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HNEPEYEHb MATEPUAJIOB B KOMIIVIEKCE

DNEeKTPOHHBIN y4eOHO-METOAMYCCKUNM KOMIUIEKC 10 YICOHOM TUCIIMIUTHHE « XUMUS)
COJICPIKHUT:

1. TEOPETUYECKUI PA3JIEJT
KoHcnekT neKiuif, peKOMEHIOBAaHHBIX Uil W3yYCHHS IUCHUILIUHBI TPH OpraHU3aIUH
CaMOCTOSTEIbHON PabOThI CTYACHTOB.

2. ITPAKTUYECKUI PA3JIET
TemaTtnueckue IIJIaHBbI, y‘Ie6HI>IC MaTcpuralibl OJIA aYI[I/ITOPHOﬁ U CaMOCTOSTEIbHON pa6OTI>I
CTYACHTOB, IIPUMCPLI PCHICHUS TUIIOBBLIX 3aa4.

3. PA3JIEJI KOHTPOJISI BHAHUM
MaTepI/IaJIBI JJIs1 TeKymeﬁ n I/ITOFOBOfI arrecraguu, KOHTpOJIBHLIe 3aJayu, HpI/IMepHHﬁ
nepequL BOHpOCOB, BBIHOCHUMBIX HAa DK3aMCH.

4. BCIIOMOT' ATEJIbHBIN PA3/EJI
VYyeOHas nmporpaMMa 1o JUCHUILIMHE, OCHOBHAS M JOTOJIHUTENIbHAS JIUTEpaTypa U JIpyras
crpaBoyHasi UH(GOpMaLIHSL.
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HOACHUTEJIBHAS 3ATIMCKA

AKTYaJIbHOCTb U3YYE€HUS IMCUMILIUHBI:

JucuumivHa «XuUMHS» SBISETCS OJHUM M3 0a30BBIX KYpPCOB I HU3YYCHHS
OOIIIETEeXHUYECKUX W CIEUHATbHBIX NUCIUIUIMH B TUIAHE TOJTOTOBKM CTYJIEHTOB BCEX
MHXECHEPHO-TEXHUYECKUX CIIEHMATBbHOCTEH.

Heap 1 3a1a4u JUCHUILINHBIL:

[Menpro Kypca ABASETCS HM3YYEHHWE OCHOBHBIX ITOJOKEHUNA TEOPUU CTPOCHUSA
BEIIIECTBA, XUMUYECKON CBS3U, 3aKOHOMEPHOCTEW NPOTEKAHUS XHMHUYECKUX MPOLECCOB,
YCJIOBUM U BO3MOYXHOCTHM HMX aBTOMATHU3ALMU U IKOJOTMYECKOTO0 KOHTPOJIS; CTPOCHUS H
CBOMCTB XMMHUYECKHX D3JIEMEHTOB M HMX COCIMHEHHI, COBPEMEHHON TEOPUH PacTBOPOB,
MMOBEPXHOCTHBIX SIBIICHUM M JUCIEPCHBIX CHUCTEM, METOJIOB XUMHUYECKOIO aHaJn3a,
WCIIOJIb30BAaHUSI B KAyeCTBE ChIPbS WA MOJYNPOAYKTOB B PA3JIMYHBIX OTPACISAX
COBPEMEHHOM MHIYCTPHUH KaK HEOPraHUYECKUX, TAK U OPraHUYECKUX BEUIECTB.

Ha ocHOBe nmony4eHHBIX 3HAHUHN CTYAEHT JOJKEH:

— c(hopMUPOBaATH OCHOBBI CAMOCTOSATEIBHOIO XUMUUYECKOTO MBIIILICHHUS;

— 3HaTh:

— OCHOBHBIC TOHSTHS W IOJIOKEHUSI XUMHUHU, OCHOBBI TEOPUU XUMHYECKOH CBS3H,
MEPUOJNYECKUA 3aKOH M TMEPUOJIUYECKYI0 CHCTEMY »BJIEMEHTOB, BAXXHEUIIME KIaCChI
HEOPraHWYECKUX COECMHEHUN U UX CBOMCTBA;

— KJIacCU(UKAILIUI0, HOMEHKIIATYPy U OCHOBHBIE XMMHUYECKHE CBOMCTBA Pa3IMYHBIX
KJIaCCOB XMMHYECKUX COCIUHCHU;

— KJTacCU(PUKAIMIO XUMHYECKUX PEaKIui, KIacCU(UKAIMIO TUCIIEPCHBIX CHUCTEM,
OCHOBHBIE TIOHATHS W METOJbI DJIEKTPOXUMUU, aJCOPOIIMOHHBIC SIBICHUS U METOIBI HX
ONMCAHUs, SHEPTETUKY U KUHETHUKY XUMUYECKHUX MTPOLIECCOB;

— PEaKIMOHHYIO CIIOCOOHOCTh BEIECTB, METOJbl XWMHUUYECKOW WJICHTUPUKAIINU
BEIIIECTB, OCHOBHBIE METO/IbI KOJMYECTBEHHOTI'O aHAJIN34;

[To okoHYaHUM U3yUYEHUS TUCITUTUIMHBI OYIyIIUi WHXXEHEP HOKEH YMETh!

— CaMOCTOSITEJIbHO OPUEHTUPOBATHCS B  CYIIHOCTH Pa3JIMYHBIX XUMHUYECKUX
MPOLECCOB U SIBIICHUM;

— IPOU3BOAUTH PACUEThl XMMHYECKHUX pEAKLUHUi, B TOM UHCIE, PACUETHI
KOHIIEHTPALIMi paCTBOPOB;

— IPUMEHSATHh METO/Ibl TEPMOJUHAMUKY K 3a7]a4aM XUMHUH;

— paccUMTHIBaTh KOHLIEHTPAIMOHHBIE 3aBUCUMOCTH U TOTOBUTH PACTBOPHI 3aJaHHOTO
COCTaBa;

— paboTaTh B XMMHUYECKOU J1abopaTopuu ¢ XMMHUYECKON IMOCY10i, BECOBBIM 000pY-
JIOBAaHUEM, PEaKTUBAMH, ITPOBOJIUTH MPOCTHIE XUMUYECKHE IKCTIEPUMEHTHI B OOPMIIATH UX
pE3yIbTaThI.

— IPOTHO3UPOBATh CBOMCTBA BEIIECTB, MEXAaHU3M MPOTEKAHUS XUMHUYECKUX
MPOIIECCOB, BKJIIOYAs pacueThl ONTUMAJbHBIX M OE30MACHBIX YCJIOBHH WX peaau3aliil B
MIPOMBIIIJICHHBIX U Ja00paTOPHBIX MacIITa0aX, a TAKXKE IKOJIOTHIECKUE MOCIIEACTBUS.

YueoHo-meronnueckuii  kommiieke (AYMK) mno gucuunnuHe — «XUMHS»
MpEACTaBISET COOOM KOMILJIEKC CHCTEMAaTU3UPOBAHHBIX YYEOHBIX M METOJUYECKHUX
MatepuaioB. DYMK pa3pabotan ¢ y4€TOM OCHOBHBIX TOJIOKEHUN KOHIIEMIIUUA CHCTEMBI
HenpepbeiBHOTO oOpa3zoBanus PecnyOnuku benapych. OH mpeaHa3HadeH sl MOJTOTOBKU
CTYJICHTOB CIleHUANIbHOCTEN (HampasieHus: cnenuanbHocTh): 7-07-0732-01 CtpoutenbcTBo
3MaHUi U coopykeHui (mpodunuzanusi — [[pOMBITINIEHHOE U TpakIaHCKOE CTPOUTEIHCTBO,
CTpouTeNnbCTBO W TpaknaHckas  wuHxeHepus, IludpoBoe  MomenupoBanue U
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npoektupoBanue); 7-07-0732-01 CTpouTensCTBO 3AaHUN U COOPYKEHUH (TMpodunzanus —
[Tpon3BOACTBO CTPOUTENBHBIX H3JEIMA M KOHCTPYKIMH, D((HEeKTUBHbIE CTPOUTEIbHBIE
texHosiorum); 7-07-0732-01 CTpouTenbCcTBO 37aHUN M COOPYKECHHH; (Mpoduau3amus —
ABTOMOOUIIBHBIE ~ J10POTH, ABTOMOOWJIBHBIE JIOPOTM M  OOBEKTHl TPaHCHOPTHOU
uH(pacTpyKkTyphl); 6-05-0732-02 DxcnepTrsa U ynpaBlieHUE HEABUKUMOCTHIO.

OVMK pa3pabotaH B COOTBETCTBUHM CO  CJIEIYIOIIMMH  HOPMAaTHUBHBIMHU
JIOKYMEHTaMH:

— IlonoxxeHneM 00 y4eOHO-METOJUYECKOM KOMILJIEKCE Ha YPOBHE BBICIIETO
o0pa3oBaHusl, YTBEPKIEHHBIM IOCTaHOBICHHMEM MuHHcTepcTBa 0OpazoBaHus PecryOnuku
benapych Nel67 ot 26.07.2011 1.

— IlonoxxeHneM 00 yuyeOHO-METOAMYECKOM KOMIUIEKCE IO YYEOHOW IUCIHILIMHE
yupexaeHus oopasoBaHusi «bpecTckuil rocyjapcTBEHHbI TEXHUYECKUN YHUBEPCUTET» OT
31.01.2019 .

— YyeOHoU mporpaMmoi Mo aucuuiuinHe «Xumus» Ne V]I 24-1-142/yq. ot
28.06.2024 r. pia cnennanbHOcTer: 7-07-0732-01 CtpouTensCTBO 34aHUM U COOPYKEHHUM
(mpounmmzanuss — IIpoMblIIIEHHOE M TpakJaHCKOE CTPOUTENBCTBO, CTPOUTENBCTBO U
rpaxaanckas umwxkenepus, LludppoBoe monenupoBanue u npoektupoBanue); 7-07-0732-01
CrpoutenbCTBO 34aHUI U coopyxeHuil (mpodunuzanus — [Ipou3BOACTBO CTPOUTETBHBIX
U3JIeNU M KOHCTpYKIMH, OddexTuBHble cTpouTenbHble TexHosorun); 7-07-0732-01
CTpouTensCTBO 3JaHUM M COOpYXEeHUH; (mpodummzanuss — ABTOMOOWIBHBIE JIOPOTH,
ABTOMOOUIIBHBIE JIOPOTH M OOBEKTHI TpPaHCHOPTHOW HHPpacTpykTyphl); 6-05-0732-02
DKcnepTu3a U yrnpapieHue HEABMKUMOCTBIO.

Heaun DYMK:

—obecriedyeHne  Ka4eCTBEHHOT0  METOJUYECKOr0  CONPOBOXKIECHMS  Ipolecca
00yueHus;

— opranu3zaius 3p(PEeKTUBHON CaMOCTOATENbHON PaOOTHI CTY/ICHTOB.

Conepxanne u o6veM DYMK TMOIHOCTBIO COOTBETCTBYIOT 0OO0Opa3oBaTEIbHOMY
CTaHJApTy BBICIIETO 00pa3oBaHus crneruaibHocTel 7-07-0732-01 CTpouTenbCTBO 3/MaHUM
u coopyxeHuit (npodunuzauus — [IpomblILIEeHHOE M TPaXAaHCKOE CTPOUTEIBCTBO,
CTpouTensCTBO W TIpaxAaHckas  uHxeHepus, LludpoBoe MonenupoBanue U
npoektupoBanue); 7-07-0732-01 CtpouTenbCcTBO 34aHUN U COOpYKEeHHH (TIpodumu3anus —
[Tpon3BOCTBO CTPOUTENBHBIX HM3JAENUA U KOHCTPYKUUH, DP(EKTUBHBIE CTPOUTEIbHbIE
texHojoruun); 7-07-0732-01 CtpouTenbCTBO 3JaHUN U COOpYKEHUM; (mpoduinzanus —
ABTOMOOUIIBHBIE  JIOPOTH, ABTOMOOWJIBHBIE JIOPOTH U OOBEKTHl  TPAHCIOPTHOM
uHppacTpyKkTyphl); 6-05-0732-02 Dxcneptusza W ynpaBieHHE HEABM)KMMOCTBIO, a TaKKe
y4eOHO-IPOrPpaMMHON  JIOKyMEHTAIUH o0pa3oBaTelbHBIX  IPOrPaMM  BBICLIETO
oOpa3oBaHus. Marepuan npeACTaBIeH Ha TpeOyeMOM METOJUYECKOM YpPOBHE U
alanTUPOBaH K COBPEMEHHBIM 00pa30BaTEeIbHBIM TEXHOJIOTUSIM.

CTpyKTypa 3/1eKTPOHHOTO0 Y4eOHO-MeTOANYEeCKOr0o KOMILIEKCa MO AMCUMILINHE
«XUMH D)

Teopernueckuii  pasgen OYMK  mnpencraBieH — KOHCIEKTOM — JICKIIMM,
PEKOMEHJOBAHHBIM ISl W3YYE€HMs] AUCLUUIUIMHBI TMPU OPraHU3alUU CaMOCTOSTEIbHOMN
paboThI CTYACHTOB.

Ipaktuyecknii pasgea IYMK comepxur, TemaTtudyeckue IUIaHbI, y4yeOHBIE
MaTepHalbl Al ayIUTOPHOW M CAMOCTOSTENBHON PadOThl CTYAEHTOB, MPUMEPHI PEIICHUS
TUIOBBIX 3aJ1a4.
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Pasnen konTpous 3Hannii IYMK conepkuT Marepuaibl JUisl TEKYLIEH U UTOTOBOI
aTTeCTalMy, KOHTPOJbHBIE 3aJauyM, I[PUMEPHBIA IEepeYyeHb BOIPOCOB, BBIHOCUMBIX Ha
HK3aMEH.

BenomorartenibHBI  pa3ges BKIIOYAET Y4YEOHYIO MpOrpaMmy MO JAMCLMILIMHE
OCHOBHYIO U JOIIOJIHUTEIBHYIO JINTEPATYPy U APYTYIO CIIPABOYHYIO HH(DOPMALIHIO.

Pexomenganum no opranu3zanuu padorsl ¢ JYMK

Ucnonb3oBanue paspaboranHoro DYMK mnpenmomaraer paboTy CTYIEHTOB C
KOHCIIEKTOM JIEKIIMHA TPHU MOJATOTOBKE K BBIMOJHEHUIO M 3alUTE Ja0OpaTOpPHBIX padoT, K
coade SK3aMEHa 10 OJHOMMEHHOW aucuuiuimHe. Kpome Toro, TeopeTmdyeckuil MaTepuanl
MIOJIE3EH TP BBINIOJIHEHUHN COOTBETCTBYIOIUX PA3A€JIOB TUIJIOMHBIX MIPOEKTOB.

OVMK HanpaBneH Ha TmoBblIeHHEe 3(PQGEKTUBHOCTH Y4YeOHOTo Ipolecca u
OpraHU3alHI0 IEJIOCTHOCTU CHUCTEMBI Y4eOHO-IPEIMETHON AESITENbHOCTH MO AUCIUILINHE
«XuMUsD», 4TO SABISAETCS OJHUM U3 BOXKHEHIIMX HANPABICHUW CTPATErMYECKUX MHHOBALUN
obOpazoBaHuu. B 3TOM KOHTEKCTE OpraHu3alus WU3yUYEHUS JUCHUILTUHBI Ha ocHOBe DYMK
NpENIoNaraeT MPOAYKTUBHYIO YYEOHYIO MAESTENIbHOCTh, MO3BOJISIIOUIYIO Cc)OpPMHUpPOBATH
npodeccuoHaNbHbIE KOMIETEHIIMN OyAyIUX CIENHUAaTUCTOB, OOECIeUYuTh pa3BUTHE
MO3HABATENbHBIX M CO3UJATENbHBIX crocoOHocTel auunocTH. DYMK cnocobeTByer
YCHEIIHOMY YCBOEHUIO CTy/I€HTaMU y4eOHOT0 MaTepuaia, 1aeT BO3MOXHOCTb IJIaHUPOBATh
U OCYIIECTBIISATh CaMOCTOSTENbHYIO pabOTy CTYIEHTOB, OOECIEUMBAET pPaLUOHAIBHOE
pacrnpeneneHue  ydyeOHOro  BpeMEHH MO  TeMaM  y4eOHOM  JUCHUIUIMHBI U
COBEPIIEHCTBOBAHUE METOJUKHU MTPOBENCHUS 3aHATHI.



1. TEOPETUYECKHAI PA3IEJ

#CtpyrTypadYMK

Koncnekr jiekuuii mo Kypcy «Xumuspy
JJIS1 CTYJIEeHTOB TeXHUYECKHUX CNeNNATbHOCTEH
CocraBurenu: Xaneukui B. A., crapmmii npenoaaBatenb, bacos C. B., K.T.H., JOUEHT
Typ 3. A., K.T.H., IOLEHT
Peuenzenr: Crynens H. C., K.T.H., JoueHT, bpecTckuil rocynapcTBEHHBbIH YHHBEPCUTET
uM. A. C. [lymkuna
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Tema Ne 1. OCHOBHBIE KJTACCbl M HOMEHKJIATYPA HEOPTAHUYECKHX
COEJMHEHUUA

#TeopernueckunPaznen

HeopraHquCKHe COCANHCHUSA KJ'IaCCI/I(bI/IHI/Ip}IIOTC}I KakK II0 COCTaBy, TakK H IIO CBOUCTBAM
(pyHkHOHANBHBIM TTpH3HAKaM). [Io cocTaBy OHH, TIPEKIE BCETO, ACIATCS Ha MPOCTHIE U CIIOXKHBIE.
Hpocmbmu Ha3bIBAKOTCA BEHIICCTBA, COCTOAINME H3 aTOMOB OJHOIO XHMMHUYCCKOIO 3JICMCHTA,
CIOHCHBIMU — COCTOAIINEC U3 ATOMOB IBYX HWJIA 60.]16 XUMHUYCCKUX DJICMCHTOB.

HpOCTbIC BCIIECTBA MOAPA3ACIIAIOTCA HA memaiilvl U Hememaslbl. K IIOCJIICAHUM O6I>ILIHO
ornocatr H, B, C, N, O, F, Si, P, S, Cl, As, Se, Br, Te, |, At, He, Ne, Ar, Kr, Xe u Rn.
OCTaJIbHBIe 9JICMCHTHI YCJIOBHO OTHOCATCA K MCTAJUIAM.

CrnoxHble BeIIECTBA JEIATCA Ha Osyxanemermuvle (OUHapHbie) U MHO203IEMEHMHbLE
COCIUHCHUSL. KpOMe TOI'0, CJIOXXHBIC BEIICCTBA MMOAPA3ACIIAIOT HA opearHudecKue 1 HeopeaHuveckue.
OpZClHZ/M€CKM€ eewecmea, NPEACTABIIAIOIINC CO6OI7I COCAUHCHUA yriepoda ¢ ApyruMu 3JIEMECHTaMu,
UMEIOT OTJEIbHYI0 HOMEHKJIATYPy M KJIaCCU(UUUPYIOTCS B 3aBUCHMOCTH OT COCTaBa U CTPOCHHS.
Heopeaﬂuuecmte CJIOKHBIC BCIIICCTBA MOXKHO KJIaCCI/I(I)I/ILII/IpOBaTB B COOTBCTCTBHHU C Ta6JII/IHeI>’I 1.

Tabmuma 1
CJIOJKXHBIE BEILIECTBA
bunapHble coeIMHEHHS: MHOro3JIeMEHTHBIC COCIUHCHMS
Oxcunpl ['uapoxcu bl
TI"anorennmnr KwucmoTsr
XaJabKOTeHHUIBI Comnn
Hutpuas KomMmiiekcHble coemuHenns
Bopopoaneie coenHeHus a30Ta U UX
['uapaTel 1 KpUCTALIIOTUAPATHI

MPOU3BOIHBIE
dochus
Kapbusl
IM'uapuasl

WNHTepMeTamiuibl
Jpyrue OuHapHbBIE COCTUHEHUSI

[Tpuntunel HanucaHus (HOpMyNT XUMHUYECKUX COCIMHEHWN W MpaBHUjIa HA3BaHUS BEIECTB
00BEAMHEHBI CUCTEMOM, KOTOpast MOTy4Hia Ha3BaHUE XuMuyueckas Homenkiamypa. B coBpeMmeHHOU
XUMUU HaumOoJiee ynorpebutenbHor siBisiercss HoMmeHknatypa [UPAC (MexayHapomHBIM COIO3
TEOPETUYECKON U MPUKIATHON XUMHH), B COOTBETCTBHM C KOTOPOH KaXKJ0€ BEIIECTBO MOJIy4aeT
cucmemamuyeckoe Ha3eaHue, TOTHOCTHIO OTPAXKAOIIEE €ro COCTAB.

Jl7is HEKOTOpBIX COENMHEHUN HapsAly C CHUCTEMAaTHYECKHMMH JIOMYCKAaeTCs HCIOJIb30BaHUE
MpaouyuoOHHbIX HA36anuil, HaTIpumep, mempaokcocyivgam (VI) éooopooa (H2SO4) TpamunnoHHo
Ha3bIBAIOT cepHou Kucaiomot, mpuokconumpam (V) xamus (KNO3) — umeer TpamuiiMOHHON
Ha3BaHUE Kaaus Humpam (WA HATPAT Kalus) U T.11.

Kpowme toro, Homenknarypa IUPAC npegycmarpuBaeT UCIOIb30BaHNE HEOOBIIOTO Yyucia
HECHCTEMHBIX — CcneyuanbHuix U mpusuaibhsix Hazsanuii: Boga (H20), ammuak (NH3), ammonnui
(NH4%), constnas xucnora (HCI), enxuit marp (NaOH), neramenas ussects (CaO), memmsbii
kynopoc (CuSO45H20) u np.

OO0mue mo10KeHUsI XUMHYECKON HOMEHKJIATYPbI

Ka)K,Z[BIﬁ XUMHYECKHUI 3JIEMEHT HMEET OHpCI{CJ’IGHHLIﬁ CHUMBOJI U COOTBCTCTBYIOIICC CEMY
JIJATUHCKOC U PYCCKOC Ha3BaHMC. B OCHOBY CUCTEMAaTHUYCCKUX Ha3BaHUM HEOPTraHNYCCKUX BEIICCTB
IMOJIOKCHBI Ha3BaHUA XMMHYCCKHX 3JICMCHTOB, BXOAAIINX B UX COCTaB. I[J'ISI MHOTHUX XHMHUYCCKUX
3JICMCHTOB KOPHHU HUX Ha3BaHWH Ha PYCCOM A3BIKE COBIMAAAOT C KOPHAMU JTATHUHCKHUX Ha3BaHuii. B
CJIydac HCCOBIIAACHHWA B HAa3BAHUA BBOIATCA KOPHU JIATUHCKUX Ha3BaHuii 31meMeHTOB. C IIOMOIIIBIO



9

cy(duxca m nmpucTaBKH, KOTOpbIE BXOAAT B COCTAaB Ha3BaHMs, OTPAKAIOTCSH THUI U KOHKPETHBIE
0COOEHHOCTH TOTO WJIM WHOTO BEIIECTBA.

KonuuecTBeHHBII cOCTaB BellECTBA B Ha3BAaHMU XapaKTEPU3YETCsl C MOMOILBI0 I'PEUECKUX
YHCIUTETBHBIX, HCIOJIb3YEMbIX KaK YHCIIOBBIC MPUCTABKHU : | — MmoHO- , 2 — Ou- (bu-), 3 — mpu- , 4 —
mempa-, 5 — nenma-, 6 — 2exca- v T.1.

[Mudpamu (puMCKUMH U apaOCKUMU), TPUBOIUMBIMU B CKOOKax IMocje Ha3BaHHS 3JIEMEHTa,
yKa3bIBaeTcs (IIp1 HE0OXOAUMOCTH) €r0 BAJICHTHOCTb MJIM CTEIIEHb OKUCICHMSL.

IIpocThie BemecTBa

XUMHAYECKUE 3JCMEHTBHI B CBOOOJHOM BHJEC HAXOIATCS B (OpPME MPOCTHIX BEILIECTB.
Ha3BaHusi mpOCTBIX BELISCTB HE MOMAYUHSIOTCS CHCTEMATHYCCKOH HOMEHKJIATYpe T.C. SIBJISIOTCS
TPUBHAIBHBIMUA. UKCIIO aTOMOB B OJJHOM MOJICKYJIe HPOCTOrO BEIIECTBA HA3BIBAIOT AMOMHOCHIbIO.
Hanpumep, Bce uneptabie ra3el (He, Ne, Ar, Kr, Xe, Rn) — 00pa3yioT ogHOaTOMHBIE MOJICKYJIBI.
Mornekyinsl 8ooopoda (Hz), xucnopooa (O2), azoma (N2), xnopa (Cl2) u ap. — cocrost u3 OByX
aTOMOB OJIHOTO U TOTO K€ XUMHYECKOTO 3JIEMEHTA U MI03TOMY HA3bIBAIOTCS JABYXaTOMHBIMH.

SIBJieHUE CYIIECTBOBAHUS XMMHUYECKOTO 3JIEMEHTA B BUE JIBYX WJIM HECKOJBKHUX MPOCTBIX
BEIIECTB, PA3JIHYAIOIIUXCS 10 KOJMYECTBEHHOMY COCTaBY HWJIM KPHCTAUIMYECKOMY CTPOCHHIO,
MOJIYYHIIO Ha3bIBAHUE asiomponusi. B Ha3BaHUAX aJIOTPOIHBIX MOIU(DHUKAIMKI TPOCTHIX BEIIECTB
10 CHCTEMAaTHUYECKON HOMEHKIIATYpe, KaK MPaBUjI0, COBMAIAIOIINX C HA3BAHUEM COOTBETCTBYIOIIUX
XUMHYCECKHX 3JIEMEHTOB, HEOOXOAUMO YKa3bIBaTh YHCJIO aTOMOB 3JIEMEHTA B MOJICKYJIE, HAIPUMEP
O3 — mpukucropoo (030H), S8 — okmacepa (Kpuctajuueckas cepa), Sn —noaucepa (amopdHas
cepa). MckimtoueHne COCTaBISIFOT YIIePO] U KUCIOPO/, JIJIsl KOTOPBIX aJUITOPOITHBIC MOAU(DUKAIINT
HA3bIBAIOTCS, COOTBETCTBEHHO, AIMA3, epaghum, KapouH, gyriepen U 030H.

Bce uzomonut  kakoro-nmbo dneMeHTa  (pasiMYHBIE 0 AaTOMHOMY CTPOCHHIO  €ro
Pa3HOBHIHOCTH) MMEIOT OJMHAKOBOE Ha3BaHWE. ENMHCTBEHHBIM HCKIIOYEHHEM SIBJISICTCS BOIOPO/,
KaX/IbI U3 TPEX U30TOMOB KOTOPOI'O MMEET CAMOCTOSITEIIbHOE HA3BAHUE: NPOMuULl, Oetmeputi, mpumuii.

CJ10:KHEBIE BellecTBa

B cooTBeTCTBUM ¢ MpHUHIIMIIAMH CHUCTEMATHUYECKOW HOMEHKJIATYphI, XUMUYecKas Gopmyra
CIIOHOTO BEIIeCTBAa pa3liesieTcss Ha YCIOBHBIE DSJEKTPHUUECKHU TMOJOXKHUTENbHYIO (KaTHOH) U
AIIEKTPUYECKH OTpHUIATEIbHYI0 (aHHMOH) cocTapistomme. IlepBas cocraBisiomas — KaTHOH
CTaBUTCS B (JOpMyJIe ClIeBa, a BTOpas — aHUOH — CIIpaBa.

bunapubie coeguHeHUs

B ¢dopmynax OHHAPHBIX COEIUHEHHM, COCTOAIIMX M3 METaUla U HEMETalla, Ha TIEPBOM
mecte (cneBa) Beeraa crout metaut: CaO, NaCl, Cr203, KoS u T.mm.

B ¢opmynax BemiecTB, He COJACPIKAIMX aTOMbI MeTajlia, Ha TIEPBOM MECTE YKa3bIBacTCs
3JIEMEHT ¢ MeHblel anekrpoorpuriarensHocThio: H20, C2Hs, NO2, CS2 u 1.m. Hckmodenue
COCTaBJISIFOT HEKOTOPBIE COSAMHEHHS a30Ta C BOAOPOJOM, JJISI KOTOPBIX OCTABJIEHO TPHBHAIBHOE
Hanucanue popmyin: NHs, N2Ha4.

HasBanusi OMHApHBIX COEIMHEHHMI OOpasyroTCs OT JIATMHCKOTO KOpHsS Ha3BaHUs 0oJjiee
9JIEKTPOOTPHIIATEIBHOTO ~ 3JIEMEHTa C  OKOHYaHHEeM -40 ¥ PYCCKOTO Ha3BaHUs  MEHee
3JIEKTPOOTPHIIATEIBHOTO AJIEMEHTa B POJMTEIBHOM Tajexe. ECIH MeHee 3JIeKTPOOTPHUIIATETbHOTO
SJIEMEHT MOKET HAXOAUTCS B Pa3jIMYHBIX COCTOSHMSAX OKHCIICHHS, TO B CKOOKax yKa3bIBalOT €ro
CTENeHb OKHCICHHs. YKo aToMOB 0OoJiee 3JIEKTPOOTPHIIATEIBHOTO 3IEMEHTa, BXOJAIIETO B COCTaB
OMHAPHOTO COETMHEHUS] MOKET OBITh YKAa3aHO I'PEUECKUM YHCIUTEIbHBIM (MOHO, U, TPU, TETPA U T.1.).
HckimodyeHneM 13 YKa3aHHbIX TPABUIT SIBJISTFOTCS BOJOPOIHBIE COSTMHCHUSI HEMETAIIIIOB, TPOSIBIISIOIINE
0CcoObIE CBOMCTBA M 10 3TOMY HX Ha3BaHMs 0OPA3yIOTCS 110 MIPABKIIAM, IIPUHSATHIM JUIS KUCIIOT.

Oxcuapl. OKCHIaMU Ha3bIBAIOTCS COEIMHEHUST XMMHYECKUX DJIEMEHTOB C OJHUM UM OoJiee
aromoB kuciopoga: H20, CaO, CO2, NO, Al2O3 u 1.1. OKcuabl, coaepKaliue TpyIny aToMOB
KHCIIOPO/Ia, COSMHEHHBIX ApyT ¢ apyroM (—O—O-), Ha3bIBatOTCs nepokcudamu, Hanpumep, H202,
CaOz2 — nepoxcuodovt 6000poda v Kabyusi COOTBETCTBEHHO.
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[To ¢yHKIMOHANBHBIM TPU3HAKAM OKCHIIBI MOAPA3JCISIIOTCA Ha Hecoleobpasylouue Wi
oespaznmunbie (CO, NO,N20)u coneobpasyrowue. Tlocnennue, B CBOIO OdYepeib, ACIATCS Ha
OCHOBHbLE, KUCTOMHble N amomepHble.

OcHo8HbIMU, HA3BIBAIOTCS OKCHJIbI, KOTOPHIM COOTBETCTBYIOT OCHOBAHHS M KOTOpBIC
00pa3yloT COJM TMPHU B3aUMOJCHCTBUM C KUCIOTAMH WJIM KHCJIOTHBIMU OKcuiaamu. Hampumep,
okcuzam Na20, CaO, FeO coorserctBytor ocHoBanust NaOH, Ca(OH)2, Fe(OH)2 u t.1m.

Kucnommuvimu, Ha3bIBAIOTCS OKCHIBI, KOTOPBIM COOTBETCTBYIOT KHCIOTBI W KOTOPBIC
00pa3yroT COJM MPH B3aMMOJCHCTBUM C OCHOBAaHMUSAMH WJIM OCHOBHBIMH OKcHIamu. Hampuwmep,
okcugam CO2, SO3, N20s5 coorBercrBytor kuciaotel H2CO3, H2SO4, HNO3 u 1.1. Kucnorusie
OKCH/JIBI MOTYT OBITh MOJIyYEHBI IIyTEM OTHSTHS BOABI OT COOTBETCTBYIOLIUX KUCIIOT, MO3TOMY HX
Ha3bIBAIOT TAK)KE aHTHPUIAMH KHUCJIOT.

K amgomepnvim OTHOCATCS OKCHUJIBI, KOTOPHIC B 3aBHCUMOCTH OT YCJIOBHUH IPOSBIISIOT
KHCIIOTHBIC MJIM OCHOBHBIC CBOWCTBA T.€. MOT'YT OOpa30BbIBaTh COJM KaK C KHCIOTAMH, TaK M C
ocuoBanusMu. K amdorepusim okcugam otaocstes ZnO, Al203, SnO, Cr203, PbO u ap.

AmdoTepHbIe OKCHIBI HE B3aUMOJACHCTBYIOT C BOJOH, & KHUCJIOTHBIC M OCHOBHBIC OKCHJIbI
IPSIMO HJTH KOCBEHHO B3aUMOJICHCTBYSI C BOIOM 00pa3yrOT COOTBETCTBYIONIUE KUCIOTHI M OCHOBAHUSI.

TIanorenuapl. DOto coenunenus ramoreHoB (F, Cl, Br, |) ¢ wmenee snekrpo-
orpunarenbubiMu d5ementamu: NaCl, AgBr, Kl, NaF u 1.1

XaubkoreHuabl. K 510l rpynmne npuHamiexxar OMHApPHBIE COSAMHEHUS JIIEMEHTOB TPYTIITBI
VIA — cepor (S), cenena (Se) u menypa (T€) ¢ MeHee 3JICKTPOOTPUIIATEIBHBIMHE JJIEMEHTAMHU:
CdS, H2S, KoTe, Cu2Se u t.11.

Boaubie pacTBOpbl BOIOpOAHBIX coenuHenuit S, Se u Te oTHOCAT K OECKUCIOPIOAHBIM
KHACJIOTAM C COOTBETCTBYIOIIMMHU Ha3BaHusmu: H2S — cepoBomoponnas kuciora; H2Se —
CelleHOBOIopoiHas kuciota; HaTe — TemrypoBogopoHas KHCioTa.

Hutpuabl. DTo OuHApHBIE COCAMHEHHS a30Ta C MEHEe SJIEKTPOOTPHIATEIbHBIMU
anementamu: V3N, MgsN2, BN u T.m. Hutpuasl mepexomHbix METaUIOB — METAJLIONOI00HBIC
XUMHYCCKH YCTOHYNBBIC COCAMHEHUS C OUCHb BHICOKOH TBEPAOCTHIO U TYTOIIABKOCTHIO.

Bogopoanbie coenHeHHs a30Ta U UX Mpou3BoaHbIe. K sTomMy THiy BemiectB otHOcsST NH3
— ammuax (autpun Bomopona), NoHa — cudpasun, ouamuo (nepuwurpun Bogopoma) u HNs —
asu006000poo (azun Bogopoaa). ix MoHHbIE TPOM3BOIHBIC UMEIOT CIIEAYIOIINE HA3BaHUS:

NH4* — ammonuii; NH2~ — amuo; NH> — umuo; N3~ — numpuo; N2Hs* — cudpasunuii (1+);
N2He?* — cudpasunuii (2+).

®ochuabl. D10 OHHapHBIE coequHEHHsI ¢ochopa C MeHee HSIEKTPOOTPULIATENbHBIMU
snementamu: CasP2, FesP, KoPs u T.n. Coemunenust docdhopa ¢ Bomopomgom — H3P —gocguo
600opooa n HaP2 — ougpocgpuo 6o0opoda — TpaguIMOHHO paccMaTpPUBAIOTCS Kak THAPHBL. [loaToMy
OHH MMEIOT CHELHANIbHBIC Ha3BaHUs — pocghun u dugpocghan  3armmckiBarotcst Kak PHzu P2 Ha.

Kaponasl. K  kapbupam  OTHOCATCS ~ COEIMHEHMs ~ yrjepoja C  MEHee
aneKTpooTpHnaTeabHbiMu 3eMenTamu: CaCz, SiC, TaC, Mg2Cs u T.1.

Tuapunasl. Tuapunamu SBISIOTCS COSAMHEHHS BOJOPOJA ¢ METALIAMH WJIM HEMETaJUIaMH,
MEHee JJIEKTPOOTPHUIIATEeIbHBIMH, YeM Bogopoa: CaHz, FeHz u t.m. [lnst ruapuaoB 3J€eMEeHTOB TPy
IVA u VA npuMeHsIoT criennanbHble Ha3BaHus ¢ cydukcamu -ax v -un: SiHa — monocunan; SisHs
— mpucunan; AsH3 — apcun; SbH3 — cmubun; BiH3z — eucmymun; As2Ha — ouapcan.

OO1iee Ha3BaHNE MHOTOYHMCICHHBIX THIPUIOB 00pa — 6boparwvl. UMCI0 aTOMOB BOJIOpPOJiA B
9THX COCJMHEHUIX YKa3bIBAIOT apaOCKoii nupoit B Kpymibix ckoOkax: B2He — oubopan (6); BsH11
— neumabopan (11).

HNuTepmerammabl. MHTEpMETAIHAB — XUMHYECKHE COCAMHEHHUS IBYX METauToB. Jlist
3anucu (popMyJ1 HHTEPMETATMUECKUX COCAMHEHUN MPHUHAT CISAYIONIMN TOpsIoK. Eciu Metais
NPUHAIICKAT K PA3HBIM IPYIIaM, TO MEPBBIM B (hOPMYJIC YKa3bIBACTCS JIEMEHT, PACIIONIOKEHHBIN
JeBee B JTMHHOIICPUOTHOM BapHaHTe MepHoudeckoi Tadmmisl Menaeneesa (MgaSn2 u 1.1m.), a
€CIIM METaJUIbl HAXOJAATCA B OJHOW TPYIIE, TO IMEPBBIM YKa3bIBAETCS 3JIEMEHT C OOJIbIIUM
nopsiakoBeiM HOMepoM: KNaz, AuCus u t.1. CucremMaTtHueckoe Ha3BaHHE HWHTEPMETAIUIHIOB
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COCTAaBIISICTCSl W3 HA3BaHMUW DJIEMEHTOB C COOTBETCTBYIOIIMMH YHCJIOBBIMM IIPHCTaBKaMH B
UMeHHTEIbHOM manexe: CuZns — mpuyunk-medv; NasPb7 — cenmaceuney-mpunampuii.

Jlpyrue OuHapHble coeanHenus. [loMmumo ykazaHHBIX B Tabn. | OMHAPHBIX COENMHEHMIA,
CYUIECTBYIOT M Jpyrue, NHOAOOHBIE MM BELIECTBA, TIJE€ B KauecTBE 3JIEKTPOOTPHULATEIbHON
cocraBisitoneld Beictynatotr B, Si, AS u apyrue xuMuueckue 3eMeHTbl. [[pHHIUITBI TOCTPOCHUS
UX Ha3BaHUM U HanucaHus GopMyJ1 HE OTIMYAIOTCS OT PACCMOTPEHHBIX THIIOB.

MHoro3j1eMeHTHbIe COeANHEHHUS

K 3TOMy THIy HEOPraHUYECKUX BEIIECTB OTHOCSATCS COCIMHEHHS, KOTOPbIE HMEIOT B CBOEM
COCTaBe KaTHOHBI M aHUOHBI, COJICPKAIIME aTOMBI JIByX U 00Jiee XMMUYECKUX dIeMeHTOB. [Topsiiok
PACIOI0KEHHSI SJIEMEHTOB BHYTPHU CJIOHOTO KaTHOHA MJIM aHHOHA OMPEIENIAETCS TAKKe, KaK U JJIsI
OMHApHBIX COCJAMHEHUH, a B CIIydae KOMIUICKCHBIX COCIMHEHUH — OCOOBIMH HOMEHKIIATYpPHBIMH
npaBwiamu. Mckimodenue cocraBisitoT  ¢Gopmysiel  aHmoHa OH™ ¥ HMOHHBIX TPOM3BOJHBIX
coenuHeHnii azora ¢ Bopopoxom (Hampumep, NH4Cl u np.). Kpyrisie ckoOku B dopmyrax
UCIIOJIB3YIOTCS IS BBIZICIICHUSI MHOTOATOMHBIX TPYIII, €CJIA X YUCIIO OOJIBILE OJHOM.

I'uapoxcuabl. DTO HEOPraHWYECKHE COCTMHEHHs, COJICpIKAIlUe OJHY WM HECKOJBKO
ruapokcuIbHbIX Tpynn OH, coearHEHHBIX ¢ aTOMaMK pPa3InYHbIX 3JeMEHTOB. K HUM OTHOCSATCS
ocnoganus (ocHoBHble ruApokcuabl) — NaOH, Ca(OH); u ap. u amgpomepnusie cudpoxcuosi,
KOTOpPBIE CIIOCOOHBI MPOSIBJIATH KaK CBOMCTBa OCHOBAHWM, TaK M KHUCIOT. XapaKTePHBIA HpUMED
amdoTtepubix ruapokcuoB — Al(OH)s.

PacTBopuMble B BOJE THAPOKCHIBI INEIOYHBIX M  IMEJOYHO3EMEIbHBIX METAIOB
Ha3bIBAIOTCS WYeEIOUAMU.

CucreMaTH4ecKue Ha3BaHUs 3TOTO KJacca COCAMHCHUN COCTOST M3 CIIOBA «2UOPOKCUO» W
Ha3BaHUSA 3JEMEHTAa B POIMTEIILHOM MAJeXkKe C YKa3aHUEM €ro CTCINEHH OKHCICHHUS, €CIU 3TO
Heooxoaumo: LIOH — aumus euopoxcuo; Ca(OH)2 — kanvyus euoporcuo; Fe(OH)s —ocenesa (111)
2UOPOKCUO Y T.1I.

Yucino rpynn OH, Bxosiiee B COCTaB THAPOKCHIA, ONPEACISET €r0 KUCIOMHOCHb.

Kucaorsl. D10 BemiecTBa, IUCCOLMUPYIONIME B BOJAHBIX PacTBOpax ¢ 00Opa3oBaHUEM
KaTHOHOB BOJIOpoJia (MPOTOHOB) H* M MpOCTBIX MM CIIOKHBIX aHUOHOB — KHUCJIOTHBIX OCTAaTKOB.
Yucno aTOMOB BOJIOPOJIa B MOJICKYJIE KUCIIOTHI, CIIOCOOHBIX 3aMelaTbCsl Ha METalll, Ha3bIBaeTCs
ocnosnocmo kuciomol: HNO3 — ognoocHoBHast, H2SO4 — aByxocnoBnas, H3PO4 — tpexocHoBHas,
H4P207 — ueThipex0CHOBHAS KHCIIOTHI.

Heopranuueckue KUCIOTBI ICNATCS Ha cojiepKariue Kuciuopo (okcoxuciomot) — Tina Hn3Om
u Geckucnopoanbie — tina HnXm, rae O — KucioTooOpasyromiuii 371eMeHT; X —aTOMbI TaJOreHOB,
XaJIBKOT'€HOB ¥ HEKOTOPBIX JIPYTHX 3JIEMEHTOB; N U M — KOJIMYECTBO COOTBETCTBYIOIIMX ATOMOB.

B HOMEHKIJIaType KHUCIOT HCIOJB3YHOTCS KaK CHUCTEMaTHYECKHE, TaK W TPaIUIHOHHBIC,
TPUBHAIIBHBIC HA3BaHHs, KOTOPBIC HE BCET/a MOJHOCThIO OTPAKAOT COCTAB BEUIECTBA M IO3TOMY
MIPUTOJIHBI TOJIBKO JIJISl HAMMEHOBAHUS OTPAaHMYCHHOTO YK CIIa XOPOIIO U3BECTHBIX KHCIIOT.

CucreMaTu4ecKue Ha3BaHUSI OKCOKUCIIOT CTPOSITCS MO CIICAYIOIIUM NpaBHIaM: B Ha3BaHUU
aHMOHA BHAYAJIC YKA3bIBAKOTCS aTOMBI KUCIOpoia (-0Kco-), 3aTeM — KHCIOTOOOPa3yOIIUi JIEMEHT
¢ nobasieHueM cyddukca -am, He3zaBHUCUMO OT cTeneHn ero okucienus: H2CO03 —
mpuokcokapoonam (IV) eooopooa; H2SOs — mempaoxcocynvgpam (VI) eodopooa; HNO2 —
ouokconumpam (II1) éooopoda v T.1.

[lpyu HanWuyMKM B aHUOHE IPYTUX aTOMOB (3aMECTUTENCH KHUCIIOpOJa) Ha3BaHHWE aHMOHA
COCTOMT W3 KOpHEW Ha3BaHWH COOTBETCTBYIOIIMX JJIEMEHTOB W COEIMHHUTEIHLHOW TJIACHOH -0- B
nopsiike ux pasmenienus B popmyne: HSO2F — ¢gpmopoouoxcocyrvgpam (IV) 6ooopooa, H2CS3z —
mpumuoxapoonam (IV) 600opooda v T.11.

TpanuironHoe Ha3BaHHWE OKCOKUCIIOTHI TAKIKE COCTOUT M3 JIByX CJIOB — MPUJIAraTelibHOTO,
NPOM3BOJHOTO OT KOpPHS Ha3BaHUS KHCIOTOOOPA3YIOIIEro O3JEMEHTa, W CIIOBA «KUCIOMA»,
HAMPUMED CEPHAsL KUCIOMA, A30MHAsl KUCIOMA, CONSIHASL KUCIOMA.

Ecnu snemeHT 00pa3yeT HECKOJBKO KHCIIOT, TO pa3lInuyue MEXIy HHUMHU DPEryJupyercs c
OMOIIBIO CY(D(HUKCOB, MPUCOCAMHAEMBIX K KOPHIO PYCCKOTO Ha3BaHHMS dJIEMEHTA!
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-H-, -6- WJIN -e6- — MPH BBICIIICH WM CTUHCTBEHHOW CTENIeHH OKucieHus 3nementa: HsBO3 —
opmobopnas kucroma; H2Cr207 — xpomosas kucioma; HReOs — penuesas xucnoma;

-HO8am- — TIPYU IIPOMEKYTOYHOU CTEIIEHU OKUCIICHHS +5:

HCIO3 — xropnosamas xucroma, HBrOs — 6pomnosamas xucioma;

-(08)ucm- — Ipu MPOMEKYTOYHOU CTECTICHU OKHUCIICHUS +3 U +4:

HCIO2 - oxauopucmas wxucnoma, H2S03 — cepuucmas kucioma, H3AsO3 -
OPMOMbBIUBAKOGUCAsL KUCTIOMA,

-HoBamucm- — IPU HU3LICH MOJIOKUTEIBHOW CTENICHN OKUCIICHHS +1:

HCIO — xnoprosamucmas xucioma, HIO — uooneeamucmas xucioma.

Ecnu paznuume Mexay KUCIOTaMH, 00pa30BaHHBIMH OJHUM DJICMEHTOM B OJHOWM M TOM XKe
CTENICHU OKHUCIICHHUSI, 3aKJIF0YACTCs B Pa3HOM KOJIMYECTBE aTOMOB KHUCIOPOJA, MPUXOMASIIMXCS Ha
OJIMH aTOM KHCIIOTOOOPa3yIOIEro 3JeMEHTa, TO B TPAJAMIIMOHHOM HA3BaHHU 3TO OTPaKaeTCs C
HIOMOUIBIO TPUCTABOK Mema- (IJisi KACIOThI ¢ MEHBIIMM YHCJIOM aTOMOB KHUCIOPOZA) WU Opmo-
(1 KUCIOTBI ¢ OOJBIIMM KOJIMYECTBOM artoMoB kuciopona): H2TeOs — memamennyposas
kucioma, HeTeOs — opmomennyposas xucioma.

OKCOKHUCIIOTBI, COJCpIKaIllie JBa HIH Oojiee aTtoMa KHCIOTOOOPa3yIoIIero 3JIEMEHTa,
Ha3bIBAIOTCS U30NOAUKUCIOMAaMU. JIJ1si KUCIOT TaKOrO THIA HPEANOYTUTEIIbHEE CHCTEMAaTHUCCKHE
Ha3BaHUsA, HO JIJIs1 HAUOOJICe U3BECTHBIX UCIONIB3YIOTCS M TPAAUIIMOHHBIC, B KOTOPBIX YHCIIO ATOMOB
KHCIIOTOOOPA3yIOIIEro 3JIEMEHTa YKa3bIBACTCS € IOMOIIBI0 4nciioBoil mpuctaBku: HaP207 —
ougocpopnas kucnroma, H2S207 — oucepnas kucnroma.

Couu. Conu npeacTaBisiioT co00M MPOAYKT MOJHOTO WM YaCTUYHOTO 3aMEIICHUS aTOMOB
BOJIOPO/Ia B KKCJI0Te Ha MeTasut wiu rpynin OH B ruapokcu/ie Ha KUCIOTHBIA OCTAaTOK.

B 3aBucHMOCTH OT CTENEHHU 3aMelleHHst aTOMOB Bojopoaa wiu rpynn OH obpasyromiuecs
COJIH KJTaCCH(DUIUPYIOTCS Ha:

— cpeonue (HopmanbHvie) colu, TPENCTABIAIONINE COOOM MPOAYKT IMOJTHOTO 3aMEIICHUs
aTOMOB Bojiopoja B kuciote Ha metamt win rpynn OH B ruapokcuae: Na2SO4, FeCls, CaCOs
Zn(NOs)2 u T.11.;

— Kucavle conu (eudpoconu) — MOTyT OBITH 00pa30BaHBl MHOTOOCHOBHBIMH KHCJIOTAMH B TE€X
ClIydasik, KOr/ia KOJMYECTBO B3SATOIO OCHOBAaHUS HEIOCTATOYHO JUIsl 0Opa30BaHUS CPEIHEH COJIH.
[Tpumepst kucneix coneit: KHSOy4, Ca(HCO3),, Fe(H2PO4): v T.11.;

— OCHOBHbIE CONU (2UOPOKCOCONU) — OOPA3YIOTCS TOJIBKO MHOTOKUCIOTHBIMU THIPOKCHIAMU
U TPEICTaBISAIOT CO00i MpoayKT yacTuuHOro 3amenteHus rpynn OH rumpokcuma KHCIOTHBIMA
ocratkamu: MgQOHCI, Fe(OH)NO3 u T.11.

Paznuuarot takxke 0gotiHble cou — 00pa3oBaHHBIE JBYMs METAUIAMH M OJTHUM KHCJIOTHBIM
ocratkoM (KAI(SO4)2, (NH4)2Fe(SO4)2 u np.), cmewannvie coru — oOpa3oBaHHBIE OTHHM
metautoM U aBymsi kuciaotHeiMu octatkamu (CaClOCI, Sr(HS)Cl u np.) u komnaexcuvie conu
(K3[Fe(CN)s], [Ag(NH3)2]CIO4 u ap.).

CucreMaTHyecKoe Ha3BaHHE KHUCJOTHI IUIHOCTBIO CBS3aHO C  HA3BaHHEM  KHCIIOTHI,
TPOM3BOTHBIM OT KOTOPOIt sIBIIsieTCs 3Ta coiib, Hanpumep — K2SO4 — ranus mempaokcocynogpam (VI),
K2Cr207 — kanus cemnoxcoouxpomam (V1), NaCl — nampust xnopuo u T.1.

TpaguuroHHBIE HA3BAHUS COJIEM TaKXKE COCTABJISIOTCA W3 Ha3BaHW AHUMOHOB B
UMCHHUTEJIBHOM TMaJie)Ke W Ha3BaHWsI KATHMOHOB B POJMTEIBHOM Tajexke. lIpu 3ToMm, eciu
KHCIIOTOOOPA3yIOIMi 3J€MEHT aHHMOHA MOXET HMETh TOJIBKO OJIHY CTENeHb OKHUCIICHHS, TO
nobasmsiercst cypdukce -am, a B ciaydae, Korjaa KHCIOTOOOPa3yIOIIUi IEMEHT aHHOHA MMEET JIBE
CTETICHU OKHUCJICHUS, TO TPH BBICIICH CTEIIEHN OKUCIICHHS K KOPHIO mpubasisiercs: cybdukc -am, a
npu Husireid — -um: NazCOs3 — kapbonam nampus, CaSOs4 — cyrvgpam ranvyus, NaSO3 —
cynopum nampusi. TIpu HAIMYUU aHHMOHOB, COOTBETCTBYIOIIUX YETHIPEM CTEICHSIM OKHCIICHHSI
KHCIIOTOOOPA3yIOIIEro 2JIeMeHTa, UX Ha3BaHUS 00pa3ylOTCs CIEAYIONMM 00pa3oM: JJIsl BhICHICH
CTETEeHH OKUCIICHHUS UCTIONB3YeTCs MpucTaBka nep- u cydhukc -am: KBrOs — nepopomam ranus;
3ateM (B TOpPSIKE YMEHBIICHUS CTEMEHH OKUCIeHHs) cyhdurc -am 6e3 mpuctaBku: KBrOs —
opomam ranus;, cypduxc -um: KBrO, — 6pomum rxanus; njis HauMeHbIIEH CTEIIEHW OKHCICHUS
npuctaBka euno- u cypduxc -um: KBrO — zunobpomum xanus.
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B TpamumpyoHHBIX Ha3BaHHMAX COJEH COXPAHSIOTCS TPHUCTAaBKU Memd-, Opmo-, a TaKKe
YHCIIOBBbIE MPUCTABKU Ou-, mpu- W IPyrue, KOTOpbIe MMENHUCh B Ha3BaHHsX Kuciotr: LiBrOs —
opmobpomam numust, KaP207 — ougpocpam xanus v 1.11.

TpaauumoHHbIC HAa3BAHUSI CPETHUX COJIEH HEKOTOPBIX KHCIOT MPUBEACHBI B Ta0. 2.

[Ipy mocTpoeHUM TPaJULIMOHHBIX HA3BAHUM KUCIBIX COJICH K HA3BAHWIO aHMOHA CPEIHEH COJH
JOOABIISIFOTCS IPUCTABKA 2UOPO- Y YKCIIOBAsI TIPHCTABKA, €CIIM KOJIMYECTBO aTOMOB BOJIOPOJia B aHHOHE
6ombie oxHoro: NaHSOs — zudpocynvpum nampus, Fe(H2POa)2 — ouzuopopocpam snceneza(ll)u 1.1

TpamuiroHHbIe Ha3BaHUsI OCHOBHBIX COJIel 00pa3yroTcsi 100aBICHUEM K Ha3BaHUIOAHUOHA
cpeaneit conu npuctaBku euopokco- - MgQ(OH)NO3 — zuopokconumpam maenus (11), Fe(OH)Clz2 —
2uopokcoxiopuo xcenesa (I1l) v t.1m.

Ha3Banuss 1BOMHBIX W CMEIIAHHBIX COJIGH CTPOSTCA OOBIMHBIM OOpa3oM. EjauHCTBeHHOM
OCOOEHHOCTBIO TIpH TNHUCBMEHHOW 3aluCH sBISETCS JiehuC, KOTOPBIA pasziessieT JBOMHYIO YacTb
(KaTHOHHYO B TIEPBOM CITy4yae U aHHOHHYIO — BO BTopoM), Harpumep: KAI(SOa)2 — cyvgham amomurnus—
kanust, NaTI(NO3)2 — numpam manus (I)—nampus, CaClOCI — xnopuo—eunoxnopum kanvyus.

I'mpparel m kpucrauiormaparbl. B HauOonee oOmeM ciydae eudpamsl — COSOUHEHUS,
cofiepykaliiie B cBoeM coctase Boxy, Harpumep: Fe203 nH20, NH3*H20 u np. Kpucrammiieckue riaparst

OIIPEJIETIEHHOrO cocTaBa HasbiBatoTes kpucmanioauopamamu: CuSOs* 5H20, CaSO4° 2H20 u 1.1

Kak cucremarnyeckue, Tak U TPAIUIIMOHHBIC HA3BAaHUS TAKUX COCJAMHCHHI HAYUHAKOTCS CO
CJIOBa «2udpam» B WMEHUTEIBHOM IMaJIe)K€ C COOTBETCTBYIOIIEH UYMCIOBOM MPHUCTaBKOHU. 3aTem
YKa3bIBACTCSl CHCTEMATUYCCKOE HITU TPAJUIIMOHHOE HAa3BaHUE COCTUHCHHUS B POJIUTEIHLHOM MaJIeKe:
NH3 - H20 — cuopam ammuara, Fe203° nH20 — noaueuopam oxcuoa scenesa (I111), CuSO4 5H20
— nenmaeudopam mempaoxcocynvgpama (VI) meou (1), nenmacuopam cynvgpama meou (11).

Ta6n1z1ua 2 — HasBanwus HanboJiee 4acTo INPUMCHACMBIX KHUCJIOT U UX CPCAHUX coJieit

Ha3BaHue KHCIIOTHI
Tpanunmonnoe
TpaIUIIIOHHOE CHCTEMaTHYECKOe XuMmuyeckas
Ha3BaHHE
(moGaBisieTcst CJI0BO (moGamsieTcs CIOBO dbopmyna .
CpeaHen Cou
«KUCTIOMQAY) «8000P00AY)
opmobopHast mpuoxcobopam (111) H3BOs3 opmobopam
V20bHAs mpuoxcokapoanam(lV) H2COs3 Kapbonam
MemaKkpeMHuesas mpuoxcocunuxam (IV) H>Si10; Memacuiuxkam
OPMOKPEMHUEEAS. mempaoxcocunuxkam (1V) H4S104 OpMOCUTUKAM
MbIUBIAKOBAS mempaoxcoapceram (V) H3As0O4 apcenam
OPMOMBLULBIAKOBUCNASL mpuoxcoapcenam (I11) H3AsO; opmoapcenam
opmogocgham
opmogocgopHas mempaoxcogocgham (V) H3POq4 (docam)
oughochopnas eenmaoxcoougocpam (V) H4P,04 oughocgham
A30MHAsL mpuoxconumpam (V) HNO;3 HUmMpam
asomucmas ouoxconumpam (I11) HNO; HUmMpum
Xpomosasi mempaokcoxpomam (VI) H>CrO4 xpomam
cepHas mempaoxcocyrvpam (VI) H>SOq4 cynvpam
cepHucmas mpuoxcocynrogham (1V) H>SO; cynvpum
Map2anyesast mempaoxcomanearnam (VII) HMnOg4 nepmazanam
XJIOPHOBAMUCMASL okcoxnopam (1) HCIO 2UNOXTIOPUM
XJI0pUCMast ouokcoxnopam (I11) HCIO» Xnopum
XJIOPHOBAMAS mpuoxcoxaopam (V) HCIO; Xnopam
XJI0pHaA mempaoxcoxiopam (VII) HCIO4 nepxiopam
X710P0800OPOOHAS. HCl x10pud
(conanas)
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Tema Ne 2. XUMHNUYECKAS TEPMOJANHAMHUKA

#TeopetnueckuiiPa3znen

Xumuueckasi TeEPpMOAUHAMMUKA. OcHoBHBIE onpeaejJIcHus

Xumuyeckas mepmMoOUHAMuKa — STO OOJIACTh XHWMHH, W3Y4YaloIlash XUMHYECKHE PEaKIlHH,
(ha30BbIC TIEPEXO/IBI, a TAKXKE TPEBPAIICHHS SHEPTUU B PA3IUYHBIX XUMUIECKUX TTporieccax. OCHOBHOM
3a/1a4eil XMMHUUYECKOM TEPMOIMHAMHKH SIBIISICTCSI OTBET HA BOMPOCHI: MOXET JIM B JJAHHBIX YCIIOBUSIX
(mpu JaHHOW TeMIlepaType W JaBJICHUHM) CaMOIPOW3BOJIBLHO MPOTEKAaTh XUMHYECKas PEaKius B
pe3ynbTaTe CMEUICHHs pa3IndHbIX BeriecTB? Kakoe KONMMYeCTBO SHEPruM HEOOXOIUMO  JUIs
MPOTEKaHMS PEaKIMU WM, HA000POT, KAKOE KOJIMYECTBO SHEPIHHU BBIZCTHUTCS B PE3yJbTAaTe PEAKIUH?
Kakxum 00pa3om yIpaBIisiTh XAMHYECKOW PEaKIel ISl MOTyYeHHsT HEOOXOAUMBIX TIPOTYKTOB?

[Ipu omucaHUM XUMHUYECKUX IPOIECCOB C TOYKU 3PEHUS XUMHUYECKOW TEPMOIUHAMUKU
UCTIOJIB3YETCS CIIeIaIbHASE TEPMUHOJIOTHUSI.

Tepmoounamuueckou cucmemol Ha3bIBAIOT JI000M MaKpOCKOIIMYECKUN MaTepHabHBIN
O0OBEKT, BBIJACICHHBI K3 BHEIIHEH Cpelbl C IMOMOIIBI0 pPEAbHO CYIICCTBYIOIICH WU
BOOOpakaeMoil TpaHHIBI pa3zfesia, B KOTOPOM BO3MOXKEH Macco- W TEIJIOOOMEH MEeXIy €ero
COCTaBHBIMH YACTSIMH. XMMHYECKAsi CHCTEMa, B KOTOPOI BO3MOXKHO MPOTEKAHUE PEAKIIHI SBIISICTCS
YaCTHBIM  CJIy4aeM TepMOJWHAMHU4YecKod. TepMoamHaMu4eckass CHUCTeMa, KOTopas He
O0OMEHHMBAETCSI C OKPYXKAOIIEH CPEeIoil HU BEIIECTBOM, HU DHEPTUeil Ha3bIBACTCS U30IUPOBAHHOU.
Cucrtema, Kotopas OOMEHMBACTCS C OKpY)KalolIed Cpenod HSHeprueil M He OOMEHUBAETCA
BEIIIECTBOM, HAa3bIBACTCS 3aKkpbimotl. ECIn ke Mex1y CHCTEMON U OKpPYKaIoIel Cpe/ioil BOZMOXKEH
U TEIUIO- U MacCOOOMEH, TO TaKasi CUCTEMa Ha3bIBACTCS OMKPbIMOU.

Jlns  ommcaHWs TEPMOJUMHAMUYECKOH CHCTEMBI BBOJSTCS HE3aBUCHUMbBIC BEIHYUHBI,
NOJYYHBIINE HA3BAHUS NAPAMEMpPO8 cocmosanus cucmemsl. K mapaMerpaM COCTOSHUS OTHOCSTCS
nasienue (p), oovem (V), Temneparypa (7), yucno moneit (n). [lapameTpsl COCTOSHUS CBSI3aHBI
MEXIy cO00W B ypasHnenusi cocmosanus. [IpuMepoM ypaBHEHUSI COCTOSIHUS SIBISIETCS ypaBHEHHE
COCTOSIHUS MJICATBHOTO ra3a (ypaBHeHue MeHneneeBa-Kianeipona):

pV=nRT

DyHnkyueti cocmosanus Ha3bIBACTCSA TaKas MEePEeMEHHas XapaKTepUCTHKA CUCTEMBbI, KOTOpas
HE 3aBUCHT OT IMPEIBICTOPHH CUCTEMBI U M3MEHEHHE KOTOPOW NpPHU Mepexo/ie CUCTEMBI U3 OJHOTO
COCTOSIHUSL B JIPyro€ HE 3aBUCUT OT TOrO, KakuM oOpa3oM ObUIO MPOM3BEIEHO 3TO HM3MEHEHHE.
OYHKIUSAMH COCTOSIHUS SIBJISIFOTCSL BHYTpeHHsss sHeprus (U), surtanbnus (), sHrponus (),
sHeprus ['ubdea (G).

[Iponeccrl, mpoTekarole Mpu MOCTOSTHHOM 00BbeMe (V=const) Ha3bIBAIOTCS U30OXOPHLIMU.
[Tpouecchl, mpoTekarolmue NpU IMOCTOSHHOM JaBlCHUU (p=const) HAa3bIBAIOTCA U30OAPHBIMU.
IIporieccsl, mpoTeKaromye Mpu MOCTOSTHHON TemiiepaType (7=const) Ha3bIBAIOTCS U30MEPMUYECKUMUL.

Paznen XxuMuyeckoil TepMOAMHAMHKH, 3aHUMAIOIIMICS HM3Y4YEHHUEM TEIUIOBBIX 3((EeKTOB
XUMHYECKHX PEaKInil, HA3bIBACTCS MepMOoXUMUel.

TeopeTnueckyro OCHOBY XMMUYECKOH TEPMOJMHAMHUKH COCTABJISIOT TP OCHOBHBIX 3aKOHa,
MOJYYHMBINUX HAa3BaHUE TPEX HaYall TEPMOJAHMHAMUKH.

IIepBoe Ha4Ya10 TEPMOAUHAMHUKH.
TemnoBoi 3pPeKT XUMHUIECKON peakuu. JHTAIbINSA

Kaxnmas TepmommHamMuueckas cucreMa o0alaeT OmpeereHHOW BHYTPEHHEH SHEPTUEH.
BuyTpennsist sHeprus sBisiercss GyHKIMEH COCTOSHUS U CKJIabIBAETCS U3 KMHETHUECKOW YHEPrUH
JBUKEHUS M JHEPTUH B3aUMOJICHCTBUS COCTABIISAIONIUX CUCTEMY YacTHUIl (MOJIEKYJ, HOHOB, aTOMOB,
A1ep, DOJEKTPOHOB). KoOIMYEeCTBEHHBIN yueT BCEX COCTABISIOLIMX BHYTPEHHEH DHEPrUM
HEBO3MOXKE€H, HO JJIi TEPMOJMHAMUYECKOIO aHaju3a CHUCTEMBbl HEOOXOAMMO 3HaTh JIMIIb
U3MEHEHUE BHYTPEHHEH DHEPrUU IIPpU IIEpEeXOJ€ CHUCTEMBI U3 OJHOIO COCTOSIHUSA B JPYroe.
OHeprerudeckuil 3pPexT XUuMUYecKol peakiuu 0OyCIOBJIEH M3MEHEHHEM BHYTpPEHHEH 3Hepruu,
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KOTOPOE BBIPAXKaeTCsi B TOM, YTO, BO-TIEPBBIX, B XOJ€ PEAKIUU BBIIEISACTCS WIH ITOTJIONIACTCS
TEIJIOTa, BO-BTOPBIX, CHCTEMOU coBepIIaeTcs paboTa.

Ilepsoe nauano mepmoouHamuxu yTBEpKIAET, YTO CyMMa U3MEHEHUS BHYTPEHHEH SHEPTHH
(AU) u coBeplIeHHON CUCTeMOH (MM HaJ HEI0) pabOoThI paBHA COOOIICHHOM (MU BBIICTICHHON €10)
teriore (Q):

0=AU+ A.

[lepBoe HavasI0 TEPMOJUHAMUKY SIBJISIETCS YACTHBIM CIIy4aeM 3aKOHA COXPaHEHUsS SHEPTHUH.

PaccmorpuM mpuitokeHHE MEepBOro Havalla TEPMOJWHAMHKHA K KOHKPETHBIM IPOIECCaM.
[lycTh uMeeTCss TepMOIMHAMUYECKAs] CHUCTEMa, MepexoJsliasi MpU IMOCTOSIHHOM JABJICHUU p
(n300apHBIN TIpoIIeCC) M3 COCTOSHHUS 1, XapaKTepusyrmierocss oo0bemMoM Vi1 B COCTOSHHE 2,
xapakrepusylomieecss o0bemoMm V2. PaboTa, coBepmiaemasi CUCTEMOM, OyZeT paBHA MPOU3BEICHUIO
IaBJIEHUS Ha n3MeHeHue oorema AV

A=pAV=pV2- ).

Hcxons w3 mepBoro Havana TEPMOAMHAMHUKY TEIIOBOU dP(PEKT PeaKI|u MPH IMOCTOSHHBIX
naBieHuu u temmepatype (Op):

O =AU+A=(U-UOh) +p(V2+V1)=(U2+pl2)- (U +ph).
Brenem o6o3nauenue U + pV = H, Toraa:
Op=H>-Hi=AH.

Benuunnaa H nasweiBaetcs sumanvnueti. Takum 006pa3om, B ©300apHBIX MPoIIeccax TEIIOBOU
3¢ exT XuMuYecKor peakIuy paBeH N3MEHEHUIO YHTABITUY.

Tennosvim sghpexkmom xumuueckol peakyuu WIA HW3MEHEHHEM OJHTAIBIIMA B XOJE
XUMUYECKOM peakuuu (AHxp) Ha3bpIBa€TCSI M3MEHEHHE HHEPrud MpU HU300apHOM TEpPeXojie
OTIPEICIEHHOr0 YKCIIa MOJICH MCXOJHBIX BEIIECTB B COOTBETCTBYIOIIEE YHCIIO MOJIEH MPOAYKTOB
PCaKMu, BEIPA)KCHHOC B CAMHHUIIAX TEIJIOBOU OHEPIUU — IHKOYJIIAX.

B cnyuae u3oxopHOro mpoiiecca, MPOXOMSIIEro MpH MOCTOSHHOM oObeMe (V' = const),
nepexony CUCTEMbI U3 COCTOSAHUA 1 B cocTosiHuE 2 OTBEUaeT PaBCHCTBO:

Ov=U,-U =AU.

[ToaToMy B H30XOpHBIX Mpoleccax TemaoBod 3¢G(EeKT peakuuud paBeH HW3MEHEHUIO
BHYTPEHHEHN YHEPTUU CUCTEMBI.

M B XuUMHYECKOH TepMOJMHAMHUKE TEIUIOTa, OTIAHHAs CHCTEMOM BO BHEIIHIOI CPENy,
CUMTAETCS OTpHUIaTebHON. Il0dTOMY U OK30mepMmuueckux peakiuid, KOTOphIE HAYT C
sbloenenuem TernoTel, AH<0, a Ui sHdomepmuueckux peaxkyuil, KOTOPBIE UAYT C NO2NOUEHUEM
termnoTel, AH>0.

CrangapTHoe coCTOsIHHE

B xumuueckoll TEpMOJIMHAMUKE CMAHOAPMHBLIM COCMOAHUEM Ha3bIBAETCS COCTOSHUE
CUCTEMBbI, BbIOMpaeMoe KaKk TOYKa OTCYeTa IpPH OLEHKE TEePMOJUHAMHUYECKHX BEJTUYMH.
Heo6xoauMocTs BbIOOpa CTaHAAPTHOTO COCTOSHUS OOYCIIOBJIEHA TEM, YTO B paMKaX XHMMHYECKOU
TEPMOJMHAMHUKHN HE MOTYT OBbITh pacCuuTaHbl aOCOJIIOTHBIE 3HaUEHUS dHepruil ['nud0ca, sHTANIBNNI
U JIpYyrUX TEpPMOJMHAMHMYECKUX (YHKIMH JUIsi JaHHOTO BellecTBa. BO3MOXKeH JMIIb pacyer
OTHOCHUTEJIbHBIX 3HAYEHUH 3THUX BEJIIMYMH B JJAHHOM COCTOSIHUU IO CPABHEHUIO C UX 3HAUEHUEM B
CTaHJapTHOM COCTOSIHUHU. 3HA4YE€HHUsS TEPMOJUHAMMYECKHX BEJIMYMH B CTaHJAPTHOM COCTOSTHUM
Ha3bIBAIOT cMarHoapmHulmu 1 0003HaYaIOT HyJIEM B BEpXHEM MHAeKce, Hanpumep AH°, AG®, S°.

CraHgapTHOE COCTOSIHME XapakTepusyercsi cmanoapmmuwvimu ycaoeusmu. Komuccus 1o
TepMoAMHaMUKe MexayHapoaHOro coro3a Teopernueckor m mpuxiaaHod xumuun (MIOITAK) B
1975 rony onpenenniia B Ka4€CTBE OCHOBHOT'O CTAaHAAPTHOTO COCTOSHUSI:
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— 0N 2a3000pa3HbIX 6eujecme — 4YNCTOE BELIECTBO B COCTOSHHUM MJICANBHOTO rasza C
napnenueM p°=1 atm (1.01-10°T1a) npu Temneparype 7°=298.15 K;

— 0711 MEepovIX éeuiecme — YUCTOE BEUIECTBO, HAXOMSIIEECs O]l BHEIIHHM JIaBJICHHEM
p°=1 atm (1.01-10°T]a) npu TemnepaType 7°=298.15 K.

B kadecTBe CTaHIAPTHOTO COCTOSIHUS ISl MPOCTHIX BEIIECTB MPUHUMAIOT yCTONYHBOE
dazoBoe 1 XUMHUYECKOE COCTOSIHUE AJIEMEHTa IIPH J1aHHOM Temrepatype. Hanpumep, 1 yrinepona,
CIIOCOOHOTO  CYIIECTBOBATh B HECKOJBKUX QUIOTPOMHBIX  MOAU(PHUKAIUAK, CTaHAAPTHBIM
cocTosiHUEM Oyner SBISAThCS yriepod B (opme rpadura. MckiaroueHneM U3 AaHHOTO IpaBHiia
ABISIIOTCS ocop U 0JI0BO, JJII KOTOPHIX B CIPABOYHMKAX MPUBOMAATCS JaHHBIC MO Hamboliee
JIOCTYITHBIM MOAU(UKAIIAM, T.€. 110 Oerromy Gocdopy u 6e10My 0JI0BY.

Tepmoxumuueckne pacuerbl. 3akoH I'ecca

Jlnst pacdera TEIIOBOTO d(PQeKTa XUMHUECKUX PEAKIMHA UCIOIB3YIOT MepMOoXuUMudecKue
YpagHeHus1, B KOTOPBIX 00s13aTEIbHO YKa3bIBAETCS arperaTHOE COCTOSIHUE PEarnpyONUX BEIECTB U
nponyktoB peakiuu: (I') — ras, (OK) — xxunkocts, (TB) — TBepmoe (kpucTamimdeckoe) BEIISCTBO.
Jis TBepIBIX BeHIECTB yKasbiBaeTcss ux noiumopduas momupukanus: Caraout), CamMaz) U T.1.
Jlyis BeIliecTB, yYacTBYIONIMX B pPEaKIUsAX B BOJHBIX PAacTBOpax, ykasbiBaeTcs WHuEKc (aq). B
TEPMOXMMHUYECKUX YPABHEHUSAX TaKXKe O0S3aTENbHO YKa3bIBaeTCA TEIJIOBOH 3ddext (Q) mmm
M3MEHEHHE SHTAIBITNN XUMUYECKOH peakuuu (AHx p.), paCCUUTaHHBIC ISl CTAHJAPTHBIX yCIOBUI
(AH®x p.), HarIpuMeD:

Caraour) + O2 ) = CO2 () + 393.5 x/Ix win
Caraour) + 02y = CO2(ry  AH°xp=-393.5 x]Ix.

HpI/I HCIIOJIb30BAHHUU PA3HBIX (bOpM 3aIllMCU TCPMOXUMHNYCCKUX ypaBHeHI/Iﬁ CJICAYyCT Y4CCThb,
yto Q = -AHxp..

IlepBbIM BaKHEHIIMM 3aKOHOM TEPMOXMMHUM sBMiIcA 3akon Jlagyazve-Jlannaca (1783r.),
COITIACHO KOTOPOMY: Mennosvle 3(p@exmvl XumMuueckux peaxyuil, npomexkaiowux 6 npsmom u
06pamHOM HanpaelenHuu paervl No 6€JUYUHE U NPOMUBONOJI0NCHbL NO 3HAK), HAIIPUMEDP:

Hz ) + LBy = 2HI() AH°xp=+51.8 ]Ik
2HIry=Hz 1) + 12 (TB) AH°xp=-51.8 x]Ixx

OnHako OCHOBY BCEX TEPMOXMMHUYECKHMX pacueToB cocTaBisieT 3akon I'ecca (1840r.):
Menyogol 3heKkm XUMU4ecKol peakyuu, npomexkaroueu 1uoo npu NOCMOSHHOM 0asleHul, Tubo
npu NOCMOSAHHOM O0OveMe, 3a8UCUM MOILKO OM COCMOAHUS UCXOOHLIX U KOHEUHbIX 8eujecme
(npoOyKmos peaxkyuu) u He 3a8UcUm Om Nymu HPOMeKaHUs, m.e. YUcia U nocied08amenbHOCmu
NPOMENCYMOYHBIX CMAOUL, NpUYeM MmemMnepamypa UCXOOHbIX U KOHEUHbIX 8eulecms 00JIHCHA Obimb
00UHaKo8a.

PaccmoTpum peakiuto nonydeHus okcuaa pocdopa (V) okuciaenueM kpacHoro docdopa:

2Pxpach) + 5/202 @) = P20s (1) AH°x p.1=-1492 xJIx

Oxcun pochopa (V) MoxeT ObITH MONy4YeH U ApyruM crocobom. IlepBonavanbHo (ocdop
okucisercs B okcua (ocdopa (I):

2Pxpach) + 3/202 (r) = P203 (1) AH°xp2=-820 x/Ix
O6pazoasumiicsa P2Os; mpu ganpHeiem okuciennu npespaiaercs B P2Os:

P203 (rB) + O2 ) = P20s5 (18B) AH°xp3=-672 x]JIx
CymMupyeM 3T JBE CTaJIuU U UX TEIIOBbIE YPPEKTHI:

2Pxpach) + 3/202 (r) + P203 (1) + O2 (1) = P203 (1B) + P205 (1B)

2Pxpach) + 5/202 r) = P2Os (1)
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AH°xp2 + AH®xp3 =-1492 x/Ix

Takum oOpazom TerutoBbie dPQekTsl peakunii oopazoBanus P>Os kak HENOCPEICTBEHHO U3
dochopa 1 KkucIopoaa, Tak M 4epe3 NPOMEKYTOUHYIO CTauio oOpasoBaHus 1 okucieHus: P2O3 paBHBI:

AH®xp.1= AH°xp2 + AH®xp3,

YTO MOJIHOCTBIO COOTBETCTBYET 3aKOHY | ecca.

3akon ['ecca, oTpakaromuii CBOWCTBO SHTANbIHMM, KaK (PYHKIHMU COCTOSIHHS, MO3BOJISET
KOMOWHUPOBATh TEPMOXUMHUYECKHUE YPABHEHHS MEXKAY COOOW C LENbI0 MOIy4YeHUS HEOOXOIUMON
peakuuu. Jlns ynpolleHHs TEPMOXUMHYECKHX pPAacueTOB HCHOJIb3YETCSl MOHATHE SHTAIBIINU
00pa30BaHMs CJIOXKHOTO BEIIECTBA U3 MPOCTHIX BEILECTB.

OHranbnueil o0pa3oBaHHUS CIOKHOTO BEIIECTBA M3 MPOCTHIX BEUIECTB HAa3bIBACTCS
U3MEHEHHE JHTAIBIIMM B pEakIuu OOpa30BaHUS JaHHOTO BEIIECTBA W3 IMPOCTHIX BEIIECTB B
CTaHJApPTHBIX COCTOSIHUSAX, OTHECEHHBIN K OJTHOMY MOJIIO MOJIyYaIOLIErocsl BElIecTBa. JDHTAIbIIHIO
o0Opa3oBaHusl OOBIYHO OTHOCST K CTAaHAAPTHBIM YCIIOBHUSIM, HA3BIBAIOT CIMAHOAPMHOU IHMALIbRUEL
obpaszosanusi 1 0003HAYAIOT A £ HC93.

Tak, nns runpokapoonara Hatpust (NaHCOs), cranmapTHas sHTaNbnUs oOpa3oBaHust OyneT
COOTBETCTBOBAThH TEIJIOBOMY (D (PEKTy peakiuu:

Na () + 1/2H2 ) + C (rraour) + 3/202 r) = NaHCO;3 (1)

(Cnenyer mpencTaBisTh, YTO 3allMCAHHOE TEPMOXMMHUYECKOE YpaBHEHHE — YCJIOBHOE, U
COOTBETCTBYIOIIAS €My XUMHYECKas peakius He OyAeT UATH B CTAaHAAPTHBIX YCIOBUSX.)

Cmanoapmuas sumanvnus 00paA308aHUs NPOCMbIX Geujecms, HAXO0OAWUXCA 8 Hauboiee
VCMOU4UBOU 8 CMAHOAPMHBIX YCIOBUAX ALIOMPONHOU MOOUPUKAYUU, NPUHSAMA PABHOU HYIIO.

3HaueHUs] CTAaHAAPTHBIX SHTAIBIHK 00pa3oBaHMs pPAa3IMUHBIX BEIIECTB OIPEACISIOTCS
IKCIIEPUMEHTAIILHO UM PACCUUTHIBAIOTCS TEOPETUYCCKH U 3aHOCSATCS B XHMHYCCKHUE CITPABOYHUKH,
Hanpumep, CHpaBOYHUK XHMHKA. B JaHHOM METOIWYECKOM YKa3aHWM 3HadueHus A ¢ H°o8
npuBeneHbl B Tabn. 4.1. Ha c. 23-24. OOumienpuHsATas pa3MEpPHOCTh CTAHIAPTHBIX SHTAIBIHUN
obpa3oBanus — KJ[/MOJTb.

3akoH ['ecca uMeeT BaKHOE CIIE/ICTBUE, COTIIACHO KOTOPOMY, Menio8ol d(hghexm Xumuieckou
peaxkyuu npeocmasisiem codou pazHoOCmb MeHcOy CYMMOU CMAHOAPMHBIX IHMANbNUL 00PA306aHUS
NPOOYKMO8 Peakyuu 1 CyMMOU CIAHOAPMHBIX IHMANLAUL 00PA308AHUS UCXOOHBIX 8EUYeCS:

Ay, = Z (V PA s )HPOLLYKTOB B Z (V "ApHg )MCXOZLH.B—B 2

ra€ v — CTCXHUOMCTPHYCCKUC KOB(b(i)I/IIII/IeHTI)I, C KOTOpPBIMM HCXOJHBIC BCHICCTBA H
MMPOAYKTHI p€aKINU BXOIAT B TCPMOXHUMUUCCKOC YPABHCHNUEC PCAKIINU.

JuTponus. Bropoe u Tperbe HaYaIa TEPMOAUHAMUKHI

JIroO60i XUMHYECKHUH MpOIecC MOKHO IMPEICTaBUTh KaK COBOKYITHOCTH JIBYX SIBJICHMI: BO-
NEPBBIX, II€PENayd DHEPIMM, BO-BTOPBIX, HW3MEHEHHUS YNOPSIJAOYEHHOCTH BO B3aMMHOM
pacnojio)keHuu yacTtull. TepmoauHamuueckass (yHKLHUS, KOTOpas OTBEYAaeT 3a W3MEHEHHE
YHOPSIOYEHHOCTH YacTHI] NTOJTydnia Ha3BaHue snmponuu (S).

Dumponuss — Mepa HEYynops0OYeHHOCMU  CUCHeMbl. DHTPONHUS  MPOMOPIHOHATbHA
JorapupmMy TepMOTUHAMUYIECKON BEPOITHOCTH cucTeMbl (1):
S=kln W,

rne k — mocrosHHas bonbeivana. [lon TepMoamHaMMUYecKOW BEpOSTHOCTHIO MOHHUMAIOT
YHCIIO CTIOCO00B, KOTOPBIM MOXET ObITh PEAIN30BAHO IaHHOE COCTOSIHUE CUCTEMBI.

IIpu nepexozne cucteMsl U3 Oojee yMOpsIOYCHHOTO B MEHEE YHOPSI0UYEHHOE COCTOSHUE
SHTpPONMS cucTeMbl Bo3pactaeT (AS>0), mpu mepexojie CHUCTEMbl M3 MEHEE YMOPsJA0YEHHOIo B
OoJiee ynopsiI0ueHHOE COCTOSTHIE SHTPOTHS CUCTEMBI yMeHbmaeTcs (AS<0).

Bropoe Hawano TEpMOIMHAMUKH YTBEPKIAET, UYTO 6 UBOIUPOGAHHOU  CuUcmeMme
CAMONPOU3BONILHO NPOMEKAIOM MOJLKO MaKue Npoyeccvl, KOmopwvle 6e0ym K YEenudeHuro
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Heynopsa0oueHHoCmuy cucmemvl, m.e. Kk pocmy sumponuy. OCHOBHOW CMBICT 3TOTO 3aKOHA COCTOUT
B TOM, 4YTO B JIIOGOﬁ HBOHHpOBaHHOﬁ CUCTCMC C TCUYCHHUCM BPCMCHHU MNPOUCXOIUT IMOCTOAHHOC
BO3pacTaHue CTENeHH OeCropsaKa, a, 3HAYUT, U POCT SHTPOIIUH.

B 3aKPBITBIX TCPMOJUHAMHUYCCKUX CHUCTEMAX BO3MOXHBI XUMHUYCCKUC PCAKIUH, KOTOPBLIC
MPOTEKAIOT C yMeHbIIeHHeM 3HTponuu, T.e. ASxp<0. OIHAaKO 3TO HE MPOTHUBOPEUYUT BTOPOMY
Hayajgy TEePMOJUMHAMHUKHU, MOCKOJBKY MOJIHOE H3MeHeHue SHTponuu (ASmonn.) B xone jr00oro
mpoiiecca COCTOUT U3 H3MEHEHHUs JHTPONUU B TepMoAuHamuyeckod cucreme (AScucr)
W3MEHEHUS SHTPOIUU B OKpyxatoiei cpene (ASoxp.):

ASniomn. = AScucrt. + ASokp.

[TosTomy, ecam st Kakod-mubo xumudeckod peakumu ASxp<0, 3HAUUT B XOJe €€
IPOMCXOIUT 3HAYUTEIBHOE YBEJINUYEHUE YHTPONUU OKPYXKArOIEH cpelibl U CyMMapHOe U3MEHEHUE
SHTPONHH BCE paBHO Oyjaet Gosbiie 0.

[TockonbKy OSHTpONMS BeEIIECTBAa SBISETCS Mepoi Oecrmopsiika, TO OYEBHIHO, YTO
HalMEHbLIeH HHTponued OyayT o0janaTh KpUCTaJUIMYECKHE BemiecTBa. JlelcTBUTENBHO, B
KpHUCTaJIaX MOJIEKYJIBI aTOMBl WJIM HMOHBI PACIOJIOXKEHBI B y3JIaX KPHUCTAIUTMYECKOW PEIISTKH B
CTPOTO OIPE/IEICHHOM IMOPSIKE.

Tperbe Hauano TepmonuHaMuku (nocmynam Ilnanka) yTBEepKIaeT, UTO SHMPONUs UOEATbHO20
Kpucmanna npocmozo eewjecmsa npu aoconomuom nyne (0 K) pasna nyno. SHTpONUs UAEATBHOTO
KPUCTAIIIA CJIO)KHOTO BEIIECTBA MPU a0COIFOTHOM HYJIE TaKKe MPUHIUMAETCS] PABHOH HYIIO.

PaccMoTpuM M3MeHeHue SHTPONMHM OT Temreparypsl (puc. 1.1).

A ras

S /

JKUJIKOCTD

KpucTalul. B-BO

0 T

T Txun

Pucynox 1.1 — U3meHeHue yHmponuu om memnepamypol

ITpu 0 K cornacHo Tpetbemy Havany TepMoauHaMukd S=0. IIpu noBellIeHUN TeMIepaTyphl
MOJIEKYJIbl, aTOMbI WJIM MOHBI, PACIOJIOKEHHBIE B Y3JIaX KPHUCTAJUIMYECKOW PEIIETKH, HAUYMHAKOT
coBepuIaTh KojeOaHUs OTHOCUTENBHO IMOJIOKEHUs paBHOBecusd. [Ipuuem, yem Bbllle Temneparypa,
TeM 0oJjbllle MHTEHCUBHOCTh KOJIEOAHUH, U, CIEOBaTEeNIbHO, BbIlle 3HTponus. [Ipu goctuxenun
HEKOTOPOW KPUTUYECKON TeMmmeparypbl (TeMIepaTypbl IUIaBJIEHUS) KOJeOaHHUS CTAaHOBATCS
HACTOJIbKO CHJIBHBIMH, YTO KPUCTAJIIMYECKAsl PELIETKA pa3pylLIacTcs, U BELIECTBO IUIABUTCA. DTO
COIPOBOXKAAETCA CKAaYKOOOPa3HbIM YBEJTMUYEHHEM 3HTpomnuu. [Ipu nepexoae oT KpUCTAIITUIECKOTO
BEIIECTBA K >KMJKOCTH MPOUCXOIUT Pa3ylNopsA0UEHUE CTPYKTYPBl BEIIECTBA, MIOATOMY SHTPOIUS
KHUJIKOCTeH Oousbllle SHTPONUU KPUCTAJUIMUECKUX BemlecTB. [lpum nmanmpHeiieM HarpeBaHUU
IPOUCXOAUT YBEJINYEHHE KHHETUYECKOW OHHEPIMM YacTUIl >KUJIKOCTH, 4YTO COIPOBOXKIAETCS
MIOCTENIEHHBIM YBEJIMUYEHUEM OJHTpPONMU. B Kakoi-TO MOMEHT BPEMEHH, COOTBETCTBYIOIIUMN
TEMIIEPATYpE KUIEHHS, DHEPIHsl BCEX YACTHUI[ KUAKOCTH YBEIMYMBAETCS HACTOJIBKO, UTO OHHU
CTaHOBSITCS CIOCOOHBIMH MPEOOJETh CHIIBI B3aMMHOIO NpUTSKEeHHs. JKHIKOCTh 3aKUIAET, T.€.
NEPEeXOJUT B Ta3000pa3HOE COCTOSIHUE. DHTPOMHUS ITPU 3TOM CHOBA CKAUKOOOPA3HO YBEIMUUBACTCS.
B razax dacTuipl HaxoJITCsl Ha 3HAUUTEIBHOM yAajJ€HUH JAPYT OT Ipyra U JIUIIb HE3HAYUTEIbHO
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B3aUMOJICHCTBYIOT MEXAy COOOM, MpeObIBasi B HENPEPHIBHOM XaOTUYECKOM TEIJIOBOM JIBUKEHUU.
1o 3TOM IpUYKMHE SHTPONUS Ta30B MAaKCHUMAJIbHA:

ScrB) < SoK) < S().

Kaxoe BemiecTBO xapakTepusyeTcs CTaHIApPTHOW sHTporue S°98 — sHTponue 1 moib
BEIIIECTBA B €ro CTaHmapTHOM coctosiHuu npu 298.15 K u nmaBnennn 1 armocdepa. 3HaueHus
CTaH/IapTHON 3HTPOIINHU OIPENEISAIOTCS SKCIEPUMEHTAIBHO UM PACCUUTBIBAIOTCS TEOPETUUECKHU U
3aHOCATCS B XMMHYECKHME CIPaBOYHMKUA. B [aHHOM METOAMYECKOM YKa3aHWM CTaHJIapTHBIE
SHTPOMHH BEIIECTB HaxomaTcs B Tabn.4.1 Ha c.23-24. 3HayeHUS SHTPOIUU HMEIOT Pa3MEpPHOCTh
Jx/monw-K. Cmanoapmmuvie sHmponuu npocmuix éewyecme He paghvl Hyato!

W3meHeHne SHTpONMM B XOJI€ XMMHUYECKOM pEaKkUMU MOXHO paccyuTaTh KakK pa3HOCTh
MEXIY CYMMOW CTaHIApTHBIX SHTPOIMM IIPOJYKTOB PEAKLUU U CYMMOW CTaHAAPTHBIX SHTPOIHN
MCXOHBIX BEIIECTB MO (hopmyie:

ASxp = Z(V S0 )HPOLLYKTOB - Z(V *S208 )I/ICXOII,H.B—B >

ra€ v — CTCXHUOMCTPHYCCKHUC KOZ—)(b(bI/IIII/ICHTBI, C KOTOpPbBIMM HMCXOIHBIC BCHICCTBA H
MMPOAYKTHI p€aKU BXOIAAT B TCPMOXHUMUYICCKOC YPABHCHUEC PCAKIINH.

JHeprus 'm6oca

[Iporexkanue 000N XMMHUYECKOM peakuuu ompeaensiercs aByMs ¢pakropamu. Ilepssiit
dakTop — sHTanbnuiHbI (AH) — omnpexaesnser M3MEHEHHE SHEpruu cucrteMsl. BTopoit daxTtop —
sHTponuiiHbI (TAS) — onpenenser U3MEHEHUE HEYNOPSI0YEHHOCTH cUCTeMbl. TakuMm oOpazom
IIPOTEKAHNUI0 XUMUYECKON PEaKIMU CIIOCOOCTBYET YMEHBIIEHUE S3HEPIHMU CUCTEMBI U IIEPEXO]] €€ B
6oJiee HEYNOPSI0UEHHOE COCTOSHUE.

Jlnsg  ydera DSHTIBIUHHOTO ¥ DHTPONMMAHOTO (DAaKTOPOB B XUMHYECKOH pPEaKIHH,
HpOTEKAKoIIel MpU MOCTOSIHHOM JIaBJIEHUM U TEMIIEpaType, B TEpMOAMHAMMKE Oblila BBEIEHA HOBas
GyHKIUS — M300apHO-M30TEPMUYECKHI TOTeHIMAN Wi dHepeus [ uboca (G). Dueprust I'mbOca
CBsi3aHa C PHTAJBIMEN U SHTponuel ypaBHeHueM ['ubbca:

AG =AH - TAS.

B nmob6oti 3akpvimoti cucmeme npu NOCMOSAHHOM OAGIEHUU U MeMNepamype B03MONCEH
MOJILKO MAKOU CAMONPOU3BOTIbHbILL NpoYecc, KOMOopblil eedem K yMeHvuieHuto dHepeuu 1uboca.
CnenoBarenbHO, YCIOBHEM NPUHLUINAIBHON BO3MOYKHOCTH XHMHYECKOH PpEakUuu SBISIETCA
HEpPaBEHCTBO:

AGxp. <0.

B cayuae, korna AGx.p. > 0, caMOIIPOM3BOJIBHOE NMPOTEKAHUE peakMy HeBO3MOKHO. Eciu
AGxp. = 0, cucrema HaXOJUTCS B COCTOSSHUM XMMHYECKOT'O PAaBHOBECHSI.

Bxutag SHTpONUHHOTO ¥ SHTATBIUIHOTO (PAKTOPOB 3HAUNUTEILHO 3aBUCUT OT TEMIIEPATYPHI.

IIpu Hu3kux temneparypax I’ — 0, cnenoarensHo TAS — 0 u AG = AH. JloMuHUpYOLIMM
CTAaHOBUTCS OSHTAIBIMUHHBIN (akTOp, MO3TOMY TpPH HH3KHX TeMIeparypax, Kak MpaBuio,
CaMOTIPOU3BOJIBHO MTPOTEKAIOT dK30TepMudeckue peakiuu (AHx p.<0).

IIpu BeICOKMX Temmepatrypax I — oo, cuepoBatensHo |TAS|>>|AH| u AG = -TAS.
JIOMUHHPYIOIIUM CTaHOBUTCS SHTPONHMHBIA (aKTOpP, MOATOMY IPH BBICOKHX TEMIIepaTypax, Kak
MPaBUJI0, CAMOIIPOU3BOJIFHO MPOTEKAIOT PEAKIINH, BEAYIIHE K yBEeTUYeHHIO YHTporun (ASx.p>0).

Takum o0pa3oMm mpu aHaIM3e BO3MOKHOCTH CaMOIIPOW3BOJILHOTO MPOTEKAHUS XMUMHUYECKON
PEaKIK HEOOXOIMM OTHOBPEMEHHBIHN YUET SHTATBITMITHOTO M SHTPOMUUHOTO (hakTopoB (cM. Tabdm. 2.1).

B TepmoaMHamuyeckux pacderax IIMPOKO HCIOJBb3YeTCs MOHSATHE CTAaHAAPTHOM SHEpruu
['n66ca oOpa3zoBanusi BemectBa. Cmanoapmuou dSuepeueti [ ubdbca 00paA308aHUs  CLONCHOZO
eeujecmea Ha3bIBaeTCs M3MeHeHue sHeprun ['ndoca mpu odpasoBaHuu 1 MOJIb TaHHOTO COEIMHEHUS
U3 TPOCTBIX BENIECTB MpPU CTAHAAPTHBIX YCIOBHAX. JlaHHYIO BEIMYMHY TPUHATO 0003HAYaTh



20

A £G°98, a pa3MepHOCTh BbIpaxaTh B KJ[k/MOib. B MaHHOM MeTONWYECKOM yKa3aHWW 3HAYCHUS

A £ G®298 HAPATY C IPYTUMHU TEPMOJNHAMHYECKUMU XapaKTEPUCTUKAMU BEIIECTB MPUBEICHBI B Ta0J.
4.1 ga c.23-24.

Tabmuma 2.1 — Yd4eT SHTaNbIUHHOTO M SHTPOIMUMHOTO (HaKTOPOB TMPU OICHKE BO3MOXKHOCTH
CaMONPOU3BOJILHOTO MPOTEKAHUS PEAKIIUH.

3HaK U3MEHEHU
Bo3MOXHOCTh IPOTEKAHUS

byHKIIM o [Ipumep XMMUYECKON peaKIun
XUMHUYECKOU pEeaKIuu
AHxp. | ASxp. | AGxp. P
- + - Peaxmust Bo3moxkHa B JIFOO0OM
H + = +4H
<0 >0 <0 HHTEPBAJIE TEMIIEPATYP CsHy ) + 5020 =3C020) 20
N B N Peaknus HeBo3MOKHA B
mr000M 2Sbre) + 3H2 ) = 2SbH3 (1)

>() <0 >()
HHTEpBAJIC TEMIICPATYP

PeaKHI/IH BO3MOJKHAa JIMIIb IIpU

— — +
- HU3KHUX TeMIepaTypax, 2Hz (r) + O2 () = 2H20 (1)
<0 <0 0
korna |AH| > [TAS]
Peakuust Bo3MOKHa JIMIIb NIPU
* * * BBICOKHMX TeMIIepaTypax, H>ry+ Lay=2HI 1)
>0 >0 0

korna |AH| <|TAS]

Cmanoapmuas suepeusi [ ubboca oopazosanusi npocmuix gewecms, Hax00AuUxXcs 8 Hauboiee
YCMOUYUBOM 8 CIAHOAPMHBIX YCI0BUAX (PAZ080M COCMOAHUU, PABHA HYIIO.

CrannaptHas sHeprusi [ m60ca oOpa3oBaHMs CIOXKHBIX BEIIECTB MOXKET CIIY)KHTh MEPOH HX
TEPMOAMHAMHYECKOH yCTOWYMBOCTH OTHOCUTENIFHO Pa3JIOKEHHS Ha IPOCTHIE BELIECTBA: YEM MEHBIIIE
ec 3HaYCHHUE, TeM 0oJiee YCTOHUMBBIM siBIIsieTCs BenlecTBO. Tak A £ G°298(NH3(r) = -16.71 k/[x/Moib,
a A ¢G®%os(PH31) = 13.4 x/l>)x/Monb, mostomy ammuak (NH3) sBusercs Oosiee cTaOUIbHBIM
coeauaenuem, yem pochun (PH3).

W3menenne sHeprum ['mOOca B XOae XMMHUYECKOH pEaKIMM MOXKHO pPacCYUTaTh, Kak
Pa3HOCTh MEXIY CyMMOM cTaHIapTHBIX 3Hepruil I'mb60ca oOpa3zoBaHUs MPOAYKTOB DPEAKIUH U
CYMMOI1 cTaHJapTHBIX SHepruii ['mb0ca 0Opa3oBaHMs MCXOTHBIX BEIIECTB 110 GPopMyIIe:

AGy, = Z (V WAL EoP )HPOHYKTOB - z (V A G )I/ICXOHHB—B ’

ra€ v — CTCXHUOMCTPHYCCKHUC KOB(b(i)I/IIII/IeHTI)I, C KOTOpPBIMM HCXOJHBIC BCHICCTBA U
MMPOAYKTHI p€aKINU BXOIAT B TCPMOXHUMUUCCKOC YPABHCHNUEC PCAKIINU.

Tema Ne 3. XUMHNYUYECKAS KNHETUKA
#TeopernueckunPaznen

CkopocTb XMMHYECKOH peakiun

Xumuueckasn kunemuxa — paznenn GU3MUECKOW XUMHHU, U3yYaIONIMNA CKOPOCTH W MEXaHU3MBI
MPOTEKaHUs XUMHUYECKUX peakuuid. OCHOBHOM 3amaueil XWMHUYECKOW KHHETUKH SIBJISETCS
MIOCTPOCHHE MAaTeMAaTHYECKOH MOJEeNM XMMHUYECKOH peaknuu (pacdeT CKOPOCTH W OIpe/eieHUe
KMHETUYECKUX KPUBBIX, T.€. 3aBUCUMOCTH KOHIIEHTPALIUH PearupyrouX BEIeCcTB OT BPEMEHH) s
BBIOOPA ONTHMAJIBHBIX YCIOBHH €€ OCYIIeCTBICHUS.

OCHOBHBIM TIOHSITHEM XHMHUYECKOW KUHETHKHU SIBISETCS CKOPOCTh XUMUYECKOW pEeaKIUu.
Ckropocmb xumuueckol peakyuy paBHA YUCITy B3aUMOJICHCTBUN MEXIYy YaCTHUIIAMH PearupyrONINX
BEIIIECTB, MPUBOMAIIMX K OOpa30BaHUIO MPOIYKTOB PEAKIMH, B €IUHUILY BPEMEHH B CIUHUIIE
obbemMa (WA ecomoceHmblX PEAKIM) WM HAa EIUHUIE TOBEPXHOCTH pasaena ¢a3 (st
2emepozeHHbIX Peakiuil).
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T'omocennotl peakiue Ha3bpIBaC€TCS PEaKIUs, TPOTEKAroIIas B OJHOPOAHON cpefie (B OTHOU
daze), HampuMmep, peakIMM B BOJHBIX pAcCTBOpPaxX WM PpEAKIUH MEXAy TIa3000pa3HbBIMU
BEIIIECTBAMH. [ emepocentble PEaKIK MPOTEKAOT Ha TpaHMIle pasnera ¢as, HapuMep TBEPIOH U
KHJIKOH, TBEPJIOW U Ta3000pa3HOiA.

CKOpOCTh XMMHUYECKOW pEaKIMH TaKKe IMOKa3bIBA€T CKOPOCTh, C KOTOPOHM 0OOpa3yroTcs
MPOIYKTHI, JINOO CKOPOCTh, C KOTOPOW PACXOIYIOTCS PEareHTHl MPU MPOTEKAHUH XHUMHYECKON
peaknuu. Tak KaKk CKOPOCTh PEaKIMH MOXET H3MEHATHCS C TEUEHHEM BPEMEHHU, TO CIICIyeT
pa3anyuaTh cpedH0i0 U MeHOBeHHYIO (UCMUHHYIO) CKOPOCTH PEAKITUH.

CpeoHnsisi ckopocmp peakliuy V B HHTEPBAJIE BPEMEHH OT T1 JI0 T2 ONPEEIISAETCS COOTHOIIICHUEM:

v:iuzi£ (1)
Ty — Ty At

r7e C1 1 C2 MOJIIpHasi KOHIEHTpalus J000ro y4acTHUKA peakllid B MOMEHTBI BPEMEHU T1 U
T2 COOTBETCTBEHHO. 3HAK «—» Mepell IpPOObI0 OTHOCUTCS K KOHIICHTPAIMM HCXOJHBIX BEIIECTB,
MOCKOJIBKY C TEYCHHEM BPEMEHHU UX KOHIICHTPAILMs YMEHbIIAETCS (BEIIECTBA PACXOAYIOTCS), a 3HAK
«t»— K KOHIIEHTPALMHU IMPOAYKTOB PEAKIMH, TaK KAaK C TEYCHUEM BPEMEHU HUX KOHIIEHTPALHMU
MOBBIIIAIOTCS (BEIIECTBA 00PA3YIOTCs).

Hcemunnas ckopocms peakiuu Vi — CKOPOCTh PEAKLMU B JAaHHBII MOMEHT BpemeHu. OHa
OnpeAeNsieTcs MepBoil NPOU3BOIHON KOHUEHTPALMH 110 BPEMEHH:

ve = dc/dr, (2)

U TOKa3bIBaCT M3MCHEHUE KOHICHTpanuu dC 3a OECKOHEYHO MaJIbli MPOMEKYTOK BPEMEHHU
dt. B nanpHeiineM B TaHHBIX METOJNYCCKUX YKA3aHUAX MO CKOPOCTHIO XUMHUYECKON PEaKIUi MbI
OyJeM MOHUMATh UICTUHHYIO CKOPOCTb.

Kunernueckasi KpuBas

Kunemuueckas kpueas — 3aBUCUMOCTb MU3MEHEHHs KOHLIEHTpAIMM HCXOJHOI'O BEIECTBA
WIM NMPOJAYKTa (WJIM CBA3aHHOTO C HUMU CBOMCTBAa CUCTEMBI) BO BPEMEHH B PE3yJIbTaTe MPOTEKaHUS
XMMHMYECKOI0 Tpoliecca. DTa 3aBUCMMOCTb MOKET OBbITh BbIpaskeHa B IrpaudyecKoi, TaOIU4HOM nim
aHaIMTHYeCKOW Qopme. B mocnennem ciyyae aHaIUTUYECKOE BBIPA)KEHHE KMHETHMUECKON KPUBOM
Ha3bIBAETCs (MaTEeMaTUYECKUM) ypaHeHUeM KUHeMmuUyecKol Kpugotl. ITO ypaBHEHUE MOXKET UMETh
dopmy ¢ = f(t) umu f(c) = kr.

Tunsl KHHETHYECKUX KPUBBIX pa3HOOOpa3Hbl. Buja KpuBOM 3aBHCHUT, BO-IIEPBBIX, OT TOTO,
ABJIIETCS JIM BELIECTBO PEAreHTOM, POMEKYTOYHBIM MJIM KOHEYHBIM MpoaykToM. Ecnu BeniecTso
— peareHT, TO €ro KOHILIEHTPAllUsl yMEHbIIaeTcs BO BpeMeHU. Eciin BeecTBo — KOHEUHBIH MPOYKT,
TO €ro KOHIIEHTpAalUs YBEIMYMUBAETCSA BO BpeMeHHU. Ecin BemecTBo NpoMeXyTOUHBII MPOLYKT, TO
€ro KOHIIEHTpAIUs YBEITUUUBAETCS, IPOXOJUT YePe3 MAKCUMYM, @ 3aTEM YMEHbIIAETCS.

