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BBEJAEHHUE

Hucuumiuna «Heopranuueckass XUMHS» OTHOCUTCSI K MaTeMaTHYECKOMY U
€CTECTBEHHOHAYYHOMY MOyJ0 obsi3aTtenbHo wactu Onoka 1 OIIOIT BO mo
HanpaBiieHHt0  noarotoBku  19.03.03  [IpogykTel  mUTaHWs  KUBOTHOTO
MIPOUCXOKJICHUS.

[Ipu peanmuzanuu gucuuiuiuHbl «Heopranuueckas XuMUsSD OpPraHU3YyeTCs
MpaKkTUYeCcKas MOATrOTOBKA IyTEM MPOBEJEHUS J1a0OPaTOPHBIX paboT (MPAaKTUYECKHUX
3aHATUH), TPEAYCMATPUBAIOIINX YYACTHE OO0YUYAIOIIMXCS B BBIIOIHEHUU OTIACIBHBIX
AJIEMEHTOB PadoT, CBS3aHHBIX ¢ OyAyIel MpodhecCUOHAIBHON eI TENHbHOCTBIO.

[enbto ocBoeHust aucuuiinHbl «Heopranuueckass XuMus»  SBISETCS
dbopMHpOBaHUE Y CTYJIEHTOB TEOPETUYECKUX U TMPAKTUYECKUX 3HAHUM 110
JUCUUIUIMHE U YMEHHUS UX UCIOJIb30BaTh B CBOEH MpodhecCuOHANbHOM 1eATEeIbHOCTH.

B pe3ynbTaTe u3ydyeHus IUCUUIUTMHBI CTYAEHT JTO0JKEH:

3HATH:

- OCHOBBI CTPOEHHUSI aTOMOB W MOJEKYJ; METOJbl ONMHUCAHUA XUMHYECKUX
PaBHOBECHUH B paCTBOPAX 3JIEKTPOJIUTOB, TUAPOIINA3A COJIEH;

- OCHOBbl XHMHWYECKOW KHHETHKH, XHMHUYECKHE CBOWCTBA JJIEMEHTOB
Pa3IUYHBIX TPYNI TEPUOJAMYECKON CHUCTEMBbl U HUX COCAUHEHUM; OKUCIUTEIHHO-
BOCCTAHOBUTEJILHBIC PEAKIINH;

YMeThb:

- OIPEACIISITh MO CIPABOYHBIM JIaHHBIM TEPMOJUHAMHUUYECKUE XAPAKTEPUCTUKHI
XUMUYECKUX peaKluid, BeIUUnHbl pH;

- MPOU3BOAUTH PacyeThl KOHIIEHTPAIMUA PACTBOPOB PA3IMUHBIX COCTUHEHUH;

BJIA/IeTh!

- MpaBUJIaMu 0€3011aCHOM pabOThl B XUMUYECKOH J1abOpaTOpHH.

Heopranuueckast Xxumus sIBJsieTCS OAHOM U3 (yHAAMEHTAIbHBIX €CTECTBEHHO-
HAay4YHBIX JUCIUIUIMH, 3HAHUE KOTOPOM HEOOXOAMMO MJisi YCHEIIHOTO Pa3BUTHUSA
COBPEMEHHOW IIHILIEBOM NPOMBINIUIEHHOCTH. B mpomecce wu3ydyeHus Kypca
HEOPraHU4YecKass XMMHUs CTyJeHTaM HampaBieHus: «IIpoayKkTbl mUTaHUs )KUBOTHOTO
MPOUCXOXKJECHUS»  HEOOXOAMMO  BBIPA0OTaTh  HABBIKKM  CHCTEMATHYECKOU
CaMOCTOSITEJILHOM pabOThl, HAYUYUTHCA MPUMEHSITH JUTEPATypHbIE HWCTOYHUKH,
3aKpENUTh TEOPETUUECKUE 3HAHUS U YMEHUS PEIICHUEM 3aJaHUM IBYX KOHTPOJIbHBIX
paboT.

B paboueii mnporpaMMme coxpaHEHa TpPaJUWLMUOHHAS TOCIEIOBATEIbHOCTD
U3JIOKEHHUST MaTepuaia: OT OOIIETEOPETUYECKMX BOIPOCOB CTPOEHUS BEILECTBA,
XUMHYECKOW CBSI3U, DJIEMEHTOB XUMHUYECKOM TEPMOJAUHAMHUKH, XUMHUUYECKOU
KUHETUKU U PABHOBECHS, TEOPUU PACTBOPOB M DJIEKTPOXUMHUUECKUX IPOLECCOB K
XUMHUH JIEMEHTOB.



OcCHOBHOU BHJI y4€OHBIX 3aHATUUA CTYJIEHTOB 3a04HON (OpMbI OOyUEeHHS —
caMOCTOATENbHAsE paboTa ¢ y4eOHbIM MaTepUaOM IO JIMTEPATYPHbIM MCTOYHUKAM.
[Io mucummivHe «Heopranumdeckas XuMUsS» OHA CIIAaraeTcsl M3 CIEAYIOIIHMX
JJIEMEHTOB: H3y4Y€HHME MaTepuasa M0 Yy4yeOHMKaM M Y4YeOHBIM IOCOOUSIM;
BBINIOJIHEHWE W 3alllUTa JABYX KOHTPOJBHBIX PaOOT; BBINOJHEHHE J1ab0paTOpPHBIX
paboT; FK3aMeHa M0 BCEMY KypCy.

Jlnia 6onee riyOOKOro u3ydeHus: AMCUUILINHBL «Heopranumdeckast XumMus» Kak
HayKH, OCHOBAaHHOM Ha OJKCIEPHMEHTE, HEOOXOAMMO BBINOJIHUTH JIAOOpPATOPHbIE
paboTHI.

Ha naGopaTopHbBIX 3aHATUSAX CTYAEHT TMOJIYy4YaeT HAaBBIKM BBINOJHEHUS
IPOCTEHIINX XUMUYECKUX IKCIIEPUMEHTOB U PACUE€TOB, CAMOCTOSITENILHOM pabOThI CO
CHelUaIbHOW XUMHUYECKOM TTOCY 101 1 TpruOopamu.

[1o okoHUaHKU TAOOPATOPHBIX 3aHATUHN CTYJIEHT NPEABSBISIET MPENOAaBATENIO
pabouyro TeTpaab ¢ OPOPMIEHHBIMU OTYETAMHU IO BBINOJIHEHHBIM JIa0OPaTOPHBIM
paboram. Ilepeuenp u conepkanue 1a06OpPATOPHBIX PabOT, a TaKKE KPUTEPUU HUX
3alIUTHl, MPHUBOJATCA B YUE€OHO-METOJUYECKOM MOCOOMH 1O  BBIIOJHEHUIO
71a00paTOPHBIX PadoT.

B mnpouecce uzydyenuss kypca «Heopranuueckass XMMHsD) CTYIEHT JIOJKEH
BBIMOJHUTh JBE€ KOHTPOJbHbIE paboThl. K BBINOJHEHHIO KOHTPOJBHOU pPAaOOTHI
PEKOMEHIyeTCsl IPUCTYIIAaTh TOJBKO TOTAA, KOTJA HM3y4YeHa TEOPETHYECKas 4acTb
Kypca W TIIATEIbHO pa300paHbl PEIICHUsS THUIOBBIX 3a/ad, MPUBEIEHHBIX MOCIe
3aJJaHui K COOTBETCTBYIOIIMM T€MaM KOHTPOJbHON paboThl, TMOO B PEKOMEHAYEMOM
yueOHoi nuTteparype. [Ipu BBHINOTHEHUH KOHTPOJIBHBIX Pa0dOT CTYAEHTHI MOJY4YaroT
HaBbIKM CaMOCTOSITENIbHOM paboThl CO CIEUUaTbHOM XHUMMUYECKOH JHUTEpaTypou.
Pekomennauuu mo oQOPMIIEHHIO KOHTPOJIBHOM paloThl, TaOMUIbI sl BBIOOpA
BAPUAHTOB, METOJWYECKHE YKa3aHWd [0 WX BBIINOJHEHUIO MPUBEICHBI B
3aKJIFOUYUTENIBHON 4acTH y4eOHO-METOIUYECKOr0 MOCOOUsI; KOHTPOJIbHbIE 3aJaHUs K
paboTe npuBeaEHBI B IPUIIOKEHUAX 1 1 2.

KontponbHas pabota q0/KHA OBITH BBITIOJIHEHA U MIPEACTaBIICHA K 3alUTe J10
Hayaja 5K3aMEHalUMOHHOM ceccud. K cpade »K3aMeHa JOIyCKarTCs CTYIEHTHI,
KOTOpPBIE BHITIOIHIIN U 3aIIUTUIIHN JIBE KOHTPOJIbHBIE paOOTHI.

[Tpu HeoOxomumocTH [UIsl OOyYaroIIMXCS MHBAIMJIOB WM OOydarolIUXCs ¢
OB3 npexocrapisercs A1O0NOJIHUTETLHOE BpEMS sl OJATOTOBKU OTBETA C YUETOM UX
WHIUBUYAJIBHBIX ICUXO(PU3HUYECKUX 0COOCHHOCTEH.

Metonnueckne peKOMEHJAIMU [0 IPOBEACHUI0 3K3aMEHa W KpUTEpUHU
OLICHMBAaHUs 3HAHUI CTYJIEHTOB IMIPUBEAECHbI B TJaBe 3 JAHHOIO Yy4yeOHO-
METOINYECKOTO II0OCOOHUS.



1. COAEP’ KAHUE TEM JUCHUIIVIMHBI U METOANYECKHUE

YKA3AHUA 11O UX OCBOEHHIO
Temarnueckuii 1iaH JEeKIIMOHHBIX 3aHsATUH (JI3)npencrapneH B Tadbmuie 1.

Ta6numna 1
O06BeM (TpyI0EMKOCTh OCBOEHUS) U cofepkanue JI3
Kon-Bo yacos JI3
Howmep
Tema JeKIMOHHOTO 3aHATHUS OYHas 3a04YHas
TOMBT dbopma dhopma
BBenenue 0,5 -
1.1 OCHOBHbBIE XUMUYECKHUE 3aKOHBI U MOHATHS. 3aKOH 5 0.25
DKBUBAJICHTOB ’
1.2 Crpoenue atoMa. XMMUYECKasi CBS3b 4 -
1.3 XHUMUYECKAs] KHHETUKA. XUMUYECKOE paBHOBECUE | 2 0,25
1.4 PactBopsl: Kinaccudukaims, criocoObl BhIPAXKEHUS 15 0.5
KOHIICHTpaAIU ’ ’
L.5 DneKkTpoauThyeckas auccouuanvs. Bogopoausril | 2 0.5
OKa3aTelb ’
1.6 I'mppomns conen. [Iponssenenue pacteopumoct. | 4 0,5
1.7 Kommiekcoobpa3oBaHue B pacTBOpax 2 -
1.8 OKHUCIUTENBHO-BOCCTAHOBUTEIIBHBIE PEAKIIUN 2 0,5
1.9 I"'anpBaHMYeCKUI 3JIEMEHT 2 0,25
1.10 | Koppo3ust MeTasioB 2 0,25
1.11 DIIEKTPOIn3 2 -
1.12 Onementsl [A u ITA moarpynm. XKectkocts Boasl | 2 0,5
1.13 OnemenTsl [IIA, IVA u VA noarpynn 1 -
1.14 Onementsl VIA, VIIA, IB u [IB noarpynn 1
Hroro 30 4

Nzyuath kypc «Heopranmdeckass XuMus» CIEAyeT MO TeMaM, MPEABAPUTEIIHLHO
03HAaKOMUBIIIUCH C COJEP)KaHMEM KaKJI0W M3 HUX B paboueii mporpamme. [Ipu s3tom
HEO0OXO/MMO BHUKATh B CYIIHOCTb BONPOCA, & HE MBITAThCA 3alIOMHUTH OTICJIbHbBIC
dakTel U sBIeHUA. YTOOHI JTydIlie 3aIOMHUTh U YCBOUTH MaTepHall, HAIO B pab04yr0
TETpaab 3aHOCUTH (HOPMYJIHUPOBKUA U OIMPEACIICHUS OCHOBHBIX 3aKOHOB W TOHSATHN
XUMHUHU, 3HAUYEHHUS HOBBIX HE3HAKOMBIX TEPMHHOB U Ha3BaHUU, (QOPMYIIbI
XUMHUYECKUX COCAMHEHUN M ypaBHEHHS pEaKilMii, MaTeMaTUYECKUe 3aBUCUMOCTH U
WX BBIBO/IBI.

B Tex caywasx, korga marepuan TMOMAETCS CHUCTEMaTH3alliH, CIeayeT
COCTaBIIATh TabmuIbl, Tpaduku U cxemMbl. OHU OYEHb OOJIEr4alOT YCBOCHHE U
3allOMUHAaHUE Yy4eOHOro marepuaina. Takoill KOHCHEKT Kypca OyIeT MOJie3eH Mpu



MOArOTOBKE K 3ayeTy W JK3ameHy. HM3ydyeHue wmarepuana 1O JUTEPATypPHBIM
VMCTOYHHKAM JIOJDKHO COIPOBOXKIATHCA BBIIIOJHEHUEM KOHTPOJBHOTO 3aJaHUs 10
MIPOMJICHHOUN TEME.

Beenenne

Bonpocsl Tembl

1. [IpenmeT HEOPraHNYECKOW XUMUH.

2. OOBEKTHI U METO/bI UX U3YUYCHHUS.

3. MecTo HEOPraHMYECKOW XUMUHU CPEIH €CTECTBEHHOHAYYHBIX JUCIMILINH.

Jluteparypa [1, 4, 6]

MeToauyeckue peKoMeHIalun

[Tpuctynass K W3y4eHHMIO JAHHOTO paszjiena pabodyeil MporpaMMbl, CIIEIyeT
IIOBTOPUTH MaTepuai 1o aucuuiumbe «Heoprannueckas Xumus», U3y4eHHbIN paHee
B paMKax IIKOJBbHOW mnporpaMMbl. O3HAKOMUTHCS C OCHOBHBIMH IOHSATHUAMHU U
TEPMHUHOJIOTHEN, KOTOPBIE UCIIOIb3YET HEOPraHNYECKAS] XUMMUSL.

Tema 1.1. OcHOBHBIC XUMHYECKHE 3AKOHbI U IOHSTUSA

Bonpocsl Tembl

1. Marepusi: BEmecTBO U MOJIE.

2. 3aKOH COXpaHEHHUSI MaCChl U SHEPTUH.

3. Atom, monekyna. [IpocToe u cii0KHO€E BELECTBO.

4. KonnuectBo BeliecTBa. MosisipHas macca.

5. OTHOCHTENBbHAS ATOMHAsI U MOJIEKYJISIPHAS. MACCHI.

6.3aKOH MOCTOSIHCTBA COCTaBa BELIECTBA, 3aKOH ABOTAJIpoO.

7. 3aKOH 3KBHBAJICHTOB.

8. DxBuBajieHT. PacyeT SKBUBAJICHTHOW MAacChl JJIi MPOCTBIX M CIIOKHBIX
BEIIIECTB.

Jlureparypa [4, 6]

MeToauvecKkue peKOMeH AUl

N3yuas qaHHbIN pasnen pabodeil mporpaMmebl, ClIeIyeT YACHUTh, KAKOWH CMBICI
UMEIOT TIOHATHUSI «aTOMHAsi Maccay», «MOJIIpHAasi Macca», «MOJICKYJspHas maccay,
«3KBHUBAJIEHT», «3KBUBAJICHTHAs Maccay, «MOJISIpHAs Macca SKBUBAJICHTa», U B KAKUX
€AMHULIAX OHHM H3MEPSIOTCS, MOHATh CBA3b MEXKIY BAJICHTHOCTBIO 3JIEMEHTA B
JTAHHOM COE€JIMHEHHWH, MOJIbHOM MAacCOM €ro aTroMOB M €ro MOJIIPHOM MacCou
HKBUBAJICHTA. 3HAHUE SKBUBAJICHTAa HEOOXOJMMO MPHU pacuyeTax KOHIICHTPAIMH B
pacTBOpax MpH BBIYUCICHUSX, CBA3AHHBIX C XUMUYECKUMU PEAKIHSIMU.

Bomnpocsl 1151 CaMOKOHTPOJISt

1. HazoBuTe OCHOBHBIE pa3jieibl HAYKU XUMUHU.
2. ChopmynupyiiTe onpeiesieHue MaTEpUH.



Kem u korga Obu1 cpopMyIHpOBaH 3aKOH COXPAaHEHUS MacChl BElIECTBA?

UTto Ha3bIBAETCS SKBUBAJICHTOM AJIEMEHTa?

SIBnsercs 11 SKBUBAJIEHT MTOCTOSIHHON BEJIMYUHOW?

Kak BBIUMCIANTH MOJSIPHYIO MacCy SKBUBAJIEHTa (SKBHUBAJIEHTHYIO Maccy)
AJIEMEHTA B COEJUHEHUU U CIIOKHOTO BEIIeCTBa?

7. Chopmynupyiite onpeeiaeHrue 3aKOHa SKBUBAIICHTOB?

SN kW

Tema 1.2. CTtpoenue aToma. XumMuueckas cBsi3b

Bonpocsl TemMbl

1. Crpoenue aroma. Mojenu CTpoeHus aToma.

2. KBaHTOBO-MeXxaHM4eCKasi MOJiesib aToma. KBaHTOBBIE yunca.

3. DneKTpoHHbIE KOH(MUTYpaIUh aTOMOB 3J1eMeHTOB. COCTaBIECHUE IEKTPOHHBIX
KOH(DUTypaluii U AIEKTPOHHO-Tpaduueckux (HopmMys1 aTOMOB SJIEMEHTOB.

4. Xumunueckas cBs3b. OnpeneneHue W XapaKTEPUCTUKH XUMUYECKOW CBS3H.
OCHOBHBIE YEPThl XUMUYECKON CBSI3H.

5. Buner cBsazeil. KoBanenTtHass cBs3b (teopusi Jlptouca). CBoiictBa U
OCOOCHHOCTH KOBAJICHTHOW CBSI3M. THUIBI KOBaJeHTHOW CBsi3u. JlOHOpHO-
aKIIENTOPHBIA MEXaHU3M 00pa30BaHMs KOBAJICHTHOU CBSI3H.

Jlureparypa [1, 2, 4]

MeToauyeckue ykasaHus

[Ipu u3ydyeHun 3TOTO paszzesia HAJIO Pa3o0paThCsl B IIIEKTPOHHOU CTPYKType
aTOMOB, 3aBUCUMOCTH CBOMCTB XHWMHUYECKHUX JIEMEHTOB OT CTPOEHHUSI UX aTOMOB, B
3aKOHOMEPHOCTSIX 3aIMOJTHEHUSI AJIEKTPOHHBIX 000JOYEK aTOMOB C YYETOM YEThIPEX
KBAaHTOBBIX YHWCEJ, MPUHIMIIA HAaUMEHbIIEH sHepruu, npuHiuna llaynu, npaBui
Xynjaa u KiieukoBckoro.

OnurcaHne XUMHUYECKOW CBSI3M B JIFOOOM MOJIEKyJie €CTh M0 CYIIECTBY
ONMCAHUE pACHPEACIIEHUS] B HEW AJIEKTPOHHOM IUIOTHOCTH. [lo Xapakrepy 3Toro
pacrpeielieHus: XUMUYECKUE CBSI3U TPAJUIMOHHO MOAPA3ACISIIOT Ha KOBAJICHTHBIE,
MOHHBIE, METAJUIMYECKUE CBS3U. M3yuuTe TUIIBI XUMUYECKOU CBSI3H.

N3yyast mpoCTpaHCTBEHHYIO CTPYKTYPY MOJIEKYJIbI, 00paTUTe BHUMaHUE Ha TO,
YTO OHA ONPEACIISICTCS BUJOM THMOPUIU3AIMU BAJIEHTHBIX OPOUTANICH LIEHTPATIbHOTO
aToMa M YHCIOM HE TOJEJICHHBIX JJIEKTPOHHBIX Tap, COJEpPHKAIIUXCS B €ro
BAJICHTHOM 3JIEKTPOHHOM CJIO€.

Bonpocsl 1151 cCaMOKOHTPOJISA

1. KakuMu YeThIpbMs KBAHTOBBIMU YHUCJIAMU XapaKTEPU3YETCS COCTOSHHE
anekTpoHa B arome? Kakoe 3HaueHHE OHU UMEIOT JJISI BHEIIHUX JJICKTPOHOB
aToma aJqrOMHUHUSA?

2. Kakue nsneMeHTHl B nepuoandeckoi cucreme sneMeHToB [. M. Menneneena
OTHOCSITCS K S-, p-, d-, u f-cemelicTBam?



3. Kakoii sHepreTudeckuil MoypoBeHb 3anoiHsercs cHavana: 4s unu 3d; 4f win
6s? [louemy?

4. Kak oOBsICHSIETCS TIepeMEHHasl BAJIGHTHOCTh Y aTOMOB KPEMHUS, CEPBI, XJIopa
U OTCYTCTBHUE MEPEMEHHOI BAJIEHTHOCTH y aTOMOB KHCIIOpoJa 1 ¢propa?

5. B uyem 3akmiouaercs npuHuun (3amper) llaynu, npuHUMn HauMeHbIIEH
DHEpIruu, npasuio XyHaa?

6. CoBpeMeHHas (hopMyIHpOBKa repuoandeckoro 3akona J[. . Menneneena.

7. Kak wu3MmeHseTcs SHEpPrusi MOHW3alUUU B Tpynmnax (IJIaBHBIX U TMOOOYHBIX
NOATPYIIAax) U mepuoaax. B kakux eIMHUIIaX OHA BhIpAXKAeTCs?

8. Urto Takoe CpoJCTBO K AMEKTpoHY? B kakux enuHuiiax oHo Beipaxkaerca? Kak
MU3MEHSETCS] OKUCIUTENIbHAS aKTUBHOCTh HEMETAJUIOB B IMEPUOJE U TpyMIe
nepuonuecKkon cucremol aneMeHToB J[. M. MenneneeBa ¢ yBenMYeHUEM
MOPSIAKOBOIO HOMEPA dJIEMEHTA?

9. Kak HU3MEHsIETCS OTHOCUTEINIbHAA SJIEKTPOOTPULATEIBHOCTh P-AJIEMEHTOB 10
IIEpUOJTy, B TPYIIIE NIEPUOIUIECKON cucTtemsl aeMeHToB [l. 1. Menneneesa ¢
YBEIIMYEHUEM MOPAIKOBOTO HOMEpA AJIeMEHTa?

10.Kakue MoOJeKyabl Ha3bIBAIOT TMOJSPHBIMU, U Kakue HenoaspHeiMu? Yto
CIIY>KUT MEpPOU MOJAPHOCTH MOJIEKYJI?

11.Kakoil TUII XMMHUYECKON CBSI3M B MOJIEKyJax cieayromux coenuHeHuii: CHa,
F,, H,0O, NaCl, CS,, HCI, [Ag (NH;),]CI1?

Tema 1.3. XumMnuyeckasi KHHeTHKAa. XUMHYECKOe paBHOBeCHE.

Bomnpocs! TemMbl
1. Ckopocth xumMuueckoil peakuuu. DakTopbl, BIMSIIONIME HA CKOPOCTb
XUMUYECKOU pEaKInH.
BiisiHue KOHLIEHTpAIMU PEArupyoInX BEMIECTB. 3aKOH JEHCTBYIOIIMX MAcCC.
BnusiHue temnepatypbl Ha ckopocTh peakuuu. [Tpasuno Bant-T'odda.
Oco0GeHHOCTH KHHETHKHU TeTeporeHHbIX npoueccoB. Katanus. KaranuzaTops.
OOpatrMble XUMHUYECKUE PEAKITUHU. Y CIIOBUS XUMUYECKOTO PAaBHOBECHSI.
KoHcranta paBHOBecHss M €€ CBS3b C TEPMOJMHAMUYECKUMH (DYHKIUSMHU.
[Tpuunun Jle-IllaTense.
Jluteparypa: [1, 2]
MeToauvecKkue peKOMeH AUl
OOparuTe BHUMaHUE Ha TO, Kakue (PaKTOpbl BIUSIOT HA CKOPOCTh XMMUYECKOM
peakuuu. Pa3zbepurech B CYHIIHOCTM 3aKOHA JEMCTBUSI MacC, O3HAKOMBTECH C
npaBwioM Bant-I'opda (3aBUCUMOCTH CKOPOCTH XUMHUYECKOW pEakiuu OT
TEMIIEpaTyphl).

A



Pa3beputech, mpu KakOM COOTHOIIEHHH CKOpPOCTeM o0OpaTHOM U mpsaMoi
peaklUuy YyCTaHABIMBAETCS XHMHYECKOE paBHOBECHE, M Kakue (PAKTOpbl MOTYT
BBI3BATh €0 CMELICHUE.

Bonpocel 1711 CaMOKOHTPOJISA

1. Kak popmynupyercs 3akoH AeiicTBust macc?
2. KakuMm npaBUJIOM MOKHO BOCHOJIB30BaThCS ISl OOBACHEHHS] 3aBUCUMOCTH

CKOPOCTHU PEaKLUU OT TEMIEPATYPHI?

3. Kako¥i npuHIHUI JaeT 00bICHEHUE CMEIIEHUIO0 XUMHUECKOT0 paBHOBECHUS ?

Tema 1.4. PacTBopsbI: KiIaccupuranms, cnoco0bl BbIPAKEHUA
KOHIEHTPAUMHU
Bonpockl TeMbl
PacTtBopsI: knaccudukars, cnocoObl BEIPaXKEHHUsI KOHLIEHTPALIUH.
OmnpeneneHue pacTBOPOB, OCHOBHBIE TPU3HAKH.
Knaccudukanus pactBopos.
MaccoBas 10151, MOJISIpHasA, MOJISIbHAsI, HOPMaJibHasi KOHLIEHTPALUs, MOJIbHAs
JOJISA, TUTP.

N

5. KonnuecTBeHHas XapakTEpUCTUKA PACTBOPUMOCTH BEIIECTB.

Jlureparypa: [1-3]

MeToanuyecKkue peKOMEHAAUuu

OCHOBBIBasICh HA 3HAHMSX, MOIYUYCHHBIX B TeMe 1.1 HEOOXOAMMO HAYUYUTHCS
MIPOU3BOIUTH PACUET KOHIICHTPAIIMKA PACTBOPEHHOT'O BEIIECTBA B pacTBOpe Hauboliee
pacmpoCTpaHEHHBIMU CIOCO0aMH, a TaKKe OCYIIECTBIATH IEPEeXOoJl OT OIHOTO
crioco0a BBIpaYKEHMsI KOHIIEHTpALMK K Apyromy. BaxHo ycBOUTh, KakuM 00pa3oM B
pacTBOpax  pa3jIMYHOrO  MPOUCXOXKACHUA  ONPEHCISIETCA  pacTBOPUTENb U
pacTBOpPEHHOE BelecTBO. HayunThcs WMCIONB30BATH TMOHSATHE KOHLIEHTPAUMUU IIpU
PELICHUY NPAKTUYECKUX U DKCIIEPUMEHTAJIbHBIX 3a/1a4.

Tema 1.5. daexkrpoauTnyeckas auccouuanusi. Boaopoansliii moxkasareb
Bomnpocsl Tembl

CBolicTBa pacTBOPOB 3JIEKTPOJIUTOB.

DNEeKTpONUTHYECKAs AUCCOLUALIMSL.

CunpHble U cradbie 31eKTPoJauThl. CTeneHb AUCCOLUALIUU.

KoncranTa auccoruanuu. 3akoH pazoasneHust OcTBaibia.

Bonopoasslii mokazarenb. OOMEHHBIE peaklUUUd B PacTBOPAX 3JIEKTPOJIUTOB.
HonHoe npon3BeeHUE BOIBI.

Pacuet BomopoaHoro nokasarens (pH) pacTBOpoB KMCIOT M OCHOBaHHUM.
KHc10THO-0CHOBHBIE HHIUKATOPBI.

8. Bydepnbie pacTBOpHLI.

M.

= o
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Jlureparypa: [1, 3]

MeToanveckue peKOMeHIANH

Heobxoaumo ysiCHUTB, 9TO TaKOE CTETEeHb HUCCOIMAIINU, OT KaKuX (PaKTopoB
OHAa 3aBUCHUT, OCOOEHHOCTH JUCCOIHMAIIMU CUJBHBIX M CIA0BIX 3JIEKTPOJIUTOB.
Paz6eputech B JUHAMHYECKOM PAaBHOBECHM JHMCCOIMAIIMN BOJIbI, B KOJIUYECTBEHHBIX
XapaKTepUCTUKAX PEAKIMU CpeAbl B MOYBaxX (KUCION, HEUTpaldbHOH, IIEIOYHOM),
oOpaTUTe BHUMaHWE Ha COCTaB M 3Ha4yeHWe OydepHbIX cucteM. HeobOxommmo
Hay4YUTHCA ONPEIEATh 3HAUEHHE BOJOPOJHOTO MMOKA3aTeIsl JJIsl PACTBOPOB KUCIIOT U
OCHOBAaHUM.
Bomnpocsl 1j1s1 CAMOKOHTPOJISE
Kaxkue BemniecTBa oTHOCATCS K AnekTponuTam? JlaiiTe onpeaesieHue.
Uto Ha3bIBAa€TCS JIEKTPOJIUTHUYECKON AUCCOIUALIAECH?
UTo Takoe CTENEeHb ANEKTPOIUTHIECKON AUCCOUAIUN?
Kaxkue 35eKTpoauThl Ha3bIBAIOT CUIIbHBIMU U clla0biMu? [IpuBeanTe mpUMEpHI.
JlaiiTe onpeneieHue OCHOBAHUAM, KUCIOTAM U COJISIM C TOYKHU 3PEHUSI TEOPUU
ANEKTPOIUTUUYECKON JUCCOLUALINH.

M.

Tema 1.6. I'mapouus coJieil. IlpousBenenne pacTBOPUMOCTH
Bonpocsl Tembl
OOpaTUMBbIi THIPOIIU3.
HeobOpaTumelii ruiposus.
Crenenb ruaponu3a. Koncranrta ruiposusa.
Pacuer pH B pacTBOpax rugpoInu3yOMMUXCS COJEN.
[IpousBeaeHuEe pacCTBOPUMOCTHU TPYAHOPACTBOPUMBIX CUIIBHBIX 3JIEKTPOJIUTOB.
Pacuer pacTBOpUMOCTH COETUHEHUA.
VYcnoBue BbINaIeHHUS U PACTBOPEHUS OCAIKA
Jluteparypa: [1, 2, 5]
MeToan4yecKkue peKOMeHIAun
HeoO6xonuMo yMeTh NPUMEHSATh MPaBUJIO IPOU3BEICHUS PACTBOPUMOCTH,
KOJIMYECTBEHHO XapaKTEPU30BaTh MPOILECC THUAPOIU3A C TOMOIIbI BEJIMYUH
KOHCTaHThl M CTENEHU THUAPOIU3a, YMETh MHUCaTh HOHHBIE U MOJIEKYJISIPHBIC
YpaBHEHUSI peaKIMil CTyNeHYaToro M IMOJIHOTO THipoin3a. BakHo pazoOparbcs B
(bakTopax, BIUAIONIUX HA PABHOBECHUE B PEAKIIUSIX HOHHOTO OOMEHA.

Peakiiun noHHOTO OOMEHA Urpar0T Ba)KHEUIIIYIO PoJib B 0Opa30BaHUU OCAJIKOB
U PacTBOPEHHUU HEPACTBOPUMBIX COEJUHEHHUN B MPUPOJHBIX BOAAX, HAMPHUMEP, C
y4acCTHUEM CEPOBOAOPOA U YIIEKUCIIOrO rasa.

Bonpocsl 1151 caMOKOHTpOJIsA

1. Yrto Ha3bIBaeTCA rHAPOIU30M?

NS RAE DD =
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2. IlpuBenute mpuMEpHl COJIEH, KOTOPBIE MOABEPralOTCA TUIAPOJIU3Y, U COJIEH,
KOTOPBIE TUIPOJIN3Y HE MOJIEHKAT.

3. Ort kakux ¢$akTopoB 3aBUCUT TuaAposnu3 conei? [lpuBeaure npumepsl.

4. Kak BIuseT Ha TUIPOJIM3 COJIM TEMIIEpaTypa U KOHIEHTpalus pactBopa?

5. ChopmynupyiiTe mpaBuiIO BBITIAJCHUS OCAJIKA.

Tema. 1.7. Komiuiekcoo0pa3oBaHue B pacTBOpax
Bonpocsl Tembl

1. CocraB, CTpyKTypa 1 HOMEHKJIATypa KOMIIJIEKCHBIX COCIUHEHUM.

2. Knaccudukaius KOMIUICKCHBIX COSTMHEHUH.

3. YCTOMYMBOCTh KOMIUJIEKCHOTO MOHA. KOHCTaHTa HECTOMKOCTH KOMIUIEKCHOTO
MOHA.

4. OOpazoBaHME€ XHWMHUYECKOW CBSI3M MEXKIY KOMIUIEKCOOOpa3oBaTeeM M
JUTaHAaMu.

Jluteparypa: [1, 2, 4]

MeToan4yecKkue peKOMeHIAuu

Jnst ycBoeHMst 3TOM TeMbl HEOOXOAMMO pa3o0paThCsi B COBPEMEHHBIX
npeAcTaBiIeHUsIX 00 00pa30BaHUU U CTPOCHUHU KOMIUIEKCHBIX COSIMHEHUI. Y ACHUTE,
CMBUI TIOHSTHH «KOMJIEKCOOOPa30BaTENby, «KOOPAUHAIIMOHHOE YHCIIO», <JTUTAHIIBI»;
HAy4YUTECh OMNpPENEeNsATh 3aps] IEHTPAJbHOIO HWOHa, BHYTpPEHHEH cdepbl
KOMIUJIEKCHOTO COEIMHEHHUS U XapakTep €ro JUCCOLMAllMM B BOJHOM pacTBOPE.
Crienyetr HAyYUTHCS OTJIMYATh KOMIUIEKCHBIE COJIA OT JBOMHBIX COJICH.

Bomnpocsl 1151 CAMKOHTPOJIS

1. Yro Ha3bIBaeTCS JOHOPHO-AKIENTOPHOM WM KOOPJIAWHALMOHHOW CBSA3BIO?
Kakoit arom wim wuWOH sBIseTca JOHOpOoM B coenuHeHusx: K[BF4],
[Zn(NH;)4]CL?

2. Yto Ha3bIBa€TCs KOHCTAHTOM HECTOMKOCTH KOMIUIEKCHOTO MOHa? Hamumure
BBID&XKEHHMsT KOHCTAHT HECTOMKOCTH cienyromux uoHoB: [CuCl]* —,
[ZH(NH3)4]2+.

3. CocTaBbTe ypaBHEHHUs pEaKIMu PACTBOPEHUsS XJIOpUIa cepedpa B pacTBOpE
ammuaka. KoopauHaiimoHHoe ynciio Ag” paBHO JABYM.

Tema. 1.8. OxkucIANTEIBHO-BOCCTAHOBUTEIbHbIC PEAKINH
Bonpocsl Tembl

1. CreneHb OKUCIICHUS; ONPEICIICHUE CTENIEHN OKUCIICHUSI.

2. Okucnurtenb, BOCCTAHOBUTENb. MDakTOphl, ONpPEACNAIONIUE OKUCIUTEIbHO-
BOCCTAHOBUTEIbHBIE CBOMCTBA 3JIEMEHTOB U UX COCTMHEHUM.

3. Knaccudukamus oKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUH.
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4. CocTaBlIeHUE OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuii. MeToj HOHHO-

AJEKTPOHHBIX MOJIYPEAKIIH.

5. Onpenenenne HampaBi€HUs MPOTEKAHUSI OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX

IIPOIIECCOB.

Jluteparypa: [1, 2]

MeToanveckue peKOMeHIANH

N3yyass OKHCIWTEIHbHO-BOCCTAHOBUTEIBHBIE  PEAKIMU, pa30epuTech B
MOHATUSX «CTENEHb OKHUCJIEHUS DJIEMEHTa B COCAUHEHUW», «OKHUCJIEHHUE U
BOCCTAaHOBJICHHEY». HeoO0XonumMo TOHSATh, Kakue BelecTBa MOTYT  OBITh
OKHCITUTEISIMM, a KaKu€ BOCCTAHOBUTEISIMM M Kakue 00JaJal0T OKHUCIUTEIbHO-
BOCCTAHOBUTEIILHON  JIBOMCTBEHHOCThIO. HeoOxoammo ycBOMTH JBa MeToAa
COCTaBJICHUS YpaBHEHHI OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX peaKkuii:
AIIEKTPOHHOTO U 3JIEKTPOHHO-MOHHOTO OanaHca.

Hayuurecr pasnuyaTe THIBI OKHUCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIUU,
COCTaBIIATh ypaBHEHUS, 00OpAaTUB BHUMAHHUE Ha METOJ AJIEKTPOHHO-MOHHOTO OanaHca
(MeTon monypeakiuii), Kak 0oyiee MPaBUIHLHO OTPAXKAIOIUN CYTh MPOUCXOMSIIUX
W3MEHECHUU.

Hayuurecr omnpeaensiTe HaMpaBiICHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakiui, NOoJIb3ysCh TAOJUYHBIMU 3HAUYEHUSIMH SJEKTPOJHBIX IOTEHIIMAJIOB
ANEKTPOXUMUYECKUX CHCTEM.

OOpaTtuTe BHUMaHUE Ha CIOCOO OMpeNeNIeHUs] MOJISIPHBIX MacC SKBUBAJICHTOB
(?KBUBAJICHTHBIX MAacC) OKUCIUTENENH U BOCCTAHOBUTENEH.

Bomnpocs 1j1s1 CaMOKOHTPOJIs

1. Kakue peakuuu Ha3bIBalOT OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIMU?
2. Kakoii mpoliecc Ha3bIBaIOT OKUCIEHUEM, KaKOl — BOCCTAHOBJIEHUEM?
3. Kak MeHsieTcsl cTeneHb OKUCIIEHUSI BOCCTAHOBUTENSL M OKUCIIUTEIIS B MPOLIECCE

MPOTEKAHUSI OKUCIUTEIbHO-BOCCTAHOBUTEILHOW PEAKIINU ]

Tema. 1.9. I'aibBaHNYECKUI 3JIEMEHT
Bonpocsl Tembl

1. DAEeKTpOXUMUYECKUE CUCTEMBI: OIPENEIEHUE, YCTPOUCTBO, BUABL.

2. DIEKTPOABMKYIIAs CUJIa. [{BOMTHOM 3JIEKTPUYECKUHN CITON

3. @akTopbl, BIUSIOIINE HA U3MEHEHUE DJIEKTPOJHOrO MOTEHUUANIA. YPABHEHHE
HepHcra.

4. XuMHYECKHE U KOHLEHTPALIMOHHBIE TAJIbBAHWUYECKUE 3JIEMEHTBI: KaTOAHBIN U
aHOIHBIN npouecchl, pacueT DJC.
Jlureparypa: [1, 3-5]
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MeToanuyecKkue peKOMeHAAuu
[Ipy wu3ydYeHHM TEMbl HEOOXOJMMO BCIOMHHUTH OIpPEACICHUS MOHSITUN

OKHCIIUTEIIb U BOCCTAHOBUTEIIb, a4 TAK)KE IPOLIECCOB OKUCIECHHUS U BOCCTAHOBJICHUS.
YeTko ysACHWTH HANpAaBJICHHE ITPOTEKaHUS IIPoLiecca B rajJbBaHUYECKOM JJIEMEHTE.
Hayuutbca pasznnuarh rajJbBaHUYECKHE DJIEMEHTHI Pa3HbIX BUJIOB M IPOU3BOIUTH
pacuer mx OJIC. HayuumthCsd uCHONB30BaTh ypaBHeHHWe HepHcTa s pemieHus
IIPAKTUYECKUX 3a/1a4.

Nk L=

™

W

Bonpocel as1s1 CAMOKOHTPOJIA

Uto Takoe raJibBAaHUYECKUHN 311EMEHT?

Kaxko¥i anextpon siBisieTcs B TAJIbBAHUYECKOM JIEMEHTE aHOAOM?

Kaxko¥ anextpon siBiIseTcs B TAIbBAHUYECKOM JJIEMEHTE KaTOIOM?

Kax paccuutsiBaercst 3/[C ranbBaHUYECKOro 3jieMeHTa’?

Kakue mporeccsl mpoTeKkaloT Ha 3JEKTPOoJax MpU padoTe TraibBaHUYECKOTO
aneMeHTa’?

