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1.2. TeopeTuyeckasi 4acTh
1.1.2. OcHOBHBIE MOJIOKEHUS

XUMHS ~ OTHOCHUTCS K YHUCIY €CTCCTBCHHBIX HaYK,
M3YyYaloluX OKPY)KAIOIIUH HAac MHpP CO BCEM OOTaTCTBOM
ero ¢GopM U SBJICHHIA.

Kaxxnprit oTnenpHBI BUA MaTepuu, OOJagarouiuid Mpu
JIAaHHBIX YCIIOBUSIX ~ OTPEICIICHHBIMH  (PU3UYCCKUMU
CBOMCTBAMHM, HAa3BIBAIOT Geujecmseom. _Bce HW3BECTHBIC
BEILECTBA JICNATCA HA npocmvle U CA0HCHble. MOJEKYIbI
MIPOCTHIX BEIIECTB COCTOST M3 aTOMOB OJHOTO 3JieMeHTa. B
COCTaB MOJICKYJIBI CJIO’KHOTO BEIIECTBA BXOIST aTOMBI JIBYX
1 0ojiee XMMHUYECKHUX 3JIEMEHTOB.

UToOBI TPaBIWIIBHO THCATh (POPMYIIBI COSTMHEHUH U 1aTh
UM  COOTBETCTBYIOLEE Ha3BaHUE HEOOXOAMMO 3HATh
TIOHSITUE CMeneHb OKUCNeHUss U YMETh €€ OINPEeesTh.
Cmenenb oKucieHus — 3mo YCIO08HbIU dNeKMPUYecKull 3apso
amoma 8 coOeOuHeHuu, KOMopbwlil NPUNUCHIBAEMCS eMy, NpU
oonywieHuu, 4mo MoJleKyia COCmoum u3 UOHO8.

Jns ompeneneHus CTEMEHU OKHUCICHHUS HEOO0XO0IUMO
MPUIEPKUBATHCA I (S13% (0111504 MIpaBuI, KOTOpBIE
pacIoIOKEHBI B MOPSAKE YObIBAaHUSI «CTapIIMHCTBaY». Ecnu
JIBa MpaBUJIa BCTYMAalOT B MPOTUBOPEUUE MEXKIY COOOM, TO
JIercTByeT Oosee cTapiiee MpaBuio, B JAaHHOM Ciydae
MMEIOIIIee MEHBIIINM HOMED.

1. Cymma cremeHell OKHMCIEHUS BCEX aTOMOB,
BXOJIAIIMX B MOJIEKYIy paBHa HYJIIO, a B COCTaB
CJIOKHOTO MOHA — 3apsly 3TOT0 UOHA;

2. B CIOXHBIX BEIIECTBaX CTEIEHb OKUCICHUS aTOMOB
METAJIJIOB MOJIOKUTEIIbHA.



2.1.B cioxHBIX BElIECTBAX CTENEHb OKUCIECHUS aTOMOB
AJIEMEHTOB IJaBHOW monarpymmbl | rpynmsl
[Tepuoanueckoii cuctemsl paBHa (+1).

2.2. B CHOXHBIX BELIECTBAX CTENEHb OKHUCICHUS
aTOMOB JIEMEHTOB I1aBHOM noArpymmsl | | rpynmnsl
[Tepuoanueckoii cuctemsl paBHa (+2).

3. B crnoxHbpIX BemecTBax (prop MpOSBISIET CTENEHb
OKHCJICHHS paBHYIO (—1).

4. B cioXHBIX BEIIECTBAX BOJOPOJ MPOSBISET CTENCHb
OKHCJIeHUs paBHYIO (+1).

5. B crnoxHbIX BemecTBax KHCIOPOJ MPOSBISAET
CTEINCHb OKHUCIICHHsSI PaBHYIO (—2).

Ilpumep 1.1. Onpenenuts CTENEHb OKHUCIEHUS

2JIEMEHTOB B Clienyrommx coenuueHusx: Hp; Os; OF;; BaHy;
K,0; K»0,; KOy; Cag(POs)z; Cr,072.
Pewenue: Bomopon (Hz) m 030 (O3) MOJEKYIBI MPOCTHIX
BEIIECTB U COTJIACHO MPaBHUIy 1 cyMMa CTeTleHel OKUCICHUS
paBHa HYJIIO, OTKyAa CIEIYeT, YTO CTENEHb OKHUCICHUS
BOJIOPOJIa U KUCIIOPOAA UMEIOT CTENEHb OKUCICHUS PABHYIO
HYJIIO.

[Tone3Ho 3aMOMHUTB, UTO CMeneHb OKUCTIeHUs. AMOMO8 8
NPOCMbIX euecmeax pasHa Hymio.

®ropun kuciopoaa (OF;), cormacHo Oojee crapuiemy
npasuily 3 ¢top umeer creneHb okucieHus (— 1), torna,
YTOOBl CyMMapHasi CTENEeHb OKHCIIEHHUS Oblila paBHA HYIIIO,
KHCTOpOJ, JOIKEH HMETh CTCNEeHb OKUCIeHHS (+ 2) .
Kcratu, 3T0 eaMHCTBEHHOE COEAMHEHHE, TJe KHUCIOPOJ
UMEET MOJIOKUTEIBHYIO CTeTIEHb OKUCIICHUSI.

CymMapHasi CTereHb OKHCIICHHS IBYX aTOMOB (bpropa paBHa (-2).



['unpun Gapus, cormacHo Oosiee cTapiiemMy mpaBuwry 2.2
CTENeHb OKHCIEeHUU Oapusi paBHa (+2), TOrma CTENCHb
OKHCJICHUsI BOJIopo/ia paBHa (—1).

Kucnoponnbele coenvHeHuss Kajausi: B COOTBETCTBUU C
npaBuiioM 2 (TouyHee 2.1) Kaiuii UMEET CTENeHb OKUCICHUS
(+1), Torma KHUCIOpPOI COOTBETCTBEHHO HMEET CTEeleHb
okucnenust (—2),(—1) u (—1/2). CoenuHeHusi Ha3bIBAIOTCS
COOTBETCTBEHHO OKCHUJI, TEPOKCU/I U HAIIEPOKCH] KA.

®ocdar kanpLus, B COOTBETCTBUH C MPABHIOM 1 MOKHO
COCTaBHUTH ypaBHEHHE:

3CO¢, +2(COp + 4CO()) =0,

rae COj — crenelb OKUCIIEHHUS I-TOr0 aToMa.
N3 mpaBun 2.2 u 4 cieayer, UTO CTENEHb OKHUCIEHUS
KaJpLus paBHa (+2), a kucnopoaa (—2), roraa:
32+2(COp +4(-2)) =0,
otkyna COp paBHa (+5).
AHaJIOTMYHO TIOCTYIIaeM ¢ HOHOM OMXpoMara:
2COcr+7CO0=-2. 2 COcr+7(-2)=-2,
otkyna CO¢, paBHa (+6)
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a) cpearne NaCl, CaCOs, Na,ZnO;

b)kucneie Ca(HCO3),, KHSO,4, NaH,PO,

¢) ocaoBubie CaOHCI, (AI(OH),),SO4, CrOHCI,
d) cmemannbsie CaCICIO

e) neoitasie KAI(SO,),

) kommrexcusie Na[Al(OH),], Ko[Zn(OH)4],
K2[Fe(CN)e]

1.2.3 Oxcuanl
Has3Banue okcumoB oOpa3yeTcst W3 KOpHS JIATUHCKOTO

Ha3BaHMsI KUCJIOpPOJAa C OKOHYaHUeM  “ux” (okcud) u
PYCCKOTO Ha3BaHHsI JJIEMEHTa B POAMTEIHLHOM IafexKe.
Hampumep:  Al,O; - okcun  amomunms.  [pu

HEOOXOJUMOCTH YKa3bIBa€TCSl BAJIEHTHOCTH 3yeMeHTa: FeO
— okcun xkeneza (1), Fe,O3 — okcua kemesa (1), CO —
okcua yrinepona (), CO; — okcun yrnmepoma (IV), mus
MOCJIETHUX JIBYX OKCHJOB HCIIOJBb3YIOTCS U TPHUBUAIbHBIC
(oOmenpuHATHIE) Ha3BaHMS: COOTBETCTBEHHO YTapHBIA H
YTIIEKHUCIIBIN Ta3.

OKcHubl MOKHO TTOTYYHTh:

1. Peaknumeit ropeHuss siaemMeHTa B arMmocdepe
KHCIIOpoJia:

S+0,— S0,
2Ca+ O, —» 2Ca0
2. Peakius ropeHus CIOKHOTO BeIEeCTBa B aTMochepe
KHCIIOpOJa:
CH;+ 20, - CO, + 2H,0



3. Peakuueli pa3nokeHusl CIO0XKHOTO BELECTBA!
t
2F€(OH)3 = Fe,03 + 3H,0

t
CaCO3 = CaO + CO,

[To XMMUYECKMM CBOHCTBAM OKCHIBl JIEJATCS Ha
coneobpasyowue U Heconeobpasyrouue (0e3pa3IndHbIe).

[Tpumepamu  HecoNeoOpa3yIOMIUX OKCHIOB  SIBJISIOTCS
CO, SiO, u np.

Coiteo0Opa3yroniue OKCHUIBl  JCISITCS Ha OCHOBHEIC,
KHCIIOTHBIC U aM()OTEpHBIC.

OcHoéHbLMU HA3BIBAIOT OKCHUJIBI, 00Pa3yIOLIKE COJU MPH
B3aMMOJICHCTBHH C KUCIIOTAMH WJIH KUCIOTHBIMU OKCHIaMHU.
OCHOBHBIM OKCHJIAM OTBEYAKOT OCHOBaHMsA. Hampumep,
okcuay kamus K,;O oTBeuaeT OCHOBaHWE THAPOKCHU Kaus
KOH; oxkcuny meau (I1) CuO — rugpokcun memu (I1)
Cu(OH)s,.

OCHOBHBIE OKCH/IBI PEarHPYIOT C KUCIOTAMH U
KHCIIOTHBIMH OKCHJIIAMHU:

FeO + 2HCI = FeCl, + H,0
Na,O + CO, = Na, COs3
Okcuapl WIENOYHBIX UM IIETOYHO3EMENBbHBIX METAIJIOB
pacTBOpSIIOTCS B BOJE C 0Opa3oBaHUEM PACTBOPUMBIX
THUAPOKCHJIOB.
CaO0 + H,0 = Ca(OH),
K20 + H,0 = 2KOH

OkcHIBI  BCEX OCTAIBHBIX METaNIOB B BOJE HE
pacTBOPSIIOTCS. M COOTBETCTBYIOIIME WM  THAPOKCHJIBI
MOJTYYaOT KOCBEHHBIM ITyTEM.

Kucnommuvimu Ha3bIBAlOT OKCHIBI, 00pa3yloIIMe COIU
IpPH B3aUMOJICHCTBHU C OCHOBAHHMSIMH HJIM OCHOBHBIMH
okcupamu. [Ipucoenuusiss MpsAMO WM KOCBEHHO BO.Y,



KHCIIOTHBIE OKCHJIBI 00pa3yroT KUCIOTHL. Hampumep: okcua
cepsl (V1) SO3; — cepuyto kucnory H,SO4; okena yrirepoaa
(IV) CO; — yronbnyto kucnory HoCOs:
SOz + H,0O = H,SO4

KucnoTHbIE OKCHIIBI pEarupyroT ¢ OCHOBHBIMH OKCHIAMU

Y OCHOBaHUSIMHU:
Na,O + SO3; = Na,SOq4
SO;+ 2NaOH = Na;SO4 + H,0

AmepomepHbimu HA3BIBAIOT OKCHJIBI, KOTOPBIE 00pa3yoT
COJM TPH B3aUMOJICHCTBUM KaK C KHCIOTaMH, TaK U C
OCHOBaHUSIMHU.

t
ZnO + 2NaOH = Na,ZnO, + H,0
ZnO + 2HCI = ZnCl, + H,0
Hecomeobpa3syromune OKCHIBI HE B3aUMOJCHCTBYIOT HU
C KHCJIOTaMH, HH C OCHOBaHHsAMHU. K HUM OTHOCATCSI OKCH
azora (1) N2O, okcua azora (1) NO u T.1.

1.2.4 OcHoBanus
CornacHo TEOpHH AIEKTPOIUTUYECKON JUCCOIMALIUU K

OCHOBaHUSIM  OTHOCATCS  BEIECTBA, CHOCOOHBIE
JMCCOIIMMPOBAaTh B BOJHOM pacTBOpe C 00pa3oBaHHEM
ruapokcua-uoHos  (OH').  Ha3panue OCHOBAaHMI

oOpasyeTcs M3 clioBa “TUAPOKCH]” M PYCCKOI'O Ha3BaHUs
3JIEMEHTAa B POJUTENBHOM IAJEkKe, I0CiIe KOTOpPOoro, B
cilyyae HeOOXOIMMOCTH, PUMCKUMH IHM(PpaMH B CKOOKax
yKa3bIBaeTCsl BAJICHTHOCTH AnieMeHTa. Hampumep: LIOH —
rugpokcun sutust, Fe(OH), — ruapokcua sxemesza (1),
Fe(OH)3 — ruapokcu xenesza (111).

Merozpl oy4eHus: OCHOBaHUI

1. B3anMoelcTBIE aKTHBHBIX METAJUIOB C BOJIOM:

2Na + 2H,0 = 2NaOH + H,T
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2. BzamMmopeiicTBHE OKCHIOB aKTHBHBIX METAJIJIOB C
BOJIOH:
K;0 + H,0 — 2KOH
3. B3aumoneicTBHE€ BOJIHBIX pPACTBOPOB MIEIOYEH C
COJISIMH:
FeCl; + 3NaOH = Fe(OH)s{ + 3NaCl
OcHoBaHHsI JCNATCS TI0 PAacTBOPUMOCTH M CHIJIE.
PacTBOpuMEIE B BOJIE OCHOBaHUS HA3bIBAIOTCS wyenoyamu. K
IICJIOYHBIM OTHOCATCS THAPOKCHUIIBI IEIOYHBIX METaJIOB
(Meramutel | rpynmel TIABHOW MOATPYNIBI  ITEPUOTUICCKON
cucremsl - Li, Na, K, Rb, Cs, Fr) u 1meno4nozeMenbHbIX
metaiioB (Ca, Sr, Ba, Ra). Illemoun OTHOCATCS K CHIIBHBIM
JJICKTPOJIUTAM, T.K. CTCIEHb WX JTUCCOIMAIIMM HA HMOHBI
omm3ka k eauauie (oo = 1). I'mapokcuapl Bcex OCTaIbHBIX
METaUIOB B BOJIC TMPAKTHYECKH HE PaCTBOPSIOTC.
Jucconuaruss MHOTOBAJICHTHBIX THAPOKCHUIOB METAJIOB
IPOUCXOAUT cTyneHvaro. [IpudyeM aucconualys mno nepBoi
CTYIIEHH TIPOTEKaeT OoJiee TIOJTHO, YeM TI0 BTOPOH W
T.1.(mouemy? Jlaiite oObsICHEHHE. ).
Al(OH); 11 Al(OH)," + OH~
AI(OH),* S AIOH* + OH"
AIOH* 5 AP* + OH™
Homenxnamypa HOHOB, TTOJTYYAFOTIUX CS pu
JUCCOLIMAIIMU OCHOBAHUS, CTPOUTCS CIEIYIOIIUM 00pazoM:
MpHUCTaBKa, 0003HAYAIOMIAs CKOJIBKO THIPOKCHIBHBIX
TPpyOn  OCTaloch TOCIE JIUCCOLMANuU, J00aBlseTcs
THAPOKCO-HOH U PYyCCKOE Ha3BaHUE METaJlIa:
Al(OH)," - JTUTHIPOKCO-MOH ATFOMUHUS,
AlIOH? — TUAPOKCO-UOH aTFOMHUHMUS,
AP — yon amomunus.
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Bonubie pacTBOpsl OCHOBaHMM 00Jagal0T  OOIIUMU
CBOIicTBaMH, OOYCIIOBJICHHBIE HaJlM4uWeM OOIIero HMOHA —
ruapokco-annona OH'. XapakTepHbIM CBOHCTBOM BCEX
OCHOBaHUH SIBISIETCS UX CIIOCOOHOCTH B3aMMOJICHICTBOBATH
C KHCJIOTaMH, KHCJIOTHBIMH U aM(OTEPHBIMH OKCHIAMH C
00pa3oBaHUEM COJICH.

7
KOH + HNO3; = KNOs + H,0O
Ca(OH), + CO, = CaCOs| + H,O

t
2NaOH + ZnO = Nay,Zn0O, + H,0
[Ilenoun MOryT B3aMMOAECHCTBOBATH C PacTBOpPaAMHU
coJiell ¢ 00pa3oBaHMEM HEPACTBOPUMBIX OCHOBAHUM.

NiCl, + 2KOH = Ni(OH),| + 2KClI

1.2.5 Knuciaortnl
Baxxnprit KJIacc HCOPraHMYECKUX  COCAMHCHHMIA,
BBIIEIISIEMBII J1(0) (G YHKIIMOHATHHBIM MpU3HAKaM,
COCTaBJIAIOT KUcaiomeol. C MMO3ULIUMHU Teopuu
IEKTPOJIMTUICCKON JHCCOIMANMHA K KHUCJIOTaM OTHOCSTCS
BEIIECTBa, CIOCOOHBIE AMCCOIMUPOBATH B PacTBOpE C

o0pa3oBaHHEM HOHOB BOJIOPO/IA.

HCl > H"+CI
Pa3nmuyaroT KHCIOTBI IO HMX CHJIE, OCHOBHOCTH H
HAIMYUIO aToMa KHCJIOpoJa B MOJIeKyie KuciaoTel. Cuina
KHCJIOTHl 3aBHUCHUT OT CTEIEHU €€ MMCCOLMAIMM B BOJHBIX
pactBopax: cuibHbie kucinoTel — HCI, HCIO,4, H,SO4 u mip.;
cmabeie kucnoTel — HpS, HNO,, H,CO3 u np.  OcHOBHOCTB
KHCIIOTBI  OTIPENCNIICTCS YHCIOM aTOMOB BOJOpOJa B
MOJIEKYJI€ KHUCIIOTBI, CIIOCOOHBIX 3aMeIIaThCsl Ha METalll C
o0Opa3oBaHUEM COJIH. Pa3muvaroT OJHOOCHOBHBIC KHCIIOTHI
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(HCI, HNOsz, HNO,), mByxocuoBubie (H,CO3 H,SOy),
tpexocHoBHbIe (H3PO; H3BO3) u t.n. Ilo wHamumuwmro
KHCIIOPOJIa B COCTaBE MOJEKYIbl KHCIOTHI JEIATCS Ha
KHCIJIOPOJICOACPIKAIIIIE u (HNOs3, H,CO3) u
oeckuciopoansie (HCI, HoS).

Ha3BaHust  KUCIIOT  TPOU3BOAAT  OT  DJIEMEHTA,
00pa3yrolero Kucjiaory.

B caywae 6eckucnopoouvix Kuciom K PycCKOMY
HA3BaHHUIO JJIEMEHTA (WM TPYIIE 3JIEMEHTOB, HampuMep
CN — nuan), o6pa3yromiero KUciory, 100aBisioT cypdukc
“0o” wm cmoBa  “BojmopoaHas  kucmorta’: HF o —
dropoBoopoaHas kuciora, H>S — cepoBomopomHas
kucnora, HCN — nnanoBo10poTHAST KHCITOTA.

HasBanuss  xucnopoocooepocawux xuciom CTPOUTCS
CICIYIOIUM 00pa3oM: K KOPHIO PYCCKOIO Ha3BaHHS
KHCIIOTOOOpa3ymoIiero ajeMeHTta nobapinsercs cypduxc u
OKOHYAHUE, 3aBUCANINEC OT CTCIICHH €ro OKHUCJICHHS, H
N00aBIIIETCSI CJIOBO KUCIOTA. [IpM MakcUMalbHOW CTETIEHU
OKUCJICHUS KHCIIOTOOOpa3oBaTes HCTIOJIE3YIOTCS
cyhdukch U OKOHYaHMS —Has, —Bas WM —eBasi/oBast. [Ipu

,I[perfI CTCIICHU OKUCJICHUA —HHUCTasA UJIN —UCTasd.

Hanpumep: H;SOs — cepras xucnora, HySO3 -—
CepHuCcmas KACIOTA.

H,SiO3 — kpemHuesas kucnora, HNO, — asotucmas
KHCJIOTA.

CreneHu OKHCIEHUS KHCIOTOOOpa3oBarenel ompenenuTe
CaMOCTOSITENTBHO.

HckmroueHne  COCTaBISIOT — KUCIOPOJHBIE — KHUCIOTHI
XJiopa:
HCIO, — xmnopnas, HCIO; — xmopHosaras, HCIO, -
xnopuctast 1 HCIO — xyopHOBaTHCTast KUCIIOTHI.
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OngHOMy M TOMY JK€ KHCIOTHOMY OKCHAY (Hampumep
P,0Os) Moryr coOTBETCTBOBaTb HECKOJBKO  KHCIOT,
colepXKalxX 10 OJHOMY aTOMy JaHHOTO JJIEMEHTa B
mosiekyne, Hanpumep HPOs; u H3PO4. B aToM ciywae k
HAa3BAaHUIO KHCJIOTBL, COJAEpIKaIlell HaWMEHbBILEE YHCIIO
aTOMOB BOJ0OpoOAa, O00aBisieTcsl MpUCTaBKa Mmemd, a K
Ha3BaHUIO KHUCIIOTHI, COJEpKalleil HauOoJbIIee YHUCIIO
aTOMOB KHCJOpOJia - MPHUCTaBKa opmo, KOTOpas 4acTo
omyckaercsi: HPO; - metadochopnas, HsPO, -
oprodochopnas (pochopnas) kucnorsl. Ecnu sxe Monekymna
KHCJIOTBI COJICPIKHT HECKOJIBKO aTOMOB
KHCIIOTOOOPA3yIoIIero SJeMEeHTa, TO Ha3BaHUE KHUCIOTHI
CHa0KaeTcsi COOTBETCTBYIOLIEH YMCIUTEIBHON NPUCTABKOM,
Harpumep: H4P,0- —nBydochopnas (Tounee
nupodocdopnas), H,B4,O7 — geTbipexOopHas KUCIOTHI.

Ha3panust  HEKOTOpPBIX  KHUCIOT  TNPUBOAATCA B
pUIIOXKeHuu 1.

KucnoTel MOXKHO MONTY4YHTHh PACTBOPEHHUEM KHCIOTHBIX
OKCHJIOB B BOJIE M peakiueit oOMeHa

SOz + H,O = HySO,
Na,SiO3; + 2HCI = H,Si03] + 2NaCl

Jucconuaruss MHOTOOCHOBHBIX KHCIOT TMPOHCXOJIUT
CTYIIEHYAToO.

H3;PO4 S H,PO, + H*
H,PO;,” S HPO,/” +H*
HPO,* 5 PO, +H'

Homenxnamypa uorno xuciom (KUCIOMHBIX OCMAMKOS).
K kopHIO JaTMHCKOTO Ha3BaHUs KHUCIOTOOOpA30BATEINS
n00aBIsIETCI OKOHYAHUE:

€CJIM KHCIIOTa OECKUCIOPOAHAs —M;
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€CJIM KUCJIOTa KUCIOPOAOCOAepIKaIiasi, TO P BhICIIEH
CTEIIEHU KUCII0TOOOpa3oBareis —aT, Ipu JAPYroi —uT.

[Tocrne gero nqoGaBisieTcst CIOBO MOH (aHUOH).

S04 - cynbham—uoH, S0s- - cynbum—uon, NO; ™ —
HUTPUM—WOH U T.1I.

HckmioueHne COCTAaBISIIOT HMOHBI KHCJIOT AJIEMEHTOB
CEIIbMOM TPYIIITBI:

IPHU BBICIICH CTENEHW OKHCICHUS 3JIEMEHTa — IPHUCTaBKa
nep— U OKOHYaHWE —aT, 3aTeM IO Mepe YMEHBIICHUS
CTCIICHU OKHCIICHHS OKOHYaHHs —aT, —MT U T'HNo(KOpEHb
JATHHCKOTO HA3BaHUS 3JICMCHTA)MT:

ClOs — nepxmopam—uon, ClO3 — xmopam—uoH,

MnO, — nepmaHTaHam—WoOH, MnO42_ — MaHraHam—H1oH,
ClO;” — xnopum—wuon, CIO™ —eunoxnopum —1oH.

Ha3Banusi WMOHOB HEKOTOPBIX KHCIOT TIPUBOMISTCS B
NpUI0KeHUH 1.

Ecim kuciora mpoaucconmupoBaia HEIMOIHOCTBIO, TO K
Ha3BaHUIO HWOHAa  JO0ABISETCS  TPHCTaBKa, KOTOpas
YKa3bIBAET CKOJILKO aTOMOB BOJOPOJa OCTAJIOCh U CJIOBO
TUAPO:

H,PO, — muruapodochar—non;
HPO,* — ruapodochar—HoH.

OO0mue cBOWCTBAa KHUCIIOT OINPEAENSAIOTCS HATUYUEM B
pacTBOpax KHCIOT OOIIEro HOHA — KaTHoHa Bojopoxa H'.
XapakTepHbIM CBOWCTBOM KHUCJIOT SIBJISIETCS X CLIOCOOHOCTh
B3aMMOJECMCTBOBATh C OCHOBAaHUSAMH, OCHOBHBIMH W
aM(OTEepHBIMU OKCUAAMH ¢ 00pa30BaHUEM COJIEH.

H,SO, + CU(OH)2 = CuSO, + 2H,0
2HCI + CaO = CaCl; + H,O
2HCI + ZnO = ZnCl; + H,0
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Kucnorel pearupyror ¢ MeTaulaMH, CTOSLIUMU B ALY
HaNpsDKEHUs. 10 BOJOPOJA, C BBIJEIEHHEM Ia3000pa3HOro
BOZOpOJA:

Zn + 2HCI = ZnCl; + Hy?
Kpome 3TOro, CHIIbHBIE KHCIIOTBI BBITECHSIOT cialble

KHCJIOTBI U3 PAaCTBOPOB UX conen
Na,S + 2HCI = H,S1 + 2NaCl

1.2.6 AmdoTepHbIe THAPOKCH/IBI
B 3aBucumoctH OT XapakTepa cpeabl amgomepnbie
2UOpOKCUObl  CIIOCOOHBI  TUCCOLIMHUPOBATH B BOJHBIX
pacTBOpax Kak II0 THUIY KHUCJIOTHI (¢ o0Opa3oBaHueM
KaTHOHOB BOJIOPOJIa), TaK W IO TUILy OCHOBaHUU (C
00pa30BaHUEM I'MJIPOKCO-aHUOHOB):
2H* + Zn0,>” 5 Zn(OH), 5 Zn** + 20H"
B ILIEJIOYHOM cpene B KUCIIOH cpenie
[TosToMy amdoTepHbIE THIPOKCHABI 00pa3ylOT COJU
Opd  B3aMMOJEHCTBMM KakK C KHCIOTaMH, TaK U C
ocHOBaHMAMH. [lpm peakuusx ¢ KuciaoTamu amM(pOTEpHEIE
THJIPOKCUBI TPOSBISIIOT CBOMCTBA OCHOBAaHUHM, a Tpu
PEaKIHsIX C OCHOBAHHMSIMH — CBOIMCTBA KUCIIOT.

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

t
Zn(OH), + 2NaOH = NayZnO; + 2H,0
PactBopenne amM@oTepHBIX THIPOKCHIIOB B pPacTBOPAX
iesoyein IIPOTEKAET c o0pa3oBaHuEM
TUAPOKCOKOMIUIEKCOB:
Zn(OH), + 2NaOH = Naz[Zn(OH)4]
Al(OH)3; + NaOH = Na[AlI(OH)4]
AmMpoTepHbIe THAPOKCHIBI B OCHOBHOM Ha3bIBAIOTCS KaK
OCHOBaHU$, €CJIM HEOOXOIUMO MOAUYEPKHYTh UX KUCIOTHBIN
XapaxkTep, TO Ha3BaHUs CTPOATCS KaK Y KUCIIOT:
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H,Zn0O; — munkoBas xuciora, ZNOs2— — MUHKAT—HOH,
H3sCrO3; — xpomucTas KUciora, Cr033‘ XPOMHT—HOH,
[AlI(OH),4]” — TerparuapokcoantoMUHAT— HOH.

1.2.7 Coun
Conu MOXHO paccMaTpuBaTh KakK IMPOLYKTHI ITOJIHOTO
WIM YaCTUYHOTO 3aMELICHMsI aTOMOB BOJOPOZAA B KUCIIOTE
Ha METaJUl, WIM KaK NPOAYKTHI IOJHOTO WM YaCTUYHOIO
3aMEUICHUS] TUAPOKCO-TPYIIIBI B MOJIEKYJE OCHOBaHMS
KHMCJIOTHBIMHM OCTaTkaMu. [Ipy mogHOM 3aMeleHHH aTOMOB
BOJIOPOJIa B MOJIEKyJe KHUCIOThl 00pa3yloTcs CpeaHue
(HOpMaJIbHBIE) COJIM, IPU HENOJHOM — KHUCJIble cosu. Takue
colM 00pa3yloTcs TOJIBKO MHOIOOCHOBHBIMH KHCIIOTaMHU.
[Ipy yacTHYHOM 3aMELIEHUN THIPOKCOTPYIIIBI B MOJIEKYIIE
OCHOBAHHUS KUCJIOTHBIMH OCTaTKaMH 00pa3yloTcsi OCHOBHbIE
conu. OCHOBHBIE COJIM MOTYT 00pa3oBaHbl T'MIPOKCHJAMU
MHOT'OBQJICHTHBIX METAJIJIOB.
Conu MOXXHO TOJTYYUTh CIEAYIOLUUMU PEAKIIUSIMU:
HemocpencTBeHHbIM — B3aMMOJCHCTBUEM  MeTaula U
HEMeTajuia
Zn+S =7nS
JNIEUCTBHEM KHUCIOTHI Ha METaJI
Zn + H,SO,=ZnS0O, + HzT
B3aUMOJICVICTBUEM METAJIA U COJIH
Zn + CuSO4 = ZnS0O4 + Cu
JEHCTBUEM KHUCIIOThl Ha OCHOBHOM WM aM{QOTEpHbIN
OKCHJ
CuO + HS0O4= CuS0O,4 + H,0O
Zn0O + 2HCI = ZnCl, + H,0
B3aUMOJICVICTBUEM KHCIIOTHOTO OKCUA U OCHOBAHUS

CO;, + Ca(OH), = CaCO3] + H,0
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B3aMMOJICHCTBHE KHCIOTHOTO M OCHOBHOTO OKCHA
CO, + Na,O = Na,CO3
peakuue HeuTpaau3anuu
KOH + HCI = KCI + H,0
peakuuell oOMeHa MEXIy COJISIMU
BaCl, + Na,SO, = BaSO, + 2NaCl
JIEUCTBUEM KHCIOTHI HA COJIU
CaCOj3 + 2HCI = CaCl;, + CO,1 +H,0
JEUCTBUEM IIECIIOYH Ha COJIHU
FeCl; + 3KOH = Fe(OH)3| + 3KCI
Kucnpie conu moy4daroT nMpu B3aUMOJICHCTBUU KHCIIOT C
OCHOBaHUSIMU B T€X ClIyyasx, KOTJa KOJMYECTBO B3ATOTO
OCHOBaHUS HEJOCTATOYHO IS OOpa30BaHMsI CPEIHEH COJH:
H,SO,4 + NaOH = NaHSO, + H,0
OcHOBHBIE COJM O0pa3yroTCs B TeX Ciydasx, Korja
B3STOIO0  KOJHMYECTBA  KUCJIOTHI ~ HEJOCTATOYHO  JUIA
00pa3zoBaHus CpeIHEN CONH
Fe(OH); + HCI = Fe(OH),CI + H,0

HasBaHus coneil COCTaBISIOT U3 HAa3BaHHsI MOHA KUCIIOTHI B
UMCHUTEJIBHOM MaJeKe ¥ Ha3BaHUS MOHA OCHOBAaHHS B
POIUTENBHOM Majiexe (03 CIOB HOH).
Al(NO3)3 — HUTpAT aTFOMUHUS,
CaSO3 — cynbGUT KaIbIys;
Ba(HS), — ruapocynbdu 6apus;
(FeOH),S0O,4 — rumpokcocynbdat xenesa (11);
FeOHSO, — rumpokcocynbdar sxenesa (I11);
[Fe(OH);]2SO4 — rumpokcocynbdar sxernesa.
HasBanme cpemHux  coneil  HEKOTOPBIX  KHUCIOT
NPUBOJIATCS B MIPUIOKEHHH 1.
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Ha3Banust 1BOHHBIX coneil oOpasyercs W3 Ha3BaHUS
AHMOHA U PYCCKOrO Ha3BaHUS METAJUIOB B POAUTEIBHOM
najexe:

KAI(SOy); — cyabdar kaaus aTrOMHHHUS.

Ha3Banusa cmemaHHBIX COJIEM: HAa3BaHUE AHHOHOB M
PYCCKO€ Ha3BaHMS METAJJIOB B POJIUTEIBLHOM Ma/IEKe:
CaCICIO — xnopu, THHOXJIOPUT KaJbIIHS.

1.3 DkcnepuMeHTAIbHASA YaCTh
IIpuboper u peaxmusvl: CTEKISHHAs 1OCYJa, PACTBOPHI

NH4OH, NaOH, HCI, Al5(SO4)3, CuSOy4, FeCls.

Onvim 1.1. AMdoTepHOCTh THIPOKCHUIA ATTFOMUHUS.

B mpobupky naneiite 0,5...1 mz pactBopa Aly(SOy)s,
3ateM mnpuiedte 2...3 mz pactBopa NH,OH. UYto Bo
HaOmogaete? Pa3Memaiite pacTBOp ¢ OCaIKOM U Pa3eiIUTe
ero Ha nBe mpobupku. [lanee B onHy mpoOupKy aA00aBbTE
HeOonpmmu opiusima pacteop HCI, B apyryro NaOH.
Yro Bel Habmonaete?

Onvim 1.2. N3yuenue cBoiicts ruapokcuna meau (11).

B mpobupky Hamedite 1mz pactBopa CuSOs, 3aTem
no6asbte 2...3 ma pactBopa NaOH. Uro Brl Habmogaere?
PactBop ¢ ocagkoM paszMmemanTe W pasieuTe Ha TpHU
npobupku. B oany Haneiite pacteop HCIl, B apyrymo —
NH4OH, B Tpetsto — NaOH. 3anummute cBon HaOIIOEHUS.

Bo Bcex ompITax HAaNWIIATE ypaBHEHUS  BCEX
POBOJUMBIX PEAKIUNA B MOJIEKYJISIPHOM M COKpPALICHHOM
MOHHOM BHJe. J[aliTe Ha3BaHUS BCEM MPOIYKTaM PEaKIUH.
CnenaiiTe  3aKiIlOYeHME O  XapakTepe  HCCIEAYeMbIX
THJIPOKCHIOB METAJIIOB.
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1.4 3agaum

[TosyunTs y npenonaBaress HOMEp BapuaHTa(OB), TEKCT
KOTOPBIX IPUBOAUTCS B Tabuie 1.

B kaxnom u3 BapuaHTOB HEOOXOIUMMO BBIIOJIHUTH
CleyIolee:

1. Hammcate ¢opMynbl COCTUHEHUH, NMPHUBEICHHBIX B
IEpBOM CTOJOLE M ONPEeNeNUTh CTEHEHb OKHCICHHS
Ka)KJ0r0 JIEMEHTA B JAHHBIX COEIMHEHUSX.

2. JlaTh ompeneneHre NOHATUIO, YKa3aHHOMY B CTOJIOLE
2. OnucaTh NOBEJECHUE NPUBEACHHOIO BEIIECTBA B BOJIE.

3. HanucaTh B MOJEKYJISIPHOW M COKPALIEHHON MOHHOU
dbopmax YPaBHEHUSI PEAKIUHA  MEXAY KHUCIOTOM H
OCHOBAaHMEM IPHUBEJICHHBIM B cTOJOLE 3 ¢ 00pa3oBaHUEM
BCEX BO3MOXHBIX COJIEW (CpeaHsisi, OCHOBHBIE U KHCIIbIE).
JlaTb Ha3BaHUE Ka)KJI0M COJIN.

4. Jloxazatb aM(OTEpHBI XapakTep TUAPOKCHIA,
yKazaHHoro B croiOue 4,  paccmarpuBas — €ro
B3aUMOJICUCTBUE C KHCIOTOW H IIEIOYbI0. YPaBHEHHE
peaknuii HanmucaTh B MOJIHOW M COKpAIEHHOM (opme.
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KOHTpOJ’IBHBIC 3aJaHusA

Tabnuyal

Bap 1 2 3 4
uaH
T

1| Oxenn nuxens (11),

HUTpAT KaTbIls, Oxcu, KOH+ Sb(OH)s
COZ H2C03
runoxaopua mean(11)

2 Oxkcun xpoma (I1I),

Cynb(UT Kaus, OcuoBanue, | Fe(OH),+ | Be(OH),
ruzapodocdar xenesa Ca(OH). HCI
(111)

3
Okcun yriaepoaa (I1), )

OpOMMI JIUTHS, Kucnora, | Ni(OH), + | Sn(OH),
rUapoCy b H»S H,S04
K00anpTa(1I)

4 | Okenn cepsl (1V), Coub, NaOH + Pb(OH),
KapOOHAT HaTpHsl, Al2(SO4)s H2S03
THIPOKCOHUTPAT
IIMHKA

S | Okena mMaprasua Awmdotepn | Pb(OH), + | Cr(OH)3
(viI), hocdar Harpusl, blid H2S04
ruapokabonar Maraus | [HAPOKCHI,

P Pb(OH),

6 Oxcrn me (1) OcHoBanmue, KOH + Sb(OH);
HUTPUT Oapus, Fe(OH). H2SiOs
THAPOKCOHUTPAT
HUKen (II)
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Bap 1 2 3 4
uaH
T
7| Okenx xpoma (VI), )
bocdar xanbis, Oxcua, SO, | Ni(OH), | Be(OH),
TUAPOCYIbPUT + HNO;3
kobaibTa (I1I)
8 | Oxcun MHKa, XJIOPHT
wmapranma (11, Kucnora, Sr(OH),+ | Sn(OH);
TUJIPOKCOXJIOPH H2S03 H3POq4
xene3a (I111)
9 | Okcun aaTroMHUHUS,
CHITMKAT KaJIus, Cous, AICl; | Co(OH), | Pb(OH),
nuruapodocdar + HySO4
KaJIbIUs
10 Oxcup a3ora (I), AIE@OTepH
HUTPHUT aMOHHS, Il NaOH + | Cr(OH)s
JUTUAPOCYITH(AT TUNIPOKCHT, H3PO,
ATIOMHUHHUS Zn(OH),
11 Okcwup azoTta (1Iv),
nepmanranar kams, | OCHoBanue, | Co(OH), Be(OH):
THIPOCUIIMKAT HATPHUS Cd(OH). +HCI
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Bap 1 2 3 4
HaH
T
12 Oxcup xenesa (111),
XJI0paT Kajus, Kucrora, HoMnO4 + | Sb(OH)3
TUAPOCYIb(aT H3PO4 KOH
koOaibTa (I1I)
13 | Okcun KpemHHs,
docdar kanmus, Okcup, K;O | Fe(OH),+ | Sn(OH)
THIPOCYIb(AT KaIMHUS HCI
13 | Okcupg kpemHus,
docdar kaamus, Oxcua, KoO | Fe(OH),+ | Sn(OH),
rUApOCyNbQaT KaaMUs HCI
14
Oxcup osoBa (1V),
ATIOMIHAT KA, Counb, KOH + Pb(OH),
THIPOKCOHUTPAT MgCl, H2S03
[[UHKA
15 Oxcwun docdopa (I11),
JIXPOMAT Kaus, AI:/[q)OTepH Fe(OH), + | Cr(OH);
nuruaponupodocdar | PH H2S04
KIS THIPOKCH]I,
Zn(OH)2
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Bap 1 2 3 4
uaH
T
16 | Okcupa Mbimbska (V),
XJIOPUJI aMMOHHUH, Oxcun, NO, | Fe(OH),+ | Be(OH),
JITHIPOKCOXIIOPU HCI
xpoma(I1I)
17 | Okcua kanus, pochut
KaJus, OcuoBanue, | Fe(OH),+ | Sb(OH);
TUAPOKCOXJIOPHUT NaOH HCI
QTIOMUHUS
18 Okcup xyopa (VII),
HUTPHT KATHS, Kucnora Fe(OH)2+ | Sn(OH);
THIPOKCOHUTPAT MEIH HNOs HCI
(11)
19 | Okcunp nuTHs, XJIOPHT
oepuus, Comb, NaCl | Ba(OH),+ | Pb(OH);
ruapodocdar kanprus H2S0;
20 Oxcuy 6poma (I1I), Amdorepro i
apCceHaT KaJusl, © Ni(OH), + | Sb(OH)s
JUTHIPOXTIOPHII TUAPOKCHU]T, HNO;
XpoMma Be(OH).
21 Okxcun cepebpa,
HOIU aMMOHMS, Kucnora, Ni(OH),+ | Be(OH),
muruapodocdar H4P,07 HCI
KaJIb IV
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Bap 1 2 3 4
vaH
T

22 | Oxemn asora (1),
bocdar xanus, Kucrora, Ca(OH), + | Cr(OH);
THAPOKCOXIIOPH HCIO H>SO4
menu (II)

23 | Okcun xenesa (111),
cynb(GUT MarHus, Coub, AICI; | Fe(OH),+ | Al(OH)3
rugpokapOoHar HNO3
HaTpPUSI

24
Oxkcup Mapranua (Iv), _
HHUTPUT CTPOHIIMS, Coub, LIOH + | Sn(OH),
THJIPOKCOCYNIb(haT K>COs3 H2CO3
menu (II)

25
Oxcupn ypana (I11),
cynbdu Gapus, II-<|II/\I/ICHg)Ta’ T_:’%I({;r Sh(OH);
TUAPOKapOOHAT KaIus N4 2S04
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Bap 1 2 3 4

uaH

T

26 Oxkcwun ximopa(VII),
METAATIOMIHAT KI/ICTIOTa, Ba(OH),+ | Zn(OH),
HATPUS, HzSIOg HzSO4
THIPOCYIbPUT Oapust

27 | Okcup mesws, Kucnora, Cu(OH), | Pb(OH),
ruApocyibdat HF + H,SO3
KaJIbIIHS, CHJIUKAT
KaJIust

28 Oxcr xopa (II1), Kucnas Pb(OH); + | Be(OH);
WOJIA]] CTPOHIINS, COJIb, H2COs
THIPOKCOXJIOPHI0apH NaH,AIO;
s

29 | Okcupg nona (V), OcHoBHas H,CrO4+ | Al(OH)3
muruspodocdar COJlb, Ba(OH),
pyouIus, CTaHHUT CaOHBr
Gapust

30 | Oxcun dropa, Oxcun, SO, | NH4OH +
cybduI KeIe3a HsPO, Cr(OH)3

(111), rugpoapceHar
Kajaus
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JlaGopaTopHas padora Ne2
OnpeaesieHue 3KBUBAJIEHTAa MeTaJLIAa

METOAOM BBITECCHEHUA BOA0OpPOAA

Llenv pabomei: 03HAKOMHTBCS C OJHUM H3 CHOCOOOB
9KCIIEPUMEHTAJILHOTO OIpEAeICHHUs] SKBUBAJIEHTa MeTallja,
MCTOHHKOﬁ U3MCPCHUA O6’beMa rasa, BbIACIAIOMICTOCA IIPU
peakiuu, pacyeTamMH, CBSI3aHHBIMM C MPUMEHEHUEM
OCHOBHBIX I'a30BbIX 3aKOHOB.