Bo-BTOpBIX, BUJI KHHETUUECKUX KPUBBIX PEarceHTOB M MPOJYKTOB 3aBUCUT OT TOTO, UAET JIN
IpolLecc A0 KOHLA, T.€. 10 MOJHOTO0 PAacXOJOBaHMsI PEAareHTOB, WM CYLIECTBYET IpeaeabHas
creneHb npespaieHus Menbine 100%. Ecnu peakius unet 1o kouia, o ¢(t)—0 npu t—o0. Yacto
BCTPEUAIOTCS XMMHUYECKHE MPOIIECChl, KOTOpble HE UIYT 10 KOoHIA. K HUM OTHOCSTCS 0OpaTUMbIe
peakiuu, HEKOTOpbIE pyrue mnporeccbl. Kpome Toro, He pacxoAyroTcsl 10 KOHILIA PEareHThl, €Cln
OHM B35Thl B HECTEXUOMETPUYECKOM COOTHOILIEHUH.

JUist SMIOIUPUYECKOTO OMUCAHUS KHHETUYECKUX KPUBBIX UCHOJB3YIOT PAa3IUYHbIe (OPMYIIBI.
VYnauneiii nmonbop Qopmyssl MO3BOJSET Hambosiee TOYHO OINPEAETUTh HadallbHYyH0 CKOPOCTh
PEaKIMU U €€ CKOPOCTh B JIFOO0H MOMEHT BpEMEHHU.

TunuuHeli BUJ KHHETHYECKOW KpHBOM npuBeAeH Ha puc. 3.1. TaHrenc yria HakiioHa
KkuHeTHuecko kpuBod C = f(t) B mammoit Touke dc./dt =1ge mo3BomAET oOmMpeneIUTH
MI'HOBEHHYIO CKOPOCTb XUMUYECKON PEAKIIUH.

Ha ckopocTh XMMHYECKON peaklMyd OKa3bIBaeT BIUSHUE pa3IudHble (aKTOphl, K
BaXHEHMILINM U3 KOTOPBIX OTHOCSITCSL:

— NpUpPOJa pearupyroIinuxX BEIIECTB;
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— KOHIICHTpAIUs PEarupyronux BEIICCTB;

— AaBjieHue (I peakui, UAYIIUX C y4aCTUEM T'a30B);

— TUIOMIAb PEAKITMOHHOM IMMOBEPXHOCTH (ISl TETEPOTE€HHBIX PEAKIIHi);

— TEeMIIeparTypa;

— BHEIITHEE BO3JCHCTBHE Ha CHUCTeMY (CBETOBOC WM HWOHU3HPYIOUIEE H3IyYeHUE;
MEXaHUYEeCKOE BO3JICHCTBUE; YIbTPA3BYK U T.11.);

— IPUCYTCTBHUE KaTaINU3aTOpa UM HHTHOUTOPA.

C

Co

T
0 -

Pucynox 3.1 — Kunemuueckasa Kpueas peakyuu nepeozo nopsaoka

Buusinue pa3an4HbIX (PAaKTOPOB HA CKOPOCTh XUMHYECKOH peaKkiuu
Bausinue npupoabl pearupyromux BelecTs

[TockonpKy XMMUYECKasi peakiys MPOUCXOIUT TOJIBKO MPU CTOJKHOBEHHU YaCTUIl PEarcHTOB,
OIIPEENSIONIYI0 POJIb UIPAaeT UX CTPOCHHE U XapakTep XWMHYECKHX CBS3€il, a Takke CBOMCTBa
oOpazyromuxcsi BemiecTB. [loaToMy peakIiOHHas CIOCOOHOCTb, @ COOTBETCTBEHHO M CKOPOCTb
XUMHUYECKOW PEAKIMH JJaXKe B PS/Ty OJHOTHITHBIX COCAMHEHUH CHIIbHO oTimdaercs. [Ipumepom MoxkeT
CITyKWTh B3aUMOJICICTBHE MEXTy BOAOPOJOM U TanoreHamu (dnemeHTamu VII rpynmsl — ¢ropom,
XJIopoM, OpoMoM, HomoM, actatoMm). Ecmu peakuuss Mexay (TopoM M BOJOPOAOM NPOTEKAET
HeoOpaTHUMO TMpU TeMmeparypax OJIM3KUX K aOCOJIOTHOMY HOMIO Jake B TEMHOTE, TO JUIs
B3aMMOJICHCTBHS MOofa W BOJOpOJa TpeOyeTcs HE TOJBKO BBICOKAs TeMIleparypa, HO U HaJIHMdue
katanu3aropa. [Ipuuem fgaxe B 3TUX YCIOBUSAX peakiys NpoTekaeT oOpaTuMo. CaMblil ske TsKeNbIH 13
rajJoreHoB, acrar, C BOJOPOJOM BOOOIIE HE B3aUMOJAEUCTBYET, M COOTBETCTBYIOILMI eMy
rajI0r€HOBOI0OPO MOXKHO TOJIYYHUTh TOJIBKO KOCBEHHBIM METOJIOM U3 BOJHBIX PACTBOPOB.

BiiusiHMe KOHIEHTPAalUM PearupyrIuX BelecTB. 3aK0H AedCTBYIOIIMX Macc

C yBenuueHHMEM KOHLEHTpAI[MM peareHTOB (YMClla YacTUI[ B €AMHUIE oO0beMa WM Ha
€AMHMIIE TUIOIIAAU TOBEPXHOCTH) 4Yalle IPOUCXOASAT CTOJKHOBEHHS MOJIEKYJ pearupyronmx
BEIIECTB, U, 110 3TOH MPUUYMHE, CKOPOCTh PEaKIM1 BO3PACTAeT.

B xumudeckoll KMHETUKE MPHUHATO Pa3IdyaTh Hpocmble U C0JCHble Peakuu. [Ipocmuvimu
(21emMenmapHbIMU) PEAKITMSIME Ha3bIBAIOTCS PEAKINH, MTPOTEKAIOININE B OAHY CTaauto. CrnodcHbimu
peakusMU Ha3bIBAIOTCS MPOLIECCHI, UMEIOIINE CIOXKHBI MEXaHNU3M U MPOTEKAIOIUe B HECKOIBKO
CTaJuil, T.e. COCTOALINE U3 HEKOTOPOM MOCIIeI0BATEIBHOCTH HJIEMEHTAPHBIX PEAKIIUH.

3aBUCUMOCTh CKOPOCTH pPEAaKIUH OT KOHLEHTPALUKW pearupyroux BeIIecTB s
AIIEMEHTAPHBIX PEAKIUN OIpeNeNnseTcss 0 OCHOBHOMY 3aKOHY XMMHUYECKONW KUHETUKH — 3AKOHY
Oelicmgyowux macc, OTKpeIToMy HOpBexXckuMH yueHbiMHu Karto ['ynbnbeprom u [lerepom Baare B
1867 roxy. 3akoH hopMyIHpYyETCs CIEIYIOIIIM 00pa3oM:

CKkopocmb  XumMu4eckol peaKkuyuu rpsiMO  rpornopyuoHasibHa rpou3eedeHuo
KOHUeHmpauuli pea2upyrouux 8euecms 8 CMmereHsx C rokasamessmu, pPasHbIMU
cmexuoMmempu4ecKkuM KoaghghuyueHmam 8 ypasHeHuUU peakyuu.
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Takum 006pa3om, 11 HEKOTOPOH PEaKIuu, 3aIMMCAHHONW B OOITIEM BHUJIE:

aA +bB =cC +dD, (3)
B COOTBETCTBHUHU C 3aKOHOM ﬂeﬁCTByIOHIHX MacceC CKOpOCTB BBIpa)KaeTCSI COOTHOIICHUCM. .
v = k[A]2[B]°, (4)

rae [A] u [B] — MossipHBIe KOHIIEHTpaNUKU pearupyronux BemecTs A u B cooTBeTcTBeHHO; @
u b — crexuomerpuueckue KOIPQPUIIMEHTH B YPaBHCHUU peakiuH;, K — KOHCTaHTa CKOPOCTH
pEaKIIHH.

BhipaskeHne 3aBUCUMOCTH CKOPOCTH PEAKIMU OT KOHIICHTPALUHU HA3bIBAIOT KUHEMUUECKUM
VPaBHeHUeM.

Koncmanma cxopocmu peakipin K 9uCIeHHO paBHa CKOPOCTH PEAKIMU TPU YCIIOBUH, YTO
NPOM3BEICHUEC KOHIIGHTPALMA BCEX pEarupyrollyx BEIIECTB WIM KaX[as B  OTICIbHOCTH
KOHIIeHTpaius pasHbl 1 Mons/1 (T.e. K =V, ecru [AP =1 u [B]b= 1). Tako¥ pu3HYECKUI CMBICT
KOHCTaHThI CKOPOCTH YKa3bIBaeT Ha TO, YTO €€ BEJIMYMHA JIOJDKHA 3aBUCETh OT BCEX TeX (DaKkTopoB,
KOTOpBIC BJIMSIOT Ha CKOPOCTh PEAKIIMH, 3a UCKIFOUCHHEM M3MECHCHUS KOHIICHTPAIMK PEarrpyrolux
BemiecTB. [l03TOMy KOHCTaHTa CKOPOCTH B OTJIMYHME OT CKOPOCTH pEAKIMU HE 3aBUCHT OT
KOHIICHTpAIIMK pearupyrommx emects! YrucieHHOe 3HaUeHUEe KOHCTAHThl CKOPOCTH PEAKIMU 3aBUCUT
OT BbIOOpa €IWMHMII BPEMEHHM W KOHIEHTpalmu. KoHCTaHTa CKOpPOCTH — BEIMYMHA, WMEIOIIas
Pa3MEpHOCTb, KOTOPAsi ONPEIEIISICTCS] KHHETUYECKUM YPaBHEHUEM XUMHUYECKON PEaKIIUH.

Jliist TeTepOreHHbIX PEaKIMi KOHIICHTPAIUsS TBepIoi (a3bl B KHHETUYECKOE YPaBHECHUE He
éxooum!

JIJ1s TOMOTEHHBIX XUMHUECKUX PEAKIHI B Ta30BBIX CMECSIX CKOPOCTh XUMHUYECKOH peakiuu
MOXET OBITh BBIP@KCHA HE TOJBKO Yepe3 MOJIPHBIC KOHIICHTPAIMU BEIIECTB, HO M Yepe3
napIyalibHbIC JIaBJICHUS KOMIIOHCHTOB.

THapyuanvueim daerenuem (Pi) Taza B Ta30BOM CMECH HA3bIBAIOT JABJICHUE, KOTOPOE ObI
OKa3bIBaJl ATOT ra3, eciu Obl M3 CMECH ObUIM YIaJieHbl BCE OCTAJIbHBIC Ta3bl MPH YCIOBUU
COXpaHEHHUs TIEpPBOHAUYAIBHBIX OOBeMa u Temmeparypbl. CorjacHo 3axouy [Janemowna oOuiee
JIABJICHUE Ta30BOW CMECH, COCTOSIICH M3 UICATBHBIX Ia30B, pABHO CyMME MapIMaIbHBIX JIaBICHHIH
Ka)KJIOT0 rasa:

p=>p. ()

3aKkoH JEHCTBYIONIMX Macc, 3alMUCaHHbIN a1t peakiuu (3) depe3 mapuuaibHble TaBICHUS
OyJeT UMEeTh BU/I:

v=k,-pa P8, (6)

rIe — PA W PB NapuuaibHble naBieHus BemectB A u B coorBerctBenHo, @ m b —
CTeXHOMETpUYeCKrue Kod(pUIMEeHTs B ypaBHEHHWH peakuud,; Kp — KOHCTaHTa CKOPOCTH
XUMHUYECKON PEaKLUU, BBIPAXKCHHAs Yepe3 MapLHUalIbHbIE TABICHMUS.

[Mopsinoxk peakuum

Ilopsdox  peaxkyuu yKa3bIBaeT KOHKPETHYIO 3aBHCHMOCTh CKOPOCTH DPEaKIHUHd OT
KOHIIEHTpaluu peareHToB. OH mpeacTaBiseT co00i MOCTOSIHHYIO, KOTOPYIO MOXKHO OIPEEIHUTh
TOJIBKO JSKCIICPUMEHTAJIBHO WM MOXKCT OBITH MOJIOKHUTEIBHBIM WU OTpULATCIIBHBIM, LEJIBIM WA
IpoOHBIM. Paznudarot ghopmanvuuiii 1 ucmuHHbIll TOPSAOK.

Hcmunnvlii nopsiook WA MOAEKYIAPHOCMb PEAKIIMH  ONpPEIeNseTCS YUCIOM MOJICKYII,
MPUHUMAIOIINX yYacTHE B DJIEMEHTAPHOM XHMHUYECKOM B3auMojelicTBuu. llpu 3TOM umCIO
MOJIEKYJT 00pa3yroNMXcsl BEIIECTB HE WMEeT 3HAueHHWs, TaK KaK MOJICKYJISPHOCTh PEaKIuu
OTIpeIeNAETCS TOJIBKO YHCIOM MOJIEKYJ PearupyronuX BEIIeCTB.

B 3aBuCHMMOCTH OT MOJIEKYJISIPHOCTH, PA3IMYAIOT CICAYIOIINE THITHI PEAKIIHIA:
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MonomonexynsapHeie, B KOTOPBIX TOJBKO OJWH BUJI MOJICKYJ TpPETEpIICBAcT MPEBpaIleHHE,
IPUYEM CTEXMOMETPHYCCKUN KOI((PHUIMEHT B YpaBHEHUU paBeH eauHuUIle, Hapumep A — B;

Bumonexynapuvie, B KOTOPbIX IPUHUMAIOT y4acTHE J1BA PA3IUYHBIX BHJA MOJIEKYJ WM JIBE
MOJIEKYJIBI OJTHOTO BHJA (CTEXHOMETpHUYeCKHil Ko3(pUIMEeHT paBeH aByM), Hanpumep 2A — B,
wmA+B - C.

Tpumonexynapuvie peakuud — B HUX NPUHUMAIOT Y4acTHE TPHU MOJIEKYJIBI OJHOTO WIIU
pa3Hbix  BujgoB, Hampumep, A+B+C—->D, 2A+B—->C, A+2B—->C, 3A-—>B.
TpuMoneKyIspHbIE PeaKIUK OYCHb PEIIKU.

Peaxnuu Oosnee BBICOKOI MOJICKYJISIPHOCTH HE OOHAPY KEHBI.

Dopmanvuvili NOPAOOK PEAKIUH ONPEACISICTCS BEIMYMHOM IMOKa3aTelsl CTENeHH MpU
KOHLIEHTPALlMM B MAaTEeMaTHYECKOM BBIPAKCHHM 3aKOHA JACHCTBYIOIIMX Macc, T.e. B
muddepeHIaIbHOM ypaBHEHUH CcKopocTH. Ecnmu ¢dopmanbHBIA TOPSIOK paBeH €IUHHIE, TO
PEaKIUIO HA3BIBAIOT peakyuell nepeoeo nopaokd, €Cld JBYM — 6MoOpo20 NOpAodKd, €CIH TPeM —
mpembe2o nopsaoka (peaxuu 06osee BHICOKUX MOPSAKOB HE BCTpedaroTcs). Kpome Toro, n3BecTHBI
PEaKIMK, CKOPOCTh KOTOPBIX COXPAHSAETCS HMOCTOSHHOM BO BPEMEHH, TAaK Ha3bIBaGMbIC PEAKIUH
HY/1€8020 NOPAOKA Y HEKOTOPBIE PEAKIINHU, TIOPSIOK KOTOPBIX BBIPAKAETCS IPOOHBIM YUCIIOM.

Paznuyaror TONHBIA W YacCTHRIA THOpSIKK peakiuu. llokaszaTenp cremeHW TpH
KOHIICHTPALlMM BEIIECTBA B YpPaBHEHHH CKOPOCTH BBIPAKAET YACTHBIN IOPAIOK PEaKIUH II0
naHHoMy BemiecTBy. CymMma IokasaTeseld CTENeHH NpU KOHIEHTPALUSAX OMpPEACISeT IOJHBIHI
HOPSIOK peakiuu. Tak, COrmacHO 3aKOHY ACWCTBYIOIIMX Macc, B OOIIEM CIIy4ae MOXHO 3aIHCaTh
BBIPAKCHUE TSI CKOPOCTH PEaKIHU:

v = k{A]*[BP,

[Mopsimok peakiuu 1Mo peareHTy A paBeH a, 1o peareHty B — b; monHblil opsaok peakimm
paBeH a+b.

dopmanbHBI MOPSIOK WIM PaBEeH UCTUHHOMY (MOJIEKYJIIPHOCTH) WJIM B OOJBIIMHCTBE
Clly4yaeB MEHBIIEC HCTUHHOTO MOPSIKA PEaKUUH. [IpHYMHBI PACXOKICHHS MEXKIY IOPSIKOM
pEaKIuK U ee MOJEKYIAPHOCTBIO MOTYT OBITh pas3inyHble. Bo-mepBbIX, WHOTIA, TPH YCIOBUH
OOJIBIIIOT0 W30BITKA OJHOTO W3 PEAarupyloIlUX BEHIECTB IO CPAaBHEHUIO C JPYTUMH, €ro
KOHILIEHTPALUsI OCTaeTCs MPAKTHYECKH HEM3MEHHOH B XOJe peakiuu. B Takom ciydae mopsiaok
PEaKIMU MOJTy4aeTCs Ha SMHHUIY MEHbIIIE, YeM CJIeIOBaJIO Obl 0XKUIATH MO0 CTEXUOMETPUUECKOMY
ypaBHEHUIO. BO-BTOpBIX, YacTO peakius MPOTEKAaeT IO CIOKHOMY MEXaHHU3MYy B HECKOIBKO
CTaguii, ¥ 00IIas CKOPOCTh PEAaKIMU OMNpEAEIsAeTCcs CKOPOCTBI0 Hamboyiee MEIUIEHHOH CTauH.
[Topsiiok B 3TOM Cily4ae paBeH MOJIEKYJISIPHOCTH CaMOW MEIJICHHOW CTAaIHU PEaKIH.

@opManbHBIA MOPSAOK 3aBUCUT OT YCIOBUW IPOTEKAaHHs peakuuu. MeHsAs uX, MOYKHO
U3MEHUTHh (OPMANIbHBII MOPAAOK (HarpuMep, M3MEHEHNEM KOHIICHTPAIMU WK JIaBJICHUS) U TAKUM
00pa3oM yIIpaBiIATh XOJ0M IIpOIiecca.

Bausinue miiomaau mexgasHoil MOBEPXHOCTH

B rereporeHHbIx cucremax (T.e., KOTJa BELIECTBa HaXOJATCS B pa3HbIX (a3ax, HalpUMep,
Pa3HBIX arperaTHbIX COCTOSIHUSIX) XHUMHUEcKas peakuus HAeT Ha MeX(pa3HOH MOBEpXHOCTH.
[TosToMy, yem OoJjbllle MOBEPXHOCTH CONPHUKOCHOBEHHUS pPEAareHTOB, TEM OBICTpee NpPOTEKaeT
peakius. [IOBEpXHOCTh TBEpPIBIX BELIECTB MOXKET OBbITh YBEJIMYEHA MyTeM HX H3MENbYeHus,
MOCKOJIbKY OTHOIIEHHE TUIOIIAAN TOBEPXHOCTH K Macce Y MEJIKUX YacTUIl OOJIbIIe, YeM Y KPYITHBIX.

Crnenyer Takke OTMETHTH, YTO KpPOME IUIOLIAM PEAaKLHMOHHOW MOBEPXHOCTH Ha CKOPOCTH
TeTepOreHHBIX PEaKIUi CYyIIeCTBEHHOE BIIMSHHE OKa3blBAa€T CKOPOCTh IOJIBOJIA pPEarupyroImx
BEIIECTB K MeX(}azHOM MoBepXHOCTU (CKOPOCTh IU((Yy3UMH) M CKOPOCTh OTBOAA MPOAYKTOB
PEaKIHH.

B03MOXHOCTh BIIMSIHUS Ha CKOPOCTh XMMHYECKOW pEaKLUMU MyTEM H3MEHEHUs IUIoUiaan
MeX(pa3zHON TMOBEPXHOCTH (M3MEIbUYEHUS PEareéHTOB) MIMPOKO HCIIOJIB3YETCs B IOPOIIKOBOM
METAJIITYypPIrUH.
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Bausinue Temneparypsbl. YpaBHeHHe AppeHuyca

CKOopoCTh XUMHUYECKOM PEAKIIMM B OUYEHb CHJILHOM CTENIEHH 3aBUCHUT OT TemmepaTypsl. Jlis
peakIuii, mpoTeKarmux mpu o0braHbIX Temmeparypax (0 - 100°C) 3aBUCUMOCTb CKOPOCTH PEaKITuU
OT TeMIIepaTypbl MPUOIMKEHHO ONPEACIACTCS YMIUPUIECKUM npasuiom Banm-I'opga:

[Mpu nosbiweHuUU memnepamypbl Ha kKaxoble 10°C ckopocmb 60sIbUWUHCMEa
XUMUYeCKUX peakyul yeesnu4dueaemcsi 8 2 — 4 pasa.

[IpaBuno BanT-I'odda MoxHO BBIpa3uTh B BUIE (POPMYIIBL:

to—t4
— =Y 10 s (7)

rie Vi M V2 — CKOpPOCTh pEakLUUU COOTBETCTBEHHO Ipu Temieparypax t1 u t2
COOTBETCTBEHHO; Y — TEMIIEPATypHBIA KO3()(OUIIMEHT CKOPOCTH PEAKIIMU, KOTOPBIN ITOKA3bIBAET, BO
CKOJIBKO pa3 yBEJIIMYMBAECTCSI CKOPOCTh JAHHOW PEaKLMK IIPH MOBBILIEHNH TeMiiepaTypsl Ha 10°C.

[IpaBuno Bant-I'opda wnmeer orpaHWYeHHYI0 MPUMEHUMOCTh. Tak, pe3yJbTaThl,
IIOJIyYE€HHBIE C €r0 IOMOILBI0, HE COOTBETCTBYIOT AKCIEPUMEHTAJIbHBIM JIaHHBIM JJI PEaKLUH,
IIPOTEKAIOIINX IIPU OYEHb BBICOKUX M OYEHb HU3KUX TEMIIEpaTypax.

JUI1 TOYHOTO pacyeTa 3aBUCUMOCTH CKOPOCTH XMMHYECKON peakLuu TeMieparypsl B 1889
rogy IBeACKMM YyueHbIM CBaHTe AppeHuycoM Oblla NpPEJIOKEHA Mmeopus aKmMUGHbIX
CMOJIKHOGEHU, SIBIAIOLIEHCS NPOJOKEHUEM KHHETHMYECKOM TEOopuHu ra3oB. Teopusi aKTHUBHBIX
CTOJIKHOBEHUI OCHOBBIBAETCS HA TPEX OCHOBHBIX IOJIOKECHUAX:

— XMMHYECKasi peakuus MPOTEKAaeT TOJbKO B PE3YyJbTaTe CTOJKHOBEHHUS YacCTHI]
pearupyoImx BeIecTs;

— KaXJ10€ CTOJIKHOBEHHE MOXET NPUBOAMTH K PEAaKLMM TOJBKO B TOM ciydae. Ecim ero
SHEPTHUsl IPEBOCXOAUT HEKOTOPYIO MUHUMAJIbHYIO YHEPTHUIO;

— KaKJJ0€ CTOJKHOBEHHE NPUBOJUT K PEAKLUU TOJIBKO B TOM CIIy4ae, €CJIM CTAIKUBAIOLUECS
YaCTHUIIBI ONIPEIETIEHHBIM 00pa30M OPUEHTUPOBAHBI IPYT [0 OTHOIIEHUIO K APYTY.

Ha ocHoBaHMU JaHHOW TeopuM ObLIO BBIBEACHO YpaBHEHHE, IMOKA3bIBAIOIEE 3aBUCHUMOCTD
KOHCTaHTBl CKOPOCTH XMMHYECKOW PEAKLIUU OT TEMIIEPaTyphl, NOJIyYUBLIEE HA3BAHUE VPAGHEHUS.
Appenuyca:

_Ea
k=P.-Z.e RT (8)
rne P — cmepuueckuii  daxtop, XapakTepH3YIOMIMH BEPOSTHOCTH ONpEAEICHHON

reoMeTpUYecKO KOH(PUTYpalluy YacTUI] IPU CTOJIKHOBEHUH; MOXET MPUHUMATh 3HaueHus ot 0 10
1; Z — gncno 3¢(HeKTUBHBIX CTOJKHOBEHHH YacCTHI[ PEarcHTOB B €IMHHIYy BPEMEHH B CIUHHIIC
pEaKIMOHHOTO oObeMa (MM Ha €AMHUIE pPEaKLHOHHOM IOBEPXHOCTH); € — OCHOBaHHE
HaTypalbHbIX Jorapudmos (€ =2,718...); EA — sHeprus aktuBaiuu; R — yHHBepcanbHas ra3oBas
nocrosinuas (8,314 Ik / monb-K); T — remnepatypa.

Onepeust axmueayuu (EA) sBIseTcss BaKHEWIEH SHEPreTHYECKOW XapaKTEPUCTHKON
XUMHUeckor peakuuu. OHa ompenensieTcs Kak 3HEeprusi, KOTOPYIO HaJ0 COOOMIMTHh YacTULaM
pearupyoomux BEIIeCTB, 4TOObl MPEBpPATUTh HX B aKTUBHBIC, T.€. PEAKIMOHHOCIIOCOOHBIE.
@DaKkTUYECKH DSHEpPrusl aKkTHUBAIUS SBISAETCS TOM MHHUMAJIbHOM SHEPrHEH, KOTOPOW JOJIKHBI
o0aaTh YacCTUIBl pEarupyronux BEIIECTB, YTOOBI MPU CTOJKHOBEHUH MEXIY HUMH IPOHM30ILIA
XUMHUYECKasl peakiusi. ODHeprusi akTUBAlUM NPAKTHUYECKU HE 3aBUCUT OT TeMIepaTypbl U
OTIpe/ICNIICTCSl MPUPOAOH pearupyromux BemecTB. [ OONBIIMHCTBA XMMHYECKUX peakiuii Ea
MEHBIIIE PHEPIUM HAaUMEHEE MPOYHOM CBA3M B YACTULAX PEATMPYIOLIUX BEIIECTB U HAXOIUTCS B
npenenax oT 40 mo 400 x/lx/mMons. OgHAKO CYIIECTBYIOT PEAKIIMH, MPOTEKAIOIINE C HYJIEBOU
DHEPrUeil aKTUBALUH.
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Yacto B ypaBHeHuu (8) naBa MHOxutens P u  Z 00bemuHSIIOT BMeECTe B
NPeOIKCROHEHYUAIbHBII MHOXKUTEND A

k=A-e RT, )

Teopusi nepexogHOro cOCTOSIHNS. JHePreTHYeCKue IUarpaMmmbl

HecmoTps Ha psii [OCTOMHCTB, TEOpUS AKTUBHBIX CTOJKHOBEHMI, pacCMOTpEHHas B
npeapIAyeld raBe, o01amaeT HEKOTOPBIMU HEAOCTaTKaMu. Tak, oHa He OOBSICHSET BIUSHHUC HA
CKOpPOCTh XMMHYECKON PEaKIK MPUPOJIbI PACTBOPHUTEIS, TABICHUS, J00ABOK HHEPTHBIX T'a30B U T.JI.
B 3HauMTeNnbHON CTENEHU 3TH HENOCTATKU YUTEHBl B meopuu nepexooHo2o cocmoauus. JanHas
Teopus pazpadborana B 1935 roay amepukaHCKUM ydeHbIM ['eHpu DUPHUHTOM U aHTIIMHUCKAM YYSHBIM
Maiiknom IlonsHu. Teopusi mepexoaHOro COCTOSIHUS OCHOBBIBAETCS HA TEX K€ NMPUHUMIIAX, YTO
TEOpHsI aKTUBHBIX CTOJIKHOBEHUH. OHAKO, B OTIMYUE OT HEE, CUUTAETCS, YTO XUMHUUYECKAs PeaKIIHs
B3aMMOJICHCTBUSL MEXIY MOJIEKYJaMH [POTEKAaeT HE MIHOBEHHO, a B TEYEHHE HEKOTOPOTro
MPOMEKyTKa BpeMeHu. [Ipu 3ToM mpoMCXOIUT MOCTENeHHas TepecTpoiika XUMHUECKUX CBsI3el, pu
KOTOpPOM HadajibHasi KOHQUTYpaIys aTOMOB B HCXOJHBIX MOJICKYJIAX IMEPEXOJUT B KOHCYHYIO Y
MIPOYKTOB PEAKIIUU MPU HEMPEPHIBHOM U3MEHEHUU MEKATOMHBIX PACCTOSTHHIM.

[IyTh mepexoja OT YacCTHI] peardpyroNIMX BELIECTB K YaCTHIIAM MPOAYKTOB PEAKIHH IO
MOBEPXHOCTU NOTEHIUAIBHON S3HEPTUU HA3ZBIBAETCSI KOOPOUHAMOU PeaKyul.

PaccmoTpum MexaHH3M XMMHYECKON peakinu

A2 + B2 = 2AB.

[Tpu COMMKEHUH PEarupyroIuX MOJICKYJ HAYMHACTCS B3aWMOJICUCTBHE MEXKIY HUMH, B
pesynbrare KoToporo xummyeckue cBs3u A—A wu B —B mocremenno ocnabmistorcs.
OMHOBpEMEHHO HAaYyMHAIOT (OPMUPOBAThCS HOBbIe xumuyeckue cBsizu A — B u B — A, koropsie
MOCTENIEHHO YCHUJIMBAIOTCA. B Kakoii-TO MOMEHT BpEMEHH B CHCTEME O00pa3yercsi KOMILICKC,
COCTOSIIIUI M3 JIBYX pEardpyrolMXx MOJICKYJ] M HUMCIOLIMIA XapaKTepPHbIC YepThl, KAaK MCXOIHBIX
MOJIEKYJI, Tak H Oynaymmx mnpoaykToB peakuuu (A2B2*). Takoil KoMIulekc Ha3bIBaeTCs
AKMUUPOBAHHbIM. AKTUBUPOBAHHBIA KOMIUIEKC HM B KOEM Cllydae HE SBJISCTCS CTaOWIbHON
MOJIEKYJIOW MM KaKUM-JIHOO MPOMEXYTOYHBIM COCIMHEHHEM, €ro dHEprus MaKCUMajbHa, OH HE
MOXET CYIIECTBOBAaTh IMPOJOJDKUTEIFHOE BPEMsl M pachaiacTcsi MO0 Ha HMCXOIHBIC MOJICKYIIBI,
1100 Ha MPOAYKTHI peakinuu. B sTom ciaydae cBsisu A — B u B — A cTaHOBSITCS TOJTHOIICHHBIMH, a
cs3u A — A u B — B — paspeiBatorcs (puc. 3.2.).

cxoaHble AKTUBUPOBAHHbINA MpoAyKTHI
BeLLecTBa KOMMNneKkc peakuuu

3‘588 56

>

KoopauHaTa peakuuu

Pucynok 3.2 — Cxema nepecmpoitku Xumuieckux cesaseil 8 Xxooe peakyuu
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Ecmu moctpouTth rpaduk M3MEHEHUsT MOTEHIIMATLHON SYHEPTUU BIIOJTb KOOPIWHATHI PEaKIIUU
MOXHO TOJIYUUTh 2Hepeemuueckue ouazpammul (puc. 3.3.). Ilpu 3ToM BO3MOXKHO nBa ciydas. B
cilydae, KOorja MOTEHIMaJbHash SHEPT sl MCXOIHBIX BEIISCTB BBIINIE SHEPTHH MPOIYKTOB, B XOJIE
XMMHUYECKOW pEaklUWW JaHHas pa3HUIA B OHEPruM BbyIEIseTcs B (opMe  TEIUIOTHI
(3x3oTepmuyeckas peakuus, AH<0). Eciu jxe moreHIanbpHasi SHEPTHsI KCXOAHBIX BEIIECTB HIKE
SHEPTUU TPOAYKTOB, HYXKHA JIOTIOJHUTENbHAS TEIJIOTa, YTOOBl JAHHYIO pa3HUIy B SHEPrUu
KOMITCHCHPOBATh (dH0TepMuueckas peakuus, AH>0).

E " AKTWBWDOBEHHEBIM E “ AETHENDOBAHHBIA
n KOm e ks 2 KCRNNEES
_______ N
HMeoxonHee ! HCx onHBIe MpoaYKTH
BeLUcTEa BeWecTEa FEEEUMM
NMPpoAYETEl DeaKL MM
— » —— : »>
KoopawHaTa peakymm KoopawHaTa pea kgn
3K30mepmMu4decKas peakyus 3H60mepmuquKa,q peakuyus

Pucynok 3.3 — Inepzemuueckue ouazpammol RPOCMbIX peaKyuil

Kpome TOrOo, SHepreTHuecKue IuarpamMMbl TOSCHSIOT (U3UYECKUH CMBICT JHEPTrUU
aKTHBalUK. B Teopuu nepexomHoro coctosiHus EA sBiseTcs sHepreTHueckiuM OapbepoM, KOTOPBI
cucTeMa JOJDKHA IPEeofoJeTh, YTOOBl MEPEHTH OT MCXOAHBIX BEIIECTB K IMPOAYKTAM pPEaKIHH.
VIMeHHO n3-3a BBICOKOTO 3HAYCHHS SHEPTUH aKTHBAIIMHA B HOPMAJIBHBIX YCIOBUSAX MPAKTUYECKH HE
UIyT MHOTHE PEAKIIUH, KOTOPBIE MOTYT MPOTEKAaTh caMonporn3BoibHO (AG<0).

Teopust mepexoHOrO0 COCTOSHUSI C BBICOKOH CTENEHbIO TOYHOCTH OINHCBHIBAET KHUHETUKY
OonpmmHCTBa peakuuid. OgHako Npu o4eHb HU3KUX Temneparypax (<10 K) nabGmronatoTcss oueHb
3HaYUTEIbHbIE (HA HECKOJbKO TMOPSAIAKOB) OTKJIOHEHUS KOHCTAHTBI CKOPOCTH PpEaKUUd OT
TEOPETHUYECKH PACCUYUTAHHON. ITO OOYCIOBJICHO MYHHENbHLIM d¢hhekmom, TPU KOTOPOM
pearupyrolue 4acTUIbl MOTYT NPOXOJUTh CKBO3b JHEpreTHyYeckuil OGapbep. MexaHU3M TaKoro
SIBIICHHUS OOBSICHSIET KBAHTOBAsI XUMHUSI.

Karanus

Kamanuzom Ha3pIBaOT SBIEHHE W3MEHEHHsI CKOPOCTH pPEaKIHMH, IPOUCXOMSIIEE O]
JIeCTBUEM HEKOTOPBIX BEILECTB, HAa3bIBAEMbIX KaTajau3aTopaMu. Kamanuzamop — BeUIECTBO,
KOTOPOE MOBBIIIAET CKOPOCTh XUMHUECKOH PEaKINU, HO CaMO HE PAaCXOIyeTCsl B ATOM IIPOIIECCE.

Kaxnplii kaTanu3aTop XapaKTepU3yeTCsl CeleKmusHOCHblo, T.€. CIIOCOOHOCTBIO YCKOPSATh
TONBKO OJHY pEaKIMI0 W3 HECKOJIBKUX BO3MOXHBIX, H aKMUBHOCMbIO, T.€. BEIHMYMHOMH,
MOKAa3bIBAIOIIEH, BO CKOJIBKO pa3 KaTaJln3aTop YBEJIUYMBAET CKOPOCTH Mpoliecca.

Bce karanutuueckue mpolecchl MOXKHO MOAPA3JIeIUTh Ha TPU TUIIA: 2emepo2eHHble,
20MO2eHHble U (hepMeHmamugHbie.

I'emepozennvlii kamanu3 MpOTEKaeT B TOM Cllyyae, KOrja KaTajlu3aTop M pearupyrouue
BEIIECTBA HAXOJATCS B  pPa3NUuHbIX (azax, T.e. Karajau3arop IMpejaCTaBiIsieT coOoi
camocTosTeNnbHy10 (Qa3y. Bee rereporenHble mponecchl MPOUCXOIAT Ha IOBEPXHOCTH paszzena ¢as.
Bonbiie Bcero n3ydeHsl Te reT€pOreHHbIe MPOLECChl, IPU KOTOPHIX MOJIEKYJIbI Ta30B pearupymor ¢
MOBEPXHOCTBIO TBEPAOTO Tena. [Ipy TeTeporeHHOM KaTajiu3e Ha TBEpAOW MOBEPXHOCTH
OTIPENIeNIAIONIYIO0 POJIb UTPAIOT MPOLIECCHI aICOPOLIHH.
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T'omocennvlti kamanauz OCYIIECTBIISICTCS, KOT/Ia KaTaJM3aTOp M pearupyrollde BeIliecTBa
HAXOATCs B OAHOU (hasze, HampuMep, B COCTaBe pacTBOpa.

PaccMoTpuM MexaHU3M TOMOT€HHOM KaTaJUTUYECKOM XuMUueckol peakiuu. IlycTh
HEOOXOIUMO YBEIHYUTH CKOPOCTH MpeBpalienus semects A u B B Bemectso C:

Meaf1eHHO
A+B > C. G1

HpI/I I[O6aBJ'IeHI/II/I B CUCTEMY KaTajinu3aTropa MEXaHHU3M pPCaKIMUH HU3MCHACTCIA, U Ha nepBoﬁ
CTaluu IPOUCXOJIHUT BSaHMOHeﬁCTBHC BCIIECTBa A ¢ KaTaJIn3aToOpoOM K ¢ O6paSOBaHI/IeM
HGYCTOI\/'I‘{I/IBOFO XHUMHUYECKOI'o COCAUMHCHUA AK:

ObICTPO
A+K > AK. G2

3arem BemectBo AK B3amMojeiicTByeT ¢ BemecTtBoM B ¢ oOpa3oBanmeM TpeOyemoro
npoaykra peakuun C u ¢ pereneparueii karanusaropa K:

ObICTpO
AK + B >C + K. Gs

Kak BugHo, ecnu cymMmHpoBaThb [JB€ CTaJuM KaTaIUTUYECKOrO IIpolecca, TO
pe3yNbTUPYIONIAsl peakiusi OyJIeT MOJIHOCTHI0O COOTBETCTBOBATH TpeOyemomy mporeccy. OmHako
MEXaHU3M PEaKIUU U3MEHHUTCS, U, BMECTO OJTHOM MEIJICHHOHN peakluu, OH OyAeT BKIIIOYATh B ce0s
JIBE OBICTpBIE CTAIUN XUMUYECKOTO MTPEBPALICHUSI.

Tak kak w3meHenue sHeprum [ubOca B xome xumuueckoit peakuuu (AG) sBisteTcs
(GyHKIMEH COCTOSHUS M HE 3aBUCUT OT IIYTH MPOTEKAHUS PEaKLUU, a OMNPEIENAETCS TOJBKO
COCTOSIHUEM MCXOJHBIX BELIECTB U MPOJYKTOB PEAKIIMH, CIIPABEIIMBO PABEHCTBO:

AG1 = AG2 + AGas.

Takum o6pazom, kamanuzamop ne enusiem Ha eenuyuny AG xumuueckou peaxyuu!

[Tockonbky, B MPUCYTCTBUU KaTaan3aTOpa M3MEHSAETCS MEXaHH3M XHUMHUYECKOH peakIluw,
U3MEHSIETCS W ee dHepreTudeckas auarpamma (puc. 3.4.). Eciu HCXOIHYIO peakifio, KOTopas
NPOBOAUTCS 0€3 KaTalau3aTopa, XapaKTepu3yeT HEKOTOopas dHeprusi akTuBanuu Ea 1, To kaxmas
craaus KaTaJIUTHYECKOU PCaKiu UMECT CBOIO SHCPTHUIO aKTHUBAILIUU, 0003HaYeHHEIE HA aunarpamMme
Ea2 u Ea3 cootBercTBeHHO. [TpHdeM sHEeprusi akTHBAIMK KaTaTUTHUYSCKON PEeaKIi MEHbIIIE, YeM
y peakiun 0e3 karammszaropa. ClieoBaTeNbHO, KAMAIU3AMOP YMeHbUldem IHepeUuio akmueayuu
XUMUYECKOU peakyuu.

AEH

KoopauHaTa peakuyum

Bes katanuasarto pa

sesmEmessREBREEES. CKaTaﬂMSaTOpOM

Pucynok 3.4 — Juepzemuueckan ouazpamma KamaiumuuecKkoul peakyuu
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BaxHOl pa3HOBUAHOCTBIO KaTallu3a SIBIACTCS hepMeHmamueHslli KaTain3, POTEKAIOINN
non neWictBueM QepMeHTOB. Depmenmut (3H3uMbl) — ITO OEIKOBBIE MOJEKYIbI, KOTOPBIC
KaTaJu3upylOT XUMHUYECKHUE peaklud B OHONOrHyueckux cucremax. depMeHTh 00ecrnedyuBaroT
HOpManbHOE (YHKIIMOHHPOBAHHE JKUBBIX OpPraHU3MOB. be3 WX [elcTBUS OOJBIIMHCTBO
OMOXMMHYECKHX peaKIUil MO0 MpPOTEeKaeT CIMIIKOM MEJIEHHO, JTUOO HE MpPOTEeKaeT BOOOIIE.
DepMeHTHI 00J1aAI0T CaMBbIMU OOJIBIIIMMHU CPEIA BCEX M3BECTHBIX KATATM3aTOPOB CEIEKTUBHOCTHIO
1 akTuBHOCTHIO (mopsiakxa 10* — 107 pas). BonpmMHCTBO (GEpMEHTOB aKTHBHBEI TONBKO B y3KOM
unrepsaie pH 4 — 9 u remneparyp 273 — 279 K.

Peakiiuu, KOTOpbIE KaTaqUTUYECKH YCKOPSIOTCS MPOAYKTaMH, MOJIY4aeMbIMH B 3TOM K€
peaKIu, Ha3bIBAIOT asmokamanumuideckumu (CaMOyCKOPSIFOIIUMUCS ). ABTOKATATUTUYECKUE PEAKLIUU
BHAuaJIe MPOTEKAIOT MEUICHHO, HO 110 Mepe 00pa30BaHUsI POLyKTOB CKOPOCTh UX BO3PACTAET.

[ToMuMoO KaTanM3aTOpPOB CYIIECTBYIOT M TaKH€ BEIECTBA, YMEHbBIIAIOIIUE CKOPOCTh
HE)KeNaTeJIbHBIX XMMUYECKUX PEaKIHi, KOTOpble HAa3bIBAIOTCA uHeubOumopamu. B oTinume ot
KaTaJnu3aToOpOB, MHTUOUTOPHl HE HM3MCHSIOT JHEPTHI0 aKTUBAMHU. VHTHOUTOPHI MPENSITCTBYIOT
OObIYHOMY IYTH MPOTEKAHHUS XHWMHUYECKOM peaklMH, BCTyHas B pEaKUHUI0 C KaKUMHU-JIH00
MPOMEKYTOYHBIMH TPOAYKTaMH C OOpa3oBaHWEM IPOYHBIX COCAMHCHHN, JMOO OJOKUPYIOT
AKTHBHBIE LICHTPBI KaTaau3aropa.

Karamutuueckue mnponecchl HMMEIOT OrPOMHOE 3HAYEHHUE B COBPEMEHHOW XUMHUYECKOM
MPOMBINUIEHHOCTH. lIpakThyeckn Bce OCHOBHBIE KPYHMHOTOHH2)KHBIE XHMHYECKHE MPOM3BOJICTBA
OCHOBaHbBI Ha MPUMEHEHUH KaTaJIN3aTOPOB, B TOM YKCIIE CHHTE3 aMMHUaKa, CEPHON M a30THOW KUCJIOTHI,
MOJIUIPONUJIEHA, CUHTETUYECKOT0 KayyyKa, aHWINHA, YKCYCHOM KHUCIIOTBI, THIPOTCHU3ALNS KUPOB.
MOITHOCTh OCHOBHBIX KATAIUTHYECKHX IPOIECCOB He(TEeepepadOTKU — KPEKHHTa, THAPOOUYUCTKH,
pudopMuHra, H3OMEpH3ALMU — JOCTUTAET COTEH MWUIMOHOB TOHH, TIO3BOJSISL TOJTydYaTh
BBICOKOKAYE€CTBEHHOE MOTOPHOE TOILTUBO U IPYTHE MIPOAYKTHI C BBICOKMM BBIXOJIOM.

He MeHee BakHBI KaTaJUTUYECKHUE PEAKUMHM W B HalIEd MOBCEAHEBHOH kU3HU. BriepBbie
paspabortannsie B 1907 roay cTUpalbHBIC MOPOIIKH C HCIIOJIB30BAHUEM npomeda3 — (PEPMEHTOB,
paspyuaronmx 6enku — cerogHs cocTaBisioT 80% OT BceX MOIOIIUX CPEICTB.

NurubupoBanne HEXeNATEIbHBIX XUMHUYECKUX PEAKIUNA TakKe I03BOJSIET JOCTUYD
BBICOKOTO JKOHOMHYECKOTO 3ddekra. be3 awmuoxcuoanmos — BemiecTB, MPEIOTBPALIAIOIINX
MIPOIIECCHl  OKHUCJICHUS, HEBO3MOXXHO OBl OBUIO CO3/1aHME€ KaK aBTOMOOMIIBHBIX TMOKPBIIMIEK C
OOJBIIMM CPOKOM CIYKOBI, TaK M THILEBBIX MPOIYKTOB C JJIUTEIBHBIM CPOKOM XpaHEHUS.
NHrubuTopsl KOppO3UU MPOITIEBAIOT BPEMSI KCIUTYyaTallMH METAIITUYECKUX KOHCTPYKITHI.

OOpaTumble XUMHYECKHE peaKkunu. XHMUYeCcKOe pABHOBeCHE

Obpamumvele peakyuu — XUMHUYECKUE PEAKIMM, NMPOTEKAIOUIME NPU JaHHBIX YCIOBHUSIX
OJIHOBPEMEHHO B JIBYX IPOTHUBOIOJIOKHBIX (IIPSIMOM M OOpaTHOM) HAaIIPaBJICHUSX:

— npsimasi peakuyusi —
aA+bB <« cC+dD
< obpamHas peakyusi—

PaccmoTpum 00paTHMyr0 XUMHUYECKYIO PEeaKIMI0 OKUcIeHns okcruaa azota (1I) kucinopoaom
BO3/yXxa B okcuj azora (IV):

2NO (n) + O2(n) = 2NO2 ()

[IepBoHauaJIbHO B CUCTEME MPUCYTCTBYIOT TOJBKO MCXOJHBIE BEIIECTBA, UX KOHLECHTPALUS
MaKCHUMaJibHa, COOTBETCTBEHHO MaKCUMaILHOU OyAET M CKOPOCTh MPSIMOM peaKIuu:

2NO ) + O2(n —» 2NO2 ()
vV =k -[NOJ?[0,]. (10)

ITo mepe obpazoBanust NO2 ucxo/qHbIC BEIIECTBA PACXOAYIOTCS, X KOHICHTpAIMS MaaeT,
Y CKOPOCTb MPSAMON PEAKIINA YMEHBIIAETCS.
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[Mockonbky NO2 He siBiIsIeTCS B yCIOBUSX PEaKIMK CTAOMILHON MOJIEKYJION, TO HAYMHACTCS
MOCTETNICHHBIN pacIajl dTOTO BEIIECTBA HA MCXOJHBIE MO oOpaTHOM peakiuu. [Ipudem ckopocTh
00paTHO# peakiuu B repBoHavanbHbii MOMEHT BpeMenu paBHa 0 (NO2 B cucreme Her), a 3aTeM
3Ta CKOPOCTh MTOCTETIEHHO YBEINUHNBACTCS:

2NO2n) — 2NO )+ O2(n
V=k-[NO,J?. (11)

B omnpeneneHHbIii MOMEHT BPEMEHHU CKOPOCTh MPSIMON U 0OpaTHOM peakuuii CTaHEeT paBHOM
(puc. 3.6.). B 3TOT MOMEHT B CHCTEME HACTYNUT Xxumuueckoe paenosecue. Ckonbko NO2
obpaszyercsi mo mpsimoit peakumu, croibko ke NO m O2 oOpasyercs mo oOpaTHOM, MOITOMY
KOHIIEHTPALlUU BEIIECTB MEPECTaHyT U3MEHATHCS U CTAHYT MTOCTOSIHHBIMH.

V A
_>
\'J
XnMuyeckoe
paBHOBeCKE
PoV=V
\" -
.

Pucynox 3.6 — 3asucumocms cKkOpocmu npAmMoil u 00pamHuoil peakyuu om epemeHu

OCOGEHHOCTBIO XMMUYECKOTO PABHOBECHS SIBISETCS €0 OUHAMUYECKUL XApPaKTeEp, T.e.
HEM3MEHHOCTh KOHIIEHTPAIIMU BEIIECTB BO BPEMEHM SBJISETCS He CIEACTBHEM IIPEKPAIEHUS
XUMHYECKHX PEAKIUH B CUCTEME, a PE3YJILTATOM G63QUMHOL KOMNEHcayuu TPAMON U 0OpaTHON
peaKIuu.

ITocKONbKY V =V, MOKHO 3aIMCaTh:

k-INOJ?[0,] =k - INO,J*. (12)
Otcrona:

k_ INO,7* _ 13

k  NOP[O,] %)

Tak Kak KOHCTaHTBI CKOPOCTH TIPSAMON W OOpaTHOW pEaKIMH SBISIOTCS BEIUYMHAMU
MOCTOSTHHBIMH, TO U WX OTHOIIEHHE SIBJISIETCS TIOCTOSIHHOM BEJTMUYMHOM M HA3BIBAETCS KOHCMAHMOU
pasnosecusi xumuyeckou peaxyuu (K).

B o61em cityyae 1j1st peakiuu:

aA+bB=cC+dD

BBIPAKCHUC IJId KOHCTAHTBI PABHOBCCHUA UMCCT BU!

c d
« _ [CI°[D]

. (14)
[AIP[B]°

Koncmanma pasnoeecuss npeocmaensem coOoii omHouieHue npou3eeoenus MONAPHbIX
KOHYEeHMpayuti NpooOyKmMos peaxkyutl K HpPoU36e0eHUur0 MOJAPHLIX KOHYEHMPayui UCXOOHbIX
eewecme ¢ yuemom cmexuomempuieckux kodgpguyuenmos. KoHCTaHTa paBHOBECHs SBISIETCA
IJIAaBHOM XapaKTEpUCTUKON Ipoliecca paBHOBecus. Ee BennunMHa 3aBUCUT OT TEMIEpPATypbl U
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MPUPOJIBI PEarupyrolinx BELIECTB U OINpeAenseT TIyOMHy MpOoTeKaHus Mpolecca K MOMEHTY
JOCTHDKEHUSI PaBHOBECHOTO cCOCTOsIHHs. YeM Oonbllle KOHCTaHTAa pPAaBHOBECHS, TeM OOJbIle
paBHOBECHE CABUHYTO B CTOPOHY 00pa30BaHUS MIPOJYKTOB MPSMOM peaklnu.

JU1g XUMUUYECKUX peaKlui, MPOTEKAOIINX C YUYACTHEM Ia3000pa3HbIX BELECTB, KOHCTAHTY
XUMHUYECKOI'O PAaBHOBECHSI MOYKHO BBIPA3UTh Yepe3 NapLUAIbHbIE JABICHUS KOMIIOHEHTOB:

a b
K Pa -PB (1 5)
p c .d
Pc -Pp
KoHcTanTa XMMUYECKOTO paBHOBECHS, BBIPAXKEHHAS Yepe3 MapLUUAIbHbIE JABJICHUS BELIECTB,
CBSI3aHA C KOHCTAHTOM paBHOBECHS, BEIPAKEHHON Yepe3 MOJIIPHBIE KOHIIEHTPAIUU, COOTHOIIICHUEM:

Kp = K-(R-T)?, (16)

rae AN — U3MEHEHHE KOJMYECTBA MOJIEH Ta3000pa3HBIX BEIIECTB B XUMUYECCKOW pEaKIUu:
An = (c +d)— (a + b), R— ynuBepcanbHas ra3oBas MOCTOSHHAS, | — TeMIIEpaTypa.

BenuunHy KOHCTaHTBI paBHOBECHS MOXHO ONPEEINTh, 3Hasi H3MeHeHne Heprun [ uboca B
xoj1e XuMHuueckoi peakiuu (AG) o ypaBHEHHIO:

AG = - R-T (In Kp). (17)

HJ’IH I'CTCPOICHHBIX peaKHI/Iﬁ KOHICHTpalus TBCp,Z[Oﬁ (1)33]51 B BBIPAKCHUC IJII KOHCTAHTBI
PAaBHOBCCHUA HC BXOJUT.

Cvemenue xumudeckoro papHosecusi. [Ipunuun Jle Hlatenne

[lepexo XUMHUYECKON CHCTEMBI U3 OJHOIO PABHOBECHOI'O COCTOSIHUSL B JIPYrO€ Ha3bIBaeTCs
cmewenuem (cosuzom) pasHosecus. B cuily TMHAMUUYECKOTO XapakTepa XMMHUYECKOTO PABHOBECHSI OHO
OKAa3bIBAETCsl YyBCTBUTEJIbHBIM K BHEIIIHUM YCJIOBHUSIM U CIIOCOOHO pearupoBaTh Ha UX U3MEHEHHUE.

HanpasneHnue cMmereHus MoJoKEHUsI XUMUYECKOTO PaBHOBECHs B pe3yJibTaTe M3MEHEHUs
BHEIIHUX YCJIOBUI OIpENeNseTcsl NpPaBWIOM, BIEpPBbIE COOPMYIUPOBAHHBIM (DpaHIy3CKUM
xuMuKoM U MetammoBenoM Anpu Jlym Jle llatense B 1884 rogy M Ha3BaHHBIM B €ro 4ecThb
npunyunom Jle lllamenve:

Ecnu Ha cucmemy, Haxo0siWyOCS 8 COCMOSIHUU PasHOBECUSs, OKa3blearom
gHeWwHee go30elicmeue, Mo 8 cucmeme rpoucxoOum makoe CMeuweHue pasHOB8ecus,
Komopoe ocnabnisem amo eo3delicmesue.

CymiecTByeT TpU OCHOBHBIX IapaMmeTpa, U3MEHSsI KOTOpPbIE, MOXKHO CMEIaTh XUMHUYECKOe
paBHOBecHE. JTO — TEMIEpaTypa, AABJICHHWE W KOHIEHTpauus. PaccMOTpuUM HMX BIMSHHE Ha
IIpUMEpPE PaBHOBECHOW PEAKIIMM:

2NO () + O2(n) = 2NO2 (). AH® = -114.5 x]JIx

1) Bauanue memnepamypwi. Ilockonbky ans mnanHod peakumn AH°<0, crnemoBartensHO,
npsiMasi peakiusi uaeT ¢ BbiaeneHueM temia (+Q), a oOpaTHas peakiusi — ¢ TOIJIONCHUEM Terlia
(-Q):

+Q

2NO (r) + O2 () «—2NO2 (n
-Q

[Ipu noBbIIEHNH TEMIEPATyphl, T.€. IPU BHECEHUU B CHUCTEMY JOIMOJHUTEIBHON YHEPTHH,
paBHOBECHE CMEIAeTCs B CTOPOHY OOpaTHOM SHAOTEPMHUUECKOM peakiMu, KOTopas 3TOT U30BITOK
sHeprum pacxonayer. Ilpu yMeHbLIeHHMM TeMmIepaTypbl, Hao0OpOT, paBHOBECHE CMEIIAETCS B
CTOPOHY TOM peakIMM, KOTopas HAET C BbIJICJIEHHEM TeIa, 4ToObl OHO KOMIEHCHPOBAJIO
OXJIaXKJEHHE, T.€. PABHOBECHE CMELIAETCS B CTOPOHY MPSIMON peaKIiu.
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lMpu noebiweHuu memnepamypbl pasHogecue cMewaemcsi 8 CMOPOHY
3HOomepmuyeckoU peakyuu, udywel c rnoaroweHuem sHepauu.

llpu  noOHUXEHUU memnepamypbl pasHo8ecue CMewaemcss 8 CMOPOHY
3K30mepmMuYecKol peakyuu, udywel ¢ ebiOesieHUeM 3Hepauu.

2) Bausnue o6vema. Ilpu MOBBIIICHUN 1aBJICHUS B OOJBIICH CTEIIEHN BO3PACTaeT CKOPOCTh
peakiuu, mpoTekaroiiei ¢ ymenbiienueM oobema (AV<0). [Tpu nmoHKeHHH TaBJICHUS YCKOPSETCS
peakiys, mpoTeKaromias ¢ ypenunueHuem oobema (AV>0).

[Ipu nporekanum paccMaTpuBaeMOM peakuuu U3 3 MOJb Ta3000pa3HBIX BEIIECTB
oOpa3zyercs 2 MOJIb ra30B:

2NO () + O2 (n «——2NO2 )
3 Monb rasa 2 MOnb rasa
Vuex > Vnprop
AV = Vnpog — Vuex <0

HOSTOMy IIPpU NOBBIMICHUHN OABJICHUC PABHOBCCHUC CMCIIACTCA B CTOPOHY MCHBIICTO o0beMa
CUCTCMBbI, T.C. IPOAYKTOB PCAKIHU. HpI/I INOHMKCHUMU OaBJICHUA CMCHICHHUEC PAaBHOBCCHUA
MMPOUCXOAUT B CTOPOHY UCXOAHBIX BCIICCTB, 3aHUMAKOIINUX O0OIBIINKI 00BEM

Mpu nosbiweHuu AasneHusi pasHo8ecue CMewaemcs 8 CMopoHy peakyuu, udyuiel
¢ obpaszosaHueM MeHblUe20 Kosludecmea mMoreli 2a3006pa3HbIX 8euecms.

Mpu noHuxeHUu OasrneHuUsl pasHo8ecue cMewaemcsi 8 CIMOPOHy peakuuu, udyuiel
¢ obpasosaHueM bosblue2o Konudecmesa mMornell 2a3006pasHbIX 8eujecms.

3) Bausinue konyenmpayuu. ITlpu TOBBIIICHHHA KOHIIGHTPAIIMM BO3PACTAET CKOPOCTh
peaKuuu, Mo KOTOPOK BBOAUMOE BEIIECTBO pacxoayercs. JleMCTBUTENBHO TP BHECEHUH B CUCTEMY
JIOMOJTHUTEIBHOTO KOJMYECTBA KHCIOPOJa CHCTEMa «PACXOJyeT» €ro Ha MPOTeKaHHE MPSMOil
peakiuu. [Tpu noHmwkennn KouieHTpaiuu O2 3TOT HEIOCTATOK KOMIICHCHPYETCS IMyTeM pacraja
npoaykra peakiuu (NO2) Ha ucxoHbIe BEIIECTRA.

lMpu noeblWweHUU KOHUEeHmMpauyuu UCXOOHbIX 6euwecme Uunu  MOHUXeHUU
KOHUeHmpauuu rnpodyKmoe pagHo8ecue cMeu,aemcsi 8 CIMopPOoHyY MpsMoli peakuyuu.

lpu MNOHWKEHUU KOHUEeHMPpauyuu UCXOOHbIX 6ewecme Uunu  roebIWeHUU
KOHUeHmpauuu rnpodyKmoe pagHosecue cMeu,aemcsi 8 CMopoHy obpamHol peakuyuu.

BBenenue kaTtanuszatopa B CHCTEMYy HE BIMSET HAa CMEIICHHUE TMOJOXKEHUS XUMHUYECKOTO
paBHOBECHsI, MOCKOJIbKY KaTaau3aTop OJMHAKOBO YBEIHMYMBAET CKOPOCTh KaK MPSMOH, Tak H
00paTHOM peaxIuu.

Tema Ne 4. PACTBOPBI

#TeopernueckuiiPaszmen

OCHOBHBIC IOHATHS

Pacmeopom  Ha3blBaeTCs  TEPMOJUHAMHYECKH  YCTOMYMBasT TOMOTEHHas CHUCTeMa
NEPEMEHHOT0 COCTaBa, COCTOSAIIAS U3 ABYX WM OOJIBIIETO YKciIa KOMIOHEHTOB.

CocTaBHBIMH 4YacTSIMH DPACTBOpA SIBISIFOTCSI PACTBOPUTENh W PACTBOPEHHOE BELIECTBO.
KoMIoHeHT, B cpesie KOTOpOro paBHOMEPHO PACIPEAEIEHO PACTBOPEHHOE BEILIECTBO, HA3bIBAETCS
pacTBopHuTeNneM. ArperaTHoe COCTOSIHUE PacTBOPHUTENS ITPH 00pa30BaHUU PacTBOpa HE U3MEHSIETCS.
Ecnu pacTBOp COCTOMT M3 ABYX JKMUAKHX BEIIECTB, CIIOCOOHBIX HEOTPAHWYEHHO CMEIINBATHCS
MeXIy COOOH, TOHATHSA pPACTBOPUTENh M PACTBOPEHHOE BEUIECTBO TPYAHO pPa3TPaHUYUTh.
PacTBopuTENEM B 3TOM cilyyae CUMTAETCS KOMIIOHEHT, KOTOPOTO OOJIbIIIE.
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Jlig BBIpa)K€HHS COCTaBa pacTBOpa HUCHOJIB3YIOT OTHOILIEHHE Macchl (MM KOJIUYECTBA)
pPacTBOPEHHOIO BelecTBa K Macce (Wi 00beMy) pacTBopa (WIH pacTBOPUTEIS).

PactBopbl OBIBalOT KUAKUE, TBepAble W razooOpasHble. HauOounblee mpakTHyeckoe
3HAUEHUE UMECIOT JKUJKUE PACTBOPHI.

PacTBOpHI ¢ pasmMepoM uactuil MeHee 10~ M HasbIBAIOTCS uCMUHHbLIMY pacTBOpaMu. OHM
COCTOSIT M3 MOJIEKYJI, aTOMOB WJIM MOHOB PAaCTBOPEHHOTO BeEIeCTBAa M pacTBopuTens. JlaHHbie
pacTBOpPBl  MPEACTaBISAIOT COOOH TOMOTEHHBIE CHCTEMBI, BHYTPH KOTOPBIX OTCYTCTBYIOT
MOBEPXHOCTH pazjena. Bce yacTu HCTUHHOTO pacTBOpa OJHOPOJIHBI [10 COCTaBy U CBOICTBaM.

HcTtuHHBIC pacTBOPHI CIEAYET OTIMYATh OT TeTEPOTCHHBIX CHCTEM: KOJUIOUIHBIX PACTBOPOB
U cycreHsuii/amynbenit. Kommonmmsie pactBopsl (pasmep yactuil oT 10~ M 10 1077 M) o6pasyior
BEIIECTBA C OYCHb OOJIBIIUMHU MOJCKyJIaMH — MAaKpPOMOJEKyJlaMu (OCJKH, CHHTETHYECKHE
MOJIUMEPHI U T.J[.) UK arperatbl HOHOB WJIK MOJIEKYJl MaJOpacTBOPUMBIX coennHeHui. CycneH3nu
M OMYIbCUM SBJIAIOTCA I'pyOOAMCIIEPCHBIMH cHCTeMaMu (pasMmep wactuil Oonee 1077 M) u
NPEJCTABISIIOT CO0O0M B3BECH TBEPJOTO BEIIECTBA B JKUIKOCTH, JIUOO OJHOTO YKUIKOTO BELIECTBA B
JIPYrOM COOTBETCTBEHHO. B OTJINUME OT UCTUHHBIX PACTBOPOB YACTHIIBI PACTBOPEHHBIX BEILECTB B
TeTePOTreHHBIX CUCTEMAaX MOYKHO HAOJFOIATh C TIOMOIIBIO ONTHYSCKUX METOJIOB (MHKPOCKOIIHS), a B
psaae TpyOOAMCIEPCHBIX CHCTEM M BH3yalbHO. B JanpHelilieM B JaHHOM METOJUYECKOM
PYKOBOJICTBE TIOJ] TEPMHUHOM ““pacTBOPHI” CJIEyET MOHUMATh TOJBKO UCTUHHBIC PACTBOPEI.

IIpouecc pacrBopenusi. CTpoeHune pacTBOPOB

PacTBOpeHHE TBEp/BIX BEIIECTB B JKUAKOCTSAX MOXKHO MPEACTABUTH CIEAYIOIIAM 00pa3oM.
HOII BJIMAHUCM PACTBOPHUTCIIA OT IMOBCPXHOCTHU TBEPAOro BCIICCTBA ITOCTCIICHHO OTPBLIBAIOTCSA
MOJICKYJIbI HJIH HOHBI M B pe3yJsibTaTe TUPPYy3un paBHOMEPHO PACIIPEACIISIIOTCS MO0 BCEMY 00beMy
pactBopa. [Iporiecc pacTBopeHHsI HOCUT OOpaTUMBIN XapakTep, T.€. MapaJUIeIbHO C PACTBOPCHUEM
UIeT KPHUCTAUIM3aIMsl pPACTBOPEHHOro BemiecTBa. [IpudeM CKOpPOCTh  KPUCTAJUIM3ALUU
YBCIUYMUBACTCA 11O MEPC YBCIIMYCHUA KOHUCHTPALMKU pacTBOpa. B OHpeIICJICHHBIﬁ MOMCHT BPECMCHU
CKOpPOCTh PACTBOPEHHMSI BEIIECTBA CTAHOBUTCS PABHOM CKOPOCTH €r0 KPUCTAJUIN3AIUH, T.€. CKOJIBKO
qacCcTHull BEIIeCTBa 6YI[6T MNEPEXOAUTH B paCTBOp B CAUMHHIY BPEMCHH, CTOJILKO K€ 4aCTUI] 6YI[6T nu
BBIIIENIATHCS. HacTynaetr quHaMu4Yeckoe paBHOBECHE:

PacmeopeHue
Ocapok BewecTtBo B pacteope
Kpucmannu3sauyusi

KoHuentpanus pactBopa B JaHHBIX YCIOBUAX IE€PECTAET YBEJIWYUBATHCS M PACTBOP
CTaHOBUTCS HACBIIICHHBIM. Hacvlujennvlm HA3bIBAETCS PACTBOP, HAXOMSAUIMNCA B JUHAMHYECKOM
paBHOBECHH C U30BITKOM PACTBOPEHHOTO BEIIECTBA.

Yactumel B pacTBOpe VACP)KUBAIOTCA B OKHAKOM ¢aze cmiaMu HEKOBaJECHTHBIX
B3aumoencTBui. [Ipu 3TOM B pacTBOpE MOKHO BBIICIIUTH TPU TUIIA B3aUMOICHCTBUN:

a) MEX]ly YaCTUIIAMH PACTBOPUTEIS;

0) MeXIy YaCcTHUI[aMH PACTBOPEHHOTO BEI[ECTBA M YACTHIIAMH PACTBOPHUTEIS;

B) MEXy YaCTUIIaMU PACTBOPEHHOTO BEIIECTBA.

IlepBble 1Ba THHAa B3aMMOJECWCTBUI XapakTepHbl Ul JiroOoro pactBopa. Tperuit THI
B3aUMOJICHCTBHS CTAHOBHUTCS OIILyTUMBIM JIMIIIh B pACTBOPaxX BBHICOKOW KOHIICHTpaIwu. B pa3zdaBieHHOM
pacTBOpe MpU HU3KOM KOHILIEHTPAIMM PACTBOPEHHOTO BEHIECTBA YACTHUIIBI MTOCIEIHETO MPAKTUYECKA HE
BCTPEYAIOTCSL JIpYr C JPYrOM, M B3aUMOJCHCTBHE MEXAY HUMH TNPAKTUYECKH HE OKa3bIBacT
3HAUMTENIPHOTO BIMSHHUS Ha CBOWCTBA pacTBopa. PacTBop, B KOTOPOM MOXHO TpeHeOpedbh
B3aMMO/ICHCTBUEM YaCTUI] PACTBOPEHHOTO BEILIECTBA HA3BIBACTCS NPedebHO pazdaGiieHHbIM PACBOPOM.
B ciygae pacTtBOpoB, 00pa30BaHHBIX BEIIECTBAMH, UMEIOIIUMH CXOJHYIO XHUMHYECKYIO TPHPOIY H
Onu3KKe pazMepbl YacTHIl, 3aKOHOMEPHOCTH XapaKTepHbIE Ui MpENebHO pa30aBICHHBIX PAcTBOPOB
COXPAHSIFOTCS U JIJIsl BBICOKMX KOHIICHTpAIid. PacTBOPBI TaKOTO THTIA HA3BIBAIOTCS UOEAIbHbIMUL.

Croit MoOJneKya pacTBOPHUTEINs, MPWIETAOMINA K YacTHIE PAaCTBOPEHHOTO BEIIECTBA,
Ha3BIBACTCS colbeammuol obonoukou. OOpa3oBaHUE ATOW OOOJOUKH HA3BIBACTCS Coab8amayuell
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pacTBOpPEHHOro BemlecTBa. YacTuila paCTBOPEHHOTO BEIIECTBA BMECTE C COJBBATHOM 00O0IOYKOM
Ha3bIBACTCS COIbEAMOM, UITU B CIIydae BOJHBIX PACTBOPOB 2UOPAMOM.

ConbBar uMeeT crneuu(UYecKyr0 CTPYKTYpy Jake B TOM cllydyae, KOrJa Mexay
pacTBOPEHHBIM BEILIECTBOM U  pPAacTBOPUTENIEM CYILIECTBYIOT TOJbKO BaH-nep-BaanbcoBsl
B3aumozeiictBus. Ecnu ke Mexay uacTUIAMH pPacTBOPEHHOTO BELIECTBA U PACTBOPHUTENS
CYLIECTBYET CIEIHU(PHUECKOE B3aMMOJACHCTBHE, Hampumep, oOpa3oBaHUE BOJOPOJHON CBS3H,
TOBOPAT O cneyughuyeckoli conbeamayuu.

TepMoanHaMuKa Mporecca pacTBOPEHHs

PacTBopeHHEe BEIECTB COMPOBOKAACTCS TEIUIOBBIM 3((GEKTOM, T.€. JHUOO MOIJIOMICHHEM,
au00 BBIACICHUEM SHEprud. KonmdecTBO Teria, BBIAESIONICECS HIIM IOTJIOIIAIOIICECS IPH
PaCTBOPEHUH OJTHOTO MOJIS BELIIECTBA HA3BIBACTCS MENIOMOU PACMBOPEHUSL.

ITpu pacTBOPEHHH B KUAKOCTSX TBEPBIX BEIIECTB MPOTEKACT JBa OCHOBHBIX Imporiecca. Bo-
HEPBBIX, Pa3PYIIACTCs KPUCTAJUTUYECKAs PEIIeTKa BEIIECTBA, YTO COMPOBOXKAACTCS MOTJIOMICHUEM
SHepruu. BoO-BTOPBIX, 00pa3ylOTCs COJNBBATHI, YTO COIMPOBOKIACTCS BBIJACICHHEM SHEpruu. B
OOJIBIIIMHCTBE CIIyYyacB PACTBOPEHHUE TBEPABIX BEIISCTB — 3HpoTepMmuueckuit mporece (AH>0),
nportekaromuii ¢ ysennyenuem sutpornuu (AS>0). TTo 3Toii IpUYKHE ¢ YBEIHYEHHEM TeMIIepaTyphl
PacTBOPUMOCTH OOJIBIIUHCTBA TBEPIBIX BEIIECTB B KUIAKOCTIX BO3PACTAET.

PacTBopeHHe B JKHIKOCTSAX Ta30B WM JAPYTHX JKUAKOCTEH OOBIYHO COMPOBOKIACTCS
BoienacHneM TerioThl (AH<0). Dutponus npu pactBopeHnu ra3oB ymenbinaercs (AS<0).

KossmuraruBHbie CBOMCTBA PACTBOPOB

K kommuraTUBHBIM OTHOCSITCSI TAKHE CBOMCTBA PacTBOPOB, KOTOPBIE OMPEACISIOTCS TOJIBKO
KOHLEHTpallMell pacTBOPEHHOI'O BEIIECTBA M HE 3aBUCAT OT XMMHYECKOI'O COCTaBa pacTBOpa.
KonnuratusHble CBOMCTBA OTHOCATCS TOJIBKO K PACTBOPAM, COJCPKAIIUM Hellem)yue PacCTBOPUMbBIE
BELIECTBA.

Ilonusicenue memnepamypol 3amepzanusa pacmeopa. 1lpu MOHMKEHUU TeMIlepaTypbl B
YUCTOM PAcCTBOPUTENIE MPOUCXOAUT MOCTENEHHOE YMEHbIIEHWE KUHETHUYECKOM SHEpruu YacTHII.
Cunel TPUTSDKEHUS CTAHOBATCS TpeobnamaromumMu. [losTomy mpu ompeneneHHONW Temmeparype
(Tkp) Bce dYacTHIBI OKa3bIBAOTCS (DUKCHPOBAHHBIMH B ONPEACICHHBIX TOJOXKECHUAX — Yy3Jax
KPUCTAJUIMYECKOM pemieTku. B pacTBopax ke 4acTHUIlbl PACTBOPEHHOI'O BELIECTBA MPEMSTCTBYIOT
00pa30BaHUIO CTPOrO YMOPSJOUYEHHOW KPHUCTAJUIMYECKON CTPYKTypbl. B pesynbrare Temmneparypa
3aMep3aHus pacTBOpa OKa3bIBACTCS MEHBIIEH, YEM Yy YUUCTOTO PACTBOPUTEIISL.

[MonmxkeHne TeMmeparypsl 3amep3anus pactBopa (ATkp) onpenenseTcs U3 COOTHOIICHHS

ATkp = K-Crm, (1.1)

rae K — kprockonuyeckasi mocTosiHHasi pactBoputelisi, Cm — MOJIsIIbHAsT KOHIIGHTPALUS PacTBOPA.
Kpuockonrueckass TOCTOSIHHAsE OMNpEAeiseTcss NpUpoAor pactBoputens. Ee 3HaueHus s
HEKOTOPBIX pacTBOpUTENEH NMpUBEACHHI B Ta0M. 4.1.

Tabnuna 4.1 — Kpuockonuueckre NOCTOSTHHbIE HEKOTOPBIX PaCTBOPUTENEH

JnaTHIioBbIn YkcycHas
BemectBo Sip Bona CHenoTa benszon | Iukmorekcan | Kamdopa
K, K-momp~" kT 1.73 1.86 3.90 5.12 20 40

Ilonusicenue oOagnenua HacvlueHHo20 napa pacmeopumend. YacTuipl YHUCTOrO
pacTBOpUTENSE MOTYT MEPEXOJUTh B Ta30BYIO (hazy cO BCeil MOBEPXHOCTH KUJKOCTH, a B pacTBOpPE
YacTHUILIBl PAaCTBOPEHHOIO BEIIeCTBAa 3aTpyAHSIOT Takol mepexon (puc. 1.1). Ilockonbky
pacTBOPUMOE BEIIECTBO HEJETy4Ye, TO JABICHHE Iapa CO3MAECTCA HMCKIIOYMTEIBHO YacTULIAMU
pacTBOPUTENS U, CIEIOBATEIbHO AABICHHME HACBIIMIEHHOIO Mapa HajJ pacTBOpPOM OyJeT MEHBIIIE,
YeM HaJ| YUCThIM PACTBOPUTEIIEM.



YncTel pacTBOpUTEND Pactsop

O YacTtuua pacteoputens

() YacTuua pacTBOpeHHOro BellecTBa

Pucynok 4.1 — Cxema, uniarwcmpupyrouwian npuduUHy HOHUNCEHUA
0ag61eHUsA HACLIUWEHHO20 NAPA PACMEopumens Had pacmeopom

[ToHmxeHre naBieHUS HACBHIILIEHHOTO Mapa pacTBopuTess (ApP) MOXKHO ONPEAETUThH IO
3akoHy Payus:

Ap = Np.g-sa-p’, (1.2)

rac Np.B-Ba — MOJIIpHas OJOJIAI paCTBOPCHHOI'O BCHICCTBA, pO — JAaBJICHHUC HACBIMICHHOI'O IIapa Hall

YUCTBIM pacTBopuTeneM. 3HaueHust P° U1 BOABI B 3aBHCHMMOCTH OT TE€MIEPaTyphl HPHBEICHBI B
Tadi. 4.2.

Ta6muia 4.2 — JlaBineHue HaCHILIEHHOTO BOJITHOTO Tapa, HaXOSIIErocs B PABHOBECHHU C BOJIOH.

T, °C PO, kIla t, °C p°, xIla t, °C P, xIla
10 1.2270 18 2.062 25 3.166
12 1.4014 20 2.337 26 3.360
14 1.597 22 2.642 28 3.778
16 1.817 24 2.982 30 4.241

Ilogvluuenue memnepamypovr Kunenus pacmeopa. Kak yxe ObUIO IOKa3aHO BBIIIE,
YaCcTUIBl PACTBOPEHHOTO BEIIECTBA MEMIAIOT MOJIEKYJIaM PAaCTBOPHUTENS IMOKUAATh MOBEPXHOCTH
pactBopa. Ilo 3Toif mpuWYMHE HE TOJHKO TOHMIKAETCS JaBJIICHHE HACBHINICHHOTO Mapa, HO W
MOBBIIIIAETCS TEMIIEPATypa KUTIEHHS PacTBOpa.

[MoBeiIeHUE TeMIepaTypbl kKuneHus pacTBopa (ATkvn) onpenensercss U3 COOTHOIICHHUS:

ATkun = E-Cm, (1.3)

rne E — s0ymmmockomnmyeckass moctostHHAs pactBoputeis, Cm — MOJsIbHAsS KOHIICHTPAIHUSI
pactBopa. JO0YJUIMOCKONMYECKas TIOCTOSHHAS —OMpeJeNseTcs MNpupoAoid pacTBoputens. Ee
3HAYCHMsI IS Psifia paCTBOPHUTENICH MPUBEICHBI B Ta0I. 1.3.

Tabmuue 1.3 — D0ymIMocKonu4Yeckre MOCTOSHHbIE HEKOTOPBIX pacTBOpUTENEi

JusTrnossii YkcycHas
BemectBo Sbip Bona CHeToTa benszon | Iukmorekcan | Kamdopa
E, K-mons~!kr 2.02 0.51 3.07 2.57 2.75 6.09

Ocmomuueckoe oagnenue. Ocmocom Ha3bIBAETCS CaMOIIPOM3BOJIBHBIN 11€PEX0]] PACTBOPUTENS
yepe3 MOTYNPOHUIIAEMYI0 MeEMOpaHy M3 pa30aBIEHHOIO pacTBOpa WK YHCTOTO PaCcTBOPHUTEIS B Oolee
KOHLIEHTPUPOBaHHbIM pacTtBop. IlomynpoHunaemoil HasbiBaeTcsi MeMOpaHa, KOTOpas MpPOIyCKaeT
YacTHULbl PACTBOPUTEIS, HO HEIPOHMLIAEMa JJIsl YacTUL pPaCTBOPEHHOro BeuiecTBa. Ocymomuueckum
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Oagneruem (1) Ha3bIBaeTCA JaBlICHUE, KOTOPOE HYKHO MPUIIOKHUTH K KOHIIEHTPUPOBAHHOMY PacTBOpY,
4TOOBI BOCIIPEISATCTBOBATh MEPEHOCY PACTBOPUTEINS Yepe3 MOJTyHENpOHHIaeMyio memOpany. Jlis
pacdera OCMOTUYECKOTO JIaBJIeHUs UCTONb3yeTcs 3akoH Bant-I'odda:

n=CuRT, (1.4)

rae Cv — MoJsipHast KOHIIGHTpalus pacTBopa, R — yHuBepcanbHas razoBast noctosiHaas (R = 8.31
Jlx/monb-K), T — remneparypa B K (T =t + 273).

[Ipu pemeHun 3a7a4 Ha pacueT OCMOTHYECKOTO IAaBJICHHS BaXXHO MPABHIIBHO YYECTb
pasMepHOCTh BenWuyMH. [lis TOro, 4ToOBl MOMYYHTHh 3HAUYEHHE T B MACKAIAX, Pa3MEPHOCTh
KOHIIEHTPALMH JOJKHA ObITh BhIpaxkeHa B Moib/M> (1 Mob/M*=1000 Momb/1).

B ciyuae pacTBOpoOB, copepiKalux JUCCOIMUPYIONINE BEIIECTBA KOJUTMTATHBHBIC CBOWCTBA
NPOSBIAIOTCA Hanbosee cuibHO. PaKTOp, YUUTHIBAIOIIUEN pacraj 3JIEKTPOJIUTOB B pacTBOpax Ha
WOHBI HA3BIBACTCS U30MOHUYeCKUM Kodggduyuenmom Bamm-Ioghgha (i). OH TOKa3bIBaET BO
CKOJIKO pa3 YBEIMYMIIOCH 00Iee KOJMYECTBO YaCTHI[ PACTBOPEHHOI'O BEUIECTBA B PE3yJIbTaTe
nuccornuanuu. [oaToMy B ciydae 3J€KTPOJUTOB JIJIsl pacueTa KOJUITMTAaTHBHBIX CBOWCTB CJIEIYET
UCTIOJIB30BAaTh CIEAYIOMmUEe (OPMYIIbL:

ATkp = i-K-Cm ATkun = i-E-Cm n =i-Cu-RT
0 i‘Npg-Ba

Ap=p ; ,
Np—ns ¥1-Npg-Ba

r1e Np.s-sa — YKCIIO MOJICH PAaCTBOPEHHOTO BEIIECTBA, Np-ns — YHCIIO MOJICH PACTBOPUTEIIS.
AHTH()PHU3BI

Aumughpuzamu Ha3pIBaIOTCA JKUIKOCTH, NPUMEHSEMBbIC Ul OXJIAXKIEHUS JBHUraTesneil
BHYTPEHHETO CTOpaHUs, PaJUO’IEKTPOHHON ammapaTypbl, MPOMBIIUICHHBIX TEIUIOOOMEHHUKOB M
JIpYyTUX YCTaHOBOK, paOortarommx mpu Ttemneparype Hmwke 0°C. AHTHDPHU3BI TOIDKHBI
YIOBJIETBOPATH sy crneurduyeckux TpeOOBaHUM: HMMETh HHU3KYIO TEMIIepaTypy 3aMep3aHus,
BBICOKYIO TEIUIOEMKOCTh M TEIUIONPOBOAHOCTh, HEOOJBIIYIO BSI3KOCTh NPU HU3KUX TEMIIepaTypax,
MaJIyl0 BCIIEHHMBAaEMOCTb, BBICOKYIO TEMIIEpaTypy KHIIEHHA UM BocIUlaMeHeHusa. Kpome Toro,
aHTU(pPU3Bl HE JOJDKHBI BBI3bIBaTh PA3pYIICHHUsS KOHCTPYKIMOHHBIX MaTepUalioB, U3 KOTOPBIX
W3TOTOBJIEHBI AE€TAJIN CUCTEM OXJIAXKICHHUS.

OcHOBY OOJBIIMHCTBA COBPEMEHHBIX AaHTU(QPHU30B COCTABISIIOT CMECH, COJEp)KAlUe B
KaueCTBE OCHOBHOI'O KOMIIOHEHTA JIBYXaTOMHBIH CIIUPT — ATHIEHITMKONIb. [lo Tpamguuuum takue
anTu¢pussl B ctpaHax CHI' HaspBatoT «rocomamu». WX OOJpIIMM NPEUMMYLIECTBOM SBIISETCS
Majasg CTOMMOCTb M HHU3Kas TeMmueparypa 3amep3aHus. Tak, cMecH, B COCTaB KOTOPBIX BXOIUT
66.7% osTtunenrnukons u 23.3% Boxbl, 3amep3atoT npu Ttemmeparype -75°C. K coiicTBam
aHTU(PHU30B TNPEABABIAIOTCA KecTkhe TpeboBaHUs. OTedyecTBEHHbIE AHTU(QPU3BI JIOJKHBI
cootBercTBOBaTh cTranaapty 'OCT 28084-89 «Kuakoctr oxjaxkaaromire HU3K03aMep3arolrey, B
KOTOPOM pErJIaMEHTUPYETCsl IUIOTHOCTh, TemImepaTypa 3aMmep3anus, pH u apyrue mnoxasarenu.
Xopommii aHTUGPU3 TO0KEH UMETh CPOK CITyKObI HE MEHee 5 JieT.

HecmoTpss Ha psan mpeuMymiecTB aHTHU(PU30B HA OCHOBE OSTHICHIJHKOIS HMEIOT
3HAYUTENIbHbIE HEOCTAaTKH M, IMPEXJE BCEro, BHICOKYIO KOPPO3MOHHYIO akTHBHOCTh. [lo 3Toit
npuYrHe B HUX 100aBisitoT uHruoutopsl koppo3un Na2HPO4, NazMoOas, Na2BsO7, KNOs,
JNEKCTpUH, O€eH30aT Kajaus M Jpyrue BellecTBAa. B KadecTBEHHblE AaHTHU(PU3BI, TOMUMO
ATUJICHIJIMKOJIS U BOJBI, BXOAUT 110 40 criennanbHbIX 100aBOK.

BonpiiM HemoOCTaTKOM STUJICHTTIMKONS SIBIISETCS TaKXKe €ro BBICOKAs TOKCHYHOCTH. Jlist
YeJI0BEeKa CMEPTENIbHOM MOXKET OKaszaTbCs J103a 4yTh Oosmbiie 50 Mil. DTHICHITIMKONb MOPAXaeT B
NEPBYI0 OYepeab MOYKH M IEHTPAIbHYIO HEPBHYIO cucTeMy. UTOOBI HE AOMYCTUTh CIIy4ailHOTO
noTpeOyieHnst aHTU(pU3a, B €r0 COCTaB 00A3aTEIbHO BBOMASAT CIELMAIbHBIE KPAaCHTENH, NMPUYEM B
pasHBIX CTPAaHAX TPATUIMOHHO UCIIONB3YIOTCS pa3IuydHbIe 11BETa, Hanpumep B benapycu u Poccniickoi
®denepannu — CHHUN WM CBETJIO-3€JIEHBIN, B [ €pMaHny — TEMHO-3€IeHbIN, B MTanuu — KpacHbIi.
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B nocnennee Bpemst pazpabotanbl aHTU(PPU3EI, B KOTOPHIE IOMUMO STHUJICHTIIUKOJIS, BXOIAT
JIPYTHE OpTaHUYECKHE COSTUHEHUS U, TIPEXKIE BCETO, MPOMUIICHTIIUKOIb, TTUICPUH, STHIKAPOUTOM.
Nx BaxxHe#IMe CBOMCTBA MpUBEAeHBI B Ta0. 1.4.

Tabmuua 1.4 — CBoiicTBa BeHIeCTB - KOMIOHEHTOB aHTU(PH30B

Temmneparypa | Temmeparypa
BemectBo Xumuueckas Gopmyiia 3aMep3aHus, KUIIEHUS, HHOTI/{OC?”
tkp., °C tkwn., °C P, T/eM
DTUIIEHTIIUKOIIb HOCH2CH20H -12.7 197.6 1.1088
[TponuIeHIIIUKOJIb HOCH2CH(OH)CH3 -60 189 1.0361
I'munepun HOCH2CH(OH)CH20H 17.9 290 1.260
DTHIKAPOHUTOI C2H5(OCH2CH2)20H -78 202.7 0.9890

IIpousBenenne pacTBOPUMOCTH

3HauyMTeNbHAS YaCTh COJICH HEOPraHWYECKUX KHUCIOT (Cyiab(uabl, KapOoHaTsl, (ocdarb
MEPEXO/IHBIX METAJIOB U Psijl APYTUX) MaJOpacTBOPUMBI B Bojie. [10CKOIIbKY OOJIBIIMHCTBO TaKHX
COJICH SIBJISIFOTCS CHJIBHBIMH JJIEKTPOJIMTAMH, TO B PACTBOPE OHU HAXOAATCS B BUJE MOHOB. Takum
obOpazom MasnopacTBopuMast cojib cocraBa MetxAny B Boje OyJeT MOTHOCTBIO JMCCOIMUPOBAaHA Ha
kaTroHbl MeTayuia Met"™ u aHuoHBI KucioTHOro ocratka An™™, KoTOpblie OyayT HaxXOIHMTCS B
paBHOBeCHH ¢ TBep1o# (azoii (ocagkom MetxAny):

MetxAny 5 xMet"™ + yAn™-, (1.5)

B cooTBercTBHM C 3aKOHOM JEHCTBYIOIIMX MAacC MOXHO 3allMCaTh KOHCTAHTY PaBHOBECHUS
JTAaHHOW pEaKLUH:

K = [Met"*1*[AnT 1Y
[Met,Any ]

rae [Met"™] — monsipHas KOHIEHTpamus KaTHOHOB Merajia, [AN™] —mojspHas KOHIEHTpaIus
AHMOHOB KHUCJIOTHOTO ocTatka, [MetxAny] — MossipHast KOHIIEHTpAIHs COJIH.

[TockonbKy B CWJIy MaJoOil pPAacTBOPUMOCTH KOHIICHTPAIMS COJIM TPAKTHUECKH HE
U3MCHSIETCS, €¢ 3HAYCHHE MOXXHO CUHTaTh MOCTOSIHHOW BenuvuHOW. ITostomy ypaBhenue (1.6)
MOYKHO TIEpEnICaTh B BUJIC:

: (1.6)

[Met™[An™]Y=const=I1P. (1.7)

T.e. B HACBHIIIEHHOM PacTBOPE MaJOPaCTBOPUMOM COJIM MPOU3BEICHHE KOHIEHTPALMi HOHOB
IIpY JAHHOM TEMIEpAaType M JAABJICHUU SIBJIAECTCA BEJINYMHOW TMOCTOSHHOW. /laHHas BenuuMHa
Ha3bIBACTCS npouszgederuem pacmeopumocmu u obo3nadaercs [IP. B 3apybOexHoil muteparype
npuHATo ob6o3HaueHune Lp wmm Sp. 3nauenus IIP s pa3nuuHbIX conel  ompeaemnstoTcs
HKCIIEPUMEHTAJIBHO U 3aHOCSTCSI B XUMUYECKHE CTIPAaBOUYHUKH.

ITponsBeneHne pacTBOPUMOCTH HMMEET Pa3MEPHOCTb, KOTOPAsl 3aBUCUT OT COCTaBa COJM U
IPONOPLUOHANIbHA Pa3MEPHOCTH MOJIIPHOW KOHUEHTPALUHU (MOJIB/I):

CuS S Cu?*+ 8%
MP(CuS)=[Cu?*][S?7]=3.2-10-38 Mmonb?/n?
Mg3(PO4)2 S 3Mg?* + 2P043-

MNP (Mg3(POa4)2)=[ Mg?*]}[PO4+3>1?>=1-10-"3 monb®/n®

B cnpaBounukax pazmepHocTs 1P kak nmpaBuiio He yka3bIBaeTcs.

AHanu3 3Ha4eHMsI MPOU3BENEHUS PACTBOPUMOCTH I0O3BOJISIET OPUEHTUPOBOYHO OLEHUTD,
BBIMAJIET JU B JAHHBIX YCJIOBUAX OCAJOK JAHHOIO BelecTBa WM HeT. i1 3Toro HeoOXOoaAuMO
KOHIICHTPAIIMIO HOHOB TOJICTABUThH B BhIpaxkeHue (1.7) ¥ CpaBHUTH MOJy4YEHHOE MPOU3BEACHHUE C
TabnuuHbpIM 3HaueHueM [IP nns mamHOM comu. VYcenosuem obpasosanmusi ocaoxa sensemcs
npegvluleHue  NpousgeoeHusi  KOHYeHmpayuu UOHO8 8  CMENeHax, COOMBEemCmeyIouux
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cmexuomempuieckum — Kod(uyuenmam - Maiopacmeopumo20 - dNeKmpoiuma — Hao - e2o
npouszeedeHuem pacmeopumMocmu.

Hpoueccu PaCTBOPECHU MUHEPAJIbHBIX BSIKYIIIUX BEIIECTB

Munepanvnvie ssadicywue eewjecmea — 3TO TOHKO H3MEJIbUYEHHBIE ITOPOLIKOOOPA3HbIE
MaTepHuaibl (IEMEHThI, TMIIC, U3BECTh U Jp.), 00pa3yIolMe NMpU CMEUIEHUU ¢ BOJIOW MIaCTUYHYIO
Maccy, 3aTBEPJEBAIOLIYI0 B IPOYHOE KAMHEBUIHOE TEJIO W CBSI3BIBAIOILYI0 YACTHUIIBI TBEPIBIX
3aIlOJIHATENIEH U apMaTypy B MOHOJIMTHOE LIEJIOE.

PaCTBOpeHI/Ie " KpUCTaJUIM3aluns BSOKYIIUX BEIIECTB UMECT MHOT'O OGH.ICFO C aHaJIOTMYHBIMU
npoueccaMu Ui MaJOPAaCTBOPHUMBIX HEOPraHMYECKUMX COJIEM UM IOJUYUHAETCS TEeM XKe
3aKOHOMEPHOCTAM. Tak, CKOPOCTb PaCTBOPEHUS BKYLIUX YBEIMYHUBACTCS C POCTOM TEMIIEPATYPBI
U C YBEIMYECHHUEM CTENEHU IUCIIEPCHOCTU MaTepuaia, T.€. TOHKOCTH nomona. Kak u B ciydae
HEOPraHUYECKUX COJIEH MPU PACTBOPEHUHU BSKYIIUX MPOUCXOANUT UX JUCCOLUAIMS (KaK IPaBUIIO, C
00pa30BaHUEM HOHOB KaJIbLIUS, CHIIMKATHBIX U QIIOMUHATHBIX aHHOHOB).

OnHako BSOKyIIHE BEIIECTBa 001aJat0T PsIOM 0COOEHHOCTEH, Cpei KOTOPBHIX BaXKHEHIIEH
ABISIETCA MX TEepMOJMHAMMUYEcKass HEyCTOHYMBOCTh — METacTaOMJIbHOCTb, CBSI3aHHas C
TEXHOJIOrHel nosyueHus. Takke BsDKyIIME MaTepuaibl 00pa3yloT pacTBOPHI, EPECHILIEHHBIE 10
OTHOLICHHIO K KOHEUHBIM IpOXyKTaM ruaparauuu. [loaToMy npu B3aMMOAEUCTBMM € BOAOH
BSDKYLIME MAaTepUajbl ITOCTEIIEHHO PAacTBOPSIOTCS B BOJAE, W OJHOBPEMEHHO M3 IIOJyYEHHOIO
pacTBOpa HauMHAETCS KPHUCTAUIM3ALMsl HOBBIX BELIECTB — 2uUOpamos, NMPOJYKTOB XUMHUYECKOIO
BBaHMOILCfICTBHﬂ BXKYyIIUX C BOI{OfI. HaHpHMep, OAVH K3 KOMIIOHCHTOB LEMCHTHOI'O KJIMHKECpPA
(yenum) B3aMMOJIEHCTBYET C BOJIOM 110 ypaBHEHHIO:

3Ca0-Al203 + 6H20 = 3Ca0-Al203-6H20.

[IpuueM, ruapaThl UMEIOT MEHBUIYIO PACTBOPUMOCTh, YEM HCXOJAHbBIE BSDKYIIME BEIIECTBA
KoHueHblE TPOAYKTHl THUApATAllUd COBMECTHO C II€PBOHAYAJIBHBIMH YaCTHLIAMU CO3JAOT
CBOCOOpa3HYI0 CTPYKTYpy, B KOTOPOW NPOTEKAIOT IMPOLECCHl NalbHEHIICH KPHUCTAILIH3AIHH,
BEJYILIEH K CXBATBIBAHUIO U TBEPACHUIO BSKYILUX.

Takum oOpa3om, mpolecchl T'HAPATAIIMOHHOTO TBEPJEHUS MUHEPAIbHBIX BSIKYILIUX
NpPEJCTaBISIOT cO00M COBOKYMHOCThH IOCIIEAOBATENbHO MPOTEKAIOIUX MPOIECCOB PAacTBOPEHUS
MCXOJHBIX BEIIECTB M KPUCTAJUIN3AMHU HOBBIX COEAMHEHUN B (hOpME I'MIpaToB.

MuHepanpHbple BSKYIIME BELIECTBA SABIIIOTCS OCHOBOM COBPEMEHHOM CTPOUTEIBHOU
MPOMBIIIJIEHHOCTH, U TIO9TOMY IOHMMaHUE MEXaHU3Ma MX TBEPJCHHS SBIJISAETCS MPUHLMUIUAIBHO
BOXHBIM JJIs OyIyllero HH)KeHepa-cTpouTens. boiee mnoapoOHO BsiKyliuMe BeliecTBa OyIyT
U3y4aTbCs B Kypce CleUalbHbIX TUCIUIUINH.

Tema Ne 5. TUJIPOJIU3 COJIEN

#TeopernueckuiiPaznen

I'mapoauszom couteii Ha3pIBaeTCS HapyIlIeHWE MOHHOTO PaBHOBECHS BOJBI MOHAMH COJIH,
npuUBOJIAIIee K 00pa3oBaHuIO ¢1ab0To dIEKTPOIUTA U u3MeHeHuto pH cpenbl.

CymHocTh npouecca ruapoJiusza

[Ipu BHeceHMUu B BOAY coJyiel, OOpa3OBaHHBIX CIAOBIMH KHCIOTAMH WJIH CIa0BIMU
OCHOBaHMSIMU, NOHBI CJIA0BIX KMCIOT WK CJIa0bIX OCHOBAHU cBsA3bIBatOTCS ¢ HoHamMu H' mmm OH™
00pa30BaHHBIX MPHU AUCCOIUAIINH BOJIBI, C 00pa3oBaHHEeM cIaboro AJIEKTPONIUTA, B Pe3yIbTaTe YETro
HapylIaeTCcsl PABHOBECHE DJIEKTPOJIIMTUYECKON auccorraruu Boasl HoO «» H™ + OH™. B pactBope
HakammBaTes nonbl H win OH', mpugaBas MONYYEHHOMY PacTBOPY KHCIYIO WM INEIOYHYHO
peaknuro. CiaeaoBaTebHO, THIPOIU3Y MOABEPTAIOTCS COJHM, B COCTAaB KOTOPHIX BXOJSAT KaTHOHBI
C1a00ro OCHOBAHMSI UITU AHHOHBI ¢1a00# KUCIOTHI WIIH T€ U IPYTUE OJHOBPEMEHHO.

Comnm, oO6pa3oBaHHbIE CUIBLHBIM OcHOBaHUeM U cuibHOM kucioTor (KCl, LiNOs3, NaxSO4 u
T.I.) TUAPOIIU3Y HE MOJIBEprarTcs. B 3ToM ciiydae HU KaTHOH, HM aHUOH COJIM He OyayT CBSI3bIBAThH
HWOHBI BOJBI B MaJIOJIUCCOIMUPOBAHHBIC MPOAYKTHI, IIO3TOMY PaBHOBECHE JAMCCOIMAIIMHN BOJBI HE
napymaercs ([H'] = [OH]). Peakuus cpeasl B pacTBOpax Takux coleil Helrpanbuas (pH = 7).
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THUIIBI I'NIPOJIM3A

I'maposin3 mo aHmony

I'maponn3 1o aHMOHY MPOTEKaeT B BOAHBIX PAcTBOpax cojieil, 0Opa3oBaHHBIX CIIAOBIMH
kuciotaMd U cuibHBIMUA OocHOBaHUAMH (KCN, NaxCOs, Cs3PO4 u T.11.). Pasznuuaror mpoctoid
(ogHOCTYNEHYATBIN) U CJIOKHBIM (MHOTOCTYIIEHYATHIN ) THIPOIIU3.

IIpocToii (0AHOCTYNIEHYATHIN) FHAPOJIH3

B kauectBe mnpumepa paccmoTpuMm ruaponau3 nuanuaa kamus KCN. Jlannas coub
obpazoBana cuibHBIM oOcHOBaHneM KOH wu cmaboit omnoocHoBHOW kucimoto HCN. Ilpwm
pactBopennu B Bojge KCN mosnnocTio quccoruupyer Ha nonsl K™ u CN°. Karnonsl K' ne MoryT
cBsa3biBaTh HOHBI OH™ Boabl, Tak kak KOH — cunbHBIM 351eKTpoauT. AHMOHBI CN™ CBSA3BIBAIOT HOHBI
H" Bompl, B pesyibrare 4ero B PacTBOPE MOSABISIOTCS MOJEKYJbI ciaboi kucinorsl HCN  wu
rugpokcua-uonsl OH™.

MouekynsipHOE ypaBHEHHE UMEET BUJL:

KCN + H20 «+» HCN + KOH

VYpaBHeHHE B [TOJIHOM HOHHOW (hOopME UMEET BUJIL:

K"+ CN + H20 & HCN + K" + OH"

VYpaBHeHHE B COKpAIIEHHOW HOHHOU (hOpME UMEET BU/I:

CN + H2O <> HCN + OH”

AHanu3upys KOHEUHbIE IPOYKThI, HAOII0JaeéM HaJU4Ke ABYX IMPU3HAKOB TUAPOIIN3A:
oOpa3zoBanue cnaboro anekrponuta (HCN) u usmenenue pH cpenst (runpokcorpynna OH™ nmpupaér
pacTBOpPY LIEIOYHYIO PEAKIIHIO).

Ci10HbBII (MHOTOCTYNIEHYATBIH) MMAPOJIH3

B xadecTBe mpmMepa paccMOTpUM THIponH3 cyibduna Hatpus NapS. JlanHas coib
oOpa3oBaHa cuwibHbIM ocHOBaHMeM NaOH wu cnaboii nByxocHoBHOM kucinoroi HoS. Ilpu
pacTBopenun B Bojie Na»S momHoCThIO auccouuupyeT Ha uonbl Na' u u S ». Katuonsl Na * me
MOTYT cBsi3biBaTh MOHbI OH™ Bombl, Tak kak Na OH — CHIBbHBIA S10eKTPOJUT. AHMOHBI S *
CBA3bIBAIOT MOHBI H' BOIBI, B pe3yibrare 4ero B pacTBOPE MOSBIAIOTCA: HA IEPBOM CTYNEHH
TUAPOSIN3a — CIOKHBIN aHnoH HS™ m ruapokcua-nonsl OH'., a Ha BTOpOM CTYNEHU — MOJEKYJIBI
ciaboit kucnotsl H2S u runpoxcua-nonst OH™.

I crynens ruapousa

MonekysipHOE ypaBHEHHE UMEET BU:

NazS + H20 < NaHS + NaOH

VYpaBHeHHE B MTOJIHOM MOHHOW (hOopMe UMEET BUI:

2Na" + S$* + H,0 <> Na" + HS"+ Na" + OH"

VYpaBHeHHE B COKpAILIEHHOW HOHHOM (hopMe UMEET BU/L:

S* + H,0 < HS + OH

II crynens ruapoJnsa

MounekynsipHOE ypaBHEHHE UMEET BUJL:

NaHS + H20 < HaS + NaOH

YpaBHEHHE B MOJIHON HOHHOM (hOpMe UMEET BUI:

Na"+HS + H,0 < HaS + Na™ + OH"

VYpaBHeHHE B COKpAIIEHHOW HOHHOU (hopMe UMEET BUJI:

HS + H,O < H,S + OH"

AHanu3upys KOHEYHBIE MPOIYKTHI, HAOIIOAaeM HaJWuue JBYX MPU3HAKOB THAPOIIH3a:
oOpazoBanue ciaboro snexrponura (NaHS unu HoS) u n3menenue pH cpenst (ruapokcorpymnmna
OH npuaaér pacTBopy IIETOUHYIO PEAKIIHIO).

[Ipn KOMHATHOM TeMIlepaType TUAPOIN3 MPOTEKAET TOJIBKO IO MEPBOU CTYIIEHH, ITOCKOJIBKY
HS" (mpomykt mepBoii crymenm) siBisercs Oosiee crmabbiM anekTponutoM, yem HaS (mpomykt
BTOPOM CTyIIECHH).
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[Ipu rtumponmusze 1o aHWOHY (cojei, 00pa30oBaHHBIX CJIa00N KHUCIOTOW W CHIIBHBIM
OCHOBaHHEM) B pacTBOpe co3maércs M30BITOK ruapokcua-uoHoB OH™ u peakius pactBopa Oymer
menoyHo (pH > 7).

I'maposn3 mo kaTuoHy

I'uaponn3 1Mo KaTHOHY MPOTEKAeT B BOAHBIX PacTBOpax coJieil, 0Opa30BaHHBIX CIa0BIMHU
ocHoBanussMd W cuinbHbIMU Kuciaotamu (NH4Cl, CuSO4, FeCls u T.m.). Pasnmuaror mpoctoit
(OTHOCTYTICHYATHIN) M CIIOKHBIA (MHOTOCTYTICHYATHIN ) THIPOJIN3.

IIpocroii (omHOCTYNEHYATBIN) THAPOIH3

B xagectBe mpumepa paccmorpuMm THaponu3 xiopuaa amMmoHuss NH4Cl. Jlannas comb
oOpa3zoBaHa cia0bIM OJHOKUCIOTHBIM ocHoBaHMeM NH4OH wu cunbnoit kucnoroit HCL Ilpum
pacteopenun B Boge NH4Cl nonnocteio mucconuupyer Ha nousl NHs™ u CI'. Arnons Cl™ e moryt
cBs3bIBaTh MOHBI H' Bozibl, Tak kak HCl — cuibHbii anekrponut. Karrnonst NHs" CBA3BIBAIOT HOHBI
OH™ Bobl, B pe3ynbTare 4ero B pPacTBOPE MOSBISAIOTCS MOJEKYJ bl ciaboro ocHoBanus NH4OH wu
vonsl H',

MonekyisipHO€ ypaBHEHHE UMEET BU:

NH4CI + H20 <> NH4OH + HCI

YpaBHeHHE B MOJIHOM HOHHOM (hOopMe UMEET BUI:

NH4" + CI" + H20 <> NH4OH + H" + CI’

VYpaBHeHHE B COKpAIIEHHOW HOHHON (hopMe UMEET BU/I:

NH4" + H20 <> NH4OH + H*

AHanu3upyss KOHEUHbIE MPOMYKThI, HAONIIOaeM HalW4he [BYX MPU3HAKOB THIPOJIH3a:
ob6pasoBanue crnaboro snexrponura (NHsOH) u usmenenne pH cpenst (nmon H mpumaér pactsopy
KHUCITYIO PEaKIItIo).

