh, TAKKAKIHTAIBIIUS SIBIISIETCA SKCTCHCUBHOM

BEJINYNHOM.



TemmoBoit addekT peakiuu o0Opa3oBaHus | MOJIb  CI0XKHOIO
BCIIIECTBA U3 IMPOCTHIX BEIIECTB, OMNPEACICHHBIM TPU CTaHAAPTHBIX
YCJIOBHSX, Ha3bIBA€TCS CTaHJAAPTHOM OHHTAJIbIIMEH 00pa30BaHUS 3TOIO
BeniecTBa (AH6pas, it AHC f xJ[>x/MOB).

Tak kak aOCOJIOTHYIO DSHTAJIBIHUIO  BEHIECTBA  ONPEACIUTH
HEBO3MOXKHO, TO JJISI U3MEPEHUNW U Pacue€TOB HEOOXOJIUMO OINPEICIUTh
Hayajgo OTCYETa, T.€. CUCTEMY M YCJIOBHUS, JJIsI KOTOPBIX MPUHUMAETCS
3HaueHue AH=0. B TepMoauHamMuke B KadyeCTBE Hayaja OTcUeTa
MPUHUMAIOT COCTOSIHUSI MPOCTBHIX BEIIECTB B MX HamOO0JIEE YCTOWYUBBIX
dbopMax mpu 0OBIYHBIX YCIOBHUAX - B CTAHJAPTHOM COCTOSIHUHU.

Hampumep: AH°f(O2) = 0, AH°f(O3) = 142,3 kJx/Moub.
CrangapTHbIE SHTAIBIIUUA 00pa30BAHUS OMPENECIICHBI Il MHOTHX BEIIIECTB
Y TIPOBEJICHBI B CIIPaBOYHUKAX (cM.Tab. 6.1).

CornacHo BbeIpakenuto (6.4) mis peakiuu ad+eB = ¢C + dD
TeII0BOM 3P DEKT ornpeenseTcs KaK

AH0298 X,p: (CAHOfC + dAHOfD) - (aAHOfA + GAHOfB).

Btopoe cneactBue 3akoHa I'ecca OTHOCUTCA K OpPraHUYECKUM
BemiecTBaM. TeruioBoit 3d@dekT peakiuu ¢ ydacTHEM OpPTraHUYECKUX
BEIIIECTB PAaBEH CYMME TEIUIOT CTOpaHHUsI pPeareHTOB 3a BBIUETOM TEILIOT
CrOpaHHs TIPOJTYKTOB.

[Ipu »TOM TEIJIOTa CropaHusi OMpEACiseTcs] B MPEANOJIOKCHUU

MOJIHOTO cropanus: yriepoa okucingerca 10 CO2, Bogopon - no H2O, azor

- Na.



TCpMOI[I/IHaMI/IquKI/Ie KOHCTAHTBI HCKOTO

TaOmnuma 6.1.

bIX BCIICCTB

s | 8, g8 | L2 % : e, | g% . %
2 | &7 58| =% E 2 N 35 ! 2

1 2 3 4 5 6 7 8 9 10
Ag TB 0 0 42,58 H - C4H1o r -126,23 -17,17 310,33
Ag0 TB -31,15 -11,26 121,04 H - CsHi2 r -146,54 -8,37 349,18
Al TB 0 0 28,36 CeHs r 82,98 129,75 269,38
Al,03 | TB | -1676,8 -1583,3 50,95 CeH12 r -123,22 31,78 298,44
As TB 0 0 35,63 H - CeHa4 r -167,30 -0,25 388,66
As; O | TB -619,2 -538,0 107,1 CHsOH X -239,61 -167,20 126.69
As; Os | TB -914,6 -772,4 105,4 C2HsOH r -234,5 -168,18 282,60
Br, X 0 0 152,31 COCl; 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,O3 | TB -578,2 -497,7 151,0 CS; r 116,14 65,96 237,94
Cipagury | TB 0 0 5,74 Ca TB 0 0 41,45
Camay | TB 1,89 2,83 2,38 CaCl» TB -796,30 -1011.50 104,70
CHy r -74,86 -50,85 186,44 CaO TB -635,51 -604.45 39,77
CoH r 226,17 208,61 200,97 CaC; TB -59,90 -64,90 70,00
C2oHq r 52,5 68,38 219,43 Cu TB 0 0 33,20
CaHg r -54,78 -33,00 229,65 CuO TB -162,10 -129,50 42,73
CsHs r -103,92 -23,49 270,09 Cu0 TB -173,30 -150,60 92,99
CasHg r 110,24 150,77 278,92 Cl; r 0 0 223,17

TernoBoit 3¢Q(ekT peakiuyu OKHMCIEHHUS KHUCJIOPOJIOM 3JEMEHTOB,
BXOJSIIIIUX B COCTaB BEIIECTBA, JO OOpa30BaHUSI BBICIIMX OKCHJIOB
Ha3bIBaeTCsl TEIUIOTOM cropanusi 3toro BemectBa (AH%:). Ilpu sTom
oueBUIHO, 4TO cropanus Oz, CO2, H20, N2 mpuHumaroTcs: paBHIMU

HYJIIO.



Hanpumep, TemaoTy cropaHus 3TaHoJIa
C2H5(>K) +30,=2C0O; + 3H20(r)
Mo>KHO paccuuTaTh 10 ypaBHeHHIO (7.4)

AH% , = AHO; (C:Hs0H) = 2AH 4(C0,) + 3AH (H0) - AH4(C2HsOH)

6.4. OcHOBHOI1 (BTOPOIi) 3aKOH TepMOAUHAMUKHN. DyHKUIMHU
I'eabmroasua u I'mdcca
Hexkotopsie ¢da3oBbie mepexoabl COMPOBOKAAIOTCS BBIICICHUEM WU

MMOTJIOICHUCM DHCPIvU, HAIIPUMCD:

Crpagur = Canvas, AH%gg= 1,8 kJI/MOJIB;
B203 x—B203 avopss AH95= 25 kJIx/MOIB;
SO; — SO3 4, AH%gg= 23 kJI>k/MOJIb;
H20 (— H20 i, AH%gg= 44,0 xJI>k/MOJb;
Ag — Ag «, AH%gg= 251 xJI/MOB;

CrangapTHble DHHTAIBIIMU TaKUX TNEPEXOJOB 3aBUCIAT OT THUINA
nepexoja: HauMEHbBIINE 3HAYEHUs] XapaKTepHbI IS NEpexoja U3 OJHOU
KPUCTAJUIMYECKOM MOAU(DUKAIIMKU B JPYryr0 (3aMe€Ha OJHUX CBSI3el
Ipyrumu), a HauOonbpllve - 1 ucnapeHus (pa3pbiB cBs3eit). s
XUMHUYECKUX  PEAKIMUBOOOIE BO3MOXHBI CaMble Pa3HOOOpa3HbIE
BeJIMUUHBI AH: OT OTpULIATENBHBIX 3HAYEHUN, COCTABIAIOIINX HECKOJIBKO
THICSY (1711 TOPEHUSI OpraHuyeckux BemecTs), 10 +800 k/[x/moinb. Kpome
OOBIYHBIX XUMUYECKUX PEAKIU, MOKHO pacCMaTpPUBATh TaKUE MPOIECCHI,
KaK MOHM3AIIMS, TPUCOETUHEHUE FIEKTPOHOB, paciaj Ha UOHBI:

Li . — Li*. + e, AH%gg = 682k JIx/Momb=11;

Cl + e—ClI, AHO95 = -229,4x JI5x/Monb=-Ep;



KF=K*. + F, AH%95 = 812k /I/MOmb=U peys;

OHTaJIbIIUU ITHX PEAKIUNA HOCAT CHEIMAIbHBIC HA3BaHUS: YHEPTHUS
MOHM3AIUHU, CPOJCTBO K DJIEKTPOHY aTOMOB M SHEPIHsl KPUCTAILITUIECKOM
PEIIETKH.

OdeHb MHOTHE PEAKIMU M3YYaIOTCS M MPOBOAATCS B pacTBopax. B
3TOM Clly4ae HEOOXOJIMMO YUYHUTHIBATh PEabHOE COCTOSIHUE PACTBOPEHHBIX
pearupyromux BemecTB. Tak, B3aumojencteue pactsopoB KBr u AgNOs3
CBOJIUTCS K HOHHOM pEaKIuu

Ag*, + Brp = AgBr; AH%05 x p = -85k k.

B3aumoneiicTBue JHOOBIX CHJIBHBIX KHCIOT C JIFOOBIMH CHIIBHBIMHU

OCHBAHUSIMU OIHMCHIBACTCS PEaKIICH

H+p-p + OH'p-p = HoOx: AH0298 Xp— -561(}1)1(,

T... pacyueThl HYXXHO TIPOBOJUTH C HCIOJB30BAHUEM DHTAJIbIUN
oOpa3oBaHus B3aumoJieiicTBytommx nonoB Ag*, Bry, Hp,, OH, u T.1. B
ITHX pacueTax JUisl peakllii B pacTBOpaxX TakKe HEOOXOIUMO OMPEIETUThH
TOUYKY OTcueTa. B kauecTBe TakoBoil OepyT sHTaIbIUIO 0oOpazoBanus H™),
1.e. AH% (H*p)=0. DuTansnuio o6pa3oBaHus IPYrMX HOHOB OIPENENIATH
OTHOCHUTEJIPHO 3TOM BEJIMUMHBI; OHH TaKXKe TaOyIHMPOBAHbI M TPUBOJISATCS B
CTIpaBOYHUKAX.

Hanpasienue xuMu4eckux peakumu. [Ipy usydeHnn XuMu-4eCcKux
IIPOIIECCOB OUYEHb BAYKHO OIEHUTh BO3MOXXHOCTh MJIM HEBO3-MOKHOCTH HUX
NPOTEKAaHMs] TPH JAHHBIX YCJIOBHSX, T. €. HAMpPaBJICHHE BO3MOXHOTO

MMpOTCKaHudA  1pouecca, MW KOJIHUYCCTBCHHO  OIPCACIUTL BCINMYHUHY



XUMHUYECKOTO CpOJICTBA BEIIECTB (cTpemiieHue BEIIECTB K
B3aUMOJICHCTBHUIO).

IlepBoe Ha4amO TEPMOJAMHAMMKYU - 3aKOH COXPAHCHUS SHEPIUU - HE
YKa3bIBA€T HAIMPABJICHUE XUMUYECKOU PEAKIIMH, €€ BO3MOKHOCTD, [IOJTHOTY
MpPOTEeKaHWs, a »dTO NPEJACTABIICT CO0OM OCHOBHYIO 3ajady IpH
HCCIIeI0OBAHUH JII000T0 Mporiecca.

CaMonpou3BOJIBHBIN MPOIECC MpoTeKaeT 0€3 3aTpaThl IHEPTUU U3BHE
(cMmemieHue Ta3oB, Iepejada Terja OT TOpsAYero Tejia XOJIOJHOMY, Boja
CTeKaeT C KpbIHK). MHOrMe XHMHYECKHE pEaKIMU TakKXe IPOTEKAIOT
CaMOINPOM3BOJILHO, HAaIpUMEp: OOpa3oBaHME prKAaBUMHBI Ha MeTalllax,
PACTBOPEHHUE COJIM B BOJIE U T. .

JIBIoKyIIeH cuioit m000ro mnpoiecca BIseTCs CTPEMIICHUE CUCTEMBI
IIEPEUTH B COCTOSIHUE C HAMMEHBIIECH SHEPrUey. Y MEHBIICHUE SHEPTUHU
CHUCTEMbI MOXKET OBITh CBSI3aHO KaK C YMEHBIICHHUEM TEIJIOBOW SHEPIuu,
TaK ¥ C yBEJIMUCHHUEM «OECIOPSIKa» B CUCTEME.

OuTponus. Kriaccuyeckoil TEepMOIMHAMHUKON paccMaTpUBAaIOTCSA
CHUCTEMBI, COCTOSIIIIUE W3 MHOXECTBA CTPYKTYPHBIX €IUHUIL (TOpsSIKa
MOCTOSSHHOM ~ ABorajipo). OTH 4YaCTUIBl HAaXOJATCS B  COCTOSTHUM
HETIPEPBIBHOI'O JBUKEHUS - COBEPIIAIOT JIUHEWHBIE JBUKECHUS, BPALCHUS,
KoJieOaHMs, BHYTPCHHHE JBWIKCHHS B 4YacTHIAX. OTH JIBHKCHUS
OTPEACIISIIOT BCE TEPMOJAMHAMHUYECKHE (DYHKIIUM U TapaMeTphl cucTteM. B
TEPMOJUHAMUKE JIBUXKEHHUS MHUKPOYACTHUI] XaPAKTEPU3YIOT CHEHUAIbHOU

byHKIMEH - TepMOAMHAMUYECKOW BEPOATHOCTHIO cucTeMbl W (Tak Kak



caMO JBWKEHHUE YaCTHUIl UMEET BEPOATHOCTHBIN XapakTep); TOBOPST, UTO
9Ta (DYHKIIUS SIBJISETCS XapaKTEPUCTUKON OECTIOpsiIKa CUCTEMBI.

[Ton OecnopsKOM CHCTEMbl TOHUMAIOT KOJMYECTBO Pa3JIMUYHBIX
BO3MOXKHBIX TIEPEMEIICHUN €€ YacTe, He U3MEHSIONIMX COCTOSHUE
CUCTEMBbl B I1I€JIOM, - TEPMOJAMHAMHYECKYIO BEpPOSITHOCTH W (YHCIIO
MUKPOCOCTOHUM, KOTOpPBIE OMNPEACNISIIOT JaHHOE MaKpococTosiHue). W
COCTOSIHMSI CHUCTEMBI, CcOCToslmer Bcero w3 10 MoJIeKyn rasza, paBHO

3 rasa conmepxkurcs 2,7-10%°

npumepHo 10000, a Benp TonbkO B 1 cMm
MOJIEKYT (H. y.).

Benmuunna W 00bIYHO orpoMHa W HeyAoOHa JIsl MCIOJb30BaHMUS,
MOATOMY B TEPMOJIUHAMUKE OOBIYHO UCTIOJB3YIOT APYTYI0 (DYHKIIHIO:

S =R-InW (JIx-mons ' K?) - ypasnenne bonbumana,

Ha3bIBaeMyl JHTpomueid (31mech R - yHuHBepcalibHasi ras3oBas
MIOCTOSIHHAS ).
[IpousBenenne AS-T - osHeprusi, cBsi3aHHasE C U3MEHCHHUEM

OecrniopsJika B CUCTEME - SHTPONUIHBIN (akTop.

DHTPOINUIO BEIIECTB, KaK U MX JHTAJBIHNI0 00pa30BaHMs, MPUHSTO
OTHOCUTh K CTaHJAPTHBIM YCJOBHUSIM, IIPU 3TOM SHTPOIUIO 0003HAYAIOT
S%gs M Ha3BIBAIOT CTAaHAAPTHOM DJHTPONMEH. 3HAYEHHWS CTAaHIAPTHBIX
SHTPONHUH I HEKOTOPBIX BEIIECTB TaKXKe MPpUBEACHBI B Ta0. 6.1.

B omnmmume oT npyrux TepMOAMHAMHUYECKUX (QYHKIMH MOXKHO
OTPENCINTh HE TOJIBKO HM3MeHeHue 3HTponuu (AS), HO W abCOMIOTHOE

3HAYEHHUE SHTPOMUH (S).



OHTponusi ABAsieTCS] (YHKIHUEH COCTOSIHUSL CHCTEMBI, T. €. €€
W3MEHEHHUE B Pa3IMYHBIX MPOIECcCaX HE 3aBUCUT OT MNyTu. V3MeHeHue
SHTPONUU PEAKIIMU MOXKHO HAXOJUTh KaK PasHOCTh CyMM HPOJYKTOB U
pEeareHTOB, AaHAJOTUYHO SHTAJIBIIUY U BHYTPEHHEU SHEPTUU:

ASOx.p.: ) nnpou'Sonpon - aneareHTOB'SopeareHTOB (65)

Hampumep, s peakuuun

Crpad + COz (r) = 2CO(1)

S%9g 6 214 198 Ik -Monp*-K?

ASCpeacun = 25%08(co) - S (Crpagur) - S298(coz) = 2198 - 6 - 214 = 176
Ix/K.

[TpakTHyeCcKu BaXKHBI CJICAYIONIME KAUYECTBEHHbIE 3aKOHOMEPHOCTH:

1.  HauOompliyro SHTPONUIO UMEIOT T'a3bl, 3HAYUTEIIBHO MEHBIITYIO
- JKUJIKMe U TBepAble BemiectBa (cM. Tabn. 6.1). Ilosromy ecnu mnpu
peaKkiui YBEJIWYMBACTCA KOJWYECTBO Ta3000pa3HBIX BEIIECTB, TO
YBEJIMUUBACTCS] U SHTPOIHUS CUCTEMBI. Tak, HarpuMep, MPU MPOXOXKIACHUU
peaxiuu

CaCOzp) = CaOp) + CO2(p)

CTaHJapTHasi SHTPOMHUs cucTeMbI Bo3pactaet Ha 160 [Ix/Mons K.

2. CBs3b DHTPOMNUU C arperaTHbIM COCTOSTHUEM MOXKHO TOKa3aTh Ha
CJIEYIOIIEM MMPUMEPE:

BeHleCTBO BI‘Z(;K) B M) | 2(x) | 2(r)

SOJLK/(MOHL-K) 152,3 245,35 116,7 260,6

3. DHTpomms MPOCTHIX TBEPABIX BEIIECTB, CJIa0O 3aBUCUT OT

MopAAKOBOT'O HOMCPA 3JICMCHTA.



4. YBenuueHre 4uciaa aTOMOB B MOJIEKYJIE U YCIOKHEHNUE MOJIEKYJIbI
MPUBOAUT K YBEIUYECHUIO SHTponuu. Hanpumep:

BemectBo O 02 O3

SO/ (momb-K) 161 205 2388

DTO CBSI3aHO C JIEKTPOHHBIM CTPOCHUEM: YEM TSKEJIEE CTPYKTYpHAs
eNHUIA, TeM OOJbIIE B €€ COCTaBE AJEKTPOHOB U OOJbIIE COCTOSHUM, B
KOTOPBIX OHA MOKET HAXOIUTHCS.

5.  DHTpomus 4acTO BO3pPACTAET MPU PACTBOPEHUU TBEPJOIO WIIU
YKUJIKOTO BEIIECTBA U YMEHBIIIAETCA IPU PACTBOPEHUM T'a3a B KUJIKOCTH:

BermiectBo NaCl , NacCl, CH30H, CH30H,

S%os 72,4 115,4 127,0 132,3

VYBenuueHnue S CBSI3aHO C YBEJIWYECHUEM IMOJBM)KHOCTH YacTHIl U
3aHUMAeMOro MMM O0bEMa, a YMEHBIIEHHE - C O0Opa30BaHHEM HOBBIX
CBA3EH U, CJIEIOBATENIBHO, OTPAHUYEHUEM CBOOO 1Bl IEPEMEIICHU.

OHTpONMST Y TEPMOJMHAMHUYECKAs BEPOSATHOCTH CHUCTEMBI -
BOKHEUIIIME TOHSATHS TEPMOAMHAMUKH, B HHUX YCTAHABIMBACTCS CBS3b
MEXIY MHUKPOH MAaKpPOCOCTOSHUSIMHU CUCTEMBI. [103TOMYy HEyAMBUTEIBHO,
YTO MMEHHO Yepe3 ATU MOHATUA (OPMYIUPYETCS OCHOBHOU (BTOPOIA)
3aKOH TEPMOJWHAMHKH. B HM30JUPOBAHHOM CHCTEME CaMOIPOU3BOJIBHO
UIYT TOJIBKO TEIUIONPOLECCHl, KOTOPBIE COMPOBOKIAKOTCI BO3PACTAHUEM
suTponuu (AS >0).

Tepmoounamuueckue nomenyuanwl. Ha npakmuke paccmompenue
U30IUPOBAHHBIX cucmem U ucnoavzosanue (AS)uv 6 kauecme kpumepus

PABHOBECUSL U HANPABIEHUSL NPOYecca KpatiHe HeyO0OOHO, MAaK KaK pacyem



USMEHEHUsL SHMPONUU O U30TUPOBAHHOU cucmeMbvl 3ampyonumenet. Ho
C NOMOWDBIO IHMPONUU MONCHO BLIYUCIUMb Opy2ue (DYHKYUU - SHEpIuro
Tuboca(G) wunu smnepeuro Ienvmeonvya(A), sersowuecs rkpumepusimu
pasHosecus U HANpaeieHus npoyecca npu NOCMOSIHHbIX memnepamype u
oasnenuu uiu npu NOCMOSIHHBIX memnepamype u ooveme.

Y 100CTBO HUCHONB30BAHUSI ITUX TEPMOAMHAMHYECKUX (PYHKIMN B
KaueCTBE KPUTEpPHUsS PaBHOBECHS Ipollecca CBA3aHO C TE€M, UYTO MHOTHE
MPOIECCHl XMUMHUYECKOW TEXHOJIOTHU TMPOTEKAIOT TMPH IOCTOSSHHOM
JABJICHUHU U TEMIIEpa-Type, €CJIU OHM MPOBOJATCS B OTKPBITHIX anmaparax,
WU TIpU TIOCTOSSHHOM OObEeME U TeMIepaType, €CJIM OHU MPOBOA-SATCS B
3aKpBITHIX allllapaTax, HapUMeEpP, B aBTOKJIaBax. BBenenue s3tux QyHKIIHMA
MO3BOJIJIO COCAATh CPAaBHUTEIBLHO MPOCTOM B MAaTEMAaTHMYECKOM ILJIaHE
oO1IMi anmapaTt COBpEeMEHHON TE€PMOIMHAMUKH.

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.

Pemim 3T0 ypaBHEHHSI OTHOCUTEIBHO MOJe3HOM padboTsl W':
-oW'>dU -TdS + pdV

B oOparumom porecce Tmone3Hass paboTa HUMEET HauOoJbIIee
3HAUEHHE M HAa3bIBACTCS MaKCUMaJIbHO Moje3Hou padorout - W'm. Ilpu
MOCTOSIHHBIX TTapaMeTpax- JIaBJICHUU U TeMIIepaType,- B cliydae 00paTUMIO

Imponecca, HEPaBCHCTBO



-OW'max = d(U - TS + pV)
I7ie MpaBasi 4yacTh TOr0 PAaBEHCTBA €CTh TEPMOJMHAMHYECKas (yHKIIHS,
oOnamaromias cBoiicTBaMu mojHOro nuddepennuana. Ita  QyHKUIUS
Ha3bIBaeTCs HHEprueit ['nbdoca.
G=U+TS+pV

W3 BbIllle NMPUBEACHHBIX YPAaBHEHUI BBITEKAET (PU3MUECKUU CMBICI

TOU PYHKIINHU:
dGp, T =oW'm
WIn
AGp,T = W'max

TO €CTh I[OCTOSHHBIX [JaBJI€HUU W TEMIEpPaType YMEHBIICHUE
sHepruun ['nbOca s oOpaTMMOro Tmpolecca paHO MaKCUMAJIbHOM
M0JIe3HOM padorTe.

JHeprus ['eabMroJsbua. Beiie npuBeIeHHYIO HEPABEHCTBO MOYKHO
MPEJCTaBUTh B BUJIE:

oW - pdV >dU - TdS

[Ipyu mocTosiHHBIX O0BEME W TeMIEepaType U B ciiydyae oOpaTUMOro

MpoIiecca MOCIEIHEE YPABHEHHUE MIEPENUILIETCS B CIEIYIOIIEM BHUIE:
oW'max - pdV =d(U - TS)
dyHKIMs, 00J1aarolias CBONCTBaMU MoJbHOTO auddepeniuana
A=U-TS
Ha3bIBaeTCs aIHepeuel [ervmeonvya. POUBNYECKUM CMBICT ATOU

GYHKIUU: npu  NOCMOSAHHLIX 00beme U memnepamype YMeHbUleHUe



snepeuu Ienvmeonvya npu oboamumom npoyecce pagHO MAKCUMALLHOU
noJe3Hou pabome:
-dAV,T = 6 W'max
WIn
AAV,T = - W'max

Oneprusi ['ub0ca u sHeprus ['enbmrosibiia CBS3aHbl C JAPYTUMHU

TEPMPIMHAMUYECKUMHU (PYHKITUSIMHU COOTHOIICHUSMMU:
G=H-TSum AG = AH - A(TS)
A=U-TSum A4 =AU - A(TS)

Oneprus ['mub66ca u sHeprusa I'enbMmrosibia - TEPMOIUHAMUYECKUE
GyHKIIMHA, KOTOpbIE, HWMEIOT BaXXHOE 3HAUYCHHUE B XUMHUYECKOU
TepMouHamMuke. OHU  SBIAIOTCS (PYHKIUSMH COCTOSHHUSI, TO €CTh
W3MEHEHHE OSTUX (PYHKIIMK BO BpeMs Ipollecca HE 3aBUCUT OT IYTH
mpolecca, a 3aBUCHUT TOJBKO OT HAYaJdbHOIO W KOHEYHOTO COCTSHUHU
CHUCTEMBL.

33}13‘11’1 " BOTIPOCHI 1JIdA CAMOKOHTPOJIA

1. YUto uzyuaeTt TepMOXUMUS?

2. ChopmynupyiiTe NepBblil 3aKOH TEPMOJIUHAMUKH.

3. Uto noka3bIBaeT CTaHAapTHAs TEII0Ta 00pa3oBaHus?

4. Kak unraercs 3akoH ['ecca?

5. HazoBute yClOBUS CaMONPOU3BOJIBLHOIO TMPOTEKAHUS TIPOIIECCOB B
V30JIMPOBAHHOW CUCTEME.

6. IlpuBeauTe npUMEpPHl MPAKTUYECKOTO MCIOJIB30BAHUSI 3HAHUSI 3aKOHOB

TEPMOANHAMUKHU B TCXHOJIOTHH IIPUTOTOBJICHUSA IMTUITN



7. Temotsl pactBopeHust cynbdara Meau (CuSOs) M MenHoro Kymopoca
(CuSO45H,0), paBubl -66,11 k/x u 11,72 /b COOTBETCTBEHHO. Bbrumciure
TEIUIOTY THApATAINH Cylbdara MeIu.

8. Briunciure TemiaoBod 3PQPEeKT U HANUIIUTE TEPMOXUMHUYECKOE YpaBHEHHE
peakuuu roperust onHoro mMois 3taHa (CoHeq), B pe3ynbrare KOTOpoil 00pasyrorcs
napsl BOJbI U JUOKCU yriaepoa. CKOJIBKO TEIUIOTHI BBIIECIUTCS MPU CTOPAHUM TaHa
oowsemoM 1 mM3(n.y.)?

9. Peakuusi ropeHusi OEH30JI1a BBIPAXKAECTCS TEPMOXHMHUYECKHUM YPABHEHHEM:
2CeHs(x) + 150,(r) = 12CO2(T) + 6H20O(T). Bhruncnure TernoBoi 3P¢heKT 3Toit
peakuuu.

10. I'a3000pa3HbIil 3TUIOBBIA CIIUPT MOKHO MOJYYHUTh NMPU B3aUMOJECHCTBHU
STUJIEHA U BOJSHBIX MMapoB. Hanummre TepMOXUMHUECKOE YpaBHEHUE 3TOM pEeaKIuH,
BBIYUCIIUTE €€ TeII0BOM A (PeKT.

11. Berunciure TerioBoi 3(hPeKT peakiuy ropeHust STUIOBOTO CIIUPTA:

C2HsOH(x) + 302(r) = 2CO2(1) + 3H20(1)

12.Ilpouecc cnUpPTOBOrO OpPOMXKEHUSI TIIOKO3bl MPOTEKAET IO YPaBHEHUIO
peaxkiuu:

C6H1206(Kp) = 2C2H5OH()K) + 2C02(F) AHXp = - 50,6 KI[)K

Boluucnure cTaHIapTHYIO TEIUIOTY 00pa30BaHUs TJIFOKO3bI.

/- TeMa XUMHYECKasi KHHETHKA 1 XUMHYECKOe PaBHOBECHUC

Ilnan:
1. CKOpOCTh XUMHUYECKUX PEAKLIUI U BIMSIONINE HA HEE (PAKTOPHI
2. KaranuzaTtopsl, KaTaTuTUYECKUE MTPOLIECCH
3. 'oMOTeHHBII 1 reTepOTreHHbIN KaTaau3

OmnopHble CJI0Ba U BBIPAKEHHUSI: CKOPOCMb XUMUYECKUX Deaxyutl,
3aKOH Oelicmeyrowux macc, sHepeuss lubbca, KOHCmamma CcKOpOCMU,



KUHeMU4ecKas YpasHeHUs peaKyul, KUHemuxKa 2emepoceHHblX peaxyull,
3akon Baum-lI'oghpa, memnepamypuolii kos3ppuyuenm Baum-I'ogga,
ypasHeHue  Appenuyca,  Kamanuzamopvl,  20MOSEHHbI  KAMAIU3,
2emepOceH bl Kamanus, OeHamypayusi, CeleKmusHoCmb, NPOMOMOpbl,
Kamanumuyeckue s0bl, UHSUOUMOPDbL
7.1. OcHOBHBbIE MOHATHA 0 XHMHYECKOH KMHETHKE

TepmMoguHamMuka u3y4daeT TOJBKO COCTOSHHS CHCTEM, OHa HeE
IIPOCIICKUBACT MTOAPOOHO MyTh PEaKIUH, MO3TOMY OHAa ONPEACIACT JIUIIb
MOTCHIIMAIBLHYI0O BO3MOXHOCTh €€ TIPOTEKaHHS B  OINPEACICHHOM
HarpaBjieHUH. B ypaBHEHHSIX TEPMOJUHAMUKH HET TaKOW BEIMYHHBI, KaK
BpEeMsI, TIO3TOMY OHA HE MOXKET ONHUCATh CKOPOCTH IpoiieccoB. CKOPOCTh
peakuu IpsSMO HE CBi3aHa coO 3HadeHuem »Hepruu I['ubdca (AG).
Hampumep, TepMoamHaMHYecKass BEPOSATHOCTb PEAKIUU  OKHCICHUS
BOJIOPO/Ia IO BOIBI

H> + %202 = H20 (x), AG®298 = -237,2 kJI>x/MOIIb,

3HAYMUTENIBHO BBIIIE, YeM BEPOSTHOCTh PEAKIMH HEHUTpaIHM3alluH C

00pa3oBaHUEM BO/IbI
H" + OH™ = H20 (x); AG®298 = -79,9 xJI>x/MoOTIb.

Opnako mepBas peakmus B OOBIYHBIX YCIOBUAX O€3 Karaiu3aTopa
PaKTUYECKHU HE UJCT, a BTOpas peakius MpoTeKaeT MTHOBEHHO.

KuHeTHka - Hayka O CKOpPOCTAX M MEXaHH3Max IPOIISCCOB.
XUMHUYeCcKass KWHETHKA HW3y4aeT CKOPOCTH M MEXaHW3Mbl XHMHYECKUX
pEaKIIUN.

3aauy XUMUYECKOW KUHETHUKH 3aKITI0OUYAETCS B CICTYIOIIEM:



— ONpENeNIAeT CKOPOCTh NPHXOJa PEAKIUOHHOM CMECH B COCTOSHHE
paBHOBECHS;
— HU3y4YaeT, uepe3 Kakue NPOMEXYTOUHbIE BEUIECTBA 00pa3yroTCs
KOHEUHbIE MPOYKTHI;
— HCCJIENYIOT 32aBUCUMOCTh KOJIMYECTBA PEAr€HTOB OT BPEMEHHU.
Ckopoctp  xumuueckol  peakumn  (Vxp) €CTh  HM3MEHEHHE

KOHIIEHTPAILMU KAKOTO-JTMOO peareHTa uin MpoayKTa B €MHUILY BPEMEHH:
AC dC
— At 0 =", Monp/1c wm 1/em®-c (7.1)

IIpr 3TOM CKOpPOCTH M3MEHEHHS KOHLEHTPAlMN BCEX MPOAYKTOB U
pEareHTOB OJIHO3HAYHO CBSI3aHK MEXAy coOou. [[ns peakiuu
aA+bB+..=cC+dD + ..
_1dC,_ 1dC, _ 1dC._ 1dC, _ (79

a dt b dt cdt d dt

ITon MexaHM3MOM peaklMH B KMHETUKE MOHUMAIOT MYTh PEAKIINH,
T. €. MOJApOOHOE HU3MEHEHHE KOOpJIWHAT BCEX YACTHI[ B €€ XOje,
cOMMKEHNE U yJaJieHHEe aTOMOB W PaJWKajIoB, TOBOPOTHI MOJIEKYJT M X
yacTel, pa3phiB U 0Opa30BaHME HOBBIX XUMHYECKHX CBsizel. B xone
M3MEHEHUS KOOPJAUHAT AaTOMOB MPOUCXOIUT U3MEHEHUE SHEPTUM.

MexaHn3M XHMHYECKOM peakiuv yJ0O0HO OINMHCHIBATH C TMOMOIIBIO
KpHUBBIX noTeHnnaabHoi neprun (KIIJ) B xoopauuarax sueprus (E) -
nyTh peakiuu (() (Ha caMoM Jiejie peakilusi ONMMCHIBACTCS MOBEPXHOCTHIO
NOTeHUAJALHOM JHepruu - [I[[D B MHOroMepHOM NPOCTPAHCTBE

KOOPJIMHAT BCEX ATOMOB CUCTEMBI).



Ha puc. 7.1 nokaszana cxematnudo KIID nmnst peakuuu peareHT —
—npoayKT (kpuBas 1). BugHo, 4To X0/a peakiyuu OMUCAH MaKCUMaJIbHO
noapoOHo; Ha KIID ecTh MUHUMYMBI (p€areHThl U MPOAYKThI) U MAKCUMYM
- JUIS. TIPOMEKYTOYHOTO TMEPEXOJHOTO COCTOAHMS. Takue MakCUMYyMBbI -
sHEpreTuyeckue 0apbepsl (£a) Ha MyTH Peakiuy, IPUYEeM OHU Pa3HbIC IS

npsSIMOM U OOpPaTHOM peakIuu, TaK YTO

_> 4—
Ea - Ea=AHa peakiuu (73)
3aecb Ea - BeIMYMHBI DHEPrEeTHYECKHX 0aphepoB, KOTOPBIE

HA3bIBAIOT SHEPIUSMH aKTUBAIMU. JTO BBIPAKEHUE MAET CBS3b MEXKIY
KUHETUKON (Fa - KUHETHYSCKUW MmapameTp) W TepMoauHaMukon (AH)
peaKkuu.

KirodueBbIM ~ yTBEPKICHHEM XMUMHUYECKOW KHHETHUKH  SIBJISIETCS
MOJIOKEHUE O TOM, YTO PEAKIIMU MTPOUCXOIST B PE3YyJIbTaTe CTOJIKHOBEHUM
aTOMOB WJIM MOJICKYJl pPEareHTOB; 4YacTh CTOJIKHOBEHHH NPUBOAUT K
peakuun. Kpuas 1, uzoOpaxeHHas Ha puc. /.1, OTHOCUTCA K Ciydaro
MPOCTOM (3JIEMEHTAPHOM) PeaKUuM, T. €. PEAKIUU, KOTOpask MPOXOIUT B
OJIHO CTOJIKHOBEHHWE W B KOTOpPOM HE O0Opa3yloTcsi MNpPOMEKYTOUHbIC
ycToiuuBbie coenuHeHus. KpuBasi 2 COOTBETCTBYET CIOKHOM peakiiuu,
npoTeKarole uepe3 JABe craauu (ABa Oapbepa) W yepe3 OJAUH

MPOMEXKYTOUYHBIN YCTONUYMBBIN NPOAYKT (MUHUMYM B CEPEIMHE KPUBOM).



v

q

Puc. 7.1. KpuBas noteHImaIHoN 3Hepruu s anemenTapHoi (1) u cimoxxHoi (2)
XUMHUYECKOUN peaKIIiH.

Ha ckopocTh peakiiuu BIUSIOT MHOTHE (PAKTOPbI: KOHIIEHTpAIIMS
peareHToB,  TeMmmepaTypa, JaBJICHUE,  KaTaJu3aTopbl,  BHEIIHUE
BO3JICHCTBUS, HAIPUMEDP U3ITYUYCHUSI, U JIP.

7.2. CropocTh XMMHYECKUX peakunil U GaKkTopbl BIAMSIONIAE HA
e€ 3HAYCHUSA

3aBHCHMOCTb CKOPOCTH XUMHMYECKOH pPeaKkIu OT KOHIEHTPALMH
peareHTOB. Tak Kak CKOPOCTh XHMHYECKOW pEaKIuh 3aBUCUT OT
CTOJIKHOBEHUM, a KOJUYECTBO CTOJIKHOBEHHW B €AUHUIIE 00BbeMa,
OYEBHUIHO, MTPOMOPIIMOHATBLHO KOHIIEHTPAIIUU CTATKUBAIOIIUXCS MOJICKYJI,
TO MOXKHO TPEIINOJO0XKUTh, YTO CKOPOCTh PEAaKIMU MPONOPIHOHAIbHA
KOHIICHTPAIIUSIM PEareHToB, T. €. U1l HeOOpaTUMOM MPOCTOH peakiiuu

aA+bB+...=cC+dD+..
V = K[A]*[B]°.
(3aKOH JEHCTBYIOIIMX Macc JUIsi KWUHETUKH). 37ech k - KOHCTaHTa
CKOPOCTH, T. €. CKOpOCTh peakuuu nipu [A] = [B] ==1 momnp/m.
OTH pacCyXACHUS BEpPHBI JIMIIb B TOM Clly4ae, €CJIU PEaKIHs

JJIEMEHTapHas (B OJHOM CTOJKHOBEHMM Y4YacTBYIOT a MOJIEKyl A, b



MoJiekya B) u npu 3ToM cpaszy o0pa3yroTcst KoHeuHble TpoayKTel C, D u T.
1. Ecim peakuus cio)kHasi, TO CKOPOCTh 3aBUCUT HE TOJIbKO OT [A] u [B],
HO M OT KOHILEHTpAIUH MNPOMEKYTOUHBIX MPOJYKTOB M CKOPOCTEH HX
pacxoJ0BaHUsl, TaK YTO OOBIYHO KOI(P(PUIIMEHTHI B YPABHEHUU PEAKIIUU HE
COBIAJIAIOT ¢ a U b (OHM MeHbIIe uX). B 3TOM cilydyae KMHETHYECKOE
YPaBHEHHE 3aMUCHIBACTCS:

V =K[A]" -[B]°

B apyrux ciydasx HMMEIOT MeCTO 00Jiee CIOXKHBIE ypaBHECHUSI.

Hanpumep, asist CJI0KHOM (LIETTHOM) peakiinu

H> + Bro = 2HBTr

o _dlrer]_H. [er
dt k'[HBr|

Bollie TmpuBEICHHBIE YpPABHEHUSI HA3bIBAIOTCS KUHEMUYEeCKUMU
VPABHEHUAMU XUMUYECKUX PeaKyUl.

Kospoummentst @ w b B  ypaBHGHMHM HOCIT Ha3BaHHC
«MOJIEKYJISIPHOCTB» pEaklMu Mo BemectBy A u B cooTBETCTBEHHO;
cymma (a + b) - cymmapnas (001mast) MOJIKYJIIPHOCTD ITPOCTON peaKIIuH.
[loHsiTHEe «MOJEKYJISAPHOCTH» MPUMEHUMO TOJIBKO K MPOCTOM pEeaKiHH.
BbruriciieHns 1 HaOMIOACHUS TOKAa3bIBAIOT, 4To (@ + D) He MOXeT OBITh
oonbiie Tpex. Ecnm s kakoh-1ubo peakiyu 3Ta cymma 0oJbIle TpeX, TO
MOXXHO  yTBEpXKJaTh, 4YTO peakuuss cioxHas. [lo konuuecTBy
CTAJIKUBAIOLIUXCS B AJIEMEHTAPHOM AaKTe€ MOJIEKYJ PEaKIMU Ha3bIBAIOT

MOHO-, OU- U TPUMOJIEKYJISIPHBIMHU.



Koadpduimentsl @ 1 b B ypaBHEHHMHM HOCAT Ha3BaHHE «YACTHBIM
MOPSIA0K» PEaKIINH 110 BEIIECTBY A M B COOTBETCTBEHHO, a cymma (a + b) -
oOIMI  TOPSAIOK  PEaKIuu. Ot KOdpOUIMEHTHI  HAXOMST
OKCIEPUMEHTAIbHO, M OHM MOTYT OBITh  LEABIMU, JPOOHBIMH,
OTPHUIIATEABHBIMA M PaBHBIMH HYJ0. TIOPAIOK M MOJEKYJISIPHOCTH HE
BCErJa COBMAJAIOT W B ClIydyae MPOCTOW pEakKluu; eCJIH, Harpumep,
KOHIICHTpAI[Msl OJHOI'0 M3 PEarcHTOB MHOIO OOJIbIIE, YeM JAPYTuX, TO
CKOPOCTh MPAKTUYCCKH HE 3aBHCHUT OT 3TOH KOHICHTpPAIMH H, XOTS B
pCaKIiMH y4YaCTBYIOT BCE MOJIEKYJIbI, €€ IMOpPSA0K OyIeT MEHbIIIEe
MOJICKYJIIpHOCTH. Ha 3TOM OCHOBaHO HAXOXKICHHUE MOPSAKOB PEAKIUM 110
BEIIIECTBAM - METO/ MOHUKEHHSI MOPSAKA PeaKIuH.

Koncranra ckopoctu (K) He 3aBUCUT OT KOHIICHTPAI[Mil pearcHTOB,
HO 3aBUCUT OT MPHUPOILI PCArcHTOB, HANPABIACHHUS PEAKIHH (IIPUPOIBI
OPOAYKTOB) M OT TemmepaTypsl. KOHCTaHTY CKOPOCTH HaxOIAT U3
SKCIIEPUMEHTAIBHBIX JJAHHBIX pacdeToM (u3BectHsl V, [A], [B]....,a, b, ...):

oy
E =AF B ...

Kak BHIHO M3 3TOr0 BBIPAXKXCHHMS, Pa3MEPHOCTh K 3aBUCHT OT MOpPSAKa
peaKIvu:

71 PEeaKuy mepBoro mopsiaka (a + b+..=1) - ¢%;

IS PEAKLIUY BTOPOro MOPSIAKA - 11 - ¢ 1-Monp L,

71 PEAKLIUY TPEThero MopsaaKa - 12-c1-Mojb™ .
OcCo0eHHOCTH KMHETHKH I'eTepOreHHbIX peakunuii. ['ereporeHHbie

peakiuy UAYT Ha TOBEPXHOCTH pazzena (a3, MOITOMY O0COOEHHOCHIbIO



KMHETUKA JTUX PEaKIHMi SBJSICTCS BIHMSHUE TUIONIAAN PEAKITHOHHOM
MOBEPXHOCTH (S) HA CKOPOCTh PEAKLIMH, P 3TOM KOHCTAHTa CKOPOCTH K =
k'-S.

Ecnu B peakuuum ydacTBYIOT TBEpAbIC WJIM KUAKHUE BeliecTBa (HE
pacTBOpbl), TO MX KOHIIEHTpalUsl B ypaBHEHUH, NJi1 PABHOBECHUs, HE
yuuThIBaeTcs. Hanmpumep, aJist peakuuu

CaOy + COy) = CaCOs,

kuHeTnyeckoe ypaBHenue nmeet Bua V = K[CO2]* = K'S[CO]%, a mis
peakiuu CaOy + HO, = Ca(OH)» - V =k =K'S.

3aBHCUMOCTb  CKOPOCTH OT Temmepatypbl. IloBhieHue
TeMIepaTypbl  yCKOpSET  OOJBIIMHCTBO  XMUMHUYECKHUX  pEaKIIUil.
[lepBonavanibHo Bant-I'opd sKcriepuMeHTaIbHO YCTAaHOBUJ, YTO TMPH
YBEeJIMYEHUHM TeMmmeparypbl Ha Kaxabie 10 rpaaycoB CKOpPOCTH
Bo3pactaer B 2+4 pasza (npaBwio Bant-I'odda). D10 cooTBeTcTByeT
CTEIIEHHOM 3aBUCUMOCTH CKOPOCTH OT TEMIEPaTypHhl:

T-To
10 (7.4)

V = Vo' y

rae T>To, v - TeMnepatypubliii ko3¢ uunent Bant-T'odda.
OpHako 3TO  ypaBHEHHUE  TEOPETHUYECKHM HE  OOOCHOBAHO;
IKCTIEPUMEHTAJIbHBIE JAHHBIE JIyYIlle OMUCHIBAIOTCS AKCIOHEHIIMAIbHOM

dbyHkuueit (ypaBHeHre AppeHuyca)

V = A-exp(- RE

a (7.5)
T)



rae A - NpeadKCNOHCHIIUATbLHBIN MHOXUTEb, HE3aBUCIIINAN OT 7

E, - oHeprus akTuBaluu Xumudeckoil peakiuu(klx/Monn); R -
yHUBEpCabHas ra30Basi IOCTOSIHHASI.

VYpaBHeHHs AppeHHyca OOBIYHO 3alMCHIBAIOT ISl KOHCTAHTBI
CKOPOCTH: K=k, exp( ) (7.6)

OTO  ypaBHEHHE TeopeTquCKH 000CHOBBIBACTCS ~ METOJIaMU
cTaTucTUUecKor (u3uku. KauecTBeHHO 5TO 000OCHOBaHHE COCTOUT B
CICAYIONIEM: TaK KaK peakluu HUIYyT B pe3ysibTaTe OECHOpsSI0YHBIX
CTOJIKHOBEHUW MOJIEKYJ, TO OTH CTOJIKHOBEHHUS XapaKTEPHU3YIOTCSA
MPAKTUYECKU HEMPEPHIBHBIM HA0OPOM HEPTUM OT CaMbIX MaJEHBbKUX O
oueHb OoJybiMX. OUYEBUIHO, YTO PEAKIMS MPOUZOUAET TOJBKO TOT/A,
KOTJla MOJIEKYJIBI COYJIapsSIOTCSl C DHEPTrUeil, TOCTaTOYHOU JjIsi pa3pbiBa
(WM CYIIECTBEHHOI'O PACTSHKEHHUS) HEKOTOPBIX XUMHYECKUX CBsizeil. [[ms
KKJIOW CHUCTEMBI CYIIECTBYET MOPOT sHepruu Fa, HauuMHas C KOTOPOTo
SHEPrusl JOCTATOYHA JJIsI MPOTEKAHUSI PEaKiuu, - dTOMY MEXaHU3MYy Kak
pa3 u cooTBeTcTByeT kpuBas 1 Ha puc. 7.1. Tak kak coymapeHus
MPOUCXOMSIT €  YacTOTOM, 3aBHUCAIIEH  OT  TeMmIepaTrypsl 1O
9KCITOHCHITMAIBHOMY 3aKOHY, TO U TOJIy4aroTcst hopmyisl (7.5) u (7.6).

Torga mpemadKCHOHEHIMAIBHBIE MHOXUTEIH A W Ko MpeacTaBisiroT
HCKOTOpyIO XapaKTePUCTUKY TIIOJHOTO 4YHCJa CTOJIKHOBEHUM, a YJieH
A-exp ( ) JIOJTIO PE3YJIbTATUBHBIX CTOJIKHOBEHUM.

AHanm OKCIIEPUMEHTANBHBIX  JTAaHHBIX  MPOBOMST, TOJIB3YACH

norapudpmudeckoit hopmoii ypaBaenwii (7.5) u (7.6):

|k—|k-— 1.7
nk = Ink, - =2 (7.7)



['paduk CTpOST B TaK Ha3bIBAEMBIX APPEHUYCOBCKUX KOOPAMHATAX

( Ink _T(Lk) ,  CM. puc. 7.2; u3 rpaduka HaxoadT Ko 1 E,.
Ink ?
— .
In ke 8=
w
"1
=

Puc. 7.2. AppCHI/IYCOBCKaSI 3aBUCHUMOCTD IJII KOHCTAHTBI CKOPOCTH (TO‘-IKI/I -
OKCIICPUMCHTAJIbHEBIC I[aHHI:Ie)

[Tpu HaTUYKMK SKCIIEPUMEHTAIIBHBIX JAHHBIX JIJIS JABYX TeMmrepaTyp Ko

U E, JIETKO TEOPETUYECKN HANTHU:

— =" _ E, .
Inkl Inko RT]_ ) Ink2 - Inko = R—_F'Z ; (78)
_RTiT ok _ 23RTNTy . ko
Ea B Tl'TZ In kg B Tz-Tl ' Ig k1 (7'9)

CKOpOCTh XMMHUYECKON peakiuu B 3HAYUTEIBHOM Mepe 3aBHCHUT OT
PHEPruM axkTuBanuu. Jls momaBisioniero OOJBIIMHCTBA pPEAKLUA OHA
aexuT B npeaenax ot 50 go 250 x/[x/monb. Peakiuu, nis kotopeix E, >
150 k/lx/Monb, mnOpM KOMHATHOM TeMIlepaType MPaKTUYECKH HE

POTEKAIOT.



7.3. IIpocTthie U ciokHbIe peaknuu. [lenHble peakunu

Peakimmonnass cucrema (peakTop) - 4acTh IPOCTPAHCTRA,
coelpKaliasi ~ COCTaBJAIONIME  BEIIECTBA:  HCXOJHBIE  pPEarcHTHI,
WHTEPMEANAThl, TMPOJAYKThbl, HWHEPTHbICE KOMIOHEHTHI. PeaKInOHHBIM
MPOCTPAHCTBOM MOXKET CIYKUTh MOBEPXHOCT.

Knaccudukamus peakiimoHHBIX COCYI0B (PEaKTOPOB):
. 3aKpBITHINA: OTCYTCTBYET OOMEH BEIIECTBAMU C BHEITHOCH CPEJION.
. Ctatnueckuil (711 3aKPBITBIX  PEAKTOPOB): OOBEM  PEAKIIMOHHOTO
MPOCTPAHCTBA MTOCTOSHEH.
. OTKPBITBIN: UMEET MECTO MAaCCOOOMEH C BHEITHEH CpeoH.
. besrpanueHTHbI  (TOYEUHBIN): KOHIIGHTpAIlUsl KaXJIOro BeIIeCTBa
OJIMHAKOBA B JIIDOOM TOYKE 00OBEMA.
. PactipenieneHHbli: UMEETCS TPaJUEHT KOHLEHTPAIMU XOTSA Obl OJHOTO
COCTaBJIAIOIIETO.

PeakironHas cucteMa MOXET () UMETh WM HE UMETh MOCTOSHHYIO
TeMiiepatypy; (0) ObITb UK HE OBITh TEPMUYECKHA OAHOPOIHOM.

DJiIeMeHTApHbIe  peakuuu. B 3JIeMeHTapHBIX  peaKIUsIx
MpPEBpAIICHUE MCXOJHBIX BEIIECTB B MPOAYKTHI MPOTEKAET TakK, Kak
3allUCAaHO B  CTEXMOMETPUYECKUX ypaBHEeHHUsAX (0e3 oOpazoBaHuUs
WHTEPMEJINATOB), MPHUYEM MPOIIECC COMPOBOXKIACTCS OOpa30BAHHEM WIIH
pPa3pbIBOM OJTHOM XMMHUUYECKOU CBS3HU.

[Ipumepsrr:
pHNEP H+ 0, — OH +H

CO+0OH — CO,+H [ OumonexkyisipHbIe
Br+H, - HBr+H
H:0" + H,O + CHs — Hs02" + CH4 TpumosekynspHast



Y4acTHUKK 3JIEMEHTapHOM pEeaKIMy BKJIKOYAET B Ce0s YaCTHUIIBI C

8bICOKOU PeaKyuoOHHOU CNOCOOHOCMBIO:.
- Pannkarbl
- Non-paaukasl
- Monbl

Monexynaprocmoio BJIEMEHTAPHOU peaKkunu Ha3bIBACTCA
MHHUMAaJIbHOE YHUCJI0 YaCTHUIl, HEOOXOUMOE JIJI €€ IIPOTECKAHMUS.

IIpocThie n ci10:KHBIE peakmuu. [IpocThie peakuyu OTIMYAKTCS OT
AJIEMEHTAPHBIX TEM, YTO BCE€ YYAaCTBYIOIIME B HHUX YaCTHIIbI SIBJISIOTCS
monekynamu. Tlogapinstoiiee OOJBIIMHCTBO MPOCTHIX PEAKIMM SBISIOTCSA
ajeMeHTapHbIMU. [IpuMep npocToit peakiuu:

2NOI — 2NO + 1,
Peakuuu, BKIIOUAKOIIUME O06e U Oollee DJIEMEHTAPHBIX PEaKIUi,

ABIIAKOTCA CJAOHNCHBIMU.

N,Os = 2NO, + 1/20, CliosKHas } Paznoxenune
___________________________ okcua azora(lV)
\
N2Os = NO; + NOs3
O6parumbie
NO,+NO; =2 NO,+ NO+ 0, (He ’IIeMEHTapHBIC) Tpu cramguu
— CIIOKHOM
NO +NO3 — 2NO; }  Heoparumas pratHn
(omemenTapHas) )

COBOKYITHOCTh BCEX PEaKLUW, PEAH3YIOIINX [TaHHOE XUMHYECKOE
IIPEBPALICHUE, COCTaBJISIET  MEXaHU3M  pPEaKLUH. OOpatumbie
AJIEMEHTApPHBIE PEAKLINUM PACCMATPUBAIOTCA KAk OJHa craaus. Peakuwuw,

MPOTCKAOIHUEC OYCHb MCIJICHHO MOT'YT HC BKJIFOYATbHCS B MCXAHHU3M.



IIpuBenemM KpaTKHe CBEACHUS M3 XMMHUUYECKOM KMHETHKU - HAYKH O
MEXaHU3ME M CKOPOCTHM XMMHUYECKHX peakuuu. BaxkHeuiias BeIW4YuHA -
CKOPOCTh XMMHYECKOM PEaKIIMU - OINPEICIISICTCS] M3MEHEHHEM BO BpEMEHH
KOJIMYECTBA KaKOIr'0-JIM00 M3 MUCXOJHBIX BEIIECTB MJIH MPOTYKTOB PEaKIIMH
B pe3yJbTaTe XHMHYECKOIr'0 IpeBpalieHus. XUMHUYSCKHE PEaKIMU MOTYT
IIPOTEeKaTh T'OMOT€HHO (B 0OBeMe OaHO# ha3bl) WM T'e€TepOreHHo (Ha
MOBEpPXHOCTU paszaena ¢a3). CKOpoCcTh TOMOI€HHOM peakiuu - 3TO
KOJIMYECTBO BEIIECTBA, BCTYMAIOIIETO B PEAKIMIO MKW 00pa3ylolierocs B
pe3ysibTaTe peakiuu B €IWHUIY BpEeMEHU B eauHuile oOwvema. Jlis
peaKIui, MPOTEKAIOIINX B CUCTEMAaX MOCTOSHHOTO 00beMa

i

Vi= Gt

rae Ci - KOHIEHTpaLus i - TO BEIECTBA, MOIb * M™° WIN K2 * M~
Vi - CKOPOCTB PEaKIMH MO | - My BEIIECTBY, MOMb - M- € wimm k2 - m3-¢cL,

Ecnum i-e BemecTBO - mpoaykt peakiuu, To dC;/ dt > 0, ecinu aro
ucxoaHoe BemiecTBo, To dCi/ dt < 0. Xumuueckue peakiuu ACIATCS Ha
IPOCTHIE U CIIOKHBIC. IIpocTas peakius MpoTekaeT B OJHOM HaIlpaBJICHUN
U B OJIMH JTall; KHHETHYECKast CXeMa TaKOW PeaKI[ii MMEET BU/I

X1+ Xo+L—>Y1+Yo+L,
rae Xi - HCXOAHbIC BelecTBa; Xj - IPOAYKThI PEaKIIHH.

K  CHOXHBIM  peakuusM  OTHOCATCS  OOpaTUMBbIE  PEaKI[HH

(0AHOBPEMEHHO IIPOTEKAOIIUE B IBYX MPOTUBOIOIOKHBIX HAIIPABICHUAX )
X1+ Xo+...—>Yr+Yo+ ...,

mapaJuiCJIbHbIC PCAKIIUH, OIMNUCbIBACMbBIC, B HACTHOM CJIydac KUHETUYECKOMN

CXeMOHu
— Y1+ Yo+ ...
X1+ Xo+...]

— 1+ 2o+ ...



Y TIOCJIEIOBATEIIbHBIC PEAKIINU, HAIIPUMED
X1+ Xo+L—->Y1+Yo+ Lo 2Z1+2>+L

JImst  mpocToM peakuud MOKHO —3alucaTh CTEXMOMETPUYECKOE

YpPaBHEHHE
viXi+vaXo+L — €Y +8EY2+L,

rae vi, & - crexuomerpuyeckue KodhPUIUEHThI, COOTBETCTBEHHO
paBHBIC YHCJIAaM MOJIEKYJT HCXOJHBIX BEIIECTB M IMPOIYKTOB PEAKIIUH,
YYacCTBYIOIIMX B D3JIEMEHTapHOM  mpoiecce. CTEXHUOMETPUUECKOE
YPaBHEHHE MO3BOJISET YCTAHOBHUTH CBSI3b MEXKIY CKOPOCTSIMH MPOCTOM
PEAKIINY 10 PAa3TUYHBIM KOMIIOHEHTaM:

_dCx _ CICZ(2 ,_dCY s dCY2
Vit YT o WS VT L

HpI/I KeasucmayuoHapHom 1POTCKAHUU TIIpoHecCa BCC HCXOIHBIC
BC€ICCTBA AOJIZKHBI HCYC34dTb, a4 MPOAYKTBI - TIOABJIATHCA B PC3YJILTATC
XUMHUYECKOU peakurn B SKBHUBAJICHTHBIX KOJHUYCCTBAX, TO €CTb HOOJIKHO

YHOBJICTBOPATHCA YCIIOBUC CTCXUOMCTPUHU:

M _ Ve V1 Ve

V1 V2

B ﬁ Vlr Vzr

Yem Oouibllle BEIUYMHA Vi WM €, TEM OOJbILIE IO MOIYJIIO TOJKHA
ObITb  ckopocTh peakuuu Vi i Vi (To ecTh 1mpu  OoJiblleMm
3HAUYEHUH CTEXHMOMETpUUYECKOro koddduimenta Ooiblee KOJIHMYECTBO

COOTBETCTBYIOIIETO BEIIECTBA PEArupyeT B €IMHUIY BpeMeHH). Otcrona



CICAYCT, YTO HC3aBUCUMO OT BBI60pa BCIICCTBA, CKOPOCTb PCAKIIMHU MOKHO

0XapaKTEPU30BATh BEIMUYNHOU

V= ﬁ — ﬁ Vl’ V2’

V1 V2 &1

Benuuuna V Ha3pIBaeTcsi  CKOPOCTBIO  IPOCTOM  peakiuu  0e3
OTHOIIICHUS K KAKOMY-JTU0O0 KOHKPETHOMY KOMIIOHEHTY.

CKOpOCTh TPOCTOM pPEAKIIMU TOJYUHSACTCS 3aKOHY JIEHMCTBYIOLIUX
Macc Vi Vs

V=kCx,Cx, L

rje K - KoHCTaHTa CKOPOCTH PEaKIUH, YHCIICHHO paBHAs €€ CKOPOCTH
MPU €IMHUYHBIX KOHIICHTPAIIUSX.

[ToguepkHeM, YTO B 3TO YpaBHEHHE BXOJST TOJIbKO KOHIIEHTpAIIMU
HCXOJHBIX BEIIECTB B CTETICHU UX CTEXUOMETPUUECKUX KO PUIIUECH-TOB.

CyMma CTEXHOMETPUUYECKUX KOAIDPUIIMEHTOB V = Y Vi, paBHas
KOJIMYECTBY MOJIEKYJ, MNPUHUMAIOIIUX Y4YacTHE B €IUHUYHOM aKTe,
HA3bIBACTCS  CTEXMOMETPUUECKUM  TOPSAKOM  (MOJICKYJISIPHOCTBIO)
peaKIuu:
v=>Vi =1 - MOHOMOJIEKYJISIpHAS PEAKIIHS;
V=YV =2 - OUMOJEKYJsIpHas pPEaKIus;
vV =>Vi = 3 - TPUMOJICKYJISIpHAs PEaKIIHs.

CTexuoMeTpUYEeCKUl TOPSI0K MPOCTOM PEAKIMU - BCErjaa IEeIoe
quCy0 (He ApoOHOE) U HE MPEBBIIIACT TPEX (BEPOSTHOCTH OJTHOBPEMEHHOTO

CTOJIKHOBEHHUs OoJjiee 4yeM TpeX MOJIeKyJl Onu3ka K Hymwo). [IpuMeHsTsh



3aKOH JCHUCTBYIOLIMX MacC IS pacyera CIOXKHBIX PEaKIUKA MOXKHO JJIs
OJIHOCTaJAMNHON 00paTUMOM peaKIuu, CKOPOCTh KOTOPOU
V=V+-V-,
rie V+, V- - CKOpOCTM peakiuu B TpPSIMOM U OOpaTHOM

HanpasiieHusx. [1o 3aKoHy JeHCTBYIOIINX Mace

V=k+ GG . —k-CEloy? .

rne k+, K- - KOHCTaHTBI CKOPOCTH TPSIMOW W OOpaTHOW peakIuil.

[Ipu V+ = V-BenmuuuHa V= 0, 4TO COOTBETCTBYET XUMUUYECKOMY

PaBHOBECHIO CUCTEMBI.

B oOmem ciyyae [ ONUCAHUS CIOXKHOM peakluu HYXHO
HECKOJIBKO CTEXHMOMETpUYEeCKUX ypaBHeHUH. CKIlajpIBas WX, MOJIydaem
OpyTTO-ypaBHEHHE PEAKIMHU, KOTOPOE OMUCHIBAET MPOLECC B 1I€JIOM, HO HE
OTpa)kaeT MCTUHHOTO MEXaHW3Ma XHUMHUYECKHX mpeBpaunieHui. Jlus
CIIOKHOM peakuuu MOXHO (Ha OCHOBE OSKCIEPUMEHTOB) 3alucaTh
ypaBHEHHUE, CBI3bIBAIOIIEE CKOPOCTh PEAKIIUU C KOHIIEHTPAIIMEH NCXOIHBIX
BEILECTB (KUHETUYECKOE YPAaBHEHHUE)

V=kCyiCxlL

rze Nj - TMOPSIOK pPeaKIWH TIo I-My BEMIECTBY; N =) N - TOPSIOK
peakuuyn (KMHETHYECKHI TOPSAOK peakuuu). B ortouume or v =
>'vi, KHHCTHUECKAN TOPSJIOK pPEaKIHu N MOXET OBITh JPOOHBIM HYHCIIOM.
PasMepHOCTh KOHCTAHTHI CKOPOCTH PEakIuu K 3aBHCHT OT ee mopsiaKa:

man=0, [k]=[C]-c?!;

man=1, [kKl=ct! ;



nan=2, [K]=[C]t-c?,
rne[C] - npuHATas pa3sMEPHOCTH KOHLEHTPALUH.
Pasnuune B pa3MEPHOCTH KOHCTAHTHI CKOPOCTHU peakiuu K CBA3aHO C

TEM, YTO Pa3MEPHOCTh CKOPOCTH PEaKIMU BCeT/Ia MoJkHA ObITh [V] = Mo

-3 3 -1

m3-clum [V]=ke-m3-c
CKOpoCTh TOAABIAIONIETO OOJBIIMHCTBA pEAKIUN (MPOCTHIX U
CJIO’KHBIX ) TIOBBIIIAETCS C POCTOM TeMIlepaTtyphl 7, a KOHCTAaHTa CKOPOCTH

peaKIu OTUYMHSICTCS 3aKOHY AppeHnyca
E
k = z-exp(— RT

re Z- TPEAIKCIOHCHT  (MPEIdKCIOHEHIIUATBHBIA — MHOXKHTEIb,
4acCTOTHBIM  (akTop), pa3sMEpPHOCTh KOTOPOTO paBHA Pa3MEPHOCTH
KOHCTaHTBI ckopocTH peakuuH [Z]=[K];
T - abcomoTHas TemIeparypa, K;
E - oHeprus aKTuBaLUK peakuuu, /o mons™;
R =8,3134 /o' K™t monw™ - yauBepcanbHas razosast mocTOSHHAS.

BCSpEBMGpHBIfI ITIOKAa3aTCJIb J3KCIIOHCHTBI B 3dKOHC AppeHHyca

Ha3bIBaCTCS Kpumepuem AppeHuyca:

E
A= ReTo !

rae To - XapakTepHas TemIieparypa.

DTOT KPUTEPHUI BBIPAXKAET YYBCTBUTEIBHOCTh CKOPOCTH XUMUYECKON
peakuuu K HW3MEHEHUIO TeMreparypbl. Yem Bbilie 3HaueHue Arn, Tem
CUJIBHEE JTa YYBCTBUTEIBHOCTh. BXomsdmme B 3akoH AppeHuyca

BEJIMUMHEI Z M E HA3pIBalOTCSI KMHETUUECKMMH KOHCTAaHTAMU XHUMHYECKOU



peakuuu. Du3MyeCKUd CMBICIA DHEPrUM AaAKTUBAUMMU £ 1t  IPOCTOMN
pEeaKIMu COCTOUMT B TOM, YTO 3TO 3HEPrusi, KOTOPOW AOJAKHA OO0JagaTh
MOJIEKYJIa JJi1 TOr0, 4YTOObl BCTYNUTh B peakuuto. ISl CIOXKHBIX
peakuuu £ He AMEET IIPOCTOTO (bU3UIECKOro CMbICIIA.
3HavyeHus Z, E onpeAenstoTcs, Kak MPaBUiIo, SKCIIEPUMEHTAIBHBIM ITyTEM.
Kunernueckre KOHCTaHThI ITOJTHOCTBIO OMPENEISIOT CKOPOCTh MPOTEKAHUS
KaXJ0M KOHKPETHOW pEakluy, B TOM YMCIIE U PEAKLUU BOCILIAMEHECHUS
WIM TOpeHus. 3afaya 3KCIEPUMEHTAIBHOTO ONPEACICHUS ITUX KOHCTaHT
SBJISIETCS] BAYKHEUIIEH pH UCCIe0BaHUU (DPU3UKO-XUMHUECKUX MTPOLIECCOB
B BBICOKODHEPIETUYECKUX YCTAHOBKAX.

XUMHUYECKass  peakuus  NPOXOAWT €  BBIACJIIEHUEM  Tema
(3K30TEpMUYECKas peakiius), TM0O0 C ero MorjoneHueM (IHA0TepMHUYECKas
peakius). Ecnu mpsimas peaknus - 3K30T€pMUYECKas, TO oOpaTHas -
sHIOTepMHUYECKas. KoimdecTBo Temia, BBIAEISIEMOTO MPU  IOJHOM
pearupoBaHWM CIWHUIBI KojimdecTBa BemecTBa (1 more wmm 1 xe),
HA3bIBACTCS TEIJIOBBIM 3P (EKTOM peakuuu (.

Pasmeprocth TemnoBoro sddekra peakuuu [q] =Hoic-monn unm
[a] = Horc - xe™

7.4. KatanuTnueckue peakuuu. 'oMoreHHbIi u
reTeporeHHbId KaTajan3

EcTte BemectBa, KOTOpPBIE BIUAIOM HA CKOPOCMb XUMUYECKOU
peaxyuu, e A61AAch npu dmom peazcenmamuy. OHA TPUHUMAIOT B PEAKIUU
CaMO€ HEINOCPEACTBEHHOE y4aCTHUE, HO B PE3YJIbTATE PEAKIMU OCTAKOTCS

HEeU3MEHHBIMU. Takue BCIICCTBA HA3BIBAIOTCA Kamajiuzamopamu, cCCJIn



OHHM YCKOPSIIOT PEaKIHIo, U WHIUOUmMOpamu, eCciv 3aMelysoT ee. 75%
XUMHUYECKON MPOMBINIJICHHOCTH HCIOJIB3YeT KATAIMTHYCCKUE IPOIIECCHI.
Cpenn HUX - KaK KPYIMHOTOHHA)XXHBIE ITPOM3BOACTBA: CHHTE3 aMMHaKa U
€ro OKHCIICHHE, IPOM3BOJACTBO CEPHOM KHCIOTHI, TaK W TOHKHE
MHOT'OCTaUHHBIC CHHTE3bI, HAIIPUMED, JICKapCTBEHHBIX CPEJICTB.

Bce OmoxuMmudeckue peakiyu, MPOTEKAOIIHe B )KUBBIX OpraHu3Max,
TpeOYIOT yJacTUs MPUPOAHBIX KaTaau3aTopoB - ¢GepMeHTOB. DepMeHTHI
IPEACTABISAIOT COOOM KpYIHBIE OCTKOBBIC MOJICKYJIBI C TaK HA3bIBAEMBIM
aKTHUBHBIM IIEHTPOM - KaK IPaBUJIO, OTO XMMHUYECKH CBSI3aHHAs C OCIKOM
MOJICKyJIa HEOETKOBOM TIPUPOJABI WM HOH MeTaia. Depmenmol
obnaoarom  Henpes30UOeHHOU  AKMUBHOCHIbIO  (m.e.  CKOPOCMbIO
Kamaniumuyeckoeo npoyecca), YCKOpsAsS peakiuu B MWUIHAPIbI |
TPWUIMOHBI pa3 TMpU KOMHATHOM Temreparype. IIpu  BBICOKHX
TEMIIepaTypax OHHM TEPSIOT aKTUBHOCTH, TaK KaK OEJIOK JICHATYpHUPYETCS.
Kpome  ToroO, Qepmenmobl  XAPAKMEPU3YIOMCS Upe38bIYAliHOU
usbUpamenvbHoCmblo  (CeIeKMUGHOCMbIO), TIpEBpallias JHIIb CTPOro
ONpeJie/ICHHbIE BEIIECTBA B CTPOTO OIpeAeieHHbIE NTPOAYyKThL. OHH
CIIOCOOHBI Ha 3TO Osarojapsi CBOeHW YHHKalbHOW ¢opMme, K KOTOPOH
peareHThI IOJHKHBI MTOJONTH, KaK KJII0U K 3aMKY.

JlelficTBHE KaTaau3aTOPOB OCHOBAHO HAa TOM, YTO OHH YMEHbULAIOM
SHepeuro akmusayuu peaxyuu. Muoeue xamaiuzamopsvl He NPOCMO
YCKopsiiom  peakyuu, a 6edym ux no opyeomy nymu. Tak, peakus

OKHCJICHUSI aMMHaKa 0e3 KaTajJn3aropa:



4NH3 + 30, = 2N, + 6H0
HE TMPEACTABISIET HHUKAKOrO MHTEpeca Uil MPOMBIILUICHHOCTH, a B
pe3ybTaTe KaTaJTUTHYECKOTO OKUCIICHUS Ha TJIATHHE:

4NH3 + 50, = 4NO + 6H.0
MoJTy4aeTcsl HEHHBIN mpoayKT - okcus azoTta(ll).

OnnuMm U3 Hambosiee pacHpOCTPAHEHHBIX B XMMHYECKOW MPAKTUKE
METOJIOB  YCKOPCHMS XUMHYECKHUX pEaKkIuid  SABJISAECTCA  KaTajus.
Karasqm3aTop - BemecrBo, KOTOPOE€ MHOTOKpPaTHO Y4YacTBYET B
MPOMEXKYTOUHBIX CTAJUSIX PEaKIUH, HO BBIXOAUT M3 HEE XUMHUYECKU
HEU3MEHHBIM.

Hanpuwmep, miist peakuun Az + B2 = 2AB yuactue katanuzaropa K
MOYHO BBIPa3UTh ypaBHCHUEM

A+ K+By— Ax... K+By, — As.K..Bp — 2AB + K.
OTH ypaBHEHHUS MOXHO TMPEJICTaBUTh KPUBBIMU MOTECHIHAIHHOMN

sHepruu (puc. 7.3). I3 pucyHka BUIHO, UTO:

be3 katanuzaTopa

C karanuzaTtopm

v

A2+Bz+K AB + AB+ K q

Puc. 8.3. DHepreTrueckas cxema xo/1a peakiiy ¢ KaTaiu3aTopa



1) kaTanu3aTop YMEHBIIIAET SHEPTUIO AKTUBAIIMHU, U3MEHSISI MEXaHU3M
peakiui; OHa MPOTEKAET uepe3 HOBBIE CTAJAWHU, KaxJas W3 KOTOPHIX
XapaKTEPU3YETCs] HEBBICOKOW YHEPTUEN AKTUBALINY;

2)karanuzatop He udmensetr AH peakuuu (a Takke AG, AU u AS);

3) ecau KaranuzUpyeMas peakuus oOparumasi, KaTalau3aTtop He
BJIUSICT HAa paBHOBECHE, HE U3MEHSAET KOHCTAaHTY paBHOBECHUS W
PaBHOBECHBIC KOHILICHTpAIlMM KOMIIOHEHTOB cHcTeMbl. OH B paBHOMU
CTETIICHU YCKOPSET U MPsIMYI0, U 00paTHYIO PEaKIMu, TEM CaMbIM YCKOPSs
BpeMsl JOCTHKEHUSI pAaBHOBECHSI.

OueBUAHO, B MPUCYTCTBUM KaTajau3aTopa OHHEPrus aKTUBAIUU
peakiuu cHuxaercs Ha BeluuuHy AFEK. I1oCKOJNBbKY B BBIPOKEHUU IS
KOHCTaHThl CKOpOCTH peakiuu (ypaBHeHuEe (8.6)) ZHEprusi akTUBAIUU
BXOJUT B OTPHUIATEJbHBIM IOKa3aTesib CTENEHU, TO JaXke HEOOJbIIoe
yMeHbIlleHHe E,; BbI3bIBA€T OYEHb OOJIBIIOE YBEJIMYEHUE CKOPOCTH

peaxiuu

Vi AEx/RT
v A e

Bnusnue KaTaJin3aTopa Ha CHHKCHUC Ea MOXHO IIOKa3aThb Ha

IMpuMEpe pCaKuun paciiaga HoAn1a BOAopoJaa:

2HI = Hy + 1,
Ea, kJ>x/MOIB AE, Vi/V-(500 K)
be3s karanuzaropa 168 -
Karanmusarop Au 105 63 & 3-10°
Karanusarop Pt 59 109 ~ 10U




Takum oOpazom, sl paccMaTpUBAEMON pEaKIMU YMEHbIICHUE
SHEepruM aktuBamuu Ha 63 kJlx, T. €. B 1,5 pasza, COOTBETCTBYET
noBbleHnI0 ckopoctH peakiuu pu S00 K 6oinee uem 106 pas.

Cnenyer OTMETUTb, 4YTO NPEAPKCIOHEHIHATbHBIA MHOXUTENb
KaTaIuTH4eCcKoi peakiuu Ko! He paBen Ko 1 0OBIMHO 3HAYUTENILHO MEHBIIIE,
OJIHAKO  COOTBETCTBYIOIIEE  YMEHBIIEHHE CKOPOCTH  JAJIIEKO  HE
KOMIIEHCUPYET €€ YBEJIUUYCHUs 3a CUET E,.

7/.5.3HaueHHe KATAJIU3ATOPOB B NIPOMbINIJIEHHOCTH

Karanutuueckue  peakuuu  KJIaCCUPUUUPYIOTCA O  THUILY
KaTaJM3aTOpOB U MO THUIY peakuuil. Tak, Hampumep, MO arperaTHomMy
COCTOSIHUIO KaTaJIM3aTOPOB M PEAreHTOB KaTajlu3 IMOJpa3JeisieTcs Ha
FOMOIEHHBbIN (KaTalnu3aTop W peareHT o0pa3yloT oaHy ¢aszy) u
TEeTEPOTCHHBIN (KaTaau3aTop U peareHThl - B pa3HbIX (azax, UMEeTCs
rpaHuiia paszena ga3 Mex/1y KaTaau3aTopoM U peareHTaMu).

[IpuMepoM TOMOT€HHOTO KaTajiu3a MOXKeT ObITh okuciienne CO 1o
CO2 xucnopogom B mpucyrctBuu NO2 (katanuzatop). MexaHu3M
KaTajan3a MOKHO U300pa3uTh CIAEAYIOIUMHU PEAKITUIMHU:

CO(1) + NO2(1) — CO2(r) + NO(T)
2NO(1) + O2(r) — 2NO2(T)

u katanuzatop (NO2) CHOBa y4acTBYET B IIEPBOM PEaAKIIUH.

AHQJIOTHYHO JTOMY MOXET OBITh KaTaJU3WpOBaHA PEAKIIMS
okucienuss SOz B SO3; momo0Hast peakius MPUMEHSIETCS B TPOU3BOJICTBE

CEpHOM KUCIIOTBI «HUTPO3HBIMY CIIOCOOOM.



[IpuMepom TeTeporeHHOTro KaTanu3a sBiseTcs nonydenne SOz u3
SO; B npucyrctBuu Pt i V205!

SOx(1) + O2(r) — SO3(T).

DTa peakIus TakKe MPUMEHSETCS B MPOU3BOJICTBE CEPHOM KHUCIOTHI
(«KOHTaKTHBIN» METO]).

['eTeporennslii  kaTanuzaTop (OKelIe€30) MPUMEHSAETCS TakXkKe B
IIPOM3BOJICTBE aMMHaKa M3 a30Ta M BOJOPOJAa M BO MHOTHX JAPYTHX
npoiieccax.

D} heKTUBHOCT TETEPOreHHBIX KaTaIM3aTOPOB OOBIYHO HAMHOTO
OombIle, 9eM roMOoreHHbIX. CKOPOCTh KaTaTUTHYCCKUX PEaKIMil B cilydae
TOMOT€HHOI'0 KaTajau3aTopa 3aBUCHT OT €ro KOHIIEHTpallih, a B Ciydae
TeTePOTEHHOTO - OT €r0 YJEIbHOW MOBEPXHOCTU (T. €. TUCIEPCHOCTH) -
4yeMm oHa OoJiblile, TeM OoJible ckopocTh. [locneanee cBsizaHo ¢ TeM, YTO
KaTaJINTHYeCKask peakius UIST Ha MMOBEPXHOCTH KaTalu3aTopa M BKIIIOYACT
B cebs craguu ajacopOumu (MPWIMIAHWE) MOJIEKYJ peareHTOB Ha
MOBEPXHOCTH; 110 OKOHUYAHUH PEAKIIHH €€ MPOIYKTHI Aecopoupyrorces. Js
YBEIWYCHUS MTOBEPXHOCTH KATaJU3aTOPOB UX M3MEJbUYAIOT WM MOJTyYaroT
CHEIUAIbHBIMA  CllocO0aMM, TPHU  KOTOPBIX  0Opa3yrTCs  OYeHb
TOHKOUCITEPCHBIE TTOPOIIIKH.

[IpuBeneHHBIC NPHUMEPHl OJHOBPEMEHHO SBIISIOTCS IIpUMEpaMU
OKHCJIUTEIILHO-BOCCTAHOBUTEILHOTO KaTanu3a. B 3ToM citydae B kadecTBe
KaTaJln3aTOpOB OOBIYHO BBICTYNAIOT IIEPEXOJHBIE METAUIBI WIH HX

coequnenus (Mn3*, Pt, Au, Ag, Fe, Ni, Fe;Os u 1p.).



B KHCJI0THO-0CHOBHOM KaTaJid3e POJIb KATaau3aTOPa BBIMNOJIHSIOT
H*, OH m apyrue mnomoOHBIC YaCTHUIBI - HOCHUTEIH KHCIOTHOCTH U
OCHOBHOCTH.

Tak, peakuys TUAPOIU3a

CH3COOCH3 + H,O CH3COOH + CH30H

yckopsiercss npumepHo B 300 pa3 npu goOaBieHHM H000M U3
crtbHBIX kKucnoT: HCI, HBr umn HNOs.

Bosbiioe 3HaueHWE KaTajau3 MMEET B OMOJIOTMYECKUX cucTeMax. B
ATOM CJIydyae KaTajau3aTop Ha3bBalOT (epmMeHTOM. ODPEKTUBHOCTH
NEUCTBUA MHOTMX (EpMEHTOB HAMHOIro OoJibllie, YeM OOBIYHBIX
KkaTanuzaTtopoB. Hanpumep, 115 peakuuu CBS3bIBAHUSA A30Ta B AMMHUAK

N> + 3H, = 2NH3

B IPOMBIIUIEHHOCTH HCIOJIb3YETCS TE€TEPOTCHHBIM KaTalu3aTtop B
BHJIE TyO4aTOTO *kKeJie3a ¢ Jo0OaBKaMU OKCUIOB U CYJIb()aToOB METAILIOB.

[Ipu 3TOoM peakuus npoBoaures npu T = 700 K u P = 30 MIla. Otot
K€ CHHTE3 HACT B KIyOeHbKax OOOOBBIX pacTeHUM IMOJ JEHCTBHUEM
dbepmeHTOB 11pu 00bIYHBIX T 1 P.

Karanutrnueckue cuctemMbl HeOe3pa3IUUHbI K MPUMECIM U J00aBKaM.
HexoToprle u3 HuUX YyBeau4yuBaloT 3(PEKTUBHOCTh KaTajiuza, Kak,
HanmpuMep, B BBIIICIPUBEACHHOM MNpPUMEpPE KaTallM3a CHUHTE3a aMMHaKa
xkene3oMm. Takue 100aBKM B KaTaJlM3aTOp HA3bIBAIOTCS NMPOMOTOpPaMH
(oKCcHIIBI KaJIMsS W aTlOMUHUS B Kele3e). HekoTopele nmpumecu, Ha000poT,
MOJABJISIIOT KAaTAIUTUYECKYIO PEAKIUI0 («OTPaBJISIIOTY» KaTaau3aTop), 3TO

kaTaauTn4yeckue saabl. Hanpumep, cunare3 SOz Ha Pt-kaTanuzatope o4eHb



YyBCTBUTEJIEH K MPUMECIM, COJAEpX)aluM CyIbQUIHYIO Ccepy; cepa
OTpaBJIIET MOBEPXHOCTh IUIATMHOBOrO Kartanu3aropa. M HampoTus,
Kartanu3aTop Ha OocHOBe V205 MalOo4yBCTBUTEIEH K TAKUM IPUMECSM;
pa3pabOTKH KaTajau3aropa Ha OCHOBE OKCHJA BaHAJWg TPUHAIIEHKUT
poccuiickomy yuénomy ['. K. bopeckony.

Nurnduropsl, yseruuusarom sHepeuro axmusayuu peaxyuu. B
NUIIEBOM  TMPOMBIIUICHHOCTH IIMPOKO HMCHOJIB3YIOTCA  MHTHUOUTOPHI,
PEeA0TBPAILAIOIINE THIPOJIU3 )KUPOB, PEAKIIUU OKUCIIEHUS U OPOKEHHUS.

OcoOblii crydail Katanusa - aymoKamanus, Uiy yCKopeHue peaxyuu
0OHUM U3 ee npodykmog. IIpn 3TOM CKOPOCTh PEaKIMU HE yMEHBIIAETCS
10 MEPE pacXo0BaHUsl PEareHToOB, a pacTeT. Tak, peakuus

2KMnO4 + 5K»S03 + 3H,S0O4 = 2MnSO4 + 6K,S0O4 + 3H,0
YCKOpSIETCS 110 MEpPe HAKOIUIEHHMS MOHOB Mn?*, oOpasyrommxcs mpu
BOCCTAaHOBJICHUU TTI€pMAHTaHATA.
7.6. O0paTuMble U HeOOpPaTHUMBbIE peaKknuu. XUMHYECKOe PABHOBeECHE.
Hpunoun Jle-IlaTenbe

XHUMHYeCKOe pPaBHOBeCHE - COCTOSTHUE XUMHYECKON CUCTEMBI, MPU
KOTOPOM BO3MOKHBI PEaKIUH, HUAYIIME C PaBHBIMU CKOPOCTSIMU B
IPOTUBOMOJIOKHBIX  HampaBieHusAX. I[lpu XUMUYECKOM pPaBHOBECHH
KOHILCHTpAaOIWHU pCarcHTOB, TCMIICpATypa U APYTHUC I1apaMCTPbl CUCTCMBbI HC
U3MEHSIOTCSI CO BPEMEHEM.

Heoopamumvle u obpamumsle peaxkyuu. Eciu CIUTh pacTBOPHI

KHUCJIOTHI U IIEJI04H, 00pa3yeTcs CoJlb U BO/a, HAPUMED,

HCI + NaOH = NaCl + H,0,



U €CJIM BEIIECTBA OBbUIM B3SThl B HYKHBIX MPOMOPIUAX, PACTBOP
UMEET HEUTPAIbHYIO PEAKIIMIO U B HEM HE OCTAETCA JAXKE CJIEIOB COJIIHOU
KHUCJIOTHl M TUJIPOKCHUAA HaTpusi. Ecii mOnbITaTbCsl MPOBECTU PEAKIIUIO B
pacTBOpe Mexay oOpa3oBaBLIMMUCS BEUIECTBAMM - XJIOPUAOM HATpUsS U
BOJIOM, TO HUKAKUX U3MEHEHUU HE OOHapy>KUTCS. B MOMOOHBIX Ciyuasix
TOBOPST, YTO PEAKIMs KUCJIOThI CO IIETO0UYbI0 HEeoOpaTuMa, T.€. oOpaTHas
peakuuss He unaer. Ilpaktudyecku HeoOpaTMMbl MOpU  KOMHATHOMU
TeMIepaType OUYeHb MHOTHE PEaKIUU, HAPUMED,

H, + Cl, = 2HC|,
2H, + O, = 2H0 u ap.

MHorue peakuuu OOpaTUMBbI ykKe€ B OOBIYHBIX YCJIOBHUAX, OTO
O3HAYaeT, 4YTO B 3aMETHOM CTENEHU MpOTEeKaeT oOpaTHas peakuusl.
Hanpumep, eciiv monbITaTbCsl HEUTPaIU30BaTh IIEJI0YbI0 BOJAHBIN PacTBOP
OUEHb CJIA00N XJIOPHOBATUCTOM KHUCIOTHI, TO OKAXETCSA, YTO PEAKIIUS
HEUTpanu3aluu A0 KOHIA HE UAET U PacTBOP MMEET CUIIbHOUIEIOYHYIO
cpeny. OTO 03HAYAET, YTO PEAKIIUS

HCIO + NaOH < NaClO + H,0
oOpatuma, T.€. NPOAYKTHI ATOW peakiuu, pearupys IApPyr ¢ JIPYrom,
YaCTUYHO MEPEeXOASAT B HMCXOJHbIE cOoeAuHEHUs. B pesynbTaTe pacTBOp
UMEeT IICIOUHYI0 peakinuio. O0paTuMa peakiius oOpa3oBaHUS CIO0XKHBIX
3¢upoB (oOpaTHas peakius Ha3bIBA€TCSI OMBUICHUEM):
RCOOH + R'OH«~ RCOOR' + H0,

Y MHOTHE JAPYTUe MPOLECCHI.



Kak u MHOrue npyrue moHATHUS B XMMUU, MOHITHE OOPAaTUMOCTH BO
MHOTOM ycJIOBHO. OOBIYHO HEOOpaTHMMON CUMUTAIOT PEaKIUI0, IMOCie
3aBEpIICHUs, KOTOPON KOHIIEHTPAIIMU MCXOJHBIX BEIIECTB HACTOJBKO
Majibl, 4YTO HMX HE€ YyJaercsi OOHapyXUTh (KOHEYHO, 3TO 3aBUCUT OT
YyBCTBUTEILHOCTU METOJ0B aHaiu3a). [Ipu u3sMeHeHU BHEITHUX YCIOBUM
(mpexie BCero TeMmepaTypbl U JaBJ€HUs) HEOOpaTUMasi pPEeaKlus MOXKET
cTtaTb oOpatumMoil W HaoOopoT. Tak, mpu aTMOcHEepHOM MABJICHUU U
temneparypax Huxe 1000°C peakiuto

2H; + O2=2H,0
€IIIe MOXKHO CUMTaTh HEOOpaTUMOi, Toraa kKak npu Temmeparype 2500°C u
BBIIIIE BOJA JAMCCOIMUPYET HA BOAOPOJ M KUCIOpoJ mpuMepHo Ha 4%, a
npu temrneparype 3000°C - yxe Ha 20%.

B xonue 19 B. Hemenkuil ¢pusukoxuMuk Makc boxenmmrein (1871-
1942) petanbHO W3Yy4YWJI TPOIECCHl 00pa3oBaHUS UM TEPMHUUECKOU
JTUCCOLMAIIN UOJI0BOJIOPOIA:

Ho + |, = 2HI

W3meHnsisi TemmepaTypy, OH MOT JIOOUTHCS MPEUMYIIECTBEHHOTO
MPOTEKAHUS TOJBKO MPSAMOU WM TOJIBKO OOpaTHOW peakiluu, HO B OOIIeM
ciydyae o0€ peakiuuu IIUIM OJHOBPEMEHHO B  IPOTUBOIOJIOKHBIX
HanpaBieHusax. [lomoOHBIX TIPUMEPOB MHOXKECTBO. OIWH W3 CaMbIX
W3BECTHBIX - PEaKIus CUHTE3a aMMHaKa

3H2 + N2 = 2NH3;
oOpaTMbl U MHOTHUE JAPYTUE€ PEeaKIUuu, HAlpUMEpP, OKUCICHHE AUOKCHIA

cephl



250, + Oy = 2803,

pEaKIH OPraHUYECKUX KUCIOT CO CHUPTAMHU H T.I.

CkopocTb peakuuu u paBHoBecue. [IycTs ecTb oOpaTumas peakius

A+B—~C+D

Ecnu nmpeanosiokuTh, 4yTo OpsiMasg U oOpaTHasl peakuusl TpOXOAsT B
OIHY  CTaAul0, TO CKOPOCTH JTUX peakuuid OyayT mOpsMo
PONOPLIMOHAIBHBl  KOHLEHTPALMSIM PEAareHTOB: CKOPOCTh  IPSMOMU
peakuuu vi = Ki[A][B],ckopocts oOpathoii peakmmm V2 = Kz[C][D]
(kBaZlpaTHBIMH  CKOOKaMHM OOO3HAUY€Hbl  MOJSIPHbIE  KOHLEHTpALUU
peareHToB). BugHo, YTO MO Mepe MNPOTEKAHUS MNPSIMON peakiuu
KOHIIEHTPAllUh UCXOJHBIX BemecTB A U B CHMXKarOTCsS, COOTBETCTBEHHO,
YMEHBIIAETCSI M CKOPOCTh mpsaAMoi peakuuu. CKOpPOCTh K€ 0oOpaTHOM
peaKkiuu, KoTopasi B HayaJlbHbIii MOMEHT paBHA HYJIO (HET mpoaykToB C u
D), nocteneHHO yBenuuuBaeTcs. PaHO WM MO31HO HACTYNUT MOMEHT,
KOrJa CKOPOCTH IpsIMOM M 00paTHOW peakiuil cpaBHsitorcs. [locie atoro
KOHIIEHTpaluu Bcex BemecTB - A, B, C u D He u3aMeHsAr0TCsS O BpeMEHEM.
OTO 3HA4YWT, 4YTO peakuus JOCTUIVIA TIOJOKEHUS paBHOBECHUS, a
HEU3MEHSIOIMNECS CO BPEMEHEM KOHIIEHTPAUWHU BEIIECTB HA3bIBAKOTCS
paBHOBeCHbIMU. Ho, B OTIMUME OT MEXAaHWYECKOTO PABHOBECHUS, IPHU
KOTOPOM BCSIKO€ JBH)KEHUE MPEKPAIIAETCS, TPU XUMUYECKOM PABHOBECHH
o0e peakiuu - U mnpsiMasi, 1 oOpaTHas - MPOJOJDKAIOT UATH, OJTHAKO X
CKOPOCTH PAaBHBI U MTOATOMY KayKE€TCSl, YTO HUKAKUX U3MEHECHHI B CHCTEME

HC IIPOUCXOUNT.



JlokazaTb TIpOTEKaHWE MPAMOM W OOpaTHOM peakuuil mocyue
JIOCTHKEHHSI PABHOBECHSI MOKHO MHOKECTBOM crioco0oB. Hamnpumep, eciu
B CMECh BOJIOPOJA, a30Ta M AMMMAaKa, HAXOJAIIYKOCS B MOJIOKECHUH
paBHOBECHUsI, BBECTHM HEMHOI'0 HM30TONA Bojaopoda - aeurepus Dz, TO
YyBCTBUTEIBHBIA aHAIU3 Ccpa3y OOHAPYXUT MPUCYTCTBUE aTOMOB
nenuTepusi B MoJIeKyJax ammuaka. I HaoOOpoOT, e€ciii BBECTU B CHUCTEMY
HEMHOIO JeurepupoBaHHoro ammuaka NHpD, 1o pgeurepuit TyT *Ke
MOSIBUTCS B HMCXOJHBIX BellecTtBax B Buae MoJiekysq HD u Dj. [dpyrou
3 PeKTHBIN ONMBIT OBUT MPOBEACH Ha XUMHUYECKOM (akynbrere MI'Y.
CepeOpsiHyI0 TUIACTHHKY TOMECTHJIM B pacTBOpP HHUTpaTa cepelpa, mnpu
ATOM HHMKAKMX HM3MEHEHHM HE HaOJI0JaJoch. 3aTeéM B pPAacTBOpP BBEIH
HUYTOXKHOE KOJMYECTBO HOHOB PAJMOAKTUBHOTO cepebpa, Mociie Yero
cepeOpsiHas IJIACTUHKA CTajla PaJdOaKTUBHON. DTy paJMOaKTUBHOCTH HE
MOTJIO «CMBITh» HH CIIOJIACKMBAHUE TIJIACTUHKHU BOJOM, HU MPOMBIBAHUE €€
COJSAHOM  KuCJIOTOW. TONBKO TpaBJ€HUE A30THOM KHUCJIOTOW WU
MexaHu4eckas o0paboTKa MOBEPXHOCTH MEJKOW HaKJayHOW Oymaroii
caenanio ee¢ HeakKTUBHOM. OOBSCHUTH JTOT DJKCHEPUMEHT MOYKHO
€IUHCTBEHHBIM 00pa30M: MEXJYy METaJIOM M PacTBOPOM HEMPEPHIBHO
MPOUCXOJAUT OOMEH aromaMu cepedpa, T.e. B CHUCTEME HIET oOpaTtumas
peaknus Ag(tB) - &= Ag'. [losToMy n00aBiIcHHE PaJHOAKTHBHBIX HOHOB
AgQ" x pacTBOpYy HPHBOJMIO K UX «BHEIPCHHUIO» B IUIACTHHKY B BHJIE
AIEKTPOHEUTPAIBHBIX, HO MO-TIPEKHEMY PAJIMOAKTUBHBIX aTOMOB.

Takum 0o0pa3oMm, paBHOBECHBIMH OBIBAIOT HE TOJIBKO XWMHYECKHE

pe€akuun MEXKAYy ra3daMu HWJIN paCcTBOpaMH, HO U HNPOUCCChI paCTBOPCHMUA



METaJUIOB, OcaakoB. Hampumep, TBepIoe BELIECTBO OBICTPEE BCETO
pacTBOpsieTCA, €CJIM €ro IMOMECTUTh B YHUCTBHIM pPacTBOPUTENb, KOTrJa
cUCTeMa JajeKka OT PaBHOBECHUS, B JAHHOM CJIy4yae - OT HACBILIEHHOIO
pactBopa. IlocTremeHHO  CKOpPOCTH  PACTBOPEHHUsI  CHWXKAETCs, U
OJTHOBPEMEHHO YBEJIMUYMBAETCSI CKOPOCTh OOPATHOrO Ipoliecca - Mepexoa
BEUIECTBA M3 pacTBOpa B KpUCTaIM4eckuid ocanok. Korma pactBop
CTAHOBUTCSA HACBIIIEHHBIM, CUCTEMa JIOCTUTAeT COCTOSIHUS PABHOBECHUS,
IpU 3TOM CKOPOCTH PACTBOPEHUS M KPUCTAIIM3AIMU PaBHbI, a Macca
ocajka co BpeMeHeM He MeHserca. COCTOSHHE PAaBHOBECHSI XapaKTEPHO
JUTs1 OOpAaTUMBIX XUMUYECKUX PEaKIIMil.

OOpatumasi peakuus - XUMUYECKasl peakiiysi, KOTopas Mpu OJHUX U
TEX K€ YCIOBUAX MOXKET UATH B IPSIMOM U B OOpaTHOM HamlpaBJICHUSX.

HeoOpatumoil Ha3bpIBaeTCs peakius, KOTOpas UIET MPAKTUYECKH O
KOHIIA B OJTHOM HaIpaBJICHUH.

XUMHYeCKOe PpaBHOBeCHE - COCTOSHUE CHUCTEMbI, B KOTOPOM
CKOPOCTb MPSIMOM peakMy paBHA CKOPOCTU OOPATHOW pEaKInu.

N3 Kkypca HEOpraHMYeCKOM XHWMHH M3BECTHO, YTO CKOPOCTH
XUMUYECKUX pEaKIui, XapakTepu3yemble HM3MEHEHUEM  MOJISPHBIX
KOHILIEHTPALM pearupyroniux BEIIECTB B €AUHUILY BPEMEHHU, 3aBUCST OT
OPUPOJBI 3TUX BEHIECTB, a TaKXE OT KOHILEHTpPAlUH, TEeMIEepaTyphl,
MPUCYTCTBUSA KaTaIU3aTOPOB U APYTUX (PaKTOPOB.

3aBUCHMOCTb CKOPOCTH PEAKLIUM OT KOHUEHTpALMd pearupyrommx
Belects, copmynupoBanHas ['yapaoeprom u Baare (1867), momyunia

HAa3BAHUE 3AKOHA OCUCMBUA MACC: CKOPOCMb XUMUYUECKOU PeaKyuu npsamo



NPONOPYUOHATILHA NPOU3BEOCHUIO MOIAPHBIX KOHYEHMPAYUL Peaupyroujux
geujecms, B3AMblX 6 CHENeHsx, COOMEemcmeyIuux Kodpouyuenmam
Kaxco002o eeujecmaea 68 ypasHeHuu peakyuu.

JlomycTumM, 4TO M MOJIEKYJI BEIIECTBA A pearupyroT ¢ N MOJIEKyIaMu
BenlecTsa B: mA +nB =pC

Torma 1o 3aKOHy JIEMCTBUS MAaCC YPABHEHUE CKOPOCTHU PEAKIIMU UMEECT
BUg  V =k[A]'[B]"

rae K - koHcTanTa CKOpOCTH, IOCTOSIHHAS U1 JaHHOW peakiuu (Ipu
ONpPEJCICHHON TeMIepaType) BEIMYHMHA, XapAKTEPHU3YIOIIas BIUSHUE
MIPUPOJIbI PEATUPYIONIUX BEIIECTB HA CKOPOCTh UX B3aMMOJICHCTBUS APYT C
apyroM. KBaapaTHbie cKoOKM 0003Ha4alOT KOHIICHTPAIMIO BEIIESCTBA B
MOJI/J.

J1J1s1 KOHKPETHBIX CIIy4YaeB TOMOTEHHBIX CUCTEM
NHsCl + KOH = NH4sOH + KCI u 2NaOH + H,SO,4 = Na,SO4 + 2H,0
T.€. TIpU B3aUMOJICMCTBUU OTHUX BEIIECTB B pPAaCTBOPAX YPABHEHUA
CKOPOCTEN PEAKIMU ITUITYT COOTBETCTBEHHO

L= k[NH4C1]'[ KOH Juv = k[NaOH]Z-[ HzSO4]

B rereporeHHbIX cHCTEMax C y4acTHEM TBEpAOM (a3bl CKOPOCTh
pPEaKIMU HE 3aBUCUT OT OOIEd KOHIIEHTpAlMu TBEPAOTo BellecTBa (Mpu
HEOOJIBIIION MOBEPXHOCTH €r0), a U3MEHSETCS JIUIIb B 3aBUCHUCMOCTH OT

KOHIIEHTPAIUK Ia3000pa3HbIX (I pACTBOPEHHBIX ) BEILIECTB, HAIPUMED:

C+C0,=2CO; v=K[CO]



B cinydae o0OpaTHMBIX peakIUi yCTAaHABIWUBACTCS TIOJBHIKHOC
Xumuieckoe pagHogecue, TIPU KOTOPOM B CHCTEME OJHOBPEMEHHO
IPHCYTCTBYIOT KaK UCXOJIHBIC, TaK M 00pa3yIOIIHecs BEIICCTBA.

Xumuueckum pagnogecuem HA3bI8AIOM MAKOE COCMOAHUE CUCHEMbL
peazupyrowux eeujecms, npu KOMOPOM CKOPOCMU NPAMOU U 0OpaAmHOU
peaxkyuii pasHol.

s cuctemsr m A +nB <« pC + gD

Ckopocth npsimoii peakruu v1 = Ki[A]™[B]" , a ckopocTh 006paTHOI
peaknun v2 = Ko[CJP[D]%.IIpn XuMHUYECKOM paBHOBECHH CKOPOCTH HPSIMOMU
¥ 00paTHOW peakIiy PaBHBL: V1 = V2. [103TOMy MOXKHO HAIKCATh:

ki[A]"[B]" = ko[ C]P[D]*

[Tocie nmpeoOpazoBaHUs MOIYIUM

ki/ ka = [CIP[D]*/ [A]"[B]"

Ho oTHomeHne AByX mNOCTOSHHBIX BenwunH Ki/Kz ecTh Takoke
BeJIMYMHA IIOCTOSTHHAS, KOTOPYH 0003HaydalT uepe3 K M HA3bIBAIOT
KOHCMAaHmMOoU pasHo8eCUsi:

K= (k2 [CIP[D]*/ ks [AI"[B]")

Ilpu  xumuueckxom  pasHosecuu  npoussedeHue  MOJIPHBIX
KOHYeHmpayuii noIyuanwuxcs eewecms, OeleHHoe HA NpoussedeHue
MOJIAPHBIX KOHYEHMpPayuii UCXOOHbIX 6eujecms, npeocmasisiem cooou
HOCMOSIHHYIO OJ151 OAHHOU PeaKyuio GeUYUHY, HA3bIBAEMYI0 KOHCMAHMOL
pasHosecusi (3HAYCHUE KaXKIOW KOHIICHTPAIIMHM BO3BOJSAT B CTCIICHb,
paBHYI0 Ko3(dduimenty mepen ¢GopMysol BelecTBAa B YpaBHEHHUH

peaKuum).



KoHcTanTa paBHOBECHsI TOKa3bIBAE€T, BO CKOJBKO pa3 CKOPOCTh
npsaMOi peakuuu OoJbllle CKOpocTH oOpaTtHoM peakuuu Ki / Ko (mpu
JAHHOW TeMIepaType M OJMHAKOBBIX KOHIIEHTpalusx). Eciaum koHcTaHTa
paBHoBecuss K = 1, TO CKOpoCTH TIpsIMOM U OOpaTHON peakiuu
npuOaM3uTENbHO paBHbl. Eciu Benmuunna K > 1, To npeoOnagaer npsimast
peakiys 1 TMHAMHU4YECKOE paBHOBECHUE CIBUHYTO BIpaBo. Hakower, pu K
< 1 uaeT npeuMyIIecCTBEHHO OOpaTHasi peakiusi U PaBHOBECHUE CMEIICHO
BJICBO.

Yem Bbimie BenuuuHa Kp, Tem OoJibllie B PaBHOBECHOW CMecCHU
NpPOAYKTOB mpsiMoi  peakiuu. CMelnieHne paBHOBECHUS B HYXKHOM
HaIpaBJICHUU JIOCTUTAECTCS U3MEHEHUEM YCJIOBUU peakuuu (mpuHuun Jle-
[[laTense).

33[[3‘11/1 1 BOIIPOCHI IJIA CAMOKOHTPOJIA

1. Bo cKOJbKO pa3 YBETUYMUTCS CKOPOCTb pEaklUu, €CIM TemIepaTrypa
noBeicuiiach Ha 30°, a TemneparypHblii KO3 GULIEHT paBeH 37?

6. Beruncnure TemmepaTypHBId KOI(DPHUIIMEHT CKOPOCTH HEKOTOPBIX PEaKIui,
€CJIM TIPU TOBBIIIIEHUU TeMmIiiepaTyphl: a) ot 283 no 323 K ckopocTh peakiuu
yBenuuuiack B 16 pa3s; 0) ot 323 1o 373 K ckopoCTh peakiuu yBeIU4YuIach B
1200 pas3.

7. Ha ckolbKO TpagycoB HYXHO MOBBICUTb TEMIIEpaTypy, 4TOOBI CKOpPOCTb
peakuuu yBenuumiachk B 81 pas, ecnu TemmepaTypHbId KO3(DPUIUEHT CKOPOCTH
paBeH 37

8. Uemy paBeH TeMIiepaTypHbId KO3(PPUIUMEHT CKOPOCTH peakluu, €cliu Mpu
yBeIM4YeHUH TemnepaTtypsl Ha 30 rpagycoB CKOPOCTb BO3pacTaer B 27 paz?

9. Peaknusa uner mo ypaBHeHuto: A + 2B «» C; KoHCTaHTa €e CKOPOCTH TIpH

onpeAereHHo Temreparype paBHa (0,4, a HayalbHBIE KOHIIEHTPALMU COCTABJIISIU



(mons/mM%): [A] =0,3 u [B] = 0,5. Beiukciure cKOpPOCTh 3TOM Peakluu MPHU TOil ke
TeMIlepaType B Ha4dallbHBIi MOMEHT U HOCJIE TOro, Kak mpopearupyer 0,1 mons/am3
BEILECTBA A.