2.1 Bompocsl 1jis1 TOATOTOBKH K co0eceI0BaHUI0

2.1.1 Yrto Takoe XUMHUYECKUH IIIEMEHT?

2.1.2 Yo Ha3wpIBaeTCS OTHOCUTEIBLHON aTOMHOM Macco,
MOJIEKYJIIpHO# Maccoit? [Ipumepsl pacueTos.

2.1.3 Kak BbI moHMMaeTe TepMUH "MOJIB"?

2.1.4 OcHoOBHBbIE KJ1acChl HEOPraHUYECKUX COEIUMHEHUM.

2.15 Yro BBl IOHUMAETE NIOJT TEPMUHOM "IKBUBAJICHT

2JIEMEHTA, DKBUBAJIEHT CJIOKHOTO coequHeHus"?

2.1.6 Uto Takoe SKBUBAJICHTHAsI MOJIsIpHAst Macca?

2.1.7 Kak paccuuTaTh S5KBUBAJICHT 2JIEMEHTA, KUCIIOTHI,

ocHoBaHwusi, conu? [Ipumepsi.

2.1.8 B uem cymHocTh 3aKOHA YKBUBAJICHTOB?

2.1.9 OcHOBHBbIE Ta30BbIE 3aKOHBI.

2.1.10 YpaBuenue Knaneiipona — Menzeneesa.

YHuBepcanbHas Ta30Basi IOCTOSHHAS U €€ PU3NIECKHI

CMBICIL.

2.1.11 Kakue eiie 3akoHbl XUMUM Bam u3BecTHbI?

2.2. TeopeTnuyeckasi 4acTh

OnbIT MOKa3bIBAa€T, YTO BELIECTBA B3aMMOJIEUCTBYIOT
JIpyr C APYTrOM B CTPOTO OMPENEIECHHBIX COOTHOIICHUSX.
Hampumep, ¢ 1,008 r Bogopona coeaunsitorcsi 6e3 ocrartka
8,00 r xucnopoaa wiu 20,04 r kaneuus, win 16,00 r cepsl.
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OTH KOJHWYECTBA SKBHUBAJICHTHHI (PaBHOLIEHHBI) MEXIY
co00Iii.

OKeusanreHmom 6ewjecmea HA3ZBIBAIOT DPEATBHYIO WU
YCIOBHYIO YacTUIly BellecTBa A, KOTOpas B JaHHOU
00OMEeHHOI peakunyu 0OMEHUBAET OJUH OJHO3APAIHBIN HOH
(manpumep H') mm B JIJaHHOM OKHCIIUTENBHO-
BOCCTAHOBUTEJILHON peaKIIMU MEPEHOCUT OJMH AJIEKTPOH.

Dakmop  IKEUBANEHMHOCMU fors(A) - 9HCIIO,
o0o3Hayaroliee, Kakas J0Js peaJbHOM YacTHIIbI BEIIeCTBa
A SKBUBAJIGHTHAa OJIHOMY HOHY BOJOpOJa B JaHHOM
KHCIIOTHO-OCHOBHOW pPEaKIMU WM OJHOMY OJIJIEKTPOHY B
JTAaHHOM OKHUCJIMTEIbHO-BOCCTAHOBUTEIBHON PEaKIUH.

@DaKkTOp HSKBUBAJCHTHOCTH PACCUMTHIBAIOT Ha OCHOBE
CTEXMOMETPUH JAHHON peaKluu U3 pPaBEHCTBA!

s (A) = 1 , (2.1)
z
I71€ Z - OCHOBHOCTb KUCJIOTHI MJIM KUCIOTHOCTh OCHOBAHMS,
WIM YHUCJIO JIEKTPOHOB, INPUCOECIUHSAEMBIX WIH TEPSIEMbIX
YacTUIIE B JAHHOH OKHCIMTEIbHO-BOCCTAOBUTEIBHOMN
peakuuu.

@akTOp HKBUBAJICHTHOCTH 3aBUCUT  OT pPEaKUUU, B
KOTOpOM y4acTByeT JaHHOE BEILIECTBO, Tak A pochopHoit
KHCJIOTBI B pEAKIIUSAX:

a) H3PO4+ NaOH = NaH,PO4 + Hy0O; f, = 1/1=1,;

6) H3PO4+ 2NaOH = Na,HPO, + 2H,0; f,, = 1/2;

B) H3PO, + 3NaOH = NasPO, + 3H,0; f,,=1/3.

JIns mepmaHranara Kajivs B peakiusx:

a)  MnOs +8H" + 58 > Mn*" + 4H,0; f,, = 1/5;

6) MnO,; + 2H,0 +38 > MnO, + 40H ; f, =

1/3;

B)  MnOs +18 > MnO~; foq = 1.
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MOJZ}ZpHa}Z macca IKeuesaienma (3K6M661/l€HmHa}Z
MOJIAPHAA Macca) seuyecmea_— OTO MacCa OJHOIO MOJIA
3KBHBAJICHTA BCIICCTBA.

1
Ma-1/7) = 7 ‘M(A)

EnuHuna w3MepeHHs MOJISIPHOM MacChl SKBUBAJICHTA —
e/monb (Wu 2/(2-9K8)).

Ilpumep 2.1. OnipenenTh SKBUBAJICHT M SKBUBAJICHTHBIC
Macchl 3J1eMeHTOB B coequnenusx: HBr, H,S, CHa,.

Pewenue: B ykazaHHbIX cOeAMHEHUsX C | Moiem aroMoB
BoZloOpoaa coeauHsieTcss 1 Monb aroMoB Opoma, 1/2 mous
aTOMOB cepbl U 1/4 Mo atoMoB yriiepoaa. CieroBaTensHO,
COTJIACHO OINPENICIICHUIO, JKBUBAJICHTHI OpoMa, Cepbl H
yriaepojaa paBHbI COOTBETCTBEHHO | mMomto. 1/2 u 1/4 momns.
Hcxons ©3 MONBHBIX Macc aTOMOB JTHUX JJIEMEHTOB,
HaxoJIMM, YTO OKBHUBAJCHTHAs MOJISIpHAas macca Opoma
paBHa 79,9 2/monw, cepwl paBHa 32,06 © 1/2 = 16,03 o/mons,
yrinepoaa passa 12 ~1/4 = 3 r/mouns.

OKBUBAJICHTHl M OKBHBAJICHTHBIC MOJISIPHBIE MAacChI
HaxomAT au0O0 10 JAaHHBIM aHallM3a COeQWHEHHH, TU00 Ha
OCHOBaHUHU PEAKIIUU B3aUMOJCHCTBUS JTaHHOTO BEIIECTBA C
JPYTUM BEILIECTBOM, SKBHUBAJIEHT KOTOPOTO HU3BECTEH IO
3aKOHY SKBHUBAJICHTOB:
maccwl gewecms, peaupyrowux medxcoy cooou 6Oe3
ocmamxka
NPAMONPONOPYUOHAIbHBL CBOUM IKBUBANEHMAM

MatemaTuyecku 3TOT 3aKOH BBIpaXkaeTcs CIeAyIoLeit
3aBUCHUMOCTBIO:
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m_ 91

o (2.3)

TJIe M1 1 My — MacChl pearupyronux BeIecTs, 2;

D1 ¥ D9 — UX DKBUBAJICHTEL.

Ipumep 1.2. 0,72 2 anromunus odpasyer 1,36 ¢ okcuna.
OnpenenuTs SKBUBAICHT AIFOMUHUS U €r0 SKBUBAJICHTHYIO
MOJIIPHYIO Maccy.

Pemienue. B cooTBeTCTBUY C 3aKOHOM YKBHUBAJICHTOB

Ma _ Oal
Mo 902

TIe my —Macca almoMuuus, my = 0,72 2;

mo; - Macca Kuciopoja, mo; = 1,36 — 0,72 = 0.64 ¢;

Dp2 — SKBUBAJICHT KHCIIOpoaa I, = 8.

[ToncraBuB 3HaUEHUS 3TUX BEIUYUH B BelpaxkeHue (1.2),
MOJTYYUM:

(2.4)

2

O = 0,722'82/M0ﬂb:92/M0ﬂb

0,642

DOKBUBAJCHT alllOMHHHUS paBeH 9, a ero »KBHBaJICHTHAas
MoJisipHasi Macca 9 r/Moib.

Hapsny ¢ moHaTHEeM JKBHBaJICHTHAsl MOJISIpHAs Macca
WHOTAAa yIOOHO TMOJIb30BAThCA TOHATHEM SKBUBAICHTHBIM
MOJIIPHBIA 00BEeM, T.e. 00BEM, KOTOpBIM 3aHUMaeT MpH
JAHHBIX YCIOBHSX | OKBUBAJICHT paccMaTpUBAEMOTO
ra3oo0pa3Horo BemiecTBa. Hampumep, mpu HOpMaIbHBIX
YCIIOBUSX OKBHBAJICHTHBIH 00BeM Boaopona paseH 11,2
JI/MOJIb, SKBUBAJICHTHBIA 00BEM KHUCIIOpoaa - 5,6 s/mons. B
3TOM CiIy4ae BBIpO)KEHHE 3aKOHA OJKBUBAJEHTOB (2.3)
MPUMET BH/I:

Voo O
V. m, (2.5)
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I'ne V,, . - SKBUBaJICHTHBIN MOJIIPHBINA 00BEM Ta3a, 1/MOb,
V. - 00beM raza, U3MEPEHHBIN MPH TEX K€ YCIOBUSIX, YTO U
Ve, 114
Dg - JKBUBAJICHTHASI MOJISIPHASI Macca BEIECTBA; 2/MOlb,
Mg - Macca BEIECTBA, T.
Ilpumep 2.3. Onpenenutb 3KBUBAJIEHT HATPHS, €CIU
Mpy B3auMoJiecTBUU 1,84 2 HATpus ¢ BOJOH BBIIEIUIOCH
0,896 1 BOgOpOJa U3MEPEHHOTO ITPU HOPMAJIBHBIX YCIOBUSIX
(H.y.).
Pewenue: 3Hasg, 4TO SKBUBAJICHTHBIM MOJIAPHBIA 00BEM
BoopoJa paseH 11,2 1/mons, cocTaBiseM MpONOPLHUIO:
1,84 2 natpus sxBuBasieHTHBI 0,896 71 BotOpoIa
INa " " 11,2 n/monb Bogopona.
Otkyna
112 nlmonv184e
N 0,896.1
DOKBUBAJICHTHAs MOJISIpHAas Macca HaTpus paBHa 23
2/MoJib, a €er0 SKBUBAJICHT 23.
Mesx 1y S5KBUBAIEHTOM 3JIEMEHTA B coeinHeHuH (), ero
aTOMHOM Maccoil (4) ¥ BaIEHTHOCTBIO 2JIEMEHTa B JAHHOM
COeTMHEHUH (B) cyliecTByeT 3aBUCUMOCTD:
O=A4/B (2.6)
[To or1oit dopmyne ompeaensercs TEOPETHUECKOE
3HauUEHUE SKBHBAJICHTA dJeMeHTa. Hampumep, 3KBHUBaJICHT
)xenesa B FeoO3 Haxoaures Kak
Or.=559/3=18,6
SKBUBAJICHT Maraus B MgSQOy
Omg=24,31/2=12,16
skBuBajieHT xjo0pa B NaCl
9(;| = 35,5 /1= 35,5
Ecim »snemeHnT o00pa3yeT HECKOJIBKO COEAMHEHUH,
MPOSIBIISAS MPU 3TOM Pa3HYH BAJICHTHOCTb, TO BEIHYHHBI

=232/ mone
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OKBUBAIICHTOB OYIyT pasin4HbIMU. Hampumep, SKBUBAJIECHT
azora B N,O paBen Oy=14/1=14,aBNOON=14/2=T7.
ITocTosTHHBIE 3HAYEHUS] SKBHBAJIEHTOB MOTYT OBITH TOJIBKO Y
JJIEMEHTOB C IIOCTOSIHHOM BaJICHTHOCTBIO.

[MousiTre 00 SKBUBAICHTAX U SKBHBAJIEHTHBIX MOJSPHBIX
MaccaXx IPUMEHHMO M K  CIIOKHBIM  BELIECTBAM.
DKBUBAJICHTHI U SKBUBAJIEHTHBIE MACChI CJIOKHBIX BEILECTB
MOIYT  OBbITb  ONpEAEIEHBl  OKCIEPUMEHTAIBHO WU
BBIYMCIIEHBI 10 (OpMyJIaM, IOJIYYEHHBIX Ha OCHOBAHHUHU
3aKOHA YKBHUBAJICHTOB (BHIBEANTE CAMOCTOATEIHHO)

9 MOJAIpRAsA Macca Kucjionivl (2 7)
Kuciomol — ’ '
OCHOBHOCMb KUC10Mmusl
MOJAIPDHAA MAcCAd OCHOBAHUA
90CH06aHuﬂ = P ) (2'8)

KUCIIOMHOCMb OCHOBAHUA

MOJEIPHAA macca coau (2 9)

om =
conu
(GMQHMHOCWlb Mema_fula) : (LIMCJZO amomoe Memajz/la)

IIpumep 2.4. Haiitu sxBuBanentsl H,SO4, Ca(OH), u
Aly(SOy)3.
Pewenue: no popmynam (2.7), (2.8) u (2.9) Haxogum:

I H,SO4=M/2=98/2=49;
9 Ca(OH), =M /2=74/2=3T;
9 Al(SO4)s = M/ (3°2) =342/ 6 = 57:

rae M — MOJIApHasA Macca COOTBETCTBYIOIIECTO

COCIMHCHNA.
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2.2. JKcIepUMEHTAJbHAA YaCTh

Oneim 2.1. OnpeneneHue 3KBUBaJICHTa MEeTaJlIa.
Ilpubopvl  u  peaxmusvi: TPUOOP OIS ONPEICICHUS
SKBHBAJICHTAa METajlla, TOYHAs HaBEeCKa MeTallla, PacTBOP
H,SO,4 Tepmomerp, Gapomerp.

MeTo1 OCHOBaH Ha peakIuu pacTBOPEHUS METallja B
U30BITKE KUCIIOTHI U I3MEPEHUU 00heMa BBIJICITUBIIIETOCS
Bozopoza. [Ipubop mist onpenenenus SKBUBAJIEHTa MeTaslIa
n300pakeH Ha puc. 2.1.

- Bepxuss 4acTh
" OropeTKH COEIMHEHA
2 . pPE3UHOBOM  TpyOKOit c
qﬁ? g JIBYXKOJICHHOM
1, npo61/1p5<0171 (3), B
| KOTOPOWM  MPOUCXOJIUT
peakuus . MEXIY
- CEpHOM  KHCIOTOM H
- METaJLJIOM.

\_/9 Jlnis mpoBeneHust paboThI
PEKOMEHTyeTCsl
cienyromas

Puc. 2.1. Cxema ycTaHOBKHU IIOCJIEI0BATEIBbHOCTD
JUIA ONIPENECIECHUS OIIEepALIMNA:
HKBHUBAJICHTA. e [epeaBuras
1 — GropeTtka, 2 — BOPOHKa, KOJBIO ¢
3 — IBYXKOJICHHAS BOpOHKOH 1o
npoGHpKa HITaTUBY,
YCTaHaBINBAIOT
YPOBEHb BOJIbI Ha JCICHHH OIOPETKH, OJIM3KOM K
HYJICBOMY;

e B MeEHbllleE KOJEHO MPOOMPKH  BBICHINAIOT
NOJY4YeHHYI0 y Ja0opaHTa HaBECKy MeTajlla, B
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JUINHHOE KOJIEHO (O METKH) HaJIMBAIOT CEPHYIO
KUCIIOTY,

OpU TOMOIIM MPOOKU COEAMHSAIOT PEaKIMOHHBIN
cocyl ¢ Oroperkoil, mpoBepstoT npudbop Ha
repMETUYHOCTh. /ISl 3TOrO, MpOBEpUB, IIOTHO JIK
BCTaBJIeHa MpoOKa, NOJHUMAIOT MU OIYCKAIOT
BOpoHKY Ha 20...25 cm. Ilpu 3TOM ypoBE€HB BOJIbI B
OropeTke CHayaja HEMHOIO0 HU3MEHHMTCH, a 3aTeM
OCTaHETCs. TOCTOSHHBIM, YTO CBUJCTEIBCTBYET O
repMeTUYHOCTH Ipubopa. Eciau ypoBeHb BOJBI B
OropeTKe HenpepbIBHO MOHMKAETCS, 3TO 3HAYUT, YTO
npubop T/Ae-TO MPOIyCKaeT BO3MyXx* IToT medext
HYXXHO YCTPaHUTh C TIOMOIIBIO JIAOOpaHTa.
YCTAaHABJIMBAIOT BOPOHKY HA TaKOW BBICOTE, YTOOBI
YpOBEHb BOJbI B OIOpPETKE M B BOPOHKE ObLI Ha
OJITHOM YpOBHE. 3aMepsIOT YpPOBEHb BOJIbI B OIOpeTKe
( Vi ) ¥ 3aIKCBIBAIOT €r0 YHCIOBOC 3HAYCHHE.
Uro0bl TpaBUIBHO 3aMEPHUTh YPOBEHb BOJABI B
OropeTke, ri1a3 HaOmonaTeNs JOKEeH HaXOIUThCs Ha
OJITHOM YPOBHE C HUKHUM KPaeM MEHHCKa BOJIBL;
OCTOpPOKHO TIOBOpauMBas PEaKIHMOHHBI COCY/,
NEepeNUBAOT KHUCIOTY W3 JJIMHHOTO KOJIeHa B
KOPOTKOE, TJIe HaXOAATCS MeTail. Yepe3 HeKOTopoe
BpeMsl HAuyHETCs BBIAEICHHE BOJOPO/JAa U YPOBEHb
BOJIbI B OropeTke OyneT moHwxkarbes. Bo n3bexanue
NOTEpH BOJOPOJA HAAO TOAJICPKHUBATH YPOBEHBb
BOJIBI B OIOpETKE M BOPOHKE BO BpEMs ONBITAa IO
BO3MOYKHOCTH OJIMHAKOBBIM.

[OCJI€ IOJIHOTO PAacTBOPEHHs] MeTaljga BBDKIATh 5
MHUHYT, 4TOOBI COJEPKHMOE COCY/AE OXJIAJUIIOCH,
3aTeM, YCTaHOBHB Ha OJHOM BBICOTE YPOBEHB BOJBI B
OropeTke M B BOPOHKE, 3allUcaTh YPOBEHb BOIBI B
oropetke (Vion) Pa3HOCTH HadaNbHOTO M KOHEYHOTO
006eMOB  (Vxou —  Viaw)  TOK@XKET, 00BEM
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BBIJICTIMBIICTOCS MPH peakiiuu Bogoposaa (Viy);
3aMMCHIBAIOT TIOKA3aHUs TepMOMeTpa, Oapomerpa.
Tak kak ra3 coOupaercs HajJ BOJAOH, TO JaBIICHUE
BHYTpHU IpuOOpa, KOTOpPOE MpU OJJMHAKOBOM YPOBHE
KUJAKOCTH B  OIOpETKE W  BOPOHKE  PaBHO
atMocepHOMY,  CKIAABIBa€TCS W3  JABJICHUSA
BOJIOPOJIa W BOJsSHOro mnapa (3akoH JlanbToHa).
[ToaTomy naBieHre BOAOPOIa BHYTpU cocya Oyner
paBHO:

P BOZOpOIA — P aTtMocheproe P BOJISIHBIX T1APOB (210)

i€ Poojoponar  Parvocpeproer  Promsmmix  mapos —  JaBICHHE,
COOTBCTCTBCHHO, BOAOPO/a, aTMOC(l)epHOG N HACBIIICHHBIX
napoB BoJibL, [1a.

JlaBneHre HaCHIIEHHBIX MMAapoB BOABI OepyT u3 Tabdmd. 2.1 B

3aBUCHUMOCTH OT TEMIIEpaTypbl OKPYKarOIIeH Cpeibl.

Tabnuya 2.1
Jaenenue Hacvluyeno2o 600AHO20 NAPA NPU PAZIUYHBLX
memnepamypax
t,°C PH20, t,°C PH20s t,°C PH20s
IIa ITa ITa
0 613 19 2200 26 3360
5 867 20 2333 27 3560
10 1227 21 2480 30 4240
15 1707 22 2640 40 7373
16 1813 23 2813 50 1233
3
17 1933 24 2986 60 1991
8
18 2067 25 3173 100 1013
25
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O6paboTka pe3ynbTaToOB
Hcxonuble  maHHble,  pE3yJbTaThl  SKCIEPUMEHTa
pacdyeToB cBoaiAT B Tabn. 2.2. Jlius pacuera Macchl
BBIJICJIUBIIETOCS  BOJOPOJa  MOXKHO  BOCIIOJIb30BATHCS
ypaBHeHueM Knanelipona—MeHeneena:

m
PV = —RT, (2.11)
r
rae P — naBnenue Bojgopoaa, I1a;
V —ero o0beM, M3;
m — Macca rasa, Kr;
M, — MonsipHas Macca rasa, Kr/MoJib;
R — yHuBepcanpHas raszoBas mnocrosHHasi, R = 8,314
Jx/(momnp’ K);
T —Temneparypa, K.

Tabnuya 2.2
Pesynbmamui onpedenenus 3K6U8aIeHMAa Memauia
HanmeHoBaHME BETMYHHBI 3HaveHHE

Macca mertasia (HaBecku), ke
Temneparypa onsita, K

ATtmocdepHoe naBienue, /la

JlaBieHNE HACBILIEHHBIX I1APOB BOAEI, [
[asnenune Bogopona, [la

O0BeM BbIAETHUBILETOCs BOAOPOAA, T
Macca BbIAETUBIIETOCS BOJOPOAA, K2
DOKCMEPUMEHTAIBPHO HAWJECHHBIN HKBUBAJICHT
MeTaia

TeopeTnuecknii SKBUBAJIEHT METaLIa
OTtHocuTenbHast omuOKa onbITa. %
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N3  ypaBuenus Knaneitpona—Menaeneera  (2.11)
pPacCUMTHIBAIOT MAcCy BBIACTHMBILEIOCS BOJOPOJA, a 3aTeM
U3 BBIPAKEHUS 3aKOHA OJKBUBAICHTOB (2.3) HaxomsT
9KBUBAJICHT MeTasuia. CpaBHHBAIOT MOy YCHHBIN
OKBHUBAJICHT METaJlIa C TEOPETUICCKUM. JIJIsT ATOr0 HAXOISAT
TEOPETHUECKUH  HSKBUBaJIEHT 10 dopmyine (2.6) wu
MOJICUMTHIBAIOT ~ OTHOCHTEIBHYIO  OMIMOKY  OIbITa B
MPOIIEHTAX:

= 3'" Fon -100%, (2.12)
Om
IJe &— OTHOCHUTEIbHASA oIrOKa ombITa, %;
On M D,y — TEOPETUYECKOE W ONBITHOE 3HAYCHUS

OKBHBAJICHTA.

BuuMaHue: B oT4eTe O IpOACIAaHHOW paboTe, a Tak ke B
YPaBHCHUU PEaKIUi JODKeH OBITh YKa3aH TOT MeETalll,
SKBHBAJICHT KoToporo Bei ompenensere. JKematenbHo,
9TOOBI Ha3BaHHWE MeTaJIa OBUIO YKAa3aHO B HAWUMEHOBAHUU
paboTHL.

1.4. 3apaun

2.4.1. Cynphun Mmeramna conxepxxutr 52 % weraia.
OKBUBAJIEHT cepbl paBeH 16 . HaliTu sKkBUBalIeHT MeTaslIa.

2.4.2. Omnpenenuth SKBUBAJIEHT METaJia, M3 OJIHOTO
rpamma Kotoporo obpasyercs 1,246 2 okcuaa.

2.43. Omnpenenuch  SKBUBAJIGHT  Mapraiua B
COEIMHEHUSX:
MnCl,; MnClz; MnO,; KMnO4; MnSO,.

24.4. BplUHCTUTh OKBUBAJICHTHI  CIIEAYIOIIUX
COCTUHEHUN.
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K,SiO3; H,SO4; HCIO4; HNO,; KOH; Fe(OH)s;
NH4OH; Cd(OH)Z, Ca(HCO:g)z; KCI; Cr2(504)3; MnCl5;
KMnQOg4; MnSOg,.

JlabopaTopHas padora Ne3
Konuentpanusi pacTBopoB

Heﬂb pa6ombl: 03HAKOMHUTLCI ¢ BOXKHEHIIMMH CIIOCOOaMHU
BBIPAXKCHUA KOHLCHTPALMKU, HAYYUTHBCA  PaCCYHUTBIBATL U
T'OTOBUTb PACTBOPLI Sa,I[aHHOﬁ KOHIOCHTpAIH, HAYUYUTHCS
SKCHCPUMCHTAJIbHO OIMPCACIIAThE KOHICHTPALUIO pacTBOpa.

3.1. Bonpochl 1715l NOATOTOBKH K c00eceJ0BAHMIO

3.1.1. Yro Takoe pactBop?

3.1.2. Yto Takoe KOHIEHTpalus pacTBopa?

3.1.3. Yto Takoe pacTBOPUMOCTb?

3.14. UYrto Takoe MaccoBas J0JsA, MOJSIpHas
KOHLEHTpalusi, MOJIIpHas KOHIIEHTpAlusl SKBUBAJIECHTOB
(HOPMaNbHOCTD ), MOJISTBHOCTH?

3.1.5. Kak Berumcnsiercst THTp pactopa?

3.1.6. KakuM COOTHOIIIEHHEM CBSI3aHBI MEXAY COOOM
00BeMBI JBYX B3aUMOJEHMCTBYIOLIUX pacTBOPOB, €CIH
W3BECTHbl MX MOJISIPHBIE KOHUEHTpAlMd 3KBHUBAJICHTOB
(HopmanbHOCTH)?

3.1.7. Kak M3 KOHLEHTPUPOBAHHBIX PACTBOPOB MOKHO
IPUTOTOBUTH Pa30aBIIEHHBIN pacTBOp?

3.2 TeopeTnyeckast 4HacTh

3.2.1 Cniocodbl BbIpaKeHHsI KOHIEHTPAIUN PACTBOPOB
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OpHolf M3 BaXHEHIIMX XapaKTEpUCTHK pacTBOpa
ABJIAETCS. €r0 KOHILIEHTpalMs, KOTOpas yKa3blBacT Ha
OTHOCHUTEIIBHOE COJIEPKAHUE PACTBOPEHHOIO BEILECTBA B
pactBope. Haubosiee uwacto mnpUMEHseMBbIE CIIOCOObI
BBIPQKEHUSI KOHLEHTpPALMU: MaccoBas JOJs, MOJIsIpHas
KOHLEHTpauus, MOJIIpHAs KOHLICHTpalus 3KBUBAJICHTOB
(HOPMaJILHOCTH), MOJISIPHAs J10J1s, 00bEMHAs OJIS U TUTP.

Maccosas oons (W) — ¢u3nyeckas BeIUYHMHA pPaBHAs
OTHOLIEHUIO  MAacChl PAaCTBOPEHHOIO BELIECTBA KO BCEH
Macce pacTBopa. MaccoBylO IOJIIO  PAacCUUTBIBAIOT IO

dbopmyre:

w (A) = _mA) (100%), @1
m(p - p) )
rae M(A) - Macca pacTBOPEHHOrO BellecTBa A, 2 (k2)
m(p-p) — Macca pactBopa, e (k).
Monspnas  konyenmpayus — $usndeckas BeIUYHHA,
paBHas ~ OTHONICHWIO  KOJIMYECTBA  BEIIECTBA (v)

PaCTBOPCHHOI'O KOMIIOHEHTAa KO BCEMY 06’BeMy pacTBOpa

(V):

m(A) _ _ m(A)

Vv M-V, , 3.2)

p-p
rine Ca — MoJisipHast KOHIICHTpAIUS BEIIecTBa A, Mo/Ib/1;
V(A) — KOTMYECTBO PACTBOPEHHOT'O BELIECTBA, MOIb;
m (A) — MoJIIipHast Macca PacTBOPEHHOI'O BEUIECTBA, 2/MOJb;
Ma — Macca pacTBOPEHHOTO BEIIECTBA, 2;
Vpp — 00BEM pacTBOpA, 1.

Monspnas 9KBUBATICHMHAS KOHYenmpayus
(HopmanvHocms) — ¢usuyeckass BeJIMYMHA, paBHAA

CA:
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OTHOIIICHHUIO  HKBUBAJEHTHOTO  KOJIMYECTBA  BEIECTBA
pPacTBOPEHHOI'0 KOMIIOHEHTa K 00beMy pacTBoOpa.

MO/Z}ZpHa}Z KOHYeHmpayus IKeuesajleHma
(3K6u6ajleHH1Ha}Z MOJIAPHAA KOHYyenmpauyus uiu
HOPMAIbHOCHb) PACCUUTHIBACTCS 110 GOopMYyIIe:

Contn = Viatizy _ m(A)
(A-1/z) — = )
V(p,p) M(A-uz) 'V(p—p)

TTI€ V(A 1/z) — KOIMYECTBO BEILECTBA SKBUBAJICHTA, MOJb, (2-
9K8);
V(p-p) - 00bEM pacTBOpa, .1,
Ma-1/z) — MOJIIpHAst Macca DKBUBAJICHTA.
dopwma 3anucu c(1/5-KMnO,4)=0, /monv/n nin
Cows = 0,1 (e-ox8)/n,
C(1/5-KMnOy4)=0,1H

Monsnonocms Cp(A) (wmu M) Qusndeckas BeIMYUHA
paBHAsE OTHOIICHHIO KOJIMYECTBA PACTBOPEHHOI'O BEIECTBA
K Macce pacTBOPUTEIIS, €€ BRIPAKAIOT B SAMHULIAX MOIb/Ke 1
PacCUUTHIBAIOT 1O popMyIe:

v(4) m(A)
Cm(A): = ’
(pacmeopuman) M Al m(p*/lb)
rae V4 — KOJINYECTBO BeIIIECTBa PAaCTBOPECHHOI'O

KOMIIOHEHTA, MO/Ib;
Ma — Macca pacTBOPEHHOTO KOMITOHEHTA, 2;
M- MOTISIpHAst Macca paCTBOPEHHOTO BELIECTBA, 2/MO/Ib;
Mj.z, — Macca PaCTBOPUTEIS, Ke.
Monsipnas (monvnas) oonst X(A) - BbIpaXKaeTcs B JI0JIAX
€IMHUIIBI WITK TIPOIICHTaX M PACCUUTHIBAETCS M0 (hopMyIie:
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X(A) = A4

’ (3.5)
27/ (p-p)
I'lI€ VA — KOJIMYECTBO BEIIECTBA KOMIIOHEHTA A, MOJIb,
zv (-p) — CYMMapHOC KOJIIMYCCTBO BCEX KOMIIOHCHTOB

pacTBopa, Mob.

Tump pacmeopa (T) — Macca pacTBOPEHHOTO BEILIECTBA B
OJTHOM MWUIMJIMTPE pPacTBOpa, BBIPAXAIOT B /M1 U
PacCUUTHIBAIOT 110 (popMyJIie:

T(8) = KB
(P-P)
rae m(A4) — Macca paCTBOPEHHOTO BEIIECTBA, 2,
V(p-p) — 00BEM pacTBOpa, M.

(3.8)

Ilpumep 3.1. B KakoM KOJIMYECTBE BOJBI HYXHO
pactBoputh 30 2 coiu, 4TOOBI TOJYYHUTH PACTBOP COJIU C
maccoBoit gozeit 0,1 (10%).

Pewenue: 3anumeM BBIpaXCHHE MacCOBOM JONMH IS
JTAHHOTO PacTBOPa COJH

m, 30
o= ——=>01l= ——,
Mo +M Myo +30

Otkyna Mppo = 2702 wmm 270 ma (TUIOTHOCTH BOABI
paBHa 1 2/cad’).

Ilpumep 3.2. Kakywo wmaccy KpUCTaUIMUECKOW COJU
Na,CO3-10H,0 HeobxomuMo B3STh Ui IPUTOTOBICHUS |xe
pacTBopa kapboHaTa HaTPHUs C MACCOBOM J1omeit 5%°?

Pemenune: omnpenenseMm maccy 6e3BoiHON conu B 1ke
pacTBopa
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m
0,05 = _(N2CO) = M Na2c03 = 50z

1000
OmnpeeinsieM KOJIUYECTBO BELIECTBA OE3BOIHOM COJIM:
m 50 2

V'Na,CO; = M B 106 2/ monw =0,A7 mons
OrnpenernseM Maccy KpUCTaJUIOTHApaTa:

mNa,CO310 H,O = (V ' M) Na,CO310 H,O = 0,47 monw

286 2/monw = 134,42 2.

Ilpumep 3.3 OnpenenuTh MOJSPHYIO KOHIIEHTPAIUIO,
MOJIIDHYIO ~ DKBHMBAJIECHTHYIO  KOHLEHTpauuro  16,08%
pactBopa H2S04 (p = 1,1 2/ca®) u tutp pacreopa.

Pewenue. onpenensem komuuectBo BemiectBa HSOy,
conepxarieecs B 1.z 16,08% pactBopa:
Mppa = v-p = 1000 mx - 1,1 o/mn = 1100 ¢,
M 50, =@ Mp-pa=0,1698 - 1100 2= 176,88 2.

My,so, 176,882

= =1,8 moue.
Mu,so, 982/mom

VH,s0, =

OmnpenensieM MOJISIPHOCTh pacTBOpa:
v 18 momw

C === =18 monwv/ 1, (M).
Vv 1n
Omnpenensiem MOJIIPHYIO HKBHUBAJIEHTHYIO
KOHIIEHTPALUIO:
C 0,2 o/
C1 _ ZH50, _ Do monel 0,4 monw! 1 um 0,4H.
(E H,S0,) f 1/2

Onpenensgem TUTP pacTBOpa:
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_MH,s0, 176882

V,_, 10001

T =0,17788 2/ mn.)

Ilpumep 3.4. Cxkonpko mn 80% pacTtBopa YKCYCHOM
kuciotel (CH3COOH) p =1,070 olem® HEOOXOAUMO JUIS
npurorosieHus 200 vz 0,1M pactBopa?

Pewenue: onpenensiem Maccy yKCycHOM KUCIOThI B 200 iz
0,1M pactBopa:

c=-—" m=C-MV=016002=122
M.V
Paccuntaem maccy pactBopa 80% KHCIOTBI, B KOTOPOI

conepxurtcs 1,2 T CH3COOH:

o MCH ,COOH MCH,COOH 122

p—pa ’
My pa o 0,8
Omnpenemnsiem o6beM 80% pactBopa CH3COOH
VRSLLI L )

P 1070 2/cn®

3.2.2 lIpuroroBJ/ieHle pacTBOPOB

B 3aBucuMOCTH OT Ha3Hauy€HUs pacTBOpa BBIOMpaeTCs U
croco0 ero mpuroToBiieHus. Ecii pacTBopsieMoe BEIIeCTBO
HaXOJUTCSI B TBEPAOM COCTOSHUH, TO PAacCUUTAHHOE
KOJINYECTBO €r0 B3BEIIMBACTCS HAa TEXHOXUMHUYECKUX HIIH
aHAJIUTMYECKUX BecaX. BbIOOp BecoB 3aBUCUT OT TpeOyeMoit
ToyHOCTH. OOBEM BOABI, HEOOXOAUMBIA [UISI TOTYYEHHS
3aJJaHHOTO KOJMYECTBA PAacCTBOPA, OTMEPSETCS C MOMOIIBIO
MepHoi nocyael. Tak, Hanpumep, Uit npurorosiaeHus 100 2
pacTBOpa coiu ¢ MaccoBoi gonel comu 10%, HeoOXoauMO
B3Becuth 10 2 comu u pactBopuTh B 90 2 (90 M) BOABL.
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Jns  TpuUroTOBIEHUST PACTBOPOB C  ONpPEIENICHHOMN
MOJISIDHOM ~ WJIH SKBUBAJICHTHOU KOHIICHTpaluen
UCTIONIB3YIOT MEpHble KONObl. B 3ToM cimydae Her
HEOOXOAMMOCTH OTIICJILHO OTMEPSTHh WJIM B3BEIIMBATH BOJY,
T.K. €6 00bEeM OMpEeACNseTCS EMKOCThIO MEpPHOW KOJOBI.
Takum ke o00pa3oM MOXXHO NPHUTOTOBUTH M PacCTBOP
33JaHHON MAacCOBOM JOJHM, €CJIM M3BECTHA MJIOTHOCTH
pacTBopa. MepHBIMH KoOJI0AMH W MHIETKaMU YA0OHO
MOJIb30BAaThC W B TEX CHyYasX, Korja HeoOXOauMo
paz0aBHUTh PacTBOP B CTPOTO OMPEACICHHOE YHCIIO pas.

Ilpumep 3.5.Kakori o6vem 0,05 M pactBopa H>SO4
MOJKHO TOJIY4UTh MeToaoM pazdasienus u3 200 mz 0,1 M
pactBopa?

Pemienue:  ompenensieM KOJMYECTBO BEIIECTBA CEPHOM
KUCHO0THI, coaepskarieecs B 200 wz 0,1 M pactBopa

C = VL —>v=C1V =01mom/nr-0,2 1=0,02 monw.
1
Omnpenensiem o6vem 0,05 M pactBopa, B KOTOPOM
conepxkurcs 0,02 mons HySO4:
v 0,02mom

=—=—1"-""_=041.
C, 0,05mo0m6/ 1

V,

3.2.3 Pacuer 00beMOB pacTBOpOB,
HeO00XO0IMMBIX /IUISl YYACTHS B PeaKIuu
BemectBa  B3aMMOAEHCTBYIOT  Mexay  coOod B
KOJINYECTBAX, MPOMOPLUOHAIBHBIX HUX OSKBHUBAJICHTaM.
HOJ’IBSYSICI) MOJIAPpHBIMU SKBHUBAJICHTHBIMU
KOHIICHTPALUSAMH, JIETKO PACCUUTATh OObEMHBIE OTHOIICHUS
pe€arupyromux BEMECTB, UCXOAA U3 COOTHOIICHMS:
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Vl . H1 = V2 . H2
I'ne V1 u V2 — 00beMBI pacTBOPOB, 1 WIIH M,
Hi u H; — wux MomsgpHble 53KBUBaJCHTHbIE
KOHIICHTpAIUH.

Ilpumep 3.6 Kakoii oowsem 0,25H pacTtBOpa menoun
notpedyercs i ocaxaenus B Buae Fe(OH)s Bcero xkenesa,
coaepxkamierocs B 250 mz 0,2 H pacTtBopa xjopumaa xeinesa
(1n?

Pewenue: onpenenseM HEOOXOAUMBIA 00bEM IIEIOYH U3
COOTHOLLIEHUS:

Vluenoqn “H wenoun — Vheis - Hreciz

_ Vrecl, "Hrecl,  0,2-250

w
H,, 0,25

Ha usmepenun o0beMOB pacTBOPOB, 3aTpayMBACMBIX
HA  pEaKlnuio, OCHOBAaH  METOJ  KOJMYECTBEHHOTO
olpesieNIeHus BEIIECTBA, OMYyYUBIINI Ha3BaHUE 0OBEMHOTO
aHajamn3a.

TouHoe u3MepeHne 0OBEMOB PACTBOPOB MPOU3BOIUTCS
IIPU TIOMOIIM CIENUATIbHON MEPHOM NTOCY/BI.

Jns oO0beMHBIX ompeneneHudl HEoOXOAMMO, YTOOBI
KOHEI[ B3aMMOJICHCTBHS MEXIYy PpPacTBOPEHHBIMH
BEIIECTBAMH OOHAPYKHUBAJICA KaKUM-THOO JOCTaTOYHO
pPE3KMM BHEIIHUM TPH3HAKOM, HAlpUMeEp, H3MEHEHUEM
okpacku pactBopa. C 3TOil 1LeTbI0 K UCCIETyeMOMY
pacTtBOpy OOBIYHO NPHUOABISIIOT HEOOJBIIOE KOJIMYECTBO
WHAWKAaTOpa — BEIIeCTBa, KOTOpPOe, HE BIUsAS Ha
HalpaBJieHUE MPOIlecca, Pe3KO M3MEHSET CBOK OKPAacKy B
TOT MOMEHT, KOTJla HM30BITOK HAaxOJAIIErocs B PacTBOpE
OJIHOTO BEIIECTBA 3aMEHSACTCS HUYTOXHBIM  HM30BITKOM
npyroro. Tak, HanpuMep, IpU PeaKIUu MEXKIY KUCIOTOH U

V = 200 mu.
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mICJI0Yb10 HHJIUKAaTOpOM MOXET CIIY’)KUThb pacTBOp
MCTHJIOPAHKaA.

3.3 DkcnepuMeHTAIbHASA YaCTh
Ilocyoa u peakmugvl: MEpHBIE KOJOBI, THUIETKH,
pacTBOPHI KHCIIOT, XAMHYECKHE CTAKaHbI.

Onwim 3.1 [IpurotoBieHue pacTBOpa KUCIOTHI
3aJJaHHON KOHIIEHTPAIIMK METOI0M pa30aBiICHHS.

[TonyuuB y mpernoaaBaresns Homep Bapuanra (Tabdin. 3.1),
IIPOU3BOJAT HEOOXOAUMBIE PACUEThI

B kaxmoMm  BapuaHTe  UCXOAsS M3  pacTBOpa
KOHUEHTPUPOBAHHOMN KUCIOTHI (0% ), UMEIOIIEro MIIOTHOCTh
P, r/em’, npurotoBuTh 100MJI1 KHCIIOTH A, C KOHIIEHTpaIuei
C, MoIb/I. BBIYUCIUTH HKBUBAJIECHTHYIO KOHIIEHTPAIIMIO,
MacCOBYIO JIOJIF0 KHMCJIOTHI B IOJYYEHHOM pacTBOpPE, TUTP
pactBopa Hu O00BEM KOHIIEHTPHUPOBAHHOTO  pacTBOpa,
HEOOXOIUMBIN JIJIs1 TPUTOTOBJICHHUSL.

ITony4yeHHbIi pe3yibTar (HalIeHHBIN o0beM
KOHILICHTPUPOBaHHOU KHCJIOTBI) npoeepam y
[IPETOIaBaTEIIs.

[locne mnpoBepkH MNPUCTYNAOT HEMOCPEACTBEHHO K
MIPUTOTOBJICHUIO PacTBOpa. BEIOMPAIOT HYKHYIO 10 00BEMY
MUTETKY, OTMEPSAIOT 00beM KOHIIEHTPUPOBAHHON KUCTIOTHI U
aKKypaTHO MEPEHOCIT B MEPHYIO KOJIOYy, 3aT€M MPUIUBAIOT
TUCTHITMPOBAHHYIO BOJY, TaK, YTOOBI HIDKHUN Kpai
MEHHCKa ObUT Ha ypOBHE PHUCKH, HaXOMSIICHUCS B y3KOM
ropie  konObl.  [lomydeHHBIH  pacTBOp  THIATEIBHO
MepeMENINBAIOT, epeBopaunBas kojoy. B ombite 3.2.1. Bor
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IPOBEPUTE C KAKOM TOYHOCTHIO MPHTOTOBIIEH TPeOyeMblid
pacTBop.