C0:xXHbIii (MHOTOCTYNIEHYATBIN) THAPOJIN3

B xauectBe mpumepa paccmorpum rujgponus xiopuaa meau (II) CuCly. dannas coib
oOpa3oBaHa cinabbIM IBYXKUCIOTHBIM ocHOBaHHEeM Cu(OH): u cunbhoit kucnoroit HCI.

Ipu pacteopenuu B Bojge CuCly moaHocThio auccomuupyeT Ha noHbl Cu?' 1 u CI'. AHHOHBI
CI' me MoryT cBsspiBaTh MoHBI H' Bompl, Tak kak HCl — cuibHblii ektponut. Katnons: Cu?*
cBsa3bIBalOT MOHBI OH™ BOABI, B pe3ysbTaTe 4ero B pacTBOpPE MOABIAIOTCS: HAa NEPBOM CTAaIuu
rujponusa cinoxubii katnon CuOH" (karron ocrosHol conmu CuOHCI) u wonst HY, a Ha BTOpO#
CTyneHu MoJeKyabl ciaaboro ocHoBanus Cu(OH), u wonsl H' (Teopernuecku). B 0OBIUHBIX
YCIIOBHAX THPOJIU3 TIPOTEKAET TOJIBKO MO TIEPBOi CcTynenu, Tak kak nousl CuOH™ aucconmupyror
HaMHOTo TpyzaHee, yeM MoJekyssl CuCly. I'maponus mo BTOpo# cTyneHu npoTtekaeT cinabo (M mpu
COOTBETCTBYIOIINX YCIOBHSIX) U 00bI4HO 0Opa3oBanus Mosekysisl Cu(OH), ne npoucxoaur. Takum
00pa3oM, COJIb THAPOIU3YETCS M0 KaTHOHY.

I crynens ruaposusa

MounekynsipHOE ypaBHEHHE UMEET BUJL:

CuCl; + H,0 < CuOHCI + HCI

YpaBHEHHE B MTOJIHON HOHHOM (hOpMe UMEET BHI:

Cu*" + 2CI'+ H0 <> CuOH" + CI' + H" + CI

VYpaBHeHHE B COKpAIIEHHONH HOHHON (pOopMe UMEET BUJI:

Cu*" +H>0 < CuOH" + H*

II crynenb ruapoJimsa

MonnekyisipHOe ypaBHEHHE UMEET BUI:

CuOHCI + H20 < Cu(OH), + HCI

VYpaBHeHHE B MTOJIHON HOHHOW (hopMe UMEET BUI:

CuOH" + CI'+ H,0 < Cu(OH), + H" + CI’

VYpaBHeHHE B COKpAIIEHHOW HOHHON (hopMe UMEET BU/L:

CuOH" + H,0 <> Cu(OH), + H*
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AHanu3upysi KOHEYHbIE INPOAYKThI, HAOIIOAAaeM HaJIM4Yue JBYX IPU3HAKOB TUAPOJIM3A:
oOpazoBanue ciaboro snexTponuta (CuOHCI niu Cu(OH)2) u usmenenue pH cpensl (B pactBope
co3naérest u30bITOK HOHOB Boopoaa H', uto npumaér pactBopy Kuciyo peakito (pH< 7)).

I'uapo/n3 no KATHOHY ¥ MO0 AHHOHY

['uponu3 no KaTMoOHy U 1O aHUOHY OJHOBPEMEHHO MPOTEKAeT B BOJHBIX PACTBOPaX COJIEH,
00pa30oBaHHBIX claObIMU KucIoTaMu U cnabbiMu ocHoBaHusAMHE (NH4NO», AlS3, Fe(CH3COO); u
T.I.). B 3TOM ciyyae ¢ Bojol B3aMMOJEHCTBYeT Kak KaTHOH CJIa0Oro OCHOBAaHMS, TaKk U aHUOH
cnaboit kucnoThl. B kauectBe mpumepa paccMoTpuM rujpoius anerara ammonuss NH4CH3COO.
Hannas conb oOpa3oBana cinaObiM ocHoBaHueM NH4OH (rumpokcuaoM amMMoHMS) W cllaboit
ykcycHot kucinoroit CH3;COOH. T'maponu3 mporekaeT B OJHY CTYIEHb, cpena Onu3ka K
HEUTPAJIbHOM.

MorexymsipHOe ypaBHEHHE UMEET BUIL:

NH4CH3COO + H20 « NH4OH + CH3;COOH

VYpaBHeHHEe HOHHOH (popMe MMeeT BHI:

NH4;" + CH3COO™ + H,0 <> NH4sOH + CH;COOH

pH pactBopa mpu NPOTEKAHWHM THUIPOIHM3a IO KATHOHY W 10 AHWOHY 3aBHCHUT OT
OTHOCUTEIIbHON CHJIBI KHUCJIOTHI UM OCHOBaHUSA. Mepod CHJIbl KHCIOTHI U OCHOBAHHS SIBISIETCS
KOHCTaHTa JIUCCOIMAIMU COOTBETCTBYMomero ciaboro siekrponura (Kmuc). Eciam koHcTaHTa
qUccouuanuu  caaboro ocHoBaHus Oonblle, YeM ci1a00il  KHCIOTBI, TO pacTBOp HMEET
CJIa0OIIETIOYHYIO PEAKINI0, €CITM KOHCTAHTa JUCCOIMALUHU CI1a00N KHCIOTHI OO0JIbIIE, YeM CIIaboro
OCHOBaHUs, TO pacTBOP MPHOOpPETAET CIAOOKHUCIYIO PEaKlrio, a €CIU OHU MPUMEPHO PaBHBI, TO —
HEUTPAIbHYIO.

HosHbIi rUAPOIN3

[Ipouecc rumponusa Mo KaTMOHY U aHHOHY 4YacTO ObIBAaeT HEOOpAaTUMBIM, KakK B Cllydae
ruzponusa cyiabpuna anomMuaus Al Ss.

ALS; + 6H,0 = 2A1(OH)3 + + 3H,S

Cynbdunst u kap6onatel xpoma (III), xemeza (III) u amromMuHUS B BOAHBIX pacTBOpax
MOJIBEPTaloTCsl MMOJIHOMY THIPOJIU3Y ¢ 00pa30BaHUMEM HEPACTBOPUMBIX MPOAYKTOB. B 3ToM ciyuae
peakuus pacTBOopa 3aBHCUT OT CTENEHH AUCCOLUALMM NPOAYKTOB THAPOJIN3a — KUCIOTHI U
ocuoBanus. Ecim [H'] > [OH ], To cpena kucnas, a eciu [H'] < [OH ] — menounas. HeoGpaTtumbrii
THJIPOJIN3, TPOTEKAIOUIMH B CHCTeMe NpHU B3aUMOJECHCTBUU CoOJiell clabbIX OCHOBaHUIA,
obpazoBanHbix katnoHamu Al**, Cr*’, Fe’', ¢ comsmu cnabpix kucnot (cynbpuaos, KapboHATOB),
CJIY>)KUT MPUYMHOM TOTO, YTO B OCAJIOK BBIMAJAIOT HE CYIb(PHJIbI MM KapOOHATHI 3TUX KaTHOHOB, a
COOTBETCTBYIOIINE UM THJIPOKCHIBI.

HeoOpatumo ruponusyronmecs Cojld HEBO3MOXKHO IOIYYHUTh B pe3yjbTaTe peakluu
oOMeHa B BOAHBIX pacTBopax. Hampumep, Bmecto oxunaemoro CraS; mpu CMEIIMBaHUHM BOJHBIX
pactBopoB CrCl; u NayS ob6paszyercs ocanok Cr(OH)3 u Beinensiercs razoo0pasusiii HaS.

2CrCl3 + 3NazS + 6H20 = 6NaCl + 2Cr(OH)s| + 3H2S1

JU1st TOJTHOTO MPOTEKAHUS THIPOJIN3a HYXKHO, YTOObI COJIb ObLIa 0Opa3oBaHa O4YeHb claboil
KHCJIOTOM U OueHb ciiabbiM ocHOBaHueM. Kpome Toro, kenarenbHO, YTOOBI OJMH M3 MPOAYKTOB
THJIPOJIN3a, YXOAUT U3 chepbl peakuuu B BUjae rasa. [loaToMy noiaHoMy ruipoin3y MmoJBepraroTcs
OOBIYHO COJIM Ta3000pa3HbIX MJIU HEYCTOMUYMBBIX KHUCIOT: CEPOBOJIOPOIHON, YTOJBbHOM, OTYaCTU
cepHucToil. K HUM NpHUMBIKAIOT BeLIeCTBa, KOTOPhIEe B OOBIYHOM MOHMMAaHUH YK€ He SBISIOTCS
coyisiMH: HUTpUIbI, (pochumpl, xKapOUabl, aneTUICHUIBI, OOpUIBbL. [IOTHOCTBIO THUIPOIU3IYIOTCS
TaK)K€ aJIKOTOJISATHL.

l'unponu3 ocHOXHSET MpOTEKaHWe MHOTMX JpYrux peaknuii oOmena. Tak, mnpu
B3aUMOJIeHiCTBUM KapOoHaTa HAaTpus € CylIb(paToM MeAM B OCaIOK OOBIYHO BBINAJaeT OCHOBHOM
kap6onat meau (CuOH),CO:s.
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Koncranra THAPOJIMN3a U CTENNCHb THIPOJIN3a

Koncranta rmuaposm3a (Kr) — 5To KOHCTaHTa XMMHYECKOTO paBHOBECHS Mpoliecca
THIPOJIH3A.

I'maponms  comm, oOpa3oBaHHOW cnaboil  KHUCIOTOM W CHJIBHBIM  OCHOBAaHHUEM,
XapaKTepU3yeTCsl KOHCTaHTOM TUApPOIIN3a:

Kr =KH20 / K xuca,

rae KH20 — nonnoe npoussenenue sogsl (KH20 [H'] x [OH'] = 14 npu 25°C);
K kucn — koHcTaHTa qucconuanuu ciadoil KUCIOTHI.
I'upponu3 comu, o00pa3oBaHHOW C1aObIM  OCHOBAHMEM M CHUJIBHOW  KHCJIOTOM,
XapaKTEepPU3yeTCsi KOHCTAHTOM TUIPOJIn3a:

Kr=KH20 /K ocH,

rae KH20 — nonnoe npoussenenue soasl (KH20 [H'] x [OH] = 14 npu 25°C);
K kucn — koHCTaHTa TUCCOLMAlU CJIad0r0 OCHOBAHHUS.
IM'uaponus conu, 06pa3zoBaHHOM C1a0BIM OCHOBAaHUEM U CJIA00M KUCIOTOU, XapaKTEepU3yeTCs
KOHCTaHTOM TUIPOIIH3a;

Kr=KH20 / K ocu wiu K xucx,

rae KH20 — nonnoe npoussenenue Boasl (KH20 [H'] x [OH] = 14 npu 25°C);
K ocH mmm K kucnm — KOHCTaHTa JUCCOIUAIMU Oojiee C1aboro 3JIeKTposiuTa (BBIOMPArOT
3IEKTPOJIUT C MEHBIIIUM 3HAYEHUEM KOHCTAHTBI JUCCOILIUAIIUN ).

Crenenb ruapoausa (h) — sTo mons snexTponuTa, moABeprmascs ruaponnsy. Yem ciabee
KHCIIOTa WJIM OCHOBaHHE, OOpasylolue cojib, TeM Bbllle €€ cTeneHb ruaponusa. CreneHb
TUAPOSIN3a SIBISIETCS €ro KOJIMYECTBEHHOM xapakTepucTukod. OHa cBs3aHAa € KOHCTaHTOMN
TUAPONIM3a YpaBHEHHEM, AaHAJIOTUYHBIM 3aKOHY pasz0aBineHuss OctBanbaa s cialbIx
AIIEKTPOJIUTOB:

Kr=h?>-Cm/(1-h),

rae CMm — MoJsipHast KOHLIEHTpALMsL.

Yame Bcero ruapoiu3oBaHHas 4YacThb COJIM OYEHb Majla, a KOHLIEHTPALHsA IPOIYKTOB
TUIPOJIN3a HEe3HAUUTENIbHA. B Mom00HBIX ciayyasx cTeleHb AUCCOLUanui h 3HaYNTEeNIbHO MEHbIlEe
€IMHUIIBI, U B 3HaAMEHaTelle mocieaHe (GopMylibl 3TOH BETMUYMHONW MOXHO IpeHebpeub. Torna
cBs3b Mexxay Kr u h Beipazurcs 6osee mpocTbIM BhIpaXKEHUEM:

Kr=h>-Cm wm h =VKr/ Cm

W3 mocrnegHero ypaBHEHHS CIEIyeT, YTO CTENEeHb THUAPOJIM3a COJM TeM OoJblle, YemM
MeHbIIIe €€ KOHIEHTpaIlus, TAKUM 00pa3oM, MpH pa30aBICHUH PacTBOpa THAPOIHU3YIOMICHCS COU
crenenb e€ ruaponn3a (h) Bozpacraer.

IIpakTHYeckoe NpMMeHeHHe THAPOJIU3a

I'maponus coseil JeKUT B OCHOBE MHOTMX TEXHOJOTMYECKHX IPOLECCOB B XUMHUYECKOU
IIPOMBIIIJIEHHOCTH, a TAaKXKe B JAOOPaTOPHON IPAKTHKE.

YactuuHbli TUAPONM3 TPEXKAIBLUEBOIO CHJIMKATa SIBISIETCd NPUYMHOW BBIIEICHUS
CBOOOJHOI0 OKCUAA KaJIbLIUs TP B3aUMOIEHCTBUM MOPTIAHALIEMEHTa C BOJOM.

bnaronaps ruaponu3y BO3MOXHO CyIIECTBOBaHME Oy(epHBIX CHCTEM, CHOCOOHBIX
NOJJIEP)KUBATh TIOCTOSIHHYIO KHCIOTHOCTh cpefbl. Takue pacTBOpPhl UMEIOT U OYEHb Ba)KHOE
(usHoIOrMYECcKOe 3HAYEHNE — IOCTOSHHAs KOHIIEHTpanus HoHoB H™ HeoOXxoauma [jist HopMasIbHO#M
KHU3HEAESITEIbHOCTH OpraHu3Ma.

C ruaponu3oM coseil CBA3aH psJl Te0JIOTHYECKUX M3MEHEHHUH 36MHOM KOphl 1 00pa3oBaHue
MUHEPAJIOB, (POPMHUpPOBAHME NPUPOIHBIX BOA M MOYB. B pe3ynbTaTe ruaposv3a MHHEPAIOB —
AIFOMOCUJIMKATOB — IPOUCXOAUT pa3pyLIEHHE TOPHBIX MOPOI.
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Iuaponus coner (NaxCO3, NazPO4) mpumensieTcst 1jisi OYMCTKA BOJBI U YMEHBIICHUS €€
KECTKOCTU. BakHyI0 poNlb WrpaeT THUAPOIN3 B TMpolecce 00e3Kene3uBaHUs BOJbI METOJOM
a’paluu.

N3BecTkoBaHME MOYB C ENbI0 MOHMKEHUS MX KUCIOTHOCTH TaK)K€ OCHOBAHO HAa PEAKIUU
TUAPOIIN3A:

CO3+ goH =HCOz+ ol

B Hacrosmiee Bpemsi MpaKTHYECKOE MPHUMEHEHHE HMEET THIPOJIM3 JIPeBeCHHBL. B
MPOMBINIJICHHOCTH U3 HCIIUILICBOT'O ChIPbA (I[peBGCI/IHBI, XJIOIIKOBOM meiryxu, HO[[COHHC‘IHOﬁ JIy3ru,
COJIOMBI, KyKYPY3HOH KOYEPBIKKH) BBIPAOATHIBAIOT PSII TAKKX IICHHBIX MPOJIYKTOB, KaK ATHUJIOBBINA
CIupT, OCJNKOBBIC IPOXIKU, TIIIOK03a, TBepabli okcua yriepoma(lV) (cyxoii mexm), dypdypodr,
METHJIOBBII CITUPT U T.J.

IIpyn rupposMse KUPOB B IPUCYTCTBUM ILEJIOYEH IOIY4YarOT MbUIA; THIPOJIU3 JKUPOB B
NPUCYTCTBUH KaTaJIU3aTOPOB MPUMEHSIOT ISl TIOJYYCHUS )KUPHBIX KUCIIOT.

Ha IMMPAKTUKC HWHXCHCPAM-TCXHOJIOTaM IMPUXOAUTCA CTAJIKHUBATBCA C KHCIOTHBIM U
HICJIOYHBIM THIPOJIM30M OpPTaHUYecKuX coeanHeHui. 11[e09Hol THaposin3 rajloreHuI0B CITyKUT
MCTOJOM MMPOMBIINIJICHHOTO IMOJIYYCHHA CIIMPTOB U (1)GHOJIOB.

Tema Ne 6. KOMIIVIEKCHBIE COEAUHEHUA

#TeopertnueckuiiPaznen

Koopnnnaunonnaﬂ TCOpUS BepHepa. OcHOBHBIE MOJIOKEHH A

OpHolt W3 mNpUYMH MHOrooOpasus BEIIECTB B HEOPraHMYECKON XUMHH SIBJISETCS
CIIOCOOHOCTh MHOTHX 3JIEMEHTOB OOpa30BBIBaTH KOMILUIEKCHBbIE coeauHeHus. Yke B XVIII Beke
CTaJl HaKalIuBaThCs (DAaKTUYECKUH MaTepuan O CYIIECTBOBAaHWU COEIUHEHUH, crenupuuecku
JUCCOIMUPYIOIMX B pactBopax. B oraumume or oObrasbIX snektponutoB  (H2SOs, KCl,
Na;CO3-10H20), koTopble B pacTBOpax cpasy pacrajaroTcsi Ha COCTABJISIONINE UX MOHBI, TAHHBIC
COEIMHEHUS, MOJIyYMBIINE Ha3BaHUE KOMIUIEKCHBIX, TUCCOLMUPYIOT HE MOJIHOCTBIO, a 00pa3yroT
YacTULBI, MMEIONIME CJIOXKHOE CTpOoeHHE. Bompoc O CTpOEHMHM KOMIUIEKCHBIX COEIWHEHUN
OCTaBaJICSI OTKPBITHIM JIOJITOE BPEMSI 10 TeX Mop, moka B 1893 roay mBeiapckuit XuMuk Anbdpen
BepHep He co3manm CBOIO TEOpHUIO, MOJYYMBIIYI0 Ha3BaHUE KOOPAMHAUMOHHOH. (OCHOBHBIE
MOJIO’KEHHUS JAHHOW TEOPHH CIIEAYIOIIHE:

1. Bonbiast yacTh 3J€MEHTOB CIIOCOOHA BHICTYNATh B KauecTBE KOMIUIEKCOOOpa3oBaTeneil
IPOSIBIISAS IPU ATOM J[BA TUIIA BaJIEHTHOCTH: OCHOBHYIO, COOTBETCTBYIOIYIO CTEIIEHH OKHCIEHUS, U
1000YHYI0, COOTBETCTBYIOILYI0 KOOPAUHALMOHHOMY YHUCITY.

2. DneMeHT-KOMILIEKCo00pa3oBarTelb CTPEMUTCS K HACBIEHUIO M TJIaBHOH M MOOOYHOM
BaJIeHTHOCTH. [Ipu STOM TIJlaBHas BaJ€HTHOCTb HACBIIIAETCS TOJILKO aHMOHAMH, a MoOOYHas M
AHMOHAMU U HEUTPaAJIIbHBIMU MOJIEKYJIAMH.

3. KoMIiekCHbIE COETMHEHNS XapaKTEPU3YHOTCSI CTPOTO OIPEIETIEHHOW reOMETpUIecKoi (pOpMOi.

CornacHo teopun BepHepa B OOJIBIIMHCTBE KOMIUIEKCHBIX COCIMHEHHH MOYKHO BBIICIHUTH
BHYMPEHHI0I0 U 8HewHI010 cghepbl. HacTUIbl BHYTPEHHEH cepbl MPOUHO CBA3aHbI MEXy cO00i 1
Ha3bIBAIOTCS KOMNJIEKCHLIM UoHOM. TIpH 3alucu KOMIUIEKCHOTO MOHA €ro OOBIYHO 3aKJIIOYaroT B
KBaJpaTHble CKOOKHM. LleHTpanbHBIM aToM WM HMOH BHYTpEHHEH c@epbl HOCUT Ha3BaHUE
Komniekcoobpasoeamens. VIOHBI WIH MOJIEKYJIbl, KOOPAMHUPYIOUIMECS BOKPYT ILEHTPAJIHHOTO
aToMa BO BHYTpEHHEH cepe Ha3bIBAIOTCS 1UCAHOAMU:

K;3[Fe(CN)s]

rekcanuanodeppat (I11) kamus
Fe*" — noH-koMIIeKco000pa3oBaTeb;
CN" — nuraHn;
[Fe(CN)s]> — kommekcHbli MoH (BHYTpeHHss cdepa);
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K" — non BHEmHEH cdephl.

B kauectBe KOMIUIEKCOOOpazoBaTeneld CIOCOOHBI BBICTYINATh HEUTPATbHBIE MOJEKYJBI U
AQHUOHBI, HO Yallle BCErO0 UMM SBJSIOTCS KaTHOHBI MeTayuioB. [IpuueM Hambosee BBIpAKEHO 3TO
CBOWCTBO y d-3JIeMEHTOB, MMEIOIIMX BakaHTHbIe d-opOWTanu HU3KHE TO PHEpruu. Heckoibko
MEHEee XapaKTepHa CIOCOOHOCTh K KOMIUIekcooOpazoBaHuio st f-snementoB. Illenounsie u
HIEJI0OYHO-3EMEIIbHBIE METaJUTbl YPE3BBIYAHO PEIKO 00pa3yrOT KOMIUICKCHBIC coequHeHus. J1is p-
3JIEMEHTOB 00pa30BaHKE KOMIUJIEKCHBIX COSIMHEHHM Tak)Ke MaJloXapaKTEPHO.

B kadecTBe NHMraHAOB MOTYT BBICTYyNAaTh JIMOO AHUOHBI, JTMOO HEHUTpaIbHBIC MOJICKYIIBI
['maBHble TpeOoBaHMsI K JIMTaHAaM — 3TO HEOOJbIIME pa3Mepbl U CIIOCOOHOCTh BBICTYNATh B
KauecTBE JIOHOpA JIIEKTPOHOB (MIO3TOMY HEWUTpallbHbIE MOJCKYJbI-TUTaHIbl JTOJKHBI OBITH
NOJIIpHBI). B HEKOTOPHIX OCOOEHHBIX CIydyasX JUTaHJIAMU MOTYT OBITh U HETOJSIPHbIE MOJIEKYJIbI,
Hanpumep, OEH30I1, a30T, KHCIOPOI.

KoopannanuonHoe 4nciio (K.4.) MOKa3bIBAET KOJIMUYECTBO MECT, KOTOPOE MOXKET OBITh 3aHSTO
JMTaH/IaMH BO BHYTpPEeHHEH cdepe komruiekca. KoopmmHaIMoHHbIE YMciia 3JIEeMEHTOB MOTYT IIPHHUMATH
sHavenws 1, 2, 3,4, 5, 6,7, 8,9 u 12. KoopauHamoHHOE YKCII0 ONpenensieTcs psaaoM (pakTopos:

— paauyc KoMIuiekcooOpazoBatens (vem Oonvuie paduyc, mem 0Oo0vule TUSAHO08 MONHCEm
PazmMecmumuvcs 60Kpy2 KOMNJIeKcooopazoeamelis, m.e. mem gvluie K.4u.),

— CTEIEHb OKUCJICHHUSI KOMILIEKCO0Opa3oBaTelis (Yem ulule CmeneHb OKUCAEeHUsl, meM Bblule
aghgpexmuenvili  3apsa0  Ha amome-KoMniekcoobpasoeamene, 4 3HAYUM  CUlbHee  Oyoem
NIeKMPOCMAmMuyeckoe 63aumMoO0elcmeaue mexicoy HUM U AueaHoamu, u, ciedo8amenbHo Oovuiee
YUCTIO TUAHO08 MOdCem DblMb NPUCOCOUHEHO K YUEHMPATIbHOMY amomy, m.e. K.4. 6yoem boavuie);

— 3apan JguraHgaa (¢ yeeiuuenuem — 3apsao0d  JUSAHO08,  YBeIUuUBAemcs U
INeKMPOCMaAmuiecKoe 83aumooeticmaue mexcoy HUMU, d 3HAYUM U YMEeHbUAemC sl UX KOIUYecmao,
KOmopoe Modfcem Oblimb KOOPOUHUPOBAHO 8OKPY2 KOMNIEKCO0Opa3oeamens);

— pa3mep nurasia (¢ ygenuuenuem pasmepa aueanoa yeeaudusaemcs mecmo, Komopoe OH
3aHuMaem 60 6HYMpeHHel cgepe, NpenAmMcmeys MmMaxkum o00pa3oM NPUCOCOUHEHUIO OpYUxX
JIUSAHO08, M.e. K.4. Oyoem Menbvuie).

HauGonee xapakTepHbl JIJIsi KOMIUIEKCHBIX COCTUHEHUN KOOPIUHAIIMOHHBIC Yncia 2, 4 u 0.
D10 O0O0BsCHSETCS OOpa3oBaHMEM B JAHHBIX CIydasX KOMILUIEKCOB BBICOKOCUMMETPHYHOTO
ctpoeHusi. Tak, B OOJNBIMUHCTBE CIIy9aeB KOMILIEKCHI ¢ KOOPJWHAIMOHHBIM YHCIOM 2 UMEIOT
JUHEHHoe cTpoeHue. [ KOMIIEKCOB ¢ K.4.=4 COOTBETCTBYET JIBE BO3MOXKHBIE KOH(PUTYpPALUU:
TUIOCKMIA KBajapaT W TeTpadap. lllecTHKOOpAMHUPOBAHHBIE KOMIUIEKCHI, KaK TPAaBHIO, UMEIOT
OKTadJIpU4eCKOe CTPOCHHE

BaxxHol XapakTepUCTUKON JIMTaHIOB SIBIISIETCS WX CHOCOOHOCTh 3aHMMATh BO BHYTPEHHEU
chepe KOMIJIEKCa OMHO WM  HECKOJIbKO  BAaKaHTHBIX  MeECT, T.€. CBSA3BIBATbCI C
KOMITIIEKCOOOpa30BaTeieM OCPEACTBOM OJHOTO MITH OOJIBIIIETrO YKciIa aTOMOB. JIuraH s 00pa3yromye
CBSI3b C KOMILJIEKCOOOPA30BaTENeM C TIOMOIIBIO OTHOTO aTOMa Ha3bIBAIOTCA MOHOeHmanmuvimu. K HUM
otHocsTCst Bce oanoaromubie noHkbl (F-, CI™ u np.), H>O, NH3, CO, HekoTopbie MHOTOATOMHBIE MOHBI
NOy, CN°, SCN" u ap. Jluranapl, KOTOpble CBSA3BIBAIOTCS C KOMIUIEKCOOOpa3oBaTeeM MOCPEICTBOM
OOJIBITIETO YKCTIa aTOMOB, T.€ 3aHUMArOIIUe 2 1 0oJiee MECT B KOOPIUHAIMOHHOH cdepe, Ha3hIBAIOTCS
nonuoenmanmuwimy. K HUM OTHOCATCS HEKOTOpble MHOTOaToMHbIe aHMOHBI (SO4*, $205% u 1p.),
npakTHYecku Bee opranmdeckue jurasanl (C2047, NH2CH,CHoNH: 1 sip.). ITpu 5TOM BaskHO ydecTs,
YTO 3aps]I JIUTaH/Ia HE BCET/Ia COBIAIAET C €r0 JEHTAaHTHOCTBIO.

Homenkiarypa KOMIIEKCHBIX COCMHEHUI

1. TMopsaok mepeuncienrs MOoHOB. COrIacHO MEXIyHApOAHBIM TpeOOBaHUSM B Ha3BaHHUU
KOMILIEKCHOTO COEIMHEHMsI TIEPBHIM HEOOXOAMMO Ha3bIBaTh KAaTHOH, BTOPHIM — aHMOH. TeM He
MeHee Ha MPAKTHUKE Yallle MOJb3YITCs 00paTHON MOCIeI0BaTeNFHOCThIO (CHaUaIa aHuoH, 3aTeM —
KaTHOH). B TaHHOM METOIMYEeCKOM MTOCOOMU MBI TaK)Ke MEPBBIM OyJeM CTaBUTh Ha3BaHUE aHUOHA ,
a 3aTeM — Ha3BaHME KaTHOHA.

2. Tlopsgmok 1mepedymciieHHs JHTafgnoB. JInraHael B KOMIUIEKCHOM COSIMHEHHH
MEPEYUCIIAIOTCS CIEAYIONUM 00Pa30M:
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— aHWOHHBIE (B ONpeIeeHHoi nocnenoarensHocTr: H', OF, OH", mpoctsie anuons (Cl, F u
T.11.), TonuaToMHble aHHOHBI (SO4*, NO2™ U T.11.), OpraHudecKUe aHUOHBI B a(aBUTHOM TIOPSIIKE);

— nedtpanbasie (H20, NH3 u 1.11.);

— KaTHOHHBIE.

Hazpanust nuranioB neducom He pa3fenstoTcs.

3. Haspanue snwurannoB. K Ha3BaHusSM aHMOHOB NpuOaBIseTcs OKOHYaHWE -0. Ha3Banus
HEUTpaIbHBIX MOJICKYJI OCTAIOTCS 0e3 m3MeHeHui 3a uckiaoueHueM NHs (ammun), H>O (akBa), CO
(xapOonmi) (cM. Tab6m1.3).

4. KonunuectBo nurannoB. llepen oOAWHAKOBBIMU 4 JIMT@HAAMH CTaBUTCS  IMPHUCTaBKa
YKa3bIBaroIIasi MX KOJIM4ecTBo (2 — 1iu, 3 — Tpu, 4 — TeTpa, 5 — neura, 6 — rekca, 7 — renta, 8 — okra, 9 —
HOHA  T.JI.).

5. OxoHYaHME Ha3BAaHUH KOMIIJICKCOB.

— aHHOHHbBIE KOMILIEKCHL. B Tex ciydasx, Korja BO BHEUIHIOW cepy BXOAST TOJIBKO HOHBI
BOJIOPOJIa, TO KOMIUIEKC HMEEeT OKOHYaHHE -0Basi KHcjaoTa. Bo Bcex Apyrux ciydasx
UCIOJIb3YETCS IATUHCKOE HAaMMEHOBAaHHE 3JIeMEHTa-KOMIUIEKCO0Opa30BaTelisi U OKOHUYaHUE -aT;

— KaTHOHHBIE KOMIUIEKCHl. CrienuduyuecKkux Ha3BaHWHA y KOMIUIEKCOB HeT. Mcmomp3yercs
pyccKoe Ha3BaHUE AIIEMEHTA.

6. CTemneHb OKHCICHUS KOMIUIEKCOOOpa3oBaTelns. 3aluChIBAaeTCs B KPYIJIBIX CKOOKax
apa0ckuMu nudpamu Mocie Ha3BaHUsI KOMIIEKCHOTO HOHA.

Ilpumepwi:

[Ag(NH3)2]Br — 6pomu nuammuncepedpa (+1);

[Pt CI2(NH3)2]Clz — x70pua 1uXI10poIHaMMUAHIUTATHHEI (+4);

K>[SiFs] — rexcadgTopocuiankaT Kaus.

H>[SiF¢] — rekcadropokpeMHIECBas KUCIIOTA;

I/I30Mepl/lﬂ KOMIINIEKCHBIX COGIII/IHCHI/lﬁ

JUIsi KOMIUIEKCHBIX COCAVMHEHUM BECbMa XapakTEpHO sABJIEHHE wu3oMmepud. [Ipuyem
BO3MO>KEH HE OJIMH THUIl U30MEPHH, & HECKOJIBKO.

1. WonHas u conbBaTHas W30MEpHUs. ODTOT BHJ H30MEPUU OOYCIIOBIEH CIOCOOHOCTHIO
HEKOTOPBIX MOHOB WJIM HEHTPAIbHBIX MOJIEKYJ BXOJUTh KaK BO BHYTPEHHIOIO cepy KoMILIeKca,
T.€. BBICTYIIaTh B KauecTBE JIMTAHJOB, TaK U BXOAMTHh BO BHEIIHIOW cdepy, T.e. BHICTyHaTh B
Ka4yecTBe MPOTUBOMOHOB MJIM yYaCTBOBAaTh B 00pa30BaHUU COJIbBATHOM 000IOUYKU:

[Co(NH3)sBr]SOs  [Co(NH;3)sSO4]Br

KpacHO-(h1oJIeTOBBIH KpaCHBIN

2. KoopaunanuonHas wu3zoMmepus. JlaHHBIH BHUJ HM30MEpUU XapaKTEPEH TOJIBKO JUIf
OMKOMIUIEKCHBIX COEAMHEHUH (T.e. KOrja M KaTHOH U QHHOH SBJISIIOTCS KOMIUIEKCHBIMH MOHAMH).
OO0ycioBIEH 3TOT BUJ U30MEPHUH CIIOCOOHOCTh OJJHUX M T€X K€ MOHOB WJIM MOJEKYJ BBICTYNAaTh B
Ka4yecTBe JIMT'aHJI0B JJIsl pa3HbIX KOMILJIEKCOOOpa3oBaTeeit:

[Co(NH3)6][Cr(C204)3]  [Cr(NH3)6][Co(C204)3]

3. OnTtuyeckas uzomepus. [IpuurHON NOSIBIEHUS y KOMIUIEKCHBIX COEIMHEHUN JAaHHOIO
TUIIAa U30MEPHUH CIYXKHT UX CI0XKHAs reoMeTpudeckas popma. B 3ToM ciydae KOMITJIEKCHBIE HOHBI -
U30MEpbl HMEIT OJIMHAKOBBIM COCTaB M OJMHAKOBOE CTPOEHHE, HO IPEACTaBISIIOT COOOH
3EpKaJIbHOE OTPAKCHHUE JIPYr Apyra M IMOOTOMY HUKAKMMU IEPEMEIICHUSIMU B IIPOCTPAHCTBE HE
MOTYT OBITh COBMEIIIEHBI.

IToMuMO 3THX BHJIOB U30MEPUU IJI1 KOMIUIEKCHBIX COCIMHEHHUM XapaKTEepHbl U HEKOTOPbIE
pyTHe.
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OcobeHHOCTH 3ﬂeKTp0J1HTquCKOﬁ AUCCONHMANINHN KOMIIJICKCHBIX coeIMHEeHHU M

XapakTepHOH OCOOCHHOCTBIO KOMIUIEKCHBIX COCIUHEHHUN SBIAETCS WX CHelu(uuecKas
qucconnanus. llepBoHavanbHO NPU PacTBOPEHUU KOMIUIEKCHOIO COCIMHEHHUS IPOUCXOJUT €To
MIOJTHAsT AUCOOIMAINS Ha KOMIUIEKCHBIM HOH U MIPOTHBOMOHBI BHEIIHEH cdephl. T.e. KOMITJIEKCHBIHI
MOH BeleT ce0s Kak MHIMBUAYyallbHAs 4yacTula. JTOT MPOLECC UMEeEeT HeoOpaTUMBIA XapakTep U
HOJIYYHJI Ha3BaHUE NEPEUUHOU OUCCOYUAYUU:

K3[Fe(CN)s] — 3K* + [Fe(CN)s]*

Jluip 3atemM MpOMCXOAUT YaCTHYHAS HUCCOLMALMs KOMIUIEKCHOTO MOHA HA COCTABJISIOIINE
ero JIMraHbl ¥ HOH-KOMILIEKcooOpa3oBaTelnb. J(aHHBIM MpolecC MONy4usl Ha3BaHUE 6MOPUYHOU
ouccoyuayuu. IIpoTexaeT OH B HECKOJIBKO CTaJuil, Ha KaXJ0H U3 KOTOPBHIX OTIIEIISAETCS TOJBKO
onuH nurana. Bee ctaauu nMerotT oOpaTuUMbIi XapakTep:

[Fe(CN)s]> <> [Fe(CN)s]* + CN-
[Fe(CN)s]* <> [Fe(CN)4]" + CN-
[Fe(CN)4] <> [Fe(CN)3]° + CN-
[Fe(CN)3]° <> [Fe(CN),]" + CN-
[Fe(CN)2]" <> [Fe(CN)]*" + CN-
[Fe(CN)]* <> Fe*" + CN-

HpI/I 9TOM OTHICIUICHUEC KaKAO0I'0 IOCJICAYIOIICTO JIMT'aHda CTAHOBUTCA BCC MCHEC U MCHEC
BCPOSATHBIM. I[JIS[ BTOquHOﬁ Jucconanyvii KOMIIJICKCHOI'O HMOHAa MOJKHO 3alurcarb CyMMApHOC
YpaBHCHHUC:

[Fe(CN)e]> <> Fe** + 6CN-

[TockonbKy NaHHBIM Mpoliecc OOpPAaTUMBII MOKHO COTJIaCHO 3aKOHY JEHCTBYIOIIMX Mace
MO’KHO 3aIIMCaTh BBIPAKEHUE JJIS €r0 KOHCTAHTHI PABHOBECHSL:

[Fe” [CN" T
[[Fe(CN),T"]

JlaHHasE KOHCTaHTa IOJy4YWJIa Ha3BAHME KOHCTAHTHI HECTOMKOCTH KOMIIJIEKCHOIO HMOHA
(Kieer). s MHOTHX HWOHOB €€ 3HA4YEHUE OIPEICICHO HKCIEPUMEHTAIbHO W 3aHECEHO B
CIEUAJIBHBIE CIPAaBOYHHUKHU. Pa3MepHOCTb KOHCTaHTBI ONpPENENSIETCS CTPOCHHEM KOMILIEKCA U
IPONOPLUMOHANIbHA Pa3MEPHOCTH KOHIIEHTpaluu (MoJib/a). B crpaBOYHBIX JT@aHHBIX Pa3MEPHOCThb
Kiecr HE YKa3bIBaeTCH.

KoHcTaHnTa HECTOHMKOCTH SBJIsIETCSI MEPOMl CTaOMIBHOCTH KOMILJIEKCHOTO MOHA B BOJHBIX
pactBopax: ueM 0oiablie Kiecr, TEM MEHEE yCTOHYMB KOMILJIEKCHBIN MOH, U HA00OPOT, YeM MEHBbIIIE
Kitecr, TEM KOMITJIEKCHBIN HOH 00Jiee yCTONYHMB.

HekoTopble KOMIUIEKCHBIE COEIMHEHHsI O00JaJal0T HACTOJBKO BBICOKUMH 3HAYEHUSIMHU
KOHCTaHTbl HECTOMKOCTH, 4YTO MNpPH MX PAaCTBOPEHUU B BOJE KOMIUIEKCHBIM HOH cpa3y ke
MIOJIBEpPraeTcsl IMOJIHOM aucconyanuy. T.e. NMPOUCXOOUT paclaj HE TONbKO Ha BHYTPEHHIOK U
BHEIIHHE cQepbl, a Ha BCE COCTABJISAIONINE COEAMHEHHE HOHBL. Takue COEIWHEHUS MOIy4UIU
Ha3BaHUE ABOMHBIX CoJIeil, K HUM oTHOcUTCS, Hanpumep, kapHaT (KC1-MgCly):

KCI-MgCl, = K[MgCl] = K* + Mg + 3CI
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Tema Ne 7. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE ITPOLHECCHI

#TeopetnueckuiiPa3znen

DJIeKTPOOTPULIATEILHOCTD

JIEKTPOOTPULATEIBHOCTD (¥ )— 3TO XapaKTepUCTUKA CIIOCOOHOCTH aTOMa B XMMHUYECKOM
COCIMHEHUHU CMEILATh NIEKTPOHHYIO IJIOTHOCTh B CBOIO CTOPOHY. DJIEKTPOOTPHULATEIBHOCTh HE
MMEET pa3MepHOCTH. JlaHHBIA TEpMHH BBEJI B COBPEMEHHYIO XUMHUIO B 1932r. amepukaHCKui
xumuk Jlaitnyc Ilommur. OH ke NpeayiokXuia M NEPBYIO IIKATY 3JIEKTPOOTPULATENIBHOCTH,
pacCUMTAaHHYIO Ha OCHOBAHUHU SKCIEPUMEHTAJIbHBIX 3HAUEHHUM SHTaNbIINU 00pa3oBaHUs CBs3EH B
JIBYXaTOMHBIX MoJekyiax. CornacHo IlonmuHry HamOonbliee 3Ha4EHUE 3JIEKTPOOTPUIATEIBHOCTH
UMEEeT CaMblil aKTUBHBIA HemeTau — ¢pTop (x=4.0), a HauMeHbIlIee 3HAYCHUE — HIETOYHBIE METAJLIbI
—ne3uit u Gpannwmii (x=0.7).

DNeTpOOTPHUIIATEIBHOCTh JJIEMEHTA 3aBHCUT OT CIIOCOOHOCTH €ro aTOMOB TEpSTh H
npuoOpeTaTh 3JIEKTPOHBI, a 3HAUUT ONPEENAeTCs CTPOSHUEM JIEKTPOHHON 000s0uku aToma. Ilo
TOW NPUYUHE BJIEKTPOOTPULATENBHOCTh JJIEMEHTOB OyAeT HaXOoAUTCd B NEPUOAMYECKON
3aBUCUMOCTH OT 3apsiioB UX sjep. B 1esom B nepuoguyueckoil cucreMe 31eMEeHTOB HaOIr01al0TCs
ClIelyIoIIne 3aKOHOMEPHOCTH WU3MEHEHUs AJIEKTPOOTPULIATEHHOCTH. Haubonee
3JIEKTPOOTPHUIIATENIbHBIE JIEMEHTHI, T.€. caMble aKTUBHbIE HeMeTayuibl (pTop, KUCIopon, XJIop U
Jp.) pacrojararorcs B IIpaBOM BEpxHEM yriy Tabmuuel. HaumeHnee 3iieKTpooTpuLIaTEIbHbIE
3JIEMEHTHI, T.€. CaMble aKTHBHbIE MeETaibl ((paHUuil, Lle3ull U Ap.) pacloyiaraloTcs B HUKHEM
JEBOM yIJy TaOMUIBl AJIEMEHTOB. TakuM 00pa3oM C yBETHYEHHEM TOPSIKOBOTO HOMEpa
3JIEKTPOOTPHULIATEIBHOCTD JIEMEHTOB 110 IIEPUOLY BO3PACTAET, a [0 I'PYIIIE HalaeT.

B coBpemeHHOI TpaKTOBKE, MPEAIOKEHHON aMmepukaHCKUMM ydeHbIMU A.JI.Omnpenom u
3.POXOBBIM 3JIEKTPOOTPULIATENILHOCTh OINPENENIeTCsl JIEKTPUYECKHM II0JIEM Ha IOBEPXHOCTH
aToMa. BenuunHa ee XapakTepus3yeT EKTPOCTATUYECKYIO CUILY, AEHCTBYIOLIYIO MEXIY SAPOM U
BAJICHTHBIMU 3JIEKTPOHAMH, T.e. (DAKTHYECKH SBISETCS MEpOH CTAaOMJIBHOCTH 3JIEKTPOHHOU
o0osnoukn aroma. CorjmacHO TakoMy IPEACTAaBICHUIO  ONPEACNIEHHBIMM  3HAuYEHUSMU
AIIEKTPOOTPHULIATEILHOCTH XAPAKTEPU3YIOTCA Jla)kKe JJIEMEHTB, He OoOpa3ylolre YCTOHYMBBIX
XUMHYECKUX COEAMHEHUH (Trenid, HeoH, aproH). M, mockoiabKy Hanbosee cTaOMIbHBIMU SIBIISIOTCS
UMEHHO 3JIEKTPOHHBIE KOH(UIypallMd WHEPTHBIX Ta30B, MX 3HAYEHHUS SJIEKTPOOTPHULATEIBHOCTU
OyIlyT MaKCUMaJIbHBIMU.

3HaueHUs JIEKTPOOTPULIATEIIBHOCTH TIO3BOJISIOT OLIEHNUBATh XapaKTEp XUMUYECKOU CBSI3H B
XUMHUYECKOM coequHeHnu. Haubonpinas pasHuna OyIeT COOTBETCTBOBATh MPEUMYIIECTBEHHO
MOHHOMY THIly CBs3M. He3HauuTenbHOE OTIMYME B BJIEKTPOOTPULATENBHOCTSIX 3JIEMEHTOB
MOKa3bIBAET, YTO CBS3b B COETUHEHUU Oy/AeT KOBAJICHTHAS:

KCl  ¢(K)=091 y(C1)=2.83 Ayx=1.92 HMOHHAs! CBSI3b
HCl  y(H)=2.10 y(C1)=2.83 Ayx=0.73 KOBAaJICHTHAs MTOJISIPHAs CBS3b
Ch x(CH=2.83  x(CI)=2.83 Ax=0 KOBQJICHTHAs HEMOJISIpHAsl CBA3b

[Ipy uCHONB30BaHUM MOHATHS AJIEKTPOOTPHULIATEILHOCTH HEOOXOIMMO YUYUTHIBATH Pl
Ba)XHBIX MOMEHTOB. Bo-IepBbIX, 3JEKTPOOTPULIATEILHOCTh HE SIBISETCS CTPOroi (usnyeckoi
BEJIMUMHOM, ee 3HaueHUE He OIpe/eseTcs] SKCIePUMEHTAIbHO, @ PACCUUTHIBAETCS U3 KOCBEHHBIX
JaHHBIX. BO-BTOPBIX, 2JIEKTPOOTPULIATENILHOCTD HE SIBJISIETCS BEIMYMHON ITOCTOSSHHOM M 3aBUCUT OT
IPUPOJIBI JPYTUX aTOMOB, C KOTOPHIMU XUMHUYECKH CBA3aH aTOM JIaHHOTO 3JIeMeHTa. B HEKOTOphIX
COECIMHEHUAX OIUH M TOT K€ aTOM MOJKET CIIyKUTb OJHOBPEMEHHO M JIOHOPOM M aKIENTOPOM
AIIEKTPOHOB.

CreneHb OKHUCJICHUS

CreneHb OKHCJIEHHS — TO 3apsn, KOTOpBIﬁ HpI/I06peJ'I OBI aToM, €CJIn OBl Bce 9JICKTPOHHBIC
napel XUMHUYCCKUX CBsA3ell B COCIUHCHNUN CMCCTUIIMCB B  CTOPOHY AaTOMOB Ooiee
SJICKTPOOTPULATCIIbHBIX 3JICMCHTOB.
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[Ipu oleHKE CTENEHW OKWCIICHHS HE YYWTBHIBACTCS pPEaTbHBIA THIT XHUMHUYCCKOW CBS3H B
COCIMHCHUMU. YCHOBHO HpI/IHI/IMaeTCSI, YTO BCEC CBA3HU UMCHOT I/IOHHBII\/'I xapaKTep, a CaMO XUMHYCCKOC
COCJITMHEHUE MPECTABIACTCS COBOKYITHOCTBIO OJJHOATOMHBIX HOHOB.

Crenenb okucieHUs — 3To Oe3pa3mepHas BenuuumHa. OHA 3aMMCHIBACTCS HAJ CUMBOJIOM
XUMHUYECKOTro 3JieMeHTa (MHOoraa o003Ha4yaeTcs B BHUJAC BEPXHEr0 HMHJEKCA CIpaBa OT CHMBOJIA

AJIEMEHTA):
2 02 41472 0

MgS, K>MnO4, Ch

CreneHb OKHCICHHMS MOXET TNpPHHHMATh 3HadeHuss oTr -4 no +8. B OonbmmHCTBE
COCIMHEHUH CTENEHb OKUCIICHUSI UMEET LIEJIOUMCICHHBIN XapaKTep, HO B HEKOTOPHIX BEIIECTBAX €€
(dhopMalIbHOE 3HAYCHHE MOXKET OBITh TPOOHBIM.

Jl1st pacyeTa CTeneHU OKUCIICHUS CYIIECTBYIOT OIpe/ie/ICHHbIE TpaBuJa;

1) Ctenenb OKUCIICHHS 3JIEMEHTa B IPOCTOM BelecTBe paBHa (.
00 0 0 0 0

02, N2, Sg, P4, Fe, Cu

2) g sneKTpOHEUTpalbHBIX MOJIEKYJ CyMMa CTEIEHEM OKHCIEHMSI BCEX JJIEMEHTOB C
Yy4eTOM 4YHCIIa UX aToMoB paBHa 0.

I[JI?I MHOTaTOMHBIX HOHOB CyMMa CTEIICHEH OKMCIICHMS BCEX DJIEMEHTOB C YUE€TOM YHUClia UX
aTOMOB paBHa 3apsily MOHA.

JlJ11 0IHOATOMHBIX MOHOB CTENEHb OKUCIICHUS 3JIEMEHTA PaBHA 3apsly HOHA.

+1 46 -2
CepHas KUCIIoTa: H2SOq4 2:(+1)+1-(+6)+4-(-2)=0
+6 -2
Ccynb(haT-HOH: SO4* 1-(+6)+4-(-2)=-2
3) Psi 21eMEHTOB TIPOSIBIISICT MOCTOSTHHYIO CTETIEHb OKUCIICHUS:

— ¢rop (-1);

— kucnopon (-2), 3a uckitouenuem nepoxcuoos (H>02, Na:0: u 0p.), 20e e2o cmeneHb
oxucaenus paena (-1), gmopuoa kucnopooa (OF3), 20e cmenenv okucienuss Kuciopooa pagua (+2)
u Hekomopuwix opyeux coeounenuil (KO2, KOs u op.);

— Bogopox (+1), 3a ucknouenuem cudpuoos memannos (NaH, CaH> u op.), 2oe eco cmenens
oxucnenus pasna (-1);

— menounsie Metasuibl (Li, Na, K, Rb, Cs) (+1);

— meno4yHo-3eMenbHbIe MeTaisl (Ca, Sr, Ba), a Taxoke HMHK, MarHuii U Kaamuii (+2).

4) MeTtaibl IPOSBISAIOT TOJBKO MOJOKUTENbHYIO CTENIEHb OKMCIIECHUS.

5) Boiciias mosoKuTeIbHAs CTENIEHb OKMCIICHUS 3JIEMEHTA YMCIIEHO paBHA HOMEPY I'PYMIIbI
anemeHTa B Ilepumonuuecko cucreme. Mcknrouenue cocmagnsaiom ¢hmop, KUCIopoo, 2eiull, HeoH,
apeoH, a makaice demMeHmol NOOSPYNn KoOANbMa U HUKes, Ybsi MAKCUMATIbHASL CMeNneHb OKUCTeHUS
MeHbue Homepa 2pynnel, K KOMOpPOU OHU OMHOCAmMCA. Y dnemenmog noocpynnel meou
MAKCUMATIbHAS NOJIONCUMENbHAS CMenelb OKUCTeHUs: O0iblule HoMepa 2pynnbi.

Husmas oTpunarenbHas CTENeHb OKUCIEHMS AJIEMEHTA YHCIEHO paBHAa HOMEPY TIPYIIIBI
AJIeMeHTa MUHYC 8. Omo npasuio npumerHumo auls Kk hememannam IV-VII epynn.

Kax npaBuso, 6G0JbIIMHCTBO 3JIEMEHTOB UMEET HECKOJIbKO cTeneHeil okuciaeHus. Tak a3or
CIOCOOEH MPOSIBIISATh MIUPOKUN CIIeKTp uX 3HaueHus (-3,-2,-1,0,+1,+2, +3,+4,+5). Onnako He Bce
OHM OYyIyT OJIMHAKOBO XapaKTepHBI JJIs JaHHOTO 3jemeHTa. Haunbonee ycroiuuBBIMU AJIs a30Ta
OyayT crenenu okucinenus -3,0,+3,+5, ocTaabHble CTENEHU OKUCIEHHS Oy IyT MaloXapaKTePHBI.

[Ipy ucnosp30BaHUM NOHATHA “‘CTENEHb OKUCIEHHUS BaXHO YYECThb Psiji NMPUHIHUIHAIBHO
Ba)XHBIX MOMEHTOB.

Bo-niepBbIX, cTeneHb OKUCICHHS 3JIEMEHTa HUKOI/Ia HE COOTBETCTBYET PEalbHOMY 3apsly
aToMa B COEIMHEHUHU. Tak, CTENEHb OKHCIEHUS MOXKET MPUHUMATh 3HaueHus ot -4 1o +8. B To
BpeMsl KaK pealbHbIN 3aps]l aTOMOB HE MOXeT ObITh MeHblle -1 unu Oonbmie +2. Jlaxke B
COEIMHEHUAX C IPEUMYIIECTBEHHO MOHHBIM XapaKTEPOM CBSI3U CTENEHb OKUCJIEHMSI aTOMOB HE
paBHa uX peanbHOMY 3apsay. B Hutpare Hatpus (NaNOs) creneHb OKHCIIEHUsI a30Ta paBHa +5, a
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JICUCTBUTEIIbHBINA 3apsij] cOCTaBiseT Bcero auiib +0.4. AHaiornyHas 3aKOHOMEPHOCTh XapaKTepHa
U JUIsl KOBAJICHTHBIX COeAMHEHUH. B XJ10poBO10pO/I€ CTENEHN OKUCIICHHS BOJIOPO/Ia U XJIOpa PaBHBI
+1 u -1, a ux aeiictButenbHbIe 3apaabl +0.17 u -0.17 cOOTBETCTBEHHO.

Bo-BTOphIX, B psifie COEAUHEHUN JJII YCTAHOBJICHUSI CTENEHU OKHUCJICHHUS DJIEMEHTa
HE0OXOAMMO 3HATh HE TOJIBKO AMITUPHUUECKYIO (POPMYITY, HO U CTPYKTYPHYIO.

Hanpumep, B THOCEpHON KHCIOTE W €€ CONsAX TUocyibpartax (opMmanabHas CTENeHb
OKHCJIEHUs cephl paBHa +2. B peanbHOCTH XK€ aTOMBI Cephbl B JAaHHOM COCIUHEHUU —
HEpaBHOIIEHHBI. ATOM Cepbl, COEMHEHHBIN C aTOMaMU KUCIOpOa, UMEET CTENEHb OKUCIIEHUs 10,
a BTOpOM aTOM CEepbl UMEET CTEIICHb OKUCICHUS -2.

[To sToi1 *e mpuYMHE MOHSATHUE CTENEHH OKUCICHHUS MPAKTHUUYECKH HE HCIOIb3YeTCs st
XapPaKTEPUCTUKH OPTAaHUUYECKUX COCTMHEHUHN, HMEIOIUX CII0KHOE CTPOCHHE.

B-TpeTbux, UIsi XUMHYECKHX COCAMHCHUW, HE TOJYMHSIONIUXCS TMpaBuiaM (opMaibHOU
BAJICHTHOCTH, TTOHSTUE CTEIICHW OKHUCJICHHUS TEPSET CBOM CMBICI. Tak, MPaKTUYECKU HEBO3MOMKHO
paccuuTaTh CTCTIICHH OKHCIEHUS JJIEMEHTOB B cieayromux coeauHeHusx: NizSn, CrsB, CrBe,
FesWs, YB12, YBes 1 1p.

Tem He MeHee WCHOIL30BAaHUE TIOHATHE CTEIICHH OKHCJICHHS IT03BOJISCT 3HAYMTEIHHO
VIPOCTUTh COCTaBieHHE (OpMyNT COeAUHEHHH, 1oa00p KOI(D(UIIMEHTOB B  OKUCIUTEIHHO-
BOCCTAHOBUTEJIBHBIX PEAKIIUSIX.

OKHCIUTENbHO-BOCCTAHOBHUTEIbHbIE peakuuu. OCHOBHBbIE MOHATHSA. TUNbI
OKHCJINTEJIEN U BOCCTAHOBUTEJICH

OKHCIUTEIbHO-BOCCTAHOBUTEIbHbIE peaklMu — 3TO pPEaKIMH, MPOTEKAIoIIue C
U3MEHEHHEM CTENEHH OKHCIEHHS OJHOIO WIIM HECKOJIBKHX DJIEMEHTOB, BXOIAIIMX B COCTaB
pearupyromux BemecTB. [Iporecchl OKHUCIEHUS-BOCCTAHOBICHUSI MOXHO YCJIOBHO COOTHECTH C
npoleccaMy IepeHoca ICKTPOHOB MEXy aToMaMu. Torjia OKHCICHUE MOXKHO PaccMaTpuBaTh Kak
0TJa4y 3JIEKTPOHOB, & BOCCTAHOBJICHUE — KaK MPUCOCAMHEHUE 3JICKTPOHOB.

OxucIMTeIeM Ha3bIBae€TCS BEIISCTBO, COJAEpIKAIee aTOMbl, KOTOpbIC MPUHUMAIOT
E)JIeKTpOHBI. OKI/ICJII/ITGJH) B peBy.HI)TaTe XI/IMI/ILIGCKOI\/JI peaKHI/II/I BOCCTaHaBJINBACTCA, HO3TOMy
CTETEeHb OKHUCJICHUS DJIEMEHTA-OKUCIIUTENSI YMECHBIIIACTCS.

BoccraHoBuTe/IeM Ha3bIBACTCS BEIIECTBO, COJEPIKAIlee aTOMBI, KOTOPBIE OTIAOT
AJIEKTPOHBL. BOocCTaHOBUTEND B pe3ysibTaTe XUMHUYECKOW PEAKIIMUA OKUCIISAETCS, CTETICHb OKUCIICHUS
DJIEMEHTA-BOCCTAHOBUTEIIS YBEIHMUNBACTCS.

@OyHKIUK OKUCIHTENST W BOCCTAHOBHUTENST MOTYT OBITh COBMEHICHBI B OJJHOM M TOM K€
BEIIIECTBE.

prvzep B3aHMOJEHCTBHE METAJNINYSCKOrO MarHus M COJISHOM KUCIOTHL;
0 +1 +2 0

Mg + 2HCI = MgCL + H»

0 +2
Mg - 2e =Mg 1 — BoccTaHoBHTENb (Mg)
-1 0

Cl+1e =Cl 2 — oxkucautens (HCI)

OKHCIUTETbHO-BOCCTAHOBUTEIBLHBIC  CBOWCTBA  BEIISCTB  OOYCJIOBIECHBI  CBOWCTBAMU
AIIEMEHTOB, BXOSIIUX B UX COCTAaB.

ATOMBI JIEMEHTOB, HaxoAsmuxXcs B Beiciien creneHu okucienus (Co(+3), Sn(+4), N(+5),
S(+6), Mn(+7), Xe(+8) u ap.) He MOryT OOJbIlIe OTAABATh DJIEKTPOHBI, & CIIOCOOHBI JIUIIL UX
MPUCOSANHATh. [l09TOMY BemIeCTBa, COJIEPKAIIUE DIIEMEHTBI 6bICUUX CTEIICHAX OKHUCIICHUS
00Ja1at0T OKUCIUMETbHBIMU CBOUCTBAMH.

ATOMBI DJIEMEHTOB, Haxomsamuxcs B Husmien crenenu okucieHus (I(-1), S(-2), P(-3), C(-4)
U 7Ap.) HE MOTYT OOJbIlle MPUHUMATh SJEKTPOHBI, a CIOCOOHBI JHINb WX OTAaBaTh. [lodaTOoMy
BEIIECTBA, COJICPIKAIIUE DIEMEHTBI HU3UUX CTCTICHIX OKUCIICHUS 00JIa/Iat0T 60CCMAHOBUMETbHBLMU
CBOMCTBaMH.
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ATOMBI 3JIEMEHTOB, HAXOAIINXCS B MPOMEXYTOUHOU crenenn okucnenus (C(+2), CI(+3),
N(+4), Mn(+6) u 1p.) B 3aBUCUMOCTH OT BHEIIHUX YCIOBHI CIIOCOOHBI TMOO OTAaBaTh SJIEKTPOHBI
100 ux npucoeanHATh. [103TOMY BelecTBa, ColepIKalinue IEMEHTBl APOMENCYMOUHBIX CTETICHIX
OKHCIICHHSI 00Ia/Ial0T OKUCAUMENbHO-80CCMAHOBUMENbHOL 080UCMBEHHOCHbIO CBOWCTB.

OCHOBHBIC OKUCIUTEIN M BOCCTAHOBUTEIM MOYKHO Pa3/ICJMTh HA HECKOJIBKO TPYHI IO UX
XUMHUYECKOMY CTPOCHHUI0. PaccMoTpuM 3Tu rpynmsl oapoOHee.

Oxucanreau

1. IIpocrsie BemecTBa. HambGonee axkTuBHBIE HeMmeTayuibl (ramoreHwl: Fa, Cla, Br,
kuciopo O2) 00Ja1aF0T IPKO BBIPAKCHHBIMU OKHCIUTCIIBHBIMU CBOWCTBAMHU.

0 -1 0 -1
F+e - F Cl+e —>Cl
0 -1 0 2
Br+e — Br O+e—>0

2. Kuciopoacoaepxanue KMCJI0ThI M HX COJIH.

a) Asornas kuciora (HNO;). OxuciaurenpHble CBOMCTBa OOYCIIOBIEHBI aTOMOM a30Ta,
HaXOJsAUIMMCA B CTENEHM OKUCIEHUs +5. B 3aBUCMMOCTH OT CHMJIbI BOCCTAHOBMTENS MPOIYKTaMU
BOoccTaHOBIEHHUS KUCIOThl sBIsitOTCsT NO2, NO, N> um NHz (NHsNOs3) B KOTOpBIX a3oT
COOTBETCTBEHHO MMEET CTeneHb okucienus +4, +2, 0 u -3. C MOHMKEHUEM KOHIIEHTPAIIMA KUCIOTHI
yBeIMUYMBaeTCsl TINyOMHa ee BoccraHoBieHus. Kak mnpaBuio, npu BoccTaHoBieHun HNO;
OJIHOBPEMEHHO IIPOTEKAET HECKOJIBKO XUMUUECKUX peakuuil. Hanpumep, B3aumopeiicteue 40%-Hoi
KHUCJIOTHI C 5KEJI€30M MPUBOAUT K 00pa30BaHUIO BCEX BO3MOXHBIX IPOJYKTOB BOCCTAHOBJIEHUS a30Ta.
B xumunueckux peaxiusix HNO3 1100601 KOHIIEHTpaIIMU ¢ METajllaMy BOJIOPOJ] HE 00pa3yeTcs.

Conu a30THOM KMCIOTBI — HUTPAThl 00JIaZAl0T OKHUCIMTEIbHBIMU CBOWCTBAMU TOJIBKO B
OUYEHb KUCJIBIX PACTBOPAX UJIU B TBEPJOM COCTOSIHUU IPU BBICOKON TeMIlepaType.

0) Cepnas xucinora (HpSOs). OxucnutenbHble CBOiCTBa OOYCJIOBIEHBI aTOMOM CEpbI,
HaXOJSIIUMCS B CTENEHU OKUCIEHUs +6. B 3aBUCMMOCTH OT CHJIBI BOCCTAHOBHTENS MPOILyKTaMHU
BOCCTAHOBJIEHMsI KUCIIOTHI ABIAOTCA SO2, S 1 H2S B KOTOpBIX cépa COOTBETCTBEHHO UMEET CTEIIEHb
okucnenus +4, 0 u -2. OxucnurerabHble CBOICTBA MPUCYIIHM TOJBKO KOHLEHTPHUPOBAHHBIM
pacTBOpam KHUCJIOTHI.

Conu cepHOM KUCHOTHI — CyIb(paThl OKUCIUTEIBHBIMU CBOMCTBAMHU HE 00JI1a1a10T.

B) Ilepmanranar kamus (KMnOg4). OxucIuTenbHBIE CBOWCTBA OOYCIOBJIEHBI aTOMOM
MapraHiia, HaxXoJIIMMCs B CTENeHH oKuciaeHus +7. OKucnuTeabHasi akTUBHOCTh IIEpMaHraHaTa u
riyOuHa ero BOCCTaHOBJIEHHUS (CTENEeHb OKMUCIeHus +6, +4 i +2) ompenensercs XapakTepoM
CpEeJIbl:

pH<7 (xucnas cpena) MnOys + 8H' + 5¢- — Mn?" + 4H,0
pH=7 (meiitpanpHas cpenra) MnO4 + 2H>0 + 3e” — MnO> + 40H"
pH>7 (menounas cpena) MnOs + e — MnO4>

Haubonee spko BeipaxkeHbl okucauTenbHble cBoiictBa KMnQO4 B KucIoii cpere.

r) Xpomar wu guxpoMar kamusg (KoCrOs4 u  KrCryO7). OxucnuTenbHbIE CBOMCTBA
00yCIIOBJIEHBI aTOMOM XPOMa, HAXOJIALIUMCS B CTeTIeHH OKHUcIeHus +6. OKUCINUTENbHBIE CBONCTBA
HauOosee BBIPAKEHbI B KHUCION cpene (IpU 3TOM XpomaT Kaiusl NEepexoguT B Ouxpomar).
T[IpoLyKTOM BOCCTaHOBJIEHHS siBJIsieTcs HoH Cr’¥, B KOTOPOM CTeleHb OKUCIIEHHS XpOMa paBHa +3.

3. CoenuHeHusl, cojieprkaiine aTOMbl METAJLJIOB B BLICOKHX CTeNeHsIX OKucaeHus. Js
MHOTMX METAJVIOB XapaKTEPHO HECKOJBbKO CTeNeHel okucienus (xene3o +2 u +3, onoso +2 u +4,
KoOanbT +2 1 +3 U Jp.), MO3TOMY aTOMBI METAJUIOB MOTYT BOCCTAHABIIMBAThCS TIEPEXOJis B OoJiee
HU3KYIO CTEIIEHb OKUCIICHUS.

4. Coequnenus, cogepxamue Boaopoa (+1). K 1aHHbIM COeTUHEHUAM OTHOCATCS MPEKIE
BCEro KUCIOTHI U BoJa. KHCIOTHI B3aMMOJICHCTBYIOT C METAJUIAaMH C 00pa30BaHUEM Ta3000pa3HOTro
Bogopoza (Hz), T.e. H  + ¢ — HC.

HaunbGonee crbHBIE BOCCTAHOBUTENHN (IIEJIOYHBIE U MIEI0YHO-3€METbHBIE METaJUIbl, MarHUN
U JIp.) CIIOCOOHBI BOCCTAHABIMBATH BOJOPO/I, BXOASIIUN B COCTaB BOJBIL.
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BoccTranoBureau

1. IIpocteie BemecTBa. [10cKOIBKY MeTaJIbl MOTYT HAaXOIUTHCS TOJBKO B IOJOKUTEIBLHON
CTCIICHU OKHCJICHHS, BCE OHMU OYyIyT SIBISATHCS BOCCTAHOBUTENSIMH. OJHAKO BOCCTAHOBUTEIIbHAS
AKTHBHOCTh METAJUIOB pa3inyHa. Hambosee akTUBHBIME BOCCTAHOBUTEIISIMH SIBJISIFOTCS IIETIOYHBIC H
HIEI0YHO-3eMEJIbHBIC METaJUIbl, MAarHUH, alFOMAHUM, IIMHK; HAaUMEHEE aKTUBHBIC BOCCTAHOBUTEIN —
3TO Meflb, cepedpo, 30JI0TO, TUIATHHA. B KUCIOM cpefe OCHOBHBIMU MPOAYKTAMH OKHCIICHHUS METaJIOB
SIBJISTIOTCSL  COOTBETCTBYIOIIME KaTHOHBL. [IOMHMO METaUIOB BOCCTAHOBHUTEILHOM CITOCOOHOCTHIO
00JIaIal0T ¥ HEKOTOPBIE HEMETAIUTBIL: BOJIOPO, yriepo, ¢hochop, cepa.

2. BeckuciiopoaHbie KUCJI0THI U X coin. Jlanubie coenuuenus (HI, HBr, HCI, H2S, H»Se
U JIp.), YbS BOCCTAaHOBHUTEIbHAS AKTHBHOCTh OOYCIIOBJICHA AaHWOHAMH, B KOTOPBIX aTOMBI
HEMETAJUIOB HAXOMATCS B HUBIIMX CTENEHSAX OKHUCIICHHS, MPU OKUCICHUU OOBIYHO 00pa3yroT
npocteie Bemiectsa (I, Bry, Cl, S, Se u ap.).

3. CoeaquHeHus, coaep:Kamme aToMbl METAJJIOB B HU3KHUX CTeNeHsAX OKuciaeHus. [Ipu
OKHCJICHUU 3TUX COCIUHEHUN aTOMBI METAJIJIOB MOBBIIIAIOT CBOIO CTEMEHb OKUCIeHHs (Meap oT +1
1o +2, xkene3o ot +2 o +3, Tayumii ot +1 10 +3 U T.1.).

Pan XUMHUYECKUX coeTUHEHNN o0iamaer OKHUCJINTEIbHO-BOCCTAHOBUTEILHOU
JIBOMCTBEHHOCTBhI0. K HHMM OTHOCSTCA MEPOKCHJ BOJIOpOJa, a30THUCTas KHUCIOTa M €€ COJIu —
HUTPUTBL, HOJ M HEKOTOpbIE Jpyrue BeulecTBa. JIBOMCTBEHHOCTb CBOMCTB JTHX BEILECTB
00yCIIOBJIEHa HAJIMYMEM B HUX aTOMOB JJIEMEHTOB, HaXOJSAIIMXCA B MPOMEXKYTOUHOH CTEreHU
okucnenus. Tak, nepokcua Bogopoaa (H>O) Gnmaromapst Kuciaopoay B HEXapaKTEpPHOW JJISI HETO
CTETNeHH OKHCIIEHUS -1 B 3aBUCMMOCTH OT CBOICTB PEarupyroliero ¢ HUM COEAMHEHHs CIOCOOeH
MPOSIBIISATE JINOO OKUCIUTEIbHBIC, JTMOO BOCCTAHOBHTEIHLHBIC CBOMCTBA.

H)O2-2¢ > Oy + 2H*
H,0;, + 2H + 2¢” — 2H,0

OKHCJICHHEC
BOCCTaHOBJICHHUC

MeTOJIbl pacCTaHOBKH KO3(l)(l)l/Illl/leHTOB B YPABHCHUAX OKMCJIHUTEJIbHO-
BOCCTAHOBUTE/IBbHBIX pealcum”d

Omnpenenenrie  KO3(QGUIUEHTOB B OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX  PEAKIHAX
OCYHIECTBJISIETCSA HAa OCHOBE IMPUHIUIA: KOJIMUYECTBO NIEKTPOHOB, OTIAHHBIX BOCCTAHOBHUTENIEM, PABHO
KOJIMYECTBY 3JIEKTPOHOB, NMPHUHATHIX OKUCIMTENeM. [ paccTaHOBKH KO(P(PUIIMEHTOB UCIONIB3YyeTCs
JIBa OCHOBHBIX METOJIa: METOJ AJIEKTPOHHOI0 OaJlaHCa M HOHHO-3JIEKTPOHHBIN METOI.

1. Meroa 3JeKTpOHHOro OanaHca. PaccMOTpUM 3TOT METOJ Ha INpPUMEPE pPEAKIUU
oKucieHus cynbdara xenesa (I1) nepmanranarom xanus:

FeSO4 + KMnO4 + H2SO4 — Fez(SO04); + MnSO4 + K2SO4 + H20

a) OmpenensieM 3JE€MEHTHI, KOTOPbIE WM3MEHSIOT B XOJ€ XUMHUYECKOW pEaKlUMHM CTETeHb

OKHUCJICHUA:
+2 +7 +3 +2

FeSO4 + KMnO4 + H2SO4 — Fea(SO4); + MnSO4 + KoSO4 + H2O

DTUMU dNIeMeHTaMH OyayT SIBISITHCS JKEIe30 U MapraHell.

0) B xone peakiuu atom skemnesa (+2) mpeBpaiaercst B aTom xkenes3a (+3), T.e. OKUCIsIeTCH,
YBEJIMYNBAsl CBOIO CTENIEHb OKUCIICHU Ha 1, a 3HAYUT U oTaaeT 1 anekTpoH. ATom mapranua (+7) B
XOJIe pEeaKIH IMpeBpamaeTcs B aToM Mapranna (+2), T.e. BOCCTaHABJIMBACTCS, YMEHBIIAsl CBOIO
CTETeHb OKHUCIICHHS Ha 5 3a CUeT MpueMa 5 3JIeKTPOHOB. 3allUIIeM 3TO B BUJIE JBYX MOTYpPEaKIIHA:

) +3
Fe-e — Fe ———  BOCCTAaHOBUTEJb
+7 +2

Mn + 5¢ > Mn ———  OKHCIIUTEIDL

B) Haiinem Haumenbliee oOmee KpaTHOE IS 4YHCIA OTHAHHBIX WU NPUOOPETEHHBIX
anekTpoHoB (st 1 u 5 310 Oyzer 5). Pazmenum HauMeHbIee 0011ee KpaTHOE Ha YUCIIO JIEKTPOHOB
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OTJAaBACMbIX OJHHM aTOMOM BOCCTAHOBUTCIA M Ha YHCIO J3JICKTPOHOB IIPHMHUMACMBIX OJHUM
aTOMOM OKHMCIHTCIIA.

+2 +3

Fe-e¢ > Fe 5 —— BOCCTaHOBHUTEIb
+7 +2 5

Mn + 5¢° > Mn 1 —— OKHCIHTENb

3HAYMUT HA BOCCTAHOBJIEHUE | aToMa Maprasiia He0OOX0IUMO 5 aTOMOB XKeJe3a.
r) PaccraBisieM KOA(QQHUIMEHTHI MEpe]] COCAMHEHUSIMH, COACPIKAIIMMU aTOMBI JKele3a |
Maprasua:

5FeSO4 + KMnOg4 + H2SO4 — 2.5Fe2(S04)3 + MnSO4 + K2SO4 + H,O

Jnst toro, uytoOBbl M30€kaTh APOOHBIX KOX(P(HUIMEHTOB B MpaBOi YacCTH YypaBHEHUS,
yMHOaeM Bce KodhPHUIMeHTHI Ha 2.

10FeSO4 + 2KMnO4 + H2SO4 — 5Fe2(SO04)3 + 2MnSO4 + K2SO4 + H,O

3aTeM ypaBHHMBaeM KOJHUYECTBO AaTOMOB MeTajlla, HE W3MEHSIONIMX CBOKO CTENEeHb
okucienud. [lockonpky B JIEBOM 4acTW ypaBHEHHUs JBa aToMa Kajus, 3HAUYUT U B IPaBOH TOXKE
JIOJKHO OBITH JIBa aTOMa KaJIHsl.

Jlanee ypaBHHBaeM KOJIMYECTBO KMCIOTHBIX ocTaTkoB (SO42"). B mpaBoii uactu ypaBHeHUs
15+2+1=18 aHMOHOB, 3HAYUT U B JIEBOM YaCTH X TOXKE JOKHO OBITH 18:

10FeSO4 + 2KMnO4 + 8H2S04 — 5Fex(S04)3 + 2MnSO4 + K2SO4 + H2O

VYpaBHHBaeM KOJIMUYECTBO aTOMOB BoJopoja. Eciu B eBoii yacTu ypaBHeHUs uX 16, To U B
IPaBoOil yacTu TOXe JOKHO OBITh 16 (T.€. 8 MOJIEKY BOADI):

10FeSO4 + 2KMnO4 + 8H2SO4 — 5Fe2(S04)3 + 2MnSO4 + K2SO4 + 8H20

1) OKOHUYATENbHYIO TPOBEPKY BEPHOCTH PpACCTAaHOBKH KOA((QUIIMEHTOB IPOBOIUM,
HOJICYMTHIBASL YUCIIO aTOMOB KHCJIOPOIa B 00EHX YacTsAX ypaBHEHHS:

JIeBast 4acThb: 10:4+2.4+84=40+8+32=280

npaBast yactb: 54-3+24+4+8=60+8+4+8=280

ITockonbKy 4MCI0 aTOMOB KHCIOPO/Aa OJJUHAKOBO, KOA(P(PHUIIMEHTH! pacCTaBIEHbI BEPHO.

Meton snexkTpoHHoro OanaHca yHuBepcaieH. OH OJMHAaKOBO NPHUMEHUM K pPEaKIHsIM,
INPOMCXOJAIIMM B Ta30BOM, )KUJIKOW M TBepAOH (asze, K peakuusM MPOTEeKarolluM B pacTBOpax.
OnHako B TOCIEIHEM CiIydae MeETOJA JJIEKTPOHHOrO OanaHca XOTh M IIO3BOJSIET IPaBHIBHO
noao0pate Ko3(hGUIMEHTH B pEakLUMU, HO HE JaeT IMpeJCTaBICHUS O peaJbHbIX HOHAX,
NPUHUMAOIINX YYaCTHE B TIPOIIECCaX OKHCIICHUS-BOCCTAHOBIICHHUS.

2. HoHHO-3/1eKTpPOHHBIH MeTOA. Ero cyrtb cocTouT B pa3feleHUd OKUCIUTEIIbHO-
BOCCTaHOBHUTEIILHOTO MPOIIecca Ha JBE OTIEIBHBIE MOTYPEaKIIMA OKUCICHHUS U BOCCTAHOBJICHHUSI.

Knaccupukanusi OKHCJINTEIbHO-BOCCTAHOBUTEIbHBIX pPeaKkiuii

Bce oxucnnTenbHO-BOCCTAHOBHUTEIIBHEIC PEaKu MOXKHO pa3JCIIMThL HA 4 OCHOBHEBIX THIIA:
1. MeXMOJEKYISIPHOE OKHUCIEHHE-BOCCTAaHOBICHUE. B aTux pCaknusaX OKHCIUTCIb U
BOCCTAHOBUTCIIb — pPa3HbIC BCHICCTBA, IMPOU3BOAHBIC PA3HBIX XHMHUYCCKUX JJICMCHTOB. K TakmMm
pCakiusaM OTHOCHUTCH OOJIbIIIas YaCTh OKHCIIMTEIHHO BOCCTAHOBUTEILHBIX IIpOLECCOB:
0 +2 0 +2

Zn + CuS0Os4 — Cu + ZnSO4

2. KOMHDOHODHI/IOHI/IDOBaHI/IC. B pCaKknugax 3TOro TUlla OKUCIUTCIIb U BOCCTAHOBUTCIIb —
Pa3HBIC BEIICCTBA, ABJIAIOMIUMCCA IMPOU3BOAHBIMU OJHOT'O M TOr'0 K€ 3JIEMCHTA, HAXOIAIICTOCA B
Pa3HbIX CTCTICHAX OKUCJICHUS:

+4 -2 0

H>SOs + 2H3S — 3S + 3H,0
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3. JlucnponopiyoHUpOBaHHWE. B MaHHBIX  peakuusaX (QYHKIUM  OKHCIHUTEIS |
BOCCTAHOBUTENS COBMELICHBI B OJHOM M TOM JK€ BEILECTBE, KOTOPOE SABIISACTCS IPOU3BOIAHBIM
JJIEMEHTA, HAXOJALIErOCsd B IIPOMEKYTOUYHOM CTEIIEHH OKHUCIIECHHMs. IIprueM TOIBKO 3TOT AJIEMEHT
U3MEHSET CBOIO CTEIIEHb OKHUCIICHUS B XOJ€ PEaKLVU:

+2 +3 0

3CrO - Cr03 + Cr

4. BHYTpHUMOJIEKYJIIDHOS OKHCJICHHE-BOCCTAHOBJICHUE. B ATHX p€aKknuiaXx OKHUCIUTEICEM H
BOCCTAaHOBHUTEJIEM SBJISIETCSI OJHO M TO K€ BEIIECTBO. B pe3ybTaTe pCeakiuuu CBOKO CTCIICHb
OKHCJICHHA MCHACT Cpa3y KE€ HECKOJIBKO 3JIEMCHTOB, BXOAAIIUX B COCTAB 3TOI'O BCIICCTBA. K taxum
PCaKusAM OTHOCATCA HNPCKAC BCCIO pCAaKIUKU TCPMUUCCKOT'O PA3JIOKCHUA.

+5-2 +3 0

2KNO3; = 2KNO; + 02

Tema Ne 8. OCHOBBI 3JIEKTPOXUMUU

#TeopernueckunPaznen

OcHoBHbIE OHATHS JICKTPOXUMHH

bonbiioe 4ucino XMMUUECKUX peakluid MPOTEKAeT C y4acTUEM 3apsyKEHHBIX 4acTUll (MOHOB
WIN 3JIEKTPOHOB) Ha IpaHUlle pas3zena AByX (a3 (Hampumep, TBEpAOe BELIECTBO — pacTBOP WU
pacuiaB  snektpoiuTa). [lpum ompeneneHHBIX YCIOBUSX B TaKUX XMMHMUYECKHUX PEAKIUIX
3apsDKEHHBIE YacTUIbl YYacTBYIOT B HAIpPaBJICHHOM JIBM)KEHUM, T.6. B IIE€IHM BO3HUKAET
JNIEKTpUUYECKU  TOK. Hayka, wm3ywaromas  (U3MKO-XUMHUYECKHE  IPOLECCH,  KOTOPHIC
COIIPOBOKIAIOTCS MOSIBIIEHUEM 3JIEKTPUUECKOro TOKa HMJIM, Ha000pOT, BO3HUKAIOT MO JeicTBUEM
JIEKTPUUYECKOIO TOKA HAa XMMMUYECKOE COEAMHEHUE HA3BIBACTCS 21eKmpoxumuen. IIEKTPOXUMHUS
UMEET BaXXHOE MPAKTUYECKOE 3HAYCHHUE. 3HAHUE IEKTPOXUMHUUYECKUX 3aKOHOB U MPEICTABICHUE O
CYLIHOCTU JJIEKTPOXMMHUYECKUX IIPOLIECCOB IO3BOJSET CO3/1aBaTh XUMHUYECKUE HNCTOYHHUKHU
AIIEKTPUYECKOTO TOKa (rajJbBaHMYECKHE HIIEMEHTHI, AKKyMYJSATOPbHI, TOIUIMBHBIE 3JIEMEHTHI),
M0JTy4aTh raJlbBAHUUYECKUE MOKPBITUS, CUHTE3UPOBATh KaK HEOpraHMYECKHe, TaK U OpraHUYecKue
COEJMHEHUS, BBIIENATh B CBOOOJHOM BHJE MHOIME MeTauibl U Hemeramuibl. Kpome Toro, c
MOMOUIbIO 3JIEKTPOXUMHUM OblIM pa3zpaboTaHbl 3(PPEeKTUBHbIE METOJbI OOpPHOBI C KOppo3ueit
METAJIJIOB, @ B IMOCIEAHHE TOJbl MHTEHCHBHO MCCIEAYIOTCA DIIEKTPOXMMHUYECKHE IPOLECCHI,
IPOTEKAIOIUE B OMOJIOrMYECKUX CHCTEMAX.

JBOITHOI 3JIEKTPUYECKHUI CJIOH. DJIeKTPOAHBIA MOTEHIIHAJ

PaccmoTpuM mporecchbl, MpoTeKaolie Ha IpaHule IBYyX (a3 ¢ ydacTUeM 3apsuKEHHBIX
qacTUL (MIOHOB U JIEKTPOHOB), HAIIPUMEP, NIPH MOTPY>KEHNN METAININYECKON IIACTUHKU B BOAY.

Metann = | ® Pacteop

Me - ne =Me"

%)
e/

Me" + me =Me
Q@

Pucynok 1.1 — Cxema, unnocmpupyrouias Mexanum oopazoeanus
080IIH020 IIEKMPUYECKO20 C/1051 HA ZPAHUNE MEMATLN-PACMEop
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Jns Bcex merauioB (Me) xapakTepHO CBOWCTBO B OONBIICH WM MEHBIICH CTEIICHH
pactBopsiTcs B Boje. [Ipu 3ToM B BOAY MepexoasiT MOJOKUTEIBHO 3apsHKEHHbIE MOHBI (KaTHOHBI)
metaia (Me"), a 3JIeKTpOHBI OCTAOTCSA Ha IUIACTHHKE, B pe3yJbTaTe 4Yero OHa mpuodperaer
OTPULIATENIBHBINA 3apsld. Mexy OTpULATEIbHO 3apsSHKEHHOM MOBEPXHOCTBHIO IIJIACTUHKU H
NepeleIMMU B PAcTBOP  IOJIOKHUTEJIbHBIMM HMOHAaMU  BO3HUKAeT 3JIEKTPOCTATUUYECKOE
MPUTSKEHUE, UYTO MPENATCTBYET JalbHEHIIEMY MEPEXOLYy HOHOB METajljla B PacTBOp, T.€. MPOLECC
pacTBopeHMs MeTaia npekpamaercs. OQHOBPEMEHHO pa3BUBAETCS IMPOTUBOIIOIOKHBIN MPOLIECC:
MOHBI METaJlIa U3 PacTBOPA, MOAOWU A K MOBEPXHOCTH IUIACTHHBI, IPUHUMAIOT OT HEE JIEKTPOHHI,
npeBpaiiasich B HelTpaabHbie aToMbl (puc. 1.1). Takum 06pazoM, MEXTy TUIACTUHKON U pacTBOPOM
YCTaHABIMBAETCA OKUCIUTEIbHO-BOCCTAHOBUTEIBHOE PABHOBECHE:

Me & Me™ + n-e” (1)

B peanpHbIX cucTeMax KaTHOHBI METAIJIOB, HAXOMSIIMECS B PacTBOpE, BCErJa OKPY>KEHBI
000JIOYKOM W3 MOJSPHBIX MOJIEKYJ BOABI, T.e. eudpamupogauvi. Ilodromy Oonee NpaBHIBLHO
MPOLIECCHI, MPOTEKAIOIIME MPHU MOTPYKEHUH METAINTMYECKOW IJIACTUHKH B BOAY, BBIPAXaroTCs
ypaBHEHHEM:

Me + m-H20 < Me""-(H20)m + n-e~ (2)
nnacTtuHa pacTBop

I'mapatupoBaHHbIe KaTHOHBI MeTaia (TIOJIO0KHUTEIBHBIN 3apsi), KOTOPbIE CKOMUINCH BO3JIE
MOBEPXHOCTU IUIACTUHKH (OTPUIATENbHBIN 3aps), oO0ecneuynBal0T BO3HMKHOBEHHME Ha TPaHUIIE
pasmenma  aByx a3 (MeTau-pacTBOp)  08ouHozo  anekmpuyeckozo — croa  ([IC).
XapaKTEePU3YIOLIETOCs HEKOTOPOH Pa3HOCTHIO AJIEKTPOCTATUYECKUX [TOTEHIIUAJIOB.

Ecnu morpy3uth IUIaCTHHKY HE B BOXY, @ B PacTBOpP COJH JTOTO K€ METajlla, TO TaKkKe
BozHukaeT JIOC, HO B ATOM ciy4yae BO3MOXKHBI JIBa MexaHM3Ma ero oOpa3oBanus. Ecmu
KOHIICHTPALMsl KATHOHOB METaJllIa B paCTBOPE MaJia MJIM METaJlI IOCTATOYHO aKTHUBHBIN (Hampumep,
IIMHK), TO paBHOBECHE Tpoiiecca (2) cBUraeTcsl BIPABO, BCISACTBHE YEro IUIACTHHA 3apsyKacTcs
otpunatensHo (puc. 1.2.a). B Tom cinydae, korga KOHIIEHTpalus KaTHOHOB MeTasla B pacTBOpe
BeJIMKA WJIM METaUl MAJIOAKTHBHBIN (Hampumep, Melb), paBHOBecue Tporecca (2) caBuraercs
BJIEBO M METaJUITMYECKasl MJIACTUHKA 3apsKaeTcsl MOJI0XKUTENbHO (puc. 1.2.6).

[Tockonbky B ciydae JBOWHOTO AJIEKTPUYECKOTO CJIOS METAT U kujkas (asza (pacTtBop)
UMEIOT 3apsi/ibl TPOTUBOIOJIOXKHOIO 3HaKa, MEXIy HHMMH BO3HHMKAeT OIpeJiefieHHas pa3HOCTb
MIOTCHIIMAJIOB, KOTOpasi Ha3bIBACTCS 91ekmpoonbim nomenyuaiom (E). DnekrpomHoMy moteHImary
MeTaljla TPHUIUCBIBAETCS TOT 3HAK, KOTOPHIH BO3HMKAET HA €ro IOBEPXHOCTH B JIBOWHOM
AIIEKTPUIECKOM CIIOE.

Pucynok 1.2 — Oopaszoeanue /[IC 6 ciyuae akmuenozo (4WUHK)
U MA0AKMUBCHO20 (MeO0b) MEMAIN08
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Takum o00pa3zom, MIacTWHKAa MeTalla M PacTBOP €ro COJM BMECTE COCTABJISIIOT €IUHYIO
OKHCJIUTEIbHO-BOCCTAHOBUTENBHYIO CUCTEMY, XapaKTEPU3YIOLIYIOCS ONPEAEICHHBIM IEKTPOAHBIM
IIOTEHLIMAJIOM, KOTOPBIM 3aBUCUT OT IIPUPOJBI METAJIJIA U PACTBOPUTEIISA, KOHLEHTPALMKA €70 HOHOB
B pacTBOpE, OT TeMueparypsl U pH cpens.

CTaH)IapTHLIﬁ 3J'leKTp0).IH]:Iﬁ MOTCHIMAJT U METOAbI €0 U3MEPCHUST

DKCIIEpUMEHTAIBHO ~ OMPEACIUTh a0COMIOTHOE 3HAYEHUE HIIEKTPOAHOTO TMOTEHIMAa
HEBO3MOXKHO. [109TOMY Ha MpakTHKe UCHOIB3YETCS €r0 OTHOCUTENIbHOE 3HAaYCHHE, T.€. U3MEPSETCS
pa3HOCTh MOTEHIMAJIOB UCCIEAYEMOM CUCTEMBI U TOTEHIIMAJIOM HEKOTOPOTO 3JIEKTPOIa CPABHEHUS.
B kadecTBe CTaHIApTHOTO 3JEKTPOJA CPABHEHMsI OOBIUHO HCIOJB3YIOT 8000POOHbIL 3IEKMPOO.
[ToTeHnMan BOJOPOIHOTO 3JICKTPOAA, B KOTOPOM KOHIICHTpAIus (WiH, O0jee CTPOro, akTHBHOCTD)
HOHOB BOAOpoJaa paBHa 1 Monw/n, Temmeparypa 298K, mapruansHoe nasnenuwe 101.325 klla (1
aTM.), TIOJIy4rJI Ha3BaHUE CMAHOAPMHO20 8000POOHO20 NOMEHYUAld, a €r0 YNCICHHOE 3HAYCHHE
YCIIOBHO MPUHSATO PaBHBIM HYJIIO:

2H* + 2e~=H2 E°(H*/H2) = 0.00B.

s CpaBHEHHUS ANEKTPOAHBIX [IOTEHLIMAJIOB Ppa3IUYHbIX OKHUCJIUTEIBHO-
BOCCTAaHOBUTEJIBHBIX CUCTEM, HEOOXOAMMO, YTOOBI OHU TaKke ObUIM M3MEPSHBI MPH CTaHJAPTHBIX
yciioBuUsX. TakOBBIMU SBJISIOTCS KOHLUEHTpALUs (AKTUBHOCTh) BCEX BEILECTB, KPOME PACTBOPHUTEIS,
paBHast 1 monw/n, pH=0, Temmneparypa 298°K, maBnenue razoodpasusix BemectB 101.325 klla;
€ClIi B CHCTEME €eCTh TBEpJAble BEIIECTBA, TO OHMU JIOJDKHBI MPHUCYTCTBOBaTb B BHJE
CaMOCTOSITENIbHBIX YHUCTHIX (pa3. [loTeHIManbl, COOTBETCTBYIOIIHME TAKUM YCIOBHUSIM, HOCAT
HA3BaHHUE CIMAHOAPMHbBIX JJIeKMPOOHBIX NOMeHyuaios, ooo3Havarores E° u usmepsitores B Boaprax
(B). 3HaueHus cTaHAApTHBIX 3JEKTPOJHBIX IMOTEHLHUAIOB HU3MEPSAIOTCS SKCIEPUMEHTAIBHO WIIU
pPacCUMTHIBAIOTCS HA OCHOBAHMM TEPMOJAMHAMUYECKUX BEIMYUH M SBJSIOTCS CIPAaBOYHBIMH
JTAHHBIMHU.

M IIpu KCOB30BaHMK CIIPABOYHBIX JIAHHBIX CIIEYET IIOMHHTh, YTO:

1. 3HaueHus1 3NEKTPOJHBIX MOTEHLMANIOB B CIPAaBOYHHMKAX OTHOCAT K IOJypeaKIHH
soccmanognenus (ANEKTPOHBI HAXOIATCA B 1601 4YaCTH yPaBHEHHUS);

2. Ilpu 3anucu noaypeakuuy B 00paTHOM HalpaBlICHUH 3HAK NOMEHYUANa He USMEHAEemCs;

3. Ilpu yMHOEHHH YPAaBHEHUS NOJIYPEAKLIUU Ha KAKOE-TM0O0 YUCIIO 3HAuYeHUue NOmeHyuand
He U3MeHAemCsl.

CranyiapTHble JIEKTPOJHbBIE MOTEHLUUAIbI MOTYT MPUHUMATh Kak MOJOXKUTENbHBIE, TaK U
OTpULATeIbHBIC 3HaueHMs. 3HaK E° cooTBeTCTBYeT 3apsay NaHHOTO AJIEKTPOJA IO OTHOIIEHHIO K
CTaH/IapTHOMY BOJIOPOJHOMY JIEKTPOY.

B cuny 3HaunTENBHBIX KOHCTPYKTUBHBIX TPYAHOCTEH CTAHAAPTHBIM BOJIOPOIHBIN 3JIEKTPO]
UCIIONIb3YyEeTCsl O4eHb peako. HaMHoOro wamie Ha mMpakTHKE B KadyecTBE 3JIEKTPOJa CpPaBHEHUS
OPUMEHSIOT Xaopcepebpansiti 3nekTpos. OH mpexacraBisgeT coOoil cepeOpsHYI0 NPOBOJIOUKY,
MOTPYKEHHYIO B PacTBOP COJITHOM KHUCJIOTBHI, B KOTOPOM B3BELIEH OCAJOK MajlopacTBOPUMOIO
xJyiopuza cepedpa. [Iporece, nporekaronuil Ha JaHHOM JIEKTPOE, BBIPAKACTCA ypaBHEHUEM:

AgCl+e =Ag + CI- E°(AgCl/Ag) = 0.22B.

Baxueilliee npakTuyeckoe 3HAUEHHE UMEET CMEKIAHHbIN BIEKTPOJl, MOTEHIMAT KOTOPOIo
3aBHCUT OT KOHIIeHTpaluu HOHOB Bojopoaa (H') B pactBope. DTO MO3BOJSET C BBICOKOU
TOYHOCTBIO ONPEAEISATH BOAOPOAHBIN Moka3aTenb (pH) cpeapl. PaznuuHble THIIBI UOH-Ce1eKMUBHBIX
AJIEKTPOJIOB CIY’KAT JUII XUMHUECKOTO aHAIN3a, HalpuMep, ISl OTIPeIeTICHUST YPOBHS COICPIKAHUS
HUTPATOB B TIOYBAX.

YpaBuenue Hepucra

HpI/I YCIOBUAX OTJIMHYAKOIIUXCS OT CTAHAAPTHBIX, YHUCICHHOC 3HAYCHUC PaBHOBCCHOI'O
SJICKTPOAHOIO MOTCHIMAIA JJId OKHCIIHTEIILHO-BOCCTAHOBUTEIILHOM CUCTEMBI, 3aIlMCaHHOH B q)opMe:
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Ox + ne~ & Red,

rae Ox — okucnennas ¢opma BerectBa, a Red — ero BoccranoBienHas Gpopma, onpeaensieTcs mo
ypasnenuio Hepucma:
[OX]
EOX/Red - EOX/Red + [Red] (3)

rne EoxRed 1 E°OxRed — COOTBETCTBEHHO AJICKTPOIHBIA U CTaHz[apTHmﬁ 9JICKTPOIHBIN TTOTCHIHAIBI
cucrembl; R — yHuUBepcasibHas ra3oBasi MOCTOsIHHAS; | — aOCONIOTHAs Temreparypa; F — mocrosHHast
®apajes; N — YKCIIO AIEKTPOHOB, YUACTBYIOLIHUX B DJIEMEHTAPHOM OKHUCIUTEIILHO-BOCCTAHOBUTEIIEHOM
nporecce (T.e. CTEXHOMETPHUYECCKHHA KO3(D(OHUIUEHT, CTOSIIMN Mepea SJICKTPOHAMH B YpaBHEHHH
snekrpoxumudeckori peaknuu); [Ox] u [Red] — MomsipHble KOHIIGHTpAIlMd COOTBETCTBEHHO
OKHMCJICHHOW U BOCCTAHOBJICHHON (DOPM COCTMHEHUSI.

M Hupnexc OXx ot amnn oxidizer — oxkucunumens, ungekc Red or amrn. reducer —
60CCMAHOBUMEb

VYpaBHenue HepHcTa Ha3BaHO B YECTb €0 OTKPBIBATENSl — HEMELKOIO 3JIEKTPOXMMHMKA,
naypeata HoOeneBckoil npemuu 1o xumuu, Banerepa Hepaera.

Jnst ynoOcTBa pacyeToB B ypaBHeHHME HepHCTa MOXKHO TOJACTaBUTH 3HAUEHUS TTOCTOSTHHBIX
(R = 8,314 kx/(monbK) u F = 96494 Kn/mMornb) u nepeiiTi oT HaTypaJibHBIX JIOrapu(dMOB K
necsaTUUHbIM (yMHOXkas Ha 2.3). Torna, npu temnepatype 298K ypaBHenue HepHcTta npumer Bua:
[Ox] 8.31-298 5 [Ox]

Ox/Red = EOx/Red * n'Fl [Red] EOOX/Red+m' 3 |9[R od]

. 0.059  [OX]
=EOX/Red + n I [Red]

E

PaccmorpuMm npunoxkenue ypaBHeHuss HepHcTa [uist 1ByX ITPaKTUYECKU BAKHBIX JJIEKTPOJIOB
— METAJTHYECKOTO U BOJJOPOJTHOTO.

1) B cnywae memannuueckoeo snekmpooa, TPEACTABISAIONIETO CO0OM  TUTACTUHY
COOTBETCTBYIOIIIETO MeTalia, MOrPYKEHHYIO B PACTBOP COJH JAHHOTO MeTallia, OyJeT MpoTeKaTh
CIIEAYIOIast PEaKIIHs:

Me"™ + ne~ = Me

[lpu sToM OKHCIEHHOWH QopMmoii OynyT sBisThcs uOHbI MeTaimna: [Ox]=[Me"'],
BOCcTaHOBJICHHOH (hopmoit — cam Mmetamt: [Red]=[Me]. [TockonbKy KOHIIEHTpAIMs MeTalla Kak
TBEPAOTO BEIECTBA, SBJISCTCS KOHCTAHTOM, 3JIEKTPOIHBINA MOTEHIHAN OYAET ONPEaesAThCS TOIBKO
KOHIICHTpAIMell HOHOB MeTallia, U ypaBHeHne HepHera umeet BuI:

E (Me™ /Me) =E° (Me"™" /Me) + 0.059

Ig[Me™ ] (4)

2) B cityuae 6000po0oHo20 31€KTpoJia, I/1e IPOTEKAET CIeIyIoIas peakus:
2H" + 2e- = Ha,

OKHCIICHHON (opmoit sBasitoTest nonbl Bogopoaa: [OXx]=[H*], a BoccranoBnennoii ¢Gopmoir —
razoo0pasubiii Bogopox: [Red]=[H2]. Tak xak razoo0pa3Hblii BOJOPOI HEMIPEPHIBHO YIAISETCS W3

30HBI PEAKIIUH, DJIEKTPOJHBIN IOTEHIUAI ONPENESIETCS TOILKO KOHIEHTPALUel HOHOB BOJOPOIA
H*:

E(H" /H,) =E°(H" /H,) + 0.059

Ig[H" 1% =E°(H* /H, )+ 0.059Ig[H" ].

[TockonbKy  CTaHIAPTHBIA  MOTEHIMAA  BOAOPOJHOIO  BJEKTPOJa PaBEH  HYIIIO
(E°(H*/H2)=0B) u yuuTtsiBast, uro pH = -Ig[H*], moixyuaem:
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E(H*/H2) = -0.059pH (5)

®opmyita (5) mMO3BOJSIET ONPEAEIATH MOTEHIIHAT BOJIOPOIHOIO 3JIEKTPOA TPH Pa3IUUHBIX
snauyenusnx pH. Tak, B neitrpanshoii cpeae (pH = 7) E(H*/H2) = -0,0597 ~ -0,41B.

l'anbBaHN4YeCKUH 3JIEMEHT
IpuHuun padoThl rajibBaHUYECKOro dj1eMenTa Janusas

Beinenenne B mporiecce  pabOThl  OONBIIMX — KOJMYECTB  B3PBIBOOIACHOTO  BOAOPOJA,
UCIIOJIb30BAHUE B KAayeCTBE JJIEKTPOIUTA E€AKOM CEepHOM KHUCIOTHI, a Takke OBICTpoe MajeHHe
HalpspKEHUs  BCJICACTBUE TOJSIPU3AaLMM  CYLIECTBEHHO OIPaHWYMBAIOT BO3MOYKHOCTH IIMPOKOTO
UCIIOJIb30BaHUsl TajbBaHUUYECKOro »eMeHTa Bosbra. IlosToMy cpasy ke ¢ MOMEHTa €ro Co3liaHus
OBbUTH TPEIPHUHSATHI TIOMBITKA YCOBEPILICHCTBOBAHUS TaJIbBAHUUECKOTO 1eMenTa. Hanbonee yaaunoi
U3 HUX CTal 2nemenm Jlanusna. B 3TOM TralbBaHUYECKOM 3JIEMEHTE BIIEPBBIC ObLIT HCIIOJIB30BAH Pl
KOHCTPYKTHBHBIX OCOOEHHOCTEH, B YacTHOCTH, OBbUIM OTJEJIBHO pa3/ielieHbl KATOAHOE M AaHOIHOE
IPOCTPAHCTBA.

OnemeHT JlaHuaus cocTout u3 MeaHo# miactiuaku (CU), morpyKeHHOH B pacTBOp cyibdara
menu (CuSO4) u nuHKOBOM MacTHHKH (ZN), MOrpYyKEHHOW B pacTBOp cyibdara munka (ZnSOs).
Takum 00pa3oM, SJIEKTPOJIUTHI MEXAY COOON HEMOCPEACTBEHHO HE COOOMIAlOTCA, HO IS
o0ecreyeHnss MOHHOM MPOBOJIMMOCTH J[BA PaCTBOPA COETUHEHBI MEXLy OO0 conesbim mMocmurkom.
ConeBoii MocTuk — 3T0 mnepeBepHyTas U-oOpasHas TpyOKa, HAINOJHEHHOW HACHIILICHHBIM
pactBopom xuopua kanus (KCI). st Toro, 4ro0bl pacTBOp XJI0pUaa Kajius HE BbUIMBAJICS, KOHIIBI
COJIEBOI'O MOCTHKA 3aKPbIThl BATHBIMU TaMIIOHAMH.

PaccmoTtpum nporneccsl, npoTekaroniie B aaemMente Januams:

1) Korza snemeHT pa3oMKHYT, XMMHUYECKas peakiis B HeM He IpoTekaeT. TeMm He MeHee, Ha
MOBEPXHOCTH 3JIEKTPOJIOB YCTaHABIMBAIOTCS 3JIEKTPOXUMHUUECKUE PAaBHOBECHS:

Me <« Me™ + ne (9)
pacTBOp 3neKkTpos

u ¢opmupyercss NBOHHON snekTpudeckuii cmoir (cm. m.1.1 u puc. 1.2). [Tockonpky HIHMHK —
XUMHYECKH aKTUBHBIA MeTalll paBHOBecwe mporecca (9) ans storo meramia OyneT CIABHHYTO
BIIPABO, M IIMHKOBas IJIACTUHKA 3apsAUTCS OTpHUIATEeNbHO. B ciyuyae meau, Kak MajOaKTUBHOIO
MeTajula, paBHOBECHE CIABHHYTO BJIEBO, M HAa MEIHON IIJJACTUHKE BO3HUKHET TMOJIOKHUTEIHHBIN
3apsin.

2) Ilpu 3aMbIKaHUU TaJTbBAHMYECKOTO SJIEMEHTA M3-3a PA3HOCTH IMOTEHIIMATIOB AJIEKTPOHBI
OT LIMHKOBOT'O AJIEKTPO/Ia HAYHYT 10 BHEUIHEH 1IEMH NEPEMEIIAThCS K MEAHOMY.

ITockoIbKY ANIEKTPOHBI HEMPEPHIBHO MOKHUIAIOT IMHKOBYIO IUTACTHHKY, paBHOBecHe mporiecca (9)
CMEIIAeTCsl B CTOPOHY TMPOAYKTOB peakmuu. [[MHK mNpu 3TOM OKHUCISIETCS: aTOMBbI IIMHKA
MpeBpallaroTcs B MOHBI IMHKA U, THAPATHPYSICH, MEPEXOASIT B PAacTBOP, a BBHICBOOOKIAIOIIUECS
AJIEKTPOHBI TIO BHEIIHEH LIETH JIBIXKYTCS K METHOMY DJIEKTPOIY:

Zn = Zn%* + 2e- (10)

Ha megmaom QJICKTPOAC MPOTECKACT BOCCTAHOBJICHUC NOHOB MCJIH. BHGKTPOHBI, IMpUXOaAIIUEC
Crola OT HUHKOBOTO 3JICKTPOda, COCAUHANOTCA C MOHaMHU MCEIU U3 pacTBOpa C 06pa3OBaHI/ICM
aTOMOB MCJIHY, BBIACTIAIOMHUECA HA 3JICKTPOAC B BUAC METaJljIa:

Cu?* +2e =Cu (11)

Tak kak Ha IMHKOBOM 3JICEKTPOJE MPOUCXOIUT MPOIECC OKHCICHHUS, IUHK B DJICMEHTE
Januans sBisieTcss aHoJoM. Ha MeHOM 211eKTpo/ie MPOTeKaeT peakiiis BOCCTAaHOBIICHHS, TOITOMY
MeJlb CIY)KUT aHOJIOM.