10.HayanbHble KOHIEHTpAIMM BEIIECTB, YYaCTBYIOIIMX B peakuuu: Np(T) +
3Hy(r) <> 2NH;(r), paBrsr (Moms/mv®): [No] = 1,5; [Hz] = 2,5; [NH3] = 0. KakoBsl
KOHLIEHTpalMy a30Ta U BOJOPOAA B MOMEHT, KOrJia KOHIIEHTpalUus aMMHAaKa CTaa
pasHoii 0,5 Mon/qM3?

11.B0o CKOJBKO pa3 U3MEHUTCS CKOPOCTh MPSIMOM XUMUYECKON pEAKIUH,
npotekatomieit B romoreHHoi cucreme: 2NO + Br, = 2NOBrompu:  a) yBenuueHuu

kouuentparuu NO B 1Ba pasza
0) yMeHbILIEHUU KOHUEeHTpaluu Br, B Tpu paza

12.Kak ckakeTcss yMEHBIIICHUE 00BEMA B YETHIPE pa3a Ha CKOPOCTH

CHEAYIOIMINX PEAKIINH:
a) 2Cw) + Oam) = 2CO0(
6) ZKM(K) = ZK(K) + M(r)

13.Kak u3MEHHUTCS CKOPOCTh TOMOT€HHOW pEakiUu TPU TOBBIIICHUH
temmeparypel o1 67°C nmo 97°C npu TemmeparypHOoM KO3()(QHIMEHTE PABHOM
YETBIPEM?

14. PaccumuTaiiTe yeMy paBeH TeMIIEpaTypHBIN KOI(DPHUIIMEHT CKOPOCTH, €CIU
M3BECTHO, 4YTO TNOHMkeHHH Temmeparypsl or 150°C no 120°C cxopocTs peakuuu

yMEHbIIWIACH B 27 pas.



8- rema. Boaa u ee cBoiictBa. CTpoeHue xuaKkoii BoJbl. ®u3nueckue
U XUMHUYeCKHe CBOMCTBA BO/bI.

Iaan:
1. JlucnepcHbIE CUCTEMBI
2. KoHiieHTpaius pacTBOpoB. PacTBopuMOCTb
3. CaoiicTBa pacTBOpOB. fIBIEHUE OCMOcCa

OnopHble ca10Ba U BbIpaxkeHusi: Pacmeopumocms, pacmeoperue,
HACLIUEeHHbLEe, HEHACbLUEeHHble, NePecblueHHble PACMBOPbL, KO duyuenm
pacmeopumocmsl, OUCNEPCHASL cucmema, 2pybooucnepcHvle Cucmembl,
oucnepcHas ¢haza, 301U, CYCNEeH3UU, IMYAbCUlU, NeHbl, KOLIOUOHBLU
pacmeop, auoguibhsie U 1U0PoOHble ¢hazvl, Koazynrayus, KoalecyeHyus,
ceouMeHmayus, 2uopamayus, pacmeopumocmo, 3¢hghexkm 6vlcaru8anusl,
MePMOOUHAMUKA PACNBOPEHUS, KOHYEHMPAYUsL PACMBOPO8, HOPMANbHAS
KOHYEHMpayus, MOJSPHASL KOHYEHMPAayus, NPOYEHMHAsT KOHYEeHMPAayus,
3axoHvl Payns, xpuockonuueckue u 20yIUOCKORUYECKUE NOCMOSHHbIE,
SUNOMOHUYeCKUe, U30MOHUYECKUe U 2UNePMOoHUYecKUe PAcmeopbl, 0CMOC.

8.1.CTpykTypa BOoaAHOM cpeabl MiIaHeThI (ruapocdepa)

Kaxnpii ocBeOMIIEH O KpPYroBOPOTE€ BOJbI, O TOM, YTO IIOCIIE
VCIIAPEHHUS €€ C TIOBEPXHOCTU 3€MJIM, II€-TO JAJIEKO MPOXOIUT J0KIb WU
cHer. Knumart perynupyercs UMEHHO Osarofapsi CBOWCTBaM >KHMJKOCTH,
KOTOpasi MOXET OTAaBaTh TEIUIO, a CaMa MpPU 3TOM IMPAKTHYECKU HE
VU3MEHSET CBOIO TEMIIEPATypy.

/5% - Takas umdpa IMOKa)XXeTcs OrpOMHOM, HO ATO BCS BOJa Ha
IJIAHETE, AaXe Ta, KOTOPasi HAXOJAUTCS B Pa3HbIX arperaTHbIX COCTOSHUSX,
B JKMBBIX CYIIECTBAX M OPraHUYECKHUX COCAWHEHUSX. Ecin ke ydecTb
JIVIIB KUJKOE, TO €CTh BOY, HAXOASAIIYIOCS B MOPSX U OKEAHAX, 4 TAKXKE B

TBEPAYIO - B JIEAHUKAX, TO MPOUEHT cTaHoBUTCA 70,8%.



PacrnipeniesieHue npoLeHTHOTO COJIEPKAHUA TPUMEPHO TaKOE:

Mopsi U okeanbl - 74,8%, H2O mnpecHbIX MCTOYHUKOB, pacHpeesiCHHas
HEpaBHOMEPHO IO IIAHETE, B JICJHUKAX cocraBisieT - 3,4%, a B o3epax,
0oJsiotax u pekax Juiib 1,1%.

Ha nonxzemubie ncrounuku npuxoaurtcs npumepHo 20,7% ot Bcero
KOJINYECTBA.

XapakTepucTuKa TsKeJI0H BoAbI. [[prpoaHOE BEMIECTBO - BOAOPOI
BCTPEUYAETCS B BUJIE TPEX M30TOIOB, B TAKOM K€ KOJIMYECTBE (POPM €CTh U
KHUCJIOPOJ. DTO TO3BOJISIET BBIJICIATh KPOME OOBIYHON MUTHEBOM BOJIBI €111€
JNEUTEPUEBYIO U TPUTHUEBYIO.

JlefiTepueBass UMeET CaMyl YCTOWYMBYIO (popMy, OHa BCTpedaeTCs
BO BCEX MPUPOJHBIX MCTOUYHMKAX, HO B OYEHb MAajoOM KOJIUYECTBE.
Kunkocts ¢ Takoil dopmysoil obiamaeT psAAOM OTIMYUN OT MPOCTOU U
nerkoi. Tak, oOpa3oBaHHWE KpPHUCTA/UIOB B HEH HAYMHACTCS YXKE€ MpH
temneparype 3,82 rpagyca. A BOT TeMrnepaTypa KUIEHUS] HEMHOT'O BBIIIE -
101,42 rpanyca Ilenbcusi. Y Hee OoJbIlle TUIOTHOCTh M CIIOCOOHOCTH K
PacTBOPEHUIO BEIIECTB 3HAYUTEIBHO CHMkeHa. Kpome Toro, ee
o0o3Havarot Apyrou hopmyioii (D20).

KuBble CHCTEMBI PEarupyroT HA TaKOE€ XUMHUUYECKOE COCTUHEHUE
1710X0. JIUIIh HEKOTOphIE BUJIBI OAKTEPHU CMOTJIM B HEM MPHUCIIOCOOUTHCS
K JKM3HM. PBIOBI M BOBCE HE BBIJICPKAJIM TaKOro JKCIepuMeHTa. B
OpraHu3Me YeJIOBEKa, JEUTEPUN MOKET HaXOJUTHCS HECKOJIBKO HEAENb, a

IMOCJIC BBIBOOAUTCA, HC IIPUYUHAA BpCa.



8.2.I1oBepXHOCTHBIE BOJIHbIE HCTOYHUKH

[ToBepXHOCTHBIE BOJBI CYIIU - BOJIbI, KOTOPbIE TEKYT (BOJOTOKH)
WM COOMpAIOTCs Ha TMOBEPXHOCTU 3eMiid (Bomoémbl). Paznuuarorcs
MOPCKHE, O3€pHBIC, pEUHbIE, OOJOTHBIE U JpyTrHe Bojbl. [IoBEepXHOCTHBIC
BOJIbI MOCTOSIHHO WJIM BPEMEHHO HAXOJATCS B MOBEPXHOCTHBIX BOJHBIX
o0bekTax. O0beKTaMU TOBEPXHOCTHBIX BOJI SIBJISIFOTCS: MOPs, 03€pa, PEKH,
0ojioTa W Jpyrue BOJOTOKM U BOJAOEMBI. [lOBEpXHOCTHBIE BOJBI
MIPOTHUBOMOCTABIISIOTCS TOJ3EMHBIM BOJIAM.

Pexka - mpupoaHblii BOAHBIA TOTOK (BOJOTOK), TEKYIIHH B
BBIPA0OOTAHHOM UM YTJYyOJICHUU - TMOCTOSHHOM €CTECTBEHHOM pyclie U
MUATAIONMIMKCS 32 CYET MNOBEPXHOCTHOTO M TMOJ3EMHOrO CTOKa C €ro
OacceiiHa. Pexu ABISIOTCS NPEIMETOM H3YYEHHUS OJHOTO M3 Pa3EiiOB
TUAPOJIOTUU CYIIHU - PEUHOU TUIPOJIOTUM (TIOTAMOJIOTHH ).

B kxaxoi peke pa3indaroT MECTO €€ 3apOXKICHHS - HCTOK U MECTO
(yuacTok) BIIaJICHUSI B MOPE, 03€PO WM CIUSHUS C IPYTOM peKOM - yCThE.

Pexu, HemocpenCcTBEHHO BIIAJAIOUIME B OKEaHbI, MOPs, 03€pa WU
TepsAIOIIMEecs B eckax M 00JI0Tax, Ha3bIBAIOTCS TJIABHBIMU; BITaJIAIOIIME B
IJIaBHBIE PEKH - MPUTOKAMH.

['maBHast peka co BceMH €€ MpUTOKaMU O00pasyeT PEeuHyl0 CHUCTEMY,
KOTOpAasi XapaKTEpU3yeTCsl TYCTOTOM PEYHOU CETH.

[ToBepXHOCTh CyIIM, C KOTOPOW peuHasi CUCTeMa COOMpaeT CBOU BOJIbI,
Ha3bIBACTCS BOAOCOOpPOM, WM BOAOCOOpHOW ILIomaabio. BomocOopHas

momaab BMCCTC C BEPXHUMU CIIOAMU 3eMHOH KOpPbI, BKJIFOYAromiasa B ceos



JAHHYIO PEUYHYI0 CHCTEMY W OTACIEHHAS OT APYTUX PEYHBIX CHUCTEM
BOJIOpa3/eIaMH, Ha3bIBACTCSI PEUYHBIM OACCEHHOM.

Pexu 0OBIYHO TEKYT B BBITSIHYTHIX MOHWKEHHBIX dopMmax penbeda -
JO0JIMHAX, HanboJiee MOHKEHHAs YacTh KOTOPBIX HA3bIBACTCS PYCIIOM, a
4acTh JIHA JIOJWHBI, 3aJIMBaéMasi BRICOKUMU PEYHBIMH BOJAMH, - TTOHMOH,
WJIN TIOUMEHHOW TEPPACOU.

B pycmax uyepenyrorcs Oojiee riayOokue wmecta -  IUIECHI U
MEJIKOBOJIHBIE YYaCTKH - TiepeKarhl. JIMHUS HamOOJbIIUX TIyOWH pycia
oOpasyer (QapBarep, a JUHUS HAUOOJBIIUX CKOPOCTEH TEUCHUS
HA3BIBACTCS CTPEIKHEM.

['panureii BOJIOTOKA PEKH Ha3bIBaeTCA Oeper, B 3aBUCHMOCTH OT
pPACIIOJIOKEHHUSI TI0 TEYCHHIO OTHOCUTEIBHO CpPEIHEH JIMHUM pycia
BOJIOTOKA Pa3IMYarOT IIPaBbIi U JICBBIM Oepera BOAOTOKA.

Pa3HOCTh BBICOT MEXIy HCTOKOM M YCThEM PEKH Ha3bIBACTCS
naJIcHUeM PEKH; OTHOIICHUE IMaJICHUS PEKH WJIM OTACIIbHBIX €€ YJ4aCTKOB K
X JUIMHE Ha3bIBaCTCS YKIOHOM pPEKH (y4JacTKa) W BBIpaKaeTCs B
nporneHTax (%) uiu B mpomuinie (%o).

B 3aBucumMocTu OT penbeda MECTHOCTH, B IMpeeiaax KOTOPOW TEKYT
pPEKH, OHHM pa3lelISAIOTCSd Ha TOpHBIE W paBHUHHBIE. Ha MHOTMX pekax
MEPEMEKAIOTCS YIaCTKA TOPHOTO U PaBHUHHOTO Xapakrepa. [ opHbBIe pekw,
KaK MPaBHJIO, OTJIMYAIOTCS OONBIIMMHU YKIOHAMH, OYPHBIM TCUCHHEM,
TEKYT B Yy3KHX JIOJWHAX; Mpeo0slaaloT Tporecchl pa3mbiBa. Jlis
PaBHUHHBIX PEK XapakTepHO HAIWYHWE W3BHIWH pyClia, WX MeEaHIp,

o0pa3yromumxcs B pe3yJibTaTe pyciaoBbIX MpoleccoB. Ha paBHUHHBIX pekax



YepeayrTCs YUYACTKU pa3MblBa PycClla U aKKyMYJISIIUM HA HEM HAaHOCOB, B
pe3yJibTaTe KOTOpOM 00pa3yroTCsi OCEepENKM U MEepeKaThl, a B YCThAX -
nesbThl. MIHOrIma OTBETBIEHHBIE OT PEKUM PyKaBa CIMBAKOTCA C JAPYyrou
PEKO.

I[To noOBEpPXHOCTHM 3EMHOTO IIapa PEKHU paCHpPeAcTCHbl KpanHe
HEpaBHOMEpHO. Ha KaxaoM MaTepuke MOXKHO HAMETUTh TIJIaBHbIC
BOJIOpa3/ieibl - TPaHUIIbl 00JIACTE CTOKA, MOCTYHAIOIIEro B Pa3IMYHbIC
OKeaHbl. [ TaBHBIN BOgOpa3ies 3eMIId IEJIUT NOBEPXHOCTh MATEPUKOB Ha 2
OCHOBHBIX OacceilHa: aTJIaHTUKO - apKTUYECKud (CTOK C TUIOMIAH
KOTOpOTo noctynaet B Atinantudeckuii u CeBepHblid JIeJOBUTHIN OKEaHBbI)
U TUX0OKeaHCKkuil (cTok B Tuxuit u Muauiickuii okeanbl). OOBEM CTOKA C
IJIONIAAN TEPBOTO U3 OTUX OACCEMHOB 3HAYUTENIBHO OOJIBIIE, YeM C
IJIOIAAX BTOPOTO.

I'yctora peyHOW CeTM W HAIpPaBICHUE TEYEHUS 3aBUCAT OT
KOMILIEKCA COBPEMEHHBIX MPUPOAHBIX YCIOBUHM, HO 4aCTO B TOW WJIM UHOU
Mepe COXPaHSAIT YEePThl MPEKHUX TEOJOrMYeCKUX 3mox. Haunbombiieit
IYCTOTBI pE€YHas CE€Th HOCTUTACT B AKBATOPUAIBHOM IIOSACE, TAE TEKYT
BEJIMYAMIINE PEKU wmupa - Ama3zoHka, KOHro; B TpoOnmuUYeCKHX WU
YMEPEHHBIX MOsSICaX OHA TaKXKe OBIBACT BBICOKOH, OCOOCHHO B TOPHBIX
parioHax (Ausbnbl, KaBka3, Ckamucteie TOpbl W 1p.). B IyCTBIHHBIX
00JacTsax pacIpoCTpaHEHbI AMU30IUYECKU TEKYILIHNE peKH,
MIPEBPAILIAIOIIAECS U3PEIKA TP CHETOTASHUU UJIA UHTEHCUBHBIX JINBHSX B
MOIIHbIE MOTOKK (peku paBHMHHOTO Kazaxcrana, y3ab1 Caxapsl, KpUKH

ABCTpanuu u ap.).



8.3. llmpkyasinusi Boabl B IPUpo/Ie

Boga siBiisieTcst caMbIM pacipOoCTpaHEHHBIM BEIIECTBOM B Omocdepe.
KpyroBopoT BOabI B MIPUPOJIC - ITO HENPEPHIBHBIN 3aMKHYTBIN IPOIIECC
IepeMeIeHUs BOJIbl MEXAY rujpocdepoit, arMochepoit u aurochepoit Ha
3emie. OTO CTAaHOBUTCS BO3MOXKHBIM, OJylarojiaps CHOCOOHOCTH BOJIbI
U3MEHSTh CBOE COCTOsiHHMe. Ha Hamel ruraneTe Bojia CyIIECTBYET B TPeX
arperaTHbIX COCTOSHUSX - TBEPOM, JKHJIKOM M ra3000pa3HOM.

OcHOBHBIC 3amachl BOJABI - ATO COJICHBIC BOJIBI MOPEH M OKEaHOB
(97%). Toapko 3% Boabl U3 o0miero o0bema Truapocdepsl - IMpPeCcHBIE.
[Tpuyem 70% mpecHOM BOJBI HAXOAUTCS B TBEPJIOM COCTOSTHUH B JISTHUKAX
(2,24%). Ha rpynToBbie Boabl mpuxoautcs 0,61% mnpecHoit Boabl, a Ha
BOJIbI 03€p, peKk U arMmocdepHOW Biaru, cooTBeTcTBeHHO, - 0,016%,
0,0001% u 0,001%. 13- 3a HEnpepbIBHOW HUPKYJSIMUKA BOAbI HA 36MHOM
nrape ee odIIee KOJIMYECTBO OCTACTCS MMOCTOSTHHBIM.

KpyroBopoT BOIBI OCYIIECTBISCTCSA, Ojarojmaps HCHapEHUIO,
NEPEABMIKEHUIO BOASHOTO Iapa B arMmocdepe, KOHACHCAIUU €ro,
BBITIAJICHUIO OCQJKOB WM HAJIMYMIO CTOKOB. HauwmHaeTcs KpyroBopoT ¢
UCTIapeHUs BOABI C TMOJCTHJIAIONMICH TOBEPXHOCTH BojgoemMoB. C
BO3JYIITHBIMH TCUYCHUSMH BOJISHBIC IMapbl TIEPEMEIIAIOTCS W3  OJHOM
obnactd B Apyryro. bombiias dacte BOABI MCHAPSETCS C TOBEPXHOCTH
MupoBoro okeaHa W NMpH KOHJICHCAIIMHM B BHUJIC OCAJIKOB BO3BpaIlacTCs

oOpaTHO. MeHbIast J0Jis UCMApPUBILIEHCS BOJbI MEPEHOCUTCS Ha CYIIY



BO3YITHBIMHU TeueHUsIMU. OOBEM BOJIbI, KOTOpAsi HCTIAPSIETCS HAJl CYIICH U
BBIHOCHUTCS BO3AYITHBIMU TEUYCHUSMH B OK€aH, HE3HAYUTEIICH.

Takum o00pa3oM, IpH HCHAPECHUH MOpPS H OKCaHBl TEPSIOT
3HAYMTEJIBHO OOJBIIE BOJLI, YE€M IIOJY4YalOT BJard IPU BbBINAJICHUH
OCaJKOB, Ha cymie - HaobopoT. Ho B Mops M oOKeaHbl C MaTEpPUKOB
MOCTOSIHHO ~ TIOCTYMaeT CTOK pPeYHOH BOJbl. OITO o0OecreyuBacT
IIOCTOSTHCTBO 0OBbeMa Bojbpl Ha 1iaHeTe (Puc. 8.1). B cBsa3u ¢ nponeccamu
KOHJICHCAIIMM BJIard TPOWCXOJWT BBINIAJICHUE OCAAKOB. YacTh Bjaru
aTMOC(EpHBIX OCAJKOB HCIHApSETCsS, YacTh 00pa3yeT BPEMEHHBIC WIIH
MIOCTOSIHHBIC BOJJOCTOKH M BOJ0oeMbl. OmipeieieHHas MaccoBast JI0JIs BJIaru
aTMOC(EpPHBIX OCAJKOB IPOCAYMBACTCS B TPYHT, (GOPMHUPYS IOA3EMHBIC

BOJIBL.

Puc.8.1. KpyroBopor Bozisl B ipupoe (Thic. KM3)



B mpupone pa3znmyarOT HECKOJBKO THUIIOB KPYrOBOPOTOB BOJIBI B
3aBUCUMOCTH OT MECTA, IJi¢ BJIara MCIAPWIACh, U TJAE BBIIAIN OCAJKH.
Boinensior  Oonbioit  (MUpoBOM) W Mayible  (OKEAaHWYECKUW U
KOHTUHEHTAJIbHBIN) KpYyroBOpOThl BOJbI. [lpu OOJBIIOM KpyroBopote
BOJISHOW Tlap, 0Opa3oBaBILMICS HaJ MOPSMH U OKEaHaMU, MEPEHOCUTCS
BO3JyIIHBIMM TEUCHUSMU HA KOHTUHEHTHI, KOHICHCUPYETCA TaM C
BBIMAJCHUEM OCAJIKOB, U BJIara CHOBA MOMNAJA€T B OKEAaH B BHJE CTOKOB.
JlaHHBIN BUJ KPYrOBOPOTAa COMPOBOXKIACTCA U3MEHCHUEM KAadyeCTBa BOJIBI,
TaK KaKk MPU HUCHAPECHUU COJICHAsd BOJIa CTAHOBUTCS MPECHOW, a TpsA3HAS
BOJIa OUMIIAETCS.

B mpouecce mManoro Ok€aHMYECKOro KPyroBOPOTa BOJSHBIE MapHI,
chopMUpOBaBIIKECS HaJl OKEAHOM, MOJIBEPTatOTCsl KOHACHCAIINH, U B BUJIC
OCaJIKOB BO3BpAIJAlOTCS B OKeaH. Maublii BHYTPUKOHTUHEHTAIbHBIN
KPYTOBOPOT - 3TO KOHJICHCAIUS HaJ[ MMOBEPXHOCTHIO CYIIIM MCHAPUBIIEHCS
BO/JIbI, Y MOCJICAYIOIIEE BHIMAJCHUE OCAAKOB HaJl MaTepukamu. KoHeuHbIi
ATaI Majoro KOHTUHEHTAJILHOTO KPYTrOBOpPOTa - Takke MUPOBOM OKEaH.

CkopocTH TpaHCHOPTHUPOBKU BOJIBI B  PA3JIUYHBIX COCTOSIHUSIX
OTJIMYAETCS, TaK k€, KaK Pa3IM4Hbl BPEMEHHBIC MPOMEXYTKH PacXO]IOB
BOJIbI U BpeMs ee 00HOBJIeHUsl. Camas BhICOKasi CKOPOCTh BOJIOOOMEHA - B
JKMBBIX OpraHu3Max (HECKOJbKO 4acoB). B lemHuKax MoOasSpHBIX 00JacTei
KPYTrOBOPOT BOJBI MPOTEKAET ThICA4YM JeT. Boasl MupoBoro okeana
MOJTHOCTBIO OOHOBJISIIOTCS 3a 2,7 THICSYU JIET.

8.4. CTpyKTypa MOJIeKYJbl BOABI



Bona - okcun Bogopoja - OMHaApHOE COEJUHEHHE HEOPraHUYeCKOMH
IIPUPO/IBI.

®opmyna - H2O. Monspuas wmacca - 18 r1/Monb. MoxkeT
CYIIIECTBOBATh B TPEX arperaTHhIX COCTOSHUSX - KHUJIKOM (BOJia), TBEPAOM
(Jtem) u razoo0pa3HoM (BOASIHOM map).

dopMyJia BOJBI U3BECTHA KaXJIOMYy CTYJACHTY. OTO TPU HPOCTHIX
3HaKa, HO cojepKarcs oHU B 75% OT 00I1Iei MacChl BCETO Ha IIJIaHETe.
H,O - »Tt0 naBa aroma Bojopojgau oOauH - kuciaopopa. Crpykrypa
MOJIEKYJIBI UMEET IMIMPUUYECKYI0 (OpMY, MOITOMY CBOMCTBA >KUIAKOCTH
TaKue MHOT000Opa3HbIe, HECMOTPsI Ha MPOCTOM cocTaB. Kaxkmas u3 MoJIeKy
HaXOJIUTCSI B OKPYXKEHUU coceqieil. OHU CBSI3aHbI OJTHOW KPUCTAILNTAYECKOM
pEIIETKOM.

B Monekyiie BoJbl - JIB€ KOBAJICHTHBIE moJisspHbie cBsizu O - H u aBe

HCHOJIGHéHHBIC OJICKTPOHHBIC IIapbl HAa aTOMC KHUCJIOpOJA. CTpYKTypHaSI

dbopmysl Boawl (puc.8.2).
H
(R s
104.45°
3 /)H
O /
~ 0.9584A

Puc.8.2. CtpykTypHast popMyJIbl BOJIbI



DJeKTpoHHas Gopmyia:
H:O:

Mosnekysia BOJIbI HMMEET YIJIOBOE CTPOCHHUE. YTOJI MEXKIY CBS3SIMU
coctapisier 104,5°. Mosekyna npeacraBisgeT coOoi aumnoiab. B Helt atom
KUCJIOpOJia HECET  OTpUIATEIbHBIM 3apsA]l, a aToMbl BoJOpoaa -

MOJIOKUTEIbHBIN

[TonsspHOCTP MOJIEKYJ BOJbBI YacTO MPEICTABISAETCS YNPOIIEHHO B

BH/IE DJUINIICA C IBYMSI IIOJIFOCAMU:
O

[TonsspHOCTh MOJIEKYJBI BOJBI OKa3bIBAET CUJIBHOE BIIMSIHHE Ha €€
bu3nYecKre U XUMUUYECKUE CBOMCTBA.

BbIsSICHUM CTPYKTYpy TEPMOJMHAMUYECKOTO MPEAIIECTBEHHUKA BOJIBI
- Jpga. TeM camMbIM MBI TOBTOPUM IIYyTh BCEX HCCIIEIOBATENEH BOIBI.
Kaxnaplii U3 HUX, OBITASCh MOHATH CTPYKTYPY BOJIBI, PAHO WJIA IO3JHO
IPUXOUI K HEOOXOIMMOCTH pa3o0paThCsi B CTPYKTYpE JIbJIA.

B 1910 r. amepukanckuii ¢usuk II. bpumxmen u HeMeukuin
uccienonarens ['. TammaHn oOHapyXWiK, YTO JIE MOKET OOpa30OBHIBATH

HECKOJIbKO MOJIUMOP(HBIX Kpuctasmmmyeckux Moaudukanuu. Ceituac



U3BECTHO 9 Mopudukamui abja, y HUX pa3IUdHbIE KPUCTALIAYECKUE
PEILIETKH, pA3JIMYHbIE TJIOTHOCTH W TEMIEpATyphl IIaBieHUus. BceM Ham
XOpOIIIO 3HAKOMBIM JieJl HaszbiBaeTcsa "npaom 1", apyrue moaudukanuu
JbJla CYWIECTBYIOT Npu AaBieHusx, npesbimaronmx 2000 ar. Hampuwmep,
nen I, obpasyromuiics npu gapiaeHun 2115 at, Tspkenee Bojpl, a jea VI
(mpu nmaBnenun okoysio 20 000 ar) mumaBUTCA IIpU  TeMIleparype,
npesbimaronieid 80 °C. B 0OBIUHBIX YCIOBHUSIX MBI MOXEM HAOIIOJATh
auinb jed I, oH u u3zydeH HauOojee moiaHo. Huxke peds UaeT UMEHHO O
HEM.

Kaxnass Momekyna BOAbI MOXET 0Opa3oBbIBaTh JO YEThIPEX
BOJIOPOJIHBIX CBSI3€H, €CJIM BOJM3M OKaXETCAd JOCTATOYHOE KOJUYECTBO
MOAXOSIINX COCeNle, MpuueM Ojaroaapsi CBONMCTBY KOOIEPATUBHOCTH
KaX1asi MOCIEayIoasi CBsI3b TPEOYET JJIsl CBOETO 0O0pa3oOBaHHUs MEHBIIIE
SHEPIruu, MOITOMY OHa OyJIEeT 00pa30BBIBATHCS C OOJBIIEH BEPOATHOCTHIO,

yeM npeasiayimas (puc. 8.3).

Puc. 8.3. Bomopoanas cBs3b
Bo apay Bce MOJIEKYJNIBI CBS3aHBI MEXKAY COOOM BOJOPOJIHBIMHU
CB3sIMH. [Ipr 3TOM dYeThIpe CBSI3M KaXKIOH MOJCKYJIbl JIOKAJIBHO

OpraHU30BaHbl B TETPAYAPUUECKYIO CTPYKTYpYy, T.€. UEThIpe Onu3Iexa-



M€ MOJIEKYJIbl PAacloiaratoTCsl B BEPUIMHAX TPEXTPAHHOW MUpPaAMUJIbI, B

IIEHTPE KOTOPOW HAXOIUTCS TsATas MOJICKyJia BojbI (prc.8.4).

Puc. 8.4. Bonoponnasi cBsi3b

Takum oOpa3om, TeTpasdapuueckas (popma OTIETBHOW MOJIEKYJIbI
IIOBTOPSETCS B KPUCTAJUIMYECKOM  CTPYKType Jbaa. Bo3MOXKHO,
OTIpeIETIEHHYIO POJIb 31eCh Urpaet To, 4to yroa H - O - H monexynst H20O
IIOYTH PABEH HJACAIBbHOMY TeTpa’apuueckoMy yriy 109°, a Momekymsl
BOJIbI, KAK MbI 3HA€M, OOBEIUHSIOTCS C MOMOIIBI BOJAOPOJHBIX CBSI3EH,
KOTOpbIE OHM 00pa3yroT UMEHHO B HampapieHuu O- H. DTu TpexrpaHHbie
MUPaMUIbl MOTYT TaKKe OOBEUHSITCA B HEKYIO CBEPXCTPYKTYpY. Bo nbay
TaKas CII0HAsl TPEXMEPHAsI CBEPXCTPYKTYpa U3 TETPA3APOB NPOCTUPACTCS

Ha Bech 00beM. HaunHas ¢ m000ro aTomMa KUCI0po/Ia, Iepexos OT coceia



K COCeIy 1O BOJOPOJHBIM CBSI3SIM, MOXKHO CTPOUTH OCCKOHEYHOE YHCIIO
Pa3IMYHBIX 3aMKHYTHIX QUTYP.
Ota cBs3b cnabee KoBaleHTHOM. Ho Omaromapsi el 3HaYMTEIBLHO

TIOBBIIIAIOTCS TEMIIEpATyPhl MUIABJICHUS U KHIICHHS BeriecTB (puc.8.5).

a s
S

Puc.8.5. BonopoaHas cBsizb

BOJIOpOI[HBIMI/I CBA3SIMH OOBSCHSIETCS TakKe CIOCOOHOCTH BOJbI

00pa30BBIBATh IIPH 3aMEP3aHUU CHEXKUHKH pa3Hoi ¢hopmel (prc.8.6).

Puc.8.6. O6pazoBaHne CHEKNHOK

N3 Bcex KHUIKHUX H TBépI[I)IX BCIICCTB Yy BOJbI CaMasaA BbICOKAsA

TEILUIOEMKOCTh. OHa MCIJICHHO HAarpeBacTCA U TaK K€ MCIAJICHHO OCTbLIBACT.



brnaronaps TakoMy CBOMCTBY BOJla BIMSIET Ha KJIMMAaT 3€MJIM, CTJIaXKUBas
KoJieOaHusl TeMneparypsl. Mopsi U OKeaHbl HAKAIUIMBAIOT TEIJIO B TEIMJIOE
BpEMs, a B XOJIOJJHOE - €r0 OCBOOOXKIALOT.

Y  Bombl  BBICOKME 3HAYEHUS TEIUIOTHl  IUJIABJIEHUS U TEIIOTHI
napooOpazoBanus. [losTomy mpoieccel TasHHS JbJa U CHEra, UCIapeHUs
BOJbl MPOUCXOAAT MOCTENEHHO U MPUBOJAT K MEIJICHHOW CMEHE CE30HOB
roJia: 3uMa - BECHA - JIETO - OCEHb.

Emé onmHa o0COOEHHOCTh BOJBI -  BBICOKOE IOBEPXHOCTHOE
HaTsoKeHHe. [IOBepXHOCTHOE HATSXKEHHE OO0YCIIaBIMBAET KalWIISPHBIC
SBJICHUS, cOOMpaeT BOJAY B KaIlJd, CO3Ja€T MOBEPXHOCTHYIO IJIEHKY H
M03BOJISIET HEKOTOPHIM HACEKOMBIM MEPEMEIATHCS 1O HEMl.

Bricokas moisipHOCTb MOJIEKYA OOYCIaBIMBAET CIIOCOOHOCTHh BOJbI
pacTBOPSATH BEUIECTBA C HMOHHOW WJIM KOBAJEHTHON TMOJSPHOUN CBS3bIO.
Takue BemecTBa 4acTo Ha3bIBAOT rUApOPMIbHBIMU. K HUM OTHOCATCS
COJIY, IIEIOYM, HEKOTOPhIE KHUCIOTHI U Jpyrue. HemonspHbie BellecTBa B
BOJIE HE pacTBopsitoTca. X Ha3bIBatoT ruipoPOOHBIMH.

[IpocToTa  CcTpO€HHUs MO3BOJSET  KUJAKOCTH  CYIIECTBOBaTh B
HECKOJIBKUX arperaTHbIX COCTOSHUSAX. HU OHO BellecTBO Ha IJIAHETE HE
MOKET HaXOJMUTCS B TPEX arperaTHbix cocTossHusAX. HoO oueHb moaBMkHa,
OHAa YCTYIaeT B 3TOM CBOMCTBE JIUIIb BO3AYXY.

Od4eHb JAaBHO JIIOJIM TOHSJIM HEOLIEHUMOE 3HAYEHUE >KUJKOCTH s
BCETO UBOTO U IJIAHETHI B 1IeJIOM. be3 Hee 4UelloBeK HE MOXKET MPOKUTh U
Henenu. Kakoro ke  1oje3Hoe  AEMCTBHE  OT  JTOr0  CaMoro

pacnpoCTPaHEHHOTO Ha 3eMJI€ BEIleCTBA?



CaMoe rmaBHOE IPUMEHEHHE - 3TO HAIMYUE B OPTAHU3ME, B KIETKAX,
r1€ MPOXOAAT BCE BAXKHEUIIINE PEAKIIUU.

OOpazoBaHue BOJOPOIHBIX CBs3el OJIArONPHUATHO CKa3bIBA€TCS Ha
YKUBBIX CYIIECTBAX, BEJb MPU WU3MEHECHUU TEMIIEPATYPbI KUIKOCTh B TEIE
HE 3aMeEp3acT.

Hwu onuH npoMBbIIIEHHBIN 3aBOI HE MOXKET paboTaTh 0€3 KUIKOCTH.

H>0 - ucTouHMK XKU3HU U 3J0POBbSI, OHA SBJISETCS JIEKAPCTBOM.
PacTeHust uCosib3yroT €€ Ha BCEX ATamax CBOEro pa3BUTud v xku3Hu. C ee
MOMOIIIBI0 OHU TMPOU3BOJAT KUCIOPOJ, TAaKOW HEOOXOIUMBINA NI >KU3HU
YKUBBIX CYyIIECTB, T'a3.

Kpome camMbIx OYEBUIHBIX TMOJE3HBIX CBOMCTB, UX HMMEETCS €IIIE
OYE€Hb MHOTO.

8.5. XuMuvecKkue 0CHOBBI 00pa3oBaHMs BOJAbI

B3auMopeiicTBue BOAOpO/Ia C KUCIOPOJIOM, KaK 3TO YCTAHOBWII €I
I'enpu KaBennaui, mpuBOIUT K 0Opa3oBaHUIO BOJbI. JlaBaiiTe Ha 3TOM
MPOCTOM TMPUMEPE TMOYYUMCS COCTABJISITh YPABHCHUS  XUMHUYECKHX
pEaKId.

['openue Bogopoia popManbHO BBIpaX)aeTcsl CyMMapHOU peaKIuei:

2H>, + O, — 2H,0

OnHako 3Ta cyMMapHas peaKknus HE ONHUCHIBAECT
Pa3BETBIEHHBIC LIEMHBIE pPEaKIMU, MPOTEKAIOIIME B CMECSX BOJAOpPOJA C
KUCJIOPOJOM WJIM BO3IyXOM. B  peaknusx yd4acTBYIOT BOCEMb
komrnoHeHToB: Hpz, Oz, H, O, OH, HO2, H20, H2O,. Ilogpobnass kune -

THYCCKAasd CXEMa XHUMHUYCCKHUX peaKHI/Iﬁ MCXKAY OTUMH MOJICKYJIaMU U



aToMamMu BKJIroyaer Oojiee 20 dJIEeMEHTApHBIX peaKIuid ¢ ydacTHEM
CBOOOJIHBIX PaJUKaliOB B pearupyromeit cmecu. [Ipu Hanuumm B cucreme
COEIMHEHUH a30Ta WJIU YriepoJia YUCIO KOMIIOHEHTOB M 3JEMEHTapHBIX
peaKIil CyllIECTBEHHO YBEIUYUBACTCA.

B cuiy Toro, 4To MeXaHU3M rOpeHusl BOJOPOJA SBIISIETCS OJHUM U3
HanOoJiee MTPOCTHIX [0 CPABHEHUIO C MEXaHHW3MaMH TOPEHUS MPOYUX
ra3oo0pa3HbpIX TOIUIMB, TaKUX, HampuMep, Kak CUHTE€3 - Ta3 Wiu
yIJIE€BOJOPOJIHbIE  TOIJIMBA, a  KHWHETHYECKUE  CXEMbl  TOpPEHHUS
YIJIEBOJOPOJHBIX TOIUIMB BKJIOYAIOT B €e€0d BCE KOMIIOHEHTHl H
AJIEMEHTapHBIE PEAKIMU U3 MEXaHM3Ma FOPEHUsl BOJIOPOJIa, OH M3Yy4daeTcs
4Ype3BbIYalHO MHTEHCMBHO MHOTMMHU TpyIIIaMH HCCII€ -J0BaTeseH.
Opnako, HECMOTpsI Ha Oojiee YeM CTOJIETHIOIO MCTOPHUIO MCCIIEIOBAHMIA,
ATOT MEXaHMU3M JI0 CUX MOP U3Y4YEH HE MOJHOCTHIO.

Yro nmonyyaerca U3 BOJOPOJa U KUCIOPOJIa, MbI YK€ 3HAEM:

H; + O, — HO

Teneps yuTrem, 4TO aTOMbl XMMUYECKHX 3JIEMEHTOB B XMMHUYECKHX
peaKIMsAX HE MCYE3al0T U HE MOSBIISIOTCS U3 HUYEro, HE MPEBPAIAIOTCS
Ipyr B JApyra, a COCIUHSIIOTCA B HOBBIX KOMOWHAIMSAX, 00pa3ysi HOBBIE
MOJIEKYJIbl. 3HAYUT, B YPAaBHEHUH XUMHUYECKON PEAKIIMU aTOMOB KaXXI0TO
3JIEMEHTa JOJKHO OBITh OAMHAKOBOE KOJMYECTBO J0 peaKiuu (cieBa OT
3HAaKa PABEHCTBA) U IIOCJE OKOHYAHUS peakuuu (crmpaBa OT 3HaKa
paBeHCTBA), BOT TaK:

2H, + O2 = 2H20



OTO U €CTh YPABHEHUE PEAKIIUMU - YCJIOBHAS 3aMMCh IMPOTEKAIOIICH
XUMHYECKOHN PeaKIMM C ITOMOIIBI0 (OPMYJI BEIIECTB U KOADGDUITUSHTOB.
DTO 3HAYUT, YTO B MPUBEICHHON pEakKIMu JBa MOJISI BOAOPO/a JTOKHBI
npopearupoBaTb  C OJJHUM  MOJIEM KHUCJIOpOJa, W B pe3yJbTare
MOJIYYUTCS B MOJISI BOJIBI.

BzanMonaencTBrue BOAOPOJa C KUCIOPOJAOM -  COBCEM HE MPOCTOM
nporiecc. OH MNPUBOAUT K HU3MEHEHHUIO CTENEHEW OKHUCICHUS HTUX
aneMeHToB. UToOBl moadouparh KOI(POUIIMEHTH B TaKUX YpPaBHEHHUSX,
OOBIYHO TTOJIB3YIOTCS METOAOM «DJICKTPOHHOT'O OajlaHCay.

Kornma u3 Bomopoaa u kuciopoja oOpasyeTcsi Boja, TO 3TO 3HAYUT,
YTO BOJOPOJ] TIOMEHSUT CBOIO cTeneHb okucieHus: ot 0 mo +1, a kuciaopos -
ot 0 10 -2. ITpu 3TOM OT aTOMOB BOAOPOJIa K aTOMaM KHCJIOpPOJia MEPEILIO0

HECKOJIBKO (N) 3JIEKTPOHOB:

2Ho + O, = 2H20
NN

ne
Bonopon, otnaroniuii 3J€KTPOHBI, CIYKUT 37€Ch BOCCTAHOBUTEJIEM, a
KHUCJIOPOL, HpI/IHI/IMaIOHH/Iﬁ 9JICKTPOHBI -  OKHCIIUTCIICM. HOCMOTpI/IM
TCIICPb, KaK BbLITJIAAAT IIPOHCCChI OTAA4YU U IIpUCMa 3JICKTPOHOB IIO0
OTOCIIBHOCTH. BOI[OpOI[, BCTPCTUBIINCH C «HpI/IO6peTaIOHH/IM» -
KHUCIIOPpOAOM, TEPACT BCC CBOC JOCTOAHUC - JBa JJICKTPOHA, H CI'0 CTCIICHb
OKHCJICHUSI CTAHOBUTCS paBHOM +1:
Hzo - 2e-=2H"

[Tonyunioch ypaBHEHHE TOJIYPEAaKIIUA OKUCIICHHS BOJIOPO/IA.



A oxucnutens - Kuciaopoj Oz, OTHSB MOCIEIHHUE DJIEKTPOHBI y aToma
BOJIOPO/1a, MPUOOJIAAE€T HOBOUM CTEMEHBIO OKUCICHHUS - 2
O, + 4e- =207

DTO ypaBHEHUE MOJTypEaKIIMu BOCCTAHOBICHUS KUCIOPOa.

Ocraercss 100aBUTh, YTO W «OKHUCIUTENb», M €ro «BOCCTAHOBHUTEIIbY
MIOTEPSUTH CBOIO XMMHUYECKYI0 HHAUBUAYATbHOCTh U U3 MPOCTHIX BEIIECTB -
ra3oB ¢ JByXaTOMHBIMU MouiekyJiamu Hz u Oy npeBpaTHINCh B COCTaBHbBIC
4aCcTH HOBOI'O XMMHYECKOTO BellecTBa - BoAbl HoO.

Haneime Oynem paccyxaaTh CHAEAYIOIMMM 00pa3oM: CKOJIBKO
AJIEKTPOHOB OTJaJI BOCCTAHOBUTEIIb OAHIUTY- OKUCIUTEIIO, CTOJIBKO TOT U
noTy4us1. YUCI0 3JEKTPOHOB, OTJAHHBIX BOCCTAHOBUTEIIEM, TOJKHO OBIThH
PaBHO YMCITY 3JIEKTPOHOB, IPUHSATHIX OKUCIUTEIIEM.

3HAYUT, HAJO YPaBHATh YMCJIO OJJIEKTPOHOB B TEPBONM U BTOPOH
nojypeaknusx. B XumMuu mnpuHATa Takas YycJoBHas ¢opma 3arucu

YPaBHEHUH MOTYpPEAKIIHIM:

2 HZO - 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 YypaBHEHUSX MOJypeakuuid OTAaHO 2
AJNIEKTPOHA, a NpUHATO 4. UTOOBI ypaBHATH YKCIIO MPUHSITHIX U OTJAAHHBIX
AJIEKTPOHOB, HAaXOJSAT HaWMEHbIIIEe O0IIee KPAaTHOE U JOMOJTHUTEIbHbIC

MHOXUTENU. B HameM cioydae HauMeHbIee oOIee KpaTHOE paBHO 4.



JlonoHUTEIbHBIE MHOXKUTENINU Oy IyT AJisl BoJlopoja paBHbl 2 (4 : 2 =2), a
st kucnopoga - 1 (4:4=1)

[TonydeHHbIE MHOXHUTEIU U OYIYyT CIYXUTh KO3(QdUIIMEHTaMuU
OylylIero ypaBHEHHUS PeaKIuu:

2H20 + 020 = 2H2+1O'2
8.6. ®U3HUKO- XUMHYECKNE CBOIICTBA BOJbI

dusnyeckue cBoicTBa BoAbl. Boia - nmpo3payHas XuUJIKOCTh (H.Y.).
Junoneubiii  MoMeHT - 1,84 J[ (3a cyueT CHIBHOIO pazIvdus
ANIEKTPOOTPHUIIATEIBHOCTEN KHUCIOpoJa U Boaopoja). Boma oOnamaer
CaMbIM BBICOKMM 3HAQYEHHEM YJECIbHOM TEIUIOEMKOCTH CpPEIN BCEX
BEIIECTB B )KUJIKOM U TBEPJIOM arperaTHOM COCTOSHUSIX.

brnarogapst BOJOpOIHBIM CBSI3SIM MEXKy MOJIEKYJIaMH BoJia 00yiagaeT
PAIOM YHUKaJIbHBIX CBOUCTB. [lnoTHOoCTh nbaa Ha 9% MeHble, 4eM y
Bozabl - 0,917 r/em® |, uT0 00YCIOBIIEHO €ro “pHIXJION” KPUCTAIUIMYECKOM
CTPYKTYpOU, CTaOMJIM3UPOBAHHON BOJOPOIHBIMU CBSI3SIMU. ITO CBONCTBO
JbJIa IPEAOXPaHACT BOJOEMbI OT MpoMep3aHus. Temiora niaBJiIeHus Jibaa
6 x/[x/monb, Teriora ucnapeHus Boabl 44 k/[x/monb. B Tanoit Boue
YaCTUYHO COXPAHSIOTCS ()parMEHTBhl CTPYKTYPHI JibAa. Y JKUJIKON BOJIBI
3aBUCUMOCTh TEIUIOEMKOCTH OT TEMIEpaTypbl UMeeT MUHUMYM Tipu 37°C,
YTO COOTBETCTBYET TEMIIEpAType YEIOBEUECKOTO TeJia. ITO CIIOCOOCTBYET
HanOosee H(PheKTUBHOMY TIPOTEKAHUIO OHMOXMMHUYECKHUX pEaKIuii B
OpraHu3Me 4YeJIOBEKa.

[ImoTHOCTB XXMAKONH BOJbI MakcuManbHa Tipu 4°C u paBHa 1 r/cm?

(1000 r/mm3®). B oTiimume oT apyrux BeliecTB TBEpaas Boda (IEH) jerue



xkuakor. IlmotHocts npaa mpu 0°C  coctaBisier 0,92 r/em®.  TloaTomy
alicOepru MmiaBarT MO MOBEPXHOCTH OKEAHOB, a MPECHOBOJHBIE BOJOEMBI
3UMOM  HE€  MpPOMEp3aloT  J0  JHA, M OOMTaloImMe B HHUX
OpraHu3Mbl BBDKMBAIOT BO BPEMS CUIIBHBIX MOPO30B.

[Tpu HOpManbHOM atMochepHoMm naBienuu (760 mm pr. ct., 101
325 ITa) mpu Temneparype B 0°C Boga mepexoaUT B TBEPJOE COCTOSHUE
U KUIIUT (mpeBpaliaeTcss B BoAsSHOW map) mpu  Temmeparype 100 °C
(3Hauenuss 0°C wu 100°C ObuUIM BBIOpaHBI KakKk COOTBETCTBYIOIIWE
TeMrepaTypam TastHUS h119i ¢:] u KUTICHUSI BOJIbI npu
CO3J]aHUU TeMIlepaTypHO MmKaibl «mo lleascuio»). DT0 aHOMabHO
BBICOKME 3HAYEHHUS [T BEIIECTBA C TAKOW HU3KOM MOJIEKYJIIPHOU MACCOU.

[Ipy cHuXEHUM JABJICHUS TeMmIlepaTypa TasHUs (TUIaBJICHMS) JbJa
MEJIJICHHO pacTET, a TeMIepaTypa KUIEeHUs BOAbI - Tnanaet. [Ipu gaBieHuun
B 611,73 Ila (oxomno 0,006 aTM) Temmeparypa KUIEHHUS W IJIABJICHUS
coBnagaet u craHoutcsa pasHou 0,01°C. Takue naBieHue u Temieparypa
Ha3bIBAIOTCA TPOMHON TOuko#l BoAbl. [Ipu Oojee HU3KOM JaBIIEHHH BOAA
HE MOXET HAaXOIWUTHCS B JKUJIKOM COCTOSSHMM, W JIEN TMpeBpaIiacTcs
HETMOCPE/ICTBEHHO B Tap. TemmepaTypa BO3TOHKH (CyOJMMAaIlvu) jabja
najaeT co CHIKeHWeM naaBjieHus. [Ipu BBICOKOM JaBIEHUM CYIIECTBYIOT
MOaU(UKAITUY JIbJIa ¢ TeMIIepaTypaMu IJIaBJICHUS BBIIIIE KOMHATHOM.

C pocToM AaBJICHHS TeMIIepaTypa KUIICHUS BOABI pacTéT (Ta0i.8.1).



Tab6mauma 8.1

N3meHeHus TEMIICPATYPbl KUIICHHUA BOJALI B 3aBUCUMOCTH OT

JIABJICHUS
JlaBieHue, aTm. Temmepatypa kuneHust (Tyun),
°C
0,987(10° I1a - HOpMasbHBIE YCIOBH) 99,63
1 100
2 120
6 158
218,5 374,1

[Ipu pocTe naBieHHs IUIOTHOCTh HACBIIICHHOTO BOSHOTO Iapa B
TOYKE KUIIEHUS TOXKE pacTET, a )KMAKOH BOJIbI - manaeT. [Ipu temmeparype
374°C (647 K) u  gaBiaeHuun 22,064 Mlla (218 atm) BOJIA
IPOXOAUT KPUTHYECKYIO TOUYKY. B 93TOH TOYKE IUIOTHOCTh WU JPYyTHE
CBOMCTBA XKUAKOM M ra3000pa3HO BOJbI coBManaT. [Ipu 6os1ee BbICOKOM
JABJICHUH W/ TEMIIepaType Mcue3acT pasHUIla MEXTY KUIKON BOJIOU U
BOJASHBIM  mapoM. Takoe  arperaTHoe€  COCTOSHHE  Ha3bIBAIOT

«CBEPXKPUTHYECKAS KUIAKOCTHY (prc.8.6).
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Puc. 8.6. ®da3zoBas nuarpaMmma BOJbI: 110 BEpTUKAILHOM ocH - naBieHue B [la, mo

TrOPU30HTAJIBHOM - TeMiiepaTypa B KenbBuHax. OTMeueHbl kputnueckas (647,3K;

22,1 MIla) u tporinas (273,16 K; 610 Ila) Touku. Pumckumu nndpamu oTMEUEHbI
pa3inyYHbIe CTPYKTYPHBIE MOAU(DUKALIUY JIb/A.

Boma  MokeT  HaXoIUTbCS B METACTAOMJIBHBIX  COCTOSHHSIX-
MEPECHINICHHBIN Map, MeperpeTas KUIKOCTb, MePEOXIIaKICHHAS )KUIKOCTb.
OTU COCTOSHMS MOTYT CYIIECTBOBATh IJIUTEIBLHOE BpPEMs, OJHAKO OHU
HEYCTOMYMBBI U TPU CONPUKOCHOBEHHH C Oosiee ycToH4YuBOM (ha3oii
MPOUCXOUT Tepexoa. Hampumep, MOKHO MOJYyYHUTh TMEPEOXIKIEHHYIO
XKUJIKOCTh, OXJIAAUB YUCTYK) BOAY B unCTOM cocyae Huxke 0°C, ogHako
Opyd  TOSBICHUM IIEHTPA KPUCTAUIM3ALMHM SKUAKas BoJa OBICTPO
MIPEBPAILIACTCS B JIEN.

VnenwbHas TemioTa IiaBieHMSA Boabl - 333,25 kJDK/Kr (OC),
napoo6pazoBanus - 2250 kJx/kr. Boga crmocoOHa pacTBOPSATH MOJSIPHBIC
BemecTBa. Boma o00mamaer BBICOKMM TOBEPXHOCTHBIM HATSKEHHEM H
OTPHUIIATEIbHBIM SJICKTPUUECKUM TTOTEHIIMAIOM TTOBEPXHOCTH.

H>O u ee cBoiicTBa3aBUCAT OT MHOTHX  KIIFOYEBBIX
(dakTopoB. OCHOBHBIE U3 HUX:

Kpucramiauvyeckass pemerka. CrpoeHue BOIbI, a TOYHEE €€
KPUCTAITMYECKON PEeIIeTKH, 00YCIOBIECHO arperatHpiM cocTossHueM. OHa
UMEET PBIXJIOE, HO O4YEeHb MpOoYHOe cTpoeHHe. CHEXUHKH TOKa3bIBAIOT
pEIIeTKY B TBEPJOM COCTOSSHHH, & BOT B MPUBBIYHOM - >KHJIKOM, Y BOJbBI
HET YETKOCTH B CTPOCHUHU KPUCTAIIJIOB, OHM MOJIBWKHBI 1 U3MEHUYUBHI.

CtpoeHue MoJiekyabl - map. Ho BausHHE 3eMHOTO TPUTSIKEHUS
3aCTaBJIsIET BOAY MPUHUMATH (OpPMY COCylna, B KOTOPOM HaxoauTcsa. B

KOCMOCE OHa OyJIeT FTeOMETPUUECKH NPABUIBHOU (POPMBI.



Pearupyer Boja ¢ JpyruMu BELIECTBAMH, B TOM YHCJIE C TEMU, KTO
oOJlajlaeT Hepa3JeJICHHBIMU SJICKTPOHHBIMU TapaMH, CPEIU HUX CIHUPT U
aMMHaK.

OO6nagaeT BHICOKOU TEMJIOEMKOCTBIO U TEIIONMPOBOJHOCTHIO, OBICTPO
HarpeBaeTcs U JOJITO HE OCTHIBAET.

N3BectHO, uTOo Temmneparypa kurnenus - 100 rpagycos llenscus. B
KUJIKOCTU TOSIBJISIOTCA KPUCTAUIBI MPU MOHWXKEHUU 110 +4 Trpaaycos, a
BOT JieJl 00pa3yeTcs Mpu emie 0oybIeM CHUXEHUH. TeMnepaTypa KUIIECHUsI
3aBUCUT OT JAaBJieHUs, B KoTopoe momectuTh H2O. EcTh 3kcniepumMenT, npu
KOTOPOM TEMIIepaTypa XHUMHUYECKOro coeauHeHus jgocturaet 300
I'paayCcoB, MPU 3TOM KUAKOCTh HE KUIUT, a TIJIABUT CBUHEII.

Eme oaHMM BaXXHBIM CBOHCTBOM  SIBJISIETCA  MOBEPXHOCTHOE
HaTspkeHue. dopmysia BOABI TMO3BOJISIET €My OBITh OYEHb ITPOYHBIM.
VYyeHble BBISICHWIM, YTOOBI pa3opBaTh €ro MoTpedyeTcs cuiia ¢ Maccou
oosbiie 100 ToHH.

H,O, ouwnmienHas oT mnpumeceld (AUCTUIUTMPOBAHHAS), HE MOXKET
MPOBOJUTH TOK. ITO CBOMCTBO OKCHJAa BOAOPOJA TMOSBIISIETCS JIUIIb MPU
HAJIMYMU PACTBOPEHHBIX B HEM COJICH.

Jlem - 3TO YHHKaJIbHOE€ COCTOSIHHE, KOTOPOE CBONCTBEHHO OKCHIY
BoJI0oposia. OH 00pa3yeT PHIXJIbIE CBS3U, KOTOPHIE JIETKO JAehOPMUPYIOTCS.
Kpowme Toro, paccTosiHue Mexay 4acTUIIaMU 3HAYUTENIbHO YBEJIUUUBACTCS,
nenas TUIOTHOCTh Jibla HAMHOTO HHUXE JKHAKOCTH. OTO TI03BOJISIET
BOJIOEMaM HE TTPOMEP3aTh MOJHOCTHIO B 3UMHHMI MEPUO/I, COXPaAHSIS KU3Hb

1o/ CJIoeM Jibjaa. JIeTHUKH - OOJBIION 3amac MPeCHOM BOIBI.



Y H70 ecTb yHUKaIIbHOE COCTOSIHUE, KOTOPOE HA3bIBACTCA SIBICHUEM
TPOWMHOM TOYKH. OTO KOIJa OHAa HAaXOJUTCS Cpaly B TPEX CBOUX
COCTOSIHUAX. BO3MOXKHO 3TO ycioBue, Julilb Ipu Temieparype 0,01 rpamyc
u nasienuu 610 Ila.

XuMHu4YecKkne CBOMCTBA BOAbI. Pa3nensor BOaYy MO KECTKOCTH, OT
MSTKOA W CPEOHEHM - 10 JKECTKOM. OITOT TIOKa3aTeslb 3aBUCUT OT
COJCp)KaHMUS COJIeM MarHusg W Kaiuusag B pactBope. EcTh Takxke
TaKUE METAJUIBI, KOTOPBIE HAXOJATCA B KUJIKOCTH IIOCTOSHHO, a OT
HEKOTOPBIX MOKHO U30aBUTHCS KUIITUCHUEM.

Oxucinenne u BocctaHoBjaenue. H>O Biausger Ha mporneccsl,
M3y4aeMbl€ B XMMHH, MIPOUCXOSIINE C APYTUMHU BEIIECTBAMU: OJIHM OHA
pacTBopsieT, C JpyruMU BCcTymaer B peaknuio. HWcxon mrob6oro
HKCIIEPUMEHTA 3aBUCUT OT MPABUIBHOTO BHIOOpA YCIOBHUM, MPU KOTOPBIX
OH TMIPOXO/JINT.

Bausinue Ha OmoxMMHMYecKHe mpouecchl. Bosia ocHOBHasi 4acTh
T000M KJIETKH, B HEH KakK B Cpejie, IPOUCXOISIT BCE PEAKIIMHU B OPTaHU3ME.

B uJIKOM COCTOSIHUY BIIUTHIBAET B CEOS ra3bl, KOTOPbIE HEAKTUBHBI.
Nx wmonekynsl pacnojiaratorcsi Mexay wmosekyitamu HpO  BHyTpu
nosiocteit. Tak 00OpazyroTcst KJaaTpaThl.

[Ipy momomm oKcHAa BOJIOpPOAa O0Opa3yIOTCS HOBBIE BEIIECTBA,
KOTOPBIE HE CBA3AHBI C OKUCIUTEIBLHO - BOCCTAHOBUTEIIBHBIM IMPOILIECCOM.

Peusb HACT O HICjIoYax, KUCJIOTaX U OCHOBAHUAX.



Eme ogna xapakTepucTHKa BOJBI - 3TO CIIOCOOHOCTh 0OPa30BLIBATh
KpucTtauioruapatbl. OKCHUJl BOJOPOJIa TIPU ITOM OCTAE€TCS B HEM3MEHHOM
Bujie. Cpeiu 0OBIUHBIX THAPATOB MOKHO BBIJICIUTh MEJTHBINA KYTOPOC.

Ecnu yepe3 coequHeHrEe MPOMYCTUTh AIEKTPUUECKUM TOK, TO MOKHO
Pa3JIOKUTH MOJIEKYJTY Ha Ta3bl.

Bona - Hambosiee pacnpocTpaHeHHBI pacTBOpuUTElIb. B pacTtBope
BO/IbI CYIIIECTBYET PaBHOBECHE, IOITOMY BOAY Ha3bIBAIOT aM(OIUTOM:

H,O < H" + OH < H3O" + OH-

[Ton meicTBHEM 3JIEKTPUUYECKOTO TOKA BOJA paszjaraeTcs Ha BOJAOPO/T
U KUCJIOPO/I;

H,O =H, + O

[Ipu KOMHATHOU TeMmmepaType BOJa PacCTBOPSIET aKTUBHBIE METAJLIbI
Cc o0pa3zoBaHUEM IIEJIOYCH, MPU ATOM TaKXKE MPOUCXOIUT BbIJICICHUE
BOJIOPO/JIA:

2H,0 + 2Na = 2NaOH + H>1
Bona cmocobHa B3auMoJelcTBOBaTH € (TOPOM U MEXKTaJOUIAHBIMU
COCAMHEHUSIMHU, TPUUYEM BO BTOPOM Cllydae peakius MpOTeKaeT Ipu
MOHWKEHHBIX TeMIlepaTypax:
2H20 + 2F; = 4HF + O21
3H20 +IFs = 5HF + HIO3
Comnu, oOpa3oBaHHBIC CJ1a0BIM OCHOBaHHWEM U CJIa0OW KHCIIOTOM,

MMOABCPIrarOTCA THAPOJIN3Y IIPHU PACTBOPCHUHU B BOJC:!

Al,S; + 6H,0 = 2AI(OH)3| + 3H2S1



Bonma cmocoOHa pacTBOPSATh HEKOTOpbIE BELIECTBA METAUIbl U
HEMETAJIbI [IPY HATPEBAHUH:
4H,0 + 3Fe = Fe304 + 4H21;
H-O+ C << CO + H>
Boma, B mOpUCYTCTBUM CEpHOM KHUCIOTBI, BCTYIIAeT B PEAKLUU
B3aUMOJCHCTBUS (TUApaTaliu) C HENpeAebHBIMU YIJIEBOJAOPOJAMH -
aJIKEHaMH ¢ 00pa30BaHUEM MPEAEIbHBIX OJTHOATOMHBIX CIIUPTOB:
CH, = CH;, + H,O — CHs- CH»- OH
Honyyenne Boabl. Bomy monydaroT Mmo peakuud HEUTpaIu3aluu,
T.€. PEAKI[MU B3aUMOJICHCTBUS MEXKY KUCIOTaAMU U IIEJIOYaAMH:
H,SO4 + 2KOH = K,SO4 + H20:;
HNO3 + NH4sOH = NH4sNO3 + H,0;
2CH3COOH + Ba(OH), = (CH3COO0).Ba + H,0
OguH u3 cnoco0OB TMOJY4YEHUsS] BOABI - BOCCTAHOBIICHHE METAJIOB
BOJIOPOJIOM M3 UX OKCHJIOB:
CuO +H,=Cu+ H0O
8.7. IloHsATHS 0 BOAHBIX PACTBOpPaxX
Boma -  yHuMBepcalbHBIM pacTBOpUTENb. B Bome pacTBOpPSIOTCS
TBEP/JIbIE, )KUJIKUE U Ta3000pa3HbIe BEIIECTBA, 00pa3ysi BOAHBIE PACTBOPHI.
Ecnau on1HUM U3 KOMIIOHEHTOB pacTBOpPa SIBJIETCSA BOJA, TO:
- TaKue PacTBOPHI HA3bIBAIOTCS BOJAHBIMU PACTBOPAMU;
- BOJIa B HUX SIBJISIETCA PACTBOPUTEIIEM;
- Jpyrou KOMIIOHEHT pacTBOpa Ha3bIBAETCS PacTBOPEHHBIM

BEIIIECTBOM.



Takum o00pa3oM, KOMIOHEHTAMH BOJHBIX PACTBOPOB SIBISIFOTCSA
pacTBOpHUTEIH (BOJIa) U paCTBOPEHHBIC B HEM BEIIECTRBA.

[Ipu pacTBOpeHMHM MHOTHX BEHIECTB B BOJE MPOUCXOJUT HE TOJIBKO
¢uznueckoe SBIEHUE, T. €. MEXAHMYECKOE MEepEeMENIMBAaHUE, HO U
XUMUYECKHUE MPEBPAILCHHUS, T. €. 00pa30BaHUE TUAPATOB.

PactBopbl -  OJHOPOAHBIE CHUCTEMBI, COCTOSIIIME W3 MOJIEKYJ
pacTBOPUTENS M YaCTUIl PACTBOPEHHOIO BEUIECTBA, MEXAY KOTOPBIMHU
MPOUCXOIAT (PU3NUECKUE U XUMUYECKUE B3aUMOJICUCTBHUS.

CTopoHHUKH PU3HUECKON TEOPUH PACTBOPOB, KOTOPYIO Pa3BUBAIU
Bant- I'opd, Appennyc u OcTBasnp/l, CYMTAIN, YTO MPOILECC PACTBOPEHUS
ABIISIETCSL pe3yabTaToM AUGPy3uu, T. €. IPOHUKHOBEHUS] PACTBOPEHHOTO
BEILIECTBA B IPOMEXKYTKH MEXIY MOJIEKYJAMH BOJIbI.

B mpoTHBOMOJIOKHOCTh TMPEACTABICHUAM (PU3MYECKON Teopuu
pactBopoB  JI. . MengeneeB ¥ CTOPOHHUKM  XUMHYECKOU
TEOPUH PACTBOPOB JOKA3BIBAINU, YTO PACTBOPEHHUE SBISETCA PE3yJIbTaTOM
XUMHUYECKOTO B3aMMOJICUCTBUA PAaCTBOPEHHOIO BELIECTBA C MOJIEKYJIAMH
BOAbl. B pe3ynbTaTe XUMHUYECKOTO B3aMMOJIEUCTBUS PACTBOPEHHOIO
BEILIECTBA C BOJIOM 00pa3yrOTCA COCIMHEHHUS - TUAPATHI.

Ilpuznaku guzuueckux senenui:
mudy3usi: nepexoa MHOTUX «KA4eCTB» PACTBOPEHHOTO BEIIECTBA B
pacTBop.

[Ipu pacTBOpeHNU caxapa BECh PACTBOP CTAHOBUTCS CIAIKHUM.

[Ipu pacTBOpeHNMH MHOTHX OKPAIIIEHHBIX BEIIECTB paCTBOP MpHOOpeTacT

UX OKpackKy.



Ipuznaku xumuyeckux s61eHui:
1. BbIIETIEHUE U TTOTJIONIEHUE TEMIOTHI IPU PACTBOPEHUH PA3TUUHBIX
BEILIECTB.
IIpu pacTtBOpeHUH B BOJAE KOHILIEHTPUPOBAHHON CEPHOM KHCIIOTHI
BBIJEJISIETCS. OOJIBIIOE KOJTUYECTBO TEIIOTHI.
2. I3MeHeHne OKpacKh HEKOTOPBIX BEUIECTB MIPU PACTBOPEHUHU.
be3poansiii cynbdar meau(ll) 6emnbiii, a B BOMHOM pacTBOPE OH
roJiyooi.
B Hacrosiee Bpemsi IpuHsATa TEOpUsi, KOTOpast 00bEIUHSAET 00€
TOYKH 3pEHHUS, - (U3UKO - XUMUYECKask TEOPUS PACTBOPOB.
CnocobHocmb 8ewjecme pacmeopsimusCsl 8 KAKoM - 1ubo pacmeopu-
mene Ha3vl8aemcs pacmeopumoCcmoio.
W3 )XM3HEHHOTO OMbITa BaM HM3BECTHO, YTO PACTBOPUMOCTh BEUIECTB
He Oe3rpaHuyvHa.
[lo cTeneHu pacTBOPUMOCTH BEILIECTBA MOKHO Pa3/IeNIUTh Ha:
- mpaxmuvecku Hepacmeopumsie (xyaopun cepedopa - 0,0015 r/n);
- Mmanopacmeopumole (TUIC - 2 T/7);
- xopouto pacmeopumvle (caxap - 2000 /).
PacTBOpUMOCTb KHCIIOT, OCHOBAaHUM U COJEH MOXKHO OMNPEIETUTh,
MOJIB3YSICh TaOIUIEH PAaCTBOPUMOCTH Ha (hop3aile ydeOHMKA XUMHUH.
PactBopuMOCTh OONBIIMHCTBA TBEPJBIX BEIIECTB (32 MCKIIOYEHUEM
HEMHOTHX, HaIpuMep, THIICA, W3BECTH) C TIOBBIIMICHUEM TEMIICPATYPhI

BO3pacCTacT.



Kosgppuyuenm pacmeopumocmu - 310 OTHOIIIEHHUE MACChl BEIIECTBA,
00pa3ylollero HAChIICHHBIN MTPU JAHHOW TEMIIEpaType pacTBOP, K 00bEMY
pacTBOpUTEIS.

PactBopuMOCTh  3aBUCUT  OT  HOPUPOJABI  PACTBOpPUTENS U
pacTBOPSIEMOT0 BEIIECTBA, MX arperaTHOrO COCTOSIHUSA, TEMIIEpaTyphbl U
JaBjieHUs (115 Ta30B).

JlaBiieHME MPAKTUYECKU HE OKa3bIBAET BIIMSHUSI HA PACTBOPUMOCTH
TBEPBIX BEIIECTB U KUJIKOCTEH.

PacTBOopuMOCTh Ta30B ObIBaeT pasznnuHa. HekoTopelie rasel (Boa0poa,
WHEPTHBIC Ta3bl) MaJIOpacTBOpUMBI B Boje. Jlpyrue raspl (aMMHax,
XJIOPOBOJIOPO/]T) XOPOIIIO PACTBOPHUMBI.

PacTBOpuMOCTh Ta30B BO3pacTaeT MpU MOHWKCHUU TEMIEpaTypbl U
MOBBIIIICHUH JaBJICHUS.

OCHOBHOE BJIMSIHHE HAa PACTBOPEHHE JKUIKOCTEW OKa3bIBACT MPUPOJIA
PacTBOPEHHOTO BEIIECTBA U PACTBOPHUTEIIA.

Co BpeMEH aJIXUMHUU HU3BECTHO «30JI0TOE MPaBUIO» — MOJA00HOE
pacTBopsieTcs B 1oJj00HOM. Tak, B MOJIAPHBIX pacTBOPUTENAX (BOJa U JIp.)
XOPOUIIO PACTBOPSIIOTCS BEIIECTBA C MOHHOM M KOBAJIEHTHOM MOJSPHOMN
CBSI3AIMU (KHUCJIOTBHI, COMH, IMENoun). B HEMOJIsSpHBIX pacTBOPUTENAX, Kak
MIPaBUJIO, PACTBOPSIOTCS BEIIECTBA C HEMOJSIPHON CBSI3bIO (BOAOPO/I, cepa,
yIJIEPO U JIp.).

[Ipumep: OCH3UH IJIOXO PACTBOPSETCS B BOJE, HO XOPOIIO - B

OpraHM4YCCKHUX paCTBOPUTCIIAX.



Eciu pactBOopsiTh B BOAE XJIOpUJ Kajiusg, TO IIPU KOMHATHOWU
temnepatype (20 °C) moxer pactBoputhesi Tosbko 34,41 comu B 100 T
BOJIbI; CKOJIbKO OBl HHM TMEpEeMElIMBaIM PacTBOP C  OCTaTKOM
HEPACTBOPUBIIEUCS COJIH, OOJIBIIIE COJIM HE PACTBOPUTCSI — PacTBOp OyIeT
HACBIIIIEH ATOM COJIbIO MPU JAHHOW TEMIIEpaTypeE.

Hacviwennvim nazvliearom makou pacmeop, B KOTOPOM INPHU JAHHOU
TeMIepaType BEUIeCTBO OOJIbIlIe HE paCTBOPSETCS.

Ecnu e npu stoil Temneparype B 100 r Bosibl pacTBOpUTH XJIOpHUA
Kaius MeHble, 4eM 34,41, TO pactBOp OyJIeT HEHACHIILICHHBIM.
Henacviwennvim nasvligarom maxou pacmeop, B KOTOPOM NIpPHU JAHHOU
TEMIIEpAaType HAXOAUTCS MEHBIIE PACTBOPSEMOIO BEIIECTBA, YEM B €TO
HACBIIIIEHHOM PAacTBOPE.

[Ipy OXJNaXJEHUU HACHIIIEHHOTO PAacTBOpPa BO3HUKAET U3OBITOK
PacTBOPEHHOTO BEIIIECTBA; €CJIM OHO HE BBIMAJIET B OCAJIOK, TO 00paszyercs
MIEPECHIIICHHBIN PaCTBOP.

llepecvliyennvim nazvigaiom maxkou pacmeop, B KOTOPOM TpPH
JAHHOW TemIlepaType HaxOJUTCS B PACTBOPEHHOM COCTOSIHUU OOJIbIIE
BEIIECTBA, YEM B €0 HACBIIIIECHHOM PACTBOPE MPH TEX K€ YCIOBUSIX.

N3  HEKOTOphIX  BENMIECTB  CPABHUTEIBHO  JIETKO  MOJIYYHUTh
MEePECHINIEHHbIE  pacTBOpbl. K~ HUM  OTHOCSTCS,  HaIlpUMED,
KPUCTAJUIOTHIPATHI - TJIayOepoBa COJIb U MEIHBIN KyIIOPOC.

IlepecpiieHHple  pacTBOpPBl  TOTOBAT  Tak. lIpurorasiauBaroT
HACBIIICHHBIA PACTBOP COJIM MPHU BBICOKOW TeMIIEpaType, HalpuMep, Npu

TeMriepatype KumneHus. M30bITOK coiau OTGUIBTPOBBIBAIOT, HAKPHIBAIOT



KOJIOY ¢ ropssiuuM (UIBTPATOM BaTOM M OCTOPOKHO, M30€ras COTPSCEHUM,
MEJIEHHO OXJIAXKIAIOT IMPU KOMHATHOU Temieparype. [IpuroroBieHHbIN
TakKuM 00pa3oM pacTBOpP, MPEAOXPAHAEMBbI OT TOJYKOB U TOMAJaHUS
MbUTM, MOXET XPAHUTHCSA JIOBOJIBHO A0Jr0. HO CTOUT TOJNBKO B Takowu
MEPECHIIEHHBIM PAcTBOP BHECTH CTEKISHHYIO MAJOYKy, Ha KOHYHUKE
KOTOPOM HMMEETCSI HECKOJIBKO KPYNMHOK J3TOW COJIM, KaK HEMEIJICHHO
HAYHETCA €€ KPUCTAUIA3AlU U3 pacTBOPA.
8.8. PacTBOpBI U AMCIEePCHbIE CHCTEMbI, UX BU/bI

Ecnu B kakoMm- 1100 BeliecTBe (Cpefie) pacipeiesieHO B BUJIE MEJIKUX
YacTHUIl JAPYroe BEIIECTBO, TO TaKas CHUCTEMa HAa3bIBACTCS AMCIEPCHOM
(AC) (nucneprupoBaTh - 3HAYUT U3MEJIbYATH).

JlucriepcHbie CUCTEMbl 00pa30BaHUs U3 JBYX WM OOJIBIIETO YHCIa
¢da3 (Ten) ¢ CWIbHO Pa3BUTONM MOBEPXHOCTHIO paszjena Mexay HUMHU. B
JTUCTIEPCHBIX CUCTEeMaax 1o KpaiiHel Mepe ojHa u3 ¢a3 - nucnepcHas dasza
- pacmpejeiieHa B BHJE MEJIKUX YacTull (KpUCTAUIMKOB, HUTEH, TIEHOK
WM TJIACTUHOK, Karelb, IYy3bIPbKOB) B JPYyro, CIUIONIHOW, (aze -
JIUCIIEPCUOHHOM  cpene.  JlucmepcHble  CUCTEMBI  II0  OCHOBHOWM
XapaKTEPUCTUKE - pa3MepaM 4YacTUIl WIH (Y4TO, TO K€ Ccamoe)
JUCTIEPCHOCTH (OmpeesieMOoi OTHOIIEHUEM OOIIeH TIomaau Mex(azHoi
MOBEPXHOCTH K O0BEMY AMCHEpPCHON (a3bl) - neisTcs Ha Tpy0o (HHU3KO)
JUCTIEPCHBIE U TOHKO (BBICOKO) JAUCIEPCHBIC, Wi KOIOUIHBIE CHCTEMBI
(kommounpl). B rpy0oaucnepcHbIX CUCTEMax YacTHIIBI UMEIOT pa3sMmep OT
10" 4 ¢cM ® BBIIIEe, B KOJUIOMAHBIX - oT 10" % - 107 % g0 10" 7 cm. [o

arperaTHOMy  COCTOSIHUIO  JUCIIEPCHOHHOM  Cpelbl  pa3iuyaroT



ra3oJIMCIEPCHbIE CHUCTEMBI - a’po30JHu (TyMaHbl, JIbIMbI), MbLIb;
KUJKOJAUCIIEPCHbIE -  30JIM, CYCIEH3UH, OMYJbCUU, TIEHBI
TBEPJOAUCIIEPCHBIE - CTEKJIO0OpA3HbIE WIM KPUCTAUIMUECKUE Tela C
BKJIIOUCHUSIMU MEJIbUYANIIIMX TBEPHABIX YACTHIl, Kallellb KUJIKOCTH WIH

My3bIPHKOB rasa (cM. Taoi. 8.2).

TaOmnuma 8.2.
Krnaccudukaiys qucnepcHbIX CUCTEM TI0 arperaTHOMY COCTOSIHHIO (a3
Jlucnepcuon- JIucnepcuas dasza
Has cpeaa I"'azoBasi AKuakas Teépnas
["azoBas JlucriepcHbIE CHCTEMBI HE
Tymanbl JIbIMBI, TIBLTB
o0OpazyroTcs
OMyJIbCUH, 30U
Kunkasa I1ensr (KOJLIIOMTHBIC Cycnensuun
pacTBOPBI»)*
Teepnas TBEpabIe 3011
pa Kunkne BiIroueHus pa
Absporenu (MOpPUCTHIE TENA) . (pybunoBoe
B TBEPJBIX TEJIaX
CTEKJIO)

*[IpenenbHO  BBICOKOAMCIEPCHBIE  CHUCTEMBI  (30JIM) HMHOT/A  TPYAHO
KJIACCU(DHUIIMPOBATH 10 arperaTHOMY COCTOSIHUIO TUCTIEPCHOM (ha3bl.

[Ip11b, cycreH3uu, JUOo(POOHBIE SMYJIBCUU - T'PyOOAUCIIEPCHBIC
CUCTEMBI; Kak TMpaBwio (MPH HAIMYUM PA3HOCTU IUIOTHOCTEH), OHHU
CEeAMMEHTAIIMOHHO HEYCTOWYMBBI, T. €. HMX YaCTHIBI OCEHAl0T TIOJ
JNEUCTBHEM CHWJIBI TSOKECTH WJIM BCIUIBIBAIOT. 307U - THUIIMYHBIC
BBICOKOIMCIIEPCHBIE KOJIJIOMIHBIC CHUCTEMBI, YACTHUIIBl JUCTIEPCHOU (ha3bl
KOTOPBIX (MUIIEIUIBI (Hogonam. micella, ymenvuumenvnoe om aam. mica -
KPOWIKA, KPYNUHKA) OMOENbHAs Yacmuyd OUCNEepCHOU (aszvbl 3015, M. e.
8bICOKOOUCNEPCHOU KOMNOUOHOU CUCEMbL C JHCUOKOU OUCNEPCUOHHOLL
cpeodoil.) y9aCTBYIOT B OPOYHOBCKOM ABWKEHUU (bpoyHoeckoe dsudicenue -

npasuivtee OpayHo8ckoe OsudiceHue, 6ecnopsoouHoe O08UdCeHUe MAJIbIX




(pasmepamu 6 HECKONbKUX MKM U MeHee) Hacmuy, 636eUIeHHbIX 8
HCUOKOCMU UU  2d3e, Npoucxoosiwee noo oOeucmseuem moauko8 CcO
CMOPOHBL MOJIEKYNl OKpYdcaroujeli cpeovl.) U MOTOMY CEAUMEHTAIIMOHHO
ycToumBhl. JKunkue u TBEPABIC TEHBI, COCTOSIIME M3 Ta30BBIX SUYCCK-
My3bIPHKOB, Pa3JCIEHHBIX TOHKMMH IPOCIIOWKaMU HENpPephIBHON (a3bl,
MPEACTABISAIOT OCOOYIO TPYMHIy CTPYKTYPUPOBAHHBIX SUYCHUCTHIX CHCTEM
(cm. HUxe). [lo MHTEHCHMBHOCTU MOJEKYJISIPHOTO B3auMOJICUCTBUS (a3
pasnmuuaroT JauopuiabHble W JauodoOHBIe. JlMCTEpCHBIE CHCTEMBI B
TUO(PUIBHBIX CHCTEMaxX MOJISKYJIIpPHOE B3aWMMOJICHCTBUE MEXay (azamu
JOCTAaTOYHO BEJIUKO M YyJelbHAas CBOOOJHAS IOBEPXHOCTHAS DHEPTHS
(IToBepxHOCTHOE HATsKEHHE) Ha MeX(pa3HOW TpaHHUIlEe OYEHb Maa.
JImopunapHbIE CHUCTEMBI 00Pa3yIOTCS CaMOIPOM3BOJLHO (CIIOHTAHHO) M
UMEIOT TIPEACIBHO BBICOKYIO IHCIIEPCHOCTh. B 1mM0p0OHBIX cHcTeMax
B3aUMOJICHCTBHE MEXKIYy MOJEKYJaMHU Pa3IudHbIX (a3 3HAYUTEIHHO
cnabee, yeM B ciydae JUODWIBHBIX CUCTEM; MeX(]a3zHOE MOBEPXHOCTHOE
HATSHKEHHWE BEJIMKO, BCIICJICTBHE YETO CHCTEMa IPOSIBISET TECHICHIIMIO K
CaMOTNIPOMU3BOJILHOMY  YKPYNMHEHHUIO  YacTHI[  JUCHEPCHOW a3l
(koarynsiuust W KoajecueHuuss (om aam. coalesce - cpacmaiocs,
COEOUHSIIOCY) CUSIHUE Kanelb Ul ny3vipeli npu CONPpUKOCHOBEHUU 6HYMpPU
NOOBUINCHOU CPeobl (AHCUOKOCMU, 2A3a) UMY HA NOBEPXHOCU KAKO2O0 - TUOO
mena). O0s3aTeNbHOE YCIOBUE CYHIECTBOBAHUS JTUO(DOOHBIX AUCIIEPCHBIC
CHUCTEMBI - HaJIUYHE CTAOMIM3aTOPOB, BEIISCTB, KOTOPBIC aACcOpOUPYIOTCS
HAa TIOBEPXHOCTHM pazzaena ¢da3 ©u  00pa3yloT 3allUTHBIC  CJIOH,

MPEMATCTBYIONINE COMMKEHUIO YacTUIl aucnepcHor (aspl. JlucmepcHbie



CUCTEMbl MOTYT OBITh OECCTPYKTYpHBIMH (CBOOOJHOJUCIIEPCHBIMU) U
CTPYKTYPUPOBAaHHBIMU  (CBSI3BHOAMCHEPCHBIMU).  CTPYKTypUPOBaHHbBIC
JUCTIEPCHBIE CUCTEMBI MPOHM3aHbI CETKOM - KapKacoM M3 COCAMHEHHBIX
MEXJy coOoM dacTull (Kameib, My3bIPbKOB) JAUCHEpPCHON  (hasbl,
BCJICJICTBUE 4Yero 00J1alatoT HEKOTOPHIMU MEXaHUYECKUMHU CBOWCTBAMMU
TBEPABIX TeJl. XapaKTepHasi 0COOEHHOCTh JUCIEPCHBIX CUCTEM - BBICOKAs
CBOOOJHAs DHEPTrUsi KakK CJEJACTBUE CHJIBHO pPa3BUTOM Mexda3zHOU
MOBEPXHOCTU;, TMOATOMY JHUCIEPCHBICE CHUCTEMBI OOBIYHO  (KpoMme
TUO(UIBHBIX JUCIEPCHBIX CHUCTEM) TEPMOJIMHAMUYECKH HEYCTONYMBHI.
OHu  00IamatOT  TOBBIIIEHHOW  aJCOPOIIMOHHOM  CIOCOOHOCTHIO,
XUMUYECKON, a HWHOrJa U OWOJOTMYECKOM aKTUBHOCTHIO. JlucmepcHbie
CHUCTEMBbI - OCHOBHOM OOBEKT M3YUCHUS KOJUIOMAHON XUMuUH. JlucnepcHbie
CHUCTEMbl IIHUPOKO PACIPOCTPAHEHHI B MPUPOJIC, TEXHUKE U OBITY.
[IpumepamMu OUCHEPCHON CHUCTEMBI MOTYT CIY>KUTh TOPHBIC TMOPOJIBI,
TPYHTBI, TIOYBHI, ABIMBI, 00Jaka, aTMOC(hEpHBIE OCaJIKH, PACTUTEIbHBIC U
YKWBOTHBIC TKAHU, CTPOUTEIIbHBIC MAaTepHUabl, KpAaCKH, MOIOIIINE CPEJICTBA,
BOJIOKHUCTBIE U3JICJINS, BAXKHEHIITNE MUIIIEBLIE TPOAYKTHI U MHOTHE JIp.
OCHOBHBbIE XapaKTEePUCTHUKH PACTBOPOB U JAPYIrHX JHUCIEPCHBIX
cucTeM. B 3aBUCHUMOCTH OT arperaTHOTO COCTOSIHUSI PaclpeuesisieMoro
BEIIECTBA W CPEAbl PA3IUYAIOT JEBIAThH TUNOB auctepcHbix cuctem (1C)
(ra3 - )KUJKOCTh; Ta3 - ra3; KUIKOCTh - XUAKOCTh U T. 1.). Hanbomnbiiee
3HadyeHue 111 XuMu uMetoT JIC, B KOTOPBIX Cpeon SBISETCS )KUIKOCTD.
CgoiictBa JIC (MX YCTOMYMBOCTH) CHJIBHO 3aBHUCSIT OT pa3MepoB

pacnpeieIeHHbIX YacTHII.



Bsgecun - pasmep wactun 10 - 10° cM (rpyGoaucmepcHbie
cucTeMbl). B3BecHM - OYeHb HENPOYHBIE, TE€TEPOTCHHBIE CUCTEMEL, 4
pacIpesiesIeHHOE BELIECTBO CaMOIPOM3BOJILHO BHINANAET B OCAJOK HIIH
IIOJHMMAETCS BBEPX. DTO IPYOOMUCIEPCHBIE CHCTEMBI, KOTOPEIE OOLIYHO
OBIBAIOT B BUJE CYCIIEH3MH (TBEpABIE YACTHIBI B KUAKOCTAX; HAIIPUMED,
B3BECH IJIMHBI B BOJIE) JINOO B BUJIE OMYJILCHI ((KMIKHME YaCTHULILI BEILECTBA
B XKHIKOM cpelie IPH COXPAaHEHUH FeTEPOTreHHOCTH; HAIPUMED: MACIIIHBIE
IMYJIbCUU B BOJIE, MOJIOKO).

Koaouansie pactBopsl - pasmep yactul 10° - 1077 cm. IIpumepom
koonaaeix JIC ciykar pacTBOPHI Kiies M JKeNaTHHBL. KoJuIoumHble
PAacTBOPBI MOKHO OTJMYHTH OT MCTHHHBIX TEM, YTO X YACTHIBI CHILHO
PACCEUBAIOT MPOXOMAIIMI Yepe3 HUX CBET M JENAl0T 3aMETHBIM IyTh
MpONyIIEHHOTO cBeTOBOrO Jiyuya (3d ekt Tungans).

HcTuHHbIE pacTBOpLI - pasmep dactun 107 - 10% cm, 1. e.
JUCIIEPTHPOBAHME HA aTOMHO - MOJEKYJISIPHOM ypoBHE. Bo MHOrmx
caydasx (KpOME MEPECHILEHHBIX PAacTBOPOB) - 5TO T'OMOIEHHBIE,
ycroiuussie J[C, He pas3aesSronMecs IIPU CKOIb YTOAHO JOJITOM CTOSHHMH.
[IprMepsl MCTHHHBIX PAcTBOPOB - BOJHBIE PACTBOPHI MHOTHX COJIEH,
KHUCJIOT, OCHOBAHMI, CIIMPTOB; MOPCKAs BOAA M JIP.

B xumuyu HauboJbIIEe MPAKTHYECKOE 3HAYCHUE UMEIOT PAaBHOBECHEIE
MCTHHHBIE PACTBOPHL. DJTO OJAHO(DA3HBIE MHOIOKOMIIOHEHTHBIE CHCTEMBI,
COCTaB KOTOPBIX MOKHO M3MEHATh B INUPOKHX IpeAenax 0e3 M3MEHEHHs

OJHOPOIAHOCTH. Ounn YCTOfIQHBbI, X Pa3acJICHUC BO3MOKHO TOJIBKO ITYTCM



VCTIAPEHHUS, KPUCTALIN3AIUA WU C TIOMOIIBI0 XUMUYECKON PEAKIIUU; B UX
o0beMe CBET HE pacceruBaeTCs (OHU ONTUYECKU MYCThI).

KoMIoHeHT, arperatHoe COCTOSSHUE KOTOPOTO HE HM3MEHSETCS MNP
o0Opa3oBaHUM pacTBOpa, TMPUHSITO CUWUTATh PACTBOPUTENIEM; €CIU
arperatHble COCTOSIHUSI OJJMHAKOBBI, TO pPACTBOPUTEIEM OOBIYHO HA3bIBAIOT
BEIIIECTBO, KOTOPOE HAXOAUTCS B OOJIbIIIEM KOJIUYECTBE.

PactBOphsl KIacCUUUMPYIOTCA 1O Pa3IUYHBIM IPU3HAKAM: [0
arperaTHOMy COCTOSIHUIO - TBEp/ible (MHOTOUYMCIICHHBIC CILJIABhI), KUIAKUE
(Mopckasi Bojia), razoobpasHbie (Bo3ayx - pactBop Oz, mapoB BOJBI U
0JIarOpOJHBIX Ta30B B a30T€); IO DJICKTPOJUTHYECKON TUCCOLMAIUN
PacTBOPEHHOTO BEMIECTBA (DJICKTPOJIUTHI U HEIJICKTPOIUTHI); IO COCTaBY
pacTtBopuTes (BOAHBIE, aMMHUaYHbIe, OCH30JbHbBIC U JIP.); IO OTHOIICHHUIO
K paBHOBECHIO «pacTBOp - PAacTBOPUMOE BEIIECTBO» (HACHIIICHHBIE,
HEHACBIIICHHBIE, TEPECHIIIEHHBIC); MO KOHIIEHTpauuu (pa30aBiCHHbIE U
KOHIICHTPUPOBAHHBIE).

B coznganuu coBpemMeHHON (DU3UKO - XUMHYECKOU TEOPUU PacCTBOPOB
OOJIBIIIYIO POJIb ChITpalii paboThl pycckux yueHsix J| M. Menneneera, .
A. Kabnykoa, K. II. Mumenko u np. Eme B konie XIX B. pacTBOpbI
CUMTATUCh (PU3MUYECKUMHU CMECSIMU JIBYX WM HECKOJIbKMX BEIIECTB, B
KOTOPBIX OTCYTCTBOBAJIO Kakoe - JUOO B3aWMOJICHCTBUE MEXIY
PACTBOPEHHBIM BEIIECTBOM W PACTBOPUTEIEM. XUMHUUYECKUE SBJICHUS MPHU
oOpa3oBaHUM pPacTBOPOB BIIEpBbIE ObUIM H3ydeHBbl B paborax [I. W.

Menneneena.



Ha ocHOBe »SKCHEpUMEHTAIBHBIX  (PAKTOB  OH  BBIJIBUHYI
NPEANONOKEHUE O CYIIECTBOBAHMM B  pacTBOpax  OMNPEACTICHHBIX
XUMUYECKUX COCIIMHEHUW PACTBOPEHHOI'O BEIIECTBA C MOJICKYJIaMHU
pacTBopUTENs (COJIbBATOB WJIM THAPATOB - B CiIydae, €ClIM PaCTBOPUTEIIb -
BOJIA).

SIBnenue ruapatanuu (0Opa3oBaHUE T'MJIPATOB) MOXKHO HaAOJI0AATh,
HE MOJIb3YSICh CIeMaIbHBIMU NIpubopamu. Tak, 6e3BOAHBIN CcyabdaT Meau
- OeJoe BEIIeCTBO - MPU PAaCTBOPEHUH B BOJAE 0OpazyeT roiay0oi pacTBop.
Oxpacka o0ycinosieHa ruaparuposanabiMa noHamu Cu?t-nH,O. Unoraa
CBSI3U MEXJYy MOHAaMU PACTBOPEHHOTO BEIIECTBA M MOJICKYJaMHU
pacTBOPUTENST HACTOJIBKO MPOYHBIC, YTO MpPH HCHApPEeHUU U30bITKA
pacTBopuTeNsi  00pa3yloTCsl  COOTBETCTBYIOIIHME  KPHUCTAIIOCOJbBATHI
(kpucTtammoruApaThl), KOTOpPbIE, KaKk »d3TO JOKa3aHO Pa3IuYHbIMU
crocobamu, SIBJISTFOTCS TBEPABIMU COJIbBOKOMILJIEKCAMU
(axBakomimiekcamu) - CuSO4-5H20 = [Cu(H20)5]SO4; FeCls-6H20
[Fe(Hzo)e]C|3; BeCly-4H,0 = [BE(H20)4]C|2.

PacTtBopoM Ha3biBaeTca ojHO(da3Hasg cucteMa, oOpa3oBaHHas He
MEHEe 4YeM JIByMsI KOMIIOHEHTaMU M CIIOCOOHAasi B U3BECTHBIX Mpejenax K
HEMPEPHIBHOMY HU3MEHEHHIO cocTaBa. [Ipu 3TOM HEKOTOpbie CBOMCTBA
pacTBOpa HW3MEHSIOTCS, MPUYEM HU3MEHECHHS 3aBUCIT HE OT MPUPOIBI
pPacTBOPEHHOTO BEHIECTBA, a OT KOHIIEHTPAIIMU PACTBOPEHHOI'O BEILECTBA
HE3aBHUCUMO OT €r0 XMMHUYECKOTO CTPOCHHS. DTO CBHACTEILCTBYET, YTO
pPacTBOPEHHOE BEILIECTBO HE pearupyeT ¢ pacTBopuresieM. Takue cBoHCTBa

pacTBOpa HOCST Ha3BaHHUE KOJUIUTATUBHBIX (CIOBO «KOJTUTATUBHBIN



(«colligy - xonyern) o3HavYaeT «CBSI3aHHBIN APYT C APYTOM») U 3aBUCST OT
4ucia paCTBOPEHHBIX YacTuil. K HUM OTHOCST:

1) noHM>xeHue JaBieHus napa;

2) MOBBIIICHUE TEMIIEPATYPhl KUTICHUS - 30YJIMOCKOIHSI;

3) NOHMXKEHUE TeMIIEPaTyphl 3aMEP3aHUs - KPUOCKOMUS;

4) ocMmoc.

OCHOBHBIM W3 HHUX SIBJSICTCS TOHUWKCHUS JTaBJICHUS HACHIIEHHOTO
napa, a Tpu OCTaJbHbIC CBOMCTBA BBITEKAIOT U3 HETO KaK CIIEJCTBUSI.

Tak Kak KOJUIMTaTUBHBIE CBOMCTBA PAaCTBOPOB 3aBUCSIT OT 4YHUCIA
PAaCTBOPEHHBIX YACTHIl, TO ATO IMO3BOJISIET OMPEACIATH C UX IOMOIIBIO
MOJISIpHBIE MAacChl BEIECTB, HaubOOJee TOYHBIM M3 KOTOPBIX SIBIISETCS
KPUOCKOMUYECKUN MeTo . KprOCKOMUUEeCKUM METOJI0M HAa3bIBACTCS METOJ
OMPEICIICHUSI MOJIIPHOW MAacChl BEIIECTBA MO MOHUKECHUIO TEMIIEPATypPhI
3aMep3aHusl €ro pa3z0aBJICHHOTO pPacTBOpa IO OTHOIIECHUIO K YHUCTOMY
PacTBOPUTENIO.

Kpuockonuueckuif MeTOJ TPUMEHSICTCS [JIs OMNpeAcsieHUs psia
(bU3UKO- XMMUYECKUX KOHCTAHT PACTBOPEHHOI'O BEIECTBA, a TAKXKE IS
U3YUCHHUS CBOWCTB pPAcTBOPOB M OHOJOTHMYECKUX >KHUAKOCTEH (KpOBB,
YKETyAOUYHBIA COK, CTUHHOMO3I0Bast )KUIKOCTh, MOYa U JIp.).

JInst pacTBOPOB HERJICKTPOIMTOB METOJOM KPHOCKOTHUU MOXKHO
ONPEJICTUTh MOJISIPHYIO MacCy pPacTBOPEHHOT'O BEILECTBA, JJIsl pacTBOPOB
ANEKTPOJIUTOB W  OHMOJIOTUYECKUX JKHIAKOCTEH - OCMOTHYECKYIO

KOHLOCHTpAIUO U OCMOTHUYCCKOC AAaBJICHUC, HJIA pa36aBJ'IeHHbIX pacTBOPOB



QJCKTPOJIHUTOB - CTCIICHb AUCCOOMAIMH, a CIACOOBATCIbHO, U KOHCTAHTY

JUcconranurm paCTBOPCHHOI'O BCIICCTBA.

8.9. Cnnoco0ObI BhIpaskeHUsI KOHIEHTPALMH PACTBOPOB

Baxnenimen  XapaKTepUCTUKOW  BCSAKOIO  PacTBOpa  SBJISAETCA
KOHIIeHTpanus. KoHleHTpalMen Ha3bIBAC€TCA COJIEPKAHUE PACTBOPEHHOTO
BEIIIECTBA B €IMHUIIE MACCHI WM 00bEMa pacTBOpa WU pacTBoputens. B
XUMUHM HCIOJIB3YETCS HECKOJIBKO Pa3IMYHBIX CHOCOOOB BBIPaKEHUS
KOHIICHTPAIlUH.

Kpatko paccMoTpum Hambolsiee ydacto ymnoTpeoOssiembie. MaccoBasi
H0Jisi  (MpPOWEHTHAsT KOHUeHTpauus) (®) - OTHOIIEHHWEe MAaCChI
PACTBOPEHHOI0 BelIecTBa K 001Ieill Macce pacTBOpa (BbIpakaeTcs B
MPOIEHTAX WJIW B OJIAX €IUHUIIBI):

m BCIICCTBA
W = r— -100%
Mp- pa=Vp
rae V - o0beM pactBopa (Mi); p - INIOTHOCTh pacTBOpa (T/mi).

Hanpumep, umeercss pacTBOp Kakoro- JMOO BeIIECTBa C MacCOBOMU
noient 5 %. D10 3HauuT, 4TO 5 % OT 00IIE MacCchl pacTBOPA MPUXOIUTCS
Ha pacTBOPEHHOE BeniecTBO U 95 % - Ha pacTtBopuTesb. MaccoBasi 40Jist
BemecTBa cocrapirsieT 0,05.

IIpumep. B 450 r Boxe pactBoprin 50 r BeniectBa. Halitu

MAaCCOBYIO HOJIKO BEIICCTBA B paCTBOPC.



Pemenune. O0mas macca pactBopa coctanisieT 500 r (450+50 mo
dhopmyiie

w = Msemeema 19000 — 90490 100,

mpaCTBopa 500

MoJubHast 10151 () - OTHOILIEHHE KOJHYECTBA BelleCTBA OJJHOI0
PACTBOPEHHOI0 KOMIIOHEHTA PACTBOPA K 00111eMy KOJIM4YeCTBY BCeX
KOMIIOHEHTOB:

X1 = on, dYni=ni+ny+ ...+

OHa Taxxe MOXKET OBbITh BhIpa)K€HA B IIPOIICHTAX.

¥i - 0e3pa3MepHe BEIMUUHBL, ISl KOTOPBIX ¥i= Y1+ %2 +....0i = 1.

MosnbHYI0 AOJIF0O pAaCTBOPEHHOI'O BENIECTBA B PBCTBOPE C M3BECTHOM
MAacCCOBOM JI0JIEH JIETKO ONPEICIUTh:

ry (W 100-w
Y1= % % + T“H), rae (100 - wi)- MaccoBast J0JIsE BOJIBI.
sy i¥lq LRl

Hampumep, mist 8% - ro pactBopa NaxSO4(M=142r/moms):
0= () = 22— =0,011=1,1%

14271472 1 0,0536+5,030
MoJssipHasi KOHIEHTpAIUsA, WJIN MoJspHOocTL (Cm, wam M) -
YHUCJI0 MOJIell PACTBOPEHHOI0 BeliecTBa B 1 iuTpe pacTtBopa (MoJib/J).

PaBHa OTHOIIIEHHIO KOJIMYECTBA BEIIECTBA K 00BEMY pacTBoOpa:

BoipaxaeTcs B MOJIB/JI.
IIpumep. Ckosbko rpammoB KOH copepxurca B 500 mn 5 M
pactBopa?
Pemenne. 5 M pactBop - 3t0 5 Mmons KOH B 1 1 pactBopa. MkoH =

56 r/MOb.



CocrapisgeM OponOPLUIO:

1 1 pacTBOpa - 5-56 T BenlecTBa

051-Xr

X=0,5-5-56 = 140 r KOH.

MoJsisipHasi KOHIEHTPAUHWs 3KBHBAJEHTAa, WIH HOPMAJIbHOCTH
(Cok, nam H), - xoamdyecTBO (M0Jb) IKBHBAJIEHTOB PACTBOPEHHOIO
BemiecTBa B 1 ;1 pactBopa (MOJIb 3KB/J).

Tutp (T)- macca pacTBOPEHHOTO BeIIeCTBO B 1 M1 pacTBOpa (I/Mi):

Fii ]
=y

3Hag HOPMAJIbHOCTH pacTBOpPa, TUTP MOKHO pacCUUTATh 110 (I)OpMyJIe
— CHKMHK
1000

MoJgsiibHasi KOHIEHTpanus, WIH MOJsUIbHOsICTE (Cm), -
KOJIMYECTBO (MOJb) pacTBopeHHOro BemectBa B 1000 r wuucroro
pacTBopuTesis (MOJb/KT).

Ipumep. [na wedrpanuzamuu 42 wmn HSOs norpeboBanoch
no6asute 14 mn 0,3H pactBopa menoun. Onpeaenut MOJSPHOCTD
pactBopa H2SO..

Pemenue. [lockonbKy, COrJacHO 3aKOHY SKBUBAJICHTOB, BEIIIECTBA
B3aUMOJICHCTBYIOT B 9KBUBAJICHTHBIX KOJIMYECTBAX, TO MOKHO
UCIIOJIb30BATh CIIEIYIOIEE PABEHCTBO:

Cu1'V1 = Cu2'V2 (rae Cui u Ciz - MOJIAPHBIE SKBUBAJICHTHBIE
KOHIICHTpAIlUK1 pacTBOPOB, a V1 u V2 - 00BbeMbl).

CnenoBarenbHo, CH - mi'42 = 0,3-14; orcroga Cy k- = (0,3-0,14)/42

=0,1 H.



[Tockonbky My (H2SO4) = M/2, 1. €. 0,5 Moiib, TO MOJIIPHOCTD (Cy)
kucaotTel coctaBisaeT 0,1:0,5 = 0,05 monb/m.

33I[3‘l]/l H BOIIPOCHI I CAMOKOHTPOJIA

1. Kakue crnocoObl BbIpaKeHHS] KOHIIEHTPALIMKU PACTBOPA BaM U3BECTHBI?

2. UYrto o3HayaeT 3anuch: 5%- HbI pacTBOP MOBAPEHHOM COJN?

3. Urto mokaspIBaeT MOJISIPHOCTH pacTBOpa’?

4. U3 pactBopa conu (o = 16 %) maccoit 640 r Beimapwim Boay maccor 160 r u npu
OTOM H3 PacTBOpa BbINAJ OCANOK Maccod 8 T. Beruuciaure conep:kaHue COJIU B
pPacTBOPE B MACCOBBIX JIOJISIX.

5. Kakyrw maccy pacTBopa cepHOM KHCIOTHI ¢ MaccoBod noneid 50 % cuenyer
106aButh Kk 150 cM® Boxmbl 1714 MONMydeHMs PAcTBOpA CEPHOM KHMCIIOTHI ¢ MacCOBOM
nodxeit 20 %?

6. Paccuuraiite maccy pactBopa KOH ¢ maccoBoii noneit 7,9 %, B KOTOpOM HY>KHO
pactBoputh K70 Maccout 47 r aist nonyuenus pactsopa KOH ¢ maccosont nonen 21,0
%.

7. PaccuuTaiitTe 00BEMbI pacTBOpa CEPHOU KHUCIOTHI ¢ MaccoBoi noseit 93,5 % (p =
1,83 r/cM®) m Boxsl, HEoOXoaMMBIe i mpurotosieHus 100 cm® pactsopa cepHoi
KHUCJIOTHI ¢ MaccoBoii moxeit 15 % (p = 1,10 r/em’).

8. Kak koHIIEHTpaIus pacTBOpa BIUSET Ha TEMIEPATYpPy KHUICHUS W TEMIEPaTypy
3amMep3aHus?

9. Yro moKa3bIBAIOT KPUOCKOTHYECKAs U HOYIITHOCKONINYECKAss KOHCTAHTHI?
10.Boruncnure Temneparypy kurnenust 10% - HOro pactBopa IitOKO3bl B BojJE (IS
pacyeToB BO3BMUTE MacCy pacTtBopa, paBuyto 100r).

11. Beruucnure temiepaTtypy 3amep3aHusi 15% - Horo pactBopa caxaposbl B BOJIE
(nJ14 pacueToB BO3BMUTE MAacCy pacTBopa, paBHyo 100r).

