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VJIK 577.1 (076)

PerieH3eHT KaHIUIaT XUMUUECKUX HayK, AomeHT Kadgeapsl xumun ®I'bBOY BO
«KI'TY» K.B. Eroposa

Hwxnukona, E.B.

Xumust (Paznen «Heopranudeckas u aHaIMTHYECKass XUMUsI): y4eO.-METOIMY.
nocoOue Mo W3YYCHHIO AUCLUMILIUHBI ISl CTyZ. oOydaronuxcsa B OakaiaBpuaTe IO
Hanp. noarot. 19.03.04 TexHonoruss NpOAYKIMA U OpraHu3alus OOIIECTBEHHOIO
nutanus. [poduns: «bantuiickas Beiciias mkona ractponomun» / E. B. HimkHukoBa.
— Kanmuaunrpan: U3a-so ®I'BOY BO «KI'TY», 2024. - 96 c.

B ydeOHO-MEeTOAMYECKOM MOCOOMU MO HU3YYEHUIO JTUCHUIUIUHBI «XUMHUS»
(Pazmen  «Heopranmdeckas XWMHs): TPEACTaBICHBI  Y4eOHO-METOIUYECKHE
MaTepHuallbl 10 OCBOEHUIO TEM JIEKIMOHHOTO Kypca, BKJIIOYAIOIINe MOAPOOHBIN I1aH
JIEKUUU 110 KaKJOW U3yyaeMoM TeMe, BOMPOCHI JIsi CAMOKOHTPOJIS, CIIUCOK Y4eOHOI
JIUTEPATYPBl, OTPAXKEHbl PEKOMEHIALMU JJI1 BBIIOJIHEHHUS KOHTPOJBHBIX 3aJaHuUM,
BAPUAHTBHl KOHTPOJIBHBIX 3aJaHWi JUIsl HampasieHhs noaroroBku 19.03.04
TexHomorust MNPOAYKUMHM W OpraHu3anus oOuiecTBeHHOro mnuranus. [Ipoduib:
«bantuiickas BbIcIIas MIKOJIa FACTPOHOMHMY, (hopMa 0OyueHHsI OYHAsI.

Tabm. 13, cniucok auT. — 6 HAUMEHOBAHUM.

YyebHoe mocobre pacCMOTPEHO W PEKOMEHJIOBAHO K M3/IaHuI0 Kadeapon xumuu 31 mas
2022 r., mporoxoi Ne 8

Y4eOHo-MeToINYECKOe TOCOOME IO BHIIOIHEHHIO JIAOOPAaTOPHBIX pabOT PEKOMEHJO0BAHO K
U3JaHUI0O B KayecTBE JIOKAJIBHOIO DSJIEKTPOHHOTO METOJUYECKOr0 MaTepuana METOAMYECKOU
KOMHUCCHEel MHCTUTyTa arpounxeHepun u nuuieBblx cuctem OI'BOY BO «Kamununrpaackuit
rOCyJJapCTBEHHbIN TeXHU4YecKuil yHuBepcutet» 15 urons 2022 r., mpotokoin Ne 7

VY4eOHo-MeTOqUUECKOE TMOCcOoOHEe MO M3YYEHHMIO JUCIUILIMHBI aKTyaJIU3upOBaHO U

PEKOMEH/IOBAaHO K M3aHuio Kadenpoi xumun 23 nexabps 2024 r., nportokoia Ne 3.
VY4eOHO-MeTOoIM4YeCKoe I0COO0MEe MO H3YYEHHUIO JUCHUIUIMHBI aKTYaJM3UpPOBAaHO U
PEKOMEHI0BAaHO K M3/IaHUIO0 B KA4eCTBE JIOKAJIBHOI'O 3JEKTPOHHOIO METOAMYECKOr0 MaTepualia
METOAMYECKOM KOMHCCHEM MHCTUTyTa arpouHxeHepun u numeBblx cucteM @OI'BOY BO
«KanmHUHrpaaCcKuii rocy1apcTBEHHBIN TeXHUYEeCKUN yHUBepcuTeT» 28 nexadpst 2024 r., mpoToKos
Ne 11
VK 577.1(076)
© denepalibHOE TOCYIAPCTBEHHOE
Or0/KeTHOE 00pa30BaTEIBLHOS
yUpexACHUE BBICIIIETO 00pa30BaHUs
«KanuHuHrpaackuil rocygapCTBEHHbIN
TEXHUYECKUN yHUBEpPCUTET», 2024 T.

© Hmwxnukona E. B., 2024 r
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BBEJIEHME
Huciumnnaa «Xumus» (Paznen «Heopranumdeckas u aHAIUTAYECKAS] XUMUSD»)

OTHOCUTCA K oOs3arenbHOM mucuuiuinHe «bazoBoro Moaynst 1» MOArOTOBKU
OakanaBpoB 1o HampapiaeHHO 19.03.04 TexHOJIOTHS TPOIYKIIMU M OPTaHU3AIMS
0OIIECTBEHHOTO MTUTaHUs, TpoIb «banTuiickas BeICIIAs MKOJIa TACTPOHOMUM.

Lenpto ocBoenusa nucuuiimHbel «Xumus» (Pazgen «Heopranmueckas wu
aHAJIMTUYECKasT XUMUS») SIBISIETCS (POPMHUPOBAHUE Y CTYJCHTOB TEOPETHUUYECKUX U
NPAaKTUYECKUX 3HAHUW 10 AUCUUIUIMHE M YMEHHUS HX HCIIOJIb30BaTh B CBOEH
npodeccuoHanbHOM eI TeIbHOCTH.

B pesynbrate ocBoenus aucummuivHbl «Xumus» (Paznen «Heopranuueckas u
aHAIUTHYECKasi XUMUS» ) O0YyUaAIOIIMICS TOTKEH:

3Hamp:

- (yHAaAMEHTAJIbHbIC pa3/ielibl HEOPTaHMYECKONW W aHAIUTUYECKON XHMUU;
XUMUYECKHUE AJIEMEHTHI U UX COCTMHEHUS;

- METOAbl M CPEACTBAa XWMHYECKOTO HCCIEIOBAaHUS BEIIECTB M MX
IIPEBPAILICHUN;

- OCHOBHBIC XUMHUYECKHE U (DU3UKO-XUMHUYECKUE METO/Ibl aHAJIM3a BEIIECTB, UX
CYIIHOCTh, TEOPETUUECKUE OCHOBBI U 00JIACTH MTPUMEHEHUS;

- METPOJIOTHYECKHUE XapPAKTEPUCTUKNA METOAOB aHAIN3A.

ymems:

- POBOJIUTH PACUEThl KOHIIEHTPALIMY PACTBOPOB PA3IMYHBIX COCIMHEHUN;

- ONpeENsATh U3MEHEHUS KOHIICHTPAIMI paCTBOPOB MPU MPOTEKaAaHUU

XAMHUYECKUX PEAKIUN;

- MPOBOJIUTH OYUCTKY BEIIECTB B JIAOOPATOPHBIX YCIOBHUSX.

61a0ems:

- HaBBIKAMU BBITIOJIHEHUS XUMUYECKUX JIA0OPATOPHBIX OTNEpaInii;

- METOJIaMU OMPEICJICHHS] KOHIIEHTPAIINI pacTBOPOB;

- METOJIaMU CUHTE3a HEOPTraHUUYECKUX COCTUHEHUH.

Xumusi gBIS€TCS OAHOW M3 (YHIAMEHTAIBHBIX €CTECTBEHHO — HAy4HBIX
JTUCITUTUINH, 3HaHWE KOTOPOW HEOOXOIUMO JJIS YCIIEUTHOTO Pa3BUTHUSI COBPEMEHHOM
MUIIEBON MPOMBINIIICHHOCTH. B mporiecce n3yuenus: tucuuruinabl «Xumun» (Paznen
«Heopranuueckass U aHaMTUYECKass XUMUs») cTyAeHTam Hampaienus 19.03.04
TexHoJIOTHST TPOAYKIIMU M OpraHu3aius OOIIECTBEHHOrO0 MHUTaHUs, NPOoPuib
«bantuiickas BbICIIAasl TITKOJA TaCTPOHOMHM» HEOOXOJMMO BBIPAOOTATh HABBIKH
CUCTEMATHUYECKON CaMOCTOSATENIbHON PabOThl, HAYYUTHCS MPUMEHSTH JTUTEPATYPHBIC
UCTOYHUKH, 3aKPEMUTh TEOPETHUYECKUE W TMPAKTUYECKUE 3HAHMUS CBS3aHHBIX C
Oynymieit mpodecCuOHAbHON eATeIbHOCTHIO.

JIns1 ycremHoro ocBoeHusl AUCIUIUIMHBL « Xumus» (Paznen «Heoprannueckas
M aHAIATAYECKAs] XUMUA»), CTYJICHT JODKEH aKTMBHO PadOTaTh Ha JICKIMOHHBIX U



7a00paTOpHBIX  3aHATHSAX, a  TaKKe
BHEAYAUTOPHYIO IESTEIBHOCTb.

JUis OLEHMBaHUS MO3TaHOIO (OPMUPOBAHUS PE3YIbTATOB
TUCUUIUIMHBL  (TEKYIIM KOHTPOJIb) NPELYCMOTPEHBI: KOHTPOJIbHBIE 3aJaHus,
KOTOpBIE HAIpaBJICHHBICE HA AaHAJIW3 CTEINEHH OCBOCHUS CTyACHTAMHU TEM
JUCLMIUIMHBI, 00y4aroluecss BBINOJIHSIIOT CaMOCTOSITENIBHO TOCJE MPOCTYIINBaHUS
JIEKIUU U BBIIIOJIHEHUS J1a0OpaTOPHOU padOTHI.

JIis  OLIEHMBaHUs TMOASTAamHOTO (OPMHUPOBAHUS  PE3YIbTATOB
JUCLUIUINHBI (TEKYIINI KOHTPOJIb) MPEAYCMOTPEHBI:

— KOHTPOJIbHBIC 3aJdHHsA, HAIIPABJICHHBIC HA aHaJIn3 CTCIICHU OCBOCHMA

OPraHU30BLIBATH CaMOCTOATCIIBbHYIO

OCBOCHMUA

OCBOCHUA

CTyI€HTaMU TE€M JIUCLUILINHBI,

— 3a/1aHUSI U KOHTPOJIbHBIE BOMIPOCHI 110 TPAKTUUECKUM 3aHSATHSIM.

[Ipouenypa onieHHBaHMS 3HAHUM, YMEHU U HAaBBIKOB KOHTPOJIBHBIX 3aJaHUN
MpeyCMaTPUBACT IBYX0A/UIbHYIO IIKATY — «3aYTEHO» U «HE 3a4TCHO

[IpomexxyTouHas aTTecTanus Mo AUCIHUIUIMHE B (opMe dK3aMeHa (BOMPOCHI K
9K3aMEHY MPECTABICHBI B IPUIIOKECHUH 2) TPOXOIUT 10 Pe3yJIbTaTaM MPOX0KICHHSI
BCEX BUIOB TEKYILETO KOHTPOJISI ycreBaeMoCTH. K mpoMeKyTOYHOM aTTecTaluu 1o
mucuumuinie «Xumus» (Pazgen «Heopranumueckas u aHaauTH4yecKass XUMUS»)
JOTMYCKAIOTCs 00YyYarolIuecss MMEIOIIME TMOJIOKUTEIIbHBIE OIEHKH MO BCEM BHIaM
TEKYIIEr0 KOHTpPOJIs (BBIMOJHUBIIKAE M 3alUTHBIIUEC BCE J1a0OpaTOpHBbIC PabOTHI,
MOJYYHMBIINE TOJOXKHUTEIbHBIC OLIEHKH MO0 KOHTPOJIBHBIM 3aJaHUSIM, TECTUPOBAHHUIO).
B ciyuae He MpoXOXKIEHUM TEKYIETr0 KOHTPOJISI SK3aMEH MOXKET ObITh MPOBEJICH B
BUJIE KOHTPOJIBHOTO 3aJaHUs.

KoHTponbHbIe 3a1aHus BKIIOYAET B c€0s 3a7ja4, KOTOPhIE UCTIOJIb3YIOTCS IS
OIIEHKH OCBOCHHUSI 3HAHWUW, YMEHHII M HaBBIKOB IO BCEM Te€MaM JIUCLMIUIMHBI —
3HAaHUS OCHOBHBIX 3aKOHOB XHMHHU, CTPOCHHUS AaToMa, CIOCOOOB BBIPAKECHUS
KOHICHTPAIIMA PACTBOPOB, THAPOJIN3a COJICH, MPOU3BEIACHUS PACTBOPUMOCTH,
OKHCJIMTEIIbHO-BOCCTAHOBUTENIBHBIX ~ PEAKIHM, TUTPUMETPUUYECKOMY  aHAJHU3Y.
3amaHusi BKIIIOYAIOT B ce0s PEIICHHS 3a7a4 C MPaBUIbHBIM
OreHka omnpeaenseTcs KOJINIeCTBOM IPABIIBHBIX OTBETOB (TaduI. 1).

Tabnuna 1 — Cuctema OlEeHOK U KPUTEPUU BHICTABJICHHS OLICHKU

YUCJIIOBBIM OTBCTOM.

Cucrema 2 3 4 5

OIIEHQK 0-40 % 41-60 % 61-80 % 81-100 %
«HEYJIOBJIETBO- «YIOBJIETBOPU- «XOPOIIO» «OTIUYHOY
PUTEITHHOY TEITHLHO

Kpurepuit «HE 3a4TEHO» «3a4TEHO»

1 Cucremuocts | O0magaer OO0magaer Oo6magaer O06mamaer

u MOJIHOTA | YACTUYHBIMU U | MUHUMaJIbHBIM HabopoMm MOJIHOTON 3HAHMM

3HAHUU B | pa3pO3HECHHBIMHA Ha0OpOM 3HAHW, | 3HAHUH, WA CUCTEMHBIM

OTHOLLEHUU 3HAHUSIMU, HEO00XOIUMBIM JIOCTAaTOYHBIM B3IJISAJIOM Ha

M3y4aeMbIX KOTOpPBIE HE MOJKET | Ul CHCTEMHOIO | JUIsl CHCTEMHOIO | U3y4aeMblii




Cucrema 2 3 4 5
OLICHQK 0-40 % 41-60 % 61-80 % 81-100 %
«HEYIOBJIETBO- «yIOBJIETBOpH- «XOPOIIO» «OTJIMYHO)
PUTEIBHOY TEIBHO»
Kpurepuit «HE 3a4TECHO» «3aYTCHO»
00BEKTOB Hay4YHO- B3TIIIA Ha | B3rigaa Ha | OOBEKT
KOPPEKTHO U3y4aeMbIil H3y4aeMblil
CBSI3BIBATh MEXIY | OOBEKT 00BEKT
coboit (TONBKO
HEKOTOpbIE nu3
KOTOPBIX MOXKET
CBSI3bIBAaTh MEXKIY
coboit)
2 Pabora ¢ |He B cocrosgaun | Moxer Halitu | Moxker HailTH, | Moxker HaWTH,
uHpopmanuen HaXOJUTh HEO0OXOUMYIO WHTEPIPETUPOB | CUCTEMATU3UPOBA
HEOOXOIUMYIO uHpopMmalMo B | aTh U | Th HEOOXOIUMYIO
uH(pOpMAIIHIO, paMKax CHUCTEMaTU3UpPOB | HH(pOpMaIUIO, a
1100 B COCTOSIHMH | IOCTaBJIEHHOM aTh TaKXX€  BBISIBUTH
HaXOJUTh 3aJa9u HEOOXOAUMYIO HOBEIE,
OTJICIIBHEIC uH(pOpMaIi0 B | JIONOJTHUTEIIbHBIC
dbparmMeHTsl pamMkax HCTOYHHUKHU
uHpopmanuu B ITOCTaBJICHHON uHpopManuu B
paMKax 3aJa4u paMKax
IMOCTaBJICHHOU IMOCTaBJICHHOM
3amaun 3aJ1a9u
3.Hayunoe He moxer nemats | B cocTosiHuM | B cocTosiHuM | B COCTOSIHUM
OCMEICIICHUE Hay4HO OCYILIECTBIIATH OCYILIECTBIIATh OCYILIECTBJIATH
M3y4aeMoro KOPPEKTHBIX Hay4HO CHCTEMATHUUYECKH | CUCTEeMaTHIECCKUI
SIBJIEHUS, BBLIBOJIOB U3 | KOPPEKTHBIN W W HAy4HO | U HAay4YHO-
npouecca, MMEIOILUXCA Y HETO | aHAJIN3 KOPPEKTHBII KOPPEKTHBII
o0BeKTa CBEICHU, B | IPEJOCTABICHHON | aHAJIN3 a”aju3
COCTOSIHUH uH(popMauu MIPEAOCTABIICHH | MPEIOCTABICHHON
IIPOAHAIIN3UPO- oi uH(popMaluy,
BaTh TOJILKO uHbopMaIuy, BOBJIEKAET B
HEKOTOpbIE u3 BOBIICKAET B | HCCJICIOBAHUE
MMEIOLIUXCS Y HETO HCCJIEIOBaHUE HOBBIE
CBEJICHUI HOBBIC pENEeBAHTHBIE
peneBaHTHBIE IMOCTaBJICHHOM
3ajade JaHHbIe | 3ajade  JaHHBIC,
npeasiaraet
HOBBIE  PaKypChl
MMOCTaBJICHHOMN
3aJ1a9u
4, OcBoenne | B coctostHUM | B cocTtostHUH | B coctosaun | He TOJIBKO
CTaHJAPTHBIX pemarhb TOJIBKO | pelIaTh peuaTth BIaAceT
aJTOPUTMOB dbparMeHTHI IIOCTaBJICHHEIC MOCTaBJICHHBIC AITOPUTMOM Hu
penieHus MMOCTaBICHHOM 3aJa4u B | 3a1a4n B | HOHUMAET ero
npodeCCHOHANIb | 3a/1auu B | COOTBETCTBHH C | COOTBETCTBUHM C | OCHOBBI, HO U
HBIX 3a7a4 COOTBETCTBUH C | 3a1aHHBIM 3aJIaHHBIM MpeJiaracT

6




Cucrema 2 3 4 5

OLICHQK 0-40 % 41-60 % 61-80 % 81-100 %
«HEYIOBIIETBO- «YIOBIIETBOPH- «XOpOIIIO» COTJIMYHOY
PHUTEIIHHOY TEJIIBHOY

Kpurepuii «HE 3aYTCHO» «3a4TEHOY
3aJJaHHBIM AITOPUTMOM AITOPUTMOM, HOBBIC PCIICHUS B
QITOPUTMOM,  HE MMOHMMAECT pamKax
OCBOMII OCHOBBI MOCTaBJICHHOU
PEIOKCHHBIN MPEITIOKEHHOTO | 3a/1a4U
QITOPHUTM, JIrOpUTMAa
JIOITYCKAeT ONTHOKHU

Pe3ynbTaTMBHOCT,  YCBOGHHMsS ~ OOydYalOIIMMHUCA  Y4eOHOro  Marepuaia
oOecIeynBaeTCs CUCTEMOM TEKYIEro KOHTpOJIA. Ilociie BBIMOTHEHUS KOHTPOJIBHBIX
3aJlaHUil TMpernoJaBaTe)lb MPOBOAMWT aHAIM3 ero pabor. IlepedeHs mpuMepoB IO
BBITIOJTHCHUIO KOHTPOJIbHBIX 3aJlaHUil TPEJCTABIICH B 3aKIIOYUTCIBLHOW YacTH
y4e0HO-METOIMYECKOT0 TTOCOOHS.

JIJIsl yCTICIIHOTO OCBOCHMS JUCIHUILIMHBI « XUMUS» B YICOHO-METOIHYSCKOM
MOCOOMM TI0 M3YYCHHIO JUCIMILIAHBI MPUBOJUTCSA KpPAaTKOE COJCPIKAHUE KaKIOW
TEMBbI 3aHATHS, 1 OPTaHU3AIMH CAMOCTOSATEIIBHON pa0OThI CTYICHTOB.



METOJUYECKHUE PEKOMEHIALIMH ITO OCBOEHUIO JUCHUIIVINHBI

Tematudeckuii 1miaH JEKIIMOHHBIX 3aHsATHH (JI3) nmpencrarieH B TadbiuIe 2.

Tabnuma 2 — TeMaTudecKui IJIaH JEKITHOHHBIX 3aHsaThi (JI3)

Homep Tema JIEKIIMOHHOTO 3aHATHSA

TEMBI

1 Brenenue

2 OCHOBHbBIC XUMHUYECKHE 3aKOHBI U OHSTUA. 3aKOH YKBHUBAJICHTOB

3 Ctpoenne atToMa. XUMHUYECKasl CBSI3b

4 XuMHueckasi KHHeTHKa. XMMUYECKOE pAaBHOBECHE

9) PactBophI: Kinaccudukaius, criocoObl BEIPa)KEHNU KOHIICHTPAIUU.

6 DJIEKTPOJUTAYECKAS AUcconnanys. BogopoiHbIil moKa3aTelb

7 I'mpposms conen. [IponsBenenrne pacCTBOPUMOCTH.

8 KomMmmekcoobpa3oBaHue B pacTBOpax

9 OKHCIUTETHFHO-BOCCTAHOBUTEIILHBIE PEAKITUU

10 ["aibBaHUYECKUI PTIEMEHT

11 Koppo3us metanios

12 DJIEKTPOJIN3

13 OnemenTtsl |A u A noarpynm. XXecTkocTs BOAbI (THTPUMETPUYECKHIA
aHalln3)

14 Onementsl |IA, IVA u VA noarpynn

15 Onementsl VIA, VIIA, IB u |IB noarpynn

Nzyuats kypc «Xumus» (Paznen «Heopranudeckas v aHaTuTHYECKAsST XUMUS»)
ClelyeT MO TeMaM, IPeIBapUTEIbHO O3HAKOMMBIIKNCH C COJAEPKAHMEM KaXJAO0W U3
HUX B paboueii nporpamme. [Ipu 3ToM HEOOXOUMO BHUKATh B CYLIHOCTh BOIIPOCA, A
HE MBITATHCSA 3alIOMHUTH OT/EJbHBIE (PaKThl U SBICHUA. YTOOBI JIydllle 3alIOMHUTH U
YCBOUTH MaTepual, Haao B padodylo TeTpagb 3aHOCUTh (POPMYIHPOBKH H
ONPE/ICJICHUS] OCHOBHBIX 3aKOHOB M MOHSATUNA XWMHH, 3HAYECHHS] HOBBIX HE3HAKOMBIX
TEPMUHOB U Ha3BaHUH, (HOPMYJIbl XUMHUUECKUX COCTUHEHUN U YpABHEHUS PEaKIIMi,
MaTEMaTUYECKHUE 3aBUCUMOCTH U MX BBIBOJBI.

B Tex cnywasx, Korga marepuan MOAAAETCS CHCTEMaTH3aluu, CIETyeT
COCTaBJIAITh TaOiuilbl, Tpaduku u cxembl. OHM OYEHb OOJIETYAIOT YCBOEHUE U
3allOMHMHAaHKE Y4eOHOro marepuaina. Takoill KOHCHEKT Kypca OyIeT MoJie3eH Mpu
NOJATOTOBKE K 3K3aMeHy. M3ydyeHue marepuana Mo JIUTEPATypHBIM HCTOYHUKAM
JOJIKHO COIPOBOXKJIATHCS BBIITOJTHEHUEM KOHTPOJIBHOTO 3aJaHus MO MPONIECHHOU
TEME.




1.BBenenue

KitoueBbie BOIIPOCHI TEMBI

1. ITpeaMeT HEOPraHMYECKON XUMUHU

2. OOBEKTBI U METOJIbI UX U3YUYEHUS

3. MecTo HEOPraHMYECKOW XUMUU CPEAH €CTECTBEHHOHAYYHBIX AUCITUTUIHH
bubnuoepagpuueckuii cnucox [2,4, 6]

Memoouueckue pexomernoayuu

[Ipuctynass K HM3y4eHHWIO NaHHOTO paszzelia pabdouyell MporpamMmbl, CIEAyeT
MOBTOPUTH MaTepHa o AUCIUIUTHHE «Heopranudeckas XuMusl», H3y4CHHBIA paHee
B paMKaxX IIKOJIEHOW mporpamMMbl. O3HAKOMHTHCS C OCHOBHBIMH TIOHSITHSAMHU U
TEPMHUHOJIOTHEH, KOTOPHIC UCIIOIH3yEeT HEOPTAHNICCKAs XUMUSL.

Tema 2. OcHOBHBIE XHMHYECKHE 3aKOHbI M IOHATHS

KirroueBsie BOIIPOCHI TEMBI

1. Marepusi: BEecTBO U MOJIE.

2. 3aKOH COXpPaHEHHS MACChl U YHEPTHH.

3. Atom, Monekyia. [IpocToe u ci10XHO€E BEIIECTRO.

4. KonnuecTBo BellecTBa. MolispHast macca.

5. OTHOCHUTENBHAS ATOMHASI U MOJIEKYJISIPHAsI MACCBI.

6.3aKOH MOCTOSIHCTBA COCTaBa BEUIECTBA, 3aKOH ABOTaJIpo.

7. 3aKOH SKBHBAJICHTOB.

8. OkBuBajeHT. Pacuer >KBHBAJIEHTHOM Macchl AJI MPOCTBIX U CIIOXKHBIX
BELLECTB.

Bubnuoepaguueckuii cnucox: [4, 6]

Memoouueckue pexomernoayuu

N3yuas manHbIi pa3aen pabodeil mporpaMMbl, CIEAyeT YSICHUTh, KAKOW CMBICI
MMEIOT TOHSTHUS «aTOMHAas Macca», «MOJIIpHAas Macca», «MOJEKYJIspHas Maccay,
«IKBHUBAJICHT», «3KBUBAJICHTHASI Macca», «MOJISIpHAsA Macca SKBUBAJICHTa», U B KaKUX
€MHUIAX OHU M3MEPSIOTCS, MOHATHh CBS3b MEXKJAY BAJICHTHOCTBHIO JJIEMEHTa B
JAHHOM COEJIWHEHWH, MOJIbHOM MAacCOM €ro aroMOB M €ro MOJIIPHOW MacCou
DKBUBAJICHTA. 3HAHHWE JKBHUBAJICHTA HEOOXOIUMO TPH pacueTax KOHIIEHTpAIlMU B
pacTBOpax NP BEIYUCICHUSX, CBI3aHHBIX C XUMUYECKHUMU PEAKIIHSIMU.

Bonpocul ona camokonmpos
1. Ha3zoBuTE OCHOBHBIC pa3/ieiibl HAYKH XUMUHU.
2. Chopmynupyiite orpeeaeHne MaTepum.
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Kem u koraa 6s11 chopMynupoBaH 3aKOH COXpaHEHUsI MACChl BelecTBa?

Y10 Ha3pIBA€TCS YKBUBAJICHTOM djIeMeHTa?

SIBiIsieTCs 1M SKBUBAJICHT MOCTOSHHON BETUUYHHOMN?

Kak BbIYHMCIUTE MOJSIPHYIO MacCy 53KBUBAJICHTA (PKBUBAJICHTHYIO Maccy)
7JIEMEHTA B COSIMHEHNUH U CJII0KHOTO BellecTBa?

7. ChopMmynupyiite orpejieieHue 3aK0Ha SKBUBAJIICHTOB?

©o 0k~ w

Tema 3. CTpoenue aToma. XuMH4eCcKas CBA3b

Knrouesvre éonpocvl memoi

1. Crpoenue atoma. Mojienid CTpOEHUS aToMa.

KBaHTOBO-MeXaHMUECKas Moienb aToMa. KBaHTOBBIE UncIIa.

3. DneKkTpoHHbIE KOH(PUTYpallii aTOMOB 3JeMeHTOB. COCTaBICHHE ICKTPOHHBIX
KOH(UTYpalUii U 3JIEKTPOHHO-TpapuieckuX (HopMys1 aTOMOB JIEMEHTOB.

4. Xumnueckas cBs3b. OmnpeneieHHe U XapaKTEPUCTUKH XUMHYECKON CBS3H.
OCHOBHBIE YEpPThl XUMUYECKOU CBSI3H.

A

5. Bunbt cBszeii. KoBanentHas cBsizb (teopuss Jletouca). CBoiicTBa U
0COOCHHOCTH KOBAQJICHTHON CBsI3M. THIIBI KOBAJCHTHOW CBSI3U JJOHOPHO-
aKIENTOPHBIH MEXaHU3M 00pa30BaHUs KOBAJICHTHOM CBSI3H.
Bubnuoepagpuueckuii cnucox: [1, 2, 4]

Memoouueckue ykazanusi

[Ipu u3ydyeHun 3TOrO paszfena HaJao pa3o0paThCs B JIEKTPOHHOUN CTPYKType
aTOMOB, 3aBUCUMOCTH CBOWCTB XMMHWYECKHX DJIEMEHTOB OT CTPOCHHS UX ATOMOB, B
3aKOHOMEPHOCTSIX 3alOJHEHUS DJIEKTPOHHBIX 000JIOYEK aTOMOB C YYETOM HYEThIPEX
KBaHTOBBIX YHCEJ, NMPUHIMIIA HAUMEHbLIECH SHepruu, npuHuuna llaymu, npasun
Xynpaa n Kneukosckoro.

Onucanue XUMHUYECKOW CBSI3M B JIFOOOM MOJIEKyJie €CTh IO CYIIECTBY
ONMCAHUE PACHPENEIEHUS] B HEW AJIEKTPOHHOM IUIOTHOCTU. Ilo Xapakrtepy 3TOro
pacnpeneneHrss XUMUYECKAE CBA3U TPAJUIIMOHHO IOAPA3JACISIIOT HA KOBAJICHTHBIE,
WOHHBIC, METAJUTMYECKHUE CBSA3U. V3yunTe TUIBI XUMUYECKOHN CBSI3H.

N3yyast mpoCcTpaHCTBEHHYIO CTPYKTYPY MOJIEKYJIbI, 00paTuTe BHUMaHUE Ha TO,
YTO OHA OMpPEACISIETCS BUIOM TMOpUIM3AIMK BaJIEHTHBIX OpOUTaIell LIEHTPaJIbHOTO
aToMa M YHCJIOM HE IOACJICHHBIX OJJIEKTPOHHBIX Map, COJACPKALMXCA B €ro
BAJICHTHOM 3JIEKTPOHHOM CJIOE.

Bonpocwi ona camoxkonmpons

1. KakumMu 4YeThIpbMsi KBAaHTOBBIMH YHCJIaMU XapaKTEPU3YEeTCS COCTOSHUE
anekTpoHa B arome? Kakoe 3HaueHME OHM UMEIOT JJI1 BHEIIHUX DJICKTPOHOB
aToMa aJrOMHUHUS?
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2. Kakue aynemeHTHI B mepuoaudeckoi cucreme sneMeHToB .M. MenneneeBa
OTHOCSTCA K $-, P-, d-, u f- cemelicTBam?

3. Kakoii sHepreTnyeckuil moaypoBeHb 3anoaHseTcs cHavana: 4s unu 3d; 4f nmm
6s? [louemy?

4. Kax oObsicHsIeTCs TIepeMeHHasi BAJIGHTHOCTh y aTOMOB KPEMHHUS, CEPhI, XJIOpa U
OTCYTCTBHE IIEPEMEHHOMN BaJIEHTHOCTH y aTOMOB Kuciopoza u ¢ropa?

5. B uem 3akmowaerca npuHuun (3amper) [laynu, npuHUMI HauMeHbLIEH
SHEPruu, nmpaBuio XyHaa?

6. CoBpemennas popmyarpoBka neproanueckoro 3akona J[.11. Mennaeneesa.

7. Kak wu3MeHsieTcss PHEpPrusi MOHU3ALMUA B Trpynmnax (TJIaBHBIX U TMOOOYHBIX
NOArPYIIIAx) U epuoaax. B kakux eInMHHUIIAX OHA BeIpa)kaeTcs?

8. Uro Takoe cpoJCTBO K AIEKTpoHY? B kakux eauHHIax oHO BbIpaxaetcs? Kak
M3MEHSAETCS OKHMCIIMTENIbHAS aKTUBHOCTh HEMETAJUIOB B NEPUOJAE WU TPYIIIE
nepuoaudeckor cucreMsl dneMeHToB JI.M. MenaeneeBa ¢ yBenmdyeHueM
NOPSAJIKOBOIO HOMEpa 3JIeMEHTa?

9. Kak u3MeHsieTcsi OTHOCUTENIbHAS AJIEKTPOOTPULATEIBHOCTD P- 3JIEMEHTOB 10
IIEpUOJY, B IPYyNIIe NEPUOANYECKON cucteMbl 3neMeHToB J[.M.MeHnneneesa ¢
YBEIIMYEHHUEM MOPSIKOBOTO HOMEpA JIEMEHTA?

10.Kakre MoONeKyapl HA3bIBAIOT MOJSPHBIMH, M Kakhe HEmoJsipHbIMU? YTO
CILy’KUT MEPOU MOJISIPHOCTH MOJIEKYJ?

11.Kako#l TUI XMMHUYECKOW CBSI3M B MOJIEKYJax cienyromux coeauHeHuit: CHy,
F2, H20, NaCl, CS,, HCl, [Ag (NHg)z]CP

Tema 4. Xumuueckasi KHHeTHKAa. XMMUYeCKOe PABHOBeECHE.

KiroueBbie BONpOCHI TEMBI

1. Cxopocts xuMHUecKOoW peakuuu. DakTOpbl, BIUAIOIIME HA CKOPOCTh
XAMHUYECKOU pEaKIUH.

BinsiHME KOHIIEHTpalUY PEarupyronIuX BEIIECTB. 3aKOH ACHCTBYOIIMX MAacC.
Bnusnue temnepatypsl Ha ckopocTh peakuuu. [Ipasuio Bant-I'odda.
Oco0eHHOCTH KMHETUKH TeTeporeHHbIX nporneccoB. Karanuz. KaranuzaTtopsl.
OOpaTumble XUMHUYECKHUE PEAKIUH. Y CIOBUS XMMHUECKOIO PABHOBECHSI.
KoncranTta paBHOBecHus U €€ CBSI3b C TEPMOJUHAMHUYECKHUMH (HYHKIUSMHU.
[Tpunnun Jle-IIaTenbe.

bubnuoepagpuueckuii cnucox: [1, 2].

> 0A W

Memoouueckue pexomernoayuu
OOparute BHUMaHUE Ha TO, Kakue (aKTOPHI BIUSIOT HA CKOPOCTh XUMHUYECKON
peakimu. Paz0epuTech B CYINIHOCTH 3aKOHa JCHCTBUS MacC, O3HAKOMBTECHh C
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npaBwioM Bant-I'opda (3aBUCUMOCTH CKOPOCTHM XMUMHUYECKON peakiuuu OT
TEeMIIEPATYPHI).

Pazbeputech, mpu KakoM COOTHOIICHHH CKOPOCTEH OOpaTHOM U TpsMOM
peaKkIMy YCTaHABIMBACTCA XHUMHYECKOE paBHOBECHE, M Kakuwe (PaKTOpbl MOTYT
BBI3BATh €0 CMEIIICHUE.

Bonpocu ona camoxkonmpons

1. Kak popmynupyercs 3aK0oH JeHCTBUS Macc?

2. KakuMm npaBUIIOM MOYKHO BOCIIOJIB30BAThCA ISl OOBSICHEHUS 3aBHUCHUMOCTH
CKOPOCTH PEAKLUU OT TEMIEPATYPHI?

3. Kakoii mpuHIHn qaet 00bICHEHNE CMEIIEHUI0 XHMHUECKOTO PaBHOBECHS?

Tema 5. PacrBopbl: kiaaccupukamusi, cnoco0bl  BbIPaKEHUs
KOHLIEHTPaLH.

Kniouesvie sonpocol memol

PacTBopbI: K1accupukalus, CriocoObl BRIPAKEHHS KOHIICHTPAIINH.

OmnpeneneHre pacTBOPOB, OCHOBHBIC MPU3HAKH.

Kinaccuduxanus pacTBopos.

MaccoBast 107151, MOJISIpHAasi, MOJISUTbHAS, HOPMaJIbHask KOHIIEHTPAIUS, MOJIbHAs

TOJISI, TUTP.

5. KosmyecTBeHHast XapaKTEPUCTHKA PACTBOPUMOCTH BEIICCTB.
Bubnuoepapuueckuii cnucox: [1,2, 3].

> owh e

Memoouueckue pexomenoayuu

OCHOBBIBasICh Ha 3HAHUSAX, MOJTYYEHHBIX B TeMe 1.1 HE0OXOIMMO HayYUThCA
IPOU3BOANTH pacyeT KOHIIEHTPAIMM PaCTBOPEHHOTO BEIIECTBA B pacTBOpe Hanboiee
pacnpoCTpaHEHHBIMU CIOCO0AMU, a TaKK€ OCYIIECTBIISATH MEPEX0J] OT OJHOTrO
croco0a BbIpaKEHUsSI KOHLIEHTPALMU K Jpyromy. BaxkHo ycBOMTbH, KakuM 00pa3oM B
pacTBOpax  pa3IM4HOrO  IMPOMCXOXKIECHUS  ONPENEIsAETCS  PacTBOPUTENb U
pPacTBOpEHHOE BenlecTBO. HayuuTbes MCMONb30BaTh MOHATHE KOHLIEHTPALUMU IPU
pPELIEHNH NPAKTUYECKUX U SKCIEPUMEHTAIIBHBIX 3a/a4.

Tema 6. DnekTposuTuyeckasi fucconnanus. Bonopoansiii nokasareb

Knroueswvie 6onpocwt memvl

CBoiicTBa pacTBOPOB AJIEKTPOJIUTOB.

DIEKTPONUTUYECKAS AUCCOIUAITHS.

CusnbHbIE U clla0ble 2TeKTPoIUThI. CTEneHb JUCCOIHAIIIH.
KoHncranTta qucconmanmu. 3akoH pazoaBieHus OcTBanbpia.

12

o e



~

Bomopoaubiii mokasareiab. OOMeHHbIC peakIMd B PacTBOpPax 3JIEKTPOJIUTOB.
HoHHOE MPOu3BeIeHUE BOIBI.

Pacuet BoopoHoro mokasaresns (pH) pacTBOPOB KHCIOT U OCHOBaHHIA.
KuCIIoTHO-0CHOBHBIC HHIUKATOPBI.

Bydepnbie pacTBOpEI.

Bubnuoepaguueckuii cnucox: [1,3].

Memoouueckue pexomernoayuu
Heo0xoaumMo ysICHUTH, YTO TaKOE CTETMICHb TUCCOLMAIINH, OT Kakux (aKTOpOB

OHA 3aBUCUT, OCOOCHHOCTH JHMCCOITMAIIMU CHJIBHBIX W CJIA0BIX JJIEKTPOJIMTOB.
Pa3beputech B TMHAMUYECKOM PaBHOBECHU JMCCOIMAIIMN BOJIbI, B KOJIMYECTBEHHBIX
XapaKTepUCTHKAX PEaKIMu CpeAbl B IMOYBaxX (KUCIOH, HEWTpaIbHOH, IIEIOYHON),
obpature BHHMAaHME Ha COCTaB M 3HaueHHe OydepHbIXx cucrtem. Heobxoaumo
HAYUYHUTHCS ONPEAECITATh 3HAYEHUE BOJOPOJIHOTO TTOKA3aTEINs ISl PACTBOPOB KUCIIOT U
OCHOBAHU.

akrownE

akrwnE

N o

Bonpocu ona camoxonmpons

Kaxkue BemecTa OTHOCATCS K IeKTpoauTam? Jaite onpenencHue.

Yto Ha3bIBAETCS IEKTPOJUTUYECKON AUCCOLUALINEH?

YTo Takoe CTeneHpb NEKTPOIUTHIECKON rcconranm’?

Kaxkue 31ekTpoauThl Ha3bIBalOT CHIIbHBIMU U c1adbiMu? [IpuBenuTe npumepsl.
JlaliTe onpenesieHne OCHOBAHUAM, KACIOTaM U COJISIM C TOYKH 3PEHHS TEOPUU
ANEKTPOIUTUIECKON TUCCOLUALINN.

Tema 7. T'uapoan3 coJeii. [IpousBenenne pacTBOPUMOCTH

KitroueBbie BOIPOCHI TEMBI

OOpatuMblii THAPOIIN3.

HeoOpatumblii ruposus.