CyMMmapHOe ypaBHEHHE PEaKIMH, MPOTEKAIONIe B raJbBaHUYECKOM djieMeHTe J{aHudis,
MOYKHO MOJYYHTh CKJIaIbiBas ypaBHeHus: anoaHoro (10) u xkaroxnoro (11) mporeccos:

Cu?*+ Zn = Cu + Zn?* (12)
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B pesynbrare mpouecca (12) Bo3HHKAeT IBIKEHHE DJICKTPOHOB IO BHEIIHEH IEMH M MOHOB
BHYTpU 3JIEMEHTA, T.€. ANeKTpudeckuil Tok. [loaToMy naHHas peakiusi Ha3bIBAETCS MOKO0Opasyouel.

PaccmMoTpuM mponecchl, NpPOTEKAalOIIME B 3JIEKTPOJIMTAX B AaHOAHOM M KaTOJHOM
npoctpancTBax. [lepBoHayanbHO, KOr/a BHEIIHSS LENb HE3aMKHYTA, B aHOJAHOM IMPOCTPAHCTBE
KOHIEHTPALMK MOHOB IMHKA (ZN?*) 1 annoHOoB KuciaoTHoro octatka (SO427) paBHbI:

[Zn2] = [SO42].

Opnnako, Mo Mepe paboThl TAIbBAHMYECKOTO 3JIEMEHTA [IMHKOBASI INTACTHHKA PACTBOPSETCS U
B pacTBOp MEPEeXOIAT H3ObITOYHBIE HOHBI LMHKA, I[O3TOMY HX KOHLEHTpPALUs IPEBBIIIACT
KOHIIEHTPAIUIO CYJb()aT-MOHOB:

[Zn2] > [SO42].

JUia kommeHcaluu H30BITOYHBIX HOHOB LIMHKA M3 COJIEBOTO MOCTHKAa B aHOJHOE
IPOCTPAaHCTBO HAUYMHAIOT MIEPEXOAUTH OTPHUIIATENILHO 3apshkeHHbIe Xiopua-uonsl (Cl0).

B karogHoM mpocTpaHcTBe HaOMIOMaeTCsl MPOTHBOINONOXKHAs kaptuHa. Korga wemnb
HE3aMKHYTa, KOHLeHTpauus noHoB meau (Cu?*) u nonos kucnornoro ocrarka (SO4?7) omuHakoBa:

[Cu?*] = [SO42].

Ecnu xe BHEIIHIO0 LCIb 3aMKHYTb, TO HOHBI MEANW BOCCTAHABJIMBAACH, TIOKUAAIOT pacTBOp,
u Cy.]'IL(I)aT-I/IOHOB CTaHOBHUTCS OOJBIIIE:

[Cu?*] < [SO42].

YroObl HEWTpaIM30BaTh W30BITOUHBIE CYJIb(AT-HOHBI, U3 COJEBOIO MOCTHKA B KaTOIHOE
HPOCTPAHCTBO MOCTYMAIOT MOJIOKHUTEIBHO 3apsyKeHHbIC HOHBI Kanus (KY).

Kparkass cxema mpoleccoB, MNPOTEKAIONIMX B TalbBaHUYECKOM djeMeHTe JlaHuans
IpuUBE/EHA Ha puc. 2.3.

HecMoTps Ha TO, 4TO KOHCTpYKUMS yeMeHTa JlaHuans crnoxHee sneMeHTa BombTa, 3TOT
XUMHYECKHH HMCTOYHUK TOKAa HMEET OOJIbIlIe MNpEeuMyIICCTB. B YaCTHOCTH, KaK BHJIHO U3
BBIIIIECKA3aHHOTO, NpPU pa3MbIKaHWM BHEUIHEH LEeNM XMMHYECKas peakluss B DJIEMEHTe
MPpEKpamacTCa 1 HCTOYHUK TOKA MOYXHO COXPAHATH B TCUCHUC IAJIMTCIIBHOTO BPEMCHHU.

A ConeBow MOCTUK K
© KCl @
Zn Cu

] Zn2+ D D Cu2+
—> ¥ ++ —
Cl K
-~ P-p. ZnSO,; ™ -~ P-p. CuSO,
\—/ “\—/

Pucynok 2.3 — Inemenm /lanusna

CocraBiieHHE CXeMbI IrajIbBAHHYECKHX IJIEMEHTOB
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JI1st KpaTKOM XapaKTEePUCTHUKYU TAIbBAHMYECKOTO 3JIEMEHTA IIPUHATO 3aMKMCBIBATH €T0 CXEMY,
B KOTOPOW YKa3bIBalOTCS OKHUCIUTEIM M BOCCTAHOBUTENM, NIPUHHMMAIOIIME YyYacTHE B
ToKoOOpasymomel peakiuu. [lepBoHayanbHO yKa3bIBaeTCcs MaTepHall aHO/a; 3aTeM HOHbBI (WIn
BELIECTBA), C KOTOPHIMU OH HaXOJWUTCS B PaBHOBECUU; 3aT€M MOHBI (MJIM BEIIECTBA), C KOTOPHIMU B
PaBHOBECHM HAXOIUTCA KaroJ M, HAKOHEl, Mmarepuan Kartona. ['paHuna paszgena MexIy
BEIIECTBAMH, HAXOISIIIMMHUCS B DPa3HbIX (a3zax (HApPHUMEp, Pa3HBIX arperaTHbIX COCTOSHHSIX)
o0o3HayaeTcs BepTUKAIbHOM uepToil. ['panuna pasgena MeXIy KaTOAHBIM W aHOAHBIMU
IPOCTPAHCTBOM 0003HAYaeTcs IBYMs BEPTUKAJIbHBIMH 4epTamu. Hampumep, cxema 3JeMeHTa
Janusns umeer BUL:

Zn|Zn?*||Cu?*|Cu 1781131 Zn|ZnS04||CuSO4|Cu.
Cxema snemenTa BouibTa, I/ie KaTOAHOE U aHOHOE IPOCTPAHCTBA HE pa3/IeleHbl HMEET BUIL:
Zn|H2S04|Cu.

CxeMsl IOUPOKO HUCIHOJB3YKOTCA B HpaKTquCKOﬁ QJICKTPOXUMHH, TaK KaK SABJIAIOTCA
JOCTATOYHO y,I[O6HBIMI/I AJig YIIPOHICHHOI'O  IMPEACTABIICHUA 00 YCTpOﬁCTBe n COCTaBC
TaJIbBAaHUYCCKUX 3JICMCHTOB.

3HeKTp0HBPDKyIHaH CHJIa U HAIIPHAKCHHUE TAaJbBAHUYCCKOI0 3JICMECHTA

Kak 0bUT0 CKa3aHO BBIIIE, TPUINHONW BOZHUKHOBEHUS U TIPOTEKAHUS MICKTPUIECKOTO TOKA B
raJlbBAaHUYECKOM 3JIEMEHTE SIBIISICTCS PAa3HOCTh MOTEHIHMANOB 3J1eKTponoB (AE). C dusmueckoit
TOYKM 3pEHUS Pa3HOCTh DJEKTPOJIHBIX IOTEHIHUAIOB 3TO0 — 21eKMpOOSUdNCYyWas cuid
ranbBannueckoro oanementa (34C). Ilockonbky B TajJbBaHUYECKOM JJIEMEHTE MPOTEKaeT
CaMONPOU3BOJIbHAS PEAKITUs, T.€. TOK BhIpadaThIBACTCsl, TO:

AE > 0.

[Tpu 3ToM mOTeHIMAN KaToaa Oosbiine noreHnuaia anoaa (Ex > Ea), u B mporecce padboThl
raJIbBAaHMYECKOTO DJIEMEHTA 3JICKTPOHBI MEPEMEIIAIOTCS OT OTPHUIIATEIBHO 3apsHKEHHOIO aHo/a K
MOJIOKUTENBHO 3apsbkeHHOMY Katofy. [Toatomy DJIC MoxkHO paccuutath 1o ¢hopmyrie:

AE = Ek - Ea (13)

HpI/I pacucTe 3I[C TaJIbBAHUYCCKOTO J3JIEMCHTA, COCTABJICHHOI'O U3 CTAHAAPTHBIX
9JICKTPOAOB B CI)OpMyJ'Iy (13) HeO6XOI[I/IMO MNOACTABJIATE CTAHAAPTHBIC 3HAYCHHA SJICKTPOIAHBIX
IIOTCHIIMAJIOB:

AE° = E°% - E°A (14)

rae AE® — crannaptHast DJIC raapBaHHUYECKOTO DJIEMEHTA.

Ecnm sxe ycioBust paboThl TaJbBaHMYECKOTO 3JIEMEHTA OTIMYAIOTCS OT CTaHJAApPTHBHIX, TO B
dopmyiny (13) HEOOXOaUMO TMOJACTABNIATh ypaBHeHHs HepHCTa UIi  COOTBETCTBYIOIIMX
nosypeakuuid. [Toaromy B oOuiem Buze, A1 XUMUYECKON peakuu:

aA+bB=cC+dD

3/1C (AE) moxHO paccuutats 1o hopmyoie:

crn1d
R-T [CI°[D]

AE = AE° +
n-F " [Al2[B]P

(19)

rae AE° — crangaprras DJIC; [A], [B] u [C], [D] — MonsipHbIe KOHIIEHTPAI[HH UCXOAHBIX BEIIECTB U
MIPOYKTOB PEaKIIMH COOTBETCTBEHHO; R — yHMBepcaibHas ra3oBas MOCTosiHHAs; F — mocrosHHAs
@apanes, T — abcomoTHas TeMIiieparypa, N — YHCIO 3JCKTPOHOB, MPUHUMAIOIIMX Yy4YacTHE B
AJIEMEHTAPHON DJIEKTPOXUMHUYECKON peakiuu. Jljiss 6ojiee TOYHBIX pPacyeTOB BMECTO MOJISPHOM
KOHIICHTPALMU CIIEAYyEeT MCIONb30BaTh 3HAYCHHUS AKTUBHOCTH HOHOB, MPHHUMAIONIMX YYacTHUE B
pEaKITuH.
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[Ipu skcnepumentanbHoM u3MepeHun OJIC raabBaHUYECKUX 3JIEMEHTOB MPUMEHSIOTCS
CIienuajJlbHbIC MECTOJUKHU (HaHpI/IMep, KOMHQHC&L{HOHHLIFI MCTO,Z[) HJIN UCIIOJIB3YIOT U3MCPHUTCIIBHOC
o0opys0OBaHHE, HMEIOIEe BHICOKOE BHYTPEHHE CONPOTUBIICHUE (HAmpuUMep, BBICOKOOMHBIE
BOJIETMETPHI). YeM OOJIbIIMM COMPOTHBIEHUEM OyJeT 00janaTh W3MEPHUTEIbHBIN MpUOop, TeM
MEHBIINHA TOK OyJeT MpoTeKaTh B LENH, TEM MEHbIlee BIUsSHHE OyIeT OKa3blBaTh MOJSpU3ALMS U
TeMm Onmxke kK uckomoit DJIC Oyaer mokasanue u3MEepUTEIILHOTO MprUoopa.

Peanbnoe nanpsiocenue (U) ranpBanmyeckoro siemMeHra Bcerga Menbiie DJ[C u3-3a
MOJIIPU3ALUU U OMUYECKHX MOTEPh:

U=AE-IR-n,

rae | — cuna toka; R — oMudeckoe compoTHBICHHUE; 1| — MOJSIPU3ALUs DJIEMEHTa, PaBHAs CyMMe
NOJISIPU3AIIMi aHOIa ¥ KaTo/1a.

Takum oOpazom, HampspkeHue mpu paspsiae 3aBucut ot DJIC snemeHTa T.€. B OCHOBHOM
O00yCJIOBJICHO: THIIOM W CBOWCTBAMH aKTHUBHBIX MAaTEPHaJOB DIJIEKTPOAOB; COCTABOM U
KOHIIEHTpAIlMEH DJJIEKTPOIUTA W JCHOJSAPHU3aTOPa; MOJSAPU3ANKNCH; OMHYECKHUMH IOTEPSIMU U
TEMIIepaTypoil raJlbBAHUYECKOTO JIIEMEHTA.

[To mepe paboThl 251eMeHTa (pa3psia) yMEHbIIAETCS KOHLIEHTPAIMs HCXOAHBIX PEareHTOB U
YBEIMYMBACTCS KOHIECHTPALUS MPOIYKTOB PEAKIIUK, II03TOMY B COOTBETCTBHHU C ypaBHeHHEM (15)
OJIC »sneMeHTa yMeHbIIAeTCs. BcieacTBue 3TOro mpu paspsie dJIEMEHTa HaIlpsDKEHHE €ro
nocreneHHo majnaer. C pocToM ke TeMIepaTypbl HaNpsDKEHUE TallbBAaHUYECKOTO DJIEMEHTa, Kak
NPaBUII0, HEMHOTO BO3PACTAaeT.

DJeKTPOIN3

DJIEKTPOJIM3 —  COBOKYIHOCTh  OKHCIHUTEIbHO-BOCCTAHOBHUTEIHHBIX  IPOIECCOB,
MPOUCXOISIINX IPH MPOITYCKAHUU TOCTOSTHHOTO AJICKTPHUYECKOTO TOKA Yepe3 pacTBOP MJIHM paciliaB
AJIEKTPOJIUTA C IMOTPYKEHHBIMH B HETO JICKTPOIaMHU.

[Tpubop, B KOTOPOM MPOBOIAT JICKTPOJIN3, HA3BIBACTCS MICKTPOIU3EPOM.

DNeKTpoa, Ha KOTOPOM MIPOTEKAIOT TMPOILECChl OKHUCIICHHS, Ha3bIBacTCS aHoJOM. B
AIIEKTPOJIU3EpPE OH 3apsIKEH IMOJIOKHUTENHHO (TIOJKIIOYEH K MOJOKUTEIHHOMY TOJOCY BHEITHETO
HMCTOYHHKA TOCTOSTHHOTO TOKA).

DNeKTpo, Ha KOTOPOM MPOTEKAIOT MPOILIECCHl BOCCTAHOBIICHUS, HA3bIBaeTCs KaToloMm. B
AJIEKTPOJIN3EPE OH 3aAPSHKCH OTPHUIATEILHO (TIOAKIIOYCH K OTPHUIATEIHPHOMY IOJIFOCY BHEUTHETO
MCTOYHUKA TTOCTOSTHHOTO TOKA).

[Tpu mpuIOKEHUH HAMPSHKCHUSI KATHOHBI (ITOJIOKUTEITHHO 3apsKEHHBIC YaCTHIIB) IBHKYTCS
K KaToAy, aHHOHBI (OTPUIIATENILHO 3apsKEHHBIE YaCTHIIBI) — K aHOY, U TaM MPOUCXOAUT UX paspsi.
Ha aHone MOHBI OTHIAIOT JIEKTPOHBI, MPOMCXOIUT WX OKHUCIIeHHWe. Ha karoje MOHBI MPUHUMAIOT
AIIEKTPOHBI, MPOUCXOJUT UX BOCCTAHOBIICHHE.

B anexTpoHBIX TIpolieccax He BCeTria YYacTBYIOT TOJBKO KATHOHBI M aHMOHBI 3JIEKTPOJIUTA,
KOHKYPEHIIUIO MM COCTAaBJISIOT MOJIEKYJbl PACTBOPHUTENS, B YaCTHOCTH, BOABI — €CIH MPOBOMIST
AJIEKTPOJIN3 BOJHOTO PacTBOpA.

Kpome Toro, ydyactue BOABI B IIEKTPOXUMHUYECKUX MPOIEcCaX MPHU DIEKTPOIU3E MOMKET
NPUBECTH W K JIpyromy pesyibTary. OOpasyroniuecss B Ka4ecTBE MPOMEKYTOYHBIX IPOTYKTOB
cBobomnbie pamukanel OH (3a cuem oxucnenus na anoode eudpoxcuo-uonog) u H (3a cuem
60CCMAHOBNIEHUS HA KamOooe UOHO8 86000p00a) 00IATAIOT BBICOKOW PEaKITMOHHONW CIIOCOOHOCTHIO U
CUWJIBHO BBIPQXEHHBIMU COOTBETCTBEHHO OKHUCIUTEIHLHBIMUA U BOCCTAHOBUTEIBHBIMU CBOMCTBAMU. Y
MMOBEPXHOCTH 3JICKTPOJa OHH CIIOCOOHBI BOBJICKATHCS BO B3aUMOJICHCTBHE C PACTBOPECHHBIMH B
BOJIC BelIecTBaMU. B Takux ciydasx roBOpSAT 00 OKHCIIEHWH B aHOJHOM M BOCCTAHOBJICHHH B
KaTOJHOM TPOCTPAHCTBAX.

Oco0eHHOCTH TPOTEKAHUS IIEKTPOXUMHUYECKUX MTPOILIECCOB B BOJHBIX PACTBOPAX

00yCITOBJICHBI CITOCOOHOCTBIO MOJICKYJT BOJIBI TTOBEPIaThCs KaK OKHCICHHIO (HA aHOJE), TaK
Y BOCCTAaHOBJICHUIO (HA KAaTOAE).
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Anoo (+) pH=0 pH=7 pH=14
2H,0 —4e =20 + 2H" 40H —4e =40H 40H —4e =40H
20=0,T 40H = 0,1 +2H,0 40H = 0,1 + 2H,0
HIIn
2H,O —4e =20 + 2H"
20=0,1
Kamoo (-) pH=0 pH=7 pH=14
2H"+2e=2H 2H,O +2e=2H + 20H" 2H,O +2e=2H + 20H"
2H=H,T MK 2H=H,T
2H"+2e=2H
2H=H,T

Paznuuaror nepsuunvie M emopuunvie SIEKTPOJHBbIE Mpouecchl. IlepBUuHBIE HMEIOT
AIIEKTPOXUMHUYECKYIO MPUPOY, BTOPUUHBIE — HEAIEKTPOXUMUYECKYI0. B pesynbrare snexkrposaunsa
Ha 2JIeKTpoJax (KaToie M aHOJe) BBLIEIAIOTCA COOTBETCTBYIOIIME NMPOIYKThI BOCCTAHOBIICHUS U
OKHUCJIEHHS (IIEpBUYHBIE IPOLECCHI), KOTOPbIE B 3aBUCHMOCTH OT YCJIOBUH MOTYT BCTyHaTh B
pEaKIMU C PAaCTBOPUTEIIEM, MAaTEpHAIIOM IEKTPOJa, IPYT € APYroM (peKOMOMHAIUS aTOMOB) U T.1.
(BTOpHUHBIE Tpolecchl). B HEKOTOpBIX CilydasxX HeENlb3s OJHO3HAYHO DPA3/AEIUTh MEPBUYHBIA U
BTOPHUUHBIN Ipolecchl. B nmpuBeaeHHoM Bbille npuMepe cBoboauble paaukansl OH (Ha anone) u H
(Ha xaToze) 0Opa3oBAIKMCH B PE3YJIbTATE MEPBUYHBIX MPOIECCOB, a OKUCICHUE MaHTaHAT-UOHOB U
BOCCTaHOBJICHHE a30THOW KHUCIIOTHI SIBJSUIOCH BTOPUYHBIMHU IpolieccaMu. PaccmoTpum emie oauH
npuMep.

B psne ciiyuaeB Ha NMpoOTEKaHHME OCHOBHBIX MPOLIECCOB MPH IEKTPOJIM3E HAKIJIAbIBAIOTCS
1100OYHbIE PEAKIIUU: B3aUMOJICHCTBUE MEXTYy POAYKTaMHU IEKTPOJIN3a UM PEAKIIUHN IPOAYKTOB C
BOJIOM. J[i1s mpeaoTBpallieHust BTOPUYHBIX peakUi MEeXAy MPOIYKTaMH 3JIEKTPOJIN3a UCTIONb3YIOT
muadparMel  (IEpEeropoJKM  MEXKIy aHOJOM U KaToJOM), MpEemATCTByIomme auddy3un
olpeielIeHHbIX MOHOB. HampumMep, B MpuBEAEHHOM NpUMEPE C 3JIEKTPOJIM30M PACTBOpa XJIOpHIA
HaTpus [ IPEJOTBPALICHMS] B3aUMOJACWUCTBUS MEXKIY XJIOPOM U THAPOKCUA-MOHAMHU KAaTOJ]
OKpY’XaloT auadparmMoi, npensarcrByromei auddy3un MOHOB HaTpus M xjuopa. B pesynbrate B
KaTOJHOM NpoCTpaHCTBe KoHLeHTpupyercs menoub (NaOH). IlosTomy B OONBIIMHCTBE Cly4yacB
CJIeZlyeT 0KUJaTh HEOOIBIIOrO PAa3INYUs B COCTaBE MPOAYKTOB IPH JIEKTPOIU3E OAHOTO U TOTO XKe
pactBopa ¢ nuadparmoii u 6e3 Hee.

JUis  KaXJIOro HIIEKTPOJIMTA CYIIECTBYET OIpeesieHHOe MHMHUMAJIbHOE 3HAauYeHUe
HanpspKeHUs (0T BHEIIHEr0 MCTOYHHUKA TOKa), KOTOPOE HEOOXOIMMO IPUIIOKUTH K 3JIEKTPOAaM JUIs
npoTeKkaHus sekTposnnsa. OHO Ha3bIBaeTCs HanpsukeHueM pasinokeHus (Epasn).

HanpsokeHne pas3iokeHusl MpencTaBisieT co0OW pa3HOCTh AJIEKTPOJHOTO MOTEHIMAIOB
AQHOJTHOTO M KaTOAHOIO IIPOLIECCOB.

Epa3n =Ea —Ex

JUis  KaxXaoro JJEKTPONMTAa CYIIECTBYET OINPENEICHHOE MHHUMAJIBHOE 3HA4YECHHE
HanpspKeHUs (0T BHEIIHEr0 MCTOYHHUKA TOKA), KOTOPOE HEOOXOAMMO MPHIIOKUTD K 3JIEKTPOJaM st
npoTekaHus snekTposnsa. OHO Ha3bIBaeTCs HanpsukeHueM pasinokeHus (Epasn).

HanpsixeHne pasiioskeHus: mIpeAcTaBisieT co0OW pa3HOCTh AIIEKTPOAHOIO IMOTEHIHMAIOB
AQHOJTHOTO M KaTOAHOI'O IIPOLIECCOB.

Epa3n =Ea —Ex

M Ha katome B HepByHO OYepeib MPOMCXOJUT BOCCTAHOBJIECHHE HWOHOB HIIM MOJEKYJI,
BXOJSAIIMX B OKHCIUTEIbHO-BOCCTAHOBUTENIBHYIO CHCTEMY C HaumOojee MOJOKUTEIbHBIM
NOTEHIMAJIOM (SIBJIAIOIIUXCS BOCCTAHOBICHHOH (OPMON B OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIX
cucTeMax ¢ Haubosee MOJI0KHUTEIbHBIM TOTEHIIUAIOM).

1) Ecnin snektponu3y moABepraeTcsl paciulaB, COJEpKalluil HECKOJIbKO Ppa3aNMYHbIX
KaTHOHOB METaJNIOB, TO B 3TOM CIydae IOCJIEI0BAaTEIIbHOCTh BOCCTAHOBIIEHUS ONPEAEIIAETCS
AJIEKTPOJIHBIMH MOTEHIIMAJIaMH METAJNIOB B JIAHHBIX YCIOBUSX (6 dannom pacniase!). Ilpu sTom B
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IIEPBYIO OYepelb BOCCTAHABIMBAIOTCS KATHOHBI METAJUIOB, OOJaIafonX OOJBIIMM 3HAYCHHEM
3JIEKTPOIHOIO MOTEHIMAA (C KOHIA Psia HAIPsHKEHUH JUIs IAHHOTO pacIuiaBa).

2) BoccraHOBUTEBHBIE [IPOLIECCHI HA KATOJIE B BOJHBIX PACTBOPAX:

e KaTHOHBI METAJUIOB, PACIIONIOXKEHHBIX B PpsAy HaNpsOKEHHH 1ocie Bojopoaa (co
CTaHJAPTHBIM JIEKTPOIHBIM TTOTEHIMATIOM OoJbIle, YyeM y Bofopona): Cu®’, Hg,?", Ag™, Hg*', Pt*
... Pt**. TIpu >1eKTposu3e OHU MOYTH TONHOCTHIO BOCCTAHABJIMBAIOTCS HA KATOJE U BBIIEIAIOTCS B
BHJIC METaJIA.

e KaTHOHBI METAJLIOB, PACIIOJOKEHHBIX B Hayaje psna (CO CTaHIapTHBIM BJICKTPOIHBIM
MOTEHIMAIOM MeHblle, yeM y amomuuus): Li*, Na*, K* .. AP’ Ilpu snextponuse oHum He
BOCCTaHABJIMBAIOTCS, BMECTO HUX BOCCTAHABIMBAIOTCS MOJICKYJIbI BOJIBI.

e KaTHOHBI META/UIOB, PACIOJIOKCHHBIX B PSIy IOCIE ATOMHHHS M 10 Bogopojaa (co
CTAaHJAPTHBIM DJIEKTPOJHLIM IOTEHIMAIOM OOJbIIE, YeM Yy AIIOMHHHS, HO MEHBIIE, YeM Y
Bojopona): Mn**, Zn?*, Cr**, Fe?" ... H. Ilpu »1eKTponuse 3T KaTHOHBI BOCCTAHABIMBAIOTCS HA
KaToJIe OJIHOBPEMEHHO C MOJIEKYJIaMH BOJIBL.

3) Eciu Kk pacTBOpY, COJEpiKamieMy HECKOJIBKO KaTHOHOB, MPHIIOXKHUTH ITOCTEIICHHO
BO3pACTAIOIIEe HAMPSHKEHUE, TO JJIEKTPOJIM3 HAYMHAETCSA TOT/A, KOTJa JOCTUTaeTCs IMOTEHIHA
pa3oKEHHsT KaTnoHa ¢ HaumOoJiee MOJIOKUTENBHBIM MOTEHIMANIOM. Tak, MpH BIEKTPOJIU3E
pactBopa, coaepskamiero uonbl Cu?* (E'curvcu = 0.35 B) u Zn*" (E%znot/zn = — 0.76 B), Ha katoze
BHAYaJle BBIAEISETCA ME/b, U JIMIIb IOCIE TOro, Kak MOYTH BCE MOHBI MEIW PaspsAAATCs, HAYHET
BBIIEJIATHCS IIUHK.

Kazanoch Gbl, 10 3HAYEHUAM DJIEKTPOIAHBIX MOTEHI[MAIOB, B BOJHOM PAaCcTBOPE MOXKHO OBLIO
ObI OCAIUTh TOJBKO METAILIBI, CTOSIIME B Ps/Ly HANpshKEHUi mociie Bogopoaa. Oquako, 6aaroaapst
HIepEeHANpPsHKEHUIO BOIOPOIa YIAETCsl OCAXIaTh U3 BOJHBIX PACTBOPOB MHOTHME METAILIBI, KOTOPBIE
10 3HAYEHMSAM UX CTAHIAPTHBIX MMOTEHLHUAJIOB OCAXKIAThCA HE JOJDKHBI (Hampumep, Zn). Kpome
TOro, XapakTep cpeibl (Kucias, HeWTpajbHas, IIEJIOYHAas) OKa3bIBa€T BIMSHHE Ha IPUPOLY
pa3psHKaeMoro MeTajuia. DTO CBS3aHO C TEM, YTO — KakK ObUIO MMOKA3aHO BBIIIE, DJICKTPOIHbIN
HOTEHIIMAIT 3aBUCHUT OT PEAKIIUU CPEJIBL.

Pa3psikeHre aHNOHOB. AHOHBIE PO ECCHI

OxuciuTeNnbHbBIE TPOLECCH], MPOTEKAIOIINe Ha aHOJE B BOJIHBIX PAacTBOpPaxX, 3aBUCAT OT
AJIEKTPOJIMTA U MaTepHualla aHo/1a.

AHOZBI MOTYT OBITH @) HEpACTBOPUMBIMU WM UHEpTHBIMU (Pt, Au, Ir, rpadur wium yronas u
ap.); 0) pacrBopumbiMu (akTuBHBIMH) (Cu, Ag, Zn, Cd, Ni u 1.1.). VIHepTHBIE 3/IE€KTPOJBI IpU
AIIEKTPOJIM3E CITY’)KAT JIUIIb NepeAaTINKaMU dJIEKTPOHOB. AKTHBHBIE AJIEKTPOBI TIPU DIIEKTPOIIN3E
OKHCIISIIOTCSL U MOTYT pa3pyliaTbcs M NEPEXOAUTh B PACTBOP B BUJE MOHOB. AHOJ TOT/Ia SIBJISETCS
AKTUBHBIM (T.€. IPOMCXOIUT €T0 OKHCIIEHHE), KOT/Ia €r0 MaTepual Jerde OTIAeT JIEKTPOHBI, YeM
aHWOH B pacTBope (T.e. moTeHIman npomecca Me"" + ne = Me cambliii HU3KHiA).

I[Tpu snexTponu3e Ha MHEPTHOM aHOJE:!

*  OECKHUCIOPOJIHBIX KHCIOT U ux coieil (kpome HF n pTOpH10B) — OKUCIIAIOTCS aHUOHBI;

*  KHCIOPOACOAEPKAIINX KUCIOT M HMX COJEeH ¢ MaKCHMAJIbHOW CTENEHBIO OKHCIICHHUS
Hemertasna (SO4>", NO3~) — OKHMCIISIOTCS MOJIEKYJIIbI BOJIbI C BbIIEJIEHUEM KHCIOPOIa;

*  KHCIOpOACOAEpKAIlMe KHCIOTBl M HMX COJIM, COJAEpXKallhe 3JIEMEHT (HeMeTalll WX
MeTall) B IIPOMEXYTOUHO# cTenenu okuciaenus (SO3>, NO2") — OKHCIIAIOTCS aHHOHBL.

[Tpu srrekTponm3e ¢ aKTHBHBIM aHOJIOM MTPOUCXOMIUT €T0 pa3pylieHue (pacTBOPEHNUE).

Ecnmu B pacTBOpe COJEPXKHUTCA HECKOJIBKO AHHOHOB (BO3MOXKHO HECKOJIBKO aHOJHBIX
IPOIIECCOB), TO MpeAcKa3aTh MOCIEI0BATENBHOCTh UX PA3PSKEHUs HECKOJBKO CI0XKHEE, OJAHAKO
o0I1asi TeHJIEHIMsI — B TEPBYIO OYEpeb pa3psKaeTcsl TOT aHUOH (MPOTEKAeT TOT 3JIEKTPOIHBIN
nporiecc), Ui KOTOPOro XapakTepHO caMOe HU3KOE 3HAUEHHE MIEKTPOAHOIO MOTEHIINAA.

Ha anone B mepByro ouepeb MPOUCXOIUT OKUCICHHE MOHOB WJIM MOJIEKYJ, BXOJASALINX B
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHYIO CHCTEMY C HauOojiee OTpULATENbHBIM (Hanbosiee HHU3KUM)
MOTEHIMAJIOM (SIBJISIOLIUXCS OKHCICHHON (OPMOI B OKHCIUTENBbHO-BOCCTAHOBUTENIBHBIX CHCTEMAX
¢ HanOoJIee HU3KUM MTOTEHITUATIOM).
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3akoHblI 3J1ekTpoJn3a (3akoHbl @apajest). Boixoa mo Toky

JIisi KOJIMYECTBEHHBIX PACUYETOB IMPHU AIIEKTPOJIU3E MPUMEHSIOT 3aKOHBI, BBIBEICHHbBIC
Maiikiiom @apaneem. B 1834 r. dapaneii chopMyaupoBall OTKPBITUHA UM 3aKOH: Macca BEIIECTBa,
Pa3JI0KUBLIETOCS] HA JIEKTPOAAX BO BpPEMs DJIEKTPOJIM3A, IPSIMO IPOINOPLUUOHAIBHA KOJIWYECTBY
AJIEKTPUYECTBA, MPOILIEANIETO Yepe3 3JIEKTPOIUT. DTOT 3aKOH CTaJl BCKOPE HCHOJIb30BaThCS IS
W3MEPEHUS CUJIbI TOKA.

JUis TpakTHYECKHUX pacuyeToB BaKHO CJEACTBUE, IMOJIy4yaeMoe M3 OOBEIWHEHHUS JBYX
3akoHOB Dapajes:

Mt V., It
m = —— ¥ COOTBETCTBEHHO I I'a3000pa3HBIX MIPOAYKTOB } = ,

nk nk
rJie m — Macca BeniecTsa (T), BBIISIUBIICTOCS MIPU AIICKTPOIIH3E,

M — MousipHast Macca BelecTBa (I/MOJb),

I — cuna Toka (A),

t — IPOJOJKUTENBHOCTD 3JIEKTpoIH3a (C);

F — nocrosinnas ®apazes (= 96500 Ki/mMo:1n)

V — o0beM raza (J1), BBIACIUBIIETOCS TIPH SJIEKTPOJIN3E,

VM — MOJIsIpHBIH 00beM (22.4 1/MOJIB),

N — YHCIO DJEKTPOHOB, YYaCTBYIOIIMX B 3JEKTPOJHOM Tporecce (B ciaydae OCaXKICHHS
MeTajlla U3 pacTBOpa, N YKCICHHO PABHO CTEIICHU OKHMCICHHS METaJlia, MPU BBIICJICHUN BOJIOPOJIA
n=2, Kkucjaopoaa n=4).

[Tokazarenem 5¢ddexkTuBHOCTH ANeKTpoiam3a sBiseTcs BbBIXOA 1O Toky, 1 (%),
OIpeneNsieMblii KaK OTHOIIIEHHE MAacChl BENIECTBA, (DaKTUYECKU IMOJYYECHHON B JAHHBIX YCIOBHSX
AIIEKTPOJIN3A, K Macce BEIIECTBA, TECOPETUIECCKH BEIYUCICHHON Ha OCHOBaHMU 3akoHa Dapajes.

I'aabBaHOTEXHHMKA

lanmpBaHOTEXHUKA — TOJNyYECHHUE HA TIOBEPXHOCTH H3JCTUS MIU OCHOBBI ((hOpMBI) ClOEB
METaJUIOB U3 PaCTBOPOB COJICH IO ICHCTBUEM MOCTOSTHHOTO JICKTPUYECKOTO TOKA.

B ecanveanocmecuu na moBepxHocTH Karona (win (opmbl) GopMUpyeTCs TOHKHM CIOU
(HECKOJIbKO JECSITKOB MKM) MeTalla JJis TpHAaHWsS W3JCTHI0 PAa3IMYHBIX CBOMCTB (IS
MOBBIIICHUS] KOPPO3MOHHOW  CTOMKOCTH, JUIS JIEKOPATUBHOW  OTHCNKH, JUIS TPUIAHUS
DIIEKTpUYECcKOi mpoBoguMocTH). Kak mpaBuio, MCHOJB3YIOTCS MPOIECCHl  [IMHKOBAHUSA,
HUKEJIUPOBAHUS, METHEHUS, XPOMHUPOBAHUSI, KaJJMUPOBAHUS, CBUHIICBAaHUS, OJIOBIHUPOBAHUS (BCE
— J17151 IOBBIIIIEHHSI KOPPO3UOHHOW yCTONYMBOCTH ), 30JI0YEHHE U cepedpeHue.

Bo Bcex cnmydasx miis OCaKIEHHUSI MeTajula HWCIOJIb3YETCs JJIEKTPOIHUT OMPEaeIEHHOTO
cocrtaa (Hampumep, A Hukenupoanust NiSO4 140-200 r/m, NiCly 30-40 r/n, H3BO3 25-40 r/n) u
MIPOIIECC MPOBOJIST MPU ONPEIETCHHON TeMIIEpaType U CUJIe TOKA.

B eanveanonnacmuxe Ha MOBEpXHOCTHh KaToja ((OPMBI) OCAKIAIOT TOJCTBHIA (HECKOJIBKO
MM) JIETKO OTJIEJISIOIIUICS OT OCHOBBI CJIOW METaJlla. TOYHO BOCIPOU3BOJSIINN peibed) OCHOBBI.
BoccranaBnuBas MeTannael Ha KaroAe oOmpeleneHHOW (opMbl yAaeTcs TOMYyYUTh TOYHOE
HEraTUBHOE M300pakeHHe Katoja. [ aJlbBOHOIIACTUKA MCIOJIB3YEeTCS JUIsl M3TOTOBJICHHS KOTIHH.
OTUM METOJOM M3TrOTaBIMBAIOT N€YaTHBIE CTEPEOTHUIIBI, KIIUIIE, BAJIKU JIJIsl TUCHEHUS KO, TOHKHE
METaJUIMYECKHE CETKH, (POIBry, KOMUU CKYJIBNTYP, MOHETHI, (hOpMBI s JuThsi. Kak mpaBuio,
UCTIONB3YIOT ANIeKTponuThl i ocaxkaeHus Cu, Ni, Co, Fe, Ag, Au, Zn, Sn, Al.
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Tema Ne 9. XUMUSA METAJIVIOB

#TeopetnueckuiiPa3znen

CroiicTBa U KiIaccupukanus MeTasioB. Meranyprusi. @usndyeckue cBOMCTBA
MeTaJI0B. MeTa/lIndecKas CBA3b

CnoBo MeTayul IPOU3OILIO OT TPEYECKOro CloBa LLETOAAON, YTO B IEPEBOJE O3HAYAET
"mraxta". BaXHEWIIMM KpUTEpHUEM JUIS OTHECEHHUS KaKoro-muOo 3JIEMEHTa K METajulaM SBISETCS
HaJIM4ME Y HErO TaK Ha3bIBAEMbIX METAJUIMYECKUX CBOMCTB, 4 UMEHHO:

— CIIOCOOHOCTH XOPOIIIO OTPaXkaTh CBETOBBIC BOIHBI ('MeTaunieckoro Oiecka'),

— IUTACTHYHOCTH (KOBKOCTH),

— BBICOKOM 3JIEKTPOIIPOBOAHOCTH,

— BBICOKOM TEIJIONPOBOIHOCTH.

B nacrosiee BpeMs rpaHuily Mexay MeTajllaMu U HemeTtaiuiamu B [lepuonnyeckoit cucreme
3JIEMEHTOB TIPUHSTO MPOBOAKUTH 110 auaronanu Be-B, Al-Si, Ge-As, Sb-Te, Po-At. Cornacto sTomy
JENICHUI0 K MEeTaJlJlaM OTHOCSATCSI BCE S-DJIEMEHTHI, Bce d-3JeMeHThI, Bce f-3JieMeHThl M 4acTh p-
aneMeHTOB. OJHAKO pe3KOM TIpaHUllbl MEXAy MeTalllaMd M HEMETaulaMU IPOBECTH HEJb3s,
MIOCKOJIBKY HEKOTOPBIE 3JIEMEHTHI, PACIOJIOKEHHBIE BIOJb YCIOBHOM pPa3srpaHUYUTENbHOW JIMHUM,
MPOSIBJISIIOT B CBOEM IOBEACHUM ONPEACIICHHYIO JABOMCTBEHHOCTh. TaK, TE€pMaHU WMEET
METaJUIMYECKHi OJeCK, HO OJHOBPEMEHHO OO0JaJaeT MOJIYNPOBOJIHUKOBONH MPOBOAMMOCTHIO.
CBoJCTBa HEKOTOPBIX 3JIEMEHTOB CHJIBHO 3aBUCST OT TEMIIEPATYpPbl, HAIIPUMEP, OJIOBO IIPU BBICOKHX
TEMIIepaTypax — THUIHYHBIM MeTaul, oAaHako Hike -33°C mepexoauT B TMOIYNPOBOJHUKOBYIO
MO U (pHKAITHIO.

XapakTepHoi 0COOEHHOCTBIO METaJIJIOB ABIIETCS Memaniudeckas CB53b,
XapaKTepU3yIolascs TeM, YTO HMX KpHUCTaJNIMYecKas pelleTka oOpa3oBaHa IMOJIOKHUTEIbHBIMU
MOHAMH, a BaJCHTHBIC OJJIEKTPOHBI CBOOOJHO TMEPEMEIAIOTCS 1O BCEMY OOBEMY PpEIHICTKH.
CrpykTypy MeTamila MOXKHO MpPEJICTaBUTh B BHJIE OCTOBA U3 IOJIOKUTEIBHBIX HOHOB,
MOTPY>KEHHOTO B "2JIEKTPOHHBIN Ta3" U3 JeNIOKAIM30BaHHBIX JIEKTPOHOB, KOTOPHIH KOMIIEHCUPYET
CHUJIbI B3aMMHOI'O OTTAJIKUBAHUS MOJ0KUTEIBbHBIX HOHOB.

C TOYKHM 3peHHs 30HHOU meopuu y METAIJIOB BaJ€HTHAas 30Ha M 30HA IMPOBOJUMOCTHU
nepeKkpbIBatoTcs. Yuciio He3aHATHIX opOuTaeil B 30He MPOBOAMMOCTH BeluKo. [lockonbKy aHeprun
opOuTael B 30He MPOBOJIUMOCTH OTHOCUTENIBHO MAJIO OTIMYAIOTCA JPYT OT APYra, 3JIEKTPOHBI IPpU
OUEHb HE3HAUUTEIHHOM BO3JEHCTBUU JIETKO TMEPEXOAST C OJHOM oOpOUTamu Ha JpPYyrylo,
oOecrieunBasl TE€M CaMblM BBICOKYIO TEIUIO- M  3JEKTPOIPOBOAHOCTh. [Ipu mOBbINIEHUH
TEMIEPaTyphl Bce OOJbIIEe YHCIO DIEKTPOHOB MEPEXOANUT B 30HY MPOBOAUMOCTH, YTO IPUBOJTUT K
YMEHBIIIEHNIO YUCJIa BAKAHTHBIX OpOUTaJIell B 30HE MPOBOJAMMOCTH M COOTBETCTBEHHO CHUKEHUIO
TEIUIO- U AJIEKTPONpoBOoJHOCTH. Cpean BceX METAIJIOB HauOONBIIYIO 3J1E€TPOIPOBOHOCTh UMEIOT
cepedpo, Meb, 30JI0TO, ATFOMUHHM, HAMMEHBIIYIO — PTYTh, MapraHel], BaHa i, XpoM, CTPOHIIHH.

Kaaccndpukanus Meraios

Cy1miecTByeT HECKOJIBKO TOAXOJ0B K KilacCU(pUKAIMKH METAUIOB: MO (PU3MYECKUM
CBOWCTBaM, 1O HCIOJb30BAHUIO B TEXHHKE M T.1. Hambojee yacTo MCHONB3YeTCs TEXHUYECKas
KIaccu(UKAIMsA METAJIOB, COTJIACHO KOTOPOM METAUTBI ICNIAT Ha CIIeYIONIUE TPYIIIbI:

1. Yepnsie — Fe u crutaBel Ha ero0 OCHOBE,

Tsoxensie nsetnsie — Cu, Pb, Zn, Niu Sn,
Muamgmue nBerusie — Co, Sb, Bi, Hg u Cd,
Jlerkue — Al, Mg, Ca u np.,

Hparoniennsie — Au, Ag, Pt, Pd, Os, Ir, Rh, Ru,
Jlerupyromue — Mn, Cr, W, Mo, Nb, V u np.,
Peaxue — Ce, Eu, Pm u ap.,

Pamnoaktuensle — U, Th, Pt u op.

e Al
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OCHOBHBIM HEJOCTaTKOM TEXHMYECKON KIacCH(pUKALUU SBISETCS TO, YTO HEKOTOpHIE
METaJIJIbl MO’KHO OJTHOBPEMEHHO OTHECTH K Pa3IMUHBIM TPYIIIaM.

[Io Temmeparype IIaBiI€HHUS METAUIBl MPHUHATO pa3AeNsiTh Ha TYTOIUIABKUE, Ybs
temneparypa IuiaBieHus (trr) Bbime 1500°C wm nerkorutaBkue. K TyrominaBkuM MeTajuiam
otHocuTcs Boabdpam (trr. = 3407°C), Tantan (tr. = 2997°C), monubaeH (ton. = 2620°C), xene3o
(trr. = 1535°C), xpom (trn. = 1857°C) u gp. K nerkoruraBkum mMeTamiaM OTHOCATCS PTYTh (trur = -
39°C), ramnuit (trn, = 30°C), uusak (trun. = 420°C), ceunen (trr. = 327°C), BucMyT (trn, = 271°C),
IEJIOYHbIE U IIET0YHO3EMENTbHBIE METAJLIBI U JIP.

1o MIOTHOCTU MeTaibl MPHHATO JEIUTh HA JETKHe, ubs IUIOTHOCTh MEHbIIE 5 r/cMm’, u
Tokensle. K nerkuM Meramiam otHocsres mutuii (p = 0.53 r/em?), marmmii (p = 1.74 r/em’),
amomunuit (p = 2.70 r/cm?), Tutan (p = 4.54 r/em?), xameumit (p = 1.55 r/em®) u ap. Beicokyro
TIJIOTHOCTB UMEIOT ocMHuit (p = 22.59 r/em?), upummit (p = 22.42 r/cm?), nnatunHa (p = 21.45 r/em?),
3omoto (p = 19.32 r/em®) u gp.

B xumum Bce MeTaibl pa3fensaioT B 3aBUCMMOCTU OT CTPOEHHS BHEIIHEH U MpeBHEIIHEN
AJIIEKTPOHHOU 00OJIOUKH Ha:

1. s-meramsl (Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra),

2. p-metamisl (Al, Ga, In, Tl, Ge, Sn, Pb, Sb, Bi, Po),

3. d-metaysl (Bce d-3eMEHTHI),

4. f-merasibl (Bce f-aemMeHTHI).

B cBoro ouepenb M3 3TUX TPYyMNI MOXKHO BBIIEIUTH OOJee Y3KHE CEMEHCTBA: wyeloyHble
meramisl (Li, Na, K, Rb, Cs, Fr), werounozemenvuvie meramner (Ca, Sr, Ba, Ra), nramunossie
meramisl (Pt, Pd, Os, Ir, Rh, Ru), pedkoszemenvruie snemenmer (Sc, Y, La u Bce f-merassr).

PaCHpOCTpaHeHHOCTb METaAJJIOB B IIPUPOAC

Cpennuii coctaB 3eMHOM KOPBI KpaliHe HepaBHOMepeH. Ha moito 9 s5eMeHTOB pUXOAUTCS
99% ot maccel Bcel 3emuid. CaMbIM PAaclpOCTPAHEHHBIM SJEMEHTOM 3€MHON KOpPBI SIBISETCS
KHUCIIOpOJl, 4Ybsl Macca cocTaBisieT 45.2% oT macchl 36MHOM KOpBI, 3aT€M CIEAYIOT KpEMHUI
(27.2%), amomunuii (8.0%), maruuit (2.8%), Hatpuii (2.3%), xammit (1.7%) u Tutan (0.7%).
CopepxaHue Ipyrux 3JIEMEHTOB CYIIECTBEHHO Huxke. Hampumep, nons Meaum B 3eMHOM Kope
cocraBiser Bcero 0.0047%, prytu — 0.0000045%, 3omora — 0.00000008%. B cBsizu ¢ 3tuMm
METaJIJIbI 110 COJIEP’KaHUIO B 3€MHOM KOpe MPHUHSTO MOAPa3esaTh Ha JIBa Kijlacca: peoKue MeTalbl,
¢ pacmpoctpaHeHHOCTbI0 Huxke 0.1%, m pacnpocmpanennvie, ups Macca npesbimaer 0.1% or
MaccChl 36MHOH KOPBI.

IToxasnsromiee OOJBIIMHCTBO 3JIEMEHTOB B IPUPOJE HAXOJUTCS B CBA3aHHOM COCTOSIHHUM.
dopma MPUPOTHBIX COEIMHEHUH METAUIOB, 3aBUCAT OT CTaHJAPTHOIO AJIEKTPOJHOIO IMOTEHIHAaIa
Metajuia. YeM Bbllle XMMUYECKash aKTUBHOCTb MeTallla, TeM OoJiee sIPKO BBIPKECHHBIN COeo0pa3Hbli
XapakTep UMEIOT €ro NPUPOIHbIE cOeTUHEHMS. Tak, IeI0UYHbIe METAIbl HAXOSTCS B IPUPOJIE B BUJIE
XOpOLIO PAacTBOPHUMBIX B BOJE TalOTeHUJIOB, Cyib(aToB, HUTPATOB, pexe, KapOOHATOB.
[lenoyHO3eMeNbHBIE METAIBI MU MarHUid BCTPEYAIOTCS B NPUPOJIE B BHUJIE MaJOPAaCTBOPUMBIX
cynb(haTroB U KapOOHATOB. AJIFOMMHHM, jKee30, MapraHel], TUTaH 0O0pa3yloT B OCHOBHOM OKCHIIHbIE
pyabl. MeHee akTUBHbIE MeTaUIbl (HUKENb, KOOAJIbT, CBUHEl, MOJIMOIEH M [p.) 00pa3yoT
NPEUMYIIECTBEHHO CyNb(UIHBIE COCIUHEHHUS B COCTaBe IOJUMETAUIMYECKUX pyd. Meramisl,
pacrosoKeHHbIE B AJIEKTPOXMMUYECKOM PSATY HaNpsHKEHUH Iocie Boaopojaa (Menb, cepedpo, 30510To,
PTYTh), BCTPEYAIOTCS B MIPUPOJIE HE TOIBKO B (hOpME pyJl, HO U B CAMOPOIHOM COCTOSIHMU. B Tabnuie
1.1. mpuBeneHs! HOPMyIIbI OCHOBHBIX, IPOMBIILIEHHO 3HAYMMBIX, PYAHBIX MUHEPAJIOB.

Bakneiimieii mpoOiemMoli, BOZHUKAIOIIEH MPH UCIOIb30BAHUH PEIKUX METAIIOB, SBIISETCS
HECOOTBETCTBHUE CIIOKHBIICHCS CTPYKTYphl MOTPEOICHHSI U UX PEaIbHOTO COJIEP’KaHUsl B 3€MHOM
kope. bonpimas 9acTe penkux MeTaioB B 3eMHOM kope — Oomee 99.9% BxomuT B cocTaB
nopo1000pa3youX MHUHEpAJOB B BHUAE INpHUMeced U JIMIIb OCTaBIIAsACAd YacThb CIOCOOHA
HAKaIlJIMBaThCsl B BUJIE PYJAHBIX MECTOPOXACHUU. [IpuueM [uisi MHOIMX pEAKUX METauIOB O CHX
[Op HE YCTAHOBJEHbl HETPAJAULIMOHHBIE HMCTOYHMKHM B BHJE KpPYIHBIX MECTOPOXKJIECHUIN
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HU3KOCOPTHBIX pyA. YK€ B HACTOSIIMA MOMEHT BO3HHMKAIOT HpoOIeMBI C oOecredeHHeM
MPOMBIIIJICHHOCTH B TpeOyeMbIX 00beMax cepedpoM, PTyThio, BOJIb()pamMoM, OJIOBOM.

JInst pacnpocTpaHEHHBIX METAUIOB (TUTaH, MapraHel, aJlOMHHUH, jKele30, MarHuii) B
OyayiieM HCHOJb30BaHHE HE OyAeT OrpaHu4eHO NOOBIYEeH pyabl, MOCKOJIBKY MX COJEpKaHUE B
3eMHOI KOpe O4YeHb BelIWKO. TeM He MeHee, NPH IOJyYeHUH ATIOMHHHS B ITOCIEIHHE TOJbI BCE
qare BMECTO OOKCUTOB IPUXOIAMUTCS TIEPEXOIUTH HA APYTHE BUIBI CHIPbSL.

HpOMbIIJ.UIeHHOG MOJIY4€HHNE METAJLJIOB. MeTaJIJIprI/lﬂ

MupoBoe npou3BOACTBO METAJUIOB NpuOIMmkaercs kK 1| muumapay ToHH B rof. OGnacte
HAYKH U OTPACiIb TEXHOJIOTUH, KOTOPBIE BKJIKOYAIOT IIPOU3BOJCTBO METAUIOB U3 MPUPOAHOIO ChIPbs
WIN U3 OTXOJIOB, MOJYYEHHE CILIABOB, 00OPaOOTKy METAJUIOB M CIUIABOB B XOJIOJHOM HJIU TOpSYEM
COCTOSIHUH, UX CBAPKY U HAHECEHHE METAJUINYECKUX MOKPBITUI HAa3bIBAIOT MeMaiypeuel.

Mertainypruueckoe Mpou3BOJCTBO — CIOKHBIM npouecc. Ero mepas cragus BKIIOYAaeT B
ce0s MOJArOTOBKY M o0orameHue pyAsl A8 OTAENCHHsl IyCTOM MOpoAbl M yBEJIWYEHUS
KOHLEHTpaluu MeTaia. McxonHoe chlpbe M3MENbYal0T, NHOTA IPOMBIBAIOT, & 3aTE€M BbIACISAIOT
METAJUIMYECKYIO Py1y ¢ HOMOILBIO (hJIOTAllMK, MArHUTHOW Cerapanyu Wik Ipyrux METO0B.

Ha cnenyromeit craguu celpbe NEPEBOIAT B COEAMHEHUE (Yallle BCETO OKCUM), U3 KOTOPOIro
HauOosiee yA0O0HO BBIACIUTh YUCTBIA MeTaml. Tak, MenHble Cyab(UAHBIE PYIbl OOXKHUTaIOT IpU
BBICOKMX TeMmIepaTypax [Uisl TOJy4eHMs] OKCHUIOB. TuTaHcojepxamue pyasl oOpabaThiBaroT
XJIOPOM, 4TOOBI IEPEBECTH TUTAH B XJopux TuTaHa (IV).

3areM NpPOU3BOJAT HEMOCPEACTBEHHOE IOIy4eHHE 4YHMCTOro Mmeramia. [lockonbky Bce
MeTaJulbl (32 MCKIIIOUYEHHEM OJaropoJHbIX) HaXOAATCS B MPHUPOJE B OKHUCIEHHOM COCTOSIHUU HMX
BBIJICIICHUE CBOJUTCS K BOCCTAHOBJICHHIO. UeMm 0ojee akTHBHBIM SIBJSIETCS METAII, TeM Ooiee
aKTUBHBIH BOCCTAHOBMTENb s Hero Tpedyercs. THUNUYHBIMM BOCCTAHOBUTEISIMM  JJIS
METaJUTypriH SIBISIFOTCSL BOJOPOJ, yriiepoi, aktuBHbie metamisl (Al, Zn, Mg, Ca, menounsie
MeTauibl). BO3MOXHOCTM HMX MPaKTHUYECKOrO MPUMEHEHHs s TOJIy4YEeHUs METauIoB
npeJcTaBieHsl B Tadnuue 1.2.

Beibop moaxonsiiero BOCCTaHOBHUTENsS ONpENeNseTcss He TOJbKO BO3MOXHOCTBIO
MPOTEKAHUsI CaMOM OKHMCIUTEIbHO-BOCCTAHOBUTENbHOU peakiuu (AG°<0), HO W NPOTEKaHUEM
BO3MOXHBIX MOOOYHBIX peakuuid. Tak, MHOTME MeTaJUIbl MOKHO BOCCTAHABIMBATH C IOMOLIbIO
yIIeposa, HO ¢ HEKOTOPBIMU OH 00pa3yeT yCTONYMBBIE XUMUYECKHE COEAMHEHHUS, KOTOPbIE MOTYT
CYLLIECTBEHHO U3MEHUTH CBOICTBA YUCTOIO METAILIA.

XuMHnuecKne CBOMCTBA METAJLJIOB

Ha BHemmnem OJICKTPOHHOM CJIOC Yy aTOMOB THUIIMYHBIX MCETAJUIOB HAXOIUTCH HeOOJIBIIIoE
KOJINYECTBO DJIEKTPOHOB, OTHOCUTENIBHO clabo CBS3aHHBIX C siipoM. [lo SToM mpuumHEe MeTaybl
06J'[a)IaI-OT HU3KUMH 3HAQYCHUAMHU TIICPBOIO0 IOTCHIOMWAJIA HWOHU3AIIMM W B  OKHCIIUTCIBHO-
BOCCTAHOBUTENIbHBIX PEAKIMSIX OHU SIBIISFOTCS BOCCTAHOBUTEISIMU (JJOHOPBI DJIEKTPOHOB). B MOHHBIX
XUMHUUYCCKUX COCIUHCHUAX MW HX BOJHBIX PACTBOpaxX IJId METAJJIOB XapaKTEPHO 06p330BaHI/IC
MOJIOKUTETHHO 3apSHKEHHBIX NOHOB - KATHOHOB. DIEKTPOOTPULIATETFHOCTH AaTOMOB METAIIIOB HUXKE,
YeM y aTOMOB HEMETAJUIOB, ITO3TOMY aTOMBI METAJUIOB B COCTaBE XMMHUYCCKUX COCAMHEHUN MMEIOT
MOJIOKUTETHHYIO CTETIEHb OKHCIICHUSI.

Mertamsl (kpome 30710Ta, cepedpa) OKUCISIIOTCS KUCIOPOJAOM, OJHAKO CKOPOCTh PEaKInH,
YCIIOBUSI €€ TMPOTEKAHHs, MEXaHW3M U TPOAYKTHl CHIBHO 3aBUCAT OT MPUPOABI MeTamia. Tak,
IEJIOYHBIC METAJUTBI (KPOME JINTHSI) IPU CTOPAHUU Ha BO3IIyXE 00Pa3yIOT NEPOKCUODL:

2Na + O2 = Na20:..
B ocTanbHBIX ciydasx 00pa3yroTcs OKCHIbL:

2Zn + O2 = 2Zn0 (225°C, Ha BO3ayxe),
4Crnopouok) + 302 = 2Cr203 (600°C).
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BoJIbIIMHCTBO METaIoB 3HEPruYHO B3amMojaeucTBytoT ¢ ranoreHamu (F2, Cl2, Brz, 12),
00pasys COOTBETCTBYIOIINE TAIOTCHU B ((hmopudsvl, X10puovt, 6POMUObL, UOOUODL):

Mn + Clz = MnCl2 (200°C),
W + 3F2 = WFs (20°C).

XuMH4YecKasi akTUBHOCTh METAJIOB U WX COCIMHECHHMI B BOJHBIX PAacTBOpax ONPEACIISICTCS
WX CTaHJApPTHBIMU 3JIEKTPOAHBIMU MoTeHuuanamu. lllenoynbie u 1Ie04HO3EMENbHBIE METAILIBI,
MMEIOIME CTAaHAAPTHBIM JJIEKTPOAHBIN moTeHuuan MeHble -0.413 B, okucnsdmoTcs BOAOW C
BBIJICJICHHEM BOJIOPO/IA:

2Na + 2H20 = 2NaOH + HaT,
Ca + 2H20 = Ca(OH)2 + H2T.

[Ipu HarpeBaHuM ¢ BOAOH pearupyroT Oepriuinii U MarHuid. LIMHK # kene3o pearupyror ¢
BOJISIHBIM I1apOM IIPU BBICOKHX TEMIIEpaTypax.

Merasuibl, UMEKOIIHE OTPULATEIbHBIE JJIEKTPOAHBIE ITOTEHLUAbI, B3aUMOACHCTBYIOT C
KHCIIOTaMU-HEOKUCIUTEISIMA (conmsiHOM,  pa3baBiIeHHOM ~ cepHOHM) Cc  oOpa3oBaHHEM
COOTBETCTBYIOLIUX PACTBOPUMBIX COJIEH U BBIIEICHUEM BOAOPOJA:

2Al + 6HCI = 2AICl3 + 3H2T,
Cd + H2S04 = CdSO4 + H2T.

KI/IC.HOTBI, O6HaI[aIOHII/Ie CHJIBHBIMHM OKHCJIUTCILHBIMH CBOMCTBAMH (KOHHCHTpHpOBaHHaﬂ
ccpHaid, aSOTHaﬂ), CIIOCOOHEI PACTBOPATb HEKOTOPBLIC MCTAJIJIBI C ITIOJIOKUTCIIbHBIMU 3JICKTPOAHBIMHA
INOTCHIMAJIaMU

2Hg + 2H2S04 koHu,) = Hg2S04d + SO2T + 2H20 (80°C),
3Cu + 8HNO3 (pa3s.) = 3Cu(NO3z)2 + 2NOT + 4H:20.

Jlns mepeBosia B pacTBOP MAJOAKTHBHBIX METAIIOB (30JI0TO, IUIATHHA, MAJUTAUA U JIp.)
UCTIOJIB3YETCSl CMECh KHCIIOTBI-OKUCIIUTENsL (A30THAas, CEpHasi) M KHUCIOTHI, aHHOHBI KOTOPOM
CIOCOOHBI BBICTYIIATh B KAYECTBE JIMTAHIOB (COJIsiHAsA, (PTOPOBOIOPOIHAS):

3Pd + 18HCI oHu,) + 4HNOs3 or,) = 3H2[PdCle] + 4NOT + 8H-20,
Au + 4HCI oHu,) + HNO3 oru,) = H[AUCls] + NOT + 2H20.

Psin merannoB (Oepwiuivii, aqrfOMUHHM, IIMHK, OJIOBO, TAJUIMNA) CIIOCOOHBI PacTBOPSATHCS B
KOHIIEHTPHUPOBAHHBIX PACTBOPAX IleJoueH 3a cueT 00pa3oBaHMs THAPOKCOKOMILIEKCOB:

Sn + 2NaOH oHu,) + 4H20 = Naz[Sn(OH)s] + 2H2T (kunsuenne),
2Al + 2NaOH (oHu,) + 6H20 = 2Na[Al(OH)4] + 3H2T (60°C).

BaXHBIM CBOWCTBOM METAJJIOB SIBJIIETCSI MX CIIOCOOHOCTH pa3pyliaThCs MOJ JCHCTBUEM
OKPY’KAIOIIEH CPEIIbl — KOPpO3usi Memaiios, Kotopas OyaeT moapoOHO paccMOTpeHa B pazzeine 2.

Mexay co0oif Meraibl MOTYT OOpa30BbIBaTh HEMPEPBHIBHBIC TBEPHbIC PACTBOPHI
(manpumep, B cuctemax Ni-Pt, Pt-Ir, Re-Ru, V-Cr, Cu-Au); orpaHuueHHbIC TBEP/blE PACTBOPBI
(Mn-Re, AI-Ni, Cu-Ag, Sn-AQ); uwmepmemaniuueckus  COCIWHEHUs, O0OJamAIOIINE
META/UTMYECKON CBsA3bI0 U (hu3mko-xumuueckuMu cpoiictBamu metamuioB (VFes, FeAl2, CoSn,
NisGa, PrGaz). Hexoropsie MeTasuisl BOOOIIE HEPACTBOPUMBI APYT B APYre HU B KHIKOM , HU B
tBepaoM coctosinuu (Be-Mg, Li-Al, Na-Al).
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Tema Ne 10. KOPPO3USA METAJVIOB. BAIUTA METAJIJIOB OT KOPPO3UN

#TeopetnueckuiiPa3znen

Kiaccnpukanus Koppo3HOHHBIX IPOLECCOB

Kopposueu memanna Ha3bIBa€TCsl €ro CaMONPOM3BOJIBHOE PA3PYLICHHUS B PE3yJIbTATE
(U3UKO-XMMHYECKOTO B3aUMOJICHCTBUS C OKpYy»Karomei cpeaoi. [Ipu 3ToM MeTaibl OKUCIISIOTCS
U 00pa3yroTcs MPOAYKThI, COCTaB KOTOPBIX 3aBUCUT OT YCIIOBHI KOPPO3HH.

Ilo MexaHu3My MpOTEKaHHWs KOPPO3MOHHOIO IIPOLECCa pa3iIudaloT XUMUYECKYIO W
NEKMPOXUMULECKYIO KOPPO3HIO.

Xumuueckasn koppo3us XapakTepHa Ui Cpell, He IPOBOIAIIMX MIEKTPUYECKUH TOK. B npouecce
XMMUYECKOW KOPPO3UH IPOUCXOIUT IIPSAMOE B3aMMOJICHCTBUE METAJUIA C OKUCIIUTEIIEM, HalIpUMep:

2Fe + 3Cl2 cyxomrasz) = 2FeCls.

XumHueckasi KOppo3usi POTEKaeT Npy B3aUMOJCHCTBUN METAJUIOB C KUCIOPOAOM BO3yXa
IOpU BBICOKHMX TEMIIEpaTypax, HpU paspylIeHHH METAUTMYECKUX dYacTell HePTEernpoBOIOB, II0
KOTOPBIM TPAHCIIOPTUPYETCS CepHUCTast HEPTh U T.A.

Onekmpoxumuueckas  KOppo3usi ~ BO3HUKaeT B  cpelax, oOlajarolliuX  HOHHOM
IpoBOIUMOCTBI0. OHA MPOTEKAaeT B BOAHBIX PACTBOpPAX 3JEKTPOJUTOB (COJEH, KMCIIOT, IIEI0UeH,
MOPCKOH BOJIE U T.[1.), B aTMOC(epe BIaKHBIX Ia30B, B IIOUBE.

ITo xapakrepy pa3pylleHUsl TOBEPXHOCTH KOPPO3UIO MOKHO PA3AEIUTh HA PAGHOMEPHYIO U
mecmuyro. Pasnomepnas wim obwyas Koppo3ust 0ojee-MeHee paBHOMEPHO pacIpeiessieTcsl 0 Beel
HOBEPXHOCTU MeTalula. Mecmuas UM nummuH206ds KOPPO3Us COCPENOTaunBaeTCs Ha JIOKaIbHbIX
y4acTKaxX METAJUIMYECKON MOBEPXHOCTH, OJHAKO IMPOTEKAeT C OObIIEH CKOPOCThIO U MPUBOAUT K
ObICTPOMY pa3pyLICHUIO KOHCTPYKIMU. BHelmHe MecTHas KOppo3usi MHpOSIBISETCS B BHJE
nummuH2oe (TOYEK, IIATEH, 3B, I0JIOCTEH B METaJlIe).

Medickpucmannumnas Koppo3usi TIPEACTABISET OO0 paspyllieHHe MeTaia BJIOJb I'PAHUIL
MHUKpPOKpPUCTAIIOB (3epeH). Ilpu He3HauMTeNbHBIX OOLIMX KOPPO3UOHHBIX MOTEPSAX pa3pylleHHe, KakK
NpaBUjIoO, TPOTEKAaeT Ha OOJNBIIYI0 IIYyOMHY, COMNPOBOXJAETCSI YMEHBIIEHHEM TIPOYHOCTH U
TUIACTUYHOCTH U MMPUBOAUT K OBICTPOMY BBIXOY BCEH JIETaIU U3 CTPOs. MEeXKPUCTAIUITUTHOW KOPPO3UHU
MIOJIBEP>KEHBI CILIABBI XKEJIE3a, HUKETS, ATFOMUHNS, NUMEIOIIME HEOJHOPOIHYIO CTPYKTYPY.

Hz6upamenvnas koppo3us MPOTEKAET, €CII B KOPPO3UOHHOM Cpesie pacTBOPSAETCS TOIBKO
OJIMH KOMIIOHEHT CIUIaBa.

XapakTep paspyLIeHusI CTPYKTypbl METAILIA [PH Pa3IMYHbIX BUIaX KOPPO3UHK NpuBesieH Ha puc. 10.1.

l :

)

a 0 6
Pucynok 10.1 — Buowt Koppo3uonHvlX pa3pyuieHuil Memaiios:

a — UCXOOHBIL cniase, O — MESNCKPpUCMAITIUMHAA KOPPO3UA, 6 — u36upameﬂbﬂaﬂ Koppo3ust,
Yuacmru Cpa3HOIZ meLlXOSKOZZ coomeemcmeyront pasiliuiHblM KOMNOHERmMAM cnjiasa

BOSI[CI‘/’ICTBI/IG CUJIBHBIX MCXaHHMYCCKHX HaHpﬂ)KeHI/Iﬁ NOpUBOAUT K YCKOPCHHUIO KOPPO3HUU U
MOXKET BbI3bIBATH KOPPO3HMOHHOC PACTPECKNBAHUC KOHCTPYKIH.
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MexaHuszm 3ﬂeKTpOXl/IMI/I‘IeCKOﬁ KOppoO31H CTaJIN

B oTnMume OT YHMCTBIX METaUIOB TEXHUYECKHE CIUIaBbl 4acTO COJEP>KAT HHOPOIHbBIE
BKIItoueHus1 (mpumecu). [loBepXHOCTh CmlaBa Takke MOXKET OBIThb XMMHYECKH HEOIHOPOJHOIA.
[ToaTOMY Ha MOBEPXHOCTH TEXHUUYECKOIO METaJlla B arpECCUBHOM Cpelie UMEIOTCSl SHEPreTUUECKU
HEOJIHOPOJHBIE YYaCTKU C Pa3IMYHBIMU 3HAYCHHUSIMHU NOTEHIuana. TakuM o0pa3oMm, OCHOBHOMU
METAZT W TOpPUMECH O00pa3yloT MHOXKECTBO KOPOTKO 3aMKHYTBIX MHKPOCKOIHUYECKUX
raJlbBAHMYECKUX 3JIeMeHTOB. Hanbomee onacHbl 371€KTPONOI0KUTEIbHbIE IPUMECH 0 OTHOIICHHUIO
K OCHOBHOMY MeTauly. B cmmaBax Ha OCHOBe Jkeine3a (4yryHax U CTajsX) poJib
AIIEKTPOIOJIOKHUTEIILHON MPUMECH YacTO BBITIONIHSACT yemenmum — kapouy xenesa (FesC):

E°(Fe?*/Fe) E°(Fe?*/FesC)
(-) +)
anoo Kamoo
OKUCNeHue 8occmaHoeeHue.

DAEKTPOIUTOM IpU aTMOC(EPHOIM KOPPO3UU MOKET CITY>KUTh JTHOOOW pacTBOpP B BHJIE BIary,
MOBEPXHOCTHOM TUICHKH BOJBI, OpbI3Tr. B aTMOoC(hepHBIX yCIOBUSX B YIUIyOJICHUSX, HMCIOIIUXCS Ha
MeTaJljie, MPU JOCTATOYHO BBICOKOM BJIXKHOCTH BO3IyXa Mapbl BOJbI KOHACHCUPYIOTCS U 00pa3yIoT
IJICHKY, B KOTOPOW pacTBOPSIIOTCA YIJICKUCIBIA Ta3, CEPOBOJOPOJ, aMMHUAK U APYrHE Ta3bl,
colepskamiiecss B BO3ayXxe. B 3aBuCMMOCTH OT XapakTepa oOpasyrolerocsi pactBopa (Kucias,
HEUTpaJbHasl WU IIEJIOYHAs Cpena) IJICKTPOXMMUUYECKAs KOPPO3US MOXKET HMETh Pa3IMYHBINA
MeXaHu3M. PaccMOTpuM mpoiecchl, KOTOpble MNPOUCXOAST MPU KOPPO3UOHHOM DPa3pyILICHUU
YIJIEPOJIUCTHIX CTaJiel B Pa3IUYHBIX yCIOBUSX.

Koppo3usi ¢ BogopoaHoii Aenossipu3amnueil NpPEeUMYIIECTBEHHO MPOTEKAaeT B KUCIBIX
pactBopax (pH<4). Ha yyacTkax MOBEPXHOCTHU CTAJIM C MEHBIIMM 3JICKTPOJIHBIM MOTECHIIUAIOM
HAYMHAETCSl aHOJTHOE OKUCIICHUE XKele3a:

Fe - 2e" = Fe?*.

[Tpu 5TOM MeTaJ1 B BUJIE THAPATUPOBAHHBIX HOHOB TIEPEXOJIUT B PACTBOD.

Ha ydvacTkax TMOBEpPXHOCTH CTAJIbHOW KOHCTPYKIIMM C OONBIIMMH  3HAYCHUSIMHU
DJIEKTPOJHOTO TMOTEHIMAIa MPOUCXOJUT KAaTOTHOE BOCCTAHOBIICHHUE OKHCIHUTENCH, KOTOPBIMHU
SIBIISTIOTCSI HOHBI Bojropoaa H*:

2H* + 2e" = Ha.

KaronHble peaknun, IpoTeKaromue Mpu JEKTPOXUMAYECKON KOPPO3UH, IPUHATO HA3BIBATh
peaknusMu  Oenonapusayuy. Ecin HMOHAMH-OKUCIHMTENSIMH ciykar uoHbl HY, To mpomecc
Ha3bIBAETCsI KOPPO3UEH ¢ BOJOPOJHOM eNOsIpr3aiuei.

XUMH4IecKkne MOJIypC€akuru 1mpu QHGKTpOXHMH‘IGCKOI\/’I KOPPO3UHr COIPOBOKAAIOTCA ABUKCHHUEM
SNIEKTPOHOB B METaJlyIe U MOHOB B 3JeKTposuTe. CXema, MOKa3bIBaIoIasi MepeMeleHle OCHOBHBIX
MOHOB TIPY KOPPO3UH CTaJIU C BOAOPOIHOMN JIENOIIpU3alueii, mpeacrapieHa Ha pucynke 10.2.

Fe* M

H,0 H

Pucynok 10.2 — Cxema Koppo3uu cmanu ¢ 6000poOHOI denonapusayueit
Ha MUKPO2AIb8AHONApPE Jcelle30-yeMeHmum
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Koppo3usi ¢ KucCJI0OpOAHOI Aemojsipu3anmMedl TPEUMYIIECTBEHHO MPOTEKAeT B
CJIa0OKUCIBIX, HEUTpalbHBIX M ciabomenounsix pactBopax (pH>4). Ha yuacTkax moBepXHOCTH
CTAJI C MEHbBIIUM 3JIEKTPOIHBIM MOTEHIIMAIOM HAYMHACTCS aHOITHOE OKHMCIICHHE XKeJle3a:

Fe - 2e" = Fe?*.

IIpu 5TOM MeTasu1 B BUJE TMAPATUPOBAHHBIX HOHOB NIEPEXOJUT B PACTBOP.

Ha yvacTkax cranpHONM IOBEPXHOCTH ¢ OONBIIMMHU 3HAYEHUSMHU 3JIEKTPOJHOTO MOTEHLIHANA
IIPOUCXOAUT KAaTOAHOE BOCCTAHOBJIEHHE MOJIEKYJ KHUCIOPOJa, KOTOpPbIE IONAfar0T B KalleJIbKY
AJIEKTPOJIUTA U3 BO3/yXa:

O2 + 2H20 + 4e = 40H-.

[Ipu xucnopomHOW Jenojspu3alui OOBIYHO JOTOJHUTENIBHO MPOTEKAIOT BTOPUYHBIE
XUMHueckue peakuuu. Tak, oOpa3oBaBIIMecs B pe3ylbTaTe PacTBOPEHHUs skeine3a HoHbl Fe?*
B3aUMOJICHCTBYIOT C TUIPOKCUI-MOHAMM:

Fe?* + 20H" = Fe(OH)2.

OOpa3oBaBmiiics B Xole NaHHOW peakiuu ruapokcua sxenesa (II) ObicTpo okucisercs
KHCJIOPOJIOM BO3/1yXa 10 ruapokcuaa xemnesa (I11):

4Fe(OH)2 + Oz + 2H20 = 4Fe(OH)s.

IIpu crapenun ruapoxcun xenesa (III) mepexonut B momurunpar oxcupa sxenesa (III)
cocraBa Fe203-nH20 — 6ypoe amopdHoe BetecTo.

CxeMa, WUTIOCTPUPYIOIIAs OCHOBHBIC IPOLIECCHl MPH KOPPO3UU CTAU C KHUCIOPOIHOM
Jenospusanueil, npeacrasieHa Ha pucynke 10.3.

L[BeT MPOAYKTOB KOPPO3HU CTalHM 3aBUCUT OT HACBHIIICHHOCTH 3JICKTPOJIUTA KHUCIOPOIOM,
TEMIIEPaTypbl, TPUCYTCTBUS IOCTOPOHHUX BemlecTB M MoxeT ObiTh OypbiM (Fe203-nH20),
kopuuneBbiM (FEO(OH)), 3enennim (Fe3O4-nH20), yepubim (Fes3Oa4).

Pucynox 10.3 — Cxema koppo3uu cmanu ¢ KUca10pooHoUl 0enoaapuzayuen
HA MUKDPO2Alb8AHONADE JHCeNe30-UeMEeHmUm

B peasbHBIX yCIOBUSIX KOPPO3MOHHBIE IPOLECCH MMEIOT OYEHb CIIOXKHBIA MEXAHH3M.
[TpakTHyecku Bceraa OJJHOBPEMEHHO MPOTEKAET M BOJOPOJHAS M KUCIOpOHAs JAenoyspusanus. B
KOPPO3MOHHBIX IpOIEccax TaKXKe MOTyT IPUHUMAaTh Y4YacTHE pa3JIMYHbIE 3arps3HUTEINH,
MPUCYTCTBYIOIINE B BO3yXe (OKCUIBI CEPBI, a30Ta, XJIOPOBOJOPO]I, OPraHUUYECKUE BEIIECTBA).

Koppo3us craam nox Bo3aeiicreuem okcuaa cepol (IV) (SO2) B mocieaHre roasl BHOCHT
0OJBIION BKJIAX B pa3pylIeHUE CTaNbHBIX KOHCTPYKUUH. DTO CBSI3aHO € OOJIBIIUM KOJHMYECTBOM
SO2 mnomamatomuM B aTMocdepy C JAbIMOBBIMH Tra3aMu, OOpPa3yHOUMMHUCS TPH CKUTAHUA
CEepHUCTBHIX TOIIMB (raza, yris, Hedtu). Oxcupg cepol (IV) xopomo pactBopuM B Boje (mpu
KOMHaTHOW Temmeparype B 1300 pa3 Oosplie 4eM KHUCIOpPOX), MO3TOMY 3TOT Ta3 SIBISETCS
BaKHEUIIIMM KOMIIOHEHTOM KHCJIOTHBIX JOXKIIEH.
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ITox Bo3meticTBreM aTMOC(hepHOU Biaru, KUCIopoa Bo3ayxa u okcuaa cepol (IV) Ha crams
MIPOTEKAIOT CICIYIOINE PEAKIUU:

Fe + SO2 + O2 = FeSOs,
4FeS0O4 + O2 + 6H20 = 2Fe203-H20 + 4H2S04,
4H2S04 + 4Fe + 202 = 4FeS0O4 + 4H20.

CepHasi KACIIOTA TIOCTOSIHHO PEreHEPUPYETCs B XOJ¢ KOPPO3HOHHOTO IMPOIECCa, MOITOMY
CTaJIb Pa3pyIIacTcs C OUYEHb OOJIBIION CKOPOCTHIO.

Koppo3usi craim nmoa Bo3aeiicrBuem xyiopua-uoHos (ClY) wrpaer Gonbiiyro poisb mpu
pa3pyIICHUHU CTAIBLHON apMaTypbl BHYTPH OETOHHBIX KOHCTPYKIHH. J[OCTATOYHO MPHUCYTCTBHS B
6erone pactBopumbix xjopuaos (NaCl, KCI, CaClz, MgCl2) B konuuectse Bcero 0.15 % ot Bceit
Macchl, YTOOBI HEMEUIEHHO HaYaI0Ch KOPPO3US apMaTypbl. XJIOPHI-HOHBI CIIOCOOHBI B CHIIY CBOMX
HE3HAYUTENILHBIX Pa3MEPOB JIETKO MPOHUKATH Yepe3 3allUTHYI0 OKCHIHYIO IUIEHKY Ha TIOBEPXHOCTH
merasuia. [Ipu 9TOM epBOHAYAILHO MPOUCXOIUT OKUCICHHE JKele3a:

Fe + 4Cl- = [FeCl4]* + 2e.
O0pa3oBaBHIINIiCS KOMIUIEKCHBIA HOH CIIOCOOCH K JaTbHEHIITNM MTPEBPAIICHUSIM:
[FeCls]* + 2H20 = Fe(OH)2 + 2H* + 4CI-.
B kayecTBe KaTOAHOM peakuy 0OBIYHO MPOTEKAET BOCCTAHOBJICHNE HOHOB BOJIOPO/IA!
2H" + 2e" = Ha.

Kaxk BUJHO M3 NPUBCIACHHBIX peaKHHﬁ, XJIOPUA-UOHBI BBIMIOJIHAIOT POJIb KaTaJIn3aTOpOB
peaKHI/Iﬁ KOppO3H1H, 3BHAYUTCIIbHO YBCIIMYKNBAsI UX CKOPOCTh.

Kunernka koppo3noHHbix npoueccoB. I[laccuBanus

CKOpOCTh KOpPpO3UM B 3HAYUTEIBHON CTENEHH OIPEIeNsIeTCs] XapaKTepoM MPOAYKTOB
Koppo3uu. B mpoliecce OKHUCICHHS METaNIOB KHUCIOPOAOM BO3AyXa Ha €ro MOBEPXHOCTHU
oOpasyercs TBepjas MIEHKAa OKCUIOB. JlJIs MPOAOIIKEHUST KOPPO3UU HEOOXOAMMO, YTOOBI MOHBI
MeTajula WJIM MOJIEKYJbl Kuciaopoaa (wim o0a OJHOBpeMeHHO) auddyHaupoBanu yepe3 3Ty
TIeHKy. [103TOMy CKOpOCTH OKHCIICHHUS OTPENEISIETCS CIUIOITHOCTHIO M 3alUTHBIMH CBOHCTBAMU
MOBEPXHOCTHOW OKCHJIHOW IUIEHKU M 3aBUCHUT OT €€ TOJILIMHBI, HAIUYMS B HEH TPEIIUH U JIPYTUX
nedexTtoB. I[IOCKONBKY TUIGHKHM TPOIYKTOB KOPPO3UH OOBIYHO XPYNKH W MaJOIUTACTHYHBI,
o0pa3oBaHUe TPELIUH 3aBHCUT OT TOTO, MPETEepIeBaeT JIM IUIEHKAa B MPOIECCEe POCTa PACTIKEHMS,
0JIarOoNpPUATCTBYIONINE €€ Pa3pyIICHUIO, UITH K€ OHa 00pa3yeTcsl B yCIOBUSIX CKATHUS. DTO B CBOIO
ouepeib OIpPEeNeNIeTCs] COOTHOIIEHHEM MEXIy O0beMOM MpOAYKTOB Koppo3uH (Vkorpo3) H
00BEMOM MeTajula M3 KOTOpOoro oHM oOpazoBamuch (Vmer). IIpu 3TOM BO3MOXKHBI pa3iavuHbIE
BapHUaHThl 00pa30BaHMsI OKCHIHBIX IJICHOK, paccMOTpeHHbIe B Tabnuie 10.1.

Haunbonee BBICOKMMHU 3allIUTHBIMUA CBOWCTBAMH OOJaNaeT CIUIOIIHAS, TOCTATOYHO TOHKAs
IpOYHas U 3JacTUYHAs IJIEHKa, MMEIolIast Xopollee CIEeIICHHE C METaNIOM U OJIMHAKOBBINA ¢ HUM
K03 unmeHT TMHEHHOTO pacmmpenus. [Ipu 3ToM MIeHKa J0KHA IMETh ONTUMAIIBHYIO TOJIINHY,
4TOOBI B JOCTaTOYHOM CTENEHU TOPMO3UTH AU(PPY3UI0 OKHCIUTENST U MOHOB MeTajuia. SIBieHue
MOBBIIIEHHOW ~ CTOWKOCTH  METAJUIOB TPOTHB  KOPPO3MH B  YCIOBHSX, KOTJa  MeETajll
TEPMOJIMHAMHYECKH PEAKIIMOHHOCIIOCOOEH, 3a cueT O0Opa30BaHUS IMOBEPXHOCTHBIX 3aAIIUTHBIX
COEIMHEHU I Ha3bIBACTCS naccusayuell.
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Tabmuma 10.1 — XapaKTepuUCTUKU PA3IUYHBIX THUIOB OKCHUIHBIX IUICHOK, OOpa3yIolmuXcs Ha
MMOBCPXHOCTHU MCTAJIJIOB

Vikorpo3./ VmMer.<1 Vkorpoz./ Vmer>1
Tommmuaa  mwieHkn  npsmo | Tommuuaa  mieHkd — npsmo | TommuHa — IUICHKH — IIPSIMO
MPOIOPIIMOHAIIbHA MIPOIIOPIIMOHATbHA MPOIOPIIMOHAIIbHA
IPOJIOJKHTEIILHOCTH KBaJIpaTHOMY KOPHIO | HATypaJIbHOMY jorapudmy
OKHCIICHUS: MPOJOJKUTEILHOCTH MPOJOIHKUTEITLHOCTH
OKHCJICHUS: OKHCIICHUS:

o=k-t, roe 5’=k-D-c(02)-1, e o=k-Int, roe
O - TOIIMHA [JICHKH, O - TONIIMHA [JICHKH, 0 - TOJIMHA [JICHKH,
k - xoHcranTa, k - xoHcranTa, k - xoHcTaHTa,
T - BpeMs OKHCIICHUSI. T - BpeMsl OKHCIICHHUS, T - BpeMs OKUCIICHUSI.

D - xoaddunment nuddysuu,
¢(O2) - KoHLIEHTpaLUs
KHCJIOPOIa B Ta30BOI CMECH.

o 0 O

T T T

Mertamiel 00pa3yroT phIXiyo, | MeTamibl oOpasyror | Mertamis 00pazyroT
00BEMHYIO OKCHJIHYIO TUICHKY, | CIUIOIIHYIO OKCHJHYIO | CIUIOIIHYIO IUIOTHYIO
NPEISATCTBYIONIYIO orBoay | meHky. IIpolecc KOppoO3uH | OKCHIHYIO TUICHKY
TEIJIOTHI, BBIACIAIONICIHCS TIPU | TOPMO3UTCS muddysuei | (naccusupy-rowui caoi),
OKHUCJICHUU MeTaa. B | pearentoB uepe3 muieHky. Ilo | obnagaromryto BBICOKUMU
pe3ynbTare MPOUCXOINT | MEpe  YTOJIIEHUS  IUICHKH | 3aIIUTHBIMH CBOWMCTBAMH.
pa3orpeB MeTaia, ¥ CKOPOCTh | CKOPOCTh okucnenus | [IneHka npegoxpaHseT MeTal
OKHCIICHHSI PE3KO BO3PACTACT. | YMEHBIIIAETCSI. OT JAJIBHEUIIIETO OKHCIICHUSI.

Xapakrepuo ans Li, Na, K, | Xapakrepno mns Fe, Co, Ni, | XapakrepHo mist Zn, Al, Cr
Rb, Cs, Ca, Sr, Ba Mn, Ti

MeToabl 3a1IIUTHI OT KOPPO3UN METAJLIIOB

B mpoMBbIIIEHHO pa3BUTHIX CTpaHax MUpa YOBITKM OT KOPPO3MM U 3aTpaThl HA 3aLIUTy OT
HEE COCTAaBJISIIOT MOYTH 5% OT HallMOHAJIBHOTO A0xoAa. Tak, Tonpko B CIIIA exeroaHsie moTepu oT
KOPpPO3UHU COCTaBIAIOT 15 MWUIMAapAOB 10JIapoB B roi. [IoMrMMo NpsiMBIX U KOCBEHHBIX IOTEPB,
BBI3BBAHHBIX PaspymICHUEM MCTAJINYCCKUX KOHCTPYKHHﬁ, KOppo3usa HNPHUBOJUT K 3arpsA3HCHHIO
OKpY’Karollel cpeabpl MOHAMM PA3JIMYHbIX MeTaiioB. [losToMy Bompocsl OOppOBI ¢ KOppo3uen
nprOOpETAOT EPBOOUEPETHOE 3HAUCHUE.

CymecTByroniie B HACTOAILLEE BPEMs METOJbl AHTUKOPPO3MOHHOM 3alUTBl MOXHO
MOJIPa3JeNIuTh Ha HECKOJIbKO OOJIbIIMX TPYII: JETMPOBAHHWE METAJJIOB, HAHECEHHE 3alllUTHBIX
MNOKPBITUHM, DJJIEKTPOXMMMUYECKas  3allluTa, W3MEHEHHE CBOWCTB  KOPPO3MOHHOM  CpE.bl,
palMoOHAIBHOE KOHCTPYUPOBAHUE METAIINYECKUX U3IEITHI.

JlerupoBanue MeTa/l1I0B

SBnsiercs  BBICOKOI(PPEKTUBHBIM  CIOCOOOM  TIOBBIIICHHS] KOPPO3HOHHOM CTOHKOCTH
JKeNe3HbIX CIuiaBoB. OCHOBHBIM JIETUPYIOIIMM 3JIEMEHTOM B CTASIX sIBJIsieTcs XpoM. [Ipuumnoit
MOBBIIIIEHHOW KOPPO3UOHHOW CTOMKOCTH HEPIKABEIOIIMX CTalel SIBISETCS OOpa3oBaHHWE Ha WX
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MOBEPXHOCTH MPOYHOM OKCHUAHOM TIJIEHKH, COCTOSIIIEM W3 OKCHIOB XpoMa H xeneza. Jlns
YMEHBUICHUS MEKKPUCTAJUIMTHON KOPPO3UH B COCTAB CTAJIM BBOAUTCS HUOOMIA.

MeTamin4decKkue MOKPLITHUSA

HaHeCCHI/Ie Ha HOBerHOCTB OCHOBHOI'O ME€TaJljia CJ104 MCTAJIJIMYCCKOI'O HOKpBITI/ISI SABIISICTCA
OJHUM U3 Ba)I(Heﬁﬂlﬂx METOOAOB 3allIUTBhI OT KOppOBI/II/I. B Ka4uyCcCTBC MaTepHana JJISL HOKpLITI/Iﬂ
IPUMEHSIOT KaK YUCTbIE METAJUIbI (HUKENb, LINHK, 0JIOBO, CEPEOPO U Ip.), TAK U PA3JIMYHBIE CILIABBI
(OpoH3bl, JaTyHM W Ap.). MexaHHW3M 3alIUTHOTO JEHCTBHUS METAUTMYECKOTO IOKPBITHS
OHpelleJIHeTCSI 3HAQ4YCHHUCM €O 3JICKTpOI[HOI‘0 IIoTCHIMaJa. HpI/I 3TOM BO3MOKHEI IBa cnyqaﬁ:

H,O H.,O
Fe:2+

Sn f Zn Zn

Fe € Fe &/

Cranb, NoKpbITasi 0fI0BOM Cranb, NoKpbITasi LUHKOM
E°(Fe?*/Fe) < E°(Sn?*/Sn) E°(Fe?*/Fe) > E°(Zn?*/Zn)
(-) aHog katog (+) katog (+) (-) aHog
OkucneHue goccmaHo8eHue g8occmaHosneHue oKuCrieHue
A (-) Fe-2e =Fe? A (-) Zn-2e =2Zn%*
K (+) 2H* + 2e- = H2 (pH<4) K (+) 2H* + 2e- = H2 (pH<4)
O2 + 2H20 + 4e" = 40H- (pH>4) O2 + 2H20 + 4e = 40H- (pH>4)

1. Ecmu  Enoxpeitus<EocnoBHOro METAJIA, TO TMPH TMOBPEKICHHHM ICJIOCTHOCTH TaKOI'O
IMOKPBITHA BO3HHUKACT I'aJIbBAaHNYCCKAs I1apa, B KOTOpOI71 aHOIOM 6y,[l€T CIIYKUTb METAJII ITOKPBITHUA,
a KaroaomMm — OCHOBHOI MeTami. B mponecce 3HeKTpOXI/IMI/I‘-IeCKOI71 KOppo3uun TaKkoH
raJIbBAHUYECKOM Mapbl OyJeT MPOUCXOIUTh PACTBOPEHHUE 3AIIUTHOTO TOKPBITHSA, a OCHOBHOM
METaJJI HE OKUCIISICTCA. HOKpBITI/ISI JaHHOT'O THUIIa HAa3bIBAIOTCs AHOOHBIMU.

2. Ecnu EHOKPLITI/IH>EOCHOBHOFO METAJIJIA, TO MPHU MNOBPCKIACHUN HCIOCTHOCTU TaKOI'O
IMOKPBITHUA BO3HUKACT TaJIbBAHUYCCKAA IIapa, B KOTOpOP’I KaToaoM 6y,£[eT CIIYXXKUTb MCETaAJll
MOKPBITHS, @ aHOJAOM — OCHOBHOM MeTaiul. B mpolecce 31eKTpOXMMHUYECKON KOPpPO3UH TaKOW
rajbBaHUYECKOU Iapbel MMPOUCXOAUT PACTBOPCHHUE OCHOBHOI'O METaJlJIa, a MCETAJJI 3allUTHOIO
IMOKPBITUA HEC OKHCIIACTCA. HOKpI;ITI/Iﬂ JaHHOT'O THIIa HAa3bIBAKOTCA KAMOOHbIMU. KaTOILHBIC
IMMOKPbITUA 3(1)(1()6KTI/IBHO OpeaoxXpaHsarOT OT KOPPO3UU TOJBKO IIPU OTCYTCTBUU HOBpe)KI[eHI/Iﬁ
3alIUTHOTI'O CJIOA.

HemMeTajiinueckue HEOPraHu4€CKMUE MOKPLITUSA

MexaHn3M JEUCTBUS HEMETAINIMYECKUX 3aIIMTHBIX TMOKPBITMM OCHOBAaH Ha W30JALUU
MeTaJlJla OT BO3JICUCTBUS OKPYKAIOLIEH CPEIbI.

Omanu — TOHKHE CTEKI000pa3Hble MOKPBITUS, HAHOCHMbIE Ha M3/AETHs U3 METaJUIOB U HUX
CIUIABOB M 3aKperuvisieMble OO0XHUroM. TexHHuYeckue >SMail HaHocAT B JBa cijos. l[lepBbrit
IPYHTOBOYHBIH cioit comepxkut 50-60% SiO2, 2-8% Al203, no 30% B20s3, 12-30% Naz0, 4-10%
CaO wu apyrue okcuapl. BTOpoii MOKPOBHBINA CJI0# MpHIACT METAUTy JEKOPATUBHBIN BHI. B ero
COCTaB TMOMHMO BBIIIEYKa3aHHBIX OKCHIOB BxomaT SNnO2, Sb20s, ZrO2, TiO2, d¢ropums
IEJIOYHBIX METAJIJIOB.

Oxcuouvie nieHKU HAHOCAT Ha METaNIMYeCKUe U3IeNUsl METOJIOM OKCHAMPOBAHUS.
PaznmuuaroT mepmuueckoe (HarpeBanue B atMocdepe, coaeprKaiieil KUCIOpOol Wi BOJSHOHN Tap),
xumuueckoe (00paboTKa pacTBOpaMM WM PACIUIABaMHU OKHUCIUTENEH), a1exmpoxumuieckoe Wi
anoonoe (NpU HAJIOKEHUU TOJOXKHUTEIBHOTO TOTEHIMana Ha o0pabaThiBaeMylo JeTajlb B
rajibBaHMUECKON BaHHE) U niasmenHoe (00paboTKa B KUCIOPOACOAEpIKallell HU3KOTeMIIepaTypHOn
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I1a3Me) OKCHUAMpPOBaHHE. Pa3sHOBHIHOCTHIO XHMHYECKOTO OKCHAWPOBAHHS SIBISICTCS 80POHEHUE
CTajlu. HYTCM O6pa6OTKI/I CTaJIi PA3JIMYHBIMU OKUCIUTCIISIMUA MOKHO IMOJIy4aTh Ha €€ MOBCPXHOCTH
OKCHUJIHBIC IUICHKH Pa3IMYHOr0 IBeTa (CHHEro, YEepHOro, TEeMHO-KOPU4HEBOro). C MOMOILbIO
QHOJIHOTO OKCHMPOBAHUS WIIM AHOOUPOBAHUS ATIOMHHHUS MOXKHO KOHTPOJIMPOBATH TOJIIMHY
OKCHJTHO¥ TUICHKH Ha 9TOM MeTaJlIe.

Docamnvie noxpvimus TMPEICTABISAIOT COO0H MEIKOKPHCTAUIMYECKUE ITOBEPXHOCTHBIC
IVICHKH, OOJIaafolHe XOpOLIeH MEXaHWYECKOH MHpPOYHOCThIO, M MOTYT CIY)KHTh B KaueCTBE
MIOJICJIOS TIPH HAaHECEHWU aHTUKOPPO3MOHHBIX JAKOKPACOYHBIX MOKphITUH. [Tomyuator dochatHbie
HOKPBITUSL IyTeM O0pa0OTKM MeTajla B CMECH pacTBOPOB OPTOPOCHOpPHOl KHCIOTHI U
optodocdaroB HUHKA WIIK MapTaHIa.

AHTHKOppO3I/IOHHLIe JJAKOKPACOYHBIC MOKPLITUS

JInst 3amuThl 000pyI0BaHMS U METANIOKOHCTPYKIIMHI, SKCIUTYaTUPYFOIMXCS B arPECCUBHBIX
cpenax, MIMPOKO HCHOJIB3YIOTCS JIAKOKPACOYHBIC MOKPHITHS HA OCHOBE PAa3IMUYHBIX MOJIHMEPHBIX
CBSI3YIOLIMX.

Ankuonvie TOKpbITUsA. IMEIOT BBICOKYIO ar€31I0 K METaLTy, OJIECK, IPOYHOCTh Ha U3THO.

Tonuypemanosvie mokpbiThsi. OOIANAIOT BBICOKOH aTMOCHEPOCTONKOCTHIO U XOpOUICH
aare3vedl K METAUTHYECKHUM W HEMETAUTMYECKAM IMMOBEPXHOCTSIM. MOTYT MEPEHOCHTH Ieperaibl
temriepatyp oT -50°C no +130°C.

Onokcuonvle TOKpBITHS. OTIMYAIOTCS BBICOKOM aiare3ved K METAUIMYECKUM U
HEMETA/UTHYECKUM TIOBEPXHOCTSAM, MaJOi MOPHUCTOCTHIO M HE3HAYMTEIBHBIM MOTJIONICHUEM BJIarH,
XOPOLIMMHU JUAICKTPUYCCKUMH CBOMCTBaMH. DMOKCUIHBIC TOKPBITHS YCTOWYMBBI K BO3ICHCTBUIO
koHuenTpupoBanubix pactBopoB NaOH, HCI, H2SO4, HsPO4, HNO3, CH3COOH.

Iepxnopeununosvie TOKPBHITHS U TOKPBITHS Ha OCHOBE XIOPCOOEPHCAUJUX CONOIUMEPOS.
OO0nanaroT BBICOKOM CTOMKOCTBIO K BO3JCHCTBHIO aTMOC(Ephl MPOMBINUICHHBIX MPEANPHUITHH,
arpeccuBHBIX Ta3000pasubix cpex, comaepxkamux HCI, SO2, SOs u T.1. Hemocrarkom siBasiercs
HIOHVDKEHHAS aIre3usi K MeTaJlIaM.

JInst ycuiieHust 3alUTHOTO JCHCTBHSI TIOKPBITHS B €r0 COCTaB BBOISTCS aHTUKOPPO3UOHHBIC
NUrMEeHThl. Ha ceromHsImHui JeHb B MPOMBINUICHHOCTH MPHUMEHSIOTCS TPH OCHOBHBIX Kiacca
TaKUX MMUTMEHTOB.

1. @ocpamer memannos (mudpochar memu Cu2P207, mudocdar kaneuus CazxP20z,
nomudochar amomunus Al3(P3010)-H20 wu ap.). Tlom neiictBueM BOIbI, MPOHHKAMONICH B
MOKpPBITUE, PocdaThl AUCCOUUPYIOT ¢ 00pa30BaHUEM KOMIUIEKCHON KUCIOTHI. Kuciora pearupyer
C MOHaMH KeJie3a Ha aHOJHBIX Y4acTKax ¢ 00pa30oBaHUEM IMPOYHBIX HHTHOUTOPOB KOPPO3UH.

2. Memabopamor memannose (merabopar uumHka Zn(BO2)2:2H20, wmeraGopar 6Gapus
Ba(BO2)2 u np.). BomHble BRITSHKKH TaKUX TUTMEHTOB UMEIOT ClIa0O0MIeIouHy 0 peakimto (pH=7.3-
10.0). D10 mno3BONSET HEUTpPaIM30BaThb KOPPO3MOHHO-aKTUBHYIO Cpeay, IPOHUKAIOIIYI0 K
MOBEPXHOCTH MeTaJlIa.

3. @eppumur memannos (hepput maraus MgO-Fe203, pepput kansius CaO-Fe203 u np.).
MexaHu3M JIEHCTBUS STHX MUTMEHTOB aHAJIOTHYEH JICHCTBUIO METabOpaToB.

HN3meHeHne cBOMCTB KOPPO3HMOHHOM Cpeabl

HN3MeHeHne CBOMCTB KOPPO3UMOHHOM Cpellbl HAampaBJIC€HO HAa CHHUXEHHE KOHIEHTpallUU
BEIIIECTB, CIIOCOOCTBYIOIIMX KOppo3uu. J[imst 3TOro B HEHUTpaNbHBIX CpeAax, TIAe KOppo3us
MPOTEKAeT C YYacTHEeM KHCIOpOJa, €ro yJIasoT aea’panueil (kumsueHue, 6apOooTaxk MHEPTHOTO
ra3a) WiM BOCCTaHOBJIEHWEM c momomisio ruapasuHa (N2H4), cynbduToB M HEKOTOPBIX OpyTHX
BELIECTB:

O2 + N2H4 = N2 + 2H20.

Ha mnpaktuke cBoiicTBa KOPpPO3MOHHOH Cpenbl W3MEHSIIOT C IOMOIIBI0 HHTHOUTOPOB.
Hneubumopamu Ha3pIBalOTCS BEIIECTBA, IPUCYTCTBHE KOTOPBIX B arpeCCUBHON Cpe/ie 3HAUUTEIILHO
YMEHBIIIAET CKOPOCTh KOPPO3HUOHHBIX MporieccoB. MTHIMOUTOPHI HCIIONB3YIOTCS IJIaBHBIM 00Pa30M B
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cucTeMax, paboTalomuX C MOCTOSHHBIM HJIM M0 OOHOBIISIEMBIM OOBEMOM pacTBopa (MapoOBBIC
KOTJIbI, CACTEMbI OXJIAKICHUS U T.J.). Paboune KOHIIEHTpAIlMi HHIHOUTOPOB OYCHb MaJICHbKHE (HE
6omee 0.1 1/1).

[Tlo mexaHu3My JEHWCTBHS WHTHOMTOPHI MOXHO pa3leiuTh Ha aHOJAHBIC, KATOIHbIC U
CMEIIaHHBIC.

AnoOnble uHeUOUMOPLL TOPMO3IT CKOPOCTh AHOJHOTO PACTBOPEHHS METAJUIA U BBI3BIBAIOT
ero maccuBanui. Cpen aHOJHBIX HHTHOUTOPOB HAMOOJIbIIIEE PACTIPOCTPAHECHUE TTOTYUYHITH HUTPUT
Hatpus (NaNOz2), xpomat Hatpust (Na2CrO4) u nepokcua Bomopozaa (H202), koTopbie OKHCISIOT
MOBEPXHOCTh METAJJIOB ¢ 00pPa30BaHUEM IIPOUYHON OKCHIHOW TICHKU:

2Fe + NaNO2 + 2H20 = Fe203 + NaOH + NHs,
2Fe + 2NazCrOs4 + 2H20 = Fe203 + Cr203 + 4NaOH.

Kamoonvie uneubumopst 3aMeJUIIIOT CKOPOCTh KATOJHOIO TPOIEcca WIM YMEHBIIAKT
miomazab KaTOAHBIX Y4YaCTKOB. Baxxupimu KaTOAHBIMU I/IHFI/IGI/ITOpaMI/I ABJIAKOTCA AUITUIIAaMHUH
((CH3CH2)2NH), yporporiun (N4(CH2)4), dbopmansnerun (CH20), mupuann (CeHsN).

B HeliTpanbHbIX cpenax S(PQGEKTUBHHIMH HHTHOUTOpPAMH SBISIOTCS HOHBI METaJUIOB,
CIIOCOOHBIE IaBaTh MAJIOPACTBOPUMBIE OCAIKH:

Zn2* + 20H- = Zn(OH)2!,
Ca?* + 2C0O2 + 20H" = Ca(HCO3)2 = CaCOsl + H20 + COs.

NHruburopsl KOPpO3WH IIUPOKO MPUMEHSIOT U JJII YMEHBIICHHS KOPPO3UU CTajJbHOU
apmarypbl B Oeronax. [lockonbKy B OETOHaxX BCerja MPUCYTCTBYIOT PACTBOPHUMEBIC XJIOPHJIBI
(rmaBHbIM oOpazom B Buae CaCl2), To mpu Hamuuuu BiIard XJOPHI-MOHBI MOTYT BBI3BIBATH
CUWJIbHYIO KOoppo3uto. [IoaToMy B cocTaB 6€TOHOB YacTO BBOJST HHTUOUTOPHI (HUTPUTHI HATPHS WU
KaJIbLIMsl, OCH30aT HATPHS).

3J'ICKTp0XI/IMI/I‘leCKaH 3almuTa

DNEeKTpOXUMHMYECKasl 3all[UTa OCHOBaHA Ha TOPMOXKEHHUU aHOJAHBIX MJIM KaTOAHBIX peaKIii
KOPPO3MOHHOTO Iporecca. Mcnonp3yeTcs 3MeKTpOXUMUYECcKast 3aIIUTa B OCHOBHOM ISl 3aIUTHI OT
KOppPO3MH OOJIBLIMX COOPYXEHHMH, S3KCIUIyaTHPYEeMbIX B cpelax 3JIeKTpoiIuToB. Pasnmuuaror
KaTOJTHYIO ¥ aHO/IHYIO SJEKTPOXHUMHUYECKYIO 3aIIHTY.

