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Llenu Kypca

Pa3Butne KoMmneTeHuumn, cnocobCTBYOLWLNX POpMUPOBaHULO
BbIMYCKHMKA HOBOIO NMOKONEHMS.

dopmMupoBaHmMe y CTYAEHTOB XMMNYECKOTO MbILLINEHUS MYyTEM
OCBOEHUS OCHOBHbIX 3aKOHOMEPHOCTEN U OOLLIMX METOAOB XMMUKN KaK
HayKn ONsi peleHns pasnmnyHbiX XMMUYecKknx npobnem.

dopmmpoBaHne TBOPYECKUX CMOCOOHOCTEN DyayLLMX CrieumanunucToB-
bakanaBpoB C NOMOLLbIO MPEAMETHOIO coaepKaHus 00y4YeHna 1
COOTBETCTBYHLLEN OpraHm3aunen no3HaBsaTenbHON OeATeNbHOCTU NO
ero yCBOEeHMo (flTabopaTopHbIN MPaKkTUKYM, peLleHne 3adad, Kak
nabopaTopHO-NPAaKTUYECKOro, Tak N TEOPETUYECKOIO HanpaBlieHns).

OBnageHne cTygeHTamMm TEOPETUYECKNX OCHOB U HaBbIKOB
COBPEMEHHbIX XMMUYECKNX N (PUINKO-XMMUNYECKUX METOOB,
NMPUMEHSAEMbIX B aHanNUTU4Yeckux nabopatopusax npeanpusaTmi u
Hay4YHO-UccneaoBaTeNbCKUX MHCTUTYTaxX LIBETHON METanypruu.

BBeneHune 6



3agaym Kypca

HayunTb noHMMaTb NpUpoay XMMUYECKUX peakLmn,
NCMONb3yeMbIX B METANMNYPrnn LIBETHbIX, PEOKNX
n 6naropogHbIX MeTannos.

lcnonb3oBaTb 0bLme 3adKOHOMEPHOCTU NMpOoTEKaHNA
XUMNYECKUX peaKLlMVI, COoBpeEMEHHOE MnpeacTtaBrieHne

O CTPOEHUNN aTOMa, NOJTOXKEHUA IAITEMEHTOB B I'IGpI/IO,EI,I/I‘-IGCKOVI
cncremMme n Teoputo XUMMNYECKON CBSI3MN.

HayuynTb nNporHo3mpoBaTb W ONpeaenaTb CBOUCTBaA COeAUHEHUN
N HanpaBfieHne XMMUYECKON peaKkLnn.

OcyLecTBnATb aHanma CBOUCTB HEOPraHNYECKUX BELLIECTB,
ncxods U3 CTPOEHUA atoMa afeMeHTa 1 NOoNoXXeHUA ero
B nepuoanyeckoun cucteme L. . MeHgeneesa.

BBeneHune 7



MexnpeomeTHasa CBA3b

OcHOBbI 3K0ONOrnn

Cneuy. npeameThl

Ob6wasa xmumus

MaTtemaTuka
dusmnyeckad

XUMUS
AHanuTunyecka

A

XUMUS XMMHN4eckme

MeToabl

BBeneHune 8



KoMnoHeHTbI Kypca

OK3AMEH

CamocTtoaTenbHas
paboTta,
95 yacos

NEKUNN,
51 vac

JTaBopaTopHble 3aHATHS,
34 vyaca

BBeneHune



CopaepxaHue Kypca

BBeneHune
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Moaynb 1

ObLieTeopeTnyeckme OCHOBbI
HeopraHM4yeckom XMMmmnmn



Pa3nen 1

ObLine 3aKOHOMEPHOCTU
XUMUYECKUX MPOLIECCOB

ObLuieTeopeTnyeCckmMe OCHOBbLI HEOPraHNYECKON XMMNU

13



Tema 1. ONeMeHTbl XMUMUYECKOWN TEPMOANHAMUKU

Tunbl cucTem

BHewHAA cpena

QHeprug

H

3akpbiTas

cncrema

DS

BewecTBa BewecTBa

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB

OHeprus

H

OTKpbITas

cncremMa

H

BelwecTtBa

14



Tema 1. OneMeHTbl XMMNYECKOU TEPMOANHAMUKMN

[lepBbIN 3aKOH TepMOANHAMUKMN
OHeprmnsi U3onMpoBaHHOM CUCTEMbI MOCTOAHHA.

OkpyxaroLine Tena

dU =350 — 84

0 >0 A>0

3meHeHne BHYTpeHHen 3Heprum cuctembl (dU) paBHO Konu4yecTBy
Tennotel (0Q), nepewienwen OT CUCTEMbl K BHeELUHEN cpene (unu
HaobopoT), 3a BblMETOM Bcex BMOOB paboTr (OA), cCOBEpPLUEHHLIX

CUCTEMOW Haf BHELLUHeN cpeaon (unu Haobopor).

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 15



Tema 1. ONeMeHTbl XMUMUYECKOWN TEPMOANHAMUKU

3akoH llecca

TennoBon aPdEKT XUMNYECKUX PeaKLIUN 3aBUCUT TOSMbKO OT BUAA U COCTOSHUS
MCXOOHOro BellecTBa N KOHEYHbIX MPOAYKTOB, HO HE 3aBUCUT OT NyTU nepexoaa.

I N.Tecc (1836 T.) —
npod. NopHoro NHcTUTyTA
(MeTepbypr)

Cnepnctsue: TennoBon addEeKT peakunm paBeH pa3HOCTU Mexay Tensiotamm
obOpa3oBaHNs BCEX BELLECTB, YKa3daHHbIX B NpaBon YaCTu ypaBHEHUS
(Nnpoayktamu), n Tennotamm obpasoBaHUSA BCEX BELLECTB B NNIEBON YacTu
(peareHTamm), B3ATbIX CO CTEXMOMETPUYECKMMUN KOS PULMEHTAMU
(ANnsa TennoTbl cropaHust — HaobopoT!).

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 16



Tema 1. ONeMeHTbl XMUMUYECKOWN TEPMOANHAMUKU
JHTaNbMNUMHAA guarpaMmmMa oKucrneHus rpacdpurta

H, x>x'mos

o | Capap) T Osqy

AH

1

COqy +1/20,,,

CO 2(r)

AH, = AH, + AH,

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 1. OneMeHTbl XMMNYECKOU TEPMOANHAMUKMN

Camon PON3BOJIbHbLIE MNMpPoLleCChI

P=P,
nnu T1>T2

[lepemeLunBaHue rasos

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 1. ONeMeHTbl XMUMUYECKOWN TEPMOANHAMUKU

HanpaBneHue npoueccoB

JTabunbHasa
cucrtema

Camonpon3BonbHbIv

HEcamonponssonbHbIN

®
<
| -
a
)
T
o)
®
®
T
0
@)
le)
O
)
@)

-------*

MeTacTtabunbHoe
paBHOBecuHe

PaBHoBecue

SN EEN I BN BN BN N B D B B e e e e

N3meHeHne cuctemsl

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB



Tema 1. OneMeHTbl XMMNYECKOU TEPMOANHAMUKMN

TpeTun 3aKOH TepMOoaUHAMUKU

OHTpPONMA naeanbLHOro KpmucTtarnna YMcToro BeLllecTsa
npn abCoNTHOM HYJSie paBHa Hyrto.
[Mnank (1911 r.)