Tabnuya 3.1
3ananue K onbITy 3.1
Bapu P, r/em® o, % C, Monb/1
ant | A
1 HCI 1,19 35,5 1,00
2 HCI 1,19 35,5 1,16
3 HCI 1,19 35,5 0,76
4 H,SO, 1,83 98,0 1,00
5 H,SO,4 1,83 98,0 0,86
6 H,SO,4 1,83 98,0 0,96
7 H,SO, 1,83 98,0 0,60
8 HNO; 1,50 98,0 1,10
9 HNO3 1,50 98,0 1,00
10 HNO3 1,50 98,0 0,98
11 HNO3 1,50 98,0 0,88
12 1,052 99,0 1,50
CH3COOH
13 CH3;COOH 1,052 99,0 1,20
14 CH3COOH 1,052 99,0 1,10
15 CH3;COOH 1,052 99,0 0,90
16 CH3COOH 1,052 99,0 0,86

Onwvim 3.2 OnpeneneHre KOHUEHTPALMHU pacTBOpa
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KHCIIOTBI OOBEMHBIM METOJIOM.

[Tpu ompenereHUN KOHIIGHTPAUU OOBEMHBIM METOJIOM

UCTIONIB3YETCSI pEaKlUs HEUTpaTN3allui KUCIOTHI IIET0YbIO:
H"+OH =H,0

JUIs 3TOr0 K TOYHO HU3MEPEHHOMY OOBEMY KHCIIOTHI
JNOOABJISIIOT ~ pacTBOpP  IIEIOYM  (THTPYIOT) HM3BECTHOM
KOHIeHTpanuu.  KoHery  peakuuu  OnpefeNsioT 1o
U3MEHEHHIO OKPACKH UHIIUKATOPA.

Oneim 3.2.1 OnpeneneHue KOHUEHTPALMKU
IPUTOTOBJIEHHOI'O
pacTBopa KUCIOTHI .

B Oroperky uepe3 BopoHKy HammatoT pactBop NaOH
M3BECTHON KOHIICHTpAIUU, yJAISIOT OCTATOK BO3/AyXa W3
KOHuMKa Oroperku. [l 3TOro pe3mHOBYIO TpYyOKy CO
CTCKJISTHHBIM HAKOHEYHUKOM OTTHOAIOT BBEPX U, BBIMYCKas
YacTh KUIKOCTH, 3aMOJTHIIOT HAKOHEYHUK TaK, YTOOBI B HEM
HE OCTaJIOCh MY3bIPHKOB BO3yXa.

UucTtyro NHUNETKY ONOJAacKUBAIOT — aHAIU3HPYEMbIM
pacTBOPOM KHUCJIOTBHI, HPUTrOTOBIEHHbIM B ombiTe 3.1,
OTOMpalOT  TOYHO  HU3MEpPEHHBIH  00BEM  KHCIIOTBI
(aTUKBOTHBIM 00BEM) M BIUBAIOT B KOJOY JJIsl TUTPOBAHMS,
T0OABJISIFOT 1...2 kamm  pacTBOopa  WHJIUKATOpa
(MeTunopanxa). 3aTreM mOpuUOABISAIOT TO Karjie pPacTBOP
NaOH u3 GropeTkn (TUTPYIOT) HETPEPHIBHO MEpEMEIINBAasl.
PactBop mienoun mpuOaBisIOT IO TE€X MOp, MOKa OKpacka
pacTBopa HE HauyHET MeHAThcs. B ciydae uHaMkaTopa
METHUJIOpaHXKa HaOJII0AaeTCsl Mepexo ] U3 PO30BOro IIBETa B
OpaHKEBBIM. B cnyuae pmoGaBneHus W30BITOYHOTO
KOJIMYECTBA IIEJIOYM PACTBOP OKPAaCUTCS B COJOMEHHO-
YKEJTHIN 1[BET.
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OnbIT MOBTOPSIOT HE MEHEE 4YeThIpeX pa3, Moiydas
CXOIMMBbIE pe3yNnbTaThl (pa3Hulla B OOBEME WIENIOYH HE
nookHa mnpesbimath 0,1...0,2 mz). M3 momyueHHBIX Tpex
CXOJMMBIX Pe3yJIbTaTOB OepyT CpEeIHUM.

OKBHUBAJICHTHYIO MOJISIPHYI0 KOHLEHTPAIMIO KHCIOTHI
paccuuThIBalOT 1o ¢Gopmyne (3.7), a 3aTeM pacCUUTHIBAIOT
TUTP aHAIU3UPYEeMOro pactBopa (3.6). pe3ynabTaThl CBEAUTE
B Tabnwuiy 3.2.

Tabnuya 3.2.
Onpeodenenue KOHYEeHMpPayuu KUC10mbl

Benuunna 3HayeHue

O0beM pacTBOpa KHUCJIOTHI, B3STOM A 10
TUTPOBAHUS, M

O0bem 1menoun, U3pacxo0BaHHOM HA
TUTPOBAHHE, M/ B IEPBOM OIIBITE
BO BTOPOM OIIBITE
B TPETHEM OIIBITE
cpeoHee 3HayeHue
OKBHMBaJICHTHAs! MOJIIpHas
KOHIIEHTpaIus, (2-9K8)/1 0,10
HIETI0YH
KHCJIOTBI
MossipHasi ~ KOHLIEHTpalusi  KHUCJOTHI,
MOb/1
T (TuTp) pacTBOpa KUCIOTHL, 2/M]

Onvim 3.2.1 OnpeneneHue KOHLEHTPALUU KOHTPOJIBHOTO
pacTBOpa KUCIIOTHI .
[lomyunte y mnpenomaBaTenst KojaOy C pacTBOPOM
KUCJIOTHI M ONpEAEINTE ero KOHIIEHTPALHUIO TaKkkKe, Kak Bbl
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onpenaensy B onbite 3.2.1. /laHHbIe HAOMIONCHUI CBEAHUTE
B TaOJIMITy aHAJOTUYHYIO Taou. 3.2.

THonyuennwiui pe3yriomam HeoOX00UO NPoOBepUms y
npenooasamerns. B cirydae HENPaBUIBHOTO OIPEICIICHHSI
KOHIIEHTPAIIUH OIBIT IPUACTCS TOBTOPHTD.

3.4 3agaun

3.4.1. B nutpe Boabl pacTBOpuin 30 2 0JTHOTO BEIIECTBA,
50 2 Broporo BemectBa u 70 2 Tperbero. BrraucauTh
MacCOBYIO JIOJIIO Ka)KJJ0T0 BEIIECTBa.

3.4.2. Kakyro wmaccy pactBopa (W = 15%) MoxHO
NPUroTOBUTh W3 225 2 BemiectBa? CKOJBKO Il 3TOTO
norpedyeTcst BOJb1?

3.43. Paccuutath MOJSPHYHO U SKBUBAJICHTHYIO
MOJISIPHYIO ~ KOHIIGHTPAallMu U TUTP  PacTBOPOB,
CoJIepKALIHX:

e 98 :2K,CrO4 B 4 2 pactBopa.;

e 412NazPO, 8200 m1 pacTBOpA.

3.4.4. Paccuutatb MOJSIPHYI0O U  OKBHBAJIECHTHYIO
MOJISIPHYIO KOHIIEHTpauuu U TUTp pactBopa FeSO, c
wiotHoCThIO 1,213 2/mn (W = 20%).
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JlaGopaTtopnas padora Ne4
JHepPreTuKa XMMHUYECKUX peaKkuuii

Llene  pabomur: 03HAaKOMJIEHUE c OCHOBHBIMH
SHEPreTUYECKUMHU 3aKOHOMEPHOCTSIMU MPOTEKaHUs
XUMHUYECKHUX TPOIECCOB, OBJAJCHUE METOJUKOW OCHOBHBIX
TEPMOIMHAMHYECKUX pacueToB B XUMHH u

HKCIIEPUMEHTAIILHOE OMPEIEICHUE U3MEHEHHUS SHTAIBITHU
HEKOTOPBIX peaKluu.

4.1. Boripocsl 1J1s1 TOATOTOBKH K co0eceI0BaHUI0

4.1.1. KakoBa 11e51b U3y4eHUs JaHHON TeMbI?

4.1.2. Yro Takoe cucrema, Impouecc, (QYHKIHUSI
cocrosiHus? IlpuBenure npumepsl.

4.1.3. TIlepBblii 3akoH TepMoauHaMuku. YTO Takoe
SHTajabNHUsA cucTteMbl? WM3meHenue oHranemumu? Jlaite
orpeziesieHue 3K30- U SHI0TEPMUYECKUX MTPOLIECCOB.

4.14. B 4yeM CyIHOCTh TEPMOXMMHYECKOIO 3aKOHA
I'ecca?

4.1.5. Cnenctus 3akoHa ['ecca. Uto Takoe cTaHgapTHas
SHTanbNug oOpa3oBaHus BemectBa? Kak paccuutarh
WU3MEHEHNE DHTAIBIUN?

4.1.6. Bropoi 3akoH TepmoauHamuku. Kakoi
¢usuueckuit cmbicn sHTpormu? Kak oHa cBs3aHa C
npupozoi BemiecTBa, Temneparypoil (or T= 0 K mo T >
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Txunenus), oobemMoM u T.4.7 Kak paccuMtarh M3MEHEHHE
SHTpPOMUU nporecca?

4.1.7. KakoBa nBmxymas cuia mnpouecca? Hasosure
YHUBEpPCAIbHBIN KpUTEpUi MPUHIUITHATEHON
OCYIIIECTBUMOCTH 1006010 CaMOIIPOU3BOJIBHO
MPOTEKAIOIIEro Impolecca.

4.1.8. Kak paccunurath n3menenue ¢pynkuun ['m66ca npu
CTaHJApPTHBIX YCJIOBUAX U B YCJIOBHSIX, OTIUYHBIX OT
CTaHJAPTHBIX?

4.1.9. IlpoaHanu3upyiTe BIUSAHUE SHTAIBIUIHOIO U
SHTPONMUIHOrO (aKTOPOB Ha HampamieHue mporecca. Yem
XapaKTepU3yeTCsi BO3MOXKHOCTh MPOTEKAaHUS TPOLECCOB?

4.1.10. Tlouemy Henb3s ONPEAETUTH AaOCOIIOTHBIC
3HaYeHUs OHTanbnuu W GyHKIUU [ubbOca, HO MOXKHO
SHTPONUU?

4.2. TeopeTnueckoe BBeJACHHUE
4.2.1 HanpasJieHne MPOTEKAHUS NMPOLECCOB

W3 onbiTa U3BECTHO, 4YTO JIFOOOHW CaMOIPOM3BOJIBHO
MPOTEKAIOMNI TIPOLECC MOXET COBEPIINTH MOJE3HYIO
paboTy, mpH H3TOM CHUCTEMa M3 OIHOIO COCTOSHHS
HepexoauT B Apyroe, Oojiee YCTOMYMBOE COCTOSHHE B
JTaHHBIX YCIOBHSIX.

PaborocniocoObHOCTE I000M cHCTEMBI  Ompesensercs
BbIpa)KEHUEM

-4 =AG (4.1)

rae A — MakcuManbsHas paboTa, KOTOPYIO MOKET COBEPIIUTh
cucrtema, /o,
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AG’ — mmenenne bynxumun [u66ca, o,

B nuteparype BcTpedarOTCsl CHHOHHUMBI  (DYHKIUU
I'u66ca: n3006apHO-U30TEPMUYECKUI TTOTCHIIMAN, TOTCHIIUAT
I'u60ca, »nHepruss ['mbOca, cBoOOmHas »dHeprus. 3HaK
"MuHyc" CBf3aH C CHCTEMOW 3HAaKOB B TEPMOJIMHAMUKE, a
COOTBETCTBEHHO ¥ B XHMHHU: TO, YTO BBIACNSAETCS U3
CHCTEMBI, OTpUIATEIBHO, a TO, YTO IOTJIOMIAETCs,
MOJIOKUTEIIBHO.

[To ¢pusnyeckomy cmbiciny u3menenue pynxmun ['m66ca
(AG) ectp pabora mepexoga CHCTEMBI M3 JIaHHOTO
COCTOSTHUSI B PAaBHOBECHOE.

Hcxons w3 3HavueHus: pabOTOCIIOCOOHOCTH CHCTEMBI,
MOJIy4eHbl BEChbMa Ba)KHbIE COOTHOILEHUS, OMPEACISIONNe
HaIpaBJIEHUs CaMONPOU3BOJIBHOTO (CIOHTAaHHOIO) IIPO-
TEKaHHUs TMPOIIECCOB, T.e. MEPEXOJ] CUCTEMBI B Oolee
YCTOMYMBOE COCTOSIHUE.

Kpumepuem camonpouszsonvrhoco npomexanus npoyecca
8 OAHHBIX YCLOBUSX S6TIAEMC S HEPABEHCMEBO.

AG < 0 (4.2)
TepMO()uHaMulleCKuM Kpumepuem UCMUHHO2O0

paeHoeecuﬂ A6JIAemcA prlGH@HH@:
AG =0 (4.3)

[ToapoGHee 00 NCTUHHOM PaBHOBECUU CM. TYHKT 5.2.2.

B naHHBIX YCIIOBUSX CaMONPOM3BOJIBHOE MPOTEKAHUE
nporecca HEBO3MOXKHO (mMepMOOuHamMudeckuti Kpumeputl
CGMOnpOLL?BOJZbHOIZ Heocywecmeumocmu npouecca), CCJIIN.

AG >0 (4.4)

3Hak AX 0003Ha4YaeT pa3HOCTh JBYX BEJIUYMH, T.€. U3 KOHEYHOTO
3HAYEHUS BEJUYMHLI BEIUATAETCS HavajlbHOE 3HaueHne, Tak AG = G, —

Grra
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B 5THX ycOBHSX caMOIPOU3BOJIBEHO MOXET MPOTEKATh
oOpaTHbIH mpoIiecc.

Ha mnyrm x yCTOMYMBOMY COCTOSIHUIO CHCTEMA
CTPEMHUTCS K YMEHBLICHUIO (BBLACICHHUIO) SHEPrUH, UTO
BO3MOXHO TNpH 00pa30BaHMHM HOBBIX XUMHUYECKUX CBs3EH,
T.€. COCIMHEHUU YaCTHII, COCTABJISAIONINX cUCTeMy. B To xe
BpeMsi CHCTeMa CTpPeMHUTCS TNpuiTH B  Hambolee
HEYIOPSAIOYEHHOE COCTOSIHME, a 3TO MPOUCXOJUT IMpH
pasbequHeHnn (mepectpoiike) wyactul. 3HaueHue AG
XapaKTepU3yeT pe3yibTaT OJHOBPEMEHHOTO BIIMSIHHS 3THUX
JBYX MPOTHBOIOJIOKHBIX TEHICHIMHA (IUAJICKTHUECKUI
3aKOH €IMHCTBA M OOPHOBI TPOTUBOIIOI0KHOCTEH ).

4.2.2. Tepmoxumus

XUMHUYECKUE TPOILIECCHl IPOTEKAIOT C BBIICICHUEM HIIH
MIOTJIOIIEHNEM JHEPTrUU B Pa3IMUYHBIX (hopMax; TerioBas,
MEXaHUYeCKasi, JICKTPUYECKasi, CBETOBast U Ap. (IPUBEIAUTE
MIPUMEPBHI).

OHepreTuyeckue 3aKOHOMEPHOCTH XUMUYECKUX
peaKIuii MOTYMHSIOTCS IEPBOMY 3aKOHY TEPMOIMHAMUKU —
3aKOHY COXpPaHEHHs SHEPTHH, COTJIACHO KOTOPOMY SHEPTHs
B CUCTEME MOXET MePeXOAUTh U3 OJTHOW (OPMBI B IPYTYIO,
HO €€ KOJIMYECTBO OCTAETCSI TOCTOSTHHBIM.

Peakiuy, mnpoTekaromue C BbIIEICHUEM SHEPruw,
HA3bIBAIOTCS  IK30MeEpMU4ecKuMy, a C TIOTJIOMEHHEM
SHEPIUU — IHOOMEPMUYECKUMU.

W3 mepBoro 3akoHa TEPMOJWHAMHKH BBITEKAET, YTO
U3MEHEHHE SHEeprMM H300apHOr0 XMMHUYECKOIro mpoliecca
(TerutoBO# 3¢ hEKT) paBHO M3MEHEHHUIO SHTANBITHH (AH).

| Cornacro cucreme 3naxos, npunsToit B TepmoanHaMIUKE,
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WU3MEHEHUE HTAJBIINH SK30TEPMUIECCKON PEAKITHH
otpunarenbHo (AH < 0), a SHIOTEPMHUIECKON —
nojoxureabHo (AH > 0).

Paznen xumum, wW3y4aromMii W3MEHEHHUS OHHTAJIBIUU
mpoueccoB  (oOpa3oBaHHMe — BEIIECTB, UX  CroOpaHue,
pacTBOpeHHE © T.J.) HA3BIBACTCS TEPMOXUMHEH, a
yYpaBHEHUSI PpEaKlMii, B KOTOPHIX JAaHO HW3MEHEHHUE
SHTAIIBIINU, TEPMOXUMHYECKUMH. [Ipu 3TOM y (OpMyIbI
Ka)KJIOTO BEIIECTBA UHACKCOM YKa3bIBa€TCSl €ro COCTOSHUE!
razoo0pasHoe (T), )kujakoe (k), KpuCTaminueckoe (K) Wiu
pactBop (p). CripaBa OT ypaBHEHHs PEaKI[UU 3aIHCHIBACTCS
sHepreTuueckoe wusMeHenue B cucreme (AH). Cnenyer
UMETh B BUAY, YTO TEPMOXHUMHUYECKHUE YPABHEHHS] OTHOCST
K TOMY KOJIMYECTBY MOJICH B3aMMOJCHCTBYIONINX BEIICCTB,
KOTOpbI€ YyKa3aHbl B YypPaBHEHUHM PEAKIUH, I[OITOMY
JOMyCTUMBI IPOOHBIE KO (HUITMECHTHI:

2 Hz(r) + Oz(r) =2 HzO(r) . AH =-483,6 x/{oc
WIH
Hz(r) + Y% Oz(r) = HZO(F) , AH=— 241,8 Id].?ic

TakuM o00pazom, ANisg KaKIOTO KOHKPETHOTO Ciydas
HeoOXxoauMo oOparaTh BHUMaHHWE HAa TO, KaK HAIMMCaHO
TEPMOXUMHUYECKOE ypaBHEHUE.

B ocHOBE TEepMOXMMHYECKHX PacCUeTOB JISKHT 3aKOH
pycckoro yueHoro I'.1. I'ecca (1840):

U3MeHeHUe SHMATLNUU PeaKyul 3a8UCUM MOIbKO OMm
HA4anbHO20 U KOHEYHO20 COCTNOSIHUSL 8eUeCmE U He 3a8UCUM
OmM NPOMENCYMOUHBIX CMAOUll (nymu) npoyeccd.

Hampumep, npeBpaienue rpaduta B AIUOKCH] yTiiepoaa
MOJKET TPOTEKATh WJI B JBE CTAIHH:

C(K) + Oz(r) = CO(r); AH,;=-110,5 K,HD!C/MOJZb

CO(r) + Oz(r) = COz(r) . AH, = —283,0 x/{ocImons
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WJIU Cpasy:
C(K) + Oz(r) = COZ(F) : AH;=-1383,5 K’,ZZ.?fC/MOJlb.
Kak BuHO, N3MEHEHNE SHTAIIBIINY MTOCIEAHEN PEaKIUN
PaBHO CyMME M3MEHEHHSI SHTAIIBITUHA JIBYX
MIPEIIECTBYIOMIUX
AH; = AH, + AH,
—383,5 k{orclmons = — 110,5 k{orc/mons + — 283,0
k/[iclmons.
TepMoxuMHuUueckre ypaBHEHUS MOKHO CKJIQJbIBaTh Kak
OOBIYHBIC aNTeOpanYeCKHe MHOTOUJICHBI.
W3 cnencrBuii 3akoHa ['ecca ciemyer, 4TO HU3MEHEHHUE
SHTAJIBIINN PEAKIMU PaBHO CYMME SHTaJIBIIHI 00pa3oBaHUs
MPOAYKTOB pEaKlUHUHU 32 BBIUETOM CYMMBI DHTAJbIUN
oOpa3oBaHMS  UCXOIHBIX  BEHIECTB C  Y4ETOM  HUX
CTEXHMOMETPUUYECKUX KOA(D(PHUITMESHTOB.
Tak g peakuuu
AL+ A+ ...+ aAy=biBy +bBy+ ... byBm
W3MEHEHHUE YHTAILINY (TEIUIOBOH 3(PeKT) paBeH:
AH = b1AHs1 + boAHmo + ... + bnAHm — a1AHa1 —
aAH — (4.5)
— ... — anAHsan.
B o6mieM Buje:
j=m i=n
AH= jzz:lbj.AH 8, EaiAHfAi ’ (46)
rae & u Dbj — cooTBercTByIOIIME CTEXHOMETPHYECKHE
KO?((UIIMEHTH! B ypaBHEHUHU PEAKIINH;
AHiai v AHggj — 3HTansnuu o6pa3zoBaHus Ha4alnbHBIX (Aj) U
KoHeuHbIX (Bj) BeecTs, k{oic/mons.
Dumanvnueti 06pa3068aHUsL 6eueCmaead HA3blBAeNCs
UsMeHeHue SHMAIbNUU peakyuu 00pazoe8anusi 00H020 MO
XUMUYECKO20 COeOUHEHUs U3 NPOCIbIX 8eUjecms,
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| yemoiiuuswix 6 oannvix yenosusx.

OHTanpnuu  00pazoBaHUs MPOCTBIX  BEILECTB,
ycToiuuBbIX B AaHHBIX ycnoBHAX ( Hory, Alk), Crpapurx) B
T.J1.) IPUHATHI PaBHBIMU HYIIIO.

Crporo TOBOpS, [UIA ONpEACICHUS  W3MEHEHHSA
SHTaJIBNUU (TerioBoro 3¢¢ekrTa) peakiuu B YypaBHCHHS
(4.5) u (4.6) moxacCTaBIATH PHTANBIUM O0pa3OBaHUs IIPU
JMaHHBIX (MHTepecyrolux Hac) ycnoBuax. OpHako, s
NpUOJIMKEHHBIX PACYeTOB, KOTOPBIE HAC YIOBIETBOPSIOT,
BIIOJIHE MOKHO TMpeHeOpedb 3aBUCHUMOCTHIO H3MEHEHHUS
SHTANBINN (TETIOBOTO 3¢ (eKTa) peakuu OT TeMIIePaTyphl
U JIaBlIEHUS, NMO3TOMY B JAJIbHEUIINX pacyeTax Mbl Oyaem
MOJIb30BATHCS  CTAaHAAPTHBIMH ~ SHTAJBIIHMSIMU  BEIECTB,
KOTOpBIE OMpeeNieHbl JOCTaTOYHO TOYHO M HEKOTOphIE
3HaYeHUs TMpuBOAATCs B mpuinoxennn 4. Takxke B
JMAIbHEUIEM, €CIIM 3TO OYEBHIHO, TO OYIyT OIYIIEHBI
WH/ICKCHI, YKa3bIBAIOIINE arperaTHOE COCTOSTHHIE BEUIECTB.

Ilpumep 4.1. Vicxons u3 peakuuu
MgCO;xk) = MgO + CO; AH =101,5 k{orc/mons,
paccunTath SHTaNBNUI0 o0pazoBanust MgCO:s.

Pewenue: no ypasuenuro (4.5) onpenensiem AH nporecca:
AH = AHsvgo + AHfco2 — AHsvgcos.
IloncraBnsas 3HAYEHUSA SHTAJILINUHU o0Opa3zoBaHus
COOTBETCTBYIOIIMX BEIIECTB U3 MPHUIOKEHUS 4, TOTydaeM:

101,5=-601,5+ (—393,5) - AHfMgcog,
otKyna AHmgcos = — 1096,2 x/{orc/mone.

Ilpumep 4.2. Tlpu cropaHWHM OJHOTO JIUTPA BOJOPOJA
BBIJICJISIETCS 12,76 x/l{xc. Paccuurath SHTAIBIIUIO
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oOpaszoBanust Bojabl. Kakasi Boja mosyyaercs B pe3yibTaTe
9TOTO Tpoliecca: Iap WK KUJIKOCTh?
Pewenue: ypaBHeHue peakiiuu ropeHust BOJI0poa

H, + 1/2 O, = H,0.

Jis Toro 4ToObl M3MEHEHWE OJHTAIBIUU PABHSIOCH
SHTAJBIIMKA 00pa30BaHMsI BOJIbI, HEOOXOAUMO CxKeub 22,4 1
BOJIOpO/Ia, TOT 1A

AHwmoz = (—12,76) xlloc/n 22,4 i/mone = — 285,8

K/{orc/monb.
3Hak "MuHyC", T.K. MpPOLECC HK3OTEPMHUYECKHI IO
YCJIOBHIO.

CpaBHMBasi IOJYyYEHHOE 3HAYEHHE C  JIAHHBIMU
npuwioxkeHus 4, BUAUM, YTO B HAIlleM Ciydae oOpasyercs
JKMIKast BOJA.

Ilpumep 4.3. Onpenenutb WU3MEHEHUE SHTAIBINUU

mporecca
CO, +4H, = CHy + 2H20(r).
Pewenue: cornacuo ypaBaenuio (4.5)

AH = AHicns + 2 AHuory — AHicor — 4 AHgp.
[ToncraBisis  3Ha4YeHHWs] DHTAJBIMA  OOpa3oBaHUA U3
MPWIOKEHUS 6 MoTydaeM:

AH = —74,9 + 2(-241,8) — (-393,5) - 40 =-165,0

K/[orc/mono.

4.2.3. DuTponus
YacTullbl, COCTaBISIFOIINE CHCTEMY, HAXOASATCS B IIOCTOSTHHOM
IBIDKEHUH, T.€. CUCTEMa O0JIalaeT TOW WM WHOM CTEIEHBIO
HEYNOPSJOUEHHOCTH (6ecriopsinka). Benuuunoii,
XapaKTEepU3yIOIIeld CTerneHb Oecropsiika CHUCTEMBI, CIYXUT
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sHTponus (S). CAMHUICH H3MEPCHUS SHTPONUHU SBIISICTCS
Horc/(monv' K).

DHTpPOIHUS BEIIECTBA BO3PACTACT C YBEIUYCHUEM TEMIIEpaTy-
pbl,  YCIO)KHEHHEM  MOJIKYJ, TpH  [epexole  H3
KPUCTALTMYECKOTO COCTOSIHUSL B KHUJAKOE, W3 JKHUIKOTO
COCTOSIHUSI B Tra3000pa3HOe, NMPH PEaKIUsAX, MPUBOIANIMX K
VBEJIMUEHUIO  YWCIa  MOJEH  ra3000pa3HbIX  MOJEKYI
(yBemuueHuto obbema), W T.A. T.e. M3MEHEHUE SHTPOIHUH
YKa3bIBae€T HA CTPYKTYPHBIE W3MEHEHUS, MPOU3OIICIIINE B
pe3yibTarte Mpolecca, YBEIMYWIACh WIM YMCHBIIHIACH
CTerneHb Oecropsiika.

TpeTuii 3aKOH TEPMOJAWHAMHKH, COTJIACHO KOTOPOMY TIpU

T = 0 K y abconroTHOrO Kpuctajumdyeckoro tena S = 0,
MO3BOJISICT ONPEACITUTh a0COJIOTHBIC 3HAYCHHS] SHTPOIHH
BEIICCTB, HEKOTOPHIE 3HAYCHUS KOTOPBIX MPUBOMATCS B
MIPUIIOKEHUU 6.

Pacuer m3MeHEHUs SHTPONUHU MPOIEcca MPOU3BOIUTCS
no ypaBHeHHIO (4.7), QHAJIOTUYHOMY YPaBHCHUIO IS
pacuera AH (4.5).

Tak mia peakuuu

AL+ A+ ...+ aAn=biBr+bBy+ ... byBn
W3MEHEHHE YHTPOIHH PABHO:

AS = D1ASg; + DASgy + ... + bnASgm — @1ASa —

aASp2 —... — (4-7)
—a nASAn.
B o0mem Buse:
j=m i=n
AS= Z;Lbj-SBj_ZiaiSfA ) (48)
j= i=
rae & u Dbj — cooTBercTByIOIME CTEXMOMETPHUYECKHE

K02(pPUIIMEHTHI B ypaBHEHHH PEAKIINU;
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Sai ¥ Sgj — abCOIIOTHBIE 3HAUEHUS HYHTPONUIl HaYyaIbHBIX
(Ai) u xoneunsix (Bj) Bemects, o/ (morv K).

HecMoTpst Ha TO, YTO 3HAYEHHME SHTPOIUH BEIIECTB 3aBUCHT
OT TEMIIEepPaTypbl, H3MECHEHHE OSHTPONUH B MpoIecce
NPAKTHYCCKH HE 3aBHCHUT OT TEMIIEPaTypbl M IS
NPUOIMKCHHBIX PACYeTOB 3TOW 3aBUCHUMOCTBIO MOYKHO
npeHeOpeub.

Ilpumep 4.4. Onpenenutb U3MEHEHHWE HAHTPOIUU

mpoiiecca
H, + Cl, = 2 HCL
Pewenue: nannas peaknus wujaeT 0e3 H3MEHEHUS YHCTIA
Mojei raszoB, T.e. AV =0, ciegoBaTeabHO, H3MEHEHHUE
SHTPOINUU He3HAUHTENIbHO. CoryiacHo ypaBHEeHHIO (4.7)
AS =2 Shci — SH2 — Scr.
[TocTaBUB 3HAYCHUS SHTPOIUI BEIIECTB U3 IPHUIOKEHUS 4,
MOTYYUM:
AS = 2187 — 131 — 223 = 20 [{orc/(monv K).

Obpamume  GHUMAHUe: 8 OmMAUYUEe OM  IHMANLNUU
00pazoeanus SHMPONUU NPOCMBIX BEULECTNE He PABHBL HYIIIO.

Ilpumep 4.5. Onpenenute, Kak MeEHSETCS CTPYKTypa B
cucreme

CO, +4H, = CHy + ZHQO(r).
IIpoBepbTe BBIBOJ PACUETOM.
Pewenue: cTpykTypHble U3MEHEHUS ONPEACIAIOTCS 3HAKOM
W3MEHECHHS OJHTpormu. JlaHHas  peakmust HWIeT C
yYMEHBIIIGHUEM 4ucia moned raszoB (1 + 2 -1 —4 = -2),
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ClleZIOBaTeNbHO, OECHopsiok B CHCTEME YObIBaeT U
sHTponuUsA ymeHbmaercs (AS < 0).
ITpoBepsieM pacdeToM: COIIACHO ypaBHEHUIO (4.7)

AS = Stcus + 2 Sanoa) — Stcoz — 4 S
[ToncraBnsisi 3HAYCHUS SHTPONHMHA BEIIECTB U3 TPUIIOKCHUS
4, nomy4aem:

AS = 186 + 2189 — 214 — 4 131 =- 174 J]oc/(monv K).

4.2.4. JHTAIBNUHHBIA ¥ JHTPONMIHBIN (PaKTOPBI

npouecca.

Kak ykaspiBanoch (myHkT 4.2.1), 3HaueHue (QYHKIHH
I'n66ca (AG) ompenensercss ABYMS POTHBOIOJOXKHBIMHU
TEHICHIMSIMUA: CTPEMJICHHE CHUCTEMBI MPUUTH K MHHUMYMY
SHEPruu — JHTANBNUNHBINA ¢akTop (AH) U K MaKCUMyMy
oecriopsinka (T'AS). Hampaiienue mporecca onpenesiercs
TEM, YTO MpPeodIajaeT — FHTAIBIUNHBIA WX SHTPONMUHBIN
daxTop.

PaccMoTpeHHble TEPMOAMHAMUYECKUE BEJINYMHBI CBSI3aHbI
MEX]1y cO00M OTHUM M3 OCHOBHBIX YPAaBHEHMH XMMUYECKHX
TEPMOJUHAMHUKHU — ypaBHeHueM [ ub0ca:

AG =AH —TAS (4.9)
3Hak «MuUHYC» B ypaBHeHUH (4.9) kak Obl OJHMIIETBOPSET
IPOTUBOMNOJIOKHOE BIUSHUE PACCMOTPEHHBIX BEIWYUH,
SBJISISICH YaCTHBIM CIy4yaeM BCEOOIIEro IUaleKTUYECKOIro
3aKOHA IPUPOJIBI U OOIIECTBEHHOI'O Pa3BUTHUS — €AMHCTBA U
OOpBOBI MPOTHUBOIOJIOKHOCTEH.

IIpu paBHOBECHM, KOrJa ODHTAIBIIMWHHW W SHTPONUNHBIN
dakTophl Tporecca KOMIEHCUPYIOT Apyr napyra (AH =
TAS), ypaBuenue (4.9) npeBpamaercst B ypaBHeHue (4.3).
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VYpaBHenue (4.9) 1no3BoJsAET  ONPEACIHUTH  YCIOBHS
NPOTEKaHUs MpOIecca, €ro BO3MOXKHOCTb, YCTOWYHMBOCTH
COGI[I/IHCHI/II\/JI B TCX WJIM UHBIX YCJIOBHUAX U T.H.

Ilpumep 4.6. llpoananu3upyiTe TeMIiepaTypHbIE YCIOBUS
MPOTEKaHus mpolecca
CO, +4H, = CHy + 2 HzO(r).
Pewenue: nanpaBneHue nNpoTeKaHus mporecca onpeesier-
csa Belpaxenusmu (4.2), (4.3) u (4.4), T.e. 3HaAKOM
u3MeHenus ¢yHknuu ['m66ca, KOTOpoe MOXKHO PacCUUTATh
no ypaBHeHuto (4.9). B mpumepax (4.3) u (4.5) nomyueHsl
3HAYCHUS
AH = —165,0 x/{orc/monw

u AS = — 174 e/ (mons K) = — 0,174 k/{orc/(monv K).
Toraa ypaBaenue (4.9) mis naHHOTO IMporecca
IpeBpaIaeTcs B ypaBHEHUE

AG =-165,0+0,174T,

KOTOpOE IPEICTABISAET COO0N ypaBHEHHUE NPSAMOI IMHUH B
koopaunHatax AG u T — Tak ke, kak 1 ypaBHeHue (4.9).

YroObl moCTpoUTh TIpaduK, HEOOXOAMMO HAWTH JBe
touku: ipu 7' =0 K AG = AH = — 165,0 x/{oxc/monw. Touka
nepeceueHust MpsIMOM ¢ OChblO abCLUCC MPECTaBIseT
0co0bIi mHTEpec. 3aeck AG = 0, T.e. IpU ITOH TeMIiepaType
cucTeMa HaxOIUTCS B paBHOBecuH. [lopcramisisi 3HaueHHE
AG = 0 B ypaBHeHue (4.9) nonyyaem:

AH =TAS (4.10)
B uncneHHBIX 3HAaUEHUSX IS HAILIETO MPOIecca ypaBHEHHE
(4.10) Oyner 3amucaHo:
— 165,0 k/{orc/mone = — 0,174 x/]c/(monv K) T,

otkyna 7= 948 K.
[To mosmydeHHBIM JaHHBIM cTpouM Tpaduk (puc. 4.1).
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Puc. 4.1 Usmenenne AG B mponecce COz(r) + 4H2(r) =
CH4(r) + 2H20(r).

W3 rpaduka Bugao, uro pu 7 < 948 K AG <0 wuB
COOTBETCTBUM C BbIpaxkeHHWeM (4.2) naHHBIM mporecc
MOXKET IIpOTeKaTh caMmonpon3BoibHO. [Ipn 7= 948 K AG =
0 m cucrema HaxoaWTCs B paBHOBecuH, a mpu 1 > 948 K
AG <0  caMompoOW3BOJIBHOE OCYIIECTBIEHHE TIpoIecca
HEBO3MOXXKHO  (CaMONPOM3BOJIBHO  MOXKET  IMPOTEKaTh
o0OpaTHbIi mporiecc). YToObI OCYIIECTBUTH JAHHBIN MPOIIECC
npu T > 948 K HeoOxoauma 3aTpaTa SHEPrUH, T.€. MBI
JIOJKHBI COBEPIIUTH Pa0dOTy, paBHYIO U3MEHEHUIO (QYHKIIUU
['m66ca npu gaHHOIM TemIepaType.

B 3akitoueHMM  OTMETHM, YTO  TEPMOJUHAMHUKY
UHTEpPECYeT TOJBKO HAYAIbHOE M KOHEYHOE COCTOSHHS
CHCTEMBI U HE HHTepecyeT MyTh npouecca. OHa «pazpenaer
» WIH «3alpeuiaer» MpoTeKaHue mpolecca B JAaHHBIX
YCIOBHUAX W HUYEr0 HE TOBOPUT O €ro CKOPOCTH, T.€.
IIPOTEKAET OH B IEUCTBUTENIBHOCTH WM HET. [lopoit Mexny
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IPUHUUIINAIBHOM M IPAKTUYECKOM OCYIIECTBUMOCTBIO
Ipouecca JIEXKUT «IACTaHLUs OTPOMHOTO pa3Mepay.

4.4. JxcniepuMEHTAJIbHAS YaCTh

Ilpubopul u peakmugwvl: KaTOPUMETP, TEXHOXUMUYECKHE
BeChI, ceKyHaoMep, MepHas nmocyna, NaOH 1 H pactsop,
HCI1 1 H pactBop, cyxue comnu.

Kasopumerpuyecknii onbIT

Bce n3Mepenus sHTanpnui IpoueccoB MpOBOAATCS B
KaJIOpUMETPaxX, KOTOPbIE MOTYT UMETh Pa3IMYHbIC
KOHCTpyKuuu. [Ipoctelmmii kanopumerp, n300paskeHHBbIH
Ha pHC. 2, IpeACTaBisieT cOO0M /1Ba CTaKaHa, BCTaBJICHHbIX
JpYT B IpYTa, sl YMEHBIIEHHUS TEIUI000OMEHA MEX Ty HUMH
IIOMEIIIEH clIoi Terton3ossTopa (1), cBepxy Kanopumerp
3aKpbIT KPBILIKOM, B KOTOPYIO BCTAaBJIEHBI TEPMOMETD (2) U
memanka (3). Mccnenyemslil mporecc NpoBOAST BO
BHYTPEHHEM CTaKaHE IIPU HENPEPHIBHOM IIEPEMEIINBAHNN,
OJTHOBPEMEHHO (PUKCHUPYs TEMIIepaTypy.

2

L — 3

'| —

Puc. 2. IIpocTeiimmii KanopuMerp:
1 — repmon3zonUpyrOIIas MPOKIAIKa, 2 — TEPMOMETD, 3 —
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MeIIanKa
Kanopumerpuueckuit (TEpMOXUMUYCCKUIN) OTIBIT COCTOUT
U3 TPEX NEPUOOB:
1) npedsapumenvHoiil - B 3TOM MEPUOJIC YCTAaHABIHBACTCS
TEMI000MEH MEXAY KaJIOPUMETPOM, TIOATOTOBJICHHBIM K
MIPOBEJICHUIO UCCIIEyeMOl peakliuy, U OKpYKarolei
cpenoi (MpoaoJKUTEILHOCTh MEPUOJIA COCTABIICT 5 Mu-
Hym),
2) 2n1a6Hblll - B ITOM TIEPUOE BBIICISCTCS WK
MOTJIONIAETCS TEIUIO B Pe3yIbTaTe MPOTEKAHUS
UCCIIEyeMOH peakiuu (IPOAOIKUTEIBLHOCTD IIEpHUOo/ia
OTIpe/IeTISIeTCS] CaMOM peakIlfeil, B JaHHOW padoTe OH
MPUOJIM3UTEIILHO PaBeH 3 Munymam),
3) z3akmouumensvHblil - B 3TOM MEPUOJIC YCTAaHABIHBACTCS
TEIUIO0OMEH MEXIY KATOPUMETPOM IOCTIe OKOHYAHHS
peaKkuuu 1 OKpyKarolieil cpefoi (mMpoaoKUTENbHOCTh
Ieproja COCTaBIIAET S5 MUHYM).
I'paduk M3MeHeHUsT TemIepaTypbl BO BPEMEHHU BCEX TpPeX
MEPUOJIOB HOCUT HA3BaHUE MeMNnepamypHol Kpusou
kanopumempuueckozo onvima (puc. 3). Iloctpoenue stoit
kpuBoit HEOBXOIMMO B kaxI0M KaJOpUMETPUYECKOM
ONbIT€ I HAXOXKIEHUs JEUCTBUTENBHOrO Iepenaaa
TEeMIIeparyp, T.€. TOro Nepemnajia TeMIeparyp, KOTOPBIA ObLT
ObI TIPU OTCYTCTBUHU TEMJI000MEHa C OKpY>Karolle cpeou.
Kak nHaiiTu AeiicTBUTENBHBIN TEpenaa Temreparyp, OyaeT
OMMCaHO HUXKE.
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Puc. TemmnepartypHas KpuBas KaJJOpPUMETPUYECKOTO OIBITA.
DHTANBIHIO U3y4aeMOro MPOIIecca PACCYUTHIBAIOT U3
ypaBHEHUs TEIUIOBOro Oananca mo gpopmyse

Ah=(Mmy ci+ Ny co ... +mp cn) A, (4.11)
riae Ah - u3MeHeHue SHTANBITUY B Pe3y/IbTaTe PEAKIIUH
MEXTy B3ITBIMH MaccaMy KOMIIOHEHTOB, /[,
mij - Macca 1-r0 KOMIIOHEHTa, 2,
Ci - yenbHas TEIIOEMKOCTD 1-T0 KOMIOHeHTa, /[ic/(e * K);
At - TeCTBUTENBHBIN ITEpenaj TEMIEPATYPBI, HAXOIUTCS U3
TEMIEPATYPHON KPUBOU KaJOPUMETPUUIECKOTO ombITa, °C
(pa3HHUIly TeMITepaTyp MOXKHO TIOJICTABIISITh B IPaTycax
[lenbcus, T. K. ynciaeHHo At = AT).
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HOJIyLIeHHOG SHAYCHUC SHTAJIBIINU IIEPECCUYUTBIBAIOT HA OJIUH
MOJIb B€IICCTBa (qame BCEro I/ICXOI[HOFO).