Crenenb ruaponusa. Koncranra rugposusa.

Pacuer pH B pacTBOpax rugpon3yrommxcs COJIEH.

IIpousBeneHue PacTBOPUMOCTHU TPYAHO-PACTBOPUMBIX CUJIbHBIX
AJEKTPOJIUTOB.

Pacuer pacTBOpuMOCTH COEAMHEHUS.

VYcnoBue BbIaicHUsI U PaCTBOPEHUS OCaIKa

Bubnuoepagpuueckuii cnucox: [1,2,5].

Memoouueckue pexomenoayuu
HeoOxomumMo yMeTh NPUMEHSATh TMPABUIO IPOU3BEICHUS PACTBOPHUMOCTH,

KOJIMYECTBCHHO XapaKTCPU30BaTh IIPOLHECC TIHUAPOJIM3a C IIOMOIIBIO BCIIMYHUH
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KOHCTaHTbl W CTENEHU THUAPOIN3a, YMETh IHCaTh HWOHHBIE W MOJEKYJISPHBIC
ypaBHEHUS! pEaKIMil CTYNMEeHYaToro W IMOJIHOTO Tulposm3a. BaxxkHo pazobparbcs B
dakTopax, BIUSAIONIUX HA PABHOBECUE B PEAKIUSAX HOHHOTO OOMEHa.

Peakuinu noHHOTO OOMEHA UTPaAIOT BAXKHEUIIIYIO POJIb B 00pa30BaHUU OCAJIKOB
W PACTBOPEHHUM HEPACTBOPUMBIX COCIWHEHWW B MPUPOJHBIX BOJAX, HAIPUMEpP, C
Y4aCTHEM CEPOBOAOPOA U YIIEKHUCIIOrO rasa.

Bonpocul ona camokonmpoiis

1. Yrto Ha3bIBaeTCS TUAPOIUIOM?

2. IlpuBenute mpuMepsl COJeH, KOTOpbIE MOJABEPraroTcsi TUAPOJIU3Y, U COJICH,
KOTOPBIE THIPOJIN3Y HE TOJIEHKAT.

3. Ot xakux (aKkTOpOB 3aBUCUT THAPOIHN3 comeit? [IpuBeaute mpuMepsl.

B

Kaxk Bnusier Ha TUIPOIU3 COJM TEMIIEpaTypa U KOHIIEHTpaIus pacTBopa’?
5. ChopmynupyiiTe mpaBUiIO BBITIAJCHUS OCAIKA.

Tema. 8. Kommiiekcoo0pa3zoBanue B pacTBopax

Kntoueswie gonpocvr memoi
1. Cocras, CTpyKTypa 1 HOMEHKJIATYpa KOMIUIEKCHBIX COCTUHECHUH.

A

Krnaccudukanys KOMIUIEKCHBIX COETMHEHUN.

3. YCTOMYMBOCTh KOMILUIEKCHOTO MOHAa. KOHCTaHTa HECTOMKOCTH KOMILIEKCHOTO
MOHa

4. OOpa3oBaHWe XHUMHYECKOW CBSI3U MEXIYy KOMIUIEKcooOpazoBareieM U

JTUTaH/IaAMH.

Bubnuoepaguueckuii cnucox: [1,2,4].

Memoouueckue pexomenoayuu

JIist  yCBOGHHMSI 9TOM TeMbl HEOOXOAMMO pPa3o0paThCsi B COBPEMEHHBIX
IPECTaBICHUSIX 00 00pa30BaHUM M CTPOCHUU KOMIUIEKCHBIX COCTUHEHUN. Y ACHUTE,
CMBLJI TOHATHI «KOMIIEKCOOOPA30BaTENbY, «KOOPAMHAIIMOHHOE YNCIIO», «JTUTAHIbIY;
HAyYNUTECh ONPENCIATh 3apsA] IICHTPAJbHOTO HWOHA, BHYTPEHHEH cdepsl
KOMIUIEKCHOTO COEIMHEHHSI W XapakTep €ro IUCCOLMAIMd B BOJHOM pacTBOpE.
Crnenyet Hay9UTHCS OTINYATh KOMIUIEKCHBIE COJIM OT JBOMHBIX COJICH.

Bonpocul 0na camokonmpos
1. Yro Ha3bIBaeTCsd JOHOPHO-AKUENTOPHONW WJIM KOOPAMHAIIMOHHOW CBSA3BIO?

Kakoit arom wiam HWOH sBIseTcs JgoHOpoM B coeauHeHusx: K[BF],
[Zn(NH3)4]Cl,?
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2. Uto Ha3bIBaeTCSd KOHCTAHTOM HECTOMKOCTH KOMIUIEKCHOro MoHa? Hamuimre
BEIDA)KEHHS KOHCTaHT HECTOMKOCcTH cneayommx #oHoB: [CuCly]? —,
[Zn(NH3)4]2+.

3. CocTaBbTe ypaBHECHHsI PEaKIMM PACTBOPEHHs XJOpHIa cepedpa B pacTBOpE
ammuaka. KoopauHarmonHoe yncio Ag™ paBHO JBYM.

Tema. 9. OKHCJIHUTEIBLHO-BOCCTAHOBHUTEIbHBIE Ppe€aKInu

KiroueBbie BOIpOCH TEMBI

1. CreneHb OKHCIICHUS; ONPEICICHNE CTEIICHU OKUCICHUSI.

2. OxucnIuTeNh, BOCCTAHOBHUTETh. MDAKTOPBI, OMPEICISIIONINE OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA DJIEMEHTOB U UX COCTUHEHUH.

3. Krnaccugukaius OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX PEAKITHIA.

4. CocTaBlieHHE OKHUCIUTEILHO-BOCCTAHOBHUTEIBHBIX peakuuid. MeToJ HOHHO-
AIIEKTPOHHBIX MOJTypEaKIUil.

5. OnpenencHue HampaBlIeHHs] MPOTEKAHUS OKUCIUTEILHO-BOCCTAHOBHUTEIHHBIX
MPOIIECCOB.
bubnuoepagpuuecxuii cnucox: [1,2].

Memoouueckue pexomenoayuu

MN3ydass  OKHCIMTENHHO-BOCCTAHOBUTEIIBHBIC  pEaklWH, pa3depurech B
TIOHATHUSX «CTCICHb OKHCJICHUS DJIEMEHTA B COCAMHCHHNY», «OKHCJICHHE U
BOCCTAHOBJICHHEY». HeoO0XoauMo TOHSATh, Kakue BeleCTBA MOTYT  OBITh
OKHCIIUTEISIMH, a KaKHe BOCCTAHOBHTCISIMH M KakHe 00JaJal0T OKHCIUTEIBHO-
BOCCTAHOBUTEJILHOM JBOWCTBEHHOCThIO. HeoOxoaumo ycBOMTH JBa MeToja
COCTaBJICHUS ypaBHEHUM OKHCJIUTEILHO-BOCCTAHOBUTEIIHLHBIX PpeaKIIHiA:
AJICKTPOHHOTO U 3JIEKTPOHHO-MOHHOTO OanaHca.

Hayuutech paznmuuarh THUMBI OKHCIUTEIHHO-BOCCTAHOBUTEIIBHBIX DPEaKIIHA,
COCTaBJIATh YPaBHEHUSI, 0OpAaTHUB BHUMAHUE HA METOJ DJIEKTPOHHO-UOHHOTO OanaHca
(MeTon mosypeakiuii), kKak Oojiee MPaBUIBLHO OTPAKAIOIIHUNA CYTh MPOUCXOISIINX
W3MECHCHMU.

Hayuutech omnpenensatb HaMpaBleHHE OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakiui, TOoNb3YysACh TAOJUUYHBIMU 3HAYEHUSMH DJICKTPOJIHBIX TMOTEHIIMATIOB
AIEKTPOXUMUUYECKUX CUCTEM.

OG6paTuTe BHUMaHHE Ha CIIOCOO ONMpPEACIICHUS MOJISIPHBIX MAacC YKBUBAJICHTOB
(3KBUBAJICHTHBIX MACC) OKUCIUTENEH U BOCCTAHOBUTETIEH.

Bonpocwt ona camoxonmpons
1. Kakue peakuuu Ha3bIBaIOT OKUCIUTEIbHO-BOCCTAHOBUTEILHBIMU?

2. Kakoii mporecc Ha3bpIBalOT OKUCICHUEM, KaKOM — BOCCTAHOBJICHUEM ?
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Kak MeHsieTCcs CTeIeHb OKHUCICHUS BOCCTAHOBUTEIS U OKUCIIUTEIIS B Imponecce
IMPOTCKaHUA OKHCJIUTEIbHO-BOCCTAaHOBUTEIILHOM peaKHI/II/I?

Tema. 10. 'aJabBaHHYECKHUH YJIEMEHT.

Knrouesvle sonpocol memol

DNEeKTPOXUMHUECKUE CUCTEMBI: ONpeieNIeHUue, YCTPOMCTBO, BUIBI.
DNEeKTPOJBIKYIIAs cuiia. [[BOMHON SIEKTPUUECKUNA CIIOM

®dakTOpHI, BIUSAIONINEC HA U3MEHEHHE DJIEKTPOJTHOTO TOTCHIMANA. Y PaBHCHHE
Hepucra.

XYUMHUYECKHE U KOHIEHTPAIMOHHBIC TaIbBAHUYECKUE DJIEMEHTHI: KaTOAHBIA U
aHoAHbIN npoueccsl, pacueT I/C.

bubnuoepagpuuecxuii cnucox: [1,3,4,5].

Memoouueckue pexomenoayuu

[Ipu wu3ydyeHMM TEMBbI HEOOXOAMMO BCIOMHHUTH OIPEACIICHUS TOHATUN

OKHCJIUTENIb U BOCCTAHOBUTEID, @ TAKXKE IIPOLECCOB OKUCIICHUS U BOCCTAHOBJICHMUS.
YeTko ysACHHUTH HAIPaBJICHHE MPOTEKAHWs IMPOLECCA B TAIBBAHWUYECKOM JJIEMEHTE.
Hayuutbcs pasnuuars rajbBaHUYECKHE JJIEMEHTHI Pa3HbIX BUAOB M NPOU3BOIAUTH
pacuer nx OJIC. Hayuuthca wucnonb3oBarb ypaBHeHME HepHcra mia pemeHus
IIPAaKTUYECKUX 3a/1a4.

akrwnE

w

Bonpocwi ona camoxoumpons
Y10 TaKoe rajJpbBaHUYECKHI DJIEMEHT?

Kakoi1 anektpos ABisieTcsl B ralbBAHUYECKOM 3JIEMEHTE AaHOJIOM?

Kakoii a5ekTpo1 ABIsieTCs B raJlbBAHUYECKOM DJIEMEHTE KaToI0M?

Kaxk paccuntsiBaercs 3/]C rajibBaHUUECKOr0 31eMeHTa?

Kakue mporeccbl mpoTeKarOT Ha 3JEKTpoAax Mpu padboTe rajabBaHHUYECKOIO
aJIEMEHTa?

Kaxkue BuipI TaJIbBAHUUYCSCKUX DJICMEHTOB M3BECTHBI?

Tema. 11. Koppo3ust MeTa/1;10B

Knioueswvle 6onpocel membl

Kopposus: ompenenenune, KiaccuuKaius KOPPO3HOHHBIX —Pa3pyLICHHIHA,
KOPPO3UOHHBIEC CPE/IbI.

DIEKTPOXUMHUECKAS KOPPO3HSL.

Koppo3sus B eCTeCTBEHHBIX YCIOBHSIX.

MeTopl 3aIUThl METAJJIOB U CIUIABOB OT KOPPO3HUH.

bubnuoepaguueckuii cnucox: [1, 3,5, 6].
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Memoouueckue pexomernoayuu

[Ipu n3ydyeHnu TeMbl HEOOXOAMMO HAayUUTHCS pa3nyarh CIy4al XUMHUYECKOM
U DJIEKTPOXMMHUYECKON KOPPO3UH; HAYUHUTHCS ONMUCBHIBATH IPOLECCHI IMPOTEKAIOIINE
IIPHU JIEKTPOXHUMHUYECKON KOPPO3UU HA KATOAHOW M aHOAHOW 30HAaX. 3HATh U YMETh
ONpENeNsATh 1eIeCO00Pa3HOCTh NMPUMEHEHUS HWMEIOIMIMXCA METOAOB 3allUThl OT
KOPPO3HOHHBIX Pa3pyLIEHUI B PAa3JIMYHBIX YCIOBUAX JKCIUIyaTallMd METaJUIMYECKUX
KOHCTPYKIHH.

Bonpocul ona camokonmpoiis
1. Yto Takoe KOppo3usi METAILIIOB?
2. Kakne MeToapl 3alUThl METATIOB OT KOPPO3WH H3BECTHHI?

Tema. 12. DaekTpoaus.

Knroueswvie onpocer membi

DIIEKTPOIU3 BOAHBIX PACTBOPOB M PACIIABOB 3JIEKTPOJIUTOB.
Onpenenenue, TANBI, CYIIHOCTh; KATOAHBIA U aHOIHBIN IIPOLIECCHI.
KonunyecTBeHHOE OnUCaHKE MpOoIlecca dIISKTPOIN3a: 3aKoHbl Dapajies.
I'anpBaHOTEXHMKA U raJIbBaHOCTET U

o E

Bubnuoepaguueckuii cnucox: [1,2].

Memoouueckue pexomenoayuu

[Ipu paccMOTpeHHHM TeMbl HEOOXOIMMO HAyYHUTHCS OMHUCHIBATH MPOIECCHI HA
KaToZle U aHOJIe TPU DIIEKTPOJU3E PACTOBPOB DIEKTPOJIUTOB. YSICHUTH Pa3HUILY
MEXIYy TMPOIIECCOM DJJEKTPOJIM3 pacTBOpa M paciiiaBa dJIEKTPOJIUTA. YMETh
MPUMEHSTH MPABUJIO KAaTOJa M MPABUJIO aHOJA. 3HATh MAaTEMAaTUYECKOE BBIPAKECHUE
3axkoHOB Dapajess 1 yMeTh MPUMEHSTH UX JJIS pacdyeTa MPOayKTOB AJICKTPOJIN3a

Bonpocwi ona camoxoumpons

Uto Takoe JIeKTPOIu3?

Kaxue mporiieccbl UMEIOT MECTO TIPH IEKTPOIIU3E?

Kak ycTpoeHn anekrposnuzep?

Kaxkotii 3apsig ©MeIOT npu 3JEKTPOJIU3E a) aHO, 0) KaTo?

Kakoit  3akoH  ycTaHaBIMBaeT  3aBUCUMOCTh  MacChl  BCIIECTBa,
00pa3oBaBIIETOCS TMPHU DJIEKTPOJIM3E, OT BPEMEHHU, CHJIBI TOKAa W MPHUPOBI
ANeKTpoauTa’?

akrownE
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Tema. 13. Jaementsl |A u |1A noarpynmn. ZKecTkocTs BoaAbI
(TUTpUMETPHYECKHUIT AaHAJIH3).

Knrouesvie sonpocwt memoi

1. OO6mias xapaktepucTuka. MeToapl OTyICHUS

CtpoeHme aTOMOB, 3aKOHOMEPHOCTH H3MEHEHHUS CBOMCTB.

3. Bomopon: monoxenue B IIC, cTpoeHme artoma, HaXOXICHHE B MPHUPOJIE,
NoJyueHue, MPUMEHECHHE.

4. JKecTKOCTh BOJIBI: THITBI, METOJIbI OMPECICHUS, MPUYUHBI BO3HUKHOBCHHS,
CIOCOOBI YCTPAHEHUS
bubnuoepagpuuecxuii cnucox: [1,2,7,9].

N

Memoouueckue pexomenoayuu

N3yuenue CBOWCTB JJIEMEHTOB KaXX[OW TPYIIBI CIEIyeT HA4YUHATH C
PAcCCMOTPEHHUSI AIEKTPOHHOTO CTpoeHus: aToMoB. OOpaTtuTe BHUMaHHUE Ha CBOWCTBA
AJIEMEHTOB, O0JAJAIONTNX METaUIMYCCKUMH, HEMETAUTMYCCKUMU B aM(OoTepHBIMH
CBOMCTBaMHM, Ha X CPABHUTEIIHHBIC XapPAKTEPUCTHKH B MPECIIax MEePHOIa U TPYIIIIHI.
[TocmoTpuTe. Kak W3MEHSIIOTCS CBOWCTBA JJEMEHTOB C HM3MEHEHHMEM paJuyCcoOB
aTOMOB, KaK MU3MEHSIOTCS HOHU3AIMOHHBIE MMOTEHIIUAJBI U DJIEKTPOOTPUIIATEILHOCTD
C YBEJIMYEHHUEM TOPSAIKOBOIO HOMEpa AJieMeHTa. M3yunTte 3aBUCUMOCTh U3MEHEHUS
KHCIIOTHO-OCHOBHBIX ~ CBOWCTB  DJJIEMEHTOB, a  TakKKe  OKHCIHTEIbHO-
BOCCTAaHOBHUTEJIHHBIX CBOWCTB KUCIOPOAHBIX cOeAMHEHUI. Pazbepurech, Kakue Comu
XapaKTEPU3yIOT BPEMEHHYIO M MOCTOSHHYIO JKECTKOCTh BOjbl. HeoOXoIuMo yMmeTh
MUCaTh YPaBHEHUS PEAKIUH, C TTOMOIIBI0 KOTOPBIX MOKHO YCTPaHUTh BPEMEHHYIO U
MTOCTOSTHHYO JKE€CTKOCTb.

Bonpocwi ons camoxkonmpons

1. IlpuBeauTe mpuMeEphbl peakiuii, B KOTOPBIX TEPOKCHI BOAOPOAA SIBISCTCS
OKHCJIUTEJIEM, BOCCTAaHOBHUTEIICM.

2. Kakue »snemeHTHl 00pa3ylOT TpyIIy IMICIOYHBIX, IIETOYHO3EMEIbHBIX
METAJIOB?

3. Hamuiurte ypaBHEHUS JUCCOIMALIMM TUIPOKCH]Ia MATHHUS.

4. Kakwue conu o0ycliaBIUBalOT BPEMEHHYIO U TIOCTOSIHHYIO )KECTKOCTh BOJIBI?

Tema. 14. daementsl |IA, IVA u VA noarpynm.

Kniouesvie 6onpocwt memoi
1. O6uias xapakTepucTuKa.
Crtpoenue aToOMOB, 3aKOHOMEPHOCTH M3MEHEHUS CBOMCTB.
3. MeTtosl moydeHus

N
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4, XuMHYECKHE CBOMCTBA: YIJIepOd, KpEMHHUM, a30T.
bubnuoepaguueckuii cnucox: [1,2, 7, 9].

Memoouueckue pexomernoayuu

N3yuenne CBOWCTB JJIEMEHTOB KaXIOW TPYIIBI CIEIyeT HAYUHATH C
PAcCCMOTPEHHUSI AJIEKTPOHHOTO CTpOoeHUsT aToMoB. OOpaTtnTe BHUMaHHWE Ha CBOWCTBA
AJIEMEHTOB, O0JAJAIONTUX METAUTMUYECKUMHU, HEMETAIUTMYECKUMU W aM(OTEepHBIMH
CBOWMCTBaMHM, Ha UX CPAaBHUTEIIbHBIC XapaKTEPUCTUKH B TIpeieiax MepHoaa U TPYIIIIbL.
[TocmoTpuTe. Kak M3MEHSIOTCS CBOWCTBAa JJIEMEHTOB C HM3MCHCHHEM pPaJlyCOB
aTOMOB, KaK M3MEHSIOTCS HOHU3AIMOHHBIE MMOTEHITUAIBI ¥ SJIEKTPOOTPHUIIATEIHHOCTh
C YBEIMYCHHUEM TIOPSIKOBOTO HOMEpa AJIeMEHTa. M3yunTe 3aBUCHUMOCTh M3MEHEHUS
KUCIIOTHO-OCHOBHBIX ~ CBOMCTB  DJJEMEHTOB, a  TakkKe  OKHUCIUTEIbHO-
BOCCTAaHOBUTEJIBHBIX CBOMCTB KUCIOPOAHBIX COCTMHEHU.

Bonpocul ona camokonmpoiis

1. Tlouemy a3zoTuCTasi KHCJIOTa MOYET MPOSBIATH KAK OKUCIHUTENbHBIE, TaK H
BOCCTAHOBUTEJBHBIE CBOMCTBA?

2. Kakue mpoayKThl BOCCTAHOBIICHHS KOHIICHTPHUPOBAHHOW CEPHON KHCIOTHI
BO3MOXHBI IIpU €€ B3aMMOJIECHCTBUH C METaJUIAMU?

Tema. 15. Daementsl VIA, VIIA, IB u 1B noarpynn

Kntoueswie onpocvr memol

OO6mas xapaKTepUCTHKA.

CrtpoeHue aTOMOB, 3aKOHOMEPHOCTH MU3MEHEHHS CBOMCTB.
["amoreHsl.

Kucnopon, cepa.

Menp, TUHK.

ok wnE

OcoOEHHOCTH  CBOWCTB;,  OKHCIIMTEIBHO-BOCCTAHOBUTEILHEIE — CBOMCTBA
COE€IMHEHUN METaJJIOB.
Bubnuoepagpuuecxuii cnucox: [1,2, 7, 9].

Memoouueckue ykasanus

N3ydyeHne CBOWCTB 3JIEMEHTOB KaXXIOW TIpPyHIbl CleayeT HAa4yuHATh C
PacCMOTPEHHUSI ANEKTPOHHOIO CTpoeHus:i aToMoB. OOpaTuTe BHUMaHHWE Ha CBOWCTBA
AJIEMEHTOB, O0JAJAIONIMX METAUIMYECKUMH, HEMETAJUIMYECKUMU U aM(OTepHBIMU
CBOWCTBaMH, Ha UX CPABHUTEJIbHBIE XaPAKTEPUCTUKH B IPEIEIax NEPHUOAA U TPYIIIbIL.
ITocMoTpuTE. Kak M3MEHSIOTCSI CBOMCTBA JJIEMEHTOB C H3MEHEHMEM DPaIqUyCOB
aTOMOB, KaK U3MEHSIOTCS HOHU3ALMOHHBIE IIOTCHIMAIBI U JIEKTPOOTPULIATEIIBHOCTD
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C YBCIMYCHHUCM IMOPAAKOBOIO HOMEpaA 2JIEMCHTA. HSY‘II/ITe 3aBUCHUMOCTb U3MCHCHHUA
KHCJIOTHO-OCHOBHBIX CBOMCTB QJICMCHTOB, a TaKIKC OKHCJIIMTCIIBHO-
BOCCTAaHOBHUTEIILHBIX CBOMCTB KHUCJIOPOJIHBIX COCHHHCHHﬁ.

Bonpocwr ona camonpoeepku

1. Ha xakux ypoBHS U MOIYPOBHSX HAXOJATCSI BAJCHTHBIE AJIEKTPOHBI B aTOMaX
rajoreHoB?

2. KakoBo BiusiHME peakuuu cpeabl HAa XapakTep MPOAYKTOB IMpHU
BOCCTAaHOBJICHHH TI€pMaHraHaTa Kajus?

3. Kakumm  cBoiicTBamm  00JagalOT COCOWHEHWS  JBYX-, UETHIpEX- U
CEMMBAJICHTHOI'O MapraHua?
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METOJAMYECKUE YKA3AHUSA [10 OPOPMJIEHUIO KOHTPOJILHBIX
3AJAHUI

O(l)OpMJ'ICHI/Ie TUTYJIBHOTO JINCTA KOHTPOJIbHOI'O 3aIaHUA:

OEJIEPAJIBHOE ATEHTCTBO 11O PBIBOJIOBCTBY

®EJIEPAJIBHOE TOCYJIAPCTBEHHOE
BIOJDKETHOE OBPA3OBATEJIBHOE YUPEX/IEHUE
BBICIIIET'O OBPA3SOBAHUS
«KAJIJMHUHT PAJICKAH T'OCYIAPCTBEHHBIA TEXHUYECKHM
YHUBEPCHUTET»

NHCTUTYT arporHXeHEepUHr 1 MUIIEBBIX CUCTEM
Kadenpa xumun

KoHntposbHas paborta KoHntposnbHas padorta
JOMYIIEHA K 3aIlUTEe 3aluIlIeHa JOKHOCTh (3BaHuE), yueHast
JIOJDKHOCTD (3BaHUE), YU€HAsl CTETICHb: CTETICHb:

@amunua U.O. @amunua U.O.
«_» 202 r. «_» 202 .

KoHnTtponbHas paborta
MO TUCUUTIITUHE

«XHAMHUA»
Pa3znen «Heopranuueckas u aHaJIMTUYECKAST XUMUSI

[udp crynenta
BapuanTt Ne

PaboTy BbIIOJIHUI:
CTYJIEHT TP.

damvumusg 1.0.
« » 202 1.

Kanuuunrpan - 20
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[Ipu odopmieHrN KOHTPOJBHBIX 3aJaHUN CIENYET COONIOAAaTh CIEAYIOIIHe
npaBuia:

1. PaGoTa BbIMONHSAETCS B IIKOJBHOM TETpaau, Ha OOJIOXKKE KOTOPOU CIeayeT
yKa3aTb HOMEp KOHTPOJIbHOM paOOThl, HANMEHOBAHUE TUCIUIUINHBI, (aMIIINIO, UMS,
OTYECTBO, KOJ CIICIIMAIEHOCTH U U ]p.

2. KoutponpHas paboTa AomkHa OBITH O(OpMIIEHAa aKKypaTHO, YETKUM
nouepkoM, 6e3 momapok. [ 3aMeuaHuidl perieH3eHTa B TETPaau Ha Kaxaou
MIPOHYMEPOBAHHOM CTPAHUIIE HAZ0 OCTABJIATh HIMPOKHE MOJIS.

3. Homepa BonpocCoB U 3a/1a4 CAEAYET NEPENUCHIBATH B TOM MOPSIKE, B KAKOM
OHM yKa3aHbl B KOHTPOJIbHOU padoTe.

4. YcnoBus 3aay ¥ BOIMPOCH! 3alMCHIBAIOTCS TOJHOCTBIO 0€3 COKpallleHUH.
OTBeThI TOJDKHBI OBITh TOYHBIMU U TIO BO3MOXKHOCTH KPaTKO C(HOPMYITUPOBAHHBIMH,
NepenrucaHHbie U3 yUeOHUKOB U MOCOOUM — HE 3aCUUTHIBAIOTCS.

BeinonHsiemble 3aqaHus  JTOJDKHBI KpPaTKO, HO YETKO OOOCHOBaHbI, 3a
UCKJIIOYEHHEM TE€X CIy4aeB, KOrja IO CYLIECTBY BONpOca, Takas MOTHUBHUPOBKA HE
TpeOyerca. Ilpu pemieHunn 3amady HEOOXOJUMO NPUBOAMTH BECh XOJ PELICHUS C
pacindpoBKoil OyKBEHHBIX 0003HAUEHUI U MaTeMaTUYeCKue NpeoOpa3oBaHusl.

KoHTposibHBIE 3a7aHuUs, BBINOJHEHHbIE HE 1O CBOEMY BapHaHTy, HE
3aCUUTHIBACTCA.

OOyuaromuiicst BBITIOJNHAET BapUaHT KOHTPOJIBHBIX 3aJaHUM, 0003HAYCHHBIN
IByMsl TiocienHuMH mudpamu mudppa B 3a4eTHOW KHUKKE WU CTYACHUYECKOM
ownere. Hanpumep, mucpp 1087. Bapuant 89: 8— BepTUKanmbHbBIM psig, 9 —
TOPU3OHTAJIBHBIN psaa Ludp.

Homep

BapuaHTa Homepa 3a1a4, OTHOCSAIIMXCSH K JAHHOMY 3a1aHUIO

01 1 |21 |41 |61 |81 |101 |121 |141 |161 181 | 201 |221
02 2 |22 |42 |62 |82 |102 |122 |142 |162 |182 |202 |222
03 3 |23 |43 |63 |83 |103 | 123 | 143 | 163 |183 | 203 |223
04 4 |24 |44 (64 |84 (104 | 124 | 144 (164 | 184 | 204 | 224
05 5 |25 |45 |65 |85 |105 |125|145 |165 |185 | 205 |225
06 6 |26 |46 |66 |86 |106 |126 | 146 | 166 |186 |206 |226
07 7 |27 |47 |67 |87 |107 |127 | 147 |167 |187 | 207 |227
08 8 |28 |48 (68 |88 |108 | 128 | 148 | 168 | 188 | 208 |228
09 9 129 |49 |69 |89 |109 |129|149 |169 |[189 |209 |229
10 10 {30 |50 |70 |90 |110 {130 |150 |1/0 |190 |210 |230
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79 4 |22 |51 |63 |99 |104 | 129 146 | 167 | 189 |219 |239
80 5 |23 |52 |64 |98 |105 | 130|147 | 168 | 190 | 220 | 240
81 6 |24 |53 |65 |97 |[106 | 131|148 | 169 |191 | 211 |231
82 7 |25 |54 (66 |96 |107 |132|149 | 170 (192 |212 | 232
83 8 |26 |55 (67 |95 |108 |133 150 |171 | 193 | 213 | 233
84 9 |27 |56 (68 |94 |109 | 134|151 |1/2 | 194 | 214 | 234
85 10 (28 |57 |69 |93 |110 | 135|152 |173 | 195 | 215 | 235
86 11 (29 |58 |70 |92 |111 | 136|153 |174 | 196 |216 |236
87 12 |30 |59 |71 |91 |112 | 137|154 |175 |197 |217 | 237
88 13 |31 |60 |72 |90 |113 | 138|155 |176 |198 |218 | 238
89 14 (32 (41 |73 |89 |114 | 139|156 177 | 199 | 219 | 239
90 15 (33 (42 |74 |88 |115 | 140|157 | 178 | 200 |220 | 240
91 16 |34 |43 |75 |87 |116 |131|158 |179 |181 | 201 | 221
92 17 |35 |44 |76 |86 |117 (132|159 |180 |182 |202 | 222
93 18 (36 (45|77 |85 |118 | 133|160 |161 | 183 | 203 |223
94 19 (37 (46 |78 |84 |119 | 134|141 162 | 184 |204 |224
95 20 |38 |47 |79 |83 |120 | 135|142 | 163 | 185 | 205 |225
96 1 |39 |48 |80 |82 |110 |136|143 |164 |186 | 206 | 226
97 2 |40 |49 (61 |81 |111 |137 |144 |165 |187 |207 | 227
98 3 |24 |50 (62 |100 | 112 | 138 | 145 | 166 | 188 | 208 | 228
99 4 |25 |51 (63 (99 |113 |139 |146 | 167 |189 | 209 | 229
00 5 |26 |52 |64 |98 |114 | 140|147 |168 | 190 | 210 |230

KOHTpOJ'IBHBIG 3aJlaHus IMIPHUBCACHDBI B ITPHUIIOKCHUAX 1.
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METOINYECKHUE YKA3ZAHUA 11O BBIITOJTHEHUIO KOHTPOJIBHBIX
3AJAHUHU U ITPUMEPBI PEHIEHUSA 3AJTAY

1. 3AKOH DKBUBAJIEHTOB (3aganus Ne 1 -19)

MonsipHas Macca SKBUBaJieHTa BellecTBa. MoJpHBIM 00beM HKBHUBAJICHTA
ra3000pa3HOro BeIlecTBa.

Eme no co3manusi aTOMHO-MOJEKYJISIPHOTO YYEHUS ObLIO yCTaHOBJIEHO, YTO
MPOCTHIE U CIIOKHBIE BEUIECTBA BCTYNAIOT B XMMUYECKUE PEAKIIUHA B OMPEICICHHBIX
MaccoBbIX cooTHomeHusX. B xoniie XVIII Beka OblT OTKPHIT 3aKOH IKBUBAJIEHTOB

[Ipexxne yeM chopMynHpoBaTh 3aKOH SKBUBAJIECHTOB, JIaJlUM OIpEICICHHE
MOHATUM: XUMHWYECKUM SKBUBAJICHT, YHUCIO SKBHUBAJIECHTHOCTU (3apsIHOCTH),
MOJISIpHAsE Macca JKBUBAJICHTA, KOJIMUECTBO BEHIECTBA HSKBHUBAJICHTa, O0O0BEM
SKBUBAJICHTA ra3000pa3HOr0 BEIIECTRA.

X¥MHUYeCKUIl 3KBHUBAJIEHT — 3TO YCIOBHas, WM peajibHas, 4YacTHIa
BelecTBa (3TO YacThb MOJIEKYJbl, HOHA U T.I.), KOTOpas B KHUCIOTHO-OCHOBHOM
peaKkIuy SKBUBaJICHTHA (paBHOLICHHA, TOXJECTBEHHA) IO CBOEMY XHUMHYECKOMY
JICUCTBUIO  OAHOMY KaTHOHY Bojgopoma (1H') wmm B OKHCIHWTENBHO-
BoccTaHOBUTENbHOU peakuiuu OBP ogHoMy snektpony (1€).

Moasipaasi Macca JKBHBAJICHTA BellleCTBA (IKBHBAJIEHTHAA MAacCCa) — 3TO
Macca BEIIECTBA KOJMYECTBOM | MOJIb 3KBUBAJEHTOB, PaBHAs JIEJIICHUIO MOJISIPHOM
MacChl BEIIECTBA HAa YUCJIO SKBUBAJICHTHOCTH (IKBUBAJIEHTHOE YHUCJIO):

Mboks(B-Ba) = M(B-Ba)/ Z [r/Moib] MK

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

Mokp(B-Ba) - MOJISIpHAst Macca SKBUBAJIEHTa BEIIECTBA, I/MOJIb;

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

M(B-Ba) - MOJIsIpHAs Macca BellecTBa, I/MOJIb;

Z - YUCJIO DKBUBAJICHTHOCTH (9KBUBAJICHTHOE YUCIIO).

Yncao 3KBUBAJIEHTHOCTH (IKBHBAJIEHTHOE YHMCJI0) Z — II€pEMEHHas
BEJIMYMHA, 3aBUCSIIAs OT COCTaBa BEIIECTBA UM OT KOHKPETHOM peaklnu, B KOTOPOM
y4acTBYET JaHHOE BEIIECTRO.

OnpeneneHue yuciaa YKBUBAJICHTHOCTH.

Z, (atoma 3j1eMeHTa B COCAMHEHUH) = CTCICHU OKHUCIICHUS JJIEMEHTAa B
BelecTBe (C.0.).

Hanpumep: Yemy paBHSETCA YHMCIO 3KBHUBAJEHTHOCTU CEPbI B CIIEIYIOIIUX
coenunenuax: 1.H,S; 2.50;; 3.50:s.

Z = C.0. - CTENCHb OKUCIICHHUS DJIEMEHTA B XMMHUECKOM COCIUHEHHH. C.0.(S) =
-2,Z2=2; 2.co0.S)=+4,Z2=4;3.c.0(S)=+6;Z=6.

Z(KHCIA0TBI) = OCHOBHOCTH KHCIOThl B JI@HHOW pEAKIWU, T.€. UHUCIY
3aMEIIECHHBIX KaTHOHOB Botopoaa (nHY) Ha npyrue KaTHOHBI.

Z (KMCJI0ii COJTM) = YMCITy 3aMEIIEHHBIX KaTHOHOB Bojopoaa (nH™).
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Z(ocHOBaHMSA) = KHCIIOTHOCTM OCHOBaHHSA B JaHHOW pEaKkIUH, T.e. YUCIY
ruapokcu]l HoHoB (NOH™), 3aMelIeHHbIX Ha KUCIOTHBIE OCTATKHU.

Z(0CHOBHOM €0JIM) = 4YMCIy TUAPOKCHA - MOoHOB (n OH™), 3amenieHHbIX Ha
KHUCJIOTHBIE OCTaTKH.

Z( HOpMAJIbHOHM (CpeaHei) COJIM) = CYMMapHOMY MOJIOKUTEIBLHOMY 3apsiiy
KaTHOHA.

Z (BemecTBa, yyactBywomero B OBP) = uuciay HOpuHSATHIX 3JIEKTPOHOB
OJIHUM MOJIEM OKUCIIUTENS UM OTAAHHBIX OJJHUM MOJIEM BOCCTaHOBUTENS (ne).

KoJsmn4yecTBO BemecTBa JKBUBAJIEHTA N>kB.(B-Ba) — KOJIMYECTBO BEIIECTBA,
B KOTOPOM YaCTUIIAMU SIBIISIFOTCSL YKBUBAJICHTHI. BhIpakaeTcsi B MOJISIX, KaK U J1000¢€
KOJIMYECTBO BEILIECTBA.

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

N>ks.(B-Ba) = m(B-Ba) / m; (B-Ba) [MOJIb].

MoasipHbIi o0beM JKBHMBAJICHTOB razoo0pasHoro BellecTBA
(3KBHBaJICHTHBII 00beM) V3kp— 00bEM OJTHOTO MOJIb 3KBHMBAJICHTA I'a3a.

Vske= VMm(raza)/ z [n/mons], tie Vuv(rasza) — MOsIpHBINA 00beM Ta3a, J (H.Y.).

3aK0H KBHUBAJIIEHTOB — Macchl (00BEMBI) pearupyromux BEIIECTB OTHOCATCA
MEXKly CO00# Kak MX MOJISIPHBIE MacChl SKBUBAJIECHTOB (KaK UX MOJISIPHBIE OOBEMBI
SKBUBAJICHTOB). 3alKChIBAEM BBIPAXKEHHE 3aKOHA JKBUBAJIEHTOB IS JIBYX
KOMIIOHEHTHOUW CUCTEMBI:

My / Mz = Moka.1/ Moks.2; V1 /V2 =Voks.1 [ Voksa.

Hpumep 1. IIpu B3aumMoaencTBUM 8 T ABYXBAJIEHTHOIO METAJJIA C KUCIOTOU
BbIZIeIIIOCH 4,48 11 Bojopoaa (H.y.). Berauciaure MOJSpHYIO Maccy SKBUBAJIEHTA U
aTOMHYIO Maccy MeTajuia.

Pemenue

3anuchIBaeM CXeMy B3aMMOJIEVCTBUS METAIIa C KUCIIOTOM:

Me + 2HAn — MeAn, + H»

Brruucnsem MoJisipHyl0 MacCy SKBUBajieHTa Bojaoponaa. M3 cxembl peakiuu
BUJIHO, 4TO 1 Mok Bogopozaa (Hz) oTnaer aBa snekTpoHa.

H; - 28 — 2H*, orctoga Voks(Hz) = Vm / Z. [1/Moms],

Z =1g€, T.e. YUCIy 3JIEKTPOHOB OTAaHHBIX | MOk Bogopoa. CieaoBaTenbHo,

Z=2, Vrxp(Hp) =22,4/2 = 11,2 n/momb.

3anuchIBaeM BBIPOKEHUE 3aKOHA DKBUBAJICHTOB:

m (Me) / MgKB(Me) = V(Hz) / V3KB(H2)

[Toncrapnsiem uncnoBbie 3HaueHus: 8/Msxs(Me) = 4,48/11,2, monsapHas Macca
SKBUBAJICHTa MeTayia paBHseTcs Moxg(Me) = 8 - 11,2 / 448 = 20 r/monb. U3
YCJIOBUSL 3alaHUSl HM3BECTHO, YTO BAJIEHTHOCTh METajla pPaBHAETCS JIBYM, a
BaJICHTHOCTh MeTaJljia
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B = M(Me) / M»kg(Me). Monsapuas macca metaimia M(Me) = 20 - 2 = 40
r/monb. Ananmusupys Ilepuoanueckyro cuctemy snementoB [[.M. Menneneesa,
HaXOJUM BO BTOPOW TIpYIIEe 3JIEMEHT C MoJIApHON Maccoi 40. DTOT 3IeMeHT
kaneiuii (Ca).

IIpumep 2. HekoTopoe KOIMYECTBO METAILIA, DKBUBAJICHTHAS. Macca KOTOPOIO
paBHa 20 r/MOJb, BBITECHSET M3 KHUCIOTHI 0,6 1 BOIOpOJa, MU3MEPEHHOTO MpH
HOPMAaJIbHBIX yCIoBHsIX. ONpeaenuTh Maccy MeTasuia

Pemenne Tak kak yncio 3kBuBasieHTHOCTH z(H2)= 2, a MOJIsApHBINM 00BbEM IpH
HOpMaNTbHBIX yenoBusaX Vyv(Hz) = 22,4 1, To 3KBUBaJIGHTHBIN 00BEM BOAOPOIA

Vs(Hp) = Vu(Hy) /z

Vs(Hp) 22,412 =11.2 n.