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 1. ONeMeHTbl XMUMUYECKOWN TEPMOANHAMUKU

U3meHeHune aHeprum N'nmbdbca
B 3aBUCUMOCTM OT TeMmnepartypbl

« 1—- AH>0,AS<0 He camonpoun3BosibLHO 30, = 2O
« 2—-AH<0,AS<0 BO3MOXEH NPU HU3KUX T & _
« 3-AH>0,AS>0 BO3MOXEH NPU BLICOKUX T 2NO2 N204(

4 —AH<0, AS>0 camonpon3BonbHo npotekaer  2Cu,0_ = 4Cu., + O,
C + 0y, =2C0,

TB.

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 21



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

XnMmmnyeckass KMHeTuUKa

MonekynsapH Xummnyeckue [Mopsagok
OCTb peakuum peakuyum

[OMOreHHble [eTeporeHHble

CKopoCTb
XUMMUNYECKUX
peakuum

PDAKTOpPbI, BITNAOLLINE
Ha CKOPOCTb

* [lpnpoa sellecTs

» KoHueHTpauus QWVICTBMFI Macc ]

 Temneparypa

 [laBneHune
» KatanusaTtop

3akoH BaHT-
Teopusa akTMBMPOBAHHOIO KOMMMAEKca

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

3aKOH OeNCTBYHOLWNX Macc

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

3aBUCUMOCTb CKOPOCTU peaKunun OoT TeémMnepaTtypbl

3ameHeHne Buaa KpnBow pacrnipeneneHuns
Npu NOBbLILLIEHNN TeMMepaTypbl

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 24



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

JHepreTnyeckasa guarpamMmmMa xoga peakumm
Cc oOpa3oBaHUEM aKTUBUPOBAHHOIO KOMIJeKca

3HereTuqecxaﬂ AUarpaMmMa peakumu
A,+B,— 2AB

MNepexoaHbin
KOMMNMeKc

nepex. CocCT.

_WCX. COCT.
MNecxogHble
BellecTBa MpoayKTi KOHeY. COCT.

peakuun

Xopg peakuum

A+B [A...BJ# AB
N N
HayasibHoe ' Y rnepexooHoe ' D KOHe4YHoe
(ucxo0dHble sewecmea) (akmusupoBaHHbIU KOMIIIEKC) (npoldykmabl peakyuu)

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 25



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

'padbuT  anmas

Katanusartop
-

Boicokue p, T

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

KaTtanums

[TonoXNTENbHbLIU OTpuuartenbHbIN ABTOKaTanms

KaTanutnyeckue siabl —
BELWECTBa, yxyaLliarmLwne

[MpomMoTOpbLI — BellecTBa,
ycunueatrwuwime gencrteme
Katanms3aTtopos.

- UHrmMbutopbl — BellecTsa,
ncxoaHoe YMEHbLUaLWne CKOpoCTb
KOHe4YHOoe peaKL"MM.

[MyTb peakummn

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB

OenNCcTBUE KaTannsaTopos.

27



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

XuMmmnyeckoe paBHoBecue

XmMmumyeckume

peakumm

@pammue

Xumumyeckoe
PaBHoOBecue

[omMoreHHoe [eTeporeHHoe

Heo6paw®
e

MNpuHumn Jle-lWaTenbe

KoHcTaHTa CwmelleHmne
paBHOBECUS paBHOBECUS

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 28



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

Xumumyeckoe paBHOBECUnEe B TOMOIreéHHbIX CUCtTeéMax

AG® = — RT InK

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 29



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

CmelleHne XumMmmnyeckoro PaBHOBECUA

[MpnHumn Jle-lartenoe:

ecrnn HaxogsLasica

B XMMW4YECKOM paBHOBECUM
cucTtemMa nogBepraeTrcs
BHELUHEMY BO3OENCTBUIO,

TO B HEN BO3HMKAIOT NPOLIECCHI,
cTpemsumnecs ocnabutb aTo
BO3OenNCTBMeE.

AHpu-Jlyn Jle-LLlatenbe
(1850-1936 )

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB 30



Tema 2. Xumn4yeckasi KUHETUKA U paBHOBECUE

dPas3oBas guarpamMmma BoAbl

Aasnenue, atm

BoasHown
nap

X
l
l
l
|
l
I

273,16 373
Temnepatypa, K

Moayne 1. Pasgen 1. O6wme 3aKOHOMEPHOCTU XMMNYECKUX MPOLIECCOB
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Pa3nen 2

CTpoeHune aTtoma
N nepunoanyecKkasa cuctema

ObLuieTeopeTnyeCckmMe OCHOBbLI HEOPraHNYECKON XMMNU

32



Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

Moaenb ToMmcoHa Moaenb Pesepdopaa

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema
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Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

Moaoenb bopa Moaenb 3ommepdenbaa

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema 34



Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

MHOroanekTpoHHble aTOMbI

B [TonyposeH [ Op6|/|TaJ‘|I/I
- -

2 0,1 O’ _1v0’+1

3 =====l==
2
1
0

(-
15<25<2p<35<3p<45=3d<4p<5s=4d<5p<65=4f=5d<6p<7swn T. AO.

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema 35



Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

®opMbl INEKTPOHHbIX opouTanemn

Ha3BaHuA npearnoXeHsol

S — «pes3Kas, oT4eTnmBasa»
(sharp);

p — «rnaBHaax»(principal);

d — «andpdysHasa, pasmbiTag»
(diffuse);

f — «ocHoBHas» (fundamental);
g — crneayroLwunn 3a «fM.

PopMbl S-, p- N d-3MNEKTPOHHbIX
obnakos (opbutanen)

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema

N3 aHalln3a BNOOB CIMEKTPOB.
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Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

KBaHTOBbLIE Ynucna

YpaBHeHue LLpeaunHrepa

8752m

p E-U)v=0

KBaHtoBOoe [lpuHUMaemble Xapaktepusyemoe NMpumeyaHune
Yyucno 3HayYeHwus CBOMCTBO
[maBHoe (n) 1,2,3, ..., OHeprus (E) ypoBHS. n = e« — QOTCYTCTBUE
CpenHee pacctosiHue (r) B3aUMOLENCTBUS C SAPOM,
oT aapa E=0
OpbutanbHoe | 0,1, ..., (n—1) OpbuTtanbHbin MOMEHT OBbIYHO NCNOSMb3YIOT
(N BCEro n KonindecTBa OBUMKEHUSA — OyKBEHHbIE CUMBOJIbI:
3Ha4yeHune ans pacnonoxeHue opbutanu L:01234
OaHHOro n B NPOCTpPaHCTBE spdfg
MarHutHoe -1 ...,0,..., 1 OpueHTaumsa cobCTBEHHOIO [Mpn nomelieHnn B
(m) Bcero 2/ + 1 MarHUTHOroO MOMeHTa MarHuTHoe rone opbutanu
3HayeHue C pasnuyHbIMU M, UMeIoT
ans gaHHoro / Pa3HYyI SHEPruo
CnuHoBoOe % [Mpoekuns cobcTBEHHOIO O6o3HayaroT T 1 |
(m) HE 3aBUCUT MOMeEHTa KonnyecTsa
OT CBOUCTB ANBWXEHUS
opbutanu

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema
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Tema 3. ONeKTpoHHOE CTPOEHNE aToMa

JHepreTnyeckne ypoBHHU
BooopoAaonogodOHoro aroma

)’-!—!—-——--——41.

