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BBEAEHUE

[lenpr0 OCBOEHMS NUCLUUILIMHBI «XUMUSA» SBISETCS (POPMHUPOBAHUE 3HAHUU
TEOPETHYECKUX OCHOB XMMHHM W CBOMCTB XMMHUYECKHX 3JIEMEHTOB, COCIUHEHUN H
MaTepUajoB Ha MX OCHOBE, NMPUOOPETEHHE HABBIKOB IOCTAHOBKU M IPOBEJICHUS
7a00paTOpHBIX  MCCIEAOBAHMN; M YMEHUS HCIOJNB30BaTh MX B CBOEH
po(heCCUOHATIBHON JAESTENHOCTH.

B pesynbrare 0cBOEHUS AUCHUIUTMHBI 00YYaIOUTUIICS TOJKEH:

3HaTh:

- MEpPUOJMYECKHH 3aKOH U €ro MCIOJb30BaHUE B IPEACKa3aHUU CBOWCTB
AJIEMEHTOB U COEAMHEHUI; XUMUUYECKHE CBOMCTBA 3JIEMEHTOB psijia TPy,

- BUJIbI XMMUYECKOU CBSI3U B PA3JIMYHBIX THUIIAX COCAMHEHUH,

- CBOMCTBA Ba)KHENIINX KJIACCOB OPTaHUYECKNUX COEAUHEHNN,

- OCHOBHBIE MPOIIECCHI, MTPOTEKAIOLIUE B AIEKTPOXUMUYECKUX CUCTEMAX,

- MMPOIIECCHI KOPPO3UU U METOJIbI OOPHOBI C KOPPO3HUEH,

- CBOWCTBA JIUCIIEPCHBIX CUCTEM.

Ymersb:

-IPUMEHSTh METO/bl 3KCIEPUMEHTAIBHOIO UCCIEIOBAHUS B MPAKTUYECKON U
Hay4HO-UCCIIEI0BATEIbCKON AEATENBHOCTH.

Baagern:

- KJIFOYE€BBIMH TEOPETUYECKUMU U IIPUKJIAJHBIMU BOIIPOCAMH XUMUU

[Ipn peanuzauuu AUCHUIUIMHBI «XHUMHS» OPraHu3yercs MpaKkTUYecKas
MOATOTOBKA myTeM MPOBEICHUS 71a00paTOPHBIX paoor,
IpelyCMaTpUBAIOLIUX y4acThe 00ydaroIUXCsl B BBIMOJIHEHUN OTIEIbHBIX 3JIEMEHTOB
paboT, CBA3aHHBIX ¢ OyayIIel MPoPECCUOHATILHOMN S TEIbHOCTHIO.

JUIst ycrenrHoro 0CBOEHUs JUCHUIUIMHBI « XUMUS», CTYACHT JTOJKEH aKTUBHO
paboTaTh Ha JEKUMOHHBIX W Ja0OPATOPHBIX 3aHATHUSAX, @ TAKXKE OPraHMW30BbIBATH
CaMOCTOSTENIbHYIO BHEAYJUTOPHYIO AEATEIBHOCTD.

JUig OLleHMBaHUS MOATAMHOTO (POPMHUPOBAHUS PE3YJIHTATOB MPETYyCMOTPEHBI
KOHTPOJIbHBIE 3a/1aHHUs1, KOTOPbIE 00yYarouecs BBIMOIHIIOT CAMOCTOSTENBHO 1OCIIE
MPOCITYIIMBAHUSl JIGKIIMM W BBINOJHEHHUS JlabopaTopHOM paboThl. IlepeueHb
MPUMEPOB MO BBHIMOJHEHUIO KOHTPOJIBHBIX 3aJaHUI MPEICTABIICH B 3aKIIOYUTEIbHON
4acTU y4eOHO-METOIMYECKOTO MOCOOUSI.



1. COAEP KAHME TEM JUCIUAIIVINHBI 1
METOINYECKHUE YKA3ZAHUSA 110 UX OCBOEHHUIO

Temarudeckuii 1iaH JEeKIIMOHHBIX 3aHsATUi (JI3) mpencrarnex B Tabmuie 1.

Tadoauua 1 — O0bem (TPyA0eMKOCTb OCBOCHHS) U coaepxanue JI3

Howmep Kou-Bo wacos JI3

TEMBI TeMbl TSKIIMOHHOTO 3aHIATHS oyHasg | 3ao4Has
dbopma dbopma

1.1 BBenenne. OCHOBHEBIE 3aKOHBI U IIOHSITHS XUMUU 2 -

1.2 Crpoenue BemiecTBa 2 -

1.3 OO61re 3aKOHOMEPHOCTH XUMHUYECKHX MPOIECCOB 4 1

1.4 HucnepcHble cuctembl. PacTBOpBI 4 1

1.5 KoMiiekcHble coefTMHEHUS 2 0,5

1.6 OKHUCIUTETFHO-BOCCTAHOBUTEIILHBIC PEAKIIUU 2 0,5

1.7 DNEKTPOXUMHUECKHUE TTPOIIECCHI 6 0,5

1.8 OO0111e CBOMCTBA METAJJIOB 2 1

1.9 XHUMUS HEMETAJIOB. DJIEMEHThI OpraHUYeCKOM 5 -

XAMHUU
1.10 XUMHUYecKre METOIBI aHAJIN3a 4 -
HTtoro 30 6

N3yyath Kypc «XUMUW» CIIEAYyET MO TEMAaM, IPEABAPUTEILHO 03HAKOMUBIIIUCH
C COJEp’KaHMEeM KaXIol M3 HUX B paboueit mporpamme. [Ipu 3TomM HEoOXoauMO
BHHUKATh B CYIIHOCTh BOIMPOCA, a HE MBITAThCS 3allOMHUTH OTJAENbHbIE (DAKThl U
sBieHUs. YTOOBI Jiyyllle 3alIOMHUTh U YCBOUThH MaTepual, HaJo B pabodyro TeTpaib
3aHOCUTH (OPMYJIMPOBKU UM OMpPEACICHUS OCHOBHBIX 3aKOHOB M TOHSITHUN XHMUH,
3HAUYECHUS HOBBIX HE3HAKOMBIX TEPMUHOB U Ha3BaHUU, (HOPMYIIBI XUMHYECKUX
COCMHEHUN U YPAaBHEHUS pPEeaKlui, MaTEMaTUUYECKUE 3aBUCUMOCTH U UX BBIBOJBI. B
T€X CIydasix, KOrjga MaTepuasl MOANACTCS CUCTEMAaTH3alMM, CIEAYET COCTABIATH
TaOnauIbl, Tpaguku U cxeMbl. OHM OYEHb O0O0JIEr4al0T YCBOCHHE U 3alIOMUHAHUE
ydyeOHOoro marepuasa. Takoil KOHCHIEKT Kypca OyleT MOJIe3eH MpHU TMOATOTOBKE K
JK3aMmeHy. HM3ydenwe wmarepuasia 10 JIATEPATypPHBIM HCTOYHUKAM  JIOJDKHO
COITPOBOX/IAaThCS BHIIIOJIHEHUEM KOHTPOJIBHOTO 3aJaHUsI IO IPOUAEHHOU TEME.

Tema 1.1. BBenenue. OcHOBHBIE 3AKOHBI M IOHATHS XUMHUH
Bonpocel TeMbl
1. TIpeamer Xxumumu.

2. Mecto XMMHUM Cpe/ii €CTECTBEHHOHAYYHBIX JTUCIIUTIIINH.

5
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3aKOH COXPAHEHMS MacChl U SHEPTUU.

AtoM, Mosekyna. [IpocToe u ciioxHOE BEmECTBO.

KonunuecTBo BemecTBa. MonsipHast macca.

OTHOcuUTENbHAS ATOMHASI U MOJIEKYJISIPHAsI MAcCCHhl.

3aKOH IOCTOSTHCTBA COCTaBa BEIIECTBA, 3aKOH ABOrajpo.

3aKOH 3KBHUBAJICHTOB.

OKBUBaJIEHT. PacyeT SKBUBAJIEHTHOM MacChl I MPOCTBIX M CIOKHBIX
BEIIECTB.

Jlureparypa [1, 4, 6]

MeTtoanyeckue peKOMEeHAAUN

W3ygass maHHbI pa3gen pabodeil HporpaMMmbl, CIEAYET O3HAKOMUTHCS C

OCHOBHBIMHU IIOHATUAMU U TepMI/IHOHOFI/IGﬁ, KOTOPBIC UCIIOJIB3YCT XUMUA U y5ICHI/ITB, KaKOﬁ
CMBICJI MMEIOT MOHSTUS «aTOMHAas Macca», «MOJISIpHas Maccay», «MOJIEKYJIIpHas
Macca», «3KBUBAJICHT», «3KBUBAJIECHTHAS Maccay, «MOJISIpHAasi Macca SKBUBAJIICHTa», U
B KaKMX €JUHUIIAX OHU U3MEPAIOTCS, MOHATH CBSI3b MEX/Y BaJIEHTHOCTHIO DJIEMEHTA
B JAHHOM COCIMHEHHWH, MOJBHOM MACCOM €ro aTOMOB M €r0 MOJIIPHOM Maccou
SKBUBAJICHTA. 3HAHUE SKBHUBAJICHTAa HEOOXOAMMO NPH pacyeTax KOHIICHTPAIMU B
pacTBOpax NpH BIYUCIECHUSAX, CBA3aHHBIX C XUMUYECKHUMU PEAKIIHSIMU.

ok wnE

Bonpocsl AJ11 CAMOKOHTPOJIS

HazoBute oCHOBHBIC pa3/ieibl HAYKU XUMHUH.

ChopmynupyiiTe onpenesieHue MaTepUH.

Kewm u xorja 6611 chopMyIHpOBaH 3aKOH COXPAHEHHS MacChl BelecTBa?

UTo Ha3bIBAE€TCS SKBUBAJIEHTOM 3JIEMEHTA?

SBIsieTCS I KBUBAJICHT MTOCTOSHHON BEJIMYMHOMN ?

Kak BbIYMCIUTH MOJSPHYIO MacCy OJKBHUBaJeHTa (IPKBUBAJECHTHYIO Maccy)
3JIEMEHTA B COCAMHEHHUH U CIIOKHOIO BEIIECTBA?

CdopmynupyiiTe onpeaesieHne 3aK0Ha YKBUBAJIICHTOB.

Tema 1.2. CTpoeHue BemecTsa

N

Bonpocs! TeMbl

Ctpoenue aroma. Mozaenu CTpoeHus aToMa.

KBanToBo-Mexannueckas mozaenb aroMa. KBaHTOBBIE uncia.

DneKTpoHHBIC KOHPUTYpAIIUU aTOMOB AIeMeHTOB. COCTaBIEHUE AIEKTPOHHBIX
KOH(UTypaLnid U 3IEKTPOHHO-Tpaduueckux (popmMys1 aTOMOB 3JIEMEHTOB.
Xumuueckasi cBs3b. OmnpenesieHue U XapaKTePUCTUKU XUMHYECKOW CBSI3H.
OCHOBHBIE YE€pPThl XUMUYECKOW CBSI3H.

Bunpr cBszeii. CBoiicTBA W OCOOCHHOCTHM KOBAQJICHTHOW CBSI3U. THIIBI
KOBQJICHTHON  CBsi3U. J[OHOpHO-aKIENTOPHBIM MEXaHU3M  OOpa30BaHUS
KOBAJICHTHOM CBSI3HU.

Jlureparypa [1, 2, 4]

MeTtoanuyeckue yKa3aHus



[Ipu u3ydyeHun 3TOrO paszziena HaJAO pa3odpaThCs B DIEKTPOHHON CTPYKType
aTOMOB, 3aBHCHMOCTH CBOMCTB XMMHUYECKHUX 3JIEMEHTOB OT CTPOCHHSI UX aTOMOB, B
3aKOHOMEPHOCTSIX 3aMOJIHEHUS 3JEKTPOHHBIX 000J0YEK aTOMOB C YYETOM YEThIpEX
KBaHTOBBIX YMCEJ, IPUHIMIA HAaWMEHbIIEW sHepruu, npuHuuna llaymm, npasui
I'yana n KneukoBckoro.

Onucanve XUMHYECKOM CBSI3U B JIOOOW MOJIEKYJE€ €CTh IO CYIIECTBY
ONMCAaHNE PACHPENEIICHNUsI B HEW DJJIEKTPOHHOW IuIoTHOCTH. [lo Xapakrtepy 3TOro
pacupenesieHuss XUMUYECKUE CBA3U TPAJULMOHHO ITOAPA3JICISIOT Ha KOBAJICHTHBIE,
MOHHBIC, METAJUINYECKHE CBSA3U. V3yunTe TUIIBI XUMUYECKOH CBS3H.

W3y4ast poCTpaHCTBEHHYIO CTPYKTYPY MOJIEKYJIbl, 0OpaTUTE BHUMaHHE HA TO,
YTO OHA OMPENEISIETCA BHIOM TMOPUIU3AllMU BaJCHTHBIX OpOUTaNIel EHTPaIbHOTO
aToMa W YHCJIOM HE IOJEJIEHHBIX JJIEKTPOHHBIX TMap, COAEPXKAIIMXCA B €ro
BAJICHTHOM 3JIEKTPOHHOM CJIO€.

Bonpocsl AJ11 CAMOKOHTPOJIA

1. KakuMu 4YeThlpbMsI KBAaHTOBBIMH YHCIIAMH XapaKTEPU3YETCS COCTOSIHHE
aNeKTpoHa B aroMe? Kakoe 3HauyeHMe OHM MMEIOT Il BHELIHUX JJIEKTPOHOB
aToMa aJfOMUHUSA?

2. Kakue snemeHThl B mepuoanyeckoil cucteme snemeHTtoB JI. M. Menneneena
OTHOCSTCA K $-, P-, d-, u f-cemeiicTBam?

3. Kakoii sHepreTHUecKuii MOAypOBEHD 3aIOHICTCS cHavdana: 4s win 3d; 4f nmm
6s? [Touemy?

4. Kaxk oObsicHsieTCs TIepeMeHHasi BAJIGHTHOCTb Y aTOMOB KPEMHHUS, CEPBI, XJIOpa U
OTCYTCTBHE IIEPEMEHHOMN BaJIEHTHOCTH y aTOMOB KHUciopoAa u ¢ropa?

5. B uem 3akmouaercs mnpunmmn (3ampet) llaynu, npuHUMN HauMeEHBIIEH
sHepruu, npasuio ['ynaa?

6. CoBpemennas popmynrpoBka nepuoandeckoro 3akona J[. . Menneneena.

7. Kak wu3MmeHsieTcs SHEprusi MOHW3alUM B Tpynmnax (TJIaBHBIX U MOOOYHBIX
NOATPYNIAax) U Neprojiax. B Kakux eIUHUIIAX OHA BhIPAKaeTcs?

8. Urto Takoe cpoICTBO K AEKTpoHY? B kakux eamHuIax oHO BbIpaxkaeTcs? Kak
U3MEHSETCS OKUCIUTENbHAs aKTUBHOCTh HEMETANIOB B IMEPUOAE M TpyMIe
nepuoaudeckor cucreMbol asnemeHTtoB J[. M. MeHnneneeBa ¢ yBenmueHunem
MOPSIIKOBOTO HOMEpA 3JIEMEHTa?

9. Kak u3MeHsieTcsi OTHOCUTENIbHAs 3JIEKTPOOTPULIATEIBHOCTh P-3JIEMEHTOB 10
IIEpUOy, B IPYIIIIE NIEPUOIUIECKON cucTeMBI dsieMeHToB [[. Y. Menaeneesa ¢
YBEJIMYECHHUEM MOPSAKOBOTO HOMEpa 3eMeHTa?

10.Kakue MoyeKkyabl Ha3bIBAIOT MOJSIPHBIMU, M Kakuhe HenoJsipHbIMu? YTo
CILY’KUT MEPOU MOJIIPHOCTH MOJIEKYH?



Tema 1. 3. O01mue 3aKOHOMEPHOCTH XMMHUYECKHUX MPOLECCOB

ok wn

Bonpocsl TeMbl

CKopoCcTh XMMHYECKOW peakuud. DakTopbl, BIUSIOIIME HA CKOPOCTb
XUMHUYECKON PEAKIIUH.

BinsiHME KOHIIEHTpaLMK pearupyonuX BeIEeCTB. 3aKOH ACHCTBYOIIUX MACC.
Brnusinue TemnepaTypsl Ha ckopocTh peakiuu. [IpaBuno Bant-I'odda.
Oco0EeHHOCTH KMHETUKH TeTeporeHHbIX nporeccon. Katanus. Katanuzaropsl.
OOpaTumble XMMUUYECKHUE PEAKIUH. Y CJIOBUSI XUMHUUECKOI'O PABHOBECHS.
KoHncTanTta paBHOBecHs U €€ CBSI3b C TEPMOJUHAMUYECKMMH (YHKIUSMHU.
[Tpunuun Jle-1laTenbe.

Jlureparypa: [1, 2]

MeToanyeckue peKOMeHIaluu

OOpaTtuTe BHUMaHKUE Ha TO, Kakue (PaKTOpbl BIMSIOT HA CKOPOCTh XUMUYECKOU

peakuuu. Pa3zbepurech B CYUIHOCTHM 3aKOHa JIEHCTBUS MAacC, O3HAKOMBTECH C
npaBwioM Bant-I'opda (3aBUCMMOCTh CKOPOCTH XUMHUYECKOW pEakiuu OT
TEMIIEPaTyphI).

VscHUTE, TP KAKOM COOTHOUIEHUH CKOPOCTEN OOpaTHOM M MpAMOW peakuuu

YCTAHABJIIMBACTCA XUMHNYCCKOC PABHOBCCHC, N KAKHC (1)aKTOpLI MOI'YT BBI3BATb Cro
CMCIICHHUC.

Bomnpocs! 111 cCaMOKOHTPOJISE

Kaxk opmynupyercs 3akoH aeicTBust Macc?

Kakum mpaBHJIOM MOKHO BOCIIOJIB30BAThCS AJIsi OOBSICHEHHUS 3aBUCHUMOCTHU
CKOPOCTH PEaKLUU OT TEMIIEPATypbl?

Kakoii mpuHuIumn gaet 00bsICHEHNE CMEIIEHUIO0 XMMUUECKOTO paBHOBECHS?

Tema 1.4. lucnepcHbie cucrembl. PacTBopbl

> wnh e
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Bonpocel TeMbl

PactBopsi: knaccudukaims, criocoobl BEIPAKEHUS] KOHIICHTPAIIUU.
Onpenenenre pacTBOPOB, OCHOBHBIE TPU3HAKHU.

Knaccuduxanust pacTBopoB.

MaccoBasi 107151, MOJIsIpHasi, MOJIsUTbHAsI, HOpMaJIbHasi KOHIIEHTPAIUsl, MOJIbHAs
TIOJIS, TUTP.

CBoiicTBa pacTBOPOB DJIEKTPOJIUTOB.

DIIeKTPOJIUTUYECKAS TUCCOIIUALIMS.

CuiibHBIC U cJTa0ble ANEKTPOIUTHL. CTENeHb TUCCOLUAIIUH.
Koncranrta qucconmanuu. 3akoH pazoasieHust OcTBanpia.

. Urto Ha3pIBaeTCS TUAPOTUZOM?

10 OOpaTuMbIii THAPOIIN3.
11.HeoOpaTuMplii THAPOIIU3.

12.IlpuBenuTe mpuUMephl COJE€i, KOTOpbIE MOJBEPraroTCs TMIPOJIU3Y, U COJei,

KOTOPBIC TUAPOJIN3Y HEC MMOAJICIKAT.



13.0T1 xakux QaxTopoB 3aBUCUT ruaponu3 conei? [IpuBeanre npumepsi.

Jluteparypa: [1-3]

MeToanyeckue peKOMeHIaluu

Heo0OxoauMo Hay4uuThCs MPOU3BOJIUTH PACUET KOHLIEHTPAIMM PACTBOPEHHOIO
BEIIECTBA B pacTBOpe Hauboyee pacHpoOCTPAHEHHBIMM CHOCOOaMM, a TakKke
OCYLIECTBJISATh NEPEXO] OT OJHOrO CIOCO0a BBIPAXKEHUSI KOHLEHTPAUUU K JPYTroMy.
BaxxHo ycBOUTBH, UTO TaKO€ CTEIMEHB JUCCOIUAIUH, OT KaKUX (PAKTOPOB OHA 3aBUCHT,
OCOOEHHOCTH IMCCOLIMALIMN CHIIBHBIX U CIAa0BIX AJIEKTPOJIUTOB. Pa3ouparbcs U yMeTh
[MCaTh MOHHBIC M MOJEKYJSIPHBIE YPAaBHEHMsI PEaKIMil CTyNEHYaTOro M IIOJHOIO
TUAPOJINA3A.
Bomnpocsl 1151 CAaMOKOHTPOJIS
JlaTb onpeneneHne MEKTPOTUTUYECKON TUCCOLIMALINEH.
YTo Takoe CTeneHpb NEKTPOIUTHIECKON Trcconanm?
Kakue 31eKTpoauThl Ha3pIBalOT CUIIBHBIMU U ci1abbiMu? [IpuBecTu nmpumepsl.
JlaiiTe onpeaeseHue OCHOBAHUAM, KACIOTaM U COJISIM C TOUYKHU 3PEHUS TEOPHUH
ANEKTPOIUTUUECKOIN TUCCOLUALINU.
Uto Ha3pIBAETCS TUAPOIUIOM?
6. IlpuBenure mpumepsbl cojei, KOTOpbIE MOABEPralOTCS TUAPOJIU3Y, U COJIEH,

KOTOPBIE THIPOIU3Y HE MOJIEXKAT.

7. Ot kakux (akTOpoB 3aBUCUT ruaposn3 cojier? [IpuBeaure npumepsl.
8. Kak Bimsier Ha TUAPOIHN3 COMM TeMIIepaTypa U KOHIIEHTpaIus pacTeopa?

> wh e
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Tema 1.5. KommiekcHble coeqMHEHUSA
Bonpocel TeMbl
1. CocraB, cTpyKTypa U HOMEHKJIaTypa KOMIUIEKCHBIX COCTMHEHUH.
2. Krnaccudukanys KOMIUIEKCHBIX COSAMHEHUN.
Jlureparypa: [1, 2, 4]
MeTtoauyeckue peKOMEHAalMU
I[Ipu ycBoeHuss H2TOM TEMbI HEOOXOIMMO YSICHUTb, CMBUI TOHSITUN
«KOMJIEKCOOOPa30BaTeNby, «KOOPAUHAIMOHHOE YHCIIO», <JIMTaHAbD»; HAyYUThCA
OTpENeNiaTh 3apsi] IEHTPAJILHOTO HWOHA, BHYTpPEHHEW cdepbl KOMIJIEKCHOTO
COCIMHEHUS, A TAKIKE YMETh OTIIMYATh KOMIUIEKCHBIE COJIM OT JABOMHBIX COJIEH.

Bonpocsl Aj1s1 CAaMOKOHTPOJIA

1. Yrto Ha3bIBaeTCS JOHOPHO-AKIIENITOPHON MU KOOPAMHAIIMOHHOM CBSI3bIO?

2. Kakoit arom wumm HWOH sBiIsercs goHopoM B coeauHenmsx: K[BF],
[Zn(NH3)4]CI,?

3. Uro Ha3pIBAETCS KOHCTAHTON HECTOMKOCTH KOMILIEKCHOTO MOHA?



Tema 1. 6. OkuCJIAUTEIBbHO-BOCCTAHOBUTEIbHbIEC PEAKINH
Bonpocsl TeMbl
1. Omnpenenenre cTENEHN OKUCIEHUS.
2. daxkTophl, OINpEACAIONNe OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE CBOWCTBA
DJIEMEHTOB U UX COCJIUHCHU.
3. Knaccudukamnmsi OKMCIUTETEHO-BOCCTAHOBUTEIIBHBIX PEAKITHIA.
CocraBieHue OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHM.
5. OmpeaencHue HampaBiICHUS MPOTEKAHHUS OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX
MPOIIECCOB.
JInteparypa: [1, 2]
MeToanuyecKkue peKoMeHIaluu
Nzyuas OKHCJIUTEILHO-BOCCTAHOBHUTEIILHBIE peakiuu, HEO0O0XOJIMMO
pazo0OpaTbcsi B TOHATHSAX «CTCNEHb OKUCICHHS DJJIEMEHTa B COCAUHEHUN,
«OKHCJIEHHE U BOCCTaHOBJIEHHE». Heo0X0IMMO MOHATh, KaKHe BEIIeCTBa MOTYT OBIThH
OKHCIIMTEISIMH, a KaKHe BOCCTAHOBHTCIIMHM M KakHe 00J1aJal0T OKHCIUTEIBHO-
BOCCTAHOBUTEIBLHON JIBOMCTBEHHOCTHhIO. HeoOXxomuMo ycBOoUTh JBa MeETOJa
COCTaBJICHUS ypaBHEHUI OKHCJIMTEILHO-BOCCTAHOBHUTEIIHLHBIX peaKIui:
AJIEKTPOHHOTO U AJIEKTPOHHO-MOHHOTO OanaHca.
Hayuutbhes paziauyaTh THUIBI OKUCIMTEIBLHO-BOCCTAHOBUTEIBHBIX PEAKIIUM,
COCTaBJIATH ypaBHEHUS, OTIPENICIIATh HaIpaBJICHUE OKHCIIUTENLHO-
BOCCTAHOBUTEJBHBIX PEAKIMM, MOJb3YSACh TAOJMUYHBIMU 3HAUYCHUSIMU DJICKTPOJHBIX

&

MTOTEHIUAJIOB 3JEKTPOXUMUYECKUX CUCTEM.
Bonpocsl 1J11 CAMOKOHTPOJIS
1. Kakue peakuu Ha3bIBaIOT OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIMU ?
Kakoii nmponecc Ha3pIBatOT OKUCIEHUEM, KAKOW — BOCCTAHOBIICHUEM ?
3. Kak MeHsieTcst creneHb OKMCICHHUS BOCCTAHOBUTEIS M OKHCIUTEINS B MIPOIIECCE
IPOTEKAHUSI OKUCIIUTEIbHO-BOCCTAHOBUTEIBHON PEAKLIN?

N

Tema 1.7. JjieKTpOXMMHUYECKHE MTPOLECCHI
Bonpocs! TeMbl
1. DnexrpoaBuxkyIias cuia. JJBOMHOM 3JIEeKTPUUECKUM CIION.
2. DakTOpBI, BIMSIONME HAa U3MEHEHHUE JJICKTPOJTHOTO MOTEHITMANA. YpaBHEHHUE
Hepncra.
3. XUMHUUYECKHE U KOHLICHTPAIIMOHHBIC TAJIbBAHUYECKUE DJIEMEHTHI: KaTOIHBIN U
aHOJHBIN mpouecchl, pacueT DJC.
4. Koppo3usa: omnpeneneHue, KiacCUPUKAIMSI KOPPO3UOHHBIX pPa3pyIIeHUH,
KOPPO3HUOHHBIE CPEBI.
DIIEKTPOXUMHYECKAs KOPPO3HSI.
Koppo3ust B eCTECTBEHHBIX YCIOBUSAX.
MeToapbl 3aUTH METAJJIOB U CIIABOB OT KOPPO3UHU
DJIEKTPOJIN3 BOJAHBIX PACTBOPOB U PACILIABOB 3JEKTPOIUTOB.
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9. Omnpenenenue, TUIbI, CYIIHOCTh; KATOIHBIA U aHOHBINA MPOIECCHI.
10.KonnyecTBeHHOE ONMKCaHUE MPOIlecca IMEKTpoIn3a: 3aKkoHbl Dapaes.

Jluteparypa: [1-6]

MeToanyeckue peKOMeHAAUuN

[Ipu u3ydyeHun JaHHOW TEMbI HEOOXOAMMO BCTIOMHUTD ONPEICICHUS MOHATUN
OKHCIIUTENIb U BOCCTAHOBUTEIND, @ TAKXKE IPOLIECCOB OKUCIEHUS U BOCCTAHOBJICHMS.
YeTko ysACHUTH HAIpaBJICHHUE NMPOTEKAHUS MPOLECCA B TAIBBAHUYECKOM JJIEMEHTE U
npou3Boauth pacuer DJC. HayuuTbes ucnonws3oBaTh ypaBHeHHE HepHcra miid
pEeLIECHUs MPAKTUYECKUX 3a7a4.

Heobxoaumo Hay4YUThCS pa3nnyaTh CiIy4dau XUMUYECKOU u
ANEKTPOXUMUYECKOW KOPPO3UHU; HAYUYUTHCSA ONMCBHIBATH MPOLECCHI, MPOTEKAOIINE
IIPU AIEKTPOXUMUYECKOW KOPPO3UHM HA KATOJHOW M aHOJHOW 30HAX. 3HATh U YMETh
OTIPE/EIATh 1eIeCO00Pa3HOCTh TNPUMEHEHUS] HMMEIOIIUXCS METOAOB 3allUThl OT
KOPPO3UOHHBIX Pa3pyLICHUH B PA3JIMYHBIX YCIOBUAX IKCIUIYyaTallMd METaJUIMYECKUX
KOHCTPYKIIUH.

[Ipu paccMOTpeHUM TeMbl HEOOXOJUMO HAyYUTHCS OMUCHIBATH MPOLECCHI HA
KaTOJI€ W AHOJAE NPHU DIIEKTPOJIM3E PACTBOPOB DJIEKTPOJUTOB. YSCHHUTH PAa3HULLY
MEXJy IpPOLECCOM JJIEKTPOIM3 pacTBOpa M paciulaBa JJIEKTPOIUTA. YMETh
IIPUMEHSATH MPABUJIO KAaToAAa U IPaBWIO aHOJA. 3HATh MAaTEMaTUYECKOE BBIPAKEHUE
3akoHOB Papajnes u yMeTb IPUMEHSATH UX JUIsl pacdyeTa NPOAYyKTOB JIEKTPOJIN3a
Bomnpocs! 1151 cCaMOKOHTPOJISE
UTo Takoe raJibBaHUYECKUIN 311EMEHT?

Kakoii a5nekTpo ABiIsieTCs B raJlbBAHUYECKOM 2JIEMEHTE aHOI0M?

Kakoii a5ekTpo1 ABIseTCS B raJlbBAHUYECKOM 3JIEMEHTE KaToI0M?

Kaxk paccuntsiBaercs 3/]C rabBaHIYECKOTO eMEHTa?

Kakue mpouecchl MpoTeKarT Ha 3JEKTpoAax Hpu paboTe raabBaHUYECKOIrO

areMeHTa?

YT0 Takoe KOppo3Hsl METAIIIIOB?

Kakne meTonpl 3a1IMThl METAJIUIOB OT KOPPO3UU U3BECTHBI?

Uto Takoe 351eKTpoan3?

. Kakue npoueccel IMEIOT MECTO MPH DIEKTPOIU3E?

10 Kaxoit 3apsig ©MEIoT ipu SJEKTPOIIU3E: a) aHOJ, 0) KaTtoj?

11.Kakoil ~ 3aKOH  yCTaHaBIMBAET  3aBHCUMOCTb  MacChbl  BEILECTBa,
00pa3oBaBIIErOCs MPHU BJEKTPOJIU3E, OT BPEMEHHU, CHJIbI TOKAa M MPHUPOIbI
3JeKTpoJnTa?

akrownE

© oo N

Tema 1.8. O0mue cBoilicTBa MeTaJLIIOB
Bonpock! TeMbl
1. ®usnueckue CBOMCTBA METAZIOB. XHWMHUUYECKHE CBOMCTBA METAJIOB, HX
BOCCTAHOBHUTEIIBbHAS CIIOCOOHOCT.

11



2. B3anmopeiicTBue pa3NMYHBIX METAIOB C KHUCIOPOIOM, BOJIOW, KHCIOTaMH,
LIEJI0YaMH.
3. Ilpumenenne metamioB. M3BaedueHne METAIIIOB U3 PYI.
JInteparypa: [1-3]
MeTtoanyeckue peKOMEeHAAUN
[Ipy w3ydyeHMM [OAHHOM TEMBI CIEAYEeT HA4YMHATh C PACCMOTPEHUS
AJEKTPOHHOTO CTpOEHHs atoMoB. OOpaTuTe BHUMaHHE Ha CBOMCTBA METAJLJIOB,
o0nafaronmMx METAUTMYECKUMH, HEMETAUTMYECKUMHA U aM(POTEPHBIMH CBOMCTBAMU,
HAa UX CpPAaBHUTEIBHBIC XAPAKTEPUCTUKU B TMpeAenax Iepuoja ¢ TPYNIbI.
[TocmoTpuTe, KakoW THUI XMMHYECKOW CBA3M OOYCIABIMBAET CYIIECTBOBAHHE
YCTOWYMBOM KPHUCTAUIMYECKON CTPYyKTyphl MeTayioB. Heobxomaumo pazobpaThes,
KaK M3MEHSETCSd BOCCTAHOBUTEJIbHAS AKTUBHOCTh METAJUIOB W OKHUCIUTEJbHAS
AKTUBHOCTh HOHOB METAJUIOB B JJEKTPOXMMHUUYECKOM psIy HANpPsSDKEHUS ClieBa
HamnpaBo. YSCHUTE, KAaKUE METAJUIbl MOTYT BBITECHATH BOJOPOJ M3 BOJbI, BOJHBIX
pPacTBOPOB KUCJIOT.
Bomnpocs! 1151 cCaMOKOHTPOJISE
1. DneMeHThI KaKuX JJIEKTPOHHBIX CEMENCTB OTHOCATCS K MeTajliamM?
2. [louemy BO BceX XMMHUYECKHMX PEAKUUAX IPOCTHIE BEIIeCTBA — METaJUIbI
SBJISIFOTCS. BOCCTAHOBUTEISIMU ?
3. Hammmmrte ypaBHEHHS peakIuii B3aMMOJCHCTBHS IIMHKA M MEIU C COJISTHOM,
CEpHOU U a30THOU KHUCIOTAMU

Tema 1.9. XuMusi HeMeTaNI0B. JJIeMEHThI OPraHUYeCKOil XUMHHU
Bonpocel TeMbl
OO61as xapakTepucTiuka 6opa u yriaepoja.
CtpoeHue aTOMOB, 3aKOHOMEPHOCTH U3MEHEHHUSI CBOMCTB.
MeTtonbl osry4yeHust
XHUMHUYECKHE CBOMCTBA: O0pa, yriepoia.
OcHOBHBIE PU3NYECKHE U XUMUYECKUE XapPAKTEPUCTUKHU YTIEBOJIOPOIOB.
[IpupoaHbIe HCTOYHUKHU YTIEBOAOPOIOB.
Jlureparypa: [1, 3]
MeTtoauveckue peKOMEHIAlNU
N3ydyeHnue CBOWCTB JJIEMEHTOB KaXXIJOW TPYyIIBl CIEAYeT Ha4uMHATh C
PAacCCMOTpPEHHUSI DJIEKTPOHHOIO CTpOeHUs aTtoMoB. [locMoTpute, Kak H3MEHSIOTCS
CBOMCTBAa DJIEMEHTOB C M3MEHEHHEM paJUyCOB aTOMOB, KaK W3MEHSIOTCA
MOHU3ALMOHHBIE TOTEHUMAAbl W  3JIEKTPOOTPULATEIBHOCTh €  YBEIMYEHHUEM
MOPSIIKOBOTO  HOMEpPA 3JEMEHTA. YSCHUTh KakKHE YIJIEBOJOPOABI  SIBISIOTCS
MIpEAEIIbHBIMU.

Bonpocsl 1J11 CAMOKOHTPOJIA

1. Yro xapakTepHO nJs aTOMOB THUIHMYHBIX HEMETAJUIOB — OTAaya WIH
MIPUCOEAUHEHUE IIIEKTPOHOB?

ok wnE
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2.
3.
4.
5.

I'ne B nepuoanueckoit cucTeMe pacioiOKEHbI 3JIEMEHThl — HEMETaIIbI ?
OnpenenuTpb CTENEHb OKUCIEHUS YyIIepoa B IIaBeIeBOM Kuciaore?

Kax Ha3pIBaroTCst ot OOPHOM KUCTOTHI?

