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BBenenue
Meronuueckue yKa3aHHUs MO MPAKTUYECKUX 3aHATUM MO JUCHUIUIMHE «XUMUSD)
COCTaBJICHBI B COOTBETCTBUU C TPEOOBaHUIMH [ 0CyapCTBEHHOTO 00pa30BaTEILHOTO
CTaHaapra  cpeaHero  mnpodeccuoHampbHoro  obpaszoBanus (PI'OC) 1o
cnenmanbHocTi  08.02.02 CTpomTensCcTBO M IKCIUTyaTallusi HMHXKEHEPHBIX
COOPY>KEHHM.

[IperogaBane AUCIUIUIMHBI WMEET NPAKTHYCCKYIO HAMpPaBICHHOCTh M
IMPOBOJMUTCS B TECHOM B3aUMOCBS3M C JAPYTHMHU OO0MIETPOdECCHOHATBHBIMA H
CrenuaibHbIMK TUCHMUIUIMHAMU, TAKUMU KaK «DuU3uka», « IKOIOTus».
[TpakTndeckne u mabopatopHble pabOTBI OTHOCSTCS K OCHOBHBIM BHJAM y4eOHBIX
3aHATHUM.

OcHoBHast 3amaya - 3aKperIeHNe u npuoOpeTeHue
HEOOXOTUMBIX MPAKTHIECKUX YMEHUN U HaBBIKOB.
i Ienn mpoBeneHWs NPAKTHYECKUX W JAOOPATOPHBIX —3aHATHIA:  000OLIeHHE,
CHUCTEMaTH3alus, YriyOJeHHe TEOPEeTHMYECKUX 3HAaHWA MO JUCHUIIIMHE, yMEHHUE
IPUMEHSITH IOyYEHHBIC 3HAHUS Ha ITPAKTHKE.
[Tocne 3aBeprieHHs] Kypca CTYAEHTHI JOJDKHBI MPHOOPECTH CIEAYIOIINe
3HAHWS, YMEHUS U HaBBIKU:

- YMETh BBISBJISITh XapaKTEPHbIE NPU3HAKKM U B3aUMOCBS3b M3YUYECHHBIX MOHSTHM,
MPUMEHATh COOTBETCTBYIOIIME MOHSTHUS TIPU ONHCAHUU CTPOCHUS U CBOMCTB
HEOPraHWYECKUX W OPraHMYEeCKUX BEIIECTB W WX MNPEBPALLICHUN; BBISBIATH
B3aMMOCBSI3b XHMHWYECKHX 3HAHHM C TMOHATUAMUA W NPEACTABICHUSAMU NP YTHX
€CTECTBEHHOHAYYHBIX MPEIMETOB,;

- YMETh HCMOJIb30BaTh HANMEHOBAHUSA XUMHYECKUX COCAUHEHUN MEKIYHAPOIHOIO
COI03a TEOPETUUYECKON U MPUKIIAJHON XMMUHU U TPUBHUAJIbHBIC HA3BAHUS BAXKHEUIINX
BEIIECTB (ITUJICH, alleTUJIEH, MIUIIEPUH, (eHol, hopMallbIerua, YKCycHas KUCJIOTa,
[JIMIWAH, YTapHbIM Ta3, YIJIEKUCIBIA Ta3, aMMHWaK, TalleHas W3BECTb, HEramiceHas
U3BECTh, MUThEBAs COJa W JPYruX), COCTABIATH (POPMYJbI HEOPraHUYECKUX U
OpPraHMYECKUX BEIECTB, YPAaBHEHUS XUMUYECKUX DPEAKIUN, OOBSCHATh MX CMBICI;
MOATBEPKIATh XapAKTEPHBIE XUMHUYECKHE CBOWMCTBA BEIIECTB COOTBETCTBYIOIIUMU
SKCIIEPUMEHTAMU U 3AMKUCSAMU YPABHEHUN XUMUUECKUX PEAKIINM;

- YMETh YCTAHABIMBAaTh NPUHAJICKHOCTh HW3YUYEHHBIX HEOPraHUYECKUX U
OpPraHMYEeCKUX BEIIECTB K OMNPEACICHHBbIM KjlaccaM W TpyIaM COEIUHEHUN,
XapakTepU30BaTh HMX COCTAaB M BAXHEWIIME CBOWCTBA; OMNPEACISITH BHUJbI
XUMUYECKUX CBSI3eM (KOBaJEHTHAs, WOHHAs, METaJUTM4YecKasi, BOJAOPOIHAs), THUIIBI
KPUCTAJUTMYECKUX PEIIETOK BEIIECTB; KIACCU(PUIIMPOBATh XUMUYECKHUE PEAKIIUU;
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- chopmMHUpOBaTh

MMpCaACTaBJICHUA: 0)

XUMHUYECKOU

COCTaBJIAIONIEN

€CTECTBEHHOHAYYHOW KapTHHBI MUPA, POJIM XUMHH B TIO3HAHUU SIBJICHUN IPUPOABI, B
(GOpMHUPOBAaHUU MBIIUIEHUS U KYJIbTYpPHI
IPaMOTHOCTH, HEOOXOJUMOM ISl PELIECHUs MPAKTUYECKUX 3aad U IKOJIOTHYECKH
000CHOBaHHOT'O OTHOIIEHHS K CBOEMY 3/I0POBBIO M IIPUPOJTHON Cpee;
— - YMETh MPOBOJUTH PACUYEThl MO XUMUYECKUM (POpMYyJIaM M ypaBHEHUAM

JINYHOCTH,

cC

(b yHKITMOHATBHOM

XUMHUYCCKHUX peaKHHﬁ; HUCIIOJIB30BaTh CHCTCMHBIC XHMMHWYCCKHUC 3HAHUA OJIAd

IIPUHATHA pGH_IeHI/Iﬁ B KOHKPCTHBIX JKH3HCHHBIX CHUTYyallUAX, CBA3AHHBIX C

BCHICCTBAMHU U UX IIPUMCHCHUCM.

Conep:xxanue J1a0OpPaTOPHBIX 3AHATHI

Koanue
Ne Haumeno T . Conepaanne CTBO
emMa JIa0OpaTOPHOro 3aHATHUSA
SAtTi DARHE J12a60paTopHOTO (Hepe?leHBI,)Z[I/IIIaKTI/IlICCKI/IX nacos |
A pasiea 3aHATHS e IMHUIL: ACOB B
a 3JIEKTPO
paccMaTpuBaeMbIX HHOi
IIOATEM, BOIIPOCOB) dopme
1 cemecTp
1 OcnoBuble | TexHuka BBOAHBIN MHCTPYKTaX IO
MOHSTHUS U 0€30MacHOCTH MPH paboTe B y4eGHBIX 2
3aKOHBI pabore B XHMHUYECKHUX JIAOOpaTOPHIX
XUMUHU n1adopaTopuu XUMHHU. | po paGore ¢
Kiaccel 000pyn0OBaHUEM,

HEOPTaHUYECKUX
BEIECTB.

XAMHUYECKON MTOCYA0U U
peaktuBamu. [lepBas
noMounis. BBoaHbIN
UHCTPYKTaX Mo paborte B
y4€OHBIX XUMHUUYECKUX
nabopaTopusx mo padbore ¢
000pynOBaHUEM,
XAMHUYECKON TTOCYAO0U U
peaktuBamu. IlepBas
nomoib. [ Tomydyenue u
M3y4EHUE XUMHUYECKUX
CBOMCTB OKCHUJOB,
TUJIPOKCHUIOB, KHUCIIOT,
OCHOBAaHMU U COJIEH
Pa3JIMYHOM IPUPOJBI,
FeHETUYECKOU CBS3U MEXKIY
KJIacCaMHW HEOPraHUYEeCKUX




COEIMHEHUN.

O3HaKOMJIEHHUE C IIOHATHEM

Crpoenue OnpeaevneHI/Ie SKBHMBAJICHT BELIECTBA U
BelecTsa MOJIAPHON MacChl METOIUKOU pacyeTa MOJISIPHOU
JKBUBANICHTOB MaccChl SKBUBAJICHTOB MO
3aKOHY 3KBHBAJIEHTOB
3akoHomep- | CKopoCTh 5 PaccmoTpenne OCHOBHBIX
HOCTH XUMHUYECKOH 3aKOHOMEPHOCTEH

IIPOTCKAHUS | PCAKIINHA 1 IPOTCKAHUS XUMUYECKUX
XUMHYECKU | XUMUYECKOE PeBpaLCHIH 1

X peaklUi | paBHOBECHE XAMHUYECKOTO PAaBHOBECHUS.

N3ydenue pakTopoB
BIIMAIONIAX HA CKOPOCTH
MPOTEKAHUS XUMHUYECKUX
pEaKIui, COCTaBJICHUE
KUHETUYECKUX YPAaBHEHUU U
BBIPAXKECHUM AJIs1 KOHCTAHTHI
XAMHUYECKOTO PAaBHOBECHS.
Onpenenenne HanpaBJIeHUS
CMEIICHUS XUMHUECKOTO
paBHOBECHS.

PactBops! 1
JIMCTIEPCHBIE
CHUCTEMBI.

I'maponns conen.

VY cTaHoBIeHHE B3aUMOCBSI3U
MEXJy COCTABOM COJIU U €€
CIIOCOOHOCTBIO
MOJIBEPTaThCsl TUAPOIIU3Y.
CocTaBieHne MOJIEK YIS PHBIX
Y UOHHBIX YpaBHEHUU
peaKuuu TuaAPOIM3a COJIEH.
C noMoIIb 0 HHINKATOPOB
KCIEPUMEHTAIBHOE
OmnpeJesIeHUuE XapaKkrepa
Cpelbl B paCTBOpPAX COJIEU.




CormnocTaBieHue pe3ysbTaThl
HKCIIEpPUMEHTA C
TEOPETUYECKUMU JaHHBIMH,
CpaBHEHHE KUCIOTHOCTH
M0JIy4aeMbIX pacTBOPOB.

O3HakoMJIeHHE ¢ HanOoee
pacnpocTpaHEHHBIMU
OKHCIIUTEIIMU U
BOCCTAHOBHTECIISIMH, C
NPOJIYKTaMH UX
B3aUMOJICUCTBUS MEXKAY
co0O0M U coCTaBJIEHUE
YPaBHEHUU OKHUCIUTEIbHO-
BOCCTAaHOBHUTEJILHBIX
peakiuii, moabdop
CTEXUOMETPUUECKUX

K03 (PULIHEHTOB C MOMOUIbIO
AJIEKTPOH

4 DJeKTpo- OKHUCIUTETBHO-
XUMUS BOCCTAHOBUTEJIbHBIC
pEeaKIuu.

HToro 3a cemectp:

16

HUroro:

16

[IpoBenenue nabopatopHod pabOTHl AEAUTCS Ha JBE YCJIOBHBIC
YaCTU: TEOPETUYECKYIO U MPAKTUUYECKYIO.

HeoOXoauMbIMH CTPYKTYPHBIMU DJIEMEHTAMU 3aHSITHUS SBISIOTCS
npoBeJeHUEe Ja0opaTOpHOM paboThl, NpPOBEPKa YCBOEHHOIO Marepuala,
BKJTIOYAloIIasi 00CyKIeHIE TEOPETUUECKUX OCHOB BBITIOJIHSIEMOM PabOTHI.

[Tepen mabopaTopHOi pabOTOM, KaK MPAaBUIIO, MPOBOJIUTCS TEXHHUKO -
TEOPETUUECKUM  HMHCTPYKTaX IO  HCIOJb30BAHUIO  HEOOXOAMMOTO
000pyOBaHUS. [IpenonaBarenp KOPPEKTUPYET e TEeTbHOCTh
00ydJaromerocsi B MPOIECCE BBIMOJTHEHUS PabOTHl (IpU HEOOXOIUMOCTH).
[Tocne 3aBepmieHuss jgaboparopHO  pabOTBHl  MOABOAATCS  UTOTH,
00CYXAal0TCA Pe3yJIbTAThI A€ TEIbHOCTH.

Bo3MmoxHBI cieayromue GopMbl Opranu3aiuu J1ad0opaTopHbIX padoT:
bpoHTanbHas, TpynnoBas W uHAUBUAYasubHas. [lpu gpoHTanbHON (Qopme
BBITIOJIHSIETCS OJIHA U Ta >Xe paboTa (IpPU STOM BO3MOXKHBI Pa3JIMYHbBIC
BapuaHThl 3axaHuii). Ilpu rpynmnoBoil Qopme paboTa BBIMOJIHSIETCS
rpynnoii (komanpgoit). Ilpm wuHaUBUOyanpHON (opMe oOydaromuMucs

BBITTOJIHAIOTCA MHAWBHUAYAJIbHBIC pa6OTBI.
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[To xaxnpoit nabopaTopHOo paboTe UMMEIOTCS METOJUYECKUE
yKa3aHusl 1O HMX BBIINOJHEHUIO, BKIIOYAOIIME HEOOXOIUMBIH
TEOPETUYECKUN M MPAKTUUYECKHWI MaTepuall, COJEpKallhe 3JIEMEHThl M
MOCJIEIOBAaTEIbHYI0O MHCTPYKLIMIO MO NPOBEIEHUIO BBIOpaHHON padOTHI,
WHJIMBUIyaIbHBIC BapUaHTHl 3aJaHui, TpeOoBaHUS U POPMY OTUYETHOCTH

1o JJaHHOU paboTe.

JlabGoparopHas patora 1

Texnuka 0e3onacHocTu npu padore B 1adoparopuu xumuu. Kiaaccsl
HEOpPraHM4eCcKHUX BellecTB.

Heab padoThl: 03HAKOMHUTHCS C TEXHUKON O€30MaCHOCTH U MPaBUIIaMU PabOTHI B
1a00opaTopuu, U3YYUTh KJIACCHI HEOPraHMYECKUX COCAMHEHUHN, HAyYUThCA
COCTaBJISITh YPABHEHUS PEAKIIMiA.
3agaHue: MPOBECTH OIBITHI 10 MOJYYEHHIO OCHOBHOI'O U KHCIIOTHOT'O OKCH/IOB,
OCHOBAHMSI, KUCJIOThI, OCHOBHOW COJIM, ONIPEJICTUTh UX XUMHUYECKHE CBOMCTBA.
BrimomHuTh TpeOOBaHMSI K Pe3yJIbTaTaM OIMBITOB, OOPMUTE OTUET, PEIIUTH 3a/1a4y.
TeopeTnueckoe BBeieHUE
Texnuka bezonacrocmu u npasuia pabomsl 8 1AOOPAMoOpPUU
1.ITopsimox paGoThl
[Ipu pabote B XuMHUYECKOH JTa0OpaTOPUU HEOOXOAUMO MPUACPKUBATHCS CICAYIOIINX
IPABHLIL:
1. TlpenBapuTenbHO NIPOYUTATH COOTBETCTBYIOUIUE Pa3/eibl yueOHMKA, 3allUCU
JICKIIUNA U 03HAKOMUTHCS C COAEpKAHUEM JJab0paTOPHOUM pabOTHI.
2. He HaunHaTh OMbITa, TOKA HE TPOBEPEHO HATMYHME BCETO HEOOXOIMMOTO ISl HETO
(mocyna, mpudOpbI, PEaKTUBBHI).
3. [Ipu paboTe TOUHO COOIIOIAThH TTOPSIOK U TTOCIEA0BATEIBHOCTD ONIEPAIIHiA,
yYKa3aHHbBIX B PYKOBOJICTBE.
4. Cobmo1aTh Bce HEOOXOIUMbIE MEPBI MTPEAOCTOPOKHOCTH, YKa3aHHBIE B TAHHOM
paszelnie ¥ B MHCTPYKIIMH 110 TEXHUKE O€30MaCHOCTH.
5. BHUMaTENBHO CIEIUTh 3a XOJIOM OTbITa U 3aMeuaTh Bce u3MeHeHus. [locie
OKOHYaHHs pabOThI MPUBECTH B MOPSIOK pabouee MECTO.
6. 3anuch HAOIOICHUH U YpaBHEHUH MPOTEKAIOIINX PEaKIIHil 1elaTh cpas3y xKe
1ocJie OKOHYAHMS OIbITa B TETPAIH.
2.PeakTHBBI U 0OpAIICHUE C HUMH.
[To yucToTe peakTUBHI ACIATCA: HA XUMUYECKH YnucThie (XY), ynuCThIe 1)1 aHaIU3a
(UIA),aucteie (U). Kpome TOro npuMeHsroTCsl peakTUBbI KBAJIU (DUKAIUU:
cnekTpanbHo YucThIi(CIL. Y), ocoboit unctorsl (OCY), ouniiennsiii (OY) u
TEXHUYECKHUH (TEXH.).
[Ipu nonp30BaHUM peaKTUBAMHU HEOOXOIMMO 3HATh UX OCHOBHBIE CBOMCTBA:
OTHEOMACHOCTD, AJI0BUTOCTb, CIIOCOOHOCTh K 00Pa30BaHUIO B3PbIBUATHIX CMECEH C
JIPYTUMU PEaKTUBAMU.



PacTBOpHI U CyXue peakTUBbl XpaHUTh B CTEKJITHHOM MOCY/IE, 3aKPbITON
CTEKJIIHHBIMU (TPUTEPTHIMH ), PE3MHOBBIMH WJIM KOPKOBBIMH MpoOkamu. Ha xaxmoit
PEaKTUBHOMN

CKJISTHKE WJIM OaHKe JTOJKHA ObITh STUKETKA C HA3BAHUEM PEAKTUBA U YKAa3aHUEM €0
KauecTBa, a TaK)Ke KOHLEHTpaluu. Eciin Ha OaHKe ¢ peaKTUBOM HET 3THUKETKH U
HaJAMNCH,IOJIb30BATHCS UM 0€3 yKazaHus MPerogaBaTessi Hellb3sl.

[Ipu nonb30BaHUM peaKTUBAMU CIEAYET COOIOAATH MpPaBUIa:

1. Ecnu HeT yka3aHuii 0 JO3UPOBKE PEAKTHUBOB JIJIsl JAHHOTO OIbITA, TO OpaTh UX
HAJ0 B BO3MOYKHO MEHBIIEM KOJIMYECTBE.

2. Mznuiiiek peakTvBa HE BBICHINIATh U HE BBUIMBATH OOPATHO B COCY/, U3 KOTOPOTO
oH 0b11 B34T. [locie ynmorpebnenus peakTuBa 6aHKY WM CKIISIHKY TOTYAC K€
3aKpBITh MPOOKOM U MOCTABUTH HA MECTO.

3. Cyxue peakTuBbl OpaTh pOroBbIMH, (hapPopoBBIMU WU METAUTUYECKUMHU
J0KEYKaMH WJTU JIOMATOUYKaMu (ILIaTeN ), KOTOpbIe BCET/a JOMKHBI OBITh YHNCTHIMU
u cyxumi. [locne ynorpebieHus ux cienyer TIareabHO 00TEPETh.

4. Ecau peakTUB OTOMPAIOT MUIIETKOM, TO HENb3s TOW e MUIETKOM, HE BHIMBIB €€,
OpaTh peakTUB C APYrOM CKIISTHKH.

5.0c00y10 0CTOPOKHOCTH COOJIIOaTh MPU padOTE C SIIOBUTHIMU U OTHEOIIACHBIMU
BEIIECTBAMHU.

3.00s3aTenbHble TPeOOBaHUS K TEXHUKE 0€30I1aCHOCTH MpU paboTe CTYIEHTOB B
XMUMHUYECKOH J1abOpaToOpUHu.

1. PacTBOpHI 1 BeliecTBa JUIsl XMMUYECKUX PEaKUid HE0OX0AUMO OpaTh B TAKOM
KOJIMYECTBE, KaK 3TO YKa3aHO B MPAKTUKyME (MHCTPYKIUN).

2. IIpy1 BO3HUKHOBEHUU KaKUX-IHOO HESCHOCTEN cieyeT padoTy NPeKpaTuTh U
00paTUTBHCS K MPEToaaBaTelo.

3. B34B BelecTBO AJIs ONBITA, CIEAYET BHUMATEIBHO MPOYUTATh ITUKETKY
(HaIMKCh) U B CITydae COMHEHHS OOPaTUTHCS K MPEINO1aBaTelto.

4. HoBast uiu mOBTOpHAs! TOCTAHOBKA OMbITA C OMIACHBIMU BEILIECTBAMM JIOITYCKAETCS
JIMILB [1OCJIE MOJTYYEHHUS Ha 3TO Pa3peLieHUs IPENo1aBaTesl.

5. Ilpu pabGoTe B BHITSDKHOM IIKa(y ABEPIY BBITSHKHOTO IIKada Haao MoaAHATh Ha 1/5
— %4 BbICOTHI ee nogbeMa. [locie 3aBepiieHust paboThl €€ caenyeT IIOTHO 3aKPhITh.
6. 3anpeniaeTcs BbINOJHEHUE OMbITA B TPA3HON MOCYIE.

7. Ilpu mepeHoce XUMUYECKOTO CTaKaHa C ropsYeil )KUIKOCThI0 HEOOXOIUMO CTaKaH
nepxKaTb 00EMMH pyKaMH, ITOJIOKUB IO/ THO CTaKaHa MOJIOTEHIIE.

8. PaboThl, CBA3aHHBIE C BBIIECIECHUE JIETYYUX BEIIECTB IPU BhIIAPUBAHUU U
KUIITYEHUU PaCTBOPOB, COJIEPXKALIUX aMMHUAK, XJIOp, OpoM, O/, a30THYIO KUCJIOTY U
T.J., HEOOXOUMO MPOBOJUTH TOJIBKO B BBITSKHOM HIKaQy.

9. B ciydae BocnjiaMeHEHUs1 TOPIOYUX JKUJIKOCTEN MUJIM IPYTUX BEUIECTB OBICTPO
[OTaCUTh FOPEJIKY, BBIKIIOUUTD 3JIEKTPOHArPEeBATENbHbIE TPHUOOPHI OTCTABUTh
COCY/IbI C OTHEOIIACHBIMH BEIIECTBAMU U IIPUHSATH CIEIYIOIINE MEPHI TYLICHUS:

a) TOPIOYHE KUJKOCTU IPUKPBITH aCOECTOBBIM MJIM OOBIYHBIM OJIESIIOM, WA
3aChIaTh ECKOM;

0) 3aropesimiics Gpocdop HATO raCUTh MOKPBHIM TIECKOM HJIM BOJION

10. B cimydae 3aropaHus ofexk bl TaCUTh TUIaMsl CIeAyeT 00epThIBAHUEM B OJIESIIO
WIK NanbTo Wi Apyroe. Hu B koem ciyyae He OexXartb.
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1'1. Ecnu 3aropsTcst 31€KTpUYECKUE IPOBO/IA HAJI0 HEMEJIEHHO BBIKJIFOUUTh
PYOUIIBHUK M TYIIMTH TIOXKAP UMEIOIITUMUCS CPEICTBaMH (TIECOK, BOja, acOECTOBOE
0J1e51710).

12. IIpu paboTe ¢ OTKPBITHIM TIaMeHEM (TFa30BbI€ U CIIUPTOBBIEC TOPEIIKN) COCYABI C
OTHEOMACHBIMHU KUJKOCTAMH HEOOXOAMMO OTCTABJISAThH OT IJIAMEHU HA PACCTOSTHUU
He MeHee 1 MeTpa.

13. He HIoxaTh BBIIEISAIOIME Ta3bl, OJU3KO HAKIIOHSACH K cocyny. [lpu
OTpeeNICHUH —3aaxa ra3a uiM KUJIKOCTH OCTOPOKHO BABIXaTh BO3YX, CIErKa
HAIPaBJIsAsE PYKOH TOK €ro OT cocy/a K cebe.

14. IIpn HaTMBaHUM PEAKTHBOB HE HAKJIOHATHLCS HAJl COCY/IOM, BO U30ekKaHUE
nomnagaHus OpbI3T WK YaCTHIL Ha JIMIIO WK IUIaThe.

15. He HaKJIOHATHCS HaJ COCYOM C HarpeBaeMOM K HUJIKOCThIO, TaK KaK MHOI'/IA €€
MOKET BBIOPOCUTH U3 COCY/IA.

16. Ilpu HarpeBaHuu npoOUPKHU HE JIEP>KaTh €€ OTBEPCTUEM K ceOe UITH B CTOPOHY
TOBapHILIA.

17. Ecnu Ha IO WK PYKU MONAAYyT OPbI3TH KUCIOTHI, HAJ0 TOTYAC K€ CMBITh
BOJIOM,IIOCIIE€ YETO IPOMBITh TOPAXKEHHOE MECTO pa30aBIEHHBIM PAaCTBOPOM COJIBI.
[I{emoub CMBIBAIOT BOAOM 10 TEX MOP, MOKA MOCTPAAABIINNA YYACTOK KOKHU HE
HepPeCTaHeT OBbITh CKOJIL3KUM.

18. B cimyyae oxora (IjaMeHeM TOpeNIKU WK HarpeTbIMU MPeAMETaMu )
000KKEHHOE MECTO CMOUYUTh KOHIICHTPUPOBAaHHBIM PACTBOPOM II€pPMAaHraHaTa
KaJIusl, elle JIydllle MPOTEPETh ITO MECTO KPUCTAIIIMKAMH IIEpMaHraHaTa Kajius Tak,
YTOOBI KOKa MOOYpeia, uiii K€ MPUIIOKUTH BATKY, CMOUEHHYIO KUJIKOCTHIO OT
0KOT'OB.

19. Ilepen yxoaoM U3 1aOOpaTOpUH MPOBEPUTD, 3aKPBITHI JIU KPAHBI FA30BBIX
TOPEJIOK.

Bce BemiecTBa ACIIATCA Ha IMPOCTBIC U CIIOJKHBIC. CraoxHbie BCIICCTBA
moapa3aACiAOTCA Ha KJIAaCChl: OKCHUABI, KMUCJIO0ThI, OCHOBAaHUWA, COJIH.

OKCI/IIIBI — 9No CJI0JiICHblE 6eujecmeda, cocmoAauue us deyx ANIEeMEHMOE, OOHUM U3
KOniopbslx A651€emcs KI/lCJZOPOO 6 cmenenu oxkucienus -2. 11o XuMAYEeCKUM CBOMCTBaM
OKCHUIBI ACIATCA Ha OCHO6HblIE, KUCTIOMHble aM¢0m€prl€.

XuMmuueckue cBoiicrBa okcuaoB Taonuua 1.1

B3aumoneiictBue OKcuasl

OKCHUJIOB
OcHoBHBIE Kuciornsie AmdorepHbIe

Nazo, CaO, I\/IgO, SOz, 803, P205, BeO, ZnO, PbO
CUO, Fezog, BaO COz, CIZO, Mn207,
Cro3 SnO, A|203, Cr203

C Bopoi Pearupyiot Toneko  OGpazyror He B3auMonencTByror
okcuasbl [IIM n
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I3M, obpazys KHUCJIOTHI:

ICJIOYH:
SO3 + HZO =
Na,O + H,0 = H,SO,
2NaOH
C xucnoramu BzaumonerictByror  B3aumopelcTByrOT B3auMoaencTBYIOT €
1500051 c C OCHOBAHHUSIMHM C  KHCJOTAaMM KaK
OCHOBAHUSIMH oOpazoBaHuEM OCHOBHBIEC OKCHJIBI:
KHUCJI0TAMHU C COJIM Y BOJBIL:
oOpazoBaHUEM COJIU BeO + 2HNO; =
Y BOJIBL: CO, + Ba(OH), =  Be(NO,), + H,0.
BaCO; + H,O
CaO + 2HCl = M c ocHOBaHUSIMH
CaCl, + H,O KaK KHCJIOTHBIE
oxkcuabl: BeO +
2KOH = K,BeO, +
H,O
Mexy coboit [Ipu B3aUMOAEHCTBUM OCHOBHOTO U KUCJIIOTHOTO OKCHIOB

obpasyetcs coib: NayO + SO3 = Na,SO,

OI[HI/IM 13 CIOCOOOB IMMOJIYUCHHA OKCUOOB SABJIACTCA BSaHMOHCﬁCTBHC IMPOCTHIX

BelecTB ¢ kucimopoaom: 2Ca + O, = 2Ca0;

C+ 02: C02

Kucsotsl — crooicnvle ewecmaa, cocmosiwue U3 amomos 6000pood, CnoCOOHbIX
samewamocst Ha memain, u kuciomuo2o ocmamxka (HNOs, HCI, H,SO,4, H3PO,).

Kucnotel BBaHMOﬂeﬁCTBYIOTZ

1. C ocHOBaHUSAMU C O6p&30BaHI/I€M COJIN 1 BOJbI

2HNO3 + Ca(OH)g = Ca(N03)2+ 2H20

2. C ocHOBHBIMH U aM(OTEPHBIMU OKCUJIaMH C OOPa30BAHUEM COJIM U BOJIbI

2HCI + BaO = BaC|2+ H,0;

3HZSO4 + A|203: AIQ(SO4)3 + 3H20

3. C comsamu ¢ 06pa3oBaHMEM HOBOM COJIM M HOBOM KHCIIOTBI

H,SO, + B&(NOg)g = BaSO4l + 2HNOs.