Kamoonas 3awuma ocymecTBIsSeTCs MyTeM NPUCOEAMHEHUS 3allMIaeMOro Meraaia K
OTPULIATEIBHOMY TIOJIIOCY BHEIIHETO HMCTOYHHMKA 3JIEKTPUUYECKOTO TOKa (cmaunyuu KamooHou
3awumsl) WA K METauly C OONBIIMM BIIEKTPOAHBIM TOTEHLHUAIOM (NpOmeKmopHull aHoo).
Karonast 3amuTa siBIsieTCss OCHOBHBIM CPEJICTBOM IPEAOTBPALICHUS MOPCKOW KOPPO3HH.

PaccmoTpuM mporeccsl, mpoTeKarolue Mpu KaToJHON 3allluTe jKeJIe3HOro TpyooIpoBoia B
MOPCKOW BOJIE MPH TOMOIIM MPOTEKTOPHOTO aHOJa, M3TOTOBJICHHOTO M3 MarHus (PUCYHOK 2.5.).
[TockonbKy 31€KTPOJHBIN MOTEHIMAd MarHus MEHbIe, YeM MOTEHIMAaJ jkKeje3a, MarHuil Oyzaer
CITy’)KUTBH aHOJIOM M PACTBOPSIETCS IPU KOPPO3HUU:

Mg - 2e- = Mg?*.

XKenezo TpyOonpoBosia siBIsSEeTCS KaToloM. B oTCyTCTBHE AOCTyIa KHCIOpOAa BO3/IyXa Ha
JKEJI€3HOM KaTOJI€ IPOUCXOJIUT BOCCTAHOBJIEHUE BOJbL:

2H20 + 2e- = H2 + 20H-.

I'paxpanckue cyaa 3allMINAIOT C MOMOIIBIO IPOTEKTOPHBIX AHOJAOB, U3TOTOBJICHHBIX W3
AIIOMHUHUS, [IMHKA UM MarHus, KOTOpbIE pa3MenaloT BAOJIb KOpITyca U BOJIM3U BUHTOB M pYyJeH.
CoopyxeHus JUist 100bIYM ra3a U He(TH B OTKPHITOM MOpE TaKKe 3allUINAIOT C IOMOIIbIO
IIPOTEKTOPHBIX aHOJOB, Macca KOTOPBIX HAa OJHOM BBIIIKE MOXKET npeBbimaTh 10 ToHH!

Katoanyro 3amuTy cTaqbHOM apmaTtypel B JKelne300eTOHe TNPUMEHSIOT JJs  CBai,
(GyHIaMEHTOB, NOPOKHBIX COOPYXKEHHH W 3maHui. (s 3TOro apmarypy CBapuBaloT B €IUHYIO
AIIEKTPUUECKYIO CXEMY, & aHO/Ibl M3TOTABIMBAIOT U3 TUTAHA, KPEMHUCTOTO YyT'yHa, rpaduTa, HUOOHS.
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Mg -2e™ = M92+
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¢ > \
2H20 +2e = H2 + 20H

Pucynox 2.5 — Cxema npouyeccos, npomeKkaowux npu KamooHoul 3auume Hceie3no2o
mpyoonpoeooa 6 MOPCKoIl 600€ ¢ NOMOULbIO MAZHUA.

AnoOHas 3awuma TIpUMEHSIETCS B XHUMHYECKOW NPOMBIIIICHHOCTH Il 3aIIUTHI
TEXHOJIOTUYECKOro o0opynoBaHus. HakmaneiBas Ha MeETaul IIOJIOKUTEIBHBIA ITOTCHIHAT
noOuBaroTcss 00pa30BaHUS Ha HEM OKCHJIHOW IUIEHKM (MaccWBanuu Metama). TakuMm oOpazom
3aIIMIIAIOT METaJUIbl, PadOTAOLINE B CPEie CEPHOM KUCIOTHI, PACTBOPOB aMMHAaKa, MUHEPaJIbHBIX
yI00peHui.

Tema Nell. OCHOBBI ITPOLHECCOB KOPPO3UHU MHUHEPAJIBHBIX
MATEPHUAJIOB

#TeopertnueckuiiPaznen

B nponecce skcmtyaranuu 31aHUN U COOPYKEHUM KOHCTPYKIMHM M MaTepUallbl, U3 KOTOPBIX
OHM U3rOTOBJICHBI, IOABEPTalOTCS MHOTOYUCIEHHBIM HPUPOJHBIM, TEXHOJOTMYECKUM U
HKCIUTYaTallMOHHBIM BO3/IEHCTBUSIM.

@DakTopbl, BO3JEHCTBYIOIINE HA 3/aHHUS M COOPYKEHHMsI MOXHO pa3feiuTb Ha GHEeuHUe
(mpupOJHBIE U UCKYCCTBEHHBIE) U 6HYymMpeHHue (TEXHOIOTUYECKUE U (DYHKIIMOHAJIbHBIE).

Brnewnue 6o30eticmeuss — Temieparypa; paguanus (B TOM 4Hcie — COJHEUHasl); BO3YIIHbIE
MIOTOKHU (BETEp), OCaJKHU U Biara (J0/1b, I'paj, CHET); XUMHUYECKHE BEIECTBA; TPO30BBIC Pa3psabl;
3JIEKTPOMAarHUTHBIE BOJIHBI M OJY>KAAIOIIUME TOKH; 3BYKOBBIE KoseOaHMs (IIyM) W BHOpauuu;
OMOJOrNYECKe BPEAUTENH; AaBJIEHUE TPYHTA; MOPO3HOE ITy4YE€HHE, CECMUYECKUE BOJIHBI U T.J.

Buympennue 6o30eticmeusi — Harpy3Ku IOCTOSIHHbIE, BPEMEHHbIE M KpPaTKOBPEMEHHBIE
(cobcTBEeHHBIN Bec, 000pyAOBaHUE, MEOENb, JIIOAU U T.[.); TEXHOJOTHYECKUH ((PYHKIIMOHATbHBIN)
nporecc (yaapsl, BUOpalMM, UCTHpaHus, paboTa 0OOpYyHOBaHUs, MPOJIMB JKUAKOCTH M T.J.);
Kosie0aHus TeMIepaTyphl U BIaKHOCTH; XUMUYECKHE BEIIECTBA; OMOJIOTrMYECKUE BPEAUTEIH.

Honecoseunocms MaTepualioB, KOHCTPYKLUMH U 34aHUN  (COOpY>KEHHI) B IIEJIOM
OTIpe/IeIIIETCS BPEMEHEM, B TEUEHUE KOTOPOTO OHM COXPAHSIIOT CBOM AKCILIyaTallMOHHbIE Ka4yecTBa
Ha 3aJlaHHOM YpoBHe. Paznuuaror gusuueckyio U mopanvhylo JOITOBEYHOCTb U OOpaTHBIE UM
HOHSTUS — pusUUecKull 1 MOPAIbHbIU USHOC.

duzndeckuii U3HOC 00YCIOBIIEH:

— CWJIOBBIMU BO3/IEUCTBUSMU HArpy30K, BBI3bIBAIOIIMX 00bEMHOE HANPSHXKEHHOE COCTOSIHHUE
MaTepuaia Ui KOHCTPYKIIHH;

— arpecCUBHBIM BO3/ICHCTBHEM OKPY KaIOILIEH Cpebl.

Aepeccusnoii sIBISIETCA Cpefa, MOJ BO3JEHCTBUEM KOTOPOM H3MEHSETCS CTPYKTypa H
CBOICTBa MaTepHaioB KOHCTPYKIUH, YTO MPUBOJUT K HEMPEPHIBHOMY CHUKEHHIO UX TPOYHOCTH U,
COOTBETCTBEHHO, K ITIOCTETIEHHOMY Pa3pyLICHHUIO.

COBOKYMHOCTh CaMONPOM3BOJIBHBIX MPOIIECCOB B3aUMOJIEHCTBUSI MaTepralla ¢ arpeCCUBHON
OKpYXarollel Cpeol, MPUBOASIINX K IOCTEIEHHOMY HM3MEHEHMIO €r0 CBOWCTB M B KOHEUHOM
UTOTe — Pa3pyILIECHUIO HAa3bIBAIOT KOppo3uel Mmamepuana.
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BemectBa u  sBIEHUS, CHOCOOCTBYIOUIME Ppa3pyIICHHWI0O MaTepuala, Ha3bIBAIOTCS
CMUMyIAMopamy, COACUCTBYIOIIMMH KOppo3uH. BemectBa 3amenisionige KOppO3HOHHOE
pa3pylieHHe, Ha3bIBAIOT UHSUOUMOPAMU KOPPO3UU.

ATpeccUBHOCTD U MACCUBHOCTH OKPY>KAIOIIEH CPebl HE UMEET YHUBEPCAIBHOTO XapaKTepa,
T.€. NIPU OJHHUX YCIOBHIX OINpeesieHHasi cpelja MOXET OBbITh KOPPO3WOHHO arpecCHBHOW, MpHU
JIpYTHX — OHA e OmarompusaTHAa. Tak, TETUIbI BIIAXHBIA BO3AYX arpecCUBEH I OOJBIIMHCTBA
METAJIJIOB U CIUIABOB, a JJIsl IEMEHTHOI'0 OeTOHA HA00OPOT OJIAroNpHUsATeH, TaK KaK YIIPOYHSET €ro.

Koppo3nonHoe paspyiieHne CTpOUTENbHBIX MaTepHalioB HOCHT pa3HOOOpa3HBIN XapakTep:
XUMUYECKHUH, Pr3ndecKkuid, PU3NKO-XUMUUCCKUM.

Ilo acpecamnomy cocmosaHulo arpecCUBHBbIE KOPPO3HUOHHBIE Cpelbl OBIBAIOT Ta30BHIEC,
KUJKUE U TBEPbIE.

Tazo6as cpeoa — 310 Tpexie Bcero Takue coeaumHenus, kak okcuapl azota (NO, NO2),
yriekucisiii ta3 (CO2), cepuuctsiii ra3 (SO2) u mp.

JKuokas cpeda — 3T0 pacTBOpPHI KUCIOT, LIeNI0UeH, coiel, Macia, HedTh, PACTBOPUTEIH U
ap.

Teepoas cpeda — 3TO TbUIb, TPYHTBI, OCAJKU XUMHUYECKUX IPOU3BOJCTB, IMPOTYKTOB
CropaHus TOTUIMBA U T.II.

K.naccnq)mcaunﬂ MHUHEPAJBHBIX MaTE€PUAJI0B

IIpumensiemMble B COBPEMEHHOM CTPOMTENIBHOM TEXHOJIOIMM MaTepuaibl MHHEPAIBHOIO
HPOUCXOXKICHUST MOXKHO YCJIOBHO DPAa3JIeNIUTh HA TPHU IPyMNIbl (IO MX MOBEJCHUIO B arpecCHBHBIX
cpenax):

K nepeoii epynne oTHOCATCS OOBIYHBIE OCTOHBI U JK€JI€300€TOHBI Ha MOPTIAHALEMEHTE U €ro
NPOM3BOJHBIX, KJIaJ0YHBbIE W INTYKAaTypHBIE CTPOUTEIBHBIE PACTBOPHI,  acOECTOLEMEHTHBIC
U3JIeNUsl, CUIMKATHBIA KUPIUY U OJIOKH, @ TakKe MPHUPOJHBIE U3BECTHAKU M JOJIOMUTHI. OOiiee
CBOWCTBO 3THUX MAaTEpUAIOB — COJCpKaHWE B HUX TUAPOKCHIOB WM KapOOHATOB KalblHUi U
Maraus. [l HHX XapakTepHa OTHOCHUTENBbHO BBICOKAs ILIEJIOYHOCTb, a TAaKXKe HH3Kas
KHCJIOTOCTOMKOCTb.

Ko emopoii epynne oTHOCATCST OETOHBI HA )KUJKOM CTEKJIE, a TAK)Ke NMPUPOJIHbIE KAMEHHBIE
MaTepuaibl (TOpHbIE OPOJIbI), COCTOSIINE IPEUMYIIECTBEHHO U3 YHCTOr0 KPEMHE3EMa, Pa3IMuHbIX
CoJIel, KPEMHEBBIX U IOJMKPEMHEBBIX KHCIIOT, AJIOMOCWIMKATOB M APYTHX COEIMHEHHH, Tak
Ha3bIBAEMbIE€ «KUCJIBbIE» TOPHBIE MOPOJbI. DTH MaTepualbl UMEIOT BBICOKYIO KHUCIOTOCTOHKOCTh U
HU3KYIO LEJI0YECTOMKOCTD.

[110THBIE ¥ MPOYHBIE KKHUCIIbIE» W3BEP’KEHHBIE TOPHBIE MOPOJBI — KBapll, 'PAHUT, quabdas,
0a3anbT U JIp. — CTOMKHU HE TOJBKO K KHUCIOTaM, HO U ILeJ0YaM HU3KUX M CPEIHHMX KOHIEHTpaIui
MIPY HOPMAJIbHOW TeMIepaType.

K mpemuveii epynne OTHOCUTCS KepaMHUKa — M3JA€IMs U3 OOOMXOKEHHOW TIJIMHBI (KUpIWY,
IUIMTKH, TPYOBI U T. 11.). Bce kepamuueckue marepuasibl ¥ 0OCOOEHHO IJIOTHBIE UX PAa3HOBUIHOCTU
MMEIOT BBICOKYIO KHCIOTOCTOUKOCTB.

CymecTtBeHHass OCOOEHHOCTh  OOJBIIMHCTBA  MAaTEepUaOB  yKa3aHHBIX Tpymm  —
HNOJMMHMHEPATIBHOCTh UX CTPYKTYpPHI (MOJABIsIONIEE OOJBIIMHCTBO TOPHBIX MOPOJA — ZPAHUMbL,
ouopumsl, cueHumvl, nOppupsvl, O0IOMUmMbl WU JpP. COCTOST M3 HECKOJbKMX MHHEPAJIOB) M
3HAYUTEJIbHAs MOPUCTOCTh, KOTOpasi MPEAINOoaraeT BO3MOXKHOCTb (PUIBTPAlMM U MOJCOCA BOJBI
WIM YBJIQXKHEHUS BCJEICTBHE KOHAEHCAMW NapoB. Jlaxke Takue OTHOCUTEIHHO OJHOPOIHbBIE
TOpHBIE TOPOJBl KaK M3BECTHAKH COJEP)KAT IOCTOPOHHME IIPUMECH M BKIIIOUEHUS, YacTo
CYIIECTBEHHO MEHSIOIINE MX COCTaB M CBOMCTBA. Eime Oojee CIOXHBIN COCTaB UMEIOT OETOH,
CHWJIMKATHBIN KUPIHUY U IPYTHE€ UCKYCCTBEHHBIE KAMHH.

W3 mnepeyucneHHbIX MaTepualioB B CTPOUTEIBHBIX KOHCTPYKLIMSIX HauOojiee YacTo
MOJIBEPIaloTCsl KOPPO3UOHHOMY pa3pylLIeHHI0 OETOH U jkene300eToH. KuHeTnka KOppo3MOHHOTO
paspyllleHUs] 3TUX MaTepHajioB ompexaessercs HauOonee ciaadbIM COCTABJIAIONUM, OOBIYHO
LHEMEHTHPYIOUINM BEIIECTBOM.
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Buabi KOPPO3MOHHBIX MMPOIECCOB MUHEPAJIBHBIX MAaTCPHUAJI0B

Bce Buapl KOPPO3MOHHBIX IPOLIECCOB MHHEPAIBHBIX MaTEpUalOB MOYHO YCIOBHO
00BEIMHUTD B YETBIPE IPYMIbL: Qusuueckue, uuko-xumuieckue, Xumuueckue u ouoarocuieckue.

dusnyeckana Kkopposma. K unciy ¢pusmueckux BO3/AEHCTBUI, BBI3BIBAIOIINX KOPPO3HIO
MHUHEpAJIBHBIX MaTe€pUajoB OTHOCAT HX IONEPEMEHHOE YBJIAXKHEHHE U BBICBIXaHHE, KOTOpOe
COIIPOBOKIAETCS aedopMalusIMU ycalku M HaOyXaHHMs MaTepHaja; OTJIOXKEHHE PacTBOPHMBIX
cojieil B Mopax Marepuana; MONepeMEHHOE 3aMep3aHie U OTTauBaHWE U ApPYrue TeMIlepaTypHble
Bo3aericTBus. K ¢usmyeckuMm QaxTopaM TOPUBOAALIMM K IOCTETIIEHHOMY  pa3pylICHUIO
KOHCTPYKLIUH OTHOCSITCS TaK)Ke€ BCE BUbI MEXaHUUECKUX BO3/ECHCTBHIA: yAapbl BOJIH, HCTHPAOILEe
JieiicTBUE B3BEIICHHBIX YaCTUL, YAAPHBIEC U BUOPAIIMOHHBIC HATPY3KHU H T. 1.

EcrecTBEHHO, YTO KOHCTPYKIMH, HAXOJSAIIMECS B HANPSHKEHHOM COCTOSHUM, NPHU MPOYHUX
pPaBHBIX YCIIOBHUSX, IIOJIBEpP)KEHBI Oojiee HMHTEHCHUBHOMY pa3pylLIeHUI0. TemmeparypHbie
negopmanuu Hen30€XHbl B MAacCCHBHBIX THIAPOTEXHMUYECKUX KOHCTPYKLHMAX, a TaKKe MPUCYIIU
BCEM KOHCTPYKLUSM, paboTalomuM B CHEHU(DUIECKHX aTMOC(PEpPHBIX MM HPOMBIIIICHHBIX
YCIIOBUSIX, KOT'J1a U3MEHEHUS TEMIIEPATyphl CPeAbl HOCAT LUKIMUECKUI XapakTep.

[Ipu HapyIeHNU BIa)KHOCTHOI'O PAaBHOBECHSI MEXKTy MaTEPHAJIOM U OKpY’Karollel cpeaoi B
MaTepHaje MOI'yT BO3HUKHYTh 3HaUUTENIbHbIE IPAJUEHTHI BIAXKHOCTH, YTO IPUBOAUT K MOSIBIICHUIO
ycagouHbIX aedopManuii (pu BHICYIIMBAHUM) WM AedopMmanuii HaOyxaHusi (IIPpU HACHIICHUU
BOJION).

Pa3pyiienne cTpouTenbHbIX KOHCTPYKUUHI IO AEUCTBUEM MTONIEPEMEHHOTO 3aMOPaKMBaHUS
U OTTaMBaHUS XapaKTepHO MJIs BCEX OTKPBITBIX COOPYXEHHUH, paboTarolluX B YCIOBHSX
aTMoc(epHBIX BO3ACHCTBHIA C OJTHOBPEMECHHBIM HACHIIICHUEM UX BIIArou.

Kak n3BecTHO, 00bEM BOJIBI IIPU MEPEXOAE B JI€J YBEIMYUBAETCS MPUOIU3UTENBHO Ha 9%.
EcrecTBeHHO, WTO BOJa B MOpax M KamwuisipaX INPH 3aMOpPaKMBAaHUHU OKa3bIBaeT OOJBIIOE
THJIPABIMYECKOE JaBJICHUE HAa WX CTEHKHM. MHOrOKpaTHOE MOBTOpPEHHME Iepexoja BOJbl B Jie
NPUBOAUT K TIOCTETIEHHOMY pa3pyLICHHUIO CTPYKTYyphl Marepuana, OOBEMHOMY pacCIIMpEHHIO,
HOSIBJICHUIO TPELIMH U B Pe3yJIbTaTe — K CHUKEHHUIO €0 IPOYHOCTH.

Takum 00pazom, MOpPO30CTOMKOCTh MHHEpAIbHBIX MaTepUaJOB BO MHOI'OM 3aBHCHUT OT
BEJIMYMHBI X 00111l mopucTocT. Yem MeHbIIe 00111ast HOPUCTOCTh, TEM BbIIIIE MOPO30CTOMKOCTb.

BaxxHo moHumaTh, 4yTO (PU3MKO-XMMUYECKHE MPOILECCHl HAa MOBEPXHOCTH CTPOUTEIBHBIX
MaTepUasoB NMPOTEKAKT MOCTOSHHO. Tak, B 4acCTHOCTH, M3MEHEHUE TEMIIEPATyphl OKPY’KaIOIIEH
Cpelpl MPHUBOJUT K HW3MEHEHHIO OTHOCHUTEIBHOW BIAXXHOCTH BO3/AyXa, YTO, B CBOI OYE€pelb,
C/IBUTaeT PaBHOBECHOE COCTOSIHUE CUCTEMBI B CTOPOHY 0Opa3oBaHus pacTtBopoB. [locne ucnapenus
BJIard PaCTBOPEHHbIE COJIM BHOBb KPUCTAJUIM3YIOTCS Ha MOBEPXHOCTU U B Nopax Marepuaina. Takum
o0Opa3oMm, oOpa3oBaBUIMeCS Ha TIOBEPXHOCTHM TMPOJYKTbI B3aUMOJEHCTBHsS Marepuaiga ¢
KOPPO3MOHHO-arpeCCUBHBIMU ~ BEILIECTBAMHU  HEIMPEPHIBHO YYacTBYIOT B LE€MU  IPOLECCOB
KPUCMANIU3AYUU-2UOPAMAYUU-PACMBOPEeHYUs U TeM  CcaMbiM  O0OYyCIIaBIMBAaIOT  INPOLECCHI
KOPPO3MOHHOT'O PAa3pyIICHUS.

MexaHu3M MOJOOHOrO  pa3pylleHHs OOBSICHAETCS  BO3HMKHOBEHHEM oasnenus
Kpucmannuzayuy. TOYHO H3MEPUTH STy BEJIWYHMHY HENb3s, HO CYIIECTBYET BO3MOXHOCTh €€
TepMOJMHAMUYECKOW omeHkH. OnpHOW W3 coiled, CO3AAMMX HauOONIbIINE JaBJICHUS
kpuctrawmsaiuu siisiercs xiaopua Hatpusi (NaCl) mmpoko HCHonb3yemblii B COCTaBe COJEBBIX
aHTUGPU30B JUIsl OOCHIIKM Jopor. B mpenenax OONBIIMHCTBA  HACEJIEHHBIX IYHKTOB CIIEIbI
BO3JCICTBUS XJIOpUZA HATPUS BCTPEUYAIOTCS IOBCEMECTHO HAa JIOPOXKHBIX TMOKPBITHSX,
dbyHaMeHTax, OKOJAX U ¢acaaax 3JaHUM U COOPYKEHHI.

Haenenue kpucmannuzayuu CleayeT OTINYATh OT OasNeHus cuopamayuu, CO3JaBaeMoe
OTpeIeIEHHBIMA COJIAIMHU TPU HX Tepexojie oT 0e3BoAHOoN (opMbl K KpucTtaymsoruapaty. Tak,
HanmpuMep, B Hpolecce cudpamayuu TUNca pazBuBaeTcs nasinenue Oonee 200 H/mm?. Takomy
JABJICHUIO HE B COCTOSIHUM IIPOTHUBOCTOSATH HHM OJWH MHUHEPAIbHBIA NPUPOJHBIA WIN
UCKyCCTBeHHBI MaTepuan. Ecnu rumc oOpa3yercs BHyTpU IUIOTHOM CTPYKTYpbl MaTepualia, 3TO
BEZIET K HEM30€KHOMY €ro pa3pylIeHHIo.
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B cBs3u ¢ 3TMM HEOOXOAMMO YYHUTHIBATH JBA OCHOBHBIX YCIOBHS, NPUBOASIINE K
BO3HHUKHOBEHHUIO 3TOTO BHJIAa KOPPO3HH:

1. Hanuuue 6 epymme 6onee 1%, macc. eodopacmeopumvix conei (ocobenno NazSOs,
MgSOa4 u 0p.) unu evicoxuti yposens epynmoswix 600 ¢ muneparusayuei ne meree 3000 me/n;

2. Tennoma u cyxocms kiumama (OunesHvle nemuue memnepamypol 28—30°C u gviue npu
OMHOCUMENbHOLL 81adCHOCMU 8030yXa 45% u menee).

Domo 1 — HImykamypka, 0mKo106uasnca om yoKoJisa 30aHus
6cneocmeue KpUCmanau3ayuu coeii (npumep Koppo3uoHHo20 0eiicmeus
KanuaiapHo nOOHUMAIOWLEIICA 61A2U 6 COYEeMAHUU C CUIbHBIMU 6bICOIAMU)

B 3THX yCIOBHAX MPOMCXOMAT MOACOCH! BOJHBIX PACTBOPOB YEPE3 T€ YacTH (DYHIAMEHTOB H
IIOKOJIEN 3/IaHUI M COOPYKEHHUi, KOTOPbIE HAXOAATCSA B rpyHTe. Mcnapenue BOIbI M pas3pylleHHe
cTeH HaOmogaeTcs Ha BeicoTe 10—50 ¢cM OT MOBEPXHOCTH 3€MJTH.

ITpu ocoOeHHO HEOIATOMPUATHBIX TEMIIEpaTypax MW BIaXHOCTH B IMOpaxX MaTepHaia Takhe
comu, kak Na2SOs4 u npyrue, u3 O€3BOAHBIX WM MAaJOBOJHBIX (DOPM MOTYT MEPEXOAUTH B
COCJIMHEHUs ¢ OOJBIIUM KOJUYeCTBOM MoJieKy cBs3anHo# BobI (Na2S0410H20, MgSO47H20
U T. 1.). Takoil mepexo/1 COMPOBOXKIACTCS YBEIMUCHUEM 00beMa TBEpI0i (ha3bl B HECKOJIBKO pa3 ¢
BO3HMKHOBEHHEM 3HAYMTEIILHBIX JABIICHHH W, KaK CIIEJACTBHE, HANPSOHKEHHHM B Teje MaTepHaa,
BBI3BIBAIOIINX OobInue aedopmanmu [7].

PU3NKO-XMMUYECKAA KOPPO3USA. DTOT BHUJ paspyliCHUS MHUHEPAIbHBIX MaTepHalioB
MPOUCXOUT B OCHOBHOM H3-3a 8bLUYeNAUUSAHUS T OCMOMUYECKUX AGTICHUIL.

Kopposus eviyenauusanus, xapakrepHasi Jjisi OETOHOB, OOYCIOBJIMBAETCS TEM, YTO BCE
COCTABJIAIONIME IIEMEHTHOTO KaMHs, B TMEpBYIO0 ouepeab, ruapokcua kambims Ca(OH)2
pacTBOPSIIOTCS B BOJIE. PacTBOPHMOCTH THIPOCHIMKATOB, THAPOAITIOMUHATOB U IPYTHUX COEINHEHHUH
KaJIBIUS 3HAYUTEIILHO MeHbInast. [103ToMy 1o AeiicTBHEM BOJIbI Ha IIEMEHTHBIN KaMeHb WA O€TOH
BHAYaJle PacTBOPSIETCS W YHOCHTCS BOJIOM IIEIOYh — THAPOKCHJ KAIBIHs, YTO COIMPOBOKIACTCS
HapylieHueM C(HOPMHPOBABIIEHCS CTPYKTYPhI, YMEHBIICHHEM IUIOTHOCTH M TPOYHOCTH. Ilocie
BeIMBIBaHus cBoOogHOro Ca(OH)2 u cHMKEHHs €ro KOHIEHTpalud B (GUILTpYIOIIEcs uepes
0eTOH BOJE JO OMNpPEICICHHOW BEIHUYWHBI HauuHaeTcs pasiaoxkenune 3Ca0-2Si023H20 ¢
BBIZICJICHUEM THIPOKCH/IA KaJbIIU.

AHaJIOrHYHbIE TIPOLIECCHI MTOCIEN0BATEIBHOTO PA3I0KEHHUS IPETEPIEBAIOT M THAPO(GEPPUTHI
kanpius (CaO-Fe203H20; 4Ca0-Fe20313H20).

JlnuTenbHOE BO3AEHCTBHE MATKUAX BOJ Ha OETOH MOXET MPUBECTH K TOJHOMY BBIMBIBAHHIO
THIAPOKCHIA KaJBIIUS — SbIUYEeIAUUSAHUIO — W TIOCIIEAYIONIEMY Pa3JIOKEHUIO OCTATBHBIX THIAPATHBIX
COEIMHEHUHN 710 aMOP(HBIX PHIXJIBIX THAPATOB KpeMHe3eMa, TJIMHO3eMa M OKcHaa skenesa. Ho u
yactuuHoe BeiMbIBanne Ca(OH)2 u3 GetoHa mim skene300€TOHa 3HAUMTENBLHO CHIKAET IIPOYHOCTb.
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Tak, mo manubm [3], BeienaunBanue U3 6erona 15-30% (ot oO1ero ero coaep)kaHus B IIEMEHTE)
COIPOBOXKAAETCA yMEHbIIEHHEM IpoYHOCTH Ha 40-50%.

O BbINIETaYMBAHUHM THIPOKCH/IA KaJbIUS MOXKHO CYJWTh BH3YaJbHO IO OEIOMY HAJETy W
MOTEKaM Ha MMOBEPXHOCTH OETOHHBIX COOPYIKECHHIA.

BelmenaunBaroniee JeiicTBUE BOJBI 3aBHCHT OT HAJIWYWS B HEH PasIMYHBIX PACTBOPEHHBIX
BemectB. Hanbonee untencusHo pactBopsiercss Ca(OH)2 B msirkoii Boje, 07a1M3KO# MO COCTaBy K
nuctwimpoBanHoi. [Ipucyrcrue B Bome NaCl u Na2SO4 nossimaer pactsopumocts Ca(OH2), a
Hammyue ruapokapoonatoB  kambimsa  Ca(HCOs)2 u  marams Mg(HCOs)2  cmocoGeryer
YMEHBIICHHIO PACTBOPHMOCTH THAPOKCH/IA KAIBIIKSA, IIPHIEM TEM 3HAYHUTEIbHEE, YeM OOJIbIIe HX B
pacTtBope.

Ilpn  BBICOKOW BPEMECHHOM JKECTKOCTH BOIBI B 0OETOHE MOXET 00pa3oBaThCs
MaJIOpacTBOPUMBIN KapOOHAT KaJTbIIHSL:

Ca(OH)2 + Ca(HCO3)2 — 2CaCO0s + 2H20

Hammune CaCOs cnocoOcTByeT MOBBINICHUIO IIOTHOCTH W KOPPO3MOHHOM CTOMKOCTH
OeToHa U Kene300eToHa.

Ocmomuueckue s671eHuss TaKXKeE YaCTO WIPAIOT CYLIECTBEHHYIO pOJb B Pa3BUTUHU
KOPPO3UOHHBIX NPOLEcCOB. MI3BECTHO, UTO IIEMEHTHBII KaMEHb, @ TAKXKE OTIEIIBHBIE IIPOAYKTHI €70
B3aUMOJICHCTBHS C 3allOJIHUTEIISIMH  CIIOCOOHBI  MPOSIBISATH  CBOMCTBA, XapakTepHbIE IS
HOJYIIPOHUIIAEMBIX Heperopofok (mMemOpan). Eciau mo oxHy CTOpOHY TakoW Ieperopojku
HaXOJUTCS pacTBOP KaKOH-I100 coui, a 10 APYTYIO — BOJa WM PACTBOP TOH K€ COJIM, HO MEHbIIEN
KOHIIGHTPALlMM, TO BCIEACTBUE OCMOCAa DPACTBOPUTENIL OYyJEeT IMPOHUKAThb CO CTOPOHBI MEHeEe
KOHIICHTPUPOBAHHOTO PAcTBOpa B CTOPOHY Oojiee KOHIIEHTPUPOBAHHOTO IO TEeX TIOp, IOKa
KOHIIGHTpPALUsl PacTBOPOB MO 00€ CTOPOHBI NEPETOPOJKU HE CTaHET OJMHAKOBOH. B ToMm ciyuae,
KOI'ZIa pacTBOP HaXOJAUTCS B 3aMKHYTOH SYEHKE, OKPYKEHHOM MOJIYyIIPOHULIAEMON IUIEHKOH, BHYTPH
JTOU AYEHKU BO3HUKAET OCMOTHYECKOE JIaBJICHUE, CTPEMSIILIEECS PA30PBATh €€ CTEHKH.

Xumunyeckaa koppo3usi. K osToMy BHIY OTHOCATCS: pa3pylIeHHS MHHEPAIbHBIX
MaTepUajoB KUCJIOTaMH, IIEJI0YaMH, pacTBOpPaMU COJIEH, Pa3IMYHBIMM  OPraHUYECKUMHU
COEIMHEHUSIMHU, BCEMH arpeCCUBHBIMM ra3aMy; a Tak k€ OMOJIOTMYECKHUE MPOLIECCHI, B PE3yJIbTaTe
KOTOPBIX 00pa3yloTcsi aKTHUBHbIE B XMMHUYECKOM OTHOIIEHUH TMPOJIYKTHI >KU3HEIEATEIbHOCTH,
MPUBOJSIINE K KOPPO3UU CTPOUTENIBHBIX KOHCTPYKLUN U3 YKa3aHHBIX MaTepUaOB.

Kopposuonnaa axmusnocms xuciom ONpenensercs UX NPUPOAOH, KOHLeHTpauued, pH
BOJHBIX PpAacTBOPOB, HAJIWYMEM OKHCIUTENbHBIX CBOWCTB, a TaKXe TEMIepaTypoll cpembl.
Pa3pymmrenbHble OeHCTBUS KHUCIOT ONPEAENSIOTCS U PacTBOPUMOCTBIO 00pa3yeMbIX MPOIYKTOB
KOPpO3UH MPU UX B3aUMOJEHCTBUM ¢ MaTepHajJaMH — YEM BBIIIE UX PACTBOPUMOCTb TEM CHJIbHEE
KOPPO3UOHHOE JIEHCTBUE KUCIIOTHI.

[Ipomnecc paspyimienus 6eToHa B KUCJION Cpelie MpOoTeKaeT B (opMe peakiuil 3aMereHusl.
OOpa3yromuecss Mpu 3TOM HPOAYKTHl PEAKIMHM JIETKO PacTBOPUMBI M YHOCATCS BOJOM MU
BBIICNIAIOTCS B amopdHOM Buae. Hanbonee yacto Habmomaercs KOppo3us OeToHa 1o JeHCTBUEM
YTJIEKUCIBIX BOJ, TaK KaK yroJibHas KHCJIOTa MPUCYTCTBYET BO MHOIMX NPUPOIAHBIX Bojax. llpm
sToM BHauaje uaet peakuus mexay Ca(OH)2 neMeHTHOro KaMHsl U YrOJIBHOM KHCIOTOH (BOIHBIM
pPacTBOPOM YIJIEKHCIIOTO ra3a) ¢ 00pa3oBaHMEM MaJOpacTBOPUMOIO B BoJie KapOoOHATa KaJbIUs MO
CXeMme:

Ca(OH)2+ CO2 +H20 — CaCOs + 2H20

JlanpHeiiee AEUCTBHE YroJbHOW KHCIOTHI Ha OETOH TPHUBOJUT K OOpa30BaHHIO
pPacTBOPUMOTO THAPOKApOOHATA MO PEaKIUU:

CaCOs + CO2 +H20 — Ca(HCOa)2

Kpome yronbpHONH KHCIOTBHI, OOJBIION KOPPO3HMOHHOM aKTHBHOCTHIO 00JalaloT CcepHasd,
COJISIHAsI, a30THAsl W JIpyrHe HEOPraHWYECKUE KUCIOTHI. 10/ MEWCTBHEM KHUCIOT Ha IIEMEHTHBIN
KaMeHb 00pa3yroTcsi KajblueBas coib u amophubie Maccel SiO2, Al(OH)s, Fe(OH)z2. s
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npuMepa MOKHO HPUBECTH CXEMY JIEHCTBUS CONSHOM KHMCIOTHL. OHa BCTYIAET B PEAKIHUIO C
THIPOKCHIOM KaJIbIIHsI, BBIACISIOIINMCS TP TBEPACHUH OETOHA, U 00pa3yroT JETKO PacTBOPHUMYIO
coib — xyopua kanbius (CaCl2):

Ca(OH)2+ 2HCI —> CaClz + 2H20

COOTBETCTBEHHO pEaKLMsl COJITHOM KHCIOThI ¢ OCHOBHBIM TI'MAPOCHJIMKATOM LIEMEHTHOTO
KaMHSI MOXKET OBbITh ITPEICTaBICHA CXEMOM:

3Ca02Si02:3H20 + 6HCI — 3CaCl2 + 2SiO2 + H20;

W3 opraHMYecKMX KHUCIIOT aKTHBHO BIIMSIOT Ha MHUHEPAIbHBIC CTPOMTEIbHBIC MaTEpUAIbI
YKCYCHasi, MOJIOYHAsl, © MAcJsIHAsl, COJIEPKAIIMECS OOBIYHO B MHUIIEBBIX MPOAYKTAX M OTXOJaX HX
U3TOTOBIICHHS.

B Takux Mmaciax M KHMpax, Kak JIbHSHOE, XJIOIKOBOE, TYHIOBOE, PBIOMH XHUp U T.II.,
COJICPXKATCSA BBICOKOMOJICKYJIIPHBIC KHCJIOTHI YKHPHOTO Ppsija, HACBHINICHHBIC W HEHACHIIICHHBIC
(oyleMHOBAs, CTEAPUHOBAs, NAJBMHUTHHOBAas M JIp.) B BHJAE CJIOXKHBIX 3(QUPOB M OTYACTH B
cBoOoHOM BHJIe. OHU TaK)Ke pa3pymIaloT IEMEHTHBI KaMeHb M 0€TOH. DTO OOBSICHIETCS TEM, YTO
10J] JICHCTBHEM OKCHJIa KaJbIlMs Ha JKUPbI U Macjia MPOUCXOIUT UX OMBUICHHE ¢ 00pa30BaHHEM
COOTBETCTBYIOIIUX MHOT'OATOMHBIX CIIUPTOB (HAIpUMEp, TIHUICPUHA U JAP.) W JKUPHBIX KHUCIIOT.
[Mocneaune pearnpyrot ¢ Ca(OH)z2, 06pa3ys pasaudHbIe paCTBOPUMBIE COIH. PacTBOPHI IITHICpHHA
TaK)Xe arpecCUBHO JICHCTBYIOT Ha IIEMEHTHBIC OCTOHBI, CBSI3bIBAst TUAPOKCHT KIS [IEMEHTHOTO
KaMHsI B JIerKopacTBopuMbiii riuiepar kansius Ca(CsH703)2:

Ca(OH)2+2C3Hs03 — Ca(C3H703)2+2H20

IMporiecc koppo3un GETOHA HAET W B PACTBOPAaX HEKOTOPHIX THUIIOB THAPOJIU3YIOIIAXCS
coseii, 00pa30BaHHBIX KATHOHOM CJabOro OCHOBAHUS W aHHOHOM CHIILHON KHCIIOTHI (HAIpUMeED,
Al2(SOa)s3, FeCls, (NH4)2SO4 u T.11.).

ArpeccuBHO AEHCTBYIOT Ha OeToH m pactBopsl mmenodeii, Hanpumep NaOH, KOH, NH4OH u
Jp., @ TaKXKe PacTBOPHI Colie, ruaposusyrommmxcs ¢ oopasosanneM noHoB OH~ (Na2COsz, KsPO4 n
T.M.).

Maenesuanvnas ropposus. Crenuduueckoe BIUSHHE HAa OETOHHBIE KOHCTPYKIIMH
OKa3bIBAIOT PacTBOPHI COJIEN MarHus. B CTOYHBIX M TPYHTOBBIX BOJAX, a TAKKe MOPCKOM BOJE, OTH
COJIM TIPHCYTCTBYIOT, KaK MPABHUIIO, B BU/E CYJIb(aTa U XJIOpHIa MarHuU.

B ocHOBe mpoIeccoB KOPPO3HMH, KOTOpPBIE MPOTEKAIOT B CTPOMTEIBHBIX MaTepuaiax ¢
y4acTHEM PACTBOPOB STHX COJICH, JIE)KAT PEaKIIUU X B3aUMOJICHCTBHS C THIAPOKCHIOM KalbI[HsI:

Ca(OH)2 + MgSOs — CaSO4 + Mg(OH).
Ca(OH)2 + MgCl2 — CaClz + Mg(OH):

CesaspiBanue nwoHoB OH™ B rujpokcua MarHusi co3fgaeT ONaromnpHsTHBIC YCIOBHS IS
pacTBOpeHUs] W THAPOJM3a THAPATHBIX HOBOOOpPA3OBaHHWI B IEMEHTHOM KaMHE, YTO, B CBOIO
ouepesib, MPUBOIUT K pa3pylICHUIO0 OSTOHHBIX M )KelIe300€TOHHBIX KOHCTpyKIui. Koppo3us mon
neiictBueM MQCl2 cTaHOBHTCS 3HAYMTENBHOW, €CIM €ro COjAepXKaHHe B BOJe MpeBbimaer 1,5—
2 %,macc., a mox geiictBueM MgSO4 — nipu cogep:kanuu ero B BogaoM pactsope 0,5-0,75 %,macc.

Cynvgpamnas kopposus. Hanbosnee 4acTo B HNPUPOIHBIX M MPOM3BOJCTBEHHBIX CTOYHBIX
BOJZIaX NMPUCYTCTBYIOT cynbdatsl B Buae coneil CaS04, Na2SOa4 u np. Hannuue cynsdatos B Boje,
KOHTaKTUPYIOLIEH ¢ OETOHOM WJIU kKeJle300€TOHOM, NMPUBOAUT K MOBBIIMIEHUIO PAaCTBOPUMOCTH UX
COCTaBHBIX YaCTEH, a TakKe BBI3BIBACT OOMEHHBIE PEAKIMH, COIMPOBOXKIAIOLINECS 00pa3oBaHHEM
KPUCTAUTHIECKUX MPOTYKTOB. DTO BHI3BIBACT BOSHUKHOBEHHE CHIIOBBIX HANPSKCHUH B IIEMEHTHOM
KaMHe, MPHUBOJAIIMX K HApyIIEHUIO €ro CTPYKTYphl, AeGopmMaiusM, CHUKEHUIO MPOYHOCTH U
pa3pyIIeHHIO.

I[pu neficTBum Ha OETOH BOJHBIX PacTBOPOB ¢ OousbiiuM coaepxanreM NazSO4 u K2SO4
HACTyMaeT NPEUMYIIECTBEHHO THIICOBas KOPpO3Ws, T.K. OETOH pa3pylIaeTcsi BCIEACTBUE



82

KpHCTaJUTH3aIMK quruapara cyibdara kameius — runca (CaS042H20) B mopax u kanmusuispax
[IEeMEHTHOTO KaMHS.

XuMmu4deckass KOppo3usi OeToHa U Kelle300€TOHA NMPOUCXOAWT M IPU B3AUMOACUCTBUS C
HEKOTOPhIMHU ra3zami. [lelicTBre ra3oB Ha OCTOH IPU HU3KOM BIAKHOCTH BO3/1yXa OOBIYHO OBIBAET
HE3HAYUTENFHBIM, HO TMIPH TOBBIIICHHOW BIAXHOCTH W TEMIIEpaType OKa3bIBAE€TCS OYCHb
arpeccuBHBIM. B pe3yibpTraTe KOHTAaKTHPYIOLIHME C BO3AYIIHO-Ta30BOM Cpeoi KOHCTPYKIUH OBICTPO
BBIXOJISIT U3 CTPOSI.

Takass KOppo3usi 4yacTO BCTpEYaeTCs Ha NMPOM3BOJCTBEHHBIX NPEANPUATHAX M HE MEHee
OlacHa, YeM BJIMSIHUE arpEeCCUBHBIX XUJAKHX cpell. BakHas 0COOCHHOCTh €€ COCTOMT B TOM, YTO
OpU  BO3JCHCTBHM Ha JKEJIE300€TOH arpecCHUBHBIX JKUAKHX CpeJ IPOIECCHl pa3pylICHHS
KOHCTPYKILHUH OMPEAEISIIOTCA CKOPOCThIO KOPPO3UHU CaMOro OETOHA, P 3TOM KOPPO3Hs apMaTyphl
HAYMHACT MPOSIBIIATHCA, KaK MPABHIIO, Y)KE ITOCIIe Pa3pyLICHHUs 3alUTHOTO cJios OeToHa. B oTmmune
OT 3TOT0 B arpe€CCUBHOI T'a30BO3AYIIHON Cpe/ie Ha MEPBOE MECTO BBICTYIAIOT MPOLECCH KOPPO3HUU
apMarypsl, KOTOPbIE ONPEEISIOT CKOPOCTh Pa3BUTHUS KOPPO3UH BCEil KOHCTPYKIIHH.

Buonornyeckaa koppo3uA. Cpenu pa3IUYHBIX THIIOB KOPPO3HHM CTPOUTEIBHBIX
MaTepualioB U KOHCTPYKLIHUH 0CO00E MECTO 3aHUMAaeT OMOJIOTMYECKas KOPpO3us — pa3pylICHUs,
BBI3BAaHHBIE MHKpPOOMOJOTHUECKUMH BO3JeHCTBUsAMU. CHIIbHEE BCETO pa3pylIalOT IEMEHTHBIN
KaMEeHb JTUHUTpUGHUIUpPYIOIIUE OakTepuH. 3HAYUTEIHFHO IMOHMKAIOT IPOYHOCTH MHOTHX
MHUHEpAJIbHBIX MAaTepHajoB aHA’pPOOHBIE a30THO(PHUKCHPYIOUINE, YPOIUTHYECKHE W Jpyrue
OakTepuH.

B pesynbraTe >XKM3HENEATEIBHOCTH AWHUTPUGHUIMPYIOMUX OakTepuil oOpasyercsi cepHas
Kuciora. AHa’poOHBIE a30THO(UKCUpyrOUe OakTepuu O0O0pa3yrT MAacisSHYI0 KHUCIOTY.
ATrpeccuBHOE BO3/ICHCTBUE 3TUX KUCIOT HA IIEMEHTHBIN OETOH PacCMOTPEHO BHIIIIE.

VYponutndeckue OakTepuH [EHCTBYIOT B OCHOBHOM Ha MOYEBHHY, COJCPIKAIIYIOCS B
CTOYHBIX BOJAxX, THAPOU3ys ee. IIpu 5TOM BBIAEISIOTCS aMMHAK M yrojibHasl KUCIOTa, KOTOpPHIC
MOTYT B3aMMOJCHCTBOBAaTh C MHHEPAIBHBIMH CTPOMTEIBHBIMH  MaTepHalaMu  o0pasys
JIETKOPACTBOPUMBIE COJIH.

CrerneHb aKTUBHOCTM MHKPOOPTAHM3MOB, BBI3BIBAIOLIMX KOPPO3HIO MHHEPAIBHBIX
MaTepHalioB, 3aBUCUT OT YCIOBUM BHEIIHEHW Cpeabl: TeMIlepaTypbl, a’pauuu, pH, Hanuunsa
pPacTBOPEHHBIX COJIEH B BOJIE U MOYBE U JIp.

Oco0eHHOCTH MPOoIeCcCOB KOPPO3UHU 0eTOHA M Kej1e300eTOHA

Kak wu3BectHO, 6€TOH MpeacTaBisieT co0oil TBEpIy0 KOMIO3MIMIO, 00pas3yrollyrocs B
pe3ynbTare CHOXKHBIX (U3MKO-XMMHUYECKUX IPOLECCOB TUApATalMd KOMIIOHEHTOB IIEMEHTa U
MUHEPAIBHBIX 3alIOJIHUTENIEH PA3IMYHON CTENEHU TUCIIEPCHOCTH.

[Ipoeccop MockBun B.M. BrepBbele MNpennoxuia KilacCUPUIMPOBATb KOPPO3HUOHHBIE
IPOIIECChl, BOZHUKAIOIINE B LIEMEHTHBIX OCTOHAX MOJ ACWCTBUEM JCUOKUX arPECCUBHBIX CpeJl MO
OCHOBHBIM NpU3HaKaM, Kak kopposuto I, Il u Ill suoa.

B coorBercTBUM ¢ 3TOH Kiaccudukanuen, K xopposuu [ 6uoa OTHOCAT TPOLECCHI,
MpoTeKarmye B OeTOHE TOJ JEHCTBHEM BOJ C MaJloil BPEMEHHOW >KECTKOCThIO. HekoTopsie
COCTAaBJISIIOIME [IEMEHTHOTO KaMHsI pacTBOPSIOTCS B BOZAE U YHOCATCS IpU €€ (PUIBTpaLUM CKBO3b
TOJITY OETOHA.

IIporecchl, KOTOpbIe HA3BIBAIOT Koppo3uell Il 6uda, pa3BUBalOTCA B OETOHE MOJ JIeiicTBHEM
BOJ, COJEpXKAlllMX BEIIECTBA, BCTYMAIOUIME B XUMHYECKHE PEaKIHMH C IIEMEHTHBIM KaMHEM.
OO6pa3yromuecs Mpu 3TOM HPOAYKTHI PeakLUil MO0 JIETKO PacTBOPUMBI M YHOCSATCSI BOJOH, THOO
BBIJIETISIIOTCSL HA MECTE peakliu B BUJie aMOPHBIX Macc, He 00J1a1al0IUX BSKYIIMMHU CBOMCTBaMH.
K oroii rpynme Moryr OBITh OTHECEHBI, HAIpUMEp, IPOLECCH KOPPO3HUH, CBSI3aHHBIE C
BO3/ICIICTBIEM Ha OETOH Pa3IMYHBIX KUCIIOT U COJIEH.

[lon xopposueii Il 6uda TOHUMAIOTCS MPOLECCHI, BBHI3BAHHbIE OOMEHHBIMU pEaKLUUIMU
arpecCUBHOM Cpelbl C COCTaBIAIOIIMMHU ILIEMEHTHOIO KaMHS, JAIOLMMHU NPOAYKTBI, KOTOpPBIE,
KPUCTAJIU3YSICh B MOpaxX U KalWLIspax, pa3pymaoT ero CTPyKTypy.
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Ou4eBHIHO, UYTO B peajJbHBIX YCIOBHUSX OJKCIUIyaTalldd Ha OETOHHBbIE KOHCTPYKLUHU
OJIHOBPEMEHHO BO3JICUCTBYIOT Pa3lIUYHBIE arpecCUBHBIC (DAKTOPBI, BBI3BIBAIOIINE, B Pa3TUIHON
CTEMEeHH, KOPPO3HUIO BCeX yKa3aHHbIX BUI0B. Kak nmpaBuio, Haubosaee MHTEHCUBHO UAYT IPOLECCHI,
BbI3bIBarOIIME Koppo3uto Il Buza.

YcTaHOBIIEHO, YTO B 3aBUCHUMOCTH OT COCTaBa U CTPYKTyphl OeTOHa, BUAA KOHCTPYKIIHH,
XapakTepa W BEIMYHMHBI pabO4YMX HArpy30K M YCJIOBUH O3KCIUTyaTallid OCHOBHOE pa3pyllarolice
neiictBue Ha OETOH  OKa3bIBAIOT  CYIbamuas  Koppo3us;, KOppo3us — Gbliyeladu8aHuem,
00UWEeKUCTIOMHAsL KOPPO3Usl, BKIIOYAsL U YeIeKUCTIOMHYIO;, MASHe3UANbHAS KOPPO3Uusl, KOppo3us 3d
cuem noococa U KpUCMaiIu3ayuy coiell; OUON02UecKas Koppo3sus, MHO20KPAMHOe NonepemMeHHoe
3amopasicusanue U Ommauanue 600bl 8 Nopax O6emoHa, Koppo3us noo Oelcmseuem OpeaHuYecKux
CoeOuHenUti;, ycaoka u HabyxaHue YeMeHMHO20 KAMHA NpU UBMEHEHUU BIIaNCHOCMU; XUMUYeCcKoe
8030eticmeue PasIuYHbIX A2PecCUBHbIX 2a308, PA3IUYHble MexaHudecKue 6030eticmsus (ucmuparoujee
oeticmeaue 08UNCYWelLCsl 800bL, WIAMA U M.N.), OCMOMUYECKoe 0asieHue Ha NIIeHKU 2elel.

Koppo3usi apmarypbsl B OeroHe. OcHOBHbIE (DaKTOPbHI, BJIMSIONIME HA KOPPO3UIO
METAJIJIOB, B TOM 4YHCIE U apMaTyphbl >KelIe300€TOHAa, PACCMOTPEHBI B MPEABIAYIIEM pasiele.
OpHako creayeT OTMETUTH SIBIICHUE 3alIUTHOTO JEHCTBHS OETOHA MO OTHOUICHHIO K apMmarype,
KOTOpPOE BBIPAXAETCS B CIIOCOOHOCTH IIEMEHTHOTO KaMHSI TACCUBUPOBATH CTaJIb.

OTcyTcTBHE KOPPO3HUH CTANIU B Ke1e300eToOHe 00BsICHSIETCS €€ MACCUBHOCTHIO B IIEIOYHON
cpene. Ecam jxe moBEpXHOCTh apMaTypbl OCTACTCSl aKTUBHOM (MJIM TTACCUBUPYETCS] YaCTUYHO) TPH
W3TOTOBJICHUHM KOHCTPYKIUM (MO0 B TMpolecce ee JKCIUTyaTaluu), TO OyIeT HUMEThb MECTO
KOPPO3Us apMaTyphl.

Jl11s coxpaHeHus! TaCCUBHOTO COCTOSIHUS apMaTypHOI CTallM B jKeIe300eToHe HEOOX0IUM ee
MOCTOSIHHBIM KOHTaKT C TOPOBOM KHIKOCTHIO, MMEIOIIEH BBICOKYIO MIEIIOYHOCTh. B 0OBIYHOM
IUIOTHOM OETOHE HOPMAaJbHOTO TBEPJEHUS, MPUTOTOBIECHHOM Ha MOPTIAHALIEMEHTE, CYIIECTBYET
3HAUMTENBHBIN 3amac TUAPOKCHUIA KaJlbllKs, 00ECIEeUMBAIOIIETO MIENOYHY0 cpeny. OmHako, eciu
LEMEHT COJEPXKHUT OMNpEACTCHHbIE AaKTUBHBIC THJIPABIUYECKUE J00aBKH, TO 3HAYUTENbHAs 4acTb
THAPOKCUA KAJIBLIKS MOYKET UMH CBSI3BIBAETCS. ITO CBSI3BIBAHME MHTEHCU(DUIIUPYETCS TIPH TETLIIOBOM
00paboTke 6eTOHA, UTO IPUBOAUT K CYIIECTBEHHOMY CHIKEHUIO IIEIIOYHOCTH TOPOBOM KUAKOCTH.

B cBsi3u ¢ 3THM, ClietyeT OTMETUTB, YTO TOTO CYIIECTBYIOT OETOHBI, KOTOpBIE, CaMH 10 ce0e, He
MOTYT OOECIIEUUTh COXPAHHOCTh apMaTypbl MO PACCMOTPEHHOMY MEXaHWU3MY, TaK KaK HMEIOT
MOHM)KEHHOE 3HAYEHWE IIEJIOYHOCTH TOPOBOM KHUAKOCTH. K HHMM OTHOCSTCS IIEMEHTHBIC WITH
CHJIMKATHbIE OETOHBI aBTOKJIABHOTO TBEP/AEHMS, OETOHBI Ha TUIICOIIEMEHTHO-ITYIIIOIAHOBOM BSDKYIIIEM.
CoxpaHHOCTh apMaTypbl B TaKMX O€TOHaX OOECIeYMBACTCS HAHECEHHEM Ha apMarypy CHEIUATbHBIX
3aIIMTHBIX TOKPBITHIL: IIEMEHTHO-OMTYMHBIX, [IEMEHTHO-TIOTMCTUPOIILHBIX, IIEMEHTHO-TIATEKCHBIX U JP.

KOpp03I/lH KaMCHHBIX 1 KEPAMHUYECCKUX MAaTCPHAJIOB

PU3NKO-XMMAYECKHE CBOWCTBA MPUPOIHBIX KAMEHHBIX MAaTEPHATIOB ONPEIEISIOTCS CBOMCTBAMU
TOPHBIX IOPOJI (M3BEPIKEHHBIX, OCAJT0UYHBIX U META(OPUUECKHUX ), U3 KOTOPBIX OHH TOTYYEHBL.

W3BepxeHHbIE KPUCTAUIMYECKUE U CTEKJIOBHUIHO-aMOpP(HBIE MOPOABI HUMEIOT XOPOUIYIO
KHUCIIOCTOMKOCTb, JOCTATOYHYK) CTOMKOCTb K JCUCTBUIO WICJIOYEH, a TaKXKe BBICOKYIO
MOpO30CTOMKOCTb. OHHM HIMPOKO NPHUMEHSIOTCS B CTPOUTENBCTBE 3[JaHUN U COOpYKEHUH, B
0COOEHHOCTH NPH yCTPOUCTBE (PyHIaMEHTOB, CTEH, IEPEKPBITUI U APYTHUX KOHCTPYKIHUI.

OcagouHble TOpPOABI TAaKXKE IMIMPOKO MCHOJB3YKOTCA B CTPOMUTENIBCTBE, HO OHHU HE
OTJIMYAIOTCSI BBICOKOM KOPPO3MOHHOW CTOMKOCTBIO (KpOME€ IIeCKa M TpaBus, COXPaHUBIINX
CBOMCTBAa TEPBUYHBIX TMOPOA W OO0JANAIOMIMX BBICOKOM KHCIOTOCTOMKOCTBIO M JOCTATOYHOU
I1€709€CTOUKOCTBIO).

N3 meramopduueckux mnopoJ Haubojee paclpoCTpaHEHbl B CTPOUTENHCTBE MECYAHMKH,
KBapUUTHl U Mpamop. OHM 00Jaat0T MPUMEPHO TAKUMH )K€ XMMHUYECKUMH CBOMCTBaMH, KaK M Te
MOPOJIbI, U3 KOTOPhIX OHU 0Opa3oBaiuch. Koppo3noHHas CTOMKOCTH MECYaHUKOB 3aBUCHUT TJIaBHBIM
00pa3oM OT XapakTepa MPUPOTHOTrO IIEMEHTA, CBS3BIBAIOIIETO MEeCYaHblid, B OCHOBHOM, KBapIIEBbIN
CKeJIeT 3TOro Marepuana (Hampumep, W3BECTKOBbIE NECUAHUKH — KHUCIOTOCTOMKM M JIOCTaTOYHO
IIEI0YECTOMKH, a )KeJIe3UCThIE TECUaHUKU BBICOKOH KOPPO3MOHHON CTOMKOCTBIO HE OTJIMYAIOTCS) .
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Mop0o30CTOMKOCTh, BOAOCTOMKOCTh M YCTOMYMBOCTH K JIEMCTBHUIO COJIEBBIX PACTBOPOB Yy
MECYAHUKOB 3aBUCUT OT UX MOPUCTOCTU U MPUPOABI IIEMEHTUPYIONINX BemecTB. [Ipu uepeoBanuu
CMAuMBaHMUSI W BBICHIXaHHUS CTOMKOCTh IIECUAaHMKOB IIPU 3aMEp3aHUU 3aMETHO CHIKaeTcs,
0COOEHHO, €CJIM B HUX MPHUCYTCTBYIOT IJTUHUCTBIC PUMECH.

Keapyumer (pa3HOBUAHOCTH MECYAHUKOB) COCTOSIT U3 3€PEH KBapla, CLIEMEHTHPOBAHHBIX
KPEMHHUCTBHIM [IEMEHTOM MJIM 0€3 eMEHTauuH (KPUCTAIUTMYECKHE KBAPLUTHI) — 00J1a/1al0T BEICOKOM
KHCJIOTOCTOMKOCTBIO M CTOMKOCTBIO K JIEUCTBHIO ILIEITIOYEH.

Mpamop — pPasHOBHIHOCTh H3BECTHAKOB H jojgomuToB ¢ 3epHamu CaCOs  wm
MgCO3CaCQOs, CkperuieHHbIX HEMOCPEACTBEHHBIM CIICIUIEHHEM KpHucTauioB. OH  HIMPOKO
NPUMEHSIETCd B BHUJE MOJIMPOBAHHBIX IUIMT, OJIOKOB, IUIUTKH U JIp. B KayecTBe OOIUIIOBOYHO—
JIeKOpaTUBHOro Marepuana. OgHako MpamMop, OCOOEHHO Ha HEMOJUPOBAHHBIX MOBEPXHOCTSX, HE
o0JyasaeT BBICOKOH KOPPO3MOHHOW CTOWKOCTBIO W pa3pyllaeTcsi, €cid B BO3JIyXe HMEITCS
cepuucteie rassl (SO2, SO3).

Cunuxamuulil Kupnuy u opyaue cunuxamuule usoenus. CUIUKATHBIA KUPIIUY U3TOTOBIISIETCS
U3 CMECH KBapIeBOro rnecka, cojepsxamiero ne menee 90% SiO;, u OwbicTporacsiuencs U3BECTH.
[Tocne aBTOKIIaBHOM 00paOOTKHM M3BECTH M KPEMHE3eMa MecKa KUPIUY OTBEPACBAET, IMPEBpaIiasch
B THJIPOCUJIMKAT KaJbIIH 10 PEAKIIUU:

Ca(OH)2 + SiO2 —» CaO-SiO2H20

[IpucyTcTBUE B CHIIMKATHOM KUPIHUYE OKCUJA KaJblus (M3BECTH) JI€JaeT €r0 KOPPO3ZHUOHHO
HECTOMKUM JlaXke IMPOTUB CJIa0bIX BOJHBIX PACTBOPOB MHHEPAIBHBIX M OPraHUYECKUX KHCIOT
(0COOCHHO TIPH TOBBIIICHHON BIaKHOCTH). CHIIMKATHBIN KUPIUY HEJb3s SKCIUTYyaTHPOBATh M MPH
HOBBIILIEHHBIX TemnepaTypax T.K. npu 600°C u Oosiee B HEM 3HAYMTENBHO PACIIUPSIETCS OKCH]
KPEMHHUsI, 4TO MPUBOJUT K Pa3pyLICHUIO KUpIINYa.

Kpome cuinMkaTHOro KMpnu4a, B CTPOMTENBCTBE IIUPOKO MPUMEHSIOTCS APYrHe CUIMKATHBIE
U3/IeNUsl — CTCHOBBIE OJIOKM, OOJIMIIOBOYHBIE IUIATHI, CTyreHH U np. HecmoTps Ha ocoOeHHOCTH
TEXHOJIOTUM HPOU3BOJICTBA OT/AENBHBIX W3AEIUN U Pa3HyI UX MPOYHOCTb, (PU3UKO-XUMHYECKUE U
KOPPO3HOHHBIE CBOMCTBA ATUX MAaTE€pUAJIOB TAKHE )K€, KAK Y OOBIYHOTO CHJIMKAaTHOIO KUPIIMYA.

Kepamuueckue mamepuanei. BoIbIIMHCTBO KepaMUYECKUX MaTepUalIOB, OCOOCHHO IJIOTHBIE,
MMEIOT XOpOIIYK) KOPPO3HMOHHYHK) CTOMKOCTh K KHCJIOTaM U YJOBJIETBOPHUTEIBHYIO — K PAaCTBOPOM
menoueil. OHaKo OOBIKHOBEHHBINM TNIMHSHBIM KUPIUY, COCTOSIIMN B OCHOBHOM M3 KpeMHe3eMa U
IJIMHO3€Ma, HE CTOEK IPOTHB JACWCTBHS BOJHBIX PAacTBOPOB IIENOYEH, a Takke pPacTBOPOB
MHUHEPAIbHBIX M OpPraHMYECKMX KHUCIOT, OOpasyIolMX ¢ TJIMHO3EMOM JIETKOPacTBOPUMBIE,
BBIMBIBAEMBIE COJIH.

EcTecTBEHHO, UTO HE3aBUCUMO OT XUMUYECKHUX IPOLECCOB, YBIAXKHEHUE KUPIIHYaA CAMO I10
cebe CHMIKAeT ero MPOYHOCTh U MOPO30CTOMKOCTh. [10aToMy XuMudeckas u pusndeckas KOppo3us
MOpa)kaeT MPEeXJe BCEro MecTa, NOJBEPKEHHbIE CUCTEMATUYECKOMY YBIAKHEHHIO: (YHIAMEHTHI,
CTEHBI BIIAKHBIX [IOMEIIEHUMN.

Kepamuueckue miautku Onarojapsi BBICOKOMY COJEPKAHUIO aJTFOMHUHOCHIIMKATOB CTOMKH K
JNEHCTBUIO OOJBIIMHCTBA OPraHUYECKMX W MHUHEpPaIbHBIX KHUCIOT (KpoMe IulaBHKOBOM). Mx
YCTOMYMBOCTD K JIEUCTBUIO PACTBOPOB IIEI0YEH 3aBUCUT OT COCTaBa U IJIOTHOCTH IITUTKH.

Tema MN12. OCHOBbBI XHUMHH BBICOKOMOJIEKY.ISIPHBIX
COEJMHEHMIA (ITOJIMMEPOB)

OcHoBHBbIE onpeae/IeHUus

HOJZuMepbl — 3TO NPHUPOAHBIC U CUHTCTHYCCKHUC COCAMHCHUA, MOJICKYJIbI KOTOPBIX COCTOAT
13 OOJIBIIOrO0 4YHcia MOBTOPAOIINUXCA OAWHAKOBBIX HWIIM PA3JIMYHBIX IIO CTPOCHUIO ATOMHBIX
TpYHOIIUPOBOK, COCIMHCHHBIX MCXKIY c000lf XMMHYECKUMH CBI3SIMH B JJIMHHBIC JIMHEHHBIC WU
Pa3BCTBJICHHBIC LICIIN.

Cocmasnoe 36eH0 — Tpynmna atoMoB, C ITOMOIIBIO KOTOpOﬁ MOXXHO OnurcaTb CTPOCHHE
noJjmmepa.
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Ilosmopstoweeca cocmasHoe 36eHO — COCTaBHOE 3BEHO, KOTOpPOE MHOTOKPATHO
MIOBTOPSIETCSL.

Konyesvie epynnvl — rpynnbl Ha KOHIIAX TOJMMEPHOM LIETIH.

Maxpomonexkyna — MoileKyla IOJIMMEpa, COCTOALIAS U3 IOBTOPSIOLIMXCS COCTABHBIX

3BEHBEB U KOHIIEBBIX TPYIIIL.

Momnomepul — BemmecTBa, U3 KOTOPBIX 00pa3yIOTCs MOIUMED.

Monomepnoe 36eno — 3TO TIOBTOPSIOLIEECS] COCTABHOE 3BEHO, UMEIOIIEE TOT ’KE COCTaB, YTO
U MOHOMCD, HMCIOJIb30BAHHBIN AJI TOJTY4YCHH A ITOJIMMEpPaA.

[Tepexon OT HU3KOMOJEKYJISIPHOTO COCAMHEHMS K IOJMMEPY IPOMCXOAUT B DPE3yJbTaTe
poCTa TOBTOPSIIOIIMXCA 3BEHbEB. KOMILJIEKC CBOICTB MOJMMepa OCTAeTCs MPAKTUYECKU
HEU3MEHHBIM TIPH J00aBICHUN WIN YAAJICHHH OJHOTO WIM HECKOJBKHX 3BEHbEB. MoJeKyIspHas
macca OonpmmHCTBa monuMepoB  Oombmie  5000. [IpoMexxyTodHOE TONOXKEHHE MEXKIY
HHU3KOMOJICKYJIIPHBIMU COCTUHEHUSIMH M ITOJIMMEPAaMH 3aHUMAIOT OJIUTOMEPHI.

Onucomepom Ha3bIBaeTCA BELIECTBO, COCTOSILNEE M3 MOJEKYJ, COJEp)KAIUX HEKOTOpOoe
KOJIMYECTBO OJHOTO WM OoJiee THIIOB aTOMOB WM TPYHI aTOMOB (COCTaBHBIX 3BEHBEB),
COCMHEHHBIX TOBTOPSIOMMMCS 00pa3oM Apyr ¢ apyrom. Pusndeckue CBOICTBAa OJMTOMEPOB
U3MEHSIOTCSL TIpU J00ABICHUM WM YNAJICHHH OIHOTO WIIM HECKOJBKHX COCTAaBHBIX 3BEHBEB.
MonnekysipHas Macca OJUromMepoB JiexuT B npezgenax 500 - 5000.

Cononumep — nonumep, 00Opa30BaHHBIII MOHOMEPAMH JIBYX U 00JIEe THIIOB.

Ilonumepuszayua — 3TO TIPOIECC IPEBPALICHUS MOHOMEpa WM CMECH MOHOMEpPOB B
HOJIUMeEp.

Onucomepuzayuss — 3TO TPOIECC NPEBPAIICHUS MOHOMEpAa HJIM CMECH MOHOMEPOB B
OJIUTOMED.

DyukyuonanvbHasa epynna — 9acTb MOJIEKYIIbI, ONPEIEIIAIoIas IPUHAUISKHOCT BEIECTBA K
TOMY WJIM HHOMY KJIacCy COSAMHEHUH U MMEIONIasl XapaKTePHYIO PEaKIIMOHHYIO CIIOCOOHOCTb.

Peakyuonnwiii yenmp — akKTUBHAsI 4aCTh MAKPOMOJIEKYJIbI, HEIIOCPEACTBEHHO YYaCTBYIOLIAs
B XUMHYECKOM B3aUMOJICHCTBHH.

YncaeHHbIEe XapaKTePUCTUKH

Cmenenvto  noaumepuszayuu  (n) TONMMEpa HA3BIBAIOT  YHUCIO  MOBTOPSIOUIMXCS
AJIEMEHTAPHBIX COCTAaBHBIX 3BEHBEB TMOJUMEpHOW 1enu. st OOJIBIIMHCTBA CHHTETHUYECKHUX
TOJIMMEPOB CTeNeHb TONTHMMEpPU3aIuK HaXoauTcs B mpezenax 102-10%, s npupoaHbIX HOIUMEPOB
3Ta BEJIMYMHA CYIIECTBEHHO OOJIbIIIE.

[Ipou3BeneHne cTeNeHW MNOJUMEPU3ALMN Ha MOJIEKYJSIPHYI0 MacCcy HOBTOPSIOIIETOCs
cocTtaBHOTO 3BeHa (M,) ecTh MoJieKyJIsspHas Macca noiaumepa (M):

M =nM,

XUMHUYECKHE PEAKIMU B TMPOIECCE CHHTE3a MOJIMMEPOB HOCSIT BEPOSTHOCTHBIN XapakTep.
[1o 3TOi1 MpUYKMHE NPAKTUUECKHN HEBO3MOKHO MOJIYUYNUTh MAaKPOMOJIEKYJIbl OJJMHAKOBOM JUIMHBI. JTa
HEOJTHOPOJHOCTh  IOJIMMEPHBIX  MAakpOMOJEKyJl IO  pa3MepaM  MOJy4yWia  Ha3BaHUE
nonuaucnepcHocT. 1o 3Toil mpuurHe YUCIEHHBIE XapaKTEPUCTUKU MOJIMMEPOB YCPEAHSIIOTCS 1O
KaKoMy JTU0O mapaMeTpy U HOCSAT CTATUCTUYCCKUN XapaKTep.

Cpeonemaccosas monekynapuaa macca (M g) BEIUNACISIETCS U3 COOTHOLICHMUS:

— _zNiMiz

Mo SN, M

CpennemaccoBasi MOJIEKYJIIpHasT Macca — OTO CpEIHAS CTaTUCTUYECKas BEJINYMHA,
olpenensgeMasl MaCCOBBIMU JIOJIIMH MOJIEKYJI KaX/10To pazMmepa. bosee Tskenble MaKpOMOJIEKYJIbI
BXOJISIT B CYMMY C OOJIBLIIMM CTaTUCTUUYECKUM BecoM. J[is monuancnepcHbix cucteM My<Ma.
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Homenkaarypa

Ha ceropssmHuii 1eHb CyIIECTBYIOT JIBE€ pa3IMYHbIE HOMEHKIIATYPbl BEICOKOMOJIEKYJISI PHBIX
COCMHEHUN:  payuoHanvhas (McTOpUYECKH  CIIOKUBIIASACSA) U cucmemamuiecKkasl
(pexomennoBanHas MIOITAK — MexayHapoaHbIM COIO30M IO TEOPETHUYECKON U INPUKIAJAHON
xumun). Ha mnpakTuke [uis HauMMEHOBAaHMS IIOJMMEpa 4alle HIPUMEHSIT 0ojiee IMPOCTYIO
paLMOHAIBHYI0 HOMEHKIATYpy. PaccMOTpUM €€ OCHOBHBIE MTOJIOKEHHUSL.

Jlis NOIMMEpHU3alMOHHBIX IOJUMEPOB Ha3BaHME OOpasyeTcsi OT Ha3BaHMs MCXOIHOIO
MOHOMEpPA € IIPUCTABKOU MOJIU-:

stiied n CH,=CH; — ~CH>—CH)~ nomudTHieH

akpwionutpuwi n CH=CH — ~CH>—CH~ noauakpuioHUTpuI

C=N C=N

JUid TOJIMKOHAEHCALMOHHBIX IOJMMEPOB HAa3BaHMsI OCHOBBIBAIOTCS Ha XUMHUYECKOM
CTPOCHUU MOBTOPSIOLIETOCs COCTaBHOrO 3BeHa. HazBaHue nmoaumepa COCTOUT U3 NPUCTaBKU MOJIH-
Y Ha3BaHUS CTPYKTYpPHOH MOBTOpSIOIIEHCS TpyNIbl, OINpenesstoniel coboil Kiacc Mnojaumepa
(crmoxxHbIN AHUp, aMUT U T.11.)

Knaccudpukanus moammepon

CymiecTByeT HECKOJIBKO IPU3HAKOB, MTOJIOKEHHBIX B OCHOBY KJIaCCH(UKAIIMH OIUMEPOB.

I. ITo mpoucXoXAeHHIO MOIMMEpPHl MOAPA3ACISIOT Ha npupoousie (BXOAAIINE B COCTaB
KMBOTHBIX WJIM PAaCTUTEIbHBIX OPTaHU3MOB), UCKYCCMGeHHble (NOJTydaeMble MOAU(pHUKaInei
IPUPOJHBIX) U cunmemuyeckue (TOTydaeMble U3 HU3KOMOJCKYJISIPHBIX BellecTB (MoHOMepoB)). K
NPUPOIHBIM IMOJMMEPaM OTHOCSTCS OCNIKHM, LEJUTI0N03a, XUTHH, HATypaIbHBIN KaydyK, Kpaxmal,
HYKJICMHOBBIE KHCJIOTBI M Jp.; K HCKYCCTBEHHBIM IIOJIMMEPAaM OTHOCSATCS MHOTOUYHCIICHHBIE
NPOU3BOHBIC LEIUTIOJIO3bI — aleTaThl, HUTPAThl U Jp.; K CHHTETUYECKUM IOJIHMMEPaM OTHOCSTCS
MOJIMATUIICH, TTOJIMCTHPOJ, TOTUAMHU/IBI, CHIIMKOHBI U MHOTHE JIPyTHE.

II. Tlo cTpoeHHIo OCHOBHOM LEMM MAaKpPOMOJIEKYJbl MOJIUMEPHl MOJAPA3AEIAIOTCS Ha JIBE
TPYIIIIBL:

1. T'omoyennvie nonumepwvl. ConepxkaT B OCHOBHOM LIENMM MaKpOMOJEKYJbl TOJBKO aTOMBI
ogHoro Bujpa. B cmywae, kxorma menb oOpa3oBaHa TONBKO aTOMaMH YIiepoja IIOJUMEPHI
Ha3bIBAIOTCS KAPOOYENHbIMU.

HH HHHH

~C—C—C—C—C—C~ ~5S S S S S

I
HH HHHH
[TonuaTriien [TonumepHnas cepa

2. I'emepoyennvie noaumepsi. Conepkar B OCHOBHOW LIETIH aTOMbI HECKOJIBKUX 3JIEMEHTOB
(yrmepoa, KUCIOPO/I, a30T, Cepa, KPEMHHM H JIp.):

P b Y
~‘Si—0—|Si—O—|Si—O~ ~NH—?—CO—NH4%O~
CH; CHs CH; R! R?
TlonmuauMeTHIICHIOKCaH IMomunentug

III. Tlo XWMUYECKOW MPUPOAE COCTABHOIO IOBTOPSAIOLIErOCS 3BEHA  IOJIUMEPHI
MOAPa3ICIAIOTCS Ha HECKOIBKO Tpyni. K Hanbosiee MHOTOYMCIICHHBIM OTHOCSITCS:
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Ilonuonegunvr — xapOOLETTHBIE TTOJUMEPDI, COAEpKAIINE B KaueCTBE 3aMECTUTENIeH aTOMBI
BOJIOPO/IA MJTU aJIKWJIbHBIE TPYIIIIBI (HOAUIMULEH, NOTUNPONULEH, noaudOymen-1 u op.).

l'anozencooepocawue nonuansl — KapOOUEHHBbIC IOJUMEPHI, COAEpKAIlUe B KayecTBE
3aMeCTHTE]e  MOMHUMO  aTOMOB  BOJOPOJAA  aTOMbl  TallOTEHOB  (MOJAUSUHUIXAOPUO,
noaumempagmopsmuier u op.).

Tonusghupvl — reTepolenHbIe TOTUMEPHI, COJAEPKAIIEe B OCHOBHOM IIETIH CIOXKHOA(UPHBIC
rpymbl —CO—O— (norubymunenmepegpmanam, noau-f-euopoxcubymupam u op.).

THonuamuowvl — TeTEpOLICITHBIC TOJIMMEPHI, COIePIKAIUE B OCHOBHOH I[EMTH aMUIHBIE TPYIIITHI
—CO—NH— (noaucexcamemunencebayunamuo, NOIUKANPoOamuo u op.).

IV. 1o cTpoeHuto MakpoMOJIEKYJ MOJIUMEpPbl MOTYT ObITh JTMHEHHBIMHU, Pa3BETBICHHBIMU
100 CIIUTHIMU (CETYATBIMH).

Jlunetinvle nonumepsl XapaKTEpU3YIOTCS TUIOTHOM YHAKOBKON M MOATOMY HUMEIOT BBICOKYIO
IUIOTHOCTb, TIPOYHOCTH HA Pa3pbiB U TEMIEpaTypy IJIaBICHUs (HAPUMED, HOAUIMULEH BbICOKOU
NJIOMHOCMU, NOJUOKCUMEMUTIEH U OD.).

Paseemenennvie nonumepvl XapakTepU3yIOTCS PBHIXJIOH YIMaKOBKOH M TOSTOMY HMEIOT
MEHBIIYI0O TPOYHOCTh Ha pas3phiB U 0ojiee HHU3KHUE TEMIIepaTyphbl IUIABIICHUS, YeM JIHMHEHHbIE
MOJIMMEPHI (HAPUMED, HOAUIMULEH HUSKOU NAOMHOCMU U OP.).

Cuwumople MM cemuyamvie noaumepsl 00pazyrOTCs B PE3yNbTaTe COCTUHEHUS JTMHEHHBIX WU
Pa3BETBICHHBIX MAaKpPOMOJICKYJI IIONEPEYHBIMH XWUMHUYCCKUMH CBS3SIMA € (DOPMUPOBAHHEM
MPOCTPAHCTBEHHON TPEXMEPHOW CETKW M TPEACTABISIOT COO0OM (PaKTUYEeCKH OAHY OOJBIIYIO
MaKpOMOJICKYJTy. OTH TIOJMMEpPBhI XapaKTEPU3YIOTCS BBICOKMMHU TBEPIOCTHIO, IKECTKOCTBIO H
XPYIKOCTBIO (HAIIPUMED 0meepicoerHble (eHoNpopManbOecuoHble CMObl, INOKCUOHBLE CMObL U OP.).

V. Ilo merony mNOJydYeHUs TOJUMEPHI JACIATCS Ha HOauMepu3ayuoHuvle (MOTydaeMble B
pe3yabTaTe peaklud [OJUMEPU3ALUU) U  HOJUKOHOeHcayuoHHvle (IONydaeMble peakIuei
MOJUKOHJeHCAMU). K [ONMMEpU3allMOHHBIM  TIOJIMMEpPaM  OTHOCATCS  IOJIUATHJICH,
MOJMUBUHWIXJIOPUI, TMONUCTHpON # JAp. K MONMKOHAEHCAIIMOHHBIM OTHOCSTCS TOJHAMMIBL,
o3 (pUpHI, MOJIUKAPOOHATHI U JIP.

Martepuassl, mogy4yaeMble Ha OCHOBE IMOJIMMEPOB TAK)KE€ OTHOCAT K Pa3IMYHBIM KIIaccaM:

— TUTACTUYECKHUE MACCHI,

— 2IIACTOMEPHI WIH Kay4dyKH;

— BOJIOKHA.

IInacmuueckue maccwvl (nracmuxu, nIACMMACCLY) — MaTEpUaIbl, OCHOBOH KOTOPBIX
SIBIITFOTCST BBICOKOMOJICKYJISIPHBIE COSIMHEHHS, KOTOPBIM MOXHO TMPHIATh HEOOXOIUMYI (Gopmy
MIPU BO3/ICWCTBUU TEMIIEPATyphl U (UIIN) NaBIeHU. B 3aBHCUMOCTH OT MOBEACHUS NPU HATPEBAHUU
TTACTMACCHI JISNIAT Ha TePMOTUIACTHI U PEaKTOILIACTHI.

Tepmonnacmol (mepmoniacmuyeckue NIACMMACCHL) PAa3MITYAIOTCS MPU HArpEeBaHUU U B
ropsiYeM COCTOSSHUH (DOPMYIOTCS B W3JCTHS, a TPH OXJIAXKJICHUW 3aTBEPACBAIOT M COXPAHSIOT
3alaHHyl0 QopMy; TpUYEM LHUKI HArpeBaHUs/OXJIKIACHUS MOXKHO IOBTOPSATH MHOTOKPATHO.
MakpoMOJIeKyJIbl  TEPMOILJIACTOB  NPEUMYIICCTBEHHO JIMHECHHBIC, WHOTJIA C  HEOOJIbIIHM
pa3BeTBICHUEM IIeTIed, MOATOMY IMOYTH MOJHOCTHIO OTCYTCTBYIOT CHIIBHBIE MEXMOJEKYISpPHBIE
B3auMojieiicTBusa. K TepmoriactaM OTHOCATCS  MOAUONeDUHBL, NOIUBUHUIXIOPUO, JTUHELHble
RONUYPEemansl, NOJUOKCUMEMUILEH U Op.

Peaxmonnacmor  (mepmopeaxmusHnvle noaumepvi) pasMATHAIOTCS TIPH  HATPEBAaHUHM |
CIIOCOOHBI TPU ITOM HEOOPaTUMO TMEPEXOAWTh B HEIUIABKOE W HEPACTBOPUMOE COCTOSHHUE,
BCJICJICTBAC XMUMHYCCKHX PEAKIMi, MPOTEKAIOIIMX IOJI BIUSHUEM BBICOKOH TEMIIEpaTyphbl HITU
KaTajan3aTopoB. PeakToruiacTel, Kak TWpaBHIIO, SBISIOTCA ceTYaThIMU mojuMmepamu. K HuM
OTHOCSITCSI 0OMBEPHCOCHHbIE INOKCUOHBIE CMObL, NOJUIPUPHBLE CMOJIBL U OP.

Onacmomepsvt — MaTepualibl HA OCHOBE BBICOKOMOJIEKYJISIPHBIX COCTUHEHHUI 00Nagaromime
BBICOKODJIACTUYECKHUMH CBOWCTBAMH, T.€. CIOCOOHBIE K OOJBIIUM TIO BEIUYMHE OOPATUMBIM
nedopmarusaM. [IpuMepoM >1acTOMEPOB SIBISIOTCA HATypaldbHbIE M CHHTETUYECKHE KaydyKH:
noaubymaoueH, noJUU30NpeH, NOJUXIOPONPEH U Op.
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OcHOBHBIE OTJIHYHS MOJIMMEPOB 0T HU3KOMOJICKYJIHAPHBIX coeJUHEeHU I

3HauuTEeNbHAS MOJEKYJSpHAas Macca W LEMHOE CTPOCHHE MAaKpPOMOJIEKYN MPUBOAHUT K
CJICAYIOUIMM OTIMYHUSAM B CBOMCTBAX IMOJIMMEPOB OT OOBIYHBIX HH3KOMOJICKYJISIPHBIX COCMHCHUN:

BBICOKOMONEKYIISIpHBIE COCIUHEHHSI MOTYT CYIIECTBOBATH TOJIBKO B KOHICHCHPOBAHHOU
daze (TBepaoe WM KHJIAKOE arperatHoe cocrosHue). Ilepexon B ra3zooOpasHoe cocTosiHue 0e3
pa3pyIeHus] MOJIEKYJI OJIMMEPa HEBO3MOXKEH.

LlenmHOe CcTpOCHHE MaKpOMOJICKYJI TPUBOJIUT K CHIBHOMY CIICIUICHHIO MEXKIY HHMH,
Onarosapst yemy MOJMMEpPHI MPUOOPETAIOT IJICHKO- U BOJIOKHOOOPA3yIoIe CBOMCTRA.

PacTBOpBl TOIMMEpPOB 00J1a1al0T BBICOKOW BSI3KOCTBIO, BCJICICTBHE OOJBIINX pPa3MEpOB
MaKpoMoOJieKyJ. PacTBopeHHE MOIMMEPOB MPOUCXOAUT C OYEHb HHU3KOH cKopocThio. Craaum
MIOJTHOTO PACTBOPEHMs MPEANISCTBYEeT CTaauss  HaOyxaHusi (OJHOCTOPOHHETO IOTJIOMICHUS
HU3KOMOJICKYJISIPHOM JKHJIKOCTH WM ee mapa oObeMoM mnosmmMepa). CIIUThIE MOJIUMEPHI C
TPEXMEPHOU CTPYKTYpPOH HECHOCOOHBI K TMOJHOMY PACTBOPECHHIO 0€3 pa3pylICHUs XUMHYECKHX
CBS3CM MEXKIY MaKpOMOJEKyJIaMu. PacTBOpHI TOIMMEPOB 3HAYUTEIHHO OTKIOHSIOTCS OT
UJICTbHOCTH, JIJISl HUX HE BBITIOJHSIOTCS 3aKoHbI Payns u Bant-T'odda.

'mOKkOoCTh MakKpOMOJIEKYJl M HMX IEIHOE CTPOEHHE OOYCIAaBIUBAIOT AJIACTHYHOCTH
MOJMMEPOB, T.€. CIIOCOOHOCTh TOJMMEPOB K OOpaTUMbIM JeGOopManusM IOJa JIeHCTBHEM
HEOOJIBIIINX HArPy30K.

CTpykTypa TOJIMMEPOB MPHUBOJUT K 3HAYUTEIBHOMY OTJIHYHIO B CKOPOCTH W TOJHOTE
MPOTEKAHUS XMUMHUYECKUX PEAKIUH OT aHAJIOTUYHBIX C yYACTHEM HHU3KOMOJCKYJISIPHBIX BEIICCTB.
[lpakTuyeckun  Bcerma  NPOTEKAIOT  MOOOYHBIE — XMMUYeckue  peakuuu.  CBoiicTBa
BBICOKOMOJICKYJISIPHBIX ~ COCIMHCHUH MOTYT 3HAYHUTEIBHO W3MEHSATHCS 1107 BO3JICHCTBHEM
HEOOJIBIIMX KOJIMYECTB JPYTUX XUMHUCCKUX COCIMHEHHH (Cepa B PEaKIMsIX BYJIKaHU3AI[UH, O30H B
peaKIUsX IeCTPYKIMH, KUCIOTHI B PEAKIIUU THIPOIN3a U T.11.).



89

2. MPAKTUYECKUM PA3IEJ

#CtpyrTypadYMK
2.1. TemaTu4ecKHil MJIAH JAOOPATOPHBIX 3AHATHI .......ooviiiiiiiiiiiienieeieeniee et sneesieeeas 90
2.2. TeXHUKA JA0OPATOPHBIX PADOT .......oeeeriviiieeeiiiieeeiiiieeeeeierteeeesareeeeensseeesassseeeessssseessssssseeeannes 91
2.2.1. Pabota ¢ MepHOU MOCY10M U ammapaToM KHITHA ........cccviiiiiiiiiiiiiiecccecceee e 91
2.2.2. TEXHUKA OCBOTTACHOCTH .....cuveeueeanteerureaseanuteaseesseeanseasseeanseesssesnseesuseanseesssesnseesseeenseesseesseesneeens 92
2.3. [IpuMepbl PEIICHUS THIOBBIX 3AMAU........cccuvteerutieeireeenireeenireeeneseesneneesssreessreessseeessseessseesssees 93
2.3.1. XUMHYECCKAST CTEXUOMETPHSL . vveeeeurrreeeenrureeeasnsreeeessssseeesssssseesassssseesssssesesssssseesassssseessnsssseesannns 93
2.3.1. X¥UMHYECKAS TEPMOIMHAMUKA. .....eeruvreerurieenurreennseeennseeensseesnsseesnsseesnsseesnsseessssessseeessseessseesnsees 94
2.3.2. XPUMHUECKAST KIHETHKR ....eeruvteerutreenurieentieeausteesuseeassseesaseeessseeessseessseessseesssseessseessseessseessnees 95
W B o T 410 o) SRR 97

2.3.5. DNEeKTPOXUMHUSA. XUMHUECKUE HCTOUHUKH TOKA ..couvveeeureeeireeaireenireesireesieeesseeesseesssseessaneens 99



90

2.1. TemaTn4eckuii NJIaH Ja00PATOPHBIX 3AHATHH

#lpakTnueckunPaszaen

JJISl CTY/ICHTOB CIIeHAJIBbHOCTEN:
7-07-0732-01 CTpouTensCTBO 30aHUI U coopykeHHu (nmpodunsanus — [IpombinuieHHOE U
IpaXkJJaHCKOE CTPOUTENbCTBO, CTPOUTENBCTBO M TIpaxkAaHcKas HHxkeHepus, Lludposoe
MOJIETMPOBAHNE U IPOEKTUPOBAHUE);
7-07-0732-01 CrpoutenbcTBO 30aHUN U coopykeHuil (nmpodunusanus — [IpousBoactso
CTPOMTEIBHBIX U3JIEINHA U KOHCTPYKIUH, D (HEKTUBHBIE CTPOUTENBHBIE TEXHOJIOTUH);
7-07-0732-01 CTpouTenbCcTBO 37aHUN U COOpY)eHUM; (mpoduausanus — ABTOMOOMIbHBIC
Joporu, ABTOMOOMIIbHBIE JJOPOTU U OOBEKTHI TPAHCIIOPTHOU UH(PPACTPYKTYPBI);
6-05-0732-02 DxcnepTu3a 1 yIpaBIeHUE HEJBUKUMOCTHIO.

Ne Tema padoTsbI

1 | U3yuenue TpeOGoBaHUi K MOATOTOBKE U MPOBEACHUIO JTA0OPATOPHBIX padboT; K
BBITTOJTHEHUIO TIPABHJI TEXHUKH 0€30MacHOCTH; 0()OPMIICHHIO OTYETOB I10
1a00paTOPHBIM padboTam.

OCHOBHBIC KJIaCChI HCOPTaHUYCCKUX COCJIMHCHUH.

OrnpeeneHne SKBUBAJICHTHON MacChl IIMHKA 1O 00beMY BBITECHSIEMOTO BOAOPO/A.

XuMuueckast TCpMOANHAMUKA

XUMHYECKasi KHHETHKA U PaBHOBCCHUC

N | B W N

[IpurorosneHne pacTBOPOB C 3aJJaHHOM MacCOBOM JOJIEH PACTBOPEHHOTO BEIIECTBA U
3aJaHHOM MOJISIPHOM KOHLEHTPALUEH.

7 | IlpuroroBieHue pacTBOPOB C 33JaHHON MOJISIPHOM KOHUEHTPALMEN SKBUBAJIEHTOB
(HOpManbHOM KOHIIEHTpaluei). OnpeneneHue KOHIEHTPAlUK MOJyY€HHOTO pacTBOpa

MCTOOOM TUTPOBAHMHA.

8 | I'maponus coneil. Cnoco6sl u3mepenus u pacuera pH u pOH BonHbBIX pacTBOpoB

COJIEN Pa3JINYHBIX TUIIOB.

9 | KoMimiekcHbIE COeTUHEHUS U JBOMHBIE COJIH.

10 | OkuCIUTENBHO-BOCCTAHOBUTENBHBIE PEAKIUH.

11 | DnexkTpoxuMHUeCKHe MTPOILECCHI. ["'albBAHUYECKUE DIIEMEHTBI U IPYTUE XUMHUUECKHE

HCTOYHHUKH IJICKTPUUCCKOI'O TOKA.

12 | OnexTpoau3 BOAHBIX pACTBOPOB AJIEKTPOIUTOB.

13 | Kopposust metanioB u cruiaBoB. CrocoObI 3aIUThl OT KOPPO3UH.

14 | Xumus xanabus 1 KpeMHUS

15 | Koppo3us MuUHEpanbHBIX MaTepraioB

16 | XumMusa MeTajioB

17 | KomnokBuyM (pelieHue TUIOBBIX 3a/1a4)
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2.2. Texnuka 1adopaTopHbIX padoT

#lpakTuueckuiiPasnen

2.2.1. Pabora ¢ mepHoii mocyaoi 1 annaparom Kunna

[Ipu mpoBeneHNM 1a0OPATOPHBIX PabdOT UCHOIB3YETCS XHMHYECKas TIOCY]a,
W3TOTOBJICHHAS U3 CIICIIUAIBHBIX COPTOB CTEeKIA. JlaHHAS 1MOCY/Ia BBIIEPKUBACT BO3JICHCTBHE
XUMHUYECKUX PEareHToB, Kojebanus TeMreparypbl. YToObI MpaBUIIBHO U3MEPHUTH TPEOYyEMbIii
00BeM peareHToB, HEOOXOUMO YMETh IIPABIIIBHO 00pAIIaThCsl ¢ MEPHOM MOCY 0.

Mepnvie yununopor. Ciyxat i OTMEPUBAHUS C HEOONBIIONH TOYHOCTHIO 0OBEMOB
xuakocTh. OHU TPENCTaBIsIOT COOOM TOJICTOCTEHHBIE TpaJyHdpOBaHHBIC CTEKIISTHHBIC
WIMHIPHl C MIMPOKOM MOJCTABKOM JIsi MX YCTOMYMBOCTH (pUCYHOK 1, a@). MepHbie
HUJTUHAPBL OBIBAIOT pasznuyHOM eMkocTH — OoT 10 mu go 2 1. OO6beM mpHu rpaayupoBKe
WIMH]IPOB, KaK MPABIIIO, YKA3bIBACTCS B MIJITUJIUTPAX.

W

20°C ml

50

HCI

40

30

20

10 HwXHWIA Kpan MeHucka

~

a — obwul eud; 6 — usmepeHue yposHs
JKUOKOCMU 110 HUXXKHEMY Kpato MeHUCKa PucyHok 2 — Annapam Kunna
(0ns x)xudkocmeli, cMaquearouUx CMekKrio)

PucyHok 1 — MepHbIU yunuHop

Ilpasuna pabomvr. HeoOXOAMMO HAMOIHUTH UUIUHIP JKUIKOCTHIO 70 00bema
HEMHOTO MeHble TpeOyemoro. 3arem, 100aBisis KUAKOCTD MO KaIllsiM, IOBECTH 00BEM 10
HEO0OXOAMMOTO YPOBHSI.

B cnyuae npo3payHoi ®KUAKOCTH YPOBEHb CJEAYyET OTMEPHUBAThH IO HUJNCHEM) Kparo
MEHHCKa, T/ Ha HWIMHAP COOKY Ha ypOBHE MEHHCKA (PUCYHOK 1, 0).

Annapam Kunna. ]1ns nony4eHus ra3oB, UMEIOLUX MaIyl0 pacTBOPUMOCTb B BOJIE,
B XMMHYECKHX JabOopaTopusX IIUPOKO MCHOJIb3yeTcs ammapar (puc. 2), n300peTeHHbIH B
1853 r. romnanackuM xuMukoM u antekapem Ilerepom fAxo6om Kummom u Ha3BaHHBIN B
ero 4yects annaparom Kumma.

[Ipu monyyeHUM yriieKUCIIOro rasa B KoJioy-peaktop (3), BBIHYB BEPXHIOIO BOPOHKY
(2), 3arpyxator kycouku Mpamopa (CaCOs3). Ilocie 3TOro BEpXHIOIO BOPOHKY CTaBST
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oOpaTHO Ha MecTO W 3anuBalOT 4yepe3 Hee cosstHyto kucinory (HCI). B mmkHIOO dYacth
KOJIOBI-peakTopa BCTaBJIEH MOPUCTHIA BKIAABIII (5), KOTOPBIA MpeaoTBpAIAET MOMNalaHue
Mpamopa B HWKHUM pe3zepByap (6). Kpan (4) ciayxuT s BhIycka oOpasylomierocs
yrnekucioro raza (CO). [Ipobka (7) HeoOxoauma Jijisi CiivMBa OTPpaOOTaHHOM KHUCIOTHI, a
NpeOXPaHUTENbHBINA cocy (1) mpemoTBpamiaeT BIX0/l YIIIEKHCIOTo ra3a U MmapoB KUCIOTHI
B arMoc(epy.

IIpu otkpbiToM KpaHe (4) coyiiHasg KHUCJIOTa IOJA JEWCTBHEM CHIIBI TSKECTH
ciauBaeTcs W3 BOpOHKH (2) B pe3epByap (6), a oTTyga 4depe3 y3Kyl 4YacTh ammapara
noctynaer B kos0y (3), re MpOUCXOAUT peaklusi KUCIOTHI ¢ MpaMoOpoM U o0Opasyercs
YTIEKUCIBIN ra3.

Ecmu xpan (4) 3aKpbITh, TO TaBICHHEM BBIIEISIOMIETOCS YIJIEKHCIOTO Ta3a COJsTHAs
KHCIIOTa OyJeT BhITeCHEHA U3 KoJiObl (3) oOpaTHO B pe3epByap (6), a OTTy/1a YaCTUYHO U B
BOpOHKY (2). [TockoabKy KHCIIOTa MOCIIE 3TOTO MOKUIAET 30HY PEaKklliu, TO HOBbIE MOPIIUU
YTJIEKUCIIOTO ra3a 00Jjblie He 00pa3yroTCs.

2.2.2. TexHuKa 0€30MACHOCTH

[Ipu BbIMONHEHUU JAOOPATOPHBIX pabOT CTYAEHT JOKEH YMETh HPaBUIBHO
o0palaTbcst Co CTEKJITHHOM XUMUYECKOH MOoCy 101, co0II0AaTh 0CO0YI0 OCTOPOKHOCTh MIPU
paboTe ¢ TOKCUYHBIMH U €JKUMHU BEILIECTBAMU, 3HATh MEPbI IEPBOW JOBpauYe€OHON OMOIIH.

1. PaboTa co cTekasiHHOW mocyaoil. OCHOBHBIM TPaBMHUPYIOUIUM (HaKTOpOM Mpu
paboTe CcO CTEKISIHHOM XHUMHUYECKOH TIOCYJIOW SIBISIOTCS OCTpble OCKOJIKM CTeKJa,
crocoOHbIEe BbI3BATh MOpe3bl Tena padotatomero. [lo 3Toil mpuunHe cienyer cobioaTh
0CO0YI0 OCTOPOKHOCTh MpPH HMCHOJIb30BaHUU TakoW mocynsl. Eciu ke Bo Bpemsi paOoTh
CTEKJISIHHAs 1I0Cy/1a BCe-TaKH pa30omiiach, TO HEOOXOIUMO MPEIIPUHSATD CIIEAYIOIIUE MEPHI.

M Ilepsas nomows. Tlpu mope3ax pyK WM JPYTHX YacTel Telia CTEKIOM CICIyeT
YAQINTb W3 PaHbl MEJKHE OCKOJIKH, IIOCIE€ 4Yero IpPOMBITh €€ 2%-HBIM pPacTBOPOM
NepMaHraHaTa Kajus WM STUIOBBIM CIIUPTOM (WJIM APYTMM aHTUCENTUKOM), CMa3aTh Kpas
paHbl HOHOM HACTONKON M 3a0MHTOBaTh. HU B KOEM ciyuae He MPOMBIBATH MOPE3 BOJIOH!
[Tpu monagaHuM OCKOJIKOB CTEKJIA B IJla3a U B CIy4asiX TSKENbIX paHeHUH (0COOEHHO mpu
nope3ax apTepuil) nmocjie okazaHusl IEpBOM MOMOILY HEMEJIEHHO BhI3BAaTh Bpaya.

[Tpu yb6opke pabodero mMecta OCKOJIKM Pa3OUTON MOCYAbl BO W30€kKaHHUE TOPE30B
HEeJb3s1 COOUPATh TOJILIMU PyKaMH, HY’KHO MCIIOJIb30BATh IETKY U COBOK.

2. Tokcuyeckue CBOMCTBA COCIMHEHMH, MCIOJb3YyeMbIX B JIaDOpPaTOPHBIX
padoTax M Mepbl HEOTJI0KHOM MOMOIIY NPH NOPAKEHUU HMH.

Conanan kucaroma (HCIl). IlpencraBiser omacHOCTh (BBI3BIBACT  CHUJIBHBIC
XUMHUYECKHE 0KOTH) KaK MpU BHEUTHEM BO3ACHCTBUM, TaK U MPH MOMAJaHUU BOBHYTPb.

Cepnaa kucnoma (H2SO4). IlpencraBnsieT omacHOCTh (BBI3BIBAET CUJIBHBIE
XMMHUYECKHE 0KOTH) KaK IIPU BHEIIHEM BO3/I€UCTBUH, TAaK U IIPH M1ONIAJaHUN BOBHYTPb.

M [Ilepsas nomows. Tlpu TONMaIaHUK KHCIOTHI HA KOXKY MECTO TOPaXKEHHS
HEMEJIEHHO TIPOMBITh OOJBIIUM KOJIUYECTBOM BOJIbl, MPOAOIKUTEILHOCTh OOMBIBaHus 10-
15 mMunyT. 3aTemM nopaxeHHoe MecTo 00padoTaTh 2%-HbIM pacTBOPOM MUTHEBOM conbl. B
clly4yae TMOpakeHUs Ii1a3 — OOWJIBHO MPOMBITH Bojaod B Teuenue 10-15 munyt. Ilpum
NOMAJaHUK KHUCJIOTHl BOBHYTPh — OOWIBHOE MHTHE, BbI3BaTh pBOTY. OOpaTHTHCS 3a
MOMOLUIBIO0 B METUIIUHCKOE YUPEKJICHHUE.

T'uopoxcuo nampus (NaOH). Ilpu nomananuy Ha KOXY, CIM3HCTHIE OOOJIOYKH H,
0COOEHHO, B TJ1a3a LIEJI0YH U €€ PAaCTBOPOB BO3HUKAIOT CHJIBHBIE XUMUYECKUE OKOTH.

M Ilepeas nomoww. Tlpu monagaHuM Ha KOKY PacTBOPOB MLIEJIOYH HEOOXOIUMO
OBICTPO MPOMBITH MOPAKEHHOE MECTO OOJIBIINM KOJIMYECTBOM BOJbI B TeueHue 10-15 muH.
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3areM Ha 000XKEHHOE MECTO IMOJIOKUTH MPUMOUYKY 2%-T0 pacTBOpa YKCYCHOW KHCIIOTHI.
[Tpu nmomamanuu pacTBOPOB B Tla3a — HEMEJICHHO HHTEHCUBHO TIPOMBITh BOJIOW B TCUCHHUE
JUIUTETTLHOTO BPEMEHH.

Xpomamut u ouxpomamut. Xpomam kanusa (KoCrO4). Juxpomam kanua (K2Cr207).
[Ipy mnomanaHuu KOHIIEHTPUPOBAHHBIX PACTBOPOB HAa KOXKY, CIU3HUCTBIE OOOJOYKU W,
0COOEHHO, B TJ1a3a BBI3BIBAIOT XUMHUYeckue 0xoru. [lomumo storo coeaunenust xpoma (VI)
00TaaloT KaHIEPOTEHHBIM JCWCTBUEM, IOPAXKAIOT I[EHTPATBHYI0 HEPBHYIO CHCTEMY,
OKa3bIBAIOT MMOBPEKIAIOIIEE ICHCTBHE HA PEIPOIYKTHBHBIC OPTaHBI.

M Ilepsas nomows. Tlpu monagaHuu Ha KOXKY PacTBOPOB HEOOXOIMMO OBICTPO
IPOMBITh TOPAKEHHOE MECTO OOJBIINM KOJMYECTBOM BOJbI B TeueHue 10-15 mun. 3atem
Ha OOO0XJKEHHOE MECTO TMOJIOXKHUTh MOBSA3KY C HeWTpanbHOW Maspto. [lpum momananuun
pPacTBOpPOB B Ijla3a — HEMEIJICHHO WHTEHCUBHO MPOMBITH BOJOH B TEUEHHUE JITUTEIHHOTO
BpeMeHH, 3akamnath 30 % pacTBop anpOyuaa.

Coeounenusn ceunuya. Auemam ceunya (Pb(CH3;COO),). Humpam ceunua
(Pb(NOs)2). CoeaunHenusi CBUHLA MOPaXalOT PENPOAYKTHBHBIE OpraHbl, OpIaHbI
KPOBETBOPEHHUS,  3aMEIIAIOT KalbI[Mii B KOCTHBIX TKaHSIX, YTHETAIOT UEHTPAIbHYIO
HEPBHYIO CHCTeMy. MX TIJIaBHas OITACHOCTh COCTOMT B TOM, 4YTO OHH CIIOCOOHBI
HaKaIUIMBaThCA B OPraHu3Me, T.€. 00J1aJal0T KyMYyJISTUBHBIM 3G ()EKTOM.

M Ilepsas nomoww. llpum TOMagaHWK BOBHYTPh OpraHHU3Ma  HEOOXOIUMO
HEMEJIEHHO MPUHATH BOBHYTPh 10 % BOJIHBIN pacTBOp cynbdaTa MarHusi.