HazoBute Tumsl yrieBoaopo10B?

Tema 1.10. XuMHnueckne MeToabl AaHAJIN3A

Bonpocsl TeMbl

Kakumu kaTrionamu 00yclioBjI€Ha )KECTKOCTb BO/IBI.

Meronbl omnpeseneHusi, NPUYUHBI BO3ZHUKHOBEHUSI M CIOCOOBI yCTpaHEHUs
KECTKOCTHU BOJIBI.

Jluteparypa: [1, 2]

MeTtoauyeckue pekoMeHAANNU

[Ipy wu3yyeHMH MAaHHOM TeMbl HEOOXOIUMO pa3o0paTbcs, KaKHe COJU

XapaKTEPU3yIOT OOIIYI0, BpDEMEHHYIO M MTOCTOSTHHYIO dECTKOCTh BOJibl. Heobxoammo
yMETh NHUCaTh YPaBHEHHUS pPEaKIMi, C IOMOIIBI0O KOTOPBIX MOKHO YCTPaHUTh
BPEMEHHYIO U MTOCTOSTHHYIO JKECTKOCTb.

1.
2.

Bomnpocs! 1J1s1 cCaMOKOHTPOJISE
Kakumu criocoObl yCcTpaHeHUs )KECTKOCTH BOJIbI BAM U3BECTHBI?
Kaxkas »ecTKOCTh yCTpaHsAeTCs KUIsTYeHueM?

2. METOAUYECKHUE YKA3AHUSA 1O BBINTOJHEHUIO KOHTPOJIBHOI

PABOTBI

2.1. OPOPMJIEHUE U BBIFOP BAPUAHTA KOHTPOJIbHOM PABOTHI

1.

PabGora BbeIMONHSETCS B IMIKOJIBHOW TETpaau, Ha OOJOXKKE KOTOPOM cleayeT
yKa3aTh, Ha3BaHWE AWCIMIUIMHBI, (aMUIAIO, WMs, OTYECTBO CTYJEHTA, KOJ
CHEIMaIbHOCTH, BAPUAHT.

KontponbHast pabGora momkHa ObITh OdGOpMIIEHA aKKypaTHO, YETKUM
MOYEpPKOM, O€3 TOMapPOK.

Homepa BompocoB u 3amau cieAyeT MepemnuchbiBaTh B TOM MOPSAKE, B KAaKOM
OHHU yKa3aHbl B KOHTPOJIbHOU paboTe.

VYcnoBus 3amad M BONPOCHI 3alMCHIBAIOTCS MOJHOCTBbIO 0€3 COKpallleHUH.
OTBeTbl  JOMKHBI  OBITh TOYHBIMH M TI0O  BO3MOXHOCTH  KPAaTKO
c(hopMyITUPOBAHHBIMH.

BrimonHsieMbie 3a1aHus JOKHBI OBITh KPAaTKO, HO Y€TKO 0OOCHOBAHBI.

Ecnu koHTpOnbHAs paboTa HEe 3auTeHa, HEOOXOAUMO HUCIIPABUTh OIMUOKHU B TOM
ke Terpaau. VMcnpaBieHusi cienyeT BBIIOJHATh B KOHIIE TETpaad, a He B
pPELEH3UPOBAHHOM TEKCTE, MOCJe 4Yero paboTa HalpaBisieTCs HAa MOBTOPHOE
peLeH3UpOBaHUE.

CTyaeHT BBINOJHSAET BAapUAaHT KOHTPOJIbHBIX 3agaHui (Tabmuua Ne 2),

0003HAYEHHBIN NBYMsI MOCIAEAHUMH MHdpamMu mudpa B 3a4eTHOW KHIDKKE WIA

13



CTYJEHUYECKOM Oumere,

HaIpumep,

KOHTPOJIbHOM paboThl Ne 87.

mdp

1087

Tabdauna 2 — BapuaHTbl KOHTPOJIbHBIX 3aIaHU I

COOTBETCTBYET

BAPUAHTY

Homep
BApHAaH- Homepa 3a1a4, OTHOCAIIMXCH K JAHHOMY 33JaHUIO
Ta

01 1 |21 |41 |61 |81 |101 121 |141 |161 181 |201 |221
02 2 |22 |42 |62 |82 |102 |122 | 142 |162 |182 |202 |222
03 3 |23 |43 |63 |83 |103 |123 | 143 |163 |183 |203 |223
04 4 |24 |44 164 |84 (104 |124 (144 (164 |184 (204 |224
05 5 |25 |45 |65 |85 |105 |125|145 165 |[185 |205 |225
06 6 |26 |46 |66 (86 |106 |126 | 146 |166 |186 |206 |226
07 7 |27 |47 |67 |87 |107 |127 | 147 | 167 |187 |207 |227
08 8 |28 |48 |68 |88 |108 |128 | 148 | 168 |188 |208 |228
09 9 129 |49 |69 |89 |109 [129 | 149 | 169 |189 |209 |229
10 10 {30 |50 |70 |90 |110 |130 |150 {170 |190 |210 |230
11 11 {31 |51 |71 |91 |111 131|151 |171 191 |211 |231
12 12 (32 |52 |72 |92 |112 132|152 |172 [192 |212 |232
13 13 |33 |53 |73 |93 |113 | 133 |153 |173 [193 |213 |233
14 14 |34 |54 |74 |94 |114 |134 |154 | 174 194 |214 |234
15 15 |35 |55 |75 |95 |115 |135|155 175 |195 |215 |235
16 16 |36 |56 |76 |96 |116 |136 |156 176 |196 |216 |236
17 17 |37 |57 |77 |97 |117 |137 |157 |177 |197 |217 | 237
18 18 {38 |58 |78 |98 |118 | 138 | 158 |1/8 |[198 |218 |238
19 19 {39 |59 |79 |99 |119 139 |159 |179 199 |219 |239
20 20 |40 |60 |80 |100 {120 |[140 |160 | 180 |200 |220 |240
21 1 (22 |43 |64 |85 |106 |127 |148 |169 [190 |211 | 222
22 2 |23 |44 |65 |86 |107 |[128 |149 |17/0 |191 |212 |223
23 3 |24 |45 |66 |87 |108 |129 |150 171 |192 |213 |224
24 4 |25 |46 |67 |88 |109 (130 |151 |1/7/2 |193 |214 |225
25 5 |26 |47 |68 |89 |110 |131 |152 |[173 |194 |215 |226
26 6 |27 |48 |69 |90 |111 |132 |153 [174 |195 |216 |227
27 7 |28 |49 |70 |91 |112 |133 |154 |17/5 |196 |217 |228
28 8 |29 |50 |71 |92 |113 |134 |155 |176 |197 |218 |229
29 9 |30 |51 |72 |93 |114 |135|156 |177 |198 |219 |230
30 10 |31 |52 |73 |94 |115 |136 |157 178 [199 |220 |231
31 11 (32 |43 |74 |95 |116 | 137|158 |179 |[200 |201 | 232
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Homep

BapHaH- Homepa 3aga4, oTHOCSIIMXCSI K IAHHOMY 32JaHUIO
Ta

32 12 |33 |54 |75 |96 |117 |138 |159 180 |181 |202 |233
33 13 |34 |55 |76 |97 |118 |139 |160 |[161 |182 |203 |234
34 14 |35 |56 |77 |98 |119 |140 | 141 |162 |183 |204 |235
35 15 |36 |57 |78 |99 |120 |121 |142 (163 |184 |205 |236
36 16 |37 |58 |79 |100 |101 |122 | 143 | 164 |185 |206 |237
37 17 |38 |59 |80 |81 |102 |123 |144 |165 |186 |207 |238
38 18 |39 |60 |65 |86 |107 |128 |145 |166 |187 |208 |239
39 19 |40 |44 |66 |87 |108 | 129 | 146 | 167 |188 |209 |240
40 20 |23 |45 |67 |88 |109 |130 |147 [168 |189 |210 |221
41 2 |24 |46 |68 (89 |110 |131 148 |170 |190 |201 |223
42 3 |25 |47 |69 |90 |111 132 149 |171 |191 |202 |224
43 4 126 |48 |70 |91 112 |133 |150 |172 |192 |203 |225
44 S |27 |49 |71 |92 113 |134 |151 |173 |193 |204 |226
45 6 |28 |50 |72 |93 |114 |135|152 |[174 |194 |205 |227
46 7 |29 |51 |73 |94 |115 |136 |153 |175 |195 | 206 |228
47 8 |30 [52 |74 |95 |116 |137 |154 |176 |196 |207 |229
48 9 |31 |53 |75 |96 |117 |138 |155 |177 |197 |208 |230
49 10 |32 |54 |76 |97 |118 |139 |156 |17/8 |198 |209 |231
50 11 |33 |55 |77 |98 |119 |140 |15/ (179 |199 |210 | 232
o1 12 |34 |56 |78 |99 |120 |122 |158 |[180 |200 |211 | 233
52 13 |35 |57 |79 |100 |103 |121 |159 [169 |182 |212 |234
53 14 |36 |58 |80 |85 |104 [123 |16 |161 |183 |213 |235
54 15 |37 |59 |61 |84 |105 |124 |141 (162 |184 |214 |236
55 16 |38 |60 |62 |83 |106 |125 |143 |163 |185 |215 | 237
56 17 |33 |41 |63 |82 |101 |126 |142 |164 |186 |216 |238
57 18 |40 |42 |61 |81 |102 |127 |144 (165 |187 |217 |239
58 19 |21 |43 |62 |87 |103 |128 | 145 [166 |188 |218 |240
59 20 |22 |41 |63 |88 |104 |129 |146 |167 |189 |219 |223
60 1 |24 |42 |64 |89 |105 [130 |147 168 |190 |220 |222
61 3 |25 [43 |65 |90 106 {131 [148 [169 191 [201 [221
62 4 |26 [44 |66 |91 [107 [132 149 [170 [192 [202 |222
63 5 |27 |45 |67 |92 108 |133 |150 |171 |193 | 203 |223
64 6 |28 |46 |68 |93 |109 |134 | 151 |[172 |194 |204 |224
65 7 |29 |47 |69 (94 |110 |135 152 |173 |195 | 205 |225
66 8 |30 |48 |70 |95 |111 |136 [153 |17/4 |196 |206 |226
67 9 |31 |49 |71 |96 |112 |137 |154 |[1/5 |197 |207 |227
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Homep

BapHaH- Homepa 3aga4, oTHOCSIIMXCSI K IAHHOMY 32JaHUIO
Ta

68 10 (32 |50 |72 |97 |113 |138 |155 |17/6 |198 |208 | 228
69 11 |33 |51 |73 |98 |114 |139 |156 |1/77 |199 |209 | 229
70 12 (34 |52 |74 |99 |115 |140 |157 [178 |200 |210 |230
71 13 |35 |53 |75 |100 |116 |121 |158 179 |181 |211 |231
72 14 |36 |54 |76 |86 |117 |122 |159 180 |182 (212 |232
73 15 |37 |55 |77 |85 |118 |123 |160 |162 |183 |213 |233
74 16 |38 |56 |78 |84 |119 |124 | 142 |161 |184 |214 |234
75 17 |39 |57 |79 |83 |120 |125|141 (163 |185 |215 |235
76 18 |40 |58 |80 |82 |101 |126 | 143 | 164 |186 |216 |236
77 19 |23 |59 |61 |81 |102 |127 |144 |165 |187 |217 | 237
78 20 |21 |60 |62 |100 | 103 |128 | 145 |166 |188 |218 | 238
79 4 |22 |51 |63 |99 |[104 |129 |146 |167 |189 |219 |239
80 S5 |23 |52 |64 |98 |105 130 147 |168 |190 |220 |?240
81 6 |24 |53 |65 |97 |106 |131 |148 |169 |191 |211 |231
82 / |25 |54 |66 |96 |107 |132 149 |170 |[192 |212 |232
83 8 |26 |55 |67 |95 |108 [133 (150 |[171 |193 |213 |233
84 9 |27 |56 |68 |94 |109 |134 |151 |[172 |194 |214 |234
85 10 |28 |57 |69 |93 |110 |135|152 |1/3 |195 |215 |235
86 11 |29 |58 |70 |92 [111 |136 |153 |174 |196 |216 |236
87 12 |30 |59 |71 |91 |112 | 137|154 |17/5 |197 217 |237
88 13 |31 |60 |72 |90 |113 |138 |155 |1/6 |198 |218 | 238
89 14 132 141 |/3 |89 |114 |139 |156 |1/7 199 |219 |239
90 15 |33 |42 |74 |88 [115 | 140 157 |1/8 [200 |220 |?240
91 16 |34 |43 | /5 |87 |116 |131 |158 |1/7/9 |181 |201 |221
92 17 |35 |44 |/6 |86 |117 |132 |159 |180 |182 |202 | 222
93 18 |36 |45 |77 |85 [118 |133 |160 | 161 |183 |203 |223
94 19 |37 |46 |78 |84 [119 134 | 141 162 |184 |204 |224
95 20 |38 |47 |79 |83 |120 | 135142 | 163 |185 | 205 |225
96 1 [39 |48 |80 |82 [110 |136 |143 164 |186 |206 |226
97 2 140 |49 |61 |81 |111 |137 |144 |165 |187 |207 |227
98 3 |24 |50 62 |100 112 |138 |145 |166 |188 |208 |228
99 4 |25 |51 |63 |99 |[113 |139 |146 |167 |189 |209 | 229
00 S5 |26 |52 |64 |98 |114 140 147 |168 |190 |210 |230
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OdopmieHne TUTYJIBHOTO JIUCTa KOHTPOJIBHOU PaboThI:
OEJIEPAJIBHOE ATEHTCTBO I10 PBIBOJIOBCTBY

®EJEPAJIBHOE TOCYJAPCTBEHHOE
BIO/UKETHOE OBPABOBATEJIBHOE YUPEX/EHUE
BBICIIIEI'O OBPASOBAHU A
«KAJIMHUHI PAJICKHUI TOCYIAPCTBEHHbBIM TEXHUYECKUN
YHUBEPCUTET»

HNHCTUTYT arpoMHXEHEPUH U TTUIIEBBIX CHCTEM
Kadenpa xumun

KoHntposnbHas pabdorta KoHnTtposnbHas padorta
JOIyLIEHA K 3alUTE: 3allUIIEHa
JIOJKHOCTD (3BaHUE), YUEHAs CTEIEHb JIOJDKHOCTD (3BaHUE), yueHast
CTEICHb

®amunus 1.0 @amumusa N.0O.
« _» 202 r. « _» 202 T

KoHnTtponbHas paborta
MO TUCHUTLITNHE
«XUMUSA»

[udp cryaenta
Bapuant Ne

PaboTy BBITIOJIHWI:
CTYIEHT TP.

damvumus 1.0.
« » 202 1.

Kanuuunrpan - 20
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2.2. METOJJMYECKHME YKA3AHMUSI 11O BBIITOJTHEHUIO 3AJIAHUI
KOHTPOJIbHOM PAEOTHI U IPUMEPHI PEIIEHUSI 3AJTAY

2.2.1 3akon 3xBuBajienToB (3aganus 1-20)

MounsipHas Macca 5KBUBaJIeHTa BeliecTBa. MOoJSIpHBIIT 00beM HKBHUBAJICHTA
razo00pa3HOro BEIIeCTRA.

Eme no co3manusi aTOMHO-MOJEKYJISIPHOTO Y4YEHHUS ObLIO yCTaHOBJIEHO, YTO
IPOCTBIE U CIIOKHBIE BEHIECTBA BCTYMNAIOT B XMMUYECKUE PEAKIHUH B ONPEIEICHHBIX
MaccoBbIX cooTHomeHusIX. B xonie XVIII Beka OblT OTKPBIT 3aKOH YKBUBAJICHTOB.

[Ipexxne yem chopMynHpoBaTh 3aKOH SKBUBAJIECHTOB, JIaJUM OIPEICICHHE
MOHATUM: XUMHUYECKUM SKBUBAJICHT, YHUCIO SKBHUBAJIECHTHOCTU (3apsIHOCTH),
MOJISIpHAsE Macca OJKBUBAJIGHTA, KOJIMUECTBO BEIIECTBA HSKBHUBAJIEHTa, OO0bEM
HKBHUBAJICHTA ra3000pa3HOTO BEIIECTBRA.

XUMHUYECKHI SKBUBAJICHT — 3TO YCIIOBHAs, WA peajibHas 4acTUIA BELIECTBA
(4JacTh MOJEKYJbl, MOHA M T. J.), KOTOpas B KHUCJIOTHO-OCHOBHOM peaKIUH
SKBUBAJICHTHA (PaBHOIIEHHA, TOXXJIECTBEHHA) MO CBOEMY XHMHUYECKOMY JCHCTBUIO
omHOMY KaTHoHy Bojopona (1H') wmim B  OKHCIMTEIHbHO-BOCCTAHOBHTEIHHOM
peakiuu OBP - ogHoMmy snektpony (1€).

MousipHas Macca KBUBAJICHTa BEIIECTBA (SKBUBAJIEHTHAsI Macca) — 3TO Macca
BEIIIECTBA KOJIMYECTBOM | MOJIb SKBUBAJICHTOB, paBHAs JCJICHUIO MOJISIPHOM MaccChl
BEIIECTBA HA YHCJIO SKBUBAJEHTHOCTH (PKBUBAJICHTHOE YHCIIO):

Mokp(B-Ba) = M(B-Ba)/ Z [r/Mo0JIb]| WM

M>(B-Ba)= M(B-Ba) / Z [r/MOB],

rie Mogp(B-Ba) — MOJIsIpHAsl Macca SKBUBAJICHTA BEIIECTBA, I/MOJIb UITU

M>(B-Ba) — MOJIsIpHAsl Macca YKBUBAJICHTA BEIIECTBA, I/MOJIb;

M(B-Ba) — MoOJIsIpHas Macca BeIeCTBa, I/MOJIb;

Z — 4KCJIO SKBUBAJICHTHOCTH (9KBUBAJICHTHOE YHCJIO).

Uucno 3KBUBAJIEHTHOCTH (PKBUBAJICHTHOE YKCIIO) Z — MEPEMEHHasl BEJIMYMHA,
3aBUCSIIAS OT COCTaBa BEIIECTBA WJIM OT KOHKPETHOM PEaKIK, B KOTOPO y4acTBYET
JAHHOE BEILIECTBO.

Onpenenenue yuciaa YKBUBAJIECHTHOCTH

Z (atomMa dJeMEHTa B COCJUHEHHHM) = CTEMECHU OKHUCICHUS JJIEMEHTa B
BelecTne (C.0.).

Hanpumep: Uemy paBHSIETCS YUCIO SKBUBAJICHTHOCTH CEPbl B CIEAYIOIINX

COCMHEHUSIX:

1. H,S; 2. SOy; 3. SO:s.

Z = C.0. — CTENEHb OKHUCJIEHUS JJIEMEHTa B XUMHUYECKOM COCIHHEHUHU.
1)c.0.(S)=-2;Z2=2;2)c.0.(S)=+4,Z2=4;3)c.0(S)=+6;Z=6.
Z (KUCIOTBI) = OCHOBHOCTH KHCIOTHl B JaHHOW peakuuu, T. €. UYHUCIY

3aMEIIeHHBIX KaTHOHOB Bomopoaa (NHY) Ha 1pyrue KaTHOHBI.
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Z (KUCIIO# COJIM) = YUCITy 3aMEICHHBIX KaTHOHOB Bogopoaa (nH™).

Z (oCHOBaHHMsI) = KHUCJIIOTHOCTM OCHOBAaHUSI B JJAHHOW pEaKlHMH, T. €. YUCIY
ruapokcu-uoHoB (nOH™), 3aMellleHHbIX HA KUCJIOTHBIE OCTATKH.

Z (OCHOBHOM coJiM) = YuCay rufpokcuj-uoHoB (n OHT), 3aMemnieHHBIX Ha
KHUCIIOTHBIE OCTATKHU.

Z (HopManbHOU (CpelHeil) COiau) = CyMMapHOMY MOJIOKUTEIBHOMY 3apsy
KaTHOHA.

Z (BemiecTBa, yyacTtBytouiero B OBP) = uncity npuHSTBIX 3JIEKTPOHOB OJJHUM
MOJIEM OKHMCIIUTENS WA OTAAHHBIX OJJHUM MOJIEM BOCCTAHOBUTETS (Nne).

KonuyecTBo BemiecTBa 3KBUBaJIEHTa Nokp(B-Ba) — KOJUYECTBO BEIIECTBA, B
KOTOPOM YaCTUIIAMH SIBJITIOTCS SKBUBAJICHTHI. BBIpakaeTcss B MOJIAX, KaK M JH000€
KOJINYECTBO BEIIECTBA.

Noke.(B-Ba) = m(B-Ba) / Moyp (B-Ba) [MoJIb] mitH

Noke(B-Ba) = m(B-Ba) / m» (B-Ba) [MOJIB].

MonsipHbiii 00bE€M 3KBUBAJIEHTOB ra3000pa3HOI0 BEIIECTBA (PKBUBAICHTHBIM
00beM) Voip, — 00b€M OJTHOTO MOJIb-3KBHUBAJICHTA Ta3a.

Vske=Vm(raza)/ z [n/mons], rie Vwu(raza) — MosisipHblid 00beM Ta3a, 1 (H.Y.).

3aK0H KBHUBAJIEHTOB — Macchl (00BEMBI) pearupyromux BEIIECTB OTHOCSATCA
MEXIy COO0OM KaKk MX MOJSIPHbIE MAacChl 9KBUBAJICHTOB (KaK MX MOJSPHbIE OOBHEMBI
SKBUBAJICHTOB).  3alMChIBA€M  BBIPAXEHHUE  3aKOHA  SKBHUBAJIEHTOB  JUIS
JIBYXKOMITOHEHTHOU CHCTEMBI:

My / Mz = Moias.1/ Mos.2;

V1 /V2 =Voks.1 [ Voksa.

Ipumep 1

[Ipn B3anMOIEHCTBUM & T' IBYXBAJIEHTHOTO METAUIA C KUCIOTON BBIAEIUIOCH
4,48 n Bomopoaa (H.y.). BBIUMCINTE MOJSIPHYIO MacCy SKBUBAJ€HTa MU ATOMHYIO
Maccy MeTaia.

Pemenne:

1. 3annceiBaeM cxeMy B3aUMOJAECHCTBHS METajula C KHCIOTOM:

Me + 2HAn — MeAn, + Ho.

2. BwraucasieM MOJIIpHYIO MacCy SKBUBaJeHTa Bojopoaa. M3 cxeMbl peaknuu

BUJIHO, 4TO 1 Mok Bogopoaa (Hz) oTnaer aBa snekTpoHa.

H,-2€& — 2H", orctoma Vakp(Hz) =V ! Z [1/Moi5],

Z =ng, T. €. YUCIy AJIEKTPOHOB, OTJIAHHBIX | MOJIb BOJIOPO/IA.

CnenosarenbHo, Z = 2, Voxs(Hz) =22,4/2 = 11,2 n/moib.

3. 3anucbiBaeM BbIpaKEHUE 3aKOHA SKBUBAJICHTOB:

m (Me) / MgKB(Me) = V(Hz) / VQKB(Hz).

[ToncraBisiem uncnoBbie 3HaueHus: 8/Mskp(Me) = 4,48/11,2, monsapHas Macca
SKBUBaJICHTa MeTauia paBHsieTcss Mogg(Me) = 8 x 11,2 / 4,48 = 20 r/monb. U3
YCJIOBUS 3aJlaHUSl HM3BECTHO, 4YTO BAJICHTHOCTh METajula paBHIETCA JBYM.
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BanentHocts Metamna ompenensercs mo ¢dopmyne: B = M(Me) / Mogg(Me),
cnenoBarenbHO MomsipHas macca metaia M(Me) = 20 x 2 =40 r/moub.

Anammsupys Ilepmogmueckyro cucremy onementoB JI. . Menneneesa,
HaxoJUM BO BTOPOM Trpymme 3JIEMEHT C MoJisipHOW Maccor 40. DTOT 3JaeMEHT -
kaneuui (Ca).

Ipumep 2

HexoTopoe komnuecTBO MeTaiula, SKBUBAJIEHTHAs Macca KOToporo pasHa 20
I/MOJIb, BBITECHSIET M3 KHUCIOTHI 0,6 11 BOJIOpOJa, MU3MEPEHHOIO MPH HOPMAJIbHBIX
ycioBusix. OnpenenuTs Maccy MeTala.

Pemenmue:

Tak kak uymcno skBuBasieHTHOCTH z(Hz) = 2, a MossipHBIE 00BEM TpH
HOpMalibHbIX ycaoBusaX Vm(Hz) = 22,4 1, To 3KkBUBaJIEHTHBIN 00BEM BOAOPOIA

V5(H) = Vu(Hy) /z, Vs(Hp) 22,4/2=11,2 n.

[IpumMensist BeIpa)keHHe 3aKOHA SKBUBAJICHTOB, BEIYUCIISIEM MAacCy MeTalia:

m(Me) /my(Me)= V(H,) / Va(H;) wmm m(Me) /20=0,6/11,2;

m(Me)=20-0,6/11,2=1,07r.

IIpumep 3

BerumciuTh MOJSIpHBIE MAcChl KBUBajcHTa (dkBuBajacHTHBIC Macchl) Al(OH);3
B PEAKIUAX, BEIpAKAEMbIX YPABHCHUSMM:

Al (OH)3 + HCI = Al (OH),CI +H,0; (1)
Al (OH)3+ 3HCI = AICI; + 3H,0. (2)
Penienmue:

DKBHMBAJICHTHAs Macca CIOXHOIO BELIECTBA, TaK K€ KaK SKBUBAJICHTHAs Macca
AJIEMEHTA, — MEePEMEHHAsl BEJIMYMHA, MOKET UMETh PA3JIMUHbIC 3HAYEHUS] U 3aBUCUT
OT TOT'0, B KaKO# peakiiu 0OMeHa y4acTBYET 9TO BEIIECTBO.

Al (OH); + HCI = Al (OH),CI +H,0; z = 1; (1)

Al (OH); + 3HCI = AICI; + 3H,0. z =3. (2)

DOKBUBaJICHTHAs Macca OCHOBaHHUS paBHA €ro MoJsipHod macce (M), neneHHon
Ha YHUCJO SKBHUBAJIECHTHOCTU (Z), KOTOPOE PABHO YMCIY THAPOKCUIBHBIX TPy,
3aMEIIEHHbIX Ha KHUCJIOTHBbIE ocTaTku (aHWOHBI). ClemnoBaTebHO, DKBUBAJICHTHAS
macca ocHoBaHus M5(AlI(OH)3) B peakumm (1) paBHa ero MOJSPHOH Macce
M(AI (OH)3)/ 1, a B peakiuu (2) ms(AI(OH); = M(AI(OH)s3) /3 [r/momnb].

IIpumep 4

Jlns pactBopenus 16,8 r© JIBYXBaJIEHTHOrO MeTajia morpedoBanoch 14,7 T
cepHOMl KuciaoThl. OnpeaeuTh SKBUBAJICHTHYIO M aTOMHYIO Maccy MeTajljla 1 00beM
BBIJICTTUBILIETOCS BOJIOPOa (H.Y.)

Pemenne:

MBI MOKEM OTPENeNIUTh SKBUBAJICHTHYIO MAacCy MeTajljla, BOCIIOIb30BaBIIUCH
3aKOHOM SKBHBAJICHTOB. 3alMIIIEM €ro MaTEMaTUUYE€CKOE BhIpaKEHUE MPUMEHUTEIHHO
K JaHHOU 3ajade:
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miMe) . m(H,50,)

m. (Me) N m,(H,50,)

rie m(Me) u m(H,SO;) — maccel Meraimma W Kuciaotel, r; MmM,(Me) u
m,(H.SO,4) - skBUBaJICHTHBIE MacChl METal/Ia U KMCIIOTBI, T/MOJIb.

OKBUBaJCHTHAS MacCca KHCJIOTHI OonpcaACIIACTCA CICAYIOIIUM OTHOIICHUCM!

M (rcaoTer)
m, (KHMC/IOTBI) = ———,
Z

raie M (KucloThl) — MOJISIpHAs Macca KHCIOTBI, T/MOib; Z — OCHOBHOCTB
KHCJIOThI — YHCJI0 3aMEICHHBIX KATHOHOB Bogopoaa (nH™).

[TpuMeHnTEIHPHO K JAHHOM 3a7a4e 3alHUIIIeM CXeMy Ipoliecca B3auMOCHCTBUS
MeTajia ¢ cepHoi kuciotoi: Me + HpSO4 — MeSO4 + Hy, Metain 3amemaer o6a
aToMa BOJIOPOJIa, M OCHOBHOCTH KHCIIOTHI paBHseTcs JAByM. OTcCioa 4HCIIO
SKBUBAJIEHTHOCTH Z = 2.

m.(H,50,) = M(H,S0,) _ 98

> 5 = 49(r/monb).

HOI[CT&BJ'I?IH SHAYCHHUS B MATCMATHUUCCKOC BBIPAKCHUC 3dKOHA 3KBHUBAJICHTOB,
IMoJIy4acM 3HA4YCHHUC SKBHUBAJICHTHOM MacChl MeTaJljia:

16,2 14,7 16,2249
= orciona m,(Me) = = 56(r/monb).
m(Me) 49’ -(Me) 14,7 (r/ )
UtoObI OnpeieIuTh aTOMHYIO MacCy MeTalljia, BOCIOJIb3yeMcsl (hOpMYJION:
Ap(Me)
m,(Me) =
;(Me) B(Me) '

rae Ar(Me) nu B(Me) — 3T0 COOTBETCTBEHHO OTHOCUTEJIbHAS aTOMHas macca u
BAJICHTHOCTh METaJlIA.

Orcroga A,.(Me) =m,(Me) * B(Me) =56+ 2 = 112a.em

[Tonp3ysiCh 3aKOHOM SKBUBAJICHTOB, oOMpeAeisieM OO0ObeM BbIIEIUBIIETOCS

BOgOpOaA:
miMe) . V{sz

my(Me) v (H,)

rae V(H;) — o0bem Bomopona, i1; V,(H2) — SKBHBaJIGHTHBIH 00BbEM BOJIOPOJA,
J/MOJTb.

DKBUBAJICHTHBI 00BEM BOJOpPOJAA TIPH HOPMAIBHBIX YCIOBUSAX pPaBEH

11,2 n/Moib

V(sz =

m(Me) «V,(H,) 16,8+11,2
= = 3,36(1).

m,(Me) 56

2.2.2 Ctpoenne aToma (3amanus 21-40)

IIpu pemeHnn BONPOCOB, CBSA3aHHBIX C JJIEKTPOHHOU CTPYKTYpOW aTOMOB,
CJIeIyeT UCXOJUTh U3 TOTO, YTO JII000E YCTOMYMBOE COCTOSIHHE DJIEKTPOHA B aTOMeE
XapaKTepU3yeTCs ONPEICICHHBIMA 3HAYCHHUSMU KBAHTOBBIX 4YHCEN: TiaBHOTro (N),
opoutanbroro (l), marautHOro (M) 1 cuHOBOTO (S). COCTOSIHUE JCKTPOHA B aTOME,
OTBEYaloIIee OIPE/CICHHBIM 3HAYCHUSIM KBaHTOBBIX umcen N, |, m, Ha3piBaercs
atomHoi opOutanesio (AQO). YcroitunBoMmy (HEBO30YKIIEHHOMY) COCTOSTHUIO aroMma
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OTBEYAET TaKOe pacmpereneHue dIeKTpoHoB 1Mo AQO, mpu KOTOPOM JHEPrHs aroMa
MUHHAMAJIbHA, TI0O9TOMY aTOMHBIC  OpOWTAIM  3amloOJHSIOTCS — AJICKTPOHAMH
MIOCJIEIOBATEIBHO BO3PACTAHUIO UX SHEPTUM (TPUHIMI HAUMEHBIIEH SHEPTUN ).

Ipumep 1

Hamucath 310eKTpoOHHYI0 KOH(UTypalmui aromMa 3JeMEHTa C MOPSAKOBBIM
HOMEpPOM 15 B OCHOBHOM U BO30YXIEHHOM COCTOSIHUSIX. MCHOJIBb3ysl 3JIEKTPOHHYIO
KOH(HUTyparuio BHENTHETO W MPEABHEIIHETO YHEPTETUUYCCKUX YPOBHEH, OMPEACIUTh
MECTOIOJIO)KEHHE DJIEMEHTa B TEPUOJUYECKON cucrteMe (Tpymma, MNOArpYIa,
Nepuoj), yka3aThb €ro Ha3BaHME M cUMBOJ. OnpenenuTb, K KaKOMY CEMEUCTBY
NPUHAJICKUT BJIEMEHT. YKa3aTh 3HAUCHUS BAJICHTHOCTEH M CTENEHEH OKMCIICHUS
AJIEMEHTOB B OCHOBHOM M BO30Y>KJI€HHOM COCTOSTHUSX.

Pemienue:

1. [TopsinkoBeIit HOMED AMeMeHTa — 15 — yKa3bIBaeT Ha KOJIUYECTBO MPOTOHOB
B SJpe aroMa »dJIEMEHTa U, COOTBETCTBEHHO, JJEKTpoHOB. Pacmpenemsem 15
AJICKTPOHOB 10 DJHEPTEeTHYECKUM YPOBHSAM H TOAYPOBHSM aToMa, HCIOJIB3YS
MPUHITUIT MUHUMAJTBHOW JHEPTrud W JBa TpaBwia KIIEUKOBCKOTO. DJIEKTPOHHYIO
KOH(Urypaluo aroMa H300pa)karoT C TMOMOUIbIO 3JIEKTPOHHOM W 3JIEKTPOHHO-
rpaduaeckoit popmMyt (ANMEKTPOHHO-TPAYUUECKUX CXEM).

OnextpoHHasi hopmMyia aToMa OyIeT CIeayIOIIEH:

15P 182 25? 2pb 3s? 3p® coxpawenno [Ne]3s23p°.

2. CocTaBisieM 3IEKTPOHHO-TPAQUIECKYIO CXEMY paclpeaeNieHUs IIEKTPOHOB
M0 PHEPTreTUYECKUM YPOBHSAM U MOJYPOBHSM aTOMa AJIEMEHTA, /I YeTr0 MPUMEHSIEM
npunyun (3anpem) Ilaynu u npasuno I'ynoa.

OcHoBHOE (HEBO30YKJICHHOE COCTOSIHHE)

3s | 3p 3d

!
B =3; cT.0k. = — 3143

Jlns nmaHHOTO aTromMa BO3MOXKEH Iepexo] B BO30YKICHHOE COCTOSHHUE,
MOCKOJIbKY UMCIOTCSI BaKaHTHBIC OpOMTaII Ha 0-TI0IypOBHE BHEIIHETO YPOBHSI.
Bo30y:xenHoe cocTosiHue

3s | 3p | 3d

B=5;cr.ok. =45

3. DIeMEeHT NMPUHAJIEKUT P-cemelcmay, MOCKOJbKY MOCIEAHUM M0 IMpaBuiaM
KiieukoBCcKOro B aTOME 3TOTrO 3JIEMEHTA 3aMOJHACTCS P-TI0TyPOBEHb.

4. B aroMe Tpu DHEPreTHYECKUX YPOBHS, COOTBETCTBEHHO JJIEMEHT
pacroJIo)KeH B mpembeM nepuooe TepUoJNYecKor cucteMbl. Ha BHeliHem
SHEPreTUYECKOM YPOBHE COJEPKUTCA IMSITh HJIEKTPOHOB, YTO YKa3blBaeT Ha
MIPUHAJIJICKHOCTh dJIEMEHTa K nsamoti epynne. llocienHuM B aTOMe 3amoJIHSIETCS
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BHEUTHUM IHEPreTUUECKUN YPOBEHb, 3HAUUT, JIIEMEHT CTOUT B 21d6HOU NOOZpynne.
PaccmaTtpuBaemsblit aTom siBisieTcst aroMoM (hocdopa 1 0603HavaeTCcsi CUMBOJIOM P.