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema
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Tema 4. lNepuoanyeckasi cuctema anemeHtoB . . MeHoeneeBa

3aBUCUMOCTb paguycoB aTOMOB
OT 3apsaaoB ux sgep Z

PaanycCbl , MM

0,26

0.22

20 30 40 50 60 70

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema
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Tema 4. lNepuoanyeckasi cuctema anemeHtoB . . MeHoeneeBa

U3MeHeHue noTteHuunana nuoHm3sauum

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema
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Tema 4. lNepuoanyeckasi cuctema anemeHtoB . . MeHoeneeBa

ArneKTpooTpuLaTeNbHOCTb 3/IEeMEeHTOB

HiKana 3AeKTpoOoOTpHLLATEADHOCTHM
aneMeHToBe (M. Noaunr:)

OTHOCUMTEABEHAR DASKTPOOTPULIATEABHOCTS 2
noguuuHAReTCH nepuvuoguvuuecKomMy SAaAKOHY ’8

B nepuwonoe OHAa pPacTeT C yseAamueHuem
HOMEepPpa O/AeMeHTAa, B mpyunne — yMeHpuUuaeTCcCH.

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema 41



Tema 4. lNepuoanyeckasi cuctema anemeHtoB . . MeHoeneeBa

KncnorHo-oCHOBHbIe CBOUCTBA
coeaAMHEeHUUN XUMUNYECKUX 3fIeMeHTOB

NaOH Mg(OH), AI(OH), H,SiO, H,PO, H,SO, HCIO,

YBenumyeHne KUCNoOTHbIN CBOUCTB

Paowyc |, 3apsg agpal

6 — OCHOBHbIU CrO Cr(OH)2

a — amdoTepHbIN Cr,0, Cr(OH), H,CrO,
Q — KUCHOTHbIN SUEL Loy

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema 42



Tema 4. lNepuoanyeckasi cuctema anemeHtoB . . MeHoeneeBa

OkucnutenbHO-BOCCTaHOBUTElIbHbIE

CBOMUCTBa coeaANHEHUU INEeMEeHTOB
OKI/ICJ'Il/ITeJ'IbeIe CBOVICTBa

F, IVA VYA  vIA
(jl2 T Sn+4 AS+5 S+6
Brz Sb+5
I Pb+4 Se+6
2 Bi+5
BoccTtaHoBUTENBHLIE CBOUCTBA
-
o1 — [lo6o4HbIE
n
2+ Ycunexdune
By Pb ‘ Cr2O3 l
I [MoBo4YHbIE WOz
K CFO Ycunenue
2 4 T
K, WO,

Moaynb 1. Pasgen 2. CTpoeHue aToma 1 nepuogmyeckas cucrema 43



Pa3nen 3
Xnmumyeckasa cB4a3b

ObLuieTeopeTnyeCckmMe OCHOBbLI HEOPraHNYECKON XMMNU

44



Tema 5. Xummnyeckasa cBa3b

OCHOBHbIe TUIMNblI XUMUYECKOU CBA3U

XnmMmmnyeckas cesa3sb

NoHHasa KoBaneHTHas MeTannuyeckasa

[MonapHas HenondapHas
2>nx>0,5 0,4>Ax>0

KoBaneHTHasa cBA3b.

MexaHn3mbl 0bpa3oBaHUA CBA3N:
* HACbILLAEMOCTb' MexxmonekynsapHoe B3anmogencTeme

* HaNpaBMNeHHOCTb;
 TUNbl IMbpuansaumm AO;
* METO MONeKYNsApHbIX opbutanen.

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b 45



Tema 5. Xumumnyeckasa cesa3sb

MexaHn3ambl 00pa3oBaHUA KOBarieHTHOU CBA3WU

OOMEHHbIN MexaHn3m

BErpasAaERp=mdEa

KAERSAGHTIHAWN FBRGRHN

C 4 4F — F—C--F

| 2
:F:

7
r
A
’

OSMEeHHBIA MeXaHn3IM

N N N TR =

A_: + DB -— A—B KOBaNEHTHONA CEAIN

[loHOop AxuenTtop &

doHoOpPHO-aKUEGNATOPHDBIA
MEXaHH3IM

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b 46



Tema 5. Xummnyeckasa cBa3b

N3meHeHUe JHEePrmm B MorJsieKkysie Boaopoana

E
4—} OTTankmeaHue
H- <H d
0 HH
-+ MpuTtsixeHne
2
=
CB

N3ameHeHne cpegHel NoTeHUManbHoM 3Heprum B3anMoaencTeus
ABYX CONMXaloLUXCA aTOMOB BoJopoaa

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

HacbiwaemMocTb KOBarieHTHOMN CBA3U

CocTOoAHMA atToMa yraAspoga

e P p—

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

HanpaBneHHOCTb KOBaneHTHOM CBA3U

THIMNbI NEPEKPLIEAHHSA AD

TT-NnepekpbiBaHne

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xummnyeckasa cBa3b

Tunbl rnopugusaumnm AO

SP
Xnopua oepunnug

sp

Moaynb 1. Pasgen 3. Xumundeckas cBa3b
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Tema 5. Xummnyeckasa cBa3b

Tunbl rMOpuansaunn

)
e
o 9O

P S p3

MeTaH

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xummnyeckasa cBa3b

Xnopup 6epunnua

"

P SP

Be

|
‘

BeCI2

Moaynb 1. Pasgen 3. Xumundeckas cBa3b 52



Tema 5. Xummnyeckasa cBa3b

Xnopuag 6opa

Moaynb 1. Pasgen 3. Xumundeckas cBa3b 53



Tema 5. Xummnyeckasa cBa3b

CTpoeHMe MoneKyrnbl MeTaHa

o 9
-: & S
& o4\,

CH,
| =

Moaynb 1. Pasgen 3. Xumundeckas cBa3b 54



Tema 5. Xumumnyeckasa cesa3sb

[MpuMepbl MoneKkyn

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

MeToa MmoneKkynspHbIX opouTanen

f
!

(3;;|

s e
[

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b

9)
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Tema 5. Xumumnyeckasa cesa3sb

[1ByxXaTOMHbIE roMosiAepPHbIe MOJIEKY b
1-ro nepuopa

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

Monekyna kucnopoga MMO

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

MOoHHaA CBA3b

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Tema 5. Xumumnyeckasa cesa3sb

MeXxmMonekynspHoe B3anumogemcrBme

OpueHTaunoHHoe

Bonoponusie cBg3M

NHOyKunoHHoe

[ncnepcnoHHoe

BogopoaHas cBA3b

9% — H" .09 — H°" ...097 —H°" ...