12.0Onpenenure ocMotHdeckoe fasienne 0,05M pactsopa caxapossl mpu 25°C.



O- Tema. JiekTpoJUTHYECKAS JUccomuanmsi. CTeneHb U
KOHCTaHTA Aucconuanun. 3akoH pazoasiaenust OcTBajbaa.
CroiicTBa 3j1eKTPOUTOB. LOHOOOMEHHBIE peakunu

Ilnan:
1. Teopust 3JIEKTPOIUTUYECKON TUCCOUUALINI
2. CusibHBIC U CJ1a0bI€ AJIEKTPOJIUTHI
3. Crenenb AIEKTPOIUTUUECKON JTUCCOLIMAITUH. KoncranTa
TUCCOLMAIU
4, 3akoH pa3OaBlICHUS

OnopHble €JI0BA M BHIPAKEHUSI: Anekmpoumel u
HeINeKMpPOIUmbl, IeKMPOIUMUYECKAs. OUCCOYUAYUsl, CUIbHble U Caadble
NeKMPONUMbL, MEOPUsl INEeKMPOIUMUYECKOU OUCCOYUayuu, 2UOpamuas
meopus  J[. U. Menoeneesa, cudpamvi,  conveamovl,  CONbBAMAYUS],
euopamayusi, Kpucmauio2uopamsl, OUCCOYUAYUS KUCIOM, OCHOBAHUU U
conetl, conbeamayus, cmeneHs ouccoyuayuu, KoHcmanma
INEKMPOIUMUUECKOU OUCCOYUAYU,

BemecTtBa, pacTBOpHl KOTOPBIX TMPOBOIAT 3JICKTPUYECKHM TOK,
HA3bIBAIOT AJICKTPOJIUTAMU.

PactBOphI caxapa, cniupTa, TJIFOKO3bl U HEKOTOPBIX JAPYTHX BEIIECTB
HE IMPOBOJIAT JICKTPUUECKHUM TOK.

BemiecTBa, pacTBOpbl KOTOPBIX HE MPOBOIAT SJICKTPUUECKUH TOK,
Ha3bIBAIOT HEAJICKTPOJIMTAMU.

[ToueMy k€ pacTBOPHI AJICKTPOJIUTOB IMIPOBOJAT NEKTPUUECKUNA TOK?

[IIBenckuit yu€Hbii CBaHTe AppeHUYC, H3ydas DBJICKTPOIpO -

BOJHOCTh PAcTBOPOB Pa3JIMYHBIX BeIIEeCTB, Mpuiéa B 1877 r. Kk BhIBOIY,



YTO MPUYMHON DJIEKTPOIPOBOJHOCTU SIBJISIETCS HAJIMYUE B PacCTBOPE
MOHOB, KOTOpPbIE 00pa3yrOTCs MPU PACTBOPEHUH JIEKTPOJIUTA B BOJIE.

[Iponecc pacmajga DdJEKTPOJWTAa HA HMOHBI HA3BIBAKOT BJIEKTPO -
JUTUYECKON AUCCOLIUALIUEN.

C. AppeHuyc, KOTOpBIM mNpuaepkuBaicia (HUNUECKOH TEOopUu
PacTBOPOB, HE YUYUTHIBAJ B3aUMOJICUCTBHS DIEKTPOIUTA C BOJAOW U CUUTAI,
YTO B paCTBOpPAx HaXOJATCSI CBOOOHbBIE HOHBI

Teopusi 3iexkTposuTnyeckoin auccoummamum (TDJ]) Obina
peJIoxKeHa mBeackuM yueHbiM CBante Appennycom B 1887 r. [lo3nuee
TOJ/1 pa3BuBanach W COBEPHIEHCTBOBAJIACh. B OTIIMUME OT HEro pyccKue
xumukn HN. A. KabnykoB u B. A. KUCTIKOBCKMU NpPUMEHWIN K
OOBACHEHUIO DJIEKTPOJIUTUYECKON JAUCCOLMAIMM XUMHUYECKYI0 Teoputo /I,
. MenneneeBa MW JOKa3alW, YTO IMPU PACTBOPEHUU BJIEKTPOJIUTA
MPOUCXOJUT XUMHUYECKOE B3aMMOJECHCTBUE PACTBOPEHHOIO BELIECTBA C
BOJIOM, KOTOpOE MPUBOAUT K OOpa30BAHUIO THUAPATOB, a 3aT€M OHHU
JUCCOLMUPYIOT HA MOHBI. OHHM CUHTAIM, YTO B PACTBOPAX HAXOIATCS HE
CBOOOJIHBIE, @ TUAPATUPOBAHHBIE MOHBI, «OJETHIE B LIYOKY» U3 MOJIEKYI
BOJIBI.

ChopMmynupyeM OCHOBHBIE TIOJIOKEHUS TEOPUU DBIEKTPOIU -
TUYECKOU TUCCOIUAIINN.

1. DnekTpoauTsl B pacTBOpax CaMOIPOM3BOJBHO pPacIaJarTcs Ha
VOHBI I10]1 IEMCTBUEM MOJIEKYJ PAaCTBOPUTEIIA. Tako# MpoLecc Ha3bIBaETCs

- JICKTPOJUTHYECKON auccoumanmuen. Jluccoumanusi TakKe MOMKET



MPOMCXOJIUTh IIPU IUIABJICHUH TBEPIBIX JJIEKTPOJUTOB (TepMHUUYECKas
JACCOITMAIIUS DJICKTPOJIUTOB).

2. MoHBI OTIIMYAKOTCS OT aTOMOB IO COCTaBy M IO CBolcTBam. B
BOJHBIX PACTBOpPaxX HOHBI HAXOHATCA B TUAPATUPOBAHHOM COCTOSIHUH.
NoHbl B rHUApPaTUPOBAHHOM COCTOSIHUM OTJIMYAKOTCS IO CBOWMCTBAM OT
HMOHOB B ra3000pa3HOM COCTOSIHUU BEIIECTBA.

3. B pactBopax WM paciuiaBax »3JICKTPOJIUTOB HOHBI JBHXKYTCS
Xa0TUYHO, HO TIPU MPOMYCKAHUU YEPE3 PACTBOP WJIM PACIUIAB DJIEKTPOJIUTA
AICKTPUYECKOI0 TOKa, HMOHBI IPHOOPETAIOT HAIlpaBICHHOE IBMKCHHUE:
KaTUOHbI TEPEMEIIAOTCSI K KaTOJy, aHWOHbI - K aHonay. PactBop uiu
pacIuiaB 3JEKTPOJIMTA SBJIAETCS MPOBOJHUKOM C MOHHOW ITPOBOJUMOCTBIO
- mpoBoaHUKOM Il pona.

[TpuunHoOM BJICKTPOJIUTHYECKOU JTACCOLAIIN T SABJISICTCA
VHTEHCUBHOE B3aMMOJICMCTBUE PACTBOPEHHOI'O BEIIECTBA C MOJIEKYJIAMH
pactBopuTens (conbBatalus, ruaparaius). VIMEHHO Tuaparaius HOHOB
MPENATCTBYET 0OpPaTHOMY COCAUHEHHUIO HOHOB B HEUTPAJIHbHBIE MOJICKYJIBI.

Jlerue BCEro NHMCCOLMHUPYIOT BEIIECTBA C MOHHOM CBSI3BIO, TaK Kak
OHU YK€ COCTOSIT U3 TOTOBBIX HOHOB.

Ilpy ©UX  pacTBOpEHMM  JUNOIM  BOJABl  OPUEHTUPYIOTCS
MIPOTUBOMOJIOKHO 3apsSXKEHHBIMH KOHIAMUA BOKPYT TOJIOKUTEIBHBIX M
OTPHULIATEIIBHBIX HOHOB JIEKTPOJIUTA.

Mexay MOHaMu 3JIEKTPOJIUTA U JIHUIIOJISAMUA BOJBI BO3HHUKAIOT CHIIBI
B3aMMHOTO NMPUTSKEHUA. B pe3ysibTate XMMUYECKaAs CBSI3b MEXIYy HOHAMU

ocjiabeBaeT, U MPOUCXOIUT MEPEX0]l HIOHOB U3 KPUCTAJIa B pacTBOP.



[TocnenoBaTeIbHOCTH MPOIECCOB, MPOUCXOSAIIUX TPU AUCCOLUAIITU
BEIIICCTB C HOHHOM CBSI3bI0 (COJIEH U IIesioueit), OyIeT TaKou:
1) opueHTaIus MOJIEKYJT - JUIOJEH BOJAbl OKOJIO MOHOB KPUCTAJLIA;
2) rungparanusi (B3aMMOJIEMCTBHUE) MOJIEKYJ BOJbI C MPOTHUBOIOJIOXKHO
3apsHKEHHBIMU HOHAMU MMOBEPXHOCTHOTO CJIOSI KPUCTAIIA;
3) aucconmanus (pacmaj) KpucTaaia dJeKTPoIuTa Ha THApPAaTUPOBAHHbBIC
VOHBI.

YpomEHHO MPOUCXOSAIINE MPOIIECCHl MOXKHO OTPa3UTh C MOMOIIIBIO
CJICAYIOIIEr0 YPaBHEHUS:

NaCl= Na* + CI

AHaJIOTUYHO JUCCOMMUPYIOT U AJIEKTPOJIUTHI, B MOJIEKYJIaX KOTOPHIX
- KOBaJICHTHAasI TIOJISIpHASI CBSI3b (HampuMep, MOJIEKYJIbI
xsopoBosiopoa HCI), Tonbko B 3TOM cllydae TOJA BJIMSHUEM JTUTIOJICH
BOJbI TPOWCXOJHWT TPEBPAIICHUE KOBAJICHTHOW TIOJNSAPHOW CBS3U B
WOHHYIO0, U TIOCJIE0BATEIbHOCTh MPOIIECCOB, MPOUCXOIAIINX TPU ITOM,
OyzeT Takas:
1) opueHTaIus MOJIEKYJI BOJbI BOKPYT MOJIKOCOB MOJICKYJIbI 3JICKTPOJIUTA;
2) rungpartanus (B3aUMOJICMCTBUE) MOJIEKYJ BOJABI C MOJEKYJaMu
AIEKTPOJIUTA;
3) uWOHHBAIUS MOJIEKYJ DJJeKTposuTa (MpeBpalieHue KOBaJEHTHOM
MOJISIPHOM CBSI3U B HIOHHYIO);
4) nmuccommanus (pacmaa) MOJIEKYJ 3JEKTPOJIUTa Ha THUIPATUPOBAHHBIC
VOHBI.

VYpaBHEeHUE TUCCOIUAIMN COJISTHOM KUCIIOTHI:



HCl = H*+CI

Teopust «rugparanum» .. Menageneesa. Kpucramioruaparsl

PacTBopeHre TBEpHBIX BEIIECTB B JKHJIKOCTSIX OOJIBIIEH YacThIO
COIMPOBOXK/JIAETCS TOTJIOIIEHUEM TeIla, BCIEJCTBHUE YEro TOJBKO YTO
IIPUTOTOBJICHHBIH PACTBOP UMEET O0Jiee HU3KYIO TEMIIepaTypy, YeM B3sITas
JUTSI PACTBOPEHHMS YKUIKOCTb.

HekoTtopsie TBepabIe BEIIECTBA PACTBOPSIOTCS C BBIJICIICHHEM TeEIUIA.
Tak, Hampumep, NpU pPACTBOPEHHH B BOJIE €JKOTO HaTpa, IOTaIla,
0€3BOJTHON CEPHOKHCIOW MeIW TPOMCXOIUT 3aMETHOE IIOBBIIICHHUE
TEMITePaTYPHI.

Bringensercs Temio Takke Mpyu pacTBOPEHUH HEKOTOPBIX JKUIKOCTEH
U BCEX Ta3oB.

Konuuecmeo menna, nocnowarowezoca (Unu 6bloensaoue2ocs) npu
pacmeopenuy  00H020  MOJISL 8euiecmed,  HA3bl8Aemcs  Menjiomou
pAacmeopenusi 3mo2o 8eujecmad.

Tennora pacTBOpeHHsS WMEET OTPHIATEIBHOE 3HAUYCHUE, SCIU TMPHU
pPacTBOPEHUHU TOTJIOMIAETCS TEIJIO, W TIOJIOKUTEIBHOE - B CiIyyae
BBIZICIICHUS TEILIA.

[Tpu pacTBOpPEHUHU TBEPJI0TO BEIIECTBA IIPOUCXOTUT
pa3pylIeHUE €ro KPUCTATNYECKOW PEIIEeTKH M paclpelieNieHue MOJEKYJI
(MJTM MOHOB) TIO BCEH Macce pacTBOPUTENs, TpeOyrolee 3aTpaThl YHEPTHUH.
[TosToMy camo 1o cebe pacTBOpPEHUE JOJDKHO OBLIIO ObI COMPOBOXKIATHCS

NOTJIONIeHWEM Teria. Eciim ke B HEKOTOpBhIX ciydasx HaOIroaaeTcs



0oOpaTHBIN 3¢ deKT, To 3TO MTOKAa3bIBAET, 4TO
OJTHOBPEMEHHO C PACTBOPEHUEM MPOUCXOJUT KaKoe- TO XHUMHUYECKOE
B3aMMOJICHCTBUE MEXIY PAaCTBOPUTEIEM U PACTBOPSIEMBIM BEIIECTBOM,
Opy KOTOPOM BBIAENsAETCS OOJbIIE TEMIa, YeM €ro pacxojyercs Ha
paspyllieHrne KpUCTAUIMYECKON PEIIETKH.

JIeCTBUTENBHO, TPUMEHSS pa3ju4Hble METOMAbl HCCIEIOBaHUA,
yaJoch MOKa3aTh, YTO MPU PACTBOPEHUU MHOTUX BEUIECTB MOJIEKYJIbI HX
CBSI3BIBAIOTCS C MOJIEKyJaMH pacTBOpPUTENs, 00pasys o0co0oro poja
COCJIMHCHMSI, TaK HA3bIBa€MbIe C O J1 b B a T bl (OT JIaTUHCKOTO SOlvere -
pacTBOpsATh). B wacTHOM ciyuae, KOrja pacTBOPUTENEM SIBISECTCA BOJA,
3T COCJAMHEHHUS HA3bIBAIOTCA THApATaMH, a CaMblid MPOIECC HX
oOpa3zoBaHUs - THAPATALUCH.

OO0pa3oBaHue COIBBATOB OOYCIIOBIUBACTCS MOJIAPHOCTHIO MOJICKYJ
pPacTBOPSIEMOT0 BEIIECTBA, Ojarofaps KOTOPOH OHU MPUTATHBAIOT K cebe
MOJIIPHBIE MOJICKYJIbI pacTBopuTeis. [IoHATHO, UTO CONBBATHI OYIyT TEM
ycToiuuBee, ueM OoJjiee MOJISIPHBI T€ W JPYrHe MOJIEKYJBI. A Tak Kak U3
OOBIYHBIX  pacTBOpUTEIEH  HaWOONbIIEH  MOJSIPHOCTBIO  00JIaIat0T
MOJIEKYJIBI BOJbI, TO MPAKTUUECKH TMPUXOJUTCS HMETh [0 TJIABHBIM
o0pa3oM ¢ rugpaTamu.

[Ipenmomnoxkenne o0 CyIIeCTBOBAHMHM B BOJHBIX PAcTBOpax TUIAPATOB
ObLJIO BBICKa3aHO W oOocHOBaHO B 80- X rojax MNpOUUIOrO CTOJIETHS
MenpeneeBbIM, KOTOPBIA CUUTAJ, YTO MPOIECC PACTBOPCHUS SBIISICTCS HE
TOJIbKO (U3MUYECKUM, KaK B TO BpeMs MPUHUMAIIOCh, HO U XUMHUYECKUM

IIPOLIECCOM; UTO BEILIECTBA, PACTBOPSIONIUECS B BOJIE, MOTYT OOpPa30BbIBATh



C Hero (pasnuyHble coenHeHuss. O0 3TOM CBUAETENBCTBYET MPEKIAE BCETO
U3YUYEHHUE TEIUIOT pacTBOpEeHUs. «Eciin Obl paCTBOPEHUE COCTOSIIO B OJJHOM
U3MEHECHUU (PU3NUECKOr0 COCTOSIHUS, TO TIPU razax pa3BUBAJIOCH Obl, a IPU
PacTBOPEHUHU TBEPABIX TEJI MOTJOMIAIOCHh Obl CTOJIBKO TEIUIA, CKOJBKO
OTBEYAECT IIEPEMEHE COCTOSIHUS, B IEUCTBUTEIBLHOCTH K€ IIPU PACTBOPECHUU
ra3a BCErja oTneisaercs 0oJiblliee KOIUYECTBO TEIIa, a AJis TBEPABIX TEl
MOTJIOMIAETCS MEHEE TeIUla, YTO 3aBUCUT OT TOrO, 4YTO IIPU HEM
COBEPIIAECTCA aKT XUMHUYECKOTO COCIUHEHUs, COMPOBOXK- JIAOLIUKCS
OTACIEHUEM TEIUIOThD)

[ToaTBEepKACHMEM XUMHU3MaA IPOLIECCA PACTBOPEHUS SABIIAETCS TAKKE
TOT (aKkT, YTO MHOTHE BEIIECTBA BBIJICISAIOTCS W3 BOJHBIX PACTBOPOB B
BUJIC KPUCTAJIOB, COJIEPKAIINX TaK HA3bIBAEMYK) KPUCTALUIM3ALUOHHYIO
BOJNY, IMPUYEM HA KAKIAYIO MOJEKYJy pPacTBOPEHHOIO BEIIECTBA
NPUXOAUTCS ONPEACICHHOE YHCIO MOJEKYJT BOABL. «ITO, -  MOHUCAl
Menpgenees, - IaeT MOBOJA AyMaTh, YTO U 3 CAMBIX PACTBOPAX HUMEIOTCA
TakKue K€ WM TMOJOOHBIE WM COCIUHEHUS PACTBOPEHHBIX T C
PacTBOPHUTEINIEM, TOJBKO B JKUIAKOM (M OTYACTH Pa3JIOKEHHOM) BUJIEY.

JIeNCTBUTENBHO, M3y4das 3aBUCUMOCTb YAECIbHBIX BECOB PACTBOPOB
CEpHOM KHCJIOTHI OT €€ KOHUEHTpauuu, MeHaeneeB OOHapyXuil Ha
KPUBBIX, BBIPAKAIOIINX 3Ty 3aBUCUMOCTD, PSAJl MEPETHO0B, YKa3bIBAIOIINUX
HAa CYUIECTBOBAHUE B PACTBOPE OMNPEACICHHBIX COCAWHEHUN CEPHOU
KUCJIOTHl C BOJOW. AHAJOTHMYHBIC JaHHbIC OBUTM WM TOJYYEHBI IS

pacTBOPOB XJIOPUCTOI'O KAJIbIHUA 1 HCKOTOPBIX APYIUX BCUICCTB.



OpHako NO3JHEHINNE HUCCIEAOBaHUS B 3TOM 00JIACTH MOJIHOCTBIO
MOATBEPINUIN NMPEANOIOKEeHUsT MeHieneeBa 0 CyleCTBOBAaHUM THIPATOB B
pacTBopax, U €ro THUApATHas, WIM «XUMHUYECKas», TEOpPUsS PacTBOPOB,,
pacillupeHHasl ¥ corjacoBaHHas ¢ «pusznueckoit» Teopueit Bant- ['opda u
AppeHnyca, BOIIUIAa B HAyKy KaK COCTaBHasl 4acThb OOIIETO yYEHUS O
pacTBopax.

I'uapaTel -  JOBOJBHO HEYCTOMUYMBBIE COEAUHEHMS, BO MHOTHX
ClIydasiX pasjararoliydecs: yke Mpu BhIapuBaHuu pacTtBopoB. Ho mHorma
rujpaTHas BOJa HACTOJIbKO TMPOYHO CBs3aHAa C  MOJIEKYJIaMU
PacTBOPEHHOTO BEIIECTBA, YTO IMPHU BBIJACICHUM IMOCIEIHETO U3 PacTBopa
OHa BXOJUT B COCTaB €ro KPUCTALIOB. Takue KpUCTAUIMYECKUE
o0pa3oBaHus, B MOCTPOCHUU KOTOPBIX MOJICKYJbl BOJIbI YYaCTBYIOT Kak
CaMOCTOSTEJIbHBIE €UHUIILI, MOJYYUIN Ha3BaHUE KPHUCTAJIIOTUAPATOB, a
cojieprKaliasca B HUX BOJIa- KPUCTAIUIM3AIIMOHHON BOABl. OCOOEHHO JIETKO
00pa3yIoTCs KPUCTAUIOTHUIPATHI Pa3IUUHbBIX COJICH.

CocTaB KpHUCTAUIOTHAPATOB TMPHUHATO H300paxaTh (opmyliamu,
MOKA3bIBAIOIIMMH, KaKO€ KOJHUYECTBO KPUCTAJIM3AIMOHHONW  BOJIBI
COJICPXKUT Kpuctammoruapar. Hanmpumep, Kpuctauioruapar CEpHOKHUCION
Menu (MEIHBIM KyMopoc), cojaepkaluii Ha oaHy rpamMmosekyiry CuSOs
NATh TpPaMMOJIEKyJl BOJbI, uzobpaxaercsa dopmynoir CuSOs -5H20;
KPUCTAJUIOTHIpAT CEPHOKUCIIOTO HaTpus (TaayoepoBa colib) — (HopMysioi
Na>SOg4 - 10H20 u T. 1.

IIpo4HOCTH CBSI3M MEXKIY BEIIECTBOM M KPUCTAJLNIN3AUOHHOW BOJOM

B OTHACJIIbHBIX KPpUCTAJJIOTHApPATAX BECbMa pa3JINdHA. MHorue u3 HHX



TEPSIOT KPUCTAUIM3ALUOHHYIKO BOAY YXKE€ IPU KOMHATHOW TEMIIEpaType.
Tak, Hanmpumep», MPO3pavyHbIE KPHUCTAIIbD) OOBIKHOBEHHOM «OEIbheBOiN»
combl (NaxCOs3-10H20), eciim ocTaBUTh HX JI€KaTh HA BO3AYXE, OUYCHD
JIETKO «BBIBETPUBAKOTCS», T. €., Tepsidi BOAY, CTAHOBATCS TYCKIIBIMU WU
MOCTENEHHO PACChIMATCa B MOpOmIoK. [l 00e3BOXKMBaHUSA APYTUX
KPUCTAJIOTUPATOB TPEOYETCs TOBOJIBHO CUJIbHOE HarpeBaHUeE.

UtoObl  BBISICHUTH, OT  YE€ro  3aBUCUT  TOTEPS  BOJbI
KpUCTAJUIOTUApPATAMH,  MNPOU3BEAEM  CIECAYIOIIMA  OMBIT:  BBEIEM
KPUCTAJUIMK ~ MEIHOr0  Kynmopoca B  TOPUYEIUIMEBY  MYCTOTY
OapoMmeTpudeckoil TpyOku. Kpucramn ToTd4ac HAYMHAET TEPATh BOLY,
U PTYTh B TpyOKe OITyCKaeTcs J0 TeX IMOp, MOKa JaBJICHUE 00Pa3yOIIerocs
BOJISTHOTO T1apa HE JOCTUTHET OIPEAECICHHOM BEJIWYUHBI. ECIU MOBBICUTH
TEMIIEPATYPy, TO KPHUCTAI TEPSAET €LIE HEKOTOPOE KOJUYECTBO BOJbI,
JABJICHUE TIapa YBEJIMYUBACTCS U PTYTh OMycKaeTcs: Hke. Haoboport, mipu
IMOHWKEHUH TEMIIEPATypPbl 4acTh BOJbI CHOBA BCTYIIAET B COCAUHEHUE €
COJbIO, [IABJICHUWE T1apa YMEHBIIACTCS W PTYTh NOAHUMAETCI. Takum
0o0pa3oM, pa3lioKEHHE METHOTO KyIMopoca Ha O€3BOJHYIO COJIb U BOJIY
MpeJCTaBIISIET cO00M 0OpaTUMBII TIpoIIECC.

B 3aMKHYTOM NpPOCTPAHCTBE UMEETCSI PABHOBECHE:

CuSOq4 -5H40 2 CuSO4 + 5H20

IIpn kaxaol teMmeparype COCTOSHUIO PABHOBECHUS OTBEYAET
ONpE/ICICHHOE JaBJICHHE OOpa30BaBIIErOCs BOJSHOrO Tapa, KOTOPOE
HA3bIBACTCA VYIIPYTOCTBIO mapa Kpucrawioruapara. lIpu mnoBbiieHun

TEMIIEpaTypbl PABHOBECHUE CABUTAETCSA B CTOPOHY 00pa3oBaHusl O€3BOJHOMN



COJIY, KaK U CJIEAyeT OXKUAATh COIVIacHO npuHiuiy Jle- Illarenbe, Tak Kak
Pa3IOKEHUE KPHUCTAUIOTHIpaTa COIPOBOXKIACTCS IIOTJIONICHUEM TEILIa;
IIPU TIOHIDKCHUHN TeMIIEpaTyphl OepeT ImepeBec oOpaTHas peaKIHsl.

Yrpyrocts mapa pasIWYHBIX KPHUCTALIOTHAPATOB JajIeKO HE
onuHakoBa. Hampumep, npu 30°C ymnpyrocts mapa riay0oepoBoil CoJH
NaxSO4-10H20 paBra 27 mm, megnoro kymopoca CuSOs- 5H2O -
12,5 mm, a xnopucrtoro 6apus BaCly: 2H20 - Bcero 4 mm.

ATMmochepHBIE  BO3MyX  BCEra COAEPKUT  BOJASHBIC  Iaphl,
00BIKHOBEHHO 0K0J10 60% TOro koiamdecTBa, KOTOPOE HEOOXOIUMO IS €TI0
HachImeHus. Te KpucTauioruapaTsl, yIPYrocTh IHapa KOTOPBIX OOJbIIe
JABJICHUS Tapa, HaXOAIIEToCs B BO3AYXe, MTOCTEIIEHHO TEPSIOT CBOIO BOIY
npu OOBIKHOBEHHOW TemIlepaType, T. €. BBIBETPHUBAIOTCS, TaKOBBI
riiayoepoBa coib, cofa u Ap. Kpucramioruaparsl ¢ MEHBIICH YIIPYTOCTHIO
napa He OOHApYKXWBAIOT PaA3JIOKEHUS, a HEKOTOPBIC Ja)Ke IOTJIOMAI0T
BOJISTHBIC napsl u3 BO3JIyXa. Hampuwmep, 3epHCHBIN
xsopucteii kanpiuid CaCly - 2HoO ynoTtpebinisercss s OCyIlIeHHs] Ta3oB
UMEHHO ITOTOMY, YTO YIIPYTOCTh €T0 Mapa OYeHb Maja U OH COSIUHSICTCS C
BOJISIHBIM MIapoM, Tiepexoisi B 6osiee 6orateiii Bojgoi ruapat CaCls - 6H20.

[Tporecc oOpa3zoBaHHMS THIPATOB MPOTEKAET C BBIJACICHUEM TeIla.
[Ipu pacTBOpeHHMHM BeENIECTBA, IOABEPralOMIEroCcsS THApPATAIUH, OOIIHIA
TErIoBOM 3(PdeKT ckimaapiBaeTcss U3 TeroBoro 3ddexkra coOCTBEHHO
pacTBOPEHUS U TEIIOBOTO d(pdekTa rumparanuu. Tak Kak MEPBBIM U3 d3TUX
MPOIIECCOB JHJIOTEPMHUUYECKUM, a BTOPOM SK30TEPMHUYECKHUM, TO OOIIHI

TeIioBOM  d(PpdexT mporecca  pacTBOPEHUS  JODKEH  PaBHATHCSA



anreOpandyeckod cymMMe TEIIOBBIX 3(P(EKTOB OTACIBHBIX MPOIECCOB U
MOXET OBITh KakK TIOJIOKUTEJIbHBIM, TaK W OTpularelbHbiM. OTcCroga
CIeAYyeT, YTO, OMNPEACIUB OTACIbHO TEIUIOTY PACTBOPEHUS] W OOIIU
TEIUIOBOM 3 (PEKT mpoliecca pacCTBOPECHHUS, MOKHO PACCUUTATh U TEILIOTY
ruapaTaluu.
CuibHbIE U cj1a0ble 3JIeKTPOJIMTHI.
CreneHb JIeKTPOJTUTHYECKO JUCCONMANNH

[Ipu pacTBOpeHHUM OJHUX JJIEKTPOJIUTOB PABHOBECHE JUCCOIUAIINU
3HAQYUTEILHO CMEIICHO BIPAaBO, B PACTBOpPAaX TaKUX JJIEKTPOJUTOB
JUCCOLMAIMA ~ MPOUCXOJUT  MPAKTUYECKU  TMOJHOCThIO  (CHIJIbHBIC
ANEKTpoauThl). IIpu pacTBOpeHHHM APYTUX JJIEKTPOIUTOB JTUCCOILMAIUS
IIPOMCXOJIUT B HE3HAUNUTEIBLHOM Mepe (c1adble DJIeKTPOJIUTHI).

C mo3uiuii COBPEMEHHOM D3JIEKTPOCTATUUECKONW TEOPUU CHIIbHBIC
ANIEKTPOJIUTHI JUCCOIUUPYIOT HEOOpaTUMO, a cjadble JJIEKTPOIUTHI -
oOpatumo.

JI71s1 KOJTMYECTBEHHON OIICHKH CHJIBI AJICKTPOJIUTA BBEIACHO MOHSTHE
CTETICHH DJICKTPOJIMTUUECKON AUCCOIUAIINH.

1. CremeHb »JJIEKTPOJUTHYECKOH IMCCONMANUM - OTHOIICHUE
KOJIMYECTBA BEILlECTBA S3JIEKTpoiuTa pacnaBuierocss Ha HOHBL (Vpacn) K

KOJIMYECTBY BEIISCTBA AJICKTPOJINTA, MMOCTYMHBINEro B pacTBOP (Voou ):

— Vpacn.
V ) 1

ooy

(24

rae o - crenenb I/, 0 <o < 1.
CreneHp AUCCOLMALIMM TaK)Xe BBIPAXKAIOT B MporieHTax, Toraa 0% <

o < 100%.



CreneHb 3JEKTPOJUTUUECKON JUCCOIUAIIMU 3aBUCUT OT IMPUPOJIbI
AJIEKTPOJIUTA, €ro KOHIEHTpAalluu B pacTBope u Temneparypol. C
pazbaBieHUEM u C MOBBIIICHUEM TeMIepaTypbl CTEICHb
ANEKTPOTUTUUECKON JUCCOLMAIIMN BO3PACTACT.

OLeHUTh CWIy pa3duyHbIX JJEKTPOJUTOB MOXKHO, CpaBHUBAS
CTENEHb MX DJJEKTPOJUTHUYECKOW JUCCOLMAIMKM TIPU  OJMHAKOBBIX
YCIIOBUAX. DIEKTPOJMTHI, CTENEHb aucconuanuu kotopbix npu 18°C B
pactBopax ¢ koHueHTpamued 0,1 monw/n anexkrtponuta Oonbiie 30%
OTHOCSIT K CHJIbHBIM JIEKTPOJUTAM. DTO MIET0YH, OOJBIIMHCTBO COJIEH,
HekoTopele Heopranumdeckue kuciaorel (HCIO4, HI, HBr, HCI, HNOs3;,
H2SO4). DNeKTponuTHI, CTENeHb aucconuanuu Kotopeix mpu 18 °C B
pactBopax ¢ KoHueHTpanuer 0,1 wmonb/nm sxekTposutra MeHblie 3%
OTHOCST K CJa0bIM JJIeKTPOJUTAM. OJTO MHOTHE HEOPTaHUYECKUE
kuciotel: HoS, HCN, HCIO, npakThueckd BCE OpPraHUYECKHUE KHUCIOTHI
(mampumep, HCOOH, CH3COOH, CH3;CH2COOH), BomnbIii pacTtBOp
ammuaka NH3z-H2O, Boga. DneKTpOJIUTHI, CTENEHb TUCCOIMAIMN KOTOPBIX
npu 18 °C B 0,IM pactBopax or 3 10 30% OTHOCAT K 3JIEKTPOJHTAM
cpeaHeil cuabl. JT1o, Hampumep, optodochopHas kuciora HzPOg,

dropoBogopoaHas kuciiota HF, azotucras kuciaora HNO2(1a6:1.9.1).

Tabnuua 9.1.
Knaccudukaruys 371eKTpOTUTOB TIO CHTIE
DJIEKTPOJIUTHI
Cma0bie CpenHeii cuiibl CunbHble
a<3% 3% <a <30% o> 30%

IIponecc nucconmanuu

[Iponecc aucconuanuu oOpaTum
P ! Hat P MPAKTUIECKU HEOOpaTUM

Muorue  Heopranmueckue | H3PO,4, HSOs, HE | Ilenoun




kucnotel: H,S, HCN, HCIO BoapmmHCTBO comel.
[IpakTruecku BCE Hexoropsie HEOPTraHUYECKUE
OpraHUYECKHUe KHCJIOTHI. KHCJIOTHI:

Hanpumep, HCOOH, HCIO,, HI, HBr, HCI, HNO;s,
CH;COOH, H,SO,.

CH3;CH,COOH.

Bonsblii pacTtBop ammumaka

NH3'H20

Bona H>,O

KoncTanTa 3JeKTpoJuTHYecKoii aucconuanun. Kak yke OblIo
ckazaHo Bbime, DJ] cIabbIX »IEKTPOIUTOB - OOPAaTUMBIHA HpoIEcC.
HOBTOMy CUITY JJICKTPOJIUTA TAKIKC MOKHO OXAPAKTCPU30BaAThH C ITIOMOIIBIO
KOHCmMAaHmul XuUmuuecKkoco pPaABHOGECUA npoyecca Ouccouuauuu
djleKmpoiuma - KOHCTAHTbI JUCCOIUAIIUHA. TaK, HaIlIpuMcEep, AUCCOL AU
YKCYCHOﬁ KHUCJIOTHI ITPOTCKACT 110 YPABHCHUIO!

CH3COOH <« CH3COO + H*

XApPaAKTCPpU3YCTCA KOHCTaHTOM AUCCOHUAIINN.

_|en,coo | |n]

=1,754-10" 25°C
° [cH,Cc00] (npuzs°c)

3aBHUCHUMOCThD MCXKAY CTCIICHBIO JUCCOMAllMN H KOHCTAQHTOM
Aucconuanmnu cl1aboro QJICKTPOJINTA ONPCACIIACTCA 3AaKOHOM

pas3oaBjenus OcrBajbiaa:

KoHcTanTta gucconuanuu 3aBUCAT OT TEMIEPATYPbl, HO HE 3aBUCHUT
OT KOHILICHTPALIMU JJIEKTPOJIUTA. B 3TOM €€ NpeumyIecTBO 10 CPpaBHEHUIO
CO CTEMEHBIO AJICKTPOJIUTHUYECKON mauccoruanuu. YeM OoJibllie 3HaYCHUE

KOHCTAHTBI JUCCOHALINH, TCM CHJIBHCC 3JICKTPOJINT.




JIucconuanusi KHCJI0T, OCHOBAHUM M COJIeH

Huccoumanusa KHUCI0T. COrilacHO TEOPUM  BIIEKTPOIUTHYECKOU
OUCCOLMALIMY, KHCIOTaMU HA3bIBAlOT BEIECTBA, KOTOPBIE B BOJHBIX
pacTBopax oOpa3ylOT B KauecTBE KaTHOHOB HMOHBI Boaopoma H+.
OnHOOCHOBHAsT KHUCJIOTAa JOUCCOLMHUPYET HAa HMOHBI B OJHY CTYICHb.
Hampuwmep:

HCI - H*+ Cl",
JIByXOCHOBHBIE€ KHCJIOTHI PACIIaTal0TCs HA HOHBI B JIBE CTYIICHHU:
nepsast crynenb: HoSOs —HY + HSO4
Bropas cTynens: HSO;, — H + SO/ .

IlepBas cTyneHb AMCCOLMALIMM, KAK IPAaBUIIO, OCYILIECTBISETCA B
OosiblIEH CcTeNEeHH, yeM BTopas. M3 ypaBHEHMH AMCCOLMALIMM BHUJIHO,
4YTO B PACTBOPE CEPHOM KUCIOTHI UMEIOTCS TpU Buaa noHoB: H+, HSO4 u
8042'.

TpexOoCHOBHBIE KHUCIOTHI JUCCOLMUPYIOT 110 TPEM CTYIEHIM: 110 IIep-
BOM CTyneHu B OOJIbLLIEH CTENEeHH, YeM [0 BTOPOM, a MO BTOpPOM - B
OosbIIel, yem no Tpetbeil. Hampumep, auccounanus GocopHoil KUCIOTHI
IIPOTEKAET MO CXEMaM:

nepBas ctynedb: H3POs $ H' + HoPOs™ (muruapodocdar- voH),

BTOpas crynens: HoPO4s~ $ HT + HPO4% (ruppodocdar- non),

TpeTha ctynenb:HPO4> s HY + PO4* (docdar- non).

Bonnsiit pactBop ¢pochopHOl KUCIOTHI COIEPKUT UOHBI BOJOPOJIA

H*, muruppodocpara HoPO4 , rumpodocpara HPOs> wu docdara



PO.* , npuuem moHoB HoPO, Gonbme, yuem HPO4% , a mocieaHux
oomabure, uem PO4% . KonnuectBo nonos P43 HUYTOXHO MaJo.
Juccoumanusa ocHoBaHmil. Ilo Teopum BIEKTPOIUTUYECKOU
JUCCOITMAIIMM OCHOBAaHHUSMU HA3bIBAIOT BEIECTBA, KOTOPhIE B BOJHBIX
pacTBOpax B KaueCTBE aHMOHOB COJEPKaT TOJBKO MOHBI Tuapokcuina OH .
Jluccornuanuioo OCHOBAaHMN MOYHO BBIPA3UTh, HAIIPUMEpP, CICAYIOIIUMU
ypaBHECHUSIMU:
NaOH — Na*+OH; Ba(OH), - Ba®" +20H.
BemecTBa, KOTOphIE AUCCOIMUHUPYIOT U KaK KHUCIOTHI U KaK OCHOBA-
HUsI, HAa3bIBAIOTCSI aM(POTEPHBIMH COCAMHEHHUSAMH uiau ampoimtamu. K
HAM OTHOCATCS THIAPOKCHUIBI HEKOTOPhIX MeTaioB. Hampumep,
A1(OH)s, Zn(OH)2 u ap.
Zn(OH); $ Zn?" + 20H" (nucconuanys 10 THITy OCHOBAHHS),
H,ZnO, s 2H* + Zn0,% (muccouuanus 1Mo TUIY KUCIIOTHI).
CrnenoBatenbHO, B pacTBOpe aM(POTEPHOTO COSTUHEHUS COMIEPIKATCS
WOHBI MeTajla, TUIPOKCUJI- HOHBI, HOHBI BOJAOPOJIa M KHCIOTHOTO
OCTaTKa.

Bopa nuccouuupyer no ypaBHEHUIO
H,Os H"+ OH".

CrnenoBaTebHO, BO/Ia TAKXKE MPOSIBIIIET CBOMCTBA KUCIOTHI, 00pa3ys
nonbl HY, 1 cBoiicTBa ocHOBaHwMs, 00pa3ys noas OH .

JAucconumanusa coJei. /[ucconuanuss HopmaiibHOU conu. Hopmais-
Has COJb JIMCCOIMUPYET Ha HWOH MeTaia, amMmonus NHs"™ u wmon

KHCJIIOTHOT'O OCTaTKa.



KNO; - K" + NO3",
A|2(SO4)3 —2Al3" + 35042"

JAucconmanusa KUCJIOM cogu. B pgaHHOM ciydae Jauccornuanus
MPOTEKAET MO HECKOIBKUM CTYTICHSIM.

Hanpumep, KHSO4 nuccounupyer 1o 1Bym CTYIEHSIM:

nepsas crynenb: KHSO4 — K + HSO4,

BTOpas ctynens: HSO4 $ H + SO4% .

Kaxk BusiHO, paCTBOP KHMCJIOM COJIM COACPKUT KaTHOHBI BOJOpOa (KaK
pe3yJIbTaT AUCCOIMAIIMU IO BTOPOM CTYNEHH) U MeTauia (B OTJIWYHUE OT
KHUCJIOTBI, COAEPKAIEe TOJBLKO HOHBI BOAOPOA).

JAuccoumanusi OCHOBHOM coM OCHOBHBIE COJIM - 3TO COJIH,
MOJIEKYJIbl KOTOPBIX KpPOME HOHOB METajlja M KHCJIOTHOIO OCTaTKa,
coAepk’aT MOHbI THApOoKcorpynmsl. Hampumep, XJmopuj ruapokcoMarHus
MgOHCI. Juccoruanius 3Toi CoJI MPOTEKAET COTJIaCHO YPaBHEHUIO

nepsas crynenb: MgOHCI » MgOH*+ClI-,

BTOpas crynens: MgOH* s Mg?+0OH-.

OCHOBHBIE  COJIM  aMIOMUHHS:  CyJIb(aT  TUIPOKCOATIOMUHHUS
Al1OHSOs wu  cympdpar  guruapokcoamroMuuus  [A1(OH)2]2.SOs,
JTACCOIMUPYIOT, KaK MOKA3aHO HUXKE:

A10HSO4 ~ A10H?" + SO4%,

[A1(OH)2]2 SO4 —~ 2[A1(OH),]" + SO47.

JAucconmauusa aBoMHON couau. Eciu aromsel Boaopoda B
MHOTOOCHOBHOUW KHCJIOTE 3aMEIIEHBI ATOMAaMU JIBYX Pa3JIMYHbIX METAJIOB,

COJb  Ha3bIBAIOT JABOWHOW. [Ipumepsl:  altOMOKaIuveBbIE  KBAaCIbl



KAL(SO.)2: 12H20; ceraetoBa coib (TapTpaT Kanus- HaTpust) NaKCaH4Oe,
dbochar ammonus- Hatpusi NHsNaPOs. Jlucconmanuss ux mpoTekaeT 1o
cXeMe
KA1(SO4); - K" + A13" +2S04%
NaKC4H40s = Na* + K* + C4H406%,
NaoNH4PO4 = 2Na* + NH4* + PO43'.

Kak BUJIHO, B BOJIHOM PacTBOPE JIBOMHOM COJIM COJIEPKATCSI KATUOHbI
JIBYX METAJIJIOB WJIA METajlyla 1 aMMOHUSL.

JAucconmanuss  KOMIUIEKCHBIX  cosied. Ilpm  guccomumanmum
KOMIUJIEKCHBIX COJIE 00pa3yroTcs MPOCTOM U KOMIIJIEKCHBINH MOHBI.

Hanpuwmep:

K4[Fe (CN)s] -»4K* + [Fe(CN)s]*,
[Fe(CN)g]* s Fe?*+6CN-
[Ag(NH3)2]Cl— [Ag(NH3)2]* + CI-,
[Ag(NH3)2]" s Ag™+2 NHs.

B pacTBOpe KOMIUTIEKCHOM COJU MPAKTUYECKH HET OTAEJIbHBIX HOHOB
AJIEMEHTOB, BXOJSIIMX B KOMIUIEKCHBIM HOH. Tak, B pacTBOpe cOuU
K4[Fe(CN)e] mer nonos Fe?* u CN", a ecTb CIIOKHBINA KOMIUIEKCHBIA HOH
[Fe(CN)e]*- Tak kak mucconmanmus II0 BTOPOM CTYNEHH HPOTEKAET
HE3HAYUTEIBHO.

IIpumep 1. HazoBure BelmiecTBa M HAMUIIUTE YpPaBHEHUS PEAKLIUHU
muccormaiun HzS, Cu(NO3),, Ca(H2PO4)2 AIOHCI..

Pemienne. Cnabas cepoBoAOpOAHAS KHUCIOTA JAUCCOIUUPYET

CTYII€HYATO:



H.Ss H + HS (mepBasi CTyIICHb),
HS- s H'+ S? (BTOpas CTYIIEHB).
Cpenusist COJIb HUTPAT MEAU PACTBOPSETCS B BOJE, ABJISETCSA CHIILHBIM

QJICKTPOJIUTOM MU HUCCOLIUUPYCT C O6pa30BaHI/ICM ITOJOXHUTCJIBHOI'O HOHAa

MCTaJJIa U OTPpULATCIIBHOI'O HOHA KUCIIOTHOT'O OCTAaTKaA:
CU(NOg)z—)CUZ+ + 2NO3".

Kucnas conps rugpodocdat kanbiiys AUCCONUUPYET CTYNEHYATO:

Ca(H2POy)2 —» Ca?" + 2H,POy; (epBas CTyIEHB),
H,PO4 s H' + HPO4 (BTOpas CTYyIIEHBD),
HPO4*> s H" + POs* (TPEThS CTYIEHD).

OnHako CTEneHb HJJIEKTPOJIUTHYECKOM JUCCOUMALMU  YXKE II0
BTOPOI CTYIEHU OUYE€Hb Maja, MOITOMY PACTBOP KHUCJION COJIM COIACPIKUT
JIWIIb He3HAYUTEIILHOE YUCIIO HOHOB BOJIOPO/Ia.

OcHoOBHasi COJIb THAPOKCOXJOPHUJ AaTIOMUHHUS JTHUCCOIUUPYET C
00pa30BaHWEM OCHOBHBIX U KUCJIOTHBIX OCTATKOB:

AIOHCIl;—» A1OH#+2CI-.
Jlucconpaiiiss HMOHOB OCHOBHBIX OCTAaTKOB Ha HMOHBI MeTajla W

T'MAPOKCOTIPYIIIbI ITOYTH HE UMECT MCCTA.

33}13‘11’1 " BOTIPOCHI 1JIdA CAMOKOHTPOJIA

1. HasoBute BHABI (GHU3UKO- XUMHYECKMX IIPOIECCOB, MPOTEKAIOMIUX MPH

PacTBOPEHUH BEIIECTB.



2. HaszoBuTe U KpaTKO OXapaKTepU3yWTe OCOOEHHOCTH TEIJIOBBIX 3(P(PEKTOB
pacTBOPEHMUS.

3. HazoBuTe BaXHEHIIME [0OKA3aTEJbCTBA MPABWIBHOCTH THAPATHOW TEOPHUH
pPacTBOPOB M aBTOPA 3TOM TEOPUHU.

4. Ha KOHKpETHBIX IPUMEPAX MOSICHUTE MPAKTUUYECKOE 3HAUEHUE THPATHON TEOPHUH.
5. DIIEKTpONUTAMH HA3bIBAIOT BELIECTBA. . .

6. DIIEKTPONMTUYECKON JUCCOLMAMEN HAa3bIBACTCS ITPOLIECC. ..

7. IIlpuurHON 3IEKTPOIUTUYECKON TUCCOLNUALNH SBIIIETCS. UHTEHCUBHOE . . .

8. K CHIIBHBIM 3JIEKTPOJINTAM OTHOCSTCS, HAIIPUMEDP

KHCIIOTBI

TUAPOOKHUCH. ..

COIIU. ..

9. K c1abbIM 3J1€KTpOIUTAM OTHOCSTCS, HAIIPUMED,

KHCJIOTHI. ..

THUJIPOOKUCH. . .

10. Hanummre ypaBHEHUS SJIEKTPOJIUTUUECKON JUCCOLMALIAN

(NH4)2F€(SO4)2, HzSOg, NaH2P04, Ca(OH)z

10-tema. I'mapoau3s coJieii. IJeKTPOJUTHYECKAS JUCCOLMALIMS
Bo/Jbl. MoHHOE nmpou3sBeaeHust BoAbl. BogiopoaHblil moka3areib
pH

Inan:
1. DnexTpoauTUUecKast JUCCOIUAIINS BOJIbI
2. Bopopoanslii mokazarens pH
3. I'maponus coneit



OnopHble CJ10BA U BBIPAKEHUS: Inexmpoaumeol u
HeJNIeKMPOIUmsl,  JJIeKMpOIUmMuYecKkas  ouccoyuayusi,  accoyuayusl
Kamuoubl U QHUOHBL, CONLBAMAYUS, 2UOPAmMayus, COAbL8aAmMayus, UOH
2UOPOKCOHUSL, UOHHO- MOJIeKyaapHble ypaeHenus, npasuio bepmonie,
UOHOOOMEHHbIEe peaKyul, UOHHbLE YPABHEHUS], UOHHOE NPOU38edeHue 800bl,
8000poonbll nokazamens (PH), npouszsedenue pacmeopumocmu, cuoponus,
CONILBOIU3, CMENeHb 2UOPONU3A

CaolicTBa pacTBOPOB 3JIeKTPOJIUTOB. MOHHBIE peakuuu

DIIEKTPOJINTAMU Ha3bIBAIOTCS BEILIECTBA, KOTOPHIE B PACIJIABIICHHOM
WJIM PACTBOPEHHOM COCTOSIHUM MPOBOJSIT JIEKTPUUECKUN TOK.

[Ipensoxxkennass CBanTe ApPPEHHYCOM TEOPHS DICKTPOJIUTHUECKON
IUcCcolMauu O0BsSCHWIA TOBEJCHUE U MHOTME CBOMCTBA 3JIEKTPOJIMTOB.
CornacHo 3TOM TEOpUH MOJIEKYJIbI AIEKTPOJIUTA B BOJIE WM APYTOM cpelie,
pacmajaroTcsi Ha MOHBI - MOJOKUTEIbHbIE (KAaTUOHBI) M OTPUIIATEIbHbBIC
(aHMOHBI).

[Iponecc pacnaga BemecTBAa Ha HWOHBI TOJYYWJI Ha3BAHUE
ANEKTPOIUTUYECKON Jauccoumanuu. [nsg ciaOblx 3IEKTPOJIUTOB OHA
NpPOTEKAET OOpaTUMO M  BBIPAXKAETCA  CICAYIOIMIUM  MPUMEPHBIM

ypaBHeHneM: KA s K'+A-

K oanexkTponuraMm OTHOCSATCS BEIIECTBA, B MOJEKYJIaX KOTOPBIX
aTOMBI CBSI3aHbI CUJIBHO TIOJIIPHOW WJIM HOHHOW XUMHUYECKOW CBSI3BIO.

ITo COBPEMEHHBIM MPE/ICTABIECHUSAM AIEKTPOIUTHYECKAS
JTUCCOLMAIIMS B PACTBOPE MPOUCXOJUT B PE3YJIbTATE CIOKHOTO (DU3UKO-
XMMHUYECKOTO B3aUMOJEUCTBUSA MOJIEKYJ DIIEKTPOJUTA C MOJSPHBIMHU

MOJIEKYJIAMHA PACTBOpUTENA. B3auMoAelrcTBUE HMOHOB C TOJISIPHBIMU



MOJICKyJIaMH PacTBOPHUTEIS Ha3bIBaeTCS CoOJbBaTalue (s BOJHBIX

pacTBOpOB - ruaparanueii) noHos (puc.10.1).
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Puc. 10.1 .SHGKTpOHI/ITI/ILIGCKaH Aucconuanysa IOJIAPHBIX MOJICKYJI

ConpBaTauusi NPUBOAUT K OOpa30BaHHMIO B PACTBOPE accOLUALNN
MEX]ly MOHaMU (KaTHOHAMHM U aHHMOHAMHU) U MOJIEKYJaMH PAaCTBOPUTEIS.
ITpouecc pactBopenuss BemectBa KFA” B BOJIE, SBISIOLIETOCS
COCAMHEHHEM C THUIHYHOM HWOHHOW CBSI3bIO, MOXET OBbITh 3aluCaH

CIHEYIOIIUM 00pa3oM:
K*A  + xH,O - K + (HzO)K + A (HzO)a

TBEpLOE JKUJIKUNA pacTBop

BCIICCTBO PacTBOPUTEIIb

DNEeKTpoJIUTHYECKAsT Juccouuanus noyisipHeix wmosiekyn (KA) B
pacTBOpe TMPOUCXOAUT BCIEACTBUE OCHA0JICHUSI CBSI3U, BBI3BAHHOIO
JNEUCTBUEM TOJISIPHBIX MOJIEKYJI PACTBOPUTEIS:

KA + xH,O' s K*(H20)x + A (H20)a
Accommarun = K'(H2O)xk m A- (H20)a mnpencraBisior  coOoit

rmapaTupoOBaHHBIC KATHOHBI U AHUOHBI.



Eciu B pacTBOpe JONMOJHUTEILHO MOTYT BO3HUKHYTH €IIE U
BOJIOPOJHBIC CBSI3U MEXKIYy MOJEKYJIaMU pAacTBOPUTEISL W aTOMOM
BOJIOPOJIa PaCTBOPEHHOI'O BEIECTBA, TO MPOIECC JTUCCOIMAIIMU MMPOTEKAET
erre 6osee 3PpHEeKTUBHO.

C TOYKM 3peHHS TEOPUHM DIJICKTPOJUTHUYECKONW JIMCCOIHMAIIUU
KHCJIOTON Ha3bIBACTCS COCAMHEHHE, TUCCOIUMUPYIOIEE B BOJHOM PacTBOPE
C 00pa3oBaHMEM THJPATUPOBAHHBIX BOJOPOJHBIX MOHOB (TMJAPOKCOHMH -
WOHOB) U KUCJIOTHOTO OCTAaTKa:

HA + HOs H3O" + A" (H20)a

rone HsO" - won ruapokconms. Bce oOmue cBoiicTBa KHCIOT
(KUCIIBIA BKYC, CHOCOOHOCTh HW3MEHSTh OKPACKy HMHAUKATOPOB M T.1.)
MPUHAJIJIC)KAT UOHY THIPOKCOHMUS.

B Boxe, sBustomiericss pacTBOPUTENIEM, CTaTUCTUYECKH PAaBHOMEPHO
pacnpenensstoTcsl TMOJHOCThIO THAPATUPOBAHHBIE KATHOHBI M aHUOHBI
CUJILHOTO DJICKTPOJIUTA. DJEKTPOCTATUYECKOE B3aUMOJICUCTBUE MEXKIY
MOHAMM OCJA0ISeTCs] O MUHUMYMa OOJBIIMMH PACCTOSHUSIMH MEXTY
HAUMH W TUJIPATHBIMM OOOJOYKAMH, BBIMOJHSIOMIMMUA SKPAaHUPYIOIIYIO
pOJIb.

B oTiuume OT CHIBHBIX JJIEKTPOJIUTOB JUCCOIUAIMS CJIA0BIX
ANIEKTPOJIUTOB MPOTEKAET 0OPATUMO 1 YCTAHABIMBACTCS PAaBHOBECHE.

KonudectBeHHO mporece JTHCCOIAIT MOJKET OBITH
OXapaKTEPU30BaH PSAJOM BEJIUYMH: CTCIEHBIO  JJEKTPOJIUTHUYECKOU

Jucconuanuy a, KOHCTAHTOM 3JI€KTpOJIHTH‘ICCKOfI Jucconuanumn K un Ap.



Houno - m™oJieky/JspHble ypaBHeHus. Peakuum B pacTBOpax
AJIEKTPOJIUTOB, IIPA KOTOPBIX HE MPOUCXOJAUT U3MEHEHUS 3apsAJ0B UOHOB,
BXOJSIIIIUX B COCIMHEHUSI, HA3bIBAIOTCSI HOHOOOMEHHBIMU PEAKIIUSIMH.

[IpaBuno bepromne: pasnogecue 6 UOHOOOMEHHBIX peaKyusix
cmewjaemcsi 8 CMOPOHY 00paA3068aHUs HaAuMmeHee OUCCOYUUPOBAHHBIX
CcOeOUHeHUll.

B cooTBeTcTBUM C STUM HAamNpaBJCHUE PEAKIMA HMOHHOTO OOMEHa
ONPENENACTCS CICAYIOIUM SMIIMPUUYECKUM MPABUIIOM: UOHHbIE peakyuu
npomexailom 8 CHMOPOHY 00pa308auusi 0caoKos, 2a308, C1a0ObIX
97IEKMPOSIUMOE, KOMNJIEKCHBIX UOHOS.

PaccmoTpum npuMep HEUTpaIrU3alui CUIIbHOM KUCIOTHI CUIIbHBIM
OCHOBaHHUEM, HAIPUMED:
HCI + NaOH = NaCl + HOH

IIpoiecc  mpencraBieH B BHUJE MOJIEKYJISIDHOTO  YPaBHEHHUS.
N3BECTHO, UTO Kak MCXOJHBIE BEIIECTBA, TaK W NPOIAYKTHl PEAKIIUU B
pacTBOpPE MOJHOCTHEO HOHU3MPOBaHbL. [loaTOMY mpencTtaBuM mpouecc B
BUJIE IMOJIHOT'O MOHHOTO YPAaBHEHMUS:

H*+ Cl" +Na" + OH" = Na* + CI" + HOH

ITocne «cokpauieHus» OJMHAKOBBIX HOHOB B JIEBOW U IMPABOU YACTAX

YPaBHEHUSI TTOJIy4aeM COKPAIEHHOE HOHHOE YPABHEHHUE:
H*+ OH =HOH
MpbI BUIMM, YTO NPOUECC HEUTPAIU3ALUU CBOJUTCS K COEIUHEHUIO

H+ 1 OH™ u o6pa3oBaHuIO BOJIHI.



IIpr cocraBieHWH HMOHHBIX YPAaBHEHUW CJIEAyeT IMOMHHUTbH, YTO B
MOHHOM BHUJIE 3alUCBHIBAIOTCS TOJIBKO CHJIbHBIE 3JIEKTPOJUTHI. Cradbie
DIIEKTPOJUTHI, TBEPJbIE BEIIECTBA M Ta3bl 3alMUCBIBAIOTCSI B HUX
MOJIEKYJIIPHOM BUJIE.

Jlamee paccMoTpuMm peakiuro ocaxkjacHus. (CmemaemM BOJHBIC
pactBopel AgNO3 u HI:

MonekynapHOoe ypaBHEHUE
AgNO3; + HI —Agl| + HNO3
[TosHOE MOHHOE yYpaBHEHUE
Ag"+ NO3z +H"+ 1" —>Agl| + H" + NOs’
CokpanieHHOe HOHHOE YPaBHEHUE
AgT+1Im —Agl|

[Tporiecc ocaxkIeHUsT CBOJAUTCS K B3aUMOJICHCTBUIO TOMBKO Ag* u ™ u
o0pa3oBaHuUIO0 HEpAacTBOPUMOro B Boae Agl.

YroObl y3HaTh CHOCOOHO JIM HWHTEPECYIOIIEe Hac BEIIECTBO
pacTBOpATBCST B BOJIe, HEOOXOAMMO  BOCIMOJB30BaThCA  TaOIMIIEH
HepacTBopuMocTH(Ta0:1.10.1).

PaccmorpuM  TpeTHMii THN peakUud, B pe3yabTare KOTOPOH
oOpa3zyercs JieTyyee COEAUMHEHHE. OITO PEaKUUU B3aUMOJCUCTBUSA
KapOOHATOB, CYJb(UTOB WM CYJIbPUIOB ¢ KucaoTamMu. Hampumep,

MouiekyJisipHOE YpaBHEHUE
Na;SOs3 + 2HI — 2Nal + SO21 + H20
ITostHOE MOHHOE ypaBHEHUE

2Na* + SOz + 2H* + 21" — 2Na* + 21 + SO,1 + H,0



CokpallleHHO€ HOHHOE YPaBHEHHUE
SO3% + 2H" — SO.1 + H,O

Ta6muna 10.1
PacTBOpUMOCTB KMCIIOT, COJIEM U OCHOBAHUU B BOJE

Mousr | H+ | NHs" | 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
Crl 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
Sz P P P P H H H H H H

SOz* P P P P M M M M H M
SO P P P P M H M P P P
COz* P P P P H H H H H H

Si0s* H - P P H H H H H H
PO P P P P H H H H H H

CHsCOO | P P P P P P P P P P

Momer | Ni?* | Sn?* | Pb? | Cu?* | Hg®" | Hg.?* | Fe** | Fe** | AP | Cr¥*
OH- H H H H g i H H H H
NOs" P P P P P g 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 H P H P P
Sz H H H H H H H H g -

SOs* H g H i i i M i i I
SO* P P H P P M P P P P
COs> g g H - - H H - - -

SiOs* H - H - - - H - - -
POs* H H H H H H H H H H

CHsCOO | P P P P P M P P P P

IIpy cmenmieHUn HEKOTOPBIX PAacTBOPOB HOHHBIX COCIMHEHUM,
B3aNMOJECUCTBUS MEXKAY HUMHU MOXET U HE MPOUCXOAUThH, HAITPUMED

MouiekyJisipHOE ypaBHEHUE



CaCl, + 2Nal = 2NaCl +Cal;
ITostHOE HOHHOE YypaBHEHHE
Ca?* + CI" + 2Na* + I =2Na* + CI- + Ca%"+ 2I
CokpallleHHOe HOHHOE YpaBHEHHUE OTCYTCTBYET.

Wrak, TIOJTBOJISI UTOT, OTMETHM, YTO XHUMHYECKHE
IpeBpaIleHus HaOMI0IAl0TCS B CIIydasX, €CJIH COOJI0IaeTCsl OJHO U3
CIICAYIOIINX YCIIOBUM:

— 0o0pa3oBaHHWE HEIIEKTPOJIMTAa. B KadecTBE HEIJIEKTPOIUTA MOKET
BBICTYTIATh BOJIA.

— o0pa3oBaHHE OcajKa.

— BBIJICJICHUE Ta3a.

— 00pa3oBaHKe C1a00TO IICKTPOJIUTA, HATIPUMEDP YKCYCHOM KUCIIOTHI.

— MEPEeHOC OJHOTO WM HECKOJBKHX JJIEKTPOHOB. DTO pEaM3yeTCs B
OKHCJIUTEIBHO - BOCCTAHOBUTEIBHBIX PEAKITUSIX.

— 00pa3oBaHKWE WM Pa3pblB OJHON WM HECKOJbKUX KOBaJEHTHBIX
CBSI3EU.

IlonsiTHE 0 MPOU3BEIEHUN PACTBOPHUMOCTH

3aKOH JEUCTBYIOIIUX MacC MPUMEHUM KaK K TOMOIE€HHBIM, TaK M K
FETEPOr€HHBIM  CUCTEMaM. PaccMOTpUM  TE€TEpOTCHHBIE  CUCTEMBI,
HarnpuMep, HACHIIIECHHBIE PACTBOPHI, COMPUKACAOIIUECS C OCATKOM TOTO
WJIM UHOTO BEIIECTBA.

PaccMoTpuM cHCTEMBI, B KOTOPBIX KOHTAKTUPYIOT OCaJOK M PacTBOP

TOr0 WM WHOTO BeniecTBa. HachIlIEeHHBIM pacTBOP M OCAAOK OTJICJICHBI



IPYT OT Apyra MOBEPXHOCTBIO pasjela U SBISIOTCS (pa3aMy reTepOreHHOM
CHUCTEMBEL.

IIpy CONPMKOCHOBEHHMH C BOJIOW KAaKOro- IMO0O MajopacTBOPUMOTrO
3JEKTPOJIMTA, HalpuMep, cyinbdara 6apus BaSO4, nonsl Ba?* u SO4% non
NEICTBUEM JIUIIONEH BOIBI IEPEXOAAT C MOBEPXHOCTH KPUCTAIUIOB B
pactBop. OJHOBPEMEHHO HAYHETCA M OOPATHBIA IIPOLIECC - OCAKICHHE
BaSOs;, womsl Ba’* m S04 B pacTBOpe MOIyT CTaJKUBAaThCSA C
IIOBEPXHOCThIO KpHCTamioB BaSOs M ocaxnarbcsa (BBIAEIATHCA) MOX
BIIMSHUEM  IIPUTSOKCHUS  APYTMX  HMOHOB. IlOCTENIEHHO  CKOPOCTh
PAacTBOPEHHUS BELIECTBA YMEHBIIAETCH, 4 CKOPOCTh IPOTHBOIIOIOKHOIO
IpOILECCa - OCAXKICHUS - YBEIMYMBAECTCS, YTO U IPUBOAUT K COCTOSHUIO
JIMHAMHYECKOTO PaBHOBECHs, IIPH KOTOPOM 4MclIo MOHOB Ba?* m SO,
YXOIAIIUX B E€IUHHIY BPEMEHHM C IOBEPXHOCTU TBEPAOH (pasbl, PaBHO
YHCIly MOHOB, BO3BPAILAIOLNIMXCA HA 3Ty MOBEPXHOCTh. Takum 00pazom
MOJTy4aeTCsl HACHIIEHHBIM pacTBOp cyibdaTa Oapusi, B KOTOPOM OOJIBIIIE
He Ha0IIOJaeTcs HM yMEHBIICHHMS KOJMYECTBA TBEpAOM (asbl, HH
HaKoIUIeHHs HOHOB Ba?* u SO~

K HaCBILIEHHOMY pacTBOPY, KaK PaBHOBECHOM CHUCTEME, NPUMEHUM
3aKOH JIEHCTBYIOMIMX Macc. BCIIM CKOPOCTh pacTBOPEHHs Vi IIOKA3BIBAET
yucino uoHoB Ba®?* m SOs%, yXomdmux 3a OIpPENEIEHHOE BpEMS C
TIOBEPXHOCTHU TBEPJAOM (pa3bl B paCTBOP, TO CKOPOCTh JOJIKHA OBITh IIPSIMO
NPONOPLUHMOHANEHA YHCIY JTUX MOHOB HA EIUHHIE IOBEPXHOCTH.
OnHako TpU yMEHBIIEHWHU OOIIEero KoJudecTBa TBepaou da3bl (B

IpoLleCCE PACTBOPEHHUSA) pACMOJOKEHUE HMOHOB Ha €€ IOBEPXHOCTH



OCTaeTcsi HEU3MEHHbIM. [l03TOMYy MOXKHO JONMYCTHTh, YTO CKOPOCTH
pacTBOpeHHs: TBepAoi (ha3bl OCTACTCS MOCTOSHHON M PaBHOM HEKOTOPOM
BenmmuuHe Ki: vi = Kj.

CKopOoCTh MPOTHUBOIOI0KHOTO MPOIIECCA - OCAKACHHUS - V2 ONPEAEsi-
eTCs YUCIIOM CTOJKHOBEHMH MOHOB Ba?" u SO4% ¢ equHuIEH TOBEPXHOCTH
kpuctaiiioB BaSO4 3a To ke Bpems. OueBUIHO, OHA OyJEeT TeM OOJIbIIIE,
yeM BbIIIE KOHIEHTpanus noHos Ba?* u SO42” B pacTBope. Orcrona Vo =

K2[Ba?*][SO4?], BennuuHa MOCTOSHHAS TPU HEM3MEHHOM TEMIIEPATYPE.

Ho B HachIlIEHHOM pacTBOPE CKOPOCTH 0OOUX MPOIIECCOB PaBHBI: Vi
V2.
[To3TOMY MOkKHO HaAINMUCATh:
Kz[Ba2+] [5042'] = Ky umun [B&2+] [5042'] =K1/ K;

OtHomenne nBYX mnocTtosHHbIX BenwumH Ki / Kz - BenmunHa
MOCTOSIHHAS, KOTOPYIO IPUHATO 0003HauaTh [P Basoas).

Bemnunna  IIP KOJIMYECTBEHHO  XapakTEPU3yET  CBOWCTBO
MQJIOPAaCTBOPUMOIO  JJIEKTPOJIUTA  PACTBOPATHCSI W HA3bIBACTCH
npou3BeJieHneM pactBopuMocTd. OTcrofa clielyeT MpaBWIO: Kak Obl HE
VM3MEHSJIMCh KOHIUEHTPALMUA OTACJIbHBIX MOHOB B HACBIIIEHHOM PAaCTBOPE
MaJIOPACTBOPUMOTO 3JICKTPOJINUTA, MPOU3BEIACHUE HX (IPU HEU3MEHHOUN
TEMIIEpaType) OCTAETCSI TOCTOSHHOW BEJTUYUHOM.

B o6mem ciyyae MallopaCTBOPUMBIN 3JIEKTPOJIUT AUCCOLMUPYET IO
YPaBHEHHUIO:
KnAm s NK™ + mA™
Torma mnpaBWwiIO TPOWU3BENECHUS PACTBOPUMOCTH TIOJIY4aeT TaKoe

MAaTEMATHUYCCKOC BBIPAKCHUC!



[K™T'[A™]™ = P knam)

rae [K™] u [A™] - paBHOBECHBIC KOHIEHTpAllUX KATHOHOB M aHHOHOB,
00pa3yIOIIUXCS TPU AUCCOIUAUU dIIeKTpoanTa KnAnm;
N 1 M CTeNEHH, B KOTOPbIE HEOOXOUMO BO3BECTH KOHIICHTPAIIUHU HOHOB.

Hanpuwmep: ITP Ba3(Po4)2) = [Ba2+]3[PO43']2

ITo cTeneHn HACBIEHUS PA3IMYalOT PAaCTBOPhI HEHACHIIIICHHBIE,
HACBIIICHHBIC U TIEPEHACHIIIICHHBIE.

Jlns Henaceimennoro pactBopa 1P @asposp) > [Ba?* P [PO ]2

Jlist Hacwimennoro pacteopa TP @gasposy) = [BaZ* P [PO4 2.

Jlns mepenaceimennoro pactsopa I1Pgaspoayz) < [Ba? JP[PO4*]2
Yucnennsle BenMuuHbl IIP HEKOTOPHIX MAaJopacTBOPHMBIX
JIEKTPOJIUTOB IPUBOJATCS B CIELUANBHBIX TaONULAX, I CPaBHEHUE
PacTBOPUMOCTH MaJl0 PACTBOPUMBIX JIEKTPOJIUTOB UCIOIb3YIOT 3HAYCHUS
I1P.
Hanpumep: ITPageny = 1,78:1071°, a ITPag = 8,310 Y/

Pacteopumocts AgCl Gonbme uem Agl (1,78-:1071%> 8,3-10-17)

BorunciieHne npousBeeHUs] PACTBOPUMOCTH MAJIOPaCTBOPUMOIO
3JIEKTPOJINTA N0 €ro PacTBOPMMOCTH. 3Hasi PACTBOPUMOCTh KaKoOro-
au00  MajaopacTBOPUMOIrO  BJEKTPOJIUTA, MOXKHO BBIYUCIUTH  €rO0
MPOU3BEICHUE PACTBOPUMOCTH, a IO 3HAYCHUIO MPOU3BEICHUS
PacTBOPUMOCTH 3JICKTPOJUTA - PACTBOPUMOCTh ITOTO BJIEKTPOJIUTA B
BOJIC U B pacTBOPE, COJIEPIKAIIEM OJJHOUMEH HbII HOH.

Jnst  BBIUMCIEHUS  TPOU3BEICHUS  PACTBOPUMOCTH  JTAHHOTO

SJICKTPOJIUTA I10 U3BECTHOU pPaCTBOPUMOCTH €T0 CICAYCT:



1) cocTaBUTh CXEMY JIUCCOIUAIIAN AJICKTPOJINTA, IPOU3BEICHUE
PacTBOPUMOCTH KOTOPOTO HY>KHO BBIUMCIIUTH;

2) BBIPa3HTh POU3BECHUE PACTBOPUMOCTH JICKTPOJIUTA Yepe3
MPOU3BEJICHUE KOHILICHTPAIIUI €T0 HOHOB;

3) BEIYMCIIUTH PACTBOPUMOCTE BELIECTBA B MOJIL/IMS;

4) MOJIb3YSCh ypaBHEHUEM M CCOLMAlNU u 3HAaUYCHUEM
pPacTBOPUMOCTH, TMOJYUYEHHOM 1O 1. 3, BBIYUCIUTH PABHOBECHYIO
KOHIICHTPAIMIO KaXJ0T'0 UOHA;

5) moJIcTaBUTh 3HAYCHUE KOHIICHTPAIlMM MOHOB, HAlICHHOW 110 1I. 4, B
BBIpAXXKCHUE TPOU3BEICHUS PACTBOPUMOCTH (M. 2) U MPOU3BECTHU
HEO0OXOMMBIE BBIYUCIICHHUS.

IIpumep 1. Brruncoute npoussenenue pactopumoctu CaCOg,

eciim ipu 20°C B 1 11 HACBIIEHHOTO pacTBOpa CoAepKUTca 6,9 mr =

6,9-10"3r CaCO:s.

Pemenue.
1. VYpaBHeHHe AuccolUaluu
CaCO3s Ca?"+ COg
2.  BbIpaxxeHue npou3BeaeHUs] paCTBOPUMOCTHU

TIP = [Ca?*] [CO3% ]

3. Jua Berumcnenus pacrsopumoctu CaCOjs (B monbs/am®) Haxogum
3HaueHue | mons CaCOs: on paBen 100,09 r. OTcroa pacTBOPUMOCTH
CaCOg3 paBHa

6,9-10°

=6,9-10"° moan/ on®
100,09



1. Ipu aucconmanuu kaxgoro monsg CaCOsz obpasyercs 1 r- non Ca’* u
1 r- uon COs% . CrnenoBarenpHo, MoHBI Ca?® m COs® Haxomarcs B
PacTBOPE B OJJMHAKOBOM KOHIICHTPAIIMH, PABHON PACTBOPHMOCTH COJIH:

[Ca®*]=6,9- 10°° r- non/nm® u [CO3* ] = 6,9-10"° r- non/nm>
2. TlopcraBuB 3HaueHue KoHIeHTpaiuii moHoB Ca®* m COs> B
BBIPAKECHUE NPOMU3BEIECHU PACTBOPUMOCTH, ITOJIyYUM
IMPcaco3=6,9-10°-6,9 -100°=47,61-101°=48-10"°

BhIuKC/IeHHE PACTBOPHMOCTH YJIEKTPOJIMTA B BOJE 110 H3BECTHOMY
IIPOM3BEICHMIO PaCTBOPHMOCTH. YT10o06BI IPOM3BECTH
COOTBETCTBYIOLIME PACUETHI, CIECIYET:

1) coCTaBUThL ypaBHEHHE IMCCOLMAIMM BEIIECTBA, PAaCTBOPHUMOCTE
KOTOPOTO TpeOyeTCs BHIYUCIINTE;

2) BEIDAa3UTh  NPOM3BEJICHHE PACTBOPMMOCTH  BEIIECTBA  YEPE3
IPOM3BEACHUE KOHIIEHTPALUM €r0 HOHOB;
0003HAYNTL PACTBOPUMOCTD BEILECTBA YEPE3 X MOJIL/AMS;

3) NONB3yACh YPABHEHMEM JMCCOLMALUHM BELIECTBA, BBLIYHCIUTE
PAaBHOBECHYIO KOHLIEHTPALUIO KaXk0r0 HOHA €T0;

4) moacTaBuTh HalieHHoe B (1. 4) 3HaYeHHME KOHLEHTPALUI MOHOB B
BBIDAKEHHE MPOM3BEACHUS PACTBOPMMOCTH (1. 2) M IIPOU3BECTH
BBIYUCIICHMS.

IMpumep 1. Boruuciouts pactBopumocts AgBr B wmr/am3, ecnnm
M3BECTHO, 4TO ITP(Agar) paBHO 5,3+ 10713,
Pemenue. YpaBHEeHUE TUCCOLMALINT

AgBrs Ag* +Br



O6o3Haunm pactBopumocts AgBr uepes x Mos/mve.
Konnenrtpanus nonoB Ag+ paBHa KOHIICHTpallMu HOHOB Br™, T.e.
[Ag*] = [Br]
ITponsBeneHne paCTBOPUMOCTH
[TP(ager) = [Ag™] - [Br]
Tak kak B pacTBOpe MPOUCXOJUT IOJHAS AUCCOLMAIUS PACTBOPEHHOM
COJIM, KOHIIEHTPAIMs KaXKJI0r0 MOHA PaBHA KOHIIEHTPAIMU COJIH, T. €. €€
PAacTBOPUMOCTH B MOJIB/IM>:
[Ag]=x m [Br]=x
[loncraBisieMm 3T 3HAYEHUS B BBIPAXEHUE  MIPOU3BEIACHUS
PacTBOPUMOCTHU
[P ager) = X - x = x?
Tak xak mo ycia0BHIO 3a/1a4u
[IPagen = 5,3 - 10° 13, 10 5,3 - 10° 13 = x2
Pemaem monyuyeHHOE YypaBHEHHE M BBIUYHUCISEM pPAaCTBOPUMOCTH B
Moub/am? U pactBopuMocTs AQBr B MumurpamMmax ma 1 am>:
53108 =x% x=wmoas/am°

Urak, B 1 amM° HACHIEHHOrO pacTBOpa pactBopeHo 7,3 -10° "moub,
nockoiaerky 1 wMonp AQBr pasen 187,8 1, pactBopumocts AgBr
COCTaBJIsICT

187.8-73-10°"=1,37 - 10" * r/em® =0,14 mr/am3.
Ipumep 2. Boruucours pacrBopumocts Mg(OH)2 B Mr/om®, ecin
ITP mgiony2 paBHO 6,0-107 1,

Pemenue.



YpaBHEHHUE TUCCOLUALIUA
Mg(OH), $ Mg?* + 20H"
BripaskeHHe IpOU3BEACHUS PACTBOPUMOCTH
ITP mg(ony2 = [Mg?*] [OH]?
O603HauynB pactBopuMocts Mg(OH); uepes x Moas/nM3, mosyuaem
[Mg?*] =xu [OH ] = 2x
[ToxcTaBasieM 5TH 3HAYEHUS B BRIPAYKEHHE IMPOU3BEACHUS PACTBOPUMOCTHU
Orcroma  ITPmgony= xx? = x3

4x3=6,0"-10"10 x3=1,5-10"10

x=3/15-10" =3/150-10"* =531-10"*

Urak, pactsopumocts Mg(OH), pasna 5,31:10" 4 mons/nm3. Tak
kak 1 wmosp MQ(OH), pasen 58,33, pactBopumocts Mg(OH);
cocrasisieT: 58,33 - 5,31 - 1004 =310-10"%=31,0 - 10 3r/om® =31,0
Mmr/ M3

Jlns Gojlee TOYHOTO BBIYMCICHHS IPOM3BEACHHH pPacTBOPUMOCTH
clefoBao  Obl  TMOJB30BATHCS ~ HE  KOHIIGHTPAIMSIMH  HOHOB
MaJIOPaCTBOPMMOIO JJIEKTPOJINTA, @ UX aKTUBHOCTSIMH, TaK Kak B pacTBOPE
SIIEKTPOJIUTA JACHCTBYIOT MEKHMOHHBIC CHIIbI. ECIIM YUMTHIBATH 3TH CHJIBL,

TO BeIpaxkenue 1P s Toro ke cynbdara Oapus mpruoOpeTaeT HHOU BUJL:

[1Pgasos) = a(Ba?*)- a(S04%)

DJIEKTPOJIUTHYECKAA Qrcconuanus Boabl. Bogopoanbiii mokasareyib
IIponiecc 3JIEKTPOTUTHUYECKONW TUCCOUMALIMM BOJBI MPOTEKAET B

JIBE CTAJIUU:



00pa3zoBaHKUE BOJOPOAHBIX HOHOB M THAPOKCHUI-UOHOB:
H,O s H + OH"
rujpaTamus BOAOPOJHOTO HOHA C 00pa30BaHUEM I'HJIPOKCOHUS-HOHA!
H*+ H,Os Hiz0O*

[lepBas cTagus 3TOro Ipolecca NPOTEKAeT ¢ MOTJIOMIEHUEM TeIlia,
BTOpasi - C BBIJACICHUEM €ro 3HAYUTEJIbHOro KoauuyecTtBa. Iloatomy
MPAKTUYECKU BCE€ HMOHBI BOJIOPOJAa THMAPATUPOBAHBI M JAUCCOLMAIIAS BOJbI
JOJKHA U300paKaThCsl CISAYIONUM YPAaBHEHUEM:

2H,O0 s H3O"+ OH"
[Ipu 22°C creneHp 3JEKTPOTUTHYECKON IUCCOLMAIMA BOJBI PaBHA
1,8:10" %, To ecth m3 555 000 000 MOJIEKYJ BOJABI JUCCOLMUPYET OJHA.
CnenoBarelbHO, BOJA - OYECHb CJIAOBIN DJIEKTPOJMUT, W JJIS OIMHCAHUS

Imponecca €€ fucconran NIpuMEHUM 3aKOH I[GﬁCTBYIOIHI/IX Macc:

« = LHO" I [H']
— [H0]?

rae K - KkoHcranTa aucconuamnuu Bojbl. [lociienHIO0 ypaBHEHHIO
MOYHO HaIlMCaTh B CIEAYIOIIEM BUJE:
[H30*]-[OH ] = K-[H,07?
Tak kak [H20] = const, To nomy4yum:

[HzO"][OH"] = K.

IHocrosinHas Kw Ha3bIBaeTCA HOHHBIM NPOU3BEACHUEM BOAbI.

B 1 1 BoztbI, Maccy KOTOpOi MOKHO puHATH paBHOUM 1000 T,



Haxoautrcs 1000 /18 r = 55,5 Monp BemecTBa (ee MosipHas
koHieHTpanus). CrnenoBarenbHo, npu 22 °C KOHIIEHTpallUM HOHOB
TUIPOKCOHUS U TUAPOKCHI-UOHOB paBHbl: [H3O*][OH ] = 55,5-1,8-10°° =
1,000-10" 7 r- non/n.

Bennunna Kw Bo3pacTaeT ¢ MOBBIIEHUEM TEMIEPATYPHI, TAK KaK MpHU
TOM YBEJIWYUBACTCS CTENEHb JJIEKTPOJUTUUYECKOW aucconnanuu:o. llpu
KOMHATHOW TEMIMEpPAType NPUHUMAIOT OKPYIJIEHHOE 3HAY€HUE HWOHHOIO
npousseaeHus Boasl 10714,

Boaopoansiii moka3aresb. BogHbeie pacTBOPBI pa3IMYHbBIX COEA-
HEHUW MOTYT, JAaBaTh KHUCIYIO, IIEJTOYHYI) WA HEUTPAIbHYIO PEAKIIUIO.
Peakunst cpenpl 3aBUCHT OT COOTHOIICHUS KOHIIEHTpPAlMKd HOHOB
TUAPOKCOHUA U TUAPOKCUA-UOHOB B PACTBOPE.

Ecnu KOHIIEHTpaluu 3TUX HOHOB PaBHBI MEXAY COOOM, TO €CTh
[H30™] = [OH" ], To peakums cpeanl HewTpaabHas. CieqoBaTelIbHO, BOIA
MPUHAIICKUT K TUMUYHBIM aM(DOTEPHBIM COCIMHEHUSM, COBMEIIAIOIIUM

KUCJIOTHBIE U OCHOBHBIE€ CBOVMCTBA, BEIPAKECHHBIE B OJIMHAKOBOW CTEIICHU.

Ecnu koHLIEHTpalus HOHOB THIAPOKCOHUS OOJIbIIIE KOHIICHTPAIIUN
THAPOKCUA-HOHOB, TO ecTh [H3O0"] > [OH ], To peakums cpemsl
CTAHOBUTCS KUCJIOW. KHCIIOTHOCTh TEM BBIIlIE, YEM OOJIbIIE KOHIICHTPAIUS
MOHOB rujipokconus. Eciu Ha000poT, KOHIIEHTpAILMsI HUOHOB THAPOKCOHUS
MEHBIIIC KOHICHTPALMH THAPOKCHI-UOHOB, TO ecTh [H30"] < [OH ], TO
peakuusi CpeApl CTAHOBHUTCA WIEIOYHOW. CIIeNOBATENBHO, MO 3HAYEHHIO
KOHICHTPAIMK A3TUX HOHOB MOXHO KOJIMYECTBEHHO OXapaKTEPU30BATh

PEaKIIUIO CPE/IBI.



KHCITOTHOCTD MM OCHOBHOCTH PacTBOpPa MOYKHO BBIPA3HTh, B35IB

BMECTO KOHIICHTPAIIMK HMOHOB BOAOPOJa €€ JACCATUYHBIA Jorapudm.
YroObl W30aBHTBHCS OT  OTPHIATCIIBHOM  CTENICHM B  3HAYCHUH
KOHIICHTPAIlMM  HOHOB  BOJIOPOJA,  NPEIIOKEHO  I0Jb30BaThCS
OTPHUIATCIBHBIM 3HAaYCHUEM Jorapudma BenmmuuHbl [H'], Ha3BaHHBIM
BOJIOPOJHBIM MOKa3aresieM uiu pH:

pH = - Ig[H"];

[H+] = 10-PH

B npakruke npuaumaercs Kw = 10714 (22 °C), orcrona [H'] =

100 7 r- mon/m mu pH = 7. COOTHOIIEHHS MEXIy DPEaKLHEH CpPEeBbL,
KOHIICHTPAIIMSIMA HOHOB M 3HAUYEHHWEM BOJOPOJHOTO  ITOKa3aTells
HOJTyYarOTCS CIICYIOIIHE:
Helitpansnas cpena [HsO™] = [OH ] = 10" 7 r- non/n, pH = 7.
Kucnornas cpena [HzO*] > [OH ] > 107 r- non/m, pH < 7.
Ilenounas cpena [H3O*] <[OH ] < 10" r- non/n, pH > 7.

DTO MOKHO IMpeaACTaBUThb B BUJIC CXCMBI:

0123456 7 8 910 11 12 13 14
YcunuBaeTcs KUCIOTHAS VceunuBaercd menoyHas
peaknust Cpeabl peakuus cpeabl

I'mapoaus coseii. KoHCTAaHTHI THAPOJIN3A M CTENeHb THAPOJIN3A



I'maponus - mporecc 0OMEHHOTO Pa3iokKeHHS COSIUHEHUM BOJOM.
['uaponu3y noaBepraroTcs OpraHuyeCKue U HEOPraHMYECKUE COCIUHEHUSI,
pacrajasch Ha UOHBI.

Cpenu HEOpPraHUYECKHUX BEIIECTB THUAPOJU3 XapaKTEepeH IS
PacTBOPUMBIX COJIEH, 00pa30BaHHBIX:

— ca00#l KUCJIOTOU U CHJIbHBIM OCHOBaHUEM (THUIPOJIN3 110 aHUOHY);
— CHUJIbHOM KHCJIOTOM U c1a0bIM OCHOBaHUEM (110 KaTUOHY);
— cna0oi KUCIOTOM U c1a0bbIM OCHOBAHUEM (110 KATUOHY U aHUOHY ).
Conu, oOpa3oBaHHbIE CUJIBHBIMU KUCIOTAMHU U OCHOBAHMSIMU, THAPOIU3Y
HE MOJBEPTarOTCA.
['maponus cosiet MpoTeEKaeT B ABa Tana:

- JUcCcOoLManus - paciaji BEUECTB HA MOHBI (KAaTHOHBI U AHUOHBI);

- B3aUMOJICHCTBHUE MOHOB C MOJIEKYJIaMH BOJbI U 00pa3oBaHHWE HOBOTO

BEILECTBA.

KoHEYHBIM MPOAYKTOM THAPOIU3a COJNEH ABISETCS CIAOBINA 3JIEKTPOIUT -
KHCJIOTA WJIM OCHOBAHHUE.
B 3aBUCHUMOCTH OT HpPUPOABI COJIM U CBSI3M C MOHAMH BOJbI BBIICIISIIOT
TUAPOIIN3:
0 KATHOHY - pEaKkius oOpaTuMa, KaTUOHBI CBA3BIBAIOTCS C aHUOHOM
BO/IbI;
0 AHUOHY - peakiusi 0OpaTUMa, aHUOHBI CBSI3BIBAIOTCS C KATHOHOM
BO/IbI;
M0 KATHOHY M aHUOHY - PEaKis HeoOpaTuMa, C BOJIOW CBSI3BIBAIOTCS

N KaTHUOHBI, 1 aHHUOHBI.



Huxe npuBeIeHbI TUITBI THIPOJIN3A COJICH:
TUAPOJIU3 110 KaTuoHy pH <7
NH4Cl + H20 s NH,OH + HCI
NHs" + CI" + H20 s NH,OH + H* + CI
rUApOJIn3 1o aHuony pH > 7
CH3;COONa + H,0 s CH3COOH + H* + CI
Na* + CH3COO™ + H,O s CH3COOH + OH" + Na*
TUJIPOJIA3 110 KATUOHY U aHUOHY pH =7
CH3COONH4 + H,O s CH3COOH + NH4OH
CH3;COO" + NH4" + H,O s CH;COOH + NH4OH
BOJIBIIMHCTBO OPraHUYECKUX BEIIECTB - OEIKH, YIJIEBOJbI, >KUPBI,
raJIoreHaJIKaHbl, CI0KHBIE A(UPHI - MOJBEPralOTCs TUAPOIU3Y YaCTUUHO U
3a4acTyIO TpeOyIoT JOTIOJTHUTEIIbHBIX YCIIOBUU. Hampumep,
rajJloreHAJIKaHbl TUAPOJU3YIOTCS B WIEJIOYHOW cpele, a KUPbl - TpHU
HarpeBaHUU U MOJ JEUCTBUEM KHUCIOT. [ MAPOINU3 OpraHNYeCKNX BEIIECTB
MPOTEKAET HEOOPATUMO.
CnaOble »HEKTPONUTHI, OOpa30BaHHBIE TMPU THUIPOJIHU3E COJEH,
MPAKTUYECKU HE PACIIAIAtOTCS HA UOHBI.
Koncranta ruaposmsa. ['maponu3 xapakTtepusyercss JABYyMs
BEJIMUUHAMU:
CTeNEeHbI0 THAPOJIN3a - KOJWYECTBEHHBIM OTHOIICHHUEM paCMaBIIUXCS
MOJIEKYJ (Cryuzp) K OOIIEMY KOJTHMYECTBY MOJIEKYJI AJIEKTPOJIUTA
(Cosm): 00 = (Crunp/Coom) 100 %0;

KOHCTAHTOH - PaBHOBCCHUECM PCAKIIHUH.



KoHcTtanTta ruaponn3a NOQUMHSIETCA 3aKOHY JACHCTBYIOIIMX MAacc:
CKOPOCTh  pE€aKklIMu  MNPsIMO  MOPONOPLMOHAIBHA  IPOU3BEICHUIO
KOHIIGHTpaluu peareHToB. (COOTBETCTBEHHO, BBIYMCINUTh KOHCTAHTY
PaBHOBECHSI MOXKHO T10 clieAyromeit hopmyiie:

K =[K'J[AT/[KA]

rae: [K'] - koHnenTpanus katnoHoB; [A’] - KOHIIEHTpaLKs aHHOHOB;
[KA] - KOHIIEHTpalus HAYaJIbHOTO COCAUHEHUS.

3HaueHHEe KOHCTAHThI THIPOJIN3a HEKOTOPHIX BEIIECTB MOKHO HAWTH
B Tabnuite 10.2.

Tabmnua 10.2.

KoHnctanTsl IrmapoJin3a HCKOTOPBIX BCIICCTB

Haseanue Dopmyna Suauenue
KOHCManmol

MypaBbuHas KMCIIOTa HCOOH 1,77-10°%
VKCyCHast KHCIIOTa CH3;COOH 1,74-10°°
OpToKpeMHUEBAs H4SiOy4 1,6-10°1°
A3oTHcTasg KUCJjoTa HNO- 4,0-10*
docdopHas KucnoTa H3PO, 7,52-10°3
CepoBo0opOgHas KHCIIOTA H,S 6,0-10°8
CepHucTas KUCI0Ta H>SO3 1,58-1072
CepHas KMCIIOTa H,SO4 1,0-10°
DTOPOBOAOPOAHAS KUCTIOTA HF 6,61-10°4
XJI0pHOBATHCTAsK KMCIIOTA HCIO 5,01-10°8
['uapokcu HaTpus NaOH 1,5
['uapokcu Kanus KOH 2,9
[ MIPOKCHI MAarHUS Mg(OH); 2,5-10°3
[ UpOKCH T KaIbIUs Ca(OH), 431072
['MJIPOKCHU CTPOHIIHS Sr(OH); 0,15
I'mapokcuy 6apus Ba(OH); 0,23
['unpoxcua menu (11) Cu(OH), 3,4-10-7




['mapokcng NMHKA

Zn(OH)z

1,3-10°°

I'mapokcuy xenesa (111)

Fe(OH)3

4,8-10°1

Benuuunnsbl 3aBUCAT ApyT OT pyra. Uem BhIIE 3HAYEHUE KOHCTAHTHI,
TEM CHJIbHEE 3JIEKTPOJIMT pacnajaeTcs Ha MOHBbI. B3auMOCBSA3b BEJIMYUH

BeIpakaeT popmyna K = C-h? rae C - KOHIlEHTpalus colu B pacTBope, h -

CTCIICHDb I'MApOJIn3a.

33[[3‘11’[ U BOIIPOCHI TJIAd CAMOKOHTPOJIA

©® N o U W N e

IIpU 3TOM?

9. B Boay (pH = 7) no6aBumu pactBop menoun. Kak m3menurcs pH pactBopa mpu

TOM?

10.HanummTe ypaBHEHUsI peakliy THAPOIIN3a B MOJIKYJISIPHO MOHHOK (popme comeit

CrCl;z, CH3;COONa, CH3COONHj,. Kakast cpena OyneT B BOJHBIX pacTBOpax 3THX

cosei?

11.3anummTe ypaBHEHUS THAPOIN3A COJIeH U OMPEACIIUTE CPely BOIHBIX PAaCTBOPOB

(pH)
N&zSiOg , A|C|3, K,S.

Kakoga cpena pactBopa ecnu pH = 3?

I[Tpou3sBeneHUEM PACTBOPUMOCTH TPYAHOPACTBOPHMBIX BELIECTB HA3BIBAIOT. . .
. Jlns menacermennoro pactsopa BaSO, Beipaxenue 1P umeer Bu. ..
Jlnst HackimenHoro pacteopa Phy(POy), Beipaxenue I1P umeer Bu. . .
[P cas=7,9-10" 2, TIP(CuS) =6,3-10" %, MeHee pacTBOPHMBIM ABJIAETCA. . .
[P fes) = 3,2-107 18, Paccumraiite pactBopumocts FeS monns/mv® u r/mme,

PactBopumocts AgCl pasua 1,2:10" *mons/nm>. Paccuuraiite TP agcl).

B Bony (pH=7) noGaBunu kucimoThl. YBenuyuTCcs Wik ymeHbmutcs pH pactBopa

TUIPOJIN3A:




11-tema OKHCJINTEIbHO-BOCCTAHOBUTEIbHbIE PEAKIIUM.
3HaUYeHMe OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX Ppeakuuil. TUnsl
OKMCJINTEJIbHO-BOCCTAHOBUTEIbHBIX PeaKIui

Ilnan:
1. 3HayeHHe OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIUMA
2. THIIBI OKHUCIIUTEILHO-BOCCTAHOBUTEIBHBIX PEAKIIMI
3. CocraBnenune YpPaBHEHUU OKHUCIIMTEIIbHO-BOCCTAHOBUTEIBHBIX
peakuum

OnopHble ¢J0Ba W BBIPAKEHUA: DIeKmMpoompuyameibHOCmb,
cmenenb OKUCIeHUSl, 8ANeHMHOCHb, OKUCIUMENbHO- 80CCIMAHOBUMEIbHBLU
nomenyuan, ypasuwenus Hepncma,  okucaumenb, 80CCMAHOBUMEID,
OKUCNeHHass  opma,  80CCMAHOBIEHHAs  hopma,  OKUCTUMENbHO-
80CCMAHOBUMENbHbIE DEaKYUl, GHYMPUMONEKYIAPHbIE OKUCIUMENbHO-
80CCMAHOBUMENbHbIE — PDEaKYUl,  MeHCMONEKVIAPHblE  OKUCIUMETbHO-
80CCMAHOBUMENbHBIE peaxyuu, goccmanosumens, peaxyuu
OUCNPONPOYUOHUPOBAHUS, MUNBLL  OKUCIUMENTbHO- B0CCMAHOBUMENbHbIX
peaxyuu

OKUCJIUTEJBHO-BOCCTAHOBHUTEJIBHBIE PEAKIIUU

OKHCITUTETHPHO-BOCCTAHOBUTEIBHBIC PEAKIIMA — 3TO XHUMHYCCKHUE
peaKUry, MPOTEKAIIME C HM3MEHEHHWEM CTEIEHEH OKHUCJIEHUS AaTOMOB,
BXOJIAIIMX B COCTaB PEATHPYIOIINX BEHIECTB, PECATU3YIOIIHUXCSA ITYTEM
MepepacIpeieICHUs 3JIEKTPOHOB MEXIY ATOMOM-OKHCIUTEIIEM U aTOMOM-
BOCCTAHOBUTEIIEM.

B nporecce OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHOM peaKunu
BOCCTAHOBUTEINIb OTHAET DJIEKTPOHBI, TO €CTh OKHUCIISIETCS; OKHUCIUTEIb
MPUCOCAMHSET 3JEKTPOHBI, TO €CTh BOccTaHaBiuBaercs. [Ipuuém mrobas
OKHCJIUTEIIbHO-BOCCTAHOBUTENbHASL ~ pEAKUMs  MPENCTABIsAET  COOOM
€IUHCTBO JBYX MPOTUBOIOJIOKHBIX IPEBPAIICHUN — OKHUCJIEHHUS H



BOCCTAHOBJICHHUSI, TTPOUCXOIANINX OJHOBPEMEHHO M O€3 OTphIBa OJTHOTO OT
JPYTOTo.
Okucnenue

[Ipn oxkMCIEHHMM BelIIeCTBA B pe3yjbTaTe OTAAYMd JJICKTPOHOB
YBEJIUYMBACTCS €r0 CTENEHb OKHCICHUS. ATOMBI OKHCIISIEMOTO BEIIIECTBA,
HA3BAIOTCS IOHOPAMU DJIEKTPOHOB, & aTOMbI OKHUCIUTENS — aKIENTOpaMu
AJIEKTPOHOB.

B HekoTOpeIX cCilydasx TMpU OKHUCICHWHW MOJIEKYyJIa HCXOJHOTO
BEII[ECTBA MOXKET CTaTh HECTAOMIILHOM M pacnacThcsa Ha 0ojiee CTaOMIbHBIC
u Oojiee MEJKHE COCTaBHbIe YacTu. [Ipu 3TOM HEKOTOphIE W3 aTOMOB
MOJIYYUBIIHXCS MOJIEKYJI UMEIOT 00JIe€ BRICOKYIO CTETICHh OKUCIICHHUS, YeM
T€ K€ aTOMBI B UICXOJTHON MOJIEKYJIE.

OxwuciuTeNb, IpUHUMAS AJICKTPOHBI, npuobperaer
BOCCTAHOBHUTEIIbHBIC  CBOWCTBA, MpEBpamasch B  CONPSHKEHHBIM
BOCCTAHOBHTEIIb:

OKHCJIUTENb + €— <> CONPSKEHHBIN BOCCTAHOBUTEIb.

Boccmanoenenue

BoccTanoBnéHEeM Ha3BIBACTCS MPOIIECC IPUCOSTUMHCHUS ICKTPOHOB
aTOMOM BEILIECTBA, ITPU 3TOM €TI0 CTENEHb OKUCIICHUS IIOHUKAETCH.

IIpu BOoCCTaHOBJIEHWH aTOMBI WJIM MOHBI MPUCOEIUHSIOT 3JEKTPOHBI.
[Ipr >TOM TPOUCXOIUT MOHUKEHUE BAJCHTHOCTU (CTEIEHU OKHCJICHHS)
anemMeHTa. [IpuMepbl: BOCCTAHOBIIEHUE OKCUIOB METAIOB JO CBOOOIHBIX
METAJJIOB MpPH T[OMOIIM BOAOPOJA, YIJIEPOAA, JAPYTMX BEUIECTB;
BOCCTAHOBJIEHUE OPraHUYECKUX KHUCJIOT B albJCTU/IBl W  CIHUPTHI;
TUAPOTEHUA3ALMS KUPOB U IP.

BoccranoButenb, oTaaBasi 3JIEKTPOHBI, MPUOOPETAET OKUCIUTEIHHBIE
CBOWCTBA, MPEBPAIIASICH B CONMPSIAKEHHBIN OKUCIUTEb:
BOCCTAHOBUTEIIb - €— <> CONPSIHKEHHBIN OKUCITUTEb.

OKucaumenbHo-60CCMAHOBUMENbHAA napa

COBOKYITHOCTh OKHCJIHTENS (BOCCTAHOBUTEINSI) C MPOAYKTOM €ro
IIPEBPALLCHUS COCTABIIAET CONPSIKEHHYIO OKHCIIUTENBHO-



BOCCTAHOBUTEIIBHYIO Tapy, a €€ B3auUMOIIPEBPAILCHUE  SIBIISIETCS
MOJIypeaKIiieil BOCCTAHOBJICHUS (OKUCICHUS).

B 11000 OKMCIUTEIbHO-BOCCTAHOBUTEIBHOW PEAKIIMU MPUHUMAIOT
y4aCTHE JIB€ CONPSDKEHHBIC OKHUCIUTEIIbHO-BOCCTAHOBUTEIIBHBIEC TApHI,
MEXIY KOTOPBIMH UMEET MECTO KOHKYPEHIIUS 32 JICKTPOHBI, B PE3YyJITATE
4YEero MPOTEKAKT JBE MOJYPEAKLIMHU: OJHA CBS3aHA C IPUCOCIUHECHUEM
AJIEKTPOHOB, T. €. BOCCTAHOBJIICHUEM, APYras — C OTAAYEN AIEKTPOHOB, T.
€. OKHCJICHHEM.

Crnenyer MNOMHUTb, 4YTO BO MHOIMX CIIy4asX OKHCJIUTEIbHO-
BOCCTAHOBUTEJIBHBIX  pPEAKIMKA TMPOUCXOJUT HE TOJHBIA TEPEHOC
AJIEKTPOHOB, & TOJBKO CMEIIEHUE JIEKTPOHHOTO 00JaKa OT OJHOTO aroMa
K apyromy. OgHaKo Ha MPAKTUKE MPU 3alMCH YPABHEHUM OKUCIUTEIIBHO-
BOCCTAHOBUTEJIBHBIX PEAKIUi 3TOT (PAKT CYIIECTBEHHOIO 3HAYEHUsI HE
MEET.

Cmenenv oKucnenus

CrerneHp OKHUCIIEHUS - 3TO YCIOBHBIA 3apsA] aTroMa B MOJIEKYIIE,
BBIUMCIICHHBIA B IMPEAIION0KEHUU, YTO MOJIEKYJIA COCTOUT U3 MOHOB U B
L[E€JIOM DJIEKTPOHENTPAJIbHA.

Hawnbomnee 351eKTpooTpUIIATENIbHBIE AJIEMEHTHI B COCIMHEHUH UMEIOT
OTPHULIATEIIbHBIE CTEIIEHU OKHUCJIEHHUS, & aTOMBI 3JIEMEHTOB C MEHbIIEH
AIEKTPOOTPULATEIIBHOCTBIO - MIOJIOKUTEIIBHBIE.

Cmenenv okucnenusa - popManbHOE TOHSITHUE; B PAJIE CIy4aeB CTEIECHb
OKHCJICHUSI HE COBIAJaeT ¢ BaieHTHOCThI0. Hampumep: NoHi (ruapazun)
CTENEHb OKHUCIICHHS a30Ta — -2; BAJICHTHOCTD a30Ta — 3.

Pacuem cmenenu okucnenusn. Jlnsg BBIUUCICHUs CTEIEHU OKUCIICHUS
AJIEMEHTA CIIEAYET YUUTHIBATH CICIYIOLINE MOJIOKEHUS:

1. CreneHu OKUCIEHHUS] aTOMOB B MPOCTHIX BEIECTBaX paBHbI HYJO (Na
=0;Hx= O).

2. AnreOpanyeckass CymMMa CTEEHEW OKHMCJICHHS BCEX aTOMOB,
BXOJIAIIMX B COCTAaB MOJIEKYJIBI, BCET/Ia PABHA HYJIIO, @ B CJIOKHOM HOHE
JTa CyMMa paBHa 3apsay UOHA.

3. IlocTOsIHHYIO CTENEHb OKUCICHUSI UMEIOT aTOMBI: IIEJIOYHBIX METAJLIOB
(+1), menmoyHo3eMmenbHbIX MeTauioB (+2), Bogopoma (+1) (xpome
ruapuaoB NaH, CaHz u np., roe cTemeHb OKHUCIEHHS Bojaopona -1),



kucaopoaa (-2) (xpome Fo10%? u nepokcunos, copepxkanmux rpymmy —O—
O—, B KOTOpPO# CTENICHb OKUCIICHHS KHCaopoaa -1).

4. JIns1 3JIEMEHTOB TOJIOKUTENbHAS CTEIEHb OKUCIEHHS HE MOXKET
NpEBbIIATh BEJIMYMHY, PAaBHYIO HOMEpPY TpYyIIbl MNEPUOAUUYECCKOM
cucteMsl. [Ipumepsl:

V2+505-2; Na2+1B4+307-2; K+1C|+7o4-2; N-3H3+1; K2+1H+1P+504'2;
Na2+1Cr2+607'2

Peakuuu 0e3 u ¢ uameHeHuem cmeneHu OKUC/1eHus

CymiecTByeT JBa TUIIA XUMHUYCCKUX PCaKIIHM:
A Peakuuu, B KOTOPbIX He HM3MEHsIETCS CTeNeHb OKHCJIEHHS
3J1EMEHTOB:
Peakiuu npucoenuaenus SOz + NaxO = NaxSOs
Peakiuu paznoxenus Cu(OH), —t°= CuO + H.O
Peaxiun oomena AgNO;3; + KCl = AgCl + KNO3
NaOH + HNO3z = NaNO3 + H;O
B Peakuum, B KOTOPBIX NPOUCXOAMT HM3MEHEHUE CTeleHel
OKHCJIEHHSI aTOMOB 3JIEMEHTOB, BXOASIIMX B COCTAB Pearupyrommx
COCAMHCHMM:
2Mg° + O,° = 2Mg*?0?
2KCI*™032 —t°= 2KCIt + 30,°
2KI1 + CI? = 2KCIE + 1,0
Mn+402 + 4HCIt = Mn+2C|2 + C|20+ 2H-0
Takue peakIuu Ha3bIBAIOTCS OKMCIIUTEIBHO - BOCCTAHOBUTEIBHBIMH.