5. BaneHTtHble = BO3MOXHOCTH  aroMa  pP-2JIEMEHTA  ONPEACISIIOTCS
KOH(UTypaluuel BHEIIHETO0 YHEPreTUUECKOro YpoBHs. B aToMe 1aHHOTO 3J€MeHTa B
OCHOBHOM COCTOSIHUM Ha BHEIIHEM YPOBHE TPU HE CIIAPEHHBIX JJIEKTPOHA,
COOTBETCTBEHHO, 3HauyeHue 6aienmuocmu 3. Bo3MOXHBIE 3HAUCHUSI cmeneHeu
oxucnenuss -3, +3. B B030yXIE€HHOM COCTOSSHUM Ha BHEIIHEM YpPOBHE IISATh
AJIEKTPOHOB, ATO ONPEAECISACT 3HAUEeHUe BAEHMHOCMU 5 U cmeneHb OKucieHus +35.

Ipumep 2

Hanucate 3JIEKTpOHHYIO KOH(PUIypalui0 M  COCTaBUTh  AJIEKTPOHHO-
rpaduyeckyro ¢Gopmyny (CXxemy) pachpeleieHHus 3JIEKTPOHOB Ha 3IIEKTPOHHBIX
YPOBHSX M IIOAYyPOBHAX HoHA Mg?*.

Pemenne:

DnexTpoHHas popMyJsia aTOMa MarHus 3alMChIBaeTCs CIEAYIOUIMM 00pa3oM:

12 Mg 15? 252 2p°® 3s? uau [Ne]3s?.

DnexkTpoHHO-Trpaduueckas (GpopmyJsia aToMa MarHus:

HeBo30y:xneHHoe cocTosIHUE

3s | 3p
!
B =0.
Bo30yxenHoe cocTosiHue
3s | 3p

B =2; cr.ok. =+ 2.

[Ipomiecc mpeBpailieHus aroMa B HMOH COINPOBOXKIAETCS TMOTEper win
MIPUHATHEM DJICKTPOHOB HAa BHEIIHWH WIIA TPEABHEITHUN YHEPTETUUCCKUN YPOBEHbD.
B manHOM ciydae aToM MarHus TepseT JBa 3JEKTPOHA C BHEITHETO SHEPTETHUECKOTO
YPOBHSI M TpeBpamiaeTcs B MOJOXKHUTEIbHO 3apsiKEHHBIM HOH. B cooTBeTCTBHM C
BBIIIIECKA3aHHBIM MOXEM 3aMMHUCATh YJIEKTPOHHYIO KOHPUTYPAIUIO HOHA MArHUS:

Mg?* 1s2 2s2 2p® 3s°

DnektpoHHO-Tpaduueckas popmyna (cxema) nona Mg?:

3s | 3p
IIpumep 3
Kaxoit moypoBeHb 3an0JHAETCS AJIEKTPOHAMH B aTOME paHbIie — 4p uam 5S7?
Pemenue:

[TonypoBHIO 4p OTBe4aeT 3Heprus, xapakrepusyromascs cymmoit E = (n+l),
T. €. paBHoi 4+1 = 5. TlogypoBHio 55 cootBercTByeT > (N+l) = 5+0 = 5. Cornacho
BTOpOMY mpaBmity KIIe4KOBCKro, €Clii SHEprusi Ha JBYX MOJYPOBHIX OJMHAKOBA, TO
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3aMoJHEHUE TIOYPOBHS JIEKTPOHAMHU TPOUCXOJIUT B TMOPSAKE MOCICIOBATEIIHHOTO
BO3pacTaHUs TJIABHOTO KBAHTOBOTO YHMCJA, T. €. CHavaja 3aroJIHAETCS AJIEKTPOHAMU
MOAYpOBEHB 4p, a 3aTem 5S.

2.2.3 Xumuueckasi cBsi3b (3amanus 41-60)

XuMHYeCKas CBA3b — COBOKYITHOCTb B3aUMOJICUCTBUN MEXKY JIEKTPOHAMHU U
SAApAMU, NPUBOAIINX K COCIWHEHUIO OTJEIBbHBIX aTOMOB B MOJIEKYJIbI, HOHBI,
paauKaibl, KPUCTAJIbI, KOMIUICEKCH. XHUMHYECKasi CBA3b  OCYIIECTBISCTCS
CBSI3BIBAIOIIMMHU  DJICKTPOHHBIMU TapaMM, TPUHAJJICKAITUMA OOOMM aToMaMm.
CnapuBaHu€ CBA3BIBAIOIINX SJICKTPOHOB MPOUCXOJUT B PE3YJIbTaTE MEPEKPHIBAHUS
WX DJICKTPOHHBIX OOJIAKOB W BO3HWUKHOBEHHS OOJIACTH TOBBINICHHOW SJCKTPOHHOU
IJIOTHOCTH, YTO MIPUBOJIUT K COJMIKEHUIO S7Iep U 00pa30BaHUI0 XMMUYECKOU CBSI3H.

B 3aBucuMocTHM OT xapakTepa pacupeAcsieHUs AJIEKTPOHHON IUIOTHOCTU B
MOJIEKYJIE WM KPHUCTAIUIE PA3IMYaloT TPU OCHOBHBIX THUINA XHUMHUYECKOW CBSI3H:
KOBAJICHTHYIO (ATOMHYI0), HIOHHYI0, METAJUTMYECKYIO.

MHorue ¢u3nu4yeckrue U BCE XUMHUUYECKHE CBOMCTBA BEIIECTB OMPEACIISIIOTCS
TUIIOM XUMHYECKOHN CBSI3U.

KoBasienTHasi cCBA3b

1. TMonsgpHOCTP XMMHUYECKOM CBSI3M MOXKHO ONpeAeuTh Mo pazHoctu O30

(oTHOCHUTENBHAS JIEKTPOOTPUIIATELHOCTD 3JIEMEHTA): YeM OOJIbIlle pa3HOCTh

AO30, Tem BbIIIE TONAPHOCTH CB3H. (CBSA3b HA3BIBAETCA KOBAJIECHTHOMU

HEMOJIAPHOM, €clii OHa 00pa3oBaliach aTOMaMH OJIHOTO AJIEMEHTa, TaK Kak

AOS20 =0.
2. Mepoii MONSIPHOCTU CBSI3U SIBISIETCS TAKKe €€ DJICKTPUUYECKUA MOMEHT JTUTIOJIS
(munonibHBIE MOMeHT). U = (q -l [Kn'm] wiu [D]. AunonsHbIi MOMEHT

XapaKTepu3yeT CIOCOOHOCTD CBSI3M OPUEHTUPOBATHCSI B MATHUTHOM TIOJIE.

3. HampaBneHHOCTh, XMMHUYECKOW CBsi3U. HampaBieHHOCTh KOBAJICHTHOW CBS3U
KOJINYECTBEHHO BBIPAXKAIOT B BHUJIE€ BAJCHTHBIX YIJIOB. YTOJ CBSA3U, WIIHU
BAJICHTHBIA yTOJ — 3TO YTOJ MEXAY BOOOPAKAEMBIMHU MPSIMBIMU JIMHUSIMU,
NPOXOJSAIIMMHM  4Yepe3 sSapa XUMHUYECKH CBSI3aHHBIX aTOMOB 3JIEMEHTOB.
Hanpumep, B Monekyse ammuaka NHz BanenTHbIi yron < HNH = 107°,

4. Jlnuna W sHeprus xumudeckor cBsi3u. Cuia, BBI3bIBaIONIas 0Opa3oBaHUE
XMMHUYECKOU CBSA3M — PABHOJACHUCTBYIOIIAS CUJI NPUTSXKEHUS U OTTAIKUBAHUSA
SIep U JIEKTPOHHBIX 000JI0YEK B3aMMOJIECHCTBYIONIMX aTOMOB. [[MHa CBs3W,
HM — 3TO PACCTOSHUE MEXIY SApaMHu, KOTOPOE€ 3aBUCUT OT pPa3MEpoB
AIIEKTPOHHBIX 000JIOUEK U CTETICHU UX TIEPEKPHIBAHUS.

5. DHeprus cBsizu, KJ[PK/MOJb — KOJIMYECTBO DHEPTUHU, KOTOPOE BBIACISACTCS MPHU
00pa3oBaHNM XUMHUYECKOHN CBsi3u. UeM OOoJbIlle YHCIOBOE 3HAYCHHE YHEPTIHH
CBSI3M, TEM KOPOUYE U MPOUYHEE XUMUUECKASI CBSI3b.

6. HaceimmaemocTs KOBajieHTHOW CBsi3u. C TOYKM 3pEHUS] METOJIa BaJIEHTHBIX
ces3zeit MBC koBalieHTHasi XUMHUYECKasl CBSI3b JIOKAJW30BaHA MEXIY ABYMS
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aToMamMHu, T. €. OHa JBYXIIEHTPOBas U JABYXJIJCKTpPOHHas. Bcrencteue

HACBIIIAEMOCTA  CBSI3W  MOJICKYJIbI HMMEIOT  OINPEACICHHBIA COCTaB M

CYIIECTBYIOT B BHJIE AWCKPETHBIX YACTHI[ C OIPEACICHHONW CTPYKTYpPOH.

Hampumep: H-Cl; (IN=N:;; O=C=0.

WNonnast cBsi3b (YacTHBIM ciyyall KOBAQJEHTHOM TMOJSIPHOM CBsi3u). OTa
XUMUYECKass  CBSI3b  OCYIIECTBISIETCSI B pe3yibTare  oOpa3oBaHHUS |
AIEKTPOCTATUYECKOTO B3aUMOJACHCTBUSL TPOTHUBOIIONIOKHO 3apsSHKCHHBIX HOHOB.
Hampumep, B kpuctrammueckoit pemerke KCl nmpoucxoaut oOMeH 3JIeKTpOHAMHU:
K\— e - K, CI°+ ¢e - CI, K" + CI' —» KCl. MonHas cBsI3p He 00JamacT
HAINPaBJICHHOCTbIO W HACHIIIAEMOCTbIO. JlelleHne BeHIECTB Ha KOBAJICHTHBIE W
MOHHBIC COSMHEHUST OTHOCUTEIILHO, T. K. TAXKE B COCTMHCHUSX IIEIOYHBIX METAIOB
C TaJOreHaMH HET IMOJIHOTO Tepexoja dJEKTPOHOB OT MeTaljila K TajoreHy.
XUMHUYECKYI0 CBS3b CUMTAIOT HMOHHOM, €CIM  Pa3HOCTh  OTHOCHUTEIbHBIX
ANEKTPOOTpUIIaTeNIbHOCTEHN 251eMeHTOoB (020) Metaria u ragorea A O30 > 1,9.

MeTajusinyeckasi CBSI3b OCYIIECTBISICTCSI B KPHUCTAUTMUYCCKOW pEIIETKE
MeTajula MEXAY TOJIOKHUTEIIBHO 3apsHKCHHBIMA HOHAMHU 32 CUYET TPUTSHKCHUS
AJIEKTPOHOB, CBOOOTHO TIEPEMENIAFOIINXCS TI0 KPUCTAILTY («JICKTPOHHBIN Ta3»). OHa
He 00J1a7aeT HAMPaBJICHHOCTHIO U HACKHIIIIAEMOCTHIO.

IIpumep 1

Onpenenutsb nossipHocts cBsizu H-H u H-CI.

Pemenne:

N3 Tabmuner I1.3.2 6epem 3nauenus OO0 Bomopona u xmnopa. OO0(H) =2,1,
0O20(Cl) = 2,83. Boruucisiem AOSO(H-H) = 2,1 — 2,1 = 0 — cBsi3b KOBaJICHTHAS
nenossipHas. AOD0O (H-ClI) = 2,83 — 2,1 = 0,73 — cBsa3b KOBajicHTHas noJisipHas. Yem
oonpuie 3HaueHne AOD0, TeM BbIIIE NOIIPHOCTh XUMUYECKOM CBS3H.

Ipumep 2

Juna aunons monekynst HCI pasra 2,2 x 107! M. BeruucianTs 1unonsHbIi
MOMEHT.

Pemenne:

JIumobHBIN MOMEHT pacCUuThIBAaeTCs Mo popmyrie:

u=q x| [Krwm],

rae ( — BelMuYuMHA a0COJIOTHOrO 3apsia anektpoHa, K, | — mimHa cBssm,
PAcCTOSIHUE MEXKIy IICHTPAMH IOJIOKHUTEIBHOTO W OTPHUIIATEIBHOTO 3apsjaoB B
MoOJIEKyJIE (IUTMHA TUIONs MOJEKyJIbI), HM. p = 1,6 -1071° . 2,2 .10 =3,52 -10°%° Ki-m;

3gag, uro 1D = 3,33+ 107° Kn'm, BeIpasuM JUIIONBHBIA MOMEHT B je0asx
n=3,52-103%,/3,33-.10°%0 =1,06 D.
IIpumep 3

Yem 0OBACHSIETCS HAIMpaBICHHOCTh KOBaJeHTHOW cBs3u? Kak HampaBieHBI
ces3u B Mojiekyiaax AlCl; u PCls?
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Pemenne:

HampaBneHHOCTh CBSI3HM ONPEACNISICTCS] KOIMYECTBOM U (hOPMOM AIEKTPOHHBIX
obnakoB. CBs3b 00pa3yeTcsi B HallpaBJICHUU HAHUOOJBIICH 3JIEKTPOHHOW TUIOTHOCTH,
HauOoJbIIeH BBITAHYTOCTH 007aKkoB. B moinekyne PCl; HampaBieHHOCTb CBsi3el
onpenensiercss GOpMON BaJIEHTHBIX AJEKTPOHHBIX 00s1akoB ¢ocdopa. Ha BHemHeM
ypoBHE (ocopa HaXoAUTCS 5 >IEKTPOHOB 352 1 3p3; HecnapeHHBIMHU (BaJICHTHBIMH)
SIBJISTFOTCST 3P AJIEKTPOHBI, 00J1aka KOTOPBIX B3aMMHO TEPIICHINKYJIISPHBL, T. €. (opma
MOJIEKYJIBl NMpaMuialbHas (Sp>-rubpuamsanys). BaleHTHbIE yITBI HECKOJBKO
0O0JIbIIIE MPAMBIX BCJIEACTBUE OTTAJIKMBAHUS aTOMOB XJIOpa APYT OT JApyra.

B cinyuae A1Cl3 (BalleHTHBIMH SIBJISIOTCA DIIEKTPOHEI 3S' 3p?) mMeeT MecTo
Sp>-rubpuausanus, CIeIOBAaTENbLHO, O00JaKa TpPeX BalCHTHBIX  JJIEKTPOHOB
pacmoJiokeHsl o1 yriaom 120° B ogHOM 1TuiockocTd. Takoe ke HampaBieHHEe UMEIOT
CBsI3U, 00Pa30BAHHBIC STUMHU JICKTPOHHBIMHU 00JIAKAMH C BaJICHTHBIMH AJIEKTPOHAMU
TpeX aTOMOB XJiopa. Popma MOJIEKYJIbI TIOCKas.

2.2.4 Xumnueckasi kuHetuka (3aganus 61-80)

XHUMHYeCcKasi KHHeTHKA — pa3/ie] PU3NYECKON XUMHUH, U3YUaroNi CKOPOCTH
Y MEXaHU3Mbl XMMUYECKUX PEAKLUN.

CKOpOCTh XMMHMUYECKON PEAKLIHH ONPEACISIETCS M3MEHEHWEM KOHIEHTpaluu
pearupyrommx BEHIECTB 3a C€IWHUIy BpPEMEHM B EIUHULE PEAKIMOHHOTO
npoctpancTBa. OHa 3aBUCUT OT MNPHUPOABI  PEATHPYIOIIMX  BEIIECTB, HX
KOHIICHTpAaL1H, TEMIIEPATYPBI, JABJIICHUS U IPUCYTCTBUS KaTaIN3aTOPA.

3aBUCUMOCTb ~ CKOPOCTH  XUMHUYECKOM  peakuud OT  KOHIEHTpaluu
pearupyronmx BEIIECTB BbIPAKAECTCSI OCHOBHBIM 3aKOHOM XMMHUYECKOW KMHETUKHU —
3aKOHOM JEMCTBHMSI MacC. IMPU INOCTOSTHHOM TEMIIEpAType CKOPOCTb XWMHYECKON
peakuuu IpsAMO IPONOPLUHMOHAIBHA IPOU3BEACHUIO MOJIIPHBIX KOHLIEHTPALMMI
pearupyrommx BELIECTB, BO3BEICHHBIX B CTENEHb HUX CTEXMOMETPUYECKUX
K02 PHUIEHTOB.

XWMHUYECKHE PEaKIUH, B KOTOPbIX MCXOJHBIE BEIIECTBA  LIEJIMKOM
MPEBPAIIAIOTCS B POYKThI PEAKIMH, HA3bIBAIOTCSI HEOOPATUMBIMH:

2KCIO; = 2KClI + 3021

v1 = k1* C3(KCIO3) mim v1 = k;-[KCIO3] (kuHeTHUECKOE YpaBHEHUE).

3HAYUTENBHO Yallle NPOMCXOIAT PEAKLUNH, UAYIIME OJHOBPEMEHHO B JIBYX
MIPOTHUBOIOJIOKHBIX HAMIPABIEHUSAX — IPSMOM U OOPaTHOM:

ZNO(r) + Oz(r) <« ZNOZ(r);

v1 = Ky [NOJ?[O2];

V2 = kz'[NOz]Z.

CocTostHue o0paTUMO peakiuu, Ipu KOTOPOM CKOPOCTH IPSIMOM 1 0OpaTHOM
peakiMii paBHbI MeXay COOOM, HA3bIBAETCS XUMUYECKUM PAaBHOBECHEM.

IIpy XuMH4YECKOM PaBHOBECHUM V1 = V2, OTKY1a

Kc=ki/ky = [NOz]Z/ [NO]2 : [Oz],
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rie K¢ — KOHCTaHTa XMMHYECKOTO paBHOBeCHS (BenW4MHA TaOIU4HAs),
BBIPKCHHAS YepPEe3 PABHOBECHBIC MOJISIPHBIC KOHIIEHTPAIIMH PearupyroIuxX BEIIeCTB;
Ki, K2 — KOHCTaHTBI CKOpOCTEH NpSIMON M 0OpaTHON XuUMHUUecKux peaknuid; [NO;],
[NO], [O;] — paBHOBeCHBIC MOJIIPHBIEC KOHIICHTPAI[UH PEarupyOIINX BEIIECCTB.

Jist  oOpaTMOM  XMMHMYECKOW  pPEaKIMh  OTHOIIEHUE IPOU3BEICHUS
PAaBHOBECHBIX KOHIIEHTPAIMN MPOIYKTOB PEAKIIMU K TPOU3BEIACHUIO PAaBHOBECHBIX
KOHIICHTpAIMi HMCXOJHBIX BEIMIECTB €CTh BEIMYMHA IMOCTOSIHHAS TPHU TMOCTOSTHHOU
TEeMIIepaType U HA3bIBACTCS KOHCTAHTOW XMMHUYECKOro paBHOBecHs. OHa 3aBHCHUT OT
TEeMIIepaTypbl, MPUPOJLI PEarupyrouIux BELIECTB, HAJIUYUS KaTajau3aropa U He
3aBUCHUT OT KOHIIEHTpAIlUN pearupyroniux BemecTB.

Ipumep 1

Kak wu3MEHHTCS CKOpPOCTh pEaKIWh TOPEHUS OJTHICHA TPH yBEIMYCHHUH
KOHIIEHTpAIlMU KUCIIOpoaa B TpH pa3a’?

Pemenne:

C2H4(r) +302(r) = 2C02(r) + 2H20(H).

CKOpOCTh peakmuu TOpEHHS OTWICHa J0 W3MCHCHHS KOHIICHTpAIluu
KHCIIOPOJa:

v1 = ki[CoH4] - [O2]® (3akon nelicTBus Macc).

C yBenMYeHUEM KOHIIEHTpAIllMW KHUCJIOpoJa B TPU paza CKOPOCTh PEaKIUU
CTaHET PaBHOU

v'=k; [Cz H4] 3[02])3 = 27k1[C2H4] [02]32271)1.

CrnenoBaresibHO, CKOPOCTh YBEIIMUUBAETCSA B 27 pas.

Ipumep 2

Bo ckompko pa3  yBENMMUHUTCS CKOPOCTh PEAKIMU TIPU  TTOBBIIICHHUH
temnepatypsbl ot 20 g0 70 °C, ecnu TemnepaTypHblid K03h UITUEHT paBeH 27

Pemenne:

3aBUCUMOCTh CKOPOCTH XMMHUUYECKOW peaKI[uu OT TEMIIEPATYPhl ONPEACISIETCS
npasuioMm Bant-I'odpda (mpu noseiiennn temneparypsl Ha kaxasie 10 °C ckopocTb
XUMHYECKOH peakuu Bo3pacTaeT B 2—4 pasa) mo ¢opmyie: vty =vty? 110,
Haxomaum, gyto

vtpfuty = 2702010 = 25=32,

CrnenoBarenbHO, CKOPOCTh PEAKIMU YBEIUUUTCS B 32 pasza.

IIpumep 3

B kakyto cTOpOHYy CMECTUTCSI paBHOBECUE B TOMOT€HHBIX CUCTEMAaX

1. ZHBI'(F) <« Hz(r) + Brz(r) — 70,18 xJIx;

2. ZNO(F) + Oz(r)<—> ZNOQ(r) +117 x]JIx

BCJICJICTBUE TIOBBIIICHUS JABJICHUS U TEMIIEPATYPhI?

Pemenne:

B nepBoii cucreme peakiys uaet 0e3 u3MeHeHUs 00beMa, MOATOMY U3MEHEHHUE
JaBJICHUS HE BBI3BIBACT CMEIICHUS PABHOBECHS, a IIOBBIIICHHE TEMIICPATyPhI

27



MPUBEJET K YBEIMUYECHHUIO CKOPOCTH NPsAMOM sHAOTepMuueckoil peakuuu (IIpuHimn
Jle IllaTenbe).

Bo BTOpO# cucTeMe MOBBIIICHHUE AaBJICHUS BBI30BET CMELICHUE PAaBHOBECHUS B
CTOPOHY HpPSMOM pPEaKIuH, HIyIIeH C yMEHbIIEHUEM OObEMa, a IOBBIIICHUE
TEMIIEPATYPbI — B CTOPOHY OOPATHOM peakuuu (3HI0TEPMUUYECKON).

2.2.5 Cnioco0bI BhIpa:keHUs KOHIIeHTpauuu pacTBopos (3amxanus 81-100)

KoHuentpanueit pactBopa Ha3bIBa€TCsl KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA,
coJiepKallerocs: B ONpeeIeHHOM MacCOBOM U 0OBEMHOM KOJIMYECTBE PacTBOpaA HIIU
PacTBOPUTEIISL.

B xumuM TOpUMEHSIOTCS CHEAYIOIIME CIOCOOBI  BBIPAXKEHUS COCTaBa
pPacTBOPOB: MAaccoBasl JIOJIs, MOJSIpHAs KOHIIEHTpPALMs, MOJISIpPHAs KOHIIEHTPALIMS
HKBUBAJICHTa (HOpMasibHasi, PKBUBAJCHTHAs), MOJISUIbHAS KOHIIGHTpAIUs, a TaKXKe
MOJIbHAs JIOJISl U TUTP.

MaccoBoii goJsieii (®) Ha3bIBaeTCd OTHOILUIEHUWE MAaCChl PACTBOPEHHOTO
BEILIECTBA K Macce pacTBOpa, OHA BBIPAYKEHA B JOJISAX €AMHUIIBI

o = m (B-Ba) /m(p-pa).

MaccoBast 10as MOXeT ObITh BbIp@XKEHa B TMpoueHTtax (o % wuam
C % = ®100), nmpommwmie (%o = -10°) ¥ MHUIMOHHBIX mOAAX (MIH
win ppm'= ©-10°).

Konuenrpanmeii pacTtBopa Ha3bIBaeTCsl KOJIUYECTBO (MOJb) pacCTBOPEHHOIO
BELIECTBA, COAEPKAIETOCsS B OMPEAEICHHOM MacCOBOM WM 0OBEMHOM KOJMYECTBE
pacTBOpA UM PACTBOPUTEIISL.

MoJisipHasi KOHUEHTPALMS BBIPAXKACTCS YHUCIOM MOJIEH pPacTBOPEHHOIO
BEIIIECTBA, CojieprKallerocs B 1 tuTpe pactBopa [Moiw/n] wiu [M].

Cwv= n(B-Ba)/V(p-pa) [Monb/1a];

n(B-Ba) = m (B-Ba) / M(B-Ba).

PactBop, comepxkammii 1 Monp BemectBa B 1 11 pacTBOpa, Ha3bIBAETCS
omHomoJisipubiM (1 M), 0,1 mons — npeuumosnsipaeiM (0,1 M), 0,01 moms —
cantumossipabm (0,01 M).

MoJisipHasi KOHIEHTPAlUs 3KBUBAJIEHTa BellecTBa (IKBMBAJICEHTHASI MJIH
HOPMAJIbHAS) BBIPAXKAETCSI YMCIOM MOJb YKBHBAJIEHTOB PACTBOPEHHOI'O BEILECTBA,
COJIepKAIIerocs: B OJTHOM JIUTPE PacTBOPa [MOJIb-9KB/J|; [MOB/1]| niu [H].

Cn=ns/ V(p-pa) [H];

N>(B-Ba) = m (B-Ba) / M»(B-Ba);

M5(B-Ba) = M(B-Ba) /z.

PactBop, coxaepxkamuii 1 MoJb-3KB. BemiectBa B 1 71, Ha3bIBaeTCA
onHoHOpMabHBEIM (1 H), 0,1 Monb-3kB. — neunHopmanbabM (0,1 H), 0,01MO0IB-3KB. —
cantuHopManbHbIM 0,01 H).

MousiibHasi KOHIEHTPALMA BbIPAKAECTCS YUCIOM MOJIEM pPacTBOPEHHOIO
BEII[ECTBA B OJHOM KHJIOTPAMME PaCTBOPHUTEIS [ MOJIB/KT]:
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Cm = n(B-Ba)/ m(p-ys1) [MOIB/KT].

MoabHass goast (MOJIApHasi J0Jisl) BEIIECTBA B PACTBOPE OIPEAEIACTCS
OTHOIIIEHHWEM YHCJIa MOJIEH TaHHOTO BEUIECTBA K CYMME YHMCIIa MOJIEH BCEX BEIECTB,
HaXOJsIMXCsl B pacTtBope. [ JABYXKOMIIOHEHTHOM CHCTeMbl: ni — n(B-Ba),
N2 — n(p-J1s1), OTCIOJ]a MOJIbHAS JIOJISI BEIIECTBA

Xi=ng/ ng+no.

KoHnenTpanuioo MHOTa MOXXKHO ONPENENUTh MO TaOnuIe, 3Has IJIOTHOCTD
pactBopa. Ee MO>XHO BBIpa3uTh TUTPOM.

Turp omnpenensercs YUCIOM TPaMMOB  PACTBOPEHHOTO  BEIECTBA,
COJIEpIKaIllerocsl B OJTHOM MWLIMIUTpe pactBopa [r/mi]. T= m (B-Ba) / V(p-pa)
[r/™mi1].

Ipumep 1

Bbluuciuth  MOJSIpHYIO — KOHIEHTpAIMIO,  MOJIAPHYIO  KOHIIEHTPAIUIO
HKBHUBAJICHTOB M MOJISUIbHYIO KOHLIEHTPALUI0 PocPOpHON KUCIOTHI B 6%-M pacTBOpe
H3PO4, mnotHOCTH KOTOpOTO paBHa 1,031 r/eme.

Pemenne:

Macca ogHoro sutpa 6%-HOro BOJHOTO pacTBopa (POCPOpPHON KHUCIOTHI
(H3PO4): m (p-pa) = p-V; m (p-pa) = 1,031-1000=1031 r. Macca H3PO4 B ogHOM
JUTpPE PacTBOPA COCTABIISET:

m(H3PO4) = m(pactBopa): o;

W= 1’1’11(H3PO4) / 100,

m(H3PO4) = m(pactBopa)- mi(H3PO4) / 100;

m1(H3PO4) — macca dochophoit kuciaotsl B 100 T 6%-HOro pacTBopa;

m(H3PO4) =1031-6/100=61,86T.

MoJisipHyt0 KOHLEHTpaLKIO (MOJIIPHOCTB) BBIYUCIIIEM 1O (popMyIe:

Cm=n(B-Ba)/V(p-pa) = m(B-Ba) / M(B-Ba) - V(p-pa) [Mob/1n];

Cm(H3PO4=61,86/98-1 = 0,63 momnb/.

MonsipHy!0  KOHIIGHTpAIMI0 AKBHBAJEHTOB BelIeCTBa (HOPMaJIbHOCTB)
ompeesnseM no Gopmyre:

Cn = ns/V(p-pa)= m(B-Ba)/ms(B-Ba)* V(p-pa),

m» (H3PO4) = M(H3PO4)/z (H3PO4) [r/Mob];

Z — OCHOBHOCTh KHCJOTBHI (YHCIIO KAaTHOHOB Bojaopoaa B kuciore nHY),
Z(H3P04) =3.

m» (H3PO4) = 98/3 = 32,66 /™Mo,

Cn=61,86/32,66-1 = 1,89 monb/1.

Haxonum MOJSUTbHYIO KOHIICHTPAIUIO (MOJISUTBHOCTD) (hOCHOPHON KUCIOTHI B
pacTBope:

Cm = m(B-Ba)/M(B-Ba) m(p-Jisi) [MOJIB/KT];

m(H20) = 1031-61,86 = 969,14r =0,969 «kr;

Cm(H3PO4) = 61,86 /98:0,969 = 0,65 mons/kr (H20).
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Ipumep 2

B 250 mn Bomel pactBopmm 8 T xjopuma memu(Il) CuCl,. Paccumrath
MacCOBYI0O U MOJBHYIO JOJM PACTBOPEHHOI'O BELIECTBA, MOJIIPHYIO, MOJSUIBHYIO,
HOPMAJIbHYIO ~KOHIIGHTPALIMIO M TUTP TMOJYy4YE€HHOro pactBopa. [LI1oTHOCTH
noJtyueHHoro pactsopa 1,17 r/mn

Jlis 1aHHOTO pacTBOpa paccUUTarh (PU3MKO-XUMHUYECKHE MapaMeTphbl IMpU
temriepatype 25 °C. CreneHb 3eKTponTudecKor quccounanuu 0,9.

Pemenue:

1. OnpexnensieMm mMaccoByro om0 (o %) wim mporeHTHoe coaepxkanue (C %)
PAcCTBOPEHHOIO BEIIECTBA B MOJYYEHHOM PAacTBOPE.

MaccoBass 70Ji1 MOKa3bIBAE€T, CKOJbKO TI'PAMMOB PAacTBOPEHHOI'O BEIECTBA
npuxoaurcs Ha 100 r pactBopa.

o, (pacTE.Bel] — Ba) = m{pim'ﬁem:ﬂ - 100[%] .
mipacTEop

Haiinem maccy MoJy4eHHOTO pacTBOpa, OHA OyIeT CKJIaIbIBaThCsS M3 MAaCCh
BOJIbI M MAcChl XJIOpUa MEH KaK paCTBOPCHHOTO BEIICCTBA:

m (pactBopa) = m(H,0) + m (CuCl;), 3Has 4TO MIOTHOCTH BOJBI,

p(H20) = 1r/m1; m(H20) = p(H20) - V(H;0),

m(H,0)=1-250=250r,

m(pactBopa) = 250 + 8 = 258 (1).

m(CuCl) 8 .

we, (CuCl) = m(pacrzopa) -100= otg’ 100 = 3%,

PaccunTeiBaeM MOJISIPHYIO KOHIICHTPALIMIO PACTBOPA.

MonsipHasi KOHIIEHTpAIMs IMOKa3bIBA€T, CKOJIBKO MOJb PAcTBOPEHHOTO
BEIIIECTBA COJCPIKUTCS B | JT pacTBOpA:

n

CM =

v
r7e N — KOJUYECTBO PACTBOPEHHOTO BEIIECTBA, MOJIb; V — 00bEeM pacTBoOpa, J.

HaxoauM KOJIM4eCTBO MOJIb PACTBOPEHHOIO BELIECTBA!
m(CuCl,) 8

CuCl,) = = = 0,06
n(CuCly) = yrucr,) ~ 1345 - »06(on)
1 00beM pacTBoOpa:

m(p— pa 258
Vip—pa) = (p—pa) = = 220,5(mn).

p(p—pa) 1,17

[loxcTaBnss TNONydeHHbIE 3HAYEHHS B  BBIPAKEGHHWE JUI  MOJSPHOM
KOHIIEHTPAIIMH, TTOTy4aeM:

Coy = ; = —02225 = 0,27(monn/n).

PaccunTeiBaeéM HOPMalbHYIO (SKBHBAJIEHTHYIO) KOHIEHTDAIUMIO PAcTBOPA.
HopMmanbHas  KOHIIGHTpaHMs  IIOKAa3bIBaeT, KAaKOe  4YHCIO  SKBUBAJICHTOB
PACTBOPEHHOTO BEIIECTBA COIEPIKUTCA B 1 J1 pacTBOpa:
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CN ==,

vV
rne N, — KOJIMYCCTBO MOJb 3JKBHUBAJICHTOB PaCTBOPCHHOI'O BCIICCTBA,

V — 06beM pacTBopa, .
PaccunrteiBaem N, 11 paccMaTpuBaeMoro pacTBopa:

miCuCl,)
n,(CuCly) = M {CuCIZJ’

rae M, (CuCl,) —skBuBanentHas macca CuCly, r/moib.

M(CuCl,) 1345

M, (CuCl,) = T2~ 67,25(r/mouns),
m(CuCl,) 8
I(Cull,) = = =0,12(r—
mI(Culle) = 3 Cucl,) ~ 67,25 ~ O Ke),
T, 0,12
CN = F = m— 0,54(1\10.?11:/.?1]_

PaccuntsiBaem MOJLJIBHYIO  KOHLOCHTPAIIHIO. MosdsiabpHas KOHLCHTpPAIUA
IMOKa3bIBACT, CKOJIBKO MOJIb PACTBOPCHHOIO BCHICCTBA IMPHUXOJIHUTCA Ha 1 xr

pPacTBOPHUTEIIS:
C_ = n(pact, —=5a)
m m{pﬂC-TE —.?.L‘F.I:] '
rae M(p-ys1) — 3TO Macca pacTBOPUTEIIS, KT.
C 0,06
™ 0,25
PaccuntpiBaeM MOJBHYIO JTOJIF0 PACTBOPEHHOI'O BEIIECTBA — ATO OTHOIICHHE
KOJIMYECTBA MOJIb PACTBOPEHHOTO BEIIECTBA K OOIIEMY YHCITY MOJIb B pacTBOPE:

n(pacr, — ga)

= U,24(MGHL/’KPPME — JIH),

"~ n(pacr, — Ba) + n(pacre — as)’

Hatinem 4mciio MoJIb BOJIBI:

n(H,0) = ™22 _ 30 _ 13 9(rmons),

M(H,0) 18
0.06

0,06+13,9
PaccunThiBaeM TUTp pacTBOpa, KOTOPBIM IIOKa3bIBaE€T, CKOJHKO T'PaMMOB

PACTBOPEHHOTO BEIIECTBA COAEPKUTCS B 1 MJI pacTBOpa:

mpact, —Ba) 8 ) oaein /).

V(p—pa) 220,5

[Tockombky CUuCl, sBsieTCss 2JCKTPOJIMTOM, HCIONB3YeM 3axkousl Payns u

Baum-lI'ogppa c BBegeHueMm monmpaBodHOTro Kodbduimenta (uzomoHuueckuil

Koa¢huyuenm). BemmurnHa H30TOHUYECKOTO0 KOA(DQHUIMEHTa 3aBUCUT OT CTEIICHH

JTUCCOIIMAIINH JIEKTPOJIUTA:

3aTEM MOJIBHYIO JIOJIFO PACTBOPEHHOTO BellecTBa: X = = 0,004.

T =

31



o — (i-1)
(k—1)

IZIe 0. — CTENEHb JAUCCOLMALMU DJIEKTPOJIUTA; K — YMCIIO MOHOB, Ha KOTOPbIE
pacmaiaeTcsi 3IEKTPOIUT MPHU AUCCOIHAIINH.

Xnopua Meau Mpy AUCCOIUAINH paciaiaeTcs Ha TPU HOHA!

