
9
n

..,

tu

�

"C

:s:

m

::J

::a

:I:

o. c. ra6pi1eIlSIH

><
S

�
S

I�

8 '��I �, ,�,...
.

,

KI1ACr
I

"..

DPOcj)a 100__

�:_�J
I "

llilllillil'11Il� I�
q IB.I.i!di IIB.lflII

�r.;
I

Ipocj)a

,

U

U

«

c:;:

::.::

IIIR

)

"



01

nep140A14LleCKaSi C14CTeMa X14M14LleCK14X 3neMeHTOB A. M. MeHAeneeBa

r P Y fi fibI 3.1IEMEHTOB
nEPMOAbl

I II III IV V VI VII VIII

H 1
(H) CIiIMBon 3neMeHTa-

l nOP��KoB�oMep
He 2

1 15' 1,00797
15

2
4,0026

BOAOPOA
fen...,"

Li 3 Be 4 B 5 C 6 N 7 0 8 F 9 3neKTpoHHa� Na 11-
Ne 10

2 KOHcplilrypal\IiI�- 35' 22,989825' 6,939 25' 9,0122 2s
2

2 p
l

10,811 2s
2

2 p
2

12,01115 2s
2

2 p
3

14,0067 2s
2

2 p
4

15,9994 2S22p5 18,9984

1
2s

2
2 p

6
20,183

J1I1TIIIM 6epllll111MM 60p Yrnepo,A A30T KL1cl1opo,A <!>rop
BHewHero cno� HaTp..." HeoH

..1
Na 11 Mg 12 _\1 13 Si 14 P 15 S 16 CI 17

Ha3BaHlile 3neMeHTaJ
OTHocliiTenbHa� Ar 18

3 35' 22,9898 35' 24,312 3523V 26,9815 3s
2

3p2 28,086 3s
2

3 p
3

30,9738 35
2

3 p
4

32,064 3S'3p5 35,453
aTOMHa� MaCCa

3s
2

3 p
6

39,948

HaTplllM Mal"HIIIM AnlOMIo1HIIIM KpeMHL1M <l>occl>op Cepa Xnop AproH

K 19 Ca 20 21 Sc 22 "1': 23 V 24 C� 25 J\,'I"TI 26 Fe 27 ('(\ 28 �i
45' 39,102 45' 40,08 44,956 3d'45' 47,90 3d 2

4s
2

50,942 3cf345' 51,996 3cf345' 54,938 Sd
5

4s2 55.847 3(1°45
2

58,9332 3d' 45
2

58,71 3d
B

4s'"

4
Kam..,it Kal1b4111M CK3H.AIo1" TMT3H BaHap,HM XpOM Map raHe 4 )Keneao Ko6al1bT HIo1Kel1b

29 Cu 30 Zn Ga 31 Ge 32 As 33 Se 34 Br 35 Kr 36
63,546 3d104s

1

65,37 3d
1O

4$2 4s
2

4p1 69,72 4s
2

4p2 72,59 4S
2

4p
3

74,9216 4S
2

4 p
4

78,96 4S
2

4p5 79,904 4s
2

4p
6

83,80
Me,Ab LI...,HK ranl1lo1M repM3HMM MblWbSlK CeneH 6POM KplllnToH

Rb 37 Sr 38 39 Y 40 Zr 41 Nb 42 Mo 43 Tc 44 Ru 45 Rh 46 Pd
55' 85,47 55' 87,62 88.905 4d 1 5s

2
91,22 4d

L

5s
l

92,906 4d
4

SS
1

95,94 4d 5
5s

1
[99] 4d

5
SS

2

101,07 4d
7

SS
1

102,905 4d
8 5s1 106.4 4d

1O SsO

5
Py6111.AIo1M CTpOHLI,Io1ii1 Lo1TTplll� Ll,MpKOHIo1� HM06101� Mon..,6,AeH TeXHe4"1M PYTeHMM PO,AMM nanna,AMM

47 A 48 Cd In 49 c_ 50 -'� 51 Te 52 I 53 Xe 54
107,868 4dlOSS 1

112,40 4d
1 055''- 55

2

Spl
114,82 55

2

5p2 118,69 55
2

Sp3 121,75 5s
2

Sp4 127,60 SS2Sp5 126,9044 SS2Sp6 131,30

Cepe6po Ka,AMI1M Lo1H.Q,Io1� Onoeo CypbMa Tennyp 1110" KceHoH

Cs 55 Ba 56 57 La* 72 H.. 73 Ta 74 W 75 p� 76 n� 77 TJ' 78 Pt
65' 132,905 65' 137,34 138,81 Sd 1

6s
2

178,49 4f
14

Sd 2
6s

2
180,948 4f

14
5d 3

6s
2

183,85 4f
14

Sd 4 6s
2

186,2 4f
14

5d 5
6s

2
190,2 4f

14
Sd 6

6s
2

192.2 4 f145d 7
65

2
195,09 Sd

9
6s

1

6
Ll,e3&'li1 EiapM� J1aHTaH raC%>HMM TaHTal1 Bonbcl>paM PeHMM OCMIo1� Lo1plll,AIo1M nnaTMHa

79 Atl 80 Hp- TI 81 Pb 82 tJi 83 &>0 84 At 85 Rn 86
196,967 5dlU6s

1

200,59 5d 10 6s' 6s
2

6pl 204,37 65
2

6p? 207,19 6s
2

6 p
3

208,980 6s
2

6 p
4

[210] 6s
2

6p5 210 6S
2

6 p
6

[222]
30noTo PTYTb TannMM CBMHe4 BMCMYT nOI10HIo1� AcTaT

Pa,AOH

Fr 87 Ra 88 89 Ac** 104 ....
105 Dh 106 SO' 107 Fh 108 Hs 109 Mt 110 Ds7 75' [223] 75' [226] [227] 6d'75' [261] 5f 14

6d 2
75

l

[262] 5f
14 60"'75"-

[263] Sf
14

6d
4

75
2

[262] Sf
14

6d
5

75
2

[265] 5f
14

6d
6

7S
2

[266] Sf
l4

6d
7

7s
2

[271] 6d
9

7s1
C%>p aH 4 101M Pa,AIIIM AKTMHMM Pe3epcl>°PAIo1M .o.y6HIo1� C....6op....l11� Eiop....� XaCCI1M MeMTHeplllM ,Q,apMWTa,l:fnU1

BbICliIIIE

R
2
0 RO R

2
0

3
R0

2
R

2
0

5
R0

3 R
2
0

7 R0
4

OKCM,I\bI

JIETY"IME

BOAOPOAHbIE
RH4 RH3 H

2
R HRCOE,[lMHEHM.II

oJ: 58 Ce 59 Pr 60 Nd 61 Pm 62 Sm 63 Eu 64 Gd 65 Tb 66 Dy 67 Ho 68 Er 69 Tm 70 Yb 71 Lu
JIAHTAHOI1)J;:bI 140.12 41'5d'65' 140,907 41'5do65' 144.24 41

4
5do65' [145] 4f 5 5d()6s 2

150,35 41'5do65 2

151,96 4f5do6s?' 157,25 4t'5d'65' 158,924 41
9 5cf'65' 162,50 4f

1O
Sdo6s 2

164,930 4f1 1
Sd

o
6s

2
167,26 4f1 2 5doSs 2

168,9344f1
3 5doSs 2

173,04 4f 14 SdoSs 2
174,97 41'

4
5d'65'

Ll,eplllM npa3eO,AIo1M HeO,AIIIM npOMeTIIIM CaMapW1M EBponlllM rap,OI1I1HIIIM Tep6..,� .o.IIIcnp03111M rOl1bMIIIM 3p6111M TynlllM Lo1TTep6101M J1IOTe4I11M

oJ:* 90 Th 91 Pa 92 U 93 Np 94 Pu 95 Am 96 Cm 97 Bk 98 Cf 99 Es 100 Fm 101 Md 102 No 103 Lr
AKTJAHOMJI:bI 232,038 51

0
6d'75' [231] Sf

2
6d

l
7s

2

238,03 Sf
3

6d
1 7s7. 1237] Sf

4
6d

1
7S

2

[242] 51'6cf'75' [243] 5f
7

6do7s
2

[247] 5f76d17S2 [247] 5f
9

6do7s
2

[249] 51
'0

6do75' [254] 51"6do75' [253] 5f
12

6do7s
2

[256] 51"6do75' [255] 51
14

6cf'75' [257] 5fl46d 1
7S

2

Toplo1� npoTaKTIo1HIo1M YpaH HenTYHIIIM nnYToHMM AMepM4"1M KlOplll� EiepKJ1IIIM KanMcI>opHIilM 3MHwTeMHIII� Cl>epMIIIM MeH,AeneBIo1M Ho6enlll� J1oypeHC(.1M

KpaCHblM Ll,BeTOM 0603Ha'-leHbl 3HaKiII HeMeTannOB; 3eneHbiM --

MeTannOB, 06pa3YlOllI,iIIX aMcpOTepHble OKCIIIAbl1ll rillAPOKCIIIAbl;

'-IepHblM
-

MeTannOB, 06pa3YIOL1jIllX OCHOBHble OKCIIIAbl1ll OCHOBaHiIIR
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I1pe,1J;:Ii1CJ10Bl1e

,ZJ;oporHe pe6.HTa!

BOT BbI H ,n;OpOCJIM ,n;o H3y�eHH.H XHMHH -

em;e O,n;HOM
H3 eCTeCTBeHHbIX, T. e. H3y�alOm;HX npHpo,n;y, ,n;HC:U;HnJIHH.

C HeKOTopbIMH H3 npe,n;MeTOB eCTeCTBeHHoro :U;HKJIa
- 6HO-

JIOrHeM, reorpaqmeM, -pH3HKOM - BbI Ha�aJIH 3HaKOMMTbC.H

Ha O,n;HH-,n;Ba ro,n;a paHbllie.

XHMM.H, KaK HaYKa 0 Bem;eCTBax, BKJIIO�eHa B pacnHcaHHe

ypOKOB H3 60JIee n03,n;HeM CTa,n;HH 06y�eHH.H B lliKOJIe. II :3TO

He CJIyqaMHo, TaK KaK :3TOT npe,n;MeT Tpe6yeT K ce6e oc060ro,

B3pOCJIOro M OTBeTCTBeHHoro OTHOllieHH.H, .HBJI.HIOm;erOC.H 3a-

JIOrOM 6e30nacHoro 06pam;eHH.H C Bem;eCTBaMH, Be,n;b MHorHe

H3 HHX .HBJI.HIOTC.H e,n;KHMH, .H,n;OBHTbIMH HJIH orHeonaCHbIMH.

IIpH H3y�eHMM XHMMM H ,n;pyrHx eCTeCTBeHHbIX ,n;MC:U;Hn-

JIHH lliHpOKO HCnOJIb3YlOT TaKOM BamHeMlliHM MeTO,n; n03Ha-

HH.H, KaK Ha6JIIO,IJ;eHIle.

Ha6JIIO,IJ;eHHe :3TO :u;eJIeHanpaBJIeHHOe BOC-

npH.HTHe XHMM�eCKHX 06'beKTOB (Bem;ecTB M HX

CBOMCTB) C :u;eJIblO HX H3y�eHH.H.

,ZJ;JI.H Toro �T06bI Ha6JIIO,n;eHHe 6bIJIO nJIo,n;OTBOpHbIM, He06-

XO,n;HMO C06JIIO,n;aTb p.H,n; YCJIOBHM.
1. HymHo �eTKO onpe,n;eJIHTb npe,n;MeT Ha6JIIO,n;eHH.H, T. e.

TO, Ha �TO 6y,n;eT 06pam;eHO BHHMaHHe Ha6JIIO,n;aTeJI.H, -

KOHKpeTHoe Bem;ecTBo, ero CBOMCTBa, TO HJIH HHoe npeBpa-

m;eHHe Bem;eCTBa M T. ,n;.

2. He06xo,n;HMO 3HaTb, 3a�eM npOBo,n;HTC.H Ha6JIIO,n;eHHe,
T. e. �eTKO C-POPMYJIHpOBaTb ero :u;eJIb.

3. HymHo COCTaBHTb nJIaH Ha6JIIO.n;eHH.H. A ,n;JI.H :3TOrO CJIe-

,n;yeT BbI,n;BHHYTb rMnOTe3Y (OT rpe�. (,npe,n;nOJIOmeHHe») 0

TOM, KaK 6y,n;eT npOHcxo,n;HTb Ha6JIIO,n;aeMoe .HBJIeHMe. rMnOTe-

3a MomeT 6bITb BbI,D,BHHYTa H B pe3YJIbTaTe Ha6JIIO,n;eHH.H, Kor-

,n;a nOJIyqeH KaKOM-TO pe3YJIbTaT, KOTOpbIM HymHo 06'b.HCHHTb.

HaY�Hoe Ha6JIIO,n;eHHe OTJIH�aeTC.H OT Ha6JIIO,n;eHM.H B mH-

TeMCKOM CMbICJIe :3TOrO CJIOBa. KaK npaBHJIO, HayqHoe Ha-

s II
,

I



6mo.n;eHHe npOBO.n;HTC.H B CTpOrO KOHTpOJIHpyeMbIx YCJIOBH-

.HX, npHqeM YCJIOBH.H :3TH MOmHO H3MeH.HTb no meJIaHMIO

Ha6JIIO.n;aTeJI.H. qam;e Bcero TaKoe Ha6JIIO.n;eHMe npOBo.n;MTC.H
B CneIJ;HaJIbHOM nOMem;eHHM

- JIa60paTopMM.

..
llCCJIe.n;OBaHHe, KOTopoe npOBo.n;.HT B CTporo KOH-

TpOJIHpyeMbIx H ynpaBJI.HeMbIX YCJIOBM.HX, Ha3bI-

BalOT 3KcnepHMeHTOM (OT JIaT. <,onbIT», <,np06a»).

3KcnepHMeHT n03BOJI.HeT no.n;TBep.n;HTb HJIH onpOBeprHYTb

rHnoTe3Y. TaR -pOPMYJIHpyeTC.H BLIBO}];.

HeKOTOpbIe Ha6JIIO.n;eHH.H Hey.n;06Ho HJIH HeB03MomHO npo-

BO.n;HTb Henocpe.n;cTBeHHo B I1pHpo.n;e, I10:3TOMY B H3yqeHHH
XMMHH 60JIbInylO pO JIb HrpaeT MO}];eJIHpOBaHHe. B JIa60pa-
TOpHbIX YCJIOBH.HX HCnOJIb3YlOT OC06bIe npH60pbI, YCTaHOBKH
M npe.n;MeTbI

-

Mo.n;eJIM (OT JIaT. <,06pa3eIJ;»), B KOTOpbIX KO-

I1HPYIOTC.H TOJIbKO CaMbIe BamHbIe, cym;ecTBeHHbIe npH3HaKH
M CBOMCTBa 06'beKTOB H3yqeHH.H.

..
MO}];eJIHpOBaHHe - :3TO H3yqeHHe 06'beKTa C no-

MOm;blO nOCTpOeHH.H H H3yqeHH.H Mo.n;eJIeM, T. e.

ero 3aMeHMTeJIeM, HJIM aHaJIOrOB.

", --"-,,,' '-,-'-."._., ,;"'>

Y CJIOBHO XHMMQeCKHe Mo.n;eJIH MomHO pa3.n;eJIMTb Ha .n;Be

rpynnbI: npe.n;MeTHbIe (Mo.n;eJIH aTOMOB, MOJIeKYJI, KpHCTaJI-

JIOB, XHMHQeCKMX YCTaHOBOK H T. .n;.) H 3HaKOBbIe, HJIH CHM-

BOJIbHbIe (CMMBOJIbI XHMMQeCKHX :3JIeMeHTOB, -pOPMYJIbI Be-

m;eCTB, ypaBHeHH.H peaKIJ;HM M T. .n;.).
B HarneM YQe6HMKe HCnOJIb3YIOTC.H CJIe.n;YIOm;Me CHMBOJIbI,

KOTOpbIMH CJIe.n;yeT PYKOBO.n;CTBOBaTbC.H npM pa60Te C HMM.

IT
?
. ...

KJIIOQeBbIe CJIOBa H CJIOBOCOQeTaHM.H.

BonpOCbI M 3a.n;aHH.H.

.. IIpaBMJIa M onpe.n;eJIeHM.H.

meJIalO BaM ycnexoB B M3YQeHHH XHMHH :3TOM HHTe-

peCHOM H He06xo.n;HMOM HaYKM B mH3HH Kam.n;oro QeJIOBeKa.

A6mop

4

"

� .

;'� ..,

BBe,n;eHMe

� 1 ITpe,n;MeT XIfMIfIf. Bem;eCTBa

BbI HaQHHaeTe 3HaKOMHTbC.H C HOBbIM YQe6HbIM npe.n;Me-

TOM - XHMHeH. A QTO H3YQaeT XHMH.H?

..
XHMHH - :3TO HaYKa 0 Bem;eCTBax, HX CBoMcTBax

H npeBpam;eHH.HX.

qTO me npHH.HTO Ha3bIBaTb Bem;ecTBoM? IIonp06YMTe ca-

MH OTBeTHTb Ha :3TOT Bonpoc. IIo.n;YMaMTe, QTO 06m;ero

Mem.n;y npe.n;MeTaMH
- 4>H3HQeCKHMH TeJIaMH, H306pameH-

HbIMH Ha pHCYHKe 1. BepHo, Bce OHH c.n;eJIaHbI H3 CTeKJIa.

BOT CTeKJIO H .HBJI.HeTC.H Bem;eCTBoM.

..
Bem;eCTBO - :3TO TO, M3 Qero COCTO.HT -PH3HQeCKHe
TeJIa.
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PHC. 1. MHorHe rrpeJJ;MeTbI (qUI3HQeCKHe TeJIa), HCrrOJIb3yeMbIe

B XHMHQeCROM JIa60paTopHH, H3rOTOBJIeHbI H3 OJJ;Horo H Toro .me

Be:rn;ecTBa (cTeRJIa)

5.

0:
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EaK BaM HSBeCTHO HS Kypca 4>HSHKH, MHorHe Bem;eCT-
Ba COCTO.HT HS MOJIeKYJI, a MOJIeKYJIbI

- HS aTOMOB. ATO-
MbI TaK MaJIbI, TITO Ha OCTpHe HrJIbI MX MomeT nOMeCTHTb-

C.H MHorHe MMJIJIHap,n;bI. TeM He MeHee paSJIHTIalOT Bcero

110 BH,n;OB aTOMOB.

npOCToe Bem;eCTBO, MOJIeKY JIbI KOToporo COCTO.HT HS ,n;BYX

aTOMOB KHCJIOpo,n;a, H aTOMbI KHCJIOpo,n;a, BXO,n;.Hm;Me B co-

CTaB CJIOmHbIX Bem;eCTB. TaK, B COCTaB MOJIeKYJI yrJIeKHCJIO-

1'0 rasa BXO,n;.HT aTOMbI KHCJIOpo,n;a H yrJIepo,n;a, B COCTaB MO-

JIeKYJI caxapa
- aTOMbI yrJIepo,n;a, Bo,n;opo,n;a H KHCJIOpo,n;a.

..
Onpe,n;eJIeHHbIM BM,n; aTOMOB HaSbIBalOT XHMHqe-

CRHM 3JIeMeHTOM.

Bem;eCTBa, KOTOpbIe 06pasoBaHbI aTOMaMH o,n;Horo

XHMHTIeCKOrO ::meMeHTa, HaSbIBalOT npOCTbIMH.

3TO, HanpHMep, BO,n;OpO,n;, KHCJIOpO,n;, 6JIaropo,n;-
HbIe raSbI, meJIeSO, Me,n;b, aJIIOMMHHM.

I:Is OT,n;eJIbHbIX MSOJIHpOBaHHbIX aTOMOB COCTO.HT TaKHe Be-

m;eCTBa, KaK HeOH, aprOH, KpHnTOH, reJIMM. I:Ix em;e HaSbIBa-

lOT 6JIaropo,n;HbIMH HJIH HHepTHbIMH rasaMH, nOTOMY TITO MX

aTOMbI He coe,n;MH.HIOTC.H ,n;pyr C ,D,pyroM H nOTITH He coe,n;H-
H.HIOTC.H C aTOMaMH ,n;pyrHx XMMHIIeCKHX :3JIeMeHTOB. COBceM

,n;pyroe ,n;eJIO
- aTOMbI Bo,n;opO,D,a. OHH MorYT cym;ecTBoBaTb

noo,n;HHOTIKe (pMC. 2, a), KaK Ha COJIHIJ;e, KOTopoe 60JIee TIeM

HanOJIOBHHY COCTOHT HS OT,n;eJIbHbIX aTOMOB Bo,n;opo,n;a. Mo-

rYT coe,n;HH.HTbC.H B MOJIeKYJIbI no ,n;Ba aTOMa (pMC. 2,6), 06pa-
SY.H caMbIM JIerKMM ras, KOTOpbIM, KaK H XMMHTIeCKHM :3JIe-

MeHT, HaSbIBalOT BO,n;OpO,D,OM. ATOMbI Bo,n;opo,n;a MorYT TaKme

coe,D,HH.HTbC.H C aTOMaMM ,n;pyrHx XHMHTJeCKHX :3JIeMeHTOB.

HanpHMep, ,n;Ba aTOMa Bo,n;opo,n;a, coe,n;HH.H.HCb C O,n;HHM aTO-

MOM KHCJIOpo,n;a (pHc.2, e), 06paSYlOT XOpOIIIO HSBeCTHoe

BaM Bem;ecTBo
-

BO,n;y.

AHaJIOrHTJHO, nOH.HTHe XHlVIHTJeCKHM :3JIeMeHT KHCJIOpO,n;

06'.be,n;HH.HeT HSOJIHpOBaHHbIe aTOMbI KHCJIOpo,n;a, KHCJIOpO,n;
-

..
Bem;eCTBa, KOTOpbIe 06paSOBaHbI aTOMaMH pasHbIx

XMMHTIeCKMX :3JIeMeHTOB, HaSbIBalOT CJIOjEHbIMH.

CJIOmHbIe Bem;ecTBa HaSbIBalOT TaKme XHMHqe-

CRHMH COe.IJ;HHeHH.HMH.

3TO, HanpHMep, Bo,n;a, yrJIeKHCJIbIM ras, caxap,

KpaXMaJI.

'," "

s)
�'6)

PHC. 2. <I>OpMbI cym;ecTBoBaHHfl XHMHqeCKOrO ::meMeHTa BO,ll;OpO,ll;a:
a - aTOMbI BO,ll;OpO,ll;a; 6 -

MOJIeKYJIbI BO,ll;OpO,ll;a; 6 - aTOMbI

BO,ll;opO,ll;a B MOJIeKYJIe BO,ll;bI

o 0

0°0
o

o
a}

0

OCD
('.':

CJIe,n;OBaTeJIbHO, Kam,n;bIM XHMHTIeCKMM :3JIeMeHT Cym;ecT-

ByeT B Tpex 4>opMax: ceo600HblC amOMbl. npOcmble eelll;e-

cmea M CJIO:HCHble eelll;ecmea (CM. pHC. 2).
IIOH.HTHe xUMuIlecKuu 3JleMeHm 60JIee IIIHpOIwe, M ero

He HymHo nYTaTb C nOH.HTHeM npocmoe eelll;ecmeo, oc06eH-

HO eCJIH HaSB8HM.H HX cOBna.n;aIOT. HanpHMep, Kor,n;a rOBOp.HT

o TOM, TITO B COCTaB BO,n;bI BXO,n;HT BO,n;OpO,n;, TO HMelOT B BH-

,n;y XHMMTIeCKHM :3JIeMeHT, a KOr,D,a rOBOp.HT 0 TOM, 'ITO BO,n;O-

pO,D,
- :3KOJIOrMTIeCKH TIHCTbIM BH,n; TOnJIHBa, TO HMelOT B BH-

,n;y IIpOCTOe Bem;eCTBO.

PaSJIHTIHbIe Bem;eCTB3 OTJIHTIaIOTC.H ,n;pyr OT ,n;pyra CBOH-

MH CBOMCTBaMH. TaK, BO,n;OpO,n;
- :3TO ras, OTIeHb JIerKMM,

6es IJ;BeTa, sanaxa. BKyca, HMeeT nJIOTHOCTb 0,00009 r/cM
g

,

KHIIHT npH TeMnepaType -253°C, a nJIaBHTC.H npli TeMne-

paType -259°C H T. ,D,. 3TH CBOMCTBa Bem;eCTBa HaSbIBalOT

(jJU3UI£eCKUMU.CD «)
6)

..
CBOHCTBa Bem;eCTB

- :3TO npMsHaKM, no KOTO-

pbIM O,D,HH Bem;eCTBa OTJIHTIaIOTC.H OT ,n;pyrMX.

, >�
�>

"'
c:



AJIMaa

KOPYHA

Tonaa

KBapIJ;

OprOKJIa3

ArraTHT

«PmOOpHT

KaJIbIJ;HT

rHnC

TaJIbK

OrHrcaTb 4>HSHTIeCKHe CBOMCTBa Be-

m;eCTBa MomHO, BOCnOJIbSOBaBlIIHCb

CJIe.n;YIOm;MM nJIaHOM:

1. B KaROM arperaTHOM COCTO.H-

HHM - raso06pasHoM, mM,D,KOM HJIH

TBep,D,OM
-

HaXO,D,MTC.H Bem;eCTBO npH

.n;aHHbIX YCJIOBH.HX?
2. KaKoro IJ;BeTa Bem;ecTBo? HMeeT

JIH OHO 6JIeCK?

3. HMeeT JIM Bem;eCTBO sanax?

4. KaKoBa TBep.n;OCTb Bem;eCTBa no

OTHOCMTeJIbHOM IIIKaJIe TBep.n;OCTH, KO-

TOpylO em;e HaSbIBaIOT IIIKaJIOM Mooca

(pHC. 3)? (CM. CnpaBOTIHHKH.)
Bem;eCTBO nJIaCTHTIHOCTb, xpynKocTb,

10

9

8

7

6

5

4

3

2

1

PHc.3.IIIKaJIa

TBep,n;OCTJI Mooca

5. II pO.HBJI.HeT JIH

::waCTHTIHOCTb?

6. PaCTBOp.HeTC.H JIH Bem;eCTBO B Bo.n;e?
7. KaKoBa TeMnepaTypa rrJIaBJIeHM.H H TeMnepaTypa KH-

neHH.H Bem;ecTBa? (CM. CnpaBOTIHMKM.)
8. KaKoBa rrJIOTHOCTb Bem;ecTBa? (CM. CnpaBOTIHHKM.)
9. 06JIa.n;aeT JIH Bem;eCTBO TenJIO- M :3JIeKTpOnpOBo.n;HO-

CTbIO? (CM. CnpaBOTIHHKH.)
3Ha.H CBoMcTBa Bem;eCTB, TIeJIOBeK MomeT MCrrOJIbSOBaTb

MX C 60JIbIIIeH rrOJIbSOH .n;JI.H ce6.H. HarrpMMep, paCCMOTpMM
CBoMcTBa H npHMeHeHHe BceM MSBeCTHoro Bem;eCTBa aJIIOMH-

HM.H (pHC. 4).
EJIaro.n;ap.H JIerKOCTH H rrpOTIHOCTM aJIIOMMHMM Hero

CnJIaBbI npMMeH.HIOT B CaMOJIeTO- H paReTOCTpoeHMH, He.n;a-

pOM aJIIOMMHMH HaSbIBaIOT «KpbIJIaTbIM MeTaJIJIOM».

JIel'KOCTb H XOPOIIIYIO :3JIeKTpOnpOBO,D,HOCTb aJIIOMHHH.H HC-

nOJIbSYIOT rrpM MSrOTOBJIeHMH :3JIeKTpHTIeCKHX npOBo.n;OB .n;JI.H

JIHHHM :3JIeKTponepe.n;aTIM (JI3II).
TerrJIOnpOBo.n;HOCTb M He.H.n;OBMTOCTb BamHbI rrpM HsrOTOB-

JIeHHH aJIIOMMHHeBOM nOCY,D,bI.

He.H.n;OBHTOCTb M nJIaCTHTIHOCTb rrOSBOJI.HIOT IIIHpOKO npM-
MeH.HTb TOHeHbKHe JIHCTbI aJIIOMHHH.H -

4>OJIbry -

B KaTIe-

CTBe ynaKOBOTIHOrO MaTepHaJIa .n;JI.H IIIOKOJIa.n;HbIX nJIMTOK,

TIa.H, MaprapMHa, MOJIOKa, COKOB H .n;pyrMx rrpo.n;YKTOB.
3TH npHMepbI MJIJIIOCTPMPYIOT TO, TITO MS o.n;Horo Bem;eCT-

Ba -

MaTepHaJIa (aJIIOMMHM.H) MomHO MsrOTOBHTb paSJIMTI-
HbIe -pHSMTIeCKHe TeJIa.

AJIIOMMHHH crroc06eH ropeTb OCJIenHTeJIbHbIM rrJIaMe-

HeM (pHC. 5), nO:3TOMY ero MCrrOJIbSYIOT rrpM npOBe.n;eHMM
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PHC. 5. rOpeRHe aJIIOMHHH.H - OCHOBa 6eHraJIbCKHX orHen

H <jJenepBepKOB

PHC. 4. IIpHMeHeHHe aJIIOMHHH.H
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KpaCOTIHbIX -peMepBepKoB H MSrOTOBJIeHHH 6eHraJIbCKHX or-

HeM (BcnOMHHTe paccKas H. HocoBa (,EeHraJIbCKHe orHH»).
IIpH ropeHMM aJIIOMMHHM npeBpam;aeTC.H B .n;pyroe Bem;ecT-
BO -

OKCH,D, aJIIOMMHH.H.

7
RaKoe rrOH.HTlIe 60JIee llilIpoRoe: (,XIIMII'IeCRIIH 3JIeMeHT» IIJIII

(,rrpOCToe Bem;ecTBo»? ,D;aHTe ,n;oRaaaTeJIbHbIH OTBeT.

YRaJRIITe, r,n;e 0 KIICJIOpo,n;e rOBOpIITC.H RaR 0 XIIMII'IeCROM 3JIe-

MeHTe, a r,n;e
- KaR 0 rrpocToM Bem;eCTBe:

a) RIICJIOpO,n; MaJIO pacTBoplIM B Bo,n;e;

6) MOJIeRYJIbI BO,n;bI COCTO.HT Ha ,n;BYX aTOMOB Bo,n;opo,n;a H o,n;Horo

aTOMa RHCJIOpo,n;a;

B) B Boa,n;yxe co,n;ep:IKIITC.H 21 % RIICJIOpo,n;a (rro 06'beMY);

r) RIICJIOpO,n; BXO,n;MT B COCTaB yrJIeRHCJIOrO I'aaa.

I I

I i

I
I

I

8

I

:
I

$
?
.

1. IIpe,ll;MeT XHMHH. 2. Bem;ecTBa npOCTLIe H CJIO:iK-

HLIe. 3. CBoiicTBa Bem;eCTB. 4. XHMJlIIeCKHii 3JIeMeHT

H <l>OpMLI ero cym;ecTBOBaRH.H: CBo6o,ll;Hb1e aTOMLI,

npOCTLIe Bem;eCTBa H CJIO:iKHLIe Bem;eCTBa, HJIH COe,ll;H-
HeHHH. 9

YRa:IKMTe, r,n;e 0 Bo,n;opo,n;e rOBOpHTC.H RaR 0 rrpOCTOM Bem;eCTBe,

a r,n;e
- RaR 0 XMMM'IeCKOM 3JIeMeHTe:

a) BO,n;OpO,n; BXO,n;MT B COCTaB 60JIblliHHCTBa OpraHH'IeCRIIX co-

e,n;MHeHMH;

6) BO,n;OpO,n;
- caMbIH JIerRMH raa;

B) BO,n;OpO,n;OM aanOJIH.HIOT Boa,n;YlliHbIe lliapbI;

r) MOJIeRYJIa MeTaHa co,n;ep:IKMT 'IeTbIpe aTOMa Bo,n;opo,n;a.

PaCCMOTpMTe CB.Hab Me.m,n;y CBOHCTBaMH Bem;eCTBa M ero rrpM-

MeHeHMeM Ha rrpHMepe:

a) CTeRJIa; 6) rrOJIII3TMJIeHa; B) caxapa; 1') :lKeJIeaa.

...............................................

1
CPUJleo (rpe'I.) OaHa'IaeT (,JII06JIIO», ljJo6oc

- (,60IOCb». ,D;aHTe
06'b.HCHeHlIe TepMIIHOB (,XeMOIPMJIM.H» M «xeMocp06M.H», OTpa-

:lKalOm;MX peaRO rrpOTHBOrrOJIO:IKHOe OTHOllieHlIe rpyrrrr JIIO,n;eH
R XMMMM. RTO Ma HMX rrpaB? 060cHYHTe CBOIO TOqRy apeHII.H.