2.3. Ilpumepsl penieHUs TUNOBBIX 32124

#l1pakTuueckunPasaen

2.3.1. Xumuyeckasi CTeXHOMETPHUS

3aodaua 1. ITpu pactBopenuu 10 r okcuga IByXBaJICHTHOIO METAJIJIa B CEPHOM KUCIIOTE
nonyuyeHo 30 r ero cynedara. OmnpenenuTe, KakoW 5TO MeETall, M PACCUATANUTE €ro
SKBUBAJICHTHYIO Maccy.

Pewenue. DKBUBAIICHTHAS Macca CIOKHOTO BEILIECTBA paBHA CyMME SKBHUBAJICHTHBIX
Macc ero cocrtapisitomux. [103ToMy 3KBHUBaJeHTHAss Macca OKCHIAa MeTajsla paBHa CyMMe
AKBUBAJICHTHBIX MACC MeTaslla U KUCIOpOo/a:

Mp»(okcun) = Ma(metamn) + Ma(kuciaopon).

O06o03HauUM DSKBUBAJICHTHYID MacCcy MeTajjia 4epe3 X, OSKBHUBAJICHTHas Macca

KHCIIOpO/1a paBHa 8 I/MOJIb, TOT/A!
Mp»(okeun) = x + 8.

OKBUBAJICHTHAasT Macca cyibdaTa MeTaula paBHa CYMME SKBHUBAJICHTHBIX Mace

MeTasuia U KUCJIOTHOTO OCTaTKa:
Mb»(cynbdat) = Ma(Mertamt) + Mo (KUCIOTHBIH OCTaTOK).
DOKBUBAJICHTHAs Macca KUCIOTHOTO OCTaTKa paBHa:

M SO
M (SO )= r{ ) %6 _ =48 r/monb .
2 2

z(H")
Tornma:
Ms(cynbgar) = x + 48.
3anuiieM 3aKOH 3KBHUBAJICHTOB MPUMEHUTENBHO K JAHHOW PEaKIMH M TOACTaBUM
WCXO/IHbIC JTAHHBIC B ITOJTYYCHHBIC BBIPAKCHHUS:
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m(okcua) _ m(cynbdar) _— 10 _ 30 .
Mg (okenag) Mg (cynbdar) Xx+8 x+48
Pemrast momydyeHHoe ypaBHEHHE, MMOTYYUM 3HaUYE€HHE SKBUBAJICHTHOM MAaCChl METAJLJIA!
Mp»(metamn) = 12 r/mModb.
[TockonbKy MeTasu1 ABYXBaJICHTHBIM, TO €r0 aTOMHAs Macca paBHA
Ar=2-12=24.
C nmoMomipio MepruoIMYECcKOi TabIUIbI HAXOUM, YTO UCKOMBIM 3JIEMEHT, UMEIOIIHA
OTHOCHUTEJIbHYIO aTOMHYIO Maccy 24, — mazHui.

3adaua 2. PaccunTtaiiTe SKBHUBAJEHTHYIO MAacCy MeETaJljia, €CIM WU3BECTHO, YTO MPHU
pPacTBOpPEHUU S5 T 3TOr0 MeTajlla B KUCIIOTE BbiAenseTcs 1 1 Bogopoaa (H.y.). Onpenenure,
KaKoM 3TO MeTaJll.
Pewenue. 3anuiieM 3aKOH SKBUBAJIICHTOB IPUMEHHUTEIBHO K IAaHHON peaKIuu:
m(metann)  V(Bogopon)
Mg (meTann) Vs (Bomopoa) |

O603HauMM SKBUBAJICHTHYIO Maccy Mmetaiuia depe3 X. [logcTaBum B MONMy4YEeHHYIO
dbopmyny UCXOAHBIE JAHHBIE, a TAK)KE YUTEM, YTO SKBUBAJICHTHBIM 00HbEM BOJOPO/A PaBEH

11.2 n/mMonb:
5 1

x 11.2°

Pemas monydyeHHoe ypaBHEHHE, MOJTYYUM 3HAUYECHHWE SKBUBAJICHTHOW MAacChl HTOTO
MeTaa:

Mps(metamn) = 56 r/Moub.

BaneHTHOCTh MeTaslIa HEU3BECTHA, TTOATOMY PEIICHUE 33a]]aul HY>KHO HCKAaTh METOJIOM
nojoopa. BaJeHTHOCTh MOXKET MTPUHUMATD TOJIBKO IIEJIBIE MTOJIOKUTEIBHBIC 3HAYCHUS OT 1 110
8, OJIHAKO MPH MPOBEPKE Mbl OTPAHUYUMCS TOJBKO 3HaYeHUsIMH 1, 2, 3, 4. (Ecau donycmume,
Umo Memasl umeem GAIeHMHOCMb 5, MO €20 OMHOCUMENbHAS amOoMHAs macca Ovlia Obl
56-5=280, umo b6onvute, yem y cex uzsecmuwix Inemenmos llepuoouueckou maobiuywl.)

Pesynbrar monpbopa opopMum B BUIE TAOIHIIBI:

BanenTHOCTE 1 2 3 4
AToMHasa Macca 56-1 =56 562 =112 56-3 =168 56-4 =224
DjeMeHT Fe Cd — -

DOIIEMEHTOB, HWMEIOUIUX OTHOCUTEIBHYK) AaTOMHYK Maccy 168 wu 224, B
[lepuonnyeckoir Tabmuine Her. JKeme3o Takke HE MOXET OBbITh HMCKOMBIM METaJlIOM,
MOCKOJIbKY €ro BaJeHTHOCTh HUKOTJa He ObiBaeT paBHOW 1. BameHTHOCTBH e KaaMusi BO
BCEX COeNMHEHUs X paBHa 2. Kpome TOro, kagMuid B 3JIEKTPOXMMHYECKOM DAY
HaIIpSDKEHUW CTOUT [0 BOAOPOAA M JIETKO PAaCTBOPAETCS B KHUCJIOTAX C BBIJIEICHUEM
BoJopoaa. [1o3ToMy HCKOMBIN MeTall — KaJIMHU M.

2.3.2. XumMu4eckasi TepMOJIMHAMHKA

3aoaua 1. PaccunraiiTe cTaHAAPTHYIO SHTAIBINIO 00pa3oBaHus okcuzaa cypbmsl (111)
(Sb203(1s)) HA OCHOBAHUY CIICTYIOIINX JAHHBIX:

Sb203(1s) + 3H2(r) = 2Sbs) + 3 H2O( °p1 =+ 691,7 x]JIx,

2Ha ) + 02r.) = 2H20(r) AH®p> = —483,6 k]I x.
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Pewienue: CornacHO ypaBHEHHIO CTaHAApTHAs SHTAIBIHS 00pazoBaHUS SbrOj3(ms)
OyneT paBHa TerIoBoMY 3P PeKTy peakiuu:

2Sbs) + 3/202 () = Sb203 (1s) AH®p3 = Af H298 (Sb2O3 (1s)).

B cootBeTcTBUM C 3akoHOM ['ecca TEPMOXUMHUYECKHUE YpPAaBHEHHS MOXKHO CYM-
MHUPOBATh, BEIYUTATh U YMHOXKAaTh Ha MOCTOSHHOE YHCJIO Kak anreOpamdeckue. To ecTh,
HE0OXO0IMMO TaKMM 00pa3oM CKOMOMHHMPOBATh ypaBHeHUs peakiuii (1) u (2), 9To0sI ociie
MPUBEICHUS MOJJOOHBIX YWICHOB B UTOI'E OCTAIIOCHh HE0OX0auMoe ypaBHeHue (3).

B ypaBnenuu (1) npunumarot ydactue Sb2O3rs)y U Sbgm), OAHAKO, B OTIUYHE OT
peakuu (3) okcun cypbMsbl (I1I) siBsleTcss HCXOQHBIM BEIIECTBOM, a CypbMa -IIPOAYKTOM
peakiuu. [loatomy ypaBHenue (1) Hy)KHO yMHOXHTh Ha -1. B peakmmm (2), cormacHo
yYpaBHEHUIO, TPUHUMAET ydacTue | MOJb KHCIOpOAa, HO TOCKOJNbKY B peakmuu (3)
TpeOyeTcs 3/2 MoJIb KUCIOPOJa, TO YpaBHEHHE peaklny (2) HE0OXOAUMO YMHOKHUTD Ha 3/2.
Cnoxxum mipeobpaszoBanubie ypaBHeHUs (1) 1 (2): Sb2O3s) - 3H2 () + 3/2-2Hor) + 3/2021) =
- 2Sbs) - 3H20() + 3/2 2H20(n,

3Har) + 3/202 (1) + 2Sbesy + 3H20 () = 3H20() + 3H2r) + SboO3(s).

[TpuBenem mog00HbBIE YICHBI:

2Sbs) + 3/2021r) = SbaO3(1w).

[Tockonpky mocne Bcex MNpeoOpa3oBaHMI B HTOrE MONYYWIOCH ypaBHeHHEe (3),
MOJKHO 3aITCaTh:

At H®98 (Sb203 () = AHp3 = -AHp1 + 3/2AH 2
Ar H°298 (Sb203 (1s) ) = -691,7 + 3/2(-483,6) = -1417,1 /I x

3aoaua 2. Paccuuraiite TemnoBoi 3pPexT XUMHIECKON peaKIuu:
4NH3 ()t 502 ) = 4NO) + 6H20(r)
[0 CTaHJAPTHBIM SHTAJIBIIUAM 00pa30BAHUS BEILIECTB.
Pewenue: CornacHo cleICTBUIO U3 3aKoHa ['ecca TeruioBoil 3PpdexT XxuMuuecKon
peaKIu onpeaesnseTcs no Gopmyne:

AH®398x p. =Y (0 *A t H®298) npoodykmog peaxyuu —y, (n -A r H®208) ucxoomnwvix sewecms
/1€ 11 - CTeXMOMETpHUECKUE KOIPPUIIUEHTHI, C KOTOPHIMU UCXOJIHBIE BEIIECTBA U MTPOTYKTHI
peaxkiuy BXOAAT B TEPMOXUMHUYECKoe ypaBHeHue. [lepenumiem 31ty hopmymny nis qJaHHOU
peaKIuu:

AH 398 p. =(4:A t H%298 (NO(r)) + 6A t H®208 (H2Or) ) —
— (4A £ H®29s (NH3(r)) — S5A £ H®95 (O2(r)).
[TockonbKy cTaHAapTHAS SHTANBIHS 00pa30BaHUs MPOCTHIX BellecTB paBHa (), TO
At H®98 (O2r))= 0, TOT11a:
AH 298 p= (4'At H®9s (NOq)) + 6A ¢ H®95 (H2O(r)) — (4A £ H208 (NH3(r))
CraHgapTHBIE PHTAIBIHMKA OOPAa30BaHUS CIIOXKHBIX BEIIECTB HaiijleM B Tabmuie W
MOJICTaBHM B IOJIy4EHHYIO (POpMYITy:
AH®98 x p. p = 4mo1b-90,3 kJ[x/mMonb + 6Monb(-241,8) kJ[x/MoIb —
— 4momb (-46,0) xx/monb = - 905,6 kJIx.
CranpapTHas SHTanbIMs 00pazoBaHus BemecTBa (A f H°298) MUMEET pa3MEPHOCTb
k/:x/Moab.
W3meHenne sHTabNuu XuMudeckoi peakunu (AH s x p.) IMeeT pa3MepHOCTh KIIK.

2.3.3. XuMnuecKkass KHHETUKA

Ilpumep 1. Kak HU3MEHHUTCS CKOPOCTb peaklMH OKHciIeHHs okcuaa aszora (II)
KHCIIOPOIOM BO3TyXa:
2NO2) + O2¢r) = 2NO2r)
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IpU yBEJIWYEHUM KOHIeHTpauuu okcuaa azota (II) B 3 paza? Ilpu yBennueHuun
JIaBJICHUs B cCUCTEME B 2 pa3a?

Pewienue:

1) OnpenenuM W3MEHEHHE CKOPOCTH PEaKIUU MPU yBEIUYCHUH KOHIICHTpAIUU
okcuga azora (II). Jlms »sToro corizacHO 3aKkOHy JEWCTBYIOIIMX MAacc 3alUIleM
KMHETUYECKOE YpaBHEHUEIAHHON PEAKIIUU I UCXOJHBIX KOHIICHTPALIA:

Vuex = k[NOJ*[02].

O6o03HauuM HCXOAHYIO KOHIEHTpanuio okcujga azora (II) kxak [NO], Ttorma
KoHIIeHTpanus okcuza azota (I1) mocie yBenmuuenus B 3 pasza O6yaet 3[NO], a KuHeTUYECKOoe
ypaBHEHHE VISl CKOPOCTH PEaKIMU MPUMET BUJ:

Vucx = k (3[NO])?[02] = 9k[NOJ*[02] = 9 -Vucx

T.e. CKOpPOCTh peakIMU MpU YBEIWYEHUH KOHIIEHTpALMM OKCHJa a3oTa B 3 pasa
yBEIUUUTCS B 9 pas.

2) OmpenenymM HM3MEHEHHE CKOPOCTH PEAKIMU TPH YBEIWYEHUU JaBJICHUS B
cucteme B 2 pasa. [lockonbKy pearupyroliye BEIIeCTBa - ra3bl, KHHETUYECKOE YpaBHEHUE
JUISET  UCXOAHBIX KOHIIEHTpAIlMi MOKHO 3amucarh 4epe3 MapluajbHble JIaBlICHUS
KOMITOHEHTOB:

Vucx = kpy (pNO)? pOo.

O0603HauUM KCXOJHBIC MaplUaTbHBIC JaBiaeHus okcuaa a3zota (II) u kucnopoma kak
pno ¥ pOs. Tlockonbky MOBBIIIIEHHE OOIIETO JaBlIEHUSI B CUCTEME B 2 pa3a paBHOCHIBHO
NOBBILIEHUIO MapIHAIbHOIO AABJICHHUS KaXKIO0r0 KOMIIOHEHTa B 2 pasa, NaplualbHbIE
naBieHus okcuma azota (I1) u kucmoposa mocsie MOBBIMICHUS 1aBICHHUS MOXKHO 0003HAUYUTH
Kak 2pNo ¥ 2po2 , TOTa:

VkoH = kp (2 pNO)* (2 pO2) = 8 ky (pNO)* pO2 = 8 Vucx

T.e. cKOpOCTb peakluy MpHU YBEJIIMUYEHUH JIABJICHUS B CHCTEME B 2 pa3a yBEJIUYUTCS B

8 pas.

Ilpumep 2. PaccuutaiiTe, KaKk U3MEHHUTCS CKOPOCTh XUMHYECKOW pEaKkUuu IpU
yBenuueHuu temneparypsl Ha 40°C, ecnu TemioBoil ko3 duimeHT pasex 3.27

Pewenue:

Jliis penienus 3a1auu Bocnoabzyemcs npasmwioM Baut-I'odda:

(Vz / Vi ) =y (t2-t1/10)
[Tockonbky Temnepatypa yBenuuunach Ha 40°C, o t2 — t11 = 40, Torna:
(V2/ Vi) =3.20010=324=104.8576 = 105.

T.e. mpu noBbeiieHn TeMnepaTtypbl Ha 40°C CKOPOCTh peakiuy yBEIMUYUBACTCS B

105 pas.

IlIpumep 3. PaccunTaiiTe, KOHCTAaHTY PaBHOBECHS XMMUUYECKOU pEeaKIuu:
3 Ha@) + Nogy = 2NHs
€CJIM UCXOJIHAs KOHIIEHTPAIMs BOJOPOJIa COCTABIISIET 7 MOJIB/JI, 2 paBHOBECHBIE KOHIICHTpA-
[IUU 230Ta U aMMHAKa COCTABJISIOT 2.5 MOJIb/T ¥ 4 MOJIb/JT COOTBETCTBEHHO.

Pewenue:
3anuiieM BbIpakKeHHUE AJIsI KOHCTAHThl PABHOBECHS JJAHHOM pEeaKIUu:
K= [NH3]* /([H2]’[N2]
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s naxoxaenus K B janHoe ypaBHEHHE HEOOXOIUMO MOACTaBUTh 3HAYEHUSI PAaBHO-
BECHBIX KOHLIEHTPALIMK BCEX KOMIIOHEHTOB, OJJHAKO PABHOBECHAS KOHLIEHTPALM BOAOPOAA
HensBecTHA. [IoaToMy HEOOX0IMMO HAWTH ee 3HAUYCHHE:

[IpencraBum Bce UMEIOIIMECS JaHHBIC B BUJIE TAOIHIIBI:

Konnentpamus BemecTBo
Bonopon H» A3zot N» Ammvuak NH3

Hcxonuas 7 -
(B Havase
pPEaKIINN)

PacxonoBaiocn -
B pe3yJbTaTe (paccuumanu u3
peaKIu nponopyuu)

PaBHOBeCcHas 2.5 4
(B MOMEHT -6=1
paBHOBECHSI)

HOCKOHBKy aMMHaK 06pa3yeTcsi TOJIBKO B pE3YyJIbTATC B3aUMOICUCTBUS BOJOpOJa U
a30Ta, 3HaA PaBHOBCCHYIO KOHIOCHTPAIHUIO NH3 no YPaBHCHHUIO PCAKIITHUH MOKHO
pacCcuuTaTh, CKOJIBKO BOOAOPOAA pacxX0od0BaJIOCh Ha €ro 06pa30BaHI/IeZ

X MOJIb 4 MOJIb
3H2(r) + N2(r) = 2NH3(1) ,
3 MOJIb 2 MOJIb

Orcrona:
x=(3-4) /2 =6 monb.

Takxum 0Opa3om, B X0/1€ peaklui pacxo0Bajgoch 6 MOJIb/T BOJIOPOIA.

[TockoybKy MCXO/THAS KOHIIEHTPAIHS BOJIOPOa paBHA 7 MOJIB/JI U3 KOTOPBIX
6 MOJIB/T IPOpPEarupoBalio, TO B CHCTEME ocTayicsi 1| MOJIb/1 Bojgopoia. 1o U Oynet
paBHOBECHAs! KOHIIEHTPAIIUS STOTO rasa.

[TogcTaBuM 3HAUYCHHS PABHOBECHBIX KOHIICHTPAIMHA B BBIPAXKCHHUE JJISI KOHCTAHTHI
paBHOBECHS:

K= [NH:]* /([H2)’[N2]) = 4%/ (1°-2,5)=6,4
KoHncranra paBHOBecus peakuuu paBHa 6,4.

2.3.4. PacTtBOpHBI

Ilpumep 1. Paccuutaiite Maccy cynbdara Kaaus U 00beM BOABI HEOOXOIUMBIN st
npurorosieHus 50 rpamm 5% pactBopa.

Pewenue:

1. Onpenenum maccy conu. B 100 rpammax pactBopa COAEPKUTCSA S rpaMM COJIY, a B
50 rpammax - x rpamm. Orcrona x=(50-5)/100=2.5 r.

2. OnpenenuMm o0BbeM BOZbI. Macca BOJIbI B paCTBOPE paBHA:

Mp-ng = Myp-pa = Myp. p-sa = 50-2.5=475r.
Heo6xoaumeblii 00beM BOJIBI PaBEH:
V=m/p=475r1:1 r/™mn =47.5 M.

Ilpumep 2. Paccuuraiite o0bemM 12% pactBopa (ochopHOil KHUCTOTHI, MIOTHOCTHIO
1.065 1/mi1, HeoOxoauMbIit s mpurotoBieHust 100 M 0.5H pacTBOpa 3TOTO BEIIECTBA.
Pewenue:
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1. OnpenenuM Maccy YUCTOM KHCIOTHI, COJAEpXKallelcs B IMPUTOTOBISIEMOM
pactBope. Umucno 3kBUBaIEHTOB (HOCHOPHON KHUCIOTHI (Nspp-pa) B MOTYHAEMOM PaCTBOpPE
HAXOJUM 1o popmyIe:

N5 pe-sa = Cu Vppa = 0,5 Monb-3kB/71 - 0.1 1= 0.05 MOIB-3KB.

Paccuntaem MOJsIpHYIO Maccy KUCIOTHI:

M(H3P04) = 98 r/momnb

[Tockonbky (ochopHass KuciaoTa TPEXOCHOBHAs (B HEW 3 aromMa BOAOPOJA), TO €€
HKBHMBAJIEHTHAs1 Macca COCTABIISET:

Om(H3P04) =M /3 =98/3 = 32.7 r/m01b 3KB.

Taxum oOpa3om, Mmacca yucToit hochopHOI KUCTOTHI paBHA:

m= 1N, O

m = 0.05 mosb-3kB-32.7 r/MOnB-3kB= 1.635 T.

2. Onpenenum Maccy ucxoaHoro pactsopa. B 100 rpamMmmax uCcXoaHOTO pacTBopa co-
JepKUTCs 12 rpaMm 4MCTON KUCIIOTHI, B X TpaMMax pacTBopa - 1.64 rpaMm KHCIIOTHI.

Orcrona: x-(100- 1.64)/ 12- 13.7 r.

3Hasi Maccy UCXOJHOTO pacTBOpa, onpeaenum Tpedyemsrii oobem: V=m/p=13.7:
1.065 r/mn = 12.9 mu.

Ilpumep 3. Paccunraiite MOJSIPHYIO U MOJISUIBHYIO KOHLIEHTPAIMIO, MACCOBYIO U MO-
aspHyto Joito 9 pactBopa docdopuoit kuciotel (H3P0s), ummeromero mioTHOCTH
1.150 r/cm?’.

Pewenue:

1. Omnpenenum MoOISIpHYIO KOHIIeHTpanuio. B 1 nurtpe manHoro pactBopa co-
nepxkutcst 9 sxBuBaneHToB GochopHoit kuciaoTel. DxBuBaneHT H3P04 coctaBusier 1/3 mons
(3= 1/ocHoBHOCTB KHCJIOTHI). CocTaBiIsieM MPOHOPIIUIO:

1 SKBUBaJICHT 1/3 mons
0 5KBUBAJICHTOB X MoOJiei

Orcrona x - 3 Moy, T.e. CM = 3 MOJIB/JI.

2. Onpenenum MacCOBYIO JOJIHO.

Haiinem monsipayto maccy kucinotsl: M(H3P04) = 98 r/mounb.

Haiinem maccy 1 nurpa pactBopa: mp.pa~ V-p = 1.150 r/em® -1000 cm*>=1150 1.

Macca 4ucToi KUCIOTHI B | IUTpe pacTBOpa paBHA:

Mpssa = CM-M = 98 r/mMmonb-3 Monb= 294 r/n. CocTaBiiseM NponopIHio:

B 1150 r pactBopa copepxurcst 294 r unctoil kucnotsl, B 100 T pactBopa — y
rpamm 4rcToi Kuciaotel. Otcronay - (100 ¢ 294) / 1150 =25.6 1,

T.. C=25.6 %.

3. OnpenenuM MOJISUIbHYIO KOHIIEHTPALIMIO PacTBOPA.

B 100 r pactBopa conepxutcs 25.6 r yuctoit kuciaotsl u 100 - 25.6 = 74.4 1. BoIbI.

CocraBinisieM IpOIOPIHIO:

Ha 74.4 r Bonbl npuxoautcst 25.6 © uynuctoid kuciotsl, Ha 1000 T Boabl — z rpamMm
gucToi kuciaotel. Orcroma z = (1000-25.6) / 74.4 - 344 1.

Haiinem uncno mMosel KUCIOTHI, MPUXOASAIINXCS Ha KUJIOTPAMM PAaCTBOPUTEIIS:

Npe-sa =M/ M =344 1 : 98 r/Mm0onp=3.51 MOIB,
T.e. CM=3.51 MOJB/KT.

4. OnpenenuM MOJISIPHYIO A0TI0 POchHOPHOM KHCIOTHI.

Haiinem monsipayto maccy Boasl: M(H20) = 18 r/monb.

Hatinem ckoibpK0 MOJIed BOIBI COCTABIISIIOT | KT

Np-ix =m /M =1000 r: 18 r/Mm0onp=55.56 MoIB
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ITockonbky B 1kr Boasl (55.56 monsx) pactBopeHO 3.51 MOJb KHCIOTHI, HalJaeM
MOJIIPHYIO JIOJIFO KACJIOTBI:
N(H3PO4) = np,B-Ba / (np,B-Ba + np-_rm) = 3.51/(3.51+55.6): 0,059

2.3.5. Daexkrpoxumus. XuMu4eckue HCTOUYHUKHA TOKA

3apaua. Paccuuraiite D/IC 1 cocTaBbTe CXeMy raJiIbBAHUYECKOTO 3JIEMEHTa, COCTOS -
MIET0 M3 IUHKOBOTO 3JIEKTpoja, norpyxeHHoro B 0.5M pactBop xiopuaa nuunka (ZnCl) u
HUKEJIEBOTO 3JIeKTpoja, norpyxkennoro B 0.01 M pactBop cynbdara nukens (NiSOs). 3anu-
IIMTE YPaBHEHUS 3JIEKTPOIHBIX MTPOLIECCOB U TOKOOOPA3yIOIIEl peaKkuu.

Pemenue:

1) Paccuntaem 31eKTpOJHBIN MOTEHIIMAN IIUHKOBOTO 3MeKkTpoaa. [Ipu nuccomnmarmu
1 Monb xy10pUIa MHKa 06pasyercs 1 Mob HOHOB nuHKa (Zn?h):

ZnClL, = Zn** +2CI-
[TosTOMY KOHIIEHTpAlMsl MIOHOB IIMHKA paBHA KOHLUEHTPALUU XJIOPUIA [IUHKA:
[Zn*"] = [ZnCL] = 0.5M.
3anuiiem ypaBHeHHEe HepHcTa 11 METaINIMYECKOTro JJIEKTPOIa:
0,059
E (Me™ /Me)=E° (Me"" /Me)+ n  Ig[Me™ ].

[ToxcraBum B ypaBHeHHe HepHcTa cTaHIapTHBINA AJIEKTPOIHBIA MOTEHIUAT IMHKA
(cM. cripaBOYH.TA0IMITY) U KOHIICHTPAIMIO HOHOB IIMHKA. [loCKONIBKY MOH IIMHKA -
JIBYX3apsiIHbIH, TO n=2.

E (Zn*"/Zn) = -0.763 + 0.059:2-1g(0.5) = -0.763 + 0.059:2(-0.3) = - 0.772 B.

2) Paccyxnas aHanoru4HsIM 00pa3oM, pacCUYUTaeM MOTEHIUAI HUKEJIEBOIO

AIEKTpOJIa:
NiSOs =Ni** + SO4*, [Ni**] = [NiS04] = 0.01 M, E(Ni*/Ni) = -0.234 +0.059:21g(0.01) = -0.234 +
0.059:2-(-2) =- 0.293 B.

3) [lockonbKy MOTEHIMAN LIMHKOBOTO 3JIEKTPOJia MEHbIIE MOTEHLIMAala HUKEIEBOrO,
TO IMHKOBBIM 3JIEKTPOJ B JAHHOM TaJIbBAHWUUYECKOM 3JIEMEHTE 3apsKEH OTPULATEIbHO U
BBITIONIHSET  (PyHKIMIO aHoja. HukeneBbIi  97EKTpOJ  COOTBETCTBEHHO  MMEET
MIOJIOKUTEIBHBIN 3apsi/] U SBISCTCS KATOJAOM:

E(Zn**/Zn) < E(Ni*'/Ni)

— +
aHO KaTton
OKHCJICHUEC BOCCTAHOBJICHHUC

4) B xone paboThl rajlbBaHMYECKOTO 3JEMEHTa Ha aHOJE MPOUCXOTUT OKHUCICHHE
(pacTBOpeHHE METAUTMYECKOrO IMHKA), a Ha KaToAe HIET MpPOIeCC BOCCTAHOBICHHUS
(BOCCTaHOBJICHHE NOHOB HHUKEJIS). 3aIUIIIEM YPaBHEHHSI SJIEKTPOIHBIX TPOIIECCOB:

(A)Zn-2e-=7Zn*" okucneHue
(K)Ni?" +2e-=Ni  BOCCTAHOBJICHHE

Zn-2e-+NiZ" +2e-=7Zn*" +Ni
Zn+Ni*" =Zn** + Ni

JUis  3amMcM  CyMMapHOTO — YPaBHEHHS  TOKOOOpasylomield  peakuud  Mbl
BOCIIOJIB30BAJICh METOAOM DIIEKTPOHOTO OanaHca. [I0CKONbKY B MOTypeaKIii OKUCICHHUS
aTOM IIMHKA TepseT JBa JJIEKTPOHA, a B IMOJypEaKlMd BOCCTAHOBICHHUS HMOH HHKEIsS
NPUCOETMHSIET TOXKE JBa JICKTPOHA, IJIs OJTyUEHHs YPaBHEHHUSI TOKOOOpa3yrolel peakiuu
JOCTATOYHO CJIOKUTH TpPaBbleé W JIEBBIE YaCTH YpPaBHEHHHM MONYypeakIWid W TMPHBECTU
MOJO0OHBIE YJIEHBI.
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5) CocTaBuM cxeMy JTaHHOTO TJIbBAHMYECKOTO 3JIEMEHTA, HA4aB €e 3aIllich OT aHOJa
K KaToy 1 0003HAYUB I'PaHUILy pa3jieia JIByMs BEpTUKAIbHBIMH YEPTAMH:
Zn|Zn**|Ni*"|Ni WIIH Zn|ZnCI|[NiSO4/Ni.
6) Paccuntaem DJIC. [l1s1 3TOTO M3 MMOTEHITMAIA KaTo/1a BEIYTEM MTOTCHITMA aHOa!
AE = Ey - Ea = E(N#*"/Ni) - E(Zn?**/Zn) = -0.293 - (-0.772) = 0.479 B.
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3.1. KoHTpoJibHbBIE 32/1a4M /ISl TEKyLIeld aTTecTaluu
XuMnueckasi CTeXuoMeTpust

1. 3anumuTe ypaBHEHHS peaKlUii, HEOOXOIUMBIX JIJIsi OCYIIECTBICHUS CIEAYIOIINX
IICIIOYECK HpeBpameHHﬁ. HazsoBure HNCXOIHBIC BCUICCTBA U IMIPOAYKTHI pCaKIIUU.

1.1. S - SOz — SO3; = H2S04 — NaxSO4

1.2. Ba » BaO — Ba(OH)> — BaCl, — BaSO4

1.3. Si — S102 — NazS103 — H2S103 — K2Si0s3

14.7Zn —» ZnO — K2ZnO2 — ZnCl, — Zn(OH)>

1.5. P —» P>,O3 — P>,Os5 — H3PO4 — Na;HPO4

1.6. Fe > FeS — FeCl, — Fe(OH), — Fe(OH)3

1.7. S - SO; - H>SO3 - KHSO3; — K»SOs

1.8. Li —» Li2O — Li,CO3 — LiNO3 — LiF

2. Hazosure comu, (pOpMyJbl KOTOPBIX MPUBEICHBI HUXKE. [IpUBEINTE BO3MOKHBIE
pEeaKIMK MOTyYCHHS JaHHBIX COJICH.

2.1.KCl 2.8. Rb;PO4 2.15. KMnOq4 2.22. SnBr,
2.2. NaNO3 2.9. NiF; 2.16. Li2SOs 2.23. AL(SO4)s3
2.3. AgBr 2.10. AICI; 2.17. Ca(Cl0s), 2.24. KNO;
2.4. BaCO; 2.11. MnSO;4 2.18. FeS 2.25. BaCOs
2.5. CuSO, 2.12. K5Si0s 2.19. Na,COs 2.26. CoCl,
2.6. Cd(NOs), 2.13. NasS 2.20. ZnSO4 2.27. K1

2.7. K2SOq4 2.14.Mgy(POs),  2.21.BaSOs 2.28. PbS

3. Onpenenure MacCOBYIO JOJIIO a30Ta B cieayromux coeanHeHusix: N2O, NO, N>Os,
NO2, N2Os. JlaiiTe Ha3BaHUS ATUM BEIICCTBAM.

4. PaccuuTaiiTe Maccy (B a.€.M. U KI') CJIEIYIOIIUX MOJIEKYJI

Haz, Oz, F2, H2SO4, H3PO4, CH3COOH, C12H22011
5. PaccuuTaiite Maccy (B a.e.M. M KT') CeAyIOMUX (GOPMYITBHBIX €UHUI]
LiF, Ca(OH)2, AgNOs3, Pbl>, NH4Cl
6.1. J{na peakuuun
4NH3 + 502 =4NO + 6H20
3a0JIHUTE MPOMYCKU B COOTHOILICHUSIX

a) moJeii: 4 monb + ... = ... +...

0) rpaMMoB: 68 T+ ... = ... +...

B) MOJIEKYI: 24.08-10%° + ... = ... +...
r) atoMoB: 96.32:103 + ... = ... +...
1) 00BeMOB: 89.6 1+ ... = ... +...

6.2. /Ins peakuyu
2C4Hi0 + 1302 = 8CO2 + 10H20

3aIMOJIHUTEC MPOITYCKKU B COOTHOIIICHUAX

a) MoJiei: 2 MoJb + ... = ... +...

6) rpammoB: 116 T+ ... = ... +...

B) MOJIEKyI: 12.04-10% + ... = ... +...
r) aToMOB: 168.56-10% + ... = ... +...
) 00beMOB: 44.8 1+ ... = ... +...

7. MonexkynsipHast Macca okcuaa siemenTta (IV) oTHocuTCs K MOJEKYJIsIpHOM Macce
XJIOpUA 3TOTO K€ dJIEMEHTa Kak 2:7. Onpenennte aTOMHYIO0 MacCy U Ha3BAHUE DJIEMEHTA.
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8. Munepan m3ympya coxepxkut B macc. %: 5 Be, 10 Al, 31 Si, 54 O u npumecu
Xpoma, ONpeleNsione ero 3eJeHyl OKpacky. BsiBenute mnpocteiiiyio Gdopmyiy
u3yMpyaa. 3anuumte Gopmysy MUHEpasa B Buae GopMysl OKCHUIOB.

9. Kakrie 3 TMEpEeYUCIEHHBIX HIXE METaUIOB HMMEIOT TMOCTOSHHOE 3HAYCHUE
HKBUBAJICHTHON MacChl U mouemy?

Mg, Fe, Al, Na, Cr, Mn, Zn, Ba, Sn, Pb

10. [Ing xakuxX W3 NEPEYUCICHHBIX HWKE KHUCIOT 3HAYEHUE SKBHUBAJICHTHOW H
MOJIIPHOM Macc OJIMHAKOBO U NTOYEMy?

HCI, HNOs, H3AsO4, H2S, CH3COOH, HTeOs, HCN, HCNS, H2Cr207, H2SO4

11. JIns KakuxX W3 MEPEYUCICHHBIX HUXKE OCHOBAHMI 3HAUYEHHE SKBUBAJICHTHOW M
MOJIIPHOM Macc OJIMHAKOBO U NOYeMy?

NaOH, Ca(OH), LiOH, RbOH, AI(OH);, Fe(OH)2, Fe(OH)3, CsOH

12. I3 16.6 T ruapoKcua HEKOTOPOro MeTajlla, HaXOJAIIErocs B TPEThEH TpyIie
nepuoauueckoi cucreMsl, nomydeHo 30.1 r Hutpara. Onpenenure, Kakod 3TO MeTaILI.

13. 13 30 r ruapokcuaa HEKOTOPOTro MeTaliia moiydeHo 53,3 r cynbdara 3TOTO xKe
Metasuia. Onpenenure,Kakoi 3TO METAIL.

14. 13 34.0 r HUTpaTa HEKOTOPOTO METa/la MOJy4YeHO 28.7 T XJIOpHAA 3TOro XKe
MeTajula, HepacTBOPUMOIrO B Boje. Onpenenure, Kakoi 3T0 MeTaul.

15. 3 26 r xapOoHaTa HEKOTOPOro MeTajia MoiaydeHo 28,3 T xJopuaa ITOro Ke
Metasuia. Onpenenure, Kakol 3TO MEeTasLl.

16. I3 20 r ruapokcuja HEKOTOPOro metamia nmoiaydeHo 30 r xjopuaa 3TOro ke
MeTtajuia. PaccunTaiTe 5KBUBAJIEHTHYIO MAacCy METAJlIa U ONPEIEIUTE, KAKOM 3TO METaJll.

17. Ilpu B3aumopeiictBuu 10.40 r xnopuaga MeTajjia ¢ CEpHOM KHUCIIOTOM MOIYyYE€HO
11.65 v cynwsdara 3TOrO XK€ MeTajia, HepacTBOPUMOro B Boje. Ompezenure, Kakol 3TO
MeTal.

18. Metann o0pa3yeTr OKCUA, B KOTOPOM COJEp>KaHUE 3TOT0 METajlla COCTaBIIAET
52.0%. Ilpm pacTBOpeHHWH MJAaHHOTO OKCHAa B BoJie oOpasyercs CHJIbHas KHCJIOTA.
Onpenenurte, Kakyto GOpMyTy UMEET OKCHUI.

19. Oxcun metamta conepkut 12.46% xucmopona. OmnpenenuTe SKBUBAICHTHYIO
Maccy MeTajuia, a TakKe caM METajll, €ClIM €ro BAJICHTHOCTh paBHA JIBYM.

20. B pesynbrate oxucneHusi 14.00 r IBYXBaJIEHTHOTO MeTallla 0Opa3oBaIOCh
16.55 r ero okcupaa. PaccunraiiTe S5KBUBaJECHTHYIO U aTOMHYIO MAacChl METaJLJIa.

21. Ilpu cropanuu 7 r meramia obpasyercs 11,5 r okcuna meranna. Onpenenure,
KaKOW 3TO METaJL.

22.B pesynbraTe BoccTraHoBieHus 4.0T okcuaa JIByXBaJEHTHOrO MeTajlia
oOpazoBaiock 3.2 r yucroro Meramwia. PaccunTaiite SKBHUBaJIEHTHYIO M aTOMHYIO Macchl
MeTasa.

23. B pesynbrare okucienus 10 T ueThIpeXBaJIeHTHOTO dJeMeHTa oOpa3oBanoch 20 T
ero okcuja. Paccunraiite S5KBUBAJICHTHYIO M aTOMHYIO MacChl JIEMEHTA.

24. Macca MmeTaia, IoJIydeHHOTO B pe3yJibTate BoccTaHoByieHus 150 1 ero xyopuaa,
OKa3zanach B 3 pasza MeHbllle, UeM macca McxoaHou conu. Kakoit 3To Merani, eciu ero
BaJICHTHOCTh B UCXOJHOM COJIM paBHA TpeM?

25. I3 oIMHAKOBOTO KOJWYECTBA METajsla MOXKHO MOJy4YuTh JuO0 16.2 T okcuia,
6o 27.0 r xnopuga. Onpenennure SKBUBATICHTHYIO U aTOMHYIO MacChl METaJlia, €CJIM €ro
BaJICHTHOCTb PaBHA JIBYM.

26. JIByXBaJICHTHBIM MeTa/ul o0pa3yeT OKCHUJl, B KOTOPOM Ha 3 MacCOBBIE YaCTH
MeTajula TPUXOAUTCS 2 MacCOBBIE YAaCTH KHUCIOpoa. PaccumTailiTe SKBUBAJECHTHYIO H
aTOMHYIO MacChl METaJIa U ONPEACNIUTE, KAKOM 3TO METaJL.
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27. DneMeHT 00pa3yeT OKCHI, B KOTOPOM COJIEp’KaHHE 3TOr0 3JEMEHTa PaBHO
COZIEpKAHUIO KUcCIopoJa. PaccuuTaiiTe SKBUBAJIEHTHYIO Maccy dieMeHTa. O KakoMm
AIIEMEHTE HJIET PEuYb, €CIM H3BECTHO, YTO €ro BAJICHTHOCTh B JAaHHOM OKCHJE paBHA
YeTbIpeM?

28. OnoBo oOpazyer oxcug ¢ coaepxkannem Mertamia 88.15%. Omnpenenute
SKBHBAJICHTHYIO MACCy 0JIOBA B JaHHOW peakuuu. Uemy paBHA BaJIEHTHOCTb OJIOBA B JAHHOM
coequHEeHUn?

29. B pesynbrare okucaenuss 50.0 r AByXBaJE€HTHOro MeTajuia oOpa3oBanock 62.5
ero okcuja. Paccunraiite S5KBUBAJICHTHYIO M aTOMHYIO Macchl MeTauia. Kakoii ato mertamn?

30. AToMHasi U SKBUBAJICHTHAsI Macca HEKOTOPOI0 MeTajljla OJJUHAKOBBI BO BCEX €r0
coenuHeHusx. Kakoil ato meramwi, ecau u3 17.0 r ero HuTpata MOXHO moinyduth 14.3 1
xjopuaa’?

31. HexoTopslif MeTamt o0pa3yer JBa OKCUAA. DKBUBAJIIEHTHAS Macca OJHOIO OKCHIA
67.50 r/mMmonb, a BToporo 37.75 r/monb. Omnpenenute, kakod 310 MmeTawl. Kakyioo maccy
XJOpHIA ITOTO METala MOXHO IOJYYUTh MNPH PACTBOPEHHH B COJITHOM Kuciote 13.5T
NepBOro okcuaa?

32. Ha BoccTaHoBiieHHE 25 T OKCHJA JBYXBAJIEHTHOTO MeTaiia moTpedoBaiock 7.5 1
BojiopoJa (H.y.). PaccumnTaiite 3kBHBaleHTHBIE MacCchl MeTalljIa U ero okcuaa. Onpenenure,
KAaKOHM 3TO METAJLI.

33. Ilpu pactBopenuu 11 r Metamna B KuciaoTe Beiaenuiock 4.48 n Bomopoaa (H.y.).
Onpenenure, KaKOW 3TO METAJLIL.

34. B pe3ynbTare peakiuuu 15 r IBYXBaJE€HTHOIO METAJUIa C KUCIOTOM BBIAEISAETCS
5,17 n Bomopona. PaccunraiiTe 3KBUBaJIEHTHYIO MacCy MeTajlla U ONpPENEIuTe, KaKoh 3TO
MeTaJl.

35. PaccunraiiTe 3KBUBAJICHTHYIO MAaCCy TPEXBAIEHTHOTO MeTtaiuia, eciau 0,2 T 3Toro
MeTala BBITECHSAIOT u3 kucnoThl 0,248 nm® Bomopoma (H.y.). Ompemenure,Kakoil 5TO
MeTaJl.

36. B pe3ynbrare peakuuu 11,5 r TpexBaJeHTHOro MeTasia ¢ KUCJIOTOM BBIAEISAETCS
3,36 1 Bomopona. PaccunraiiTe 3KBUBaJIECHTHYIO MAacCy METala U ONPEIEIUTe, KAKOH 3TO
MeTaJl.

37. Ha BoccraHoBienue 2,8 T OKCHJa MeTajjia uzpacxojoBano 1,85 nm3 Bomopoaa
(1.y.). Paccuuraiite >KBHBaJCHTHBIE MAacChl OKcuja U MeTtamuia. Ompeaenure, Kakou 3To
MeTa.

38. IIpu pactBopenuu 45 r MeTauia B BOJHOM PAacTBOPE IIEJIOYH BbIACTUIOCH 112 1
BojiopoJa (H.y.). Onpenenute, Kakoil 3T0 MeTaIl.

39. Beruuciaure aTOMHYIO MacCy JABYXBaJCHTHOIO METAaJIa U ONPEEIIUTE, KAaKO! 3TO
MeTas, eciau 8,36 T okucasrorea 0,682 nm® kucnopona (H.y.).

40. B xakoit macce pocdopHOil KHCIOTHI CONEPKHUTCA CTOJIBKO K€ SKBHUBAJICHTOB,
CKOJIBKO B 24.5 T cepHOU KUCIOTHI?

41. PaccunraiiTe SKBHUBAJICHTHYIO MacCy KHCIOTHI, €CJIM H3BECTHO, YTO Ha
HeWTpanu3auuio 5,56 T KUCI0Thl UAeT 4,52 r TUAPOKCHUIA HATPUS.

42. B kakon macce NaOH conepkuTcsi CTONBKO K€ 3KBUBAJICHTOB, CKOJBKO B 37 T
Ca(OH),?

XuMHYeCKasi KUHeTHKA

1. ®ocren (COCI2) sBnsieTcss CUJIBHEWIIUM OTPABJISIIOLIMM BeLIECTBOM. BMmecte c
TeM (OCTEH HIMPOKO HCIOJIB3YETCS JJIsl MOJYyYCHHS MOJTMKapOOHaTa - KOHCTPYKIIMOHHOTO
MOJIMMEPA, MPUMEHSIEMOT0 B aBToMoOmiIecTpoeHuu. [lomyyaroT ¢ocreH B3auMoaecTBHEM
okcupa yriepoga (II) u xnopa no peakuumu:



105

COq) + Clog) = COClyy -

Paccuuraiite, kak U3MEHUTCS CKOPOCTh JAHHOW peakluu?

1.1. IIpu yBennueHnn KOHIEHTpAMu Xxjopa B 2 pasza? Ilpu yBeanueHuu 1aBiieHUs B
cucreme B 3 paza?

1.2. [Ipn yBenuueHun KoHIEeHTpauuun okcuzpa yriuepona (II) B 3 paza? Ilpu
YMEHBILICHUH JIaBJICHUS B cucTeMe B 3 pa3a?

1.3. [Ipu yMeHbIIEHUN KOHLEHTpauuu xjiopa B 3 pa3za? [Ipu yBenuueHuu JaBieHUs B
cucreme B 4 paza?

14.1Ipu ymMmeHbplIeHMH KOHIIEHTpanuu okcuma yriaepoaa (II) B 2 paza? Ilpwm
YBEJIMYEHUU JaBJEHUA B cUCTEME B 2.5 paza?

1.5. [Ipu yBenuueHU KOHIEHTpauuu xJjiopa B 1.5 paza? [Ipu ymeHbIIeHUH TaBIEHUS
B cHUCTeMeE B 2 paza?

2. B cucrteme npoTekaeT cieayromas XuMUYecKas peakius MeXIy ra3000pa3HbIMU
BelecTBamu A u B:

Ap +2Brn =Cq.

Paccuuraiite, kak U3MEHUTCSI CKOPOCTh TAHHOW PeaKIK1

2.1. mpy yBEJIMYEHUU KOHIIEHTpauu BemiectBa A B 3 paza? Ilpu yBenuueHuu
JIaBJICHUS B CUCTEME B 2 pa3a?

2.2. 1py yMEHBIICHUMM KOHILEHTpauuu BemiectBa B B 2 pasza? llpu ymeHbmieHuun
JIaBJICHUs B cucTeMe B 3 pa3a?

2.3. 1pu yMEHBIIEHWH KOHLEHTpauuu BeniectBa A B 4 paza? llpum yBenmueHum
JIaBJICHUS B CUCTEME B 3 pa3a?

2.4.1pyu yBEIMYEHUU KOHIIEHTpaluu BemlectBa B B 2 paza? Ilpu yBenudeHuu
JlaBjieHus B cucrteme B 1,5 paza?

2.5.0pu yBenMYEHHHM KOHUEHTpauuu BemecrBa A B 5 pas3? llpum ymeHpmieHun
JIaBJICHUS B cCUCTEME B 4 pa3a?

3. Kakum oO6pa3zoM HE0OXOAMMO U3MEHUTH JABIICHHE, YTOOBI CKOPOCTh XUMHUUECKOM
peakIuu:

3Aw) =2 Bw.

3.1. yBenuumiiach B 8 pas?

3.2. ymenbiunace B 27 pas?

3.3. yBenmumiiace B 125 pasz?

3.4. ymenpunach B 64 pasza?

3.5. yBennumnace B 27 paz?

4. XuMuyeckass peakuuss B3aUMOJCHCTBHS BOJAOpOAAa U #oJa MPOTEKAeT I10
YpaBHEHUIO:

How + Loy = 2HI

Brluncnute HavalbHYIO CKOPOCTh PEAKLIHUU U €€ CKOPOCTh B TOT MOMEHT, KOI'Ja
KOHIICHTpAIIHsI BOJOPO/Ia YMEHBIIIUTCS BABOE, €CJIM U3BECTHO, YTO:

4.1. npu 1aHHON TeMIepaType KOHCTaHTa CKOpocTu coctasisier 0.14, a ucxoaHble
KOHIIEHTPAIIMK BOJOPO/Ia U fo/1a paBHBI COOTBETCTBEHHO (.5 Moib/1 11 0.3 MOJIB/II.

4.2. ipu TaHHON TeMIlepaType KOHCTaHTa CKOpocTu coctasisier 0.15, a ucxoaHble
KOHIICHTPAILIMK BOJIOPO/ia U Hoaa paBHbI cooTBeTcTBeHHO 0.06 Mob/1 1 0.04 Mosb/11.

4.3. npu 1aHHOW TeMIepaTrype KOHCTaHTa cKopocTH coctasisieT 0.12, a ucxoanbie
KOHIIEHTPAIIMH BOJOPO/Ia U H0/1a paBHBI COOTBETCTBEHHO 1.5 Moib/1 1 0.9 Mo/

4.4. npu 1aHHON TeMIlepaType KOHCTaHTa CKOpocTu coctasisieT 0.14, a ucxoaHble
KOHIICHTPAILIMK BOJIOPO/ia U Hoaa paBHbI cooTBeTcTBeHHO 0.08 Momw/1 u 0.04 Momb/m.
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4.5. mpu 1aHHOM TeMmeparype KOHCTaHTa ckopocTu coctamisier (.11, a ucxomHbie
KOHIIEHTPAILIMK BOJOPO/Ia U Ho/1a paBHbI cOOTBETCTBEHHO (.3 Moib/1 1 0.7 MOJIB/I1.

5. Xummnueckas peakiusi UAeT COrJIacHO YPaBHEHUIO:

2NOq) + Clar) = 2NOCl ).

KoHuenTpanuu  MCXOAHBIX  BEIIECTB  JO  Hayaja peakUUH  COCTaBIISIU
[NO] = 0.4 monb/n u [Cl2] = 0.3 Moaw/1. Bo cKkoIbKO pa3 U3MEHUTCS CKOPOCTh PEAKIIUH 110
CPaBHEHMIO C NEPBOHAYAIbHONW B TOT MOMEHT, KOIJla yCIEET MpOpearupoBaTh MOJOBUHA
okcuaa azora (II).

6. Paccunraiite, Kak U3MEHHUTCSI CKOPOCTh XUMHUYECKOM peakuuu

6.1. npu noseimieHuun Temnepatypsl ¢ 20°C mo 80°C, ecim TemmepaTrypHbIA
K03 (duLreHT paBeH 2.57

6.1. npu moBbimenun Temmepatypbl co 100°C mo 130°C, ecnu TemmepaTypHbIN
Koa(uImeHT paBeH 5?

6.1. npu moBbiieHnu Temrepatypsl ¢ 50°C go 90°C, ecnu TemmnepaTypHbIN
Ko3¢duureHT paseH 3.27

6.1. npu monmxenuun Ttemmepatypbsl co 110°C mo 60°C, eciu TemiepaTypHbIA
kod(duimeHT pasex 3?

6.1. npu nonmwxenun Ttemmneparypel ¢ 90°C nmo 10°C, ecnm TtemmepaTrypHbIA
ko3¢ dunreHT paseH 47

7. PaccumTaiite, Ha CKOJIbKO TPajyCcoB CJEAYET IMOBLICUTH TEMIIEPATypy, UYTOOBI
YBEIIMYUTH CKOPOCTh XUMHUUECKOH peakunu B 100 pa3,

7.1. ecnu TemnepaTypHbIi KOAPGUIUEHT peakuu paBeH 1.5?

7.2. ecnu TeMnepaTypHbIi KOA(POUIIUEHT peaKkIui paBeH 27

7.3. ecnu TemMnepaTypHbIi KOAPGUIIUEHT peakIuu paBeH 37

7.4. ecnu TemnepaTypHbI KOA(QGUIUEHT peakiui paBeH 47

7.5. ecnu TemnepaTypHbIi KO3 PUITUEHT peakiuu paBeH 57

8. Beruncniute TemmneparypHbiii KOOQQGUIMEHT peakify, €CIH HU3BECTHO, YTO TpPH
MOBBIIIICHUU TEMIIEPATyPhI

8.1. ¢ 20°C no 60°C ckopocts yBenmuumiachk B 39.0625 pas.

8.2. ¢ 40°C no 60°C ckopocTb yBenuuuiaach B 625 pas.

8.3. co 100°C no 130°C ckopocTts yBenuuuiiach B 17.576 pas.

8.4. ¢ 20°C no 50°C cxopocts yBennumiachk B 74.088 pas.

8.5. ¢ 90°C no 140°C ckopocTh yBenuuuiach B 256 pas.

9. 3anuuuTe BhIpakKeHUeE JJ1sl KOHCTAHThl PABHOBECHS CIEAYIOIINX XUMHUECKUX
peaKLnii:

9.1. Cirpagur) + O2¢r) = CO2r

9.2. 4ANHs(r) + 502 () = 4NO¢r) + 4H20(r

9.3.2SO2r * O2¢ry = 2S03r)

9.4. CaOs) + CO2r) = CaCO3 (1s)

9.5. AsH3) + 31 (r) = Aslze) + 3HI 1)

10. PaccuuTaiiTe, KOHCTaHTY paBHOBECUSI XMMUYECKOU peakLnu:

2SOz + O2r) = 2803 (1)

€ClId MCXOJHasi KOHLEeHTpamus okcuaa cepol (IV) cocraBnser 7 Moib/i, a paBHOBECHBIE
KOHIIEHTpauu Kucjaopona u okcuaa cepbl (VI) cocraBmsror 2 Monb/l w1 3 MOJB/I
COOTBETCTBEHHO.

11. PaccuuTaiiTe, KOHCTAaHTY paBHOBECHS XUMHUECKOUN peaKIuu:

2A0)+ By =Cwr) + D,
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€CIM HCXOJIHAas KOHIIeHTpanus BemectBa A cocraBimser 10 Monb/l, ucCXomgHas
KOHIIEHTpalus BemlecTBa B cocraBnsieT 4 MOJb/JI, 1 K MOMEHTY HAaCTYIUIEHUS pPaBHOBECHUS
IpopearupoBasa nojoB1Ha BellecTna B.

12. Paccuuraite, KOHCTaHTY PaBHOBECUS XMMHUYECKOUN pPEaKIUU:

3Aw) =B +2Cq),

€CJIi UCXOJIHAs KOHIIEHTpallus BelecTBa A coctaBiseT 12 Moib/J, a paBHOBECHAs! KOHIICH-
Tpauus BemecTsa B cocrapnsier 2 Mo/

13. Kakum 00pa3oM CMECTUTH B CTOPOHY IIPOJYKTOB PEAKIIMU paBHOBECHE
XUMUYECKON PEaKIINU:

13.1. A + 2B = 2Cr) (AH>0)

13.2. 2Aq) + Bry = 2Cr) + D () (AH<0)

13.3. A + By =2C) + D) (AH>0)

13.4. 3A) = B + 2Cr) (AH<0)

13.5. Aq) + 2B = Cr) + Dy + E(AH>0)

14. Kakum 00pa3oM CMeCTHTh B CTOPOHY HCXOJHBIX BEILECTB paBHOBECHE
XuMudeckon peakmuu: (AH>0)

14.1. 3A + By = Ciry + 3D (n (AH<O0)

14.2. A¢) + B = Cr) + Dy (AH>0)

14.3. 2Ar + B = 2Cr) (AH<0)

14.4. 2Ar) + By = Cr) + Dy + E(r) (A H>0)

14.5. A + By = Cry) + 2Dy (AH<O0)

15. B kaKky1o CTOpOHY CMECTUTCS PAaBHOBECHE XUMUYECKON PEAKIUU:

151. A + By = Cn + 2D p (AH<O0), npu noseimiennu nasineHusa? [lpu
MOBBIIIEHUH TemnepaTypbl? [Ipy NOHM>KEHNN KOHLIEHTpaluy BemecTBa A?

15.2. Aq) + B = Cr) (AH>0), npu noBbiienun pAasienus? Ilpu noHwxeHuu
teMriepatypsl? [Ipy MoOHMKEHNHM KOHIIEHTpaIuy BemecTsa B?

15.3. 2Ax) + B = 2C) (AH>0), ipu noBbiieHun nasnenus? [lpu noBeillieHUH TEM-
nepatypbl? 1Ipy noHM>XKeHNM KOHLIEHTpAlUK BemecTBa A?

15.4. 2A + B = Cr) + D) + Er) (AH<0), npu nonmxenun aasnenus? [Ipu nonu-
eHuu TemrnepaTtypsl? [Ipy noBbIIEHNN KOHIIEHTpaluu BeniecTsa E?

15.5. Ap + 2B = Ct 2Dy (AH<O0), npu noBblieHnu gasnenusa? [Ipu noHmxeHun
TEeMIepaTypbl, IPU MOHMKEHUH KOHLIEHTpaIiK Bemlectsa D?

PacTBOpBI

1.1. PactBopumocTts 6poMua ammonus B Boje npu 20°C coctasmsier 42.6 T Ha 100 T
pactBopa. Onpeaenure Kakoil 00beM BOJIBI HYKHO B3STh JIJIs1 paCTBOpPEHUs 15 T 3Toi comu.

1.2. PactBopumocTts 6e3BoaHOro xiopunaa xenesa (1) B Boge nmpu 25°C cocrasusier
49.7 r Ha 100 t pactBopa. Onpenenure Kakoii 00beM BOABI HYXKHO B3SITh ISl PACTBOPEHUS
40 r 37Ol comnm.

1.3. PactBopumocTb ruipokcuaa kainus B Boje npu 20°C cocrasnsier 52.9 rva 100 v
pactBopa. Onpenenure Kakoil 00beM BOJBI HYKHO B3STh JIJI1 pACTBOPEHUS 25 T 3TOM COJIH.

2.1. PacTBopuMOCTH 0€3BOJIHOTO XJIOpHUa Kanblus B dTaHoje npu 20°C cocTaBisieT
20.5 r nwa 100 r pactBopa. Ompenenure Kakoid 0OBEM STaHOJA HYXKHO B3STh JJIA
pacTBOpeHUs 5 T STOM COJIM, €CIU IUIOTHOCTh PACTBOPUTENS TPH ITOW TeMIeparype
cocrassier 0.789 r/cm?.

2.2. PacTBOpUMOCTh 0€3BOJHOTO XJIOpHaa Kanbiiuss B Meranosne mnpu 20°C
coctaBisieT 17.9 r Ha 100 r pactBopa. Onpenenure Kako 00bEM METaHOJA HYXHO B3STh
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JUIsL pacTBOpEeHUs: 24 T 3TOW COJM, €ClU IUIOTHOCTh PACTBOPUTEINSI IIPU 3TOUM TeMIiepaType
coctasuset 0.793 r/cm’.

3.1. PactBopumocTts anununa B Bojie npu 20°C coctapisier 3.3 r Ha 100 r pacTBOpa.
Onpenenute kakoi o0beM BOJbI HYXKHO B3STh Il pacTBOopeHust 10 M1 3TOTO BelIECTBa,
€CIIM €T0 IIOTHOCT cocTasiser 1.021 r/em?.

3.2. PacTBOpUMOCTh BajiepuaHOBOW KUCIOTHI B Boje mpu 16°C cocraBisier 3.6 T Ha
100 r pactBopa. Onpenenure Kakoi 00beM BOABI HY’KHO B34Th JUIsl pACTBOPEHUS 7 MII 3TOTO
BEILIECTBA, ECIIH €r0 IUNIOTHOCTH cocTaBisieT 0.939 r/cm?.

3.3. PactBopumocTs H-OyTuioBoro cnupTa B Boje mpu 15°C cocraBmser 8.3 T Ha
100 T pactBopa. Omnpenenute Kako 00BEM BOJBI HY)KHO B3STh JIJI1 pacTBOpPEHHUs 12 mi
3TOTO BEILIECTBA, ECIH €r0 IIOTHOCTH cocTaiseT 0.810 r/cm?.

3.4. PacTBOpUMOCTh M30MaciIIHOM KHUCI0Thl B Boje npu 20°C cocrasnser 16.7 r Ha
100 T pactBopa. Omnpenenure Kakoii oObEeM BOJBI HY)KHO B3STh JJIsI pacTBopeHus 50 mu
3TOTO BELIECTBA, ECIH €r0 IUIOTHOCTH cocTasisteT 0.950 r/cm?.

3.5. PactBopumocts OenszunoBoro cnupta npu 17°C cocrasnser 3.8 T Ha 100 T
pactBopa. Ormpenenure Kakoil o0beM BOJbI HYXKHO B3STh JJI PACTBOPEHHS 5 MIJI 3TOTO
BEILIECTBA, €CIIM €ro INIOTHOCTH cocTaBisieT 1.046 r/cm?.

4.1. PactBopumocTts noauna kanus npu 20°C cocrasiser 59.1 r, a mpu 80°C — 5.6 ¢
Ha 100 r pactBopa. Omnpenenute maccy wmoauna kanusi (KI), KOTOpbI BBIAEIUTCS TpU
OoXJIaKJIeHUH 85 T HacklleHHOTo pacTBopa ot 80 g0 20°C.

4.2. PactBopumoctb 6pomata Hatpust npu 20°C cocraBuser 26.7 r, a npu 80°C —
43.1r na 100 r pactBopa. Omnpenenure maccy Opomata Hatpus (MaBrOs), xotopsiit
BBIJICTIUTCS TIPU OXJIaXKI€HUH 42 T HachlleHHoro pactBopa ot 80 g0 20°C.

4.3. PactBopuMocTh poganuga ammonus npu 10°C cocrasnsger 59.0 r, a npu 70°C -
81.2 r ma 100 r pactBopa. Omnpenenure maccy pomanuga ammonusi (NH4SCN), koTopslid
BBIJIETIUTCS TP oxJtaxaeHuu 70 r HacwieHHoro pactBopa ot 70 go 10°C.

4.4. PactBopumocts arerata Hatpus npu 20°C cocrtaBusier 31.7 r, a npu 80°C —
60.51 Ha 100 r pactBopa. Onpenenure maccy anerara Hatpusi (CH3COONe), koTopbiit
BbIJIENUTCS TTpU oxJtaxkaeHuu 110 r naceimenHoro pactsopa ot 80 go 20°C.

4.5. PactBopumocTs xsopata kanus rnpu 20°C cocrasusiet 6.8 1, a npu 60°C - 19.2 1
Ha 100 r pactBopa. Onpenenute maccy xinopara kanus (KCHO3), koTopblii BeLAeIUTCS pU
OXJIAKJIEHUH 25 T HachIlIeHHOTO pactBopa ot 60 mo0 20°C.

5.1. [Ipu oxnaxaenun 270 T HACBIIIEHHOTO BOAHOTO pacTBopa xjopuaa kaius ¢ 80
no 20°C Beigenuioch 29.62 1t comu. MaccoBas nonst KCI B ocraBiemMcsi pacTBope
coctaBisieT 25.6%. Onpenenure pactBopuMocth KCI Ha 100 r pactBopa mipu 80°C.

5.2. ITpu oxnaxnennu 180 r HACHIIIEHHOTO BOAHOIO PAacTBOpPAa XJIOPUJA aMMOHUS C
80 mo 20°C Beimenusiochk 30.9 r comu. MaccoBas nonss NH4CI B ocraBuiemcsi pactBope
coctaBisier 27.1%. Onpenenute pactBopumoctb NH4CI Ha 100 r pactBopa npu 80°C.

5.3. Ilpu oxnaxzaenuu 210 T HACHIIIEHHOTO BOJHOTO pacTBOpa OMXpoMaTta Kajlus C
80 mo 20°C Beimenmmioch 73.5 T comu. Maccoas nons K2Cr207 B ocraBmieMcsi pacTBope
cocrasisier 11.1%. Onpenenure pactBopumocts K2Cr207 na 100 r pactBopa npu 80°C.

5.4. [Ipu oxnaxaennu 160 r HACBHIILIEHHOTO BOJHOIO PacTBOpa IMAPOKCUIA HATPUS C
70 nmo 20°C Beigenunock 75.3 r menoun. Maccoast nonst NaOH B octaBmiemcsi pactBope
cocrasisieT 52.1%. Onpenenure pactBopuMocts NaOH nHa 100 r pactBopa mpu 70°C.

5.5. [Ipu oxnaxaenuu 90 T HACBIILIEHHOT'O BOJHOIO pacTBopa xjopuaa uesus ¢ 80 10
20°C Bergenunock 17.7 r conmu. MaccoBas nosis CsCl B ocTaBiIeMcsi pacCTBOPE COCTABIISIET
65.1%. Onpenenute pacrBopumocTts CsCI Ha 100 r pactBopa pu 80°C.
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6.1. PactBopumocTs 6e3BomHOTO Xsopuaa kobanbra npu 20°C cocraBmser 34.6 T, a
npu 80°C - 494 r va 100 r pactBopa. Onpenenure Maccy KpUCTaUIOTHApaTa XJIOpHUA
kobanbTa (CoCIl2 6H20), KOTOpBIN BBIACIUTCS TPHU OXJaXJAeHHH 70 T HACBHIIIEHHOTO
pactBopa ot 80 o 20°C.

6.2. PactBopumocts 6e3BoiHOTO cyibdara meau mipu 20°C coctausier 17.0 r, a npu
80°C - 35.7 r na 100 r pactBopa. Omnpeaenure Maccy KpHCTaIOTHApaTa cyiabdara Meau
(CuS0O4 5H20), koTOpbIi BBIAEIUTCA MPU OXJIAXKAECHUU 65 T HACBHIIIEHHOTO pacTBopa oT 80
1o 20°C.

7. OnpenenuTe MacCOBYIO JIOJIIO COJIM B PACTBOPE, OJTYUYEHHOM PacCTBOPEHHEM

7.1. 25 T kpucTtayuioruapara kapboHara HaTpus B 45 T BOJBI.

7.2. 7 T KpucTajioruapara rerpadopara HaTpus B 72 T BOJBI.

7.3. 12.5 r kpucTamoruapaTa HuTpaTa CTPOHIMS B 55 T BOABL.

7.4. 14 r kpuctamioruapaTa HUTpaTa HUKEJs B 67 T BOJIBI.

7.5. 41 r kpucramnoruapara xJopuaa Meau B 125 r Bobl.

7.6. 14.7 r kpucramnoruapata Hutparta xenesa (I11) B 55 r Bogbi.

7.7. .5 r xpuctamoruapara 6pomuaa kodansta (II) B 23 r BoAbI.

7.8. 22 r xpuctainoruapara cyinbdara maraust B 157 r BojbIL.

7.9. 4.7 T xpuctaymoruapara cyibhara HUKeJs B 35 T BOBL.

7.10. 40 r kpuctaimoruapara cyibdara xpoma (III) B 95 r BosI.

8. OmpenenuTe MaccoByIO JIOJIIO COJIH B PACTBOPE, MOTYYEHHOM CMEIICHHEM

8.1. 150 mu 10% pactBopa kapOonara kamus (p=1.090r/cm?) u 250 M 20% pacTBopa
sToro ke Bemectsa (p =1.190r/cm?).

8.2. 60 mu 14% pactBopa xsopuaa Hatpus (p =1.101r/cm®) u 120 M 22% pactBopa
5TOro e BemecTsa (p =1.164r/cm?).

8.3.50 M 6% pacteopa cymbdara ammonus (p =1.034r/cm®) m 150 mu 16%
pacTBopa 5Toro xe BemecTsa (p =1.092r/cm?).

8.4.25 mn 8% pactBopa xsopuaa uukens (p =1.079r/cm®) u 20 mn 18% pactsopa
sToro ke Bemectsa (p = 1.191r/cm?).

8.5. 15 mu 40% pactBopa pomanuaa kamus (p =1.220r/cm®) u 25 ma 10% pactBopa
sToro e semectsa (p =1.049r/cm?).

9. PaccunraiiTe MOJISIPHYIO, 3KBUBAJICHTHYIO M MOJISUIBHYIO KOHILIEHTPALUIO U
MOJIIPHYIO JI0JTIO:

9.1. 50% pactBopa azotHol kucnoTsl (HNO3), umeromero miotaocts 1.310 r/em?.

9.2. 10% pactBopa cepnoii kucnotsl (H2SO4), uMeromiero miotHocts 1.066 r/cm?.

9.3.17% pactBopa docdopnoit kucaotel (H3PO4), wumeromero miIOTHOCTb
1.095 r/cm?’.

9.4. 24% pactBopa miaBukoBoi kucnotel (HF), uMeromero miotnocts 1.084 r/cm?.

9.5. 19% pacrtopa consanoii kucnorsl (HCI), umeromero miotHocts 1.093 r/cm?.

9.6.40% pactBOopa WomoBogopoaHon kucioTel (HI), wumeromero miIoTHOCTH
1.403 r/cm’.

10. PaccuuTaiiTe SKBUBAJIEHTHYIO M MOJISUIBHYIO KOHIIEHTPALMIO, MAacCOBYIO U
MOJIIPHYIO JI0JTIO:

10.1. 1M pactBopa xnoproi kucnotsl (HC104), nmerormero muotHocts 1.058 r/em?.

10.2. 3M pactBopa ¢ocdopuoit xkuciorel (H3PO4), wumeromero mioTHOCT
1.150r/cm?.

10.3. 1M pactBopa ruapokcuaa Harpus (NaOH), umeroniero miotHocts 1.041 r/cm?.

10.4. 7M pactBopa ruapokcuaa kanmus (KOH), umeromero miortaocts 1.290 r/cm?’.,

10.5. 9M pactBopa aszotHo# kucnoTel (HNO3), umeromiero miotHocTs 1.275 r/em?.
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10.6. 0.2M pactBopa mmaaBukoBoi kucinotel (HF), wumeromero mioTHOCTH
1.0013 r/cm’.

11. PaccumnTaiiTe MOJIIpHYIO U MOJISUIbHYIO KOHILIEHTPALIMIO, MACCOBYIO U MOJISIPHYIO
JIOJIIO:

11.1. 1u pactBopa cepHoli kuciotsl (H2S04), umeromero miotHocTs 1.030 /e’

11.2. 35 pactBopa dochopnoit kucmorel (H3PO4), wumeromero ImIOTHOCTh
1.050 r/cm?.

11.3. 1.74n pactBopa xyopnoBatoil kucioTel (HCIO3), uMmeromiero mioTHOCTh
1.083 r/cm?’.

11.4 431 pactBopa WHomoBogopoaHoi kucinoTel (HI), wuMeromiero miIoTHOCTh
1.165 r/em?.

11.5. 21H pactBopa dochopuoit kucnotel (H3PO4), wumeromero ImioTHOCTh
1.340 r/cm?.

11.6. 31 pactBopa OpomoBoaopoaHoi kuciotel (HBT), umeromero mnoTHOCTH
1.072 r/em?®.

12. Onpenenure kakoii o6beM 60%-HOTO pacTBOpa CEPHOM KHUCIOTHI, WMEIOIIETO
wioTHOCTL 1.497 r/cM®, u kakoi 00beM JUCTHILIMPOBAHHON BOABI HEOOXOAMMO B3ATh JJIs
INPUTOTOBIIEHUSL 5 J1 3JEKTPOJUTA JJII CEPHOKUCIOTHOTO CBHMHIIOBOIO aBTOMOOMIIBHOTO
aKKyMyJISITOpa, MPEACTABIAIONIET0O COOOW pPAcTBOpP CEPHOM KHUCIOTBI € IUIOTHOCTHIO
1.275 r/em3 u maccoBoi noseit 36.78%.

13.[Ipu pa3psake CBHUHIIOBOIO AaBTOMOOWJIBHOTO aKKyMyJIATOpa, IUIOTHOCTb
AJIEKTPOJINTA, KOTOPBIM COCTOUT W3 CEPHOM KHCIOTBI M BOABI, mamaer ¢ 1.275 no
1.110 r/cm®. OOHOBPEMEHHO € 3TUM MAaccoBas HOJIS CEPHOM KHCIOTBI B DIEKTPOJIUTE
yMeHnbiaercs ¢ 36.78% no 16.08%. PaccuuTaiite, BO CKOIBKO pa3 yMEHBIIAETCA MOJIIpHAs
KOHIEHTPALUs JaHHOTO pacTBOPA.

14. AMMuak cpeay MpouYMX Ta30B BBIAECISAETCS OTPOMHOM PacTBOPUMOCTBIO B BOJIE:
Ipy HOPMAJIbHBIX YCIHOBUSX | MI BOAbl MOXkeT mornoTuTh 1170 mu razooOpa3zHoro
aMMuaka, T.e. 6osbine nutpa! PaccuuTaiite MaccoByIO JIOJIIO TIOJYYEHHOTO PacTBOPA.

15. B mporieccax BOAOMOATOTOBKM OY€Hb BaXKHO JOOUTHCS TOTO, YTOOBI BOJIa HE
MMena MOCTOPOHHETO MpuBKyca. Bmecte ¢ TeM npucyTcTBue B BojJe xjopua xenesa (II) B
KoHIeHTpamuu Bcero 0.35 Mr/m  BbI3BIBaCT TMOSIBICHHE JKEJIE3UCTOTO IPUBKYCA.
PaccuuTaiite, KaKkyo MOJIIPHYIO KOHIIEHTPALMIO U Kakyto MaccoByro goJito FeCly comepxut
TakKas BOJa.

16. [11st Toro, 94T00BI BOJy MOXHO OBUIO MCIHOJIB30BATh JIJISi IPUTOTOBIIEHUSI CTPOU-
TEIBHBIX PAcTBOPOB, cojepxkanue caxapa (CI2H22011) B HeWl HE MOJDKHO TPEBBINIATH
100 mr/n. PaccumTaiiTe, Kakyr0 MOJSPHYI KOHIIEHTPAlMI0 M KaKyl0 MacCOBYIO JIOJIO
caxapa COJEp>KHUT Takas BOJa.

3ﬂeKTp0XHMHﬂ. XnMH4YeCcKHe HCTOYHUKH TOKA.

1. Paccuuraiite 3/IC u cocTaBbTe CXE€My rajbBaHUYECKOTO 3JIEMEHTA, COCTOSLIETO
U3 CBHMHIIOBOTO 3JIeKTpofa, norpyxkeHHoro B 0.IM pactBop Hutparta cBuHua (II) wu
HUKEJIEBOTO 3JieKTpoja, norpyxeHHoro B 0.1M pactBop xnopuaa nukens (II). 3anummre
YpaBHEHHUSI 3JIEKTPOIHBIX MPOLIECCOB M TOKOOOpa3yIolel peakii.

2. Paccunraiite 9/IC u cocTtaBbTe CXeMy T'ajlbBAHUYECKOTO 3JIEMEHTA, COCTOSILEro
U3 KOOAIbTOBOTrO 3JeKTpoaa, norpyxeHHoro B 0.01 M pactBop xmopuaa kobansra (II) u
KeJe3HOTo 3eKTposa, norpyxerHsoro B 0.01 M pactBop cynbdara xenesa (II). 3anummre
YpaBHEHHUSI 3JICKTPOIHBIX MPOLIECCOB U TOKOOOpa3yIolel peakii.
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3. Paccumnraiite DJIC u cocTaBpTe CXEMy TaJlbBAHUYECKOT'O 3JIEMEHTA, COCTOSIIErO
U3 KaJMHEBOro HieKkTpoaa, mnorpyxenHoro B 0.01 M pactBop cynbdarta KagmMus u
MarHMeBOro 3JeKTpoja, morpyxeHHoro B 0.IM pactBop cyibpara mMaruus . 3amuiiuTe
YPaBHEHHUSI 3JIEKTPOIHBIX TPOLIECCOB M TOKOOOPA3YIOLIEH peaKI1H.

4. Paccunraiite 3/IC 1 cocTaBbTe CXEMy rajbBaHMYECKOTO AJIEMEHTA, COCTOSIIETO
U3 METHOTO 3JieKTpoja, norpyxeHHoro B 0.1M pactBop Hutpata menu (II) u onoBsHHOTO
AJIEKTpOJIa, MOrpyxkeHHOro B 2M pactBop xmnopuaa oisoBa (II). 3amumiure ypaBHEHUS
AJIEKTPOAHBIX MPOLIECCOB U TOKOOOPA3YIOIIEH peakluu.

5. Paccunraiite D/IC 1 cocTaBbTe CXEMy rajJbBAHHMYECKOTO JIEMEHTA, COCTOSLIETO
U3 MaprasiieBoro 3JjekTpoaa, norpyxennoro B 0.1 M pactBop cynbdara mapranna (II) u
cepebpsHoro 3nekTpoaa, norpyxenHoro B 0.01 M pactBop Hutpata cepedpa (I). 3anummure
YPaBHEHHUSI 3JIEKTPOIHBIX IPOLIECCOB U TOKOOOPA3YIOLIEH pEeaKI1H.

6. Paccunraiite D/IC u coctaBbTe CXeMy rajJbBaHMYECKOTO 3JIEMEHTA, COCTOSIIETO
U3 KaIMHEBOIO OJIEKTponaa, mnorpyxeHHoro B 0.1M pactBop HHTpaTta KaamMus H
MapraieBoro JsjekTpona, mnorpyxkenHoro B 0.IM pactBop xmopuaa wmapranna (II).
3anuimTe ypaBHEHUS JIEKTPOIHBIX MPOIIECCOB U TOKOOOPa3yIOIIei peaKilii.

7. Paccunraiite D/IC u cocTaBbTe CXEMY rajJbBaHMYECKOTO AJIEMEHTA, COCTOSLIETO
U3 HUKEJIEBOTO 3JiekTpoja, norpyxkenHoro B 0.01 M pactBop cynbdarta nukens (II) wu
KOOaJIbTOBOTO 3JEeKTpoaa, mnorpyxeHHoro B 0.5M pactBop nHutpara koOambta (II)
3anuimTe ypaBHEHUS IEKTPOIHBIX MPOIIECCOB U TOKOOOPA3yIOIIeH peaKiiii.

8. Paccunraitite 3/IC m cocTaBpTE CXEMYy TaJlbBAHUYECKOTO AJIEMEHTA, COCTOSIIETO
U3 JKENEe3HOro »sJeKkTpoja, morpyxkenHoro B 0.1M pactBop cynbdarta sxenesa (II) u
MarHMeBOro 3JEKTpoja, morpyxkeHHoro B 0.2M pacTBop OpomMuaa MarHus. 3amnuIlIUTe
YpaBHEHHUSI SJIEKTPOIHBIX MPOLIECCOB M TOKOOOPA3YIOIIel peaKIuu.

9. Paccuuraitte 3/IC 1 coCcTaBpTE CXEMYy TaJbBAHUYECKOTO AJIEMEHTA, COCTOSIIETO
U3 CBHUHIIOBOTO 3JIeKTpoaa, morpykeHHoro B 0.1M pactBop HuTpara cBunma (II) wu
HUKEJIEBOr0 3JIeKTpoja, norpyxxkeHHoro B 0.1M pactBop xnopuna Hukens (II). 3anummre
YpaBHEHHMSI 3JIEKTPOIHBIX MTPOLIECCOB U TOKOOOpa3yIollel peaKIiiu.

10. Paccunraiite 9/IC u coCcTaBbTE CXEMY TaJbBAHUYECKOTO AJIEMEHTA, COCTOSIIETO
U3 K0OanmbTOBOrO 3ekTpoaa, norpyxeHHoro B 0.01 M pactBop xnopuna xobansta (II) u
KEJIEe3HOTo 3eKTposa, norpyxkerHHoro B 0.01 M pactBop cynbdara xenesa (II). 3anummre
YpaBHEHHUSI 3JIEKTPOIHBIX MPOLIECCOB M TOKOOOpa3yIolel peaKIii.

11. Paccunraiite 3/IC 1 coCTaBbTE CXEMY TaJIbBAHUYECKOTO AJIEMEHTA, COCTOSIIErO
U3 KaJMHEBOrO »JJeKTpoja, morpyxenHoro B 0.01 M pactBop cynbsdara kaamMus u
MarHueBOro 3JeKTpojaa, norpyxeHHoro B 0.1M pactBop cynbdara Marfus. 3amnuiliuTe
YpaBHEHHUSI 3JIEKTPOIHBIX MPOLIECCOB M TOKOOOpa3yIolel peaKIii.

12. Paccuuraiite D/IC u cocTaBpTe CXeMy rajJbBaHHUYECKOTO AJIEMEHTA, COCTOAIIETO
U3 MEAHOTO 3eKTpojia, norpyxeHHoro B 0.1M pactBop nutpata meau (II) (Cu(NOs)2) u ono-
BSIHHOTO AJICKTPOJIa, morpykeHHoro B 2M pactBop xsopunaa onoBa (II) (SnClp). 3anummre
YpaBHEHHUSI 3JIEKTPOIHBIX MPOLIECCOB M TOKOOOpa3yIolel peakii.

13. Paccuuraiite D/IC u cocTaBpTe CXeMy rajJbBaHHUYECKOTO AJIEMEHTA, COCTOAIIETO
U3 MapratieBoro 3JjekTpoaa, norpyxernsoro B 0.1 M pactBop cynbdara mapranua (II) u
cepeOpsiHOTrO 3MeKkTpoza, norpyxkeHHoro B 0.01 M pactBop Hutpata cepedpa (I). 3anummure
YpaBHEHHSI SJICKTPOIHBIX MPOIIECCOB M TOKOOOPA3YIOIIEH peaKIlii.

14. Paccuuraiite D/IC u cocTaBpTe CXeMy rajJbBaHMYECKOTO AJIEMEHTa, COCTOSIIETO
U3 KaJMHUEBOTO OJJIEKTpoja, morpyxeHHoro B 0.1M pactBop HuTpaTta KaaMUs H
MaprasiieBoro JjekTpona, mnorpyxkenHoro B 0.IM pactBop xmopuaa wmapranna (II).
3anummTe ypaBHEHUS IEKTPOIHBIX MPOIIECCOB H TOKOOOPA3yIOIIEH peaKIluH.
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15. Paccuuraiite D/IC u cocTaBpTe CXeMy rallbBAHUYECKOTO 3JE€MEHTa, COCTOSIIETO
U3 HUKEJEBOro 3JeKTpoja, norpyxkenHoro B 0.01 M pactBop cynbdara nukens (II) wu
KOOAJIbTOBOTO 3JIEKTpoJa, mnorpyxkeHHoro B (0.5M pactBop Hutpata kobanbra (II)
3anumuTe ypaBHEHHS JIEKTPOIHBIX MPOIECCOB U TOKOOOpa3yrolel peakiinu.

16. Paccuuraiite D/IC u cocTaBpTe CXeMy rajJbBaHHUYECKOTO AJIEMEHTA, COCTOAIIETO
U3 JKeJe3HOro HaJeKTpoaa, mnorpyxkeHHoro B 0.IM pactBop cynbdarta >xenesa (II) u
MarHMeBOro 3JeKTpoja, mnorpyxeHHoro B 0.2M pactBop OpomMuaa MarHus. 3amMILNATE
YPaBHEHHMSI 3JIEKTPOIHBIX MTPOLIECCOB U TOKOOOPA3yIOIIEH peaKuu.

3.2. [IpumepHbIii NepevyeHb BONMPOCOB, BLIHOCMMbIX HA IK3aMeH

. ®uznueckne 1 XUMUYECKHE MPOIIECCHI U SIBJIEHUS. ATOMHO-MOJIEKYJISIPHOE YUEHUE.

2. OCHOBBI XUMHUYECKON CTEXUOMETPUHN, CTEXHOMETPUUECKHE 3aKOHBI U BBIYHUCIICHUS.

3. Monenn crtpoenust aroma. lloHsATHE XMMHYECKOrO 3JIEMEHTA. OJIEKTPOHHAs
CTPYKTYypa aTOMOB.

4. CtpoeHne atoMa W Tniepuoauyeckas cucrtema snemeHtoB .M. Menpaeneesa.
Knaccugukanuus 37eMeHTOB 10 CTPYKTYpaM aTOMOB.

5. [lepnoAMYHOCTH CBOMCTB XMMUYECKHUX AIEMEHTOB. PaanoakTUBHOCTD.

6. OcHOBoOIOaraouMe MpeACTaBICHUs 0 XUMUYECKOM CBS3U.

7. Teopusi MOJIEKYJISIPHBIX OpOUTATIEH.

8. Teopus BaJECHTHBIX CBS3EH.

9. NoHHas, MeTaJminyeckasi 1 BOAOPOIHAS CBA3b.

10. MexMonexkynsipHble B3aUMOJECHCTBHS.

11. JloHOpHO-aKIIENTOPHAS CBSI3b, KOMILIEKCOOOPa30BaHUE U KOMITJIEKCHBIE COSIMHEHUSI.

12. Knaccudukanus arperaTHbIX COCTOSTHUHM, paCTBOPOB U JUCTIEPCHBIX CUCTEM.

13. CriocoObI BEIpasKEHUSI COCTaBa PaCTBOPOB.

14. UneansHble n peanbHble ra3bl. [nazma. 3akons! boinsa-Mapuotra, [lapis, I'eii-
JIroccaka, ABaraapo, ypaBuenue MennaeneeBa-Knaineitpona.

15. JlaBineHue HACBIIIEHHOTO Mapa KUJIKOCTH. 3aKOHbI Pays.

16. Ocmotuyeckoe nasienue. 3akoH Bant-T'ododa.

17. AuTHdpU3bl, UX NPAKTUYECKOE MPUMEHEHHUE.

18. OCHOBBI TEOPHUH AINEKTPOIUTUUECCKON JUCCOLMAIIUN. BUIBI AJIEKTPOIUTOB.

19. CBolicTBa pacTBOpPOB 3JEKTpPoJUTOB. KOHCTaHTa W CTENEHb AUCCOIUAIINU
c1a0bIX ANEKTPOIUTOB.

20. 3akoH pa36asienust OcTBayb/a.

21. IlpousBeneHne pacTBOPUMOCTH MAJIOPACTBOPUMBIX 3JIEKTPOJIUTOB.

22. DneKTpoJuTHYECKass Auccouuanus Bojabl. MOHHOE TIPOM3BEACHUE BOJBI.
Bonopoanslil ¥ THAPOKCUITBHBIN MOKA3aTEIH.

23. KucnoTHO-OCHOBHBIE MHIUKATOPBI, PUHIIUI JEHCTBUS U 00JIaCTH IPUMEHEHHUS.

24. T'uaponu3 coneit. OOmuMe MOHSITHSL.

25. CmenieHue XMMHUYECKOr0 PAaBHOBECHS B pacTBOpax THUIAPOJU3YHOUIUXCS COJIEH
Pa3HbIX TUIIOB.

26. Pacuetr pH u pOH ruaponu3yrOIMMXCs COJIEN Pa3HbIX THUIIOB.

27. AmopdHOoe 1 KpUCTaUTMYECKOe COCTOsSIHME TBepAoro BemecTna. [lomumopdusm.

28. Kpucramibel. 30HHas TEOpUS KPUCTAILIIOB.

29. lomynpoBoaauku. O6IACTH MPAKTHYECKOTO UCIIOJIH30BAHUSI.

30. OcHOBHBIE KJIaCChl 1 HOMEHKJIATYPa HEOPraHUYECKUX COEAUHEHMIA.

31. OcHoBbl xuMuUHU MeTauioB. (CBOWCTBAa METALUIOB. XHMHUYECKHE OCHOBBI
NoJy4eHus MeTasuioB. [IpumMeHeHre MeTasioB.
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32. OuU3NKO-XUMUYECKUN aHANIM3 METAIUIMYECKUX CIIaBOB. TBEpAbIE PaCTBOPHI.

33. 3aBUCUMOCTh CBOWCTB XHWMHMUYECKUX DJIEMEHTOB W HUX COEJUHEHHH OT HX
[I0JI0’KeHUs B iepuoauyeckoit cucreme .M. Menneneesa.

34. Xumuss s- u p-anemeHTtoB. CBoiictBa »3nemeHtoB rpynn JA - VIIIA
[lepronueckor CUCTEMBI.

35. XKectkocTh BoJbIl. BHibI, CIOCOOBI U €TUHUIIBI U3MEPEHUS )KECTKOCTH.

36. Crioco0bl yMAT4YEeHUS U 00€CCONMBAHMS IPUPOIHBIX BOJ.

37.Xumuss d- u f-anementroB.  CBoiictBa »3nemeHtoB rpynn IB - VIIIB
[lepuonnueckoil cucteMsbl. JJaHTaHOUIbI. AKTUHOUBI.

38. Heoprannueckue COEAMHEHUs BBICHIEIO W HU3IIET0 MOpsAIKOB. KomIiekcHble
COCAMHEHUS, JBOMHBIE U CMELIaHHBIE COJIN.

39. KoopanHanmonHass Teopuss CTPOCHUS KOMIUIEKCHBIX coeauHeHull BepHepa.
HomeHnknarypa coenMHEHUH BBICIIETO MOPSIAKA.

40. OcoOeHHOCTH JUCCOLMAIMM  COEAMHEHW Bbicmiero mnopsaka. KoncranTa
HEYCTOWYHUBOCTH.

41. DHepreTrka XMMUYECKUX TTporieccoB. OCHOBBI XUMHUECKON TEPMOIUHAMUKH.

42. ®usuyeckas CYUIHOCTb DJHEPreTHUecKuX dS(PPEeKTOB XUMHUYECKUX PEaKIUH.
BHyTpeHHsIs S5HEpTHS U SHTAJBIINS.

43. TepMOXHUMHYECKHE 3aKOHBI. DHTAJBIUSA 00pa30BaHUs XUMUYECKUX COETMHEHUN.

44. Duepreruueckue 3 (exTsl MpHu Pa3zoBbIX MEPEXOaaAX.

45. 3akoH 'ecca u cnencrBue u3 3akoHa ['ecca. TepmoanHaMudeckue pacyeTsl.

46. [lonatue 00 oHTponuu. TepMoaWHAMHYECKas BEPOSATHOCTh. M3meHeHue
SHTPONHUH MPU XUMHYECKHUX Tpolieccax v (Pa3zoBbIX MEPExXoiax.

47. Dueprust ['m606ca oOpa3zoBaHUs XMMHYECKUX coeluHEHMi. HampaBieHHOCTh U
YCJIOBHSI CAMOIIPOU3BOJIBHOCTH POTEKAHUS XUMHUYECKUX IPOLECCOB.

48. OCHOBBI XUMHYECKOW KNHETUKH, OCHOBHBIE ITOHATHS U ONTPEACIICHUS.

49. CKkopoCTh XUMHUYECKUX PEAKIINNA B TOMOT€HHBIX U T€TEPOr€HHBIX CUCTEMAX.

50. 3aBUCHMOCTbH CKOPOCTH XUMUYECKOHN peakIM OT Pa3IMYHBIX (PaKTOPOB.

51. 3akoH aeictByrommx Mace. [lopsqok 1 KOHCTaHTa CKOPOCTH XMMUYECKON PEAKIIMH.

52. TemniepaTypHbIif ko duireHT peakuuu. Y paBHenue Baut-I'odda.

53. DHeprus akTUBaIMU. Y paBHEHHE AppeHuyca.

545.TOMOTeHHbII M TEeTepOreHHbI KaTalu3 M Karaau3artopbl. MHruOUTOPHI.
O6uacTu TPaKTUYECKOTO MPUMEHEHUs KaTaau3aTopoB U HHTMOUTOPOB.

55. Xumunueckoe paBHoBecue. Koncranra pasHosecus. [Ipunnun Jle-IllaTense.

56. OKHCIIUTENIPHO-BOCCTAHOBUTENIBHBIE M DJIEKTPOXMMHMUYECKHE  IPOLECCHI,
OCHOBHBIE TIOHATHUSA (JIEKTPOOTPULATENBHOCTD, CTETIEHb OKUCIIEHUS, BaJICHTHOCTB ).

57. Tunsl OKHUCIUTEINBHO-BOCCTAHOBUTENBHBIX peakuuil. MeToa 3IeKTPOHHOTO
Oananca. Baxxneiiime oKUCIUTENN U BOCCTAHOBUTEIH.

58. DnexkTpoxumMu4eckre Mpouecchl. BO3HMKHOBEHME CKayka IIOTEHLHAlla Ha
rpanuiie pazaena ¢as. [Iposoanuku I -ro u II-ro poxa.

59. Onextpoasl. [lorenunan snexrpona. CTaHgapTHBIE 2JIEKTPOIHBIE TOTEHIUAIIBI.

60. YpaBuenue Hepracra. @akTopbl, BIMAIOMIME HA BETUYUHY 3JIEKTPOAHOIO MOTEHIMANA.

61. XruMHUecKMe HMCTOYHUKHM DIIEKTPUYECKOIO TOKA - TaJIbBAHWYECKUE DJIEMEHTHI,
aKKyMYJISITOPBI, TOIJIMBHBIE 3JE€MEHTHI. THIMBI, YyCTPOMCTBO, NIPUHLIMII PabOThl, OCHOBHbIE
XapaKTEePUCTUKHU, 00JIACTH MPAKTUIECKOTO IPUMEHEHHS.

62. OCHOBHBIE BHJBl KOpPpPO3UM METAIOB. PaKTOpBI, BIMSIOIIME HAa CKOPOCTH
Koppo3uu. BopopoaHas u KMCIOpOHAs IENOISAPU3ALIMSL.
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63. MeToabl 3alIUThl OT KOPPO3UU METAIIIOB. DKOHOMHYECKOE M HKOJIOTUYECKOE
3HAYEHUE KOMILJIEKCA MEPOIPUATHMN T10 3aIIUTE METAJIJIOB U CIUIaBaB OT KOPPO3UHU.

64. DNeKTpoau3 pacTBOPOB M PACIUIABOB 3JIEKTPoUTOB. IlociienoBarenbHOCTH
pa3psJIKU MOHOB Ha JIEKTPOJIaX.

65. DNEeKTpoau3 ¢ aKTUBHBIMM M HWHEPTHBIMU J3yekTpojamu. KomuyecTBeHHBIE
XapaKTEPUCTUKH JIEKTPOIU3A.

66. 3akonsl M.Qapanes. Boixon mo Toky. @u3NueCKUN CMBICT MOCTOSHHOU
@apanes. OOnacTH  MPAKTUUECKOTO MPUMEHEHHUs  JJICKTPOJIM3a:  MOJy4YeHUEe U
paduHUpOBaHNE METAJIOB, HAHECEHUE TaJIbBAHUYECKUX MOKPBITHH, 31eKTpodopes.

67. Konnouiuple 1 MUKpPOTETEPOreHHbIE CHUCTEMBI (CYCHEH3MH, SMYJIbCUU, IEHBI,
TeJIu, 30J11).

68. [loBepxHoctHo-akTuBHbIE BemlectBa ([IAB) u ux BiusHHE Ha CBOICTBa
KOJUIOUJIHBIX U MUKPOT€TEPOT€HHBIX CUCTEM.

69. ArperaTuBHasi 1 KUHETUYECKasi yCTOMYUBOCTh KOJUIOMIHBIX U MUKPOTETEPOTrE€HHBIX
cucteM. CyIIHOCTb SIBICHUI MUIIETUIO00pa30BaHusl, KOATYJISIINH, CEAMMEHTAIIH.

70. Knaccudukarwst 1 0cOOEHHOCTH CBOMCTB OpraHUYECKUX coequHeHni. zomepust.

71. OCHOBHBIE TIOHATHUS U ONPEACICHUS XMMUU BBICOKOMOJIEKYISIPHBIX COEAMHEHUN
(BMC) - monumep, MOHOMEp, OJUTOMEP, COMOJHUMEpP, MaKpPOMOJEKYyJa, 3JIEMEHTapHOE
3BEHO, (yHKIIMOHAIbHAS TPyMIa.

72. Crioco6s1 montyyenust BMC, ux kinaccudukaiys 1 HOMEHKJIATypa.

73. OpraH4ecKkre MOJUMEPHI - TMOJUATHICH, MOJUIPONUIIEH, MOJUBUHWIXIOPHI,
noJIMdTUIeHTepedTanar, moJIUMBUHUIIAIIETAT, MOJUAKPUIIOBAsT KUCIOTA U €€ MPOU3BOIHBIC,
benondopmanbaeruanbie cMombl. [lomydyenue, cBoiicTBa, MpUMEHEHHE.

74. IlonumepHble MaTepUalibl B MAIIMHOCTPOCHUH, SHEPTETUKE U SIEKTPOTEXHUKE.
[TonumepOeTOHBI, TOJMMEPIIEMEHTHI, IUIACTMACChI, CTEKJIOIIACTHUKUA. KOMMIOHEHTHI
BXOJIsIIIIKE B MX cocTaB. O0nacT MpUMEHEHHS.

75. CocrtaB ¥ CBOMCTBAa OPraHUYECKOro TOIUIMBA. TerioTa CropaHusl U TeIIOTBOpHAs
CcrocoOHOCTh ToruMBa. TBepmoe, >XHIKoe M Ta3o00pa3Hoe TorinBo. OcoOeHHOCTH
MIPUMEHEHHUSI Pa3JIMYHBIX BUOB TOILINBA.

76. DKOJIIOTUYECKHUE AaCHEKThl COBPEMEHHOM XUMUHU M XUMUYECKOW TEXHOJOTHH.
YTunuzaiusi 0TX0/10B XMMUYECKOT0 MPOU3BOACTBA. KOMIIJIEKCHOE UCIOIB30BAHHUE ChIPbS,
0€30TX0IHBIE TEXHOJIOTHUHU.

3.3. BapuaHThbl 3K3aMeHAUMOHHBIX 3aJaHUM
Bapuant Ne 1

1. BBIYMCITUTD SKBUBAIECHT U SKBUBAJICHTHYIO MACCy CIEAYIOIINX COCAUHCHUI:
H3PO4, KOH, Sn(OH),, Crls, SiO»

2. Tlo cTaHAapTHBIM SHTAIBITUSAM 00pPa30BaHUS BEIICCTB ONMPEACITUTE H3MEHEHNUE SHTABITHH
B X0JI€ XMUMHYECKOU peaKIuu:

MgsN2 kp) + 6H20 (%) = 3Mg(OH)2ap) + 2NH3 (1)
AtH®208 (Mg3N2 kp))= -461. 1k Ix/Moib; AfH 208 (H20 ()= - 294.6 xJ]x/Mo0b;
AH®208 (Mg(OH)2p))= - 924.7xJIx/Momb; AfH 208 (NH3 (1))= -46.0 x/Ix/MoIb
JlaHHast peakius sBISCTCSA SHIOTEPMHUUCCKOMN UITH SK30TEPMUIECKOM?
3. Hamumure MaTeMaTH4ecKoe BBIPAKCHHE 3aKOHA JCHCTBYIONIMX MacC M KOHCTAHTHI
pPaBHOBECHS ISl XAMHUYECKON PEaKIIu:

2NO ) + Oz (r) <>2NO2 (1)

Bo CKOJBKO pa3 H3MEHHTCS CKOPOCTh JTOM XHUMHYECKONW pPEaKIUd IpU yBEIHMUCHHH
JaBiieHus B 3 paza?



115

4. Jlna npenoTBpaleHUsT KOPPO3UM KEJNE30 MOKPBUIM MEIHBIM 3allUTHO-IEKOPATUBHBIM
nokpsiTieM. OJHAaKoO B IpoLECCE€ JKCIUTyaTallMy LEJOCTHOCTh IOKPBITHS OKa3auach
HapymeHa. Kakue mnpoueccel OynyT mpoTekaTb Ha MecTe oOpa3oBaBlierocs jedexra
MOKPBITHUS B KUCJION U B HEUTpaIbHOU cpee?
5. MetonomM 531eKTpOHHOro OanaHca paccTaBbTe€ KOIP(QUUUEHTHI B YpaBHEHUU
OKHCIIMUTEIbHO-BOCCTAHOBUTEIILHON PEAKIUU:

KMnO4 +KI +H>0 — MnO, + I, + KOH
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIKE MTOABEPratOTCs THIPOIIU3Y:

Na>S0Os3;, NHsNO3z, K2SO4

B Tex cimydasx, Korga rupoian3 UAET, 3alHUIINTE YPAaBHEHN KaXKI0M CTaluu THIPOJIN3a B
MOJICKYJISIPHOM, TTOJIHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTpaJIbHYIO WM ILEI0YHYI0 OyAeT UMETh BOJHBIN pacTBOP JaHHOU conun?

Bapuanrt Ne 2

1. BeIunuciauTh 3KBUBAJICHT W SKBUBAJICHTHYIO MACCy CJIEAYIOIINX COCTUHCHUM:
Fe2(S04)3, NaCl, Ca(OH)., MgO, HC1
2. Ilo crtaHgapTHBIM DSHTPOIHUSM BEIIECTB OMNPEICIUTE HU3MEHEHHE JHTPOIUU B XOJE
XUMUYECKON peaklnu:
Fe>0s p) + 3H2 (r) = 2Fe p) + 3H20 (1)

a) S8 (Fe203 kp))= 87.4 dx/Monb-K;  0) S8 (H2 ()= 130.5 dx/Mons-K;
B) S°08 (Fe (kp))=27.2 Ixx/Moab-K; r) S%98 (H20 ()= 188.7 JIrx/monb-K
B03MOKHO 711 caMONpOU3BOJIBHOE NPOTEKAHUE JAHHOW XUMUYECKON peakinu?
3. B KaKy1o CTOPOHY CMECTUTCS PaBHOBECHUE IIPU MOHUKEHUU TEMIIEPATyphl U YBEIUUYECHUU
JIABJICHUS B CJIIEIYIOIINX PAaBHOBECHBIX CUCTEMAX:

a) 4HCI )+ O2 () > 2H20 i +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Hopr AH<0
4. Hanumiure ypaBHEHHUS aHOJHOTO U KaTOJHOTO MPOILIECCOB IMPHU 3JIEKTPOIU3E BOJHOIO
pacTBopa HUTpaTa cepedpa U paccuuTaTe Maccy cepedpa, KoTopasi BBIICTUTCS Ha KaTO/IC B
TE€YeHUe 3 4acoB IpU cuiie Toka 4 Amrmepa.
5. Metomom d3neKTpoHHOTO OanaHca paccTaBbTe KOIPQPUIMEHTHI B  YpaBHEHUHU
OKHCJIMTEIBHO-BOCCTAHOBUTEILHON PEAKIIUN:

MnCl,; + KMnOs + H20 — MnO> + KCI + HCI
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE TTOJIBEPTatOTCs THIPOIIU3Y:

NaxSO3, NHsNOs, K2SOq4

B Tex ciyuasx, Korjia ruJipoJin3 UIIET, 3aMUIINTE YPABHEHUS KaX 0 CTa MU TUIPOJIN3a B
MOJICKYJISIPHOM, TIOJTHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeny kuciyto,
HEUTPANBHYIO WX MIEJIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP IaHHOM COU?

Bapuant Ne 3

1. BBIUHCIHTD DKBUBAJICHT U SKBUBAJICHTHYIO MACCy CIIEIYIOIIUX COCAMHEHUI:
(NHa4)2S, HBr, Na3SbO4, H2SO4, Al,O3
2. OnpenenuTe, MOXKET JIM B CTAHJAPTHBIX YCIOBUSAX MPOTEKATh CIICAYIOMIAs PEAKIIUS:
Fe2Os kp) + 3H2 (r) = 2Fe kp) + 3H20 (1)
a) AfG°298 (Fe203 kp))= - 740.3 xJIxx/Momb; 6) AfG®298 (H20 (r))= - 228.6 xIx/M0b
3. B xakyio CTOpOHY CMECTHTCS paBHOBECHE TIPU IMOHKECHUH TEMIICPATYPhl U YBEITHUCHUH
JABJICHUS B CIICAYIONMX PABHOBECHBIX CHCTEMAX:
a) 4HCI )+ O2 ) < 2H20 i +2Cl2 AH>0
0) Cup +H20 (<> CO(r) +Har AH< 0
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4. Jlna npenoTBpalEHUs] KOPPO3UM KEJNEe30 MOKPBUIM MEIHBIM 3alUTHO-IEKOPATUBHBIM
nokpsiTieM. OJHAaKoO B IpoLECCE€ JKCIUTyaTallMy LEJOCTHOCTh IOKPBITHS OKa3auach
HapymeHa. Kakue mnpoueccel OynyT mpoTekaTb Ha MecTe oOpa3oBaBlierocs jedexra
MOKPBITHUS B KUCJION U B HEUTpaIbHOU cpeje?
5. MetonomM 53IeKTpOHHOro OanaHca paccTaBbTe KOI(PQPUUUEHTHI B  YpaBHEHUHU
OKHCIIMUTEIbHO-BOCCTAHOBUTEIILHON PEAKIUU:

KMnO4 +KI +H>0 — MnO, + I, + KOH
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIKE MTOABEPratOTCs THIPOIIU3Y:

KCI, Fe(NOs)2, NaxSO3

B Tex cimydasx, Korja ruApoian3 UAET, 3alUIINTE YPABHEHUS KaKI0M CTaJuu THAPOIN3a B
MOJICKYJISIPHOM, TTOJIHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTpaJIbHYIO WM ILEI0YHYI0 OyAeT UMETh BOJHBIN pacTBOP JaHHOU conun?

Bapuanr Ne 4

1. BoIYMCIIUTD SKBUBAJIIEHT U 3KBUBAJIEHTHYIO MacCy CJIEAYIOIUX COEIMHEHMI:
H3PO4, KOH, Sn(OH)a, Crl3, Si0O2
2. OmnpeienuTe, MOXET JIM B CTAHAAPTHBIX YCIOBUSAX MPOTEKATh CIEIYIOIas peaKIlus:
Fe20s3 xp) + 3H2 () = 2Fe p) + 3H20 ()
a) AiG°298 (Fe203 kp))= - 740.3 kJ>x/Mounb; 0) AfG®98 (H20 ()= - 228.6 xJ[>x/Mob
3. Hanumure maTemMaTHUecKOe BBIpAXKEHHE 3aKOHA JEHCTBYIOMIMX MacC U KOHCTAHTHI
PaBHOBECHS JIJIsl XUMHUYECKOW PEaKIuu:
2S0 (r) + O2 () <2503 () AH< 0
B kakyio CTOpOHY CMECTUTCS PaBHOBECHE B CHCTEME, €CJIHM TMOBBICUTh TEMIIEpATypy U
nasieHue?
4. Hanumure ypaBHEHHUS aHOJHOTO M KaTOJHOTO MPOLECCOB MPH AJIEKTPOJIU3E BOJHOIO
pacTBopa HUTparTa cepedpa 1 paccuuTanTe Maccy cepedpa, KOTopas BBIJIEIUTCS Ha KaTOJIE B
TeueHue 3 4acoB npu cuiie Toka 4 Ammepa.
5. Metomom d3neKTpoOHHOTO OanaHca paccTaBbTe KOIPQPUIMEHTHI B YpaBHEHUU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:
MnCl; + KMnOs + H20 - MnO; + KC1 + HCl
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MOABEPralOTCs THAPOIUZY:
NaxSO3;, NHsNO3, K2SOq4
B Tex ciyuasx, Korjaa ruJipoiu3 UIeT, 3aUIIUTe YPABHEHUS KaXKI0M CTaIuu THAPOJIHN3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpaIleHHO HOoHHBIX (hopmax. Kakyro cpeny Kuciyro,
HEUTPAJbHYIO WX LIEJIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP IaHHOM COu?