CuCl, & Cu** + 2Cl", k= 3.

PaccunutsiBaeM BEJIMUUHY U30TOHUYECKOTO Kodpunuenta A
paccMaTpuBaEeMoOro pacTBopa:

1=0,9-3-1)+1=28.

PaccuntpiBaeM BeIHMUMHY OCMOTHYECKOTO JTaBICHUS JIJIsl JAHHOTO pacTBOpa:

P=i-C4-R-T,

rne P - ocmortmueckoe mapnenue, klla; | — m3oToHnveckuin kod3dduiment;

orcioga i =a-(N—1)+ 1,

Cm — MoJisipHas KOHIIEHTpalus pacTBopa, MOJb/JI; R — yHuUBepcanbHas razoBas
nocrosuHas (8,31 Ix-mons 1 K?1); T — temneparypa, K.

P=2,8-0,27-8,31-298 = 1872 kIla.

PaccunThiBaeM BeIMYMHY TIOHIKEHMSI JABJICHUS Tapa HaJ pPacTBOPOM,
ucnounb3ys | 3akon Payns:

Ap = py - X, X =1i'n(8-Ba) / i'n(B-Ba)+ n(p-ys),

riae Ap — W3MEHEHHE JaBJCHUS HACBIIIEHHOTO Tapa Haja pacTtBopoM, Klla;

Po — JIaBJICHME HACBHIIIEHHOIO0 Iapa HaJ 4YUCThIM pacTBoputeneM, Klla;
| — n30TOHMYECKUH KO3 UIMeHT; X — MOJIbHAs JI0Js1 PACTBOPEHHOI'O BEIIECTBA B
pacTBope.

Ap=12,8-3,166-0,004 = 0,035kl1a,
[loBpllIEHHE  TeMIepaTypbl  KUIIEHUS W [OHWKEHHE  TEeMIIEPaTypbl

KPHCTAUIM3ALUK PACCUMTBIBAEM, Mcnonb3ys |1-i 3akon Pays:
Atgpucr. = 1'K-Cpy;

Aty =i*E-Chy,
rie K m E — cooTBEeTCTBEHHO KpHOCKOMHYECKass M HOYJITHOCKOIHMYECKas
MOCTOSIHHBIE ~ PAaCTBOPHUTEIIS, °C  (KBommr = 1,86  rpan. K/mons,

EBogaer = 0,52 rpan. K/mons); Cr — MoJsuIbHAsI KOHIIEHTpAIUs pacTBOpa.

AtKPI/ICT. = 2,8 1,860,24 = 1,25 OC;

Atgym. =2,8:0,52:0,24 = 0,35 °C.

OtBeT: Wy, = 3%, Cy = 0,27(monn/n), C, = 0,54(mons/n), X = 0,004,
C,, = 0,24(monb /r,, . —g), T=0036(/mn), P = 1872 «lla,
Ap = 0,035k01a, Atgpucr = 1,25 °C, Atgun. = 0,35 °C.

2.2.6 I'mapoaus coJeii (3amanus 101-120)

I'uapoau3oM Ha3bIBacTCS XHMHUYECKOE OOMCHHOE B3aMMOJICHCTBHE HOHOB
pPacTBOPEHHOMN COJIM C BOJIOH, MPUBOAIIEE K 00pa30BaHUIO MPOTYKTOB, SIBIISIOIIUAXCS
CaObIMU DJICKTPOJIMTAMU (CIIA0BIX KHUCJIOT M OCHOBAHMM, aHUOHOB KHCIBIX HIIN
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KaTHOHOB OCHOBHBIX COJIEH), CONPOBOXKAAIOIIEECSs CMEIICHUEM pPaBHOBECHUS
JMCCOIIMAIINY BOABI U U3MEHEHUEM peakiuu cpeasl (pH).

Ipumep 1

CocTaBbTe HMOHHO-MOJIEKYJISIPHBIE M MOJEKYJISPHbIE YpaBHEHHS THUIPOJIM3a
cynbdara nuHka. OnpeneauTe peakiuio cpeibl BOAHOIO PacTBOPA 3TOM COJH.

Pemenne:

Cynsdpar muaka ZnSOs — cOJb MHOTOKHCIIOTHOTO CJIa0OTO OCHOBaHUS
Zn(OH); u cuibHO# MHOroocHOBHOU KUCIOTHI H,SO4. M'muponun3 Oynmer mporekarthb
1o kKaTuoHy. IOHHO-MOJIEKYJISIpHOE YPaBHEHHE TUAPOIN3a:

| crynens Zn?* + HOH «» ZnOH* +H*

WK B MoJieKyJisipHOM Buje: 2ZNS0O4 +2H,0 < (ZNOH),SO4 + H2SO.4.

B pactBOpe mosBasieTcs HM30BITOK MOHOB Bomopoaa HY, mostomy pactBop
ZnSO, umeet kuciyto peakiuio (pH<7). B oObIYHBIX yCIOBUSX TUIPOJU3 UAET IO
nepBoit crynenn. O6pa3oBanus Mosekyasl ZN(OH); Ha mepBoOi CTYNCHH T'HIPOJIH3a
HE TIPOUCXOIUT.

Ipumep 2

Hammcate ypaBHEHUS peakidid THAPOIHM3a B MOJICKYJISIPHOM H HOHHO-
MOJICKYJIIDHOM BHUJI€ W yKa3zaTh, Kak B pe3yJibTaTe THAPOIN3a HU3MEHWICS
BOJI0poaHBIN TToKa3zaTenb pH B pactBope con NayCO:s.

Pemenne:

Kap6onar matpmss Na;COs; — conp, oOpa3oBaHHas CHJIBHBIM OCHOBAaHHEM
NaOH wu cnab6oit kucinorort H,COs. B nanHoM ciydae ruponu3 OyaeT mpoTekaTh 1Mo
AHUOHY. YTOJIbHAsI KHUCIIOTa SIBIISIETCS JBYXOCHOBHOMW, MOATOMY THIPOJIHN3 JIOJDKEH
MpOTEKaTh B JBE CTyNEHU. [IOCKOIBKY TUAPOJINU3 COJIEW MO BTOPOM CTYIEHU
MPOTEKACT B HE3HAYUTEIHPHOU CTETICHH, MOJKHO MPEeHeOpedh HATMCAaHUEM YPaBHEHUS
ATOW PEAKLINH.

| crymniens:

COz*> + HOH < HCO3 + OH™ -coxkpamennoe

MOHHO-MOJIEKYJIIPHOE ypaBHEHUE;

2Na* + CO3* + HOH «—Na* + HCO;™ + Na* +OH~ - monnoe

MOHHO-MOJIEKYJIIPHOE YpaBHEHUE;

Na,CO3; + HOH < NaHCO3; + NaOH - monekynsipHoe ypaBHEHHE.

Kakx BHIHO M3 COKpaIIEHHOT0 HOHHO-MOJICKYJIIPHOTO YPaBHEHHUS, B PaCTBOPE
COJI B pe3yJibTaTe THIPOJN3a MPHUCYTCTBYIOT THAPOKCHI-UOHBI, 3TO YKa3bIBaecT Ha
IIEJIOYHOM XapakTep cpeanl. pH Takoro pactBopa OyJaeT NpUHUMATH 3HAYCHHUE >7.

IIpumep 3

Harmmcate ypaBHEHUWS peakidid THAPOJIM3a B MOJICKYJISIPHOM H HOHHO-
MOJICKYJIIPHOM BHJIE€ W yKazaTh, KakK B pe3yJbTaTe THAPOIHM3a HW3MCHHIICS
BOJIOpOIHBIN TIokazatenb pH B pactBope comu Mn(NO3),.
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Pemenne:

Hutpar mapranma (1) Mn(NOs), — conb, oOpazoBaHHas cllaObIM OCHOBaHUEM
Mn(OH), 1 cuIBHOH KHCIIOTOW — 3TO CiIy4ad THAPOJU3a MO KaTHOHY. [ MapoKCH
MapraHia siBJsIeTCsl ABYXKUCIOTHBIM OCHOBAHUEM, TUAPOIN3 JOJDKEH MPOTEKaTh IO
JIBYM CTYIICHSIM.

| cryniens

Mn2?* + HOH < (MnOH)* + H*;

Mn?* + 2NO;~ + HOH < (MnOH)* + NO3™ + H* + NO3;

Mn(NOs); + HOH <> Mn(OH)NO; + HNOs.

I'mapokconutpar wmapranma (II)  Mn(OH)NO; -  maopactBopuMoe
COCIMHECHHE, TI0ITOMY THAPOJIM3 IO BTOPOM CTYNEHH MPAKTUYECKA MPOTEKATh HE
Oyner.

N3 ypaBHeHu# THApOJiM3a BUAHO, YTO B PACTBOPE COJU MPUCYTCTBYIOT
MPOTOHBI BOJIOPOJA, KOTOpbIE OYIyT OINpEeAeNiaTh KHUCIBbIA Xapaktep cpenbl. pH
pacTBOpa ATOH coiu OyIeT MPUHUMATh 3HAaUCHUE <7.

Ipumep 4

CocTaBUTh MOHHO-MOJIEKYJISIPHBIE M MOJICKYJIIpHBIE YpaBHEeHUs Tujposusa (I
crynenb) cnenyromux coneil: a) KF; 6) Cu(NOs)y; 1) NazS. YkazaTh peakiiuio cpe/ibl
PacTBOPOB ATUX COJIEH.

Pemenne:

a) ®ropuna xamus — KF <« K™ + F7, conp o0pazoBana citaboii kuciaoroir HF n
cuabHbIM ocHOBaHneM KOH. I'maponu3 npoctoii, OyaeT npoTekaTh 10 aHUOHY.

F+ HOH <~ HF + OH".

HonHO-MOMNEKyISIpHOE YpaBHEHHUE THIPOIN3a!

K*+ F + HOH <~ HF + OH™ + K%,

WJIU B MOJIEKYJIIpHOH (hopme:

KF + H,0O < HF + KOH.

B pesynbrare ruaponmza B pacTBOPE YBEIWYMBACTCS KOHIICHTPAIIUS
THIIPOKCUI-UOHOB, Mo3ToMy pacTBop KF nmeer menounytro peakuuto (pH > 7).

6) Hurpar mexu (11) - Cu(NO3), <> Cu?* + 2NOg3", cons o6pa3oBaHa caa0bIM
ocHoBanreMm Cu(OH); u cunpHoi kuciaoroit HCL. I'uiponus CloXHBIN CTYTIEHYATHIN,
OyZeT MpoTeKaTh MO KaTHOHY:

| crynens: Cu?* + HOH « (CuOH)*" + H".

HoHHO-MOMNEKYISIpHOE YpaBHEHHUE THIPOIN3a;

2NO3z + Cu?* + HOH <« (CuOH)*+ H*+ 2NO5".

B monekynspraoit hopme:

Cu(NO3); + H,O <> (CuOH)NO3; + HNO:s.

B pesynprare ruapoiMza B pacTBOPE YBEIMUYMBACTCS KOHIICHTpAIlMsS HWOHOB

BojI0pofa, moaromy pactBop Cu(NOs3), umeeT, kuciyto peakuuro (pH <7).
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B) Cynspun matpus - Na,S < 2Na* + S?7, conp 00pa3oBaHa CHIBHBIM
ocHoBanreM NaOH u cmaboit kucinotoir HpS. I'maponu3 ciioKHBIA CTYNIEHYATHIMH,
OyJeT mpoTeKaTh 10 AaHUOHY:

| crynens: S~ + HOH < HS™ + OH™.

HoHHO-MOJIEKYISIPHOE YpaBHEHHUE THIPOIIN3a;

2Na*" + S~ + HOH < HS™ + OH™ + 2Na",

B MOJIEKYJISIPHOH (opme:

Na,S + HOH <> NaHS + NaOH.

B pesymprare THapoim3a B pacTBOPE YBEIMYMBACTCS KOHIICHTPAITHS
TUAPOKCUI-UOHOB, MO3TOMY pacTBOp NapS umeer uienounyro peaknuio (pH>7).
Jlakmyc nproOpeTaeT CUHUI 1BET.

2.2.7 KomiuiekcHble coequnenust (3aganus 121-140)

B KOMIUIEKCHOM COEIMHEHUU Pa3IU4yaroT BHYTPEHHIOI (KOMILUIEKCHBIA HOH,
WM KOMIUIEKC) U BHEIIHIOW cdepbl. BHyTpeHHIOI cdepy COCTaBISIIOT
KOMILIEKCO0Opa3oBatTesb (IEHTPaIbHbINA HOH WJIM aTOM) U JIMTAH/bI (IICH/IbI).

Buemnecdepnas aucconmanusi KOMIUIEKCHBIX COEAMHEHUN MPOUCXOAUT B
BOJHBIX PAacTBOpax MPAKTUYECKH IMONMHOCThIO. (OHa Ha3bIBAETCS MEPBUYHOI.
OOpatumblii pacnaj; BHYTpeHHEH cdepbl KOMIUIEKCHOTO COEAMHEHUS HAa3bIBAIOT
BTOPUYHOM Aucconmanuent. Jluccoumanus KOMIUIEKCHOTO HOHA XapaKTEpPU3YyeTCA
KOHCTaHTOM  PABHOBECHUS, KOTOpPAas HA3bIBACTCSI KOHCTAHTOM  HECTOMKOCTH
KOMIUJIEKCHOT'O MOHA U CIIY)KAT MEPOU YCTOMYMBOCTH KOMILIEKCA.

IMpumep

VYKaxxutre B KOMIUJIEKCHOM COE€IMHEHUU KOMIUIEKCOOOpa3oBaTeib, €ro CTENEHb
OKHUCJIEHUS, KOOPAUHAIMOHHOE YUCIIO, JIMTAHbI, 3aps]l KOMIIJIEKCHOTO HOHA.

[Pt(NH3)4CI2]Cls.

Pemenne:

B ykazaHHOM coeaMHEHMH KOMIUIEKCOOOpa3oBaTeIeM SIBISIOTCS MOHBI P
KOOPJUHAIIMOHHOE YMCIO paBHO 6. JIUranmamyu B COEIMHEHUM SIBIISIFOTCSI YETHIPE

t4+

MOJIEKYJIbI aMMHUaKa 1 ABa xjopua-uona Cl .

3apsii KOMIUIEKCHOTO MOHA PaBeH CyMMeE 3apsI0B KOMILIEKCOOOpa3oBaTes 1
JMTaHao0B. B coeMHeHnn 3apsii KOMIIEKCHOTO HoHa Pt*" paBen: x +4-0 + (—2) =+2,
X = +4, T. e. 3apsa mIaTtuHbl Pt*,

[Ipu pacTBOpeHHH B BOJIE KOMIUICKCHBIE COSTMHEHUS BEYT ce0sl KaK CUJIbHbBIC
AJIEKTPOJIUTHI, TTOJTHOCTHIO PACTAJAOTCAd HA MOHBI C OTHICINICHUEM KOMIUIEKCHOTO
nona: [Pt(NH3)4Cl2]Cl, < [Pt(NH3)4Cl,]?*+2CI.

KomriekcHpi HOH (KOMILIEKC), SBISISICH CIA0BIM DJIEKTPOJIUTOM, B OOJIBIIICH
WA MEHBIIEH CTENEHW pacnagaeTcss Ha HOHBI. 3alKChIBAEM YPaBHEHUE IOJHOM
nucconmanuy  KomiuiekcHoro uona: Pt(NH3),Cl]*«» Pt**+ 4NH3+2Cl~. Dror
MPOLIECC TOAUYMHACTCS 3aKOHY JnAcucTBUs Mmacc u npuHuuny Jle Illarenve. ns
PABHOBECHOM CHUCTEMBI MOXHO COCTaBUTh BBIPAKEHUE KOHCTAHThI PaBHOBECHS,
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KOTOpasi JUIsl KOMIUIEKCHOIO HOHA IMOJy4YWJIa Ha3BaHUE KOHCTAHTHI HECTOMKOCTHU
KOMILJIEKCHOT'O HOHA.

KoHcTaHnTa HECTOMKOCTH NPUHUMAET CIEAYOIIUN BHUI:

Kuecr (Pt(NH3)4Cl2]#) = [Pt*]-[NH3]*[CITT# [Pt(NH3)4Cl2].

Yem MeEHbIIE 3HAYCHHE KOHCTAHThl HECTOMKOCTHM KOMIUIEKCHOTO HMOHA, TEM
Oosee ycToiunB OH B pacTBope. KOHCTaHTYy HECTOWKOCTH Ha3bIBalOT KOHCTaHTOM
pacmana KOMILIEKCHOTO WoHa. OOpaTHYIO €€ BEIWYHHY Ha3bIBalOT KOHCTAHTOM
oOpa3oBaHMs KOMITIEKca, WM KOHCTaHTOM ycTtorunBocTh. Kycr = 1/Kueer. Kugcer. -
BEJIMYMHA TaOJIMYHAs.

2.2.8. OKHCIANTEIHLHO-BOCCTAHOBHUTEIbHBIE peaknnu (3amanus 141-160)

JUist cocTaBlieHHUs YpPaBHEHUU OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMMA
MO>KHO MCIOJIb30BaTh JIBa crioco0a 1noadopa Ko3PpPuireHToB. MeTo1 3JeKTpPOHHOTO
OanmaHca MO3BOJIAET MOAOOpPaTh KO3(PPUIMEHTHI TOJBKO MEpel MOJEeKyJaMu
OKUCJIMUTENISI W BOCCTAHOBHUTENSA. VIOHHO-ANEKTPOHHBIA METOA, WIHM METOA
AIEKTPOHHO-MOHHOTO OajaHca (METO/1 MOJIypeakiifil) UCIOIb3yeT NpeICTaBIeHUuE 00
ANEKTPOIUTUUECKON TUCCOMALMU. YUYAaCTHUKH IPOLECCa 3aIMChIBAIOTCS B HOHHO-
MOJIEKYJISIpHON (opMe. MeTo NpUMEHUM, €CIM PeaklUHU MPOTEKaloT B BOAHOM
pacTBope. BeniecTBa pacnagarorcs Ha MOHBI, PEaIbHOCTh CYIIECTBOBAHMS KOTOPBIX
MOXKET ObITh OOHapyXeHa B pacTBope. B 3ToOM ciydae y4yUTBIBAlOT MpPOLECC
auccormanuu Boael HyO <> H™+ OH™ u ucnonb3yroT B KayecTBe KOMIIOHEHTA
peakiuu MoJiekyJisl HoO nonst HY u OH™.

Ipumep 1

Ha ocHOBaHMUM 3JEKTPOHHO-MOHHOTO MeToja MnoAoOpaTh Ko3((HUIIMEHTHI B
YpaBHEHUE PEaKLUU:

KMnO, + Na,SO3; + H,SO, — MnSO,4 + Na,SO,4 + K,SO4 + H,0.

Pemenne:

DT0 ypaBHEHHE HEOOXOAMMO 3amucaTb B MOHHOM BHJIE, YUUTHIBAsi T€ HOHBI,
KOTOPBIE U3MEHWIN CBOM NIEPBOHAYAJIbHBIN BUI:

MnO, + 8032_+ 2H' > Mn?* + 8042_ + H,O0.

B o0l peakiun non SO3?” okucnsercs B uon SO4> . Hemocraromuii Kuciopox
npu nepexoae SOz?” B SO4* Gepercs U3 BOALL, U B PE3yJbTaTe 00pa3yeTcss H30bITOK
nonoB H*:

8032_ + H,0 — 8042_ + 2H".

Tak Kak CyMMBI 3apsiI0B B JICBOM M IPAaBOM YacTU YpPaBHEHUS JOJDKHBI
paBHATBCS JApPYr Jpyry, M3 JIEBOM 4YacTH CIEIYyEeT BBIYECTh JIBa JJIEKTPOHA.
DJEeKTPOHHO-UOHHOE YpaBHEHUE JIJIs MpoIlecca OKUCICHUs Oy1eT UMETh BU/L:

8032_ + H,O — 28 — 8042_ + 2H". (1)
COOTBCTCTBeHHO JJIs1 HpOHecca BOCCTAHOBJICHUA
MnO, + 8H'+5 & — Mn?* + 4H,0. (2)
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HNousl Bomopoda HYXHBI JUIsl CBSI3BIBAHHUST B BOJY OCBOOOKIAIOIIETOCS
Kuciopoaa mpu mepexoze moHa MnO; B mon Mn?*. YMHOXas 4IEHBI IIEPBOTO
ypaBHEHHUS HAa 5, BTOPOTO Ha 2 W CKJIAJbIBasg WX, MOJTYYUM HOHHOE ypaBHCHHE
JAHHOM peaKInu:

5|S03* + H,0 — 28 — SO, + 2H*
2| MnO; +8H* +5¢& — Mn* + 4H,0
5S03* +2 MnO; + 6H* — 5 SO, + 2 Mn?" + 3H,0.

OT MOHHOTO ypaBHEHUS JIETKO MEPEUTH K MOJICKYJIIPHOMY YPaBHEHUIO:
2KMnO,4 +5Na,S0O; +3H,S0, = 2MnSO,4 + 5Na,S0O, + K,SO, + 3H50.
Ipumep 2

Y CcTaHOBUTH HAIIPaBJICHUE BO3MOYKHOTO MPOTEKAHUS PEAKIINHN:

2NaBr +PbO;, + 4HNO; --- Pb(N03)2 + Br, +2NaNO; + 2H,0.

Pemenue:

3anuiieM ypaBHEHUE PEaKIIMK B HIOHHO-MOJIEKYJISIpHON (hopme:

2Br~ + PbO; + 4H* — Pb?* + Br; + 2H,0.

[To tabmune (Jlyppe. FHO. KO. CrnpaBouHHMK MO aHAIUTHUYECKOM XUMHUHU. —

MockBa: Xumus, 1978. — 447 c.) HaxoIWM 4YHUCIIOBBIE 3HAYEHUS CTaHAAPTHBIX
ANEKTPOJHBIX MTOTEHIUAIOB AJIEKTPOXUMHUYECKUX CUCTEM, YUACTBYIOIINX B PEAKIUU:

Br, +2¢ — 2Br~  E%=1,065B;

PbO, + 4H* +2¢& — Pb2* + 2H,0 E02: 1,4498B;

3I[C = Eoz— E01 = 1,449 - 1,065 = 0,384 B.

OxucaureneM Bcerja CIyXHT CHCTeMa C 0Oojiee BBICOKMM 3HayeHHEM
5JIEKTPOJHOIO MoTeHIMana. 110ckonbKy 31ech 3Hadenne E% 3HaumrensHo Goublie,
ueM E% mpakTudecku mpu MrOOBIX KOHLEHTPAIUSX B3aMMOJEHCTBYIOIMX BELIECTB,
OpomHl MOH OYJET CIY>KUTh BOCCTAHOBUTENEM, a JUOKCHJ CBUHIA — OKUCIHUTEJIEM.
Peakiust Oyer mporekarh clieBa HampaBo, Tak kKak JC> 0 (monoxuTenbHast).

2NaBr +PbO; + 4HNO; = Pb(NOs), + Br, +2NaNOs + 2H,0.

IIpumep 3

CocTaBuTh ypaBHEHHE PEAKIMU OKHCIIECHHS CEPOBOAOPOJA XJIOPHOW BOJIOM.
Peaknust npoTekaeT 1o cxeme:

H,S + Cl, + H,O — H,S0O, + HCI.

OnpenennuTs TUIT OKUCIUTEIBHO-BOCCTAHOBUTENBHOW peakuuu. Paccunrtath
HKBUBAJICHTHBIE MACChl OKHCIIUTENS M BOocCcTaHOBUTENSA. OmnpeneauTh BO3MOKHOCTb
MPOTEKaHUS PEaKMy B yKa3aHHOM HANpaBJICHUU.

Pemenne:

1. OnpenensieM CTENEHUW OKUCIEHUS ATOMOB 3JIEMEHTOB, KOTOPBIE BXOZST B
COCTaB MOJIEKYJI BEILIECTB YYaCTHUKOB PEAKIIUU.

+1-2 0 +1-2— +1+6-2 +1-1,

H,S + Cl,+ H,0 — H,S0O, + HCI.

37



B X04€ Iponecca aToOMbl ABYX JJICMCHTOB — CEPbl U XJIOpa — HM3MCHHIIN

cTeneHb okucaeHus. Cepa NoBbICUIIA CTENEHb OKUCIEHUS € -2 10 +6, OTaB MPU ITOM
BOCEMb DJIEKTPOHOB:

S* - 8e— S°.

B nmanHOM mpoliecce aToM Cepbl ABJISIETCS BOCCTAHOBUTEIIEM.

Xnop noHu3un creneHb okucieHus ¢ 0 o -1, mpuHMUMas aBa 3JIEKTPOHA
(IOCKOJIBKY aTOMOB J1Ba):

Cl,°+2e — 2Cl-,
ATOMBI XJI0pa BBICTYHAIOT B POJIK OKUCIIUTENSL.
[Ipumenss METO/T ANIEKTPOHHO-UOHHOTO OanaHca, COCTaBIIsIEM

COOTBETCTBYIOIIME TONypeaknuu. [Ipu COCTaBICHUM YpaBHEHUS TOIYPEaKIUU
OKHCJIEHUS cepbl ucxomuM u3 cxembl: HpS—S04*. CepoBomopon 3ammchiBaeM B
MOJIEKYJIIPHOM BHJIE, TTOCKOJIbKY 3TO COCTUHEHUE SIBISACTCS CIAOBIM 3JIEKTPOIUTOM.
CepHasi KUCIIOTa — CHJIBHBIN AJIEKTPOJIHT, MPHU JUCCOIMALUU KOTOPOTO B PacTBOpe
o0pasyrorcs annonsl SO4% .

B xopne mporecca aToM cepbl CBSI3BIBACTCSI C YETHIPHMSI aTOMaMU KHCJIOPO/a,
UCTOYHUKAMHU KOTOPBIX SBIISIIOTCS YEThIpE MOJIEKYJbl Boabl. [Ipu aTom oOpa3ytorcs
BOCEMb MOHOB BOJiopoja. Eie 1Ba noHa Bogopoa BHICBOOOKIAIOTCS U3 MOJIEKYJIIBI
CEepoBOIOPO/IA.

H,S + 4H,0 — 8¢ — SO4* + 10H".

3amuchiBaeM JBE TIOJYYCHHBIC IOJYPEAKIUU, YKa3bIBa€M OKHCIUTEIh U
BOCCTAHOBHUTEIh ¥ YPaBHHBAEM KOJMYECTBO DJEKTPOHOB, OTIAHHBIX CEPOH H
MPUHSATBIX XJIOPOM:

Cl.°+ 2e — 2CI° 2 g 4 BoccraHOBJICHHUE
H2S + 4H,0 — 8¢ — SO4* + 10H* 8 1  Oxwucnenue

ACI° + H2S + 4H20 — 8Cl + SO4* + 10H*

[TonyueHHble KO3PPUIUEHTHI PACCTABIISIEM B CXEME PEAKIIUU:

H,S + 4Cl, + 4H,0 — H,SO, + 8HCI.

JlaHHas peakuusi OTHOCUTCA K PEaKUUsAM MEKMOJIEKYJSIPHOTO OKHCIICHUS-
BOCCTAHOBJICHUS, TOCKOJIbKY 3JEMEHT-OKUCIUTENIb M 3JE€MEHT-BOCCTAaHOBUTEND
BXOJISIT B COCTAB MOJIEKYJI PAa3HbIX XUMUYECKUX COCTUHEHUM.

2. PaccuuTbiBaéM  MOJISIDHYIO  Maccy  XHMMHYECKOTO  SKBHMBAJICHTA
(3KBHBAJICHTHYIO MACCY) OKUCIIUTEIIA:

M{oEmon)
m_(oxucn) = —

7€ M — MOJIIPHAs Macca XMMUYECKOT0 SKBUBAJIEHTa (IKBHUBAJICHTHAS Macca),
r/Monb; M(OKHUCT) — MOJISIpHAs Macca OKUCIIHUTENS, T/MOJIb; N — YKCIIO 3JIEKTPOHOB,

YYaCTBYIOIIMX B MOJypPEaKLIMH, MPUHATHIX | MOJIb OKUCITUTEIS.
M(cy) 71

m,(Cl,) = — — 3~ 35,5(r/monw),
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AHaJ0Oru4yHO pacCYUThIBACM MOJIIPHYIO MACCY OKBHUBAJICHTA BOCCTAHOBUTCIIA:
Migocer) _ MUH 5D _ 34

m,(BoceT) = — = == 4,25(r/mMonw),
rac¢ n — 4YHUCIO JJICKTPOHOB, OTAAHHBIX 1 MoIbp BOCCTAaHOBHUTEIS B
TIOJTyPEAKIIUH.

3. UtoObl cienaTh BBIBOJ O BO3MOXKHOCTH MPOTEKAHMS PEAKIIUHM B YKA3aHHOM
HaIlpaBJICHUHM, HEOOXOJMMO pAaCCUUTATh BEIMYMHY €€ DJISKTPOJBIKYIIEH CHIIBI
cuctemsl DJIC.

B peakuum y4acTBYIOT JABE€ DIJIEKTPOXUMHYECKHE CHUCTEMBI. [lomb3ysch
TaHHbIMU ~ TaOmuubl 2 [lpwioxkeHus, 3amnuimeM 3HAYCHUS UX CTaHAAPTHBIX
MTOTEHIIUAJIOB:

Cl,°+2e — 2CI° ¢°=1,36 B;
H,S + 4H,0 — 8e" — SO4* + 10H* ¢°=0,31 B.

3I[CPEAKL[1/H/1= (POOK-JI;I - (POBOCC-JUI =1,36 -0,31 =1,05 B.

Bemnmunna cranpaptHoit OJIC peakmuu Oonbine Hyms. Peaknus Oyner
MPOTEKATh B PACCMATPUBAEMOM HAIPABJICHUM.

2.2.9 Koppo3us metasioB (3ananus 161-180)

Koppo3uss —  caMOnpou3BOJIBHO  MpoOTEKaromee  (HPU3UKO-XUMUYECKOE
B3aUMOJICVCTBUE METAJIa CO CPENOM, B PE3YIbTATE KOTOPOI0 U3MEHSKOTCS CBOMCTBA
MeTaljla W YXYOIIAalTcs ero (QyHKUMOHalbHble xapaktepuctuku. Cpena,
BBI3BIBAIOIAS PA3PYILICHUE METAJUIA, HA3BIBAETCS KOPPO3UOHHOM CPENION.

[To mMexaHu3My mpouecca paziuyaroT XUMHUYECKYI0 U 3JIEKTPOXUMUYECKYIO
KOppo3ur. XHMHYECKas, M  DJEKTPOXMMHYECKass KOPPO3UM OTHOCATCS K
TeTEPOreHHBIM OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIM IIPOLIECCAM, MPOTEKAIOIMIMM Ha
MOBEPXHOCTU pasnena (a3 «MmeTall — KOppo3uoHHas cpeaa». [lpu stom
pa3pylIaeMblii METAILT SBJIIETCSI BOCCTAHOBUTEJIEM, B3aUMOJIEUCTBYS C OKUCIUTENIEM
KOPPO3UOHHOU CPENBI.

Campblii pacIpOCTpaHEHHBIN BapUaHT KOPPO3UU - KOPPO3Us, IpOTEKaromas mno
ANEKTPOXUMUYECKOMY MEXaHU3My. B 3TOM cilydae mpouecc COmpoOBOXKAAETCS
BO3HMKHOBEHUEM DJIEKTPUYECKOIO TOKa M MPOTEKaeT B CpeAax C XOpollen
MPOBOJUMOCTBIO. [IpHurMHaMM BO3HUKHOBEHUS SJIEKTPOXHUMHYECKON KOPPO3HUH
ABJISIIOTCS  Pa3JMYHblE BUABl HEOJHOPOJHOCTHM Kak CcaMoOro MeTaia, TaKk M
KOPPO3UOHHOM cpeabl (3arpsi3HEHMs], IPUMECH, PA3JIMYHbI YPOBEHb MEXAHHUYECKHX
HaIpsDKEHU U ap.). B pe3ynbrare BcsS NOBEPXHOCTh METaUIA, CONPUKACAOIIASACS C
MPOBOAIIEH KOPPO3ZUOHHOU CPENOU, PA3LACIIAETCS HA KAaTOAHBIE U AHOJAHBIE YYACTKH,
KOTOpbIE HMEIOT Majble pa3Mepbl W 4YepeayloTcs JApyr C JApyroM, oOpasys
MUKpPOTaJIbBAHUYECKUE DIIEMEHTBHI.

MexaHu3M  JJIEKTPOXMMHUYECKOM  KOPpPO3WM  AHAJIOTMYEH  Ipoleccam,
IIPOTEKAIOIUM B 3JIEKTPOXMMHYECKUX cHcTeMax. Ha aHOOHBIX ydyacTKax MeTajul
OTJIa€T AJIEKTPOHBI (AHOJJHO PACTBOPSIETCS) U IEPEXOAUT B PAaCTBOP B BHJI€ KATHOHOB.
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OcTtaBimmecs 3JEKTPOHBI TMEPEXOAIT B KaTOAHYIO 30HY. UToObI mporecc ObLI
HETIPEPBIBHBIM, 3JIEKTPOHBI JOJKHBI OTBOJAUTHCS ¢ KATOAHOU 30HBI. OHU OTBOJSTCS C
MIOMOILBIO  BEIIECTB, KOTOPbIE  HA3bIBAIOT  Jenoysipu3aropamu. B ponu
JCTIONIIPU3aTOPOB MOTYT BBICTYIaTh yactuilel: HO, H', Oy,

[Iponecc 3JIEKTPOXUMHYECKONM KOPPO3UHM OIMHUCHIBAIOT NIBYMS SJIEKTPOIHBIMU
ITOJIYPEaKIUAMHA — AHOTHOW U KaTOJHOM.

Anoonwvte npoyeccol. Ha anoze Bcerja npoucxoIUuT OKUCIEHUE (PaCTBOPEHHUE)
MeTasuia o cxeme: Me = Me"™ + ne.

Kamoonwvie npoueccor. Ha  xaroge  nOpouCXOAUT  BOCCTAaHOBJIEHUE
JEMoJIsIpU3aTopa.

B 3aBucumocTH OT peakuuu cpeapl, B KOTOPOM IPOTEKAET KOPPO3HOHHBIN
MpolLecC, U OT TOro, Kakas yacTUla OyJIeT CIyXHUThb AEHOJSIPU3aTOPOM, pa3InyaroT
MPOIECChl  KOHTAaKTHOW  AJIEKTPOXMMHUYECKOW KOPPO3UHM C  BOJOPOJHONW M
KHUCIJIOPOTHOM AETOJISIPU3aLUECH.

Ha kartome BO3MOXHO MNpPOTEKAaHWE OJHOM U3 TEPEYUCICHHBIX HUXKE
nosrypeaknuii (Tabiuma 3):

Ta6auna 3 — [Ipoueccsl NpoTekaoe HA KaTo/Ae
HeiirpanbHas 02+ 2H,0 + 4e” = 40H" Kucnopoanas
a’pUpOBaHHAs cpena JIETIOJIApU3aLIUS

Kucnas aspupoBannas | O, +4H" + 4e” = 2H,0

cpena
HeittpanpHas 2H,O+ 26 = Hy,+ 20H" Bopopoanas
Jea’dpupOBaHHAs cpea JETIOJISIPU3AITIS
Kucnas 2H"+2e =H,

JieadpUpOBaHHAs Cpeia

Ipumep 1

Ha cranbHy!0 METAJUNIOKOHCTPYKIIMIO HAHECEHO MEIHOE IOKPBITHE. Y KaXUTE
TUN TOKPbITUS. ONUIINTE MPOLECCHl, KOTOphle OyIyT MpOTEeKaThb MPU HapyLICHUU
LEJTOCTHOCTH ATOTO MOKPBITUS B KUCIION U HEUTPAIBHOU CpeJie.

Pemenue:

OCHOBHBIM KOMIIOHEHTOM CTaiM sBisieTcs »xene3o. CopepxaHue Apyrux
COCTAaBIIIOLIMX CTalb KOMIIOHEHTOB HACTOJIBKO HEBEIMKO, YTO MBI MOXKEM
MpeHeOpeyb UX BIUSIHUEM Ha KOPPO3UOHHBIN MpoI1iecc.