B  OKHCINTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIUAX JJICKTPOHBI OT
OJTHAX aTOMOB, MOJIEKYJ WJIM HOHOB IepexoisaT k napyrum. IIporecc
OTJa4M D3JICKTPOHOB - OKHCIICHHE. IIpM OKHMCICHHH CTEICHb OKHCIICHHS
TTOBBIMIACTCS:

H,0 - 26 =2H*
S?-28=5"
Al° - 35 = A"
Fe*t?-&=Fe®
2Br--2e= Bl‘zo

[Tpomecc mpucOeAWMHEHHUS JJICEKTPOHOB - BoccTaHoBieHUe: [lpu
BOCCTaHOBJICHUH CTEIICHb OKHUCJICHUS TTOHMKACTCA.



Mn*4 + 2& = Mn*?

S%+28=S8"
Crt® +3g =Cr*?
Clzo +2e =2CI
02° + 48 =207

ATOMBI WM HMOHBI, KOTOPBIE B JAHHOM PEAKUHUHU TPHUCOEAUHSIOT
DJIIEKTPOHBI SIBJISIFOTCS OKHUCIUTEISIMH, @ KOTOPBIE OTAAIOT JJIEKTPOHBI -
BOCCTaHOBUTEIISIMU.

OKUCIUTENbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA BEIIECTBA U CTEIICHU
OKHCJICHUS BXOJSIINX B HETO aTOMOB

CoenuHeHus, conepkalue aTOMbl 3JIEMEHTOB C MaKCHMalbHOM
CTENEHBIO OKHCIIEHUS, MOTYT OBITh TOJIBKO OKHCIUTEISMHU 3a CYET ITHX
aTOMOB, T.K. OHH Y€ OT/JaJI BCE CBOU BaJICHTHBIE JIEKTPOHBI U CIIOCOOHBI
TOJBKO MPUHUMATH AIEKTPOHBI. MakcHUMabHasl CTEIIEHb OKUCIIEHUS aTOMa
3JIEMEHTa paBHA HOMEPY TPyNIbl B NEPUOIUYECKON Talnuile, K KOTOpOn
OTHOCUTCA JNaHHbIA d3neMeHT. CoeauHEHHs, COAEpkKalue AaTOMBI
AJIEMEHTOB C MUHUMAJIBHOM CTENEHBIO OKHCIEHUS MOTYT CIIYXKUTh TOJBKO
BOCCTAHOBUTEIISIMH, TIOCKOJIBKY OHH CIIOCOOHBI JIMIIb  OTJABaTh
ANEKTPOHBI, MOTOMY, YTO BHEIIHUN JYHEPIETUYECKUN YPOBEHb Y TaKUX
aTOMOB 3aBEpPLIEH BOCEMBIO DJIIEKTPOHAMH. MUWHUMalbHAsA CTENEHb
OKHCJICHHsI Y aTOMOB MeTayutoB paBHa 0, mis HemeTtamwioB - (N-8) (rae n-
HOMEpP TpymNnbl B mepuoanyeckoil cucreme). CoeMHEHUs, COoAepKalliue
aTOMBI 3JIEMEHTOB C IPOMEKYTOYHOU CTENIEHBIO OKUCIIEHHUS, MOTYT OBITh U
OKHCJIIMTEIIAMA W BOCCTAHOBUTENSIMM, B 3aBUCUMOCTH OT IIApTHEpPA, C
KOTOPBIM B3aUMOJIECTBYIOT U OT YCJIIOBUM PEAKIUU.

BaskHeH1Me BOCCTAHOBUTEIN M OKHUCJIUTETH
Boccmanosumenu
Merasuibl, BOHOPOM, yIoJib.
Oxkucs yrnepoja (1) (CO).
Cepoonopon (H2S); oxcun cepst (IV) (SO2); cepuucrtas kucnora HoSO3z u
€€ COJIH.
["aroreHoBOIOPOAHBIC KHCIIOTHI M X COJIH.
Karnonsl MertajuioB B Hu3mmx crenensax okucienus: SnClpy, FeCly,

MnSQ4, Cry(SO4)s.



A3zotuctas kuciora HNOj; ammmak NHsz; rugpasun NHoNH2; okcun
azora(Il) (NO).
Karon mmpu anexrponuse.
Oxucnumenu
["anoreHsi.
[lepmanranat kanusi(KMnOgs); wmanranat kamuss (KoMnOg);  oxcup
mapranna (IV) (MnOy).
Huxpomat kanmust (K2Cr07); xpomar kamust (K2CrQOa).
AzotHas kuciiota (HNO3).
Cepnas kucnorta (H2SO4) koHir.
Oxcun meau(Il) (CuO); okcua ceunna(IV) (PbO2); okcup cepedpa (Ag20);
nepokcu Bogopoaa (H202).
Xnopup xkene3a(Ill) (FeCls).
bepromieropa coib (KCIO3).
AHOJ TIPU BIEKTPOIU3E.

Knaccugpukauua okucaumenbno-60ccmano8umeIbHuIX peakuuil
MexMONEeKYISIPHBIE OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIC PEAKITUN
OkucIUTeNb U BOCCTAHOBUTENh HAXOJATCS B Pa3HBIX BEIIECTBaX; OOMEH
AJIEKTPOHAMH B ITHX PEAKIUAX MPOUCXOIUT MEKIY Pa3IMYHBIMUA aTOMaMH
WJTH MOJICKYJIaMH:

SO + 020 — S+402-2
S - BoccTanoBuTenb; Oz - OKUCIUTEIH
Cu*™0 + C*0 = Cu’ + C*0;
CO - BoccranoButenb; CuO - OKUCIUTEIb
Zn% + 2HCI = Zn*°Cl, + H,0
Zn - Boccra"nosurelb, HCI - okuciurenb
Mn+402 + 2KI1 + 2H>,S0O, = |20 + K,SO4 + Mn+2804 + 2H,0

KI - BocctanoBuTens; MnQO; - OKHCIIUTEIb.

Croz1a K€ OTHOCSTCS PEaKUUM MEXIY BEIIECTBAMH, B KOTOPBIX aTOMBI
OJHOI'0 U TOTO K€ BJIEMEHTA UMEIOT PA3HBIE CTEIIEHU OKHUCIIEHUS

2H23'2 + H23+403 =330 + 3H,0
BHYTpUMOJIEKYIIIPHBIE OKUCIUTEIILHO- BOCCTAHOBUTEIIBHBIE PEAKIIUU
Bo BHYTpUMOJIEKYJISIDHBIX PEAKIUSAX OKHUCIUTEIIL U BOCCTAHOBUTEIb
HAaXOJATCS B OJHOW U TOU K€ MOJIEKYJIE. BHYTpUMOJIEKYJISIDHBIE pEaKLIUU



NPOTEKAIOT, KAK IPABMJIO, NPU TEPMHUYECKOM PAa3JI0KECHUHM BEILECTB,
COZIEPKALIMX OKMCIUTENh U BOCCTAHOBUTEIIb.
2KCI*°0572 = 2KCI? + 30,°
Cl+5 - oxucnurens;, O - BOCCTAHOBUTEb
N-=H4N*03 —t°= N»"O+ 2H-,0
N*° - okucaurens; N2 - BoccTaHOBUTEINb
2Pb(N*5032), = 2PbO + 4N*0; + O,
N*® - okucnutens; O? - BOCCTAaHOBUTENb
OmnpIiT. Pa3noxenne guxpomara aMMOHUSA
(N'3H4)2CI'2+607 —t°= CI‘2+303 + N20+ 4H-,0
Cr*® - oxucnutens; N - BOCCTAaHOBHUTEb.
Jucnponopuyuonupoeanue - OKACINTENEHO-BOCCTAHOBUTEBHAS PEAKIINS,
B KOTOPOW OJIMH DJIEMEHT OJHOBPEMEHHO MOBBIINACT U MMOHMUKAET CTEIICHb
OKHCJICHUS.
Cl° + 2KOH = KCI*'0 + KCI* + H,0
3KoMnt%04 + 2H,0 = 2KMn*'04 + Mn**0, + 4KOH
3HN™0, = HN*O3 + 2N*20+ H,0
2N+402 + 2KOH = KN+503 + KN+302 + H,0O

CocTaBiieHHE yPABHEHHI OKMCIINTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINMI

A AnekmpouHlLl 6ananc - METOT HAXOXKISHUS KOd(PGHUITMEHTOB B
YPABHEHMAX OKHMCIIUTEIILHO-BOCCTAHOBUTEILHBIX PEAKIMI, B KOTOPOM
paccMaTpuBaeTCs OOMEH 3JIEKTPOHAMHU MEKIY aTOMAaMH 3IIEMEHTOB,
M3MEHSIONINX CBOKO CTENEHb OKUCIEHHS. UNCIIO 2JIEKTPOHOB, OTJAHHOE
BOCCTAHOBUTEJIEM PABHO YHUCIY 3JIEKTPOHOB, ITOTYYaE€MBIX OKHUCIUTEIEM.
YpaBHEHUE COCTABIISETCH B HECKOIBKO CTAIMIA:

1. 3anuceIBaIOT CXEMy PEaKIIUM.

KMnQO, + HCI = KCI + MnClI, + Cl>+ H,0

2. TIpoCTaBIAIOT CTEIEHH OKUCIEHHUS HaJ 3HAKAMM DJIEMEHTOB, KOTOPhIE
MEHSIOTCS.

KMn+7O4 + HCI'1 = KCI + Mn+2CI2 + C|20+ H,O

3. BBIIENSIOT AJIEMEHTHL, W3MEHSIONINE CTEeIeHH OKHCICHUS U
ONpENENAOT YHUCIO DIEKTPOHOB, NPHOOPETEHHBIX OKHCIUTENEM MU
OT/IaBAEMbBIX BOCCTAHOBUTEIICM.

Mn*" + 58 = Mn*?

2CI1-28=Cl°



4, YpaBHUBAIOT YHCIIO NPUOOPETEHHBIX M OTJABAEMBIX 3JIEKTPOHOB,
yCTaHABIIUBasi TeM CaMbIM KO3(D(hHIIMEHTH! U COEIUHEHUi, B KOTOPBIX
NPHUCYTCTBYIOT JIEMEHTHI, N3MEHSIOIINE CTENEHb OKUCICHHUS.
Mn*’ 4+ 58 =Mn*" 2
2CI1-28=CIL5

2Mn*7 + 10CIt = 2Mn*? + 5CI,°
5. [TonOuparor KOAI(P UIMEHTH I BCEX OCTaJbHBIX YYaCTHHKOB
peakIuu.
2KMn*’Q4 + 16HCI! = 2KCI + 2Mn*2Cl; + 5CI° + 8H,0
B DiekTpoHHO-MOHHBIM OajaHC (MeTOH TMOJypeaKuMi) METO]
HAaXOXJEeHUsT KOA(DPUIIMEHTOB, B KOTOPOM paccMaTpuBaeTcs OOMEH
JIEKTPOHAMH MEXKy HOHAMH B PACTBOPE C YUETOM XapaKTepa CPeIbl:
2CIt — 28 =CI1° 5
MnO4! + 8H* + 58 = Mn?* + 4H,0 2

10CI + 2MnO4* + 16H* = 5CI,°+ 2Mn?* + 8H,0
(1St ypaBHUBaHHUS HOHHOM MOJTypeakiuu ucroiib3ytotr HY, OH" niu Boy)

Tunulmblepeakuuu OKUCJ/ICHUA-60CCMAHO6/ICHUA
Peakuuu cyuacmuem nepmaHcanama Kajiusi 6 Kauecmee oxkucjiiumeis

[Ipy B3aUMOAECWCTBMM TEpPMAHraHaTa Kalusl C BOCCTAHOBHUTEIEM
00pa3yroTcs pa3IMuHbIe TPOAYKTHI BOCCTAHOBJIEHHUS B 3aBUCUMOCTH OT pH
CpEIBbI.
Peaxuuu ¢ kucnoii cpede
5K28+4O3 + 2KMn+7O4 + 3H,S04 = 6K28+6O4 + 2Mn+2804 + 3H,0
AJIEKTPOHHBIN OallaHC
Mn*" + 58 = Mn*? 2
S _2g=S" 5
METOJ ITOJIypPEaKIUN
MnQOy4 + 8H* + 58 = Mn?* + 4H,0 2
SO3% + Hy0O — 28 = SO4% + 2H* 5

2MnO4 + 16H* + 5S03% + 5H,0 = 2Mn?* + 8H,0 + 5S0,% + 10H*



Nnu
2MnOy4 + 6H* + 5S03% = 2Mn?* + 3H,0 + 550,*
®duoneroBbiii  pactBop KMnOs obecuBeunBaeTcs mnpu A00aBICHUM
pactBopa Ko2SO:s.
Peaxkuuu ¢ neitmpanvHoil cpeoe
3K,S5™03 + 2KMn*'04 + H,0 = 3K,5%%04 +2Mn**0,2 + 2KOH
AIIEKTPOHHBIN OamaHc

S*-2g =S 3
Mn*’ + 38 = Mn** 2
METO/T OTYPEAKIIHM:
MnO4* + 2H,0 + 38 = MnO, + 40H- 2
S0O3% + 20H - 28 = SO4* + H,0 3

2MnO4 + 4H,0 + 3S03% + 60H" = 2MnO; + 80H" + 3504% + 3H,0
i 2MnO4 + H,0 + 35032 = 2MnO; + 20H" + 3S04*
@uoneroBbld  pactBop KMnOs  mociae  OKOHYaHUS — PeaklMH
oOeclBeunBaeTCs U HaOIIOAAETCS BhINAaIeHUE Oyporo ocaika.

Peakuuu ¢ wienounoil cpeoe

K28+403 + 2KI\/In+7O4 + 2KOH = KzS+604 +2K2Mn+604 + H,0O

AJIEKTPOHHBIN OajaHC

St _28 =876 1
Mn*’" 4+ 1& = Mn*® 2
METO/I IOy PEAKIIHIA:
8032' + 20H" - 2 = SO42- + H,0O 1
MnO41' +e= MnO42' 2

8032- + 20H + 2MnQOy4 = 8042' + H,0 + 2|V|I’IO42'
Takum oOpazoM, ®@uoneroBblii pactBop KMnOs mnpeBpaiiaercs B
3esieHoBatThIi pacTBOop KoMnOa.

Peakuuu C Ouxpomamom Kajiusa 6 Kkauecmee okucjiumesis



CreneHb OKHCJIEHUS XpoMma TMOHMXkaerca ¢ +6 po +3. HaGmromaercs
U3MEHEHHUE OKPACKU PEAKIIMOHHON MACCHI C KEITO-OPaHkKEBOro IBETA JI0
3€JIEHOT0 UK (PUOJIETOBOTO.

1) KzCF2+607 + 3H28'2 + 4H,S04 = K;SO4 + CI’2+3(SO4)3 + 350 + 7H-0
AJIEKTPOHHBIN OalaHC:

2Cr*¢ + 68 = 2Cr*? 1
S2-2e=¢8" 3
METO/T OJTYPEAKIIHM:
Cr,07% + 14H* + 68 = 2Cr**" + 7H,0 1
H,S? - 28 =S%+ 2H"* 3

Cr07% + 8H* + 3H,S = 2Cr®* + 7H,0 + 35°
2) KzCI’2+607 + 6Fe+2804 + 7H,SO, = 3F€2+3(SO4)3 + KySOs +

Cr2+3(SO4)3 + 7H,0
AJIEKTPOHHBIN OajaHC:
2Cr*¢ + 68 = 2Cr*3 1
Fe? —g=Fe*3 6
METOJ IOJIypEaKIU:
Cr,07% + 14H* + 68 = 2Cr3* + 7TH,0 1
Fe?* - & =Fe¥t 6

6Fe2* + Cr,07% + 14H* = 2Cr3* + 6Fe®* + 7TH,0

3) K3Cr*%07 + 14HCI? = 3CIL,%+ 2KClI + 2Cr*3Cl3 + 7H,0
AJIEKTPOHHBIN OallaHC:
2Cr*¢ + 6& = 2Cr*? 1
2CI't —2e=CI° 3
METOJ TTOJIypEaKIUM:
Cr,07% + 14H* + 68 = 2Cr*" + 7TH,0 1
2CI¢ - 28 =Cl1° 3

Cr2072' +6C" + 14H* = 2Cr3* + 3C|20 + 7H,0

OKucnumenvHbvle CEOUCMEA A30MHOU KUCTIOMbL



OKHCIIUTENEM B MOJIEKYJIE A30THOM KUCIOTHI ABjIsgeTcsa N*°, KOTOpPbIii
B 3aBUCUMOCTH OT KoHUeHTparuu HNOz u cuiabl BOCCTAaHOBUTENSA
(HampuMep, aKTUBHOCTH METaslla - CM. TakXke Temy " A3oTHasi kucioTa'")

IIPUHUMAET OT 1 10 8 3JIEKTPOHOB, 00pa3ys

N*O2; N*20; N2*0; N2°% N2H3(NHiNO3);

1) Cu® + 4HN*SOg(komir.) = Cu+2(NOs), + 2N*O0,+ 2H,0

AJIEKTPOHHBIN OaJlaHC:

Cu0 — 28 = Cu*? 1
N*> +¢&=N* 2
MECTO/1 nonypeaKuHﬁ:
Cu® —2& = Cu*? 1
NOs + 2H" + & =NO, + H,0 2

Cu® + 2NO3 + 4H* = Cu?* + 2NO, + 2H.0
2) 3AQ + 4HN*505(konm.) = 3Ag*INO; + N*20 + 2H,0

AJICKTPOHHBIN OaslaHC:

Agl-e=Ag" 3
N*> +3g = N*2 1
METO/T Oy PEAKIUAM:
Agl-e=Ag" 3
NOs + 4H" + 38 = NO + 2H,0 1

3Ag° + NOs + 4H+ = 3Ag* + NO + 2H,0



3) 5Co° + 12HN*503(pa3z6.) = 5C0*2(NOs); + N0+ 6H,0

AJIEKTPOHHBIN OalaHC:

Cao?- 28 =Co* 5
2N* + 108 = N0 1
METO/T OTYPEAKIIHM:
Cao?- 28 =Co* 5
2NO3 + 12H" + 10& = N2 + 6H20 1

5C0° + 2NO3 + 12H* = 5Co?* + N2 + 6H,0

4)4Ca° + 10HN*505(0u.pas6.) = 4Ca*2(NOs), + N3H4NO;3 + 3H,0

AJICKTPOHHBIN OaJlaHC:

Cal-2& = Ca*? 4
N*> + 88 =N~ 1
METOJ TTOJIyPEaAKIM:
Cal- 28 = Ca*? 4
NOs + 10H* + 8¢ = NH4" + 3H,0 1

4Ca% + NO3™ + 10H* = 4Ca?" + NH,* + 3H,0
[Ipu B3aumoneiicteBun HNO3 ¢ HeMmeTaninaMu BBIIEIAETCS, KaK MPaBUIIO,
NO:
1)3C°% + 4HN*O3 = 3C+40,+ 4N*20+ 2H,0



AJIEKTPOHHBIN OalaHC:

Co-4e=C" 3
N*® + 3g = N*2 4
METO/T OTYPEAKIIHM:
C%+2H,0 - 48 = CO, + 4H* 3
NOs3 +4H" + 38 = NO + 2H20 4

3C%+ 6H,0 + 4NO3 + 16H* = 3CO; + 12H* + 4NO + 8H,0
N
3C%+ 4NO3 + 4H" = 3CO; + 4NO + 2H,0
2) 3P% + 5HN*QO3 + 2H,0 = 3H3P*°04 + 5N*20

AJIEKTPOHHBIN OaJlaHC:

PO-58=P* 3
N*> + 3¢ =N*2 5
METOJ TTOJIyPEaKIUM:
PO + 4H,0 - 58 = PO4* + 8H* 3
NOs + 4H" + 38 = NO + 2H,0 5

3P% + 12H,0 + 5NO3 + 20H* = 3PO,* + 24H* + 5NO + 10H,0
W
3P% + 2H,0 + 5NO3 = 3PO4* + 4H* + 5NO
Ilepokcuo 600opooa ¢ oKucaIumMeNbHO-60CCHAHOEUMEIbHBIX PeAKUUAX

1. OObIYHO MEPOKCHU BOJOPOIA UCTIONB3YIOT KaK OKUCIUTENb:

H,0, + 2HI = 1,9 + 2H,0



AJIEKTPOHHBIN OalaHC:

21" -28 =15° 1
[O2]? + 28 =207 1
METO/T OJTYPEAKIIUAM:
21" -28 =1," 1
H,O, + 2H" + 2e = 2H,0 1

21"+ HO2 + 2H = I, + 2H20
I[Ipy J€MCTBUU CHJIBHBIX OKHCJIWTEICH IIEPOKCHI BOJAOPOJA MOXKET
OKHUCJISThCA, 00pa3ysi KUCIOPOJI U BOJY.
5H20; + 2KMn*704 + 3H,S04 = 50,%+ K3S04 + 2Mn2*S0O4 + 8H,0
AJICKTPOHHBIN OaslaHC:
[O2]7 - 28 = 0°5
Mn*’ + 58 =Mn" 2
METO/I ITOTYPEAKIIHIA:
MnOg4 + 8H" + 58 = Mn?* + 4H,0 2
H.O, - 28 = O, + 2H+ 5

2MnQO4 + 5H,0, + 16H* = 2Mn?* + 8H,0 + 50, + 10H"
wi 2MnQy4~ + 5H,0, + 6HY = 2Mn?* + 8H,0 + 50,

3aoauu u 60npocwvl 07151 CAMOKOHMPOJ1



1. VkaxkuTe, KakMe M3 YKa3aHHBIX BEIECTB MOI'YT IPOSBIATH TOJIBKO
OKUCJIUTEJIbHBIE CBOWMCTBA, TOJIBKO BOCCTAHOBHUTEIBHBIE CBOICTBA,
MPOSIBIIIOT OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO JIBOMCTBEHHOCTh: a)
MHOQ, KMnO4, P205, NaZS; 6) KzSO?,, HNOg, st, NOz; B) Cf,
NaZCrO4, KCI‘Oz, KzCI’zO7; r) NH3, KC|02, Nz, KNOg, KoMnQOg.

2. Hanmuiyure ypaBHEHUS peakidid, B pPe3yJIbTaT€ KOTOPHIX MOXKHO
OCYIICCTBUTh MPEBpAIllCHUS: a) yIJepoa — KapOuJa Kaapliusi —
TUAPOKCUJT KaJbIIUSI — XJIOpHAsi U3BECTh — XJIOp — XJIOpaT Kajaus —
KHCJIOpO; O) cepoBOOpoa — cepa — JAUOKCHUJ CEepbl — CEpHHUCTAs
KHCJIOTa — CYJIb(UT HATPUSL — CyJIb(haT HATPHUSL.

3. Kakue ciio)KHbI€ BEIIECTBa MOXKHO TOJIYyUYUTh, UMES B PACTIOPSKEHUU: Q)
KpPEMHHH, BOJAOPOJI, KHCIOPOJ, HATpHil; 0) a30T, KUCIOPO, cepedpo u
BOoJIOpoJi. Hamuiure ypaBHEHUsS peaklMil U HA30BUTE TMOJYYCHHBIC

OPOIYKTHI.

13- Ttema. Pu3nuyecKkue 1 XUMHUYECKHE CBOMCTBA METAJIJIOB.
XMMHYECKHE CBOMCTBA METAJLJIOB

ILian:

1. CpoiicTBa MeTaJIOB

2. HaxoxieHue MEeTaJJIOB B IPUPO/JIC
3. lanpBaHUYECKUE PJIEMEHTHI

4. IToHsiTe 00 AJEKTPOIN3E

5. DNEeKTpoau3 pacTBOPOB U PACIJIaBOB
6. 3aKOHBI JIEKTPOIU3a



OnopHble CI0Ba U BBIPAXKEHHUSI: Memalllvl, SHEpeUU UOHUZAYUU,
cpoocmea K 2NIeKMpoOHy U  IAeKMPOOMPUYAMeEIbHOCMb  Memaiios,
KPUCMALIUYECKAs peulemKka U Memalluieckas C6513b, NI0OMHOCHb,
meepooCcms, memnepamypa niasieHusi Memaios, HaxoxcoeHue Memaiios
8 npupooe, CcHOCOObl NONYYeHUe Memanios, 4HepHas U YeemHas
Memaiypeus, ceolicmea Memaiios, CNJLaBbI Memaiios,
UHMepMemaiiuobl, NPUMeHeHue Memanios 8 NPOMbIULIEHHOCU

DJIEMEHTHI YCIIOBHO MOAPA3AEISAIOTCS HA METAJUIbI U HEMETAILIIBI.

Mertamibl (0T rpedyeckoro Mmettallon, mepoHauaibHO — BaxTa, KOIH)
— 3TO BEIIECTBA, 00JaJAI0MIUe B OOBIYHBIX YCIOBUIX XapaKTEPHBIMU, T.H.
METAJTMYECKUMU CBOMCTBAMU: BBICOKOW 3JIEKTPUUECKON MPOBOIUMOCTEIO,
BBICOKOM TEIUIONPOBOIHOCTHIO, METAILUTUYECKUM OJIeCKOM,
HEMPO3pPaYHOCThIO, OTPULIATEIBHBIM KOIPPUIIMEHTOM DJIEKTPUUYECKOM
MPOBOJUMOCTH, IJIACTUYHOCTHIO. B TEXHUMKE K MeTa/iaM OTHOCSAT Kak
COOCTBEHHO METAJUIBI(ITPOCTHIE BEMIECTBA), TAK MX CIUIABBI, NI KOTOPBIX
TaKXe XapaKTepHbl METANIMYECKHE CBOMCTRBA.

Kpowme toro, metamibl 001a1at0T cieuUUecKUMU MEXaHUYECKUMU
cBorictBaMi. OHM OoJiee WM MEHEEe KOBKHE, a MHOTME UX HHUX HUMEIOT
OOJIBIIIYIO TPOYHOCTH IIPHU PACTSXKEHUU U MIPU CKATHUH.

Panpiie xapakTepHbIMM TMPU3HAKAMH METAUIOB CUMTAIHUCH OJIECK,
MJIACTUYHOCTh U KOBKOCTh — «CBETJIO€ TEJ0, KOTOPOE KOBATH MOMKHO
(M.B.JIomonocoB). Ho MmeranmnuuecuMm OJieCKOM 00JaJal0T U HEKOTOPBIE
METaJUJIbI, HAIPUMEDP MO0, KpeMHUH U Ap. M3BECTHBI U XpYNKUE METAJLIBI,
Harpumep BUCMYT.

B HaCcTosAmeC BpEMA OAHHM M3 Ba)KHEHIIINX IIPU3HAKOB MCTAJLJIOB

CUMTAETCS OTPULIATEIBHBIA TeMIIEPATyPHBIN KOA(PHUIIMEHT FJIEKTPUIECKON



IPOBOJMMOCTH, T.€. HOHMKCHUE DJICKTPUUCCKON ITPOBOAMMOCTH C POCTOM
TEMIIEpATypbl, ¥ OCOOCHHOCTb OJJICKTPOHHOIO M KPHCTAJUINYECKOIrO
CTPOCHHS.

B KHOKOM COCTOSHUM MeETajlaM MpUCYIIE OOJBIINHCTBO U3
NEPCUMCIICHHBIX CBOMCTB, MCYE3AIOMIUX JUIS Ta3000pa3HOI0 COCTOSHHS.
[Tappl MeTalIOB MpoO3payHbl M HE MPOBOAAT DJICKTPUUYCCKHHA TOK.
CrnenoBaTeIbHO, METAJIMYECKHUE CBOMCTBA CBI3aHBI C TBEPALIM U JKHIKUM
COCTOSTHHEM.

Mertamibl — B MEPUOAUYCCKON CHCTEME M3 BCEX DJIEMEHTOB 22 IIT.
ABJISIOTCS  HEMETaulaMH, a OCTaJbHbIE BCE DJIEMEHTHI  SIBIISIIOTCS
Metaiamu. M3 Hux 12 mt. S — aneMenThl, 10 mr. p — snemMeHTsl, 28 mT. f
— O9JIEMEHTHl M OCTaJbHBIC OTHOCATCS K ceMeWcTBy O — BJIEMEHTOB.
MeTamy B TEXHUKE AeNaTcs Ha 2 rpymmbl. 1) YepHble MeTauIbl — JKele30
(MapraHeI| ¥ XpoM JIOIOJIHATEIBHO) U CILIABhI Xkene30 (CTallb ¥ YyryH). 2)
[{BeTHBIE METAIIBI — OCTAILHEIE BCE METAJIIBI M MX CIUIABEI.

MeTamibpl MO MEXaHWYSCKHM CBOWMCTBAM KJIACCH(MUIUPYIOTCS B
CJICTYIOIIUM TIOPSIKE:

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 metamisl — Au Ag Pt Pd Ir Ru Os

4) Paccesunsie Mmetauiel — Ga In Tl Ge Re

5) Penkue meramisl — Co Cd Mo W Sb Hg Bi

6) Penko3eMenbHbIe METAIbI — LA U JTaHTAaHOMIBI

7) PaguoaktuBHble MeTaiibl — Ra PO U Pu AC 1 akTHHOUBI.



Haxo:xnenue B nmpupojae

K Hambonee pacTnpoCTpaHEHHBIM B IIPUPOJICE METalIaM OTHOCSTCS
AJTFOMUHUMN, KEJIE30, KaJbIIUH, HATPUW, KAJTU, MATHUM, TUTAH.

Bonpinas yacth METaNIOB HAXOAUTCS B 3€MHOM KOpEe B BHJIC
XUMHYECKUX coeauHeHu ( B Bujae MuHepaiaoB). K  wHaumbolee
pacopoCTpaHEHHBIMM  MHUHEpajdaM  OTHOCSTCS  CHUJIMKAThl, OKCHJIBI,
cylbGuibl, KaApOOHATHI, CYIb(AThI, FaTOTCHUIBI.

CaMbIM pacIpOCTpaHEHHBIM B 3€MHON KOpe MUHEpajIaMH SBIISIOTCS
CHJIMKATHI: KaOJINH Al>03-2S102-2H0, cIIro1a Ocmas
K20-3A1,03:6S102:2H20,  oproknaz  KyO-AlxO3-6S10,, acoecT
Ca0-3Mg0-4S102 u ap. K npupoaHbIM CUIIUKATaM HNPUHAJJICKAT MOJIEBbIC
IINAaThl, TJWHBI, CIIOJbI, TalbK, acOecT U MHorue apyrue. CHUIUKaThI,
coJiepKallie aIIOMUHUM, Ha3bIBAIOTCA altoMOocHiIMKaTamMu. CamMbIMHU
BOXHBIMU M3 HUX SIBJIAIOTCS MOJIEBBIC IIMATHI, B COCTaB KOTOPBIX, KPOME
OKCHUJIOB KPEMHHUSI W aJIIOMHUHUS BXOJAT OKCHJABI KaJlus, HATpUs WU
kanbpiusa. K amoMocuiamkaTaM OTHOCSTCS TakKKe CIIOJIBI, OTIMYAIOIIHECS
CIIOCOOHOCTBIO pacciiauBaThCcsl Ha TOHKHE, THOKWEe TIacTUHKU. CIIofbI
UMEIOT CJIOKHBIN COCTaB U KPOME KPEMHHUS U AIIOMUHUS, COJIEPIKAT HAKKE
BOJIOPOJI, Kaiuil Wiau HaTpuil. B cOCTaB HEKOTOPBIX CIIOJ BXOIST €IIIe
KaJbllui, MarHui ® kene3o. M3 kpucramioB kBapma SiOz, mojeBoro
IIaTa U CJIIOJBI COCTOSIT CaMbl€ PACIpPOCTPAHEHHBIC CIIOKHBIC TOPHBIC
MOPOJIbl — TPAHUTHI U THEHCHI.

N3 OKCHUIHBIX MHMHEpPAJIOB pachpocTpaHeHbl MarHeTuT FezOg,

rematut Fe;O3, rerut FerOz -Fe(OH)s, xpomucteiii xene3nsk FeO-



Cr03 0Ookcut AlpO3-xHp0, nupontozut MnOz, raycmanutr ~ Mn3Og,
kynputr Cuz0, cepBartut SbO4 u nip.

CynbbuaHele MUHEpANbl: KeJle3HblM Koiuenan FeS,, cCBHHIIOBBII
oneck PbS, nmuHkoBas oOManka ZnS, kuHoBaph HgS, antumonuT SboS3
koBeJuIMH CuS, xanbko3uH CuzS, xanskonuput CuFeSo.

KaboHaTHble MHHEpaNBL: MEJN, MPaMOp, HM3BECTHSAK, PaKyIICUYHHK
CaCOs, wmarnesur MgCOs3, pomomur CaCO3z3-MgCOs3, mamaxut
CuCO3-Cu(OH), nepyccut PbCOs3, pogoxpozutr MnCO3, Tpona NaHCO3
‘NayCO3- 2H20 u ap.

Cynbdatubie munHepasbl: MupaOuaut NapSOs-10H20, Tenapaut
NaSOs4, runc CaSO4:2H20, xuzepur MgSOs-Ho0, Tspkenwiid mmar
BaSO4, ueauctun SrSO4 u ap.

docdarHbie MUHEPaJIbIL: anaTUTHI 3Ca3(P0Oa)2-CaFy,
3Caz(P0O4)2-CaCly, ruppookcmir-anatut3Caz(PO4)2-Ca(OH)2 wu ap.

M3 ramoreHupoB pacnpoCcTpaHEHBl MHUHEpabl: KaMCHHAs COJIb
(ramut) NaCl, cuneBun KCI, kapuamnut KCl-MgClz-6H20, darooput
CaF,, kaunut KCI1-MgSO4-3H20, kpuonut Naz[AlFs].

HanmeHnee akTHBHBIC METaUIBI: PTYTh, CEPEOPO, 30JI0TO U METAJLIBI
IJIATUHOBBIM  TPYNIBI  HAaXOAATCA B 3EMHOM KOpe B CBOOOJTHOM
BHUI€(CaMOPOJIKH), HO JIOJISI TAKUX MECTOPOXKICHUN HEBEIIMKA.

CamMOpOJIOK  CpPaBHHUTEIBHO KPYIIHOE MPHUPOJHOE 000co0IeHNE
caMOpOJHOTO MeTajuia (30J710Ta, cepelOpa, MUIATHHBI W Ap.) B PYIHBIX H
POCCHIITHBIX MECTOPOKICHUSX; OOBITHO PE3KO OTIIMYACTCS TI0 pa3MepaM OT

npeo0aaroie Macchl YacTHIl ATUX MeETaioB. Bcerpeuaercs penko.



Macca camopoaoK, Kak mpaBuio, npeBbimaeT 1 r. Haumbosee kpyrHbie
CaMOPOJIKbI 30J10Ta HailaeHbl B ABcTpanuu — «Ilnura Xonrepmanay (285
KI' BMECTE€ C KBaplem; macca uucToro 3oisiota 83,3 kr) u «KenaHHblii
He3HakoMel» (70,9 xr ¢ kBaplem: macca 4ucTOoro 3ojiora 69,6 kr). B
AnmazHoM ¢oHae Poccunm  XpaHsATcs camMopodok 30i0Ta «bombiioi
TpeyroJbHUK» (36,2 kr), «Bepomon» (9,29 kr) u ap. KpyrnHsie caMOpoaKbl
IUTATHHBI OOHApY)KEHbI B JyHUTaX (MarmMaTHYecKas TOpHas IOpoJa,
yJIBTPAOCHOBHAS, Y€PHOr0, TEMHO- MJIU CBETI0-3¢sIéHOr0 1Beta) (0,427 Kr)
U pocchimaX (MECTOPOXKICHHUS, CKOIUICHHS Ha 3EMHOW ITOBEPXHOCTH
MEJIKMX OOJIOMKOB TOPHBIX IIOPOJ WJIM MHHEPAJIOB, BO3HUKAIOIINX
BCJIC/ICTBUE  Pa3pylICHUST  KOPEHHBIX  MECTOPOXKJACHUW  IMOJE3HBIX
MCKOTIA€MbIX WJIM TOPHBIX MOPOJ, KOTOPHIE COACPKAT BKIFOUEHUS IIEHHBIX
MUHEPAJIOB B pa3Mepax, IOMYCKAIOMMX SKOHOMHUYECKH BBITOJHOE HX
u3BieucHue) (9,639 kr) Hmwkuerarmibckoro maccua Ha CpeHeM Ypadie.

3HaYuTEIbHAS YaCTh METAJIOB U UX COCIMEHUN HAXOJUTCS B 3€MHOM
KOpe B BHJE MECTOPOXJCHHUH, T.€. XapaKTEepPU3YyeTCs HEPaBHOMEPHBIM
pacnpenenenneM. Ho HeKoTOpblie MeTaibl HEOOJAal0T CIIOCOOHOCTHIO K
KOHIICHTPUPOBAHUIO B 36MHOM KOpeE, T.€. paclpeieNICHbl B KAKOU — TO Mepe
pPaBHOMEPHO; TaKHE€ METaJUIbl OTHOCSTCS K PACCESIHHBIM DJIEMEHTaM.
OOBIYHO paccestTHHBIE JIEMEHTHI BXOJST B BUAE M30MOpP(PHOIN mpumecH B
MUHEpaJIbl 00JIee pacIpPOCTPAHEHHBIX JIEMEHTOB, HanpuMmep pyouauii Rb
nzomopduo 3ameniaer kamui K, kagmuii Cd — mmek Zn, rapuuin Hf —
UPKOHUM ZT.

Cnoco0bI mosiy4eHne MeTalJI0B



W cxXoaHBIM CBHIphEM TS TIONYYCHHUST METAJIJIOB SIBJISIFOTCS pa3IuIHbIC
pyael. Pyna — 3To mpupogHoe MuHEpanbHOEe OOpa3oBaHHE C TaKUM
COJICpKaHWEM  METAJJIOB  WJIM  TIOJE3HBIX  MHHEPAIOB, KOTOPOE
o0ecreynBaeT IKOHOMHUYECKYIO 1I€JIeCO00Pa3HOCTh UX U3BJICUCHUS.

Bce pyabl UMMEHOT CIOXHBIA M 4YaCTOHECOJHOPOJHBIA COCTAaB.
Paznuyaror  MOHO- W TOJIMMHUHEpAJIbHBIE  PYABI,  COCTOSIIIHE
COOTBETCTBEHHO M3 OJTHOTO MJIM HECKOJIbKUX MUHepasioB. [IpenBaputenbHO
pyna oOpabarbiBaeTcsl ¢ IIEABI0  OTACICHHUS IYCTOW TIOPOIBI  JJIst
yBEJIWYCHUS KOHIICHTpAIMu MeTaia. Tak Kak OOJBIIMHCTBO METAaJIOB
HaxXomATCs B TMPUPOAC B OKHCICHHOM COCTOSHHH, TO H3BJICUCHHE HX
OCHOBAaHO Ha BOCCTAHOBJICHMH T€X WM UX HWHBIX COCIUHCHHM.
BoccraHoBlieHHE TMPOBOIAT XHUMHUYCCKUMH WA DJICKTPOXHUMHUYCCKUMHU
criocooamu.

XHWMHYECKOE BOCCTAHOBJICHHE 3aKJIIOYaeTCsl BO B3aUMOJCHCTBUU
COCIMHCHUN  METaJNIOB C  YIVIEPOJOM, BOJIOPOJIOM, METaJJIAMH-
BOCCTaHOBHUTEIIIMU U Ap. CyIIecTByeT MHOT'O pa3HOOOpa3HBIX CIIOCOOOB
TIOJTYYCHHUS METAJIJIOB.

Mertamnyprust (ot rpeu. metallurgéo — nmoObiBato  pyay,
oOpabaTeiBat0 MeTayibl, OoT métallon — pynHuk, metamn u €rgon —
paboTa) — OTpaciab NMPOMBIIIJICHHOCTH, 3ajada KOTOPOW 3aKII0YaeTcs B
MOJIYYCHUH METAJJIOB M3 PYJ WM OTXOJIOB IMPOM3BOJCTB. MeETaILTypruro
MOIPa3ACISIIOT Ha YEPHYIO U IBETHYI0. UepHas METa/UTyprus COCTaBIISICT

MPOU3BOACTBO UyTYHa, cTalu U deppociiaBoB. L[BeTHas meTammyprus



BKJIFOYAET MPOU3BOJACTBO IBETHBIX M PEAKUX METAUIOB U WX CIUIABOB.
BO3HUKHOBEHUE METAJUTYPIUU OTHOCSTCS K TI1yOOKOH JPEBHOCTH.

Bce MHorooOpasue crnocoOOB MOJIYyYEHHUS METANIOB  MOKHO
KJIacCCU(UITUPOBATh  CIEAYIOIIUM  00pa3oM: MUPOMETALTYPTHYECKHUE,
TUJIPOMETAIUTYPrAYECKHUE U AIIEKTPOMETAIUTYPrHUYE€CKUE MPOLIECCHI.

IMupomeTanyprudyecKkue MeToabl

[Tupometamyprust (0T rped. pyr — OroHb u MeTtamuryprus

COBOKYITHOCTh METAJUTYPrUYE€CKUX IMPOLECCOB, MPOTEKAOIIUX MpHU
BBICOKHUX TeMIieparypax. llupomerannypruss — OCHOBHAs W CTapeuIias
obsacth Metamypruu. C IpeBHUX BpeMEH A0 KOHIA 19 B. MpOU3BOJCTBO
METaJIOB 0a3upoBaIOCh MOYTH HCKJTIOYUTEIIBHO Ha
MAPOMETAJTYPTUYECKUX MTPOIIECCaX.

[TupoMeTa/uyprudeckKuM CrocoOoOM TMOJy4aloT OCHOBHYIO YacTh
M€Y, CBUHIIA, HUKEJS, TUTAHA U IPYTUX BAXXHEUIINX METAJIJIOB.

CpaBHUTENIPHO MaJI0 AKTUBHBIE METAJIBI(3KEJIe30, IMHK, CBHHEII,
MeJlb U Jp.) TOJIY4YaroT U3 OKCUI0B BOCCTAHOBJIECHUEM YIJIepoioM. B aTom
cilydae MeToJ Ha3zbIBaeTcs kapoorepmueii. Ocoboe 3HaUeHHE KapOoTepMus
UMEET JIJISI TIOJIYYEHHUsI CIIJIABOB Ha OCHOBE JKeJie3a (UyryHa U CTajiei).

SnO,+ C=5n+2CO
Zn0O + CO =2n+ CO3

B kauecTBe BOCCTaHOBHUTEIEH B MUPOMETAJUIYPTrUM HCHOJIB3YIOTCS
HEKOTOphIE MeTaulbl. BOCCTaHOBJIEHHE METALUIOB M3 MX COEIWHEHUM
OoJjiee aKTUBHBIMM METaJUIAMU Ha3bIBACTCs METaIoTepMue. B kadecTBe

METAJJIOB-BOCCTAHOBUTEIIEN NMPUMEHSIOTCS MArHUW, KaJIbIWM, aJTFOMUHUN



Y Ip., JaHHBIC PEAKIIUM MPOTEKAIOT ITPU BBICOKHX TeMmeparypax. Ecinu B
Ka4eCTBE METaJNIa-BOCCTAHOBUTENSA IIPUMEHSIETCS IMOPOIIKOOOpa3HbIi
aJIIOMUHUU, TOraa IIPOIIECC Ha3bIBACTCS AJTFOMUHOTEPMHUEN.
TakuMcrocoO0OM IMOJIy4arT MapraHell, XPoM:
3Mn304 + 8Al = 9Mn + 4Al,03 + Q
Cr,03 + 2Al = Al,O3 + 2Cr

Hekortopsie METaJlIbI MOJIY4aroT METALIOTEPMUYECKUM
BOCCTAHOBJICHUEM XJIOPUJIOB MeETasIoB. Hampumep, TUTaH noOJdy4aroT
I'JIaBHBIM obpa3zom BOCCTAaHOBJICHUEM ero TETpaxJIOpUIa
MaraueM(MeTalJIOTePMHUSI )

TiCly + 2Mg = Ti + 2MgCl;
Zrla=2Zr+ 21,
Ni(CO)s = Ni +4CO
2Gel; = Gely + Ge

JIns  mostydeHMsT HEKOTPhIX METAJUIOB, HampuMmep Bojb(pama,
MoiuOAeHa, KoOaiabTa, >Kejie3a W JIp., B KadeCTBE BOCCTAHOBUTEIIS
HCTIOJIB3YETCS BOJOPOI:

MoOs + 3H2 = Mo + 3H20
WOQO3 + 3H, =W + 3H,0
I'mapomerajirypruyeckuii MeTox

B ruapomeramyprud  BOCCTAHOBJIEHME  METAJUIOB W3 PY]A
OCYIIECTBIISIETCS oe3 MIPUMEHEHUS BBICOKHMX TEMIIEPATYP.
I'unpomeramnyprust (ot [uodpo... m Mertamnyprus) U3BJICUCHHE

MCTAJJIOB H3 PYAd, KOHHOCHTPATOB H OTXOAOB PA3JIMYHLIX IIPOU3BOACTB



BOJIHBIMU  PACTBOPAaMHM XMMHUYECKHUX PEAreHTOB C  MOCIEAYIOIIUM
BBIJICJICHUEM METAJUIOB W3 PAacTBOPOB. [[aHHBIM METOJ 3aKJIIOYAcTCAd B
U3BJICYECHUHN METAJJIOB U3 PYJbI C UCMOJIb30BAHUEM XUMUUYECKUX PEaKIIUH.
['uapoMeTayprudeckuii MeTo i IPUMEHSIETCSI 111 U3BJICUCHUSI METAJLIIOB
U3 CBIPbSI C HU3KUM COJECpPKAHMEM MeETaula W HE MOJJA0IIErocs
nepepadboTKe IPYyruMu METOIaMH.

K JOCTOMHCTBOM  THAPOMETAJUIypPrUM  OTHOCUTCA  TaKxke
BO3MOXKHOCTb pa3jiejeHUs] OJIM3KUX MO CBOMCTBAM METAJIOB(LIMPKOHUSA U
radHUs, HUOOUS M TaHTaJIa, CMECE PeIKO3eMEeIIbHBIX METAILJIOB).

[IpuMeHeHUs THAPOMETALTYPTUUECKUX METOJI0B BO MHOTHX CITydasix
CYIIECTBEHHO CHIDKACT 3arpsi3HEHUS OKPYKaIoIIeh cpelbl BpEeIHBIMU
orxonamu. Tak, Bce OoJbIliee 3HaUEHHUE MPUOOpPETAET IpsiMasi epepadoTka
Cylb(GUIHBIX KOHIICHTPATOB MEIM, HHUKEJs, LIMHKA, CBUHIIA U Jp. 0Oe3
o0xura (00XKuUT MPUBOIUT K BbIAeeHUIO SO2, KOTOPHIUA MpU BBIOpOCE B
aTMoc(epy 3arpsa3HsIeT OKPYKaIIIYIO CpeaIy).

CuzS + 202 = 2Cu0O + SO
CuO + H,SO,4 = CuSO4 + H,0O
CuSO4 + Fe = Cu + FeSOq4
2K[AU(CN)2] + Zn = K2[Zn(CN)4] + 2Au

[Ipu ruapOMETATTYPrUYeCKUX METOAaX METaslI, BXOAIINN B COCTaB
pPYIbl, IEPEBOISAT B BOJHBIA PACTBOP MOIXOJSIINM PEareHTOM, a 3aTeM C
MMOMOIIBI0 TOW WJIM WHOM XMMHYECKOM PEAKIIMU H3BJICKAOT METAJJl W3

9TOI'0 pacTBOpa.



I'mapoMeTanyprudecKuii  METOJ MNPHUMEHSIOT JUIS  ITOJIyYCHHS
cepebpa, 30J10Ta, TUIATHHOBBIX METAJIOB, PAAMOAKTHBHBIX METAIIIOB(ypaH,
TOpHUI), MHOTHUX PEAKHX META/UIOB M HEKOTOPHIX I[BETHBIX METaJLIOB(
MeJlb, HUKEJIb, KOOAJIbT, OJIOBO H JI.).

DJIEKTPOMETAJLUIYyPrudecKue MeTOAbl — 3TO MOJTYyYEeHUE METaJIOB C
oMOIIBO AJEKTPOIM3a W3 PACTBOPOB WJIM U3 PACIIaBOB COCIWHCHHM
METaJIIOB.

OOmue cBoiicTBa
Tlonooicenue memainnos 8 nepuoouyeckol mabauye

Eciu B mnepuommueckoit Ttabaume »snemeHToB [[.M.MenneneeBa
MIPOBECTH JAWAroHaIb OT OCPHILIHS K acTaTy, TO CJIeBa BHU3Y MO JHArOHAIH
OyJlyT HaXOJUTHCS AJIEMEHTBI-METAIbl (K HUM >K€ OTHOCSITCS DJIEMEHTHI
MOOOYHBIX TOATPYII), a CHpaBa BBEPXY — DJIEMEHThI-HEMETAILIbI.
DieMeHTHI, pacnoiokeHabie BOmm3n quaronanu ( Be , Al, Ti, Ge , Nb ,
Sb u n1p.), 00J1a1at0T JBOWCTBEHHBIM XapaKTEPOM.

K snemenTam - metamiam otHocaTcs s - anemeHTsl [ u 11 rpynm, Bce d
- u f - 3;IeMeHTHI, a Takke p - AIEMEHTHI rMaBHbIX noArpymi: III (kpome
oopa), IV (Ge,Sn,Pb), V(Sb, Bi)u VI ( Po). Haubonee tunuunsie
AJIEMEHThl — METAJIbl PACMHOJIOKEHBI B Haydalie MEepUOJOB (HAUYMHAA CO
BTOPOTO).

Obwue ceoticmea Memaiios

Buapl KpUCTAINIMYECKUX PEIIETOK:

aTOMHas

MOHHAs

MeTaJTHIecKast
Kpucrannuyeckue pemeTku MeTauTMIeCKOTro TUIIA COJIepKaT B y3jax
MOJIOKUTEILHO 3apsSKEHHBIE MOHBI M HEUTpaJbHBIE aTOMBI; MEXIY HUMH
NIEPEABUTAIOTCS OTHOCUTEIIEHO CBOOOTHBIC DJICKTPOHBI.
Obuwue guzuyeckue ceolicmea



OOBACHSIOTCST  OCOOBIM  CTPOCHUEM  KPUCTAIMYECKON  pEIIeTKH -
HaJIMYMEM CBOOOIHBIX AJIEKTPOHOB (''3IeKTpOHHOIO raza').
1) IlmacTMYHOCTH - CIOCOOHOCTh U3MEHATh ¢GopMy TMpHU yAape,
BBITATUBATHCS B MPOBOJIOKY, IPOKATHIBATHCA B TOHKHUE JUCTHL. B psigy —
Au, Ag, Cu, Sn, Pb, Zn, Fe = ymensIaercs.
2) bneck, oObIYHO cepblii IIBET W HEMPO3PAyHOCTh. DTO CBS3aHO CO
B3aMMOJICCTBUEM CBOOOJHBIX JJICKTPOHOB C MaJaloOlMIMMU Ha METasll
KBAaHTAMU CBETA.
3) DOnaextponpoBOoAHOCTb. OOBSCHSETCS HaANMpPaBICHHBIM JIBUXEHUEM
CBOOOJHBIX AJIEKTPOHOB OT OTPHUIATEIBHOTO TMOJIOCA K MOJOKUTEILHOMY
10]T BIIMSIHUEM HEOOJIBIION pa3HOCTH MOoTeHIManoB. B psaay - Ag, Cu, Al,
Fe = ymenbiaercs. [Ipu HarpeBaHUM 3JE€KTPONPOBOIHOCTh YMEHBIIAETCS,
T.K. C TOBBIIICHUEM TEeMIEpaTypbl YCUJIMBAIOTCS KoOJICOAHUS aTOMOB U
HMOHOB B y3J1aX KPUCTAUIMUYECKON PEIIECTKH, YTO 3aTPYAHSIET HAIIPABICHHOE
JIBUKEHHUE "'3JIEKTPOHHOTO ra3a'.
4) TermmonpoBOJHOCTb. 3aKOHOMEPHOCTh Ta Ke. OO0yciaoBIeHa BBICOKOM
MOJABWKHOCTBIO CBOOOJHBIX DJIEKTPOHOB U KOJIEOATEIHHBIM JBHKCHUEM
aToOMOB, Onarojapsi 4YeMy TMPOUCXOAUT OBICTPOE BbIPABHUBAHHE
TeMrepaTypbl 1Mo macce Metamuia. HauOosblias TEmaonpoBOAHOCTh - Y
BUCMYTa U PTYTH.
5) Tepmoctb. CaMblii TBEPABINA — XpOM (PEKET CTEKIIO); CaMbIE€ MSTKUE —
HICJIOYHbIE METaJUIbl — Kalluid, HaTpUH, pyoOMAMd M LE3ud — pexyTcs
HOXOM.
6) IInotHOoCTh. OHA TEM MEHBIIIE, YEM MEHBIIIE aTOMHAsI Macca METaJlia U
yeM GOJbIIE Pagnuyc ero atoMa (camblii gerkuii - maruii ( p =0,53 r/cm 3);
caMbIif TshKENbI — ocMuit (P =22,6 r/cM ). Mertamisl, umeromue p < 5
r/cm ® cunraroTes "nerkuMu mMerauiamMu’,
7) Temmneparypsl I1aBiaeHus U KUIeHUs1. CaMbli JIETKOTUTABKAM METaLT —
pTyTh (T.101. = -39°C ), caMblii TyroriaBkuii MeTaut — BoJibgpaM (t © . =
3390°C).
Mertamner ¢ t°mn. Beime 1000°C cuuTaroTCs TYrOIUIABKUMH, HUXKE —
HU3KOIUIABKUMU.

3amavyu ¥ BONPOCHI JAJI1 CAMOKOHTPOJISI



1. I'ne mpoxoauT rpaHuna Mexay MeTaulaMu U HemeTauiamu B [lepuognyeckon
cuctreme? Kak u mnodyemMy H3MEHAIOTCA METAJUIMYECKHE CBOMCTBA XUMHUYECKHUX
AJIIEMEHTOB B MEpUOAAX U B rpynmnax?

2. B yeMm coctouT rnaBHoe u HauOoliee o0Iee XUMUUECKOE CBOMCTBO METAILIIOB?
OOBsICHEHUE WILTIOCTPUPYHUTE YPABHEHUSIMU PEAKLIUM.

3. [louemy aTromMbl METAJIOB (CPAaBHUTEIBHO C HEMETaUIAMH) JIETKO OTHAIOT
BAJICHTHBIE AJIEKTPOHBI, IEPEXOAAT B MOJIOKUTEIBHO 3aPSKEHHBIC MOHBI U SIBJISIIOTCS
BoccTaHoBuTensiMu? IlpuBenure npumepsl peakluuii METalIoB € HEMETalaMu,
BOJIOM, 11I€JI0YaMU, KUCJIOTAMH U COJIAMH.

4, [Ipu peakuuu ¢ BOJOW OJTHOBAJIEHTHOTO MeTaia Maccou 15,6 T BBIIEIUIOCH
4,48 nraza (H. y.). Onpenenure, Kakoil 3TO METaJI.

5. [To kxakoMy MpHU3HAKY COCTAaBIIEH »JJIEKTPOXUMUYECKUN psii HaANpsHKEHUH
MetauioB? [IpuBeauTe 3TOT psii U ONUIIUTE €T0 CBOMCTBA.

6. Hanummure npoayKThl BO3MOXKHBIX peaklHii, OOBSICHUTE BO3MOXKHOCTh HX
nporekanus: a) Zn + HCl1 =6) Ag + HCl =B) Zn + FeSO4 = B) Cu + FeSO4 =

1. [IpuBeauTe mnpuMepsbl TMOIYYECHHUS] METAUIOB MUPOMETALTYPrUYECKUM U
TUAPOMETALTYPTUUYECKUM METO/IaMH, HAIUIIUTE YPaBHEHUS COOTBETCTBYIOIIUX
peaKuuii.

8. IIpu peiicTBUM Ha cMech Meau M Kene3a Maccoil 20 T M30BITKOM COJISIHOM
KHUCIIOTHI BBIIETWIOCH 5,6 1 raza (H.y.). Onpeaenutb MaccoBble JOJM METAJIOB B
CMECH.

Q. [Ipu neiicTBUM cMecHu TOPOIIKOB JKelie3a W IIMHKAa Maccoil 9,3 T Ha U30BITOK
pactBopa xjopunma meau (II) oGpazoBamock 9,6 T Memu. Omnpenenure cocTaB
UCXOJTHOM CMECH.

10. Kakoit 06sem 15%- ro pacTBOpa cepHoii kuciotsl (p = 1,10) moTpedyeTcs ans

peakuuu ¢ 24,3 r maraus’?



14-tema. JJIeKTPOXUMHUYECKHUI PAJ AKTUBHOCTH METAJIOB.
Borunciienne 3JIeKTPOAHOT0 MOTEHMAJIA METAJIJIOB HA
ocHoBaHMU ypaBHeHusi HepHcTa. JieKTpoaAHbIN MOTEHIMA.
CraHaapTHbI JIeKTPOAHBIN NOTeHIUAJ. ['abBaHnYecKHue
3JIEMEHThI
DJIEKTPOXMMHUYECKHE MPOLECCHI

ONEeKTPOXUMUYECKUE  MPOLECChl, KaK W OKHUCJIUTEIHHO-
BoccTraHoBUTeNbHBIC peakiuu (OBP), cBs3aHbl ¢ W3MEHEHHEM CTCIICHU
OKHCJICHHSI BEIIECTB, YUacTBYIOMMX B peakiuu. OcHoBHoe otinune OBP
OT DJEKTPOXUMHUYECKUX IMPOIECCOB 3aKIIOYAECTCS B TOM, YTO IMPOIECCHI
BOCCTAHOBJICHUSI M OKHUCJIEHUSI MPOCTPAHCTBEHHO Pa3eiCHbl U TMEPEHOC
AJIEKTPOHOB MOKET ObITh 3a(UKCUPOBAH KaK HEKOTOpbIH TOK (B
raibBaHUYECKOM  DJIEMEHTE, TMpH  KOPpPO3WH) WO,  Hao0OpoT,
ANEKTPOXUMHUUECKUM MPOILIECC MOXKET MPOUCXOJUTh 3a CUET BHEIIHETro
HUCTOYHHUKA TOKA (DJICKTPOJIN3).

B mobom ciydae s OpOTEKaHUS DJIEKTPOXUMHUUYECKOW pPeakiuu
HE00X0IuMa IICKTPOXUMHUYECKAs eI, CYIIeCTBEHHBIMA KOMIIOHCH- TaMHU
KOTOPOM SIBJISIOTCS SJISKTPOIBI M SJIEKTPOIUT (BOIHBINA UITH HEBOHBIN).

[Ton snexkTposaMu OOBIYHO TMOHMMAKOT WU COOCTBEHHO HEKHUU
IIPOBOJIHUK HWJIM CHCTEMY, COCTOSIIYIO M3 NMPOBOJAHHUKA, MOTPYKEHHOTO B
pacTBop dJekTposiuTa. IIpM KOHTAaKTEe METAUTMYECKOTO IMPOBOJHHMKA C
pPacTBOPOM dJICKTPOJIUTA HA €r0 MOBEPXHOCTH BO3HUKAET HEKUM 3apsl, 3a
CYET TepeHOca IEKTPOHOB, UTO MPUBOAUT K BO3ZHUKHOBEHHIO Pa3HOCTU

AIEKTPOCTATUYECKUX MOTEHIIMATIOB MEXKIY JICKTPOJIOM M HAXOSIIUMCS C



HAM B KOHTAKTE BJICKTPOJIUTOM. DTa Pa3HOCTh HA3BIBAETCS AIEKTPOIHBIM
MTOTEHLINAJIOM.

AOCONIOTHYIO BEJIWYUHY 3JEKTPOAHOrO MOTEHIHAIA OTAEIbHOIO
AIEKTPO/ia U3MEPUTh HEBO3MOXHO, MO3TOMY H3MEPSIOT BCErJa pa3HOCTh
MIOTEHLIMAJIOB UCCIEYEMOr0 JJIEKTPOJAa M HEKOTOPOrO CTaHIApTHOIO
ANEKTPOJA CPAaBHEHHUsSI, T.€. COCTABIAIOT JSJIEKTPOXMMHUYECKYHO Lenb. B
KA4eCTBE AIEKTPOAOB CpaBHEHHUS 1St BO/JTHBIX cpen
UCIIOJIB3YIOT XJIOPCEPEOPSIHBIN MU 0OpaTUMBI  BOJIOPOAHBIN  DJIEKTPOJT
cpaBHeHus. Ilocmenuuii  mpenactaBiaser  CcO0OM  TUIATUHUPOBAHHYIO
(2JIEKTPOXUMHUYECKHUM CIIOCOOOM OCaXJAECHHYIO Ha IUIATUHOBYIO TJIACTUHY)
IJIaTHHY, MOTPYKEHHYI0O B PAacTBOP KHUCIOTHI (CEpHOM, COJSHOW) C
AKTUBHOCTBIO HMOHOB BOJIOpOAa paBHOM 1, yepe3 KOTOpPBIA MOPOIYBAIOT
Bosiopon nipu nasiennu 101kIla. B cucreme ycranaBnuBaeTcst paBHOBECHUE

Ha(r) <> Ha(Pt) <> 2H(Pt) «> 2H" +2¢(Pt)

[Torenuman S5TOro0 paBHOBECHS B YKa3aHHBIX YCIOBHUSX MPHUHST
PaBHBIM HYJIIO TIPH JIOOBIX TEMIEpaTypax.

Tabnu4Hble 3HAYEHUS CTAHAAPTHBIX DSJICEKTPOJHBIX IOTEHIIMATIOB
(Eo) mpuBeIcHBI OTHOCUTEIFHO 00OPAaTHMOT0 BOJOPOIHOTO JICKTPOIa. DTH
3HAYEHUSI HOPMHUPOBAHBI HA OJIMH JJIEKTPOH M MX OTHOCAT K IPOIECCY
BOCCTaHOBJICHHSL:

Ox + ne =Red

B mpaktudeckux paboTax B KaduecTBE 3JIEKTPOJa CpPaBHEHUS dYallle,

yeM BOJIOPOJIHBIN, UCTIOJIB3YIOT  XJIOPCEPEOpAHBIA  BIIEKTPO/I.

XnopcepeOpsHbIN ANEKTPOI MPECTABIIIET CO00M cepeOpsSIHYIO TPOBOJIOKY,



AICKTPOJUTHYECKA TOKpBITYyI0 AgCl, IOMEIIEeHHYI0 B HAaCBIIICHHBIN
pactBop KCIl.

CranaapTHBIE 3JICKTPOJHBIE IMOTEHIMAIBI METAJUIOB M BOJOPOJA,
pACIIOJIOKECHHBIE B MOPAAKE WX  BO3PACTAHUSA, COCTABIISIIOT PSJI
CTaHIAPTHBIX BJIEKTPOIHBIX MOTCHIIMAJIOB METalJIOB, UJIN
BJICKTPOXMMHUYECCKAM PSAJI HANPSOKECHUM METAJUIOB. Psl 3JIEKTPOAHBIX
MOTCHIIMAJIOB JIA€T I10JE€3HbIC 3HAHUS:

I.Mertannpl, wuUMEIOIME 3HAYEHHUS DJICKTPOJHOTO  IMOTEHIMAIa
MEHBIIIE, YEM Y BOJIOPO/Ia, MOTYT PACTBOPATHCA C BBIACICHUEM BOJIOPO/IA B
KHCJIOTaX, aHUOHBI KOTOPBIX HE ABJISIFOTCS OKUCIATEISIMH.

2.Meraniael, uUMEOIIME OoJiblliee, 4Y€M Yy BOJOpPOAA, 3HAUYCHUE
CTaHJAPTHOTO AJIEKTPOJIHOTO MOTEHIIMAIAa MOTYT BCTPEYATHCA B IIPUPOJIE B
CaMOPOJIHOM BHJIE.

3.MeTtamipl, HWMEINIME  MEHBIIEE  3HAYCHUE  BJIECKTPOIHOIO
MOTEHIIMaa MOTYT  BBITECHSITh METAUIBI C  OOJBIIMM  3HAYCHUEM
AJIEKTPOIHOTO MOTEHIIAANIA U3 PACTBOPOB UX COJIEH.

4 Mertamibl, UMEIOIINE BJICKTPOAHBIA MOTEHIMAI MEHbBIIE, YEeM
MMOTEHIMAJ PEAKIUU

2H,O0 +2e =H, + 20H E,= -0,83B
B CTaHJAPTHBIX YCIIOBUSX MOTYT PACTBOPATHCA B BOJIE C BBIJICICHUEM
BOJIOpPOJIA.

Ilox ranbBaHMYECKUM DJIEMEHTOM MOHUMAIOT €AWHUYHBIC SYEUKU

XMMUYECKUX HMCTOYHUKOB TOKA, MNPEIHA3HAYECHHBIX [JI1 OJIHOKPATHOTO

ANEKTPUUECKOTO pa3psaa. ['aapBaHUYECKUN 3JIEMEHT MPEACTaBISIET COOOM



JBa DJJIEKTPOJA PAa3IMYHOM TMPUPOJBI MU DICKTPOIUT. MakcumanbHas
Pa3HOCTh MOTEHIHAIOB 3TUX 3JEKTPOJAOB B OTCYTCTBHUE SJICKTPUYECKOTO
TOKa Ha3bIBACTCS AJIEKTPOJBIKYIICH CHIOW (3.4.C.) TaJlbBaHUYECKOTO
AJIeMEHTa. J.1.C. MOXET OBbITh pacCUuTaHa KaK Pa3HOCTh PABHOBECHBIX
MOTEHIIUAJIOB 3TUX 3JIEKTPOIOB.

JIns raJlbBAHUYECKOTO 3JEMEHTA, COCTABJICHHOTO W3 JKEJIE3HOTO M
MEJIHOTO JICKTPOAOB 3./1.C. OyJeT paBHa:

Fe 2* + 2e =Fe Eo.=-0,44
Cu 2* +2e=Cu E,=+0,34
s.a.c. =+ 0,34 - (-0,44) =0,778,

JJIeKTPpUYECKHEe MOTEeHIHAJbl Ha (a3oBbix rpanunax. I[lpu
COMPUKOCHOBEHUM TPOBOJHUKA MEPBOTO pojia (JICKTPOAa) C MOJSIPHBIM
pactBopuTtesneM (BOJIOM) MO0 PAcTBOPOM DJIEKTPOJIMTA HaA TPaHHUIIC
AJEKTPOJI - KUAKOCTb BO3HHUKAET T.H. ABOMHOW  DIIEKTPUUYECCKUU
cioii (IDC). B kadecTBe mnpuMepa pacCMOTPUM MEIHBIA BJIEKTPOJ,

TIOTPYKCHHBIN B BOJTY JTUOO B pacTBOp cynbdara meau (puc. 14.1).

A -@@ B +E}®
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o - [ 3 o + | 3
T - 3 C T + = C
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Puc. 14.1 Cxema IBOMHOIO 3JICKTPUUECKOIO CJIOSI HA TPaHUIIE DJICKTPOJ -

pacTBop



IIpu morpy:X€HHM MEIHOrO 3JIEKTPOJIa B BOJY 4YAaCTh MOHOB MEIM,
HAaXOJAIIMXCA B y3JIaX KPUCTAUIMYECKOM PEIIETKH, B PE3yJIbTaTe
B3aMMOJICUCTBUSL C JAUMNOJSMU BOJBI OyJET NEpPEeXOAUTh B PacTBOP.
Bo3Hukaromuii pu 3TOM Ha JJEKTPOJE OTPHILATEIbHBIM 3apsia OyneT
VIAEPKUBATh MEPEHICAIINE B PACTBOP HOHBI B MPHUIIEKTPOIHOM
IIPOCTPAHCTBE - 00pa3yeTCs IBOMHOM JICKTPUUECKHUI CIIOH.

OTpuuarenbHbIl  3apsiji Ha DdJEKTpoAe OyAeT NpensaTcTBOBaTh
JNajlbHEUIIIEMYy TIepEeX0/ly MOHOB MEAW B PACTBOpP, U 4YEPE3 HEKOTOPOE
BpEMsI YCTAHOBUTCS JIMHAMUYECKOE pPABHOBECHE, KOTOPOE MOXKHO
OJITHO3HAYHO OXapaKTePU30BaTh MOTEHIIMATIOM 3JeKTpruueckoro noist J12C
@, 3aBucsIIEro OT 3apsja Ha JJEKTPOJE, WIM HEKOTOPOU pPaBHOBECHOMU
KOHIEHTpAIlUel HMOHOB B MpUAIEKTPpoJHOM cioe Co. [Ipum morpyxenuun
MeaHoro osJjekTpoaa B pactBop CuSOs, coaepxaliuii MOHBI MEIU B
KOHIeHTpauu C BO3MOKHBI TPH CIIyvas:

1. C < C,. ITocKOJIbKY KOHIIEHTPAIUS HMOHOB MEJIM B TOBEPXHOCTHOM CJIO€
MEHBIIIE PABHOBECHOM, HAYHETCS TIEPEXO0]] HOHOB U3 AJIEKTPOJia B pacTBOP;
AIEKTPOJ 3apsiKACTCS OTPHUIIATENIBHO, B MOBEPXHOCTHOM CJIO€ PacTBOpa
KaTHOHOB OyJeT Oosbliie, 4eM aHHOHOB (puc. 14.1A).

2. C > C,. ITockobKYy KOHIIEHTpAIUSI HOHOB MEJIM B MOBEPXHOCTHOM CJIOE
0oJIbIlIe PABHOBECHOW, HAYHETCS MEPEX0]] HOHOB U3 PACTBOPA B IJIEKTPO/I;
Ha 3JIEKTPOJI€ BO3HUKAET MOJIOKUTEIBHBIA 3apsiJl U B TOBEPXHOCTHOM CJI0€

npeobnagaroT annonsl SO4> (puc. 14.1B).



3. C = Co. IlockonbKy KOHIEHTpAIMsd HOHOB M€Y B IIOBEPXHOCTHOM CJIO€
paBHa PaBHOBECHOM (TaKue PacTBOPHI HA3BIBAIOT HYJIEBBIMHU), 3apsij Ha
AJIEKTPOJIC HE BO3HUKAET, IBOMHOM 2JIEKTPUUECKUN CIION HE o0pasyercs..
I'anbBanuuyeckuid 3jeMeHT. JD/IC rajbBaHMYECKOro 3JI€eMEHTA.
['anpBaHUYECKUN DJIEMEHT - CUCTEMA, B KOTOPOW XUMHUYECKAs DHEPrus
OKHCJIMTEIIBHO - BOCCTAaHOBUTEJIBHOIO
nporecca MpeBpanaeTcs B
AJIEKTPUYECKYI0, HAa3BaHHBIM B YECTh
Jlynmxu ['anbBanHwM. ITpu 3TOM
MPOLIECCHI OKUCIIEHUSI U BOCCTAHOBJICHHUS
B CUCTEME MPOCTPAHCTBEHHO PA3/ICIICHBI.
Paccmorpum MPOCTEUILINI

raJbBaHMYECKUN DJIEMEHT I[aHI/I&TIfI -

Sxobu, COCTOSIIINN u3 TIBYX
MIOJTY?JICMEHTOB - ITMHKOBOM M MEJIHOU JIynmxu T'anbBanu
IUTACTUH, TIOMEIICHHBIX B PAacCTBOPBI
CyJib(aToB IMUHKA U MEIU COOTBETCTBEHHO, KOTOPBIC COCIUHCHBI MEXIY
co00# MOCPEICTBOM 3JEKTPOIUTUYECKOTO KJIH0Ya - HAMpUMeEp, MOJOCKH
OymMaru, CMOYEHHOW  pacTBOPOM  Kakoro- JuOO  SIEKTPOJIHUTA.
CxemaTuyecKku JaHHBINA dJIEMEHT U300paXkaeTcs CAeAyIOIMUM 00pa3oMm:
Zn | Zn?* || Cu?* | Cu

Ha moBepxXxHOCTM KaXIOro W3 JJIEKTPOJOB HMEET MECTO

JMHAMUYECKOE paBHOBECHE TEpexo/ia MOHOB MeTala W3 DJEKTpoJaa B

pacTBOp U 00paTHO, Xapakrtepuzyemoe noteHuuaiom IIC (3apsmoM Ha



anekTpoae (). Ecim coeauHUTh MEAHBIH W IIMHKOBBIA 3JIEKTPOIbI
METAILTUYECKUM MPOBOTHUKOM, HEMEJICHHO MPOU30UJIET
nepepacnpeiesieHue 3apsioB - BJEKTPOHbI HAYHYT MEPEMENIAThCS C
aleKTpoaa ¢ OoJiee OTpHUIIATEIbHBIM 3apsjoM (B HaIleM clydae -
IIMHKOBOI'0) Ha 3JIEKTPOJ C 00jiee MOJIOKUTEIbHBIM 3apsaoM (MEIHBIN),
T.€. B IPOBOJHUKE BO3ZHUKHET DJICKTPUUECKUN TOK. VI3MEHEHNE BEIIMUNHBI
3apsiia KaXXJ0ro W3 DJIEKTPOJOB HapyIIaeT PaBHOBECHE - HA IIMHKOBOM
AJIEKTPOJIE HAYHETCS MPOIECC MEPEXo/ia MOHOB U3 JJIEKTPOJa B PacTBOP
(okucimeHne MeTamuia), Ha MEIHOM - U3 pacTBOpa B DJIEKTPOJ]
(BOCCTaHOBJICHHE METaJlIa); MPU ATOM IPOTEKaHWE Mpollecca Ha OJHOM
AJIEKTPOJIE 00YCJIOBIIMBAET OJTHOBPEMEHHOE MpOTEKaHUE
IIPOTHBOIIOJIOKHOTO MpoIiecca Ha apyrom (puc.14.2):
Zn° — Zn%* + 2e-
Cu®* +2¢ — Cu°
DNeKTpoa, Ha KOTOPOM MpHU pabdOTe TrajlbBAHUUYECKOTO 3JIEMEHTa
MPOTEKAET TMPOLECC OKHUCICHUS, HA3bIBACTCA aHOOOM, DIEKTPOH, Ha

KOTOPpOM MACT NPpOUCCC BOCCTAHOBJICHUA - KamoooM.
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(-)Zn | ZnSO4 || CuSO4 | Cu(+)

PacTBOPHI COJICH
Puc. 14.2. 'anpBannueckuii d5emMenT Jlanauamis - SAxkobu

[Ipr cxemaTUyeCKOM H300pKEHUU TalbBAHUYECKUX DSIEMEHTOB
CJieBa 3alUCHIBAIOT AHOJ, CIpaBa - KaroJ (CTaHIApTHBIA BOJOPOIHBIN
ANEKTPOJ BCErja 3amuchiBaloT ciieBa). CyMMapHbId OKHUCIUTEIBHO-
BOCCTAHOBUTEIIBHBIA  IPOLIECC, MNPOUCXOIAIINM B  TaJbBaHHUYECKOM
AJIEMEHTE, BBIPAXKAETCA CIECIYIOIIUM YPAaBHECHUEM:

Cu®* +Zn° — Cu®+Zn#

Takum 00pa3om, ralbBaHUYECKUN DJIEMEHT MOXHO ONPEACIIUTh KaK
npubop Mg NpeoOpa3oBaHUs XUMHUUYECKOM SHEPrUU OKUCIUTEIHHO-
BOCCTAHOBUTEIBHOM peakuuu B ANEKTPUYECKYIO 3a CYET
IPOCTPAHCTBEHHOTO pasaeneHus IPOLIECCOB OKHCIJICHUS "

BOCCTaHOBJIeHUs. PaboTa, KOTOPYIO MOMKET COBEpPUIUTH AJIEKTPUUYECKUI



TOK, BbIpa0aThIBaeMblli TaJbBAHUYCCKUM JJIEMEHTOM, OMPEACIICTCS
Pa3HOCTBIO  JJICKTPUYECKUX  IMOTCHIMAIOB  MEXAY  DJEKTpOoJaMu
(Ha3pIBaeMOM  OOBIYHO TIPOCTO  PA3HOCTHIO TMOTEHIMAIOB) AQ@ W
KOJTMYECTBOM ITPOIICIIIETO MO IENH dJESKTPUIECTBA (:

da = A¢-dq (14.1)

Pabotra TOka ragbBaHUYECKOTO »dJIEeMEHTa (M, CJIEJOBATEIbHO,
Pa3HOCTh MOTEHIIMAJIOB), OyJIET MaKCUMAaJIbHA MPU €ro 00paTumMoit padoTe,
KOT1a TIPOIIECCHI Ha JISKTPOIaX MPOTEeKar0T 0ECKOHEYHO MEJICHHO U CHJIA
TOKa B MMM OSCKOHEYHO Maya. MakcuMallbHas PasHOCTh IMOTEHIIUAJIOB,
BO3HHMKAOIIAS TpH 00paTUMOI paboTe TalbBAaHUYECKOTO 3JIEMEHTA, €CTh
anekTpoapmxkymas cuia (3J]C) rarpBaHUYECKOT0 AJIEMEHTA.

ITonsiTHe 0 MOTEeHUHAJIE JJIeKTpoaAa. YpaBHenue HepHcra

DEeKTPOAHBIM  moTeHHuaJd. YpaBHenume Hepucra. 3JIC
raJlbBaHUYECKOro ajeMeHTa E ymoOHO mpencTaBisTh B BUIE Pa3HOCTH
HEKOTOPBIX BEJIIMYMH, XapaKTepHU3YIOMUX KaKABIH W3 DJICKTPOJOB -
AJICKTPOJIHBIX TTOTEHIIMAJIOB;, OJHAKO JJII TOYHOTO OIpEASICHUS ITHX
BEJIMYMH HEOOXOJMMa TOYKA OTCYETA - TOYHO H3BECTHBIN SJIEKTPOIHBIH

IIOTCHIOHMAJI KaKOIo - o0 SJICKTPOAA. GHGKTPOI[HBIM IMOTCHIHNAJIOM
SJICKTpOda ED Ha3bIBAETCA 9I[C QJICMCHTA, COCTAaBJICHHOI'O H3 AAaHHOI'O

AJIEKTPOJla W CTaHJAPTHOTO BOJOPOIHOTO JJIEKTpojaa (CM. HUXKeE),
AIEKTPOJHBIN MMOTEHIUAI KOTOPOI'O0 IPUHAT PaBHBIM HYJIIO. [Ipn 3TOM 3HaK
AJEKTPOJHOTO IOTEHUHANA CYUTAKT IIOJIOKUTEIBHBIM, €CIM B TAaKOM
rajJbBaHUYECKOM JJIEMEHTE UCHBITYEMBIA JJIEKTPOJ SBJISETCS KAaTOAOM, U

oTpuuaTCjIbHbIM, CCJIH HCHBITyeMBIﬁ QJICKTPOA  ABJIACTCA  AHOIOM.



HeoOxoauMo  OTMETUThb, UYTO HWHOTJA  JJICKTPOJHBIA  IMOTEHIUAT
ONpPEACNSIIOT KakK "pa3HOCTh NOTEHIMAJIOB HA TpaHUIC JJIEKTPOd -
pacTBop", T.. CUHUTAIOT €ro TOXKJACCTBCHHbIM mNoteHnuany 2C, uto He
BIIOJIHE MPABUJILHO (XOTSI ATH BEJIMUMHBI B3aUMOCBSI3aHbI).

DnexTpoaHbIi noreHnuan M < M ™ + ne

IneKmpooHvlil nOMeHYUA1 - PA3HOCTh MOTEHIIMATIOB, BO3ZHUKAIOIIAs
MEXK]ly METAJJIOM U PACTBOPOM €T0 COJIH.

Cmanoapmmuutit  Inekmpoonvlii. nomenuuan E, - pa3sHOCTb
MOTEHIIMAJIOB MEXJIy CHUCTEeMOM MeTall/pacTBOp COJM MeTauila M
CTAHJIAPTHBIM BOJIOPOAHBIM DJIEKTPOJAOM, HM3MEpPEHHAas B CTaHAApPTHBIX
ycioBusx (p - lamm., T - 25°C, KOHIICHTpaluu Bcex HOHOB 1 M).

BenuuuHa 3JI€KTpOAHOTO TMOTEHIMATIA METALIUYECKOTO AJIEKTPOJa
3aBHUCUT OT TEMIEPaTypbl U aKTUBHOCTHU (KOHILICHTpAIlMK) HOHA METaJllla B
pacTBOpe, B KOTOPBIN OMYIIEH AJIEKTPOI; MAaTEMAaTUUYECKH 3Ta 3aBUCUMOCTh

BbIpaxkaercs ypaBHeHrueM Hepucera (3necy F - mocrosinnas ®apanest, z -

3apsij] NOHA):

RT
—Fo i [nay' ~ EOM+'§—II|n[Mz+]

(14.2)

B  ypaBuenum  Hepucra E°
CTAaHJAPTHBIA 3JIEKTPOJAHBIM TMOTEHIIUAII,
paBHBIM  MOTEHLMANy JJEKTpoAa IpH
aKTUBHOCTH HWOHA MeTaia, paBHOM |

MOJIB/JI. CrannmapTHbIie AJIEKTPOAHBIE

J>xon JlaHnsmp



MOTCHIUAJIBI  AJICKTPOJOB B BOJHBIX PACTBOPAX COCTABISIFOT Pl
HanpspkeHui. Benuunna E° ecTth Mepa cmiocOOHOCTH OKHMCJIEHHON (POpPMBI
AJIEMEHTAa WA HWOHA TMPUHHAMATh BJICKTPOHBI, T.€. BOCCTAaHABJIMBATHCS.
Nuorma pasznuumeM MEXAY KOHIIEHTpAIME W AaKTUBHOCTHIO HOHA B
pacTBope npeHedperaioT, U B ypaBHeHur HepHcera noja 3HakoM Jiorapudma
burypupyeT KOHIIEHTpAIMsi MOHOB B pacTBope. BenumuuHa 3eKTpOgHOTO
MOTCHIMAJIA ONPEJEIIET HANPaBICHUE TMIpolecca, MPOTEKAIIEro Ha
AJNIEKTPOJIE TIpU pabdoTe TrajdbBaHUYECKOTO dJeMeHTa. Ha momyanemeHre,
ANIEKTPOJHBIA MOTEHIMAT KOTOPOTO MMEET OoJiblliee (MHOTJAa TOBOPST -
OoJjiee  MOJIOKUTENbHOE) 3HAaueHHWe, OyJeT TMpoTeKaTh  MPOoIEecC
BOCCTAHOBJICHUSI, T.€. IAHHBIHN JIEKTPO OYJIET SIBJSTHCS KaTOJAOM.
Paccmorpum pacuér DJIC snementa danudns - SIkoOu ¢ MOMOIIBIO
ypaBHenus: Hepuera. DJIC Bcerna siBiIsieTCS MOJOKUTEIBHON BEIIMYMHON U

paBHaA Ppa3dHOCTH JJICKTPOAHBIX ITOTCHIHUAJIOB KAaTOA4d XU aHOAA:

E=Ec,- Ez (14.3)
RT N
Ecu = E°cy + ﬁ In[Cu2 ] (144)
RT N
Ezn = E%,+ 5E In[Zn2 ] (14.5)
RT . RT
E= E%u+ op INCU™] - E°z- 5= In[zn?] (14.6)

RT, [Cu®
E = E%u- E%+5F |nl[ﬁ% (14.7)



Kak BumHo w3 ypasHenus (14.7), DC nsnementa Jlanusns - Sxobu
3aBUCUT OT KOHIIEHTpAIMU (TOYHEE TOBOPS, AKTUBHOCTH) MOHOB MEIU U
IMHKA; MpU WX paBHbIX KoHUeHTpanusax IJC snemeHtra OyaeT paBHA
Pa3HOCTHU CTaHJAPTHBIX 3JEKTPOJIHBIX MTOTEHIINAIOB:

E =E%.u- E°%n (14.8)

Ananmuzupyst  ypaBHeHue (14.7), MOXKHO ONpeAeIuTh Mpenael
HEoOpaTUMOMN pabOThI TAJIbBAHUYECKOTO DJIEMEHTA.
ITockonbKy Ha aHOJZIE HUJIET MPOLIECC OKUCICHUS IMHKA, KOHIICHTpAaIIMs
MOHOB IIMHKA MpU HEOOpaTUMON paldoTe TralbBaHUUYECKOIO JJIEMEHTA
MOCTOSIHHO ~YBEJIMYMBAETCS; KOHIIGHTpAIMSI HOHOB MEIU, HaIMpOTUB,
yMeHbIiaeTca. OTHOIIEHWE KOHIICHTpalluii HMOHOB MEAWM U IIMHKa
IIOCTOSIHHO yMEHbINaeTcss ¥ jorapudm storo ortHomernus mpu [Cu?'] <
[Zn?*] cranoBuTCa oTpuuaTensHBIM. T.0., Pa3sHOCTH MOTEHIUAIOB IPH

HEeoOpaTuMoil  paboTe  TaJbBAHUYECKOTO  3JIEMEHTA  HENPEPBHIBHO
yMmeHblnaerca, npu E = 0 (T.e. Ek = €a)

ralbBAaHUYECKUH  DJIIEMEHT HE  MOJXKET
coBepiiath padoTy (HeoOpaTumasi pabota
raJIbBaHUYECKOTO DIIEMEHTA MOJKET
NPEKPaTUThCS TakKe HM B pe3yJbTare
MIOJTHOTO PACTBOPEHUS IIMHKOBOTO aHOA).
VYpaBaenue (14.7) oObsICHSET TakkKe U

paboTOCTIOCOOHOCTH

T.H. KOHLIEHTPAIMOHHBIX ereun -

TaJJbBAHNYCCKHUX JJIEMCHTOB, COCTOAIIINX M3

Mopur SAxoou



JIBYX OJIMHAKOBBIX METAJUIMYECKUX AJIEKTPOJIOB, OMYILEHHBIX B PACTBOPHI

COJIM ATOT0 METajla C pa3IMYHbIMU aKTUBHOCTSIMHU ai > az. KaTtogom B

ATOM cilydae OyJeT SBJIAThCA DJICKTPOJ ¢ OOIbIICH KOHIICHTpaluel, T.K.

CTaHJIAPTHBIC AJIEKTPOJHBIE MOTEHIMABI 000UX 3JICKTPOJOB PaBHBI; IS

OJIC KOHIIEHTPAIMOHHOT'O TAIbBAHUYECKOTO JIEMEHTA MOJTyYaeM:
E=Ei-Ep+ 'j—gan—; (14.9)

EnuHCTBEHHBIM PE3yIbTaTOM pabOThl KOHIIEHTPAIIMOHHOTO JIEMEHTA
SBJISIETCS TMEPEHOC MOHOB MeTajla W3 0ojiee KOHIIEHTPUPOBAHHOTO
pacTBopa B MEHEE KOHIIEHTpUPOBaHHBIN. T.0., paboTa >JIEKTPUYECKOTO
TOKa B KOHIIEHTPAIIMOHHOM TaJIbBAHUYECKOM OJJIEMEHTE - 3TO paboTa
nuddy3rnoHHOTO TpoIiecca, KOTOPBIM MPOBOJUTCS OOPaTUMO B PE3yJIbTaTe
MPOCTPAHCTBEHHOI'O Ppa3JIeJICHUs] €ro Ha JiBa IPOTUBOIOJOXKHBIX IO
HaIpaBJICHUIO OOPATUMBIX JIEKTPOIHBIX IpoIlecca.

OnpenesieHue 3JIEKTPOABHKYIEH CHIIbI

DNEeKTPOABMIKYIIAsA CUjla TaJdlbBaHUYECKOTO 3JIEMEHTA 3aBUCUT OT
XUMUYECKUX U (PU3UUYECKUX CBOMCTB BEIIECTB, €T0 COCTABJIAIONINX, U HE
3aBUCUT HU OT (OPMBI M pa3sMEpPOB AJIEMEHTA, HU OT €r0 BHYTPEHHETO
ycTporcTBa. Ho BHyTpeHHEE yCTPOMCTBO M pa3Mepbl OTAENIBbHBIX YacTel
AJIEMEHTAa UMEIOT OOJIBIIIOE BIWSHUE HA €r0 BHYTPEHHEE COMPOTHUBIICHHUE,
TaK KaK OHO 3aBHCHT OT PaCCTOAHUA MCXKAY ITOJIOCAMU (HpH YMCHBIICHUHU
ATOr0 PACCTOSIHUSI BHYTPEHHEE COMPOTUBIICHUE AJIEMEHTA YMEHBIIIAETCS),

OT pa3Mepa MOTPYNKEHHOM B JKUIKOCTh IMOBEPXHOCTH TOJIOCOB (IpH



YBEJIMYEHUH  OTOM  MOBEPXHOCTH  BHYTPEHHEE  COIPOTHUBIICHUE
YMEHBIIIAETCA), OT XHUMHYECKOTO COCTaBa JKMIKOCTH  DJICMEHTA.
BHyTpeHHEE COINPOTUBICHHUE TAIBBAHUYECKHUX JJIEMEHTOB HE SBIISICTCS
MOCTOSIHHBIM M TI0 Mepe padOThI JIEMEHTA OHO MTOCTEIIEHHO BO3PACTAET.

DIJIEKTPOJIBMKYIAsi ~ CAJIa  TaJlbBaHUYECKOTO  BJIEMEHTA PaBHA
Pa3HOCTH €ro DJJEKTPOAHBIX moTeHrumanoB: E - Ei1 - Ep, tne E -
AJIEKTPOJBMIKYIASA CUJIA DJIEMEHTA, a £y U E2 - BIEKTPOJHBIE MOTEHIUAIBI.
AOCOIIOTHOE 3HAYCHHUE DJICKTPOJAHOTO IMOTEHIIMAla U3MEPUTh HEJb3s, HO
MOKHO OIPEAEIUTD JJIEKTPOABUKYIIYIO CUTY FaJIbBAHUYECKOTO AJIEMEHTA,
COCTaBJICHHOTO U3 JBYX JJIEKTPOJIOB, IPUUEM ITOTEHUHUAT OJHOTO M3 HUX
YCIIOBHO IIPUHATH PAaBHBIM HYJIKO. bBe3yCiIOBHO, PU 3TOM U3MEPSIOT HE
a0COJIFOTHYIO BEJIMYUHY JICKTPOJHOTO MOTEHIMAIa, 4 €0 OTHOCUTEIBLHOE
3HaueHUe. B KayecTBe DJJEKTpOoJa ¢ HYJEBBIM MNOTCHUHUAIOM HPUHSAT
HOPMAaJIbHBIA BOJOPOIHBINA JIEKTPOJI, MPEACTABISIONINN COOON MIACTUHKY
C HAHECEHHOW Ha Hee MEJIKO pa3ApoOJeHHOW IUIATUHON (TJIaTUHOBAs
YepHB), IOTPYKEHHYIO B PACTBOP CEPHOU KHCIOTHI (puc. 14.3).

Uepes pacTBOp IMPOMYCKAIOT Ta3000pa3HbId BOJOPOJ, KOTOPBIN
azcopOupyeTcs IIaTUHOM, TOT/Aa BOJOPOJHBIN AJIEKTPOJ BEJET ceOs Tak,
KaK eciu Obl BOJAOPOJ ObLI TBEPABIM METAJNIOM, OMYIIEHHBIM B PacTBOD,

COJZEpKAIIAN €r0 UOHBI.




Puc. 14.3. Cxema cTaHIapTHOTO BOJOPOIHOTO JIEKTPOa

Yro kacaeTcs miIaTUHbBL, TO OHA SIBISIETCS HOCUTEIEM 3TOTO BOJIOPOAA
Y TIPOBOJTHUKOM 3JIEKTPOHOB.

B BOIOpOIHOM 3JIEKTPOIE MPOUCXOAUT PEAKIIHS

12H; & H" + e

BrnioniHe ananoruyHas peakuusiM, MPOTEKAIOIIUM Ha MOBEPXHOCTHU
METAJUTMYECKUX  DJEKTPOAOB, OOpaTUMBIX OTHOCUTEIHHO KaTHOHA.
[l;matuHa 371€Ch UTrpacT poJib TOJBKO MHEPTHOTO MPOBOJHUKA U MOXKETh
ObITh 3aMEHEHa NaJJIaJueM, UPUIUEM, 30J0TOM WA HEKOTOPBIMHU
IPYTUMHU METalIaMHU. ODJIEKTPOAHBIA MOTEHUHAT TaKoTO 3JIEKTPOJa
3aBHUCUT OT KOHIEHTPAIlMH WOHOB BOJOpPOJa B PACTBOPE, OT JABIICHUS
BOJIOPOJIa B pacTBOpE, OT MAAaBJEHUS BOJOpOJa B razoBod (aze u or

temneparypsl. [Ipu nocroasanom nasinenuu pHo - 1 atwm.

RT
En+ =E%+ + >E Inay*,
MoO>XHO MOKa3aTh, 4TO JISI APYTOTO AABJICHUS PH;
—po. L RT
Ens =FE%+ + F (Inay* - 1/2 InpH,)

BOI[OpOI[HI:Iﬁ QJICKTPOA MOJKET IIPUMCHATHCS IIPU JTFOOBIX JaBJICHUAX

BOJIOPO/Ia, MPH JIFOOBIX KOHLIEHTPAIIMAX HOHOB BOJIOPO/Ia B PACTBOPE U MPHU



JTIO0BIX TEMIIEpATypax. DIEKTPOAHBIN MOTEHIIMAN €T0 3aBUCUT OT YCIIOBHIA,
IIpU KOTOPBIX OH paboTaeT.

HopManbHbIM BOJOPOHBIM 3JEKTPOJIOM CUUTAIOT TaKOM, B KOTOPOM
IJIaTHHA TOTPY>KEHA B PpacTBOpP CEPHOM KHUCIOTHI, COAEp KAl [ 2- uou
BoJiopoJa Ha | 1 W Korjga ra3oo0pa3HbId BOJOPOJ, aacoOpOHUpyeMbIit
IJIATUHOM, MOCTYIIAET B 3JICKTPOJ MO JAaBieHUEM B 1 amm. Ecnu Takou
AJMIEKTPOJT COCIAUHUTH C JIPYyTUM  DJIEKTPOJOM, TO U3MEpPECHHas
ANIEKTPOJBIDKYINAST CUja OyJeT MOTEHIIMAJIIOM JPYyroro ajiekTpoja. Tak,
ANEKTPOJABIKYIIYIO CHUJIy 3JIEMEHTA, COCTABJICHHOIO U3 BOJOPOJHOIO U
IIUHKOBOT'O JICKTPOJOB, OMPEACIISIIOT YPABHEHUEM:

E = Enom+ - Ezzn®

CranaapTHBIN 3J1eKTPOAHBbIN MOTEHIMAJ BOAOPOAA U
METAJLJIOB.

[Torenunan CcTaHAAPTHOTO BOJOPOJHOIO HJEKTpPOAa  MPHU CTaH-
naptHbiX ycrmoBusax (101 325 Ila, 298 K) npunsat paBaeiM 0,008. Tak kak
3HAYEHUE CTaHJAPTHOIO BOJOPOJHOrO 3JEKTpoja OyaeT uMeTh Ooliee
MOJIOKUTEIIBHOE YHCJIO, YEM MOTEHIMal BOJOPOJAHOro siekrpona 0,1M
pacTBOpax KHUCJIOT, TO OH OyJIeT SBIATbCS KAaTOJAOM, a KHUCIOTHBIE
AIEKTPOJBI - AHOJAMH.

CraHmapTHBIM BOJOPOJHBIA ~ JJEKTPOJ  SIBJISIETCS  ATAJIOHOM,
OTHOCHUTEJILHO KOTOpPOTO BEJIETCA ONPENECICHUE IICKTPOJHOTO
MOTEHIMAJIA BCEX CYIIECTBYIOIINX 3JIEKTPOJIOB.

s onpenenenus IJIC raabBaHUYECKOTO JIEMEHTa HEOOXOIUMO U3

IMOTCHIIMAJIa KaTOoJda BbIYCCTHb IMOTCHHOHAJI aHOAA4, T. €. IIPU BBIYUCJICHHUU



OJIC »ieMeHTa MEHBIIMK SJIEKTPOJHBIM IOTCHIMAI BBIYUTACTCA U3

0oJIbIIIEeTO (B alIre0panyeckoM CMBICIIE), TTOTYUYHUM:
SI[C = E(KaTO,II) - E(aHoz[)

3JICKTpOHHBI€ IMOTCHIUAJIbI  pPAaCCUUTBIBAIOTCA II0  YPABHCHHIO

Hepnucra:
P E =E° +O’?]—59Igc

rae, Eo- CTaHAApPTHBIA 3JIEKTPOAHBIM IIOTEHIMAN JJIEKTPOJA; h -
YUCIIO JJIEKTPOHOB, TMPUHUMAIONIMX Yy4YacTHE B IIpolecce; C -
KOHIICHTpaIYsI HOHOB 3JIEKTPOJa B PacTBOPE.

Ilpumep. TanpBaHWYeCKHil 53JEMEHT COCTAaBICH W3 JBYX BOIOPOIHBIX

AJIEKTPOJIOB, M3 KOTOPBIX OJIMH CTAHJAPTHBIN. B Kakoil U3 mepeyncIeHHbIX pACTBOPOB
ClIeyeT MOTPY3HUTh JIPYTOW AIEKTPOA I MOJydeHUss HauOoubIiei 3. 1. c.: a) 0,1 M
HCI; 6) 0,1 M CH3COOH; B) 0,1 M H3PO,4?

Pewenue.

UeM MeHbIIE YHCICHHOE 3HaueHHWe Jjorapudma, TeM OOJIbIe MOoJydacTcs
3HAYEHHE YJICHA ﬁ lgc Tak kak CH3COOH sBnsercs Oojee ciaObiM
anextpoautom, Hexenn HCl u H3POs, TO ipu paBHBIX KOHIIEHTpAIMAX PacTBOP B
HEM OyIeT coaep:kaThb MEHbBIIE YHCIO MOHOB BOJOpoja (¢ OyJeT MMETh MEHBIIEE
YUCJIEHHOE 3HaueHwue). YieH (ﬁ lgc | cremoBatensHoO, OyneTr uMeTh Oosbllee
yucJIeHHOE 3HaueHwe, T.. aHox B pactBope CH3COOH Oymer 0Oonee
aneKTpooTpuliatenbubiii, yeM B pactBopax HCl u H3POs, moTtomy 4TO yBenuuutcs
pa3HULA MEXAy 3HaYEHUSIMHM NOTEHUMANOB Karoda M aHoAa [Ewaron - Eanon], IUC

raJJbBAHUYICCKOI'O 3JICMCHTA YBCIIMIHNTCH.

CranpapTHbIii TOTeHUMaN »3aekTpoga FE° - sto IDJIC cucremsi,
COCTABJICHHBIM U3 ATOTO JIEKTPOJIa B CTAHAAPTHBIX YCIOBUAX(8ox = ared =1,

t = 25°C)u cTangapTHOTO BOJAOPOIHOTO BISKTPO/IA.



CraHmapTHRIM TOTEHUHAT 3aBACUT OT NOPUPOABI JJEKTPOAA U
MPUPOJIBI PACTBOPUTEIIA.

CranmapTHple TOTECHIMAIBI B BOJOPOAHOW IIKaJE [J1 MHOTUX
AJIEKTPOJIOB CBEICHHI B TaONUIBI W IIMPOKO HCIOJB3YIOTCA B
anekTpoxumun (Taom.14.1).

Hcnonb3oBaHue TaOIUIbl CTAHIAPTHBIX MTOTEHIINAIOB:

1) Jlis pacdera paBHOBECHOT'O ITOTCHIIMAJIA 10 YpaBHeHHI0 HepHcera.

Hanpumep, A1t TIMHKOBOTO JIEKTPOAa

RT

Ep=-076+ —r

Inazn?,
Tabnuia 14.1

CTaHI[apTHBIe ITIOTCHIINAJIbI

DJEKTPOJI DJIEKTPOHAS PEAKITUS E°, B
Na*/ Na Na"+e <> Na -2,71
Zn%*l Zn Zn** +2e < Zn -0,76
Fe?*/ Fe Fe?* + 2¢ < 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 /O, 1/205 + H,O + 2¢ <« 20H" +0,40
2CI/ClI; Cly +2e < 2CI +1,36

2) J1nst mpaBUIIBHOM 3aIlMCH 3JIEMEHTOB M OIIPEICIICHUS HAIIpaBICHUS
pEaKIuu B HUX.
CormacHo MexayHapogHOW KOHBEHIIMM CIpaBa  3alUCHIBAIOT
ANEKTPOJ, ¢ Oojiee MOJIOKUTEIBHBIM TMOTEHIIMATIOM, a ClieBa - ¢ OoJiee

OTpHULIATCIIbHBIM.



B kauecTBe mpuMepa pacCMOTPHUM, CHCTEMY, COCTOSIIYIO U3 ME/IH,
[[UHKA U PACTBOPOB, COACPKALIUX MX HOHBL:

Zn | ZnSO4 || CuSO4 | Cu

E%.2* fcy = + 0,34B; E%n2*/z0 = - 0,76B;
[porieccy OKUCIIEHHUS Ha JIEBOM 3JIEKTPOJIE COOTBETCTBYET

peakiys BOCCTAHOBJICHHUS Ha IPAaBOM.

JleB.nn. : Zn - 2e = Zn?*

I[Ip.on.: Cu?* + 2e =Cu
CyMMapHoe ypaBHEHHE B a1eMenTe: Zn + Cu?t = Zn?* + Cu

3) Js1 onpesieniennst KOHCTAHTHI PABHOBECHS.
Ha npumepe Toit sxe cucteMbl: Zn | ZnSOy4 || CuSO4 | Cu paccurntaem
ee crangaptayto IJ1C:
E0cy2* lou - Bz = + 0,34 +0,76B =1,1B.

KoncranTa paBHOBeCHs CyMMapHoii peakiun: Cu?*+Zn=Cu+2Zn?*

azn2+

K A6H =
P acu2+

Toraa B cooTBeTcTBHHU ¢ ypaBHEHHEM Eo = RT/ZFINK,

22
_ 100,059 = 1037

_ 0,059, aznz+ azn2+

1.1 2 9 acu2+ acu2+

B ycnoBusix paBHOBECHSI OTHOLICHUE KOHIICHTPAIIMA MOHOB LIUHKA U
37.
MeJId B paCTBOPE JOJKHO ObITH paBHbIM 10
Ecnmu B34Thle KOHIIEHTPAIlMA HE PaBHbl PABHOBECHBIM, TO B
AJIEMEHTE CaMOIPOU3BOJIBHO MMOWAET MPOLECC B CTOPOHY JTOCTHUKCHUS

PaBHOBCCHBIX KOHH@HTpaHI/If;I.



CrienoBaresibHO, 3HAHUE CTAHAAPTHBIX MOTEHINATIOB MO3BOJISET
OIIEHUTh T€ KOHIICHTPAIIUM, 10 JOCTHKEHUS KOTOPHIX OJMH MeTall OyaeT
BBITECHATH Jpyroil MeTtamil ( Wiad BOJOPOJ) M3 pacTBopa €ro MOHOB. B

o0111eM cityyae:

V1 £ (E°- E°

S 0059( - EY)
— = 10"

V2

M.

Kp =

OTHOIIHEHUE PABHOBECHBIX KOHIIEHTPALMI TeM OOJIblle, YeM
OOJblIE Pa3HOCTh CTAHAAPTHBIX NMOTeHIManoB. [Ipuyem Mmeramn ¢ Ooiee
OTpULIATENIbHBIM OyJIeT BBITECHATH U3 pacTBOpa MeTal c Ooliee
MOJIOKUTEIbHBIM MOTEHIIMAJIOM W 3TO BBITECHEHHWE TEM IOJHEE, 4YeM
Jaibllle PacoOKEHbl APYT OT JIpyra METAJIbl B TaOJIUIE CTaHAAPTHBIX
MOTEHI[MAJIOB.

Ha 3TOM CcBO#CTBE OCHOBaH KOHTAKTHBIN CIIOCOO OYMCTKU PACTBOPOB
nyTeM  yemMeHmayuu — OJHOTO  MeTalia  JpyruM.  Hampuwmep,
OPOMBILIUJIEHHBI ~ pacTBOp A DJIEKTPOpaUHUPOBAHUS  HUKEJS
MOJIy4aeTCsi MPU aHOAHOM PACTBOPEHUM YEPHOBOTO HUKENS U COJAEPKHUT
MHOTO MOHOB MeJii. OUKMCTKa OT MEJU MPOUCXOIUT IMyTEM LIEMEHTAIUU €€
&KEJIe30M - B PacTBOpP MpU TNEPEMEIIMBAHUM 3acChIMAeTCs >KEJIC3HBIM
MOPOLIOK MM Kpynka. Bo3HukaeT oOMeHHast peakuust (LIeMEHTAIUN):

Fe + Cu?* & Cu + Fe**
OHAa TMOWJET A0 HACTYIUJICHUS PABHOBECHUS, MPU KOTOPOM MOTEHIIHAIIBI

COOTBCTCTBYIOIIUX 3JICKTPOAOB CTAHOBATCS PABHBIMU.