Bapuanr Ne §

1. BBIYMCIINTD SKBUBAJIEHT U SKBUBAJIEHTHYIO MAcCy CIEAYIOINX COEAUHEHU:

(NHa4)2S, HBr, Na3SbO4, H2SO4, Al,O3
2. Ilo ctaHgapTHBIM DSHTPOIKSM BEIIECTB ONPEICIUTE HW3MEHEHHE JHTPOIHUHU B XOJE
XAMUYECKOU pEaKI1H:

Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
a) S8 (Fe203 kp))= 87.4 IIxx/monw-K;  6) S°09s (H2 (r))= 130.5 Ixx/mons-K;
B) S9s (Fe kp))= 27.2 Ixx/Monb-K; ) S°098 (H20 (r))= 188.7 Ix/moinb-K
B03MOXHO 711 caMOIIpOU3BOJIBHOE IPOTEKAHNUE JaHHOW XUMUYECKOW peakuun?
3. Hamummre MaTreMaTH4ecKOe BBIPAXKEHUE 3aKOHA JEUCTBYIOIIMX MAacC W KOHCTaHTHI
paBHOBECHS JJIsI XUMHYECKON PEAKIINN:

2NO ) + O2 () <>2NO2 ()
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Bo ckonbkOo pa3 M3MEHMTCS CKOPOCTh 3TOM XMMHYECKOW pEaKkIUu IpH yBEIMYEHUU
JlaByieHus B 3 paza?
4. Paccuuraiite DJIC rambBaHMYECKOTO »3JEMEHTa, COCTAaBJICHHOTO M3 KOOAJIbTOBOIO
AJIEKTPOJIa, OTPYKEHHOTO B pacTBop xjopuja kobansta (CoCl) ¢ konnentparnueit 0.01M
U BOJOPOJHOIO 3JIEKTPOAA, IOTPYKEHHOTO B pactBop ¢ pH=5. Vkaxure kakon wus
AIIEKTPOOB OYyJIET KaTOJAOM U KaKOW aHOJIOM.
5. MetonomM 53IeKTpOHHOro OanaHca paccTaBbTe KOIPQPUUUEHTHI B  YpaBHEHUHU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

KMnOs4 +KI +H20 - MnO> + 1> + KOH
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MOABEPraloTCs THAPOIUZY:

KCI, Fe(NO3)2, NaSO3

B Tex ciyyasx, Korjga ruapoin3 UIET, 3alUIINTe YPAaBHEHUS KaXKJ0W CTaJAuM THAPOJIN3a B
MOJIEKYJISIPHOM, TOJHOW M COKpallleHHOW HoHHbIX ¢opmax. Kakyio cpeay kuciyto,
HEUTPAJIbHYIO WX LIEJIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP TaHHOM COu?

Bapuant Ne 6

1. BpIlUMCIUTD S3KBUBAJICHT U SKBUBAJICHTHYIO MacCy CIEIYIOIIUX COeIUHEHUM:
Fe2(S04)3, NaCl, Ca(OH)., MgO, HC1
2. Omnpenenute, MOXKET JIM B CTAHAAPTHBIX YCIOBUAX MPOTEKATh CIIEAYIOLIas peaKkus:
Fe20s3 xp) + 3H2 () = 2Fe p) + 3H20 ()

a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/Moib
3. B KaKkyro CTOpOHY CMECTUTCS PaBHOBECHUE MPH MOHMWKEHUU TEMIIEPATypPhl U YBEITUYCHUHU
JTABJICHUS B CIIEIYIOIIMX PABHOBECHBIX CHCTEMAX:

a) 4HCI )+ O2 () <> 2H20 g +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Har) AH< 0
4. Jlns mpenoTBpalIieHUsT KOPPO3UH KEJIE30 MOKPHUIM MEAHBIM 3alllMTHO-IEKOPATUBHBIM
nokpeiTieM. OJHAKO B MpOLECCe HKCIUTyaTalldd IEJIOCTHOCTh MOKPBITUS OKa3alach
HapyuieHa. Kakue mpouecchl OyayT NHpoTeKkaTh Ha MecTe oOpaszoBaBilerocs aeQekra
MOKPBITHS B KUCJION U B HEUTpabHOU cpene?
5. Metomom 2neKTpoHHOTO OanaHca paccTaBbTe KOIPQPUIMEHTHI B  YpaBHEHUHU
OKUCIUTEIbHO-BOCCTAHOBUTEIBHOMN PEAKLIUU:

MnCl,; + KMnOs + H20 — MnO> + KCI + HC1
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MOABEPralOTCs THAPOIU3Y:

NaxSO3, NHsNOs, KoSOq4

B Tex ciyuasx, Korjaa ruipoiiu3 UAET, 3aluIINTe YPAaBHEHUS KaXKI0M CTaIuu THIPOJIN3a B
MOJICKYJISIPHOM, TIOJTHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTPANBHYIO WIH MIEJIOYHYIO Oy/IeT UMETh BOJAHBIA PACTBOP TaHHOM CONu?

Bapuant Ne 7

1. BBIYMCIINTD SKBUBAJIEHT U SKBUBAJIEHTHYIO MacCy CIEAYIOIUX COEAMHEHUMN:

Na;HPO4, HNO3, CuSOs - 5SH20, CaO, Fe(OH);
2. Ilo crtangapTHBIM DSHTPOIHUSAM BEIUECTB ONPEACIUTE W3MEHEHHUE DHTPONMU B XOJE
XAMUYECKOU pEaKI1H:

Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()

a) S°08 (Fe203 kp))= 87.4 Iix/monb-K;  6) S0 (Ha ()= 130.5 dx/monb-K;
B) S°9s (Fe kp))= 27.2 Ixx/mMonb-K; r) S°98 (H20 ()= 188.7 JIxx/momnb-K
B03MOXHO 711 caMOIIpOU3BOJIBHOE IPOTEKAHUE JAHHOM XUMUYECKOM peakiuu?
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3. Hamuiiure MaTreMaTHuecKOe BBIPAXKEHUE 3aKOHA JEUCTBYIOUIUX MAacC U KOHCTAHTBI
paBHOBECHS JJIsI XUMHYECKON pEaKIIUNU:
2NO ) + Oz (r) <>2NO2 (1)
Bo ckonpko pa3 M3MEHHUTCS CKOPOCTh 3TOW XMMHYECKOM peakluu NpH yBEIUYCHUU
JlaByieHus B 3 paza?
4. Hanumvre ypaBHEHUSI aHOJHOTO U KaTOJHOTO IMPOLECCOB IMPHU 3JIEKTPOIU3E BOJHOTO
pacTBOpa HUTpaTa cepedpa U paccuuTaiiTe Maccy cepedpa, KOTopasi BBIJCIUTCS Ha KaToJie B
TeueHue 3 4acoB npu cuiie Toka 4 Amrepa.
5. Metomom onekTpoHHOro OamaHca paccTaBbTe KOI(POUIMEHTHI B ypaBHEHUU
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON PEAKLIUN:
K2Cr207 + NaxSOs3 + H2SO4 — Cra(SO4)3 + NaxSO4 + KoSO4 + Ha0
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MOABEPraloTCs THAPOIUZY:
Fex(S04)3, NaNO3;, CH3;COONH4
B tex ciyuasx, Korjaa ruipoiiu3 UIeT, 3alUIIUTe YPABHEHUS KaXKI0M CTaIuu THAPOJIN3a B
MOJICKYJISIPHOM, TIOJTHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTPaNbHYIO WX MIEJOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP aHHOM cOu?

Bapuanr Ne 8

1. BoIYMCIIUTh SKBUBAJIEHT U SKBUBAJIEHTHYIO MAcCy CIEAYIOIIUX COETUHEHUN:

(NHa4)2S, HBr, Na3SbO4, HoSO4, Al,O3
2. Onpenenute, MOXKET JIM B CTAH/IAPTHBIX YCIOBUSAX IPOTEKATh CIEAYIOIIAs PeaKIUs:

Fe>0s xp) + 3H2 (r) = 2Fe p) + 3H20 (1)
a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/Moib
3. Hamumimre MaTreMaTHUeCKOE BBIPAXKEHUE 3aKOHA JECMCTBYIOUIMX MAacC U KOHCTAHTHI
paBHOBECHS JJIsl XMMHUUECKOW PeaKuu:

2S0 (r) + O2 () <2503 () AH< 0
B kakylo CTOpOHY CMECTUTCS PaBHOBECHE B CUCTEME, €CIM IOBBICUTH TEMIEPATYpYy MU
JaBJicHHuE?
4. Hanumure ypaBHEHHUS aHOJHOTO M KaTOJHOTO IMPOLIECCOB IMPH AJIEKTPOJIHU3E BOAHOIO
pacTBopa HUTpara cepedpa U paccuuTainTe Maccy cepedpa, KOTopas BBIACIUTCS Ha KaTo/e B
TeueHue 3 4acoB npu cuiie Toka 4 Ammepa.
5. MetonomM 53neKTpoHHOro OanaHca paccTaBbTe KOI(PQOUUUEHTHl B  YpaBHEHUHU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

K2Cr207 + NaxSO3 + H2SO4 — Cr2(SO4)3 + NaxSO4 + K2SO4 + H20
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEAECHBI HIKE MOABEPratoTCs THIPOIU3Y:
KCI, Fe(NO3)2, NaSO3

B Tex cnydasix, korga ruipoyin3 UAET, 3alMUIINTE YPaBHEHUS KaX 01 CTaluy TUAPOIU3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpaIleHHO HOoHHBIX (hopmax. Kakyro cpeny Kucinyro,
HEUTPaJbHYIO WX HIEJOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP IaHHOM cOu?

Bapuant Ne 9

1. BEIYMCIIUTD SKBUBAJIEHT U OKBUBAJIEHTHYIO MACCY CIEIYIOIUX COEIMHEHMIA:
H3PO4, KOH, Sn(OH),, Crlz, SiO2
2. OHpe)IeJ'II/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATH CICAYIOIIAsA pCaKIHsA:
Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
a) AtG®298 (Fe203 kp))= - 740.3 x/[x/Momnb; 6) ArfG°298 (H20 )= - 228.6 kJ[>x/Mob
3. B KaKylo CTOPOHY CMECTHUTCS PABHOBECHE TIPH MOHUKEHUH TEMIIEPATYPHI M YBEIUUEHHH
JAaBJICHHUA B CIICAYIOIHUX PAaBHOBCCHBIX CUCTCMAX:
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a) 4HCI )+ O2 () < 2H20 iy +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Hopr AH< 0
4. Jlna mpenoTBpallieHUus: KOPPO3UM KEJNEe30 MOKPBUIM MEIHBIM 3alIUTHO-IEKOPATUBHBIM
nokpbiTueM. OJHAKO B IMpOLECCE€ HKCIUTyaTallMd LEJOCTHOCTh IOKPBITHS OKa3ajlach
HapymeHa. Kakue mnpoueccel OynyT mpoTekaTb Ha MecTe oOpa3oBaBlierocs jedexra
MOKPBITHUS B KUCJION U B HEUTpaibHOU cpene?
5. MetonomM 531eKTpOHHOro OanaHca paccTaBbTe KOI(PQPUUUEHTHI B  YpaBHEHUHU
OKHUCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

KMnO4 +KI +H20 - MnO; + > + KOH
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEAECHBI HIKE MTOABEPTatOTCs THIPOIU3Y:
NaS0Os3, NHsNO3, K;SO4

B Tex cimydasx, Korja rupoian3 UAET, 3alHUIINTE YPAaBHEHUS KaKI0M CTaJuu THAPOIN3a B
MOJIEKYJIIPHOM, TOJIHOM U COKpalleHHOM noHHBIX (hopmax. Kakyro cpeny kuciyto,
HEUTPAJIbHYIO WX LIEJIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP NaHHOM COuU?

Bapuant Ne 10

1. BpIlUMCIUTD SKBUBAJICHT U SKBUBAJICHTHYIO MacCy CIEAYIOIIUX COEIUHEHUI:
Na;HPO4, HNO3, CuSO4 - 5H20, CaO, Fe(OH)3
2. Tlo craHAapTHBIM DSHTPONMSAM BELIECTB ONPEAEIUTE H3MEHEHUE HHTPONUU B XOJIE
XUMUYECKON PeaKlnu:
Fe20s3 xp) + 3H2 () = 2Fe p) + 3H20 ()
a) S°98 (Fe203 kp))= 87.4 Ix/Mmonb-K;  6) S®os (H2 ()= 130.5 Ixx/Mons-K;
B) S°98 (Fe (kp))=27.2 Ixx/Moab-K; r) S%98 (H20 ()= 188.7 Irx/monb-K
3. Hamumimre MaTreMaTH4eCcKOE BBIPAXKEHUE 3aKOHA JECUCTBYIOUIMX MAacC U KOHCTAHTHI
paBHOBECHS JIsl XMMUYECKOW PeaKuu:
2NO 1) + O2 (r) <>2NO2 (1)
Bo ckonbkO pa3 M3MEHMTCS CKOPOCTh 3TOM XMMHYECKOW pEaKkIUu IpH YBEIMYEHUU
JlaByieHus B 3 paza?
B03MOKHO 711 caMONpOHU3BOJIBHOE MPOTEKAHUE JAHHOW XUMUYECKON peakiuu?
4. Paccunraiite DJ[C TaJbBaHUYECKOTO JJIEMEHTAa, COCTABJIECHHOTO M3 KOOAJIBTOBOIO
AJIEKTPOJIa, MOTPYKEHHOTo B pacTBop xsopuaa kodansta (CoCl) ¢ konnentparueir 0.04M
U BOJOPOJHOIO 3JIEKTPOAA, NMOTPYKEHHOTOo B pactBop ¢ pH=3. Vkaxure kakol wu3
3NIEKTPOJIOB OYJIET KaTOJA0OM M KaKO aHOJIOM.
5. Metomom d3neKTpoHHOTO OanaHca paccTaBbTe KOIPQPUIMEHTHI B  YpaBHEHUHU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:
MnCl; + KMnOs + H20 - MnO; + KC1 + HCl
6. Kakue u3 coneii, GopMyJibl KOTOPBIX MPUBEICHBI HIXKE MOABEPrat0OTCs THAPOIU3Y:
NaxS0Os3, NHsNO3z, K2SOg4
B Tex cnmyuasx, korja ruJipoiau3 UAeT, 3alUIIuTe YPaBHEHUS KaXKI0M CTaluu TUIPOIN3a B
MOJIEKYJISIPHOH, TTOJIHOM U COKpalleHHON nOHHBIX (hopmax. Kakyro cpeny kucimyro,
HEUTpaIbHYIO WU IIEI0YHYI0 OyZeT UMETh BOJHBIA PacTBOP AAHHOM conn?

Bapuant Ne 11

1. BEIYMCIIUTE SKBUBAJIEHT U OKBUBAJIEHTHYIO MACCY CIELYIOIUX COEIMHEHMIA:
Fe2(S04)3, NaCl, Ca(OH)., MgO, HC1

2. Ol‘[pe)leJ'II/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATh CICAYIOIIAsA pCaKIHsA:
Fe2Os kp) + 3H2 (r) = 2Fe kp) + 3H20 (1)

a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/MoIb
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3. B KaKky1o CTOpOHY CMECTUTCS] paBHOBECHUE NPU MMOHMKEHUH TEMIEPATYPHl U YBEINUEHUU
JIaBJICHMS B CJICAYIOIIMX PABHOBECHBIX CUCTEMAX:

a) 4HCI )+ O2 ) <> 2H20 (9 +2Cla AH>0

6) Cup +H20 )< CO(r) +Hop AH<0
4. Hanumure ypaBHEHHUS aHOJHOIO M KaTOJHOTO IPOLECCOB IIPHU IEKTPOJIM3E BOJHOIO
pacTBOpa HUTparta cepebdpa u paccyuTanTe Maccy cepedpa, KOTopas BBIACIUTCS Ha KaTo/€ B
TE€YEeHUe 3 4acoB IIPH CHIIE TOKa 4 Amriepa.
5. MetonomM 53IeKTpOHHOro OanaHca paccTaBbTe KO3(PQPUUUEHTHI B  YpaBHEHUHU
OKHCIIMTEIbHO-BOCCTAHOBUTEIIBHON PEAKIUU:

KMnO4 +KI +H>0 — MnO, + I, + KOH
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIKE MTOABEPratOTCs THIPOIU3Y:
Fex(S04)3, NaNO3;, CH3;COONH4

B Tex cimywasix, Koraa rupoiin3 UJIET, 3alUIINTEe YPaBHEHHs KaKJI0M CTaJuu THApOIN3a B
MOJICKYJISIPHOM, TOJHOM M CcOKpalieHHOM wuoHHBIX (opmax. Kakyro cpeay kuciyto,
HEUTpaJIbHYIO WJIH ILET0YHYI0 OyZEeT UMETh BOJHBIN pacTBOP JaHHOM cou?

Bapuant Ne 12

1. BoIYMCIIUTD SKBUBAJIIEHT U SKBUBAJIEHTHYIO MAcCy CIAEAYIOIUX COEAMHEHUMN:
Na;HPO4, HNO3, CuSO4 - 5H>0, CaO, Fe(OH)3
2. OmnpeienuTe, MOXET JIM B CTAHAAPTHBIX YCIOBUSAX MPOTEKATh CIEIYIOIas peaKIlus:
Fe20s3 xp) + 3H2 () = 2Fe p) + 3H20 ()
a) AiG°298 (Fe203 kp))= - 740.3 kJ>x/Mounb; 0) AfG®98 (H20 ()= - 228.6 xJ[>x/Mob
3. Hanumure maTemMaTHUeCKOe BBIpAXKEHHE 3aKOHA JEHCTBYIOMIMX MacC U KOHCTAHTHI
PaBHOBECHS JIJIsl XUMHUYECKOW PEaKIuu:
2S0 (r) + O2 () <2503 (n) AH< 0
B kakyio CTOpOHY CMECTUTCSI pPaBHOBECHE B CHCTEME, €CJIHM TMOBBICUTh TEMIIEpaTypy Hu
naBieHue?
4. Hanumure ypaBHEHHUS aHOJHOTO M KaTOJHOTO MPOLECCOB IMpPH AJIEKTPOJIU3E BOJHOIO
pacTBOpa HUTpaTa cepedpa U paccuuTaiiTe Maccy cepedpa, KOTopasi BbIIETUTCS Ha KaTo/e B
TeueHue 4 4acoB npu cuiie Toka 3 Amrmepa.
5. Metomom d3neKTpoHHOTO OanaHca paccTaBbTe KOIPQOUIMEHTHI B YpaBHEHUU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:
MnCl; + KMnOs + H20 - MnO; + KC1 + HCl
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MTOABEPTalOTCs THAPOIU3Y:
KCI, Fe(NO3)2, NaSO3
B Tex cnmyuasx, korja ruipoiau3 UAET, 3alUIINTe YPAaBHEHUS KaXI0M CTaluu THIPOIU3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpaIleHHO HOoHHBIX (hopmax. Kakyro cpeny kucinyro,
HEUTPAJIbHYIO WX IEJIOYHYI0 Oy/IeT UMETh BOAHBIN PACTBOP IaHHOM COU?

BapuanT Ne 13

1. BBIYMCIINTD SKBUBAJIEHT U 3KBUBAJIEHTHYIO MAacCy CJIEAYIOLIUX COSIUHEHMI:
H3PO4, KOH, Sn(OH)., Crls, SiO:

2. Ilo cTaHgapTHBIM DSHTPOIHKSAM BEIIECTB ONPEACIUTE HW3MEHEHHME JHTPOIUHU B XOJE
XAMUYECKOU pEaKI1H:

Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
a) S8 (Fe203 kp))= 87.4 IIxx/mons-K;  6) S°09s (H2 (r))= 130.5 Ixx/mons-K;
B) S%9s (Fe kp))= 27.2 Ixx/Monb-K; ) S°098 (H20 (r))= 188.7 Ix/moinb-K
B03MOXHO 711 caMOIIpOU3BOJIBHOE IPOTEKAHNUE JAaHHOW XMMUYECKOW peakuun?
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3. Hanumure maTeMaTHUeCKOE BBIPAKEHHE 3aKOHA JEHCTBYIOIIMX MacC W KOHCTAHTHI
paBHOBECHS JJIsI XUMHYECKON pEaKIIUNU:

2NO ) + Oz (r) <>2NO2 (1)
Bo ckonpko pa3 M3MEHHUTCS CKOPOCTh 3TOM XMMHMUYECKOW peakUMH NpH YBEIUYECHUHU
JlaByieHus B 3 paza?
4. JIns npenoTBpalieHuss KOPPO3UM KEJI€30 MOKPBUIM MEAHBIM 3alllUTHO-IE€KOPAaTUBHBIM
nokpbiTueM. OJHAaKO B IMpOLECCE OSKCIUTyaTallud LEJOCTHOCTh IOKPBITHS OKa3ajlach
HapymieHa. Kakue npoueccel OyayT NHpoTeKaTb Ha MecTe oOpa3oBaBllerocs aeQekra
MOKPBITHUS B KUCJION U B HEUTpaibHOU cpene?
5. Metomom 5neKTpoHHOro OamaHca paccTaBbTe KOI(PGUIMEHTHI B YpaBHEHUU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

KMnO4 +KI +H20 - MnO; + > + KOH

6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MOABEPraloTCs THAPOIUZY:

NaS0Os3, NHsNO3, K;SO4
B Tex cimyuasx, korjga ruipoian3 UAET, 3alUIINTe YPAaBHEHUS KaKI0M CTauu THIPOIN3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpaIleHHO HoHHBIX (hopmax. Kakyro cpeny kucinyro,
HEUTPAJIbHYIO WK IEIOYHYI0 Oy/I€T UMETh BOAHBINA PACTBOP JaHHOM CONu?

Bapuant Ne 14

1. BpIUMCIUTD SKBUBAJICHT U SKBUBAJICHTHYIO MacCy CIEAYIOIUX COEIUHEHUI:

Na;HPO4, HNO3, CuSOs - 5SH20, CaO, Fe(OH);
2. Onpeenute, MOXET JIM B CTAHAAPTHBIX YCIOBUAX MPOTEKATh CIEIYIONIas peaKIys:

Fe>0s xp) + 3H2 (r) = 2Fe p) + 3H20 (1)

a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/Moib
3. B Kaky1o CTOpOHY CMECTUTCSI paBHOBECHUE MPU MOHMKEHUH TEMIEPATYPbl U YBEINUECHUU
JTABJICHUS B CIIEAYIOIIMX PABHOBECHBIX CHCTEMAX:

a) 4HCI )+ Oz ) <« 2H20 g +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Har) AH< 0
4. Hanumure ypaBHEHHUS aHOJHOTO M KaTOJHOTO MPOLECCOB MPH AJIEKTPOJIU3E BOJHOIO
pacTBOpa HUTpara cepedpa U paccuuTainTe Maccy cepedpa, KOTopas BBIACTUTCS Ha KaTOE B
TEeYEHHUE 2 4acoB MpU cuiie Toka 6 Amrmep.
5. MetonomM 53neKTpoHHOro OanaHca paccTaBbTe KOI(PQOUUUEHTHI B  YpaBHEHUHU
OKHCJIMTEIBbHO-BOCCTAHOBUTEJILHON PEAKIUU:

K2Cr207 + NaxSO3 + H2SO4 — Cr2(SO4)3 + NaxSO4 + K2SO4 + H20
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIXKE MTOABEPTalOTCs TUAPOIIU3Y:
KCI, Fe(NO3)2, NaSO3

B tex cnyuasx, korga ruipoyiu3 UAET, 3alUIINTE YPaBHEHUS KaXI0W CTaluu TUAPOIN3a B
MOJICKYJISIPHOM, TIOJTHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeny kuciyto,
HEUTPANBbHYIO WIH HIENOYHYI0 Oy/IeT UMETh BOAHBIA PacTBOp AAHHOU coyn?

BapuanT Ne 15

1. BEIYMCIIUTD SKBUBAJIEHT U OKBUBAJIEHTHYIO MACCY CIELYIOIUX COEIMHEHMIA:
(NHa4)2S, HBr, Na3SbO4, HoSO4, Al,O3
2. OHpe)IeJII/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATh CICAYIOIIAsA pCaKIHsA:
Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
a) ArG°298 (Fe203 kp))= - 740.3 x/[x/Momnb; 6) ArfG98 (H20 1))= - 228.6 kJ>x/Momb
3. Hamummure MareMaTHUECKOE BBIPAXKCHHUEC 3aKOHa ﬂel‘;ICTByI'OHII/IX MaCC U KOHCTAHTHI
PaBHOBCCHA IJIA XUMHUYECKOMN pcakuunu:
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250 1)+ O2 ) <2803 () AH<0
B kakyioo CTOpOHY CMECTUTCS PaBHOBECHE B CUCTEME, €CIUM TOBBICUTH TEMIIEpaTypy HU
nasienue?
4. Paccuutaitte DJIC raapBaHUYECKOTO 3JIEMEHTA, COCTABICHHOTO M3 KOOaJbTOBOTO
AJIEKTPOJIA, MMOTPY)KEHHOTO B pacTBop xyopuaa kodansta (CoCly) ¢ kormnentpamueit 0.01M
U BOJOPOJHOTO 3JIEKTPOJA, IMOTPYyKEHHOro B pactBop ¢ pH=5. Vkaxure kakoil u3s
AIIEKTPOAOB OYyJIET KaTOJA0M U KaKOW aHOJIOM.
5. MetonomM 531eKTpOHHOro OanaHca paccTaBbTe KO3(PQPUUUMEHTHI B  YpaBHEHUHU
OKHUCJIMUTEIFHO-BOCCTAHOBUTEIBHON PEAKINU:
KMnO4 +KI +H>0 — MnO, + I, + KOH
6. Kakue u3 coneit, popMyJibl KOTOPBIX IPUBEAECHBI HIKE [TOABEPTAIOTCS THUAPOIIU3Y:
Na>S0O3, NHsNO3z, K2SO4
B Tex cnmydasx, korja rupoan3 UAET, 3alUIINTe YPAaBHEHUS KaKI0M CTauu THIPOIN3a B
MOJICKYJISIPHOM, TTOJIHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTPAJIbHYIO WX LIENOYHYI0 Oy/IeT UMETh BOAHBIM PacTBOp AJAHHOU con?

Bapuant Ne 16

1. BeIUUCIUTh SKBUBAJICHT U SKBUBAJICHTHYIO MAacCy CIEIYIOMUX COCTMHEHU:
Fe2(S04)3, NaCl, Ca(OH)., MgO, HC1
2. Ilo ctangapTHBIM DSHTPOIHUSM BEIIECTB ONPEICIUTE HU3MEHEHHE JHTPOIUU B XOJE
XUMUYECKON peaKlnu:
Fe>0s xp) + 3H2 (r) = 2Fe p) + 3H20 (1)
a) S8 (Fe203 kp))= 87.4 dx/Monb-K; 0) S8 (H2 ()= 130.5 dx/Mons-K;
B) S°08 (Fe (kp))=27.2 Ixx/Moab-K; r) S%98 (H20 ()= 188.7 Irx/monb-K
B03MOXKHO 11 caMONpOU3BOJIBHOE NPOTEKAHUE JAHHOW XUMUYECKON peakiuu?
3. Hanumure MaTeMaTH4eCcKO€ BBIPAKEHUE 3aKOHA JEUCTBYIOIIMX MacC M KOHCTAHTBI
paBHOBECHS JJI1 XUMHUECKOU peaKkInu:
2NO () + Oz (r) <>2NO2 (1)
Bo ckonpko pa3 M3MEHHUTCS CKOPOCTh JTOW XMMHYECKOW pEeaKIUd TpH yBEIUUYCHUU
JaByieHus B 3 paza?
4. Jlns npenoTBpalleHUusT KOPPO3UM KEJI€30 MOKPHUIM MEIHBIM 3alIUTHO-IEKOPATUBHBIM
nokpeiTieM. OJHAKO B TMPOIECCe OIKCIUTyaTalldd IEJIOCTHOCTh TMOKPBITHS OKa3aiach
HapymeHa. Kakuwe mporeccel OyayT NpOTEeKaTh Ha MecTe oOpasoBaBiierocs aedexra
MOKPBITHUS B KUCJION U B HEUTpaibHOU cpene?
5. Metonom 53neKkTpoHHOro OanaHca paccTaBbTe€ KOIPQUUMEHTHI B YpaBHEHUU
OKUCITUTEIbHO-BOCCTAHOBUTEIHLHOMN PEAKIIUN:
K>Cr207 + NaxSO; + H2SO4 — Cr2(SO4)3 + NaxSO4 + KoSO4 + H2O
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEAECHBI HIKE MOABEPratoTCs THIPOIU3Y:
KCl, Fe(NOs3)2, NaSO3
B tex ciyuasx, Korjaa ruJipoiin3 UAeT, 3alUIINTe YPAaBHEHUS KaXKI0M CTauu THAPOJIN3a B
MOJIEKYJISIPHOH, TTOJIHOM U COKpalleHHON noHHBIX (hopmax. Kakyro cpeny kucimyro,
HEUTpaTBHYIO WM IIETOYHYI0 OY/IeT UMETh BOJIHBINA PAaCTBOP JIAaHHOW COJH?

Bapuant Ne 17

1. BEIYMCIIUT SKBUBAJIEHT U DKBUBAJIECHTHYIO MACCy CIEAYIOIIUX COEIUHEHUIM:
Na;HPO4, HNO3, CuSOs - 5H20, CaO, Fe(OH)s
2. OHpe)IeJ'II/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATH CICAYIOIIAsA pCaKIHsA:
Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
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a) ArG®208 (Fe203 kp))= - 740.3 x/Ix/Momnb; 6) ArfG%098 (H20 (1))= - 228.6 kJ[>x/Momb
3. B KkaKky1o CTOpOHY CMECTUTCSl paBHOBECHE MPHU MOHMKEHUH TEMIEPATYPbl U YBEIMYECHUU
JTABJICHUS B CIIEIYIOIINX PABHOBECHBIX CHCTEMAX:

a) 4HCI )+ O2 ) < 2H20 i +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Hop AH< 0
4. Hanumure ypaBHEHHUS aHOJHOTO M KATOJIHOTO MPOLIECCOB IMPH AJIEKTPOIHU3E BOIAHOIO
pacTBOpa HUTpaTa cepedpa U paccuuTaiTe Maccy cepedpa, KOTopasi BBIJCIUTCS Ha KaToJie B
TeUeHHe 6 4acoB Ipu cuiie Toka 1.5 Ammepa.
5. MetomomM 5neKTpoHHOro OamaHca paccTaBbTe KOI(PQOUIMEHTHI B YpaBHEHUU
OKHUCJTHTEIFHO-BOCCTAHOBUTEIIBHON PEAKITUU:

KMnO4 +KI +H20 — MnO> + I + KOH
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEACHBI HIKE MOABEPraloTCs THAPOIUZY:
NaS0Os3, NH4NO3, K;SO4

B Tex cimydasx, Korja THAPOIN3 UACT, 3aUIINTE YPABHEHUS KKI0W CTaIuU THIPOIN3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpalleHHO HoHHBIX (hopmax. Kakyro cpeny kucinyro,
HEUTPANBHYIO WIN MIEJIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP IaHHOM COU?

Bapuant Ne 18

1. BeIUuCIUTh SKBUBAJICHT U SKBUBAJICHTHYIO MAacCy CIEIYIOINX COCIMHCHU:
(NHa4)2S, HBr, Na3SbO4, H>SO4, Al,O3
2. Onpenenute, MOXKET JIM B CTAH/IAPTHBIX YCIOBUSAX MPOTEKATh CICAYIONIAs PeaKIUs:
Fe>0s xp) + 3H2 (r) = 2Fe p) + 3H20 (1)
a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/Moib
3. B KaKy1o CTOpOHY CMECTUTCA PaBHOBECHUE P MOHWKEHUH TEMIIEPATyPhl U YBEIUUYECHUU
JTABJICHUS B CJICIYIOIINX PAaBHOBECHBIX CUCTEMAX:
a) 4HCI )+ Oz ) <> 2H20 iy +2Cl2 AH>0
0) Cup +H20 <> CO(r) +Har AH< 0
4. Paccunraiite D/1C raibBaHMUECKOTO 3JICMEHTA, COCTABICHHOTO M3 KOOAIhTOBOIO
AIIEKTPO/IA, TOTPYKEHHOTO B pacTBOp Xxjopuaa kobansta (CoClz) ¢ konnentpanueit 0.02M
Y BOJIOPOJIHOTO AJIEKTPOJIA, IOIPYKEHHOTO B pacTBop ¢ pH=5. Ykaxure kakoi u3
AJIEKTPOJIOB OyIE€T KATOJAOM U KaKOW aHOJOM.
5. MetonomM 53neKTpoHHOro OanaHca paccTaBbTe KOI(QQGUUUEHTHl B  YpaBHEHUHU
OKHCIUTEIbHO-BOCCTAHOBUTEIBHOMN PEAKLIUU:
K2Cr207 + NaxSO3 + H2SO4 — Cr2(SO4)3 + NaxSO4 + K2SO4 + H20
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEAECHBI HIKE MOABEPratoTCs THIPOIU3Y:
KCl, Fe(NO3)2, NaxSO3
B Tex cnydasix, korga ruiposinu3 UAeT, 3alUIINTe YPaBHEHUS KaX 01 CTalud THAPOIIU3a B
MOJICKYJISIPHOM, TTOJTHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTpaTBHYIO WM IIETOYHYI0 Oy/IeT UMETh BOJIHBINA PACTBOP JIAHHOU COJH?

BapuanT Ne 19

1. BEIYMCIIUTE KBUBAJIECHT U DKBUBAJIECHTHYIO MACCY CIIEIYIOIIUX COEIMHEHMIA:
H3PO4, KOH, Sn(OH),, Crlz, SiO2
2. Onpenenure, MOKET JIM B CTAHJAPTHBIX YCIOBUAX MPOTEKATH CIIEMYIONIAs PEAKIIMS:
Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
a) ArG®298 (Fe203 kp))= - 740.3 x/[x/Momnb; 6) ArfG98 (H20 )= - 228.6 kJ>x/Momb
3. Hanumure mareMaTHYECKOE BBIPA’KCHHUC 3aKOHa ﬂeﬁCTByIOHlI/IX MaCcC MU KOHCTAHTHI
PpaBHOBCCHA IJIA XUMHUYECKOMN pcakuunu:



124

250 1)+ O2 ) <2803 () AH<0
B Kakyr CTOpOHYy CMECTUTCS pPaBHOBECHME B CHCTEME, €CJIM IOBBICUTh TEMIIEpATypy H
nasienue?
4. Paccuuraiite DJIC u cocTaBbT€ CXEMY TallbBAHUYECKOTO 3JIEMEHTa, COCTOSILIEr0O U3
KOOaabTOBOTO AyekTpona, morpykeHHoro B 0,01 M pactBop Co(NO3)2 U XpoMOBOTo
anekTpoa, morpyxenHoro B 0,001 M pactBop CrCls. Hanmumure ypaBHEHHs KaTOIHOTO M
aHOJTHOT'O MPOILIECCOB.
5. MetonomM 53neKTpoHHOro OamaHca paccTaBbTe KOI(PQUUIMEHTHI B YpaBHEHUU
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON PEAKLIUN:
MnCl; + KMnO4 + H20 — MnO; + KCI + HCI
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIKE MTOABEPratOTCs THIPOIU3Y:
Na>S0O3, NHsNO3z, K2SO4
B tex ciyuasx, Koraa rupoiin3 UAeT, 3alUIINTE YPAaBHEHUS KaXKI0M CTauu THAPOIN32A B
MOJICKYJISIPHOM, TTOJIHOM U COKpallleHHON HOHHBIX (popmax. Kakyro cpeay kuciyto,
HEUTPAJIbHYIO WK LIEJI0OYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP IaHHOM cOu?

Bapuant Ne 20

1. BeIuucnuTh SKBUBAJICHT U SKBUBAJICHTHYIO MAacCy CIEIYIONUX COCIUHECHUI:

Na;HPO4, HNOs3, CuSO4 - 5H>0, CaO, Fe(OH)3
2. OmnpeienuTe, MOXET JIM B CTAHAAPTHBIX YCIOBUSAX MPOTEKATh CIEIYIOIas peaKIlus:

Fe20s xp) + 3H2 () = 2Fe p) + 3H20 ()

a) AiG°29s (Fe203 kp))= - 740.3 kJIxx/Moub; 0) AfG298 (H20 )= - 228.6 xJI>x/MOIb
3. B kaky1o cTOpOHYy CMECTUTCSI paBHOBECHUE NP MOHMWKEHUH TEMIEPATYPbl U YBEINYCHUU
JTABJICHUS B CIICYIOIINX PABHOBECHBIX CHCTEMAX:

a) 4HCI )+ O2 () > 2H20 i +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Hopr AH<0
4. Paccunraiite DJ[C rajpbBaHUYECKOTO JJIEMEHTA, COCTABJIEHHOTO M3 KOOAJIhTOBOTO
AJIEKTPOJIa, MOTPYKEHHOTo B pacTBop xyopuaa kodansta (CoCl) ¢ konnentparueir 0.03M
U BOJOPOJHOIO 3JEKTPOJAA, NOTPYKEHHOTO B pactBop ¢ pH=5. Vkaxure kakon wus
AIIEKTPOIOB OYyJIET KaTOJAOM U KaKOW aHOJIOM.
5. Metomom dneKTpoHHOro OamaHca paccTaBbTe KOI(PQOUIMEHTHI B  ypaBHEHUU
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

KMnO4 +KI +H20 - MnO; + > + KOH
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MTOABEPTalOTCs THAPOIU3Y:
Fex(S04)3, NaNOs;, CH3;COONH4

B tex ciyuasx, Korjaa ruipoiiu3 UAeT, 3aUIINTe YPAaBHEHUS KaXKI0W CTa Uy THAPOIN3a B
MOJIEKYJISIPHOM, TIOJTHOM U COKpaIleHHO HOoHHBIX (hopmax. Kakyro cpeny kucinyro,
HEUTPAJIbHYIO WX IEJIOYHYI0 Oy/IeT UMETh BOAHBIN PACTBOP IaHHOM COU?

Bapuant Ne 21

1. BpIUMCIUTD SKBUBAJICHT U SKBUBAJICHTHYIO MAacCy CIEIYIOIUX COeIUHEHU:

Fea(SO4)3, NaCl, Ca(OH),, MgO, HCI

2. OHpe)IeJ'II/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATh CICAYIOIIAsA pCaKIHsA:
Fe2Os kpy + 3H2 (r) = 2Fe kp) + 3H20 (1)
a) ArG°298 (Fe203 kp))= - 740.3 x/[x/Momnb; 6) ArfG98 (H20 1))= - 228.6 kJ>x/Momb
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3. B KaKky1o CTOpOHY CMECTUTCS] paBHOBECUE IPU NMOHMKEHUH TEMIEPATYPHl U YBEIUYEHUU
JIaBJICHMS B CJICAYIOIIMX PABHOBECHBIX CUCTEMAX:

a) 4HCI )+ O2 ) <> 2H20 (9 +2Cla AH>0

6) Cup +H20 )< CO(r) +Hop AH<0
4. Hanumure ypaBHEHHUS aHOJHOIO M KaTOJHOTO IIPOLIECCOB IPH 3JIEKTPOIM3E BOJHOTO
pacTBOpa HUTpara cepedpa M paccuuTaiiTe mMaccy cepedpa, KOTopasi BbIIEIUTCS Ha KaToze
B TEYEHHE 3 4acoB IpHU cujie Toka 4 Amnepa.
5. MetonomM 53IeKTpOHHOro OanaHca paccTaBbTe KO3(PQPUUUEHTHI B  YpaBHEHUHU
OKHCIIMTEIbHO-BOCCTAHOBUTEIIBHON PEAKIUU:

MnCl; + KMnO4 + H20 — MnO; + KCI + HCI
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIECHBI HIKE MTOABEPratOTCs THIPOIU3Y:

KCI, Fe(NOs)2, NaxSO3

B Tex cimywasix, Koraa rupoiin3 UJIET, 3alUIINTEe YPaBHEHHs KaKJI0M CTaJuu THApOIN3a B
MOJICKYJISIPHOM, TOJHOM M COKpalleHHOM HOHHBIX (Qopmax. Kakyro cpeny Kuciyio,
HEUTpaJIbHYIO WJIH ILET0YHYI0 OyZEeT UMETh BOJHBIN pacTBOP JaHHOM cou?

Bapuant Ne 22

1. BeIUucnuTh SKBUBAJICHT U SKBUBAJICHTHYIO MAacCy CIEIYIONNX COCIMHCHUM:
(NHa4)2S, HBr, Na3SbO4, H2SO4, Al,O3
2. Ilo cTaHgapTHBIM SHTPOINUSAM BEIUECTB OINPEACIUTE HU3MEHEHHE JHTPOIUU B XOJE
XUMUYECKON PeaKlnu:
Fe>0s p) + 3H2 (r) = 2Fe «p) + 3H20 (1)
a) S8 (Fe203 kp))= 87.4 Ix/Monb-K; 0) S°os (H2 ()= 130.5 dx/Mons-K;
B) S°08 (Fe (kp))= 27.2 Ixx/Moab-K; r) S%98 (H20 ()= 188.7 JIxx/momnb-K
B03MOKHO 711 caMONpOHU3BOJIBHOE NPOTEKAHUE JAHHOW XUMUYECKON peakiuu?
3. Hamuiiure MaTeMaTHUeCcKOE BBIPAXKEHUE 3aKOHA JEUCTBYIOIIMX MAacC U KOHCTaHTHI
paBHOBECHS JJI1 XUMHUECKOM peaKkInu:
2NO ) + Oz (r) <>2NO2 (1)
Bo ckonpko pa3 M3MEHHUTCS CKOPOCTh JTOM XHUMHUYECKOW PEaKIUU TPH YBEIUUYCHUH
JaByieHus B 3 paza?
4. Jlns mpenoTBpaIIeHUsT KOPPO3UH KEJIE30 MOKPHUIM MEAHBIM 3alllMTHO-IEKOPATUBHBIM
nokpeiTieM. OJHAKO B TMPOIECCe OIKCIUTyaTalldd IEJOCTHOCTh TMOKPBITHS OKa3aiach
HapymieHa. Kakwe mporieccel OyayT NpOTeKaTh Ha MecTe oOpaszoBaBiierocs aedexra
MOKPBITHUS B KUCJIOW U B HEUTpaJIbHOU cpee?
5. Metonom 53neKTpoHHOro OanaHca paccTaBbTe KOI(PQGUUUMEHTHl B  YpaBHEHUHU
OKUCITUTEIbHO-BOCCTAHOBUTEIHLHOMN PEAKIIUN:
KMnO4 +KI +H20 - MnO; + > + KOH
6. Kakue u3 comneii, GopMyibl KOTOPBIX TPUBEICHBI HUXKE TOJIBEPTatOTCs THIPOJIU3Y:
NaxS0Os3, NHsNO3z, K2SOg4
B tex ciyuasx, Korjaa ruJipoiin3 UAET, 3alUIINTe YPABHEHUS KaXKI0M CTaAuu THIPOJIN3a B
MOJIEKYJISIPHOH, TTOJIHOM U COKpalleHHON noHHBIX hopmax. Kakyro cpeny kucimyro,
HEUTpaTbHYIO WM IIETOYHYI0 OY/IeT UMETh BOJIHBINA PACTBOP TAaHHOU COJH?

BapuanT Ne 23

1. BeIyucnuTh SKBUBAJICHT U 9KBHUBAJICHTHYIO MACCy CICAYIOMUX COGHHHGHHﬁ:
Na;HPO4, HNO3, CuSOs - 5H20, CaO, Fe(OH)s
2. OHpe)IeJ'II/ITe, MOXKCET JIM B CTAHAAPTHBIX YCIIOBHAX IMMPOTEKATh CICAYIOIIAsA pCaKIHsA:
Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
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a) ArG®208 (Fe203 kp))= - 740.3 x/Ix/Momnb; 6) ArfG298 (H20 1))= - 228.6 kJ[>x/Momb
3. B xakylo CTOpOHY CMECTHTCS paBHOBECHE IPU ITOHWKEHUH TEMIIEpaTypbl U YBEIUYCHUH
JTABJICHUS B CIEAYIOLIUX PABHOBECHBIX CUCTEMAX:

a) 4HCI )+ O2 ) < 2H20 i +2Cl2 AH>0

0) Cup +H20 <> CO(r) +Hop AH< 0
4. Paccumraiite DJIC rampBaHHYECKOIO JJIEMEHTA, COCTABICHHOI'O U3 KOOAJIbTOBOI'O
AJIEKTPO/JIa, MOTPYKEHHOTrOo B pacTBOp xyopuaa kodansTa (CoCly) ¢ xonnentpamueit 0.05M
U BOJOPOAHOIO 3JIEKTPOJa, MOrpyKeHHOro B pactBop ¢ pH=4. Vkaxwure kakoil wu3
3NIEKTPOJIOB OYJIET KaTOAOM M KaKOM aHOJIOM.
5. MetonomM 531eKTpOHHOro OanaHca paccTaBbTe KOIPQPUUUEHTHI B  YpaBHEHUHU
OKHUCJIMTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU:

K2Cr207 + NaxSOs3 + H2SO4 — Cra(SO4)3 + NaxSO4 + KoSO4 + H20
6. Kakue u3 coneit, popMyJibl KOTOPBIX MPUBEIEHBI HUKE MTOABEPratOTCs THAPOIU3Y:
KCI, Fe(NO3)2, NaSO3

B Tex ciydasx, Korjia ruJipoin3 UIeT, 3alUIINTe YPaBHEHHsI KaKJOU CTaluu TUAPOIIN3a B
MOJIEKYJISIPHOH, TOJIHOM U COKpalleHHOM noHHBIX (hopmax. Kakyro cpeny kuciyio,
HEUTPAJIbHYIO WX LIEIOYHYI0 Oy/IeT UMETh BOAHBINA PACTBOP AAHHOMU con?

Bapuant Ne 24

1. BpIlUMCIUTD SKBUBAJICHT U SKBUBAJIEHTHYIO MacCy CIEIYIOIIUX COeIUHEHUN:
H3PO4, KOH, Sn(OH),, Crlz, Si02
2. Onpenenute, MOXKET JIM B CTAH/IAPTHBIX YCIOBUSAX MPOTEKATh CICAYIONIAs PeaKIUs:
Fe20s3 xp) + 3H2 () = 2Fe p) + 3H20 ()
a) ArfG®29s (Fe203 kp))= - 740.3 xJ>x/mMomb; 6) AfG°298 (H20 ()= - 228.6 xIx/Moib
3. Hanumure MaTeMaTH4ecKO€ BBIPAKEHUE 3aKOHA JEUCTBYIOIIMX MacC M KOHCTAHTBI
paBHOBECHS AJI1 XUMHUECKOU peaKkInu:
250 @)+ O2 ) <2503 () AH<0
B kakyr CTOpOHYy CMECTUTCS paBHOBECHE B CHCTEME, €CJM TOBBICUTH TEMIIEpaTypy H
JaBJIcHHE?
4. Paccunraiite DJ[C TaJbBaHUYECKOTO JJIEMEHTAa, COCTABJIECHHOTO M3 KOOAJIBTOBOIO
AJIEKTPOJIa, MOTPYKEHHOTo B pacTBop xyopuaa kodansta (CoCl) ¢ konnentparueir 0.02M
M BOJOPOJHOIO 3JIEKTPOAA, MOrpyKEHHOro B pacTtBop ¢ pH=4. VYkaxure kakoil u3
AIIEKTPOIOB OYyJIET KaTOJAOM U KaKOW aHOJIOM.
5. Metomom d3neKTpoHHOTO OanaHca paccTaBbTe KOIPQPUIMEHTHI B  YpaBHEHUHU
OKUCITUTEIbHO-BOCCTAHOBUTEILHOMN PEAKIIUU:
MnCl; + KMnOs + H20 - MnO; + KC1 + HCl
6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEACHBI HIDKE MTOABEPTAIOTCS THAPOIIU3Y:
KCl, Fe(NOs3)2, NaSO3
B Tex cmyuasix, koryna TUAPOIN3 UIET, 3alUIIUTE YPAaBHEHUS KaXJIOW CTaIUU THAPOJIH3A B
MOJICKYJIIPHOM, TOJHOW W COKpameHHOW HWOHHBIX (opmax. Kakyio cpeny kuciyio,
HEUTpaIbHYIO WU IIEI0YHYIO OyZeT UMETh BOJHBIA PacTBOP AAHHOM comn?

Bapuant Ne 25

1. BBIYMCIUTh SKBUBAJIICHT U YKBUBAJIEHTHYIO MAcCy CJISAYIONMUX COSTUHEHUI:

Fe2(S04)3, NaCl, Ca(OH)., MgO, HCI
2. Tlo craHAapTHBIM DHTPOMHUSAM BEHISCTB ONPEIACIUTE H3MCHCHUE DHTPOIHUU B XOJIC
XAMUYECKOU pEaKI1u:

Fe203 kp) + 3H2 ) = 2Fe kp) + 3H20 ()
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a) S°98 (Fe203 kp))= 87.4 Ix/monb-K;  6) S®os (H2 ()= 130.5 Tx/Mons-K;
B) S°9s (Fe kp))= 27.2 Ix/monb-K; r) S°98 (H20 ()= 188.7 JIxx/monn-K
Bo3Mo0HO 711 caMOnIpOU3BOILHOE MPOTEKaHUE JAHHOW XUMHYECKON peakiun?
3. Hanumure MaTreMaTH4ecKO€ BBIPAKEHUE 3aKOHA JIEUCTBYIOIIMX MacC M KOHCTaHTBI
paBHOBECHS JJIsI XUMHYECKOMN pPEaKIIUNU:

2NO ) + Oz (r) <>2NO2 (1)
Bo ckonbko pa3 M3MEHHUTCS CKOPOCTh 3TOW XMMHYECKOM peakluuh NpH yBEIUYCHUU
JaByieHus B 3 paza?
4. JInsa npenoTBpalleHUuss KOPPO3HM KEJIE30 MOKPBUIM MEIHBIM 3alIUTHO-IEKOPAaTUBHBIM
nokpeiTieM. OJHAKO B MPOIECCe OHKCIUTyaTalldd IEJIOCTHOCTh MOKPBITHUS OKa3alach
HapymieHa. Kakue npoueccel OyayT NHpoOTeKaTb Ha MecTe oOpa3zoBaBllerocs aeQexra
MOKPBITHUS B KUCJION U B HEUTpaibHOU cpene?
5. Metomom d3neKTpoHHOro OanaHca paccTaBbTe KOI(PQGUIMEHTHI B YpaBHEHUU
OKUCIUTEIbHO-BOCCTAHOBUTEIHLHOMN PEAKIIUU:

MnCl> + KMnO4 + H20 - MnO; + KC1 + HCI

6. Kakue u3 coneit, popMyIibl KOTOPBIX MPUBEICHBI HIKE MTOABEPralOTCs THAPOIU3Y:

NaxSO3, NHsNO3, K>SO4
B Tex ciyuasix, Korjna rUApOIN3 UIET, 3alUIIUTE YPABHEHUS KaXIO0W CTalUU TUAPOIU3A B
MOJIEKYJISIPHOM, TIOJHOW M COKpallleHHOW WOoHHBIX ¢opmax. Kakyio cpemxy kuciyto,
HEUTPAJIbHYIO WK LIEJI0OYHYI0 Oy/IeT UMEeTh BOAHBINA PACTBOP NaHHOM cOu?
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4. BCTIOMOT ATEJIGHBIN PA3JIEJ

#CtpyrTypadYMK

YyeOHast mporpaMma JUisi ClIelUAJIbLHOCTEH

7-07-0732-01 CrtpouTenbcTBO 3MaHUN M COOpY)XEHUU (mpodwmnmzarus —
[IpoMBINIUIEHHOE W TPaKIAHCKOE CTPOUTENBCTBO, CTPOUTEIBCTBO M TPaXKITAHCKAs
umxkeHepus, lLludppoBoe womenupoBanne u mnpoektupoBanue); 7-07-0732-01
CTpouTenbCTBO 3MaHUHM U COOpYX)EHUH (TTpodumm3anus —

[Tpou3BOACTBO  CTPOUTENBHBIX  M3ACTUH W KOHCTpyKUuH, DddexTuBHBIC
cTpouTenabHble TeXHONOrUM); 7-07-0732-01 CTponuTenbCTBO 31aHUNA U COOPYKEHU;
(mpodummzanus — ABTOMOOHIIbHBIE JAOPOTH, ABTOMOOHIIbHBIE JOPOTH U OOBEKTHI
TpaHCHOpTHON uHGpacTpykTypsl); 6-05-0732-02 DOxcnepTuza U yIpaBJicHUE
HEJIBUKUMOCTBIO.

IHosicHUTEIbHAA 3aIHCKA

VYyeOHast mporpamMma Mo AUCHUIUIMHE « XUMHSD) COCTaBJIEHA B COOTBETCTBUU C
TpeOOBaHUSAMU BTOPOTO TIOKOJIEHHUS 00pa3oBaTENIbHBIX CcTaHAapTOB PecmyOnuku
benapych ¥ THUNOBBIX YYE€OHBIX IUIAHOB JUIsl CTYJEHTOB, OOyYaroUMxcs IO
CHEUATBHOCTAM HMHXXEHEPHOTo Mpoguiist B YupexxieHun oopa3oBanust «bpecTckuit
rOCYy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET.

Xumus aBisieTcsl (PyHIaMEHTaJbHOM €CTECTBEHHOHAYYHOW JUCIUIUIMHOM,
pa3BUTHE KOTOPOM B 3HAYMATEIIBHOW CTENEHW ONPENEIIET MaTepUalbHBIC
JOCTMKEHHsSI ~ COBPEMEHHOM  IUMBWIM3AaUMA. XHMHSA  M3y4aeT  OCHOBHBIC
3aKOHOMEPHOCTH MPOTEKAHUS XUMHUYECKUX MTPOLIECCOB, UX HANPABIECHUE U CKOPOCTb;
CTPOCHME, CBOMCTBA U METOJbI CUHTE3a Pa3jIMYHbIX BelecTB. [loaTomMy co3nanue u
NPUMEHEHHUE HOBBIX KOHCTPYKLIMOHHBIX MaTepuajoB, pa3paboTKa COBPEMEHHBIX
pecypcocOeperaroiiux M 0O€30TXOIHBIX TEXHOJOTUH, OCBOEHHE BO300HOBISIEMbIX
UCTOYHUKOB YHEPIHU HEBO3MOXKHO 0€3 IITyOOKMX XMMHUECKUX 3HAHUI.

XUMUU TPUHAJICKUT BaKHAs POJb B (POPMHUPOBAHUM aKaJEMHUYECKHX U
npo(ecCHOHANIBHBIX KOMIIETEHUUH Oyayliero uHxeHepa-crpoutens. OHa sBisieTcs
OCHOBOM ISl U3y4Y€HHUS OOLIEMHKEHEPHBIX U CHEHAIbHBIX TUCUUILUINH, TAKUX Kak
CTPOUTEIIBHOE MATEPUAIIOBEICHUE M TEXHOJOTHS CTPOUTEIBHOTO IPOM3BOJCTBA.
Kpome  TOro, Xxumuss TECHO CBA3aHa C  JPyTMMH  JUCHUIUIMHAMH
€CTECTBEHHOHAYYHOTO LHMKIJA, MpEeXAe BCero ¢ (PU3MKOM, OCHOBAMHU SKOJOTUU U
OTpPacIEBOU SKOJIOTHUEM.

Lenpto mpenojgaBaHus y4yeOHOM JUCHUILIMHBI «XUMHUS»  CTyAEHTam
CTPOUTEIBHBIX CHELHAIBHOCTEH SIBISETCS (QOPMUpPOBAHME Y HUX CHCTEMBbI
XMMHWUYECKUX 3HAHMM U OIbITa UX NPUMEHEHHMs, a TAKKE Pa3BUTHUE XUMHUYECKOIO
MBILUICHUS], JUIsI TOTO YTOOBI OyIyline CHEIHaMCThl MOTJIM PellaTh BO3HUKAIOIINE
XUMUYECKHE 3a/1a4d B CBOEH TPO(eCCHOHATBHOM NI TeTbHOCTH.

3amauamMu yaeOHOM JUCHMILTUHBI « XUMHUSD) B By3€ SBISIOTCA:

- IprOOpETeHNEe W OCBOSCHHE XHMHUYCCKHX 3HAHMM HAa OCHOBE BaKHEHIITHX
3aKOHOB COBPEMEHHOM XMMUU JJisi O0BSACHEHUS! MPUPOJHBIX SBICHUI M MOHUMAHUS
CYIIHOCTH TEXHOJIOTMYECKHX TMPOLECCOB, CBSI3aHHBIX C TNepepadoOTKON U
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WCIIOJIb30BAaHUEM METAJUIOB, CTEKJIA, IUIACTMACC M JPYTUX KOHCTPYKLIMOHHBIX
MaTepHalioB; IOJIYYEHUEM M TPUMEHEHHEM HEOPraHWYeCKHUX M OPraHHYeCKHX
BSDKYIIIUX;

- popMupoBaHUE Yy CTYACHTOB HAyYHOTO MHPOBO33PEHUS, TOHUMAaHUS
3HAYEHUS METOJI0B XMMHUYECKON HAayKH, HAIIPABJICHHBIX HA MMO3HAHUE OKPYKAIOILErO
MUpa;

- (opmupoBaHUE Yy CTYJIEHTOB PAIlMOHAIBHBIX MPUEMOB MBIIUICHUS, YMEHUS
aHaJM3UPOBATh U CHUCTEMATU3UPOBATh JAHHBIE, MOJIYYaeMbl€ B XOJI€ XHUMHUYECKOIO
AKCHEPUMEHTA WUJIM PELICHUS 3a/1ay;

- pa3BUTHE  HABBIKOB  CAMOCTOSITEIbHOM  paboThl, HaIIEIEHHbIX  Ha
NpUOOpPETEeHNE HOBBIX 3HAHWMM, HEOOXOMUMBIX Il Oyayuied npodeccuoHalIbHOU
JEATEIIBHOCTH.

N3ydeHne xuMun B By3€ peaIU3yeTCsl B CUCTEME HEMPEPHIBHOTO XUMHUYECKOTO
oOpa3oBaHHs M JODKHO 0a3uMpoBaThCcsl HA 3HAHMUSIX, YMEHHUAX U HaBBIKaX,
MOJIyYEHHBIX PAHEE B CPEIHUX 00I1€00pa30BATENbHBIX YUPEKICHUSIX.

Llenpro 1a0OPAaTOPHBIX M MPAKTUYECKUX 3aAHITHI SIBIAECTCA 3aKpEIJICHUE U
yriyOJieHne JIEKIIMOHHOTO Marepuaia, TEOPETHYECKOE M SKCIEPUMEHTAIbHOE
U3Y4YEHUE BAXHEHIIMX HEOPTraHWYECKUX M OPraHUYECKUX COCAUHEHUH, a TaKxKe
NpUOOpPETEHNE HABBIKOB CAMOCTOATENbHON UCCIEI0BATENbCKOM pabOThl U 00pabOTKH
pE3yIbTaTOB SKCIEPUMEHTA.

OcBoeHne ydeOHOW IUCHUIUIMHBI «XUMUS» oOecrneunBaeT (HOpMUPOBAHUE
CJIEIyIOIIUX KOMIIETEHIIHI:

— no cnenuainbHocTu 7-07-0732-01 CrpouTenbCcTBO 3AaHUN U COOPYKEHUU
(mpoduminzanus — IIpoMbllTIEeHHOE M TPaKIAHCKOE CTPOUTENbCTBO, CTPOUTENBCTBO
U rpaxkaanckas umwxenepus, [{ludppoBoe MmogenupoBanue u npoextuponanue) — bITK
1: IlpumeHsTh 3HAHUS €CTECTBEHHOHAYYHBIX YUYEOHBIX TUCIMIUIMH AJI PEIeHUs
MPUKIIAJAHBIX MH)XEHEPHO-CTPOUTEIBHBIX 33/1aY;

— no cnenuanbHOCTH 7-07-0732-01 CrponTensCcTBO 3MaHUM M COOPYKEHUI
(npodunuzauust — IIpoU3BOACTBO CTPOUTENBHBIX M3AEIMNA M  KOHCTPYKIIHH,
OddextuBHbie cTpouTeabHble TexHojorun) — BIIK 1: TlpuMensaTs 3HaHuS
€CTECTBEHHOHAYYHbIX YUYE€OHBIX NUCLUMIUIMH JJI PEIICHUs MPUKIAAHBIX UHKEHEPHO-
CTPOMUTENBHBIX 33]1aY;

— no cnenuainbHOCTH 7-07-0732-01 CTponTensCcTBO 3MaHUN M COOPYKEHUI
(mpodunmzanusi — ABTOMOOMIBHBIE JTOPOTH, ABTOMOOHJIBHBIC JIOPOTH U OOBEKTHI
TpancnoptHoii ~ umHpacTpyktypel) —  BIIK I: IIpumensaTy  3HaHUA
€CTECTBEHHOHAYYHBIX YUE€OHBIX TUCIUIUIMH JIJIS PEIICHUs MPUKIAIHBIX WHXEHEPHO-
CTPOMUTENBHBIX 3314,

— mno cnemuanbHocTH  6-05-0732-02  DkcnepTuza W yNpaBJiCHUE
HeaBIKUMOCThI0 — BIIK 1: [lpumeHsTh 3HAHHMS €CTECTBEHHOHAYUYHBIX YYEeOHBIX
JUCUUIUINH JJIs1 PeIIeHUs] PUKIIAIHBIX HHKEHEPHO-CTPOUTEIIbHBIX 3a/1a4.

[To oKOHYAHUIO U3YyYEHHUSI TUCUUTITMHBI CTYJEHThI JOJIKHBI

3HATh:

— OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUSI XUMHUYECKUX MPOLECCOB, BKIKOYAs
MPEICTaBICHUS 00 PHEPreTUKE U CKOPOCTU XMMUYECKUX PEaKIUi;

— COBPEMEHHbIE MTPEICTABJICHUS O CTPOCHHUHU BEILIECTBA;
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— 3aKOHOMEPHOCTH, BO3HHUKAIOIINE HA OCHOBAHUU NEPUOJIMUYHOCTH U3MEHEHHUS
CBOMCTB XUMUYECKHUX AJIEMEHTOB;

— XMMHUYECKUE CBOMCTBA BAXKHEMIIMX KJIACCOB HEOPTaHMYECKUX COCIUHEHUN U
METOJIbI X MOJTYUYCHHUS.

YMETh:

— COCTaBIIAITh ~ YPABHEHUSI XUMHUUYECKUX PEAKIMUi, ONpEeACNsiTh  BBIXOJ
MNPOJAYKTOB W Ha OCHOBAHMM TEPMOJMHAMHUYECKUX PACUYETOB  OMPEACIIATH
BO3MO>KHOCTh ¥ OITUMAJIbHBIE YCIOBUS ISl IPOTEKAHUS XUMHYECKUX MTPOLIECCOB;

— QHAJIM3UPOBAaTh YCJIOBUS CMEUIEHUS XHMHYECKOIO PABHOBECHS, a TaKXKe
pacCUUTHIBATH KOJMYECTBEHHBIE XapAKTEPUCTUKH I PABHOBECHBIX MPOLECCOB;

— IPUTOTABINBATh BOAHBIE PACTBOPHI BEHIECTB PA3IUYHON KOHILICHTPALMH, a
TaK)Ke MPOU3BOAUTH HEOOXOIUMBIE JIJIsi ATOTO PACUETHI;

— UCIIOJB30BaTh 3HAHHUS O XMMHUYECKHX IPOILECCAX U CBOWCTBAX BEUIECTB C
1eNIpl0 Haubojiee ONTUMAJILHOW OpraHu3allid M JKOJOTUYECKOM Oe30MacHOCTH
TEXHOJIOTUYECKUX MTPOLECCOB;

BIIAJICTh:

- METOJIaMU TEOPETUYECKOT0 U IKCIIEPUMEHTAIIBHOTO UCCIICIOBAHNS B XUMUU B
MPAKTUYECKOMN JEATETbHOCTU U PEIIEHUU SKOJIOTMYECKUX MTPOOIIEM.

JIns AOCTHO>KEHUSI MOCTABJICHHBIX LieJied OOyYeHMs, a TakKe JJii YCBOCHMS
CTYJCHTaMU COJIEpKaHUSI IPOTPAMMbI TPUMEHSIIOTCS PA3JIMUHbBIC Meno0bl 00)UeHUsl.
B Hauane u3ydeHHs Kypca OCHOBHAs POJIb HNPUHAIICKHUT an20pUMMUIUPOBAHHBIM
MeTo/aM OOyYeHHs, KOTOpPbIE HCIOJIb3YIOTCS MPHU PEIICHUH XUMHYECKHX 3ajad, a
Takke B JabopaTopHOM mpakTukyme. [0 BO3MOXKHOCTH anrOpUTMHU3UPOBAHHOMY
OoOy4eHHIO HEO0OXOJMMO TMpPHUJABaTh TBOPYECKUU XapakTep, HamIpuMmep, Mpu
dbopmynupoBKe NMPOPUILHO OPUEHTUPOBAHHBIX XMMHUUYECKHUX 3a7a4. B JIeKIIMOHHOM
KypCe MOTYT OBbITh UCTIOJIb30BAaHbI MTPOOJIEMHBIE METOIbI 00YUEHUSI.

B Teuenue cemecTpa CTYJIEHT JOJKEH OBJIAJIETh OCHOBHBIM TE€OPETUYECKUM
MaTepuajioM IO M3YYEHHBIM pa3jieliaM XHUMUU U YMEHUEM MPUMEHSATh UX s
pelIeHusT MpakTUYeCcKux 3a1ad. OH JIOJKEH 3HaTh CBOMCTBA XMMHYECKHX BEIIECTB,
UCIIOJB3YEMBIX B JIEKIIMOHHOM U J1aOOPAaTOPHOM DSKCIEPUMEHTE, XUMHUYECKYIO
NOCYly U IPUOOPBHI.

CBsi3u C JpyruMu  y4yeOHbIMU AUCHUIUIMHAMHU. W3ydeHue AUCIUILIUHBI
«Xumus» Oa3upyeTrcss Ha 3HAHUSX, IMOJYYCHHBIX CTYJAEHTAMH TNpPU HU3YYEHUU
npeaMmeToB «Xumus» U «OpraHuyeckas XuMus» B 00bEME CpEIHEH IIKOJIBI.
HuctunnHa «XuMuUs» SBJISETCS OCHOBOW JUII M3YyYEHHs] OOIEWHKEHEPHBIX U
CHEUUAIIBHBIX JIUCIHUIUIMH, TaKUX KakK CTPOUTEIBHOE MaTepuajloBEACHUE U
TEXHOJIOTUS CTPOUTENIBHOTO Mpou3BoAcTBa. Kpome TOro, XuMus TECHO CBS3aHA C
JIPYTUMHU JAUCIUIUIMHAME €CTECTBEHHOHAYYHOTO IIMKJIA, MPEXAEC BCEro ¢ (HU3UKOMH,
OCHOBAMU 3KOJIOTUH U OTPACIIEBOU IKOJIOTHUEM.

KonTposieM 3HaHUI CTyAEHTOB SIBJISIETCSA K3aMEH.

[Iporpamma mis cneuunanbHOcTH 7-07-0732-01 CTpoMTEnsCTBO 30aHUN U
coopyxkeHuii (npodunuzaius — [IpoMblllIIEHHOE U TPaXJAHCKOE CTPOUTEIIBCTBO,
CtpouTensCTBO MW TpaxkJIaHckas wuHxeHepus, [ludpoBoe MoaenupoBaHue u
IPOEKTUPOBAHKE) (IHEBHOE O0yueHHe) paccuuTaHa Ha 68 ayJAMTOPHBIX YacOB, U3
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KOTOPBIX JIeKIIUA — 34 yaca, nabopaTopHbIX 3aHsATUM — 34 yaca. CaMmocTosATeIbHAs
pabota — 52 yaca. O0iee konnuecTBO — 120 yacoB. 3a4eTHBIX €IUHHUILL — 3.

[Iporpamma nmna cneuunanbHocTH 7-07-0732-01 CTpoutenbcTBO 3AaHUN U
coopykenuii (mpodrmsarus — [IpoMBIIUIEHHOE W TPaXITaHCKOE CTPOUTEIHCTBO,
CTpoHTeNnbCTBO M TPaKIaHCKas MHXKEHEPHs) (3a04HOE 00ydeHune) paccuuTaHa Ha 16
ayJIUTOPHBIX YacOB, M3 KOTOPBIX JEKUHA — 8 4YacoB, JTAOOPAaTOPHBIX 3aHATHA — &
yacoB. CamocrositenbHas pabora — 104 gaca. OO6mee kommuyectBo — 120 yacos.
3a4eTHBIX SIUHUIL — 3.

IIporpamma mis cnenuanbHOCTH 7-07-0732-01 CTpoMTENnbCTBO 31aHUN U
coopykeHuid (mpoduimzanusi — [IpoMbIlIUIEeHHOE U TPaKIaHCKOE CTPOUTENIBCTBO,
CTpouTeNnbCcTBO W Tpa)KJAaHCKas HHXKEHEpHs) (3a04HOE COKpAIllEHHOE OOyYEHHE)
paccunTana Ha 16 ayTMTOPHBIX YaCOB, U3 KOTOPBIX JIEKINI — § yacoB, 1a00paTOPHBIX
3aHATUN — 8 yacoB. CamocTosiTenbHas padbora — 104 gaca. O6miee konuuectBo — 120
qacoB. 3aYE€THBIX €IUHUIL — 3.

[Iporpamma mis cneunansHOcTH 7-07-0732-01 CTpOMTENbCTBO 31aHUN U
coopyxeHuid (mpodunuzanus — I[Ipou3BOACTBO CTPOUTENBHBIX HU3ACIUN U
KOHCTPYKIUH, O(PPEeKTUBHBIE CTPOUTEIBHBIE TEXHOJOTMH) (IHEBHOE OOYyYEHHE)
paccurTaHa Ha 68 ayJJUTOPHBIX YaCOB, U3 KOTOPBIX JEKIHI — 34 yaca, 1abopaTOpHBIX
3aHsATUN — 34 yaca. CamocTosiTenbHas padora — 52 yaca. OOmiee koauuectBo — 120
qacoB. 3aYE€THBIX €IUHUIL — 3.

IIporpamma mis cneumanbHocTH 7-07-0732-01 CTpouTEnbCTBO 31aHUN U
coopy>keHuit (mpodunuzaiusi — ABTOMOOUIBHBIE TOPOTH, ABTOMOOMIBHBIE JOPOTH U
OOBEKThl TPAHCTIOPTHON MHPPACTPYKTYpHI) (AHEBHOE OOyUYEHHUE) paccuuTaHa Ha 68
ayJIMTOPHBIX YacOB, U3 KOTOPBIX JIEKIUNA — 34 yacoB, J1a0OpaTOpHBIX 3aHsATHN — 34
yaca. CamocrosiTenbHast padota — 52 uyaca. OOmee komudectBo — 120 wyacos.
3a4eTHBIX €IUHUIL — 3.

[Iporpamma mis cneumansHocTH 7-07-0732-01 CTpouTENnbCTBO 31aHUN U
coopyxkeHuit (mpodunuzaius — ABTOMOOUIIBLHBIE JOPOTH, ABTOMOOMIBHBIE TOPOTH U
OOBEKThl TPAHCHOPTHOW HHPPACTPYKTYpPHI) (3a0UHOE COKpAILEHHOE OO0y4YeHUE)
paccurTaHa Ha 16 ayJUTOPHBIX YacOB, U3 KOTOPBIX JEKIHIA — 8 4acoB, JJa0OPATOPHBIX
3aHsATUN — 8 yacoB. CamocTosiTenbHas padbora — 104 gaca. O6miee konuuectBo — 120
qacoB. 3aYE€THBIX €IUHUIL — 3.

[Iporpamma mist cneumansHocTH 6-05-0732-02 DOkcneptrsza M ynpaBlCHUE
HEJIBYKUMOCTBIO (JIHEBHOE OOy4YeHHE) paccuuTaHa Ha 68 ayJAUTOPHBIX YacoOB, U3
KOTOPBIX JIEKIIMKA — 34 yaca, mabopaTopHbIX 3aHaTuil — 34 vaca. CaMOCTOSITeNIbHAS
paborta — 52 gaca. O6miee konmuecTBO — 120 yacoB. 3a4eTHBIX €AMHMIT — 3.
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[InaH y4eOHOM MUCIMIUIMHBI JIJIs THEBHOM, 3A09HOM U 3a0YHON COKPAIICHHOM
(hOpMBI TIOTy9IECHHSI BBICIIIETO 00pa30BaHUS

Kox cnenumansHOCTH
(HampaBJICHHS
CIEINAIBHOCTH)

Kypc
Cemectp

Bcero yue6HbIX yacoB

KonnuectBo 3aueTHBIX CANHUIL

AyIUTOPHBIX YacoB

(B COOTBETCTBUU C YUEOHBIM

mwianom YBO)

Bcero
Jlexmun
JlaboparopHbie
3aHSITHS
[IpakTnueckue
3aHSTHS

CeMuHapbl

AKkameMHUuecKuX 4acoB Ha

(pabory)

KYpCOBOU MPOEKT

dopma
TeKyIIei
aTTecTaluu

7-07-0732-01
CtpouTenbCTBO 3AaHUM
U COOPYKEHHM
(mpodmmm3anms —
[IpomslinieHHOE U
IpaXx1aHCKOe
CTPOUTENBCTBO,
CtpoutensCcTBO U
rpa)xxaaHcKas
unxenepus, Llubposoe
MOJIETTUPOBaHUE U
MIPOEKTUPOBAHHUE)
(nHEeBHOE 00yueHHE)

120

68| 34| 34

DK3aMeH

Bcero

120

68| 34| 34

7-07-0732-01
CtpouTenbCTBO 30aHUM
U COOPYKEHUMU
(mpounmzanms —
[TpomslnieHHOE U
rpaXkJJaHCKOe
CTPOUTENBCTBO,
CtpouTensCcTBO U
rpaxkJaHcKas
WH)XeHepus) (3a04HO0e
oOydeHue)

120

16| 8 8

DK3aMeH

Bcero

120

16/ 8 8
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7-07-0732-01
CTpouTenbCTBO 31aHUI
U COOPY>KEHUI
(mpodunuzanus —
[IpomeblnieHHOE U
rpaxaaHCcKoe
CTPOUTENLCTBO,
CTpouTenbCTBO U
rpaxxaaHcKas
WH)XeHepus) (3a09HOe
COKpALIEHHOE
oOydeHue)

120

16

DK3aMeH

Bcero

120

16

7-07-0732-01
CrpouTenbCcTBO 30aHUI
U COOPYKEHUIN
(mpodunuzanus —
IIpouzBoacTBo
CTPOUTEBHBIX U31EIUN
U KOHCTPYKLUH,

D¢ dexTuBHBIC
CTPOUTEIbHBIE
TEXHOJIOTHH) (THEBHOE
oOydeHue)

120

68

34

34

DK3aMeH

Bcero

120

68

34

34

7-07-0732-01
CtpouTenbCTBO 30aHUM
U COOPYKEHHI
(mpodunuzanus —
ABTOMOOMJIbHBIE
JIOPOTH,
ABTOMOOWJIHHBIE
JIOPOTH ¥ OOBEKTHI
TPAHCIIOPTHOU

UH(PACTPYKTYPHI)
(mHEeBHOE 00yueHue)

120

68

34

34

DK3aMeH

Bcero

120

68

34

34
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7-07-0732-01
CTpouTenbCTBO 31aHUI
U COOPY>KEHUI
(mpodunuzanus —
ABTOMOOMJIHHBIC
J0pory,
ABTOMOOMJIHHBIC
JIOPOTU M OOBEKTHI
TPaHCIOPTHOU
HH(PPACTPYKTYPHI)
(3a0YHOE COKpAIIEHHOE
oOydeHue)

120

16

DK3aMeH

Bcero

120

16

6-05-0732-02
DKcnepTusa u
yhpaBicHHUE
HEJBU)KHUMOCTBIO
(nHEeBHOE 00yueHHE)

120

68

34

34

DK3aMeH

Bcero

120

68

34

34
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1.COAEPXXAHUE YYEBHOI'O MATEPUAIJIA
1.1 JEKIIMOHHBIE 3AHATUA U UX COAEP)KAHUE

1.1.1 Xwumuueckas crexuomeTpus. (OCHOBHBIE KOJIMYECTBEHHBIE 3aKOHBI
XUMHUH.

Xumus Kak (QyHIaMEHTalbHAs €CTECTBEHHOHAy4YHas IUCHUIUIMHA. Pomb
XUMUA B (QPOPMHUPOBAHUU MATEPUANTBHOM KyJIbTYphl [UBUIU3AIUU. XUMUSA W
CTPOUTEIIbHAS ITPOMBILIJICHHOCTD.

OCHOBHBIE KOJIMYECTBCHHBIE 3aKOHBI XHUMHHU. [loHATHE O XUMHUYECKOM
CTEXMOMETPUU. XHUMHUYECKOE KOJUYECTBO BellecTBA. Moib. OKBUBAJICHTHl H
SKBUBAJICHTHBIE MACChI POCTHIX U CIIOKHBIX BEHIECTB. 3aKOH SKBUBAJICHTOB.

OO61re 3aKOHOMEPHOCTH (PU3UKO-XUMHUECKUX MPOIIECCOB.

1.1.2 Dnepretuka (QU3NKO-XMMHUYECKHX IPOIECCOB M HAIPaBICHHOCTh HX
MPOTEKAHUS. XUMHUUYECKass TEPMOJUHAMUKA.

OcCHOBHBIE IOHATHS U onpeAeeHus. TepMoanHaMuueckass cucrema. OyHKIUK
U mapameTpsl coCTOsiHMA. BHyTpeHHss sHeprus. [lepBblid 3aKOH TEPMOJIWHAMUKH.
TennoBoi 3 ekt u sHTanbnus. [loHsTHE 0 CTAaHAAPTHOM COCTOSTHUU. TepMOXUMHSL.
3akon JlaByaswe-Jlamnacca. 3akon ['ecca u crmencrBue u3 Hero. Termora cropanust
TOILJIUBA.

DHTpONUA Kak MEpa HEYMOPAJAOUYECHHOCTH CUCTEMBI. BTOPOI1 U TpeTHil 3aKOHBI
TEPMOJIMHAMUKH. 3aBUCUMOCTb SHTPOIHUHU OT TEMIEPATYPHI.

Oueprusi [ub6ca Kak KpUTEpHl  CaMONPOU3BOJIBLHOCTH  MPOTEKAHMS
XUMHUYECKOU pEaKIUU.

[lonsiTHe O HEPAaBHOBECHOW TEpMOAMHAMUKE. [[HCCUITaTUBHBIE CTPYKTYpHI.
IIponiecchl caMOOpraHU3aLuM.

1.1.3 Kunetnka pu3nko-XxMMUYECKUX MPOIECCOB. XMMUYECKOE PABHOBECHE

I'omorenHnble W TeTeporeHHble peakiuu. CKOPOCTh XUMHUYECKON peakiuu.
Cpenssis 1 MTHOBEHHAsI CKOPOCTb.

[TonsiTe 0 MexaHU3ME XUMUUYECKOW peakuuu. [IpoCcThie U CIIOKHBIE PEAKLINH.
MonekynsspHOCTh peakLyu.

3aBUCHUMOCTh CKOPOCTH PEAKLIMHU OT KOHIEHTPAUWU PEarupyronIuX BELIECTB.
3aKOH IEUCTBYIOIINX MAacC U €ro MPUMEHUMOCTD JJISI TPOCTBIX U CIIOKHBIX PEAKIIUM.
BnusHue temneparypbl Ha CKOPOCTh XuMUUeckor peakuuu. [IpaBuno Baut-I'odda.
Teopus akTUBHBIX COyJapeHUi. YpaBHEHHE AppeHuyca. Teopus NEepexoaHOTO
COCTOSIHUSI. DHepreTrudeckue auarpammbl. Katanu3. ['OMOreHHbI U TreTepOTreHHBIN
karanu3. @epmenTsl. UHTHOUTOPHI.

Xumnueckoe paBHoBecue. KoHcTanTa paBHOBECHs. YPAaBHEHHE H30XOpPHI
XUMHUYeCKor peakuuu. CMelleHHe XUMH4YecKoro paBHoBecus. IlpaBumo Jle-
[TaTenbe.

1.1.4 Tucnepcubie cucteMsl. PacTBopbl aekTponToB. CBOKWCTBA paCTBOPOB.

[Tonsitue o aucnepcHbix cucreMmax. Kiaccudukanusi IUCIEPCHBIX CHUCTEM.
Hucnepcuonnas cpena. JucnepcHas $aza. MeTo bl MOTyUYeHUs: JUCTIEPCHBIX CUCTEM.
['ereporeHHOCT, M JAMCIEPCHOCTh. ['pybomucnepcHble CHCTEMBbl (CyCHEH3UH,
smynbeun). Komnmounneie pactBopbl. CTpoenne munemibl. CBOMCTBA KOJIOUIHBIX
pacTBOpoB. VICTUHHBIE pacTBOPHI.
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PactBop, pacTBOpUTENh U PACTBOPEHHOE BelIecTBO. PaznuuHble crnocoObl
BBIPAKEHUS COCTaBa pacTBOpa. KUCIOTHO-OCHOBHOE TUTPOBAHHUE.

[IpousBeneHue pacTBOPUMOCTH. Ycnosue oOpa3oBaHUs ocaaka
MaJIOpacTBOPUMBIX coenuHeHui. [Iporecchl pacTBOpEHUS MUHEPATbHBIX BSIKYIIUX
BEIIECTB.

Kommratusasie cBoilcTBa pacTBOpOB. [loHMKEeHME NaBIEHHS HACBIIEHHOTO
napa. OcMoc W ero pojb B OWoJorMYeckmx Tporeccax. 3akoH Baut-I'odda.
O6ymnuockonusi. Kpuockonusi. AHTUGPU3HIL.

Onektponutuueckass aucconuanua. CuilbHble U Cia0ble  3JIEKTPOJIMTHI.
AKTUBHOCTh HOHOB. CTelneHb W KOHCTaHTa JAMCCOLMAlMU. 3aKOH pa30aBIICHUS
OctBanbna. MoHHOe mnpou3BeneHUE BOIBL. BoaopoaHslili mMokazarenb. MeToasbl
MU3MEPEHUS BOJIOPOIHOrO nokazarens. Muaukaropel. [loreHnmomeTrpusi.

OcoOble cBOMCTBa KOJUIOWJHBIX pacTBOpoB. BomomnoaroroBka. MeToibl
BOJIOMOJITOTOBKM W OYKMCTKM CTOYHBIX BOJ B CTPOUTENLCTBE. AcopOius.
AOGcopbmus. Xemocopoiusi. [loBepxHocTHOE HaTskeHUE. [I0BEpXHOCTHO-aKTHUBHbBIC
BEIIECTBA U UX IPUMEHEHHE B CTPOUTEIIHCTBE.

1.1.5 PaBHOBeCHE B pacTBOpax 3JEKTPOIUTOB. [ Maponus cosen.

OnekTpoiautuueckas auccouuanusi. CuiibHble U ciiaOble  AJIEKTPOJIUTHI.
AKTUBHOCTh HMOHOB. CTENeHb M KOHCTAHTA JUCCOLMAIMU. 3aKOH pa30aBlICHUS
OctBanpna. MonHoe mnpousBeneHne BOAbL. BoaopoaHblid mMokaszarenb. MeTonbl
MU3MEPEHUS BOJIOPOIHOTO nokazarens. Muaukaropsl. [loreHimomeTpusi.

Iunponus coneit. Knaccudukaiusi coneil Mo X OTHOIICHHIO K THIAPOJIHU3Y.
CwmenieHue paBHOBECHS B PEaKUAX TuAposin3a. KolnuecTBEeHHbIE XapaKTEPUCTUKH
nporiecca ruapoausa. OCHOBBI THIPOJIM3a COCTABIISIIOIIUX IEMEHTHOTO KaMHSI.

1.1.6 KoMIuiekcHbIE COeTMHEHUS

Kowmrmnekcuble coenvHeHust kak (opma CyIIeCTBOBAHHS HMOHOB METAIJIOB B
BOJIHBIX pacTBopax. OCHOBHbBIE TMOJIOXKEHUST Teopun Bepuepa. Ctpoenue
KOMIUJIEKCHBIX coequuenuid. Homenknarypa.

MexaHnusM 00pa3oBaHUsi KOBAJICHTHOM XUMHUYECKOM 10 OOMEHHOMY H
JIOHOPHO-AKIENITOPHOMY  MEXaHM3My. XHUMHUUYECKas CBSI3b B  KOMIUIEKCHBIX
COEIUHECHUSIX.

OcoOEHHOCTH DJIEKTPOJUTUYECKON JUCCOIMAlMM KOMIUIEKCHBIX COCIMHEHUM.
KoHcTanTa HecToMKOCTU. JIBOMHBIE COJIH.

Ponb KOMIUIEKCHBIX COETMHEHHI B OMOJIOTUY , HAYKE M TEXHUKE.

1.1.7  OkHCIHUTENbHO-BOCCTAHOBUTEIbHbIE  peakuuu.  KuHeTnka
TEPMOJMHAMUKA JJIEKTPOXUMHUYECKUX MPOILECCOB. XUMUYECKHE HCTOYHUKHU TOKAa.
['anpBaHMYeCKHM 351eMEeHT. KuHETHKA U TEPMOJIMHAMUKA KOPPO3UOHHBIX MPOIIECCOB.
[Tporecchl 27IeKTPOIIN3a U TPUMEHEHUE UX B TEXHUKE.

Crenenb okwucieHusi. OCHOBHbIE KJIACChI OKHUCIMTENEH M BOCCTAHOBHTEIIECH.
CoenuHeHus, TPOSBIIAIONINE OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO JBOMCTBEHHOCTD.
OKUCITUTENBHO-BOCCTAHOBUTEIBHBIC PEAKIINH.

JIBOMHOW 3neKTpuyeckuil ciou. [anmbBaHW4YeCcKuM dieMeHT JlaHuaus.
CranmapTHBIA 3JIEKTPOIHBIM TMOTEHUHAIL. DJIEKTPOXUMHUYECKHN Psii HANpPSKEHUN
MeTa/uIOB. YpaBHeHue HepHcra. OneKkTpolaBMXKyllas Cujia TaJlbBaHUYECKOIO
AJIEMEHTA.
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XVAMHUYECKHE HCTOYHUKH DJIEKTPUYECKOrO TOKa. OneMeHT Jleknasie.
JlutueBble 351€eMEHTHI. AKKyMyJsTOpbl. TornuBHbIE 31eMeHThI. [IpencraBineHue o
BOJIOPOJIHOM dHEpreTrKe. Bo300OHOBIsIEMbIE HCTOYHUKH SHEPTHUU.

Koppo3uss  meramnoB.  Knaccudukamuss ~ KOPpO3HOHHBIX  MPOIECCOB.
MexaHn3MBl  3JIEKTPOXUMUYECKOM KOPPO3HH C KHUCIOPOAHOM H  BOAOPOAHOU
nenoispuzanuen. [TaccuBanust MmetaiutoB. MeToABI 3alIUTHI OT KOPPO3UHU.

DnekTposin3. DNEKTPOIU3 PacIlIaBOB COJIEH. DIIEKTPOJIM3 BOAHBIX PACTBOPOB.
Pons BOApl mpH 3nekTponm3e  BOAHBIX  pacTBOpoB. llocienoBaTenbHOCTH
NIEKTPOJHBIX IporueccoB. KaToaHple M aHOAHBIE MPOLECCHL. 3aKOHBI JJIEKTPOJINA3A.
[IpakTueckoe NTpUMEHEHHUE IEKTPOIN3a. | 'albBAHNUECKUE IOKPBITHS.

ConocraBieHre MPOLECCOB, MPOTEKAOIIUX IpU padboTe TralbBaHUUYECKOIO
AJIEMEHTA U NP IEKTPOIIU3E.

1.1.8 Ctpoenue BemiecTBa

DBOJIIONMA NPEICTABICHUN O CTPOEHUU atoMa. Mojiens ctpoeHus atoma bopa.
CoBpemeHHOE KBaHTOBO-MEXaHUYECKOE ONMCaHuE aToma. [TpuHIIMI
HeonpenenénHoctn ['eiizenoepra. IlonsTne o BOJHOBOM (YHKIMH. ATOMHBIE
opbutanu. KBaHToBble unciia U ux UHTEpHpeTanus. CTpoeHue MHOT03JIEKTPOHHBIX
atoMoB. [lopsiioK 3amojiHEHUs 3JEKTPOHAMH 3JIEKTPOHHBIX o0osouek. IlpuHummn
MuHUMyMa sHeprud. [Ipunnun [Haynu. [Ipasuino Xynaa.

[Teppoanyeckue CBOWMCTBA 3JIEMEHTOB. JHeprus uoHuszauuu. CpoACTBO K
anexTpony. Paguyc aroma.

Xnumuueckas cBsi3b. KoBaneHTHAs, HOHHAs U METaJUIMYECKAs! CBSA3b.

MeTtoa MosieKyIsipHbIX opOuTaneil. CTpoeHHe MOJIEKYJIbl BOJIOPOAA C MO3ULIUU
METOJla MOJIEKYJISIpHbIX opOutaneid. OcHOBbl 30HHON Teopuu. IlpoBonHUKH,
MOJIYIIPOBOJHUKH U JUAJIEKTPUKHU C TIO3ULMU 30HHOM TEOPHH.

1.1.9 Xumus meramios

Knaccudukanus MeTamioB M HUX  PACIPOCTPAHEHHOCTh B  MPHUPOJE.
Meramnyprusa. OCHOBHbIE METOABI MOJYYEHUS METAJUIOB. XHWMHYECKHE CBOMCTBA
METAJIOB. TOKCHMYECKOE BO3JAEHCTBUE MOHOB TSKENBIX METAUIOB HA OKPYKAIOIIYIO
cpeny.

Metamnsl II A rpynnbel nepuoguyeckol cucTemMbl. MarHuid W KaJdbLHi.
[IpupoaHbie coenvHeHUss MarHus U Kanbius. [I[puMeHeHrne coeIMHEeHU Kaublus U
MarHusi B CTPOUTEIIbCTBE.

XecTtkocTh NPUPOAHBIX BOJA. BpemMeHHass M NOCTOSHHAS KECTKOCTb BOJBI.
OCHOBHBIE METOBI YMSTYEHHSI U 00€CCOIMBAHUS TPUPOIHBIX BOJ.

Keneso u amomunuil. [lomydyenne. Xumudeckue u (QU3NUECKUE CBOWCTBA.
[IprumeHeHune B CTPOUTENBCTBE.

1.1.10 Xumus HemeTaioB

Hemeraiuiel 1 uX pacnpoCTpaHEHHOCTh B HPUPOJAE. XMMHUYECKUE CBOMCTBA
HEMETAJLIOB.

Kpemunii. Xumuueckue u ¢usudeckue cpoiictBa I[lpuponnbie coeauHeHUs
kpeMmHus. Okcun kpemuus (IV) m xpemHueBble KUCHOThI. Aspocui. CHIMKATHI.
JKunkoe crekio.
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Crékna u crekinoMarepuansl. CTpykTypa, XHMHUYECKHE U (PU3HUYECKUE
cBoiictBa. TexHosoruss nosydeHus. CrpoutenbHble cHTaUIBL.  Kepamuka.
Heopranndeckue BSOKyIIME MaTEPUATIBI.

OU3NKO-XUMUYECKHE TPOIECCHl, MPOTEKAIOIMINe TMpH KOpPpO3UHU OeToHa.
Knaccudukanus Koppo3HOHHBIX MPOIECCOB. METO/IbI 3aIIUTHI O€TOHA OT KOPPO3UHU.

1.1.11 XuMus BBICOKOMOJIEKYJIIPHBIX COETHMHEHUI

OO0mue mnpeacTaBiIeHUsT O XHWMHH BBICOKOMOJIEKYJIIPHBIX — COEAMHEHUMU.
OCHOBHBIE TMOHATHS W YUCIICHHbIE XapakTepucTuku. Kiaccupukanus noammepos.
OCHOBHBIE OTVINYMS NIOJMMEPOB OT HU3KOMOJIEKYJISIPHBIX BewecTs. [lomumepusanus
u nosmkoHaeHcanus. Crtpykrypa mnoauMepoB. Cpenssisi MOJIEKyJIsIpHas Macca U
TeMIIepaTypa CTEKJIOBaHUs oMMepoB. IlonmMepHas xumus B benapycu.

Meronsl mnomydeHus nonumepoB. llommmepunsanus.  [lonumkonaeHcanus.
ConosmmMepnsanuss. CBOMCTBa OCHOBHBIX IIOJIMMEPOB M HX NPUMEHEHHUE B
CTPOUTEIIbCTBE.

[Tomstunen. Ilomunponunen. Ilomuctupon. IleHomomucTupon u  ero
IIPUMEHEHUE B KA4yeCTBE TEIUIOU3OJIMPYIOIIET0 MaTeprualia B CTPOUTENIBCTBE.
[{oMMBUHUIXJIOPHI. [InacTuduumpoBaHHBIA U HEeIIaCcTU(PUIUPOBAHHBIN
MTOJIMBUHHWIXJIOPUL.

[Tommakpuiatel.  Opranmyeckoe creksio. Mcemonp3oBaHME B KAadecTBE
wI€HKooOpa3zoBaTenss JUisl HKOJOTMYECKH MOJHOLEHHBIX BOJHO-IUCIEPCUOHHBIX
CTPOUTEIBHBIX JIAKOKPACOUHBIX MaTepuanoB. Marepuasl 1l JOPOKHOU pa3METKH.

®denondopmanbaeruanabie cMonbl. CBoiicTBa. [IpMeHeHne B CTPOUTENBCTBE.

Opranuueckue BsoKyIIMe Marepuaisl. [TonumepOeToHsbI.

[lonuMmepHbIE  KOMIIO3MIIMOHHBIE — Marepuanbl. [lnacTuueckue  Macchl.
Kpemuuiioprannueckue coenuHeHusi. CHUHTETHYECKHME BOJIOKHA. [IneHouHbIe
MaTepHaJbl U3 BBICOKOMOJIEKYJIIPHBIX COETMHEHHM.

OcCHOBHBIE  METOABl  YTWIM3ALMM  OTXOJOB  IOJMMEpPOB. PenukiuHr,
3aXOpPOHEHUE, CKUTAHUE, TUPOJIN3.

1.1.12 XumMus u coBpeMEHHOE O0IIECTBO

Pons xumMuum B COBpEeMEHHOM OOHIECTBE. XHUMHS M SHEPreTHKa. XUMHS U
ITPOJIOBOJIbCTBHE. Xumuss W MeAUIUHA. CoBpeMmeHHass  XUMHUYECKas
IIPOMBIIIEHHOCTb.

Ponp xumMuu B pemieHuM rio0aibHBIX 3KOJOTMUYECKHX MpoOiemM. OCHOBHbIE
IPUHLUIBI «3EJIEHOI» XUMUHU.

1.2. TIEPEYEHb TEM JIABOPATOPHBIX 3AHATUN, UX HASBAHUE

1.Texuuka Oe3omacHOCTH Tmpu paboOTe B XUMHUYECKOW JjabopaTopum.
JlabopaTtopHas nocyna. PeakTuBsl.

2. Xumuueckasg cTexuomeTpusi. 3yueHne B3aUMOACHCTBHUS  MEXKIY
Pa3IMYHBIMM KJIACCAMH HEOPTAaHWYECKUX COCTUHCHUH.

3. OmpeneneHue SKBUBAJEHTHOM MacChl IIMHKA MO O0BEMY BBITECHEHHOI'O
BOJIOpO/A.

4. XuMuueckas TepMOJUHAMUKA.

5. Xumuueckass KUHETUKA. XUMUUYECKOE PaBHOBECHE.
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6. PactBopsl. IIpuroroBieHue pacTBOPOB C 3aJaHHOW MPOILICHTHOM
KOHIICHTPAaLUEH.