Onvim 4.1 Onpenesienne YHTAIBINH PeaKIHU
HeHUTpaJIu3auuu
Peakius HelTpanmM3anuu JF000H CUITbHON KHUCIOTHI JTFOOBIM
CUJIbHBIM OCHOBAHHMEM COITPOBOK/IAETCS OJIHUM U TEM Ke
usMeHenuneM sutanbnuu (AH = — 55,9 k/{oic/monv). D10T
¢dakT 0OBSACHSIETCS TEM, YTO B3aUMOJCHCTBHE CUITHHBIX
KHCJIOT 1 OCHOBAaHHM, B X0JI¢ KOTOPOT'O HOHBI BOJIOPOJIa U
TUAPOKCHIA COSAUHSIOTCS B MOJIEKYJIBI BOJIBI, IIPOTEKAET
MPAKTUYECKH 10 KOHIA 1 CBOJUTCS K OJJTHOMY M TOMY K€
npoieccy:
HClp-p) NaOH(p.p) = NaCI(p-p) + HzO(m); AH=-55,9
K/[orc/monb;
HzSO4(p_p) + 2KOHpp) = Na2804(p.p) +2 HoOpx); AH =
—111,8 x/{orc/monw,

a B MOHHO-MOJIEKYJISIPHOM BUJIE JIJIsl 0OOUX MPOIIECCOB:

H+(p_p) + OH (p-p) = HoOp, AH = —55,9 k/[oic/mons.
Takum oOpa3om, sHTaNBIUA 00pa3oBaHus 1 Mo/ KUIKOM
BOJIbI M3 MOHOB paBHA SHTAIBIIUU HEUTpanu3anuu 1 moss
SKBHUBAJIEHTOB CHUIBLHOM KMCIOTHI 1 Mosem CHIBHOTO
OCHOBAHHSL.
[Tpu HelTpanu3anuu pa3daBIEHHOTO pacTBOpa cladboun
KHUCJIOTBI WJIK C1a00T0 OCHOBAHUS MPOIIECC HEUTPATU3AIINN
COMPOBOXKAAECTCS U3MEHEHUEM SHTAJIBIINY TUCCOLUALIUN
cJ1aboro 3JeKTPOINTA, a HHOTAA U 3PHEKTOM ruapaTanuu
MOHOB. Peakninu HelTpanu3aium, B KOTOPHIX XOTS ObI OJTHO
W3 BEIIECTB SIBJISETCS CIIA0BIM AJIEKTPOJIUTOM, MPOTEKAIOT HE
JIo KOHIIA:

CH3COOHp.p) + KOH () S CH3COOK p-p) + H2O (0,
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CHBCOOH(p.p) + OHi(p-p) s CH3C007@-p) + Hzo(m).
CJ'IGI[OBaTeJ'IBHO, U3MCHEHHEC DHTAJIBIIUU TaKUX peaKuHﬁ
OTJINYacTCA OT yKa3aHHOI>’I BBIIIIC BECJIMYNHBI.

B cyxoil BHyTpeHHull crakaH kajmopumeTrpa HaiuaroT 100
mn pactBopa NaOH, konmnenTpamueit paBHorl 1 monw/a,
3aKpBIBAIOT KPBILIKON U U3MEPSIOT TEMIIEPATypPy PacTBOpa C
touHocThio 110 0,1 °C, B TeueHnue 5 mun (IpeaBapuTEIbHBINA
nepuon). 3atem ObicTpo mpuimuBaroT 100 mz pactBopa HCI,
KOHIICHTpale paBHOUW 1 mo/v/1, 1 IPOJOIDKAIOT C TOU XKe
TOYHOCTBIO  3allMChIBaTh HW3MEHEHUE TEMIEepaTrypbl B
TedeHue 7 MmuH (3a ITO BpeMs 3aKOHYATCS TJABHBIM U
3aKJIOYMTEIbHBIN  TIepuobl). Pe3ynbTaThl cBeauTe B
Tabnuny 4.1.

Tabnuya 4. 1
M3menenue TemiepaTypbl B peakiiuy HEUTpaIH3aluu
Bpemst, mun 0,5 1,0 15 5,0°

Temneparypa,

[Io momy4eHHBIM [aHHBIM IIOCTPOMTE TEMIIEPATYPHYIO
KPUBYIO KaJIOpUMETPUYECKOro omnbitTa (cM. puc. 3) u
OIpe/ICNTUTE ICHCTBUTEIBHBIN Mepenaa Temmepatyp (At).

Yyactku AB u CD (puc. 3) TOKa3bIBAalOT H3MEHEHHUE
TeMneparypbl ("memnepamypHuiii x00") COOTBETCTBEHHO B
HAaYaJIbHOM M 3aKJIFOYUTEIIBHOM IIEpUOAAaX OIbITa; Kak
IIPABUJIO, 3TU 3aBUCUMOCTH JINHEHHBIE, & YTOJl HAKJIOHA Npsi-
MBIX MOXET OBITH JIFOOBIM, T.K. OH 3aBUCUT OT MHOXECTBa
BHEIIHUX  ycnoBud. Ywactok BC  xapakrepusyer
TEMIEPATypHbIM XOJ B IJIaBHOM IMepuoje ombita. J{is

* Hauaso TIIABHOTO IIepHoa OnbiTa (Touka B Ha puc. 3).
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HAXOXK/ICHUS JICHCTBUTEILHOIO Mepemnaaa temmeparyp (At)
otpe3ok BC pemurcst momonam (touka E). Uepes touky E
IPOBOAMTCA NpsMas, HapaiielbHash OCH TEMIEparyp, H
OTIPECIIAIOTCA €€ TOYKHU IEPECcCeueHusi C MPOJOIKEHUSIMU
TEMIEPATYPHBIX XOJ0B HAYAJIbHOIO U 3aKIIOYUTEIHLHOIO
nepuooB (toukn F u G). Pasnuya memnepamyp medxncoy
moukamu G u F saersemca uckomvim OeticmeumensHviM
nepenadom memnepamyp (At):

At =1tg — tg, (412)
rae tg u tg - cooTBeTCTBEHHO Temneparypa B Toukax G u F.
Pacuer sHTanbnuu peakuy HeUTpau3aluy MPOBOAUTCS 110
dbopmyre:

AHg =25 (4.13)
rae AHg — SHTaNbNUs peakuu HeUTpaliu3alui,
K/[orc/monb;

V —cymMapHblii 00bEM KUCIIOTHI U IIET0YH, ML,

 — IUIOTHOCTb PacTBOpa, NPUHATH p = 1 2/ma,

c— yZAenbHas TEIIOEMKOCTh pacTBOpa, MPUHSATH ¢ = — 4,2

Lc/(e -K),

A — YHUCIJIO MOJIEH 3KBUBAJICHTOB KUCIOTHI (WM HIET0UH),

YYaCTBYIOIIMX B Peakinu, B JaHHOM ombiTe 7 = 0,1 more.
Paccunraiite OTHOCUTENBHYIO OIIMOKY OIIBITA.

Onevim 4.2. Onpenejienne YHTAJILIUA PACTBOPEHHUS COTH
OHTaNbNMs PaCTBOPEHUS COJH ONPENEISAETCSI CYMMOU JIBYX
BEJIMYMH:  DHEPrued  pa3pylleHHs  KPUCTALIMYECKON
pewmieTku  (9HAOTepMHUuUeckuil mpomecc, AH > 0) wu
SHTAJIbNKENH COJbBAaTAallMM HMOHOB COJM  MOJIEKYJaMH
pacTBOpPUTENS  WIM  DHTAJbNIMEH  TUApAaTallud, €CIU
pacTBOpHUTEIND - Boja (3K30TepMuUeckuii mporece, AH < 0).
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OHTaAIBNUS pacTBOpeHUs (AHp) MOYKET OBITh
HOJIOKHUTEIbHON WJIM OTPHULATENbHOM, B 3aBUCUMOCTH OT
TOT0, KaKoi 3dexT mpeodranaer.

OHTaJIBIUS ~ PACTBOPEHHUS  3aBUCUT  OT  KOJUYECTBa
pacTBopuTenss M, 4YTOOBI YHOOHO OBUIO CpaBHUBATH
SHTAJIBIMM PACTBOPEHUS PpA3IMUYHBIX COJIEH, MPHUHATO
pa3iauyuath  UHMESPATIbHYIO u  ougpgepenyuanvuyro
SHTAJIBIIMM PACTBOPEHMUSL.

WHTerpasbHOM  3HTANBIIMEH  PACTBOPEHHUs  HA3bIBACTCSA
U3MEHEHHE SHTAJIBIIUY IIpoliecca pacTBOpeHus 1 monsa conu
B 1 MOJISIX PAaCTBOPUTEIISL.

JuddepenumanbHoi 3HTaNIBIINEH paCTBOPEHUSI HA3bIBAETCS
M3MEHEHHUE SHTaJIBIINU IIpolecca pacTBOpeHUs 1 mosa conu
B OECKOHEYHO OOJIBIIOM KOJIMYECTBE PACTBOPHUTEINSL.

B pabore mpemnaraercss ONpPENENUTh HHTETPAIBHYIO
SHTAJIBIMIO  PACTBOpeHHs  coau (MO0 yKa3aHUIO
npernojaBaTes).

Ha TexHOXMMHMUYECKMX Becax OTBELIMBAIOT HABECKY COJIU C
toudocthio £ 0,01 2 (macca HaBecku okosio 10 2). Bo
BHYTPEHHUI CTakaH Kajgopumerpa HamuBaroT 200 mz
JUCTHIITMPOBAHHON BOJBI M U3MEPSIOT €€ TEMIEPaTypy ue-
pe3 kaxzaele 0,5 mum B TedeHME IATH  MHHYT
(mpeaBapuTeNbHBIA NEPUOA). 3aTEM AKKYpaTHO BBICHINAIOT
HABECKy COJII B CTaKaH M HMHTEHCHBHO II€PEMELINBAIOT
pactBop. OnHoBpeMeHHO ¢ wuHTepBajioMm B 0,5 muu
3alMCHIBAIOT IIOKAa3aHUsl TEPMOMETpa B TedeHue 12 mum
(rmaBHBIA M 3aKIIOYUTENBHBIM mepuonbl). Pe3ynbTaTsl
HaOMoIeHu cHecTH B TabmuIry (cM. Tabm. 1).

ITocTpoiiTe TeMnepaTrypHyr0 KPUBYIO ONBITa U OIPEICIINTE
JNENCTBUTENBHBIN Iepenan Temneparyp. OpHako HHOrzaa
pacTBOpEHHE MOXET IPOUCXOJIUTH OTHOCHUTEIIBHO
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MEJUICHHO, W TJIaBHBIA NEPUOJ] 3aTATUBACTCS, B PE3YJIbTATE
4ero KpuBas CTAaHOBHUTCS "pa3mbIToi" (puc. 4).

‘TemmepaTvia

Bpenst

Puc. 4. Temneparypnas Kpuas
KaJIOPUMETPHUYECKOTO OIbITA C MPOJAOJIKUTEIHHBIM
[JIABHBIM IIEPUOJOM.

Ha puc4 yuactrok AB moka3piBaeT  HM3MEHEHHE
TEeMIIepaTyphl U IpeiBapu TeJIbHOM Tepuoje onbita. BC' — B
rmaioM u C'D — B 3akmoudtensHOM mnepuogax. [is
HaxXOXJIEHUs JACUCTBUTENBHOIO IIEpenajga TeMIEPATyp
npoBoaiT npsmyro BC Takum o0pazoMm. uTOOBI MIIOIIAAH
3alITPUXOBaHHBIX obOsacTei Obuin paBHbl. OTpezok BC
JeNsT monoJiaM (Touka F) u mpomomkaroT Tak ke, Kak OblLIo
OIMCAHO BBILIE.

At=tg — tg, (4.12)

OHTaNbINIO PACTBOPEHUS PACCUUTHIBAIOT MO (popmyie:
_(mg+my, ,)-CAt
AH p= M.

rie AHp — 3HTanbIuUsl PaCTBOPEHUS COJU, K/{orc/Maub,
m,. - Macca CoJly, 2;
m [0 — Macca BOJIbl, YUCICHHO paBHas ee 00bemy, 2;

(4.13)

71



¢ - yaenbHas TeIIOEMKOCTh PAacTBOPa, IPUHSATH ¢ = —4,2
Iic/(2K),;
M, —MoIbHasg Macca COJIH, 2/MOb.

PaccuwnraiiTe pa3BeicHHE COJIM: YHCIIO MOJICH BOJIBI Ha
OJIMH MOJIb COJIH.

4.4 3apaun

4.4.1 OnpenenuTh SHTAILINIO oOpa3oBanus SO;, eciu
npu cropanuu § e cepsbl Boiaensercs 148,5 k/{or.

4.42. He mpuberas Kk pacueTy, MOCTPOUTH Tpadux
3apucumoctd AG To T U1 peakuuu

CgHip= 6C + 6 H, .

IIpoBeputs cBOM BBIBOABI pacyeToM. IIpoanammsupoBarsb
TeMIIepaTypHble YCIOBUS IPOTEKaHUs Ipoliecca.

4.43. Tlo xakomy mnyTtd OyAeT pasziaraThCsi HHUTpAT
cepebpa mpu HarpeBaHUMU:

AgNO3; — 1/2 AgO + NO, +1/4 0,

WIH

AgNO; — Ag +NO, +1/20,?
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JlabopaTopHas padora NeS
XuMuveckass KHHETHKA

Lenv pabomul: 03HaAKOMIICHHE ¢ (DAKTOPAMH, BIUSFOITUMU
Ha CKOPOCTh XUMUYECKUX PEAKIUMA, COCTOSHUEM
XHMHYECKOIr0 paBHOBecHs, npuHUunoMm Jle-Illarense u
AKCIEPUMEHTAIIBHOE ONPEICIICHUE SHEPTUN aKTUBALIUU
XUMHUYECKOTO MpoIiecca U TEMIIEPAaTypPHOro K03 dUineHTa
peaKuuH.

5.1. Borpocsl 1J1sl TOATOTOBKH K co0ece0BaHMIO

5.1.1. KakoBa 1ienp u3ydeHust JaHHOW TeMbl?

5.1.2. Yro m3yyaer xummuueckass kuHetuka? UTto Takoe
CKOPOCTh XHMHYECKOW PEAKIMM U KAKOB MEXaHHU3M €€
npoTeKaHus?

5.1.3. B uem cymHocTbh 3akoHa AeiicTBusa macc? Kakos
(u3nyecKuil CMbICI KOHCTAHThI CKOPOCTH peakuun?

5.1.4.00bpacHuTE OONBLIOE BO3PAaCTAHUE CKOPOCTH
peaKuuy Npu HE3HAYUTEIbHOM YBEJIMYEHUH TEMIIEPATYPHI.

5.1.5. Kakag BenuuuHa  ONpenensieT  CKOPOCTh
xumuueckon peaknuu? Ilouemy? UYrto Takoe »3Heprus
aKTUBaIMK? DHepreTuyeckas AuarpaMmma peakiyi.

5.1.6. B ueM CymHOCTb TEOpUHU "aKTUBUPOBAHHOTO
koMmiekca"? OOBICHHUTE Ha ee OCHOBE JieficTBHE
KaTajau3aTopa.

5.1.7. Kak mpoTeKarT TIeTEpOreHHbIE IPOLECCHI?
IIpuBenure mnpumepbl Takux nporeccoB. KakoB ux
MeXaHHU3M?

5.1.8. KakoBa cKOpOCTb NPOTEKAaHUS MOHHBIX peaKLui,
peakuuil MeXIy KOBAJEHTHBIMH MoJekynamu? OTBer
obocHyiiTe.

5.1.9. Kak mpoTekaroT XuMUYECKUE PEAKIINU?
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5.1.10.PagukanbHO-1IENIHBIE pEAKIMU M HUX pOJib B
MPUPOJIE U TEXHUKE.

5.1.11.00bsicHuTE CYUIHOCTH HOHATHH "XMMHUYECKOE
paBHOBecue", "oOparumMble peakuus'.

5.1.12. Yto Takoe KOHCTaHTa paBHOBECHsI, KAaKOB e¢ (u-
3UYECKHUI CMBICH?

5.1.13. Jlaiite oObsicHeHue 3aBucumoctd Kp ot AG
(YpaBHEHME N30TEPMbI XUMUYECKON pEAKIIUN).

5.1.14. JlaliTe XapaKTEPUCTUKY OCHOBHBIX IPHU3HAKOB
XUMHYECKOTO PAaBHOBECHS.

5.1.15. OObsicauTe TEpPMHUH "CMEIIEHHE XHWMHUUYECKOTO
paBHOBecHs". MOXHO JI1 IPOrHO3MPOBATh HANpaBICHUE U
ri1yOuHy cMeleHus 3Toro pasHosecusi? Kakum obpazom?

5.1.16. Paccmotpute BO3MO>KHOCTH yIpaBiIeHUS
XUMHYECKUM TiporieccoM. KakoB CMbICT W 3HA4YeHUE
npunnuna Jle-lllarenbe?

5.1.17. PaccmoTrpure BIMSHUE pPa3IWYHbIX (PaKTOPOB
(KOHIIEHTpalus, TeMIlepaTrypa, JaBlI€HHE) Ha CMEIICHHE
XUMHYECKOIO PAaBHOBECHS.

5.1.18. Kak onpenenuts BbIXOA MPOAYKTA PEAKIINH?

5.1.19. HackosbKO MOJHO NMPOTEKAIOT XMMUUYECKUE PEAKIIUN
U KaK OOBSICHUTh MAaKCUMAJIbHBIN BBIXOJ] POYKTOB?

74



5.2. TeopeTuyeckoe BBeleHHE
5.2.1. CKOpoCTh XUMHUYECKUX PEAKITUH
CKOpOCTBIO ~ XMMHYECKOTO  Ipolecca  Ha3bIBaeTCs

N3MECHEHHUE KOHIIEHTpaLHi JII000T0 BEIIECTBA,
YYaCTBYIOLIErO B PEAKIMHU, 3a EANHULY BPEMEHU
AC
u=+—, (5.1)
AT

rae U — cpemHsisi CKOpOCTh MPOoLecca, Momb I et
AT — IPOMEKYTOK BPEMEHU, C,
Ac — U3MEHEHHE KOHIICHTPALHH BEIECTBA, MO .

CkopocThb mporecca MOKHO OIpPENessaTh 0 U3MEHEHHIO
KOHIICHTPALIMIIIO00TO BEIIECTBA KaK HAYaJbHBIX TaK H
KOHEYHBIX., MPUYEM., €CIIHM CKOPOCTh OMpeAeNsercs IO
M3MEHEHHUIO KOHLEHTPALMKU HCXOJHOrO BELIECTBA, TO B
BolpaxeHuu (5.1) Oepercs 3Hak "MuHycC", a ecid IO
U3MEHEHUIO KOHILIEHTpAallMM KOHEYHOI'0 BEILIECTBAa, TO
Oepercs 3Hak "tutroc'.

CKopoCTh XUMHUYECKUX MPOLECCOB 3aBUCUT OT IPUPOJIbI
pearupyromux BEIECTB M OT YCIOBUH, B KOTOPBIX OHHU
IPOTEKAIOT: KOHLIEHTPAIUM, TEMIIEPATYphl, KaTaln3aropa u
T.J.

XUMUYECKUH  MPOLECC  MPOTEKaeT  JUIb  IpHU
CTOJIKHOBEHUU MOJIEKYJI ~ pEarupyrolux  BEILIECTB,
CJIEIOBATENbHO, YeM OOJIbIlle KOHIEHTpALKs BEIIECTB, TEM
OOJbIIIE YHCIIO CTOJIKHOBEHUN MEXIy MOJIEKyJaMH, T.€.
BBIIII€ CKOPOCTh PEAKIINH.

CornacHo 3akony Oevicmsus macc (3akony ['ynbOepra u
Baare), cxopocmv xumuueckou peaxyuu npu noCmMosHHOU
memnepamype npamo NpONnOPYUOHANbHA KOHYEeHmpayuu
peazupyrouux eeujecms.
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Tak miisg npouecca
a A1 +aAr+ ... +a,An=bB; + b,By, + ... + byBm
CKOPOCTb peakiuu OyeT paBHa:
u=k-[A 1% [A]%2 ... [An]n, (5.2)

-1 -l
rJ¢ U — CKOPOCTb pCaKuu, MOJIb 1 ~C

[A, 1 .[A2] ....[An] — KOHLICHTpALMH BEIIECTB A1, Ay,...,

A, MOJlb'Jl_l;

a1, ,..., &y — COOTBETCTBYIOILINE CTEXHOMETPHUECKUE
K03 PHUIINEHTEHI;

K — KOHCTaHTa CKOPOCTH PEaKIIHu.

Eciu KOHIIEHTpaluyu pearupyromux BeEIeCcTB OyayT
paBHbI 1 moaw/1, Toraa U = K.

CrenoBaTenbHO,  KOHCMAHMA CKOPOCMU peakyuu —
ecmb CKOpoCmb makou peakyuu, Ko20a KOHYeHmpayuu
peazupyrowux eeujecms parvl 1 monv/m.

Jns  xaxagoro mpouecca Opu JAaHHOW TeMIlepaType
KOHCTaHTa CKOPOCTH pEaKIHH SBIAETCS  BEIHMUYHUHOU
MOCTOSIHHOM M XapaKTepU3yeT  BJIUSHUE  MPUPOJIBI
pearupyroluero BeecTBa Ha CKOPOCTh PEAKLINH.

3aKOH JIEHCTBUS Macc MO3BOJISIET BHIYMCIUTh U3MEHEHUE
CKOPOCTH  pE€aklMM ¢ HM3MEHEHHEM  KOHIIEHTPAlUH
pearupyoInx BelecTs.

IIpumep 5.1. HayanbHble KOHIIEHTpauu Bemiects A u B
cootBercTBeHHO paBuHbl 0,1 u 0,3 monv/1, KOHcTaHTa
ckopocty peakiun A + 2B = C pasna 0,013 ¢ (vons/n) .
KakoBBI CKOPOCTH peakliy B HAYaJbHBIA MOMEHT M KOTJa
KOHIIeHTpaIus BemiectBa A Oyzaer pasHa 0,03 monv/n?
Pewenue: 3anunieM BBIpaKCHHE 3aKOHA JCHCTBUS Macc
(5.2) nns maHHOM peaKInu:
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u =k [A][B]* (5.3)
CKopoCThb peakiiuu B HauaJlbHbI MOMEHT OY/IEeT paBHa:
Up=0,13°0,1 " 0,3% = 0,0012 moxv/(nc) ™.

UroObl pemuTh BTOPYIO 4YacTh 3aJauyd, HEOOXOAMMO
HalTU KOHLIEHTpauuio Bemecrsa B. Kak BuaHO U3 yciioBus
3amaun BemiectBa A mpopearupoBaio 0,1 — 0,03 = 0,07
monsa. Tlo ypaBHEHMIO peakIMU OJIMH MOJIb BellecTBa A
pearupyer ¢ aAByMms MmoJyismu BemiectBa B, a 0,07 mons
BemiectBa A npopearupyet ¢ 0,14 monamu Beniectsa B, T.e.
KOHIIEHTpaIus BemecTBa B B 3ToT MomeHT Oyzer paBHa 0,3
- 0,14 = 0,16 wmoav/n. Tloacrasiss HEOOXOIUMEIE
KOHIICHTPALlMU B YpaBHEHHE, TIOTyIaeM:

u; = 0,13 0,03 0,162 = 0,0001 MOsz/(Jz'c)_l.

Ilpumep .2. Kak uzmenutcs ckopocth peakuuu Ny + 3
H, = 2 NH3, eciu:

1. OJHOBpEMEHHO YBEJIMYUTH KOHIIEHTPALMIO a30Ta B 2
pasa, a BOJopoJa YMEHbBIIIUTH B 2 pasa,

2. yBEIUYUTH 00BEM CHUCTEMBI B 2 pasa,

3. yBeIMYUTH JJaBJICHHUE B CUCTEME B 2 paza?

Pewenue: 3anuiieM BbIpaXKEHHE 3aKOHA JEHCTBHUS Macc
(5.3) nnst maHHOM peaKIyu:
u =k [N2]*[ Ha]". (5.3)
[lycts HawanbHble koHueHTpauumu Nz u Hp  Oynyr
COOTBETCTBEHHO a U b, Torna Ug = K a% b.
1. B atom ciy4yae konueHtpanuu 0ynyt [N2]=2a u [ Hp] =
b/2. TloacraBnss 9TH 3Ha4YEHHsI B BoIpaxkeHue (), OTydaeM:
up = k2a (b/2)* = k o* bl4.
CrnenoBarenbHO, B 3TOM CIIy4ae CKOPOCTh YMEHBIIIIACh B 4
paza.
2. VYBenuueHue oObeMa PABHOCHIBHO YMEHBIICHUIO
KOHIEHTPAllUd BO CTOJBKO e pa3 (CM. olpeaeneHue
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KOHIIGHTpauuu B pabote 3), TOraa KOHIEHTpAaLUU OynyT
[N2] = a/2 u [Hy] = b/2. TloxacraBnss 3TH 3HAYCHHS B
BbIpaXXEHHUE (), 10JITy4aeM:

u, = ka2 (b/2)* = k a* b/16.
CrnenoBarenbHO, B 3TOM CIIy4ae CKOPOCTb YMEHBUIUTCS B 16
pas.

3. VBenuueHue  JaBICHUS  BBI3OBET  YBEJIMYECHHE
KOHIIEHTPALMU ra3000pa3HbIX BEILECTB BO CTOJIBKO XK€ pas.
HoBple KoOHLEHTpauuu OyqyT COOTBETCTBEHHO paBHBI
KOHIEHTpauuu Oynyt 2a u 2b, a HOBOe 3HaYE€HHE CKOPOCTH
Oyner

us = k2a'(2 b)* = 16 k o> b.
CpaBHuBas Ug U U3, BUJAUM, YTO MPU YBEIUUYEHUHU J1aBICHUS
B 2 pa3a CKOpPOCTh JaHHOM peakiluu Bo3pocia B 16 pas.
Cy1iecTBEHHOE BIMSIHME HAa CKOPOCTh PEAKLUU OKa3bIBaeT
temneparypa. CornacHo mnpasuiy Bant-I'odda, cxopocts
peakuuMy OpU MOBBIIEHUM TeMIEpaTypbl Ha Kaxzisle 10
IpajycoB yBeIu4uBaeTcs B 2...4 pasa, T.e.

At

Y2 K2 _ 10,

u k (5.4)
rae Up u Uy — CKOpPOCTH Mpoliecca Mpu TemmepaTrypax tiu
t;
ki 1 Kz — KOHCTaHTBI CKOPOCTH TIPOIIEcCca MPU TEMIIEpaTypax
tiuty;
¥y — TeMueparypHbIi ko3 dunreHTt ckopoctu peakuuu. OH
MIOKA3bIBAET, BO CKOJIBKO Pa3 U3MEHUTCS CKOPOCTb PEAKLUU
IIpU U3MEHEHUH Temneparypsl Ha 10 rpaaycos.
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Ilpumep 5.2. Kak WH3MEHMUTCS CKOpPOCTb pEaKUuu Mpu
yMEHbIIIEHUU Temieparypsl Ha 40°, eciu TeMIepaTypHbIH
ko3 unuent y= 2?
Pewenue: moncraBuM naHHbIC 3a/1a4u B ypaBHEHHE (5.4)
-40
Y _,10 oL
up 16
CrnenoBaTeibHO, CKOPOCTh PEAKIIMU YMEHBIIUTCS B 16 pas,

Hecmotpss Ha rpoMagHO€ 4YHMCIIO CTOJKHOBEHUN MEXIy
MOJIEKYJIaMH PEarupyroluX BellecTB (110° coynapenuii B |
cm’lc), TANIb HE3HAYNTENBHOE MX YHCIO MPHBOAUT K AKTY
XUMHUYECKON peakiuu (B cpeaneM | coymapenue us 3'1018).
XHUMHYECKOE B3aUMOJICHCTBUE IIPOUCXOUT npu
CTOJIKHOBEHUH T€X MOJIEKYJ, Y KOTOpBIX 3amac >HEpPruu
BBIIE, 4YE€M HEKOTOpBIM 3amac JHEpPruM, Ha3bIBAEMOU
sHepruei akTuBanuu (E*).

OHnepeus akmusayuu — 3TO Pa3HOCTb MEX1Y HaWMEHbLINM
M30BITOYHBIM ~ 3allaCOM  DHEPruM, HEOOXOIUMBIM  JUIS
B3aMMOJCHCTBYS, U CPEIHHUM 3allacOM SHEPIHH MOJIEKYIL.
Uem Oosbliie B cUCTeME "aKTHUBHBIX' MOJIEKYJ, TEM BBILIE
CKOPOCTh peaklIMH. YeMm BBIIIE DHEPIUsl aKTHBALMH, TEM,
paszymeeTcsi, MEHbIIIee YUCIIO MOJIEKYJ OyaeT 00s1agaTh 3TUM
U30BITOYHBIM 3aI1aCOM SHEPTUH U TEM HHUXkKe OyJeT CKOPOCTb
peakuuu.

JHeprusi AKTUBALMH CBSI3aHA ¢ KOHCTAHTOM
CKOPOCTH peaKIH cJeAyIHUM ypaBHEeHUEeM

*

E

k=A-e RT, (55)
rae A — NpeadKCIOHEHIMAIBHBIN MHOXKHTEID,
YUHUTBIBAIOIINI CTPOEHUE BEIIECTBA;
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R — yHuBepcanbHas ra3oBasi IOCTOSIHHAS

T — remnieparypa, K;

E* — sHeprus akTuBauuum npouecca, Joxc/monv;
€ — OCHOBaHME HAaTypaJIbHbIX JOrapu(pMOB.

5.2.2. XUMHUYECKOE pPaBHOBECHUE
XUMUYECKUE pPeakluy, IPU KOTOPHIX UCXOJHbBIE
BEILECTBA LIEJIMKOM IMPEBPAIIAIOTCS B MPOAYKTHI PEaKIIUH,
Ha3bIBaIOTCs HeoOpaTuMbIiMu. Hampumep:

2 KCIO; =2 KCI + 3 0.

BOJBIIMHCTBO K€ XUMUYECKUX PEAKLIMI OJHOBPEMEHHO
MPOTEKAIOT B JIByX IPOTUBOIOJIOKHBIX HAIpPABICHUIX -
IpsIMOM U OOpaTHOM (3a CueT B3aMMOJEHCTBHS MPOIYKTOB
peakuuu). Takue peakuud Ha3bIBAIOTCS OOpPAaTHMBIMHU.
[Ipumepom 0OpaTUMOTO MPOIIECCa MOKET CIIY)KUTh PEAKIIHs
CHHTE3a aMMHaKa:

N, +3H; S 2 NH;3

B ypaBHeHunm oOpaTuMoil peakIMM 3HAaK paBEHCTBA
3aMEHSIOT CTpelKamMM. Peaknnio, Hayniyro cjiaeBa Hampaso,
Ha3bIBAIOT MPSAMOIL, a cripaBa HajieBO — oOpaTHOU. B o0mem
BU/JIE YPaBHEHHE 00paTUMOMN PEAKI[MN MOXKHO 3aIHCaTh:
aA1 + aAs + ... +apAn=bBy + boBo + ... + bnBn

B cooTBercTBMM € 3aKOHOM JIEWCTBYIOIIMX Macc
CKOPOCTB NPSAMOM peakliiy paBHa

0=k-[A 1% [A2]%2 ... [Ag]?n, (5.6)
a CKOpOCTh 00paTHOW peakIuy paBHA
a=k-[B, 1% [B2]°2 -...[B,]°m, (5.7)
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B dopmynax (5.6) u (5.7 )k m k  — KOHCTaHTHI
CKOpPOCTH COOTBETCTBEHHO IMPSIMOI 1 00paTHON peakiuii.

B cBsi3M ¢ yMeHbIIEHHEM KOHICHTPALMH HadaJlbHBIX
BEIIIECTB CKOPOCTh MPSMOM peakuuu OyIeT yMEHbIIAThCs, a
IOCKOJIbKY KOHILIEHTPALMM TPOAYKTOB TNPSMON peakmuu
OyayT BO3pacTaTh, TO CKOPOCTh OOpaTHOM pEeaKkIUH TaKxkKe
Oyner yBenuuuBathes (puc. 5.1).

-
- 1
= Ea
=0
=
B o
s g
= HrmOrIecKOe paBHOEECHE
1=
L — —
uo=u
—
u
o Bperta, aun

Puc. 5.1. 3aBucuMocCTh CKOpOCTEH MpsiMOi 1 0OpaTHOM
peakui OT BpEMEHH

B HexoTopblii MOMEHT BpeMeHH (1,) ckopocTu mpsMoii n
00paTHOM peakiyii CTAHOBSTCS PABHBIMU (U =0 ) —
HACTyNaeT MOMEHT XUMHUYECKOI'O PaBHOBECHS.

XHUMHYECKOE PABHOBECHE SIBIISIETCSI UCTUHHBIM
(YycTOMUMBBIM) paBHOBECHEM, KOTOPOE XapaKTepU3yeTCs
CJIEIYIOIMMH NTPU3HAKAMH:

AG=0 (5.8)
a=uau (5.9)
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A
(A1 [A2) fn) 8,1 [B2) i) —const  10)

Vpasnenue (5.8) siersiemcss mepmoounamuueckum, a
(5.9) Kunemuueckum KpumepusMU UCMUHHO20 PABHOBECUSL.

XUMHUYeCKoe paBHOBecHE - JMHAMHYECKOE
paBHOBeCHE, T.€. U MpsMasi U OOpaTHas PEaKIUH MPOTEKAIOT
C  OJMHAKOBOW  CKOPOCTBIO, B  pe3yibTare  4ero
KOHIICHTPAILIMK BEIECTB HE H3MEHSIOTCS BO BPEMCHH, HE
HPOMCXOIUT BbIIICNICHHS WK noronienus Tera (AH =0).

[IpupaBuuBas ypaBaenus (5.8) u (5.9), nonyuum

K-[A 1% -[A2]%2 ... [Aq]Pn (5.11
:E.[Bl]bl .[32]b2 -...~[Bm]bm , )
rae [4]], [Bj] — XoHUIeHTpamuM BemECTB B MOMEHT

XUMHYECKOTO pPaBHOBECHS (PaBHOBECHBIE KOHIIEHTpPAIIMH),
MOB/N..
U3 ypaBHeHnus (5.14) BeiTekaer

%
K (81 (B o [B

Y [A® (A1 - [A ]

Ho nang paHHBIX BemECTB M MHPU  NOCTOSHHOM
TEeMIEepaType KOHCTAaHThl CKOPOCTH NpSIMOH U OOpaTHOM
pPEAKLHI TaKKe SIBISIOTCS MMOCTOSHHBIMU, CJIEIOBATENBHO,

(5.12)

AN (5.13)

Bemnunua K Ha3pIBaeTCs KOHCTAHTOW XMMHYECKOTO
paBHOBecus. OHa 3aBUCUT OT MPUPOJBI PEATUPYIOMIMX
BEIIIECTB M TEMIIEPATypbl U HE 3aBUCUT OT KOHIEHTPAILIHH.
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Kakue OBl KOHIICHTpAIlMM pPEarupyloONINX BEIICCTB

(MCXOMHBIX MW TMPOAYKTOB) HHU Opayid, paBHOBECHE

YCTaHOBUTCSl TOJBKO TOTJA, KOTJa OYAET BBITOJHATHCS

yCJIOBHE:!

_[8y1” [B2]™ -...[B1™ (5.14)
[A1% -[A2]%2 ... [Aq]

KoHcTaHTa XMMHUYECKOTO paBHOBECHS ITOKA3bIBAECT BO
CKOJIBKO pa3 CKOPOCTh IPSIMON PEaKIuu OOJbIIE CKOPOCTH
oOpaTHOW peakIuu TpH IOCTOSHHON TeMIlepaTtype W
KOHIICHTPAIUSAX PEaruPYIOIINUX BEIIESCTB, PABHBIX CIUHUIIC.

VYpaBuenue (5.14) npeacraBisier  MaTeMaTHUYECKOE
BEIpQXXCHHUE 3aKOHA JEHCTBYIOIIUX MAacC Ui OOpaTHMBIX
IIPOIIECCOB.

K

Ilpumep 5.4. HammcaTb MaTeMaTHUYECKOE BBIPAKEHUE
KOHCTAHT PAaBHOBECHS JUJIS CIAEAYIOIIUX PEAKIIUI:
1. N, + 3H, 5 2NHz3;
2. Fe;03 + 3CO S 2Fe + 3CO,.
Pewenue: B cooTBercTBUU C ypaBHeHHEeM (5.14) MOXXHO
3aIMCcaTh:
__INHgP?
C NG HP
_[co,P?
* [cof
T.K. JIaHHAsl CUCTE€Ma IeTepOreHHass U CKOPOCTH MPSMOU U

0o0paTHOW peakIuii He 3aBUCAT OT KOHIeHTpanuii Fe,O3; u
Fe.
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BimsiHue  u3MEHEHMs — YCIOBUM  HA  IIOJIOXKCHHUE
PABHOBECHS OMPEACIISIETCA MPaBUIIOM, KOTOPOE MOJYYHIIO
HasBanue npuHouna Jle-lllarenbe wiauM  NpUHIMIA
MOJIBU’KHOTO PAaBHOBECHS: €CJIM Ha CUCTEMY, HaXOSLIYIOCS
B HCTMHHOM DPAaBHOBECUH, OKA3bIBAIOT BO3JICCTBHUE H3BHE
nyTeM W3MCHEHHS KaKoro-Joo n3. YCJIOBUH,
ONpENESAIOMUX  TOJIOXKEHHEe  paBHOBecHUs  (OOBIYHO
TeMIIepaTypa, aBJIICHHE WM KOHIICHTPAIlUHd BEIIECTB), TO
pPaBHOBECHE CMEIIAETCS B HaNpaBJICHHM TOro Ipouecca,
MPOTEKaHUE KOTOPOTo ociadiseT 3P(EeKT MpOUu3BEICHHOTO
BO3CHUCTBHA.

[IpoTuBOEHCTBYS  NPOM3BEICHHOMY  H3MEHEHHUIO,
CHUCTEMa MEPEXOAUT W3 OJHOIO COCTOSIHHMS PABHOBECUS B
JIpyroe OTBEYAIOLIEE HOBBIM YCIIOBUSM. DTO CBA3AHO C TEM,
YTO BHEIIHEE BO3JICHCTBUE B PA3HOM CTEIEHU H3MEHSET
CKOpPOCTb JBYX B3aUMHO MPOTHUBOMIOJIOXHBIX IPOIECCOB.
CrnieoBaTenbHO, €CITU MbI YBEJTUYUM KOHIIEHTPAIUIO OHOTO
W3 BEUIECTB, TO PABHOBECHUE CMECTUTCA B CTOPOHY TOU
peaKkuuu, KOTOpas YMEHBIIUT KOHIEHTPALUUI ATOrO
BEILIECTBA; €CJIM Mbl yBEIMYUM TeMmmeparypy, TO,
pPaBHOBECHE CMECTUTCSI B CTOPOHY TOM pPEAKUIHH, KOTOpAas
UIeT C  TOIJOUIEHHMEM  Temjla, T.6. B CTOPOHY
SHJOTEPMUYECKON pPEaKLMH; €CIIM Mbl YBEJIMYMM JIaBJICHUE,
TO PaBHOBECHE CMECTUTCS B CTOPOHY TOM pEaKLUU, KOTOpas
UJIET C YMCHBIIEHUWEM [IaBJI€HUSA, T.6. B CTOPOHY
o0pa3oBaHMS MEHBIIET0 4YHCIa MOJeH Tra3000pa3HbIX
BCIIIECTB.

Ilpumep . Kak MO)XKHO MOBBICUTH BBIXOJ] aMMHAKa IO

peaKIiu:
N, + 3H, S 2 NHz; AH =- 96,2 k/[oic/mons?
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Pewenue: 4To0BI MOBLICUTH BBIXOI aMMHaKa, HEOOXOIHUMO
CIABHUHYTh PAaBHOBECHE 3TOW CHUCTEMBbI B CTOPOHY HPSIMOM
peakuuu, T.e. BIPaBO. DTOTO MOKHO JOOUTHCS H3MEHSS
yCI0BHS IpoTeKaHus mporecca (¢, P,, 7').

Ecnu MBI yBeTHUUM KOHIICHTPAIIUH a30Ta U BOJIOPO/IA WITH
YMEHBIIUM KOHIICHTPAIHI0 aMMuaka (Oy1eM BBIBOJUTH U3
cdepsl peakiun), To cormacHo npunnumny Jle-Illarense,
pPaBHOBECHE CIABUHETCS BIIPABO.

Jannast peakuus 3K30TepMI/I‘IeCKaSI*, CICI0BATEIBLHO,
MIOHU3UB TEMIIEPATyPy, PABHOBECUE CIIBUHETCS TAKKE
BIIpaBo. B psjie 3anad 3Hauenne AH MOXeT ObITh HE
yKa3aHo, TOT/Ia €ro NPUICTCS BBIYUCIISATh HA OCHOBAHUHU
clieAcTBUs 3aKoHa I'ecca.

[IpsiMast peakiusi UAET C YMEHBIIICHUEM YHUCIIa MOJICH
ra3000pa3HBIX BEIIECTB, T.. C YMEHBIICHUEM JaBJICHUS
(ypaBuenue Knaneiipona-MeHzeneeBa), cie10BaTeIbHO,
YTOOBI TOBBICUTH BBIXOJI aMMHUAKa, HY)KHO YBEJIMYUTH
JIaBJICHHE.

DT0 MOXHO TTOKa3aTh U pacyeToM. [1ycTh B MOMEHT
paBHOBECHs KOHILIEHTPAIIUU a30Ta, BOJOPO/ia U aMMHaKa
COOTBETCTBEHHO OYIyT paBHHI @, b M ¢, TOr/1a CKOPOCTH
peakuuu OyayT:

- - «— o«

ui= k-a~b3; ui= k-c2.
YBenudeHue JaBleHus, TIOMyCTUM, B 3 pa3a paBHO3HAYHO
YBEJIIMYEHHUIO KOHIICHTPAIMi ra3000pa3HbIX BEIIECTB TAKKE

B 3 paza, 1 HOBbIE CKOPOCTU OYAYT paBHbI

- - - “— <« —
u2=k-3a-@3b)3=81k-a-b% up=k-(3)%=9k-c?,

*. ~ (v}
He nano 3a0b1BaTh, 4TO TEIIOBOU 3(P(PEKT IK30TepPMHICCKON peaKIiu
orpunarenet (AH <0), a sHI0TEpMUUECKON — MoJI0KuTENEH (AH>0).
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T.€. CKOPOCTb IIPSIMOM peakiuu Bo3pacTeT B 81 pas, a
o0OpaTHO# TOJBKO B 9, clieoBaTeIbHO, PAaBHOBECHE
CMECTUTCS BIIPABO.
5.3. DOkcnepuMeHTAIbHAS YaCTh
Onwvim 5.1 Onipenenenue Hepruu akTUBAIUH TIpolecca.
IIpubopul u peakmugwvl: TPOOUPKH, CTAKAHYUK, TEPMOMETP,
CeKyHJIOMep, MepHas ocyza, pactBopsl Na;S,03 u HySO4.

Jns  u3ydeHus  KUHETHYECKMX  3aKOHOMEpHOCTEU
IPOTEKAaHUs XUMHUYECKMX IIPOLECCOB  BOCIOJIb3yEeMCA
peakiueil Mexay THOCYIb(paToOM HATpus U CEpHOM
KHCIJIOTOU

Na,S,03 + H,SO, = NaS,0, + SO, + S + H,0.