11



OnHUM U3 CIIOCOOOB MOTYYCHHS KUCIIOT SIBJIETCS B3aUMOCHCTBUE KUCIOTHOTO
OKCHJIa C BOJIOM:

P205 + 3H20 = 2H3PO4

OCHOBaHMS — C/IOJCHbIE BeUeCmBd, COCMOWUE U3 AMOMO8 MEMAILILA, C8A3AHHBIX C
oonoti unu neckonvkumu euopokcozpynnamu (NaOH, Cu(OH),, Fe(OH)3 ).

OcHoOBaHMS B3aMMOJAECHCTBYIOT:
1. C kucnoraMu ¢ 00pa30BaHUEM COJIA U BOJIBI

2NaOH + H,SO, = Na,SO, + 2H,0.
2. C KUCIIOTHBIMU ¥ aM(pOTEPHBIMHU OKCHUJIAMU C 00pa30BaHUEM COJIH U BOJbI

2KOH + N,05 = 2KNO;3 + H,0;

2NaOH + Al,0O3; = 2NaAlO, + H,0.

3. C consimu ¢ 00pa3oBaHUEM HOBOM COJIM M1 HOBOTO OCHOBAHUS
2NaOH + MgCl, = Mg(OH),| + 2NaCl.

PactBoprMBIe B BOjIe OCHOBaHUS (I1E1I04YHM) MOTYYal0T B3aUMOICICTBUEM aKTUBHBIX
METAJUIOB WM UX OKCUIOB C BOJOU:

2Na + 2H,0 = 2NaOH + H,T;
BaO + H,O = Ba(OH)s.
HepacTBopumble B BOJIe OCHOBaHUS MOTY4alOT peakinein oOMeHa:
Fex(SO,4); + 6KOH = 2Fe(OH)3| + 3K,SO,.

Coum — 3mo npoodykmul 3amewjernusi 6000pooa 8 KUCIome HA MemaJlll Uil
2UOPOKCO2PYNN 8 OCHOBAHUU HA KUciomuwili ocmamox. Conu ObIBaIOT CpelHuE,
KHCITbI€, OCHOBHBIE.

Cpennue coan (K,SO4, NasPOy ) — 9mo npodykmer nonnozo 3amewenusi 6000pooa 6
KUCTIOMe HA MEeMAl Ul 2UOPOKCOSPYIN 8 OCHOBAHUU HA KUCTOMHbLIL OCMAMOK:

HZSO4+ 2KOH = K2804 + 2H20,
Mg(OH), + 2HCI = MgCl, + 2H0.

Kucabie cosm (Ca(HCO3),, Na,HPOy) — 9mo npodykmer nenonno2o 3amewienust
8000p00a 8 KUCI0Me HA MEeMAJll.
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KOH + H,SO, = KHSO, + H,0

Kucneie comm 00pa3yroT Toibko MHOroocHOBHBIE KHcioThl (H,SO,4, HaPO,4, HyCOs,
H,S).

OcnoBuble cosin (CuOHNO;, FEOHCI,) — smo npodykmer nenonnozo 3amewenus
2UOPOKCO2PYNN 8 OCHOBAHUU HA KUCIOMHBIN OCIMAMOK:

Mg(OH), + HCI = MgOHCI + H,0.

OcHOBHBIE COH 00Pa3yIOT TOJIBLKO MHOTOKHCIIOTHBIE ocHOBaHUS (Cu(OH),,
Fe(OH);, Mg(OH),).

Onvim 1. Ilonyuenue u ce0ticmea 0CHOBHbIX OKCUOO8 (2PYNNOBOLL)

B35Th NUHIIETOM KyCOYEK MarHME€BOW CTPYKKH U BHECTH B IJIaMsI CHUPTOBKH.
ITocne BocmIamMeHeHUsl cxkeub ero Haj GpapdopoBoii yamkoid. CoOpaHHBIN B YalllKe
OKCHJ MarHusi IOMECTUTH B JIB€ MpoOupKu. B ogny npumuth 1-2 M1 BOJbI, XOPOIIO
B30oNTaTh U 100aBUTH 1-2 Kammu GeHondranenna. B kakoii IBET OH OKpalruBaeTcs?
B npyryto npobupky n06aButh 1-2 mi pa30aBiIeHHON CEpHOM KUCIOTHI M HATPETh Ha
CIMPTOBKE J10 paCTBOPEHUS OCAIKA.

Tpebosanus k pe3ynomamam onvima:

1. CocTaBuTh YpaBHEHUS PEAKIUi B3aMMOAEHCTBUS MAarHusi ¢ KUCJIOPOOM, OKCHIA
MarHus ¢ BOJIOW U CEPHOM KUCHOTOMU. [losicCHUTh, Kakoe BEIECTBO U3MEHUIIO
OKpacKy MHJUKATOpA.

2. C,Z[GJ'I&TB BbIBOJI, KAKIMH CBOﬁCTBaMH, OCHOBHBIMH HJIM KHUCIIOTHBIMH, O6J'I&)18,CT
OKCHJ Mar”Husi.

Onwvim 2. [lonyuenue u ceoiicmea KUCIOMHBIX OKCUOO8 (2PYNHOBOLL)

(ITpoBoauTs B BITsKHOM 1IKady!) [ToMecTUTh B METAIIIMUECKYIO JIOKEUKY KYCOUEK
cepbl BEJIMYMHOW C TOPOLIMHY M HAarpeTh Ha IuiameHu cnupTtoBku. Korpa cepa
3aropuTcs, MOAHECTH K HEH BIAKHYIO MHIUKATOPHYIO OyMaxkKy. B kakoil 1iBeT oHa
OKpalIuBaeTcs?

Tpebosanus k pe3ynomamam onvima:

1. Hanmucatp ypaBHEHHs peakMil B3aMMOJEUCTBUS CEPBI C KUCIOPOIOM, OKCHAA
cepsl (IV) ¢ Bonoil. IlosicHuTh, Kakoe BEIECTBO U3MEHUIIO OKPACKY MHIUKATOpA.

2. CnenaThb BBIBOJ, KAKHMH CBOMCTBAMH, OCHOBHBIMU HMJIM KUCJIOTHBIMH, 00J1a1aeT
okcuj cepsl (I1V).

Onwvim 3. Bzaumooeticmsue amghomepHvix OKCUOO8 C KUCTOMAMU U WeN0YaMU
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B nBe npoOupKy MOMECTUTh HEMHOTO OKCUA LIMHKA U IPUIIUTh B OAHY IPOOUPKY
COJIIHOW KHUCJIOTBL, 4 B IPYT'YI0 — KOHIEHTPUPOBAHHBIN PACTBOD Liesioun. Ecin
0CaJIOK HE PacTBOPSIETCS, MPOOUPKY MOJOTPETD.

Tpebosanue k pezyromamam onvlma:

Hanucate ypaBHEeHMS peakuuil B3aUMOJICHCTBUS OKCHJIA IIMHKA C KUCIIOTON U
LIEJI0YBIO.

Onvim 4. [lonyuenue u ceoiicmea 0CHOBAHUU

Hanuts B mpobupky 1-2 mit pactBopa cynbdara Hukenst NiSO4 nprudaBUTh CTOIBKO
xe pactopa menoun NaOH. Habmonate o6pa3oBaHue CTyIEHUCTOIO OCAIKA.
Otmetuts ero 1set. ConepkuMoe MpoOUPKH MOAETUTh Ha J1Be yacTu. McnbiTaTh
pPacTBOPUMOCTh OCAJKOB B KUCJIOTE U LIEJIOYH.

Tpebosanus k pesyrbmamam onvima:

1. CoctaBuTh ypaBHEHUs peakuuid nonydeHus ruapokcuaa Hukens (II) u ero
pacTBOpPEHUSI.

2. CIIGJI&TB BBIBO/J, KAKHUE€ CBOﬁCTBa, KHCJIOTHBIC MJIKM OCHOBHBIC, IIPOABIIACT
Ni(OH),.

Oneim 5. Tlonyuenue ocHoBHbIX conell

K 1-2 mun pactBopa xnopuna kodanbta (II) 106aBUTh KOHIIEHTPUPOBAHHBIN PACTBOP
IIeJIOUH 10 00pa3oBaHMs PO30BOTr0 ocaaka ruapokcuaa kodansta (I1). K ocanky
NPWIKTH IO KaIJIIM pacTBOP COJITHOM KucIoThl. Habmonars oOpa3oBaHue CUHETO
0cajJika OCHOBHOM COJIU. 3aTeM JI00aBUTh M30BITOK KUCIIOTHI 10 PACTBOPEHHMS OCAJIKA.

Tpebosanus k pesyrbmamam onvima:

1. Harucatp ypaBHEeHHE peakiuu nojaydeHus ruapokcuia koodansta (I).

2. CocTaBUTh YpaBHEHHUE peakIuu noaydeHust ocHoBHO# cosu CoOHCIl.

3. Hanucate ypaBHenue peakiuu pactBopeHuss CoOHCI B U30bITKE KUCTOTHI.
IIpuMepsI pelneHust 3axa4

Ipumep 1.1. CocTaBuTh ypaBHEHHS PeaklUil, TPU MOMOIIH KOTOPBIX MOXKHO
OCYIIECTBUTH CIEYIOUIUE TPEBPAILICHHUS:

Na — NaOH — NaHS — Na,S — Na,SO, — NaCl.
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Pemenne. NaOH (runpokcus Hatpusi) — ocHoBaHue (11enoyus). [lenoun moxxHo
MOJIYYHUTh B3aUMOJCHCTBUEM aKTUBHOT'O MeTaJlIa (B TAHHOM IIPUMEPE HATPHS) C
BOJION:

2Na + 2H20 = 2NaOH + HzT

NaHS (ruapocynbdun HaTpusi) — kucias coiib. Kucibie comu mony4yaroTcs mpu
JIEHCTBUY Ha MHOTOOCHOBHBIE KUCTIOTHI HEJJOCTATKOM OCHOBAHUS (IIEJIOYUH ):

NaOH + H,S = NaHS.

Na,S (cynbhun Hatpus) — cpeansisi coiib. O6pazyercs npu AHCTBUU U30bITKA
HIEJIOYU Ha KUCIIYIO COJIb:

NaHS + NaOH = Na,S + H,0.

Na,SO, (cynndar Hatpus), NaCl (xsopun HaTpust) — cpeanue coiu. CpenHue conu
MO>KHO TIOJTY9HUTh B3aUMOJICHCTBHEM KHUCIIOTHI U COJIH:

H2804 + Nazs = Na.2804 + HZST:
B3aUMOJICHCTBUEM JBYX COJICH:
Na,SO, + BaCl, = 2NaCl + BaSO,|

Ipumep 1.2. C kakuMHU U3 yKa3aHHBIX HUKE BEUIECTB OYJIET B3aUMOI€HCTBOBATh
H,SO,: CO,; NaOH; BaCl,; HCI; Fe,O5. Hamcars ypaBHEHUS COOTBETCTBYIOIINUX
pEaKILIMH.

Pemenne. OnpenensieM, K KaKuM KJIacCaM OTHOCATCS yKazaHHble coenuHenus: CO,
— kucnotHbii okenat, NaOH — ocnoBanue (menous), BaCl, — conb, HCI — kucnora,
Fe,O3 — ocHoBHOM okcua. CepHast KUCIOTa OyAeT B3aUMOJIEHCTBOBATH C
OCHOBAHHMEM, OCHOBHBLIM OKCHJIOM U COJIBIO:

H,SO, + 2NaOH = Na,SO, + 2H,0; 3H,SO, + Fe,05 = Fez(SO4)3 + 3H,0;
H,SO, + BaC|2 = BaSO4l + 2HCI.
3aoauu

Ne 1.1. a) Hamucatp ypaBHEHUSI peakilyii, Py MOMOIIX KOTOPHIX MOXHO
OCYIIECTBUTH CIEAYIOIINE TPEBPALLCHUS:

—= MNasSn0s

SN —— SNCl; ——= Sn(0OH); ——=

—=3SNn(NO3)
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6) Kaxkue u3 IIPUBCACHHEBIX BCIICCTB 6y,HYT B3aMMO/ICHCTBOBATH MCXKIY co0oi:
Hanucarp YpaBHCHHUA COOTBETCTBYIOIIUX peaKuHﬁ.

Ne 1.2. a) CoctaBuTh ypaBHEHHS peakliid, IPU MOMOIIH KOTOPHIX MOKHO
OCYLIECTBUTH CIECAYIOIINE IIPEBPALLCHHUS

FeC|2 — FC(OH)Z — FC(OH)g — FezO3 — FCZ(SO4)3.

0) Kakue u3 npuBefeHHBIX OKCcUA0B OyayT pearupoBath ¢ HCl: N,Os; SOs; AlLOs;
Cl,0; ZnO; K,O? Hanmcats ypaBHEHHSI COOTBETCTBYIOIIUX PEAKIIHIA.

Ne 1.3. a) CoctaBuTh ypaBHEHHS peakluid, IPU MOMOIIH KOTOPHIX MOKHO
OCYILIECTBUTH CIICAYIOIUE IIPEBPAICHHUS:

P— P205 — H3P04 — Na3PO4 — Cag(PO4)2.

0) 3aKOHYNTH YpaBHEHUS PEAKIIUHA, TOKA3BIBAIOMNUX aM()OTEPHOCTh OKCH/Ia CBHHIIA

(11):

ocHoBHBIE cBolicTBa PbO + HNO3; —

BIICHHE

KHCJIOTHBIC cBoiicTBa PbO + KOH ==

Ne 1.4. a) Hantucath ypaBHEHHSI peakiyii, Py MOMOILIX KOTOPbIX MOXHO
OCYIIECTBUTH CJIEIYIOLIUE MPEBPALLECHUS:

N2 — NH3 - (NH4)2804 — NH4C1 — NH3 — NH4N03

0) Kakue u3 npuBeaeHnbix okcuaoB pearupyioT ¢ NaOH: MgO; Cr,03; Na,O; CrOg;
Ca0; CO,? CocTaBUTh ypaBHEHUSI COOTBETCTBYIOIUX PEAKIIUH.

Ne 1.5. a) CoctaBUTh ypaBHEHUS PEAKUUi, TPU MOMOIIM KOTOPBIX MOKHO
OCYILIECTBUTH CIICAYIOIIUE IIPEBPAICHHUS:

Si— SIOZ — K28|O3 — HleOg — SIOZ

0) C KaKuMU U3 YKa3aHHBIX HUXKE BEIIECTB MOXKET B3aMMOJICHCTBOBATH PaCTBOP
KOH: HI; CuCl,; SO,; Ba(OH),; PbO? Hanncath ypaBHEHHs COOTBETCTBYOIINX
pEaAKIINH.

Ne 1.6. a) CoctaBUTh ypaBHEHUS PEAKIIUi, TPU TTOMOIIH KOTOPBIX MOKHO
OCYIIECTBUTH CJIEYIOIINE MPEBPAILICHHUS:

CaSO; <+ SO, «— S — FeS — H,S — KHS

0) CocTaBuTh YpaBHEHHUS PEAKIUi MEX Ty KMCIOTAMH U OCHOBAHUSMH, MPHUBOISIINX
K oOpazoBanmio coneit: Na»S; Fe)(SOy)s; K3PO,.
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Ne 1.7. a) Hanucatb ypaBHEHUsI peakIlyii, Py MOMOIIX KOTOPHIX MOXHO
OCYIIECTBUTH CJIEIYIOLIUE MPEBPALLICHUS:

Ca— C&(OH)Z — CaCO3 — C&Clz — Ca3(PO4)2.

0) CocTaBHTh YpaBHEHHUS PCaKIIMi MEKTy KUCIIOTaMU U OCHOBAHHMSIMU, IIPUBOISIITNX
K oOpazoBanmio coneii: NaNOsz; CaHPO,4; CUOHCI.

Ne 1.8. a) HamucaTth ypaBHEHHS peakiiuii, Py TOMOIIH KOTOPBIX MOKHO
OCYILIECTBUTH CJIEIYIOLIUE IIPEBPALLCHNUS:

Cu — CuO — Cu(NO3), — Cu(OH), — CuCl..
0) Mex 1y KaKHMH U3 IPUBEICHHBIX 1ap BEIIECTB BO3MOKHA PEAKITHS:

CO, u SO,; LIOH u CO»; P,0Os u CaO; NaOH u KOH; Li,O u ZnO; Li,O u Na,0?
COCTaBI/ITB YpaBHCHUA COOTBCTCTBYIOIIIUX peaKuHﬁ.

Ne 1.9. a) Hanucatp ypaBHEHMsI peakilyii, Py MOMOILIX KOTOPhIX MOXHO
OCYIIECTBUTH CJIEYIOUIUE IPEBPAILICHUS

Cd — CdO — Cd(NOs), — Cd(OH), — CdSO,,

0) C kakuMH U3 YKa3aHHBIX HI)KE BEIIECTB MOYKET B3aUMOJICHCTBOBATh CEpHasI
kuciota: HCI; BaCly; MgO; CO,; NaOH; ZnO? CocTaBuTh ypaBHCHHS
COOTBETCTBYIOIIMX PEAKIUN.

Ne 1.10. a) CocTaBuTh ypaBHEHHMS peaKIMil, TPU MOMOIIN KOTOPBIX MOKHO
OCYILIECTBUTH CIICAYIOLIUE IPEBPAIICHHUS:

/n — ZnCl, — ZH(OH)Z — 7Zn0O — K»ZnO.,.

0) Hancatp ypaBHeHUs peakiuii oopazoBanus cojicii: Na,SOs; Fey(SO,)3; Ba(NO3),
B pe3yJIbTaTe B3aUMOIEHCTBHS OCHOBAHMS U KHCJIIOTHOTO OKCHJIA.

Ne 1.11. a) CocTaBuTh ypaBHEHHUSI pEaKIIHii, PU MOMOIIX KOTOPHIX MOXKHO
OCYILIECTBUTH CIICAYIONINE MPEBPAIICHUS:

S — SOg — SOg — H2804 — NaHSO4—> Na2804

0) CocTtaBuTh ypaBHEeHHs peakiiuii oopasoBanus coieii: CaCOgz; Aly(SOy)s; NasPO,
B pe3yJIbTaTe B3aUMOJICHCTBUS OCHOBHOT'O M KHUCIIOTHOTO OKCHJIOB.

Ne 1.12. a) Hantucath ypaBHEHUSI peakilyii, Py MOMOIIN KOTOPHIX MOXHO
OCYILIECTBUTH CIICAYIONINE TPEBPAIICHUS:

Al — A12(804)3 - AI(OH)g — A1203 — KA102
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0) 3aKOHYUTh YpaBHEHUS PEaKLUid, TOKA3bIBAIOIIUX aM(OTEPHOCTh OKCHJIA 0JIOBA

(11):
ocHoBHBIE cBoucTBa SnO + HCl —

CIaB/IeHHe
- =

KuciotHbie cBoricTBa SnO + KOH

Ne 1.13. a) CocTaBuTh ypaBHEHUS PEAKIIHi, TPH TIOMOIIN KOTOPBIX MOXHO
OCYIIIECTBUTH CJIEIYIOLIUE IPEBPALLECHUS:

Ba — BaO — Ba(OH), — Ba(NO3), — BaCO3; — BaCl..

0) Kakue u3 npuBefeHHBIX OKCUA0B B3anmoeicTByor ¢ KOH: Na,O; CO,; Al,Os;
MgO; Fe,O3; Mn,0;? Hantucath ypaBHEHHSI COOTBETCTBYIOIIUX PEAKITHIA.

Ne 1.14. a) CocTaBuTh ypaBHEHUS PEaKIMi, IPH TOMOIIHM KOTOPBIX MOXKHO
OCYILIECTBUTH CIICAYIOIINE MPEBPAIICHUS:

Fe(NO3); — Fe(OH); — Fe,03 — FeO — FeCl, — FeS.

0) Kak, ucnonb3ys npocTble BelecTBa — Kaablui, pochop U KUCIOpOA, MOKHO
nostyuuth Qocdar kanpuusa? HanucaTe ypaBHEHHS] COOTBETCTBYIOIIUX PEAKIIU.

Ne 1.15. a) Hantucath ypaBHEHHUSI peaklMii, MPpU MOMOILIU KOTOPbIX MOXHO
OCYILIECTBUTH CIICAYIOLIUE IPEBPAILCHHUS:

Mg — MgSO, — Mg(OH), — MgOHNO; — Mg(NO5),.

0) CocTaBUTh YpaBHEHHUS pEaKILIMii, PU MOMOIIU KOTOPBIX, UCXOJIS U3 YEThIPEX
MPOCTHIX BEUIECTB — KaJMs, CEPbI, BOJOPOAA U KUCIOpOaa, MOKHO noiayuuts KOH;
K,S; H,S.

Ne 1.16. a) CocTaBuTh ypaBHEHUS PEAKIIHi, IPH IOMOIIN KOTOPBIX MOXKHO
OCYILIECTBUTH CIICAYIOIIUE IIPEBPAICHHUS:

ZnSO4 «— 7/n0O «— 7ZnS — ZIlClz — ZH(OH)Z — NaZZnOZ.

0) Hanucath ypaBHEHHUSI HE MEHEE YEThIPEX PEAKLUA, TPU MOMOIIH KOTOPBIX MOXHO
MOJIYYUTh KapOOHAT KaJbIus.

Ne 1.17. a) CocTaBuTh ypaBHEHHSI pEAKIIMil, PU MTOMOILIN KOTOPBIX MOYXHO
OCYILIECTBUTH CJIEIYIOLIUE MPEBPALLECHNUS:

CuOHCI « Cu(OH); «— CuS0O,4 « Cu — CuO — CuCl.,.

0) Hancatp ypaBHeHus peakiuii oopazoBanus K,CrO,4 Mg(NO3),, BaSO,,
Ca(ClO), B pe3ynbTaTe B3aMMOICHCTBHSI OCHOBAHHS U KACIIOTHOT'O OKCH/IA.
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Ne 1.18. a) Haniucath ypaBHEHUSI peakiiHii, Py MOMOIIX KOTOPHIX MOXHO
OCYILIECTBUTH CIICAYIOIIUE TPEBPAIICHUS:

Fe — FeSO, — Fe(OH), — Fe(OH); — Fe,03 — FeCls,

0) Moryt 1 HaxoauThesa coBMecTHO B pactBope: Ba(OH), u FeCls; HCI u H,S;
NaOH u HBr; NaOH u KOH; HCI u Na,CO3? JlaTb 000CHOBaHHBI OTBET U
IPUBECTH YPAaBHEHHUS COOTBETCTBYIOIIUX PEAKIIHIA.

Ne 1.19. a) Hanucats ypaBHEHUS peakilyii, Ipy MOMOIIN KOTOPhIX MOXHO
OCYIIIECTBUTH CJIEIYIOLIUE MPEBPALLCHUS:

0) Kak, ucnonb3ys BaO, FeCls, H,SO,4, H,0O, CuO, MOXHO OJTy4dUTh: THIPOKCHU]T
Oapust; TuIpoKCH I kene3a; cynbdar meau? CocTaBUTh ypaBHEHUS
COOTBETCTBYIOIIMX PEAKITUH.

Ne 1.20. a) Hanncatp ypaBHEHUs peakilyii, MPH MOMOIIN KOTOPBIX MOXKHO
OCYLIECTBUTH CIECAYIOIIUE IIPEBPALLCHHUS:

Pb — PbS — PbO — Pb(NOj), — Pb(OH), — K,PbO,.

0) CocTaBUTh YPaBHEHHSI YETHIPEX PEAKIIHiA, B PE3yJIbTaTe KOTOPBIX 00pa3yercs
Opomu HaTpUs.

JlaGoparopHas padora Ne2

Omnpenenenne MOJISIPHOH MacChl
IKBUBAJICHTOB METAJLJIOB

Heﬂb paﬁoTl:.I: O3HAKOMJICHHUC C IIOHATHCM JOKBUBAJICHT BCIICCTBA H MGTOI{HKOfI
pacucTa MOJISIpHOﬁ MACChI 9KBUBAJICHTOB I10 3dKOHY 9KBHBAJICHTOB.

1. Teopus

Monb SKBHUBAJICHTOB BeEIIECTBAa (PKBUBAJIEHT) - 3TO TaKO€ €ro KOJIMYECTBO,
KOTOpPO€ B3aUMOJEUCTBYET C OJHUM MOJIEM aTOMOB BOAOPO/JA WJIM 3aMEIIAET TO KeE
KOJIMYECTBO AaTOMOB BOJOPOJAa B XUMHUYECKHUX peakuusx. Mojb 3KBHUBAJIEHTOB
BOAOPOJA paBEH OAHOMY 1 MOJIb.

UToOHk! onpenenuTh SKBUBAJICHT BEIIESCTBA HA/I0 UCXOAUThH U3 KOHKPETHOM
peakiu, B KOTOPOW Y4acCTBYET JaHHOE BEILIECTBO.

Vo Mg + % HZSO4 =% MgSO4 + % H2
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OI[HOMy MOJIFO aTOMOB BOAOpOAa COOTBCTCTBYCT Y5 Mo Marxaus, V5 Mot
MgSO4 'Y H2504.

Orcrona
3 (Mg) = Y% moms, B (MgSO,) = % moms, 9(H,SO,) = Y% mous.
NaOH + 2 H,SO,4 = %2 Na,SO,4 + H,0
Ortcrona
2 (NaOH) =1 momb, D (NaySO,) = %2 mouns.
2 Ca + %5 H3PO4 = Ca3(POy),+ 2 H;
Orcrona
D (Ca) = Yo momst, D (Cag(PO,),) = g momst, D(H,) = ¥ mous.
2Hy + % O, =% H,O
Ortcrona
2(0,) = Y4 monsg, 2(H,0) = Y5 mous.

Maccy | mons 3KBHBaJI€HTOB Ha3bIBAIOT MOJISIPHOM MacCOM 3KBUBAJIEHTOB
(okBUBaneHTHass Macca M,). Hexonsd W3 MOHATUS MOJSL DKBUBAJIEHTOB U
DKBUBAJICHTHOW MAacChl, Uil pacyeTa MOJISIPHOM MacChl 3KBHBAJEHTOB BELIECTBA
MO>KHO HCIIOJIb30BaTh (hOPMYIIbI:

AJIs1 IIPOCTOT0 BEHICCTBA

J1J1s1 CIIO’KHOTO BEIECTBA

M _M
B_B-n,

rie
M - aToMHas Macca dJIEMEHTa

M — MonspHas macca Benecrna
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B - BaJIeHTHOCTB 3yieMeHTa Ui (YHKIIMOHATBHOU TPYIIIIBI
N - KOJIUYECTBO (PYHKIIMOHATHHBIX TPYIIIL.

st ocHoBaHu#M (GYHKIMOHAIBHON siBIsieTca ruapokcorpynmna (OHT), mns
KucI0T HoH Bogopoza (H), s coneit non meraia.

Mpumep.

Paccuntarh MOJIIpHYIO Maccy SKBUBAJIEHTOB CyJb(ara aJTtOMUHUS.

Jlia ra3000pa3HbIX BEIIECTB yA0OHEE MOJIb30BAThCS MOHITHEM OOBEM MOJIS
SKBUBAJICHTOB (PKBUBAJICHTHBIA 00beM). CorimacHo 3aKkoHy ABOTrajpo MoJlb JH0O0ro
rasa Mmpyd HOPMaJbHBIX YCIOBHSAX 3aHHMaeT 00beM 22,4 nmuTpa (MOJSPHBIA 00BEM,
V). Mcxofis U3 3TOro MOXKHO paccunTaTh SKBUBAJICHTHBIN 00beM Jitoooro rasa (V).
Hanpumep V5 (Hy)=11,2 11, V5 (0,)=5,6 1.

Bce BCHICCTBA PCarupyroT Apyr ¢ ApyroM B 5KBHUBAJICHTHBIX KOJUYCCTBAX B
COOTBCTCTBHH C 3aKOHOM 3KBHBAJICHTOB:

Macchol (00BeMBI), y4aCTBYIOIIMX B PEAKIIMK BEUIECTB, MPONOPIIUOHATBHBI UX
SKBUBAJICHTHBIM MaccaM (9KBUBAJIEHTHBIM O0BEMaM ).

m_ M, Vi _ Vs
m, M, VvV, Vg,

M3 3ak0Ha DKBUBAJCHTOB CJICaAycCT, 4TO YHCIIO MOJICH DKBUBAJICHTOB
Y4aCTBYIOIIMX B PpCaKIIMH BCIICCTB OANHAKOBBI.

DKBUBAJICHT BEIIECTBA MOXKET U3MEHHUTHCS B 3aBUCUMOCTH OT YCJIOBHI
peaKuuil.