IIpuMeHss BbIpa)KEHHE 3aKOHA DKBHBAJICHTOB, BBIYMCIISIEM MAacCy MeTasula

m(Me) /ms(Me) = V(Hz) / Va(Hz) mma m(Me) /20 =0,6 /11,2

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

IIpumep 3. Bbrunciauth MOJIIpHBIE MAacChl SKBHUBaJIEHTa (IKBHUBAJICHTHbHIE
maccel) Al(OH); B peakiusix, BeIpakaeMbIX YPaBHEHUSIMH:

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

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

Pemenne. OKBUBAJICHTHAs Macca CIOXHOIO BEIIeCTBA TaK K€, Kak U
DKBUBAJICHTHAsl Macca 3JIEMEHTA, IEPEMEHHAsT BEIMYMHA, MOKET UMETh pa3InyHbIC
3HAYEHHS U3aBUCUT OT TOTO, B KAKOM peakiuu 0OMEHa y4acTBYET 3TO BEIIECTBO.

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

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

DOKBUBaJICHTHAs Macca OCHOBAHUS paBHA €ro MouisipHOi macce (M) neneHHon
Ha YMCJIO SKBUBAJEHTHOCTH (Z), KOTOPOE€ PAaBHO YHUCIY T'HMAPOKCHIBHBIX TPYII
3aMEIIEHHbIX Ha KHCJIOTHBbIE OCTaTKH (aHHOHBI). ClenoBaTeiabHO, 3KBHUBAJICHTHAS
macca ocHoBaHusi M5(Al(OH)3) B peakimu (1) paBHa ero moissipoit macce M(A
(OH)3)/ 1, a B peakuuu (2) m>(Al(OH); = M(AI(OH)3) /3 [r/mMoib].

IIpumep 4. Hns  pactBopeHus 16,8 T ABYXBaJE€HTHOIO MeTajlia
norpeboBanock 14,7 r cepHol KucnoTbl. OnpeneanuTh 3KBUBAJIEHTHYIO U aTOMHYIO
Maccy MeTajijia U 00beM BBIACIHUBIIIETOCS BoAopoaa (H.Y.)

Pemenune. 1.0mpenenuts 5KBUBAJICHTHYIO MacCy MeETajyla Mbl MOXEM,
BOCIIOJIb30BABIIMCh 3aKOHOM OSKBUBAJIEHTOB. 3alMIIEM €ro MaTeMaTH4eCcKoe

BBIpa)KEHUE MPUMEHUTEIFHO K JaHHOU 3a1a4e:
m(Me) m(H,S0,)
m,(Me) - m,(H2504)’
m(Me) u m(H,SO,) — macchl MeTaia U KUCIIOTHI, T;
m,(Me) u m,(H2S0O,) - s5kBUBasICHTHBIC MacChl METaJIJIa U KUCJIOTHI, I/MOJIb.

DKBHUBaJCHTHAS Macca KHCJIOTHI onpcaACIIICTCA CICAYIOIUM OTHOIICHUCM:
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M (KHACJIOTBI)
m,(KUCJIOThI) = — I

M (KuCToThI) — MOJISIpPHASE Macca KUCJIOTHI, T/MOJTb;

Z - OCHOBHOCTb KHCIIOTHI - YUCIIO 3aMEIICHHBIX KaTHOHOB Bojopoaa (NH™).

[TpuMeHUTENHHO K JAaHHOM 3a/1a4e 3aluIIeM CXeMY Mpolecca B3auMOIeHCTBUS
MeTaiia ¢ cepHoi kucnoroit: Me + H,SO4 — MeSO4 + Hy, metamn 3amemaer 06a
aToMa BOJIOPOJIa M OCHOBHOCTb KHCJOTHI paBHseTcss AByM. OTciona 4ucio

3KBUBAJIEHTHOCTH Z = 2.

M(H,S0,) 98

m,(H,S0,) = > - = 49(r/MoJib)

HOI[CT&BJI?I?[ SHAYCHUS B MATCMATHUUCCKOC BBIPAKCHUC 3dKOHA 3KBHUBAJICHTOB,
IMIOJIy4acM 3HA4YCHHUC SKBHUBAJICHTHOM MaCChl METaJljla;

16,8 14,7 16,8+49
= orcroga m,(Me) = —— = 56(r/mMoJsb
ie = a9 na m,(Me) ™ (r/ )
UToOBI OnpeeuTh aTOMHYIO MacCy MeTajiia BOCIIOIb3yeMcs (hOpMyJIOi:
Ar(Me)
m,(Me) =

A{(Me) u B(Me) — 3T0 COOTBETCTBEHHO OTHOCHUTEIbHAas aTOMHasi macca u
BAJICHTHOCTh METAJLJIA.

Otcioga A,(Me) = m,(Me) * B(Me) = 56 * 2 = 112a.e.m.

[lonb3ysicCh 3aKOHOM 5SKBHUBAJICHTOB, OIpPEAEISIEM OOBEM  BBIIEIMBILEIOCH
BOZIOPOZIA:

m(Me) _ V(H,)

my(Me) — Vy(Hp)’

V(H,) — o6beM Bomopoaa, ;

V, (H2) — sxBHBasicHTHBINH 00BEM BOAOPO/A, JI/MOJIb.

OKBUBAJIEHTHBI 00BEM BOAOPOAA NMPU HOPMAJIBHBIX YCIOBHSX paBeH 11,2

J1/MOJIB

rac

m(Me) « V;(Hy) 16,8 11,2

m,(Me) 56 = 3,36(1)

V(Hy) =

2. CTPOEHUE ATOMA (3apanus 20- 39)

IIpu pemeHnn BONPOCOB, CBS3aHHBIX C JJIEKTPOHHOM CTPYKTYpOM aTOMOB,
CJIeIyeT UCXOJUTh U3 TOTO, YTO JII000E YCTOWYMBOE COCTOSIHHE DJIEKTPOHA B aTOME
XapaKTEepPU3yeTCsl OIPECICHHBIMU 3HAUCHHSIMHU KBAaHTOBBIX YHCEN: TJaBHOTO (N),
opoutansroro (l), marautHOro (M) U crUHOBOTO (S). COCTOSIHUE JCKTPOHA B aTOME,
OTBEYAIOIIee OIPE/CICHHBIM 3HAYCHUSM KBaHTOBBIX umcen N, |, m, Ha3eiBaercs
atomHou opOutanesio (AO). YcroitunBoMy (HEBO30YKIEHHOMY) COCTOSHUIO aToMa
OTBEYAET TaKOEe pacrpeneneHue 3JeKTpoHoB 1Mo AQO, mpu KOTOPOM 3HEPrus aroMa
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MuHUManbHa.  [loaTOMy  aTomMHBIE  OpOMTAM  3aMOJHAIOTCS  AJIEKTPOHAMHU
MOCJIEIOBATEIHHO BO3PACTAHUIO UX SHEPTUH (IPUHIIMIT HAUMEHbBIIIEH SHEPTUH ).

[Tpumep 1

Hammcatps 3meKTpoHHYI0 KOH(PHUTYypamuio aroMa »3JeMEHTa C MOPSIKOBBIM
HOMEpOM 15 B OCHOBHOM U BO30YXIEHHOM COCTOSIHUSIX. VICHOJIB3ysl SJIEKTPOHHYIO
KOH(UTypaliio BHEITHETO U MPEJIBHEIIHETO0 YHEPreTUYECKUX YPOBHEH, ONpPEACIIUTh
MECTOMOJIOKEHHE DJIEMEHTa B TIEPUOJUYECKON cucrteMe (Tpymnmna, MNOATpYIa,
Mepuoj), ykKazaThb €ro Ha3BaHME€ M CUMBOJ. OmnpeAenuTh K KaKOMY CEMEHCTBY
MPUHAJIEKUT DJIEMEHT. YKa3aTh 3HAYEHHS BAJCHTHOCTEW W CTEIEHEH OKHUCIICHUSA
AJIEMEHTOB B OCHOBHOM U BO30YXJIE€HHOM COCTOSTHUSX.

Pemenue. 1. [TopsiakoBeiii HOMEp AeMeHTa — 15 — yKka3bIBaeT Ha KOJIUYECTBO
IPOTOHOB B SIIPE aTOMa 3JEMEHTA M, COOTBETCTBEHHO, 3JIEKTPOHOB. Pacnpenensem
15 2JEKTPOHOB MO JHEPreTUUECKUM YPOBHSIM M MOIAYPOBHSIM aTroma, HCIHOJIb3YS
NPUHYUN MUHUMATbHOU JSHepeuu u 0ea npasuna Krneukoeckoro. DIEKTPOHHYIO
KOH(MUTypallMi0 aToMa H300pa)XkaloT C TOMOIIBIO JJIEKTPOHHOW W 3IIEKTPOHHO-
rpadguueckoit GopmMyit (AIEKTPOHHO-TPAYUUECKUX CXEM).

OnektpoHHas hopmyra aToMa OyJIeT ClIeayIOIeH:

15P 152 252 2p°® 3s2 3p? cokpauwenno [Ne]3s23p®

CocrapisieM 2JIEKTPOHHO-TPAPUUECKYIO CXEMY pacIpeAesIeHUsI JIEKTPOHOB TI0
HSHEPTreTUYECKUM YPOBHSIM M TOJYPOBHSM aTtoMa djemeHTa. s yero mpumeHsem
npunyun (3anpem) Ilayau u npasuno I’ ynoa.

OcHoBHOE (HEBO30YKJICHHOE COCTOSIHHE)
3s | 3p | 3d
(e fe It e [ [ [ 1 [ |

B =3; ct.0k. = — 3.43.

JIist maHHOTO aTtoMa BO3MOXKEH TepexoJ B BO30YKIEHHOE COCTOSTHHE,
MOCKOJIBKY UMEIOTCS BAKaHTHBIC OpOMTaM Ha (-110ypOBHE BHEIIIHETO YPOBHHI.

B036y>K)1€HHO€ COCTOSIHUE
3s | 3p | 3d
L e

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

DNeMEeHT NPUHAJICKUT P-cemelicmay, TIOCKOJbKY MOCIEIHUM IO TMpaBUiiaM
KiieukoBCKOro B aTOME 3TOTO AJIEMEHTA 3alOJIHIETCS P-TIOAYPOBEHb.
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B arome Tpu SHEPreTUYECKUX YPOBHS, COOTBETCTBEHHO JIEMEHT PaCIOJIOKEH
B mpemvem nepuode TEPUOIUYCCKON cucTeMbl. Ha BHEIIHEM SHEPreTHYecKOM
YPOBHE COJICPKUTCS IIATH DJICKTPOHOB, YTO YKa3bIBaeT Ha IPHHAIICKHOCTH
aeMeHTa K namou epynne. llociemHuM B aToMe 3alOJIHSCTCS BHEITHHMA
OYHEPTETUYECKUA YPOBEHB, 3HAUHT, SJIEMEHT CTOUT B 21A6HOU NoO2pynne.

PaccmarpuBaemblii aTom siBJsieTcs aToMoM (pocdopa u o6o3HagaeTcss cumBosioM P.

BasteHTHBIE BO3MOKHOCTH aTOMa P - 3JICMEHTa ONMPEACIISAIOTCS KOHPUTyparuei
BHEIITHETO JHEPreTHYECKOTO ypOBHA. B aTrome maHHOTO 3JIeMEHTa B OCHOBHOM
COCTOSSHUM Ha BHEIIHEM ypPOBHE TPH HE CIIAPEHHBIX AJIEKTPOHA, COOTBETCTBEHHO
3HAYEeHUE satenmuocmu 3.

Bo3Moxubie 3HaueHust cmenenei okucienus -3,+3. B B030yXJICHHOM
COCTOSSHUM Ha BHEIIHEM YPOBHE IIATH JJEKTPOHOB, ATO OIpEAeiseT 3HAUYCHHE
ganenmHocmu 5 u cmenenvb oKucienus +5.

[Tpumep 2
Hanucate 3JIeKTpOHHYIO KOH(UIypalui0 U  COCTaBUTh  AJIEKTPOHHO-
rpaguueckyro gopMmyny (cxemy) paclpeaesieHus S3JEKTPOHOB Ha 3JIEKTPOHHBIX
YPOBHSX M TIOAYyPOBHAX HoHa Mg?*.
Pemenne. OnekTpoHHas QopMmyjia aroMa MarHusl 3alkChIBACTCS CIIETYFOILIM
o0OpazoMm:
12 Mg 152 252 2p® 3s? wau [Ne]3s?

DnekTpoHHO-rpaduueckas (opmysia aToMa MarHus:
HeBo30yk/1€HHOE COCTOSIHHE

3s | 3p
el [
B=0.
Bo30yxaenHoe cocTostHue
3s | 3p
ot ]

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

[Ipoiecc mnpeBpamieHuss aromMa B HMOH  COINPOBOXKIACTCA IOTEPEU WIIH
IIPUHATUEM JJIEKTPOHOB HA BHEIIHUN WA IPEABHEIIHUNA YHEPIETUYECKUN YPOBEHSD.
B JaHHOM  CJIy4ac, aTOM Mar"Huda TCEpsACT ABa OJICKTpPOHAa C  BHCIOIHCTO
SHEPreTUYECKOr0 YPOBHS M IIPEBPALIACTCS B IOJOXKUTEIBHO 3apsKECHHBIM MOH. B
COOTBCTCTBUU C BBINICCKA3aHHBIM, MOKCM 3allMCATb 3JICKTPOHHYIO I(OH(I)I/IpraL[I/IIO
HMOHA MAarHusi.

Mg?* 1s2 252 2p°® 3s°
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DnekTpoHHO-Tpaduueckas popmyna (cxema) uona Mg?*:
3s | 3p

Ipumep 3. Kaxoil nogypOBEHb 3aNIOJHAETCSA AIEKTPOHAMH B aTOME PAHBIIE —
4p v 557

Pemenne. [TonypoBHIO 4p OTBEUaET SHEPIUs, XapaKTEPU3YIOIIAsICA CYMMOM

E = (n+l), Tte. paBuoit 4+1=5. IlogypoBHIO 5S COOTBETCTBYET
(n+1)=5+0=5.Cornacio BTOpOoMYy mpaBmiy KIIEUYKOBCKro, €ClM 3HEprus Ha JBYX
IIOAYPOBHIX OJMHAKOBA, TO 3aIllOJIHEHUE MOMYPOBHS AJIEKTPOHAMH IPOUCXOJIUT B
MOPSAKE MOCIEI0BATEIBHOTO BO3PACTaHMS TJIABHOTO KBAHTOBOI'O YMCIIA, T.€. CHAYAJIa
3aM0JHAETCS AIEKTPOHAMHU ITOAYPOBEHB 4P, a 3aTeM 5S.

3. XUMHUYECKAS CBA3b (3ananus 40-59)

XuMH4YecKasi CBA3b — COBOKYITHOCTb B3aUMOJIEHCTBUN MEXKIY 3JIEKTPOHAMU U
ANpaMH, TPUBOIAIIMX K COCAUHEHUIO OTACJIBHBIX ATOMOB B MOJIEKYJIBI, HOHBI,
paguKaibl, KPUCTAUIBI, KOMIUIEKCHl. XHMHYECKasl CBSI3b  OCYLIECTBIIIETCS
CBSA3BIBAIOIMMHU  DJIGKTPOHHBIMHU [MapaMu, MPUHAJISKAINIUMA OOOMM aTOMaM.
CniapuBaHue CBS3BIBAIOIIMX IEKTPOHOB IPOUCXOIUT B PE3YNILTATE NEPEKPHIBAHUS
UX AJIEKTPOHHBIX OOJaKOB M BO3HUKHOBEHMS OOJACTH MOBBIINICHHOW 3JEKTPOHHOU
IJIOTHOCTH, YTO MPUBOJUT K CONIMKEHUIO siiep U 00pa30BaHUIO XUMHUYECKOW CBSI3H.

B 3aBucumMocTM OT Xxapakrepa pacupeAcsieHus AJIEKTPOHHOM IUIOTHOCTH B
MOJIEKYJIE WJIM KPUCTAUIE PA3JIMYarOT TPU OCHOBHBIX THUIIA XUMUYECKOM CBS3U:
KOBAJIEHTHYI0 (ATOMHYI0), HOHHYI0, METALJIMYECKY 0.

MHorue (u3nvecKkue U BCe XMMHYECKUE CBOMCTBA BEIIECTB OMPENEISIOTCS
TUTNIOM XUMHUYECKOU CBSI3H.

CBoiicTBa XUMUYECKOM CBSI3H

KoBasienTHas cBA3b

[TonsipHOCTP XMMHUYECKOW CBSI3M MOXKHO ompenenuth mno pasHoctu O30
(oTHOCHUTENBHAS JIEKTPOOTPULIATETLHOCTH 3JIEMEHTA), 4eM Oouiblie pazHocTh AOD0,
TEM BBIIIE MOJSPHOCTh CBSI3U. CBSA3b HA3BIBACTCS KOBAJICHTHOW HEIMOJSIPHOM, €CIH
OHa 00pa3oBaach aTOMaMH OJHOTO 3JeMeHTa, Tak kKak AOD0 = 0.

Mepoii TONSIPHOCTH CBA3HU SIBIIIETCA TAKXKE €€ IIEKTPUUECKUN MOMEHT JUTIONSA
(mumosibHbIN MOMeHT). = ¢ | [Kir'M] wtu [D]. JIMmonbHBIH MOMEHT XapaKTepHu3yeT
CIIOCOOHOCTH CBSI3M OPUEHTHUPOBATHCSI B MATHUTHOM TIOJIE.

HanpagiieHHOCTh XMMHYECKON CBs3U. HalpaBieHHOCTh KOBAJECHTHOU CBSI3U
KOJIMYECTBEHHO BBIPAXKAIOT B BUJIEC BAJICHTHBIX YIVIOB. YTOJI CBSI3U WJIM BaJEHTHBIN
YTOJI — 3TO YTOJ MEXIY BOOOpa)KaeMbIMU MPSIMBIMU JTUHUSMU, POXOASIIUMU Yepe3
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A/lpa XUMUYECKHU CBSI3aHHBIX aTOMOB 3JIeMeHTOB. Hampumep, B MoJeKyse amMmMuaka
NH;3 BanenTHbIi yron < HNH = 107°,

JinuHa u sHeprusi XxuMuyeckod cBsi3u. Cuia, BbI3bIBaIONIas oOpa3oBaHUE
XUMUYECKOU CBSI3U — PABHOJICUCTBYIONIAS CUJI IPUTSHKEHUS] U OTTAIKUBAHUS SIACp U
AIEKTPOHHBIX 000JIOYEK B3aMMOJCHCTBYIONIUX aTOMOB. JlJiMHA CBSI3U, HM — 3TO
PACCTOSIHUE MEX]Y SApaMU, KOTOPOE 3aBUCUT OT Pa3MEPOB AIEKTPOHHBIX 000JI0UYEK
Y CTEIICHH UX MEPEKPbIBAHUA.

DHeprus CBs3M, KJK/MOJIb — KOJTMYECTBO SHEPTHH, KOTOPOE BBIJCISACTCS TIPH
00pa30BaHUU XUMHUYECKOM CBsi3U. UeM OoJibllie YKMCIOBOE 3HAYEHUE PHEPTUU CBS3H,
TE€M KOpOYE U MPOYHEE XUMUYECKASI CBA3b.

Haceimmaemocts KoBajeHTHOM cBs3U. C TOYKM 3pEHUST METOAAa BaJCHTHBIX
cBs3eil MBC koBalleHTHasi XUMUYECKas CBSI3b JIOKAJIM30BaHA MEXKY ABYMSI aTOMaMHU,
T.. OHA JIBYX IIEHTpPOBas W ABYX dSJEKTPOHHAas. BcieacTBUe HACHIAEMOCTU CBSI3U
MOJIEKYJIbI UMEIOT ONPEJICICHHBIA COCTaB U CYIIECTBYIOT B BUJIC IUCKPETHBIX YACTHUII
c onpeaenenHon crpykrypoil. Hanpumep: H - Cl; :2N=N:;; O=C=0.

HNonnasi cBsA3b (YacTHBIM clydyail KOBaJEHTHOM TOJIAPHOM CBsi3u). OTa
XUMHUYECKass  CBSI3b  OCYIIECTBIISIETCST B pe3yibTare  oOpa3oBaHUS |
AIEKTPOCTATUYECKOTO B3aWMOJICUCTBUSI TMPOTUBOIOIOKHO 3apsiKEHHBIX HOHOB.
Hanpumep, B kpuctammmmueckoil pemetke KCl npoucxoaut oOMeH 3l€KTpOHAMH:
K\— e - K, CI°+ e - CI, K" + CI' —» KCI. HMouHnas cBs3p He o00JamacT
HaIIPaBJIICHHOCTbIO M HACHIIAEMOCThIO. [leeHne BEIIEeCTB Ha KOBAJICHTHBIE H
HMOHHBIE COCIMHEHUSI OTHOCUTEIIBHO, T.K. JIa’K€ B COCIMHEHUSX IIETOYHBIX METAJIOB
C rajoreHaMuM HeT TIOJIHOTO TMepexo/a 3JIEKTPOHOB OT MeTala K TaJloreHy.
XUMHUYECKYIO CBSI3b ~ CUMTAIOT HMOHHOM, €CJIM  Pa3sHOCTh  OTHOCUTEJIBbHBIX
aNeKTpooTpuLaTenbHocTel anemeHToB (0O20) metamna u rasiorena A 090 > 1,9.

Mertannnuyeckass CBfI3b OCYLIECTBIISIETCS B KPUCTANIMYECKOW peElIETKe
MeTaJlJla MEXIY TMOJOXHUTEIbHO 3apsDKCHHBIMU HMOHAMHM, 3a CYET MPUTSKCHUS
AJIEKTPOHOB, CBOOOJHO TMEPEMENIAIONIUXCS MO0 KPUCTALTY («IJEKTPOHHBIA Ta3y).
Meramuueckas CBs3b HE 00J1a/1aeT HAMIPaBICHHOCTHIO M HACKIIIIAEMOCTHIO.

IMpumep 1. Onpeaenuts noaspaocts cBsizu H-H u H-CI.

Pemenne. 13 tabmuiel 6epem 3HaueHuss O20 Bogopoaa u xjopa. OO0(H) =
2,1, O20(CI) = 2,83. Beruncisiem AOSO(H-H) = 2,1 — 2,1 = 0 — cB43b KOBaJICHTHAA
HenossipHast. AODO (H-CI) = 2,83 — 2,1 = 0,73 — cBs13b KoBayieHTHasI nosisipHast. Yem
6ompie 3HaueHue AODO, TeM BBIIIIE MOIIPHOCTh XUMUYECKOM CBS3H.

IMpumep 2. Jlnuna aunons monekyast HCI pasra 2,2 - 10! m. Beruuciuts
JIUTIOJbHBIM MOMEHT.

Pemenue. J[MMobHBIIE MOMEHT pacCYUTHIBACTCS O (hopmyIe:

p=q - [Krm]
rje ( — BeJIMuyrMHa abCOTIOTHOTO 3aps/a anekTpoHa, Kii;
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| — nnmHA CBSI3M, pacCTOSHHE MEXAY L[EHTPaMHU IMOJIOKUTEIBHOTO H
OTPHLIATEIILHOTO 3apsA0B B MOJIEKYJIe (ATUHA U0 MOJICKYJIBI), HM.

n=16-107"-22-101=352 - 103 Kn-m; 38as, yro 1D = 3,33- 107 Kir'm,
BBIPA3UM JUIOJBHBIA MOMEHT B ebasx u = 3,52 -10°°- 3,33 -10°°=1,06 D.

IIpumep 3. YeM o0OBsCHSETCS HANpaBIEHHOCTh KOBaJeHTHOW cBs3u? Kak
HanpaBJieHbl cBs13U B Mosiekyiax AlCl; u PCl3?

Pemenne. HampaBneHHOCTh CBSI3UM ONpeaeNsieTcss KOJIUYECTBOM M (OpMOit
ANIEKTPOHHBIX ~ 00nakoB. CBsi3p  oOpa3dyercs B  HalpaBlIeHUH HaMOOJbLICH
AIIEKTPOHHOM ITUIOTHOCTH, HAUOOJIBINEH BHITSIHYTOCTH 00JIAKOB.

B monekyne PC1; HanpaBieHHOCTh CBs3€il onpezaensercss popMoii BaIeHTHBIX
ANEKTPOHHBIX 001aKkoB (ochopa. Ha BHemnem ypoBHe ¢ochopa HaxoguTcs S
51eKTpoHOB 3S° M 3p%; He crnapeHHbIMM (BaJIECHTHBIMH) SBISIOTCS 3P JJIEKTPOHBI,
o0JjaKa KOTOPBIX B3aUMHO NEPIEHANKYISPHBL, T.€. (hopMa MOJIEKYJIbl THpaMuaibHa
(sp® - rubpuamsamus). BaneHTHBIE YIJIBI HECKOJLKO OOJIBLIE MPAMBIX BCIIEACTBHE
OTTaJKUBaHUS aTOMOB XJIOpa APYT OT ApyTra.

B ciyuae A1C1; (BaleHTHBIMY SBISIOTCS DIEKTPoHBI 35! 3p?) nMeeT mecto Sp?
—rubpuau3anus,  CJlelI0BaTeNbHO, O0Jlaka  TpeX  BAJCHTHBIX  AJIEKTPOHOB
pacnosoxensl noJ yriiom 120° B ogHo# miockoctu. Takoe ke HanpaBlIEHUE UMEIOT
CBSI3H, 00pa30BaHHbIE 3TUMHU 3JIEKTPOHHBIMU 00JIaKaMH C BAJIEHTHBIMH 3JIEKTPOHAMU
Tpex aToMOB xJiopa. Dopma MOJIEKYIIBI TUIOCKAS.

4. XUMHUYECKASI KNHETUKA (3apanus 60-79)

XumMnyeckasi KWHHeTHKA — pa3zes GU3NIecKol XUMHUH, U3yYarOIIUi BOMPOCHI
0 CKOpPOCTSAX U MEXaHU3MaX XUMUUYECKUX PEAKLINH.

CKopocTh XMMHUYECKON PeaKIUy ONPEIETAECTCS NU3MEHEHHEM KOHIIEHTPalUU
pearupyronmx BEUIECTB 3a E€IMHUIY BpPEMEHM B EIUHULE PEAKIMOHHOTO
MIPOCTPAHCTBA.

CKopoCTh XMMHYECKOW PEaKIUU 3aBUCUT OT MPUPOJAbl PEarupyroumx
BEILIECTB, X KOHLIEHTPALUH, TEMIIEPATYPHI, JABJICHUS U IPUCYTCTBUS KaTaJIN3aTOPA.

3aBUCUMOCTh ~ CKOPOCTM  XMMHYECKOM  PEaKkIuu OT  KOHIEHTpauuu
pearupyronmx BEUIECTB BbIPAKAETCSI OCHOBHBIM 3aKOHOM XWMHMYECKON KMHETUKH —
3aKOHOM [JefiCTBHS MACC: NPU IOCTOSHHOW TEMIIEPATYPE CKOPOCTh XMMHUYECKOMN
peaKuMu NPSMO MPONOPLUOHAIBHA NPOU3BEACHHUIO MOJISIPHBIX KOHLIEHTPALUM
pEarupyronmMx BELIECTB, BO3BEACHHBIX B CTENEHb HX CTEXMOMETPUUYECKHUX
K03 PULIEHTOB.

XWMUYECKHE PEAKIUU, B KOTOPHIX HMCXOJHBIE BEIIECTBA  LIEJIMKOM

HpeBpaH_[aIOTCH B HpOI[YKTBI peaKHI/II/I, HA3bIBAKOTCA HeO6paTI/IMBIMI/IZ
2KCIO; = 2KCl + 30,1
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v1 = k1- C3(KCIO3) umu v1 = k1-[KCIOs] (kuHeTHYEeCKOe ypaBHEHHE).

3HAUUTENBFHO Yallle MPOUCXOASAT PEaKlvu, WUIYIIUEe OJHOBPEMEHHO B ABYX
IPOTHUBOIOJIOKHBIX HAMIPABJICHUSIX — MIPSIMOM U OOpPaTHOM:

2NO() + Oy(ry <> 2NO(n

V1= kl'[NO]Z'[Oz],

V2= ko [NO2J?,

CocrosiHue 00paTUMOM peakivu, TP KOTOPOM CKOPOCTH MPSIMOM U 0OpaTHOM
peakLuii paBHbI MEXy COOOM, HA3bIBAETCSI XUMHMYECKHM PABHOBECHEM.

[Ipy XMMHYECKOM PaBHOBECHH V1 =17, OTKyAa

Kc =ki/ky =[NO,)?/ [NOJ? - [O]

I'me K¢ — KoOHCTaHTa XMMHUYECKOTO paBHOBecHs (BenWYMHA TaOIU4HAas),
BBIPAKEHHAS YEPE3 PABHOBECHBIE MOJISIPHBIE KOHLIEHTPALMU PEATUPYIOIIHNX BEIIECTB,

K1, K2 — KOHCTaHTBI CKOpPOCTEH TPSIMOI M 00PATHOW XMMUYECKHX PEaKIUii

[NO,],[NO],[O2] — paBHOBecHBIE MOJSIPHBIC KOHIICHTPAIUU PEarupyrONINX
BEILECTB.

Jis  oOpaTMMOM  XMMHUYECKOM  peakUuu: OTHOLIEHUE IPOU3BEIACHMUS
PABHOBECHBIX KOHUEHTPALMI NPOAYKTOB PEAKIHMHM K MPOU3BENCHHUIO PAaBHOBECHBIX
KOHLIEHTpaMi MCXOAHBIX BELIECTB €CTh BEIMYMHA IOCTOSIHHAS MPHU IMOCTOSIHHOW
TEeMIIepaType, U Ha3bIBA€TCd KOHCTAHTOW XMMHMYECKOro papHoBecusi. OHa 3aBUCUT
OT TEMIIEpPaTypbl, MPUPOJbl PEATUPYIOIINX BELIECTB, HAIMYUS KaTald3aTOpa, U HE
3aBUCUT OT KOHLIEHTPALUi pearnpyrommx BeIecTB.

Ipumep 1. Kak HU3MEHUTCA CKOpPOCTh PEAKUHMHM TOPEHMS OSTHIICHA IpU
YBEJIMYEHUHN KOHIIEHTPALIMH KUCIOPO/ia B TPH pasa?

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

CKOpOCTh peakuMu TOpeHHs OJTWIEHA JO0 MW3MEHEHHMS KOHIICHTpaluuu
KHCIIOpoaa

v1 =K1 [CoHg] - [O2)® (3axon nmeiicTBus macc).

C yBenuyeHUEM KOHUEHTpalMU KUCIOpOoAa B TPHU paza CKOPOCTh peakUuu
CTaHET PaBHOU

V1= k1 [Cz H4](3[Oz])3 = 27k1[C2H4] [02]32271)1,

CrnenoBaresibHO, CKOPOCTh YBEJIMUMBAETCS B 27 pas.

IIpumep 2. Bo ckoJIbKO pa3 yBEIMYHUTCS CKOPOCTh PEAKIUU MPU MOBBIIICHUH
temmneparypsl ot 20 1o 70 °C, ecnu TemnepatypHbiit KoapuiiueHt papeH 27

Pemenne. 3aBUCHUMOCTh CKOPOCTM XMMHUYECKOM PEAKIMH OT TEMIEPATYPHI
onpenensiercs npaBuiom Bant-T'odda (mpu moBeIIeHUU TeMIiepaTypbl Ha Kaxibie
10 °C ckopocTh XMMHUUYECKOM peakiuu Bo3pacTtaeT B 2-4 paza) mo ¢opmyle:
vty =vt;- y P10 Haxomum, uto

vr/oty = 270-20110 = 25= 32,

CJI@I[OB&TGHBHO, CKOPOCTb PCAKIIUU YBCIMYUTCA B TPUALATD JIBa pa3a.
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IIpumep 3. B Kkakyio CTOPOHY CMECTHTCS pPaBHOBECHE B TOMOI'€HHBIX
CHCTEeMax

1. ZHBr(r) «— Hz(r) + Brz(r) — 70,18 xJIx;

2. ZNO(F) + Oz(r) > 2N02(F) +117 xJIx

BCJICJICTBHE TIOBBIIICHUS JaBJICHUS U TEMIIEpaTyphl?

Pemenne. B niepBoii cucreme peakuus ujaet 6€3 U3MEHEHHUsI 00beMa, IOITOMY
W3MCHEHUE JaBJICHUS HE BBI3BIBAET CMEIICHUS pABHOBECHs, a IMOBBIIICHHUE
TEMIIEpaTypbl TPHUBEACT K YBEIUYCHUIO CKOPOCTH TIPSIMOM DHIOTEPMHYCCKOM
peakiuu. (ITpunuun Jle [laTtense)

Bo BTOpOIi crucTeMe MOBBINICHUE JTaBJICHUS BBHI3OBET CMEICHHUE PAaBHOBECHS B
CTOPOHY TMPSAMOM peakIuu, WAyl ¢ yMEHbIIEHHEeM oObeMa, a IIOBBIIICHHE
TEeMIIEpaTypbl — B CTOPOHY OOpaTHOM peakuuu (3HA0TEPMUUECKOI).

5. CHOCOBbBI BBIPA)KEHUSA KOHUEHTPALIUU PACTBOPOB
(Bamanus 80-99)

KonuenTpanueil pactBopa Ha3bIBa€TCsl KOJIMYECTBO PACTBOPEHHOTO BEILECTBA,
COJIEpIKaIIEerocsi B OMPEIEICHHOM MacCOBOM M OOBEMHOM KOJIMYECTBE PACTBOPA WIIU
pPacTBOPHUTEIIS.

B xumum TpUMEHSIOTCS CIEAYIONIME CIOCOOBI  BBIPAXKEHHUS COCTaBa
pacTBOPOB: MaccoBasi JOJsI, MOJIApHAs KOHIIGHTpAIWs, MOJIApHAS KOHIICHTPAIIHSI
SKBUBAJICHTa (HOpMasbHasi, PKBUBAJCHTHAs), MOJISUIbHAS KOHIIGHTpAIUs, a TaKXKe
MOJIbHASI IOJISI ¥ TUTP.

MaccoBoii goJsieli (®) Ha3bIBaeTCd OTHOILIEHHWE MAaCChl PAaCTBOPEHHOTO
BEIIECTBa K Macce pacTBOpa, OHA BHIPAYKEHA B JIOJISIX €IUHULIBI

® = m (B-Ba) /m(p-pa).

MaccoBas 70711 MOKET OBbITh BbIpakeHa B mporeHTax (o % wumu C% = o
100), mpomuiie (%o = o - 10%) 1 MuHOHHBIX 10X (MaH | wmm ppm’= © - 10°).

KonuenTpanueii pactBopa Ha3bIBaeTCS KOJUYECTBO (MOJb) PACTBOPEHHOTO
BEIIECTBA, COAEPIKAIIETOCS B OMPECIEHHOM MAacCOBOM MM 0OBbEMHOM KOJUYECTBE
pacTBOpA UK PACTBOPUTEISL.

MoJisipHasi KOHIEHTPAUMs BBIPAKACTCS YHUCIOM MOJIEH PacTBOPEHHOTO
BEILIECTBA, CoJieprKalerocs B 1 tutpe pactBopa [Moiw/i] wiu [M]..

Cv= n(B-Ba)/V(p-pa) [Moab/n];

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

PactBop, comepkammii 1 monp BemecTBa B 1 11 pacTBOpa, Ha3bIBaeTCA
onHomotisipubiM (IM), 0,1 mons — pemumonsipueim (0,1 M), 0,01 mons —
cantumossipabm (0,01 M).
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MoJisipHasi KOHIEHTPANUA 3KBUBAJIEHTA BelllecTBa (IKBMBAJIEHTHAS] MJIH
HOPMAaJIbHAsI) BBIPAXKAETCS] YUCIOM MOJIb SKBHUBAJICHTOB PAaCTBOPEHHOI'O BEIIECTBA,
COJICPIKAIIIETOCS B OJTHOM JIMTPE pacTBOpa [MOJIb-3KB/M]; [MOJb/1] miu [H]..

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

N>(B-Ba) = m (B-Ba) / M»(B-Ba).

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

PactBop, conepxkaiuii 1 w™momp-3kB. BemiecTBa B | 1, Ha3bIBaeTcs
oJHOHOpMaNbHBIM (1H), 0,1 MoB-3kB. - AeruHOpMaNbHBIM (0,1 H), 0,01Mo0Ib - FKB. -
canTuHOpMaibHBIM 0,01 H).

MoJsijibHasi KOHIEHTPALMA BBIPAKACTCS YHUCIOM MOJICH PacTBOPEHHOTO
BEIIECTBA B OJJHOM KHJIOTPaMM€E PacTBOPUTEIS [MOJIB/KT].

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

MouabHast g0 (MoJisIpHasi J0Jis1) BEIIECTBA B PACTBOPE OMPEACIISICTCS
OTHOIIIEHUEM YHCJIa MOJICH JTAHHOTO BEIIECTBA K CyMME YHCJIa MOJICH BCEX BEIIECTB,
HaXOJAMXCs B pacTBope. i1 IByX KOMIIOHEHTHOM CHCTEMBI: ni- n(B-Ba), ny — n(p-
JIs1), OTCIOJIa MOJIbHAS JTOJIA BemiecTBa  X3= N1/ Ny + Ny

KoHuieHTpanuioo WHOTJa MOXHO ONPENEIUTh MO Tabyiuile, 3Has MIOTHOCTb
pacTBopa.

KoHIeHTpaIuto pacTBoOpa MOXXHO BBIPA3UTh TUTPOM.

TuTp omnpenensercs YUCIOM TPaMMOB  PACTBOPEHHOTO  BEIECTBA,
coJiepKalierocss B OAHOM MILULTWIHTpPe pacTBopa [r/mi]. T= m (B-Ba) / V(p-pa)
[r/mu].

Ipumep 1. BpuCIUTe  MOJSAPHYXO  KOHLEHTPALMIO,  MOJIIPHYIO
KOHIICHTPAITUIO SKBUBAJICHTOB M MOJISIIbHYIO KOHIICHTpauio (HochHOpHON KUCIOTHI B
6%-noM pactBope H3POy, muoTHOCTL KOTOpOro pasHa 1,031 r/cm?.

Pemenne. Macca ogHoro snmtpa 6%-HOro BOJHOTO pactBopa (HochopHoi
kuciotel (H3PO4): m (p-pa) = p-V; m (p-pa) = 1,031-:1000=1031 r. Macca H3PO4 B
OJIHOM JIUTPE PacCTBOPA OCTaBJISET

m(H3PO.) = m(pactBopa)- o;

o = my(H3PO,) / 100;

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

m1(HsPO4) — macca pochopnoii kuciaotsl B 100 r 6%-Horo pacTBopa

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

MoutsipHYI0 KOHIIEHTPAIMIO (MOJISIPHOCTB) BBIUUCIISIEM TI0 OopMyJIe:

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

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

MoJSIpHYI0O  KOHIICHTPAIIMIO  SKBHUBAJEHTOB  BemIecTBa  (HOPMAJIbHOCTH)
omnpenessieM o gpopmyiJie:

Cn = n»/V(p-pa)= m(B-Ba)/ms(B-Ba): V(p-pa),
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m» (H3PO4) = M(H3PO4)/z (HsPO4) [1/MOi1B];

Z — OCHOBHOCTHL KHUCIIOTHI (LII/ICJ'IO KaTHOHOB BOJAOpOAa B KHCJIOTC l’lH+),
Z(H3PO4) =3.

m» (H3PO4) = 98/3 = 32,66 r/mMmoib

Cn=061,86/32,66-1 =1,89 monw/n

Haxonum MoJisiibHY0 KOHIIEHTPaUO (MOJISITBHOCTE) (HOChHOPHON KUCIOTHI B
pacTBope:

Cm = m(B-Ba)/M(B-Ba) - m(p-ys1) [MOJIB/KT];

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

Cm(H3PO4) = 61,86 /98-0,969 = 0,65 monw/kr (H20).

[Tpumep 2.