CkopocTb  IpPOTEKaHUS  3TOM  peakuud  MOXKHO
ONpeAeNuTh MO TMOMYTHEHHIO pacTBopa (OmalecleHInn),
KOTOPO€ BBI3BIBACTCS BBINAJAIOMIEH B OCagOK CEpOil.
[TomyTHEHHE CTAaHOBHUTCS 3aMETHBIM TOJIBKO TOTJa, KOTAa
KOHLEHTpALUs CEpU JOCTUTHET ONPEEIEHHON BETUUYUHBI (=
| me/n).

st ornpezeneHus SHEPrUn aKTUBAllMU W
TEMIepaTypHoro  Kod(p(uIMeHTa CKOpPOCTH  pPeaKLuu
HEOOXOJUMO OIpPENEIUTh 3HAUYEHHUS KOHCTAHT CKOPOCTH
peakuuu, MO KpalHEHd Mepe, IpH JBYX TeMIIEparypax.
IlepBble Tpu wu3MeEpeHUs MPOBOIATCS IPU KOMHATHOU
Temreparype: t1 = tiagoparopun. CHEAYIOIIME TPU HU3MEPEHMS
MPOBOJATCS MPU MOBBILIEHHOW Temmeparype tp = t; + At.
3nauenue At BpIOMpaercs MPOU3BOJIBHO U JOJIKHO OBITH OT
12 mo 20°C. Bo Bcex ciydasx o0OBEM KHCIOTHI OCTaeTcs
MIOCTOSTHHBIM.

B coorBerctBuM ¢ Tabmuueit 5.1 (Homep BapuaHTa
yKa3bIBaeT IIpernojaBaTelib) B TPU NPOOMPKH HAIUTh
HEOOXOIUMBIH 00BEM CEPHOM KHCIOTHI, B JpYyrue TpH
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npoOUpKH HaJIUTh, Tpedyemble O00bEeMBI THOCYIb(aTa
HaTpusd W Boabl. CIUTh MOMAPHO PacTBOPBI THOCYINb(]ara
HaTpusi W CEPHOM KHUCJIOThl B CTEKJISIHHBIA CTaKaHYHK,
KaXKIBIHA pa3 OTMe4Yas BpeMsl MOSBIICHUS OMAJIECIICHIINH.

s ompeneneHuss KOHCTAaHTBI CKOPOCTH PEAKIUH TPH
Ipyrol TeMmieparype HEeoOXOAMMO IOBTOPUTh TE€ Ke
M3MEPEHUSI IIPU NOBBILIEHHOM, HO OJIMHAKOBOW TeMIIepaType
t, =t + At (3Hauenue At paBuo ot 10 mo 20°C). Bo3smure
IpOOUPKHU C CEPHOW KUCIOTOM M THOCYIb()AaTOM HATpH U,
OIMYCTHUB HMX B KEpaMHUYECKUW CTakaH C Topsued BOJIOM,
HarpeuTe a0 HEeoOXOAUMOM TemmepaTypsl (TepMOMETP
JIOJKeH ObITh B MPOOHpPKE C KHUCIOTOW), M cpazy ke
IPOBOJUTE N3MEPEHUSI.

Pesynbratel Takke cBequTe B a0 5.1.

O06paboTka pe3ynbTaTOB KCIIEPUMEHTA
CKopoCThb UCCIIeyeMOro mpolecca paBHa
u=A[S]/ Az
rane A[S] — W3MeHeHHe KOHIICHTpAIMK Cepbl J0 Hadaia
HOMYyTHEeHUUsI pactBopa, A[S] = | me/n;
AT —  TPpOMEXYTOK BpEeMEHHM OT Hayaja OIblTa J0
MIOSIBJICHHSI OTIAJIECIICHITHH, C.

CoracHO 3aKOHY JIeHiCTBUSI Macc, CKOPOCTB 3TOTO Tpoliecca
paBHa

u=k- [N&zSzO:g]'[ HzSO4]
Oo6benunss ypasuerus (5.19) u.(), momy4unm

A[S] [At=k" [N8.28203]'[ H2804]
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Y4uTBIBasA, 4TO KOHIICHTPALIUU UCXOHBIX PACTBOPOB U
001Ut 00beM pearupyroiiell CMEeCH MOCTOSHHBI, yPaBHEHHE
(5.21) MOXHO MPeCTaBUTh B BUJIC

0,8 [ATt= Kk Vk' VT, (522)
rae 0,8 - koadduimeHT nepecuera, yUuThIBAIOIINANA
KOHIIEHTPALUIO CEPBI, IPU KOTOPOX CTAHOBUTCS 3aMETHOU
omasecleHIus, pa30aBieHne U KOHIICHTPAI[UN UCXOIHBIX
pacTBOpPOB;

Vk — 00beM CepHOM KUCIIOTHI, M,
V1 — 00beM THoCyNbdara HATPHsL, M.

[To sxcniepuMeHTaNbHBIM JaHHBIM OCTPOITE rpaduK B
KoopauHaTax: mo ocu adbcmuce Vr (00beM THOCYIb(DaTa
HATpHs) U 110 OcH opauHar 1/Ar (BennumnHa, oOpaTHas
BpeMeHH). B kaxx/1oM BapraHnTe 00beM CepHOI KUCIOTHI
MOCTOSIHHBIN, TOI/1a B 3TUX KOOpAUHATaX ypaBHeHHE (5.22)
IpeACTaBIsieT COO0H MPSAMYIO JTMHHIO, IPOXOIAIIYIO Yepes3
HayaJo KOOPJUHAT C TAHT'€HCOM YTIJIa HAKJIOHA, PAaBHBIM
kVi/0,8. TIpumep moctpoeHus rpadrka MPUBEACH Ha PHUC.
5.2. OTKJIOHEHHUS SKCTIEPUMEHTATIBHBIX TOYEK OT MPSIMOMN
OyZAyT COOTBETCTBOBATh OIINOKE SKCIIEPHUMEHTA.

YucnenHoe 3Ha4YeHUe KOHCTaHTBI CKOpPOCTH
HCCIIeyeMON peaklMi HaxXOJUTCs 1Mo ypaBHEHHIO (5.23),
NOJYy4YeHHOMY Ha OCHOBAaHMM METOAAa HAaWMEHbIINX
KBaJ[PaTOB.

08-6
Ve v
rne 0=1/An +1An + 1Az,

k

(5.23)
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A7, A, A3 — BpeMsi COOTBETCTBEHHO B IIEPBOM, BTOPOM U
TPEThEM OTIBITAX, C;

Y = V11 +Vr2 +Vr3;

Vti, Vr2 , Vi3 — o0veM THOCynbdaTa HaTpus B
COOTBETCTBYIOIIMX OIBITAX, M.

Var
hor
fq= U O
0,4 —
f1= Uer
0,2 — Q @ ®
| | l I«’NaquO;, J4an
3 10 15

Puc. 5.2. 3aBUCUMOCTb CKOPOCTH pE€aKLUU OT
KOHLEHTpaluu

Tabnuya 5.2
Pe3ynbTarhl 3KCTIEpUMEHTA TI0 OTIPEACIICHUI0 KOHCTAHTHI
CKOPOCTH

O06ne g\fh O0mne Bpewms
Home | Temmep M M TOSIBJIEHUS
H20 1Az,
p aTglpa, H,SO . Na,S, | omanecieH
OTIBITA C 4, ’ O3, UM, ¢
Vk mn Vit mn At, ¢
1
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2
3
Cymma Y= 0
4
5
6
Cymma Y= 0

[Tponorapudmupyem ypaBaenue (5.23)

*

E
- = 5.24
Ink=InA-—"— (5.24)

3Hasi 3HAYCHHE KOHCTAHTHI CKOPOCTH PEAKLUU MPH JIBYX
TeMIeparypax, U3 ypaBHeHuil tumna (5,24) paccUuThIBaeTCS
SHEPTHUs aKTHUBAIINU:
E¥_R.nk2 112
kg T2-T
CamocmosmenvHo nonyuume 3mo ypasHeuue.
[To ypaBuenuto (5.4) paccuurtaiiTe TeMIEPaATYPHBIHA
KO3 PULIMEHT peaKuu.

(5.25)

Onwvim 5.3. Onpenenenne nopsiaka peakiuu
(Tonbko it crienuanbHocTH 33.02 «HxeHepHas 3ammTa
OKpY’KaloIlen cpeabl»)

IIpubopwi u peaxmuesi: ra30MeTpUYecKas yCTaHOBKa,

cexkyHzaomep, pactsopsl H,O» 1 karanuzaropa, MepHast
nocyja.
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3KC”€pMM€HmaﬂbHa}l yacmo

Hctunnas CKOPOCTh rporecca OIpeaesaeTcs
BBIPAKEHUEM

- dc
YT (5.26)

rzae U — CKopocTh Ipolecca,
¢ — KOHILIGHTpALMs UCXOJIHOT'O BEILIECTBA,
T — BpeMsl.

C npyro# CTOpOHBI:

u=Kk-Ac, (5.27)

rae K — KoHCTaHTa CKOPOCTH Ipoliecca,
Ac — IBWXKyILAs CUIa MpoLecca, KOTOpask ONpelesercs 1o
3aKOHY  JEWCTBYIOLIMX  MacC  Kak  IPOU3BEJIEHUE
KOHLEHTPAalUi pearupyronix BEUIECTB B JAaHHBIM MOMEHT
BPEMEHH (TEKYILUX KOHLIEHTPALH).

Tak s peakuuu

aA + bB — mponmykThl peakiuu

Ac:cgj@g, (5.28)

TJ€ ¢4 ¥ Cp — TEKYIIUE KOHIICHTPAllUK BemecTB A u B,
M ¥ p — COOTBETCTBEHHO MOPSJIOK PEAKIIMH 1O BEIECTBaM A
u B.
OO0mmit mopsAnok peakiuu (N) paBeH:
n=m+p (5.29)
PaznuuaroT peaknuu HyJIEBOTO, MEPBOTO, BTOPOTO H
TPETHErO MOPsIIKA.
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HyneBoii mopsioK BCTpedaeTcs TJIaBHBIM 00pa3oM
Cpelyu IeTEpOreHHBIX PEAKLUHU, CKOPOCTh TaKUX IPOLECCOB
OCTaeTCsl IOCTOSSHHOM BO BPEMEHU.

Yacto oOHapyXuBaeTcs APOOHBIA MOPSAOK. ITO
CBHUJICTEIILCTBYET O 0oJiee CIOKHOM MPOTEKAaHUU PEaKIUH,
yeM mpennosuaraerca. JpoOHbI HOPSAOK  yKa3blBaeT Ha

pPOTEKaHNe CIIOXKHBIX MPOIIECCOB: 00paTHMBIX,
napajuieNIbHBIX, COMPSKEHHBIX, MTOCIIEIOBATEIbHBIX.
CyliecTByeT HECKOJIBKO CIOCO00B onpeeIeHus

nopsiika peakiuu. PaccMOTpuM peakiuio, MpOTEKArOIIYIo
M0 YpaBHEHUIO
aA — MPOJYKTHI PeaKkIuu

W3 ypaBuenuii (5.26) u (5.27) nonydaem:

dc
A=k} (5.30)
Pasz[enﬂeM IICPECMCHHLIC
d
- e (5.31)

C

3nech u B JaibHeWmeM uHAekc "A" omyiieH, T.e. ¢ —
KOHIIGHTpalusi ~ McxogHoro  BemectBa  (A).  Bpews
HEo0XoIumMoe TSt JOCTHKEHUS HEOO0X0IUMOM
KOHIIGHTpallui BemecTBa A (CTENeHHW IpeBpalleHus)
MO’KHO HaWTH, UHTETpUpys ypaBHeHue (5.31).

Haiinem Bpemst momypacmaga (7i2) BemecTBa A, T.e.
MOMEHT, KOrJla TeKyIlas KOHIeHTpauus BeuiectBa A Oyner
paBHa MOJOBHHE HaudaldbHOU (¢ = co / 2) ansg peakuui
HyieBoro (N = 0), mepsoro (N = 1) wu BrOoporo (N = 2)
MOPSIKOB. Peakiuy TpeThero mopsijika, Kak BCTPEYarOIIHecs
OYEHb PEJIKO pacCCMaTPUBATh HE OyIeM.
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Peaxyuu nyneeozo nopsaoka.
WNurterpupyem ypaBaenue (5.31) mpu n = 0:
[-de=[k-dr (5.32)
— =k 7+ Const. (5.33)
[TocTOSTHHYIO MHTETPUPOBAHUST HAXOJUM W3 HAYaJIbHBIX
ycinoBuii. B HauvanbHbIi MOMeHT (7 = () KOHIIEHTpaIus
BEIlleCTBA A paBHA €ro HaYaJbHOW KOHIEHTpALUH (¢ = Cp).
T.e. nnst peakyuu HyaeBoro nopsiaka Const = —co.
[ToxcraBisiem 3HaUYEHUE MOCTOSHHON MHTETPUPOBAHUS B

ypaBHeHue (5.33) U mojydyaeM KMHETHYECKOE YpaBHEHHE
JUISL PEaKIIUU HYJIEBOTO MOPSIKA!

— =k7—cp. (5.34)
Haxonum Bpems nonypacnaza:
—00/2 =k 12 —Co. (535)

Otkyna Bpems moiypacmaga [Uis peaklud HyJIeBOro
TIOPAA/IKA PABHO
n2=2Klc (5.36)

Peaxyuu nepsoco nopsaoka.
WnTerpupyem ypasHenue (5.31) nmpu n = 1:
dc

- [k-dz (5.37)

— Inc = k r+ Const;. (5.38)
HOI[CTaBJ'IH}I Ha4YaJIbHBIC YCJIOBUSA, HAXOIHUM Constl = —
|nCO.

— Inc =k 7 - Incy. (5.39)
VYpasuenue (5.39) sBnsieTCs] KHHETUYECKUM ypaBHEHHUEM
JUTSL peaKIuy TIEPBOTO TIOPSIIKA.
OrnpenernsieM Bpems noJiypacnaja:
— In(co/2) =k 7z — Incy. (5.40)
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PR = In2/ k (5.41)

Kak BugHO u3 ypaBHeHus (5.41) s peakiuid mepBoro

nopsiika BpeMsl MOJypacrajga He 3aBUCUT OT HaudajdbHOUN
KOHILIEHTPALlU UCXOJIHOTO BEILIECTBA.

Peakxyuu emopoeo nopsadka.
Wuterpupyem ypaBuenue (5.31) mpu n = 2:

J-5%- e (5.42)

1/ ¢ =k 7+ Consty. (5.43)
[TonxcraBisss HadaybHBIE yclOBUs, HaxomuMm Const, =
1/00.
Kunerndeckoe ypaBHEHHE IS PpEaKIMU BTOPOTO
nopsiaka OyJaeT UMeTh BUJ
1/ c=kz+ 1lco. (5.44)
PaccuuthiBaeM Bpems nosypacnaaa
2/ co =Ky + 1co. (5-45)
Jns peakuuu BTOPOro NOpsiAKa BpeMs Mojypacnana
OyzeT paBHO:

ap + 1 (k 'Co). (546)

5.4. 3apaun
I. Hanucarp MaTeMaTHYE€CKHWE  BBIPAKECHUS IS
CKOPOCTEH CIEIYIOIINX PeaKI[Hii:
2 SOg(r) + Oz(r) +H20(r) =2 H2804(}K)
H,S +3 Oz(r) =2 SOz(r) + HQO(r)
C&O(T) + COz(r) = CaCO3(T)
Ca(T) + 2 C(T) = CaCQ(T)
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B ar10ii 3amaue 1 B JaJibHEMIIEM MHJIEKCHI MPU BEIIECTBAX
YKa3bIBAIOT UX arperatHoe cocrosinue: I — razoo0pasznoe, K
—xuakoe, T — TBeproe.

2. Kak m3menurcs ckopocth peakuuu 2 NO + O, =
NO,

a) 1pu yBenuueHuu koHueHrpauuu NO B 2 paza?

0) npu ogHOBpeMEHHOM yBennueHnr KoHneHTpauu NO B 3
paza, a Oy B 2 paza?

B) IIpH YBEJIMYEHUU 0O0beMa B 2 paza?

I) [IpY YBEIUYEHUU /1aBJIeHUs B 2 pa3a?

3. IIpu 150°C nekoTopas peakuus 3akaHuuBaeTcs 3a 16
muH. [IpuHuMas temnepatypHblid KO3QQHUIUEHT CKOPOCTH
pEaKIuyu paBHBIM 2, paCCYUTATh, YEPE3 CKOJIBKO MUHYT
3aKoHuYMIach Obl 3Ta peakuus npu 200°C u 60°C?

4. Jlns cneAyromux OOpaTUMBIX IMPOLIECCOB HAMMILINTE
BBIPQKEHUSI KOHCTAaHT pPABHOBECHS W OIPENEIUTE, Kak
HeoOxoaumMo u3MeHuTh ycnoBus nposeaenus (P, Ci, T),
YTOOBI pAaBHOBECHE CIBUHYJIOCH BIIPABO:

Cen + H20(r) 5 CO) + Hay,
2802(r) + Oz(r) 32803(1"),
4HC|(r) + Oz(r) s 2C|2(r) + ZHQO(r).
CH4(rr) + COz(r) s ZCO(r) + HZ(F)
3Fe(T) + 4H20(T) s Fe304(T) + 4H2(r),

5. Ilouemy cuHTE3 amMmmuaka mo peakuuu Np + 3Hy S
2NH3; B MNpOMBIIUIEHHOCTH BEAYT TpU IOBBIIIEHHON
TEMIIepaType, XOTS ATOT MPOIECC IK30TEPMUIECKUH.
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JlaGopaTopHas padora Ne6
CaoiicTBa pacTBOPOB 3JIEKTPOJIMTOB

Hear  padoThl:  O3HAKOMJIIEHME C  OCHOBHBIMH
3aKOHOMEPHOCTSIMU TOBEJEHUS BEIIECTB B PacTBOpax,
ONMCaHUE PpABHOBECHM B 3aBUCUMOCTH OT IPUPOJIBI
pacTBOPEHHBIX BELIECTB.

6.1. Bomnpocsi ISt NMOATOTOBKH K
co0ece10BaHUIO

6.1.1. KakoBa nenp nu3ydeHust JaHHOU TeMbl?

6.1.2. Yro Takoe uctuHHble pacTBOpbl? HaszoBure mnx
OCHOBHbIC  MPU3HAKM U  BBUICHUTE  MNPHUPOLY  HX
IPOUCXOXKIECHUS.

6.1.3. TepMoiuHaMKKa Mpolecca paCTBOPEHUS BELIECTB,
HaxXOJAIIMXCS B Ppa3jIMyHbIX (azax (KpucTaIMdecKas,
XKHJIKasd, Ta3000pa3Hasi) B )KUIKOM pacTBOPHUTEIE,

6.1.4, OcHOBHbIE CBOWCTBa U 3aKOHBl PacTBOPOB
HEDJIEKTPOJINTOB.

6.1.5. PactBopsl snektponntoB. Cuiia 371€KTPOJIUTOB.

6.1.6. PaBHOBecue B pactBopax. PaccMoTpuTe mpoueccsl
JUCCOLMAIMU  PA3JIUYHBIX DJIEKTPOJUTOB (CUJIbHBIE U
ciabble,  aM(OTepHble  TUAPOKCHIBI,  KOMILJIEKCHBIE
COEIMHEHUS, TPYIHOPACTBOPUMBIE CUIIbHBIE AJIEKTPOJIUTHI,
Boza). KoHcraHTa nucconyanuu.

6.1 7. KakoBa poib MOJAPHBIX MOJIEKYJ] BOJbl B
npolieccax JUccoruanuu?

6.1.8. Bogoponubiit mokaszarens (pH).

6.1.9. YcnoBus mpoTekaHusi HOHOOOMEHHBIX PEaKITUi.

6.1.10. Tupponu3. BinusHue npuUpoOaBl PacTBOPEHHOTO
BEIIIECTBA U PA3JIMYHBIX BHEIIHUX (PaKTOPOB HA TUIPOIIHU3.

97



6.1.11. Ilpoananu3upyiite BbIpaKEHHE KOHCTAHTHI
THJIPOJIH3a U OOBSICHUTE €€ CBSI3b C CHIIOH JIEKTPOJIUTA.

6.2. TeopeTuueckoe BBeIeHUE

CornacHO TEOpPUHM BJEKTPOIUTUYECKON TUCCOLMALUU
OpH  PACTBOPCHHH B BOJIE DJCKTPOIHUTHl PacHalaloTcs
(IMCCOMUPYIOT) HA  TMOJOXKUTEIbHbIE  (KaTHOHBI) W
OTpUIIATENIbHbIC (aHHOHBI) MOHBL. BBIJIO YCTaHOBIEHO, YTO
BCE DIEKTPOJIUTHl MOXKHO pa3lieuTh Ha JBE TPYIIIBL:
CWIBbHBIE U CJIA0BIC ANIEKTPOJIUTHI. CHUITBHBIC JICKTPOJIUTH B
pacTBopax IMCCOLMHUPOBAHBI MPAKTUYECKH HAIleno, ciadbie
KE OJICKTPOJIHUTHl JUCCONMHUPYIOT YacTHYHO, TpPHUYEM B
pacTBOpe B OCHOBHOM MPHUCYTCTBYIOT HETUCCOLIMUPOBAHHBIE
MOJICKYJIBI CJIA00TO AJIEKTPOJIHTA.

K cunpHBIM 37€KTpOJIUTaM MPUHAAIEKAT MPAKTUYECKU
BCE CONHM, W3 BaXKHEHIIMX KHCIOT M OCHOBAaHHMM K HHUM
otnocsarcs HCIO4, HNO3, HCI, HBr, H,SO4, KOH, NaOH,
Ba(OH), u ap.

K cnmalGeiM »sreKkTponuTaM OTHOCSTCS OOJBIIMHCTBO
OpPTaHWYECKUX KHCIIOT, a W3 BaXHEUIINX HEOPTaHUYECKUX
coenuHeHni kK HuM npunamiekar H,CO3z (H,0 + CO,), HF,
HzS, H2803, HNOz, HCN, H28i03, NH4OH, HC|O u ap.
OdeHb c1abbIM STIEKTPOIUTOM SIBIISICTCS BOJIA.

XuMH4YecKue CBOWCTBA  pacTBOpa  BJIEKTPOJUTA
CKJIQ/IBIBAIOTCS U3 CBOMCTB 00pa3yromux ero HoHoB. [ pymma
AJIEKTPOJIUTOB, COJIEPKAIINX OJUH U TOT K€ MOH, 00JIaaf0T
CXOJHBIMH XMMHUYECKUMHU CBOWCTBaMHU. Tak BCE pacTBOPHI,
CoJIepKaIIfe NoH Ba®, Mpu 100aBICHUH JTIOOOTO PacTBopa,
coJiepXalinii HoH SO42_, naroT Oenbiil ocanok Ba SO,.
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Peaknun, mpoTtekaronpie B pacTBope 0e3 H3MEHEHUS
CTEIEHH OKHUCJIEHUSI aTOMOB, HA3BIBAIOTCS UOHOOOMEHHbIMU,
T.€. POUCXOIUT OOMEH HOHAMHU B DJIEKTPOIUTAX.

Peaxyuu 6 pacmeopax udym e cmopony obpazosanus
MAIOPACMBOPUMBIX BeUecms, CLAObIX INEeKMPOIUNMO8 ULl
Healekmpoaumos (4aiie BCero ra3osn).

Ilpumep 6.1, Hanucarb ypaBHeHus mpolecca,
MPOUCXOJAIICr0 TPH CIMBAHHM PACTBOpA IIEJIOYH M
cynb(hara MeIu.

Pewenue: Tpu CIMBaHUU JAHHBIX PACTBOPOB BHINAIACT
0CAaJIOK THJIPOKCH]IA MEJIH:

2NaOH + CuSO; = Na,SO, + Cu(OH)x\
OTO ypaBHEHHE HA3BIBAIOT MOJIEKYIAPHLIM VPABHEHUEM
(TOuHEE ypasHeHuem peakyuu 6 MOJIEKYISAPHOU popme).

Hanumem peakuuio B3aMMOACHCTBHS MEXKIY TEMH
yacTuiamMu, Kotopbeie umerotcs B cucteme: NaOH, CuSO4 u
Na,SO; B pacTBOpE CyIIeCTBYIOT B BH/e HOHOB, a CU(OH);
B BUJIE MOJIEKYT (OCa/I0K).
2Na* + 20H™ + Cu®* + SO = 2Na* + SO~ + Cu(OH)x
Kak BHIIHO W3 3TOTO ypaBHEHHUS HOHBI HATPUS U CyibdaTa
ocTaguch 0e3 u3MeHeHus (B pEaKIMH ydyacTUs He
NpUHUMAIOT). TOorMa «COKpaTUB UX», MOJTYIUM:

20H™ +Cu?* = Cu(OH).{
[TepBoe ypaBHEHHE HA3BIBAIOT NOJHLIM, & BTOPOE —
COKPAUWEHHBIM UOHHBIM (UOHHO-MOLEKYISIPHBIM).

CoxkpallleHHOE MOHHOE YpaBHEHUE OTPakaeT CYIIHOCTh
XUMHYECKON peaKlMy, IPOU3O0IIEIIIEH B pacTBOPE.

Jl1st cocTaBiieHUsl MOHHBIX YPaBHEHUN MOKHO
NOJI30BaThCsl (POPMATLHBIM MPABUIIOM:

Cunvusie, pacmeopumvble 8 800e INEKMPOIUNMbBL NUULYMCS
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6 eude MOHOB, 6ce ocmanvhble eewecmea — 6 6ude
MOJIEKYIJI

PacTBOpHMOCTE HEKOTOPBIX COJIEH U OCHOBAHMI
MpYBECHA B MPUJIOKEHUN 8, & OTHOCUTEIbHAS CUJIa KUCIIOT
B IIPWJIOKEHHUU 1.

Ilpumep 6.2. Hanucatb MOJIEKYJISIPHOE YpaBHEHUE
peaKkIru, OTBEYAOUIEH CIEIYIONIEeH COKpaIllEeHHOM:
2H" + SiOs* = H,SiO;
Pewenue: sra 3amaua oOpaTHast 3ajmade npumepa 6.1. B
JAHHOM cllydyae HeoOXoIuMO moao0paTh Takue BEIECTBa,
JlaBaJIM JIJaHHBIE HMOHBI U B pE3yJbTaTe PEAKIUU MOMHUMO
HY)KHBIX  MPOAYKTOB  00pa3oBbIBai  Obl  CHJIbHBIE
pacTBOPUMBIE IEKTPONUTHI. JUJIsI 3TOM 1€MW Jydlie BCEro
MOXOJAT COJIM CUJIBHBIX KUCIOT U ocHoBaHWU. [lonb3ysich
npuiokeHueM 1, GepeM pacTBOPUMYIO COJb KpPEMHEBOM
kucnotel, Harpumep K;SiOsz, U CHIBHYIO KHCIIOTY, KOTOpas
Obl He JaBaja oOcajKka C paHee BbIOpAaHHBIM KaTHOHOM,
Harpumep HCI, Torma peakius 3anuiieTcs B BHIE:
K5SiO; + 2 HCI = 2KCI + H,SiO3
OpHako, B 3TOM ciy4yae HeoOXoauma IpoBepka, T.e. JUIs
HAIlMCaHHOT'O MOJIEKYJISPHOTO ypaBHEHUS HAJl0 COCTAaBUTH
COKpAILLEHHOE MOHHOE YPaBHEHHE U CPABHUTH C MCXOJHBIM
(npooenatime  camocmosimenvno).  IlpoBeppTe  TaKKe
pEaKIuIo
K5SiO; + H,S = 2K,S + H,SiO3

6.2.1. MonHoe npousBeneHue Boabl. Boropoanslii
noka3areJib
Bona sBmsieTcs oueHb cinabbiM dieKTponuToMm. B 1 M
(10 m2®) Bompr comepxurcs 0,1 me nosos Bogopona (H') n
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1,7 me nonoB ruapokcuna (OH ),oqHako U B 3TOM ciiyyae
MOYKHO HallucaTh ypaBHEHUE IUCCOLUAINN

H,0 0 H' + OH” (6.1)
KOHCTaHTa paBHOBeCI/Iﬂ 9TOTI'O Hpouecca paBHa
+ —
_[H J[OH ]
Kﬂ - [H20] (62)

rine Ky — KOHCTaHTa JUCCOLUalty BOAbI pu t = 22 oc

(koMHaTHas Temneparypa) Ky = 1,8107%;

[H20] — MosisipHast KOHIIEHTpAaIKsl BOJIBI B BOJIE, MOIb/].
[H20] = 1000 (2/2) / 18 (e/monws).

[ToncraBuM 3TH 3HaueHus B ypaBHeHue (6.1), momydaem
[H] [OH]=10" (6.3)

Dta BenMYrMHA HA3bIBACTCS NOHHBIM ITPOU3BEICHUEM
BOJBI U 00o3Hauaerca Ky .

B n1r000M BOIHOM pacTBOpE KOHIIGHTpAIlMH HWOHOB
BOZOPOJA U TUAPOKCHUIA MOTYT OBITH Pa3lIUYHBIMU, HO HX
IIPOU3BEICHAE PAaBHO 107,

B nelitpansHOH cpene

[H']=[OH]= 10" monv/n (6.3)
B xucinoii cpene
[H]>[OH ], [H]> 107" monv/n (6.4)
B menounon cpene
[H]< [OH], [H']< 107 monw/n (6.5)

OpHaKo TaKMMHU MaJIbIMU BEJIMYMHAMU T10JIb30BAThCS
HEyJ00HO, U B IPAKTUKE UCTIOIB3YIOT 8000POOHbLI
noxasamenv pH
pH = -g[H"] (6.6)
Onpenensast pH B pacTBOpax ¢ pa3auyHON Cpeaoi
(ypaBHenus (6.2), (6..3), (6.4)), momyqaum:
B KUCJIO cpene pH < 7,
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B HEUTpanbHOU cpene pH =7,

B IIEJIOYHOM (OCHOBHOM) cpene pH > 7.
Xapakrep cpeiapl W 3HaYeHUE plH MOKHO OIPENEIUTh C
MOMOUIbI0 HMHIUKATOPOB — BEIIECTB, KOTOpPbIE H3MEHSIOT
CBOM IIBET B 3aBHCUMOCTH OT BOJOPOAHOTO moka3ateis (pH)
cpensl. Hampumep, ¢eHondTanenn B KHCIOW cpefe
OecrBeTeH, a B IMIEJIOYHOM - ManuHOBBIA. C aApyrum
WHJUKATOPOM — METUJIOPAHKEM Bbl BCTPEHAIUCh B paboTax
2u3.

B nipoun3BOCTBEHHBIX YCIIOBUSIX 3HAYEHUE BOJIOPOIHOTO
MOKa3aTelsl ONpPENeNsIIoT € TOMOMIbIO  CIeHUaTbHBIX
npubopoB pH—MeTpoB.

6.2.3. I'maposimn3 coJiei

Bo MHorux ciydasx HpoucXoJsiT OOMEHHBIE peakluu
MEXIYy pacTBOPUTEIEM U PACTBOPEHHBIM BEIIECTBOM,
KOTOpbIE 0OBIYHO MPOTEKAIOT c o0Opa3oBaHHEM
MaJIOAUCCOLUUPYIOUINX WU TPYTHOPACTBOPUMBIX BEIIECTB.

PeaKIII/HI B33PIMOI[€I>1CTBI/I$I Memny COCTAaBHBIMHU 4YacCTAMHU
'PacTBOpUTENS W PACTBOPEHHOIO BELIECTBA HA3BIBAIOTCA
COJIBBOJIM30M, & ISl BOJIBI — THJIPOJIU30M.

I'upponuzy MOTYT MOABEPraThCs XHUMHYECKHE
COCIMHEHUST PA3JIMYHBIX KJIACCOB: COJIM, YIJIEBOMABI, OCIIKH,
Kupbl U T.J. Ha npakTuke yaiie BCero NpuUXOIUTCS UMETh
Jen0 ¢ THAPOJM30M  COJIeH, T.6. C OOMEHHBIM
B3aMMOJICICTBUEM HOHOB COJIM C HOHAaMU BOJBI, B
pe3yabTare KOTOPOTO cMenaercs paBHOBecHe
ANEKTPOJUTUYECKON JTUCCOLMAIIMM BOABI U M3MEHSETCA
3HaYeHue pH pactBopa.

OOBIYHO pa3NUYAIOT YEThIpE CIydasl ACHCTBHS BOJIBI Ha
COJIU:
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€CIIM KaTHOHBI U aHHOHBI UMEIOT HEOOJIBIIINE 3apsAabl U
3HAYUTENbHbIE pa3Mepbl, TO MX MOJsApU3YIOLIEe
BIIUSHHUEC Ha MOJICKYJIbL HCBCIIUKO, T.C.
B3aUMOJICHCTBHSL COJIM C BOJOW IPAKTUYECKH HE
IMPOUCXOJHUT. DTO OTHOCHTCI K COJISIM CHJILHOTO
OCHOBAHHS U CHUJIBHOM KHUCIOTHL. Takue couu
TUAPOIU3Y HE  IOABEPraloTCs, M  pPaBHOBECHE
JUCCOLMALMM BOABI B MX MPHUCYTCTBUM IOYTH HE
cmeumtaercs. [loatomy pH ~ 7, T.e. pacTBOpPBI COJed
CHJIBHOI'O OCHOBaHUA n CUJIbHOM KHCJIOTHI
IIPAKTUYECKH HEHTpalIbHbI

ecim  coiab  o0Opa3oBaHa  KaTHOHOM  CHUJIBHOTO
OCHOBaHHUS U CJIa0OW KHUCJIOTHI, TO aHHOH OKAa3bIBAET
3HAYUTEIIbHOE HOJISIpU3YIOILEee neiicrBue U
MMPOUCXOAUT 'MAPOJIN3 10 aHWUOHY, HAITPUMCP:

Na,SO3 + H,O S NaHSO3; + NaOH

WU B HOHHOU opme:

SO + HOH S HSO; + OH-

Tak kak B pacTBOpe 00pa3yeTcsi H30BITOK TUIPOKCHUITBHBIX
MOHOB, TO PacTBOp OyeT UMETh IeNounyIo cpeny (pH > 7

);

ecld, HaobopoT, coilb  oOpa3oBaHa  ClIa0ObIM
OCHOBaHHEM U CHJILHOH KHCJIOTOH, TO
B3aMMOJICHCTBHE  OOYCIIOBJICHO  BIUSHUEM  Ha
MOJIEKYJIbl BOABI KATUOHOB, T.€. IPOUCXOAUT TUAPOIIU3
10 KaTHOHY:
2CuSO, + 2H,O S (CUOH)2504 + H,SO,4

Cu** + HOH & CuOH* + H*

B pactBope mosiBiisieTcst U30BITOK HOHOB BOJIOPO/IA, ¥ Cpea
CTaHOBUTCS Kucion (pH < 7);

conr, 0oOpa3oBaHHBIE CITAa0BIM OCHOBAaHHUEM M ClIabOM
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KHUCIIOTOH, THIIPOJIU3YIOTCS JIETYE JIPYTUX, T.K. HOHBI
OJIHOBPEMEHHO OKAa3bIBAIOT IMOJISPHU3YIOIIEE JCHCTBHE
Ha MOJIEKYJIbI BOJIBI.
B 3aBrcHMOCTH OT 3apsiia HOHOB MOT'YT OBITh ITOTYYEHBI
pa3IMYHbIC BEIIECTBA:
cnaboe OCHOBaHME M cllabast KMCIIOTa, eclid (MOHBI
OJIHO3apsI/IHbI):
NH4CH3;COO + H,O0 S NH4;OH + CH3;COOH
NH;" + CH;COO™ + HOH S NH,OH + CH;COOH;
ciabast KHCI0Ta U OCHOBHAS COJIb (MHOT'O3apsTHBI KaTHOH
Y OJIHO3APSIHBIN aHUOH):
Al(CH3C0O0); + H,O S AIOH(CH3COO0), +
CH3;COOH
AP** + CHsCOO + HOH S AIOH?** + CH3;COOH;
c1aboe OCHOBAHUE U KUCHAs COJIb (MHOTO3apPSITHBIN aHUOH H
OJIHO3aPSITHBINA KaTHOH):
(NHz).S + H,O S NH,OH + NH4HS
NH;" + S + HOH S NH,OH + HS™
[Tpu ydacTuu MHOTO3apsSIHBIX HOHOB, KaK MPaBUIIO,
MIPOUCXOAUT HEOOPATHUMBIN THAPOIN3, OO0 BICHSIIOIIHICS
TEM, UTO MPOYKTHI THIPOTIU3A YAAISIOTCS U3 ChEphI
peaknuu (ocagaok wiy raz). Hampumep, pu ciuBaHUU
pactBopoB AlCl; u Na,CO3 ob6pasyrorcs Al(OH)3 u CO,
KOTOPBIC BBI3BIBAIOTCS HEOOPATUMBIM THAPOIH30M
oOpa3yronielics Kak MPOMEKYTOYHBIA TPOAYKT COJIU
A|2(C03)3Z
2 AICI; + 3 Na,CO3 + 6 H,O —> 2 A|(OH)3 + 3CO;, +
6 NaCl
2 AIF* + 3C0Os* + 6 H,0 — 2 Al(OH); + 3 CO,.
Hanumure ypaBHEHUS B MOJIEKYJIAPHON U HOHHOU
(dbopMax KakJIOi CTaIuH 3TOTO MpoIiecca.
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Cpena pacTBOpOB couieli ¢1aboro OCHOBaHWUS U c1abo0it
KHUCJIOTHI 3aBUCUT OT CPAaBHUTEIBHON CHIIBI OCHOBAHHUS U
KHCJIOTHI.

KonuruecTBeHHO rUAPOSIU3 XapaKTEPU3YETCsl CTEIEHBIO
rugponusa (h) u koncranroit ruaponusa (K ). [leppas
BEJIMYMHA IIPEJICTaBIsIeT cO00I OTHOIIEHUE YMCIa MOJIEKYI,
HOJBEPTIINXCS THAPONIN3Y, K 00LIeMy YUCITy MOJIeKyIl. B
pacTBOpax yMEpeHHBIX KOHIIEHTPAIMil IPU KOMHATHOM
TEMIIEPAType CTENEHb TUAPOJIN3a HEBEIUKA; I COJIEH,
00pa30BaHHBIX CHJIBHBIM OCHOBAHHUEM U CHIIBHOM KUCIIOTOH,
OHa MPAaKTUYECKU PaBHA HYIIIO; JUIs COJIeH, 00pa30BaHHBIX
CUJIBHBIM OCHOBaHHUEM U CJ1a00¥ KUCIOTON WM CUIIHbHON
KHUCJIOTOH U c1a0bIM OCHOBaHHEM, OHA COCTABIISIET OKOJIO
1%.

KoncranTa runponnsa (KOHCTaHTa paBHOBECHS ITpoIiecca
TUAPOIN3a) onpeaenseTcs ypaBHeHusmu (6.7), (6.8) u (6.9),
B 3aBUCHUMOCTH OT THIIa COJIH:

Kri = Kw/ Kok (6.7)

K[‘z = KW /Koo (68)

Krs = Kw | (Kox Koo), (6.9)

rne  Kr;, K, K3 —  KOHCTaHTBI TUAPOJIW3A COJIEH

00pa30oBaHHBIX COOTBETCTBEHHO CHJIbHBIM OCHOBAaHHMEM U
cj1aboii  KUCIIOTOH, cjaa0bIM OCHOBAaHHMEM UM CHJILHOM
KHUCJIOTOM, CJIa0BIM OCHOBAaHUEM U CJ1a00# KHCIIOTOI;
K\ — nonHoe npousBeieHUE BOJIBI;
Ky, Kyo, — KOHCTaHTBI JHCCOIMAIIMM COOTBETCTBEHHO
KHCJIOTHI 1 OCHOBAHMS.

BriBo 3THX ypaBHEHUH MOKAXKEM Ha MPUMEPE TUIPOJIN3A
HaHHUI-HOHA;

CN  + HOH S HCN + OH-
KoHcranTa paBHOBecHs (KOHCTaHTa THIPOIIN3A):
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_ [HCNIOH '] (6.10)
[CN7]

KoHieHTpausi BOJIbI M3-32 MajOW CTEIEHU THIPOJIN3a
NPAaKTUYECKH OCTACTCSA MOCTOSHHOM.

YMHOXHB YHCIUTEIb U 3HAMEHATENh 3TOTO ypaBHEHHS
Ha. KOHIIEHTPAIMIO HOHOB Boopoa ([H']), momyuanm:

[HCN] Ky
[CNTI[H™} Kok

B  coorBerctBum ¢ npunmunom  Jle-Illarense
CaMOCTOSITENILHO ~ PAacCMOTPHUTE  BIMSIHAC  Pa3IHMYHBIX
¢dakTOpOB  Ha  CTEMEHb  THIPOIH3A:  YMCHBIICHHE
KOHIICHTpaIlun COJIH (pazbamieHue), U3MCHEHUE
TEMIIepaTypbl, pH 1 CHIIBI YIIEKTPOJINTA.

Ky =[H"][OH"]

(6.11)

6.3. Ikcnepumenmanvnasa vacmeo

Ilpubopvr u peaxmusvi: HaOOp CYXHUX COJEH, PacCTBOPHI
AICI3, Na,COs3, Bi(NO3)s, yHuBepcaibHasi HWHAMKATOPHAS
Oymara.

Onwvim 6.1. Peakyuu 6 pacmeopax.

W3 wumMmeromuxcs pacTBOPOB,  CIIMBas HIOTIApHO,
NPOBEINUTE pPEaKLUu, HAyIMe ¢ OO0pa30BaHUEM: OCaJKa;
MaJIOIUCCOLUUPYIOIIETO BEIECTBA; ra3a.

Jlng  xaxzporo mporecca INPUBEIUTE YpaBHEHUSA B
MOJIEKYJISIPHOM U COKPAIlleHHOM HOHHOM BHJIE.
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Onwvim 6.2. Onpedenenue pH pacmeopos conell.

[TonmyunTe y mnpemnojaBarensl 3ajlaHue: Ha3BaHUE TEX
cojieil, ¢ KOTOpeIMH BBl Oynere paborath. PactBopuTe
HEKOTOPOE KOJIMYECTBO COJIM B TUCTHILTUPOBAHHOW BOJAE U
WHJUKATOPHOM OyMaroil olleHUTe 3HaueHue pH pacTBOPOB.
OObsicHUTE W3MEHEHHE XapakTepa Cpenabl, MpHUBEAs
YPaBHEHHS COOTBETCTBYIOIIMX IPOLECCOB. 3HaYeHus pH
pacTBOPOB OTIENbHBIX COJIEH BBl MOMKETE IPOBEPUTH,
u3MepuB ux Ha pH-merpe. PesymbraThl HaOmrOAECHUI
CBEIMTE B TAONUILy, aHATOTHYHYIO Ta01.6.1.

Tabauya 6.1.
['uponu3 pacTBOpoOB coleit
AHanu3 conu
pH Non Peakuus
Conp | pactBo | OcHoBan | Kucio | cmaboro TUIPOJIN
pa ue Ta AIEKTPON | 3a
uTa
K>S 7 KOH | H,SO,4 - -
O4
Na,S 11 NaOH | H,S s* |t +
HOH S
HS +
OH™

Onwim 6.3. Heobpamumbiii 2uoponus.