Kakue Bubl raTlbBaHUUECKHUX 3JIEMEHTOB U3BECTHBI?

Tema. 1.10. Koppo3us merajliioB

Bonpocsl Tembl

Koppo3usi: omnpeneneHue, KiacCUpUKaUs KOPPO3HOHHBIX pa3pylIECHUM,
KOPPO3UOHHBIE CPEMBI.

DNEKTPOXUMHUYECKAS] KOPPO3USL.

Koppo3sust B €eCTECTBEHHBIX yCIOBHSIX.

MeTo1bI 3aUThl METAIUIOB U CIIJIABOB OT KOPPO3UHU.

Jlureparypa: [1, 3, 5, 6]

Meroanuyeckue peKOMeHaluu

[Tpu u3ydeHnn TeMbl HEOOXOIUMO HAYUUTHCS pa3inyaTh CIydyad XUMUYECKOU

U DJIEKTPOXUMHUUYECKON KOPPO3HUH; HAYYUTHCS OIMUCBHIBATH IIPOLIECCHI, IIPOTEKAIOIINE
IIPU DJIEKTPOXUMHUYECKOW KOPPO3HM Ha KATOJHOM M aHOJHOM 30HaX. 3HATh U YMETh
ONPENENATh 1eJIeCO00PAa3HOCTh NPUMEHEHUS HMEIOIIHUXCS METOJIOB 3allUTHl OT
KOPPO3MOHHBIX pa3pyLICHUN B Pa3JIMYHBIX YCIOBUAX JKCILTyaTallUd METAIIMYECKUX
KOHCTPYKLIHH.

Bonpocsl 1151 caMOKOHTPOJIsA
Yrto Takoe KOppO3Hsl METAIIIIOB?
Kakue MeTo1pl 3a11UThl METAJUIOB OT KOPPO3UH U3BECTHBI?

Tema. 1.11. DaexTposn3

Bonpocsl Tembl

DIIEKTPOIN3 BOJHBIX PACTBOPOB U PACIUIABOB AJIEKTPOJIUTOB.
OmnpeneneHue, TUIBI, CYIIIHOCTh; KATOAHBIN U aHOAHBINA MPOLECCHI.
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3. KonudecTBeHHOE OMUCaHKE Mpoliecca dIeKTpoiu3a: 3akoHbl Dapajes.
4. T'anmpbBaHOTEXHHMKA U raJIbBAHOCTETHS
Jluteparypa: [1, 2]
MeToan4yecKkue peKOMeHIAuu
[Ipu paccMoTpeHUH TEMBI HEOOXOIUMO HAYYHMThCS OMHUCHIBATH MPOIECCHl Ha
KaToJIe W aHOJIE€ MpPHU DIJIEKTPOJU3E PACTBOPOB AJIEKTPOJUTOB. YSICHUTH Pa3HUILY
MEXIY TPOIECCOM JJIEKTPOJM3 pacTBopa W paciuiaBa dJIEKTPOJUTA. YMETh
MPUMEHATH MPABUJIO KaToAa U MPaBWIO aHOAA. 3HATh MAaTEMATHYECKOE BBIPAKCHUE
3aKoHOB Dapajiess U yMeTb MPUMEHSTh UX ISl pacueTa MPOyKTOB 3JIEKTPOIN3a
Bomnpocs! Aj151 CAaMOKOHTPOJIS
Uto Takoe 3JIeKTPOIu3?
Kakwue mponecchl UMEIOT MECTO MPH JIEKTPOIU3E?
Kak ycTpoeH anekrponusep?
Kaxkoit 3apsin UMEIOT MpH 3JEKTPOIN3€e a) aHoj, 0) katon?
Kaxkoi 3aKOH YCTAaHABIIMBACT 3aBHCUMOCTbD MaccChl BEIIECTBA,
oOpa3oBaBIIerocss MpH JJIEKTPOIN3E, OT BPEMEHH, CHJIBI TOKa W IPUPOJIbI
AIEKTPOIUTA?

M.

Tema. 1.12. Duementsl IA u ITA moarpynmn. 7KecTkocTh BOAbI
Bonpocsl TeMbl
1. OOmias xapakrepuctuka. MeTopl MoIydeHUs.
2. CrpoeHue aToOMOB, 3aKOHOMEPHOCTH U3MEHEHHUSI CBOMCTB.
3. Bopopoxn: monoxenue B IIC, crpoeHme arToma, HaxXxOXIACHUE B IPUPOJE,
IIOJIyYEHHE, IPUMEHEHUE.
4. JKecTKOCTb BOJBI: THUIIBI, METOAbl ONPENEIECHUS, NPUYUHBI BO3ZHUKHOBEHUS,
CIOCOOBI YCTpaHEHHUS.
Jlureparypa: [1, 2,7, 9]
MeToanyeckue peKOMEHIANH
N3ydyeHne CBOWCTB 3JIEMEHTOB KaXIOM TIpPYyHIbl CJIEAyeT HayuHaTh C
PacCMOTPEHHUSI AEKTPOHHOIO CTpoeHus:i aToMoB. OOpaTuTe BHUMaHUE Ha CBOMCTBA
AJIIEMEHTOB, OOJaJAIOIIMX METANIMYECKUMH, HEMETAUIMYECKUMHU U amM(pOTEpHBIMU
CBOICTBaMU, HA UX CPAaBHUTEJIbHBIE XaPAKTEPUCTUKH B IIPEAEIax NEpPUOAa U IPYyMIbL.
[TocmoTpuTe. Kak HM3MEHSAIOTCS CBOMCTBA JJIEMEHTOB C H3MEHEHUEM DaJHyCOB
aTOMOB, KaK M3MEHSIOTCS MOHMU3ALMOHHBIE MOTEHIMANBI U 3JIEKTPOOTPULIATEIBHOCTD
C YBEIMYEHUEM NOPSJAKOBOTO HOMEPA dJIeMeHTa. M3yunTe 3aBUCMMOCTh U3MEHEHUS
KHMCJIOTHO-OCHOBHBIX CBONCTB JJIEMEHTOB, a  TaKxe OKHUCJIUTENIBHO-
BOCCTAaHOBUTEJILHBIX CBOMCTB KHUCIOPOAHBIX coerHeHui. Pa3bepurech, kakue coyu
XapaKTepU3ylOT BPEMEHHYIO M MOCTOSHHYIO >KECTKOCTh BOJIbl. Heobxomumo ymerhb

15



MMCaTh YPaBHEHUS PEAKIUA, C MOMOIILI0 KOTOPBIX MOKHO YCTPaHUTh BPEMEHHYIO U
MOCTOSTHHYO K€CTKOCT.
Bomnpocsl 1j1s1 CAaMOKOHTPOJIS
1. IlpuBegure mnpuUMeEpsl peaklui, B KOTOPBIX NEPOKCUI BOAOPOJA SABISCTCS
OKHCIIUTENIEM, BOCCTAHOBUTEJIEM.
2. Kakue »anemMeHTHl 00pa3yloT TPyIly IMIEJIOYHBIX, IIETOYHO3EMEIbHBIX
METAIIIOB?
3. Hanumure ypaBHEHHS AUCCOIUALIMNA TUPOKCH]IA MATHUSL.
4. Kakwue conu 00yclaBIMBalOT BPEMEHHYIO U MOCTOSTHHYIO KECTKOCTh BOJIbI?

Tema. 1.13. Danementsi IITA, IVA u VA noarpynn
Bomnpocsl Tembl
OO6mras XxapakTepuCTHKA.
Crpoenue aToMOB, 3aKOHOMEPHOCTH U3MEHEHUS CBOKCTB.
Mertoabl nosy4yeHus.
XUMHUUYECKHUE CBOUCTBA: YIIE€POd, KPEMHUU, a30T.
Jlureparypa: [1, 2,7, 9]
MeToanveckue peKOMEHIANH
M3ydeHne CBOMCTB 3JJIEMEHTOB KaXJOW TpyHIbl CleAyeT HayuHaTh C
PacCMOTPEHHUsI AIEKTPOHHOTO CTpoeHus: aToMoB. OOpaTuTe BHUMaHUWE Ha CBOMCTBA
AJIEMEHTOB, O0JIaAI0IINX METAIMYECKUMHU, HEMETAUIMYECKUMH U aM(pOTEpHBIMU
CBOWCTBAMU, HA UX CPAaBHUTEIbHbBIC XAPAKTEPUCTUKH B MpeAeIax NEPUOaa U IPyIIIbL.
[TocmoTpuTEe. Kak M3MEHSIOTCS CBOMCTBA JJIEMEHTOB C HM3MEHEHHEM PAJINYCOB
aTOMOB, KaK MU3MEHSIOTCS MOHU3ALIMOHHBIEC TTOTEHLMAIBI U AJIEKTPOOTPULIATEIBHOCTD
C YBEJIIMYEHUEM MOPSAIKOBOIO HOMEpa 3JieMeHTa. M3yunTe 3aBUCUMOCTh WU3MEHEHUS
KUCJIOTHO-OCHOBHBIX CBOICTB 3JIEMEHTOB, a  Takke OKHCJIUTEIBHO-
BOCCTAHOBHUTEJIBHBIX CBOMCTB KACIOPOAHBIX COEAUHECHUMN.

Bonpocsl 1151 CaMOKOHTPOJISE

1. TloueMy a3oTUCTasi KUCJIOTa MOXKET MPOSABIATH KaK OKUCIUTEIbHbIC, TaK W
BOCCTaHOBUTEJIbHBIC CBOMCTBA?
2. Kakue mnpoayKThl BOCCTAHOBJICHUSI KOHILICHTPHUPOBAHHOW CEPHOW KHCIIOTHI
BO3MO>KHBI IIpU €€ B3aUMOJICUCTBUU C METaJlJIaMu?

A

Tema. 1.14. Duementsl VIA, VIIA, IB u IIB noarpynn
Bonpocsl TeMmbl

OO01mas xapakTepucTHKa.

CtpoeHune aToMOB, 3aKOHOMEPHOCTH U3MEHEHUsI CBONCTB.
["asiorensl.

Kucnopon, cepa.

L=
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5. Menp, HUHK.
6. OcoOEHHOCTH  CBOMCTB,  OKHCIIMTEILHO-BOCCTAHOBUTEIbLHBIE  CBOMCTBA
COEOMHEHUN METAJIOB.
Jlureparypa: [1, 2,7, 9]
MeTtoanyeckue yKazaHus
M3ydeHne CBOMCTB JJIEMEHTOB KaXJOW TpynIbl ClEAyeT HauyuHaTh C
PacCMOTPEHHUS AJIEKTPOHHOTO CTpoeHUs aToMoB. OOpaTuTe BHUMaHWE HA CBOMCTBA
AJIEMEHTOB, O0JAJAIONINX METANIMYECKUMH, HEMETAUIMYECKUMHU U aM(pOTEPHBIMU
CBOMCTBaMH, Ha UX CPABHUTEJILHBIC XapaKTEPUCTUKU B MpeJieiax Meproia U rPymIibl.
[TocMoTpuTe. KaKk H3MEHSIOTCS CBOICTBA 3JIEMEHTOB C HU3MEHEHHUEM paJInyCOB
aTOMOB, KaK W3MEHSIOTCS MOHU3AIMOHHBIE MOTEHIMAIBI U 3JIEKTPOOTPULIATEILHOCTD
C YBEJIMYEHUEM MOPSIKOBOrO HOMEpA 3JieMeHTa. M3yunTe 3aBUCUMOCTh U3MEHEHUS
KHCJIOTHO-OCHOBHBIX CBOMCTB AJIEMEHTOB, a  TaKxke OKHCIIUTEILHO-
BOCCTAHOBUTEJBLHBIX CBOMCTB KUCIOPOJAHBIX COCTUHEHUM.
Bomnpocsl 1151 camonpoBepKu
1. Ha xakux ypOBHSI M HNOJYPOBHSIX HAaXOMSTCS BAJICHTHBIEC AJIEKTPOHBI B aTOMax
rajoreHoB?
2. KakoBo BIMAHHME pEAKIUM CPEIbl HA XapakTep MPOAYKTOB TPHU
BOCCTAHOBJICHUM NI€pPMaHraHaTa Kaiaus?
3. Kakumu cBoiicTBaMu  0OJafarOT COEAMHEHUS  JIBYX-, 4YEThIpeX- W
CEMHUBAJICHTHOTO MapraHua?
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2. METOJUYECKHE YKA3AHUS 11O BBIIIOJJHEHUIO KOHTPOJIbHOM
PABOTBI

2.1. OPOPMJIEHUE U BBIFOP BAPUAHTA KOHTPOJbHOMW PABOThI

[Tpu odopmiieHHHn KOHTPOJBHBIX paboOT cieayeT coOIAaTh CleIyroIINe
npaBuJia:

1. PaboTa BBIMOJHSETCS B IIKOJbHOW TE€TPAJU, HA OOJIOKKE KOTOPOU CIETyeT
yKa3zaTh HOMEP KOHTPOJBHOM pabOoThl, HANMEHOBAHUE JUCIUILTUHBL, (PaMUIIUIO, UMH,
OTYECTBO, KOJI CIIEUAIBHOCTH U LIUPP.

2. KontponpHas pabota A0mKHA OBITh OQOpMIIEHAa aKKypaTHO, YETKUM
noyepkoM, 0e3 momapok. [l 3aMeuaHuil pelieH3eHTa B TETpaAd Ha Kaxaou
IIPOHYMEPOBAHHOM CTPAHULE HAZ0 OCTABJIATh ILIUPOKUE ITOJIS.

3. Homepa BompocoB u 3a/1a4 ClieyeT NepenuchiBaTh B TOM MOPSAJIKE, B KAKOM
OHM YKa3aHbl B KOHTPOJIbHOM padoTe.

4. YcnoBus 3aad U BOIPOCH! 3aMKMCHIBAIOTCS MOJHOCTHIO 0€3 COKpAILEHU.
OTBeTHI TOJKHBI OBITH TOYHBIMU U TIO BO3MOKHOCTH KpPaTKO C(HOpMYIHpPOBAaHHBIMU,
HEepENrCaHHble U3 YUEOHUKOB U MOCOOUM — HE 3aCUUTHIBAIOTCSI.

BoinonHsiemble 3aaHusl JTOJDKHBI KpPaTKO, HO YETKO OOOCHOBaHbI, 3a
UCKIIFOYEHHEM TE€X CIIy4aeB, KOTJa MO CYLIECTBY BONpOCA, Takas MOTHUBHUPOBKA HE
tpeOyercsa. Ilpu pemenun 3amgay HE0OXOOUMO MPUBOAUTH BECh XOJ PEIICHUS C
pacindpoBKoil OyKBEHHBIX 0003HAUEHUI U MaTeMaTHYeCKue NpeoOpa3zoBaHUsl.

KouTponbHas paboTa NOANUCHIBAETCA CTYJAEHTOM C YKa3aHUEM JaThl
BBINIOJIHEHUS.

3areM cieqyeT NMEepedrciInTh CHEUUalbHYyI0 JINTepaTypy (aBTOp, Ha3BaHHE,
U3JaTeNbCTBO, T0J1 U3JaHUS, KOJIMYECTBO CTPAHULL).

CryAeHT cliaeT KOHTPOJIbHYI0 paboTy Ha Kadenpy XMMHHM YHUBEpPCUTETa Ha
PELICH3HIO.

Ha koHTponbHyI0 paboTy mpenojaBaTelb [TaeT KpaTKyl pPEleH3UI0 ¢
yKa3aHHUEM HEeJ0YETOB U OOHAPYKEHHBIX OIIUOOK, €CJIM OHU UMEIOTCS.

Ecnu xoHTponbHas paboTa He 3a4TeHa, HEOOXOJIMMO BBIMIOJIHUTH paboTy HaJl
olIMOKaMH B TOM ke TeTpaau. VcnpaBiieHUs ClIeyeT BBINOIHATH B KOHIIE TETPAIH, a
HE B PELICH3UPOBAHHOM TEKCTE.

KonTtponbHas  paGoTa, BBINOJHEHHAass HE IO CBOEMY  BapHaHTy,
MPENnoaBaTeyeM He PELIEH3UPYETCS U HE 3aCUUTHIBACTCSI.

KoHnTponpHas paboTta Jo/kHA OBITh BBINOJHEHAa W AOIMYyLIEHA K 3alUTe [0
Hayajia J1abopaTOpHO-IK3aMEHAlMOHHOW ceccuu. Bo Bpems  nabopaTopHoO-
HK3aMEHALIMOHHON CECCHM BBIMOJIHAIOTCA JabopartopHbie padotel. K crave 3auera u
’K3aMeHa JOMYCKAIOTCA CTYACHTbI, KOTOPbIE BBIOJHWIN JabopaTOpHble pPabOTHI,
BBINIOJIHUAJIM M 3aLIUTHIIA KOHTPOJIbHBIE PAOOTHI.
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Kaxp1ii CTYyICHT BBITTOTHACT BapUAHT KOHTPOJILHBIX 3aaHui, 0003HAYCHHBIN
IBYMS TIOCHCTHUMH IudpamMu mudppa B 3a4eTHOW KHWKKE WU CTYJACHUYESCKOM
ounere. Hanpumep, mmdp 1087. Bapuant 89: 8 — BepruxkanpHbii psig, 9 —
TOPHU3OHTAIBHBIN PSIIT ITUQD.

2.2. BAPUAHTBI 3AJTAHUI KOHTPOJIbBHOM PABOTHI Nel

Ta6numa 2
[Ipennocnenns [Tocnensis uudpa mmdpa
A IGPA MHPPA | s s 6 (7 (8 |9
1 2 3 4 5 6 7 8 9 10 |11
0 1 2 3 4 5 6 7 8 9 10

40 |31 34 132 |36 |35 |33 |37 |38 |39
59 |53 |52 |54 |55 |56 |57 |58 |59 |60
61 63 62169 |70 |64 |65 |66 |67 |68
93 |94 |91 92 100 (99 |95 |96 |97 |98
112 {120 | 111 |114 |113 |118 |115 |116 |119 |117
121 (122 | 123 | 124 | 125 |126 | 127 |128 | 129 | 130
150 | 149 | 148 | 147 | 146 | 145 | 144 | 143 | 142 | 141

21 (22 |23 |24 |25 |26 |27 |28 |29 |30
57 |53 |52 |56 |55 |51 59 |60 |58 |54
79 |73 |72 |79 |80 (74 |75 |76 |77 |78
8 190 |8l 82 |83 (8 (8 |8 |87 |88
106 | 107 | 104 | 105 |103 (109 |108 | 110 |102 | 101
140 | 131 | 132 | 133 [ 134 | 135 | 136 | 137 |138 | 139
151 | 152 | 153 | 154 | 155 | 156 | 157 |158 |159 |160

2 11|12 13 14 15 16 17 18 19 |20
32 |31 33 34 |35 |36 |37 |38 |39 |40
41 42 143 |44 |45 |46 |47 |48 |49 |50
66 |63 |61 62 |69 |64 |65 |70 |67 |68
91 100 {99 |92 |93 (94 |95 |96 |97 |98
117 | 118 | 111 | 114 |[116 | 113 |116 |117 |115 |120
122 | 121 | 124 | 123 [ 125 | 126 | 127 |128 |130 | 129
146 | 147 | 148 | 149 | 144 | 143 | 145 | 150 | 142 | 141

19



IIpeanocnenns

[Tocneansisa uudpa mmdpa

A ngpa wHppa |- T 17 g |9

3 I 12 3 14 |5 6 |7 (8 |1 |10
21 |23 [22 |24 |25 |26 |27 |28 [29 |30
55 |52 |53 |54 |55 |56 |57 |58 |59 |60
73 (74 |71 |72 |80 |79 |75 |76 |77 |78
82 |90 |81 |88 |83 |84 |85 |86 |87 |89
108 | 104 |109 |102 |105 [110 | 103 |106 |101 |107
139 | 138 137 | 136 |135 [134 | 133 |132 |131 |140
156 | 155 |153 |152 |157 158 | 159 |160 |154 | 151

4 4 |12 (20 |19 |15 |16 |17 |18 |11 |13
31 |32 [33 |34 |35 [36 |37 |38 [39 |40
46 |42 |43 |44 a5 |46 |47 |48 |49 |50
65 |61 |62 |63 |64 |70 |66 |67 |68 |69
93 100 |91 |92 |99 |94 |95 |96 |97 |98
111 120 | 115 [112 113 |116 |114 | 119 |118 | 117
123 | 124 | 125 [126 |127 |128 |129 | 130 |121 | 122
149 | 148 | 147 |146 | 145 | 144 |143 | 142 | 150 | 141

5 5 (4 |3 [8 |9 |6 [7 |1 [10 |2
26 |22 |25 |24 |21 |23 |27 |28 |29 |30
57 |52 |53 |54 |55 |56 |57 |58 |59 |60
75 173 |71 |72 |76 |74 |79 |80 |77 |78
84 |85 |89 |88 |87 |81 |83 |86 |90 |82
110 | 109 |101 |102 |103 |104 | 105 |106 |107 | 108
131 | 132 |140 [ 133 |134 [135 | 136 |137 | 138 |139
160 | 159 |158 | 157 |156 |154 | 155 |153 |152 | 151
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IIpeanocnenns

[Tocneansisa uudpa mmdpa

A ngpa wHppa |- T 17 g |9
6 11 |12 [13 |14 |20 [19 |15 |18 |16 |17
36 |32 [40 |34 |35 [31 (37 |38 [39 |33
48 |42 |43 |44 |45 |46 |47 |49 |50 |49
66 |67 |61 |62 |63 |64 |65 |69 |70 |68
95 94 |91 |92 |93 |99 |98 |96 |97 |100
119 120 | 112 [111 |114 [ 113 |115 | 117 |116 | 118
125 124 | 126 127 128 |129 [130 |121 |122 |123
141 | 142 | 143 145 | 144 | 146 |147 | 148 |150 | 149
7 I 12 (3 |4 |10 9 |6 |5 [7 |3
21 |25 [23 |24 |22 |28 |26 |27 [30 |29
58 |59 |51 |52 |53 |54 |55 |56 |57 | 60
80 |79 |73 |71 |72 |78 |74 |75 |76 |77
8 |87 |81 |82 |83 |84 |85 |88 |90 |89
109 | 105 |101 | 103 |104 |102 | 106 |110 |107 | 108
131 | 132 133 | 134 |135 [136 | 137 |138 | 139 | 140
160 | 159 |158 | 157 |156 |155 | 154 |153 |152 | 151
g 0 |9 (8 |7 |5 |6 |4 |1 |2 |3
23 |26 |25 |24 |21 |20 |27 |28 |22 |30
50 |41 |42 |43 |44 |45 |46 |47 |48 |49
68 |63 |69 |61 |62 |70 |64 |65 |66 |67
95 98 |91 |92 |93 |94 |100 |96 |97 |99
118 | 117 | 111 [113 119 | 120 [116 | 115 | 114 |115
130 | 129 |128 127 |126 [125 |124 |123 |122 |121
141 | 142 | 143 |144 | 145 |146 | 147 | 148 | 149 | 150
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[Ipennocnenns [Tocneansisa uudpa mmdpa
s nudpa mudpa

0 1 2 3 4 5 6 7 8 9

9 11 12 13 14 |15 16 17 18 19 |20
34 |32 |36 |35 |38 |3l 39 |37 |40 |33
59 |52 |53 |54 |55 |56 |51 58 |59 |60
77 178 |71 72|73 174 |75 |76 |79 |80
89 190 |8l 82 |83 (84 8 |8 |87 |88
101 {102 | 103 |104 |109 |105 |110 |106 |107 |108
135 (136 | 134 | 133 | 132 | 131 | 138 |139 | 140 | 137
158 | 160 | 157 | 156 | 154 | 155 | 153 |152 | 159 | 151

2.3. BAPUAHTBI 3AJIAHUM KOHTPOJIBHOM PABOTBI Ne2

Tabauna 3
Ipennocnenus | [Tocnenuss uudpa mudpa
A wppa WHPPa |- s ¢ 7 (g |9
1 2 3 4 |5 16 17 18 19 10 |11
0 161 [ 162 | 163 | 164 | 165 |166 |167 | 168 | 169 | 170

182 | 181 | 184 | 185 | 186 | 187 | 188 | 189 |190 | 183
203 1202 | 201 |204 |205 |206 |220 |207 |208 |209
224 1225 | 226 |227 |228 |229 |221 |230 |223 |222
245 1246 | 247 248 | 250 |241 [249 |242 |243 |244
270 | 271 |279 272 |278 |273 |277 |274 |276 |275

1 172 (171 | 179 173 | 174 | 175 |176 | 177 | 178 | 180
191 | 193 [ 192 | 195 | 196 |194 | 197 | 198 |200 | 199
211 | 212 | 213 | 214 | 215 |216 |217 |218 |219 |220
233 | 231 | 232 | 235 |234 |237 |236 |240 |238 |239
254 | 253 | 255 |256 | 257 |258 |260 |251 |252 |253
275 1274 (276 |277 |278 |271 272 |273 |279 |280
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[Ipeanocnenns
s uudpa mudpa

[Tocneansis uudpa mmdpa

0 1 2 3 4

2

169 | 168 | 167 | 166 | 165
183 | 184 | 185 | 187 | 186
219 1220 | 211 [212 |213
221 222 | 223 |224 |225
242 1243 | 245 |245 | 241
270 | 261 |[262 |263 |264

164
188
214
226
247
265

161
190
215
227
246
266

162
189
216
228
250
267

170
181
217
229
248
269

163
182
218
230
249
268

171 | 172 | 173 | 174 | 175
199 | 198 | 197 |[196 | 192
201 202 |203 |204 |205
232 231 | 233 |234 |235
256 | 255 |256 |253 |252
263 | 264 |265 |266 |267

176
195
206
236
257
268

177
193
207
237
258
270

178
200
208
238
260
261

180
191
210
239
259
262

179
194
211
230
251
269

161 | 162 | 163 | 164 | 165
184 | 185 | 186 | 187 | 188
201 202 |203 |204 |205
230 | 229 | 228 |227 |226
242 1243 | 244 |245 | 247
273 1274 | 275 |276 | 271

166
189
206
225
246
280

167
190
207
224
248
272

168
183
208
223
241
279

169
181
209
222
250
277

170
182
210
221
249
278

171 | 180 | 172 175 | 176
197 | 196 | 195 | 194 | 193
212 | 213 | 214 | 215 | 216
233 | 231 |232 |234 |235
254 | 255 | 256 | 257 |258
261 262 |263 |264 |265

177
192
211
236
259
266

178
191
217
237
260
267

179
198
219
240
251
268

174
200
218
239
253
270

173
199
210
238
252
269

163 | 164 | 165 |166 | 167
187 | 188 | 189 | 184 | 185
201 202 |203 |204 |206
224 | 223 | 225 |226 |227
242 1241 | 244 |243 | 245
270 |269 |261 |262 |263

168
186
205
228
246
264

170
187
208
230
247
265

161
182
200
229
248
266

162
181
207
222
250
267

169
190
209
221
249
268
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[Ipeanocnenns
s uudpa mudpa

[Tocneansis uudpa mmdpa

0 1 2 3 4

7

176 (175 | 174 | 173 | 172
199 | 198 | 197 | 196 | 195
211 [ 212 | 213 | 214 |215
232 | 233 | 234 |235 |236
254 | 255 | 256 | 257 |258
273 1274 | 275 276 |277

171
200
216
237
259
280

180
193
217
238
260
279

177
191
218
240
251
278

178
192
220
239
253
272

179
194
219
231
252
273

162 | 163 | 167 | 168 | 165
183 | 184 | 185 |186 | 187
202 1203 |201 |204 |205
221 222 |223 |225 |224
250 245 | 246 |247 |246
269 | 268 | 267 |266 |265

166
188
206
227
245
264

164
190
207
226
244
270

169
181
208
229
243
261

170
182
209
230
242
263

161
189
210
228
241
262

176 (177 | 178 |[179 | 180
200 [ 193 | 191 | 192 | 194
219 | 211 |212 |214 |213
231 232 | 234 |233 | 235
258 259 260 |257 |256
272 1273 |274 | 275 | 276

175
196
215
237
255
277

174
195
216
238
254
278

172
198
217
236
253
280

173
197
220
239
252
371

171
199
218
240
251
279
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OdopmieHre TUTYIBHOTO JTUCTa KOHTPOJILHON PabOTHI:

OEJEPAJIBHOE AT'EHTCTBO 110 PBIBOJIOBCTBY

®EJIEPAJIBHOE TOCYIAPCTBEHHOE
BIOJUKETHOE OBPA3OBATEJIBHOE YUPEXXJIEHUE
BBICILIET'O OBPABOBAHU S
«KAJIMHUHT PAJICKUI TOCYIAPCTBEHHBIN TEXHUUYECKHUM
YHUBEPCHUTET»

NHCTUTYT arpOMH>KEHEPUH U TTUIIEBBIX CUCTEM
Kadenpa xumun

Kontponbhas pabota KoHntposnbHas paborta

JOMyLIEHA K 3aIlUTE: 3alMIIeHa

JIOJDKHOCTD (3BaHKE), YUCHAsl CTETICHb JIOJDKHOCTD (3BaHKE), YUEHAsl CTETICHb
Gamumusa N.0. Qamunusa U.0.

«__» 202 T «_» 202 T

KouTponbshas pabora
10 TUCUHUTIIITUHE
«HEOPTAHMYECKA S X1UMU S»

[Mudp crynenra
Bapuant Ne

Paboty BbIOIHUI:
CTYZEHT Ip.

damunmsa 1.0.
« _» 202 T

Kanmuaunrpan - 20

KOHTpOJIBHI)IC 3aJaHuA IIPUBCACHBI B ITPUIIOKCHUAX 1 u?2.
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2.4. METOAUYECKUE YKA3AHUS IO BBINTOJITHEHUIO 3AJIAHUM
KOHTPOJIBHOM PABOTBI Nel U IPUMEPHI PEIIIEHUS 3AJIAY

2.4.1. 3AKOH 3KBUBAJIEHTOB (3aganus Ne 1-20)

MousipHass mMacca SKBUBaJieHTa BellecTBa. MOJISIpHBIM 00BbEM 3KBHUBAJICHTA
ra3o00pa3HOTo BEIIECTBA.

Eme no co3manusi aTOMHO-MOJIEKYJISIPHOTO Y4Y€HUSI ObLIO yCTaHOBIJIEHO, YTO
MIPOCTHIE U CIIOKHBIE BEIIECTBA BCTYMAIOT B XUMHYECKUE PEAKIIUU B OIPECICHHBIX
MaccoBbIX cooTHouIeHUsAX. B konme XVIII Beka ObUT OTKPBIT 3aKOH IKBMBAJIECHTOB

[Ipexxne yem copMynHpoBaTh 3aKOH SKBUBAJIEHTOB, NAJUM OIpEACIICHUE
MOHATUN: XWMHUYECKHM HKBUBAJICHT, YHCIO OSKBUBAJIEHTHOCTH (3apsSIHOCTH),
MOJISIpHAas Macca »SKBUBAJEHTAa, KOJMYECTBO BEIIECTBA HSKBUBAJIECHTa, OOBEM
HKBHUBAJIEHTA ra3000pa3HOro BEIIECTBA.

XUMHYECKUI 3JKBUBAJEHT — OTO YCIOBHAas, WIM peajbHas, YacTULA
Bel[eCTBAa (3TO 4YacThb MOJEKYJbl, HOHA U T.H.), KOTOpas B KHCJIOTHO-OCHOBHOM
peakIMu SKBUBAJICHTHA (PaBHOIIEHHA, TOXIECTBEHHA) IO CBOEMY XHMHUYECKOMY
JICUCTBUIO OJHOMY KaTHOoHy Bomopona (1H') wnm B OKHCIHTENBHO-
BoccTaHOBUTENbHOU peakuuu OBP onHomy snektpony (1€).

MoasipHas Macca JKBHBAJIEHTA BellecTBAa (IKBHBAJIEHTHAsi Macca) — 3TO
Macca BEIIECTBA KOJMYECTBOM | MOJb DKBUBAJEHTOB, PaBHAs JIEJICHHUIO MOJISIPHOU
MaccChl BEIIECTBA HAa YMCIIO SKBUBAJIEHTHOCTH (3KBUBAJIEHTHOE YUCIIO):

Moir(B-Ba) = M(B-Ba)/ z [T/MOB ]| win

m»(B-Ba) = M(B-Ba) / z [r/MOB],

Mokp(B-Ba) — MOJISIpHAsE Macca SKBUBaJIEHTa BEIIECTBA, I/MOJIb;

m»(B-Ba) — MOJISIpHAs Macca YKBUBAJICHTA BEIIECTBA, I/MOJIb;

M(B-Ba) — MOIsIpHAst Macca BEIIeCTBA, I/MOJIb;

Z — YUCJIO SKBUBAJICHTHOCTHU (PKBUBAJICHTHOE YHCIIO).

Yucji0 3KBUBAJEHTHOCTH (IKBUBAJEHTHOE 4YHCJI0) Z — TepeMeHHas
BEJIMYMHA, 3aBUCSIIAs OT COCTaBa BEIIECTBA WM OT KOHKPETHOM peakiinu, B KOTOPO
y4acTBYET JAHHOE BEIIECTBO.

Omnpenenenue yncia 3KBUBaJIEHTHOCTH.

Z. (aToma 3jieMeHTa B COeJIUMHEHUM) = CTCIECHM OKHMCJICHHS DJIEMEHTa B
BeIecTBe (C.0.).

Hanpumep: Yemy paBHSETCS YMCIIO 3KBUBAJIEHTHOCTH CEpPbl B CIEIYIOLIUX
coequnenuax: 1. H,S; 2. SO,; 3. SOs.

Z = Cc.0. — CTENEHb OKUCICHUA JJIEMEHTAa B XUMHUYECKOM COEIUHECHUHU.
c.0.(8)=-2;2=2; 2.co.(S)=+4,Z=4;3.c.0(S)=+6;Z=6.
Z(KUCA0TBI) = OCHOBHOCTH KHCIOTHl B JIaHHOW pEAKUHUH, T.€. UHUCIY

3aMeIIeHHBIX KAaTHOHOB Boiopoaa (nH") Ha apyrue KaTHOHBI.
7. (KMCJI0# COJIM) = YHMCITy 3aMEIICHHBIX KaTHOHOB Bojopoa (nH™).
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Z(ocHOBaHMSI) = KHCIOTHOCTHM OCHOBaHMS B JIaHHOW PEAKIUM, T.C. UUCIY
ruapokcua noHoB (nOH™), 3aMeneHHbIX Ha KUCTIOTHBIE OCTATKHU.

Z(0CHOBHOM €0JIM) = 4YHCIy THUAPOKcUA - UOHOB (n OH™), 3aMelleHHBIX Ha
KHCJIOTHBIE OCTaTKH.

Z( HopMaJbHOH (cpeaHei) COJIM) = CyMMapHOMY MOJOXUTEIHLHOMY 3apsiy
KaTHOHA.

Z. (BemectBa, yyacrBywuiero B OBP) = unciny OpuHATBIX 3JIEKTPOHOB
OJTHUM MOJIEM OKHCIIUTENISI WM OTJAAaHHBIX OJIHUM MOJIEM BOCCTAaHOBHTENS (ne).

KosmyecTBO BenecTBa JKBUBAJIEHTA Nokp (B-Ba) — KOJIWYECTBO BEILIECTBA, B
KOTOPOM YacCTUIIAMU SIBJISIFOTCSL SKBUBAJEHTHI. BhipaxkaeTcsi B MOJSIX, Kak U JII00OE
KOJIMYECTBO BEILIECTBA.

Nkg.(B-Ba) = m(B-Ba) / Mxkg (B-Ba) [MOJIB]| Win

Nokg.(B-Ba) = m(B-Ba) / M5 (B-Ba) [MOJIB].

MousipHbii 00beM JKBMBAJICHTOB razoo0pas3Horo BellecTBa
(3KBUBAJIEHTHBIH 00beM) V5xg— 00BEM OJTHOTO MOJIb DKBHBAJICHTA rasa.

Voks= Vu(raza)/ z [n/monb], rie Vy(raza) — MossipHbIit 00beM Tasa, Ji (H.y.).

3aKOH SKBHUBAJICHTOB — MAacChl (00BEMBI) pearupyromux BEIIECTB OTHOCITCS
MEXKIy COO0OM Kak MX MOJISIPHbIE MACChl SKBUBAJICHTOB (KaK MX MOJISIPHbIE OOBEMBI
SKBUBAJICHTOB).  3allMChIBA€M  BBIPAXKEHUE  3aKOHA  SKBUBAJICHTOB A
JIBYXKOMIIOHEHTHOUN CUCTEMBI:

m,; / my; = Mnskg.1/ Moks2; Vi /Va=Voxs1 / Voo

Ipumep 1. Ilpu B3ammonecTBuH § T IBYXBAJIEHTHOIO METalIa C KACIOTON
BbIIEIIIOCH 4,48 11 Bojopoaa (H.y.). Beruncnure MOJsipHYI0 Maccy 3KBHUBAaJI€HTa U
aTOMHYIO MacCy MeTaJlla.

Pemenue

3anuchiBa€M CXEMY B3aUMOAECHCTBUS METAIJIA C KUCIOTOM:

Me + 2HAn — MeAn, + H,

BeluncnsieM MOJISIpHYIO MacCy SKBUBAJIEHTa Boaopona. M3 cxemsl peakiuu
BUJIHO, 4TO 1 Mosb Bogopoaa (H,) ormaer nBa anekTpoHa.

H, - 2& — 2H", orcroga Voxe(Hy) = Vu / Z [a/Momnb],

Z = ng, T.e. YUCIly AJIEKTPOHOB OTAAHHBIX | Mosb Bogopoaa. CienoBaTenbHO,

7 =2, Vxe(Hy) =22,4/2=11,2 n/monb.

3anuchiBaeM BhIPAXKEHUE 3aKOHA YKBUBAJICHTOB:

m (Me) / Msks(Me) = V(H,) / Vaxs(Ho)

[ToncraBnsem uucnoBbie 3HaueHus: 8/Mnxs(Me) = 4,48/11,2, monsipHas macca
SKBHBAJICHTA MeTayia paBHseTCS Moy(Me) = 8 « 11,2 / 4.48 = 20 r/mons. U3
YCJIOBUSL 3aJlaHMsl M3BECTHO, YTO BAJICHTHOCTh METAJJIa pPABHAETCS [JIBYM, a
BaJICHTHOCTh METaslia
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B = M(Me) / Mok (Me). Monsipuas macca metamia M(Me) = 20 « 2 =
40 r/monb. Ananusupys Ilepuonnueckyro cucremy snementoB Jl. M. Menneneesa,
HaxoJWM BO BTOpPOH TpyIIe 3JIEMEHT ¢ MOJspHOMl Maccoi 40. DTOT 3JeMEHT
kanbuii (Ca).

IIpumep 2. HekoTopoe KOIMYECTBO METaslIa, SKBUBAJIEHTHAS Macca KOTOPOIO
paBHa 20 r/Monb, BBITECHSET M3 KHUCIOTHI 0,6 J1 BOOOpoAa, M3MEPEHHOrO MpH
HOPMaJIbHBIX yCI0BUAX. ONpeaennTs Maccy MeTaliia

Pemenne. Tak kak uucio skBuBasieHTHOCTH z(H,)= 2, a MomspHBIi 00BeM
npy HopMaibHbIX ycnoBusax Vv(Hz) =22,4 1, TO 3KBUBaJIeHTHBIN 00BEM BOAOPOIA

Vs(Hy) = Vu(Hy) /z,

Vs(Hy) 22,4/2=11.2 0.

[IpumeHsis BbIpakeHHE 3aKOHA YKBUBAJICHTOB, BHIYHUCIIIEM MacCy MeTajuia

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

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

IIpumep 3. BbluuciauTh MOJISIpHBIE MacChl 3KBUBAJEHTa (IKBUBAJIECHTHBIE
macchl) AI(OH); B peakiusix, BhIpakaeMbIX ypaBHEHUSIMU:

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

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

Pemenue. DKBUBaJIeHTHAs Macca CIOXHOTO BeIlIeCTBa TaK e, Kak U
HKBHUBAJICHTHAs] Macca 3JIEMEHTa, IepeMEHHasi BEJIMYMHA, MOKET UMETh paziInyHbIC
3HAYCHHs M3aBUCHUT OT TOTO, B KAKOH peakinu 0OMEHa y4yacTBYET 3TO BEIECTBO.