10

2
06.HaaTeJIbHbIH aTpH6YT 6eCROHe'IHOrO MHO:IKeCTBa llirrMOH-

CRMX H rrpO'IHX ,n;eTeRTMBHbIX rrpoMaBe,n;eHMH - IJ;MaHMcTbIH

RaJIMH, TO'IHee, IJ;MaHM,n; KaJIM.H, KOTOpbIH 06ml.,n;aeT CBOHCTBOM

rrapaJIM30BbIBaTb HepBHYIO cHcTeMY, rrpMBO,n;.H TeM caMbIM

:lKepTBY R MrHoBeHHoH CMepTM. IIpMBe,n;MTe rrpMMepbI CBOHCTB

,n;pyrMx Bem;eCTB, ROTopbIe MCrrOJIbaYIOTC.H B JIMTepaTYPHbIX

rrpOMaBe,n;eHII.HX.

o
i.�
� )CD

3
M3 rrpMBe,n;eHHoro rrepe'IH.H BbIrrlIlliMTe OT,n;eJIbHO HaaBaHM.H Be-

m;eCTB M HaaBaHH.H TeJI: Me,n;b, MOHeTa, CTeRJIO, CTaRaH, Baaa,

RepaMMKa, rrpOBOJIORa, aJIIOMIIHIIH. BOCrrOJIbaYHTecb rro,n;CRaa-

ROH: R HaaBaHMIO TeJIa -

cym;ecTBIITeJIbHoMY
-

MO:IKHO rro,n;o-

6paTb OTHOCIITeJIbHOe rrpMJIaraTeJIbHOe, 06paaoBaHHoe OT Ha-

aBaHM.H Bem;eCTBa, HarrpMMep: :lKeJIeao II rBoa,n;b
- :lKeJIeaHbIH

rBoa,n;b.

iI

\,. )

KHCJIOPO,n; Cepa reJIHll 8THJIOBbIll

cnHpT

co
----

C
.: jI':

'---

-

�
4

BbIrrMlliMTe Ra'IeCTBeHHbIe rrpMJIaraTeJIbHbIe: JIerRMH, Rpyr-

JIbIH, ,n;JIMHHbIH, T.H:lKeJIbIH, TBep,n;bIH, rraxYLlMH, pacTBopMMbIH,
YBecMcTbIH, BorHYTbIH, M.HrRIIH, :lKM,n;RMH, rrpOapa'IHbIH,
ROTopbIe MorYT 6bITb OTHeceHbI:

a) R Bem;eCTBaM; 6) R TeJIaM; B) H R TeJIaM, M R Bem;eCTBaM.

o -

cepa
-

yrJIepo,n;

MeTaH OaOH ¥l'apHbIH
l'aa

¥ l' JIeRHCJIbIll

l'a3

¥ CJIOBHbIe 060aHaTIeHH.H

o
o

5 CpaBHMTe rrOH.HTM.H (,rrpOCToe Bem;eCTBO» H (,CJIO:IKHOe Bem;eCT-

BO». HaH,n;HTe CXO,n;CTBO M paaJIM'IMe.

-

KHCJIOpO,n;

6 Orrpe,n;eJIMTe, RaKMe Ma Bem;eCTB, Mo,n;eJIM MOJIeRYJI ROTOpbIX

Ma06pa:IKeHbI Ha pMCYHKe 6, OTHOC.HT:

a) R rrpOCTbIM Bem;eCTBaM; 6) R CJIO:IKHbIM Bem;eCTBaM.

o -

BO,n;OpO,n;
- l'eJIIIll

PHC. 6. Mo,n;eJIM MOJIeRYJI HeROTopbIX Bem;eCTB

11
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II peBpam;eHIf5I Bem;eCTB.

POJIb XIfMIfIf B mlf3HIf

YIeJIOBeKa

'I

I
, ,I

..
.HBJIeHH.H, B peSYJIbTaTe KOTOpblX HS O,D,HMX Be-

m;eCTB oopasYIOTC.H ,D,PyrHe, HaSblBaIOT XHMHqe-

CEHMH HBJIeHHHMH HJIH XHMHqeCEHMH peaE-

IJ;HHMH.

HaJIbeM B rrpooHpKY 2 MJI COJI.HHOH KHCJIOTbl M orrYCTMM
B Hee HeOOJIbIIIOH KycO"tleK MpaMopa. PacTBop cpasy <,saKH-

rraeT» - B HeM rrO.HBJI.HIOTC.H rrYSblpbKH rasa (pMC. 7, a),
a KycO"tleK MpaMopa rrOCTerreHHO YMeHbIIIaeTC.H H saTeM COB-

ceM paCTBOpHTC.H. IIporrycTHM oopasYIOIIJ;MHC.H ras "tlepes

rrpOSpa"tlHblH paCTBOp HSBeCTKOBOH BO,n;bl. OHa MYTHeeT

(pMC. 7, 6). Bbl, HaBepHoe, rrOMHHTe MS Kypca rrpMpo,n;OBe-

,D,eHM.H, "tlTO TaK pacrrOSHaIOT yrJIeKMCJIblH ras. ECJIM BS.HTb

paCTBOp, rrOJIY"tlHBIIIHHC.H B peSYJIbTaTe BsaMMo,n;eHcTBM.H

MpaMopa H COJI.HHOH KHCJIOTbl, H BblrrapMTb HeCKOJIbKO

KarreJIb ero B -pap-popOBOH "tlaIIIe"tlKe HJIH Ha rrJIaCTHHKe,

TO OHH rrOKpOIOTC.H OeJIOBaTblM HaJIeTOM MMHepaJIbHOH CO-

JIH (pHC. 7, 8) -

XJIOpH,n;a KaJIbIJ;H.H (BcrrOMHHTe aHaJIOrH"tl-

HYIO orrepaIJ;HIO, KOTOPYIO Bbl ,n;eJIaJIH Ha ypOKax rrpHpO,D,OBe-

,D,eHH.H HJIH OOTaHMKH, Kor,n;a orrpe,n;eJI.HJIM COCTaB rrO"tlBbl).
CJIe,D,OBaTeJIbHO, rrpH BsaMMo,n;eHCTBHM ,n;BYX HCXO,n;HbIX Be-

m;eCTB
- COJI.HHOH KHCJIOTbl H MpaMopa

- ObIJIM rrOJIY"tle-
Hbl COBepIIIeHHO HOBbIe Bem;eCTBa: yrJIeKMCJIblH ras H XJIO-

pH,n; KaJIbIJ;H.H.

11.1
'I

,,','

R XHMH"tleCKHM .HBJIeHH.HM OTHOC.HT ropeHHe Bem;eCTB,

KOpp03MIO MeTaJIJIOB (pmaBJIeHMe meJIesa), rrOMYTHeHMe HS-

BeCTKOBOH BO,n;bl rrpM rrporrYCKaHMM "tlepes Hee yr JIeKHCJIOrO

rasa.

..
.HBJIeHH.H, B peSYJIbTaTe KOTOpblX HSMeH.HIOTC.H

paSMepbl, 4>opMa TeJI MJIH arperaTHoe COCTO.HHHe

Bem;eCTB, HO COCTaB MX OCTaeTC.H rrOCTO.HHHbIM,
HaSblBaIOT <!>HSH'IIeCEHMH HBJIeHHHMH.

,.

HarrpMMep, HcrrapeHMe M saMepsaHMe BO,D,bl, pacrrpOCTpa-
HeHHe sarraxa ,D,YXOB

- :3TO -pMSH"tleCKHe .HBJIeHH.H.

IITaK, Mbl rrOSHaKOMHJIHCb C TeM, "tlTO HSY"tlaeT XHMH.H.

KaKOBa me ee pOJIb B mMSHH "tleJIOBeKa? OHa orpOMHa. ECJIM

ObI He ObIJIO XMMHH, He OblJIO ObI COBpeMeHHOH MeTaJIJIYP-

rMM, KOCMH"tleCKHe KOpaOJIH He BblpBaJIHCb ObI B KOCMOC,

Be,n;b rOpIO"tlee ,n;JI.H HX ,D,BMraTeJIeH, rrpO"tlHbIe H mapOCTOHKMe
MaTepMaJIbl ,D,JI.H MX KOHCTPYKIJ;HH C03,D,aIOT C rrOMOIlJ;bIO XH-

MHH. XHMHKM HSBJIeKaIOT HS MMHepaJIbHorO, mMBOTHoro

H paCTMTeJIbHOrO Cblpb.H BeIlJ;eCTBa O,n;HO ,n;Pyroro "tly,n;eCHeH
M y,n;MBMTeJIbHeH. Pom,n;aIOTC.H TbIC.H"IM M ,n;eC.HTKM TbIC.H"I Be-

m;eCTB H MaTepHaJIOB, rrpHpo,n;e HeMSBeCTHbIX, B rrepBYIO

O"Iepe,n;b rrOJIMMepHbIX, 0 KOTOpblX Bbl He TOJIbKO CJIblIIIaJIM,
HO H C Ms,n;eJIM.HMM HS KOTOpblX Bbl rrOCTO.HHHO CTaJIKMBa-

eTeCb B rrOBce,n;HeBHOH mMSHH. He,n;apOM HaIIIe BpeM.H HaSbl-

BaIOT BeKOM rrOJIHMepOB (KaK Bbl rrOMHMTe, B HCTOpHM "tleJIO-

Be"tleCTBa yme ObIJIM KaMeHHbIH, OpOHSOBblH H meJIeSHblH

BeKa). IIcrroJIbsOBaHMe rrJIaCTMaCC MHorooopa3HO. OOJIac-
TH rrpMMeHeHM.H :3TMX MaTepMaJIOB B COBpeMeHHOH mHSHM

MomHO YBH,D,eTb Ha pHCYHKe 8. Hs rrJIaCTMaCC MSrOTaBJIM-

BaIOT He TOJIbKO ,D,eTCKHe MrpYIIIKH (pMC. 9), HO H HaCTO.H-

IIJ;Me ,n;eTaJIH M KOHCTPYKIJ;MM. RpoMe rrOJIHMepOB, K KO-

TOpblM OTHOC.HTC.H M CHHTeTH"IeCKMe BOJIOKHa, H y,n;HBHTeJIb-

I

I

Yl'JIeKHCJIbIll

l'a3

-
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XJIOPHA
KaJIbIJ;II.II
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PHC. 7. IIpeBpam;eRH.H Bem;eCTB: a - B3a:HMO,ll;eMcTBIIe MpaMopa

C COJI.HHOM KIICJIOTOM; 6 - B3aIIMO,ll;eMCTBIIe yrJIeKIICJIOrO ra3a

C II3BecTKoBoM BO,ll;OM; 6 -

BbIlIapIIBaHIIe paCTBopa

XJIOpII,lI;a KaJIbIJ;II.H
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� YnaIWBKa

.l!:pyrlle
06JIaCTll "

�
-

CTpOllTeJIhCTBO

Me)J;llIJ;llHa

TeXHllKa

CeJIhCKOe

X03HllCTBO

PHC. 8. 06JIaCTII rrplIMeHeHIIH nJIaCTMaCC

HbIe rrJIaCTMaCcbI, XHMH.H c03,n;aeT M MOIOm;Me cpe,n;cTBa,

M MMHepaJIbHbIe y,n;06peHM.H, M cpe,n;cTBa 3am;HTbI pacTeHMM,
H BOJIIIIe6HbIe JIeKapCTBa, H MHOI'Oe, MHOI'Oe ,D,PYl'oe. C rro-

MOm;bIO XMMMM qeJIOBeK rrOJIyqaeT Bem;ecTBa C 3apaHee 3a-

,n;aHHbIMH CBoMcTBaMH, a H3 HHX rrpoH3Bo,n;.HT rrpo,n;YKTbI rrM-

TaHH.H, o,D,em,n;y, 06YBb, TexHMKy,TpaHcrropT, cOBpeMeHHbIe

cpe,n;cTBa CB.H3M M T. ,n;.

XHMHqeCKa.H rrpOMbIIIIJIeHHOCTb pasBMBaeTC.H B HaCTO.H-

m;ee BpeM.H I'opas,n;o 6bIcTpee, qeM JII06a.H ,D,pYl'a.H, H B Ha-

M60JIbIIIeM CTerreHH orrpe,n;eJI.HeT HayqHO-TeXHMqeCKHM rrpo-

I'pecc (pMC. 10). KaK HHKOI',n;a rrO-COBpeMeHHOMY 3ByqaT

CJIOBa BeJIHKOI'O PYCCKOI'O

yqeHOI'O M. B. JIOMOHOCO-

Ba, CKa3aHHbIe MM em;e B

XVIII B.: (,illMPOKO pac-

rrpOCTMpaeT XMMM.H PYKM

CBOM B ,n;eJIa qeJIOBeqe-

CKMe... »

O,n;HaKO rrpOM3Bo,n;CTBO

TaKHX HymHbIx qeJIOBeKY

rrpo,n;YKTOB XMMHqeCKOM

rrpOMbIIIIJIeHHOCTH, KaK

MeTaJIJIbI, rrJIRCTMaCCbI,

CepHa.H KHCJIOTa, aMMHaK,
�� �.---

co,n;a, :3THJIeH, He-PTerrpo-
,n;YKTbI M MHOI'He ,n;pYI'He,

corrpOBom,n;aeTC.H 3al'p.H3He-

HMeM oKpymarom;eM cpe,n;bI
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PHC. 9. M3 rrJIaCTMaCC

H3rOTaBJIIIBalOT pa3JIII'lHhle

npe)J;MeThI II KOHCTpYKn;IIII
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PHC. 10. XHMII'leCKafl npOMhllliJIeHHOCTh II HayqHO-TeXHlI'IecKIIH
nporpecc: 1 -

MeTaJIJIyprlIfl; 2 -

MallilIHOCTpoeHlIe;

3 - CeJIhCKOe X03flHCTBO; 4 -

CTpOIITeJIhCTBO; 5,6 -

TpaHcrropT;
7 -

TeKCTHJIhHaH npOMhIlliJIeHHOCTh; 8 -

rrlIm;eBaH npOMhIlli-

JIeHHOCTh; 9 -

n;eJIJIIOJI03Ho-6YMa:IKHaH rrpOMhIlliJIeHHOCTh;

10 -

rrpOII3BO,ll;CTBO MOIOm;HX Cpe,ll;CTB; 11 -

npOII3BO,ll;CTBO TOBapOB

HapO,ll;HOro nOTpe6JIeHIIH; 12 -

cpapMan;eBTII'leCKaH rrpOMhIlli-

JIeHHOCTh

I
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PHC. 11. XHMHqeCKHH 3aBO,lJ;
-

HCTOqHHR 3arp.H3HeHH.H aTMoccpepbI

pa3JIMTIHbIMM Bpe,n;HbIMM BeIIJ;eCTBaMM. HCTOTIHHKaMH TaKOI'O

3al'p.HSHeHM.H .HBJI.HIOTC.H rrpe:m,n;e BCel'O TerrJIOBbIe 3JIeKTpO-
cTaHU;HM, rrpe,n;rrpH.HTM.H TIepHOH M U;BeTHoH MeTaJIJIypI'MM,
XHMHtIeCKOH M l'opHo,n;o6bIBaIOIIJ;eH rrpOMbIIIIJIeHHOCTH, saBO-

,n;bI ,n;JI.H c:mMl'aHM.H Mycopa, aBTOM06MJIbHbIH TpaHcrropT. OHM
BbI6paCbIBaIOT B BOS'[(YIIIHbIH OKeaH -

aTMoc4>epy, ; KOTOpa.H
He SHaeT l'ocy,n;apCTBeHHbIX I'paHHU;, -

OrraCHbIe ,n;JI.H :mMSHM
M S,[(OpOBb.H JIIO,n;eH, :mMBOTHbIX H paCTeHHH BeIIJ;eCTBa: OKCM-

,n;bI YI'JIepo,n;a, a30Ta M cepbI, COe,D,MHeHM.H MeTaJIJIOB, XJIopa,
paSJIHTIHYIO rrbIJIb H ,D,p. (pMC. 11). Ha,n; KpyrrHbIMH rrpo-
MbIIIIJIeHHbIMM I'Opo,n;aMH BMCMT I'YCTOH CMOI'. 06pa3YIO-
IIJ;MeC.H B aTMoc-pepe KMCJIOTHbIe ,n;O:m,n;M pa3pYIIIaIOT CKYJIbrr-
TYPbI H ,n;OMa (pMC. 12, a), Me,D,JIeHHO y6HBaIOT paCTeHM.H
(pHC. 12, 6).
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PHC. 12. Pe3YJIbTaT ,lJ;eHcTBH.H RHCJIOTHbIX ,lJ;O:IK,IJ;eH:
a -

Ha CRYJIbIITYPY; 6 -

Ha paCTeHH.H

16'
;-::

illJIaKH MeTaJIJIypI'MTIe-

CKMX rrpoM3BO,D,CTB H OTBa-

JIbI l'opHo,n;06bIBaIOIIJ;eH rrpo-

MbIIIIJIeHHOCTM saHMMaIOT

60JIbIIIHe rrJIoIIJ;a,n;M rrJIo,n;o-

pO,n;HOH rraxoTHoH SeMJIM.

A CKOJIbKO rrpHpo,n;HOH BO-

,n;bI CTaHOBMTC.H HerrpHI'O,n;-

HOH ,n;JI.H rrMTb.H M :mMSHM

HaCeJI.HIOIIJ;MX ee :mMBbIX op-

l'aHH3MOB HS-3a c6pacbIBae-
MbIX B Bo,n;oeMbl rrpOMbIIII-

JIeHHbIX M 6bITOBbIX CTOTI-
PHC. 13. 3arp.H3HeHHble CTOQHble

HbIX BO,D, (pMC. 13)! BO,lJ;bI

HeYTMJIHSMpOBaHHbIe 6bl-

TOBbIe OTXO,n;bI Sal'p.HSH.HIOT rrpMpo,D,HbIe JIaH,n;IIIa4>TbI, r: pe
-

BpaIIJ;a.H 6epel'a peK H JIYl'a B OTBpaTMTeJIbHbIe rrOMOMKH

(pMC. 14). YMeHbIIIHTb TaIWe :meCTOKoe ,D,aBJIeHMe Ha rrpM-

po,n;y OTTIaCTM Mo:meT ,n;H-P4>epeHU;MpoBaHHoe CKJIa,n;HpOBaHMe

Mycopa B paSHbIe KOHTeHHepbl, C TeM TITo6bI rrOTOM 3TOT

MYCOP MO:mHO 6bIJIO OTrrpaBHTb Ha rrepepa60TKY B Hy:mHbIe

M rrOJIeSHbIe TIeJIOBeKY BeIIJ;eCTBa M MaTepMaJIbI. IIOIca :me

COpTHPOBKY Mycopa rrpOMSBo,n;.HT pa60TIMe Ha CTOJIb pe,n;-

KMX B HaIIIeH CTpaHe Mycoporrepepa6aTbIBaIOIIJ;MX saBo,n;ax

(pMC. 15).
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PHC. 14. CBaJIRa 6b1TOBbIX OTXO,lJ;OB
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PHC. 15. CopnrpoBl<a Mycopa Ha Mycoporrepepa6aTbIBaro:rn;eM 3aBO)J;e

CJIe,n;OBaTeJIbHO, ,n;ocTMmeHM.H XHMHM
- 3TO He TOJIbKO

6JI8I'0, 3To II XMMMTIeCKOe opymMe, M Sarp.HSHeHMe oKpymalO-

m;eH cpe,n;bI, M OSOHOBble ,D,bIpbI, M rrOBblrrIeHHOe co,n;epmaHIIe

HHTpMTOB II HMTpaTOB B rrpo,D,YKTax rrHTaHH.H, H p.H,n; ,n;pyrHx

rrp06JIeM. BIIHOBHbI B 3TIIX 6e,D,ax JIIO,n;M, HCrrOJIbSYIOm;Me ,n;o-

CTMmeHII.H XMMMM BO Bpe,n; ce6e M HallieMY 06m;eMY ,n;OMY
-

rrJIaHeTe 3eMJI.H. )J;eJIalOT OHM 3TO MHor,n;a COSHaTeJIbHO, HO

OTIeHb TIaCTO rrpoCTO oT XMMIITIeCKOM HerpaMOTHOCTM. IIOH.HT-

HO rr03TOMY, KaK BamHO COBpeMeHHOMY TIeJIOBeKY
u

SHaTb H

rrpaBMJIbHO MCrrOJIbSOBaTb ,D,OCTMmeHII.H COBpeMeHHOH XMMMM.

j
:

5'

1. XHMH"lJeCRlIe IDmeHIIH, IIJIII peaED,IIII. 2. «I>II3IIqe-

CElIe HBJIeHIIH. 3. .n;ocTII:II�eHIIH XIIMIIII II IIX npaBIIJIb-

Hoe IICnOJIbSOBaHHe.

?
. ...............................................

IIpJ'fBe)J;HTe HeCROJIbRO rrpHMepOB XOpOIIIO H3BeCTHbIX BaM XH-

MH'IeCRHX H <pH3J'[qeCRHX HBJIeHHH.

CTaJIbHble )J;eTaJIH B pe3YJIbTaTe )J;JIHTeJIbHOrO rrpe6bIBaHHH BO

BJIa:JKHOM aTMociPepe rrORpblBalOTCH p:JKaB"<IHHOH. RaR Ha3blBa-

lOT 3TO HBJIeHHe? R <pH3H'IeCRHM HJIH XHMH'leCKHM HBJIeHHHM

BbI ero OTHeceTe? IIo'leMY?

1

2

If

r-

_---a..-_........1.----I_

3 IIo'leMY rrpOn;eCCbl ropeHHH Be:rn;eCTB OTHOCHT R XHMH'leCRHM?

IIpHBe)J;HTe rrpHMepbI rrpaRTH'leCROrO rrpHMeHeHHH rrpOn;eCCOB

ropeHHH.

Ha30BHTe Be:rn;eCTBa, rrpHMeHHeMble BaMH B 6bITY, HO He BCTpe-

'lalO:rn;HeCH B :JKHBOH H He:JKHBOM rrpHpO)J;e.

IIpHBe)J;HTe rrpHMepbI Be:rn;eCTB, HCrrOJIb3yeMblx rrpH C03)J;aHHH

aBTOMo6HJIH, H XHMH'leCKHX peaKn;HH, rrpOTeRalO:rn;HX rrpH ero

3RCrrJIya Tan;HH.

4

5

�3
KpaTKIfM O"tJepK

IfCTOplf1f pa3BIfTIf.H XIfMIfIf

I

XMMH.H - OTIeHb ,n;peBH.H.H HaYKa.

XMMHTIeCKOe rrpOHSBO,D,CTBO Cym;ecTBOBaJIO yme sa 3-

4 TbIC. JIeT,n;o H. 3. B )J;peBHeM ErMrrTe YMeJIM BblrrJIaBJI.HTb MS

py,n; MeTaJIJIbI (meJIeSO, CBHHeu;, Me,n;b, OJIOBO, CYPbMY), nOJIY-

TIaTb HX CnJIaBbI, rrpMMeH.HJIM SOJIOTO, cepe6po, rrpOIISBo,n;M-

JIH CTeKJIO, KepaMHKY, rrHrMeHTbI, KpaCKM, ,n;YXM, erHnT.HHe

6bIJIM HenpeBSoH.n;eHHbIMM CTpOMTeJI.HMM H CKYJIbnTOpaMH

(pHC. 16). IIepBbIMM YTIeHbIMM-XMMMKaMM 6bIJIM erHrreTCKMe

mpeU;bI. OHM BJIa,D,eJIM MHorMMM ,n;o CMX rrop He paSra,D,aHHbI-

MM XMMWIeCKMMM ceKpeTaMM. K HMM, HarrpIIMep, OTHOC.HTC.H

rrpHeMbI 6aJIbSaMMpOBaHM.H TeJI YMepIIIMX Q:>apaOHOB II SHaTM,

a TaKme cnoc06bI nOJIyqeHM.H HeKoTopbIX KpacoK. TaK, HS-

rOToBJIeHHble ,n;peBHIIMM erMrreTCKIIMM MacTepaMM rOJIy6ble
M CMHMe KpacKM HaH,n;eHHblx npII pacKonKax coCy,n;OB rrpo-

,D,OJImaIOT OCTaBaTbC.H .HPKMMM, XOT.H co BpeMeHM MX MsrOToB-

JIeHH.H rrpOIIIJIO HeCKOJIbKO TbIC.HTI JIeT.

HeKoTopble XMMIITIeCKMe rrpoMsBo,n;cTBa cym;ecTBOBaJIM

B ,n;peBHocTM B rpeU;MM, MecorroTaMIIM, IIH,n;MII, KIITae.

BIll B. ,D,O H. 3. yme 6bIJI c06paH M orrMcaH SHaTIMTeJIbHbIM

3KcrrepHMeHTaJIbHbIH MaTepMaJI. HanpMMep, B sHaMeHIIToH

AJIeKcaH,n;pMMCKOM 6H6JIHOTeKe, KOTOpa.H CTIMTaJIaCb O,n;HIIM

MS ceMM TIy,n;ec CBeTa M HaCTIMTbIBa.rra 700 TbIC.H'l pYKorrMC-

HbIX KHMr, XpaHMJIMCb H MHOrMe Tpy,n;bI no XMMMM. B HIIX

6bIJIH orrHcaHbI TaKMe rrpou;eCCbI, KaK npOKaJIMBaHMe, BOS-

rOHKa, rreperOHKa, 4>MJIbTpOBaHHe M ,n;p.

HaKOnJIeHHble OT,n;eJIbHble XHMMTIeCKIIe CBe,D,eHII.H sa MHO-

ro BeKOB nOSBOJI.HJIM c,n;eJIaTb II HeKOTopble 0606m;eHM.H 0 rrpM-

po,n;e Bem;eCTB M .HBJIeHIIM. HarrpIIMep, rpeTIeCKMH 4>MJIOCOQ:>

,1];eMoEpIIT, mMBIIIMM B V B. ,D,O H. 3., BrrepBble BbICKaSaJI
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PHC. 16. XIIMIIH B )J;peBHeM ErIIIITe: a - 6aJIbSaMlipoBaHlIe;

6 -

IIOCMepTHaH SOJIOTaH MaCKa erlIIIeTCKoro (jJapaoHa TYTaHxaMOHa;

6 - CKyJIbIITypa, IIsrOTOBJIeHHaH .n;peBHIIM MaCTepOM

MbICJIb 0 TOM, -qTO BCe TeJIa COCTo.HT M3 MeJIb-qaHIIIMX, HeBM-

�MMbIX, He.n;eJIMMbIX M Be-qHO �BMmyru;MXC.H TBep�bIX -qac-

TMU; MaTepMM, KOTOpbIe OH HaSB3JI amOJnaMU. AYHCTOTeJIb
B IV B. �o H. 8. c-qMTaJI, -qTO B OCHOBe oKpymalOru;eM IIpMpO�bI

JIemaT -qeTbIpe CTMXMM, KOTOpbIM CBOHCTBeHHbI -qeTbIpe OC-

HOBHbIX Ka-qeCTBa: TeIIJIOTa M XOJIO�, CYXOCTb M BJIamHOCTb

(pMC. 17). 3TM -qeTbIpe Ka-qeCTBa, IIO ero MHeHMIO, MOrJIM

'$0

6bITb OT�eJIeHbI OT CTMXMH MJIM IIpM6aBJIeHbI K HMM B JII060M

KOJIM-qeCTBe.

Y-qeHMe ApMCTOTeJI.H .HBMJIOCb M�eHHoH OCHOBOH paSBMTM.H

OT�eJIbHOH 8IIOXM B MCTOpMM XMMMM, 8IIOXM TaK Ha3bIBaeMOH

aJlXUMUU. B cepe�MHe VII B. H.8. 3HaHM.H erMIIT.HH M rpe-

KOB B 06JIaCTM XMMMM BOCIIpMH.HJIM apa6bI; MHOrMe CBe,n:eHH.H

IIO XMMMM OHM 3aMMCTBOB3JIM y CMpMHu;eB M KMTaHu;eB.

npOMcxom�eHMe CJIOBa XUMU.H CiiOpHO. XeMU -

Ha

KOIITCKOM .H3bIKe 03Ha-qaeT «-qepHbIH, TaHHbIH». 3TO CJIOBO

�JI.H HapO�OB, HaCeJI.HBIIIMX IIYCTbIHIO, COBIIa,D,aJIO C 060SHa-

-qeHMeM CaMOrO ErMIITa, M60 -qepHa.H, IIJIO�OpO�Ha.H 3eMJI.H

�OJIMHbI HMJIa CMJIbHO OTJIM-q3JIaCb OT meJITOH IIO-qBbI IIYC-
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13.Q,lI;a XOJIOA

PHC. 17. )J;HarpaMMa ApliCTOTeJIH (, 'IJeTblpe CTIIXIIII

II IIX BsaIIMo.n;e:HcTBlIe»
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TbIHM. TaKHM 06paSOM, �JI.H apa60B XMMM.H CTaJIa llaYKOU

'lep1l0U 3eMJlU. Apa6bI cHa6�MJIM 3TO CJIOBO eIIJ;e CBOeM

apa6CKOM IIpMCTaBKOM aJl, M TaKMM 06paSOM C(POpMMpOBa-

JIOCb CJIOBO aJlXUMU.H. AJIXMMM.H - 3TO Cpe�HeBeKOBOe Ha-

SBaHMe XMMMM, �aHHOe apa6aMM. O�HaKO, MOJKeT 6bITb,

IIpe�CTaBJIeHMe 0 -qeM -TO -qepHOM OTHOCMJIOCb He TOJIbKO

K U;BeTY IIO-qBbI, HO TaKJKe M K caMOM CYTH 3TOM HayKM
-

TeMHOMY M TaMHCTBeHHOMY B Te BpeMeHa.

,IJ;Pyroe TOJIKOBaHMe CJIOBa XMMM.H IIpOMCXO�MT OT rpe-qe-

CKoro rJIaI'OJIa XlOMa
-

<'BbIJIMBaTb», IIOCKOJIbKY OHO CB.H-

saHO C MeTaJIJIyprMeM - O�HOM MS IIepBbIX IIO BpeMeHM

OTpaCJIeM XMMMM.

RaK MOJKHO saMeTMTb, BbI.HCHeHMe 3TMMOJIOrMM (IIpO-

MCXOJK�eHM.H) XMMM-qeCKMX TepMMHOB MMeeT rJIy60KMM
CMbICJI - OHO IIOMoraeT IIOH.HTb MJIM MCTOpMIO, MJIM IIpaK-

TM-qeCKoe SHa-qeHMe Toro, -qTO 060SHa-qaIOT XMMM-qeCKMM

TepMMHOM.

IJ;eJIb aJIXMMMM - IIOMCKM IIYTeM IIpeBpaIIJ;eHM.H He6JIaro-

pO�HbIX MeTaJIJIOB B 6JIarOpO�HbIe (SOJIOTO M cepe6po) C IIO-

MOIIJ;blO Bo06paJKaeMOrO BeIIJ;eCTBa
- (PMJIOco(pCKoro KaM-

H.H. MHorMe aJIXMMMKM SaIlMMaJIMCb 6eCIIJIO�HbIMM IIOMCKa-

MM (PMJIOco(pCKoro KaMH.H, KOTOpbIM, IIO MX MHeHMIO, Mor

TaKJKe Y�JIMHMTb -qeJIOBe-qeCKYIO JKMSHb, 06eCIIe-qMTb 6ec-

CMepTMe MJIM MCu;eJIMTb 60JIeSHM. B IIOMCKax (PMJIOco(pCKoro
KaMH.H aJIXMMMKM OTKpbIJIM MHoro HOBbIX BeIIJ;eCTB, paspa-

60TaJIM CIIoc06bI MX O-qMCTKM, COS�aJIH HeKOTopoe XMMM-qe-

CKoe 060PY�OBaIlMe (pMC. 18). BOJIbIIIMHCTBOM �OCTMJKeHMM
aJIXMMMKOB HeBOSMOJKHO 6bIJIO BOCIIOJIbSOBaTbC.H: OHM �ep-

JKaJIM CBOM MeTO�bI B ceKpeTe, saIIIM(ppOBbIBaJIM OIIMCaHM.H

IIOJIy-qeHHbIX BeIIJ;eCTB M IIpOBe�eHHbIX OIIbITOB, TaK KaK

IIpeCJIe�OBaJIM u;eJIM 060raIIJ;eHM.H.

B Ha-qaJIe XVI B. H. 3. aJIXMMMKH CTaJIM MCIIOJIbSOBaTb IIO-

JIy-qeHHbIe MMM �aIlHbIe �JI.H HYJK� IIpOMbIIIIJIeHHOCTM M Me-

�MU;MHbI. Pe(popMaTopOM B 06JIaCTM ropHoro �eJIa M MeTaJI-

JIyprMH .HBMJIC.H ArpHKOJIa, a B 06JIaCTM Me�MU;MHbI
- IIa-

pau;eJIbC, KOTOpbIM YKaSbIBaJI, -qTO «u;eJIb XMMMH COCTOMT

He B MSrOTOBJIeHMM SOJIOTa M cepe6pa, a B MSrOTOBJIeHMM

JIeKapCTB » .