Mopaynb 1. Pasgen 3. Xummndeckas cBsi3b
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Pa3nen 4
PacTtBopbl U AUCMEPCHBLIE CUCTEMBI

ObueTeopeTnyeckme 0OCHOBbI HEOPraHNYECKON XUMUK 61



Tema 6. O6Lume cBONCTBa PacTBOPOB

IduncnepcHble cuctemsl

[ucnepcHoble
CUCTEMDbI

KonnowaHbie NCTUHHBbIE
10~"<d<10® cm d<10~8 cm

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 62



Tema 6. O0OLwWme cBONCTBa PacTBOPOB

KpuBble pacTBOpMOCTH

Vs

O
o
I
—
o
S
A
~~
o
a1]
|_
3
0]
=
Q
(01]
—

20 40 60

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI

80 100¢, °C
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Tema 6. O0OLwWme cBONCTBa PacTBOPOB

TennoBble 3¢pdeKTbl pacTBOPEHUS

NaOH,,, —en ”'

oO
> Jk3oTepmMmmnyeckas
Q>0, AH<0
e
** *®
** e N
N
—¥
NH,Cl
Q<0, AH>0

e ’
ot

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 64



Tema 6. O6Lume cBONCTBa PacTBOPOB

KoHueHTpauua pacTtBopoB

MaccoBasa gons

— *
M(faKBX'M(X)) f3KB(X) M (x)

MonspHas
KOHUEHTpauus

MonspHas
KOHUEHTpauus
9KBMBAsieHTa

KonunyecTtBo akBMBaneHToB Bellectsa X

MonsapHas macca akBuBarneHTa

BelwlectBa X
daKkTop 9KBUBANEHTHOCTHU

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 6. O0OLwWme cBONCTBa PacTBOPOB

KonnuratuBHble cBOUCTBA
BaHT-[ 0o

[aBneHne napa Hag pacTBOPOM OcmMoTuyeckoe gasneHue

l j T 1 3akoH Payns:

[ B —

TemnepaTypbl KUMEeHUA n
Cxema BO3HUKHOBEHUSA OCMOcCa:

Kpuctarnnusaumn pacteopos 1 — nonynpoHuuaemas rneperopoka;
2 — Ha4varnbHbIN YPOBEHb PacTBOPOB
— 2 3aKOH Payns. Inll (C, > C,); 3 — paBHOBECHbIN

YPOBEHb PacTBOPOB.

E — abynuockonuyeckas;

K — Kpnockonu4yeckasa NoCTosiHHas
pacTBopuTens;

C_— monsnbHas KOHUEHTpaLusi pacTeopa.

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 66



Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

ANEKTPONUTDI

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI

OTO pacTBOp.I:

LLernoyen;

corneu,
HEeopraHN4YeCcKMX KUCoT
B BOAE,

PacTBOpPbLI psiaa coneu
B OpraHn4ecKkux
PacTBOPUTENSIX.

67



Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

Teopus anekTponuTnyeckon guccoLmauum

[nccounaumnsa cornem ¢ MOHHOM CBSA3bIO:

@ um cpegHenn KClI — K* + CI;

.} kmcnon KHSO, — K" + HSO,;

OCHOBHOW CuOHNO3 — CuOH™ + NO3‘.

Hdunccoumauna nonapHbIX MOMEKYI:
HCl - H" + CI".

Cnabbln 311EKTPOSINT:
CH,COOH [1 H* + CH,COO".

@) — MoTeKyHI PACTBOPHTENA

OTanbl ANIEKTPONMTUYECKON Anccounauum
NoNApHbIX MOsiekyn (a)

N MOHHbIX KpucTansos (6):

| — conbBaTauus; || — noHnsauyus;

[l — auccounaums.

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 68



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

Knaccudmkaums aneKTponuToB B BoAe

CunbHbIE
Conu OcHoBaHuS Knucnortbl
[MpakTnyeckun |lmapokcnabl WENOYHbIX U HCI, HBr, HJ
BCE LLIeNOYHO3EeMErbHbIX
MeTarsoB: :éslg“’HNO?”HCIO?”
4

ot LiOH k CsOH, Ba(OH),

Cnabble
Conu OcHoBaHus Kncnotbl
HekoTopbix BoaHbin pactBop HF, H,S, HCN,
MeTallJioB. daMMHMaKa, H SO : HNO : H CO :
HgC|2, HEPaCTBOPUMMbIE, H2P03’ H POZ, H28i03
CdJ,, amgorepHbie: Mg(OH),,, | oty coolt ©  °
Fe(CNS), Be(OH),. >

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 69



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

CmeLllueHne paBHOBeCUS Cnadboro aneKkTponurta

B npobupky c Bogon gobaensem CH3COOH + METWJT OPAHX —

LUBET KpaCHbIW.

Nob6aensiem CH,COONa

»

- 000 . II

CH,COOH 3= CH,COO -+ H*
CH,COONa 7= CH,COO -+ Na*

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

PacTtBopbl Crabbix 35IeKTPONNTOB

[unccoumnauus:

* H,PO, [ H* + H,PO,", K.= 7,110 ~3,
a =27 %;

* H,PO,” [ H™ + HPO42‘, K,=6.2-10 e
a=0,15 %;

* HPO,,~ [ H™ + PO43‘, K, = 5.0:10 713,
a = 0,005 %.

KoHcTaHTa paBHOBeCUS:
CH,COOH (1 H* +CH,COO"

3akoH pasbaBneHua OcTBanbaa:
3aBUCUMOCTU Kn HEKOTOpPbIX crabdbiX

9MNEeKTPONUTOB B BOAHbIX pacTBoOpax
OT TemMneparypsbl

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 71



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

UHankaTopbl

0 1 2 3 4 5 §) 7 8 9
\ ) 1 |

10 M1 12 13 14

] \ J
| I | |

pH < 7 pH > 7

ET WY e

deHondTanenH becuBeTHbin  becuBeTHbIN

MeTunopaHx Po3oBbi OpaHXeBblil KenTbii

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 72



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

[MpoTonuTHUYyeckasa Teopusi KUCIOT U OCHOBAHUM

— MpoTtoH H*
H

+

2 OcHoBaHue

Kucnorta

Kucnora — goHop KaTMoHOB

BOOOpoAa:
HCI + H O ,— H O+( 5 + Cl™ HCILD H" + CI7
BOZH.) (BOOH.)
|<|/|cn1 OCHOBZ Kncn.2 OCHOB.2 NH4+ T H* + NH

HCO,” O H" + CO32‘.
NaOH(t.) + H,O(k.) — Na+(Boa.) + OH—(Boa.)
OcHoBaHue — akuenTop

* | KaTMOHOB BOAOpOAaA:
OH- (Boa.) + H,O*(BoaH.) — 2 H,O(x) NH, +H" O0NH,",
AIOH?* + H" AP+ H,0,
PO,°" +H" 1 HPO,.

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 73



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

MoHHOOOMEHHbIe peakuumn

HeobpaTtumble peakumm

OGpa3syetcs ocanok (|) BaCl, + Na,SO, = BaSO,| + 2NaCl

BbliaenstwoTtcs
razoobpasHble BellecTBa

Na, S+ 2HCI = H,S1 + 2NaCl

Ob6pa3syeTtcs
crnabbln aNeKTponuT

2CH,COOK + H,SO, = 2CH,COOH +K,SO

4

Ob6pa3sytoTtcs
KOMMSIEKCHbIE COeANHEHNS

Hg(NO,), + 4KJ = K,[HgJ,] +2KNO,

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 74



Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

'moponus coneun

[naponus
coneu

o
Mo CoBMeCTH

[lo aHnoHy KaTUOHY
4 AHVNOH

KaTUOHY bl

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

['Maponu3 no KaTUOHY

NH,CI ZnCl, Cu(NO,),  Al(SO,),
\ v v v
NH,* Zn*? Cu?* Al'3

KaTnoH ogHo3apsaeH:

NH,CI +H20 —> NH4OH?+ HCI
NH,* +HOH [ NH,OH + H* Cpena kucnas
- |

<7
OODH

N
CI-

KaTtnoH MHorosapsaaeH:

AICI, + H,O = AIOHCI, + HCI

rI/I,EI,pOKCOXJ'IOpI/I,EI, alMftoMUHNA

Cpena
Al + H* g—ll__ —— (AIOH)?* + H* K"'{I”“;”
<
*_____I ZC|—\ /C|— OCD
\ /

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 76



Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

'maponu3 no aHUOHY

Na,CO; .S NaCN K PO,
o> §%- CN- PO,™

OpgHo3apsiaHbI @HUOH

NaCN + H,0 —» HCN + NaOH
CN- + HOH <> HCN + OH- PH>T

AN
b "

MHoro3sapsgHbl aHUOH:

Na2803 + HZO = NaHSO3 + NaOH

[MaopocynbduUT HaTpus

2 + - > o _
SO3 - Il_l OH (HSO3) + OH Cpena weno4vHasd
4___/ \ / pH>7
2Na*

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 77




Tema 7. VloHHble paBHOBECUKA B pacTBOpPax 3NeKTPOSINTOB

'maponuns3 Nno KaTUOHY N aHUOHY

OagHo3apsAaHbIM KATUOH N aHWUOH
NH,CN + H,0 — HCN + NH,OH-
ON" + NH, + HOH | HCN 4+ NH,OH-

OLI,HO3apF|LI,HbIVKN@T4I/)§)@@3MHHEQ§@HﬂHbM AHWOH :
NH,OH + NH,HCO,,
NH,* + CO,* + HOH [J
NH,OH + HCO,".
MHoro3apﬂqu|zrrg@N@912M pmmZ@qpﬂquM aHWOH
ZnOHNO, + HNO,,
Zn** + NO,” + HOH [
ZnOH™ + HNO,,.

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 7. /loHHble paBHOBECUSA B paCTBOpax AfEKTPOSINTOB

Peakuuun obmeHa, conposoxgawouuecda rhuagposimn3aom

2AICI, + 3Na,CO,+ 3H,0 — 2AI(OH),| + 3CO, 1+ 6NaCl
Cr,(SO,), + 3Na,S + 6H,0 — 2Cr(OH),| + 3H,S 1+ Na SO,

2Cu(NO,), + 2Na,CO, + H,0 — Cu,(OH),CO, | + 4NaNO, + CO,1

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 79



Tema 8. OkMcnNUTENbHO-BOCCTAHOBUTENBHbLIE peakuum

OkucnutenbHO-BOCCTaHOBUTESIbHbIE PeaKunu

0| + Bg —> 02 + B;
‘ (Cu?* + Fe —» Cu’ + Fe?)

—/ -
o ——— o S

ey

— c— —L:—p—’-..’ Ce—_— -TL-..——._.—
‘ OKHCAeHME l BOCCTaHOBAEHHE

0O, + e-» B, B, - e O
l&:uz’ + 2e> CLO)_] { (Fc - 2e— Ffff )

B nobon okmcnutenbHO-BOCCTAHOBUTENBHOW peakumu
NPUHUMAKOT Yy4yacTMe [Be CONpAXeHHble napbl
«OKUCIINTENb-BOCCTAHOBUTENb» — 01, B1 n 02, 82 :

XoTa okucneHne 0e3 BOCCTaHOBMIEHUSA HEBO3MOXHO,
CaMM npoueccbl MO>XKHO 3alfnMcaTtb pa3gesibHoO.

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 8. OKMCNUTENBHO-BOCCTAHOBUTESbHbLIE PeaKLnK

ANeMeHTbl B MPOMEXYTOYHOU CTeNneHN OKUCNeHns
H2+O‘2 20" +2e—2072

H2+02'
020 ~ 20" -2e— 020
Na,§?% —— S** +6e — S
NaZS"“O3 SO - S**+4e — S9

Na,S*%0, ——[S*-2e — S*

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 81



Tema 8. OKMCNUTENBHO-BOCCTAHOBUTESbHbLIE PeaKLnK

Tunbl OBP

MexxmonekynspHble
2Cu’ +0_°— 2Cu**0*
3H,572 +H,S*°0, — 4S% + 4H,0
6KI™ + 4H_S*°0, — 31 °+S° +3K,SO,+4H.0

BHyTprMOneKynspHble

(N-3H

Cr,*0_ () - N,° + Cr,"0,+ 4H,0
2NaN*50,2 — 2NaN*?0, + 0,
KCI*50,"2 — 2KCI- + 30,°

4)2
[ncnponopumoHnpoBaHue

4KCI*0,—KCI+3KCI*0,
C|20 + 2KOH — KCI™ +KCI*'0O +H20
4Na2$"403 — Na28'2 + 3Na28+60 s

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 82



Tema 8. OkMcnNUTENbHO-BOCCTAHOBUTENBHbLIE peakuum

[MlepmaHraHaTt Kanus

' Mn*
H
KMnO, - MnO,
OR . k,Mno,

2KMnO, + 5Na,S0,+3H,S0, = 2MnS0O,+5Na SO, + K,SO, +3H,0

2 KMnO4+ 5NaZSO3+ H20= 2Mn02+ 3NaZSO4+2KOH
2 KMnO4+ Na2803+ 2KOH = 2 K2MnO4+ Na2804+ HZO

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 83



Tema 8. OkMcnNUTENbHO-BOCCTAHOBUTENBHbLIE peakuum

MOHHO-3NeKTPOHHBLIU MeToa

[02_]I/ICX.B-B > [02_]KOH.B-B
a) knucnas cpega [02_] + 2H" = HZO;
0) Wweno4yHasa n HeWTpanbHasa cpeabl [02_] + HZO = 20H".

[02_]|/ICX.B-B < [02_]KOH.B-B
a) Knucnasa u HeTpanbHasa cpeabl HZO = [02_] + 2H";
6) weno4yHas cpeaa 20H = [02'] + HZO'

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 84



Tema 8. OKMCNUTENBHO-BOCCTAHOBUTESbHbLIE PeaKLnK

ANeKTPoAHbIe NpoLecchl

OkucneHue BoccTtaHoBneHne PaBHOBECHbIN NMOTeHUMarn

N

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 85



Tema 9. OCHOBbI 3NEKTPOXUMUU

[1BOVNHOW 3reKTPUYECKUN Crion

[1Ba cny4asa dgoopmMnpoBaHus

noTeHumnana: a — akTUBHbIW MeTann,

oTpuuaTenbHbI NOTEHUWan;
6 — ManoakTUBHbIA MeTann,
NONOXUTENbHbIA NOTEHLUMan

PacnpeneneHune noteHunana
B BOMHOM 3M1E€KTPUYECKOM
Cloe: r — paccTtosHue ot
NOBEPXHOCTN MeTanna

-
-
-
-
-
-
-
-
-
-
-
-

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 9. OCHOBbI 3NEKTPOXUMUU
Cxema ranbBaHu4eckoro anemeHTa Zn°|ZnSO,||CuSO,|Cu’

2e”
—) < ©
o \

‘ ConeBon MOCTUK

O
-

+++++ +
+ ++++ +
++++ + +
++++ + +

++ 5T
Pacteop ZnS0O, Pacteop CuSO

Mogynb 1. Pasgen 4. PactBopbl U gUCMEPCHbIE CUCTEMBI 87



Tema 9. OCHOBBbI 3M1IEKTPOXUMUN

[Mlpouecchbl Ha aHOA4e U KaTope
AHOO KaTton

© Zn%ZnSO0,||CuSO0,|Cu° ©
A: Zn® — 2e~ — Zn?* (I)O= — 0,76 | okucnenue

K: Cu?* + 2e- —»Cu" (I)O = +0,34 |BoccTaHoB-
neHue

Zn® + Cu?* — Zn2+0+ CuOO
EO_(I) K ¢ A

E°_ , =0,34 —(-0,76)=1,1B.
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Tema 9. OCHOBBbI 3M1IEKTPOXUMUN

Koppo3ua metannoB

r

dnekTpoxmumMmnyeckas Kopposus » BopopoaHas genondpusaums ]

\

Kucnas cpega: 2H" +2 & =H,
O, +4H" +4e — 2H,0

{ KncnopogHasa genonsapusauus ]

\.