Al (OH); + HC1 = Al (OH),C1 +H,O; z=1, (1)

Al (OH); + 3HCl = AICl; + 3H,0. z=3. (2)

DKBUBaJICHTHAs Macca OCHOBAHHUS paBHa €ro MojsipHoil macce (M) neneHHoOM
Ha YHUCIO SKBUBAJICHTHOCTH (Z), KOTOPOE PaBHO YHCIY THUIPOKCUIBHBIX TPYIII
3aMENIEHHBIX Ha KHUCJIOTHbIE OCTAaTKu (aHHOHbI). Clie10BaTebHO, SKBHUBAJIECHTHAs
Macca ocHoBaHUsI m»(Al(OH);) B peakiuu (1) paBHa ero momspHoi Macce M(AI
(OH);)/ 1, a B peakuuu (2) my(Al(OH); = M(AI(OH);) /3 [r/mMomb].

Ilpumep 4. Jina  pactBopenus 16,8 T IBYXBAJEHTHOIO MeTauia
notpeboBanock 14,7 r cepHoit kucinotbl. ONpeeanuTh SKBUBAIICHTHYIO U aTOMHYIO
Maccy MeTalljia 1 00bEM BbIICIUBIIETOCs BOIOpoa (H.Y.)

Pemenune. 1. OnpenenuTh SKBUBAJEHTHYI0 MacCy MeETasla MBI MOXEM,
BOCIIOJIb30BAaBUIMCh 3aKOHOM SKBUBAJIEHTOB. 3alMIIEM €ro MaTeMaTHYeCcKoe
BbIpaKE€HUE MPUMEHUTENBHO K JaHHOU 3aj/1aye:

m(Me| _ m(H,SO,|

m,Me| m, H,S0,)’

rae m(Me) u m(H,SO,) — macchl MeTasia u KUCIIOTHI, T;

m,(Me) u m,(H,SO,) — 5KBUBaJICHTHBIE MacChl METaJlIa U KUCIOThI, I/MOJIb.

DKBUBaJIEHTHAsA Macca KUCIIOThI ONPEESAETCS CICAYIOMIUM OTHOIICHUEM:
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M |kucnorsi|

m, [ KI/IC]'IOTI:,I] - f’

rae M (KUCI0ThI) — MOJISIpHAsl Macca KUCIOThI, I/MOJIb;

Z — OCHOBHOCTH KHCJIOTBI — YHCJIO 3aMEIICHHBIX KATHOHOB Bojtopoa (nH").

IIpruMeHHTENBHO K JAHHOU 3aJ1aue 3alMIIeM CXeMY ITpolecca B3anMOICHCTBUS
MeTaia ¢ cepHoi kucinoroi: Me + H,SO4, — MeSO4 + H,, meTann 3amemiaer o6a
aToMa BOJOpPOJa W OCHOBHOCTh KHUCJIOTHI paBHAeTcs JByM. Otcioga 4YHUCIO
SKBUBAJICHTHOCTH Z = 2.

ms(HZSO4):wH+SO4):%:49(2/MOHL)

[loacTaBiisist 3HaU€HUA B MAaT€MaTUYECKOE BBIPAKEHUE 3aKOHA IKBUBAJICHTOB,

moJry4acM 3HA4YCHUC SKBUBAJICHTHOM MacChl MeTaJljia:

16,8 14,7 16,849
= Me|=—2222% —5g/(5/
m,[Me| 49 > OTcrona m, (Me| 14,7 le/mom|
YtoOsI onpenenuTh aTOMHYIO MacCy MeTajiia BOCIOIb3yeMcs (hopmytoit:
A,[Me|
m,[Me|=—"—,
B(Me)|

rae A(Me) u B(Me) — 5T0 COOTBETCTBEHHO OTHOCHTEJIbHAsI aTOMHAsl Macca U
BaJICHTHOCTh METaJljla.

Otcioga A,Me|=m,(Me|xB|(Me|=56%2=112a.e.mM.

[Tonp3ysiCh 3aKOHOM SKBUBAJIECHTOB, OMpENEsieM OOBEM BBIICIUBIIETOCS

BOJIOpOJA:
m(Me) _ V[H,|
m,Me| V,(H,|’

rae V(H,) — o6beM Bosioposa, i;
V, (H;) — s5xBUBaJICHTHBIA 00BEM BOJIOPO/IA, JI/MOJIb.
DKBHUBAJICHTHBI 00BEM BOJOpPOJA IIPH HOPMAJBHBIX YCJIOBHUSAX paBeH
11,2 n/monb
_m(Me|«V,[H,| 16,8x11,2

V(H,|= ——cv & =3,36(1]

2.4.2. CTPOEHUME ATOMA (Bapanus Ne 21-40)

[Ipy pemieHUH BOIMPOCOB, CBSA3AHHBIX C AJICKTPOHHOH CTPYKTYpPOH aTOMOB,
CIIEZIyeT UCXOIUTh U3 TOTO, UTO JIF000€ YCTOMUMBOE COCTOSTHHE DJIEKTPOHA B aTOMeE
XapaKTEPHU3yeTCs] OMPECICHHBIMA 3HAYCHUSIMUA KBAaHTOBBIX YHCEN: TJIABHOTO (n),
opoutanbHoro (1), MaruutHOro (M) ¥ cIMHOBOTO (s). COCTOSIHUE AJIEKTPOHA B aTOME,
OTBEYAIOIIIEE OINPEACICHHBIM 3HAYCHUSAM KBAaHTOBBIX 4YHMCEN n, 1, m, Ha3bIBaeTCs
atomHOl opOutanbio (AO). YcroitunBoMy (HEBO30YKICHHOMY) COCTOSIHUIO aToMa
OTBEYACT TAaKOEe pacrpesesiecHne 3JIeKTpoHOB 1Mo AQ, mpu KOTOPOM JHEPrus aroMa
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MUHAManbHA. [lo3TOMy  aTomMHbBIE  OpOMTaNM  3alOJHSAIOTCS  DJIEKTPOHAMU
MOCJIEOBATENBHO BO3PACTAHUIO UX SHEPTUM (IPUHIUI HAMMEHBIIEH SHEPTUH ).

Ipumep 1. Hamucate 5MEKTPOHHYIO KOH(HTypaluio aroMa »JIeMEeHTa ¢
MOPSJIKOBBIM HOMEpOM 15 B OCHOBHOM M BO30YXKJAEHHOM COCTOSIHUSIX. Mcmomb3ys
AJIIEKTPOHHYIO KOH(QUIYpalui0 BHEIIHEr0 M TMPEABHEIIHEr0 SHEPreTUYeCKUX
YPOBHEH, OINpENENIUTh MECTONOJOKEHUE 3JIEMEHTa B MEPUOJUYECKOHM CHCTEME
(rpynna, moArpyIma, mepuoj), yka3aTh €ro Ha3BaHHe€ W CUMBOJ. Ompenenutbh K
KaKOMYy CEMEWCTBY NPHUHAMJICKHUT DJIEMEHT. YKa3aThb 3HAUYEHUS BAJICHTHOCTEW H
CTENIEHE OKUCIICHHS JIEMEHTOB B OCHOBHOM M BO30YX JACHHOM COCTOSIHUSIX.

Pemenme. 1. [TopsankoBeiii HOMeEp 351eMeHTa — /5 — YKa3bIBa€T HA KOJIUYECTBO
IIPOTOHOB B SIJpE€ aToOMa AJIEMEHTA M, COOTBETCTBEHHO, IEKTPOHOB. Pacnpenensem
15 35IeKTPOHOB MO 3HEPreTUYECKUM YPOBHSM MU MOAYPOBHAM aTOMa, HUCIOJb3YS
NPUHYUN MUHUMATILHOU 3Hepeuu u 08a npasuna Kineuxkosckoro. DIEKTPOHHYIO
KOH(UIypalMio aTtoMa H300pa)aroT C IOMOIIBIO 3JEKTPOHHOW M 3JIEKTPOHHO-
rpaduyaeckoii popmyit (AMEKTPOHHO-TPADUIECKUX CXEM).

OnextpoHHas ¢popmMyia atoMa OyIeT ClIeayoIeH:

1P 1s? 257 2p° 3s? 3p’ cokpawenno [Ne]3s’3p’

CocraBisieM 3JIeKTPOHHO-TPaQUISCKYIO CXeMY pacIipeieICHHsI SJIEKTPOHOB TI0
DHEPreTUYCCKUM YPOBHSIM W TOAYPOBHSAM aroma djieMeHTa. [ dero mpumeHseM
npunyun (3anpem) Ilaynu u npasuno 1’ ynoa.

OcHoBHOE (HEBO30YKJICHHOE COCTOSHHE)

3s | 3p | 3d
EVE N N

B =3; cr.ok. = — 3.+3.

Jlist maHHOTO aToMa BO3MOXKEH TEpexoa B BO30YKICHHOE COCTOSIHHE,
MIOCKOJIBKY UMEIOTCSI BAKAaHTHBIE OpOUTamu Ha d-1ogypOoBHE BHEIITHETO YPOBHS.

Bo30yxneHHoe cocTosiHHE
35 | 3p | 3d
ot eI

B =5; ct.0k. = +5.

DNeMEeHT NPUHAICKUT p-cemelicmay, TMOCKOJIbKY MOCIEIHUM [0 MpaBHIaM
KJ1e4k0BCKOr0 B aTOMe 3TOr0 3JIEMEHTA 3aIOJIHAETCS P-II0yPOBEHb.

B aTtome Tpu 3HEpreTHYecKuX YpOBHS, COOTBETCTBEHHO JIEMEHT PACIOJIOKEH
B mpemvem nepuooe TEPUOJUYECKON cucTeMbl. Ha BHEIIHEM 3SHEpPreThyecKoM
YPOBHE COJIEPKHUTCS IIATH 3JIEKTPOHOB, 4YTO YKa3blBa€T Ha MPUHAJIEKHOCTh
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aleMeHTa K namou epynne. llocmegnuM B aTOMe  3amoOJHAETCS BHEIIHUM
AHEPIreTUYECKUM YPOBEHb, 3HAUUT, JJIIEMEHT CTOUT B 2IABHOU NOOZPYNNe.

PaccmarpuBaemblii atoMm sBisieTcss atoMoM ¢ocdopa u 0003HAUAETCS
cuMBOJIOM P.

BasieHTHBIE BO3MOXKHOCTU aToMa pP-3JE€MEHTa ONPEeNeNsIoTCs KOHpUrypamuen
BHEIIIHETO SHEPreTUYECKOro ypoBHS. B aroMe naHHOrO 31€eMEHTa B OCHOBHOM
COCTOSIHUM Ha BHEIIHEM YpPOBHE TPH HE CIAPEHHBIX JJIEKTPOHA, COOTBETCTBEHHO
3HAYEHUE 8aleHmHocmu 3.

Bo3MmoxxHble 3HaueHusi cmeneneii okucaenus -3,+3. B B030yxiaeHHOM
COCTOSIHUM Ha BHEIIHEM YPOBHE ISATh 3JEKTPOHOB, 3TO OMNPEACNSICT 3HAYEHUE
BANIEHMHOCMU 5 U CMeNneHb OKUcieHus +3.

Ilpumep 2. Hamwmcarh 2JIEKTPOHHYIO KOH(PUTYpallMl0O M  COCTABUTH
ANEKTPOHHO-Tpaduyeckyro Gopmyny (cxemy)  pacnpelneseHusi >JEeKTPOHOB Ha
3JEKTPOHHBIX YPOBHAX M HOAYPOBHAX MOHa Mg,

Pemenue. DOnextpoHHas (opmysia aroMa MarHus 3aliChIBACTCS CICAYFOIM
o0OpazoMm:

12 Mg 1s* 2s* 2p°® 3s’ unu [Ne]3s’
DneKkTpoHHO-Tpaduyeckas Gopmysia aToMa MarHus:
HeBo30yxJIeHHOE COCTOSIHHE

3s | 3p
KN
B=0.
Bo30y>xnennoe cocrosiHue
3s | 3p
o bl

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

IIpouecc mpeBpaimieHuss aroMa B HMOH COINPOBOXKIACTCA IMOTEPEU WIIU
MPUHSITUEM DJIEKTPOHOB HA BHEIIHUM WA NPEABHEIIHUN SHEPTETUYECKUN YPOBEHbD.
B manHOM ciiydae, aroM MarHus Teps€T JBAa DOJEKTPOHA C BHEIIHETO
DHEPTETUUYECKOTO YPOBHS M MPEBPALIACTCS B MOJOKHUTEIBHO 3apSIKECHHBIA HMOH. B
COOTBETCTBUM C BBINIECKA3aHHBIM, MOKEM 3alUCaTh AJIEKTPOHHYIO KOH(QUTYpPAIUIO

VOHA MATHMS:
Mg* 1s? 257 2p°® 3s°

DnexTponHo-rpaduyeckas Gopmyina (cxema) nona Mg’
3s | 3p

Ipumep 3. Kakoii mogypoBeHb 3aMOTHICTCS JJIEKTPOHAMU B aTOME paHBIIe
— 4p wnu 5s?
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Pemenne. [logypoBHIO 4p OTBEUAET SHEPTUs, XapaAKTEPU3YIOLIAACSI CYMMOMN

E = (nt+l), T.e. paBHOil 4+1=5. IlogypoBHio S5s cooTBercTBYyeT (n+1)=5+0=5.
CormacHo BTOpoMy mnpaBwmily KIIEUKOBCKIo, e€ciu 3HEprus Ha JBYX IOAYPOBHSX
OJIMHAKOBa, TO 3allOJIHEHHE MOAYPOBHSA DJIEKTPOHAMHU IPOUCXOAMUT B IOPSAKE
MIOCJIEA0BATENBHOTO BO3pACTaHUs T[JJABHOIO KBAHTOBOTO 4YHUCJIA, T.€. CHadaia
3aMOJIHSAETCS JIEKTPOHAMHU MOAYPOBEHB 4p, a 3aTeM Ss.

2.4.3. XUMHNYECKAS CBA3b (Bananus Ne 41-60)
CBoiicTBa XUMMY€ECKO# CBA3M

XumMHnueckasi CBsi3b — COBOKYITHOCTb B3aUMOAECHCTBUNA MEXKIY JIEKTPOHAMU U
ApaMu, NPUBOIAIIUX K COEAUHECHHUIO OTHEIBHBIX ATOMOB B MOJIEKYJIbI, HOHBI,
paguKanbl, KpHUCTaUIbl, KOMIUIEKCHl. XHMHYECKas CBS3b  OCYLIECTBIIAECTCS
CBSI3BIBAIONIMMHU  DJICKTPOHHBIMU TIapamMu, NPUHALICKAMKUMU OO0OUM aTOMaM.
CnapuBaHu€ CBSI3BIBAIOIIUX AJIEKTPOHOB MPOUCXOJIUT B PE3YJbTATE MEPEKPHIBAHUS
WX DJICKTPOHHBIX OOJIAKOB W BO3HUKHOBEHMsI OOJACTH TMOBBIIMICHHOW SJIEKTPOHHOU
IUIOTHOCTH, YTO MPUBOIUT K COJIMIKEHUIO siiep U 00pa30BaHUI0 XUMUYECKON CBS3H.

B 3aBucuMoCTHM OT XapakTepa pacupeicsieHUs] JIEKTPOHHOW IUIOTHOCTH B
MOJIEKYJIE WIM KPHUCTA/UIE PA3JIMYalOT TPU OCHOBHBIX THUIIA XWMHUYECKOM CBS3H:
KOBAJICHTHYIO (ATOMHYI0), HOHHYI0, METAJLINYECKYIO.

MHuorue ¢u3nueckue U BCe XMMHUYECKHE CBOWCTBA BEIECTB ONPEIEISIOTCS
TUIIOM XUMHUYECKOMN CBS3U.

CBoiicTBa XUMHUUYECKOU CBS3U

KoBaneHTHas cBsA3b

[TonsipHOCTP XMMHUYECKOW CBSI3M MOKHO ONpenenuTh 1o pazHoctu O30
(oTHOCHUTENBHAS 3JIEKTPOOTPULIATEIBLHOCTD 3JIEMEHTA), 4eM Oouible pa3HocTs AOD0,
TE€M BBIIIE MOJSIPHOCTH CBSI3U. CBS3b HA3bIBACTCA KOBAJICHTHOW HEMOJISIPHOM, €CIIH
OHa 00pa3oBajiach aTOMaMHU OJHOTO dJIeMeHTa, Tak kak AOD0 = 0.

Mepoil ONSIPHOCTH CBSA3U SIBISETCA TaKKe €€ IIEKTPUUECKUI MOMEHT JTUTIONS
(munonbHbld MOMEHT). u = q | [Kin-M] unu [D]. IunonbHbIN MOMEHT XapakTepu3yeT
CIIOCOOHOCTH CBSI3M OPUEHTHUPOBATHCS B MATHUTHOM TIOJIC.

HanpaBieHHOCTP XMMHYECKOUN CBsi3U. HarpaBieHHOCTh KOBAJEHTHOW CBS3U
KOJIMYECTBEHHO BBIPAXAIOT B BHUJIC BAJCHTHBIX YIJIOB. YTOJ CBS3U WJIM BAJICHTHBIN
YTOJI — 3TO YTroJd MEXKIYy BOOOPAKAEMBIMU MPSIMBIMU JIUHUSMHU, TPOXOISIIUMU Yepe3
Alpa XMMUYECKH CBSA3aHHBIX aTOMOB 3JIeMEHTOB. Hampumep, B Mosekylie amMmmuaka
NH; BanentHsiii yroa < HNH = 107°.

JnuHa u sHeprusi xumuyeckod cBsi3u. Cuia, BbI3bIBaOINIAsl 0Opa3oBaHUE
XMMHUYECKON CBA3U — PABHOJICVCTBYIOIIASA CHJI MPUTSIKEHUS U OTTAJIKUBAHUS SIIEp U
ANEKTPOHHBIX O000JOYEK B3aMMOJACHCTBYIOIIMX aTOMOB. JIIWHA CBSI3U, HM — 3TO
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PACCTOSIHME MEX]Y siIpaMu, KOTOPOE 3aBUCUT OT Pa3MEpPOB JIEKTPOHHBIX 00010YEK
U CTEMICHU UX MEePEKPhIBAHUS.

OHeprust cBs3H, KJ>K/MOJb — KOJIMYECTBO IHEPTUHU, KOTOPOE BBIIETSAETCS MPHU
00pa30BaHUU XUMHUYECKON CBSI3U. UeM Oolibllle YMCIOBOE 3HAYEHUE SHEPTUU CBS3H,
TE€M KOpOYe U MIPOYHEE XUMHUYECKasl CBSI3b.

HacpimaeMocts koBasieHTHOM cBsi3M. C TOYKMA 3pEHUS] METOJIa BaJlEHTHBIX
cBszeit MBC koBajsieHTHasi XMMHUUYECKasl CBSI3b JIOKAJIM30BaHA MEXY ABYMs aTOMaMH,
T.€. OHA JIBYX IICHTPOBAas U JABYX JJIEKTpOHHas. BcreacTBuE HACHIIAEMOCTH CBSI3U
MOJIEKYJIbI UMEIOT OIPE/ICICHHBIA COCTaB U CYIIECTBYIOT B BUJI€ TUCKPETHBIX YaCTHII
c onpenenennoi crpykrypoil. Hanpumep: H - Cl; (IN=N:;; O=C=0.

HNonnass cBA3b (YacTHBIA cilyyail KOBaJE€HTHOW TOJISIPHOW CBSI3W). OTa
XUMHUYECKasi  CBsI3b  OCYIIECTBIAETCS B pe3yibrare  oOpa3oBaHUs U
AIEKTPOCTATUYECKOTO B3aUMOJICHCTBUSL MPOTUBOIIOIOKHO 3apsiKEHHBIX HOHOB.
Hampumep, B kpucramumueckoi pemerke KCl mpoucxoaur oOMeH 3JI€KTpOHaMMU:
K'-e¢e - K, CI+ ¢e - CI, K" + CI' - KCIl. MonHHas cBsI3p He o0iamaer
HAIpaBJICHHOCTbIO W HACHIIAEMOCThbIO. JlelieHne BelIecTB Ha KOBAJICHTHBIE U
HMOHHBIE COCIMHEHUSI OTHOCUTEIBHO, T.K. JIJaXK€ B COCIMHEHUSX IIEIOUYHBIX METAJJIOB
C TaJOreHaMd HET IIOJHOTO Iepexojia 3JEKTPOHOB OT MeTaula K TajloreHy.
XUMUYECKYIO  CBSI3b  CUMTAIOT HMOHHOW, €CIM  Pa3HOCTb  OTHOCHUTEIbHBIX
ANEKTpOoOTpULiaTenbHocTel 3eMenToB (020) meraia u ranoreHa A 020 > 1,9.

MeTajinyeckasi CBSI3b OCYIIECTBISCTCS B KPUCTAUIMYECKOW pEIIETKE
MeTalljla MEXJY TMOJOXKUTEIbHO 3apSXKEHHBIMU HOHAMM, 32 CUET MPUTSKEHUS
AJIEKTPOHOB, CBOOOJHO TMEPEMENIAIONIUXCS MO KPUCTALTY («IJIEKTPOHHBIA Ta3y).
Mertannuyeckas cBsi3b HE 00J1aJJa€T HAIIPABICHHOCTHIO M HACHIIIIAEMOCTHIO.

Ipumep 1. Onpenenuts nonspHocts csizu H-H u H-CIl.

Pemenne. 13 tabnaunel 6epem 3HaueHuss O30 Bogopoaa u xiaopa. O20(H) =
2,1, OB0(Cl) = 2,83. Beruucisem AOSO(H-H) = 2,1 — 2,1 = 0 — cBs3b KOBaJICHTHAs
HenossipHas. AO20 (H-CI) = 2,83 — 2,1 = 0,73 — cBs13b KoBajieHTHas nosisipHas. Uem
6ombie 3HaueHrne AOS0, TeM BbILLIE MOJISIPHOCTh XMMHUUECKOU CBSI3U.

Ipumep 2. [Tnuna aunons monekynsl HCl pasra 2,2 - 10" M. Boruucnants
JTATIOJIbHBIM MOMEHT.

Pemenue. /IunosbHBIN MOMEHT pacCUUThIBaeTCs Mo hopmyie:

u=q-1[Kiwm]

r7ie  — BeIn4YruHa abCOIIOTHOTO 3apsiaa deKTpoHa, Ki;

| — nnuHa CBA3W, pPACCTOSTHUE MEXIY I[EHTPAMHU TMOJIOKHUTEIBHOTO U
OTPHULIATENILHOTO 3aPSJIOB B MOJIEKYJI€ (JIJTMHA JUIIOJSI MOJIEKYJIbI), HM.

uw=1,6-10" -22-10"=3,52 -10°° Ki'm; 3nas, uro 1D = 3,33- 107" Kir'm,
BBIPA3UM JMITIOJBHBIA MOMEHT B nebasx p = 3,52 -107°- 3,33 -10°° = 1,06 D.
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IIpumep 3. Yem 0OBsCHSIETCS HaANpPaBICHHOCTh KOBajeHTHOM cBs3u? Kak
HanpasieHbl ¢Bsi3u B Mosiekysiax AlCl; u PCL5?

Pemenue. HampaBieHHOCTh CBSI3M OMPENENSETCS KOJIUYECTBOM H (HOpMOU
ANIEKTPOHHBIX 00makoB. CBsi3b oOpa3dyeTcsi B  HAmNpaBlIeHUU HAUOOJNbIIEH
AJIEKTPOHHOM TUIOTHOCTH, HAUOOJIbILIEH BHITIHYTOCTH 00JIAKOB.

B monekyne PC1; HanpaBlieHHOCTh CBsi3el onpenenseTcss GopMoil BAIEHTHBIX
AJIEKTPOHHBIX 00makoB (ochopa. Ha BHemHemM ypoBHE ¢ocdopa Haxomutcs 5
3IEKTPOHOB 3s” U 3p’; He chnapeHHBIMH (BaJEHTHBIMH) SBISIOTCS 3P DIIEKTPOHBI,
o0J1aKa KOTOPBIX B3aUMHO MEPIEHIUKYISPHBL, T.€. opMa MOJEKYIbl MUpaMHIaIbHa
(sp’ - rubpuausanus). BajeHTHBIE YIIIBI HECKOJBKO OOJBIIE MPAMBIX BCIIEIACTBHE
OTTAJIKUBAHUS aTOMOB XJIOpa APYT OT JApyTa.

B ciayuae A1CI; (BaleHTHBIMH SIBJISIOTCS JEKTPOHBI 3s' 3p*) MMeeT MecTo
sp>-ruOpuMM3alns,  CIEIOBAaTENbHO, 00JaKa  TPEXBAIEHTHBIX  JJIEKTPOHOB
PacMoJIOKEHBbI MO yriioM 120° B OIHOM MIIOCKOCTH. Takoe e HanpaBJICHUE UMEIOT
CBsI3M, 0Opa30BaHHbBIE STUMU DJIECKTPOHHBIMU OOJaKaMU C BaJICHTHBIMH JIEKTPOHAMU
Tpex aToMOB xJiopa. DopMa MOJEKYJIIbI TUIOCKASI.

2.4.4. XUMHNUYECKASA KUHETHUKA (3axanus Ne 61-80)

XumMnuyeckasi KHHeTHKA — pa3jiesl PU3NYECKON XUMUH, U3YUaIOIUNA BOTIPOCHI
0 CKOPOCTSIX U MEXaHU3MaX XUMUYCCKUX PEaKITHHi.

CkopocTh XMMHYECKO# peakuuu ONpeesieTCs] N3MEHEHUEM KOHIICHTPAIIUN
pearupyrommx BeIIeCTB 3a E€IUHUIy BpPEMEHM B E€IUHUIIE PEAKIMOHHOTO
MPOCTPAHCTBA.

CKOpOCTh XMMHUYECKOW pPEaKIMd 3aBUCUT OT TMPHUPOILI PEarupYOIINX
BEIIECTB, X KOHIICHTPAIIUH, TEMIIEPATYPhI, TABICHUS U IPUCYTCTBHS KaTaIn3aTopa.

3aBUCUMOCTh ~ CKOPOCTH  XUMHYECKOM  peakiuu OT  KOHIICHTpPAIUU
pearupyonurx BEIIECTB BhIPAXKAETCS OCHOBHBIM 3aKOHOM XHUMHUYECKOW KUHETUKH —
3aKOHOM JIeiCTBHSI MACC: TPHU IOCTOSHHOW TeMIlepaType CKOPOCTh XUMHUYECKOU
peaknuu TPSMO TMPOTOPIMOHANIBHA TMPOU3BEICHUIO MOJSPHBIX KOHIICHTPAITHA
pearupyrommx BEHIECTB, BO3BEICHHBIX B CTENEHb UX CTEXHOMETPUUYECKHUX
K02 (pULIHEHTOB.

XWMHYECKHE pPEaKlUd, B KOTOPBIX HCXOIHBIC BEIIECTBA  IIEITUKOM
MIPEBPAIIAIOTCS B IPOYKTHI PEAKIINH, Ha3bIBAIOTCS HEOOPATUMBIMHU:

2KCIO; = 2KCI + 30,1

v = ki C3(KCIO;) win v, = k- [KClO;] (KkMHETHYECKOE YPaBHEHHE).

3HAUNUTETHLHO Yallle MPOUCXOAAT PEaKIUH, WAYIIHE OJHOBPEMEHHO B ABYX
MIPOTHUBOIIOJIOKHBIX HAMIPABICHUSIX — IPIMOM M OOPaTHOM:

2NO(1") + Oz(r) <> 2N02(r)
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v, = k;-[NOJ*[Oy],

V= Ky’ [NO,J?,

CocrostHrEe 00paTUMOM peakiuu, IPU KOTOPOM CKOPOCTH MPSIMOU U 0OpaTHOM
peakiuii paBHbI MEXIAy COOOM, HA3bIBAETCS XUMHYECKHM PABHOBECHEM.

[Ipn XMMHYECKOM PaBHOBECUU V=V, , OTKYJa

Kc=k; /k, =[NO,]*/ [NOJ* - [O1],

rne K¢ — KOHCTaHTa XWMHUYECKOTO paBHOBecHs (BeMWYMHA TaOIWUYHAS),
BBIpaKEHHAs Yepe3 paBHOBECHBIE MOJISIPHBIE KOHLEHTPALIUK PEArupyIOLIUX BEIECTB,

ki, ko — KOHCTaHTBI CKOpOCTEN MPAMON U 0OPATHOM XUMUYECKUX PEaKIUn

[NO,], [NO], [O;] — paBHOBECHBIE MOJISIpPHBIE KOHIIEHTPALIMU PEArUPYOIINX
BEILECTB.

Jnst  oOpaTumoil  XMMHUYECKOM  peaklUdh: OTHOIICHHE TPOU3BEICHUS
PaBHOBECHBIX KOHIEHTPALMK MPOIYKTOB PEAKLHMH K MPOU3BEJACHHIO PAaBHOBECHBIX
KOHLEHTpAaIMil MCXOAHBIX BEUIECTB €CTh BEIMYMHA IOCTOSHHAS MPU MOCTOSHHOU
TEMIIEPAType, U HA3bIBACTCSI KOHCTAHTOM XMMHUYeCKOro paBHoBecHusi. OHa 3aBUCUT
OT TeMIepaTypbl, IPUPOJbl PEATHUPYIOIINX BEIIECTB, HAIMYUSA KaTaau3aropa, U He
3aBUCHUT OT KOHLEHTPAUi pearupyronmx BemecTs.

IIpumep 1. Kak HM3MEHMTCH CKOPOCTb pEAaKUMU TOPEHUs OSTUJIIEHA IIPHU
YBEIIMYEHUH KOHIEHTPALUU KUCTIOPOJia B TP paza?

Pemenne. C;Hyry) +30,) = 2CO,yr)+ 2H,O .

CKOpoCTh peaklMu TOpeHUs JTWIeHa J0 MW3MEHEHHs KOHIIEHTpaluu
KHCIIOpoa

v, = ki[C,H,] - [O,] (3axon nmeiicTBus Macc).

C yBenIMYEeHHEM KOHIIEHTpAlMM KHUCJIOpoAa B TPU paza CKOPOCTh PEAKIIMU
CTAHET PaBHOU

V= ki [C2 Hy](3[0,])’ = 27k [CoHA][O2]=27v,.

CrnenoBarenbHO, CKOPOCTh YBEIIMUUBAETCS B 27 pas.

IIpumep 2. Bo CKOIBKO pa3 yBEJIUYUTCS CKOPOCTh PEAKLUU MPHU MOBBIIIEHUN
temmneparypsl ot 20 1o 70 °C, ecnu TeMnepatrypHblil Koadpuiment paBeH 27

Pemenune. 3aBHCHMOCTh CKOPOCTM XMMHUYECKOM PEAKLHMH OT TEMIEpPATypbl
onpenensiercs: npasuioMm Bant-I'odda (rmpu moBeIIeHNN TeMIIepaTyphbl Ha KaXIble
10 °C cKkOopOoCTh XMMHUYECKOM peakinuu Bo3pactaeT B 2—4 pasza) mo dopmyre:
vty =vut;-Y*1 maxomum, uto vty/ut; = 2702010 = 25= 32,

CrnenoBarenbHO, CKOPOCTh PEAKLMU YBEIUYUTCS B TPUALATH ABa pasa.

Ipumep 3. B kakylo CTOPOHY CMECTUTCS paBHOBECHE B TOMOTICHHBIX
CHUCTeMax

1. 2HBr) <> Hyr) + By — 70,18 xJIx;

2. 2NO(r) + Oyry > 2NOyr) +117 x Ik
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BCJICJICTBHUE MOBBIIICHUS JABJICHUS U TEMIIEPATypPbl?

Pemenne. B nepBoii cucreme peakius ujetr 6€3 U3MEHEHUsI 00beMa, MOITOMY
W3MCHEHUE JABIICHUS HE BbI3bIBAET CMELICHUS pPABHOBECHS, a IIOBBILICHUE
TEMIEPATYPbl TPUBEAET K YBEJIMYECHHID CKOPOCTH NPSAMON 3HIOTEPMUYECKOU
peakuuu. (ITpunmun Jle [larense)

Bo BTOpO# cucTeMe MOBBINIEHNUE JABJICHHS BBI30BET CMEIICHUE PABHOBECHS B
CTOPOHY TMpSAMOW peaklHnH, WAy ¢ yMEHbIIEHUEM OObEMa, a IMOBBIIICHUE
TEeMIIepaTypbl — B CTOPOHY OOpaTHOU peakuuu (IHAOTEPMUYECKON).

2.4.5. CIOCOBbI BBIPAXKEHUA KOHIHEHTPAIINUU (3ananus Ne 81-100)

KonrmenTparueii pacTBopa Ha3bpIBa€TCS KOJIMYECTBO PAaCTBOPEHHOTO BEIIECTBA,
COJIEPIKAIIETOCs B OMPECIICHHOM MacCOBOM M OObEMHOM KOJIMYECTBE pacTBOpa MU
PacTBOPUTEIIS.

B XxuMuuM TOpUMEHSIOTCS  CIEQYIONIME CIOCOObl  BBIPAXKEHUSI COCTaBa
pacTBOPOB: MaccoBasi JIOJISI, MOJISIpHAs KOHIICHTpAIlWs, MOJISIpHAs KOHIICHTPAITUs
DKBUBAJICHTA (HOpPMasbHAs, YKBHBAJICHTHAs), MOJSUTbHAS KOHIICHTpAIUS, a TaKKe
MOJIbHASI IOJISI ¥ TUTP.

MaccoBoii moJieii () Ha3bIBae€TCs OTHOUIEHUWE MAacChl PACTBOPEHHOIO
BEIIECTBA K MAacCE pacTBOPA, OHA BhIPAYKEHA B JOJISAX CIHHHIIBI

® = m (B-Ba) /m(p-pa).

MaccoBas 10711 MOXKeET ObITh BhIpaskeHa B mporieHTax (® % wim C%= o - 100),
npomuinie (%o = ® - 10%) ¥ MUJUTHOHHBIX 10X (MIH ' vt ppm'= o - 10°).

KoHnenTpauueii pacTBopa Ha3pIBaeTCs KOJUYECTBO (MOJIb) PACTBOPEHHOTO
BEIIECTBA, COAEPXKAIIETOCS B OMPEACICHHOM MAaCcCOBOM I OOBEMHOM KOJIMYECTBE
pacTBOpa UM PACTBOPUTEISL.

MoJssipHasi KOHIEHTPAIMA BbIPAXKAECTCS YHCIOM MOJEH pPacTBOPEHHOTO
BEILIECTBA, cojieprKaiierocs B 1 urpe pactBopa [Mosb/i] uiu [M].

Cy= n(B-Ba)/V(p-pa) [Monb/n];

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

PactBop, comepkamuii 1 monp BemiectBa B 1 11 pacTBopa, Ha3bIBaeTcs
onHoMmossipubiM (IM), 0,1 mons — npeuumossipusiM (0,1 M), 0,01 monsa —
cantuMoJsipHbIM (0,01 M).

MoJisipHasi KOHIEHTPAIUs YKBUBAJEHTA BellleCTBa (IKBUBAJIEHTHAS WJIN
HOPMAJIbHASI) BBIPAXKAETCS YMCIOM MOJIb YKBUBAJIEHTOB PACTBOPEHHOTO BEIECTBA,
COJIEpIKaIErocsl B OJHOM JIUTPE PACTBOpa [MOJIb-3KB/J|; [MOB/1] vin [H].

Cy=n5/ V(p-pa) [H],

n5(B-Ba) = m (B-Ba) / M»(B-Ba),

M5(B-Ba) = M(B-Ba) /z.
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PactBOp, conepxammi 1 wmomb-3kB. BemectBa B | 1, HasbpIBaercs
onHoHopManbHbIM (1H), 0,1 Monb-3kB. — AenuHOpMaNbHBIM (0,1 H), 0,01MONB-3KB. —
cantuHopMmanbHbM 0,01 H).

MoJssiibHasi KOHUEHTPAIUSl BBIPAKAETCA YHKCIOM MOJIEH PacTBOPEHHOIO
BEILIECTBA B | KI' pacTBOPUTEIISI [ MOJIb/KT |

Cm = n(B-Ba)/ m(p-ys1) [MOJIB/KT].

MoJubHass 105 (MOJSIpHAsi J0JISA) BEIIECTBA B PACTBOPE OMPENCISIETCS
OTHOIIEHUEM YHCJIa MOJIEH JIaHHOTO BEIIECTBA K CYMME YHCJIa MOJIEH BCEX BEIIECTB,
Haxo/sIMXcsi B pactBope. [l JIBYyX KOMIIOHEHTHOM CHCTEMBI: n;- n(B-Ba),
n, — n(p-Jisi), OTCIOAA MOJIbHAs J0JiA BemecTBa X;=1n;/n;+ n,.

Konnentpamnuio wHOrAa MOXXHO OINpPEAEIUTh MO TalOJuIle, 3Has TIOTHOCTh
pacTtBopa.

KoHiieHTpaluio pacTBopa MOXKHO BBIPa3UTh TUTPOM.

Tutp omnpenensiercs YUCIOM TpaMMOB  PAacTBOPEHHOIO  BEIIECTBA,
conepskarerocst B 1 mi pactBopa [r/mi]. T=m (B-Ba) / V(p-pa) [r/mm].

Ipumep 1. Boluncnautrh  MOJSPHYHO — KOHILEHTPAIUIO,  MOJISIPHYIO
KOHIICHTPAIIUIO YKBUBAJIEHTOB U MOJISUTbHYIO KOHIIEHTpalUi0 GochOopHOM KUCIOTHI B
6%-noMm pactBope H;PO,, moTHOCTH KOoTOporo pasHa 1,031 r/cm’.

Pemenne. Macca ogHoro mutpa 6%-HOro BOJHOTO pactBopa (ochopHoi
kucnoTsl (H;PO4): m (p-pa) = p-V; m (p-pa) = 1,031-1000=1031 r. Macca H;PO4B 1
J1 pacTBOpa OCTAaBIIAET

m(H;PO,) = m(pactBopa): m;

o = m;(H;PO,) / 100;

m(H;PO,4) = m(pactBopa): m;(H;POy) / 100;

m,;(H;PO,4) — macca docdopnoit kuciotsl B 100 T 6%-HOTr0 pactBopa;

m(H;PO4) =1031 - 6/100=61,86T.

MonspHy10 KOHIIEHTpAIUio (MOJIIPHOCTH) BBIYUCISAEM TIO (hopmyIie:

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

Cu(H;PO4 = 61,86 /981 = 0,63 momnb/1.

MonsipHyl0  KOHILEHTpAllMI0 SKBHUBAJEHTOB BellecTBa (HOPMAJIbHOCTBH)
ompenesseM 1o GopmyJie:

Cn=n»/V(p-pa)= m(B-Ba)/m»(B-Ba)* V(p-pa),

m, (H;PO,4) = M(H5PO,)/z (H;PO,) [r/Moib];

Z — OCHOBHOCTh KHCJIOTHI (YHCIO KAaTHOHOB Bojopoaa B kuciore nH),
z(H;PO,) =3.

m; (H;POy4) = 98/3 = 32,66 r/monb

Cy=161,86/32,66-1= 1,89 monb/n

Haxoaum MOJsfibHYI0 KOHIIEHTPAIUIO (MOJISUIBHOCTh) (HoCcHOpHON KUCTOTHI B
pacTBope:
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Cm = m(B-Ba)/M(B-Ba) -m(p-Jisi) [MOJB/KT];

m(H,O0) =1031-61,86 = 969,14r =0,969 «r;

Cm(H;PO,) = 61,86 /98:0,969 = 0,65 mons/kr (H,0).

Ipumep 2. B 250 mn Boubel pactBopwin 8 1 xinopuaa meau(ll) CuCl.
PaccuntaTh MacCOBYH0 M MOJIBHYIO JOJIM PAacTBOPEHHOTO BEIIECTBA, MOJISIPHYIO,
MOJISUTBHYIO, HOPMajJbHYH0 KOHIICHTPAlUM M TUTP IMOJYYEHHOTO pacTBOpA.
[TnoTHOCTH TIONTy4YeHHOTO pacTBopa 1,17 r/min

Jlist maHHOTO pacTBOpa paccyuTaTh (U3MKO-XUMHUECKHE MapaMeTphbl Mpu
temneparype 25°C. CTeneHnsb 3JIeKTPOIUTHYECKON aucconuanuu 0,9.