B 250 mu Bomel pactBopmwiam 8 T xjopuma menu(Il) CuCl,. Paccumrath
MacCOBYI0O U MOJIBHYIO JOJH PAacTBOPEHHOTO BEIIECTBA, MOJSIPHYIO, MOJSIIBHYIO,
HOPMAJIbHYIO ~ KOHIEHTpAllMM W THUTP TMOJYy4YE€HHOTro pactBopa. IlmoTHOCTH
noJiyueHHoro pactsopa 1,17 r/min

JIJisi maHHOTO pacTBOpa paccuuTaTh (U3UKO-XMMHYECKHE MapameTphl NpH
temneparype 25°C. Crenens 3IeKTpouTHIECKON auccoruanuu 0,9.

Pemienne. 1. OmnpenensieM .wmaccogyio ooato (0%) umu npoyeHmHoe
cooepacanue(C%) pacmeoperHo2o eeujecmea B IOIYYEHHOM PAaCTBOPE

MaccoBass 1075  MOKa3bIBaeT, CKOJBKO TpaMM pPacTBOPEHHOTO BeIIeCTBa

npuxoaurcs Ha 100 r pactBopa
m(pacTB.Bel—Ba)

- 100[%)]

Haiinem maccy MmoJy4eHHOTO pacTBOpa, OHA OyIeT CKJIaabIBaThCsS U3 MAaCCh
BOJIbI M MAacChl XJIOPHIa ME/IH, KaK PACTBOPEHHOI'O BEIIIECCTRA:

m (pactBopa) = m(H,O) + m (CuCly;), 3Has dYTO TIOTHOCTH BOJBI
p(H.0)=1r/mi; m(H,0) = p(H0) -V(H,0), m(H0) = 1- 250 = 250 r, m
(pactBOpa)=250 + 8=258 (1).

w dCTB.B€lll — Bad) =
% (p m ) m(pactBopa)

_ m(CuCl) 8 a0
Wy, (CuCl) = m(pacTsopa) -100 = 5tg 100 = 3%
2. PaccunThIBaEM MOIAPHYIO KOHYEHMPAYUIo pacmeopa.
Moussspnas

KOHIOCHTpalousA IIOKA3bIBA€CT, CKOJIbBKO MOJIb PaCTBOPCHHOI'O  BCIICCTBA

coaepxures B 1 11 pacTBOpa
_ n
Cy = ,» Tae
N — KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA, MOJIb;
V — 06Bem pactBopa, JI.

HaXOILI/IM KOJIMYECTBO MOJIb paCTBOPCHHOT'O BCHICCTBA
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m(CuCl;) 8

1 = = =
n(CuCl,) M(cucl,) - 1345 0,06(Moib)
1 00beM pacTBOpa
m(p—pa) 258
V(p—pa) = = = 220,5(mn)
PP T b —pa) 117

HOI[CT&BJ'IHH INOJIYYCHHBIC 3HAYCHHA B BBIpAXXCHUC  OJIA MOJ'I)IpHOﬁ

KOHI_[eHTpaI_[I/II/I, HOHy qacM:
C - - ' = 0 2; (IVIOJI]D/JI)
M [/ 0,2205 ’

PaccuutbiBaeM HopmanvHyto (IK8UBANEHMHYI0) KOHYEHMPAYUo pacmeopa
HopmanbHas KOHIEHTpanusi TOKA3bIBAET, KAKOE YHUCIO JKBUBAJIEHTOB

pPacTBOPEHHOTO BEIIECTBA COACPIKUTCS B 1 JI pacTBOpa

n
CN = 73, rIe
N,— KOJIMYECTBO MOJIb SKBUBAJIEHTOB PAaCTBOPEHHOTO BEIIECTBA;
V — 006Bem pacTBopa, .

PaccuutsiBaeM N, 17151 paccMaTpuBaeMoro pacTsopa

m(CuCly)
n,(CuCly) = Ma(cl:cfz)’

M, (CuCl,) —sxBuBanenTHas macca CuCly, r/mosinb

M(CuCl,) 134,5

M, (CuCl,) = T 7 = 67,25(r/Moub)
a(cuct) = ™) _ 8 o )
) = (cucty) T 67,25 A TR
CN =2 = 012 = 0,54( /)
7V T 02205 OTrWMOARI

4. PaccUuTBhIBAEM MOIATLHYIO KOHYEHMPAYUIO
MossisibHasE KOHLIEHTpALMs IMOKa3bIBA€T, CKOJIBKO MOJIb PAacTBOPEHHOTO

BEILIECTBA MIPUXOUTCS Ha | Kr pacTBOpUTENA

__ n(pactz—Ba)

= rac
M m(pacrB—ius)’ A

M(pacTB-Jisi) — ITO Macca PaCTBOPUTEIIS, KT
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)
Cn ===
m
0,25
5. PaccuuTbIBaeM MOIbHYIO 000 pACMBOPEHHO20 8eujecmaa — 3TO OTHOILICHUE
KOJIMYECTBa MOJIb PACTBOPEHHOTO BEIIECTBA K 00IIEMY YHCIIy MOJIb B PaCTBOpPE

= 0,24(M0JIb/KI‘paCTB - Jlﬂ)

n(pacrt, — Ba
¥ (p )

- n(pact, — Ba) + n(pacts — Jis1)

Havinem 4mciio MoJis BOJEI

n(H,0) = o) = 18 = 13,9(Mou1b),

3aTCM MOJIBHYIO OJOJIO PpaCTBOPCHHOI'O BCIICCTBA:

0,06
=0 _—0,004
0,06+13,9

6. PaccunteiBaeM mump pacmeopa, KOmMopblii NOKA3bl8Aem, CKOIbKO 2PAMM

PAcmeopenHo20 seujecmaa cooepacumes 6 1 mn pacmeopa
m(pact, — Ba) 8

~ V(p—-pa)  220,5

7. Iockoabky CUCI, sBIsSETCS JICKTPOIUTOM, HCIIONB3YeM 3akoHul Payns u
Banm-I'ogppa ¢ BBeneHueM MOMPaBOYHOrO KodhdULIMEHTAa (U30MOHUYECKUl
Koa¢hpuyuenm). BenumuanHa H30TOHHMYECKOTO KOA(PHUIIMEHTa 3aBUCHT OT CICIICHU
JICCOLMALIAH ATEKTPOJIATA:

i-1

“= ((k—l))

0L — CTENIEHb JUCCOIMAIINH YJIEKTPOJIUTA;

K — 4110 MOHOB, HA KOTOPBIE PAaCHaaeTCsl AIEKTPOIUT MPH JUCCOIHAITUH.

Xopua Meau Py JUCCOIMAIINY PACIagaeTcsl Ha TP HOHA!

CuCl, & Cu®* + 2CI, k= 3.

PaccuutbiBaeM genuuury uzomonuyecko2o KoapguyueHma Iyl pacCMaTpuBacMOro
pacTBopa:

1=09(3-1)+1=28

PaccuuthiBaeM senuuuny ocmomuuecko2o oasieHus sl JaHHOTO PacTBOPA.

P=i-Cy-R-T,rne

P - ocmotuueckoe nasienue, klla;

| — n30TOHUYECKUN K03 uIneHT;

Cwm — MoOJsIpHAst KOHIICHTpAIIUS pacTBOPa, MOJIB/JT;

R — yHuBepcanbHas razosas nocrosanas (8,31 Jix-monst-K?);

T — Temneparypa, K.

P=280,27831298=1872 klla

T

= 0,036(r/mn)

orcroma i =a-(N—1)+1,rne
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8. PaccuuThiBaeM BEIIMUUHY NOHUMNCEHUS OAGTEHUSL NAaPaA HAO PACMBOPOM, ACTIONB3yA |-
u 3axon Payna:

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

I'ne

Ap — U3MEHEHUE IaBJICHHs HACBIIIIEHHOTO Mapa HaJl pacTBopoM, klla;

Po — JIaBlieHUE HACBIIIEHHOTO Mapa HaJl YUCThIM pacTBopuTeneM. Klla;

| — m3oTOHMYeCKU K03 PuineHT;

X — MOJIbHAs JI0JI1 PaCTBOPEHHOI'O BEILIECTBA B PACTBOPE.

Ap =2,8-3,166- 0,004 = 0,035kIIa

9. [llosviwenue memnepamypvl Kunewus U HOHUJCEHUE MeMnepamypol
Kpucmaiiuzayuy paccuuTbiBaeM, ucnoinbiys |1-u saxon Payna:

Mypucr = IKCm s Atgun. :i‘E‘Cm, 2o0e

K u E — cooTBeTCTBEHHO KpHOCKONMYECKass M 30YJUIMOCKONUYECKAs
nocrosinabie pactBoputens, °C (Koasl = 1,86rpan. K/mMons, EBoasr = 0,52 rpan.
K/mons);

Cm — MOJIsUTBHASL KOHIIEHTpAIIUS pacTBopa

Atgpucer = 2,8:1,86-0,24 = 1,25°C

At =2,8:0,52-0,24 = 0,35°C

OtBetr: Wy, = 3%, Cy = 0,27(monb/n), C,; = 0,54(mMonb/n), X = 0,004,
Cp = 0,24(MOJ1b/KFpaCTB — JlH), T =0,036(r/Mmn), P = 1872 «lla, Ap =
0,035kI1a,

At[(pp]cy" = ],25OC, Atja/[]z = 0,35 OC.

6. BOJOPOHBIN MOKA3ATEJIb (3aganus 100- 119)

BonblIMHCTBO peakiuii, MPUMEHSEMBIX B aHaJIW3e, MPOTEKAIOT B BOJHBIX
pactBopax. Bojma oTHOCHTCS K Cl1aObIM 3JEKTPOJIUTAM M, XOTS B HE3HAYUTEIHLHOMN
CTEIEHH, HO TTOABEPraeTCsl NOHU3AIUU:

H,O < H" + OH"

[Iponecc wWoOHMBaUMU BOJBI XAPAKTEPU3YETCS KOHCTAHTOM HWOHHU3AIUU
(mucconmanun):

[H]-[OH] / [H0] = K(H0) (1)

[IpeoOpazyem 71O ypaBHEHUE:

[H']-[OH] = K(H20) - [H20] (2)

B npuBenennom ypaBHeHun [HpO] (pu MOCTOSIHHOW TeMmIepaType) MOKHO
CUUTATh MPAKTUUYECKH MOCTOsIHHOM. ClieoBaTeIbHO, MpaBas 4acTh ypaBHeHUs (2), a
3HauuT, u npomsBeaenne [H']'[OH] — BemuumnHa mnocrosHHas. EE Ha3bIBafoOT
MOHHBIM MPOU3BEICHUEM BOJIBI U 0003Ha4ar0T Kw:
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Kw: =[H"]-[OH] (3)

IIpu Ttemmeparype 25° C B umcroii Bome [H'] = [OHT] = 107 moms/n,
CJIeI0BATEIHHO

Kw = 107107 = 10 Ilpm noebnueHun Ttemmeparypsl Kw ObIcTpO
yBennunBaeTcs. Cmbica ypaBHeHUs (3) 3akirodaeTcss B CIEIyHOUIEM: Kak Obl, HE
U3MeHsIach, KoHIeHTpaus woHoB H' m OH™, ux mpoussencuue [H']'[OH] B
M06OM BOJHOM PAacTBOPE COXPAHSET IOCTOSHHOE 3HaueHue pasHoe 1074 mpu 25 °C.

Bmecto konmentparmu [HY] ymoOHee 1mOab30BaThCs  OTPHIIATEIBHBIM
JECATUIHBIM JIOTapU(MOM M3 dTOU BEIIMYMHBI — BOJOPOTHBIM TTOKazaTeneM (pH).

pH =—(g[H"] (4)

Kpome BonopoaHoro nokazarens (pH) npu pacuerax mMMpoOKO UCHOIB3YIOT U
TUAPOKCUIIBHBIN  Tokazarens (pOH) wu  mponorapudMupoBaHHBIN — MTOKa3aTelb
HMOHHOT'O MPOU3BEACHUS BOJIbI

pOH =—{g[OH],

pKw = —lgKw,

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

B kucneix pactBopax pH < 7, cmabokucnsix pH < 7, menoyHsix pactBopax
pH >7, cnabomienoynsix > 7, HEeUTpadbHbIX pacTBopax pH = 7.

Ipumep 1. Beruucauts pH u pOH 0,25 M pactBopa Ca(OH)s.

Pemienne. 3anuiieM — ypaBHEHUE  AJICKTPOJIUTUYECKOW  IHCCOLMALUU
TUAPOKCHIA KaNbIMs, SBISIONIErocs cHibHBIM snekTpomuroM. Ca(OH), — Ca?* +
20H".

W13 ypaBHeHus aucconuanuu BuaHo, uto [OH ] =2[Ca(OH),]= 2-0,25 = 5-107!
MOJIB/JI.

Berancium pOH no ypasuenunto pOH = —1g [OH];

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

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

IIpumep 2. KakoBa KOHLEHTpauusi THUIPOKCHI - HOHOB B PAaCTBODE,
BOJIOPOAHBIN ToKa3atens pH kotoporo 10,87

Pemenne. Haxoaum KoHIeHTpanuio HoHOB Bogopoaa [H'] B pacTBope

pH=—Ig [H]; [H]=10""

[H]=10718=10"""-10°2 =1,6 - 107"! moub/m.

[H]=1,6 - 10! moms/m.

Tak xax monHoe npoussenenue soasl [H']'[OH ]= 107, o konuentpauus
ruapokcun — uonos [OH ]=10"'%/1,6-10"11=6,25-10"* mons/m.

Ipumep 3. Boruucoute pH u pOH 0,5 M pactBopa CepHHUCTON KHUCIOTHI
H,SOs.

Pemenne. Cepuuctas kuciota (H2SO3) — anmekTposut cpeaHeit cuibl, pacmnaj
Ha HOHBI KOTOPOM NPOTEKaeT MO JIBYM CTymneHsM. J[Jigs pacyeTa KOHIUEHTpALUU
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KaTHOHOB Bojopona H' OymeM y4uThIBaTH JHUCCOLMAIIMIO CEPHUCTON KHCIOTHI
TOJILKO TIO TIEPBON CTYIIEHU

H,SO3; <« H*+ HSO;5".

Jlonist (CTemneHb TUCCOIMAIIN) MOJICKYJT PACTIaBIINXCSI HA MOHBI OMPEACIISICTCS
Beipakennem: o = C(H") / C(H2SO3), otkyna C(HY) = o C(H2S03) (1),

U3 BeIpaxxeHus 3akoHa pasbasinenus Octanbaa Habimem Ki= a? C(H,SOs)
(2), oTkyna
a= \/ K,/C(H,S505) (3), moacraBisieM B ypaBHeHue (1),

C(H™) = C(H,S03) '\/K1/C(H2503) = \/K1 - C(H505),

rae K; — KOHCTaHTa AMCCOIMALMA CEPHUCTOM KHUCIOTHI IO [-i cTymeHw,
YHCIOBOE 3HAYEHUE KOTOPOM MEPENUChIBAEM M3 CIIPaBO4HOM Tabmunel. Ki= 1,4 -1072

IToncraBisieM 4MCIIOBBIE 3HAYEHUS

C(H*) =+/1,4-1072-0,5 = 0,084 Mosib/.

Beraucum pH  pH = —1g C(HY);

pH=-1g 84-102=2—1g 8,4=2-0,92=1,08.

Bpruncnum  ruapokcunbHbld - mokazarens  pOH, 3Hag, dYro cymma
pH + pOH= 14.

pOH = 14 — pH;

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

IIpumep 4. B Kakux COOTHOWIEHHUSIX cleayeT B3sATh pactBopel 0,1 H
CH3COOH u 0,1 1 CH3COONa mys nmpurorosienust 6ydepnoit cmecu ¢ pH = 4,73.

Pemenne. pH 0ydepHOit cMecH MOYKHO BBIYUCIIUTD 10 YpaBHEHUIO OypepHOTO
NEUCTBUSL.

Jl1s1 anieTaTHBIX cMeceit

pH = pKkucn — Ig Ckucn / Cconu

wm pH =pKa —1g Ca/ Cconu, rae a —amug —KUCIoTa.

rae pKkuen = - Ig Kkucn. — cuitoBoit mokasaresib KUCIOTBI

Jlist ammonuiiHbIX Oy(epHbIX cMecen

pH = 14 — pKocn. + Ig Cocn / Conu uimu pH = 14 — pK,, + 1gCy, /Cconm, rae b —
0a3e- OCHOBaHUE.

rae pKocu = —Ig KocH - cuitoBoii mokasaresb OCHOBAHHMSL.

Crnenyer MOMHHUTB, YTO CHJIOBOM MOKa3aTelh MOYKHO BBIYMCIIHTH TOJIBKO JJIS
CMaObIX AJIEKTPOJUTOB, JUISI KOTOPBIX CIIPaBEIJIMB 3aKOH JICHCTBUS MacC U
CYIIIECTBYIOT TEPMOJIMHAMUYECKUE KOHCTAHTHI Jaucconuanuu Kaucc.

Ecnum  koHIeHTpamuu  pacTBOPOB, COCTaBIAIONIMX OydepHyI0 CMeCh,
OJIMHAKOBBI, TO BenmmurnHa pH OyaeT 3aBuceTh OT 00BEMOB PacTBOPOB
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pH = pKxucn — Ig Vkucn / Vcomau

Jlns aneraTHOTO OydepHoro pactsopa pKkucn = —Ig 1,8 10 ° = 4,73,
Otcrona 4,73 =4,73 - Ig Vkucn /Vcoinu, 1.e. Ig Vkucn / Vcoau = 0.
Cnenosatenbno, Vkucia / Vconu = 1 nnu Vkuca = Vcoiu.

7. MPOU3BEJAEHUE PACTBOPUMOCTHU (Baganus 120-139)

['eTeporeHHOE paBHOBECHE: OCAIOK <> HACHIIICHHBIA PACTBOP IMOMYUHSICTCS
MpaBUIy TPOM3BEICHUS PACTBOPUMOCTH — B HACBIIIEHHOM pPAacTBOpPE Majio WM
TPYIHO PACTBOPHMOTO CHJIBHOTO DJJICKTPOJUTA TMPOU3BEICHUE KOHIICHTPAIIHMA
(akTMBHOCTEW)  MOHOB,  BO3BEACHHBIX B  CTCNEHH  CTEXHOMETPHUYECCKHUX
KOO(POUITMEHTOB, €CTh BEJIMYMHA TIOCTOSHHAS TpH JaHHOW TeMIieparype, H,
Ha3bIBACTCS MPOU3BEICHIEM PACTBOPUMOCTH.

Ecnmum TpymHO pacTBOpPUMBIN DJIEKTPOJIMT  pacmajgacTcs Ha WMOHBI TI0
YpaBHEHUIO:

Ca3(P04)2 =3Ca?" + 2PO43_,

TO BBIPAKEHUE IS TEPMOJMHAMHUYECKOTO TPOW3BEICHUS PACTBOPHMOCTH
OyJleT UMETh BU/I;

[TPa(Ca3(P04),) = a3(Ca?") - a2 (PO4*") = fa(Ca?*)-[Ca*]?- fa(PO4> ) [PO4 ]2

r7Ie a — aKTUBHOCTH W 3(PPEeKTUBHAS KOHIICHTPAIHS,

a — kod(ppurueHT (PpakTop) aKTUBHOCTH,

[Ca?*] —MonsApHas KOHIEHTPALUS KATHOHOB KaJbIHs.

a = fa(Ca?")-[Ca*]® mm a = fa - Cm, Koo puLUUEHT aKTUBHOCTH 3aBHCUT OT
WOHHOW cwJIbI pacTtBopa. [l  Majgo WM TPYAHO PAacCTBOPUMOTO CHIIBHOTO
anekrponura —lg fa = 0,5VL, ecim fa < 1, o a < Cm. B ouens pa30aBICHHOM
pactBope ¢akTop aktuBHOCTH fa=I, akTuBHOCTH a = Cwm. Ilpm 3Hauenun Cm =
0,0001 M oTCYyTCTBYIOT CHJIbI B3aUMOJICVCTBUS MEK1Y NOHAMMU.

HNonnas cunma pacTBOpa 3TO TMOMY - CyMMa TPOHU3BEACHHUS MOJIIPHON WM
MOJISTBHOW KOHIICHTpAIIMM KaKIOTO MOHA B JaHHOM pacTBOpe Ha €ro 3apsi B
kBajapate. |1 pacTBopa, B KOTOPOM COJIEPIKATCS MOHBI HECKOJIBKHUX JJICKTPOJIUTOB,
BBIPAYKECHHE MOHHOM CHIIBI PACTBOPA MOKHO 3amucath I = Y5 (C1Z% + CoZ% ... + ...
CnZ%n). T'me C1, Cy, Cn — MCTUHHBIE KOHLEHTPALMU HOHOB, Z1, Z2, ZN — 3apsmbl
MOHOB.

B pa306aBieHHBIX pacTBOpax, KAKUMH SIBJISTFOTCSI HACBHIIIICHHBIE PACTBOPBI MAJIO
¥ TPYIHO PACTBOPUMBIX >IEKTposuToB, npu fa =1, a = [Ca?*], Torma: ITP(Caz(PO,),)=
[Ca2+]3. [po43—]2.

OTcro/1a BEITEKAIOT JIBA CIICJICTBHS:

1. YcnoBue pacTBOpeHHs OCaaKa: IPOU3BEJCHUE KOHIICHTPAIM HMOHOB
BO3BE/JICHHBIX B CTCMEHb CTEXHOMETPUUYECKHX KOA(DOUIIMEHTOB, HOHKHO OBITH
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MEHBIIIE  BCJIMYMHBI  MPOU3BEACHUS  PACTBOPUMOCTHU [TP(Ca3(POys)2) >
[Ca2+]3, [PO43_]2.

2. VYcrnoBue o00pa3oBaHUS OcCajKa: IPOU3BEICHHE KOHIIEHTPAIMi HOHOB
BO3BEJCHHBIX B CTEMEHb CTEXHOMETPHUYCCKUX KOIDOUIIMCHTOB, IODKHO OBITH
00JIbIIE BENMYMHEI Tpou3BeaeHus pactBopumocth ITP(Caz(PO,),)< [Ca?*]3-[PO4 ]2

PacTBOPUMOCTh 3TO KOHIIEHTpAIMsS MAaJ0 WIH TPYIHO PacTBOPHUMOIO
SIICKTPOJIUTA B €0 HACBHIIICHHOM PacTBOPE.

CremoBareiabHO,  IPOM3BEACHHE  PACTBOPUMOCTH  SBISIETCA  MEpOi
PacTBOPUMOCTH MAJIO HIIM TPYAHO PACTBOPHMOIO JICKTPOJIMTA B €r0 HACHIIIIEHHOM
pactBope mnpu JaHHOW Temneparype. Uem wMenbmie 3HaueHue I[IP, Tem Xxyxe
pacTBOPSIETCS 3TOT TPYAHO PACTBOPUMBIH 3JIEKTPOJIHUT B Boje. [1o3TOMY 10 BeIMuuHEe
[TP MOXHO CpaBHHMBAaTh PACTBOPUMOCTh MAJIO WM TPYAHO PACTBOPHUMBIX CHJIBHBIX
snextpoiutos. Hanpumep, ITIP(PbCly) = 2,4-10%; TIP(PbSO,) = 2,2 - 107%; TIP(PbS)
=1.1-10"%°. Yem menniue 3naueHue [1P snexrponura, TeM GOJIEE MOJHO BBIAEIAETCS
U3 pacTBOpa JJaHHOE COCTUHECHHE.

[To BenMYKMHE MPOU3BEACHHUS PACTBOPHUMOCTH JICKTPOJIMTA MOYKHO BBIYHUCIHTD
€ro paCTBOPUMOCTD B MOJISIX MJIM TpaMMax B 1 JINTpe U Ha00OpOT.

IIpumep 1. PactBopuMocTs (S) kapOoHaTa KajblMs B BOJAE MpU TeMIEpaType
25° C cocrapnser 6,9 -10 — mons/n. Haiitu I[TP(CaCOs).

S S S
Pemenue. B Haceimennom pacteope kapbonara kansims: CaCO3z <> Ca?*+C0O3%,

[Ca®*] = [COs*] = S = 6,9 10 7 wmons/n. Orcroma, ITP(CaCOs)
=[Ca?*]-[COz* ]=S-S= S

[Moacrapnsgem unciossle 3Hadenus: [IP(CaCOs3) = (6,9 -10 )2 =4,8-10 ~°.

IIpumep 2. [IpousBenenue pacTBOPUMOCTHU noauaa CBHMHIIA
[TP(Pbly) = 1,1-10°. Yemy paBHa S (pacTBOpUMOCTh) Homuaa cBMHIA? BeIpasuTh
KOHIIEHTPAIIUIO B I/ (MaccoBasi KOHIICHTPAIINSA ). S S 28

Pemenne. 3anunieM ypaBHeHUe aucconuanun: Pbl, <> Pb? + 217, U3 kaxmoit
MOJIEKyJbl Homuga CBUHIA o0Opasyercs oamH HMOH Pb%" wu ga wmoma 1.
CrnenoBaTellbHO, B HACBIIIEHHOM pacTBope Pbl,, pacTBOprMMOCTh MOHOB CBHHIIA
[Pb?*] = S, a #tomun —umonos [[] = 2S. Orcrona nomyuaem: ITP(Pbl,) = [Pb?*]-[I7]? =
S-(2S)? = 4S3. PacTBOpHMOCTH HO/M/1a CBUHIA

3 |[ITP(PbI

st Toro, 4TOOBI MeperTH OT MOJISIPHOW KOHIIEHTpauu  (MOJIb/J)
AJIIEKTPOJUTA K MACCOBOM KOHIIEHTpALMH (T/71) HEOOXOAUMO YMHOKUTH MOJYyYSHHBIN
pEe3yJbTaT Ha MOJIIPHYIO MAacCy JIEKTPOJIATA.

IIpumep 3.

3(1,1-107°
————— =6,5-10"* Mmosb/ L.
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ITpoussenenne pactsopumoctu Ag,SO4 pasro 1,6:10° (25°C). Onpenenurs
PacTBOPUMOCTD 3TOW COJIM B MOJIB/J U T/JI.

Pemenue.

Cynsdpar cepedpa AQgeSOs sBAsSETCS  CWIBHBIM  MajoOpacTBOPUMBIM
AIEKTPOIUTOM, KOTOPHIA YACTUYHO PACTIAIa€TCS Ha HOHBI 10 CXEME:

AQQSO4 — 2Ag+ + 8042'

O0603HaYMM HCKOMYIO PAacTBOPUMOCTH coyid 4depe3 S (Moib/n). Tlockonbky
YUCJICHHO  PAacTBOPHMOCTH  BEIIECTBA  OMPEICISAETCS  KOHIIGHTpAaIlMed  ero
HACBIIIEHHOTO pacTBopa, To KoHIeHTpamus Ag,SOs Oymer paBHa S. Torma, B
COOTBETCTBUH C YPAaBHEHHEM JUCCOIMAIINN COJIM, KOHIICHTPAIui HOHOB AJ™ 1 OyayT
PaBHBL

[Ag*]= 2:[Ag2S04] = 23

[8042']: [Ag2SO4] =5

[loacraBnsiem HaWJeHHbIE KOHIICHTPAllUM MOHOB B  BBIPAXEHUE IS

npousBegeHus: pactBOpuMocTi AgrSOy:
[TP(Ag2S0;) = [Ag*]*[S04*]=(25)*s=4s>

Otcroz1a BeIpaxxaem S:

3|1IP(Ag,S0,) 3[1,6-1075
S = = _—m

= 0,04 moJib/n

Ortser: S = 0,04 Mmoab/m.

VYcaoBust oOpa3oBaHUs U PACTBOPEHHS OCAIKOB.

B pa3baBneHHBIX pacTBOpax, KAKMMH SBJISTFOTCSI HACBIIIICHHBIE PaCTBOPHI MaJIo
¥ TPYIHO PACTBOPUMBIX >JIEKTPONIUTOB, pu fa =1, a = [Ca?*], Torna:

ITP(Ca3(PO,),)= [C8.2+]3‘ [PO43_]2.

OTcro/1a BRITEKAIOT JIBa CIICJICTBUS:

VYcaoBue pacTBOpEeHHsI OcCajika: TMPOW3BEICHUWE KOHIEHTpAIMii HOHOB
BO3BCJCHHBIX B CTCICHb CTEXHOMETPUYECKHX KOA(DOUIIMEHTOB, HOHKHO OBITH
MEHBIIE BETUIHHBI TPOU3BEICHUS PACTBOPUMOCTH:

ITP(Ca3(PO.),) > [Ca®*]3-[PO/ ]2

VYcaoBue oOpazoBaHusi oOcaaka: TPOW3BEICHHWE KOHIICHTPAIMA HOHOB
BO3BEJICHHBIX B CTCMECHb CTEXMOMETPUYECKHX KOA(DOUIIMEHTOB, JOHKHO OBITh
00JIbIlIE BEMMYMHEI Tpou3BeeHus pactopumocty ITP(Caz(PO,),)< [Ca?*]3-[PO4 ]2

Ilpumep 4. Brmager nu ocagok mpu cMelmeHHH paBHBIX 00bemoB 0,01H
pactBopa AgNO; 1 0,1M pacteopa KCI?

Pemienne
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1.CmemieHne pacTBOPOB YKa3aHHBIX COJIEH MOXKET MPUBECTH K BBITIAJCHUIO
ocajka ximopuaa cepedopa AgClI

AgNO; + KCI = AgCl]

3amuiieM yciIoBUE BBINIAJACHUS OCaIKa

Mounsipaast konuenTpanus pactsopa AgNO; pasna 0,01 M.

Cu=CHT.K. fSKB = 1, M(AgNO;;) = ma(AgN03)

[Tocre cMemieHusI pacTBOPOB KOHIICHTPAIMS Ka)XJI0TO U3 HUX YMEHBIIHUTCS B
7IBa pasa, Toraa

C(AgNO3)=0,005M

C(KChH=0,05M

B cooTBeTCcTBUY C ypaBHEHUSMH JUCCOIMALIAN CONEH

AgNO; — Ag" + NO3’

KCl - K"+ CI

orpeeNsieM KOHIICHTPaIlui KaTHOHOB cepedpa AJ™ u xutopus - noHoB Cl°

[Ag'] = C(AgNO;3)=0,005M

[CI]= C(KCH=0,05M

[Mpoussenenue xounentpamuii nonoB Ag* u Cl” paBHo

BenwuuHa npousBeeHHUs KOHIICHTPAIUH HOHOB OOJIBIIE, YeM BETHUNHA

ITP (AgCl=1,56-10"; ycnoBue BeInageHus 0caaKa BHIIOIHACTCS.

OTBeT: 0Cca/loK BBITIA/IET

8. THAPOJIN3 COJIEHM (3aganus 140 -159)

['upponu3oM Has3bIBaeTCs XUMHUYECKOE OOMEHHOE B3aMMOJECHCTBHE HOHOB
pPacTBOPEHHOM COJIM C BOJIOH, MPUBOAIIEE K 00pa30BaHUIO MTPOIYKTOB, SBIISIOLIUXCS
CJIa0bIMU BJIEKTPOJIUTAMU (CIAOBIX KUCJIOT M OCHOBAHMUN, QHUOHOB KHUCIBIX WIIU
KaTHOHOB OCHOBHBIX COJIEH), CONPOBOXKJAIOIIEECS] CMEIIEHUEM PaBHOBECHS
JUCCOIMAIINY BOABI U U3MEHEHHEM peakiuu cpeasl (pH).

IIpumep 1. CocTtaBpTe HOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIPHBIE YPaBHEHHUS
ruzponusa cyiabgara nuHka. OnpeaenuTe peakiuo cpeibl BOJAHOIO pacTBOpa ITOU
COJIH.

Pemenne. Cynbpar umaka ZnSO, — coib MHOrO KHUCJIOTHOTO ciaboro
ocHoBanusi ZN(OH),; u cunpHOM MHOrOOCHOBHOM KucinoTel H2SO,4. I'maponus Oymer
IIPOTEKATh N0 KaTUOHY. IOHHO-MOJEKYJIIpHOE YpaBHEHHUE TUAPOIIHN3A:

[ crymens  Zn** + HOH < ZnOH* +H*;

Nmm B Monexkynspaom Buzae: 2ZnSO4 +2H,O < (ZnOH),SO4 + HSO4. B
pacTBope MosBIIsAETCS N30BITOK HOHOB Bogopoaa H*, mostomy pactBop ZnSO4 umeer,
kuciayro peakuuto (pH< 7). B 0OOBIYHBIX YyCIIOBUSX THAPOJIA3 HJAET MO MEepBOU
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crynenu. OopasoBanus mosekyn Zn(OH), ne npoucxoaut, Tak kak monsl ZNOH'
pacmaaroTcs Ha MOHBI Topaszio TpyaHee, yeM Modiekybl Zn(OH),.

Ipumep 2

Hammcate ypaBHEHUS peakiuid THAPOJIM3a B MOJICKYISIPHOM H HOHHO-
MOJICKYJIIPHOM BHJI€ W yKazaTh, Kak B pe3yJbTaTe THAPOIN3a HW3MEHWICS
BOJIOpOIHBIN TToKa3aTeab pH B pacTtBope comu NaCO:s.

Pemienne. KapGonatr nHatpuss Na,COs — comnb, oOpa3oBaHHasi CHIbHBIM
ocHoBaarieM NaOH u cmaboit kucioroit H,COs. B mannoM cnyuae euopoaus Oynaer
NpOTEeKaTh 70 aHuoHy. YTONbHAS KHCIOTa SIBISETCA JIByXOCHOBHOH, IO3TOMY
TUAPOJIA3 JOJHKEH POTEKATh B ABE CTYMEeHH. [[0CKOIBKY THAPOIN3 COJICH 110 BTOPOU
CTYIEHH MPOTEKACT B HE3HAYUTEIBHOW CTETNEHH, MOKHO MpeHeOpedb HaNMCaHUEM
ypaBHEHUS 3TOU PEaKIUu.

I ctynenb
CO3z> + HOH < HCO3;+ OH™ - cokpameHHOe HOHHO-MOJEKYISPHOE
ypaBHEHHE

2Na* + CO3z> + HOH «<—Na* + HCO; + Na* +OH™ - mosiHoe HOHHO-
MOJICKYJISIPHOE YpaBHEHHE

Na;CO3; + HOH < NaHCO3; + NaOH - monekynsapHoe ypaBHEHHE

Kak BHIHO U3 COKpAIEHHOIO0 HOHHO-MOJICKYISIPHOIO YPaBHEHHS, B PaCTBOpPE
COJIM B pe3yJbTaTe TUAPOJIU3a MPUCYTCTBYIOT TMIPOKCHI-UOHBI, 3TO YKa3bIBacT Ha
IIEJIOYHOM XapakTep cpe/ibl. pH Takoro pactBopa OyaeT MPUHUMATh 3HaYeHue >7.

IIpumep 3

Hammcates ypaBHEHHS peakiWii THAPOJM3a B MOJIEKYJIIPHOM M HOHHO-
MOJICKYJISIPHOM BHJE M YyKa3aTh, KaK B pE3yJbTaTe THUAPOIU3a H3MCHUIICS
BOJIOPOIHBIN TIoka3zaresnb pH B pactBope coar MN(NOs)s,.

Pemienne. Hutpar mapranma (I11) Mn(NOs), — conb, oOpa3oBaHHast ciaObiM
ocaHoBanneM MN(OH); ¥ CHJIbHOM KHCJIOTOM — 3TO Clydal euopoiuza no Kamuowy.
['MapoKcua MapraHia sBIsSCTCS ABYX KHUCIOTHBIM OCHOBAHHEM, THAPOJIH3 JIOJDKCH
HPOTEKATh 0 ABYM CTYIICHSIM.

I crynenn

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

Mn2* + 2NOs + HOH <> (MnOH)* + NO3™ + H* + NO3~

Mn(N03)2 + HOH <~ Ml’l(OH)NOg + HNO;

I'mapokconutpat maprauia (1) Mn(OH)NO; manopactBopuMoOe CoeTMHEHHE,
MIO3TOMY THAPOJIM3 10 BTOPOM CTYIEHU MPOTEKATh MPAKTUYECKH HE Oy IeT.

W3 ypaBHEHMII THAPOIM3a BHIHO, YTO B PAaCTBOPE COJM IPUCYTCTBYIOT
IPOTOHBI BOJOPOJA, KOTOPHIE OYAyT ONpPECNATh KHCIBIA XapakTrep cpeasl. pH
pacTBOpa ATOI coau OyAeT MpUHUMATh 3HAaUeHUs < /.
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IIpumep 4. CocTtaBbTe MOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHbIC YpPAaBHEHHUS
TUAPOIIH3a

(I crymens) crneayrommx coneit: a) KF; 0) Cu(NOs)z; r) NagS. Ykaxkure
PEaKIUIO CPEIbl PACTBOPOB 3TUX COJIEH.

Pewenue.

a) ®ropun kanmus — KF < K* + F~, conp oOpa3zoBanna ciadoii kucioroir HF u
cuibHbIM ocHOBaHueM KOH. ['maponus npocToii Oyaet npoTekaTh 0 aHUOHY.

F + HOH < HF + OH,

HonHO-MOMNEeKyIIpHOE YpaBHEHHUE THIPOIN3a:

K*+ F"+ HOH « HF + OH™ + K",

Nnu B MonexymnsipHoil popme:

KF + H,O < HF + KOH

B pesymprare THAponu3a B pacTBOpE YBEIWYMBACTCS KOHIICHTPAIUS
TUAPOKCUI-UOHOB, T03TOMY pactBop KF umeer menounytro peakuuto (pH > 7).

0) autpat meau (II) - Cu(NO3), «> Cu?" + 2NOs~, comb 00pa3oBaHHA CIaOBIM
ocHoBanreM Cu(OH); u cunpHoM kucnotoit HCL. ['maponu3 cioxHbIi CTYIIEHYATHIH
OyJIeT npoTeKaTh Mo KaTHOHY:

Icrynens: Cu?* + HOH < (CuOH)* + H*,

HoHHO-MONEKyIIpHOE YpaBHEHHUE THIPOIN3a;

2NO3z + Cu?* + HOH < (CuOH)*+ H*+ 2NOs,

B monekymnsipaoit popme:

CU(NO3)2 + H,0 <> (CuOH)NO3;+ HNOs3.

B pesynbpTate rumposim3a B pacTBOpPE YBEIMYWBACTCS KOHIIEHTPAIUS HMOHOB
BOJIopoa, moatomy pactBop Cu(NOs); umeer, kucnyro peaknuto (pH <7).

B) cynbhun Hatpus - NaS < 2Na* + S?7, conp 06pa3oBaHHA CHIILHBIM
ocHoBanreM NaOH wu cmaboit kuciaoroir HS. I'maponu3 CloKHBIA CTyleHYaThIid
OyJeT IpoTeKaTh 10 aHUOHY:

Ictynens: S>~ + HOH «<» HS™ + OH™

HoHHO-MOJNIEKyIIpHOE YpaBHEHHUE THIPOIN3a

2Na* + S*~ + HOH < HS™ + OH™ + 2Na",

B monekynsipaoit hopme:

Na,S + HOH <> NaHS + NaOH.

B pesymbrare ruapoiuza B pacTBOpE YBEIMYMBAETCS KOHIECHTpAIUS
TUAPOKCUI-UOHOB, MO3TOMY pacTBop NaxS mmeeT mienouyHyro peakuuto (pH > 7).
Jlakmyc npuroOpeTaeT CUHUM 1BET.

IIpumep 5. BpryuciauTh KOHCTAHTY THAPOIM3a U CTEIIEHb TUAPOJIN3A XJIOPUIA
ammonus B 0,2 M pactBope NH4CI.

49



Pemenne. Coap oOpasoBana ciabbiM ocHoBanmeM NHj3 H,O (NH;OH) u
cunpHoi kucnoroi HCI.

Ypasuenune auccormaiuu comn NH,Cl — NH,* + CI™.

[unpomnm3 OyAeT mpoTeKaTh MO0 KaTHOHY. Y paBHEHUE PEAKITUU:

NH;* + H,O <> NH3-H,O + H*

Haitnem xoncranty ruapoausa: Kr = Kw /Ky,

rae Kw— nonHoe npoussenenue Boasl [H]-[OH] = 10714,

Kb= Kocn — KoHCcTaHTa mucconuanuu ocHoBanus (K, = 1,8 -107°)

Brruucnsiem crenens rugpoiinsa:

h = Kp/Cy =/5,56-1010/0,2 = 5271075 = 5,27 - 1073 %.