CJIe�yeT OTMeTMTb, -qTO Ha PYCM aJIXMMM.H oc060ro pac-

IIpOCTpaHeHM.H He MMeJIa, XOT.H TpaKTaTbI aJIXMMMKOB 6bIJIM

MSBeCTHbI, a HeKOTopbIe �aJKe IIepeBe�eHbI Ha u;epKOBHOCJIa-

B.HHCKMM .HSbIK. MaJIO Toro, MOCKOBCKOMY �BOpy HeMeU;KMM
aJIXMMMK BaIl reM�eH IIpe�JIaI'aJI CBOM yCJIyrM IIO IIpMrOTOB-

" r
,�\I

...', -!"..
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PHC. 18. B aJIXIIMHl:IeCKOH JIa60paToplIH

JIeHMIO (PMJIOco(pcKoro KaMH.H -

KaK «MS cBMHu;a M OJIOBa,

JKeJIesa, Me�M M PTYTM cepe6po M SOJIOTO �eJIaTb M -qTO TOMY

�eJIY IIPMCTOMHO», -

HO u;apb MMXaMJI <t>e�opoBM-q IIOCJIe

«paCCIIpoca» 3TH IIpe�JIOJKeHM5:I OTKJIOHMJI.

To, -qTO aJIXMMM.H He IIOJIyqMJIa paCIIpOCTpaHeHM.H Ha Py_
CM, 06'b.HCH.HeTC.H TeM, -qTO �eHbrM M SOJIOTO Ha PYCM Ha-qa-

JIM IIIMpOKO IIpMMeH.HTbC.H IIOSJKe IIO cpaBHeHMIO C saIIa�HbI-
MM CTpaHaMM, TaK KaK s�eCb IIOS�Hee IIpOMCXO�MJI IIepexo�
C 06pOKa Ha

�eH�JKHYIO peHTY. RpOMe Toro, MMCTMU;MSM, TY-
MaHHOCTb u;eJIeM M HepeaJIbHOCTb CIIoc060B aJIXMMMM IIpO-

TMBope-qMJIM S�paBOMY CMbICJIY M �eJIOBMTOCTM PYCCKMX JIIO-

�eM.
XMMM.H Ha PYCM paSBMBaJIaCb IIpeMMYIIJ;eCTBeHHO caMO-

6bITHO. B RMeBCKOM PYCM BbIIIJIaBJI.HJIM MeTaJIJIbI, IIpOMSBO-

�MJIM CTeKJIO, COJIM, KpaCKM, TKaHM. TIpM HBaHe rpOSHOM
B MOCKBe B 1581 r. 6bIJIa OTKpbITa aIITeKa. TIpM TIeTpe I

6bIJIM IIOCTpoeHbI KYIIOpocHbIe M KBaCU;OBbIe saBO�bI, IIepBbIe
XHMM-qeCKMe MaHy(paK'rypbI, a B MOCK Be Hac-qMTbIBaJIOCb YJKe
BoceMb aIITeK. ,IJ;aJIbHeMIIIee pasBMTMe XMMMM B POCCHM CB.H-

saHO C pa60TaMM M. B. JIOMoHOCOBa.

M. B. JIOMOHOCOB IIpOMSBO�MJI OIIbITbI C HaKaJIMBaHMeM

MeTaJIJIOB B SaIIa.HHHbIX cocy�ax. 3TMMH OIIbITaMM OH �O-
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KaSaJI, -rrTO MaCCa BeIIJ;eCTB, 1I0JIy-rreHHbIX B peSYJIbTaTe OlIbI-

Ta, 6bIJIa TO-rrHO TaKOH me, -rrTO M Macca BeIIJ;eCTB, BCTY-

lIMBIIIMX B peaKIJ;MIO. Ha OCHOBaHMM 1I0,D,06HbIX OlibITOB

C TO-rrHbIM BSBeIIIMBaHMeM BeIIJ;eCTB �O M 1I0CJIe peaKIJ;MM

M. B. JIOMOHOCOB B 1748 r. BlIepBbIe CQ;>OPMYJIMPOBaJI Bam-

HeHIIIMH saKOH XMMMM
- 3aKOll coxpallellUR JVlaCCbl ee-

"llt ecme e XUJVlU'leCKUX peaKlfuRx. B HaCTO.HIIJ;ee BpeM.H

8TOT saKOH Q;>OPMYJIMpyeTC.H TaK: Macca 6eUfecm6. 6cmy-

nU6ULUX 6 peaKtfUlO. pa6na Macce 6eUfecm6. nony-

"ll,U6ULUXC.1L 6 peaynbmame ee.

HeCKOJIbKO lIosme Q;>paHIJ;YSCKMH y-rreHbIH AHTyaH JIaBY-

aSbe, lIpOBO�.H aHaJIOrM-rrHbIe OlibITbI C lIpMMeHeHMeM TO-rr-

HbIX MeTO�OB BSBeIIIMBaHM.H, lIpMIIIeJI K TaKOMY me BbIBO�Y.

3Ha-rrMTeJIbHbIH BKJI� B paSBMTMe XMMMM BHeCJIM BbI�aro-

IIJ;MeC.H PYCCKMe y-rreHbIe
- A. M. BYTJIepOB M .II;. H. MeH-

�eJIeeB.

A. M. BYTJIepOB B 1861 r. COs�aJI TeopMIO CTpOeHM.H opra-

HM-rreCKMX coe�MHeHMH, KOTopa.H 1I0SBOJIMJIa lIpMBeCTM B CMC-

TeMY SHaHM.H 06 orpOMHOM -rrMCJIe OpraHM-rrecKMx coe�MHeHMH

M 6es KOTOpOH HeMbICJIMMbI 6bIJIM 6bI cOBpeMeHHbIe YClIeXM

B COS�aHMM HOBbIX 1I0JIMMepHbIX MaTepMaJIOB. TIpo�OJImaTe-

JI.HMM M�eH A. M. BYTJIepOBa CTaJIM BbI�aroIIJ;MeC.H pYCCKMe

y-rreHbIe: B. B. MapKoBHMKOB, A. A. 3aiiIJ;eB, A. E. <Pasop-

CKMH, E. E. BarHep, C. B. JIe6e�eB, H. .II;. 3eJIMHCKMH M MHO-

rMe �pyrMe.

,l.(. H. MeH,ZJ;eJIeeB Ha OCHOBaHMM OTKpbIToro MM B 1869 r.

TIepMo�M-rrecKoro saKOHa (OCHoBOlIOJIaralOIIJ;erO 3aKOHa ec-

TecTBOSHaHM.H) COS�aJI CTPOHHYIO Hay-rrHYIO KJIaCcMQ;>MKa-

IJ;MIO XMMM-rreCKMX 8JIeMeHTOB
- TIepMO,D,M-rrecKYIO CMCTeMY

XMMM-rreCKMX 8JIeMeHTOB, HaSBaHHYIO B ero -rreCTb.

<

:

TOqKH 3peHHH Ha npOHcxom.n;eHHe CJIOBa <'XHMHH».

1. XeMH (erHneT.) -

<,...epHaH» (3eMJIH). 3TO .n;peBHee

Ha3BaHHe ErHnTa, r.n;e sapo.n;HJIaCb HaYKa XHMHH.

2. ReMe (erHneT.) -

<,...epHaH» (HaYKa). AJIXHMHH KaK

TeMHaH, .n;MlBOJIbCRaH HaYKa (cpaBHHTb C ...epHORHH-

mHeM
-

ROJl)J;OBCTBOM, OCHOBaHHbIM Ha .n;e:HCTBHH He-

"'HCTO:H CHJIbI). 3. XIOMa (.n;p.-rpe....) - <'JIHTbe MeTaJI-

JIOB» (rJIaroJI <,XOO» - <'JIblO»). Toro me ROpHH H rpeq.

<'XIOMOC» - <'COR». 4. RHM (.n;p.-RHT.)
- <'30JIOTO».

Tor.n;a XHMHIO MomHO TOJIROBaTb RaR 3JIaTo.n;eJIHe.

2 i l

?
. ...............................................

1 II3YQIIB IIpOHcxom.n;eHIIe CJIOBa XUJVlU.H, COCTaBbTe paCCKa3

o XHMHII H ee 3Hal:{eHIIII B HCTOpIIII .n;peBHIIX n;IIBIIJIII3aIJ;IIH.

HeMen;KIIH II03T Ce6aCTb.HH BpaHT B XV B. IIHCaJI B CaTIIpIIl:{e-

CKOH II03Me <,Kopa6JIb .n;ypaKOB»:

AJIXIIMII.H IIpIIMepOM CJIymIIT

TOMY, KaR IIJIYTHII C .n;ypblO .n;PymaT...

CKa3aJI HaM ApIICTOTeJIb BelIJ;IIH:
<,HeII3MeH.HeMa CYTb Bem;II»,

AJIXHMIIK me B Yl:{eHOM 6pe.n;e

BbIBo.n;HT 30JIOTO II3 Me.n;II...

)J,aHTe CBOIO On;eHKY 3Toro OTpbIBKa.

.1

2

3
AHrJIIIl:{aHHH BeH )J,mOHC B IIbeCe (,AJIXIIMIIK» (XVI-
XVII BB.) IIIICaJI:

... Cero.n;H.H
.H .n;OJImeH IIpIIrOTOBHTb TaJIIICMaH,

Ham IIepJI TBOpeHII.H
- <pIIJIOCO<PCKIIH KaMeHb...

KaKIIe CBoHcTBa IIpIIIIIICbIBaJIH aJIXIIMIIKH <pIIJIOCO(jJCKOMY
KaMHIO ?

4 C(jJOPMYJIIIpYHTe 3aKOH coxpaHeHH.H MaCCbI Bem;eCTB. IIo.n;y-
MaHTe, IIOl:{eMY IIPII ropeHIIH CBel:{II ee Macca IIOCTelIeHHO

YMeHbmaeTC.H. IIpoTIIBOpel:{IIT JIll 3TO Ha6JIIO.n;eHHe 3aKOHY co-

xpaHeHII.H MaCCbI Bem;ecTB?

5
KaKIIMII l:{epTaMII PyccKoro xapaKTepa, IIO BameMY MHeHIIIO,

06'b.HCH.HeTC.H TOT (jJaKT, l:{TO BeJIHl:{aHmHe o606m;eHII.H B XIIMIIH

6bIJIII c.n;eJIaHbI IIMeHHO PYCCKIIMII XHMIIKaMII: M. B. JIOMO-

HOCOB OTKpbIJI 3aROH coxpaHeHII.H MaCCbI Bem;eCTB, A. M. BYT-

JIepOB C03.n;aJI TeopHIO CTpOeHII.H OpraHIIl:{eCKIIX coe.n;IIHeHHH,
a )J,. II. MeH.n;eJIeeB C(jJOPMYJIIIpOBaJI IIepIIo.n;IIl:{eCKIIH 3aKOH

II pa3pa6oTaJI IIepIIo.n;IIl:{eCKYIO CIICTeMY XHMIIl:{eCKIIX 3JIe-

MeHTOB?

6 IIo.n;roToBbTe He60JIbmIIe C006m;eHII.H (IIO BbI6opy) 0 mII3-

HII II .n;e.HTeJIbHOCTH M. B. JIOMoHocOBa, A. M. BYTJIepOBa,
)J,. II. MeH.n;eJIeeBa.

7
Ha30BIITe JIIITepaTypHbIe IIpOH3Be.n;eHII.H, B KOTOpbIX OIIIIcaHbI

OlIbITbI aJIXHMHKOB II (jJIIJIOCO(jJCKHH KaMeHb.
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IIepllop;WIeCKaH CIiCTeMa

XIIMIl"tJeCKIiX 3JIeMeHTOB

,IJ;. M. MeHp;eJIeeBa.
3HaKli XIIMIl"tJeCKIiX

3JIeMeHTOB

�4

30,9738

CBoe Ha3BaHHe

XHMHQeCKHll

:meMeHT N2 15

ljJocljJop nOJIYTIHJI

aa cnoco5HoCTb

6eJIol'o ljJocljJopa

CBeTHTbC.II B TeMHOTe

,---�

P 15

$occl>op

reHMaJIbHOrO PYCCKoro XMMMKa ,IJ;. H. MeH�eJIeeBa BCIO

JKMSHb OTJIM-rraJIO CTpeMJIeHMe K nOSHaHMIO HeBe�OMoro. 3TO

CTpeMJIeHMe, a TaKJKe rJIy60-rraHIIIMe M 06lIIMpHeHIIIMe SHa-

HM.H B co-rreTaHMM C 6eSOIIIM60-rrHOH HayqHoH MHTYMII;MeH M

nOSBOJIMJIM ,IJ;MMTpMIO HBaHOBM-rry paspa60TaTb Hay-rrHYIO

KJIaCCmpMKaII;MIO XMMM-rreCKMX :::meMeHTOB - TIepMO,D,M-rre-

CKYIO CMCTeMY B (popMe ero 3HaMeHMTOH Ta6JIMII;bI.

TIepMO�M-rreCKYIO CMCTeMY XMMM-rreCKMX SJIeMeHTOB

,IJ;. H. MeH�eJIeeBa MOJKHO npe�CTaBMTb B BM�e 60JIblIIOrO

,D,OMa, B KOTOpOM <'�PYJKHO JKMBYT» a6COJIIOTHO Bce XMMM-rre-

CKMe SJIeMeHTbI, MSBeCTHble -rreJIOBeKy. QTo6bI YMeTb nOJIb-

SOBaTbC.H TIepMO,D,M-rreCKOH CMCTeMOH, He06xo,D,MMO MSy-rrMTb

XMMM-rreCKMH aJI(paBMT, T. e. SHaKM XMMM-rreCKMX SJIeMeHTOB.

C MX nOMo:ru;blO BbI Hay-rrMTeCb nMcaTb CJIOBa - XMMM-rreCKMe

(P0PMYJIbI, aHa MX OCHOBe CMOJKeTe sanMCbIBaTb npe�JIOJKe-

HM.H -

ypaBHeHM.H XMMM-rreCKMX peaKII;MH.

KaJK,D,bIH XMMM-rreCKMH SJIeMeHT 060SHa-rraIOT c06CTBeHHbIM

XUMU"lLeCKUM auaKOM, MJIM CUM60nOM, KOTOpbIH Hap.H�y

C HaSBaHMeM XMMM-rreCKoro SJIeMeHTa SaIIMCaH B Ta6JIMII;e

,IJ;. H. MeH�eJIeeBa. B Ka-rreCTBe CMMBOJIOB no npe�JIOJKeHMIO

IIIBe�CKOro XMMMKa ll. BepII;eJIMyca 6bIJIM npMH.HTbI B 60JIb-

IIIMHCTBe CJIy-rraeB Ha-rraJIbHbIe 6YKBbI JIaTMHCKMX HaSBaHMH

XMMM-rreCKMX SJIeMeHTOB. TaR, BO�OpO� (JIaTMHCKoe HaSBa-

HMe Hydrogenium
- rM,D,pOreHMYM) 060sHa-rra1OT 6YKBOH H

(-rrMTaIOT <,alII»), KMCJIOpO� (JIaTMHCKoe HaSBaHMe Oxygeni-
um

-

oKcMreHMYM) - 6YKBOH 0 (-rrMTaIOT <'0»), yrJIepo�

(JIaTMHCKoe HaSBaHMe Carboneum -

Kap6oHeYM) - 6YK-
BOH C (-rrMTaIOT <'II;S» ).

Ha 6YKBY C Ha-rrMHaIOTC.H JIaTMHCKMe HaSBaHM.H e:ru;e He-

CKOJIbKMX XMMM-rreCKMX SJIeMeHTOB: KaJIbII;M.H (Calcium), Me-

�M (Cuprum), Ko6aJIbTa (Cobaltum) M �p. QT06bI MX paSJIM-

-rrMTb, H. BepII;eJIMYc npe�JI(llimJI K Ha-rraJIbHOH 6YKBe JIaTMH-

CKoro HaSBaHM.H �06aBJI.HTb e:ru;e O�HY M3 nOCJIe�YIO:ru;MX

6YKB HaSBaHM.H. TaK, xMMM-rrecKMH SHaK KaJIbII;M.H saIIMCbI-

PHC. 19. 3THMOJIOrmI Ha3BaHH.H 3JIeMeHTa N2 15

IIepHo,ZJ;H'IecKoH CHCTeMbI ,1J;. II. MeH,ZJ;eJIeeBa

BaIOT CMMBOJIOM Ca (-rrMTaIOT «KaJIbII;MH»), Me�M
- Cu (-rrMTa-

lOT <'KynpYM»), K06aJIbTa - Co (-rrMTaIOT <'K06aJIbT» ).
B HaSBaHM.HX O�HMX XMMM-rreCKMX SJIeMeHTOB OTpa.meHbI

BaJKHeHIIIMe CBOHCTBa SJIeMeHTOB, HanpMMep, BO�OpO�
-

po:J/C{)alOll.t U U 60{)y, KMCJIOpO�
- po:J/C{)alOll.tUU KUCJtO-

mbl, (POc(Pop -

llecyll.tuu C6em (pMC. 19) M T. ,D,.

,IJ;pyrMe SJIeMeHTbI HaSBaHbI B -rreCTb He6ecHblx TeJI MJIM

nJIaHeT COJIHe-rrHoH CMCTeMbI -

CeJIeH M TeJIJIyp (pMC. 20)
(OT rpe-rr. CeJtella -

JIYHa M TeJtJtypuc
-

3eMJI.H), ypaH,

HenTYHMH,nJIYToHMH.

OT�eJIbHble HaSBaHM.H saMMCTBOBaHbI MS MM(pOJIOrMM
(pMC. 21). HanpMMep, TaHTaJI. TaK SBaJIM JII06MMOro CbIHa

3eBca. 3a npecTynJIeHM.H nepe� 60raMM TaHTaJI 6bIJI CypOBO
HaKaSaH. OH CTO.HJI no ropJIO B BO,D,e, M H� HMM CBMCaJIM BeT-

BM C CO-rrHbIMM, apOMaTHbIMM IIJIO�aMM. O�HaKo e�Ba OH xo-

TeJI HaIIMTbC.H, KaK Bo�a YTeKaJIa OT Hero, e�Ba JKeJIaJI YTO-

Te 52 B QeCTb nJIaHeTbI

3eMJI.II Ha3BaH

XHMH'IeCKHll

3JIeMeHT M 52 TeJIJIYP

,�..-=

':t;
\-, ,,j/jI

�127,60

Tennyp

PHC. 20. 3THMOJIOrH.H Ha3BaHH.H 3JIeMeHTa N2 52

IIepHo,ZJ;H'IecKoH CHCTeMbI ,1J;. II. MeH,ZJ;eJIeeBa

I.
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61 Pm
[145]

npoMen'liii

B qeCTb l'epO.II ApeBHel'O

MHljJa llpOMeTe.II,

nOAapHBllIel'O JIlOA.lIM

Ol'OHb H 06peqeHHOl'O

3a 3TO Ha CTpallIHbIe MYKH

(K HeMY, npHKOBaHHOMY

K CKaJIe, npHJIeTaJI opeJI

H KJIeBaJI ero neTIeHb),
Ha3BaH XHMH'IeCKHll

3JIeMeHT M 61 npoMeTHll

I

I "

II'
B TIeCTb BeJIHKOl'O

PYCCKoro XHMHKa

,IJ;. H. MeHAeJIeeBa,

OTKpblBllIel'O

llepHOAHQeCKHll 3aKOH

II c03AaBllIel'O

llepHOAHTIecKYlO CHCTeMY

XHMHTIeCKHX 3JIeMeHTOB,

Ha3BaJIH XHMHTIeCKHll

3JIeMeHT M 101
.i;:

101 Md "�
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MeHAeneBIllM

PHC. 21. 3THMOJIOrH.H Ha3BaHH.H ::meMeHTa N2 61

IIepHo.n;WIeCIWH CHCTeMbI A. 11. MeH.n;eJIeeBa
PHC. 23. 3THMOJIOrH.H Ha3BaHil.H ::meMeHTa N2 101

IIepHo.n;wIeCKOH CilCTeMbI A. 11. MeH.n;eJIeeBa

JIMTb rOJIo,n; M rrpOT.flTMBaJI pyKy K IIJIo,n;aM
-

BeTBM OTKJIO-

H.HJIMCb B CTOPOHY. I1bITa.HCb BbI,n;eJIMTb TaHTaJI MS py,n;,

XMMMKM MCrrbITaJIM He MeHbllie MY"lleHMH.

HeKOTopble 8JIeMeHTbI 6bIJIM HaSBaHbI B "lleCTb paSJIM"ll-

HbIX rocy,n;apCTB MJIM "llaCTeH CBeTa. HanpMMep, repMaHMH,
raJIJIMH (raJIJIM.H -

CTapMHHoe Ha3BaHMe <t>PaHII;MM), rrOJIOHMH

(B "lleCTb I10JIblliM), CKaH,n;MH (B "lleCTb CKaH,n;MHaBMM), (jJpaH-

II;MH, PYTeHMH (PYTeHM.H - JIaTMHCKoe HaSBaHMe POCCMM),

eBporrMH M aMepMII;MH. BOT 8JIeMeHTbI, HaSBaHHble B "lleCTb

ropo,n;oB: ra(jJHMH (B "lleCTb EorreHrareHa), JIIOTeII;MH (B CTa-

PMHY I1apM:m HaSbIBaJIM JIIOTeII;MH), 6epKJIMH (B "lleCTb ropo-

,n;a BepKJIM B CillA), MTTPMH, Tep6MH, 8p6MH, MTTep6MH

(HaSBaHM.H 8TMX 8JIeMeHTOB rrpoMcxo,n;.HT OT llTTep6M - Ma-

JIeHbKOro ropo,n;a B illBeII;MM, r,n;e BrrepBble 6bIJI o6Hapy:meH

MMHepaJI, co,n;ep:maIIJ;MH 8TM 8JIeMeHTbI), ,D,y6HMH (pMC. 22).

105 Db
[262]

IJ,y6HIIIM I

XHMHTIeCKHll 3JIeMeHT

N2 105 Ha3BaJIH B TIeCTb

IJ;eHTpa MemAYHapOAHbIX

.lIAepHbIX HCCJIeAOBaHHll

B 1'. ,IJ;y6Ha MOCKOBCKOll

06JIacTH

HaKOHeII;, B HaSBaHM.HX 8JIeMeHTOB YBeKOBe"lleHbI MMeHa

BeJIMKMX Y"lleHblx: KIOPMH, (jJepMMH, 8HHlliTeHHMH, MeH,D,eJIe-

BMH(pMC.23),JIoypeHCMH.
Ea:m,n;OMY XMMM"lleCKOMY 8JIeMeHTY OTBe,n;eHa B Ta6JIMII;e

MeH,D,eJIeeBa, B 06IIJ;eM ,n;OMe Bcex 8JIeMeHTOB, CBO.H <'KBapTM-
pa»

-

KJIeTKa co CTporo orrpe,n;eJIeHHbIM HOMepOM. rJIy6o-
KMH CMbICJI 8Toro HOMepa BaM paCKpOeTC.H IIPM ,n;aJIbHeHllieM
MSY"lleHMM XMMMM. TaK :me CTporo pacrrpe,n;eJIeHa M 8Ta:m-

HOCTb 8TMX <'KBapTMp»
-

rrepMo,n;bI, B KOTOpbIX <,:mMBYT»
8JIeMeHTbI. EaK M rrOp.H,n;KOBbIH HOMep 8JIeMeHTa (HOMep
<'KBapTMpbI»), HOMep rrepMo,n;a «<8Ta:ma») TaMT B ce6e BaJK-

HeHlliYIO MH(jJopMaII;MIO 0 CTpoeHMM aTOMOB XMMM"lleCKMX

8JIeMeHTOB. I10 ropMSOHTaJIM -

«8Ta:mHOCTM» -

I1epMO,D,M-
"lleCKaH CMCTeMa ,n;eJIMTC.H Ha ceMb IIepHOl-J;OB:

I-H rrepMO,n; BKJIIO"llaeT B ce6.H ,n;Ba 8JIeMeHTa: BO,n;OpO,n; H
M reJIMH He;

2-H IIepMO,D, Ha"llMHaeTC.H JIMTMeM Li M OKaH"llMBaeTC.H Heo-

HOM Ne (8 8JIeMeHToB);
3-H rrepMO,n; Ha"llMHaeTC.H HaTpMeM Na M OKaH"llMBaeTC.H

aprOHOM Ar (8 8JIeMeHToB).
TpM rrepBbIX rrepMo,n;a, COCTO.HIIJ;Me Ka:m,n;bIH MS O,D,HOro

p.H,n;a, HaSbIBaIOT JVlaJlblJVlU nepuo{)aJVlu.

nEPIiJO,lJ,bl PS1,IJ,bl
rpYIIIIbI 3JIEMEHTOB

I II III IV V VI VII VIII

1 1 H He

2
-

2 Li Be B C N 0 F Ne

3 3 Na Mg Al
-

Si P S CI Ar

PHC. 22. 3TilMOJIOril.H Ha3BaHil.H ::meMeHTa N2 105

IIepHo.n;wIeCKOH CHCTeMbI A. 11. MeH.n;eJIeeBa �,
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IIepMO�bI 4, 5 M 6-M BKJIlo-qaIOT no �Ba p.H�a 3,:ITeMeHToB,
MX Ha3bIBalOT 60JlbUlUMU nepuoiJaMu; 4-M M 5-M nepMO�bI

CO�epJKaT no 18 3JIeMeHTOB, 6-M - 32 3JIeMeHTa.

4 K Ca co, >T

V r:r Mn Fel Col Ni
� �, . �

4
5 Cu Zn Ga Ge As 8e Br Kr

6 Rb 8r y Zr Nb Mo 1'c Rul Rhl Pd

5
7

A

C-
1

In 8n 8b 1'e I Xe,

8 Cs Ba La* r" Tf W Re Os 1 Irl pt

6
9 Au H� 1'1 Pb Bi Po At Rn

I

7 -M nepMO,D,
- HesaKOH-qeHHbIM, COCTOMT nOKa TOJIbKO

MS O�Horo p.H�a.

06paTMTe BHMMaHMe Ha (,nO�BaJIbHbIe 3TaJKM» IIepMo,D,M-

-qecKoM CMCTeMbI
- TaM «JKMBYT» no 14 3JIeMeHTOB-6JIM3He-

:O;OB, nOXOJKMe no CBOMM CBOMCTBaM O�HM Ha JIaHTaH La, �PY-

rMe Ha aKTMHMM Ac, KOTOpbIe npe�CTaBJI.HIOT MX Ha BepXHMX

('3TaJKax» Ta6JIM:O;bI: B 6-M M 7 -M nepMO,D,ax.

nAHTAHOH,L\bI
**

AKTHHOH,L\bI

rpYI1I1A

I

(H)

Li

Na

K

Cu

Rb

A.g

Cs
A

Fr

IIo BepTMKaJIM XMMM-qeCKMe 3JIe-

MeHTbI, (,JKMBYIIJ;Me» B CXO�HbIX no

CBoHcTBaM (, KBapTMpax »
, pacnoJIa-

ralOTC.H �Pyr no� �PyroM B BepTM-

KaJIbHbIX CTOJI6:o;ax -

rpynnax, KO-

TOpbIX B Ta6JIM:o;e ,1];. II. MeH�eJIeeBa

BoceMb.

R:aiK�a.H rpynna COCTOMT MS �BYX

noiJzpynn
- ZJla61l0U M no601{llou.

IIo�rpynny, B KOTOpYIO BXO�.HT 3JIe-

MeHTbI M MaJIbIX, M 60JIbIIIMX nepM-

O�OB, HaSbIBalOT ZJla61l0U noiJzpyn-
nou. IIo�rpynny, B KOTOPYIO BXO�.HT

3JIeMeHTbI TOJIbKO 60JIbIIIMX nepM-

O,D,OB, HaSbIBalOT no601{llou noiJzpyn-
nou. TaK, B rJIaBHYIO no�rpynny

IIOp;rpYIIIIbI

/ '"
l'JIaBHa.II .()1:IH LH

So'
.,,-

I rpynnbI BXO�.HT JIMTMM, HaTpMM, KaJIMM, py6M�MM M <PpaH-
:O;MM -

3TO no�rpynna JIMTM.H Li; n060-qHa.H no�rpynna
3TOM rpynnbI 06pasoBaHa Me�blO, cepe6poM M SOJIOTOM _

3TO no�rpynna Me�M Cu.

IIo�06HO TOMY KaK MS 3JIeMeHTOB MrpbI «JIero» pe6eHoK
MOJKeT CKOHCTpYMpoBaTb orpOMHoe KOJIM-qeCTBO paSJIM-qHbIX
npe�MeTOB (CM. pMC. 9 Ha c. 14), TaK If MS XMMM-qeCKMX 3JIe-

MeHTOB npMpO,D,a M -qeJIOBeK COS�aJIM OKpYJKalOIIJ;ee Hac MHO-

ro06paSMe BeIIJ;ecTB. EIIJ;e HarJI.H�Hee ,D,pyra.H MO�eJIb: no�06-
HO TOMY KaK 33 6YKBbI pYCCKoro aJI(paBMTa 06pasYlOT pas-
JIM-qHbIe KOM6MHa:O;MM, �eC.HTKM TbIC.H-q CJIOB, TaK M 110
XMMM-qeCKMX 3JIeMeHTOB B paSJIM-qHbIX co-qeTaHM.HX COS,D,aIOT
60JIee 20 MMJIJIMOHOB HaMMeHoBaHMM BeIIJ;eCTB.

IIocTapaHTecb YCBOMTb saKOHoMepHocTM 06paSOBaHM.H
CJIOB -

XMMM-qeCKMX (POPMYJI, M Tor�a MMp BeIIJ;eCTB OTKpO-
eTC.H nepe,D, BaMM BO BceM CBoeM Kpaco-qHOM MHoro06pasMM.

Ho ,D,JI.H 3Toro BHa-qaJIe BbIy-qMTe CJIe�yroIIJ;Me CMMBOJIbI _

6YKBbI XMMM-qeCKMX 3JIeMeHTOB (Ta6JI. 1).

i
,

I!

II
.,

I

III

HA3BAHl1H HEKOTOPbIX

XI1MI1QECKI1X 3JIEMEHTOB
Ta6Jlu�a 1

Ha3BaHHe
XHMHqeCKHH IIpoH3HoIIIeHHe

XHMHqeCKOrO
XHMHqeCKOro

3JIeMeHTa
CHMBOJI

CHMBOJIa

A30T N 8H

AmoMHHHH Al AmoMHHHH

Bo.n;opo.n; H Am

JKeJIe30 Fe <I>epPYM

KaJIHH K KaJIHH

KaJIbr(HH Ca KaJIbr(HH

KHCJIOpO.n; 0 0

KpeMHHH 8i CHJIHIJ,HYM

MarHHH Mg MarHHH

MapraHeIJ, Mn MapraHeu;

Me.n;b Cu KyrrpYM '�f
Sf

,--



'II

II1I
OlCOH'laHUe ma6Jl. 1

�5
XHMH-rJeCKHe cpOPMYJIbI.
OTHOCHTeJIbHa.H aTOMHa.H

H MOJIeKY JIHpHa.H MaCCbI

COCTaB rrpocTbIX M CJIO:mHbIX Beru;ecTB XMMMKM Bcero MM-

pa oTpa:maIOT O"TleHb KpacMBo M JIaKOHM"TlHO B BM,D,e XMMM"Tle-

CKMX (POPMYJI. XMMM"TleCKMe (POPMYJIbI
- 8TO aHaJIOrM CJIOB,

KOTopbIe sarrMCbIBaIOT C rroMoru;blO 6YKB - 3HaROB XMMM"Tle-

CKMX 8JIeMeHTOB.

BbIpasMM C rroMoru;blO XMMM"TleCKMX CMMBOJIOB COCTaB

caMoro pacrrpocTpaHeHHoro Beru;ecTBa Ha 3eMJIe -

BO,l];bI.

B MOJIeKYJIY BO,l];bI BXO,l];.HT ,l];Ba aTOMa BO,l];OpO,l];a M O,l];MH aTOM

KMCJIOpO,l];a. Terrepb rrepeBe,l];eM 8TO rrpe,l];JIo:meHMe B XMMM"Tle-

CKYIO (POPMYJIY, MCrrOJIbSY.H XMMM"TleCKMe CMMBOJIbI (BO,l];OpO-

,l];a
- H M KMCJIOpO,l];a

- 0). "IlMCJIO aTOMOB B (popMYJIe sarrM-

rneM C rrOMoru;blO unoeKC06 - IJ;M(Pp, CTO.Hru;MX BHMSY crrpa-

Ba OT XMMM"TleCKOrO CMMBOJIa (MH,l];eKC 1 ,D,JI.H KMCJIOpO,l];a He

rrMrnYT): H
2

0 ("TlMTaIOT ('arn-,l];Ba-o»).