7. PactBopel. IlpuroroBneHrne pacTBOPOB C 3aJaHHOM HKBUBAJIEHTHOU
KOHIIEHTpauen. KuCI0THO-0CHOBHOE TUTPOBAHHUE.

8. I[IponsBeneHne pacCTBOPUMOCTH.

9. I'mpponus conei.

10. KoMIuiekcHbIE COETUHEHUSL.

11. OxucauTenbHO-BOCCTAHOBUTEIBHBIE PEAKIIUH.

12. Dnextpoxumus. ['albBaHNUECKUI STIEMEHT.

13. DnexTpoxumus. DIEKTPOIU3.

14. Koppo3us meTamioB. MeTo/ibl 3alIATHI OT KOPPO3HHU.

15. Xumust MeTaIios.

16. Xumust Kaiblysi 1 KPEMHUSL.

17. Koppo3zust 0eToHa 1 MUHEPATbHBIX MATEPUAJIOB.

18. ITonumeps! U MIIACTUYECKUE MACCHI.
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2.1 YYEBHO-METOJUYECKA I KAPTA YUEBHOU JIMCIIATIJIVHEBI

22.1 Hna coneumansHoctn  7-07-0732-01  CrpouTensCTBO 3HaHMA U
coopykenuii (mpodrmmsarus — [IpoMBIIUIEHHOE W TPakIaHCKOE CTPOUTEIBCTBO,
CTpouTenbcTBO U TpaxknaHckas uHxkeHepus, LludpoBoe wmonenupoBanue u
MIPOCKTUPOBAHKE) (THEBHOE O0yUCHHUE)

KommuectBo Ay AUTOPHBIX
qaCoB

0OTBI

HazBanmne pasaciia, TEMbI

[V

Howmep paznena, Temsl
3aHSATUS
[IpakTrueckue
3aHSATUS
CeMuHapckue
3aHIATHS
KonnuectBo yacos
CaMOCTOSITEIIbHOU pal

Jlexuun
JlaboparopHbie
dopma KOHTPOJIS 3HAHUU

1 cemecTp

1 | Xumuueckas CTEXHoOMeTpus. | 2 4 - - 4 MUCbMEH-
OcHOBHBIE KOJIMYECTBEHHBIE HBII OTYeT
3aKOHBI XUMUU o mabop.
pabore;
3aIuTa
0oT4€Ta 1o
adop.
pabote

2 | DHepreTuka (QU3UKO-XMMHUYECKHX | 2 2 - - 4 IIACBMEH-
MPOLIECCOB U HAIPaBJIEHHOCTh WX HBII OTYET
NPOTEKAHHUS. Xumunyeckast 1o J1a60op.
TEPMOJUHAMHKA pabore;
3alUTa
oT4€Ta 1o
nabop.
pabote

3 | Kuneruka ¢u3uko-xumMuueckux | 4 2 4 IIACBMEH-
MPOLECCOB. XuMH4IecKoe HBIA OTYET
paBHOBECHE 1o J1a60op.
pabore;
3alUTa
oT4€Ta 1o
nabop.
pabote

4 | dIucnepcubie cucteMbl. PactBopwl | 4 6 4 MACbMEH-
AIEKTPOJIUTOB. CaoiicTBa HBIA OTYET
pacTBOPOB. 1o J1abop.
pabore;
3aIuTa
oT4€Ta 1o
nabop.
pabote
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5 | PaBHOBecue B pactBopax | 2 4 4 MACbMEH-
3IEKTPOJAUTOB. ['uapoaus coneil. HBIA OTYET
o nabop.
pabore;
3almTa
oT4é€Ta 1o
nmabop.
pabore
Komok-
BUYM
6 | KommuiekcHble coetuHeHus 2 2 4 MACbMEH-
HBII OTYET
o mabop.
pabore;
3almTa
oT4éTa 1o
nmabop.
pabore
7 | OxucnuTenbHO- 8 10 6 MMCbMEH-
BOCCTaHOBUTEJIbHbBIE peaxIuu. HBII OTUET
Kunetnka u  TepMoauMHaMMKa 1o jJabop.
JNEKTPOXUMHUUYECKUX  MPOIECCOB. pabore;
XUMHYECKHE  HWCTOYHHKH  TOKA. 3almTa
["anpBaHMYeCKU 3JIEMEHT. oT4éTa 1o
Kunetnka u  TepMoaMHaMMKa nabop.
KOPPO3UOHHBIX MIPOLIECCOB. pabore.
IIpoueccsl IIEKTPOJIM3a 51 Komok-
PUMEHEHUE UX B TEXHHUKE. BUYM
8 | CrpoeHue BemecTna 2 4 YCTHBIN
oIpoc
9 | Xumus meTanios 2 4 YCTHBIN
oIpoc
10 | Xumuss  "HemetayioB.  dwusuko- | 2 4 6 MACbMEH-
XUMUYECKHE MIPOILIECCHI, HBII OTYET
MpPOTEKAIOIIUEe  TMPU  KOPPO3UU 1o 1abop.
OeToHa paborte;
3almTa
oT4éTa 1o
mabop.
pabote
11 | Xumus BBICOKOMOJIEKYJISIPHBIX | 4 6 YCTHBIN
COEMHEHUI OIIpoc
12 | Xumus 1 coBpeMeHHOE 00I11eCTBO 2 YCTHBIN
oIpoc
Hroro 34 34 52 Bceero: 120
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222 Hna coneumansHoctn  7-07-0732-01  CrpouTensCTBO 3HaHMA U
coopykeHuid (mpoduimzanusi — [IpoMbIlIUIEeHHOE U TPaKIaHCKOE CTPOUTENBCTBO,
CTpoUTeNbCTBO U TpaXxaaHCKas UHXKEHEpHs) (3a04HOe 00yUEeHHE)

KonnyectBo ayinTopHBIX .
= 4acoB g ’E
E) HasBanue pa3zzaena, TeMbl § % %
N <
% % = E = % = EE E
5 = &=| 3= g = 5 8 e
£ = | §5|Es|E5|8¢8 S
o o 2 Z| £ 5 S =5 Z
% = Lg %) a ] 0_2) <l 5 5 g
s = = & 2 g &
s S
1 cemecTp
1 | Xumuueckas CTEXHUOMETPHS. 1 - - - 8 YCTHBII
OcHoBHbIE KOJIMYECTBEHHbBIE orpoc
3aKOHBI XUMHUH
2 | DHepretuka (QU3UKO-XUMHUYECKHX | 1 2 - - 8 IIACBMEH-
IPOLIECCOB U HANpPaBIEHHOCTh MX HBII OTYET
IPOTEKaHUS. Xumuueckast 1o jJabop.
TEepPMOJIMHAMMKA pabore;
3auTa
oT4éTa 1o
nmabop.
pabote
3 | Kuneruka ¢usuko-xumMuueckux | 1 2 8 IIACBMEH-
IIPOLIECCOB. XHUMHYECKOE HBI OTYET
paBHOBECHE 1o 1abop.
pabore;
3amuTa
oTuéTa 1o
mabop.
pabote
4 | ducnepcuele cucremsl. PactBopsr | 1 - 8 MIACBMEH-
AJEKTPOJIUTOB. CaoiicTBa YCTHBIN
pacTBOpOB. OIpoc
5 | PaBHOBecue B pactBopax | 1 - 8 YCTHBIN
IIEKTPOJINTOB. [ 'HaApoIN3 collen. oIpoc
6 | KommuiekcHble coeuHeHns - - 6 NMCbMEH-
HBII OTYET
1o J1abop.
pabore;
3amuTa
oTuéTa 1o
mabop.
pabote
7 | OxkucauTeNnbHO- 2 4 18 MHAChMEH-
BOCCTaHOBUTEJIbHbIE peaxkuu. HBIH OTUET
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Kunetnka ©u  TepMOAMHAMHUKA 1o J1abop.
NEKTPOXUMHUYECKHX  MPOLIECCOB. pabore;
XYUMHUYECKHME  HMCTOYHMKM  TOKA. 3amuTa
["anpBaHnYeCKU JJIEMEHT. OTuéTa 1o
Kunetnka ©u  TepMOAMHAMHUKA nabop.
KOPPO3HOHHBIX IIPOLIECCOB. pabore.
IIpoueccsl AJIEKTPOJIN3a u Komok-
IPUMEHEHHE UX B TEXHHKE. BUYM
8 | CrpoeHue BemecTBa - 8 YCTHBIN
oIpoc
9 | Xumus meTaios 10 YCTHBIN
oIpoc
10 | Xumus  HemeramioB.  PuU3MKO- - 10 YCTHBIN
XUMHUYECKHE IIPOLIECCHI, orpoc
OpoTeKale Mpu  KOPpO3uHu
OeroHa
11 | Xumus BBICOKOMOJIEKYJIIPHBIX - 8 YCTHBIN
COEJIMHEHUMN oIpoc
12 | Xumus 1 coBpeMeHHOE 00I11ECTBO - 4 YCTHBIN
oIpoc
Htoro 8 104 | Bcero: 120
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223 Hna cneumansHoct  7-07-0732-01  CrpourtensCTBO  34aHM U
coopykeHuit (mpodunuzanus — [IpoMbIlIUIEHHOE U TPaKIAHCKOE CTPOUTENIBCTBO,

CTpouTeNbCTBO U TpaXxaaHCKas UHXKEHEPHs) (3a04HOE COKpaIlleHHOE 00yUYEeHHE)

KommuectBo Ay AU TOPHBIX

- =
= 4acoB & =
E) Hazpanwue paszeina, TeMbl § L‘é %
N <
% % = E = % = EE %
5 = &=| 3= g = 5 8 e
£ = | §5|Es|E5|8¢8 S
o o 2 Z| £ 5 S =5 Z
% = Lg %) a %) 0_2) el 5 5 %5
s = = & 2 g &
s S
1 cemecTp
1 | Xumuueckas CTEXHUOMETPHS. 1 - - - 8 YCTHBII
OcHoBHbIE KOJIMYECTBEHHbBIE orpoc
3aKOHBI XUMHUH
2 | DHepretuka (QU3UKO-XUMHUYECKHX | 1 2 - - 8 IIACBMEH-
IPOLIECCOB U HANpaBICHHOCTh MX HBII OTYET
IPOTEKaHUS. Xumuueckast 1o jJabop.
TEepPMOJIMHAMMKA pabore;
3auTa
oT4éTa 1o
nmabop.
pabote
3 | Kuneruka ¢usuko-xumMuueckux | 1 2 8 IIACBMEH-
IIPOLIECCOB. XHUMHYECKOE HBI OTYET
paBHOBECHE 1o 1abop.
pabore;
3amuTa
oTuéTa 1o
mabop.
pabote
4 | ducnepcuele cucremsl. PactBopsr | 1 - 8 MIACBMEH-
AJEKTPOJIUTOB. CaoiicTBa YCTHBIN
pacTBOpOB. OIpoc
5 | PaBHOBecue B pactBopax | 1 - 8 YCTHBIN
IIEKTPOJINTOB. [ 'HaApoIN3 collen. oIpoc
6 | KommuiekcHble coeuHeHns - - 6 NMCbMEH-
HBII OTYET
1o J1abop.
pabore;
3aluTa
oTuéTa 1o
mabop.
pabote
7 | OxkucauTeNnbHO- 2 4 18 MHAChMEH-
BOCCTaHOBUTEJIbHbIE peaxkuu. HBIH OTUET
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Kunetnka ©u  TepMOAMHAMHUKA 1o J1abop.
NEKTPOXUMHUYECKHX  MPOLIECCOB. pabore;
XYUMHUYECKHME  HMCTOYHMKM  TOKA. 3amuTa
["anpBaHnYeCKU JJIEMEHT. OTuéTa 1o
Kunetnka ©u  TepMOAMHAMHUKA nabop.
KOPPO3HOHHBIX IIPOLIECCOB. pabore.
IIpoueccsl JIEKTPOJIU3a u Komok-
IPUMEHEHHE UX B TEXHHKE. BUYM
8 | CrpoeHue BemecTBa - 8 YCTHBIN
oIpoc
9 | Xumus meTaios 10 YCTHBIN
oIpoc
10 | Xumus  HemeramioB.  PuU3MKO- - 10 YCTHBIN
XUMHUYECKHE IPOLIECCHI, orpoc
OpoTeKallue Mpu  KOPpO3UHU
OeroHa
11 | Xumus BBICOKOMOJIEKYJIIPHBIX - 8 YCTHBIN
COEJIMHEHUMN oIpoc
12 | Xumus 1 coBpeMeHHOE 00I11ECTBO - 4 YCTHBIN
oIpoc
Htoro 8 104 | Bcero: 120




146

224 Jna coneumansHoct  7-07-0732-01  CrpouTensCTBO 3HaHMA U
coopykennii (mpodmmmsaruss — [IpouM3BOACTBO  CTPOWUTENBHBIX H3ACIUNA U
KOHCTpPYKIUH, I (HeKTUBHBIE CTPOUTENbHBIE TEXHOJIOTHH) (THEBHOE 00yUEHHE)

KonnyectBo ayauTopHBIX .
= 4acoB & ’E
§ Ha3zBanue pa3zena, TeMbl § Lc’é %
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1 cemectp
1 | Xumunueckas cTexuomerpus. | 2 4 - - 4 IIACBMEH-
OcHOBHBIE KOJIMYECTBEHHbBIC HBII OTUET
3aKOHBI XUMHH o J1abop.
pabore;
3auTa
oT4éTa 1o
nmabop.
pabore
2 | DHepreTuka (HU3UKO-XUMHUYECKHX | 2 2 - - 4 IIACBMEH-
MPOLIECCOB U HAIPABICHHOCTh HX HBII OTUET
MPOTEKaHUS. Xumuyeckast 1o 1abop.
TEepPMOJIMHAMHKA pabore;
3amuTa
oT4éTa 1o
mabop.
pabote
3 | Kuneruka ¢usuko-xumMuueckux | 4 2 4 IIACBMEH-
MPOLECCOB. XuMH4YeCcKoe HBI OTYET
paBHOBECHE 1o J1a60op.
pabore;
3aluTa
0oT4€Ta 1o
nabop.
pabore
4 | ducnepcHele cucremel. PactBopsl | 4 6 4 IIACBMEH-
AIEKTPOJIUTOB. CaoiicTBa HBIA OTYET
pacTBOPOB. 1o J1abop.
pabore;
3alUTa
oT4€Ta 1o
nabop.
pabote
5 | PaBHOBecue B pactBopax | 2 4 4 MACbMEH-
AIEKTPOIUTOB. ['Maposn3 coeil. HBIA OTYET
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o mabop.
pabore;
3almTa
OTYETA 1O
nmabop.
pabore
Kounok-
BUYM
6 | KommuiekcHble coetuHeHus 2 2 4 MACbMEH-
HBIHA OTYET
o nabop.
pabore;
3almTa
OTYETA 1O
nmabop.
pabote
7 | OxucauTenbHO- 8 10 6 MMCbMEH-
BOCCTaHOBUTEJIbHbBIE peaxiuu. HBII OTUET
Kunetnka u  TepMoauMHaMMKa 1o Jabop.
JNEKTPOXUMHUUYECKUX  TPOIECCOB. pabore;
XUMHYECKHE  HWCTOYHHKH  TOKA. 3almTa
["anbBaHnM4eCKMit 3IIEMEHT. OTYETA 1O
Kunetnka u  TepMoaMHaMMKa nabop.
KOPPO3UOHHBIX MIPOLIECCOB. pabore.
IIpoueccsl IIEKTPOJIN3a u Komok-
PUMEHEHHUE UX B TEXHHUKE. BUYM
8 | CrpoeHue BemiecTBa 2 4 YCTHBIN
orpoc
9 | Xumus meTayios 2 4 YCTHBIN
onpoc
10 | Xumuss  "HemetayioB.  dwusuko- | 2 4 6 MACbMEH-
XUMUYECKHE MIPOILIECCHI, HBII OTYET
MpPOTEKAIOIIUEe  TMPU  KOPPO3UU 1o abop.
OeToHa pabore;
3almTa
oT4éTa 1o
mabop.
pabote
11 | Xumus BBICOKOMOJIEKYJISIPHBIX | 4 6 YCTHBIN
COEMHEHUI oIpoc
12 | Xumus 1 coBpeMeHHOE 00I11eCTBO 2 YCTHBIN
onpoc
Hroro 34 34 52 Bcero: 120




148

225 Hna coneumansHoct  7-07-0732-01  CrpouTensCTBO 34aHMA U
coopykeHuit (mpodumzarus — ABTOMOOHIBHBIE TOPOTH, ABTOMOOMIBHBIC TOPOTH U
O00BEKTHI TPAHCTIOPTHON HHPPACTPYKTYphI) (IHEBHOE 00yUEHNE)

KonnyectBo ayauTopHBIX .
= 4acoB & ’E
§ Ha3zBanue pa3zena, TeMbl § Lc’é %
N <
= 2 | g 2 28 i
= = Zx| 8w | Ex | B g
o S =l o = 2= 5 38 =
& c | §5|Ez | g5 | 8¢ g
o, ) a Z ez Sh=! SIS 2
02) = S 5 8 = 0 5 e g
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1 cemectp
1 | Xumunueckas cTexuomerpus. | 2 4 - - 4 IIACBMEH-
OcHOBHBIE KOJIMYECTBEHHbBIC HBII OTUET
3aKOHBI XUMHH o J1abop.
pabore;
3auTa
oT4éTa 1o
nmabop.
pabore
2 | DHepreTuka (HU3UKO-XUMHUYECKHX | 2 2 - - 4 IIACBMEH-
MPOLIECCOB U HAIPABICHHOCTh HX HBII OTUET
MPOTEKaHUS. Xumuyeckast 1o 1abop.
TEepPMOJIMHAMHKA pabore;
3amuTa
oT4éTa 1o
mabop.
pabote
3 | Kuneruka ¢usuko-xumMuueckux | 4 2 4 IIACBMEH-
MPOLECCOB. XuMH4YeCcKoe HBI OTYET
paBHOBECHE 1o J1a60op.
pabore;
3aluTa
0oT4€Ta 1o
nabop.
pabore
4 | ducnepcHele cucremel. PactBopsl | 4 6 4 IIACBMEH-
AIEKTPOJIUTOB. CaoiicTBa HBIA OTYET
pacTBOPOB. 1o J1abop.
pabore;
3alUTa
oT4€Ta 1o
nabop.
pabote
5 | PaBHOBecue B pactBopax | 2 4 4 MACbMEH-
AIEKTPOIUTOB. ['Maposn3 coeil. HBIA OTYET
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o mabop.
pabore;
3almTa
OTYETA 1O
nmabop.
pabore
Komok-
BUYM
6 | KommuiekcHble coeTuHEHUs 2 2 4 MACbMEH-
HBIHA OTYET
o nabop.
pabore;
3almTa
OTYETA 1O
nmabop.
pabote
7 | OxucauTenbHO- 8 10 6 MMCbMEH-
BOCCTaHOBUTEJIbHbBIE peaxiuu. HBII OTUET
Kunetnka u  TepMoauMHaMMKa 1o Jabop.
INEKTPOXUMHUUYECKUX  MPOIECCOB. pabore;
XUMHYECKHE  HWCTOYHHKH  TOKA. 3almTa
["anbBaHnM4eCKMit 3IIEMEHT. OTYETA 1O
Kunetnka u  TepMoJIMHAMHKa nabop.
KOPPO3UOHHBIX MIPOLIECCOB. pabore.
IIpoueccsl IIEKTPOJIN3a u Komok-
PUMEHEHHUE UX B TEXHHUKE. BUYM
8 | CrpoeHue BemiecTBa 2 4 YCTHBIN
orpoc
9 | Xumus meTayios 2 4 YCTHBIN
onpoc
10 | Xumuss  "HemetawwioB.  dwusuko- | 2 4 6 MACbMEH-
XUMUYECKHE MIPOILIECCHI, HBII OTYET
MpPOTEKAIOIIUEe  TMPU  KOPPO3UU 1o abop.
OeToHa pabore;
3almTa
oT4éTa 1o
mabop.
pabote
11 | Xumus BBICOKOMOJIEKYJISIPHBIX | 4 6 YCTHBIN
COEMHEHU I oIpoc
12 | Xumus 1 coBpeMeHHOE 00I11eCTBO 2 YCTHBIN
onpoc
Hroro 34 34 52 Bcero: 120
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2.2.6 [na cnenuanbHoctd  7-07-0732-01  CTpouTenbCcTBO  3JaHUN U
coopykenuii (mpodunmzarusi — ABTOMOOHIBHBIE TIOPOTH, ABTOMOOMIBHBIC TOPOTH U
00BEKTHI TPAHCTIOPTHOU HHPPACTPYKTYPHI) (3a0UHOE COKPAIICHHOE O0YICHHE)

KonunuecTBo ayauTOpHBIX .
= 4acoB & ’E
§ Ha3zBanue pa3zena, TeMbl § Lc’é %
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1 cemectp
1 | Xumunueckas crexuomerpus. | 1 - - - 8 YCTHBIN
OcHoBHbIE KOJIMYECTBEHHbBIE orpoc
3aKOHBI XUMUHU
2 | DHepretuka (U3MKO-XUMHUYECKHX | | 2 - - 8 MUCbMEH-
IIPOLIECCOB U HAIPABJIIEHHOCTh HX HBII OTYeT
MPOTEKAHUS. Xumuyeckast o mabop.
TEPMOJMHAMUKA pabore;
3aIuTa
oT4€Ta 1o
adop.
pabote
3 | Kuneruka ¢uzuko-xumMuueckux | 1 2 8 MIACBMEH-
MPOLECCOB. XuMH4IecKoe HBI OTYET
paBHOBECHE 1o J1a60op.
pabore;
3amuTa
0oT4€Ta 1o
nabop.
pabote
4 | Nucnepcuble cucremsl. PactBopsl | 1 - 8 IIACBMEH-
JIEKTPOIUTOB. CaoiicTBa YCTHBII
pacTBOpPOB. oIpoc
5 | PaBHOBecue B pactBopax | 1 - 8 YCTHBII
ANEKTpOoauTOB. ['maposus coneil. onpoc
6 | KommuiekcHble coequHEHUs - - 6 MACbMEH-
HBIA OTYET
o mabop.
pabore;
3amuTa
oT4€Ta 1o
nabop.
pabote
7 | OxucauTenbHO- 2 4 18 MACbMEH-
BOCCTaHOBUTEJIbHbBIE peaxiuu. HBII OTYeT
Kunernka W TepMOJIMHAMHKA 110 J1a00p.
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ANEKTPOXMMHUUYECKUX  TPOLIECCOB. pabore;
XUMUYECKHE  HMCTOYHHMKH  TOKA. 3alTa
l"anbBaHnveCKH 3JIEMEHT. oT4éTa 1Mo
Kunernka u  TepMoauHaMHKa nabop.
KOPPO3HOHHBIX MIPOIIECCOB. pabore.
ITpoueccol 3JIEKTPOJIM3a u Kouok-
MIPUMEHEHHUE UX B TEXHHUKE. BUYM
8 | CtpoeHue BemniecTa 8 YCTHBIN
oIpoc
9 | XuMus METAILJIOB 10 YCTHBIN
oIpoc
10 | Xumuss  HemetauioB.  Dusnko- 10 YCTHBIN
XUMUYECKHE MIPOILIECCHI, orpoc
IpoTeKalue Mpu  KOPPO3UHU
0eToHa
11 | Xumus BBICOKOMOJIEKYJISIPHBIX 8 YCTHBII
COCAMHEHUI OIIpoC
12 | XuMus ¥ COBpEMEHHOE 00IIeCTBO 4 YCTHBII
oIpoc
Hroro 8 104 Bcero: 120
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2277 Hna cnenuanbHocTH 6-05-0732-02 DOkcneptu3a W ynpaBlICHUE
HEJBUKUMOCTBIO (JHEBHOE 00yUYEHNUE)
KonnyectBo ayauTopHBIX . -
= 4acoB & =
§ Ha3zBanue pa3zena, TeMbl § Lc’é %
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1 cemectp
1 | Xumunueckas cTexuomerpus. | 2 4 - - 4 IIACBMEH-
OcHoBHbIE KOJIMYECTBEHHbBIC HBII OTUET
3aKOHBI XUMHH o J1abop.
pabore;
3amuTa
oT4éTa 1o
nmabop.
pabote
2 | DHepreTuka (HU3UKO-XUMHUYECKHX | 2 2 - - 4 IIACBMEH-
MPOLIECCOB M HAIPABJICHHOCTh HX HBII OTUET
IPOTEKaHUS. Xumuueckast 1o jJabop.
TEPMOJMHAMHKA pabore;
3amuTa
oT4éTa 1o
mabop.
pabote
3 | Kuneruka ¢uzuko-xumuueckux | 4 2 4 IIACBMEH-
IIPOLIECCOB. XuMHuuecKoe HBII OTYET
paBHOBECHE 1o 1abop.
paborte;
3amuTa
oT4éTa 1o
mabop.
pabote
4 | Hucnepcuele cucrembl. PactBopsl | 4 6 4 IIACBMEH-
AIIEKTPOJIUTOB. CaoiicTBa HBII OTYET
PacTBOPOB. 1o J1abop.
pabore;
3aIuTa
oT4€Ta 1Mo
madop.
pabote
5 | PaBHOBecue B pactBopax | 2 4 4 MHCHbMEH-
ANEKTPONUTOB. ['maponus conei. HBIN OTYET
1o J1abop.
pabore;
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3almTa
oT4€Ta 1o
nabop.
pabore
Kounok-
BUYM
6 | KommuiekcHble coetuHeHus 2 2 4 MACbMEH-
HBIA OTYET
o mabop.
pabore;
3almTa
OTYETA 1O
nmabop.
pabore
7 | OxucnuTenbHO- 8 10 6 MHUCbMEH-
BOCCTaHOBUTEJIbHbBIE peaxIuu. HBII OTUET
Kunetnka u  TepMoauMHaMMKa 1o jJabop.
INEKTPOXUMHUUYECKUX  MPOIECCOB. pabore;
XUMHYECKHE HUCTOYHHKHA  TOKA. 3aImTa
["anbBaHnn4eCKuit 3IIEMEHT. OTYETA 1O
Kunetnka u  TepMoauMHaMMKa nabop.
KOPPO3UOHHBIX MIPOLIECCOB. pabore.
IIpoueccsl IIEKTPOJIN3a u Komok-
PUMEHEHUE UX B TEXHHUKE. BUYM
8 | CrpoeHue BemiecTBa 2 4 YCTHBIN
orpoc
9 | Xumus meTajsios 2 4 YCTHBIN
oIpoc
10 | Xumuss  "HemetayioB.  dwusuko- | 2 4 6 MACbMEH-
XUMUYECKHE MIPOILIECCHI, HBII OTYET
MPOTEKAIONIUEe  TMPU  KOPPO3UU 1o jabop.
OeToHa pabore;
3almTa
oT4éTa 1o
mabop.
pabote
11 | Xumus BBICOKOMOJIEKYJISIPHBIX | 4 6 YCTHBIN
COEMHEHU M oIpoc
12 | Xumus 1 coBpeMeHHOE 00I11eCTBO 2 YCTHBIN
onpoc
Hroro 34 34 52 Bcero: 120
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3. THOOPMAIIMOHHO-METOANUYECKAA YACTD

3.1 Ilepeuenb nuTepaTypsl

3.1.1 OcHoBHas

1. Kopoun, H. B. O0mas xumus. — M.: BeiclL.IIK., U3/, IIEHTP «AKaJeMHU»,
2011.—-496 c.

2. AxmetoB, H. C. Ob6mas n Heopranuyeckass Xumus. Y4ed. uid By30B.— 4-¢
u3J., uctp. — M.: Beicul. mik., u3a. neHTp «Akagemus», 2001. — 743 c.

3. I'munaka, H.JI. O0mas xumus: yue6. mocooue st By3oB. / H.JI. I'nmunka. — mox
pen. B.A. Pabunouua u X.M. Pybunoit. — 22-e u3z., crepeorun. — JI. : Xumusl,
2011.-280 c.

3.1.2 JlonoaHuTeIbHAs

1. Xmenpuunkuii, P. A. ®u3nueckasd ¥ KoJUIoMaHass xuMusg.- M.:Bwicmi. k.,
1988.—399 c.

2. ®pumanti, M. Xumus B aericteuu. B 2-x 4. :Ilep ¢ anrin. - M.:Mup, 1991. —
Sllec.

3. I'munka, H. JI. 3agaun u ynpaxxkaenus no oomei xumud. - JI.:Xumus, 1985.—
246 c.

4. Ilpuroxwun, . CoBpeMenHas TepmoanHamMuKa. OT TEIUIOBBIX JBUTATENIEU 110
nuccunatuBHbIX cTpykTyp / W. Ipuroxun, J{. Konnennyau — nep ¢ anrin.— M.: Mup,
2002.—461 c.

5. Bacunesckas, E. WM. Meronpl pemienus 3amad mo oOmieil xumuu : yueo.
nocobue / E. U. Bacunesckas, T. B. CBupunosa. — Munck: Beim. mik., 2007. — 128 c.

6. CsupunmoB, B.B. 3amauu, Bompochl U yHOpaKHEHUS IO OOmeH u
HeOpraHuveckord xumuu : yue6. mocobue. / B.B. Ceupunos, I'.A. Ilonkosuy, I'.1.
BacunbeBa. — 3-e usn., nepepab. u non. — Munck : YHuBepcurerckoe, 1991. — 350 c.

3.1.3 YuebHO-MeToANUECKHE pa3padOTKU

1. YueOHO-METOAMYECKUM KOMIUIEKC MO y4eOHOW AUCHUIIIMHE «XUMUSD) IS
cnennasibHocTe  1-70 02 01 IIpombIlUIEHHOE M TPaKIaHCKOE CTPOMUTENBCTBO; |-
7001 01 IIpon3BOACTBO CTPOMTENBHBIX H3ACIMM © KOHCTpykuui; 1-7003 01
AromoOusbHbIe fopory; 1-70 04 02 TemnorazocHaOXeHHE, BEHTUIISILUA U OXpaHa
Bo3nymiHoro Oacceitna; 1-70 04 03 BopocnabGkeHue, BOIOOTBEACHUE U OXpaHa
BOAHBIX pecypcoB; 1-74 0501 Memnopauuss u BoaHoe xo3sucTBo; 1-33 01 07
[IpupomooxpanHas npestenpHOCTh; 1-36 01 01 TexHonorms mammHOCTpOeHHUs; |-
36 01 03 Texuosornueckoe o0OPyIOBaHUE MAIIMHOCTPOUTEIHLHOTO  MPOU3BOJICTBA;
1-36 09 01 MamwuHbl 1 anmaparsl NUIIEBBIX MPou3BoACTB; 1-37 01 06 Texnuueckas
sKkcruTyartaius aBromoomiieit; 1-37 01 07 Arocepsuc; 1-36 04 02 IIpombliniuieHHAS
anekrponuka / C.B. bacos; bpI ' TY — bpecrt, 2019. — 144 c.

2. Meronuueckue ykazaHusi K JiabopaTopHbIM pabotam mo Kypcy «OOmas
XUMHUs» 10 TeMaM: « OKUCIUTENbHO-BOCCTAHOBUTEbHBIE peakiuuny», « KomriekcHbie
coequnenus» / H.M. IN'ony6, B.A. Xaneuxkuii; bpII1 — Bpect, 1998. — 28 c.

3. Metonuueckue yka3aHus K Ja0OpaTOPHBIM U MPAKTHUYECKUM paboTaM Kypca
«OO0mas xumus» 1no teme: «Xumudeckas tepmonunamukay / ILII. Crpokau, B.A.
Xaneukun, E.N. Bacunesckas; bpIIN — bpect, 1999. — 27 c.
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4. Metoauueckue ykazaHusi K Ja0OpaTOPHBIM M MPaKTHYECKUM paboTaM Kypca
«Xumusa» 1o teMaMm «Xumusi metauioB» u «Kopposust meramnos» / [LII. Ctpoxkau,
B.A. Xanenkuii, C.B. bacos, 3.A. Typ; bpI' TY — bpecr, 2001. — 36 c.

5. Meronnyeckne ykasaHus K J1aOOpaTOpPHBIM U MPAKTUYECKUM paboTam IIo
KypcaM «Xumus» u «OOmas, Heopranudeckas U (u3nyecKas XUMHUs» IO TeMe
«Onexktpoxumus. XuMudeckrne uctounuku Toka» / C.B. bacos, B.A. Xanenkwii, 3.A.
Typ, ILIIL. Crpokau; bpI ' TY — Bpecr, 2002. — 40 c.

6. Meromyeckue ykazaHus K JJaOOpaTOPHBIM U MPAKTHUECKUM paboTaM 1o Kypcy
«Xumus» 1o TeMe «Xumudeckas kuaetukay / C.B. bacos, B.A. Xaneukwuii, 9.A. Typ;
bpI'TY — bpecr, 2003. — 34 c.

7. Meroauueckue ykazaHus K JaOOpaTOPHBIM W MPaKTUYECKUM paboTaMm IO
kypcy «Xumus» no teme «PactBopel. IlpousBenenue pactBopumoctr» / B.A.
Xaneukuit; bpI' TY — bpecr, 2003. — 34 c.

8. Meronuueckne yka3zaHud K J1a0OpaTOPHBIM M MPAKTUYECKUM padoTaM 10
Kypcy «Xumus» mo teMe «Xumudeckas crexuomerpus» / B.A. Xaneuxuii, C.B.
bacog, E.N. Bacunesckas; bpl TY — bpecr, 2005. — 33 c.

9. Meronuueckue yka3zaHHus K JaOOpaTOPHBIM M MPaKTUYECKUM pabdoTaMm IO
Kypcy «Xumusi» mo TemMe «nekrponus3» / C.B. baco, B.A. Xaneukwii, E.K.
AnTtoHOK, A.Y. I'ypno; bpl TY — bpecr, 2006. — 36 c.

3.1.4 Jluteparypa ajst npenojaBaresis Mo OpraHu3aluy yueOHOro npouecca

1. BacuneBckas, E.Jd. OcHOBBl OpraHu3aldd HAy4YHBIX HCCIEAOBAaHUN
MPaKTUKYM it cTyieHToB XuM. (pak. / E.W. Bacunesckas. — Munck : BI'Y, 2007. —
90 c.

3.2. IlepeueHb UCIIOIB3yEMBIX CPEICTB IMATHOCTHKHU PE3yJIbTaTOB yUeOHOM

NesATeTbHOCTH (YCTHO-TUChbMEHHAs TMarHOCTUKA):

— YCTHBIN M MUCBMEHHBII OIPOC BO BpeMs JabOpaTOPHBIX padoT;

— MMCbMEHHBIN OTUYET MO JabopaTopHOil paboTe;

— 3aIuTa 0TYéTa 1o J1abopaTopHOM paboTe;

— TEeKyIlasi aTTeCTaIus;

— cobecetoBaHME MPU MPOBEACHUN KOHCYIIbTAIIH;

— KOJIJIOKBUYMBI;

— BBICTYTUJIEHUE CTYACHTA HAa KOH(PEPEHIINH TI0 TTOAITOTOBICHHOMY pedepary;

— cllaya dK3aMeHa.

3.3 XapakTepucTuKa peKOMEHIyEMbIX METOI0B U TEXHOJIOTUN 00yUeHUs

JUis AOCTM)KEHHs TOCTaBJICHHBIX Ieeld OOydueHus, a TakkKe IJI1 YCBOCHUS
CTYIEHTaMH COJIEP’KaHUsl MPOTpaMMbl IPUMEHSIOTCS Pa3IMYHbIe METOAbI O0YUYCHHUS.
B Havasie u3ydyeHHs Kypca OCHOBHAs POJb MPUHAIIEKHUT aITOPUTMHU3NPOBAHHBIM
MeToaaM 00y4eHHUs], KOTOPbIE UCIIONBb3YIOTCA TPU PEIICHUU TUITOBBIX 3aJ1ay, a TAKKe
B J1aOOpaTOpHOM IpakTUKyMe. [0 BO3MOXKHOCTH aNrOpUTMU3UPOBAHHOMY O0YUYEHUIO
HEOOXOAMMO MPUJABATh TBOPUYECKHUM XapakTep, Hampumep, Nnpu (GpopMyIHpoBKe
MPaKTUKO-OPUEHTUPOBAHHBIX THUIIOBBIX 3a7ad. B JIEKIIMOHHOM Kypce MOTYT OBITh
MCITIOJIb30BaHbI MMPOOJIEMHBIE METOJIbI O0yUEHHUS.
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PexomeHayeMbIMH MeTOAaMU OOYYEHHS, OTBEYAIOIIUMH LEISIM H3y4eHUs
JTUCIUIUTAHBI, SIBISIOTCS:
— DJIEMEHTHl TPOOJIEMHOTO 00yuYeHHs (MPOOJIEeMHOE H3JI0KEHHE, BapHaTUBHOE
U3JI0KEHUE, YaCTUYHO-TIOMCKOBBIN METO/), pealu3yeMble Ha JIGKIIMOHHBIX 3aHATHSIX;
— DIIEMEHTHl  y4eOHO-HCCIIEIOBATENbCKON  ACSTEIbHOCTH, peau3yeMble Ha
71a00paTOPHBIX 3aHATHIX, IPH CAMOCTOSITETIHHOM padoTe.

3.4. Metoauyeckue peKOMEHAAIMH [0 OpraHU3alli CaMOCTOSATEIBHOM padOThI

CTYJIEHTOB

[Tpu M3yyeHnn AMCUUILIIMHBI PEKOMEHIYETCSl HCIOIb30BaTh CIeAyIoIe (popmbl
CaMOCTOATEIBbHON padOTHI:

— NpopadbOTKa JEKIUOHHOTO MaTepUaa;

—  KOHTpOJIMpyeMasl CaMOCTOsATelbHas paboTa B BHJE peEIIeHUs 3a4ad B
ayJIUTOPUH BO BpeMs IIPOBEACHUS 3aHATHH 110 KOHTPOJIEM IPEIOAaBaTes;

— MOJrOTOBKA pedepaToB 10 UHAUBUIYAJIbHBIM TEMaM.

Buo camocmosimenvuoti pabomuwi Dopma KOHmMposl
PaboTa HaJl JEKIIMOHHBIM MaTEpPHaIOM Y cTHBIN onpoc
3amuTa 1ab0paTOpHBIX PaboT, pelieHre
[ToaroToBka K 1a00PaTOPHBIM 3AHITHUIM H patop P P
3a7a4
[ToaroTroBka K ciade dK3aMeHa DK3aMeH

3.5 Bonpock! aJist caMOCTOSITEILHON TPOPa0OTKH

3.5.1 XumMnueckass CTEXUOMETPHUS

Xumusl Kak (yHIaMEHTajdbHash €CTECTBEHHOHAy4yHas JucuUUIUiMHA. Pomb
XUMUM B (QPOPMHUPOBAHUU MATEPUATBHOM KyJIbTYphl I[UBUJIU3AIMUA. XUMHUS W
CTPOUTENIbHAS MNPOMBIIIIEHHOCTh. (OCHOBHBIE KOJMYECTBEHHBIE 3aKOHBl XHWMHH.
[loHATHE 0 XUMUYECKON CTEXMOMETPUHU. XHUMHUYECKOE KOIMYECTBO BENIECTBA. MOJb.
OKBUBAJIEHTBl W OJKBHUBAJIEHTHBIE MAaCChl IPOCTBIX M CJOXHBIX BEIIECTB. 3aKOH
HKBUBAJICHTOB.

3.5.2 XumMnueckas TepMOJUHAMUKA

IToHsiTHE O HEPABHOBECHOW TEpPMOJAMHAMUKE. J[MCCHUIIATUBHBIE CTPYKTYPBI.
IIpoueccel caMoOpraHu3alyi.

3.5.3 XuMnueckas KHHETUKA U XUMUYECKOE PABHOBECHUE

I'omorennsle W rereporeHHele peakuuu. CKOPOCTh XMMHYECKOM pEaKIuu.
CpenHsast 1 MTHOBEHHAsl CKOpOCTh. lIoHsATHE O MeXxaHW3ME XMMHUYECKOW pPEaKIIHH.
[IpocTeie M CHOXKHBIE peakUUd. MOJIEKYJIAPHOCTh PEAKLIHUNA. 3aBUCUMOCTh CKOPOCTH
peaKuMy OT KOHILIEHTpAaUWU PEarupyronux BEIIECTB. 3aKOH ACHCTBYIOIIMX Macc U
€ro IPUMEHHUMOCTb ISl MPOCTBIX M CIOXHBIX peakiui. BiausHue TteMneparypsl Ha
ckopocTh xumuuecko peaxkuuu. [lpaBuno Bant-I'odda. Teopuss akTUBHBIX
coynapeHuid. YpaBHeHue AppeHuyca. Teopuss NEPEXOJHOTO  COCTOSHHSL.
OHepretuyeckue auarpammbl. Kartanu3. ['OMOreHHBIM M TE€TEPOTEHHBIA KaTAIM3.
®epmentsl. Marunburtopel. Xumudeckoe paBHOBecwe. KoHcTaHTa paBHOBECHSI.
YpaBHEeHHE M30XOpbl XUMHUYECKOW peakuuu. CMEneHue XMMHUYECKOrO0 PaBHOBECHS.
[IpaBuno Jle-llarense.
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3.5.4 PacTBOpSBI

PactBop, pacTBOpuTENlF W PpPACTBOPEHHOE BEWMIECTBO. TepMOAMHAMUKA
nmpoiiecca pacTBOpeHusi. PasznmuuHble cMocoObl BBIPAXEHUS COCTaBa pacTBOpa.
KucnotHo-ocHoBHOoe  TuTpoBanue. [IpowsBeneHne pacTBOPUMOCTH. Y CIOBHUE
oOpa3oBaHMsI OCaJKa MaJIOPAaCTBOPUMBIX coeanHeHui. [Ipomeccsl pacTBopeHuUs
MHUHEPAJbHBIX  BSDKYIIMX  BemecTB. KoyumMraTuBHbIE  CBOWCTBA  PacTBOPOB.
[ToHm>keHre AaBlieHUs] HACBHIIEHHOTO mapa. OcMOC M €ro pojb B OMOJOTHYECKUX
npoueccax. 3akoH Bant-I'obda. D0ymmmockonusi. Kpuockonusi. AHTUGPU3EL
[TonsiTue o0 aucnepcHbIX cucremax. ['ereporeHHOCTh M AUCHEPCHOCTh. OcoObie
CBOMCTBA KOJUIOWJHBIX PACTBOPOB. METONBI NOJYYEHHUS [UCHEPCHBIX CHUCTEM.
Ancop6uus. [ToBepxHocTHOE HaTskeHUe. [10BepXHOCTHO-aKTUBHBIE BEIIECTBA U UX
MIPUMEHEHHUE B CTPOUTEIHCTBE.

3.5.5 PaBHOBecHs B pacTBOpax JIEKTPOJIUTOB

OnekTpoiutuueckas auccouuanusi. CuiibHble U ciiaOble  AJIEKTPOJUTHI.
AKTUBHOCTh HMOHOB. CTENeHb M KOHCTAHTA JHUCCOLMAIMU. 3aKOH pa30aBlICHUS
OctBanpna. MonHoe mnpousBeneHne BOAbL. BomoponHblid mMmokaszarenb. MeTonbl
M3MepeHusi BojopoaHoro mnokaszarend. Muaukaropsl. [lorenumomerpus. ['maponus
coseil. Knaccupukaumss coneid mo uX OTHOWIEHUIO K Tuiaposmsy. CMeleHue
pPaBHOBECHUSI B PEAKUUSIX Tuaponusa. KoanyecTBEHHbIE XapaKTEPUCTUKHU MPOIEcca
TUJIPOIN3A.

3.5.6 KOMIUIEKCHBIE COETMHEHUS

OCc0OEHHOCTH AJEKTPOJIMTUYECKON TUCCOIMAIMN KOMIUIEKCHBIX COEIMHEHUH.
Koncranta HecTOMKOCTU. JIBOWHBIE cOJIM. PONb KOMIUIEKCHBIX COEIWHEHUN B
OMOJIOTUY U TEXHUKE.

3.5.7 CTpoeHue BeliecTBa

DBOJIIOIMA MPEJICTABICHUN O CTPOEHUHU aToMa. Mojenb cTpoeHust aroMa bopa.
CoBpeMeHHOE KBaHTOBO-MEXaHUYECKOE OTMCAHUE aToma. [TpuHuMn
HeonpenenénHoctn [eiizenOepra. IloHsiTue O BOJHOBOM (YHKIMH. ATOMHBIE
opOutanu. KBanToBble unciia U ux uHTeprperanus. CTpOCHHUE MHOTOAIEKTPOHHBIX
atomMoB. [lopsiiok 3amojHEHUs! SJEKTPOHAMH DSJICKTPOHHBIX 00o0Jouek. [IpuHiumn
MuHUMyMa dHepruu. [punoun Ilaymu. Ilpasuno Xynna. [lepuognueckue cBorcTBa
DIEMEHTOB. OHepruss uoHuzauuu. CpoacTBo K 3ieKTpoHy. Pamumyc artoma.
XuMuueckass CBs3b. KoBajeHTHas, WOHHAas W METaJuIMyecKas CBA3b. Meton
MOJIEKYJIApHBIX opOutanei. CTpoeHHe MOJEKyJIbl BOJOpPOAA C TMO3UIMH METOoHa
MOJIEKYJIIPHBIX opOuTaei. OCHOBBI 30HHOU TEOPUH. [TIpoBogHMKH,
MOJYIPOBOJHUKHU U TUDJIEKTPUKU C IMO3ULUHU 30HHOU TEOPUHU.

3.5.8 Xumus MeTasion

Knaccudukanus ™MeTamnoB ©W WX PACHPOCTPAHCHHOCTh B  MPUPOJIE.
Mertannyprus. OCHOBHbIE METO/bI MOJYYEHUS METAUIOB. XHUMHYECKHE CBOWCTBA
METAJUIOB. TOKCHUYECKOE BO3JAECUCTBUE MOHOB TSKEIBIX METAUIOB HA OKPYKAIOILIYIO
cpeny. Metamisl II A rpynnbl mepuoanyuecKord CUCTEMBl. MarHuid W KaJIbIUH.
[Ipupoanbie coequHeHus Maruus U Kaiabuus. [[puMeHeHrne COeMHEHUN Kalblus U
MarHusi B CTPOUTENIbCTBE. JKECTKOCTh MPUPOAHBIX BOA. BpemMeHHass U mOCTOSIHHAS
KECTKOCTH BOJIbI. OCHOBHBIE METO/IbI YMSATUYEHUSI U 00€CCOJIMBAHUS TTPUPOTHBIX BOJI.
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Kenezo u amomunuii. Ilomyuenue. Xumuueckue u (U3UYECKHE CBOWCTBA.
[IpuMeHneHne B CTPOUTEIBCTBE.

3.5.9 Xumus HEMETAII0B

Hemeramibsl 1 UX pacnpoCTpaHEHHOCTh B IpUPOJE. XHUMHUYECKHE CBOWCTBA
HemeTayioB. Kpemumit. Xumuueckne u ¢usnyeckue cBoctBa llpupoansie
coenuHeHus kpemHus. Oxcun kpemHus (IV) U KpeMHHEBBIE KUCIOTBI. A3pPOCHIIL.
Cunukarsl. XXugkoe crekio. Crékiia u crekioMarepuansl. CTpyKTypa, XUMUYECKHE
U (Qusnyeckue cBoicTBa. TexHosoruss mnonydeHus. CTpPOUTENbHBIE CHUTAJUIBI.
Kepamuka. Heopranndeckue BspKymme Marepuaibsl. QU3HKO-XUMHAYECKHUE TPOLECCHI,
IpoTeKarolue npu Koppo3uu 6eroHa. Kiaccugukauys KOppO3MOHHBIX HMPOLECCOB.
MeTop! 3a1uThl OETOHA OT KOPPO3HUH.

3.5.10 Xumus BEICOKOMOJICKYJISIPHBIX COCIMHEHUMN

OcHOBHbIE TOHATUS MW YWUCJIEHHbIE XapakTepuctuku. Kiaccudukanus
nosuMepoB. OCHOBHBIE OTJIMYHUS MOJMMEPOB OT HU3KOMOJIEKYJISIPHBIX BEIECTB.
[Tomumepusanus u nonukonaeHcauus. CTpykrypa noauMepos. [lonnMepHas xumus
B bemapycu. [lommatunen. Ilomunponunen. [lomuctupon. IleHonmoaucTupos u ero
IIPUMEHEHUE B KA4eCTBE TEIUIOW3OJIMPYIOMIETO MaTepruallia B CTPOUTEIIBCTBE.
[{oMMBUHUIXJIOPHI. [InacTuduumpoBaHHbIA U HEeIIaCTU(PUIUPOBAHHBIN
nomuBrHWIXNOpUA. Ilommakpuiatel. Opranmyeckoe crekio. lcrons3oBanue B
KauecTBe IUIEHKOOOpa3oBaTedsl JJIA  3KOJIOTMYECKH  IOJIHOLEHHBIX  BOJHO-
JUCIIEPCUOHHBIX CTPOUTEIBHBIX JIAKOKPACOUHBIX MAaTepHaoB. Marepuansl A
nopoxkHoit pazmerku. denondopmanbaeruansie cmoibl. CpoiicTBa. [IpumeHeHue B
cTtpoutenscTBe.  OpraHudeckue — B Kylmue — Mmatepuansl.  [lonmmepOeToHBI.
[TonumepHbIE KOMIO3UMUMOHHBIE MaTepuayibl. OCHOBHBIE METOMBI YTHIM3ALMU
OTXOJIOB ITOJIMMEPOB. PELIUKIIMHT, 3aXOpPOHEHUE, CKUTAHUE, TUPOIIH3.

3.5.11 XumMus u coBpeMeHHOE OOIIECTBO

Pons xumMum B COBpEeMEHHOM OOHIECTBE. XHUMHS M SHEPreTHKa. XUMHS U
POJIOBOJICTBHE. XumHusT W MEOUIUHA. CoBpeMeHHass  XUMHYECKas
IPOMBIIUIEHHOCTh. PO XMMHUM B PELICHUU TJIOOAIBHBIX IKOJIOTHYECKUX MPOOIIEM.
OCHOBHBIE PUHIUIIBI «3ETEHON» XUMHUH.

4. BOITPOCBI K DK3AMEHY

0 AUCHUIUINHE «XUMHS» Ui CTYIEHTOB crneunuanbHocten 7-07-0732-01
CrpoutenbcTBO 37aHUNl W coopyxeHud (mpodwmmmsaius — I[IpomblniuieHHOE U
IPaXXJAHCKOE CTPOUTENBCTBO, CTPOUTENBCTBO M TPAXAAHCKas HWHXKEHEPHs,
[MudpoBoe ™MopenupoBanue u mnpoektupoBanue); 7-07-0732-01 CtpouTenbcTBO
3MaHui U coopyxeHui (mpodunuzamus — [[pou3BoICTBO CTPOUTENBHBIX U3ACIUNA U
KOHCTPYKIUH, OQdeKTUBHbIE  CTpOUTEIbHBIE  TexHojoruu); 7-07-0732-01
CTpouTenbCcTBO 37aHUI U COOpyX)eHul; (mpodunu3aius — ABTOMOOUIILHBIE JOPOTH,
ABTOMOOWJIbHBIE JIOPOTH U OOBEKTHI TPAHCHOPTHOM MHGpacTpyKTyphl); 6-05-0732-
02 DxcnepTu3a U yrpaBieHUE HEABUKUMOCTHIO. )

I. IlpenMer W 3HAYEHHE XUMHUH IS COBPEMEHHOT'O HWHXKEHEpPa-CTPOUTEIIS.
Ponp xumMuu B COBPEMEHHOM IMPOMBILIJIEHHOCTH, HAYKE, MEPEIOBBIX TEXHOJIOTHSX.
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Xumuss W OHepretuka. Xumusg MW MeaunuHa. CoBpeMEHHass XHMHUYECKas
POMBIIIEHHOCTb.

2. OCHOBHbBIE TIOHATHSI XUMHUYECKOW CTEXHMOMETPUHU (MOJIb, MOJISIpHAsl Macca,
HKBUBAJIEHT, SKBUBaJeHTHas mMacca). OnpeneneHrne 3KBUBAJICHTOB U 3KBUBAJICHTHBIX
MacC OCHOBHBIX HEOPIaHUYECKUX COEUHEHUMN: OKCUIOB, KUCIOT, OCHOBAHMI, COJIEH.

3. KonmmuecTBEeHHbIE 3aKOHBI XUMUHU. 3aKOH 3KBUBAJICHTOB.

4. OCHOBHBIE TOHSATHS XUMHYECKON TEPMOJMHAMUKH: TEPMOJIWHAMHUYECKAs
CUCTEMA, MapaMeTpbl COCTOSIHUS W (PYHKIUU TEPMOAMHAMUYECKON cuctembl. [-i
3aKOH TEPMOJANHAMUKHU. DHTANBIUA. DK30- U SHAOTEPMUUYECKHUE PEAKIIUH.

5. 3akonsl Tepmoxumuu. 3akoH JlaByasbe-Jlamnaca. 3akon ['ecca. Cnencreue
u3 3akoHa ['ecca.

6. 2-ii 3aKOH TEepMOAMHAMUKHU. OHTponus. HampaiieHne mNpoTEeKaHUs
XUMHYECKOUN pEAKIIHH.

7. VI3MeHeHne n300apHO-U30TEPMHUUECKOro MoTeHnuana (dHeprus ['mbdoOca).
Pacuér sneprum ['mb0ca st craHmapTHBIX ycinoBuid. YpaBHeHue ['mb0ca. AHanu3
ypaBHeHus ['n00ca.

8. Xumuueckass KuHeTHKa. [IOHSATME O CKOPOCTH XUMHYECKOW pPEaKIUU.
@akTOphl, BIUAKOIIME HAa CKOPOCTh XMUMHUYECKOM PEaKIUU. 3aKOH JEHCTBYIOIIUX
Mmacc. [IpaBuno Baut-I'oddda.

9. OCHOBHBIE TOJOKEHUS TEOPUHU AKTUBHBIX COYAAPEHUN MOJIEKYJ. DHEpPrus
aKTHUBalMKU. Y paBHEHHE AppeHuyca.

10. Teopust nepexoqHOr0 COCTOSTHUS. DHEPreTUUECKUE TUATPAMMBI.

11. Xumuueckoe paBHoBecue. KonctanTa xumudeckoro papHoBecus. CriocoObl
HapyleHuss xumudeckoro pasHoBecus. Ilpunnun Jle-latense. Kunermka
IE€TEPOrE€HHBIX PEAKLUN.

12. Karanutnueckue IIPOLIECCHI. DHepreTuyecKue JIarpaMMbl
KaTaJIMTUYECKUX IpoueccoB. Karanuzarop. MexaHu3m IelCTBUS KaTaau3aTopa.
13. Craguy  NOpPOMBIIUICHHOTO  KaTalu3a. CoctaB  KOHTAKTHBIX

(kaTanmuTuuecKkux) Macc (IpuBeCTH MpumMepsl). MI3roToBiaeHNEe KOHTAKTHBIX MacC.

14. TexHOIOrMYECKHE XapPAKTEPUCTUKU TBEPABIX KaTaIA3aTOPOB. Pacuér
aKTUBHOCTHU U TEMIIEpPATyphl 3aKUTaHUS KaTalIn3aTopa.

15. IlonsTe o AMCHEpPCHBIX cUcTeMax W aAucnepcHocTH. Kiaccudukamms
JUCTIEPCHBIX CUCTEM.

16. Knaccudukamus pactBopoB. CrocoObl BBIpRXKEHHUS KOHIEHTPAIUH
pacTBOpPOB (MaccoBasi J0Jis, MOJISIpHAs, MOJISUIbHAS, IKBUBAJICHTHASI KOHIIEHTpPAIIUH,
MOJIbHAS J10J1s1). 3aKOH KBUBAJIEHTOB JIsl pacTBOPOB. THUTP.

17. ConpBaTHasi TeOpusl pacTBOPOB. TepMOIMHAMHKA MTPOLIECCA PACTBOPEHUS.
DHeprus cojabBaTalllM.

18. KomnuratuBHbsle cBOMCTBa pacTBOpoB. [IOHMKEHHE TEeMIepaTypsl
3amep3anus. [loBbilieHne TemnepaTypbl KUunieHus. 3akoH Paysi.

19. IIpousBeeHre pacTBOPUMOCTHU. Y CIIOBUSI 0Opa30BaHUs OCaIKa.

20. PactBopbl 3neKTponuTOB. M3oTOHMueckuil koadduimenT. OCHOBHBIE
MOJIOKEHUS] TEOPUU AIIEKTPOIUTHUECKON rucconuanuu. KaTnoHbl. AHUOHBI.

21. MexanusM aucconManu cojied. MeXaHu3M JUCCOIMAIlMU  KHUCIIOT.
CryneHuaras guccouuanusi.
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22. CwibHbIE PICKTPOJNUTHL. AKTUBHOCTH, MOHA. KoadduimeHt akTuBHOCTH.
HNonnas cuita pacteopa.

23. CnaGpie anekTponauThl. KOHCTaHTHI AMCCOIMAIMK CIA0BIX 3JEKTPOIUTOB.
Crenenp nucconuanuu. 3akoH OcTBanbaa.

24. Bona xak cna0Owiii snextpoaut. Monnoe mpousseaenue Boapl. pH, pOH.
NuaukaTtopsl.

25. CymHOCTh THIpOJW3a coyiel. ['uaponus coiield, 00pa30BaHHBIX CIIA0BIM
OCHOBAaHMEM U CJIa00M KHCIIOTOM, CJIa0bIM OCHOBAaHHUEM M CHJIBHOM KHCIOTOM.
[IpuBectn mnpuMepsl (ypaBHEHHUsS THUAPOJIU3a B MOJICKYJISAPHON, HWOHHOW U
COKpaIiéHHON HOHHOH dhopme).

26. T'mapomu3 coiseld, 0Opa30BaHHBIX CHJIBHBIM OCHOBAaHHEM M CIJIa0oi
KucioTo. J[Ba npusHaka rujgposmsa. CTyneHYaThld TUAPon3 (MIPUBECTU TPUMEPHI:
ypaBHEHHS THAPOJIN3a B MOJICKYJISIPHOM, HOHHOW U COKpAIIEHHOW HOHHOU (popme).

27. KoncranTta rugposmsa. CreneHp ruaposinza. MakTopsl, BIUAIOIIME HA
CTEIIEHb TUIPOIN3a COJIEH.

28. CrpoeHne " THUNBI XUMHYECKOW CBS3M KOMIUIEKCHBIX COCIUHEHHUM.
OCHOBHBIE MOJIOKEHNUS KOOPAUHAIMOHHOW Teopuu BepHepa.

29. Jluccoumainus KOMIUJIEKCHBIX COCIMHEHMH C KOMILUIEKCHBIM aHMOHOM M
KOMIUJIEKCHBIM ~ KaTHOHOM. KOHCTaHTa HECTOMKOCTHM  KOMIUIEKCHOTO  HMOHA.
HoMmeHknaTypa KOMIUIEKCHBIX COEAUHEHNN. [[BOMHBIE COMH.

30. OKuCINTENLHO-BOCCTAHOBUTEIIBHBIC peaKLuuH. Oxkucnenue.
Boccranosnenue. IlpaBuiia pacuéra CTENEHM OKHUCIEHUS. Bpiclias, cpenHss Hu
HU3MIasi CTENIEHH OKUCJICHUSI.

31. Baxwneiimue okuciurenu. Baxuelime BOCCTAHOBUTEH.

32. Knaccudukaius OKACTUTEIHHO-BOCCTAHOBUTEIBHBIX peakiuid (IPUBECTH
MIPUMEPBHI, COCTABUTh YPABHEHUS PEAKIIMI).

33. DHEKTPOXUMHUYECKHUE MTPOLECCHI. DIIEKTPOIHBIN MOTEHIUAN. Y CTPOMCTBO U
paboTa  MEIHO-IIMHKOBOTO  TajibBaHWYeckoro sieMeHta Jlanudnsa. Cxema
raJlbBAaHUYECKOTO AJIEMEHTA.

34. CranpapTHbIA SJICKTPOAHBIA MOTEHUIMAT MeTaia. Psg HanpsokeHHi.
VYpasuenne Hepucera. 3/]C ranpBaHU4YeCKOr0 3JIeMEHTa. BOIOPOAHBIN 3IEKTPO/I.

35. IIpakTMdeckoe IPUMEHEHHUE HIIEKTPOXMMHUYECKUX IPOLECCOB B HAyKe,
TEXHUKE, COBPEMEHHOM MPOU3BOICTBE.

36. CymHOCTh KOPPO3MOHHBIX MPOIIECCOB  METAIJIOB U  CIIJIABOB.
Knaccuduxkaius npoiieccoB KOppo3UM METAILIOB.

37. OCHOBHBIE MPONLECCHI, MPOTEKAIOUIUE MPU IICKTPOXUMHUECKON KOPPO3UU
METAJIJIOB, UX OTJIMYMS OT MPOLIECCOB, MPOTEKAIOIIUX B rajJbBaHUYECKOM JJIEMEHTE.
3aBUCHUMOCTh MIPOTEKAHUS MIPOLIECCOB KOoppo3uu oT pH cpeabl (IpUBECTH TPUMEPHI,
COCTaBUTh YPABHEHUS PEAKIIUN).

38. Atmocdepnas kopposus ctaiid. OcoOOEHHOCTH KOPPO3UOHHBIX MPOIIECCOB
CTaJIbHOW apMaTyphl.

39. OcHOBHBIE METOABI 3alMTBl METALUIOB OT Koppo3uu. [IpumeHeHue
UHruOuTOpoB.  ParmoHanbHOE  KOHCTpyMpOBaHHE. JlermpoBaHue  METaJLIOB.
DJIEKTPOXUMHUYECKAsI M MPOTEKTOPHAS 3alllUTa METAVIOB OT KOPPO3UHU.
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40. 3ammTa METAIUIOB OT KOPPO3UHU IMYTEM HAHECEHUS aHOJHBIX M KATOJHBIX
METAJIMYECKUX TOKPHITUM. YpaBHEHUS aAHOJHBIX U KATOAHBIX IIPOLIECCOB B
HEeNTpaabHOU U Kucioi cpeae. CrocoObl MOMyYeHHUS METANTHYECKUX MTOKPBITHI.

4]1. 3amura METAUIOB OT KOPPO3UU IIYTEM HAHECEHUS JIAKOKPACOYHBIX
nokpeituid (JIKIT). TpebGoanus k JIKII. ®dakTopsi, BIUsAIOMME HA CPOK CITYKOBI
sanuTHBIX JIKIT. CoBpemennsie JIKII, nx cBoiicTBa 1 0COOEHHOCTH.

42. CyurHOCTh JEKTPOIU3HBIX MporeccoB. CxeMa 3JIeKTPOIU3HON YCTaHOBKH,
3apsiibl aHOJA M KaToJa. AHOJHBIE M KATOJHBIE ITPOLIECCHI.

43. DnexkTponu3 pacTBOPOB SJIEKTPOJIUTOB. Boma Kak aKkTHBHBIA pEarcHT.
Karonnusle mnpoueccsl. IlociienoBarenbHOCTh pa3psAIKd HOHOB Ha Kartoae. Tpwu
IpyIIb KATHOHOB (ITPUBECTU MIPUMEPDI, COCTABUTH YPABHEHUS PEAKIIHM).

44. AHOIHBIE TIPOLIECCHI MPHU BJIEKTPOJIU3E PACTBOPOB AJIEKTPOJIHUTOB.
[TocnenoBarenbHOCTh pa3psAKd HOHOB Ha aHojae. Tumbl aHogoB. OcOOEHHOCTH
AIEKTPOIHBIX MPOLECCOB C UCIOJIb30BAHUEM aKTUBHOTO aHOJA (IPUBECTU MPUMEPBHI,
COCTABUTh YPABHEHHUSI PEAKIIUIA).

45. CymHOCTh ANEKTPOJU3HBIX MPOLECCOB. JNEKTPOJIU3  PaCILIaBOB
AIEKTPOJIUTOB (IIPUBECTH NPHUMEPHI, COCTABUTh YpPAaBHEHHS pEaKIMil). 3aKOHbI
anektposn3a. [locrosinaas @apanes.

46. IIpakTHueckoe MPUMEHEHHUE DBJIEKTPOIU3HBIX MPOLECCOB B COBPEMEHHOMU
POMBIIIIEHHOCTH.

47. OcnoBbl Metamutypruu. Kiaccudukamus wmeramioB. Kiaccudukarms
MPOMBIIUICHHBIX pyJ. OCHOBHBIE METAJLUTYPTHUECKHE MTPOLECCHI.

48. OU3NKO-XMMUYECKHE OCHOBBI METAJUIyPTHUECKHX IIpoLeccoB. MeTonbl
BOCCTAaHOBJICHUS] METAJIJIOB U3 PY/I.

49. Knaccuduxkarus 4EpHBIX METAIOB M CHIPHE I UX MPOU3BOJICTBA (THUIIBI
Kene3Hou pyasl). OCHOBHBIE COBPEMEHHBIE CITOCOOBI BBHITIJIABKU CTAJIH.

50. DBomtonMsl MPEACTABIECHUN O CTPOCHUU aroMa. MoOJiesib CTPOCHHSI aToMa
bopa. CoBpeMeHHOE KBAaHTOBO-MEXAaHUUECKOE ONUcaHue aroma. [lpuHimn
HeonpenenénHoctu ['eitzendepra. [loHsTHE O BOTHOBOM (PyHKIUU.

51. Atomuble opOutanu. KBanToBble yncna u ux uHTepnperanusa. CTpoeHue
MHOTO3JIEKTPOHHBIX aTOMOB.

52. Tlopsimok 3amoJIHEHHs 3JEKTPOHAMM 3JIEKTPOHHBIX 00oJsiouek. [lpuHuummn
MuHUMyMa sHeprud. [Ipunnun [Haynu. [Ipasuno Xynaa.

53. Ilepuonnueckue CBOWMCTBA 3JIEMEHTOB. DHeprus nonu3auun. CpoacTBo K
aneKTpoHy. Pannyc aroma.

54. Xumunueckast cBs3b. KoBajieHTHass, MOHHAs W METaJUIMUeCKas CBS3b.
BonoponHas cBs3b.

55. Meton MonekynsapHbIX opOutaneii. CTpoeHHE MOJEKYJIbl BOJOpOAA C
MO3UIIMN METOJIa MOJICKYJIIPHBIX opOutaneit. OCHOBBI 30HHOM Teopuu. [IpoBogHUKH,
MOJIYIIPOBOJHUKH U TUAJIEKTPUKHU C TTO3ULIMU 30HHON TEOPHUHU.

56. Xumudeckue u (puznueckue cBoiicTBa Kaiblivs. OCHOBHBIE COCIMHEHUS
Kb M HUX DPAKTUYECKOE TNPUMEHEHHUE B COBPEMEHHOM CTPOMTENIbCTBE.
MuHepanbHble BSKYIIME BEIIECTBA.
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57. OcHOBHBIE CBOMCTBAa BOJbI (OKHCIISIEMOCTb, KECTKOCTh M T.1.). THIIBI
KECTKOCTU BOJBI U (UBUKO-XMMHUYECKHUE CHOCOOBI yMSTUEHUS BOJBI B CHCTEME
IIPOMBILJIEHHONW BOXONIOATOTOBKHU. Katnonnposanue. Pacuér ECTKOCTH BOBL.

58. Xumunyeckue u (¢uznueckue cBoiicTBa KpeMHusi. OCHOBHBIE CBOICTBa
BAKHEUIINX COCIMHEHUN KPEMHHSL.

59. Ilpuponnslie coennHeHuss KpeMHHUs. [IpuMeHenne coequHeHnii KpEMHHUSI B
COBPEMEHHOM CTPOMUTENBCTBE (CTEKIIO, CHUTAUIbl, KEPAaMUYECKUE U CHIIMKATHBIC
MaTepuabl).

60. ®uzuKo-XxMMHYECKHE OCHOBBI Koppo3uu OeroHa. Kiaccudukanus
KOPPO3UOHHBIX mpotieccoB (1, 2 u 3 Buma mo MockBuHY).

61. Mepsl o 60oprbe ¢ Kopposuei 6etona 1, 2 u 3 Buja.

62. Beicokomonekyinspubie coeauHenus: (BMC). OcunoBnble otnunst BMC ot
HU3KOMOJIEKYJISIPHBIX BelllecTB. MoJieKysipHas Macca oJMMepoB (CpeIHeMaccoBas,
CPEIHEYUCIIOBast), CTENEHb MOJIHUIUCIIEPCHOCTH.

63. Kiaccudukanus noJuMepoB (10 MPOUCXOXKICHUIO, TI0 COCTaBYy OCHOBHOM
eI MAaKpOMOJIEKYJI, IO CTPOCHHUIO MAaKPOMOJIEKYJI, 10 CIIOCO0Y MOTYyUEHHUS ).

64. CyuHoCTh NOJIMMEPHU3AIMKM KaK Croco0a mosiydeHus noiaumepoB. Cxema
npolecca MNoJIMMeEPU3aIUH, CIOCOObI €€ TPOBEICHHUS.

65. Baxnenmue nOaMMEpHI, ITOJIy4YaeMble METOJOM HOJUMEPHU3ALUHU, HX
OCHOBHbIE (PU3NYECKHE M XHUMHYECKHUE CBOWCTBA, NMPUMEHEHHUE B COBPEMEHHOM
CTPOUTEIBCTBE.

66. CylHOCTb MOJIUKOHIEHCAIMH KaK clioco0a MnoayyeHus noaumepoB. Cxema
npolecca MOJIMKOHEHCAIMH U CIIOCOOBI €€ MPOBEICHUS.

67. BaxHeWlne IOIUMEPBI, MOJYYaEMble METOJIOM IOJUKOHACHCALUU, UX
OCHOBHBIE (PU3MYECKHME M XMMHUYECKHE CBOMCTBA, NPUMEHEHHE B COBPEMEHHOM
CTPOUTEIBCTBE.

68. Ilnactuueckue Maccol. Kiaccudukanus miactudeckux macc. CoctaB
rmacTuaeckux Macc. [lnactuueckue maccel B cTpoutenberBe. [lonnmepHas xumus B
benapycu.

69. OCHOBHBIE METOAbl YTWIM3ALUUMUA OTXOAOB IMOJUMEPOB. PelUKINHT,
3aXOpOHEHUE, CKUTAHNE, TUPOJIU3.

70. Posib XuMuUU B peIIEHUH II100abHBIX SKOJIOTHYECKUX MpodsieM. OCHOBHbIE
MPUHIUIBI «3€JIEHOI XUMUN



5. 3AJAYUA A CAMOCTOSATEJIBHOI'O  PEIIEHUA  JUTA
[HOJATOTOBKHU K 3K3AMEHRY I10 KYPCY «XUMUS» 11O TEMAM:

1. Xumunyeckas CTeXuOMETpHUs

1.1 Beruncauts 3xkBUBaJIEHTHI OKcHioB: MoO3, Fe203, SO3, SO2

1.2 Beraucnuth 3xBHBaneHTHI cojieid: Al2(S04)3, Na3P04, Ca(NO3)2, ZnSO4

1.3 Beraucaunts sxkBuBanenTs kucnot: H4S104, H3AsO4, HC1, H2CrO4

1.4 Beraucants skBHBaJIEHTHI okcnioB: CrO3, A1203, Mn207, P20

1.5 Beruucnuts 3xBuBaneHTsI cojiei: Ca(NO3)2, KNO3, AICI3, FeCI2

1.6 Beraucauts skBuBanenTs kucnot: H2S, HC102, H3PO4, HNO

1.7 Beruucnuts skBuBaNieHTH ocHoBaHuil: Al(OH)3, Ca(OH)2, NaOH,
Mn(OH)4

1.8 Beruncnuts 3xBuBaneHTsl cojieit: AICI3, FeCl2, Fe2(S0O4)3, K3PO4

1.9 Beruncauts 3KkBUBaJIEHTHI OKcu10B: Mn207, Fe203, MnO, MnO2

1.10 Beruamciaute skBuBajeHThl ocHoBaHuii: Fe(OH)3, Ba(OH)2, KOH,
Mn(OH)4

1.11 Beruucnuts skBuBanieHTsl coseit: SnCl4, Cr2(S04)3, Na3PO4, CrSO4

1.12 Beraucautsb s3kBUBaneHTHI okcuaoB: P205, Cr203, NO, NO2

1.13 Berancants 3xBuBaieHTh kuciioT: H2S103, H3AsO4, H2S104, HNO3

1.14 Beruucnuts skBuBanieHThl ocHoBaHuii: Bi(OH)3, Ni(OH)2, LiOH,
Th(OH)4

2. XuMuueckasi TepMOJUHAMHKA

2.1 Beruucnuth u3menenue suepruu [ m6oca (AG) gaHHOIM peakiuu U cienaTh
BBIBOJI O BO3MOXHOCTH €€ CaMOMNpPOW3BOJIBHOTO TMPOTEKaHUs B CTaHJIAPTHBIX
yenoBusix:  C2H4(r) +302(r) — 2CO2(1) + 2H20(x)

2.2 Boluucnuth u3MeHenue dHTanbnuu (AH) maHHONW XMMUYECKON peakiuu u
cAenaTb BBIBOJA, SBJISIETCS OHA O3K30TEPMHUUYECKON WM 3SHIOTEPMUYECKOM:
NH3(r) + HCI(r) — NH4CI(TB)

2.3 Boluucnuth u3MeHeHue dHTanbnuu (AH) naHHONW XMMUYECKON peakuuu U
cenaTh BBIBOJ, SIBJIICTCS OHA DK30TEPMHUUECKOMN UIIN YHAOTEPMHUUECKOM:

H2(r) + S(TtB) — H2S(1)

2.4 Boluucnuth u3MeHeHue dHTanbnuu (AH) maHHONW XMMUYECKON peakuuu u
cenaTh BBIBOJI, SIBJIIETCS OHA DK30TEPMHUUECKON UIIN YHAOTEPMHUUECKOM:

CO(r) + 3H2(r) — CH4(r) + H20(r)

2.5 Boruucnuth u3MeHenue sHTanbnuu (AH) maHHONW XMMUYECKON peakiuu u
cAenaTh BbIBOJ, SIBJIIETCS] OHA YK30TEPMHUUECKOMN WU Y3HA0OTEPMHUYECKOM:

CO2(r) + 4H2(r) — CH4(r) + 2H20(x)

2.6 Beruucnuts u3menenue sueprun [ m60ca (AG) naHHOMN peakIuu 1 clenaTh
BBIBOJI O BO3MOXHOCTHM €€ CaMONpPOU3BOJIBHOIO MPOTEKAaHUS B CTAHIAPTHBIX
yeaoBusix: 4NH3(r) + 502(r) — 4NO(r) + 6H20(1)

2.7 Boluucnuth u3MeHenue sHTanbnuu (AH) naHHONW XMMUYECKON peakuuu u
cenaTh BBIBOJ, SIBJIACTCS OHA DK30TEPMHUUECKON UIIH YHA0TEPMHUUECKOMN:

Fe203(tB) + CO(r) — 2FeO(1B) + CO2(T1)

2.8 Bplunciuth, Npu KakoM TEMIIEpAaType HAUYHETCS AaHHAs PEaKLus, €CIU
M3BECTHBl  3HA4YeHHs  TepMoauHamuyeckux  ¢ynkumit  AH=96,61  x/Ix,
AS=138,71xx/mone*K:  Fe203(tB) + 3H2(r) — 2Fe(TB) + 3H20(T)
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2.9 Beruuciauth n3zmeHenue 3Heprun ['mboca (AG) naHHOM peakiuu U caenaTh
BBIBOJ O BO3MOXKHOCTM €€ CaMONPOU3BOJIBHOIO MPOTEKAaHWS B CTaHAAPTHBIX
yeaoBusix:  2NO(r) + O2(r) — 2NO2(r

2.10 Bpruncaute u3MeHeHue sHeprum ['mboca (AG) ngaHHOM peakuuu u
C/IeJIaTh BBIBOJI O BO3MOXXHOCTU €€ CaMOIPOU3BOJIBHOIO MPOTEKAHUSI B CTAHIAPTHBIX
ycaoBusix:  CO2(r) + H2(r) — CO(r) + H20(x)

2.11 Bpruucaute u3MeHeHue sHeprum ['mb6ca (AG) ngaHHOM peakuuu u
c/ieNlaTh BBIBOJI O BO3MOKHOCTU €€ CaMOIPOU3BOJILHOTO MPOTEKAHUS B CTAaHAAPTHBIX
yenoBusix:  C2H2(r) + 5/2 O2(r) — 2CO2(r) + H20(x)

3. Xumuueckasi KHHETHKA

3.1 3anucarb BBIpaKEHUE CKOPOCTH NPSIMOM peakinu, 0OpaTHOM peakiuu U
KOHCTaHThl XMMHYECKOTO PaBHOBECHS COTJIaCHO 3aKOHA JEHCTBYIOUIMX Macc s
ypaBHeHust xumuueckoil peakiuu: CH4(r) + CO2(r) <> 2CO(r) + 2H2(T)

3.2 3anucarh BBIPAKEHUE CKOPOCTH NPSIMOM peaklnH, 0OpaTHON peakiuu U
KOHCTaHThl XMMHYECKOIO PAaBHOBECHS COIVIACHO 3aKOHA ACHCTBYIOUNIMX Macc s
ypaBHEHUS XuMu4eckou peakiuu:  S(TB) + O2(r) — SO2(T)

3.3 3anucarh BBIpAXKEHUE CKOPOCTU NPSIMOM peaklMH, OOpaTHON peakuuu U
KOHCTaHThl XMMHYECKOIO PAaBHOBECHS COIVIACHO 3aKOHA ACHCTBYIOUIMX Macc s
ypaBHeHus xumudeckoi peakiuu: CO(r) + H20(r) «» CO2(r) + H2(1)

3.4 3anucath BBIPAKEHUE CKOPOCTH NPSIMOM peaklnH, OOpaTHON peakiuu |
KOHCTaHTbl XMMHMYECKOTO PaBHOBECHS COIVIACHO 3aKOHA JACHCTBYIOUIMX Macc s
ypaBHeHus1 xumudeckoit peakiuu: 2SO2(r) + O2(r) <> 2SO3(r)

3.5 3anucaTh BBIpa)KEHUE CKOPOCTH MPSIMOW peakInH, oOpaTHOM peakuuu U
KOHCTaHTbl XMMHYECKOIO PAaBHOBECHS COIVIACHO 3aKOHA ACHCTBYIOUIMX Macc s
ypaBHeHUs1 XumMuueckont peakiun: N2(T) + 3H2(r) <> 2NH3(1)

3.6 3amucarh BBIpAKEHUE CKOPOCTH TPSIMOM peakinu, 0OpaTHOM peakiuu H
KOHCTaHThl XMMHYECKOTO PAaBHOBECHS COIIACHO 3aKOHA ACHCTBYIOUIMX Macc s
ypaBHeHus: xumuueckoit peakuun: 4HCI(r) + O2(r) «» 2H20(r) + 2CI12(r

3.7 3anucarb BbIpa)XEHHE CKOPOCTH MPSIMOM peakluu, 0OpaTHOM peakiuu H
KOHCTaHThl XMMHYECKOTO PAaBHOBECHS COIIACHO 3aKOHA ACHCTBYIOUIMX Macc s
ypaBHenus xumudeckoit peakiuu: PCI5(r) <> PCI3(r) + CI2(r)

3.8 3amucarb BbIpa)XEHHE CKOPOCTH MPSIMOW peakuuu, oOpaTHON peakuuu H
KOHCTaHThl XMMHYECKOTO PAaBHOBECHS COIIACHO 3aKOHA ACHCTBYIOUIMX Macc s
ypaBHeHHS Xxumudeckon peakiuu: CO2(r) + 4H2(r) — CH4(r) + 2H20(x)

4. CriocoObI BeIpaKEHUSI KOHIIEHTPAIIMI pacTBOPOB

4.1 Cmemiammu 200 r 20%-ro pactBopa xyopuaa Hatpus u 300 r 10%-ro
pacTBopa XJiopuja HaTpus. PaccunTailTe NPOLIEHTHYIO KOHLIEHTPALMIO MOJIyYEHHOTO
pacTBopa.

4.2 Cmemiasmu 100 r 30%-ro pactBopa xsopuga Hatpus u 200 r 20%-ro
pacTBopa xyopuaa HaTpus. PaccunTtaiiTe mpoEeHTHYIO KOHIIEHTPALUIO MOTYyYEHHOTO
pactBopa.

4.3 Cmemasmm 400 r 20%-ro pactBopa xjopuaa Hatpus u 500 r 18%-ro
pacTBopa xyopuaa HaTpus. PaccuntaiiTe mpoUEeHTHYIO0 KOHIIEHTPALUIO MMOTYyYEHHOTO
pacTtBopa.
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4.4 Cmemasmm 200 r 20%-ro pactBopa xsopuga Hatpus u 300 r 10%-ro
pacTBopa xJjiopuaa Hatpus. PaccunTaiiTe NpOLUEHTHYI0 KOHIEHTPALUIO MOJTyYEHHOIO
pacTBopa.

4.5 Cmemasmu 500 r 20%-ro pactBopa xyopuna Hatpus u 700 r 30%-ro
pacTBopa XJiopujaa Hatpus. PaccunTtaiiTe MpONEHTHYIO KOHIIEHTPAUIO MOJTYy4Y€HHOTO
pacTBopa.

4.6 Cmemiasmu 400 r 40%-ro pactBopa xsopuna Hatpus u 900 r 20%-ro
pacTBopa xyopuaa HaTpus. PaccuntaiiTe mMpolEeHTHYIO0 KOHIICHTPALIUIO MOTYyYE€HHOTO
pacTtBopa.

4.7 Cmemasmm 200 r 20%-ro pactBopa xsopuga Hatpus u 300 r 10%-ro
pacTBopa xyopuaa HaTpus. PaccunraiiTe mpoIeHTHYIO KOHIICHTPALIUIO MOTYy4YEHHOTO
pacTtBopa.

4.8 Cmemasmm 800 r 20%-ro pactBopa xsopuna Hatpus U 400 r 10%-ro
pacTBopa xJiopuaa Hatpus. PaccuntaiiTe MpoIEHTHYIO KOHIIEHTPAIUIO MOJYy4Y€HHOTO
pacTBopa.

4.9 Cvemaimm 900 r 10%-ro pactBopa xnopuma Hatpus u 300 r 40%-ro
pacTBopa xJiopujaa Hatpus. PaccuntaiiTe MpolEHTHYIO KOHIIEHTPAIMIO MOJy4Y€HHOTO
pacTBopa

4.10 Cmemamun 200 t 20%-ro pactBopa xsnopuna Hatpusa u 300 r 35%-ro
pacTBopa xJjiopujaa Hatpus. PaccuntaiiTe MpoOEHTHYIO KOHIIEHTPAIMIO MOJTy4YEHHOTO
pacTBopa

4.11 PaccunTaiiTe SJKBUBAJICHTHYIO U MOJISUIbHYIO KOHIEHTPALIUIO, MACCOBYIO U
MOJISIPHYIO JOJIIO:

4.11.1 1M pactBopa xnopHo#t kuciotsl (HCIO4), umeromiero miotHocts 1.058
/oM.

4.11.2 3M pactBopa dochopuoit kuciaorel (H3PO4), umeromero mioTHOCTh
1.150r/cm?.

4.11.3 IM pactBopa rumpokcuna Hatpusi (NaOH), umeromiero mioTHOCTh
1.041 r/em’.

4.11.4 7TM pactBopa rugpokcuna kanus (KOH), umeromero mmotHocTs 1.290
r/em’.

4.11.5 9M pactBopa azotHoil kuciaoTel (HNO;), umeromiero miotHocts 1.275
r/em’.

4.11.6 0,2M pactBopa miaBukoBoil kuciaoTel (HF), mmeromero mioTHOCTH
1.0013 r/cm?.

5. JKecTkocTh BOJIBI

5.1 Uemy paBHa BpeMeHHas *KECTKOCTh OOOPOTHOM BOJIbI, MPEAHA3HAYCHHOM
JUISl UCTOJIb30BAHUSI B TMPOU3BOJACTBE CWJIMKATHBIX W3AENUM, ecniu B 1 e€ nmurpe
conepxutcs 0,292 r ruapokapOoHaTa Maruus?

5.2 Kakyto maccy kapOoHaTa HaTpus clieayeT no0aButh K 500 1 000poTHOM
BOJbI, TIpEJHA3HAYCHHOM [JI1 TMPOU3BOJACTBA CHUJIMKATHBIX M3JEIUN, YTOOBI
YCTpPaHUTh OOIIYIO )KECTKOCTh, paBHYIO 4,6 MIKB/JT ?

5.3 Ckonbko rpammoB Ca(OH), cnenyer no6aButh k 500 1 060pOTHOM BOIHI,
npeaHa3HAaYeHHON JUIsl MPOM3BOJCTBA CHJIMKATHOTO KHPIIWYA, YTOOBI YCTPAHUTH
BPEMEHHYIO KECTKOCTh, PaBHYIO 5,72 MIKB/1 ?
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5.4 Ilpu xunsuennun B koriae 1000 1 Boabl, mNpenHA3HAYEHHOW JIs
npou3BoACTBa Oymaru, Bbiman ocagok maccod 140 r. [lpeaBapurtenbHbIil aHAmU3
nokaszajn cojepkanue B Boje ruapokapOonara kaineiua (Ca(HCOs),). Uemy paBHa
BpPEMEHHAs )KECTKOCTh BOJBI 7

5.5 Kakyio maccy kap6onara Hatpust Na,CO; cnemyer mo6asuth k 2000 1
OOOpOTHOM BOJBI, MPEJHA3HAYCHHON [JIs1 MPOU3BOJICTBA KPOBEIbHON CHUIMKATHOU
YepemuIlbl, YTOOBI yCTPAHUTH OOIILYIO )KECTKOCTh, paBHYIO 9,2 M3KB/1 ?

5.6 Uemy paBHa BpeMEHHas *ECTKOCTh OOOPOTHOM BOJIbI, MPEeIHA3HAYCHHON
JUISl UCIIOJIb30BaHUSI B TMPOMU3BOJICTBE CHIIMKATHBIX W3JIeNui, ecnu B 1 e€ nutpe
coaepxkurcs 0,292 r ruapokapOoHaTa MarHusi?

5.7 Kakyio maccy kap6onara Hatpusi Na,COs; crnemyer no6asuth k 5000 1
00OpOTHOM BOJIBI, MpEAHA3HAYECHHOW ISl MPOM3BOJCTBA KPOBEIHHOM CHUIMKATHOMN
Yepernullbl, YTOOBI YCTPAHUTH OOIIYIO )KECTKOCTb, PaBHYO 9,2 MAKB/1 ?

5.8 Cxonbko rpammoB Ca(OH), cienyer no6aButh k 500 1 000pOTHOM BOJIHI,
NpPEIHA3HAYEHHOW [JIs1 MPOU3BOJACTBA CUJIMKATHOIO KUPHHYA, YTOOBI YCTPAHUTH
BPEMEHHYIO KECTKOCTh, PaBHYIO 5,72 MIKB/1 ?

5.9 Yemy paBHa BpeMeHHas >KE€CTKOCTh OOOPOTHOM BO/JIbI, MpEHA3HAYECHHON
JUISl MCIIOJIb30BaHUSI B MPOM3BOJACTBE CUJIMKATHBIX M3Aenuid, ecnu B 10 e€ nurpax
conepkuTes 2,92 r ruipokapOoHaTa Martus?

5.10 Kakyro maccy kapOoHnata HaTpus cienyeT nooasuts kK 1000 1 o6opoTHOM
BOJbI, NpPEJHA3HAYEHHOM JUId TPOMU3BOJACTBA CUJIMKATHBIX U3JEIUNA, YTOOBI
YCTPaHUTh OOIIYIO KECTKOCTD, PaBHYIO 9,2 MIKB/1 ?

6. OKHCIINTENBbHO-BOCCTAHOBUTEIIBHBIE PEAKIIUU

6.1 PaccraBbTe KO3 (HULIMEHTH B ypaBHEHNUN PEAKIIMH METOA0M 3JIEKTPOHHOTO
6amanca: P+ HIO3 + H20 — H3PO4 + HI

6.2 PaccraBbTe KO3 (HULIMEHTH B YPaBHEHNUN PEAKIIMH METOA0M 3JIEKTPOHHOTO
oamanca: P+ HNO3 + H20 — H3PO4 + NO

6.3 PaccTaBbTe KOA(PPUIMEHTHI B YPAaBHEHUH PEAKIIMH METOJOM 3JIEKTPOHHOTO
oananca: PbO2 + HCI — CI2 + PbCI2 + H20

6.4 PaccTaBbTe KOA(PPUIIMEHTHI B YPABHEHUH PEAKIIMM METOJOM JIEKTPOHHOTO
oamanca: Na2SO3 + KMnO4 + H20 — Na2S04 + MnO2 + KOH

6.5 PaccTaBbTe KOA(PPUIMEHTHI B YPABHEHUH PEAKIIMK METOJIOM 3JIEKTPOHHOTO
oamanca: HCIO3 + H20 + P — H3PO4 + HCI

6.6 PacctaBbTe KO3 (HULIMEHTH B ypaBHEHNUN PEAKIIMH METOA0M 3JIEKTPOHHOTO
6amanca: NaCrO2 + Br2 + NaOH — NaCrO4 + NaBr + H20

6.7 PacctaBbTe KO3 (UIIMEHTH B ypaBHEHUN PEAKIIMH METO/IOM JIEKTPOHHOTO
oamanca: FeS + HNO3 — Fe(NO3)2 + S + NO + H20

6.8 PaccraBbTe K02 (HUILIMEHTH B yPaBHEHUU PEAKIIMH METOJAO0M 3JIEKTPOHHOTO
6amanca: Au+ HNO3 + HCI — AuCl3 + NO + H20

6.9 PacctaBbTe K03(OUITMEHTHI B yPaBHEHUH PEAKIIUA METOJIOM AJIEKTPOHHOTO
6ananca: CI2 + KI + KOH — KCI + KIO3+ H20

6.10 PaccraBbTe KO3(p(GUUHUEHTHI B YPAaBHEHMHM PEAKIUU  METOIOM
anexkTpoHHoro O6ananca: [2 + Br2 + H20 — HIO3 + HBr

7. 'anpBaHUYECKUAMN DIEMEHT
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7.1 Paccumtaitte DJIC U coCTaBbT€ CXEMy TaIbBAHUYECKOTO JJIEMEHTA,
COCTOSIIIIETO U3 CBUHIIOBOTO 3JIEKTpoja, norpyxkenHoro B 0,1M pactBop Pb(NOs), u
HUKEJIEBOTO JJIeKTpoaa, morpykenHoro B 0,1M pactBop NiCl. 3anummre
YPaBHEHHUS 3JIEKTPOJHBIX MPOLIECCOB U TOKOOOPA3yIOIIeH peaKIiInu.

7.2 Paccumtaiite DJIC u cocTaBhTE€ CXE€My TallbBAHUYECKOTO »SJIEMEHTA,
COCTOSILLEr0 M3 KOOAIBTOBOIO 3JIEKTpoAa, norpykeHHoro B 0,1M BoJHBII pacTBOp
xsopuaa kobanpera CoCl, u xene3Horo snekrpoja, norpyxeHsHoro B 0,1M BoaHbIi
pactBop cynbdarta xene3a FeSO,4. 3anummre ypaBHEHHS 3JIEKTPOIHBIX POLECCOB U
TOKOOOpa3yolel peakiuu.

7.3 Paccumtaiite J3/IC u cocTaBbTE€ CXEMy TalbBAHUYECKOTO 3JIEMEHTA,
COCTOSILIIETO U3 KaJIMUEBOTO 3JIEKTPOJia, MOrpykeHHOro B 1M BoAHBIA pacTBOp
cyibdara kaamust CdSO4 ¥ MarHueBOro 3JEKTPOja, MOTpy>KeHHOro B 1M BoAHBIN
pactBop cyibhara Mmaruusg MgSOy4. 3anumure ypaBHEHUS 3JIEKTPOIHBIX MPOIECCOB
1 TOKOOOpa3ylollel peakiuu.

7.4 Paccumtaiite DJIC u CcOCTaBpbT€ CXEMy TaIbBAHUYECKOTO 3JJIEMEHTA,
COCTOSIIIIETO W3 MEIHOIO JJIEKTpoJa, mnorpyxkeHHoro B 0,1M BoxaHbI pacTBOp
Hutpara mean Cu(NOs3),; U 0JIOBIHHOTO 3J€KTpoaa, norpyxeHsoro B 0,1M BogHbIi
pactBop xjopuaa ojoBa SnCl,. 3anummTe ypaBHEHHS 3JIEKTPOIHBIX IMPOLIECCOB H
TOKOOOpAa3yIoIIe peakiuu.

7.5 Paccumraiite DJIC u CcOCTaBbTE€ CXEMy TaIbBAHUYECKOTO 3JJIEMEHTA,
COCTOSIIIIETO U3 MAPraHILEBOro 3JIeKTpojia, norpyxeHHoro B 0,01M BogHbI pacTBOp
cyib(ara mapranna MnSOs u cepebpsiHOro snekrponaa, norpyxkeaHoro B 0,01M
BOJHBIA pacTBOp HuUTpaTa cepedbpa AgNOs;. 3anummuTe ypaBHEHHUS SJIEKTPOJIHBIX
IPOLIECCOB U TOKOOOPa3yIoLIel peaklnu.

7.6 Paccumtaiite D3JIC u cocTaBpTE€ CXE€My TallbBAHUYECKOTO »>JIEMEHTA,
COCTABJICHHOI'O U3 XKEJIE3HOT'O IEKTPOa, OTPYKEHHOTO B PACTBOP XJIOPUJA KENE3a
FeCl, ¢ xonuentparnueit 0,01 M, u HUKENEBOTO 3JIEKTPOa, IOTPYKEHHOTO B pacTBOP
xnopuaa Hukens NiCl, ¢ konuentpamueit 0,01M. YVkaxurte, kKakoi U3 3JIEKTPOIOB
OyZeT KaroJoM, a KaKoil aHOJOM, 3alHUIINTE YPaBHEHUS AJEKTPOIHBIX MPOLIECCOB U
TOKOOOpa3yIoIIe peakiuu.

7.7 Paccumtaiitte DJIC u COCTaBbTE€ CXEMy TaIbBAHUYECKOTO JJIEMEHTA,
COCTOSIIIETO U3 CBUHIIOBOTO AJIEKTpoaa, norpyxkeHHoro B 0,01 M pactBop Pb(NOs), u
HUKEJIEBOro najekTpoaa, mnorpyxkenHoro B 0,01M pactBop NiCl,. 3anumure
YpaBHEHHUS AJEKTPOJHBIX MTPOLECCOB U TOKOOOPa3yrolel peakiuu

7.8 Paccumtaiite D3JIC u cocTaBpTE€ CXE€My TallbBAHUYECKOTO »>JIEMEHTA,
COCTOSIIIIET0 M3 KOOAIbTOBOIO 3JEKTpOJa, MOrpyxkeHHoro B 1M BoaHBIN pacTBOp
xynopuaa kobanpra CoCly M kene3Horo 3JeKTpona, MorpykeHHoro B 1M BOHBINM
pacTtBOp cyib(dara xene3a FeSO,. 3anummre ypaBHEHUs 3JEKTPOIHBIX MPOIECCOB U
TOKOOOpa3yIomel peaKiuu.

7.9 Paccumraiite J/IC m cocTraBpTe CXE€My TalIbBAHUYECKOTO DJIEMEHTA,
COCTOSILLIETO U3 KaJMHUEBOTO 3JIEKTPOJ]la, MOrpykeHHOro B 1M BoaHBIA pacTBOp
cyibpara kaagmust CdSO4 1 MarHueBOro 3JeKTPoja, NOrpy>KeHHOro B 1M BoaHbIN
pactBop cyibdara marausg MgSQO,. 3anumure ypaBHEHHS AJIEKTPOJAHBIX MPOIECCOB
U TOKOOOpa3yrolen peakiuu.
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7.10 Paccumtaiite 3/IC M cocCTaBbTE€ CXEMY TaJIbBAHMYECKOTO JJIEMEHTA,
COCTOSILLIETO0 W3 MEAHOro 3JIeKTpoAaa, morpyxeHHoro B 0,01 M BoxHbIl pacTBOp
Hutpata meau Cu(NOs), U OJOBIHHOTO 3JEKTpoja, norpykeHHoro B 0,01M BoaHbIi
pactBop xJjopuaa onoBa SnCl,. 3anuiuTte ypaBHEHHUS 3JIEKTPOIHBIX MPOIECCOB U
TOKOOOpa3yromel peakinu.

8. Dnexkrpoins

8.1 IIpu snexTponuse BoaHOro pacteopa xiopuna meaun CuCl2 B teuenue 30
MUH Ha KaTojie BeIIeTWIoCch 1,58 r Menu. Belyuciuts cuily Toka B JaHHOM IMPOIIECCE.
CocTaBUTb ypaBHEHUS! aHOJHOTO U KaTOJHOTO Mpolecca (aHO HUHEPTHBIN).

8.2 BeIuncnuTh Maccy BEUIECTBA, BBIICIUBILETOCS Ha KAaTOE MPHU AJIEKTPOIU3E
BOJHOTO pacTBopa cyibdata kodanbTa CoSO4 B Teuenue 50 MuH npu cuje Toka 2A.
CocTaBUTh ypaBHEHUS! aHOJHOTO U KaTOJHOTO Mpolecca (aHO HUHEPTHBIN).

8.3 BeruncnuTh Maccy BEUIECTBA, BBIICIUBILETOCS Ha KAaTO/E MPHU AJIEKTPOIU3E
BogHOTO pactBopa Fe(NO3)2 B teuenue 1 u 35 mun npu cuiie Toka SA. COCTaBUTH
YpaBHEHUSI aHOJIHOTO U KaTOJHOTrO Mpouecca (aHOI MHEPTHBIN).

8.4 Dnextponu3 BoAHOrO pactBopa cyibdara meau CuSO4 mpoBoauid B
TeueHue 15 MuH npu cwie Toka 3A. Beryuciauth Maccy Meau, BBIICIHUBIICKHCS Ha
karoze. CoCcTaBUTh YpPaBHEHHS aHOJJHOTO M KaTOJHOTIO Ipoliecca (aHOA MEIHBIN).

8.5 Beruuciauth Maccy cepeOpa, BBIACIUBIIECTOCS HA KAaTOJIE MPHU 3JIEKTPOIU3E
BojiHOTO pactBopa AgNO3 B Tteuenue | u 20 muH npu cuie toka 2A. CocTaBUThH
ypaBHEHUS aHOJIHOTO U KaTOJHOTO Mpoliecca (aHO | cepeOpsTHBIi).

8.6 BblunciauTh MacCcy IMHKA, BBIICIHBIIETOCS Ha KAaTOJE IMPHU 3JIEKTPOIU3E
BosHOTO pactBopa Zn(NO3)2 B Teuenue 2 u 10 mun npu cuie Toka 3A. CocTaBUTH
ypaBHEHUSI aHOJTHOTO M KaTOJHOTO Mpoliecca (aHO L MHEPTHBIN).

8.7 BpIUMCIUTH MacCy CBUHIIA, BBIAEIUBIIETOCS HA KAaTOJIE MPH AJIEKTPOJIH3E
BogHOro pactBopa Pb(NO3)2 B Teuenume 3 u mpu cuime Toka 4A. CoCTaBHUTH
YpaBHEHUSI aHOJTHOTO U KaTOJHOTrO Mpoluecca (aHO HUHEPTHBIN).

8.8 BpuncinTh Maccy HUKEIs, BBIAEIMBILIETOCS HA KATOJE MPH AJIEKTPOJIHN3E
BogHOoro pactBopa Ni(NO3)2 B Tteuenne 4 u npu cuie Toka 2A. CoCTaBUTH
ypaBHEHHS aHOJHOTO M KaTOJHOTO Mpoliecca (aHO HUKEJICBBIN ).

8.9 BplumciauTh Maccy MW, BBIICIMBIIEKWCS Ha KaTOAE NPHU JIIEKTPOJIHN3E
BogHOro pactBopa Cu(NO3)2 B teuenue 40 muH npu cuie Toka 4A. CocTaBUTH
ypaBHEHUS aHOJHOTO M KaTOJHOTO Mpolecca (aHO MEIHBII).

8.10 Dnextponu3 BomHOTO pactBopa cyibdara meaqu CuSO4 mpoBoauiIn B
TE€UEHHE 5 4 IpH cujie Toka 3A. BBIUMCIUTh Maccy MeJY, BbIICIMBIIEICS HA KaTOIE.
CocTaBuTh ypaBHEHHUSI aHOJAHOTO M KaTOJHOTO Tpoliecca (aHOA HHEPTHBIN ).

9. Koppo3us MeTaioB. 3amura OT KOPPO3HUH.

9.1 [Ins npenoTBpalieHus KOPPO3UH KEI€30 MOKPbUIM KaJIMUEBBIM 3al[UTHO-
JEKOPAaTUBHBIM TOKpbITUEM. OJHAKO B MPOIECCE OKCIUTyaTallud LEJIOCTHOCTh
MOKPBITUS OKa3ajlach HapylleHa. 3amuIIUuTe YpaBHEHUS pEaKIMU MPOILIECCOB,
NpoTeKaloIuMX Ha MecTe oOpa3oBaBilerocs: aedeKkTa MOKPBITUS B KUCIOW U B
HEUTPAJIILHOM CpEE.

9.2 Jlna mnpenoTBpallieHUs] KOPPO3WH KEJIE30 TMOKPHUIM MAapraHI[€BbIM
3alUTHO-IEKOPATUBHBIM ~ MOKpbITUEM. OJHAKO B TpoLEcce HAKCIUTyaTaluu
LEJIOCTHOCTh TMOKPBITHS OKa3ajdach HapylleHa. 3aluIIUTe YypaBHEHUS pEeaKIHUU
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MPOLIECCOB, MPOTEKAIOIIUX HA MECTe 00pa3oBaBIIErocs AeeKTa MOKPhITUS B KUCIOU
Y B HEUTPAJIBHOU Cpefe.

9.3 Jlns npenoTBpalleHUsT KOPPO3HM KEJIE30 TMOKPBUIM MEIAHBIM 3aIUTHO-
JNIEKOPATUBHBIM TOKpbITUEM. OJIHaKO B TMPOIECCE OKCIUTyaTalluu 1EJIOCTHOCTh
MOKPHITUSL OKa3ajgach HapylleHa. 3alulIUTe YpaBHEHUS PEaKIMU IMPOLIECCOB,
IpOTEKAIOIUX Ha MecTe oOpas3oBaBiierocs nedeKkTa MOKPHITHS B KHCIONM U B
HEUTPAJIBLHOM Cpexe.

9.4 Jlns nmpenoTBpallleHus KOPPO3HUH KEJIEe30 MOKPHUIA CepeOpsTHBIM 3allUTHO-
JNEKOPAaTUBHBIM TOKpbITUEM. OJIHAKO B IMPOLECCE OKCIUTYaTallMu LEJIOCTHOCTh
MOKPBITUSL OKa3ajach HapylIeHA. 3alulIUTe YpPaBHEHUS PEaKIUU IIPOLIECCOB,
MpoTeKaloumMX Ha MecTe oOpa3oBaBiierocss jedeKkTa MOKPHITUS B KUCIOM U B
HEUTPAJIIbHOM CpEE.

9.5 Jlnsg mpenoTBpalieHus: KOPPO3UHU Kelle30 MOKPBHUTA XPOMOBBIM 3alllUTHO-
JIEKOPATUBHBIM TOKphITHEM. (OJIHaKO B TMPOIECCE OKCIUTyaTalluu IEJIOCTHOCTh
MOKPBHITUSL OKa3ajgach HapyllieHa. 3alulIuTe YpaBHEHUS PEaKIMU IPOLIECCOB,
MPOTEKAOIIMX Ha MecTe oOpas3oBaBiIerocs AeeKkTa MOKPHITUS B KHCJIOW U B
HEUTPaAJIBLHOM CpeJIe.

9.6 Jlns mnpenoTBpAIlICHUS KOPPO3UU KEJIE30 TMOKPHUIM KOOAIBTOBBIM
3alIUTHO-ICKOPATUBHBIM ~ TOKpeITHEM. (OpHAakKO B  TMpoIEecce HKCIUTyaTaluu
LEJTOCTHOCTh TOKPBITUSl OKa3ajach HapyllieHa. 3aluIIuTe YpaBHEHUS pPEaKIuu
MPOIIECCOB, MPOTEKAIOIIUX HA MECTe 00pa3oBaBIIerocs Ae(eKTa MOKPHITUS B KUCIOU
Y B HEUTPAJIBHOU CpeJe.

9.7 Jlnga nmpeaoTBpallleHUs] KOPPO3HH KEIE30 MOKPBUIN MIATUHOBBIM 3al[UTHO-
JIEKOPAaTUBHBIM TOKpbITUEM. (OJIHAKO B TMPOLECCE OKCIUTYaTalluud UEJIOCTHOCTh
MOKPBITUS OKa3ajgach HapylleHa. 3alUIldTe YPaBHEHHS PEAKUUU IPOLIECCOB,
MpOTEKAaIoNMX Ha MecTe oOpa3oBaBiierocs aedeKkTa MOKPBITUS B KUCIOM U B
HEUTpaJIBLHOM Cpeie.

9.8 Jlns npenoTBpanieHus KOPPO3UHU KEJNE30 MOKPHUIM HUKEJIEBBIM 3aIMTHO-
JIEKOPATUBHBIM TOKphITHEM. OJIHaKO B TMPOIECCE OKCIUTyaTalluu IEJIOCTHOCTh
MOKPBITUS OKa3ajgach HapylleHa. 3alulIdTe YpaBHEHUSI PEaKIUu IPOIIECCOB,
MPOTEKAIUX Ha MecTe oOpas3oBaBiierocs aedeKkTa MOKPHITUS B KHUCJIOW U B
HEUTpaJIBLHOM CpeJie.

9.9 Jlns nipeioTBpalieHrss KOPPO3UU KeEJIEe30 MOKPbUIM MAarHUEBBIM 3aIUTHO-
JEKOPAaTUBHBIM TOKpbITUEM. (OJIHAKO B TMPOLECCE OSKCIUTyaTallud LEJIOCTHOCTh
MOKPBITUSL OKa3ajgach HapylieHa. 3aluIIMTE YpPaBHEHUS PEAKIMU IMPOLIECCOB,
MPOTEKAIONUX Ha MecTe oOpa3oBaBimierocs JedeKTa TOKPBITUS B KUCIOW W B
HEUTPAJIBLHOM CpeJie.

9.10 Jlns npenoTBpalleHUs KOPPO3UM IKEJIE30 MOKPbUIM aTIOMUHUEBBIM
3alUTHO-ICKOPATUBHBIM ~ TOKphITUEM. (OJHAKO B MPOLECCE AKCIUTyaTaluu
IEJIOCTHOCTh TOKPBITUSl OKa3ajlach HapylleHa. 3aluIIuTe YpaBHEHUS pPEaKIuu
MPOLIECCOB, NMPOTEKAIOIINX HA MeCTe 00pa3oBaBIIErocs AeeKTa MOKPHITUS B KUCIOU
Y B HEUTPAJIbHOM CpeJIE.

10. Xumus kanablusd U KpeMHUs. DUBHMKO-XMMHUYECKHUE OCHOBBI KOPPO3UHU
OeToHa.
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10.1 K xakuM nocneacTBUsIM MOXKET MIPUBECTH BBICOKAsI BDEMEHHAS KECTKOCTh
BOJBI 3aTBOpeHHUs OeToHa M xkene3o0eToHa? [IpuBeaute ypaBHEHHE BO3MOXKHOU
XAMHYECKON PEAKIIHH.

10.2 Bo3MoxHa 71U MarHe3uandbHas KOpPPO3Us OETOHHBIX KOHCTPYKITHMA
KOHTAaKTUPYIOIINX C TPYHTOBBIMH BOAAMHU C coaepxkanveM xyopuna maraus 0,02
MOJIb/KT. OTBET MOATBEPIUTE pacueTaMu.

10.3 Bo3moxnHa M  MarHesuajgbHas ~— KOPpO3HsI  JKEJIEe300€TOHHBIX
TUAPOTEXHUYECKUX COOPYKEHHUM KOHTAKTUPYIOIIMX C MOPCKOM BOJOH C
conepkanueM cyibdara maraus 0,15 monb/kr. OTBET MOATBEPAUTE PACUETAMH.

10.4 Kakum o0pa3zoM MOXKHO YBEIUYUTH MOPO30CTOMKOCTh KEPAMHUYECKUX
CTPOUTENIbHBIX MATEPUATIOB?

10.5 Kakoii KOppO3MOHHBIA MPOIECC Hanboliee BEPOSTEH IMPHU MOCTOSTHHOM
KOHTaKTe 0€TOHHOM KOHCTPYKIIMU C TPOTOYHON JUCTHUILTUPOBAHHOM BOJOM?

10.6 OOBACHUTE TMPUYMHY KOPPO3HMOHHOTO pa3pyllICHHUs BHYTPEHHEH
MOBEPXHOCTU  IUIOXO  TEIUIOU30JMPOBAHHBIX  KEPAMUYECKUX TEYHBIX TpYO,
BEHTWISILUOHHBIX KOJIOJILEB H T.II., BCJIEICTBHE 00pa30BaHUs KUAKOTO KOHAEHcaTa.

10.7 Kak BIuse€T BIaXHOCTb OKPYKAaIOIIECTO BO3JyXa Ha KOPPO3HMOHHYIO
CTOMKOCTh MUHEPAJIBHBIX CTPOUTEIBHBIX MAaT€pPUATIOB MPU KOHTAKTE C Pa3IuYHBIMU
razamu?

10.8 TIloueMy CUIMKATHBI KHUPIUY, Ta30CUIMKATHbIE OJOKM U JApyrue
CUJIMKATHBIE MATEpUAJIbl HEJB3sI HCIOJIb30BaTh B KOHCTPYKIMSAX HArpeBaeMbIX 10
temnepatyp 600°C u Boimie? Kakoil THI KOPpO3UU BO3MOKEH B JaHHOM CiIy4ae?

10.9 T'unpodobuzanuss moBepXHOCTH (YHAAMEHTOB M LOKOJIEH 3HaHUA U
COOpPYKEHHH CHOCOOCTBYET WJIM THPEMATCTBYET KOPPO3UOHHOMY pa3pyILEHUIO
MaTepHaJIOB U3 KOTOPBIX OHU M3rOTOBJIEHBI? OTBET apryMEeHTUPYMTE.

10.10 Kak Bausier pH KOppO3MOHHOI Cpeabl HA JOJITOBEYHOCTh KEPAMUUECKUX
IUTMTOYHBIX U IPUPOAHBIX KAMEHHBIX MaTepHUaoB?

10.11 Ckonpko (mi1) consiHOM kucnotel (0=36,5%, p=1,2 r/ma) notpedyercs
JUIsl TIOJHOTO pa3pyllieHHss oOpaslla LIEMEHTHOro mnopouika maccoil 40 r cocrasa:
3Ca0°S10,=55%, 2Ca0+S10,=25%, 3Ca0+A1,03=4%, 4Ca0O+Al,03°Fe;03=16%7?

10.12 Kananu3auMOHHBIM  KOJUJIEKTOp, OIIMOOYHO  MOCTPOCHHBIA W3
CWJIMKAaTHOTO KHUpIIMYa, MOMAJal0T MPOMBIIIJIEHHbIE CTOYHBIE BOJIbI, COJEpKalllue
HCl B xommuectBe 13 r Ha 1Mm® Bogsl. Paccumrarh, Kakoe KOJMYECTBO H3BECTH
PacCTBOPUTCS U3 KUPIUYHBIX CTEH KOJUIEKTOPA 33 MECAL] €ro 3KCIUTyaTal[iH, €ClIv 3a
CYyTKH 4epe3 Hero npoxoaut 100 M> CTOYHBIX KMCIIBIX BOJ, a B PEAKIHMIO BCTYIAET
40% coneprkarieicsi B HUX KUCIIOTHI.

10.13 Kananu3anmOHHBIM  KOJUIEKTOp,  OIMMUOOYHO  TMOCTPOCHHBIM U3
CWJIMKAaTHOTO KHpIIMYa, MOIMAJa0T MPOMBIIIJIEHHBIE CTOYHBIE BOJBI, COJEpKAllNe
a30THYIO KHCJIOTY B KosmuectBe 10 r Ha 1M Boxbl. Paccunrarh, Kakoe KOJMYECTBO
u3Bectu (Ca(OH),) pacTBOopUTCS M3 KUPHIUYHBIX CTEH KOJIJIEKTOpAa 3a MECSI[ €ro
SKCIUIyaTalllH, €CIIM 3a CYTKH 4epe3 Hero npoxoaut 200 M® CTOYHBIX KHUCIBIX BOJ, a
B peakuuto Bcrymnaet 50% copepkaniencss B HUX a30THOM KUCIIOTHI.

10.14 CoctaB  muHepana  acbOecTta  MOXHO  BBIpa3uTh  (Qopmynoi
3MgSi103CaSiO; (wmm B Bujae okcuaoB 3Mg0+Ca0+4Si10,). OnpeneanTs MacCOBYIO
JIOJTFO OKCHJIa KPEMHUS B acOecTe.
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10.15 IIpu oGxwure kaonuHoBOM TiHHBI (Al,O3°S10,°2H,0), conepxarei
12,8% mnpumeceit, nomyueno 12 1 mymmura (3A1,03°2510,). Onpenenute maccy
KAaOJMHOBOW TJIMHBI, HEOOXOIUMOM I TAaHHOTO TIPOU3BOJICTBA.

10.16 Onpenenute unuctoty (%) npupoanoro rumnca (CaSO42H,0), ecnu npu
HarpeBanuu a0 120°C ob6pa3ma muHepana maccoit 20 © moTepss Macchl COCTaBHIIA
2,83 1 (mpuMecH He COAEPKAT BONY).

10.17 Ins momyuenust u3Bectu-nymonku (Ca(OH),) k Heramé€Hoil u3BeCTH
(CaO) nobaBuiin Boy, Macca KOTopoit coctaBisieT 96,4% mMacchl UICXOAHOM U3BECTH.
Bo ckonbko pa3 Macca HMCIOJIB30BAHHOM BOJIbI MPEBBINIAET MAcCy BOJIbI, KOTOpas
He00X0/MMa 10 YPaBHEHHIO PEAKIUH TallleHUus?

10.19 Beramcnure 00bEM (M) YITIEKUCIIOTO T'a3a, BBIJECIUBIIETOCS IIPU 00MKHTE
npupoaHoro maruesuta (MgCOs;) maccoit 500 T, B koTopom ponst (%) kapOoHarta
MarHus paBHa 84%.

10.20 Beiuucnure Maccy (Kr) M3BeCTHsKa ([0Jisi KapOoHaTa KalblMsl B HEM
coctraBisieT 98%) B HMCXOIHOM MMXTE JUIsl MOJYyYEHHUS TIMHO3EMHUCTOTO LEMEHTa
(CaOe Al,O3), eciu Macca xene3ucroro 6okcutra Al,O3*nH,O B mmxrte Obuta paBHa
1250 kr, a MmaccoBas 10151 okcuaa arroMuHus B 0okcute 40,8%.
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