034 +2%1ga .= - 044 + 2 Iga_,,
0, 059 I 20.78
Ig 2ee> - =0,34+0,44 = 0,78 B; a——100059 = 10%

— D



HpaKTI/I‘{eCKI/I IMOJIHasA OYMCTKaA paCcTBOpa OT HOHOB MCJ/IH.

Ecimu metann HaxXoauTsA B PaCTBOPC, COACPKAIICM HOHBI 3TOI'O
MeTajlia pa3H0ﬁ CTCIICHU OKHCIICHUA, TO, HMCIIOJIb3Yysd CTAHAAPTHBLIC
MNOTCHIHAJIbI, MOKHO pacCUuTaTb PAaBHOBCCHLIC KOHICHTPAOIWHU OJOTHUX

VOHOB. aZe .

77 7 K — Lzl
ZIM=2 + M 2 ZoMA pasH. = a21
M2

Hanpumep, s cuctemsl Cu?*, Cu* | Cu, rie npoTekaeT peakiys:
Cu?* + Cu — 2Cu*
2
2 B -
a%cv+ _ | 5059 036082) 105
dcu2+

Takum o0pa3oM, eclii MeIb HaXOJUTCS B PAaBHOBECUHU C PACTBOPOM,
COAEpXkaIllUM €€ MOHBbI, KOHIEHTpAlHs €€ OJHOBAJICHTHBIX MOHOB B 103
pa3 MEHbIIIE, YEM JBYXBaJICHTHBIX.

IToCKONBKY  BJICKTPOXUMHUYECKHE PEAKIUU HAYT C 3aMETHOM
CKOPOCTBIO IIpH KoHIeHTpauuax He Hmwke 108 - 107 10 M, mpumenenue
TEPMOJMHAMUYECKUX YPABHEHUHN K AJIEKTPOXUMHUYECKUM PEAKIUAM UMEET
CMBICII B PACTBOpAx ¢ KOHIEHTpanuei He nmke 1078 M.

PacdyeTr KOHCTAHTBI paBHOBECHUs] TO3BOJIAET TMPAaBUIBLHO BHIOPATh

PCaKTuB Jisi IMPOBCACHUA THUTPOBAHUA B aHAJIUTHYCCKOM XHUMUH.



Hanpumep, pactBopsl cosieid osioBa (1) nmpuMeHsIOT 1711 KOJTUYECTBEHHOTO

onpenennus noHos Fe*. B paBHOBECHOM COCTOSHMH, KaK 5TO CIEyeT M3

CTAHJIAPTHBIX TOTEHIIMAJIOB, IOCTU BCE PACTBOPEHHOE XKee30 OyJler

IPHUCYTCTBOBATH B hopme Fe?*.

algeg+ ac 2. 2(0,15-0,77)
i —10 0059 = 10207
aFe2+ Agpa+

Hnst cozoanuss XUTOB ¢ 11e1p10 MOJYyYEHUS] MAKCUMAIBHO BO3MOKHOM

DJ1C HeoOXx0oauMO OpaTh JIEKTPOAbl KAK MOMKHO JTAJIbIII€ OTCTOSAIINE JPYT

OT Jpyra B TaOJMIlE CTaHIAPTHHIX MOTeHIHanoB. OQHAKO 3TO HE BCEra

BO3MOXXHO CACJIIATb, TaK KdaK HC BCC JJICKTPOAbI TCPMOIANMHAMHUYCCKU

YCTOUYUBBI.

3amavyu ¥ BONPOCHI JAJI1 CAMOKOHTPOJIS

1.

Yto Takoe HNEKTPOAHBIM MNOTEHIMAN, CTaHAAPTHBIM SJIEKTPOJIHBIA IMOTECHIHAI,

5.4.c.? Kak 3aBUCHUT AJIEKTPOJAHBIN MOTEHIMAN OT KOHIIEHTPAIUU, TEMIIEPATYPhI?

. Y10 Takoe raJibBaHUYECKUU DJIEMEHT?

. Paccuntaiite mno ypaBuenuto Hepucra (15.2) Teopernyeckoe 3HaYCHUE

anextpoaHoro norennuana napsl Fe(Il) | Fe(Ill) ms xaxaoro cmydas

. Paccuuraiite TECOPETUUCCKOC 3. 4.C. IraJIbBAHUYICCKOI'O 3JIECMCHTA, COCTABJICHHOI'O MU3:

Fe(Il) | Fe(IIl) (Pt) u xnopcepebpsinoro anexTposa. [lorenmnuan xiaopcepeOpsHoTo

anektponaa E =+0,22B.

. CpaBuute usmepeHHoe 3.1.c. anekrpoxumuueckor nenu Fe(Il) | Fe(Ill) (Pt)|

AglAgCl ¢ Teopermueckum. [logunHsercs TmodyyeHHass BaMH 3aBUCHUMOCTD

ypaBHeHnuto Hepuera?



6. CocTaBbTe  OSNEKTPOXMMHUECKYIO IIelb  JUIsl  HU3MEPEHUs  CTaHIApPTHOTO
AJIEKTPOJIHOTO TIOTEHIMAIa CBUHIIA.

7. CocTaBbTe ypaBHCHHUS PEaKIMi B3aWMOJCHUCTBUS KaIbIHS C CyJb()aToM IUHKA,
COJISTHOM KMCJIOTOM, BOJIOM.

8. U3o0pa3sutre cxeMy IIMHKOBO- OJIOBSHHOTO TajJbBaHMYECKOTO DJIEMEHTAa U
paccuuTaiite ero 3.7.C. IpH KOHUEeHTpauusx: [Zn?*]=0,01M, [Sn?*] =0,1M.

9. Paccumraiite BenmWYWHY 3JEKTpoaHOro moreHimana muaka B 0,01 M pactBope
cyib(aTa IMHKA, IT0 OTHOMICHHUIO K XJIOPCEPEOPSHOMY IJICKTPOAY B HACHIIIICHHOM

PaCTBOPC TrTMAPOKCHUIa HNHKA

15-tema. [lousiTHE 00 3J1eKTPOJIM3E. DIEKTPOJIN3 U 3AKOHBI
3JIEKTPOJIN3a
Inan:
1. IloHsiTue 00 AJaEKTpOIHU3E.
2. DIEKTPOJIU3 U 3aKOHBI AJIEKTPOJIN3a
3. DIIEKTPOJIN3, pACTBOPOB COJIEH U paCIIaBOB

OnopHble CJI0BAa W BBIPAKEHHSI: IJIeKMPOIU3, IAEKMPOIU3
pacmeopos  cojleli U PAcHIABo8,  INeKmpoo,  AHOO,  KAmoo,
B80CCMAHABUMENbHASL  AKMUBHOCHMb,  OKUCIUMENbHASL — AKMUBHOCHD,
npoyeccvl Ha Kamooe, Npoyeccbl Ha aHooe, OKUCIeHUe, 80CCMAHOBICHIE,
INEKMPOIU3 C PACMBOPUMBIM AHOOOM, IJIEKMPONU3ED, JIEKMPONU3 C
HepacmeopuUMbiM aAHOOOM.

3JICKTpO.]'II/I3 ’ 3aKOHBI 3JICKTPOJIHN3a

16.1. DjexkTpou3, pacCTBOPOB COJIel U PACILIIABOB
OnexkTpoin3 - (QU3NKO- XUMUYECKHM TMPOIIECC, COCTOSIINNA B
BBIJICJICHUN Ha DJIEKTPOJIaX COCTABHBIX YAaCTEH PACTBOPEHHBIX BEIIECTB

WM JPYTUX BCIICCTB, SABJIAIOIINXCA PE3YJIbTATOM BTOPHYHBIX peaKuHﬁ Ha


http://metal-archive.ru/osnovy-metallurgii/1800-elektroliz-s-rastvorimym-anodom.html

ANEKTPOJAaX, KOTOPBII BOZHUKACT MPH MPOXO0KACHUN SJICKTPUICCKOTO TOKA
gyepes pacTBop, 1100 pacmias 3ekTpoiaunTta (Puc.16.1).
[Ipr  >aekTpoiM3e pacTBOPOB HY)KHO  YYUTHIBATH  BO3MOXKHOCTH

paspsiga Ha AJIEKTPOJIax HEUTPATbHBIX MOJIEKYJI PACTBOPUTEIS - BOJIbI:

2H,0 +2e =H;+20H-  (E.=-0,83B)
+ I: -
Jlamma Kooy
AHoOx Karon
+ -

c

Ano0 — 3mo nonoxcumenvro  Kamoo — 3mo ompuyamenbHo
3apAdNCEHHbLU DTIEKMPOO — OH  3aPAICEHHBIIL INEKMPOO — OH
obosnauaemcs A(+) oosnauaemcs K(-)

Puc. 16.1. IlepemenieHue HMOHOB B 3JIEKTPOIIUTE
O TEMCTRUEM AIIEKTNHUUYECKOTO TTOJTS

B pacTtBOpe »nekTposmTa KpOME HOHOB, MOJTYYMBIIUXCS IPU €O

Aucconranuu, MpUCyTCTBYIOT CIIC U MOJICKYJIbI BOAbI, 4 TAKKC NOHBI H" u

OH- (Puc. 16.2).

+ AHOZT Karop -

Puc. 16.2. DnekTpoau3 pacTBOPOB



B03MOXHOCTh NPOTEKaHUS DJIEKTPOJHOM PEAKIMU pa3psna HOHOB
MeTa/la WX MOJEKYJd BOJIbl OMNpeACiseTcs 3HAa4YeHHEM DJICKTPOIHOIO
noreHyana. Eciu craHgapTHBIM SJIEKTPOAHBIM IOTCHIHAT peaKInu
paspsijia MeTasia

Me™ + ne = Me (5.1)
MMEET I0J0KUTEIbHOE 3HAUYCHHUE, TO B CTAHJIAPTHBIX YCIOBHIX Ha KaToOJIe
Oyner BbACHATbCS MeTaul. Ecmu E, peakuuun  (5.1) MeHble, ueMm
MOTEHIMall peakuuu paspsga Bojasl (- 0,83B), To Ha KaToae BBIACISAETCS
TOJIBKO BOJOPOJ. B OCTalbHBIX Cilydasx MapajiebHO MPOTEKAIT 00a
mpoliecca.

Li K Ba Ca Na Mg Al Mn Zn Cr Fe Co Ni Sn Pb H2 Cu Ag Au

1) Ecnu meTamt crout A0 Mn, To BOCCTaHABIMBACTCS UOHbL 8000P00d

2H,0 + 2e- = Hy + 20H"

2) Eciii MeTas1, KOTOpBIN pacIoyioxKeH B psy HampspbkeHui (mocie Al
u 10 Hj), To OyayT mpoTekaTh JBa IMpoIlecca: BOCCTAHOBJICHHUE
MeTaJljla ¥ HOHOB BOJIOPO/Ia

Zn* +2e” =Zn°
2H,0 + 2e" = H, + 2H,0

3) Ecim metamn (ctout B mocie Hz), TO BOCCTaHABIMBAIOTCS UOHbLL
Memana

Cu?*+2e =Cu°
[TocnenoBaTenbHOCTh pa3psJIKM aHHOHOB Ha aHOJC 3aBHUCHT OT

IPUPOAbI AHUOHA!

F, NOs;, SO.*, OH", CI, S, Br, I

»
»




Boccmanasumenvnas akmuenocms aHUOHO8 YCUTUBAETNCS]
1) Ilpu 3a€eKTpOIN3E PaCTBOPOB COJICH OCCKUCIOPOIHBIX KUCIOT (KpoMe
(GTOPUIOB) OKUCIISIIOTCS AaHUOHBI KUCTIOTHBIX ocTaTKkoB (Puc. 16.3).
2Cl - 2e- =Cl;
CIQ/.-.\‘ NaOH + sz,.\,“l

2Na’

AHop, Katon
2CI—>Cl, + 2e 2H,0 +2e»20H+H,
— _

] 5 )
MembpaHa .~/

NaCl H,0

Puc. 16.3. DnexTposin3 pacTBOPOB COJIEH OECKUCIOPOIHBIX KUCTOT

2) Ilpwm 31eKTpoNIH3e PacTBOPOB COJICH KUCIOPOACOACPKAIIUX KACIOT U
(GTOPHUIOB BBIIETSIOTCS KHUCIOPO
2H20 - 4e” = Oy + 4H"
3) Ilpu 3mekTpoiu3e pacTBOPOB INEIOUYCH OKUCISIOTCS THAPOKCH-
MOHBI
40H" +4e =02+ H0O
[Tpu snekTposnse pactBopa CuSOq4
K(-) Cu ?* +2e =Cu
A(+)2H,0 -4e = O + 4H"



Ha KaToJ€ BBbIACISIETCS Meab. Ha aHome BbIAENSIETCS KHUCIOPOA, a B
pacTBOpe HAKAIUIMBAETCS KUCIIOTA.
CymMapHO€E ypaBHEHHUE

2CuSO4 + 2H20 = 2Cu + Oz + 2H,S04.

OnekTpoau3 -  3TO PU3MKO -  XUMHUYECKHH OKHUCIUTEILHO-
BOCCTAHOBUTEIIbHBIN MPOIIECC, TPOTEKAIOIIUNA B pacTBOpax WM paciliaBax
JIEKTPOJIUTOB MO/ JACHCTBUEM DJICKTPUUYECKOTO TOKA, 3aKITHOYAOIIUICS B
BBIZICJICHMM Ha JJIEKTPOJAX COCTABHBIX YacTel pacTBOPEHHBIX BEIISCTB
WM IPYTHX BEIIECTB - MPOAYKTOB BTOPUUYHBIX PEAKIMI Ha JJICKTPOIax.
npoyecc Ha kamooe K(- ). KaTMOH TPUHUMAET DJICKTPOHBI M
BOCCTaHAaBJIMBACTCS;
npoyecc na anode A(+): aHHOH OTJACT JICKTPOHBI U OKHUCIISACTCS.

PaccmoTrpuM  mporiecchl, TPOTEKAKOIME MpPHU  DJISKTPOJU3E, Ha
npuMepe XJopuaa Hatpus. [Ipw CHILHOM HarpeBaHHMM TBEPJIbIN XJIOPH]T
HaTpus TuIaBUTCA. [loaydeHHBIM paciuiaB COACPIKHUT IOJBUKHBIC HOHBI
HaTpPUS M XJIOpa, OCBOOOIUBIIHECS W3 KPUCTAJUTMYECKOH PEIICTKH, |
MO3TOMY TPOBOJUT DJSKTPUUSCKUH TOK. Ecim B paciuiaB OMyCTHTH
YTOJbHBIC 3JIEKTPOJbI, TPUCOCAMHEHHBIE K WCTOYHHKY TOKA, HWOHBI
IPHOOPETAIOT HANpaBIICHHOS JBM)KCHHME: KaTHOHBI Na' IBIKYTCS K
OTPHUIATCIBHO 3apsOKEHHOMY  JJIEKTpoAy - Karoxay, aHmoHbl Cl - K

MOJIOKUTENBHO 3apsHKEHHOMY AJIEKTpoy - aHoay (Puc.16.4).

«—DNeKTDOHBI + AHOJ Karom - «— DIEKTDOHBI Cxema DJICKTpPOJIN3a

NaCl — Na* + CI’

(K)- / \(A)+

Na*+ e — Na 2Cl -2e"— Cl,

2Na* + 2CI" — 2Na + Cl,




Puc.16.4. Dnextponus pacriaBa Xjaopuia HaTpuUs

Ha xatome monbl Na' mosy4aroT 3J€KTpOHBI M BOCCTaHABIMBAIOTCS
710 MeTaJlIa;
Na*+ e" — Na (BoccTaHOBIEHUE),
a Ha aHojae MOHBI Cl" 0THaloT 3JEKTPOHBI U OKUCISIOTCA IO CBOOOIHOIO
XJiopa:
2Cl - - 2e"— Cl; (okucnenue).
Takum oOpazom, B pesyibTaTe IMpoIlecca dJIEKTPOIM3a paciljiaB
XJIOpHJIa HATPHS pa3jlaraeTcs Ha IMPOCThIC BEIECTRA:
K 2Na" + 2e"— 2Na
A" 2Cl - 2 — Cl;
CyMMapHOE ypaBHEHHE 3JICKTPOJIH3A:
a1.Tok 2Na* + 2ClI" — sn.tok 2Na + Cl;
DIeKTpOIn3 OTJINYACTCS oT OOBIYHBIX OKHUCJIUTEIIBHO-
BOCCTAHOBHUTEIIBHBIX peak- nui. Ilpum saekTponuse MOIypeakIHH
paszelieHbl B IPOCTPAHCTBE: BOCCTAHOB- JICHHUEC MPOUCXOJMT TOJBKO Ha

KaToAC, a OKHUCJIICHUC - HAa IIPOTHUBOIIOJIOKHOM 3JICKTPOAC - aHOJC.



OKHUCIUTENBHOE M BOCCTAaHOBUTEIIBHOE JEHUCTBUE DIIEKTPUYECKOTO
TOKa HAMHOTO CUJIbHEE JEUCTBUS OOBIYHBIX XMMUUECKUX BEIIECTB. TOJIBKO
C TMOMOIIBI0O TOKA YUYEHBIM YJAJOCh IMOJIYy4YUTh HauOojee AaKTUBHbBIC
MPOCThIE BEIIECTBA - HATPUH, Kanui u GTop. [TnoHepoM B UCIIOIB30BAHUU
ANIEKTPUUECKOTO TOKA B XMMUHU ObLIT aHTTIMUCKUM yuensiit ['emdpu /[>u. B
nepeie oAbl  XIX  Beka  yBieKcs
VM3YYECHUEM JICMCTBUS DJIEKTPUYECOr0 TOKA
HA PA3JIMYHbIC BEIIECTBA, B TOM YHUCJIE HA
pacIUIaBJICHHbIE  COJMM M LIEJIOYM.
[Toxsepras AIEKTPOJIU3Y paciiaBbl
pa3JUYHBIX COCIUHEHUM, OH OTKPbLI
BOCEMb HEU3BECTHBIX 10 HETO XUMUUYECKUX
DJIEMEHTOB.

DJIEKTPOJIU3 pPacTBOpPOB

3JIEKTPOJUTOB. B BOAHBIX pacTBOpax

I'emdpu >Bu
(1778-1829) IIPOLIECCEl  DJIEKTPOJIHN3a  OCIOKHSIIOTCS

MNPpUCYTCTBUCM BOJIbI, KOTOpaAss MPOABIIACT
I[BOfICTBeHHyIO npupoay: OHa MOXKCT IIPOABJIATDH CBOWCTBA U OKHCJIIUTCIIA,
U BoccraHoButeiasa. Ha Karoac BOJda MOKET INMPUHHUMATHL 3JICKTPOHBI, U
TOrJa aroMbl BOJOPOAA B HeH OyAyT BOCCTAHABIMBAIOTCH IO
ra3000pa3HOro BOJOPOIA:
K: 2H20 + 2e"— H,T + 20H-.
Ha aHome Boga MOXKET OTHAaBaTh DICKTPOHBL, IPH 3TOM ATOMBI

Kuciopoaa OyayT OKUCIATHCS A0 ra3000pa3HOro KMCIOpoa:



A" 2H,0 - 4e” — O7 + 4H".

JlpyrumMu  cioBamMu, TpPH DJICKTPOJIU3E PACTBOPOB DJIEKTPOIUTOB
(daimie Bcero coJieil) Ha KaroJie W aHoJI€ MPOTEKAlOT KOHKYPHUPYIOILIUE
IPOLECChl:  KaTHMOHBI ~ MeTayuia Me™ KOHKYypupyloT ¢ KaTHOHaMH
Bojoposia H", a aHWOHBI KHCIOTHBIX OCTaTKOB AN" KOHKYPHUPYIOT C
aHMoHamu ruapokcwibHbIX  rpynn (OH).  Paccmorpum  moapoOHee
IIPOLIECCHI, MPOTEKAIOIINE Ha JJIEKTPOax.

3aKoHOMEpPHOCTH TMpoleccoB Ha Katoge. Ha oTpumarenbHo
3apsSHKEHHOM  DJIEKTPOJIE - KaTojie, MPOUCXOAUT BOCCTAHOBIICHUE
KaTHUOHOB, KOTOPOE HE 3aBUCUT OT MaTepuajia Karojaa, U3 KOTOPOrOo OH
ClIeNiaH, HO 3aBUCUT OT aKTUBHOCTH METAJlIa, T.€. OT MOJOKEHHUs MeTallja B
IEKTpoXUMHUecKOM  psany — HampsikeHus  (OXP).  (CpaBHuBaem
OKHCJIUTEIBHYI0 CIOCOOHOCTh, TO €CTh CIHOCOOHOCTh TIPUHUMATH

AJIEKTPOHBI, HOHOB METAJJIOB M MOHA BOJI0po1a) (Taba.16.1).

Ta6muia 16.1

OKuCIUTEIBHBIE CIIOCOOHOCTH HOHOB METAJIJIOB M MOHA BOJOPOaA

Li K Ca Na Mg Al Mn Zn Fe Ni Sn Pb Cu Hg Ag Pt Au

Me + ne # Me™ + ne =Me°

2H,0 +2e =H, + 20H" 2H,0 +2e =H, + 20H"

Me*™ + ne =Me?

Ha xarone moryt

Ha xaronxe
Ha xatone BOCCTAHABJIUBATHCA U MOHBI
BCETJIa BOCCTAaHABIIN
BCErJga BOCCTAHABIIMBAIOT MeTajjia, ¥ BOJbI
BAIOTCSA UOHBI
Cs1 MOJIEKYJIbI BOJIBI B 3aBUCUMOCTH OT

METaJJIOB
IUIOTHOCTHU TOKa, T u



KOHIICHTpalnun COJIAN

Ecnu conb 00pa3oBaHa aKTUBHBIM METAJUIOM, CTOAIIUM B POy
HanpsDKCHUS 1O MapraHla, Ha KaTOJl€ HE BOCCTAaHABIMBAKOTCS KATHOHBI
METajlyla, a M[POUCXOJUT BOCCTAHOBJICHUE BOJAbBI C  BBIACICHUEM
razoo0pa3zHoOro BOAOpoOIa.

Ecnu Mertann, oOpa3ylomuid cojib CpeIHEed aKTUBHOCTU (TOociie
aTIOMUHUA, HO JO BOJOpOAa), TO Ha KaroJe BO3MOXHBI JBa
KOHKYPHUPYIOLIUX ITPOLIECCA: U BOCCTAHOBJIIEHUE BOJAbI, © BOCCTAHOBJICHUE
KaTHOHOB Metaiuia. [Ipeobnaganne TOro WM MHOrO MPOIECCa 3aBUCUT OT
IJIOTHOCTH TOKA, TEMIIEPATypPbl U KOHIIEHTPALIUU COJIU.

Jlerdye Bcero MpuHUMAlO 3JIEKTPOHbI HEAKTUBHBIE METAJIbI (CTOSIIINE
B OXP nocne H), moaToMy OHU JIETKO BOCCTaHABIMBAIOTCS HA KATOJZE /10
IPOCTOTO BELIECTBA - METalIa.

3aKkoHOMEpHOCTH NPoLeccoB Ha aHoJe. [Iponecc
Ha MOJIOKUTEIBHO 3aPsKEHHOM JJIEKTPOJE - aHOAE 3aBUCUT OT MaTepuasa
aHOJIa U OT HNPUPOJbI aHUOHA. [Ipu 3MeKTpoIM3€e PacTBOPOB IIEKTPOIUTOB
Ha aHOJI€ MPOUCXOJUT OKHUCJIECHHUE aHUOHOB. OOpa3yIOMIMICA MPOIYKT
3aBUCUT OT BOCCTAHOBUTEJIbHOW aKTUBHOCTH aHUOHA KUCIIOTHOT'O OCTATKA.

Tabnuua 16.2

DIIEKTPOJIN3 C YYACTUEM PACTBOPUMBIX U HEPACTBOPUMBIX aHOJOB

KuCIOTHBIN OCTATOK

AHO o .
a beckucnopoaubrit KHCJIOPOACOACPKAIITUI

Cl, Br, I', S* NOs, SO4%, PO, F



Ha aHOAC OKHCIIAIOTCA
Ha aHOAC  OKHUCIIAIOTCA

HNOHBI KMCJIOTHOTO
MOJICKYJTBI BOJIBI
ocTaTKa
B menounou cpene:
OkuciieHue annona 40H -4e —2H,0+0;
HEpAaCTBOPUMBIN = (KpoMe (hTOPHUJIOB): B kwucnoil, HeWTpagbHOU
Acm - me = Ac cpere:

2H,O -4e — 4H" + O9

OxkwucieHne MeTaia aHoaa:
PACTBOPHUMBII Me®-ne =Me+n
aHOJI pacTBop

Psin BocCTaHOBUTENIBHON aKTUBHOCTHM aHUOHOB (ymeHbinaercs). Ilo
CIIOCOOHOCTH  OKUCIATHCS aHUOHBI  PACIONaraloTCI B CIEIYIONIEM
HOPSIIKE:

J>Br>S?>CI>0H>S04>>NOs>F

AHOJI MOXKET OBITh PACTBOPUMBIM U HEPACTBOPUMBIM (MHEPTHBIM).

1. PacTBopuMBIi aHOA TPHU SJEKTPOJIM3E, KaK MPAaBUIO, PACTBOPSETCS C
00pa3oBaHMEM KaTHOHOB METaslia aHO/a.

2. Ha mHepacTBOpMMOM aHOJZI€, €CJIM KHCJIOTHBIM OCTaTOK COJIM
oeckucimopoaHbii (kpome (TOPUIOB), MPOUCXOIUT OKUCICHUE aHUOHA 0
MPOCTOTO BEMIECTBA - HEMETaJla.

3. Ecnu B cOoCTaB COJM BXOJUT OCTAaTOK KHUCIOPOJCOMEPIKAIIECH KUCIOTHI,
TO Ha aHOJI€ MPOUCXOJUT OKHUCICHUE BOJIbI U BBIACISIETCA KUCIOPOI(Tad.
16.2).

3aoauu u 60npocwvl 07151 CAMOKOHMPOJ1



1. Uto takoe anekTponu3? Kakue nporecchl BKIFOYAET B ¢€0s dIEKTPOIU3?

2. Kakue npoiiecchbl MpOTEKaIOT MPH IEKTPOJIU3E Ha KAaTO/I€ U aHo1e?

3. KakoBa mociieioBaTenbHOCTb Pa3psiIKK HOHOB Ha KaTo/ie U aHoje?

4. B yem paznuuue MPOIIECCOB 3JEKTPOJIM3a C PACTBOPUMBIM M HEPACTBOPUMBIM
aHoznoM?

5. Kakue mpoiiecchl MpOTEKalOT Ha 3IEKTPOAAX MPHU AJICKTPOIH3E BOAHOTO pacTBOpa
xynopuna xenesa(ll): a) Ha yroibpHBIX 3eKTpojax; 0) ¢ KeJe3HbIM aHOI0M?

6. Kakue meTaymuibl MOXKHO TOJIYYUTh ITyTEM 3JIEKTPOJIM3a BOAHBIX PACTBOPOB HX
cosieit? Kakue MeTasuibl Hellb3s MOJIYYUTh TAKUM CIIOCOO0OM?

7. DNEKTpOJM30M KaKUX COCIUHEHUU, M MPU KaKUX YCIOBUAX MOXKHO TMOJYYUTb
Mmetauiel: K, Ca, Al?

8. IMouemy moteHnmansl pasnoxkenus kucior: HzPOs, HNOjz;, HySOs, u menoueit
NaOH, KOH ouens 0au3ku 1o 3aauenusMm (1,67-1,70 B)?

9. Nmeercsa cmech conel ¢ paBHOM KOHIEHTpalMed KaTHOHOB B pacTBope. B xakoi
MOCJIEIOBATEILHOCTH  OYIyT BBIACHATHCS METAUIBI TPHU  DJIEKTPOJU3E, €Cld
HaIpsHKEHHME JOCTATOYHO JUIS BhIAENeHUs moboro w3 Hux: a) Na* , Sn?*, Au®*; 6)
Ni%*, Fe**, Cu®*; B) Mg?*, Cr¥*, Au®*; r) Pb**, Sn**, Ca**; n) Mn**, Ag*, Zn**?

10. ITpoBOOUTCS AAEKTPOSINU3 pacTBOpa TUAPOKCHAA HATpUsl. byJaer 1n MEHSAThCS BO
BPEMEHU: a) KOJUYECTBO 1IesnouM; 0) KoHIeHTpauus pactBopa? [louemy? Hanummre

YpaBHEHHUS pEaKIMii, MPOTEKAIOIIUX Ha AIEKTPoAax.

16-tema. Koppo3usi MeTa/L1I0B U MeTOAbI €€ MpeI0TBPaIeHNS].
Croco0bI npeoTBpalleHU KOPPO3HUHM METAJLIIOB. AKTUBATOPHI U
HHTMOUTOPBI KOPPO3UHU
Ilnan:

1. TlonsiTve 0 KOPPO3UMN METAIIIOB. THUIIBI KOPPO3UU

2. CriocoObl TPeI0TBPAIICHHS KOPPO3UH METAIIIOB



3. AKTUBATOpbI U UHTUOUTOPHI KOPPOZUU

OnopHbie cjgoBa M BbIpakeHusi: Kopposus, oxuciumenvho-
60CCMAHOBUMENbHBI NPOYECCH, XUMUYECKAA KOPPO3UA, 2A306aA5 KOPPO3US,
HCUOKOCMHASL KOPPO3UsL, INEeKMPOXUMUYECKAsT KOPPO3us, 8UObl KOPPO3UU
Memainnos, aHOOHble U  KAmoOHble  NpOYeccwl,  OKCUOUpOBaHue,
gocpamuposanue, azomupoeanue BOpOHEHUE CMATU, YeMeHmAayusl,
npeoomepawenue KOppo3uu.

18.1. Koppo3usi MeTa/1JI0B M UX PA3HOBHUAHOCTH

Marepuaibl u3 METAJIJIOB noj XUMUYECKUM WIn
ANEKTPOXUMHUUYECKUM BO3JEHCTBUEM OKPYKAIOIICH Cpelibl MOJBEPTarOTCs
pa3pylIECHHUIO, KOTOpPOE HAa3bIBAECTCSA KOppoO- 3uen. Kopposus
METAJIJIOB BBI3bIBACTCS OKUCIUTEIBHO- BOCCTaHOBU- TeJIbHBIMU
peakIusIMHU, B Pe3yJbTaTe KOTOPHIX METAJUIbl MEPEXOJAT B OKHUCICHHYIO
dbopMy U TEpAOT CBOM CBOWCTBA, YTO TPUBOJUT B HETOJHOCTH
METAJTNYECKUE MaTepHaIbI.

Koppo3sueit Ha3zpiBaeTCcsi mpoLEecC CaMOINPOU3BOJIBHOTO Pa3pyIICHUS
METAJIJIOB TOJI BIUSHUEM BHEIIHEW cpeabl. Koppo3us - okucCIUTEIHHO-
BOCCTAHOBUTEJIbHAS PEaKIMsl, COTPOBOK/IAOIIASCA EPEXOJOM METalja B
MOHHOE COCTOSIHUE.

Pazpymienne meramia mpu CONPUKOCHOBEHWH C BJIEKTPOJIUTOM C
BO3HUKHOBEHHEM B CUCTEME AJIEKTPUUYECKOTO TOKa
HAa3bIBACTCA JJIEKTPOXUMUUYECKOU KOPPO3UEH.

B armocdepHBIX YCIOBHSX pOJb D3JIEKTPOJUTA HIPACT BOJSHAs
MJIEHKa Ha METa/UIMYeCKOW TIOBEPXHOCTH, B KOTOPOM PacCTBOPEHBI

SJICKTPOIIPOBOIAIINC ITPUMCCH. SHCKTpOHaMH ABJIAIOTCA CaM MCTaJlJII U


http://zadachi-po-khimii.ru/obshaya-himiya/okislitelno-vosstanovitelnye-reakcii
http://zadachi-po-khimii.ru/obshaya-himiya/okislitelno-vosstanovitelnye-reakcii

colepkalecs B HEM IIpuMecd. B TakoM  TajabBaHUYECKOM
AJIEMEHTE MPUMECH, UMEIOIME  OOJIbIlIeE  3HAYEHHE  DJIEKTPOJHOIO
MOTEHIMAJIA UTPAIOT POJIb KaToJa, a caM METAJUT sBiseTcs aHojoMm. Ha
KaToJe OOBIYHO BBIACISECTCS BOJOPOJ M3 MOJIEKYJ WJIM MOHOB Cpelbl, a
aHOJI PpacTBOpAETCS, T.€. IIOJIBEpraeTcs Koppo3uu. Hanpumep, mnpu
KOHTAaKTE Xejie3a C MEJbI0 B PACTBOPE COJITHOM KHUCJIOTHI 00pa3yercs
raJilbBAHUYECKUN 3JIEMEHT:

Fe|Fe?*, HCI, Cu?*|Cu*

Ha anone Fe -2e = Fe?*,

Ha katonme (Cu) 2H" + 2e = H;

CymmapHas peakuus Fe + 2H* = Hy + Fe?"

Ecnu peakuust npoxoauT B aTMOC(HEPHBIX YCIOBUSX B BOJIE, ITPOIIECC
YCIOXKHSETCS JPYrUM IPOLECCOM, CBSI3aHHBIM C PACTBOPEHHBIM B
AIEKTPOJIUTE KHUCIOPOJOM, KOTOPHIM Ha KaTOJE MOKET y4acTBOBaTh B
peakyu, UMEHYEMOU KUCIOPOJHON ACTOJISIPU3ALIMEN KaTO1a

O2 + 2H,0 + 4e = 40H"
B »sTOoM ciydyae WOHBI JKejne3a COCIUHSIOTCS C MEpPEeleIIIUMU B
pactBop noHamu OH- U OKUCIISIFOTCSA KUCIOPOJOM BO3/1yXa,
Fe?* + 20H" = Fe(OH);
4F€(OH)2 + O+ 2H,0 = 4F€(OH)3,
ITocnenHuii YaCTUYHO OTILETUISIET BOLY
Fe(OH)3 = FeOOH + H,0
[TonydeHHOoe BEIIECTBO MPUMEPHO OTBEYAET COCTaBy Oypou

PKaBUYMHBL.



[To xapakrepy 3alMTHOTO ACWCTBUS MPOTHUB SICKTPOXUMHYECKON
KOPpPO3UH pa3IWyarT AaHOJHBIE W KaTOJHbIE NOKpbITHSA. K aHOTHBIM
OTHOCSIT TaKUE€ TMOKPBITUS, B KOTOPBHIX MOKPHIBAIOIIUN MeTaul oOjiagaet
0oJiee OTpUIIATEIBLHBIM MOTEHIIMAIIOM, Y€M 3alUIAeMblii (OIIMHKOBAHHOE
xene30). K KaToIHBIM OTHOCSITCSI TOKPBITUS METalIOM C  OOJIBIIUM
3HAYEHUEM DJIEKTPOJHOrO MOTEHIHaNa (JIy>)KEHOE, T.€. MOKPHITOE OJIOBOM
kene30). Iloka cioi, MOKpHIBAIOIMIMNA OCHOBHOM MeETajjl, IOJHOCTHIO
M30JIMPYET €r0 OT BO3ACHUCTBUS OKPYKAIOLIEH CPEAbl, NIPUHIUIIUAIBHOTO
pa3nuuus MEXAYy OSTUMHM BHJAAMU NOKpbITHIA HeT. [lpu Hapymienuun
LIEJIOCTHOCTU TIOKPBITHSI CO3JIAI0OTCA COBEPIICHHO PAa3JWYHbIE YCIOBHS.
KaronHoe mOKpbITHE TIpECTAET 3alIUINATh W YCUJIHUBAET CBOUM
MPUCYTCTBUEM KOPPO3HUI0. AHOAHOE MOKPHITHE OYJET camMO MOABEPraThCs
pa3pyLICHUIO, POJO0JIKASA 3aIUIIATE OCHOBHOM METAJLI.

MO3KHO BBIAETUTH 3 MPU3HAKA, XaPAKTEPU3YIOIIUX KOPPO3UIO:

Kopposuss - »3TO € XHMHYECKOM TOYKH 3PEHUS  IPOLECC
OKHUCJIUTEIIbHO- BOCCTAHOBUTEIIbHBIN.

Koppo3ust - 310 caMONpOu3BOJIBHBIA TMPOUECC, BO3HUKAIOIMNA IO
IIPUYUHE HEYCTOWYMBOCTA TEPMOJUHAMUYECKOU CHUCTEMBI MeETal -
KOMIIOHEHTBI OKPYKAOILIEU CPEIBL.

Koppo3us - 310 mporecc, KOTOpbIM pPa3BUBACTCS B OCHOBHOM Ha
nmoBepxHocTH MeTtauia. OJHAKO, HE HCKIKYEHO, YTO KOPPO3USI MOMKET
IIPOHUKHYTH U BriyOb MeTaia.

Buabl  xoppo3uun mera/uioB. Haumbosee dyacTto  BCTpedaroTcs

CJICAYIOIHUEC BUAblI KOPPO3UHU MCTAJIJIOB:



a) PaBHOMepHas - OXBaThIBACT BCIO IOBEPXHOCTH PABHOMEPHO

b) HepaBHOMepHas

c) HMz0OmparenbHas

d) MecTHas nsATHAMU - KOPPOJUPYIOT OTJICIBHBIC YIaCTKU TOBEPXHOCTH

e) SI3BeHHas (WMJIM MUTTHHT)

f) Toueunas

g) MeXKpUCTaITUTHAS - PACHpPOCTPAHSICTCS BIOJIb TPaHUI] KPUCTaIa
MeTajuia

h) PacTpeckuBarommas

1) ITomgmoBepxunocTHas (Puc.18.1.)

/*‘@""

9 h i

Puc. 18.1. OcHOBHBIE BUbI KOPPO3UU



C TOuUkH 3peHHsI MEXaHW3Ma KOPPO3UOHHOIO MPOIECCa MOXKHO BBIIACIUTH
ZBAa OCHOBHBIX THUIIA KOPPO3UU: XUMUUECKVIO U INIEKMPOXUMUYECK)IO.

XumMuyeckass KOpPpPO3us MeETALIOB. XUMHYECKAss KOPPO3Us
METAJUIOB - JTO PE3YJIbTAT MPOTEKAHUS TAKUX XUMHUYECKUX PEAKIIUU, B
KOTOPBIX IIOCJIE Pa3pylICHUs METAJJIMYECKOM CBSI3U, aTOMbl METAJUIA U
aTOMBI, BXOJISIIIIUE€ B COCTAB OKUCIUTENCH, 00pa3yt0oT XUMUUYECKYIO CBS3b.
OJIEKTPUYECKUHM TOK MEXJY OTACIbHBIMU Y4YaCTKaMHU [OBEPXHOCTH
METajyla B 3TOM CJIy4ya€ HE BO3HUKAeT. TakoW THUIl KOPPO3UU IPUCYIL
cpeaaM, KOTOpbIe HE CIOCOOHBI MPOBOJUTH JJIECKTPUUYECKUM TOK - ATO
rasbl, KUJKUE HEIIIEKTPOJIUTHI.

XuMudeckasi Koppo3usi METAJJIOB ObIBAET Ta30BOM U JKUIKOCTHOM.

I'azoBass Koppo3usi METAJLJIOB - DOTO pPe3yJibTaT JCHUCTBUS
arpeCCUBHBIX Ta30BbIX WM IAPOBBIX CpPEJ HA METAUI INPU BBICOKUX
TeMIIEpaTypax, MPU OTCYTCTBUM KOHICHCALIMM BJIATM HAa IOBEPXHOCTH
MeTaJia. JTO, HapUMEpP, KUCIOPO, TUOKCUJ CEPBI, CEPOBOJIOPOA, MapPHI
BOJIbI, TAJIOTE€HBbI. Takas KOpPpO3Ws B OJHUX CIy4dasiX MOXKET NMPUBECTHU K
MOJTHOMY Pa3pylICHUIO MeTajia (€Ciau MeTallyl aKTUBHBIM), a B JIPYTruX
Cllyyasix Ha €ro MOBEPXHOCTH MOXET 00pa30oBaThCsl 3alllMTHAs ILJIEHKA
(HanmpuMep, alIFOMUHUMN, XPOM, IIUPKOHUN).

AKUIKOoCTHAA KOPPO3MS METAIOB - MOXKET NPOTEKATh B TaKUX
HEDJIEKTPOJIUTaX, Kak He(Th, CMA304YHBIC Macja, KEPOCUH U Jp. ITOT THUII
KOPPO3UM TIpY HAJIWYUU JakKe HEOOJBIIOr0 KOJUYECTBA BJIard, MOXKET

JIETKO MPUOOPECTHU ANEKTPOXUMUYECKUM XapakKTep.



I[Ipy XHUMHUYECKOM KOPPO3UU CKOPOCTH  pa3pylLIEHUs MeTauia
MIPONOPIMOHATIBbHA CKOPOCTH XHMHUUYECKOM PEAKUIMU U TOU CKOPOCTH C
KOTOPOM OKHCIIHMTENh TPOHHUKAET CKBO3b IUICHKY OKCHJAa MeTajia,
MOKPBIBAIOIIYI0 €TI0 IMOBEPXHOCTh. OKCHUAHBIC TUICHKH METAJJIOB MOTYT
IPOSIBJIAT, WM HE TPOSBISITH 3AIIMTHBIC CBOMCTBA, YTO OMPEICACTCS
CILJIOIITHOCTBIO.

CIUTOITHOCTh TAKOW ~ TIJICHKW ~ OIICHWBAIOT  BeIWYMHE (hakTopa
[Mummara-  bagsopaca: (o0 = Voo/Vme) IO OTHOMIEHWIO  0oObeMa
o0pa3oBaBIIEroCs] OKCHIA WM JPYroro Kakoro- JIMOO COSTUHEHHS K
00beMy U3PaCXOJOBAHHOTO HA 00pa30BaHUE ATOTO OKCHJIA METaJllIa

o = Vor/VMe = M0K°pMe/(n'AMe°p0K)1
rae Vox - 00beM 00pa3oBaBIIErocs: OKCUaa
VMe - 00beM MeTall1a, U3pacxoJ0BaHHBIA Ha 00pa30BaHKUE OKCH/IA
Mk - MOTIIpHAst Macca 00pa30BaBIIETOCS OKCHIA
PMe - TUTIOTHOCTh MeTaJlJia
N - YUCJI0 AaTOMOB METaJlJIa
Awme - aTOMHAs Macca MeTalia
Pox - TNIOTHOCTHh OOPa30BaBIIIETOCS OKCH/IA

OkcuaHbIe TUICHKH, Y KOTOPBIX 00 < 1, HE SIBJISIOTCS CIUIOIIHBIMH M
CKBO3b HMX KHCJIOPOJ JIETKO IIPOHHMKAET K MOBEPXHOCTH MeTajuia. Takue
IVICHKM HE 3allUINAl0T MeTal OoT Koppo3un. OHHM 00pa3yroTcs IIpU
OKHCJICHUN KHCJIOPOJOM IIEJIOYHBIX W IIEIIOYHO- 3E€MEJIbHBIX METaJlIOB

(uckirovast OepusIuit).



OKcuaHbIe TIEHKH, Y KOTOPhIX | < o < 2,5 ABASIOTCS CIUIOIIHBIMU U

CIIOCOOHBI 3alIUTUTh METAIT OT KOPPO3HH.

[Ipu 3HaYeHUsIX 0. > 2,5 yCIOBUE CIUIONMIHOCTH YK€ HE COOJI01aeTCs,

BCJICACTBHC YCT'O TAKHC IIJICHKHW HC 3allIMIIA0OT MCTAJIJI OT Ppa3pylICHHUA.

Hwxe NpCACTaBJICHBI 3HAYCHUA O JJIsI HCKOTOPBIX OKCHUA0B MCTAJIJIOB

(Ta6m1.18.1)

Tabnuia 18.1.

3Ha4YeHUs o I HCKOTOPBIX OKCHAO0B MCTAJIJIOB

metaut |[OKCUI| o |METal| OKCHJ o

K KO | 0,45| Zn Zn0O 1,95
Na |[NaO |0,55| Ag | Ag.0 1,58
Li LiO | 0,59 | 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 Cu20 1,67
Mg | MgO [0,79| Cu CuO 1,74
Pb PbO |1,15| Ti Ti203 1,76
Cd CdO | 1,21| Cr Cr203 2,07
Al A0z | 1,28 | Fe Fe.Os 2,14
Sn | SnO |1,33| W WOs3 3,35
Ni NiO | 1,52

JNEKTPOXMMHYECKA KOPPO3US METAJUIOB. DJICKTPOXUMHUYECKas

KOPpO3Usl METAJUIOB - 3TO TMPOIECC pa3pylIeHUsT METAUIOB B Cpeie



Pa3IMYHBIX JEKTPOJUTOB, KOTOPBIA COMPOBOXKAACTCS BO3ZHUKHOBEHHUEM
BHYTPHU CUCTEMBI AJIEKTPUUECKOTIO TOKA.

[Ipu TakoM THUIIE KOPPO3UU aTOM YAQISIETCA U3 KPUCTALUIMUECKOU
pPELIETKU PE3YbTATE ABYX COMPSIKEHHBIX MTPOIIECCOB:

AHoOHO20 - MeTall B BUJI€ NOHOB NIEPEXOJIUT B PACTBOP.

Kamoonoeo - ob6pa3oBaBiiivecs: Ipyu aHOJAHOM TMPOLIECCE DJICKTPOHBI,
CBSI3BIBAIOTCS JACTIOJISPU3aTOPOM (BEILIECTBO — OKHUCIIUTEINb).

Cam nponecc 0TBO/IA IEKTPOHOB C KAaTOJHBIX YYAaCTKOB Ha3bIBAETCS
Jaenoyisipu3alMe, a  BellecTBa  CHOCOOCTBYIOIIME ~ OTBOAY -
JENO0JISIpU3aTOPAMH.

Haubonbiiee pacnpocTpaHEHUE HMEET KOPPO3Usl METaUIOB  C
BOJIOPOJTHOM U KUCJIOPOJHOU AECTIOJISIPU3ALIUEN.

BonoponHas —nenosnsipu3anis OCYIIECTBISIETCS Ha KaToAe IMpH
AIEKTPOXUMHUUECKON KOPPO3UU B KUCIION Cpeie

2H" + 2e"= Hj pa3ps BOIOPOIHBIX HOHOB
2H30" + 2e" = Hy + 2H,0

Kucnoponnas nenomnsipu3aiiusi OCyIIECTBISIETCS Ha KaTroje MpH

AIEKTPOXUMHUUYECKOU KOPPO3UU B HEUTPAJIBHOM CpeJie
O, + 4H" + 4e” = H,0 BoccTaHOBJICHHE PaCTBOPECHHOTO KUCIOPO 1A
O2 + 2H,0 + 4e” = 40H"

Bce Meramnbl, 10O HWX OTHOWIGHHIO K AJIEKTPOXUMHUYECKOMU

KOPPO3UH, MOKHO pPa3OuTh Ha 4 TPyIIbl, KOTOPHIE OMNPEACISTIOTCS

BCIIMUYMHAMU UX CTAHAAPTHBIX 3JICKTPOIHBIX ITOTCHIHUAJIOB!



AKTUBHBIE  MeTaJUIbl (BBICOKAsi ~ TEPMOJIMHAMUYECKAs HecTa-
OWJIBHOCTb) - 3TO BCE METAJIbl, HAXOJSAIIMECS B MHTEpBAJE IICIOYHBIC
meTamel - kKaavuii (E°= - 0,4 B). VX koppo3usl BO3MOXHA JAkKE B
HEUTpPAJIbHBIX BOJHBIX Cpelax, B KOTOPBIX OTCYTCTBYIOT KHUCIOPOJ WU
JIPYTUe OKUCIUTENU.

Meranibsl  cpelHE ~ aKTUBHOCTH (TE€pMOJMHAMHMYECKas  HecTa-
OMIBHOCTE) - PACIIONAraloTCs MEXAy KaaMueM u Bogopoaom (E° = 0,0 B).
B HeliTpanbHBIX cpeaax, B OTCYTCTBUM KHCIIOPOJia, HE KOPPOAHUPYIOT, HO
MOJIBEPTaIOTCSA KOPPO3UHU B KUCIBIX Cpeaax.

MarnoakTuBHbIE METAIBI (POMEXKYTOUHAST TEPMOJMHA - MUYECKas
CTaOMIILHOCTB) - HAXOAATCS MEXKIy BojopoxoM u poameM (E°= +0,8 B).
OHHU yCTOWYUBBI K KOPPO3UHU B HEUTPATILHBIX U KUCIIBIX CpeaxX, B KOTOPBIX
OTCYTCTBYET KUCJIOPOJ WU JPYTHUe OKUCIUTEIH.

bnaropoausie MeTasuibl (BBICOKAS TepMOJIMHAMUYECKas
CTaOWJIBHOCTH) - 30JI0TO, IIJIaTWHA, UWpUAUM, namwiaauid. Moryr
MOJABEPraThbCcsi KOPPO3UHU JIHUIIL B KHUCIBIX Cpelax MpU HAIWYUU B HHUX
CUWJIbHBIX OKHCIIUTEIICH.

DNeKTpOXUMHUYECKass KOPPO3US MOKET MPOTEKaTh B Pa3IMUYHBIX
cpenax. B 3aBUCMMOCTH OT XapakTepa Cpelibl BBIACISAIOT CIECAYIONINE BUIbI
NIEKTPOXUMHUUECKON KOPPO3HUHU:

Koppo3uss B pacTBOpax »dJEKTPOJIUTOB - B pPacTBOpax KHUCIOT,
OCHOBAHMU, COJIEH, B IIPUPOJTHON BOJIE.

ATtMocdepHas Koppo3us - B aTMOC(EpHBIX YCIOBUSIX U B Cpele

JTH000T0 BIAYKHOTO Ta3a. ITO caMblil paCpOCTPAHEHHBIN BUJ KOPPO3HUH.



Hampumep, npu B3auMOAEHUCTBUHU Kejle3a C KOMIIOHEHTAMU OKPYKAIOIIEH
Cpedbl, HEKOTOPBIE €ro YYacTKH CIIyXaT AaHOJOM, IJ€ IPOUCXOIUT
OKHCJICHHE XKeJe3a, a IPyTrue - KaTOAO0M, T'JI€ TPOUCXOJUT BOCCTAHOBJIEHUE
KHCJIOpOJa:
A: Fe - 2e = Fe?
K: Oz + 4H" + 4e- = 2H,0

KarosioM siBiisieTcsi Ta HOBEPXHOCTb, I/i€ O0JIbIIE IPUTOK KUCIOPOA.

IlouBeHHast KOPPO3MS - B 3aBUCMMOCTH OT COCTaBa IOYB, a TAKXKeE
€e a’paluu, KOPpOo3usi MOXKET MPOTEKaTh 0oJiee WM MEHEEe MHTEHCHUBHO.
Kucibie mouBsl HAaMOOJIEE arpeCCUBHBI, a IECYAHBIEC - HAUMEHEE.

A3panMOHHAs KOPPO3HA - BO3HUKACT NPU HEPABHOMEPHOM
JNOCTYIE BO3AYyXa K Pa3JINYHbIM YaCTSIM MaTepHuaia.

Mopckast KOpPpoO3usl - NPOTEKaeT B MOPCKOM BOAE, B CBS3U C
HaJIMYMEM B HEW PAaCTBOPEHHBIX COJIEW, ra30B U OPTAHUYECKUX BEILECTB.

buoxkoppo3usi - BO3HHKaeT B pE3yibTaTe€ KU3HEACATEIbHOCTH
OakTepui M Ipyrux OpraHU3MOB, BbIpadaThIBaIoOlIUX Takue ra3bl kak COp,
H>S u np., cnocoOCcTByOIIME KOPPO3UH METAIA.

DJIEKTPOKOPPO3MS - TMPOUCXOAUT TOJ JACHCTBHUEM Oy IAIOIINX
TOKOB Ha MOJ3EMHBIX COOPY>KEHUSIX, B pe3yJibTaTe pabOT 3JIEKTPUUECKUX
YKEJIE3HBIX JIOPOT, TPAMBaWHBIX JIMHUW U IPYTHUX arperatos.

18.2. IIpenoTBpamenne KOppoO3uUU MEeTAJIOB

MeToapl 3amUTBI OT KOppo3uu MeTa/uia. OCHOBHOM crocod

3aIIUTBl OT KOPPO3UM METaaa - 3TO CO3JAaHHE 3alIUTHBIX IOKPBITHH -

MCTAJNIMYCCKHUX, HEMCTAJIJNIMYCCKUX NI XUMHUYCCKHUX.



MeTann4yeckue NOKPbITUA. MeTalInuecKOe NOKPHITUE HAHOCUTCS
Ha METaJUl, KOTOPhIA HY)XHO 3alllUTUTh OT KOPPO3UM, CIOEM JPYyroro
METajlyla, YCTOWYMBOTO K KOPpPO3UM B TE€X KE YyclIoBusix. Ecmu
METAJJIMYECKOE  TOKPBITUE  HM3TOTOBJIEHO W3  MeTalia ¢ Oosee
OTPHIIATEILHBIM MOTEHIIMAIOM (00JIee aKTUBHBIN) , UeM 3alllUIIAeMbIii, TO
OHO HAa3bIBACTCS AHOJHBIM MOKpbITUEM. Eciin MeTajindyeckoe MOKPHITHE
W3TOTOBJICHO M3 METajuia ¢ 00Jiee MOJIOKUTEIBHBIM TMOTEHI[MAIoM (MEHee
aKTUBHBIMA), YEeM 3allUIIaeMblii, TO OHO Ha3bIBAETCS KATOJHBIM
MOKPBITHEM.

Hanpumep, npu HaHECEHUM CJIOS IIMHKA Ha YKEJI€30, IPU HApYIICHUU
I[EJIOCTHOCTU TOKPBITUSI, IIMHK BBICTYMaeT B KadyecTBE aHoja U OyJner
paspyliaThbcs, a JKEJIe30 3aIIUIINCHO JI0 TeX MOop, MOKa HE HU3PacCXOayeTcs
BECh IIMHK. [ [HHKOBOE MOKPBITUE SIBJISIETCS B TAHHOM CITy4ae aHOJIHBIM.

KaToaHbpiM MOKpBITUEM JJIsI 3alMTHI JKEJie3a, MOXET, HaIlpuMmep,
OBITh M€/Ib WU HUKENb. [Ipy HapyIIeHUH 11eIOCTHOCTH TaKOTO MOKPHITHUS,
paspyliaercs 3aiuiiaeMblii MeTa.

HeMeTannuyecknue NOKPLITUA. Takue TMOKPBITHUS MOTYT OBITh
HeopraHuyeckue (IEMEHTHBIM pacTBOp, CTEKJIOBUIHAs Macca) W
OpraHvyeckue (BBICOKOMOJIEKYJIIPHbIC COCIWHEHUS, JIaKh, KpacKH,
ouTyM).

XuMHUYecKHe MOKPbITHSA. B 5TOM ciydyae 3amuinaeMblii MeTayll
MOABEPraloT XHUMHYECKOM 00paboTke ¢ 1ieblo oOpa3oBaHHMs Ha
MOBEPXHOCTU TIJICHKU €Tr0 COCIMHEHUs, YCTOWYMBOM K Kopposuu. Crona

OTHOCIATCA:



OKCUOUPOBAHUE - TIONYYEHUE YCTOMYUBBIX OKCUIHBIX MIEHOK (Al203,
Zn0O u ap.);

dochamuposanue - TOAyYECHHE 3allUTHOM TUIeHKH docdarToB
(Feg(PO4)2, Mng(PO4)2);

azomupoeanue - IOBEPXHOCTh MeTaJlJIa (CTaIM) HACBIIIAIOT a30TOM;

B80pOHEHUe Ccmany - TOBEPXHOCTh METalljla B3aUMOJIEUCTBYET C
OpraHUYE€CKUMU BEIICCTBAMU;

yemenmayus - MOTyYCHUE HA MOBEPXHOCTH METaJJIa €r0 COCAUHECHUS
C YTJIEPOJIOM.

N3MeHeHue cocTaBa TEXHUYECKOTO MeTajjia TakKe CIOCOOCTBYET
MOBBIIIEHUIO CTOMKOCTH MeTallJla K KOppo3uu. B 3TOM ciiyyae B MeTasl
BBOJISIT TaKUE€ COCIUHEHHUS, KOTOPHIC YBEIMYUBAIOT €T0 KOPPO3UOHHYIO
CTOUKOCTb.

N3MeHeHue coctaBa KOPPO3HMOHHOM cpenbl (BBEICHUE WHTHOUTOPOB
KOPpPO3UM WA YJAJIEHUE MPHUMECEH W3 OKPYXKAIOWIEH Cpenbl) TOXKE
SBJISIETCS CPEICTBOM 3aIUTHI METAJIJIa OT KOPPO3UH.

DNeKTpOXUMHUYECKasl 3allliTa OCHOBBIBAETCSI HAa MPUCOCIUHCHUU
3aIUIIAEMOT0 COOPYKEHHUSI KaTOy BHEIIHEro MCTOYHUKA MOCTOSHHOIO
TOKa, B PE3yJbTaT€ 4YE€ro OHO CTAHOBUTCSA KaTOAOM. AHOIOM CIYXHUT
METAJNTMYECKUN JIOM, KOTOPBIA pa3pyliasch, 3alUIIAET COOPYKEHHE OT
KOPPO3HUH.

IIporekTopHass 3amuTa - OAWH W3 BHUIOB JJIECKTPOXUMHUYECKOMN

3alIUTHI - 3aKITI0YACTCA B CIICAYOIICM.



K 3ammmaemMoMy COOpYXEHUIO NPUCOECAMHSIOT IUIACTUHBI 0Ooliee
aKTUBHOTO MeETaJlJla, KOTOPBIM Ha3bIBaeTcs NpoTekTopoM. [IpoTekTop -
MeTaul ¢ Oosiee OTpUILIATENbHBIM IMOTEHIMAIOM - SIBISETCS aHOAOM, a
3alMIIAEMOE COOpyXkeHue - KatoaoM. CoelMHEHUE MPOTEKTOpa H
3aIUIIAEMOT0 COOPYKEHUS TPOBOJAHUKOM TOKA, MPUBOJUT K Pa3pyILICHUIO
IPOTEKTOPA.

JUist 3amMThl METaUIOB OT KOPPO3UM YacTO XUMHUYECKUM WM
ANEKTPOXUMHUUYECKUM IyTEM (POPMHUPYIOT Ha €r0 MOBEPXHOCTH 3aLUTHYIO
OKCUJHYIO TUIEHKY. JIisi amiOMUHUSA HMCHOJB3YIOT 3JIEKTPOXUMHUYECKUN
croco0: anoaupoBaHue. s xene3a, NPUMEHSIOT, HaPUMEP, KUIISTUYECHUE
B pacTBope cotieid PocPopHON KUCIOTHI WM B @30THON KHUCIIOTE.

IIpenoTBpameHue CIJIONIHOM KOPPO3MM, 3alIMINAsl MOBEPXHOCTH
Metasuia. CrjiomHasl KOppo3usl SIBISETCA OJHUM U3 BHUAOB KOPPO3UH,
KOTOpasi BO3HUKAET OJHOPOAHBIM CIIOCOOOM Ha OTKPBITOM MOBEPXHOCTH
MeTauia. B 3ToM Tune Koppo3uu BCs TOBEPXHOCTh METallIa MOJIBEP>KEHA
KOPpPO3UU M, TakKuM o0Opa3oM, KOppo3us MPOXOJUT C OJUHAKOBOM
ckopocThlo. Hampumep, eciuM He3alllMIEHHAs JKeNe3Has  Kphbllla
CUCTEMATUYECKH TOJBEPraeTcs BO3JCUCTBUIO JOXK[SA, BCA MOBEPXHOCTH
KpBIIIH OyJET BCTYINATh B KOHTAKT C MPUMEPHO OAMHAKOBBIM KOJIMYECTBOM
BOJIbI M, TAKUM 00pazom, OyJIeT pa3belaThCsi ¢ PABHOMEPHOU CKOPOCTHIO.
Campblii IpOCTOM cHOCOO 3alUTHl OT CIUIOIIHONM KOPPO3UHU - TOCTaBUTH
3alUTHBIN Oapbep MEXIy METaJjloM M pPa3beJarolluM areHTOM. DTOro

MOXXHO H30€XaTh OOJBIIMM pa3sHOOOpa3HeM METOJIOB, NPUMEHEHUEM



KpacKH, MACJISIHOTO TEPMETHKA WU 3JIEKTPOXUMHUYECKUM PEIICHUEM THIA
rajJbBaHUYECKOTO IMHKOBOT'O MOKPBITHS.

IIpenorBpanieHue rajbBaAaHUYECKOM KOPPO3UM ITyTEM OCTAHOBKHU
MOHHOI'0 MOTOKA M3 OJIHOTO METaJlJIa B APYroi. DTO OJIHA U3 BAXKHBIX PopM
KOPPO3UH, KOTOPAsi MOXKET MPOU30MUTH, HE3ABUCUMO OT (PU3NUYECKOMN CHUJIBI
METAaJIOB, YYaCTBYIOIIUX B AIEKTPOXUMUYECKOM KOPPO3UH.
["anpBaHHMUYECKast KOPPO3USI MPOUCXOJUT, KOT/A JBA METAILIA
C Pa3IUYHBIM 3JEKTPOAHBIM MOTCHIIMAIIOM HAXOJATCS B KOHTAKTE JIPYT C
JPYrOM B TPUCYTCTBUHM JJICKTPOJUTA (HApUMEpP, MOPCKOM BOJIbI),
KOTOPBIM BBICTYNAE€T B KAay€CTBE AJIECKTPUUECKOrO IMPOBOJHUKA MEXKIY
Humu. Korjga 3To mpoMCXOAWT, MOHBI METAJIOB BBITEKAIOT M3 OoJiee
AKTUBHOTO METayla K MEHEE aKTUBHOMY METAJULy, B PE3YJbTaTe YEro
0oJiee aKTUBHBIM METaJU1 MOJIBEPTaeTCsl KOPPO3UHU B YCKOPEHHOM TEMIIE, a
MEHEE aKTHUBHBIM METAJLI - C MEHBIIIEH CKOPOCTHIO. B mpakTuyeckoM IuiaHe
ATO O3Ha4yaeT, 4To Koppo3us OyJeT pa3BUBAThCSI Ha 0o0Jiee aKTUBHOM
METaJI€ B TOUKE KOHTAKTa MEXTY JBYMSI METaJIJIAMM.

JIroOo¥i MeTon 3aluThl, KOTOPHIA MPEeIOTBpAIlaeT MOTOK HOHOB
MEXKITY MeTaJlaMH, MOXET MOTECHIIUAJIBHO OCTaHOBUTH
AIEKTPOXUMHUYECKYIO KOppo3uto. Eciyd 3amuTuTh METal 3alldTHBIM
MOKPBITUEM, OATO  MOXKET TMOMOYb MPEAOTBPATUTh  BO3ACHCTBUE
AJIEKTPOJINTOB M3 OKPY)KAIOWIEH Cpelbl OT CO3JaHUS AJIEKTPUUYECKOTO
MPOBOJIHUKA MEXKIY JIBYMS METAJUIAMU, a DJICKTPOXUMHUYECKUE MPOLECCHI
3alIUThI, TakKue KaKk TallbBaHM3alMs M aHOJUPOBAHUE, TaKkXe OyIayT

xopo1io padotats. Kpome TOro, MOXKHO TMOMEIIATh 3JIEKTPOXUMHUYECKOM



KOPPO3UU HU30JUPYysd 00JIACTH METAJUIOB, KOTOpPbIE BCTYMAIOT B KOHTAKT
IpYyT C APYTOM.

Takxke, OT TaJIbBAHUYECKOW  KOPPO3UM  MOXKET  3al[UTUTH
VICIIOJIb30BAHUE KATOAHOM 3alUThI WJIM PACXOAYEMOI0 aHOA.

IIpexorBpamieHne TOYEYHON KOPPO3MM, 3aAIUIIAS ITOBEPXHOCTh
MeTasuia, n30erast SKOJOrMYeCKUX NCTOYHUKOB XJIOpHAa U n30eras BMATHH
U uapanuH. TodeuyHass KOppo3usi - oAHa u3 (OpM KOPPO3UH, KOTOpas
IIPOMCXOJUT HA MHUKPOCKOIIMYECKOM YPOBHE, HO MOXET HMETh
MaciTabHele nocieactBuss. OHa oOka3biBaeT OOJbLIOE BO3JCHCTBUE Ha
METaJulbl, KOTOPbIC 3aIlUIIAIOTCA OT HEe TOHKHUM CJIOEM ITaCCUBHBIX
COCIMHEHUN Ha MOBEPXHOCTH, TaK Kak 3Ta ¢opmMa KOPpPO3UU MONKET
IIPUBECTU K MOBPEKICHUIO KOHCTPYKIMU B CUTyalUsAX, KOTJAa 3aIlUTHBIN
CJIOM, KaK IIpaBujI0, UM Memaer. TouyeuHas KOppo3us NPOUCXOAUT, KOTAa
HeOoJIbIlIasi YacTh MeTajljla TepsSeT CBOM 3alUTHBI MACCUBHBIA CIOM.
Korma »T0 mNpOUCXOAMUT, TajdbBaHUYECKAs KOPPO3USA IPOUCXOAUT HaA
MUKPOCKOMMYECKOM YPOBHE, UYTO MPUBOJIUT K OOpa30BaHUIO HEOOJIBIIUX
OTBEPCTUM B MeTrajuie. BOKpYr 3THUX OTBEPCTUM JOKAIBHOE OKPYKEHHUE
CTAHOBUTCSI OYEHb KHUCIIBIM, UTO YCKOPSET Ipouecc. TOYEYHYI0 KOPPO3UIO
OOBIYHO MOXKHO MPEJOTBPATUTh MYyTEM HAHECEHUS 3aIlUTHOTO MOKPBITUS
Ha METAJUIMYECKYIO IIOBEPXHOCTH WM UCHOJIb3Ys KATOAHYIO 3AIIUTY.

KoHTakT ¢ oOkpyx)arwumen cpeaod C BBICOKUM COAEPKAHUEM
XJIOPUIOB (KaK, HapUMEp, C COJICHOW BOJIOM), KaK M3BECTHO, YCKOPSET

IIPOLIECC TOUECUHON KOPPO3UHU.



IIpenoTBpaleHue mieJieBOM KOPPO3MM 332 CYET MUHHUMHU3ALUU
OTPAaHMYEHHOTO MPOCTPAHCTBA MpPHU MPOEKTUpPOBaHUM OOBeKTa. [lleneBas
KOppO3Hsl MPOUCXOAUT B MPOCTPAHCTBAX METAUIMYECKUX MPEIMETOB,
KOTOpPBIE MMEIOT IUIOXOW JOCTYIl K BO3JAyXYy WIH XHUAKOCTH, HAIIPUMED,
1oJl BUHTaMH, MO/J1 11aiidamMu, MoJi paKOBUHAMU UJIU MEXY COCIUHCHUSIMHU
mapuupa. llleneBas Koppo3usi MPOUCXOIUT TaM, TAE€ pa3pblB BOIU3U
METaJUIMYECKON TMOBEPXHOCTU JIOCTATOYHO IIMPOK, YTOOBI TO3BOJIUTH
KUJIKOCTU BOWTH, HO JIOCTAaTOYHO Y30K, YTOOBI JKUJKOCTH MOTJa OTTyjAa
BBIMTH, MOTOMY OHA TaM 3acTauBaercs. JIOKanbHOE OKPYXKEHHE I3THUX
HEOOJIBIIUX MPOCTPAHCTB 00pa3yeT KOPPO3UIO U METAIJI pa3beJaeTcsl Kak
B ClIydyae ¢ TOYE€UYHOM Koppo3ueu. [IpenorBpaleHue meneBod KOPpO3uu,
Kak MpaBwiIo, BONpoC Au3zaiHa. HyXHO CBOJUTh K MHUHUMYMY
BO3HUKHOBEHHME Y3KMX WIEJIEd B CTPOUTEINBCTBE METAJUITMYECKUX
IPEAMETOB IMYTEM 3aKPBITHS 3TUX MPOOEJTOB WM CO3AaBaTh XOPOIIMA
MOTOK BO3AyXa WIM S>KUJIKOCTH, YTOOBl MHHHUMH3HPOBATH IIEJIEBYIO
KOPPO3HIO.

[IleneBasi KOoppo3us BBI3BIBAET OCOOBIE MPOOIEMBI, TIPU padoTe ¢
TaKUMU MeETaUlaMH, KakKk alFlOMHUHUN, KOTOPBIMA HWMEET 3alluTHBIN,
[IACCUBHBIM BHEIIHWUW CJIOM, 4 MEXAHW3M IIEJIEBOW KOPPO3UU MOKET
CIIOCOOCTBOBAThH MMPOOMBAHUIO 3TOTO CJIOS.

IIpenoTBpameHue KOPpPO3HH IO HANPHAKEHHEM C IIOMOIIBIO
oe3onacHoi Harpy3ku u orxkura. Kopposuss nox nampsikenuem (SCC -
stress corrosion cracking - kopposuonnoe pacmpeckusanue noo

Hanpsoicenuem) SIBISETCA pelnkod (OpMOH KOPpPO3UH, CBSI3AHHOU C



pa3pylleHuEM KOHCTPYKIMU, KOTOpasl MPEJICTABISAECT OCOOBIN UHTEPEC IS
WH)KEHEPOB, KOTOpPbIE MPOEKTUPYIOT CTPOUTENIbHBIE KOHCTPYKIIHH,
npeHa3HAYCHHbIC MU BBIJCPKUBAHUSL CEPhE3HBIX Harpy3ok. B ciyuae
SCC, Hecymue MeTtainueckue Gopmbl 00pa3yroT TPEIIMHBI U TIEPETIOMbI
HIDKE YKa3aHHOIO TMpejesia Harpy3ku. B mpuUCyTCTBUH KOPPO3MOHHBIX
MOHOB, KPOIICYHbIE, MUKPOCKOTTMYECKUE TPEUIUHBI B METAJJIC, BHI3BAHHBIC
pacTITUBAIOIUM HaMpsHKECHUEM oT 0O0JIBIIION Harpys3Ku,
paclpoOCTPaHSIIOTCS KaK KOPPO3UMOHHBIE HWOHBI W JIOCTUTalOT KOHIA
TPEUIMHBL. DTO MPUBOAUT K TOMY, UTO TPEIIMHBI MOCTEIIEHHO HAYMHAIOT
pacTv ¥ B KOHEUHOM UTOT€ MOTYT IIPUBECTHU K Pa3pyIICHUIO KOHCTPYKIIUHU.
SCC o0co0eHHO OmacHo, Tak KaK 23TO MOXET IPOU3OUTH Jaxe B
MPUCYTCTBUU BEILECTB, KOTOPbIE€ OUYECHH CJIAa00 BIUAIOT Ha KOPPO3HIO
MeTajljla. JTO O3HA4yaeT, 4TO KOPPO3Usl MPOUCXOJUT B TO BpeMs, KOTna

OCTAJIbHAA Y4CTh ITOBCPXHOCTHU MCTAJIJIA KAXKCTCA HGSaTPOHyTOﬁ.

18.3. Koppo3uoHHbie AKTUBATOPbI U HHTHOUTOPBI
Axmusamopul (0T JaT. activus - aKTUBHBIH, JeaTeNnbHbIN). BemecTna,
CHOCOOCTBYIOIIME  KOPPO3UM, HAMp. HOHBI BOJOPOJA, KHUCIOPOJ,
pacTBOpPEHHBIN B Boje. B OMOXMMHUM aKTHMBAaTOpaMHu HA3bIBAIOT BEIIECTBA,
yCWJIMBAIOIIKE JIecTBUE (DEPMEHTOB.
XUMHAUYECKYH0 KOPPO3UIO YCKOPSAET TOBBILIEHUE KOHLEHTPALUUU
arpecCUBHBIX (CTMIOCOOHBIX XMMHUYECKH B3aUMOJICHCTBOBATH C METAJJIAMM)

BEIIECTB.



NHTEHCUBHOCTD 3JEKTPOXUMUYECKOW KOPPO3UH B OCHOBHOM 3aBUCHUT
OT TMPUPOJIbI KOHTAKTHPYIOUIUX METAUIOB, OT KOHIEHTpalMd W BHUJA
anekTposinTa. CKOPOCTh 3JIEKTPOXUMUYECKOW KOPPO3UHM TEM BBIIIE, YEM
OOJbLIE PA3HOCTh MOTEHIMAJIOB MEXAY HaXOASIMIMMUCA B KOHTAaKTE
metaiamu. Hampumep, xene3o (E°rere+ = - 0,44 B) npu KOHTakre ¢
Menpio (E°cucuz+ = +0,34 B) Oyaer paspymarbcs ObICTpee, YeM IIpH
KOHTaKTe ¢ 0JIOBOM (E°snysn2+ = - 0,14 B).

[Iporiecchl OKHUCIEHUS HAa aHOJIE U BOCCTAHOBJIIEHUSI Ha KaToJe
B3auMOCBs3aHbl. [IpU yCKOpEeHUU WJIM TOPMOXKEHUHM KATOJHOIO Ipoliecca
OyJeT Tak)e MOBBIIIATHCS WJIM CHUXKATHCS U CKOPOCTh Kopposuu. Tak,
TIOBBITIICHHE KOHIEHTparmu woHoB HY mmu monekyn kwucinopoma O B
ANEKTPOJIUTE  YBEJIMYMBAET  CKOPOCTh  KATOJHOM  peakuuu, a
CJIEIOBATENIBHO, YCKOPSET ANEKTPOXUMHUUECKYIO KOPPO3UIO METAIA.
[Iporieccrl 3JIEKTPOXUMHUUECKON KOPPO3UU TaKKE CUIIBHO YCKOPSIOTCS B
npucytctBur HoHOB C1° (pactBopénnble conu - xynopuasi:NaCl, CaCl, u
Jp.).-

XHUMHUYECKOE B3aUMO/ICIICTBUE METAILIOB C PA3JIMYHBIMU BEIlIECTBAMU
B JIONOJHEHUE K HJIEKTPOXMMHUYECKON KOppO3WU BCErJa YBEIUYUBAET
OOIIyI0 CKOpPOCTh pa3pylIeHUs: MeTajuioB. B OOJBIIMHCTBE Ciy4yaeB
TaKUMH aKTHBHBIMH BEIIECTBAMH IO OTHOIICHUIO K METaJUIaM SIBJISTFOTCS
KACIOTBI. KHCIIOTBI, B KOTOpPBIX OKHCIHTENIEM sBIseTcss uoH HY,
pearupyroT ¢ MeTalylaMH, WMEIOIIMMH OTPHUIIATENIbHBIE 3HAYCHUS

MOTEHIINAJIOB, C 00pa30BaHUEM COJICH U BBIJICJICHHEM Ta3a - Bojopozaa Ho.



Hampumep, eciu IIMHKOBOE H3JENUE IOJBEPTacTCs BO3JICHCTBHIO
pactBopa cojssHor kucnotel HC1, To Hapsimy ¢ OObIYHON peakiuein
PacTBOPCHHUS IIMHKA B KUCIIOTE:

Zn+ 2HCI1 — ZnCl; + Hy?
7Zn° - 28 — Zn*"
2H"+2¢ — H2°1
IPOUCXOMAT TAKXKE OJIICKTPOXUMHUYCCKHAE IPOIECChl B TalbBAaHUYCCKUX
3JIEMEHTAaX Pa3HOro poja, 00pa3yrIIMXCs Ha MTOBEPXHOCTH METaJlIa:
Anom: Zn° - 28 —Zn?*
Karon: 2H" +2é— H3°1(B xucIoii cpeae)

OO1mass CKOpOCTh pa3pylIeHHsS MeTajla OYyJeT CKIIaJbIBAThCSA M3
CKOPOCTEH XMMHYECKOTO M 3JICKTPOXUMHUYCSCKOTO MPOIIECCOB.

[I1énoun B BOAHBIX PacTBOpPAaX XUMHUYECCKH HE B3aMMOJCHCTBYIOT C OO0JIb-
IIMHCTBOM  MCTAJJIOB, OJIHAKO HEKOTOphie aM(pOTEPHBIC METaJLIbI
(aIOMHMHME, IHWHK, OSPWILIMH, OJOBO, CBHHEI) Pa3pyLIAlOTCS BOIHBIMH
pacTBOpaMH IIEIOYCH, HapUMep:

2A1 + 6KOH — 2K3A103 + 3H>?

PaccMoTprM, Kakue MpOIECCHI  IPOUCXOJAT TNPU  KOHTAKTE
IIUHKOBOT'O M3JICJIUS C BOJHBIM PacTBOPOM Iiéioun, Harpumep, NaOH.

Tak e Kak ¥ B IPEeABIAYIIEM IPUMEPE, [IMHK BCTYIAeT B XUMUYECKYIO pe-
aKIIMIO, U TIPH 3TOM, OKHCIISISICh, Pa3pyIIaeTCs:

Zn+ 2NaOH—NayZn0O7 + H2?1

7Zn° - 28 —7Zn*

2H* +28 — H,°1



DIIEKTPOXUMUYECKAS] KOPpO3Us IIMHKA B CpPENE DJIEKTPOJIUTA B

JTAHHOM CJTy4a€ OMMUCHIBAETCS YPABHCHUSIMU:
Anon: Zn°- 2e — Zn?*
Kartoxa: Oz +2H20 + 4é —4(OH)™ (B OTCYTCTBUE KUCTOTHI)

IIpucyrcTBytomue B menoyHoM pactBope moHbl OH™ 3amenmsror
KaTOJAHYIO PEaKIMI0, a, CJIEJOBATEIbHO, AHOJHBIM MIPOLECC OKUCICHUS
[IMHKA TaKXe OyaeT MOJAaBISAThCS.

Takum oOpa3om, B IIEJIOYHOU cpeAe Koppo3usi amM(pOTEPHBIX
METAJVIOB MPOUCXOJUT MPAKTUYECKU MOJHOCTHIO 32 CUET XHUMHUYECKOIO
B3aUMOJICHICTBHUSL.

XUMHAYECKOE B3aMMOJICMCTBUE METala C PacTBOPAMH COJIEM TaKXKe
MOXET  YCKOPSITb  TPOIECC KOpPpo3uM 3a  CYET  oOpazoBaHUs
JOTOJHUTEIBHBIX MHUKPOTAJIbBAHUYECKUX JJIEMEHTOB. I3BECTHO, 4YTO
METaJIJT MOXET BOCCTaHABJIMBATh HMOHBI METAUIOB, HMEKIUX OoJjiee
BBICOKAE 3HAQYEHHUS TMOTCHIUAIOB, W3 BOJHBIX pPACTBOPOB COJIEH.
Hanpumep, npu 100aBieHUN B SJESKTPOJIUT, HAXOJAIIUICS B KOHTAKTE C
IIUHKOM, pacTBOpa MEIHOM COJU MPOUCXOAUT BOCCTAHOBJICHUE MEIU
(Ezne<Ecye):

7Zn + CuS0O4—7ZnS0O4s+ Cu

Menp ocaxaaeTca Ha TOBEPXHOCTH IIMHKA B BHUJE MEJIKUX
KPUCTAJVIOB - 00pa3yeTcsi MHOKECTBO MUKPOTAIbBAHUYECKUX IMap ITUHK-
Menb. Cpa3dy HauMHAETCs JONOJHUTEIbHAS AJIEKTPOXUMHUYECKAs KOPPO3Us
[IUHKA 110 CXEMaM:

Anon: Zn | Zn® - 28 —»Zn?*



Karox: Cu | 2H" +2é— H,°1(B xucioii cpene)
WJIN:
AHOmI: Zn | 7n° - 28 —»7Zn%*

Karon: Cu | 02 +2H20 +4 € — 4(OH) (B OTCYTCTBHE KHCIOTHI)

NHruOutopel  KOppO3uUM -  BEIIECTBA, KOTOpbIE, HAXOHsICh B
KOPPO3MOHHOM CpeJlie B JOCTATOYHOW KOHIEHTPALMHU, CUJIBHO 3aMEIJISAIOT
aub0  BOOOIIE MpeKpanialoT KOPPO3UOHHOE — pa3pylIeHHEe MeTalia.
NHruOutopoM KOPpO3uM MOKET OBITh KaK OJTHO COCJMHEHHE, TaK U CMECh
HECKOJIbKHUX.

O DHeKTUBHOCTD AEHCTBUS MHTUOUTOPOB KOPPO3UU MOXKHO OILIEHUTh
Mo JIBYyM IIOKa3aTeisiM: cTeneHu 3amuthl (Z, %) u kosdpuumueHTty
TOPMOKEHUSI KOPPO3UH Y (3alTUTHBIN 3(PPeKT nHruouTopa).

dopmyia s ONpeIeICHUS CTETICHU 3aIIUThI Z.:

Z = [(Ki- K2)/K1]-100 = [ (i1 - i2)/i1]-100,

rae Ki, Kz - ckopocTb Kkoppo3uu (pacTBOpEeHUs ) MeTasia B cpejie 0e3
MHTHONUTOpA U ¢ HUM [1/(M?4)];

I1, I2 - IJIOTHOCTh KOPPO3UOHHOI'O0 TOKA B HEMHTHOMPYEMOM cpejie 1
MHTHOUPYEMOM, COOTBETCTBEHHO [A/cM?].

3nauenue Z paBHo 100% Torma, Korjaa METalI MOJHOCTHIO 3alUIIEH,
CKOPOCTb KOPpO3UH cBOAUTCS K 0.
3amuTHbIA 3PPeKT THruOUTOpa pacCUUTHIBAETCS MO hopmyJie:

Y= K1/K2 = i1/i2.
Koaduiment TopmokeHHs TOKa3bIBa€T, BO CKOJIBKO pa3 ToJ

JNEeWCTBUEM MHTHOUTOPA YMEHBIIIAETCS CKOPOCTh KOPPO3HHU.



Mexny Ko3)PUIMEHTOM TOPMOXKEHHUS U CTENEHBIO 3allUTHl CYIIECTBYET
CBA3b, ONpenensomasicsa popMynoi:
Z=(1-1/v)100.
Knaccupukanuss wuHruoOuropoB xopposum. Ilo Tumy cpenbl

UHTMOUTOPBI KOPPO3UU PA3IUYAIOT:

HHTUOUTOPHI HEUTPATBHBIX KOPPO3UOHHBIX CPEI;

aTMoc(epHoil Koppo3uu;

I/IHFH6I/ITOpBI KHUCJIBIX CPCI;

CEPOBOJIOPOIHON KOPPO3UHU;

UHTUOUTOPBI HETIHBIX CPE/I.
B pa3HbIX KOPPO3UOHHBIX Cpelax OJWH U TOT K€ UHTUOUTOP MOXKET
BECTU c€0sl COBEPILIEHHO I10- Pa3HOMY.
Kinaccudukaius UHTHOUTOPOB KOPPO3UU 110 MEXAHU3MY JICUCTBUS:
- TMaCCUBHUPYIOIINE HUHTUOUTOPHI;
- aJICOPOIMOHHBIC UHTHOUTOPHI.

[To xapakTepy 3alIMTHOTO JEUCTBHUS pa3IudyaloT HUHTUOUTOPHI
aHOJHBIC, KaTOJIHbIC, CMEIIaHHbIC.

[To xuMmuUYeckoll MpUPOJE HHTHOUTOPHI JEIATCS Ha: JeTydue,
OpraHUYECKHUE, HECOPTaHUYECKHUE.

AJICOPOIIMOHHBICE ~ WMHTHOUTOPHI  KOPPO3HH aJCOPOUPYIOTCA  Ha
MOBEPXHOCTH 3allUIAEMOr0 HW3JAeNUs, 00pa3ys IUJIEHKY, U TOPMO3AT
ANEKTPOXUMHUUECKHUE peakiuu. MHoraa goctaTouHo oOpa3oBaHWE TOHKOM
MOHOMOJIEKYJIIPHOU TUICHKH. AJCOPOIIMOHHBIMA HMHTHOUTOpPAMHU dYallle

Bcero sABSIIOTCS [IAB (IOBEpXHOCTHO- aKTUBHBIE BEIIECTBA), a TaKXKeE



opranvueckue coeauHeHus. Ilpu  BO3meMCTBUM HA U3JIEIHE OHHU
JIOTIOJTHUTEJILHO YCUJIMBAIOT 3aIllUTHBIC CBOWCTBA OKCHUIHOW IUICHKH.
[ToaTOMy MOKHO cCHi€llaTh BBIBOJI, UTO HAJIMYME B KOPPO3UOHHOU Cpejie
KHCJIOpPOJa  CHOCOOCTBYET  YBEJIHWYCHHIO  3aIlMTHOIO ahdexra
a7COpOIIMOHHBIX WHTUOUTOPOB KOPpO3uU. Eciu ke OKCUJIHAs IUICHKA
HEYCTOMYMBA - 3aTPyJHACTCS aACcOpOIMs MHTHOMUTOpa HA MOBEPXHOCTH
MeTaJljia, KUCIOPOI JOTIOJIHUTEILHOIO BIUSHUS HE OKA3bIBACT.

[TaccuBupyrOIMEe HHTHOUTOPHI KOPPO3UU UTPAIOT BAXKHYIO POJIb MPU
o0pa30BaHMM Ha T[OBEPXHOCTH METaJUla 3alUTHON IUICHKHU, KOTOpas
naccuBupyert ee. [laccuBaTopaMu yaiiie BCETo  SIBJISIFOTCSI HEOPTAaHUUECKUE
COCAMHEHMS, OO0JaJaI0NINe OKHUCIUTEIbHBIMU CBOWCTBAMH (HUTPUTHI,
MouoaaThl, Xxpomathl). [Ipu 06paboTKe MOBEPXHOCTH STUMHU BEILIECTBAMMU
KOPPO3UOHHBIM TMOTEHIMAJl CJBUTAETCAd K TOJIOKUTEIHHON CTOpPOHE.
[TaccuBupyromnme CoeIUHEHUs cuuTaloTcs Oosee A(PEHEeKTUBHBIMU, UYEM
OOJIbIIIast YaCTh HEMaCCHUBUPYIOUIUX.

Heopranuueckre HTHTHOUTOPHI KOPPO3UU UCIIOIB3YIOTCS Yallle BCETO.
K HUM OTHOCSTCS HEKOTOpBIC TACCUBATOPHI, KaTOJHBIC, AaHOJHBIE,
IJIEHKOOOpa3yroume HHruOuTopsl U T.1. MHrnbupyrommii 3gdekr takux
COEMHEHUIM MOXKHO OOBICHUTHL MX cocTaBoM. Hexoropsie annonsl (PO4*,
NO , CrO4%, SiO3*, Cr,07%), a taxxke karuonsl (Ni%*, Ca®*, As®*, Sh3*,
Zn?*, Bi*") cmocoOGCTBYIOT YMEHBIIEHHIO CKOPOCTH KOPPO3HOHHOTO
mporiecca.

K HeopraHnyeckum HHTHOMTOpAM KOPPO3UU OTHOCATCS (pocdaTsl,

OMXpOMaThl, XpOMAaThl, HUTPUTHI, NodU(ocPaThl, CUIUKATHI U T.1.



Opranndeckrue HHTHOUTOPBI KOPPO3HM CUUTAKOTCA  BEHIECTBAMMU
CMEUIaHHOTO AeiicTBUs. OHM 3aMeJJIsI0 KaTOJHYIO U aHOJHYIO PEaKLHH.
OdeHp 4YacTO WX HCHOJB3YIOT MHPH KUCIOTHOM TpaBieHuu. IIpu 3tom
pa3lInyHbIE 3arpsi3HEHUS, P)KaBUMHA, OKaJIMHA YAAISIOTCS C MOBEPXHOCTH,
a OCHOBHOUM METasul HE PacTBOPAETCS. 3aIMUTHBIN dPEHEKT OpraHuYecKux
UHTUOMTOPOB 3aBUCUT OT MX KOHLEHTpAUUH, TEMIEPaTypbl, TPHUPOJbI
COCIUHEHUM.

Yaiie Bcero B COCTaB OPraHUYECKUX UHTUOUTOPOB BXOJUT KUCIOPO/,
a3oT, cepa. OHHM aaCOpOMPYIOTCS MCKIIOYUTEIBHO Ha TMOBEPXHOCTU
Metamia. K oprannueckuM MHrHOUTOpaM OTHOCSTCS HEKOTOPHIE JIETYUHE,
aMUHBI, OPraHUYECKHUE KUCIOTHl U UX COJIU, MEPKaNTaHbl (THUOJIbI) U JP.

Nuruéutopsl HelTpanabHbIX cpea. [lo Pozendenbny uHruOMTOpPHI
JAHHOTO BHUJIAa KIaCCU(ULIMPYIOT TAK:
- C OKHCIMTEIIbHbIMM CBOMCTBaMHU (XpOMaThbl, HUTPUT HATPHS,
OpraHWYECKHE COCIMHEHUS, KOTOPBIE COJIEPkKAT HUTPO U KAPOOKCUIIbHYIO
rpymiy);
- HMHTUOUTOPBI, KOTOPHIE 00PaA3YIOT TPYAHOPACTBOPUMBIE COCTMHEHUS, HO
HE UMEIOT OKHUCIUTEIbHBIX CBOMCTB (OOpaThl, CHJIMKAThI, QocdaTsl,
KapOOHAT HATpPUs, TUAPAT HATPUS);
- MHTUOUTOPHI CO CIa0bIM OKHCIMUTENIbHBIM JIEHCTBUEM C aHUOHAMU THUIIA
(MetO4)™ (BaHAmaTHI, XpOMATHI, BOJb(paMaThl, MOJTHUOIATHI).

Huxe paccMOTpeHO HECKOJbKO TpyHN YacTo MPUMEHSEMBIX

MHTUOMTOPOB KOPPO3UU HEUTPATIBHBIX CPE/I.



Hutpur Hnatpusa. CaMoe MMHMPOKOE pacHpOCTPAHEHUE CpPEeau
UHTHOUTOPOB HEUTPATBHBIX CPEJl MOJYYUSl aHOJHBIH MHTMOUTOP HUTPUT
Hatpus NaNOp;. [ocTynHbld, NOpOCTOM HUHTHOUTOP OYEHb YacTo
NPUMEHSIETCS JJI 3alIUThl CTaIu B Boje. [Ipu MoOBBIIEHUH TeMIlepaTyphl
3¢ (HEeKTUBHOCTD IEUCTBHSI HUTPUTA HATPHUS YMEHbIIIAECTCS, TOITOMY HY>KHO
MOBBIIIATH €T0 KOHLIEHTPALIUIO.

OdeHb 4acCTO HUTPUT HATPUS MPUMEHSIETCS MPU MEKOIMEPAIIMOHHON
3amurTe Metamwia. s 3Toro ero moBepxHOCTh oOpabatsiBatoT 10%
BOJHBIM pacTBOpoM HHTruOuUTOpa. KOHIIEHTpanuss HUTpUTA HATPUS BO
MHOTOM 3aBUCUT OT KOJIMYECTBA B BOJIe MOHOB XJiopa. KoHueHTpauus
JAHHOTO BEIECTBA JOJKHA ObITh pa3 B 10 Oosble KOHIEHTpALUU HOHOB
XJI0pA.

HuTtput Hatpus He npuMeHseTCs [ 3alluThl MEIU U IUHKA, pyu pH
Ooznee 5.

®ocharbl.  [llupoxko  npumeHsOTCS Il  MHTMOUMPOBAHUSA
OXJIAAUTENBbHBIX CHUCTEM JSHEPreTHYeCKUX yCTaHOBOK. docdaTtel -
JIOBOJIBHO CHJIBHBIE WHTHOUTOPBI, KpOME€ TOro HeTokcuuHble. C HUMH
oOpamaThCsa Hy>KHO OCTOPOKHO, YTOO HE EepeOOPUIUTh C KOHLIEHTPALIUEH.
Ecnu BBeCTM CHMIIKOM OOJIBIIOE KOJUYECTBO - CKOPOCTh KOPPO3UH
Ha000poT yBenuuutcs. PDocdarsl ¢ NpoayKTaMH KOPPO3UU 00pa3yroT Ha
MOBEPXHOCTH CTalld TPYJIHOPACTBOPUMBIE COEIUHEHHS, KOTOpPHIE CO
BPEMEHEM YIUIOTHSISA- I0TCA, HU30JUpysl MoBepxHOCTh. Docdatel, Kak u
HUTPUT HATPHSI, SBIIACTCS OMACHBIM WHTHOUTOPOM, T.K. €CITU BBECTH €TO B

CUCTEMY B CJIIMIIKOM MaJIOM JIN0O OOJIBLIIIOM KOJIHUYECTBE - OTO IMpUBCIACT K



YCUJICHUIO KOPPO3UMOHHOTO paspyiieHus. Ho mepen HUTpUTOM HATpus
dhocdaTbel UMEIOT CBOM MPEUMYIIECTBA - UX 3aIUTHBIA A(PGhEKT HE 3aBUCUT
OT coJepXaHusi B Bojae xJjopunoB. 10 mr/m - wyacrto wucnonb3zyemas
KOHIIeHTpalus ¢hocdaToB Jy1sl 3aIUTHI CTAIU B BOJIE.

Xpomatbl. XpoMaTbl OTHOCSTCS K YHUBEPCAIbHBIM HHTHOUTOpaM,
T.K. TPUMEHSIOTCS ISl 3alllUThl MOYTH BceX MeTauioB. (OueHb
3 PeKTUBHBI 71 MHTUOMpPOBaHMUS BOJHBIX cpel. Ha mpaktuke yacto
MPUMEHSIOT JIJIsl 3allUThl OT KOPPO3WM TeruioHocuTenei. Ha 3amuTHbIN
3¢ dexT O00abI0E BIUSHUE OKA3bIBAIOT XJIOP MOHBI, KOTOPHIE YMEHBIIAIOT
nevicteue uHruOuTopa. KoHIIEHTpalus XpoMaToOB JIOKHA IPEBBINIATH
KOHIICHTPAIUIO XJIOP MOHOB HE MEHEE, YeM B 2 - 3 pa3a.

C noBelieHreM TeMnepaTypbl d(PEGHEKTUBHOCTh IEUCTBUS XPOMaTOB
Cpa3y 3HAYUTEIbHO YMEHBIIAETCA, TPeOyeTCs ero 0obIIasi KOHIEHTPALUSL.
Hanpumep, npu temnepaTtype koppo3uoHHoi cpeanl 20 °C tpebyercs B 2
- 3 pa3a meHblie uHruOuTopa, yeM npu temmneparype 80°C. Eciau npu
NOBBIIICHHOW TeMIleparype B KOPPO3MOHHOM Cpele  COACPKUTCS
HEJOCTATOYHOE KOJUYECTBO MHTHOMPYIOMIMX JO0OABOK - KOPPO3UST HOCUT
JIOKAJIbHBIN XapakTep.

Hemuoro ©Oonee 9S(PGEeKTUBHBIMU  CUMTAIOTCS  XpOMaThbl  Ha
OpraHUYeCcKOu OCHOBE (MeTuIaMuHa, UKJIOTEKCUJIaMHHA,
W30MPOINIIAMUHA, TYaHUIUHA).

XpoMatbl MPUMEHSIOTCS TOJIBKO ISl 3aIllUThI MeTaljia B 000POTHOM
BOJIE.

33[[3‘11/1 U BOIIPOCHI IJIA CAMOKOHTPOJIA



1. XuMHUeckas u QJICKTPOXUMHUUICCKAA KOPPO3UA: B UCM IIPUHIHUIINAIIBHOC PA3JININC

Mexay Humu? llpuBenure npuMepsl KOPpPO3UM IKElle3a MO XHUMHUYECKOMY U
ANEKTPOXUMUYECKOMY MEXaHU3MaM KOPPO3UHU.

2. Tlepeuucnute OCHOBHBIC (HAKTOPHI, OMPEIACIAIONINE CKOPOCTh XUMUYECKOH M
ANEKTPOXUMHUYECKONW KOPPO3HUH.

3. Hanummre ypaBHEHHS AHOJHBIX M KATOJHBIX MPOLECCOB, MPOTEKAIOUX MpU
KOPpO3UU: a) OLIMHKOBAHHOTO U JIYKEHOTO KeJie3a B aTMOC(HEPHBIX YCIOBHIX MpH 25
HapYILIEHUU MOKPBITUS; 0) MarHus, HaXOSIIETOCs B KOHTAKTE C MEIbIO B COJISTHOU
KHCJIOTE.

4. B 4yem 3aKkir04aeTcsi CyUIHOCTb ITPOTEKTOPHOM 3alHUTHl METAJUIOB OT KOPPO3UH?
Kakue mMeTtaiipl MOTYT CIY’KHTh B Ka4€CTBE IPOTEKTOpA IPHU 3aALIUTE OT KOPPO3UU
JKeJiesa, CBUHIIA?

5. JKene3nblil rBO37> BOUT BO BIaXHYIO ApeBecuHy. Kakass yacTh ro3ns Oyner
obicTpee pxaBeTh? HapykHast 4acTh rBO3/s WIM Ta, YTO HAXOJIUTCA B IpeBecUHE?

6. Ha yem ocHOBaHO aeiicTBUE HHTHOMTOPOB Koppos3uu? IlpuBeaurte npumepsl
WHTUOUTOPOB.

7. Kakue meTauibl: xejae30, cepedpo Wik HUKENb OyayT pa3pyliatkcsi B atMocdepe
BJI&JKHOTO BO34yXa, HacblmieHHoro CO;? OtTBeT nmailTe Ha OCHOBaHUU pacyeTa

AG°298 nporeccos.



Il MATEPUAJIbI IPAKTUYECKUX 3AHATUH

MeTounqecxne YKa3zaHuE PEIICHUA THIIOBBIX
3aJav 110 XuMHuu

1-npakTnyeckas padora
Tema: CocraBiieHue 3J1eKTPOHHOU (popMyJibl JJIeMeHTOB. Pelienue 3aa1a4 no
CTPOEHHS ATOMA U SIACPHBIX PeaAKIHMH.
IIpumeps! penieHus 3a1a4

Ilpumep 1.3anumuTe 37IEKTPOHHBIE (POPMYIIBI AIEMEHTOB MO HOMEpamMHu 7 U
33.
CKOJIBKO aTOMHBIX OpOWTanell P-TMOAYpPOBHS 3alOJTHEHO Yy JaHHBIX 3JeMeHTOB? K
KaKOMYy CEMEHCTBY OHHM OTHOCATCA? Y Kakoro M3 HHUX HauboJiee BBIPAKEHBI
MeTaJlJInuecKHue cBoucTBa?

Pewienue. Haxonum »ieMEHT TOJ HOMEpPOM 7 B MEPUOIUYECKOM TaluIe
MenneneeBa: 7 N — azor (nmepuox — 2, rpynmna — V).



7 N — 152257 23,

[IocKOJIBKY, HAa BHEIIHEM JHEPreTUYECKOM YPOBHE 3aIlOIHSACTCS P-TIOAYPOBEHB, TO
a30T OTHOCHUTCS K CEMEWCTBY P-2JIEMEHTOB. /[ OTBETa HAa BOIPOC O KOJUYECTBE
3aIllOJIHEHBIX P-opOuTasiell BcnoMHUM TpaBmiio XyHaa. Ha p-momypoBHe Bcero Tpu
opbutanu. Ha BHemIHeM 3HEpPreTMYecCKOM ypOBHE aToMa a30oTa TPH P-AJIEKTPOHA,
KOTOpPbIE B COOTBETCTBUM C MpaBWIOM XYHJa 3alOJHIT BCE TpU OpOUTAIM, HA
KQKJI0M M3 KOTOPBIX Oy/IE€T MPUCYTCTBOBATh 10 OJHOMY 3JIEKTPOHY.

Haxogum snemeHT noa HomepoM 33 B mepuoanyeckoi Tabiuie Menaeneesa:
33As — MbIIbsK (mepuos — 4, rpymnmna — V).

33As — 15%2s22p83s23p84s23d1%4p2,

[Ipu coctaBnenuun nanHou dhopmyssl yuteM npaBuio KieukoBckoro. B Havane
3aIOJIHAIOTCS 4S-0pOuTaip, 3aTeM 3d-opOuTais, 3aTeM 4p-opourtanu. B cooTBeTcTBUM
c mpaBujoM XyHJa BHaYaje 3aloJHATCA TPU P-OpOMTaIM, HAa KaXAOM U3 KOTOPHIX
OKaXETCSI MO OJHOMY OJEKTpoHY. I[lOCKOJIbKY Yy MBIIIbAKA 3amloJIHSIETCS -
MOAYPOBEHb, TO OH OTHOCHUTCSI K CEMEHUCTBY P-AJIEMEHTOB.

Mertannuyeckue CBOMCTBA Y MBIIIbSIKA BBIPAXKEHBI CUJIbHEE, YEM Yy a30Ta, TaK
KaK dJEKTPOHBI BHEIIHETO SHEPreTHYECKOrO0 YPOBHSI MBIIIbsKA YJaJ€Hbl OT sapa
Janpllie, 4eM Yy a30Ta, COOTBETCTBEHHO JIErd€ MOTYT OBITh OTAAHBI (MBIIIBSIK
HAaXOJUTCS B 4-M MEPHUOJIE, a a30T BO BTOPOM.

Ilpumep 2. Kakue 3HaueHUs] MOTYT IPUHUMATh KBaHTOBBIC 4ymcia N, |, ml, ms,
JUTSl BHEIITHUX 3JIEKTPOHOB aToMa Kuciaopoaa?

Pewenue. Kucnopos HaXoauTCA BO BTOPOM IIEPUO/IE, CIIENOBATEIBHO: TJIABHOE
KBaHTOBOE YHMCJIO JIJISi BHEUTHUX DJIEKTPOHOB, N = 2; OpOUTAIIbHOE KBAHTOBOE UYHMCIIO
npuHuMaeT 3Hauenus: 0, 1 (To ectb uMeercs S U P-nmoaypoBeHs). Homep kucinopona B
MEPUOANYECKON CUCTEME pPAaBEH &, CIIEIOBATEIBHO aTOM KHUCJIOPOJA COIEPKHUT 8
AIEKTPOHOB. DJIEKTPOHHAs (hOpMYJia KUCTOPOJia CACAYIOIIas:

80 — 1s22522p*
JIJIs BHEIIHUX S-2JIGKTPOHOB MarHuTHoe yucio Ml = 0. s P-37eKTpOHOB OHO
npuHumaeT 3HadeHus: -1, 0, 1 (To ectp umerTcsa 3 p-opbutanu). CnuHOBOE
KBAHTOBOE YMCJIO, MS sl S-2JIEKTPOHOB paBHO +1/2, -1/2; ananoruyHo st
AJIEKTPOHOB MEPBBIX JIBYX P-opOuTasiei (Ha HUX HaXOAUTCA MO ABa 3JekTpoHa). Ha
OCTaBIIECHCS P-OpOUTAIN HAXOIUTCS OJIUH JICKTPOH, ClieoBaTeIbHO MS = +1/2.

Ilpumep 3.KaxoBo pacnpeaeneHue dIeKTPOHOB 10 OPOUTAISIM aToMa KaaMus?

Pewenue. Dnement kaamuit Cd pacnosio)keH B MATOM MEpUOAE, 3HAUUT N = 5.
B ero atome 351eKTpOHBI pacipe/ieieHbl 0 MSATH SHEPTeTHUeCKUM ypoBHsIM (N =1, n
=2,n=3,n=4,n=25);, BHENHUM OyJIeT NATHIA ypoBeHb (N = 5). DiueKTpOHHAs
dopMysa BHeIIHEro sHepretudeckoro ypoHs kaamus: 4d105S2, cooTBETCTBEHHO
JICCSITh DJIEKTPOHOB 3aIOJIHAIOT Y€TBEPThIH (-1TOypOBEHB, a 1Ba DJICKTPOHA MATHIA S-
MOJypPOBEHb.

33}]3‘11/1 I CAMOCTOATEC/IBHOI'0O PECILICHUA



1. CkonbKO aTOMHBIX OpOHTaNell P- MOAYpPOBHS 3aMOJHEHO y 3JIEMEHTOB C
MOPSIIKOBBIMHA HOMepamu 5 u 147 3anummmTe ux 3IeKTPOHHbBIE ()OPMYIIHI.

2. YUem oTnmyaeTcsl MOCIEA0BATENBHOCTD B 3alI0JIHEHUHA aTOMHBIX OpOuTanei y
aToMoB S, P 1 d — 3y1eMeHTOB? 3anUIIUTE MIEKTPOHHYIO (HOPMYITy MAarHHUS.

3. Kakwe 3HaueHuss MoOryt mpwHHMaTh KBaHTOBBIe uymcima N, |, ml, ms,
XapaKTEPU3YIOIIME COCTOSTHUE DJJIEKTPOHOB B artoMme. Kakue 3HayeHuss OHH
MPUHUMAIOT JIs1 BHEIIHUX 3JIEKTPOHOB aTOMa Kalublus?

4. CKoJIbKO aTOMHBIX OpOUTajeil P- MOAYPOBHS 3alOJHEHO Yy JJIEMEHTOB C
MOPSIIKOBBIMU HOMepamu 35 u 547 3anuiure ux 3JeKTPOHHBIE POPMYIIBIL.

5. CkoJIBKO aTOMHBIX OpOWTajei O- MOIypOBHS 3alOJIHEHO Yy 3JIEMEHTa C
MOPSAKOBBIM HOMEpOM 237 3alMIINUTE €Tro JJICKTPOHHYIO (hOpMYITY.