BO3OVX
O, 2 vicll HelmparbHas cpeda: O,+2H,0+4€ =40H"

KallinAa 02

EOXEL Fe(OH)2+02—>Fe(OH)3—>FeOOH + HzO

Fet*
OIIOBO \ KETE: 0
(katoxm) e (aHox)

O+ 2H,0 + 46~ —»40H  Fe—sFe?*+ 20
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Tema 9. OCHOBbI 3NEKTPOXUMUU

3aluTa OoT Koppo3uu

MeToabl

i 3aLUUTbI v

3almMTHbIE NOKPbITUSA KatogHasa 3awuTa

AHofHoe AHopHas 3aluTa
=2 KartogHoe

N3meHeHne cBoncTB
KOPPO3MOHHOM cpeabl

PauunoHanbHoe KOHCTpyMpoBaHue

n3genunn

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI

JlernpoBaHne metansnos MeToa npoTekTopa
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Tema 9. OCHOBBbI 3M1IEKTPOXUMUN

[lpoTekTOpHanA 3awmTa

CtanbHaga
Tpyba

LinHkoBbIN
Bnok

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 9. OCHOBBbI 3M1IEKTPOXUMUN

ANeKTponu3 pacnraBa

NaCl [1 Na+ + Cl-

Katoag: Na+ + e [1 Na
AHog: 2CI~ - 2e™ [ CI2

2Na™ +2CI” U2 Na + Cl,

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 9. OCHOBbI 3NEKTPOXUMUU

ANeKTPOorin3 BoAHbIX pacTBOpPOB

KaTtogHble npoLecchl
Li Rb K Ba Ca Na Mg

BoccTtaHaBnuBaetcs:
2H,0 + 2e” =H, + 20H"
Unu

2H™+ 2e™ = H,

Al MnZn Cr Fe Co SnPbHCu Hg Ag Pt Au

CoBMecCTHoe BoccTtaHaBnmuBaetcs:
BOCCTaHaBl1eHue: MeTarnn
Me™"+ ze~ = Me® Me™ + ne” = Me®

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

AHOHble npoLecchl

BoaHble pacTteBopbl

OKncNATCS aHUOHDI:

He okncnarTcsa aHUOHbI;

R-COO—-<CI-<Br-<|-<8S2-|F< 3042- < Nos- < CO32'<

2CI—2e” =Cl,
2R-COO™— 2¢” = 2CO,1 + R-
R

PO 43',

a OKUC/ISIFOMCS MONeKynbl
Boabl: 2H,0 —4e-=0, +
4H*

LLlenoyHble pacTBopbI

OkucnsawTcs:
40H4e” =0, +
2H20

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Tema 9. OCHOBbI 3NEKTPOXUMUU

Cxema aneKTpornusa pacTtBopa

AnekTponus NHepTHbIE aneKkTpoabl

2Na,SO, + 6H,0 — 4 NaOH +2H,+ 0, +2H_SO,
Na,SO, —2 Na*+ SO,
Katoa(-) AHopg (+)
lMpouecchl, npoTeKawowme

Na*, H,Q: 2H,O+2e"=H)+20H7) 2  BoccraHoereHue

S2,2,H,0:  2H,0-4e =0+4H". | 1  oKucnenne

6H,0 = PIAESTelTy + e

ypaBHeHue

aesﬁponvlsa

[MpoayKThl H2 NaOH:
02 : HZSO4.
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Tema 9. OCHOBbI 3NEKTPOXUMUU

Cxema aneKTpornusa pacTtBopa

OneKTponun3 NHepTHbIe anekTpoabl

NiSO, + H,0 —

NiSO, — Ni#*+ 80,

v

Katoa(—) AHOA (+)

lNMpouecchbl, npoTekarwwme

NiZ*, H,0:  Ni#* + PEgl=Ni
2H O + PRg~ H2° + 20H"; 1 BOCCTaHOBMEHWE
SO42', H,O: 2H,0 -4e = 020 + 4H". 1  oKucneHue
Ni + 44,0 = Ni+ H,+ 250, + 453 Oblice
2 H,0 ypaBHeHue
aesﬁponvlsa
[TpoayKThl Ni, H2;
O, ,H,S0,.
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Tema 9. OCHOBbI 3NEKTPOXUMUU

3aKkoHbl Papagen

i%i' [-t-3
“ m=——
A F

-

rae m — macca obpasoBaBLUErOCs UNu NoABEprilerocs NpeBpaLLeHnio
BELLECTBA;

O — 9KBMBaneHTHas Macca BeLEeCTBa;

| — cuna Toka, A;

t — Bpems, C;

F — noctosHHaga Papagesa: 96500 Kn/mornb.

[1pn npeBpaLleHnn OOHOro MOMS 9KBMBANEHTOB BELLECTBA Ha 3fIEKTpoAe
Yyepes Hero npoxoant 96500 Kn (A-c).

Mopaynb 1. Pasgen 4. PacTtBopbl 1 AUCMEPCHbIE CUCTEMDI
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Moaynb 2

XUMUSA 3rNeMeHTOoB
N X coeauHEHUN




Pa3nen 6

ObLasa xapakrtepucTumka
XUMUYECKNX ANEMEHTOB

XNUMUSA 3NEMEHTOB N UX COEANHEHUN

98



Tema 10. O630p XMMMNYECKMUX CBONCTB HEMETAINOB U NX COEAUHEHUN

N3MeHeHne CBONCTB HEMeTasrioB

YMeHbLUeHne paanyca atoOMOB.
YBenunyeHue: CpOoAdCTBaA K 3JIEKTPOHY, OKUCNUTENbHON aKTUBHOCTMW.
OcnabneHne mMeTann4yecknx CBONUCTB.

IIIA -- VIIA VIIIA
YBenunyeHue

-“-- Yuenbierie:
o U IO -
NN N CPOACTBa K AMEKTPOHY;
B RN NN RN § ooonvrensroi axmvsrocti
7 p2 I,:)3 p4 p5 p6

p1

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 99



Tema 10. OB30p XMMNYECKNX CBONCTB HEMETASMOB N UX COEANHEHNN

N3MeHeHne KMCNOTHbLIX CBOUCTB
coeANHEeHUU HemMeTannos

+3 +5
H,PO, — H,PO, — H,P,0O,
doocopucTas doocopHas andocdopHas

+4 +6
H,SO, - H,SO0, - HSO0,
cepHuUcTas cepHas TNOCeEpPHas
+ +3 +5 +7
HCIO - HCIO, - HCIO, - HCIO,

XJTOPHOBATMUCTas XNopuctasd XNOpHoBaTasl XropHas

YcuneHme KUCNOTHbIX CBOWCTB

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 10. O630p XMMMNYECKMUX CBONCTB HEMETAINOB U NX COEAUHEHUN

Kucnorbl HemeTannos

ST

CunbHble Cnabble
SNEKTPONNTLI SNEKTPONUTHI

* — HeYCTONYMBLIE KUCIOTbI

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 101



Tema 11. KomnrnekcHble coeanHeHns

Ctpyktypa KatnoHa [Cu(NH,).]*

Sp
[Cu(NH,),I" ( \
Cu %s _A;)

NN

3

%ﬁ%%%4p

Cu*
4s$ u

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 11. KomnrnekcHble coeanHeHns

KomnnekcHble coeauHeHus Nit?