UtoObl OnpenenuTh TUIl TajJbBAHOMOKPBITHS, HEOOXOJIUMO BOCIOJIb30BATHCS
JAHHBIMH TaOJUIBI CTAHJAPTHBIX AJIEKTPOAHBIX OTEHIIMAJIOB:

(PO re’ire = -0,44 B;
(PO Cu2+/Cu = 0,34 B.
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IMockonbky 0%y /cu™>@ re?*/Fe, MOXEM cHENaTh BHIBOJ, YTO MeEIb IO
OTHOIIEHHUIO K JKelle3y sBisercss kKarogoM. COOTBETCTBEHHO MEIHOE IOKPHITHE Ha
CTaJbHOM H3JeIMH OyaeT KaTOJHOro TUrma. IIpy HapyIIEHHH LEJIOCTHOCTH TaKOI'O
HOKPBITHS HAUMHAET paboTaTh rajbBaHn4YecKkuii siuement Fe — Cu, rae xene3o Oyaer
CITy’KUTh aHOIOM, a MEIb — KaTOJOM. MeXaHW3M KOPPO3UH — DIIEKTPOXMMHUYECCKHIA:
KEJIE30 aHOJHO pacTBOpsieTcsl (KOPpPO3UPYET), a Ha MOBEPXHOCTH MeAu Oyaer
BOCCTaHABJIMBAaThCS YaCTHIA JEMOJSpU3aTopa. B KHCIOH cpelne B KadecTBe
IETOIIPU3aTOpa UMeeM KaTHOHbI H:

kucias cpeqa  Cu (+) K 2H™+ 2e = Hy;
Fe (-) A: Fe = Fe?* + 2e.

B HeilitpanpHO# cpele  JEHOISPU3ATOPAMH  CIOYXKAT MOJIEKYJIBl  BOIBI
(measpupoBaHHas cpena) WIM, I[OMHMO HHX, €II€ W MOJIEKYJIBI KHCIOpOJaa
(appupoBanHas cpena):

HeHTpaIbHas Cu (+) K: 2H,0 + 2e" = H,+ 20H;
neaspupoBanHas cpena Fe (-) A: Fe = Fe?* + 2¢;

HEWUTpaJIbHAs
aspupoBanHas cpenra  Cu (+) K: O+ 2H,0 + 4e” = 40H,
Fe (-) A: Fe = Fe** + 2e.

Ipumep 2

Cknenanbl JBa MeTaula. YKaKHUTE, KAKOM W3 METAUIOB ITOABEPracTcCs
Kopposuu: a) Mn/ Al; 6) Sn/Bi.

Pemenne:

a) Al B psAxy HampsDKeHMH HaxXOIUTCS TeEped MapraHieM W UMeeT
OTpULIATEIbHOE 3HAYEHUE CTaHAAPTHOTO 3JIEKTPOAHOrO MOTEHLHANA, TO3TOMY IpHU
KOHTAaKTe 3TUX JABYX MeTajuioB Al Oyzaer anogom, a Mn — katogoM. OKHUCIIATHCH, T. €.
MOJIBEPraThcs KOPPO3uu OyAET aTtOMUHUIA.

0) B aToM cnyuae Koppo3upoBaTh OyJAET 0JI0BO, TaK KakK B psALy HANpsXKEHUN
OHO  pPAacrloJIO)KEHO  BIEpeAM  BUCMyTa M,  CIEAOBAaTelIbHO,  SIBJISETCS
AIIEKTPOXUMHUYECKHU 00JIee aKTUBHBIM.

Ortger: Al, Sn.

IIpumep 3

Kakue n3 HuxenepeynciIeHHbIX METAIJIOB OYAyT BBITIONHATH AJII CBHHIIA POJTh
aHoaHoro nokpeitusi:Pt, Mg, Cu, Hg ?

Pemenne:

AHOHOE TIOKpPBITHE — OSTO HAaHECEHHWE Ha 3alllMIlaeMoe H3Zeline
AIIEKTPOXUMHUYECKH O0oJiee aKTHMBHOIO MeTajuia. I3 mepeunciaeHHbIX METallJIoB
OO0JIbIIICH AIEKTPOXUMUYECKON aKTUBHOCTHIO (IO CPABHEHHUIO CO CBHMHIIOM) OOJaaeT
MarHuw.

Otser: Mg.
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Ipumep 4

Kakve W3 HMWXKeENepeuyuciIeHHbIX METAUIOB BBINOJIHSIOT [JIs CBHUHLA pOJIb
KaToaHOTO MOKphITHs: T1, Mn, Ag, Cr?

Pemenne:

KatonHoe mOKpeITHE — 3TO HAHECEHHE Ha 3alMIIaEMOE€ U3JIENUe
ANEKTPOXUMUYECKH MEHEE aKTHUBHOIO MeTauia. M3 mnepeuncieHHbIX MeTalljioB
ANEKTPOXUMUYECKA MEHEE AaKTHUBHBIM (IO CpPAaBHEHUIO CO CBUHLOM) SBISIETCA
cepedpo (CM. psa HAPSKEHUH METAJIOB).

OtBer: Ag.

IIpumep 5

VYkaxuTe MpoAyKT KOPPO3uu Mpu KoHTakTe Zn — Ni B HEHTpabHOM U KUCIIOH
cpene (HCI).

Pemenne:

[Ipy KOHTaKTe ABYX METAJUIOB PA3JIMYHON SJEKTPOXUMHUYECKON aKTUBHOCTHU
BO3HUKAET TaJbBAHUYECKUM DJIEMEHT. B HEUTpAIBHOU Cpelle €ro cXema BBITJISIUT
CJIEAYIOIIUM 00pa3oMm:

A (—) Zn| H-0, 02| Ni(+) K.

B kucoii cpege:

A (-)Zn|HCI| Ni (+) K.

Tak Kkak IIMHK OJJICKTPOXMMHUYECKH 00Jie€ aKTHUBEH, 4Ye€M HHKEIb (Pl
CTaHAAPTHBIX D3JIEKTPOJHBIX MOTEHIHAIOB METAUIOB), OH OYJIeT OKHUCIATHCA
(xoppo3upoBaTh). Ha Hukene Oyner mpoTekaTh BOCCTAHOBHUTENBHBIA mMporecc (B
HEUTpaJIbHOU Cpelie — KUCIOPOIHAS IETIONSpU3aIus):

A (5): Zn-2e =Zn%*;

K (+): 2H,0 + O, + 4e" = 40H".

[Mpoxyxt xopposuu — Zn(OH)s.

B xucmnoit cpene (BogopoaHas ACTOISIpU3AIINS):

A (9):Zn-2e =Zn*;

K (+): 2H" + 2e" = H,.

[Tpoayxt xoppo3uu — ZnCl,.

2.2.10 Daexrposmm3 (3aganus 181-200)

OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIC ~ TMPOIECCHI,  MPOTEKAIONIME O[T
JIEMCTBUEM IOCTOSHHOTO DJJEKTPUYECKOr0 TOKA Ha DIIEKTPOAax, IMOIPY)KCHHBIX B
PacTBOP WJIM PACILIAB 3JIEKTPOJIUTA, HA3BIBAIOT JIEKTPOIIU30M.

B anexTponuse cinemyer pasanuaTh ABa MapaielbHBIX MpoOIecca: Ha KaToje
POUCXOIUT TPUEM 3JCKTPOHOB HOHAMH, T. €. MX BOCCTAHOBJICHHME, Ha AaHOJE
IPOMCXOIUT OTAa4a JIEKTPOHOB HOHAMH, T. €. UX OKHUCIICHHE.
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DJIEKTPOJIH3 PACINIABOB JJIEKTPOJMTOB (aHOI NHEPTHBIN)

B pacnnaBe ionunma kamus OpU TPOXOXKIACHUM YEpPe3 HEro IMOCTOSHHOIO
AIEKTPUUYECKOTO TOKA MPOTEKAIOT CIAEAYIOIIUE MPOIIECCHI:

1. B pacninaBe Woaup Kaivs pacrajacTcsl Ha UOHBI:

Kl - K™+ 1.

2. Ilom nedcTBHEM MOCTOSIHHOTO JJIEKTPUYECKOr0 TOKAa KATHOHBI OyayT
NEpPEABUTAThCS K KaTOAY W MPUHUMATh 3JIEKTPOHBI, 4 aHUOHBI — K aHOAY U OTJaBaTh
AIEKTPOHBI:

Karon (-)K:K*+ ¢ — K (BoccranoBiieHue);

Anop (+) A: 21T —2e — 1, (okucnenue).

3. CymmupyeM ypaBHEHHUSI MPOIIECCOB, MPOTEKAIOMIUX Ha 3jiekTponax. [lpu
ATOM HEOOXOJIUMO YUUTHIBATH, YTO YHUCIIO AJIEKTPOHOB, OTJAHHBIX BOCCTAHOBUTEIIEM,
JOJKHO PABHSTBHCS YUCITY 3JIEKTPOHOB, PUHSTHIX OKUCIATEIIEM.

Karox (-)K: K'+e - K | 2;

Anon (H)A: 21 2e — I, | 1;

2K+ 21— 2K + I,.

4. IlepenuiieM ypaBHEHHE B MOJIEKYJISIPHOM BUJIE:

2KI — 2K + 1.

DJIEKTPOJIN3 BOAHBIX PACTBOPOB AJIEKTPOJIHUTOB

[Ipu »nekTposn3e BOIHBIX PACTBOPOB AJIEKTPOIUTOB KATOJIHBIE M aHOJHbBIC
MPOIIECCHI MPOTEKAIOT CJIOXKHEE, TaK KaK B HUX MPUHUMAIOT Y4acTHE BOJia U UOHBI
BO/IbI, KOTOPbIE BOCCTAHABIMBAKOTCA HA KATOAE:

2H,0 + 2e = Hy + 20H"

Y OKHUCJISIFOTCS Ha aHOJIE:

2H,0 —4e =0, + 4H".

Jlns onpeneneHus MOpsAKa MPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MIPOIIECCOB HA DJJIEKTPOJAX MPU DJIEKTPOJU3E BOJHBIX PACTBOPOB AJIEKTPOJHUTOB
MOYHO PYKOBOJICTBOBATbHCS CJIEAYIOIIMMU MTPABUIIAMM.

J{nst mporieccoB Ha KaToje

1. B nepByro ouepepr BOCCTAHABIMBAIOTCS KATUOHBI METAJLJIOB, 00JIaar0IINX
OONBITMM  DJIEKTPOJHBIM TOTEHIIMAJIOM, YeM Yy BOAOPOJa, B TOPSIKE
yMeHbIIeHns ctangaptHoro notennuana (E°). (-)K: Cu?*+2e — Cu®.

2. KaTnoHbl METAIJIOB ¢ MaJICHHKUM 3HAYEHHEM CTaHJApPTHOTO TMOTEHIHaaa (0T
Li*/Li m mo AI’'/Al BKIIOYMTENHEHO) HE BOCCTAHABIMBAIOTCA HA KaToje, a
BMECTO HHMX BOCCTaHAaBJIMBAIOTCSI MOJICKYJIBI BOJbI (B KHUCJION Cpele — HOHBI
Bomopozaa HY).

(-) K: 2H,0 +2e— H; + 20H".

3. Karunonsl MeTaioB, uMerImMUX MeHblui E°, yeM y Bogopoaa, HO OOJBIINA,
YeM y aJTFOMUHUS, BOCCTAHABIMBAIOTCS OJHOBPEMEHHO C MOJIEKYJIaMU BOJIbI
(-)K:2H,0 +2e— H; + 20H7;

Mn2* 4+ 2e — Mn°.
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JIns mponeccoB Ha aHOAE
XapakTep OKHCIUTENbHBIX IPOLECCOB HAa AaHOAE 3aBUCUT OT Marepuaia
ANEKTPOAOB. Pa3nuyaroT HepacTBOpUMBbIE (MHEPTHBIE) U PACTBOPUMBIE (AKTHUBHBIC)
AIEKTPO/IBI.
[Ipu ucnosib30BaHUM UHEPTHBIX JEKTPOJIOB:
1 B nepByro odepeb OKUCIAIOTCA IPOCThIC AHMOHBI B MOPSJIKE Bo3pacTaHus ux E°,
He npeblmarmux +1,5 B

(S, I, Br, Cl):
(+) A: S¥ —2e=S.
2 Tlpu  »5iexTponu3e  BOJHBIX  PacTBOPOB,  COJAEPKAIUX  AHUOHBI

xkucnopoaconepxkamux kucaor (COz>, NOs~, NO,~, SO,*, SOz*7, PO u mp.),
Ha aHOJIE OKUCIIIOTCSA HE 3TH UOHBI, a MOJICKYJIbI BOJIBI:
(+) A: 2H,0 —4e =0, + 4H".
3 B 1Ien04HbIX pacTBOpax Ha aHO/E OKHCIAIOTCS ruapokcua-uousl (OHY):
40H — 4e = O, + 2H,0.

Ipumep 1

CocTaBuTh ypaBHEHHE 3JICKTPOJM3a BOJAHOTO pacTBOpa Woauaa Kayus (aHOJ
WHEPTHBIN).

Pemenue:

B pacmnnase noaua kanus pacrnagaeTcs Ha UOHBIL:

Kl - K"+ I,

[Tox meticTBHEM TOKa MOHBI 01a Oy Iy T MEepeABUTATHCS K AaHOAY U OKUCTISTHCS:

Anon - (+)A: 21— 2¢e = 1..

Nonwl kamusi OyayT HakaruiMBaThCS y KaToJa, OJHAKO BOCCTaHABIMBATHCA
Oyner BoJa, TaKk KaK KaJluid B AJECKTPOXUMUYECKOM pPsIy aKTUBHOCTEH METaslIoB
CTOMT JI0 aTFOMUHUS:

Karon - (-) K: 2H,0 + 2e = H, + 20H".

CyMmmupyst ypaBHEHUS IPOLECCOB, MPOTEKAOIIMNX Ha JIEKTPOAAX:

Anoz - (H)A: 21— 2e =1, | 1;

Katon - (-)K: 2H,0 +2e = Hp + 20H | 1

217+2H,0 — L + H, + 20H".

3amucbiBaeM HOHHOE ypaBHeHue: 2K +217+2H,0 — I, + Hy+ 2K™ + 20H".

[TepenuceiBaeM ypaBHEHHE B MOJIEKYJISIPHOU (hopme:

2KI1 + 2H,0 — I, + Hpy+ 2KOH.

Ipumep 2

CocTaBUTh ypaBHEHHE DJIEKTPOJIM3a BOJHOTO pPAacTBOpa HUTpaTra cepedpa
(AgNQO3) ¢ HHEPTHBIM aHOJIOM.

Pemenue:

[Ipu pacTBOpeHUHU B BOJIE€ HUTPAT cepeldpa pacnagaeTcs Ha HOHBI:

AgNO3;— Ag* +NOs".
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[Ipu snekTpoau3e BOAHBIX PACTBOPOB COJIEH KUCIOPOACOACPKAIIUX KUCIOT HA
aHoze OyJIeT OKUCIATHCS BOJA!

(+) A: 2H,0 —4e = O, + 4H".

Nownsl cepedbpa OynyT nepeMenaTbest K KaToAy U BOCCTaHABIUBATHCS:

) K:Ag'+1le=Ag.

CyMmmupyeMm ypaBHEHUS IIPOILIECCOB, MPOTEKAIOIINX HA SIEKTPOJAX:

(+) A: 2H,0 —de = 0, + 4H* | 1;

() K: Ag* + le = Ag. | 4

2H,0 + 4 Ag*— O, + 4H" + 4Aq.

3anucbiBaeM ypaBHEHUE B MOJTHOW HOHHOM (opme:

2H,0 + 4 Ag* + 4 NO3™ — O, + 4H" + 4Ag + 4 NOg3 .

[lepenucriBaeM ypaBHEHHE B MOJICKYJISIPHOU (hopme:

2H,0 + 4AgNO3; — O, + 4Ag + 4HNOs3.

IIpumep 3

Yepes pactBop cynbdara Hatpus Na,SO, mpomycTwim TOK cuiioit 2,5 A B
teuenre 30 muHyT. Hanucarh ypaBHEHUS 3JEKTPOAHBIX MPOIECCOB, MPOUCXOAIINX
MpU 3JEKTpoJin3e (MHEPTHBIA aHOA) W YKa3aTh, KaKUe TMPOAYKTHI M B KaKOM
KOJIMYECTBE ObUIH MOTYUYEHBI.

Pemenue:

1. OnuceiBaeM 31€KTPOAHBIE MPOIIECCHI

Kamoo. Ha »TomM »1eKTpOJie OCYILIECTBISECTCS MPOLECC BOCCTAHOBIICHHUS.
Karon mpu anekTponuse 3apskeH OTPUILIATeNbHO, TIOITOMY MPY HAJIOKEHUH Pa3HUIIBI
MOTEHIMAJIOB B MPOCTPAHCTBO y Karojaa OyayT MOCTynaTh KaTHOHBI Hartpus Na,
MMOMUMO HHUX TaM OYyJIyT MPUCYTCTBOBATH MOJIEKYJIBI PACTBOPUTEIIS — BOJIBI.

Ecau cuctema, B KOTOpPOM MPOBOAST DJICKTPOJIU3, COIAEPKUT HECKOIBKO
OKHCIIUTENICH, Ha Karoie OyJleT BOCCTaHABIMBATHCA TOT, Y KOTOPOTO 3HAYCHHE
AJIIEKTPOIHOTO TOTECHIIMAJIA OOJIBIIIE.

Bocrnons3oBaBmivch ganabiMu Tabmunel [1.1.5 mnpunoxenuss 1, cpaBHUM
ANEKTPOAHBIE MOTEHIIUATBI BO3SMOKHBIX OKUCIUTENEH:

Na* + e = Na ¢’=-2,71 B;

2H,0 +2e =H,+20H" ¢°=-0,41B.

[ToTeHnman nepBOMl CHUCTEMBl 3HAYMTEIBHO OTpHUILATENIbHEE NOTEHIMAIA
BTOPOI1, MOATOMY Ha KaTojie OyAeT MPOUCXOJUTh BOCCTAHOBJICHHE MOJEKYJ BOJBI C
oOpazoBanueM Bojopoaa. [lomumo 3Toro, oOpazoBaBIINECS THIPOKCUI-UOHBI OYyT
aCCOIIMMPOBATHCS C HAKOMMBIIMMHUCS B TPOCTPAHCTBE y KAaTO/1a KATUOHAMM HATPUSI.

Anoo. Ha 3ToM 351€KTpo/ie NAET MPOLECC OKUCICHUS. AHOJ MPHU JIEKTPOJIU3E
3apsiKeH MOJIOKUTEIBHO, IIOATOMY B XO€ Mpoliecca B MPOCTPAHCTBO Yy aHOJa OyayT
nocrynarte cyinbdar-uonsl  SO4*°, MOMMMO HHUX TaM OyOyT IIPHUCYTCTBOBAThH
MOJIEKYJIbI PACTBOPUTEIIS — BOJBI.

Ha anone oxkucisieTcss TOT U3 BOCCTAaHOBUTEIIECH, CTAHAAPTHBIN JIEKTPOIHBIN
MTOTEHI[MAJI KOTOPOr0 HAUMEHBIIIHM.
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CpaBHMM  DJIEKTPOJHBIE MNOTEHLHANbI, KOTOPBIE XapaKTEPHU3YIOT [IBE
paccMaTpuBaeMbIE€ CHCTEMBI:

2H,0 =0, T+ 4H" + 4e (p0=1,23 B;

2S04 = S$,08% + 2¢° ¢°=2,01 B.

Hcxons u3 aTUX 3HAYEHUH, JeIaeM BBIBOJ, YTO HA aHOJE OyJeT MPOUCXOIUTh
OKHUCJICHUE BOJBI C 0Opa3oBaHueM Kucjopoaa. OOpasyrommecs: TPOTOHBI BOJAOPOIA
OyIyT accomMUpOBaTHCS C HAKOMHMBIIMMHUCA B TMPOCTPAHCTBE y aHoJa cCyibdar-
HOHaMMU.

Takum 06p8,30M, IMPOLCCChI, IIPOTCKAIOMINUC HA JJICKTPOAAX IIPU IJICKTPOJIN3C
pacTBopa cyibdara HaTpusi, Oy IyT ONMUCHIBATHCA CICAYIOIIUMH YPABHECHUSIMM:

(-)K: 2H,0 + 2 e = H, 1+ 20H" 2
(+) A: 2H,0 = Oy 1+ 4H* + 4e” 1
6 H20 = 2H; 1 + O, 1 + 40H ™ + 4H*

3anuceiBaeM CYMMAapHOC YPaBHCHUEC 3JICKTPOJIM3a:

4Na*+2S04° + 6 H,0 = 2H; 1 + 02 1 + 4Na* + 40H™ + 4H" + 2SO0,

2. KonudecTBeHHOE OIMCAaHHUE Impomecca JJICKTPOJIH3a BBIIIOJHACM C
HCIIOJIB30BAHUCM MATCMATHYCCKOI'O BBIPAXKCHUSA 3AdKOHA @apadeﬂ:

3t Wwir
m=—HuImV =-="—
F F

rme m u V - Macca u 00beM 0Opa30oBaBILIETOCS WJIH IOJBEPIIIErOCs
MIPEBPAIICHAIO BEIIECTBA, T U JI; M5 U V, — SKBUBAJICHTHAS Macca W SKBUBAJICHTHBIN
00BEM ATOTO BEIECTBA, I/MOJIb, JI/MOIb; | — cuiia Toka mpu anekTpoiuze, A; t —
BpeMs 3JIEKTpoJn3a, ¢; F — nocrosiunas dapazes, 96500 Kn/monb unu 26,8 A-u.

OCHOBHBIMH TIPOJIYKTaMU SJIEKTPOJIM3a SBISIOTCS KHCIOPOJ W BOIOPOI,
OTpeeTNM 00BEMBI IMTOTYUYEHHBIX Ta30B.

V.(Hy)-I-t 11,2-2,5-0,5
V(iH,) = ———={V.(H,) = 11,2 = =052
(H,) F {V.(H,) n/Monn} 6.5 (n)
V(0. ) -1t 56-25-05
V(0,) = % ={IL(0,) =56 n/monr} = BT I 0,26(n)

Otser: V(H,) = 0,52(a); V(0;) =0,26(n),

2.2.11. 'aabBannyeckue ieMeHThl (3aganus 201-220)

IlepBoe Hauago TEPMOIMHAMHKUA OTPAKACT 3aKOH COXPAHEHUS JHEPTUHM U
CIpaBeVIUBO JUIsl BCEX IMPOIIECCOB, B TOM YHCIE€ W Ui Mpolecca Mepexona
XUMHUYECKON DSHEPrud B  JJEKTPUUYECKYH. OITOT MPOLECC peaau3yercss B
raJIbBAaHUYECKUX DJIEMCHTAX.

[Ipy KOHTaKTE METANIMYECKONM MOBEPXHOCTH C PACTBOPOM DIIIEKTPOJIUTA
BO3HMKAET CKAauyoOK TOTEHIMalla Ha TrpaHule pasjaena ¢a3. OTOT NOTeHIHall
xapaktepuzyeT Benumuuny OJIC (snextpoaBuxkyiyro cuiy). 3Has OJC, MOXHO
OTpenenuTh PaboTy TalbBAHMYECKOTO AJIEMEHTA U YSICHUTh MPUYNHY KOPPO3UOHHBIX
IIPOLIECCOB.
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B3aumHoe mnpeBpaileHue SIEKTPUYECKONM W XUMHUYECKOW (OopM BSHEpruu
IIPOUCXOJIHT B BJIEKTPOXUMUYECKHX CUCTEMAX, COCTOSIIINX U3:

—TMPOBOJHUKOB TIEPBOTO poOjia — BEIIECTB, OOJIAMAIOMNX DJICKTPOHHON
IIPOBOIMMOCTBIO M HAXOJISAIIUXCSA B KOHTAKTE C DJICKTPOJIUTOM - METAJLIIBI;
—TMIPOBOJAHUKOB  BTOPOIO  pojJa —  BEIIECTB, OO0JaJaIOMIUX  HOHHOM

IIPOBOJIMMOCTBIO — DJIEKTPOJIUTHI.

Ha rpanune paznena nsyx a3 (memani—pacmeop) NPOUCXOAUT TMEPEHOC
ANEKTPUYECKOTO 3apsifa, T. €. MPOTEKAET JJIEKTPOXMMHUYECKAS PEaKUHs, KOTopas
IPUBOIUT K BOBHUKHOBEHHIO CKauKa MOTEHIIHAIA.

[Ipn morpyxeHHMH MeTajjla B PAcTBOP MPOUCXOAUT MEPEXO0] KATHOHOB C
METaJUIMYECKOW TUIACTUHKM B PAacTBOp WJIM U3 pPAacTBOpa HAa METAUIMYECKYIO
IJIACTUHKY.

[lepexon  3apsOKEHHBIX  YacTHI[ 4Ye€pe3 TpPaHUIy  «PacTBOP—METAILI»
CONPOBOXK/IAETCSI BOSHUKHOBEHUEM HA TPAHULIE pa3/iesla JBOWHOIO JIEKTPUUYECKOIrO
cinost ([12C), xapakTepu3ylolUiics BO3HUKHOBEHHMEM cKauka mnoreHuuana. J[2C
CO3JAaeTCsl DJEKTPUUYECKUMHU 3apsjamMH, HaxoJAIIMMHUCA Ha MeETajule, U HOHaMU
IIPOTHUBOIIOJIOKHOTO 3apsAa, OPHUEHTHUPOBAHHBIMHU B pacTBOPE Yy IOBEPXHOCTH
ANEKTPOJA.

[ToTeHnmanbl, TOrPy>KEHHBIE B PACTBOPHI COOCTBEHHBIX COJIEH, BO3HUKAIOIIHUE
Ha MeTaJllaX, Ha3bIBAIOTCS PABHOBECHBIMHU DJICKTPOAHBIME MTOTCHITHAIAMHE ().

BennunHa paBHOBECHOIO 3JEKTPOJHOIO IMOTEHLHAJIA 3aBUCUT OT HPHUPOABI
ANEKTPOJA, TEMIIEPATYPhl U KOHLEHTPALMH (aKTUBHOCTH) HOHOB METAJlIa B PaCTBOPE
U BbIpakaeTcs ypaBHeHueM HepHcra:

=0 +=In[Me™ ][1],

rae ¢° — BeIMYMHA CTaHJAPTHOTO DJIEKTPOJHOTO MOTEHIIMANIA, U3MEPEHHOTO
npu T =298 K B pacTBOpE COIM ATOrO )K€ METAIA C KOHLIEHTPALMEN HOHOB METaJlIa
Me™, paBHoit 1 wmomp/m; R — yHHBepcasibHas ra3oBas  IOCTOSHHAs
(8,314 JIx/monb-K); T - temneparypa B kenbBuHaX (K); n — 4uciio 3IEKTPOHOB,
YYacCTBYIOIIMX B JJIEKTpOAHOM Tiporecce; F — mocrosinHas Papages (96,485
Kin/moinp); [Me"] — xoHuenTparus nonoB Me" B pactBope.

I[Ipu temneparype 25 °C u muoxwurene 2,303 s nepexona OT HATYPAIbHBIX
JorapumMoB K JeCATUYHBIM ypaBHeHHe HepHcTa nmpumeT BUL:

¢ =00 + %Ig [Me™ ].

['asibBaHMYECKME  3JEMEHTBl  OTHOCATCS K  XMMHYECKUM  HCTOYHUKAM
AIEKTPUYECKOr0 TOKA M MO3BOJISIFOT MOJy4YaTh TOK 32 CUET NPOTEKaHUSI XUMHUYECKOM
peakuuu. ["albBaHUYECKUI AJIIEMEHT COCTOUT U3 JIBYX DJIEKTPOJAOB, Pa3IuvarOlINXCs
BEJIMYMHON (-TIOTEHLHUAJIOB. DJIEKTPOJl C HAUMEHbUUM 3HAUYEHUEM (-TIOTEHLMaa
ABIIIETCS AHOOOM, A IEKTPOJ C HAUOOIbUWUM 3HAUSHUEM TIOTEHIIANIA — KATOJIOM.
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B rajibBaHM4e€CKOM 3JIEMEHTE OKHCIIEHHE — OT/a4a 3JIEKTPOHOB — IMPOUCXOAUT
Ha aHo/€ (aHOJ MMEET 3HaK «-»), BOCCTAHOBJIEHUE — IPUOOPETEHHUE IJIEKTPOHOB — Ha
KaToJe (KaToJ UMEET 3HAK «+»).

JU1 raJIbBaHUYECKOTO 3JIEMEHTA MPUHATA caeayromas popMa 3alucu:

A(-) Zn | ZnSO4 || CuSO4 | Cu (H)K,

r7ie BepTUKaJdbHas JHUHUA | 00O3HA4YaeT TrpaHully paszzaena ¢as, a JBOHHAs
BEpTUKAJIbHAS JIMHUA || — COJEBOM MOCTHK. ['aJbBaHMYECKHI AJIEMEHT INPUHATO
3aMUChIBATh TAK, YTOOBI aHO/I HAXOJWICS CJIEBa.

VICTOYHMKOM 3JIEKTPUYECKOM 3HEPrUU B DIJIEMEHTE CIIY)KUT OKHCIIMTEIIBHO-
BOCCTAHOBUTEIbHAS PEAKIU:

Cu** +Zn=Cu+Zn*,

Baxnenmen XapakKTEepUCTUKOW TallbBAHUYECKOTO  DJIEMEHTA  SIBISACTCA
anexkmpoosuxcywas cuia (3/]C), koTopas onpenensercs Kak MnpeaeiabHas pa3HOCTb
NOTEHLMAJIOB, BO3HMKAIOUIass Ha TpaHUIEe paszznena ¢a3 B Pa3sOMKHYTOH Ienu
AJIEMEHTA.

E=px —o¢a.

IIpumep 1

CocTaBUTh CXeMy TrajJbBaHHYECKOI'O 3JIEMEHTA, AHOJAOM KOTOPOTO SBISAETCS
MarHui, MOrpy>KeHHbIN B paCTBOP coiiu ¢ KoHueHTpamuen 0,01 M.

Pemenne:

1. 3anuceIBaeM cxeMy »aekTpoaa: Mg[Mg?*

2. Ilo ypaBHeHunro HepHcTra paccuuThIBa€M BEIWYUHY 3JIEKTPOJHOIO
MOTEHIHAIIA:

0.039

21g[Mg?*]=-2,37+0.0591g[0.01]=—2.43B.

3. Hcmonb3yst COOTHOUIEHUE O >@,, BbIOMpaeM MeTauli C  Ooiee
MOJIOKUTENIbHBIM ~ TTOTEHLIUAJIOM, HampuMep, UHUHKOBBIA JJIEKTPOA. 3HAUYCHUE
MOTEHIIMAJIa BBIOPAHHOIO DJJEKTpoJa ompenaenseM 1o Tabnuue «CTaHgapTHBIC
5JIEKTPOHBIE MIOTEHIMAIBI METAI0B 1pH 25 °Cx.

Crnenosarenbho, O%(zna+/zn) = — 0,762 B.

4. 3anuchiBaeM CXE€My raJlbBAHUUECKOTO JIEMEHTA:

A(-) Mg|Mg?(|Zn2*|Zn (+)K.

5. 3anuchIiBaeM JIEKTPOIHBIC PEAKITUU:

A(-) Mg — 2e- — Mg*;

K(+) Zn** + 2e- — Zn®

CymmapHast peakuus:

MgP + Zn** — Mg?* + Zn°

6. PaccuntriBaem DJ]C raapBaHUYECKOIO DJIEMEHTA!

E=px ¢, =—0,762—(—2,37) =1,608 B.

¢=¢"Mg*"/Mg+
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2.2.12 ’KectkocThb Boabl (3aganus 221-240)

[Ipumecu, pacTBOpEHHBIE B BOJE, OKAa3bIBAIOT CYIIECTBEHHOE BIIMSHUE Ha €€
cBoiictBa. OHM BechMa HEOOXOMMMBI ISl )KMU3HU YEJIOBEKA, )KUBOTHBIX M PACTCHHA,
HO YacTO OKa3bIBAIOTCSl OYE€Hb BPEAHBIMU MIPU TPUMEHEHUU BOJbI B TEXHUKE, TaK KaK
IpU BBICOKOM TemmepaType o0O0pa3yloT IUIOTHBIM OCaJ0oK Ha CTEHKaxX KOTJIOB,
OCXKJAIOTCSI HA CTCHKAX TPyO B CHCTEMax BOJSIHOTO OXJIAKICHUS, YTO MPUBOIUT K
BBIXOJIy ATHUX CHCTeM W3 cTpos. Ha mpeanmpusarusx mo mpowm3BOACTBY MPOJYKTOB
KUBOTHOTO TPOUCXOXKACHUS BOJAa C BBICOKMM COJEPKAHMEM >KECTKHX COJIeh
NPUBOJIUT K YBEIMYCHUIO pacxoja MOIOIIUX CPEJICTB.

Ipumep 1

Paccuntate Mmaccy TeTpabopata HaTpus (Oyphl), HEOOXOJUMOTO ISt
ymsruenust 100 71 BOJBI, KECTKOCTh KOTOpoMl 5 MdkB/1I. Hamucath peakuuio
YMSITUCHHSI B MOJICKYJISIPHOM U MOHHO-MOJIEKYJISIPHOU (hopme C XJIOpUI0M MarHus
(>kecTKas coJib).

Pemenne:

XecTkocTh TPHUPOAHBIX BOJ OOYCIOBJICHA HAJIMYUEM B HEW PACTBOPHUMBIX
coneit kanpuusa (Ca?"), marams (Mg?") m xenesa (Fe?'). Paznmuuaror criemyromue
TUIBI  JKECTKOCTU: OOIIyl0, KapOOHaTHYI0 (BPEMEHHYIO, YCTPAaHUMYIO) H
HEeKapOOHAaTHYIO  (IIOCTOSIHHYIO, HEyCcTpaHuMylo). Bce  TUIIBI  JKECTKOCTH
PACCUYHMTHIBAIOT, PUMEHSISI OJTHO M TO YK€ BBIPAKCHUE!

K =m(comu) / M5 ( skectkoit conu) - V BOIBI [MIKB/I].

IIpumep 2

Paccuurate Maccy ymsruutens (Oypbl), Heooxoaumoro st ymsiruenus 100 i
BOJIbI, JKECTKOCTh KOTOpoM 5 MdkB/1. Hammcate peaknuio yMSATYEHHS B
MOJIEKYJIIPHON 1 HOHHO-MOJIEKYJISIPHOU (pOpME C XJIOpUIOM MarHus.

Pemenne:
1. K =m (ymsaruurens) /My (ymsiruutensi) -V BOJbI,
rie XX — IKECTKOCTh BOJIbI, MOKB/JI; M — Macca yMATYUTENS, MT;

M5 — sKBUBaJIEHTHAsI Macca yMAr4uTess, I/Moiib; V — 00beM BOIbI, JI.
2. PaccunThIBaeM 2KBUBAJICHTHYIO MacCy YMSITUUTEIS — OypBI:

rnE(NaZB4UT]==£EE%§££E

rae M — moJisipHast macca Oypbl, T/MOJIb.

202
Ms(Na,B,0,) = 1o 101(r/monn)

3. 13 dhopmymsl 1utsl pacdeTa )KECTKOCTH BOJBI BhIpaXkaeM M U PacCUUTHIBAEM
HEO0OXOAMMYIO Maccy OyphI:
A-Ms3-V  5-101-100
1000 1000
4. 3anuchIBaeM pPEakiiio yMATYEHHUSI B MOJICKYJIIPHOU opMme:
MgC|2 + Na,B4O; = Mg B.O, l‘i‘ 2 NaCl;
B HOHHOU (popme:

m(Na,B,0,) = = 50,5(r),

49



MgZ+ + B407% = Mg B,O-].

OrtBer: m(NazB407) = 50,5 T.

OOGpaTHy10 337]a4y — pacyeT )KECTKOCTH BOJbI IO MAaCCe YMATYUTENS — PEIIAIOT
C MCIOJIb30BaHUEM TOM ke (HOPMYJIbI.