6. Ilouemy MapraHen NpOSBISAET METAUIMYECKHE CBOWCTBA, a XJIOp —
HeMeTtaunueckue? OTBET MOTHBUPYWTE CTPOCHHMEM AaTOMOB JTHX JJIEMEHTOB.
3anuIInTe UX 3JIEKTPOHHBIE POPMYIIBI.

7. CKOIBKO aTOMHBIX opOuTaneil d - MoaypOBHS 3allONIHEHO Y 3JEMEHTOB C
NOPSAKOBBIMU HOMEpaMu 43 1 767 3anuimmTe ux 3IeKTPOHHbIEC (DOPMYIIBL.

8. CkoJIbKO aTOMHBIX opOuTtaneld d- TOIYpPOBHS 3allOJHEHO Y D3JIEMEHTa C
MOPSAKOBBIM HOMEPOM 827 3aNUIIKUTE €r0 AMEKTPOHHYIO (HhOpMYyITy.

9. V Kakoro u3 p—53JIEMEHTOB IISITOW TPYIIBl MEPUOIUYECKOU CUCTEMBI —
docdopa M cyppMbl — CHIIbHEE BBIpaKE€Hbl HeMeTajuiMueckue cpoiictBa? OTBeT
O0OCHYITE HCXOl U3 CTPOEHUS aTOMOB JaHHBIX JJEMEHTOB. 3alUIINTE HX
AJIEKTPOHHBIE (POPMYIIBI.

10. CkoabKO aTOMHBIX opOuTaned f- momypoBHS 3amoNHEHO y 3JEMEHTOB C
MOPSAAKOBBIMH HOMepaMu 59 u 657 3anmuimmTe uxX 3JIeKTPOHHbBIC (DOPMYIIHI.

11. Ckonbko aTOMHBIX opOuTanedl f- MOAypOBHS 3aloONHEHO Yy 3JEMEHTa C
MOPSAKOBBIM HOMEPOM 697? 3anuIuTe ero MMEKTPOHHYIO hopMyITy.

12. ¥V kakoro sieMeHTa YETBEPTOrO MEPUOJA — XpOMa WM CEJIEHA — CUJIbHEE
BBIPAKEHbI METAJUTMYECKHUE CBOMCTBA? 3aMUIIIUTE UX DJIEKTPOHHBIE (DOPMYIIBL.

13. CkoJIbKO aTOMHBIX opOuTajiei f- MOAYpOBHsS 3alOHEHO y 3JEMEHTa C
nopsiIKoBeIMU HOMepoM 717 TlokaxkuTe pacnpeneraeHue 3JIEKTPOHOB MO OpOUTAIISIM.
YKaxute, K KAKOMY CEMEVCTBY OTHOCHUTCS JAHHBIN DJIEMEHT.

14. CocraBbTe 3JeKTpOHHYIO (popmysny aroma snemeHta u3 IVB rpynmsl u IV
MepUOJIa. YKaKUTE CEMENCTBO JJIEMEHTOB.

15. CocraBpTe dIeKTPOHHYIO (OPMYTy aroMa »dJEMEHTa C MOPSAKOBBIM
HoMepoM 26. IlokaxkuTe pacmpenerneHue >JIEeKTPOHOB MO OpOUTaIsiM. YKaXKuTe, K
KAKOMY CEMEUCTBY OTHOCHUTCS JAHHBIM DJIEMEHT.

16. CocTtaBbTe AJIEKTpOHHYIO (hopmyny atoma snemeHTa 3 VB rpymmer u VI
MepUoia. Y KaKUTE CEMENCTBO JJIEMEHTOB.

17. CoctaBbTe JJIEKTPOHHYIO (opMyay aromMa »dJEMEHTa C MOPSIKOBBIM
HoMepoMm 47. Tlokaxxkure pacrpeneseHue AIEKTPOHOB MO OpOUTaIsIM. YKaXKHUTE, K
KaKOMY CEMEUCTBY OTHOCUTCS JJaHHBIN JJIEMEHT.



18. CocraBbTe 2JEKTpOHHYIO (popMyiny atoma 3jeMeHTa u3 VA rpynnbl u VI
MEpUOJIa. Y KAKUTE CEMENCTBO JJIEMEHTOB.

19. Kakne opOuTanm aroma 3aIroJHSIOTCS 3JieKTpoHaMu paHbine 4d wim 5S; 6S
wm 5p? Ilouemy? CocraBbTe 3JEKTpOHHYIO (opmyrny aroma snementa u3z IIIA
rpynnsl 1 VI nepruona. YKaKuTe CEMENUCTBO 3JIEMEHTOB.

20. Kakuie opOuTaim aromMa 3aIroJHSIOTCS 3JIeKTpOoHaMHU paHbine 4S wiu 3d; 53
wi 4p? [louemy? CocTaBbTe 3JEKTPOHHYIO (HOPMYIy 3JIEMEHTa C MOPSIKOBBIM
HomepoM 45. TlokaxkuTe pacmpenesieHue 3JIEKTPOHOB MO OpOUTAISIM. YKaxkHUTe, K
KaKOMY CEMEUCTBY OTHOCHUTCS TAHHBIN 3JIEMEHT.

21. OOmas xapaktepuctuka f-oamemenToB. JlaHTaHOMABI.  3aIHIINATE
AJIEKTPOHHYIO (hOpMYITy aTOMa 3JIeMEHTA MOl HOMEpPOM 59.

22. CoctaBbTe 2JeKTpOoHHYIO (popmyny aroma snementa u3 IIIA rpynmer u IV
NEpUOJA. YKaKUTE CEMENCTBO JJIEMEHTOB.

23. Kak MEHSIOTCA METAUIMYECKUE CBOWCTBA B TPYIINIE 3JIEMEHTOB
MEPUOINYECKON CUCTEMBI? MeTaTnueCKne CBOMCTBA YBEIIMUUBAOTCS B pALy?

1) Bi, Sh, N; 2) I, Br, S;

3) Tl, Sn, C; 4) Ge, Ga, In.

24. Kak MEHSI0TCS HEMETAUIMYECKHE CBOWCTBA B TPYMIE SJIEMEHTOB
MEePUOANYECKON CUCTEMBI? 3alUIIUTE ICKTPOHHYIO (POopMyy aToMa 3JIeMEHTa IMOJ
HOMepoM 50.

25. DIEKTPOHHOE CTPOCHHE METAIIOB, M30JATOPOB M IOJYIIPOBOJHUKOB. Kak
MEHSAIOTCS HEMETAJUIMYECKHE CBOMCTBA B IEPHUOJAE DJIEMEHTOB NEPUOAUYECKOU
CUCTEMBI?

26. DIEKTPOHHOE CTPOCHHE aTOMOB. S—, P—, d—, u f— snementrl. Kak mMeHsroTCst
METaJUIMYECKHE CBOWCTBA B IMEPUOJE DIIEMEHTOB IEPUOJNYECKONM CHCTEMBI?
3anummre JIeKTPOHHYI0 (POpMYITy aToMa dJIeMEHTa Mo HoMepoMm 32.

27. KBanroBbie yncna. @opMbl IEKTPOHHBIX 00JAKOB. ATOMHAsI 3JIEKTPOHHAS
opbutanb. Kak MEHSIOTCS painyChl JJIEMEHTOB B TPYMIE 3JIEMEHTOB MEPUOIUUECKON
CUCTEMBI? 3alUIINTE SJIEKTPOHHYIO (POPMYITy aToMa 3JIEMEHTa MOl HOMEpoM 54.

28. Kak MeHsAI0TCS paguycChl 3JIEMEHTOB B IEPUOJIE FJIEMEHTOB IEPUOINYECKON
CUCTEMBI? 3aUIINTE dJIEKTPOHHYIO (POpMYITy aToma 3JieMeHTa o Homepom 30.

29. Kak MeHsieTcst SHeprusi MOHM3alUW B TPYIIE JIEMEHTOB IEPUOANYECKOU
CUCTEMBI? 3anUIINTE SJIEKTPOHHYIO (POPMYITy aToMa 3JIEMEHTa MOJ1 HOMEPOM 25.

30. Kak MeHseTcs sHEprus MOHMU3ALMU B MEPUOJIE JIEMEHTOB MEPUOAUYECKOM
CUCTEMBbI? 3aMuIINTE JIEKTPOHHYIO (POPMYILy aToMa 3JIeMeHTa 1o HomepoM 20.

2-mpaKkTH4yecKkas padora
Tema: XuMH4YeCKOMH CBSI3M, BUJAU XUMHYECKOMN CBSA3H
[Ipumepsl pemenus 3aaa4

Hpumep 1. Kakas u3 xumnueckux cBsasent H-F, H-Br, H-C sBnsercs nanbonee
NOJIIPHOM. YKaXUTE B KaXK0W Mape HauboJee 3JIeKTPOOTPULIATENbHBIN 3JIEMEHT.



Pemenue. B coorBercTBun co mkanou [lonnHra, ykasaHHbIE aTOMbBI UMEIOT
ClIeyroIre 3HaueHus dekTpooTpuniatensaoct: H (2,15); F (3,98); Br (2,96); C
(2,55). PasHOCTH MEXIY JIEKTPOOTPHUIIATSILHOCTHIO BOAOPOIA U
anekTpoorpunarensHoctsimu F, Br, C, coorBercTBenno cocrapisitot: H-F (1,83), H-
Br (0,81), H-C (0,40). Takum 00pa30oM MOJIPHOCTH CBSI3U B JIAHHOM PsAY yObIBACT.
HaunGosee 31eKTpooTpHIIaTeTbHBIMU JJIEMEHTAMH B YKa3aHHBIX IMapax sBJSIOTCA, CO-
orBercTBenno: F, Br, C.

Ipumep 2. Vkaxurte Tun cBsA3u B cienyrommx Bemecrsax: HCI, Hp, NaCl.

Pemenne. HCI. Pa3HOCTB 371€KTpOOTpHUIIATEIBHOCTEH BOIOPOIA M XJIOPa TI0
mikaine [lonunra (ITpunoxkenne b) coctasnser: 3,16-2,15=1,01. CBs3b sBIsETCS
KOBaJIGHTHOU noJisipHOM. Ho- CBsI3b sIBIII€TCS KOBAJICHTHON HETMOJISIPHOM, TaK Kak
aToMbl 00J1a7]aI0T OJIMHAKOBOM JIEKTPOOTPHUIATEIIBHOCTHIO.

NaCl - PazHocTh 37€KTpOOTpHUIIATEILHOCTEH BOIOPO/Ia U XJiopa 1o 1kaie [lo-
nuura (ITpunoxxenue b) coctasnser: 3,16-0,93=2,23. CBs3b sABISIETCS HOHHOM, TaK
KaK pa3HOCTb 3JEKTPOOTPULATEIBHOCTEN AIEMEHTOB 3HAUUTENbHA (>1,7).

IIpumep 3. CKOJIBKO HECTTAPEHHBIX 3JIEKTPOHOB UMEET aTOM YIJIEPOIA B
HOPMAaJILHOM U BO30YKJIEHHOM COCTOSIHUSIX? Pacnipenenure 3TH 3JI€KTPOHBI 110
KBAaHTOBBIM siueiikaM. Yemy paBHa BaJICHTHOCTb yIJiepoJia, 00yCIOBICHHAS
HECIApEHHBIMU JIEKTPOHAMU?

Pemenue. AToM yriepoaa B OCHOBHOM COCTOSIHUM UMEET JIBa HECTIAPEHHBIX
AJIEKTPOHA, a B BO30YKJIEHHOM - YEThIPE:

1s: 2s: 2p: DE 1s: 2s: 2p:

B Takom cocTostHuM aToM yriiepojia croco0eH o0pa3oBhIBaTh COSAMHEHUS, TI€
OH OyJIeT YEThIPEXBATICHTEH.

IIpumep 4. 3amucarb cxeMbl 00pa30BaHUs MOJICKYJIIPHBIX OpOUTaeit
creayrommx Moseky Li. u He;. MoryT iiu cyiecTBoBaTh o 100HbIe COSAMHEHUS?
HapucoBath 2HEpreTuecKre quarpaMMbl YKa3aHHbBIX COCTMHEHUH.

Pemenne. [l{enounbie MeTaLIbl B Ta3000pa3HOM COCTOSIHUM CYIIIECTBYIOT B
BU/JIC IBYXaTOMHBIX MoJIeKyJI. [TornpoOyem noka3zath BO3MOXKHOCTb CYIIECTBOBaHUS
JIBYXaTOMHOM MOJIeKyJIbI Ly, HCITOIB3ysI METOI MOJICKYJISIPHBIX OpOUTAJICH.
HcxoaHblil aTOM JIUTUS COJIEPIKUT AIEKTPOHBI HAa IBYX AJEKTPOHHBIX YPOBHSX -
TICPBOM U BTOPOM ¢ S ¥ 2S). [TocTporM 3HEPreTHUECKYIO AMarpaMmy MoOJIeKyIbl Lis.

B cucteme u3 1ByX aTroMoB JUTHS LI, IIECTh 3JIEKTPOHOB; YETHIPE HA CBS3bI-
BAOIIMX U JBA HA Pa3PHIXJIAIONINX OPOUTAIIIX:

Li,:Li[15%25*] + Li[15%25] = Li, | (0©215) " (692015)* (5e225) * (op2025)

[lepekpbiBaHUE paBHBIX MO SHEPTUM ATOMHBIX 1S opOUTaneil aTOMOB JIUTHS AACT
JIBE S-0pOUTaIH, CBA3BIBAIOUIYIO M Pa3PhIXJIAIONIYI0, KOTOPbIE COTJIACHO MPUHIIMIA
MUHHUMYMa SHEPTUU OyIyT MOJHOCTBIO 3aCEJIEHbI YEThIPbMS JJIEKTPOHAMU. BBIUTphIII
B SHEPTUH, NTOJIyHaeMblil B pe3yibTaTe Mepexo/1a dJIEKTPOHOB Ha CBSI3bIBAIOIILYIO
opOUTaIbh HE CIIOCOOEH KOMIIEHCHPOBAThH MTOTEPU SHEPTUU MIPU MEPEXO/IE ANEKTPOHOB



Ha Pa3phIXJISIIONLYI0 opOuTaib. BoT modyemy Bkiiasl B 00pa3oBaHUE CBS3H MEXKY
aTOMaMH BHOCSIT 3JIEKTPOHBI BHEUTHETO 3JIEKTPOHHOTO cios. [lepekpbiBaHue -S -
opOHuTaNIeil aTOMOB JINTHSI IPUBENIET TAK)KE K 00Pa30BAHUIO S-CBSI3BIBAIOIICH 1 S-
Pa3pIXJISIIONIEH MOJIEKYJISIPHBIX opOuTanei. J[Ba ajekTpoHa 3aiiMyT MECTO Ha CBSI-
3BIBAOIICH OpOUTAIH, TaBasi BEIMTPHII B SHEPTUH JBYX JICKTPOHOB.

B cucteme u3 1Byx aromMoB renus He. deTbipe 25IeKTpoHa; 1Ba Ha CBSI3bIBAIONICH
Y JIBa Ha Pa3pbIXJIAIONICH opOuTau:

He,:He[15*] + He[15] = He, |(<15)” (o720 15)”

Monexkyna renust He. cyiiecTBOBaTh HE MOXKET, TaK KaK BBIUTPHIILIA B SHEPTUU
py 00pa30BaHUU CBS3U HE MPOUCXOIUT. DHEPTETHUCCKUE TUarpaMMbl MOJIeKy Li. u
He. nokazans! Ha puc.
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3ajaum AJ151 CAMOCTOSITEJILHOTO peleHust
1. Kakas u3 xumnueckux cssseit H-1, H-P, H-S, H-CI, H-Br aBnsercs nanboiee

NOJIAPHON? YKaX)uTe B KaXKJ0M Mmape HauboJee 3JIeKTPOOTpULIaTeIbHBIN 3J1e-
MEHT.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

YKaxuTe XUMUYECKUE COSTMHEHUS C MOJISIPHBIMU KOBAJICHTHBIMU CBSI3SIMHU:
NO, N.H., C.H,, F2. Kakue u3 npeacTaBieHHbIX MOJIEKYJI MOJISPHBI?

YKaKATe XUMUYECKHE COSTMHECHHSI C HETIOJSIPHBIMA KOBAICHTHBIMU CBSI3SIMH:
HCI, J,, CO, H,. Kakue u3 npeacTaBIeHHBIX MOJICKYJT TTOJIIPHBI?

VYKaKATE XUMUYIECKHE COSTMHECHHS C TMTOISIPHBIMUA KOBAICHTHBIMU CBSI3SIMH:
H.S, CF4, MgO, N,. Kakue n3 mpeactaBaeHHBIX MOJICKYJT HEMOJISPHBI?
YKaKATE XUMUYECKHE COSTMHCHHSI C HETIOISIPHBIMA KOBAICHTHBIMU CBSI3SIMH:
AgJ, N2, H.Se. Kakue u3 npeicTaBieHHbIX MOJIEKYJ TOJISIPHBI?

YKaxuTe XUMUYECKUE COSTMHEHUS C MOJSIPHBIMU KOBAJICHTHBIMU CBSI3SIMHU:
HBr, CaC,, PHs. Kakue u3 npeacTaBiaeHHbBIX MOJICKYJI MOJISPHBI?

YkaxuTe XUMAYECKUE COSTMHEHHUS C MOJSPHBIMU KOBAJICHTHBIMU CBSI3IMU: Ja,
C.Hs, N.Os. Kakue u3 mpeacTaBieHHBIX MOJICKYJI HETIOJISPHBI?

YKaxuTe XUMAYECKUE COSTMHEHUS C MOJSIPHBIMU KOBAJICHTHBIMH CBSI3SIMHU:
NHjs, CaF,, SO,. Kakue u3 mpencTaBIeHHBIX MOJIEKYIT HETIOISPHBI?

YKaKATe XUMUYICCKHAE COSTMHCHIS C HETIOISIPHBIMA KOBAJICHTHBIMU CBSI3SIMH:
SFs, BeO, CO,. Kakue u3 npeacTaBiIeHHBIX MOJICKYJT TIOJISIPHBI?

Onpenennute TAI XUMUYECKOU CBsI3H B coeauHeHnsx: SiF4, PCls, CL.O. Kakue
13 MPEJCTaBICHHBIX MOJICKYJI TIOJIIPHBI?

B psimy LiF NaF, KF nonsipHOoCcTh KOBaJICHTHO# CBSI3M YBEIIMYMBACTCS MITH
YMEHbIIIAETCS?

B psany BeO, MgO, CaO nosisspHOCTh KOBaJICHTHOM CBSI3U YBEIMUUBACTCS UM
yMEHbIIAeTCs?

B psay SiH., PH3, H,S mosastpHOCTE KOBalIEHTHOM CBS3HM YBEIMUNBAETCS HIIH
yMEHbIIIaeTCs?

B psny B,, BF3, CF4, OF. nonsspHOCTb KOBaJICHTHOM CBSI3U YBEIUYHUBACTCS WU
yMEHbIIIaeTCs?

W3 aneMeHTOB, IPUBEACHHBIX HIKE, BRIOEPHUTE T€, KOTOPHIE MOTYT OBITh
JIOHOPaMHU JICKTPOHHOM Maphl,  T€, KOTOPBIE MOTYT OBITh €€ aKIENITOPAMH
pu 00pazoBaHuu JoHOpHO-akientopHoi ceszu: B, Cl, N, S. OtBer
MOTHUBUPYWUTE UCXOJISI U3 CTPOSHHUS aTOMOB JIaHHBIX 3JIEMEHTOB.

Kaxkue u3 nmepeqncIeHHBIX HIDKE BEIIECTB B KUIKOM COCTOSTHIH aCCOITAH -
pOBaHBI 3a cueT 0bpazoBanus BogopoaHou csa3m: H.S, H.O, HJ? Kak sto
CKa3bIBaeTCs Ha UX CBOMCTBax?

Kakwne u3 mepeunciaeHHbIX HIKE BEIIESCTB B )KUIAKOM COCTOSIHHM aCCOIUH-
pPOBaHEHI 3a cueT oOpa3zoBaHus BogopoaHoi cesa3u: NHsz, HF, CH.? Kak 3T0
CKa3bIBaeTCs Ha MX CBOMCTBaX?

Kaxkue u3 cneayrommx coOeTMHEHHUN SIBISIOTCS HOHHBIMH COeMHEHUsIMHA: Ho,
KC', NHs3, CaBr,?

Kaxkue u3 cneayrommx coeTMHEHUH SIBISIIOTCS MOHHBIME coeuHeHusimu: CH.,,
0., H.O, N,, NaClI?

Kaxk u3menseTcss momsspHOCTh CBsizel B psaay mojiekyn: H.O, H.S, H.Se, H.Te?
[Touemy?



21. Kak u3MeHSIeTCs MOIIPHOCTh XMMHUECKOH CBsi3H B cienyroriem psaay: HF, HCI,
HBr, HI?

3-npakmuueckasn paboma
Tema: Xumuueckana Kunemuka
Ilpumep 1.Bo CKOIBKO pa3 U3MEHUTCA CKOPOCTh MPSMOM U 00paTHOM peakuuu
B CHCTEME:
2NO gy + Ozgy = 2N O 3
eCJIH: a) 00hEM Ta30BOI CMECH YMEHBIIIUTH B TPH pasa; 0) koHnenrpanuo  NO
YMEHBIIUTh B 2 pasza, a koHneHtpamuto NO; yBenmnuuTs B TpuU pasa;
B)KoHIIeHTpanuio O, yBeanunTh B 2 pasa, a korrneHTpamnuio NO, yBennuuTs B 5 pas.
Pewenue. a) B cooTBeTCTBUU C 3aKOHOM JEHUCTBYIOIIUX MAcC, CKOPOCTH
npsIMOM M OOpaTHOM peakiui 3aBUCAT OT KOHIEHTPALMM BEIIECTB CICAYIOUIUM
obpazom:

) (N YN, NN
Pr-';, o F::C‘-{G(‘ﬂﬂ. =k I I‘:h-l::| ‘ Ifl = ?.-;.-.1' %
r-' :ll"l_lr ) \I_‘ :l|.l|-l'-1_
r 2 T ND, =T NG,
H;:é_: = 'I'::-s'_: C."-'G_. = 'hs‘__': V - =k oap Fr_‘ .

ey

IIpy yMeHbIIEHUH 0OIIEro 00beMa ra30Boii cMeCH B TPH pa3a 3aKOH JIEHCTBYIOLIMX
Macc JUIs HOBBIX YCJIOBHI UMeEeT BUI:
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CKOpOCTh IpsIMOM peakIuu yBEIMUYUTCS B 27 pa3, a CKOPOCTh OOpaTHOM peakluu
yBEJIMYUTCS B 9 pas.

06) IIpu ymenpmennu konneHaTpanuu NO B 2 pasza, 1 yBEIMUYCHUH KOHIICHTPAIINH
NO; B Tpu pa3za 3aKkOH ACHCTBYIOIIMX Macc g MpsSMON U oOpaTHOW peakuuid
IIPUMET CJICTYIOIIUN BU:

W, 06p I;:--o:': {3 Cy

.2
NO, :'

= gl';:-‘::': Ci't:‘- =9 FF'*

CKOpOoCTh MpsAMON peaklMd YMEHBIIUTCS B 4 pa3a, a CKOPOCTh OOpaTHOM peakiuu
yBenuuures B 9 pas.

B)  Ilpu yBenuuenun xonunentpamuu Oy B 2 paza, a koHuentpauu NO, B 5 pas
3aKOH JEUCTBYIOIIMX MAacc JUJIsl MPSMOW M OOpaTHOM peakIuil MPUMET CJIeNYIOIIUN
BUJ:
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CkopocTh MpsIMON peakluu yBEIMUYUTCA B 2 pa3, a CKOPOCTb OOpaTHOM peakuuu
YBEJIMYUTCS B 25 pas.

IIpumep 2. Kak WU3MEHHUTCA CKOPOCTh pEAaKIMU, €CIUW TeMIeparypa
yBennuutcs Ha 80 °C. TemnepaTypHblii KOA()PUIMEHT peakliuy paBeH 2.

Pewienue. B coorBercTBuu ¢ npaBuioMm Baut-I" odda:

V. 2L Se

Fi :‘]_.-"1:] =210 = 2h¢

Ilpumep 3. DOHeprus axkTHBAlMM HEKOTOPOM pEaKUMH B OTCYTCTBHUE
karanusaTtopa paBHa 40,2 k/[>k/MoJib, a B IPUCYTCTBUM KaTajlu3aTopa OHa paBHa 25,2
k/[/Monb. Bo CKOJIBKO pa3 BO3pacTeT CKOPOCTb ATOW pPEAKUMU B MPUCYTCTBUU
karanuzaropa npu 50 °C.

Pewenue. Bocnonnzyemcs ypaBHeHueM Appenunyca. OO03HAYMM SHEPTHIO
akTuBauuu Oe3 Karanu3atopa - Eai, a SHepruro akTHUBaUMUM B NPUCYTCTBUU

KaTanu3aropa - Ea.

k,=k,-eRT

z
k,=k,-eRT
Haﬁ)ﬁ[eM OTHOILICHNE KMHETUYECKON KOHCTAHTHI pC€aKliuyu B IPUCYTTCTBHUU KaTaJn3a-
TOpa K KHHETUYECKOM KOHCTAHTE B OTCYTCTBHUC KaTalIn3aTopa:
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COOTBETCTBEHHO B MPUCYTCTBUHU KaTajau3aTopa CKOPOCTh pPeaKIiu Bo3pacTeT B 267
pas.

Ilpumep 4. 3anumnTe 3aKOH JEHUCTBYIOIIUX Macc M peakuuu: aA + bB —
cC + dD. Onpenenure oOmMi MOPSIAOK MPSIMOM M 0OpaTHOM peaKIMH, CUUTasA, YTO
YaCTHBIC TIOPSJIKM XUMHUYECKOW pEaKIMu COOTBETCTBYIOT CTEXHOMETPUYCCKUM
K03 puLreHTaM.

Pewenue. aA+bB — c¢C+dD
b, ¢, d -crexuomeTrpudeckue Kod()PUIUESHTH PEaKIIUA U B COOTBETCTBUHU C YCIOBUEM
3a/1auM YacTHBIC MOpsiAKU peakiuu noseniectsam A, B, C, D.

CKOpOCTh IPSIMOM peaKIIiy ONpeesaeTCsl ypaBHCHUEM:

V,=k,-C2-CB

OOt MOPSIOK MPSIMOM PeaKIuy paBeH: P1=a + b .
CkopocTh 00paTHOM peakuuu ONpeesaeTcsd YypaBHEHUEM:
V,=k,-CE.C4
OO MopsAI0K OOPATHOM peakIuu paBeH: P= C + d.
IIpumep 6. KoHueHTpauus HEKOTOPOro BELIECTBA B CHUCTEME H3MEHSJIACh
CIICTYIOIITUM 00pa3oM:

Bpewmsi,cek 0 2 4 6 8 10
Kounnenrpanus, | 2,8 1,321 0,864 0,642 0,511 0,424
MOJIB/JI

Onpenenure MNOPSIOK pEAKIMH, KUHETUYECKYI0 KOHCTaHTY M BpeMsl NOJympe-
BPAILICHHUS.

Pemenune. Ecinyv CKOpOCTh peaklMy OMMCHIBAETCS OJHUM W3 KHHETUYECKUX
ypaBHeHuil 0-ro, 1-ro, 2-ro minm 3-ro0 NOPSAKOB, TO 3HAYECHHE KHHETHYECKON
KOHCTaHTbl CKOPOCTH PeakUUu OYJET ONMUCHIBATHCA COOTBETCTBYIOIIUM BBIPAXKEHHEM
u3 TabauIBl 2 1 OyJIeT MOCTOSHHBIM HE3aBHUCHUMO OT BpeMEHU. BhINoNHUM paccyeTsl
KMHETUYECKOW KOHCTaHThI peakiuu 0-ro, 1-ro, 2-ro U 3-ro MOpsIAKOB ISl KaXKJI0TO
MOMEHTA BPEMEHMU.

Pe3yibTarbl pacyeToB 3aHeceM B TA0JIMLLY.

Bpems 0 2 4 6 8 10

Konyenmpayus, 2,8 1,321 0,864 0,642 0,511 0,424
MOIb/T

Ca—C - 0,740 0,484 0,360 0,286 0,238

"CD) - 0,378 0,294 0,245 0,213 0,189
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o= L. Cg-C* - 0,223 0,303 0,383 0,463 0,543
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Kaxk BHIHO M3 PACUCTHBIX JAHHBIX, COXPAHSACTCS ITIOCTOAHHOC 3HAYCHUC
KUHETUYECKON KOHCTAHThI IJIs pCaKInn 2-10 nopﬁmcai

CrnenoBaresibHO, UCXOIHBIE JJAHHBIC, U3MEHEHUE KOHIICHTPAI[UU COOTBETCTBYET
peakiuu 2-ro mopsaka. OTcroaa KHHeTHIeckas KoHcTtanTa peaknuu: K= 0,2 1/(Mob
c).

Bpewms nonynpespatiueHus:

1 1

Y05 Tk 002 28

3ajgauu 4J11 CAaMOCTOSITEIbHOIO peieHus

= 1,79

1. Aszot okucnsercs o ypasuenuto: 0,5 N2 (e)+ O2 (¢) — NO2 (2). Kak usmensarcs
CKOPOCTb NPSIMOM W 00paTHOM peakiuii, eciiu 00bEM CUCTEMbl YMEHBIIHUTCS B 3
paza?

2. OkwucneHue cepbl MpoTekaeT mo ypaBHeHuio: S (k) + O2 (2) — SO2 (2). Kak
U3MEHSTCS. CKOPOCTh MpsIMOM M OOpaTHOM peakiuil, €ciu O0O0bEM CHCTEMBbI
YBEJIMYUTCS B JiBa pasza?

3. OkwcieHne TMOKCUIa Cephbl MPOTEKAET M0 YPAaBHEHHUIO:

2S02 (2) + 02(c) — 2S03 (2).
Kak u3MeHATCs CKOpOCTh MPsIMOM M OOpaTHOM peakuui, €CIM KOHLIEHTApUus
JTMOKCHJIA CEPhl YBEIIMUUTCS B JIBa pa3a, a KoHIeHTpamus SO3 MEHBITUTCS B TPH
paza?

4. AmMuak obpasyercs mmo peakiuu: N2 (2) + 3H2 (2) — 2NH3 (2). Kak u3menuTcs
CKOPOCTh 00pa3OBaHMs aMMHaKa, €ClIM 00bEM CHCTEMbl YBEIMUYUTH B 2 pasa, a
KOHIICHTPALIMIO a30Ta YBEJIUYUTH B 3 pa3za?

. Peakuus mpotekaer o cieyromieit cxeme: 2SO2 (2) + 02 (2) — 2S03 (2).

Kak u3MeHuTCs CKOPOCTh MPSIMON peakiud — 00pa30BaHUsl CEPHOTO aHTUIPHUIA,
€CJIM YBEIUYUTh KOHIEHTpauuo SO2 B 3 paza?

6. Peakuus uaer no ypaBHEHHIO

N2 (2) + O2 (¢) — 2NO (2).
KoHneHTpamun HCXOAHBIX BEIISCTB A0 Hadama peakmuu Obutd: [N2] = 0,025
Mouw/1; NO] crana paBnoii 0,001 mons/.

7. Peakmus maer mo ypaBuenuio N, (2) + 3H, (¢) « 2NH3 (2). Konuenrpamuu
y4acTBYIOIIMX B Hel BemecTB ObutH: [N2] = 0,9 moaw/im; [H, | = 2 monb/i; [NHj]
= 0,15 Monw/n. Berunciute KOHIIEHTpAIMIO a30Ta U aMmMuaka, korna [Hz] crana
paBHo# 0,2 MOJIB/II.
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10.

11.

12.

Kak u3MeHuTCs CKOpOCTh peakluu, NpoTeKarolleil B ra3oBoi (ase, Ipu
NOBBIICHUH TeMreparypbl Ha 60 rpan, ecnu TemmepaTypHbIA KO3(h(UIIMEHT
CKOPOCTHU JAHHOM peakI paBeH JIByM?

Kak wW3MEHUTCS CKOpPOCTh peakluu, NpOoTEeKarolleil B ra3oBod (asze, mnpu
NOBBIICHUH TeMmrepatypbl Ha 80 rpan, eciu TemmepaTypHbId Ko3(h UIMEHT
CKOPOCTHU JaHHOM peaKIMK paBeH TpeM?

Kak wu3MeHUTCS CKOPOCTh peakluu, NpoTeKaroleil B ra3oBoil (aze, mpu
NOHWKEHUN TemnepaTypsl Ha 30 rpaxa, eciau TemnepaTypHbId KO3 ULIHUEHT
CKOPOCTH JaHHOW peaklK paBeH TpeM?

OKCIEPUMEHTAIBHO OINPEACIICHBI KUHETUYECKHE KOHCTAHTHI peakuuu npu 80 °C
(k=1), u mpu 120 oC ( k =10). OnperenuiTe JHEPTUIO AKTUBAIIHH.
OKCIEPUMEHTAIBHO OIPEEIICHbl KHHETHUECKHE KOHCTAHTHI peakuuu npu 100
oC (k=2,5), u mpu 150 oC ( k= 18,5). Onpeennte 3HEPTUIO aKTUBALIHH.

13. Peakuus npotekaet no ypasHeHuto 2NO(e) + O2 (2)« 2NO2 (e) (Konuentparuu

ncxoxaubix BemiecTB Obutk: [NOJO = 0,01 mons/m, [O2]0 = 0,02 moaw/n. Kak
U3MEHHUTCS CKOPOCTh PEaKIUH, €CIIM YBEIWYUTh KOHIICHTPAIIUIO KHCIOPOJa JI0
0,20 monnw/n u koHueHTpanuo NO 1o 0,08 monb/m.

14. Hannmmre BbIpakKeHUE 3aKOHA JEWCTBYIOIINUX MACC JJIsI TETEPOT€HHON CHCTEMBI:

CO2 (e)+ C(x) « 2CO(e). Kak u3MEHUTCS CKOPOCTh MPSAMOM peakiuu —
oOpazoBanus CO, ecnu koHueHTpauuo CO2 yMeHbIINTD B YETHIpE pa3a’?

15. Bpbruucaute, BO CKOJIBKO pa3 YMEHBIIUTCS CKOPOCTh PEAKIIMH, MPOTEKAIOIICH B
ra3oBoil ¢ase, eciu noHW3UThH Temneparypy ot 140 go 90 °C. TemnepatypHbiii
Kod(PUIEHT CKOPOCTH peakiuu paseH 4,0.

16. KonieHTpaius HEKOTOPOTO BEIIECTBA B CHUCTEME HM3MEHSJIACH CIICTYIOIINM
obpazom:

Bpemsi,cex 0 5 10 15 20

Konnenrpanus, | 4,000 3,875 3,75 3,625 3,5

MOJIb/J1

Onpenenute NOPsSIAOK PeakiMi, KHHETUYECKYI0 KOHCTAHTY U BpeMs MOJy-
pEBpALICHUS.

17.  KoHueHTpaius HEKOTOPOTo BEIIECTBA B CUCTEME U3MEHSJIACH CIIETYIO-

MM 00pa3oMm:

Bpewms,cex 0 5 10 15 20

Konnentpamus, | 10,000 | 1,818 1,000 0,690 0,526

MOJIB/JI

OnpenenuTe NOPsSIAOK PeaklMi, KHHETUUYECKYH0 KOHCTAHTY U BpeMs MOJy-
peBpaIIeHus.

18.  KonneHnTtpaliys HEKOTOPOTro BEIIECTBa B CUCTEME U3MEHSIACh CIEAYIO-

UM 00pa3oMm:
Bpems,cex 0 5 10 15 20

Konnenrpauus, | 10,000 | 4,724 2,231 1,054 0,498




| Mo/ | | | |
Omnpenenure MOPSAIOK PEaKIUK, KHHETHYECKYIO KOHCTAHTY U BPEMS Oy~
MIpEBpAIICHHUS.

19. KoHmeHTpaius HEKOTOPOTO BEIIECTBA B CHCTEME U3MEHSIIACH CIICIYIO-
UM 00pa3oM:

Bpemsi,cex 0 5 10 15 20

Konuentpauus, | 4,000 2,963 2,195 1,626 1,205

MOJIb/J1
Omnpenenure MOPSAIOK PEaKIIUN, KHHETHUYECKYIO KOHCTAHTY U BPEMS TOJTy-
MIpEBpAIICHHUS.

20. KonmeHTpanus HEKOTOPOTO BEIIECTBA B CUCTEME U3MEHSIIACh CIEAYIO-
UM 00pa3oM:

Bpemsi,cex 0 5 10 15 20

Konnenrpauus, | 4,000 0,976 0,556 0,388 0,299

MOJIb/J1
Omnpenenure NOPAIOK peaklui, KHHETUUYECKYIO KOHCTaHTY U BpeMs 0Ty~
IpeBpAIlCHUS.

4-npakmuueckas paboma
Tema: Onpeodenenus KOHUeHmMmapyuu pacmeopos

Ilpumep 1.Bpluucnute: a) TNPOLEHTHYIO, 6) MOJSIPHYIO, U 6) MOJSUIBHYIO
KoHIeHTpanuu pactBopa H3PO4, noixydeHHOro pu pacTBOPEHUU —8 T' KUCIIOTHI B
282 cM BOJBI, €CIH IIOTHOCTH €ro —,03— r/cm® (IIpunoxenue I).

Pewienue: a) BecoBas npolieHTHasi KOHIIEHTpalus MOKa3bIBAE€T YUCIO IPaMMOB
(emuHMI] Macchl) BemecTBa, cogepskamieecs B 100 r (enuuHuil Maccol) pactBopa. Tak
kak macca 282 cm® Bomel paBHa 282 r (IUNIOTHOCTH BOALI — I/cM®), TO Macca
nojgydyeHHoro pactBopa 18 + 282 = 300 r wu, cremoBaTelbHO, MaccoBas

KOHIIEHTpalus MOJyYEHHOTO pacTBOpa paBHa

™ 100% le 006-10 = 6
“ e m, °~18+282 - 0%

0) MonsipHas KOHIIEHTpalus WM MOJISIPHOCTH TMOKa3bIBa€T YHCIO TPaMM-
MOJIEKYJT pACTBOPEHHOI'O BEILIECTBA, cojaeprkaiieecs B 1 11 pactBopa. Macca 1 nutpa

pactBopa 100 r. MosisspHyI0 KOHIICHTPAIIMIO pacTBOPa HaXOAuM 1o (hopmyiie:



B) MouisiibHasi KOHIIEHTpAIUsl, UM MOJISUIbHOCTh, TTOKa3bIBA€T YUCIIO IPaMM-
MOJIEKYJI PaCTBOPEHHOTO BellecTBa, coaepsxkaiieros B 1000 r pactBoputens. Maccy

H3PO4 B 1000r pacTBOpUTENS HAXOAUM U3 COOTHOLICHHS

IIpumep 2. Paccunraiite xommuectso conu (NaCl), Heobxomumoe ast

npurotoBieHus 100 mu pactBopa ¢ koHueHtpauuen 10 %.

Pemenune. Macca pactBopa paBHa

[1moTHOCTB pacTBOpa OMpPEAEIIIEM MO MPUIOKEHHUIO [
Torna,

Hpumep 3. K 1 1 10%-n0ro pactsopa KOH (mmotnocts 1,092 r/cm® (Ilpunoxenue
') npubasumu 0,5 1 5%-moro pacteopa KOH (mnorocts 1,045 r/em®
(ITpunoxxenue I')). O6beM cmecH AOBETU YUCTOM BOJOW 10 2 JNUTPOB. Beruucnure
MOJISIPHYIO KOHIIEHTPAIIMIO MTOJTYYE€HHOT'0 pacTBopa.

Pemenune. Macca onnoro smtpa 10%-noro pactsopa KOH 1092 r. B stom

pacTBOPE COACPIKUTCSI

19%%é32==2a125rH0H
Macca 0,5 1 5%-noro pactBopa 1045*0,5 = 522,5 r. B a3TOM pacTBOpe COACPKUTCS
22955 _ 56125 r KOH

100

B o6uiem o6bweMe nosyueHHoro pactopa (2i1) macca KOH cocrtasnsier 109,2

+26,125 = 135,325 r. OTcroga MOJISIPHOCTh 3TOTO pacTBOpa

135325 _

MOJIE
- 2-56,1

1,2 .

Cm

rae 56,1 - monekynsipHbiil Bec KOH.



Hpumep 4. Kaxoit 065eM 96%-Holi KMCIIOTHI, IFIOTHOCTB KOTOpoii 1,84 r/cm®
(ITpunoxxenue I'), morpedyetca nna npurorosieHus 3 1 0,4 M. pactBopa?
Pewenue. MonsipHas Macca cepHoit KUcIoThI 98 r/mMounb. g npurotosnenus 3 i 0,4
M. pactBopa Tpedyercs 98-0,4:3=117,6 t cepHoit kucnotsl (100 %). Macca 1 cm3

96%-Hoii KuciIoThl 1,84 T.
Torma nist npurotosnenus 3 1 0,4 M. pactBopa Tpedyercs

—1,8151:} ?rg]:gﬁ = 66,6 cv* 96 9% — HOH CepHOH KHCIOTH.

3amavu 119 CAaMOCTOAATEIbHOTO pPellleHUus

1. OnpenenuTs MOJIIPHYIO U MOJSUIbHYIO KOHUeHTpauu 20 %-Horo pactBopa HCI.
Ckonbko moTpeOyeTcsi Takoro pactBopa mis npurotoBiaeHust 2 i1 10 %-Horo
pactBopa HCI?

2. OnpenenuTh MOJSPHYIO i MOJISUTRHYO KOHIIeHTpanuu 16 %-noro pactBopa HaSOa.
Ckonbko moTpeOyeTcsi Takoro pactBopa s npurotoBieHust 2 1 10 % Horo
pactBopa H2SO,4?

. OnpenenuTs MOJSIPHYIO M MOJISUIbHYIO KoHIeHTpauuu 20 % pactBopa KOH.
CKOJIBKO HaJI0 UCTIAPUTH BOJIbI, YTOOBI MOIy4uuTh 2 11 30 %-Horo pactBopa KOH.
4. OnpenenuTs MOJISIPHYIO U MOJISUTBbHYI0 KOHIeHTpauun 50 %-noro pactBopa NaOH.
Ckonbko moTpedyeTcsi Takoro pactBopa mis npurotoBieHust 3 1 20 %-Horo

pactBopa NaOH?

. Onpenenute MonspHyr KoHueHTtpamuto 60 %-noro pactsopa HNO;. Ckonbko
noTpedyercst Takoro pactBopa Juisi npurotosieHus 1,5 n 20 %-Horo pactBopa
HNO;?

. Onpenenute MOJIsApHYIO KOHIeHTpauuto 30 %-noro pactBopa NH4OH. Ckonbko
noTpedyercsi Takoro pactBopa ajig npurotoBieHuss 2 1 20 %-Horo pactBopa
NH,OH.

7. PaccumTtaTh MPOIEHTHYIO KOHIEHTpanuto pactBopa NaCl ¢ MossipHO#

KOHIICHTparuei 1,2 MoJb/J1.

8. Paccuurarh mporeHTHYHO KoHIeHTpamuto pactBopa KClI ¢ momsipHO#
KOHIICHTparuei 2,2 MOJIb/JI.

9. Paccumtath mnponeHTHyto KoHueHtpamuio 0,01 momspuoro pactBopa NaCl
CkonbKo Hago0 100aBUTH cod Ha 1 1, 9T00BI oyduTh 0,5 MONSPHBIN pacTBOp?
N3meHnenneM oobema mpeHeOpeyb.

10. Paccuurate mnponeHTHyr0 KkoHleHTpanuio 0,1 wmonspHoro pactBopa NaCl.
CxoyibKo Hag0 100aBUTH coM Ha 1 1, 4T0OBI mOy4uTh 0,5 MOISPHBIN pacTBOp?
N3meHnenneM oobema mpeHeOpeyb.

11. Paccuurare mpouentHyto koHueHtpauuto 0,01 monspHoro pactBopa NH4CL
CKOJIbKO HAJI0 B3SITh COJIM, YTOOBI MPUTOTOBUTH 2 JT TAKOTO pacTBopa’?

12. PaccuutaTs mponieHTHYyI0 KoHIeHTpanuto 0,1 monspuoro pactBopa KCl. Ckonbko
HAJI0 B3STh COJIU, YTOOBI MPUTOTOBUTH 3 JI TAKOTO pacTBopa’?

W
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13. Onpenenutrs MaccoByro KoHueHTpauutoo 20 %-Horo pactBopa HNO;. Ckoibko
HAJ0 B3ATh 3TOTO pacTBopa, yToObl mpurotoButh 1 1 10 %-HOro pactBOpa
HNO3?

14. Onpenenutrh MaccoByro KonieHTpamuioo 10 %-noro pactBopa HNO;. Ckoiibko
HAJI0 B3SATh 3TOTO pacTBOpa, 4TOOBI MPUTOTOBUTH 1 715 %-Horo pacTBopa HNO;3?

15. Onmpenenuts MaccoByto koureHTpanuto 20 %-noro pactBopa HySO.. Cxombko
HAJl0 MUCMAPUTh BOJBI U3 2-X JI 3TOr0 pacTBOpa, 4ToObl nmoiayuuts 40 % pacTtBOp
H,SO,?

16. Onpenenutb MaccoBylo KoHIeHTpaluio 26 %-noro pactsopa HCI. Ckonbpko Hag0
PaCTBOPUTH XJIOPUCTOTO BOJAOPO/IA, YTOOBI MOTYUYUTH 2 J1 yKa3aHHOTO pacTBOpa?

17. Onpenenutrs MaccoByro KoHmeHTpauuto 60 %-Horo pactBopa HNO;. Ckoibko
HAJI0 B3STh 3TOTO pacTBOpa, 4ToObI MPUTroTOBUTH 1 11 10 %-HoTro pactBopa HNO3?

18. Onpenenutrs MaccoByro KoHmeHTpauutoo 40 %-Horo pactBopa HNO;. Ckoibko
HAJI0 B3SITh 3TOTO PacTBOPa, YTOOBI MPUTOTOBUTH 2 11 15 %-Horo pactBopa HNO3?

19. Kakoii 00beM 80 %-HOl cepHON KUCIOTHI, MOTPEOyEeTCs AJI NPUTOTOBICHUS 1 J1
0,2 M pactBopa?

S-mpakTHyeckasi pabora

XumMnyeckast CBOMCTBA pacCTBOPOB

Ilpumep 1. 3anucats ypaBHeHus rugpoamsa g coseit: NaCl, NH,CI,
Al(NO3);, CH3;COOK, CH3COONH,, Al,S3. Kak mensiercss pH BOAHBIX pacTBOPOB

ATUX colieii? B kakom ciydae rugposii3 npoTeKaeT HeoopaTumo?

Pemenne: a) NaCl o6pa3oBana cuibHbIM ocHOBaHUeM NaOH u cuibHOM
kucnororr HCI. ruaponusy He mojBepraeTcs, T.K. HI KaTHOH, HU aHUOH COJU HE
MOTYT MPU B3aUMOJICCTBUH C BOJOM 00pa30BaTh MOJICKYJIbI CIA0bIX AJEKTPOJIUTOB.
BojHbIe pacTBOPHI 3TOM COJIM UMEIOT HEUTPaIbHYIO peakiuio cpeabl (pH = 7).

0) NH:Cl obOpa3oBana ci1aOblM OCHOBaHWEM M CHJIBHOM KHCIIOTOM, MOITOMY

T'HAPOJIN3YIOTCA 11O KATUOHY:
NH,Cl + H,0 - NH,0H + HCI
B nonnoit popme:
NHf +H,0 - NH,0OH +H*

Jlst BogHOTO pacTBOpa nanHou conu pH<7, T.x. annonsl OH - cBsi3anbl 00pa-
3oBaBIuMcs ciiadbim anektposutoM NHsOH | a katnonsr H+ co3matoT KHCIOTHYIO
Cpeny B pacTBOpE.



B)  AI(NOj3);. 00pa3zoBaHa MHOTOBAJICHTHBIM KaTHOHOM, ITO3TOMY IPOTEKAET
CTYIIEHYAaTO, Yepe3 CTaJANH 00pa30BaHUSI OCHOBHBIX COJICH:

1 CTYNIEHb:

AlI(NO3); + H,O0 — AI(OH)(NO.). + HNO,

A" + H,0 — [AI(OH)]* + H*
2 CTYNIEHb:
Al(OH)(NO,. + H,0 — AI(OH).(NO.) + HNO,
[AI(OH)]?" + H,0 — [AI(OH),]* + H*

3 CTYII€Hb:

Al(OH),(NO;) + H,O — AI(OH). + HNO,

[AI(OH),]" + H,0 — AI(OH), + H*

['uaponu3 npoTekaeT JOCTATOYHO CHIIBHO IO MEPBOM CTYNEHH, ci1ado - MO BTOPOM
CTyIIEHHM U COBCEM cJIabo - MO TPeTheW CTyNeHW (BBUIY HAKOIUICHUS HOHOB
BOJIOPOJa, MPOIECC CMEIIAETCS B CTOPOHY HMCXOAHBIX BewniecTB). bosiee mosHOMy
TUAPOJU3Y CIIOCOOCTBYET pa3daBieHUE pacTBOpa M IMOBbILIEHUE TeMiepaTypsl. (B
ATOM CJIydya€ MOXXHO YYMTBHIBaTh THAPOJIU3 U 1O TpeTher crynenu.) Coib
oOpa3oBaHa cJa0ObIM OCHOBAaHHMEM U CHUJIBHOW KHUCJIOTOM, IMOATOMY THUIPOJIU3

IPOTEKAET 110 KATUOHY, a peakuus pactBopa kucuas pH < 7.

r) CH3COOK o06pa3oBana CUJIbHBIM OCHOBAaHUEM U CIa00M (accOMUPOBAHHOM)

KHUCIIOTON, IO3TOMY TUAPOIU3YETCS TI0 aHUOHY:
CH3;COOK + H,O — CH3COOH +

KOH B nonHoi#i hopme:

CH.COO™ + H,0O — CH3;COOH +0OH" Conu MHOTOOCHOBHBIX

KHUCJIOT TUAPOIU3YIOTCS CTyIEHYaTO (C 00pa30BaHUEM KHCIIBIX COJIEH):
1 CTYINEHb:
K.CO. + H,O - KHCO. + KOH

COz, + H,O0 - HCO3 + OH"
2 CTYIeHb:

KHCO, + H,O0 -H.CO3+ KOH
HCO3; + H,O — H.,CO. + OH"

IlepBas cTyneHb rupou3a NpoTeKaeT JOCTaTOYHO CUIIBHO, a BTOpas - ¢iado,
o uémMm cBuaeTeIbCTBYET pH pacTBopa kapOoHata u ruapokapoonaTta kanus. (JIumb



MpY CUJIBHOM pa30aBJICHUM M HarpeBaHUU CIIeyeT YYUTHIBATh THAPOJIU3 00pa3yro-
melicst kucaoit coau). ITockoapKy Ipu B3aMMOACHCTBUH C BOJIOM aHHOHOB CJIA0BIX
KHCJIOT 00pa3zyroTcs noHsl OH’, BOIHBIN pacTBOP COJIM MMEET IMICIOYHYIO PEAKIIHIO
(pH > 7).

n)  CHsCOONH: o6pa3oBaHna ciiaObiM OCHOBAHHEM U CIA00W KHCIOTOH, TOITOMY
TUAPOIU3YETCS ¥ TI0O KATHOHY ¥ TI0 aHWOHY:

CH.,COONH., + H,O — CH3;COOH + NH,OH
Wnu B monHoit popme:

CH.COO" + NH," + H,O —» CH3COOH + NH,OH
' unponu3 Takux cojel MPOTEKaeT OYEHb CUIIbHO, IOCKOJIBKY B PE3YJIbTATE €ro

o0pa3yroTcs U c1aboe OCHOBaHME, U cliadast KU CJIOTa.
Ko(NH,OH) = 6,3 « 10°5;

Ko(CH3COOH)=1,8+ 10°°.
Ko(NH4OH)> K, (CH3COOH), mostomy peakiist BOJHOTO pacTBOpa 3TOW COJIN
Oyner cnaboIleI0YHOM, MOYTH HEUTPATTbHOM:

(pH =7-8).

e)  AlSs. I'maponus mporekaeT HeoOpaTUMO ¢ 00pa30BaHKMEM JICTYUHX U MaJo-
PacCTBOPUMBIX TIPOTYKTOB:

AlS; + 6H,0 — 2AI(OH);" + 3H.S.
[Mockonbky 1 katroHbl H™ 1 anronsr OH ~ cBsi3anbl 00pa3oBaHUEM MaJIOUC-
COLMUPYIOIIMNXCS MTPOAYKTOB, TO I TAHHOTO PAacTBOPA, YUUTHIBASL PACTBOPUMOCTD
H.,S B Boge, pH<7.

32[[[3‘-[1/[ AJIA CAMOCTOATEC/ILHOIO PCIICHUA

CocTaBbTe MOHHBIE W MOJIEKYJISIDHBIE ypaBHEHUs rufponm3a coner. Kakxoe
3HayeHue pH (Oombliie Wik MeHbIe 7) UMEIOT BOAHBIE PACTBOPHI ATUX COJIEH?
CH3COOH, Zn(NOQOs3),, A1,(SO4)3
NH4CI, ZnSQO4, Ca(HCO.,),

Cu(HCOO),, (NHa4).S, Na,SO.
CuSO., MgHPOQO.,, ZnS

(NH,).CO., CH.,COONH,, CaCOQO,
Al(CH3;COQ)3, Cu(NO3)2, Na.CO,
NaClO, KNO,, Na.PO,

(NH.).CO,, MgHPO:, CH3COONa
Al15(S04)3, AI(CH3COOQ)3, CuSO.
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10. Ca(HCO.)., A:Cs., ZnS

11. Li.S, AIPO4, NiSO4

12. Na2S, CoCl,, Na2CO;,

13. K2COs3, Cr2(S04)3, (NH4)-CO4

14. RbCI, Ni(NO3), Pb(NOs),

15. NiSO4, CoCl;, RbCI

16. Cwmemnranu paBabsie 00bembl 0,01 M pactBopa AgNO; u 0,04 M pactBopa

HI. Byner nu oOpa3oBbIBaThCS 0OCaJlOK, €CIIM TMPOU3BeeHUE pacTBopuMocTu AgI

paBHo 9,7*10" . ILTOTHOCTB BCEX pacTBOPOB MPUHATh PaBHBIMU 1 T/MII.

17.  OmnpenenuTth CTENEHb TUCCOIUAIMU KUCTOTh HoS, ecniu ee koHcTaHTa
nucconuanuu pasHa 1,230 | TIpu pemenny BoCoONb30BaThCS ypaBHEHUEM
OctBanbaa. PaccmatpuBaTh cyMMapHOE ypaBHEeHHE qucconuanuu: HoS=2H* + S2

18. Onpenenuth CTENEHb AUCCONMANMKM KUCIOTHI HF, ecnmn ee koHCTaHTa
aucconyanyuy pasHa 6,67-10%. Tlpu peleHuM BOCIONBL30BaThCa ypaBHeHHEM OcT-
BaJIb/1A.

19. Yrto Takoe pH u pOH? Uemy paBen pH= 0,02 MOJApHBIX pacTBOPOB YK-
CYCHOM KUCIIOTBI U TUAPOKCHIA AaMMOHMS, €CJIM CTEIEHb UX TUCCOLMALNN, TIPU JaH -
HBIX ycJOBUsX paBHa 3,1 %?

20. Yto takoe pH u pOH? Uemy paBen pH= 0,1 MoJsIpHBIX pacCTBOPOB YKCYyC-
HOM KHCJIOTHI U TUAPOKCHUA aMMOHHUSI, €CJIM CTENEHb UX IUCCOIUAIINH, TIPU TaHHBIX
ycioBusix paBHa 1,3 %?

21. Cmemranu paBubie 00beMbl 0,02 M pactBopa Ca(0H). u 0,02 M pactBopa
KOH. Bbyaer num o0pa3oBbIBaThCS OCAIO0K, €CIIM MPOU3BEACHHUE PACTBOPUMOCTH

Ca(OH): paBHo 5,5* 10°°. [In0THOCTB BceX pacTBOPOB IPHMHATH PABHBIMH 1 I/MIL

6-npakTHYeckasi pabora

OKUCJ/IMTEJBHO-BOCCTAHOBUTEJBHBIE PEAKIIUHN

Ilpumep 1.0npenenute, ABIASETCS JIU PeaKiUs OKUCIUTEIbHO-BOCCTAHOBUTEIHHOM ?
Ecnu na, TO B KakMX 4acTUIIAX aTOMbI MEHSIOT cmenens okucaenua? Paccunraiite

CmenéeHb OKucjieHusa 3TUX aTOMOB.

a)  CuSOy4+ Zn=Cu + ZnSO



0) 2KMnO; + 3K;S0;3 + H,0 = 2MnO,+ 3K,SO4 + 2KOH

B CaCz+ 2HZO = Ca(OH)z+ Csz
) (NH).CO + H0 = :NH, + CO,

Pemenne. OxuciumenbHo-60CCMAHOBUMENLHBIMU ABAIOMCS peakyuu a), 6) u
8), MAK KaK 6 HUX Y4acmeyom MOJLeK)ibl, AmoMbl KOMOPbLLX MEHsI0OM CTEeNeHb

OKHCJICHUA.

Ipumep 2. Ypauatb OBP meTomom snekTpoHHOro OanaHca.

Pemenue.
KMnQO, = KoMnO4 + MnO, + O,
Mn*’ + 3 e = Mn*

Mn*" + e = Mn*®
02-2e=0,50,°
2KMnO,; = KoMnOy4 + MnO, + O,
Ilpumep 3.Ypasusate OBP MeTO/10M 371€KTPOHHO-MOHHOTO OanaHca.
Cr2(804)3 + KMnO4 + H,0 = Cr2072' + Mn%* + ...
Pewenue. 2Cr3+ +H.0 — 6 e = Cr.0+* + 14H*

MnOs+ 8H+ + 5 ¢ = Mn®" + 4H,0
1) 10Cr3" + 3H20 — 30 e = 5Cr,0;* + 70H"
6MnO, + 48H+ + 30 e = 6Mn?* + 24H,0
2) 10Cr3* + 11H20 + sMnO4 = 6Mn?+ +5Cr,0,% + 22H*
3) 10Cr3* +15504% +11H20 +6Mn0O4 +6K* = 6Mn?* +5Cr,0;% +22H* +1550,> + 6K*

5Cr,(SO. + sKMnO, + 11H,0 = 5H.Cr.O. + sMnSO, + sKHSO, +3H.SO,
3aauu ISl CAMOCTOSITEJIbHOTO peleHHust

CocraBbTe JIEKTpOHHBIC ypaBHEHHs. PaccraBpTe KOA(DPUIIMEHTH B ypaBHE-
HUSIX OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIX peakinii. K kakoMy THUITy OHU OTHOCSITCA?

1 oo + 14H+ + 6Cl- — 3Cl + 2Cr3+ + 7H,0O
2 P + HIO, + H,O — H.PO, + HI
3 H.S + CI, + H,O — H,SO, + HCI
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10
11
12
13
14
15
16
17
18
19
20
21

K.C.O, + H,SO, (kxoum) — CrO, + K,SO. + H.0

KBr + KBrO, + H,SO. — Br, + K,SO, + H,O

Na.S0; + KMn0, + H,0 — Na.S0, + Mn0. + KOH

KMnO0, + Na.S0; + KOH — K.Mn0, + Na.S0, + H,0

P + HNO; + H,0 — H3P0, +H,0

NasAsO; + I, + H,O — Na3As04 + Hi

N.S.03 + H.SO, — S + SO + H.0 + H.SO,

FeSo, + HNO3(konm.) — Fe(N03); + NOo(1) + H20 + H.SO,4
Na.S03; + KMnO, + H,O — Na.S0, + Mn0. + KOH

HCI104 + SO, +H20 — HCI + H,SO,

Ti+ HCI > TiCl; + H. |

K2S + NaClO + H2S0O4 — S + NaCl + K2S504 + H20

NH3 + 02 & N2 + H30

CU20 + HNO3 — Cu(N03)2 + NO + H20

MnO0. + 0. +KOH — K.Mn0, + H,0

. + NaOH — NaOl + Nal+H,0

MnS0,4 + Pb0. + HNO; — HMnO,4 + Pb(NO5). ++ PbS0, + H,0
H.SO; + HC105; — H.SO,4 + HCI

Kakue u3 npuBENEHHBIX PEAKLMUM, MPOTEKAKIMMUX IO CXEeMaM, SABJISIOTCS

OKHCITUTEILHO-BOCCTAHOBUTENbHBIMU? PaccTaBbTe KOA(DPUIIMEHTHI B YpaBHEHHSIX

peaKkuui.

22,
23.
24,
25,
26.

Ca(HCO03)2 + Ca(0H)2 — 2CaC03 + 2H-0,

PbS + HNO3 — S + Pb(N03)2 + NO + H-0,

KMn0O4 + H2S04 + KI — 12 + K2S04 + MNnS04 + H20.
NaHSO3 — Na2S203 + H20

Na-CrO4 + H2504 — Na=Cr207 + Na=So4 +H-0



27. H2SO4 + NaOH — Na=SO4 + H20
28. NHj3 + NaClO — N2H4 + NaCl + H20
29. NH4CI + Ca(OH)2 — NH3 + CaCl. + H-0

30. NaClO — NaClO; +NacCl

/-npakTH4YecKas padora
Tema: Bausinue cpebl Ha TeYeHUE PeAKIUI OKUCIEHUA-BOCCTAHOBJICHUS.

Bo MHoOrumx ciy4asix OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKIMUA MPOTEKAIOT B
ONPEACICHHON Cpejie: HEUTPaTIbHOM, KUCION WM IieaouyHOW. KUcIoTel U 1mienoyu
PACXOyIOTCS TIPH 3TOM Ha 00pa30BaHUE COJIEH U BOJIBI.
IIpumep. I[Ipu B3auMoeiicTBUY NepMaHTaHaTa Kajlus ¢ MOAUJAOM Kaldus B KUCIOU
Cpelie peakius BhIpaKaeTcs CIEYIONIEH CXeMOM:
KMnOQO, + KI + H,SO,=MnSO, +1, + K,SO,4 + H,O
Mn*" + 5¢=Mn*? 2
21" -2e=1, 5
Tak kak MOJEKYJNBl HOJA JBYXaTOMHBI, KO3(PQPHUIIMEHTH HYXHO YIBOHWTH.
PaccraBigem ko3(p¢uuMEeHTH B YypaBHEHHHM mnepen (opMyjJaMud OKHCIIUTENS,
BOCCTAaHOBUTEIS, OKHCIICHHON U BOCCTAHOBIICHHOH (hOpM, a 3aTeM Cyib(aTa Kalus:
2KMnQO4 +10KI+H,S0,=2MnS0O, + 51, + 6K,SO, +H,0
B nmnpuBemeHHOM 37eCh ypaBHEHWW HE TIOCTABJICHBI KOAD(HUIMEHTH Tepena
dbopmylraMu  cepHOM KHCIOTBI HM  Bojabl. Yumciao wMomekyn HpSOs momxkHO
cooTBeTcTBOBaTh unciay mojekyn MnSO; u K;SOa, o0pasyrommxcs mpu peaxiuu.
[TogcunThIBasi YMCIO KUCIOTHBIX OCTAaTKOB B JBYX Moiekynax MnSO, u mectu
moutekynax KoSO,, onpenensieM, 4To B peakiinu y4acTByeT BoceMb MoJiekysn HoSOy:
2KMnQO4 +10KI1+8H,S04 =2MnSQO;, + 51, + 6K2SO4 + H20
[Tocne 3TOro JEerko yCTaHOBHUTH YHCIO OOpa30BaBIIMXCA MOJEKYN BOAbL. Jlis
ATOr0 TOJCYMTHIBAEM YHCJIO aTOMOB BOJIOPOJa, OOO3HAYCHHBIX B JIEBOH 4YacTH
ypaBHeHUs. [lomydaercss mrectHamath. CiaemoBaTellbHO, Tiepen (HOpPMYJION BOJBI
Hago0 mocTaBuTh Koddduuuent 8. Ha oOpasoBaHue BOABI HIET KHUCIOPO/I,
ocBoOomuBIIMiics npu  BocctaHoBieHun  KMnO,.  Ilocie  moacTraHOBKU
kodddummeHTa mepen (Gopmysioil BOABI MPOBEPSACTCS TMPABHIBHOCTH YPaBHCHHS
MyTEM I10JICYETa aTOMOB KHCIIOpOa B 00CHX YaCTsX:
2KMnQO4 +10KI1+8H,S04 =2MnSQO;, + 51, + 6K,S0,4 + 8H,0
UtoObl JyuIie ySICHUTH POJIb KHCJIOTBI B PAaCCMOTPEHHOM 3]1€Ch PEAKIINH,
COCTaBUM MOHHOE YPaBHEHHUE ITON PEAKITUU:



2K*+2MnOy4 +10K*+101"+16H*+8S0,2=2Mn*?+2S04? + 5l, + 12K*+6S0,2 +8H,0
[Tocne cokpanieHus OHO UMEET CIEAYIOIIUN BU/I:
2MnO, +10I'+16H* =2Mn*?+ 51, +8H,0

W3 3T0ro0 ypaBHEHHs BUJHO, YTO OKHCIJIEHHE MOHOB |° B CBOOOJHBIN MOJ MOHAMU
Mn*2 conmpoBoXkaaeTcs cBA3bIBaHMEM MOHOB H* B Monekysl Bogpl. ClieJ0OBaTENbHO,
KHCJIas cpefia sIBISeTCsl HEOOXOIUMBIM YCIIOBUEM 3TOM pEaKIIHH.

Ipumep. Peaknus okucnenus xiaopuaa xpoma (I11) OpomHoit Bogoil mpoTeKaeT B
IIEJIOYHOU cpenie:

- 0 6 1
CFSC 1;+Br,+NaOH=Na,CrQO,+NaBr+NaCIl+H,O
9TOM peakuuu ¢ ogHor mojekyioi CrCl; B3amMomencTByOT Tpu atroma Opoma, a B
pesyibTare peakinuu oopasyrorcs ogHa moiiekyina NayCrOs, tpu Monekynasl NaBr u
tpu Mojekyiasl NaCl. Ilockonbky OpoM HaxoauTCs B BHIE MOJIEKYJ  Bry,
KO3 (PUIIMEHTHI yIBAaUBAIOT:
2CrCl13 + 3Br; + NaOH=2Na,CrO,4 + 6NaBr + 6NaCl + H,O

[ToncumThiBass YKCIO AaTOMOB HAaTpHUs B MPaBOM YAaCTU ypaBHEHUS, HAXOAHUM, YTO
TUJPOKCUJIA HATPUS B PEaKIMU JOJDKHO y4acTBOBATh IIECTHALATH MOJIeKyJ. Tormaa
yuciao 0O0pa30oBaBIIMXCS MOJIEKyd BOAbl Oyaer Bocemb. Ilocie paccTaHOBKH
KO2(PGUIIMEHTOB ypaBHEHUE MPUHUMAET CICAYIOIIUN BUI:

2CrCl; + 3Br,+16NaOH=2Na,CrO, + 6NaBr + 6NaCl + 8H20

JI71s1 BBISICHEHUS POJIU LIEJI0YHM COCTABUM MOHHOE YPABHEHUE PEAKIIUU:

2Cr** +3Bry + 160H=2Cr04? + 6Br +8H,0

Orcrona BUAHO, 4To okucienue noHoB Cr** B CrO4? 6poMOM CONPOBOXKIAETCS
noTpebieHnemM TruApokcusl UoHoB. ClenoBaTeIbHO, PEAKIMI0 HAJ0 MPOBOAUTH B
IIEJIOYHOM Cpelie.

B o0miem ciydae moBbIIIIEHUE CTETIEHU OKUCICHHUSI aTOMOB METAJIOB MPOUCXOIUT
PEUMYIIECTBEHHO B IIEJIIOYHOUN Cpelie, a MOHMKEHUE CTEIEHU OKUCICHUSI UX — B
KHUCJIOU Cpee.

WNHoraa kucioTa BRICTYNAET U B KAU€CTBE OKUCIUTENIS (MJIM BOCCTAHOBUTES), U B
KadecTBe cojieo0pa3oBaTersl.

Yucio MoJIeKyJl KHCIOThI B peakuuu OyAeT ciararbCsi M3 4YHUCia MOJEKYI
KUCJIOTBI, 3aTpPaueHHOM Ha  OKHUCJIeHUE (BOCCTAaHOBJICHUE), U  KHUCJOTHI,
M3PACXOJ0OBAaHHOM Ha cojieoOpa3zoBaHue. B CBSI3M ¢ 3TUM B METOJAMKY COCTaBJICHUS
YpaBHEHHUH JOJDKHBI OBITh BHECEHBI HEKOTOphIe aoOaBiieHus. [loscHUM 5TO Ha
npuMepe.

Hpumep. I[Ipu B3anmMoaericTBUN MEQU ¢ KOHUECHTPUPOBAHHOW a30THOM KHCJIOTOU
pEeaKUrs BBIPAYXKAETCS CIEIYIOIIEH CXEMOM:

0 =5 2 -4
Cu—+ HNOg,:CU. (NO_:,); T _\103 T H_*.O
YacTbs aTOMOB a30Ta U3 a30THOW KUCJIOTHI IIPU OTOM PEaKUMU HE U3MEHWIA CTEIICHU
OKHCJICHHUsI, T. €. YaCTh a30THOM KHCJIOTHI HE MPUHsIA y4acTUsl B OKHUCIECHUU MEIH.



DTa 4acTh a30THOW KMCIIOThl y4acTBOBaJia B OOpa30BaHUM COJIM, HUTpATa MEAU
(1. DnekTpoHHOE ypaBHEHHE:
1 Cu*? +2e=CU°
2. N*™+e=N*

Taxum 06pazom, At OKUCICHHSI OJJHOTO aTOMa MEJU PACXOyeTCs JIBE MOJIEKYJIbI
HNOj3. Kpome Toro, Ha o6pazoBanwue oHoi Mojiekyibl coin CU(NOs), pacxonxyercs
eme a8e MoJekysibl HNOs:

Cu + 2HNO;3; =Cu (NO3), + 2NO; + H,0 Ha okuciieHne Ha cojeo0pa3oBaHue

[logcuuThiBa€M YHCIO aTOMOB BOJOpPOJAa B JIEBOM YacTU YpaBHEHUA W
ompesensieM, 4To BO/Ibl 00pa30BaJIOCh IBE MOJICKYJIbI:

Cu + 4HNO3=Cu (NOs); + 2NO; + 2H,0

[IpoBepka MPaBWIBHOCTH YpaBHEHUS MPOU3ZBOJUTCS TMOJCYETOM aTOMOB
KHCIIOpO/Ia.

bonee crmoxHBIMH  OBIBAIOT pEaklMM, B  KOTOPHIX OKHUCJICHUIO (WM
BOCCTAHOBJICHHUIO) ITOABEPTAIOTCS aTOMBI WJIM HOHBI HE OJHOTO, a HECKOJBKHX
3JIEMEHTOB B OJTHOU MOJIEKYJIE.

IIpumep. Peakuus oxucienus cynbbuna meibsika (111) xmopHoBatoi kuciaoton
BBIPAKAETCA CXEMOM:

.

232 -5 -5 -5 1
. 5383 T HC103 T H_*.O:HyﬂLSO_; T HgSO.; +HC1
As*? 3nech okucasgercs B As™®, a S? B S Kaxpiii atom As*™ tepser npu sToM
71Ba 3JIEKTPOHA, a aToM S TepseT BOceMb AIEKTPOHOB. TakuM 06pa3oM, BCE aTOMB,
oOpasyrorue MOJICKYJIbl  AS;S3, OTHAIOT NpPH  OKHUCICHWHM JIBaANATh BOCEMb
3JICKTPOHOB:

DAs- 4e=2As 1 35 — 24e=3S wm AssSs - 28e=0As + 38
OTHU JIBaAUaTh BOCEMb JJIEKTPOHOB MPUHUMAKOTCS aTOMaMHU Cl*™B XJIOPHOBATOM
kucinore. Atom C1*°, mepexons B mon Cl° B XJopHae Kanus, IPUHUMAET IIECThH
AJIEKTPOHOB:
C1* + 6e-=CI
OueBunHo, 111 okucieHus cynbpuaa meimbsika (1) Ha kaxabpie mecTs MoJieKy
As,S3 Haso nBaaTh BoceMb MoJiekysr HCIO;. CocTaBisieM cxemy:

As,S3-28e-=2As+ 38" 28 3
84

C17 + 6e-=CI' 6 14
CokpatuB KOd(pPUIMEHTH Ha 2, MOJIYYUM, YTO HA TpU MOJEKynbl ASSz Hamo
yetbipHaanats Mosieky HCIOs. TIpu aTom mosmydyaeTcs 1miecth MOJCKYJI MBIIIBIKOBO#
KHCJIOTBI, JIEBSATh MOJIEKYJ CEPHOM KHCIOTHI M YETBIPHAALATH MOJIEKYJ COJSTHOU

KucIoThL. [locie paccTaHOBKU ATUX KOIPPUITUEHTOB TOTydaeM:
3As,S; + 14HCIO; + H,O=6H3AsO, + 9H,S0O, + 14HC1



UToOBI ypaBHATH YMCIO aTOMOB BOJOpPOAA, CTAaBUM B JIEBOM YacTH ypaBHEHUs
nepen Gopmynoir Boasl kodduiment 18. Torma peakius okucieHus cyibduma
MeIbska (111) XxmopHoBaTON KMCIOTOM N300pa3uTCs CIASAYIONIM YPaBHCHUEM

3As,S3+ 14 HCIO3+ 18H,0=6H3AsO4 + 9H,SO4+ 14HC1

B nmpaBUSIbHOCTH ypaBHEHUS PEAKIIMM MOXHO YOEAUTHCA MYTEM IOJ[CUeTa aTOMOB
KHCJIOPO/Ia B IIPABOM M JIEBOM 4acCTsIX.

JIns  cocTaBieHUS YpaBHEHUH OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUU,
MPOXOJSIIUX B PacTBOpax, MHOTJA MPUMEHSIOT MOHHOAJIEKTPOHHBIH METOJ (METOJ
HOJIypeaKiinii). B ero oCHOBE JIGKHUT COCTaBIICHHE MOHHBIX YPaBHEHUH JIJIs Tpoliecca
OKHUCJICHHS U TIpOllecCa BOCCTAHOBJICHUS (YAaCTHBIC YpaBHEHHSA) M IMOCIEIyIOIIee
CYMMHpOBaHHE UX B oO1iee ypaBHeHue. [Ipu cocTaBieHUUM HMOHHOM CXEMbl pEeaKIUU
CIeAyeT TMOJIb30BAaThCsl MPABUIAMU COCTABJICHUS KPATKHMX HOHHBIX YpPaBHEHUM:
GbopMyJIbl CHJIBHBIX DJJIEKTPOJIUTOB 3alUChiBaTh B BHUJE MOHOB, a CIa0bIX
AIIEKTPOJIUTOB, Ta30B, OCAJAKOB — B BHUJE MOJIEKYJ; HE BHOCUTh B CXEMY HMOHBI, HE
W3MEHSIONIUECS B PE3YyJIbTaTe PEAKIIUA.

IIpumep. Peakuys OKUCIEHHS HOIWAA KU B KHCIOW CPEAe C IOMOIIBIO
MIepMaHraHaTa Kajus BbIPaXKaeTcsi CXEMOM:

KMnO, + KI + H,SO,=MnS04 +1, + K,SO, +H,0
3anuiieM ypaBHEHHE STOM peaklMM B KpaTKOM HOHHOW (opme:
MnO, =Mn?" + 4H,0

N3 ypaBHeHus cinenyer, uro o MnO, BoccranaBiuBaeTcss B HOH MN“". OmnbIT
MOKA3bIBAET, YTO B KHCJIOM PAacTBOPE aTOMBI KHCJIOPOJAA, BXOAIINE B COCTAB NOHOB
MnQg’, BMecTe ¢ HOHaMH BOJIOPO/Ia O0OPa3yIOT MOJICKYJIBI BOJIBI.

B mnpaBwibHO HamnmWCaHHOM YPaBHEHUU PEAKLIMH OTPa)XKaeTcs COXpPaHEHUE Kak
Yyycjaa aTOMOB, TaK M YHWCJA 3JIEKTPUYECKUX 3apsiioB B HMCXOJHBIX BEIIECTBAX M
npoayKTax peakuuu. IloaToMy ypaBHEHHE MOJypEaKIMU  MOCIE€ PACCTAaHOBKHU

K02 PUIMEHTOB OYIET MMETH BULI: |
MnO4 +8H" = Mn*"+ 4H,0
OKIICTIeHHAT BOCCTAHOE-
dbopua JIEHHAA
bopua

Janee Hamo, 4ToOBI B modypeakiuu BocctaHoBieHuss MnO, paBeHCTBO ObLIO HE
TOJIbKO TIO YHCIIy aTOMOB 3JIEMEHTOB, HO W MO 3apsjaM. AyreOpanyeckas cymma
3apsiIOB MOHOB CJieBa cocTaBisier -7, a chpaBa 4-2. IlosTomy K J€eBOM 4acTu
YPaBHEHUS JOMUILEM S€:

n*

MnO, +8H*+ 5¢=Mn?* +4H,0
[Tonypeakiust okuciaeHus noHoB uoja:2 1=l
J{nst ypaBHEHUS 3apsiIOB HAJIO OT JIEBOM YAaCTH CXEMBI OTHSTH 2€

2 - 28 = I
BOCCTaHOE- OKHCTEHHAA
NeHHAA hopma
fbopma

CyMMupyeM ypaBHEHHUsI peaKkiifil B o0l1ee ypaBHEHHE:
MnQO, +8H"+ 5e” +21"-2e =Mn?* + |, +4H,0



[TogcTaBuM  coOTBeTCTBYHOIME  KOIDQUIIMEHTHI Tepes] OKUCIUTEIEM W
BOCCTAHOBHUTEJIEM W COCTaBUM ypaBHEHHE OKHCIUTEIbHO-BOCCTAHOBUTEIHHOTO
nporiecca B MoJekyisipaon popme (H2SO4 B3siTa B kKauecTBe cpepl):

2KMnO,4 +10KI1+ 8H,S0,4,=2MnSO, + 5I, + 6K,SO,4 + 8H,0

JImd  KOMMYECTBEHHOM  XapaKTEPUCTUKU  OKHUCIUTEIBHO-BOCCTAHOBUTEIILHOM
AKTUBHOCTH BEIIIECTB, HAXOJAIIMXCS B PacTBOpaxX MJMU CONPUKACAIOIIUXCS C HUMH,
MOJIB3YIOTCS BEIIMYMHAMM DJIEKTPOJHBIX WM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
noTeHuanoB. YeM MeHblile anreOpanyeckass BeIUYMHA DJICKTPOIHOIO MOTEHIMAA,
TEeM aKTHBHEE JaHHAas YacTHIla KaK BOCCTAHOBHUTEIh, U HaoOopoT. Hampumep, craH-
JTApTHBIE MOTEHIIUAJIBI MPOLIECCOB

F, + 2e=2F u H, +2e=2H"
paBHBI cooTBeTCTBeHHO +2,85B 1 -2,23B. CiegoBaTenbHo, MojeKyna F, — CUIbHBIN
OKHCIIMTEIh, a HWOH H - CHIIBHBIH BOCCTAHOBHUTECIIb.

[Tonp3ysich  Tabauiedl  CTaHAAPTHBIX  OKHCIMTEIbHO-BOCCTAHOBUTEIIHHBIX
MOTEHIIMAJIOB,  MOXHO  IPEJICKa3aTb  BO3MOXHOCTh  OCYIICCTBICHHUA  H
HamnpaBJICHHOCTh OKHUCIMTEILHO-BOCCTAHOBUTEIBHBIX peakiuid. OKHUCIUTEIBLHO-
BOCCTAHOBHUTEJBHBIM IMPOIIECC MOXKET IMPOTEKaTh B BHIOPAHHOM HAaMpaBICHUU IIPH
YCIOBHHM, €CIH Pa3HOCTh IIOTEHIIMAJIOB HMEET TMOJIOKHUTEILHOE 3HAauYCHHEe, a
ciegoBaTesbHO, U DJ[C cuCTEMBI SBISICTCS MOJI0KUTSIBHON BETUUMHOM.

[IpuBenem npumepsl.

IIpumep 1. Tpebyercs omnpenenuTb, MOKHO JIM HCIIOJB30BATh I OKHUCIICHHUS
monoB ", Br, F" B kauecTBe okuciurens non Fed*,

HaxoauMm B Tabnuiie 7 OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE TTOTCHIIUAJIBI TTap:

E-@i-n2y= 0,53 B; Eeor-r2= 2,85 B
E<oprBro)=1,08 B; Eo(re3+ire2=0,77 B
OrnpenensieM 3JEKTPOABKYIILYIO CHUITY PEaKIIUU:
2K + 2FeCl; = 2KCI + I,+2FeCl,
OJIC = E° okucautens — E° BOCCTAaHOBUTEIIS
O1C=0,77-(+0,53)=0,24 (B)
CrnenoBarenibHO, peakuus Bo3MoxkHa ¢ HampspbkeHuem 0,24 B. Monst Br™ u F He
OKMCIIOTCS MoHamu Fe3* BenenctBue Toro, uto DJC 3TUX peakuuii OTpHIaTENbHAS
BeanuuHa. Tak,
2KBr+2FeCl3=Br,+2KCl+2FeCl,
5/C =0,77-(+1,08)=-0,31 (B)
Hao6oport, Br, MosxkeT okuciuTh HOHBI Fe?* B nonsr Fe3*:
2FeBr; + Br,=2FeBr;
B1C=1,08-(+0,77)=0,31 (B)

Ipumep 2. Ilepmanranar kamus KMnO; MOXHO TONYYUTh OKHCICHUEM

manranata kamust K;MnO, xiaopowm:
2KoMnOy4 +C1,=2KMn0O,4 +2KC1
MoxHO JM BMECTO XJIOpa HpUMEHUTH OpoM uiau uoxa? Haxomum
AJIEKTPOAHBIC OTCHITUAIBI Iap:



Emnos-2/mn04=0,56 B; E-nciici2= 1,36 B

E-nprBr2y=1,08 B; E°@in2=0,53 B

Beraucisiem 3/[C peakmuii 11 ciydaeB, KOTIa MPEaoiaraeMbIMU OKHUCTUTEIISIMU
SIBJISIIOTCS: @) XJIOp, 0) OPOM | B) HOJI:

a) DJIC =1,36-( +0,56) = 0,80 (B)

0) DJC =1,08-( +0,56) = 0,52 (B)

B) DJIC =0,53 -(+ 0,56)=-0,03 (B)

CnenoBarenbHo, mia noaydenus KMnOs u3z KoMnOs B kadecTBe okuciauTesei
MOHO MCIO0JIb30BaTh TOJILKO XJIOp U OPOM, HO HEJb3s HOJ.

B npuBeneHHbIX mnpuMmepax OBUIM HCIOJIB30BAaHBI BEIMYMHBI CTAHJIAPTHBIX
AJIEKTPOJHBIX MOTEHIIHAI0B (E°).

CraHgapTHBIN 2JIEKTPOJAHBINA MOTEHIIMAN - 3TO MOTEHIMAT JAHHOTO 3JIEKTPOIHOTO
npoliecca Mpu yCJIOBUH, YTO KOHIIEHTPAIIMHU B PACTBOPE BCEX YYACTBYIOIIUX BEIIECTB
paBHBI eaWHMIE. B ciydae, ecliM KOHIICHTpAllUW BEIIECTB HE PaBHBI CAMHUIIE,

PaCCUUTHIBAIOT COOTBETCTBYIOIIIHE UM BEJIITNYUHEBI OKHCJIMTEIILHO-
BOCCTAHOBHTEJIBbHBIX IOTSHIINAJIOB E:
E=E° +M |n%
N Chm
rae E — HWCKOMBIA BIEKTPOAHBIA ITOTEHIHAT CHCTeMBbI, £° — cTaHJapTHBIN
AJICKTPOJHBIN MOTEHIUANI, # — YHUCIO NEpeIaBacMbIX B 3JICKTPOIHOM IPOIECCE

AIEKTPOHOB, X U Yy — KOI(P(OUIIUEHTHI IPU OKUCITUTEIIE U BOCCTAHOBUTEIIE.

[Ipu pelieHn OOJIBIIOTO KOJWYECTBA 3a/ad MO OMPEACIICHUI0 BO3MOXXHOCTH U
HaIPaBJIEHHOCTH OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUN CIEAYET MIOMHUTH:
1. Oxkucnumenvno-6occmanosumenvuvie  peakyuu  NPOMEKAlom 8  CHOPOHY
obpazosanusi MeHee AKMUBHbIX OKUCIUMeNnel U eoccmaunosumeneu u3 oOoinee
AKMUBHDIX.
2. U3 6cex 803MOXMCHBIX NpU OAHHBIX VCIOBUAX OKUCTUMENbHO-80CCHMAHOBUMETLHBIX
peaxkyuil 8 nepgyro ouepeds 6 boavuiuncmee ciyiaed npomexaem ma, 3/{C komopoii
HauboIbULasL.

3alla‘ll/l I CAMOCTOATE/IBHOI'0O PECILICHUA
1. YKa3aTB, KAaKHue nu3 cIeayrommx peaKL{I/Iﬁ ABIIAKOTCSA OKHUCJIINUTCIBbHO-
BOCCTAHOBHUTCIIBHBIMM
HC1+ NaOH=NaCl + H,O
H,SO, + BaCl,=BaSO, + 2HC1
Zn+H>S0,=ZnS0O,+H,0
C +0,=C0O»
CaCO3=CaO + CO»
MOFYT JIN 6BITB OKHUCJIUTCIIBHO-BOCCTAHOBUTCIIbHBIMU PCAKIUH PA3JI0OKCHU:I,
COEMHEHNS, 3aMEILECHNS U OOMeHa?
2. YKaSaTB, 4TO ABJEACTCA OKHUCIIMTCICM KM 4YTO BOCCTAHOBHUTCICM B PCAKIMAX!



H,S + Br,=2HBr+S  2HgO=2Hg +0O,
3. YKa3aTB, KaKuc M3 MOHOB M aTOMOB MOI'YT SABJIATBCA TOJBKO BOCCTAHOBUTCIISIMU,
TOJBKO OKUCJIUTENSIMHM M KaK BOCCTAHOBHUTEIAMH, Tak M okuciutensmu: K, Cl-, S2,
S+6, S+4, N+37 N+47 N+5, N-S_
4. ITomoOpath K03 (GHUIIMEHTHI B IPUBOAMMBIX HUXKE YPAaBHEHUAX U yKa3aTh OKHCIIH-
TCJIb 1 BOCCTAHOBUTCIIb.
SO,+Br,+H,O=HBr+H,S0,
HNO3+P+H>,0=H;P0,+NO
HCIO3 + H,SO3=HC1 + H,SO,
I,+HNO3;=HIO3+NO+H,0
H,SO3; +O,=H,S04
FeCl; + H,S=FeCl, + S + HC1
P,Os + C=P + CO
5.1TonoOpath KO3(PGULIMEHTHI B YPABHEHUSX:
HNO3+CU:CU(N03)2 + NO + H,0O
HNO; + Cd:Cd(NO:g)z + N,O + H,0
HNO3+ Zn:ZH(NO:g)z + NHsNO3 + H,O
K,Cr,07 + H,S + H,SO4=Cr>» (804)3 + S + K»,SO, + H,O
K,Cr,0O7 + HI + HQSO4=CF2(SO4)3+|2+K2504 + H,0
PbO, + HC1=PbhC1, + C1, + H,O
KMnO, + H,SO4 + HNO,=MnSO, + K,SO4 + HNO3; + H,0O
Cr(OH)3 + Br,+KOH=K,CrO,4 + KBr + H,0
Nal + MnO, + H,S0,=Na,SO, + MnSO, +1,+H,0
PbO, + MnSO, + HNO3;=HMnO, + PhSO, + Pb(N03)2+H20
6.Ilomo6path KO3 PUITMEHTHI B ypaBHEHUSX:
FeSO, + HNO; + H2504:F82(SO4)3 + NO + H,0O
KC103=KC1 + O,
HC1 + AlI=A1C13 + Hp
HC1 + KMnO4,=MnCl, + C1,+KC1 + H,0
KMnO, + FeSO,4 + H,SO, =MnSO, + Fez(SO4)3 + K»,SO, + H,O
NaN03+Hg+H2804=NaZSO4+HgSO4 + NO + H,O
HCIO + H,S=HC1 + H,SO,
HC10 + SO,=HCI+H,S0O,
7.Ilomo6patk k03D PUITEHTHI B ypaBHEHUSX:
AS,S; + HNO;3; + H,O=H3As0O, +NO+ H,SO4
FeS,+0,=Fe,03 + SO,
FeS + HNO3:FG(NO3)2+S + NO, + H,0O
Fe (CfOz)z + Na,CO3 + O,=Na,CrO4 + Fe,03 + CO»,
KMnO; + H,O, + H,SO,=MnSO, + K,SO, + O, + H,O
FeCl,+H,0, + NaOH=Fe(OH)3 + NaCl
8. IlomoGpaTh k03 UIIMEHTH B ypaBHEHHUSX CJICAYIOIMIMX PEaKIUi, MOJIb3YsCh
HOHHOJJICKTPOHHBIM METOJOM:



FGSO4+K2CF207+HQSO4=Fez(SO4)3+KQSO4+CF2(SO4)3+HQO
NaCrO,+Br,+ NaOH=NaBr +Na,CrO4 +H,0

9. MoxHo 1M BoccTaHOBUTH cylbdar kene3a (lll) B cynpdar xemeza (Il): a)

pactBopoM H,SOgz; 6) skene3HpIMH onuiakamMu?’
10. MoryT 11 OJHOBPEMEHHO HAaXOIUThC B pacTBope kucioTel HBrOs u HI?
11. Moo mu Co(OH), oKuCIUTE TEPOKCUIOM BOJOpOaa?
12. Paccuntath 3KBHBAJICHTHl W DKBUBAJICHTHBIC MACChl CEPHON KHUCIOTHI JUIsI OKHC-
JUTENbHO-BOCCTAHOBUTEIBHBIX ~ MPOLIECCOB,  MPOUCXOMASIIUX  TpPH  JICWCTBUH
KOHILIEHTPUPOBAHHBIX ee pacTBopoB Ha Zn, Cu u Mg.

! Jlna otBeTa Ha Bompock! ynpaxuenuit 9, 10, 11, 12 Bocrons30BaThes Tabmunei
7, TOMENICHHOW B MPUJIOKEHUH.

8-npakTuyeckas padora

Tema: DileKTPOXMMHUYECKHE MPOLECChI

IlIpumep 1.COCTAaBUTH DJIJIEKTPOHHBIE YPABHEHUS IPOLECCOB, MPOUCXOMAINIMX Ha
NEKTPOJAaX TMpHU  DJIEKTPOJM3E BOJHOIO pacTBopa cyiabpara Mead ¢
M CIIOJIb30BAHUEM:

a) WHEPTHBIX JJICKTPOJIOB;

0)  MEIHBIX AJIEKTPOJIOB.

Pewenue. CuSO,4 qucconmupyer B pacTBope 10 ypaBHeHUro: CuSQy, «»Cu?t + SO*
a) JUJIS1 ”HEPTHBIX 3JIEKTPOJIOB:
Ha kaTome mpoucXOAWT BOCCTAHOBJIEHHWE HMOHOB MEIM W oOpaszyercss Meib II0
peakuun: Cu** + 2e = Cu° 1.x. CU pacmosoxkeH B pAAy HaIpsHKEHWH IpaBee
Bojiopoa. Ha anoze okucinsercs Boja U 00pa3yeTcst KUCIOPOI IO PEAKIIUU:

2H, O- 4e = O, + 4H".
CocraBiisieM ypaBHEHUS MMOJTYPEAKITUN:
K : (H,0, Cu?*) Cu?* + 2e = CU° (BOCCTaHOBJIEHUE)
A: (H20, SO4?) 2H,0-4e = Oy-+4H+ (oxucneHue)
2Cu?+ + 2H,0 = 2Cu° + O, + 4H*
2CuS04 + 2H,0 = 2Cu° +0; + 2H,S0,
0) IJ11 MEJTHBIX DJIEKTPOJIOB:
Menp BbizENIAETCS HA KAaTOJE, aHO/ pacTBopsieTcs, a koindyectBo CuSO4 B pacTBope
B TEUEHWHU BCETO MpOIlecca OCTaeTCsl HEM3MEHHBIM. TakuM 00pa3oM, Ha KaToJe Tak
K€ KaKk U B CJlydae MHEPTHHIX DJIEKTPOJOB BOCCTAHABIMBAETCA Meab: Cu?*+ 2e =
Cu®, a Ha aHOJIE TTPOUCXOIUT OKHCJICHHE MeIU (PacTBOPEHHUE aHOMA) IO PEAKIIUH:
Cu®-2e = Cu**
CocraBiisieM ypaBHEHUS MOTYPEAKITUN:
K : (H20, Cu?*) Cu®* + 2e = Cu® (BoccTanoBIEHHE)
A: (H;0, SO42, Cu® Cu® -2e = Cu?* (oxucaenue)



Ipumep 2. CocTaBUTh 3JICKTPOHHBIC YPABHEHHs IMPOICCCOB, MPOUCXOMAIIMX Ha
3JIEKTPO/IaX MPH JICKTPOJIM3E paciliaBa XJIOPHIa KajIHsl.
Pemenne. KC1 B pacmiase guccouunpyet mo ypaBHennio: KCl < K™ + CI
Ha kaToje MpOMCXOAWT BOCCTAHOBJCHHE HOHOB Kalus W 00pa3yercs Kajauil Io
peaknun: K * + & =K°,
Ha aHo/i¢ OKHCISIOTCS HOHBI XJI0pa K 00pa3yeTcs XJIOp M0 Peakiuu:
2C1l—2e=Cl,
CocraBisieM ypaBHCHHS MOy PEAKIIHA:
K: (K+) K*+e=K° (BoccTanosnenue)
A: (CI") 2CI" - 2e = Cl,1 (oxucnenue)

2CI" + 2K+=Cl,+2K® 2KCI=Cl+2K?°
IMpumep 3. CocTaBUTh AIEKTPOHHBIE YpPaBHEHHUS MPOIECCOB, MPOUCXOIAIIUX Ha
AIIEKTPOAAX MPH IICKTPOH3E:
a)  pacmjaBa TMJIpPOKCH]IA KaJus;
0) pacTBOpa rMAPOKCHAA KaJus ¢ MHEPTHBIMU (HEPACTBOPHUMBIMH) DJICKTPOIaMH.
Pewenue. KOH muccomuupyet no ypaBuennio: KOH «— K * + OH"
a) IS pacriaBa TUAPOKCHUIA KaJIHs:
Ha kaTo/ie mpoucxoauT BOCCTAaHOBJICHUE HOHOB KaJIUsI M 00pa3yeTcs Kajaui 1o
peakuun: K * + e = K°,
Ha anope oxucnsrorcs annonbl OH™ u 006pasyeTcst KUCIOPO/ 10 PEaKINu:

40H" - 4e =2H,0 + O3,

CocraBiisieM ypaBHEHUS MMOJTYPEAKITUN:
K: (K+) K+ + e =K° (BOCCTaHOBJIEHHE)
A: (OH") 40H" -4e =2H,0 + O, (okucieHue)
AK* + 40H = 4K° + 2H,0 + O,
4KOH = 4K° + 2H,0 + O;
0) 1ns pacTBOpa THAPOKCHAA Kalus ¢ WHEPTHBIMH (HEPACTBOPHMBIMH) JJICK-
TPOJIaMHU:

Tak kak Kaaui PacmoIOKeH B PSAY HANPSHKEHUN JIEBEEe BOJIOP O, TO HA KaTOE
MIPOMCXOIUT BOCCTAHOBIICHHE BOIBI U 00pa3yeTcst BOaopos 1o peakiuu: 2H,0 + 2e
=H, + 20H".

Ha anone oxucisrorcs anuonsl OH™ u o6pasyercs KMCIOPO O PEaKIUH:

40H" - 4e = 2H,0 + O,.
CocraBiisieM ypaBHEHUS MMOJTYPEAKITUAN:
K: (H20, K+) 2H,0 + 2e =H; + 20H" (BoccTaHOBjICHHE)
A: (H,0, OH’) 40H-4e =2H,0 + O, (okucnenwue)
4H,0 + 40H" = 2H;, + 40H + 2H,0 + O,

2H,0 = 2H, + O,

Takum 00pa3oM 3JEKTPOJIM3 pacTBOpa THAPOKCHIA KaIHs CBOAUTCS K DJICK TPOJIH3Y
BOJIBI.



Ipumep 4. OmpenenuTb MacCcy METaUIMUYECKOTO HUKEIs, BBIJCIHMBIICTOCS Ha
KaToje MpH NPOITyCKaHWH 4epe3 pacTBop cyibpara Hukens NiSO, Toka cmioi 5
amriep B Teuenue 10 MunyT?

Pemenue. Bocnonp3oBaBmmch dbopmymoit QDapanes, 3aIUIIEM:
_ M-I-t: 58.69-5-600 0.91
"TTWF T 296500 "

B ykazannoi ¢popmyne: M=58,69 r/Moib - MOJIIpHas Macca HHKEJIS,

N=2 - 9UCJO 3JEKTPOHOB, YYACTBYIOUIUX B MPOIECCE OKUCICHUSI-BOCCTAHOBIICHHUS,
I=5 | - cuna toka, nponyckaemoro uepes snekrposusep; t = 10 « 60 = 600 ¢ - Bpems
MPOTEKAHUS TOKA.

Ilpumep 5. llpu >mekTponu3se pacTBopa cyibdaTa Meau mojgaeTcsi Tok cuion 10 A u
WCIIOJIB3YETCSI MEAHBIM aHO Maccor 9 r. CKOJIBKO BPEMEHN MOXKET MPOTEKATh DJIEK-
TPOJIU3 JI0 TIOJTHOTO PaCTBOPEHUS aHO 1a?

Pewenue. Bocnonszyemcs Gopmyioit (12.7). Beipazum u3 Hee BpeMs:

m-n-F: 9.2:96500 2734
“TTMI T 635210 U
B ykazannoit dopmyne: M=63,5 r/monp - MomsipHas Macca Meaw; N=2 - YHUCIO
AJIEKTPOHOB, YYaCTBYIOIMX B Tpoliecce oKucieHusi-soccranoBieHus; 1=10 A - cuna
TOKa, MPOIyCKaeMOro uepe3 dJeKTposimzep; M=9 r - macca aHonma (Macca Menw,
KOTOpasi BOCCTAaHOBUTCS Ha KaToJIE.

Ilpumep 6. CKOIbKO BpPEMEHH HYXHO IMPOIYCKaTh Yepe3 PacTBOP KHCIOTHI TOK
cusoit 8 A, yToObl monyunTh 10 1 Bomopoaa (mpu H. y.)?
Pewenue. Bocnonb3zoBaBmuck hpopmyoit (12.8), Beipazum U3 Hee BpeMsi:

V-n-F: lo-2-96500
t= V.- — 22.4-8
Ilpumep 7. Cxkonmpko TpammoB KOH oOpa3oBanoch y KaTtoja TpU JIJICKTPOIH3E
pactBopa K;SO4, ecin Ha aHozae Beiaenwioch 11,2 1 kuciaopoaa, ©3MEPEHHOTO TPH
HOPMAJTbHBIX YCIIOBHSIX?

Pewenue. Tlpu snextponmuse K,SO,s Ha Karome w aHONE MPOTEKAIOT CIICAYIOIIHE
IPOLIECCHI

K: (H20, K+) 2H,0 + 2e =H, + 20H" (BoccTaHOBIICHHE)

A: (H20, SO;;’) 2H,0 -4e =0, + 4H+ (okucienue)

6H,0 = 2H, + O, + 4H+ + 40H"

2K3,S04 + 6H,0 = 2H; + Oy + 2H,SO,4 + 4KOH

W3 ypaBHEHUs peakiuy BUIHO, 4TO N=4, COOTBETCTBEHHO HA OJIMH MOJIb KHCJIOPO/Ia

= 180 »Hu

BBIIEIISIETCS 4 MOJIA KOH. 11,2 11 KUCTIOpoaa COCTaBJISIOT
112 _ 0,5 Mmone
224 ]

Torma KOH o6pasyercs 2 monb unu 2 « M =2 « 56=112 1, rne
M=56 r/Mo0b - MOJIIpHAast Macca THAPOKCHIA KaJus.



Ilpumep 8. MarnueByro IUIACTUHKY OIIyCTWJIM B pacTBOop ero coau. Ilpm stom
ANEKTPOJHBIA TOTEHUMAN MarHus okazaicsi paseH - 2,41 B. Beruucnure
KOHI[EHTPAIIMIO0 HOHOB MAarHus B MOJIb/J.

Pewienue. CTanapTHBIN NOTEHIMAT MarHusl OepeM U3 NPUIIOKEHUS.

3azaua pemaercs Ha OCHOBaHMM ypaBHeHus HepHcra:

E.‘"-fg"'z = Eﬂf‘.fg+z + 0?159 - lg [Flffg +2]
Mg Mg
2,41 --2.37 + 2022 [Mg+2]
g[Mg-2]=-1,3793 [Mg*]=4,17- 102202

10.

3agaum 11 CaMOCTOSITEILHOTO pPellieHus!
OnekTponu3 BojgHoro pactBopa KySOs mpoBomunu mpu cuwie Toka 3 A B
teueHue 1 4. CocTaBbTe JIEKTPOHHBIC YPABHEHHUS MPOLIECCOB, MPOUCXOISIINX
Ha AJICKTPO/IaX, BRIYUCIUTE 00bEM BBIICIISIONTNXCS Ha JCKTPOIaX BEIIECCTB.
CocTaBbTe DJICKTPOHHBIC YpPaBHCHHS IIPOIIECCOB, TMPOUCXOAAIIMX HA
AICKTPOJAX MNPH 3JIEKTpoim3e BoaHoro pactBopa MgSO,. B oboux ciaydasx
aHoJl yroyibHbIA. CKOJIBKO ras3a BBIJICJUTCS Ha aHoje, eciu nponyctuts 1000
Kn snekrpuuectra?
[Ipu »nextponuse BogHOro pactsopa CuSQO,; Ha anoze BeIenmnoch 300 cm®
KHCJIOPOJIa, W3MEPEeHHOTO TpH H.y. CKOJBKO TPaMMOB MW BBIICIUIOCH Ha
KaTone?
CKOJIBKO TPaMMOB BOJIbI PA3JI0KUIIOCH TIPH 3JIeKTpoiin3e pactBopa K,SO4 npu
cune Toka 10 A B Teuenue 2 4?
DneKTpoau3 BOJHOTO pacTBOpa HUTpaTa cepedpa MpOBOIUIN MPHU CUJIE TOKa
2A B teuenue 2 4. [loToM cuily TOKa YBEIWYUWIM J1I0 5 A W 3JEKTPOJIU3 MPO-
Boauin eme B TedyeHWH | 4. CKOJIbKO TpamMMOB cepebpa BBIAEIMIOCH Ha
Kartone?
CocTtaBuTh ypaBHEHHUS HJeKTpoin3a BomHoro pactBopa NaOH wu pacmmaBa
NaOH.
DJIeKTPOSN3 BOAHOTO pacTBOpa CyiabdaTa Kajaus MPOBOJWIN B TCUCHHE 2 U, B
pe3yJbTaTe 4ero BBIASIWIOCH § JI Ta3a, U3MEPEHHOTO NpH H.y. Beraumcmmre
CHITY TOKa.
[Mpu osnekrponuse BomHbix pactBopoB MQ(NOs), u ZnCl,, coeauHEHHBIX
MOCJIEIOBATEIHHO C HCTOYHUKOM TOKA, Ha OJHOM M3 KaTOJ0B BhLAEIMIOCH 0,5 T
raza, I3MEpEeHHOTO MPU HOPMAJIBbHBIX yCIOBHUSAX. CKOJIBKO TpaMMOB BEIIECTBA
BBIZICTIUTCS HA JPYTOM KaToJIe; Ha aHOaxX ?
CkoJibko OyZeT mpOI0JIKATHCS Tpoliece pauHUPOBAHUS MEIU TPU CUJIE TOKa
10 A u macce anoga 1 xr?
Brruncnute Maccy cepHOW KHUCIIOTHI, 0Opa3yrolieics BO3Jie aHoja IMpu
anekTpoin3e BogHoro pactBopa Na,SOg, ecniu Ha aHoze BhIACHSETCS 2 J1 rasa,



11.

12.

13.

14.

15.

16.

17.

18.

U3MEPEHHOI0 MpHU H.y.? YKaXUTE BEUIECTBO, BBIACIAIONICECS HA KaToAE, U
BBIYHCIIUTE €r0 Maccy.
CocTaBbTe 3JEKTPOHHBIE YPABHEHUS IIPOLIECCOB, MPOTEKAIOIIUX HA AJIEKTPOJaX
IIPH JIEKTPOIU3E CIAEAYIOMIMX BOJHBIX PACTBOPOB B CIy4Yae yroJbHOIO aHOAA!