Cneiitre B mpooupky pactBopbl AlCl; u Na,CO;. YUto
HaOmomaercss? CocTtaBbTe ypaBHEHHs mporeccoB. Kak
nokaszath amdoreprocts ocaaka Al(OH)s3? Ilposemurte
COOTBETCTBYIOILIME PEAKIIUHN U HAITMIINTE UX YPABHEHMS.
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Onwvim 6.4. Cmewenue pagnosecusi 2uopoausda.
Haneiite B npoOMpKYy HECKOJBKO Kalelb pacTBOpa
Bi(NO3); u mpubaBnsiiTe K HEMy IO KaluliM BOAY JO
MOSIBJICHUST ~ OCaJIKa BIiONO3; (auTpar BHCMYTHIIA).
OO0bsicHUTE, IOYEMY BBINAIAET 3TOT OCAA0K 10 PEAKLIUAM:
Bi** + HOH — BiOH*" + H'
BiOH** + HOH — Bi(OH)," + H'
Bi(OH)," + NO3~ — BiONO;z + H,O.
CyMMapHOe ypaBHEHHE THAPOJIM3a MOXHO 3alucaTh B
CJICAYIOIIEM BUJIE:
Bi®* + NO;~ + HOH — BiONO; + 2 H".
[TpubaBbTe k ocanky Heckonbko kamenb HNOs; 1o
pactBopenus ocanka. J[o6aBeTe B 3Ty mpoOUpKy Boabl. UTo
HaOronaercs? HanmuiuTe ypaBHEHHE IPOIIECCOB.

6.4. 3agaun

1. Hanumure ypaBHEHHUS peaklUil B MOJEKYISIPHON U
HOHHOM (hopMax B pacTBOPE MEXY:

FEC|3 " Na3PO4;

Pb(OH), u HNOg;

Zn(OH), u KOH.

2. Hamummure ypaBHEHHs B MOJIEKYJIApHOH ¢opme,
OTBEUAIOLIUX CIEAYIOIINM COKPAIlEHHBIM HOHHBIM CXEMaM:

H" + S* — HS;

Ca?* + PO, — Cas(PO4);

H" + SOs* - H0 + SO,

3. Omnpenenute KOHIEHTPAlMM HMOHOB BOAOpOAa U
TUAPOKCHUAA, eciu pactBop umeet: pH = 0; pH = 3; pH =7,7,
pH =14; pH =1.

MoxxeT 1 3aBeI0MO HEUTPAJIbHBIN pacTBOpP UMETh pH =
6,5? Ilouemy?
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4. CocraBpTe YypaBHEHUS THUIPOJIM3a PaCTBOPOB
ceayrommx coneii: NagPOy, BaS, ZnSQO,4, KCI. Bosbiie win
MeHbliIe ceMu pH 3Tux pacTBOpoB?

5. PactBop NH4CH3COO umeer pH = 7, a NH,CN pH
=10. Yem BbI 310 MOXETE OOBSICHUTD?

6. Kak menstiercst pH pactBopa KCI. npu narpeBanuu?
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JlaGopaTopHas padoraNe7

OnpeneseHue xKeCTKOCTH BOAbI
Lenv pabomor: O3HAKOMUTBCS CO CIIOCOOAMU yMSATUEHUS
BOJBI; OKCICPUMEHTAIBHBIMH METOJAMH  OIPEICITICHUS
KECTKOCTH.

7.1 Bonipochl 1Jisi MOATOTOBKH

7.1.1 YeM BBI3BIBAETCA KECTKOCTH BOIbI?

7.1.2 Kakwue BUJIBI )KeCTKOCTH BBl 3HaeTe?

7.1.3 B kakux eIuHUIIaX OHA U3MEpSeTCs?

7.1.4 Kakue MeTo/1bl YCTpaHEHUs )KeCTKOCTU Brl 3Haere?

7.1.5Kak ycTpaHseTcsi BpeMEeHHas KECTKOCTh?
IIpuBenuTe NpUMEpSI.

7.1.6 IIpuBenuTe MpuUMEphl PEareHTHOTO
BOJIOYMATYECHUs?

7.1.7 CornacHO KakoMy 3aKOHY paCCUHTHIBACTCS
KOJIMYECTBO peareHTa Jijisi BOJIOYMSATYCHHUS?

7.1.8 Kaxue peakuuu nexxat B OCHOBE aHAJTUTUYECKOTO
oTIpesieNIeHUs] BpEMEHHOM )KECTKOCTH?

7.1.9 KakxuMm METOI0M MOKHO ONPEAETUTH OOIIYIO
JKECTKOCTb?

7.1.10 Kakum 06pa3oM MOKHO ONpeAEIUTh
MOCTOSIHHYIO JK€CTKOCTh?

7.2 TeopeTuyeckasi 4acTh
7.2.1 ZKecTKOoCTh BOABI

HpI/IpOIlHaH BOJa, cCoacpiKalas OOJIBIIIOE KOJIMYECTBO
PaCTBOPCHHBIX coJreit KaJdpllysi M MarHus, Ha3bIBACTCA
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JHcecmo. Paznuyaror o01mIyIo, BPEMECHHYIO
(kapOOHATHYIO), IOCTOSIHHYIO K€CTKOCTbD.

Obweti  dcecmkocmvio  Ha3bIBAETCA  CyMMapHas
KOHIICHTpaIlisi HOHOB Caz+, Mgz+ u Fe** B BOJIE,
BBIPAXCHHAss B B (me-ok8)/om® wmn  (me-ske)/1. OHa
00yCJIOBJICHa MPUCYTCTBUEM B BOJIE PACTBOPHMBIX COJICH
KaJbIUsl 1 MarHUsl, @ UHOTJIA U XKeJe3a.

Tlocmosannoii scecmkocmvpio Ha3bIBACTCS YaCTh OOIIEH
JKECTKOCTH, OCTAIOMIAsCA TIOCIE KHUIITYEHUS BOJBI IPU
aTMOC(EpHOM JIaBJICHMM B TEUYCHHE  OIPEACICHHOTO
BPEMCHH.

Bpemennoli (kapbonammoil) XECTKOCTBIO Ha3bIBACTCS
4acTh OOMICH JKECTKOCTH, YIAISIOIIASCS KUTITICHHEM BOJIBI
npu aTMOC(EpPHOM JaBJICHHUHW B TEUCHHUE OIPEIACICHHOTO
Bpemerrn. OHa 00yCJIOBIIEHA MPHUCYTCTBHEM KapOOHATOB H
TUAPOKAPOOHATOB KaJIbIUS U MarHusl.

Ko =Ky + XKs,

rae JKi — KecTKoCTh BOJbI COOTBETCTBEHHO O0O0ILas,
HOCTOSIHHAS! M BpEMEHHasl.

WNHorna BBIIEISIOT HEKAPOOHAMHYIO HCECMKOCHb  —
qacTh OOLIEH KECTKOCTH, paBHasi pa3HOCTU MEXy OO0Iei 1
BPEMEHHON (KapOOHATHOW) JKECTKOCThbIO (Cyiab(aThl H
xmopusl Ca u MQ).

Hcnonp3oBaHue KECTKUX BOJ JJs  YIOBJIETBOPEHUS
XO035ICTBEHHO-OBITOBBIX U MPOMBIIIICHHBIX HYX/{ IPUBOJUT
K HEXeJIaTeIbHbIM MOCIIEICTBUSIM.

1. VYcuneHue KOppo3uum  TApOBBIX  KOTJIOB U
TEII000MEHHUKOB BCIIEJCTBUE TUIPOJIN3a COJIEH MarHusi u
NOBBILIEHUS] ~ KOHLEHTpAaluu KaTMOHOB  BOAOpOJa B
pacTBope:
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Mg®* + 2H,0 S Mg(OH), + 2H*

2. OTtnoxenue HaKHIIN Ha IMOBCPXHOCTH
TEIIO0OMEHHBIX arnrapartros, KOTOpPOC CHMIXACT
3KOHOMHNYHOCTDb pa6OTBI 9THUX YCTAaHOBOK. Haxwnnp 06naz[aeT
Majoun TCILIOIIPOBOJAHOCTBIO n YBCJINYHBACT

HEMPOU3BOJUTENBHBIA  pacxo]] TOIUIMBA. MeTaur Moj
HAKWITBIO TIEPETPEBACTCS U Pa3sMATYaeTCss. ITO MPUBOIUT K
00pa30BaHUIO B3IyTHH W TpPEIIMH B TPyOax MapOBBIX
KOTJIOB.

EmuHoii  MeXIyHapogHOH  €IMHHUIBI  H3MEPEHUS
JKECTKOCTH HE CYIIECTBYET. PasjM4Hble CTpaHBl YCIOBHO
OpUHUMAIOT CBOM eauHuIbl. B Poccum  kecTKOCTh
msmepsiercs B (me-ox6)l(n 600v1), (me-ok8)/om” wnu (mors—
2k8)/0n°).

1 (me-9K6)/1 HKECTKOCTH COOTBETCTBYET COACPIKAHHIO
20,04 me/n Ca®* wm 12,16 me/n Mg2+ WM COJICP’KAHUIO B
OJTHOM JIMTPE BOJBI 1 Me-0K6 CONM KaJIbIUs MM MarHusl.

ITo >keCTKOCTH BOJY JENIAT Ha IIECTh KJIACCOB:

1 —ouenpb msarkas (0...1,5 (me-o9x8)/1;

2 —wmsrkas  1,5...3 (me-9k8)/1;

3 — cpenneit xectkocTH  3...4,5(me-9k6)/1;

4 — MOBONBHO KecTKast  4,5...6 (me-ox8)/1,

5-xectkas  6...10 (me-oKx6)/1;

6 — ouens sxkectkas  >10. (me-ox6)/1.

7.2.2 Cnioco0bl yCTpaHEeHHS KeCTKOCTH
[poriecc, MPUBOISIINI K CHIKEHHIO YKECTKOCTH BOJIBI,
Ha3bIBaeTCs ee ymseuenuem. CyIIECTBYIONIME CIOCOOBI
YMSTYCHUST MOYKHO Pa3/IClIUTh HAa TPHU TPYIIIIbL: peaceHnuble
METOMbI, MepMUYecKkoe YMATUEHHE W YMSITYeHHE BOIBI
METOJIOM oOmena uonoé (uonooOMmenHwvlll Memood). ITH
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METOJIBI 4YacTO KOMOWHHPYIOT: COYETAIOT pearcHTHBIC
METOABl C METOJAOM HWOHHOTO OOMEHa, a TEePMHUYECKOe
YMSTUEHHUE C PEareHTHBIMUA METOJIaMHU.

Peacenmnoe ymsirueHHe OCHOBAaHO Ha BBEIICHHE B BOIY
peareHToB, O0OTalIAIINX €€ aHMOHAMHU COng un OH, B
pe3ysbTare yero oopasyrorcs manopacrsopumbie Ca(CO)3 u
Mg(OH),. BBenenue pearcHTOB NPOU3BOIAMTCA B CTPOIO
OKBHUBAJCHTHBIX  COOTHOIIEHUWsX.  Hampumep,  Hamo
YCTPaHUTBb S5 2-3K6 COJIEHM IKECTKOCTH, CIJIEI0BATEIBHO,
n00aBUTh peareHTa Hamo Toke S5 e-9x6 (coma Na,COs:
mM(NayCOs3) = N5 - B(Nay;CO3) =5 - 53 = 265 2).

ComoBo-u3BecTKOBBIN MeTon. [lpu BBeJeHUU B BOIY
ramenoit u3Bectd Ca(OH), conmm Kanblus OCaXIArOTCS B
Buzie kapoonara kanbius (Ca(CO)s).

Ca(HCO3), + Ca(OH), = 2CaCO03| + 2H,0,
a TUIPOKapOOHAT MAarHusl, pearupysi ¢ U3BECTHIO, BBINIAIACT
B 0CaJI0K B BujIe ruapokcuaa maraust Mg(OH),.
Mg(HCO3), + Ca(OH), = Mg(OH)2| + Ca(HCO3),
a oOpa3oBaBIIMICA THMAPOKApOOHAT KallblUsl pPEarupyer c
U3BECTHIO COTJIACHO BHIIIE MTPUBEACHHOMY YPaBHEHHUIO.

HekapOoHaTHasi >KECTKOCTh YAAlseTCSl BBEJACHHEM B
Boay coabl Na,COs.

CaS0O4 + Na,CO3 = CaCOg3| + NaySO,

YwMmsrdenue Boabl enkuMm HatpoMm. Enkuii mHatp NaOH
CBSI3BIBACT KATHOHBI KAIBIIHSI K MAarHUS 110 YPABHCHHSIM:

Ca(HCO3), + 2 NaOH = CaCO3] + Na,CO3 + 2H,0

Mg(HCO3), + 4NaOH = Mg(OH);| + 2Na,CO3 + 2H,0

OO0pa3yromasicss coja pearupyer ¢ HekapOOHATHON
YKECTKOCTHIO, YaCTHYHO YAAJISAS € U3 BOJIBIL.

YMsrdeHue BOABI OapUEBBIMH COISIMH. ITOT METOJ
AQHAJIOTHYEH COJIOBO-U3BECTKOBOMY, HO UMEET TIepe]l HUM TO
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IPEUMYIIECTBO, 4YTO oOpasymloliuecs NpHU  PEaAKIUU
OPOJAYKTHl ~ HEpacTBOPUMBI B Bojae  (yMEHbLIaeT
coniecogepkanue Bojbl). CopepkaHue cojlell Kanbluus U
MarHusi Ipyu 3TOM METOJIe MOHIKAETCS, U YMSTUEHUE UJCT
ropas/io MoJIHee.

CaS0O, + Ba(OH); = Ca(OH), + Ba SO4],

Mg SO, + Ba(OH); = Mg(OH),| + Ba SO4|
Ca(HCO3), + Ba(OH), = CaCO3| + Ba CO3| + 2H,0
Mg(HCO3), + 2 Ba(OH), = Mg(OH),| + 2Ba CO3] + 2H,0
Ca(OH), + Ca(HCOg3), = 2CaCO3] + 2H,0

[Tpu ymsirdeHnn GapueBBIMHU COJISIMH PEAKLIUU TPUBOJISAT
HE K 3aMeHe OJHOW CONIM Ha JAPYrylo, a K IOJTHOMY
yAaJEHUI0 WX U3 BOJbl. B »TOM Oo0JblIIOE MPEUMYIECTBO
ymsirueHus: OapueBbiMH coisiMu. K HemocraTkam 3TOro
METOJIa OTHOCUTCSI BBICOKAsi CTOMMOCTh 0apHeBOI0 MOJOKa
(Ba(OH),).

Ywmsaruenne  Boael  ¢ocdaramm.  DTOT  MeTon
OpUMEHsIeTCA Il JOyMSITYeHUs BOJbI, Korjaa Ooiblias
Y4acTh )KECTKOCTH ycTpaneHa (10 0,35 — 0,7MF-3KB/I[M3).

3CaS0O, + 2Na3PO4 = Cag(PO4)2l + 3Na,SO4
®ocdar HaTpus IaeT XOPOLIME pe3yNbTaThl, HO COJH
dochopHOI KUCITOTHI JOPOTH, IOATOMY UX HUCHOIB3YIO B TEX
ClIydasiX, KOorja HYKHO MPOU3BOJUTH IIyOOKOE yMSTYeHHE
BOJIBI.

Jlnsg ouyeHb TIIyOOKOTO yMSTY€HUs BOJbl B aTOMHOM
DHEPreTUKE NPUMEHSETCS AOCTAaTOYHO JOpPOrol METox ¢
NPUMEHEHHEM KOMIUIEKCOHOB — BEIIECTB, CBA3BIBAIOIINX
WOHBl KaJbI[Us M MarHusg B TPOYHBIE KOMILIEKCHBIC
coenuHeHus. [IpuMepoM KOMIUIEKCOHOB MOJKET CIIY>KUTb
TpuiioH b, 0 KoTopoM peus OyneT paccka3zaHO HHXKE.
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Tepmuueckuit MeToz ymsrdeHus Boasl. [Ipu HarpeBanuun
BOJIbI JO  KUIICHHS  IPOUCXONUT  IIPEBpAICHHE
THJIPOKapOOHATOB KaJblMs W MarHusg B KapOOHATHI 10
CIIEYIOIIHAM CXEMaM:

Ca(HCOs3), = CaCO3| + CO,1 + H,0
Mg(HCOs), = Mg(OH).| +2CO,1

KumnsiyenneM  49acTHYHO  ycTpaHseTcss  CyibgaTHas
KECTKOCThb, TaK KaK pacTBOPUMOCTb Cyib(ara KaJbLus
[aJaeT C YBEJIUYEHHUEM TEMIIEPATypbl. DTOT METOJ MOXKET
OPUMEHATBCA Ul YMATYEHHUS  BOJBIL,  COJEpIKaulleu
[PEUMYIIECTBEHHO KapOOHATHYIO KECTKOCTb.

HonooOMmenHbIli MeTon. BemectBa, cmocoOHBIE K
COpOLIMOHHOMY OOMEHY HOHOB C PacTBOPOM 3JIEKTPOJIUTA,
Ha3bIBAlOT KAaTHOHUTAMH, 3 OOMEHHMBAIOLUE — AHUOHUTAMH.

KartnoHuTsl 1uccouuupyroT Ha HEOOJbIINE, TOJBUKHbBIE
M CcrocobHble K MOHHOMY obMeny katwomsl (H', Na') u
BBICOKOMOJIEKYIsApHbI anuon (R™), a aHHOHMTBI OarOT
MEJIKHE, MOJABUKHBIE AQHUOHBI (OH) u
BEICOKOMOJIEKyNspHEIi KatroH (R™).

HnR S mH"+ R™

Jucconmanuioo  aHMOHUTAa  MOXHO  IIPEACTAaBUTH

ypaBHEHUEM
R(OH), S nOH™ + R™

[Ipu morpyXeHuu 3€peH HOHUTa B BOAY IPOUCXOIUT
HaOyxaHHe nux U pacTSDKEHHE IPOCTPAaHCTBEHHOU
MOJIEKYJSIpHOM ceTku. HaOyxmmii MOHHUT mHpeacTaBisieT
coboif cBOEOOpa3HBI PACTBOP DJIEKTPOJIUTA M 00JanaeT
oOLIMMH CBOICTBaMH Takoro pactBopa. OTivuyaeTcsi OH OT
OOBIYHOTO BJIEKTPOJIUTA OTPAHUYEHHOW MOJBUKHOCTHIO
noHoB. Ecnmu BOMM3KM MOABMKHBIX MOHOB TOSBIISIOTCS
JpYTHE€ HMOHBI TAKOr'O K€ 3HAaKa, TO OHM 3aHUMAlOT MECTO
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NOJBM)KHOTO ~ HOHa, a  0ocBOOOAMBIIMECS oT
JJIEKTPOCTATUYECKOTO BIIMSHUSA HOHUTA IMOJBMIKHBIC HMOHBI
Nepexoar B pacTBop. Tak MpOUCXOOUT MOHHBIM oOMeH. B
OCHOBE Ipolriecca OOMEHa JIEKUT XMMHUYECKas peaxius,
IIPOTEKAIONasl Ha BHEIIHEWM M BHYTPEHHEHW IOBEPXHOCTH
uoHuToB. OOMEH  HMOHOB  TNPOTEKaeT B  CTPOro
HKBUBAICHTHBIX KonndyecTBaX. OOMEH HMOHOB MPOUCXOIUT
n30MpaTeIbHO: c YMEHBIIEHUEM abCOIOTHOM
KOHLEHTpaluu pacTBopa  Jlerd4e  yIEep>KHUBAIOTCS
MHOT'03apsIIHBIE HOHBI, YEM OJHO3apsIHBIE, a IPU BBICOKUX
KOHLEHTpalUsAX aJAcopOUpYIOTCS OJHO3apsAHBIE HOHBIL.
Hanpumep, npu ymsardeHuu Bojbl (pa30aBiIeHHBIH pacTBOP)
n30MpaTeabHO MOTJIOUIAIOTCS WOHBI KaJbLMsi U MarHus, a
MOHBI HaTpus MPHU 3TOM HPAKTUYECKH HE aJICOPOUPYIOTCS.
[lpu oOpaboTke KoHIEHTpUpoBaHHBIM pacTBopom NacCl
VOHBl  JIByXB&JIEHTHBIX  METAUIOB  BBITECHAIOTCA U3
KaTHOHUTA HOHAaMHM HATpusi. OTUM IOJB3YIOTCA IIpU
BOCCTAHOBJICHUM KaTHOHUTA.
[Tpoucxonsmue MIPOLIECCHI MOKHO BBIPA3UThH
CJIEAYIOIIUM 00pa3oM:
VYMsaryenue BOJILI.
Ca’* +2NaR = 2Na" + CaR;
Mg?* + 2NaR = 2Na* + MgR;
Boccranosnenune Na — katnonura:
CaR, +2Na' = Ca’* + 2NaR
MgR, + 2Na* = Mg®* + 2NaR

7.2.3 OnpeaesieHue KeCTKOCTH
KOMILJIEKCOHOMETPHYECKUM METOI0M
KommiekconaMu OOBIYHO HA3bIBAIOT OPTaHUYECKUE
COCIUHECHMNS, TJIAaBHBIM O6p330M, IMPONU3BOJHEBIC
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AMHHOTIOJIMKApOOHOBBIX KUCIOT. KOMIIJIEKCOHBI Hapsiay ¢
kapOokcunpHbIMU Tpynnamu (-COOH) conmep)kaT aMUHHBII
azoT (= N). bnarogapsi TakoMy CTPOEHHUIO 3TH COEIUHEHUS
OTIIMYAIOTCSl  MOJHMAEHTAaTHOCThIO, T.€. CIIOCOOHOCTHIO
00pa30BBIBATh Cpa3y HECKOJBKO KOOPJMHALIMOHHBIX CBS3EH
C MOHaMHU METAJIIOB — KOMILIEKCOOOpa30BaHHiA.

Ha mpaktuke 0OBIYHO MPUMEHSIOT ABYHATPHEBYIO COJIb
ATWICHIMAMUHTETPAYKCYCHOM KHUCJIOTBI (BOATA),
komiuiekcoH |1 wim tpunon b; cokpamenno NaH, Tr

HOOCCH; N /CHZCOOH
N-CH,-CH>»-
N AN
CH,COONa

/

NaOOCCH;

Tpunon B oOpazyer cO MHOIMMH  KaTHOHaMH
YCTOﬁqHBBIC MaJIoAUuCCOUMHNPOBAHHBIC B BOJIC
BHYTPHKOMIUICKCHBIC COJIH.

TuTpoBaHUE KOMIUIEKCOHOM BEIYT TPU ONPEICICHHOM
3HaueHuu pH. Touky >KBHBaNEHTHOCTH YCTaHABIMBAIOT C
MOMOIIbI0  WHJAMKATOPOB,  MPEICTABISIIONIMX  COOOM
oprannyeckue kpacurenn  (HzInd), oOpasyromme ¢
KaTHOHaMHM OKPAIICHHBIC KOMITJICKCHBIC COCITUHCHH .

[Ipu TtuTpoBaHueM TpuiIoHOM b Takoro OKpalieHHOTO
KOMIUIEKCA OH TIOCTENIEHHO pa3jiaraercs BCJICICTBUE

o0pa3oBaHUs HOBOT'O Oonee IIPOYHOTO
BHYTPUKOMIUIEKCHOTO COEITMHEHUS KaTHOHA c
KOMIUIEKCOHOM. B TOYKE HKBHUBAJIEHTHOCTH

HepBOHaLIaJIBHBIﬁ OBET KOMIIJICKCHOT'O COCAMHECHUS,
06pa3yeMor0 HHAUKATOPOM C OHNPCACICHHBIM KATHOHOM,
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ucue3aeT M IOSBISIETCS  OKpacka,  CBOMCTBEHHas
CBOOOJTHOMY MHIMKATODY.
IIpu tuTpoBaHMeM TpuioHOM b coisleli MeramioB-
KOMILJIEKCOoOpa3oBare-
Jell NMpOTEeKalT CIEAYIOIINE PEaKLUU B 3aKIIOYUTENILHON
CTaJUH ONPEACICHUS:
NaoH,Tr 2 2Na* + H,Tr*

Ca’* + H,Tr* — CaTr* + 2H"

IMonbp JIByX3apsJHOrO KaTHOHAa CBA3bIBaeT | Moub

TpuioHa b.

Jlns ompeneneHuss )KECTKOCTH MCIONB3YIOT HWHIUKATOP
spuoxpoM uyepHblii T. B jxecTkoif Boje pacTBOp HMeeT
pPO30BYIO OKpacKy, a B MSITKOM ToiyOyio, mpuyem
UHTCHCUBHOCTb ~ OKpPackM  3aBHCUT  OT  KOJHMYECTBa
WH/INKATOpa, MOSTOMY JIS JIyYIIero (UKCHPOBAHHS TOUYKU
9KBHUBAJEHTHOCTU €ro JA00aBIsAOT o4eHb Maio (2...3
KPUCTAJIJINKA).

Js nonnepxxanus pH pactBopa Ha TpeOyeMOM ypoOBHE
(pH = 11) o0blyHO B THUTpPYEMbIl pacTBOp J100aBISIOT
aMMMaYHYI0 Oy(epHYyIO CMECh.

7.3 IkcnepumenmanvHasa uacmo

Onwvim 7.3.1 Onpenenenue kKapOOHATHOM KECTKOCTH

Ilocyoa u peaxmuewi: K0i0a C HCIBITYEMOW BOJIOM,
Oropetka, MepHbli wwmHAp Ha 100 cMm”, konba mams
TUTPOBAaHHUS, PACTBOP  COJSHOM  KHUCJIOTBL,  PacTBOP
METHIIOPAHIKA.

B ocHOBe MeTO/1a JIEKUT aHATTUTUYECKAs pEaKus MEXy
COJISTHOM KHCJIOTOM M rHIpoKapOOHAaTaMu:
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Ca(HCOs3),; + 2HCI1 = CaCl, + 2C0O,1 + 2 H,O
Mg(HCOg), + 2HCI = MgCl;, + 2CO,1 + 2 H,0

[TomyuuTe y mpemomaBaTeliss KOJIOy C HCCIeTyeMOin
BOJIOH W 3aIUIIIATE HOMEP KYOJIOBbI.

K 100 ca® mccmemyemoit BObI MpubaBIIsioT 2...3 Karim
pacTBOpa METHJIOPAH)KA M TUTPYIOT M3 OIOPETKH PacTBOPOM
COJITHOM KHCTOTHI. TUTpOBaHHE ClieqyeT MPOBOJIUTH OYCHD
aKKypaTHO, HE JOIyCKas IONaJaHus B PacTBOP OOJILIIOrO
n30bITKa KUCIOTHL. [IpoOy BOJBI B TMpOIIECCE TUTPOBAHHS
HEO0OXOIMMO HEMPEPBIBHO IepeMelnBaTh. Kak TOJIbKO BCe
TUAPOKApOOHATEl  OyayT  Ppa3lIOKEHBI, TepBasl  Karuis
CBOOOJHOM COJITHOM KHCJIOTHI OKpPacHT pacTBOp B ciabo-
pPO30BBI IBET, YTO M YKAKET HA KOHEI[ THUTPOBAHUS.
TutpoBanue 119oBTOpsstoT 2-3 paza 10 CXOAUMOCTH, IS
pacdera IpUHUMAIOT CPEIHUN PE3ysIbTar.

Pacyer kapOOHATHOM »KECTKOCTH BOJBI MPOM3BOJAT II0
dbopmyre:

_V,-C,-1000

¢ ’
VHZO

I/ie K, — KapOoHaTHas (BpeMEHHas) KeCTKOCTh BOJBI, (Me-
31<6)/0M3;

Vk — o0veM pacTBOpa KHCIOTHI, TOIIEAIIET0 Ha
TUTPOBAHUE, em;

Cx — DKBUBAJCHTHas MOJIAPHAs KOHICHTPAIHUS KHUCIOTHI,
(2-3K6)/6M3, C.=01 (2-3K6)/0M3;

VHo0o — 00bEM BOIBI, M.

(7.2)

Onwvim 7.3.2 Onpenenenue o01Ien KecTKOCTH
ITocyna m peakTwBBI: KOJi0a C MCCIENYeMO BOJIOM,
OropeTka, MepHbIe WIMHIAPHI Ha 100 u 5cm®, xonba s
TUTPOBaHUsA, pacTBOp TpuioHa b, OydepHsiii pacTBOp
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(NH4C I+ NH4OH), unaukaropHas cMech (3pUXpOM YEpHBIit
T u NaCl)

K 100 ca® wWccmemyemoil BOmbl MPHIMBAIOT 5 CM
O0ydepnoii cMecu (kos0y ¢ OydhepHbIM pacTBOPOM JEpPKaTh
3akpeiToi!) u 0,022 UHAMKATOPHOW cMecH (HECKOIBKO
KpUCTAIIIMKOB). K mojgydeHHOMY KpacHOMY pacTBOpY U3
OIOpPEeTKH 1O KalisiM MPWJIMBAIOT PacTBOp TpHiIoHa b 10
MOSIBJICHUS CUHEW oKpacku. ONbIT MOBTOPSIOT 2...3 pasa 110
CXOMMOTO pe3yibTaTra u OepyT cpelHee 3HaYeHHe oObema
tpuiioHa b. Pacuet npousBonar no popmyne:

e = C,, \\jmp 1000’ 79
H,0
TI€ K, — 00111as )KECTKOCTh BOIEI, (Me-ake)/dmg;
Cip - DKBHBaJIeHTHas MOJISIpHAsl KOHLEHTpalus TpuioHa b,
r-3KB/L[M3,CTp=O,05 (2-3K6)/6M3;
V20 — 00bEM BOJIBI, en’.
Jlanee paccuuThIBaeTe MOCTOSHHYIO JKECTKOCTh 10

dbopmyre:

3

}Kn = }Ko - >KB1
I'ne K, — nocrosiHHast (HekapOoHaTHas1) KECTKOCTh, MI-
BKB/,Z[MS;
K, — o011ast )KECTKOCTD, Mr-3KB/z[M3;
XK, - BpeMeHHas (kapOoHaTHasl) >KECTKOCTb, MT-
3KB/Z[M3.
3aTeMm OmpeensieTe )KeCTKOCTh Y BOAOIPOBOAHON BOJIBI.
Buumanue! IlonydeHHble pe3ysbTaThl OINpeAETeHUs
JKECTKOCTU BOJABI BBl  00s3aHBI MpOBEpUTH Yy J1abOpaHTa.
Ecim pe3ynbraThl OKaKyTCS HEYIOBIIETBOPHUTEIHHBIMHU, TO
Bawm npuzercs nepenenars paboTy.
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7.4 3apaun

Buumanue! B xaxmod 3ajgadye HaNUIIUTE peEaKIMU
YCTPAaHEHMsSI HKECTKOCTH B MOJIEKYJSIPHOM W HOHHOHN
dbopmax.

7.4.1 Ananu3zoM YCTaHOBJIEHO, 4YTO B 2 om® BombI
conepxutcsa 0,405 2 ruapokxapbonara kampims u 0,272r
cynb(ara Kanbius.. YeMy paBHa )KECTKOCTh 3TOH BOJBI?

7.4.2 K 100 on° BOJIbI, COJIEpKAIICH CyIb(aThl KAIbIIHS
U Maraus, npudaBmwiu 26,5 2 coasl. Hackobko MOHU3MIIACH
KECTKOCTh?

7.4.3 Kak wusmenutcs wmacca Na-xkaTHOHHUTAa  IIpH
nporyckanuu uyepes nero 100 M° BOJIBI, JKECTKOCTD KOTOPOit
paBHa 2 (M2-9k8)/0m>?

7.4.4 Cxonbko ¢ocdara Hatpus Haxo npubdaButh K 1,5
> BOJIBI, UTOGHI TIOHM3UTH €€ KECTKOCTh Ha 4 (M2-9K)/1?
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JlabopaTopHas padora Ne8

Koppo3us u 3amumuTa MeTa/LuioB
Llenv pabomvi: 03HAKOMHTBCS C TEOPUEH KOPPO3MOHHBIX
IpOLIECCOB, NPHUHUUIAMU  3aIIUTBl  OT KOPPO3UU H
BBIIIOJIHUTh ~ PAJl  OKCIEPUMEHTOB  IOATBEPIKAAIOIINX
OCHOBHBIE I10JIO’KEHUS TEOPHUH.

8.1. Bonpochbl /1151 NOATOTOBKM K €00ecel0BAHNIO

8.1.1. Yro Takoe Koppo3usa? DKOHOMHUYECKOE U
COLIMAJIBHOE 3Ha4YCHHE KOpPpPO3HH. OObscHure
CaMOIIPOU3BOJILHOCTH MPOLIECCa KOPPO3HH.

8.1.2. XuMuueckast KOppo3us U CIIOCOOBI 3alTUTHI.

8.1.3. Dnexkrpoxumuueckass Koppo3us. B dyem ee
YHHUBEPCATbHOCTH?

8.1.4. B ueM cCymHOCTh mpouecca JIenoysipusanuu’?
OcCHOBHBIE JIETIONISIPU3ATOPHI.

8.1.5. PaccmoTrpute MexaHU3M MPOTEKaHHs TMpollecca
KOPpPO3UH CTAJIH.

8.1.6. OOBscHUTE BIMSIHHE PA3TUYHBIX (AKTOPOB Ha
CKOPOCTbh KOPPO3HH METAJJIOB.

8.1.7. OcHOBHBIE METO/IbI OOPHOBI C KOPPO3HUEH.

8.1.8. Uto Takoe aHOJIHBIE M KATOHBIC TTOKPBITHS?

8.1.9. IIpoTeKkTopHast U KaToAHAs 3alllUTa METAJUIOB OT
Koppo3uu. Kakasg Mexny HUIMH NPUHIMIHUATIbHAS pa3HULa?

8.1.10. B yeM cyTh KOppo3uM OJIy>KAAIOIIUM TOKOM?
OcHoOBHBIE CIOCOOBI 3AIIUTHI.
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8.2 TeopeTHueckoe BBeIeHHE
8.2.1 O6ume noJioKeHUst

Koppo3ueil Ha3biBaeTcs Ipolecc HenpeaHaMepeHHOro
paspylieHusT  METaUIOB  BCIEACTBHE WX  (PHU3HKO-
XUMHYECKOTO B3aMMOJCHCTBUS C OKPY>KAIOIIEH Cpe1ou.

Kopposust 3t0  camonpomsBoibHo (AG < 0)
POTEKArOIUI reTeporeHHbIN OKHCIIUTEIbHO-
BOCCTAaHOBUTEINILHBIA TPOLIECC pPa3pylICHUs] METAIUIOB M UX
CIUIABOB B pe3yJIbTaTe B3aMMOJAEHCTBHUS C OKpYKaroLlen
Cpeloii, MpoucxXoIsUMii ¢ BeaenenueM suepruu (AH < 0) u
paccerBaHueM PoayKTOB peakiuu (AS < 0).

Koppo3us 3T0O eAMHCTBEHHBIH BUJA  pa3pylICHUs
METAJUIMYECKOTO  KOHCTPYKIIMOHHOTO  MaTepuajia  He
TpeOYIOLIHIA 3aTPaThl SHEPTUU U3BHE.

B ob6mem Buae peakuuu paspyiieHusi (Kopposusi) u
BOCCTAaHOBJICHHE OKHCIUTEIILHOTO KOMIIOHEHTAa  CpeJlbl
MOYKHO IPEJCTaBUTh YPABHEHUSIMHU:

M —neg=M"
Oxucnurens cpefpl + ME = MPOTYKTHI
BOCCTaHOBJICHHUS

OcHOBHBIE TUIIBI M BUABI KOoppo3uu onpeaenensl [OCT
5272-96. Ilo xapaktepy KOPPO3HOHHBIX pa3pyIICHH
BBIJICJIAIOT CIIEAYIOIIME BUABIL: CIUIOIIHAs, HEpaBHOMEpHas,
NSTHAMH, KOHTaKTHAs, IIeJieBasi, sI3BeHHasi (MMMTTHHTOBas),
MEXKPUCTAJUIUTHAsI,  W30MpaTenbHas, KOppO3Hus  IOJ
HaNpsHKEHHEM W YCTaJOCTHAs,  dpO3Wsi,  BKIIOYas
KaBUTAIIMOHHOE paspylLIeHHe. KauectBennas U
KOJIMYECTBEHHAsl  OLIEHKA  KOPPO3HMOHHOM  CTOWKOCTH
METaJUIOB U CcpeAcTB 3amuthl ompenensercs no ['OCT
13819-93.
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['ereporeHHble peakUMM KOPPO3HOHHOTO pa3pyLICHUs
METAJUIOB B 3aBUCUMOCTH OT Cpeabl [0 MeXaHU3MaM
IPOLIECCOB DPA3NEIAIOTCA HAa JABAa  THUNA: XUMUYECKAsA U
NEeKMPOXUMUYECKASL KOPPO3USL.

8.2.2 XumMuyeckasi kKoppo3usi

HpI/IHLII/IHI/IaJILHaSI BO3MOXHOCTh HJIM HCEBO3MOXHOCTH
CaMOIIPOU3BOJILHOTO IPOIIECCa XMMUYECKONH KOpPpO3HH (Kak
U JI000TO JPyroro) onpeAenseTcs XapakTepoM H3MEHEHUS
byukin ['n66ca(AG).

Korma oxucrnenme Meramsia ©  BOCCTAaHOBJIICHHE
OKHCJIMTEIIFHOTO ~ KOMIIOHEHTa  (Hampumep, KHCIOpPOJ
BO3/yXa, CEpOCOJepKallie COSAMHEHUS B YIIIEBOJOPOJAX
He(TH) KOPPO3UOHHOI CpeIbl MPOTEKAIOT B OJTHOM aKTe:

nM + mO;, = MOy,
TO TaKOH MPOIIECC HA3BIBAIOT XUMUUECKOU KOPPO3HEH.

Paznmugaror XUMHYCECKYIO KOPpO3WI0 JBYX BHOOB:
ra30BYIO U KOPPO3HIO B HeaseKkTponuTax. [Ipumepsl razoBoit
KOppo3uu: oOpa3oBaHHE OKaJUHBI MpPH TEpMOOOpabOTKe
(yrap) Merauia, KOppo3usi KJIallaHOB IMJIMHAPOB, ITOPIIHEH
U BBIXJIONIHBIX TPYO JBHUraTesiel BHYTPEHHErO CropaHus U
T.IL

Koppo3uss B  HEdNeKTpoiuTax HAOMIONAETCS TpH
B3aUMO/ICHCTBUU METaIIOB c arpecCHUBHBIMHU
OpTraHUYCCKUMM KUJAKOCTAMH, a TAKKEC He(i)TI/I, Pa3IINIHBIX
BUJOB TOIUIMBA, OCOOCHHO MMEIOIIUX CEepOoCcoepiKallie
coenuaeHus. [lpucyrcTBue naxke HEOOIBIINX KOJTHYECTB
BOJIBI YCKOPSIET pEaKLUUU KOPPO3UOHHOTO pa3pyLICHHS
Merauia. [IpumepoM MOXKET CIyKUTh KOPPO3MHM TaHKOB
(ocobeHHO TOJBOJIOKA) HE(PTEHAIMBHBIX CyIOB. B sTOoM
cllydae cJenyeT JONYCTHTh BO3MOXXHOCTh IPOTEKAHHS
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MapaJUIEIbHO IPOLIECCOB XUMHYECKON U
3JIEKTPOXUMHYECKOU KOPPO3UHU.

8.2.3 DuiekTpoXuMuUyecKasi KOppo3us

Korga npu B3auMOJEHCTBUM MeETallIa C 3JIEKTPOIUTOM

MOHU3a1Ms (OKHCIIEHHUE) €r0 aTOMOB

M —ng=M"
U BOCCTAHOBJICHUE OKHUCJIUTEIBHOIO  KOMIIOHEHTa
KOPPO3UOHHOW Cpe/bl, HAallpUMEp, PaCTBOPEHHOIO B BOJE
KHCII0poJia
O, + 2HO0 + 48 =4 OH,

INPOTEKAIOT HA BO3HUKAIOUIMX AaHOAHBIX M KaTOJHBIX
y4acTKax KOPOTKO3aMKHYTBIX HEOOpaTUMbIX MHKPO— WIIU
Makpo—XHUT, Ttorma wmmeer MeCTO 3IEKTPOXUMHUYECKAS
KOppO3Husl.

Camonpoun3BoJIbHOE HEOOpAaTUMOE pa3pyIICHUE MeTaslIa
B Cpelie DJIEKTpOIUTa Mpu paboTe KOPOTKO3aMKHYTOIO
HeoOpatuMoro Mukpo— uiau Makpo—XUT HaspiBaercs
3JIEKTPOXUMHUYECKOU KOPPO3UEN.

Bo3MOXHOCTP ¥ MHTEHCUBHOCTh  KOPPO3UOHHOIO
paspyleHsl MeTaljga MOXeT ObITh OLIEHEHA IO BEeTUYHHE
yMeHbllIeHus 3HaueHus pyHkunu ['mdoca

AG = —nF(@caron = Panon); (8.1)
rae AG — m3menenue pynkunu ['md6ca, k/oc/mons;
N — 4KCII0 3JEKTPOHOB, YYACTBYIOIIUX B HOHU3ALUN OJHOTO
aToMa MeTaJa;
F — uncno ®apanes, F = 96500 Kin/wonw,
Praron U Panoy — MOTEHLUANBI MIPENIOJIAraeéMbIX 3JIEKTPOJIOB
Koppo3uoHHOro XUT, mosy4eHHble SKCIIEPUMEHTAIIBHO WU
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paccuuTaHHble 1O YypaBHeHHIO HepHcra g AaHHBIX
yCIIOBUH, B.

[TockonbKy OCHOBHBIM KOHCTPYKIIMOHHBIM MaTepUajioM
BCEX OTpacieil MPOU3BOJCTB SBIIIOTCS CTald Pa3TMYHBIX
MapokK, TO C HX KOPPO3UOHHBIM  pPa3pYIICHUEM MBI
BCTpevyaeMcs HauboJiee 4acTo.

CranssMu  Ha3bIBAIOTCS  HKEJIE30YTJIEPOJIHBIC  CILIABHI,
coaepkaiiure menblie 2,14% yriepoaa, KOTOpbIii HAXOAUTCS
B Buje nemeHTuTa (F3C), a B HepkaBEeIOMIMX CTAJSX B BUIE

TBEPJIOTO PACTBOPA B KpI/ICTaJ'IJ'IaX Kenesa (pHc 8 1).
oL ;

Puc. 8.1. MHKpOCprKTypa er'IepOL[I/ICTOI/I CTaJIH.

Ceetnple  yyacTKM — KpucTauiel (epputa (o—Fe),
TEMHbIC — MEPIIUT: cMech (epputa u nementura (FesC).

Crasb, IpeHa3HaYeHHAs A M3TOTOBJIEHUS KOPITYCOB
cynoB, pernamentupyetrcs 'OCT 5521-96. Crans3 Bcnm —
cBapuBaeMasi KOpIycHast UIsl CyI0CTPOEHUS «YTIepoaucTast
cTalhb Mapku C (C) — CyIOCTpOUTEeNbHas» (COIEPKHUT
0,14...0,20 % yrnepoga u He Oosnee 0,04% BpemHBIX
npumeceit cepol u pocdopa).