NaOH + H,SO, = NaHSO, + H,0
1>kB. 1okB. 1okB.  1okKB.
M5(NaOH) = M(NaOH) = 40 r/monb

Mg(stO4) = M(HZSO4) = 98 r/moib
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2 NaOH + H,SO, = Na,SO, + 2 H,0
29KB. 235KB.  29KB. 25KB.
M5(H,SO,4) = M(H,SO,)/2 = 49 r/monb
Cu(OH), + HCI = CuOHCI + H,0
15KkB. 15kB. 1skB. 15kB
M5(Cu(OH),) = M(Cu(OH),) = 98 r/moms
Cu(OH), + 2 HCI = CuCl, + 2 H,0O
25KB.  23KB.  29KB.  29KB
M5(Cu(OH),) = M(Cu(OH),)/2 = 49 r/momnb
ITpumep.

MousipHasi Macca SKBHUBAJICHTOB MeTaJlla paBHa 56 1/mMoib. Kakoii 00beM KHciiopojia
(H.y.) oOpa3yercs IpH paszyiokeHuu 1,28 T OKCHaa 3TOro MeTala.

CornacHo 3dKOHY 9KBHBAJICHTOB:

m( OKCHAR) _ M. ( oxchaa)
V(0;) V5(0;)

mf{ oxkcuaa)- Vi, (O,)

Vo) M., (oxcupna)

OKCI/II[ MCTaJlJId 3TO COCAMHCHUC MCTAJJId C KHUCJIOPOAOM, ITIO3TOMY MOJIAApHAA MaccCa
OKBHUBAJICHTOB OKCHJA MIPCACTABJIACT coOou CyMMY:

M- (okeupa) = My(meramia) + M5(0,) = 56 + 8 = 64 r/moib

1,28-5600 _ 112

V) =—
ML

2. 3KCHepI/IMeHTaJILHaSI 4acTb

IIpudopsl 1 peakTUBBI: IPUOOP I U3MEPEHHS] 00bEMa BOLOPO/A, KUCIOTA
consinast (W = 20%), UMHK rpaHyJIMpOBaHHbIN.
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CyIIHOCTB OMbITA 3aKJIFOYACTCS B ONpeIeIICHUN 00beMa BOA0PO/1a, BhIACIUBIICTOCS
MPY B3aMMOJEHUCTBUHU [IUHKA C KUCIIOTOM M pacyeTe SKBUBAJCHTHON MACCHI [IUHKA I10
3aKOHY SKBUBAJICHTOB.

Onucanue padoThI:

OnpeneneHue >KBUBAJICHTHOM MacChl LIMHKA MO 00BEMY BBITECHEHHOTO
BOJIOPOJIa OCYIIECTBIISIETCS Ha JIAOOpaTOpHOU ycTaHOBKe (puc.1).

VY cTaHoBKa COCTOUT U3 JIBYX OIOPETOK: paboueii usMeputenbHoi by u
ypaBHUTEIbHOU by, COEMMHEHHBIX PEe3UHOBOM TPpyOKO# T 1 3amoJIHEHHBIX
nojikpameHHoi Boaoil. K paboueii OropeTke npu moMouy ra3o00TBogHON TpyOku I”
npucoeanHeHa npoodupka I1.

[lepen HauaIOM BBIMIOJHEHHS OMBITA HEOOXOAUMO MPOBEPUTH T€PMETHUHOCTh
yCTaHOBKHU. J1Ji 3TOro MpoOUPKY TIIOTHO HAZIeTh Ha MPOOKY Ta300TBOHON TPYOKH,
MIOCJIE YET0 YPaBHUTEIbHYIO OIOPETKY MOJHATH UM OMYCTUTh Ha 15-20 cM,
3aKpeNUTh €€ B TOM TOJI0KEHUH JIAIIKaM K IITaTHBa M HaOII0aTh B TeueHue 1-2
MUHYT 32 OJIO’KEHUEM B HEHl ypoBHS *KuAKOCTU. Eciiu 3a 3TO BpeMs ypOBEHb BOJIbI
HE U3MEHUTCSI, 3TO OyJeT 03Ha4yaTh, YTO MPUOOP T€PMETHYUEH, U MOXKHO IIPUCTYIATh
K BBITIOJJTHEHUIO paOOTHI.

Jlnst ynoOocTBa oTcuera 00beMa BBIJCIHMBIIIETOCS BOJAOPO/IA IIEPe]T HauaaoM
paloTHI )KHJIKOCTh B U3MEPHUTEIBHON OFOPETKE YCTAHOBUTH HA HYJIEBYIO OTMETKY (T10
HIDKHEMY MEHHCKY).

B npobupky I1 Hanuts 5-6 M 20% -oii CONIIHOM MM CEPHOM KUCTIOTHI,
OITYCTUTH B MIPOOMPKY HABECKY METaJlIa U OBICTPO HAJIETh MPOOUPKY Ha MPOOKY C
ra300TBOJAHON TPYOKOIi, HE HapylIasi FTepMETUYHOCTH MpUoopa.

2HC|+anan|2+ H2T

Korma Bech MeTaim pacTBOPUTCS M IPEKPATUTCS BBIZICTICHUE BOIOPO/IA, 1aTh
IPOOUPKE OCTHITH 1-2 MUHYTHI, U HE CHUMas TIPOOUPKH, TIPUBECTH TIOJI0KCHHE
KHUJIKOCTH B U3MEPHUTEIHLHON U YPaBHUTEILHOU OIOPETKE K OJTHOMY YPOBHIO, JIJISI
YEero ypaBHUTEIBHYIO OIOPETKY OMYCTUTh BHU3. OTMETUTH 00bEM BBIACIHMBIICTOCS
BOJIOPO/Ia B MJI B I3MEPUTEIBHOIN OIOPETKE OT HYJIEBOH OTMETKHU JI0 YPOBHS
KUJIKOCTH (I10 HUKHEMY MEHHCKY).
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Puc.1. JlabopaTopHas ycTaHOBKa JJIsl ONIPEAEIICHUS SKBUBAJICHTHOM MacChl MeTalljia

OnbITHBLIE JaHHBIE

Hasecka Mmeraiia m, kr

OO0BeM BoIEMBIIIErOCs Bojgopoaa V,
Temnepartypa t, °C

AbcomotHas temneparypa T, K

AtmocdepHoe nasnenue P, klla

L e A

JlaByieHre HACHIIIIEHHOTO BOJSTHOTO Tapa Mpu JaHHOK
TeMnepaType (Pu20o), kIla (cM. Tabmumy 1).

7. [TapumansHOE HaBieHue Boaopoaa, Py, = P - Pyyo, klla
Pacuer 3xBMBaJIEHTHOI MacChl

1. [IpuBecTn 00bEM BBIIETUBLIETOCA BOAOPOAa V K HOpPMAIIbHBIM
yciioBusiM V,, TPUMEHUB YpaBHEHHE 00bETMHEHHOIO Ta30BOI0 3aKOHA:

v, B, V Py v, - T, -V By
. T . P,-T
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rae To- abcomoTHas TeMmneparypa, 273 K

Po- naBnenne npu HopManbHbIX ycioBusx, 101325 Ila.

2. [lo 3aKkOHY PKBUBAJICHTOB PACCUUTATh IKBUBAJCHTHYIO MacCy
MeTaaia .

m_M,  mV,

Vo Vs . 174

u]
’ ’

rae M,- DKBUBaJIEHTHasI Macca MeTajja, KI/MOJIb
M — Macca HaBECKU MeTajlia, KT
V,o- 9KBUBAJICHTHBIN 00BEM BOJIOPOJIA, JI
V, — 00beM BOZI0pO/Ia, MPUBEACHHBIN K HOPMAJILHBIM YCIOBHUSM, JI

3. PaccunraTh OTHOCUTENBHYIO IOTPEITHOCTD ONIBITA!

S'reu:- -3
=% .100%

OTHOCHUTECIIbHAS MOIPEIIHOCTD STEDP ,
r€ Dreop-~ TEOPETUUECKOE 3HAYEHHUE DKBUBAJIEHTHON MacChl METAJIIA,
M, 1eop.=MIB.
M - aromHas Macca MeTajlia
B — BajneHTHOCTH MeTaIa.
Tabymma 1

]_IaBJ'ICHI/IC HACBIIICHHOT'O BOAAHOI'O I1apa.

0TCeNmepaTypa, 18 19 20 21 22 23 24
i[ﬁl:lﬂeHHeHapa, 206 | 220 | 2,37 | 248 | 264 | 280 | 2,98

/lanHble onbITa M pe3yabrarhl pacueToB Tadauna 2.1

Macca O6bem Macca MonsipHast Mmacca
YcnoBus onbiTa
OUHKAa BBIIEIUBIIErOCA BOJOPOJIa SKBUBAJIECHTOB IIMHKA
Bojopona Vv, i
m Temneparypa  [JlaBn.  JlaBl. m(H,), r HPAKTHY. TEOPETUY.
(Zn), T, K BOJISIH. M, mp.(ZN),
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atMocd. mapa T/MOJTh \Y
(Zn),
Py, klla Py, T/MOJIb
klla

Boruucnuth (Bce BEIYMCIICHUS MTOSICHUTH CJIOBAMM):

1. Maccy BoienuBIIerocsi 00bema BoJopoa, mojiab3ysch YpaBHEHUEM

pv =™ RT m =MPV.

Menneneesa — Knaneiipona: M , OTKyZ1a RT

rae P — mapruansHoe naBieHue Bonopoja, klla; V — o0bem BbienuBIIerocs
BOJIOPO/Ia, JI; M — Macca BOJIOpoAa, I'; M — MoJsipHas Macca Bogopoaa, r/moib; T —
TemIiieparypa omnbita, K; R — yauBepcanbHas razopast nocrosiHHasi, paBHas 8,314
Jlx/monb K.

B namem omeiTe Bogopo 1 cobupaeTcs Hal BOJON, COEPKUAT BOASHOMN Tap, MO3TOMY
JUTS1 BBIYMCIICHUS TAPUUATILHOTO JIAaBJIIEHUSI BOJOPOA HY>KHO U3 BEJIMYHHbI
aTMOC(EPHOI0 JaBJIECHUS BHIYECTh BEIMUHUHY AABJICHHS HACBIIIEHHOTO BOJISIHOTO
napa npu Temieparype omnsita (tadn.2). P = Py - P,.

2. MonsapHyIo Maccy S5KBUBAJIIEHTOB IMHKA M., 1, (Zn) 110 3aKOHY SKBHBAJICHTOB!

=

. M, (H)

3. TeopeTnueckoe 3HAYCHUE MOJISIPHON MacChl SKBUBAJICHTOB IIUHKA M, ,, (ZN):

MZn
Mak,m.(zn) = 2

4. OTHOCUTENBHYIO OLIMOKY oIbITa E:

MJKm - MBKTT
E = — P .100%

3K.mM

Taonuua 2.3

/laBJjieHHe HACBILLEHHOI 0 BOASIHOIO NIApA NMPH Pa3JIMYHBIX TeMIepaTypax

JlaBnenue JlaBnenue JlaBnenue
TemmnepaTtypa Temmepatypa Temmepatypa
BOJSTHOTO BOJSTHOTO BOJSTHOT'O
T,K T, K T, K
napa, klla napa, klla napa, klla
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288 1,693 292 2,186 296 2,799

289 1,817 293 2,337 297 2,982
290 1,933 294 2,479 298 3,166
291 2,062 295 2,642 299 3,360

IIpuMepsI pereHust 3a1a4

Ipumep 2.1. Paccuurtarh SKBUBAJICHT U MOJISIPHYIO MacCy 3KBUBaIeHTOB H,S u
NaOH B peaknusx H,S + 2NaOH = Na,S + 2H,0 (1) u

H,S + NaOH = NaHS + H,0 (2)

Pemenne. MossipHast Macca SKBUBAJIEHTOB KUCI0Mbl WIH OCHOB8AHUSL, YIACTBYIOIIHNX
B KUCIOMHO-0CHOBHOU PEAKIINH, PACCUUTHIBAETCA 1O hopMyIie

M

M, (kucnomel, ocnoganusy) = n

rae M — MoJsipHas Macca KUCJIOThI WIIM OCHOBAHMUS; N — [T KUCAOM — YUCIIO aTOMOB
BOJOPOJA, 3aMEIICHHBIX B JAHHON PEAKIIMU HA METAILL; JUISl OCHOBAHUL — YUCIIO
TUIPOKCWIBHBIX TPYIIL, 3aMEIICHHBIX B JAHHOW pEeakIMy Ha KUCJIOTHBIM OCTATOK.

3HayeHre SKBUBAJICHTA U MOJIIPHON MacChl SKBUBAJICHTOB BEIIECTBA 3aBUCUT OT
peakiu, B KOTOPOU 3TO BEIIECTBO y4aCTBYET.

B peakuun H,S + 2NaOH = Na,S + 2H,0 (1) 06a nona Bomopoaa Mmosnekynabl HyS
3aMEIalTCs Ha METAILT M, TAKUM 00pa3oM, OJJHOMY HOHY BOJIOPOIa DKBUBAJICHTHA
ycioBHas yactuua 2 HpS. B aToMm ciyuae

M
HS :3—4 =17 e2/Mon

O (HyS) = %2 HpS, a M, (HS)= 2 2

B peaxumu H,S + NaOH = NaHS + H,O (2) B monekyne H,S Ha meTamn 3ameniaercs

TOIBKO OJUH MOH BOAOPOJA U, CIIEN0BATENLHO, ONHOMY MOHY H ™ DKBMBaJleHTHA
peanbHas yactuia — Mmojiekyna H,S. B aTom cirydae

MHZS 34
1

D(HS)=1H,S, a My (HS)= 1 =1 34 2/mom.

OxBuBanieHT NaOH B peakuusix (1) u (2) paen 1 NaOH, Tak kak B 000ux cirydasx
Ha KACJIOTHBIN OCTATOK 3aMeIaeTcs OHa THIPOKCUIIbHAS TPyTIIa.

M., (NaOH)= 40 r/mou1b.
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Taxum obpazoMm, skBuBaieHT H,S B peakiuu (1) pasen 2 H,S, peakiuu (2) —

1H,S, monsipabie Macchl 3kBuBalieHTOB H,S paBHBI coorBeTcTBeHHO 17 (1) 11 34 (2)
r/Moib; skBuBasIeHT NaOH B peaknusix (1) u (2) pasen 1NaOH, monsipHas macca
SKBHUBAJICHTOB OCHOBaHMs cocTaBisieT 40 r/Moib.

Ipumep 2.2. PaccunTtarh SKBUBAJICHT U MOJISIPHYIO MACCY SKBUBAJIEHTOB OKCUJIOB
P205I/I CaO B p€aKnuu P205+ 3Ca0 = Cag(PO4)2

Pemenne. MossipHast Macca SKBUBAJICHTOB OKCcUOA PACCUUTHIBAETCS Mo (hopmyre

M

okcuda

M3;< (OKCU()G): n-|c.o.| ’

rae M — mosisipHas Macca OKCU/Ia; N — YUCJIO KATUOHOB COOTBETCTBYIOILIETO OKCUY
OCHOBAHMSI WJIA YUCJIO aHUOHOB COOTBETCTBYIOIIEH OKCUIY KHCIIOTHI; |C.0.| —
a0COIIOTHOE 3HAYEHUE CTENEHN OKUCIICHUSI KATHOHA WJIM aHUOHA.

B peakiuu P,Os+ 3Ca0 = Caz(PO,), sxBuBaneHT P,Os, 06pasyroinero asa
TpeX3apsAIHbIX aHHOHA (PO4)3', paser /gP,0s, a

Meo, 142 _ o3,
M, (P,Os5)= 6 6 2/monw. DxBuBaneHT CaO, garomero oauH
MCaO E _
nByx3apsiaHbi KatnoH (Ca®"), pasen ¥4 Ca0, a M, (CaO)= 2 = 2 28

2/MOb.

Ipumep 2.3. BeraucnuTh S5KBUBAJICHT U MOJIIPHYIO MacCy SKBUBaJIEHTOB (hocdopa B
coemuaenusax PHs, P,O3; u PO,

Pemenune. YToObI onpeenTh MOJIIPHYIO MacCy 3KBUBAJICHTOB 2/1eMeHmda B
COEMHEHNH, MOXKHO BOCITIOJIb30BaThCs (POPMYIION

M ,

M, (2nemenma)= 1¢-0-1

Tac MA — MOJpIpHasaA MaccCa 3JICMCHTA, |C.0.| — abCOJIFOTHOE 3HAYCHHUE CTCIICHU
OKHCJICHUA JJICMCHTA.

Crenens okucienus dochopa B PHs, P,Os, P,Os coorBeTcTBeHHO paBHa 3, +3 1 +5.
[ToncraBssast 3TH 3HaUeHUS B (POpMYITy, HAXOJUM, YTO MOJISIpHAs Macca

SKBUBaJICHTOB (ocdopa B coenuHenusx PHz u P,O3 paBna 31/3 = 10,3 r/monb; B
P,0s

31/5 = 6,2 r/monb, a skBuBasieHT pocdopa B coenunerussx PHs u P,O3; paBen ,p, 8
coequuennn P,0s — g P.

28



IIpumep 2.4. PaccunutaTh MOJSIPHYIO Maccy 3KBUBAJIEHTOB coenqnHeHuii PHs, P,O3 n
P205.

Pemenue. MOJIHpHaH MacCa 3KBUBAJICHTOB XUMHUYCCKOI'0 COCANHCHHA paBHA CYMMC
MOJIIPHBIX MaCC 9KBUBAJICHTOB COCTABJIAIOIIUX €TO YyacTeu.

M, (PHs)= M, (P)+ M, (H)= 10,3 + 1 = 11 r/mons;
M, (P,05)= M, (P)+ M., (0)= 10,3 + 8 = 18,3 r/mou;
M, (P,05)= M., (P) + M., (O)= 6,2 + 8 = 14,2 r/mons.

IIpumep 2.5. Ha BoccranoBienue 7,09 r okcusia MeTajljia Co CTETIEHbIO OKUCITICHUS
+2 tpebyercs 2,24 1 Bopopoja (H.y.). BerauciuTs MoJsipHbIe MacChl SKBUBAJICHTOB
okcua u Metayuia. Yemy paBHa MoOJIIpHasi Macca MeTasuia?

Pemenue. 3a1aya penraercs o 3aKOHY SKBUBAJICHTOB. Tak Kak OJHO U3
pearupyroInx BEIeCTB HAXOIUTCS B Ta3000pa3HOM COCTOSIHUH, TO YIOOHO
BOCTIOJIL30BaThCs (POPMYIIOH:

m _V

2asd

M V.

2K 3K( 2aza )

>

rae V, — 00beM OJHOI'0 MOJISI SKBUBAJICHTOB ra3a. JIj1s BEIYHCIICHUS 00beMa MOJIS

SKBUBAJICHTOB ra3a He0OXOAMMO 3HATh YHCIIO MOJICH SKBHBAJICHTOB (V) B OJHOM
M

mose taza: v = Mok Taxk, M (Hy)= 2 r/monb; M, (Hy)= 1 r/mMmons. CrienoBaTensHoO,

B OJTHOM MoJIe MOJieKyJ Bogopoaa H, conepxkurcs v = 2/1 =2 Moiab SKBUBAJICHTOB
Bosopoja. Kak n3BecTHO, MOJIL JTFOOOTO ra3a Mpu HOPMAJIBHBIX YCIOBUSX (H.Y.)
(T=273 K, p=101,325 xIla) 3anumaet o0beM 22,4 51. 3HAYUT, MOJIb BOJIOPOIa 3aiiMeT
o0bem 22,4 71, a TaK KaKk B OTHOM MOJI€ BOAOPOAA COACPKUTCS 2 MOJIb IKBUBAJICHTOB
BOJIOPOJIa, TO 00BEM OJTHOTO MOJISI SKBHBAJICHTOB Bojiopona paBeH V., (Hy)=22,4/2
= 11,2 1. Ananoruuaao M (O,)= 32 r/moib, M, (O,)= 8 r/moinb. B ogHom More
Monekyn kucnopona O, cogepxkutcs v = 32 / 8 = 4 MOIb SKBUBAICHTOB KUCIOPO/A.
OnuH MOJb SKBUBAJICHTOB KHCIOPOA MPH H.y. 3aHUMaeT 00beM V, (0,)= 22,4 /4 =
5,6 1.

[ToncraBus B hopmyiny

m,, — VHz
Max(ox) VBK(H ) J
2/ YUCJICHHBIC 3HAYCHUA, HAXOJHUM, YTO

709 1.2 _ 35 45
M, (okcuoa) = 224 2/MOob.
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MousipHas Macca SKBUBAJICHTOB XUMHUYECKOT'O0 COCTMHCHHS PaBHA CYMME MOJISIPHBIX
MacC KBHBAJICHTOB COCTABJIAIOMKX €ro yacTeil. OKCHa — 3TO COSAUHCHHE MeTalia
C KHCJIOPOJIOM, TTOATOMY MOJISIpHAsl Macca YKBUBAJIEHTOB OKCH/Ia MPEICTABIISICT
coboit cymmy M, (okcuna)= M, (metaia) + M, (kucinopona). Orcrona

M, (metamia) = M, (okcuaa) —M,, (kucnopona) = 35,45 — 8 = 27,45 r/morb.

MomnsipHasi Macca SKBUBaJICHTOB yieMeHTa (M, ) CBs3aHa ¢ aTOMHON Maccou
Ma

snemenTa (M,) cooTHOmeHHeM: M,, (anemenma) = 1 €-©- | rne Y4c.0.%5 — crenens

okucieHus anementa. Orcrona M, = M, (Metamna) - %2c.0./2 = 27,45%2 = 54,9

I/MOJIb.

Takum obpazom, M, (okcunma)= 35,45 r/mMmonb; M, (Meramna) = 27,45 r/Moib; My
(metamna)= 54,9 r/mob.

Ipumep 2.6. IIpy B3auMoAeHCTBUH KUCIOPOJA C a@30TOM MOIYYEHO 4 MOJb
SKBHUBAJICHTOB oKcuza a3ora (IV). PaccunraTs 00beMblI Ia30B, BCTYIUBIIUX B
PEAKIUIO PU HOPMAJIbHBIX YCIOBHUSX.

Pemenne. [1o 3aKk0HY 5KBUBAJICHTOB YKCIIO MOJICH SKBHUBAJICHTOB BEIIIECTB,
BCTYMAIONIUX B PEAKITUIO U 00PA3yIOIIUXCS B PE3yJIbTaTe PEAKIMH, PABHBI MEXKTY
coboit, T.e. v (0y) =v (Ny) =v (NO,).Tak kak moaydeHo 4 MOJIb SKBHBAJIICHTOB
okcupa azora (IV), To, clieqoBaTeIbHO, B PEAKIIUIO BCTYIHIIO 4 MOJIb SKBUBAJICHTOB
O, 1 4 Moab PKBUBAJICHTOB No.

A30T u3mensiet creneHb okucaeHus ot 0 (B N,) 1o +4 (B NO,), 1 Tak Kak B €ro
MOJIEKYJIE 2 aTOMa, TO BMECTE OHH OTIAIOT 8 3JIEKTPOHOB, ITIOITOMY

My, g
M, (N))= 8 = 8 =35 2/mon. Haxonum o0beM, 3aHUMACMbIH MOJIEM
SKBUBaJIEHTOB a3ora (IV):

28 r/moab N, — 22,4 i

3,5 r/mMmoib Ny — x

3,5-22,4 —28
X = 28 JL.

Tax kak B peakIuio BCTYIUIIO 4 MOJIb SKBUBAJICHTOB Ny, TO MX 00BbeM cocTaBisieT V
(N,) =2,8:4 = 11,2 n. 3Has, 4TO MOJIb IKBUBAICHTOB KHCJIOPO/Ia IIPU H.Y. 3aHUMACT
o0beM 5,6 11, paccuuTbiBaeM 00beM 4 MOJIb SKBUBaJIEHTOB 02, BCTYMUBIIIUX B
peakmuio: V (Oy) = 5,604 =224 1.

Wrak, B peakuuto Becrynmiio 11,2 i azora u 22,4 1 kucnopona.
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Hpumep 2.7. Onpenennuts MOJSIPHYIO MacCy 3KBUBAJIEHTOB MeTallIa, eciu u3 48,15
I €ro OKCHJIA MOIy4eHo 88,65 T ero HUTpaTa.

Pemenne. YuutsiBas, uto M, (okcuga)=M,, (metamia)+ M, (kucinopoza), a M,
(comn)=M,, (Metamna)+ M,, (KUCIOTHOTO OCTaTKa), MOJICTABJISIEM COOTBETCTBYIOIIIHE
JTAaHHBIC B 3aKOH YKBUBAJICHTOB:

48,15 _ Msk(mem) + Msk(O) 48,15 Mb>sk(mem) +8
8865 Mbak(mem) + Mak(NOs ). 8865 Mok(mem)+ 62 -

M, (meTanna) = 56,2 r/Monb.

Ipumep 2.8. BeiuncauTh CTENEHb OKUCIEHHS XPOMa B OKCHJIE, colepkaeM 68,42
% (macc.) aToro merania.

Pemenne. [IpunaB maccy okcuaa 3a 100%, HaxoauM MacCOBYIO JIOJII0 KUCJIOpPOAa B
okcuge: 100 — 68,42 =31,58%, T.e. Ha 68,42 yacTelt Macchl XpoMa MPUXOAUTCS
31,58 gacTeil maccsl kuciopoaa, uiam Ha 68,42 r xpoma npuxoautcs 31,58 ¢
KHCJIOpOJia. 3Has, UTO MOJIIpHAs Macca YKBUBAJICHTOB KHCIOpO/ia paBHa § T/MOJb,
OTMpeIeTUM MOJISIPHYIO MacCy SKBUBAJICHTOB XpOMa B OKCHU/IE 110 3aKOHY
SKBUBAJICHTOB:

m

m,.. -Mbsk(O )
. mg, cr "Max(0) :68,42 8 —173

Mbs(Ce)  Mor(O) » M, (Cn)= Mo 31,58 2/Mob.

CTeneHb OKUCIIEHHS XpPOMa HAXOJUM U3 COOTHONIEHHUS
Mer Mg, _ 52 _,
M, (Cr)=l€-0-1 omciooa |c. 0.|= Mox(Ca) 17,3

3aoauu

Ne 2.1. Tlpu B3aumonelictBuu 6,75 r MeTaiia ¢ cepoit oopazoBaioch 18,75 T
cynbduaa. Paccunrars MonsipHble MacChl IKBUBAJIEHTOB METaJllIa U €ro cyibdua.
MonsipHas Macca SKBUBaJICHTOB CEpbl paBHa 16 r/MOJIb.

(Omeem: 9 v/monb; 25 r/™MOIB).

Ne 2.2. BEIMHUCIUTB CTEIIEHh OKUCIIEHHS 30JI0Ta B COSAMHEHNH cocTaBa: 64,9%
3o050Ta u 35,1% xmopa. MosnspHast Macca SKBUBaJICHTOB XxJiopa 35,45 1/MoJb.

(Omeem: 3).

Ne 2.3. BeUHUCIUTD MOJIIPHBIE MAcChl 9KBUBAJICHTOB 1 SKBUBaJICHTHI P,O5 B
peaKkuusX, UAYINUX 10 YPABHEHUSIM:

31



P,Os5 + 3MgO = Mg3(PO4)2,
P,0s+ MgO = Mg(POs),.
(Omesem: 23,7 r/mMonb; 71 r/M0b).

Ne 2.4. CxonpKo MOJIb DKBUBAJICHTOB METAJLIA BCTYIHIIO B PEAKIIUIO C KHCIOTOM,
€CJIN [IPU 3TOM BBIIEIHIIOCH 5,6 J1 BOAOPO/1a TP HOPMAJIbHBIX YCJIOBUSX ?

(Omeem: 0,5 mounb).

Ne 2.5. Ha neitrpanuzanuio 0,943 r pochopuctoit kucnotsl HzPOsu3zpacxogoBano
1,291 r KOH. Beruucinuts MOJSIPHYIO MAacCy 3KBUBAJIEHTOB KUCIIOTHI.

(Omeem: 41 r/monb).

Ne 2.6. OnpenenuTs MOJISIPHYIO MacCy SKBHBAJIECHTOB METaJlJla M Ha3BaTh METAJLI,
eciu 8,34 t ero okucnsitotes 0,68 1 kucnopoaa (H.y.). MeTtamn oKucisieTcs: 10
cTerieHu okucienus +2. (Omegem: 68,7 T/MOTb).

Ne 2.7. BeaucnuTh CTENIEHb OKMCIICHHUS CBUHIIA B OKCHIE, B KOTOPOM Ha 1 T CBUHIIA
npuxoautcs 0,1544 r kucnopona. (Omeem: 4).

Ne 2.8. BbrancnuTh SKBUBAJICHT U MOJISIpHYIO Maccy 3kBuBasieHTOB Al(OH)3 B
KQXKIO0U U3 CIICAYIOIIUX PEAKIMN, BBIPAXKEHHBIX YPABHEHUSMU:

AI(OH); + 3HCI = AICl;+ 3H,0;
AI(OH); + 2HCI = AIOHCI, + 2H,0;
AI(OH); + HCI = AI(OH),CI + H,0.