Alz(SO4)3, AgNOs3, CuBry;

KBr, KOH, Nal;

CdSO4, CuSO4, Na:S0q;

Mg(NO;).; NaOH; ZnBr;

CuBr,; H2S0,; K,COs;
CocTaBbTe 3JEKTPOHHBIE YPABHEHUS IIPOLIECCOB, IPOTEKAIOIIUX HA AIEKTPOIAX
npu anektponuse pacmuaBa LiCl. Pacuutarh HampsbkeHHE pas3iioKEHUs 3TON
COJIH.
CocTaBbTe 2JIEKTPOHHBIE YPABHEHUS IIPOLIECCOB, IPOTEKAOIIUX HA AJIEKTPOIAX
npu snekTponuse paciiaBa MgCly. Pacunrars HanpsbkeHue pasioKeHUs: 3TOu
COJIN.
CocTaBbTe 2JIEKTPOHHBIE YPABHEHUS IIPOLIECCOB, IPOTEKAIOIIUX HA AJIEKTPOIAX
npu anektponuze pacmaaBa KCl. PacuurtaTh HampsbkeHUE pas3lioKEHHs STOM
COJIN.
CocTaBbTe 3JEKTPOHHBIE YPABHEHUS IIPOLIECCOB, MPOTEKAIOLINX HA AJIEKTPOIaX
npu anekTponnse paciuiaBa KOH. Pacuurars HanpsbkeHue pasioKeHUs THI-
pOKCHJA.
[Ipy Kakoil KOHLEHTpaUUMM HOHOB Zn?" (B MOIB/I) MOTEHLHUAA LIMHKOBOTO
anektpona Oyner Ha 0,02 B MeHblIe €ro CTaHAAPTHOTO AJIEKTPOJIHOIO
NOTEeHIMANA.
[Ipu xakoii kouueHtpauu uoHOB Cu*? (B MONB/I) MOTEHIMAN MEIHOTO
3NIEKTpoAa OyJeT B 2 pa3a MEHbIIE €ro CTaHAApTHOTO 3JEKTPOJHOTO
NOTEHIMAA.
MapraHueBslif 3J€KTpol B BOJHOM pacTBOpe cCyib(aTa MapraHiua UMeeT
norenuan -2,0 B. BeluncianTe KOHIEHTPALMIO HFOHOB MN*2 B MOJIB/I1.

9-npakTHyeckas pabora
IMosnmMepHbIe cOeTMHEHUS OPraHMYeCKUX BelleCcTB

IInacmuueckue maccel (n1acmmaccot) - 5T0 MHOTOKOMIIOHECHTHBIC CHCTEMBI,

OCHOBOW KOTOPBIX SIBIISCTCS OJAWH WJIM HECKOJBKO moJuMepoB. [lonmumep cBsi3bIBaeT
B €JIMHOE 11€JI0€ KOMIIOHEHTHI CUCTEMBI Ml TIPUIACT UM ONpeIesiecHHbIe cBoicTBa. [1o-
JUMEPHOE BEIECTBO SIBJSETCS CBs3yrONUM. KpoMe monuMepa B cOCTaB IIacTMace
BXOJISIT HATIOJIHUTEIH, TIIIACTU(DUKATOPHI, CTAOUIN3AaTOPBI, KPACUTENH, OTBEPIUTEITN
U Ap. OTH 100aBKHU YJIY4YIIIAIOT IKCIUTyaTallMOHHBIE CBOMCTBA MOJUMEPOB, a TaK ke
o0JervyaroT ux nepepadaTbiBaeMOCTh.



B 3aBucHUMOCTH OT MOBEJEHHUS MPU MOBBIIIEHHBIX TEMIIEPATypax MOJUMEpPHI
JNeNsATCS ~ Ha  TEPMOIUIACTHYHBIE  (TEPMOIIACTBI) W TEPMOPCAKTHUBHBIC
(peakTorutacTel). K  TepMomimactaM OTHOCST TOJUMEPBI, KOTOPHIE MOKHO
HEOJJTHOKPATHO IEPEBOJIUTh U3 TBEPJIOr0 B XKUJKOE COCTOsHHME (IIpU Harpere) Oe3
KaKuX JHOO XUMHUYECKHX MPEBPAMICHHN W 3aMETHOTO YXYIIMICHHUs uX (HU3UKO-
MEXaHUYECKUX XapaKTepUCTUK. K HUM OTHOCSTCS TOJMATHIICH, TTOJTMBUHIIXJIOPHUI,
MOJIUCTUPOS W T.M. XapaKTePHOH CIIOCOOHOCTBIO 3THX MaTEPHAOB SBIISICTCS
BO3MOKHOCTh NTOBTOPHOM MepepabOTKu HA APYrue U3JEIus, YTO OCOOEHHO BaXKHO C
HKOJIOTUYECKON TOUKH 3PEHUS.

PeakroniacTel UM TEPMOpPEAKTUBHBIE MOJUMEPHI MOCIIE UX MOJY4YCHUS TPU
HarpeBe TaKXe MOTYT MEPEXOUTh B BA3ZKOTEKYUYee COCTOSIHUE, HO TTOTOM HeoOpaTu-
MO TBEPJICIOT 3a cueT oOpa3oBaHus ceTyaroil cTpykTypbl. K mogobousim BMC otHO-
CSATCA MOYEBHHO-(POpPMANIbJIETUIHBIE U (PEHOTI0-POpPMANIbICTUIHBIE CMOJIBI, TOJIU-
a(UpHBIC, SMTOKCUAHBIC W KapOaMuaHbie cMOJIBI. COOTBETCTBEHHO BTOpHUYHAS TEpe-
paboTKa MOT0OHBIX MAaTEPUAIOB BO3MOKHA TOJIBKO B TBEPJIOM BHUJIE.

3agaum 11 CAMOCTOSAATEILHOTO pPelleHust
1. Kakx xmaccuumupyrorcsi moauMepsl IO  MPOCTPAHCTBEHHOH CTPYKTYpE

MaKpOMOJICKYJBbI?  TPUBEINTE COOTBETCTBYIONIME TMPUMEPHI  Hambosee

pacpoCTpaHCHHBIX TIOJMMEPHBIX MaTePHAJIOB.

2. JlaliTe ompezneneHue MOHOMEpA, MOJMMEpPA U conoiauMepa. ONnuIuuTe BUIBI
IPOCTPAHCTBEHHBIX CTPYKTYP COMOJUMEPOB.
3. Yro Takoe rOMOLENHBIE M TEeTEPOLEHHbIE NMOJUMEPHI? ATOMBI KakWX 3Je-

MEHTOB Han0o0JIee YacTO BCTPEUAIOTCS B TE€TEPOLICTIHBIX TIOJIMMEpax U mouemy?
OO0bsiCHEHUS TPOMILTIOCTPUPYITE KOHKPETHBIMU MTPUMEPAMHU.

4. Yro Takoe CTENneHb MOJMMEPHU3ALMU U MOJEKYJspHas macca nonumepa? Kak
BIMSET TIOCIEOHSAs Ha arperatHoe cocrosHue mnonumepos? IlpuBenure
MIPUMEPBHI.

5. [lokaxkuTe Ha KOHKPETHBIX IPUMEPAX pa3IUYUE MEXAHU3MOB LEIMHOW H

CTyNEeHYaTOM peakiuii noauMmepuszanuu. KakoBel 0COOEHHOCTH paiMKaIbHOU U
VOHHOM MOJMMEPU3ALUH.

6. Hanummure ypaBHEHUS peakunii MOOJIMMEPU3ALMU dTHIIEHA. YeM pa3InyaroTcs
MTOJUATUIIEH BBICOKOTO, CPEAHETO U HU3KOTO JTaBJICHUSA?

7. Hanumure ypaBHeHus mnojauMmepusanuu (@roporacta-4 u ¢droporuiacTa.
Kaxoit u3 ykazaHHBIX MaTepuajgoB OTIMYAETCS 00Jiee BHICOKON KOPPO3UOHHOMN
CTOMKOCTBIO?

8. Yro Ttakoe mnpouecc MNOoIMKOHAeHcauuu? Hanummre peakiuioo MNOJy4YeHUs

MoJIMaMHuia, HEWJIOHA, MYTEeM IMOJUKOHJEHCAIIUA JUKAPOOHOBBIX KHCIOT C
muamuHamu. Kakue moGo4HbIe TPOIYKTHI TPU 3TOM MOTYUYAIOTCS?

9. Hamumumre peaknuio mogydeHus aleTHIeHa U3 KapOuaa KalbIusa. KaKk MOXHO
MOJYYUTh BUHUIXJIOPU U3 aueTuieHa? Hanummure ypaBHEHHS MOJIMMEpU3a-
AW BUHUJIXJIOpHJIA.



10.  Kakoe coennHeHue nojiydaercs pu B3aUMOJEHCTBUU METAKPUIIOBOM KUCIOTHI
C METWJIOBBIM crnupToM? OnumuTe NpoLecc MOIMMEPHU3AIUU T0JIy4aeMOro
COEIMHEHUS.

JIABOPATOPHBIE PABOTbI

JIABOPATOPHAS PABOTA Nel
OBIIUE ITPABUJIA PABOTHI B XUMUUYECKOM JABOPATOPUU

1. ITopsimok paGoThI B J1aDopaTopum

[Ipu pabGote B XumMu4eckoil jlabopaTopuu HEOOXOAMMO 3HATh U COOJIIOJATH
CJIEYIOIME TIPaBUIa;

1. Ilepen npuxoIOoM Ha 3aHIATUS O3HAKOMHUTBCS C TEMOH 3aHATHS 1O
METOJMYECKOMY PYKOBOJICTBY, YUEOHUKY U 10 3aITUCSIM JIEKLIUH.

2. Ilepen mpoBeneHUEM OMbBITA MPOYUTATh COOTBETCTBYIOIIEE OIHMCAHHE,
MOJITOTOBUTH BCE, UTO TPEOyETCs ISl POBECHHUS OIBITA, BEISICHUTH BCE HETIOHSATHBIC
BOMPOCHl y TpemoAaBaTeNlss M TOJBKO TOCIE 3TOr0 MPHUCTYNaTh K BBITOJIHEHUIO
paboThI.

3. CoOmronath Bce HEOOXOOUMBIE MEpPbl IPEIOCTOPOKHOCTH, yKa3aHHBIE B
CHELMAIbHOM MHCTPYKLMHU [0 TEXHUKE OE€30MacHOCTM M B METOAMYECKOM
PYKOBOJICTBE.

4. Paboyee MeCTO coaepkaThb B UHUCTOTE WU TOPSAKE, HE 3arpOMOXKIATh €ro
HEHYXHbIMU TipeaMeraMu. [lepen yxoaom u3 nabopatopuu NpuBECTU pabodyee MECTO
B TMOPSIIOK, BBIKIIOYUTH BOJY, T'a3, dJEKTPOHArpEBaTEIbHBIE TPUOOPHI U BHITSKHYIO
BEHTUJISILIMIO.

5. Mertoauueckue pPyKOBOJCTBA W KHHIM BO BpEMS BBINOJHEHHS] PabOTHI
cieayer o0eperaTh OT NOMAJaHUs Ha HUX BOJIbl, XUMHUUECKUX PEaKTUBOB U T. 1.

6. Kareropuyecku 3ampeniaercs CTaBUTh CKJISHKA C PEaKTHBAaMH Ha KHMHIH,
TETpajau u T. 1.

7. I1pu mob30BaHUM PEAKTUBAMH MPUACPKUBATHCS TPABUIT:

a) Tpexae yeM OpaTh PEakTUB C TOJIKH, BHUMATEIbHO MPOYECTh ITHKETKY C
Ha3BaHWEM PEAaKTHBA, BEPHYTHh 3aTEM pPEaKTUB Ha TO K€ MECTO U CHOBA MPOUYECTh
ITUKETKY;

0) BCce CKJIIHKH C pacTBOPaMU JIEp>KaTh 3aKPHITHIMU M OTKPBIBaTh UX TOJIBKO BO
BpeMsl ynoTpeOIeHMs; 3aKphIBasi CKISHKU, HE MyTaTh MPOOOK, TaK KaK B 3TOM CIIyyae
PEaKTUBBI 3arPSA3HAIOTCS U CTAHOBSITCSI HEMTPUTOTHBIMH;



B) HE YHOCUTb PEAKTUBBI OOLIETO MOJIb30BaHMsI HA CBOM pabOUyne MECTa;

I) CyXH€ pEakTHUBbI OpaThb YUCTHIM MIMATENeM, CIEIHATbHOW JIOKEUKOM,
YUCTOM, CyXOU MPOOUPKON;

1) €ClIi B PYKOBOJICTBE HE YKa3aHO, KAKO€ KOJIMYECTBO BEIIECTBA HEOOXOAMMO
B3STh JUIsl IPOBEACHUS B MPOOMPKE TOTO WJIM MHOTO ONbITA, clIeAyeT OpaTh cyxoe
BELIECTBO B KOJMYECTBE, 3aKPHIBAIOIIEM JTHO MPOOMPKH, a pacTBOp — He Ooisee 1/6
o0beMa poOHPKH;

€) HEU3pacxXOJI0BaHHbIE PEAaKTUBbl HU B KOEM Cllydae HE Bbl ChIIaTh WJIU
BBUIMBATh OOPATHO B T€ CKJIIHKH, U3 KOTOPBIX OHH B3SITHL;

) OCTaTKH PacTBOPOB, COJEpKaIIue cepedpo, pTyTh, O6pOM U U0, BHIIIMBAThH B
CTeMabHbIC OAHKHU, HAXOIAIINECS B BBITSKHBIX IIKadax.

8. be3s pazpelenus npenoiaBaress HU B KOEM CIIydae He IPOBOJUTH OIIBITHI, HE
IPEyCMOTPEHHBIE B COOTBETCTBYIOLIEM PYKOBOJICTBE.

2. Mepbl NIpe10CTOPOKHOCTH

Bo u36exanne HeCUacTHBIX CIydyaeB HEOOXOUMO:

1. Bce ombITHI C SIMOBUTHIMH, HETPUSATHO MAXHYITUMHU BEIIECTBAMHU, a TAKXKE
yHapuBaHUE KACIOT U KUCIIBIX PAaCTBOPOB IMPOBOJNUTH B BBITSDKHOM TTKa(y.

2. OmBITHI € JIETKO BOCIUIAMEHSIOIIUMUCS BEIIECTBAMHU IPOBOJAUTH BJIAIU OT
OTHHI.

3. Ilpu paboTe ¢ METANIMYECKUM HATPHEM U JPYTUMH IICIOYHBIMU METAIJIAMH
OCTEperaThCs BOJIbl. XPaHUTh MIEIOUYHBIC METAJUIBI TOJT KEPOCHHOM, HE COJIepIKaIUM
Biaru. OOpe3Ku MIEIOYHBIX METAUIOB ClaBaTh JJAOOPAHTY W HU B KOEM ClIydac HE
OpocaTh B Oaku JUIsl Mycopa UM B PAKOBUHBI.

4. Tlpm HarpeBaHWHM pPacTBOPOB B MPOOUPKE IOIB30BATHCA JAepKaTeieM |
BCeT/a MOMeNaTh MPOOUPKY TakK, YTOOBI €€ OTBEPCTHE OBLIO HANPABJICHO B CTOPOHY
OT pabOTAIOIIEro U €ro cocesiel 1Mo paboueMy CToIy.

5. He HakJIOHATH MO HAJl HArpeBaeMOM >KUIKOCTHIO WJIA CIUIABISIEMbBIMU
BEIIIECTBAMH BO M30eKaHUE IOIaIaHus OpBI3T Ha JIUIIO.

6. HroxaTb kakue Obl TO HU OBLJIO BEIIECTBA B JA0OPATOPUU C OCTOPOKHOCTHIO,
HE HAKJIOHSSACH HaJ MPOOUPKON M HE BIbIXas MOJHOW TPYy/AbIO, a HAMpaBissd K cebOe
mapel WM Ta3bl JICTKUM JBIDKEHWEM pykKW. Takue CHUJIbHBIC SABl, Kak
MBIIIbSKOBUCTBIN, POCHOPUCTHI BOJOPOA U T. I., HIOXATh HEJIb3S.

7. Co Bcemu BeliecTBaMH B jJabopaTopuu oOpaimatbes Kak ¢ 60jee uiu MeHee
SIOBUTBIMH, TaK Kak Oosiee 3/4 BelecTB, IPUMEHSIEMBIX B JJAOOPATOPHH, SJIOBHUTHI.



8. Ilpu pabore ¢ TBepAbIMHU HIeNOYaMHu (U3MENbUECHHUE KPYIHBIX KYCKOB B
CTYIIKE, TPUTOTOBJICHHE CMECEH ISl CIJIaBICHUS U T. J.) 00sA3aTeNbHO HAJCBaTh
3alllUTHBIE OYKU. bpaTh mienoub paspemaeTcs TOJBKO HIUIIAMHU WU MHHIETOM,
Heobxoammo TiaTenbHO yOUpaTh OCTATKH IMIETIOYH ¢ pabovyero MecTa.

9. Ilpu pa3baBiieHUH KOHIIEHTPUPOBAHHBIX KUCJIOT, OCOOCHHO CEPHOM, BIMBATh
OCTOPO’KHO ¥ HEOOJIBIIUMHU MOPIUSAMHU KUCIOTY B BOJY, & HE HA00OPOT.

10. PaGoTy co pTyThiO IPOU3BOAUTH HAJl CIICIIUATLHBIMU MPOTUBHAMH.

11. He npunumaTs nuiy B 1a60paTopuu.

12. He 6pocaTs B BOAONPOBOJHBIE PAKOBUHBI Oymary, OMTOE CTEKJIO, OCTaTKH
METauIoB U T. A. s 3TOro cieayer moJib30BaThCs CHEUUAIbHBIMU MYCOPHBIMH
SIIUKaAMU WK OaKaMHu.

3. Oka3aHue nepBoil MOMOIIM

JJist okazaHus MepBOil MOMOIIY MOCTPaAaBIIEMy HEOOXOAUMO:

1. Ilpu monaganuu Ha KOXY (PYK, JIULIA U T. J.) KOHIIEHTPUPOBAHHBIX KHUCJIOT
(cepHO#, a30THOW MW JAp.) HEMEJICHHO MPOMBITh OOOXIKEHHOE MECTO OOJBIITUM
KOJIMYECTBOM BOJIbI, ITOCIIC YET0 HAJIOKUTh MOBSA3KY U3 BaThl, CMOUCHHOW CIIUPTOBBIM
pacTBOpoM TaHHHA Wiu 3% pacTBOpOM NepMaHraHarta kanud. [Ipu cuiabHBIX 0ko0Tax
1oCJIe OKa3aHUs IEPBOM MOMOIIM OOPATUTHCSI HEMEAJIEHHO K Bpayy.

2. Ilpu okore KOXXM pacTBOpPAMH IIEJI0Yel MPOMBIBATH BOJION OO0 KEHHBIN
Y4acTOK KOXH JIO T€X TOp, MOKa OHA HE IMEpPeCcTaHeT OBITh CKOJIb3KOW Ha OINIYIIb,
MOCJIE YEro HaJOXKUTh MOBSI3KY M3 CIUPTOBOTO pacTBOpa TaHWHA WK 3% pacTBopa
MepMaHraHata Kajusl.

3. Ilpu nomaganuu OpbI3T KUCIOTHI WU MIEJIOYH B IJ1a3a HEMEIJICHHO MPOMBITh
MOBPEXKCHHBIN TJ1a3 OOJIBIIIMM KOJMYECTBOM BOJIbl KOMHATHOW TEMIIEPATYpPhl, TTOCIE
Yyero cenyac xe 00paTuThes K Bpauy.

4. Tlpu oxore KOXHU TOpSIYMMHU MpeaMeTamMu (CTEKJIO, METaUlbl U T. [.)
HaJO)KUTh CHayaja MOBSI3KYy M3 CIHPTOBOrO pacTBOpa TaHWHAa wiu 3% pacTBopa
MepMaHraHara Kajaus, a 3aTeM >KUPHYIO OBA3KY C Ma3bl0 OT 0KOTOB.

5. Ilpu oxorax ¢dochopoM ymaauTh ¢ MOBEPXHOCTU Tena octaTku (ocdopa,
HAJIOXKUTh Ha O00MOKEHHOE MECTO TMOBS3KY, CMOYEHHYI0 2% pacTBOpoM cyib(ara
MeJIi U 0OpaTUThCS K Bpady.

6. Ilpu otpaBieHuu XJ0poM, OPOMOM, CEPOBOAOPOIOM, OKHCHIO YIJepoia
HEMEJJICHHO BBIBECTH MOCTPAAAaBUIETO HA BO3JYyX M OJHOBPEMEHHO OOpaTUTHCA K
Bpauy.

7. Ilpu OTpaBlIEeHHH COCIMHEHUSMU MBIIIbSKA U PTYTH, a TaKXKE [IUAHUCTHIMU
COJISIMA HEMEIJIEHHO OOpaTUTHCS K Bpady.



4. OdopmiieHne pe3yabTATOB JA0OPATOPHBIX PadoT

Bce paboThl, 3a MCKIIOUEHHMEM HEOOJIBIIOIO YKCJIA OMNBITOB, BBIMTOJIHSIOTCS
CTYJIEHTOM WHANBUAYATHHO.

[Tocne oxoH4yaHUsI OMbITa BCEe HAOMIOACHHS M PE3yibTaThl HAJO TOTYAC KE
3aHECTH B CICIHMAIBHYIO TETpajb - JIA0OpAaTOPHBIA >KypHaJ (HE CIEIyeT IenaTh
3aliCH B YEPHOBUKAX W HA OTNEIBHBIX JUCTOYKaX Oymaru). 3ammcu B >KypHale
JOJDKHBI  OBITh AKKypaTHBIMH, C IIMPOKMMH HHTEpBAIAMH MEXIY CTPOUYKAMH H
nosisiMu. OHU AOJDKHBI BKITIOYATh: YPABHEHUS PEAKIMM, KPATKOE OMMCAHUE TCUCHUS
mpoliecca, yCIIOBUS MPOBEJACHUS OMBITOB, Pe3yIbTaThl HAOMIOICHN (BBITAACHHUE
WM PaCTBOPCHUE OCAIKOB, M3MECHECHHE I[BETA, BBIJCIICHUE T'a3a), BHIBOJABI M OTBETHI
Ha BOIIPOCHI, COJIepKAIUeCs] B OMUCAHUU OMbITA, PUCYHKH, €CJIM OHU MPUBOISTCS B
pykoBojcTBe. Eciii MO yCIOBUSM ONBITa HYXKHO MTPOU3BECTU PACUETHI, TO CIAEAYET UX
MPUBOJUTH TOJHOCTBIO, HE OITyCKas MPOMEXYTOUYHBIX BbluncieHuid. Heobxomumo
BBITIOJIHATH BCE YKa3aHUA 110 OPOPMIICHUIO pabOThI, MPUBOJAMMBIE B PYKOBOJICTBE.

- OdopmiieHne Kaxaoil J1abopaTopHONM PabOTHI PEKOMEHIYETCS HAaYMHATh C
HOBOW CTPaHUIIBI C YKa3aHUEM JaThl, HAUMCHOBAHMS TEMbI U Ha3BaHUI OITBITOB.

Ha 06510kke 1abopaTOpHOro KypHaia CleyeT yKa3aTh CBOIO (paMUIIUIO, UMS,
0TUYeCTBO, GaKyIbTET, KypC U TPYMIY.

JABOPATOPHASN PABOTA Ne2
CKOPOCTHb XUMHNYECKHUX PEAKIINMN.
XNUMHNYECKOE PABHOBECHE

meopemuyecKuil 4acmo

CkopocTh XHMHYECKHX peakKIHii B TOMOreHHbIX cucreMax. CucTeMoil B
XUMHUHU Ha3bIBACTCS YaCTh IPOCTPAHCTBA, 3aIlOJIHCHHAsS BEIISCTBOM MM CMECHIO
BCIIICCTB M OTTPaHUYCHHAs OT OKpY’KaromieH cpeabl. OTAeIbHBIE YaCTH CHUCTEMBI,
UMEIOIIUE HA BCEM IPOTSHKCHHH OJWHAKOBbIC (DM3MUYSCKHUE CBOWCTBA, OJIHOPOIHBIM
XUMUYECKAN COCTaB M 00J1a/Taf0IIKE ITOBEPXHOCTHIO pa3ielia, Ha3bIBAIOTCS (a3aMH.

CMech ra3oB, BOjia, pacTBOPHI SIBIISIOTCS IPUMEPAMH TOMOTEHHBIX CUCTEM (UHCIIO
dasz-1).

K rereporeHHpIM CUCTEMaM OTHOCSITCSI CHCTEMBI, COCTOSIINE U3 HECKOJIbKUX (a3,
HaIIpUMED:

BOJ1a-JIeA-BOISIHOM map (uncio ¢as-3);

BOJIa-KHCJIOPOI-BOI0po (urciio (as-2).



XUMHUYECKHE PEAKIUU MPOTEKAIOT C Pa3IMYHOM CKOPOCThIO. DTa CKOPOCTH
U3MEPSAETCS W3MEHEHUEM KOHIIEHTPALMH PEarupyromx BEIIECTB B EAMHUILY
BpeMeHU. KOHIIEHTpauio yame BCero BhIpa)arT YUCIOM MOJIEH B JIUTPE, a BpPEMS-B
CEeKyHIaxX.

CKOpOCTh XMMHUYECKUX PEAKIIUN 3aBUCUT OT Pa3iau4HbIX (akTopoB. OCHOBHBIM U3
HUX SBJISIETCSl MPUPOJA pearupyromux BemiecTB. CKOPOCTh XMMHYECKUX PEeaKIuid
TaK)K€ 3aBUCUT OT KOHIEHTPAIIMHM pEarupyrolldx BEUIECTB W OT YCJIOBHUH, Mpu
KOTOPBIX OCYIIIECTBIISIECTCS pEaKIIHS.

Jyis Toro 4ToOBI MOJIEKYJBl PEArHpPYIOMINX BEIIECTB BCTYIHJIM B XUMHUYECKOE
B3aMMOJIEUCTBHE, HEOOXOANMO UX CTOJIKHOBeHUE. Cle10BaTelIbHO, YeM Yalle OyayT
CTAJIKUBATbCS MOJIEKYJIbl PEAarupyrolux BEUIECTB, TeM Ooubllie OyIeT CKOPOCTh
peakuuy. YHCII0 CTOJIKHOBEHUI MOJIEKYJI B €IMHULY BPEMEHU 3aBUCHUT OT CKOPOCTH
UX JBIKEHUS M OT KOJMYECTBA MX B €AMHMIIE O00bEMa, T. €. OT TEMIEPaTypbl U
KOHLIEHTpaluy BEUIECTB.

Crnenyer OTMETUTh, YTO HE KaXKJ10€ CTOJIKHOBEHHE MEX]y MOJIEKYJIaMU MPUBOIAUT
K 00pa30BaHUIO HOBBIX BEIIECTB. XUMHUUYECKOE B3aUMOJICHCTBUE MPOUCXOIUT TOIBKO
MEXIY «aKTHUBHBIMH» MOJIEKYJAMH, T. €. O0JaJalolIMMH B MOMEHT CTOJKHOBEHHUS
OoJbllIel SHEpPruel, 4eM CpeIHsisi PHEpPrusi MoJeKyld B cucteme. M30bITOK Haj
CpelnHeil sHeprueil MoyieKys, HEOOXOAUMBIA NJIsi TOTO, YTOOBI peaklids Haydajach,
Ha3bIBACTCs 2Hepeueli akmusayuu. YeM OOJblle KOHLEHTpPALUs pearupyrouux Be-
IIeCTB, TeM OOJbIIE M YHUCIO «AKTUBHBIX» MOJIEKYJ] B €AMHULE O0beMa, a
CJIEI0OBATEIbHO, U CKOPOCTh PEAKIIMH.

3akon neiictBua macc. H. H. beketoB (1865 r.) BHepBble yCTaHOBHWJI BIMSIHUE
KOHLIEHTpAallMU pPearrupyrolux BEIIECTB HA CKOPOCTh XUMHUYECKOIO Ipolecca |
Ha ero HamnpasieHnue. Iloznnee (1867 r.) HopBexckue yuensle ['ynba0epr u Baare
chopMyIHpOBAJIM ITO TOJOXKEHUE B Oojee obmieit hopme: ckopocmb xumuueckotl
peaxkyuu npsamMo NPONOPYUOHAILHA NPOU3BEOEHUI0 KOHYEHMPAYUL peazupyrouux
seujecma (3aKOH IEeUCTBUS Macc). Ecimu B peakiuio BCTYyMaroOT JBa BemiecTBa A u B
(mA + nB = pC), To MareMaTH4YEeCKOE BBIPAKEHUE 3aKOHA ICHCTBHS MacC s

JTAHHOU peaKkIuu OyJIeT:
vV =k [A]"[B]",

rae V-cKopocTh peakiuu,

[A] u [B]-monsipHble KOHIIEHTpAIMX BemiecTB A 1 B,
k-kOHCTaHTa CKOPOCTH PEaKIINH,

m u n-kKo3PUIMEHTH B ypaBHEHUU PEAKITUH.



Ipumep: 2NO + 02=2NO
V =k [NOJ?[O]

BeposaTHOCTh OJHOBPEMEHHOI'O CTOJIKHOBEHHS Oojiee yeM TpeX 4YacTHull KpaiHe
Maja. [ToaTomMy ClIOKHBIE peakiMH, YPaBHEHHUS KOTOPBIX COoAepKaT OOJIBIIOE YHCIIO
YaCTHII, MPEACTABISAIOT COOOM COBOKYITHOCTH IOCJIEAOBATEIBLHO WJIM TapajlieIbHO
MPOTEKAIONIUX MPOILIECCOB, KAXbIM W3 KOTOPBIX MPOUCXOJAUT, KaK MPaBUIIO, MPHU
CTOJIKHOBECHHMM JBYX YacTUI[ WM B PE3yJIbTAaTE pacnajaa OTAEIbHOM YacTulpl. B
MOMOOHBIX CIydYasx 3aKOH JCHCTBUS MAacC MPUMEHUM TOJIBKO K KaKIOW OTAEIbHON
CTaJInM PEAKIIMHU, HO HE K PEAKIIMU B LETIOM.

KoHcTanTta CKOpOCTH peakiuu K He 3aBUCHUT OT KOHIEHTPAIMU PEardpyroIInx
BEIIECCTB, HO 3aBUCHUT OT MX IPUPOJIBI U OT TEMIEpATyphl. Ee 4nCIIeHHOE 3HAaYEHHUE
PAaBHO CKOPOCTHM pEaKkIWH IIPA YCJIOBUM, €CJIM KOHIIEHTPALMA PEArupPyrOIINX
BENIECCTB PABHBI CAUHUIIE.

CKOpOCTh XMMHMYECKMX PEAKIMHA B T€TEPOTCHHBIX CUCTEMaxX. 3aKOHOMEPHOCTH,
ONPEACIAIONIME TEYEHUE PEAKIN B TOMOTE€HHBIX CHUCTEMAaX, PACIpPOCTPAHSIOTCA Ha
reTepOreHHbIE CUCTEMBI HE B MOJHOW Mepe. Hanmpumep, B reTepOoreHHo CUCTeEME ras-
TBEPJIOE BEIIECCTBO, CTOJKHOBECHUE MEXIY MOJIEKYJIAMH ra3a U TBEPJOrO BEIIECTBA
MOXET MPOMCXOIUTD JIMIIb Ha MOBEPXHOCTH pazjaena ¢a3. KoHrneHTpaius TBEpaoro
BEIIIECTBA IIPEACTABIACT COOOH ITOCTOSHHYIO BEIMYMHY M BXOJHUT B KOHCTAHTY
ckopoctu. Hampumep, utst BoccranoBiienus okcuna xenesa (1) Bomopomom

FeO + H,=Fe + H,O

CKOPOCTL p€aKIuu IMPOonopuroHalbHa TOJbKO KOHOCHTPAIWH BOAOpOAa, T. €.
V =k [H,]

B rereporeHHBIX cHcTeMax peakiyds MPOXOJUT Ha TOBEPXHOCTH paznuena ¢as,
MOATOMY, 4YeM OOJbIle TMOBEPXHOCTh COMPUKOCHOBEHUS, TEM OOJIbIIIE CKOPOCTh
peakiuu. BoT moyemMy TBepable BeEIIECTBa 3HAYMTEIBHO OBICTpEE pearupyroT B
W3METLYEHHOM COCTOSTHUM.

Bausinne Temnepatypbl Ha CKOPOCTh peakuuu. C MOBBIIICHUEM TEMIIEPATYPhI
YBEIIMYUBAECTCS JIOJSl AKTUBHBIX MOJIEKYJ B CHCTEME, a CJeJI0BaTelIbHO,
YBEIIMYMBAETCSI U YUCJIO CTOJIKHOBEHUN aKTHUBHBIX MOJIEKYJI B €IMHHILy BpeMeHU. B
CBSI3U C 3TUM IPU MOBBIIIEHUH TeMnepaTypbl Ha Kaxable 10°C ckopocTh peakuuu



BO3pacTaeT NpuMepHoO B 2—4 pa3a.

T2_Tl

G =8y

Uucno, mnokasslBaroniee, BO CKOJIbKO pPa3 YBEIUYMBACTCA CKOPOCTb JaHHOMN
peakuuy IpH NOBbILIEHHH Temnepatrypsl Ha 10°C, Ha3bIBaeTCs Y - memnepamypHuvim
k03 puyuenmom peakyuy. OOBIYHO OH paBeH 2-4.

Jis ciaydas, Korjga TeMIEpaTypHbI KO3(PQPHUIMEHT peakud paBeH ABYM,
MaTEMaTUYECKOE BBIPAKEHUE 3aBUCUMOCTH CKOPOCTH PEAKLUU OT TEMIIEpaTypbl
UMEET CIENYIOIUN B

9,=9-2"

rae &, -ckopocTh peakiuy mpH MoG0H KOHeuHO#H (3a1aHHO) TemmepaType, K -
Ha4aJIbHasi CKOPOCTb,
N-YUCJIO I€CATKOB I'PayCoB, HA KOTOPOE H3MEHWIACH TEMIIEPATYpa.

IIpumep. Omnpenenuth, Kak HU3MEHUTCS CKOPOCTh XHUMHUYECKOW peakUUH Mpu
noBeiieHun Temrepatypbl ot 20 mo 50°C, ecnu temnepartypHbId KOd(PPUIIUEHT
JTAaHHOM peaKU1U PaBEH JBYM:

50-20

_a ., 10 _q.
9,=92 -9,8

T. €. CKOPOCTb PEaKLMH BO3pACTACT B BOCEMb Pa3.

BiusHue karaimszaropa Ha CKOPOCTh XMMMYECKOM peakuuu. Bemecrsa,
U3MEHSIONINE CKOPOCTh XUMHYECKOIO IIpOLecca, HA3bIBAIOTCS Kamaauzamopami.
KaranuzaTopamu MOTyT ObITh TBEp/bIE, XKHUJIKHE U Ta3000pa3Hble BEIIECTBA, COCTAB
¥ KOJIMYECTBO KOTOPBIX K KOHILY PEAKIMH OCTAtOTCs 0€3 U3MEHEHHS.

HN3MeHeHne CKOPOCTHM XHMHUYECKOW PEaKIUd B MPUCYTCTBUM KaTajlnu3aTopa
HAa3bIBACTCS KAMAIUZOM.

Paznuuaror karanus comocenHvili U 2emepoceHHblti TI0 TOMY, HAXOIATCS JIU
KaTaJM3aTop W peardpyroliyde BelecTBa B OJHOW wiM B pa3HbiX (azax. [lpu
reTeporeHHOM KaTaji3€e COOTBETCTBEHHO MMEETCs IpaHulIa pa3zaena ¢as.



Karamus, npu KOTOpPOM KaTaiau3aTop HaXOOUTCS B KOJUIOMJHOM COCTOSIHUH,
NOJIy4WJI Ha3BaHUE MukpozemepoeHnozo. K 3ToMy pomy Karamus3a OTHOCSTCS
OMOKaTaTUTUYECKUE TIPOIECCHI, B KOTOPBIX KaTaIM3aTOPAMHU SBISIOTCA (DEPMEHTHI.

Hapsany ¢ BemecTtBamu, YCKOPSIIOIIMMM PEAKLUIO, NPHUMEHSAIOT WM BEIIECTBA,
3aMeUIsIIoIIMe peakiuto. Takue BelecTBa Ha3bIBAlOTCS UHSUOUMOPAMU.

XuMHYecKoe paBHOBecHe. Bce XMMHMYECKME pPEaKIUU MOXKHO pas3leluTh Ha
oOparuMble U HeoOparumble. OOpaTUMBIMHU Ha3bIBAIOT PEAKLUH, MPOTEKAIOLIUE
OJHOBPEMEHHO B JBYX IPOTHUBOIOJIOKHBIX HaIlPaBJICHUAX, HEOOPATUMBIMHU-
peaKkuy, MpOTEKAIole NPAKTUYECKHM 10 KOHLA B OJHOM HampasieHuu. Yucio
HEOOPAaTUMBIX PEaKIUi OrpaHUYEHO: OOJIBITMHCTBO PEAKIUil B TOW WM MHOW Mepe
0o0paTHMBl.

B ciaydyae 06paTuMOro XuMHU4ECKOro mpouecca

nA+mB«< pC+ gD

CKOpPOCTh MpsSMOM peakuuu (CleBa HANpaBO) MO 3aKOHY JEHCTBYIOLIMX Macc
BBIPA3UTCSl YPABHEHUEM:

vi= ki [A]"[B]™
CxopocTh 0OpaTHOM (CrpaBa HAJIEBO) BBIPA3UTCS YPAaBHEHUEM:
Vo= kz[C]p[D]q

[Ipn ycTaHOBJIEHMM XHMHYECKOTO PABHOBECHS CKOPOCTH MNPSIMOM U OOpaTHOMU
pEeaKkIui paBHBI:

vi =V, mn Ky [A]" [B]™=k, [C]? [D]?, otkyna ciemyer:

k, _[c]”-[Df
kz [A]n i [B]m

K =

rae [A], [B], [C] u [D]-paBHOBecHBbIE KOHIICHTpAIIMK BEIIECTB.
Taxk, Harpumep, Jj1s1 0OpaTUMOTO MpoIecca

N, + 3H,<=2NH;



k. [NH,[

K = L T 1. B
k2 [Nz]'[Hz]

[IpuBeneHHOE BBIPAKEHUE SIBISICTCS YPABHEHUEM XMMHUUYECKOTO paBHOBecusa. OHO
MOKA3bIBAET, YTO MpPU OOpATUMBIX PEAKIUAX PABHOBECHE YCTAaHABJIMBACTCS, KOTJa
OTHOIIICHHE MPOU3BEICHHS KOHLIEHTPAIIM 00pa3yIoIUXCsl BEIIECTB K MPOU3BEICHUIO
KOHIICHTPAIIMH HMCXOJHBIX BEIIECTB (BEJIMUMHBI BCEX KOHIIEHTpAlMid BO3BOJSTCS B
CTENIEHU COOTBETCTBYIOIUX CTEXHOMETPHUUECKUX KOAI(DPUIMEHTOB) CTaHOBUTCSA
PaBHBIM HEKOTOPOU MOCTOSIHHOW BENMMYHHE K.

Bennunna K Ha3bIBACTCS KOHCMAHMOU XUMUYECKO20 PABHO8eCUs W TIPEACTABIISAET
XapakTepHYIO NI KaKJA0W 0OpaTUMOM peakiMu BEJIUYUHY, KOTOpPAasl ONpeaeseTcs
MPUPOJION pearupyrolux BEIECTB, HE 3aBUCUT OT UX KOHIICHTPAIlUU, HO 3aBUCUT OT
TeMIepaTyphl.

[Tpr TOBBIIIICHUH TEMIIEpaTyphl KOHCTaHTA paBHOBECHS yBeIMuuBaercs (eciu Ki
pacTeT MHTCHCHBHee, 4eM Kp), yMeHbInaetcs (eciau K, pacteT MHTEHCUBHee, yeM Kj)
WK ocTaeTcs HeusMmeHHoW (ecim K1 ¥ Ky HW3MEHSIOTCS ¢ OJMHAKOBOW
MHTEHCUBHOCTBIO).

C mnoMOmIIpI0 ypaBHEHHS KOHCTAHTHI pPAaBHOBECHS MOKHO  OMNPENEIUTH
KOHIICHTpAIIMU BEIIECTB B MOMEHT pPAaBHOBECHs, €CJIM W3BECTHbI BenuunHa K u
HCXOJ/IHBIE KOHIIEHTPAIUU, U HA00OPOT.

CMeleHne XuMH4eCKOro pasHoBecusi. CocTossHUE XUMUYECKOTO PAaBHOBECHS B
OCHOBHOM 3aBUCHUT OT TPEX BEJMYMH: a) KOHIICHTPAIUA pearupyromux BEIiecTs, 0)
TEMIIepaTypbl U B) JABJICHUS, €CJIU B PEAKIMHM Y4YacTBYIOT rasbl. [Ipu m3aMeHeHHH
XOTsI OBbI OJTHOM M3 yKa3aHHBIX BEJIMYMH XUMHUYECKOE PAaBHOBECHE, KOTOPOE SIBIISICTCS
MOABWKHBIM, HAPYIIAETCS, U KOHLIEHTPALIUH BCEX YUACTBYIOIIHUX B pEaKIIMH BEILECTB
HAYMHAIOT U3MEHAThHCA. M3MeHeHne KOHIIEHTpAIui MPo0JIKAeTCs 10 TeX Mop, MoKa
OTHOILICHHE  TPOMU3BEACHUS  KOHIEHTpAaMM  OOpa3yrolIuxcs  BEHIECTB K
MPOU3BEACHUIO KOHIICHTPAIIMH BCTYMAIOIIUX B PEAKIMIO BEIIECTB HE CTAHET PABHO
KOHCTAaHTE pPABHOBECUSI JTAHHOW pEaKIMU NpU JaHHOW TeMmmepaTrype, T. €. IOKa
CKOPOCTH TIpsAMOM W OOpaTHOM peakmuii He cpaBHAIOTCA. Torma CHoBa
YCTAHABJIMBAETCSI PABHOBECHE, HO YX€ IMPU HMHBIX, YEM paHbllle, KOHIECHTPALIHIX
BEILECTB.

IIpouiecc u3MeHEHUsT KOHUEHTPALMM, BBI3BAHHBIA HApPYyLICHUEM pPaBHOBECHS,
Ha3bIBACTCS cMeujeHuem uiu cosueom pasHosecus. ECi npu 3TOM yBEIMYHUBAIOTCS
KOHIICHTpAI[MU BEIIECTB, 0003HAUYECHHBIX B MPABON YacTH ypaBHEHHS, TO TOBOPSIT,



YTO PABHOBECHE CMEIIAETCS BIPABO; MPU YBEIWYEHUU KOHIICHTPALIMHM BEILECTB,
0003HAaYEHHBIX B JIEBOK YaCTH YPaBHEHUS, TOBOPST O CMEIIIEHUN PABHOBECHS BIIEBO.

HampaBneHnue, B KOTOPOM CMEIIAETCS PABHOBECHE, OMPEIEISAETCS CIEAYIOLUM
MPaBUIIOM:

eciu UMEeHumsb OOHO U3 YCIO8UL, HNPU KOMOPBLIX CUCMeMa HAXOOUMCS 8
COCMOSHUU XUMUYECKO20 PABHOBECUSl, HANPUMED KOHYESHMPAYU KAKo20-1Ubo U3
peazupyrlowux eewjecms, UIU memnepamypy, uiu oOaeleHue, MO pPAGHOBecUe
cMewjaemcsi 8 HANPAGIeHUU MOl  peakyuu, Komopas Nnpomueooeucmayem
npouzgedennomy usmenenuro (npuniun Jle-1larense).

Jlnst nprMepa pacCMOTPUM PaBHOBECHYIO Ta30BYIO CUCTEMY:

N, + 3H,<=2NH; + Q

Cornacno mnpunuuny Jle-lllarense ymeHbIIEHHE KOHIEHTpPALMM OJHOTO U3
KOMIIOHEHTOB BBI30BET CABUI XMUMHYECKOTO PABHOBECHS B CTOPOHY OOpa3oBaHUs
TOTO0 KOMIIOHEHTAa. YMEHBIIEHHE KOHIEHTpAIlMU a30Ta WM BOAOpOAa B
MPUBEICHHON CHUCTEME BBI30BET CMEIIEHHWE PAaBHOBECHS B CTOPOHY IMCCOLUMAIIUNU
aMMHuaka, u HaoOopoT. [Ipu MOBBIIEHHH TeMmepaTyphl PaBHOBECHE CMEIAETCs B
CTOPOHY 3SHAOTEPMHUYECKOTO Ipoliecca (B JaHHOM IMpPHUMEpPE B CTOPOHY OOpaTHOU
peaxium), Mpu MOHWKEHUH TEMIIEPaTypbl-B CTOPOHY 3K30TEPMUYECKOTO npoiiecca (B
npuMepe B CTOpPOHY mpsiMoil peakuuun). [Ipu yBenmueHuu naBieHUsS paBHOBECHE
CMEILaeTCsl B CTOPOHY pEAKIMH, MPUBOAAILIEH K 0Opa30BaHUIO MEHBLIETO 4ucia
MOJIEKYJl Ta30B, a CJelOBaTeIbHO, U MEHBIIEro o0bema (B MpHUMEpPE B CTOPOHY
NPSIMOM peaKinm).

KaranuzaTtopsl M3MEHSIOT B paBHOM Mepe CKOPOCTh NPSIMOTO M 0OpaTHOTO
IPOLIECCOB, CIIOCOOCTBYIOT CKOPEHIIEMY YCTAaHOBJICHHUIO PABHOBECHUS B CHCTEME, HE
OKa3bIBasi, OAHAKO, KAKOr0-1100 BIMSHUS HA COCTOSIHHE PaBHOBECHS.

Xo0 nabopamopuu
IIpuGopsr 1 mocyaa.
1) Becbl ¢ pa3HOBecOM.
2) lIltatuB C JAnKoil W KOJIBIIOM.
3) MeTpoHOM WU CEKYHIOMED.
4) Kpucrammmzarop.



5) I[IpoGupka ¢ ra300TBOIHOMN TPYOKOI.

6) l'openka.

7) Tepmometp Ha 100°C.

8) [Tpubop nmst M3y4eHus: CKOPOCTH TETEPOTCHHBIX PeaKiuu (puc.l).

9) JIBa cooOmiaromuxcs cocya (puc. 2), 3arnoHeHHbIe okcuaoM azora (1V).

10) [lITaTuB ¢ MpoOUpKaMH.

11) I[Tpobupku emkxocThbio 50 M ¢ Homepamu (3 1IT.).

12) MepHbIi TUIUHIP AJIS BOJBI HA 25 ML

13) MepHble HUIHHIPHI A1 pacTBOpa THocyibdaTta HaTpus NaS,;03 eMKocThio 25
wut (| mT.) u uist pactBopa cepHoit kucinoTel H,SO4 emkocThio 25 Mt (1 mit.).

14) Xumuueckue crakanbl eMKOCThIO 200 mut (2 mIT.) 1 eMKOCThIO 25 it (1 miT.).

15)Crynka.

16)[Tunerka.

17) Hlnarens.

18) JIyumnnka.

PeakTuBBI U MaTepHUAaJIbI.

1) LluHK rpanyIMpOBaHHBIN (IPOTPABIEHHBIN) U B MOPOILIKE.

2) JKene3o (MOPOIIOK U CTPYKKA).

3) Iepcynbpar ammonus (NH4)2S20s)

4)Oxcupn mapranna (1V) MnO..

5) Okcun kpemuus (1V) - SiO..

6) Hutpar ceunma Pb(NOs),,

7) Noaun xamms K.

8) Xmopun kanust KC1.

PacTBOpHI.

1) Ykcycnas kucinora CH;COOH (0,1 1.).

2) Consnas kucnora HCI (0,1 u.).

3) AzotHas kuciaora HNO3 (2 H.).

4) Cepnas kuciora HSO4 (2 1. 1 | : 200)

5) Iepoxcua Bogopoaa H,O, (30%).

6) Xmopun xene3a (111) FeCls (0,001 H. u HachImL. ).
7) Poganua xamust KSCN (0,001 H. 1 HackIm.).
8)Tuocynwdar natpus NaS;0;3 (1 1. u 1 :200).

9)  Cymbpar  wmapranma  (Il) MnSO,  wniu  HUATpaT  Maprasua
(1) Mn(NOg3)2 (0,5 n.).

10) Hutpar cepedbpa AgNO3 (0,1 H.).

11) UaauroxkapMuH.



3aBMCUMOCTH CKOPOCTH PeaKIUM OT KOHIEHTPALUM PearupyoiuX BelecTs.
a) K 1 wu. pactBopy Ttuocynbpara nHarpus NaS;0; mnpwmte 2 H.

pacTBOp cepHoit kucioTel H»SOs. Habmromate momyTHEHHME pacTBopa, KOTOPOE
BBI3BAHO B3aMMOJICUCTBUEM THOCYJIb(aTa HATPUS U CEPHOUN KUCIIOTHI C BBIICIICHUEM
CBOOOJTHOH CephI:

Na,S,03 + H,SO4= Na,SO4+S0;, + H,O + S

BpeMms, koTOpoe NpPOXOIWUT OT Hayajlga PEaKUUUd [0 3aMETHOIO0 MOMYTHEHHS
pacTBOpa, XapaKTEPHU3yeT CKOPOCTh PEAKIUH.

0) B Tpu Oonbluve HymMepOBaHHbIE MNPOOUPKU HaIUTh pazdaBiaeHHbId (1:200)
pactBop THOCYyNIb(ara Hatpus Na,S;Oz:; B mepByro—5 Mi, Bo BTOpyro-10 mi, B
TpeTbio-15 mi. K comepxumomMy nepBoit mpodbupku n1o0aButh 3arem 10 mi1 Boabl, a
BTOpOW—>5 MJI Bo/ibl. B Tpu npyrue npoOupku HamuTh 1o 5 M pazdasierHou (1:200)
cepHOl kucinoTel. B kaxnyro npobupky ¢ pactBopoMm NayS;O; mnpunuth
IpU MOMEIIMBAHUU TI0 5 Mul ipurotoBiaeHHON HySO4 1 onpeenuTs Bpemsi ¢ MOMEHTa
100aBJIEHHS KUCJIOTHI 10 TOMYTHEHHSI pacTBOpa B KaXJ0i MPOOUpKeE.

3anucams pe3yabvmamol no cieoyruieil popme:

IIpo- | O6vem | OOBEM O0beM OO0t . Bpewms npote- | CkopocTh peak-
oupku |pactBopa| H0, pacTBopa 00BeM ¢ T _ |xaHus peakuuu | LUHU B YCIOBHBIX
= & 9
NazS;03, M H2SOq, pactBopa, S S ¢y | A0 HOSIBICHHUS eIMHUIAX
M MII MII 858 MYTH, CEK
5 =
Q
>
1 5 10 5 20 1C
2 10 5 5 20 2C
3 15 — 5 20 3C

Te ke pe3yabTarhl H300pa3uTh rpadUuecKku, OTI0KUB HA OCH a0CIKMCC YCIOBHBIE
koHmeHntpanuu Na;S;03, a Ha 0CH OpIUHAT-CKOPOCTH peakiuu V = 1/t

Cnoenatb BBIBOJ, O 3aBHCUMOCTHM CKOPOCTH PEAKIMU OT KOHIEHTpaIuu
pearupytonux BeriecTB. CoracyroTces JId Balik HaOMIOICHUS C 3aKOHOM JIEHCTBUS
macc?

3aBHCUMOCTh CKOPOCTH Ppeakluu OT TeMneparypbl. /[[ns ombiTa B3STh
pasbasnennbie (1:200) pactBopsr NazS;03 1 H2SO..



Hanute B Tpu Oonbiine HyMepoBaHHbie poOupku 1o 10 mu pactBopa NaxS;0s, B
npyrue Tpu npoobupku-mo 10 mi pacTBopa CEpHOI KUCIOTHI U Pa3AeIuTh UX Ha TPU
napsbl: o mpoodupke ¢ pactBopoM NaS,03 u H,SO4 B kaxmoit mape.

OTMeTUTh TEMIIEPATYPy BO3/AyXa B 1a0OPATOpPUH, CIIUTh BMECTE PACTBOPHI IEPBIX
JBYX MPOOUPOK, BCTPSIXHYTh U OINPEACIUTh BpeMsi ¢ MOMEHTa JOOABICHUS KUCIOTHI
710 TIOMYTHEHUS PacTBOpA.

JIBe npyrue npoOUpKH MOMECTUTh B XMMUUECKUI CTaKaH ¢ BOJION U HarpeTh BOAY
no temrneparypel Ha 10°C Bblle KOMHATHOM. 3a TEMMEPATypOM CIEOUTh MO
TEPMOMETPY, OIMYyIIEHHOMY B BoAy. CIUTh COAECPKUMOE MPOOUPOK, BCTPSIXHYTH H
OTMETHUTbH BPEMsI OT CJIMBA JI0 OSIBJICHUS MYTH.

[IoBTOpUTH OMBIT C OCTABHIMMUCS ABYMs MNpOOHMpPKAMHU, HAarpeB MX B TOM K€
CTakaHe ¢ BoAow 110 Temreparypsl Ha 20°C Bbllle KOMHATHOM.

3anucambs pe3yarvmamast no cieoywouiei popme:

Ne ObBem Ob6wvem | Temmepatypa, °C Bpewms CkopocTb
NpoOMpKH | pacTBOpa | pacTBOpa JIO TIOSIBIICHUS peaKknuu
NayS,03, H2S04, MYTH, BYCJIOBHBIX
MII MII CeK €MHUIIaXx.
1 10 10 0°c
2 10 10 10°
3 10 10 20°

CocrtaButh rpaduk, WUTIOCTPUPYIOIIUNA 3aBUCUMOCTb CKOPOCTH PEaKIUU OT
TEeMIIepaTypbl Il JaHHOTO ombiTa. Jlis 3TOro Ha ocu aOCIUCC HAHECTH B
OTIpPEJICTICHHOM MaciTabe 3HAa4eHHs TEeMIIepaTyphl OIBITOB, @ HA OCH OpPJIMHAT-
BEJIMYMHBI CKOPOCTH peakiuu V= 1/1.

Cnenatb BBIBOJA O 3aBUCHUMOCTH CKOPOCTH XUMHUYECKOM pEakiuuu OT
temneparypbl. Kakue 3HaueHHS MPUHUMAET TEeMMEPATYpPHbIH KOd(PDUIIMEHT s
OOJIBIIMHCTBA XUMUYECKUX PEaAKIUNA?

CMeneHne XMMHUYECKOT0 PAaBHOBECHSI NMPH H3MEHEHMH KOHIEHTpauii
pearupymomux BeulecTB. B Hebompmom crakanumke cmemarh mo 10 mu 0,001 H.
pactBopoB xyopuaa sxeiesa (I11) FeCls u pomanmma xamus KSCN. Hamwmcats
ypaBHEHUE I3TON 00paTUMOI peaKIuu M BhIPAKEHUE KOHCTAHTHI PABHOBECHSI JIJISl HEE.

[Tomy4yeHHBII pacTBOp pa3iuTh TOPOBHY B UYEThIpe MpoOWpKU. B mepByro
poOUpKy 100aBUTh HEMHOT'O KOHIIGHTPUPOBAHHOTO pacTBOpa xyopuaa xkeiesa (111),
BO BTOPYIO-KOHIIEHTPUPOBAHHOI'O PacTBOpa poJaHU]a Kajius, B TPEThIO-HEMHOIO
KPUCTAUIMYECKOTO XJIOpUJa Kajiks, a YETBEPTYyI0 MNPOOUPKY OCTaBUTh s



cpaBHeHusa. CpaBHUTH I1BET JKUAKOCTeW B mnpobmpkax. I[lo wu3MeHeHHIO
WHTEHCUBHOCTH OKPACKU CyASIT 00 M3MEHCHHHM KOHIICHTPAIIMHM POJAHMIA Keje3a
(1) Fe(SCN)s, T. e. o cmemenuu paBHoBecHs. OOBICHUTL W3MCHCHHE IIBETa Ha
OCHOBaHUM 3aKOHa JeicTBUS Macc. CMeCTUTCS JM paBHOBECHE NpHU pa30aBlIEHUU
MOJTyYE€HHBIX PaCTBOPOB?

Biausinme wu3MeHeHHs1 TeMIlepaTypbl Ha CMellleHHe XHUMHYECKOro
paBHOBecHusi. [l OmMbBITa HCIONB30BAaTh JiBa COOOMmMIArONMXCs cocyna (puc.2),
3anongHeHHble okcugoMm azotra (IV). Okcup azora  (IV) MOJIUMEPU3YETCS, B
pe3yabTaTe 00paTUMO peaklny yCTaHABINBACTCS] PABHOBECHE:

2NO, = N,O4 + 54,39 kJTx

NO,-ra3 temHo-Oyporo 1Bera, N2O4-OnmegHO-KENTHIA, MOYTH OECIBETHBIM Tra3.
[ToaToMy 1O M3MEHEHMIO OKPAaCKU CMECH 3THUX Ta30B MOXKHO CYJIUTh 00 U3MEHEHUU
KOHLIEHTpAalMy €€ KOMIIOHEHTOB, T. €. O CMEIIEHUN PaBHOBECUS B CTOPOHY IIPSAMOI
uin oOpatHoM peakiuu. OnHy U3 KOO mpuOOpa OMYCTUTh B CTaKaH C Tropsyei
BOJOW, a JpYrylo-B CTakaH ¢ xosiogHoi. HaOmromaTe mM3MeHeHue 1BeTa ra3oBOM
cMecH B Koji0ax. B Kakyl CTOpOHY CMECTHUIIOCh PaBHOBECHE B KaXKIOW M3 KOJIO?
BeIHYTBH cocynpl u3 crakaHoB. Kak m3MeHsieTcs okpacka rasa B 3ToMm ciydae? Jlatsb
0O0BsICHEHHE HAa0JII01aeMbIM SIBJICHUSM, UcXoAs u3 npuHuuna Jle Hlartense.

Konmponwvusie éonpocul
1. Ymo maxoe ckopocms Xumuueckou peakyuu?
2. Hazosume obnacmu npomekanus XumMu4eckux peaxyuii.
3. Cihopmynupyiime 3aK0H Oeticm8yrouUx Macc 0Jisk CKOpOCmu peax-
yuu.
4. Ymo maxoe nopso0ok Xumuueckou peakyuu no eeuecmaey?
5. Quzuueckuii cmvicni memnepamypHo2o Kodppuyuenma 8 ypasHeHuu
Baunm-T'oghgha.
6. Ymo maxoe sHepeus akmusayuu Xumuueckoeo npoyecca?
7. Kax moorcno onpedenumo E ., no sxcnepumenmanvuvim OauHbim?
8. Kaxum 0b6pazom MOAHCHO YCKOPUMb 2emMepO2eHHYI0 Peakyuio?
9. Umo maxoe kamanumuueckas peakyus? B uem cywHocmo e1usiHus
Kamaauzamopa?



JIABOPATOPHAS PABOTA Ne3
ITPUT'OTOBJIEHUE PACTBOPOB.

Pacmeopom Hnazviearom 2omocennyio cucmemy, cocmoswylo u3z 08yxX Uil
HEeCKONbKUX geujecmas (Kkomnonenmos). Ilpuuem oono (unu Heckonbko)-pacmeopeHtoe
8eUecmeo-pasHOMEPHO PACNPeOeieHO 8 8UOe MOLEKY, AMOMO8 UL UOHO8 8 OPY2OM-
pacmeopumeie.

PaCTBOpI/ITeJ'IeM OOBIYHO CUHTAIOT BCUICCTBO, arp€raTHoOC COCTOSAHHUC KOTOPOTIO
COBITAACT C TAKOBBIM IJIsI PaCTBOpaA.

Ecin arperaTHble COCTOSIHHSI BCEX KOMIIOHGHTOB pacTBOpa OJMHAKOBBIC, TO
pPacTBOPUTEIIEM CUHTAIOT TO BEUIECTBO, KOTOPOTo Oobiie. VICKIIoUeHne cOCTaBseT
BOJIa, KOTOpas BCETIa CUUTACTCS] PACTBOPUTEIICM.

PacTBOpUMOCTB KUIKOCTEN B KUIKOCTAX pasznuuHas. HekoTopele cMemmBaroTCs
JPYT C IPYrOM B JIFOOBIX COOTHOIICHUSX, IPYTHE MPAKTUYECKU HEPACTBOPUMBI IPYT B
apyre. DBONBIIMHCTBO K€  KUJIKOCTEM HWMEET OrPAaHWYCHHYIO  B3aHUMHYIO
PacTBOPUMOCTB. [IpH MTOBBIIIIEHUN TEMIIEPATYPbl PACTBOPUMOCTD KHUJIKOCTEN B OJHUX
CIIy4dasiX YBEJIWYMUBAECTCS, 4 B IPYTUX YMEHbBIIIAETCS.

PacTBOpUMOCTB T'a30B B KHUAKOCTSAX OYCHBb pa3ndHa. boiblas 4acTh ra3oB Jaydlle
pPacTBOPSIETCS B MEHEE IMOJISPHBIX PACTBOPUTENISAX, YEM B BOJIE. PacTBOPHMMOCTh I'a30B
B BOJIC YMCHBIIACTCS IPU HArpEeBaHWM M TIOHIKCHHWM JaBlieHus. J{asg rasos,
pacTBOPUMOCTh KOTOPBIX HEBEIMKAa W KOTOPbIE HE BCTYHAlOT B XHMHYECKOE
B3aMMOJICHCTBHE C PACTBOPUTEICM, CYIISCTBYET CIICAYIOINas 3aBHCHMOCTB: Maccd
2a3a, pacmeopsowasicsi 8 OAHHOM 00beMe HCUOKOCU, NPSIMO NPONOPUUOHATILHA
0aeJIeHUI0, N0O KOMOPbIM Haxooumcs 2a3 (3akow I ewpu).

Ecmu Hang KHUIKOCTBIO HAXOAHUTCA CMECH I'a30B, TO K&H()]BIﬁ ra3 pacTBOpPACTCA
MMPpONOPHUOHAIIBHO CBOCMY IMapIHUAIbHOMY HABJICHULO.

PacTBOprMOCTH Ta30B 4acToO BbIpaxkaroT depe3 KodhduimeHT adbcopOruu-4mcio
o0beMoOB Ta3za, npuBeAeHHbIX K O°C M HOpMabHOMY aTMOC(EPHOMY JABJICHHIO,
PACTBOPSIOUIMXCS B OJHOM JIUTPE KUAKOCTH IpPHU IMAPLUUATIBHOM JaBJIEHUM Trasa,
pasaom 1,013-10° ITa.



1. IlpuroroBijieHHMe PACTBOPOB ¢ 3a/JaHHOIl MAacCcOBOM /o0Jieii BellecTBa B
pacrBope. a) H3 meepoozo eewecmea u 600wvi. IlpuroroBute 200 r 5%-HOro
pactBopa kapOoHata Hatpus u3 kpuctamumueckoit cobl Na;COs - 10H20 u BogbI.

Boeraucnuts, kakas macca Nap,COsz-10H,0 tpebyercs mist mpurorosienus 200 r
5%-Horo pacTBOpa B pacueTe Ha 6e3B0IHYIO cosib Na,CO:s.

OTBecUTh ATy Maccy H3MEJIbUYEHHON COJbl B MPEIBAPUTEIILHO B3BEIICHHOM
CTaKkaH4YMKe Ha BecaxX ¢ TOYHOCTRIO 10 0,01 .

PaCC‘II/ITaTB, KaKol 00BbeM BO/JbI HGO6XOI[I/IM IJIA paCTBOPCHUA B35TOM HAaBECKH.
OTMCpI/ITB MCPHBIM HUJIWHIAPOM 3TOT 00BeEM BOJBI. Beuuth BOAy B CTaKaH H
PaCTBOPUTL B HEH OTBCHICHHYIO COJIb.

W3meputh TemMmepaTypy HpPHUIOTOBJIEHHOI'O pacTBOpa M, €CJIM OHa HE paBHA
TeMIlepaType, KoTopasl yka3aHa B Ta0nuile 4, JOBECTH €€ 10 YKa3aHHON BEJIMYMHBI,
HarpeBas MJIM OXJIaX/das pacTBOP.

BbUtuTh pacTBOp B CyXOH (MJIM OMOJOCHYTBIM 3TUM PAacTBOPOM) BBICOKMH Y3KHUI
LHWJIMHIP U ONPEIEIUTh C IIOMONIBI0 aPEOMETPA €ro IIIOTHOCTb. APEOMETP MPOMBITh
BOJIOW, BBITEPETH IOCYXa U CHATh JIAOOpaHTy. PacTBOp BBUIUTH B MPHUTOTOBICHHYIO
CKJISIHKY.

[To HaliICHHO! MJIOTHOCTH, TOJBL3YsCh Tabnuien 4, onpeaenuts W (%) Na,COs3 B
pactBope. Ecimu B Tabiuile HET JTOM BEIMYUHBI IUIOTHOCTH, a €CTh HEMHOI'O
MCHbBIIIass WM OOJbIlas, TO HCIOJIL30BaTh METOJ HHTeprnousuun. CpaBHHUTH
MOJYYCHHYIO BEIMYMHY C 3aJaHHOM.

Paccuurare MOJSIDHYIO M HOPMAJBHYK) KOHIIEHTPAllMM MPUTOTOBJIEHHOIO
pacTBopa.

0) U3 KOHUEHTPUPOBAHHOTO pacTBOpa u BoAbL. 1. [IpuroroButs 250 r 10%-
HOTO pacTBOpa KUCIOTHI U3 UMEIOIIETrocs B 1a0OpaTOpuu pacTBopa.

OnpenenuTs apeoMETPOM IJIOTHOCTh PACTBOpPA CEPHOM (MJIM COJISIHOM) KUCIIOTHI,
uMmeromeiicss B nabopatopuu. Haittu B Tabmume 3 W (%) pacTBopa KHCIIOTHI,
OTBEUYAIOIIYI0 HAWJECHHOW IUIOTHOCTH. Paccuurarh, Kakyr0 Maccy 3TOro pacrBopa
KHUCJIOTBI HYKHO B3sTb Jisi mpurotosiieHust 250 r 10%-Horo pactBopa, u 3aTeM
MepecyuTaTbh MOJYYEHHYI0 BEIMYMHY HABECKM Ha 00beM. PaccuuTtaTh HYKHBIN
00BEM BOJIbI, OTMEPUTDH €0 MEPHBIM IMUIMHJIPOM H BJIUTH B CTaKaH.



OTMEpUTh MEPHBIM LIMJIMHIPOM PACCUUTAHHBIA 00BEM pacTBOpa KUCJIOTHI, BIUTh
ero B BoAy (B ciydae CEpHOM KHCIOTHl BBUIMBATh TOHKOM CTpyel mpu
NepeMEIIMBaHMM) M TIIATEJIBHO INepeMemarb pactBop. OxJyiaguB e€ro 1o
TEeMIEpaTyphl, yKa3aHHOU B TaOIHIIE 6, IEPENUTh, B CyXOW BBICOKMWA IWIMHAP U
ONpENENUTh IUIOTHOCTh  apeoMeTpoM. CIIUTh MOJy4EHHBI pacTBOP KUCIOTHI B
NPUTOTOBIICHHYIO CKJISAHKY. [lome3ysick TabOmunei 3, ompenenuts W (%)
MOJIy4YEHHOTO pacTBOpa M MPOBEPUTH TAKUM 00pa30M TOUHOCTb BBIIIOJIHEHHS OIBITA.

Brraucnnuts MOJSIPHYIO 1 HOPMAJIBHYIO KOHLIEHTPALMY MTOJy4€HHOTO PacTBOpa.

2. IpuroroButs 200 M pactBopa ruapokcuaa Hatpus (p = 1,050 r/cm®) m3
KOHIIEHTPUPOBAHHOTO PAacTBOPA U BOJIBI.

OnpenenuTs apeoOMETPOM IIOTHOCTh KOHIICHTPUPOBAHHOTO pacTBopa. Haittm W
(%) ruapokcunma Hatpus (Tabin. 3) B HCXOJAHOM M IOJYy4aeMOM pacTBOpax.
Boluncnuth mMaccy HpUroTOBIISIEMOrOo pacTBopa. PaccumTaTh HaBeCcKy, a 3aTeM
00BEM KOHIIEHTPUPOBAHHOTO pacTBOpa U OOBEM BOJBI, HEOOXOJUMBIC JIs
IPUTOTOBJICHHSI 33/IaHHOTO PAacTBODA.

OTMEpUTh MEpPHBIM [WJIUHIPOM BBIYUCICHHbIE OOBEMBI KOHIIEHTPUPOBAHHOTO
pacTBOpa U BOJBI, CIIUTh UX, TIIATEIBHO IIEPEMEIIATH KUJIKOCTh, MOCIE OXJIAKICHUS
BBUINTh B CYXOW BBICOKMH LWJIMHAP W OINPEACIUTh apeoOMETPOM IIJIOTHOCTH
IIOJIyYEHHOI'0 pacTBOPA, a 3aTE€M BBUIMTH €T0 B CKIIIHKY.

OnpenenuTs pacxokJAeHWE HAWJEHHOW IUIOTHOCTH W 3aJlaHHOM B MPOIEHTAaX.
Brraucinte MOJISIPHYIO 1 HOPMAJIBHYIO KOHIIEHTPALMU MTOJIYyY4EHHOTO PacTBOpa.

B) CMemnBaHue IBYX PAaCTBOPOB C Pa3jIMYHON MacCOBOil J0Jieiil BelecTBa B
Hux. [IpuroroButs 250r 8%-Horo pactBopa xmopuaa Hatpus uz 5%-noro u 20%-
HOro pacTBOpoB. Iloib3ysich MNpPaBUIOM CMEIIEHUs, HaWTH TpeOyemMble MacChl
UCXOAHBIX PACTBOPOB.

Beraucnuth uX 00bEMBI, ONIPESTUB INIOTHOCTh ATUX PACTBOPOB (TadII. 4).

OTMepuUTh MEPHBIM ITWJIMHIPOM pPACCUYUTAHHBIE 0OBEMBI PACTBOPOB, CIUTh UX U
XOpOIIO TepeMelIaTh. BBUINTH TMOJYYEHHBIH PACTBOP B IUJUHIP U ONPEACIIHUTH
apeoMeTpoM ero ImioTHOCTh U W (%) mo Tabnuue 4. HallTu pacxokaeHue 3Toi
BEJIMYMHBI C 3aJaHHOW. BBIYUCIUTE MOJSIPHYI0O M HOPMAJIbHYIO KOHIIEHTpaIlUU
MOJIyYEeHHOT'O pacTBOpA.



2. IlpuroroBJieHUe pacTBOPOB ONPe/IeICHHON MOJIAPHON U
HOPMAJILHOM KOHLIEHTPaLM

a) U3 TBepaoro BemecrBa u Boabl. [Ipurorosuts 250 mit 0,5 H. pacTBOpa
xsopuaa 6apus BaCl; uz BaCl,-2H,0 u BoapL.

Paccuutats, kakas macca BaCl,-2H,0 tpeGyercs ays mpurotosienus 250 v 0,5
H. pacTBopa xyopuaa Oapusi. OTBECUTH B MPEIBAPUTEIILHO B3BEIICHHOM CTaKaHUMKE
ATy MAacCy COJM Ha Becax ¢ TOYHOCThIO 10 0,01 1. B34Tyr0 HaBeCKy BChINIATh 4YePeE3
BOPOHKY B MepHyI Koi0y emkocTeio 250 M M THIATENIBHO  CMBITh
JTUCTUNIMPOBAHHOM BOJIOW ¢ BOPOHKM OCTaBIIYIOCS Ha HeW coib. HaBecky B kombe
PacTBOPUTH B MajioM 00bEME BOJIbI, JOJUTh KOJIOY BOY 10 METKH, 3aKPBITh TPOOKOIL
1 Xopomo nepememars. [lepennTs noryd4eHHbIN pacTBOP B CyXOM BBICOKMM LIUJIUHIP
U OIPEACIUTh aPEOMETPOM €ro MIOTHOCTh U W (%) (Tadi1. 4). 3aTemM pacTBOp BBUIUTH
B CKJISIHKY. BBIYMCIHTH MOJIIPHYIO W HOPMaJbHYIO KOHLEHTpAlUU MOJIYYEHHOTO
pacTBOpa. YCTaHOBUTH pACXOXKICHUE KOHLEHTpAIMU IOJYYEHHOIO0 pacTBopa C
3aJaHHOM.

0) I3 KOHUEHTPUPOBAHHOIO pacTBopa U Boabl. [IpuroroButs 250 ma 1 M
pacTBOopa COJSHOW (WM CepHOM) KHUCJIOTBI M3 pacTBOpa, HMEIOIIETrocsl B
JabopaTopuH.

Omnpenenuth apeoMeTpoM IUIOTHOCTH pacTBOpa KHCJIOTHI, HMEIONIETocs B
nabopatopuu. Haiitu ero W (%) (1a6:1.3). Berurcnuth HaBecKy, a 3aTeéM 00BEM 3TOTO
pacTBOpa, HEOOXOIUMBIM I TMPUTOTOBIEHUS 3aJaHHOTO pactBopa. OTMEpUTH
MEPHBIM MIJIMHIPOM PAaCCUMTAHHBIA 00bEM pacTBOPa KUCIOTHI.

Hanute B MepHYyI0 K0JIOy eMKOCThIO 250 MJI OKOJIO TIOJIOBUHBI €€ 00beMa BOJBI U
BJIUTh B Hee (B Cilyyae CEpHOM KHUCJIOThl TOHKOW CTpyei) uepe3 BOPOHKY pPacTBOp
KHMCJIOTbI, OTMEPEHHBIM MEPHBIM LHJIMHAPOM.

CMBITh KHCJIOTY C BOPOHKH BOJOH, B300JTaTh PACTBOP M OXJIAJUTh €ro J0
KOMHATHOU Temmeparyphl. JlonmuTh KOOy BOJOW O METKH, 3aKpbITh NMPOOKOH U
XOpOoLIO mnepeMeliars. BbUIMTh MOJyYEHHBIN PacTBOP B CyXOW BBICOKUH LIUIMHID,
ONPENEIIUTh apEOMETPOM €r0 IUIOTHOCTb M 3aTEM BBUIMTH B IPUTOTOBJIICHHYIO
ckiasiuky. Haiitu W (%), MOJIIpHYI0O M HOpPMallbHYI0 KOHLIEHTpAlMu pacTBOpa.
CpaBHUB BBIYMCIECHHYIO MOJSIPHYIO KOHIIEHTPAUMIO C 3aJaHHOM, YCTaHOBUTh
TOYHOCTH BBIITOJIHEHUS OIIBITA.



DJIEKTPOJUTHYECKAS TUCCOUMALMS. DIeKmpoiumbl-KUCI0Thl, OCHOBAHUS U
COJIA MPU PACTBOPEHUHU B MOJIIPHBIX PACTBOPUTEINSIX PACIIAIAIOTCS HA 3aPSAKECHHbBIC
YaCTHUIIBI-MOHBI. DTO SBJICHUE HA3BIBACTCS IIEKMPOIUMUYECKOU OUCCoyuayuel.

OTtHomieHHe Yucna MOJICKYJI, pacClaBIIMXCsd Ha HMOHBI, K 06H.[€My qucily
pPAaACmMeEOpeHRblIX MOJEKYT IJIeKmpoaunia HAa3vleaemcs CmMeENnERbro OMCCOMMCH/;MM.
CreneHb AUCCOIUAIMU BBIPAKAIOT B JOJIAX CAWHUIBI UJIN B ITPOLICHTAX.

B 3aBHCHMMOCTH OT CTENEHU AWUCCOLMALNU AIEKTPOIUTHI Pa3JIESIIOT Ha CUIIbHBIE,
cpenuue u crnabpie. CTeneHb AUCCOLMAIMN CHIIBHBIX 3JEKTpONUTOB Oosbiie 30%,
cpenuux-ot 2 10 30%, cnadbix-amke 2% (B 0,1 H. pactBopax)®.

[Ipu pazbaBieHun pacTBOpa CTENEHb IUCCOLMAlUU yBennuuBaerca. [loaromy npu
CPaBHEHUM CHJIBl DJIEKTPOJMTOB HEOOXOAUMO OpaTh pacTBOpPbl OJUHAKOBOMN
HOPMAaJIbHOCTH. [lJI XOpOIIO PaCTBOPUMBIX DJIEKTPOJIUTOB CYIIECTBYET CBOM IIPEAECI
pa3baBiieHUs, B paMKaX KOTOpPOro KOHLEHTpaluus HOHOB B €IUMHUIE 00beMa
YBEJIIMYMBACTCS OT Pa30aBIICHUSI BCIICACTBUE YBEJIMYEHHSI CTENEHHM IUCCOLMALINU.
Beiie 3Toro mpeznena KOHLIEHTpAlUs MOHOB YMEHBINAETCS 3a CYET CUIIBHOIO
yBEJIMYEHUs] 00bEMa pacTBOpa.

OO0 oTHOCHTEIIBHOHN cHJIe QJICKTPOJIUTOB MOKHO CYAUTH IIO JJICKTPOIIPOBOIAHOCTH
HUX paCTBOPOB, a maKotce no XUMHYECKOM aKTUBHOCTH B HCKOTOPBIX PCAKIUAX.

WctrHHAs cTeneHb JUCCOIMAIMM CUJIBHBIX JJIEKTPOJIUTOB B pacTBOpax 00O
KoHILeHTpauu paBHa 100%. OxHako BCIEACTBUE SIEKTPOCTATUIECKOTO MPUTIAKEHUS
MPOTUBOIOJIOKHO  3apsDKEHHBIX HOHOB, KOTOPO€ OCOOCHHO 3HAYUTENIBHO B
KOHIICHTPUPOBAHHBIX PAacTBOpPaxX, AKTUBHOCTh HWOHOB CHHUXAETCS W CHJIbHBIM
ANEKTPOJUT BeJET cels TaK, KaK eciau Obl OH HAXOAWJICA B COCTOSIHUM HEMOJIHON
muccouuanu. [lo3ToMy  OHCCOIMALIIO  CWJIBHBIX — 3JEKTPOJMTOB  MPHUHSITO
KOJIMYECTBEHHO XapaKTEPU30BATb KAMCYWEUCS CIMENneHblo OUCCOYUAYUU.

JI1st BCeX OCTaNIbHBIX AJICKTPOJUTOB DJCKTPOJUTHYESCKAS TUCCOIMAIUS SBIISCTCS
IPOLIECCOM OOPATUMBIM:

KA, nK™ + mA™



HOC—)TOMy B PaCTBOpaAxX SJICKTPOJIUTOB MMECT MCCTO PAaBHOBECHUC MCKIAY MOHAMHU U
HCAUCCOIUMNPOBAHHBIMU MOJICKYJIAMMU. Koncranra pPaBHOBECHUA 3TOIO O6paTI/IMOFO
IMponecccCa Ha3bIBACTCA KOHCMAHMOU aﬂeKmpOﬂumuquKod duccouuauuu:

_ n[K™]-m[A"]
" [K, Al

rae [K™] u [A"]-xoHIIeHTpalii B pacTBOPE KaTHOHOB M AaHMOHOB B MOJISIX Ha JIUTP,
[KnAm]-KOHIICHTpaIMsS HETUCCOIMMPOBAHHBIX MOJICKYJ B MOJAX Ha Jmtp. [is
JAHHOTO JJIEKTPOJUTA 3HAYEHHE KOHCTAHTBHI BJIEKTPOIUTHYECKOU JTUCCOIUALINU
MOCTOSIHHO TPU OMpPEACICHHON TeMIepaType U B OTJIMYKME OT CTENEHU JUCCOIUALIUN
HE 3aBUCUT OT KOHIEHTpauuu. Jlucconuanusi 371€KTPOJIUTOB B BOJHBIX PacTBOpax
CONIPOBOKJIAETCS TUApPATAIIMEd HMOHOB, T. €. B3aUMOJAECHCTBHEM HX C MOJISIPHBIMU
MOJIEKyJIaMH BOAbL. Tak, HaImpuMep, B BOJE MO CYIIECTBY HET MOHOB ZN?" UM HOHOB

Cr’',a umMeroTcs TI'MApaTUPOBaHHBIE KOMIUIEKCHble HOHEI [Zn (H,0)4** u [Cr
(H20)6]*"

I[I/IHOJII)HBIC MOJICKYJIBI BOJbBI B33PIMOIICI>1CTBYI-OT C HOHaMHU B paCTBOPC KaK 3a CUCT
HCTIOJACJIICHHBIX 3JICKTPOHHBIX IIdp, TaK U 3a CUCT O6pa3OBaHI/I$I BOI[OpOI[HOﬁ CBiA3U.

[Ipouecc 3MEKTPOIUTUYECKON TUCCOLMALMU KHUCIOTHI CJIEI0BAIO Obl BBIPAYKATH
YPaBHEHUEM:

HA + nH20<:>H30++A (Hzo)n i

H3O"-noH TUApOKCOHMS, ONPEACNISIOMMUN OOIIHe CBOMCTBA KHCIOT. [ 'maparanus
KaTUOHOB OCYIIECTBIISIETCS MO JOHOPHO-AKLENTOPHOMY MEXAaHU3MYy, & aHHUOHOB-3a
CYET BOJIOPOJHOM CBSI3H.

Ha mnpakTuke OOBIYHO TMOJB3YIOTCS YHOPOIICHHBIMH ypaBHEHUSIMU O€3 ydera
TUJpaTali UOHOB:

HNO3; < H* + NO3
NaOH < Na*+OH"

CBoiicTBa BOJAHBIX paCTBOPOB KHCJIOT U OCHOBaHUM OIIpCACIIAIOTCA TCMHU MOHAMU,
Ha KOTOPbIC OHU JUCCOITMUPYIOT.



KucaoTel MOXKHO OMpCACIUTL KaK 3JICKTPOJINTEI, 06p33y10H_II/IC npu aucconranmnmn
B BOAHBIX paCTBOPAxX B KAYCCTBC KATUOHOB TOJIbKO MOHBI BOJAOPO/dd, a OCHOBAHHA-KaK
SJICKTPOJIUTHI, 06pa3y}01uue B Ka4CCTBC AHMOHOB TOJIbKO I'MAPOKCHUI-NOHBI.

MHOTOOCHOBHBIC KHUCIIOTHI JUCCOIUUPYIOT OOBIYHO ITOCTENEHHO (CTymneHJaTas
JIACCOIAIINSA):

1) H,SO, < H*+HSO,
2) HSO4 < H* +S0%,
IPHYEM I10 TIEPBOM CTYIIEHH CTEIEHD IUCCONUAIIMH OOJIbIIIE, Y€M IO BTOPOIA.

CryneHuarass [OuccolMalusl XapakTepHa W JJI1 OCHOBAHUW, COJAEpKalluxX
HECKOJBKO THIPOKCOTPYMI B MOJIEKYJIE:

1) Mg (OH); ©&©MgOH" + OH"
2) MgOH*<Mg?* + OH-

CTyrIeH‘-IaTOCTB Jucconuanmy KUCIOT H OCHOBaHUI O6YCJ'IOBJ'H/IBEICT BO3MOXHOCTbD
06p330BaHI/I$I KHCJIBIX MU OCHOBHBIX COJICH.

N3BecTHBI QJICKTPOJINTBI, KOTOPBLIC IIpU AUCCOLNMUALUN 06p33YIOT U HOHBbI
BOJOpOada, U THAPOKCHUA MOHBI. Takue COCIMHCHU HAa3bIBAKOTCSA aMd)omeprlMu.

[TpakTrdeckn amMpOTEpHOCTh COEAWHEHHUS MOKHO OMPEIEIUTh MO CIOCOOHOCTH
ero oOpa3oBbIBaTh COJIM Kak C KHUCIOTaMH, TaKk M co Iienoyamu. lIpumepom
aM(OTEpPHOro BJEKTPOJIUTA MOXKET CHYKUTh TuaApokcu] amomuHus Al(OH)3-
VYpaBuenus peakiuit A1(OH); ¢ kucimoTot m ¢ ocHoBaHueM 0Oe3 ydeTa (akTopa
rUApaTalyd MOTYT ObITh MTPEACTABIICHBI CIEAYIOIUM 00pa30M:

AI(OH)s + 3NaOH = Nas [Al (OHe)]
A1(OH)s+30H = [Al (OH)e]*
A1(OH)3 + 3HC1 = A1C13 + 3H,0
Al(OH)s+3H*=A13* +3H,0

Cornacnao TCOPHUHU BpeHCTeI[a KHCJIOTBI WM OCHOBaHMHA OGBCI{I/IHHIOTCX B TIpyHliry
IMPOTOJINTOB-BCIICCTB, CITOCOOHBIX OTAaBaThb WUJIM IIPUHUMATD IIPOTOHBI. C »TOM TOUKH
3PCHHUA KUCJIOTA ABJIACTCA OOHOPOM IIPOTOHOB, 4@ OCHOBAHUC-aKyenmopom ImpOTOHOB.



[ToaToMy KHMCIIOTa 1 OCHOBAHUE B3aUMHO CBSI3aHbI, U B 0011el (hOpMe MOKHO MHUCATH!
KHCJIOTa<=>IIPOTOH+ OCHOBaHUE

TaKI/Ie CUCTEMBI HA3bIBAKOTCA COprDKeHHLIMI/I, HaHpI/IMep:
HF + H, O<H;0™ + F
NH; + H,O < NH, +OH

CocTtosiHMEe paBHOBECHS B HACBIIIIEHHOM PacTBOPE MOKHO BBIPA3UTh
CHEYIOLIEN CXEMOU:

OH- OH-
[Zn (H0),* - [Zn (OH), (H,0),-» Zn (OH),J*
Ha0+ HaD+

B KHUCJIOW Cpelle pAaBHOBECHE CMEIIAETCS BIJIEBO, B WIEIOYHOW-BOpaBo. M3
CpPaBHEHHS CBOMCTB KHCIIOT, OCHOBaHUM W aM(OTEPHBIX COCAMHEHUN BHUIHO, YTO
TUJPOKCHUABI PA3JTUYHBIX AJIEMEHTOB MOTYT JHUCCOLIMPOBAT 10 OJTHOMY U3 TPEX THUIIOB:
a) OCHOBHOM THUI AUCCOIMAIIUN; O) KUCIOTHBIM TUI JUCCOLMAIUMU; B) JIUCCOLMALIMS
aM(OTEpPHBIX THUIPOKCHIOB.

Xapakrep nucconmanuy ruipokcnioB DOH 3aBUCHT OT CpaBHUTEIBHOU cmeneHu
noaapuocmu ceazeu. 3—O u O—H, koTtopas omnpenensiercs B OCHOBHOM
BEJIMYMHAMHM YCJIOBHBIX PaJMYCOB UM 3apsAJ0B HOHOB 3JEMEHTOB, O0pa3yroIIUX
ruapokcusl. Ecnu monsipHocTh cBsisu H—O Oonbine nomnsipuoctu cBsizu 9—O0O,
TUAPOKCUJT AUCCOLUUPYET MO KUCIOTHOMY THUITY, HaIIpUMED:

HOCl<H*+CIO

Ecomn monsprocte cBsi3su H—O wmenbpme nossspHoct cBsazu O—O, THUAPOKCHUA
JUCCOLMUAPYET IO OCHOBHOMY THILY, HAIIpUMED:

NaOH<Na * + OH"

Ecmm momsiprocts cBsism H—O npumepHO paBHaA MOMSIpHOCTH CBsizm O—O, TO
THAPOKCH]] JWCCONMHUPYET IO aM(OTepHOMY THUITy; HaIpHMEp, MPOCTCHITNM
aM(OTepHBIM CoeTUHEHHEM siBiisteTcst Boga: H,O™+OH"

B pacTBOpax 3neKTpONMTOB pEarupyrOT MOHBI PACTBOPEHHBIX BEUIECTB. Peaknun
MEXAy MOHAMM HaIlpaBJ€Hbl B CTOPOHY OOpa30BaHUS TPYJHOPACTBOPUMBIX WU
MaJIOJUCCOLMUPOBAHHBIX BEILECTB:



FeCl; + 3NaOH = Fe (OH)3| + 3NaCl
Fe®* + 3CI'+3Na * +30H = Fe (OH)3] + 3Na * + 3CI’

Hckiiodass M3 HMOHHOTO ypaBHEHUsT OOO3HAYEHUsT HMOHOB, HE BCTYNMBIIMX B
xumudeckoe Bzaumozeiicteue (Na* u C17), MOXKHO MPUBECTH €ro K 00jiee IPOCTOMY

BULY:

Fe**+30H = Fe (OH)s)

[Ipu cocraBieHMM MOHHBIX YpaBHEHUW peakuuid (QOpMyIbl  CHIBHBIX
AIIEKTPOJIUTOB 3aIMCHIBAIOT B JIUCCOUMUPOBAHHOM BHje. CiiaOble 3JIEKTPOIUTHl U
TPYAHOPACTBOPUMBIE BELIECTBA B MOHHBIX YPABHEHHUSIX, KaK B IPaBOM, TaK U B JIEBOU
YacTH PaBEHCTBA, M300pakaloT (GopMysiamMu HE - JUCCOLUUPOBAHHBIX MOJEKYIL.
PactBop, B koTopoM KoHIeHTpanus woHoB H' m OH™ ojmHakoBas, sBIsSETCS
neumpanionbiM.  PactBop ¢ mpeoOnamanmeM woHOB H'  Oymer kucnwim, ¢
npeobnananrem xe HoHOB OH-wenounvim. KUCIOTHOCTH M IIETOYHOCTH CPEIbI
OMPENICTAIOTCA C TOMOIIBIO PEAKTUBOB, U3MEHSIOIINX CBOM LIBET B 3aBUCUMOCTU OT
OTHOCHTENIbHBIX KOHIeHTpanuid uoHOB H* m OH'. DTu peakTHBBI HAa3bIBAIOT
unoukamopamu. B KayecTBe WHIUKATOPOB MPUMEHSIOT JIAKMYC, METHUJIOBBIN
OpaHKEBbIH, (eHondTaTenH, YHUBEPCATbHBIM UHAUKATOP U JIP.

Xoxa 1aboparopun
IIpudopsl n mocyna.
1) Akkymymnstop Ha 2 B.
2) AmniepMmetp Ha 3-5 A.
3) I'padutoBBIC PIEKTPOIBI.
4) Mepnbie IIHMHAPLI eMKOCThI0 10 mut (2 iT.) u emrocThio 100 mut (2 1mT.).
5) Crakanbl emkocThbio 200 M1 (6 1IT.).
6) LlItatuB ¢ mpoOupKamm.
7) Pe3unoBbIe TPYOKH.
8) Kpy:xok u3 ¢anepsbl.

PeakTuBbIl.



1) Hunk (rpanyi.).

2) Xnopodopm CHCls.

3) Aueron (CHj3),CO.

4) Oranon C,HsOH.

5) Xnopun xanbius CaCl,.

PacTtBOpBI.

1) Consnas kucnora HC1 (2 u., 1 1., 0,1 B. u xonw., p=1,18 r/cm?).

2) Cepnas kucnora H,SO, (xonw., p= 1,84 r/cm®, 2 H., | H. u pas6asnennas 1:25,
1:50, 1:250).

3) Vkcycnas kucinora CH;,COOH (2 H., 1 H.u 0,1 H.).
4) I'mapoxcun xkanus KOH (2 u.).
5) 'unpoxcun Hatpus NaOH (2 H., He coaepkanuii kKapOoHata).
6) AMMUaKk BoAHBIN (2 H. 1 1 H., HE cofepKaluil KapOoHaTa).
7) Xmopua kamust KC1 (1 1.). Xmopux natpust NaCl (2 u.).
8) Xnopun menu (11) CuCl; (0,5 u.).
9) Xnopuz xene3a (1) FeCls (0,5 u.).
10) Xnopun xo6ansta (1) CoCl, (Haceimr.).
11) Hutpar cepedbpa AgNO3 (0,1 H.).
12) Xmopat kanust KCIO3 (1 1.).
13) Cynbdat natpust NaSO4 (1 H.).
14) Anerat vatpus CH3COONa (1 1.).
15) Jlakmyc.
16) MeTuioBblii OpaHKEBBIN.

17) ®enondranens.



Hns mpurotosiienust pacmeopa NaOH, we cooepowcaweco xapbonama, MOXKHO
NPUMEHUThL  CHOCc00, OCHOBaHHBIM  Ha  HepactBopuMoctH  NaCOs; B
KoHIIeHTpupoBaHHOM pacTtBope NaOH. PacTBopsroT ruipokcu HaTpusi B paBHOM I10
Macce oObeMe BOIbl. PacTBopeHHE TPOM3BOAAT B BBICOKOM ITWIMHAPE, IUIOTHO
3aKpBITOM PE3WHOBON MPOOKOW. PacTBOpY MarOT OTCTOATHCS B TEUCHHE HECKOJIBKHUX
JHEH, Toclieé 4Yero NpO3pavyHblii pacTBOP OCTOPOKHO CIUBAIOT C  OCajKa,
conepxkaiiero NapCOs. TlonydeHHBIH KOHUEHTPUPOBAHHBIA PACTBOP pa30aBIISIIOT
JTUCTUIUTAPOBAHHON BOJI0H, 0CBOOOXKIeHHOW 0T CO, KUTITYCHUEM.

JI71s1 IPUTOTOBIICHUST AMMUAKA B0OHO20, He codepicaueco Kapbornama, MoJyqdaroT
YUCTHI aMMHAK KHUIITYEHHEM pPACTBOpAa amMMHUaka € HEOOJBIIUM KOJIMYECTBOM
Ca(OH); nns ynep:xkanus kapOoHata B Buje ocaaka CaCO3. 3arem razoo0pa3Hbli
aMMHaK pacTBOPSIOT B JUCTUIUIUPOBAHHOM Bojie, He conepixkatiein COa.

DJIEKTPONPOBOAHOCTH PACTBOPOB KHUCJIOT, LIeJ0Yell U CoJIeH.

a) B3arp akkymymstop (2-4 B), ammnepmetp (3-5 A) u rpaduToBBIE 3IEKTPOIHI,
BCTaBlIcHHbIE B (aHepHbli Kpyxok. CoOpaTh ycTaHOBKY IO pucyHKy 3. Ha
rpauUTOBBIE 3JEKTPOJbl JOJKHBI OBITh HAJEThl PE3UHOBBIE TPYOKH, IIOTHO
3aKpBIBAIOIINE BEPXHIOK 4acTh CTEp:KkHEN. B Tpm crakana Haimrts o 100 mur 1 H.
pPacTBOPOB COJIIHOM, CEPHOM M YKCYCHOM KHUCIOT. ONMyCTUTHh B CTaKaH C COJISTHOM
KHUCIIOTOM AEKTPobl (puc. 3). OTMETUTh TOKA3aHHUE CTPEJIKU aMmIepMeTpa. 3aTeM
NOTPY3UTh 3JIEKTPOJABI IOCIEIOBATEIbHO B CTAaKaHbl C CEPHOM M YKCYCHOU
KHCJIOTAaMU M TaK€ OTMETUTD MMOKA3aHUsI aMIIepMeETpa.

[Ipy mnepexoxe OT OAHOrO pacTBOpa K JAPYrOMY HaJO 3JIEKTPOAbI IEpen
HNOTPY’KEHHEM HMX B HOBBI PacTBOpP TINATEIBHO NPOMBIBATH IUCTHIIMPOBAHHOU
BO/10M. CpaBHUTH AJEKTPONPOBOIHOCTh UCCIIEJOBAHHBIX KUCIIOT U c(hOpMyIUpOBATH
3aKI0YeHuE 00 UX OTHOCHUTENbHOM cuiie. TakuMmM ke o0pa3oM HCHbITaTh
ANEKTPOINPOBOJIHOCTh 1 H. pacTBOPOB TMApPOKCHA HaTpus U ammuaka. CpaBHUTH
CTENEHb AUCCOLUALNH 3TUX IIETOUYEH.

Dopma 3anucu

BemectBo Konyenmpayus pacmeopa | 1lokazanus amnepmerpa




Puc. 1. YcraHoBka Jij1si CpaBHEHUSI  3JIEKTPONPOBOIHOCTH PACTBOPOB.

HpI/I OIIYCKAHHH B CTAKAH C JKUAKOCTBIO 3JICKTPOA0OB HAIO IIPOCIICANUTD, YTOOBI
B OIIbITaX C PAa3HbBIMU KXKUIKOCTAMH B HHUX ObL1a IIOTPyKECHA OJHNHAKOBAaA Y4CTb
QJICKTPOOOB. CpaBHI/ITB IMOJIYUYCHHBIC PC3YJIbTATBI C TaOTMYHBIMU JaHHBIMH, Xa-
PAKTCPU3YIOIINUMUA KOJIMYCCTBCHHO CTCIICHb Jucconuanumn HCCJICA0OBAaHHBIX
QJICKTPOJIUTOB.

0) HcmbiTaTh AJIEKTPONPOBOJHOCTH, | H. pacTBOpPOB COJEH XJIOpHAA Kamus,
HUTpaTa Kauus, cylbdaTa HATpus, aileraTa HATpUsi. 3amucaTh [OKa3aHUs
amriepMmerpa. Crenarb BBIBOJ O CHIIE UCCIIEOBAHHBIX JIEKTPOJIUTOB.

B) HanmuTe B n1Ba crakaHa 2 H. pacTBOpPbl YKCYCHOM KHCJIOTBI M aMMHaKa H
UCCJIEN0BATh JJIEKTPONPOBOJAHOCTh KaXJIOIO M3 HHX. 3aT€M CIUTh COACPKUMOE
00OMX CTaKaHOB BMECTE U MCIBITaTh 3JIEKTPONPOBOJHOCTh MOIYYEHHOI'O pacTBOpa.
OOBsACHUTH HAOIIOAaEMbIE Pa3JIMYKsl B AIEKTPONPOBOJAHOCTH PACTBOPOB M3YUEHHBIX
BEILECTB.

JMuccouuanms coseii a)  Bzsate HemHoTrO Xyopuna meau (11) u orMeTuTs 1iBeT
TBep o conu. OJIHY YacTh COJIM PAaCTBOPUTH B alleTOHE, a APyryto-B Bojae. Hadmro-
JaTh OKPACKy pacTBOpa B MIEPBOM U BO BTOPOM ciayyasix. JlaTe oObsicHEHHE.

0) Kpucranmnmuueckuit xnopuga memu (ll) pactBoputh B 2-3 Karwusix BOJBI.
OtMmeTuTh OKpacky pactBopa. Jl06aBUTh HECKOJIBKO MUJUTHIIUTPOB BoAbl. Habmonars
M3MEHEHUE OKpacku pactBopa. Jlath oObsicHeHue. HammcaTh ypaBHEHUE peakuuu
mucconuaiuu xyopugaa meau (11).

CpaBHeHHe XMMHYECKON AKTHBHOCTH CWIBHBIX U CJIA0BIX 3JIEKTPOJIMTOB.
a) B oany npobupky Hanuth 5 mi 0,1 H. pacTBOpa COJNSIHOW KHUCIOTHI, B APYTYIO-
ctosibko ke 0,1 H. pacTBopa YKCYCHOM KUCTOThI. OMYCTUTh B KXY IPOOUPKY IO
OJIMHAaKOBOMY KycCOuKy IMHKa. Kakoii ra3 Bwimensercs B mpoOupkax? Hamwmcatb
ypaBHEHUE TPOUCXOIANINX peakiuid. B kakoit kuciore mporecc wuuetr Oosee
DHEPIUYHO?



N -

OOBSCHUTH ITO SABJICHUE, TIOJIB3YSCh IAHHBIMH O CTETICHU AUccoIManuu  (Tadi. 5)
COJISTHOM M YKCycHOM kucioT B ux 0,1 H. pacTBopax.

0) Hamute B nBe mpoOMpPKH pacTBOp XJopwjaa Kaibldia. B omgHy mnpoOupky
N00aBUTh 2 H. pacTBOp THUAPOKCHUIA HATPHUsS, a B APYTyIO-Takoil ke o0beM 2 H.
pacTBopa aMmMHaKa (pacTBOpHI HE JOTHKHBI coaep
*aTh kKapOboHaToB). Uto HabmogaeTcsi? OOBACHUTH MPUYHUHY PA3TMYHOTO JCUCTBUSA
Ha XJIOPUJI KaJIbLUS B3SITHIX OCHOBAHUI.

Oxpacka wuHaukatopoB: a) Hamute B Tpum mnpobupku mo 3 M
JUCTWUIMPOBAHHOM BOABI M MNpPUOABUTh MO 2 KalulM pacTBOpa OJHOIO W3
MHIMKATOPOB: JaKMyca, METUJIOBOIO OpaHkeBoro u ¢eHondranenHa. OTMETUTH B
TabJIMIE UX LUBET B HEUTpaiabHOU cpene. B kaxayro npoOupky npubaBUTh pacTBOP
KakoW-HUOyAb KuchnoTbl. HaOmionaTe WM3MEHEHHMS OKpackM M 3alMcath HX B
COOTBETCTBYIOIINE IPAQbl TAOTHIIBI.

0) IIponenate TO ke camoe, B35IB BMECTO KUCJIOThI pacTBOP KaKOU JTMOO 110U H.

IBeT UHAUKATOpPA
Cpena JaKMyca METHJIOBOT0 OPAHKEBOI0 ¢enondranenna
Hevimpanvnas
Kucnas
Henounas

KOHmpo./leble 60npocsl

. Hazosume cnocobwi 6vipasicenus koHyenmpayuu pacmeopos.
. Umo nasvieaemcs MonapHol KOHYeHmpayuel pacmeopa”?
. Onpedenume MONAPHYIO KOHYESHMPAYUIO pACEOpPd, eClu U36eCMHa

Maccoeas KOHYeHmpayusl eeuiecmea 6 pacmeope.

. Kaxoti o6wem 20%-11 conanot kuciomsl He0OX00UMO 634mb 0.5

npuecomoenenus 00Ho2o aumpa 6%-u conanot xuciomoi?

. Cronvko epamm NaCl neobxooumo e3sme onst npucomoenenus

0,52 12 %-20 pacmeopa?

JIABOPATOPHAS PABOTA 4



NMOHOOBMEHHBIE PEAKIIUHU

meopemuyecKuil 4acmo

Peakmmu, mpoTekaromuye B pacTBOpax  AJEKTPOJIMTOB, CBOIATCA K
B3aMMOJICHCTBHIO MEKJy HMOHAMH DPACTBOPEHHBIX BelleCTB. Peakmmm B pacTBOpax
AIIEKTPOJIUTOB UIYT TOJBKO B TOM CIIydae, €CJIM B Pe3yJbTaTe 3JIEKTPOCTATUYECKOTO
B3aMMOJICUCTBHS PAa3HOMMEHHO 3apsSHKEHHBIX MOHOB 00pa3yrOTCS MOJIEKYJIBI HOBOTO
BEIIECTBA: TPYAHOPACTBOPUMOIO, Ta3000pa3HOr0 WM MAaJIOAUCCOIMHPOBAHHOTO.
Ecnu HM OTHO W3 TakWX BEIIECTB MPU PEAKIIUU HE 00pa3yeTcs, TO He MPOUCXOANUT U
camoit peakiuu. K cimaObiM 3JEKTPOIUTaM OTHOCATCSA HE TOJIBKO MOJIEKYJBI ClIa0bIX
KHCIIOT ¥ OCHOBAaHHM, HO W WX MOHBI, 00pa3yIomuecs Mpy JUCCOIHAIIIN 10 TIEPBOU
Win BTOpod crtymenu (mampumep, HCO3", HPO?7, MgOH"). Komncranra
JUCCOIMAIIMM WX, Kak TMpaBWIO, MEHbIIE, YeM KOHCTAHTHl JUCCOILMAINH
COOTBETCTBYIOIIUX UM KHUCJIOT M oCHOBaHMU. K c1aObIM 3JIeKTpOIMTaM OTHOCATCA U

OTHOCHUTEJIHHO MPOYHBIE KOMIUJICKCHBIE HOHBI.
Ecim B peakuuio  BCTymarT  ciaOble  AJIEKTPOJUTHI,  JIETy4yue WU

MaJoOpacTBOPUMBIE BEIIECTBA, TO PEAKIIMH TPOUCXOMIAT B TeX CIlydasX Korja
oOpasyronuecs BellecTBa OyIyT MEHee IUCCOIMUPOBAHHBIMH, Oo0Jee JIETYy4YUMH,
MEHEee PaCTBOPHUMBIMHU.

Peaknumn, uaymmue ¢ oOpa3oBaHMeM CJIa0bIX 3JIEKTPOJUTOB. a) Peakius
HeuTpanu3auuu. [Iporecc B3auMoOIeCTBUIT OCHOBAHUSA C KUCJIOTOM, IPUBOISIIUN K
00pa30BaHUIO COJIM U BOJIbI, HA3bIBACTCS peaxyuell Heumpaiuzayuu.

1) KOH + HNO3 = KNO3 + H,0

OopaszoBanue 1 mMoap Boabl u3 noHoB H™ m OH™ npu He#lTpamusaluu CHUIbHBIX
KHUCJIOT CHJIbHBIMA OCHOBAHUSIMHM COITPOBOXKIAETCS BhIAEIECHUEM 57,54 K/[>K TENIOTHI
(TenoTa HEUTpAIU3ALUN ).

Peakiuss HeWTpanu3aluu MOXKET MPOTEKAaTh MEXKIY CHUIBHBIM OCHOBAaHHEM U
c1a00M KHUCIIOTOM WM ClIa0bIM OCHOBAaHMEM W CHJIIBHOM KHCIIOTOM, CIIa0BIM
OCHOBAaHHMEM M CJIa0OH KUCJIOTON. B TakMx cucTeMax yCcTaHaBJIMBACTCS XMMHYECKOE
paBHOBECHE, TaK KaK MMEET MECTO OOpaTHBIA mporiecc. Peakmms cpembl He OyaeT
HEUTPaJIbHOMU.