[Ipomiecc  xoppo3uu  MeTaia,  CIUlaBa  MOXKHO
NpeJCTaBUTh KaK pPabOTy KOPOTKO3aMKHYTOro (aHOI —
karon) XUT.
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Koppo3noHHbIi Iponecc TeopeTUYECKr BO3MOXKEH, €CIIU
MOTEHITMAT AaHOJHOTO TIporecca ((Qunon) OYACT MeEHBIIE
MOTEHIMaIa KaTOIHOTO Tpoiiecca (Pxaron), T-€-

QPanon < Qxaron: (82)

[Ipy  BAEKTPOXMMHYECKOM  KOPpPO3MHU  BO3HHUKAET
koppo3uonubiii  XUT, koTOpelli B 0O0IIEM BHIE MOXKHO
3aImMcaTh Tak:

M; | cpena | My,
rae Mp u M, MeTtasisl ¢ 3J€KTPOJHBIMU [MOTEHIIMATaAMHU (1
U (2, IPUYEM, PEAIOJIONKHUM, UTO Q1 < P2;
cpema — OKpyXKaromas cpefa, OOBIYHO YKa3bIBAIOTCA
OKHCJIUTEBHBIE KOMIIOHEHTBI, HAIIPUMED, H': H,0, O,.

B stom XWUT a"HogoM siBisieTcs MeTaiul M, HMEIOIIUI
MEHBIIUHI 3JEKTPOJHBIN MTOTEHIIMAI, a KATOAOM MeTal My ¢
OOIBIINM ITOTEHIINAIOM.

PaGora KOppO3MOHHOTO HCTOYHMKA TOKA BKIIOYACT
CJEeNYIOLINE OJHOBPEMEHHO IPOTEKAIOIINE COIPSAKEHHBIE
pEaKUHU:

— aHOOHWbIIL npoyecc — TIEPEXOJl MOHOB M3 MeTauia B
pacTBOp JIEKTpoNuTa (OKpY’KaroIas 3JIEKTPOIPOBOISAIIAL
cpena) ¢ oOpa3oBaHHEM TUIPaTUPOBAHHBIX HOHOB:

M; + xH,O —né = Ml(HZO)X"+
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/ M - ng= M \_— MHOR"
S ITIII) & 1
EATOT

\ @R}ﬂl
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1. BonopoaHas nenonspusanus
npu pH < 4: 2H" + 2& =Hy;
npu pH or4 10 7. 4H" + 0, +4& =2H,0.
2. Kucnopoanas aenosisipusamus
npu pH>7: O, + 2H,O + 48 = 40H .
puc. 8.2 Cxema 31eKTpOXUMHUYECKON KOPPO3UH.

N

— KamooOHwlli npoyecc, MPOXOJAIIUNA Ha TOBEPXHOCTH
BTOpPOr0  MeTaula  Mp, TNPUCOEIUHEHUE  DJIEKTPOHOB
OKHCIIUTENEM, NMPUCYTCTBYIOIIUM B JTAHHOM OKPY’KaroIlleu
cpezie, Ha3bIBaeMbIM ellle aenossipuzaropom ():

M| T + me =11,

B pesynprare 3THX peakuui 3JEKTPOHBI B MeTajule
JBWJKYTCS OT aHoja K Karodgy, a B DIIEKTPOJIUTE
IEepEMEIIAIOTC  HMOHBI OT Karoja K aHomy. Cxema
ANEKTPOXUMHYECKON KOPPO3UH MOKa3aHa Ha puc. 8.2.

ITpoueccsl KOppo3uM MeTamia, y KOTOPBIX KaToJHas
JEnoJIsIpu3auusl  OCYIIECTBISIETCS  MOHAMH  BOJIOPOJA,
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HAa3bIBAIOT KOPPO3UEHN C BOJOPOAHON Jenoispuszanuei. [Ipu
3TOM MOTYT IPOTEKATh CIAEAYIOIINE IMPOLECCHI:

npu pH < 4: 2H" + 28 = H,,

npu 4<pH<7: 4H" + O, + 48 = 2 H,0.

B kauecTBe mpumepa pacCMOTPUM KOPPO3UIO CTAIbHOU
KOHCTPYKIIUU B aTMOC(HEPHBIX YCIOBHUSX.

Kak BumHo u3 puc. 8.1. cramp mpeactaBisieT coOoi
TeTePOreHHYI0 CTPYKTYpPY, B KOTOpPOW KpuCTaJLIbl (pepputa
(0—Fe), umerornue CTaHAAPTHBIA JICKTPOIAHBIA MOTCHIHAT
(p0 = —-0,44 B, HaxomiTCs B KOHTaKTE€ C KpUCTAJUIAMHU
nepimTa ((pO ~ —0,1 B). Ha mnoBepxHOCTH MeTayyia U3
BO3/lyXa KOHACHCUPYIOTCS BOJSIHBIE Iapbl, B 3TOM TOHKOU
BOJASIHOM IUIEHKE PpAacTBOPSAIOTCS KHCIOpOA M Jpyrue
pUMeECH, cojJiepKaliuecss B Bo3ayxe. Jpyrumu ciioBamu
MOBEPXHOCTh KOHCTPYKIIMU TOKPHITA TOHKUM  CJIOEM
3JIEKTPOJINTA. Bo3nukaer KOPOTKO3aMKHYThII
Koppo3uoHHbId XT:

®deppur ‘ Henonspuzatop cpenbl (O2; H20) | (8.3)

Ilepnur,
KOTOpPBINA OyZIeM YCIIOBHO 3aIllUCBIBATh B CJIEIYIOIIEM BH/IE:
Fe | 02; H20 | F93C. (84)

T.x. snexTpoanblii nmoteHuuan Fe (peppura) meHblle
anekTpoaHoro norennuana FesC (tounee mepnura), To Fe
oynmer anomom, a FesC Oymer karomom. Ha snextpomax
OyAyT MPOTEKaTh CIETYIOIIUE TPOLIECCHI:

Ha anopge:

Fe —2¢& = Fe?".

Ha xarone:
FesC | 0, + 2H,0 +4& = 4 OH.
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CkopocTb mporecca KOppo3uu U BTOPUYHBIE MPOLIECCHI
OyIoyT 3aBHCETb OT HAJU4MsS B BO3AyXE TEX WM HHBIX
npUMeceil U WX pacTBOPUMOCTH B 00pa3yromieiicst BOASHON
IIJICHKE.

Bo3moxHbIE BTOpUYHBIE TIPOLIECCHI:

Fe?* +2 OH = Fe(OH),,
4 Fe(OH); + O + 2 H,O = 4 Fe(OH)s,
Fe(OH), =FeO + H;0,
2 Fe(OH); = Feo,0O3 + 3 Hy0,
xFeO + yFe,0O; + zHO = (FeO)X'(F6203)y'(H20)Z.
Poicasuuna

3amuTa MeTallI0B 0T KOPPO3HHU

OddexTuBHAs 3aTUTa METATIOB OT KOPPO3IUU MOKET
OBITh OCHOBAHA TOJILKO Ha KOMIUIEKCE MEPOTIPUSATHUH,
3aKJ1a/IbIBAEMBIX MPU MPOEKTUPOBAHUU U CTPOTO
BBITIOJIHSIEMBIX B MIPOIIECCE U3TOTOBIICHUS U IKCIUTyaTalluiu
W3/IeNIMi, MallluH U COOPYKEHUH,

3amura METaIoB OT DJIEKTPOXUMHUYECKOE KOPPO3UU
OCHOBaHa Ha MpeKpaIieHuu padoThl KOPOTKO3aMKHYTHIX
Mukpo— Makpo — XUT nnu Ha noiaBneHUM ux padoTel. ITO
JIOCTUTAETCS TPU:

e T110100pe KOPPO3ZUOHHOCTOMKUX B TAHHOU Cpefie
METaJVIOB U CILJIaBOB;

e pa3paboTKe ¥ MPUMEHEHUH HOBBIX
KOHCTPYKIMOHHBIX PEIICHHH, UCKITIOYAIOUUX WU
3aMeUISIIOIINX IPOLECCHl KOPPO3UH.

® 30JUPOBAHUU MOBEPXHOCTH METAIIJIOB, CINIABOB OT
arpecCUBHOM cpefibl (AIEKTPOIUTA) MPU TOMOIIH
KOHCHUCTEHTHBIX CMa30K — YTJIEBOJOPOIOB WIIH
AIIEMEHTOOPTAHNYECKUX COEMHEHNH, JTAaKOB, KPACOK,
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IJIACTMACC, 3J1aCTOMEPOB, HAHECEHUSI KOPPO3UOHHOCTOMKHUX
METaJIJIOB: LIMHKA, XpOMa, 0JIOBA, HUKEJA U Ap. (AHOAHBIX U
KAaTOJHBIX MOKPBITHI ), OKCUIHBIX IJICHOK (TTacCUBaLIUs);

® JICMOJIb30BAaHUE IIEKTPOXUMHUUECKOH (KaTOJHOM,
IIPOTEKTOP-HOW) 3alUTHI;

e BBEJCHHE UHTMOUTOPOB KOPPO3UH B arpeCCUBHYIO
cpeny;

B kauecTBe npuMepa penieHus 3a1a4 1 paBUIbHOIO
oQopmIIeHHS Pe3yabTaTOB HAOMIOICHUN B OTUETE O
MIpOJIeTIaHHOM J1abopaTopHO paboTe pazdepemM KOPPO3UI0
JTYKEHOTO XKele3a.

Ilpumep 8.1. OnmmmTe MPOLECCH KOPPO3UHU JTYKEHOTO
JKellesa Ha BO3JyXe B clydyae HapYIICHHs IEJIOCTHOCTH
MOKPBITHS.

Pewenue: nyxeHoe xeine3o MpelacTaBisieT coOoi craib
(YCTIOBHO 3KeJe30), MOKphIToe osioBoM. [lpu HapymieHun
HEJIOCTHOCTH  TOKpBITHS  (cM. puc. 8.3) BO3HHKaeT
KOPOTKO3aMKHYTBIN KOPpOo3HOHHbIN XU T:

Fe | Oy H,0 | Sn (8.5)

Pab6ora »storo XUT oOycnaBiuBaeT MpoTEKaHHE
KOPPO3MOHHBIX MTPOLIECCOB.

W3 npunoxenus 6 onpenensem (pope =-0,44 B, (pOSn =
-0,14 B.

T.k. (oope =-044 B < goOSn = - 0,14 B, To xene3o0 Oyaer
aHOJIOM, Ha KOTOPOM OyJleT MPOTEeKaTh MPOLECC OKUCIECHUS
xKelesa.
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H4D, O AHOI[I
¥ ¥ Fe —2& = Fe”".

3n ﬁl& OnoBo Oyzmer KarogoM, Ha

KOTOpOM niaer mponecc

- KUCJIOPOJHOM
JeHOJSpU3ALIN:
Puc.8.2 Cxema O, + 2H,0 + 4e = 4
KOpPpO3UH OH"
JIYKEHOT'O KEJI€3a CYMMapHOC YpaBHECHUEC

IEPBHYHBIX POIIECCOB KOPPO3HH JIyKEHOTO JKEIe3a:

2Fe + O, + 2 H,O = 2Fe(OH)s.
VpaBHEHUS BTOPHYHBIX IPOLIECCOB, ECIIU 3TO HE OFOBOPEHO
B YCJIOBUH, MOKHO HC IIPUBOJIUTS.

8.3 Oxkcnepumenmanvhasn uacmeo

Ilpubopvl u peakmugvl: METANIOMUKPOCKOI, 00pa3Lbl
CTalld, OIMHKOBAHHOTO U IYy>KEHOTO Xele3a, IUHK, MEIb,
pactBopel  NaCl, Ks[Fe(CN)g], denondranenna,H,SOs,
HCl,oprannyeckuii pacTBOPHUTEIb, HHIXKATOPHBIN PacTBOD,
abpa3uBHass W (QUIBTPOBAJIbHAs Oymara, yCTaHOBKa MJis
olpesieNieHus] SKBUBaJIeHTa (CM. JabopaTopHyro paboTy Ne
2).

Onwvim 8.1. Koppo3usi MeTajjia ¢ KMCJIOPOIHOM
AENoJIApH3aHen.

Hab6monate u omnucate padory XWUT mnpu koppo3uu
CTaJIM C KMCIIOPOJHOM JAenosipu3anueii B anexTponute ¢ pH
~T.

[lpy momommM  MaTaJJIOMHKPOCKONA  HalOojaiite
MHUKPOCTPYKTYpY oOpa3noB ctanmu CTt3 U Hepx)aBerolen
CTaJI, CXEMaTHUYECKH 3apucyiTe ux s oTueTta. CBeTible
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y4acTKM —  Kpuctaimel  Qeppura  (o—kene3a) ¢
HE3HAYUTEIbHBIM KOJIMYECTBOM PACTBOPEHHOIO' B HEM
yriaepoaa; TEMHblE — NEpIUT — CMeCh O—Kele3a U
nementurta(FesC) (puc.8.1).

OuncTUTh OOHY CTOPOHY  CTaJIbHOM  IUIACTHMHKHU
(pazmepom mpumepro 30 x 60 mm) abpasuBHOU Oymaroii,
00€3KUPUTh OPraHUYECKMM pACTBOPHUTEIEM U BBITEPETh
¢mIbTpOBaNbHOM Oymarod, IJIOTHO HAJOXHUTh IIOJOCKY
(bUIBTPOBAIBHON Oymaru 0OMIIBHO CMOYCHHOU
UHAMKATOpHBIM pacTBOopoM. Yepe3 5...10 MHUHYT CHSTH
Oymary u 1O TOSBUBIIMMCS LIBETHBIM (PO30BBIM, CHHUM)
TOYKaM C7elaTb OOOCHOBAaHHBIM BBIBOJ O pabore
KOPOTKO3aMKHYTBIX KOPpo3uOHHbIX XWT. BeicymieHHyro
OyMa’KKy BKJIEHUTDH B OTYeT. YKa3aTh KaTOJIHbIE U aHO/HbIE
yuactku. CocrtaButh cxemy XUT u HanmcaTh ypaBHEHHs
peakuuii KaTOJHOrO0 M aHOJHOTO MPOIIECCOB, 3apHUCOBaTh
cxeMmy mpouecca M Koppo3uu ctaiu Cr3, mpoTekarolien ¢
KUCJIOPOAHON  aenosisipu3anued. Hamwmcate  ypaBHEHHS
BO3MO>KHBIX BTOPUYHBIX PEAKIUI.

Onwvim 8.2 Koppo3us MetaJjiia ¢ BOJIOPOAHOI
AenoJsipu3anuei.
Kopposus nunka B pactBope kucioTel pH < 7. Hanuts B
npPOOUPKY MPUOTUZUTENBHO 5 on’® pactBopa HCI, omyctuth
B Hee Kycouek mnuHKa. Yto Habmromaercs? 3amucarthb
YPAaBHEHHE PEAKUUU B MOJIEKYJISIPHOM M COKpalll€HHOM
BUJaxXx. MenHyl0 TNpPOBOJIOKY 3aYUCTUTh aOpa3sUBHOU
Oymaroii, mpoMbITh BOJ10H. OMyCTUTH €€ B paCTBOP COJISTHOM
KHUCIIOTBI, HE  JOTparuBasch JI0 KycOuyka  IIMHKa.
Habmomaercss nu BbieneHue Bojopoja Ha menu? Ecmu
HeT, TOo modeMmy? IIpUKOCHYTBCS MEAHOW IPOBOJIOKOW K
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Kycouky muHKa. Yro Habmomaercs tereph? Onucarh u
000CHOBaTh HaOJNIO/1aeMOE SIBJICHHUE, YUUTHIBAs, YTO MEXKIY
[IMHKOM U MEJIbI0 B PacTBOPE KHUCIOTHl HAYMHAET PabOTaTh
kopoTtko3aMkHyThIi XUT (kakoit?). Hammcare ypaBHEeHUs
peakumii Ha Katojae U a”Hoje. UTo B 3TOM cilydae SIBIIAETCA
nenonsipuzatopom? KakoBa ponb Meau mnpu KOppO3UU
uHKa B ee npucyrctBun? Borunciute 3C KOppO3HMOHHOM
napsbl IIMHKA - BoAopoja B pactBope c.pH = 1.

Onpim 8.3. 3amuTa cTAJIN 0T KOPPO3HH NPH
MOMOIIY AHOJHOI'0 H KATOJHOI'0 MOKPBITH.

B nBe npoOupku 10 MOJI0BUHBI 00bEMa HAJIUTh BOJBI U
n06aButh 4...6 xanens pactBopa HySO4, mpumepro 1 ca’®
UHJMKATOPHOIO pacTBOpa U Iepememiats. B oaHy
MPOOHUPKY OMYCTUTH 00pa3ell JKejie3a, MOKPHITOTO ITUHKOM
(OLIMHKOBAaHHOE eJe30), a B JPYTyl0 — MOKPBITOTO 0JIOBOM
(;myxeHoe xene3o — Oenast xecTb). Vi3MeHUTCs 1M OKpacka
pactBopoB uepe3 1...3 mun? Jlath oObACHEHHE.

BbeiHyTh  00pa3sipl, NpPOMBITH  BOJIOH, 0OTepeTh
(bUIBTPOBATHHOM Oymaroi, Pe3nom (pexymmii
UHCTPYMEHT JJIsl TOKapHOH 0OpabOTKM MeTauia) CHATh
IIMHKOBOE U OJIOBSHHOE MOKPBITUA (cAenaTb OOpo3/bl
mmHoit 10...15 mm) B cHOBa OmycTUTh B MPOOUPKH.
N3menures nu okpacka pactBopos yepes 1...3 mun.? Jlate
0OBsICHEHHE.

CocTaBuTh CX€Mbl 00pa30BaBIIUXCS KOPPO3HMOHHBIX
XUT.

Hanucate ypaBHEHHsI 9JIEKTPOJHBIX  peakiuii B
KOPOTKO3aMKHYTBIX 3JIEMEHTaX IIMHK — KeJe30, JKele30 —
OJIOBO. 3apHCOBaTh CXEMbl pPabOTBl 3THUX DJIEMEHTOB U
yKa3aTh MepeMEIICHNE dJICKTPOHOB.

134



Onvim 8.4. IIpoTeKTOPHBIA CIOCO0 3aIIUTHI CTAJIN
0T KOPPO3HH.

TimarenbHO 3a4MCTUTh a0pa3uBHOM Oymaroii aBa
CTaJIbHBIX 00pa3lia U OJUH U3 [IMHKA, 00C3KUPUTH
OpraHUYECKUM PACTBOPUTEIEM, BHITEPETh
bunbTpoBasIbHON Oymaroii. K oqHOMY M3 cTaabHBIX
00pa310B Npy NOMOIIH 2-X PE3UHOBBIX KOJIEI]
MPUKPENUTH o0pa3el (rpaHyily) U3 IUHKA.

B nBe npobupku 10 MoI0BUHBI 00beMa HATUTh PACTBOP
XJIOpHJIa HATPHUsl MAacCOBOM joseid 3 % (3TOT pacTBOp 1O
KOPPO3MOHHOM arpecCUBHOCTU OJIU30K K MOPCKOM BOJIE),
106aBHTH | cv® HHAMKATOPHOrO PAacTBOPA H IEPEMEIIATS.
OnycTuTh B 3TH NPOOUPKH MOATOTOBIEHHBIE 00pa3Ibl U
nocTaBuTh B mtaTuB. [1o ucreuenun 20...30 MuH.
HaO0I0/1aTh U3MEHEHUE OKpacku B mpooupkax. CocTaBUTH
cxembl Koppo3noHHbIX XWT u Hanucate ypaBHEHUS
NIEKTPOAHBIX peakiuil. ChopmyaupyiTe NpuHIUI
NEHCTBHUS MPOTEKTOPHOU 3aUThl. OMUIINTE KPaTKO
paKTUYECKOe MPUMEHEHUE MTPOTEKTOPHOM 3aIIUTHI B
CYIOCTPOCHUHU U TIPU KCIUTyaTaIllH CY/I0B.

Onvim 8.5 UHrnoMpoBaHuM OKPY:KAKOLIEH cpeabl
Onenka JnedcTBUS MHrHOMTOpa  (MHIHOMPYIOLIUIA

3¢ }exT) TpoBOIUTCS IO U3MEHEHHUIO CKOPOCTH KOPPO3HUH B
OTCYTCTBUM M NPUCYTCTBUM MHTMOUTOPA B KOPPO3UOHHOU
cpene. B nmanmHoil  pabore  cKOpOCTh  KOPpO3UHU
orpenensercss 1Mo o0ObeMy BBIACTHUBILEIOCS B EAUHUILY
BPEMEHM C €IUHUIIBI MOBEPXHOCTU MeTallla B YCTaHOBKE
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IpeHAa3HAYEHHOM Ul OIIPE/ICICHNs] SKBUBAJIEHTa MeTaljla
(cM. mabGopaTopHyto padoty 2).

[Tonyunre y mabopanta o0paszen MeTtaia H
omnpeAeNnuTe IUIOMAb €ro MOBEPXHOCTU (IJIOLIAAbI0
TOPLEBBIX TpaHeil MOXHO mnpeHeOpeub). TmaTensHO
obOe3zxupute oOpazen. B ogHO U3 KojeH JBYporoi
HacaJKu IoMecTUTe o0pasel MeTamia, a B JIpyrod —
Hanelte kucnotbl. CobepuTe YCTAaHOBKY U INPOBEPHTE €€
FEPMETUYHOCTD. 3ameppTe  00BEM  BOAOPOAA,
BBIICTIUBIIMICS 3a OIpeaeNeHHbId mnpoMexxyTok (3...5
MuH) BPEMEHM, KOTOpPbII Heo0X0AMMO HU3MEpPHTh C
TOYHOCTBHIO 10 CEKYH/IbI.

Pa3bepute ycTtaHOBKY M IpOMOITE Hacajaky U oOpasell
Merauia. [loBTopuTe OmBIT, KCHONB3Yys B 3TOM Ciy4yae
KHCJIOTY C PACTBOPEHHBIM B HEHl HHTHOUTOPOM.

CKOpOCTb KOPPO3HHU OIpeseNsIeTcs 1o popmyIe:

u=Vs.2)" (8.6)

rJ1e U — CKOpOCTh Kopposu, ma/(m>c);
V — 00beM BBIJICTUBIIETOCS BOJOPOA, M,
S — MTOIIa b TOBEPXHOCTH 00Pasa MeTaa, M
T— BpeMs OIIbITA, C.

Paccuuraiite a3 ekt nHrnOnpoBaHusi:

=% 7% 1000, 8.7)
Uo

riae | — 3pdext naruéupoBanus;
Ug — CKOPOCTb KOPPO3HH 06€3 UHIMOUTOPA;

U3 — CKOPOCTh KOPPO3UU C UHTHOUTOPOM.
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8.6 3amaumn

1. OGocHy#iTe CBSI3b MEXAY KOPpPO3UEH MaTEpHAIIOB H
3arpsAA3HEHUEM OKPY’KaIOIEH Cpelbl.

2. OOBsCHHATE POJIb AHOJHOM M KaTOTHOM
COCTaBJISIOLIMX KOPPO3UOHHOIO IIpoLEcca.

3. IlpuBemute  mpuMepbl  Haumboiee  BaXKHBIX
JIETN0Jspa3aTOPOB KOPPO3ZUOHHOTO IIPOLIECCOB.

4. Xene3o nmokpeiTo HUkeneMm. Kakue mporeccsl OyayT
OpoTeKaTh Ha DBJEKTPOAAX MpPH  DIEKTPOXUMHUYECKOU
KOppO3UH B HEUTpaJIbHOU cpefie?

5. Kakue U3 ucCnonb3yemMbIX rajlbBAaHUYECKUX MOKPBITHIA
MOTYT 00€CIIEYUTh SJEKTPOXUMHUECKYIO 3alUTY CTaln?
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JlabopaTopHas padora Ne9
OcHOBHBIE KJIACCHI OPraHUYeCKHX
COCAMHECHU U

Ileny pabomwi: 03HAKOMHUTBCS ¢  Kiaccuukanuen
OpPraHMYECKUX  COCIMHEHMM; CpPAaBHUTh  XUMUUYECKHE
CBOMCTBA IPEAEIbHBIX, HENPEACIbHBIX M apOMATHYECKHUX
YIJIEBOAOPOAOB;  NMPUOOPECTH  HABBIKM  paboOTBl  CO
CIIPaBOYHOU JIUTEPATYPOM.

Bonpocul ona noozomoexku k codecedosanuro

1. Yro m3yuaer opraHnyeckast XUMHs

2. KakoBbl 0COOCHHOCTH OpPraHWYECKHX COEAWHEHHH IO
CPAaBHEHHIO C HEOPTraHUYECKUMU?

3. OObBsSCHUTE  TOHATHA  «H30MEPB»,  «TOMOJIOTH
«TOMOJIOTHYECKUM PpAO», «TOMOJIOTMYECKAs Pa3HOCTbY.
IIpuBenuTe NpUMEPSL.

4. Kak xnaccupuupyoT OpraHMYeCKHe BELIecTBa I10
CTPOEHUIO YIIIEPOAHOTO cKeneTa?

5. Jlaiire ompeneneHue M OXapakTepU3yWTe OCHOBHBIE
TUNBl ~ AIUKIMYECKMX  OPraHMYeCKMX  BEIIECTB.
[TpuBennTe NpUMEpBHI.

6. MaiiTe ompeneneHNe W OXapaKTePU3yHTe OCHOBHBIC
THUIIBI IMKJIMYECKUX OPraHUYeCKuX BemecTs. [IpuBenure
IIPUMEPBHL.

7. Kak xmaccuuuupyloT oOpraHudeckue BellecTBa IO
(GYHKIMOHATIBHBIM IpyIIaM?

8. IlpuBenute mnpHUMEpHl OPraHWMYECKUX COCIMHEHUH C
HECKOJIbKUMH (PYHKIIMOHAJIBHBIMU TPYIIIaAMH.
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9. Ilo 3alaHUI0  IIperoAgaBarciisi  ONpCACIUTE  KJIACC
OpTraHU4Y€CKOro COCAMHCHUA (3aIlaHI/I${ Ha KapTOLIKaX).

Teopemuuecxaﬂ yacmo

Opranuyeckass XUMHUS — pas3iel]l XHMHUHU, H3YYarOIIHi
COCMHEHUS YTIepo/a.
OpraHuyecKkre COCTUHCHHS KpOME YIIIepoja dYaile BCEro
coJiepKat AJIEMEHTHI BOAOPO, KUCIOPO, a30T, PEXe - Cepy,
dochop, raoreHsl 1 HEKOTOpbIe MeTalIbl. [10 cpaBHEHUIO C
HEOPTraHNYCCKUMU COCANHCHUAMU, OPraHu4CCKuC
00JTaIatOT PSJIOM OTIIMYUTEIIbHBIX OCOOCHHOCTEH:
1. oHM MHOrOYMCIE€HHBI, T.K. AaTOMBl yTrJepoja
CIOCOOHBI COCJMHATHCS B LEMH W KOJbIA, 00pa3ys
pa3HOOOpa3HbIE COCTMHEHNUS,

2. OpPraHu4cCKue BCIICCTBA SABJIAIOTCA
HCIJICKTPOJIMUTAMHU, T. K. CBA3b B HX MOJICKYJax
KOBaJICHTHAasA,

3. coeagunenwms, conepxkamme C—C owHApPHBIC CBS3H,
HE B3aMMOJEHCTBYIOT MEXAy co0ol (w1 ¢
00JBIIUM TPYAOM);

4. mpu 400°—-600°C mMOMHOCTBIO pas3yaralTcs WIH

00yTIMBaIOTCS, B MMPUCYTCTBUU KHUCIIOPOAA CTOPAIOT
1o CO2 n H70.

CBoiicTBa OpraHWYECKUX COCAUHEHUN 3aBUCAT HE
TOJIBKO OT COCTaBa, HO U OT MOPSAKA COEAUHEHUS aTOMOB B
Mosiekyne. BemecTBa, MMeIne OIWHAKOBBIM COCTaB,
MOJIEKYJISIPHYI0 Maccy, HO pa3jM4HOE CTPOEHUE MOJIEKYII,
COOTBETCTBEHHO pasHble CBOIiCTBa, Ha3bIBAIOTCS
uzomepamu. Huxke TpHUBENEHBI CTPYKTYpHBIE (DOPMYIIBI
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ATUJIOBOTO CHUPTA U JUMETHIOBOTO 3(pupa. DTH BemecTBa
SBIISIOTCS U30MEpPaMHU

o TN
H—Cll Cll—OH H_CI:_O_CI:_H
H H H H
ATUJIOBBIN CIIUPT JIUMETHUIIOBBII

spup

Cpenn OpraHUYECKUX COCIMHEHHUM BBIICIAIOT TaKXe
TPYIIIBI BEHIECTB, CXOAHBIX MO XWMHUYECKHM CBOMCTBaM,
coctaB KoOTOpeIX oriaudaercs Ha rpynny CHp. Takue
BEIIIECTBA HA3bIBAIOT 2omonozamu. I'pynna CH; Ha3biBaeTCst
20M0J102UUECKOlL paznocmoio, a TOMOJIOTH,
pacIiOIOKEHHBIE 10 Mepe YBEIMYEHUS] OTHOCHTEIbHOU
MOJIEKYJISIPHOM Macchl OOpa3yIOT 20MO102UYeCKUl pAao.
[IpumMepoM TOMOJIOTHUECKOTO psifa SBISETCA PAJl aJTKaHOB
(MpeaenbHBIX YTI€BOAOPO/IOB). [Ipocreitmmm
npejacTaBuTeNieM dToro psaa seiusercs wmetaH CHy
['omonoru merana — sto staH C;Hg, nmpoman CsHg, Oyran
CsHigu .11

Knaccudukannmu oprannuecknx coeTuHeHUN
| Knaccudukanus opraHM4ecKuX COeIUHEHUH M0 CTPOCHUIO
YIJIEBOAOPOJHOTO CKeJleTa mpuBeeHa Ha cxeme 1. Huxe, B
COOTBETCTBUU C HyMEpaLMEN B CXEME, JTaHbl ONPEICIICHU,
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OpUBEJICHB  NpPUMEPHl U PACCMOTPEHbI  OCHOBHBIE
XUMHUYECKUE CBOMCTBA COCIUHEHUIA.

Cxema 1
Knaccupukanus opranndecKux coeJUHEHU 1o
CTPOEHHUIO YIJIeBOIOPOIHOIO CKeJieTa
Opranuyeckue coeIMHEHUs

/\

1. aIUKINYECKHUE 2. IIUKJINYECKHUE

1.1 1.2 2.1 2.2 TETEPOLIHK-
IpEACIbHBIC HEOpEJACHbHbIE  KapOOIMKINYCCKHE JIMYCCKHE
(HachIIICHHbIE) HEHACBILIEHHEIE

1.2.1 ankeHsbI 2.1.1 HacelleHHBIE

1.2.2 2.1.2

aJKa CHBI HEHACHIIIEHHBIE

1.2.3 agKuHEI 2.1.3

apoMaTUYeCKHe

1. Auukimyeckue  yrieBoJoponbl  (mapaguHbl) —
BELIECTBA C OTKPBITOM LEMBIO YIIIEPOAHBIX aTOMOB,
KOTOpasi MOKeT ObITh MPSAMON U pa3BETBICHHOM.

1.1 Tlpenenshbie yriaeBomopoasl (ankanbl) [CphHons2] —
COEIMHEHMS, B KOTOPBIX aTOMBI YIJIEpOJa CBSI3aHbI
onunapHoi C-C cBs3bI0.
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CH4— MmeTan CsHjpp — menTan )
C,Hg — sTan CgH14 — Tekcan
CsHg — nponan C7Hy6 — renran
C4H1p — OyTan CgH1g — oxTan
CoHyo — HoHau

T"a3b1

~
Kuakoctu

Clonz—I[eKaHJ
¢ Cig — TBepabie
BeIllecTBa
Jnst mpenenbHBIX YIIIEBOJOPOAOB XapaKTEPHBI PpPEaAKIMU
3aMEIIeHHUS.

1.2 HenpenenbHble  yriaeBOAOpPOAbl —  BEILECTBA,
MOJIEKYJIbI KOTOPBIX COJIepKaT JBOMHBIE WU TPOHHBIE
CBSI3U MEXy aTOMaMU yTJIepo/ia.

1.2.1 Ankenst [ChH2n] — comepxar omHy IBOHHYIO «=»
CBS3b.

HzCZCHz — OTCH

H,C=CH-CH3 — npomnen
HzCZCH—CHz—CHg — 6YTGH
H,C=CH-CH,—CH,—CH3 — neHTeH

1.2.2 Ankamuenst [ChHan2] — comepskar nBe aBOMHBIE
«=» CBSI3U.

H,C=C=CH; — npomnanuex

H,C=CH-CH=CH; — 1,3-6yraauex

H,C=CH-CH,~CH=CH, — 1,4-neuraguen

Jns anKeHOB M aJKaJMEHOB  XapPaKTEPHBI pPEaAKINU
MIPUCOETUHEHUS 110 JBOMHOMN CBSI3H.

142



1.2.3 Ankunsl [CyHan2]— conmepxar oy TpoWHYIO «=»
CBSI3b.
HC=CH - stun
HC=C-CH3 — nponun
HC=C-CH,—CH3 — 6ytun-1
CH3-C=C-CH3 —0ytnn-2
Jl1 anKUHOB XapaKTEpHbI peaKLUu:
® [IPUCOECTUHEHUS
e 3aMEILICHHUs AaTOMOB BOAOPOJA IIPU TPOMHOU
CBSI3U
®  OKHCJICHHs — BOCCTAaHOBIJICHUS
®  [IOJUKOHJCHCALUHU.

2. lluknwueckue COENMHEHHMS COCTOST W3  LENew,
3aMKHYTBIX B KOJIBIIO.
2.1 KapOonukinyeckue COSNWHEHHs  COCTOSAT M3
3aMKHYTBIX B KOJIBLIO YTJIEPOJHBIX LIETEH.
2.1.1 HacepimeHnHble KapOOUMKINYSCKUE COCTUHCHUS
umeroT obmyro ¢popmyny [CnHan] u He comepxat
KPAaTHBIX CBSI3EH.

H,C—CH
/C\H2 2T 17 2
H,C—CH, H,C—CH,
CH
_CH HC ™ €H,
H,C ™ éH | |
{2 H,C.__ .CH,
H,C—CH, CH,
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[UKIIOTPOTIaH UKI00yTaH
LIUKJIOIICHTAH LIMKJIOTEKCaH

2.1.2 HenacsblleHHbIE YTIEBOAOPOIbl — COSTUHEHNS,
IIUKIT KOTOPBIX COACPIKUT OJIHY WU HECKOIBKO
KpaTHBIX CBS3EH.

CH, HC—CH,
/N

HC=CH HC=CH
LUKJIONPOIEH LUKI00yTEH

2.1.3 ApomMaTudecKkue yriieBOJOpPOIbI — COCTUHCHHUS, B
MOJIEKyJaX KOTOPbIX HMeeTcs siipo OeH3ona —
rpyIIa aTOMOB C OCOOBIM XapaKTEPOM CBSI3H.

['omonoruyeckuit psin 6eH3ona umeeT ooy hopMyIny

CnHZn-G-

HCZC\H
HG, o
HC—CH —
OeH3ox

2.2 I'eTepOIMKINYECKHE COETMHEHUSI — BEILECTBA, B COCTAB
KOTOPBIX KPOME aTOMOB YIJIEpOJa BXOJAT APYTUE HIEMEHTBI
O,S,N,Pur. 1
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CHCH
1/ \W\

CH .CH
"NH

B
/
N

PO
NUPUIUH

Il Knaccudukarus

OPraHUYeCKHUX

iy

THO(EeH

(GYHKIIMOHATIBHBIM TPYIIIaM.
B nanno#t ximaccudukanuy COSAMHEHUS pacCMaTPUBAIOTCH,

Kak

ITPOU3BOJHBIC

yIJI€BOIOPO/IOB,

B

bypan

COEOIUHEHUU II0

00pazoBaHHbBIC

3aMCIICHUEM OAHOI'0 MJIN HCCKOJIBKUX aTOMOB BOJOpPOaa Ha

APYyruc¢ aTromMbl UJIKM TPYIIIIBI

atromoB. OCHOBHBIC THIIBI

(GyHKIIMOHAIBHBIX TPYII NpUBEAEHBI B Tabauue 9.1.

Tabnuya 9.1
Knaccugukaius opraHMueckiux COeAMHEHUH 1o
(GYHKIIMOHATIBHBIM TPYIIIIAM
Kiacc
Oynkuuonan | Ha3panue COEIMHEHUS [Tpumep
bHas TpyIa TpYyIIIbI (obmras
hopmyna)
raJIOreHONpPOU H,C—Cl
—Hal (-F, — Tanoren 3BOHBIE
Cl, -Br, -J) YTIEBOIOPOIBI XIOpMETaH
R_Hal XJIOPUCTBIM MeTaH
—-OH I'mppokenn CIUPTHI H,C—OH
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METaHOJI
METHJIOBBIN CIIUPT

{ o

(dheHob
denon
QJTbJICT U TBI O
R H,C—C_
_C=0 H
H OTaHallb
/\C:O KapGonun H3C_(I:I_CH3
KETOHBI
R O
h cC=0 JTUMETHIIOBBIN
R™ KETOH
areToH
KapOOHOBBIC O
O KHCIIOTHI H,C—C.
—C. KapGokcui ,0 OH
OH R —C: JTaHOBas KUCIIOTa
OH | ykcycras kucnora
HUTPOCOEIUHE H3;C-NO,
-NO, HHTI:;FP e HUs HUTPOMETaH
R-NO,
HITDOSOL HUTPO30COCTU
-NO lfma py HEHUS
R-NO
—NH, AMHUHOTpyII aMUHBI @ NH,
a R - N H 2

AHUINH
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O
aMUJIbI KUCJIOT PG
_ C"O Amuporpyn O HC—C NH,
“NH na R—C._ N
2 NH, aMUJ1 YKCYCHOM
KHCJIOTHI
B Cynb(hOorpym | MepKarTaHbl
S0,0H a R-SO,0H
MIPOCTHIE
_SH MEpKanTorp I —
ymma R—SH
H,C—O—CH,
TpoCTHIE JIAMETUIIOBBIN
3¢hupsI a¢up
R—O—R
-0- Sduper HO—R—OH
cngicHLIe o
pUpHI H.C—C.
O " "To-cH
R—C. ’
~O—R Merunanerar
CymecTBytoT COEJIMHEHUS C HECKOJIbKUMU
KIIMOHATBHBIMU TPYIIITAMU:
dym pym
— OJTMHAKOBBIMH
HO—R—OH — AByXaTOMHBIE CIIUPTHI
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\ C
> \/ — KHUCJIOTHI
HO O — MBYXOCHOBHBIE KUCII

— Pas3JIMYHbIMU

HO—R-—NH, - amunocnuptst

HO—R—C /} — CIIUPTOKUCIIOTHI (OKCUKHCIIOTHI)
AN
H

0
H2N—R—C<}
OH — AMHUHOKHCJIOTHI

3l<cnepumenmaﬂbnaﬂ uacmo

IIpnGopsl M peakTHUBBI: LITATUB C MPOOMPKaMH, HaOOP
oprannveckux BemiectB, pactBop KMnO, 0,1H; pacTtBOp
NaHCOg3 1H; pactBop 6poma B Bojae 3%; MUIETKH, TPYIIH,
JUCTHIIMPOBaHHAs BOJIA.

Xon onbIta. [IpoBeas onbIThl, 3anoaHuTe Tabaumy 9.2. Bee
ONBITBI C OPraHMYECKMMHU BEIIECTBAMH HEO0OXO0JIUMO
IPOBOJUTH B BBITSKHOM IIKady.
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Tab6muna 9.2

= m Bzaumon
& g o Q 2 | edicTBHE C
°og | £g 2 ¢85 g
=5 | 5392 S|=84 5 5| 2
R > E E|l 4 & 8 & § =l B a = <
0 g 4 2l 8 =1 528 N A o
S 5 2 Qd | — o QxR g oM o @) <
T a | B8 = 2382 E | S | =
@) m >~ Q = Ay
IS <
o [a W} M M
1 2 |3 |4]5 6 718 9 10 | 11
[Tpu 3aro0JHEHNUN rpad 2-7 HEO0OXO0MMO

BOCIIOJIb30BaThCS CIIPABOYHBIMU JIAHHBIMHU.

[Ipn 3amonHenuu rpadpl 6 OTMEYAIOT arperaTHoOe
COCTOSIHUE BEIIECTBA B YHCTOM BHUJIE, IIBET BEIIECTBA.

Onpenenenue 3amaxa (rpada 8) NPOU3BOAMUTHCS B
BBITSDKHOM IKady C CcoONIofieHueM BceX TpeOoBaHUM
TEXHUKU 0€30IMacHOCTH.

Jlnig onpenenenus pacTBOPUMOCTH BeriecTBa (rpada 9) B
npobupky mnomemaroT 1,5-2 mn Boael u  0,1-1 w™n
UCCJIEJyEMOT0  OPraHWYEeCKOro  BEIECTBAa, TUIATEIBHO
BCTpsAXHUBatOT. OTMEUYAIOT PacTBOPUMOCTH BEIIECTBA B BOJIE.
B ciyudae, ecnu BemecTtBo HE pPacTBOPSIETCS,, OTMEYAIOT
pacIoyio’keHre BOJJHOIO U OPTaHMYECKOro ciioeB. B BbIBoE
MOSICHSIIOT 3TO, COIMOCTAaBUB HAOMIOACHUS C JaHHBIMHA B
rpacde 7.

B3aumopeiictBue ¢ mepmanranatom kanus (rpada 10)
IPOM3BOJIAT CIENYIOIUM 00pa3oM: B MPOOUPKY MMOMELIAIOT
1 mu1 oprannyeckoro BemecTsa, | Mi1 pactBopa COJIbl, 2 M
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pacTBOpa MEpMaHraHata Kajaus U BCTpsxuBaroT. OTMEUaroT
MPOTEKAaHWE PEaKIUH 10 HCUYE3HOBEHHUIO (DHOJIETOBOM
OKpacku pactsopa. B ciryqae

MPOTEKAHUsI PEAKIMHM B BBIBOJIC HEOOXOAMMO YyKa3aTh
TPYIIIBI U CBSI3U CITIOCOOHBIC K OKUCIICHUIO.

B3aumopeiictBue ¢ OpoMHOH  BOJOM  IPOBOJIAT
CIEIyIOIKUM 00pa3oM: B NpPOOHMPKY TmoMemanT | M
OpraHWYEeCKOro BemiecTBa, 1,5-2 M OpOMHOW BOABI |
BCTPsAXUBAIOT. OTMeE4aroT o0OeclBEUMBaHUE PacTBOpPA, UTO
CBUJICTENLCTBYET O MPOTEKAHUM PEAKIMH MPUCOCAMHEHHUS
M0 KpPaTHBIM CBs3siM. Huke mpUBOAST ypaBHEHHUS pEaKIuil.
[Tpu oTrcyTcTBUM O0OECIIBEYHBAHHS OTMEUYAIOT B KAKOM CIIOE,
BOJHOM WJIM OPTaHMYECKOM, HAXOJHUTCSI OpoM IocIie
BeTpsixuBaHus. OOBSACHAIOT 3TO SBJICHHE C ITO3HIIHHA
MOJISIPHOCTH MOJIEKYJI.
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Ipunoxenus

llpunoscenuel
Tabnuua KucinoT
KauectBennas
CHJIA KUCIIOTBI
Ha3Banue
Kucnora dopmyna o B
cosen
BOJIHOM
pacTBope
Asotucras HNO, HUATPHUTHI cirabas
A3zoTHas HNO; HUTPATHI CUJIbHAS
BpomucroBooponHas HBr OpoMUIBL CUJIbHAs
ﬁonHCTOBonOponHaﬂ HJ HOIUIBI CHIIbHAsA
Kpemunesas H,SiO; CHIIMKATBI ci1abasi, B Boze
HE pacTBOpUMA
Maprasnueas HMnO, MepMaHTaHaThl | CHJIbHAs
[TnaBukoBas HF dhropuast cimabas
(dTopucToBOIOpOTHAS)
Cepnas H,SO, cynbdats CHIIbHAsI
Cepaucras H,S0; CYIB(UTHI cimabas
CepoBoaopoaHas H,S CyIb(UIBI cimabas
ConsiHast HCI XJIOPHUJIBI CHITbHAsI
VronbHag H,COj3 KapOOHAThI cnabasi, B BOJIE
pasnaraercs Ha
C02 u HZO
YkcycHast CH3;COOH areTaThl ciabast
dochopHas Hs;PO, thocdatsr CpemHel CHIBI
XnopHas HCIO, IepxJoparsl | camasi CHiIbHas
XpomoBast H,CrQ,4 XpOMAThI CHJIbHAS
JByxpomoBast H,Cr,0, OMXpoMaThI CHJTbHAS
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Ipunooicenue?