Pemenne. 1. OmnpegensieM wmaccosyro oonto (©%) uiu npoyeHmuoe
cooepacanue(C%) pacmeopennoz2o eeujecmea B MOJIY4YEHHOM PacTBOPE

MaccoBasi 101s1  MOKa3bIBa€T, CKOJbKO TIpaMM pPAcCTBOPEHHOI'O BEIIECTBA
npuxoautcs Ha 100 r pactBopa
- m pacTs.Bemy —Ba|

w%(paCTB.BeLu —Ba -100 [%]

m|pacreopa|

Haiizem Maccy IMOJIy4eHHOTO pacTBOpa, OHAa OYIET CKJIAIbIBATHCS W3 MAaCCHI
BOJIbI M MACChI XJIOpUA ME/IH, KaK PACTBOPEHHOT'O BEIIIECCTBA:

m (pactBopa) = m(H,O) + m (CuCl,), 3Has 4YTO MJIOTHOCTH BOJbI
p(H.O)=1r/mn; m(H,O) = p(H.O) -V(H,0), m(H,0) = 1- 250 = 250 1, m
(pactBOpa)=250 + 8=258 ().
wy(\CuCl):M-IOOZL-IOOZB%

’ m|pactBopa| 258

2. PaccumThIBaEM MOIAPHYIO KOHYEHMPAYUIO pacmeopa.

MomnsipHasi KOHIIGHTPAIMs ITOKA3bIBACT, CKOJIBKO MOJb PACTBOPESHHOIO
BEIIIECTBA COJICPKHUTCS B 1 J1 pacTBOpa

cu=t.

IJIe N — KOJIMYECTBO PACTBOPCHHOTO BEIIECTBA, MOJIb;

V — 00Bem pactBopa, .

Haxoaum KOJUYECTBO MOJIb PACTBOPCHHOTO BEIIIECCTBA

m(CuCl,| g

n|CuCl,|= = =0,06 (Mo

| M|(CuCl,| 1345

1 00bEM pacTBOpa

V(p—pa)zm(p_Pa)=258 =220,5|m]
p(p—pa) 1,17

[loncTaBisss TOJyYeHHBICE 3HAYCHHS B BBIP@XKEHHE JUISI  MOJISIPHOM
KOHIICHTPAITUH, TTOJTy4aeM:
n_ 0,06

C =—=
My 0,2205

=0,27(monb/ 1)
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PaccuuthiBaeM HopmanvHyto (IK6UBANEHMHYI0) KOHYEHMPAYUI0 pAcmeopa
HopMasibHasg KOHUEHTpauus MOKAa3bIBAET, KAaKO€ YHCIO 3KBUBAIICHTOB

PacTBOPEHHOTO BEIIECTBA COACPKUTCS B 1 J1 pacTBOpa
CN= ”7
rJie N,— KOJIMYECTBO MOJIb SKBUBAJICHTOB PACTBOPEHHOTO BEIIECTRA;
V — 06bem pactBopa, .
PaccuuThiBaem n, JuIsi paccMaTpuBaeMoro pacTBOpa
m|CuCl,|
M,|CuCl,)’

rie M, (CuCl,) —skBuBanentHas macca CuCl,, r/mMoItb

n,|(CuCl, |=

M[CuCl,| 1345

Ma(CuCIZ)Z =67,25|2/mons |
z 1-2 \
m|CuCl
nd(CuCl,|= Cucl] __s =0,12(2 - 3ke
M,(CuCl,| 67,25
_n,_ 0,12 _
CN—V—O,2205—0,54(M0HL//1'

4. PaccUnTBIBAEM MOMSIbHYIO KOHYESHMPAYUIO
MonsnibHass KOHIIGHTPAlUS TMOKA3bIBAET, CKOJIBKO MOJb PACTBOPEHHOTO
BEIIIECTBA IIPUXOIUTCS Ha 1 KT pacTBOPUTEIIS
_ n[pacr, —Ba|

m|pactB — s1)’
rae m(pacTB-Jisi) — 3TO Macca PaCTBOPUTENS, KT

0,06

0,25
5. PaccuntbiBaeMm MOJIbHYIO 007110 pacmeopeHHoco eeujecmea — 3TO OTHOLICHUC

KOJIMYECTBA MOJIb paCTBOPCHHOI'O BCHICCTBA K O6IIICMy YUCIIy MOJIb B PaCTBOpPEC

C,. =

=0,24|monb/xr,  — 75|

pacTs

o n(pacr, — Ba|

n|pacr, - Ba|+n|pacts - |

Haiinem unciio MoJIb BOJIBI
_m[H,0] 250
M[H,0| 18
3aTEM MOJIBHYIO JIOJI0 PACTBOPEHHOIO BEIIECTBA:

=13,9(mons |,

n(H,O0)|
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0,06
0,06+13,9
6. PaccunteiBaeM mump pacmeopa, KOmMopwli NOKAa3vleaem, CKOAbKO 2paAMM
PpAcmeopenHo20 seujecmea cooepicumces 8 1 mn pacmeopa
_m|pact,~Ba] g
~ Vip-pal 2205
7. IMockonbky CuCl, sBISIETCS AIEKTPOJIMTOM, UCTONb3yeM 3akoubl Payns u
Baum-T'oghgpa ¢ BBeaeHueM mompaBovyHOro kodddunuenta (uzomonuueckuil
Koa¢huyuenm). BenmnurHa W30TOHUYECKOro KO3 (HUIMEHTA 3aBHCUT OT CICICHH
JIAICCOLIAALIN IEKTPOIIUTA:
_li-1]
k-1
I7I€ 0. — CTENEeHb AUCCOLIMAIUU AIEKTPOJIUTA;
k — 9rcii0 MOHOB, Ha KOTOPBIE PACTIAIACTCS AIACKTPOIUT TIPH TUCCOITUAIUH.
Xnopu MeI NPy TUCCOLMAIIMY PACTIaIaeTCsl HAa TPU HMOHA!
CuCl, < Cu** + 2CI , k= 3.
PaccuutsiBaem GenuUdUnY U30MOHUYECKO20 Koapuyuenma TUTSI
paccMaTpUBaEMOro pacTBopa:
i=09(3-1)+1=28.
PaccuuthiBaem genuuuny ocmomuueckoeo 0agnenus Ajig JAaHHOTO pacTBOpa.
P=i-C,R'T,
rae P — ocMotuueckoe nasienue, klla;
1 — M30TOHUYECKUMN KO DUITUEHT;
Cwm — MoJIsIpHasi KOHIIEHTpAIIUS pacTBOPa, MOJIb/JI;
R — yHuBepcanbHas rasosas nocrosauas (8,31 Ik -mons - K™);
T — Temneparypa, K.
P=280,27831298=1872 klla.
8. PaccuutbiBaeM BEIMYMHY HOHUMCEHUS OAGleHUsi napa HAo pacmeopoM,
ucnonw3ys [-u 3akon Payna:
Ap=p,- X, X =1n(B-Ba)/1-n(B-Ba)+ n(p-us)
rae Ap — u3MeHeHue JaBIeHHs HAaCBIIEHHOTO Tlapa HaJll pacTBopoM, Klla;
Po — JaBJIEHUE HACBHIIIIEHHOIO Mapa HaJl YUCThIM pacTBopuTeseM, klla;
1 — U30TOHUYECKUN KOADPUIUEHT;
X — MOJIbHAs JI0JI1 PACTBOPEHHOTO BEIIECTBA B PACTBOPE.
Ap=2,8-3,166-0,004=0,035kl1a
9. llosviwenue memnepamypsvl Kuneuus U HNOHUJCEHUE MeMnepamypol
KpUCmaiiusayuyu pacCUuThIBAeM, UCTIONb3ys I/ 3axon Payna:
Atgpucr. = 1'K-Cy, ;. Atgun. =1°E-C,,, 20e

=0,004

=0,036(2/m]|

a orcrofa i=a-(N—1J+1,
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K umu E — COOTBETCTBEHHO KpPHOCKONHUYECKass U HOYJITMOCKOMUYECKas
noctosinubie pactBoputens, °C (Ksonbl = 1,86rpan. K/mMons, EBonbr = 0,52 rpan. K/
MOJIb);

Cn — MOJISITTbHASL KOHLIEHTpAIUs pacTBOpa

Atgpucr = 2,8:1,86-0,24 = 1,25°C

At =2,8:0,52-0,24 = 0,35°C

OTBeT: @y, =3%, C,,=0,27(monb/ 1), C,=0,54(monb/ 1), X=0,004,
C,=0,24(Monb/Kr,,ep, ~ 1), T=0,036(2/mn), P = 1872 xI1a, Ap=0,035kIIa,

Atgpucr = 1,25°C, Atgun = 0,35 °C.

2.4.6. BOJOPOJHBIN MOKA3ATEJD (3ananus Ne 101-120)

BonbmMHCTBO peakiuii, MPUMEHSEMBIX B aHAIHM3e, MPOTEKAIOT B BOJHBIX
pactBopax. Bojga oTHOCHTCS K CaOBIM 3JICKTPOJIUTAM MU, XOTS B HE3HAYUTCIBHOU
CTCTICHH, HO TTOABEPTaeTCsl NOHU3AIINH:

H,O < H"+ OH"

[Ipomecc wWOHM3AIMKM BOJBI  XapaKTEPU3YeTCS KOHCTAHTOM HOHHU3AIUU
(mucconmanum):

[H']-[OH] / [H,O] = K(H,0). (1)
[Ipeobpa3yem 3T0 ypaBHEHHE:
[H']-[OH ] = K(H:0) - [H,0]. )

B npusenennom ypaBHenuu [H,O] (mpu mocTtosiHHON TemIiiepaType) MOXKHO
CUMTATh MPAKTUYECKHU NOCTOAHHOU. ClenoBaTenbHo, MpaBas 4acTh ypaBHeHUs (2), a
3Ha4uT, 1 npousBenenue [H']-[OH ] — Benmmuuna mocrossHHast. E€ Ha3pIBatOT HOHHBIM
IPOU3BEIEHUEM BOJIbI U 0003HayatoT Kw:

Kw: =[H"]-[OH]. (3)

IIpu Temmeparype 25° C B umcroit Boge [H] = [OH] = 107 mouns/m,
CJIEIOBATEIBHO

Kw = 107-107 = 10" Ilpu mnoBblimeHud Temneparypsl Kw ObicTpo
yBenuuuBaeTcsi. CMbicn ypaBHeHUst (3) 3akitodaercss B CIEAYIOIIeM: Kak Obl, He
U3MeHsIach, KoHIeHTpanus noHoB H™ u OH™, ux npoussenenue [H']-[OH ] B 1r060M
BOJIHOM PacTBOPE COXPAaHSET MOCTOSIHHOE 3HaYeHue paBroe 107 mpu 25 °C.

Bmecto konmentpammu [H'] ynoOHee TONB30BaThCS — OTpULATEIHHBIM
JECATUYHBIM JIOTapU(MOM U3 3TOM BEIIMUYMHBI — BOAOPOAHBIM Noka3aTtesaeM (pH).

pH = —{g[H"]. 4)

Kpome BogopoaHoro nokasaresns (pH) npu pacyeTax MHMpPOKO UCHONB3YIOT U
THAPOKCWIIBHBIN  Tokazatens (pOH) wu  mponorapudMupoBaHHBIN  MOKa3aTelb
HMOHHOTO MPOU3BEICHUS BOJIbI
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pOH =—{g[OH ],

pKw = —lgKw,

pKw = pH + pOH. pH + pOH = 14.

B kucneix pactBopax pH < 7, cmabokucieix pH < 7, mieaodHpIx pacTBOpax
pH >7, cnaboienounsix > 7, HEUTpaIbHBIX pacTBopax pH = 7.

Ipumep 1. Beruucoutes pH u pOH 0,25 M pactopa Ca(OH),.

Pemenne. 3anumeM  ypaBHEHHE  DJICKTPOJIUTUYECKOM  AUCCOLMAIIMU
TUAPOKCUAA KalbLus, SBJISIONErocs CHIbHBEIM diekrpoauroMm. Ca(OH),—Ca*
+20H".

N3 ypaBHeHUs TUCCOLUMAIIMU BUIHO, YTO

[OH]=2[Ca(OH),]=2:0,25=5-10"" mob/m.

Boruncium pOH 1o ypaBuennto pOH =—1g [OH];

pOH=-1g510"'=1-1g5=1-0,7=0,3.

Beraucnoum pH no ypasuennto pH = 14 — pOH; pH =14 -0,3=13,7.

Ilpumep 2. KakoBa KOHIIEHTpanus TUJIPOKCUII-MOHOB B  pacTBOpE,
BOJIOPOAHBIN noka3zaTtens pH kotoporo 10,87

Pemenne. Haxomum KoHIIEHTpalMi0 HOHOB Boopoaa [H'] B pacTBope

pH=—l1g[H]; [H]=10""

[H]=10"%=10""-10"*=1,6 - 10" mons/i;

[H7=1,6 - 10" moms/m.

Tak xak wonnoe npoussenenue Bogsl [H']\[OH ]= 10", To xoHueHTpamus
rugpokcu — nonos [OH = 107"/ 1,6-107"'= 6,25-10™* mouns/11.

IIpumep 3. Boruucaute pH u pOH 0,5 M pactBOpa CEpHUCTON KHUCIOTHI
H,SO;.

Pemenne. Cepuucras kuciora (H,SOs) — 37eKTponauT cpeaHeit cuiibl, pacmaj
Ha WOHBI KOTOpPOM MpOTEKaeT Mo JBYM CTymeHsM. [l pacdeTa KOHUEHTpalUU
KaTHOHOB Bojopodaa H' OymeM y4YUTBHIBaTH JHCCOITMAIMIO CEPHUCTOH KHUCIIOTHI
TOJIBKO I10 IEPBOM CTYyNEHU

H,SO; < H+ HSO;".

Honst  (cTtemeHb  auccolMaliMy)  MOJEKYJ, pAacHaBIIMXCA HA  HOHBI,
onpenensiercs BeipaxkenueM: oo = C(H") / C(H,SO;), oTkyna

C(H+) =a C(stO3). (1)
N3 BeIpakeHus 3akoHa paz0asieHus OcTBaibaa HalaeM

K= o> C(H,S0;), (2)
Orkyna a =V K, / C(H,SO3), (3)

MOJICTaBIIsieM B ypaBHeHUeE (1),

C(H") = C(H,SO:) VK, / C(H,SO;) = VK, - C(H,SO5),

rae K, — kxoHCTaHTa nucconmanuy CEpHUCTOM KHUCIOTHI mo [-i cTynenw,
YHCIIOBOE 3HAYEHUE KOTOPOM MePENUCHIBAEM U3 CrIpaBouHoi Tabmumpl. K= 1,4 -107

42



[Toxcrasisiem uncinoBbie 3HaueHus C(H") = \ 1,4 1072 0,5 =0,084mo0mb/11.

Berauciium pH  pH = —1g C(H");

pH=-1g 8,4107=2—1g 8,4=2-0,92=1,08.

BoeruncnuMm rugpokcuibHbii noka3arenb pOH, 3Has, yto cymma pH+pOH=14.

pOH = 14 — pH;

pOH =14 - 1,08 = 12,92.

Ilpumep 4. B Kakux COOTHONIEHUAX cleayeT B3sATh pactBopel 0,1 H
CH;COOH u 0,1 1 CH;COONa nans npuroroBienus 0ydepHoit cmecu ¢ pH = 4,73.

Pemenne. pH 6ydepHoii cMecu MOKHO BBIYUCIIUTH 110 ypaBHEHUIO OypepHOTo
JICUCTBHS.

Jl1s1 anieTaTHBIX cMecen

pH = pKkucn — g Cxucn / Cconu

nmu pH = pKa —lg Ca/ Cconu

rae pKkucn= - Ig Kxucn. — cuiioBo# mokazarenb KUCIOThI

Jlnst ammonHmitHBIX Oy(depHBbIX cMecei

pH = 14 — pKocHu. + 1g Cocn / Conu wiu pH = 14 — pK, + 1gC,,/Cconn,

rae pKocu = —Ig KocH - kKoHCTaHTa OCHOBHOCTH.

CrnenyeT MOMHUTh, YTO CHJIOBOW MOKAa3aTeIb MOKHO BBIYMCIUTH TOJBKO IS
CIa0bIX DJIEKTPOJIUTOB, IS KOTOPBIX CIIpaBEUIMB 3aKOH JICWCTBHS MacCc U
CYILIECTBYIOT TEPMOJIMHAMHYECKHE KOHCTaHThI Auccounanuu Kaucc.

Ecau  koHIEHTpanuu pacTBOPOB, COCTABISIOMMX Oy(epHyr0  CMech,
OJIMHAKOBBI, TO BenurHa pH OyeT 3aBuceTh 0T 00bEMOB PACTBOPOB

pH = pKxkucn — g Vkuca / Vconu

Jlns anerataoro 0ydepnoro pactsopa pKkucn = —1g 1,8 10> = 4,73,

Otcrona 4,73 =4,73 - 1g Vkucna /Vconu, 1.€. 1g Vkucn / Veonu = 0.

CnenoBarenbHo, Vkuci / Vconn = 1 mm Vkucn = Veounn.

2.4.7. TIPOU3BEJAEHUE PACTBOPUMOCTMH (3apanus Ne 121-140)
KoHcranTa pacTBopeHus (peakuuu ¢ o00pa3oBaHueM 0CAJAKOB)

['eTreporeHHoe paBHOBECHE: OCAJOK <> HACBIIIEHHBI PacTBOp MOJYUHSAETCS
NpaBuJy NPOM3BEACHUS PACTBOPUMOCTH — B HACHIIIEHHOM pPacTBOPE Majo WU
TPYJHO PAcCTBOPUMOIO CHJIBHOIO OJJIEKTPOJIUTA IPOU3BEICHUE KOHLEHTPALMMA
(akTUBHOCTEH)  HMOHOB,  BO3BEAECHHBIX B  CTENEHHM  CTEXHOMETPUYECKHUX
KO3((PUIIMEHTOB, €CTh BEJIMYMHA TOCTOSIHHAs TpU JaHHOW TeMmiepaTrype, H,
Ha3bIBACTCS MPOU3BeJeHUEM PACTBOPHMMOCTH.

Ecnu TpyaHO pacTBOPUMBIM AJIEKTPOJIUT pacHafaercss Ha HOHBI 110

YpPaBHEHUIO:
Cas(PO,), = 3Ca* + 2P0,
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TO BBIp@XEHUE I TEPMOJAMHAMUYECKOTO IPOU3BEACHUS PACTBOPUMOCTHU
OyJleT UMETh BU/I;

[TPa(Ca;3(PO,),) = a’(Ca®™) - a* (PO, = fa(Ca*")-[Ca*]*- fa(PO,")-[POs ]

r7ie a — aKTUBHOCTH WK 3(h(PEKTUBHASI KOHIICHTPALIUS,

a — ko3 purreHT (paxTop) aKTUBHOCTH,

[Ca*"] —MonsipHas KOHUEHTPAIMs KATUOHOB KaIbIIU.

a = fa(Ca*)-[Ca*]’ mwmm a = fa - Cm, KoaduiuenT akTHBHOCTH 3aBUCHT OT
MOHHOM Ccwibl pactBopa. s Majgo wWid TPYJHOPACTBOPUMOTO  CHIIBHOTO
snextpommra —lg fa = 0,5VL, ecim fa < 1, To a < CM. B oucHb pas6GaBieHHOM
pactBope daktop aktuBHocTH  fa=1, aktuBHOCTh a = Cwm. Ilpu 3HaueHuwn
Cm=0,0001 M OoTCYTCTBYIOT CHUJIBI B3aUMOACHCTBHUS MEXKY HOHAMM.

Honnas cuia pacTBopa »53TO NOJyCyMMa MPOU3BEICHUS MOJISIPHON WIIH
MOJISUTBHOM KOHIIGHTPAIIMM Ka)KJIOTO0 MOHA B JaHHOM pacTBOpPE Ha €ro 3apsj B
kBagparte. JJis pacTBopa, B KOTOPOM COJEPKATCS MOHBI HECKOJIBKUX AJIEKTPOJIUTOB,
BBIPa)KEHME MOHHOW CHIIBI pacTBOpa MOXHO 3amucarh I = Y5 (C,Z% + C,Z% ... + ..
CnZ’n), rne C;, C,, Cn — MCTUHHbLIE KOHLEHTPALMU HOHOB, Z,, Z,, Zn — 3apsisl
HOHOB.

B paz0aBiieHHBIX pacTBOpaX, KAKUMHU SIBJISIFOTCSA HACBHIIIEHHBIE PACTBOPHI MAJIO
¥ TPYIHO PACTBOPHMBIX 3IEKTPOIINTOB, ipu fa =1, a = [Ca*"], Toraa:

ITP(Ca3(PO,),)= [Ca* - [POs ]

OTcro1a BBITEKAIOT JBa CIAEJCTBUS:

. YcnoBue pacTBOpeHMsI OCaJKa: NPOU3BEICHUE KOHUCHTPAIMA HOHOB
BO3BE/JICHHBIX B CTEMEHb CTEXHOMETPUUYECKUX KOAPOUIIMEHTOB, JOHKHO OBITh
MEHBIIIE BEJIMYMHBI TpousBeaenus pactsopumoctu [TP(Cas(POy),) > [Ca* - [POS %

2. VYcioBue oOpa3oBaHus Ocajika: IPOU3BEJACHUE KOHIICHTpAIIUH HOHOB
BO3BEJICHHBIX B CTENEHb CTEXUOMETPUUECKUX KOIP(PUIIMEHTOB, IOJKHO OBIThH
00JIbIIE BEIMYUHEI Ipou3Beaenus pactBopumoctu [TP(Ca;(PO,),)< [Ca* - [PO %

PacTtBopuMOCTL — 3TO KOHIIEHTpAallMs Majo WIH TPYIHO PacTBOPUMOIO
AJIEKTPOJIMTA B €r0 HACHIIIEHHOM PacTBOpE.

CnenoBarenbHO,  NPOU3BEACHUE  PACTBOPUMOCTH  SIBIIETCS  MEpou
pPacTBOPUMOCTH MaJIO WM TPYJTHO PACTBOPUMOTO 3JIEKTPOJUTA B €r0 HACHIIIIEHHOM
pacTtBope mnpu JmaHHOW Temmeparype. UYem wMenblie 3HaueHue I[IP, Tem xyxe
pacTBOPSIETCS ATOT TPYAHO PACTBOPUMBIN JIEKTPOIUT B Bojie. [loaToOMy Mo BenurHe
[IP MOXXHO CpaBHHMBAThb PACTBOPUMOCTb MAJIO WM TPYJHO PACTBOPUMBIX CHUJIBHBIX
snekrponutoB. Hampumep, ITP(PbCl) = 2,4-10% TIIP(PbSO,) = 2,2 - 1075
ITP(PbS) =1.1-10"°. Yem mensbme 3Hauenue IIP sjekrponura, TeM Gojiee IMOJHO
BBIJICJISIETCS U3 PACTBOpPA JAHHOE COCIUHECHHUE.

[To BenuurHE NMPOU3BEAEHUS PACTBOPUMOCTH DJIEKTPOJIUTA MOKHO BBIYUCIUTH
€r0 PaCTBOPUMOCTH B MOJISIX WJIM rpamMMax B 1 J1 1 HA000pOT.
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IIpumep 1. PactBopumMocTs (S) kapOoHaTa KaiblUs B BOJE MPHU TEMIIEPAType
25° C cocrasuser 6,9 <10 ~° mons/n. Haiitu ITP(CaCOs).

Pemenue. B HaceIieHHOM pacTBOpe KapOOHATa KaJIbIUs:

S S S

CaCO; «> Ca*+CO5™,

[Ca*]=[COs*]=S=6,9 -10 ~ Mob/11.

Orcroza, [TP(CaCO;) =[Ca*]-[CO5* ]=S-S= S™.

[ToxcTasisiem uncioBbie 3HaueHus: I[IP(CaCO;) = (6,9 110 ~°)*=4,8-10 .

IIpumep 2. IIpousBenenue pPacTBOPUMOCTH noauaa CBUHIIA
ITP(Pbl,) = 1,1-10—°. Uemy paBHa S (pacTBOPUMOCTS) ¥oauaa cBuHIA? Beipa3uth
KOHIICHTPAITUIO B I/J1 (MaccoBasi KOHIICHTPAIIHS). S S 2S

Pemenue. 3anuiieM ypaBHeHue qucconnanuu: Pbl, «> Pb* + 217, U3 kaxmoii
MOJIEKYJIBI  Homuaa CBHHI[A oOpasyercs oauH HWOH Pb** w ngBa woma I,
CnenoBarenbHO, B HachIlleHHOM pacTBope Pbl,, pacTBopuMOCTh HMOHOB CBHHIIA
[Pb*] = S, a iogun —monos [[] = 2S. Orcroga moayuaem: ITP(Pbl,) = [Pb*]-[I]* =
S:(2S)* = 4S°. PacTtBOpHMOCTE HOAKIa CBUHIIA

[PbL]=S = VIIP(PbL)/4; S=3V1,110°/4 =6,510" monb/1L.

Jli1st Toro 4TOOBI MEPEeNTH OT MOJISIPHOM KOHIIEHTpAIMH (MOJIB/JT) SJIEKTPOJIUTA
K MAacCOBOM KOHIIEHTpaIuu (I/J1), HEOOXOUMO YMHOXHUTh TIOJyY€HHBIN PEe3yJIbTaT Ha
MOJISIPHYIO MacCy 3JIEKTPOIUTA.

Ipumep 3. Ipomssenenue pactBopumoct Ag,SO, pasuo 1,6:10° (25°C).
OnpeaenuTh pacCTBOPUMOCTD ITOM COJIM B MOJIB/JI U T/J1.

Pemenne. Cynndar cepedpa Ag,SO, ABISIETCS CHIBHBIM MaJIOPACTBOPUMBIM
AIEKTPOJIMTOM, KOTOPBIN YACTUYHO PACIAIA€TCs HA MOHBI 0 CXEME:

AgSO, — 2Ag" + SO~

O0603HaYMM HCKOMYIO PacTBOPUMOCTH coJid uepe3 s (Moib/n). [lockonbky
YHUCJIICHHO  PacTBOPUMOCTb  BEIIECTBA  OMpENENsieTcss  KOHLEHTpalued  ero
HACBHIIIIEHHOTO pacTBOpa, TO KoHieHTpamus Ag,SO, Oynmer paBHa s. Torma, B
COOTBETCTBHH C YPABHCHHEM JUCCOIMAIIAU COJIH, KOHIIGHTPAIIMA HOHOB Ag" U OyayT
PaBHBI:

[Ag']=2:[Ag:SO4] = 2s,

[SO,/ 1= [Ag:SO4] =s.

[loacraBnsiem HalifieHHbIE KOHIICHTPAllMd HOHOB B  BBIPAXKEHUE A
MIPOU3BEACHUS PACTBOPUMOCTU Ag,SOy:

[TP(Ag,SO,) = [Ag1*[SOZ]=(25)*s=4s’

OTtcro1a BeIpakaeM s:
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s{[IPAg,504 3[1.6-107°
s = = =0,04

4 4

[MPAg,504 31.6-107
s =3’ T 4 =J 2 = 0,02 MOJIB/IL.

Otger: s = 0,04 moib/m.

YcaoBus 00pa3oBaHus U PACTBOPEHUS 0CAKOB

B paz6aBieHHBIX pacTBOpax, KAKMMH SIBISIOTCSI HACHIIIICHHBIE PaCTBOPHI MaJIo
¥ TPYHO PACTBOPHMBIX SJIEKTPOIUTOB, ipu fa =1, a = [Ca*"], Torma:

[TP(Ca;(PO,),)= [Ca* ]*-[POLS ]

OTcroa BBITEKAIOT JIBA CIAEACTBUL:

- YCIIOBHE PAacTBOPEHHUS OCAaJKa: TMPOU3BEACHUE KOHIUEHTPALM HOHOB
BO3BE/ICHHBIX B CTENEHb CTEXMOMETPUYECKUX KOIPOUIIMEHTOB, JOHKHO OBITh
MEHBILIE BEINYMHEI Tpou3Beaenus pactsopumoctu [1P(Cas(PO,),) > [Ca* - [POS 1%

- ycinoBue oOpa30oBaHHA OCaJKa: MPOU3BEACHHE KOHIEHTPALMA HOHOB
BO3BE/JICHHBIX B CTEMEHb CTEXMOMETPUUYECKUX KOIP(DUIIMEHTOB, JOHKHO OBITh
OoJIbIIIE BEMYUHBI Ipou3Beaenus pactBopumoct [TP(Ca;(PO4),)< [Ca* - [PO %

IIpumep 4. Bpimazer 1M ocagok Npu cMelleHWd paBHbIX 00beMoB 0,01H
pactBopa AgNO; u 0,1M pactBopa KCl1?

Pemenue. 1. CMmenieHue pacTBOPOB YKa3aHHBIX COJIEH MOXKET MPHUBECTH K
BBINIAJICHUIO Ocajika xjopusa cepedpa AgCl

AgNO; + KCI = AgCl|

3anuiiemM yciaoBHE BBINAICHUS OCaaKa

Momnsipaas konnentpanus pacrsopa AgNO;pasna 0,01 M.

Cu=Cy, Tak kaK forg = 1, M(AgNO;) = m,(AgNO:s.

[Tocne cmenieHus: pacTBOPOB KOHIICHTPALMS KAXKJIOTO W3 HUX YMEHBIIUTCS B
JIBa pasza, Toraa

C(AgNO;)=0,005M,

C(KCID)=0,05M.

B cooTBeTcTBUM ¢ YpaBHEHUAMU JIUCCOLMALIMU COJIEHU

AgNO; — Ag" + NOy

KCl - K"+ CI'
oIpejiesisieM KOHIICHTPAIMK KaTHOHOB cepedpa Ag' u xiopua-uonos CI

[Ag'] = C(AgNO;)=0,005M,

[CI'] = C(KC1)=0,05M.

[Tpoussenenue koHueHTpanuii nonoB Ag' u Cl” paBHo.

Bennunna npousBeeHNs KOHIIEHTPAIM HOHOB OOJIbIIE, YeM BeTMYMHA

ITP (AgCl1)=1,56-10""%; ycioBue BbInageHus OCaKa BHIMOIHIETCS.

46



OTBeT: 0CaJ0K BEBIITAJIET

2.4.8. TUJIPOJIN3 COJIEM (3ananus Ne 141-160)

['upponv3oM Ha3bIBaeTCs XHMHUYECKOE OOMEHHOE B3aMMOJICHCTBHE HOHOB
PacTBOPEHHOM COJIM C BOJIOM, MPUBOALIEE K 0OPa30BaHUIO MPOIYKTOB, SABIISIOIINXCS
CIIa0BIMU 3JICKTPOIUTAMU (CIAOBIX KHUCIOT U OCHOBAHMN, AHMOHOB KHUCIIBIX WIIU
KaTHOHOB OCHOBHBIX COJIEH), COIPOBOXKJAIOLIEECS CMEIIEHUEM paBHOBECHUS
JUCCOIIMAIIMK BOJIbI U U3MEHEHHEM peakiuu cpesl (pH).

IIpumep 1. CocraBbTe HMOHHO-MOJEKYJISIPHBIE M MOJIEKYJIIPHBIE YpaBHEHUS
rupoan3a cyibdarta nuHka. Onpenenure peakiuo Cpeabl BOJHOTO pacTBOpa 3TOM
COJIN.

Pemenue. Cynbdar mmaka ZnSO,; — coJIb MHOTO KHCJIOTHOTO cjaadboro
ocHoBanus Zn(OH), u cunbHOl MHOroocHOBHOUM kuciaotTel H,SO,. I'maponus Oyner
IPOTEKaTh MO KaTHOHY. IOHHO-MOJIEKYJIIpPHOE YpaBHEHUE THIPOJIN3A:

I crynens  Zn** + HOH <> ZnOH' +H;

win B MolekyisipsoMm Buzae: 2ZnSO, +2H,O < (ZnOH),SO, + H,SO.. B
pacTBope nosBIsieTcs U30BITOK MOHOB BoJiopoaa H', mosatomy pactBop ZnSO,4 nmeer,
kuciyto peakiuio (pH< 7). B OOBIYHBIX YCIOBHSX THIPOJW3 HIET MO TEPBOM
crynenu. O6pazoBanus moisekyn Zn(OH), He mpowmcxonuT, Tak Kak moHbl ZnOH'
pacrnajaloTcs Ha MOHBI ropasnio TpyaHee, ueM Mosekysibl Zn(OH)s,.

IIpumep 2. Hanucare ypaBHEHMS peakUMil THIPOJIM3a B MOJIEKYJSIPHOM U
MOHHO-MOJIEKYJIIDHOM BHUJE M yKa3aTh, KaKk B pe3yJbTaTe THJIPOJM3a H3MEHUJIICS
BOJOpOJHBIN nTokazaTens pH B pacTtBope conn Na,COs.

Pemenne. KapOonatr Hatpus Na,CO; — coib, 00pa3oBaHHasi CHJIbHBIM
ocHoBanueMm NaOH wu cna6oit kucnoroit H,CO;. B nanHoMm ciiywae euodpoaus Oyaet
IpOTEKaThb 1O aHUOHy. YTOJbHAsg KHUCJIOTA SBISETCS JIBYyXOCHOBHOW, IO3TOMY
TUAPOJIN3 JIOJDKEH MPOTEKATh B JIBE CTYIIEHU. [I0CKOIBKY TMAPOIINA3 COIEN 10 BTOPOM
CTYNEHHU NPOTEKAET B HE3HAUUTEJIbHOM CTENEeHH, MOXKHO NMpeHeOpeub HanmuMcaHUueM
YPaBHEHUSI 3TOU pPEaKIIUU.

I ctynens

CO;* + HOH < HCO;+ OH  — coKpameHHOE HOHHO-MOJIEKYJISPHOE
ypaBHEHHUE;

2Na" + COs* + HOH «<Na® + HCO;  + Na" +OH™ - mojHoe HOHHO-
MOJIEKYJIIPHOE YPaBHEHUE;

Na,CO;+ HOH < NaHCO; + NaOH — MonekynsipHOe€ ypaBHEHUE.

Kak BUIHO M3 COKpPAILIEHHOIO MOHHO-MOJIEKYJISIPHOTO YpaBHEHUS, B PaCTBOpE
COJIM B pe3yjbTaTe TUAPOIN3a MPUCYTCTBYIOT THJIPOKCUA-HOHBI, 3TO yKa3bIBAE€T Ha
MICJIOYHON XapakTep cpeibl. pH Takoro pactBopa OyJeT MpuHUMATh 3HaYeHUE > 7.
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IIpumep 3. Hanucare ypaBHEHMS peaklUMil THIPOJIM3a B MOJIEKYJSIPHOM U
MOHHO-MOJICKYJIIPHOM BHUJE M yKa3aTh, Kak B pe3yJbTaTe THAPOJIN3a W3MEHUJIICS
BOJIOpOIHBIN nokazaTens pH B pactBope comrt Mn(NOs), .

Pemenue. Hurpar mapranma (II) Mn(NOs), — conb, oOpa3oBaHHasi ciaObIM
ocHoBanueM Mn(OH), u CUIBHON KHUCIOTOM — 3TO CiIydall eudpoiuza no Kamuow)y.
['mapokcun mapraHia sIBIsIeTCS BYX KHCIOTHBIM OCHOBAaHUEM, THUIPOJH3 JOJDKEH
MPOTEKATh MO JBYM CTYIICHSIM.

I crynens

Mn** + HOH < (MnOH)" + H"

Mn* + 2NO; + HOH <> (MnOH)" + NO;™ + H" + NO;~

Mn(NO;), + HOH <> Mn(OH)NO; + HNOs

['unpoxconutpar mapranina (II) Mn(OH)NO; manopactBopuMoe coeAMHEHUE,
MO03TOMY THJIPOJIN3 TI0O BTOPOH CTYIEHH MPOTEKATh MPAKTUIECKH HE OYyIET.

W3 ypaBHeHW#H TruApoin3a BHIHO, YTO B PACTBOPE CONHM MPHUCYTCTBYIOT
MPOTOHBI BOJOPOJAA, KOTOPHIE OYIyT OMpEAeNsTh KHUCIBIH Xapaktep cpenbl. pH
pacTBopa 3To# conu OyJIeT MPUHUMATh 3HAYeHUS < 7.

IIpumep 4. CocTraBbT€ HOHHO-MOJIEKYJISIPHBIE M MOJIEKYJIIPHBIE YPaBHEHUS
ruaponusa (I crymens) cnegyrommux coneit: a) KF; 6) Cu(NO;),; 1) Na,S. Ykaxure
PEaKIIMIO CPEeJIbl PACTBOPOB ITUX COJICH.

Peiuenue.

a) @ropup xamms — KF <> K* + F, cons oOpazoBanHa cnaboit kucnoroit HF u
cuibHbIM ocHOBaHreM KOH. I'maponus npocroii Oyer mpoTekaTh 10 aHUOHY.

F + HOH < HF + OH',

HNoHHO-MONEKyISIpHOE YpaBHEHHE THAPOIN3A:

K+ F + HOH < HF + OH™ + K",

Wnm B monekymnsipHOii popme:

KF + H,0O < HF + KOH

B pesynprare ruaponu3a B pacTBOPE YBEIMYMBAETCS KOHILIEHTpaLUs
THJIPOKCUI-UOHOB, TO3TOMY pacTBop KF umeer menounytro peakuuto (pH > 7).

0) autpar meau (II) - Cu(NOs), < Cu* + 2NO;, coip 00pa3oBaHHa C1a0bIM
ocrHoBanreM Cu(OH), u cunbHo# kucioroit HCIL. I'ugponus cioxKHbIN cTyneH4YaThIi
OyJeT NpoTeKaTh M0 KaTUOHY:

I crynens: Cu** + HOH « (CuOH)"+ H',

N oHHO-MOJIEKYISIPHOE YPABHEHUE THUAPOIN3A:

2NO; + Cu** + HOH <« (CuOH)"+ H"+ 2NO;.

B monexynsipaoit popme:

Cu(NO:;3), + H,O <> (CuOH)NO;+ HNO:s.
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B pesynbrare ruaposusza B pacTBOPE YBEJIMYMBAETCS KOHIICHTpAIlMs HMOHOB
BOJI0poJa, mo3ToMy pactBop Cu(NOs), umeer, kuciyto peakiuto (pH <7).

B) cyiabdua Hatpus — Na,S <> 2Na" + S*7, conb 00pa3oBaHHA CHIILHBIM
ocHoBanneM NaOH wu cna6oit kucnoroit H,S. ['maponus ciioxHbI CcTyneHYaThIN
OyJeT NpoTeKaTh 10 aHUOHY:

I crynmens: S~ + HOH <> HS™ + OH™

HNoHHO-MONEKYISIPHOE YPABHEHUE THAPOIU3A

2Na"+ S*”+ HOH <> HS™ + OH™+ 2Na",

B monexynsipaoit popme:

Na,S + HOH < NaHS + NaOH.

B pesynapTaTe rumgponnza B PacTBOPE YBEJIMYMBAETCA KOHLIEHTPALIMS
THJIPOKCUI-MOHOB, TI03TOMY pacTBop Na,S mmeer menounywo peakiuto (pH > 7).
Jlakmyc npuoOpeTaeT CUHHI 1BET.

IIpuMmep S. BpuucanuTh KOHCTAHTY TMAPOJIN3A U CTENIEHb THAPOIM3A XJIOPUAA
ammonus B 0,2 M pactBope NH,CI.

Pemenue. Conb oOpa3zoBana cnabeim ocHoBanueM NH;-H,O (NH,OH) wu
cuinbHOM kucioron HCI.

YpaBuenune auccormaruu comn NH,Cl — NH," + CI'.

['unponus OyAeT mpoTeKaTh MO KaTUOHY. Y paBHEHUE PEAKITUU:

NH," + H,O < NH;-H,O + H”

Haiinem xoncranty ruaponusa: Kr = Ky /K,

rae Kw— nonnoe npoussenenue soasl [H']-[OH] = 107",

Ky= Kocn — koHcTanTa quccouuanuu ocHosanus (K, = 1,8 -107).

Brruncrisiem creneHs ruipoau3a:

h=+vK/Cy =75,56:107%0,2 =5,27-10"°=527-10" %.

2.5. METOJIUYECKHUE YKA3AHUSI JJISI KOHTPOJbHOM PABOTHI Ne 2
N ITPUMEPHI PEIHIEHUA 3ATAY

2.5.1. KOMIUVIEKCOOBPA30OBAHUE B PACTBOPAX (3apanust Ne 161-180)

B KOMIIJIEKCHOM COEIMHEHUHU Pa3IndaroT BHYTPEHHIOK (KOMILJIEKCHBIA HOH
WIM KOMIUIEKC) W BHEIHIOI0 cdepbl. BHyTpeHHIOI0O cdepy COCTaBISIOT
KOMILIEKCO0Opa3oBaTeib (IIEHTPaIbHbIN MOH WM aTOM) U JTUTaHbI (aJIICH/IbI).