9. KOMIIVIEKCOOBPA30OBAHUE B PACTBOPAX (3aganus 160-179)

B KOMIIJIEKCHOM COEIWHEHUU Pa3INyaloT BHYTPEHHIOIO (KOMIUIEKCHBIM HOH
WM KOMIUIEKC) U BHEIIHIOW cdepbl. BHYTpeHHIOI cdepy COCTaBISIIOT
KOMILIEKCO0Opa3oBartenb (IEHTpaabHbIA HOH WM aTOM) U JIMTAHbI (aJ1ICHIbI).

Buemnecdepnas gucconmanusi KOMIUIEKCHBIX COEAMHEHUN MPOUCXOAUT B
BOJHBIX PAcTBOpax IMPAKTUYECKH IIOJTHOCTBIO. JTa JUCCOLMALMS HA3bIBACTCA
nepBuyHO. OOpaTUMBIA pacraj; BHYTPEHHEH cdepbl KOMILIEKCHOTO COSTUHEHUS
HA3bIBAIOT BTOPUYHOM auccouuanued. Jlucconmanuss KOMIUIEKCHOTO — MOHA
XapaKTepU3yeTCcsl KOHCTAHTOW pPABHOBECHS, KOTOpash Ha3bIBA€TCS KOHCTAHTOM
HECTOMKOCTH KOMIUIEKCHOTO MOHA U CIIY)KUT MEPOM YCTOMYMBOCTH KOMILJIEKCA.

Ipumep. YkaxuTe B KOMIUIEKCHOM COEIMHEHUU KOMILIEKCOOOpa30BaTeb,
€ro CTEMEHb OKUCIICHUS, KOOPAUHAIMOHHOE YUCIIO, JIUTAH/bI, 3apsij KOMIUIEKCHOTO
HOHA.

[Pt(NH3)4Cl2]Cla.

Pemienue. B yka3zaHHOM COENMHEHHH KOMILJIEKCOOOpa30BaTENIEM SIBIISIIOTCSA
noHbl Pt*, KOOpIMHALIMOHHOE YMCIIO COOTBETCTBEHHO PaBHO 6. JluraHmamu B
COCIMHEHUH SIBJISIFOTCS YEThIPE MOJIEKYJIbl aMMHUaKa U ABa xjopu - nona Cl ™.

3aps]l KOMILJIEKCHOTO MOHA PaBeH CyMME 3apsiioB KOMJIEKCOOOpa3oBaTelss U
JIUTaHJIOB.

B coenunenun 3apsia komruiekcHOro noHa Pt*" pasen: x +4-0 + (-2) =42, x
= +4, T.e. 3apsx maaTHHBI Pt4,

IIpu pacTBOpeHHH B BOJIE KOMIUICKCHBIE COSTMHEHUS BEAYT c€0sl KaK CUJIbHbBIC
AJIEKTPOJIUTHI, TTOTHOCTHIO PACTAJAOTCAd HAa MOHBI C OTUICINICHUEM KOMIUIEKCHOTO
HOHA!

Pt(NH3)4Cl,]Cl; [Pt(NH3)4C|2]2++2C|7

KomrmuiekcHbli MOH (KOMILIEKC), SBJISISICH CIA0BIM 3JIEKTPOJIMTOM, B OOJbIIEH
VI MEHBUIEH CTENEHW paclalacTcs Ha WOHBI. 3alMChIBAEM YpPABHEHHE ITOJHOM
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nucconmanuu KomiuiekcHoro moHa:  Pt(NH3)iCl ) < Pt**+ 4NHz+2Cl~. Dror
Iporecc MOAYMHSETCA 3aKoHy JnelcTBus Macc u mnpuHuumy Jle Illatenwe. s
PABHOBECHON CHCTEMBl MOXXHO COCTaBUTh BBIPAKCHHE KOHCTAHTHI PaBHOBECHS,
KOTOpasi Il KOMIUIEKCHOIO HMOHA TMOJIyduia Ha3BaHWE KOHCTAHTAa HECTOUKOCTH
KOMILJIEKCHOT'O MOHA.

KoncTanTa HeCTOMKOCTH COOTBETCTBEHHO NMPUHUMAET CICAYIONTUN BHUI:

Kuecr (Pt(NH3)4Cl]?Y) = [Pt*]-[NH3]*[CI 1%/ [Pt(NH3)4Cl2%].

UeMm MeHbllle 3HAYCHUE KOHCTAHTHI HECTOMKOCTH KOMIUIEKCHOTO HMOHA, TeM
0oJjiee YCTOWYMB KOMIUICKCHBIH HOH B pacTtBope. KOHCTaHTy HECTOHKOCTH
Ha3bIBAIOT KOHCTAHTOM pacmajga KOMIUIEKCHOro w#oHa. OOpaTHYH BEIWYUHY
KOHCTaHThl HECTOMKOCTH Ha3bIBAIOT KOHCTAHTOM OOpa3oBaHUsi KOMIUIEKCA WU
KoHcTaHTOM ycToHuuBOCTU. Kycr= 1/Kygpcer, Kyger, Bemnunna tabauyHast.

10. OKUCJIMTEJBbHO-BOCCTAHOBUTEJIBHBIE PEAKIIUN
(3apanus 181-200)

JInst cocTaBlieHHs] ypaBHEHUM OKHCIWTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUMA
MOYXHO HMCMOJIb30BaTh JBa criocoda noadopa ko3 duiirieHToB. MeTo 1 3JIEKTPOHHOTO
OamaHca moO3BOJsIET TOAOOpPaTh KOA(PPHUIMEHTHI TOJBKO MEpea MOJEKyJIaMU
OKUCJIUTENSI W BOCCTaHOBUTENS. OHHO-3JIEKTPOHHBIA METOJ WM  METOJ
AJIEKTPOHHO-MOHHOTO OaniaHca (MeTo/1 MOoJypeaKIuil) UCIIOJIb3YET MpeICTaBlIeHHuEe 00
AIEKTPOTUTUYECKON JUCCOIUAIIMKU. YUACTHUKU MPOIECCa 3alUChIBAIOTCS B MOHHO-
MOJIEKYJIsIpHON (popme. MeToa NpUMEHHUM, €CIU PeakIuy MPOTEKaloT B BOJHOM
pacTBope. BerecTBa pacnagarorcs Ha WOHBI, PeabHOCTH CYIIECTBOBAHUS KOTOPBIX
MOXXET ObITh OOHapykeHa B pacTBOope. B 3ToM ciydae ydHTHIBAIOT MpOIIECC
mucconmanuu Bogpl HyO < H'™+ OH™ u ucnonb3yloT B KayecTBE KOMIIOHEHTA
peaxiu MoJekyasl H,O nonst HY u OH™.

IIpumepl. Ha ocHOBaHMM 3JEKTPOHHO-MOHHOTO METOJa MMOA0OpPATH
K02 (DUIMEHTHI B ypaBHEHUE PEAKITUU:

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

Pemienne. 310 ypaBHEHHE HEOOXOIMMO 3alUCaTh B MOHHOM BHJE, YUUTHIBAS,
T€ MOHBI, KOTOPBHIC H3MEHUJIN CBOU MEpBOHAYAIBHBIA BH/T

MnO, + 8032_ + 2H' — Mn?* + 8042_ + H,0.

B oroii peakumm  uoH SOz’ oxkwmcnsercs B mon SQO42. Hemocrarommii
xucaopon mpu nepexoge SO3?” B SO4> Gepercs U3 BOABI U B pe3ysbTaTe 00pa3yercs
n30bITOK HOHOB H*

8032_+ H,O — 8042_ + 2H".

Tak kak CymMMBbI 3apsiIOB B JIEBOM WM MPABOM YAaCTHU YPABHEHUS JIOJDKHBI
pPaBHATHCS ApPYT JAPYry, TO W3 JIEBOW YaCTU YpaBHEHUS CIEAyeT BBIUECTH JIBa
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AJIEKTPOHA. DJIEKTPOHHO-MOHHOE YpaBHEHUE /ISl MpOLiecca OKUCIEHUs OyIeT UMETh
BUJ

SOs* + H,0 — 28 — SO +2H*. (1)

CoOOTBETCTBEHHO JJIA MTPOLIECCa BOCCTAHOBIIEHUS

MnO,” +8H"+5¢& — Mn%* + 4H,0. (2)

Honbl BOIOpOAAa HYXHBI U1 CBSA3BIBAHHSA B BOJIY OCBOOOXIAIOLIETOCS
KHCIOpoaa NpH Tepexone nona MnO;~ B mon Mn?* . VMHOXKas 4iIeHbI NMEPBOTO
YpaBHEHHUsI HA 5, BTOPOro Ha 2 W CKJIaJbIBasg MX, MOJIYYUM HOHHOE YpaBHEHUE
JAHHOM peaKkIu

5|S03* + H,0 — 28 — SO, + 2H*

2| MnO4~ +8H* + 5 & — Mn?* + 4H,0

5S03* +2 MnO4 + 6H* — 5 SO42 + 2 Mn?* + 3H,0

OT MOHHOI'O YpaBHEHUS JIETKO MEPEUTH K MOJIEKYJIIPHOMY YPaBHEHHIO:

2KMnO, +5Na,S03 +3H,S0,4 = 2MnSO4 + 5Na; S04 + KoSO4 + 3H,0.

IIpumep 2 . YCTaHOBUTH HANPABIECHUE BO3MOKHOTO IIPOTEKAHUS PEAKIINN:

2NaBr +PbO; + 4HNOs -+ Pb(NO3), + Br, +2NaNOs + 2H,0.

Pemenue. 3anuiemM ypaBHEHUE peakliid B MOHHO-MOJIEKYJIIpHOU popme:

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

I[To Tabmuue / Jlypse HO.FO. CrnpaBo4HUK MO aHAJIUTHYECKOW XUMMHH.
M.: Xumus1,1978.-447c./ HaXOqUM YHUCIIOBBIE 3HAYEHUSI CTAHAAPTHBIX 3JEKTPOIHBIX
NOTEHIMAJIOB AIEKTPOXUMUYECKUX CUCTEM, YUACTBYIOLIUX B PEAKLIUU:

Br, + 2e — 2Br- E% = 1,065B;

PbO, + 4H* +2& — Pb2* + 2H,0 E02: 1,449B.

DIC = E%— E% =1,449 — 1,065 = 0,384 B.

OxucnureneM Bcerjaa CIyXUT cucTeMa ¢ 0ojiee BBICOKMM 3HAaY€HUEM
3JIEKTPOJHOrO ToTeHnuana. I10CcKonbKy 31ech 3Hadenne E% 3HauntensHo Goublie,
yeM E%, To mnpakTtudecku mnpu IHOOBIX KOHLEHTPALHUSX B3aUMOAEHCTBYIOMINX
BELIECTB, OpomMua MOH OyAET CIYXUTh BOCCTAHOBHUTENIEM, a JUOKCUJ CBHUHIA -
okuciuteneMm. Peakiusi Oyaer mnpoTekaTh cieBa HampaBo, Tak kak 2J[C > 0
(TI0JIOXKUTENBHAS ).

2NaBr +Pb02 + 4HNO; = Pb(NOg)z + Br, +2NaNQO; + 2H,0.

[Tpumep 3.

CocTaBuTh ypaBHEHHE PEAKLMU OKHCIEHHUSI CEPOBOIAOPOJA XJIIOPHOW BOJIOM.
Peaknus

IIPOTEKAET MO CXEME:!

H,S + Cl, + H,O — H,S0O, + HCI
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Onpenenuth TUN OKHCIUTEIBHO-BOCCTAHOBUTENBHOM peakuuu. Paccuutarh
SKBHUBAJICHTHBIE MAacChl OKHCIIUTENS U BOCCTaHOBUTENA. ONpenesnTs BO3MOKHOCTD
OPOTEKAHUs PEAKIMM B YKa3aHHOM HalpaBICHUMU.

Pemenne. 1. OnpenensieM CTENEHH OKUCIEHUS aTOMOB 3JIEMEHTOB, KOTOPbBIE
BXOJISIT B COCTAB MOJICKYJI BEIIECTB YYACTHUKOB PEAKIIUU.

+1-2 0 +1-2 +1+6-2 +1-1
H,S + Cl,+ H,0O — H,SO, + HCI

B xoze mporiecca aToMbl IByX 3JIEMEHTOB - CEPBI M XJIOpa - U3MEHUIIN CTEMIEHb
okucieHus. Cepa NOBBICHIIA CTENEHb OKUCIIEHHS € -2 JI0 16, OTIaB IMPH 3TOM BOCEMB JJIEKTPOHOB:

S$* - 8e— S%,

B naHHOM IIpo11iecce aToM Cephl ABIISIETCS 60CCMAHOGUMeNemM

X7n0p moHW3WI cTeneHb okucieHus ¢ 0 no -1, mpuHHMMasl 1Ba 3JEKTpPOHA

(TTOCKOJTBKY aTOMOB J[Ba): Cll’+2e —2Cl-
ATOMBI XJIOpa BBICTYIIAIOT B POJIU OKUCIUMEIIAL.
[Mpumensis METO/ AIIEKTPOHHO-HOHHOTO Oananca, COCTaBIISIEM

COOTBCTCTBYIOIIHC IMOJYPCAKIIUH.

HpI/I COCTABJICHMU YPABHCHHA IIOJIY-PCAKIUU OKHUCIICHHA CCPbl HCXOIHNM M3
cxembl: H;S—S0,4%*. CepoBomopo 3amKMCHIBAEM B MOJIEKYIISIPHOM BHJIE, IIOCKOJIBKY
3TO COEIMHEHHE SBIAETCS CIa0bIM djekTponuToM. CepHas KUCIOTa — CUIbHBIM
SIEKTPOJIMT IIPU JUCCOLMALUH, KOTOPOTO B PacTBOPE, 00pa3yroTcs anuoHsl SO47 .

B X0Ac€ IMmponecca aToM CEpbl CBA3BIBACTCA C YCTHLIPbMA aTOMaMH KHUCJIOpOAAd,
NCTOYHHUKAMMN KOTOPBIX ABJIAKOTCA YCTBIPC MOJICKYJIBI BOIBI. HpI/I I3TOM O6pa3yIOTC$I
BOCCMb MOHOB BOJA0pOaA. EH_[e ABa MOHA BOAOpPOAA BI)ICBO60)KI[3IOTCH N3 MOJICKYJIbI
CepOBOIOPOIA.

H,S + 4H,0 — 8" — 8042_ + 10H"

3aHI/ICI)IBaeM ABC IIOJYYCHHBIC IIOJY-pCAKIHUH, YKA3bIBACM OKHCIIHUTCIb H
BOCCTAHOBHTENIb M YPAaBHMBAaEM KOJHMYECTBO DIIEKTPOHOB OTIAHHBIX CEPOM |
IPUHATHIX XJIOPOM:

ClLO+ 2e— 2CI” BoccTranoBieHue
H,S + 4H,0 — 8e- — SO,* + 10H* OKucIcHNe

4C|20 + H,S + 4H,0 — 8CIl + 30427"‘ 10H*

[Tomy4yennbie K0P PUITUEHTHI PACCTABIISIEM B CXEME PEAKITUU:

H.S + 4Cl, + 4H,0 — H,SO, + 8HCI

JlaHHas peakIus OTHOCHUTCSA K PEAKIUSIM MEXKMOJICKYJISIPHOTO OKHCIICHHS-
BOCCTAaHOBJICHHSI, TIOCKOJIBKY JJIEMEHT-OKUCIHUTENIb U DJIEMEHT-BOCCTAHOBUTEID
BXOJIAT B COCTaB MOJICKYJI Pa3HBIX XUMUYECKUX COCTUHECHHM.

2. PaccumTpiBaeM  MOJISIPHYIO  MacCy  XHMHYECKOTO  DKBHBAJICHTA
(9KBUBAJICHTHYIO MacCy) OKHCIIUTEIS:
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M (oxuca)
m,(okuca) = (T, riue

M> — MOJISIpHAasE Macca XMMHYECKOTO SKBHUBAJICHTA (IKBUBAJICHTHAs Macca),
I/MOJIb

M(oxuci) — MoJIIpHasi Macca OKUCITUTEIS, T/MOJTb;

N — YUCJIO 3JCKTPOHOB, YYACTBYIOIIUX B IOJY-PEaKIMH, MPUHATHIX 1 MOJb
OKHCJIATE.

M(Cl) 71
m,(Cl,) = — =5 = 35,5(r/mMouib)

AHanOrnyHO pacCYUTHIBAEM MOJISIPHYIO MAcCy SKBUBAJIEHTAa BOCCTAHOBUTEJS:

M(Boccr) _ M(HS) _ 3?4 = 4,25(r/Moub), T

m,(BoccT) = ~ .

N — 9UCII0 3JIEKTPOHOB OTAAHHBIX | MOJIb BOCCTAHOBHUTEIIS B ITOTY-PEAKITHH.

3. UToO®I caemath BBIBOJ O BO3MOYKHOCTH MPOTEKAHMS PEAKIIMN B YKa3aHHOM
HaIlpaBJICHUH, HEOOXOJMMO pACCUMUTATh BEIMYUHY €€ DJICKTPOJBIKYIIECH CHIIBI
cuctemsl DJIC.

B peakmuu ydacTBYIOT JIB€ DJIEKTPOXMMHYECKHE CHCTEMBI; TIOJB3YSChH
TaHHBIMH TaOmwmpl [1.2, B MPUIOKEHWHM 3almMIlleM 3HAYeHUsS WX CTaHIapTHBIX

MMOTEHIINAIOB:
ClL +2 e — 2CI° 0°=1,36 B
H,S + 4H,0 — 8e" — SO2 + 10H* 0°= 0,31 B

BI[CPEAKL[I/II/IZ (POOK-JIH — (POBOCC-M =1,36 — 0,31=1,05B
Benuuuna crangaptaon OJIC peakuum Oosbiie Hynd. Peakuus Oyner
IPOTEKaTh B pACCMATPUBAEMOM HAIIPABIICHUU.

11. KOPPO3USI METAJIJIOB (3apanust 200-219)

Koppo3sus —  caMompoum3BOJIBHO  MpOTEKaromee  (PU3HKO-XUMHUYSCKOE
B3aMMOJICHCTBUE METaJlJIa CO CPEON, B Pe3ysibTaTe KOTOPOr0 U3MEHSIOTCS CBOMCTBA
MeTajljia U yXYAIIAtTCs ero (yHKIIMOHATbHBIE XapaKTePUCTHUKH.

Cpena, BbI3BIBAIONIAs pa3pylIeHUE MeETaJJla Ha3bIBA€TCA KOPPO3UOHHOMU
Cpeliou.

[To mMexaHu3My mponecca pazindyaroT XUMHUYECKYI0 U DJIEKTPOXUMHUYECKYIO
Koppo3uto. WM xumuyeckas M DJIEKTPOXUMHYECKAass KOPPO3UsS OTHOCATCS K
reTepOreHHbIM OKHCIUTEIbHO-BOCCTAHOBUTEIBLHBIM MPOIECCaM, MPOTEKAIOIMIMM Ha
MOBEPXHOCTH pazjaena (a3 «MeTaul — KOppo3uoHHas cpena». llpu sTowm,
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pa3pylIaeMblid METAJI, SIBJIIIETCA BOCCTAHOBUTEIIEM, B3AUMOJICMCTBYSI C OKHCIUTEIIEM
KOPPO3UOHHOM CPEBL.

CambIM  pacrpoCTpaHEHHBIM BapHaHTOM KOPPO3UU SIBISIETCS KOPPO3US,
MpOTEKAI[as MO 3JIEKTPOXMMHYECKOMY MeEXaHu3My. B 3ToMm ciydae mponecc
CONIPOBO’K/IA€TCSI BOBHUKHOBEHUEM 3JIEKTPUYECKOIO TOKA M IMPOTEKAET B CpeAax C
XOpomed MpoOBOAUMOCTHIO. I[IpuuMHaMHM BO3HMKHOBEHHUS AJIEKTPOXUMHUYECKOM
KOPPO3UH SBIISIIOTCS PAa3JIUYHbIEC BUJIBI HEOAHOPOIHOCTH, KaK CAMOTO METAJUIA, TaK U
KOPPO3UOHHOM cpefibl (3arpsi3sHEHUs, TPUMECH, PA3IMUYHbIA YPOBEHb MEXaHUYECKUX
HanpspDKeHW u Ap.). B pe3ynbrare Bcs MOBEPXHOCTh METAIIA, COMPUKACAIOIIASICS C
IPOBOJISIIEN KOPPO3UOHHOM CpENIoi, pa3eisieTcsl Ha KaTOAHbIE U aHOJHbBIE YYACTKH,
KOTOpbIE HWMEIOT Majible pa3Mepbl W 4YepenyloTcs JApyr ¢ JApyrom, oOpasys
MHKPOTaJIbBaHUYECKNE SJIEMEHTHI.

MexaHu3M  BIEKTPOXUMHUYECKOM  KOPPO3WHM  AHAIOTMYEH  MPOIECCaM,
IIPOTEKAOIIUM B JJIEKTPOXUMHUUYECKMX cucTemMax. Ha aHOIHBIX yyacTkax MeTayll
OTJIa€T AJIEKTPOHBI (AHOTHO PACTBOPSETCS) U IEPEXOAUT B pACTBOP B BUJI€ KATUHOHOB.
OcraBmmecss 3JEKTPOHBI MEPEXOJAT B KaTOJIHYIO 30HY. UTOOBI mporecc ObLI
HENPEPHIBHBIM 3JIEKTPOHBI C KATOJHOW 30HBI TOJDKHBI OTBOAUTHCS. OTBOJIATCS OHU C
MOMOIIBIO BEUIECTB, KOTOPBIE HA3BIBAIOT JECMOAPU3ATOPAMH.

B ponu nenosnsipuzatopoB MOTYT BBICTYIATh ciieAyromiue yactuisl: HoO, HY,
O, . IIpouecc 3AEKTPOXUMUYECKOW KOPPO3UH OIMUCHIBAIOT ABYMS 3JIEKTPOAHBIMHU
MTOJTy-PEaKIUIMU— AHOIHOM U KaTOJIHOM.

AHoanble mpoueccbl. Ha aHome Bcerga NPOUCXOIUT  OKHUCIICHHE
(pacTBOpEeHME) METAILIA IO CXEME:

Me = Me"™ + ne

Karoguele  mpoueccel. Ha  karome  NpOUCXOAUT  BOCCTAHOBJIEHUE
NETOoNsIpU3aTopa.

B 3aBucumocTH OT peakuuu cpenbl, B KOTOPOM MNPOTEKAET KOPPO3HOHHBIN
npoliecc, ¥ OT TOTO Kakas 4acTHila OyJeT CIYyKHUTh JEHOJIAPU3aTOPOM pas3InyaroT
IIPOLECCHl  KOHTAaKTHOM  JJIEKTPOXMMHUYECKOM KOPPO3UM C  BOJOPOJHOM U
KUCIIOPOJHOW JETOIAPU3ALIUCH.

Ha xkarome BO3MOXKHO TMPOTEKAHWE OJHOM W3 TMEPEUYUCICHHBIX HUXKE

TTOJIyPEAKIINH:
Heittpanenas O2+ 2H,0 + 4e” = 40H" Kucnopoanas
a’pupoBaHHas cpeja JETONSPU3ALIMS

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

cpena
Heittpanbnas 2H,O0+ 2e = H,+ 20H" Bopopoanas
JieadpupoBaHHas cpejia JETIOosIpU3aIMs
Kucnas 2H "+ 2e =H,
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Jiea’pupoBaHHas cpea

IIpumep 1. Ha cTanpHy0 METAUIOKOHCTPYKIIUIO HAHECEHO MEOHOE TIOKPBITHE.
VYkaxkure TUn NOKpbITUSA. ONMUIIMTE MPOLECCH, KOTOpbIe OyAyT MpOTEKaTh MpuU
HapYUIEHUH IEJTOCTHOCTH 3TOTO MOKPBITHS B KUCTIOW U HEUTPAIBHOU Cpejie.

Pemenne. OCHOBHBIM KOMIIOHEHTOM CTalM sBiseTcs xene30. CoaepkaHue
OPYTUX COCTABJISIIOIIMX CTajdb KOMIIOHEHTOB HACTOJIBKO HEBEIIMKO, YTO MbI MOKEM
MpeHeOpeyb UX BIMSIHUEM Ha KOPPO3UOHHBIN MpoIIeCC.

YToObl OmpeAenuTs THI TalbBAHOMOKPHITUS HEOOXOAMMO BOCIOIB30BATHCS
JAHHBIMU TaOJUIBI CTAHIAPTHBIX AJIEKTPOAHBIX TOTCHIIMAJIOB:

(PO re’ e = -0,44 B

(PO Cu2+/Cu =0,34B

IMockonbky  @%u®*icu > @%e?*/re, MOXKEM CHENATh BBHIBOJA, YTO MEIb IO
OTHOLIEHUIO K Kelye3y sABIsIeTcsl KarogoM. COOTBETCTBEHHO MEIHOE IOKPBITHE Ha
CTaJIbHOM M3/1e7uu Oy/1eT KaTOJAHOTO THIIA.

[Ipu HapylieHUH IEJIOCTHOCTH TAaKOrO TOKPBITUS HAauWHAeT paboTarh
raibBaHn4YecKkuil snement Fe — Cu, rae xene30 OyIeT CIyXHTh aHOJOM, a MEAb —
KaTogoM. MexaHu3M KOppO3UHM — DIIEKTPOXUMHUYECKUN: IKEIe30 - aHOJHO
pacTtBopsieTcsi (KOppO3UpPYET), a Ha MOBEPXHOCTU MEIU OyJIeT BOCCTaHABIUBATHCA
yacTula Jenossipusaropa. B KuUCIION cpene B KadecTBe AENOJIIpU3aTopa HMEEM
KaTHOHBI H™:

KHCTas cpea Cu(+) K:2H"+2e"=H,
Fe (-) A: Fe = Fe?* + 2¢-

B HeWTpasibHOM cpeae  IenoJisIpu3aTopaMu  CIy»KaT MOJIEKYJIbl  BOJBI
(measpupoBaHHas cpeia) WIMA TOMHMO HHUX €II€ M MOJEKYJbl KHCJIOpOJa
(appupoBanHHas cpena):

HEHUTpabHAS Cu (+) K: 2H,0+ 2e" = H,+ 20H"
Jea’pUpOBaHHAs Cpea Fe (-) A: Fe =Fe* + 2¢

HEHTpaIbHas Cu (+) K: O2+ 2H,0 + 4e = 40H
a’>pUpPOBaHHAs Cpeja Fe (-) A: Fe =Fe* + 2¢

IIpumep 2. Ckienanbl [Ba MeTaula. YKaxuTe, KAaKOW U3 METaJUIOB
MOJBEPraeTcsi KOPPO3UHU:

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

Pemennue.

a) Al B psAxy HanpsOKeHWM HAXOIUTCS TIEpe] MapraHileM W HMEeT
OTpUIIATEILHOE 3HAYEHUE CTAaHJAPTHOTO B3JEKTPOJHOTO MOTEHIHaNa, MO3TOMY IpHU
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KOHTaKTe 3THX JBYX MeTajuioB Al OyaeTr anogoMm, a Mn - katogom. OKUCISTHCS, T.€.
[0JIBEPraThCsl KOPPO3HUH, OYAET aTFOMUHUIM.

0) B aToM citydae Koppo3upoBath OyJET 0JIOBO, T.K. B PSIY HANpPsKEHUH OHO
PACIIONIOKEHO BIEPEAN BHUCMYTA M, CIIEOBATENIBHO, SABISETCA JJIEKTPOXUMHUYECKU
0oJiee aKTUBHBIM.

Ortger: Al, Sn.

Ipumep 3. Kakne n3 HIMKeNepeunCIEHHBIX METAUIOB OyIET BBINOIHATh JJIS
CBUHIIa POJb aHOMHOTO ToKpeITHs: Pt, Mg, Cu, Hg ?

Pewenue.

AHOJIHOE TIOKpBITHE — 3TO HAHECEHHWE Ha 3allMINAEMOE  U3JEIINe
AJIEKTPOXUMUYECKH 0o0Jjiee aKTUBHOIO MeTaula. I3 MepeuucieHHbIX METaJlIOB
00JIbILIEN IEKTPOXUMHUECKON aKTUBHOCTBIO (IIO CPaBHEHUIO CO CBUHIIOM) 00Ja1aeT
MAar"HuMu.

Otset: Mg.

IIpumep 4. Kakne u3 HMKENEPEUYUCIEHHBIX METAJUIOB BBINOJHSIKOT IS
CBUHIIA POJIb KATOAHOTO MOoKpeiTHs: Ti, Mn, Ag, Cr ?

Pemenue.

Karomnoe mokpeITHE — 3TO HAHECEHME Ha 3alMIIAEMOE  U3JEIue
ANEKTPOXUMUYECKHM MEHEE AaKTUBHOIO MeTauia. M3 mnepeducieHHbIX METaioB
ANEKTPOXUMUYECKA MEHEE aKTHUBHBIM (TI0 CpPaBHEHUIO CO CBHUHIIOM) SIBIISICTCS
cepeOpo (CM. psi HAIPSHKEHUI METAJIIOB).

OtBer: Ag.

Ipumep 5. VYkaxure NpoayKT KOppo3uu mpu KoHTakte Zn — Ni B
HerTpansHol U kucioi cpeae (HCI).

Pemenue.

[Ipu kKOHTaKkTe ABYX METAIJIOB PA3JIMYHOW JJIEKTPOXMMHUYECKON aKTUBHOCTHU
BO3HHUKAET TaJlbBAHUYECKHUM DJIEMEHT. B HEHUTpanbHOM cpele ero cxema BBITJISIUT
CIEAYIOIIMM 00pa3oMm:

A (D) Zn|H:0, 02| Ni (+) K

B kucoii cpene:

A (=) ZnHCI|Ni (+) K

Tak kak I[MHK OJJIEKTPOXMMHUYECKH 00Jie€ aKTUBEH, 4Ye€M HUKeIb (psl
CTaHJAPTHBIX DJIEKTPOJHBIX TIOTCHIIMAJIOB METAUIOB), OH OYyJIeT OKHUCIATHCA
(koppo3upoBath). Ha HuKkene OyJeT mMpoTekaTh BOCCTAHOBHMTENIBHBIM mporecc (B
HEHTpaIIbHOW Cpe/ie — KUCIIOPOIHAS ICTOSPU3AIIs);

A(-): Zn—2e =2Zn*

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

[Mpoxyxt xopposuu — Zn(OH)s.
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B xucnoii cpene (BomopoHast ACTONSPU3AIINS):
A (9):Zn—-2e =Zn*

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

[Iponyxt xopposun: ZnCly.

12. QJEKTPOJIU3 Baganus 220-239)

OKHUCANTETBLHO-BOCCTAHOBUTENBHBIC IIPOLIECCHI, IPOTEKAIOIINE noa
JNEUCTBUEM TOCTOSHHOTO 3JEKTPUYECKOTO TOKA Ha 3JIEKTPOJax, MOTPYKECHHBIX B
PACTBOP WJIM PACIUIAB IEKTPOJIUTA, HA3BIBAIOT JJIEKTPOJIU30M.

B anextponuse cinemgyer paznnyarh JABa NapauIeNbHBIX IPOLECCA: HA KAaTOIe
IPOUCXOJUT TPUEM DHIEKTPOHOB HMOHAMH, T.€. HX BOCCTAaHOBJIEHUE, HA aHOJE
IIPOUCXOUT OTAAYA DJICKTPOHOB HOHAMH, T.€. UX OKHUCIICHUE.

DJIeKTPOJIU3 PACIIIABOB 3JIEKTPOJUTOB (aHO] MHEPTHBHIN)

IIpumep 1. B pacnaBe Hoauaa Kanus INPU NPOXOXKACHUM YEPE3 HETO
ITIOCTOSTHHOTO 3JIEKTPUYECKOTO TOKA MPOTEKAIOT CIEAYIOIIUE MTPOLECCHI:

1. B pacrnase loaua Kajys pacnagacTcsl Ha MOHBIL:

KI & K+ 1™

2. Ilox nedcTBHEM TMOCTOSTHHOTO AJIEKTPUYECKOTO TOKA KaTUOHBI OyAyT
MEepPEeABUTATHCS K KaTO/y, U IPUHUMATh 3JIEKTPOHBI, 4 AHUOHBI K aHOJY M OTJaBaTh
JJIEKTPOHBI:

Karon (-)K: K*+ e — K (BoccTaHoBiIeHHE)

Anop (+)A: 21 —2e — I, (oxucnenue)

3.CyMMupyeM ypaBHEHUS MPOLECCOB, MPOTEKANOIINX Ha 3jeKkTponaax. llpum
TOM HEOOXOJMMO YUYUTHIBATh, YTO YUCIO FJIEKTPOHOB OTAAHHBIX BOCCTAHOBUTEJIEM
JOJDKHO PABHSTBCS YUCITY SJIEKTPOHOB MPUHATHIX OKUCIATEIIEM.

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

Anon (HA: 21 2e — 1, | 1

2K+ 2I'- 2K + 1,

4. IlepenuiueM ypaBHEHHE B MOJIEKYJISIPHOM BUJIE:

2KI - 2K+ 1,

DNEeKTpOJIN3 BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB.

[Ipn snexTponu3e BOOHBIX PAaCTBOPOB AJIEKTPOIUTOB KATOAHBIE M aHOJHBIC
IIPOLIECCHI MPOTEKAIOT CIIOXKHEE, TaK KAK B 3THX Npolieccax NMPUHUMAKOT Y4acTHE
BOJa U HOHBI BOJIbI, KOTOPBIE BOCCTAHABIIMBAIOTCS HA KATOJE:

2H,O + 2e = H, + 20H™

Y OKHCIIAKOTCA HAa aHOJIE:

H,O — 4e = O, + 4H".
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JIns omnpeneneHus MOpSAKA MPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
IPOLIECCOB HA DJIEKTPOJAX MPHU DJIEKTPOJU3E BOJHBIX PACTBOPOB AJIEKTPOJHUTOB
MOYHO PYKOBOJICTBOBATbCS CJIEIYIOIIMMU ITPABUIIAMH.
JInst mporeccoB Ha KaToje
1 B mepByro odepenb BOCCTAHABIMBAIOTCS KATHOHBI METAJLIOB, OO0JaTaroIIiX
AJNIEKTPOJHBIM TOTEHUMAJIOM OOJIBIIUM, YEeM Yy BOJOpPO/Aa, B MOPSAKE
yMeHbLIeHHs cTanaapTHoro notennuana (E°). (-) K: Cu?*+2e — Cu®

2 Kartmonpl MeTayuioB ¢ MaJleHbKMM 3HAY€HHWEM CTaHJApPTHOTO MOTeHIuana (OT
Li*/Liu no AI**/Al BKIroUHMTENEHO) HE BOCCTAHABIMBAIOTCS HA KATOJE, 4 BMECTO
HUX BOCCTAHABJIMBAIOTCS MOJEKYJbI BOABI (B KHUCIOW Cpele — MOHBI BOJAOPOJA
HY).

(-) K: 2H,0 +2e— H; + 20H;

(-) K: 2H" + 2e — H,.

3 Karuonsl MeTamioB, uMeronux E° MeHbIIMMN, YeM y BOIOPO/Ia, HO OOIBIIHIA, YeM
y QJIIOMHHUS, BOCCTAHABIMBAIOTCA OJHOBPEMEHHO C MOJIEKYJIAMH BOJIbI

(-)K:2H,0 +2e— H;, + 20H";.

Mn?* + 2e — Mn°.

IIponeccrr Ha aHOAE

XapakTep OKHUCIUTEIbHBIX IMPOIECCOB HAa AaHOJAE 3aBUCUT OT MaTepuaia
ANEKTPOJIOB. PaznnuaioT HepacTBOpUMBbIE (MHEPTHBIE) U PACTBOPUMBIEC (aKTHUBHBIC)
BIEKTPOIBI.

[Ipu McONBE30BaHUN UHEPTHBIX JICKTPOJIOB:

1 B nepByro odepenb OKUCISIOTCS MPOCThIe aHMOHBI B MOPSIKE Bo3pacTaHus ux E°,
He npessiarommx +1,5 B (S*7, I, Br-, CI):

(H)A: S —2e=S

2 Ilpmu AIEKTPOIN3E BOJIHBIX pacTBOpOB, coJieprKalux AHUOHBI
xucnopoaconepxkamux kucior (COz>, NO3~, NO,~, SO,*, SOz?7, PO4*™ u mp.),
Ha aHOJI€ OKUCIISIOTCS HE 3TU MOHBI, a MOJIeKyJibl BoJbL: (1) A: 2H0 —4e = O, +
4H".

3 B 11e1049HBIX pacTBOpax Ha aHO/E OKMCISIOTCS TUApPOKCH - noHbl (OH")

40H —4e =0, + 2H,0

Ipumep 2. CocTaBuTh ypaBHEHHE JJIEKTPOJIM3a BOJHOTO PacTBOpa Moauaa
Kanus (aHOJI MHEPTHBIN)

Pemenue. B pacruiase voaua Kajivs pacrajgacTcss HA HOHBI:

KI & K"+ 1~

ITon neiicTBrEM TOKA MOHBI Ho/1a OyAYT MEPEBUTATHCS K AaHOY U OKUCIISATHCS:

Anon - (+) A: 21— 2e=1,
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Nonpl kamusi OyayT HakaruiMBaThCsl y KaToJa, OJHAKO BOCCTAaHABIMBATHCS
OyIeT BoJla, TaK KakK KaJMid B DJIEKTPOXMMHUYECKOM pSy aKTMBHOCTEH METaslIOB
CTOMT JI0 aAJIFOMUHUSL:

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

CymMupyst ypaBHEHHS TIPOIIECCOB, MPOTEKAIOMINX HA JIEKTPOIaX:

Anon - (H)A: 21— 2e=1; | 1

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

217+2H,0 — I, + H, + 20H".

3anuceiBaeM HoHHOE ypaBHeHue: 2K +217+2H,0 — I, + Hy+ 2K* + 20H",

[lepenuceiBaeM ypaBHEHHE B MOJIEKYIISIpHOU (hopme:

2KI1 + 2H,0 — I, + Hy+ 2KOH.

IIpumep 3. CocTaBUTh ypaBHEHHE AJICKTPOJIN3a BOJHOTO pacTBOpa HUTpATa
cepedpa (AgNO3) ¢ UHEPTHBIM AHOJIOM.

Pemenue: [Ipu pactBopenun B Bojie HUTpAT cepedpa pacmaiaeTcs Ha HOHBI:

AgNO3z— Ag" +NOs".

[Ipu srekTpoan3e BOJHBIX PACTBOPOB COJICH KUCIOPOACOACPKAITUX KUCIOT Ha
aHozie OyJIeT OKUCIATHCS BOJA:

(+) A: 2H,0 —4e =0, + 4H".

Nownsl cepebpa OynyT nepemeiniarbes K KaToAay U BOCCTaHABIUBATHCS:

() K: Ag'+ le=Ag.

CymMupyeM ypaBHEHUS MPOIIECCOB, MPOTEKAIONTUX HA JICKTPOIAX:

(+) A: 2H,0 —de = 0, + 4H* | 1

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

2H,0 +4 Ag*— O, + 4H" + 4Ag.

3anucbiBaeM ypaBHEHUE B MMOJTHOW HOHHOU (opMe:

2H, 0 +4 Ag* + 4 NO;™ — O, + 4H" + 4Ag + 4 NOg3.

[lepenuceiBaeM ypaBHEHHE B MOJIEKYIISIpHOU (hopme:

2H,0 + 4AgNO3 — 0, + 4Ag + 4HNO:.

IIpumep 4.

Yepes pactBop cyavpama nampua NaSOs niponyctunu Tox cuiioil 2,5 A B
tedenue 30 muHyT. Hamucath ypaBHEHUS 3JICKTPOIHBIX MPOIECCOB, TMPOUCKOSIITUX
MpU  DJIeKTponu3e (MHEPTHBIA aHOM) W yKa3aTh KaKue TPOAYKTHI M B KaKOM
KOJIMYECTBE OBLIH MOTYYEHBI.

Pemenue. 1. OnucbiBaeM 3JIEKTPOAHBIE TTPOLECCHI.