Ne 2.9. 1ns monmyuenus ruapokcuaa xenesa (1) cmemranu pactBopsl, coaepxariue
0,2 MOJb SKBUBaJIEHTOB H1e0un U 0,3 MOJIb SKBUBaJICHTOB XJiopuaa xene3a (I11).
Ckonpko rpaMMoB rugpokcua xenesa (I11I) moayuunock B pe3ynbrare peakuuu?
(Omesem: 7,13 1).

Ne 2.10. U3 1,3 r rugpokcuaa Metasia noiayvaercs 2,85 r ero cynbdara. Berancantsb
MOJISIPHYIO MacCy 3KBUBAJIEHTOB 3TOro Meramia. (Omeem: 9 r/MoIb).

Ne 2.11. ITpu B3aumMozeicTBUU 22 T MeTasla C KUCIOTOM BBIICIUIIOCH MPH H. Y. 8,4 11
BoAopoAa. Paccuntars MOJIIpHYIO Maccy SKBUBaJICHTOB MeTaiia. CKOIbKO JIUTPOB
KHUCIIOpO/ia MOTpeOyeTcs 1l OKUCIEHUS 3TOT0 Ke KomyecTBa metamna? (Omeem:
29,33 r/momnb; 4,2 1.).

Ne 2.12. BeruucianTh CTENIEHb OKUCIICHUS MBIIIbSKA B COSIUHEHUH €T0 C CEPOi, B
KOTOpoM Ha | r MbIibska npuxoaurces 1,07 r cepsl. MonsipHasi Macca SKBUBAJICHTOB

cepol 16 r/mMonb. (Omesem: 5).
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Ne 2.13. BeIuncanTh 3KBUBAJICHT U MOJISIPHYIO Maccy 3kBuBajieHToB H3PO, B
KQKJI0M U3 CIEIYIONIUX PEAKIIHI, BBIPAXKEHHBIX YPABHEHUSMMU:

H3PO4 + KOH = KH2P04 + Hzo,
H3PO4 + 2KOH = KZHPO4 + 2H20,
H3PO4 + 3KOH = K3PO4+ 3H20

Ne 2.14. Tlpu B3auMo1eHCTBUU BOJIOPO/A U a30Ta MOJIYYEHO 6 MOJIb SKBUBAJICHTOB
ammuaka. Kakue o0beMbl BOZOPOAA U a30Ta BCTYIIIIN IIPU 3TOM B PEAKIUIO ITPU
HOPMAJIbHBIX yCIOBUAX? (Omeem: 67,2 n; 22,4 11.)

Ne 2.15. Tlpu npornyckaHuu cepoBOIOPO/Ia Yepe3 pacTBOP, coaepxkaiuit 2,98 r
XJiopuJia MeTasuia, oopasyercs 2,2 r ero cyibduaa. Belauciantb MOJISpHYIO Maccy
SKBUBAJICHTOB MeTaiuia. (Omeem: 39 r/Momb).

Ne 2.16. MomnsipHasi Mmacca SKBUBAJICHTOB MeTajlia paBHa 56,2 1/MoIb. BeraucnuTs
MacCOBYIO JIOJIIO MeTallia B ero okcune. (Omeem: 87,54%).

Ne 2.17. OnipenenuTh SKBUBAJICHT M MOJISIPHYIO MacCy SKBUBAJICHTOB a30Ta,
KHCIIOpoJia, yriepoaa B coequHenusx NHs, H,O, CHj,.

Ne 2.18. PaccunTtaTh MOJSIPHYIO MacCy 9KBUBAJCHTOB METaJJIa, €CIIH MPU
B3aMMOJICHCTBUHU 7,2 T METaJljIa C XJI0pOM ObLJI0 TostydeHo 28,2 T conmu. MosnsipHas
Macca SKBUBAJICHTOB XJiopa paBHa 35,45 r/moinb. (Omeem: 12,15 r/monb).

Ne 2.19. Ha netitpanuzarnuto 9,797 r oprodocdopHOIl KUCTOTHI H3paCXOA0BAHO
7,998 r NaOH. BbryucianTh SJKBUBAJIEHT, MOJISIPHYIO MacCy SKBUBAJICHTOB U
ocHoBHOCTh H3POy B 3TOM peakuuu. Ha ocHOBaHUM pacueTa HalmucaTh YpaBHEHUE
peakuuu. (Omeem: /> H3POy; 49 r/monb; 2).

Ne 2.20. 0,43 r MeTa/11a IPU peaKUMU ¢ KUCJIOTOH BHITECHUIM NPH H. y. 123,3
MJI Bogopoaa. 1,555 r aToro :xe merajia BCTynaroT Bo B3aumoneicreue ¢ 1,415
I HEKOTOPOr 0 HeMeTAJLIa

JlaGoparopuas padora 3
CKopocTh XUMHUYECKOH peakuu U XUMHYECKOe PABHOBeECHE

eab padoThI: U3YUYNUTH MOHATUSA «XUMUYECKOE PABHOBECUEY, KCMEIIECHUE
paBHOBECHS», (PaKTOPHI, BIUIIONIME HA CMEIICHIE PABHOBECHSI, 3aKOH JCHUCTBUS
Macc JJi1 0OpaTUMBIX MPOIIECCOB.
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3apanHue: npoaenaTh ONbITH U ONPEAEIIUTh, KaK BIUSET NU3MEHEHUE KOHLICHTPALUH
pearupyrommx BEIEeCTB U TEMIIEPATYPHI HA CMELICHUE PAaBHOBECHS. BHIMOIHUTH
TpeOOBaHUS K Pe3yabTaTaM OMBITOB, OPOPMUTH OTUET, PEIIUTh 3a/1a4y.

TeopeTuquKoe BBCACHHE

XUMHYECKHM PAaBHOBECHEM HA3bIBACTCS MaKoe COCMOosAHUE peazupyioujel
cucmemvl, npu KOMOPOM CKOPOCHb NPAMOU PeaKyuu pasHa cKopocmu 0Opammotl
peaxyuy. 3aKOH J1efiCTBUA MACC AJI 00PAaTHUMBIX MPOLECCOB. 8 COCMOAHUU
XUMUYECKO20 paBHOBECUs NPU NOCMOAHHOU MeMnepamype OmHoueHue
npou3sseoenUss KOHYeHmpayui npoOyKmoe peakyuu K npou3ee0eHut0 KOHYeHmpayut
UCXOOHbIX 8eujecms ecmo genuduna nocmosannas. OHa Ha3bIBACTCSI KOHCTAHTOM
paBHoBecus 1 obo3Hauaercs K. [ns peakiuu nA + mB < pC + qD xoHcTanTa
PaBHOBECHS UMEET BUJ:

[A], [B], [C], [D] — paBHOBeCHBIEC KOHIIEHTPAIIUH PEaruPyIOMINX BEIIECTB;
n, m, p, g — koadduuueHTs nepen Bemecrsamu A, B, C, D

XUMHUUYECKOE PABHOBECHE OCTAETCSI HEU3MEHHBIM JI0 TEX TOP, OKa YCIOBUS
paBHOBecHs (KOHIIEHTpAIIHs, TEMIIEPATypa, JaBJICHHUE), P KOTOPHIX OHO
YCTAHOBUJIOCh, COXPAHSIFOTCA MOCTOSTHHBIMU. [[py W3MEHEHNUH yCIIOBUI PAaBHOBECHE
Hapymaercs. Yepe3 HEKOTOPOE BpeMsI B CUCTEME BHOBb HACTYIIAET PaBHOBECHE,
XapaKkTEPU3YIOLIEECs] HOBBIM PABEHCTBOM CKOPOCTEN M HOBBIMHU PAaBHOBECHBIMU
KOHIEHTPALMSIMU BCEX BEIIECTB. [lepexod cucmembl U300HO20 paA8HOBECHO20
COCMOAHUS 8 OPY20eHA3BIBACTCSA CMEIlleHHEeM PABHOBECHS.

[Ipu yBEenmyeHNH KOHUEHTPAMU UCXOJAHBIX BEIIECTB U YMEHBIIEHUH KOHLIEHTpaluu
MPOAYKTOB PEAKIIMN PABHOBECHUE CMEIIAETCS B CTOPOHY MPSIMOU peakuuu. [Ipu
YBEIMYEHUN KOHIIEHTPALMI IPOIYKTOB PEAKIIUHA U TOHM>KEHUN KOHLICHTPALINI
UCXOIHBIX BEIIECCTB PABHOBECUE CMEIIAECTCSI B CTOPOHY OOpaTHOM peaKiluu.
Hanpuwmep, B peakunun

2C0O + Oy « 2CO,

yBennueHue konrneHTpanuii CO, O, (MCX0oaHbIC BEIECTBA) WM YMEHBIIICHUE
koHieHTpauu CO; (MpOAYKT peakiiiu) TPUBOJAUT K CMEIIICHUIO PAaBHOBECHS
BIIPaBo. Y BennueHre koHueHTparuu CO, WM MOHWKEHHUE KOHIICHTPAITUH
ucxoanwix BemniectB CO, O, cmeliaeT paBHOBECUE BIIEBO.

IIpu noBBIIEHNN TEMIIEPATYPHI PABHOBECHE CMELIACTCS B HANPABICHUN
SHJIOTEPMUYECKOM, MTPU ITOHWKEHUH — B HAIIPABJICHUU DK30TEPMUYECKON PEAKIIUU.
Hanpumep, B paBHOBECHOM CUCTEME
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Nz + O, <> 2NO. AH’, , = 180,5 &/l

npsiMasi peakuusl SHA0TEPMUYECKast, [I0ITOMY MOBBIIEHUE TEMIIEPATYPBI IPUBOIUAT
K CMEILIEHUIO XUMHYECKOTO PAaBHOBECHUS B CTOPOHY NPAMON PEAKIIMH, a TOHUKEHHUE
TEMIIepaTypbl — B CTOPOHY OOpaTHOM peakiuu.

BoinosiHenue padorbl

Onwvim 1. Brusnue KOHYyeHmpayuu peacupyrowmux eeecme Ha XuMudeckoe
pasroeecue

st onibITa y100HO BOCIIO0JIB30BATHCS pPeaKkiuei
FeCl; + 3KSCN « Fe(SCN); + 3KCl

N3 BemecTB 3101 cuctembl Toabko ponanu xenesa (I11) Fe(SCN); okpaiiieH B
KpacHblii 11BeT. [IoaTOMy BCAKOE M3MEHEHHE €0 KOHIIEHTPAIUMU MOXKHO JIETKO
3aMETUTh M0 U3MEHEHHUIO MHTEHCUBHOCTU OKPACKH PpacTBOPA, YTO MO3BOJISIET
CeNaTh BBIBOJ O HAMPABJICHUU CMEILICHHS] PABHOBECUSI CUCTEMBI ITPU U3MEHEHUU
KOHLICHTPALIMK PEarupyrouX BEIIECTB.

CwMmemats B mpoOupKe paBHbIE 00bEMBI pa30aBICHHBIX PACTBOPOB XJIOPHIA XKele3a
(IIT) u ponanuaa xkanus. [lomydeHHbIN pacTBOp Pa3iUuTh MOPOBHY B 4 MPOOUPKHU.
OcTaBuTh OIHY IPOOUPKY JIJISl CPABHEHUS, @ B TPEX APYTUX U3MEHUTH
KOHIIEHTpAIK pearupyromux BemecTs. s 3Toro 1060aBUTh B EPBYIO MPOOUPKY
HECKOJIBKO KaIleJb KOHLIECHTPUPOBAHHOTO PaCTBOPA pOJAHN/1a KaJlHsl, BO BTOPYIO —
HECKOJIBKO Kareilb KOHIIEHTPUPOBAHHOTO pacTBopa xJyopuaa xenesa (III), B TpeTsio
— KpUCTAJUIMYecKoro xyuopuja kaiaus. CpaBHUTh OKPACKy B TpeX MpoOHpKax ¢
KOHTPOJIbHOM.

Tpebosanus K pe3yribmamam oOnvima:
1. Caenathb BBIBOJ O CMEMICHUN XUMHYECKOTO PAaBHOBECHS B KXKIOM TIPOOUPKE.

2. ChopmynupoBaTh MpaBUIO CMEIICHUS PAaBHOBECHUS MTPU U3MCHEHHUH
KOHIICHTPAILIMU Pearupyronrx BeIecTB.

3. Hanucatp BbIpaK€HUE KOHCTAHTHI PABHOBECHS JJIS1 TAHHOW PEAKIUH.
4. PaccunuTtarh MOJIIPHYIO MAacCy SKBUBJICHTOB HEMETAJLJIA.
OnpIT 2. Bansinue Temneparypbl HA XUMHUYeCKOe PAaBHOBECHE

[Tpubop, cocTosimumii U3 ABYX IIapOB, 3aMOJHEH cMechbio okcuaa azora (IV) u ero
numMepoM. Huctsiid okenp azota (IV) cymiecTByer npu TeMneparype BbIIIe

140 °C. Husxe atoit Temrepatypbl NO, 4acTHYHO TOJIMMEPH3YETCS 110 YPABHEHHIO:

35



2NO, — N,0,, AH® = -23 kJIx

NO, — ra3 6yporo npera, N,O4 — 6ecriBereH. MI3MeHeHne TeMIIepaTyphl TO3BOJISIET
CYIIUTh O CMEIICHUH PAaBHOBECHS B CHCTEME 110 M3MEHEHHIO HHTEHCHBHOCTH
OKPACKH Ta30B.

OnuH map npudbopa OonyCTUTh B CTaKaH C XOJIOJHOM, a BTOPOM — B CTakaH ¢ ropsiuei
BosioM. HabGmonath u3MeHeHrne MHTEHCUBHOCTH OKPACKH Ta30B B IIapax.

Tpebosanus k pesyrbmamam onvima:

1. Cnenatp BBIBOJ O HANPABJIICHUU CMEILICHHS PABHOBECUS B TAHHOM PEAKLIMU IIPH
HarpeBaHNU U OXJIAKICHUH.

2. ChopMynupoBaTh MPABUIIO CMEUIEHUSI PABHOBECHS ITPU U3MEHEHUU
TEMIEPATYPHI.

3. Hanucatp BbIpaK€HUE KOHCTAHTHI PABHOBECHS JIJIS1 TAHHOW PEAKIMH.
IIpumepsl pelieHUs 3a1a4

IIpumep 6.1. IIpu HekOTOPOI1 TEMIIEpATYpPE B CUCTEME

N, (1) + 3H, (1) 22NH;(T) paBHOBECHBIE KOHIICHTPAIIMHU COCTABIISLIN (MOJIB/J):

[No] =1,5; [Ho] = 1,7; [NH3] = 2,6. Berunciauth KOHCTaHTY paBHOBECHS 3TON
PEaKIMU ¥ UCXOHBIC KOHIICHTPAIMH a30Ta M BOAOPO/Ia.

Pemenne. KoHcTaHTa paBHOBECUS TAaHHOW PEAKIIUU BBIPAXKAETCS YPAaBHEHUEM
2
__[NH,] K = (26)°

- 3 c 3 =Y
[NZ][Hz] . HOI[CT&BJISISI JaHHBIC 3a1a4U, nonyqaeM: L5 -(1’7)

C

HcxonHbie KOHIIEHTpAMK a30Ta U BOJIOPO/Ia HAXOJUM Ha OCHOBE YPaBHEHUS
peakiuu. CoriacHO ypaBHEHHIO peakiiuu Ha oopazoBanue 2 moiab NHj3 pacxoayercs
1 moib N ,. [To ycnoButo 3aiaun o6pazoBaiock 2,6 mosib NHz, Ha 4TO
n3pacxonoBanoch 1,3 Monb N,. YUuTheIBass paBHOBECHYIO KOHLIIEHTPALMIO a30Ta,

HAXOJUM €0 UCXOAHYIO KOHIIEHTPALHIO: SI 1,5+ 1,3 =2,8 moab/mn.

ITo ypaBHeHHUIO peakuu Ha oopa3oBanue 2 Moiab NHz HeoOxonumo 3 moibs Hy, a
U1t mosrydaeHus 2,6 moib NHj tpebGyercs 3%2,6 /2 = 3,9 mons H,. Mcxonnas
KOHIIEHTpAIIUs BOJIOpOAa Ch. = 1,7 + 3,9 = 5,6 monnw/n. Takum o6pazom, K= 0,92;

MCXOJIHbIE KOHIICHTPAIINHU Cn, = 2,8 Monb/1, Cu, = 5,6 MOJIB/II.

IIpumep 6.2. Peakius nporekaet o ypaBueHuto A + B =D + F. Onpenenuts
PaBHOBECHBIE KOHIIEHTPAIIUH PearupyrolIux BEIIECTB, €CJIN UCXOTHbBIE
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KOHIICHTpaIlMH BelecTB A v B, cooTBeTCTBEHHO, paBHBI 2 U 1,2 MOJIB/1I, a
KOHCTaHTa paBHoBecHs peakuuu K= 1.

Pemenue. Tak Kak BCe BEIIECTBA B TAHHOM PEAKIIUU PEarupyiOT B OJMHAKOBBIX
COOTHOIIICHUSIX, 0003HAYNM U3MEHEHUE KOHIICHTPAIIMU BCEX PEarnpyIOIInX
BelecTB uepe3 X. K MOMeHTY yCTaHOBIICHHUS! paBHOBECHS 00pa30Basioch X MOJib D u
x Moits F 1 cootBercTBeHHO [D] = X; [F] = X. [1o ypaBHEeHHIO peakiuu Ha CTOIBKO
K€ YMCHBIIMINCH KOHIeHTpauun A u B, T. e. [A] =2 — X; [B] = 1,2 — x. [ToacraBum
PaBHOBECHbBIC KOHIICHTPAIMH B BBIPA)KCHUE KOHCTAHTHI PABHOBECHSL:

[D] [F] X X
Ke=[ATI[B] :1=(2- x)(1.2- x) - x =(,75.

Orcrona paBHOBecHbIe KoHIIeHTpanuu: [D] = 0,75 momnw/it; [F] = 0,75 monw/1; [A] =
2-0,75=1,25 mons/1; [B] =1,2 - 0,75 = 0,45 mons/m.

IIpumep 6.3. Peakuus nporekaer no ypasHenuto 2SO0, + O, 22S0;. B kakom
HAIPaBIEHUU CMECTUTCSI XUMHUUECKOE paBHOBECHE, €CIIM 00bEM CUCTEMBI
YMEHBIINTH B 3 pa3a’?

Pemenne. J[o n3meHeHus: 00beMa CKOPOCTH MPSAMON U OOpaTHOM peakuui
BBIPAXKAJIMCh YPABHEHHUSIMU:

2 2
- k,C;, Cq, . - k,C
Vnp = 10, -0, Vo6p_ 27805

[Ipu ymeHbleHnH 00beMa B 3 pa3za KOHUEHTPALMS KaXA0ro U3 pearupyromumx
BEUIECTB yBeIMUUTCA B 3 pasza. [locne yBennyeHus KOHLIEHTPAuu CKOPOCTh MPSIMOM

2 2
peakIuu cTana: vy,= Kix(3 Cso, )% (3 Co, ) =kx9 Cs0.x 3 Co. = 27k, Cso, Co,

o C 2 C3
T. €. BO3pociia B 27 pa3; a CKOPOCTb 00PATHOM — V,gp= Kpx (3 7593 )7 = kpx 9 759 =
C2
9k, SO | 1. €. BO3pocia B 9 pa3. CienoBaTelbHO, PABHOBECHE CMECTHUTCS B CTOPOHY

psSMOM peakiuu (BIIPaBo).

IIpumep 6.4. B kakyro CTOPOHY CMECTUTCSI XUMUYECKOE paBHOBECHE peakiiuu A + B
=D, eciu noBBICHTE Temrieparypy Ha 30 °C? TemmeparypHble K03 ()OHIHCHTHI
CKOPOCTH IIPsIMOM U 0OpaTHOM peakiMu PaBHbI COOTBETCTBEHHO 2 U 3.

Pewmenue. [Ipu noseiieHnn TeMneparypsl Ha 30° CKOPOCTh MPSAMON peaKIun
Vonp AT X v AT
- =Y, =27 =8 Vz—ﬁ" =y =3’ =27
BO3pacTeT B P pa3, a CKOpOCTb OOpaTHOM B 1o pas.
Tax kak ckopocTh 00paTHOM peakiuu Bo3pocia B 27 pa3, a CKOPOCTh PSIMOi B &
pa3, TO pAaBHOBECHE 3TOW PEAKIIUU MIPHU MOBBIIIEHUN TEMIIEPATYPHI CMECTUTCS B

CTOPOHY 00paTHO peakinu (BJICBO).
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Ipumep 6.5. Kak u3MeHATCS CKOPOCTH MIPSMOM U 0OpaTHOU peaKIliu, eClii B
cucteme 2NO (r)+ O, (1) 22N0O,(r) ymeHbpmuTh naBieHue B 2 paza? [Ipousoiimer
JIM TIPY 3TOM CMeleHne paBHoBecHs? Ecau 1a, TO B Kakyro CTOpOHY?

Pemenue. /[0 yMEHbIIEHUS JABJICHUS BBIPAKEHUS ISl CKOPOCTH IIPSIMOM U
2 2
00paTHOM peaKIy UMENU BUJ Vy, = Ky CoCo, , Voop = Ko Cio, |

IIpu ymeHbIIEHNN JaBJIEHUS B 2 pa3a KOHLIEHTPALUN KaXKI0r0 U3 Pearupyrommx
BEIIECTB YMEHBILAIOTCS B 2 pa3a, Tak Kak 00N 00beM CUCTEMbI YBEIUYUBACTCS B
2 paza. Torga

P AR ISR G e 2 =1
vip =t (5 Cno) '(ECOQ)_gKICNOCOz- VG —re(5 N0, =Y

K,C3
4" NO,

B pe3ynbTaTe ymMeHBIICHUS JABICHUS CKOPOCTh MPSIMON peakliyi yMEHBIITUIACh B 8
pa3, a CKOpocTh 00OpaTHOM — B 4 pa3a. Takum 00pa3zom, CKOPOCTh OOPaTHON PeaKIINH
Oyzer B 2 pa3a 0oJbllie, YeM MPSIMO, ¥ CMEIIICHUE PABHOBECHS TTPOU30MIET B
CTOPOHY 00paTHOI peakilny, T. €. B CTOpOHY paznoxkeHust NO,.

IIpumep 6.6. B xakom HamnpaBiIeHUN CMECTUTCS PaBHOBECHE PEAKIIUU
COCI, « CO + Cl,, AHOX.p, =+112,5 x]JIx a) npy NOBBIIICHUU 1ABJICHUS,
0) ¢ MOHMKEHUEM TEMIIEPATYPhI; B) IPU YMEHbBIIEHUH KOHLIEHTPAIUU XJIOpA.

Pemenne. a) [Ipy noBeillIeHNH 1aBJIEHUSI PABHOBECUE CMEIIAETCS B CTOPOHY
peakuuu, UAyIend ¢ YMEHbBIIEHUEM YHCIIa MOJIEKYII Ira3a, IPYU OHWKEHUU JaBIICHUS
— B CTOPOHY PEaKLUy, UAYIIEH C YBEIIMYEHUEM YUCIIa MOJIEKYJ ra3a. B yieBon yactu
npuseaeHHon peakuuu 1 monekyna (COCl,), a B ipaoii — 2 (1 CO u 1 Cly),
MIO3TOMY IIPY MOBBILIEHUH JIaBJIEHUSI PABHOBECHE CMELIAETCSI B CTOPOHY 0OpaTHOM
peakuuu;

0) [Ipu moHmwxeHnU TemMmnepaTypbl PABHOBECHE CMEIIAETCSl B CTOPOHY
HK30TEPMHUYECKON PEaKLIMH, PH MOBBIIICHUN TEMIIEPATypPhl — B CTOPOHY
HHIOTEPMHUYECKON. B Hamem npumepe npsiMast peakius SHA0TepMHUYecKas (AHOX,p_ >
0), a oOpaTHas — 3K30TEepMHUYECKasl, CIEAOBATEIHLHO, IPU MOHWKEHUU TEMIIEPATYPHI
paBHOBECHE CMECTUTCS B CTOPOHY OOpaTHOM peakliny;

B) [Ipu yBenmYeHNN KOHIEHTPAMHA UCXOJIHBIX BEIIECTB U YMEHbIIEHUU
KOHLICHTPALIMKU POJYKTOB PEAKIIMN PABHOBECHE CMEIIAETCS B CTOPOHY IPOJTYKTOB
peakuuu. [Ipy yMeHbIIIEHUH KOHIIEHTpAIMU Xjopa (IPoyKTa peaKliii) paBHOBECUE
CMECTHUTCSI B CTOPOHY MPSIMOM PEaKInH, T.€. B CTOPOHY 00pa30oBaHUs MPOIYKTOB
peaKkiuu.

3aoauu
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Ne 6.1.1Ipu HarpeBaHUU JUOKCH]IA a30Ta B 3aKPHITOM COCY/IE IO HEKOTOPOU
Temriepatypsl paBHoBecue peakiiuu 2NO, =2N0O+0, ycTaHOBUIOCH MTpH
CIIeYIOIINX KoHIeHTparusx (Mosis/n): [NO,] = 0,4; [NO] =1; [O,] = 0,5.
BrraucinTh KOHCTaHTY paBHOBECHS IS TOW TEMIIEPaTypPhl M UCXOTHYIO
KOHIICHTpAIMIO TUOKcuaa azota. (Omeem:3,125; 1,4 Monb/m).

Ne 6.2. Peakuus npotekaet no ypaBuenuto AB =A + B. [Ipu nekotopoit
temnepatype u3 1 monb AB, Haxoas1Ierocs B 3aKpbITOM COCYyA€ eMKOCThIO 20 11,
paznaraercst 0,6 mosib AB. Onpenenuth KoHCTaHTy paBHOBecHs. (Omeem: 0,045).

Ne 6.3. KoncranTa paBaoBecus peakimu N,O4 =2NO, pasua 0,16 npu 375 K.
PaBnoBecHas konuenTpanust NO; paBHa 0,09 Moib/1. BeraucinTh paBHOBECHYIO
koHtreHTparuio N,O4 (Omeem: 0,051 moib/).

Ne 6.4. PaccuntaTh paBHOBECHYIO KOHIIEHTpaIuio O3 1 KOHCTAaHTY PaBHOBECHS B
peakuuu 30, (r) =20;3(T), ecnu HavanbHast macca O, paBHa 24 T, a paBHOBECHAs!
kounentparus O, paBaa 0,6 monw/1. (Omeem. 0,1 mons/m; 0,046).

Ne 6.5. Mcnionp3ys cipaBodHbIE JaHHBIC TA0J. | IPUIIOKEHUSI, pACCUUTATh AHOX,p,
peakuuu, rporekarorieit mo ypapaeHuto 2NO; (r) =2NO (1) + O, () u onpenenuTb,
B KaKyI0 CTOPOHY CMECTUTCSI pAaBHOBECHE TIPH OXJIAXKJECHUU CUCTEMBI.

Ne 6.6. PaccuntaTh paBHOBECHBIC KOHIICHTPAIIMU Ta3000pa3HbIX BEIIECTB B
rereporennoit cucreme FeO (k)+ CO (1) =Fe (k)+ CO; (1), ecnu HauambHast
koHueHTpanus CO cocrapisiia 2 MoJib/JI, KOHCTaHTa paBHOBecHs K¢ = 0,6.

(Omeem: 1,25 monw/n; 0,75 Momb/m.).

Ne 6.7. Tlpu coctosiHuu paBHOBecus cuctembl N, + 3H, =2NH; konnenTpamnu
BeriectB ObLIM (MOJIb/N): [N,] = 0,3; [Hy] = 0,9; [NH3] = 0.,4. Paccuutath, Kak
HU3MEHSTCS CKOPOCTH MPSAMOM U 00paTHOM peakIiu, €CIM KOHIICHTPAIIMU BCEX

y4aCTBYIOIIMX B PEAKIMH BEIIECTB YBEIUYUTH B 4 pa3a. B kakom HampaBieHUU
cMmectutes paBHoBecue? (Omesem: 256; 16).

Ne 6.8. BeraucnuTh KOHCTAaHTY PaBHOBECHS JIJII TOMOT€HHON CHUCTEMBI:

CO (r) + H,0 (1) 2CO; (1) + H, (T), eciu paBHOBECHBIE KOHIIEHTpALIUU
pearupyronux BemecTB (Monb/n): [CO] = 0,004; [H,O] = 0,064; [CO,] = 0,016, [H,]
=0,016. Uemy paBHBI UCXOAHBIE KOHIIEHTpau BoJbI 1 CO?

(Omeem: 1; 0,08 moinn/m; 0,02 MOITB/T).