BuemHecdepHas nuccouuanus KOMIUIEKCHBIX COEAMHEHHUN IPOMCXOJIUT B
BOAHBIX pAacCTBOPAaX MPAKTUYECKH IIOJHOCTBIO. OJTa JHCCOLMALMs Ha3bIBACTCs
nepBuyHoO. OOpaTUMBIA pacraj, BHYTPEHHEH cdepbl KOMIUIEKCHOTO COEIUHEHUS
Ha3bIBAlOT BTOPUYHOM Jucconmanued. Jlucconmpanmuss KOMILIEKCHOTO — MOHA
XapakTepU3yeTCsl KOHCTAHTOW pPAaBHOBECHUSA, KOTOpas HAa3bIBACTCA KOHCTAaHTOM
HECTOMKOCTH KOMIUIEKCHOTO MOHA U CIIY’KUT MEPOH yCTOWYMBOCTH KOMILIEKCA.
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IIpumep. Ykaxute B KOMIUIEKCHOM COEIUHEHUH KOMILIEKCOOOpa3oBaTelb,
€ro CTENEHb OKHUCJIEHHUs, KOOPAMHALMOHHOE YUCIIO, JIMTAH/BI, 3apsij KOMIUIEKCHOIO
MOHA

[Pt(NH3)4C1z]C12

Pemenue. B yka3zaHHOM CcOeIMHEHHHM KOMILJIEKCOOOpa30BaTENEM SIBISIOTCA
voHbl Pt*, KOOpAMHAIMOHHOE YHCIIO COOTBETCTBEHHO paBHO 6. JluraHgamu B
COEIIMHEHUH SBJISTFOTCSI YETHIPE MOJIEKYJIbl aMMHaKa U JBa xjopua-uona Cl .

3aps/l KOMILIEKCHOTO MOHA PaBeH CyMMeE 3apsiioB KOMJIEKCOOOpa3oBartelns U
JIMTaHJOB.

B coemuHeHMM 3aps KOMIUIGKCHOTO MoHa Pt paBen: x + 4-0 + (=2) = +2,
X = +4, T.e. 3apsx wiaTuHel Pt*,

[Ipu pacTBopeHnHU B BOJIE KOMIUIEKCHBIE COETMHEHUSI BEYT ceOsl KaK CUIIbHbIC
AIEKTPOJIMTHI, MOJHOCTBIO PACIIaJalOTC Ha MOHBI C OTLIEIJIEHHEM KOMILIEKCHOIO
nona: Pt(NH;),Cl,]Cl, > [Pt(NH;),Cl,]*+2CI".

KomrnekcHblit HOH (KOMITIEKC), SBISSICh CIa0BIM 3JIEKTPOJIUTOM, B OOJIbIIIEH
VI MEHBUIEH CTENEHU paclajaeTcsi Ha MOHBI. 3alUChIBAEM YpPABHEHHE IOJIHOU
JHCCOIMAIMU  KoMIuiekcHoro wuoHa: Pt(NH;),CL]* < Pt*'+ 4NH;+2Cl. DOror
IIPOLIECC TNOAYMHAETCA 3aKOHY JercTBus Macc W npuHuuny Jle Illarense. [lna
PAaBHOBECHON CHCTEMbl MOXHO COCTaBUThb BBIPAKEHHE KOHCTAHTHI PaBHOBECHS,
KOTOpasi JUisi KOMIUIEKCHOTO HMOHA MOJy4YHJIa Ha3BaHME KOHCTAHTAa HECTOMKOCTH
KOMILUIEKCHOT'O HOHA.

KoHcTaHTa HECTOMKOCTA COOTBETCTBEHHO MPUHUMAET CIEIYIOIINN BU:

Kuecer (Pt(NH;),CL]*) = [Pt*]-[NH;]*[C17]%/ [Pt(NH;),CL*].

Yem MeHbIIEe 3HAYEHHE KOHCTAHThl HECTOMKOCTH KOMIUIEKCHOTO HOHA, TEM
Oojee yCTOWYMB KOMIUIEKCHBIM HOH B pactBope. KoHcTranTy HecToiikocTu
Ha3bIBAIOT KOHCTAaHTOM pacmaja KOMIUIEKCHOTO HoHa. OOpaTHyl0 BEIUYHUHY
KOHCTaHThl HECTOMKOCTH HAa3bIBAalOT KOHCTAHTOM O0Opa30BaHUsl KOMILIEKCA WIIU
koHcTaHTOU ycTomunBOCTH. Kycr= 1/Kuger. Kuger, Benmuunna Tabnuynast.

2.5.2. OKUCJIMTEJBHO-BOCCTAHOBUTEJIBHBIE PEAKIIUU
(Bapanus Ne 181-200)

Jns cocTaBiieHUsT YpaBHEHUH OKHUCIWTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKLUN
MO>KHO MCHOJB30BaTh JBa Crocoda moaoopa kodpGuirueHToB. MeTos 31eKTPOHHOTO
OajlaHca MO3BOJISIET T0A00paTh KOA(D@PUIMEHTHI TOJBKO TMepel MOJEKyIaMu
OKUCITUTENSI W  BOCCTAHOBUTENS. VIOHHO-3JIEKTPOHHBIA METOJ WU  METOJ
AJIEKTPOHHO-MOHHOTO OanaHca (MeTo/1 MOTypeaKIlfii) UCTOIb3YyeT MpecTaBiIeHrEe 00
ANEKTPOJIMTUYECKON AUCCONMALNN. YUYACTHUKU IMPOIECCA 3aMHUCBHIBAIOTCS B MOHHO-
MOJIEKYJIsIpHOM (hopMe. MeTon TpUMEHUM, €CIU PeakIuu MPOTEKaloT B BOJHOM
pacTBope. BemecTBa pacnagaroTcs Ha MOHBI, PEATbHOCTh CYIECTBOBAHUS KOTOPBIX
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MOXXeT ObITh OOHapyXeHa B pacTBope. B 3ToM cnydae y4UTBIBAIOT IpoOILIECC
muccormanuu Bogsl H,O <> H'+ OH u ucnonp3yroT B KadecTBe KOMIIOHEHTA
peakiuu Mosekyssl H,O monsr H" u OH™.

IIpumep 1. Ha ocHOBaHHMU 3IEKTPOHHO-MOHHOTO MeETOJa Mox00paTh
KO3 (PULIMEHTHI B ypaBHEHUE PEAKIUU:

KMnO;, + Na,SO; + H,SO4 — MnSO, + Na,SO, + K,SO, + H,O.

Pemenne. 310 ypaBHeHHE HEOOXOJUMO 3aMKCaTh B MOHHOM BHUJIE, YUUTHIBas,
T€ MOHBI, KOTOPBHIE U3MEHUJIN CBOM NEPBOHAYAIbHBIA BH]T

MnO, + SOs;* + 2H" — Mn*" + SO, + H,0.

B sroit peakiun won SOs* okucisteTcss B moH SO4* . HemocTaromuii Kueiaopos
npu nepexone SO B SO, Gepercs u3 BOABI U B PE3yJILTATE 00pa3yeTcs U30BITOK
oo H"

SO;* + H,O — SO +2H".

Tak Kak CyMMBbl 3apsJI0B B JIEBOM M IPaBOM 4YacCTH YPAaBHEHHMS JOJIKHBI
paBHATbCS ApPYT JApPYry, TO U3 JIEBOM YacTH YpPAaBHEHUS CIEAYET BBIYECTh [BA
AJIEKTPOHA. DJIEKTPOHHO-UOHHOE YpaBHEHHUE JUIsl MPOLecca OKUCIIEHUs OyJeT UMETh
BU/T

SO;> + H,0 — 2& — SO + 2H". (1)
CoOOTBETCTBEHHO I IIponecCa BOCCTAHOBJIICHHUA
MnO, +8H" + 5 & — Mn*" + 4H,0. )

HNonbsl BOmOpoAa HYXHBI JUIsl CBSI3bIBAHUS B BOJY OCBOOOXIAOLIEroCs
KUCIOpoga npu nepexoie moHa MnO, B woH Mn*". YMHOXas 4Ie€HB MEPBOIO
ypaBHEHHsSI Ha S5, BTOPOr0 Ha 2 W CKIAJbIBasl WX, MOJIYYUM HOHHOE YpaBHEHHE
JTAHHOW peaKIuu

5|80:> + H,0 — 28 — SO* + 2H"

2| MnO, +8H" + 5 & — Mn*" + 4H,0

580;> +2MnO4 + 6H" — 5 SO, +2 Mn*" + 3H,O

OT MOHHOTO ypaBHEHHS JIETKO MEPEUTH K MOJIEKYISIPHOMY YPaBHEHUIO:

2KMnO, +5Na,S0O; +3H,SO,= 2MnSO, + 5Na,SO, + K,SO, + 3H,0.

IIpuMmep 2. YcTaHOBUTH HANPABIEHUE BO3MOKHOTO IPOTEKAHUS PEAKIINN:

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

Pemenue. 3anuiieM ypaBHEHHE PEaKIMd B HIOHHO-MOJIEKYJISIPHON (opme:

2Br + PbO, + 4H" — Pb*" + Br, + 2H,0.

[To tabmuue (Jlypre FO. 0. CnpaBoyHMK 1O aHAJTUTUYECKOM XUMHUHU. —

MockBa: Xumusa, 1978. — 447 c.) HaXxoauM 4YHUCIOBBIE 3HAYEHHS CTaHJIAPTHBIX
AIEKTPOAHBIX MOTEHIIUAJIOB AJIEKTPOXUMHUUYECKUX CUCTEM, YUACTBYIOIIUX B PEAKIUU:
BI'Q +2€ — 2Br E01 = 1,0658,

PbO, + 4H"+2& — Pb** + 2H,O0  E%= 1,449B.
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DIC =E%—-E’ = 1,449 — 1,065 = 0,384 B.

OxucnuTenemM Bcerja CIyXUT cucteMa C 0ojiee BBICOKMM 3HAYEHUEM
3JIEKTPOJHOTO TOTeHIMa a. [10cKoIbKy 31ech 3HaueHne E’; 3Ha4nTeNbHO OOJIbIIE,
gem E°, TO TmpakTHYeCKH TpH JOOBIX KOHICHTPALUSIX B3aUMOJICHCTBYOIINX
BEIECTB, OpOMHJ HOH OYJEeT CIY>KUTh BOCCTAHOBHMTENIEM, a JMOKCHJ CBUHLA —
okucnureneM. Peakuust OyaeT mnporekaTh cieBa HampaBo, Tak kak JJIC > 0
(MOJIOKUTENbHAS).

2NaBr +PbO, + 4HNO; = Pb(NOs), + Br, +2NaNOs; + 2H,O0.

IIpumep 3. CocraBuUTh YpaBHEHME pEAKIUH OKHUCIECHHS CEPOBOJAOPOJA
XJIOPHOM BOJOM. Peakius mpoTekaer mno cxeme:

H.S + Cl, + H,O — H,SO, + HCIL.

OnpenenuTes TUI OKUCIUTEIBHO-BOCCTAHOBUTENIBHON peakuuu. PaccumraTh
DKBUBAJICHTHBIE MACChl OKHMCIMTENSI U BOCCTAaHOBUTENSA. ONpeneanTs BO3MOKHOCTb
IIPOTEKAHMS PEAKIIUH B YKa3aHHOM HAIIPABIICHUH.

Pemenune. 1. OnpenensieM CTENEHW OKUCIEHUS aTOMOB 3JIEMEHTOB, KOTOPBIE
BXOJAT B COCTaB MOJIEKYJI BEILIECTB YYACTHUKOB PEAKIUH.

+1-2 0 +1-2 +1+6-2 +1-1
H.S + CL,+ H,O — H,SO, + HCl

B xonme mpomecca aroMbl IBYX 3JIEMEHTOB — CEPbl M XJIOpa — WU3MEHWIH
cTeneHb okucieHus. Cepa NoBbICHIIA CTENIEHb OKUCIIEHHUS € -2 10 +6, OTAaB IPU 3TOM
BOCEMb DJIEKTPOHOB:

S*—8e— S

B manHOM mnponecce aToM Cepsbl ABISIETCS 60CCMAHOGUMENEM

Xnop moHW3WI creneHb okucieHus ¢ 0 no -1, mpuHMMas JaBa 3JIEKTpOHA

(TOCKOJIbKY aTOMOB J[BA): ClL’+2e —2Cl-
ATOMBI XJIOpa BBICTYIAIOT B POJIH OKUCUMEIA.
[pumensis METO/ 3IIEKTPOHHO-UOHHOTO Oasnanca, COCTaBJIsIEM

COOTBETCTBYIOIIME TIOTYpPEaKLIUU.

[Tpu cocraBieHUM ypaBHEHUS MOIY-PEAKIMH OKHUCIIEHHS CEpbl MCXOIUM U3
cxembl: H,S—S0,*". CepoBoI0opo/1 3alMCBIBAEM B MOJIEKYJISPHOM BHJIE, TIOCKOJIBKY
3TO COEAMHEHHE SBISAETCSA chnabbiM anekTponuTtoM. CepHas KUCIOTa — CHIIBHBIN
SJEKTPOJIUT IPU JUCCOLMALMH, KOTOPOTO B pacTBOPE, 00pa3yroTcs aHuoHbl SO,

B xone mporiecca aToM cepbl CBSI3bIBACTCSA C YETHIPhMSI aTOMAMM KHUCIIOPOAA,
UCTOYHUKAMHU KOTOPBIX SIBIISIOTCS YETHIPE MOJIEKYJbI Bobl. [Ipu aTOM 00pasyrorcs
BOCEMb MOHOB Boj0poja. Eile 1Ba noHa BOAOPOJIa BEICBOOOKIAIOTCA U3 MOJIEKYJIbI
CEpOBOAOPO/IA.

H,S + 4H,0 — 8¢ — SO,> + 10H".
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3anuchiBaeM JB€ TOJYUYCHHBIE IOJIY-pEaKIMU, YKa3blBA€M OKHUCIHUTENb U
BOCCTAHOBHUTEIbL M YyPaBHUBAEM KOJMYECTBO JJIEKTPOHOB OTHAHHBIX CEPOM U
MIPUHSTHIX XJIOPOM:

CL'+ 2e — 2CI° 2 4 BocCTaHOBJICHHUE
H,S + 4H,0 — 8¢ — SO, + 10H" 8 1 OxkwucieHue

4CL," + H,S + 4H,0 — 8CI'+ SO+ + 10H"

[Tonmy4yennbie KOA)PUITUEHTHI pACCTABIISIEM B CXEME PEAKIUU:

H,S + 4Cl, + 4H,0 — H,SO, + 8HCI

JlaHHast peakiusi OTHOCUTCS K PEAKIUAM MEKMOJICKYJISIPHOTO OKHUCIICHHSI-
BOCCTAaHOBJICHHSI, TIOCKOJIbKY DJIEMEHT-OKHUCIHUTENh W 3JIEMEHT-BOCCTAHOBHUTEIb
BXOJIIT B COCTaB MOJIEKYJI PA3HBIX XUMUYECKUX COCTUHECHUM.

2. PaccumThiBaeM  MOJSpPHYIO  MacCy  XHMHYECKOTO  DKBHBAJICHTA
(3KBHUBAJICHTHYIO MACCy) OKHCIATEIIS:

ma(OKHCH):M,

n

rJie M> — MOJISIPHASI Macca XMMUYECKOTO SKBUBAJICHTA (9KBUBAJIEHTHAS Macca),
/MO

M(oxkucit) — MoJIsipHasi Macca OKUCIIUTEIS, T/MOJIb;

N — YHUCIIO AJICKTPOHOB, YYACTBYIOIIMX B TONY-pEaKIMH, MPHUHITHIX | MOIb
OKHUCITUTEJIS.

m, |Cl,|]=————="-=35,5(2/mo|
EA 2 )

AHanoruyHo PaCCUYUTBIBACM MOJIIPHYIO MACCY SKBHBAJICHTA BOCCTAaHOBUTCIIA:

, M|H,S
ma[BOCCT):M(BOCCT): |5 ):3—424,25(3/M0ﬂb),
n 8 8
II¢ N — YUCIIO 3JCKTPOHOB OTHAHHBIX | MOJb BOCCTAHOBHUTEIS B IOJIY-

peakuuu.

3. UToOBI caenath BBIBOJ O BO3MOYKHOCTH MPOTEKAHUS PEAKIIMKM B YKa3aHHOM
HaIpaBJICHUN, HEOOXOAMMO pPACCUMTATh BEIWYUHY €€ DIICKTPOIABMKYIICH CHIIBI
cucteMsl D/C.

B peakuum ydacTBYIOT [IB€ OJJICKTPOXMUMHYECKHE CHCTEMBI; IOJb3YSCh
JTaHHBIMM TaOmumpl [1.2, B NPUIOKEHWM 3aluIIeM 3HAYCHUS WX CTaHIapTHBIX
ITOTEHI[UAJIOB:

Cl,’+2 e — 2CI° ¢=1,36 B
H,S + 4H,0 — 8¢ — SO+ + 10H" ¢’=031B
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9I[CPEAKL[I/II/I: (POOK—JU{ — (POBOCC-JI51=1,36 -0,31=1,05B
Benmuuuna crangaptaon OJIC peakunum Oonpmie Hyna. Peakuus Oyner
IIPOTEKaTh B PACCMATPUBAEMOM HAINPABIICHUU.

2.5.3. KOPPO3UA METAJIJIOB (Bananus Ne 201-220)

Koppo3ust —  caMOmpou3BOJIBHO  MpoTekaromee  (U3MKO-XUMHUYECKOE
B3aMMOJICMCTBUE METAJNIA CO CPEAOM, B PE3YIBTATE KOTOPOIO0 U3MEHSIOTCS CBOMCTBA
MeTaia U yXyAIIAaiTcs ero (yHKIMOHAJIbHBIE XapaKTEPUCTUKU.

Cpena, BbI3BIBAIOLIAS pa3pylIEHUWE MeETajla Ha3bIBAETCS KOPPO3UOHHOMN
CpEIIOu.

[Io MexaHM3My MpoIecca Pa3IMYal0T XUMUYECKYI0 U BJIEKTPOXUMHUYECKYIO
Koppo3uto. W Xumuueckas U DAJIEKTPOXUMHUYECKAass KOPPO3HsSl OTHOCATCA K
reTEPOr€HHBIM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM IPOIECCaM, MPOTEKAIOIIUM Ha
MOBEPXHOCTH pasnena (a3 «meramur — KOppo3uWoHHas cpena». llpm 3ToM,
pa3pylIaeMbli METAJL, SIBJISETCSI BOCCTAHOBUTEIIEM, B3AUMOACHCTBYS C OKUCIIUTEIIEM
KOPPO3MOHHOM CPEMBI.

CaMbpIM pacnpOCTpaHEHHBIM BAPUAHTOM KOPPO3UHU SBISETCA KOPPO3HS,
IIPOTEKAoUIas II0 JJIEKTPOXMMHUYECKOMY MEXaHH3My. B 3ToM ciaydae mpouecc
CONPOBOKJAETCSI BOBHUKHOBEHUEM DJIEKTPUUECKOTO TOKA M MPOTEKAET B CPElax ¢
XOpoUIEHd MPOBOAUMOCTHIO. IIpuuMHaMM BO3HMKHOBEHHMS 3JEKTPOXUMUUYECKOM
KOPPO3UU SIBIISFOTCS PA3JIUYHbIE BUJIBI HEOJJHOPOJIHOCTH, KaK CaMOT0 METAJLIA, TAK U
KOPPO3UOHHOM cpefibl (3arpsi3HEHUs, IPUMECH, PA3JIMYHbIA YPOBEHb MEXaHUYECKHUX
HaMpsHDKeHW u Ap.). B pesynbrare BCs MOBEPXHOCTh METAJIa, COMPUKACAIONIASCS C
MPOBOJSAIIEN KOPPO3ZUOHHOW CPEIION, pa3AeisieTC Ha KaTOJAHbBIE U aHOIHBIE YYACTKH,
KOTOpbIE HMEIOT Majlbleé pa3Mepbl W 4YepenylTcs Jpyr ¢ Jpyrom, oOpasys
MUKPOTaJIbBAHUYECKHUE DJIEMEHTHI.

MexaHu3M  BIEKTPOXUMUYECKOW  KOPPO3MHM  aHAJOTMYEH  IPOIECCaM,
MIPOTEKAIOIIUM B JJIEKTPOXMMHUYECKHX cUcTeMax. Ha aHOAHBIX y4acTkax MeTasul
OTJIAET AJIEKTPOHBI (AHOJHO PACTBOPSIETCS) U MEPEXOJUT B paCTBOP B BUJIE KATUOHOB.
OcraBuinecss 3JEKTPOHBI MEPEXOJAT B KaTOAHYIO 30HY. UTOOBl mpouecc ObLI
HEIMPEPBIBHBIM 3JIEKTPOHBI C KATOJHON 30HBI JOJIKHBI OTBOAUTHCS. OTBOJATCS OHU C
IIOMOIIBIO BEMIECTB, KOTOPBIE HA3BIBAIOT ACTIOJISIPU3ATOPAMM.

B ponn nenonsipu3aTopoB MOTYT BBICTYNATh cieayronue vactuinl: H,O, H,
O,. IIpouecc >3AEKTPOXMMHYECKONW KOPPO3UHM OIKCHIBAIOT JIBYMs 3JEKTPOJHBIMU
MOJIyPEAKIUAMU — AHOAHOU U KATOHOM.

AHonHble mpoueccbl. Ha aHome Bcerma INpPOMCXOAWT — OKUCIICHHE
(pacTBOpeHME) METAJIA 10 CXEME:

Me = Me™ + ne.
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Karognbie mpoumeccsl. Ha  karoge  NpPOMCXOOWT  BOCCTAaHOBJIEHHE
JEoNSApU3aTopa.

B 3aBucuMocTH OT peakiuu Cpenbl, B KOTOPOHW MNPOTEKAET KOPPO3UOHHBIN
mpolecc, U OT TOro Kakas 4yacTula OyJeT CIYXUTh ACHOJSPU3aTOPOM pazinyaroT
IIPOLECCHl  KOHTAKTHOM  DJIEKTPOXUMHUYECKONM KOPpPO3UM C  BOJOPOAHOM U
KHUCJIOPOJAHOW JIETIOISPU3ALUEH.

Ha xarome BO3MOXHO IIPOTEKaHME OJHOM W3 NEPEUYUCICHHBIX HIUKE
MOy PEAKIIUI:

HelitpanpHas 0,+2H, 0+ 4e = 40H Kucnoponnas
a’pupoBaHHas cpela JENOJIIPU3ALINS

Kucnas aspupoBannas | O, +4H'+ 4¢” = 2H,0

cpena
HeunrpanbsHas 2H,0+2e = H,+20H" Bonopoanas
JleadpupoBaHHas cpejia JETIOJIApU3aLIs
Kucnas 2H"+2e =H,

JieadpUpOBaHHAs Cpefa

IIpumep 1. Ha cTanbHy10 METAUIOKOHCTPYKIIMIO HAHECEHO MEOHOE TIOKPBITHE.
Vkaxute TUN TOKPHITHSA. ONUIIMTE MPOIECChl, KOTOphIe OyayT MpOTEKaTh MpPH
HapyILIEHUU LEJOCTHOCTH 3TOTO OKPBITUS B KUCIOW ¥ HEUTPAIIBHOU Ccpelie.

Pemienune. OCHOBHBIM KOMIIOHEHTOM CTaJIM sBJsieTcs skene3o. ConepkaHue
JIPYTUX COCTABJISIIOIIMX CTajb KOMIIOHEHTOB HACTOJBKO HEBEIMKO, YTO Mbl MOXKEM
npeHedpedb UX BIUSHUEM Ha KOPPO3UOHHBIN Mpoliece.

UtoObl OmpeAeuTh TUI TaJlbBAHOMOKPHITUS HEOOXOAMMO BOCIIOIb30BAThCS
JAHHBIMH TaOJIUIBI CTAHJAPTHBIX DJIEKTPOAHBIX TTOTCHIIHAJIOB:

(PO Fe2+/Fe =-0,44 B,

([)0 Cu2+/Cu = 0,34 B.

[Mockombky  @°cu”’ica > @%’Fe, MOKEM CHENATH BBIBOL, YTO MENL IO
OTHOILICHHUIO K Keje3y sBisieTcs: KaTogaoM. COOTBETCTBEHHO MEIHOE MOKPBITHUE Ha
CTJIbHOM U3JIeNTuU OYyJIeT KaTOAHOIrO THUIIA.

[Ipn HapylmieHHMH [EJOCTHOCTH TaKOTO TOKPBITHS HAauMHAET paboTaTh
raibBaHnueckuit anemeHT Fe — Cu, rae xene3o OyneT CIyKUTh aHOJOM, a MEIb —
KaToJIoM. MexaHu3M KOpPpPO3UU — DBIEKTPOXMMHUYECKUN: KENe30 — aHOAHO
pacTBopsieTcsi (KOPpO3UPYET), a Ha MOBEPXHOCTH MeIu OyAeT BOCCTAaHABIMBATHCS
yacTulla jaenoJisipu3atopa. B Kucioil cpeme B KauecTBe JIENOJSpU3ATOpa HMMEEM
KaTnoHsl H':

KHCTIasi cpena Cu(+)K: 2H"+ 2¢ = H;
Fe (-) A: Fe =Fe*" +2¢
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B HeWTpanbHOUM cpene Aenosisipu3aTopaMy  CIY)KAaT  MOJEKYJbl  BOJbI
(measpupoBaHHasE CcpeAa) WIM MOMHMO HHMX €II€ M MOJIEKYJIbl KHCIOpOJa
(aspupoBanHHas cpena):

HEUTpaIbHas Cu (+) K: 2H,0+ 2¢ = H,+20H"
Jlea’pUpoOBaHHas cpeaa Fe (-) A: Fe =Fe*" +2¢

HEWTpasIbHast Cu (+) K: O,+ 2H, 0+ 4e = 40H
a’pupoBaHHas cpea Fe (-) A: Fe = Fe*" +2¢

IIpumep 2. Cxienanbsl JBa MeTaUla. YKaXuTe, KaKOM W3 METAIIIOB
MOJABEPraeTcsi KOPPO3UHU:

a)Mn/Al; 6)Sn/Bi.

Pemenne. a) Al B psany HanpspKeHUN HaXOJUTCS TEpE]] MapraHlleM U UMeeT
OTPHUIIATEJIbHOE 3HAYECHHUE CTAHIAPTHOTO AJIEKTPOJAHOTO MOTEHIMANA, MOATOMY MpPH
KOHTaKTe 3THUX JBYX MeTaiuioB Al Oyner anomom, a Mn — karogom. OKHUCISTHCS, T.€.
MOJIBEPraThCsi KOPPO3UH, OyACT aTFOMUHHM.

0) B aTom ciydae koppo3upoBaTh OyJ€T 0JIOBO, T.K. B PSY HANPSHKEHUH OHO
PacCIIOIOKEHO BIEPEAN BUCMYTa U, CIEJOBATEIBHO, SIBISCTCS AJICKTPOXUMHUYECKU
0oJiee aKTUBHBIM.

Otger: Al, Sn.

IIpumep 3. Kakue 13 HIKENEPEUUCICHHBIX METAJIJIOB Oy/JET BBIMOJHATE IS
CBHHIIa pOJIb aHOJHOTrO NoKkpbITUs: Pt, Mg, Cu, Hg ?

Pemenue. AHO/HOE TOKPBITHE — TO HAHECEHHME Ha 3allIMINaeMOe H3IeNIne
NEKTPOXUMHUYECKH Oo0jiee aKTHBHOTO MeTaia. M3 mepedncieHHbIX METauioB
OOJIBIIIEH AIEKTPOXUMUYECKON aKTUBHOCTHIO (ITO CPAaBHEHHUIO CO CBUHIIOM) 00JIaaeT
MAarHuu.

OtBet: Mg.

IIpumep 4. Kakue U3 HMKENEPEUHMCICHHBIX METAJUIOB BBINOJHSIIOT IS
CBUHIIA POJIb KaTOJIHOTO MOKpbITUsA: T1i, Mn, Ag, Cr ?

Pemenne. KaTtonHoe MOKphITHE — 3TO HAHECEHHWE HA 3alMINAEMOE HU3JIENue
ANEKTPOXUMUYECKH MEHEE€ aKTUBHOro MeTaiia. M3 MepeurciieHHBbIX METalIoB
IIEKTPOXUMHUYECKA MEHEee aKTHBHBIM (M0 CPAaBHEHHIO CO CBHUHIIOM) SIBJISIETCS
cepedpo (CM. psi HANPSKEHUM METaJIOB).

OtBeT: Ag.

Ipumep 5. VYkaxute NOPOAYKT KOpPpo3wHM Tmpu KoHTakTe Zn — Ni B
HehTpanbHOU U kucioit cpeae (HCI).
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Pemenue. IIpu kOHTakTe ABYX METAIIOB PA3JIMYHOU BJIEKTPOXUMUYECKON
AKTUBHOCTH BO3HHUKAET TAIbBAHUYECKUH 3JIEMEHT. B HEUTpambHOU cpenie ero cxema
BBITJISIIUT CIIEYIOIIMM 00pa3zoMm:

A(-) Zn H0,0,|Ni1 (H)K

B xucnou cpeze:

A (-) ZnHCI| N1 (+) K

Tak Kak IUHK O3JIEKTPOXUMHUYECKHM Oojiee aKTUBEH, YeM HHKeNb (psf
CTaHJAPTHBIX OJEKTPOJHBIX TMOTEHIMAIOB METAUIOB), OH OYJIeT OKHUCIATHCA
(xoppo3upoBaTh). Ha Hukene OyaeT mpoTekaTh BOCCTAHOBHUTENBHBIN Mpoiiecc (B
HEUTpaIbHOU Cpejie — KUCTOPOIHAS JICTIONSpU3ALIMS ):

A(-): Zn—-2¢ =Zn*

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

[Iponykt koppo3uu — Zn(OH)s,.

B kucnoii cpeae (BomopoHAas AETOISIpU3AIIS):

A (-):Zn—-2e =Zn*

K (+): 2H" + 2¢" = H..

[Iponykt kopposuu: ZnCl,.

2.5.4. JIEKTPOJIN3 (3ananus Ne 221-240)

OKHUCIUTENBHO-BOCCTAHOBUTEIIbHbBIE IIPOILIECCHI, IIPOTEKAIOIIINE IO
JEWCTBUEM TOCTOSIHHOTO JJIEKTPUUECKOTO TOKAa Ha D3JIEKTPOJIax, MOTPY>KEHHBIX B
pPacTBOP WJIM PACILIAB JIEKTPOJIUTA, HA3BIBAIOT 3JIEKTPOJIU30M.

B srnextponuse cieayer paznuyaTh JBa NapaJlIeIbHBIX MPOIECCa: HA KaToJe
MPOUCXOJIUT TMPHUEM OJJIEKTPOHOB HMOHAMH, T.€. HX BOCCTAHOBJIICHHE, Ha AaHOJIE
MPOUCXOUT OTJaua 3JIEKTPOHOB HOHAMHU, T.€. UX OKUCJICHHUE.

DJIEKTPOJIN3 PACILUIABOB YJIEKTPOJUTOB (aHOJ MHEPTHBIM)

Hpumep 1. B pacmuiaBe Hoauaa Kanusg NOPU OPOXOXKICHUM YEPE3 HETO
MTOCTOSTHHOT'O 3JIEKTPUUYECKOTO TOKA MPOTEKAIOT CIEAYIOUINE MPOLECCHI:

1. B pacmuiaBe oau1 Kanus pacnagaeTcsl Ha HOHbI:

KI — K+ 1

2. Tlom neilicTBHEM TMOCTOSTHHOTO OJJIGKTPUUYECKOTO TOKA KaTHOHBI OyayT
MEepPEABUTATHCS K KaTOAy, U IPUHUMATh JICKTPOHBI, & aHUOHBI K aHOAY M OTJaBaTh
AJIEKTPOHBI:

Karoz (-)K: K™+ e — K (BoccraHoBieHuE)

Anon (+)A: 21 —2e — I, (oxucieHue)

3. CymMmmupyeM ypaBHEHHSI MPOLIECCOB, MPOTEKAIONIMX Ha 3nekTpoaax. llpu
ATOM HEO0OXOJMMO YYUTBHIBATh, YTO YKCJIO AJIEKTPOHOB OTJAAHHBIX BOCCTAHOBUTEIIEM

JOJDKHO PAaBHSATHCS YUCITY 3JICKTPOHOB MPUHATHIX OKHCIUTEIICM.
Karox (-)K: K'+e —-K | 2
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Anon (H)A: 2 2e—1, | 1

2K+ 2 - 2K + 1,

4. IlepenuiiieM ypaBHEHHUE B MOJIEKYJISIPHOM BH/JIE:

2KI — 2K+ 1,

DNeKTPOIU3 BOJHBIX PACTBOPOB AJIEKTPOJIUTOB

[Ipu snexTposin3e BOIHBIX PACTBOPOB AJIEKTPOJMTOB KATOAHBIE W AHOJIHBIC
MPOIIECChl MPOTEKAIOT CJIOKHEE, TaK KaK B ITUX MPOIECCaX MPUHUMAIOT y4dacTHE
BOJIa U HOHBI BOJIBbI, KOTOPBIE BOCCTAaHABIIMBAIOTCS Ha KaTo/Ie:

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

Y OKUCIISIOTCS Ha aHOJIE:

H,O —4e=0,+4H".

Jns omnpeneneHus Mopsaka MPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
MPOIIECCOB HA DJJIEKTPOJAX MPU DJIEKTPOJU3E BOJHBIX PACTBOPOB IJICKTPOJIUTOB
MOHO PYKOBOJICTBOBATHCSI CJICAYIOIIUMU MTPaBUIIAMH.

Jlns mpoueccoB Ha Katoje
1 B mepByw ouepeabr BOCCTAaHABIWMBAIOTCS KAaTHOHBI METAJIOB, OOJaJarOIINX

AJIEKTPOAHBIM ~ TOTEHIIMAIOM OOJIBIIMM, Ye€M Y BOJIOpPOJa, B TOPSJKE
yMeHblIenns cragaaptaoro norenmmana (E°). (-)K: Cu*+2e — Cu’

2 KaTuoHbl METalIoOB ¢ MaJleHbKMM 3HAY€HMEM CTaHJApTHOrO IMOTeHIMana (OT
Li*/Lin mo AI’*/Al BKIXOYHMTENILHO) HE BOCCTAHABIMBAIOTCA Ha KaTOJE, a BMECTO
HUX BOCCTAHABJIMBAIOTCS MOJIEKYJbI BOJABI (B KHUCJIOW Cpele — MOHBI BOAOpOAA
H").

(-) K: 2H,0 +2e— H, + 20H7;

(-) K: 2H" +2e — H..

3 Karuonsl MeTaJJI0B, UMeroux E° MeHbIINiA, ueM y BoJopoAa, HO OOJbIINN, YeM
y aJIIOMUHUS, BOCCTAHABIMBAIOTCS. OJHOBPEMEHHO C MOJIEKYJIaMU BOJIbI

(-)K:2H,O +2e— H, + 20H;.

Mn** + 2e — Mn".

IIpouieccel Ha aHOE

XapakTep OKHUCIUTENbHBIX MPOIECCOB HAa aHOJIE€ 3aBUCUT OT Marepuaia
ANEKTPOAOB. Pa3nuyaroT HepacTBOpUMbIE (MHEPTHBIE) U PACTBOPUMBIE (AKTHBHBIE)
AIIEKTPOJIBI.

[Ipu ucnoap30BaHUN UHEPTHBIX DJIEKTPOJIOB:

1 B mepByro ouepenr OKUCISIOTCS IIPOCThIE aHUOHBI B TOPSIAKE BO3pacTaHus ux E°,

ne npespimaronmx +1,5 B (S*, I, Br, CI):

(+)A: S* —2e=8
2 Ilpu AIIEKTPOJIN3E BOJTHBIX pacTBOpOB, COJIepKaITUX aQHHUOHBI

kucaopoacoaepxkanmx kuciaor (COs*, NO;~, NO,, SO+, SO;*, PO,/ u ap.), Ha
aHOJIC OKHCIISIOTCS HE 3TH MOHBI, @ MOJICKYJIBI BOJBL: (+) A: 2H,0—4e=0,+4H".
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3 B mienouHbIX pacTBOpaxX Ha aHOJIE OKUCIISIOTCS TUAPOKCUT - HoHbI (OH ")

40H —4e =0, + 2H,0

IIpumep 2. CocTaBUTh ypaBHEHHUE 3JIEKTPOJM3a BOJIHOIO pacTBOpa Woauaa
KaJIisl (aHOJT MHEPTHBIN)

Pemenue. B pacrurase voau Kanvs pacragacTcsl HA HOHBL:

Kl - K'+1°

[Tox meficTBUEeM TOKA MOHBI o2 OYAyT MEPEABUTATHCS K AHOY U OKUCIISITHCS:

AHOn - (H)A: 2 —2e=1,.

HNounbl kanmus OyAyT HaKaruIMBaTbCs y KaToJla, OJIHAKO BOCCTAHABIMBATHCS
OylleT BOJa, TaK KaK Kajdud B DJIEKTPOXUMHUYECKOM PSy aKTUBHOCTEM METaJIOB
CTOUT /10 aJTFOMUHUA:

Karon — (-) K: 2H,O +2e = H, + 20H".

CyMMupyst ypaBHEHUS MIPOIECCOB, MTPOTEKAIOIIUX HA DJICKTPOIAX:

Anox — (H)A: 2I—2e=1, |1

Karon — (-)K: 2H,0 + 2e = H, + 20H | 1

2'+2H,0 — 1, + H, + 20H".

3amuceiBaeM noHHOE ypaBHeHue: 2K +21+2H,0 — 1, + Hy+ 2K" + 20H .

[TepenncriBacM ypaBHEHHE B MOJICKYJISIPHOM (opme:

2KI + 2H,0 — I, + H,+ 2KOH.

IIpumep 3. CocTaBuTh ypaBHEHHE 3JIEKTPOJIM3a BOJHOTO pacTBOpa HUTpaTa
cepedpa (AgNOs) ¢ ”HEPTHBIM aHOAOM.

Pemenue. [Ipu pactBopenuu B Bojie HUTpAT cepedpa pacmanaeTcs Ha HOHBI:

AgNO3<—> AgJr +NO; .

[Ipu 31eKTpOIM3€ BOJAHBIX PACTBOPOB COJICH KUCIOPOACOASPKAIIUX KUCIOT Ha
aHozie OyJIeT OKUCIIATHCS BOJIA!

(+) A: 2H,O —4e =0, +4H".

Honsl cepebpa OynyT nepemeniatbecs K KaToly U BOCCTAHABIMBATHCS:

() K: Ag'+1e=Ag.

CyMMupyeM ypaBHEHHS IIPOILIECCOB, MPOTEKAIOIINX HA SIIEKTPOIaX:

(H)A: 2H,0 —4e =0, +4H" | 1

(-)K: Ag" + le = Ag. | 4

2H,0+4 Ag'— O, +4H" + 4Ag.

3anucheiBaeéM YpaBHEHUE B MOJTHOW HOHHOU opme:

2H,0+4 Ag"+4 NO; — O, +4H" + 4Ag + 4 NO;5.

[lepenucpiBaeM ypaBHEHHUE B MOJICKYJISIPHOU popme:

2H,0 + 4AgNO; — O, + 4Ag + 4HNO;.
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IIpumep 4. UYepe3 pactBop cyavpama nampus NaSO, TponyCTUIN TOK
cunont 2,5 A B teuenue 30 munyT. Hanncate ypaBHEHUS 3JIEKTPOIAHBIX MPOLECCOB,
MPOUCXOIAIINX MPHU JIEKTPOJIM3E (MHEPTHBIM aHO) M YKa3aTh KaKue MPOAYKThI U B
KaKOM KOJINYECTBE ObLIU MOJTy4EHBI.

Pemenue. 1. OnucbiBaeM 3JIEKTPOIHBIE TPOLECCHI.

Kamoo. Ha 53TOoM 35€KTpOJie OCYIIECTBISECTCS MPOLECC BOCCTAHOBJICHHS.
Katon npu snekTponuse 3apsyKeH OTPULIATENIbHO, IO3TOMY IIPU HAJI0KEHUU PA3HUIBI
MOTEHIIMAJIOB B MPOCTPAHCTBO Yy Karojaa OyayT MOCTYIaTh KaTHOHBI HAaTpus Na',
MIOMUMO HUX TaM OyAyT MPUCYTCTBOBATh MOJIEKYJIbI PACTBOPUTEIIS — BOJIBI.

Ecmu cucrema, B KOTOPOM MPOBOIAT 3IEKTPOJN3, COIACPKUT HECKOJIBKO
OKHUCJIUTENIeH, TO Ha KaToje Oy/IeT BOCCTAaHABIMBATHCS TOT, Y KOTOPOTO 3HAYEHUE
AJIEKTPOHOTO MOTEHIIUAala OOJIbIIIE.