<t>OPMYJIbI rrpocTbIX Beru;ecTB BO,l];OpO,l];a M KMCJIOpO,l];a, MO-

JIeKYJIbI KOTOpbIX COCTO.HT M3 ,l];BYX O,l];MHaKOBbIx aToMoB,

sarrMCbIBalOT TaR: H
2 ("TlMTaIOT ('aIII-,l];Ba») M O

2 ("TlMTaIOT

('O-,l];Ba») (pMC. 24).
"IlT06bI OTpaSMTb "TlMCJIO MOJIeKyJI, MCrrOJIbSYIOT KoatJJ(pu-

"Lfuenmb£, KOTopbIe rrMrnYT rrepe,l]; XMMM"TleCKMMM (POp MY-

JIaMM: HarrpMMep, sarrMCb 2C0
2 ("TlMTaIOT «,l];Ba-IJ;8-0-,l];Ba»)

OSHa"TlaeT ,D,Be MOJIeKYJIbI yrJIeKMCJIOrO rasa, Ka:m,l];a.H MS

KOTOpbIX COCTOMT MS O,l];HOrO

aTOMa yrJIepO,l];a M ,l];BYX aTO-

MOB KMCJIOpO,l];a.

AWmOrM"TlHO sanMCbIBalOT KO-

8q)(pMIJ;MeHTbI, KOr,l];a yKa3bIBalOT

"TlMCJIO CB060,l];HbIX aTOMOB XM-

MM"TleCKOrO 8JIeMeHTa. HarrpM-

Mep, HaM Hy:mHO sarrMcaTb BbI-

pa:meHMe: rr.HTb aTOMOB :meJIesa

M ceMb aTOMOB KMCJIOpO,D,a. ,IJ;e-
JIalOT 8TO CJIe,l];YIOru;MM 06pa-
SOM: 5Fe M 70.

PasMepbI MOJIeKYJI, a TeM

60JIee aTOMOB HaCTOJIbKO Ma-

JIbI, "TlTO MX HeBOSMo:mHO pac-

Ha3BaHHe
XHMHqeCKHH

XHM�eCKoro
CHMBOJI

3JIeMeHTa

HaTpHH Na

Cepa S

Cepe6po Ag

YrJIepo.n; C

<I>ocqJOp P

XJIOp Cl

ll,HHK Zn

IIpOH3HOIIIeHHe
XHMHqeCKOrO

CHMBOJIa

HaTpHH

8c

ApreHTYM

11,3

II3

l
XJIOp

II,IIHK

1

i

�i
<

(

c

1. TIepHo.n;H'IecKa.H CHCTeMa XHMH'IeCKHX 8JIeMeHTOB

(TaOJIHn;a) ,II;. H. Men.n;eJIeeBa. 2. TIepHo.n;bI OOJIbIDHe

H MaJIbIe. 3. rpynnbI H no.n;rpynnbI
- rJIaBHaH H no.

OOqHaH. 4. CHMBOJIbI XHMHqeCKHX 3JIeMeHTOB.

�,

?
. .. .................. ........ ...............

1
IIOJIb3Y.HCb CJIOBap.HMII (3TIIMOJIOrFI'IeCKIIM, 3Hn;IIKJIOIIe.n;H'Ie-

CKIIM II XIIMII'IeCKIiX TepMIIHoB), Ha30BHTe BamHeHllilie CBOH-

CTBa, KOTOpbIe OTpameHbI B Ha3BaHII.HX XHMII'IeCKIiX 3JIeMeH-

TOB: 6pOM Br, a30T N, (jJTOp F.

IIo.n;YMaHTe, KaR B Ha3BaHIIII XIIMII'IeCKIiX 3JIeMeHTOB THTaHa

II BaIm.n;H.H OTpameHO BJIH.HHlIe .n;peBHerpe'IeCKIiX MII(jJOB.

IIo'IeMY JIaTIIHCKoe Ha3BaHlie 30JIOTa Aurum (aYPYM), a cepe6-

pa
- Argentum (apreHTYM)?

PaccKamliTe IICTOpliIO OTKpbITM.H KaKOrO-JIII6o (IIO BameMY BbI-

6oPY) XIIMII'IeCKOrO 3JIeMeHTa II 06'b.HCHMTe 3TIIMOJIOrliIO ero

Ha3BaHII.H.

3anlilliliTe (,Koop.n;HHaTbI'), T. e. IIOJIOmeHlIe B IIeplIo.n;II'IeCKOH

CIiCTeMe ,1J;. 11. MeH.n;eJIeeBa (HoMep 3JIeMeHTa, HOMep IIeplIo.n;a

II ero BII.n;
- 60JIblliOH IIJIII Ma.JIbIH, HOMep rpYIIIIbI II ee TIIII

-

rJIaBHillI HJIII IIo60'IHa.H), .n;JI.H CJIe.n;YIOIIJ;HX XIIMM'IeCKHX 3JIe-

MeHToB:KaJIbn;IIH,n;HHK,cYPbMa,TaHTa.JI,eBpoIIMH.

2

3

4

5

32

O 2

CJ
CD H 2 0

IIH 2

PHC. 24. Mo.n;eJIIi MOJIeKYJI

II (jJOPMYJIbI KIICJIOpo.n;a,

Bo.n;opo.n;a II BO.n;bI f
�g :1



CMOTpeTb ,n;aJKe B JIy-rrIIIMe OIITM-rreCKMe MMKpOCKOlIbI, ,n;a-

IOm;He YBeJIH-rreHMe B 5-6 TbIC.H-rr pas. ilx HeB03MOJK-

HO paCCMOTpeTb M B 8JIeKTpOHHbIe MMKpOCKOlIbI, ,n;alO-

m;Me YBeJIM-rreHHe B 40000 pa3. ECTecTBeHHo, -rrTO HM-rr-

TOJKHO MaJIOMY pasMepy MOJIeKYJI H aTOMOB COOTBeT-

CTBYIOT M HM-rrTOJKHO MaJIbIe MX MaCCbI. Y-rreHbIe pac-

C-rrMTaJIM, HalIpMMep, -rrTO Macca aTOMa Bo,n;opo,n;a paB-

Ha 0,000000000000000000000001674 r, -rrTO MOJKHO

IIpe,n;CTaBMTb KaK 1,674.10-
24

r, Macca aTOMa KMCJIOpO-

,n;a paBHa 0,000000000000000000000026667 r, MJIM

2,667.10-
23

r, Macca aTOMa yrJIepo,n;a paBHa 1,993.10-
23

r,

a Macca MOJIeKY JIbI BO,n;bI paBHa 3,002 . 10- 23
r.

,1];aBaiiTe pacc-rrMTaeM, BO CKOJIbKO pas Macca aTOMa KMC-

JIopo,n;a 60JIbIIIe MaCCbI aTOMa Bo,n;opo,n;a, caMoro JIerKOrO

8JIeMeHTa:

H 1

1,00797

BOAOPOA

Ar(H) '" 1

�

I �I
.

.,

I

I

0 8 C 6

15,9994 12,01115

KlllcnopoA Y.-nepoA

Ar(O) '" 16 Ar(C) '" 12

�� <.f'.e. o
6

0
6 :P

� --"»

�.

P'
"'Sf ...-

",

.::J
t.��2

",,,p.
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PHC. 27. Kam)J;bIll: 3JIeMeHT IIMeeT CBoe 3Ha�IeHHe OTHOCIITeJIbHOll:

aTOMHOll: MaCCbI
-23

2,6667
. 10 r

= 16 16
3 '

T. e. B pas.
0,1674' 10-

2
r

AHaJIOrH-rrHO, Macca aTOMa yrJIepo,n;a 60JIbIIIe MaCCbI aTO-

Ma Bo,n;opo,n;a B 12 pas:

-23

1,993
. 10

_

r
= 12 (pMC. 25).

o 1674 . 10
23

r
,

Macca MOJIeKYJIbI BO,n;bI 60JIbIIIe MaCCbI aTOMa Bo,n;opo,n;a

B 18 pas (pMC. 26). 3TH BeJIM-rrMHbI 1I0KaSbIBaIOT, BO CKOJIb-

KO pas Macca aTOMa ,n;aHHoro XHMM-rreCKoro 8JIeMeHTa 60JIb-

12 aTOMOB

BOAopoAa H

1 aTOM

yrJIepOAa C

18 aTOMOB

BOAopOAa H

'�,

IIIe MaCCbI aTOMa BO,D,OpO,D,a, TO eCTb .HBJI.HIOTC.H OTHOCHTeJIb-

HbIMH.

B HaCTO.Hm;ee BpeM.H y-rreHbIe-(jJMSHKM M y-rreHbIe-XMMMKM

IIpM,n;epJKMBaIOTC.H MHeHM.H, -rrTO omnOCUmenbnag amOM-

nag Macca aneMenma - 8TO BeJIM-rrMHa, 1I0KaSbIBalO-

m;a.H, BO CKOJIbKO pas Macca ero aTOMa 60JIbIIIe 1/ 12
MaCCbI

aTOMa yrJIepo,n;a. OTHOCMTeJIbHYIO aTOMHYIO Maccy 060SHa-

-rralOT AI" r,n;e r - Ha-rraJIbHa.H 6YKBa aHrJIHMCKOro CJIOBa rel-

ative, -rrTO OSHa-rraeT <,OTHOCMTeJIbHbIM». HalIpMMep,

Ar(O)
= 16, AI'(C)

= 12, AI'(H)
= 1.1 MOJIeKYJIa

BOAbI H 2 0

KaJK,n;bIM XMMM-rreCKMM 8JIeMeHT MMeeT CBoe SHa-rreHMe

OTHOCMTeJIbHOM aTOMHOM MaCCbI (pMC. 27). 3Ha-rreHM.H OTHO-

CMTeJIbHbIX aTOMHbIX Macc XMMM-rreCKMX 8JIeMeHTOB YKasa-

HbI B COOTBeTCTBYIOm;MX MM KJIeTKaX Ta6JIMIJ;bI ,1];. il. MeH,n;e-
JIeeBa.

AHaJIOrM-rrHo OTHOCMTeJIbHYIO MOJIeKYJI.HpHYIO Maccy Be-

m;eCTBa 0603Ha-rra1OT M
r

, HanpMMep M
r (H 2 0) = 18.

Ar M M
r

-

BeJIM-rrHHbI, KOTopbIe He HMelOT e,n;MHMIJ; MSMe-

peHM.H.

QT06bI YSHaTb OTHOCMTeJIbHYIO MOJIeKYJI.HpHYIO Maccy

Bem;eCTBa, He 06.HSaTeJIbHO ,n;eJIHTb Maccy ero MOJIeKYJIbI

Ha Maccy aTOMa Bo,n;opo,n;a. HYJKHO IIpOCTO CJIOJKMTb OTHOCM-

; �_.�""'-"'......."!'"....._';"'.",:".;r.�,...... -. .,;....._�..,� .....')."""'�f:::,..

PHC. 25. Macca aTOMa yrJIepo)J;a

paBHa Macce 12 aTOMOB

BO)J;opO)J;a

PHC. 26. Macca MOJIeRYJIbI

BO)J;bI paBHa Macce 18 aTOMOB

BO)J;opO)J;a
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TeJIbHbIe aTOMHbIe MaCCbI 8JIeMeHTOB, 06pa3YIOm;MX Bem;eCT-

BO, C y-qeTOM -qMCJIa aTOMOB, HanpMMep:

M
r (H 2 0)

=

2Ar(H) + Ar(O)
= 2.1 + 16 = 18,

M
r (C0 2 ) = 12 + 16.2 = 44.
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XMMM-qeCKa.H Q;>opMYJIa co,n;epJKMT BaJlmylO MHQ;>opMaIJ;MIO
o Bem;eCTBe. HanpMMep, Q;>opMYJIa cO

2
nOKa3bIBaeT CJIe,D,YIO-

m;ylO MHQ;>opMaIJ;MIO:
1. KOHKpeTHoe Bem;eCTBO

- yrJIeKMCJIbIM ras.

2. Ka-qecTBeHHbIM COCTaB - COCTOMT MS ,n;BYX 8JIeMeHTOB:

yr JIepO,D,a M KMCJIOpo,n;a.

3. TMn Bem;eCTBa
- CJIOJKHOe Bem;eCTBO.

4. KOJIM-qecTBeHHbIM COCTaB Bem;eCTBa
- B MOJIeKYJIe

co,n;epJKMTC.H 1 aTOM yrJIepo,n;a M 2 aTOMa KMCJIOpo,n;a.

5. OTHOCMTeJIbHYIO MOJIeKYJI.HpHYIO Maccy
- M r(C0 2 ) =

= 12 + 16. 2 = 44.

6. CooTHOIneHMe Macc 8JIeMeHTOB B 8TOM Bem;eCTBe:

m(C) : m(O) = 12 : 32 = 1 : 2,6.

7. MaCCOBbIe ,n;OJIM 8JIeMeHTOB B 8TOM Bem;eCTBe, KOTOpbIe

pacc-qMTbIBalOT no Q;>opMYJIe:

n' A
r (8)

w(3) =

M ( )
'

r
Boo Ba

r,n;e w(3) - MaCCOBa.H ,n;OJI.H 8JIeMeHTa 3 B Bem;ecTBe;
n - -qMCJIO aTOMOB 8JIeMeHTa 3 B Bem;eCTBe;

Ar(3)
- OTHOCMTeJIbHa.H aTOMHa.H Macca 8JIeMeHTa 3;

Mr(B-Ba)
- OTHOCMTeJIbHa.H MOJIeKYJI.HpHa.H Macca Bem;e-

CTBa.

36'
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Pacc-qMTaeM MaCCOBbIe ,n;OJIM 8JIeMeHTOB yrJIepo,n;a M KMC-

JIopo,n;a B yrJIeKMCJIOM rase.

1.12
w(C) =

�
= 0,2727, MJIM 27,27%.

w(O) =

2

��6 = 0,7273, MJIM 72,73%.

1. XHMHqeCKRH <»opMYJIa. 2. lIH,zJ;eKcbI H K08<»<»HlQI-
eHTbI. 3.0THoCHTeJIbHa.H aTOMHRH Macca (A r ). 4.0T-

HOCHTeJIbHRH MOJIeKymIpHRH Macca (M r)' 5. Macco-

BRH .n;OJIH 8JIeMeHTa B Beru;eCTBe.

?
. ...............................................

1
'IlTO 03Ha'Ia1OT 3amICH: 3H; 2H

2 0; 50
2

?

2
3arrHlliHTe (jJOPMYJIY caxap03bI, eCJIH H3BeCTHO, 'ITO B COCTaB ee

MOJIeKYJIbI BXO.n;.HT .n;BeHa.n;n;aTb aTOMOB yrJIepo.n;a, .n;Ba.n;n;aTb

.n;Ba aTOMa Bo.n;opo.n;a H o.n;HHHa.n;n;aTb aTOMOB KHCJIOpo.n;a.

I1crrOJIb3Y.H PHCYHOK 6 (CM. c. 11), 3arrHlliHTe (jJOPMYJIbI Be-

m;eCTB H paCC'IHTaMTe HX OTHOCHTeJIbHbIe MOJIeKYJI.HpHbIe
MaCCbI.

° KaKOM (jJopMe cym;ecTBOBaHH.H XHMH'IeCKOrO 3JIeMeHTa KHCJIO-

po.n;a rOBopHT KaJK.n;a.H H3 CJIe.n;YIOm;HX 3arrHcen: 30; 502; 4C0
2

?

ITO'IeMY OTHOCHTeJIbHa.H aTOMHa.H H OTHOCHTeJIbHaH MOJIeKY-

JI.HpHa.H MaCCbI He HMelOT e.n;HHHn; H3MepeHH.H?

B KaKOM H3 Bem;eCTB
-

802 HJIH 80g
-

MaCCOBa.H .n;OJI.H cepbI

60JIbllie? OTBeT rro.n;TBep.n;HTe paC'IeTaMH.

BbI'IHCJIHTe MaCCOBbIe .n;OJIH 3JIeMeHTOB B a30THoM KHCJIOTe

HNO
g

.

,n:aMTe rrOJIHYIO xapaKTepHcTHKY rJIIOK03bI C
6
H

12
0

6 , HCrrOJIb-

3Y.H rrpHMep orrHCaHH.H CO
2 (CM. c. 36).

3

4

5

6

7
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iJIaBa I10TOK :meKTpOHOB

ATOM:&!

nepBa5I

XHMHQeCKHX SneMeHTOB
A

,
.

�
CBeTIeHHe

.;J
CTeKJIa

E

+

�6
OCHOBHhIe CBep;eHH.H

o CTpOeHHH aTOMOB
PHC. 29. KaTO;LJ;Haa Tpy6Ka .1J:m. TOMcoHa

BbI YJKe sHaeTe, �TO Jll060H xMMM�ecKHH :=meMeHT, KaK

IIpaBMJIO, MOJKeT cym;ecTBoBaTb B Tpex (POp Max: CB060�HbIe

aTOMbI, IIpOCTbIe Bem;eCTBa M CJIOJKHbIe Bem;eCTBa. PaCCMOT-

pMM IIepBYIO (POPMY
- c606oihlble amOMbl (pMC. 28).

I1oH.HTMe amOM BOSHMKJIO em;e B aHTM�HOM MMpe �JI.H

060SHa�eHM.H �aCTMU; Bem;eCTBa. B IIepeBO,D,e C rpe�eCKoro

amOM OSHa�aeT <'He,D,eJIMMbIH».

llpJIaH�cKMH (PMSMK CTOHM Ha OCHOBaHMM OIIbITOB IIPM-

IIIeJI K BbIBO�y, �TO 8JIeKTpM�eCTBO IIepeHOCMTC.H MeJIb�aH-

IIIMMM �aCTMU;aMM, cym;eCTBYlOm;MMM B aTOMax Bcex XMMM-

�eCKMX 8JIeMeHTOB. B 1891 r. CTOHM IIpe�JIOJKMJI 8TM �aCTM-

U;bI HaSBaTb 3JleKmpOllaMU, �TO IIo-rpe�eCKM 03Ha�aeT

<'.HHTapb» .

qepes HeCKOJIbKO JIeT IIOCJIe Toro, KaK 8JIeKTpOH IIOJIY-

�MJI CBoe HaSBaHMe, aHrJIMHCKMH (PMSMK ,IJ;JKose(p TOM-

COH M (ppaHU;YSCKMH (PMSMK
maH I1eppeH ,D,OKaSaJIM, �TO

8JIeK'rpOHbI HeCYT Ha ce6e OT-

pMu;aTeJIbHbIH sap.H�. 3TO Ha-

MMeHbIIIMH OTpMu;aTeJIbHbIH
r.., sap.H�, KOTOpbIH B XMMMM

IIpMH.HT sa e�MHMU;Y (-1),
a ,IJ;JK. TOMCOH �aJKe CY-

MeJI OIIpe�eJIMTb ero Maccy

(oHa IIO�TM B 2000 pas MeHb-

IIIe MaCCbI aToiVIa Bo�opo�a).
,IJ;JK. TOMCOH M m. I1eppeH

�...' COe�MH.HJIM IIOJIIOCa MCTO�HM-

Ka TOKa C ,D,BYM.H MeTaJIJIM�e-

CKMMM IIJIaCTMHaMM - KaTO-

�OM M aHO�OM, BIIa.HHHbIMM

.",
....

..,
'/II.

--.

B CTeKJI.HHHYIO TPy6KY, MS KOTOpOH 6bIJI OTKa�aH BOS�YX

(pMC. 29). I1pM IIO,D,a�e Ha IIJIaCTMHbI-8JIeKTpO�bI Hanp.HJKe-
HM.H OKOJIO 10 TbIC.H� BOJIbT B TPy6Ke BCIIbIXMBaJI CBeT.Hm;MH-
C.H pasp.H�, a OT KaTo�a (oTpMu;aTeJIbHOrO IIOJIlOca) K aHO�Y

(IIOJIOJKMTeJIbHoMY IIOJIIOCY) JIeTeJIM �aCTMU;bI, KOTopbIe y�e-
HbIe CHa�aJIa HaSBaJIM KamoiJllblMU JlYIJ..aMU, a saTeM BbI-

.HCHMJIM, qTO 8TO 6bIJI IIOTOK 8JIeKTpoHOB. 3JIeKTpOHbI, y�ap.H-

.HCb 06 oc06bIe Bem;eCTBa, HaHeCeHHbIe, HaIIpMMep, Ha 8KpaH

TeJIeBMSOpa, BbISbIBaIOT CBe�eHMe.

BbIJI c�eJIaH BbIBO�
-

8JIeKTpOHbI BbIpbIBaIOTC.H M3 aTO-

MOB MaTepMaJIa, MS KOToporo C�eJIaH KaTO�.

CB060�HbIe 8JIeKTpOHbI MJIM IIOTOK MX MOJKHO IIOJIyqMTb
M �pyrMMM CIIOc06aMM, HaIIpMMep IIPM HaKaJIMBaHMM Me-

TaJIJIMqeCKOH IIpOBOJIOKM MJIM IIPM IIap;eHMM CBeTa Ha Me-

TaJIJIbI, 06paSOBaHHbIe XMMM�eCKMMM 8JIeMeHTaMM rJIaBHOH

IIo�rpYIIIIbI I rpYIIIIbI Ta6JIMU;bI ,IJ;. ll. MeH�eJIeeBa, HaIIpM-

Mep u;esMH.
Ho He TOJIbKO 8JIeKTpOHbI BXO�.HT B COCTaB aTOMOB.

<PMSMK AHpM BeKKepeJIb 06HapYJKMJI, �TO IIpMpO�HbIH MM-

HepaJI, CO�epJKam;MH COJIb ypaHa, TOJKe MCIIYCKaeT HeBe-

�OMoe MSJIyqeHMe, SaCBeqMBa.H (pOTOIIJIaCTMHKM, 3aKpbITbIe
OT CBeTa. 3TO .HBJIeHMe 6bIJIO HaSBaHO paouoaKmU6HO-
cmblO.

Pa3JIMqalOT TPM BM�a pa�MoaKTMBHbIX JIyqeH (pMC. 30):
.

(X-JIyqM, ROTopbIe COCTO.HT MS (X-�acTMU;, MMelOm;MX sap.H�
B 2 pasa 60JIbIIIe sap.H�a 8JIeKTpOHa, HO C IIOJIOJKMTeJIbHbIM

SHaKOM, M Maccy B 4 pasa 60JIbIIIe MaCCbI aTOMa Bo�opo�a;
. �-JIyqM IIpe�CTaBJI.HIOT C060H IIOTOK 8JIeKTpOHOB;
.

,¥-JIyqM
-

8TO 8JIeKTpOMarHMTHbIe BOJIHbI, He Hecym;Me

8JIeKTpM�eCKoro sap.H�a.

.."
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PHC. 28. ¥qeHble MorYT

c(jJoTorpaq:mpoBaTb aTOMbI
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I 8TM OTKpbITMR ,D,OKa3aJIM,

13 TITO amOJVl UJVleem CJlO:JIC1We

CmpOellUe
-

COCTOMT M3 60-

Jlee MeJlKMX (3J1eMeHTapHbIx)
TIaCTMU;.

RaK me YCTpoeH aToM?

B 1910 r. B ReM6pM,D,me,
6J1M3 JIoH,D,OHa, 8pHecT Pe-

3epQ.:>op,D, co CBOMMM YTIeHMKa-

MM M KOJlJleraMM MSYTIaJI pac-

CeMBaHMe a-TIaCTMU;, npoxo-

,D,RID;MX TIepe3 TOHeHbKYIO

30JlOTYIO Q.:>OJlbry M nona,n;aB-

IIIMX Ha 3KpaH. AJlbQ.:>a-TIacTM-

U;bI 06bITIHO TIYTb OTKJlOHR-

JlMCb OT nepBOHaTIaJlbHOrO Ha-

npaBJleHMR, Bcero Ha O,D,MH

rpa,D,Yc, nO,D,TBepm,D,aR, Ka3a-

JlOCb 6bI, paBHOMepHOCTb M O,D,HOpO,D,HOCTb CBOMCTB aTOMOB so-

JlOTa. II B,D,Pyr
- 0 TIY,D,o! -

MCCJle,D,OBaTeJlM SaMeTMJlM, TITO

HeKOTopbIe a-TIaCTMU;bI pe3KO M3MeH.HJlM HanpaBJleHMe ,D,BM-

meHMR, 6Y,D,TO HaTaJlKMBaJlMCb Ha KaKYIO-TO nperpa,n;y.

Pa3MeCTMB 3KPaH nepe,D, Q.:>OJlbrOM, 8. Pe3epQ.:>op,D, CYMeJl

06HapymMTb ,D,aiKe Te pe,D,TIaMIIIMe CJly-qaM, KOr,D,a a-TIaCTM-

U;bI, OTpa3MBIIIMCb OT aTOMOB SOJlOTa, JleTeJlM B 06paTHoM

HanpaBJleHMM.

PaCTIeTbI nOKa3aJIM, TITO Ha6J1IO,D,aeMbIe MMM RBJleHMR Mor-

JIM npOM30MTM, eCJlM 6bI BCR Macca aTOMa M BeCb ero nOJlOmM-

TeJlbHbIM 3apR,D, 6bIJIM COCpe,D,OTOTIeHbI B KpOXOTHOM u;eHTpaJIb-

HOM .H,1J,pe. Pa,n;IIYC R,1J,pa, KaK BbI.HCHMJlOCb, B 100000 pa3

MeHbIIIe pa,n;Myca Bcero aToMa, TOM ero 06J1aCTM, B KOTOpOM

HaXO,D,.HTC.H 3J1eKTpOHbI, MMeIOID;Me OTpMu;aTeJlbHbIM 3apR,D,.

ECJlM npMMeHMTb 06paSHoe cpaBHeHMe, TO BeCb 06'beM aTOMa

MomHO ynO,D,06MTb CTa,n;MOHY B JIymHMKax, a R,D,PO
- Q.:>YT-

60JlbHOMY M.HTIY, nOJlOmeHHOMY B u;eHTp nOJl.H.

ATOM JlI060ro XMMMTIeCKOrO 3J1eMeHTa
- KaK 6bI KpO-

XOTHa.H COJlHeTIHaR CMCTeMa. II03TOMY TaKYIO MO,D,eJlb aTO-

Ma, npe,D,JlOmeHHYIO 8. Pe3epQ.:>op,D,OM, Ha3bIBaIOT n.nane-

mapnoii.
Ho M 3TO He Bce. OKa3bIBaeTCR, M KpOIIIeTIHOe aTOMHoe

R,D,PO, B KOTOpOM COCpe,D,OTOTIeHa BCR Macca aTOMa, COCTOMT

M3 TIaCTMU; ,D,BYX BM,D,OB
-

npOTOHOB M HeMTpOHOB.

npOmOnbf., MMeIOT 3apR,D" paBHbIM 3apR,D,Y 3J1eKTpOHOB,

HO npOTMBOnOJlOmHbIM no 3HaKY (+ 1), M Maccy, npMMepHO

paBHYIO Macce aTOMa BO,D,OpO,D,a (oHa npMHRTa B XMMMM 3a

e,D,MHMU;Y). 0603HaTIaIOTC.H npOTOHbI 3HaKOM fP (MJlM p+).
HeiimpOnbf., He HeCYT 3ap.H,D,a, OHM HeMTpaJlbHbI M MMeIOT

Maccy, npMMepHO paBHYIO Macce npOTOHa, T. e. 1. 0603HaTIa-

IOT HeMTpOHbI 3HaKOM In (MJlM nO).

8J1eKTpOHbI 0603HaTIaIOT 3HaKOM e (Ta6J1. 2). TaK KaK

MaCCOM 3J1eKTpOHa, HMTITOmHO MaJlOM, MomHO npeHe6peTIb,
TO OTIeBM,D,HO, TITO B R,D,pe COCpe,D,OTOTIeHa BCR Macca aTOMa.

CYMMY TIMCeJl npOTOHOB M HeMTpOHOB B aTOMe Ha3bIBaIOT

MaCC06bf.,M "ltUC.nOM. HanpMMep, MaCCOBoe TIMCJlO aTOMa

aJlIOMMHMR:

a

\ \
y

.� �
\

,: II

i lr
PHc.30.Pac�errJIeHHe

pa,ZJ;HoaKTHBHoro H3JIyqeHHH

B 3JIeKTpHQeCKOM rrOJIe 13 14 27.+

QHCJIO

rrpOTOHOB

QHCJIO

HeiiTpoHoB

MaCCOBoe

QHCJIO

IIOCKOJlbKY aTOM 3J1eKTpOHeMTpaJIeH, TO TaKme OTIeBM,D,-

HO, -qTO 'lUCJlO npomOllOB U 3JleKmpOllOB B amOJVle oiJu-

llaKOBO. OllO paBllO nOp.fliJKoBOJVlY llOJVlepy XUJVlU'lec-

KOZO 3JleJVlellma B IIepMo,D,MTIeCKOM CMCTeMe ,n:. H. MeH-

,D,eJleeBa. HanpMMep, B R,D,pe aTOMa meJle3a CO,D,epmMTCR

OCHOBHbIE XAP AKTEPMCTMKM

3JIEMEHTAPHbIX QACTMII;

Ta6JlUlfa 2

�aCTHu;a H ee

0603HaqeHHe
Macca 3apH)J; I IIpHMeqaHHe

+ 1 r qHCJIO rrpoTOHOB promo

nopH,ZJ;KOBOMY HOMepy

3JIeMeHTa B Ta6JIHu;e

.D:. M. MeH,ZJ;eJIeeBa

IIpoTOH, p+ 1

HeHTpOH, nO 1 0 qHCJIO HeHTpoHoB HaXO,ZJ;HT

no «popMYJIe:
N=A-Z

3JIeKTpOH, e 1 -1

183J I
qHCJIO 3JIeKTpOHOB promo

nopH,ZJ;KOBOMY HOMepy

3JIeMeHTa B Ta6JIHu;e

.D:. M. MeH,ZJ;eJIeeBa

4Q, '41
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26 npOTOHOB, a BOKpyr H,D,pa pacnOJIaraIOTCH 263JIeKT-

pOHOB.

A KaK onpe,D,eJIMTb -qMCJIO HeiiTpoHoB?
EaK BaM yme M3BeCTHO, Macca aTOMa CKJIa,n;bIBaeTCH M3

MaCCbI npOTOHOB M HeiiTpoHoB. 3HaH nOpH,D,KOBbIH HOMep

3JIeMeHTa (Z), T. e. -qMCJIO npOTOHOB, M MaCCOBoe -qMCJIO (A),
paBHoe CYMMe -qMCeJI npOTOHOB M HeHTpoHoB, MomHO HaHTM

-qMCJIO HeHTpoHoB (N) no fPOpMYJIe:

N=A-Z.

HanpMMep, -qMCJIO HeHTpoHoB B aTOMe meJIe3a paBHO:

56 - 26 = 30.

COCTaB aTOMHbIX H,D,ep XMMM-qeCKMX 3JIeMeHTOB N� 1-20

B Ta6JIMu;e,n:. H. MeH,D,eJIeeBa npe,D,CTaBJIeH Ha pMCYHKe 31.
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PHC. 31. COCTaB aTOMHbIX H,n;ep XHMII'IeCKHX :3JIeMeHTOB

(KpacHbIe rnapHKH
-

rrpOTOHbI, rOJIy6bIe - HellTpoHbI)
Ta6mIIJ;bI .D:. M. MeH,n;eJIeeBa N2 1-20

_ 4.2.
�

,

:
,

.

:
,

,

:

1. ATOM -

CJIO:iKHaH HeiiTpaJIbHaH '1aCTHu;a, COCTOH..

m;aH H3 npoToHOB, 3JIeKTpOHOB H HeiiTpoHoB. 2. B Ta6..

JIHu;e 2 npHBe.lJ;eHbI HeKOTOpbIe xapaKTepHcTHKH 3THX

'1aCTHU;. 3. BCH Macca aTOMa cocpe.lJ;OTO'leHa B ero H.lJ;"

pe, 06'beM KOToporo 'lpe3BbIqaiiHo MaJI no cpaBHeHHKI
C 06'beMOM aTOMa. 4. ATOM 3JIeKTpOHeiiTpaJIeH, Ta�:

KaK CO.lJ;ep:iKHT O.lJ;HHaKOBOe '1HCJIO npOTOHOB H 3JIeKT"

POHOB, paBHoe nOpH,Z:J;KOBOMY HOMepy 3JIeMeHTa BIle..

pHO.lJ;H'IeCKOii CHCTeMe ,l],. H. MeH.lJ;eJIeeBa.

I
,

?
. ...............................................

1 KaKHe HayqHbIe OTKpbITHH ,n;oKa3aJIH, 'ITO aTOM -

CJIO:JKHaH

qaCTHIJ;a, 'ITO OH ,n;eJIHM?

06'bHCHHTe CJIOBa A. M. BYTJIepOBa, KOTOpbIll 3a,n;OJIrO ,n;o OT-

KpbITHH A. BeKKepeJIH rrHCaJI: «ATOMbI He He,n;eJIHMbI rro CBoell

rrpHpo,n;e, a He,n;eJIHMbI TOJIbKO ,n;ocTyrrHbIMH HaM HbIHe cpe,n;CT-
BaMH... »

2

3 Orrpe,n;eJIHTe 'IHCJIO rrpOTOHOB, :3JIeKTpOHOB H HellTpOHOB B a'1'O-

Max :3JIeMeHTOB: HaTpHH, «poc«popa, 30JIOTa.