Kamoo. Ha 53ToM »55I€KTpOAE OCYIIECTBISETCS MPOIECC BOCCTAHOBIICHHUS.
Karon ipu a5mekTponm3e 3apshKeH OTPHIIATEIbHO, TIO3TOMY IPY HAJTOKCHHUH Pa3HUITBI
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MOTEHIIMAJIOB B MPOCTPAHCTBO y Karojaa OyayT MOCTyHath KaTHOHBI HaTtpus Na’,
MOMHMO HHUX TaM OYIyT MPUCYTCTBOBATH MOJIEKYJIbI PACTBOPUTEIIS — BOBI.

Ecnu cucrema, B KOTOpOl MPOBOAST 3JIEKTPOJIU3, COAEPKHUT HECKOIBKO
OKHUCIJIUTENEH, TO Ha Karoae OyaeT BOCCTaHABIMBATBHCS TOT, Y KOTOPOTO 3HAUYCHUE
ANIEKTPOJIHOTO NOTEHIIMAIa OOJIbLIE.

Bocrnons3oBaBmivch JgaHHbIMU  TaOmunel [1.2, B NOpUIIOKEHHH CpPaBHUM
AJIEKTPOIHBIE MOTEHIIMAIBI BO3MOKHBIX OKUCIUTENEH:

Na*+e =Na p’=-2,71B

2H,0+2e =H,+20H ¢°=-0,41B

[ToreHupan mepBOM CUCTEMBI 3HAYUTEIBLHO OTPUUATENIBHEE ITOTEHIMANA
BTOPOM, TO3TOMY Ha Karoje OyJeT MPOUCXOJUTh BOCCTAHOBJICHUE MOJIEKYJ BOBI C
oOpa3zoBanueM Bojaopoja. [lomumo 3TOro, oOpazoBaBIIUECS TUIAPOKCHI - HOHBI
OyIyT accOIMUPOBATHCS C HAKOMUBIIMMHUCS B MPOCTPAHCTBE Y KAaToJa KaTHOHAMU
HaTpHS.

Anoo. Ha 5ToM 371€KTpo/ie UIET MPOIECC OKUCICHUs. AHOJ NP IICKTPOIU3E
3apsHKEH TOJIOKUTENIBHO, MTOATOMY B XOJ€ IMpoliecca B MPOCTPAHCTBO Y aHOJa OYyIyT
nocrynarh cyiabdar - umonsl SOz, moMuMO HHMX TaM OyAyT IIPHCYTCTBOBAaThb
MOJICKYJIBI PACTBOPUTEISI — BOJIBI.

Ha aHone okucnsercs TOT W3 BOCCTAaHOBHUTEINIEHW, CTaHIAPTHBIN 3JIEKTPOIHBIN
MOTEHIIHAJI KOTOPOTO HAUMEHBIIINH.

CpaBHMM  DJIEKTPOJHBIE TOTEHIMANIBI, KOTOPHIE XapaKTEPHU3YIOT  JIBE
paccMaTpUBaEMbIE CHCTEMBI:

2H,0 =0, 1+ 4H" + 4 ¢°=1,23 B

23042_ = 52082_ + 2¢ g00=2,01 B

Ncxons 3 3TuX 3HAYCHU, JieJlaéM BBIBOJI, YTO Ha aHO/AE Oy/eT MpOUCXOIUTh
OKHUCJICHHE BOJBI ¢ 0Opa3oBaHueM kucioponaa. Obpasyromuecss TpOTOHBI BOAOPOIa
OyIyT accoIMUPOBAThCS C HAKOMUBIIUMUCS B TMPOCTPAHCTBE y aHoma cyiabdar -
HOHAMU.

Takum 00pazoM, MPOIECCHI, MPOTEKAIOIINE HA JIEKTPOAAX MPU AIEKTPOIU3E
pacTBopa cynbdaTa HaTpHsi, OyAyT ONMKUCHIBATHCS CICTYIOIINMHU YPABHCHHUSIMU:

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

3anucbiBaéM CYMMAapHOE YpaBHEHHUE JIEKTPOIIU3A:

ANa*+2S04°" + 6 H,O =2H, 1 + O2 1 + 4Na™ + 40H™ + 4H* + 2S04

2. KomnnuecTBeHHOE OMNUCAHWE MPOLECCAa DJIEKTPOJIM3a BBIMOJHIEM C
MCIIOJIh30BAaHUEM MAaTEMaTUUECKOTO BhIpaXXKEeHUS 3akoHa Dapadest:
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31t VIt
m=—wmV =—— r1e
F F

m u V- Macca 1 06beM 00pa30BaBIIETOCS WX MOABEPIIIETOCS MPEBPALLICHHUIO
BEIIEeCTBA, T U I,

M> 1 V, — SKBUBaJICHTHAsE Macca W SKBUBAJICHTHBII 00BEM 3TOTO BEIIECTBA,
I/MOJIb, J1/MOJIb;

| — cuna Toka mpu AMEeKTpou3e, A;

t — BpeMst AJIeKTpoIIn3a, C;

F — nocrostanast @apanes, 96500 Ki/monb unm 26,8 A-u.

OCHOBHBIMU TPOAYKTaMU JJIEKTPOJIM3a SBIAIOTCS KHUCIOPOA U BOJOPOI;
oTpeaenuM 00BeMbl TOYYEHHBIX Ta30B.

Vy(Hy) -1t 11,2-2,5-0,5
V(H,) = % = {V,(H,) = 11,2 1/MoJb} = T = 0,52(1)
V,(0,) 1t 56-2,5-0,5
V(0,) = % = {3(02) = 5,6 1/Monb} = ————=—— = 0,26(1)

Otset: V(H,) = 0,52()
V(0,) = 0,26(1)

13. JKECTKOCTb BO/JbI (3aganus 240-259)

[Ipumecu, pacTBOpEHHbIE B BOJE, OKa3bIBalOT CYILECTBEHHOE BIMSHUE HA €€
CBOMCTBA. DTHU MPUMECH BeCbMa HEOOXOIUMBI ISl KU3HU YEJIOBEKA, KUBOTHBIX U
pacTeHui, HO YacTO OKAa3bIBAIOTCA OYECHb BPEIHBIMHU IS TMPUMEHEHHS BOJbI B
TEXHHUKE, TaK KaK 3TH MPHUMECH TpPHU BBICOKOH TemriepaType oOpas3yloT IUIOTHBIN
0CaJOK Ha CTEHKAaX KOTJOB, OCAXIAIOTCA Ha CTEHKaX TPpyO B CHCTEMax BOJSHOTO
OXJIQXKJICHUSI, YTO TIPUBOJIUT K BBIXOAY ITHX CUCTEM M3 cTposi. Ha mpennpusrusax mo
IIPOU3BOJICTBY MPOJIYKTOB KMUBOTHOTO TMPOUCXOXKIACHUS BOJA C  BBICOKHM
COJIEp’)KaHUEM JKECTKHUX COJICH MPUBOAUT K YBEIIMYCHHUIO PacX0/1a MOIOIIIUX CPE/ICTB.

Ipumep 1.

Paccuutate wmaccy TeTpabopara HaTpus (6ypwl), HEOOXOAMMOTO IS
ymsrueHuss 100 1 BoAbl, KECTKOCTh KOTOopoil 5 wmakB/n. Hammcars peakuuio
YMSITYCHHS B MOJICKYJISIPHOM M MOHHO-MOJIEKYJISIPHOUM (popMe C XJIOpUI0OM MarHus
(>kecTKasi CoJib).

Pemrenne.

XKecTtkocTh TPUPOAHBIX BOJ OOYCIOBJICHA HAJIMYUEM B HEW PacTBOPUMBIX
coneit kanpuus (Ca?"), marnua (Mg?") u xenesa(Fe?"). Pa3nuuaror ciemyromye TUIIbI
KECTKOCTH OOIyI0, KapOOHATHYIO (BPEMEHHYIO, YCTPAaHUMYIO) U HEKapOOHATHYIO
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(MOCTOSIHHYI0, HEYCTpaHUMYI0). Bce TUIBI JKECTKOCTH paCcCUUTHIBAIOT, MPUMEHSS
OJIHO U TO K€ BBIPAXKCHUE!

K = m(cosm) / M> (3kecTKoii coam) - V Boabl [MIKB/J]

ITpumep 2.

Paccunrate maccy ymsiruutens (6ypst), HeoOxomumoro ans ymsrdaenus 1005
BOJBI, JKECTKOCTb KOTOpOM 5 .maxe/n. Hamucarh peakuuio yMmsrdyeHus B
MOJIEKYJISIPHON U HOHHO-MOJIEKYJISIPHOU (popMe C Xiopuoom mazHusl.

Pemenue. XX = m (ymsraurens) / My (ymsarautens) - V Boabl, rae

XK — xecTKoCTh BO/BI, MIKB/I;

M — Macca yMATYUTEIs, MT;

M>5— 5KBUBaJIEHTHasl Macca yMITYUTeNs, I/MOJIb;

V — 00BeM BOJBI, JI

2. PaccunThiBaeM 3KBUBAJIEHTHYIO MacCy yMSATYHUTEINS — OypbI:

m3(Na,B,0,) = 12200

M — momnsipHast Macca Oypbl, I/MOJIb

JI(S

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

3. U3 dbopmynel 17151 pacyeTa >KeCTKOCTH BOJbI BhIpakaeM M U PacCUUTHIBAEM
HEOOXOIMMYI0 Maccy OyphI:
K-Masd-V 5-101-100

1000~ 1000 0o

4. 3anuchIBaeM peakuuio yMAr4eHUs: B MOJIEKYJIIPHOUN hopme:

MgClZ + Na,B,O; = Mg B.O; l‘i‘ 2 NaC(l;

B HOHHOH (hopmMme:

MgZ+ + B4O72' = Mg B407l

OTBert: m(NagB407) =505¢2

OOpatHyto0 33129y — pacyeT KECTKOCTH BOJBI IO MACCE YMITUUTENS — PEIIaloT
C UCIOJIb30BaHUEM TOMU ke (HOPMYIIbI.

IIpumep 2. Cxoapko rpaMMOB XJIopuaa Kanblius coaep:kutcst B 500 1 BoAbL,
€CJIH JKeCTKOCTh 00YCTIOBICHHAS IPUCYTCTBUEM ATOM COJIM paBHA 4 MMOJIb?

Pemenne. Monsipnas macca M(CaCly) = 111r/monb, MonsipHas Macca
sKBHBaJIeHTa XJjopuaa kanbius M»(CaCly) = M(CaCly) / z; M»(CaCl,) =111 /2 =55,5
I/MOJIb.

B 500 1 BozbI ¢ )kecTKOCTRIO paBHOM 4 MMoJib/1 coaepxutces n(CaCly) = 500 -
4 = 2000 mmoap CaCl, numn m(CaCly) = 2000 - 55,5/ 1000 = 111 r xmopuia KajabIys.

m(Na;B,0;) =
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MMPUJIOKEHHUE 1. KOHTPOJIBHBIE 3AJIAHUSA

3axon sxeusanenmos (3adanus 1-19)

1. 0,321 r antomunusa 1 1,168 r MHKA BBITECHSIOT U3 KUCJIOTHI OJUHAKOBOE
KOJIMYECTBO BOJIOpojia. HallTh SKBUBAJICHTHYIO MacCy LIMHKA, €CIIM HYKBUBAJICHTHAS
Macca alfoMuHus paBHa 8,99 1/M0JIb.

2. Ha oOpazoBanue 43,24 T ruapuaa meEIOYHOTO MeTaia Tpedyercs 5,6 1
BOJIOPOJIa, U3MEPEHHOI'O MPU HOPMAJIbHBIX YCIOBUSX. BblUMcIuUTE SKBUBAJICHTHBIC
MAacChI IIEJIOYHOTO MeTalia 1 ero ruapuaa. Kakoii sto metann?

3. IIpu pactBopenun B kucnore 3,06 T MeTania BeICIHIOCH 2,8 1 BOAOPO/A,
u3mepeHHoro mnpu temmneparype 0 °C u maBnenun 101,325 klla. Berumcnuts
MOJISIPHYIO MacCy SKBHUBaJICHTa MeTaslja.

4. Jlns HeWTpanuzaluud 5 T TUAPOKCHIAa MeTramia Tpedyercs 6,12 r omHOi
KHUCJIOTHI uiau 7,87 T Ipyrod KUCIOTHI, SKBUBAJIEHTHAsE Macca KOTOpoul 63 r/Moiib.
Brruncinuth 3KBUBaJIEHTHBIE MAaCChl THAPOKCUAA METAIa U TMIEPBOUM KUCIOTHI.

5. Macca 1 n xucnmopoga paBHa 1,4 r. CKOJIBKO JHMTPOB KHUCIOpOAA
pacxoayercs npu cropanuu 21 r MarHusi, 5KBUBaJIE€HTHAs Macca KOTOPOro paBHa 12
r/MoJ1b?

6. BerancauTh SKBUBAJICHTHYIO M aTOMHYIO MacCy 3JIEMEHTa, 3Has, 4YTO B €T0
OKCH/JIE Ha OJIMH aTOM 3JIEMEHTA MPUXOAUTHCA TPU aTOMa KUCIOPOJa, a COAEPKAHUE
kucnopona coctaniisieT 60%.

7. Borumcnute MosspHbie Macchl dkBuBasieHTOB KAI(SO4), B peakimsx,
BBIPAKAEMbIX YPAaBHEHUSIMH:

Kal(SO4)2 + 3KOH = Al(OH)g + 2K5S0y;

Kal(SO,), + 2BaCl, = KCI + AICl; +2BaS0O,.

8. Ha Boccranomnenue 56,08 r okcmma metamia morpedoBamoch 22,4 1
U3MEPEHHOTO NPU HOPMAJbHBIX YCJIOBHUSAX BOAOpPOAA. BBIUMCINTH 3KBHUBAJICHTHBIC
MaccChl METAJIJIa U €r0 OKCHUJA.

9. Ha neditpanmzarnuto 1,89 r ¢pocdopucroit kucnotsl (HzPO3) nzpacxomoBano
2,57 v ruapokcuaa kanus (KOH). Beruncnuth skBUBaieHTHYIO Maccy dochopuctoit
KHUCJIOTHI M €€ OCHOBHOCTh. Ha 0CHOBaHMM pacueTa HamucaTh ypaBHEHHUE PEaKIIUH.

10. BbruucauTe MOJSPHYIO MacCy OKBUBAJIGHTA CEpbl B COCIAMHCHHH,
cojaepxkaiieM Bogopoa H (maccoBas nonst 5,92%) u cepy S (maccoBast nosst 94,08%).

11. Ha BoccraHoBieHue 3,6 T okcuaa Metayuia mouwio 1,67 1 Bomopona,
U3MEPEHHOTO TMPU HOPMAJBHBIX YCIOBUSX. Paccuutarh JKBUBAJICHTHBIC MACCHI
MeTaJlJla U OKCHJIA.

12. Beruucnute MmodspHyro Maccy dSkBuBasieHTa NaHSO, u CuOHCI B
peaKIusX, BEIpaKaeMbIX YPaBHCHUSIMU

NaHSO4 + NaOH = Na;SO4 + H20;

CUuOHCI + H,S = CuS + HCI + H,0.
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13. 1,60 r xanpius u 2,615 T IUHKA BBITECHAIOT U3 KHCJIOTHI OJMHAKOBOE
KOJIMYECTBO BOJOPOJa. BBIYHCIUTh HSKBUBAJICHTHYIO MacCy IIMHKA, 3Has, 4YTO
SKBUBAJICHTHAsI Macca Kajablius paBHa 20 I/MOJIb.

14. Bprumcnuts skBuBaicHTHbIe Macchl NaHCO; m Fe(OH),CH;COO B
peaKusx:

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

Fe(OH),CH3;COO + 2CH3;COOH = Fe(CH3COO0); + 2H,0.

15. Tlpm B3ammomeilicTBuu  OpTOPOCPOPHON KHUCIOTHI CO  IICIOYBIO
obpazoBasiack conb NapHPO,4. Halitu anst aToro ciydas 3HaueHHe MOJIIPHOM MaccChl
SKBHUBaAJIEHTa OPTOPOCPOPHOI KUCTOTHI.

16. DxBUBaJICHTHasT Macca YeThIPeXBaJICHTHOTO 3jeMeHTa paBHa 3. Kakoma
MaccoBasi 10JIsl KUCJIOPOAa B BBICIIIEM OKCHJIE ATOTO DJIEMEHTA?

17. BplMHUCIUTh MOJSIPHYIO MacCy SKBUBAJIEHTa OKCHJA TPEXBAJICHTHOI'O
MeTalljla, 3Has, YTO SKBUBAJICHTHas macca MeTtauia paBHa 9,0 r/monb. Kakoi 3T0
MeTau?

18. Beruucauth MosspHbie Macchl 3kBuBasieHTa KCr(SO4), B peakiusx,
BBIpaKaeMbIX YPaBHCHUSIMMU:

KCr(S0,), + 3KOH = Cr(OH)3 + 2K,SOy;

KCI’(SO4)2 + ZBa(N03)2 = 2BaS0, + KNO; +CI'(N03)3.

19. Ha Boccranomienue 1,980 r okcuma metamia umspacxogoBaHo 0,545 n
KHCJIOPOJia, W3MEPEHHOr0 MNpPU HOPMAIbHBIX YCIOBUSX. BBIUMCINTH MOJSPHBIC
MacChl SKBUBAJICHTOB OKCH/Ia U METaJlja.

Cmpoenue amoma (3a0anus 20—39)

20. BplUMCANTh aTOMHYIO MacCy IBYXBaJEHTHOTO MeETajsia, U ONPEAeTUTh
KaKOM 3TO MeETall, €CIi IpPU HOpPMajbHBIX ycioBUsAX 2,399 r storo Meraina
okucnsiercs 1, 106 1 kucnopoja.

21. CTpoeHHE BHEIIHETO YHEPTETHYECKOTO YPOBHS aTOMa OJHOTO JJIeMEHTa
3s? 3p!, a aroma mpyroro smemenra, 45’ 4p*. CocTaBUTh MOJHBIE 3JIEKTPOHHBIE
(dbopMyIIBI aTOMOB ATHX JIEMEHTOB. Y aTOMa, KaKOTO 3JIEMEHTa CHJIbHEE BBHIPAKEHBI
METAJJTMYECKUE CBOMCTBA?

22. BHemHre W TIpeNBHEIIHUE YHEPTETUYECKHE YPOBHH aTOMOB HEKOTOPBIX
5JIEMEHTOB BhIpaxkarorcsa (gopmynamu: 3s23p°3d%4s? u 3s23p®3d1%4s24pt. Cocrasuts
TIOJTHBIE 3JICKTPOHHBIC (POPMYJIBI ATOMOB ATHX 3JeMEHTOB. Kakol M3 HMX OTHOCHUTCS
K d — anemeHTam?

23. DnekTpoHHas CTPYKTypa aroMa oOmuchkiBaeTcs (opmynoit 1522s22p®3st,
Onpenenutes nepuoi W TPYIIY NEPUOIAYECKONM cuctembl snemeHTtoB /[I. M.
MenpeneeBa, B KOTOPbIX HAXOAUTCS 3y1eMEHT. Kakoi 3To 3ieMeHT?
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24. Macca aromMa HEKOTOporo u3oromna paBHa 18la.e.m. B asnekTpoHHOMN
000JI0YKe aToMa COAEPXKUTCA 73 dIeKTpoHa. YKa3aTh, CKOJBKO MPOTOHOB U
HEUTPOHOB cojepxkuTcs B sApe aroma. Kakoih 310 osmement? Hanwumure
AIIEKTPOHHYIO (DOPMYITYy aTOMa 3TOTO AJIEMEHTA.

25. Kaxoii sHepreTHYecKuii MOypOBEHb B aTOMax 3amoiiHseTcs panbiie — 4f
i 5d, 3d unum 4s? Ilpumenute npaBuiia KiieukoBckoro.

26. CocTaBUTH 3JIEKTPOHHYIO (OPMYJTYy aToMa dJEMEHTa, OPAIKOBBIA HOMED
KOTOPOTo 35. YKaXuTe BaJCHTHOCTb U CTENEHb OKUCIICHHS aTOMa JTOTO JIEMEHTA B
HOpPMaJIbHOM U BO30YK/JI€HHOM COCTOSIHUU.

27. Ha nmpumepe mapraHila U MBIIIbSIKA MOKKUTE MPUMEHUMOCTh IpaBUia
Xynnaa (I'ynna).

28. Kakoe MakcuManabHOE KOJMYECTBO f — SJIEKTPOHOB MOXKET OBITH: a) y
aTOMOB 3JIEMEHTOB IIECTOTrO MEPUO/IA; B) Y aTOMOB 3JIEMEHTOB CEIBMOTO Iepruoaa’?

29. CocTaBUTh d3JCKTPOHHBIE (DOPMYITBI aTOMOB XpoMmMa M celieHa. YKasaTb
DHEPreTUYECKUEe YPOBHU M TOAYPOBHHM, Ha KOTOPBIX HAXOJATCA MX BaJCHTHBIC
AJIEKTPOHBI.

30. Yto takoe uzorornsl, u3obapsi? [IpuBenure mpumepsl.

31. Kakoe MakCHUMaabHOE YHCJIO OJJIEKTPOHOB MOXET OBITh y aromMa B
3JIEKTPOHHOM CJIOE€, XAPAKTEPU3YEMOM TJIABHBIM KBAaHTOBBIM 4HUCIOM 37 CKOJBKO
3HAYEHUI MAarHUTHOTO KBAHTOBOT'O YKCJIA BO3MOKHO JUIS QJIEKTPOHOB JJAHHOTO CIIOS,
ecJIi OpOUTAIbHOE KBAHTOBOE YHCJIO PaBHO 37

32. YUeMy paBHO MakCHMalbHOE YHWCIIO JJIEKTPOHOB Ha TEPBOM BHEIIHEM U
MpeIBHENTHEM JHEpreTudeckux ypoBHsIx? Kakue mNOMypOBHU 3amMoONHSIOT JTH
AIEKTPOHBI?

33. Ilouemy wmapranerr mNposIBISET METAUIMYECKHE CBOMCTBA, a XJIOp —
HemeTayunueckue? Jlaiite oTBET, UCXOAS U3 CTPOCHHUSI AaTOMOB ATHX 3JIEMEHTOB.

34. CUMBOI OJJHOTO U3 U30TOMOB XpoMa 53CT. YKa3aTh, CKOJIBKO IPOTOHOB U
HEUTPOHOB COJEPKUTCS B SApE aToMa BSTOT0 M30TOMNA, CKOJBKO 3JIEKTPOHOB
COJZIEPKUT DJIEKTpOHHAs o0oouka. Hamucate 3nekTpoHHYI0 (popMyiy 3TOro aroma.

35. CocraBuTh JJIGKTPOHHBIE (POPMYJIBI aTOMOB DJJEMEHTOB OJIOBa H
Bostb(ppama. Kakoit u3 HUX OTHOCUTCS K P — dJIeMeHTaM?

36. CoctaBuTh JJIEKTpOHHBIE (opMynbl HHOOWMS W CypbMbl. Ha kakux
MOTyPOBHSIX PACTIOJIOKEHBI X BAJICHTHBIC JIEKTPOHBI?

37. ChopmynupoBaTh NPUHLIMN HauMeHbIIeW sHepruu. Kakod moaypoBeHb
3anoJiHsIeTcs panbie: 6s wiu 5d; 5d nam 417

38. CocTaBUTb IIEKTPOHHBIE (DOPMYITBI ATOMOB 3JIEMEHTOB, OTHOCSIIIMXCA K
S-, p-, d — u f — cemeticTBaMm.

39. Kakoe MakcuMaiabHOE YHCIIO 3JEKTPOHOB HAaXOAMUTCS: a) HAa YETBEPTOM M
IIIECTOM PHEPTETUUYECKUX YPOBHSX; 0) Ha MOYPOBHSX S, P, d, {?
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Xumuueckas ces3b. Cmpoenue sewecmsa (3adanusi 40-59)

40. Yem 00BsicHUTh, 4TO MOdeKyiabl CO,; u SO; HemoJspHbIE, XOTS CBSA3HU
=C=0 u >>S=0 nonsapusie? Yo Ha3bIBaeTcs MMHOM numnoisa? [loueMy y Monekybl
JTMOKCHJIA YTJIEPOJa JUMOJIBHBIN MOMEHT PaBEH HYIIO?

41. OObwscaute, moyemy Mmosekyina BeCl, umeer nmuelinyro dopmy, a
moniekyna H,O — yrioByro? Kakoil T XMMHUYECKOW CBSI3M B MOJIEKYJaX ATHX
BEILIECTB?

42. ITpu KakuX YCJIOBHSX Y HETOJSPHBIX MOJICKYJ TUMOJIBHBIA MOMEHT paBeH
Hynto? PaccmoTrpute ctpoenue okcuaa yriaepoaa (IV) u merana.

43. Kakue MOJEKyJbl SIBISIOTCS TOJIAPHBIMHU, U Kakue HemnospHbIMUA? YUTo
CILYKUT MEPOH MOJIIPHOCTH MoJiekyn? [IpuBeaute npumepsl.

44, Kakoii THUN XUMHUYECKOH CBSI3M B MOJIEKyJaX CIEAYIOUX COCAMHEHUI:
CHs, F;, H2O, NaCl? Oter wMoTuBHpOBaTh, MNPHUBEAS CXEMBI CTPOCHUS
COOTBETCTBYIOIINX MOJICKYL.

45. YUto ciy>)kUT Mepoi MOJSPHOCTH KOBaJeHTHOM CBs3U. [lo TaOGmuuHbIM
3HAQYEHUSIM  OTHOCHUTENBHBIX  JJIEKTPOOTpHULIATENIbHOCTEN  3ieMeHToB 020,
onpenenuTe kakas cBsa3b HanOonee nonsipuast: H—F; H-Cl unu H-O.

46. Kakoit T XUMHYECKOU CBSI3U B MOJICKYJIax CIeAyIOMuX coenuaennii: CS,,
AICI3; N2, NH3? OTBeT MOTUBUPOBATH, MPUBEISI CXEMBI CTPOCHUSI COOTBETCTBYIOIINX
MOJIEKYII.

47. HMunonbHble MOMeHTHI MoJiekynl HS m SO, paBust 0,93D u 1,61D.
Brruucnuth AMHy AUNONS U YKa3aTh, B KAKOW U3 MOJIEKYJI CBsI3b OoJjiee mosisipHasi?

48. Kakue MOJICKYJTbl Ha3bIBAIOTCS MOJISIPHBIMUA, HETIOJIIPHBIMH, HOHHBIMU?

49. Yto Ha3bIBaeTCs KpaTHOU CBs3bI0? B ueM oTiinuue ¢ — u m — cBsizeii?

50. UYem omimuaercs KOBaJEHTHAas TMOJSpHAs CBS3b OT KOBAJIECHTHOM
HenoyisspHoil cBsizu? IlpuBenure mnpumepsl. Uem OOBSICHUTH HAIUYWE AUMONS B
MOJIEKYJIC BOJBI U €r0 OTCYTCTBHE B MoJiekyie CO;?

51. Vka3zaTh THI XUMHYECKOW cBs3u B Mmoiiekynax Hp, Cly, HCI. Ilpuseaute
CXeMy TMepPEeKPhIBAHUS AIEKTPOHHBIX 00JIAKOB.

52. UYro Ha3pIBaeTCs AWMOIBHBIM MOMEHTOM? B Kakux eauHUIaX OH
BbIpakaeTca? Kakas U3 HWKENPUBEICHHBIX MOJEKYJI  HUMEET HauOOJbIINA
aunonapHeli  MomenT: HF, HCI, HBr, HI? OtBer MoTHBHpOBaTh, HCXOAS U3
AIEKTPOOTPULIATETHHOCTH COOTBETCTBYIOIINX YJIEMEHTOB.

53. N3ob6pa3uth B Buae cxem crpoenue monekyri: Clp, H,O, CaS. Kakoit tum
XUMUYECKOU CBSI3M HAOIIOIAeTCS B KAXKIOM U3 HUX?

54. CkoJIbKO G — U T — CBsI3eH B MOJIEKYyJIax KucJopoja u a3zorta? Hamucathb
cxeMy 00pa30BaHUsI ITHUX MOJIEKYJ C y4€TOM B3aUMOICHCTBHUS UX DJIECKTPOHHBIX
00J1aKOB.
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55. Kakoii Tl CBSI3U OCYILECTBISETCS B Kaxxaor u3 moiyekyn: Fp, CO,, HCI?
VYka3zaTh /Uit KaXK10M U3 HUX HalpaBJICHUE CMEIIEHUS 00IIeH 2JIEKTPOHHON Maphl.

56. ymnua qunons CH3Cl pasna 4-107!! M. BeIMuCIUTh TUIIOIBHBIIL MOMEHT 1
BBIPA3UTh €T0 B JeOasX.

57. Kakyro dopmy nmeer mosekyna ABs, eciu CBSA3b OCYIIECTBISIETCS TPEMS
p-2JIEKTpOHAMU aToMa A U S-3JIeKTpoHamu Tpex atomoB B. Tlpuseante npumepsi.

58. Ilouemy Mmonekynbsl CO; u SOz HenosspHeie, a Monekyasl H,O u SO,
UMEIOT JUMOJb, HECMOTPS Ha TO, 4To cBs3M =C=0 u >>S=0 Tak xe, kak >S=0 u
H—O— mnossapueie? Kakasg wu3 BbllIEOpHUBEACHHBIX CBsA3€l HauOosiee MOJsIpHAs?
[Touemy?

59. VkazaTth Tun XxumMudeckoi cBsi3u B MoJekynax Oy, I, HCI. IlpuBectu cxe-
MY TIEpEKPBIBAHMS DJICKTPOHHBIX 00JIaKOB.

Xumuueckas kunemuxa. Xumuueckoe pagnogecue (3adanus 60—79)

60. BripazuTs MaTeMaTHYECKH CKOPOCTH CIAEAYIONUX XUMUYECKIX PEAKITHIA:

a) Noory + 3Hary = 0) 2NO(r) + Oxy = B) 280, + Ox)

HanucaTts kKuHeTHUECKHE YPAaBHEHUS, IPUMEHUB 3aKOH JEHCTBYIOLIUX MacC.

61. Ilpunmun Jle [latenpe. Kak moBnIuseT NOBBINICHHWE MaBJICHUS Ha
pPaBHOBECHE CIEAYIOIINX OOPATUMBIX T€TEPOrCHHBIX PEAKIU:

N&zCOg(T) + HZO(}K) <~ 2NaHC03(T); HzSO4(>K) + 2NH3(r) > (NH4)2SO4(T)

62. JlokazaTh pacueToM, IMO4YeMy M3MEHEHHE JaBJICHUS CMELIAeT paBHOBECHE
peaknuu Nz(r) + 3H2(r) > 2NH3(r) U HC CMCIIACT paBHOBECUEC pCaKLUU Nz(r) + Oz(r)
< ZNO(F)?

63. IIpu cunTe3e Gocrena nmeer mecto papaoBecue Clyry + COry «» COCly.
Onpenenuth HMCXONIHBIE KOHIEHTpaluu XxJjopa U okcujga yriaepoaa (II), ecmum
paBHOBecHbIe KOHIIeHTpanuu paBHbl [Cly] =0,2 moaw/i; [CO] = 0,1 momas/i; [COCI,]
= 2 MOJIB/M.

64. JIse peakmuu npu 10°C mportekaroT ¢ oauHakoBoil ckopocThio (Vi=V2).
TemnepaTypHblii KOXPGUIIMEHT CKOPOCTH TEPBOM peakuH paBeH 2, BTOpoH — 3.
Kak OynyT OTHOCHUTBCS CKOpPOCTH peakUuid, €ClIM MEepBYI0 M3 HUX BECTH IMpH
temriepatype 50°C, a Bropyto — ipu 30°C. [IpaBuno Baut-T'odda.

65. Cxopoctp peaktmu Hyry + Oxry — mpu [Hz] = 0,5 mons/n u [O2] = 0,6
mouib/1. Koncranra paHoBecust paBHa 0,018 Moib/n*MuH. Onpeaenutb KOHCTaHTY
CKOPOCTH PEAKIINH.

66. CKOpoCTh peakIluu TpH TMOBBIIICHUH Temneparypsl Ha 20°C Bo3pocia B
neBsATh pa3. OmnpenenuTb TEeMIEPATypHbIM KOIPPUIMEHT CKOPOCTH pPEAKIHH.
[TpaBuo Baut-T'odda.

67. Uemy paBeH TeMIiepaTypHbIi KO3(QHUIUEHT CKOPOCTH PEAKIUH, €CIIU TIPU
yBenaumueHuu temneparypsl Ha 30°C ckopocTh peakiuu Bo3pacTaer B 27 pas?
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68. Kak mnoBiausieT NOBBIINIEHUE [1aBJIIEHUS Ha PABHOBECHE CIIEIYIOLIUX
00OpaTHMBIX peaklui, mpoTekanmx B romoreHHoi cucreme: a) PClsry <> PCly) +
Clz(r); 6) 4HC|(r) + Oz(r) — 2H20(n) +2C|2(r).

69. Bo ckombkO pa3 yBEIMYUTCS CKOPOCTh XUMHUYECKOW peaklud TNpu
noBbllieHuH TemnepaTtypsl Ha 30°C, ecnu TeMnepatypHbiil KO3(PHUIHEHT CKOPOCTH
paBeH 1,5; 2? Ilpasuno Baut-I'odda.

70. Kak U3MEHUTCSI CKOPOCTh MPOTEKAIOIIEH B 3aKPBITOM COCY/I€ TOMOTEHHOM
peakiuu 2NO(r) + Oyr) <> 2NO; , ecau yBeqn4MTH JaBiieHHWE B 4eTbIpe pasza?
[Tpraumn Jle Hlarense.

71. Peakius mexnay Bemectsamu A u B Beipaxkaercst ypaBHeHueM A + 2B = C.
HavanpHas koHuentpanus BemectBa A paBna 0,3 mousb/i1, BemectBa B — 0,5 moib/1.
KoncranTta ckopoctu peakiuu paBHa 0,4. PaccuntaTh Ha4aJIbHYIO CKOPOCTh PEaKluu
U CKOPOCTh PEaKIMH IO HCTCUYECHHUH HEKOTOPOTO BPEMEHH, KOT/a KOHIIEHTpPAIWs
BenlecTBa A ymenpmutes Ha 0,1 Mosb/m.

72. Ilpu HeKoTOpOHl TemmepaType B TOMOI€HHONW peakUUu YCTaHOBUJIOCH
paBHOBecue Hyry + Bryr) <> 2HBIr ). PaBHOBECHBIE KOHLIEHTpALMKM PEArupyrOIUX
BemtectB Bozopoaa [Hz] = 0,5 monw/n, 6poma [Brz] = 0,1Mois/n, 6GpoMoBOAOPOAA
[HBr] = 1,6 Moab/11. BEI4ucaIuTh UCXOAHBIE KOHIIEHTPAIMU BOJIOPO/Ia U Opoma.

73. Hammcate wmaTeMaTHuecKue BBIPAXKCHHS CKOPOCTEH  CIIETYIOIIUX
peaKuHﬁ:a)ZAl(TB) + 3C|2(r) = 2A|C|3(Kp); 6) 2C0(r) + Oz(r) = ZCOZ(F).

74. Ta3zoBasi cMechb COCTOMT M3 BojopoAa M xJopa. Peakius wumger mo
ypaBHenuto Hyry + Clyry <> 2HCl. Kak m3aMenuTcs ckopocTs mpsiMON peaxiuy,
€CJIM YBEJIMYUTH JABJIEHUE B TPU pasa?

75. PaBnHoBecue peakuuu: COqy +Clyry <> COClyr) ycranoBmnocs mpu
KoHIeHTpauu pearupyronux Bemects [CO] = [Cly] = [COCI,] = 0,001 momb/m.
Onpenenutbh KOHCTaHTY PABHOBECHUS M HMCXOJHbIE KOHIIEHTpAIlMM OKCHJAA YIiiepoja
(II) m x7opa.

76. ITpu 1000°C konctanta paBHoBecus peakuuu FeOrg) + COr) < Ferrp) +
COyr) pasna 0,5. Yemy paBHbl paBHOBecHble KoHLEHTpauumu CO u COjzeciu ux
HavajbHbIC KOHIEHTpanuu cienymomue: [COJo = 0,05 moms/m; [COzJo = 0,025
MOJIB/JI.

77. B kakoMm HampaBieHUU OyJeT CMEUIaThCs PAaBHOBECHE NPHU MOHMKEHHUU
napienus ¥ Temmneparypsl ms peakiuun: COClyry <> COr) + Clyry; AH%gs =
+112,5 xJIx/Monn?

78. Xumuueckoe paBHOBecue peakiuu A +2B < ]I ycraHoBwioch mpH
CIIEIYIOIINUX KOHIEHTpalusax BemecTB [Alp = 6 mouw/a; [B]p = 2 monw/a; [[]p = 3
MOJIb/J. BEIYMCIUTh KOHCTAaHTY PaBHOBECHS M UCXOAHYIO KOHIICHTPAIIMIO BEIIECTBA
A.
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79. BzaumopeiictBue Mexay okcuaoMm yriepona (II) m xmopom wuaer mo
ypaBaenuto CO) + Clyr) <> COClyr). Konuentpanus oxcuna yriaepona (1) paBaa
0,3 moup/n, xmopa — 0,2 Monb/n. Kak U3MEHHUTCS CKOPOCTh MPSAMOM peaKIiu, €CIIH
YBEJIMYHUTHh KOHIICHTpamuio xjopa 10 0,6 mMonw/n, okcunma yraepoga (II) — mo 1,2
MOJTB/JI.

Cnocobuwl svipadicenus: KoHyeHmpayuu pacmeopos (3aoanus §0-99)

80. KakoBa mpomeHTHas KoHIeHTparusi pactBopa (0% wumu C%),
comepxkamero 20 r xmopuma Oapust B 380 T Bompl? BeamciuTe MOSUTBHYIO
koHueHTpaiuio BaCl, B janHOM pactBope.

81. Ckonbko rpaMMoB eakoro Hatpa coaepxutcs B 400 mi 0,12 H pacTtBOpa
NaOH? Ckonbko MUUIMIUTPOB 3TOTO PacTBOpa MOTpeOyeTcs sl OCaXJACHHUS B
Buje Fe(OH)s Bcero kenesa, cogepxarnerocs B 48 Mt 0,2 H pactBopa Fey(SO4)s?

82. Jlna ocaxnenmst B Buae BaSO, Bcero Oapus, comepixkamierocs B 500 M
pactBopa BaCl,, motpedoBanocs 100 mi 0,3 H pactBopa HSO4.CkoIBKO rpaMMOB
BaSO, Brimmano B ocamok?

83. K ognomy mutpy 10%-HOT0 pacTBopa a3oTHOM KruciaoTel HNOj3 (T10THOCTE
1,054 r/cm®) npuGasumm 2 1 2%-HOro pacTBOpa TOM e KUCIOTHI (IOTHOCTH 1,009
r/cm®). Berumcmire mMaccoByio aomo (0% wan C%) U MOISPHYK KOHIEHTPALUIO
MOJIYYEHHOTO PacTBOpA.

84. Ckonpko rpammoB Kl Hamo pactBoputs B 150 r Boabl ais nonydenus 0,2
MOJISUIBHOTO pacTBopa Hoaunaa kanus? Beruuciaure maccoByro nomo (0% wnu C%)
WOJIM/1a Kavs B 3TOM PacTBOPE.

85. Paccuurats Tutp 0,15 H pacTBOpa KUCIOT: cepHO, (HochHOPHOIA, COJISTHOM.

86. BeranciuTh MOJSIPHYIO ¥ MOJISTTBHYIO KOHIIGHTpAIUio B 5%-HOM pacTBope
cepHoit kucnoThl (10tHOCTh 1,032 1/cM®) CKOIBKO MUILUTMIMTPOB 3TOTO PacTBOPa
HeoOxoaumo jutst mpurotoBieHus 2 1 0,5 °H pactBopa HpSO4?

87. Cmemano 20 kr pacTBopa ¢ MaccoBoil moner 7,5 % u 10 kr pacTBopa C
MaccoBoi nojei 30 % oaHoro M TOro ke BemiecTBa. OnpeaeauTbh MacCOBYIO JOJIHO
(0% nnu C%) BemiecTBa B MOJIyYEHHOM PacTBOPE.