Bocnonb3oBaBuiich gaHHbIMU  TaOmuibel [1.2, B MNpUIIOXEHUHU CPaBHUM
ANEKTPOJIHBIE MOTEHIIHAIIBI BO3MOKHBIX OKUCIUTEIICH:

Na" + e = Na ¢’=-2,71B

2H,O+2e¢ =H,+20H ¢"=-0,41B

[ToreHManm TmepBOM CUCTEMBI 3HAYUTEIBHO OTPHULIATEIIBHEE MOTEHIMAJIA
BTOPOM, MO3TOMY Ha KaToje OyJeT MPOUCXOAUTh BOCCTAHOBICHUE MOJEKYJ BOJBI C
oOpa3zoBanueM Bojopoaa. I[lomumo 3TOrO, 00pa3oBaBIIMECS THAPOKCUI - HOHBI
OyIyT acconMUpOBATHCS C HAKOMUBIIMMUCA B MPOCTPAHCTBE Y KaToJa KaTHOHAMU
HaTpUs.

AHno0. Ha 5TOM 31€KTpOJIe UAET NPOLECC OKUCIEHUS. AHOJ NIPU JIEKTPOIU3E
3apsHKEH TOJIOKUTENTFHO, IOATOMY B XOJI€ Tpoliecca B IPOCTPAHCTBO Yy aHOJA OyayT
nocrynarh cyiabdar-uonsl SO, MOMHMO HHUX TaM OYIyT IIPHCYTCTBOBAThH
MOJIEKYJIbl PACTBOPUTENS — BOJIBI.

Ha aHone okucnseTcs TOT W3 BOCCTAHOBUTENIEH, CTAHIAPTHBIN JJIEKTPOIHBIN
MOTEHIIUAJI KOTOPOTrO HAUMEHBIIIUH.

CpaBHUM  DJIEKTPOJHBIE TOTEHIMAJbl, KOTOPbIE XapaKTEpU3YyIOT JIBE
paccMaTprUBaEeMbl€ CUCTEMBI:

2H,0 = 0,1+ 4H" +4e¢ ¢"=1,23 B

2807 = 8,04 + 2¢ ¢’=2,01 B

Hcxons u3 3TUX 3HAYEHUH, JIeTIaeM BBIBOJI, UTO Ha aHO/E OyJIeT MPOUCXOIUTh
OKHUCJIEHHE BOJbI C 00pazoBaHueM kuciopoja. OOpa3zyroiuecs IpOTOHbBI BOJOPOIA
OyJlyT acCOIIMUPOBAThCS C HAKOMMBIIMMUCS B MNPOCTPAHCTBE Yy aHoAa Cyibdar-
MOHAMH.

Taxkum 00pazoM, MPOIECCHI, TPOTEKAIOIINE HA JIEKTPOAaX MPH AJIEKTPOIU3E
pacTBopa cysbdara HaTpus, OyAyT OMUCHIBATHCS CIACAYIONTUMUA YPABHECHUSIMU:

(-)K:2H,0 + 2 ¢ = H, 1+ 20H 2
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(+)A 2H20=02T+ 4H++4€_ 1
6 H:0=2H,1 + O, 1 + 40H + 4H"

3anuceiBaéM CyMMAapHOE YPaBHEHUE 3JIEKTPOJIN3A:

4Na"+250/ + 6 H,O =2H, 1 + O, 1 + 4Na" + 4OH + 4H" + 250"

2. KonuuyecTBeHHOE ONUCAaHHME TMPOIECCAa DBJIEKTPOJM3a BBINOJIHSAEM C
MCIOJIb30BAaHUEM MAaTEMaTUYECKOTO BhIpaKEeHUs 3akona Papadest:

-1t V, It
m= ni V=
F F
rme m u V — macca U 00beM 00pa30BaBIIETOCS WM TOJBEPTIICTOCs

MPEBPAIECHUIO BEIIECTBA, T U I,

m» 1 V, — DKBHUBaJIEHTHAs Macca U SKBUBAJCHTHBIA 00hEM ATOr0 BEIIeCcTBa, I/
MOJIb, JI/MOJIb;

I — cuna Toka mpu ANEKTpOU3E, A;

t — BpeMs 3JIEKTPOJIN3a, C;

F — nocrosinnas ®@apanes, 96500 Kn/monp nnu 26,8 A-4.

OCHOBHBIMHM TIPOAYKTAMHU DJICKTPOJIU3a SBJISIOTCA KHUCJIOPOJ M BOJOPOJ;
onpeneuM 00bEMbI TOYUYCHHBIX Ta30B:

V., H, I 2.5 ,
i, =y (=11 2aron = L2250 g g,
V,|O,) 1" .25.
V(OZ):;“:[V3(02)=5,6/1/M0nb}:w=0,26(/1)
F 26,8

b

Otser: V|H,=0,52(1|
V|(0,/=0,26(1]

2.5.5. XECTKOCTb BOJbI (3aganus Ne 241-260)

[Tpumecu, pacTBOpeHHBIE B BOJIE, OKa3bIBAIOT CYIIECTBEHHOE BJIMSIHHE Ha €€
CBOICTBAa. DTU NpPUMECU BeChbMa HEOOXOAMMBI JJISl >KM3HHM YEJIOBEKAa, KUBOTHBIX U
pacTeHui, HO YacTO OKAa3bIBAIOTCA OYEHb BPEIHBIMHU IS TMPUMEHEHUS BOJIbI B
TEXHHMKE, TaK KaK 3TW NMPHUMECH TPHU BBICOKOH TeMIiieparype oOpa3yloT IUIOTHBIN
0CaJIOK Ha CTEHKaX KOTJIOB, OCAXKIAIOTCS Ha CTEHKaxX TpyO B cucTeMaxX BOJSHOTO
OXJIAXKIECHMSI, UTO MPUBOJUT K BBIXOAY 3THUX CUCTEM U3 cTpos. Ha npeanpustusx mo
MPOU3BOJCTBY MPOAYKTOB IKUBOTHOTO TMPOUCXOXKICHUS BOAA C  BBICOKUM
COJIEP)KaHUEM JKECTKHUX COJIEH MPUBOAUT K YBEIMYCHHUIO PacX0/1a MOIOIIIUX CPE/ICTB.

IIpumep 1. Paccuutats maccy TerpabopaTta HaTpus (6ypsl), HEOOXOIUMOTO
st ymsrderust 100 71 BOJbI, KECTKOCTh KOTOpoM 5 MakB/1. HamucaTth peaxiuio
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YMSATYCHHSI B MOJICKYJIIPHOM M MOHHO-MOJIEKYJISPHON (DOpME C XJOPUIOM MarHUS
(>KecTKast CoJib).

Pemenue. JXecTtkocTs mpUpOAHBIX BOJA OOYCIOBIIEHA HAJIMYUEM B HEU
pacTBOpuMBIX cojeir kanpuus (Ca*), marnus (Mg®") u xenesa(Fe*"). Pasmuuaror
CJICAYIOIINE THUIIBI KECTKOCTH OOIIyI0, KapOOHATHYIO (BPEMEHHYIO, YCTPAHUMYIO) U
HekapOoOHaTHYIO  (TIOCTOSIHHYIO,  HEyCTpaHuMmyro). Bce  Tumbl  KECTKOCTH
PaCCUMTHIBAIOT, PUMEHSISI OJTHO M TO )K€ BBIPAKCHUE:

K =m(conm) / M ( xecTkoi cosin) -V BoaAbI [MIKB/J1].

Ipumep 2. Paccuutarb maccy ymsruurens (6ypwl), HEOOXOTUMOTO s
ymsaryenus 1001 Bozbl, >KECTKOCTh KOTOpoM S5 moxe/n. HamucaTe peaxuuro
YMSTYCHHS B MOJICKYJISIPHOU Y MOHHO-MOJICKYJISIPHON (hOpME C X10pUdom MacHus.

Pemenne. XX =m (ymsraurens) / M, (ymsirautens) - V BOJbI,

riae JK — )KeCTKOCTh BOJIbI, M3KB/JI;

m — Macca YMSATYHTEIIS, MT;

M»— 3KBHBaJICHTHAsI Macca yMSITYUTENs, T/MOJIb;

V — 00beM BOJBL, JI.

2. PaccunThiBaeM SKBUBAJICHTHYIO MacCy YMSATYHUTEIS — OYPBI:

M (Na,B,O
m3(Na2B4O7)=%,
rne M — monsipHast macca Oypsl, T/MOJTb

M3(Na2B4O7)=%=101(2/M0nb),

3. U3 dpopmynbl 1151 pacdeTa >KECTKOCTH BOJABI BHIPAKAEM M U PACCUUTHIBAEM

HEO0OXOIMMYIO Maccy OyphI:

m[Na,B,0,)= K MOV _ 5101100

‘ 1000 1000

4. 3anuchIBaEM PEAKIIUI0 YMATYCHHS B MOJICKYJIIpHOU (popme:

MgCl, + Na,B,O; = Mg B,O; |+ 2 NaCl;

B HOHHOU (popme:

Mg** + B,0;> = Mg B,O,|

OtBet: m(Na,B,0;) = 50,5 2

OO6paTHyto 3a1a4y — pacyeT KECTKOCTH BOJIbI [0 MACCE YMSITUUTEIISI — PEIIAIOT
C HCTIOJIb30BAHUEM TOM K€ (OPMYIIBI.

Ipumep 2. CKoabKO TpaMMOB XJIOpHUA Kalbliud coaepkutca B 500 1 BOJBI,
€CJIM KECTKOCTh 00YCJIOBJICHHASI IPUCYTCTBUEM ATOM COJM paBHA 4 MMOJIb?

Pemenue. Momsipaas macca M(CaCl,) = 111 1/monb, monspHas macca
SKBUBAJICHTA  XJIOpUJA KaJIbLIMS M5(CaCl,) = M(CaCl,) /I oz
M5(CaCl,)=111/2=55,5 r/mMmob.

B 500 1 BoabI ¢ sKecTKOCThIO paBHOM 4 MModb/1 coaepxkutcs n(CaCl,) = 500 -
4 =2000 mmonb CaCl, mwmm m(CaCl,) = 2000 - 55,5/ 1000 = 111 r xjmopuaa KambIus.

=50,5(].
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3. METOAUYECKHUE PEKOMEHJIAILIUU 110 ITPOBEJIEHUIO
IK3AMEHA
[IpomexxyTouHass arTecTauuss HPOBOJUTCA B BUAE 3K3aMEHA.  DK3aMEH

IPOBOAMUTCA MO OuieTraM, COCTaBJICHHbIM Ha 0a3e BOINPOCOB JUIsl MOJATOTOBKU K
9K3aMEHy M YTBEpXICHHBIM Ha 3acefaHuu kadeapwl. Kaxaplii Ouier coaepxut
BOIIPOCHI B ()OPMYJIIMPOBKE, COOTBETCTBYIOIIECH COJAEPKAHMIO TeM paboueit
nporpaMmbl. OCHOBOM JUIsl ONpENENeHUs] OLEHKU Ha JK3aMEHaX CIYKUT YPOBEHb
YCBOGHHUS  MaTepuala, MPeayCMOTPEHHOro  pabouedr  mporpammoii.  [lpu
BO3HUKHOBEHMN COMHEHUI B OLEHKE 3HAHWW CTyJEHTa »SK3aMEHATop 3aJaeT
JIOTIOJIHUTENIBHBIE BOIPOCHI IO MPOrpamMmMe Kypca

K 3Kx3ameHy 10mycKarTCs CTyAEHTBI, KOTOPBIE:

- BBINOJHWIM 3alllUTWIM BCE JabOpaTopHble pPalbOThI, MPEAYCMOTPEHHBIE
MIPOTrpaMMON TUCLIUIUINHBI;

- BBIIIOJIHWIN Y 3aIUTUIIM JIB€ KOHTPOJIbHBIE PAOOTHI.

Kpurtepyuu olieHKH YCTHOI'O OTBETAa HA IK3aMEHAIlMOHHBIE BOIPOCHI

OneHka «OTIIMYHO» BBICTABJISAETCS, €CJIM B COBOKYITHOCTH:

1) cTyAeHT mpOsSBWI MOJHOE MOHMMAaHHUE CYIIHOCTH TEOPETHYECKHX BOIPOCOB,
MOCJIEIOBATENbHO M3JIOKMUJI OTBETHl Ha BONPOCHI (IMOCTAHOBKA 3aJadd, XOJ
peleHusi, BBIBOJBI); OTBEThl OBUIM OOOCHOBAHBI C OMOPOM Ha 3HAHUA U3
0011e00pa3oBaTeNbHbIX AUCLUUIUIMH;, U3 OTBETOB CIIEYET, YTO OH 3HAKOM C
PEKOMEHJOBAHHON JIUTEPATypOd MO MAHMCIUIUIMHE, HE TOJBKO B IMpeaenax
OCHOBHOTO YYCOHHKA;

2) CTYAEHT Jajl IPAaBUIbHBIE OTBETHI HA JOMOJIHUTENbHBIE BOITPOCHI.

O11eHKa «XOPOIIIOY» BHICTABIISAETCS, €CIIM B COBOKYITHOCTH:

1) cTyAeHT TPOSBWI TOHWMAaHHE CYIIHOCTH TEOPETHYCCKUX BOIPOCOB, Jal
MOCJICIOBATEIHbHBIC OTBETHI HA BOIPOCH! (ITIOCTAHOBKA 3a7a4yM, XOJ PEIICHUS,
BBIBO/IbI); OTBETHI OBLIM HE JOCTATOYHO 0OOCHOBAHBI, O€3 OMOPHI HA 3HAHUS W3
00111e00pa30BaTEIbHBIX JUCIUIUIMH; U3 OTBETOB CIEIYET, YTO OH 3HAKOM C
PEKOMEHJIOBAaHHOW JIUTEPATYpOUH IO JIUCLMILIMHE TOJBKO B IIpeleax
OCHOBHOT'O Y4eOHHUKA;

2) CTYJIEHT AOIMyCKajJ OIIMOKHM B OTBETAaX Ha JOMOJHUTEIbHBIC BOIPOCH], HO B
11EJIOM TTPOJIEMOHCTPUPOBAJI IOHMMAHKUE U 3HAHUE TTPOrpaMMBbI Kypca.

OneHka «yI0BIETBOPUTEIBHOY BBICTABIISIETCSA, €CJIM B COBOKYITHOCTH:

1) cTryaeHT nposiBMI TNOHMMAaHWE CYIIHOCTH IIOCTaBJIEHHBIX BONPOCOB, HO
PacKpblUl UX HEMOCIeA0BaTeIbHO, HE apryMEHTHPOBAHO, 0€3 MCIOJIb30BaHUS
JIOKA3aTeNbCTB (a1 TOJBKO IIOCTAHOBKY 3a/layd M OOCYIuJl KOHEUYHBIH
pe3ynbTar); U3 OTBETOB CIEIYET, YTO OH 3HAKOM C PEKOMEHIOBaHHOU
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2)

)

2)

3)

JUTEPATYPOU MO JUCHUIUIMHE TOJBKO B MPEJENaX KOHCIEKTa WM OCHOBHOI'O
y4eOHHUKa;

CTYJIEHT JaBaj Ha JONOJIHUTEIBHBIE BOIIPOCHI OTBETHI, IEMOHCTPUPYS B LIEJIOM
NOHMMAaHUE U3y4aeMOM TUCIUIUINHBI.

O1eHKa «HEYIOBIETBOPUTEIIBHOY BBICTABIISIETCS, €CJIU B COBOKYITHOCTH:
CTYJIEHT HE CMOT MPOAEMOHCTPUPOBATh MOHUMAHUE CYIIIHOCTH MOCTABJICHHBIX
BOIIPOCOB, ISl HETO HE sICHA caMa MOCTAaHOBKA BOMPOCOB, XOTS MPHU 3TOM Ha
Oymare BOMPOCHI MOTYT OBITh U3JIOKEHBI B TIOJIHOM 00BbEME, HO OH HE MOXKET
OOBSCHUTH CMbICTIA HAITUCAHHOTO UM K€ TEeKCTa U T.J.;

CTYJIEHT, OTBEYas Ha JOIMOJHUTEIbHBIE BOIPOCHI, MOKa3ajl HEMNOHWMAaHUE U
HE3HAHHE OCHOBHBIX MOHSATUHN U ONPEJEICHHUM 110 3y4aeMOU TUCIUILINHE,
«HEYJOBJIIETBOPUTEIBHO» BBICTABIISIETCS] TAKXKE, €CJIM CTYJIEHT OTKa3ajcs OT
OTBETA HA PK3aMEHE.

[IpuMepHBbIii TIepeyeHb BOMPOCOB K 3K3aMEHY MPUBEJICH B MPUIIOKEHUH 3.
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INPUJIO’KEHHUE 1
3AJIAHHMSA IO KOHTPOJBHOM PABOTE Ne 1

0,321 r amromuumua u 1,168 © MUHKA BBITECHSIOT M3 KHCJIOTHI OJMHAKOBOE
KOJIMYECTBO BOjJOpoAa. HalTu »HKBUBAJEHTHYIO MacCcy IIMHKa, €CJIHu
HKBUBAJICHTHAs Macca altoMUHUS paBHa 8,99 1/MoJIb.

Ha oOpazoBanue 43,24 T ruapujga MIETOYHOTO MeTayuia Tpebyercs 5,6 1
BOJOPOJa, HW3MEPEHHOTO TMPU  HOPMAJIbHBIX  YCJIOBHUSX. Bbruuciaure
HKBUBAJICHTHBIC MAacCChl IIEJIOYHOTO MeTajuila M ero ruapuaa. Kakoit 310
MeTa?

[Ipu pactBOopeHun B kuciore 3,06 r Meraiyia BbIAETWIOCH 2,8 1 BOAOPOJA,
n3MepenHoro npu temneparype 0 °C u maBinenun 101,325 klla. Berunciauth
MOJISIPHYIO MacCy 3KBHBAJICHTA METaJlIa.

Jns HedTpamuzanuu S5 T TUApOKcHAa MeTtaiia Tpedyercs 6,12 r oaHoi
KUCJIOTBl uiau 7,87 T JOpyrod KUCIOThI, SKBHBAJIEHTHAs Macca KOTOpPOH
63 1/MOnb. BbIUMCINTH HKBUBAJICHTHBIE MAacChl THJIPOKCHIA MeTaula |
MEPBOU KUCIOTHI.

Macca 1 n xkucnopona pasHa 1,4 r. CKOJIBKO JINTPOB KUCIOPOAA PACXOAYETCS
npu cropannu 21 r MarHusi, 5KBUBAJICHTHAs Macca KOTOPOro paBHa 12 r/Mob?
BbIUMCINTh PKBUBAJIEHTHYIO U aTOMHYIO MaccCy 3JIEMEHTa, 3Has, 4TO B €ro
OKCHJIE Ha OJIMH aTOM »JJIeMEHTa MPHUXOJIUTHCS TPU aToMa KHUCIOpoAa, a
coaepkaHue kuciopona cocrasisier 60 %.

Boeruncniure wMossipabie  maccehl  dkBHBaieHTOB  KAI(SO.), B peakmusx,
BBIPAKaEMbIX YPABHEHUSIMU

Kal(SO4), + 3KOH = AI(OH); + 2K,SO4; Kal(SO,), + 2BaCl, = KCI + AICl;

+2BaSO0O..

8.

Ha BoccranoBimenne 56,08 T okcmma Meramia mnorpedoBanoch 22,4 1
U3MEPEHHOTO0 MpPU  HOPMAIbHBIX  YCIOBHUSX  BOJOpoJa.  Bbrynciuthb
HKBUBAJICHTHBIC MACChl METAJJIa U €r0 OKCHUJIA.

Ha wuelitpanuzanuio 1,89 r dochopucroii kucnorel (H;POs) uzpacxogoano
2,57 r ruapokcuga kanus (KOH). BblUMCIUTh 53KBHBAJICHTHYIO MAaccy
dbocdopuctoit KUcIoTHl U €€ OCHOBHOCTh. Ha ocHOBaHMHM pacueTa HamucaTh
YpaBHEHHE PEAKIIUH.

10.Bpraucnure MOISPHYIO MAacCy 3KBUBAJIEHTA CEPBI B COEIMHEHUH, COAEPKAILEM

Bojiopoa H (maccoBas noms 5,92 %) u cepy S (maccoBas nois 94,08 %).

11.Ha BocctanoBienue 3,6 r okcuaa Metaia nouwio 1,67 1 Bomopona,

HU3MECPECHHOI'O IIpU HOPMAJIbHBIX YCIIOBHAX. PaccunTaTth 3KBHBaJICHTHBIC MaCChl
METaJllila 1 OKCHUaa.
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12.Beraucnuth Mossipayto maccy skBuBasienTa NaHSO4 u CuOHCI B peakiusix,
BbIpakaeMbIx ypaBHeHussMu: NaHSO, + NaOH = Na,SO, + H,O; CuOHCI +
H,S = CuS + HCI + H,0.

13.1,60 T xampuug ¥ 2,615 T IMHKA BBITECHSIOT M3 KHUCJIOTHI OJMHAKOBOC
KOJIMYECTBO BOJOPOJA. BBIUKMCINTL SKBUBAJICHTHYIO MaccCy IIMHKA, 3Hasl, 4TO
HKBUBAJICHTHAs Macca Kajiblys paBHa 20 r/MOJIb.

14.Beruuciuts skBuBajeHTHbIe Macchl NaHCO; u Fe(OH),CH;COO B peakuusx:

15.NaHCO; + NaOH = Na,CO; + H,O; Fe(OH),CH;COO + 2CH;COOH =
Fe(CH;COO); + 2H,0.

16.11pu B3aumoaeicTBUr OpTOHOCHOPHON KUCIOTHI CO IIETOYbI0 00pa30BaIaCh
conb Na,HPO,. Halitu pgns 3TOoro cimydass 3HA4Y€HHE MOJSIPHONM MAacChl
HKBHUBAJIEHTa OPTO(POCHOPHOI KUCTOTHI.

17.OkBUBaJIeHTHasT Macca YeThIpEXBaJIGHTHOro »JjieMeHTa paBHa 3. Kakosa
MaccoBasi J0Jis KUCJIOPOJa B BBICIIEM OKCHUJE 3TOTO dJIeMeHTa?

18.BbIYuCINTh MOJIIPHYIO MAacCy SKBUBAJIEHTA OKCHJIA TPEXBAJIEHTHOIO MeTasia,
3Hasl, YTO HKBHBAJEHTHas Macca Mertauia paBHa 9,0 r/monb. Kakoit »To
MeTa?

19.Beruncnute  Mossipuble  Macchl  dkBuUBasieHTa KCr(SO.), B peaknusx,
BbIpaxkaeMbix ypaBHeHusiMu: KCr(SO,), + 3KOH = Cr(OH); + 2K,SOy;
KCr(SO4), + 2Ba(NO;), = 2BaS0O, + KNO; +Cr(NO»)s.

20.Ha BoccranoBnenue 1,980 r oxcuma mertamia wuspacxogoBaHo 0,545 n
KHUCJIOPO/Ia, UBMEPEHHOTO MPU HOPMAJIBHBIX YCIOBUSIX. BEIYMCIUTE MOJISIpHBIE
MaccChl SJKBUBAJICHTOB OKCH/IA U METAJLJIA.

21.BbIYUCANTh ATOMHYIO MAcCy JABYXBAJIEHTHOTO METaJIa, U ONPENEINUTh KaKOi
ATO METall, €CIW IPU HOPMAJbHBIX YyclIoBHiIX 2,399 r storo Mmeramna
okucisiercd 1, 106 1 kucimopona.

22.CTpoeHuEe BHEIIHETO0 SHEPreTUYECKOr0 YPOBHS aroMa OJIHOIO 3JIEMEHTa 3§
3p', a aroma apyroro snemenTa, 4s> 4p*.  CoCTaBUTH MOJHBIE DJIEKTPOHHBIE
dbopMyJibl aTOMOB 3THUX JJEMEHTOB. Y aToMa, KaKoro JJIEMEHTa CHUJIbHEe

2

BBIPAKEHBI METAJUIMYECKHUE CBOMCTBA?

23.BHelIHNME W TPEABHEIIHUE HSHEPreTUYECKUE YPOBHU AaTOMOB HEKOTOPBIX
SIEMEHTOB BEIpaxkarorcs Qopmyinamu: 3s*3p®3d*4s® u  3s?3p°3d'°4s’4p’.
CocTaBuTh MOJIHBIE JIEKTPOHHBIE (OPMYJIBI ATOMOB ATUX 3JeMeHTOB. Kakoi
U3 HUX OTHOCUTCA K d-351eMeHTam?

24.O0eKTpoHHAst CTPYKTypa aroma omuchiBactess (opmyinon 1s2s*2p®3s'.
Onpenenutes mepuod M TPYIIly NEPUOAUYECKONM CHUCTEMBI SJIEMEHTOB
. . MenneneeBa, B KOTOPbIX HAXOAUTCS deMEHT. Kakoi 310 3ineMeHT?

25.Macca atroMma HeKOTOporo uzorona paBHa 181 a.e.m. B anekTpoHHOi 00010UKe
aToMa COAEPXKUTCS 73 3lEKTpoHA. YKazaTh, CKOJbKO MPOTOHOB M HEUTPOHOB
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coaepxxutTca B siape aroma. Kakoi 310 snemeHt? Hanuiure 37I€KTPOHHYIO
dbopmyily aToMa 3TOrO 3JIEMEHTA.

26.Kakoii sHepreTH4ecKnuii MoAypOBeHb B aTOMax 3aroJiHSIeTCs paHbliine — 4f uim
5d, 3d unu 4s? Ilpumenute npaBuiia KiedkoBckoro.

27.CoctaBUTh SJEKTPOHHYIO (GOpMYINly aroMa >JIeMEHTa, MOPSAKOBBIA HOMEp
KoToporo 35. VYKaXuTe BaJCHTHOCTb M CTENEHb OKHMCIEHHMS aToOMa HTOTO
AJIEMEHTa B HOPMaJIbHOM M BO30YXICHHOM COCTOSTHUU.

28.Ha npumepe Mapraiia U MbIllIbsiKa OKa)KUTE TPUMEHUMOCTb MTpaBuiia XyHAa
(I'ynna).

29.Kakoe MakcUMajabHOE KOJIHMYECTBO f-3JIEKTPOHOB MOXKET OBITh: a) y aTOMOB
AJIEMEHTOB IIIECTOTO Meproia; 6) y aTOMOB JIEMEHTOB CEIbMOTO repruoaa?

30.CocTaBUTh DJIEKTPOHHBIE (POPMYJIBI ATOMOB XpoMa M CeJieHa. YKa3aTh
HSHEPreTUYECKUE YPOBHM U MOJAYPOBHH, HA KOTOPBIX HAXOATCSA UX BaJICHTHBIC
AIIEKTPOHBI.

31.Yrto Takoe uzotomnsl, u300apsl? [IpuBeauTe mpumepsl.

32.Kakoe MakcUMalIbHOE YHCIIO JJIEKTPOHOB MOXKET OBITh Y aTOMa B 3JIEKTPOHHOM
CJI0€, XapaKTepU3yeMOM IJIaBHBIM KBAaHTOBBIM 4YUCIOM 3?7 CKOJIBKO 3HAUYCHUH
MarHUTHOTO KBAHTOBOTO YHCJA BO3MOXHO JIJIsi 3JEKTPOHOB JIAHHOTO CJIOA,
ecyii OpOUTaIbHOE KBAHTOBOE YHCIIO PaBHO 37

33.YeMy paBHO MaKCHUMaJbHOE YHCJIO HJIEKTPOHOB HA TMEPBOM BHEIIHEM H
MIPEJBHEIIIHEM SHEpPreTHYecKuX ypoBHAX? Kakue moaypoBHHM 3amOJHSIOT ATH
DIEKTPOHBI?

34 Ilouemy MapraHeln, NOpOSABISIET METANIMYECKUE CBOMCTBA, a XJOp —
HeMeTtaiuinueckue? Jlaiite OTBET, MCXOId U3 CTPOEHUS AaTOMOB JTHUX
AIIEMEHTOB.

35.CHMBOJI OIHOIO M3 M30TOIOB Xpoma

24Cr. Yka3zaTp, CKOIBKO NPOTOHOB M
HEUTPOHOB COAEPKUTCS B SIAPE aToMa 3TOTO M30TOMNA, CKOJIBKO 3JEKTPOHOB
COJIEPXKUT 3JIeKTpOHHasi oOosnouka. Hamucarh snekTpoHHYIO (GOpMYITy 3TOTO
aToMa.

36.CocTaBUTh 3JIEKTPOHHBIE (DOPMYJIBI aTOMOB 3JEMEHTOB 0JIOBa M BOJib(Ppama.
Kaxkoill u3 HUX OTHOCUTCS K P-3JIeMeHTam?

37.CocTaBUTh 3IEKTPOHHBIE (POPMYIIBI HUOOUS U CypbMbl. Ha Kakux moypoBHSIX
PACIIOJIOKEHBI X BaJICHTHBIC JIEKTPOHBI?

38.CopMynupoBaTh MNpPUHLUN HauMeEHbIeW »Hepruu. Kakoll mnoAypOBEHb
3anoJiHgeTcs panbie: 6s uinn 5d; 5d wim 417

39.CocTaBUTh 2JIEKTPOHHBIE (POPMYIIBI AaTOMOB 3JIEMEHTOB, OTHOCSIIUXCA K S-, P-,
d- u f-cemeiicTBam.

40.Kakoe MakcHUMaJIbHOE YMCIIO JJICKTPOHOB HAXOJUTCS: a) Ha YETBEPTOM U
IIIECTOM SHEPTETUYECKUX YPOBHSIX; 0) Ha MOAYPOBHSX S, p, d, {7
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41.CtpoeHre BHEWIHETO W MPEABHEIIHETO JHEPreTUYECKUX YPOBHEH aTOMOB
omHoro siaeMenra — 3s’3p°3d'°4s?, atomos apyroro 3s*3p°4s’. CocrTaBuTh
MOJIHBIE 3JIEKTPOHHBIE (OPMYJIBI aTOMOB 3THUX 3yeMeHTOB. Kakoil M3 Hux
OTHOCHUTCS K d-311eMeHTam?

42.Yem 00bsicHUTB, uTO MOJeKysbl CO, u SO; HenonspHble, XoTd cBsi3u =C=0 u
>>S=0 nonsgpueie? UYto Ha3pBaeTcsa nnuHOM aumnonsa? [louemy y MoneKyJibl
JMOKCHUJA YIJIEpoAa TUIOIbHBIA MOMEHT PABEH HYJIO?

43.00msacuure, nouemy mojekyina BeCl, umeer nunelinyio gopmy, a Mojekyia
H,O — yrnoByro? Kakoil TUII XUMHUYECKOM CBSI3U B MOJIEKYJIaX 3TUX BEIIECTB?

44.1Tpn KakuxX YCIOBHMSX Y HENOJSIPHBIX MOJIEKYJI JIWIIOJIBHBIA MOMEHT pPaBEH
Hynto? Paccmotpute ctpoenne okcuaa yraepoaa (IV) u merana.

45.Kakue MOJEKYJIbl SIBISIOTCS MOJISPHBIMU, U KAKKWE HEMOJIAPHbIMU? UTO CITyKUT
Mepo# NoJISIpHOCTH MoJieKyJ1? [IpuBeauTe npumepsl.

46.Kakoi TN XMMHYECKOM CBSI3M B MOJIEKYJax cienyromux coenuHeHui: CHa,
F,, H,O, NaCl? OrtBer MOTUBHpPOBaTh, TPUBEIAS CXEMbI CTPOEHUS
COOTBETCTBYIOIINX MOJIEKYJL.

47.910 COy>XUT MEpOH TMOJSIPHOCTH KOBAJIEHTHOM cCBs3U. [lo TaGauM4HBIM
3HAYEHUSAM OTHOCHUTEIBHBIX JJIEKTPOOTPULIATENBHOCTEN 3nemeHToB 030,
onpenenuTe kakas cBsa3b HauOosee nossipuas: H-F; H —Cl unmu H-O.

48.Kakoil TN XMMHYECKOW CBS3M B MOJIEKYJIAX CIEAYIOIIUX coeauHeHui:CS,,
AICl;; N,, NH;? OtBer MOTHUBUpOBaTh, NPHUBEAS CXEMbl CTPOCHHUS
COOTBETCTBYIOILIUX MOJIEKYJI.

49. lunonbabie MOoMeHTHI Mosiekyd H,S u SO, paBubl 0,93D u 1,61D. Berunciauts
JUTMHY JTUTIOJIS U yKa3aTh, B KAKOW U3 MOJIEKYJI CBsI3b OoJiee mossipHas?

50.Kakue MoseKyJibl Ha3bIBAIOTCS MOJISPHBIMU, HEMOJISIPHBIMU, HOHHBIMU ?

51.YTo Ha3pIBaeTCs KpaTHOM CBsI3bI0? B uem oTnnuue G- 1 m-CBA3En?

52.YeM oTinyaeTcs KOBAJICHTHAs! MOJSPHAs CBSI3b OT KOBAJIEHTHOW HEMOJISIPHOU
cBs3u? IlpuBenure mpumepsl. UeM OOBSCHUTH HAJIMYUE AMIONS B MOJEKYJE
BOJIbI U €70 OTCYTCTBUE B MoJieKyie CO,?

53.VYka3zaTe TUI XUMHUYECKOU CBs3H B MoJekyinax H,, Cl,, HCL. IIpuBenute cxemy
NEPEKPbIBAaHUS SJIEKTPOHHBIX 00IAKOB.

54.YTo Ha3bIBAETCS NUMOJIBbHBIM MOMEHTOM? B KaknX eIMHUIAX OH BbIpa)aercs?
Kakass M3 HWKENnpUBEIEHHBIX MOJEKYJT HMEET HauOOJbIIUNA UIMONbHBINA
moment: HF, HCI, HBr, HI? OtBer MoTHUBUpPOBaTbH, HUCXOAS U3
AIIEKTPOOTPULIATEILHOCTH COOTBETCTBYIOIINX 3JIEMEHTOB.

55.1300pa3uty B Buae cxem crtpoenue mousekyin: Cl,, H,O, CaS. Kakoit Tun
XUMHUYECKOU CBSI3U HAOIIOIaeTCsI B KaXKI0U U3 HUX?
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56.CKOJIBKO G- U T-CBA3EH B MOJEKYyJax Kuciaopona u azora? HammcaTte cxemy
o0pa30oBaHUsA 3THUX MOJIEKYJ C YYETOM B3aWMOJEHCTBUS HX 3JIEKTPOHHBIX
00JIaKOB.

57.Kakoil THI CBS3W OCYIIECTBISETCA B Kaxkaod u3z mojekyn: F,, CO,, HCI?
Vkazarh sl KaKI0M W3 HUX HalpaBJIeHUE CMENIEHHUs OOIIeH 3IeKTPOHHOMN
naphl.

58. Mmuna mumons CH;Cl pasha 4°107"" M. Bel4uciuTh AUNONBHBIA MOMEHT U
BBIPA3UTh €r0 B JeOasiX.

59.Kakyto dbopmy umeer Mmoiekyia AB;, eciu cBsi3b OCYIIECTBISCTCS TpeMsl p-
DIEKTPOHAMH aToMa A M S-2JIEKTpOHamMu Tpex aroMoB B. Ilpusenure
MPUMEPHI.

60.ITouemy monekynbel CO, u SO; HenonspHsie, a Moiekyasl H,O u SO, umeror
JIATIOJIb, HECMOTPA Ha TO, 4TO CBsA3M =C=0 m >>S=0 Ttak xe, kak >S=0 u
H—O— nonspueie? Kakas u3 BbILICIPUBEIECHHBIX CBsI3el HanOoee nojaspHas?
[Touemy?

61.Bpipazuth MareMaTHuecKu CKOPOCTh CIEAYIOIIMX XMMHUYECKHX PEaKlui: a)
Nory + 3Hyy) — 0) 2NO() + Oyry — B) 2SO,y + Oyry. Hamucatp
KUHETUYECKHE YPAaBHEHUS, IPUMEHUB 3aKOH JEHCTBYIOIIUX Macc.

62 ITpunnun Jle [lartense. Kak moBiausieT MOBBILICHUE IABICHUS HA PaBHOBECHE
clenyrommx o0patuMbix rereporeHHbIX peakiuuid Na,CO;r + HoOp <
2NaHCOs1), HaSOux) + 2NH;r) <= (NH4),SOyry

63.Jloka3aTh pacueToMm, IMOYEMYy H3MEHEHHE [IaBJIEHUS CMEMIACT PAaBHOBECHUE
peakunun Nory + 3H,r) <> 2NH3r) u He cMelmaer paBHOBECHE pEaKLHH
Nor) + Oy > 2NO(y?

64.1lpu cunreze ¢docrena umeer mecto paBHoBecue Clyry + COr) <> COClyr).
OnpenenuTh UCXOIHBIE KOHIIEHTpaluu xjopa u okcunaa yriepona (1), eciam
paBHOBecHBbIC KoHIeHTpanuu paBHbI [Cly] =0,2 monw/m; [CO] = 0,1 momnw/i;
[COCL;] = 2 moaw/m.

65./Ipe peaknuu npu 10 °C mpoTekaroT ¢ oAauHaKoBOM ckopocThio (V,=V,).
TemnepatypHblii KO3((HUIHEHT CKOPOCTH NEPBOM PEAKIIMHU PABEH 2, BTOPOU —
3. Kak OyayT OTHOCUTBCS CKOPOCTH PEaKIUid, €CIIU MEePBYIO0 U3 HUX BECTH MIPH
temriepatype 50 °C, a Bropyto — npu 30°C. [IpaBuio Bant-T'odda.

66.CkopocTtb peakiuu Hyry + Oy — npu [H,] = 0,5 monb/n u [O,] = 0,6 Momw/m1.
Koncranta paBHoBecust paBHa 0,018 moib/n * MuH. Onpenenutb KOHCTaHTY
CKOPOCTHU PEAKLUH.

67.CKOpOCTb peakiiuu Ipu NoBbIIeHUU TeMiieparypsl Ha 20°C Bo3pociia B I€BATh
pa3. Onpenenuts TeMnepatypHbiii KoadPuimeHT ckopoctu peakuuu. [IpaBuio
BanTt-TI'odda.
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68.Uemy paBeH TeMIepaTypHbli KO3(PQGUUIHUEHT CKOPOCTH PEAKUUHU, €CIU IpH
yBennueHnu temnepartypsl Ha 30°C ckopocTh peakiuu Bo3pacTaet B 27 pas?

69.Kak nmoBnuseT MoBbIIIEHNE JaBICHHUS HA PaBHOBECHUE CIEAYIOIIUX 00paTUMbIX
peakuui, nporekaronux B romorenHoit cucreme: a) PClsry <> PClyr) + Clyry
0) 4HCl ) + Oyr) <> 2H 0y +2Clo.

70.B0 CKOJIBKO pa3 yBEJIMUUTCS CKOPOCTh XUMHUYECKON PEAKIIMU IIPU MTOBBIIEHUN
temriepaTypsl Ha 30 °C, eciau TeMnepaTypHbIii KO3 HUIIMEHT CKOPOCTH PaBEH
1,5; 2? IlpaBuno Baut-I'odda.

71.Kak WM3MEHHTCS CKOPOCTh MPOTEKAIOWIEW B 3aKPBITOM COCYAE TOMOTE€HHOU
peakiuu 2NOq) + Oy <> 2NO, , eciiin yBEIMUNTH aBICHUE B YEThIpE pasza’?
[Tpunuun Jle [arense.

72.Peakuusi Mmexay BeniectBaMu A U B BolpakaeTcsa ypaBHeHuem A + 2B = C.
HauanpHass koHueHtpanusi BemiectBa A paBHa 0,3 Moiw/n, BemectBa B —
0,5 monb/n. KoncranTta ckopoctu peakuuu pasHa 0,4. PaccuutaTh HauaabHYIO
CKOPOCTb PEAKLIUHU U CKOPOCTh PEAKIMH MO UCTEYEHUH HEKOTOPOTO BPEMEHH,
KOTI'/Ia KOHIIEHTpalus BemecTsa A ymenbutcst Ha 0,1 Momb/m.

73.1lpu HEKOTOpOl TeMmepaType B TOMOIE€HHOW pEAKIHMH YCTAHOBUJIOCH
paBHoBecue H,ry + Bryr <> 2HBrg. PaBHOBecHble KOHIEHTpanuu
pearupyronmx  BeIIeCTB Bogopona [H,] = 0,5 womp/n, Opoma
[Br,] = 0,Imonb/n, Opomoogopoaa [HBr] = 1,6 monws/n. Beruucauth
MCXOJIHbIE KOHIIEHTPALIMK BOJIOpoa U Opoma.