Ipumep 3

CkonbKkO TpaMMOB XJiopuaa Kaiblus coaepxkutcs B 500 1 BOabl, eciu
’KECTKOCTb, 00yCIIOBJICHHAsI IPUCYTCTBUEM 3TOM COJIM, paBHA 4 MMOJIb?

Pemenue:

Momnsipaas macca M(CaCly) = 111r/mMonb, MoisipHas macca SKBUBaJEHTa
xsopuaa kanbius M»(CaCly) = M(CaCly) / z; M»(CaCly) =111 /2 =55,5 r/moib.

B 500 11 BozbI C )KECTKOCTHIO, paBHOU 4 MMOJIB/J, COIEPIKUTCS

n(CacCl,) =500 - 4 =2000 mmois CaCl, nmu

m(CaCly) = 2000 - 55,5/ 1000 = 111 r x0puaa KaabIusl.

3. METOAUWYECKHUE PEKOMEHJIALIUHA ITO MTPOBEJIEHUIO
9K3AMEHA

[IpomexxyTouHass aTrrecTanys IOPOBOJUTCS B BHUAE HK3aMEHA, K KOTOPOMY
JOITyCKAIOTCS CTYIEHThl OCBOMBIINE JIEKIIMOHHBIN Kypc, 1a00paTOPHBIN NpaKTUKYM
Y UMEIOIIUN MOJOKUTENbHBIN pe3yiabTaT MO KOHTPOJIbHOW pabore. OCHOBOM s
ONPENEIICHUS] OLIEHKM Ha DJK3aMEHE CIYKUT YPOBEHb YCBOCHUS MaTepuana,
MPEeayCMOTPEHHBINA paboyeil mporpaMMoN.

K 3K3aMeHy J0IyCKarOTCS CTYIEHTHI:

- 3aIIUTUBIIKE BCE JIAOOPATOPHBIE PAOOTHI U MOIYUUBLIUE JIOITYCK;

- TIOJIYYMBUIME TMOJOKUTEIbHYI0 OLEHKY IPHU BBIIOJIHEHUH KOHTPOJBbHON
paboTHI.

Kpurepuu oLleHKM YCTHOTO OTBETA HA 3K3aMEHALIMOHHBIE BOIIPOCHI.

«5» (OTJIMYHO): O0ydJaroNIUics JEMOHCTPUPYET CHCTEMHBIE TCOPETHUCCKHE
3HaHUSA, BIJIAJEET TEPMUHOJIOTHENW, JENaeT AapryMEHTHUPOBAHHBIE BBIBOJIBI U
00001IeHNs,  MPUBOJUT  TPUMEPHI,  IOKa3bIBa€T  CBOOOJHOE  BIIAJICHUE
MOHOJIOTHYECKONH pPEYbI0 M CHOCOOHOCTH OBICTPO pearupoBaTh Ha YTOUHSIOIINE
BOIIPOCHI.

OOyuaromuiics Ha BBICOKOM YPOBHE CIIOCOOEH:

- OpPraHM30BaTh CBOIO padOTy paju JOCTHXKEHHs MOCTABJIEHHBIX LIE€JIEH; TOTOB
K UCTIOJb30BAHUIO MHHOBAIMOHHBIX UJIEH;

- paboTaTh CAaMOCTOSITENHHO;

- K I03HABaTEIbHOU JEATEIbHOCTH;

- IPUMEHSATh HA MPAKTUKE HABBIKA MPOBEICHUS U OMHCAHUS MCCIIECOBAaHUM, B
TOM YUCJIE IKCIIEPUMEHTAJIBHBIX;

- 00pabaTbIBaTh MOJYYEHHBIE PE3YJIbTATHI, IPEACTABIATH UX B BUJIE€ HAYYHOTO
NOKJIaJa, HAy4YHOU CTaTbhH;
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- TpUHUMATh YyYacTHE B HAYYHO-HCCIEIOBATEIbCKUX pa3padoTKax IO
MPO(IITIO MOATOTOBKH: CHCTEMATH3UPOBATh MH(POPMAIIHIO TT0 TEME HCCICAOBAHUM,
MIPUHUMATh YYaCcTHE B IKCIIEPUMEHTAX, 00pabaThIBaTh MOJyYCHHBIE TaHHBIC,

- pemaTh 3amaud MpPoGEeCcCUOHANBHONW JEATEIBHOCTH B COCTAaBE HAay4HO-
UCCIIEN0BATEIBCKOT0 KOJUIEKTHBA.

«4» (xopomio): OO0yYaAOMHMIACSI IEMOHCTPUPYET CHUCTEMHBIE TEOPETHUECKHE
3HaHUA, BIAJEET TEPMUHOJIOTHUEH, JEeNaeT AapryMEHTUPOBAHHBIE BBIBOJBI U
0000IIeHNs,  TPUBOAUT  TPUMEPHI,  MOKa3bIBa€T  CBOOOJHOE  BJIAJICHUE
MOHOJIOTUYECKON PEeUbl0, HO TIPU 3TOM JIEJIA€T HECYLIECTBEHHBIE OIUOKHU, KOTOPhIC
OBICTPO HCHPABIISIET CAMOCTOSATEIBHO WJIM TPU HE3HAYUTEIBHOW KOPPEKIUU
IIPENOAAaBaTEIIEM.

OGyuaromuiicst Ha 6a30BOM YPOBHE CITIOCOOCH:

- OpPraHuU30BaTh CBOIO padOTy paju JOCTHXKEHHs MOCTABIICHHBIX 1IEJIeH; TOTOB
K MCIOJIb30BAHMIO NHHOBAIMOHHBIX UJIEH;

- paboTaTh CAaMOCTOSITEILHO;

- K ITIO3HABATEIbHOMU JIESITEIbHOCTH;

- TPUMEHATH HA MPAKTUKE HABBIKY MPOBEJICHUS U OMMCAHUS UCCIIEOBAHUM, B
TOM YUCJIE IKCIIEPUMEHTAJIbHBIX;

- 00pabaThIBaTh MOJYYEHHBIE PE3YJIbTATHI, IPEACTABIATH UX B BUJIE HAYYHOTO
JOKJIa/1a, HAYYHOU CTaThH;

- TPUHUMATh YyYacTHE€ B HAyYHO-UCCIIEIOBATEIIbCKUX pa3paboTKax o
MpOQIII0 MOATOTOBKH: CHUCTEMATU3UPOBATh MH(POPMAIIMIO TT0 TEME HCCICAOBAHUM,
MPUHUMATh y4acTHe B IKCIIEPUMEHTaX, 00pabaThiBaTh MOTYyUYEHHBIC IaHHBIC;

- pemaTh 3amaud MpodeCcCUOHANBHONW JEATEIBHOCTH B COCTAaBE HAy4HO-
HCCIIEIOBATENBCKOTO KOJIJIEKTUBA.

«3» (YnOBJIETBOPUTEJILHO): OOYyYaIOIIMIICS JIEMOHCTPUPYET HETIIyOOKHe
TEOPETUYECKHE 3HAHUsS, MPOSBIAET ci1abo CcHOpPMHUPOBAHHBIE HABBIKM aHAIHM3a
SBJICHUH U MPOLECCOB, HEIOCTATOYHOE YMEHUE JIETIaTh apTyMEHTUPOBAHHBIE BHIBOIBI
W TMPUBOJUTH TPUMEPHI, TMOKA3bIBA€T HEAOCTATOYHO CBOOOJHOE BJIAJICHUE
MOHOJIOTUYECKON PEYbI0, TEPMHUHOJIOTHUEN, JIOTUMHOCTBIO U ITOCIEA0BATEIBLHOCTHIO
W3JIOKEHUsI, JeNaeT OIMMOKH, KOTOPhIE MOXET MCHPABUTh TOJBKO MPHU KOPPEKIIUHU
MpenoaaBaTeieM.

OOyuatomuiics Ha MOPOTOBOM YPOBHE CIIOCOOCH

- OpraHu30BaTh CBOIO PabOTy pajy JOCTHKEHUS MOCTABJICHHBIX 1IEJIeH; TOTOB
K MCIOJIb30BAaHUIO NHHOBAITMOHHBIX UJICH;

- paboTaTh CaMOCTOSITENHHO;

- K IO3HABATEIbHOMN JAESTEIbHOCTH;

- IPUMEHSATh HA MPAKTHKE HABBIKU MPOBEJACHUS U OMHCAHUS HUCCIEIOBAHUM, B
TOM YHUCJIE IKCTIEPUMEHTATBHBIX;

- 00pabaThIBaTh MOJYYEHHBIE PE3YJbTAThI, MMPEJICTABIATh UX B BUJIE€ HAYYHOTO
NOKJIaJa, HAy4YHOU CTaTbhH;
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- TMpUHUMATh Yy4yacTHE B HAyYHO-HCCIEAOBATEIbCKUX pa3paboOTKax IIo
npOo(UITI0 MOATOTOBKU: CHUCTEMAaTHU3UPOBATh MH(POPMAIUIO IO TEME HCCIETOBAHHM,
MIPUHUMATh y4acTHE B IKCIIEPUMEHTAX, 00pabaThIBaTh MOJyYEHHBIE JaHHBIE;

- pemate 3agadyd Npo(EeCCUOHATBHOW JESATEIbBHOCTH B COCTAaBE HAy4YHO-
HCCIIEI0BATEIBCKOIO KOJUIEKTUBA.

«2» (HeylIOBJIETBOPHUTEJIbHO): OO0ydYarOUIUMNCS JIEMOHCTPUPYET HE3HAHUE
TEOPETUYECKUX OCHOB IIPEAMETA, HE YMEET JIeJIaTh apTyMEHTHUPOBAHHBIE BBHIBOJBI U
IPUBOJUTH HMPHUMEpPHI, MOKA3BIBAET CJIA00€ BIIAJIEHUE MOHOJOTMYECKON pedblo, HE
BJIaJICET TEPMUHOJIOTHEM, IIPOSIBIISET OTCYTCTBHE JIOTUYHOCTH "
[IOCJIEI0BATEIBHOCTBIO M3JI0KEHMS], I€TAET OLUUOKHU, KOTOPhIE HE MOYKET UCIPABUTb,
Jake Ipu KOppeKuuu npenonaasaresieM. OTKa3bIBAETCS OTBEYATh HA MOCTaBJICHHBIC
BOIIPOCHI.

OOyyaromuiics Ha HUI3KOM YPOBHE CIIOCOOEH:!

- OpraHu30BaTh CBOIO PabOTy paau JOCTHKEHUS MOCTaBJIEHHBIX 1LIE€JIEH; TOTOB
K MCIOJb30BAHUIO0 MHHOBAIIMOHHBIX UIEH;

- paboTaTh CaMOCTOATEIBHO;

- K TO3HABATEJIbHOM JAESATEIBbHOCTH;

- IPUMEHSATH HA MPAKTUKE HABBIKWA IIPOBEJICHUS U ONMCAHMS MCCIECIOBAaHUM, B
TOM YHCJIE DKCIIEPUMEHTAJIbHBIX;

- 00pabaThpIBaeT IMOJYYEHHBbIE peE3yJbTaTbl W MPEICTABISECT MX B BHJIE
Hay4YHOTO JOKJIaJa, HAy4YHOU CTAThHU;

- CHocOOEH OpHUEHTUPOBAaThCA B  OCHOBHBIX IpodOjiemMax — MUIIEBOU
OMOTEXHOJIOTHH;

- CIIOCOOEH NMPUHUMATh y4acTHE B HAyYHO-HCCIEAO0BAaTEIbCKUX pa3paboTKax
no npouil0 TOATOTOBKM: CHUCTEMATU3UPOBATh MHGOPMAIMIO 1O  TEMeE
MCCJIEI0BAaHNUM, MPUHUMATh y4acTHE B SKCHEPUMEHTaX, 00padaThIBaTh MOIYUYEHHBIE
JAaHHBIE;

- Ccroco0eH pemiath 3ajaydl NMPOQPECCHOHANBHOM JAESITEIbHOCTH B COCTaBe
Hay4YHO-HMCCJIEN0BATENBCKOTO KOJUIEKTUBA.

IIprMepHBIN TEpeyeHb BONPOCOB K IK3aMEHY IIPUBEJICH B IPUIIOKEHNUH 2.
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HPUJIOKEHUSA
Ipunoxenne Ne 1. 3agaHns KOHTPOJILHOI padoThI

3akoH >kBUBaJIeHTOB (3aganus 1-20)

1. Ha BoccranoBimenue 3,6 T okcujaa MeTtaia monuio 1,67 1 Bojopoja,
M3MEPEHHOI'0 TMPU HOPMAJIbHBIX YCJIOBUSX. PaccuuTarh 3KBHBaJICHTHBIE
Macchl METaJIa U OKCHJIA.

2. 0,321 r amromunnsa u 1,168 r NMHKA BBITECHSIOT U3 KHUCJIOTHI OJMHAKOBOE
KOJIMYECTBO BOJOpoaa. HaillTu »HKBUBANEHTHYIO MacCcy UHWHKA, €CJIU
SKBUBAJICHTHAsI Macca aTFOMUHUA paBHa 8,99 1/MOJIb.

3. Ha o0GpazoBanue 43,24 r ruapuma meIovyHOTO MeTajuia Tpedyercs 5,6 1
BOJIOPOJIa, H3MEPEHHOTO TMPU HOPMAIBHBIX YCIOBHSX. BbUHCIUTH
SKBUBAJICHTHBIE MACChl HIEJIOYHOIO METajla M ero ruapuna. Kakoit 3to
MeTai?

4. Ilpu pactBopeHuu B kuciore 3,06 r MeTajia BeIAEIIOCH 2,8 11 BOJIOPOJA,
n3MepenHoro npu temneparype 0 °C u gaBnenun 101,325 klla. Beruucnurs
MOJISIPHYIO MacCy SKBUBAJICHTA METAJLIA.

5. Jns meWTpanmuzanuu 5 T TUApPOKCHAA MeTauia Tpebyercs 6,12 r omHoi
KUCJIOTBl Wi 7,87 T JOpyrod KUCIOThI, SKBUBAJEHTHAs Macca KOTOPOMl
63 1/MOJIb. BBIYMCIUTHL SKBUBAJIICHTHBIC MACChl THJIPOKCHJA MeETalla U
MEPBOM KUCIIOTBHI.

6. Macca 1 1 xucmopoma paBHa 1,4 1. CKOJBKO JHUTPOB KHCJIOPOJA
pacxoayercsi Ipu cropaHuu 21 r© MarHusi, 5KBUBaJEHTHAsI Macca KOTOPOIo
paBHa 12 r/Monb?

/. BBIMUCIUTH SKBUBAJICHTHYIO M aTOMHYIO MacCy dJIEMEHTa, 3Has, YTO B €ro
OKCHJIE HAa OJIMH aTOM DJIEMEHTa MPHUXOJIUTCS TPU aToMa KHUCJIOpojaa, a
coaepkaHue kuciopoja cocrasiset 60 %.

8. Beruucnure wmossipabie Macchl dkBuBaieHTOB KAI(SO4), B peakiusx,
BBIPAXKAEMbIX YPaBHEHUSIMU

KAI(SO,4),+ 3KOH = A1(OH); + 2K,S0y;

KAI(SO4), + 2BaCl;, = KCI + AICI; +2BaS0,.

9. Ha Boccranomienue 56,08 r okcuaa Metaiia moTpeboBasioch 22,4 1
M3MEPEHHOTO TIPU HOPMAJIBHBIX YCIOBUSIX BOJOpPOJA. BerauciuTh
AKBUBAJICHTHBIC MacChl METaJJIa M €r0 OKCHU/IA.

10.Ha ne#itpanuzanuto 1,89 r dhochopucroit kuciaorsl (H3PO3) nzpacxomnoBano
2,57 t rugpokcuna kanus (KOH). BpuuciuTh 3KBUBaIEHTHYIO Maccy
dochopucToit KUCIOTH U €€ OCHOBHOCTh. Ha 0CHOBaHMM pacueTa HalnucaTh
ypaBHEHHE PEAKIIUH.

11.BpiuuciuTh MOJISIPHYIO MacCy DJKBHBAJ€HTa Cepbl B COCJAUHEHUU,

cojaepxkaiieM Bogopoa H (maccoBast nomst 5,92 %) u cepy S (MaccoBas 10151
94,08 %).
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12.Ha Boccranomienue 3,6 T okcuma Meramuia momnuio 1,67 1 Bomopona,
M3MEPEHHOTO TPH HOPMAJBHBIX YCIOBHSX. PaccunTaTh SKBUBAJICHTHBIC
MacChl METAJJIa K OKCHJIA.

13.Bbruncianth MojsipHyto Maccy oskBuBanieHta NaHSO, u CuOHCI B
peaKIusX, BEIpa)KaeMbIX YPaBHCHUSIMU

NaHSO,4 + NaOH = Na SO, + H;0;

CUuOHCI + H,S = CuS + HCI + H,0.

14.1,60 r xanpmusgd U 2,615 r IIMHKA BBITECHSAIOT M3 KHCJIOTHI OJWHAKOBOE
KOJIMYECTBO BOJOPOJA. BBIYMCINTH AKBUBAJCHTHYIO MaccCy IIMHKA, 3Ha,
YTO SKBHUBAJICHTHAs Macca KaJbIus paBHa 20 1/MOJIb.

15.Beruncnuth skBuBaneHTHele Maccel NaHCO; u  Fe(OH),CH;COO B
pEeaKIHsIX:

NaHCO3;+ NaOH = Na,COs + H,0;

Fe(OH),CH3;COO + 2CH3;COOH = Fe(CH3;COO0); + 2H,0.

16.Ilpu  B3ammomeicTBUU  OpTOPOCHOPHON  KUCIOTHI CO  MIEIOYBIO
obpazoBanmack coimb Na,HPO,. Haittu mms sToro cimydas 3HaYCHHE
MOJISIPHOM MaccChl SKBUBaJIEHTa OPTOPOCHOPHOIN KUCIOTHI.

17.OxBuBajiecHTHas Macca YETBIPEXBAJICHTHOrO dJieMeHTa paBHa 3. Kakoma
MaccoBas J0JI KUCIOpOoa B BBICIIIEM OKCHJE, ITOT0 dJIeMeHTa?

18.BpIunciuTh MOJSAPHYIO MacCy DSKBHUBAJICHTAa OKCHAA TPEXBAJICHTHOTO
MeTajula, 3Has, YTO ASKBUBAJCHTHAs Macca MeTauia paBHa 9,0 1/MOJb.
Kakoii aTo metamn?

19.Beruricnuth MouisipHbie Macchl dkBuBajieHTa KCr(SO4); B peakiusx,
BBIpaKaeMbIX YPaBHCHUSIMMU:

KCF(SO4)2 + 3KOH = CF(OH)g + 2K5S0y;

KCF(SO4)2 + 28&([\'03)2 = 2BaS0, + KNO; +Cr(N03)3.

20.Ha BoccranoBimenue 1,980 r okcuaa metamia uzpacxogoBaHo 0,545 1
KHCJIOPO/Ja, WM3MEPEHHOrO0 TPH HOPMAJBHBIX YCIOBHUSAX. BBIYHCIUTH
MOJISIPHBIE MACChl SKBUBAJICHTOB OKCHA M METaJljla

Crpoenne atoma (3aganus 21-40)

21.CTpoeHre BHEIIHEr0 HYHEPreTMYECKOro YPOBHA AaToMa OJHOIO DJIEMEHTa
3s%3p?, a atoma apyroro snementa — 4s?4p*. CocTaBUTh MOJHBIE IIEKTPOHHBIE
GOpMyJIBI aTOMOB ITUX 3JIE€MEHTOB. Y aToMa, KaKoro »JeMeHTa CHUJIbHEE
BBIPAKEHBI METAINUECKHE CBOWCTBA?

22.BHenHMe W TpeABHEIIHHE DJHEPreTUYECKHE YPOBHHM aTOMOB HEKOTOPBIX
5JIEMEHTOB BbIpaxaroTcs (Qopmynamu: 3523p°3d%4s?2 u  3s523pf3di%4s24pt.
CocTaBHUTh MOJHBIE HIEKTPOHHBIE (POPMYIIBI ATOMOB THX 3JIeMeHTOB. Kakoii
U3 HUX OTHOCUTCS K d-371eMeHTaM?
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23.D7eKTpOHHAs CTPYKTypa aroma omuchiBaetcsa (opmymoin 1522s22p°3st,
OnpenenuTs Nepuoa U Tpynmny MNepUOIUYECKOW cuctemsbl dnemeHToB J[. U.
MenpeneeBa, B KOTOPbIX HaX0IUTCA 31eMeHT. Kakoii 3To 3nemeHT?

24 Macca atromMa HeEKOTOporo u3orona paBHa 181 a.e.m. B ero anektpoHHOMN
000I0uKe comepkKUTCs 73 BIeKTpoHAa. YKas3aTh, CKOJBKO TIPOTOHOB U
HEUTPOHOB COJIEPKUTCA B snpe aroma. Kakol 3to snement? Hamuimure
AIIEKTPOHHYIO (POPMYITy aTOMa 3TOTO AJIEMEHTA.

25.Kako¥t sHepreTudyeckuil oJlypOoBeHb B aTOMax 3amoJiHgeTcs panbiie — 4f umu
5d; 3d wm 4s? Ilpumenure npasuia KiedkoBckoro.

26.CocTaBUTh JJIEKTPOHHYIO (OopMylly aToMa 3JEMEHTa, MOPSJIKOBBIA HOMEp
KOoTOporo 35. VYka3aTh BaJE€HTHOCTh M CTENEHb OKHUCICHHS aTOMa JTOTO
3JIeMEHTa B HOPMAJIbHOM M BO30YKIEHHOM COCTOSTHUU.

27.Ha npumepe mapraHiia ¥ MbIIIbsIKa MTOKa3aTh MPUMEHUMOCTD ipaBuia ['yHaa.

28.Kakoe MakCHUMaJlbHOE€ KOJMYECTBO f-3JIEKTPOHOB MOKET OBITh: a) y aTOMOB
AJIEMEHTOB IIECTOTO NEPHO/IA; B) Y aTOMOB 3JIEMEHTOB CEIbMOT0O Neproa’?

29.CocTaBuTh DJJEKTPOHHBIE (OPMYJIBI aTOMOB XpoMa M celeHa. YKas3aTh
SHEPreTUYECKHE YPOBHU U MOAYPOBHU, Ha KOTOPBIX HAXOATCS MX BaJCHTHBIE
AJIEKTPOHBI.

30.Yro Takoe uzoTorsl, n300apel? [IpuBeaure npumepsl.

31.Kakoe MakCUManbHOE YHCIIO SJIEKTPOHOB MOXKET OBITh Y aTOMa B 3JIEKTPOHHOM
CJI0€, XapaKTEPU3yEeMOM IJIaBHBIM KBAHTOBBIM 4YHUCIOM 3?7 CKOJIBKO 3HAYCHUH
MarHUTHOTO KBAaHTOBOTI'O YHMCJIA BO3MOKHO I 3JEKTPOHOB JTAHHOTO CJIOS,
eciIi OpOUTaAIbHOE KBAHTOBOE YMCJIO PaBHO 37

32.YeMy paBHO MaKCHUMaJbHOE YMCJIO OHJIEKTPOHOB Ha IEPBOM BHEIIHEM U
MIpEABHEIIHEM SHEpPreTuyeckux ypoBHsAX? Kakue moaypoBHU 3aloONHSIOT 3TU
AIEKTPOHBI?

33.Ifouemy Mapranen MpOSBIAET METALUIMYECKHE CBOWCTBA, a XJIOp —
HeMeTraunueckue? JlaiiTe OTBET, HMCXOAS W3 CTPOCHHS AaTOMOB 3THX
AJIEMEHTOB.

34.CuMBON OTHOTO U3 M30TOMOB XpoMa °74Cr. YKazarh, CKOJIBKO MPOTOHOB U
HEUTPOHOB COAEPKUTCSA B SIIPE aroMa 3TOr0 M30TOIA, CKOJBKO 3JEKTPOHOB
COJICP)KUT AJIEKTPOHHAs 000j0uka. Hamucarh 31ekTpoHHYI0 QOopMyiy 3TOro
aToma.

35.CocTaBUTh 3JEKTPOHHBIE (HOPMYJIBI ATOMOB 3JIEMEHTOB OJI0OBa U BOJb(pama.
Kaxoit 3 HUX OTHOCHUTCS K p-dJIEMEHTaM?

36.CocTaBuTh 3JEKTPOHHBIE (POPMYIIBI HUOOUS U CyphbMbl. Ha Kakux moaypoBHSIX
PacoJIOKEHBI X BAJICHTHBIE AJIEKTPOHBI?

37.ChopmynupoBaTh TNPUHIMII HaUMEHbIEH »Hepruu. Kakoll mOmypoBeHb
3anoJiHsieTcs panbiie: 6s wiu 5d; 5Sd umm 417

38.CocTaBuTh 31EKTPOHHbBIE (POPMYIIBI ATOMOB AJIEMEHTOB, OTHOCSIIUXCS K S-, P-,
d- u f-cemeiicTBam.
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39.Kakoe MakcMManbHOE YUCIIO SJEKTPOHOB HAXOAUTCS:
a) HA YETBEPTOM M IIECTOM SHEPIreTHUECKUX YPOBHSIX;
B) Ha IOJIYPOBHSIX S, P, d, {?

40.CTpoeHHE BHEIIHETO M TPEABHEIIHETO JHEPreTHUCCKUX YPOBHEH aToOMOB
omHoro snemeHta — 3s23p®3di%4s?, aromos mpyroro 3s?3p®4s?. CocraBuTh
MOJIHBIC AJIEKTPOHHBIE (DOPMYIJIBI aTOMOB 3THX 3JEMEHTOB. Kakoi u3 HuUX
OTHOCHUTCA K d-aemeHTam?

Xumuueckas cBsizb. CTpoeHue BemecrBa (3aganus 41-60)

41.Yem oOBsicHUTH, uTO MOJekyabl CO, u SOz HenossipHbie, x0T cBsizu =C=0
u >>5=0 nonsapHbie?

42.Yto HaspiBaeTca jymHOW mumoisa? [lodemy y MOJEKynbl THOKCHIA Yriepoia
JTUTIOJIbHBIE MOMEHT PaBEH HYJIO?

43.00bscHuTh, MOueMy Mosiekyna BeCl, umeer nuneitnyo ¢opmy, a Moiekyia
H,0 — yrnoByto. Kako#t THII XUMHUYECKOW CBSI3U B MOJICKYJIaX 3THX BEIIECTB?

44 Tlpu KakuX YCIOBUSAX Yy HEMOJSAPHBIX MOJICKYJ IUIMOJBHBIH MOMEHT paBeH
Hymo? PaccmoTpute ctpoenue okcua yraepoaa (IV) u merana.

45.Kakuie MOJIEKYJIbI SIBJISIFOTCS TIOJISIPHBIMU M KaKue HenoJsipHbIMU? UTO CityKUT
Mepo# nossipHOCTH MoJieKyJ1? [IpuBeauTe npumepsl.

46.Kakol THI XMMUYECKOHN CBSI3M B MOJIEKyJax ciemyromux coenuaenmii: CHy, Fo,
H,0, NaCl? OTBeT MOTUBHPOBATH, IPUBE/IS CXEMBI CTPOCHHUS 3THX MOJICKYI.

47.YT0 CIy>)XUT MEpOd TMOJSIPHOCTH KoBaJieHTHOM cBsi3u? [lo TaGmuuHbIM
3HAQYEHUSIM OTHOCUTEIBHBIX JJIEKTPOOTpULATENIbHOCTEN 3ieMeHToB 020
ornpenenuTe, kakas cBs3b Hanboee nonuspras: H-F; H —Cl unmu H-O.

48.Kakoli TUN XMUMHYECKOW CBSI3M B MOJICKyJIaX CIeAyroImux coemnuHeHmil: CSy,
AICl; N2, NH3? OTBeT MOTHBHPOBATH, PUBES CXEMbI CTPOCHUS ITHX MOJICKYIL.

49. JlunionpHbie MOMEHTHI MoJiekyn HyS u SO, paBubl 0,93D u 1,61D. Beruncnuts
JUTMHY JTUTIOJNIS U yKa3aTh, B KAKOW U3 MOJIEKYJI CBSI3b 00JIee MOISIpHAsL.

50.Kakne MoIeKyIIbl Ha3bIBAIOTCS MOJISPHBIMH, HETTOJSIPHBIMU, HOHHBIMU ?

51.Yto Ha3bIBaeTCs KpaTHOM CBsI3b10? B uem oTianune 6- U m-cBsizeit?

52.YeM oTnmuaeTcsi KOBaJIEHTHAs MOJIAPHAS CBSI3b OT KOBAJECHTHOW HEMOJISIPHOM
cBs3u? llpuBenaure mpumepsl. Uem OOBSICHUTH HAIUYUE JWIOJS B MOJICKYJIE
BOJIBI M €T0 OTCYTCTBUE B MoJieKysie CO,?

53.Vka3aTh TUI XHUMHUYECKOW CBsI3u B Mojekyiax H,, Cly, HCI. IlpuBectu cxemy
MepeKpPhIBAHUS JIEKTPOHHBIX 00JIaKOB.

54.Yt0 Ha3bIBAETCS AUMOJIBHBIM MOMEHTOM? B KakuX €IWHMIIaX OH BbIpakaeTcs?
Kakas w3 HWKENpPUBEACHHBIX MOJICKYJT HMMEET HaWOOIBIINN TUTIONTHHBINA
moment: HF, HCI, HBr, HI? OtBer wMoTuBHpOBaTh, HCXOAS U3
AIEKTPOOTPUILIATEIIHHOCTH ITUX JIEMEHTOB.

55.1300pa3uth B Buae cxem crpoenue wmojekyr: Clp, H,O, CaS. Kakoi Tun
XUMHUYECKOH CBSI3M HAOJI01aeTCA B KAXKIOW U3 HUX?
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56.CkonbKO G- M T-CBsI3ed B MOJIeKyJlax Kuciopoga u asora? Hamwmcate cxemy
oOpa30BaHUS 3THX MOJIEKYJ C YYETOM B3aWMOJEHCTBUS WX DJICKTPOHHBIX
00J1aKOB.

57.Kakoif THI CBS3M OCYIICCTBIIIETCA B Kakaod u3 mojekyir: Fp, CO, HCI?
VYkazaTh O KaXJAOHW W3 HUX HAMpaBICHHE CMEMICHUS OOIICH SJICKTPOHHON
napehl.

58. Jiuna gumnons CH3Cl pasma 4:107'! M. BeMMCIUTE OWNONBHBI MOMEHT U
BBIPA3HTh €0 B Jc0asx.

59.Kakyro ¢opmy mmeer Monekyia ABs, ecnu CBS3b OCYIIECTBISCTCS TpeMs p-
DJIGKTPOHAMH aToMa A U S-3JIEKTpOHaMHU Tpex atoMoB B? IlpuBectr mpumMepsi.

60.1Touemy monexynsr CO, u SO3; Henomsapabie, a Mosiekysbsl HyO u SO, nMerot
JTUTIOJNTb, HECMOTPSI Ha TO, 9TO cBs3u =C=0 u >>S=0 Tak ke, kak >S=0 u H—0—,
nosisipubie? Kakasi u3 BhIIENPUBEICHHBIX CBsi3el HanOosee nossipHas? [louemy?

XuMHYecKasi KHHeTHKAa. XHMUYecKoe paBHoBecHe (3aganust 61-80)
61.Beipazuth MaTeMaTHYECKU CKOPOCTh CACAYIOMNX XUMHUYCCKUX PEAKITHIA:
a) Nory + 3Hyr) — 0) ZNO(r) + Oy — B) 2802(r) + Oy + 2H20(n).
Hamnucatp kuHeTHYECKHE YpaBHEHMS, IPUMEHUB 3aKOH JICHCTBYIOIIUX Macc.
62.[Tpunnun Jle Hlarense. Kak moBiuseT MoBHIIIICHUE JTaBICHHUS Ha paBHOBECHE
CJIEYIOINX 00OPaTUMBIX T€TEPOTEHHBIX pEaKInui
N&2C03(T) + HZO()K) — 2NaHC03(T);
H2804()1<) + 2NH3(r) — (N H4)ZSO4(T).

63.JlokazaTh pacueToM, MOYEMy HW3MEHEHHE [aBICHHUS CMEIIAeT PAaBHOBECHE
peaxkimu Nory + 3Hyr) <o 2NHs3y 1 He cmemtaer paBHoBecue peakiuu Nor) +
Oz(r) <> 2NO(1").

64.1Tpu cunTre3e pocrena mmeer mecto paBHoBecue Clyry + COr) <» COCly.
OmpenenuTh UCXOJHBIE KOHIIEHTpaIMK xjopa u okcuaa yriepona (I1), ecnu
paBHOBecHbIe KOHIeHTpamuu paBubl [Cly] =0,2 momas/i; [CO] = 0,1 Mo/
[COCI;] = 2 mons/m.

65./Iee peakmuu npu 10 °C mporekaroT ¢ oguHakoBoil ckopocthio (Vi=V»).
TemneparypHblii K03 (ULIKUEHT CKOPOCTH NEPBOM PEAKLUU PaBEH 2, BTOPOH —
3. Kak OyyT OTHOCUTBCS CKOPOCTH PEaKIIHii, €CIIM TIEPBYIO U3 HUX BECTU MPHU
temrepatype 50 °C, a sropyto — npu 30 °C? [IpaBuno Baut-I'odda.

66.Ckopocts peakuuu 2Horry + Oy — 2HO¢y, npu [Hz] = 0,5 Mons/n u
[O2] = 0,6 monw/n. Koncranta paBHoBecusi paBHa 0,018 wmomb/m*MuH.
OnpenenuTh KOHCTAHTY CKOPOCTHU PEAKITUH.

67.CxopocTh peakiuu Tpu MOBBIICHHH TemiiepaTypbl Ha 20 °C Bo3pocna B
neBaTh pa3. Onpenenuts ee TemmnepaTypHbiii koadduiment. [IpaBuno Bant-

Todaoa.
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68.UeMy paBeH TemriiepaTypHbli KOA(P(GUIUEHT CKOPOCTH PEAKIHUU, €CIH TMpPHU
yBenuueHuu remneparypsl Ha 30 °C oHa Bo3pacrtaer B 27 paz?

69. Kak nmoBnusieT moBbllIeHNE JaBICHUS HA PaBHOBECHE CIEIYIOMINX 00paTUMbIX
peakuuii, MpoTEeKaroINX B TOMOT€HHOU CUCTEME:
a) PC's(r) — PC|3(1") + Clz(r); 6) 4HC|(r) + Oz(r) — 2H20(H) +2C|2(r).

70.Bo CKOIBbKO pa3 yBETHMUUTCS CKOPOCTh XMMHUECKON PEAKINH MPY MOBBIIICHUH
temneparypbl Ha 30 °C, eciau TemnepatypHblii KOAQ(GUIUEHT CKOPOCTH paBeH
1,57

71.Kak M3MEHUTCS CKOPOCTh HPOTEKAIOLIEH B 3aKPBITOM COCYJl€ T'OMOIE€HHOM
peakuu 2NO(ry + Oyry <> 2NO,, ecnu yBenUUYUTh JaBJIE€HUE B YeThIpe pa3a?
[Tpraumn Jle Hlarense.

72.Peakiusa mexy BemectBamMu A u B Beipaxkaercs ypaBHenuem A + 2B = C.
HavanpHast koHueHTpauus BemectBa A pasHa 0,3 Mounb/n, BemiectBa B —
0,5 monb/n. KoHcTanTa ckopoct peakuuu paBHa 0,4. PaccuntaTh HadallbHYIO
CKOPOCTh PEaKIMU U CKOPOCTh PEAKIMU 0 MCTECYCHUH HEKOTOPOTO BPEMEHH,
KOI'/1a KOHIIeHTpauus BemecTsa A yMmeHbmutcs Ha 0,1 Mosib/1.

73.Ilpu HekoTOpoW TemIepaType B TOMOIE€HHOW pEaklUd YCTaHOBHJIOCH
paBHoBecue Hrry + Bryry <« 2HBrg). PaBHOBecHble KOHILIEHTpauuu
pearupyromux  BemiectB  Bojopona [Hx] = 0,5 w™omws/n, Opoma
[Br,] = 0,1momw/n, ©pomoBogopona [HBr] = 1,6 wmonb/n. Berawcaurtsb
UCXO/HbIE KOHIIEHTpAIMK BOJOpoia U Opoma.