Ne 6.9. B HayasibHBIN MOMEHT MPOTEKAHUS PEAKIIUU
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NiO (x)+ H; (r) 2Ni (k)+ H,O (r)koH1eHTpanuu ObLUTH paBHBI (MOJIB/J): Cu, = 0,5;

Cio= 1,7. Paccuutarh paBHOBECHBIE KOHIICHTPAIIMHU Ta3000pa3HbIX BEIIECTB, €CIIH
Kc=5,66. (Omeem: 0,33 mons/m; 1,87 monb/i).

Ne 6.10. B peaktope mpu HEKOTOPOU TeMIEpaType MPOTEKAET PEeaKIIHsI

CO,+ H, 2CO + H,0. Onpeaenute KOHCTAHTY paBHOBECHS, €CJIM B HAYaJIbHBIN

C C
MOMEHT ~H:=2_15 monp/n, ~¢0:= 1,25 MoJb/JI, a K MOMEHTY PaBHOBECHS
npopearuposano 60 % naugansHoro koiauuectsa CO,. (Omeem: 0,8).

Ne 6.11. Onpenenuth, B KaKyt0 CTOPOHY MTPOU30UJIET CMEIIEHUE PABHOBECHS
peakiuu CO; (r)+ 4H; (r) 2CH,4 (r)+ 2H,0 (1), AHOX'p=-165 k/[x

MIPU CIEAYIOMINX BO3ACHCTBUAX: @) YBEJIMUYCHUU JABIEHUS; O) MOBBIIICHUN
koHieHTpauu CO,; B) TOHMKEHUU TEMIIEPATYPhI.

Ne 6.12. B roMoreHHO# CUCTEME YCTaHOBUIIOCH PABHOBECHE

2H,S + 30, <> 2S0, + 2H,0. KoncranTa paBHoBecust K¢ = 3-10°. Ucxomubie
BEIIECTBA WM MPOAYKTHI peakuuu OyayT npeobiaaarh B pABHOBECHOW CMECH
BELIECTB?

Bprunciauth paBHOBECHYIO KOHLIEHTPALIMIO JUOKCUIA CEPBI, €CIIU PABHOBECHBIC
KOHIIEHTPAIIMH BEIIECTB, YIACTBYIOIIMX B PEaKIIUU, PABHBI (MOJIb/M):

[H,S] = 0,02; [O,] = 0,30; [H,0O] = 0,40. (Omesem: 4,5 mons/n).

Ne 6.13. Paccuutars K¢ peakiuu PCls (1) 2PCl3 (1) + Cl, (1) mpu 500 K, ecnu
MOMEHTY paBHOBecus pazioxuioch 54 % PCls, a ucxonnas xonnenrparus PCls
Obu1a paBHa 1 Moib/i. (Omeem: 0,634).

Ne 6.14.TTocne cmemmuBanus ra3oB A u B B cucteme A (1) + B (1) =C (1) +D(1)
yCTaHABIIMBACTCSI pABHOBECHE MPH CIEAYIONTNX KOHIIeHTpanusax: [B] = 0,5 mons/m;
[C] = 0,2 monb/1. KoHcTanTa paBHOBeCHs peakiy pasHa 4x 107, HaifTi ncxoHbie
KOHIIeHTpanuu BemiectBa A u B. (Omesem: 2,2 monw/i; 0,7 MoJb/1).

Ne 6.15.Cuctema C (rpadur) + CO, (1) 22CO (r),DHOX,p= 172,5 xIx
HAXOJUTCS B COCTOSTHHH paBHOBecHs. Kak MOBIHsET HA paBHOBECHE CHCTEMBL:

a) MOBBIIICHUE TEMIEPATypbl; 0) MOHMWKEHUE AABJICHHUS; B) TOHUKEHUE
koH1eHTpanuu CO,?

Ne 6.16.11pu HekoTOpOI TeMIepaType paBHOBECHBIE KOHIIEHTPAIUU B CUCTENE
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250,+0,= 2S0zcocrarsimu (Moiw/n): [SO,] = 0,04; [O,] = 0,06; [SO;] = 0,02.
OrnpenenuTh KOHCTAHTY PABHOBECHS U UCXOAHBIE KOHIIEHTparuuSO,un0,.

(Omeem:4,17; 0,06 monw/i; 0,07 Moib/1).
Ne 6.17. Peaknust mpotekaer nmo ypaBHeHHIONO+Cl,>NOCI,,DH <0

Kakue usmeHenus a) remnepaTypsl; 0) 1aBICHUS; B) KOHIEHTPAUH Y4acTBYIOIIUX B
peaKUUy BEIIECTB CITOCOOCTBYIOT YBETUUEHHUIO BBIXO1a TPOAYKTA PEAKIUU ?

Ne 6.18. Koncranta paBHoBecus peakiunFeO(x) + CO (1) 2Fe(k) + CO, (1) pu
HeKoTopoi temniepatype paBHa 0,5. Halitn paBHOoBecHbIe KOHLIEHTpauu CO u COy,

€CJIM HayaJIbHbIC KOHIICHTPAITUU ITUX BEIIECTB COCTABIISUIA (MOJIB/T): Cco=0,08:
Ceo, = 0,02. (Omeem:0,67 momnw/; 0,33 MOJB/M).

Ne 6.19. CuctemaN,; (1) + 3H, (1) #2NH; (r);DHOX.p= -92,4 x/I>)x HaxoAUTCS B
COCTOSTHUY paBHOBecHs. ONpeaenuTh, B KAKOM HaIIPaBICHUH CMECTHTCS
pPaBHOBECHE: a) C pOCTOM TEeMIIEPaTYpPhI; O) MPpH MOBHIIIICHUU JIaBJICHUS; B) TIPU
MMOHWKECHUU KOHIIeHTpanuuNHs.

Ne 6.20.Haiitn koHcTaHTy paBHOBecus peakiuuN,0O4 =2NO,, ecin HadanpHas
koH1eHTparusiN,O coctasmsna 0,08 MOb/1, a K MOMEHTY HACTYIUICHUSI PaBHOBECHS
paznoxmiock 50 %N,Oy4. (Omeem: 0,16).

JlabGoparopHas pabdora 4
I'maposus conen

Heab padoThl: U3YUUTH MOHATHE «TUIPOIU3Y», PACCMOTPETH TUIIBI TUAPOIN3A
coJIel, HAyYUThCSI COCTABIISITH MOJICKYJISIPHBIC M MOHHBIE YPAaBHEHUS THIPOJIH3a
COJIEN.

3aganme: onpeaenuts pH cpenbl B pacTBopax pa3iMyHbIX COJIEH, BHISIBUTH BIMSIHUE
KOHLIEHTpAIIMU PacTBOPOB M TEMIIEPATYpPbl HA CMEIICHHE PABHOBECHS TMIPOIH3a.
Boinonuuth TpeboBaHUs K pe3yJibTaTaM OMBbITOB, OPOPMUTH OTYET, PEIIUTH 3a7a4y.

TeopeTquCKoe BBCACHHE

I'maposan3oM cosim Ha3bIBAETCS 83aUMOOelCmEUue UOHOB COU C UOHAMU 800bI,
npusooswee K 00paso8anuio ciabo2o sneKkmpoauma u usmeneHuro pH cpeooi.

IMuaponusy nmoaBepraroTCs Coiv, B COCTaB KOTOPBIX BXOJAT KaTHOHBI CIa0bIX
OCHOBAHM, UJIM AHUOHBI CIA0BIX KUCIIOTHI, UM T€ U IPYTHe OJTHOBPEMEHHO. DTH
HOHBI CBA3BIBArOTCS ¢ HoHamMu H' mmm OH w3 BosI ¢ oOpazoBaHUEM CJ1a00ro
AJIEKTPOJINTA, B PE3YJIbTATE YETO HAPYIIIAETCSl PABHOBECHE JICKTPOJIUTHY ECKOM
mucconuanuy Boasl H,O «<» H + OH . B pacTBope HakarmBarorcs noHsl H' wmm
OH , coobmias eMy KHCITYIO M MET0YHYI0 peakimio. Comu, 00pa3oBaHHbIE
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CHJIbHBIM OcHOBaHKeM U cuiibHO# kucioToi (NaCl, NaNOs, K,SO,4, BaCl,, LiNO,),
THIPOJIM3Y HE TOABEPraoTcs. B 3ToM ciiyyae HU KaTHOH, HU aHHOH COJIM HE OyayT
CBSI3BIBATh HOHBI BOJBI B MAJIOAMCCOLMUPOBAHHBIE TPOAYKTHI, IO9TOMY PaBHOBECHE
JMCCOLIMAIIMH BOIBI HE HApyIIaeTcs. Peakiust cpesl B paCTBOpaxX TaKUX COJCH
HeuTpanbHas, pH~7

MoxxHO BBIJICJIMTDb TPU THUIIA THAPOJIN3A:

I.Tuaponu3noaHuOHYIPOUCXOAUT B pACTBOPAX COJIEHU, COCTOSIUX U3
AQHUOHOB CJ1a0BIX KUCJIOT U KaTHOHOB cuiIbHBIX ocHOBaHuM (CH3COOK, KNO,,
Na,COs, Cs3PO,). B aToMm ciiydae aHNOH ¢J1a00H KHCJI0ThI CBS3bIBACTCS C HOHBIMU
H" 13 BoabI ¢ 00pa30BaHKMEM c1aboro NEKTPOIIHTA.

B kauectBe nprumMepa paccMOTpUM Tuapoau3 HUTpuTa Kamust KNO,. OTa conb
oOpasoBaHa cuibHbIM ocHOBaHueM KOH u cna6oii kucinoroir HNO,. Tlpu
pactBopennu B Boge KNO, momHocTsio auccoruupyetT Ha nonsl K u NO, .
Katuons! K* He MoryT cBassiBats nonst OH Bogs, Tak kax KOH — crybHbIi
371eKTpouT. AHHOHBI 5ke NO, CBA3bIBaIOT HOHBI H' BO/IBI, B pe3ynbTaTe uero B
pacTBOpe MOSABIAIOTCS MOJEKYIBI cliaboit kuciorsl HNO, u runpokcn-nonst OH |

HOpHIIOK COCTaBJICHUC ypaBHeHI/Iﬁ rmapojin3a CJ'IGIIYI-OIHI/II\/JII

a). 3anuchIBAIOT YPaBHEHHE JIUCCOIUAIIMHU COJIA U MOUYEPKUBAIOT MOH, KOTOPBIT
MOeT 06pa3zoBaTh ¢ noHaMu Bozsl (H' i OH') cnalblit S1eKTponuT:

KNO, =K"+ NO,
0). CocTaBmsitoT KpaTKOE€ HOHHOE YpaBHEHUE U yKa3biBatoT pH cpenpr:
NO, + HOH <> HNO, + OH pH>7

B). CoCTaBIAIOT MOJIHOE HOHHOE ypaBHEHHE peakuuu. [[i1s1 3Toro npudaBisioT K
JIEBOW U MPaBOM YACTSAM KPaTKOro HMOHHOI'O YpaBHEHUS! MOHBI, HE IPETEPIEBAOLINE
B pe3yJbTaTe TUAPOIIM3a HUKAKUX U3MEHEHUN. B paccmMaTrpuBaeMom nmpumepe — 310
KATHUOHBI KaJIHSL:

K+ + NOZ_ + Hzo > HN02 + K+ + OH_

F). CocTaBisioT MOIJICKYJEIPHOC YPAaBHCHHC THAPOJIN3aA. I[JIH 9TOI'O MOHBI U3 ITOJIHOI'O
HOHHOI'O YPAaBHCHHUA COCIUHAIOT B MOJICKYIJIbI:

KN02 + HQO > HN02 + KOH

[IponykTel ruaponu3a — cinadas kucinora HNO; u rugpokcun kanus KOH.
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Conu, 06pa3oBaHHbBIE CUITBHBIM OCHOBAaHUEM U CJ1a00H MHOTOOCHOBHOM KHCIIOTOM,
THIPOJU3YIOTCS CTyHeHuYaTo. [ uapoan3 npoTeKaeT B 3HAUUTEIBHO OOJIbIIEH Mepe
0 NIEPBOM CTYNEHU. DTO MPUBOJUT K OOPa30BaHUIO KUCIIBIX COJIEH:

Na,S = 2Na" + S*
S* + HOH <> HS + OH pH>7
2Na’ + S* + H;0 <> Na" + HS + Na' + OH’
Na,S + H,O «» NaHS + NaOH
[Ipoaykramu ruaponu3a sipusietrcs xkucaas coib NaHS u ruapoxcua narpus NaOH.

2.'maponau3moKaTHOHY IPOUCXOIUT B PACTBOPAX COJICH, COCTOSIINX U3
KaTHOHOB CJIa0bIX OCHOBaHUH M aHHOHOB cuibHBIX KucioT (NH,4CI, CuSO,, FeCls,
AICl3, Pb(NO3),, ZnSO,). B aToM ciydyae KaTHOH €J1a60r0 OCHOBAHHSA
cBsi3biBaeTcs ¢ moHamu OH™ 13 Bojibl ¢ 00pa3oBaHUEM CI1aboro 3JIeKTpoanTa. Tak,
THJIPOJIHN3 Cyb(daTa IMHKA MOXKET OBITh IIPEJICTABIICH YPaBHCHHUSMMU:

ZnSO, = Zn*" + SO,*
Zn* + HOH < ZnOH" + H' pH < 7
2Zn** + 250,” + 2H,0 < 2ZnOH" + SO, + 2H' + SO,
2ZnS0O, + 2H,0 < (ZnOH),SO, + H,SO,

[Iponykramu rugpoausa sSBistoTcs ochogHas conb (ZnOH),SO4u cepHas kuciora
H,SO,.

3.TuapoNM3T0OaHMOHYHUKATHOH Y OIHOBPEMEHHO MPOUCXOINT B
pacTBOpax coJici, 00pa30BaHHBIX CIa0BIMU OCHOBAHUSMU U CJIA0BIMHU KHCIOTaAMHU
(NH4NO,, Al,S;, Fe(CH3;COO0)3, NH,CH3;COO, NH,CN). B aTtom ciydae ¢ Boaoi
B3aUMOJICHCTBYET KaK KATHOH CJ1ad0ro OCHOBAHMUS, TaK M aHUOH CJ1a00i KHCIIOTHI,
HaIpUMep:

NH,CH;COO = NH," + CH,COO

NH," + HOH — NH,OH + H*
CH3COO + HOH «— CH,COOH + OH"
NH," + CH;COO + H,0 <> NH,OH + CH,COOH
NH,CH;COO + H,0 < NH,OH + CH;COOH

['maponu3 uaer 1o KaTMOHY U aHUOHY, cpenia OM3Ka K HelTpaabHoi, pH ~ 7.
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Kak mpaBuiio, rusposn3 — o0paTuMslii poriecc. B mepBbIx ABYX cirydasx
PaBHOBECHE CHIIBHO CMEILIEHO BJIEBO — B CTOPOHY MaJIOAMCCOLIMUPOBAHHBIX MOJIEKYJI
BO/JIbl, B TPETHEM — BIIPABO, B CTOPOHY 00pa30BaHUs MPOAYKTOB IT'MAPOIN3a — IBYX
CJIa0BIX AIEKTPOIUTOB.

[IpakTrueckn HEOOPATUMO THAPOIU3YIOTCS TOJIBKO T€ COJIU, TPOAYKTHI THAPOJIN3A
KOTOPBIX YXOST U3 pacTBOpPA B BUJIE HEPACTBOPUMBIX WJIH Ia3000pa3HbIX
coenuHeHuii. HeoOpaTumMo ruipoiu3yronuecs: Coii HEBO3MOKHO MOIYYUTh B
pe3ysbTare peakiny oOMeHa B BOAHBIX pacTBopax. Hampumep, BMECTo 0XuaaeMoro
Cr,S; mpu cmemuBanuu pactBopoB CrClz u Na,S obpasyercs ocagok Cr(OH); u
BBIICIISICTCS Ta3000pa3HbIil H)S:

2CrCl; + 3Na,S + 6H,0 = 6NaCl + 2Cr(OH)s| + 3H,S1

Ha pasnosecue eudponusa erusrom memnepamypa u konyenmpayus. Cmeujerue
pasHogecus 2u0poIU3a NPOUCXo00um 6 coomeemcmeuu ¢ npunyunom Jle Lllamenve.
T'uoponuz — smo peaxyus, o6pamuas HelMpaiu3ayul, a Helmpau3ayus —
IKZ0MEPMUYECKUL NPOYECC, CLe008AMENbHO, 2UOPOIU3 — IHOOMEPMULECKULL.
TIlosmomy yeenuuenue memnepamypsi ycunugaem 2uopoau3s (m.e. cmewjaem
pasHogecue enpaso). Ilpu nocmosauHou memnepamype pasHosecue 2uopoiu3a
MOICHO CMeCUmMb 8Npaso (YCUIUms cUOpoaus), pazoasisis pacmeop 000U u
yoanss npodykmel cuopoausa. I uopoaus nooasnsemcs

BoinosiHeHue padoTbl
Onwvim 1. Peakyusi cpedvl 6 pacmeopax pasiuinvlx coell

Ha nosnocku yHuBepcaabHONW MHAMKATOPHONW OyMaru HAaHECTH 1O Karljie pacTBOpa
xnopuna Hatpust NaCl, cynbdara menu CuSO,, HuTpata cBunIa Pb(NO3),,
kap6onata HaTpusi Na,COj, anerata kanmus CH3;COOK wu arierara amMoHus
CH3COONH,. Tlo n3MeHeHnio OKpacku WHIUKATOPHONW OyMaru C7enaTh BBIBOJ O
pEAKIMH Cpe/ibl B paCTBOPE KAXKIOW COJIN.

Tpebosanus k pezynomamam onvima:

1. CocTaBUTH COKpaLIEHHBIE, ITOJIHBIE HOHHBIE U MOJIEKYJISIPHBIE YPABHEHUS
peakuui ruaponan3a coiei, ykasatb pH cpensl. B cinydae cryneHuaroro ruiponausa
HAIMCaTh YPAaBHEHUS PEaKLUI TOJIBKO JUJIS IEPBOM CTYIIEHHU.

2. Cnenatp BBIBOJ, KAKME TUIIBI COJIEHM MOJIBEPratOTCs THAPOIU3Y.
OmnpiT 2. CMelleHne paBHOBeCHA THAPOJIU3A NIPU pa3daBJIeHNH PaCTBOpa

Hanute B mpoOupky 1-2 mut pactBopa Hutpara BucMmyta Bi(NO3)3 1 mocTeneHHo
pa30aBsATh BOAOHW 70 BhIMIafeHus ocanka. [IprubaButh B mpoOUPKY C OCATKOM
HECKOJIBKO KarleJib KOHUEHTPUPOBAHHOM a30THOU KUCIIOTHI. YUTO MPOUCXOIUT C
ocajgkom?
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Tpebosanus k pezyrbmamam onvima:

1. CocTaBUTH COKpAICHHBIE, ITOJIHBIE HOHHBIE U MOJIEKYJIIPHBIE YPaBHEHHUS
peaKkuy ruApOIN3a HUTPATa BUCMYTA 10 IIEPBOM U BTOPOU CTYIIEHH.

2. CnenaTh BBIBOJ O CMEIIICHUH PaBHOBECHS IIPH pPa30aBICHUH pacTBOpa U
100AaBJIEHUU KUCIOTHI.

OmnpiT 3. CMeleHue paBHOBeCHs THAPOIHN3A PU U3MEHEHUH TeMIIepaTyphbl

B npobupky Hanuts 5-6 mu pactBopa arerata Hatpust CH;COONa u no6aButs 1-2
karu penondranenna. Coaepxumoe TPOOUPKH pa3AeIUTh Ha 2 4acTH, OJIHY U3
HUX OCTaBbTE Ui CPABHEHHUSI, IPYT'YIO0 — HArPeTh 10 KuneHus. CpaBHUTH OKPACKy
MHAMKaTOpa B 00enx npodupkax. /laTh mpoOupke OXIaquThCsa U CHOBA CPAaBHUTH
OKpacKy MHJIMKAaTOpa B 00enX MpoOupKax.

Tpebosanus k pesyrbmamam onvima:

1. CocTaBUTh COKpaIleHHOE, TOJTHOE HOHHOE M MOJIEKYJISIPHOE YpaBHEHUE PEaKIIUU
ruaponmsza CH3;COONa.

2. Caenathb BBIBOJI O CMEIICHUHN paBHOBECHSI MPU U3MEHEHUU TEMIIEPATYPHI.

OnbIT 4. Peakuuu o0MeHa, CONMPOBOK/IaeMble THIPOJIU30M

B ogny npoOupky Hanuth 2-3 mut pactBopa cyinbdara meau (II), B 1pyryro — cTonbko
xe xaopuna xxenesa (II1). 3arem B kaxayro npoObupky 100aBUTH O 2-3 MJI pacTBOpa
kapOonara HaTpusi. OTMETUTH BBIICTICHUE YIIIEKHUCIIOr0 ra3a B 00€uxX MpoOupKax u

BBITIQJIEHHE OCaJKOB. B mepBoii mpoOupke B 0CaZoK BbINagaeT KapooHat
rugpokcoment (II), Bo Bropoii — runmpokcun xenesa (I10).

Tpebosanus k pe3yromamam onvima:
1. 3aKkOHYUTH ypaBHEHUS PEAKLUI B MOJIEKYJIIPHOM U MOHHOM BHJIE:
CuSO, + Na,CO3 + H,0 =
FeCl; + Na,CO5; + H,0 =
2. OOBSCHUTD, MIOYEMY HE MOJYUMUIUCh KapOOHATHI MEAU U JKEJIe3a.
IIpumeps! perneHus 3aaa4

Ipumep 9.1. Kakue npoyKTsl nmogydaTcst mpu cMemuBanuu pactBopoB AlCl; u
Na,S? CocTtaBUTh HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJIIPHOE YPaBHEHUE PEAKLIUU.

Pemenune. Conp AICl; ruaponusyercs o KaTuony, a Na,S — 1o aHHOHY:
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AP+ H,0 < AIOH? + H*,
S* + H,0 <> HS + OH.

['maponu3 npuBeIEHHBIX COJIel OOBIYHO OIPAHUYUBAIOTCS TIEPBOI cTyneHbto. [Ipu
CMEIIMBaHHH PAcCTBOPOB dTHX coneil nousl H' 1 OH cBA3BIBAIOTCSA B MONEKYJIbI
cnaboro anekrpoauta H,O, casuras ruipoIuTHYECKOE paBHOBECUE BIIPaBO. ITO
PUBOJUT K TOMY, YTO YCHJIUBACTCS TUIIPOJIN3 KAXKION U3 COJIEH 10 00pa3oBaHUs
Al(OH); u H,S. MoHHO-MOJICKYIIIpHBIC U MOJICKYJIIPHOE YpaBHEHUS UMEIOT BH/I:

AIF* +35% + 6H,0 = 2Al(OH);| + 3H,S1
2AI* + 6CI™ + 6Na* +3S* + 6H,0 = 2AI(OH);| + 3H,ST + 6Na* + 6CI~
2AICI; + 3Na,S + 6H,0 = 2AI(OH)3| + 3H,S1 + 6NaCl
Taxum obpazoMm, npoaykramu rugponusa seistores AI(OH); u H,S.
Ipumep 9.2. K pactBopy Na,CO3 nodaBunu cienyromue Beuiectna: a) HCI;

0) NaOH; B) Cu(NO3),; 1) K,S. B kakux ciydasx TUApoiIu3 KapOoHaTa HATPHSI
yeunutesi? Tlouemy? CocTaBUTh HOHHO-MOJICKYIISIPHBIC YPaBHEHUS THIPOJIH3a
COOTBETCTBYIOIIUX COJIEH.

Pemenne. Kap6onat Hatpust Na,CO3z— comb c1ab0i KUCIIOTHI U CHIIBHOTO
OCHOBAHMSI THIPOJIM3YETCS IO AaHUOHY:

CO5” + H,0 < HCO; + OH (1)

UToOB! YCHIIUTH TUAPOJIA3 COJIM, HY’)KHO YMEHBIINTH KOHIIEHTpaiuio noHoB OH u
TakUM 00pa3oM cMecTUTh paBHOBecue (1) BpaBo. ITOro MOXKHO JOCTUTHYTh

+
nob6asnenueM B pactBop Na,COj BeriecTB, pacTBOPbI KOTOPBIX coaepx aT noHbl H' .
Nonsl H' eyt noust OH u3 (1) B Monekyinsl caboro snekrponuta H,0, B
pe3ynbTare yero paBHoBecue (1) cMecuTcs BpaBo U THAPOIU3 yeuiuTces. B Hamieit

+ —
3amade TakuMu BemectBamu siBisitoTcest kuciiora HCI (HCI — H™ + Cl) 1 conp
+

Cu(NOy),, conepxarast noHbsl H' BciiecTBre ee ruapoiii3a 1o KaTHOHY

Cu* + H,0 <> CuOH" + H".
3aoauu

Ne 9.1. Kakwue u3 mepeyrcIeHHBIX HIKE Cojlel moaBepraroTes rupoiansy: NaCN,
KNO3;, CuCl,, ZnS0O,? CocTaBuTh HOHHO-MOJICKYJISIPHBIC U MOJICKYJISIPHBIC
YpaBHEHUs peakuui, yka3atb pH cpensr.
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Ne 9.2. K pactBopy Cry(SO4)3; n06aBunu pactBop K;S. OOBSICHUTH IPUIHHY
oOpa3zoBaHus Ocajka U BblelieHHs Ta3a. CoCTaBUTh MOJIEKIISIPHOE U MOHHO-
MOJICKYJISIPHBIC YPABHEHUS PEAKITUU.

Ne 9.3. Kakwue u3 coneii: Na,SO,, K;SO3, NH4CN, LiCl, Fey(SO,4)smoasepratores
rupoian3y? CocTaBUTh HOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YPABHEHUS
ruapoau3a 3tux coneil. Kakoe 3nauenue pH (> 7 <) umerot pacTBOphI 3TUX COJICH?

Ne 9.4. CocTaBuTh MOJICKYJISIPHBIC U HOHHO-MOJICKYJISIPHBIEC YPABHEHHS COBMECTHOTO
THJIPOJIK3a, MPOUCXOIAIICTO NP CIMBaHUU pacTBOpoB: a) Fe(NO3); u Na,COs;

6) CUCIZ u K2C03.

Ne 9.5. [logoOpath 1o 1Ba ypaBHEHUS B MOJIEKYJISIPHOM BHUJIE K KOKJIOMY U3 TPEX
HMOHHO-MOJIEKYJIIPHBIX YPAaBHEHMIA:

a) AI** +H,0 « AIOH* + H"; 6) S* + H,0 < HS + OH;
B) CH;COO + H,0 <> CH;COOH +OH.

Ne 9.6. [TomoOpath 10 /1Ba ypaBHEHHUS B MOJIEKYJISIPHOM BHJIE K KOKJOMY U3 TpEX
MOHHO-MOJIEKYJISIPHBIX YPaBHEHUI:

a) Fe** + 2H,0 < Fe(OH)," + 2H"; 6) CO5* + H,0 <> HCO;3 + OH;
B) NH4++ Hzo g NH4OH + H+.

Ne 9.7. CocTaBUTh HOHHO-MOJIEKYIISIPHBIE K MOJIEKY/ISIPHBIE YPAaBHEHMSI PEAKIIMMA IS
COJICH, MOIBEPrafoIIUXCs THAPONN3Y, yKa3aTh peakiuto cpeabl: KoSOz, Cr(NO3),,
NaNO,, NiSO,.

Ne 9.8. B kakoii 1iBet Oyer okpaiiieH JJakMyc B BOIHBIX pactBopax: K,S, (NH4),SOy,
Na,COs3, Li,SO,? OtBeT 000CHOBaTh HOHHO-MOJICKYIISIPHBIMU M MOJIEK YJISI PHBIMH
YPaBHEHHSIMH PEAKIHiA THPOJIH3a CONEH.

Ne 9.9. CocTtaBuTh HOHHO-MOJIEKYJISIPHBIE U MOJICKYJISIPHbIE YPAaBHEHUS PEAKIIMM JIJIst
COJIeH, MOABEPratoLINXCs THAPOIU3Y, yKa3aTh peakiuio cpenbl: KI, Cu(NO3),,
K,Si03, ZnSO,.

Ne 9.10. Kakue u3 mpuBeIeHHBIX COJIEH MOABEPratoTCs TUAPOINU3Y IO KATUOHY, TIO
aHHMOHY, 10 KaTHOHY M aHnoHy: BaS, Mn(NO3), AlICI; Cr,S;? Ykazars pH cpenbt
JUISL BOJHBIX PacTBOPOB coiieid. COCTaBUTh HOHHO-MOJIEKYJIIPHBIE U MOJIEKYJIIPHBIE
YpaBHEHHUSI THIPOJIA3A.