74 . Hanucatb MaTeMaTH4YECKHE BBIPAXKEHUS CKOPOCTEM CIEAYIOIIUX PEAKIINAN:
a) 2Alrg) + 3Clyry = 2A1CLke); 0) 2CO(r) + Oyry=2COy.

75.I'a30Basi cMeCh COCTOUT W3 BOJAOPOJA U XJopa. Peakius uer no ypaBHEHUIO
Hyry + Clyry <@ 2HCl). Kak u3MeHUTCS CKOpOCTh MPSIMOWM pEakluu, eclid
YBEJIMYHTH JIaBJICHHUE B TPU pa3a?

76.PaBuoBecue peakumn: COgry +Clyry <> COClyr) ycTaHOBUIOCH —TIPH
koHneHTparuu pearupyronux Bemects [CO]=[Cl,]=[COCl,] = 0,001 mons/m.
OnpenenuTs KOHCTAaHTY pPABHOBECUS M MCXOJHbIE KOHIEHTPALMHU OKCHJIA
yraepoga (1) u xnopa.

77.1Ipu 1000°C konctanta paBHoBecus peakuuu FeO s +COry <> Ferp) + COyry
paBHa 0,5. UYemy paBHbl paBHOBecHble KoHLeHTpammu CO u CO,,
€CIM HMX HayajgbHble KoHUeHTpauuu ciuenyromue: [COJ, = 0,05 momnw/i;
[CO,]o = 0,025 momnw/m.

78.B kakom HampaBieHMHM OyJIeT CMEIIaTbCs paBHOBECHE IPU MOHUKEHHUU
nasneHuss u temmeparypsl ana peakuun: COClyry < COqy + Clyp;
AH 05 = +112,5 xJIx/M0nB?

79.Xumnueckoe paBHOBecne peakmuu A +2B <« ]I ycTaHOBMIOCH IIpH
CIeAYIOIMX KOHIEHTpamusax BemecTB [Alp = 6 Moaw/m; [Blp = 2 Moaw/m;
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[Al» = 3 wmonp/n. BblUMCIUTH  KOHCTAHTY pPABHOBECUS U MCXOAHYIO
KOHIICHTPALUIO BEIIECTBA A.

80.BzaumoneiictBue Mexay okcugom yriaepoga (II) m xjgopoM wuaer mno
ypaBHeHU0 COr) + Clyr) <> COClyr. Konuentpanus oxcuna yriepoaa (II)
paBHa 0,3 Monw/a, xiopa — 0,2 monb/n. Kak u3aMeHUTCS CKOPOCTh MPsIMOM
peaKkiuu, €ClIu YBEIUMYUTh KOHILEHTpamuio xjiopa g0 0,6 Monb/n, okcuaa
yraepona (II) — mo 1,2 momas/m.

81.KakoBa mporieHTHas koHIeHTpauus pactBopa (0% umu C%), comeprkamiero
20 r xnopuaa 6apus B 380 r BoAbl? BrruucianTe MOJISUIbHYIO KOHIIEHTPALIMIO
BaCl, B nannom pacTtBope.

82.Ckonpko rpaMMmoB eakoro Hatpa coaepxutrcs B 400 mn 0,12 H pactBOpa
NaOH? Ckoyibk0 MUJUTMIUTPOB 3TOrO pacTBOpa MOTPEOyETCs sl OCAKICHUS
B Buge Fe(OH); Bcero kenesa, coxaepxamerocss B 48 mu 0,2 H pacTBOpa
Fe,(SO4)5?

83.llns ocaxnaenus B Buae BaSO, Bcero Oapwusi, coaepkamierocs B 500 wmu
pactBopa BaCl,, morpeboBanocs 100 min 0,3 v pactBopa H,SOs Cxonbko
rpammoB BaSQO, Bbimanio B ocagok?

84.K ognomy nutpy 10%-Horo pactBopa azotHod kuciaoTel HNO; (ImoTHOCTH
1,054 r/cm’) npubasunu 2 1 2%-HOro pacTBoOpa TOM K€ KHUCIOTHI (IUIOTHOCTD
1,009 r/cm’). Berumciure maccoByro jgoio (0% wmimu C%) M MOJSPHYIO
KOHLIEHTPAIUIO MTOJIy4YEHHOTO pacTBOpa.

85.Ckonpko TpammoB KI Hamo pactBoputes B 150 r BOABI I NOJMy4YEeHUS
0,2 MoJsnbHOrO pacTBOpa Moauaa Kanusi? Beunciaure maccoByro o0 (0%
nnu C%) lonnia Kaiausi B 5TOM PacTBOPE.

86.Paccuurats TuTp 0,15 H pacTBOpa KUCIOT: cepHOM, PocPopHOii, CONsTHOM

87.BpUUCIATG MOJISIDHYIO M MOJISJIBHYIO KOHLIEHTpAanuio B 5%-HOM pacTBoOpe
cepHoii  kucaoThl (rrotHocTh 1,032 r/cm’) CKOIBKO MHJLIMIMTPOB STOIO
pacTBopa HeoOxoaumo st mpuroToBienust 2 i1 0,5 H pactBopa H,SO,?

88.Cmemano 20 xr pactBopa ¢ MaccoBou posiert 7,5 % u 10 kr pactBopa ¢
maccoBor noiei 30 % omHoOro u TOro ke Bemectsa. OnpeaenanuTe MacCOBYIO
nomto (0% wiu C%) BeriecTBa B MOJYYEHHOM PacTBOPE.

89.K 3 1 Bonbl npubaBwin 1 1 pacTBOpa ¢ MaccoBOM J0JIel THIPOKCHUJIA HATPUS
30%, MIOTHOCTH, KOoTOporo pasHsercs 1,328 r/cm’. PaccuuraTh MaccoByro
noito (0% ) u MoJisapHyto KoHIeHTpanuio NaOH B mosryuyeHHOM pacTBope.

90.13 3 1 pacTBOpa €IKOro Kaju ¢ MaccoBoil goieii 50 % (miotaocts 1,51 r/em?)
Hago mnpurotoButh pactBop KOH c¢ wmaccoBoit moneit 10% (mmoTHOCTB
1,07 r/em?).

91.K 500 mn 32%-HOM a30THOHM KHMCIOTBHI, MMEIOIIEH IUIOTHOCTH 1,2 r/cm’,
npubaBuinul 1 Boapl. KakoBa maccoBast mourst (0%) IMoIydeHHOro pacTBopa?
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92.Kakoii 00beM 8%-HOro pacTBOpa CEpHOM KUCIOTHI (II0THOCTHL 1,055 r/cm?)
HY>KHO B3sTh U1 npurotosienus 5 1 0,1 v pactBopa H,SO,?

93.Cmemamu 100 mn 50%-noro pacrtsopa H,SO, (mwrotHocts 1,40 r/cm’) u
100 mur 10%-noro pactsopa H,SO, (rutotHocTs 1,07 r/cM’) 1 1o6aBuiM BOIbI
no 3 n. Omnpenenure MOJSPHYIO KOHILIEHTPALMIO HKBUBAJIEHTOB CEPHOMU
KHUCJIOTHI B TIOJTY4YEHHOM PacTBOPE.

94 .Ha wneitpanuzammio 50 mi pactBopa eakoro kamu KOH mnotpeboBanoch
100 mn 8%-nHoro pactBopa xjopoBoaoponaHoit kucioTel HCI (mmotHOCTh
1,028 r/cM’). BpluMciure  MOJSPHYIO — KOHIEHTPALMIO — SKBHUBAJIEHTA
(HOpPMaJIBHOCTB) €JIKOTO KaJii B ucXoJHOM pacTtBope KOH.

95.Cxonbpko BoOmbl crexayer mpubaButh K 50 mur 25%-noro pactBopa H,SO4
IUIOTHOCTH KoToporo 1,19 r/cM’, utoObl moayunth 10%-HBIH pacTBOp CepHOIA
KUCJIOTHI?

96./1o xakoro oobema Hano pazdaButh 500 mi 20%-HOro pacTBOpa XJIOpUAA
Hatpus (IWioTHOCTH 1,152 r/em?®), uroObl monyunts 4,5 %-ueiii pactBop NaCl,
IUIOTHOCTH KOTOpOro pasusercs 1,029 r/cm’.

97.Ckonbko MUUTHIATPOB 10%-HOTO pacTBOpa CEpPHOM KHUCIOTHI (TJIOTHOCTH
1,07 r/cm?) motpeOyercs s HEMTpaaM3alMu PacTBOpa, coaepkamero 16 r
ruapokcuaa Hatpust NaOH?

98.BbIpa3uTh B MPOILIEHTAX KOHIEHTPAIMIO PacTBOpa, coaepkaiiero B 240 r BojbI
40 r raoko3bl. BerauciauTh TeEMmepaTypy 3aMep3aHHs 3TOrO pacTBOpa, €Clu
K=1,86.

99.IlnotHoCcTh  15%-HOrO pacTBOpa CepHOM Kuciotel paBHa 1,105 r/em’.
Bbryncinuth MOJISIPHYIO, MOJISIPHYIO 9KBUBAJIEHTA U MOJISUTBHYIO KOHIIEHTpAIlUU
H,SO, B pactBope.

100. Brrancnure TUTp pacTBOpa, B KOTOPOM MAacCOBAas JOJISl CEPHOU KHUCIIOTHI
30%, a IIOTHOCTH ATOTO pacTBopa paBusercs 1,219 r/mu.

101. Beruncnute Bomoponansli mokaszatenb 0,004 H pacTtBopa a30THOMU
KHUCJIOTBI, €CJIN CTEIIEHb Aucconuanuu a = 85 %.

102. Yemy paBHa KOHLEHTpauus ruapokcua uoHoB B 0,015 M pactope
CEepPHOM KHUCJIOTHI, €CJIU KaXKyIascsi CTENeHb Jucconuanun a = 95 %.

103. Beruncniute  Bojoponnbii  mokazarenb 0,002 H  pacTBOpa
[IMAHOBO/IOPOIHOM (CHHUIILHOM) KUCIOTHI, ecn Ka = 7,2-107"°,

104. Bpuncniurte  Bomoponsslii  mokaszarens 0,015 M pactBOpa
[IMaHOBOIOPOIHOM KKCIOTHI, eci Ka =7,2-107",

105. Beruncnure TUAPOKCWIBHBIM M BOAOPOJHBIA Mokazatensr 0,006 M
pactBopa opTodochOopHON KUCTOTHI.

106. Brrancnure Bomoponssiii mokazarens 0,006 M pactBopa XJIOpHOHU

KHCJIOTBI, IPUMCHHUB MOHHOC ITPOU3BCACHNC BOADI.
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107. Brrurcnure KOHLEHTPALUIO THAPOKCU UOHOB B pacTBOPE, BOJLOPOIHBIN
MoKasaresiab Kotoporo 7,4.

108. Boeruucnure Bogopoansiii nokasarens 0,004 M pactBopa €IKOro Kaiw,
ecinn crenenp gucconmanuu KOH a = 85 %.

109. B omHom nmtpe pactBOopa coumepxutrca 49 r cepHOM KUCIOThL. Yemy
PaBHSIETCSI BOJIOPOJIHBIN TOKA3aTeNb B MOJYYEHHOM PacTBOpPE?

110. B 200 mn pactBopa coaepxurcs 0,002 Monb a30THOM KUCIOTHL. Uemy
paBHsETCA BOJAOPOIHBINA MMOKa3arenb B pactBope HNO;?

111. Brruucivre BOOJOpPOAHBIN OKA3aTEND B PACTBOPE MYPABBUHOW KUCIIOTHI,
€CJIM ero MoJisipHas Konuenrparums pasta 0,002 M, a K (HCOOH) = 1,8-107,
112. Berancnute Bomopoanwiii mokazatenb B 0,002M  pacTBope a30THOM

KHCJIOTHI, €CJIM Kaxymlasicsa creneHp qucconunann HNO;s a =0,95.

113. Brruncnure Bomopoansiii nokasarens B 0,001M pactBope ruapokcuaa
Kajus, eciau crenenb auccoruanuu KOH a = 85 %.

114. Borancnure Bomopoansii mokazatenb 0,0025 H pacTBopa a30THOMU
KHCJIOTBI, €CJIM Kaxymiasicsa creneHsb gucconuaun HNO; a = 85%.

115. Beruncnure Bomopoaubeii mokazatens 0,015M pactBopa ruapokcuia
aMMOHMS, 3Has, 4To KoHcTaHnTa aucconnanuu NH; - H,O K, =1,8-107.

116. Boruncnure Bogopoansii mokazatenb 0,002M  pacTtBopa a30THOM
KHCJIOTBI, €CJIM Kaxymiasicsa creneHsb qucconuann HNOs;a=0,95.

117. Brruncnure Bomopoansiii mokazarens 0,005 M pactBopa ruapokcuia
Kanus, cteneHb auccoruanuu KOH a = 90 %.

118. Boeruucnute Bomoponnbiii nokazarens 0,015M pactBopa ruapokcuaa
aMMOHMS, 3Has, 4To KoHcTaHTa aucconnanmu NH; - H,O K,=1,8-107°.

119. Beruncniute Bomopoassiii mokaszatens 0,002M  pactBopa a30THOU
KHCJIOThI, €CIU cTerneHb auccouuanuun HNO; a = 0,98.

120. Beruncnure  BomoponHbli  mokazatens 0,025 M pacTtBOpa
LIMaHOBOJIOPOTHOM KHCJIOTHI, eCIIH KOHCTaHTa U CCOLMALINU
HCN Ka=72-107",

121. PactBopumocTh KkapOOHaTa KajJbliMsl B BOJAE MPU HEKOTOPOU
Temmneparype cocrapisger 1,5%x10° monw/n. Belumciure mpoussBencHue
pactBopumoctu CaCOs;.

122. [IpousBeaeHue pacTBOpUMOCTH XJopuaa cepedpa mpu 25 °C paBHO
1,56 x10™'°. Beruuciuts pactBopumocts AgCl B 1/71.

123. PactBopumocts PbCrO, B Bome paBha 1x107 monw/n. Beramciursb
MIPOU3BEICHUE PACTBOPUMOCTH B HACBIIIEHHOM pacTBope Xxpomata cBunna (11).

124. Onpenenure pacTBOPUMOCTh KapOoHata cepebpa B BOJE, 3HAsA, 4YTO
npoussenenne pactsopumoctu 1P (Ag,CO;) =6,15-10" .
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125. PactBopumocTh KkapOoHaTa KajibLiUsg B BOJAE TMpPU  HEKOTOPOH
Temneparype cocraBiaser 1,5%10*  wMonw/i.  BblUHCIHTE MPOM3BEIEHUE
pactBopuMoctu CaCOs.

126. [IpousBenenue pacTBOpUMOCTH xyopuaa cepebpa npu 25 °C paBHO
1,56 x10™'°. Beruuciuts pactBopumocts AgCl B 1/71.

127. PactBopumocts Ag;PO, (M=418,58 r/monb) B Boge npu 20 °C paBHa
0,0065 t/n. Paccuuraiite 3HaYeHUE Mpow3BeNeHUs pacTBOpuMocTH ¢ocdaTa

cepeodpa.

128. Boerunciure pactBopumocth  (ocdara KambluMsg B BOJE, €CIHU
[TP(Ca;3(PO,),=2,0-107%",

129. [IpousBenaeHue pactBopuMocTH oOkcaimara Oapusi BaC,Os paBHseTcs
1,1- 1077. Berauciure pacTBOPUMOCTE OKcaiaTa 0apusi B BOJE.

130. Onpenenute pactBopuMocTh  (ocdara OGapuss B  Boje, 3Had,
[TP(Ba;(PO,), =6 107,

131. [IpousBeneHre pacTBOPUMOCTH XpoMaTa KalblMs paBHsercs 7- 107
Boruncnure pactBopumocts CaCrO,4 B €ro HaCchIIIIEHHOM BOJIHOM PacTBOPE.
132. Boeruncnure pactBopumocth kapbonarta xkene3a (II) B Boxe, 3Has, 4to

npoussezenue pactsopumoctu [TP( FeCO;) = 3,5-107".

133. [IpousBenenue pactBopuMoctu ruapokcuma kobdampra (II) paBHseTcs
1,6-107". Yemy paBua pactsopumocth Co(OH), B €ro HachIIEHHOM BOIHOM
pacTBope.

134. Omnpenenure pacTBOPUMOCTh IIEpMAaHTaHaTa LEe3Usl B BOJE, €CIH
npousseaenne pactsopumoct I[TP(CsMnO,) =9,1-107.

135. [IpousBenenue pactBOpuMOCTH ruapokcuaa monuodaena (IV) paBusiercs
1-107°. BeIuucanTe pacTBOPEMOCTH 3TOI0 OCHOBAHHSI B HACHIIICHHOM BOHOM
pacTBope.

136. Brrunciure pacTBOPUMOCTh B HACKHIIIIEHHOM PacTBOpPE OKcajiaTa cepedpa
B /11, [TIP(Ag,C,04) = 1,1 107",

137. Bbrunciuth pacTBOPUMOCTH B MOJIB/JT M T/J1 TUIPOKCUA MarHusi B BOJIE,
eciu npousseaeHue pactsopumoctu [IP(Mg(OH),) = 5,0 - 1072,

138. Beruucnure B MOJIB/TT U T/ pacTBOPUMOCTH TUJIPOKCHUIA ITUHKA B BOJIE,
3Has1, YTO Mpom3BeaeHue pacrBopumoctd [IP(Zn(OH),)=1,0 <107

139. Yemy paBHa pacTBOpuUMOCTh Xpomata cBuHia (I1), ecnu nmpousBeneHue
pactBopumoctu I[TP(PbCrO,) = 1,8 <1072

140. Yemy paBHa pacTBOpUMOCTh B Boje Tuapokcuaa xpoma (III), ecnu
npoussenerne pacrsopumoctu ITP(Cr(OH);) =5,4 -107".

141. Kakyto peakumio cpeabpl OyAyT HMMEThb PacTBOpPbl HUTpaTa IIMHKA —

Zn(NOs),, Opomuaa xamus — KBr, cyneduaa natpus — Na,S? OTBeTsl
NOATBEPAUTE YPABHEHUSIMU COOTBETCTBYIOIINX PEAKLIUN.
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142. Kak OymyT neilicTBoBaTh Ha HWHIMKATOpP JAKMYC PacTBOPHI IIMAHM]IA
kamust — KCN, cynbdpara menu (II) — CuSO,, nutpara Hatpus — NaNO;?
OTBeTHI OATBEPAUTE YPABHEHUSIMU COOTBETCTBYIOIINX PEAKIUU.

143. CocTtaBbTe MOJEKYJSIPHBIE WM WOHHBIC ypaBHEHHUS THAPOJIA3Aa COJIEH:
CuS0O,, BaCl,, NH,Cl. Ykaxure peakuuio cpelibl B BOAHBIX PacTBOPaX 3THUX
COJIEH.

144. Kakne wu3 cumemyromux coiieid moasepratorcs ruapoiansy: NaCl,
Cu(NOs),, K,S? CoctaBbTe MONEKYJISIpHBbIE M MOHHBIE YPAaBHEHHS THAPOJIM3A
COJIEH.

145. CocraBpTe  MOJEKYJSpPHBIE W  HOHHBIE yPAaBHEHHS  PEaKLMi,
nporekaronux npu ciuBaHuu pactBopoB AlClL; m K,S, ecnmu B pesynbrare
peakuuu oopazyrorcs AI(OH);u Hs,S.

146. CocraBpTe MOJNEKYISIPHBIE M HOHHBIE YPaBHEHHS THIPOJIM3a, B
pe3yabpTare KoToporo oopaszytorces rugpodocdar u nuruapodcedar kamus.

147. Kakne u3 coneii: KNO;, CrCl;, NaNO, moaBepraroTcs THIPOJIH3Y?
CocTtaBbTe MOHHBIC U MOJIEKYJIAPHBIC YPAaBHEHUS PEAKIIMM THAPOIIH3A.

148. CocraBpTe  MOJEKYJSPHBIE W  HOHHBIE  yPAaBHEHHS  pPEaKLMil,
npoucxoamux B cMmecu BoaHbix pacTtBopoB CrCl; m Na,S (oOpasyrotcs
Cr(OH); u H,S).

149. Hanumumre MoneKkylspHble U WOHHBIE YPAaBHEHMS PEaKUUid TUIpOJIU3a
(I ctynensb) XJIOpUIOB aMIOMUHUA U KalblUs. BeluncauTe crenenb ruapoinsa
XJIOpUAA ATTFOMUHMUSL.

150. Hanumure MOnEKyIJsIpHbIE U MOHHBIE YPAaBHEHUS PEAKUMUA THMAPOJINA3A
arerara HaTpus U cyiabduma 6apus.
151. Hanucate B MOHHOM M MOJEKYJSIPHOM BUJE YPAaBHEHUS peaklui

ruaponusa | crymnens) cineayromux cojel: cyinbpuia Kajablds W HUTpaTa
nMHKa. YKazats pH.

152. HanrcaTh B MOHHOM M MOJIEKYJSIPHOM BHJI€ YPaBHEHUS PEAKLUN
ruaponusa (I crymenp) xjopujga HUHKAa U cyib(dara aliOMUHUA. YKa3aTb
peakiuto cpensl (pH).

153. Hanucate B MOHHOM M MOJEKYJSIPHOM BHUJE YPABHECHUS pEaKLUU
ruapoausa (I crynenn) cynbdura Harpus u HuUTpata Meau (II). Berauciaure
KOHCTaHTY TMJpOJIn3a CyJlb(puTa HATpUA.

154. Hammcate B MOHHOM M MOJIEKYJSIDPHOM BHJI€ YPAaBHEHUS PEAKLIHAN
runpoiansa (I ctynenp) kapboHaTa Kanus U XJiopuaa 6apusi, €Ciu 3TOT MpoIece
MPOTEKAeT. YKa3aTh PEakLHIO CPEIBI.

155. Hanucate B MOHHOM M MOJEKYJSIPHOM BUJE YpPAaBHEHUS peaklui
ruaposinsa (I crynens) cyneduna 6apus u xaopuaa mapranna (II). Kakoit nser
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IpUOOPETET MHIUKATOP METUJIOBBIM OpAaH)KEBBIM B BOJHBIX PACTBOPAX 3THUX
coJien?

156. Hanucate B MOHHOM M MOJEKYJSIPHOM BHUJE YPABHECHUS pEaKLUU
ruaponusza (I crynens) cynbdhuga Kanblus U HUTpATa IUHKA. YKaXUTE
peakiuto cpensl (pH).

157. Hammcatp B MOHHOM M MOJIEKYJSIDPHOM BHJI€ YPAaBHEHUS PEAKLINAN
ruaponu3a (I cryneHp) HUTpaTa amOMUHUA. YKazaTh peakuuto cpeasl (pH).
Kaxkoli uBet 1akMyca B pacTBOpE 3TO# coyn?

158. Hanucate B MOHHOM M MOJEKYJSIPHOM BUJE YpPaBHEHUS peEakLui
ruaposn3a (I crymeHp) anerara aMMOHHSA M XJIOpUJa HaTpus. Berauciuth
KOHCTaHTY M CTEIIEHb TMAPOIN3a aleTaTa aMMOHHUS.

159. HanrcaTh B MOHHOM M MOJIEKYJSIPHOM BHJI€ YPaBHEHUS PEAKLUN
ruaponuza (I cTynmeHb) HUTpUTA Kanusg W XJIOPHAA aMMOHHUA. YKaKUTE
peakiuto cpensl (pH).

160. Hanucate B MOHHOM M MOJEKYJSIPHOM BHUJE YPABHECHUS pEaKLUU
ruaponusa (I crynens) dropuna kamus u cynbdara menu (II). Kakoit mper
npuoOpeTaeT METUIIOBBIN KpacHbI pacCTBOPAX 3ITHX COJICH?
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IMPUJIO’KEHUE 2

3AJIAHHMSA IO KOHTPOJIBHOM PABOTE Ne2

161-180

1. Ha3BaTbh KOMIUIEKCHOE COEIUHEHHUE.
2. VYkazaTp 3HaY€HHE KOOPAMHAILIMOHHOIO YHCIIa.

3. Hammcatp ¢Gopmyny KOMIIEKCHOTO COCIMHEHHUS B BHUAE MOJCKYJISIPHBIX

dbopmy coeauHEHUM EPBOro MopsiaKa (IIPOCTHIX CONEH).
4. HammcaTh ypaBHEHHS JTUCCOITUAIIUN KOMITJICKCHOTO COCTMHCHHS.

5. CoCcTaBUTh BBIPAXKEHHE KOHCTAHTHI

(KoMmILIeKCa).

6. Yka3aTh B IICPBOM HJIKM BO BTOPOM KOMINUICKCHOM COCOAWMHCHHNUN KOMILJICKCHBIN

HOH sABJIIeTCs 00Jiee cia0bIM OJICKTPOJIMUTOM.

HECTOMKOCTU KOMIUIEKCHOTO HOHA

Tabnuua 4
HOMep BapuaHTa KomrekcHoe coequHeHne
1 2
161 K;[Co(CN)e] [Ni(NH;)4](OH),
162 [CU(NH3)2(H20)2]C12 Na3 [FG(CN)ﬁ]
163 K[AuBr,] [Co(NH:).(H,0),]Cls
164 Ba[Co(CN).] [Cr(H,O), (NH;),CL]CI
165 Kz[Cd(CN)4] [CO(NH3)3(H20)3]C13
166 N&3[CO(CN)4C12] [CT(NH3)4(H20)2]C13
167 [Co(H,0), NH;C1]CL K[AuCL]
168 Hz[PtCh] [CO(H20)3 (NH3)2BT]C12
169 K3 [CO(CN)4C12] Hz[COCl4]
170 H,[PtCL] [Co(NH;),(H,0),(NO5),]Cl
171 Na3[COC16] [CI‘(NH3)3(H20)2C1]C12
172 [CO(NH3)2(H20)2C12]C1 Na3[Fe(CN)3C13]
173 Hz[SlF6] [CI‘(HzO)(NH3)5]BI’3
174 K4[CO(CN)4C12] [CI’(NH3)3(H20)BI’] CLz
175 Na4[C0(CN)6] [CT(NH3)4(H20)C 1 ] BI'Z
176 Kz[ZI'(OH)@] [CI'(HQO)Q(NH3)3C1]BI'2
177 K{[Co(CN)g] Nas[Fe(CN)sNO,]
178 Cs[Ag(CN),] [Pt(HL,0), (NH;)sCI]Cl;
179 [CI'(NH3)5C1]BI'2 Na3[COC16]
180 [CO (H20)4(NH3)2] C13 [CT(NH3)3(H20)BT]BT2
181. Kakas u3 TPUBENCHHBIX pPEAKUUA  SABISETCA  OKUCIUTEIBbHO-
BOCCTAaHOBUTEJILHOM:
KHC03 + KOH — K2C03 + HzO,
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Br, + HCIO +KOH — HBrO; +HCI.

PaccraButh K03((ULUEHTH B ypaBHEHUU OKUCIUTEIBHO-BOCCTAHOBUTEIBHON
pEaklMH, COCTABHB 3JIEKTPOHHO-MOHHBIE YpaBHEHHUs. YKa3aTb, KaKO€ BEIIECTBO
ABJISIETCSL OKUCIIMTENIEM, KAKOE BEIIECTBO — BOCCTAHOBUTEIIEM.

182. Peakuus npoTeKkaeT mo cxeme:

KMnO;, + H,0, + H,SO4 — MnSO, + O, +K,SO4 + H,0.

CocTaBuUTh JJIEKTPOHHO-WMOHHBIE ypaBHeHUs. PacctaBuTh Kod(puIueHTs B
YPaBHEHHE OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOM peakuu. YKa3aTh, KAKOE BEIIECTBO

SBIIIETCS OKHMCIIUTEIEM, a KaKOE€ BEIIECTBO — BOCCTAHOBHUTENEM. BBIYMCINUTH
S/1C.

183. CocTaBuUTh ISl CXEMBI PEAKIIUU SJIEKTPOHHO-UOHHBIE YPABHEHUS:

KI + K,Cr,07 + H,SO4 — 1, + Cry(SO4); + K,.SO4 + H,0.

PaccraButh ko3 duLMeHTHl B ypaBHEHHH peakiuu. OnpeaenuTbs MOJSpHbIE
MacChl 3KBUBAJIECHTOB BOCCTAHOBUTEISI U OKUCIIUTETIS.

184. YcTaHOBUTH HaNIpaBiI€HUE BO3MOMKHOTO MTPOTEKAHUS PEAKIINU:

CL +2Br - Br, + 2CI..

Borunciure  3JIC, BbIIUMCaB 3HAYEHHS] CTAaHAAPTHBIX  OKHUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX TOTEHIIMAJIOB U3 CIIPABOYHON TAOJIHILIBI.

185. Peakiiuu nmpoTeKaroT 10 CXEMaM:

Zn + HNOs;pass) — N,O + ZnSO, + H,O.

PaccraButh  k03pduuueHtsl B ypaBHeHMH peakuuu. Onpenenutsb
DKBUBAJICHTHYIO MAacCy a30THOM KHCJIOTBI B 3TOW PEaKLUU.

186. Omnpenenuth >KBUBAJICHTHBIE MACChl OKHUCIUTENIS U BOCCTAHOBUTENS B
peakuuu:

6FeSO, + K,Cr,07 + TH,SOy4 -+ 3Fex(SO4); + Cra(SOs); + K,SO, + 7H,0.

187. YcTaHOBHUTH B KAKOM HAIIPABJICHUH BO3MOYKHO ITPOTEKAHNUE PEAKLINHN:

2NaCl + Fey(SO4); -+ 2FeSO4 + Cl, +Na,SO..

Bouucoute  3/[C, BbIIMCAaB 3HAYEHUS CTAHAAPTHBIX  OKHCIIHUTEIIBHO-
BOCCTAHOBUTEJIbHBIX TTOTEHIIMAJIOB U3 CIIPABOYHON TAOJIUIIBI.

188. Peaknuy BbIpaaroTCsl ypaBHEHUSMMU:

1.) 2FeCl; + H,S -+ 2FeCl, + 2HCI1 +S;

2.) Fe(OH); + 3HCI -+ FeCl; + H,0.

Jnst peakuuu, SIBASIOIIEHCS OKUCIMTENbHO-BOCCTAHOBUTENIBHOM, PAacCTaBUTh
KO3((PUIIMEHTBI, COCTAaBUB 3JIEKTPOHHO-HMOHHBIE ypaBHEHUs. Bo BTOpoil peakuuu
onpeaeauTh 3kBUBaIeHTHY10 Maccy Fe(OH)s.

189. Ilouemy cepHUCTass KHUCIOTa M €€ COJM MOTYT TMPOSBISATh Kak
OKHUCJIMTEJIbHbIE, TAK U BOCCTAaHOBUTENbHBIE CBOWCTBa? Ha OCHOBaHMM 3JIE€KTPOHHO-
MOHHBIX YPaBHEHUN MOA00paTh KO3(P(HUIIMEHTHI B yPABHEHUSIX PEAKIUN, UTYIIUX 110
cXeMam:
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KMnO, + K,SO; +H,0 -+ MnO, + K,SO,4 + KOH;

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

190. YcTaHOBUTH HANIpaBIE€HUE BO3MOKHOTO MPOTEKAHUS PEAKIINHI

KMnO, + 5FeCl, + 8HCI -+ MnCl, + 5FeCl; + KC1 + 4H,0O

Beruucinurs ]1C. 3HayeHus OKHUCIIUTEIBHO-BOCCTAHOBUTEIIBHBIX
MOTEHIMAJIOB HAlTU B CIIPABOYHBIX TAOIUIAX.

191. Onpenenuth 3KBUBAJEHTHBIE MAcChl OKHMCIWTENS M BOCCTAHOBUTENS B
peakuuu

2KMnQy + 5H5PO; + 3H,SO; - MnSO4 + 5H3PO, +K,SO4 +3H,0.

192. Ha ocHOBaHMHM  D3JEKTPOHHO-MOHHBIX  YpaBHEHUW  moadepute
KOA(pGUIUEHTHl K YPAaBHEHHUIO PEaKIHUU (JOMUIINTE HYKHOE KOJIMYECTBO MOJIEKYJ
BOJIbI):

H,S + CL, --- H,SO4 + HCI;

193. Ha ocHOBaHMHM  D3JEKTPOHHO-MOHHBIX  YpaBHEHUW  moadepute
KOA((PHUIMEHTHI K YPAaBHEHUIO PEAKIINHN:

KBr + MnO, + H,SO; - Br, + MnSO4 +KMnO, + H,O.

Bbruncnure MOISIpHYIO MacCy SKBUBAJIEHTa OKUCIATEIS.

194. Kakasg W3 DPUBEICHHBIX HWXKE PEAKUUM SBISAECTCS OKHCIUTEIBHO-
BOCCTAHOBUTEJIBHON ? CocTaBuTh COOTBETCTBYIOILIHE AIIEKTPOHHO-HOHHBIE
YpaBHEHHUS:

Zn0O + H,SO;, -+ ZnSO, + H,0,

PbO, + 4HCI --- PbCl, + 2H,0 + Cl,.

195.  CoctaBuUTh  3JIEKTPOHHO-HOHHBIE  YpPaBHEHUS  OKHUCIUTEJIBHO-
BOCCTAHOBUTENBHBIX PEAKIUI, BBIPAKAEMBIX CJIICIYIOIINMU HOHHBIMU YPABHEHUSIMU:

a) Fe +2H" --- Fe* + Hy; 06) S*+Cl, -- S+ 2CI..

196.Ha  ocHOBaHMM  3JEKTPOHHO-MOHHBIX  ypaBHEHUH  10J100paTh
KOA((PHUITMEHTHI K YPaBHEHUIO PEAKIIHH

FeS +HNO; -+ Fe(NOs); + H,SO4 + NO.,.

OnpenenuTs HaNpaBiIeHUE NPOTEKAHUS PEAKIIUH.

197.CoctaBute mnonHoe ypaBHeHue peakuuu. Kosdduuuentsr nomoOpaTh
METOJIOM 3JIEKTPOHHO-UOHHOTO OajlaHca.

MnS; + HNOs + PbO; - H,MnO, + PbSO, + Pb(NOs)s.

198.Peakunn BeIpaarOTCsl ypaBHEHUSIMU:

MnO + 2HCI --- MnClL, + H,0;

2KI1+ Cl, -+ 2KCl + L.

JIJ1s1 OKUCTUTENBHO-BOCCTAHOBUTENBHON peakuu Kod(PPUIMEHTH 110100paTh
METOJIOM JJIEKTPOHHO-UOHHOTO OanaHca (MoaypeaKiuii).

199.CoctaBute mnonHoe ypaBHeHue peakuuu. Kosdduuumentsr nomoOpaTh
AIIEKTPOHHO-MOHHOTO OaaHca
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FeSO, + KMnO, + H,SOy -+ Fey(SO4); + MnSO, + K,SO4 + HyO;

200.CoctaBuTh MONHOE YypaBHeHUE peakuuu. Ko3pduuueHtsl mnomodpath
METOJIOM JJIEKTPOHHO-HOHHOTO Oanmanca Ag + HNO; --- AgNO; + NO, + H,O.

201. PaccmoTpute 3JI€KTPOXMMHUYECKYIO KOPPO3HIO B KUCJIOW Cpelie U3AEUs
n3 crutaBaCu - Zn. [IpuBenure ypaBHEHHS KATOJHON M aHOAHOM pPEAKLINAMN.

202. Kak mpotekaet arMocepHas KOPpO3usi U3ACIUS U3 KeJIe3a C HUKEIEBbIM
MOKPBITUEM B Cllydya€ HApyUIEHUd TepMETUYHOCTH mnocaeaHero? IlpuBenute
YPaBHEHHMS KATOJHOTO U aHOJJHOTO MpoLECcca.

203. IIpuBeauTe mpuMep METALTUYECKOTO0 KAaTOAHOTO MOKPBITUS JISl U3ACTUS
n3 Hukensa. CocTaBpTe ypaBHEHHsI KaTOAHOM M AaHOJHOM DPEaKIMU KOPPO3HM INPH
HAapYLICHUU MTOKPBITHS B I€A3PUPOBAHHON BOJE.

204. PaccMmoTpuTe S3JIEKTPOXMMHUYECKYI0 KOPPO3UIO M3JIENUs W3 CTadud B
Kkuciou cpene. [IpuBenure ypaBHEHUs KaTOAHOM U aHOIHOM peakuuu. [Ipennoxure
BO3MO>KHBIE CIIOCOOBI 3aIUTHI.

205 Kak mpotekaeT atMochepHasi KOppo3usi M3ACIUS U3 Kelie3a C OJOBSHHBIM
MOKPBITUEM B CITydyae HapyLIEHUs repMeThudHocty rnocieaHero? [Ipuseaure
YPaBHEHUS KATOAHOW U aHOJTHOM PEAKLIUM.

206 PaccmoTpuTe 3MEKTPOXMMHUYECKYHO KOPpPO3UI0 u3aenusa u3 crasa Fe - Cu B
JleadpupoBaHHOrd Boje. llpuBeaure ypaBHEHUS KATOJNHOWM W AHOJHOU
pEaKIUu.

207 IlpuBenute mpuMep MeTaia aHOAHOTO MOKPBITUS Il M3AECIUS U3 HUKEJS.
CocraBpTe ypaBHEHHs KaTOAHOW M AaHOJHOM pPEAKLIHM, MPOTEKAKOMIUX IPH
KOPpPO3UM 3TOr0 HW3JEIWs B JEa’pPUPOBAHHOM BOAE TMPHU HAPYLICHUH
LEJTOCTHOCTH MOKPBITHS

208 PaccmoTpuTe  AIIEKTPOXMMUYECKYIO KOPpPO3UIO W3AECIUS U3 CTalu B
JleadpupoBaHHOW Bojie. llpuBeauTe ypaBHEHMST KATOJOHOM W AHOJHOU
peakuuii. [IpeayioxuTe BO3MOKHBIE CITOCOOBI 3AITUTHI.

209 IMonGepute MeTa Ijsi MPOTEKTOPA, KOTOPBINA JTOJDKEH CITYKUTh IS 3alIUTHI
KEJIE3HOr0 M3JENus OT JJIEKTPOXMMHUYECKON Koppo3uu B Boze. [IpuBenure
YPaBHEHMS KATOJHON U aHOJHOM PEAKLIUM.

210 IIpennoxkure aHOAHOE TOKpBITHE s u3nenus wu3 ojoBa. CocraBbTe
ypaBHEHUSI KaTOJHOW M aHOJHOW peaKIui, MPOTEKAIOIIUX MPU aTMochepHoi
KOPpPO3UH 3TOr0 M3JeNus B JI€adPUPOBAHHOW BOJE NIPU HAPYLICHUH
LEJTOCTHOCTHU MOKPBITHS.

211 Bo3MOXHO 1M  UCHOJB30BAHUE MEIHBIX  3aKJENOK Ha  CTaJbHBIX
KOHCTPYKIUSIX, KOTOpBIE OKCILUIyaTUPYIOTCS B MOpcKkod Boae? OTBeT
o0ocHyHTe.
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212 Kakoii Mertamn 1enecooOpa3Hei BbIOpaTh JjIsi MPOTEKTOPHOM 3aIlUThl OT
KOpPpO3WHU CBMHLA: UMHK, MarHui win xpom? [louemy? CocTaBbTe ypaBHEHHS
aHOJIHOTO M KaTOJAHOTO MPOIECCOB aTMOC(PEPHON KOPPO3HH.

213 PaccmoTpute aTtMochepHYIO KOppO3uio wu3lenuss u3 cranud. [lpuegute
YpaBHEHUs KaTOOHOW MW aHOAHOW peakuuil. IIpemnoxkure BO3MOXKHBIE
CHOCOOBI 3aILHTHI.

214 PaccMOTpHUTE AIIEKTPOXUMHUYECKYIO KOpPpO3uto u3aenus u3 civiaBa Fe - Cd B
JieadpupoBaHHon Boze. IlpuBenurTe ypaBHEHMST KaTOOHOW W aHOJHOM
pEaKIUN.

215 Ilpennoxxure KarogHOE NOKPBITHE Il u3aenus u3 osoBa. CoCTaBbTe
ypaBHEHUSI KaTOJHOW M aHOJHOW PEaKIUi, MPOTEKAIOIIUX MPU atMochepHoit
KOPpPO3UM 3TOr0 U3JENus B JI€a3PUPOBAHHOW BOJE NIPU HAPYIICHUHU
LIEJIOCTHOCTHU TTOKPBITHUSI.