IIoJIb3YHCb :3THMOJIOrH'IeCKHM CJIOBapeM, 06'bHCHHTe, rrO'IeMY

rrJIaHeTapHYro Mo,n;eJIb CTpoeHHH aTOMa, rrpe,n;JIO:JKeHHYro 3. Pe-

3ep«p o p,n;oM, Ha3bIBaroT TaK:JKe HYKJIeapHoll. IIo'IeMY rrpOTOHbI
H HellTpoHbI BMeCTe Ha3bIBaroT HYKJIOHaMH?

IIopH,n;KoBbIll HOMep :3JIeMeHTa B Ta6JIHIJ;e .D:. M. MeH,n;eJIeeBa pa-
BeH 35. Kmwll :3TO :3JIeMeHT? qeMY paBeH 3apH,n; H,n;pa ero aTO-

Ma? CKOJIbKO rrpOTOHOB, :3JIeKTpOHOB H HellTpoHoB B ero aTOMe?
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II3MeHeHMH

B COCTaBe H.n;ep aTOMOB

XMMM"tJeCRMX 3JIeMeHTOB.

II30TOITbI

III
I

HTaK, Mbi BbIHCHMJIM, -qTO aTOM - MeJIb-qaHIIIaH -qaCTMu;a
XMMM-qeCKoro 3JIeMeHTa -

HBJIHeTCH CJIOmHbIM 06pa30BaHH-
eM npMpO,D,bI, nOCTpoeHHbIM M3 Tpex BM,D,OB 3JIeMeHTapHbIX
-qaCTMU;

-

npOTOHOB, HeHTpOHOB M 3JIeKTpOHOB.
IIoJIomeHMe XMMM-qeCKoro 3JIeMeHTa B Ta6JIMu;e,n:. H. MeH-

,D,eJIeeBa 3aBMCMT OT BeJIM-qMHbI 3apH,D,a H,D,pa aTOMa, T. e.

OT -qMCJIa npOTOHOB B HeM. IIonp06yeM npe,D,CTaBMTb ce6e,

.,�3
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TITO 6Y,D,eT, eCJIM M3MeHMTb TIMCJIO

npOTOHOB B H,D,pe, T. e. 3apH,D, aTOM-

HOrO H,D,pa. ROHeTIHO me M3 MCXO,D,-

Horo ::meMeHTa nOJIy-qaTCH COBceM

,D,pyrMe XMMMTIeCRMe 3JIeMeHTbI. Ta-

RMe npou;eCCbI Ha3bIBaIOT stOepUbt-
MU (pMc.32), OHM npOMCXO,D,HT,

HanpMMep, Ha COJIH:u;e, r,D,e H,D,pa

aTOMOB BO,D,OpO,D,a COe,D,MHHIOTCH M

06pa3YIOT H,D,pa aTOMOB reJIMH. 8TM

npou;eCCbI npOTeRaIOT C BbI,D,eJIe-

HMeM orpOMHoro ROJIMTIeCTBa 3Hep-

rMM, sa CTIeT ROTOpOH M cym;ecTByeT

mM3Hb Ha 3eMJIe. IIO,D,06HbIe npou;ec-

CbI TIeJIOBeR Hayq:MJICH npOBO,D,MTb M Ha 3eMJIe. MeTITa aJIXM-

MMROB 0 npeBpam;eHMM He6JIaI'opO,D,HbIX 3JIeMeHTOB B 30JIOTO

CTaJIa B03MomHOH. Ho ,D,JIH npOTeRaHMH 3TMX npou;eCCOB

HymHo saTpaTMTb rpOMa,n;HYIO 3HeprMIO, M TaRoe SOJIOTO 6y-
,D,eT CTOMTb B COTHM pa3 ,D,opome ,D,06bIBaeMoro 06bITIHbIMM

cnoc063MM.

ECJIM me, He M3MeHHH TIMCJIO npOTOHOB B aTOMe XMMMTIe-

CRoro 3JIeMeHTa, T. e. 3apH,D, H,D,pa, M3MeHMTb TIMCJIO HeHTpo-
HOB, TO MomHO npe,D,nOJIOmMTb, TITO nOJIOmeHMe XMMMTIeCRO-

ro 3JIeMeHTa B Ta6JIMu;e ,n:. H. MeH,D,eJIeeBa He MSMeHMTCH,

T. e. M3 MCXO,D,HOrO XMMMTIeCROrO 3JIeMeHTa He 06pa3yeTcH
HOBoro XMMWIeCRoro 3JIeMeHTa. 8TO 6Y,D,eT Bce TOT me XMMM-

TIeCRMH 3JIeMeHT, HO aTOMbI ero 6Y,D,YT OTJIMTIaTbCH OT MCXO,D,-

HbIX CBoeH MaCCOH.

06bITIHO npMBO,D,MMbIe B

Ta6JIMu;e ,n:. H. MeH,D,eJIe-
eBa OTHOCMTeJIbHbIe aTOMHbIe

MaCCbI XMMMTIeCRMX 3JIeMeH-

TOB HBJIHIOTCH Cpe,D,HMM 3Ha-

TIeHMeM aTOMHbIX Macc npM-

pO,D,HOH CMeCM M30TonOB ,D,aH-

Horo 3JIeMeHTa C y-qeTOM MX

OTHOCMTeJIbHOrO CO,D,epmaHMH
B npMpO,D,e, n03TOMY MX 3Ha-

TIeHMH TIaCTO MMeIOT ,D,p06HbIe
3HaTIeHMH. HanpMMep, aTO-

MbI npMpO,D,HOro XJIopa npe,D,-

CTaBJIHIOT C060H CMeCb ,D,BYX

M30TonOB C MaCCOH 35 (MX B

npMpO,D,e 75% ) M 37 (MX 25%); CJIe,D,OBaTeJIbHO, OTHOCMTeJIb-

HaH aTOMHaH Macca XJIopa paBHa 35,5 (Ar(CI)
= 35.0,75 +

+ 37.0,25 =

35,5). H30TonbI XJIopa 3anMCbIBaIOT TaR:

f¥CI M NCI.

XMMMTIeCRMe CBOHCTBa M30TonOB XJIopa COBepIIIeHHO O,D,M-

HaROBbI, RaR M M30TonOB 60JIbIIIMHCTBa XMMMTIeCRMX 3JIe-

MeHTOB, HanpMMep RaJIMH, aprOHa:

39 K 40 K 39 A 40 A19
M

19 , 18
r M

18 r.
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PHC. 32. CxeMa

s,n;epHoro rrpou;ecca

PHC. 33. CocTaB aTOMHbIX s,n;ep

1130TOIIOB yrJIepo,n;a

(KpacHbIe rnapllKll
-

rrpOTOHbI,

ro.rry6bIe - HeiiTpoHbI)

O,D,HaRO M30TonbI BO,D,OpO,D,a CMJIbHO pa3JIMTIaIOTCH no

CBoHcTBaM M3-3a pe3Koro RpaTHoro YBeJIMTIeHMH MX OTHO-

CMTeJIbHOH aToMHoH MaccbI;

MM ,D,aiKe npMcBoeHbI MH,D,M-

BM,D,yaJIbHbIe HaSBaHIIH M XM-

MMTIeCRMe 3HaRM: npoTMH -

I H; ,n;eHTepMH - rH, MJIM

r D ; TpMTMH - fH, MJIM fT
(pMC. 34).

Tenepb MbI MomeM ,D,aTb

COBpeMeHHoe, 60JIee CTporoe
M HaYTIHOe onpe,D,eJIeHMe XM-

MMTIeCROrO 3JIeMeHTa.

x, 6)+
Pa3HOBM,D,HOCTII aTOMOB o,n;Horo M Toro me XMMM-

TIeCROrO 3JIeMeHTa, MMeIOm;Me O,D,MHaROBbIH SapH,D,

H,D,pa, HO pa3Hoe MaCCOBoe TIMCJIO, Ha3bIBaIOT 1130-

TonaMlI.
H TD

CJIOBO U30mon COCTOMT M3 ,D,BYX rpeTIeCRMX CJIOB: U30C
-

«O,D,MHaROBbIH» M monoc
-

«MeCTO »
, 0603HaTIaeT ('3aHM-

MaIOm;MH O,D,HO MeCTO» (RJIeTRY) B Ta6JIMu;e ,n:. H. MeH,D,e-
JIeeBa.

XMMWIeCRMe 3JIeMeHTbI, BCTpeTIaIOm;MeCH B npMpO,D,e, HB-

JIHIOTCH CMeCbIO M30TonOB. TaR, yrJIepo,D, MMeeT TPM M30Tona

C MaCCOBbIM TIMCJIOM 12, 13 M 14 (pMC. 33); RMCJIOpO,D,
-

TPM

M30Tona C MaCCOBbIM TIMCJIOM 16, 17 M 18 M T. ,D,.

PHC. 34. CxeMbI s,n;ep aTOMOB

1130TorrOB Bo,n;opo,n;a

(KpaCHbIe rnapllKll
-

rrpOTOHbI,

rOJI y6bIe - HeHTpOHbI)

XlIMH'IeCRHH 3JIeMeHT - 3TO cOBoRynHocTb aTO-

MOB C O,D,MHaROBbIM SapH,D,OM H,D,pa.
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MOB, 6y.n;eM nOHMMaTb, TITO MbI C03,D,aeM CBOe npe,D,CTaBJleHMe

(MO,D,eJlb), KOTOpOe B 3HaTIMTeJlbHOH: CTeneHM COOTBeTcTByeT

COBpeMeHHbIM B3rJl.H,D,aM, XOT.H M He .HBJI.HeTC.H a6COJIlOTHO Ta-

KMM me, KaK Y YTIeHOrO-XMMMKa. HalIIa MO,D,eJlb ynpom;eHa.

8J1eKTpOHbI, ,D,BMra.HCb BOKpyr .H,D,pa aTOMa, 06pa3YlOT B CO-

BOKynHoCTM ero iJJWKmpouuylO 060.nO"lJ,KY. qMCJlO ::meKT-

pOHOB B 060JlOTIKe aTOMa paBHO, KaK BbI yme 3HaeTe, TIMC-

JlY npOTOHOB B .H,D,pe aTOMa M onpe,D,eJl.HeTC.H nOp.H,D,KOBbIM,
MJlM aTOMHbIM, HOMepOM ::weMeHTa B Ta6J1Mu;e )J;. II. MeH,D,e-
JleeBa. TaK, 3J1eKTpOHHa.H 060JlOTIKa aTOMa BO,D,OpO,D,a COCTOMT

M3 O,D,HOrO 3J1eKTpOHa, xJlopa
-

M3 ceMHa.n;u;aTM, 30JlOTa -

M3 ceMM,D,eC.HTM ,D,eB.HTM. KaK me ,D,BMmYTC.H 3J1eKTpOHbI? Xa-

OTMTIeCKM, nO,D,06HO MOIIIKaM BOKpyr rop.Hm;eH: JlaMnOTIKM?

IIJlII me B KaKOM-TO onpe,D,eJleHHOM nOp.H,D,Ke? OKa3bIBaeTC.H,
MMeHHO B onpe,D,eJleHHOM nOp.H,D,Ke.

8J1eKTpOHbI B aTOMe paSJlMTIaJOTC.H CBoeH: 3HeprMeH:. KaK

nOKa3bIBalOT onbITbI, O,D,HM M3 HMX npMT.HrMBaIOTC.H K .H,D,Py

CMJlbHee, ,D,pyrMe
- cJla6ee. rJlaBHa.H npMTIMHa 3Toro 3a-

KJlIOTIaeTC.H B pa3HOM y,D,aJleHMM 3J1eKTpOHOB OT .H,D,pa aTOMa.

qeM 6J1Mme 3J1eKTpOHbI K .H,D,PY, TeM OHM npOTIHee CB.H3aHbI

C HMM M MX TpY,D,Hee BbIpBaTb M3 3J1eKTpOHHOH: 060JlOTIKM,
a BOT TIeM ,D,aJIblIIe OHM OT .H,D,ep, TeM Jlerqe MX OTopBaTb. OTIe-

BM,D,HO, TITO no Mepe y,D,aJleHM.H OT .H,D,pa aTOMa 3anac ::meprMM

3J1eKTpOHa (E) YBeJiMTIMBaeTC.H (pMC. 35).
8J1eKTpOHbI, ,D,BMmym;MeC.H B6J1MSM .H,D,-

pa, KaK 6bI 3aropamMBalOT (3KpaHMpYIOT) E

.H,D,pO OT .n;pyrMx 3J1eKTpOHOB, KOTopbIe

npMT.HrMBaIOTC.H K .H,D,PY cJla6ee M ,D,BM-

mYTC.H Ha 60JlblIIeM y,D,aJleHMM OT Hero.

TaK 06paSYIOTC.H iJ.neKmpOUUbW C.nOU B

3J1eKTpOHHOH: 060JlOTIKe aTOMa. Kam,D,bIH:
3J1eKTpOHHbIH: CJlOH: COCTOMT M3 3J1eKTpO-
HOB C 6J1M3KMMM SHaTIeHM.HMM 3HeprMM;

n03TOMY 3J1eKTpOHHbI8 CJlOM HaSbIBa-

lOT em;e iJuepzemU"IJ,eCKUMU yp06Ust-
MU. )J;aJIee MbI TaK M 6Y,D,eM rOBopMTb:

(,8J1eKTpOH HaXO,D,MTC.H Ha onpe,D,eJleHHOM

3HepreTMTIeCKOM ypOBHe».

l}MCJlO SanOJlH.HeMbIX 3J1eKTpOHaMM PHC. 35. MaKcH-

3HepreTMTIeCKMX YPoBHeH: B aTOMe paBHo

HOMepy nepMO,D,a B Ta6J1Mu;e)J;. II. MeH,D,e-
JleeBa, B KOTOpOM HaxO,D,MTC.H XMMMTIe-

CKMH: 3J1eMeHT. 3HaTIMT, 3J1eKTpOHHa.H

�
'.,

1. H,IJ;epHJ.Ie IIpo:o;eCCJ.I. 2. IIpeBpa:m;eHHH 3JIeMeHTa.

3. H30TOIIbI. 4. H30TOIIJ.I BO,IJ;OpO,IJ;a.

. ...............................................

KaK BbI ,n;YMaeTe, IIO'IeMY H30TOIIbI KaJIH.H t8K H aprOHa tSAr,

HMeIOm;He o,n;HHaKOBbIe MaCCbI, IIpOSBJISIOT pa3HbIe CBollcTBa?

IIo'IeMY B Ta6JIHu;e ,l];. H. MeH,n;eJIeeBa OTHOCHTeJIbHaS aTOMHas

Macca aprOHa 6JIH3Ka K 40, a KaJIHS - K 39?

IIoJIb3yscb Ha3BaHHSMH :meMeHTapHbIX 'IaCTHU;, H3 KOTOpbIX

COCTOST aTOMHbIe s,n;pa, ,n;allTe ,n;Pyroe OIIpe,n;eJIeHHe H30TOIIOB.

ITO'IeMY H30TOIIbI XJIopa o,n;HHaKOBbI MeJK,n;y C060ll 110 CBOllCT-

BaM, Tor,n;a KaK CBollcTBa H30TOIIOB Bo,n;opo,n;a pa3HsTcs?

ITO'IeMY ,n;ellTepHeBYIO BO,n;y D
2

0 Ha3bIBaIOT TSJKeJIOll BO,n;Oll?

IIpHroToBbTe C006m;eHHe «CpaBHeHHe CBOllCTB JIerKOll H TSJKe-

JIOll BO,n;bI», IIOJIb3YSCb ,n;OIIOJIHHTeJIbHOll JIHTepaTYPoll.

Hall,n;HTe B Ta6JIHu;e ,l];. H. MeH,n;eJIeeBa TpH IIapbI :weMeHTOB,

Y KOTOpbIX, IIo,n;06HO lIape Ar - K, BHa'IaJIe paCIIOJIOJKeH :me-

MeHT C 60JIbIIIHM 3Ha'IeHHeM OTHOCHTeJIbHOll aToMHoll MaCCbI.

6

�8
CTpoeHMe3fleRTpOHHWX
060flO-qeR aTOMOB

MbI BbI.HCHMJlM, TITO cep,D,u;e aTOMa - 3TO ero .H,D,po. Bo-

Kpyr Hero pacnOJIaralOTC.H 3J1eKTpOHbI. OHM He MorYT 6bITb

HenO,D,BMmHbI, TaK KaK HeMe,D,JleHHO ynaJIM 6bI Ha .H,D,PO.

B HaTIaJIe XX B. 6bIJIa npMH.HTa nJlallemapllaR MoiJeJlb

cmpoellUR amOMa, COrJlaCHO KOTOpOH: BOKpyr OTIeHb MaJlO-

ro no paSMepaM nOJlOmMTeJlbHOrO .H,D,pa ,D,BMmYTCH 3J1eKTpO-

HbI, no.n;06HO TOMY KaK Bpam;aJOTC.H nJiaHeTbI BOKpyr COJlHu;a.

)J;aJlbHeH:IIIMe MCCJle,D,OBaHM.H nOKa3aJIM, TITO CTpoeHMe aTOMa

SHaTIMTeJlbHO CJlOmHee. IIp06J1eMa CTpoeHMH aTOMa OCTaeTC.H

a.B:TYaJIbHOH: M ,D,JI.H COBpeMeHHOH: HaYKM.

8J1eMeHTapHbI8 TIaCTMU;bI, .H,D,pO aTOMa, aTOM, MOJleKYJla-

Bce 3TO 06'beKTbI MMKpOMMpa, He Ha6J1IO,D,aeMOrO HaMM. B HeM

,D,€H:CTBYIOT MHbIe saKOHbI, TIeM B MaKpOMMpe, 06'beKTbI KOTO-

poro MbI MomeM Ha6J1IO,D,aTb MJlM HenOCpe,D,CTBeHHO, MJlM C no-

MOm;blO npM60pOB (MMKpOCKon, TeJleCKOn M T. ,D,.). II03TO-

MY, 06cym,D,aH ,D,aJlee CTpoeHMe 3J1eKTpOHHbIX 060JlOTIeK aTO-

46
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MaJIbHOe 'IHCJIO

:weKTpOHOB Ha

:3HepreTH'IeCKOM
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060JIOTIKa aTOMOB l-ro nepMO,D,a CO,D,epmMT O,D,MH 3HepreTMTIe-

CKMH: ypOBeHb, 2-ro nepMO,D,a
-

,D,Ba, 3-ro -

TPM M T..n;. Ha-

npMMep, B aTOMe a30Ta OHa COCTOMT M3 ,D,BYX 3HepreTMTIe-

CKMX YPOBHeH:, a B aTOMe MarHMH - M3 Tpex:

8TO 3anMCbIBaIOT C nOMom;bro 3JIeKTpOHHOH: Q.:>OPMYJIbI
CJIe,D,yrom;MM 06pa30M: 1H Ie.

CJIe,D,yrom;MH: ::meMeHT l-ro nepMO,D,a reJIMH:. .H,D,PO aTOM8

reJIM.H MMeeT 3ap.H,D, +2. Y Hero Ha 3HepreTMTIeCKOM ypOBHe
MMeroTcH YJKe ,D,Ba 3JIeKTpOHa:

NG)) MgE� )))
2 5 2 8 2

�

He 8 2He 2e.
MaKCMMaJIbHOe (HaM60JIbIIIee) TIMCJIO 3JIeKTpOHoB, Haxo-

,D,Hm;MXCH Ha 3HepreTMTIeCKOM ypoBHe, MomHO onpe,D,eJIMTb

no Q.:>opMYJIe: 2n
2

, r,D,e n
-

HOMep YPOBHH. CJIe,D,OBaTeJIbHO,

nepBblu ::mepreTMTIeCKMH: ypoBeHb 3anOJIHeH npM HaJIMTIMM

Ha HeM ,D,BYX 3JIeKTpOHOB (2 .1 2 =

2); Bmopou
-

npM HaJIM-

TIMM BOCbMM 3JIeKTpOHOB (2.2
2 = 8); mpemuu

-

BoceMHa,n;-

IJ;aTM (2.3
2 =

18) M T.,D,. B Kypce XMMMM 8-9 KJIaCCOB MbI

6Y,D,eM paCCMaTpMBaTb 3JIeMeHTbI TOJIbKO nepBbIX Tpex nepM-

O,D,OB, n03TOMY C saBepIIIeHHbIM TpeTbMM 3HepreTMTIeCKMM

ypOBHeM Y aTOMOB MbI He BCTpeTMMCH.

qMCJIO 3JIeKTpOHOB Ha BHeIIIHeM 3HepreTMTIeCKOM ypOBHe

3JIeKTpOHHOH: 060JIOTIKM aTOMa ,D,JIH XMMMTIeCKMX 3JIeMeHTOB

rJIaBHbIX nO,D,rpynn paBHO HOMepy rpynnbI.

Tenepb MbI MomeM COCTaBMTb cxeMbI CTpoeHMH 3JIeK-

TpOHHbIX 060JIOTIeK aTOMOB, PYKOBO,D,CTBYHCb CJIe,D,yrom;MM

nJIaHOM:

a) onpe,D,eJIMM 06m;ee TIMCJIO 3JIeKTpOHOB Ha 060JIOTIKe no

nOpH,D,KOBOMY HOMepy 3JIeMeHTa;

6)onpe,D,eJIMM TIMCJIO 3HepreTMTIeCKMX YPOBHeH: B 3JIeK-

TpOHHOH: 060JIOTIKe no HOMepy nepMo.n;a;

B) onpe,D,eJIMM TIMCJIO 3JIeKTpOHOB Ha Kam,D,OM 3HepreTMTIe-

CKOM ypOBHe (Ha I-M - He 60JIbIIIe ,D,BYX; Ha 2-M - He 60-

JIbIIIe BOCbMM, Ha BHeIIIHeM ypOBHe TIMCJIO 3JIeKTpOHOB paB-

HO HOMepy rpynnbI
-

,D,JIH 3JIeMeHTOB rJIaBHbIX nO,D,rpynn).
.H,D,PO aTOMa BO,D,OpO,D,a MMeeT 3apH,D, +1, T. e. CO,D,epmMT

TOJIbKO O,D,MH npOTOH, COOTBeTCTBeHHO TOJIbKO O,D,MH 3JIeKT-

pOH Ha e,D,MHCTBeHHOM 3HepreTMTIeCKOM ypoBHe:

Ha nepBoM 3HepreTMTIeCKOM ypoBHe MorYT nOMeCTMTbCH

TOJIbKO ,D,Ba 3JIeKTpOHa M HMKaK He 60JIbIIIe - OH nOJIHOcTbro

3aBepIIIeH. TIOTOMY-TO I-H: nepMO,D, Ta6JIMIJ;bI ,n:. II. MeH,D,e-
JIeeB8 M COCTOMT 113 ,D,BYX 3JIeMeHTOB.

Y aTOM8 JIMTMH, 3JIeMeHTa 2-ro nepMO,D,a, nOHBJIHeTCH

em;e O,D,MH 3HepreTMTIeCKMH: ypOBeHb, Ha KOTOpbIH: M ('OTnpa-
BIITC.H» TpeTMH: 3JIeKTpOH:

Lie ))
2 1

gLi 2e, Ie.

Y 8TOMa 6epMJIJIMH Ha BTOPOH: ypOBeHb (,nona,n;aeT» em;e
O,Z:(MH 3JIeRTpoH:

Be �V )) ,Be 2e, 2e.

2 2

AToM 60pa Ha BHeIIIHeM YPOBHe MMeeT TPM 3JIeKTpOHa,
8 aToM yrJIepO,D,8

-

TIeTbIpe 3JIeKTpOHa, ..., aTOM Q.:>Topa _

ceMb 3JIeKTpOHOB, aTOM HeOHa -

BoceMb 3JIeKTpOHOB:
8

H 0) NeE� )) loNe 2e, 8e.

2 8

'If'
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BTOpOM ypOBeHb MOmeT BMeCTMTb TOJIbKO BOCeMb 3JIeKT-

POHOB, M n03TOMY OH 3aBepIIIeH Y HeOHa.

Y aTOMa HaTpM.H, 3JIeMeHTa 3-ro nepMO,D,a, nO.HBJI.HeTC.H

TpeTMM 3HepreTMTleCKMM ypOBeHb (06paTMTe BHMMaHMe -

aTOM 3JIeMeHTa 3-ro nepMO,D,a CO,D,epmMT TPM 3HepreTM-qe-

CKMX YPOBH.H!), M Ha HeM HaXO,D,MTC.H O,D,MH 3JIeKTpOH:

N as ))) uNa 2e, 8e, 1e.
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06paTMTe BHMMaHlIe: HaTpMM - 3JIeMeHT I rpynnbI, Ha

BHeIIIHeM 3HepreTM-qeCKOM ypOBHe Y Hero O,D,MH 3JIeKTpOH!

O-qeBM,D,HO, HeTpY,D,HO 6Y,D,eT 3aIIMCaTb cTpoeHMe 3Hepre-

TM-qeCKMX YPOBHeM ,D;JI.H aTOMa cepbI, 3JIeMeHTa VI rpynnbI

3-ro nepMO,D,a:

88 )))
2 8 6

168 2e, 8e, 6e.

3aBepIIIaeT 3- M nepMO,D, aprOH:

Ar E� ))) 18
Ar 2e, 8e, 8e.
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ATOMbI 3JIeMeHTOB 4-ro nepMO,D,a KOHe-qHO me MMeroT -qeT-

BepTbIM ypoBeHb, Ha KOTOpOM Y aTOMa KaJIM.H HaXO,D,MTC.H

O,D,MH 3JIeKTpOH, a Y aTOMa KaJIbU;M.H
-

,D,Ba 3JIeKTpoHa.

Tenepb, KOr,D,a Mbi n03HaROMMJIMCb C ynpom;eHHbIMM npe,D,-

CTaBJIeHM.HMM 0 cTpoeHMM aTOMOB 3JIeMeHTOB l-ro M 2-ro ne-

pMO,D,OB TIepMO,D,IfTIeCKOM CMCTeMbI ,ZI;. H. MeH,D,eJIeeBa, Mom-

HO BHeCTM YTo-qHeHM.H, npM6JIMmaJOm;Me Hac K 60JIee BepHOMY

B3rJI.H,D,Y Ha CTpoeHMe aTOMa.

Ha-qHeM C aHaJIOrMM. TIO,D,06HO TOMY KaK 6bICTpO ,D,BMmy-

m;a.HC.H MrJIa IIIBeMHoM MaIIIMHKM, npOH3as TKaHb, BbIIIIMBa-

eT Ha HeM Y30P, TaK M HeMsMepMMo 6bICTpee ,D;BMmym;MMC.H
B npOCTpaHCTBe BOKpyr aTOMHoro .H,D,pa 3JIeKTpOH ('BbIIIIMBa-
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eT», TOJIbKO He nJIOCKMM, a 06'beMHbIM PMCYHOK iJ.neKmpou-
uozo o6.naKa. TaK KaK CKOpOCTb .lJ:BMmeHM.H 3JIeKTpOHa B

COTHM TbIC.H-q pa3 60JIbIIIe CKOpOCTM ,D,BMmeHMS IIIBeMHOM Mr-

JIbI, TO rOBOp.HT 0 BepOSTHOCTM Haxom,D,eHM.H 3JIeKTpOHa B

TOM MJIM MHOM MeCTe npOCTpaHCTBa. ,ZI;onYCTMM, -qTO HaM

Y,D,aJIOCb, KaK Ha cnopTMBHOM Q.:>OTOqJMHMIIIe, YCTaHOBMTb no-

JIOmeHMe 3JIeKTpOHa B KaKOM-TO MeCTe OKOJIO S,D,pa M OTMe-

TMTb 3TO nOJIOmeHMe TO-qKOM. ECJIM TaKOM ('Q.:>OTOqJMHMIII»
C,D,eJIaTb COTHM, TbIC.H-qM pa3, TO nOJIy-qMTC.H MO,D,eJIb 3JIeK-

TpOHHoro 06JIaKa.

HHOr,D,a 3JIeKTpOHHbIe 06JIaRa Ha3bIBaJOT Op6MTaJI.HMM. TIo-

CTynMM TaR M MbI. B 3aBMCMMOCTM OT 3HeprMM 3JIeKTpOHHbIe

06JIaRa, MJIM Op6MTaJIM, OTJIM-qaroTC.H pa3MepaMM. TIOH.HTHO,
-qTO -qeM MeHbIIIe 3anac 3HeprMM 3JIeKTpOHa, TeM CMJIbHee

npMT.HrMBaeTC.H OH K S,D,PY M TeM MeHbIIIe no pa3MepaM ero

Op6MTaJIb.

'II

+
TIpocTpaHCTBO BOKpyr .H,D,pa aTOMa, r,D,e HaM60JIee

BepO.HTHO HaXOm,D;eHMe ,D,aHHoro 3JIeKTpOHa, Ha-

3bIBaroT Op6UTaJiblO 3Toro 3JIeKTpOHa MJIM 3JIeI\:-

TpOHHbIM 06JIa�:oM.

8JIeKTpOHHbIe 06JIaKa (Op6MTaJIM) MorYT MMeTb pa3HYro

qJOPMY. Ram,D,bIM 3HepreTM-qecKMM ypOBeHb B aTOMe Ha-qMHa-

eTC.H C S-Op6MTaJIM, MMerom;eM cqJepH-qecKYro Q.:>OPMY. Ha BTO-

pOM M nOCJIe,D,yrom;MX YPOBH.HX nOCJIe O,D,HOM S-Op6MTaJIM no-

.HBJI.HroTC.H P-Op6MTaJIM raHTeJIe06pa3HoM qJOpMbI (pMC. 36).
TaKMx Op6MTaJIeM TPM. JIro6yro Op6lITaJIb 3aHMMaroT He 60-
JIee ,D;BYX 3JIeKTpOHOB. CJIe,D,OBaTeJIbHO, Ha S-Op6MTaJIM MX

MomeT 6bITb TOJIbKO ,D;Ba, a Ha Tpex P-Op6MTaJI.HX - IIIeCTb.

HCnOJIb3Y.H ,D,JI.H 0603Ha-qeHM.H ypOBH.H apa6cKMe U;MqJpbI
M 0603Ha-qa.H Op6MTaJIM 6YKBaMM S M p, a -qMCJIO 3JIeKTpOHOB
,D,aHHOM Op6MTaJIM apa6cKoM U;MQ.:>POM BBepxy cnpaBa Ha,D;

6YKBOM, MbI MomeM M306pa3MTb CTpoeHMe aTOMOB 60JIee
nOJIHbIMM 3JIeKTpOHHbIMM Q.:>opMYJIaMM.

o C><)
Is p

PHC. 36. CPOpMbI s- U P-Op6UTaJIeii: (:meKTpoHHbIX 06JIaKoB)
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3anMIIIeM 3JIeKTpOHHble qJOPMYJIbl aTOMOB 1-ro M 2-ro ne-

pMO,D,OB:

H - lS1; He - ls2; Li - lS22s1; Be - ls22s2;

B - lS22s22p1; C - ls22s22p2; N - ls 2 2s 2 2 p 3;

0- ls 2 2s 2 2 p 4; F - ls 2 2s 2 2 p 5; Ne - ls 2 2s 2 2 p 6.

ECJIM ::weMeHTbl MMeIOT CXO,lJ;Hble no CTpoeHMIO BHeIIIHMe

3HepreTM�eCKMe ypOBHM, TO M CBOHCTBa 3TMX 3JIeMeHTOB

CXO,D,Hbl. HanpMMep, aprOH M HeOH CO,D,epmaT Ha BHeIIIHeM

ypOBHe no BoceMb 3JIeKTpOHOB, M nOTOMY OHM MHepTHbl,

T. e. nO�TM He BCTynaIOT B XMMM�eCKMe peaKIJ;MM. B CB060,D,-
HOM BM,D,e aprOH M HeOH -

ra3bl, MOJIeKYJIbl KOTOpblX O,D,HO-

aTOMHbl. ATOMbl JIMTMH, HaTpMH M KaJIMH CO,D,epmaT Ha BHe-

IIIHeM ypOBHe no O,D,HOMY 3JIeKTpOHY M 06JIa.n;aIOT CXO,D,HbIMM

CBOHCTBaMM, n03TOMY OHM nOMe:rn;eHbl B O,D,HY M TY me rpyn-

ny IIepMO,D,MTleCKOH CMCTeMbl )J;. II. MeH,D,eJIeeBa.

C)J;eJIaeM o606ru;eHHe: O)J;HHaROBoe CTpoeHHe BHemHHX

::mepreTl{qeCRHX YPOBHeH nepHO)J;HqeCRH nOBTopHeTCH, no-

3TOMY nepHO)J;l{qeCRH nOBTopHIOTCH H CBOHCTBa XHMHqe-

CRHX 3JIeMeHTOB. (ha 3aROHOMepHOCTb OTpameHa B Ha3Ba-

HHH II epuoou"ltecl\,oii cucmeMb(, XHMHqeCRHX 3JIeMeHTOB

,ZJ;. H. MeH,lJ;eJIeeBa.