2) KOH + CH3COOH < CH3COOK+H,O

B nonnoit popme: ~ OH+CH3COOH < CH3COO™ + H,0



3) NH,OH + HCl < NH,CI + H,0
Honnoe ypaBuenue peakimu: NH,OH + H* < NH4* + H,0O

B aTux ciydasx cima0bie AJIEKTPOJMTHI UMEIOTCS B YHCIE KaK HCXOMHBIX, TaK U
KOHEYHBIX MPOIYKTOB. PaBHOBecHe B MOAOOHBIX CHUCTEMaX CMENIACTCS B CTOPOHY
oOpa3oBaHHsI BemeCTB ¢ MeEHbIIEH Ky, T. €. TPOIECCHl B ITUX CHCTEMax
HAIpaBJIEHbl B CTOPOHY 00pa3zoBaHusl Oosee caabbIX SJICKTPOJUTOB U MPUBOIAT K
Oosee oTHOMY CBsi3bIBaHMIO HOHOB: H * (B peakuuu 2), OH™ (B peakiuu 3).

0) Peakuuu, naymue ¢ o0pazoBaHueM cja0bIX KUCJIOT UJIH OCHOBAHMI
CH3COONa + HC1 = CH3COOH + NaCl
Honnoe ypasuenue peaknuu: CH3COO™ + H* = CH3COOH
KCN + CH3COOH = CH3COOK + HCN
HNonnoe ypaBuenune peakiun: CN™ + CH3COOH=HCN+ CH3;COO"
B pesynbrate peakuun o6pasyercs 6osee cinadbiii dnekTpoaut HCN.
K mec HCN<Kee CH3COOH

Konnenrpanusi noHoB H' moHwmxkaetcs 3a cyer OoJiee MOTHOTO CBSI3BIBAHUS HMX
CN- nonamu B mosexynst HCN.

Peaknumn, uaymmume ¢ o0pa3oBaHHeM TPYAHOPACTBOPHMMOIO BellecTBa.
3HAUUTENFHO Yallle MPUXOJAUTCS UMETh JIeJI0 C 00pa30BaHUEM TPYIHOPACTBOPUMBIX
BEII[ECTB, KOTOPbIE YIAJSIOTCS U3 chepbl peaklui B BUIE OCaJKa, HAIPUMED:

Ca (N03)2+N8.2C03 = C&COgl + 2NaNOs;
WK HOHHOE ypaBHeHue peakimu: Ca®* + CO?3=CaCOs|

N3ydyeHue paBHOBECHMS B HACBIIMIEHHBIX PAacTBOPAaX CHIBHBIX AJIEKTPOJHUTOB
(HammpuMmep, coJieid) JaeT BO3MOXKHOCTh BBISICHUTH YCJIOBHUS, BBbI3bIBAIOIINE
oOpa3oBaHHE WJIM PACTBOPEHHE OCAJAKOB B ATUX pacTtBopax. [Ipm pacTBOpeHuun
KPUCTAJUIOB JJIEKTPOJIUTOB C HMOHHOM KPUCTALUIMYECKOW PEWIETKOM B PacTBOP
MEePEeXOIAT HE MOJIEKYJIbI, a UOHBI.

B HachkimeHHOM pacTBOpe KakoW-TMOO COMM  C  OCaaKoM  (Hampumep,
CaCQO3) uMeeT MeCTO paBHOBECHE:



CaCO3s=Ca®*+CO%

Hepexoa HOHOB H3 TBGp,HOﬁ (1)331)1 B JKUJKYIO IIPOUCXOAUT TOJIBKO C ITIOBCPXHOCTH
M HC 3aBUCHUT OT MACChl TBCPAOI'O BCIICCTBA.

OO003HaYMM YHUCIIO MOJICH, MEPEXOISIIUX B PacTBOp 3a CIUHUILY BPEMECHH C
CIMHUIBI TIOBEPXHOCTH, 4epe3 Ki. Dra BenmuumHa OyneT BbIpaKaTh CKOPOCTh
Iepexojia HOHOB B pacTBOp, T. €. Vi = Ki. OueBHaHO, BemuduHA V\ OyJeT 3aBHCETh
TOJIEKO OT MPHUPOJIBI BEIIeCTBa M TeMiepaTypbl. OOpaTHBIN MpoIiecc-mepexo ] HOHOB
U3 pacTBOpa B OCANIOK-3aBUCHUT OT MX KOHIICHTpanuu B pactBope. CKOPOCTHh ITOTO
Hpoliecca BIPaKaeTCs PABCHCTBOM:

V, =k, [Ca**] [CO%],

rie Ko-xoadummeHT npornopuoHaNbHOCTH, PaBHBIA CKOPOCTH BBIJICIICHUS HOHOB H3
pacTBOpa Ha €IMHUILYy IIOBEPXHOCTH ocaaka npu KoHmeHTpammsax Ca®* m CO%,
paBHBIX eauHHULIE. B MOMEHT paBHOBECUS

V) =V, u ke=k, [Ca®"] [CO%T]

[epenecs BenmuuunHy Ky B JIEBYIO 4acTh, MOJTy4aeM:
K _ Ca*]-[COZ
PR R

2

N3 »TOoro paBeHCTBA BHUIHO, YTO TMPOU3BEJCHUE KOHIEHTpAIMii HMOHOB B
HACBHIIIICHHOM pPAacTBOPE €CTh BEJIMYMHA TIOCTOSHHAs. ODTa BEIMYMHA HA3bIBACTCS
npouseedeHuem pacmeopumocmu U 00bI9HO 00o3HavaeTcs OykBamu [1P.

[TpousBeneHneM pacTBOPHUMOCTH HA3bIBACTCS MTPOU3BEICHNE KOHIICHTPAIIUA HOHOB

B HACBIIIEHHOM pPacTBOPE MAaJOpacTBOPUMOIO  DJIEKTPOJIUTAa TMpPU  JaHHOU

TemIepaType. Ipc,co, =[Ca *1-[CO;]

Takum 00pa3oM, MPOU3BEACHUE PACTBOPUMOCTH XapPaKTEPU3YET PACTBOPUMOCTH
TBEPAOTO JJIEKTPOJUTA TPU OMPEAECICHHOW Temmeparype. M3 IByX OJHOTHIIHBIX
coJiell MEHbIIIeH PacTBOPUMOCTHIO 00JIalaeT Ta COJb, NI KOTOPOW MPOU3BEICHUE
pPacTBOPUMOCTH MEHBIIIE.

Crnenyer, oaHaKO, OTMETUTH, 4TO pacueTbl 1o (opmyne [P OyayT TouHBIMH
TOJBKO B CIEAYIOIIMX ciiy4asix: 1) Korjga pacTBOPUMOCTH COJIEH O4YEeHb Majia U 2)
KOTI'/Ia pacTBOP HE COAEPKUT MOCTOPOHHUX COJIEH.



N3mensis KOHIOCHTPAIMKM HOHOB B HACBINICHHOM pPAaCTBOPC, MOXHO HAPYIIUTDH
PaBHOBCCHUC U BbI3BATH OCAXKACHHC NI PACTBOPCHUC OCaaKa JJICKTPOJIUTA.

OC&)KI[GHI/IG BBI3BIBACTCA YBCIMYCHHUCM KOHICHTPAIINHM HMOHOB ITYTEM BBCIACHHA B
PaCTBOp OTHOMMCHHBIX HOHOB.

IIpumep. IIpu pgoGaBneHun KoHueHTpuUpoBaHHOro pactBopa Na,COz k
HaceimeHHoMy pactopy CaCOsz ysenuumpaercss KoHuentpauus noHos CO?% B
pacTBope, U paBHOBECHE CMEUIAETCsl B CTOpOHY 0OpazoBanus ocanka CaCOs.

PaCTBOpCHI/Ie OCaJiIKa BBI3BIBACTCA YMCHBIICHHMCM KOHIOCHTpAIWMK HOHOB IIYTCM
CBA3BIBAHHWA UX B MOJICKYJIbI MAJIOAUCCOIMNHUPYIOITUX BCIICCTB.

[Tpumep. [Ipu nobGaenenun HC1 k HacwimenHomy pactBopy CaCOs ¢ ocaakom
MPOUCXOJUT PEAKIIUS MEKTy HOHAMU:

C023'+2H+ = H,COs3

Takum 00pa3oM, MPOUCXOAUT yYMEHBIICHUE KOHIICHTPAIlUM HMOHOB B PacCTBOPE.
OTO BBI3BIBAET CMEIICHHE PABHOBECHUS B HACBIILIEHHOM pacTBOPE B CTOPOHY
o6pasosanus HOBEIX HOHOB CO?%™ 3a cueT pacTBOPEHHUs 0Ca/IKA.

Hepenxo  mpuxomurcst  BCcTpedarbCsd € peaKUMsIMH, HOPU  KOTOPBIX
TPYAHOPACTBOPUMBIE COECAWHEHUS HMEKTCA B YHUCIE€ U HCXOIHBIX BEUIECTB, U
KOHEYHBIX MPOJTYKTOB, HAIIPUMED:

BaCO3 Uik Na,SO,4 = BaSQ4i+ Na,COs3

PaBHOBecHe B MOI0OHBIX CHCTEMAaxX CMEIIAETCS B CTOPOHY 00pa30BaHMS BEIIECTBA
C MEHBIINUM 3HAYEHUEM MTPOU3BEICHHS PACTBOPUMOCTH.

Peaknun, naymme ¢ oOpasoBanmeM rasza. K 3TuM peakuusmM OTHOCST B
OCHOBHOM DEaKILHH, CONMPOBOKIAAIOIIMECS BbIICICHUEM BOJOPOJHBIX COEAUHECHUH
nemetauioB H,S, HF,HCI, HI, NHs, u op., Hanpumep:

ZnS + 2HC1 = ZnCl, + H,S 1

HJIM HOHHOC YPAaBHCHUC PCAKIUU:
ZnS +2H* =Zn?* +H,S 1

Tak kak cynb@ua MHKA MJI0XO PACTBOPUM B BOJE, B MOHHOM YPaBHEHUHU PEaKLUU
3Ty COJb 3alUCHIBAIOT B MOJIEKYJIApHON ¢dopme. Ilpu 3TOM, OJHAKO, TOMHST, 4TO
pacTBopeHHe Cyiab(puaa HUHKA B COJSHOM KHUCIOTE MPOUCXOAUT 3a CYET TOTO, YTO



Mexay ZNS, HaXxoAsIMMcs B OCajKe, M PACTBOPEHHOH €ro 4YacThIO CYIIECTBYET
PaBHOBECHE: ZnS < Zn%* + S,

0CaJIOK paCTBOP KOTOPOC CABHUIACTCA BIIPABO I10 MCPC CBA3BIBAHUS HOHOB Sz_ B MO-
JICKYJIBI CCPOBOAOPOAA.

Xoxa 1aboparopun
IIpuGops! u mocyxaa.
1) I'openxka.
2) MepHbIii HHIIMHAP eMKOCTBIO 20 MII.
3) lmaTens.
4) ltatuB ¢ mpoOUpKaMHu.
5) CrekisiHHas NajloyKa.
6) Tepmomerp.
7) MUKpOKaNbKYJISATOP.
PeakTUBBI 1 MaTepHAJIBI.
1) HuHk.
2) I'mapoxcun xkaneiusa Ca(OH):
3) Okcanart kanbius CaC,0g.
PacTtBOpBI.
1) Consinas kucnora HCI(2 1. u . 1,18).
2) Cepnas kucnora HySO4 (2 1.).
3) Asornas kucnora HNO; (p=1,4 r/cm?).
4) YkcycHas kuciiora CH3COOH (2 n.).



5) N'unpoxcua vatpus NaOH (2 u.).

6) l'mapokcun kanus KOH (2 u.).

7) Xnopun xamust KCI (racerm.).

8) Xmnopar kanust KCIO3 (naceimt. ).

9) Xnopat Hatpust NaClO3 (Haceim.).

10) Auerat Hatpust CH;COONa (2 n.).

11) Cynbsdar vatpus NaSOs (2 H.).

12) Cynstun vatpus NaoS (1 H.).

13) Xnopua 6apust BaCl, (0,5 1. 1 HachIL.).
14) Hutpar 6apus Ba(NOs), (Hach.).

15) Xnopun crponius SrCl, (0,5 H.).

16) Cynwdar ctponmus SrSO4 (HackImL. ).
17) Xnopua xaneius CaCl, (0,5 H.).

18) Cynbdat xanwiusa CaSO, (HackIl.).

19) Xmopua meau (11) CuCl; (0,5 H.).

20) Cynndar muaka ZnSO4 (0,5 H.).

21) Cynbdar xene3a (1) FeSO4 (0,5 H.) cBeXeNPUTOTOBICHHBIH.

Peakuus HeiiTpanu3zauum. a) Bzaumooeiicmeue cuivbHoOU  Kuciomel U
cunvbHo20 ocHosanus. Hamute B papdopoByro vamky 5 miu 2 H. pactBopa HCI u
npubaBiIsITh K HeMy mo kamisiMm 2 H. pactBop NaOH. PactBop mepememuBath
CTEKJISIHHOW TTAJIOUKOW M MCIBITBIBATH €r0 JACWCTBUE HA JIAKMYC, MEPEHOCS KaIUIO
pacTBopa Ha JJAKMYCOBYIO OyMakKy. HyHO JOOUTHCS HEUTpaIbHOM peakiuu (CUHSS
U KpacHas JIaKMycoBas OyMa)kka HE HM3MEHseT OKpacky). IlomydeHHbIN pacTBOp
BBIIAPUTH Jocyxa. YUYro obOpazoBanocs? HammcaTe MONEKyISApHbIE W HOHHBIC
YPaBHEHUsI peakLuil.

0) Bzaumooeiicmeue cnaodoii Kuciomsl U CUIbHO20 OCHO6aHusa. Haiutbe B
npoOupKy 2 M 2 H. pacTBOpa IIEIOYU M JT0OABUTH OJIHY Karulio (GeHoI(TalienHa.



Jo0aByiATh MO KarisiM 2 H. pacTBOP YKCYCHOM KHUCJIOTHI J10 OOECIBEYMBAHMUS
pactBopa. Hamucath MoJieKylsipHbIE U .MOHHBIE ypaBHEHHUs peakiuid. OObICHUTS,
NIOYEMY PaBHOBECHM HWOHHOM peakiuu, B KOTOPOM MPUHUMAET y4dacTue CIa0bIi
ANIEKTPONUT (YKCYCHasi KHCIIOTa), CIBUTAETCA B CTOPOHY OOpa3oBaHHs MOJEKYII
BOJBI.

OOpa3oBaHue TpyAHOPAcTBOPUMBIX cojell. Hamute B Tpu mpobupku mo 2—3
MJI pacTBOPOB XJIOPHUIOB Oapus, CTPOHLIUS U KaiblMsl. B nepByro npoOUpKy NpUINTh
pacTBOp cyib(dara HaTpus, BO BTOPYIO-HACHIIICHHBIN pacTBOp cyib(dara Kaius U B
TPEThIO-HACBIIICHHBIN PAaCTBOP CyJib(aTa CTPOHIUS.

OObACHUTH HAOJIOJJaEMbI€  SIBJIICHUS, TOJIb3YSACh MPABWIOM TMPOU3BEICHUS
pacTBOpuMOCTH. HanmmcaTe MOJEKYISIPHBIE U HOHHBIE YPABHEHUS PEAKIUN.

Peakuunu, uaymme ¢ ob0pa3oBaHHeM JieTydyero coequHenusi. B mpoOupky
HAJIUTh HEMHOTO pacTBOpa KaKOW-HUOYIb COJIM aMMOHUs, NpuOaBUTh 1—2 wmi
pactBopa NaOH u Harpeth 70 kureHus. B Boigensroniyecs: mapbl BHECTH BIAKHYIO
KpPacHYyIO JJaKMyCOBYyI0 OyMaxkky. Uto Habmomaercs? Jlate oObscHenue. Hamucatsb
ypaBHEHUS PEaKIIUH.

KOHmPOJleble 60npocCsHl

1. Yem omauuaromces npoyeccol 3]l€Kmp0]lumu1{eCKOIZ duccouuauuu

CUNIbHBIX U CAObIX aﬂekmpwzumoe?

2. K xaxomy muny 31eKmpoaumo8 0mHOCUMCs 2UOPOKCUO KATbYUs?

3. Kaxk 3asucsam cmenenv u koncmanma c)uccouuauuu cabwvix IJIEeKMpo-

JIUMO8 OM UX KOHYEHMpayuu'?

4. IIpeonooicume gewyecmea, 6HeceHue KOMopuvlx 8 pacmeop YKCYCHOU

Kuciomol npusedem k ymenvutenuro cmenenu ouccoyuayuu CH3COOH.

5. Om uezo 3a8ucum GeaudUHA UOHHO2O npouseedeHu}z 600b17?

JIABOPATOPHAS PABOTA NeS

PEAKIIUU OKUCJIEHUA-BOCCTAHOBJIEHUSA



meopem UuecKUuil yacmao

Paznnuaror ABC TPYIIIIBI XUMHWYCCKHUX peaKHHﬁ: pCaKkuruu, IIPOTCKAIOIINC 0e3
N3MCHCHUS CTCIICHU OKUCJIICHHUA, U PCAKIUH, ITPOTCKAOIIHUC C UBMCHCHUCM CTCIICHU
OKHUCJICHHUA aTOMOB 3JICMCHTOB.

PeaKHI/II/I, naymuec ¢ UISMCHCHHUCM CTCIICHU OKHCJICHU:A, HA3bIBAKOT OKUCIUMENbHO-
B0CCMAHOBUNETIbHBIMU.

HM3MeHEHnE CTEIEHU OKMCIICHUS aTOMOB 3JIEMEHTOB BbI3BIBACTCS WU IIepexoa0oM
QJICKTPOHOB OT OJJHUX aTOMOB WJIM HOHOB K JIPYTUM, UJIM CMCIHICHHUECM 3JICKTPOHOB.

B okuciIMTenbHO-BOCCTAHOBUTEIBHBIX PEAKIUSAX BCErJa HU3MEHSETCA CTEIEHb
OKHCJICHHS aTOMOB 3JIEMEHTOB, a BAJIECHTHOCTh MOXKET MEHATHCA MJIM OCTaBaThCs O€3
N3MEHEHWH.

Tak, Hanpumep, B pesynbrate peakiuu Cl, + Hp=2HCI BameHTHOCTH aTOMOB
XJIOpa ¥ BOJOPOJa HE UBMEHSETCS, a CTENIEHb OKUCIICHUS U3MEHsAeTCs. B peakiuun

4HC1+MnO,=MnCl, + CI, + 2H,0

U3MEHSIOTCA BAaJIEHTHOCTh M CTENEHb OKHUCJIEHUS aTOMOB MAapraHila, U3MEHSETCA
CTEINEHb OKUCJIEHUS aTOMOB XJIOpA, HO HE U3MEHSIETCS UX BaJIEHTHOCThb. OKHUCIICHHE
Kakoro-im0o aToMa B MOJICKYJIE XapaKTEpPU3yeTCsl IMOBBLIIMICHHEM €ro CTeleHU
OKHUCJIEHHUSI, M, HA0OOPOT, BOCCTAHOBJICHHE aTOMa-yMEHBIIEHHEM €ro CTEleHU
OKHCJIeHHs. BeliecTBo, aTOMbl WJIM HOHBI KOTOPOTO TOBBIIIAIOT CBOK CTEIEHb
OKUCJIEHUS], HA3bIBAETCS 80CCHMAHOBUMENEM.

BemiectBo, aTOMbI MM MOHBI KOTOPOTO TMOHUXAKOT CBOIO CTENEHb OKHUCIICHHS,
Ha3biBaeTcsl  okucaumenem. OKUCIEHHE HEBO3MOXKHO 0€3  MPOTEKAOIIEro
OJTHOBPEMEHHO C HHM BOCCTAHOBJICHHSA, M BOCCTAaHOBJICHHE OJHOTO BEIECTBA
HEBO3MOXKHO ©0€3 OJHOBPEMEHHOI'O OKHCJIEHMsI Apyroro BemiecTBa. llpumepom
IIPOLIECCOB OKMCJIEHHUS-BOCCTAHOBJIEHUSI MOTYT CIYKUTh PEAKLMH BBITECHEHHS Me-
TaJJIOB U3 PACTBOPOB UX COJIEH APYTMMU METaJNIaMU, HAIIPUMED:

CuSO4 + Zn=Cu + ZnS0O,

B aT0#1 peaknuu aToMbI IMHKA TEPSIOT 2 3JIEKTPOHA, B TO BPEMs KaK MOHBI MEITH
() npuoOpeTaroT 2 37EKTPOHA, IEPEX0/Isl B AIEKTPOHEHUTPATLHBIC ATOMBI.



[Ipouiecc mepemelieHuss SJIEKTPOHOB MOKHO MPEACTAaBUTh C  TMOMOUIBIO
AJIEKTPOHHBIX YPaBHEHUH (CXEMBI JIEKTPOHHOTO OallaHca):

Zn°-2e=7Zn**
Cu?*+2e=Cu®°

B »rtont PCAKOIUHU aTOM IHWHKA OKUCILICTCS, ABJIISICH BOCCTAHOBHUTCICM, HOH JKC
MCIN BOCCTAHABJIMBACTCA U HUTPACT POJIb OKHCIUTCIIA.

BoccranoButensiMu MOTYT OBITh: ) HellmpanbHble amoMbl 8CEX DJIeMEHMO8, KPOMe
amomos ¢mopa U HeKOmopbvlX «UHepmHblX» 2a306. Haumbonee >HEPrUYHBIMU
BOCCTAHOBUTESIMU W3 HUX SBIIIOTCS AaTOMbl C MallbIM  MOHU3aLMOHHBIM
MOTEHIUAIIOM;

6) amomaul Hememailllos 6 ompuuameﬂbﬂod cmeneru OKUCJIeHUA, Hnx
BOCCTAHOBUTCJIbHAA CITOCOOHOCTh IIpu OHHHaKOBOfI CTCIICHU OKHUCJICHUA
BO3pPaCTAaCT C YBCINYCHHUCM YCJIOBHOI'O painyCa MOHA.

Tak, B psiny C1°, Br, J" BoccTaHOBUTEIbHAS AKTUBHOCTh PACTET;

B) amombl  J1eMEHMO6 6  NPOMEUCYMOUHOU  NOJONCUMENbHOL — CeneHu
okucnenus, nanpumep Fe*2, Sn*2 u mp.

OKHUCIUTEIIMUA MOTYT OBITh: ) HeumpdaivHvle amomvl Hememannos. Haubomee
CHUJIbHBIMU OKHCJIUTEISMU SIBJISFOTCSI aTOMBI 3JIEMEHTOB TIaBHBIX noarpynn VI u VI

rpyn;

6) aniombul AJIEMEHMO8B 6 I’lpOM@DfC_)/I’I’IO’{HOIZ NONIOHCUMENbHOU cmenenu

OKUucJerusl,

B) aniombul dJleMernmos 6 gvicuiell NOJIOHCUMENbHOUL cmenenu OKUcC

JEHUAL.

Jl;ist cocTaBlieHUs YpaBHEHUN PEaKIMid OKUCIECHUS-BOCCTAHOBJICHUSI HEOOXOIMMO
3HaTh (HOPMYJIBI BEIIECTB, YUYACTBYIOIIUX U MOJIYYAIOMKUXCS B PE3yJIbTaTe PEaKIIUH.

[IponykThl peakuuu OOBIYHO HAXOIAT HA OCHOBaHWM JAHHBIX ombiTa. B psne
CIIy4aeB MOKHO Ipeayrajaarb, Kakue BELIECTBa IMOJy4aTcsi B PE3yJbTaTe PEeakiuu,
HCXOAs W3 H3YYCHHBIX paHEE CBOMCTB pearupyrouux BemecTB. Eciam peaknus
MIPOTEKaeT B PacTBOPE, B HEM MOXKET NPUHKUMATh ydyacTue Boja. Bompoc 06 yuactuu
BOJIbl B PEAKIIMH OOBIYHO BBISICHSIETCS IIPH COCTaBICHUN YPABHEHUS PEAKIIUH.



[IpuMeHsIOT JABa METOJAa COCTABJIEHUS YPABHEHUM peakUuid OKHUCJICHUS-
BOCCTAHOBJICHUS: METOJ| AJIEKTPOHHOIO OajaHca U METOJ MOHHO-RJIEKTPOHHBII. B
OCHOBE OOOMX METOJOB JIEKHUT TOJIO)KEHHE O TOM, UYTO B OKHCIUTEIBHO-
BOCCTAHOBUTENBHBIX  MpoOLEccax OoOIllee YHCIO  3JEKTPOHOB,  OTAABAEMBIX
BOCCTAHOBUTENEM (MJIM OTTSHYTBIX OT HEro), paBHO OOIIEMY YHUCIY 3JIEKTPOHOB,
INPUCOEIUHAEMBIX OKUCIHUTENEM (WIIH IPUTAHYTHIX K HEMY).

I[JISI y,Z[O6CTBa IIpu COCTABJICHUU ypaBHCHI/If/'I OKHUCIUTCIBHO-BOCCTAHOBHUTCIIbHBIX
peaKHI/Iﬁ IIPUHUMAIOT, YTO HIPOUCXOJUT HEC OTTAXKKA, a IIPUCM U OTAa4a 3JICKTPOHOB.

B mMerone snexTpoHHOro GanaHca MOJCYET YUCHIA MPUCOSAUHIEMBIX U TEPSIEMBIX
AJIEKTPOHOB MPOU3BOJNUTCA HA OCHOBAaHUM CPABHEHHUSI BEJIUYUH CTEIICHEW OKUCIICHUS
aTOMOB DJIEMEHTOB JI0 U IOCJIE PEAKIIHH.

Pealcmm OKHC/ICHUA-BOCCTAHOBJICHUA MOKHO II0JApa3ae/iuTb HA TPHA I'PYIIILBI.
1. PeaKI_[I/II/I MC)KATOMHOI'O HWJIM MCKMOJICKYJLIPHOI'O OKHUCICHHUA-BOCCTAHOBJICHUS.
CI-OI[a OTHOCAT TAaKHUC PCAKIIUHU, B KOTOPBIX obMeH QJICKTPOHAMH IIPOUCXOOUT MCIKIAY
pa3IMYHBIMA ATOMaMH, MOJICKYJIaMH WJIM NOHAMU, HAIIPUMEP:

2Ca +0,=2Ca0
H; + C1,=2HC1

2. Peakuu caMOOKHCIIEHUSA-CAMOBOCCTAHOBJIEHUS (IUCIIPONIOPIIMOHUPOBaHNs). B
3TOM CJIy4ae OJHH U T€ K€ aTOMBbI, MOJIEKYJIbl WJIM HOHBI UTPAIOT POJIb U OKUCIIUTEIS,
U BoccTaHoBuTelns. Hanpumep, npu peakuuu

NaClO=NaCl + NaC10;

U3MCHSETCS CTEIICHb OKHMCIICHUS JIMIIL y xjopa. OueBuaHo, atToMbl C1* U3 MoJieky
NaClO 6ynyt u oTnaBaTh, ¥ MPUHUMATH SJIEKTPOHBI:

Cl* —4e=CI"
Cl™ +2e=Cl"

W3 npuBeneHHOM cXeMbl BUAHO, yTO oauH atoM C17* sBiIsieTcss BOCCTaHOBUTEIIEM,
a nBa apyrux atoma C1* BBICTYHaioT B posid okuciautesen. CieaoBaTeibHO, BCETO B
AJIEMEHTAPHOM OKHCIUTEIbHO-BOCCTAHOBUTEILHOM MPOIIECCe MPUHUMAIOT y4acTHE
tpu atoma C1 * , yto cooTBercTBYyeT TpeM Mmojekyiaam NaClO. B urore ypaBHeHHe
OyIeT UMeTh CIeAYIOIINUNA BUI;



3NaClO=2NaCl + NaC10;

3. Peakiuu BHYTPUMOJIEKYJISIPHOTO OKHUCJIEHUS-BOCCTaHOBJIEHUA. Cro1a OTHOCAT
peaKkiMK, B KOTOPBIX IMEPEXOJ dJIECKTPOHOB MPOUCXOJUT BHYTPU OJHOM W TOH Ke
MoJieKyJibl. Hanmpumep, npu peakuuun KC103=KC1 +03

arom C1*°-okucnurens-npuoOpen MIECTh JIEKTPOHOB M npeBpatiics B uon Cl, a
BOCCTAaHOBUTENb-aToM  O72-0Tman  1gBa  DJIEKTPOHA M TPEBPATWICA B

3JEKTPOHEITPaIbHBII aTOM KHCIIOPO/Ia:
C1*®+ 6e=CI-
0?2-2e=0°

Morekyna KHCIOPOJIA COJEPKUT J(BA aTOMa, CJIEA0BaTeNIbHO, KO3()(UIUEHTHI
HAaJI0 YIBOUTS: C1™ + 6e=CI" 2072 -4e=20°

[Tocne paccranoBku ko3 durmentos nomydaem: 2KC103=2KC1 + 30;

Bausinue cpeabl Ha TeuyeHHe PeaAKUMH OKHCJICHUSA-BOCCTAHOBJIeHHMs. Bo
MHOTHX CIIy4asgX OKHCIHUTEIbHO-BOCCTAHOBUTEIbHBIE PpEAKIIMU TPOTEKAIOT B
ONPEACICHHON Ccpejie: HEUTpAIbHOM, KUCIOW WM IIeJIouHOW. KHCIOThl U 1mienouu
PacxoyrOTCs TIPU ATOM Ha 00pa3oBaHUE COJIEH U BOIBI.

B obwem cryuae nogviuenue cmenenu OKUCIEHUsI AMOMO8 MEMAI08 NPOUCXOOUN
NpeuMyuWeCmeeHHo 8 WeNouHOl cpede, a NOHUJCEHUe CMeneHu OKUCIEHUS UX-8
KUCJ0t cpeoe.

HNHoraa kucioTa BRICTYNAET U B KAYE€CTBE OKUCIUTENS (MJIM BOCCTAHOBUTENS), U B
KauecTBe cojeo0pa3oBaTers.

Yuciio MoJIeKysl KHUCIOTHI B peakiuu OyAeT claratbCsi M3 4YHCIa MOJEKYI
KHUCIIOTBI, 3aTpaye€HHOM Ha  OKHUCJIEHHE (BOCCTAHOBJIEHWE), ¢  KHUCIOTHI,
M3pAcX0JIOBAaHHON Ha cojieoOpa3oBaHue. B CBS3M ¢ 3TMM B METOJIUKY COCTaBJICHUS
ypaBHEHUH JTOHKHBI OBITh BHECEHBI HEKOTOPHIC JOOABIICHUS.

Xoa 1aboparopuu

a) Haneiite B nmpoOupky pacTBOp MOAuAa Kayiusi, OJKUCIUTE €ro CEpPHOU
KHUCJIOTOM U J00aBbTE€ HEMHOTO TIEPOKCH/Ia BOJIOpoia. Peakiiust mpoTekaeT mo cxeme:
KJ +H,0, + H,S0O, — J, + K,SO, + H,O



Uro nabmogaetcs? Kakyto QyHKIMIO BBIIOJHIET MEPOKCU]T BOAOPO/IA B ATOM
peakunn? Hanumrre ypaBHEHUE peaKkIMi, COCTABUB CXEMY 3JIEKTPOHHOTO OajiaHca.
VYKaxkuTe mpolecchl OKUCIEHUS 1 BOCCTAHOBIICHUS, OKUCIUTENb U BOCCTAHOBUTEIb.

B)  Haueiite B mpoOupKy pacTBOp NEpMaHIraHaTa Kajids, MOJKUCIUTE €ro
CEpHOW KHCIIOTOW W 100aBbTe MEPOKCHA Bojopoma. Kak meHsercs 1BeT pacTBopa?
Kak m3meHwnach creneHb okuciaeHus aroma mapranua? Kakue cBoiicTBa IpOsBIIIET
MEPOKCH]T BOJIOPO/Ia B 3TOU peakiuu’?

Peakuus npoTekaer 1o cxeme:

KMnQO4 +H,0;, + H,SO4 — MnSO4 + Ky,SO4 + Os

Hanumure ypaBHEHHE peakiMM, COCTaBUB CXEMy »JJIEKTPOHHOro OaliaHca.
YKaxuTe Mpo1ecchl OKUCIEHUS U BOCCTAHOBJIEHHUS, OKUCIUTEND U BOCCTAHOBUTEIIb.

Ilpumeuanue: B psne BEIIENIPUBENCHHBIX OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peakumii u3MeHseTCs UBET pacTBopa. [1o n3MeHeHuIo BeTa pacTBOpa MOKHO CYIUTh
O MPOAYKTaX OKHCIIEHHUS-BOCCTAHOBJICHUS, €CIM 3HAaTh I[BETa COOTBETCTBYIOLIUX
MOHOB.

I[BeT KAaTHOHOB IIBeT aHMOHOB
Cu? Tony6oii CrO,* JKEITBINA
Cr¥* 3eneHblii Cr,0,* OpaHYKEBbIH
Mn?2* BecnBeTHBIN MnOy4 (bHOIETOBBIN

Konumponwsuwie éonpocot
1. Cchopmynupytime nonssmue okucaiumenss u 60CCMAHOBUMENs, UCXOO5L
U3 cmenemel OKUCIeHUSA DNeMeHmMOs.
2. Kakue u3z cneoyowux sewpecms. Cly, KMNnO4, Na,S, FeSO4, NaNO,,
KJ, PbO,, KBr, Na;SOs, K2CrO4 — mocym nposisisime moasKo OKUCIUmMe b-
Hble CE0UCMEd, KaKue — MOoIbKO 60CCMAHOSUMENbHbIE C6OUCNEA, KAKUE —KAK

oKucaumelilbHble, naK U 6occmarHosumejlibHble ceoticmea’?



JIABOPATOPHAS PABOTA Ne 6
XUMUWYECKHUE CBOUCTBA METAJLJIOB
meopemuyecKuil 4acmo

Ecou B mepuommyeckor Ttabimme snementoB J[.M.MenaeneeBa mnpoBecTH
JaroHaiab OT OSPHIUIMS K acTaTy, TO ClieBa BHU3Y 110 JHAroHaln OyIyT HaXOJIUThCS
AJIIEMEHTHI-METAJIIbI (K HUM K€ OTHOCSITCSI 3JIEMEHTBI IIOOOYHBIX MTOATPYIII), a CIIpaBa
BBEPXY — DJIEMEHTBI-HEMETAJUIbl. DJIEMEHTBI, PacoJIOKeHHbIC BOJM3U AuaroHanu (
Be, Al, Ti, Ge, Nb, Sb u ap.), 061a1at0T TBONCTBEHHBIM XapaKTEPOM.

K snemenTtam - metamiam oTHocsTcs s - aneMeHThl [ u Il rpynm, Bce d - u f -
AJIIEMEHTHI, a TAKXKe P - 3JIeMeHThl MaBHbIX noarpynim: III (kpome Oopa), IV ( Ge, Sn,
Pb), V (Sb, Bi) u VI (Po). HauGosiee TuninuHbIe 3JIEMEHTHI — METAJIIbI PACTIOJIOAKEHBI
B HayaJie MepruoioB (HaYMHAasi CO BTOPOTO).

Bce MHOTroo0Opasue croco0oB MOTyUYCHHUS METaJIJIOB MOKHO
KIJIaCCUPUITUPOBATH CJICTYFOIIAM oOpa3om: MUPOMETAILTYPTHUECKHE,
THAPOMETAILTYPTHYECKUE U DIEKTPOMETAJUTYPTUUECKHE MPOIIECCHI.

IMupomerasnyprudeckune meroasbl. [lupomeramnyprus (OT rped. pyr-oroub u
Merannyprus COBOKYITHOCTb METAJUTYPTHUECKUX ITPOLIECCOB, NPOTEKAIOIIMX MPU
BBICOKMX TemmepaTypax. llupomeraminyprus-ocHOBHas U crapeilmas o0jacTb



merautyprud. C napeBHHX BpeMEéH 10 KoHLa 19 B. MpOM3BOACTBO METAIOB
0a3upOBaAIOCH TOUTH UCKIIIOUUTENIHHO Ha MUPOMETATUTYPTUYECKUX TPOLIecCax.

HHpOMCTaHHypI“I/IIIeCKI/IM CIrocooom IMOJIy4ar0oT OCHOBHYIO 4aCTh MCIW, CBHUHIIA,
HHUKCJISL, THTAHA U APYTUX Ba)KHEHUIIIMX METAJLIOB.

CpaBHUTETBHO Majl0 aKTUBHBIC METAJUIBI(XKENe30, IIMHK, CBUHEI, Mellb U JIp.)
MOJTYyYalOT M3 OKCHAOB BOCCTaHOBIICHHEM yriiepogoM. B 3ToM ciiygae meton
Ha3bIBaeTcs kapborepmueil. Ocoboe 3HaUeHHE KapOOTepMUST UMEET ISl MOJTydeHUs
CILJIAaBOB HAa OCHOBE jkKee3a (YyryHa U crajien).

SnO, + C=5n + 2CO
Zn0 + CO =2n + CO;

B kauectBe BOCCTAHOBUTENEH B MUPOMETAILUTYPTHH UCIIOIB3YIOTCS HEKOTOPHIE
MeTauibl. BoccraHOBIEHHME METAIOB M3 HMX COEAUHEHUN Oosiee aKTUBHBIMU
METaJUIAaMU Ha3bIBACTCSl METAUIOTEPMHUEH. B KauecTBe MeTannoB-BOCCTAHOBUTEIICH
MIPUMEHSAIOTCS MATHUM, KaJbLIMH, ATFIOMUHUN U Jp., JAHHBIE PEAKIUHA TPOTEKAIOT MPHU
BBICOKHX TeMmmepaTrypax. Ecii B KauecTBe METaUIa-BOCCTAHOBUTEISI MPUMEHSIETCA
MOPOILIKOOOPa3HbIA alFOMUHUM, TOT/A MPOLECC Ha3bIBACTCS ATIOMHUHOTEPMHUEH.
TakuMCcIIocoO0M MOJy4aroT MapraHel, XpoM:

3Mnz04 + 8Al = 9Mn + 4Al,05 + Q
Cr,05 + 2Al = Al,O5 + 2Cr

HekoTopble MeTaibl MOTYyYar0T METATIOTEPMUYECKHM BOCCTAHOBIIEHHEM XJIOPUIOB
MeTaioB. Hampumep, TUTaH mMoJiy4alOT TJIaBHBIM 0Opa3oM BOCCTaHOBJIEHHUEM €To
TETPaxJopHuIa MarHueM(METaITIOTCPMHUSI )

TiCly + 2Mg = Ti + 2MgCl;
Zrly = Zr + 21
Ni(CO). = Ni + 4CO
2Gel, = Gels + Ge

JI1st monyyeHus HEKOTPBIX METalioB, HampUMep Bojb(dpama, MoaubAeHa, KoOabTa,
&Kelesa U Ap., B KaUYeCTBE BOCCTAHOBUTEJS UCTIONIb3YETCsl BOAOPO/I:

MoO; + 3H, = Mo + 3H,0



WO;3; + 3H, =W + 3H,0

I'mapomMerasnypruueckuii Meroa. B ruapoMeTtaiutypruvi BOCCTaHOBJICHUE
METaJUIOB M3 PYJ OCYLIECTBIsieTCS 0€3 MNPUMEHEHHS BBICOKHUX TEeMIIEparTyp.
[M'uapomerannyprus (ot / uopo... u Metamtyprus) W3BJICYEHUE METAIUIOB U3 PYA,
KOHIICHTPATOB ¥ OTXOJOB PAa3JIMYHBIX MPOU3BOJCTB BOJHBIMU PACTBOPAMU
XAMHUYECKUX PEAreHTOB C MOCIEAYIOIIUM BBIJICICHUEM METAJIOB W3 PACTBOPOB.
JlaHHBIII METOJ 3aKIJIFOYAETCS B M3BJICUCHUM METAIOB U3 PYAbl C UCIOJIb30BAHUEM
XUMUYECKUX peakiuil. [mapoMeTaulypruueckuid MeEToJ — NpPUMEHSeTCAd IS
U3BJICYEHUS METAUIOB M3 ChIpbd C HU3KUM COJEpPKAaHHEM MeETallla U HE
MOJJIAIOIIET0Cs MepepadoTKe IPYTMMUA METOAaMHU.

K AJOCTOMHCTBOM THAPOMCTAIUIYPIHHM OTHOCHTCA TaAKKC BO3MOXHOCTDH
Pa3aCIICHUA ONM3KMX IO CBOMCTBAM MCTaJIJIOB(I_[I/IpKOHI/ISI n I‘a(bHI/IH, HHOOHUSA W
TaHTaJja, cMmecen PCAKO3CMCIIbHBIX MeTaJ'IJIOB).

[IpumeHeHus THUIPOMETALTYPrUYECKUX METOJAOB BO MHOTHX  CIydasx
CYIIIECTBEHHO CHMYKAET 3arpsi3HEHUSI OKpYXKAIOIEel Cpe/ibl BpEHBIMH OTX0/IaMU. Tak,
Bce Oousblliee 3HA4YEHHE MpUOOpeTaeT TmpsMas mepepadoTKa  CyJab(HIHBIX
KOHIICHTPATOB M€/, HUKEJISI, [IMHKA, CBUHIA U Jp. 0e3 o0xura (0OKUT IPUBOJUT K
BeiicieHni0 SO,, KOTOPBIA MpU BeIOpoce B arMocdepy 3arpsA3HIET OKPYKAIOIIYIO
cpeny). Cu,S + 20, = 2Cu0 + SO,

CuO + H,S0O, = CuSO, + H,O
CuSO4 + Fe = Cu + FeSOq4
2K[AU(CN)2] + Zn = K3[Zn(CN)4] + 2Au

[Ipu rugpoMeTajulyprudeckux MeTOoJax METaJUl, BXOIAIIMN B COCTaB PYIBI,
IIEPEBOAAT B BOAHBIM PACTBOP MNOAXOISAIIMM PEAreHTOM, a 3aTEM C IOMOLIBIO TOM WJIU
VHOW XUMUYECKON PEAKLMH U3BJIEKAIOT METAJUI U3 3TOr0 PacTBOpA.

[MunpomeTammyprudeckuii METO ] IPUMEHSIOT JJIs TIOJyYeHus cepedpa, 30J10Ta,
MJIATUHOBBIX METAJUIOB, PaJMOAKTUBHBIX METAJUIOB(YpaH, TOPHil), MHOTHUX PEIAKUX
METaJUIOB ¥ HEKOTOPBIX IIBETHBIX METANIOB( ME/b, HUKEh, KOOATBT, OJIOBO U JIp.).

3J'leKTpOMeTa.]1JIprH‘IeCKI/Ie METO/AbI — O3TO IIOJIYYCHUEC METAJITIOB C HOMOIHB6
QJICKTPOJIN3a U3 paCTBOPOB UJIM U3 PACIIIIaBOB COCI[I/IHeHI/Iﬁ MCTAJIJIIOB.

Xoa paéoTbl



a) B mpoOupky Ha KOHYMKE IINaTeNIsi BHECUTE JKeJIe3HbIe OMWIIKU U J00aBbTE 3-
5 Kkamenp XJIOpHOM BOABI (pacTBOp XJiopa B Boje) Berpsixuure mpoOHpKy U naiTe
U30BITKY JKee3a OTCTOAThCsA. CledTe XKHUAKOCTh C Ocajka U J100aBbT€ HECKOJIBKO
Karemnb pacTBopa mienoud. [lo 1BeTy oOpa3oBaBiIerocsi ocajgka yCTaHOBUTE CTETICHb
OKHCJIEHHS JKeJie3a B IOJyYEHHOM THAPOKCHU/IE.

Cnenyer uMetrh B BuUAy, uTo rujpokcun xeineza (II) umeer 3eneHoBaryro
OKpacky, a ruapokcuj xkenesa (I11) — 6ypyro. Hanmummmre ypaBHeHUs peaxiuii:

B3aUMOJIEHCTBUS HKEJE3a C BOJHBIM PACTBOPOM XJIOPA;

B3aUMOJEHCTBUS MTOJYYEHHON COJIM C PACTBOPOM IIEIIOYH.

06)  Heckoyibko KyCOUYKOB MEIHOM CTPYKKU UITU MEIHOM MyApbl TOMECTUTE B
npoOUpPKy H (OCTOPOKHO! ONBIT MIPOBOJUTCS B BBITSDKHOM MmiKady!) moOaBbTe
HECKOJIBKO Karellb KOHLEHTPUPOBAHHOIO pacTBopa a30THOM KucioTel. OOpature,
BHHMAaHME Ha LBET BBIJCIAIOLIEIOCA ra3a U M3MEHEHHE 1BeTa pacTBopa. Hanummre
YpaBHEHUE PEAKIUU.

B) B mpobupky c pactBopom comu menu (II) momecture 3auyuiieHHbIN
HaXIa4HOM Oymaroi »kejae3HbId rBo3Jb. Yepe3 HECKOIbKO MUHYT MOKHO OTMETHUTH
BBITECHEHUE MEOUM M3 pacTBopa ee cond. Kakoil BbIBOJA MOXHO cIenaTh O
CPaBHUTEIBHOW BOCCTAHOBUTEIBLHOM aKTUBHOCTH KeJie3a U MeJIn?

Hanummre ypaBHEHME peakiyu.

[Tonp3ysach COOTBETCTBYIOIIEH TaONuUIECH, 3alUIIWTEe 3HAYEHUS BEIUYUH
CTaHJAPTHBIX DJIEKTPOAHBIX ToOTeHIManoB s menu EO(Cut2/Cu) u xenesa
EO(Fe+2/Fe). Kakue BbIBOJIbI MOXHO C/€JIaTh, UCXO/sI U3 MOJO0KEHHUS METAJLIA B PAIY
CTaHJAPTHBIX JEKTPOIHBIX TOTEHI[UATIOB METAJIIOB?

r) B npobupky nanerite 3-5 kanenb pactBopa cyibdara meau. Kakyro peakiuio
Cpelpl MMEeT BOJAHBIM pacTBOp 3TOro BemiecTBa? [loOaBbTe B pacTBOp TIpaHyLy
METaJUIMYECKOro MHKA. Yepes 2-3 MUHYTHI MOKHO 3aMETUTh HAa TOBEPXHOCTH LIUHKA
BBIICJICHUE M€Y U My3bIPbKOB BOJIOPO/IA.

Hanummure ypaBHeHUs peakiuii: B3auMOACUCTBUS Cyb(daTa MeIu C IIUHKOM,
rUaposin3a cyib(pata MeId M B3aUMOJCWCTBHE LMHKA C OJHUM H3 MPOAYKTOB
TUAPOJIN3A.

Konmponwsnsie 6onpocwi
. Kaxue e6Hewnue usmenenuss 0yOoym HaAOI00amvcs, eciu 6 mpu HpoOUpKu ¢

pacmeopom MeOH020 Kynopoca e6Hecmu Ccoomeemcni6erHHo Hebobuue Kycouku

MemailudecKoco aliioMurusAl, ceurya, cepe6pa?

YeeﬂuqumCﬂ, ymeHnvuumci Uuiu  ocnarnenicA Oe3 usMeHeHus macca L;Z/IHKOGOIZ

naacmuHku npu ezaumoodeticmseuu ee ¢ pacmeopamu: a) CuSQOs 6) MgSOi, 8)



Pb(NOs)2, 2) AgNOs; 0) NiSOs, e) BaCly? Tlouemy? Cocmasbme sjeKmpoHHble U

MOJEKYIAPHbLE YPABHEHUSL COOMBEMCMEYIOWUX PEeAKYULL.

3. Ipu xaxoii konyenmpayuu uonoe Zn** (moav/om®) nomenyuan yunkoo2o »1ekmpooa

oyoem na 0,015 B menvuie e2o0 cmanoapmHuo2o 21eKmpooH020 NOmeHyuana?

JIABOPATOPHAS PABOTA Ne7



CIIOCOBBI ITPEAJOTBPAINEHUA KOPPO3UA METAJILJIOB.
IJIEKTPOJIN3

meopemuuecKas uacmbo

Buowt  koppo3uonnwvix  paspywenuini. Kopposus, 3axBaTUBIIAS  BCHO
MOBEPXHOCTh MeETallla, Ha3bIBaeTCsA CIUIONIHOW. EE aensT Ha paBHOMEpPHYIO H
HEPaBHOMEPHYIO B 3aBUCUMOCTH OT TOTO, OJMHAKOBA JIM IIyOMHA KOPPO3HMOHHOTO
pa3pylIeHHs] Ha pa3HbIX ydacTkax. [Ipu MecTHOM KOppo3uM MOopa)xeHUs JIOKAJIbHBI U
OCTaBJISIIOT TMPAKTUYECKH HE3aTPOHYTOM 3HAUUTENbHYIO (MHOT/A TMOJABIISIOINIYIO)
4acTh TIOBEPXHOCTH. B 3aBUCHUMOCTM OT CTENEHU JIOKAIM3alUH Pa3IndaroT
KOPPO3UOHHBIEC MATHA, S3BbI U TOYKHU (MUTTUHT). TOYeUHBIC TOPAXKEHUSI MOTYT JaTh
Hayajo MOJMOBEPXHOCTHON KOPPO3UU. pACTIPOCTPAHSIONIEHCS B CTOPOHBI MOJ] OUYEHb
TOHKUM (HampuMep, HAKJIEMaHHBIM) CIIOEM MeTajula, KOTOPBIM 3aTeM B3yBaeTCs
ny3pIpsMu uin  1enymurcs. Haubonee omacHbie BHIIBI MECTHOM KOPPO3UH-
MEXKPUCTAUIUTHAS (MHTEPKPUCTAILTUTHAS), KOTOpas, He pa3pylias 3épeH MeTalia,
MPOJIBUTAETCsl BriayOb MO UX MEHEe CTOWKUM TpaHUIlaM, U TPAHCKPUCTAJUIUTHAS,
paccekaronasi MeTajul TPEIUHOW NpsAMO yepe3 3épHa. [loutn He ocTaBisisi BUIMMBIX
CJIE/IOB HA IOBEPXHOCTH, ATU MOPAXKEHUSI MOTYT MPUBOAUTH K TMOJTHOM MOTEpE
MPOYHOCTH U PA3pyIICHUIO JETAIM WIM KOHCTPYKIMH. biiM3ka K HUM IO XapakTepy
HOXKEBasi KOPPO3Hsl, CIOBHO HOXKOM pa3pe3arollias METaJl BAOJIb CBAPHOTO IIBAa MpPH
AKCIUTyaTalliM HEKOTOPBIX CIUIAaBOB B 0CO00 arpeccUBHBIX pacTtBopax. HMHoraa
CHEUHUAIBHO BBIACISIOT MOBEPXHOCTHYIO HUTEBUAHYIO KOPPO3HIO, Pa3BUBAIOIIYIOCS,
HaIrpuMep, Mo HEMETAIUIMYECKUMU MOKPBITUSIMH, U MIOCIONHYIO0 KOPPO3HIO, UAYIIYIO
MPEUMYIIIECTBEHHO B HAMpaBJICHUU TutacTuueckoi paedopmanuu. Crnenududna
n30uparesbHasi KOppo3us, MPU KOTOPOH B CIUIaBE MOTYT U30MpaATEIbLHO PACTBOPATHCS
JaXxe OTJEIbHbIE KOMIIOHEHTHI TBEPJIBIX PAcTBOPOB (Hampumep, OOECIMHKOBAHHUE
JaTyHen).

Xumuueckaa u Inekmpoxumuyeckana kopposusa. Kopposzusa aensemca
XUMU4eckou, €clii TIOoClie pa3pblBa METAUIMYECKOW CBS3M aTOMBbl MeTasuia
HETOCPEJACTBEHHO COCIUHSIIOTCS XUMHYECKOM CBSI3bI0O C TEMH aToMaMu WJIU
rpyINIaMud aTOMOB, KOTOPbIE BXOASAT B COCTaB OKHUCIUTENEH, OTHUMAOUIUX
BaJICHTHBIC DJICKTPOHBI MeTa/ia. XHUMHYECKas KOPpPO3HUs BO3MOXKHA B JIFOOOM
KOPPO3WOHHOM cpejie, OJTHAKO Yallle BCETO OHA HAOIIOJAETCs B TEX CIydasx, KOrnaa
KOPpPO3UOHHAs Cpefla HE SBISETCA AJIEKTPOIUTOM (ra3oBasi KOppO3us, KOPpO3Usl B
HEDJIEKTPOIIPOBOJAHBIX OPTaHUYECKUX KUIKOCTAX). CKOpOoCTh €€ uyaie BCero



ompenensercs auddy3uerd 4acTHI] MeTaula M OKUCIUTENS 4Yepe3 MOBEPXHOCTHYIO
IIEHKY TPOAYKTOB KOPPO3UHM (BBICOKOTEMIIEPATYPHOE OKHUCICHHE OOJBIINHCTBA
METAJJIOB  Ta3aMH), WHOTAA-pPACTBOPEHHUEM WM HCIAPEHHEM OTOM  IMIIEHKU
(BeicokOTeMIiepaTypHoe okucienne W winm Mo), e€ pactpeckuBaHueM (OKHCIEHHE
NDb mpu BeICOKHX TemIiepaTypax) M H3pelIKa-KOHBEKTUBHON JIOCTABKON OKHCIHTEIS
U3 BHEIIHEH cpebl (MIPH OYeHb MAJBIX €r0 KOHLIEHTPALIHAX ).

DJIEKTPOXMMHYECKAsi KOppo3us — HauOoyiee pPACHpPOCTPAHCHHBIA BUJT
KOPpPO3UH METAJJIOB, 3TO pa3pylleHWE MeTayla B Cpele DJIEKTPOJIUTa C
BO3HUKHOBEHUEM BHYTPHU CHUCTEMBI SJIEKTPUUECKOTO TOKa. [[puMepoM KOppO3HOHHBIX
IIPOLIECCOB IEKTPOXUMHUUCKOTO XAPAKTEpA SABJISAETCS pa3pyLICHUE IE€Taled MalllUH U
Pa3IMYHBIX METAUINYECKUX KOHCTPYKIMHA B ITOYBEHHBIX, T'PYHTOBBIX, PEYHBIX H
MOPCKHX BOJIaX, BO BJIaXKHOW aTMocdepe, B TEXHUUYECKUX pacTBOpax, Mo JACHCTBUEM
CMa304HO-OXJIAKIAIOIINX KUJKOCTEH, TPUMEHSIEMBIX MIPU MEXaHUYECKOU 00paboTKe
METAJJIOB U T. 1. [IpUUMHON 3JIEKTPOXUMHYECKON KOPPO3HUM SIBJISIETCS 0Opa3oBaHUE
Ha TIOBEPXHOCTH MeTauia OOJBIIOrO KOJWYECTBA MHUKPOTAIbBAHUYECKUX Tap,
KOTOPBIE€ BO3HHUKAIOT IO CICIYIOIIUM MPUYNHAM:

1. Hamnume mnpumeceil MeETayuIOB WM JAPYTUX BEHIECTB, OTIMYAIOUIUXCS IO
AKTUBHOCTU OT OCHOBHOT'O METaJlja.
2. CTpyKTypHasi HEOJJHOPOJIHOCTh MOBEPXHOCTH METaJlJIa, YTO ONPEIEseT HaIudue
YYaCTKOB C pa3HOl aKTUBHOCTBIO.
3. HepaBHOMEpHOCTH pactipenencHus aehopmalidii B MeTajiie Mocjae TePMHIECKON H
MEXaHU4EeCKOI 00pabOTKH U JIp.

[Ipu 27eKTPOXUMUYECKON KOPPO3UH Ha MOBEPXHOCTU MeTaJla OJHOBPEMEHHO
MPOTEKAIOT JBa IMpoIiecca:

* QHOJIHBIN — OKKCIeHue MeTaiuia: Me — ne = Me™

* KaTOJHBIN — BOCCTAHOBJICHUE MOHOB BOAOPOa B KUCJION Ccpeie:

2H" + 2 = H; wim MoyeKysal KHCIOpoJa, pacTBOPEHHOTO B BOJE, B Cilydac

aTMoc(epHON KOPPO3UU:
2H,O0 + Oy + 46 =40H".

NoHbl mir MOJIEKYJbI, KOTOPbIE BOCCTAHABIIMBAIOTCS HAa KAaTOZAE, HA3bIBAIOTCS
oenonsapuzamopamu. Ilpu aTMocpepHON KOPPO3UU — KOPPO3UH BO BJIAXKHOM BO3/1yXe
IIpY KOMHATHOM TeMIiepaType — AENOoJIIpU3aTOPOM SIBIISIETCS KUCTIOPO.

Xoa padoTnI

1. 3aéucumocmo kopposzuu om pH cpeowt
B st npobupok HanenTe no 2-3 Ml CIeIyIOUX pacTBOPOB!



1) B mepByto — xnopuaa Harpus (pH 7);
2) BO BTOpYIO — XJjopuaa Hatpus u jaBe kariu 2M pactBopa NaOH (pH
12);
3) B TPETHIO — MIUCTHJUIMPOBAHHOW BOJIBI U 2 Karmu 1M cepHOi
kuciotsl (pH 2);
4) B 4eTBEPTYIO — AUCTHUTHPOBaHHOM Boabl (pH 5);
5) B IATYIO — BOJOIIPOBOHOM BOJIBI.
Bo Bce npodupku no6aBwTe o 2 kariu pactsopa K3[Fe(CN)6]
Y OIYCTUTE B KaXIYIO KeJIC3HBII IBO3/Ib.
OrMeuaiiTe  MOCIEIOBATCIBLHOCTh  IMOSIBICHHUSA  CHHErO  OKpallHBaHUS
TYpHOYJIeBO# CHHM B IPOOHPKaX. Pe3yIbTaThl HAOIIOACHUH 3aMUIINTE.

2. Koppo3us é ycnoeuu KOHmaxkma pazHvlx Memaiiog

a) B nBe mpoOupku Hajeiite mo 2-3 mMa 2M pacTBOpa COJISHOW KHUCIIOTHI H
BHECHTE I10 OJTHOM rpanyJsie nuHka. HaOmonaiite BbIeIeHHE ra3a B MPOOHpKaXx.

0) B omHy W3 mpoOMpOK BBEIUTE METHYIO MPOBOJIOKY, HE KacasCh KyCOYKa
1uHKa. B3anMoaeicTByeT 1 Meb ¢ KUCITIOTON?

B) [IpuBenTe METHYIO TPOBOJIOKY B COITPHUKOCHOBEHUE C IIMHKOM.
Kak wu3Menunacp ckopocte peakuuu? OOpaTuTe BHUMaHHE Ha HaKOIUICHUE
My3bIPPKOB T'a3a Ha MOBEPXHOCTU MENHOM NpoBOJOKH. OOBSCHUTE HaOIIOIaeMble
SIBJICHUSL.

3. Koppo3us 6 cpede snekmpoauma
Haneiite B mpobupky 2 mut 2M pacTBOpa COJISTHOW KHUCIIOTHI U OITYCTUTE B Heé
ATIOMUHUEBYIO TpoBOJIOUKYy. Mnér peakuus? Jlo6aBbre B mpoOMpKY HEOOIbIIOE
KOJIMYECTBO KPUCTAIUIMYECKOTO XJIOpUa HaTpus. anuiuute Ha0moaenus. Caenaiire
BBIBOJ O BJIUSIHUU CTUMYJISITOPA KOPPO3UU HA CKOPOCTH MpoOIlecca.

4. Koppo3us oyunKo8aHH020 U JIyHCEHO20 Hicenesd
B nBe nmpoOupku HaneiTe o 4-5 M1 AUCTUUIUPOBAHHOM BOJIBI, 10
0aBbTE B Kaxayro 1o 3 karu 1M pacTBopa cepHOM KUCIOTHI U MO 2 KaIlju KpacHOU
kpoBstHoit conmu K3[Fe(CN)6]. Hanecure ckanbreneM IapamdHbl Ha IJIACTHHKAX
OIIMHKOBAHHOTO M JIY’)KEHOTO JKelie3a M IMOMECTUTE WX B pasHble mpoOupku. Uepes
HECKOJIbKO MUHYT HaOJoaliTe TOSBICHUE CHHETO OKpAallMBaHHWS B OJHON W3
poOUpPOK (B Kakoi?)

5. Iaccueayus scenesa
3auncTrTe HAXAAYHOM OyMaroi 2 >KeJe3HbIX TBO3/SI U OJJUH U3 HUX TOMECTHUTE
HAa 5 MHUHYT B MOpPOOMPKY C KOHIIEHTPUPOBAHHOM a30THOM kucioroil. Ilpomoiite
I'BO3/M BOJIOM M OMYCTUTE UX B CTAKaH C pa3z0aBiIeHHOU cepHOM kucnoToil. CpaBHHUTE
WHTEHCUBHOCTD BbIICJIEHUS ra3a B 000UX CIIydasix.



6. Inekmponuz pacmeopa cyrvhama meou(Il).

a) B snextpommsep HanelTe pacTBOp cyib(hara Meau ¢ MOJSPHOUW KOHIIEHTparuei 1
MOJIb/JI, OITYCTUTE YTOJIbHBIE 3IEKTPOAbI U MPOMyCKaiTe TOK B TeueHue 5—10 MUHYT.
[louemy Ha kartone mosiBIsA€TCA KpacHblM HaneTr? Yro mpoucxoaut Ha anone? Ha
KAaKOM 3JIEKTpOJie 00pa3yroTcsl My3bIpbku ra3a? CocTaBbTe CXEMY AJIEKTPOJIM3a COIH
C UHEPTHBIMU 3JIEKTPOJAMHU.

0) W3menurte HampaBieHue NMpoTeKaHus Toka. [lepexnrounte 31eKTpoAbl: OBIBIIMI
KaToJ1 CeNIaiiTe aHOJOM, a aHOJ — KaTtogoM. CHOBa MpoIyckaiTe Tok 3—5 MuHyT. YTo
IPOUCXOAUT C MEIHBIM HajeToM Ha aHoie? Kakue M3MEHEeHMsI MPOUCXOJAT Ha
karone? Hanummre cxeMmy 3J€KTpOJIn3a pacTBopa cyibdara MEAU ¢ MEAHBIM aHOJIOM.

1. Dnekmponus 600H020 pacmeopa Xaiopuoa Hampus

Haneiite B anextponusep pactBop coyiir NaCl, ommycTute yrojabHbI€ 3JIEKTPOIbI
U BKIIOYMTE TOK. YUepe3 3—-5 MHHYT OTKIIOYMTE TOK. B KaTomHOE MPOCTPaHCTBO
npuieite 2—3 kam (enondranenHa, a B aHoJHOE — 4—5 Karellb pacTBOpa HOauAa
KaJIuA U KpaxMalbHOro Kieiictepa. Yto Habmonaercs?

OOBsicHUTE TPOU3OLIEAININE HM3MEHEHHs B PAcTBOpE Yy KaToJa M aHOJa.
CocTaBbTe CXEMY BJIEKTPOJIN3A.

Konumponwvuwvie éonpocol

1. Kaxoui yukn pabomsl 2anib8aHUYECKO20 2JIEMEHMA NPOUCXOOUM NOO Oelcmeuem
BHeWIHe20 UCMOYHUKA dJIeKMPUYECKO20 MOKA?
2. Kax nazvlieaemcs Hanpssicenue, npu KOmopom Ha4uHaemcs npoyecc 21eKmpousa?
3. B uem npuHyunuanibHoe paziuyue d1eKmpoIu3ad pAacniasos U pacmeopos
INEKMPOIUMOB?
4. Yem ompeoensemcsi NopsoOK NpOMEKAOWUX HA INeKmMpooax Npoyeccos npu

anexmpoauze?

5. Kakue npoyeccol 6yoym umems MeCmo HA Kamooe npu 3J1eKmpoiuze pacmeopd

C&Clz?



JIABOPATOPHAS PABOTA Ne8
CBOMCTBA OPTAHUYECKHWX BEIIECTB

meopemuueckasn uacmos

Henanb paGoThl: MO3HAKOMUTHCA C JIAOOPATOPHBIMU CIOCOOAMHU TMOIYYEHUS
HEKOTOPBIX MPEACTABUTEIEH TOMOJIOTHYECKUX PSAJOB MPENEIbHBIX, 3THUJICHOBBIX H
allETUJICHOBBIX YIJIEBOJOPOAOB U M3YYUTh MX CBOMCTBAa. CpaBHUTH PEaKLMOHHYIO
CIIOCOOHOCTH AJIKAHOB, aJJKCHOB M AJIKMHOB.

PeakTnBbI 1 MaTepuasbl: 00€3BOKEHHBIN alleTaT HATPUS; HATPOHHAS U3BECTh
(cMech TOPOIIKOB OKCHJA KaJbIlUsl C THAPOKCUIOM HaTpusi, 3:1); HACHIIEHHBIH
pacTBOp OpoMHOI BOJbI; 1%-HbBIN pacTBOp nepMaHraHata Kamus; 5%-HbI pacTBOp
OpoMa B YETBIPEXXJIOPUCTOM YIJIEPOJI€; KOHLIEHTPUPOBAHHBIE KHUCIIOTHI: COJISIHAs,
cepHasi, a30THAasl; KOHLIEHTPUPOBAHHBIA PAcTBOpP aMMHaka; 1 H pacTBop KapOoHara
Hatpus; 0,2 H pacTBOp HUTpara cepedpa; aMMuauHblii pactBop xiopuna menu (1); 1
%-HbIil ciUpTOBOM pacTBOp (eHosdranenHa; jJakMycoBass Oymara CUHsA;, MEHTaH
(rekcaH, TeMNTaH); >KUAKAW HENpEAeNbHbIA YIIeBOAOPO; KEPOCHUH; KUIKUN
aleTUIICHOBBIN yTJIeBO0pOo ((peHumaneTuIeH); mecox.

OO0opynoBanme: CTynKa, MECTUK, TA300TBOJHAsL TPyOKa ¢ MPOOKOM, CTEKIISH-
Has Jonarka, Habop MpoOUPOK B MITATUBE, CIUPTOBKA.

Omnpit 1. IlosryyeHne m u3y4eHue CBOWCTB MeTaHa. B cTynke TmareiabHO
pacTuparoT 00€3BOKEHHBIM aleraT HaTpusi C HATPOHHOW W3BECThIO (BECOBOE



cootHomenue 1 :2). Cmech MmoMemaroT B MOpoOUPKY (BBICOTA ciiosg 6-8 MM),
3aKpBIBAIOT MPOOKOI € Ta300TBOIHOM TPYOKOH M 3aKPETUISIOT B TPOOUPKOIEepIKaTee.

B oany mpobupky HamupaioT 2-3 M
pacTBOpa INE€pMaHIraHaTa Kalusid |
s el S MOAKUCIISAIOT 1 -2 KaIIsiMU
e E KOHILICHTPUPOBAHHOMN CEpPHOU
KHUCJIOTBI, B IPYT'YIO IPOOUPKY - 2 M

OpomHO#1 Bonbl. CMech B MpoOHpKe

[ FEET
T .hi'ﬁll_

HarpeBaroT B IIJITaMCHU CIITMPTOBKH U

KOHEIl ra300TBOJIHON TPYOKH MMOOYEPETHO BHOCIT B PACTBOPHI IIEpMaHTaHaTa KaJIUs U
Oopomuoit Bojbl. [Ipomyckanue raza npoBoaar B teuenue 20-30 c. [locne storo ra-
300TBOJIHYI0 TPYOKYy IE€peBOpauMBAIOT BBEPX W IMO/PKUTAIOT ra3 y KOHIA Tra3o-
OTBOJTHOM TPYOKHU.

CH3COONa + NaOH — CH4T + Na,CO3
CH4 +20,—> COz + 2H20

[Tocne oxnaxaeHus: MPOOUPKU K COACPKUMOMY J00aBIISIIOT HECKOJIBKO Kareib
KOHIICHTPUPOBAHHOM COJITHOM KHCJIOTHI.

OnpiT 2. [lonyyeHne ¥ M3y4eHHe CBOMCTB 3TWiIeHA. B cyxyro mpoOupky
MOMEIIAIOT JBE CTEKJISIHHBIC JIOMATKA CYXOro IeCKa, HaJuMBalOT | M1 3TaHOJa U
OCTOPOXKHO 3 MJI KOHIEHTPUPOBAHHOW CEPHOM KHCIOTHI, 3aKPBIBAIOT MPOOKOM C
ra3o0TBOJIHON TpyOkoil. CMech OCTOPOXHO HArpeBarOT, HE JOIMYCKas CHJIbHBIX
TOJYKOB pEaKIIMOHHOM cMecHu. Tak ke, Kak B omnbiTe | , M3y4yaroT B3aMMOJICUCTBUE
ra3a C pacTBOPOM II€pMaHraHaTa Kajusi U OpOMHON BOJOVM, TOpEeHHE STUJICHA Ha

BO3JIyX€.
CH, —CH,OH + HOSO,H — CH, —CH, —OSO,H + H,O
etoksisulfon kislota
CH,—CH, -0 —SO,H "¢ ,CH, = CH, + H,SO0,

Omnpit 3. [loryyenne u U3yYeHHE CBOMCTB alleTHIeHA. ALIETHUICH NOJy4aroT
B MPOOHMPKE C Ta300TBOJHOM TPYyOKOM MEMCTBMEM Ha KYCOYEK KapOuja KaJbIUs
BOJIOW. [lomydeHHBIM aueTWIeH MPOIYCKAKT Yepe3 3apaHee MNPUTOTOBJICHHBIE



pacTBOpPBL: TMOJKUCIEHHOTO CEPHOW KHUCJIOTOM pacTBopa IepMaHraHarta Kamus,
OpOMHOI BOJIbI, aMMHUAYHOT0 pacTBopa xjopuaa meau (1) u pactBopa ruapokcuaa
nuammuHcepeopa (). it mpuroToBiIeHUs MOCAEAHEr0 B MPOOUPKY BHOCST 2 Kariu
pacTBOpa HHUTpara cepedpa M HECKOJbKO Kamelb KOHUEHTPUPOBAHHOI'O pacTBOpa
aMMHaKa (0 MCUYEe3HOBEHHs BHadalie oOpasyromierocsi ocagaka okcumga cepeopa (1)).
Taxk e, KaKk ¥ B MPEIBIAYIINX OMBITAX, H3y4al0T TOPCHHE alleTUIICHA Ha BO3TyXE.

C

I 'Ca+2HOH->Ca{ OH) ;+HC=CH
C

2C,H, +50, —"“— 4CO, +2H,0

[Toce mpoBeAcHMS OMBITA B TPOOUPKY, B KOTOPOU MOTydYa I aleTHIICH, JOOaBIISIOT
Karmo GeHosdraaeuHa.

OnbiT 4. U3yyeHue aeiicTBUA KOHUCHTPHMPOBAHHBIX CEPHOHM M a30THOM
KHMCJIOT HA MpeesibHbIe U 3TUJIEHOBbIE YIJeBoaA0poaAbl. [1o 1 Ma B oiHYy TpoOUpKY
HaJMBAalOT QJKaH, B JIPYyTyl - alikeH. [lapamienbHO MpOBOIST ONBITHI CPaBHEHHS:
N00aBIAIOT 1O 4 KAl KOHIEHTPUPOBAHHOW KHUCIOTHI (CEpHOM WJIM a30THOW) B
Kakayro npoOupky. Cmech BCTpsIXWBalOT B TedeHue 1 -2 muH. O mpoTEKaHUHU
pEaKUUM CyISAT MO CIEAYIOIIMM MPU3HAKAM: Pa30TPEBAHHE CMECH, MCUYE3HOBEHHUE
CJI0Sl YIJIEBOAOPOJa, UBMEHEHNE OKPACKHU.

OmnbiT 5. U3y4yenne aeiicTBUA OpoMa Ha KHUAKHE AJIKAHBI U aJIKeHbl. B
CyXyl MpoOMpPKY HamuBaroT | M ajkaHa W Ja00aBisOT 1-2 Kamid pacTBopa
NepMaHraHatra Kajiusg B BOZHOM pacTBope. Conep:kumMoe NpOOUpPKH BCTPSIXUBAIOT B
teueHue 1 muH. Ecinu u3mMeHeHuil He MPOUCXOIUT, OCTOPOKHO HAarpeBaroT MPOOUPKY
0 uc4e3HOBeHMs oOkpacku. [locie 3TOro K OTBEPCTHIO NPOOMPKU MOIHOCST
CTEKJISTHHYIO IMAJIOYKY, CMOYEHHYIO0 KOHIIEHTPUPOBAaHHBIM PacTBOPOM aMMHaka, WU
BJIQXKHYIO CHHIOIO JIJAKMYCOBYIO OyMaXKy. AHAJIOIMYHO MPOBOISAT ONBIT C JKUJIKUM
AJIKEHOM.

CH,=CH;+ 2 KEMnOy + 4 H;0 — CHs — CHz + 2 MnO, + 2K OH
I I

OH OH

Konmponwvuwie éonpocol



. Ilouemy ucnonvzyemcs 6e3600HbIU ayemam Hampus? 3auem HeobX00uMAa HAMPOHHAS.

uzeecms? Cocmasvme YpaeHerHUe peaKkyuu noay4erusl memandad.

. Kak usmensiemcs oxpacka pacmeopamu nepmManeaHama Kais U 6poMHOU 8000l npu
nponyckanuu uepe3 Hux memaua?! K xaxomy eomonocuueckomy psody OmMHOCUMCS

memaw?

. Kaxos yeem nnamenu npu copenuu memana? Ilouemy? Hanuwume ypaenenue

peaxkyuu coperu-l.

. Hna weco npooenviearom nocnednuti onvim? Onuwiume HabMOOAeMble A8NEHUS U

cocmaebme ypasHeHUue peakyuu.
. B kauecmee ueco npu noaydeHuu SmuieHa ucnojb3yemcs necok?

. Kakxosa ponv xonyeHmpuposanuol ceproti KUCI0msl 8 peakyuu noay4eHusi SmuieHa?

Omeem noomeepoume ypasHeHUIMU peaxKyuil.

. Kax usmensiemcs oxkpacka pacmeopog nepmaneanama Kaius u OpoMHOU 000U npu
nponyckanuu uepe3 Hux osmunena? K xkaxomy comonocuueckomy psoy OmMHOCUMCS

smunen? Hanuwume ypasuenusi nposedeHHblX peakyul.

JIABOPATOPHASA PABOTA Ne 9

CBOICTBA BOJHBIX PACTBOPOB

I'uaposu3s coJieii. PacTBopeHne MHOTHX BEIIECTB YaCTO COMPOBOKIAETCS XUMHU-
YECKUM B3aMMOJICHCTBHEM MX C pacTBOpPHUTENEM. Peaxkyuu ezaumooeticmeus mexncoy
COCMABHLIMU  YACMAMU MOJIEKY]l pPACMEOpUMeNns U pPACMBOPEHHO20 Beujecmed
HA3b18AIOMCSL CONbBONUZOM (OJ151 B00bI-2UOPOIUZOM) .



I'maposn3y MOTyT MOJABEPraTbCs XUMUYECKUE COCIMHEHUs Pa3IMYHBIX KJIACCOB:
COJIH, YTJICBOIBI, OCIIKH, S(PUPHI, )KUPHI U T. 1. B HEopraHW4eckoi XMMHH YaIle BCEro
IIPUXOJUTCS BCTPEUATHCS C THAPOIU30M COJIEN, KOTOPBIA Mbl U PACCMOTPHUM.

B XuMHUYecKH 4HMCTON BOJAE KOHIIEHTPALMS MOHOB BOJOPOAA M TMIPOKCHJ HOHOB
OJINHAKOBa, BCJEACTBUE YEro BOJa MMeeT HeulTpanpHyro peakuuto (pH=7). Ilpu
pacTBOPEHHMH MHOTHX COJi€ll B BOJE HMX HOHBI, OOpasylolluecss B pe3yJbTaTe
JUCCOLMAIINM, BCTYNAIOT BO B3aWMOJECHCTBHE C MOHAMM BOBI, IIPU 3TOM MOXKET
MpOU30iTH cBs3bIBaHWe MOoHOB H' mim nonoB OH™ moHamu comu ¢ oOpa3oBaHHEM
MAIOJIUCCOLMUPYIOIIUX COEUHEHUMN.

Ilpoyecc @3aumoodelicmeus UOHO8 PACMBOPEHHOU CONU C 8000U, NPUBOOAWUL K
00pazo8anuio c1adowvIX INEKMPOIUMOE, HA3bIBACCSL 2UOPOIU3.

B pesymbrare ruaposiza  CMENIAETCS  PABHOBECHE  BJIIEKTPOJIUTHUYECKOU
mucconupaiuu Boael: HoO=H" + OH, u mosTtoMy pacTBOpHI OOJBIIMHCTBA COJICH
VMMEIOT KUCIIYIO WU METOYHYIO PEAKIIHIO.

PaznuuaroT Tpu ciyvasi THApoIIA3a CoJe.

1. Conu, oOpa3oBaHHbIE CUJIBHBIM OCHOBAaHHUEM U CJ1abOW KHUCIIOTOM (Hampumep,
CH3COONa, KCN, K3S0O3, NayS). I'maponus 3tux coseit, 00ycloBlIeH CBA3bIBAHUEM
HOHOB BOJIOPOJIa B CIAOBIA 3JEKTpOUT. Tak, THAPOJIM3 alerata HaTpus MOXKHO
MPEJICTABUTH CIEAYIOIIEH CXEMOM:

CH;COONa=CH3;COO- +Na *

V3 mpuBeICHHOH CXeMbl BHJIHO, 4TO HMOHBI H' BOJBI CBS3BIBAIOTCS HOHAMH
CH3COO" conum B MOJIEKYJIbI MallOAUCCOLMUPOBAHHONW YKCYCHOM KHCIOTBI, 4YTO
BBI3BIBACT JIMCCOLMALIMIO HOBBIX MOJIEKYJ BOJABI U JAJIbHEHIIEE CBSA3BIBAHUE MOHOB
H*. B pactBope Bo3pacraeT KoHIeHTpauus uoHoB OH’, u peakius pactBopa
craHoBuTcs menounou, [OH>[H'].

[Tporecc ruapor3a MpoTeKaeT 0 TeX Mop, OKa He YCTAHOBUTCS PaBHOBECHE:
CH3COONa + HOH=CH3COOH + NaOH
Wnu B nonHou popme:

CH5COO-+HOH=CH;COOH + OH- (pH>7)



Conu, oOpa3oBaHHbIE CHJIBHBIM OCHOBAaHUEM M CJIA00OKH MHOTOOCHOBHOW KHCIIOTOM,
TMIPOJU3YIOTCS  CTYIIEHYaTo, C o00pa3oBaHMEM KHCIbIX coJied. IIpumepom
CTYNEHYATOr0 THIPOJN3a MOXET CIYXHTh THUApONU3 KapOoHara kamus. [lepsas
CTYIIEHB:

K>CO3; + HOH=KHCO3 + KOH
COs* + HOH=HCO3 + OH" (pH>7)
Bropas crynens:
KHCO; + HOH=H,CO; + KOH
HCO3z+HOH=H,COs+OH" (pH>7)

bonee CUIBHO BBIp@XXEH TMAPOIU3 MO NEPBOM CTYNMEHU. DTO OOBACHIETCS TEM,
yto noH HCO3™ siBnsieTcst 6oJiee ciadbIM AIeKTpoIuTOM, ueM MoJiekyiia HoCOjz (Tabu.
6). Bo Bcex pacCMOTpEHHBIX HaMH CIy4asX CBS3bIBAIOTCA MOHBI BOJOPOZA BOJABI U
o0OpazyeTtcst u30bITOK CBOOOHBIX THIPOKCHU]T NOHOB.

Pacmeopul coneii, obpazosannbix cunvbHbIM OCHOB8aHUEM U CAAOOU KUCIOMOU,
UMerom Wealo0uHyo peakyuio ecieocmaue cuopoausa (pH>7).

2. Comu, oOpa3oBaHHbIE  CJaObIM  OCHOBaHHMEM U CHJIBHOW KHUCJIOTOMU
(marmpumep, NH4CIl, CuSO4, ZnCly). Tuaponus s3tux coseii  00yciIoBIeH
CBSA3BIBAHUEM THUIPOKCHJ HOHOB BOABI B CHAOBIM AJIEKTpOIHUT. Tak, ruapoius
XJIOpHia aMMOHUSI MOKHO MPEACTABUTH CIEIYIONIEH CXEMOM:

NH;,C1SNH,+C1l
H,OSOH+H"

HNoust OH™ Bombl cBs3piBatoTcss uoHamu NH4™ B MaoamccorupoBaHHBIC
monekyiasl NH4sOH. B pacTtBope HakamiiBaeTcss n30bITOK HOHOB BOJIOPO/IA; PEaKIIMs
pacTtBopa ctaHoBUTCs kuciout (pH<7):

NH,C1 + HOHSNH,OH + HC1
NH," + HOHSNH,OH + H*

Ecnu conb oOpa3oBaHa MHOT03apsIHBIM KAaTHOHOM, THAPOJIM3 MPOTEKacT
CTyIIEHYaTO, C 00pa30BaHHEM OCHOBHBIX COJIE€H, HAIIPUMED THAPOJIN3 XJIOPUIA IHHKA
ZnCl,. TlepBas crymeHs:



ZnCl; + HOHSZn (OH)C1 + HC1
Zn** + HOHSZn (OH) "+ H* (pH<7)
Bropas crynens:
Zn (OH)CI + HOH S Zn (OH), + HC1
Zn (OH) *+ HOH S Zn (OH), + H* (pH<T7)

[Ipy OOBIYHBIX YCIOBUSAX THJIPOJIA3 NPAKTUYECKHM 3aKAHYMBAETCA Ha IEpPBOM
cTyneHu. Pacmeopel coneil, 00pa308aHHbIX CNAOLIM OCHOBAHUEM U CUIbHOU
KUCIOMOU, UMelom KUCIYIo peakyuto ecieocmsue 2uopoauza (pH<7).

B psane cinydyaeB mpu ruaposuse coyieid, 00pa3oBaHHBIX CIA0OBIM OCHOBaHUEM M
CUJIBHOM KUCJIOTOM, MOTYYar0TCs OKCOCOJIH; TaK, HAIPUMEDP, IIPU THIPOJIU3E XJIOpUuaa
cypembl  (lll) mporekaer peakuus:

SbCl; + H,O S SbOCI + 2HC1
B paccMOTpeHHBIX cilydasiX THAPOJIU3 SBISETCS MPOLECCOM OOPATUMBIM.

Omuowenue uucia ZMOPOJZI/IS’OSCZHHle MOJIEKY1l collu K 061146]1/[)/ UUCTY MOJIEK)]
CcoJlu, HCDCOaﬂM/;uXC}l 6 pacmeope, Hasvleaemcst CMmMeENnEHbvIO ZMOPOJIMS’CI. CreneHb
Irunapojin3a YBEINYNBACTCA C IIOBBIIICHUCM TCMIICPATYPhI K C pa3BCACHUCM PaCTBOpPA.

Bo mMHOrux ciy4asix cTeneHb TMAPOJIN3a COJIM OYeHb Maya. Tak, Hampumep, npu
temnepatype 25 °C B 0,1 H. pacTBopax cTeneHb ruapou3a h Oyaer paBHa as:

anerata Hatpus CH3COONa-0,007%
mrannaa kaaust KCN-1,2%

[IpuBeneHHbIC TaHHBIE TTOKA3BIBAIOT TAKXKE, YTO CTETICHD THIPOJIN3a COJIM 3aBHCHT OT
KOHCTAHThI JUCCONHAIIMM O00pa3yrolmei ee KHUCIOTh. [uaponus OyaeTr TeMm
WHTECHCUBHEE, UeM cllabee KHCIIoTa.

3. Comm, oOpa3oBaHHBIC C1ab0H KHCIOTOM M ciaaObiM ocHoBaHHeM. CoOlH 3TOro
TUTIAa TUJPOJU3YIOTCSI B HaumOoyiee BBICOKOW CTEMEHH, TaK KaK WX HOHBI
OJTHOBPEMEHHO CBS3BIBAIOT HOHBI BOJOPOJAa W THAPOKCUI HOHBI BOJBI, CHABHUTAS
paBHOBECHE AUCCOIMAIMKM BOJBI. Hampumep, rmaponu3 alerara aMMOHHSI BBIpaka-
€TCsl CIEAYIOLIEH CXEMOM:



CH3COONH4 S CH3COO™ + NH4*

H,O S H* + OH"

CH3COO + NH;* + HOH & CH3COOH + NH,OH

B 3aBHCMMOCTH OT COOTHONICHHSI KOHCTAaHT JHCCOITMAITNHU, OOpa3yIOIIMXCS TMPH
TUAPOJIM3E KHUCIOTHI W OCHOBAHHUS, PACTBOPHI COJIEH HSTOTO THUIA MOTYT HUMETh
CTaOOKHCITYIO WITH CJIa0OIIEIOYHYIO peakiuio, T. €. pH 61m3ko k 7.

Conu, ob6pazosannvie OueHb CNAOOU Jlemydell KUCIOMOU U OYeHb Cladbim
OCHOBaHueMm, euopoausyomes Heoopamumo. Hanpumep:

Al,S; + 6H,0 < 2A1 (OH)g +3H,S

Conu, o0bpasoéanHvle CUNLHOU KUCIOMOU U CUIbHLIM  OCHOBAHUEM, He
noogepaaromcs 2uOpoIU3y, maxK KaKk npu ux 63aumMoOetucmsuu ¢ 000U He MO2ym
ObIMb NOYYEHbL CIAObLE IIeKMPOTUMBL.

B cucreme HOSH™+OH™ paBHOBecHe HEe HapymiaceTcs, MO3TOMY B PacTBOpax
aTux coneut pH- 7.

CornacHO COBPEMEHHBIM JIaHHBIM, THJAPOJM3 SBIAETCS MpoleccoM OoJiee
CIOXHBIM. B pesynbrare ruapoinza o0pa3yroTcsi THAPOKCOAKBAKOMILIEKCHI.
[ToaTOMy mpoOCThIE 3amUCH YpaBHEHUW peakUuid THAPOJIM3a SBISIIOTCA B 0OIIEM
CJIy4ae YCJIIOBHBIMH. Y CTAHOBJIEHO, UTO THAPOJIM3 COJIEW MOKHO pacCMaTpuUBaTh Kak
PEe3yabTaT MOJSAPU3AIMOHHOTO B3aUMOJICHCTBUS HOHOB C MX THJIPATHONH O0OJIOYKOM.
Tak, HampuMep, MOHHOE ypaBHEHUE THUIPOJIM3a IO TEPBONM CTYNEHHU JOJKHO OBITh
(W (14%0)1112098

[Al (H.0)e]**+HOHS [A1 (H,0)sOH]? + H30*
VnoBHO: A1**+HOH S A1(OH)**+ H*
Xox padoTsl
IIpuGops! u mocyxaa.
1) MepHblii UUTUHAP eMKOCThiO 10 M.

2) l'openxa.



3) BopoHnka.

4) CrexisgHHas Majgoyka.

5) LratuB ¢ npoOUpKaMu.

6) MUKpOKaIbKYJIATOP.

PeakTuBbI 1 MaTepuaJIbl.

1) Maruwmii (mopoIok).

2) JlakmycoBas Oymakka.

3) ®unbTpoBalibHas OyMmara.
PactBOpBHI.

1) Consaast kucinora HC1 (2 H.).

2) IM'mapoxcun Hatpust NaOH (2 u.).

3) Cynbdar ammonwust (NH4)2S04 (2 H.).
4) Xnopun amomunus (1) A1C13 (2 n.).
5) Xnopun xene3a (1) FeCls (2 u.).

6) Cynsdar meau (1) CuSO4 (0,5 H.).
7) Hutput natpus blablOr (2 1.).

8) Cymbdun Hatpus NazS (1 H.).

9) Cynsdut natpus NaS0; (2 H.).

10) Kap6onar natpust Na;COj3 (2 H.).
11) Anerat vatpus CH3COONa (2 1. u 0,5 H.).
12) Xnopun vatpus NaCl (2 un.).

13) Xnopun cypemst (111) SbCl3 (0,5 H.).
14) ®enondranenH (CIUPTOBOIA).

15) YauBepcanbHas HHAMKATOpHas Oymara.



1. Peaknus cpeabl pacTBOPOB coJiell mpu ruaposu3se. a) M3  umeromuxcs B
nabopatopur peakTUBOB IMMOA0OpaTh pPAacTBOPHI coyield, 0Opa30BaHHBIX Ci1a0Oi
KHCIIOTOW M CHJIBHBIM OCHOBaHMeM. HanuTe B 0OJHY NpoOHMpPKY pacTBOp COJIH,
00pa30BaHHON OJHOOCHOBHOM KHCIIOTOH, B JAPYTYyI0 PacTBOp COJH, OOpa30oBaHHOM
MHOTOOCHOBHOM KHCJIOTOM, M HCCJIENOBATh PEAKLUI0 Cpelbl pacTBOPOB, HAHOCS
KallJIl0  pacTBOpa  HA  JIAKMYCOBYIHO ~ OyMaXXKy  CTEKJISHHOM  MaJOYKOM.
Hamncate  MONEKyJSIpHBIE M HWOHHBIE  YPAaBHEHMsI  pEaKkIUd  THIPOJIU3a
B3STHIX coyield. B kakoM ciydae ruponn3 OyJaeT MpOUCXOIUTh CTYIEeHYaTo?

0) Harmucates  ypaBHeHHME peakinuu Tuapoim3a cyiabpara wmeaum-(I1) B
MOJIEKYJIsipHOM W uWoHHOM  Qopme. Kak jgeiicTByer ero pactBop Ha
nakmyc? [IpoBepuTh MPaBUILHOCTD 3aKJIIOUECHHUS, IPOJICIIaB OIBIT.

Kakne HOHBI O6YCJ'IOBI/IJII/I HN3MCHCHHC IIBCTAa JIaKMyca? B PE3YJIbTATC KaKOIo
Imponeccca 3T NOHBI TTOSIBUJIUCH?

B) KaKYIO PCAKIHUIO HA JIAKMYC HOOJDKCH IIOKA3bIBATH PACTBOP XJIOpHAA HanI/IH?
HpOBepI/ITB IMPpaBHUJIBHOCTDH 3aKJ/IIIOYCHUA, OCYIIICCTBUB
OIIBIT.

Pe3ynbpraThl HMCHIBITAHWM PACTBOPOB COJIEM HA MHJIMKATOP IMPEACTaBUTH B BHJC
TaOJIALIBI;

dopmyna Oxkpacka Peaknus 3nauenue pH B pactBope:
JJAKMyca cpeabl

Konmponwnoie sonpocut
1. Kakas 3asucumocms cywecmsyem mexcoy 3apsioom u pasmepamu KamuoHa u 20
CNOCOOHOCMBIO K 2UOPOaU3Y?
2. Kaxas cywecmeyem 63aumocesizb Mencoy CKIOHHOCMbIO KAMUOHA K 2UOPOIU3Y U
CNOCOOHOCMBIO €20 2UOPOKCUAA K OCHOBHOU uonuzayuu (cuia ocnosanus)?
3. Kaxas 3aeucumocms cywecmeyem medxncoy 3apsaoom U pasmepamu AHUOHA U €20

CKJIOHHOCMbBIO K 2UOPOAU3Y?



4. Kaxas cywecmseyem 83aumocesizb Mex#coy CKIOHHOCMbIO AHUOHA K 2UOPOIU3Y U
CNOCOOHOCMBIO 0OPA306AHHOU UM KUCTIOMbL K KUCIOMHOU uonuzayuu (cuia

Kuciomoi)?

Il TEMbI CAMOCTOSTEJBHBIX 3AHSATUI

XUMHS 1 IPOOJIEMBI OKPYKarOLIEH CpeIbl

Pemienne 3HepreTHuecKux NpoOaeM ¢ MOMONIBIO IOCTHKEHUN XUMUHU

["a30BbIE 3aKOHBI

SIBneHne aymoTponuu

N3oTonsl, n300apbl 1 U30TOHBI

Panuyc atoma. EcTecTBeHHAst 1 UICKyCCTBEHHAs PaJUOAKTUBHOCTb, SICPHbIE

peakuyu, UX BUIbl U MEXaHU3M

7. Tlonspuzanus U MEXMOJIEKYJISIPHBIE CUIIBI

8. I'mOpuauzamus u e€ BUIbI

9. 3akoH JEHCTBYIOIIUX Macc

10.T'unpatHas Teopus pactBopoB JI.1.Menneneena

11.3akoH pazbaBnenus OcTBaabaa 3aKoH JCHCTBYIOMINX Macc.

12.3axon Bant-T'odda.

13.I'oMOTeHHBI U TeTEPOTEHHBIN KaTaus.

14. XumMuueckasi paBHOBECHE.

15.ITpunnun Jle-1llaTense.

16.PactBopsI1. 3akons! ['enpu u ['enpu-/lansroHa.

17.1TpousBeneHne pacCTBOPUMOCTH.

18.5Bnenne Ocmoca u 3akoH Baut-I'odda.

19.Cpena B nporecce ruaponnsa. 3HaueHue THAPOIN3a B MPOMBILIUIEHHOCTH

20.Posib OKHUCAUTENHFHO-BOCCTAHOBUTEIBHBIX PEAKLIUN B IPUPOJIE

21.0OcHOBHBIE OKHCIMTEIM U BOCCTAaHOBUTENIM. BeliecTBa, MposBISIOLINE U
OKHUCJIUTENIbHBIE, 1 BOCCTAHOBUTEJIBHBIE CBOMCTBA

22.'anpBaHUYECKUE  3JIEMEHTbI, JJIGKTPOJHBIM  MOTEHLHUAN, MEXaHU3M
BO3HMKHOBEHUS JIEKTPUYECKOr0 TOKA B TaJIbBAHMYECKUX 3JIEMEHTaX

23.IIpumeHeHue >JIeKTPoJu3a B IPOMBIIIJIEHHOCTU ['anbBaHUYECKUE DIIEMEHTHI.

24 Koppo3usi MeTaioB.

25.M30oMepust KOMIUIEKCHBIX COEIMHEHUI U MIPUPOJAa XUMUYECKOU CBSI3U

26.1IpumeHeHne KOMITJIEKCHBIX COSAUHEHUM

oghkwbdE

IV I'JIOCCAPUM



Xumusn - 5TO HayKa O BEIIECTBAX, UX CBOMCTBaX, CTPOCHUU U
MPEBPAIICHUSAX, MPOUCXOASANIUX B pe3ysbTaTe XUMUYECKUX pEakiui, a
TaKXe€ O 3aKOHAX, KOTOPBIM ATH MpEeBpaIleHUs] MOTUUHAIOTCS. [loCcKOIbKy
BCE BEIIIECTBA COCTOSIT M3 AaTOMOB, KOTOpbIe OJjlarojapsi XMMUYECKUM
CBSI3aM MEXJYy HHUMHU CHOCOOHBI (OPMUPOBATH MOJIEKYJIbl, TO XHUMUS
3aHUMAETCSI B OCHOBHOM H3yYE€HUEM B3aUMOJICUCTBUM MEXKIy aTOMamMu U
MOJIEKYJIaMH, TIOJIYYEHHBIMH B PE3YJIbTaTE TAKUX B3AaUMOJICHCTBUM.

Bewecmeo - Buj matepuu C ONPEACIEHHBIMU XUMUYECKUMH H
dbuznueckumu cBorictBaMu. COBOKYITHOCTh aTOMOB, aTOMHBIX YACTHI] WJIH
MOJIEKYJI, HaXOJSIIasicd B OMNPEACIEHHOM arperatHomM coctosHuu. U3
BEIIIECTB COCTOST (hu3nueckue Tena (Melb - BEIIECTBO, a MEIHAsI MOHETA -
dbuznyeckoe TeNo).

Amom - Menpyaiiias, XuMUYECKH HeAeauMasi, JICKTPOHEUTpabHas
yacTtuia BemiectBa. COCTOUT U3 sAlipa U 3JIEKTPOHHOM 00010uku. Kaxkabiii
aTOM TMPUHAJICKUT OINPEICIEHHOMY XUMUUYECKOMY 3JIEMEHTY. DJIEMEHT
UMEET Ha3BaHME, MOPSAKOBBIM HOMEpP, U TMOJOKEHUE B MEPUOIUYECKOM
tabnuiie MenzaeneeBa. B Hacrosiiee BpemMs u3BecTHO 118 xumuueckux
anemMeHToB, 3akaHuuBass Uuo (Ununoctium — ynyHokTHil). Kaxmsiii
AJIEMEHT O0003HAY€H CUMBOJIOM, KOTOPBIM MPEACTABISICT OAHY WJIU JIBE
OyKBbI M3 €ro JIATUHCKOTO Ha3BaHUA (Boaopoja o0o3HaueH OykBou H -
HIepBO OYKBOM €ro JaTHHCKOro Ha3Banus Hydrogenium).

Banenmnocms -  KOJIMYECTBO XHUMHYECKHX CBSI3€M, KOTOpPOE

o0pa3yeT OJIMH aTOM.



Monexyna - HauMeEHbIIAd YaCTHIA BEIIECTBA, COXPAHSIONIAS €TO
XUMHUYECKUE CBOMCTBA. COCTOUT U3 aTOMOB.

Ceoiicmeéa - COBOKYITHOCTbh MPU3HAKOB MO KOTOPBIM OJIHU BELIECTBA
OTJIMYAIOTCS OT JIPYTUX, OHU OBIBAIOT XUMUYECKUMU U PU3MIECKUMHU.

QDu3uueckue ceoiicmea - - NPU3HAKA  BENIECTBA, NP
XapaKTEPUCTUKE KOTOPBIX BEHIECTBO HE HM3MEHSIET CBOM XHWMUYECKHM
cocTaB (IJIOTHOCTb, arperaTHOE COCTOSIHHME, TeMIEepaTyphbl IJIABJICHUS U
KUIICHUS U T. 11.)

Xumuueckue ceolicmea - CITIOCOOHOCTh BEIIIECTB
B3aMOJICHCTBOBaTh C JIPYTMMHU BEUIECTBAMHU WJIA M3MEHATHCS TIOJ
JNEUCTBUEM ONPEACIEHHBIX YCIOBUN. Pe3ynbTaToM SIBIISIETCS MTPEBpalICHUE
OJIHOTO BEIECTBA WJIM BEIIECTB B IPYTUE€ BENIECTRA.

Azpezamnuvle cocmoanua eeujecmea -  COCTOSHHUE BEILECTBA,
XapaKTepU3yIOIIeeCs  OMNpENeICHHBIMU  CBOMCTBaAMU  (CIIOCOOHOCTH
coxpaHiaTh ¢GopMy, 00BeM). BBIIENAIOT TpU OCHOBHBIX arperaTHbIX
COCTOSIHUS: TBEPJIOE TEJO, JKUIKOCTh U ras.

AHOO - BNEKTPOJl, COCAUHECHHBIA C IOJOKUTEIHHBIM HCTOYHUKOM
TOKa.

AmomHnulil gec - cpelHEE 3HAUYCHUE MACCHI aTOMa XUMHUYECKOIro 3Jie-
MEHTA, BBIPAXKEHHOW B OTHOCUTEIBHBIX YIJIEPOIHBIX €TUHUIIAX.

Humepmeouam - IpOMEKYTOUHOE BEIIECTBO C KOPOTKUM BPEMEHEM
KW3HU, OOpasyromieecs B XOJ€ XHMHUYECKOM pEakiuu U 3aTeM

pearupyromue aajaee 10 NpoayKToB peakiuu. OObBIYHO MHTEpMEIUaTaMU



ABJISIFOTCSI ATOMBl WJIM MOJIEKYJIbl C HE3AaNOJHEHHBIMU 3JECKTPOHHBIMU
000JI0YKaMu, HAITPUMEP paJIUKaJIbl, KApOOKATHOHBI, KAPOAHUOHBI.

Keazucmauyuonapuwiii. npoyecc - TIPOLECC, NOPOTEKAKOIIUNA B
OTPAaHUYECHHON CHCTEME U PACHPOCTPAHSIONIUICA B HEW Tak OBICTPO, YTO
3a BpEMSl PacIpOCTPaHECHUs ATOr0 IMpOlecca B MpPEAeTax CHUCTEMbI €€
COCTOSIHME HE YCIIEBAET U3MEHUTHCH.

Mons - Mepa KOJIHMYECTBA BEIIECTBA, cojepxkamas Yucmio
Aporagpo (Na=6,02 x 102®) mo0eix  ctpykrypHbiXx wactum.  (Na -
KOJIMYECTBO aTOMOB B 12 rpammax yriepoza 12C.)

Ilepuoouueckuii 3axon -  (HyHIAMEHTAIbHBIM 3aKOH MPUPOBI,
oTkpwIThIN [l. . MenaeneeBsiM B 1869 roay npu COrnocTaBiI€HUU CBOMCTB
U3BECTHBIX B TO BPEMS XMMHUYECKHX AJIEMEHTOB M BEJIWYUH UX ATOMHBIX
Macc. B nacrosmee Bpemsa llepuonmueckuit 3axkon [l. 1. MeHnaeneena
UMEET CIEAYIONYI0 (POPMYITUPOBKY: «CBOMCTBA XUMHYECKHUX 3JIEMEHTOB, a
Takke (OpMbBI U CBOWMCTBA 0O0pa3yeMblX HMHU TMPOCTHIX BEIIECTB U
COCOMHEHUN HAXOIATCS B TMEPUOAUYECKOM 3aBUCHMOCTH OT BEJIWYHHBI
3apsiAoB sAnep ux atomoB». OcobenHocTs [lepuoanyeckoro 3akoHa cpeau
npyrux GyHIaMEHTAJIbHBIX 3aKOHOB 3aKJIIOYAETCS B TOM, UTO OH HE UMEET
BBIDQXKEHHUSI B BHUJE MaTeMaTH4YeCKoro ypaBHeHus. [‘padudeckum
(TaONIMYHBIM) BBIPAXXEHHEM 3aKoHa sBisieTcs [lepuoauueckas cucrema
XUMUYECKUX DJIEMEHTOB, II€PBOHAYAIIBHBIM BapUaHT KOTOPOM ObLI
pazpabotan JI. 1. MenaeneesiM B 1869- 1871 ronax.

Ilpocmoe eewiecmeo - BEWIECTBO, COCTOSIEE W3 ATOMOB OJHOTO

XUMHUYCCKOI'O 3JICMCHTA: BOAOPOA, KUCIOPOA U T. .



Cnooscnoe eewiecmeo - BEIIECTBO, COCTOSIIEE M3 aTOMOB Pa3HBIX
XUMHYECKHX AJICMEHTOB: KHUCJIOTHI, BOJA H JIp.

OmuocumenvHas amomHas macca - Macca (a. €. M.)
6,02 x 102 MoneKyJ MPOCTOro BEWECTBA, IIE 4. €. M. - aTOMHas eJIUHHIA
MacCHhl.

Omuocumenvnaa MoJjeKyaiapuas macca - Macca (a. €. M.)
6,02 x 10%% MosleKy)l CIIOKHOTO BemecTBa. UMCIEHHO paBHA MOJSPHON
Macce, HO OTINYaeTCs pa3MEPHOCTBIO.

Peakyuonnan cucmema (peakmop) - JacTh IPOCTPAHCTBA,
cojaepkamias ~ COCTAaBIIAIONIME  BEIIECTBA:  WCXOJIHBIE  pPEarcHTHI,
WHTEpPMEINAThl, MPOAYKTHl, HWHEPTHBIC KOMIOHEHTHL. PeaKInOHHBIM
MIPOCTPAHCTBOM MOXKET CITYKUTh MIOBEPXHOCTD.

Xumuueckaa  c6a3b - 3TO  B3aUMOJICMCTBUE aTOMOB,
00ycCIIaBIMBAOIIEe YCTOMIMBOCTh MOJICKYJIBI WIIM KPHUCTAIIAa KaK IIEJIOTO.
XuMH4deCKas CBS3b OlpeIensaeTCs B3aMMOJICICTBUEM
MEXTy 3apsHKEHHBIMH YacTUIIAMHU (SpaMy U SJICKTPOHAMH).

Booa msasxcenan - v3oTomHAs Pa3sHOBUIAHOCTH BOJIBI, B KOTOPOM
OOBIKHOBEHHBIN BOJIOPOJ 3aMEIIEH €0 TSKEIbIM H30TOIIOM — JIeHTeprueM
D. ®opmyna HDO unu D,0.

Booopoonuwiit nokazamens pH - BemudrHa, XapaKTEPHU3YIOIIas KOH-
IIEHTPAIMI0O MOHOB BOJOPOJia B PACTBOpAX; YHCICHHO paBHA OTPHUIIATEIIb-
HOMY JIorapu(My KOHIICHTPAIIUH, BRIPAXKCHHON B TpaMM- HOHAX Ha JIUTP.

Bo3zzonka (cyonumarus) - mpeBpalicHie BENecTBa MPHU HarpeBaHUH

N3 TBCPAOIo COCTOAHUA HCITIOCPCACTBCHHO B I1ap 0e3 maBJICHHS.



Boccmanoenenue - xumuueckasi peakuus, B pe3ysbTaTe KOTOPOHM K
aToMaM WM MOHAM IIPUCOEIUHSIOTCS AJIEKTPOHBI. B opranndyeckoit XuMuu
BOCCTAHOBJICHUEM HAa3bIBAlOT MPHUCOECIMHEHUE BOAOpPOAA K MOJIEKYJIE

OpraHM4YCCKOro COCAMHCHU:A.