Ne 9.11. Kaxkue u3 coneit Nal, CrClz NH4;NO3;, NH;NO, nogsepratorcs ruaponuzy?
CocTaBUTh HOHHO-MOJICKYIISIPHBIE U MOJICKYJISIPHBIC YPaBHEHUS THAPOJIA3A STHX
COJIEH, yKa3aTh PEaKIIUiO CPEIb.
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Ne 9.12. K pactBopy Aly(SO4); mobasunu ciienyromiue Beriectsa: a) HySOy;

6) KOH; B) Na,SOg3; 1) ZnSO4. B kakux ciydasx ruiposin3 cyibdara aTroMAHUS
yeunutces? [louemy? CocTaBUTh HOHHO-MOJEKYIISIPHBIE YPAaBHEHUS THAPOIN3a
COOTBETCTBYIOIIUX COJIEH.

Ne 9.13. Kakue u3 Bemiects: Na,COj, Li,SO3, CuCly, MgSO,, BaS co3nanyr
U30BITOK TUIPOKCHI-MOHOB B pacTBope cBoeit comu? [louemy? CocTtaBUTh HOHHO-
MOJICKYJISIPHBIE U MOJICKYJIIPHBIEC YPaBHEHUS TUIPOJIN3a ATUX COJICH.

Ne 9.14. TTpu cnuBanum pactBopoB cojelt CrCl; m Na,CO3 o6pazyercst ocanok
Cr(OH); u Beiiensiercs ra3z CO,. OOBSICHUTD TPUYUHY U HATIKCATh MOJICKYJISIPHOE U
MOHHO-MOJIEKYJIIPHbIE YPaBHEHUS PEAKLIUH.

Ne 9.15. HamucaTh ypaBHEHHS peakluid THAPOJIN3a B HOHHO-MOJIEKYJIIPHOM H
MOJICKYJISIPHOM BHJIC: arleTara JUTHS, XJIOPHIa aJFOMUHMS, [THaHU1a aMMOHUS,
cynbduaa 6apus.

Ne 9.16. O0BsicHUTSD, MOYeMy BogHBIC pacTBOpbl NaNO,, Li,CO3, NazPO, nmeror
IICJIOYHYIO peakiuio. OTBET MOATBEPANTh YPAaBHCHUSIMH PEaKIUii B HOHHO-
MOJICKYJIIPHOM M MOJICKYJISIPHOM BHJIC.

Ne 9.17. K pactBopy FeCls nobaBunu cienyromue Bemectsa: a) HCI;

6) KOH; B) CuCly; 1) Na,COs. B kakux cimydasix THAPONINA3 XIJIOPHUJIA Kee3a
yeunurces? [Touemy? CocTaBUTh HOHHO-MOJIEKYIISIPHBIE YPABHEHUS THIPOIIN3a
COOTBETCTBYIOIIUX COJIEH.

Ne 9.18. Ipu cmemmBanuu pactBopoB Fey(SOy4); u K,S o06pasyercst ocanok u
BBIZICTIsIeTCs ra3. Hamucath MOJICKYISIpHOE ¥ MOHHO-MOJICKYJISIPHBIC YPABHEHHUSI
COBMECTHOT'O TUAPOJIN3a COJIEH.

Ne 9.19. CoctaBuTh HOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIPHBIE YpaBHEHUS THIPOIH3a
coxneit: NH,CH3COO, Ca(NO,),, KsPO4, MnCl,.

Ne 9.20. [Touemy mipu 1oOaBICHUH TOPSIYEH BOJBI K BOJHOMY PaCTBOPY XJIOPHAA
xenes3a (III) Beimamaer ocamok? [loaTBepauTh 3TO ypaBHEHUSIMU PEAKIIUH B HIOHHO-
MOJIEKYJISIPHOM U MOJICKYJISIPHOM BHUJIE. PABHOBECHUE CMEIIAETCS BJIEBO), €CITU
YBEIIMYUTH KOHIIEHTPALIUIO NPOJYKTOB THAPOJIN3A.

JlaGoparopHas pabora 5
OKHCJIUTETBHO-BOCCTAHOBHUTEIbHbBIE PeaKINU

Heab padoThbl: U3YUUTH MOHATHS «CTEIEHb OKUCIICHUS, OKUCIUTEIIbHO-
BOoccTaHOBUTENIbHBIE peakiiuu (OBP)y», «OKUCIUTENbY, «<BOCCTAHOBUTENDY,
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«IIPOLIECCHI OKUCIIEHUS U BOCCTAHOBIICHUD», HAYUYNUTHCS COCTaBIATh ypaBHeHHs: OBP
C IIOMOUIBIO METO/A JIEKTPOHHOIr0 OanaHca, onpenessite Turn OBP.

3ajaHue: MPOBECTH ONBITHI U BBISIBUTH BIUSHKE peakuuu cpeasl Ha OBP ¢
Y4aCTHEM MIEPMAHTaHATA KaJIMS; ONBITHBIM IIyTEM OINPEAEIUTh OKUCIUTENBHO -
BOCCTAHOBHTEJIbHbIE (DYHKLIMY HUTPUTA KaJKsl; IPOIeiaTh BHYTPUMOJIEKYISIPHYIO
PEaKUHUIO ¥ PEAKIUIO JUCITPOIIOPLUUOHUPOBAaHMS. BBIMOTHUTE TpeOOBaHUS K
pe3yJbTaTaM ONBbITOB, OQOPMUTH OTUET, PELIUTD 3a/1ady.

Teopernueckoe BBeIeHUE

OKHNCINTEIBbHO-BOCCTAHOBUTEILHBIMHM HA3bIBAIOTCS peaxkuyuu,
COﬂpO@OQlCOCliOleteC}Z UBMEHEHUEM CMENEHU OKUCIEHUA ITIEMEHRMOE.

OxkuciieHue — npoyecc omoadu 31eKmpoHO8 amoMOM, MOJEKYI0U UU UOHOM,
CONPOBONCOAIOUULLCSI NOBBILUEHUEM CeNneHU OKUCTIEHUs dIeMenHma.
BoccranoBiienune — npoyecc npucoeourHenus: 31eKmpoHo8, CONPOBOHCOAOWULICS
NOHUDICEHUEeM CMmeneHy OKUCIEHUs DTIeMeHma.

OxwucrieHre 1 BOCCTAHOBJICHNE — B3aMMOCBSI3aHHBIE ITPOLIECCHI, MPOTEKAIOIIHE
OZHOBPEMEHHO.

OxucanTeNsIMM Ha3bIBAIOTCS Gelyecmea (amombvl, UOHBL UL MOAEK)Ibl), KOMOopble 8
npoyecce peakyuu NPUCcoeOUHsiom 3J1eKmpoHsl, BOCCTAHOBUTEJISIMH — geuyecmad,
omoarouwue 31ekmponsl. OKUCIUTEIIIMH MOTYT OBITh aTOMBI TAJIOT€HOB U KUCJIOPOI,
MOJIOKUTENBHO 3apsIKEHHBIE HOHBI METAJLJIOB (FeS+, Au, Hg2+, Cu?, Ag+),
CJIO)KHBIC MOHBI U MOJICKYJIBI, COACPIKAIIe aTOMBI METaJllIa B BBICIIICH CTETICHU
okucienust (KMnO,, K,Cr,0O,, NaBiO3 u ap.), aTOMBbI HEMETAILIIOB B

noJoxuTenpHOM crenenu okucienus: (HNOs, konnenrpupoBannas H,SO,4, HCIO,
HCIO;, KCIO3, NaBrO u ap.).

TUNMUYHBIMUA BOCCTAHOBUTEIISIMU SIBJISIFOTCS TIOYTU BCE METAJJIbl 1 HEKOTOPHIE
HEMeTaJUThI (YIJIepo/1, BOAOPO/I) B CBOOOTHOM COCTOSTHUH, OTPUIIATEIHHO
3apsiKeHHbIe HOHBI HeMeTautos (S°, |, Br, Cl u 1p.), MONOKHUTEIBHO 3apsHKeHHBIE
MOHBI METAJUIOB B HU3MIEH CTCIICHU OKHUCJICHUS (Sn2+, FeZ+, Cr2+, Mn2+, Cu’ u ap.).

CoenuHenusi, coaepkaiiyue 3JIeMEHThl B MAKCUMAJIbHOM WM MUHUMAaJIbHOM
CTEINEHSIX OKUCIICHHS, MOT'YT OBITh COOTBETCTBEHHO WJIM TOJIBKO OKHCIIUTEIISIMHU
(KMnO,, K,Cr,07, HNO3, H,SO,4, PbO,), unu Toneko Boccranoutemsamu (Kl, Na,S,
NHs). Ecnu ke BemecTBo coASpyKUT JIEMEHT B MMPOMEKYTOUHON CTEIICHH
OKHCJICHUS, TO B 3aBUCUMOCTH OT YCJIOBUM MPOBEJCHUS PEaKI[MU, OHO MOXKET ObITh
a0 okucnuTeneM, J100 BoccranoButesneM. Hampumep, autput kamus KNO,,
coJiep KaIuii a30T B CTENEHU OKHUCIICHHS +3, mepokcua Bojgopoaa H,0,,
COZIEpIKAIMK KUCIIOPO/I B CTEIIEHU OKUCJIEHUS -1, B MPUCYTCTBUU CUIILHBIX
OKHCJIUTENIEN MPOSIBIIAIOT BOCCTAHOBUTEJIBLHBIE CBOKWCTBA, a IMPU B3aUMOJIEUCTBUU C
AKTUBHBIMH BOCCTAHOBUTEIIIMHU SIBJISIOTCS OKHUCIIMTEIISIMU.
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[Ipu cocTaBieHUN ypaBHEHHUI OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX PEaKIIi
PEKOMEHyeTCs MPUICPKUBATHCS CIEAYIONIETO MOPSIKa:

1. Hanmucate opMysbl HCXOAHBIX BemiecTB. OnpeaeIuTh CTEeHb OKUCIICHUS
3JIEMEHTOB, KOTOPBIE MOTYT €€ U3MEHUTh, HAUTH OKUCIIUTENIb U BOCCTAHOBUTEIIb.
Hamucate npoaykTel peakiuu.

2. CocTaBUTh YpaBHEHHMsI POLIECCOB OKUCIIEHUS U BoccTaHoBeHus. [logoopars
MHOXXHTENU (OCHOBHBIE KO3(P(MUIMEHTHI) TaK, YTOOBI YUCIIO JJIEKTPOHOB,
OTJIaBa€MbIX MPU OKUCICHUH, ObLIIO PABHO YUCITY 3JEKTPOHOB, TPUHUMAEMBIX MTPU
BOCCTaHOBJICHUH.

3. PaccTaBuTh KO3()PUIIMEHTHI B ypaBHEHUU PEAKIIHH.
K,Cr, %0, + 3H,S? + 4H,S0, = Cr,"™(S0,); + 3S° + K,SO, + 7H,0
OK-JIb BOCCT-JIb Cpe/ia
S?—2& — S"143 — okucienue
2Cr*® + 68 — 2Cr*® 141 — BoccTaHOBICHHE

XapakTep MHOTUX OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX PEAKIIUM 3aBUCUT OT CPEIbI,
B KOTOPOU OHM MPOTEKArOT. JJIs1 Co3/1aHus KUCIION Cpeibl Yalle BCero UCIOJIb3yIOT
pa30aBJICHHYIO CEPHYIO KUCIIOTY, JUIsl CO3aHUS MIESTOYHOU — PaCTBOPBI
TUIPOKCUIOB HATPUS WUJTU KaJIUsl.

Paznuuatot Tpu tuna OBP: mexMonexynspHble, BHyTPUMOJEKYISIPHBIE,
TACTPONIOPIUOHUPOBAHUS. MeKMOIeKYJIsIPHbIE OKUCITUTEIHHO-
BOCCTAHOBUTEJIbHBIE PEAKLIUU — 9710 peaKyuul, 8 KOmopvix OKUCIUMENb U
80CCManoB8UmMenb HAxX00sIMCs 8 COCMase pasHulx gewecms. PaccMoTpeHHas! BbIllie
peakiusi OTHOCUTCS K 3TOMY TUITy. K BHYTPHM0JIeKYJISIPHBIM OTHOCATCS pEaKLUH,
8 KOMOPbIX AmMoMbl OKUCIUMEISL U 60CCIMAHOBUMENS HAX00AMCS 8 0OHOM U MOM Jice
geujecmae.

2KCI™0; 2 = 2KCI ™! + 30,°
OK-JIb B-JIb
CI"™® + 68 — Cl” %42 — BOCCTaHOBIICHHE
20-2 — 4 — 020 23 — okucaenmne

B peakiusx gucnponopuoHMPoOBaHHUsI (CAaMOOKHUCICHUS-CAaMOBOCCTAHOBIICHHS )
MOJIEKYIbl 00H020 U MO20 Jce 8eulecmea peazupyrom opye ¢ 0pyeom KaxK OKUCIUMENb
U KaK 80CCMAHOBUMED.
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3K,Mn*®Q, + 2H,0 = 2KMn*'0, + Mn*™0, + 4KOH

OK-JIb
B-JIb

Mn*® —& — Mn"" % 2 —okucienue

+6 = +4 _

Mn™ +2& — Mn " % 1 —BOCCTaHOBJIEHUE
Borinonnenne padorsbl
noim 1. Brusnue cpeovl na oKucaumenbHo-80CCMaHo8UmeNIbHble Deakuui

O 1. B "peo peaxy

B tpu npoGupku HamuTh 1o 2-3 M1 pacTBopa nepmanranara kanus KMnO,. B
MIEPBYIO MPOOUPKY MPUIHTH 1-2 MJI pa30aBIIEHHON CEPHON KUCIOTHI, BO BTOPYIO 1-2
MJI BOJIbI, B TPEThIO — 1-2 MJI KOHIIEHTPUPOBAHHOT'O PACTBOPA IIEIOYH.

B kaxayto mpoOupKy 100aBUTH 0 2-3 MJI CBEXKENPUTOTOBIEHHOT'O PaCTBOPA
cynbdura Hatpus Na,SOz. OTMETUTh HAOMIOACHUS, YIUTBIBAs, YTO (ProneToBast
OKpacKa XapakTepHa 11 HoHOB MnO, , GecIiBeTHAs WM cIab0-po30Bast — IS
HOHOB Mn2+, 3eJICHas — JJIsI MIOHOB MnO42_, OypaIil 11BeT UMeeT ocaiok MnO,.

Tpebosanus xk pezyrbmamam onvima:

1. Hanucate ypaBHeHuUd peakiuil. B kax10il peakiiiu yka3aTb OKUCIUTEIb,
BOCCTAHOBHUTEIIb, CPENY, IPOLECCHI OKUCICHUS U BOCCTaHOBJICHU. PaccTaButh
KO3 (DULIMEHTBHI.

2. CaenaTh BBIBOJI O XapaKTEPHOM CTEIEHU OKUCIECHHUS MapraHiia B KUCIIOM,
LIEIIOYHOU U HEUTPAJIbHOM CpeJie.

Onvim 2. OKucaumenbHo-60CCMAHOBUMENbHASL 0BOUCMBEHHOCb HUMPUMA KAIUs

B nBe mpobupku HanmuTh 1o 2-3 mit pactBopa HutpuTa Kanus KNO,. Jlo6aButs B

KXy U3 HUX 10 1-2 MJ1 pa30aBIeHHON CEPHOM KUCIIOTHI. 3aTEM B OJIHY U3 HUX
OpUIUTH pacTBop Auxpomata kanmusa K,Cr,O;, B Apyryto — pacTBOp HOAMAA KU
KI. Yro Habmonaercs?

Tpebosanus k pesyrbmamam onvima:

1. CocTaBUTh ypaBHEHHS peaklUil. YKa3aTh B KakKIOW peaKIui OKUCIIUTEb,
BOCCTAHOBHTEIIb, CPENY, IPOLECCHI OKUCIEHUSI U BOCCTaHOBJICHUS. PaccTaBuTh
K03 (OUITHEHTHI.

2. Cnenatb BBIBOJ 00 OKHCIUTEILHO-BOCCTAHOBUTENBbHBIX QyHKIIUIX KNO; B
MIPOBEJICHHBIX PEAKIIMUSX.
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3. CI[GJI&TI) O6HII/Iﬁ BBIBO, KAKHUC BCUICCTBA MOT'YT IIPOABJIATE OKHCIIUTCIIBHO -
BOCCTAHOBUTCJIbHYIO I[BOfICTBeHHOCTB.

Onvim 3. Peakyus 0ucnponopyuoHuposarusl

[TomecTuTs B ipobupky 1-2 kpucranna iona I,, 3-5 kamnenb KOHIIEHTPUPOBAHHOTO
pactBopa menoun NaOH (i KOH). Kak MensieTcst uBet pactBopa?

Tpebosanus k pesyrbmamam onvima:

1. HantucaTte ypaBHEHUE peaKkMU, YUUTHIBAs, YTO MPOAYKTOM OKHUCIIECHHUS 10/1a B
HIeJI0YHOU cpefe sBisiercs Wonar Hatpus NalOj (umu KIO5).

2. CnenaTh 0OIIMI BBIBOJI, KAKKME BEIIECTBA MOT'YT y4aCTBOBATh B PEAKITUAX
JUCIIPOTIOPITMOHUPOBAHUSI.

Onwvim 4. Buympumonekynapras peakyus (2pynnoeoti)

B dopdopoByro gamky HackmaTh TOPKOH HEOOIBIIIOE KOJTUIECTBO AUXpOMaTa
ammonus (NH,),Cr,0O; u ropsiieii cinakoi HarpeTh ero ceepxy. HadmoaaTs
OypHoe paznoxkeHue coiar. OTMETUTH I[BET HCXOHOTO BEIIECTBA U MPOTYKTa
PEaKIuu.

Tpebosanue k pe3yrbmamy onvima:

HanucaTs ypaBHEHHE peaKIK pa3IOKCHHUS JUXPOMaTa aMMOHUS, YKa3aTh
OKHUCJIUTEIh, BOCCTAHOBUTEIIb, MPOIIECCHl OKUCIICHHS M BOCCTaHOBIIEHUs. PaccTaBUTh
K03 (OUITHECHTHI.

IIpumeps! perneHus 3aaa4

IIpumep 11.1. Onpenenuts cTeneHb okuciaeHus xpoma B mojiekyine K,Cr,O; u none
(CI’Og)i.

[Tox cTeneHbI0 OKUCIAEHUS (C.0.) TOHUMAIOT 3aApsi0 d1eMeHmA 8 COeOUHEHUU,
BbIYUCTICHHBLL, UCX0O05 U3 NPEONOLONCEHUSL, MO COeOUHEHUe COCIMOUM U3 UOHOB.

CreneHb OKHCIIEHUS 3JIEMEHTA B TPOCTOM BEILIECTBE, HanpuMmep, B Zn, Ca, H,, Bry,
S, Oy, paBHa HYIIIO.

OHpGI[CJ'IeHI/Ie CTCIICHH OKHUCJICHUA 3JICMCHTA B COCIMHCHUU IIPOBOJAT, HCIIOJIB3YA
CIACAYIOMMUC ITOJIOKCHUA!

1. CTeneHb OKUCIIEHUS KUCIOPOa B COCIMHEHUIX 00bIYHO paBHa —2. MIckmtoueHus
1~ -1 1~ -1 2
coctapsioT nepokcusl Ho O, Na," 'O, 1 gpropua kucnopona O “Fo.

2. CremneHb OKUCIICHHS BOJIOPOJa B OOJBITMHCTBE COCTMHEHNI paBHa +1, 3a
11
HCKIIFOUEHHEM CONIe00pa3HbIX TMAPUI0B, Hanpumep, Na " H™,
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3. IlocTosiHHYIO CTETIEHb OKUCIICHUSI UMEIOT METAJLIBI IA rpymnmb (11eJI09HbIC
Metaiuibl) (+1); IIA rpynmnsl (Oepuiinuii, MarHuii v 1meJI04HO3EMETbHBIE METAIUIbI)

(+2); drop (-1).

4. AnreOpanyeckasi CyMMa CTEIICHEW OKUCIICHUS 3JIEMEHTOB B HEUTpaIbHOM
MOJIEKYJIE paBHA HYIIIO, B CJI0)KHOM MOHE — 3apsiy MOHA.

Pemenne. UToOBI paccunTaTh CTETIICHb OKMCIICHHS DJIEMEHTA B MOJICKYJIC, CICAYET:

1) mocTaBUTh CTENIEHh OKUCICHUS HaJ TEMU dJIEMEHTaMHU, JJIsl KOTOPBIX OHA
M3BECTHA, 2 UICKOMYIO CTENEHb OKMCIIEHUsI 0003HAUYNTh uepe3 x. B Hamem npumepe

1 -2
M3BECTHA CTeNeHb okucieHus kamis (+1) u kucnopona (-2) K, Cr,"07 7

2) YMHOXUTh UHJEKCHI IPU SJIEMEHTAX HA UX CTENEHU OKUCJICHUSI U COCTABUTD
anredpanyeckoe ypaBHEHHE, PUPABHSB MMPABYIO YaCTh K HYIIIO.

K, Cr,; 072 2(+1)+ 2x+ 7 (-2) =0 x=+6

CreneHb OKUCIICHUS 3JIEMEHTA B HOHE OMPEIEIISIOT TAKXKE, TOIBKO MPABYIO YacTh
ypaBHEHHS IPUPABHUBAIOT K 3apsily MOHA:

(Cr'0, ) . x+2(2)=-1x=+3

Ipumep 11.2. Ucxoas u3 crenenn okuciaeHUs a3oTta B coenuHeHnsIx NHs, KNO,,
KNO3, onpeaennTs, Kakoe U3 HUX MOYKET ObITh TOJIBKO BOCCTAaHOBUTEIIEM, TOJIHKO
OKHUCITMTENIEM U KaKO€ M3 HUX MOXKET MPOSBIISATh U OKUCIIUTEIbHBIC, U
BOCCTAHOBUTEILHBIE CBOMCTBA.

Pemenune. Bo3MmoxHbIe cTeneHn oKuciIeHus asora: —3, —2, —1, 0, +1, +2, +3, +4, +5.
B ykazaHHBIX COEAUHEHHUSIX C.0. a30Ta paBHbL: —3 (HU3MIAas), +3 (MpOMEKYTOUHAs ),
+5 (Bbicmas). CienoBarenbHO, N'3H3 — TOJBKO BOCCTAaHOBUTEIIb, KN+302 -u
OKHCITHTEb ¥ BOCCTAHOBHUTEND, KN O3 — TOJIBKO OKHCITHTEND.

Ipumep 11.3. Moryt 1 IPOUCXOIUTh OKHCIUTEIHHO-BOCCTAHOBUTEIILHBIC
peaknuu Mexay BemectBamu: a) HBr u H,S; 6) MnO, u HCI; B) MnO, u NaBiO5?

Pemenne. a) B HBr c.o. (Br) = —1 (au3mas); B H,S c.o0. (S) = -2 (Hu3mas). Tak kax
OpoM U cepa HaXOATCS B HU3IICH CTETICHU OKUCIICHHUS, TO MOTYT MPOSIBIISITH TOJIBKO
BOCCTAHOBUTEJIbHBIC CBOMCTBA, U PEAKIIUSA MEXTy HUIMU HEBO3MOXHa; 0) B MnO,
c.0. (Mn) = +4 (mpomexxyrounas); B HCI c.o. (Cl) = —1 (amu3mas). CienoBaTeabHO,
B3aMMO/ICVCTBHUE ITUX BEIIECTB BO3MOXKHO, pruueM MnQO; ABJISIETCA OKUCIUTEIIEM;
B) B MnO; c.0. (Mn) = +4 (mpomexxyrounas); B NaBiOsc.o. (B1) = +5 (Bbicias).
B3sareie BemecTBa MOTyT B3auMoielicTBoBaTh. MnO; B 3TOM citydae OyneT
BOCCTAaHOBHTEIICM.

Ipumep 11.4. CocTaBuTh ypaBHEHHE OKUCIUTEIBHO-BOCCTAHOBUTENBHON PEAKIINH,
UIYILIEN 10 CXEME:
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KMnQO, + KNO, + H,SO, ® MnSO, + KNO; + K,SO, + H,0.

OnpenenuTs OKUCIUTENb U BOCCTAHOBUTENL. Ha OCHOBaHUM 3JIEKTPOHHBIX
ypaBHEHUM pacCcTaBUTh KOIPPUIIMEHTHI.

PemeHne. OnpenenﬂeM CTCIICHHN OKHUCIICHHA TEX 3JICMCHTOB, KOTOpre cC UBMCHIALIOT.
KMn*'0,+ KN"30,+H,S0, ® Mn*"?S0,+ KN*0; +K,SO,+H,0.

OK-JIb BOCCT-JIb Cp€Ja

CocraBisiem QJICKTPOHHBIC YPABHCHUS ITPOLICCCOB OKHUCIICHUA 1 BOCCTAHOBJICHU A,
onpeacisi€M OKHUCIUTECIIbL U BOCCTAHOBUTCIIb:

N* — 28 — N™ 5 okucnenue
10
+7 - +2
Mn"" + 58 — Mn © 2 BOCCTAaHOBJICHHUE

VYpaBHUBaeM peakiii0 METOJIOM JIEKTPOHHOTO 0anaHca, CyTh KOTOPOTo
3aKJIFOYAETCS B TOM, YTO 00ujee Yucuo 31eKmpoHo8, OMOAHHbIX 80CCIMAHOBUMENEM,
PABHO YUCTLY INIeKMPOHO8, NPUHAMbBIX okucaiumenem. Haxoaum oOliiee HauMeHbIee
KpaTHOE JIJIsl OTJJAHHBIX U MPUHATHIX AJEKTPOHOB. B MpUBEIEHHON peakiuu OHO
paBHO 10. PaznenuB 3To yncio Ha 5, nonydaeMm KO3(PQGUUUEHT 2 111 OKUCIUTENS U
IPOAYKTa €ro BOCCTAHOBJICHHUS, a TipH aeneHuu 10 Ha 2 monydaem kodhdUimreHT 5
JUIsl BOCCTAHOBUTEIISA U MPOAYKTa ero okucieHus. Koadduiments! nepen
BEIIECTBAMU, aTOMbI KOTOPBIX HE MEHSAIOT CBOM CTEIIEHU OKUCIICHUSI, HAXOIUM
10100POM.

VYpaBHeHue peakiuu OyaeT UMEeTh BU/L:
2KMnQO, + 5KNO, + 3H,S0, = 2MnSO, + 5KNO; + K,SO, + 3H,0.

Ipumep 11.5. CocraBuTh YpaBHEHHS OKHUCIUTEILHO-BOCCTAHOBUTEILHBIX PEAKIIHIA,
uaymmx mno cxemam: a) Mg + HNOj; (pa36.) ® Mg(NOs), + NH;NO; + H,0;

6) KCIO; ® KCI + Oy; B) KoMnO,4 + H,O ® KMnO,4 + MnO, + KOH.

B xax10i1 peakuinu OnpeaennuTh OKUCIUTENb U BOCCTAHOBUTEND, PACCTABUTH
KOd(PULIMEHTBI, yKa3aTh TUM KaXKI0H PEaKIIUH.

Pemenne. CocTaBiisieM ypaBHEHUS PEaKIUA:
a) 4Mg° + 10HN"0; = 4Mg*"*(NO3), +N*H,NO; +3H,0
B-JIb OK-JIb, CpElia

Mg’ — 2& — Mg*? 4 okucrenue
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8
N+ 88 > N31 BOCCTAHOBJICHHUE;
6) 2KCI1™03 % = 2KCI™* + 30,°
OK-JIb B-JTb
2072~ 48 — 0,° 3 okucienue
12
CI™ + 68 — CI'' 2 Boccranosienue;
B) 3K,Mn*°0, + 2H,0 = 2KMn*'0, + Mn**0, + 4KOH
B-J1b, OK-JIb
Mn*®—18 ->Mn"’ 2 oxucnenue
2
Mn*®+ 28 — Mn™ | BoccTaHOBCHIHE.

Kax BugHO U3 IpeICTaBIeHHBIX YPABHEHU, B pEaKIMH () OKUCIUTEINb U
BOCCTaHOBHTEJIb — Pa3HbIE AJIEMEHTHI B MOJIEKYJIaX ABYX Pa3HbIX BEIIECTB, 3HAUMUT,
JaHHAsl peaKusi OTHOCUTCS K TUITY MEKMOJIEKYJISIPHBIX OKUCIIUTEIbHO-
BOCCTaHOBMTEJIbHBIX peakinil. B peakiuu (0) okucauTenp (XJI0p) U BOCCTAHOBUTENb
(kucmopon) cosiepKaTcsa B OJJHOM MOJIEKYJIE, CJIeIOBATEIIbHO, PEAKIIMS
BHYTPUMOJIEKYJIsipHas. B peakunu (B) posib OKUCIUTENS U BOCCTAHOBUTEIIS
BBINOJIHAET OJIMH U TOT K€ JIEMEHT — MapraHell, 3Ha4uT, 3TO peaKus
JUCTIPONIOPLUUOHUPOBAHHUS.