1. 3JIeRTpOlThl B aTOMax pacnOJIaral()TCH Ha 3Hepre-

TlI'IeC�:HX ypOBHHX. 2. Ha nepBoM 3HepreTII'IeCROM

ypoBHe MorYT HaXO)J;HTbCH TOJIbRO )J;Ba 3JIeKTpOHa, Ha

BTOpOM
- BoceMb. TaRHe ypOBHH HaSbIBaIOT 3aBep-

meHIThIMH. 3. qHCJIO 3anOJIHHeMbIX 3HepreTHqeCRHX

YPoBHeH paBHO HOMepy nepHO)J;a, B ROTOpOM HaXO)J;HT-

CH 3JIeMeHT. 4. qHCJIO 3JIeRTpOHOB Ha BHenrneM ypOBHe

aTOMa XHMHqeCROrO 3JIeMeHTa paBHO HOMepy ero rpyn-

nbl (roIH :':)JIeMeHTOB rJIaBlThlX nO)J;rpyrrn). 5. CBoHcTBa

XHMHqeCRHX :':)JIeMeHTOB nepHO)J;H'IecKH nOBTopHIOTCH,

TaR KaR nepHO)J;H'IeCRH nOBTopHeTCH CTpoeHHe BHem-

IDIX 3HepreTII'IeCRHX YPOBHeH y HX aTOMOB.

?
. ...............�.........u.............�.......

1 H306pa31lTe cxeMbI CTpoeHIIS 3JIeKTpOHHOM 060JIO'IKII aTOMOB:

a) aJIIOMIIHIIS; 6) «poc«popa; B) KIICJIOpo,n;a.

CpaBHIITe CTpoeHIIe 3JIeKTpOHHOM 060JIO'IKII aTOMOB: a) a30Ta

II «poc«popa; 6) «poc«popa II CepbI.

2

.��

i I
3

B cJIe,n;YIOID;IIx rrpe,n;JIOJKeHIISX BCTaBbTe rrporrYID;eHHble CJIOBa:

(,ATOM KpeMHIIs co,n;epJKIIT B s,n;pe... rrpOTOHOB II ... HeMTpOHOB.
qIICJIO 3JIeKTpOHOB, Haxo,n;sID;IIXCS BOKPYI' s,n;pa, KaK II 'IIICJIO

rrpOTOHOB, paBHO ... 3JIeMeHTa. qIICJIO 3HepreTII'IeCKIIX YPOBHeM
orrpe,n;eJISeTCS HOMepOM ... II paBHO ... . qIICJIO BHeIIIHIIX 3JIeKT-

pOHOB orrpe,n;eJIseTCs HOMepOM ... II paBHO ...».

IIo'IeMY B I-M rrepIIo,n;e IIepIIo,n;II'IeCKOM CIICTeMbI .D:. H. MeH-

,n;eJIeeBa co,n;epJKIITCS TOJIbKO ,n;Ba 3JIeMeHTa, a BO 2-M - TOJIbKO

BoceMb?

ITpIIBe,n;IITe rrpIIMepbI rrepIIo,n;II'IeCKII rrOBTopSIOID;IIXCS SBJIe-

HIIM, C KOTOpbIMII BbI rr03HaKOMIIJIIICb rrpII II3Y'IeHIIII ,n;PyrIIx

y-qe6HbIX rrpe,n;MeTOB.

IIorrp06yHTe ,n;aTb co6CTBeHHoe TOJIKOBaHIIe CJIe,n;YIOID;IIX CTPOK
II3 CTIIXOTBopeHIIS B. BpIOCOBa (,MIIP 3JIeKTpOHa»:

BbITb MOJKeT, 3TII 3JIeKTpOHbI-

MIIPbI, r,n;e rrSTb MaTepIIKOB,

HCKYCCTBa, 3BaHbS, BOMHbI, TpOHbI

H rr8MSTb copOKa BeKOB.

EID;e, 6bITb MOJKeT, KaJK,n;bIM aTOM-

BCeJIeHHaH, r,n;e CTO rrJIaHeT;

TaM Bce, 'ITO 3,n;ecb, B 06'beMe CJKaTOM,
Ho T8RJKe TO, 'Iero 3,n;eCb HeT.

o KaKOM rr03TII'IeCKOM ,n;ape rOBopST rrpIIBe,n;eHHble BblIIIe

CTpO'IKII, eCJIII Y'IeCTb, 'ITO CTIIXOTBopeHIIe 6bIJIO HarrIIcaHO

B 1922 r.?
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6

7

�9
H3MeHeHMe�Mcfla3fleRTpoHoB
Ha BHelliHeM 3HepreTM�eCROM

ypOBHe aTOMOB XMMM�eCRMX

3fleMeHTOB

Ram,lJ;blH nepMO,D, IIepMo,lJ;M�ecKoH CMCTeMbl )J;. II. MeH,D,e-
JIeeBa 38KaH�MBaeTCH MHepTHbIM, MJIM 6JIarOpO,D,HbIM, ra30M.

CaMblM pacnpOCTpaHeHHblM M3 MHepTHblx (6JIarOpO,D,HbIX)
ra30B B aTMocqJepe 3eMJIM HBJIHeTCH aprOH, KOTOpblH Y,D,a-
JIOCb Bbl,D,eJIMTb B �MCTOM BM,D,e paHbIIIe ,D,pyrMx aHaJIOrOB.

B �eM npM�MHa MHepTHOCTM reJIMH, HeOHa, aprOHa, KpMnTO-

Ha, KceHOHa M pa.n;oHa? B TOM, �TO Y aTOMOB MHepTHblX ra30B

Ha BHeIIIHMX, CaMblX Y,D,aJIeHHbIX OT H,D,pa ypOBHHX HaxO,D,MT-
CH BOCeMb 3JIeKTpOHOB (y reJIMH -

,D,Ba). BoceMb 3JIeKTpOHOB
Ha BHeIIIHeM ypOBHe

-

npe,D,eJIbHOe �MCJIO ,D,JIH KaiK,D,OrO

5S
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3JIeMeHTa TIepMO,D,MTIeCKOM CMCTeMbI )J;. H. MeHp;eJIeeBa, KpO-

Me BO,D,OpO,D,a M reJImr. 8TO cBoe06pa3HbIM M,D,eaJI IIpOTIHOC-

TM 3HepreTMTIeCKOrO ypOBHH, K KOTOPOMY CTpeMHTCH aTO-

MbI Bcex OCTaJIbHbIX SJIeMeHTOB TIepMOp;MTIeCKOM CMCTeMbI

)J;. H. MeH,D,eJIeeBa.

)J;06MBaTbCH TaKoro IIOJIOmeHMH 3JIeKTpOHOB aTOMbI MO-

rYT ,D,BYMH IIYTHMM: OT,D,aBaH SJIeKTpOHbI C BHeIIIHero ypOBHH

(B STOM CJIyqae BHeIIIHMM He3aBepIIIeHHbIM YPOBeHb MCTIeSa-

eT, a IIpe,D,IIOCJIep;HMM, KOTOpbIM 6bIJI saBepIIIeH B IIpe,D,bI,D,Y-

m;eM IIepMO,D,e, CTaHOBMTCH BHeIIIHMM) MJIM IIpMHMMaH

3JIeKTpOHbI, KOTOpbIX He XBaTaeT ,D,O saBeTHOM BOCbMepKM.

ATOMbI, MMelOm;Me Ha BHeIIIHeM ypoBHe MeHbIIIee TIMCJIO

SJIeKTpOHOB, OT,D,aIOT MX aTOMaM, Y KOTOpbIX Ha BHeIIIHeM

ypOBHe 60JIbIIIe SJIeKTpOHOB. JIerKo OT,D,aTb O,D,MH SJIeKTpOH,

KOr,D,a OH e,D,MHCTBeHHbIM Ha BHeIIIHeM ypOBHe, aTOMaM SJIe-

MeHTOB rJIaBHOM IIO,D,rpYIIIIbI I rpYIIIIbI. Tpyp;Hee OT,D,aBaTb

,D,Ba SJIeKTpOHa, HaIIpMMep, aTOMaM SJIeMeHTOB rJIaBHOM

IIO,D,rpYIIIIbI II rpYIIIIbI. Em;e TpY,D,Hee OT,D,aBaTb CBOM TPM

BHeIIIHMX 3JIeKTpOHa aTOMaM 3JIeMeHTOB III rpYIIIIbI.

TenoenlfulO K, omoa"lte iJlLeK,mpOn06 c 6nemnezo

ypo6nst UMelOm amOMbf., MemalLlL06. H TIeM JIerTIe aTO-

MbI SJIeMeHTa-MeTaJIJIa OT,D,aIOT CBOM BHeIIIHMe ::weKTpOHbI,

TeM B 60JIbIIIeM CTeIIeHM BbIpameHbI Y Hero MeTaJIJIMTIeCKMe

CBOMCTBa. TIOHHTHO IIOSTOMY, TITO HaM60JIee TMIIMTIHbIMM

MeTaJIJIaMM B TIepMOp;MTIeCKOM CMCTeMe )J;. H. MeH,D,eJIeeBa

HBJIHIOTCH 3JIeMeHTbI rJIaBHOM IIO,D,rpYIIIIbI I rpYIIIIbI. H Ha-

060POT, menoenlfulO K, npUnstmUlO neoocmalOUfux 00

aa6epmenUst 6nemnezo iJnepzemu"ltecK,ozo ypo6nst

UMelOm amOMbf., iJlLeMenm06-neMemalLlL06. H3 CKasaH-

Horo MomHO C,D,eJIaTb CJIe,D,YIOm;MM BbIBO,D,. B rrpe,D,eJIax IIepM-

O,D,a C YBeJIMTIeHMeM SapH,D,a aTOMHoro Hp;pa, a COOTBeTCTBeH-

HO M C YBeJIMTIeHMeM TIMCJIa BHeIIIHMX 3JIeKTpOHOB MeTaJIJIM-

TIeCKMe CBoMcTBa XMMMTIeCKMX 3JIeMeHTOB OCJIa6eBaIOT.

HeMeTaJIJIMTIeCKMe CBoMcTBa 3JIeMeHTOB, xapaKTepM3YIO-

m;MeCH JIerKOCTblO IIpMHHTMH 3JIeKTpOHOB Ha BHeIIIHMM ypo-

BeHb, IIPM 3TOM YCMJIMBaIOTCH.

HaM60JIee TMIIMTIHbIMM HeMeTaJIJIaMM HBJIHIOTCH 3JIeMeH-

TbI rJIaBHOM IIO,D,rpYIIIIbI VII rpYIIIIbI TIepMO,D,MTIeCKOM CMCTe-

MbI )J;. H. MeH,D,eJIeeBa. Ha BHeIIIHeM YPOBHe aTOMOB 3TMX

3JIeMeHTOB HaxO,D,HTCH ceMb 3JIeKTpOHOB. )J;o BOCbMM 3JIeKT-

pO HOB Ha BHeIIIHeM YPOBHe, T. e.,D,O YCTOMTIMBOrO COCTOHHMH

$4
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aTOMOB, MM He XBaTaeT IIO O,D,HOMY 3JIeKTpOHY. OHM JIerKO

MX IIpMCOe,D,MHHIOT, rrpOHBJIHH HeMeTaJIJIMTIeCKMe CBoMcTBa.

A KaK Bep;YT ce6H aTOMbI 3JIeMeHTOB rJIaBHOM IIO,D,rpYIIIIbI

IV rpYIIIIbI TIepMO,D,MTIeCKOM CMCTeMbI )J;. H. MeH,D,eJIeeBa?

Be,D,b Y HMX Ha BHeIIIHeM ypOBHe TIeTbIpe 3JIeKTpOHa, M MM,

Ka3aJIOCb 6bI, Bce paBHO, OTp;aTb MJIM IIpMHHTb TIeTbIpe SJIeKT-

pOHa. BbIHCHMJIOCb, TITO Ha cIIoc06HOCTb aTOMOB OT,D,aBaTb

MJIM IIpMHMMaTb 3JIeKTpOHbI OKa3bIBaeT BJIMHHMe He TOJIbKO

TIMCJIO 3JIeKTpOHOB Ha BHeIIIHeM ypOBHe, HO M pap;MYC aTOMa.

B IIpe,D,eJIax IIepMop;a TIMCJIO 3HepreTMTIeCKMX YPOBHeM Y aTO-

MOB SJIeMeHTOB He M3MeHHeTCH, OHO O,D,MHaKOBO, a BOT p8J];M-

yc YMeHbIIIaeTCH, TaK KaK YBeJIMTIMBaeTCH rrOJIOmMTeJIbHbIM

SapH,D, H,D,pa (TIMCJIO IIpOTOHOB B HeM). BCJIe,D,CTBMe SToro IIPM-

THmeHMe SJIeKTpOHOB K H,D,PY YCMJIMBaeTCH, M pap;MYC aTOMa

YMeHbIIIaeTCH, aTOM KaK 6bI cmMMaeTCH. TI03TOMY CTaHOBMT-

CH Bce Tpyp;Hee OT,D,aTb BHeIIIHMe SJIeKTpOHbI M, Ha060pOT, Bce

JIerrIe IIpMHHTb He,D,OCTalOm;Me,D,O BOCbMM 3JIeKTpOHbI.

B IIpe,D,eJIax O,D,HOM M TOM me IIO,D,rpYIIIIbI p8J];MYC aTOMa

YBeJIlI'IMBaeTCH C YBeJIMTIeHMeM 3apH,D,a aTOMHoro H,D,pa, TaK

KaK IIPM IIOCTOHHHOM TIMCJIe SJIeKTpOHoB Ha BHeIIIHeM ypoBHe

(OH paBeH HOMepy rpYIIIIbI) YBeJIMTIMBaeTCH TIMCJIO sHepreTM-

TIeCKMX YPOBHeM (OHO paBHO HOMepy rrepMO,D,a). TIosToMyaTo-
MY CTaHOBMTCH Bce JIerTIe OT,D,aTb BHeIIIHMe 3JIeKTpOHbI.

B TIepMO,D,MTIeCKOM CMCTeMe )J;. H. MeH,D,eJIeeBa C YBeJIM-

TIeHMeM IIOpH,D,KOBOrO HOMepa CBOMCTBa aTOMOB XMMMTIeCKMX

3JIeMeHTOB M3MeHHIOTCH CJIe,D,YIOm;MM 06pa30M:

III

I

!III

I

B npe)1;e.uax O)1;HOH If TOH :iRe B npefJ;eJIax OfJ;HOrO H Torn :iRe

rpynDl,I (B rJIaBHOH nOfJ;rpyn- nepHOfJ;a MeTaJIJIHqeCKHe CBOH-

rre) Me'l'aJIJIHqeCI\:He CBOHCTBa CTBa OCJIa6eBaIOT, a HeMeTaJIJIH-

YCHJIHBaIOT(�.H, HeMeTaJIJIHqe- qeCKHe -

YCHJIHBaIOTC.H, TaK

CKHe - OCJIa6eBaIOT, TaK KaK: KaK:

:..

a) YBeJIHqHBaIOTC.H 3ap.HfJ;bl a) YBeJIHqHBaIOTC.H 3ap.HfJ;bI
aTOMHbIX .HD;ep; a TOMHbIX .HfJ;ep;

6) qHCJIO :meKTpOHOB 6) YBeJIHqHBaeTC.H qHCJIO

Ha BHelliHeM ypOBHe aJIeKTpOHoB Ha BHelliHeM

nOCTO.HHHO; ypOBHe;

B) YBeJIHqHBaeTC.H qHCJIO B) qHCJIO 3anOJIH.HeMblX

3anOJIH.HeMbIX aHepreTHqe- aHepreTHqeCKHX YPOBHeH
CKHX YPOBHeH; nOCTO.HHHO;

r) YBeJIHqHBaeTC.H pafJ;HYC r) pafJ;HYC a TOMa

aTOMa. YMeHbllIaeTC.H.
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KaKOB me pe3YJIbTaT rrpMHHTMH
-

OT,D,aTIM SJIeKTpOHOB

aTOMaMM XMMMTIeCKMX 3JIeMeHTOB?

IIpe,D,cTaBMM ce6e, TITO «BCTpeTIaroTCH» ,D,Ba aTOMa: aTOM

MeTaJIJIa I rpyrrrrbI M aTOM HeMeTMJIa VII rpyrrrrbI. Y aTOMa

MeTaJIJIa Ha BHeiliHeM SHepreTMTIeCKOM ypOBHe HaXO,D,MTCH

e,D,MHCTBeHHbIH SJIeKTpOH, a aTOMY HeMeTMJIa KaK pa3 He

XBaTaeT MMeHHO O,D,HOrO 3JIeKTpOHa, TIT06bI ero BHeIlIHMH

ypOBeHb OKa3aJICH saBepIlIeHHbIM.

ATOM MeTMJIa JIerKO OT,D,aCT CBOH HaM60JIee Y,D,MeHHbIH

OT H,D,pa M cJIa60 CBH3aHHbIH C HMM 3JIeKTpOH aTOMY HeMe-

TMJIa, KOTOpbIH rrpe,D,OCTaBMT eMY cB060,l:t;HOe MeCTO Ha CBO-

eM BHeiliHeM SHepreTMTIeCKOM ypOBHe.

Tor,D,a aTOM MeTMJIa, JIMIlIeHHbIH O,D,HOrO OTpMII;aTeJIbHO-

ro 3apH,D,a, CTaHeT rrOJIOmMTeJIbHO 3apHmeHHOH TIaCTMTIKOH,

a aTOM HeMeTaJIJIa rrpeBpaTMTCH B OTpMII;aTeJIbHO 3apHmeH-

HYro TIaCTMTIKY 6JIarO,D,apH rrOJIYTIeHHOMY 3JIeKTpOHY. TaKMe

TIaCTMTIKM Ha3bIBaroT uonaMU.

06a aTOMa ocyru;eCTBHT CBOro ('3aBeTHYro MeTITY»
-

rrOJIY-

TIaT CTOJIb meJIaHHYro BOCbMepKY SJIeKTpOHOB Ha BHeiliHeM

3HepreTMTIeCKOM ypOBHe. Ho TITO rrpOM30H,l:t;eT ,D,MbIlIe? Pa3-

HOMMeHHO 3apHmeHHbIe MOHbI B rrOJIHOM COOTBeTCTBMM C 3a-

KOHOM rrpMTHmeHMH rrpOTMBOrrOJIOmHbIX 3apH,D,OB TYT me

COe,D,MHHTCH, T. e. Mem,D,Y HMMM BOSHMKHeT XMMMTIeCKaH

CBH3b.

IIpOII;ecc rrpeBparu;eHMH aTOMOB B MOHbI M306pameH Ha

cxeMe M pMCYHKe:

1e

I t

Na
O + CIO � Na+ + CI- � Na+CI-.

aTOM aTOM HOH HOH HOHHoe

coe�HHeHHe

a'l'OM Ha'l'plI.H IIOH HaTplI.II

0 (fJ
+ -- + --

0 8
a'rOM XJIopa IIOH XJIopa IIOHHoecoeAIIHeHlIe

HarrpMMep, MOHHaH CBH3b 06pasyeTcH M rrpM B3aI:IMO,D,eH-

CTBMM aTOMOB KaJIbII;MH M KMCJIOpO,D,a:

�
,

,ca)
'",

2e--Q2
n

."
.

�

"

2e

�
Ca

O + 00�Ca2+ + 0 2 -

�

aTOM aTOM HOH llOH

-----> Ca
2 +0 2

-.

HOHHoe

coe�HHeHHe

(1\ + 2e- W'

XMMMTIeCKYro CBH3b, 06pa3yroru;yroCH Mem,D,Y

MOHaMM, Ha3bIBaroT 1I0HHOH.
TaKoe IIpeBpam;eHMe aTOMOB B MOHbI IIpOMCXO,D,MT BCer,D,a

rrpM B3aHMO,l:t;eHCTBMM aTOMOB TMrrMTIHbIX MeTaJIJIOB M TM-

rrMTIHbIX HeMeTMJIOB.

B SaKJIroTIeHMe paCCMOTpMM MrOpMTM (rrOCJIe,D,OBaTeJIb-

HOCTb) paccym,D,eHMH rrpM 3arrMCM CXeMbI 06pa30BaHMH MOH-

HOH CBH3M, HarrpMMep Mem,l:t;Y aTOMaMM KMbn;MH M XJIOpa.

1. KMbII;MH - STO SJIeMeHT rJIaBHOH rrO,l:t;rpyrrrrbI II rpyrr-

rrbI IIepMo,D,MTIeCKOH CMCTeMbI ,n:. II. MeH,D,eJIeeBa, MeTaJIJI.

Ero aTOMY JIerTIe OT,D,aTb ,D,Ba BHeIlIHMX SJIeKTpOHa, TIeM rrpM-

HHTb He,D,OCTaroru;Me IlIeCTb:

Ca O - 2e � Ca 2 +.

aTOM HOH

2. XJIOp
- 3TO SJIeMeHT I'JIaBHOH rro,D,rpyrrrrbI VII rpyrr-

rrbI, HeMeTaJIJI. Ero aTOMY JIerrIe rrpMHHTb O,D,MH SJIeKTpOH,

PaCCMOTpMM 06pa30BaHMe STOH CBH3M Ha rrpMMepe XOpO-

IlIO 3HaKOMOrO BCeM COe,D,MHeHMH XJIOpM,D,a HaTpMH (rrOBapeH-
HOH COJIM):

Na CI N�CI-

�)))+�)))--[�)) nE�)))r
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KOToporo eMY He XBaTaeT ,D,O 3aBepIIIeHM.H BHeIIIHero 3Hep-
reTM-qeCKoro ypOBH.H, -qeM OT,D,aTb ceMb 3JIeKTpOHOB C BHeIII-

Hero ypOBH.H: � 10
BaaMMo.n;eMCTBMe aTOMOB

3neMeHTOB-HeMeTannOB

Mem.n;y C060M
ClO + Ie � CI-.

aTOM IIOH

3. CHa-qaJIa HaH,D,eM HaMMeHbIIIee 06m;ee KpaTHoe Mem,D,Y
3ap.H,D,aMM 06pa30BaBIIIMXC.H MOHOB, OHO paBHO 2 (2 0 1). 3a-
TeM onpep;eJIMM, CKOJIbKO aTOMOB KaJIbU;M.H HymHo B3.HTb,
-qT06bI OHM OT,D,aJIM ,D,Ba 3JIeKTpOHa (T. e. Ha,z:J;O BS.HTb 1 aTOM

Ca), M CKOJIbKO aTOMOB XJIopa Hap;o B3.HTb, -qT06bI OHM MOrJIM

npMH.HTb ,D,Ba ::)JIeKTpOHa (T. e. HymHo B3.HTb 2 aTOMa CI).
4. CxeMaTM-qHo 06pa30BaHMe MOHHOH CB.H3M Mem,D,Y aTO-

MaMM KaJIbU;M.H M XJIopa MomHO 3anMcaTb TaK:

Ca o
+ 2Clo � Ca 2 +CI 2 .

I 2e t

.D:JI.H BbIpameHM.H COCTaBa MOHHbIX coep;MHeHMH nOJIb3Y-
IOTC.H ljJOPMYJlbllblMU ei)ulluZl;aMu -

aHaJIOraMM MOJIeKY-
JI.HpHbIX Q.:>OPMYJI.

IJ;MQ.:>PbI, nOKa3bIBaIOm;Me -qn:CJIO aTOMOB, MOJIeKYJI MJIM

qJOPMYJIbHbIX e,D,MHMU;, Ha3bIBaIOT KoappulfuenmaMu,
a U;MQ.:>PbI, IIOKa3bIBaJOm;Me t.IMCJIO aTOMOB B MOJIeKYJIe MJIM

MOHOB B qJ0PMYJIbHOH e,D,MHMu;e, Ha3bIBaIOT unoeKcaMu.
B nepBoH -qaCTM naparpaqJa MbI C,D,eJIaJIM BbIBO,D, 0 xapaK-

Tepe M npM-qMHax M3MeHeHM.H CBOHCTB 3JIeMeHTOB. Bo BTO-

pOH -qaCTM naparpaqJa npMBe,D,eM KJIIO-qeBbIe CJIOBa.

MbI yme pacCMOTpeJIM, KaK B3aMMO,D,eHcTBYIOT aTOMbI

3JIeMeHTOB-MeTaJIJIOB C aTOMaMM 3JIeMeHTOB-HeMeTaJIJIOB:

O,D,HM OT,D,aIOT CBOM BHeIIIHMe 3JIeKTpOHbI M npeBpam;aIOTC.H
npM 3TOM B nOJIOmMTeJIbHbIe MOHbI, ,D,PyrMe npMHMMaJOT

3JIeKTpOHbI M npeBpam;aIOTC.H npM 3TOM B OTpMu;aTeJIbHbIe
MOHbI. HOHbI npMT.HrMBaIOTC.H ,D,Pyr K ,D,Pyry, 06pa3Y.H MOH-

Hble COe,D,MHeHM.H.

A KaK ocym;eCTBJI.HeTC.H CB.H3b Mem,D,y aTOMaMM 3JIe-

MeHToB-HeMeTaJIJIOB, KOTopbIe MMeIOT CXO,D,HYIO TeH,D,eH-

U;MIO K npMCOe,D,MHeHMIO 3JIeKTpoHoB? PaccMoTpMM BHa-qaJIe,
KaK ocym;eCTBJI.HeTC.H CB.H3b Mem,D,y aTOMaMM O,D,HOrO M TO-

ro me XMMIfTIeCKOrO 3JIeMeHTa, HaIIpMMep B Bem;eCTBax,

MMeIOm;MX p;ByxaToMHbIe MOJIeKYJIbI: a30Ta N
2 , BO,D,OpO,D,a

H
2 , XJIopa C1

2
.

06paTMTe BHMMaHMe, -qTO ,D,JI.H OTpameHM.H COCTaBa 3TMX

Beru;eCTB C nOMoru;bIO XMMM-qeCKMX SHaKOB TaKme MCnOJIb3Y-
IOT ulli)eKcbl.

.D:Ba O,D,MHaKOBbIX aTOMa 3JIeMeHTa-HeMeTaJIJIa MorYT
06'be,D,MH.HTbC.H B MOJIeKYJIY TOJIbKO O,D,HMM cnoc060M: 0606-

ru;eCTBMB CBOM BHeIIIHMe 3JIeKTpOHbI, T. e. C,D,eJIaB MX 06m;M-
MM ,D,JI.H 060MX aTOMOB.

PaCCMOTpMM, HanpMMep, 06pa30BaHMe MOJIeKYJIbI qJTO-
paF 2

.

ATOMbI Q.:>Topa -

3JIeMeHTa rJIaBHOH nO,D,rpynnbI VII

rpynnbI TIepMO,D,M-qeCKOH CMCTeMbI XMMM-qeCKMX 3JIeMeHTOB

.D:. H. MeH,D,eJIeeBa -

MMeIOT Ha BHeIIIHeM 3HepreTIfTIeCKOM

ypOBHe ceMb 3JIeKTpOHOB, M Kamp;OMY aTOMY He XBaTaeT ,D,O
ero saBepIIIeHM.H JIMIIIb O,D,HOrO 3JIeKTpOHa. BHeIIIHMe 3JIeKT-

pOHbI aTOMa Q.:>Topa 06paSYIOT TPM 3JIeKTpOHHbIe napbI M

O,D,MH HenapHbIH 3JIeKTpOH:

1. ATOM:LI MeTaJIJIOB H HeMeTaJIJIOB. 2. MOHbI nOJIO:iKH-

TeJIbHbIe H OTpH:o;aTeJIbHbIe. 3. MOHHaH XHMHQeCRaH

CBHSb. 4. K03<})<})H:O;HeHTbI H HH,1J;eRCbI.

,
...

...........................................

1 CpaBHIITe CTpoeHlIe II CBOHCTBa aTOMOB XIIMII'IeCKIIX :meMeH-

TOB: a) C II Si; 6) Si II P.

PaccMoTpIITe cxeMbI 06pa30BaHIIS IIOHHOH CBS3II MeJK,n;y aTO-

MaMII XIIMll'IeCKIIX :meMeHTOB: a) Na II 0; 6) Li II Cl; B) Mg II F.

Ha30BIITe caMbIH TIIIIII'lHbIH MeTaJIJI II caMbIH TIIIIII'lHbIH He-

MeTaJIJI IIepIIo,n;II'leCKOH CIICTeMbI .D:. 11. MeH,n;eJIeeBa.

IIOJIb3ysCb ,n;OIIOJIHIITeJIbHOH JIIITepaTypOH, 06'bSCHIITe, IIO'leMY
IIHepTHbIe ra3bI CTaJIII Ha3bIBaTb 6JIaropo,n;HbIMII.

ECJIM C6JIMmaIOTC.H ,D,Ba aTOMa M y Kam,D,OrO M3 HMX eCTb

no O,D,HOMY BHeIIIHeMY HecnapeHHOMY 3JIeK'rpOHY, TO 3TM

2

. .

3 :F.
. .

4
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3JIeKTpOHbI «o6'be,n;MHHIOTCH» M CTaHOBHTCH 06ru;MMM ,n;JIH
060HX aTOMOB, Y KOTOpbIX TeM CaMbIM CcpOpMMPyeTcH SaBep-
meHHbIM BHemHMM BOCbMM3JIeKTpOHHbIM YPOBeHb.

BaHMe 3JIeKTpOHHbIX 06JIaKOB. IIpM 3TOM BOSHMKaeT 06JIaCTb

(MeCTO), I',D,e rrJIOTHOCTb OTpMIJ;aTeJIbHOrO 3ap.H,1],a HaM60JIee
BbICOKa M rr03TOMY 06JI3,lJ;aeT rrOBbImeHHbIM OTpMIJ;aTeJIbHbIM

sapH,n;OM. IIoJIomHTeJIbHo sapHmeHHbIe H,n;pa rrpMTHrMBaIOT-
CH K HeM (3TO MSBeCTHO MS Kypca cpMSMKM), M 06pasyeTcH
MOJIeKYJIa. TaKMM 06paSOM, XMMM"'IeCKaH CBHSb -

peSYJIb-
TaT ,n;eMCTBMH 3JIeKTpM"'IeCKMX CMJI. IIpe,n;cTaBMM BbImeCKa-

saHHoe B BlI,n;e cxeMbI:

XMMM"'IeCKYIO CBHSb, BosHMKalOru;ylO B pesy JIb TaTe

06paSOBaHMH 06ru;MX 3JIeKTpOHHbIX rrap, Ha3blBa-

lOT aTOMHOH MJIM KOBaJIeHTHOH.

06paSOBaHMe MOJIeKYJIbI cpTopa Ms06pameHO Ha cxeMe:

G) + C�)
H- -H

:F- + -F: - :F0F:
- - - - - - X- -

----.

H:H:;weKTpOHHble <POPMYJIbI
BHelliHero CJIOS

aTOMOB <pTopa

3JIeKTpOHHas

<popMYJIa

MOJIeKYJIbI <pTopa
HymHo OTMeTMTb, "'ITO B OCHOBe 06paSOBaHMH KOBaJIeHTHOM

CBHSM, TaK me KaK 11 rrpM BOSHMKHOBeHMM MOHHOM CBHSM, JIe-

mMT B3aMMO,D,eMCTBMe rrpOTMBOrrOJIOmHbIX sapH,n;OB.
B SaKJIIO"'IeHMe paCCMOTpMM aJIrOpMTM paccym,n;eHMM, He-

06XO,n;MMbIX ,n;JIH TOI'O, "'IT06bI sarrMcaTb cxeMY 06paSOBaHMH
KOBaJIeHTHOM CBHSM, HarrpMMep ,n;JIH MOJIeKYJIbI aSOTa N

2
.

1. A30T -

3TO 3JIeMeHT I'JIaBHOM rrO,D,rpyrrrrbI V rpyrrrrbI.
Ero aTOMbI MMelOT rro rrHTb 3JIeKTpOHOB Ha BHemHeM ypOB-
He. QT06bI orrpe,D,eJIMTb "'IMCJIO HecrrapeHHbIX 3JIeKTpOHOB,

BOCrrOJIbsyeMcH cpOPMY JIOM:

8 - N =

"'IMCJIO HecrrapeHHbIX 3JIeKTpOHOB,

r,n;e N -

HOMep rpyrrrrbI XMMlI"'IeCKOrO 3JIeMeHTa.

CJIe,D,OBaTeJIbHO, aTOMbI aSOTa 6Y,D,YT MMeTb (8
- 5 =

3)
TPM HecrrapeHHbIX 3JIeKTpoHa.