[Mbpnansaumsa aToMHbIX opbutanemn npm obpasoBaHuUn napa-

Y OnamMarHUTHbIX KOMMMAEeKCHbIX MoHOB Nit?

3
[Ni(NH,),]%* / * \
WAL AN
4s 4p |

NH, NH,NH,NH,

Ni%*

NN S szd\
[y
Ni* %%%% CN- CN- CN-CN

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB



Tema 11. KomnrnekcHble coeanHeHns

Teopua Kpuctannmyeckoro nons

PacnpeneneHune arnekTpoHOB MO 3HEePreTUHecKMM NMoayPOBHAM
B komnnekce [Co(NH,) ]**

[Co(NH,).I** NH, — nurang cunsHoro nons
Co3* 489 3¢

wm{

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB



Tema 11. KomnrnekcHble coeanHeHns

Teopua Kpuctannmyeckoro nons

[CoF > F~ — nuraHg cnaboro nonsi, UMeoLWnin

HenogereHHble rnapbl 3J1IEKTPOHOB
Co® 450 3¢P P P

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 105



Tema 12. CBoncrea MeTannoB U X cCOeauHEHNN

Kpuctannunyeckue pelwieTtkm meTtannoB

Kpuctannuyeckue peLueTkn MeTanmnos:
a — kybnyeckass o6beMHO LEHTPUPOBAHHAS;
6 — Kybnyeckasa rpaHeLeHTpUpoBaHHas;
8 — rekcaroHarnbHas

Mopaynb 2. Pasgen 6. Obuwasa xapaktepucTnka XMMmM4eCKUX 35IEMEHTOB 106



Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

OOpa3oBaHue IHepreTu4ecKux 30oH
B OOQHOBaNeHTHOM MeTarnne

Paspbixnsatowme opbutanm

BaneHTHbIe 3NeKTPOoHbI
B cBO6OAHOM aTtome

,,;’,’/ 30Ha NpoBOANMOCTH
BaneHTHasa 3o0Ha

‘ ' . . /d”l
\Nessingiib,
'0 ,,‘,,.,, 3anosnHeHHble opbutanu

Olnll

CBobogHas 3oHa

BHyTpEHHMe ANEKTPOHbI

ObpasoBaHne 3HEPreTUYECKNX 30H
B OHOBASIEHTHOM MeTanne

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

Obpa3oBaHue IHepreTM4eCKunx 30oH
B KpuUcTasnsne ANaneKkTpuka
Ha Nnpumepe anmMa3sa

1 — BaneHTHas 30Ha,
2 — 3arnpeLleHHas 30Ha;
3 — 30Ha NPOBOAMMOCTH

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 108



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

N3mMeHeHUne 3aHeprmm MOHN3aLuunm
B noAarpynnax s- U d- afieMeHTOB

S' I! I’
epvon MeTannbl 3B/mMonb MeTannbl 3B/mMornb
4 K 4,34 Cu 1,72
5 Rb 4,18 Ag 20
6 Cs 3,89 Au 9,22

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

BbuHapHble coeguHeHUs

Okenabl — Na, O, BaO.
Mepokenabl — Na, O, BaO.,,.
lanuapl — KCI, CaF,,.
Cynbdunabl — MnS, AI283.
'mapunabl — LiH, CaH,,.
Hutpmasl — Na,N, AIN.
Kapbuael — Be,C, CaC,,.
dochuabl — Ca3P2, Na,P.
bopuael — AIB, Mg,B,,.
Cvnuumabl — Mg, Si, AI4Si3.

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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K,O

KOH

Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

KncnorHo-oCHOBHbIe CBOUCTBA
OKCUOO0B U rMAPOKCUAOB

CaO Sc.O

Ca(OH), Sc(OH),

OCHOBHbIE

TiO V,0

Ti(OH), VO(OH),
H,TIO, HVO

3

AMQOTEpPHbIE

CrO Mn,O

H2CrO4 HMnO4

KnucnotHble

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 111



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

KoHueHTpUpoBaHHasA a3oTHadA KUcrnoTa

= HUTpAaT + { ) +H,0
HNO,( pa30.) + cp.akt. Me = Hutpat + N, (N,O, N,O,, HNO,) + H,O
Manoakt. Me = Hutpat + NO + H,O

NO,"+10 H" + 88 = NH," + 3H,0 E° = 0,87 B;
NO,”+4 H" + 3¢ = NO + 2H,0 E°=0,96 B;
2NO,"+10 H* +88 =N,0 + 5H,0 E°=1,12 B;
2NO,”+12H* +10e =N, + 6 H,0 E°=1,25 B;

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 112



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

KoHueHTpupoBaHHaA cepHasa KMCroTa

= cynbdar + +H,0
H,SO,(k) + | Cp.akt. Me = cynbdpat + S + H,O
Man.agt. Me = cynbdpat + SO, + H,0

SO,2 + 10H*+88 = H,S+ 4 H,0 E =0,31B;
SO42— +4H*+28=80,+2H,0 E =0,31B;
SO42‘+8H++6é=S+4H20 E =0,15B.

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

Pyobl metannos

OKkcungHble

Fe, O, — rematut
ALO, - nH,O —
bokeuT

Cu,O — kynput
SnO, — kaccuTeput
MnQO, — nupontosut

CynbdpungHble

PbS — ranenur

FeAsS — apceHonmnput
FeS, — nupuTt

MoS, - MonnubaeHuT
CuFeS, — xanekonuput

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 114



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

'mapomeTannypruieckum Mmetop noriyyeHus 3omnora

4Au + O, + 8NaCN + 2H,0 = 4Na[Au(CN),] + 4NaOH;
Au + 2CN™ - 1 & = [Au(CN),]| 4
O, + 2H,0 + 4& = 40H;
1

4Au + O, + 8CN™ + 2H,0 = 4 [Au(CN),]~ + 40H"

2Na[Au(CN),] + Zn = Na,[Zn(CN),] + 2Au

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 115



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

®u3nKo-xmMmmyeckue xapakTepmcTmku S-metannoB

YMeEHbLUEHNE SHEPTNU NOHM3AL NN, EVIOH

YBenmyeHne BoCCTaHOBUTENbHOM aKTUBHOCTU

= 520496419403 375384

MOH

K[>x/Monb

9 — O+ Li Na K Rb Cs Fr

Ra, um 0,155 0,189 0,236 0,248 0,268 0,280
= 899738590549503509

k[x/Monb
O+ - 02" Be Mg Ca Sr Ba Ra
Ra,um 0,133 0,160 0,197 0,215 0,221 0,235

YBenunyeHue paguyca atToMoB

HM — HaHomeTp (1 HM = 107 m)