88. K 3 1 Boasl nmpubaBuim 1 1 pactBopa ¢ MaccoBOW JI0JI€ THIIPOKCHUIA
Hatpust 30%, IUIOTHOCTH, KOTOporo pasHsercs 1,328 r/cm®. Paccuurath MaccoByro
nouo (0% ) u MoJisipHyto KoHIeHTpanuio NaOH B mosrydeHHOM pacTBope.

89. 13 3 1 pactBopa eakoro kaau ¢ maccoBoi nmoneit 50 % (mrotHocts 1,51
r/cm®) Hago mpurorosuth pactBop KOH ¢ maccosoit moneit 10% (mmotaocts 1,07
r/emd).

90. K 500 mu 32%-HOi a30THOI KUCIIOTHI, UMeoLIeH MIOTHOCTh 1,2 r/em?,
npubasuiul 1 Bonbl. KakoBa maccoBast 1osst (0%) MOTydeHHOTO pacTBopa?
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91. Kakoii 06beM 8%-HOro pacTBOopa CepHOM KUCHIOTHI (MIOTHOCTH 1,055
r/cM®) Hy»HO B34Th U1 ipurotosienus 5 1 0,1 u pactBopa HSO4?

92. Cmemamu 100 mi 50%-noro pactsopa H,SO, (mrotaocts 1,40 r/cm®) u
100 M 10%-noro pactBopa HySOy (mumotrocts 1,07 r/em®) u no6aBumu Bogsl 10 3 .
Onpenenure MONSIPHYIO KOHIEHTPAIMIO SKBUBAJICHTOB CEPHOM KHUCIOTHI B
MOJIy4eHHOM PacTBOPE.

93. Ha wneitrpanuzamuto 50 ma pactBopa eaxoro kaau KOH nmorpebGoBanoch
100 M 8%-Horo pactBopa xiopoBojopoanoi kuciotel HCIl (mmotHocTs 1,028
r/cm®). BerumcMTe MOISPHYIO KOHIIEHTPALMIO SKBMBAJIEHTA (HOPMAIBLHOCTB) €IKOTO
Kayi B ucxoiHoM pactsope KOH.

94. Ckonbpko BoAbI cieayer mpudaButh K 50 mu 25%-Horo pactBopa HSO4
naoTHOCTh KoToporo 1,19 r/cm3, utoOsl momyuuts 10%-HbI pacTBOp cepHOI
KUCJIOTHI?

95. Jlo xakoro oobpema Hago pa3daBuTh 500 ma 20%-HOTO pacTBOpa XJopHIa
Hatpust (mwiotHocth 1,152 r/cM®), uroObl momyuuts 4,5 %-ueii pactsop NaCl,
IJIOTHOCTH KoToporo pasusercs 1,029 r/em®.

96. Ckonbko MULTHIUTPOB 10%-HOTO pacTBOpa CEpHON KUCIOTHI (TJIOTHOCTD
1,07r/cmM®) motpebyercss Ui HeiTpanM3alumM pacTBOpa, coaepkamero 16 T
runpokcuaa Hatpus NaOH?

97. BbIpa3uTh B MPOLIEHTAaX KOHIEHTPAIMIO pacTBOpa, cojepkamiero B 240 r
BoAbl 40 T IIIIOKO3bI. BBIYHCINUTE TeMIlepaTypy 3aMep3aHusi dTOTO pacTBOpa, €Clu
K=1,86.

98. InotHOCTh 15%-HOrO pacTBOpa CepHOM KUCIOTHI paBHa 1,105 r/cme.
Berauciute MOJSPHYI0, MOJSPHYIO SKBUBAJIEHTA M MOJSUIBHYIO KOHIICHTPAIHH
H,SO4 B pacTBOpeE.

99. Beluucnure TUTp pPacTBOpa, B KOTOPOM MaccoBas JIOJIsI CEPHON KHUCIIOTHI
30%, a IIIOTHOCTH 3TOTO pacTBopa paBHsercs 1,219 r/mi.

Dnexmporumuueckas ouccoyuayusi. Booopoonwtit nokazamens (100-119)
100. Beruuciaure BomopomHslii mokaszatens 0,004 H pacTBOpa a30THOMU

KHCJIOTHI, €CJIU CTEeNSHb auccoruanuu a = 85%.

101. Yemy paBHa KoHUeHTpauusi Tujapokcua uoHoB B 0,015 M pactBope
CEpPHOI KUCIIOTHI, €CJIM KaXYyIIascs CTeNeHb Auccormanun a = 95%.

102. Bpruuciaure  BomoponmHbld  mokaszatens 0,002  H  pacTBOpa
[IMaHOBOJOPOIHOM (CHHUIILHOM) KMCIOTHI, ecan Ka = 7,2-1071°,

103. Beruucnutre  BomopoaHbeiii  mokaszatenb 0,015 M pactBOpa
LIMAHOBOIOPOIHOM KUCIOTHL, ecu Ka = 7,2-1071°,

104. Bpruucnute THAPOKCWIBHBIM M BOJOPOAHBIN  mokazarens 0,006 M
pactBopa 0pTOohoCchHOPHON KUCIOTHI.
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105. Berluuciaute BomopoaHblii mokazatenb 0,006 M pactBopa XJIopHOH
KHCJIOTHI, IPUMEHHUB HOHHOE MPOU3BEICHUE BOJIBI.

106. BeruuciauTe KOHIICHTPAIUIO TUIPOKCHU]T HIOHOB B PACTBOPE, BOJIOPOIHBIIN
MokKaszaresib Kotoporo 7,4.

107. Bwrauciaure BomopomHbiii mokasarens 0,004 M pactBopa €QKOTO Kauiu,
ecinu crenens gucconuanmu KOH a=85%.

108. B ogHoMm mnuTpe pacTBOpa colepkUTCI 49 T cepHOM KUCIOThL. Yemy
paBHSETCA BOJIOPOJIHBIN TMOKA3aTelb B MOJTYYEHHOM PacTBOpE?

109. B 200 mu pactBopa coxepxkutcs 0,002 mMoiib a30THOW KHCIOTHL Yemy
PaBHSETCSI BOJIOPOJIHBIN TMOKa3aTesb B pacTBope HNO3?

110. Beruucnure BOAOPOAHBIN MOKa3aTeb B PACTBOPE MYPaBbUHOM KHUCJIOTHI,
€CJIU €ro MOJIpHas KoHueHTpauus pasaa 0,002 M, K (HCOOH) = 1,8-107%,

111. Beramcnute BoaopoAHbii mnokazatens B (0,002M pactBOpe a30THOMU
KHCIIOTHI, €CTIM KaxkyIiasics crenens auccormanun HNO3z a=0,95.

112. Beruuciaure BogopoaHbii mokazarenb B 0,001M pacTBope ruapokcuia
Kajus, ecau creneHs aucconuannu KOH o = 85%.

113. Beruucnure BomopoaHbii mokasarenb (0,0025 H pacTBopa a30THOMU
KHCIIOTHI, €CTIM KaXKyIiasicst crenens auccormannn HNO3 a = 85%.

114. Beruuciaure BojoponHbld mokazatens 0,015M pacTBopa ruapokcuaa
aMMOHM4, 3Had, 4To KoHcTranTa auccormanuu NHs - H,O K, =1,8-107°.

115. Beruuciaure BogopoaHbiii mokazarens 0,002M  pacTBopa a30THOM
KHCIIOTHI, €CTIM KaXKyIiasicst crenens auccormanu HNO3z a = 0,95.

116. Bwrauciaure BomopomHbiii mokaszarenb 0,005 M pacTBopa ruapokcuaa
kanus, crenens guccormanun KOH o = 90%.

117. Bpruucaure BomoponHblii mokasatenb 0,015M pacTBopa THApPOKCHIA
aMMOHHM4, 3Had, 4To KoHcTaHTa auccoruammu NHs - H,O Ky=1,8-107°.

118. Beruciaure BomopomHbiii mokazarenb 0,002M  pacTtBopa a30THOU
KHUCJIOTHI, ecau creneHb auccormanuu HNOjz o = 0,98.

119. Bemruucnure  BomopoxHbiii  mokaszatens 0,025 M pactBOpa
[IMaHOBOJOPOIHOM KHUCIIOTHI, €cy KoHcTaHTa quccomuanuu HCN Kn =7,2 <1071,

IIpouseeoenue pacmeopumocmu (120-139)

120. PactBopuMOCTh KapOOHAaTa KaJbIlIMs B BOJIE MPU HEKOTOPOM TeMIlepaType
cocrasysier 1,5%10* monb/i1. Beraucante npoussenenne pacrsopumoctu CaCOs.

121. TlpousBeneHune pacTBOpUMOCTH xjopuaa cepebpa npu 25°C pasHo 1,56
x1071°, Berunciuts pactsopumocts AgCI B 1/

122. Pactsopumocts PbCrO; B Bome pasna 1x107 Mmonn/n. Berumcmurs
POU3BEACHUE PACTBOPUMOCTH B HACHIIIIEHHOM pacTBope xpomarta ceunia (II).
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123. Omnpenenute pacTBOPUMOCTH KapOoHaTa cepebpa B BoOjE, 3Has, 4YTO
npouseenue pactsopumoctu 1P (Ag,COs3) = 6,15-10712

124. PacTBopUMOCTb KapOOHATa KaJlbIMs B BOJIE IIPU HEKOTOPOH TeMIiepaType
cocrasnser 1,5%10 monw/n. Berauciure npoussenenne pactopumoctu CaCOs.

125. TlpomsBemeHue pacTBOpMMOCTH xjopuma cepedpa mpu 25°C paBHO
1,56 -10°%°, Beruucnurs pactsopumocts AGCI B 1/

126. PactBopumocts AQ3POs (M=418,58r/mMonb) B Bozme npu 20°C  paBHa
0,0065 1/1. PaccumnTaiiTe 3Ha4eHUE POU3BEACHUS pacTBOPpUMOCTH docdara cepedpa.

127. Beuucaure pacTBopuMoCTh (ochara Kampluss B BOJAE, €CIH
ITP(Ca3(PO4)2=2,0- 1072,

128. TlpousBenenue pactBopuMocTH okcanara Oapus BaC,Os paBHsercs
1,1-1077. BelumciuTe pacTBOPUMOCTD OKcajiaTa 0apus B BOJE.

129. Omnpegenute pacTtBOpUMOCTh (ochara Oapuss B  Boje, 3Had,
[TP(Ba3(POy4), =6 -107%.

130. IlpousBeneHUE PACTBOPMMOCTH XpOMaTa Kajblusi pasHseTcs 7- 1074,
Boruncnute pactBopumoctsh CaCrOs B €ro HaChIIIEHHOM BOJHOM PacTBOPE.

131. Beruucnure pactBopuMOCTh kapOoHaTa keine3a (II) B Bome, 3Has, 4yTo
npoussenenue pactsopumoctu ITIP( FeCO3) = 3,5-1071,

132. TlpousBeneHne pacTBOpUMOCTH ruapokcuaa kobambta (II) paBHseTCS
1,6-10715. Yemy pasna pactBopumocts Co(OH); B €ro HacHIIIEHHOM BOIHOM
pacTBope.

133. Ompepenute pacTBOPUMOCTH TIEpMaHraHaTa I€3Us B BOJE, €CIHU
npousBenenue pactBopumoct ITP(CsMnQOy) =9,1-107°,

134. TlpousBeneHune pacTBOPUMOCTH TuApokcuaa momuoacHa (IV) paBHseTcs
1-107%. BplumcanTe pacTBOPUMOCTH 3TOIO OCHOBAHUS B HACBHILEHHOM BOIHOM
pacTBope.

135. Beruucnure pacTBOPUMOCTh B HACBIIIIEHHOM PacTBOPE OKcaiara cepedpa
B F/J'I, HP(A92C204) = 1,1‘10_11.

136. BeruuciauTh pacTBOPUMOCTH B MOJIB/JI U T/J1 TUAPOKCHIA MAarHus B BOJE,
eciu npousseneHue pactsopumoctu [IP(Mg(OH),) = 5,0 - 10712,

137. Berancnure B MOJB/T U T/ paCTBOPUMOCTH THUAPOKCHIA ITUHKA B BOJE,
3Has1, 4TO Tpou3BeaeHue pactopumoctu I1P(Zn(OH),) = 1,0 -1077,

138. Yemy paBHa pactBopuMOcTh Xpomata cBuHua (II), ecnu nmpousBeneHue
pacteopumoctu [TP(PbCrO,) = 1,8 -10°14?

139. Yemy paBHa pacTBOpUMOCTH B Bojne ruapokcuma xpoma (III), ecnm
npousseenue pactsopumoctu ITP(Cr(OH)z) =5,4 107,
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T'uoponus coneur (140-159)

140. Kakyrwo peakiuio cpeabl OyayT HMMETh PacTBOPhI HUTpaTa IIMHKA —
Zn(NOs3),, opomuna kamus — KBr, cyasduna vHatpus — NapS? OTBEThI OATBEPIUTE
YPaBHEHUSMH COOTBETCTBYIOIINX PEAKIIHIA.

141. Kak OyayT nelicTBOBaTh HA MHAUKATOP JIAKMYC PACTBOPHI ITUAHUA KaUs
— KCN, cynsdpara wmenu (II) — CuSOs, nutpara nHatpus — NaNOs3;? OtBerbl
MOJATBEPIUTE YPABHEHUSIMH COOTBETCTBYIOUIUX PEAKIIH.

142. CoctaBbTe MOJICKYJSpPHbIE W HWOHHBIC YPaBHCHHsI THIPOJIM3Aa COJICH:
CuSOy, BaCl,, NH4Cl. YkaxwuTte peakiuio cpeibl B BOAHBIX paCTBOpPaxX 3TUX COJICH.

143. Kakwue u3 cienyromux cojieit moasepratorces ruapoinsy: NaCl, Cu(NOs),,
K>S? CoctaBbTe MOJIEKYIISIpHBIC U MOHHBIC YPABHEHUS THJIPOJIU3a COJICH.

144. CoctaBbTe MOJICKYJISIPHBIC U HOHHBIC YPaBHEHUS PEaKIINil, MPOTEKAIOIINX
npu ciuBanuu pactBopoB AICIl; m K3S, ecmu B pesynbraTe peakiuu 00pa3yroTcs
Al(OH)s 1 H,S.

145. CoctaBbTe MOJEKYISPHbIE KM HWOHHBICE YpPaBHEHMsI THAPOJIN3A, B
pe3ynbTaTe KoToporo oopaszyrorcs ruapodocdar u auruapodcedar xkamus.

146. Kakume wu3 cozeit: KNO;, CrCl;, NaNO; moasepraiorcst ruapon3y?
CocTaBbTe HMOHHBIC M MOJCKYJSPHBIC YPAaBHEHUS PEAKIIMA THIPOIHN3A.

147. CocrtaBbTe MOJIEKYJSIpHbBIE W  HWOHHBIE YPAaBHEHHS  PEaKLHM,
HIPOUCXOAIINX B cMecu BoAHBIX pacTBopoB CrCl; u Na,S (o6pasyrorcst Cr(OH)s u
H,S).

148. Hanumure MONEKyISIpHbIE U MOHHBIC ypaBHEHUs peakiuil ruapoimnsa (I
CTYIIEHB) XJIOPUIOB AIFOMUHHUS M KaJbllHsl. Beraucianre creneHs THAPOIN3a XJIOpHUIA
QTFOMUHHSL.

149. HamumuTe MOJEKYJISpHbIE W MOHHBIC YPABHEHHS PEaKIMil TUIpOTIU3a
aneraTta HaTpus U cyibduaa 6apusi.

150. Hammcath B HWOHHOM W MOJEKYJSIPHOM BHJAE YpPaBHCHHS pPEaKIUN
ruaponu3a | cTymeHsp) cleayromux coiiei: cynb(uaa KanblMsg W HUTpaTa IMHKA.
VYkasats pH.

151. HamncaTh B HMOHHOM M MOJEKYJISIPHOM BHAE YpaBHEHHS peaKui
ruaposmsa (I crynens) xjmopuaa MUHKA U CynbgaTa aTlOMUHUS. YKa3aTh PEaKIUIO
cpenst (pH).

152. HanucaTh B HMOHHOM W MOJEKYJSIPHOM BHJE YpPaBHEHMs peakUui
ruaposm3a (I crymenn) cynbdura Hatpus u Hutpara meau (II). Berawmcmure
KOHCTaHTY TUIPOJIN3a CyIb(pUTa HATPHSL.

153. HanucaTh B HMOHHOM U MOJEKYJISIPHOM BHUJE YpaBHEHUS peEaKIMi
ruaponnsza (I crymens) kapOoHaTa Kainusi W XJopujaa Oapusi, €ciu 3TOT Mpolecc
NpOTEKaeT. YKa3aTh PEaKIUIO CPEIbI.
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154. HanucaTh B HMOHHOM U MOJEKYJISPHOM BHUJE YpaBHEHHUS peakuuid
ruaponusa (I crymenn) cynbduma Oapus u xmopuga mapranna (II). Kakoit mser
IpUOOPETET UHIUKATOP METHIIOBBIN OpAaHXKEBbIN B BOJHBIX PACTBOPAaX 3TUX COJICH?

155. Hanmcath B HMOHHOM W MOJEKYJSIPHOM BHJAE YpPAaBHEHHs pPEaKUuil
ruaponnsa (I cTtynens) cynpduaa KaapUuus U HUTpATa IUHKA. YKAKUTE PEAKLHUIO
cpenst (pH).

156. HanmcaTh B HMOHHOM M MOJEKYJISIPHOM BHUJEC YpaBHEHHS peakuui
ruaponusa (I crynens) HUTpaTa amoMuHUA. YKazaTh peakuuto cpeasl (pH). Kakoit
L[BET JJAKMYCa B PaCTBOPE 3TOU COIM?

157. Hanmcath B HMOHHOM W MOJEKYJSIPHOM BHJAE YPAaBHEHHs peaKUui
ruzpoau3sa (I cTynens) anerara aMMOHUS U XJIOpUJIa HATpUsl. BBIUMCINTD KOHCTAHTY
U CTETIEHb I'MJIPOJIN3a alleTaTa aMMOHMSI.

158. Hammcath B WMOHHOM U MOJIEKYJSIPHOM BHJE YPaBHEHHUS pEaKIIHiA
ruaponn3a (I CTymeHb) HUTpHUTA KalMd W XJOpUJA AMMOHHMS. YKAXKHUTE PEAKLHUIO
cpenst (pH).

159. Hanucatb B MOHHOM UM MOJIEKYJSIPHOM BHUJE YpaBHEHHUS peakuui
ruapommza (I crymens) ¢ropuma xamuss u cynbdara meau (II). Kakoit user
MpUOOPETAET METUIIOBBIN KPaCHBI PaCTBOPAX 3THUX COJICH?

Komnnexcoobpazosanue 6 pacmeopax (160-179)

160. Ha3BaTh KOMIUIEKCHOE COSIMHECHHE.

161. Yka3zaTp 3Hau€HHE KOOPIMHAIIMOHHOTO YHCIIA.

162. Hanucats GopMyily KOMIUIEKCHOTO COSIUHEHUS B BUJE MOJICKYJSPHBIX
dbopmysl coeuHEHUM MEPBOTo MOpsiAKa (MTPOCTHIX CONIEH).

163. Hammcatp ypaBHEHUS AUCCOIMAIIMA KOMIUIEKCHOTO COCTUHEHUS.

164. CocTaBUTh BBIPAKEHHE KOHCTAHTHl HECTOMKOCTH KOMILIEKCHOTO HOHA
(xomruIeKca).

165. VYkazaTp B TIEPBOM WIM BO BTOPOM KOMIUICKCHOM COCIWHEHUN
KOMIUIEKCHBIN HOH SIBJISIETCSI 00JIe€ CJIa0bIM AJIEKTPOJIUTOM.

Tabsuna 3
Howmep Bapuanta KommiekcHoe coeiuHeHne
1 2

160 K3[Co(CN)e] [Ni(NH3)4](OH),

161 [Cu(NHs3)2(H20),]Cl, Nas[Fe(CN)g]

162 K[AUBI'4] [CO(NH3)4(H20)2]C|3

163 Ba[Co(CN)4] [Cr(HQO)z (N H3)2C|2]C|

164 K2[Cd(CN)4] [Co(NHS3)3(H20)3]Cls

165 Naz[Co(CN)4Cl;] [Cr(NH3)4(H20),]Cls

166 [Co(H20)s NH:CIICl, K[AUCL,]
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Howmep BapuanTa KommiekcHoe coenquHenne
1 2

167 H,[PtCl,4] [Co(H,0); (NH3).Br]Cl,
168 K3[Co(CN)4Cl;] H,[CoCl,]
169 H,[PtCL] [Co(NH3)2(H20)5(NO5),]ClI
170 N&g[COC'e] [Cf(NHg)g(HzO)zC']Clz
171 [Co(NHs3)2(H20),Cl,]CI Nas[Fe(CN);C1;]
172 Hz[SIFG] [Cf(HzO)(NH3)5]Br3
173 K4[Co(CN)4Cl;] [Cr(NH5)3(H.0)Br]CL,
174 Nas[Co(CN)e] [Cr(NH5)4(H,0O)C1] Br,
175 K[Zr(OH)g] [Cr(H20)2(NH3);C1]Br;
176 K4[CO(CN)6] N&g[FG(CN)sNOz]
177 Cs[Ag(CN),] [Pt(H,0), (NH3)sCI]Cl;
178 [Cr(NH3)5CI]Br2 N&g[COCle]
179 [Co (H20)4(NH3),]Cls3 [Cr(NH3)3(H.0)Br]Br,

Oxucaumenvro-eoccmanosumenvhvie peakyuu (180- 199)

180. Kakas w3 TPUBEACHHBIX pEaKIW  SBISICTCS  OKHUCIUTEIHHO-
BOCCTaHOBUTEJIHHOM:

KHCO;3; + KOH = K,CO3 + H,0;

Br, + HCIO +KOH = HBrO3; +HCI;

PaccraBuTh K03(h(OUIMEHTH B YpaBHEHUN OKHCIUTEIHHO-BOCCTAHOBUTEIHLHOM
pEaKiMM, COCTAaBHB JJIEKTPOHHO-MOHHBIC YpaBHEHHMs. YKa3aTh, KaKoe BEIIECTBO
SBJISIETCS] OKMCJIUTEIIEM, KaKO€ BEIIECTBO — BOCCTAHOBUTEIIEM.

181. Peakiust mpoTeKaeT 1Mo cXxeme:

KMnO4 + H,0;, + HySO4 = MNSO4 + O, +K5S0O4 + HL0;

CocTaBUTh 3JIEKTPOHHO-UOHHBIE ypaBHEHUs. PaccTaBuTh KO3(pQPUUMEHTH B
ypaBHEHUE OKUCITUTEIbHO-BOCCTAHOBUTEIILHON Peakliu. Y Ka3aTh, KAKOE BEIIECTBO

SBJISICTCSI OKUCIIMTENIEM, a KaKoe BEIIECTBO - BOCCTAHOBHUTEJEM. BhrumciuTh
S/C.

182. CocTaBUTh JJ1s1 CXEMBI PEAKIIMH JICKTPOHHO-HOHHBIC YPABHCHUS:

Kl + K,Cr,0O7 + H,SO, = |5 + CI’Q(SO4)3 + K,SO,4 + H,0.

PaccraButh kK03 PuIeHTH! B ypaBHEHUH peakiuu. ONpeaenuTb MOJSPHBIC
MacChl 9KBUBAJICHTOB BOCCTAHOBUTENS M OKUCIIUTEIIS.

183. YcTaHOBUTH HaMpaBICHUE BO3MOXKHOTO IPOTEKAHUS PEAKIIUN:

Cl, + 2Br—=Br, + 2Cl .

Borauciure  3JIC, BbIlUcaB  3HAYEHUS  CTAaHJAPTHBIX  OKHCIHUTEIHHO-
BOCCTAaHOBUTEJIHHBIX TTOTCHIIMAJIOB U3 CIIPABOYHON TAOJIHIIBI.

184. Peakiuu mpoTEeKarOT IO CXeMaM:
Zn + HNO3(pA3E) = N,0 + ZnS0O, + H,0.
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PaccraButh k03 ¢duULMEHTHI B ypaBHEHHHM  peakiuu.  OnpenenuThb
AKBUBAJICHTHYIO MAacCy a30THOM KUCJIOTHI B 3TOM peaKIuu.

185. OmnpenenuTh 3KBUBAJICHTHBICE MACChl OKHUCIUTEIS M BOCCTAHOBUTENS B
peakIuu:

6FeS0O4 + KoCry,O7 + 7TH,SO, = 3F€2(SO4)3 + CI’z(SO4)3 + K»,SO,4 + 7H,0.

186. YcTraHOBUTH B KAKOM HaIpaBJICHUH BO3MOXKHO MTPOTEKaHUE PEaKIUU:

2NaCl + FGQ(SO4)3 = 2FeS0O, + Cl, +Na,S0.,.

Beraucmure  3JIC, BbIIHCcaB  3HAYCHUS CTAHAAPTHBIX  OKHCIHUTEIHHO-
BOCCTaHOBUTEIHHBIXITOTCHITUATIOB U3 CIIPABOYHOM TAOIHUITHI.

187. Peakuiuu BeIpaxaroTcsl ypaBHCHUSIMU:

1.) 2FeCl; + H,S = 2FeCl, + 2HCI +S;

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

JIns peakiuu, SBISIOMICHCS OKHCIUTEIbHO-BOCCTAHOBUTEIIBHOW pPACCTaBUTH
KO2(D(PUITMEHTHI, COCTaBUB JJICKTPOHHO-NOHHBIE YpaBHECHHs. Bo BTOpoW peakmum
OTIPEICIUTh SKBUBAJICHTHYIO Maccy Fe(OH)s.

188. Ilouemy cepHucTass KHCIOTa W €€ COJM MOTYT TMPOSIBIATH Kak
OKHUCJIUTENIbHBIC, TAK U BOCCTAHOBUTEIbHBIE CBOMCcTBa? Ha oCHOBaHMM 3JIEKTPOHHO-
MOHHBIX YpaBHEHUH MOM00paTh KOA(DPHUITMEHTHI B YPaBHEHUSX PEAKIIAN, UAYIIHAX TI0
CXeMaM:

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

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

189. YcraHoBUTH HampaBieHHE BO3MOXHOTO MPOTEKAHUS PEAKIIUU

KMnO, + 5FeCl, + 8HCI = MnCl, + 5FeCl; + KCI + 4H,0

Beruncnuth OJIC. 3Ha4yeHUs OKHCJIMTEIIbHO-BOCCTAHOBUTEIIBHBIX
MOTEHIINAJIOB HAWTH B CIIPABOYHBIX TaOJIUIIAX.

190. OmpenenuTh SKBUBAJICHTHBICE MACChl OKHCIWTEIS M BOCCTAHOBUTENS B
peakiuu

2KMnQ4 + 5H3P0O3 + 3H,SO, = MnSO,4 + 5H3P0O, +K,S0O,4 +3H,0.

191. Ha ocHOBaHWM  DJIEKTPOHHO-MOHHBIX  YpaBHEHMU  MoAOepuTe
KOd(DPUITMEHTHI K ypaBHEHHUIO PEaKIHUU (JOTHIINTE HYXKHOE KOJIMYECTBO MOJICKYII
BOJIbI):

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

192. Ha ocHOBaHMM  DJIEKTPOHHO-MOHHBIX  YpaBHEHMH  mojdepute
KO2(DPUITMEHTHI K YPaBHEHUIO PEaAKITHH:

KBr + MnO, + H,SO4 = Br, + MnSO,; +KMnO4 + Hy0;

Brraucnure MOJIIpHYIO MacCy SKBUBAJICHTA OKUCIIUTEIS.

193. Kakas W3 mNOpUBEIEHHBIX HUXKE PEAKIUN SBISETCS OKUCIUTEIBHO-
BOCCTAaHOBUTENBHOM? CocrtaButh COOTBETCTBYIOILIHE 3JIEKTPOHHO-NOHHBIE
ypaBHEHUS:
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Zn0O + H,S0O, = ZnS0O, + H,0,

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

194.  CocraBUTh  DSJEKTPOHHO-UOHHBIE  YpPaBHEHUS  OKUCIUTEIHHO-
BOCCTAHOBUTEIBHBIX PEAKIINN, BEIPAKAEMBIX CIICAYIOIIMMH HOHHBIMU YPaBHECHUSMU:

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

195. Ha ocHOBaHMM  JJIEKTPOHHO-MOHHBIX  YypaBHEHUW  MOJI00paTh
KOA(PPUITUESHTHI K YPAaBHEHUIO PEAKITUH

FeS +HNO3; = Fe(N03)3 + H,SO,4 + NOy;

Onpenenuts HaNIpaBJIEHUE TPOTEKAHUS PEAKIIHH.

196. CocraButh monHOE ypaBHeHHE peakuuu. Koadduimentsr mogodpartb
METOJIOM 3JIEKTPOHHO-MOHHOTO OajaHca.

MnS, + HNO; + PbO, = H,MnO, + PbSO, + Pb(NOg)z,

197. Peakunu BeIpaXaroTCsl ypaBHECHUSIMHU:

MnO + 2HCI = MnCl; + H,0;

2KI + Cl, = 2KCI + 1.

JIJisl OKUCTUTENBHO-BOCCTAHOBUTEIBHOM PEaKIUU KOIPPUIIMEHTHI MOA00paTh
METOJIOM AJIEKTPOHHO-MOHHOTO OanaHca (MoTypeakiiuii).

198.CoctaButh monHOe ypaBHeHue peaknuu. Kosddummentsr momobpathb
AJIEKTPOHHO-MOHHOTO OanaHca

FeSO, + KMnO4 + H,SO,4 = FEz(SO4)3 + MnSQO,; + K,SO,4 + H,0:;

199. CocraButh mnonHoe ypaBHeHHE peakiuu. Koadduiments momoOpaTh
METO0M 3JIeKTpoHHO-HoHHOTO Oananca Ag + HNO; = AgNO; + NO, + H,0.

Kopposus memannos (200-219)

200. PaccmoTtpuTe 2JIEKTPOXUMHUYECKYIO KOPPO3HIO B KUCIION Cpelie U3enus
u3 craBaCu - Zn. [IpuBeauTe ypaBHEHUs KATOJTHON M aHOJTHOM peaKITuii.

201. Kak mpoTekaeT atmMocepHasi KOppo3us U3ICTHS U3 Keje3a C HUKEIEBbIM
MOKPBITHEM B Clydae HApYIICHHS TepMETHYHOCTH TocnenHero? Ilpusenure
ypaBHEHUS KaTOAHOTO U aHOAHOTO TMpoIlecca.

202. TlpuBeauTe IpUMeEp METALTUIECKOTO KATOTHOTO TOKPBITHS JJIS U3ICTHUs
n3 Hukena. CocTaBbTe€ ypaBHEHHS KAaTOJHOM M AHOJHOW pPEaKIUil KOPPO3UHU MpH
HapYIICHUU TIOKPBITHS B JIEadPUPOBAHHOMN BOJIE.

203. PaccMOTpuTE DJIEKTPOXMMHUYECKYI0 KOPPO3UIO M3JENus U3 CTald B
kucion cpene. [Ipusennre ypaBHEHUs KaTOJHOW M aHOAHOM peakumil. [Ipemmoxure
BO3MOYHBIE CTIOCOOBI 3aIITUTHI.

204. Kak nportekaeT atMoc(epHasi Koppo3usl U3IeJIUs U3 jKelie3a ¢ OJOBSIHHBIM
MOKPBITHEM B Cjydae HapyIICHHWs TepMETHYHOCTH TocienHero? IlpuBenure
YpPaBHEHHUsI KATOJHOU U aHOJHOW PEaKLIUM.
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205. PaccmoTpuTe 3JeKTPOXUMUUECKYH0 KOPPO3UI0 nu3enus u3 ciiasa Fe - Cu
B JICadpUPOBAaHHOM BoJiE. [IprBenuTe ypaBHEHUs KATOAHOW U AHOJTHOW PEaKIIHM.

206. IlpuBeauTe mpuMep MeTasla AHOJHOTO MOKPBITHUS IS M3JEIUS U3
Hukend. CocTaBbTe ypaBHEHHUS! KaTOJHOM M aHOAHOW peakUui, MPOTEKAIOIMIMX MpU
KOPPO3HUH 3TOTO M3JENUs B JCa’PUPOBAHHOM BOJE IPU HAPYLICHHM LIEIOCTHOCTHU
HOKPBITHUS

207. PaccmoTpuTe 3JIEKTPOXUMHYECKYI0 KOPPO3HMIO M3JEIHS M3 CTalId B
Jnea’pupoBaHHOr Bojie. [lpuBenure ypaBHEHHsS] KAaTOJHOW W AHOJHOW PEAKILHUM.
[IpennoxxuTte BO3MOMXKHBIE CIIOCOOBI 3aITUTHI.

208. IlomOepute MeTamn A MPOTEKTOpPa, KOTOPBIA JOHKEH CIYXHUTh IS
3aILUTHI JKEJIE3HOTO U3ACIHSA OT NIEKTPOXUMHUYECKOM KOoppo3uu B Boze. Ilpusenure
YPaBHEHUSI KATOJAHOU U aHOJHOW PEaKLIHM.

209. Tlpemnokute aHOAHOE TOKPBITHE ISl M3Aenus u3 onoBa. CocTaBbTe
YpaBHEHUs KATOJHOM M AaHOJHOM peakuuid, MPOTEKAIIIUX MpU aTMOc(hepHOM
KOPPO3UU 3TOr0 M3IEIHUA B JIEA3PUPOBAHHOW BOJE IPU HAPYIIECHUU LEIOCTHOCTU
MOKPBITHSL.

210. BO3MOXHO 1M HCHOJB30BaHUE MEAHBIX 3aKJENOK Ha CTaJbHBIX
KOHCTPYKIUSX, KOTOPBIE SKCILUTYaTUPYIOTCS B MOPCKOl Boe? OTBET 00OCHYMHTE.

211. Kako#i MeTtasut nenecooOpa3Heil BEIOpATh I IPOTEKTOPHOM 3aIUTHI OT
KOPpO3MM CBHHLA: LIUHK, MarHuid win xpom? Ilouemy? CocraBbTe ypaBHEHUS
aHOJTHOTO U KAaTOJHOT'O MPOLIECCOB aTMOC(EPHOI KOPPO3HUH.

212. PaccmoTpute atMOC(EpHYIO KOppo3uto m3fenus u3 ctanu. [IpuBenute
ypaBHEHHUSI KaTOAHOM W aHOMHOW peakuuil. IIpemynoxkute BO3MOMXKHBIE CIIOCOOBI
3aIUTHI.

213. PaccMOTpHUTE 3JIEKTPOXUMHUYECKYIO KOPPO3uIo u3zaenus u3 ciiasa Fe - Cd
B JIea3pUpOBaHHOU BoJE. [IpuBeauTe ypaBHEHNS KATOAHOU U aHOJHOW PEAKLIUM.

214. TlpennoxuTe KaTOAHOE TOKPBITHE sl m3aenust u3 ojosa. CocTaBbTe
YpaBHEHUs KATOJHOM M AaHOJHOM peakuuid, MNPOTEKAIIMUX MpU aTMOChepHOit
KOPPO3UU 3TOT0 M3ZIEIHUSA B JEA3PUPOBAHHOW BOJE NPU HAPYIIECHUU LEJIOCTHOCTH
MTOKPBITHS.

215. JIBe METaUIOKOHCTPYKIIMHU, U3TOTOBJIEHHBIE U3 CTAJIH, IKCIUTYyaTUPYIOTCS
B MOPCKOM M JNUCTWUIMPOBAHHOM Boje. B kKakoM ciiydae CKOPOCTh KOppo3uu OyaeT
Bbillie? IlpuBenure ypaBHEHHMS KaTOAHOM M AHOJHOW pPEaKUUMid IS KaxJIou
KOPPO3UOHHOU CPEJIBL.

216. Kak nipoTtekaet arMoc(hepHast KOppo3usi U3ACIUS U3 Keje3a ¢ KaIMHUEBBIM
NOKPBITUEM B Cllydya€ HApYyLIEHUS TEepPMETUYHOCTH mnocieaHero? Ilpusenure
YPaBHECHUS KATOAHOM U aHOJHOW pEaKIIH.

217. PaccMOTpUTE AJIEKTPOXUMHUYECKYIO KOoppo3uto u3aenus u3 ciuiasa Ni - Cu
B JIeadpupoBaHHOM BoJe. [IpuBennuTe ypaBHEHUSI KATOAHOM M aHOIHOW pEaKIUM.
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218. IlpuBenute mpuMep MeTayia KaTOJHOTO TMOKPBITUS IJIs HM3ACTUS W3
ctani. CocTaBbT€ YpaBHEHHUS pEAKIMNA KaTOJHOTO W aHOJHOIO MPOIIECCOB,
MPOTEKAIOIIUX MTPH KOPPO3HUU ITOTO U3JIEIHSI B a3pUPOBAHHON BOJIE.

219. JIBe >kene3HbIe MUIACTUHKH, YaCTUYHO TOKPBHITHIC OJHA OJIOBOM, ApPYyTas
MeJIbI0, HaXOAATCS BO BIIAXKHOM Bo3myxe. Ha kakoil m3 HuUX ObIcTpee oOpasyercs
pxaBunHa? OTBET MOTUBUPYMWTE.

Onexmponusz (220-239).

Yepes pacTBOP JIEKTPOJIUTA MPOIYCTUIIA TOK CHION XA B TEYEHHE y MHUHYT.
Hanwcats ypaBHEHHS 3JCKTPOJHBIX IMPOIECCOB, MPOMCXOISIINX MPH ICKTPOIIH3E
(MHEPTHBI aHOA) M YyKa3aTh Kakhe MNPOAYKTHI M B KaKOM KOJIHYCCTBE OBLIN
HOJTYYCHBI.

Tabnuna 4
No PactBop snektponuta | Cumna Toka, A (X) Bpewmst snexrponuza, MuH (y)
220 | CrCl3 3,5 30
221 | FeCl; 2,5 40
222 | NazPO, 2,0 60
223 | Cu(NO3) 2,0 80
224 | Cry(S04)s3 1,5 70
225 | Pb(NOs), 2,0 90
226 | MnCl, 4,0 50
227 | AgNOs3 4,5 20
228 | MnSO, 4,0 10
229 | K;SO4 2,5 60
230 | Zn(NO3) 6,0 80
231 | CuCl, 2,0 40
232 | NiCl; 5,5 20
233 | FeCls 4,5 30
234 | ZnCl, 3,0 90
235 | Ni(NO3)» 1,5 50
236 | K,CO3 1,5 70
237 | FeSOq 9,0 30
238 | KNO; 6,0 60
239 | AI(NO3) 3 2,5 80

JKecmkocmsb 600vl (mumpumempuueckuti ananus) (240-259).
PaccunraTte Maccy yMsarduTens, HEOOXOIUMOTO IS YMSTYCHHSI X J1 BOJIBI,
KECTKOCTh KOTOPOH Y. BEIYMCIHUTD )KECTKOCTh 3HASI MACCy YMATUUTEIS.
Hanucare peakuuro yMmsrdyeHuss B MOJIEKYJSIPHOM UM HMOHHO-MOJIEKYJISIPHOU
dbopme ¢ )KECTKOH COJBIO.
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Tabmuma 5

KectkocTh Macca
Ne | O6bem
i | Bomer, 1 XKectkas conb YMATIuTENbh BOJIBI, YMSITYATEIISA,
MOKB/J r

240 | 150 XJIOPU KaJIbIIUS bypa paccuutarp | 10,1
241 | 200 HUTPAT KaJIbLIUs Cona 10 paccuuTaTth
242 | 300 XJIOPUJT MarHus Cona 15 paccuuTarh
243 | 400 HUTpaT MarHus Bbypa 3) paccuuTarh
244 | 550 cynbdar Maraus bypa paccuntath | 50
245 | 600 TUAPOKapOOHAT raiieHasi u3BecTb | 5 paccuuTaTh

KaJIbIUs
246 | 500 HUTPAT KaJIbIIUS Cona 15 paccuuTaTth
247 | 350 XJIOPUJT KAJIbITUS Cona 10 paccuuTaTth
248 | 200 XJIOPU KAJIbIIHS bypa paccuntath | 34
249 | 100 cynb(dar Maraus Cona 5 paccuuTaTh
250 | 300 HUTPAT MarHUs bypa paccuutath | 50
251|400 ruapokapOoHat ramieHas m3sectb | 20 paccuuTarh

MarHus
252 | 800 HUTPAT MarHus Cona Paccunrats | 60
253 | 400 XJIOPUJ KAJIbLIUS oprodocdar Paccuurats | 20

KaJTus

254 | 750 ruapokapOoHaT ramieHast u3sectb | 10 paccuuTarh

KaJIbITUs
255 | 500 XJIOPUJ KAJIbLIUS bypa paccunutaTh | 48
256 | 200 XJIOPUJT KaJIbITUS Cona 10 paccuuTaTth
257 | 100 HUTpAT MarHus Cona 10 paccuuTarh
258 | 700 XJIOPUJ, MarHust bypa paccuutath | 80
259 | 650 XJIOPUT MarHus opTodocdar paccunTath | 46

HATPHA

MaccoBbie 1011 (%) METaJJIoOB B CILJIaBe.