2.3arrMmeM SHaKM XMMM"'IeCKMX 3JIeMeHTOB C 060sHa-
"'IeHMeM BHemHMX 3JIeKTpOHOB TaK, "'IT06bI HecrrapeHHbIe

3JIeKTpOHbI 6bIJIM 06paru;eHbI K COCe,D,HeMY SHaI-<Y:

ECJIM 060SHa"'IMTb 06ru;ylO 3JIeKTpoHHYlO rrapy "'IepTO"'IKOM,
TO 3arrMCb HaSblBalOT cmpYKmypuoii ipopMy:noii, HarrpM-

Mep CTPYKTYPHaH cpopMYJIa MOJIeKYJIbI cpTopa

F-F
AHaJIOrM"'IHO MOJIeKYJIe cpTopa 06pasyeTcH M ,n;ByxaToM-

HaH MOJIeKYJIa Bo,n;opo,n;a H
2

:

H.+.H-H�H
CJIe,n;yeT Y"'IeCTb, "'ITO saBepmeHHbIM ,n;JIH aTOMa Bo,n;opo,n;a

6y,n;eT ,n;Byx3JIeKTpOHHbIM ypoBeHb, rrO,D,06HbIM saBepmeHHO-

MY ypOBHIO aTOMa reJIMH.

CTPYKTYPHaH cpopMYJIa MOJIeKYJIbI Bo,n;opo,n;a

H-H
-

N : + :
N

-

.
. .

.

Y TO"'IHMM HamM rrpe,n;CTaBJIeHMH 0 KOBaJIeHTHOM CBH3M

Ha rrpMMepe 06paSOBaHMH MOJIeKYJIbI Bo,n;opo,n;a, MCrrOJIbSYH
rrOHHTlIe 3JIeKTpOHHOI'0 06JIaKa (CM. � 8). IIpM C6JIMmeHMM

,n;BYX aTOMOB BO,D,Opo,n;a, MMelOru;MX rro O,D,HOMY S-3JIeKTpOH-

HOMY 06JIaKY ccpepM"'IeCKOM cpOpMbI, rrpOMcxo,n;MT rrepeKpbI-

3.3arrMmeM 3JIeKTpoHHYIO M CTPYKTYPHYIO cpOPMYJIbI 06-

pasoBaBmeMcH MOJIeKYJIbI:

-

N
-

+
-

N
- -

N
A

N
-

- : : --+--

�
-

MJIM N N
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ECJIM aTOMbI CBHsaHbI Mem,n;y C060H O,n;HOH 06ru;eH 3JIeK-

TpOHHOH rrapOH, TO TaKYro KOBaJIeHTHYro CBHSb HasbIBaroT

oouuapuoii, eCJIM ,n;BYMH
- o6oiiuoii, eCJIM TpeMH

-

mpoiiuoii.
qeM 60JIbme 06ru;MX 3JIeKTpOHHbIX rrap Y aTOMOB B MOJIe-

KYJIe, TeM rrpOTIHee CBHSaHbI OHM ,D,PY1' C ,D,PyroM M TeM MeHb-

me paCCTOHHMe Mem,n;y H,n;paMM aTOMOB, KOTopoe HaSbIBa-

roT o.Tluuoii C6H3U. B MOJIeKYJIaX cpTopa CBHSb o,n;MHapHaH,
11 ,n;JIMHa CBHSM Mem,n;y H,n;paMM aTOMOB COCTaBJIHeT 0,14 Ha-

HOMeTpa (1 HM = 10- 9
M, MJIM 0,000000001 M). B MOJIeKYJIaX

aSOTa CBHSb TpoHHaH, M ,n;JIMHa ee COCTaBJIHeT 0,11 HM. qTO-

6bI pas,n;eJIMTb MOJIeKYJIY aSOTa Ha OT,D,eJIbHbIe aTOMbI, He06-

XO,D,MMO saTpaTMTb rrpMMepHo B ceMb pas 60JIbme 3Hep1'MM,
TIeM ,D,JIH paspbIBa O,D,MHapHbIx cBHseH MOJIeKy JIbI cpTopa.

� 11
KOBaJIeHTHaH nOJIHpHaH
XMMM"tfeCKaH CBH3b

IIpM BSaMMO,D,eHCTBMM ,n;BYX aTOMOB O,n;H01'O M T01'O me 3JIe-

MeHTa-HeMeTaJIJIa Mem,D,Y HMMII 06pasyeTcH KOBaJIeHTHaH

XMMMTIeCKaH CBHSb C rrOMoru;bro 06ru;lIx 3JIeKTpOHHbIX rrap.

STY KOBaJIeHTHYro CBHSb HasbIBaroT ueno.TlHpuoii, TaK KaK

06ru;Me 3JIeKTpOHHbIe rrapbI rrpMHa,n;JIemaT 060MM aTOM aM

B O,D,MHaKOBOH CTerreHM M HM Ha O,D,HOM MS HMX He 6Y,D,eT MS-

6bITKa MJIM He,n;OCTaTEa OTpMIJ;aTeJIbH01'O sapH,n;a, I-WTOpbIH
HeCYT 3JIeKTpOHbI.

O,n;HaKO eCJIM KOBaJIeHTHaH CBHSb 06p83yeTCH Mem,n;y aTOMa-

MM paSHbIX 3JIeMeHTOB-HeMeTaJIJIOB, TO KapTMHa 6y,n;eT He-

CI-WJIbKO MHOH. PaCCMOTpMM, HarrpMMep, 06paSOBaHMe MOJIe-

KYJIbI XJIOpOBo,n;opo,n;a HCl MS aTOMOB BO,D,Opo,n;a M XJIopa.
1. AToM BO,D,Opo,n;a lIMeeT Ha e,D,MHCTBeHHOM ypOBHe O,n;MH

3JIeKTpOH, M ,n;o e1'O saBepmeHMH eMY He XBaTaeT eru;e O,n;H01'O

3JIeKTpOHa. Y aTOMa XJIopa Ha BHemHeM YPOBHe
- ceMb

3JIeKTpOHOB, M eMY TaKme He,n;OCTaeT ,n;o saBepmeHMH O,n;H01'O

3JIeKTpoHa.

2. ATOMbI Bo,n;opo,n;a II XJIopa 06'be,n;MHHroT CBOM HerrapHbIe

3JIeKTpOHbI M 06pasyroT O,n;HY 06ru;yro 3JIeETpoHHYro rrapy,
T. e. BOSHMKaeT KOBaJIeHTHaH CBHSb. CTPYETYPHaH cpopMYJIa
MOJIeKYJIbI XJIOpOBo,n;opo,n;a H-Cl:

1. A TOMHaH, HJIH KOBaJIeHTHaH, XHMH'IeCKaH CBH3b.

2. OJJ;HHapHaH, JJ;BoHHaH H TpoHHaH KOBarreHTHbIe XH-

MH'IeCKHe CBH3H. 3. .n;JIHHa CBH3H. 4. 3JIeKTpOHHbIe
H CTPYKTYPHbIe «}>OPMYJIbI.

?
. ...............................................

II.,

1
Bce 3JIeMeHTbI rJIaBHOn no,n;rpynnbI VII rpynnbI I1epMo,n;M-
'IeCKOn CMCTeMbI XMMM'IeCKMX 3JIeMeHTOB ,n:. H. MeH,n;eJIeeBa
(no,n;rpynnbI IjJTopa) 06pa3YIOT npOCTble Bem;eCTBa, COCTO.Hm;Me

M3 ,n;ByxaToMHbIX MOJIeKYJI. 3anMllIMTe 3JIeKTpOHHYIO cxeMY 06-

pa30BaHM.H M CTPYKTypHYIO 1jJ0PMYJIY TaKMX MOJIeKYJI, nOJIb3Y-
.HCb 06m;MM XMMM'IeCKMM 3HaKOM ,n;JI.H Bcen no,n;rpynnbI r (raJIo-
reH).

3anMllIMTe cxeMbI 06pa30BaHM.H XMMM'IeCKMX CB.H3en ,n;JI.H Be-

m;eCTB, COCTaB KOTOpbIX oT06pamaIOT 1jJ0PMYJIaMM KCI M C1
2

.

3. TaK KaK KOBaJIeHTHaH CBHSb 06pasyeTcH Mem,D,Y aTOMa-

MM pa3JIMTIHbIX 3JIeMeHTOB- HeMeTaJIJIOB, TO 06ru;aH 3JIeKTpOH-
HaH rrapa 6y,n;eT rrpMHa,n;JIemaTb BsallMo,n;eHcTByroru;MM aTO-

MaM yme He B paBHOH CTerreHM. ,IJ;JIH T01'O TIT06bI KaTIeCTBeHHO

orrpe,n;eJIMTb, KaKOMY liS 3TMX aTOMOB 06ru;aH 3JIeKTpOHHaH

rrapa 6y,n;eT rrpMHa,n;JIemaTb B 60JIbmeH Mepe, MCrrOJIbsyroT
rrOHHTMe 3.TleKmpOOmpulfame.TlbUOcmb.

H- + -Ql: -- H�Ql:
2

3. CKOJIbKO HecnapeHHblx 3JIeKTpOHoB MMeIOT aTOMbI cepbI? Ka-

Ka.H CB.H3b 6y,n;eT B MOJIeKYJIax 8
2

? 3anMllIMTe cxeMY 06pa30Ba-
HM.H CB.H3M B MOJIeKYJIaX 8

2
.

4
PaCnOJIO:iKMTe B nOp.H,n;Ke YBeJIM'IeHM.H npO'IHOCTM CB.H3M Be-

m;ecTBa C 1jJ0pMYJIaMM 8
2 , CI

2 , N
2

M 060cHynTe npaBMJIbHOCTb
CBoero pellIeHM.H. KaK 6y,n;eT M3MeH.HTbC.H ,n;JIMHa CB.H3M B MOJIe-

KYJIaX COCTaBJIeHHOrO BaMM p.H,n;a?

Pa3,n;eJIMTe Bem;ecTBa Ha ,n;Be rpynnbI no TMny xMMWIecKon

CB.H3M: N
2'

Li
2 0, KCI, 02' CaF

2'
H

2
.

5�

3JIeKTpOOTpHn;aTeJIbHOCTb (80) - 3TO crroc06-

HOCTb aTOMOB XlIMMTIeCK01'O 3JIeMeHTa CMeru;aTb
K ce6e 06ru;Me 3JIeKTpOHHbIe rrapbI, YTIaCTByroru;Me
B 06pasoBaHMM XMMMTIeCKOH CBHSM.
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80 MomHO oxapaKTepllSOBaTb EaK Mepy HeMeTaJIJIM"'IHOC-

TM XHMM"'IeCKMX :3JIeMeHTOB. B rrOp.H,D,Ke YMeHbmeHM.H 80

XMMM"'IeCEMe :3JIeMeHTbI pacrrOJIaralOTC.H B CJIe,n;YIOm;MH p.H,D,:

f', 0, N, ct, Br, I, S, C, Si, P, H.
.,

30 YMem.maeTCH

CaMbIH :3JIeETpOoTpMIJ;aTeJIbHbIH :3JIeMeHT B Ta6JIMu;e
,D;. H. MeH,n;eJIeeBa -

cpTOp. 8TO, TaK CKasaTb, ('SOJIOTOH

rrpHsep» :3JIeKTpOOTpMu;aTeJIbHOCTM. (,Cepe6p.HHbIM rrpMse-

POM» .HBJI.HeTC.H KMCJIOpO,n;, a (,6pOH30BbIM» - aSOT.

BeJIlI"'IMHa 80 :3JIeMeHTa saBMClIT OT ero rrOJImH:eHM.H B Ta6-

JIlIu;e ,D;. H. MeH,n;eJIeeBa: 6 KaJICOOM nepuooe OHa 06bl'iHO

603pacmaem C Y6eJtU'ieHUeM nopROK060Z0 HOMepa 3Jte-

MeHma, a 6 KaJICOOU noozpynne -

YMeHbwaemCR.

IIOJIbSY.HCb p.H,D,OM 80, MOjI{HO orrpe,n;eJIHTb, Ky,n;a CMe-

m;aIOTC.H 06m;Me :3JIeKTpOHHble rrapbI. OHM BCer,D,a CMem;eHbI
K aTOMaM :3JIeMeHTa C 60JIbmeH 80. HarrpMMep, B MOJIeEY-
JIe XJIOpOBo,n;opo,n;a HCI 06m;a.H :3JIeKTpOHHRH rrapa CMem;eHa
E aTOMY XJIopa, TaK KaK ero 80 60JIbme, "'IeM Y Bo,n;opO,D,a.
B peSYJIbTaTe Ha aTOMax 06pasYIOTC.H "'IaCTM"'IHbIe Sap.H,n;bI

H+0,I8CI-0,18; B MOJIeKYJIe BOSHlIEalOT ,n;Ba rrOJIlOca -

rrOJIO-

mMTeJIbHbIH M oTpMu;aTeJIbHbliL IIO:3TOMY TaKYIO KOBaJIeHT-

HYIO CB.HSb HaSbIBalOT nOltnpuoii.
CMem;eHMe 06m;lIx :3JIeKTpOHHbIX rrap B CJIY"'Iae KOBaJIeHT-

HOH rrOJI.HpHOH CB.HSM lIHor,n;a 060SHa"'Ia1OT CTpeJIKaMlI, a qac-

0+ 0-

TH"'IHbIH sap.H,D,
-

rpe"'IeCKOH 6YI-mOH () «(,n;eJIbTa»): H�Cl.
B cpopMYJIaX COe,D,MHeHMH XMMM"'IeCKlIH SHaK MeHee :3JIeK-

TpOOTpMu;aTeJIbHOrO :3JIeMeHTa rrMmYT nepBbIM. Tar-\: KaK EO-

BaJIeHTHa.H rrOJI.HpHa.H CB.HSb .HBJI.HeTC.H pa3HOBM,n;HOCTblO EO-

BaJIeHTHOH CB.HSlI, TO aJIrOpMTM paccym,n;eHHM ,D,JI.H ee cxeMa-

TM"'IeCKOrO Hso6pajI{eHlI.H TaKOH a{e, KaE M ,n;JI.H KOBaJIeHTHOH

HerrOJI.HpHOH CB.HSH (CM. � 10), TOJIbKO B :3TOM CJIY"'Iae ,n;06a-
BMTC.H em;e O,n;MH mar -

"'IeTBepTbIM: no p.H,D,Y 80 orrpe,n;eJIlIM
60JIee 8JIeETpOOTpHu;aTeJIbHbIH :3JIeMeHT M OTpaSMM rrOJI.Hp-
HOCTb CB.HSM B CTPYETYPHOH cpopMYJIe CTpeJIEOH M 060SHa"'Ie-
HMeM "'IaCTM"'IHbIX Sap.H,n;OB.

HarrpMMep, paCCMOTpllM aJIrOpMTM CXeMaTM"'IeCKOrO MSO-

6pameHH.H 06paSOBaHlI.H CB.HSII ,n;JI.H coe,n;MHeHM.H OF
2

- cpTO-
pM,D,a KMCJIOpO,D,a.

1. EMCJIOpO,n; - :3TO 8JIeMeHT rJIaBHOH rro,D,rpyrrrrbI VI rpyrr-
rrbI IIepHo,n;M"'IeCKOH CMCTeMbI ,D;. H. MeH,n;eJIeeBa. Ero aTO-

6.4
r

II

MbI lIMelOT rro meCTb :3JIeKTpOHoB Ha BHemHeM 8JIeKTpOHHOM

YPOBHe. HerrapHblx :3JIeETpOHoB 6y,n;eT: 8 - 6 = 2.

<PTOp -

8JIeMeHT r JIaBHOH rro,D,rpyrrrrbI VII rpyrrrrbI

IIepMo,n;M"'IeCKOH CMCTeMbI ,D;. H. MeH,n;eJIeeBa. Ero aTOMbI

co,n;epmaT rro ceMb 8JIeKTpOHOB Ha BHemHeM :3JIeKTpOHHOM

ypOBHe. HerrapHbIM .HBJI.HeTC.H O,n;MH 8JIeKTpOH.
2. 3arrMmeM SHaKM XMMM"'IeCKMX :3JIeMeHTOB C 060SHa"'Ie-

HMeM BHemHMX :3JIeKTpOHOB:

. . . .

:F. .0.
. . . .

. .

.F:
. .

3. 3arrMmeM :3JIeKTpoHHYIO H CTPYKTYPHYIO cpOPMYJIbI 06-

paSOBaBmMXC.H MOJIeKYJI:

:r." + "g" + or.: -- :r.�g�r.:
F-O-F.

4. IIo P.H,n;y 80 orrpe,n;eJIMM,

"'ITO 06m;lIe :3JIeKTpOHHble rrapbI

6Y,D,YT CMem;eHbI OT KMCJIOpO,D,a

E cpTOPY KaK K 60JIee :3JIeKTpOOT-

pMu;aTeJIbHOMY :3JIeMeHTY, T. e.

CB.HSb 6Y,D,eT KOBaJIeHTHOH rro-

0- 0+ 0-

JI.HpHOH: F (--O� F .

AHaJIOrM"'IHO 06pasYIOTC.H MO-

JIeKYJIbI BO,n;bI:

H. + .0. +
. H -----+ H:O:H

.. ..
,

MJIM H-O-H.

B ,n;eHcTBMTeJIbHOCTM MOJIe-

KYJIa BO,D,bI MMeeT He JIlIHeHHYIO,
a yrJIOBYIO cpOPMY (LHOH =

=

104°27'). CTpoeHMe MOJIeKYJIbI

BO,D,bI MomHO Ms06pasMTb pas-

JIlI"'IHbIMM crroc06aMM (pHC. 37).
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MeHHO 06paSYIOT aTOMbI, rrOTOM CHOBa OTpbIBalOTCH M COe,n;M-
HHIOTCH yme C ,n;PYI'IIM MOHOM M T. ,n;. EeCKOHerrHO rrpOMCXO,D,MT

rrpou;ecc, KOTOpbIM CXeMaTM"'IHO MOmHO Ms06paSlITb TaI-C

1. KOBaneHTHaR HenonRpHaR H KOBaneHTHaR nonRp-
HaR XHMH'IeCKHe CBR3H. 2.3neKTpoOTpHn;aTenbHOC'J.'b.
3. qacTH<lHbIH 3apR,ll;.

MO ne .... M
n +

?
. ...............................................

1
ATOMbI Bo,n;opo,n;a M 1jJ0cljJopa MMeIOT rrO"LJTM o,n;MHmWBbIe 3Ha-

"LJeHMH 80. KaKoB TMrr XMMM"LJeCKOM CBH3M B MOJIeKYJIe IjJOCIjJM-
Ha PH

3
?

Orrpe,n;eJIMTe TMrr XMMM"LJeCKOM CBH3M M 3arrMIIIMTe cxeMY ee 06-

pa30BaHMH ,n;JIH Bem;eCTB C 1jJ0pMYJIaMM: a) 8
2 , K

2
0 M H

2 8;

6) N
2 , Li3N M CI

3
N.

B KmWM M3 MOJIeKYJI
-

XJIOpOBo,n;opo,n;a HCI MJIM IjJTOpOBO,n;O-
po,n;a HF -

KOBaJIeHTHaH XMMWIeCKaH CBH3b 60JIee rrOJIHpHa?

B CJIe,n;YIOm;MX rrpe,n;JIOmeHMHX BCTaBbTe rrporrym;eHHbIe CJIOBa

M BbIpameHMH: (,KOBaJIeHTHaH XMMM"LJeCKaH CBH3b 06pa3yeTcH
3a C"LJeT ... .110 "LJMCJIY 06m;MX 3JIeKTpOHHbIX rrap OHa 6bIBaeT ... .

110 80 KOBaJIeHTHYIO CBH3b ,n;eJIHT Ha ... M ... ».

aTOMbI

MeTaJIJIa

MOHbI

MeTaJIJIa

2

CJIe,n;OBaTeJII.HO, B 06'beMe MeTaJIJIa aTOMbI HerrpepbIBHo

rrpeBparu;aI-OTCH B MOHbI M Ha060poT. Ux TaK M HaSbIBalOT

aTOM-1I0HaMII.

3 ..
CB.HSI. B MeTaJIJIaX M CrrJIaBaX MejH:,n;y aTOM-1I0Ha-

MM rrOCpe,D,CTBOM 0606ru;ecTBJIeHHbIX :3JIeKTpOHoB
HaSbIBaI-OT MeTannH"IIeCKoH.

4

� 12
MeTaJIJIM"tfeCKaH

XMMM"tfeCKaH CBH3b

Ha pMCYHKe 38 CXeMaTM"'IeCEH Ms06pameHo CTpoeHMe

cppaI'MeHTa MeTaJIJIa HaTpM.H. Eam,D,bIM aTOM HaTpM.H OKpy-
meH BoceMI.IO coce,n;HIIMM aTOMaMII. OTopBaBilllleC.H BHeillHMe

:3JIeKTpOHI.I CB060,n;HO ,D,BMmYTC.H OT O,n;HOI'O 06paSOBaBilleI'OCH
1I0Ha K ,D,PYI'OMY, coe,n;MH.H.H, 6y,n;TO CKJIeMBa.H, MOHHbIM OCTOB

HaTpM.H KaK 61.1 B O,D,HY I'MI'aHTCKYI-O MOJIeKYJIY (pIlC. 39).
MeTaJIJIM"'IeCEaH CBHSI. MMeeT HeKOTopoe CXO,D,CTBO C KO-

BaJIeHTHOM, TaK EaK OCHOBaHa Ha 0606ru;ecTBJIeHMII BHeill-

HIIX :3JIeKTpOHOB. O,D,HaKO rrpll 06pasoBaHMM I-WBaJIeHTHOM

CB.H3M 0606ru;ecTBJI.HI-OTCH BHeillHMe HecrrapeHHbIe :3JIeETpO-
HbI TOJII.KO ,D,BYX COCe,D,HMX aTOMOB, B TO BpeM.H KaK rrpM

BbI YSHaJIM, KaK BsaMMo,n;eMCTBYI-OT Mem,n;y C060M aTO-

MbI :3JIeMeHTOB-MeTaJIJIOB M :3JIeMeHTOB-HeMeTaJIJIOB (3JIeET-
pOHbI rrepeXO,D,HT OT rrepBbIx KO BTOpI.IM), a TaKme aTOMbI

3JIeMeHTOB-HeMeTaJIJIOB Mem,D,Y C060M (BHeillHMe HecrrapeH-
HbIe 3JIeKTpOHbI MX aTOMOB 06'be,n;MHHI-OTCH B 06ru;Me 3JIeK-

TpoHHbIe rrapbI). TerrepI. MI.I II03HaI-WMMMC.H C TeM, KaE

BsaMMo,n;eMCTBYI-OT Mem,n;y C060M aTOMbI 3JIeMeHTOB-MeTaJI-

JIOB. MeTaJIJIbI 06bI"'IHO cyru;eCTBYI-OT He B BM,D,e MSOJIMpO-
BaHHbIX aTOMOB, a B BM,n;e CJIIITEa MJIM MeTaJIJIII"'IeCKOI'O MS-

,D,eJIH.H. qTO y,n;epmllBaeT aTOMbI MeTaJIJIa B e,n;MHOM 06'beMe?
ATOMbI 60JIbillMHCTBa MeTaJIJIOB Ha BHeillHeM ypoBHe CO-

,n;epmaT He60JIbillOe "'IHCJIO 3JIeKTpOHoB
- 1, 2, 3. 8TM :3JIeKT-

pOHbI JIeI'KO OTpbIBaIOTC.H, a aTOMbI rrpeBparu;aI-OTC.H B rrOJIO-

mMTeJII.HbIe MOHbI. OTopBaBillMecH 3JIeKTpOHbI rrepeMeru;aI-OT-
C.H OT O,n;HOI'O MOHa E ,n;PYI'OMY, CB.HSbIBaH MX B e,D,MHOe u;eJIoe.

Pas06paTI.cH, KaKoM 3JIeKTpOH rrpMHa,n;JIemaJI KaKoMY

aTOMY, rrpocTO HeBOSMomHO. Bce OTopBaBillMec.H 3JIeKTpOHbI
CTaJIM 06ru;MMM. Coe,n;MHHHcI. C MOHaMH, 3TM :3JIeKTpOHbI Bpe-

-�' �e� �
8

8 e

�8�8� �
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PHc.38.CxeMa

CTpoeHMH IjJparMeHTa

KpMCTaJIJIM"LJeCKOrO HaTpMH

PHC. 39. CxeMa

MeTaJIJIM"LJeCKOM

CBH3M

'1 11 �

If:

J

I

I

I

!i

II!

,

I
I

I,

67
:�



06paSOBaHMM MeTaJIJIIPle-

CKOM CBHSM B 0606rqecTBJIe-
HlIM 3TMX 3JIeKTpOHOB Y"'IaC-

TBYIOT BCe aTOMbl. HMeH-

HO II03TOMY KpMCTaJIJIbl C

I-WBaJIeHTHOM CBHSblO XpYII-

KlI, a C MeTaJIJIM"'IeCKOM, KaK

IIpaBMJIO, IIJIaCTM"'IHbl, 3JIeK-

TpOIIpOBO,n;Hbl H MMelOT Me-

TaJIJIM"'IeCKRH 6JIeCK.

Ha pMCYHI-\:e 40 Ms06paJKe-
Ha ,D,peBHHH SOJIOTaH cpMI'YP-
Ea OJIeHH, KOTOpOH YJKe 60-

JIee 3,5 TbIC. JIeT, HO OHa He IIOTepHJIa xapaKTepHOI'O ,n;JIH

SOJIOTa -

3TOI'O CaMOI'O IIJIaCTM"'IHOI'O MS MeTaJIJIOB - 6JIa-

I'OpO,D,HOI'O MeTaJIJIM"'IeCKOI'O 6JIeCEa.

MeTaJIJIM"'IeCKaH CBHSb xapaKTepHa KaE ,D,JIH "'IMCTbIX Me-

TaJIJIOB, TaK M ,n;JIH cMeceM paSJIlI"'IHblX MeTaJIJIOB - CIIJIa-

BOB, Haxo,n;HrqllXCH B TBep,D,OM 11 jI{M,n;KOM COCTOHHMHX. O,n;-
HaKO B IIapo06paSHOM COCTOHHMH aTOMbl MeTaJIJIOB CBHsaHbl

MeJK,n;y C060M KOBaJIeHTHOH CBHSblO (HaIIpMMep, IIapaMM
HaTpMH SaIIOJIHHIOT JIaMIIbl JKeJITOI'O CBeTa ,D,JIH oCBerqeHlIH

YJIMU; 60JIbillllX I'OpO,D,OB). IIapbl MeTaJIJIOB COCTOHT liS OT-

,n;eJIbHblX MOJIeEYJI (O,D,HOaTOMHbIX M ,D,ByxaToMHbIX).
Bonpoc 0 XUMU'leCKUX Ce.5l3.5lX

-

u.eHmpaJtbHblu eo-

npoc HaYKU XUMUU. Bbl IIOSHaEOMMJIMCb C Ha"'IaJIbHbIMM

IIpe,n;CTaBJIeHMHMM 0 TMIIax XlIMM"'IeCKOM CBHSII. B ,n;aJIbHeH-
illeM Bbl YSHaeTe MHOI'O MHTepeCHOI'O 0 IIpHpo,n;e XHMM"'IeCKOM

CBHSM. HaIIpMMep, "'ITO B 60JIbillMHCTBe MeTaJIJIOB, KpOMe Me-

TaJIJIll'IeCEOM CBHSlI, eCTb erqe M KOBaJIeHTHaH CBHSb, "'ITO

cyrqecTBYIOT M ,n;PYI'Me TMIIbl XlIMM"'IeCKMX cBHseM.
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PHC. 40. 30JIOTOH OJIeHb.

VI B. ,11;0 H. 3.

rJIaBa BTOpa5I

llpOCTMe Be�eCTBa

� 13
II pOCTbIe Bem;eCTBa

MeTaJIJIbI

lIs 109 XMMM"'IeCKMX 3JIeMeHTOB IIepMo,n;M"'IecKoM CMC-

TeMbl ,D;. II. MeH,n;eJIeeBa 87 3JIeMeHTOB 06pasYIOT B CBO-

60,n;HOM COCTOHHMM IIpOCTbIe BerqecTBa C MeTaJIJIM"'IeCKOM

CBHSblO.

Erqe B I'JIy60EOM ,n;peBHOCTH "'IeJIOBeK 06paTMJI BHMMaHlIe

Ha oc06ble CBoMcTBa MeTaJIJIOB: MX MOJKHO paCIIJIaBMTb, a sa-

TeM IIpM,n;aTb MM JII06yIO cpOPMY, MSI'OTOBlIB IIPM 3TOM Ha-

KOHe"'IHMKM CTpeJI 11 KOIIMM, rqMTbl M Me"'IM, IIOCY,n;y M IIJIY-

I'M... Ha "'Iacax "'IeJIOBe"'IeCKOM lICTOpllM KaMeHHblM BeK CMe-

HHJICH BeKOM Me,n;HbIM, saTeM - 6pOHSOBbIM, ,n;aJIee
-

JKeJIeSHbIM. ..

Bce MeTaJIJIbl, KpOMe PTYTlI, B 06bl"'IHOM COCTOHHMM

meepiJbw BerqeCTBa M MMelOT pH,D, 06rqMx CBOMCTB. M eman-

nbt
-

3mo K06Kue. nnaCmU"I£Ubte. mnzY"I£ue 6eUfecm-

6a. KomOpbte uMerom MemannU"I£eCKUU 6necK. men-

no- U 3neKmponpo600Ubt.
MeTaJIJIaM B IIpOillJIble BeKa IIpMIIMCblBaJIOCb MHOI'O "'Iy,n;o-

,D,eMCTBeHHblx CBOMCTB. IIsBecTHble erqe B ,D;peBHeM EI'MIITe

ceMb MeTaJIJIOB C"'IlITaJIMCb IIpe,n;CTaBMTeJIHMM ceMM IIJIaHeT

Ha 3eMJIe.

30JIOTO HaillM IIpe,D,KM CBHSblBaJIM C COJIHu;eM, cepe6po -

C JIYHOM, Me,D,b
- C BeHepoM, JKeJIeso - C MapcoM, OJIOBO -

C IOrrMTepoM, CBMHeu;
- C CaTYPHoM, PTYTb

- C MepKYPM-
eM (pMC. 41). COBIIa,D,eHMe "'IMCJIa MeTaJIJIOB, SHaKOMblX ,n;peB-

HMM, C "'IlICJIOM IIJIaHeT, KOTopble OHM BM,n;eJIM Ha He6e, Ka-

SaJIOCb 6bl, IIo,n;TBepJK,D,aJIO BsaMMOCBHSb seMHblX MeTaJIJIOB

C He6eCHblMM TeJIaMM. EOI',n;a B XVI B. aJIXMMMKaM CTaJIa

MSBeCTHa MeTaJIJIM"'IeCKaH cypbMa, OHM ,D,OJII'O OTKaSblBa-

JIMCb rrpMSHaBaTb ee MeTaJIJIOM -

Be,D,b ,D,JIH CypbMbl Ha He6e

He XBaTaJIO IIJIaHeTbl.

:

:
?
.

1. MeTaJIJIH"lIeCKaR CBR3b. 2. ATOM-HOHbI. 3. 0606-

:m;eCTBJIeHHbIe :3JIeKTpOHbI.

...............................................

68'
�

MeTaJIJIMqeCIWH CBH3b MMeeT qepTbI Cxo,n;CTBa C iWBaJIeHTHOH

CBH3hlO. CpaBHMTe ee C MOHHOH CBH3hlO.

KaK MO:iKHO IIOBbICMTb TBep,n;OCTb MeTaJIJIOB M CIIJIaBoB?

3aIIMIIIMTe cxeMY 06pa30BaHMH MOJIeKYJI Li
2 ,ll;JIH IIapOB JIMTMH.

YKa:iKMTe TMII XMMMqeCKOH CBH3M B HMX.
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PHC. 41. 0603HaQeHMe XMMMQeCKMX 3JIeMeHTOB aJIXMMMKaMM

M. B. JIOMOHOCOB orrpe,n;eJUIJI MeTaJIJI <'EaK CBeTJIOe TeJIO,

KOTopoe KOBaTb MomHo», M OTHOCMJI :3TO CBOMCTBO K MeTaJI-

JIaM: SOJIOTY, cepe6py, Me,D,M, OJIOBY, meJIesy M CBlIHU;Y.
A. JIaByasbe B <,Ha"'IaJIbHOM Eypce XMMHM», HarrMcaHHOM

B 17891'., yrroMMHaJI yme 17 MeTaJIJIOB. B Ha"'IaJIe XIX B.

rrOCJIe,n;OBaJIO OTKpbITMe rrJIaTMHOBbIX MeTaJIJIOB. .K HaCTOH-

ru;eMY BpeMeHM "'IMCJIO MSBeCTHbIX MeTaJIJIOB BOSpOCJIO ,n;o 87.