216 /IBe METAIIIOKOHCTPYKLIHUH, M3TOTOBJIEHHBIE M3 CTalH, JKCIUIyaTHUPYIOTCS B
MOPCKOM M JUCTWIUIMPOBAHHOW BOJE. B Kakom ciydae CKOPOCTb KOPPO3UHU
Oyner Bwime? IlpuBenuTe ypaBHEHHS KaTOJAHOM M aHOIHOM pEaKIMM IS
KaXXJ0l KOPPO3UOHHOM CPEIbI.

217 Kak mpotekaer atMocepHas KOppo3us U3JEIUs U3 Kejle3a C KaIMUEBBIM
MOKPBITUEM B Cllydyae HapyLIEHUs repMeThudHoctd nocieaHero? Ilpuseaute
YPaBHEHUS KATOAHOW U AHOJTHOM PEaKIIUM.

218 PaccMoTpUTE AIEKTPOXUMHUYECKYIO KOPPO3UI0 U3zenus u3 ciaBa Ni - Cu B
JleadpupoBaHHOW Bojie. llpuBeauTe ypaBHEHMST KATOJOHOM W AHOJHOU
pEaKIUU.

219 [lpuBeaute mpuMep MeTajia KaTOJHOIO MOKPBITHUS JJIA U3JEIUS U3 CTaJu.
CoctaBbT€ ypaBHEHHUSI PEAKIMM KaTOAHOTO W AHOJAHOTO IIPOIECCOB,
MPOTEKAOIIUX IPU KOPPO3HU STOTO U3ETUS B a3pUPOBAHHOM BOJIE.

220 ]IBe xemne3Hble IJIACTUHKU, YACTUYHO IMOKPBITHIE OJIHA OJIOBOM, JIpyras
MEJIbI0, HAxoIATCS BO BIAXHOM Bo3ayxe. Ha kakoili U3 HHX ObIcTpee
oOpazyercs pxkaBunHa? OTBET MOTUBUPYHTE.

221-240
Uepes pacTBOp 3IEKTPOIUTA MPOIYCTUIN TOK CUJION XA B T€UEHUE y MHUHYT.

Hanrcate ypaBHEHHUS 3JIEKTPOJIHBIX IMPOLECCOB, MPOUCXOASAIINX IMPHU DJIEKTPOIU3E
(MHepTHBI aHOJ) M YyKa3aTb Kakhe MPOJYKTbl MU B KAKOM KOJIMYECTBE ObLIU

IIOJIYYCHBI.
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Tadomuna 5

Ne | PactBOp anekTponuTa Cuna Toka, A (x) Bpewms snexrponusa, MuH (y)
221 | CrCl; 3,5 30
222 | FeCl, 2,5 40
223 | Na;PO, 2,0 60
224 | Cu(NO;)» 2,0 80
225 | Cra(SOy); 1,5 70
226 | Pb(NO:;), 2,0 90
227 | MnCl, 4,0 50
228 | AgNO; 4,5 20
229 | MnSO;, 4,0 10
230 | K»SO, 2,5 60
231 | Zn(NOs), 6,0 80
232 | CuCl, 2,0 40
233 | NiCl, 5,5 20
234 | FeCl; 4,5 30
235 | ZnCl, 3,0 90
236 | Ni(NO,), 1,5 50
237 | KyCO; 1,5 70
238 | FeSO, 9,0 30
239 | KNO, 6,0 60
240 | AI(NOs); 2,5 80

241-260

Paccuntate Maccy ymsryurens, HEOOXOAMMOIO Al YMSTYEHHUS X JI BOJBI,
YKECTKOCTb KOTOPOU y. BBIYMCIUTE KECTKOCTh 3HAsi MACCy YMATYUTEIIS.

Hamucare peakuuro ymsardeHvss B MOJIEKYJSIPHOM Y MOHHO-MOJIEKYJISIPHOM
dbopme ¢ KECTKOU COTBIO.

Tabnuma 6

Ne | OBwem KecTtkocTh Macca
Kecrtkas conb YmMsruurensb BOJIbI, MOKB/ | yMSTUUTEINS
/11 | BOJBI, JI
| ,T

1 2 3 4 5 6
241 | 150 XJI0pUT KaabLKs bypa Paccuurars | 10,1
242 | 200 Hwutpar xanbuus Cona 10 Paccuurath
243 | 300 Xnopua Maraus Cona 15 Paccunrath
244 | 400 Hurtpar maruuns bypa 5 Paccuuratp
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KectkocTh Macca
Ne | OObem
I —_— Kecrtkas conb YwMsruurens BOJbI, MOKB/ | yMSITUUTENS
1 ,T

| 2 3 4 5 6
245 | 550 Cynbdat maraus bypa Paccuurats | 50
246 | 600 I'uapokapOoHat lamenas 5 Paccuutath

KIS W3BECTh
247 | 500 Hwutpar xanbuus Cona 15 Paccuntath
248 | 350 XJI0pUT KaabLKs Cona 10 Paccuurath
249 | 200 XJI0pU1 KaapLus bypa Paccunrars | 34
250 | 100 Cynbsdar maraus Cona 5 Paccunrath
251|300 Hutpar maruuns bypa Paccuurars | 50
252 {400 I'uapokapOoHar lNamenas 20 Paccuurats

MarHusi W3BECTh
253 | 800 Hutpat maraus Cona Paccuurarts | 60
254 | 400 XJI0pUI KajapLus Optodocdar Paccunrats | 20

KaJIus

255|750 I'mapoxapOoHar lNamenas 10 Paccuutath

KaJIbLIUS U3BECTh
256 | 500 XJIOpU1 KaabLus bypa Paccuurars | 48
257 1 200 XJIOpUJT KaabLHs Cona 10 Paccuurath
258 | 100 Hwutpar maraus Cona 10 Paccunrath
259|700 XJ10pUT Marus Bbypa Paccuutars | 80
260 | 650 XJopua Maraus Optodocdar Paccunrats | 46

HaTpus

YUCTOM; 0) NUCTUIUTMPOBAHHOM; B) KPUCTAIUIM3ALIMOHHOM; T') IEPErHAHHOM.

MaccoBbie J101u (%) METaJIoB B CIIaBe.

ypaBHEHHS peaknuii B3aumojenctBus H,O,: a) ¢

261-280. XUMUA DJIEMEHTOB
261. [JaTh KpaTKylO XapaKTEpUCTUKY CIEAYIOIIUX BHIOB BOJABL: a) XUMUYECKU

262. IIpu pacTBOpeHUHU B COJSIHOW KHUCJIOTE CIUJIaBa XkKeje3a, MEIU U aJTFOMUAHUS
Maccoil 9 T BBLIENWIICS BOJAOPOA 00BEMOM 5,6 JI, U3MEPEHHBINH MPU HOPMATbHBIX
yCIOBUSIX, M 00pa3oBajicsi HepacTBOpUMBIA octatok Maccodt 0,7 r. Ompenenure

263. [loueMy nepoKkcu BOAOPOJA MOXKET MPOSIBIATh KaK OKUCIIUTEIbHBIE, TaK
U BOCCTaHOBUTEIbHbIE CBOICTBa? (COCTaBUTh SJIEKTPOHHBIE K MOJICKYJISIPHBIC

MTOJAKHCIIEHHBIM CEPHOW KHUCIOTOM.
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264. Hamumure ypaBHEHHs peakuuid, B KOTOpbIX MnQO, mposBiser:
a) OKUCIIUTEIIbHBbIE CBOMCTBAa; 0) BOCCTAaHOBUTEIBHBIE CBOICTBA; B) B KOTOPBIX
cTeneHb okuciaeHuss MnO, He U3MEHSIETCA.

265. Omnucath AeMCTBUE pacTBOPOB IMEPOKCHIA BOAOPOJA Ha: a) cylbdun
CBUHIIA; 0) TUOKCHU MapraHiia; B) MOJAKUCICHHBIA PACTBOP JUXpOMATa KaJusl.

266. CKONMBKO MOJEKYJ TSDKEIOM BOABI CONEPXKHUTCA B | Kr BOABI, €ciu
MpUMeECH TSKEJIOW BOJIbI B pupoaHoit Boje coctasisieT 0,03 % 1o macce.

267. Kakoe coelMHEHHE yIlIepoaa 00pa3yeTcs, eCiu Yepe3 U3BECTKOBYIO BOIY

MNPOMYCTUTh JMOKCHJ YIrJepoja JO TIIOJHOTO HaCHIIIEHUs pacTBopa’?
CocTaBUTh ypaBHEHHUE PEAKIIUH.

268. Kak noaydaroTcs THAPUJIBI IIETOUYHBIX U MIET0YHO3EMEIBHBIX METAJIIIOB?
Hamncate ypaBHEHME peEakluu B3aWUMOJCUCTBUSA THUIPUIA Kaldblus C BOJOM.
CocTaBuUTh  DJIEKTPOHHBIE  ypaBHEHMsS.  YKa3aThb, UYTO  OKHUCIAETCS,  4YTO
BOCCTAHABJIMBAETCS, UTO SIBJISIETCSI OKUCIUTENIEM, YTO — BOCCTAHOBUTEIIEM.

269. [loueMy enkue mENOUYM HEOOXOAMMO XPAHUTh B XOPOILO 3aKyIIOPEHHOMN
nocyne? Kakue BemiecTBa NOJIy4yaroTCsl MPU HACBIEHUH PACTBOpA THAPOKCHAA
HaTpus: a) XJopoM; 0) TMOKCUIOM cephl; B) cepoBoaopoaoM? CoCTaBUTh ypaBHEHUS
IIPOTEKAIOIINX PEAKLIUN.

270. CocTaBUTh YpaBHEHUSI pEaKIUil B3aUMOJICUCTBUSA HATPHUS C aMMHAKOM,
BOJIOPOJIOM, XJOpOM, BoaoW. Kakoe CBOWCTBO MpOSIBISIET HAaTPUM BO BCEX ITHUX
peakuusx?

271. Ha xakol peakuuy OCHOBAaHO IIOJIyYEHHE THIPUIOB IIEIOYHBIX
MetaiioB? Kak mpoucxoauT ruAponu3 ruapuaa Hatpua? CocTaBUTh ypaBHEHUS
peaKiuu.

272. OxapakTepu30BaTh OTHOIICHUE OCPWIUIUS U MarHus K BOJie, K KUCIOTaM
u nienoyaM. HanucaTte ypaBHEHHS! COOTBETCTBYIOIIMX PEAKLUN.

273. Hamwmcatb B MOJEKYISpHOW W HWOHHOW ¢OpMe YpaBHEHHE DPEaKIuu
B3aUMOJICHCTBUS TUAPUJIA KAIUS C BOJOM.

274. lllenouHble METAJUIBI SBJISIFOTCSI OU€HB YHEPTUYHBIMU BOCCTAHOBUTEIISIMU.
B kakoll CBSI3M CO CTPOCHHMEM HX aTOMOB HAaXOIWTCSA 3TO CBOWCTBO? B uem
MIPOSIBJISIETCSI CHJIbHASE BOCCTAHOBUTEbHASI CITIOCOOHOCTH IMEIOYHBIX METAJJIOB MPHU
B3aUMOJICHCTBUM ¢  pa30aBJICHHOWM  a30THOM  KHCJIOTOM H  BOJOPOJOM?
NnmtocTpupoBaTh OTBET YPABHEHUSMH PEAKIIUM.

275. Kakue mnpoayKThl OOpa3yrOTCs NpPU TOPEHUU KajbliUsl HAa BO3ayxe?
[Touemy mpu cmaduMBaHWE BOJOW MOJYYEHHOTO MPOAYKTa HAOIIOAAETCS BBIIACICHUE
0O0JIBIIOr0 KOJMYECTBA TEIJIa U olrylaercs 3anax aMmmuaka? CocTaBUTh ypaBHEHUS
peaKIuii COOTBETCTBYIOIINX XUMHUECKUX MTPOIIECCOB.

276. UeM CymIeCTBEHHO OTJIMYAETCA B3aMMOJECHCTBUE IICIIOYHBIX METAJIOB C
BOJIOPOJIOM OT B3aMMOJICHCTBHUS rajJoreHoB ¢ Bogopoaom? IIpuBectu npumep Tou u
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JIpPYyro peaknuu W pa3o0paTh OTH PEAKIUU C TOYKHA 3PEHUS OKHCICHUS-
BOCCTaHOBJICHHSI.

277. YUro Ttakoe mnortam? Kak ero moiay4aroT M B KakMX MPOU3BOACTBAX
npumensitor? Kak mnonyuuTe nortaiml, uMmes cyibdar Kajaus, TUAPOKCHI Oapus,
KapOOHAT KaJIbIUs U XJIOPOBOJOPOIHYIO (COSIHYI0) KUCTOTY? COCTaBUTh ypaBHEHUS
peaKunil.

278. Tlouemy mpu MOJYYEHUHM AUOKCUJIA YTJIEpoJia U3 Mpamopa AEHCTBYIOT
COJISTHOM KHUCIOTOW, a He cepHOM? CKOJIBKO JUTPOB JHUOKCHUIA yriepoja (yCIoBus
HOPMAaJIbHBIE) MOYKHO MOJIY4YUTh U3 1 KT Mpamopa, conepxatero 96 % CaCO;?

279. B 1 mu mopckoit Boasl copepxkurcs 1,2-10% r pamus. Paccunrath
CKOJIKO aTOMOB pajaus HaxoauTcs B 1 M? Mopckoit Boabl. O0beM Beell OKEaHCKOM u
MOpPCKO#l Boabl Ha 3emie coctasiser 1,3-10° km’. KakoBo 00lee KOIMUECTBO paaus
B BOJIE MOPEN U OKEAHOB?

290. OOBsacHuUTE, TOYEMY KapOOHAT Oapus pacTBOPUM B CJIA0bIX KHCIIOTax, a
cynbdar Gapust He paCTBOPUM JaKe B CHIIbHBIX KUCIOTaX?
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INPUJIOKEHUE 3

BOITPOCHI IJIA ITOAT'OTOBKU K OK3AMEHY 11O JTUCHUIIVIMHE

9

OCHOBHbIE XMUMHUYECKHE TMOHATHS. 3aKOH COXPAHEHUS MacChl M SHEPrUU.
XuMust: OOBEKTHI U3YUEHHUSI, CBS3b C IPYTUMU HAyKaMU.

3aKOH DKBHMBAJEHTOB. OKBHUBAJIECHT. Pacder sKBUBAJIEHTA ISl NPOCTBIX H
CJIOJKHBIX BELIECTB.

Crpoenue aroma. Mogens ctpoenust atoma bopa, ee Henocratku. [locTynarsl
bopa. KBaHTOBO-MexaHnUYecKass MOAENb aTOMa

VYpasuenue lllpeaunrepa, BosiHOBas QpyHkus. KBaHTOBBIE YKCIIa.
CocraBreHue 53JIEKTPOHHBIX KOHQUTypalMid © 3JIEKTPOHHO-TpapUUeCKUX
dbopMyI1 aTOMOB AJIEMEHTOB.

DJIEKTPOHHOE CTPOEHUE AaTOMa M CUCTEMATUKA XUMHUYECKUX JJIEMEHTOB.
CoBpemennas ¢opmynupoBka II13. Crpykrypa IIC: mnepuoasl, Tpynimsbi,
NOATPYNIbI. 3aBUCUMOCTh CBOMCTB COEIMHEHUN DJIEMEHTOB OT MOJIOKEHUS B
I1C.

Xnumuueckass cBs3b. OnpelerneHue M XapaKTepUCTUKH XUMHUYECKOM CBS3U.
OCHOBHBIE YE€pTHl XMMUYECKON CBSI3M. BHIBl XMM. CBA3E€H: MEXAaTOMapHbIE,
MEKMOJIEKYJIISIPHBIE.

KoBanentnas cBsa3p (teopusi Jlptouca). BanenTtHOoCTh. CTENnEHb OKHUCIEHUS.
I'mbpuauzanus. [IpaBuio okrera.

CBoiicTBa 1 0COOEHHOCTH KOBAJIEGHTHOM CBSI3H.

10.Tunel KOBaJIEeHTHOM CBsI3M  (MOJSIpHAs, HEMOJSpHasi, O©- U T-CBA3b).

D¢ dhexTuBHBIC 3apsabl ATOMOB B MOJIEKYJ1aX. [[UTIOIBHBIN MOMEHT.

11.JloHOpHO-aKIENTOPHBIN MEeXaHNU3M 00pa30BaHUs KOBAJIECHTHOMN CBSI3U.
12.Tunsl pa3pbiBa KOBAJIGHTHOU CBSI3U (TOMO- M T€TEPOIMTHICCKUN ).
13.Teopus voHHOM CBs3U. MexaHuU3M 00pa3oBaHMs, CBOMCTBA U OCOOCHHOCTH

WUOHHOU CBA3U.

14.Metamnuueckast cBsizb. OCOOEHHOCTH KPUCTAITMYECKOM PEIIETKA METaJIOB.
15.Bonopoanas cBa3s. Mexanusm oOpazoBanus. [Ipumepsi.
16.XuMuueckass KMHETHKA: OIpejeicHue, O0ObeKThl M3ydeHHS. CKOPOCTh XHM.

peakuuu (MrHOBeHHasi, cpefHsis). PakTopbl, BIUAIONIME HA CKOPOCTb XHM.
peaKkuuu.

1'7.BnusiHMe KOHIEHTPALUK PEarnpyrOINX BEIIECTB. 3aKOH AEUCTBYIOIMINX MACC.
18.Biusinne TemmepaTypbl Ha CKOpocTh peakiuu. IlpaBuno Banrt-I'odda.

YpaBHeHne AppeHnyca. JHEPrusi aKTUBALUU.

19.0cob6eHHOCTH KHHETUKH F€TEPOre€HHBIX MTPOLIECCOB.
20.Karanuz. Karanuzaropsl. [IpoMOTOpBl, MHTUOUTOPHI, KAaTaIUTHUYECKUE SJIbI.

I'omorennsiii kaTanus (Teopust KoObizeBa). ['eTreporeHHbIil kKaranus.

21.06paTI/IMLI€ XUMHWYCCKUC PCAKIHH. YcaoBuss XMMHUYECKOTO PaBHOBCCHA.

Koncranta paBHOBecHs M €€ CBSI3b C TEPMOJUHAMUYCCKUMHU (YHKITUSIMH.
[Tpunnun Jle-1laTenbe.

87



22.PacTBOpHI: ONpENEICHUE, OCHOBHBIE MPU3HAKU. PacTBOpUTENb, paCTBOPEHHOE
BelecTBo. Boaa kak pactBoputens. Kinaccudukaius pacTBOpoB.

23.KoHlleHTpalus pacTBOPOB U CIOCOOBI €€ BBIPAXKEHUS: MaccoBas OIS,
MOJISIpHAs, MOJISUIbHASL, HOPMaJlbHasl KOHIIEHTPAaLUsl, MOJIbHAs 10151, TUTP.

24.0OKuCIUTEIbHO-BOCCTAHOBUTEIIBHBIE  TIPOIIECCHI. CrerieHb  OKHCJICHUS,
ONpENENICHNE CTENEHU OKHUCIEeHUs. OKUCIUTENb, BOCCTAHOBUTENb. DaKTOPHI,
ONpeeIAI0INE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE CBOMCTBA AJIEMEHTOB U MX
COCMHECHUM.

25.Knaccudukanmsi OKUCIUTEITEHO-BOCCTAHOBUTEILHBIX PEAKITHM.

26.CocTaBiieHHE OKHCIINATEIBHO-BOCCTAHOBUTENBHBIX peaKUUd. MeTox HOHHO-
AJIEKTPOHHBIX MOJyPEaKIIHil.

277.ONeKTpOXUMHUYECKHE CUCTEMBI: OIIPeeNIeHue, yCTPOHUCTBO, BUIbL. [loHATHE 00
3JIEKTPOIHOM TTOTEHIHATIE.

28.05eKTpo CpaBHEHHUS. DJIEKTPOJAHBIA MOTEHUUAIL. DJIEKTPOABMXKYILAS CHUJIA.
@DakTOphl, BIUAIOLIIME HA U3MEHEHHE 3JIEKTPOJHOTO MOTEHIMaNna. Y paBHEHUE
HepHucra.

29.XuMHUYECKME HCTOYHUKM TOKA:  OINpENEJIeHUE, BHUAbL. XUMHUYECKHUE
rajbBaHUYECKHE PJIEMEHTBI: KaTOJAHBIM M aHOIHBIN TTporecchl, pacuet D/IC.

30.KoHIIeHTpallMOHHBIE TaJIbBAHUYECKUE DJIEMEHTBI: KaTOAHBIH W aHOJHBIN
nporecchl, pacuet I/(C

31.0nexTponn3: onpeaeaeHue, TUIbL, CYIIIHOCTh Ipoliecca, KaTOIHBIA U aHOAHBIH
MPOIIECCHI.

32.KonnuecTBEHHOE ONMCAaHUE MpoLEcca dIIEKTpoau3a: 3akoHsl Dapanes

33.Koppo3usi: ompenenenue, KiacCUPUKalusg KOPPO3UOHHBIX —pa3pyIICHUH,
KOPPO3UOHHBIE CPEJIBI.

34.OneKTpOXUMHUYECKAasT KOPPO3Usl: TPUYMHBI BO3HUKHOBEHHUS, MEXaHU3M
npoliecca, HanboJiee XapaKTepHbIE CIIyJaH.

35.Koppo3ust B €CTECTBEHHBIX YCIOBHUSIX.

36.MeTo/bl 32U Thl METAJIJIOB U CIJIABOB OT KOPPO3HUHU.

37.0nementsl [A moarpynmel: o60mas xapaktepucthka. CTpOoeHHE aTOMOB,
3aKOHOMEPHOCTH M3MEHEHUs cBOUCTB. Bogopoxa: nonoxkenue B 1IC, ctpoenue
aToMa, HaXOXKJICHHE B IPUPO/IC, MTOTyUEHHE, MPUMEHEHHE.

38.0nementsl IIA moarpymmel: oOmas xapakrtepucTuka. CTpoeHuE aTOMOB,
3aKOHOMEpPHOCTM  HM3MEHEHHUSI  CBOMCTB,  IOJIydYE€HUE,  MPHUMEHEHUE,
pacnpoCTPaHEHHOCTb.

39.KecTkoCcTh BOJABI: THUIBI, METOJIBI OMNPEACICHUs, TPUUYUHBI BO3HUKHOBEHUSI,
CHOCOOBI YCTpaHEHUS.

40.00mas xapaKTepHCTHKA, 3aKOHOMEPHOCTH W3MEHCHHS CBOMCTB. DJIEMEHTHI
I-VIIA  moarpynmel:  o60mias  xapakrtepuctuka. CTpOoeHHE  aTOMOB,
3aKOHOMEPHOCTHU U3MEHEHUS CBOWCTB.
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IHPUJIO’KEHUE 4
CHHPABOYHbBIE MATEPHUAJIBI

Ha3zBpanusi BaxKHeHIINX KUCJIOT ¥ UX AHMOHOB (CcoJ1ei)

Taomuna [1.4.1

Kucnora dopmyna AHHOH dopmyna
A3oTHas HNO; Hurpar NO;~
A3zorucras HNO, Hutpur NO,
A30THCTOBOAOPOIHAS HN; Asun N5~
(a3u10BOIOPOTHAS ) (HNN»)
ben3oiiHas CsHsCOOH benzoar CeHsCOO™
BopHnast (opTo) H;BO; Bopar BO;*

T'uapobopar HBO;*
Jlurunpobopar H,BO;~
bopnasi(meTa) HBO, Mertabopat BO,"
Bopuasi(terpa) H,B.0; Terpabopar B.,O,*
bpomoBogopoaHas HBr bpomun Br
BbpomHoBarucras HBrO ['unmoGpomut BrO™
bpomHoBaras HBrO; bpomar BrOs;~
Bunnas H,C,H,04 Taprpar C,H,O6*
['mnporaprpar HC,H,O6
Bonbppamoas H,WO, Bonbgppamar WO,
Banaauesasi(meta) HVO;, Bananat VOs5~
['epmanueBas H,GeO; I'epmanat GeO;>
I'maporepmanar HGeO;™
HNonoBogopoanas HI Homnun I
HongnoBatucras HIO I'mnonoant 10
HNonnoBaras HIO; HNonar 105
HNonnas HIO, ITepuonar 104
Kpemuuesast H,SiO; Cusmkar SiOs*
['uapocunukar HSi105™
Mapranneas HMnO, Ilepmanranar MnO,
MapranioBucras H,MnO, Masnrasar MnO,*
Monu6ieHoBast H,MoO, Monu6aar MoO,*
MypaBbuHas HCOOH dopmuar HCOO™
MEIIbSIKOBas H;AsO, Apcenar AsO4*
TugpoapceHar HAsO,*
JurunpoapceHat H,AsO,4
MEIIBIAKOBHCTAS H;AsO; Apcenur AsO5*
TugpoapceHuT HasO;*
JuruapoapceHur H,AsO5”
MpelbakoBUcTas(MeTa HAsO, MeraapceHut AsO,”
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Kucnora dopmyna AHUOH dopmyna
)
OuoBsIHKMCTAS H,SnO, CraHHUT SnO,*
['mapocranHUT HSnO,™
OnoBsHHas H,SnO; CranuHar SnOs*
I'mppocrannar HSnO;™
TuormanaTHas HSCN Tuonmanatel SCN™
CBUHIIOBAS H,PbO; [Trombat PbO;>
[M'uapormrombat HPbO;~
CBUHLIOBHCTAS H,PbO, [TiromMOuT PbO,*
['uaporTroMouT HPbO,™
Cenenucras H,SeO; Cenenur SeO;*
['uapocenenur HSeO;™
CenenoBas H,SeO, Cenenar SeO,*
['uppocenenar HSeO,"
CenenoBoiopoiHas H-,Se Cenennp Se?”
I'mapocenenu HSe™
CepoBogopogHast H.,S Cynshun S*
['unpocynshun HS™
CepHucras H,SO; Cynbdur SO;*
I'uapocynshur HSO;5
CepHas H,SO, Cynbpar SO,
I'mnpocynbdar HSO,
Tuocepnas H,S,0; Tuocynbdar S,0;*
Hancepnas H,S,05 [Tepcynbdar S,08*
['unponepcynbdar HS,O¢"
[upocepHas H,S,0;, [Mupocynsdar S0,
TenmypoBoaopoaHas H,Te Tenmypun Te*
['upporemnypun HTe™
VrosbHas H,CO; KapOonat CO*
['unpokxapOoHaT HCO;™
YkcycHas CH;COOH Arnerat CH;COO
dochopnas (opTo) H;PO, docdar PO,
T'uapodocdar HPO,*
Jurunpodocdar H,PO,
dochopnas (meTa) HPO; Metadocdar PO;
dochopuas (mupo) H,P,0; [upodocdar P,O,*
DTOPOBOAOPOIHASA HF dropun F
XJI0pOBOIOPOIHAS HCI Xopua Cl
XJIOpHOBATUCTAs HCIO ['unoxmoput ClO™
XnopHoBaTas HCIO, Xmopar CIO5
XJopHas HCIO, [Tepxmnopar ClO4
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Kucnora dopmyna AHHOH dopmyna
Xpomucras HCrO, XpOMUT CrO,
XpomoBast H,CrO, Xpomar CrO,*

['mapoxpomart HCrO,~
JluxpomoBast H,Cr,0; Jluxpomar Cr,0;*
(buxpomoBast) I'mpponuxpomar HCr,O;
[MnanoBogopoaHAs HCN [Muanun CN™
(cMHMIIbHAS)
[{naHoBas HCNO [{uanat CNO
[{uHKOBas H,ZnO, [{uHKaT Zn0O,*
[llaBenesas H,C,0, Okcanar C,0,%
SlarapHast H,C,H,O, CyKIiHat C,H,0,*
BucmyToBas HBi0; Bucmyrar BiO;~

[Ipumeyanue: B TabiMile NPUBEIEHbI Ha3BAHMS BAXKHEHIIMX KHCIOT M HX
aHnoHoB 1o HomeHknarype NIOITAK

Ta6muma 11.4.2
PacTBOpUMOCTH T'HAPOKCHIOB U coJieid B Boae, I/ 100 r pactBopuTest
Karnonst AHUOHBI
CH; -
OH |F |CI |Br | I" | S* | SO~ | SO/ | NO; | PO# | COs* | SiOs> | COO-
NH, |- [P |p |p |p|-|p |P |P |P |P |- -
K'Na"|[p |P |p [p [p|p |Pp |P [P |p |P |P P
Mg** M |H|p |p |p|p |H p p H H H P
Ca* M |H|p |p |p ™M |H M |p H H H P
Ba* p |[M|p [p |p|p |Hu H p |H H H P
Al H [M|p |p |p |- |- p p |m - H M
Cr* # [Hip |p |p |- |- p p H - H P
Zn* H |([M|p |p |p |uH |H p p H H H P
Mn?** H |([M|p |p |p |u |H p p H H H P
Co™, H [P |p |p |p |u |H p p |u H H P
Ni2+
Fe* H# |[H|p |p |p |u |H p p |H H H P
Fe** # [Hip |p |p |- |- p p |H H H P
Cd* H [P |p |p |p|u |H p p |Hu H H P
Hg** - - |p |M | |H |H p p H H - P
Cu** H# |[H|p |p |p |u |H p p H H H P
Ag' - P |a |H |H |H |H M p H H H P
Sn** H [P |[p |p |p |H |- p - H - - P
Pb* H |[H | m |M |H |H |H H p |m H H P
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Taomuna [1.4.3

OTHOCHTEIbHAS YTEKTPOOTPULATEIBHOCTD J1eMeHTOB OO0 (mo IosmHry)

[Tepuon I'pynmsl
I II 111 1Y \Y VI | VII VIII
1 H He
2,10 -
2 Li Be B C N @) F Ne
0,97 | 1,47 | 2,01 | 2,50 | 3,07 | 3,50 | 4,01 -
3 Na | Mg | Al Si P S Cl Ar
1,00 | 1.23 | 1.47 | 1.74 | 2,10 | 2,60 | 2,83 -
4 K Ca Sc Ti A% Cr Mn Fe Co | Ni
091 | 1.04 | 1,20 | 1,32 | 1,45 | 1.56 | 1,60 | 1,64 | 1,70 | 1,7
5
Cu /n Ga Ge As Se Br Kr
1,75 | 1,66 | 1,82 | 2,02 | 2,20 | 2,48 | 2,74 -
5 Rb Sr Y Zr Nb | Mo Tc Ru Rh | Pd
0,89 1 0,99 | 1,11 | 1,22 | 1,23 | 1,30 | 1,36 | 1,42 | 1,45 | 1,3
5
Ag | Cd In Sn Sb Te I Xe
1,42 | 1,46 | 1,49 | 1,72 | 1,8 2,01 | 2,21 -
6 Cs Ba |* Hf T W Re Os Ir Pt
0,85 | 0,97 1,23 1 1,33 | 1,40 | 146 | 1,52 | 1,55 | 1,4
4
Au | Hg T Pb Bi Po At Rn
1,42 | 1,44 | 1,44 | 1,55 | 1,67 | 1,67 | 1,90 -
7 Fr Ra | ** *manranouasl 1,08 — 1,14
0,89 | 0,97 **axtuaHouas! 1,00 — 1,20
Tab6numa I[1.4.4

HopmasbHbie (CTaHIapTHBIE) JIEKTPOIHbIE OTCHIHAIBI B BOAHBIX pacTBopax ¢°, B

DJIEMEHT DIIEKTPOHBIN NIPOLIECC 0°, B
Ag [Ag(CN),] + e = Ag" +2CN- - 0,29
Ag'+te =Ag +0,80

Al AlO, + 2H,0 + 3e” = Al + 4OH" —2,35
Al +3e = Al —1,66

As H;AsO, + 2H" + 2¢ — HAsO, + 2H,0 +0,56
AsO," + 2H,0 +2e — AsO, +40H" —0,77

Au Auv*' +3e = Au + 1,50
Au' +le = Au +1,69

Ba Ba** +2¢ =Ba -2,90
Bi Bi’" +3e¢ = Bi +0,21
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DJIEMEHT DIIEKTPOHBIN NIPOLIECC 0°, B
Br Bry + 26 —2Br +1,07
HOBr + H" + 2¢” = Br + H,O +1,34

Ca Ca**+2e==Ca 2,87
Cd Cd** +2e=Cd —0,40
2Cl105; + 12H" + 10e = Cl, + 6H,0 +1,47
ClO; + 2H' + 2¢ = ClO; + H,0 +1.19

Cl ClO; + 6H" + 6e = Cl + 3H,0 +1,45
Cl, +2e =2CI" +1,36
HCIO, + 2H" + 2e = HCIO + H,0O + 1,64

HCIO+ H" +2e=CI + H,O +1,49

Co Co’" +2e =Co —0,28
Co** +1e = Co** +1,81

Cr Cr’* +3e =Cr 0,74
CrO;> + 4H,0 + 3¢ =Cr(OH), + 50H" 0,13

Cr,O* +14H"+ 6¢ = 2Cr*" +7H,O +1,33

Cu*" +2e=Cu +0,34

Cu Cu®" +1le=Cu' +0,15
Cu"+1le=Cu +0,52

F F, +2e=2F +2,87
Fe Fe** +2e =Fe —0,44
Fe*' + 3e =Fe —0,04

Fe’" + le = Fe* +0,77

H H, + 2¢=2H 12,25

2H"+2e=H, 0,00

Hg,*" + 2e = 2Hg +0,79

Hg Hg”" +2e = Hg +0,85
2Hg* +2e = Hg,* +0,92

L +2e=2I 10,54

I 210y + 12H"+ 12e =1, + 6H,0 +1,19
2HOI +2H" +2e =1, + 2H,O +1,45

K K"+le=K -2,92
Li Li"+1le=Li -3,04
Mg Mg?*" +2¢ = Mg 2,36
MnOy4 + le = MnO4* +0,56

MnO,; + 2H,0 + 3e = MnO, + 40H" +0,60

Mn MnO, + 8H" + 5¢ = Mn*" + 4H,0O +1,51
MnO, + 4H" + 2e = Mn*" + 2H,O +1,23

NO;” +tH,O +2e =NO, + 20H™ +0,01
N NO; +2H" + 2e = NO, + H,O + 1,94
NO; +3H" + 2e = HNO, + H,O +0,94
NO; +7 H,O + 8¢ = NH5- H,O + 9 OH™ —-0,12
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DJIEMEHT DIIEKTPOHBIN NIPOLIECC 0°, B
Na Na"+ le =Na 2,71
Ni Ni** 4+ 2e = Ni 0,25
Oz + 2H++ 2e = HzOz +0,68
0, +2H,0 +4e =40H" +0,40
O 0, +4H™+ 4e = 2H,0 +1,23
H,0, + 2H"+ 2e = 2H,0 +1,78
P H3PO4 + 2H+ +2e = H3PO3 + HQO —0,28
Pb Pb*" +2e =Pb 0,13
PbO, + 4H" + 2e = Pb**+ 2H,0 + 1,46
Pb* + 2e = Pb*" +1,69
PbO, + 4H" +SO,* +2e = PbSO,+ 2H,0 +1,68
Pt Pt* + 2e = Pt +1,19
S S +2H" +2e = H,S +0,17
SO427 ‘|‘1OHJr +8e = HQS + 4H20 + 0,30
820327 +2e= 280427 +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=7n +0,76
Tabmuma 11.4.5
Psin akTHBHOCTEH (CTAHAAPTHBIX JIEKTPOAHBIX MOTEHIHMAJIOB) METAJJIOB
DNEKTPOI DIIEKTPO
OKHCJIeHHas | BoccraHoBieH- | E’, B | okucnenHas | BoccraHosieHHas | 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 Ni** Ni -0,25
Ca* Ca -2,87 Sn** Sn -0,14
Na* Na 22,71 Pb** Pb -0,13
Mg** Mg -2,36 2H" H, 0,00
Be** Be -1,85 Cu* Cu +0,34
A" Al -1,66 Hg,*" 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
Fe** Fe -0,44 Au** Au +1,50
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Tab6numa I1.4.6

KoHCTaHTBI AMCCONHAIMH HEKOTOPBIX CJIA0LIX 3J1eKTpoauToB (20 °C)

Ha3zBanue
(TpaaUIIMOHHOE) Popmyra K K K
Kucnotet
A3zotucras HNO, 6,9-10*
Bopuast (opTo) H;BO; 7,1-10" | 1,8-10" | 1,6:10™"
bpomHoBaTtas HBrO; 2,0-10"
bpomHoBarucras HBrO 2,2:107
BasiepuanoBast CH,(CH,);COOH | 1,4-10”
Bananuesas (opTo) H;VO, 1,8-10* | 3,2:10" | 4,0-10°"
Boasdpamonas H,WO, 6,3-10° | 2,0-10*
JluxpomoBast H,Cr,O; 2,3-10°
HNoanoBaras HIO; 1,7-10"
HNonHoBaTucras HIO 2,3-10°"
Kpemuwueas (opto) H,SiO, 1,3-10"° | 1,6-10"2 | 2,0-10™
MapranmoBucrast H,MnO, 10" | 7,1-10™"
MonubnenoBas H,MoO, 2,9:-10° | 1,4-10*
MypaBbuHas HCOOH 1,8:10"
MBILIbsKOBas H;AsO, 5,6:10° | 1,7-107 | 3,0-10"2
ITpormoHoBast CH;CH,COOH 1,3-107
Cenenucras H,SeO; 1,8-10° | 3,2:10°
Cenetticro- H,Se0; 1,3:10* | 1,0-10™"
BOJOPOIHAS
CenenoBas H,SeO, 1,2:102
Cepuucras H,SO; 1,4-102 | 6,2:10°
CepoBoopogHas H,S 1,0:107 | 2,5-10"
CuHuIbHAS HCN 5,0-10"°
Temnnypucras H,TeO; 2,7-10° | 1,8-10°
TennypoBomopoaHas H,Te 2,3-10% | 6,9-10"
Tuocepuas H.S,0; 2,5-10" | 1,9-102
VYronbHas H,CO; 4,5-107 | 4,8-10"
VkcycHas CH;COOH 1,7-10°
dochopucras H;PO; 3,1-10% | 1,6:107
dochopuas (opTo) H;PO, 7,1-10° | 6,2-10° | 5,0-10"
DTOPOBOTOPOTHAS HF 6,2:10™
Xopucrast HCIO, 1,1-10°
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Hasparme dopmyna K, K, K
(TpaaAUIIMOHHOE)
XJIOpHOBATHCTASI HCI10, 3,0-10°®
XpomoBast H,CrO, 1,6:10" | 3,2:107
[{aBeneBas H,C,0, 5,6:10% | 5,4:10°
OcHoBaHusl (THAPOKCH/IBI)
AJTIOMHUHUSL THP. Al(OH), 1-10°
NH,H, O 610
AMMOHUS TUAP. (NH,OH) ’
Bepuuust THap. Be(OH), 3,0-107 | 3,3-10°
Bucmyta (I1T) ruap. Bi(OH); 4,0-10* | 4,0-10"
XKenesa (II) rump. Fe(OH), 6,2:10° | 2,8-10°
Kenesa (11I) rup. Fe(OH), 3,2:.10°1° 5,0101 0 13-107
Kaamus ruzp. Cd(OH), 2,4-10° | 1,5-107
KobGansra (IT)rump. Co(OH), 1,6:10° | 4,0-107
Maruust ruzp. Mg(OH), 2,5-10°
Mapranma (IT) ruap. Mn(OH), 1,2-10*
Menu (IT) ruap. Cu(OH), 6,6-10% | 1,0-10°
Hukens (II) rump. Ni(OH), 2,6-10* | 1,1-10°
Onoza (1) r2p, Sn(OH), 0,810 | 1210
Prytu (IT) ruap. Hg(OH), 3,9-10" | 5-10"
Caunua (II) ruzp. Pb(OH), 9,6-10* | 3,0-10°*®
Cepebpa rup. AgOH 5,0-10°
Xpowma (IIT) rup. Cr(OH); 2-10% | 7,9-10™"
[{nHKa rUAPOKCUA Zn(OH), 1,3-10° | 4,9-10”
Tabnuua I[1.4.7
IlpousBeneHHe PACTBOPHUMOCTH Majd0- M TPYAHOPACTBOPHMBIX B BOJE
coeuHeHn i
Coenunenue 1P Coenunenue 1P
Ag;AsO; 1-10" CuCN 3.2-10%
AgzAsO, 1-10% CuCO; 2.5:10"
AgBO, 4-107 CuC,04 3-10°®
AgBr 5310 CuCl 1.2-10°
AgBrO; 5.5-10” CuCrO, 3.6:10°
AgCN 14107 Cul 11107
Ag,CO; 1.2-10" Cu(103), 7.4-10°
Ag2C204 3.5-10"! CulN; 5.0-10”
AgCl 1781070 Cu(OH), 22107
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CoequH