/4. Hanucath MaTeMaTUYECKUE BBIPAXKEHUS CKOPOCTEH CIIEIYIOMINX PEaKIU:

a) 2A|(TB) + 3C|2(r) = 2A|C|3(KP);
0) ZCO(F) + Oz(r) = 2C02(r).

75.I'a30Bast cMech COCTOUT U3 BOJOpOJA U XJopa. Peakuus uaer no ypaBHEHHIO
Hyry + Clhry <> 2HCl). Kak u3meHuTCs CKOpOCTH NPSIMOW peakIud, ecin
YBEJIMYUTH JIaBJICHUE B TPU pa3a?

76.PaBroBecue peakuun: COqy +Clyry < COClyry ycraHoBuioCch TpH
koHueHTpanuu pearupyromux Bemects [CO] = [Cly] = [COCI,] = 0,001 moms/m.
Onpenenuth KOHCTAHTY PaBHOBECHS M MCXOJHBIE KOHIIEHTpALMU OKCHUIA
yraepona (I1) u xsmopa.

77.ITIpu 1000 °C xoncranTta paBHoBecusi peakuuu FeOcrp) + COr)y <« Ferp) +
+ COy) paBHa 0,5. Uemy paBHbl paBHOBecHble KOHIEHTpamuu CO u COp,
€ClIM MX HayajbHble KoHIeHTpanuu cienyromue: [COJo = 0,05 momw/i;
[CO2]o = 0,025 momb/.

7/8.B xakom HampaBieHuH OyAeT CMENIaThCs paBHOBECHE IMpPU TMOHUKEHUU
nasineHnss u temmeparypel mus peakuun: COClyry < COqy + Clypy,
AHozgg ==+112,5 I(I[)K/MOJIB?

79.Xumnueckoe paBHOBecue peakuun A +2B < ]I ycTaHOBWIOCH IpHU
CIIENYIONINX KOHIIEHTpanusiX BemecTB [Alp = 6 monw/m; [Blp = 2 Momiw/m;
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[Alp = 3 ™Moab/A. BBMHCIWTE KOHCTaHTY paBHOBECHS W HCXOAHYIO
KOHLICHTPALMIO BellecTBa A.

80.Bzaumoneiicteue wmexay okcuaoMm yriaepoaa (II) um xmopom wmaer 1o
ypaBaenuto COr) + Clyry «» COClyry. Konnenrpamnust okcuaa yriepoaa (I1)
paBHa 0,3 moxw/a, xmopa — 0,2 monw/n. Kak M3MEHUTCS CKOPOCTh MPSIMOM
peakiuu, €ciIu YBEJIMYUTh KOHIeHTpamuio xjopa a0 0,6 Moub/m, okcuaa
yriepoaa (II) — mol,2 Momw/m.

Cnoco6nl BbIpaskeHHs KOHIIEeHTpanuu pacTBopoB (3aganusi §1-100)

81.KakoBa mporieHTHasi KOHIIEHTparusi pactBopa (0% wumu C%), comeprkaiiero
20 r xnopuaa 6apusg B 380 r BOAbI? BEUHCINTE MOJSIBHYI0 KOHLEHTPALUIO
BaCl, B mannom pactBope.

82.Ckonpko TpaMMoB enkoro Hatpa coaepxkutcsa B 400 mu 0,12 H pacTBOpa
NaOH? Ckonpk0 MHJUTMIUTPOB 3TOTO PacTBOpa MOTPEOYETCs ISl OCaXKICHUS
B Buje Fe(OH); Bcero »kemesa, comepxamerocs B 48 mi 0,2 H pacTBOpa
Fez(SO4)3?

83.Jlns ocaxnenus B Bujme BaSO, Bcero Oapus, coxmepxkamerocss B 500 mi
pactBopa BaCl,, morpeboBaocs 100 mur 0,3 v pactBopa HzSOs. Ckoibko
rpamMmmoB BaSO, Brimano B ocanok?

84.K omnomy mutpy 10%-HOTO pactBopa a3zoTHOM KuciaoThl HNOj3 (II0THOCTH
1,054 r/em®) npubasuam 2 1 2%-HOTO pacTBOPa TOM K€ KUCIOTHI (ILIOTHOCTH
1,009 r/cm®). Berumcnuts MaccoByio n0mo (o % wim C %) ¥ MONSPHYIO
KOHIIEHTPAIIUIO MTOJIy4YeHHOTO PacTBOpA.

85.Cronpko rpammoB Kl Hamo pactBoputh B 150 r Boasl st momyudenust 0,2
MOJISTBHOTO pacTBopa Hoauaa kanusi? Beraucnuth MaccoByto 1010 (0% uiu
C %) flonnaa Kanusi B 3TOM pacTBOPE.

86.Paccuurarts TiTp 0,15 H pacTBOpa KHCIOT: cepHOM, (hocPOpHOH, COJISTHOM.

87.Cmemano 20 kr pacTBOpa ¢ MaccoBou monei 7,5 % wm 10 xr pactBopa C
maccoBou poJiet 30 % omHOro u TOro ke BemecTBa. OnpeaeanTb MacCOBYIO
noito (o % win C %) BeliecTBa B MOJTy4EeHHOM PacTBOPE.

88.K 3 1 Boxbl mpubaBuiu 1 11 pacTBopa ¢ MacCoBOM J0Jiel THAPOKCHIA HATPHUS
30 %, IIOTHOCTB, KOTOpPOro pasHsercs 1,328 r/cm®. Paccuurars MaccoBylo
noito (® %) u MossapHyto koHIeHTpalrio NaOH B mosrydeHHOM pacTBope.

89.13 3 1 pacTBOpa €KOro Kaau ¢ MaccoBoii mponeit 50 % (mnotaocts 1,51 r/cmd)
Hago npurotoBuTh pactBop KOH c¢ maccoBoit goneit 10 % (mioTHOCTH
1,07 r/em’).

90.K 500 mn 32%-if a30THOH KHCJIOTHI, HMeromeil mioTHocTh 1,2 r/emd,
npubaBuiu 1 1 Bonbl. KakoBa MaccoBast 10715 (® %) MOTy4e€HHOT0 pacTBopa?

91.Kakoii 00beM 8%-ro pacTBOpa cepHOH KMCIOTHI (mnotHocTh 1,055 r/cm®)
HY>KHO B351Th Jy1sl mpurotoBiienus 5 11 0,1 1 pactBopa HySO4?
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92.Cmemanu 100 mi 50%-noro pacrtsopa HpSOy4 (mumorrocts 1,40 r/cm®) u 100
ma 10%-noro pacteopa H,SO4 (mmotnocts 1,07 r/em®) u moGaBmim BOABI 10
3 51. OnpeaenuTb MOJSPHYIO KOHLIEHTPALUIO 3KBUBAJIEHTOB CEPHOU KHCIIOTHI B
MOJIy4YeHHOM PacTBOPE.

93.Ha weitrpamuzanuio 50 mu pactBopa enkoro kaimu KOH mnorpeboBanoch
100 mir 8%-HOrO PpactBopa xjopoBogopomHoit kuciotel HCl (TuroTHOCTH
1,028 r/cm®). BHMHCINTE  MOJAPHYHO  KOHIEHTPAUMIO  OKBUBAJIEHTA
(HOpMaJIBHOCTH) €KOr0 KaJu B ucxoaHoM pacTBope KOH.

94.Cxonbko Bojwl cienyeT npubaBuTh kK 50 mu 25%-Horo pactBopa HySOy,
IJIOTHOCTH KoToporo 1,19 r/cm®, uro6sl momayunts 10%-HbIi pacTBOp cepHOM
KUCJIOTHI?

95. Jlo xakoro obwema Hamo pazbaButh 500 mu 20%-HOrO pacTBOpa XJIOpUIa
HaTpus (wIoTHOCTHL 1,152 r/cm®), uTo6sl moyunts 4,5%-ue1i pacteop NaCl,
IJIOTHOCTH KoToporo pasusercs 1,029 r/cm®

96.Cxonpko MIITUIHTPOB 10%-HOTO pacTBOpa CEPHOW KHCIOTHI (TUIOTHOCTH
1,07 r/cm®) motpebyerca s HeWTpanM3aLUM pacTBOpa, cojep:kamero 16 T
runpokcuia Hatpus NaOH?

97.BripazuTth B MPOLIEHTAaX KOHIIEHTPAIIMIO pacTBOpa, coaepskaiiero B 240 r BOJIbI
40 r raoKo3bl. BRIUMCINTH TeMrepaTypy 3aMep3aHusi 3TOr0 pacTBOpa, €CIH
K=1,86.

98.1lmotHOCTL  15%-HOrOo pacTBOpa CepHOM KuMCIoThl pasHa 1,105 r/cm®,
BoraucianTs MOJISIpHYTO, MOJISIPHYIO SKBHBAJICHTA M MOJISUTBHYIO KOHIIEHTPAIUH
H,SO4 B pacTBOpeE.

99.BpiuuciauTh THUTP pacTBOpa, B KOTOPOM MaccoBas JOJsI CEPHOM KHUCIOTHI
30 %, a TUIOTHOCTB 3TOTO pacTBopa paBHsaercs 1,219 r/mi.

100.BeraucauTh MOJSIIBHOCT M HOPMAIBHOCTh 5%-HOTO pactBopa (ocdopHoit
KHCJIOTBI, €CJIM €€ IJIOTHOCThL cocTaBiigeT 1,023 r/mir.

I'uapoaus coseit (3aganust 101-120)

101.Kakyro peakmuro cpeapl OyayT uMeTb pacTBopbl HuTpara nuHka — Zn(NOs),,
opomuna kamus — KBr, cynsbuaa matpus — NapS? OTBeThl MOATBEPAUTH
YpaBHEHUSMH COOTBETCTBYIOIIMX PEaKIIUA.

102.Kak OyayT neiicTBOBaTh Ha MHAMKATOP JAKMYC PAacCTBOPHI IMAHWA KA —
KCN, cynbdara megu (II) — CuSO,, nutpara Hatpuss — NaNO3? OtBerbl
MOJTBEPANUTh YPABHEHHUSIMH COOTBETCTBYIOIINX PEAKITHIA.

103.CocTaBuTh MOJIEKYJISIpHbIE U HOHHBIE ypaBHEHHs Tuaponusa cojieit: CuSOy,
BaCl,, NH4Cl. Yka3ath peakiuio cpeibl B BOAHBIX PaCTBOpaX 3THX COJICH.

104.Kakue u3 cnemyromux cojei noaseprarores ruapoausy: NaCl, Cu(NOs),,
K2S? CoctaBuTh MOJIEKYJISIpHBIE 1 MOHHBIE YPABHEHUS THIPOJIM3a COJIEH.
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105.CocTaBuTh MOJEKYJSIPHBIE W MOHHBIE YPaBHEHUS PEAKIMH, MPOTEKAIOIIUX
npu cinuBanuu pactBopoB AlCl; m KjyS, ecnmm B pesynbrare peaximm
obpasyrotcs Al(OH)s u H,S.

106.CoctaBuTh MOJIEKYJISIDHBIE U MOHHBIE YpPaBHEHUs THUAPOJIN3A, B pe3yJibTare
KoToporo odpasyroTtcs ruapodocdar u guruapodocdar xkanus.

107.Kakue w3 comeit: KNOs;, CrCl;, NaNO; mnoxsepratorcs THAPOIU3Y?
CocTaBUTh HOHHBIE U MOJIEKYJISIPHBIE YPABHEHHS PEAKIUI THIPOIIU3A.

108.CocTaBuTh MOJEKYJISIPHBIE U MOHHBIC YPABHEHUSI PEaKLU, MPOUCXOSAIINX B
cmecH BogHbIX pactBopoB CrCls u NayS (o6pasyrorcs Cr(OH); u H,S).

109.Hanucath MoOJEKyJIsSIpHBIE M HMOHHBIE YPAaBHEHMsI pEaKIHMM Tuaposn3a
(I cTynens) XJIOPUIOB ATIOMUAHUS W KaJbIUs. BRIUUCIUTE CTENEHb THAPOIN3a
XJIOPUAA ATTFOMHUHHUSL.

110.Hanucath MoJIeKyJIIpHbIE M MOHHBIE YPABHEHUS PEAKIIUN TUAPOIIN3a aleTara
HaATpUs U cyabduaa 6apus.

111.Hanucath B MOHHOM W MOJIEKYJISIPHOM BHJI€ YPABHEHUS PEaKIMil THAPOIN3a
(I crynens) cynbduaa Kaablivs U HUTpaTa IMHKA. YKa3atb pH.

112.Hanucath B MOHHOM W MOJIEKYJISIPHOM BHJI€ YPaBHEHUS PEaKIMil TUAPOIIH3a
(I ctynens) xyopuia UHKA U Cyib(hara allOMUHUSA. YKa3aTh PEaklUuio Cpebl
(pH).

113.Hanucath B MOHHOM W MOJIEKYJISIPHOM BHJI€ YPaBHEHUS PEaKIMil TUAPOIIH3a
(I ctynens) cynbbura Hatpus U Hutpata meau (II). Berauciauts KOHCTaHTY
TUAPONIN3a CyIb(UTa HATPUS.

114.Hanucath B HOHHOM U MOJIEKYJIIPHOM BUJE YPAaBHEHUS PEAKIMM THIpOIN3a
(I crynenn) xkapOoHaTa Kajausi M XJjopuga Oapusi, €ClIM HTOT IMPOIECC
MPOTEKAET. YKa3aTh PEAKIUIO CPEJIbI.

115.Hanucath B MOHHOM U MOJIEKYJISIPHOM BHJI€ YPAaBHEHUS pEaKIuil TUAPOIU3a
(I crynmens) cynbbuga Oapus u xmopuna wmapranna (II). Kakoii uBer
IpPUOOPETET MHAMKATOP METUJIOBBIM OpaHXEBHI B BOJHBIX PAacTBOpax 3THUX
cosen?

116.Hanucath B MOHHOM W MOJIEKYJISIPHOM BHJI€ YPaBHEHHUS PEaKIMil TUAPOIIN3a
(I crynienp) cynpduaa Kaablldsg U HUTpATa IUHKA. YKa3aTh PEAKIUIO CPEIbl
(pH).

117.Hanucatb B MOHHOM M MOJIEKYJIIPHOM BUJE YPAaBHEHHS PEAKLMI r'MIpOan3a
(I crynenp) HuTpaTa anmomMuHusa. Yka3ath peakuuto cpenbl (pH). Kakoit user
JaKMyca B pacTBOPE 3TOM cou?

118.Hamucath B MOHHOM W MOJICKYJIIPHOM BHUJIE YPABHCHUS PEAKIIUN THAPOJIN3A
(I ctynens) amerata aMMOHUS W XJIOpHIa HATpHs. BRUMCIUTH KOHCTaHTY U
CTENEHb THIPOJIN3a alleTaTa aMMOHUSI.

119.Hanucath B MIOHHOM U MOJIEKYJISIPHOM BHJI€ YPABHEHUS PEaKIMi THAPOIU3a
(I ctynenp) HUTpUTA Kaldusl U XJOpHUJIA aMMOHHUA. YKazaThb PEAKIUIO CPEJIbl

(pH).
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120.Hanucatb B MFOHHOM U MOJIEKYJISIPHOM BHJI€ YPAaBHEHUS PEaKIMi THAPOIN3a
(I crynens) ¢ropuna xanmus u cynbdara meau (II). Kakoit niBer mpruobperaer
METHUJIOBBIA KPACHBIM B PACTBOPAX 3THX COJIEH?

Kommiekcublie coequnenust (3axanus 121-140)

121-140. YkaxuTe B KOMIUIEKCHOM COCIMHEHHH KOMILJIEKCOOOpa30BaTelb,
€ro CTEMEHb OKWCIICHUS, 3HAYCHHE KOOPAMHAIMOHHOTO YHWCJA, JIMTAHIBI, 3apsi
KOMIUIGKCHOTO HOHa, B TIEPBOM WJIM BO BTOPOM KOMIDJICKCHOM COCIMHEHUHU
KOMIUICKCHBI MOH sBIISIETCS Ooyiee claObIM 3JIEeKTpoauTOM. Hamuimmre ypaBHEHUs
TUCCOITMAIINN KOMIUIEKCHOTO coenuHeHus. Ha3oBHTe KOMIUIEKCHOE COCIWHEHUE.
CocTaBpTe BBIpOKEHHE KOHCTAHTHI HECTOMKOCTH KOMITJIEKCHOTO MOHA (KOMILIEKCA)

(tabmuma I1.1.1).

Taoauna I1.1.1 — BapuanTsl u 3aganus K TeMme «KoMIuiekcHbIe coeTUHEHM D)

Howmep Bapuanta KomrmiekcHoe coearHeHune
1 2

121 Ks[Co(CN)s] [Ni(NHs)4](OH).
122 [Cu(NH3)2(H20)]Cl; Naz[Fe(CN)g]
123 K[AUBTr4] [Co(NHs3)4(H20),]Cls
124 Ba[Co(CN)4] [Cf(HzO)z (N Hg)zC'z]Cl
125 K[Cd(CN)] [Co(NH3)3(H20)3]Cls
126 Naz[Co(CN)4Cl;] [Cr(NH3)4(H20),]Cl3
127 [Co(H20)s NHsCIICl, K[AUCL]
128 H2[PtC|4] [CO(H20)3 (NHg)gBr]Clz
129 K3[CO(CN)4C|2] Hz[COC|4]
130 H,[PtCla] [Co(NHz)>(H20)2(NO5),]ClI
131 Naz[CoClg] [Cr(NH3)3(H20).CI]Cl,
132 [Co(NH3)2(H20).ClL,]CI Naz[Fe(CN);C1;]
133 H2[S|F6] [CF(HQO)(NH3)5]BF3
134 K4[CO(CN)4C|2] [CF(N Hg)g(HgO)BI’]CLg
135 Nas[Co(CN)s] [Cr(NH3)4(H20)C1] Br,
136 KZ[Zr(OH)G] [CI’(HzO)z(NH3)3C1]BI’2
137 K4[Co(CN)g] Nas[Fe(CN)sNO,]
139 [Cr(NH5)sCl]Br; Naz[CoClg¢]
140 [CO (H20)4(NH3)2]C|3 [CF(N H3)3(H20)BI’]BT2
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OKHCIANTETHLHO-BOCCTAHOBHTEIbHBIE peaknnu (3axanus 141-160)

141 Kakas  wu3 IPUBEICHHBIX  PEAKUUW  SBIIETCA OKHUCIIUTEIIBHO-
BOCCTaHOBUTEIIBHOM:
KHCO;3; + KOH =K,CO3 + H,0;
Br, + HCIO +KOH = HBrO3; +HCI.
PaccraBuTh K03(h(UIMEHTH B YPaBHEHUH OKHCIUTEIHHO-BOCCTAHOBUTEIHLHOM
peaKkIuu, COCTaBUB »JJIEKTPOHHO-WUOHHBIE YpaBHEHUS. YKazaTh, Kakoe
BEIIECTBO SBJISIETCS OKUCIUTENIEM, & KAKOE — BOCCTAHOBUTEJIEM.

142 Peakius IpOTEKAET MO CXEME:
KMnQO,4 + H,O, + H,SO4 = MNnSO4 + O, +K5,S04 + H50.
CocTaBUTh AJIEKTPOHHO-MOHHBIE ypaBHEHHUsS. PacctaBuTh KO3 QUIIMEHTH B
YPaBHEHHH OKHUCIIUTEIIbHO-BOCCTAHOBUTEIIBHOM pEaKIMU. YKa3aTh, KaKoe
BEIIIECTBO SIBJISICTCSI OKHCJIMTENEM, a KaKO€ — BOCCTAaHOBUTENEM. BBIUMCIUTH
S/C.

143.CocTaBUTh IJIs CXEMBI PEAKIINH YJICKTPOHHO-HOHHBIC YPABHEHUS:
Kl + KoCr,O7 + H,SO, = 1, + Cr2(804)3 + K»,SO,4 + H,0.
PaccraButh kK03 PUIIMEHTH B ypaBHEHUH peakiuu. OnpeienuTb MOJSIpHbIC
MacChl SKBUBAJIICHTOB BOCCTAHOBUTEIIS U OKUCITUTES.

144.Y cTaHOBUTD HaIPaBICHUE BO3ZMOKHOTO MPOTEKAHUS PEAKIINH:
Cl, + 2Br = Br, + 2CI..
Bpruncoute OJIC, BbeIHMCaB 3HAYEHUS CTAHAAPTHBIX  OKUCIUTEIIBHO-
BOCCTAaHOBUTEJIHHBIX TTOTCHIIMAJIOB U3 CIIPABOYHOM TAOIHIIHI.

145.Peakiiuu mpoTeKaroT IO CXEMaM:
n + HNO3(PA3B) =N,0 + ZnS0O,4 + H,0.
PaccraButh  koadduuuentsl B ypaBHeHUM  peakiuu.  OnpenenuTsb
SKBUMBAJICHTHYIO MAcCy a30THOW KUCJIOTHI B 3TOM PEAKIINH.

146.0npenenuth DKBUBAJICHTHBIE MACChl OKHUCIHTENS M BOCCTAHOBUTENS B
peaKkuuu:
6FeSO, + Ko,Cr,0O7 + 7TH,SO—> 3F€2(SO4)3 + CI’z(SO4)3 + K»,SO,4 + 7H,0.

147.YcTaHoBUTbh, B KAKOM HaIPaBJICHUH BO3MOXKHO MTPOTEKAHUE PEAKIUU:
2NaCl + FGQ(SO4)3 -+ 2FeSO4 + Cl, +Na,SO0.,.
Boruucnure  3JIC, BbIKMCAaB 3HAYEHUSI CTAHAAPTHBIX  OKHUCIHUTENIBHO-
BOCCTAaHOBUTEIHHBIX TTOTCHIIMAJIOB U3 CIIPABOYHOM TAOIHIIHI.

148.Peakiiuu BbIpakarOTCsl YpaBHEHUSIMU:
1) 2FeCl; + H,S = 2FeCl; + 2HCI +S;
2) Fe(OH);3 + 3HCI = FeCl; + H,0.
Jns peakuuu, SBISIOMIENCS OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW, PACCTABUTH
KOA(PUIIMEHTBI, COCTaBUB JJEKTPOHHO-WOHHBIE ypaBHEHHs. Bo BTopo#
pEaKIMK ONPEIETUTh dKBUBANICHTHYI0 Maccy Fe(OH)s.

149.1Touemy cepHHCTass KHUCIOTa M €€ COJM MOTYyT TMpPOSIBIATh Kak
OKUCIIUTENIbHbIE, TaK M BOCCTAaHOBUTEIbHbIE cBoMcTBa? Ha ocHOBaHuu
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AIIEKTPOHHO-MOHHBIX ypPaBHEHUU MOA00paTh KOA(PGUIMEHTH B ypaBHEHUAX
pEeaKLMii, HIYIIHUX IO CXEMaM:

KMnO; + K,SO3 +H,0 = MnO, + K,SO,4 + KOH;

H,SO; + H,S =S + H,0.

150.YcTaHoBUTh HalpaBIE€HUE BO3MOYKHOTO NMMPOTEKAHUS PEaKLIUU
KMnQO, + 5FeCl; + 8HCI - MnCl; + 5FeCl; + KCI + 4H,0.

Berunciuth DJIC. 3HaueHUS OKHUCJIUTEIbHO-BOCCTAHOBUTEIBLHBIX
NOTEHI[MAJIOB HAalTH B CIIPABOYHBIX TaOJIUIIaX.

151.0npenenuth SKBUBAJICHTHBIE MacChl OKUCIMTENS U BOCCTAHOBUTENS B
peakuuu
2KMnQO4 + 5H3PO3 + 3H,SO, = MnSO,4 + 5H3P0O, +K,S0O,4 +3H,0.

152.Ha ocHOBaHMU 3JEKTPOHHO-UOHHBIX YpaBHEHUU MOA00paTh KOAI(DPHUIIMEHTHI
K YPaBHEHUIO peakuu (JOMHUCaTh HY>KHOE KOJIMYECTBO MOJIEKYJI BOJIbI):

H,S + Cl, = H,SO, + HCI.

153.Ha ocHOBaHMU 3JEKTPOHHO-UOHHBIX YpaBHEHUU MOA00paTh KOAI(DPHUIIMEHTHI
K YPaBHEHUIO PEaAKIIUU:

KBr + MnO; + H,SO, = Br, + MnSO4 +KMnO4 + H,0.
BbI4cnuTh MOJISIPHYIO MacCy SKBUBAJIEHTA OKUCIIUTEISL.

154 Kakass 13 TPpUBENEHHBIX HIKE pEakUud SBISIETCA  OKHUCIUTENbHO-
BOCCTaHOBUTENBHOM? (COCTaBUTHh COOTBETCTBYIOIIUE DJIIEKTPOHHO-UOHHBIE
YpaBHEHUS:

Zn0O + H,S0O, = ZnSO, + H,0,
PbO, + 4HCI = PbCl; + 2H,0 + Cl,.

155.CocraButh AIEKTPOHHO-UOHHBIE ypaBHEHUS OKHCIIUTENIbHO-
BOCCTAHOBUTENBHBIX  PEAKIMKA, BBIPAKACMBIX CIACAYIOIMIUMH  HOHHBIMH
YpaBHEHUSMH:

a) Fe + 2H" = Fe** + Hy; 6) S* + Cl, =S + 2Cl..

156.Ha ocHOBaHMH AJIEKTPOHHO-MOHHBIX YpaBHEHUHN MOA00paTh KOI(PPUIIUEHTHI
K YPaBHEHUIO PEaKIINH
FeS +HNO; = FE(NOg)g + H,SO4 + NO,.
Omnpenenuth HAaNIpaBJIEHNE TPOTEKAHUS PEAKIIHH.

157.CoctaBuTth TONHOE YypaBHeHHE peakiuu. Koadduiuentsl momodparthb
METOJIOM 3JIEKTPOHHO-MOHHOTO OajaHca.
MnS, + HNO3; + PbO, = H,MnO, + PbSO, + Pb(NO3)2

158.Peakiiuun BbIpakaroTCsl ypaBHEHUSIMU:
MnO + 2HCI = MnC|2 + H,0:;
2KI1 + Cl, = 2KClI + 1.
JIJisl OKUCTUTENBHO-BOCCTAHOBUTEIHLHOM PEAKIIMU KOIPPUIIMEHTHI MOA00paTh
METOJIOM DJIEKTPOHHO-UOHHOTO Oajianca (MoaypeaKiuii).

159.CocraButh mONHOE YypaBHeHHE peakiuu. Koapduuuentsl mnomodpathb
METOJIOM 3JIEKTPOHHO-HOHHOTO OaiaHca.
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FeSO, + KMnO4 + H,SO, = FGQ(SO4)3 + MnSO;, + K,SO4 + H,0;
160.CoctaButh monHOE YypaBHeHHE peakiuu. Koadpdumuents mnomodpaTh
METOIOM 3JIEKTPOHHO-HOHHOTO OaaHca.

Ag + HNO; = AgNO; + NO; + H,0.

Koppo3us metamios (3aganus 161-180)

161.PaccMoTpeTh 3IEKTPOXUMUYECKYIO KOPPO3UIO B KHUCIIOW Cpeie M3ISIus U3
crutaBa Cu-2Zn. IlpuBectu ypaBHEHUSI KaTOIHOM U aHOTHOM peaKIIUid.

162.Kak npotekaer aTMocdepHas KOPpO3Hs W3JAENIUS U3 Kelie3a C HUKEJIEBBIM
MOKPBITHEM B Clly4ae HapylleHuss repmeTruyHoctd nocneaHero? Ilpusectu
YpaBHEHUS KATOJHOTO U AaHOJHOT'O MpOoLEecca.

163.I1puBecTu mMpuUMep METALTUYECKOTO KATOJHOTO TMOKPBITUS JUIA U3ACTUS U3
HuKens. CoCTaBUTh YpaBHEHHSI KaTOJHOM M aHOJHOM peaklMil KOPpO3Uu MpHU
HapyLICHUU OKPBITUS B I€a3PUPOBAHHOMN BOJIE.

164.PaccMOTpeTh 3ICKTPOXUMUYECKYIO KOPPO3UI0 M3IETUS W3 CTAd B KHUCIIOW
cpene. IlpuBectTn ypaBHEHHsS KaTOAHOM W aHOAHOW peakuui. [Ipeanoxuts
BO3MO>KHBIE CTIOCOOBI 3aIlIUTHI.

165.Kak mpotekaer armocepHas KOppo3us M3JEHHS U3 Kejie3a C OJOBSHHBIM
NOKPBITUEM B Cllyya€ HapyLIEHHUs repMeTuyHocTu mnocienuero? Ilpusectu
YpPaBHEHMS KATOJHOM U aHOJHOM PEAKLIUM.

166.PaccMoTpeTh 37IEKTpOXUMHUYECKYIO0 KOppo3uto u3aenus u3 cmiaBa Fe-Cu B
Jlea3pupoBaHHoO Boje. [IpuBecTr ypaBHEHHs KAaTOAHOM U aHOJHOW PEAKLIUHM.

167.IlpuBectu mpumep MeTajyla aHOJHOTO TOKPBITUS JUJISl WU3ETUS U3 HUKEII.
CocrTaBuTh ypaBHEHUS KaTOAHOM M aHOJHOM PEaKIUM, MPOTEKAIOLIUX IIPU
KOPPO3UHM 3TOTO M3JENMs B JI€a3PUPOBAHHOM BOJAE IMPU HAPYIICHHUH
LEJTOCTHOCTH MOKPBITHS.

168.PaccmoTpeThs  DIIEKTPOXMMHYECKYI0 KOPPO3WI0 W3JAENUs U3 CTald B
Jea’pupoBaHHor Boze. [IpuBecTy ypaBHEHUs KaTOAHOW UM aHOJHOM PEaKLUU.
[IpeasioKUTh BO3MOKHBIE CITOCOOBI 3aITUTHI.

169.ITogo0OpaTh MeTasuT IJIs MPOTEKTOPA, KOTOPBIN JTOJDKEH CITY KHTh JUIS 3aITUTHI
KEJIE3HOTO M3ACNIHS OT 3JEKTPOXMMHUUYECKONW Koppo3uu B Boje. lIpuBectu
YPaBHEHMS KaTOJHOM YU aHOJHOM PEAKLIUM.

170.ITpensioxuTh aHOAHOE TOKPBHITHE Uil u3Aenuss u3 osoBa. CoCTaBUTH
ypaBHEHUS! KaTOJHOM M aHOAHOW peaKiMi, MPOTEKAIOMIMX MPU aTMOChHepHOM
KOPpO3MHM 3TOr0 M3AENHs B J€a’pUPOBAHHON BOJE NPU HApPYIICHUH
LEJTOCTHOCTU NOKPBITHS.

171.Bo3MOKHO JIM  HWCIOJb30BAaHME MEIHBIX  3aKJENOK Ha  CTaJlbHBIX
KOHCTPYKILIMSIX, KOTOpBIE JKCIUTyaTUPYIOTCSI B MOpCKoil Bome? OrtBer
000CHOBATb.
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172 Kakoii mertamn 1enecooOpa3Heil BeIOpaTh AJii MPOTEKTOPHOW 3aIlMUTHI OT
KOPPO3HUH CBHHIIA: HIUHK, MarHui win xpoM? Ilouemy? CocTaBuTh ypaBHEHUS
aHOJTHOTO U KAaTOJHOTO MPOIIECCOB aTMOC(EPHOI KOPPO3UHU.

173.PaccmoTperh aTtMoc(epHyr0 KOppo3uio wuzjaenus wu3 crtaiad. l[lpuBectu
ypaBHEHUS KaTOJHOUW M aHOIHOM peakuuid. [IpeyioKuTh BO3MOKHBIE CIIOCOOBI
3aIUTHI.

174.PaccMOTpETh DJICKTPOXMMHUYCCKYIO KOPPO3HUI0 m3zenus u3 ciuiaBa Fe-Cd B
JleadpupoBaHHON Bojie. [IpuBecTH ypaBHEHUS KaTOIHOM U AHOJHOW pEaKIUM.

175.11peioxuTh KaTOMHOE TMOKpLITHE s wu3fenuss u3 osoBa. CocTaBUTH
YpaBHEHUsI KaTOJHOM M aHOAHOW pEaKIMil, MPOTEKAOIMIMX MMPU aTMOCHEPHOM
KOPPO3UHM 3TOT0 M3JENHs B [J€a’pUPOBAHHOM BOJAE IIPU HAPYIICHHUH
LEJOCTHOCTU OKPBITHS.

176./1Be METAINIOKOHCTPYKIIMH, W3TOTOBJIEHHBIE U3 CTAlld, SKCIUTyaTUPYIOTCS B
MOPCKOM M IJUCTWJUIMPOBAHHOM BoJie. B Kakom cilydae CKOpOCTbh KOPpPO3UHU
Oyner Bbime? IlpuBecTH ypaBHEHUSI KAaTOJHOW W aHOAHOM peakuuil s
K10l KOPPO3UOHHOM CPEIbI.

177.Kak npotekaer armocepHas KOppo3us H3JEIHS U3 Kelle3a C KaJIMHEBBIM
NOKPBITUEM B Cllyya€ HapyLIEHHUs repMeTuyHocTu mnocienuero? Ilpusectu
YPaBHEHUSI KATOJAHOW U aHOJHOW PEaKLIHM.

178.PaccMOTpeTh 3JCKTPOXUMHUECKYIO KOoppo3uio usnenus u3 ciasa Ni-Cu B
Jea’pupoBaHHOM Boje. [IpuBecTr ypaBHEHHS KATOAHON U aHOJHOW PEAKIIHIMA.

179.11puBectu mpuMep MeTaia KaTOAHOTO TMOKPBITHS ISl U3ACIUS W3 CTaJH.
CocTaBuTh ypaBHEHHSI pEAKUMA KATOAHOTO M aHOJHOIO IPOLECCOB,
MPOTEKAIOLIUX MPU KOPPO3HH 3TOTO U3JEIUS B a9pUPOBAHHOM BOJIE.

180./IBe xkene3Hple MIACTMHKH, YaCTUYHO TOKPBITHIE OJHA OJIOBOM, JpyTras
MEJIbI0, HaXOIATCS BO BIAKHOM Bo3ayxe. Ha kakoll W3 HHMX ObIcTpee
oOpa3zyercs p>kaBurHa? MOTUBUPOBATH OTBET.

DJIEKTPOJIN3 pacTBopoB coueii (3aganus 181-200)

181-200. Yepe3 pacTBOp dJIACKTPOJIUTA MPOMYCTHIU TOK CHIOH XA B TEUEHUE y
MuHYT. Hanucate ypaBHEHUs! 3I€KTPOAHBIX MPOLECCOB, MPOUCXOAAIIUX IPU
3JIEKTposin3e (MHEPTHBIA aHOJ) W YKa3aTh, KaKHE MPOIYKThl U B KaKOM
KoJM4ecTBe ObUTH momyyeHsl (Tabnuma I1.1.2).

Taoumuua I1.1.2 — BapuaHTsl M 321aHUA K TeMe «JIEKTPOJIN3 PACTBOPA COJIeiD)

No PactBop Cuna Toxa, A (x) Bpewms anextponusa, MUH
o\ AJICKTPOJIATA §%)
1 2 3 4
181 | CrCls; 3,5 30
182 | FeCl, 2,5 40
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Oxonyanue Tadomunes [1.1.2

1 2 3 4
183 | NasPO, 2,0 60
184 | Cu(NO3), 2,0 80
185 | Cra(SOa)s 1,5 70
186 | Pb(NO3), 2,0 90
187 | MnCl, 4,0 50
188 | AgNO; 45 20
189 | MnSO.4 4.0 10
190 | K,SO4 25 60
191 | Zn(NOs) 6,0 80
192 | CuCl, 2.0 40
193 | NiCl, 55 20
194 | FeCly 45 30
195 | ZnCl, 3,0 90
196 | Ni(NO ), 15 50
197 | K,COs 15 70
198 | FeSO, 9,0 30
199 | KNO, 6,0 60
200 | AI(NOs) s 25 80

l'anbBannyeckuii djaemMenT (3aganusi 201-220)

201.Beraucauth 3HaueHue DJ[C ranpBaHMYECKOTO JIEMEHTA:
(-) Mg/ MgS0O4 // CuSO4 / Cu (+).