3aoauu

Ne 11.1. a) Ucxonas u3 cTeneHy OKUCIIeHus cephl B BemecTBax S, H,S, Na,SOs,
H,SO,, onpenennth, Kakoe U3 HUX SIBISIETCS] TOJIBKO OKUCIUTENIEM, TOJIBKO
BOCCTAaHOBHTEJIEM U KaKW€ MOTYT OBITh U OKHUCIIMTENIEM, U BoccTaHoBHTENeM. OTBET
000CHOBATb.

0) Ha ocHOBaHMM 3JIEKTPOHHBIX YPaBHEHU 1MO00paTh KO3(PGUIIUEHTHI B
YPaBHEHUHU PEAKLINH, UIYILIEH 10 CXEME:

Kl + KO3+ H,SO, ® I,+ K,SO,4 + H,0.
OnpenenuTs TUI OKUCIUTEIBHO-BOCCTAHOBUTEIBHON PEAKLINH.

Ne 11.2. Peakuuu BbIpaxaroTcs CXeMaMU:
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Zn + HNO; (p3.36) ® ZH(N03)2 + N,O + H,0;
SnCl, + K,Cr,0O7 + H,SO, ® Sn(SOy), + CrCl; + K,SO,4 + H,0.

CocTaBuTh 3JEKTPOHHBIE YPaBHEHUSI, MOJ00paTh KOA(DPUIIMEHTHI, yKa3aTh, KaKOe
BEILECTBO B KAXJ0M pEaKIUHU SIBISIETCA OKUCIUTENIEM, KAKOE BOCCTAHOBUTEIIEM.

Ne 11.3. a) CocTaBuTh 3JEKTPOHHBIE YpaBHEHHUS U YKa3aTh, KAKOW MPOIIECC
(OKHCIIEHNE WM BOCCTAHOBJICHUE) MPOUCXOAUT TPU CIACTYIOIMNUX MPEBPALICHUSIX

PP2®P” N ®N> ClI"® (ClOy); (SO,)* ® S
0) Peakmust BBIpaykaeTcsi CXEMOM:
KMnQO, + H,S + H,SO,® MnSO, + S + K,SO, + H,0.

OnpenenuTe OKUCIUTENb U BOCCTAHOBUTEID, HA CHOBAaHUU 3JIEKTPOHHBIX YpaBHEHUI
paccTtaBUTh KOA((UIIMEHTH B ypaBHEHUH PEAKIINH.

Ne 11.4. a) Moryt 11 mpoTeKaTh OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIE PEAKITUU
Mexay BemiectBamu: a) Cl, u H,S; 6) KBr u KBrO; B) HI u NH3? OtBer
000CHOBATb.

0) Ha ocHOBaHMM 3JIEKTPOHHBIX YPaBHEHUM MOA00paTh KO3PHUIIUEHTHI,
OTIPEICNIUTh TUTI OKUCITUTEIHHO-BOCCTAHOBUTEILHOM pEeaKINK, UAYIIEH 10 CXeMe:

NaCr02 + Pb02 + NaOH ® NagCrO4 + NazpbOZ + Hzo

Ne 11.5. a) cxoas u3 cTeneHr OKUCIICHUS Keje3a, ONpeIesIUTh, KaKoe U3 BEIIECTB
MO>KET OBITh BOCCTAHOBUTEJIEM, TOJIBKO OKHCIIUTEIIEM U KAaKOE — U OKUCIIUTEIIEM U
BoccTranoBureieMm: FeSO,, Fe,03, K,FeO,4. OTBET 000CHOBATS.

6) Ha ocHOBaHMM 37€KTPOHHBIX YpaBHEHU 110100paTh KO3()PUIIMEHTHI IS
BEILIECTB B YPaBHEHUH PEAKIIMH, UAYILIEH 110 cxeme:

CrCl; + Br, + NaOH ® Na,CrO,+ NaBr + NaCl + H,0.

Ne 11.6. a) CocTaBUTH 3IEKTPOHHBIE YPAaBHEHUS U YKa3aTh, KaKOU Mpoiiecc
(OKHCJIEHHE WM BOCCTAHOBJICHHUE) IPOUCXOAUT MPH CIAECAYIOUX MPEBPALICHUIX:

As"™ ® As™®; (CrO,)* ® (CrO,); (MnO,)” ® (MnO,)*; Si** ® Si’.

0) Ha ocHOBaHMM 3JIEKTPOHHBIX YPABHEHHI pacCTaBUTh KOA(PPUIMEHTHI B pEaKIIHH,
UYIIEH 10 CXEME:

H,S + H,SO; ® S + H,0.

Ne 11.7. Peakuuu BbIpaxaroTcs CXeMaMU:
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MnSQO, + KCIO; + KOH ® K,MnQO, + KCI + K,;SO,+ H,0;
NaN03 ® NaNOg + 02.

CocTaBUTD 3JEKTPOHHBIE YPaBHEHUS, PACCTABUTH KOI(PPUIIMEHTHI, ONPEIETUTh
OKHCIIUTENb U BOCCTAHOBUTEIb B KAXKJION peakunu. K KakoMy THUITY OTHOCUTCS
KaKJ1asi U3 IPUBEICHHBIX PEAKIINI?

Coaep:kaHue NPaKTHYECKUX 3aAHATHH

Koanue
Ne | Hammenon n Zlecl\:;qe n aKTE‘(;gEIIZ)R::)H:I;HHTI/IH cee
Jani anme pcxoro (pe eue a ecK uacon /
MepeUYeHb TUTAKTUUCCKUX
THA pa3nesa p . Hacos B
3aHATHS SIUHHUI]; pAaCCMATPUBAEMBIX SIEKTP
MOJITEM, BOIIPOCOB) OHHOIA
dopme
lcemecTp
1 PacTBOpE 1 PaCTBODEI Cnoco0Osl BhIpaKeHUS 4
JMCIIEPCHBIE p
KOHIICHTpallMUu pacTBOpa
CHUCTEMBbI
PacTtBOpHI TIMcnepcHs!
2 - p Knaccudukanus nucnepcHbIx 4
€CUCTEMBbI
THCTIEpCH CUCTEM
130
CHUCTEMBI
3 D MEKTPOXHMH ["anpBanuye | ['anbBaHUYECKUE DTIEMEHTHI 4
g CKHUeE u pacuetrIJ(C
HJIEMEHTHI
4 Onektpoxumu | Kopposus Kopposus mMeTaiibl B 4
q 3alluTa OTKOPPO3UU
HToro 3a cemecTp: 16
Hroro: 16

[IpakTuueckue 3aHATHAS 1O AUCHUIUIMHE TPOBOIAATCA B IEIAX
BBIPA0OTKH MPAKTUYECKUX YMEHUN M MPUOOPETEHUs HABHIKOB B PEIICHUHU
npogecCuoHaIbHBIX 3a/1a4.

PeKOMeHI[yeTCSI cicayrmiaia cxema IIoAroTOBKU K IIPAKTHYCCKOMY
3aHATHUIO:

1. O3HAKOMJIEHHE C IJIAHOM IPAKTHYECKOTO 3aHIATHUS, KOTOPBIH
OTPa)KaeT COAEPKAHUE NPEIIOKEHHON TEMBI;
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npopaboTKa KOHCIIEKTA JICKITUH;
YTCHHE PCKOMCHJIOBAHHOM JIMTEpaTyphI;
IOJATOTOBKA OTBETOB Ha BOMPOCHI TJIaHA MPAKTUYSCKOTO 3aHATHS;

Ok W

BBIITIOJTHEHHUEC TECCTOBBIX 3aﬂaHHﬁ, 3aaa4 v J1p.

[TogroroBka  oOyuaromerocs K  NPAaKTHYECKOMY  3aHATHUIO
NPOU3BOJUTCA MO BONpocaM, pa3padOTaHHBIM ISl  KaXJAOM TeMbl
NPAKTUYECKUX 3aHATUW MU (WiM) Jeknuil. B mpoumecce MOATOTOBKU K
NPAKTUYECKUM 3aHSITUAM, HEOOXOIMMO OO0paTUTh 0CO00€ BHHUMAaHHE Ha
CaMOCTOSITEJIbHOE U3YUYEHNE PEKOMEHI0OBAHHON TUTEPATYPHI.

Pabora  cTyaeHTOB  BO  BpeMsi  NPAKTUYECKOTO  3aHSITHUS
OCYIIECTBJISETCS HAa OCHOBE 3aJlaHMil, KOTOPbIE BBIAAIOTCS O0y4alOMMUMCS B
Hayalle WJIM BO Bpemsa 3aHsATUs. Ha mnpakTuyeckux  3aHATHAX
NPUBETCTBYETCS aKTUBHOE Yy4yacTHe B  OOCYXKJIEHHHM KOHKPETHBIX

CHTyaHHﬁ, CIIOCOOHOCTHL Ha OCHOBE IMOJIYUCHHBIX 3HAaHUU

HaXoAuTh HaubOosee 3(PPEKTUBHBIE pEIIEHUS IOCTABICHHBIX MpPOOJIEM,
YyMETh HaXOJWThb MOJE3HbIM JOMOJHUTEIBHBIN MaTepuaa IO TEeMaTUKe
3aHATUN. OO0ydaronuMcsa Heo0XoauMo obOpaliaTh BHUMaHWE Ha OCHOBHBIE
MOHSITUSL,  QITOPUTMBI,  ONPENCNSATh  MPAKTUUECKYIO  3HAYUMOCTH
paccMaTpuBaeMbIX BOMpocoB. Ha mpakTU4ecKux 3aHATUAX OO0ydarouiuecs
JOJKHBI  YMETh BBIMOJHUTH pacueT IO 3aJaHHbIM TapaMeTpaMm WU
BBIpA0OTAaTh ONpENENICHHbIE pemeHusT 10 0003HAauYeHHOW TMpobaeMe.
3amanus MOTyT OBITH TPYMNIOBBICE U WHAMBUAyalbHBbIE. B 3aBUCUMOCTH OT
CIIOKHOCTH TIpEJIaraeMbIX 3aJaHui, IieJed 3aHdaTHs, OOMmeld ITOATOTOBKH
oOyyarommxcs TmpernojaBareilb MOXKET IMOoJcKa3aTh O00ydarouuMcs
aNTOPUTM pEIIeHWs WJIW TepBOe JACHCTBHE, WM yKa3aTh oO1Iee
HampaBlieHue paccyxiaeHui. [lomydeHHble pe3ynbTaThl OOCYXKIAIOTCS C
MO3UIIMH WX aAeKBaTHOCTH UINW 3P(PEKTUBHOCTH B PACCMOTPEHHOU

CUTyalluu.

IIpakTHyeckoe 3ansiTue Ne 1
PacTBOpBI

Ieusb: pemenne 3ana4y Ha Temy «PacTBopbD»
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Konmenrparueil pacTBopa Ha3pIBacTCs KOJTUUECTBO PACTBOPEHHOI'O BEIIIECTBA,
coJiepKallieecs B ONPEEIIEHHOM BECOBOM HJIM 00BEMHOM KOJIMYECTBE pacTBOpa
WA PaCTBOPUTEJIS.
Ipumep 1. Beruuciure: a) npouentHyo (C%), 6) Mmossipayio (Cyy), 6)
HopMasbHyIO (C,) u 2) MonsubHyIo (C,,) KoHIeHTparuu pactBopa HaPOy,
MOJTy4EHHOTO [PH PACTBOPEHNH 18 I KHCIOTHI B 282 ¢M® BOJIBI, €CIIH IIOTHOCTD €r0
1,031 r/cm®. Yemy pasen tutp (7) 3TOr0 pactBopa?

Pemenue:
a) BecoBast mporieHTHasI KOHIIEHTPAIHsI IOKa3bIBAET YHUCIIO IPAMMOB (©IMHHMII
Macchl) BelecTBa, coaepxamieecs B 100 r (equnui macchl) pactBopa. Takkak
Maccy'282 cM® BOIBI MOXKHO MPHHATH PaBHO# 282 T, TO MAcca MOTy4EeHHOTO
pactBopa 18 + 282 = 300 r u, ciegoBaresbHO,

300 (118

100 C%
C% [ 100 [J18

[ 6%
300

0) MOJIbHO-00bEMHAas1 KOHIICHTPALIUS WU MOJISIPHOCTh TTOKa3bIBAET YMCIIO TPaMM-
MOJIEKYJI PACTBOPEHHOTr'0 BEILIECTBA, conepxaiieecs B 1 1 pactBopa. Macca 1
mutpa pactBopa 1031 r. Maccy KUCIIOTBI B JIMTPE pacTBOpPa HAXOAUM U3

COOTHOLICHUSA

300 (718

. o8t 1% .

~ 61,86
300

MonsipHOCTh pacTBOpa MOJy4uM jesneHueM uuciaa rpammoB HzPO, B 1 1

pacTtBopa Ha MoNEeKyIsipHbIA Bec H3POy:

c,,0 %88 10 63m
97,99

B) HOpMaJbHasl KOHIIEHTpAIUsl, WA HOPMAJIbHOCTh, TTOKA3bIBAET YHUCIOTPAMM-

SKBUBAJICHTOB PACTBOPEHHOTr O BEIIECTBA, coaepkaileecs B 1 11 pacTBopa.

Tak kak 1 r-5xB H3PO, [ % :%99 1 32,66,
. 32,
10 Cig186 °© 11,89
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') MOJIbHO-BECOBAsI KOHIICHTPAIIUA, UITU MOJISTTbHOCTb, MIOKA3bIBAET YUCIIO FPAMM-
MOJIEKYJI PACTBOPEHHOI0 BellecTBa, coaepxkamieeca B 1000 r pacrBopurens. Maccy

H3PO,4 B 1000 1 pacTBOpUTEIST HAXOIUM W3 COOTHOIICHUS

282 1118
oo 1
282
63,83
C [1L=""10,65m.
Orcroma ©, 9799 M

3
TI/ITPOM pacTBOpa HA3bIBACTCS KOJIMYCCTBO I'PAMMOB paCTBOPCHHOI'O BECIICCTBAB I cm

(M) pactBopa. Tak kak B 1 11 pacTtBOopa coaepxkutcsa 61,86 r kucimorsl, TO

~ 61,86 .
T 71 r/em’,

0,06186
1000

3Hass HOPMAITLHOCTh pacTBOpa W 3KBUBAIEHT (J) pacTBOPEHHOTO BEIIECTBA, TUTP
JIETKO HATH 10 (popMyJie

. Gyl
1000

Ipumep 2. Ha nelitpanu3zanmto 50 cm® pacTBOpa KHUCIOTHI U3PACXOIOBAHO 25 cm®
0,5 H. pactBOpa menoun. Yemy paBHa GOpMaIbHOCTh KUCIOTHI?

Pewenue. Tak kak BellecTBa B3aUMOJICHCTBYIOT MEK1Y COOOM B AKBUBAJICHTHBIX
KOJIMYECTBAX, TO PACTBOPHI pABHOW HOPMAJILHOCTH PEarupyroT B PaBHBIX 00beMax.
[Tpu pazabIX HOPMATBHOCTAX 00BEMBI PACTBOPOBPEATUPYIOIIMX BEMIECTB 0OpaTHO

MMpONIOPHNOHAIIbHBI X HOPMAJIbHOCTAM, T. €.

Ao
Ch2  VIC nVyC
V2 Cy. :
1
2500,5
50Cy,  =25000,5, 1222 0025w

50
OTKy/a

=T 0
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Mpumep 3. K 1 1 10%-roro pacrBopa KOH (motHocts 1 092 r/cm’) npubasmmm
0,5 11 5%-Horo pactBopa KOH (mtotrocts 1,045 r/em®). OGbeM cMecH TOBEIH [0
2 TuTpoB. Bhlyuciure MOISIPHYIO KOHILIEHTPAIUIO MOJTYYEHHOTO pacTBOpA.
Pewenue. Macca ognoro murpa 10%-noro pacrsopa KOH 1092 r. B stom

pacTBOPE COMCPKHUTCS

1092 710 11092 r

KOH
100

Macca 0,5 1 5%-noro pactBopa 1045010,5 =522,5 1. B 3TOM pacTBOpe cofepKuTCs

525505 1196 195 1

KOH
100

B ob6mem oO0beme momydeHHoro pactBopa (2i1) macca KOHcocrasnser 109,2
+ 26,125 = 135,325 r. OT1croja MOJIIPHOCTh 3TOI'0O pacTBOpPa

135,325
2[156,1

C,C 71,2M

rae 56,1 — monekymnspabIii Bec KOH.
Ipumep 4. Kaxoit 06beM 96%-Hoi KUCITOTHI, TUIOTHOCTH KoTopoit 1,84r/cm3,

notpedyercs ais npurorosienus 3 1 0,4 H. pacTBopa?

{\D/IeweHue. Oxsusaneut H,SO, [ [ 92 02 (149,04 .

2
st mpurotoBnienus 3 1 0,4 H. pacTtBopa Tpebyercs 49,04110,413 = 58,848 r.

Macca 1 cm® 96%-Hoit kucnoTst 1,84 . B 93TOM pacTBOpe COmEp:KUTCS

1,84 1196

11,7661 HySO,4
100
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CrnenoBarensHo, as nipurotosienns 3 11 0,4 H. pacTBopa Hago B3sATh 58,848: 1,766 =
33,32 CM° TOM KUCIIOTBL.

141. BeruucnuTe MOJSPHYIO U HOpMaIbHYIO KoHIeHTparuu 20%-Horo pactBopa
XJIOpUJIa KaJbIUs, TJIOTHOCTh Kotoporol,l178 r/em. Omeem: 2,1 M; 4.2 n.

142. Yemy paBHa HopMmanbHOCTh 30%-Horo pactBopa NaOH, mioTHOCTB
xoroporo 1,328 r/cM®? K 1 1 sTOro pactBopa mpubGaBHIM 5 1 BOABL BbIYHCIHTE
IPOLICHTHYIO KOHIIEHTPAIIUIO MOJydeHHOTo pactBopa. Omeem. 9,96 H.; 6,3%.

143. K 3 murpam 10%-noro pactBopa HNO;, miotHocTs KOTOpOro 1,054 r/em’,
npubaBuau 5 1 2%-HOrO pacTBOpa TOW K€ KHCJIOTHI C TuioTHOcThio 1,009 /e,
Beraucnnure NMpOIEHTHYI0O W MOJISIPHYIO KOHIIEHTPAIMHM TIOJYY4EHHOTO pacTBOpa, €CIU
CUYUTaTh, YTO €ro 00beM paBeH 8 1. Omeem. 5,0%; 0,82 M.

144, BpluucnuTe HOPMaJbHYIO U MOJBSUIbHYIHO KoHIeHTpauuu 20,8%- Horo
pactBopa HNO;, miotHocTs KOTOporo 1,12 r/cm®. CKONBKO I'DaMMOB KHCIOTHI
comepxkutcs B 4 i1 atoro pactBopa? Omeem: 3,70 n.; 4,17 m; 931,8 1.

145. BprunicnuTe MOJSIPHYIO, HOPMAJIBHYIO U MOJBSUIbHYIO KOHIEHTpauuu 16%-
HOTO PacTBOpa XJIOPH/a ATIOMUHHS, [IOTHOCTB KoToporo 1,149 r/em®. Omeem: 1,38 M;
4,14 u.; 1,43 m.

146. CKOJBKO M KaKOIr'o BEIIECTBA OCTAHETCS B M30BLITKE, €CiIu K 75 e 0,3 H.

pactBopa H,SO, mpubasuts 125 cm® 0,2 H. pactBopa KOH? Omeem:

0,14 r KOH.
147. lna ocaxnenust B Bume AgCl Bcero cepedpa, comepxkarmierocs B 100 cM®

pactBopa AgNQO;, mnoTrpedboBasioch 50 cm®

0,2 H. pactBopa HCI. Yemy paBHa
HopMasibHOCTh pacTBopa AQNO3;? Ckonbko rpammoB AgCl BbIMaio B 0CagoK?
Omeem:0,1 u.; 1,433 1.

148. Kakoit o6wvem 20,01%-xoro pacrBopa HCl (mmotsocts 1,100 r/cm’)
Tpebyercst st mpurotosnerust 1 1 10,17%-roro pacrBopa (miotHocts 1,050 r/cm’)?
Omeem: 485,38 cm®,

149. Cmemranu 10 cm® 10%-roro pactBopa HNO; (muotHOCTS 1,056 r/em®) 1 100
cm® 30%-noro pacreopa HNO (mmorrocts 1,184 r/cm®). BbIMHCIHTE MPOLEHTHYIO
KOHIIEHTPAIIMIO TTOJIy4eHHOT0 pactBopa. Omeem: 28,38%.

150. Kaxoii 06bem 50%-toro pactBopa KOH (mmorHocts 1,538 r/em®) Tpebyercst
JUISL IPUTOTOBJICHHS 3 11 6%-Horo pactBopa (miotHocTh 1,048 r/em®)? Omeem: 2455
e,

151. Kakoit 06bem 10%-noro pactBopa kapoonara Hatpus Na,COj; (mmoTHOCTH
1,105 r/cm®) Tpebyercst amst mpurotoBieHus 5 1 2%-HOro pactBopa (miorHocts 1,02

F/CMS)? Omeem:923,1 cm®.
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152. Ha meiirpammsarmio 31 cm® 0,16 H. pacTBopa memoun TpeGyercs 217 o’
pactBopa H,SO,. Uemy paBHBI HOpMaibHOCTh U TUTP pactBopa H,SO,? Omeem: 0,023
H.; 1,127 107 r/em’.

153. Kakoii oovem 0,3 H. pacTBOpa KHCIOTHI TpeOyeTcs A HeHUTpalu3aluu
pactBopa, coaepxkaiiero 0,32 r NaOH B 40 cM>? Omeem: 26,6 oM.

154. Ha umentpanmzanuto 1 1 pactBopa, comepxkamero 1,4 r KOH, tpebyercs 50
cM® pacTBOpa KHUCIOTHL. BBIYHCIIATE HOPMATBHOCTE PACTBOPA KHCIOTEL. Oméem: 0,53 H.

155. Cxombko rtpammoB HNO; comepxanocs B pacTBope, €Ciad  Ha

HEHTpaTH3auio ero morpeboanock 35 cm®

0,4 H. pactBopa NaOH? Yemy pasen
tutp pacrBopa NaOH? Omeem:0,882 r, 0,016 r/cm’.

156. Ckonpko rpammoB NaNOj; HyxkHO pactBopuTh B 400 T BOABI, YTOOBI
npuroroButh 20%-nb1it pactBop? Omeem. 100 r.

157. Cmemamu 300 r 20%-noro pacrBopa u 500 r 40%-noro pactBopa NaCl.

Uemy paBHa NpolIeHTHAsE KOHIICHTpAIUs MOJIy4YeHHOro pactBopa? Omeem: 32,5%.

158. Cwmemanu 247 t 62%-1oro u 145 r 18%-Horo pacTBOpoB CEPHOU KHUCIIOTHI.
KaxoBa nporieHTHast KOHIIEHTpaIus pacTBopa nocie cMmemienusi? Omeem: 45,72%.

159. U3 700 r 60%-H0i1 cepHOM KHUCIOTH BhimapuBaHueMm yaamwin 200 T BOABL
Yemy paBHaA KOHIIGHTpAIUs ocTaBIiierocs pacrsopa? Omeem: 84%.

160. U3 10 xr 20%-HOTO pacTBOpa MpW OXJAXACHUU BeIAeamioch 400 T comu.

Uemy paBHa MIPOLICHTHAS KOHIIEHTpAIUsl OXJIAKJICHHOro pactBopa? Omeem: 16,7%.

IIpakTnueckoe 3ansitue Ne2
JAucnepcHbie cuCTEMBbI

esb: MoNy4YuTh TUCHEPCHBIE CUCTEMBI U UCCIIEIOBATh UX CBOMCTBA, HAYYUTHCSI TOTOBUTH
CYCIIEH3UIO U AMYJIBCUIO; PEIIaTh 33/la4u Ha OINpe/iesieHne MacCOBOM J0JIM KOMIIOHEHTOB
CMECH U MPUMECEH.

Oo6opynoBanme: kKapOOHAT KaJIbLIKS, MAaclO, BOJa, XAMUUECKHUI CTaKaH, CTEKJISTHHbIC
MaJouKu, MyKa, KeJIaTuH, (OHaAPUK.

Teopernveckue cBeeHHsI

YucTele BenecTBa B MPUPOE BCTPEUAIOTCS] OYEHB PENIKO, YAIlle BCETO BCTPEUAIOTCS
cmecu. CMecH pa3HBIX BEIIECTB B Pa3IMYHBIX arperaTHBIX COCTOSTHHSIX MOTYT
00pa30BbIBATh TOMOT€HHBIE (PACTBOPHI) U TETEPOTCHHBIC (AUCTIEPCHBIE) CUCTEMBI.

JlucriepCHBIMU Ha3bIBAIOT T€TEPOrCHHBIE CUCTEMBI, B KOTOPBIX OJHO BEIIECTBO -
nucnepcHas ¢asza (MX MOKET ObITh HECKOJIBKO) B BHJIE OYCHDb MEJIKUX YaCTUIl PABHOMEPHO
pacnpeneseHo B 00beMe IPYroro - AUCHEPCUOHHON Cpefie.
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Cpena u ga3pl HAXOASATCS B Pa3HBIX arperaTHbIX COCTOSIHUSX — TBEPIOM, KUIKOM U
razoo0pasnom. [lo BeMunHe 4acTuIl BEMIECTB, COCTABISIONINX JUCTIEPCHYIO a3y,
JTUCTIEPCHBIE CUCTEMBI JIEISITCS 2 TPYIIIIbI:

o TrpyOonucriepcHble (B3BecH) ¢ pazmepamu yactuil oosee 100 um. 310
HEMPO3payHbIe CUCTEMBI, B KOTOPBIX (Da3a U cpejia JIETKO pa3AesistoTcs
OTCTaBaHUEM WM QUILTPOBAHHUEM. ITO AIMYJIbCUU, CYCIIEH3UH, a3PO30JIH.

e TOHKOAMCHEPCHBIE - ¢ pazmepamu yactull oT 100 o 1 um. Paza u cpena B TaKux
CUCTEMaX OTCTauBaHUEM PA3JEISAIOTCA C TPYAOM. ITO 30JU (KOJIOUIHBIE PACTBOPHI
"kyieeno100HbIe") U Tenu (CTYIHN).

Komnonnnsie cuctemMpl po3payHbl U BHEIIHE MOXO0KH HA HCTUHHBIE pacTBOPHI, HO
OTJIMYAIOTCS OT MOCJEIHUX MO 00pa3yrolIencs “CBeTAIIeICS JOPOKKE™ — KOHYCY MpU
MPONYCKaHUU Yepe3 HUX JIyda CBeTa. DTO sIBJICHHE Ha3bIBaIOT 3pdexkrom Tunmans.

IIpu ornpeneneHHbIX YCIOBHIX B KOJJIOUIHOM PacTBOPE MOKET HAYaThCs TPOLIECC
koaryasiuuu. Koarymsinus — sBJI€HUE CAUNaHUs KOJUTOMIHBIX YaCTULl U BBINAJCHUS UX B
ocanok. [Ipy 3ToM KOJUTOMIAHBIN PACTBOP MPEBPALIAETCS B CYCIIEH3UIO UJIH I'Elb.

['enu unm CTyAHU NPECTaBISIOT COOOM CTYIEHUCTBIE OCAJIKH, 00pa3yIoIuecs npu
koarynsaiuu 3ojei. Co BpeMEHEM CTPYKTypa rejiei Hapyuiaercs (OTCIauBaeTCs) — U3 HUX
BbIIEIISIETCA BOJA. JTO siBJIeHHe cuHepesuca. [locmorpure yueOHbli (puinbM «/lucnepcHbie
CHUCTEMBbI» UCIIONB3Ys cchUIKy https://youtu.be/LVFLbTowgsY umm qr-xox

Xom paboThI

Haueprture tabnuiry 11 ohopMIIeHUS OTBITOB.

HazsBanwue onwita Ha0mronennsa BeiBo b1

3ananue 1. [IpuroroBienue cycneH3nu KapOoHaTa KaJIbIIU B BOJIC U M3YUCHHE €€
CBOMCTB.

B crexnsHHYI0 poOupKy BIUTH 4-5 MII BOJIBI U BChINIATh 1-2 noxkeuku kapOoHarTa
KkasbLus. [IpoOupKy 3aKpbITh PE3UHOBOMN MPOOKON U BCTPAXHYTh TPOOUPKY HECKOJIBKO
pa3. B HaOmogeHusIX OTMEThTe BHEIIHUNA BUJT U BUAMMOCTD YaCTHII, CIOCOOHOCTD
OCaX/1aThCs U COCOOHOCTD K KOAryJIsLIUU.