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

MuHepanbl S-meTannos

KCI-NaCl — cmnbBUHUT CaF, — qontooput

KCI| — cunbBuH CaCQO, — kanbuunt
KCI-MgCl,-6H,0 — kapHannut ~ MgCO, — marHeaut

NaCl — ranut MgCQO,-CaCO, — nonomut

Na,SO,-10H,0 — mupabunut CaS0,-2H,0 —runc
BaSO, — 6aput
SrS0O, — uenecTuH

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 117



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

dPusnyeckmne cBomncTaa areMeHToB |A-rpynnbil

MeTtann

tnn., °C

[11OTHOCTB,
r/cm®

CopgepxaHue B

3eMHoun Kkope, %

2,2

3,2 -107¢

2,5

2,5

1,5 107

3,7 107

PagnakTt

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB
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Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

dusnveckmne ceoncrtaa anemeHToB lIA-rpynnoi

MeTann
tnn., C

[1NOTHOCTBD,
r/cm®

CopepxaHue B
3eMHomn kope, %

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 119



Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

B3anmopgencrteue anemeHToB |IA-rpynnbl
C NpPOCTbIMM BellecTBaMu

Cnnasbil, MHTEpMETarinabl

Tonbko j —» LisGs ‘

oH
Me ) P4

800 °C t/t
Li — Li,0 0, (136. ) ral,

Na —PNa,0, e 3 = 5 (T =F, Cl, Br, J)

K, Rb, Cs—» 30, Li, Na, K—V cJ,nput
, S

N
Va :

35N
'

328, 328“
= 2(Li), 5(Na), 6(K, Rb, Cs)

max

93P

(n

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB



Tema 12. CBoncTBa MeTanoB U UX COEOAUHEHUN

B3anmopgeuncrteue anemeHToB lIA-rpynnbi
C NpPOCTbIMM BellecTBaMu

CFIJ'IaBbI, UHTEpMETannnabl
Be —» Be,C, BeC,
Mg, Ca, Sr, Ba —» OH, (kpome Be)

—» 3C, (t °C) Mg npu Bbicokom P

(peakums npofeider
B cpede aproHa)

33P2 - 3 — 3r2

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN
Pyobl metannos

KapboHatel: CaCO, — kanbuuT (Men, Mpamop, N3BECTHSK);
SrCO3 — CTPOHUMUAHUT; CaCO3 : MgCO3- OONOMMT.

Cynbatel: BaSO, — 6apuTt
CaSO4 : 2H20 — [UNC; NaZSO4- 1OH20 — MUpabunur.

[[anuabl: KCl — cunbBuH; NaCl - KCl — cunbBUHUT;
KCI - MgCl, - H,0 — kapHannur;
3NaF- AlF, — kpronur.

CunukaTbl 1 antOMOCUINNKATDI:
ZrSiO4 — umpkoH; 3BeO- AI203- GSiO2 — bepunn;
Na,O (K,0) - ALLO, - 2Si0, — HedrenuH.

[TonumeTannuyecknee pyapl:
FeTiO, — unbmeHuT (TrTaHar);
CaWO, — weenut (Bonbtpamar); PbCrO, — kpokeut (xpomart) v ap.

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 122



Tema 12. CBoncTBa MeTanmnoB U X CoeaUHEHUN

KncrnotHo-oCHOBHbIe CBOUCTBA OKCUAOOB
N rmapokKkcmaoB MapraHua

MnO MnO, MnO, Mn,O,
Mn(OH),
Mn(OH), H,MnQO, H,MnO, HMnO,
H,MnQ,
OcHoBHble | AMoTepHLIe KncnoTtHble

Moayne 2. Pasgen 6. O6wasa xapaktepnuctnka XuMmn4eCknx 3rieMeHTOB 123



Moaynb 3

XMunyeckada naeHTumunKkaums
N aHanu3 BeLlecTBa



Paspen 7.
Xummnyeckme n Pusnko-XmnMmn4eckmne

OCHOBHbI€ NPUHLMMbI
Ka4yeCTBEHHOro aHanuaa

TUTpUMeTpnYecKknn aHanuns

O6LIJ,89I XapaKTepuctuka (bI/I3I/IKO-XVIMI/I‘-IeCKI/IX mMeToaoB
aHarnumaa. aﬂeKTpOXMMI/I‘-IeCKVIe MeTOoAdbl.

NOTEHUNOMETPUA, BOJIbTaMNnepoMeTpus, KOHOAYKTOMETPUA

Xummndeckasa naeHtndukaums n aHanms BelecTsa
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Pa3pen 8.
dusunyeckne Mmetoabl aHanmsa

CI'IeKTpaJ'IbeIe MeTOodbl aHarnm3a

MeToabl, OCHOBaHHbIE HA B3aUMOAENCTBUMN
BelectBa C MAarHATHbIM TMoJiem

KonebaTenbHas cnekTpocKkonus

PeHTreHOonyopecLUeHTHbIN MeToA

PagnoaktnBaLnOHHbIM METOA

Xummndeckasa naeHtndukaums n aHanms BelecTsa 126



09 CIVE] NOoJNMy4YyeHUsA aHaJIMTU4eCKOro CUurHara
B Ka4eCTBEHHOM aHaJlinie

AHanutunyeckas peakums

AHanunTnyecknn

AHanunsupyemoe

BELLEeCTBO

peareHT

MpoaykT, AaroLwmnm

aHanNUTU4YeCcKnn
curHan

BbliaeneHue JliomnHectinpytolll Ocanok
rasa ee A
BeLLEeCTBO

Xummndeckasa naeHtndukaums n aHanms BelecTsa 127



Knaccudpunkaums aHanmMTu4eCcKMx peareHToB

Cneuunduyeckue
(Hanpumep, Kpaxmar
ans
ObHapyxeHusi |,)

AHanuTnyeckue
peareHTbl

(Hanp.,
ONMETUMTTINOKCUM
B aMMMa4yHoOM
BydepHOM pacTBope
05151 OBHapy>XeHns

NpynnoBble
(Hanpumep, HCI gns
otaenenus Ag (1), Hg(l),
Pb(Il))

Xummndeckasa naeHtndukaums n aHanms BelecTsa 128



Bbi6op cnocoba TutpoBaHusA

Ycrnosua onpeneneHusd

1. Peakuus TuTpaHTa c onpegensemMbim
BELLECTBOM: CTEXMOMETPUYHA,
NpoTeKaEeT BbICTPO, KONMMYECTBEHHO.

2. NmeeTca nugukaTop.

1. Peakuma TutpoBaHuda npotekaet
Mea1eHHO.

2. Onpenensemoe BELLECTBO feTyYee.
3. HeT nngunkaropa.

1. Peakunsa tTutpoBaHus
HecTexmomMmeTpuyHa.

2. OnpegensieMoe BeLwecTBO
HeyCTOMN4MBO.

3. HeT nngunkaropa.

Xummndeckasa naeHtndukaums n aHanms BelecTsa

Cnocob TuTpoBaHus

[MpsiMoe TUTpoBaHuUE:
aHannampyembin pacTeop +
TnTpaHT go KTT

Ob6paTtHoe TuTpoBaHHUeE:
aHannampyembin pacTeop +
onpegensemMbin 06bemMm cTaHOapTHOroO
pacTBopa; U3bbITOK CTaHAAPTHOIO
pactBopa + TutpaHT go KTT

TuTpoBaHue 3amecTuTens:
aHanuampyemblin pacTeBop + n30bITOK
BCNomMoraTenbHoro pacrtesopa —
3amecTtuTtenb + TuTpaHT o KTT
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