202.Hammmcath mporiecchl Ha aHOJE M KaTOJE, PEaKIHI0, TCHEPUPYIOIIYIO TOK, H
omnpenenuTe B KJDK SHEPIHI0O XMMHYECKOM pPEaKIUH, MPEeBpallalollyocs B
AJIEKTPUYECKYIO.

203.Paccuntarh DJIC TanpbBaHMYECKOIO  DJICMEHTa, COCTaBJICHHOIO W3
CTaHIApPTHOTO  BOJOPOAHOTO  DJEKTpPoJa W  CBUHIIOBOTO  D3JIEKTPOJa,
norpyxenHoro B 0,01 M pactBop PbCl2. Ha kakom anekTpoae uaér mpoiecc
OKHCJICHHS, @ Ha KAKOM — BOCCTAHOBJICHHS?

20410  ypaBHEHHI0O  TOKOOOpa3ylIlel  peakuuu  COCTaBUTh  CXEMY
ralbBAaHUYECKOTO dJIEMEHTA:
Ni + CuSO4 = NiSO4 + Cu.
Hanucate ypaBHeHMsI aHOAHOTO M KaTOJHOro TmpoieccoB. Paccuurath
cranaaptHyto D/C.

205. CocTaBUTh CXE€My TaJbBaHUYECKOIO »JJI€MEHTa M3 MarHus U CBHHIIA,
NOTPYKEHHBIX B  PacTBOPhl HMX COJEH C KOHIEHTpalued HOHOB:
[Mg2+] = 0,001 monp/n, [Pb2+] = 1 mons/n. Hanucath ypaBHEHUS peakiui,
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MPOTEKAIONUX Ha Kartoje W aHoje. Paccumrath cranmaptayto JJIC astoro
AJIEMEHTA.

206.Kak w3MeHuTcss (yBEIMYHUTCS, YMEHBIIUTCS) WM OCTAHETCS IOCTOSHHOM
Macca IUTACTHHBI U3 KOoOabTa, MOTPY>KEHHOW B PACTBOpP, COJAEPKAIIUNA COJIU
Fe (1), Mg, Ag (I)? Hanucatb MOJIeKyJISpHbIC YPaBHEHUS PEAKIIHA.

207. CocTaBUTh CXEMY TaJbBAaHUYECKOTO JJIEMEHTA, YPaBHEHUS IOJTYPEaKIIHMA
AQHOMHOTO M KATOJHOTO IMPOIECCOB, MOJEKYISIPHOE YpaBHEHUE pPEaKIluH,
npoxondiied mpu padboTe TalbBaHHMUYECKOTO SJEMEHTAa, aHOJOM KOTOPOro
apisieTcss  Hukenb. [lomoOpars Marepuan Juisi  katona. Paccuurtarth
ctanaapTHyio DJC 3TOro rajibBaHUYECKOTO AJIEMEHTA.

208.Cxema rampBanmveckoro snemeHTa: Al/Al2(SO4)3//AgNO3/Ag. VYxkazarh
aHOJM W KaTOJ, HamucaTh DSJEKTPOJHBIE IMPOIECChI, CYMMapHOE YypaBHEHUE
pEaKIMM ¥ PacCUUTATh DIIEKTPOABMKYIINYIO CHly 3iemeHTa mipu 298 K, ecnu
[AlI3+] =0,0001 monw/n, [Ag+] = 0,1 Momb/11.

209.CocTaBuTh CXEMBI JIBYX TaJbBAHHMYCCKHX DJIEMEHTOB, B OJJHOM M3 KOTOPBIX
ATIOMUHUNA OyJleT KaTrojoM, a B JPyroM - aHoAoM. HamucaTe 351eKTpOJHBIC
IIPOLIECChI, CYMMapHOE YpaBHEHHUE IpoIiecca.

210.Kakue  mpoieccbl ~ MMEIOT  MECTO Yy  JJIEKTPOJOB  MarHUEBOTO
KOHIIEHTPAIMOHHOTO TajJbBaHUYECKOTO dJEMEHTa, €CIM Yy OJHOT0 U3
AJNIEKTPOJIOB AKTUBHOCTh HMOHOB Mg2+ paBHa 1 w™onw/n, y japyroro -
0,001 monp/n. B KakoM HampaBiI€HUW [BHXKYTCS 3JIEKTPOHBI BO BHEIIHEH
nenu? Kakora 2J1C sToro sneMeHTa?

211.11pu xakoM ycioBuH OyaeT paboTaTh TraJbBAaHUYECKUN DJIEMEHT, AJIEKTPOIbI
KOTOPOTO CHACIaHBl W3 OJHOTO M TOro k¢ Meramia? CoCTaBUTh CXEMYy,
HaIMCaTh DJJICKTPOHHBIC YPAaBHEHHUS AJICKTPOIHBIX TPOIECCOB W BBIYUCIIHTH
O/IC ranpbBaHUYECKOTO JJIEMEHTA, B KOTOPOM OJWH HHKEJIEBBIM SJIEKTPO]
Haxogutcss B 0,001 M pactBope cynbdara HUKENs, a JIPYrol Takoil ke
anektpona — B 0,01 M pactBope.

212.CocTaBuTh CXeMy, HamUcaThb »JJCKTPOHHBIE YpPAaBHEHUS DJICKTPOIHBIX
nporieccoB ¥ BhYUCIUTh DJ[C TraqbBaHUYECKOTO 3JIEMEHTA, COCTOSIIEro W3
CBUHLIOBOM M MAarHUE€BOW IUIACTHH, OIYILIEHHBIX B PACTBOPBI CBOMX COJIEH C
KoHneHTparueit [Pb2+] = [Mg2+] = 0,01 mons/n. U3menurcsa nu DJIC atoro
3JIEMEHTA, €CJIM KOHIICHTPAIIUIO KaXKI0T0 W3 MOHOB YBEIUYUTH B OJMHAKOBOC
YHUCIo paz?

213.CocTaBuTh CXEMBI JIByX TaJbBAaHMUYECKHX DJIEMEHTOB, B OJIHOM U3 KOTOPBIX
HUKEITb SBJIICTCS KaTOJ0M, a B IPyTOM — aHOJOM. Hammcath /Uit KakIoro u3
ATUX IJIEMEHTOB JJICKTPOHHBIC YPABHCHHS PEAKIIMK, IPOTEKAIOIINX Ha KAaTOJE
U aHOJIE.

214.Kene3Has u cepeOpsiHasl MJIACTUHBI COECIMHEHBI BHEITHUM IPOBOJHUKOM H
MOTPY>KEHBI B PacTBOp cepHOMl KuCHOTHl. (COCTaBUTH CXEMy JaHHOTO
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rajbBaHUYECKOIO 3JIEMEHTA U HAMKUCATh AJEKTPOHHBIE YPaBHEHUS MPOIECCOB,
MIPOUCXOSIINX HA aHOJIE U KaTOJE.

215.CocTaBuTh CXE€My, HamHMcaTh »JJICKTPOHHBIE YpPaBHEHUS OSJICKTPOIHBIX
npoueccoB ¥ BbYMCIUTh DJ]C raqbBaHMYECKOTO 3JEMEHTA, COCTOSILIEro W3
IUIACTUH KaJMHs U MarHusi, ONYIICHHBIX B PAacTBOPbI CBOUX COJEH C
koHneHntparuen [Mg2+] = [Cd2+] = 1 monb/n. U3menutcs nu 3Hadenue DJ(C,
€CJTM KOHIICHTPAIIUIO KaXA0T0 W3 HOHOB MOHU3HTH 110 0,01 Momb/n?

216.CoctaButh cxemy u  paccuutath  OJIC  KOHIIEHTPUPOBAHHOTO
raJIbBAaHUYECKOTO DJIEMEHTA, COCTABIEHHOTO M3 JIBYX JKEJIE3HBIX AJIEKTPOIOB,
MOTPYKEHHBIX B PacTBOpP COJIM Xkeje3a ¢ KoHuneHTpauusmu 1 M u 0,01 M.
HanmcaTte ypaBHEHHSI SJIEKTPOIHBIX PEAKLIAM.

217.B  ranpBaHWYECKOM  DJEMEHTE  NPOTEeKaeT  XWUMHUYECKas  peaKIus
Zn+NiSO4=ZnSO4+Ni. Hanmcats ero cxemy M ypaBHEHHUS SJCKTPOIHBIX
peakuuid. Beraucaute 3/JIC 3TOro sneMeHTa MpU CTAaHAAPTHBIX YCIOBUSX.
Kaxkoii MeTaus1 BMECTO HUKEJISI MOKHO B35Th, YTOOBI yBeIUuuTh DJC?

218.CocTaBuTh CXeMy TAIbBAHUYECKOTO JIEMEHTA, COCTOSIIETO U3 CTAHIAPTHOTO
BOJIOPOJAHOTO AJIEKTPOJIa U PTYTHOro 3iekrpoaa. Paccuurars ero 3/1C npu
[Hg2+]=0,1 M. Hamucatb ypaBHEHHS SJIEKTPOTHBIX PEAKIIHIA.

219.CocTaBuTh CXE€My TaJIbBAHUYECKOTO DJIEMEHTA, COCTOSIIET0 W3 MEJIHOTO
3JIEKTPOJIA, MOTPY>KEHHOTO B pacTBOp coyii Meau ¢ koHueHtpanueit 0,01 M, u
KEJE3HOTO 3JEKTPOJa, TOrPYKEHHOTO B pacTBOpP COJM  JKejle3a C
koHueHTtpauedn 0,1 M. HanwcaTte ypaBHEHHMS BJIEKTPOIHBIX PEAKLIUM.
Boruuciauts 3/]C raibBaHUYECKOTO JIEMEHTA.

220.Tpebyercs COCTaBUTH CXEMbl TabBAHUYECKUX DJIEMEHTOB, B OJHOM U3
KOTOPBIX Me/Ib OblIa Obl KATOJIOM, a B IPYTOM — aHOJIOM, 3alUCaTh YPaBHECHUS
KaTOIHBIX M AHOAHBIX IpoueccoB, paccuutarb OJIC mpu KOHUEHTpauusax
KaTHOHOB Meau U BToporo meramia 0,1 mons/i1 u 0,2 MOJIB/JT COOTBETCTBEHHO,
yKa3aTh HANPABJICHUE ABUKECHHS JIIEKTPOHOB U JIEKTPUUYECKOTO TOKA.

221.CocTtaBuTh cxeMy rajgpbBaHmueckoro osnemeHta (I'3), oOpa3oBaHHOTO
IIUHKOBBIM JJICKTPOJIOM, MOTPYyKeHHbIM B 1 M pacTBOp xjopuaa IMHKa, U
XPOMOBBIM 3JIEKTPOJIOM, MOrpykeHHbIM B 1-10° M pactBOp Xjopuaa xpoma
(IIT). Paccuntate OJIC »smeMeHTa, HAMUCATh YPaBHEHHS AIEKTPOIHBIX
MPOLIECCOB U CyMMAapHOM TOKOOOpa3yroIen peakiii.

Kectkoctb Boabl (3aganus 221-240)

Paccuntate Maccy ymsrdutens, HEOOXOJUMOTO JUIsl YMSTYEHHUS X J1 BOJBI,
KECTKOCTb KOTOPOH y. BBIUUCINTB )KECTKOCTD, 3HAsA MACCY YMATYUTEIIA.

Hanucare peakiuio ymsryeHuss B MOJIEKYJISIPHOM UM HMOHHO-MOJIEKYJIIPHOU
dhopme ¢ xecTkoi combto (Tabnuna I1.1.3).
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Taoanuna I1.1.3 — BapuanTsl u 3a1aHus K TeMe «7KecTKOCTb BOABD)

KectkocThb Macca
Ne | O6bem
wi | o, XKectkas conb YMsaraurens BOJIBI, YMATYUTEIISA,
MOKB/JT r

221 | 150 Xnopug kaneuust | bypa Paccuutats | 10,1
222 | 200 Hutpat kansiiuss | Cona 10 PaccunraTth
223 | 300 XJI0puJ Marus Cona 15 Paccunrath
224 | 400 Hutpat maraus bypa 3) Paccunratp
225 | 550 Cynbdar maraust | bypa Paccuurates | 50
226 | 600 I'unpokapbonar | ["amenas 5 Paccunrath

KaJIbIUs U3BECTh
227 | 500 Hutpat kansiius | Cona 15 Paccunrath
228 | 350 Xnopun xanmeitus | Coma 10 Paccunratp
229 | 200 Xnopua kaneius | bBypa Paccuutats | 34
230 |100 Cynbdar maraust | Coma 5 Paccunrath
231 | 300 Hurpar maraus bypa Paccuutates | 50
232 | 400 ['unpokapbonar [Namenas 20 Paccunrath

MarHus H3BECTh
233 | 800 Hutpat maraus Cona Paccuutats | 60
234 | 400 Xnopun kaneiusa | Oprodocdar | Paccuurats | 20

KaJust

235 | 750 I'unpokapbonar [Namenas 10 Paccuntath

KaJTBITHS U3BECTh
236 | 500 Xnopun kanmeitus | bypa Paccuutats | 48
237 | 200 Xnopun xaneius | Coma 10 Paccunrath
238 100 HutpaTt Mmaraus Cona 10 Paccunrath
239 | 700 Xnopun maraust | Bypa Paccuutates | 80
240 | 650 Xnopun maraus | Oprodocdar | Paccuurtats | 46

HATPUS
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Ipunoxenue Ne 2. Ik3aMeHANUOHHBbIE BONIPOCHI MO JUCUMUILJIMHE

1. Pasmemenue 25IeKTpoHOB B aroMax. I[lpuniuner [laynu, HauMeHbIei
sHepruu. [IpaBuno Xynna. CnMHBaJICHTHOCTh M CTENEHU OKUCIICHHS B HOPMaJIbHOM
1 BO30YKJIeHHOM cocTosinusX. [Tokazats Ha mpuMepe aToMa MapraHia.

2. DAEKTPOaIU3 BOJIHBIX PACTBOPOB JIEKTPOJIUTOB C UHEPTHBIM aHOJIOM.

3. OCHOBHBIE CBEJICHHS O CTPOEHNUH aTOMOB. KBaHTOBBIE UKCIIa AIEKTPOHA.

4. Jlucconmanus KOMIUIEKCHBIX COEIMHEHUN U KOMIUIEKCHBIX MOHOB. 3alUCaTh
BoIpaxkeHue Kpygcr KoMIUIeKCHOro uoHa; OmnpenenuTs KOOPAMHAIMOHHOE YHCIIO
KOMILIEKCOOOpa30oBaTersi.

5. O6m1as xapakTepucTUKa MEeTaIioB. MeToAbl MOJIYyYeHHUS] METAILJIOB.

6. Ilpoueccel, mnpoTekarollMe HA KAaTOAE€ M AaHOAE MNpH KOPPO3UU
OIIMHKOBAHHOTO JKEJI€3a B KHCJIOW U HEUTPAIBHOMN CpeEJIE.

7. CBHUHIIOBO-MEIHBIM TaJIbBAHUYSCKHUM DJJIEMEHT, KaTOAHBIM M aHOJHBIM
npotecchl pu ero padore. Beruncnenne 2/(C.

8. VYpaBHATh OKHCIUTEIBHO-BOCCTAHOBUTEIBHYIO peakuuio. OnpeaennuThb
SKBUBAJICHTHBIE MACChl OKUCIUTENS U BOCCTAHOBUTEJIS.

9. Paccuntarb  MOJSAPHYIO, MOJBUIBHYIO, MOJSIPHYIO  OKBHMBAJICHTA
KOHIEeHTpauu, TuTp. Paccunurats Pocm., AP, Atkur., Atsam.

10. Jlerkue KOHCTPYKIMOHHBbIE MeTauibl. AmomuHui. CrtpoeHue aroma
anmoMuHug. OcOOEHHOCTU CBOMCTB, MOJIyYCHUE U IPUMEHEHHE aTFOMUHMUSI.

11. YpaBHATH peakiuio, ONPENEIUTh SKBUBAICHTHBIE MACChl OKUCIUTENS U
BOCCTaHOBUTEJIS.

12. Koppo3us JIyKeHOTO0 kKeje3a B HEUTPAIbHOM M KUCIION cpeaax.

13. Kommnekcusie coenuHeHusl. KOHCTaHTa HECTOMKOCTH KOMILJIEKCHOTO MOHA.
Y CTOMYMBOCTh KOMIUIEKCHOTO MOHA.

14. DnexTposv3 BOAHOIO pacTBOpa 3JIEKTPOJIUTA C AKTUBHBIM aHOOM.
PadpunupoBanue meramioB. PaccMoTpeTh Ha npuMepe XJIopujia IUHKA.

15. KoBanenTHas cBsi3b. CBOMCTBA KOBAJIEHTHOW XUMUYECKOMN CBSI3H.

16. NoHHas cBA3b.

17. Mertannuyeckas CBS3b.

18. BonoponHas cBA3b.

19. CkopoCTh XMMHUECKOW PEAKIIMM B TOMOT€HHOW M TETEPOT€HHON CUCTEME.

20. 3akoH nelcTBUSL Macc. 3aBUCUMOCTh CKOPOCTH XUMHYECKOM pEeakiMu OT
KOHIIEHTPAI[MU PEArupyOIINX BEIIECTB.

21. OcMOTHYECKOE TaBIIEHUE PACTBOPOB IEKTPOJIUTOB. 3akoH Bant-I'odda.

22. Onpenenuts IJIC XUMHUYECKOTO TajIbBAHUYECKOTO 3JeMeHTa. B kakom
HaIpaBJICHUU OyAyT MepeMenaThCs JICKTPOHBI BO BHEIIIHEH 1IeTH PU paboTe 3TOro
AreMeHTa?

23. OCHOBHBIE TPEACTABICHUS O KOBAJEHTHOM CBsi3M. METOJl BaJICHTHBIX
CBSI3EH.
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24. Koppo3usi CcTalbHOM KOHCTPYKLHMHU (Keje3a) MOKPBITOM cepeOpoM mpu
HapyILIEHUHU UEJIOCTHOCTH MOKPBITUS B KUCIION CpeJie.

25. Koppo3sust cTanbHOM KOHCTPYKUMU (3Keie3a) MOKPBHITOM allOMUHUEM TpU
HapylLIEHUU LEJOCTHOCTH MOKPBITUS B HEUTPAIIBHOU CpeNE.

26. DIeKTpoXUMHUYECKass KOppo3usi MeTamuioB. Kopposus kenes3a, MOKpbITOro
AJTIOMUHHEM B KHCIJIOU CpeJie.

27. Hpunuun Jle [latense. OnpenenuTs HapaBJI€HUE CMEIICHNUS] PABHOBECUS
o0paTUMOM peakluy MU YBEIMUECHUH IaBICHUS, YBEJIHMUECHUU 00BbEMA.

28. OKHCIUTENBbHO-BOCCTAHOBUTEINbHBIE peakiuu. COCTaBI€HHE ypaBHEHUM.
BriunciieHre SKBUBAJICHTHBIX MAacC OKHMCIIHMTENS U BOCCTAaHOBUTENSA. PaccMOTpeTh Ha
npuMepe B3aMMOICHCTBHUS IIMHKA C Pa30aBIIEHHON M KOHIIEHTPUPOBAHHOW CEpHOMU
KUCJIOTOM.

29. 3anmcaTh D3JIEKTPOHHYIO (HOPMYJy, ONpPEAETUTh CHUHBAJIEHTHOCTD,
CTEIIEHU OKHUCIJICHUS U THUII CEMEWCTBA aTOMa MeTajia.

30. Xumunueckas KHHETHKA. 3aKOH AeucTByrommx Macc. lIpaBumo Bant-
Todaoa.

31. KoncranTa paBHoBecus. [Tpunuun Jle [laTtense.

32. KowmmiekcHsle coeauHeHusa. Krnaccuukanuss ©  HOMEHKJIATypa
KOMIIJIEKCHBIX CO€ITUHEHU.

33. Jluccoumanus KOMIUICKCHBIX coeauHeHMi. KOHCTaHTBhI HECTOMKOCTH W
YCTOWUYMBOCTH KOMIUJIEKCHBIX HOHOB.

34. DneKTpoJIn3 BOJHBIX PACTBOPOB JJIEKTPOJIUTOB C HEPACTBOPUMBIM aHOJOM.
Paccmotpets Ha npumMepe pactBopa HuTpara meau (II).

35. Xumnueckoe paBHoBecue. [Ipunmun Jle llatense. B kakoM HampaBieHUN
CMECTUTCSI paBHOBECHE OOpaTHUMOM XHWMHYECKOW pEAKUUU TMpU TOBBIILICHUU
NABJIEHUS, IPU YBEIUYECHUH TEMIIEPATyPbl?

36. Tspkenble KOHCTPYKIMOHHBIE MeTamibl. XpoM. Mapranen. OcoO0eHHOCTH
CBOMCTB, HAX0X/ICHNE B IPUPO/IE, BBIJICICHUE B CBOOOHOM BUE U UCIIOJIb30BaHUE.

37. Boanbie pacTBOpbl 31eKTpoJuTOB. Ctenens auccounanuu. Koncranta
JUCCOIIMAIINH CJIA00TO AIIEKTPOIUTA. 3aKOH pa3BeneHus OcTBaba.

38. ®U3NKO-XMMUYECKHE CBOWCTBA paCTBOPOB JIEKTPOJIMUTOB. 3aKOHBI Payiisd n
Bant-T'oda 1151 pacTBOpOB JIEKTPOTUTOB.

39. KowmmuekcHble coeauHeHus. Jluccoumanus — COJM,  JIUCCOIMAIIMS
KOMILJIEKCHOIO HMOHA. 3amucaTh BblpakeHHMEe KOHCTaHThl HecTtoikoctu (KH).
KoopaunanmoHHOe 9uCI0 KOMILIEKCOOOpa3zoBarels (K.4.).

40. Xumuueckuil ranbBaHW4YeCcKui dneMeHT. Paccuurtate OJIC, ykaszaTh
IIPOLIECCHI, MPOTEKAIOIINE HA KATOJE U aHOJIE BO BHYTPEHHEW LIETIH.

41. Wounble peakuuu B pacTBopax. VOHHOe mNpou3BENECHHUE BOJLI H
BOJIOPOJIHBIN MMOKA3aTENb.

42. DnekTpoAaHble  MOTEHUMANbl. PAI  CTaHAAPTHBIX  AIEKTPOAHBIX
noTeHiManoB. Ypasuenne Hepucra. Knaccudukaiusi raibBaHUYECKUX 3JIEMEHTOB.
OJC. Ionsipu3zanust 3JI€KTPOJIOB raJIbBAHUYECKUX 3JIEMEHTOB.
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43. Jucconyarus KOMILUIEKCHBIX COEIMHEHU I Nay[Co(CN)6];
[Co(H20)2(NH3)2CI2]Cl. 3anmcath BbIpakeHne KoHCTaHTHI HecToukocTH (KH).
Yemy paBHO KOOPJUHAIIMOHHOE YUCIIO (K.4.) KOMILIEKCOOOpa3oBateis?

44. PaccunTaTh MaccoBYIO A0JI0 (B %) BellecTBa B BOJTHOM PacTBOPE.

45. CBuHLIOBBIN akKymyJiaTtop. [Ipunuun nerictBus, yctporctso, J/C.

46.91eKTpon3.DJIEKTPOJIU3 PACTBOPOB C PACTBOPUMBIM M HEPACTBOPUMBIM
aHOJOM.

47. Beixon no Toky. 3akonsl @apajes. [I[puMmenenue anexkTponusa.

48. Hammcarp osnexkTpoHHBIE (QOpMYyNBI 0JI0Ba W KoOaidbTa. YKasarh
BaJICHTHOCTh M CTEMEHU OKHUCJICHHUS B HOPMAJIbHOM M BO30Y>KIEHHOM COCTOSIHUSIX
aTOMOB IIEPEYUCIICHHBIX 3JIEMEHTOB.

49. XectkocTh BOABI. Buabl *KecTKOCTH: 001las, MOCTOSHHAS, BPEMEHHAs.
Mertonbl e€ ycTpaneHus (yMsrdyeHus).

50. Tsoxenble KOHCTPYKIMOHHBIE MeTaiuibl. OnoBo. Ceuner. OcoOeHHOCTH
CBOMCTB, HAXOXKJICHUE B MPUPOJIE U UCIIOTIh30BaHUE.

51. DmnekTponu3 pacTBOpa MW paciuiaBa XJOpHUAA HATPUS. IJIEKTPOJbI
WHEPTHBHIE.

52. Ilouemy xsyopua onoBa (II) MokeT NPOSBISATH KaK OKUCIUTENbHbBIC, TaK U
BOCCTAaHOBUTENbHbIE cBOWCcTBa? (CoOCTaBpTE€ YpaBHEHUs peakUHil. YpaBHSIITE
METO/IOM 3JIEKTPOHHOTO Oananca. OnpeaennuTe 3KBUBAIICHTHBIE MACChl OKUCITUTEINS U
BOCCTAHOBUTEIS.

53. Dnektpoxumuueckas Kopposus. OCHOBHbIE (PAKTOpl W IPUYUHBI,
BBI3BIBAIOIINE KOPPO3UI0. MEeTOIbI 3alIUThI OT KOPPO3HUHU.

54. ®u3nyecKue U XMMUYECKHUE CBOMCTBA METAILIIOB.

55. B3auMoieiicTBHE METAIIIIOB C KUCIOPOAOM, BOJOM, KUCIOTAMH, IIEJIOYAMMU.

56. Koppo3us MetaimioB. OCHOBHBIE BUAbI KOPPO3UH. XUMHUYECKAsT KOPPO3USL.
DIIEKTpOXUMHUECKas Koppo3usi. KoHTakTHast Koppo3us

57. CocTaBuTh ypaBHEHHSI 3JEKTPOAHBIX MPOLECCOB, MPOTEKAIOUIUX MPHU
AJIEKTPOIIU3€E BOJHOTO pacTBOpa CyJb(ara HaTpUsi C MTHEPTHBIMU AJIEKTPOJIAMHU.

58. TemmepaTypa KumneHus ¢ 3aMep3aHusi pa30aBIICHHBIX PACTBOPOB
AIEKTPOJUTOB. 3aKOHBI Pays.

59. Bopgnbie pactBopbl. OOImas xapakTepUCTHKAa U CHOCOOBI BBIPAKECHUS
COCTaBa PacTBOPOB (KOHILICHTPALINH).

60. 3amura Kopmyca CyJHa OT KOPPO3MM LIMHKOBBIMH IPOTEKTOPAMMU.
[IpuBeauTe ypaBHEHUS, MPOTEKAIOIIUX IPOLIECCOB B KUCIION Cpe/Ie.

61. DHepretnka XMMHYECKHX MPOLECCOB U XUMHUYECKOE CPOACTBO. 3aKOH
['ecca. TepmoxumMmudecke pacueTsl. JHTpomus, sHeprus [ 160ca n e€ n3mMeHeHune npu
MPOTEKAHUU XUMUYECKHUX MPOIECCOB.

62. IlepnoANYHOCTh CBOMCTB XMMHYECKUX JIEMEHTOB. DHEPIrUsi MOHU3AIUU,
CPOJICTBO aTOMa K AJIEKTPOHY, SIEKTPOOTPUIIATEILHOCTD 3JIEMEHTOB.

63. IIpouecc ropenus tormBa. PaccMOTpeTh Ha mpuMepax TOpPEHHUs YIS U
aleTuiIeHa
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Ipunoxenue Ne 3. CripaBouHble Ta0JIMIBI

Tabonauua I1.3.1 — PacTBopuMoCTh I'MAPOKCHIOB M cojeid B Bome, r / 100 r
pacTBopuTes

AHHMOHBI
Ka- CH3
mmo- |OH |F |Cl |Br |1 | S? | SOz | SO | NO3z | PO4® | COs? | SiO4? | -
Hel |~ | | |7 |7 | - - - - - CO
o
NH." |- |Plp |p |p|- |p [P P [P |P - -
K, Ip [P|p |p |P[P [P [P [P [P [P [P P
Na*
Mg>* |m |Hilp |p |plp |H p P H H H P
Ca¥ |m |Hip |p |p|™m |=m M p H H H P
Ba>* |p |[(M|p |p |[pl|p |H H p H H H P
APt |u |M|p |p |p|- |- p P H - H M
cr |m |Hip |p [pl|- |- p P H - H P
Zn* |u |M|p |p |p|H |H p P H H H P
Mn>* |a |M|p |p |plu |H p P H H H P
Co**, |u |P|p |p |p|H |H p P H H H P
Ni2+
Fe* |m |Hip |[p |plu |H p P H H H P
Fe** |m |Hi|p |p [p|- |- p p H H H P
Cd* |m |P|p |p |p|lu |=m p p H H H P
Hg* |- -|p |m |H|H |H p P H H - P
Cu* |m |[H|p |p |p|H |H p P H H H P
Ag* - P|H |H |H|H |H M p H H H P
Sn* |'m |P|p |p |p|m |- p - H - - P
Pb** | m HimM (M |H|H |H H p H H H P
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Tabomuua I1.3.2 — OTHOCUTeNIBHASL 3JIEKTPOOTPULUATEIBHOCTH 3j1eMeHToB 00
(o IHonuury)

['pymribl
Hepuor =T T w [ v [ vi Vi Vil

1 H He
2,10 -

2 Li Be B C N 0] F Ne
097 (147 [2,01 250 3,07 [3,50 (4,01 -

3 Na Mg | Al Si P S Cl Ar
1,00 |1.23 (147 |1.74 |2,10 | 2,60 |2,83 -

4 K Ca Sc Ti Vv Cr Mn | Fe Co Ni
091 (104 |1,20 1,32 |1,45 |156 |160 |164 1,70 |1,75
Cu Zn Ga Ge As Se Br Kr
1,75 |1,66 (1,82 |2,02 |220 [2,48 |2,74 -

5 Rb Sr Y Zr Nb Mo |Tc Ru Rh Pd
089 (099 1,11 1,22 (123 |1,30 [1,36 |142 1,45 |1,35
Ag |Cd In Sn Sb Te I Xe
142 (1,46 (1,49 |1,72 |1,82 [2,01 |221 -

6 Cs |Ba |, Hf | T W |Re |Os |Ir Pt
0,85 | 0,97 123 (1,33 |1,40 |1,46 |[152 |155 |1,44
Au Hg T Pb Bi Po At Rn
142 |1,44 (1,44 |155 |1,67 |1,67 |1,90 -

7 Fr Ra ** *Jlantanouas! 1,08 — 1,14
0,89 | 0,97 ** Axkrunonasnt 1,00 — 1,20
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Tabomuua I1.3.3 — HopmajbHble (CTaHAAPTHBIE) JJIEKTPOAHbIC NMOTEHIMAJIbI
B BOJHBIX pacTBopax ¢°, B

DJIeMEHT DIIEKTPOIHBIN MPOLECC 0%, B
Ag [Ag(CN),] + e = Ag" +2CN- -0,29
Agr+e =Ag +0,80
Al AlO, + 2H,0 + 3e = Al + 40H" -2,35
AR+ 3e = Al -1,66
As H3AsO,4 + 2H* + 2e — HAsO, + 2H,0 +0,56
AsOs~ + 2H,0 +2e — AsO, + 40H —0,77
Au Audt +3e = Au +1,50
Aut +le = Au +1,69
Ba Ba’* +2e- = Ba -2,90
Bi Bi** +3e = Bi +0,21
Br Brymy + 267 =2Br- +1,07
HOBr + H" + 2e- = Br + H,O +1,34
Ca Ca?*+2e=_Ca —2,87
Cd Cd** +2e=Cd -0,40
2CIO3 + 12H* + 10e = Cl, + 6H,0 +1,47
ClOs +2H" + 2e =CIO3 + H,0 +1,19
Cl ClOs +6H* + 6e = Cl~ + 3H,0 +1,45
Cl, +2e = 2CI- +1,36
HCIO;, + 2H" + 2e = HCIO + H,0 +1,64
HCIO+ H" + 2e = CI" + H,0 +1,49
Co Co** +2e = Co 0,28
Co®" +1e = Co?* +1,81
Cr Cr¥* +3e =Cr 0,74
CrO4* + 4H,0 + 3e =Cr(OH); + 50H- -0,13
Cr2072*+14H++ 6e = 2Cr3* +7H,0 +1,33
Cu**+2e=Cu +0,34
Cu Cu®* +1le =Cu* +0,15
Cu"+1e=Cu +0,52
F F, +2e=2F +2,87
Fe Fe’* + 2e = Fe -0,44
Fed* +3e =Fe 0,04
Fed* + 1e = Fe?* +0,77
H H, + 2e =2H +2,25
2H" +2e =H, 0,00
Hg,?* + 2e = 2Hg +0,79
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Hg Hg?* +2e = Hg +0,85
2Hg?" +2e = Hg,?* +0,92
I, +2e=2I" +0,54
| 2103 + 12H" +12e = I, + 6H,0 +1,19
2HOI + 2H" + 2e = I, + 2H,0 +1,45
K K*+le=K -2,92
Li Li*+1e=Li -3,04
Mg Mg?* + 2e = Mg —2,36
MnO, + 1e = MnOs* +0,56
MnO4 + 2H,0 + 3e = MnO; + 40H- +0,60
Mn MnO4 + 8H* + 5e = Mn?* + 4H,0 +1,51
MnO, + 4H* + 2e = Mn?* + 2H,0 +1,23
NOs; +H,O + 2e = NO, +20H™ +0,01
N NOz; +2H" + 2e = NO, + H,0 +1,94
NO3;™ +3H" + 2e = HNO, + H,O +0,94
NOs; +7 H,O + 8e = NH3- H,O + 9 OH™ —0,12
Na Na* + 1e =Na 2,71
Ni Ni?* + 2e = Ni -0,25
O, + 2H™+ 2e = H,0, +0,68
O, + 2H,0 + 4e = 40H +0,40
O O, + 4H*+ 4e = 2H,0 +1,23
H,0, + 2H*+ 2e = 2H,0 +1,78
P HiPO4 + 2H™ + 2e = H3PO3 + H,0 -0,28
Pb Pb%* + 2e = Pb -0,13
PbO, + 4H* + 2e = Pb** + 2H,0 +1,46
Pb* + 2e = Pb?* +1,69
PbO, + 4H* +S04> +2e = PhSO.+ 2H,0 +1,68
Pt Pt?* + 2e = Pt +1,19
S S +2H" +2e = H,S +0,17
SO4* +10H* +8e = H,S + 4H,0 +0,30
S,0g% + 2e = 2S04* +2,01
Se Se +2H" +2e = H,Se -0,40
Sn Sn?* +2e = Sn -0,14
Sn** +2e = Sn?* +0,15
Te Te +2H" +2e = H,Te -0,72
Zn Zn0,> + 2H,0 + 2e = Zn + 40H" -1,22
Zn** +2e =17n +0,76
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Ta6auua I1.3.4 — Psig cTaHIapTHBIX 3J1€KTPOAHBIX NOTEHIHAJIOB METAVIOB

DIEeKTpOI DIIEKTPO.L
OKHCJICHHAsI | BOCCTaHOBJICH- 0 OKHCJICHHAsI | BOCCTAHOBJICHHAS 0
E°B E°,B
dbopma Has hopma dbopma dbopma

Li* Li -3,05 Cd? Cd -0,40
K* K -2,93 Co?* Co -0,28
Ba?* Ba -2,91 Ni2* Ni -0,25
Ca?* Ca -2,87 | Sn* Sn -0,14
Na* Na -2,71 Pb?* Pb -0,13
Mg?* Mg -2,36 | 2H* H, 0,00

Be?* Be -1,85 |Cu* Cu +0,34
AP Al -1,66 | Hgy?* 2Hg +0,79
Mn?* Mn -1,18 | Ag* Ag +0,80
Zn% Zn -0,76 | Hg* Hg +0,84
Cr¥* Cr -0,74 | Pt Pt +1,20
Fe2* Fe -044 | Au* Au +1,50
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