Cchutka u qr-xoJ Juist MpocMOoTpa BueoonsiTa https://youtu.be/8n7UFzZWQ-wi
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https://www.google.com/url?q=https://youtu.be/8n7UFzWQ-wI&sa=D&source=editors&ust=1624774964567000&usg=AOvVaw24CUPC8oLQOCuvxi0jRjpV

3ananue 2. [IpurotoBienune 3MylIbCUU Maciia B BOJIE U U3YUEHUE €€ CBOWCTB.

B creknsiHHy0 poOUpPKY BIUTH 4-5 MJT BOABI U 1-2 M1 Maciia, 3aKphITh PE3MHOBOM
MPOOKOM U BCTPSIXHYTh TPOOUPKY HECKOJIBKO pa3. B HaOMONeHUSIX OTMETHTE BHEITHU I
BUJ U BUJUMOCTH YaCTHLl, CIOCOOHOCTb OCaXAAThCSI U CIIOCOOHOCTD K KOAryJIALIMH.

Cchutka u qr-KoJ Juisi MpoCcMOTpa BueoonbiTa https://youtu.be/8n7UFzZWQ-

wi [

3ananue 3. [IpuroroBieHne KOJUIOUIHOTO PACTBOPA U U3YYEHUE Er0 CBOKCTB.

B cTekinsiHHBIN cTakaH ¢ Topsuel BOJIOM BHECTH 1-2 JTOKEUKU MYKH (MJIH JKeJIaTHHA),
TIIATENLHO TIepeMenath. [IpormycTuTh Yepe3 pacTBoOp Jyd cBeTta oHapuka Ha (hoHe
TeMHOU Oymaru. B HaOmoneHnsIX OTMEThTE BHEITHUI BU M BUAUMOCTD YaCTHII,
CITOCOOHOCTB OCaXIAThCs M CIIOCOOHOCTH K Koaryssinuu. Habmonaercs mu addekr
Tuamana?

CchlIka U qr-KoJ JuIst pocMOoTpa Bueoomnbita https://youtu.be/pCrD2Zs91pg

OO1INHA BBIBOL
KoHTposbHbIe 3a1aHKs

Pemmire Tect

65


https://www.google.com/url?q=https://youtu.be/8n7UFzWQ-wI&sa=D&source=editors&ust=1624774964568000&usg=AOvVaw0JRMNuMVfqmXtDNn9gPLpR
https://www.google.com/url?q=https://youtu.be/8n7UFzWQ-wI&sa=D&source=editors&ust=1624774964568000&usg=AOvVaw0JRMNuMVfqmXtDNn9gPLpR
https://www.google.com/url?q=https://youtu.be/pCrD2Zs9Ipg&sa=D&source=editors&ust=1624774964568000&usg=AOvVaw0-j39TUTxoyWf7liR0MJqs

1. lucmiepcHast cucrema 3T10:

a) TOMOI'€HHas cucTema 0) reTeporeHHasi CucTeMa B) BEpHO a U O

2. Tymany COOTBETCTBYET JIUCIIEPCHAs CUCTEMA: a) /T 0) /3K B) T/K

3. Hedtu cooTBETCTBYET qUCIIEPCHAS CUCTEMA: a) /T 0) /XK B) /XK

4. 3yOHOI1 macTe COOTBETCTBYET AUCIIEpCHAs CUCTeMa: a) T/T 0) T/T B) T/x

5. CrutaBaM COOTBETCTBYET JUCIIEPCHAs CUCTEMA: a) 3K/T 0) T/T B) I/kK

6. I3 nepeuns BeIOEpUTE JIMIITHEE CIOBO U TOJUEPKHUTE €T0: Teilb, CYCIIEH3Us, 30J1b

7. VI3 mepeuHs BbIOEpUTE JIUIITHEE CIOBO U OJYEPKHUTE €r0: 30J1b, CYCIIEH3Ms, a3P030JIb
8. Uto oObeanHsIeT JaHHBIC CIIOBA: MapMena, 3eup, X0I0 el

OTBeT 3anuIInTe B BHUAC OAHOI'O CJI0BA

9. Yto 06T)GIII/IHHGT JaHHBIC CJIOBA: MOJIOKO, HG(i)TI), IIoACOJTHCYHOC MACJIO B BOJC.

OTBeT 3anHUIINTE B BUIE OOHOI'O CJI0OBA

10. Yto 0ObenuHsIET JaHHBIE CI0BA: JIAK ISl BOJIOC, IE30/I0PAHT, MbLUIEBOE 00JIaKO.

OTBeT 3anuIImTe B BHUAC OAHOIO CJI0Ba

IIpakTuyeckoe 3anaTue Ne 3
I'aabBaHuYecKHe 3J1eMeHTbI

Heab pa6orsi: U3ydeHune paboThl TaIbBAHUYECKUX DJIEMEHTOB. TEOPETUYECKUI pacdeT
NOTEHIMAJIOB 3JIEKTPOJIOB U 3JIEKTPOABUKYIIUX CUJ FaJIbBAHUYECKUX DJIEMEHTOB.
Teopus

J1st rajlbBaHUYECKOTO DJIEMEHTA MPUHSTA cleayromas popma 3amnucu (Ha mpumMepe
aneMeHTa Jlanuams):

Zn | ZnSO, || CuSO, | Cu,

/i€ BepTUKAJIbHAs TUHUS | 0003HaYaeT rpaHuily paszzena a3, a IBoiHas BepTUKAIbHAS
JIMHUA || - COJIEBOM MOCTHK. DJIEKTPOJI, Ha KOTOPOM MPOUCXOJUT OKUCIICHUE, HA3bIBACTCS
AHOOOM; DIIEKTPOJ], HA KOTOPOM MPOUCXOIUT BOCCTAHOBIIEHUE, HA3bIBACTCS KAMOOOM.
["anbBaHMYECKUM AIIEMEHT MPUHATO 3aMMChIBATh TaK, YTOOBI aHOJ HAXOIUJICS CJIEBA.

DNEKTPOIHBIE MOTYPEAKIIUU TPUHSITO 3aMUCHIBATH KAaK PEAKIIUU BOCCTAHOBJICHUS
(Tabnuma 12.1), mosTomy 00111asi peakiius B ralbBAHMYECKOM DJIEMEHTE 3aIMChIBACTCS KaK
Pa3HOCTh MEXIY PEaKIUSIMHU Ha TIPAaBOM U JICBOM 3JICKTPOJIAX:

IIpassiit snexrpox: Cu® + 2e = Cu
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JleBbIit 2EKTPOI: Zn® +2e=127n
2+ _ 2+
O6mas peakuusi: Cu™ + Zn =Cu + Zn
[Torennnan E snextpoma paccuutsiBaeTcs 1o goopmyne Hepucma:

g =g+ 2L p G0

.?IF ERed ’

TJI€ 8oy U 8Rreq - AKTUBHOCTH OKUCIIEHHON U BOCCTAHOBJIEHHOM ()OPM BEIIECTBA,
Y4aCTBYIOIIEro B nonypeakuun; E° - cmanoapmuwiti nomenyuan >nexrpona (pH aoy =
Ared =1); N - YKCIIO 3JCKTPOHOB, YIACTBYIOIIUX B MOJAypeakinu; R - ra3oBas MmOCTOSHHAS;
T - abcomoTHas Temneparypa; F - nocrosunas ®apanes. Ipu 25° C

(00257, oy _ e, 00592, ao,

M IRed n ORed

E-F

CTaHI[apTHBIe QJICKTPOAHBIC ITOTCHIUAJIBI 3JICKTPOAOB U3MCPAIOTCA OTHOCUTCIIBHO
CTaHAAPTHOT'O BOAOPOJHOIO 3JICKTPOAA, IIOTCHIUAI KOTOPOI'O IIPUHAT paBHBIM HYJIIO.
3HaueHUS HCKOTOPLBIX CTAHAAPTHBIX 3JICKTPOAHBIX ITOTCHIUAIIOB ITPUBCACHLI B Ta6JII/II_[e

12.1.

Dnexmpoosudxcywas cuna (3/]C) sneMeHTa paBHA pa3HOCTH TOTCHIIMAIOB IPABOTO U
JIEBOT'O 3JIEKTPOOB:

E=Ep-Exn

Ecmn DJ1C anemenTa noioKUTEIbHA, TO peakius (Tak, Kak OHa 3alucaHa B 3JIEMEHTE)
npotekaer camornpou3BosibHO. Eciin DJ1C oTpunarenbHa, TO CaMONpPOU3BOIBHO MPOTEKAET
oOpaTHas peakius.

Cmanoapmnuas 3/][C paBHaA Pa3HOCTH CTAHJIAPTHBIX MOTEHIIMAIOB:
E° =B -Ey

st anementa Jlanuana crangaptaas 3/1C paBHa

E° = E° (Cu®*/Cu) - E° (Zn**/Zn) = +0.337 - (-0.763) = +1.100 B.
O/1C snemenrta cBsizaHa ¢ AG mpoTeKaroliel B 3JIEMEHTE PEAKIIUU:
AG =-nFE.

3Has cranaaptHyro DJIC, MOXHO paccUuTaTh KOHCTAHTY PAaBHOBECHS MTPOTEKAIOIIEHN B
AJIEMEHTE PEaKIINU:

¥ = ox - A - o nFE"
s RT s RT
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Koncranra PaBHOBCCHA PCAKIINU, HpOTGKaIOIHGﬁ B DJICMCHTC I[aHI/IBJI}I, paBHA

K =egxp

REFED] [2-95435-1.10
=€:‘Ip _—_—nm

o314 25815 ] - 154 10%.

OF
MY = HF[@]
3Has memnepamypulil koagppuyuenm 3/[C ¥ , MOXKHO HAWUTH APYrue

TEPMOJUHAMUYECKHE (PYHKITUU:

M=HF[§]
AS = ¥
&S’=HF[%]
AH=AG+TAS=-nFE+ 7,

Ta6muua 12.1. CrangapTHbIE SIEKTPOAHBIE TOTeHIUANb! npu 25° C.

(bonee nmonaHbIE JaHHBIE MOKHO HAWTH B
0ase 110 OKUCIIUTEIbHO-BOCCTAHOBUTEIbHBIM TOTEHIIAATIAM

DJIEKTpO

Li*/Li
KK
Ba”*/Ba
Ca**/Ca
Na'/Na
La*/La
Mg* /Mg
Be**/Be
A1*IAL
Ti%*/Ti
zZr*1zr
V#IV
Mn?*/Mn
WO~ /W
Se”/Se
Zn?*IZn
Cr¥*/Cr

DJIeKTpOAHAs peaKIIUs

Li* +e=Li
K'+e=K

Ba®* + 2e = Ba
Ca™ +2e=Ca
Na" +e=Na
La* +3e=La
Mg> + 2e = Mg
Be®* + 2e = Be
AP + 3e = Al
Ti*" +2e=Ti
Zr'* +4e=27r
V¥ +2e=V
Mn?* + 2e = Mn
WO,” + 4H,0 + 6e = W + 80H'
Se + 2e = Se”
Zn** +2e = Zn
Cr¥* +3e=Cr
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-3.045
-2.925
-2.906
-2.866
-2.714
-2.522
-2.363
-1.847
-1.662
-1.628
-1.529
-1.186
-1.180
-1.05

-0.77

-0.763
-0.744


https://www.chem.msu.ru/rus/handbook/redox/welcome.html

Ga’*/Ga
S*IS
Fe”/Fe
cr¥ . Cr®*/pt
Cd**/Cd
Ti%*, Ti**/pt
TI*/TI
Co**/Co
Ni**/Ni
Mo** /Mo
Sn**/Sn
Pb*/Pb
Ti**, Ti**/pt
D*/D,, Pt
H'/H,, Pt
Ge**/Ge
Br/AgBr/Ag
sSn*, Sn*/Pt
Cu®", Cu*/Pt
Cu**/Cu
Fe(CN)s", Fe(CN)s> /Pt
OH/0,, Pt
Cu*/Cu

J1J,, Pt
Te*/Te
MnO,, MnO,%/Pt
Rh*/Rh
Fe**, Fe®'/Pt
Hg,*"/Hg
Ag'/Ag
Hg®*/Hg
Hg®*, Hg'*/Pt
Pd*/Pd
Br/Br,, Pt
Pt**/Pt
Mn*, H'/MnO,, Pt

Ga** +3e=Ga
S+2e=8%
Fe?* + 2e = Fe
cr¥+e=Cr*
Cd** +2e=Cd
Tt +e=Ti*
T +e=TI
Co** +2e=Co
Ni?* + 2e = Ni
Mo*" + 3e = Mo
Sn®* +2e = Sn
Pb** + 2e = Pb
Ti* +e = Ti**
D'+e= 1/2 D,
H +e= 1/2 H,
Ge?" +2e = Ge
AgBr+e=Ag+Br
sn* +2e = Sn?*
Cu®”+e=Cu"
Cu* +2e=Cu

Fe(CN)s* + e = Fe(CN)"

1, 05 + HyO + 28 = 20H
Cu"+e=Cu
Jo+2e =27

Te™ +4e=Te
MnO, + e = MnO,*
Rh**/Rh

Fe** + e = Fe*
Hg,™ + 2e = 2Hg
Ag"+e=Ag

Hg®* + 2e = Hg
ng+ +e= Hg*

Pd** + 2e = Pd

Br, + 2e = 2Br

Pt** + 2e = Pt

MnO, + 4H" + 2e = Mn** + 2H,0
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-0.529
-0.51
-0.440
-0.408
-0.403
-0.369
-0.3363
-0.277
-0.250
-0.20
-0.136
-0.126
-0.04
-0.0034
0.000
+0.01
+0.0732
+0.15
+0.153
+0.337
+0.36
+0.401
+0.521
+0.5355
+0.56
+0.564
+0.60
+0.771
+0.788
+0.7991
+0.854
+0.91
+0.987
+1.0652
+1.2
+1.23



Cr**, Cr,0%, H'/Pt Cr,0;% + 14H" + 6e = 2Cr*" + +1.33

7H,0
T, TI*/Pt T +2e=TI +1.25
CI'/Cl,, Pt Cl, + 2e =2CI +1.3595
Pb?*, H*/PbO,, Pt PbO, + 4H* + 2e = Pb** + 2H,0 |+1.455
Au**/AuU AUt + 3e = Au +1.498
MnO,, H/MnO,, Pt~ MnOy, + 4H" + 3e = MnO, + +1.695
2H,0
ce*, Ce*/pt Ce* +e=Ce* +1.61
SO,”,H'/PbSO,, PhO,, PbO,+ SO,” +4H" + 2e = +1.682
Pb PbSO, + 2H,0
Au’/Au Au® +e=Au +1.691
H/H,, Pt H, + 2e = 2H +2.2
F/F,, Pt F,+2e=2F +2.87
[IPUMEPBI

Ipumep 12-1. Paccuntars cTaHIApTHBIN dIEKTPOHbIT moTenmuan naps Cu”/Cu’ mo
nanubM TaGmunst 1.1 most map Cu®*/Cu u Cu*/Cu.

Pewenue.

Cu®* + 2e = Cu AG® = -nFE® = -2(96485 Kir Mo )(+0.337 B) = -65031 JIx’ Mo .
Cu* + e =Cu AG® = -nFE® = (96485 Kir moms 1)(+0.521 B) =-50269 [ Momb .
Beruuras, nonyyaem:

Cu? +e = Cu" AG® = -nFE° = -3(96485 Kuir mous )E° = -14762 Jix monb ™,

orkyna E° = +0.153 B.

[Tpumep 12-2. CocTaBUTH CXeMy TallbBAHUYECKOTO PJIEMEHTa, B KOTOPOM MPOTEKAET
peaxuus

Ag" + Br = AgBr.

Paccuurars cranpaprayio DJIC snemenTa mpu 25° C, AG® ¥ KOHCTaHTy paBHOBECHUS
peaKkiuu 1 pacTBOpuMocTh AgBr B Bozte.

Pewenue.
Ag | AgBr| Br || Ag” | Ag

Ipasslii snexTpon: Ag” +e=AgE®=0.7792 B

70



JleBbIii anektpon: AgBr+ e = Ag+ Br E°=0.0732 B
O6mas peakuus: Ag™ + Br = AgBr E°=0.7260 B

AG® = -nFE® = (96485 Kirmonb 1)(0.7260 B) = -70.05 x/Ix' Monb ™

K =exp

- _ 70050
RT ]_Hp[e 314298 15]
' 77/=1.872 107
1/K=a(Ag") a(Br)=m(Ag") m(Br) ( £)>=m?( )
Orcrona, monaras *= 1, moaygaem m = 7.31° 107" momp kr't

[Mpumep 12-3. aH peaxuu Pb + Hg,Cl, = PbCl, + 2Hg, nporekaromeii B
rabBAHHYECKOM dIIEMEHTe, paBHO -94.2 kJ[x moub — mpu 298.2 K. DJIC 3Toro si1eMenTa
Bo3pacraer Ha 1.45° 10™ B npu noBbiurennn temneparyps! Ha 1K. Paccautars IJ1C
anemenTa U AS npu 298.2 K.

Pewenue.

SN = HF[%]
»=2 96485 1.45 10*=28.0 (Ix moms ™ K™).

AG = AH-TA S=-nFE, orkyna

g TAS-AH 298228 (- 94200)
nF = 2 96485 =0.531 (B).

Omeem. AS =28. JIx mons - K E=0.531B.
3AJJAUYU

12-1. PaccuuTaTh CTaHAAPTHBIN SJIEKTPOTHBIN TOTSHIIMAI AP Fe**/Fe mo JTaHHBIM
tabymnbl 12.1 nms map Fe*/Fe u Fe*'IFe*", (oTBET)

12-2. PaccunTaTh MPOM3BEIECHNE PACTBOPUMOCTH U pactBopumocTh AgCl B Boge npu 25°
C o nanabM Ta0nunel 12.1. (oTBET)

12-3. PaccunTaTh MpOM3BEIEHNAE PACTBOPUMOCTH U pacTBopumocTs Hg,Cl, B Bome pu 25°
C 1o 1aHHBIM O CTaHJAPTHBIX JEKTPOAHBIX MOTEHIIMATaX. (OTBET)

12-4. PaccunuTaTh KOHCTAHTY PABHOBECHS PEAaKIUK JUCIponopiuonuposanus 2Cu” —
Cu®* + Cu mpu 25° C. (otBer)

12-5. Paccuurars KOHCTaHTY paBHOBecus peakuun ZnSO, + Cd = CdSO, + Zn npu 25° C
10 JaHHBIM O CTAHIAPTHBIX JEKTPOIHBIX MMOTEHIIHAIAX. (OTBET)

71


https://www.chem.msu.ru/rus/teaching/eremin/answ.html#12
https://www.chem.msu.ru/rus/teaching/eremin/answ.html#12
https://www.chem.msu.ru/rus/teaching/eremin/answ.html#12
https://www.chem.msu.ru/rus/teaching/eremin/answ.html#12
https://www.chem.msu.ru/rus/teaching/eremin/answ.html#12

12-6. D/1C anemenTa, B KOTOpoM obpaTumMo mnpotekaeT peakius 0.5 Hg,Cl, + Ag = AgCl
+ Hg, paBna 0.456 B npu 298 K u 0.439 B nipu 293 K. Paccuntats AG, AH u AS

PCaKIH. (OTBET)

12-7. Beraucnuts termnoBoi 3¢ dext peakiuu Zn + 2AgCl = ZnCl, + 2Ag, nporekatomieit
B rasibBannueckoM sniemente npu 273 K, eciiu 9J1C snementa E=1.015 Bu
Temmepatypubiii koaddumuent IJC = - 4.02° 10" B K™, (orBer)

12-8. B ranpBaHUYECKOM dJIEMEHTE IpHu Temmeparype 298 K obparumo mporekaer
peakuust Cd +2AgCl = CdCl, + 2Ag. Paccuutarh n3MEeHEHUE YHTPOIUU PEAKIUH, €CITU
cranpapraas DJIC snementa E° = 0.6753 B, a cTaHIapTHBIE SHTAILIIUKM 00PA30BAHMS
CdCl, u AgCl pasubi -389.7 1 -126.9 K[>k MOJIb - COOTBETCTBEHHO. (OTBET

12-9. DJIC snemenra Pt | H, | HC1 | AgCl | Ag npu 25° C pasna 0.322 B. Yemy pasen pH
pactBopa HCI" (oTBer)

12-10. PactBopumocts Cus(PO,), B Boge mpu 25° C pasra 1.6° 10 moms xr.
Paccuurars DJIC snemenra Pt | H, | HCI (pH = 0) | Cu3(PO,), (sacki. p-p) | Cu mpu 25°

C. (otBeT)

12-11. Tpu rampBaHHUYECKHUX deMeHTa uMeroT ctanaaptHyio DJIC coorBerctBenno 0.01,
0.1 u 1.0 B ipu 25° C. Paccuurarh KOHCTAHTHI PABHOBECHUS PEAKIMIA, IPOTEKAONIMX B
ATUX HJIEMEHTaX, €CJIM KOJIMYECTBO AJIEKTPOHOB IS KXol peakuu N = 1. (0TBeT)

12-12. BJIC snemenTa Pt | H, | HBr | AgBr | Ag B miupokoM HHTEpBaie TEMIIEPaTyp
ormceiBaercs ypasaennem: E° (B) =0.07131 - 4.99° 10™(T - 298) - 3.45 10™(T - 298).
Paccuntats AG®, AH® u AS°® peakiun, nporekaromeii B anemenre, pu 25° C. (orser)

12-13. Jlns usmepenus pH pacTBopa MOXXHO NPUMEHSITh XUHTUIPOHHBIN 3JIEKTPO/I.
(Xunrugpon, Q QH,, npeacrasiser coo6oit komruiekc xuHoHa, Q = CgH,O,, u
rugpoxunona, QH, = C¢H,40,H,). DaekrpoaHas momypeakius 3anucbiBaercs kak Q + 2H
+ 2e —+QH,, crangapruslii norenuuan E° = +0.6994 B. Ecau snement Hg | Hg,Cl, | HCI |
Q QH, | Pt umeer 3/1C +0.190 B, kaxos pH pactBopa HCl' (oTBer)

+

12-14. B raipBaHM4ECKOM 3JieMeHTe o0paTumo npotekaeT peakius CuSOy4 + Zn = ZnSO,
+ Cu. Paccuutats AH u AS peaxiun, ecau 9JC snementa pasaa 1.960 B npu 273 K u
1.961 B ipu 276 K. (oTBeT)

12-15. B anemente Becrona mporekaer peakmust Cd + Hg,SO, = Cd** + 2Hg. Paccunrars
OJC aroro sanementa npu 303 K, ecnmu AH u AS npotekaroiieit B HeM peakiiuy paBHBbI
COOTBETCTBEHHO -198.8 kJx Moub 1 -7.8 JIx mois - K. (oTBer)

12-16. AH peakiuu Pb + 2AgCl = PbCl, + 2Ag, npoTekaroiieil B raJlbBAHUYECKOM
snemente, pasHo -105.1 kJlx” Moms ™. DJIC storo snementa paaa 0.4901 B mpu 298.2 K.
Paccuurats DJ1C snementa npu 293.2 K. (oTBeT)
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IIpakTuyeckoe 3ansiTue 4
Koppo3ust meTasiion

Heab paGorbl: wu3yueHHE OCOOCHHOCTEW MPOIECCOB KOPPO3UUM B  Pa3IMUHBIX
TEXHOJIOTUYECKUX CPEIaXx.

Xox padoThi:

1. O6e3yrnepoxuBanue craiu. [Ipu BBICOKHX TemIepaTypax MHOTHE TEXHOJIOTHYECKHE
mpoueccel B Ta3oBOM  ¢daze  OCHOXHAIOTCA  JeKapOlopu3auuen,  Wiu
obe3yrnepokuBanueM crtand. CyThb 3TOrO SIBJICHHS 3aKJIIOYAeTCs B TOM, YTO TIpU
temriepatypax Beoie 650 °C, momumo 00pa3oBaHMs TOBEPXHOCTHON OKCUIHON TJICHKH,
IPOUCXOAUT OOCTHEHUE CJIOS MeTalla, NPUJICTAIONIEr0 K IUICHKE, YIJIepOJIOM.
Conepkanue yriaepoja B TOBEPXHOCTHBIX CJOSX CTald yMeHbliaetrcsa. [Iporece
HAOJI0JaeTCs YacTo B OKUCIUTEIbHON aTMocdepe, conepxkaineit 02, H20 unmu CO. On
MOJKET UMETh MECTO U B CPEZIE BOAOPOA.

2. Bopopoanas koppo3usi. MOKeT COImyTCTBOBaTh MHOTUM TEXHOJIOTHYECKUM ITPOLIECCAM,
MIPOTEKAIOIINM IIpH MOBbIIEHHbIX TemnepaTypax oT 200 °C u naBnenusx ot 300 MIla

B Cpelax, COJEpKallUX BOAOPOA. OTH YCIOBUS OTBEYAIOT TaKUM MpoIeccaM, Kak
TUAPUPOBAHUE YIJIA U HEPTH, CHHTE3 aMMUaKa M METaHOJa U JIp.

3. KapOoHunbHas KOppo3usi UMEET MECTO B TEXHOJIOTMYECKHUX MPOIECCax, MPOTEKAIOIIUX
c yuactueM yriepona (II) mpu TOBBIIEHHBIX AaBICHHUSX M TeMmrepaTypax. K Takum
mpoiieccaM OTHOCSITCSI, HampuMep, TMOJy4eHHE METHJIOBOr0 M OyTHJIOBOTO CHUPTOB,
KOHBEPCHUS METaHa U OKUCH YIJIEPOJa.

[Tpn HOpManmbHBIX yciaoBusXx CO WHEpTHA MO OTHONICHUIO K MeTauiaM. [Ipu BBICOKHX
TEMIIepaTypax W JaBJICHUSX OKCHJ YIJIepoja BCTYMaeT B PEAKIHI0 CO MHOTHMH
MeTaJIaMHu U 00pa3yeT KapOOHMIIBI.

Hampumep,Fe + nCO = Fe(CO)n.

OcHoBHas JTUTEpaTypa:
1. Xomuenko, N.I'. O6mas xumus: yae6. / M. I'. Xomuenko.- M., Hosast Bomnna, 1999
Omnukc.- 464 c.
2.Epemun B.B., bopuieBckuii Al
OcHoBbl 00mIeH W (usnyeckor xumuu: yde0. mocobue / B. B. Epemwun, A. Sl
bopmesckuit.- Jlonronpyansiii, U Untennekrt, 2012.- 847 c.
3.bepesun b. /1., Kpectos I'.A.
Ocnoenbie 3akonbl xumuu / B.J1.bepe3un, I'.A.Kpectos; Poc.akaa.Hayk. H-T Xumuu
pacTBOpoB.- M., Hayka, 1999.- 95 c.

1. munka, H.JI. 3anaun u ynpaxsaenus mo odmieit xumuu : yue6. mocodbue / H.JI. ['munka .
- uza. crep.- M., Knopyc, 2022.- 240 c.

2. I'munaka, H.JI. OGrmiast xumus : yue0. mocooue / H. JI. I'munka .- u3z., crep..-M., Krnopyc,
2022.- 746 c.
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JlonotHMTEIbHAS JTUTEPATYpA:

1. Tapkymmn, M.K. MiumrocTpaninoOHHBIN MaTteprai K JIEKIUAM 0 HEOPTraHUYECKOU
xumui : yueo. nocodue / U. K. IN'apkymun, E. M. bexrepesa, O. B. JlaBpeHTbeBa;
Camap.roc.texH.yH-T.- Camapa, 2012.- 151c.

2. Tapkymmn, UK. O61mas xumMust 1151 TEXHUYECKUX By30B : Y4eb. nocodue / N. K.
INapxymmn, H. W. JIucos, A. B. HemkoB; Camap.roc.TeXH.yH-T .- 2-€ U3/1., JI0Il. U
nepepad..- Camapa, 2003.- 403 c.

3. 3amgayu u ynpaxkHeHus o oomieit xumuu : Yued.mocooue / [lox

pen.H.B.Koposuna; pea. H. B. KopoBuH .- 2-¢ uzn.,ucnp..- M., Beicir.mk.,2004.- 255

C.

4. TlpuknagHoe 3HaYEHUE XUMHH ISl CTYJICHTOB HEXUMHYECKUX

cnenuanbHocTelt CaMapcKoOro rocy1apcTBEHHOIO TEXHUUECKOI 0 YHUBEPCUTETA

: yue6. mocooue / . K. I'apkymmn [u ap.]; Camap.roc.texH.yH-T.- Camapa,

2008.- 117 c.

5. Erynos, B. I1. Coopauk 3amau no oOuieit xumuu : yue0. mocodue [Tekcr] / Camap.
roc. apxurtektyp.-ctpout. yH-T (CI'ACY), Kad. obu1. u npuxnan. QUMK U XUMHH.-
Camapa, CI'ACY, 2016.- 128 c.

6.25eKTpOHHAas oubnuoreka o XUMUH u TEXHUKE.
http://www.rushim.ru/books/books.htm
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