Xumus snemenmos (260 — 279)

260. [laTh KpaTKyr0 XapaKTEPUCTUKY CICIYIONIUX BHJIOB BOJBI: ) XUMUYECKU
YUCTOM; 0) AMCTUIITMPOBAHHOMW; B) KPUCTAJUIM3ALMOHHOM; I') IEpErHaHHOM.

261. IIpu pacTBOpEHHHU B COJITHOM KUCIIOTE CILJIaBa jKejie3a, MeIU U aJTIOMUHMS
Maccoil 9 r BeLIENWICA BOJOPOA 00BbEMOM 5,6 7, U3MEPEHHbIN MPHU HOPMAaJIbHBIX
YCIIOBHSIX, U 00pa3oBajiCsi HEPACTBOPUMBIA ocTaTok Maccou 0,7 r. Ompenenute
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262. [Touemy mepoKcuji BOJOPOJa MOXKET MPOSBISITh KaK OKUCIUTEIbHBIE, TaK
U BOCCTAaHOBUTENbHBbIE cBoMcTBa? (COCTaBUTH DOJEKTPOHHBIE U MOJEKYJISPHbBIC
ypaBHeHUs1 peakuui B3aumopeiictBuss H2Oz: a) ¢ Na; 6) ¢ pactBopom KMnO,
MOJIKUCIICHHBIM CEPHOM KUCIIOTOM.

263. Hamummre ypaBHEHMsI peakuuil, B KOTOpbIX MnO; mposBIsSeT: a)
OKHUCJIUTENIbHbIE CBOMCTBA; 0) BOCCTAHOBUTEJIbHBIE CBOMCTBA; B) B KOTOPHIX CTEIEHb
okucieHust MNO, He u3MeHsieTcsl.

264. OmnucaTh JEUCTBHE PACTBOPOB IMEPOKCHIA BOJIOpOJA HA: a) CyIbhuI
CBUHIIA; 0) IMOKCU] MapraHIiia; B) MOJKUCICHHBIA PAaCTBOP AUXpOMAaTa Kausl.

265. CKOJBKO MOJEKYJ TSDKEJIOW BOJABI COACPKHUTCS B 1 Kr' BOJBI, €CIU
IPUMECH TSHKEJIOW BOJIBI B TpupoaHoi Bose coctasisieT 0,03% mo macce.

266. Kakoe coennHeHuE yriepoaa o0pa3yercs, €Clii uepe3 U3BECTKOBYIO BOY

OPOMYCTUTh JWOKCHJ yIJiepoJa 10 TOJHOTO HACBIIIEHUS pacTtBopa?
CocTaBUTh ypaBHEHHE PEAKITHH.

267. Kak nony4arorcs TUIPUABI METOYHBIX U MEI0YHO3EMETbHBIX METAILIOB?
Hamucate ypaBHEHHE peaklMM B3aUMOJEHCTBUS TUIAPHUAA KalbIUs C BOJOM.
CocTaBUTh  DJEKTPOHHBIE  ypaBHEHHWsS.  YKa3aTb, YTO  OKHCIAETCS, 4YTO
BOCCTAHABIIMBAETCS, UTO SIBISECTCS OKUCIUTEIEM, YTO — BOCCTAHOBHUTEIIEM.

268. [loueMy enkue meI0Yd HEOOXOAMMO XPAaHUTH B XOPOIIO 3aKyNOPEHHOU
nocyne? Kakue BemrecTBa moiaydyaroTcsl NPH HACBIIIEHWH pPacTBOpa THUAPOKCHA
HATpHS: a) XJOPOM; 0) AMOKCUAOM cepbl; B) cepoBogopoaoM? CocTaBUTh YpaBHEHUS
MIPOTEKAIOIIUX PEAKLIAMN.

269. CocTaBuTh ypaBHCHHS PEAKIIUN B3aUMOJCUCTBHUS HATPHSI C aMMHAKOM,
BOJOPOZOM, XJOpPOM, BOmOM. Kakoe CBOWCTBO MpOSBISET HAaTPUM BO BCEX ITHUX
peakuusx?

270. Ha Kkakoil peakuuy OCHOBAaHO IIOJYyYEHHE THAPUIOB IICITOYHBIX
metamoB? Kak mpoucxomaut ruaponu3 ruapuna Hatpus? CocTaBUTh ypaBHEHUS
peaKunil.

271. OxapakTepn30BaTh OTHOIIIEHWE OCPUIUINS M MarHus K BOJE, K KUCJIOTaM
u menovyam. HamvcaTts ypaBHEHUSI COOTBETCTBYIOIIUX PEAKITHIA.

272. HamucaTe B MOJEKYJSIPpHOW W HWOHHOW (OpMe YypaBHEHHE peaKIuu
B3aMMOJCHCTBHSI TUAPUIA KAJIUS C BOJIOM.

273. lllenounbie METAJUIBI SBJSIOTCS OY€Hb SHEPTUIHBIMUA BOCCTAHOBUTEIISIMH.
B kakoil cBsi3M CO CTPOGHHMEM HMX aTOMOB HAaxOJMTCS 3TO CBOWMCTBO? B uem
MIPOSIBIISIETCS. CHJIbHASI BOCCTAHOBUTENIbHAS CIIOCOOHOCTH MIEIOYHBIX METAUIOB TIPH
B3aUMOJICUCTBUM C  pa30aBI€HHOW a30THOM KHUCJIOTOW U BOJIOPOIOM?
WnmocTpupoBaTh OTBET yPAaBHEHUSIMU PEAKITHIA.

274. Kakue mnpoayKThl OOpa3yrOTCs MNpU TOPEHUM KalbLiUs Ha BO3AyXe?
[Touemy mpu cMauuBaHUE BOAOHW IMOJYYEHHOTO MPOIYKTa HAOMIOAAeTCsl BbIACICHHUE
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OOJIBIIOr0 KOJIMYECTBA TEIUIA U OllylIaeTcs 3anax ammuaka? CocTaBUTh ypaBHEHUS
peaKkuuii COOTBETCTBYIOIINX XUMUYECKHUX ITPOIIECCOB.

275. YeM CylIeCTBEHHO OTIMYAETCS B3aMMOJICUCTBHE IIETOYHBIX METAJIOB C
BOZIOPOJIOM OT B3aMMOJEHCTBHUSA rajoreHoB ¢ Bojgopoaom? Ilpusectu nmpumep Toil u
Apyroll peakuud M pa3odpaTh O3TH peaKkIMH C TOYKH 3PEHHUS] OKUCICHHS-
BOCCTAHOBJICHHS.

276. Yto Ttakoe mnoram? Kak ero mojyyaroT U B KaKUX MPOU3BOJICTBAX
npuMmensioT? Kak momyunTs morami, uMmest cyiabdar Kanus, TUAPOKCHUI Oapus,
KapOOHAT KaJblUs U XJIOPOBOJIOPOJIHYIO (COJIIHYI0) KUCIOTY? COCTaBUTh ypaBHEHUS
peaKunil.

277. Tlouemy mpHu HOJYyYEHUH AMOKCHJA YriepoAa M3 Mpamopa AEHCTBYIOT
COJITHOM KHCIIOTOHM, a He cepHOil? CKOJBKO JUTPOB AUOKCUAA yriaepoaa (yclIOBUS
HOPMAaJTbHBIE) MOKHO TIOJTYYUTh U3 1 KT Mpamopa, coaepxarniero 96% CaCO3?

278. B 1 mn mopckoit Bomel comepxkurcs 1,2:10% r pamgma. Paccuumrars
CKOJILKO aTOMOB pajius Haxomutcs B 1 M3 Mopckoit Bogbsl. O6beM Beel OKeaHCKOH 1

MopcKoii Bossl Ha 3emite coctasiser 1,3+10° km3. KakoBo o6liee KoIMyecTBo pajaus

B BOJIC MOpEH U OKEaHOB?
279. Ob6bsacuHuTe, MoyemMy kapOboHat Oapusi pacTBOPUM B CIAOBIX KUCIOTaxX, a
cynbdat 6apusi He paCTBOPUM JIaXKe€ B CUJIBHBIX KUCJIOTax?

MMPUJIO)KEHHUE 2.
BOIIPOCHI JIJIS1 NOAIOTOBKHU K TIPOMEXKXYTOUHOM ATTECTALIUU

1. OcHOBHBIE XMMHUYECKHE TMOHSTHUS. 3aKOH COXpaHEHUS MacChl U SHEPTUMU.
XuMHUsI: OOBEKTHI U3YUEHHUS, CBSI3b C IPYTUMHU HAYKAMU.

2. 3aKOH PKBHUBAJICHTOB. DKBUBAJIEHT. Pacuer skBUBalieHTa NJisi MPOCTHIX H
CJIO’KHBIX BEILECTB.

3. Crtpoenme artoma. Mopgenb CTpoeHHs aTomMa bopa, €€ HEZOCTaTKH.
[Toctynatsl bopa. KBaHTOBO-MEXaHnUeCKasi MOJENb aTOMa

4. Ypasuenue lllpenunrepa, BonHoBas ¢yHkius. KBantoBsie yucna.

5. CocraBieHue dJICKTPOHHBIX KOH(DHUTypamuii ¥ SIECKTPOHHO-TPAPUIECKUX
dbopmyJ1 aTOMOB 3JIEMEHTOB.

6. DJEKTpOHHOE CTPOCHUE aTOMa M CUCTEMAaTHKa XUMHYECKHUX DJIEMEHTOB.
CoBpemennas dopmynupoka [13. Ctpykrypa I1C: nepuonbl, Tpynmsl, TOATPYIIIHL.
3aBUCHUMOCTh CBOMCTB CO€IMHEHUH AJIEMEHTOB OT noJioxkeHus B [1C.

7. Xumuyeckasi cBA3b. OnpeneneHne U XapakTepUCTUKN XUMUYECKOW CBSI3H.
OCHOBHBIE 4YEpPTHl XUMHUYECKOW CBSA3UM. BUIBl XUM. CBSI3€H: MeEXKaTOMApHbIC,
MEKMOJIEKYJISIPHBIE.
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8. KoBanenrtnas cBsa3b (Teopus JIptouca). Banentnocts. CTeneHb OKUCICHUS.
I'ubpunmzanus. [IpaBuio okrera.

9. CgoiicTBa 1 0COOEHHOCTH KOBAJIEHTHOM CBSI3H.

10. Tumbl KOBaJEHTHOW CBs3W (IMOJISIPHAS, HEMOJSIPHAS, G — U T — CBS3b).
DddexTuBHBIC 3apsIbl AaTOMOB B MOJICKYJIax. J[MITOIBHBI MOMEHT.

11. JIoHOpHO-aKIENTOPHBIN MEXaHU3M 00pa30BaHMS KOBAJICHTHON CBSI3H.

12. Tunsl pa3pbiBa KOBAJICHTHOM CBSI3M (TOMO- M T€TEPOTUTHUCCKUI).

13. Teopust WOHHOW CBsi3M. MexaHH3M 00pa3OBaHUS, CBOMCTBA M OCOOCHHOCTH
VOHHOU CBSI3U.

14. Merammueckass cBsi3b. (OCOOCHHOCTHM KPUCTALTMYECKON  pElIeTKU
METaJJIOB.

15. BonopoaHas cBsi3b. Mexanusm odpaszoBanus. [Ipumepsl.

16. Xumuyeckas KMHETHKA: OompeieieHre, O0beKThl n3yueHus. CKOPOCTh XUM.
peakiuu (MrTHOBEHHAs1, CpeliHss). DaKTOPhI, BIUSIONINE Ha CKOPOCTh XUM. PEAKIIUU.

17. BiusHHe KOHLEHTpPAUUW pPEarupyrollux BEHIECTB. 3aKOH JEHCTBYIOIIMX
Macc.

18. Bnusnue Temmeparypbl Ha ckopocTh peakiuu. IIpaBunmo Bant-T'odda.
VYpaBuenue AppeHunyca. JHEpPrusi akTUBAIIUH.

19. Oco0eHHOCTH KUHETUKU FE€TEPOTreHHBIX MPOLECCOB.

20. Karanus. Karanuzatopsl. [I[poMOTOpBI, MHTUOUTOPHI, KATATUTUYECKUE SIIBI.
I'omorennsiii kaTanu3s (Teopusi KoObizeBa). ['eTreporeHHbIi KaTanus.

21. OOGpaTuMble XUMHUYECKHE PEAKIUU. Y CIOBUS XHMUYECKOTO PaBHOBECHS.
KoHcranTta paBHOBecus U €€ CBsI3b ¢ TEPMOJUHAMUYECKUMU QyHKIusAMU. [IpuHImn
Jle-Illarenbe.

22. PacTtBOphl: ompeaeneHUE, OCHOBHBIE TPU3HAKU. PacTBopuTENb,
pacTBOpeHHOE BeniecTBo. Bona kak pactBoputensb. Kinaccudukaiys pacTBOpoB.

23. KonneHTpamus pacTBOPOB M CIIOCOOBI €€ BBIPAKEHHUSA: MaccoBasi JI0JIs,
MOJISIpHAs, MOJISUTbHAS, HOpMaJIbHasi KOHIIEHTPAIHs, MOJIbHAS JIOJISA, TUTP.

24. OKHCIHUTETHO-BOCCTAHOBUTENbHbIE TMpolecchl. (CTeneHb OKHCICHUS;
ompeieNieHue CTeneHu OKuciaeHus. OKUCIAUTENnh, BOCCTAHOBUTENh. DaKTOpHI,
OTIPE/ICTISIONINE OKUCIUTEIFHO-BOCCTAHOBUTEIIFHBIE CBOMCTBA JJIEMEHTOB U HX
COCIMHEHU.

25. Knaccudukarusi OKUCIUTEIBHO-BOCCTAHOBUTEIHHBIX PEAKITUH.

26. CocTaBieHHe OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX peaknuil. Meron
MOHHO-3JIEKTPOHHBIX TIOTypPEaKIni.

27. DNeKTpOXUMHUYECKHE CHCTEMBI: OIpeAesieHue, YCTPOWCTBO, BUJBIL.
[TonsiTrie 006 3MEKTPOAHOM MOTEHIHAIIE.
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28. DIeKTpoJl CpaBHEHHS. ODJIGKTPOJIHBIM TMOTEHIHAN.  DJIEKTPOJBIKYIIAs
cwia. GakTopsl, BIUAIOIIME HA U3MEHECHUE BJIEKTPOJHOIO MOTCHIHANA. Y PAaBHECHUE
Hepucra.

29. XuMHYecKWe WCTOYHHUKH TOKA: OMpEACICHUE, BHUABL. XHWMHUYCCKHEC
rajbBaHUYECKHE PJIEMEHTBI: KaTOJHBIA U aHOIHBIN TIpotiecchl, pacueT D/IC.

30. KoHIleHTpallMOHHBIC TaJIbBAHUYECKUE DJIEMEHTBI: KaTOJHBIM W aHOJHBIN
nporueccel, pacuet C

31. DnexTponw3: OIpeAesieHHe, THUIIBI, CYIIHOCTh MpoIecca, KaTOAHBIA H
AQHOJHBIN MPOLIECCHI.

32. KonraecTBeHHOE OMMCAaHUE TPOIecca AIEKTPOIu3a: 3akoHbl Dapazes

33. Kopposus: omnpexaenenue, kiaccuukaiys KOPPO3HOHHBIX Ppa3pyILICHUH,
KOPPO3UOHHBIE CPEBI.

34. DAeKTpOXUMHUYECKass KOPPO3HWS: TPUUMHBI BO3HUKHOBCHHS, MEXaHU3M
npoiiecca, HauboJiee XapakTepHbIEC CIIydau.

35. Koppo3us B €CTeCTBEHHBIX YCIOBUSX.

36. MeTo/1bI 3Tl METAJUIOB U CIIJIABOB OT KOPPO3UH.

37. DOnementsl |A moarpymmel: o0mas xapakrtepucTtuka. CTpoeHHUE aTOMOB,
3aKOHOMEPHOCTH HU3MEHEHUs CBOMCTB. Bomopon: nosoxenune B IIC, crpoenmwe artoma,
HAXO0XJCHHE B MPUPOJIE, MOTyUeHHE, IPUMEHEHUE.

38. Dnementsl |IA moarpymmer: oOmiast xapaktepuctuka. CTpoeHHE aTOMOB,
3aKOHOMEPHOCTH U3MEHEHHS CBOICTB, MOTyUeHHE, TPUMEHEHHE, PACTIPOCTPAHEHHOCTb.

39. XecTKOCTh BOJIBI: THUITBI, METOIbI OTIPEACIICHHUS, PUINHBI BOSHUKHOBCHHSI,
CIIOCOOBI YCTpaHEHUSI.

40. OOmas xapakTepucTUKa, 3aKOHOMEPHOCTH M3MEHEHHUs CBOMCTB. DJIeMEHTHI | -
VIIA noarpynmel: oOmast xapaktepuctuka. CTpoeHHE aTOMOB, 3aKOHOMEPHOCTHU
W3MEHEHUS CBOMCTB.
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MNPUJIO)KEHHUE 3.
CITPABOYHBIE MATEPHUAJIBI

Ta6nuna 1 - HazpaHust BAXXHEHIITUX KUCIOT M MX aHMOHOB (CoJIei)

Kucnora dopmyna AHUOH dopmyna
A3oTHas HNO; Hurpar NO;3~
A3zoTucTas HNO, Hurpur NO,™
A30THCTOBOAOPOIHAS HN3 Azun N3~
(a3um0BOAOPOIHAS) (HNN)
benzoiinas CsHsCOOH benzoar CsHsCOO™
Bopnas (opto) HsBOs Bopar BOs*~

TuxpoGopat HBO;*
Juruapobopar H,BO3~
bopnasi(mera) HBO; Merabopat BO,
Bopnas(terpa) H,B,0; Terpabopat B4O~
bpomoBoiopoHas HBr bpomun Br-
BbpomHOBaTucTas HBrO ['unoGpomur BrO~
bpomuoBaras HBrO; bpomart BrOs;~
Bunnas H,C4H.0s Taprpar C4H,0¢*
['unporapTpar HC4H4O6™
Bonsdpamosas H,WOQO, Bonbdpamar WO,*
BananueBasi(mera) HVO; Bananmar VO3~
I'epmaHueBas H,GeO; I'epmanat GeO3>
I'uaporepmanar HGeO3™
HNonoBonopoaHas HI Homun I~
Honuosarucras HIO I'unonoaut 10™
Honuosaras HIO; Hopar 105~
HNonas HIO, ITepuomar 104~
Kpemuuesas H,SiO; Cusukar SiOs*
['uapocumukat HSiO3
MaprasnieBas HMnNO, ITepmanranar MnO,
Mapranuosucras H,MnO, Masnranar MnO, 2~
MonubaenoBas H,MoO, Monubaar MoQ4 %
MypaBbuHas HCOOH dopmuar HCOO™
MEIIBSKOBas H3AsO, Apcenar AsO4*~
CuxpoapceHar HAsO,*
JuruapoapceHar H,AsO,~
MEIBAKOBUCTAS H3AsO; ApceHuT AsO3*"
I'mapoapceHuT HasOs?"
JlurunpoapceHur H,AsO5™
MpemmbsikoBucras(mera) | HAsO; MeraapceHUT AsO,”
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Kucnora dopmyna AHUOH dopmyna
OnoBsiHUCTas H,SnO, CraHHUT SnOy*~
I'mapocranHUT HSNnO,™
OnoBsiHHAs H,SnO; CraHHat SnOz*~
['unpocranHaT HSNO;™
TuonumanarHas HSCN Tuonuanarsl SCN~
CBuHII0Bas H,PbO; [TromGat PbO3*
['uaporurrombar HPbO;~
CBUHIIOBUCTAS H,PbO, ILrroMOuT PbO,*
I'uaporaroMOouT HPbO,~
Cenenucras H,SeOs Cenenur SeO3*
I'mapocenenur HSeO3;
Cenenosas H,SeO, Cenenar SeOQ4*”
['mnpocenenar HSeO4~
CenenoBogOpOgHAS H,Se Cenenun Ser”
I'mppocenennn HSe™
CepoBosiopoiHast H,S Cynbbun S
I'unpocynshun HS™
CepHucras H,SO; Cynbdur SOz*"
I'unpocynshur HSO3™
CepHas H,SO, Cynbdar SO
I'unpocynbdar HSO,4~
TuocepHas H,S,0; Tuocynbdar S,03%"
Hancepnas H,S,0s I[Tepcynbgar S,0¢%"
I'upponepcynbdar | HS;O5™
ITupocepHas H,S,0; [Tupocynbdar S,0,%~
TemnypoBogopoaHas H,Te Temmypun Te*
I'maporennypun HTe™
VronsHas H,CO; KapGonat COz*
I'mnpokapboHat HCO;™
YkcycHas CH3;COOH Amnerar CH;COO
docdopuas (opTo) HsPO, dochar PO,
Tuppodocdar HPO4*~
Jurunpodocdar H,PO,~
dochopnas (mera) HPO3 Meradocdar POs~
docdopuas (mupo) H4P,0; [Mupodocdar P,O/*
PTOPOBOIOPOIHAS HF dropua F
XJI0pOBOZOPOTHAS HCI Xjopusa Cl~
XJopHOBaTHCTAs HCIO ['umoxmoput ClO™
XopHoBaras HCIO; Xnopar ClO;~
XopHas HCIO, Iepxmopar ClO4
Xpomucras HCrO, XpoMHUT CrO,”
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Kucnora dopmyna AHUOH dopmyna
XpomoBsas H,CrO, Xpomar CrO4*
I'mapoxpomart HCrO,~
JluxpomoBast H,Cr,0; Juxpomat Cr,0:*
(buxpomMoBast) I'uaponuxpomar HCr,O;~
[HuanoBomopoaHas HCN Huanwum CN™
(cuHUIBHAS)
[{manoBas HCNO [{manat CNO~
[luHKOBas H,ZnO, [luHKaT Zn0y*~
[IlaBeneBas H,C,04 Okcanar C,04*
SAnTapHas H,C4H404 CyknuHar C4H4O4>
BucmyToBast HBiOs Bucmyrat BiOs~

[Ipumeuanue: B Tabn.1 nmpuBeaeHbl Ha3BaHUS! BAXKHEUILIMX KUCIIOT U MX AaHHOHOB
o HomeHkiarype MIOITAK

Tabimua 2 - PacTrBopuMOCTh THAPOKCHIOB M coJieid B Boae, r / 100 r
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Ta6uua 3 - OTHOCHTEIbHAS 3JIEKTPOOTPULATENbHOCTD 3JieMeHTOB 090
(mo IosuHry)

[Tepuon ["pymmibl
| 1 11 AV Vv VI VI VIl

1 H He
2,10 -

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

3 Na Mg Al Si P S Cl Ar
1,00 | 1.23 | 1.47 | 1.74 | 2,10 | 2,60 | 2,83 -

4 K Ca Sc Ti V Cr Mn Fe Co | Ni
091104 120|132 | 145|156 |160 | 164 | 1,70 | 1,75
Cu Zn Ga Ge As Se Br Kr
1,75 166 | 1,82 | 202 | 2,20 | 248 | 2,74 -

5 RDb Sr Y Zr Nb | Mo | Tc Ru Rh | Pd
08909 111 122|123 130|136 | 1,42 | 1,45 1,35
Ag | Cd In Sn Sb Te I Xe
142 | 146 | 1,49 | 1,72 | 1,8 201 | 2,21 -

6 Cs Ba |* Hf T w Re Os Ir Pt
0,85 | 0,97 123|133 (140|146 | 152 | 1,55 |1,44
Au Hg T Pb Bi Po At Rn
142 | 144 | 1,44 | 155 | 1,67 | 1,67 | 1,90 -

7 Fr Ra | ** *nmanranounsl 1,08 — 1,14
0,89 | 0,97 **axrunonas! 1,00 — 1,20

Taoauna 4 - HopmasibHble (CTaHAAPTHBIE) 3JIEKTPOAHbIE MOTEHUUAIBI B
BOJHBIX pacTBopax ¢° B

DNeMEeHT DJIEKTPOJIHBIN MPOIECC 0° B
Ag [AQ(CN).] + e = Ag" +2CN- - 0,29
Ag*+e =Ag +0,80

Al AlO; + 2H,0 + 3e = Al + 40H -2,35
Al +3e = Al -1,66

As H3AsO, + 2H* + 2e — HAsO, + 2H,0 +0,56
AsQ4 + 2H,0 + 2e — AsO, + 40H" —0,77

Au Au* +3e = Au + 1,50
Au*+le = Au +1,69

Ba Ba?* +2e¢ = Ba 2,90
Bi Bi* +3¢™ = Bi +0,21
Br Bramy + 267 =2Br- +1,07
HOBr + H* + 2e- = Br + H,0O +1,34

Ca Ca** +2e =Ca -2,87

90



DJIEMEHT DJIEKTPOJHBIN MPOLIECC 0°, B
Cd Cd** +2e=Cd -0,40
2ClO; + 12H* + 10e = Cl, + 6H,0 +1,47

ClOs +2H" + 2e =CIO; + H,0 + 1,19

Cl ClOs™ + 6H* + 6e = CI- + 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
CrO4% + 4H,0 + 3e =Cr(OH); + 50H" 0,13

Cr,04 +14H* + 6e = 2Cr®* +7H,0 +1,33
Cu?*+2e=Cu +0,34

Cu Cu®* + le=Cut +0,15
Cu*+1le=Cu +0,52

F F, +2e =2F +2,87
Fe Fe’* + 2e = Fe -0,44
Fe* + 3e = Fe 0,04

Fed* + le = Fe?* +0,77

H H, + 2e =2H +2,25
2H" +2e = H, 0,00

Hg.> + 2e = 2Hg +0,79

Hg Hg** +2e = Hg +0,85
2Hg* +2e = Hg,™* +0,92

I, +2e=2I" +0,54

| 2105 + 12H" + 12e = I, + 6H,0 +1,19
2HOIl + 2H" + 2e = |, + 2H,0 +1,45

K K"+le =K -2,92
Li Li"+1e=1Li -3,04
Mg Mg?* + 2e = Mg 2,36
MnO,s + 1e = MnO,* +0,56

MnO; + 2H,0 + 3e = MnO; + 40H" +0,60

Mn MnO,; + 8H* + 5e = Mn?* + 4H,0 +1,51
MnO, + 4H* + 2e = Mn?* + 2H,0 +1,23

NO3z; +H,O +2e =NO, +20H" +0,01

N NO; +2H* + 2e = NO, + H,0O + 1,94
NO;™ +3H* + 2e¢ = HNO, + H,O +0,94

NOs; +7 H,O + 8e = NH3- H,O + 9 OH™ -0,12

Na Na* + 1e =Na -2,71
Ni Ni%* + 2e = Ni -0,25
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DJIEMEHT DJIEKTPOJHBIN MPOLIECC 0°, B
O 0O, + 2H"+ 2e = H,0, +0,68

0O, + 2H,0 + 4e = 40H" +0,40

O, + 4H"+ 4e = 2H,0 +1,23

H,O, + 2H*+ 2e = 2H,0 +1,78

P H3PO4 + 2H* + 2e = H3PO;5 + H,O -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
SO42 +10H" +8e = H,S + 4H,0 + 0,30

S,0g% + 26 = 250,* +2,01

Se Se +2H" +2e = H,Se —0,40

Sn Sn2* +2e = Sn -0,14
Sn** +2e = Sn?* +0,15

Te Te +2H" +2e = H,Te —0,72

Zn Zn0,> + 2H,0 + 2e = Zn + 40H"- -1,22
Zn** +2e=17n +0,76

Tabamma 5 - Psan AKTUBHOCTEH (CTAHAAPTHBIX JIEKTPOJIHBIX
NMOTEHI[HAJI0B) METAJLJIOB
DJEKTPOJT DIJIEKTPOJT
Oxucnennas | Boccranosnennasi | E°B | Okucnennas | Boccranosnennas | E°, B
dbopma dbopma dbopma dbopma

Li* Li -3,05 Cd?* Cd -0,40
K* K -2,93 Co?* Co -0,28
Ba?* Ba -2,91 Ni2* Ni -0,25
Ca** Ca -2,87 Sn Sn -0,14
Na* Na -2,71 Pb2* Pb -0,13
Mg?* Mg -2,36 2H* H. 0,00
Be?* Be -1,85 Cu? Cu +0,34
AR Al -1,66 Hg,? 2Hg +0,79
Mn?2* Mn -1,18 Ag* Ag +0,80
Zn* Zn -0,76 Hg?* Hg +0,84
Cr3t Cr -0,74 Pt Pt +1,20
Fe2* Fe -0,44 Au? Au +1,50
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Tabnuna 6 - KoHCTAHTBI IMCCOUMAIMM HEKOTOPBIX CJA0BIX 3J1eKTPOJINTOB

(20°C)
Hasparne dopmyna K K K
(TpaIUITMOHHOE) pMY ! 2 3
Kucnotsr
A3zoTHcTas HNO; 6,9-10
Bopwuas (opTo) H3BO; 7,1-110% | 1,810 | 1,6-10
BpomuoBaras HBrOs 2,0-107
BpomuoBaTucTas HBrO 2,2:107
Banepuanosas CH»(CH,);COOH 1,410
Bananuesas (0pro) H3VO, 1,8:10% ]3,2:1019] 4,0-10%
Bonsdpamosas H,WOQO, 6,3-10° | 2,0-10%
JIuxpomoBast H,Cr,0O; 2,3-1072
WoaHoBaTas HIO; 1,7-10*
WoaHoBaTHcTas HIO 2.3-10%
Kpemuuesas (0pTo) H,SiO, 1,3-10%° | 1,6:1012|2,0-10*
Maprasosucras H,MnO, 10% 7,1-1011
Monu6neHoBas H>Mo00O, 2,9-10° | 1,4-10*
MypaBbuHas HCOOH 1,810
MEImbsKoBast H3AsO4 5,6:10° | 1,7-107 | 3,0-1012
[IponroHoBas CH;CH,COOH 1,3-10°
Cenenucras H,SeO; 1,8:10° | 3,2:10°
CeneHnCTOBONOPOAHAS H,SeOs 1,3-10* | 1,0-10%
CeneHoBas H,Se0, 1,2:102
Cepuucras H,S0s 1,4-102 | 6,2:108
CepoBomopoaHast H,S 1,0-107 |2,5-1013
CununibHas HCN 5,0-10%0
Tennypucras H,TeOs 2,7-10° | 1,810
TennypoBoaOpOAHAs H,Te 2,3:10° |6,9-1013
TuocepHas H»S,03 2,510 | 1,910
VroapHas H,COs 4,5107 | 4,810
VkcycHas CH3;COOH 1,7-10°
dochopucras H3PO; 3,1:102 | 1,6:107
docdopnas (opTo) HsPO, 7,1:10° | 6,2:108 | 5,0-1013
DTOPOBOAOPOHAS HF 6,2:10%
Xnopucras HCIO, 1,1-10
XJ0pHOBaTHCTAS HCIO; 3,0-10
XpomoBas H,CrO4 1,6:10% | 3,2:107
[1laBeneBast H,C,0, 5,6:102% | 5,4-10°
OcHoBaHus (TUAPOKCHIBI)
ATIOMUHWSI TUTD. ‘ Al(OH); ’ 1-10°°
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Ha3zBanue
(TpaIMIITMOHHOE) Dopmyra K Kz K
NH;H, O 1,8:10%
AMMOHHUS THP. (NH,OH) ’
bepwmus runp. Be(OH); 3,0-107 | 3,310
Bucwmyra (I11) rump. Bi(OH)3 4,0-10% | 4,0-1013
Kenesa (IT) tuap. Fe(OH); 6,2:10° | 2,8:10°
Kenesa (I1T) rup. Fe(OH)3 3,2:1010 5,01010 1,3-1012
Kaamus rujp. Cd(OH), 2,4:10° | 1,5:107
Ko6ansra (IN)rump. Co(OH), 1,6:10° | 4,0-10°
Marnus ruip. Mg(OH) 2,5:10°3
Mapranuna (I1) ruzp. Mn(OH), 1,2:10*
Menu (I1) ruap. Cu(OH), 6,6:10% | 1,0-10°
Hukens (I1) ruzp. Ni(OH), 2,6:10% | 1,1-10°
Osona (11 it Sn(OH), 081020 | 1210
Pryrtu (I1) ruzp. Hg(OH), 3,9-1012 | 5-10!
Ceunna (I1) ruap. Pb(OH), 9,6:10* | 3,0-10®
Cepebpa ruzp. AgOH 5,0-107
Xpowma (I11) ruzp. Cr(OH); 2108 | 7,9-101
[[MHKA THAPOKCH]L Zn(OH);, 1,3-10° | 4,9-107

Tabnuma 7 - [Ipon3Benenne pacTBOPUMOCTH MaJjio - U TPYAHO PACTBOPUMBIX B
BOJIE COCIMHEHUI

Coenqunenne I1P Coenunenue I1P
AgsAsOs; 1-10°Y CuCN 3.2:10%°
AggASO4 1-1022 CuCOs; 2.5-101°
AgBOZ 4-1073 CuC,0, 3-10°8
AgBr 53108 CuCl 1.2-10°
AgBrO; 5.5-10° CuCrOq4 3.6-10°
AgCN 1.4-1071¢ Cul 1.1-101?
Ag,CO3 1.2-1012 Cu(103); 7.4-10®
Ag.C,04 3.5-101! CuNj3; 5.0-10°
AgCI 1.78-10° Cu(OH), 22102
AgCIO; 2-10* CuS 6.3-107%¢
AgCIO; 5.0-102 Cu,S 2.5-10%8
AgCrO, 1.1-107 Fe(OH), 8101
Ag,Cr,0; 1-10°0 Fe(OH); 6.3-10%
Agl 8.3-10°Y FePOy 1.3-10%
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Coeaunenne 1P Coenunenue 1P
AglO; 3.0-10° FeS 51078
AgMnO, 1.6-103 FeS, 6.3-103
Ag.MoO, 2.8-1012 MgCO3 2.1-10°
AgNO; 6.0-10* MgC,0, 8.5:10°
Ag3PO4 1.3:10% Mng 6.5:107°
AgoS 2.0-10° Mg(103), 3-10°%
AgSCN 1.1-1022 Mg(OH), 6.0-100
Ag2SO; 15105 Mgs(POa), 1-105
AQZSO4 1.6-10° Mg803 3-10°
Al(OH); 1-10°% Mn3(AsQO,), 1.9-102°
AlPO, 5.75-107%° MnCOs3 1.8-10
AuBr 5.0-1017 MnC,04 5-10°
AUBT; 4.0-10% Mn(OH), 1.9-105
AuC 2.0-105 Mn(OH)s 1-10%
AuCI; 32105 Mn(OH), 110
AuOH 7.9-10%0 MnS 2.5-1010
AU(OH); 5510 NiCO; 13107
Aul 1.6-102 NiC,04 4-10710
Auls 1-107% Ni(CIO3), 110"
BaCO; 4.0-100 Ni(OH), 20105
BaC,04 1.1-107 NiS a 3.2-101°
BaCrO, 1.2:1010 Pbg(ASO4)2 4.1-10°%
BaF; 1.1-10°% PbBr; 9.1-10°
Ba(105); 1.5-10° Pb(BrOs), 8.0-10°°
BaMnO, 2.5-101° PbCO; 7.5-101
Ba(OH)z 5.0-103 PbC204 4.8-1010
Bag(PO4)2 6-10%° PbC|2 1.6:10°
BaSO; 8107 PbCrQO4 1.8-10%
BaSO, 1.1-101° PbF, 2.7-108
Be(OH), 63102 PbI, 1.1-10°
BiASO, 28100 Pb(103); 261053
Bil, 8.1-100 Pb(OH), 5-10%°
Bi PO, 1.3:10% Pb3(PO4)2 7.9-104
BizSg 1-10%7 PbS 2.5-10%
Caa(AsOa), 6.8100 Pb(SCN), 2.0-10°
CaCOs3 3.8-10° PbSO, 1.6-108
CaC,0,4 2.3-107° Pb8203 4.0-107
CaCrQ, 7.1-10* Snl, 8.3-10°
CaF; 40-100 Sn(OH), 63107
Ca(OH), 5.5-10° Sn(OH), 110
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Coeaunenne 1P Coenunenue 1P
Ca3(PO4)2 2.0-107%° SnS 2.5-10%
CaS0O3; 3.2:107 SrCOs 1.1-10%
CaSO, 2.5-10° SrC,04 1.6:107
CaSeOs 4.7-10° SrCrO4 3.6-10°
CdCOs; 1.0-10%2 SrF; 2.5-10°
CdC204 1.5-10°8 Sf(OH)z 3.2-10*
Cd(OH), 2.2-101 Sr3(POy), 1103
CdS 1.6:10% SrPOsF 3-10°3
COg(ASO4)2 7.6:10%° SrSO;3 4-108
Co(BO,), 3.2:10°° SrSOy4 3.2:107
CoCOs3 1.05-101° Zn(CN); 2.6-101
Co(OH); 4-10% ZnCO; 1.45-1011
Cr(OH), 1.0-107 ZnC,04 2.75-10°®
Cr(OH); 6.3-103 Zn(103), 2.0-108
CrPO, duoneros 1.0-10Y7 Zn(OH); 1.2-10Y
CrPO, 3enénplii 24105 Zn3(POy), 9.1:10°%
CuBr 5.25-10° ZnS 1.6:10%

Tabmuma 8

KoHCTaHTBI HECTOMKOCTH KOMILJIEKCHBIX HOHOB B BOJIHBIX pacTBoOpax

KoMIuieKCcHbIH HOH K necroiikoctu pPK
[Ag(NHs).] 5,89-10°8 7,23
[Ag(NO2).] 1,3-10°3 2,89
[Ag(8203)2]3' 2,5-10 13,60
[Ag(CN),] 1,4-102° 19,85
[Aglo] 5,5-:10% 11,74
[AI(OH)4(H20),] 1,0-1033 33,0
[AIF]* 5,01-1018 17,30
[AuCl4] 5,0:10% 21,30
[Be(OH)4]* 1,0-10" 15,0
[BeF,]* 4,17-10" 16,30
[CA(CN)4]* 7,76-10°18 17,11
[Cd(NH3)e]** 2,76-10° 4,56
[Co(C204):]* 5,0-:10%2 11,30
[Co(NHa)e]** 4,07-10° 4.39
[Co(NH3)6]** 6,15-10%¢ 35,21
[Co(NO,)e]* 1,0-10? 22,0
[Co(SCN),]* 5,50-107 2,26
[Cr(OH).] 1,26-10%° 29,90
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KomMiuiekcHbI HOH K HecroiikocTu pK
[Cu(CN).] 1,0-10* 24,00
[Cu(CN)4J* 5,13-103 30,29
[Cu(NH3)4]* 9,33-10*3 12,03
[Fe(C204)6]* 8,0-10°° 8,10
[Fe(CN)s]* 6,3-102 10,20
[Fe(CN)g]* 1,4-10°% 36,84
[FeFe]* 7,94-10Y 16,10
[HgBr,)* 1,0-102 21,0
[Hgla]* 1,4-10°% 29,85
[Hg(CN)4]* 4,0-10% 41,40
[Hg(SCN)4J* 8,0-10% 21,10
[Ni(NH3)]** 1,12-10°® 7,95
[Ni(NH;)e]** 9,77-10° 8,01
[PtBr4]* 3,0:10% 20,52
[PtCl,]* 1,0-10°1 16,00
[SnClg]* 51-10H 10,29
[Zn(CN)4]* 6,3:1018 17,20
[Zn(NH;),]* 2,0-10° 8,70
[Zn(OH)4])* 3,610 15,44
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