AmboTepHbIe COeTMHEHUS

Oxkcup Haspanue u dpopmyna Hazpanue u gpopmyna
KHCIIOTOH (popMyIThI coJ, 00pa30BaHHOI
TUAPOKCHIIA aMdoTepHBIM
TUIPOKCH]IOM U
meénounio (KOH)
BeO H,BeO, — 6epummeBas K;BeO, —6epumnar
KHCIIOTa Kaus
Zn0O H,ZnO, — nuukosas kucnora | H,ZnO, —IMHKAT KaIus
Al20; H3;AIO; — oproanumununesas | HzAlO, —
KHCIIOTa OpPTOATIOMUHAT KaJTUS
H;AlO, —meraamomununesas | HzAlO, —
KHCIIOTa METaaIFOMUHAT Kaaus
SnO H,SnO, — onoBsiancTas H,SnO, —cranauT
KHCIIOTa KaJust
PbO H,PbO, — cBunnoBuCTas H,PbO, —mrom6uT
KHCIIOTa Kaus
Cr20; | H3CrO; — oproxpomucTas H3;CrO; —oproxpomur
KHCIJIOTa KaJust
HCrO, — metaxpomucTas HCrO, —meTaxpomur
KHCIIOTa Kaus
Sh20; | H3ShO; - H3SbO3z —oprocTrOuT

OPTOCYPbMSIHHCTAsI KHCIIOTa
HSbO, — meracyppmsiHucTast
KHUCIIOTA

Kalus
HSbO, —meTacTubur
Kalus
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Ipunoocenue 3
3HaveHus SHTANBINN 00pazoBanus (AHs) u suTponuii (S)
HEKOTOpHIX BemecTs mpu 298 K (25 °C)

AHs S Bemect AHs S
BemectBo | x/foic/mo | Lowc/(mo xorc/m | Lowc/(monw
Jib b K) 5o oJlb 'K)
A 0,0 43 | HOue | 2919 | 39
DAy
AgNOsxy | —120,7 141 HOm) | —285,8 70
BaC03(K) — 112 HzO(r) -241.,8 189
1202,0
BaO(K) -556,6 70 HzS(r) -20,2 206
Coamias) 1.9 2 | b 62,2 261
C(rpAq)HT) 0,0 6 MgCO3 . 66
© 1096,2
o 1105 | 197 | MgOu | —601,2 27
COxr, 3935 | 214 | NHayo | 462 193
COCly, | 2230 | 289 |NOs | 904 211
CHan 749 | 186 | NOyn | 339 241
CoHo 2268 | 201 | Nop 0,0 192
CoHam 523 | 219 | N,Oun | 94 304
CoHsm) —84,7 230 NaHC —947,4 102
Osx)
C6H6(>K) 49,0 173 Na,CO; | —1129 136
(K)
CoHiey | 1231 | 298 | Oap) 0,0 205
Clym 0,0 223 PClyy | —277,0 318
Fe(K) 0,0 27 PCls(r) *369,5 363
Fe:Os0 | 8222 | 90 | Swg 0,0 32
Fe304(K) 1117,7 151 SOz(r) *296,9 248
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HCl -92,3 187 SO;(n) -395,2 256
HF(r) 2866 | 174 | Sun 1291 | 228
Hlo 259 | 206 | ZnOg, | 3490 | 44
Hz(r) 0,0 131 ZnS(K) -201,0 58
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Ipunoocenue 4
CrangapTHbIe 31EKTPOAHbIE TOTEHIAIBI HEKOTOPBIX
0
MIPOIIECCOB B BOJIHBIX pacTBopax rpu 25 C

DJIEKTPOAHBIN MIPOLIECC [Torenmman, B
Li—-e=Li ~3,01
K-e=K" ~2,92

Ca-2e=Ca” -2,87
Na—e=Na" 2,71

Mg — 2e = Mg** -2,37

Al —3e = A" ~1,65
Mn — 2e = Mn** ~1,18
H, + 20H™ - 2e = 2H,0 -0,83
Zn—2e =zZn* -0,76
Cr—3e=Cr* -0,74

Fe —2e = Fe** —0,44

Cd —2e = Cd** -0,40

Co —2e =Co** -0,28

Ni — 2e = Ni** -0,25

Sn - 2e = Sn** -0,14

Pb — 2e = Pb** -0,13

H, —2e = 2H" 0,00
Cu-—2e = Cu* +0,34
40H™ —4e = O, + 2H,0 +0,40
27 —2e=1, +0,54
Ag-e=Ag" +0,80

Hg — 2e = Hg™ +0,85
2ClI - 2e =Cl, +1,36*
2H,0 —4e = 0O, + 4H" +1,23
250,° — 2e = S5,05° +2,05

NO; —e=? > 2
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COs  —e=? >2
PO,  —e=? >2
2F —2e=F, +2,85

* 13-3a gBJIeHUA NEPCHANPSKCHUA NOHBI XJIOPUa OKUCIIAOTCA
Jerdyec, 4e€M BoJa.
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1. JIaGoparopnas pabota Nel 3

2. JlaGopaTtopHas pabora Ne2 27

3. JlabopatopHas pabora Ne3 38

4. JlabGopatopnas pabota No4 ol
5. JlabopatopHas paborta Ne5 73
6. JlaGopaTtopHas pabora Ne6 97
7. JlabopaTopHas pabota Ne7 110
8. JlaGopaTtopHas pabora Ne§ 122
9. JlabopaTopHas padota Ne9 138
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Bonpockl Kk codece0BaHUIO 1O TeMe JIadopaTopHOii padoThl 1
«OCHOBHBIE KJIaCChl HEOPTaHMYECKUX
Coe/IMHEHUI M UX HOMEHKJIATypa»

Yrto Takoe mpocToe BEMECTBO, CI0KHOE BEIIECTBO?

Yrto Takoe MeTaul, HemeTann?

Yo Takoe cTeneHb OKUCIEHUA?

['eneTnyeckas CBsI3b MEXAY KJIacCaMHU HEOPraHUYECKUX COECAUHEHUM.

[Tonsitue oxcuna. Knaccudukaius u cBOHCTBa OKCHUIIOB.

[Tonstue ruapokcuoB. Kimaccudukamus ruipokcuaoB. XUMAYECKHE CBOWCTBA OCHOBAHUIA.
[Tonstue ruapokcunos. Kinaccudukamus ruipokcuaoB. XUMHUYECKHE CBOMCTBA KMCIIOT
[Tonstue ruapokcuaoB. Kiaccuduxanus ruIpoKCHI0B. XUMHUYECKHUE CBOWCTBA
aM(pOTEPHBIX THIPOKCHUJIOB.

[Tonsitue comu. Knaccudukanus u crocoObl MOITy4eHUs COJIeH.

HomeHknatypa HEOPraHMYECKUX COEAUHEHU.

Bomnpochl k cofece10BaHHIO N0 TeMe JIa00paTOpHOi padoTsl 2
«CBoiicTBa pacTBOPOB JIEKTPOJIUTOB)»

KaxkoBa 1ie1b n3ydeHnust 1aHHOW TEMBbI?

Uro Takoe UCTUHHBIE pacTBOpbI? Ha30BUTE MX OCHOBHBIE MPU3HAKH U BBISICHUTE MPUPOIY
WX TIPOUCXOXKICHUS.

TepMoanHaMuKa TMpollecca PacTBOPEHUS BEIIECTB, HAXOMALIMXCA B Pa3iHuYHBIX (hazax
(KpuCTaIITUYECKast, )KUIKast, ra3000pa3Hasi) B )KMJIKOM PaCTBOPHUTEIIE,

OCHOBHBIE CBOICTBA U 3aKOHBI PACTBOPOB HEIJIEKTPOJIUTOB.

PactBops! a5ekTponuToB. Cuiia 3J1E€KTPOJIUTOB.

PaBHOBecue B pacTBopax. PaccMoTpute npouecchl AUCCOLMAIIMN Pa3IUYHbIX AIEKTPOJIUTOB
(cunbHBle W cnabble, amM@pOTepHBIE THAPOKCHIBI, KOMIUJIEKCHBIE  COEIWHEHUS,
TPYAHOPACTBOPUMBIE CHUIIbHBIE DIIEKTPOIUTHI, Boja). KoHcTaHTa Iucconuanuu.

KaxoBa posb moJISIpHBIX MOJIEKYJT BOJIBI B TIPOLIECCaX AUCCOIMAIINH?

Boopoansrii okasatesb (pH).

VYcnoBust mpoTekaHusi HOHOOOMEHHBIX PEaKIIHA.

['unponu3. BnusHue mpupoabl paCTBOPEHHOTO BEIIECTBA U PA3IMUHBIX BHEITHUX (AaKTOPOB
Ha THAPOJIN3.

[Tpoananu3upyiitTe BhIpa)KEHHE KOHCTAHTHI THUAPOJIN3a M OOBSCHUTE €€ CBSI3b C CHIION
AJIEKTPOJIUTA.

Bonpocsl k cobece10BaHHIO 110 TeMe J1a00PaTOPHOIi padoThl 3
«XuMHUYecKass KHHETHKA

KakoBa 1nieip u3ydeHusi JaHHON T€MbI?

Uro u3ydaer xumHuueckas KuHeTuka? YTo Takoe CKOPOCTh XMMHUYECKON peaklnh M KaKOB
MEXaHU3M €€ NPOTEKaHusA?

B yem cymrHocTh 3aKkoHa neiicTBus Macc? KakoB (pu3ndeckuii CMbICT KOHCTAHTBI CKOPOCTH
peakuun?

OO0BsicHuTe OOJBIIIOE BO3PACTAHUE CKOPOCTH PEAKIMH MPU HE3HAYUTEITHHOM YBEITUYCHUH
TeMIEpaTypBbl.

Kakass BenuumHa omnpeaenser CKopocTb xumuueckoud peakuuu? Ilowemy? Urto Takoe
SHEPTHUS AKTUBAIMK? DHEPreTUYecKas IuarpaMmmMa peaKiiui.
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B uem cymHocTh Teopum "akTMBHpOBaHHOTO Komiuiekca'? OOBSICHUTE Ha €€ OCHOBE
JIEUCTBUE KaTaau3aTopa.

Kak nporekaroT rereporennsie npoueccel? [IpuBeaure npumepsl Takux npoueccoB. Kakos
UX MeXaHu3M?

KakoBa CKOpPOCTh MpOTEKaHUs HWOHHBIX PEAKLUUN, pPEAKUUHA MEXAY KOBAJIECHTHBIMHU
Mostekynamu? OTBET 000CHYHTE.

Kak mpoTtekator XuMu4eckue peaxuuu?

PanukanbHO-LIETIHBIE PEAKIIUU U UX POJIb B IPUPOJIEC U TEXHUKE.

OO0BsicHUTE CYIIHOCTh MOHATUH "XUMHUUYECKOe paBHOBecHe", "oOpaTuMble peakius'.

UYro Takoe KOHCTaHTa paBHOBECHSI, KAKOB €€ (hU3UUECKHI CMbICIT?

JlaiiTe XapakKTEpUCTUKY OCHOBHBIX IIPU3HAKOB XUMUYECKOTO PABHOBECHSI.

OOBsicHUTe TEPMHUH '"CMEIIEHHe XMMUYECKOTO paBHOBecHs". MOXKHO U IIPOTHO3UPOBATh
HaIpaBlIeHUE U MIYOMHY cMellleHus 3Toro paBHoBecus? Kakum o6pazom?

PaccMoTpuTe BO3MOXKHOCTM YIpPAaBJIEHUS XUMHUYECKMM IpoueccoM. KakoB cmbicn u
3HaueHue npuHuuna Jle-lllarense?

PaccmoTtpuTe BiusHUE Pa3IUYHBIX (AKTOPOB (KOHLIEHTpAlLUs, TEMIEpaTypa, aBjIeHUe) Ha
CMEUIEHUE XUMUYECKOTO PABHOBECHUSI.

Kak onpenennTs BbIXOJ NPOAYKTa peakuu?

Hackosnbko MOJHO NPOTEKAIOT XMMHUYECKHUE PEaKIUH M KaK OOBSCHUTh MaKCUMAalIbHBIN
BBIXO/JI TPOJIYKTOB?

Bomnpocel Kk cobeceoBaHuIO 110 TeMe JadopaTopHOi padoTsl 4
«Koppo3us u 3aIuTa MeTaLIOB»

Uro Takoe koppo3usa? DKOHOMUYECKOE U COLMAIbHOE 3HAYEHHE KOPPO3HUU.
OO0BscHUTE CaMOIPOM3BOJIBHOCTh MPOLIECCa KOPPO3HH.

XuMuyeckasi KOppo3us ¥ CIIOCOOBI 3aIUTHI.

DneKTpoXuMHuIecKas Kopposus. B uem ee yHuBepcaabHOCTh?

B uem cymnocTh nponecca aenonspusanui? OCHOBHBIE JEMOISPU3ATOPHI.
PaccmoTpuTe MeXaHU3M IPOTEKAHUS POLECCA KOPPO3UHU CTAJIH.
OObsicHUTE BIAUSHUE PA3IMYHbIX (PAKTOPOB HA CKOPOCTh KOPPO3UU METAIITIOB.
OcHOBHBIE METO/1bI OOPBHOBI ¢ KOPPO3UEH.

Uto Takoe aHOJHBIE U KATOIHBIE TTOKPHITHS?

ITporexTopHas 3amuTa METANIOB OT KOPPO3UH.

Karosnnas 3amura MeTamuioB oT KOPpO3UHU.

Bomnpocsl k codeceroBanuio no reme 1
«OCHOBHEIE KJIACCHI HEOPraHNIECCKUX
COeMHEHUI M UX HOMEHKJIATypa»

UYTo Takoe MpocToe BEUIECTBO, CII0KHOE BEIIECTBO?

Y10 Takoe MeTaJlI, HeMeTallI?

YTo Takoe CTeeHb OKUCICHUS?

['eneTnueckas CBs3b MEKY KJIACCAMU HEOPTAHUYECKUX COCTMHEHUN.

[Tonsitre okcuaa. Knaccudukanus u cBOMCTBa OKCHIOB.

[Tonsitne ruapokcuoB. Knaccudukarus ruipokCHI0B. XUMHUECKHE CBOMCTBA OCHOBAHHH.
[Tonsitre ruapoxcunoB. Knaccuduxarus rugpokcuoB. XuMHUYECKHE CBOMCTBA KUCIOT
[Tonsitue ruapoxcuaoB. Knaccuduxarus rujpokcuoB. XMMHUYECKUE CBOWCTBA
aM(pOTEPHBIX THIPOKCUIIOB.
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[Tonstue conmu. Kinaccuduxanus u crnocoObl MOIy4eHUs COJICH.
HomMenknatypa HEOpraHM4eCKUX COCTUHEHUH.

Bomnpocsl k cobece0BaHUIO 110 Teme 2
«CBolicTBa PACTBOPOB 3J1€KTPOJHTOB)

KakoBa 1ieip u3yueHusi JaHHOM TeMbl?

Uto Takoe HCTHHHBIE pacTBOPHI? Ha30BUTE MX OCHOBHBIC MPU3HAKH U BBIICHUTE MPUPOIY
UX TIPOUCXOXKICHUS.

TepMoanHaMuKa Tpolecca PACTBOPEHHS BEIIECTB, HAXOMANIMXCS B Pa3IMYHBIX (hazax
(KpuCTaIITHYECKAs, KUIKAs, ra3000pa3Has) B )KUJIKOM PaCTBOPHUTEIIE,

OCHOBHBIE CBOICTBA U 3aKOHBI PACTBOPOB HEIJIEKTPOJIUTOB.

PactBopsI anekTposntoB. Crita 371€KTPOJIUTOB.

PaBHoBecue B pactBopax. PaccMoTpuTe mporecchl JUCCOLMAIMU PAa3TUYHBIX AJIEKTPOIUTOB
(cuubHBIe W ciabble, amMQOTEpHBIC THAPOKCHIBI, KOMIUICKCHBIE  COCIUHCHHS,
TPYIHOPACTBOPUMBIE CUIIBHBIC AJIEKTPOJIUTHI, Boj1a). KOHCTaHTa AMCCOLMAIIMH.

KakoBa posb HOJSPHBIX MOJIEKYIT BOJIBI B ITPOLIECCaX JUCCOLUAIIUU?

Bonopoausiii nokaszarens (pH).

VYcnoBust mpoTeKaHusi HOHOOOMEHHBIX PEaKIIHA.

IMuaponus. BivssHre TpUpoabl paCTBOPEHHOTO BEIIECTBA M PA3IUYHBIX BHEIIHUX (aKTOPOB
Ha THAPOJIN3.

[Tpoananu3upyiiTe BBIpaXKEHHE KOHCTAHTBHI THUAPOJIM3a M OOBSCHUTE €€ CBSI3b C CHIION
AJIEKTPOJIUTA.

Bomnpocel k cobeceoBanuio mo reme 3
«XHUMHYecKass KHHETHKA»

KakoBa 1ieip u3yueHus 1aHHOM TeMbl?

Yro m3ydaer xumuueckas kuHetuka? UTo Takoe CKOpPOCTb XMMHUYECKOW PEaKkLMd U KaKOB
MEXaHU3M €€ MPOTEeKaHus?

B uem cymHocTh 3akoHa AericTBusS Macc? KakoB (pu3MuecKuil CMBICIT KOHCTAHTBI CKOPOCTH
peakiuu?

OObsicHUTE OO0JBILIOE BO3PACTAHME CKOPOCTH PEAKIUHU MPU HE3HAYUTEIIBHOM YBEIMUYEHUU
TEMIIEPATYPHI.

Kakas BenumuMHa omnpenenseT CKopocTb XuMudeckod peakuuu? Ilouemy? Yrto Takoe
SHEprus aKTUBALMKU? DHepreTuyeckas quarpamma peakiuu.

B uem cymHocTe Teopum "akTUBHpOBAaHHOTO Komiuiekca"? OOBSICHUTE Ha €€ OCHOBE
JEMCTBUE KaTaIn3aTopa.

Kak nporekaroT rereporenssie npoueccel? [IpuBeaure npumepsl Takux npoueccoB. Kakos
UX MEXaHU3M?

KakoBa CKOpOCTh MpOTEKaHMS HMOHHBIX pEaKIHM, peakuuii MeXIy KOBaJCHTHBIMU
monekyiaamu? OTBeT 000CHYiTE.

Kak nporekaroT XuMudeckue peakunuu?

PanukanbHO-1IENHBIE PEAKIMK U UX POJIb B IPUPOJIE U TEXHUKE.

OObsicHUTE CYLTHOCTh MOHIATHUH "XHMHYeckoe paBHOBecue", "oOpaTumMble peakuus'.

Yo Takoe KOHCTaHTa paBHOBECHS, KAKOB ee (pU3nuecKuit cMbIci?

JlaiiTe xapaKTepuCTHUKY OCHOBHBIX MPU3HAKOB XMMHUYECKOTO PaBHOBECHSI.

OObsicHUTE TEpPMUH "CMEIIEHHEe XMMHUYECKOro paBHOBecHs'". MOXHO JM MPOTHO3UPOBATh
HarpaBJIeHUE U TTTyOHMHY CMelleHus 3Toro paBHosecusi? Kakum obpazom?

PaccMoTpuTe BO3MOXKHOCTM YHpPAaBIEHUS XUMHUYECKHMM IpoueccoM. KakoB cmbicn U
3HaueHue npuHiuna Jle-1llarense?

PaccmoTtpuTe BiMsHUE PAa3IUYHBIX (AKTOPOB (KOHLIEHTpAlUs, TEMIepaTypa, 1aBjIeHHe) Ha
CMEIIEHNE XUMHUYECKOTO PABHOBECHSI.
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Kak onpenenuts BBIXOJ NPOAYKTa peaKkuu?
Hackonpko MOJIHO MPOTEKAIOT XUMHUYECKHE PEAaKIMH U KaK OOBSICHUTh MaKCHUMAJIbHBIN
BBIXOJ IPOJTYKTOB?

Bonpocsl k codeceqoBanmio no reme 4
«Koppo3us u 3ammra MeTaJJIoB»

Yro Takoe Koppo3us? DKOHOMHUECKOE U COI[MAIbHOE 3HAaU€HHUE KOPPO3HUH.
OO0BsicHUTE CaMOTIIPOU3BOJIBHOCTD MTPOIIEcCCa KOPPO3UHU.

XuMuyeckasi KOppo3us ¥ CIIOCOObI 3aIUTHI.

DneKkTpoxumMmuueckast kopposus. B uem ee yHuBepcaibHOCTb?

B yem cymnocTs nporecca aenoispuzanuu? OCHOBHBIE ACTIONSPU3ATOPHI.
PaccMoTpuTe MexaHu3M IPOTEKaHUs IpoLecca KOPPO3UH CTaIH.
OObsicHUTE BAMSHUE Pa3INYHbIX (JaKTOPOB HA CKOPOCTHh KOPPO3UU METAILIIOB.
OcHOBHBIE METO/IBI OOPBHOBI ¢ KOPPO3UEH.

UYrto Takoe aHOJIHbIE U KaTOJHbBIE MOKPHITUS?

[TpoTexTopHas 3amuTa METANIOB OT KOPPO3UH.

Karoanas 3amuTa MeTamuioB 0T KOPpO3UHU.

N

Noubuw

o ®

10.
11.

12.

13.

Bonpocbl K 3auety

OCHOBHble MOHATUA XMMWUK; aTOM, MOJIEKY/1A, BELLECTBO, MOJ1b, SKBUBANEHT.

OCHOBHblE 3aKOHbl XMMWMU: 3aKOH COXPaHEHMA MacCCbl, 3aKOH MOCTOAHCTBA COCTaBa
BellecTBa.

Monb. 3akoH ABoragapo. MonbHbIn 06bem raza. MonapHaa macca.

lMoHATME 3KBMBANEHT, 3KBUBAJIEHTHbIE MACChI C/IOXHbIX BELLECTB, 3aKOH 3KBMBA/IEHTOB.
Meprogmyeckmin 3aKoH U nepuogmyeckas cuctema .M. MeHaeneesa.

CtpoeHue aToma U nepmogmyeckmin 3akoH .N.MeHaeneesa.

DNEeKTPOHHaA CTPYKTypa atoma. [lpasumna Kneuykosckoro, npuHumn [laynm, npasuno
lyHaa.

OCHOBHble KNnaccbl HEOPraHNUYECKUX U OPraHUYECKUX COeAUHEHUN.

OCHOBHble MOHATUA XUMUYECKON TEePMOAMHAMMKU: TepMOAMHAMMUYECKAA CUCTEMA,
sHeprua, TennoTa, pabora.

@PYHKLNM COCTOAHUA, HAaNpPaBJAEHMUE XMMMUYECKNX MPOLLECCOB.

CKOpOCTb XMMMWYECKMX NPOLLeCCOB. 3aBUCMMOCTb CKOPOCTM PEeaKUUU OT BHELUHWUX
¢$aKTopOoB.

Xvmunyeckoe paBHoBecue. YnpaBneHwe Xxumumyeckmm npoueccom (MpuHumn Jle-
lLlaTtenbe - BpayHa).

MoHsaTHe o pacTBopax. Cnocobbl BbipaxkeHMA KONYECTBEHHOIO COCTaBa PAcTBOPOB.
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Teopwua aNeKTPONANTUYECKON gUCCOLMaLLUM.

f'mpponus conen.

OCHOBHblE MOHATUA TEOPUM OKUCAUTENIBHO-BOCCTAHOBUTE/IbHbIX MPOLLECCOB.
OKMCANTENbHO-BOCCTAHOBUTENbHbIE peakumnn. MeTog aneKkTpoHHoro 6anaHca.
dneKTpogHble NOTeHLUUANbI.

XMU4eckne NCTOYHUKM TOKa.

DNeKTPoaun3. 3aKOHbI INEeKTPOoIn3a.

Koppo3una n 3awmra metannos.

Cnucok 3apau

[okaxunte amdoTtepHocTb Cr(OH)s. YpaBHeHMA peaKkuumii NpuseguTe B MOMEKYIAPHOM, NOJIHOM
WOHHO-MOJIEKYNAPHOM M KPAaTKOM MOHHO-MONEKYNAPHOM BUAE.

Jokaxute amdoTepHocTb Sb(OH);. YpaBHeHUA peakuuit npuBeamTe B MONEKYIAPHOM, NOJHOM
WOHHO-MOJIEKYNIAPHOM M KPAaTKOM MOHHO-MOEKYNAPHOM BUAE.

[okaxunTte amdoTepHocTb SN(OH),. YpaBHEHUA peakumit npuBeanTe B MOJEKYIAPHOM, NOJHOM
WOHHO-MOIEKYNIAPHOM M KPAaTKOM MOHHO-MONEKYNAPHOM BUAE.

Jokaxkute amdoTtepHocTb Al(OH)s. YpaBHEHUs peakumuit NpuBeanTe B MOJIEKYISPHOM, NMOJSTHOM
WOHHO-MOIEKYNAPHOM U KPAaTKOM MOHHO-MONEKYNAPHOM BUAE.

Hokaxute ampoTepHocTb Zn(OH),. YpaBHeHUs peakunit npusegmTe B MONEKYNSAPHOM, NOJTHOM
WOHHO-MOJIEKYNIAPHOM M KPAaTKOM MOHHO-MOJIEKYIAPHOM BUAE.

[okaxkuTte amdoTtepHocTb Be(OH), YpaBHeHMs peaKkuuii npuseamTe B MOJIEKYASAPHOM, NOJHOM
WOHHO-MOJIEKYNIAPHOM U KPAaTKOM MOHHO-MOJIEKYIAPHOM BUAe.

MpuBeanTe CTPYKTYPY 3/EKTPOHHOM 060/104KM anemeHTa N2 20. Ha oCHOBaHWWM 3/1E€KTPOHHOM
CTPYKTYpbl onpefennTe NOJIOKEHUE 31eMeHTa B nepuoanyeckon cucteme A.U. MeHaeneesa
(nepuog, rpynna, noarpynna). K Kakomy cemeicTsy oOTHocuTcA 3anemeHT (s, p, d, f)?
MpencKaxknte BO3MOXKHbIE BaJIEHTHOCTM 3/1EMEHTA.

MpuBeanTe CTPYKTYPY 3/EKTPOHHOM 060/104KM anemeHTa N2 16. Ha oCHOBaHWM 31E€KTPOHHOM
CTPYKTYpbl onpeaennTe NOJIOKEHUE 31eMeHTa B nepuoanyeckon cucteme .M. MeHaeneesa
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(nepuop, rpynna, noarpynna). K Kakomy cemeKcTsy oTHocuTca 3anemeHT (s, p, d, f)?
MpepcKaKknTe BO3MOXKHbIE BANIEHTHOCTM 3N1EMEHTA.

MpuBeauTe CTPYKTYPY 3/NEKTPOHHOM 060104KM sanemeHTa Ne 15. Ha ocHOBaHWWM 31E€KTPOHHOM
CTPYKTYpPbl Onpeaennte NoJIOXKeHWe 3nemMeHTa B nepuogudeckoin cucteme .M. MeHaeneesa
(nepuoa, rpynna, nogrpynna). K Kakomy cemeincTBy oOTHocuTcs 3anemeHT (s, p, d, f)?
MpepcKaknTe BO3MOXKHbIE BANIEHTHOCTM 3N1€MEHTA.

MpuBeauTe CTPYKTYPY 3NEKTPOHHOM 060104KM sanemeHTa N2 17. Ha oCHOBaHWWM 3N1EKTPOHHOM
CTPYKTYpbl Onpeaennte NoJIoXKeHWe 3nemMeHTa B nepuogudeckoi cucteme .M. MeHaeneesa
(nepuog, rpynna, nogrpynna). K Kakomy cemeKncTBy oTHocutcs 3anemeHt (s, p, d, f)?
MpepcKaKknTe BO3MOXKHbIE BAIEHTHOCTM 31€MEHTA.

MpuBeanTe CTPYKTYPY 3/IEKTPOHHOM 060/104KM anemeHTa N2 30. Ha oCHOBaHWWN 3/1€KTPOHHOM
CTPYKTYPbl OnpeaennTe NoJIOKEHUE 3neMeHTa B nepuoaudeckon cucteme O.U. MeHaeneesa
(nepuoa, rpynna, noarpynna). K Kakomy cemeKncTBy oTHocuTca 3nemeHTt (s, p, d, f)?
MpepcKaxknte BO3MOXKHbIE BaSIEHTHOCTM 3/1EMEHTA.

MpuBeguTe CTPYKTYPY 3/1EKTPOHHOM 060104KM 3nemeHTa N2 9. Ha OCHOBaHWKM 3/1EKTPOHHOM
CTPYKTYpbl onpenenunte MNoJioXKeHWe 3nemeHTa B nepuoamyeckon cucteme .M. MeHpeneesa
(nepuop, rpynna, noarpynna). K Kakomy cemeKncTBy oTHocuTca 3nemeHT (s, p, d, f)?
MpencKaxknte BO3MOXKHbIE BASIEHTHOCTM 3/1EMEHTA.

MpuBeguTe CTPYKTYPY SNEKTPOHHON 0060/104KM 3nemeHTa N2 22. Ha OCHOBaHWW 3/1eKTPOHHOM
CTPYKTYpbl onpenennte MNoJIOXKeHUEe 3/emMeHTa B nepuoguyeckon cucteme .M. MeHpeneesa
(nepuop, rpynna, noarpynna). K Kakomy cemeKcTsy oTHocuTca 3anemeHT (s, p, d, f)?
MpeacKaXKuTe BOSMOXKHbIE BaJIEHTHOCTU 3/IEMEHTa.

Kak M3MEeHUTCA CKOpPOCTb peakumu npuv ymeHbleHun Temnepatypbl Ha 30°2C, ecau
TemnepaTypHbIi KoadPUUMeHT paseH 37?

Kak M3MeHUTCA CKOPOCTb peaKkumum npu noHmxkeHum Temnepatypbl ot 70 go 30°C, ecam
TemnepaTypHbIi KoadPUUMeHT paseH 37?

Yemy paBeH TemnepaTypHbin KO3GOUUMEHT, ecin Npu NoBblleHMn TemnepaTypbl Ha 30 °C,
CKOPOCTb peaKkuum nsameHmnachb B 27 pas?

Yemy paBeH TemnepaTypHbli KOIOOULMEHT, ecinm Npu MOHWMKEHUM TemnepaTypbl Ha 30°C,
CKOPOCTb peakuun nameHmnaco B 27 pas?

Kak n3meHuTbcAa cKkopocTb peakumm 2H,Sy + 3 Oy = 250, + 2H,0(), ecnn ymeHblnTb
KOHLLEHTPALMIO KUcaopoa B 2 pasa’?

Kak M3MeHUTCA CKOpPOCTb Xumuyeckon peakumn 2NO + O, = 2NO, npu ysennyeHum obbema B 3
pasa?

Kak HeobxogMmMo WM3MeHWUTb a) AasBneHue, 6) KOHUEHTpauMW BeLLecTB, 4TOObl CABUHYTb
pasHoBecue peakunn 250, + Oy = 2503, BNeso?

Kaknumu cnocobamm MoKHO NoBbIcUTb BbIxod SO; B peakummn 250, + Oy = 2S05(?

B03MOKHO /i1 nony4veHue aueTuneHa no peakunun 2CH,=C,H,+3H, npu Temnepatype 25 2C?
Bo3moHO A nonyyeHune auetnneHa no peakunn 2C papumt H,=CH, npn Temnepatype 1000K?
Paccumtaite AG pgna npouecca CO+ ClL,—COCl, npu T= 2000K. Bo3smo)KHO au
CamonpomM3BOJIbHOE NMPOTEKAHWE NpoLecca B NPAMOM HanpasaeHUN NPy AaHHOW TemnepaType?
Paccuntainte AG pna npouecca Cyr + HyOp = COp+ Hye npu T= 298 K. BosmoxHO /u
CaMonpoOn3BOJIbHOE NPOTEKAHWE NpoLLecca B NPAMOM HanpaBAeHUM NPU AaHHOM TemnepaType?
Onpegenute TemnepaTypy, Npu Kotopoi npouecc 250,+ O, = 2S0; HaxoaMTcA B paBHOBECUM.
Onuwwute paboty u paccumtante IMC ranbBaHMYeckoro snemeHta Zn/ZnS0,//CdSO,/Cd, ecan
KOHLEHTPaLMA MOHOB LMHKa cocTaBaseT 1monb/n, a voHoB Kagmusa 0,1 monb/A.

OnuwuTte paboty u paccumtaiite IAC ranbBaHUYECKOrO 3/1eMeHTa, COBpPaHHOro No cxeme:
Pb/Pb(NOs),//Ni(NOs),/Ni, ecnv KoHUEeHTpaLUun NOHOB HUKENA U CBUHLA B pacTBOPe CcocTasAeT
0,01 monb/n.

OnuMwnTE KOPPO3MOHHBIA XMMUYECKMI WCTOYHMK TOKa, 0Opasylowmiicas npu  Kopposuu
YrNepoAncTon cTanm BO BAaXKHOM aTmocdepe.

OnuwunTe npoueccbl KOPPO3MM OLMHKOBAHHOIO *Kenesa Mpu  HapyleHUMM LeoCTHOCTH
NOKpbITUA B CnaboKucnoi cpeae.
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OnuwmMTe npouecchl, NPOTEKalwline B MOPCKOM BOAE C M3AENMEM M3 CTa/iM, 3alUMULLEHHBIM
LLMHKOBbIM MPOTEKTOPOM.

MNopbepute aHogHOE MOKpbITME ANA M3JenuMa m3 crtanan. Kakve npoueccbl NpoTekalT ¢
nsgennem B BAaXHoOM aTmocdepe Npu HapyLLUEHMM LLENOCTHOCTN NOKPbLITUA?

OnuwmnTe NPoLECCHI KOPPO3UM Kenesa C MPUMECHIO LIMHKA B cnabolenoyHol cpeae.

OnuwmTe Npoueccbl KOPPO3UK XKeesa C MPUMEChIO 0/10Ba B pacTBope KNCAOTbI ¢ pH=5.

Kak npoTeKatoT Npoueccbl KOPPO3UKM NYHKEHOTO Kefe3a NPU HapyLEHMM LLeNOCTHOCTU NOKPbLITUA
B cnaboKkucnoi cpeae?



BapuaHTbl KOHTPOJIBHBIX PadoT m.26 "JjekTpoxumusi |
KOpPpO3Hs MeTAJLJIOB"

Bapuanrt 1.

1.Onpenenute 3HAYEHHE DJIEKTPOJHOTO IMOTEHIMANA MEJH,
norpyskearoi B 0,00051 pactsop Cu(NOs)s,.

2. Kakas Macca TexXHHUYECKOro xeiesza, coaepxkaimero 18%
npumeced, TpeGyercs Uis BBITECHEHHUS M3 pacTBopa cyibdara
HHKeENS 7,42 r HUKens ?

3. Bbixog mo TOKy Npu MOJYYEHUU METAUIMYECKOrO KalbIHs
AJIEKTPOJIM30M paciuiaBa xyopuaa kaiabius paBeH 70%. CKoabKo
ANIEKTpUYECTBA HEOOXOIMMO MPOIMYCTUTh Yepe3 3IIEKTPOIIU3ep,
yT00BI T0NTy4nTh 200 T Kanbuus ?

4. OmnoBo cmasgHo c cepedpom. Kakoit u3z meramioB Oyzaer
OKHUCJIATBCS IPU KOPPO3UH, €CIIM 3Ta Iapa METAJIOB IOMAJET B
BOJHYIO Cpely, HMEIIIyl [ienouHoil xapakrep? Ortser
MOTHUBUPYWTE.

Bapuanrt 2.

1. CocTtaBbTe CXEMBbI JIBYX ralbBAHUYECKHX, B OJTHOM U3 KOTOPBIX
LUHK —OTPULIATEIbHBIN AJIEKTPOJI, B APYTOM - TIOJIOKUTEIbHBIN.

2. O/1C ranbpbBaHMYECKOTO 3JIEMEHTa , 0Opa30BAaHHOIO HUKEJEM,
TOrPY’KEHHBIM B PACTBOpP €ro comm ¢ Kouuentpammeii NiZ* 10
*MOTIB/TT , ¥ cepeBpPOM, MOrPYKEHHBIM B PACTBOP €TI0 COJH, PaBHA
1,108 B . Onpesenure KoHneHTparmio Ag* B pacTBope.
3.0npenenure cuiay TOKa, HEOOXOIUMYIO Ui 3JIEKTPOJIU3a
pacruiaa MgCl, B Teuenne 10 u mpu BbIXome 1o TOKy 85%,
YTOOBI MONTY4UTh 0,5KI METAIIIMUECKOTO MarHusl.

4. Xeneso mnokpbiTo HukeneMm. Kakoih u3 wmeramioB Oyzaer
KOPpOAMPOBATh B Clydyae pa3pyLICHHUs MOBEPXHOCTU MOKPBITHUS?
Koppo3us nponcxoanut B KUCIOTHOH cpenie. OTBET MOTUBHPYMITE.

Bapwuanr 3 .

1. kakas wmacca TEXHUYECKOro xeie3a, cozaepxamero 10%
WHEPTHBIX TpUMecei, TpeOyeTcs s BBITECHEHHS M3 pacTBOpa
cynbdara menu(ll) 10 r meau ?



2. Bperamciure OJIC um wu3MeHenwe dHepruum [mObOca st
rajJbBaHMYECKOTO 3JIEMEHTa, 00Pa30BaHHOTO MarHUEM M LIUHKOM,
MOTPYKEHHBIMU B PACTBOPBI UX COJIEH C KOHIICHTPALUSIMU HOHOB
(Moib/1): cvg”” = 1,810°, 20 =2.5107,

3.IIpu anexrponuze pactBopa AGNO3 C HepacTBOPUMBIM aHOJOM
B T€YEHME 25 MUH IIpU cujie Toka 3A Ha KaTtoje BbLaenuioch 4,7 1
cepebpa. PaccunraiiTe BBIXO/I MO TOKY.

4. Kakme u3 meramuoB (Fe, Ag, Ca) Oynyr paspymarscs B
atMocepe BIAXHOIO BO3AyXa, HACBIIICHHOTO JAHOKCHUIOM
yraepojga? OTBET naiiTe Ha OCHOBAHWU BBIYUCIICHUS M3MEHEHUS
sHepruu ['n606ca COOTBETCTBYIOIIUX MPOLIECCOB.

Bapuanrt 4.

1.0Onpenenure 3HAYEHHE DSJIEKTPOJAHOTO TOTEHIMAJA IMHKA |,
OIIYIIIEHHOTO B PAacTBOP €ro COJM C KOHIIEHTpAllel MOHOB zZn?*
0,001 mous/m1.

2.Kak nomxkeH ObITh COCTaBJICH TaJlbBAHUYECKUN IEMEHT, YTOOBI
B HeM mpotekaina peakiusa: Cd + CuSO, = CdSO,+Cu - ?

3. Ompenenute BpeMs, HEOOXOAMMOE i TMONy4eHHs 1 Kr
METaJUIMYeCKOro cepedpa Mpu cuie Toka 5 A U3 pacTBoOpa
HUTpaTa cepedpa ¢ HEPaCTBOPHUMBIM aHOJIOM. BBIXOH MO TOKY
80%.

4. Kakue u3 meraymuoB( Zn, Fe. Cu ) Oyayr paspymartscs B
aTMocdepe BIaKHOTro Bo3ayxa ? OTBET MOATBEPIUTE pacueTaMH.



Bonpocbl no teme 3

1. [Javite onpefeneHne XMMMUYECKMIA CUTHAN.

2. NaiTe onpeaeneHne KavyecTBEeHHbIM aHanus.

3. aitTe onpeaeneHne KONMYECTBEHHbIV aHann3. Kakue BuAbl 3HaeTe?
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Bonpocbl K cobecegoBaHuio (3aueT)

OCHOBHblE MOHATMA XMMUW; aTOM, MOJIEKY/A, BELLECTBO,
MO/1b, SKBUBA/IEHT.

OCHOBHble 3aKOHbl XMMUWU: 3aKOH COXpPaHeHWA Macchbl,
3aKOH NOCTOAHCTBA COCTaBa BeLLecTBa.

Monb. 3akoH ABoragpo. MonbHbIn 0b6bem rasa.
MonsapHaa macca.

lMoHATME 3KBMBANEHT, 3KBUBANIEHTHbIE MACChl C/OMHbIX
BeLLEeCTB, 3aKOH 3KBMBANEHTOB.

Mepuoamyecknii 3aKOH W nepuoguyeckasa cucTema
O.N.MeHpeneesa.

CtpoeHue atoma " nepnoanNYecKkmm 3aKOH
O.N.MeHpeneesa.

DNeKTPOHHaA CTPYyKTypa atoma. [Mpasuna KneukoBckoro,
npuHumn Maynn, npasuno NyHaa.

OCHOBHble Knaccbl HEOpraHU4YecKUX W OpraHUYecKmx
CoeMHEHWU.

OCHOBHble  MOHATUA  XMMMUYECKOM  TepPMOANHAMMUKM:
TEPMOAMHAMUYECKAsA CUCTEMA, SHepruA, TennoTa, paborta.
®PyHKUMM  CcOCTOAHMUA, HanpaBieHWe  XMMUYEeCKUX
npoLLeccos.

. CKOpOCTb XUMNYECKNX  NpoLeccos. 3aBMCUMOCTb

CKOPOCTU peaKkLMn OT BHELLHUX GpaKTOPOB.

Xumunyeckoe paBHOBecue. YnpaBaeHUE XUMUYECKUM
npoueccom (MpuHumn fle-lLaTenbe - bpayHa).

MoHaTMe o  pactBopax.  Cnocobbl Bblpa*KeHuA
KONMYEeCTBEHHOro COCTaBa PacTBOPOB.

TeopuaA 3NEKTPOAUTUYECKOM ANCCOLMALUN.

fmaponuns conen.

. OCcHOBHble NOHATUA Teopuu OKUC/TNTENBHO-

BOCCTAaHOBUTENbHbIX Npoueccos.



17. OKMCANTENIbHO-BOCCTAHOBUTENbHbIE  pPeaKUUN.

3/IeKTPOHHOro 6anaHca.
18. dneKkTpoaHbie NOTEHUMANbI.
19. Xumun4yeckme NCTOYHMKM TOKa.
20. dneKTpOoan3. 3aKOHbI 3/1EKTPON3A.
21. Koppo3ua 1 3almnTa MeTannos.

MeTtop