II.nacmu"I£uocmb -

:3TO BamHeMmee CBOMCTBO MeTaJI-

JIOB MSMeHHTb CBOIO cpOPMY rrpM y,D,ape, rrpOKaTbIBaTbCH
B TOHKMe JIMCTbI M BbITHf'MBaTbCH B rrpOBOJIOEY. IIpll :3TOM

rro,n;BMmHbIe 0606ru;ecTBJIeHHbIe :3JIeKTpOHbI CMHf'"'IaIOT rre-

peMeru;eHMe rrOJIOmMTeJIbHbIX MOHOB, :3EpaHMpYH MX ,n;PYf'
OT ,n;pYf'a. IIo:3ToMY 06pa60TKa MeTaJIJIOB C MSMeHeHMeM cpop-
MbI rrpOMcxo,n;MT 6es paspymeHlIH.

CaMbIM rrJIaCTM"'IHbIM MS ,n;paf'Ou;eHHbIX MeTaJIJIOB HBJIHeT-

CH SOJIOTO. O,n;MH f'paMM SOJIOTa MomHO BbITHHYTb B rrpOBO-

JIOKY ,n;JIMHOM ,n;Ba KMJIOMeTpa.

Bce MeTaJIJIbI, KaK BbI SHaeTe, TBep,D,ble rrpM 06bI"'IHbIX YC-
JIOBMHX Beru;eCTBa. MCKJIIO"'IeHMe, KaK yme OTMe"'IaJIOCb, coc-

TaBJIHeT PTYTb, KOTopaH rrpM 06bI"'IHbIX YCJIOBMHX rrpe,n;CTaB-
JIHeT C060M mM,n;I-mM 6JIeCTHru;MM cepe6pllCTO-6eJIbIM MeTaJIJI.

MeTaJIJIbI paSJIM"'IaIOTCH rro m6epoocmu. MHf'KHe -

ru;eJIO"'IHbIe, HarrpllMep, MJIM CBMHeu;, a TBep,D,bIe
-

XpOM,
TMTaH, MOJIM6,D,eH.

HeKoTopbIe rrpe,n;CTaBJIeHMH 0 meMnepamypax n.na6-

.neuus£ M n.nomuocmu HeI-WTOpbIX MeTaJIJIOB BbI MomeTe

rrOJIY"'IlITb, eCJIlI BHMMaTeJIbHO paCCMOTpllTe PMCYHOK 42.
HaJIM"'IMe 0606ru;ecTBJIeHHbIX :3JIeKTpOHOB 06'bHCHHeT M Ta-

KMe xapaKTepHbIe CBoMcTBa MeTaJIJIOB, EaK MX men.no-
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M 3:ne1\,mpOnp0600UOCmb. ,D;ocTaTO"'IHO ,n;ajH:e He60JIbmOM

paSHOCTM rrOTeHD;MaJIOB, M 6ecrropH,n;0"'IHO ,n;BMmyru;MeCH

:3JIeKTpOHbI Ha"'IMHaIOT ,D,BMraTbCH CTporo yrropH,n;O"'IeHHO.

JIY"'ImMMM rrpOBo,n;HMKaMM :3JIeKTpM"'IeCTBa HBJIHIOTCH ce-

pe6po, Me,D,b, SOJIOTO, aJIIOMMHMM. B rrpMBe,n;eHHOM crrMCKe

OHM pacrrOJIOmeHbI B rropH,n;Ke YMeHbmeHMH :3JIeKTpOrrpOBO,D,-

HOCTM.

CB060,n;Hble :3JIeKTpOHbI 06YCJIOBJIMBalOT M TaKoe CBOMCTBO,
KaK Mema:n:nU-rtec1\,UU 6:nec1\,. CBeT rrorJIoru;aeTCH rrOBepx-
HOCTblO MeTaJIJIa, M ero :3JIeKTpOHbI Ha"'IlIHalOT McrrYCKaTb

CBOll, BTOpM"'IHble, BOJIHbI MSJIY"'IeHlIH, I-WTOpble MbI BocrrpM-

HMMaeM Eal-\: MeTaJIJIM"'IeCKMM 6JIeCK. IIpeKpacHo OTpamalOT

CBeT rraJIJIa,D,MM, PTYTb, cepe6po, Me,D,b.

:
,

,

,

�IISH'leCKlIe CBOHCTBa MeTaJlJlOB: KOBKOC'J.'b, IIJlaCTlIq-

HOC'J.'b, TRryqeCTI., TBep)J;OCTI., TeMIIepaTypa KIIIIeHIIR,

MeTarrJlII'IeCKIIH 6J1eCK, :3J1eKTpO- II TeIIJIOIIpOBO)J;HOC'J.'b.
�

?
. ...............................................

1
Rmwe II3 Bem;eCTB, Ha3BaHHbIX B rrpIIBep;eHHOM HII:iRe CTIIXO-

TBopeHIIII, He OTHOCIITCH R MeTaJIJIaM?

CeMb MeTaJIJIOB C03p;aJI CBeT

IIo 'lIICJIY ceMII rrJIaHeT:

Mep;b, :iReJIe30, cepe6po...

,n:aJI HaM ROCMOC Ha p;06po.

3JIaTO, OJIOBO, cBIIHe:o;...

CbIH MOM, cepa
- IIX OTe:o;.

A em;e TbI p;OJI:iReH 3HaTb:

BceM IIM PTYTb
-

pop;HaH MaTb.

2
RaR rrOHIIMaTb rrpIIBep;eHHbIe B aTOM CTIIXOTBopeHIIII 06pa3HbIe

BbIpa:iReHIIH: (,cepa
- IIX OTe:o;!> II ('PTYTb

-

pop;HaH MaTb!>?

o RlliWM CBOMCTBe MeTaJIJIOB rOBopIITCH B Ha'laJIbHOM CTpORe

CTIIXOTBopeHIIH A. C. IIYII1RIIHa (,RIIH:iRaJI!>?

JIeMHoccRIIM 60r Te6H CROBaJI...

o RaROM CBOMCTBe MeTaJIJIOB rOBopIITCH B rrpIIBep;eHHbIX HII:iRe

CTpORax?

3

RaR ap;CRIIM JIY'l, RaR MOJIHIIH 60rOB,
HeMoe JIe3BIIe 3JIOp;elO B O'lII 6JIem;eT,

II, 03IIpaHCb, OH Tperrem;eT

Cpep;II CBOIIX rrIIpOB...

72'
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4 IIO'leMY A3pmpJIOTOM II P;PyrIIMII aBIIaROMrraHIIHMII 3arrpem;e-

HbI R rrepeB03Re arrrrapaTbI II rrpII60pbI, cop;ep:iRam;IIe PTYTb?

IIOJIb3YHCb p;OrrOJIHIITeJIbHOM JIIITepaTYPOM, rrpIIrOTOBbTe co06-

m;eHIIe 0 rrOHBJIeHIIII II pa3BIITIIII 3epRaJI B :iRII3HII 'leJIOBeRa.

,
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II
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� 14
II pOCTbIe Bem;eCTBa

HeMeTaJIJIbI

HeMema:n:nbt -

3mo XUMu-rteC1\,Ue 3:neMeUmbt, 1\,0-

mOpbte 06paaYlOm 6 c60600UOM 6uoe npOCmbte 6e-

Ufecm6a, ue 06:naoalOUfue tjJuaU-rteC1\,UMU C60ucm6a-

MU Mema:n:n06. lIs 109 XMMM"'IeCKlIX :3JIeMeHTOB 87 OTHO-

CHTCH K MeTaJIJIaM, 22 HBJIHIOTC.H HeMeTaJIJIaMM.

H eMemaJtJtbl
-

npoCmbte 6e�ecm6a, rrpM 06bI"'IHbIX

yCJIOBHHX MorYT 6bITb rasaMM, mM,D,KOCT.HMM M TBep,n;bIMM

Beru;eCTBaMM (pMC. 43).
rasaMlI .HBJI.HIOTC.H reJIMM He, HeOH Ne, aprOH Ar, EpMrr-

TOH Kr, EceHOH Xe, pa,n;OH Rn. IIx HaSbIBalOT MHepTHbI-
MM rasaMM. EajI{,D,aH MOJIeKYJIa MHepTHoro rasa COCTOMT liS

o,n;Horo aTOMa. Ha BHemHeM :3JIeKTpOHHOM YPOBHe Y aTO-

MOB MHepTHbIX raSOB (sa MCKJIIO"'IeHlIeM reJIM.H) BoceMb :3JIeK-
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MOA AJIMa3 rpaljJlIT Cepa

PHC. 43. IIpocTbIe Bem;eCTBa
- HeMeTaJIJIbI
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TpOHOB. Y reJIMH -

,D,Ba. CBoeM XMMM"'IeCKOM YCTOM"'IMBO-
CTblO MHepTHble raSbI HarrOMMHalOT 6JIaropo,n;Hble ,n;paro-

IJ;eHHble MeTaJIJIbI - 30JIOTO M rrJIa TlIHY, M Y HMX eCTb BTO-

poe HaSBaHlIe - 6JIaropo,n;Hble raSbI. 8TO HaSBaHMe 60JIee

rro,n;xo,n;lIT E MHepTHbIM rasaM, TaK KaK OHlI Bce-TaKM BCTY-
rralOT MHor,n;a B XMMM"'IeCKMe peaKIJ;MM M 06paSYIOT XMMM-

"'IeCEMe COe,D,MHeHMH. B 19621'. rrOHBMJIOCb co06ru;eHMe 0

TOM, "'ITO rrOJIyq:eHO coe,n;MHeHlIe KceHOHa C cpTOpOM. CeM-

"'Iac MSBeCTHO yme 60JIee 150 XMMM"'IeCKMX coe,n;MHeHMM
KceHOHa, EpMrrTOHa, pa,n;OHa C cpTOpOM, EMCJIOpO,n;OM, XJIO-

pOM M aSOTOM.

llpe,D,CTaBJIeHlIe 0 XMMM"'IeCI-WM MCKJIIO"'IMTeJIbHOCTM

MHepTHbIX, MJIM 6JIaropo,n;HbIX, raSOB OEaSaJIOCb He O"'IeHb

COCTOHTeJIbHbIM, M rrOTOMY BMeCTO rrpe,n;rrOJIaraeMOM HYJIe-
BOM rpyrrrrbI MHepTHbIe raSbI 6bIJIM rrOMeru;eHbI B VIII rpyrrrry

llepMo,n;lI"'IeCKOM cMcTeMbI,D;. II. MeH,n;eJIeeBa.
reJIMeM, rro JIerKOCTM YCTyrralOru;MM TOJIbKO BO,n;OpO,D,Y,

HO, B OTJIM"'IMe OT rrOCJIe,n;Hero, HerOplO"'IMM, T. e. He rrpe,n;-

CTaBJIHIOru;MM rromapHOM orraCHOCTlI, SarrOJIHHIOT a3pOCTaTbI

(BOS,D,ymHbIe mapbI) M ,D,Mpllma6JIM (pMC. 44).
HeoH mllpOKO MCrrOJIbsYIOT ,n;JIH MSrOTOBJIeHMH CBeTOBOM

peEJIaMbI (pMC. 45). BcrroMHMTe 06pasHoe BbIpameHlIe ('YJIlI-

IJ;bI ropo,n;a 6bIJIM SaJIMTbI HeOHOM »
.

ra3bI BO,n;OpO,n;, ElICJIOpO,n;, a30T, XJIOp, cpTOp 06pasYIOT
,D,ByxaToMHbIe MOJIeKYJIbI, COOTBeTCTBeHHO - H

2 , 02' N
2 ,

C1
2 ,

F
2.

COCTaB Beru;eCTBa MSO-

6pamalOT Ha rrllCbMe, MC-

rrOJIb3YH XMMM"'IeCKMe II Ma-

TeMaTM"'IeCKlIe SHaKM C rro-

MOru;blO XUMU"I£eC1WU rjJop-
My:nb£. llo XMMM"'IeCKOM

cpopMYJIe, KaK BbI yme SHae-

Te, BbI"'IMCJIHIOT OTHOCMTeJIb-

HYIO MOJIeEY JIHPHYIO Maccy

Beru;eCTBa (M r ). OTHOCMTeJIb-

HaH MOJIeKYJIHpHaH Macca PHC. 45. HeOHOBa.H p eKJIaMa

rrpocToro Beru;eCTBa paBHa

rrpOMsBe,n;eHMIO OTHOCMTeJIbHOM aToMHoM MaCCbI Ha "'IMCJIO

aTOMOB B MOJIeKYJIe, HarrpllMep KUCJWpoiJa 02: M
r (02)

=

=

Ar(O). 2 = 16.2 = 32.

O,n;HaKo 3JIeMeHT ElICJIOpO,D, 06pa3yeT eru;e O,n;HO ra3006-

pas Hoe rrpOCToe Beru;eCTBO
-

OSOH, B COCTaB MOJIeKYJI I-WTO-

pOl'O BXO,n;HT yme TPM aTOMa KlICJIOpO,D,a. XMMM"'IeCKaH cpop-
MYJIa 030Ha Og, a ero OTHOCMTeJIbHaH MOJIeKYJIHpHaH Macca:

Mr(Og)
= 16.3 = 48.

I I

�

IDl
JL-L

i,

I

..
Crroc06HOCTb aTOMOB O,D,HOro XMMM"'IeCKOrO 3JIe-

MeHTa 06paSOBbIBaTb HeCKOJIbKO rrpOCTbIX Be-

ru;eCTB HaSbIBalOT aJIJIOTpOIIlIeii, a 3TM rrpOCTble

Beru;eCTBa
-

aJIJIOTpOrrHbIMM BJI,ZJ;OlI3MeHeHIIHMII

MJIM MO)J;II<lmKan;IIHMII. ,
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CBOMCTBa aJIJIOTpOrrHbIX Mo,n;McpMEaIJ;MM XlIMM"'IeCKOrO

3JIeMeHTa KMCJIOpo,n;a
-

rrpOCTbIX Beru;eCTB KMCJIOpO,D,a 02 M

OSOHa Og -

pa3JIM"'IHbI. EMCJIOpO,D, He MMeeT sarraxa, a OSOH

rraXHeT (OTCIO,D,a M ero HaSBaHMe - B rrepeBo,n;e C rpe"'IeCKOrO
030H OSHa"'IaeT «rraXHYll;MM»). 8TOT sarrax, apOMaT CBemec-

TM, MomHO rrO"'IYBCTBOBaTb BO BpeMH rpOSbI, TaK KaK OSOH

06pasyeTcH B MaJIbIX KOJIM"'IeCTBaX B Bos,n;yxe B peSYJIbTaTe

3JIeKTpM"'IeCKMX paspH,D,OB.

ElICJIOpo,n; -

ras 6es IJ;BeTa, a OSOH MMeeT 6JIe,D,Ho-cpMOJIe-
TOBbIM IJ;BeT. OSOH 60JIee 6aKTepllIJ;M,D,eH (JIaT. l{.uiJao-
y6MBaTb), "'IeM KMCJIOpO,n;. ll03TOMY OSOH rrpMMeHHIOT

,n;JIH 06essapamMBaHMH rrMTbeBOM BO,n;bI. OSOH crroc06eH

II,
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Y,D,epmMBaTb YJIbTpaqmo-
JIeTOBbIe JIYLIII COJIHeLIHO-

1'0 CneKTpa, ry6l1TeJIbHbIe
,D,JI.H Bcero mMBoro Ha 3eM-

JIe, M nOTOMY 030H06blU

CJlOU, pacnOJIaraIOru;MMC.H
B aTMoccpepe Ha BbICOTe

20-35 KM, saru;Mru;aeT

mMSHb Ha HameM nJIaHeTe

(Ha pMCYHI-\:e 46 BbI BM,D,MTe

cpoTorpacpMIO, c,n;eJIaHHYIO

MS KOCMoca C nOMoru;bIO

MCKYCCTBeHHoro cnYTHMKa

3eMJIM, r,n;e 06JIaCTM nOHII-

meHH01'O co,n;epmaHM.H oso-

Ha B aTMoccpepe «'OSOHO-
BbIe ,n;bIpbI») 060SHaLIeHbI

6eJIbIM IJ;BeToM).
lIs rrpOCTbIX Beru;eCTB-HeMeTaJIJIOB npM 06bILIHbIX YCJIO-

BM.HX mM,n;KOCTbIO .HBJI.HeTC.H TOJIbKO 6POM, MOJIeKYJIbI KOTO-

pOl'O ,n;ByxaToMHbI. <I>opMYJIa 6poMa Br
2.

8TO T.HmeJIa.H 6y-
pa.H, C HenpM.HTHbIM sanaXOM mM,D,EOCTb (OTCIO,n;a 11 Ha3Ba-

HMe, TaK EaK 6pOMOC C ,D,peBHerpeLIeCKoro nepeBo,n;MTC.H EaK

('3JIOBOHHbIM» ).
HeEOTopbIe TBep,D,bIe Beru;eCTBa

-

HeMeTaJIJIbI MSBeCTHbI C

,n;peBHeMmMX BpeMeH
- :3TO cepa M yrJIepo,D, (B cpopMe ,n;pe-

BeCHoro yrJI.H, aJIMaSa M rpacpMTa).
Y TBep,n;bIX Beru;eCTB

- HeMeTaJIJIOB TaKme Ha6JIIO,n;aeTC.H
.HBJIeHMe aJIJIOTponMM. TaK, :3JIeMeHT yrJIepo,n; 06pasyeT Ta-

KMe paSJIMLIHbIe no BHemHeMY BII,n;y npOCTbIe Beru;eCTBa,

EaK aJIMaS, rpacpMT (pMC. 47). IIpMLIMHa OTJIM"'IM.H CBOMCTB

aJIMaSa 11 rpacpMTa COCTOMT B CTpoeHMM KpMCTaJIJIMLIeCKMX

pemeTOK :3TMX Beru;eCTB, KOTopbIe BbI paCCMOTpMTe HeCKOJIb-

KO nos,n;Hee.

8JIeMeHT cpoccpop IIMeeT ,n;Be aJIJIOTpOnHbIe MO,D,McpMKa-
IJ;MM: cpoccpop KpacHbIM (MM nOKpbIBaIOT 60KOBYIO CTOPOHY

CnM"'Ie"'IHOrO Kop06Ea) 11 cpoccpop 6eJIbIM. IIocJIe,D,HMM MMeeT

LIeTbIpexaTOMHYIO MOJIeKYJIY, COCTaB ero OTpamaeTC.H cpop-

MYJIOM P
4.

TBep,n;bIM Beru;eCTBOM
- HeMeTaJIJIOM .HBJI.HeTC.H KpMCTaJIJIM-

LIeCKMM MO,n; C ,n;ByxaToMHOM MOJIeKYJIOM 1
2

. He nYTaMTe e1'o

co cnMpTOBbIM paCTBopOM MO,D,a
- MO,D,HOM HacToMKoM, KOTO-

pa.H MMeeTC.H B Kam,D,OM ,n;oMamHeM anTeLIKe. EpMCTaJIJIMLIe-
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PHC. 46. (,030HOBbIe P;bIPbH>

B aTMocljJepe 3eMJIM
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a) 6)
PHC. 47. AJIJIOTpOrrHble BMp;OM3MeHeHM.H yrJIepop;a M 06JIaCTM
MX rrpMMeHeHM.H: a -

rpaljJMT; 6 -

aJIMa3

�'II
Iii

CKMM MO,D, 11 rpacpMT He rroxmH:M Ha OCTaJIbHbIe HeMeTaJIJIbI -

OHM MMeIOT MeTaJIJIMLIeCKMM 6JIecE.

'lIT06bI nOKasaTb OTHOCMTeJIbHOCTb ,D,eJIeHMH rrpocTbIX

Beru;ecTB Ha OCHOBaHMM MX cpMslILIeCKIIx CBOMCTB Ha Me-

TaJIJIbI M HeMeTaJIJIbI, paccMoTpMM aJIJIOTpOnMIO OJIOBa Sn.

IIpll KOMHaTHoM TeMnepaType 06bILIHO cyru;ecTByeT 6eTa-
OJIOBO (�-Sn). 8TO BceM MSBeCTHoe 6eJIoe OJIOBO -

MeTaJIJI,
lIS KOToporo paHbme OTJIMBaJIM OJIOB.HHHbIX COJI,n;aTIIKoB

(pIlC. 48, a) (BcnoMHMTe CKa3KY r. X. AH,D,epCeHa (,CTOMEIIM

OJIOB.HHHbIM COJI,n;aTMK»). OJIOBOM nOKpbIBaIOT IISHYTPM KOH-
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;.

6)

PHC. 48. 06JIaCTM rrpMMeHeHM.H OJIOBa: a -

MrpYIIlKM;
6 -

rrpOM3BOP;CTBO KOHcepBHbIX 6aHOK; 6 - rrpMrrOH
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CepBHbIe 6aHKM (pMC. 48, 6). OHO BXO,n;MT B COCTaB TaKoro MS-

BeCTHoro CrrJIaBa, KaK 6poHsa, a TaKme rrpMrrOH (pMC. 48, e).
IIpM TeMrrepaType HmH:e +13,2 DC 60JIee YCTOM"'IHBO aJIbcpa-
OJIOBO (a-Sn) - cepbIM MeJIKOI-<pMCTaJIJIM"'IeCKMM rropomOE,

MMeIOru;MM CKopee CBoMcTBa HeMeTaJIJIa. IIpoIJ;ecc rrpeBpa-

ru;eHMH 6eJIoro OJIOBa B cepoe 6bIcTpee Bcero M,n;eT rrpll

TeMrrepaType, paBHoM -33 DC. 8TO rrpeBparu;eHMe rrOJIY"'IMJIO

06paSHoe HaSBaHMe ('OJIOBHHHaH "'IYMa».

CpaBHMM Terrepb rrpocTbIe Beru;ecTBa MeTaJIJIbI M HeMeTaJI-

JIbI C rroMoru;bIO Ta6JIMIJ;bI 3.

I1POCTbIE BEIIJ;ECTBA Ta6JlU4a 3

-

MeTaJIJILI HeMeTaJIJILI

1. TBep,n;ble 1. TBep,n;ble (cepa - S, 1jJ0cljJop KpacHbIM

Bem;eCTBa (KpoMe II 1jJ0cljJop 6eJIbIM - P
4' IIO,n;

- 1
2 ,

aJIMa3

PTYTII
- Hg) II rpaljJlIT - C), ra3006pa3HbIe Bem;ecTBa

(KIICJIOpO,n; -

02' 030H -

03' a30T - N
2'

BO,n;OpO,n;
- H

2 , XJIOp
- C1

2 , IjJTOp - F
2 ,

6JIaropo,n;Hble ra3bI) II mII,n;KOCTb (6pOM - Br
2 )

-

2. HMelOT MeTaJI- 2. He IIMelOT MeTaJIJIWIeCKOrO 6JIeCKa (IICKJIIO-
JIII'IeCKIIM 6JIeCK 'IeHIIe COCTaBJIHIOT IIO,n;

- 1
2 , rpaljJHT - C)

\3. 8JIeKTpO-- 3. BOJIbllIlIHCTBO He rrpOBo,n;IIT 3JIeKTpII'IeCKIIM
II TerrJIOrrpo- TOK (rrpOBo,n;HIIKaMII HBJIHIOTCH, HarrpIIMep,

BO,n;HbI KpeMHIIM, rpaljJlIT)

4. KOBKIIe, rrJIac- 4. B TBep,n;OM COCTOHHHII -

xpyrrKIIe

I TII'IHbIe, THrYllIIe

1. BJlarOpO,lJ:HbIe raSbI. 2. AJlJlOTpOrrlIR II aJlJlOTpOrr-

Hble BIIJJ;OII3MeHeHIIR, HJlII MOJJ;II«}>IIKaIJ;lIlI. 3. KIICJlo-

POJJ; II 030H. 4. AJIMa3 II rpa«}>IIT. 5. �oc«}>op KpacHbIH
II 6eJlbIH. 6. OTHOCIITeJlbHOCTb JJ;eJleHIIR rrpOCTbIX Be-

:m;eCTB Ha MeTaJlJlbI II HeMeTaJlJlbI.

?
.... ...............................................

1 PaCCMOTpIITe 3THMOJIOrIIIO Ha3BaHIIM OT,n;eJIbHbIX 6JIaropo,n;HbIX
ra30B.

IIo'IeMY XlIMWIeCKII HeBepHO rr03TWleCKoe BblpameHlIe: (,B B03-

,n;yxe rraXJIO rp030M» ?
2

7F

II

3
3arrIIllIIITe cxeMbI 06pa30BaHIIH MOJIeKYJI: Na

2 , Br
2 , 02' N

2
.

KaKoB TIIrr XIIMH'IeCKOM CBH3II B 3TIIX MOJIeKYJIax?

KaKoM TIIrr XIIMII'IeCKOM CBH3II ,n;OJImeH 6bITb B MeTaJIJIII'IeCKOM

Bo,n;opo,n;e?

8Kcrre,n;IID,IIH rrOJIHpHOrO IICCJIe,n;OBaTeJIH P. CKOTTa K IOmHOMY
rrOJIlOcy B 1912 r. rrorII6JIa H3-3a Toro, 'ITO rrOTepHJIa BeCb 3arrac

roplO'Iero: OHO Haxo,n;HJIOCb B 3arraHHHbIX OJIOBOM 6aKax. Ka-

KOM XHMII'IeCKIIM rrpoD,ecc JIemaJI B OCHOBe 3Toro?

4

5

� 15 KOJIM"tfeCTBO Bem;eCTBa

XMMlI.H - STO HaYKa 0 Beru;eCTBax. A KaK MSMep.HTb

Beru;ecTBo? B KaKMX e,D,MHMIJ;ax? BbI MomeTe rrpe,n;JImH:MTb
OTC"'IMTblBaTb He06xo,D,MMOe "'IMCJIO MOJIeKYJI Beru;eCTBa, ec-

JIM OHO COCTOMT MS HMX. O,D,HaKO c,n;eJIaTb STO "'Ipe3BbI"'IaMHO
CJIOmHO. HeKOTopbIe MS BaC rrpe,n;JIOmaT lISMep.HTb Beru;eCTBO
B rpaMMax, KMJIOrpaMMax MJIH MMJIJIMrpaMMax. Ho Be,n;b STO

e,n;MHMIJ;bI MSMepeHMH MaCCbI.

.n:JIH MSMepeHM.H Beru;eCTBa 6bIJIa BbI6paHa oc06a.H e,D,MHM-

IJ;a, B EOTOpOM KaE 6bI COe,D,MHMJIMCb "'IMCJIO MOJIeEYJI M MaCCa

Beru;eCTBa. 8Ta e,D,MHlIIJ;a 6bIJIa HaSBaHa MO:nb.

"lIT06bIoTMepMTb 1 MOJIb Beru;eCTBa, HymHo BS.HTb CTOJIb-

KO rpaMMOB ero, KaEOBa OTHOCMTeJIbHa.H aTOMHaH (A r ) lIJIM

OTHOClITeJIbHaH MOJIeKYJI.HpHaH Macca (M r ) Beru;eCTBa.

HarrpMMep, 1 MOJIb BO,n;bI MMeeT Maccy, paBHYIO 18 r,
TaK KaK M

r (H 2 0) = 18; 1 MOJIb KMCJIOpo,n;a MMeeT Maccy,

paBHYIO 321', TaK KaK Mi02)
= 32; 1 MOJIb jH:eJIeSa MMeeT

Maccy, paBHYIO 56 1', TaK EaK M r(Fe)
= 56.

A eCJIM HymHo OTMepMTb 2 MOJIb BO,n;bI, TO CKOJIbEO rpaM-
MOB ee HymHo BS.HTb? BepHo, 36 I' (18.2). A MmH:HO

OTMepMTb 0,5 MOJIb KMCJIOpo,n;a? EOHe"'IHO, 0,5 MOJIb 02
MMeIOT Maccy B ,D,Ba pas a MeHbme MaCCbI 1 MOJIb, T. e. 16 I'

(32 : 2). A CKOJIbKO MOJIeM BO,n;bI BSHJIM, eCJIM, HarrpMMep,

OTMepllJIM 45 I' BO,n;bI? O"'IeBM,n;Ho, HymHo STY Maccy pas,n;e-
JIlITb Ha Maccy 1 MOJIb BO,D,bI (45 I' : 18 r/MOJIb

= 2,5 MOJIb),
T. e. BS.HJIM 2,5 MOJIb.

A KaK CB.HSaHO C EOJIM"'IeCTBOM Beru;eCTBa "'IMCJIO ero MOJIe-

KYJI? Y CTaHOBJIeHO, "'ITO 1 MOJIb JII060ro Beru;eCTBa Bcer,n;a co-

,n;epmMT O,D,MHaKOBoe "'IMCJIO MOJIeKYJI. 8TO "'IMCJIO paBHO

6 . 10 23
. B "'IeCTb MTaJIb.HHCKOrO Y"'IeHOrO A. ABora,n;po STO "'IMC-

JIO HaSBaJIM nOCmO.RHHOU AeozaiJpo. 0603Ha"'IaIOT ee N
A"

II
I
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TaKHM 06pasoM, 1 MOJIb BO,D,bI HMeeT Maccy 18 r H CO,D,ep-

mHT 6 0 10 23
MOJIeKYJI H

2
0. 1 MOJIb KHCJIOpO,D,a 02 HMeeT

Maccy 32 r H TaKme CO,D,epmHT 6 010 23
MOJIeKYJI 02.

O'LJeBH,D,HO, 'LJTO B 2 MOJIb BO,D,bI H JIl060ro Be�eCTBa cO,D,ep-

mHTC5I 12 0 10 23
MOJIeKYJI, a B 0,5 MOJIb - 3 0 10 23

MOJIeKYJI.

3Ha'LJMT, 'LJT06bI Y3HaTb 'LJMCJIO MOJIeKYJI (N), cO,D,epma-

�HXC5I B orrpe,D,eJIeHHOM KOJIH'LJeCTBe Be�ecTBa, MomHO BOC-

rrOJIb30BaTbC5I I]JOPMYJIOH:

N = N
A

0

n,

r,D,e n
-

KOJIH'LJeCTBO Be�eCTBa, T. e. 'LJHCJIO MOJIeH.

OTCIO,D,a BepHbI H CJIe,D,YIO�He paBeHCTBa:

N N
n =

-

M N =-.
N

A
A n

Terrepb ,n;a,ll;MM orrpe,D,eJIeHMe rrOH5ITM5I <, MOJIb »
.

OTCIO,D,a MomHO orrpe,ll;eJIHTb H e,D,HHHD;bI HSMepeHH5I MO-

JI5IpHOH MaCCbI - rjMOJIb. M(H 2 0) = 18 rjMOJIb.
BbI SHaeTe, 'LJTO e,D,HHHD;Y MaCCbI, KOTOpa5I B 1000 pas

60JIbille O,D,HOrO rpaMMa, Ha3bIBalOT KUJlOZpaMMoM, a e,ll;H-

HHD;Y MaCCbI B 1000 pas MeHbIIIe O,D,HOrO rpaMMa
- MUJlJlU-

zpaMMoM.

CJIe,n;oBaTeJIbHO, H KOJIH'LJeCTBO Be�eCTBa MomHO HSMe-

p5ITb He TOJIbKO B MOJI5IX, HO H B KUJlOMOJl.RX -

KMOJIb

(1 KMOJIb CO,D,epmHT 1000 MOJIb), H B MUJlJlUMOJl.RX-

MMOJIb (1 MOJIb CO,D,epmHT 1000 MMOJIb).
COOTBeTCTBeHHo BMeCTO MOJI5IpHOH MaCCbI B HeKoTopbIX

CJIyqaax Y,D,06Hee HCrrOJIb30BaTb rrOH5ITHe KUJlOMOJl.Rpna.R
Macca (KrjKMOJIb) M MUJlJlUMOJl.Rpna.R Macca (MrjMMOJIb).

MbI orrpe,n;eJIHJIM, KaK CB5ISaHbI Mem,D,Y C060H KOJIH'LJeCTBO

M Macca Be�eCTBa. Terrepb peIIIHM Sa,D,a'LJH C MCrrOJIbSOBaHH-

eM paCCMOTpeHHbIX BbIllie rrOH5ITHH.

MOJIh - 3TO TaKoe KOJIH'LJeCTBO Be�eCTBa, B KO-

TOpOM CO,D,epmHTC5I 6 0 10 23
MOJIeKYJI 3Toro Be�e-

CTBa.

3aoa"l£a 1. CKOJIbKO MOJIeKYJI CO,D,epmMTC5I B 11 r yrJIeKHC-

JIoro ra3a CO
2

?

Pemenue:

.........

J( ana:

O,D,HaKO CJIe,D,yeT rrOMHHTb, 'LJTO B MOJI5IX HSMep5IIOT M 'LJHC-

JIO ,D,PyrMx 'LJaCTMD;: aTOMOB, MOHOB, 3JIeKTpOHOB H T.,D,.

Bo Bcex CJIY'LJa5IX 1 MOJIb CO,D,epmHT 6 0 10 23
cooTBeTcTBYIO-

�HX 'LJaCTHD; (aTOMOB, HOHOB, 3JIeKTpOHoB M T. ,D,.).

m(C0 2 ) = 11 r
N = N

A
0

n, n = ..; .

N(C0 2 ) - ? M(C0 2 ) = 12 + 16 0 2 = 44 (rjMOJIb).

n(C0 2 ) = 11 r : 44 rjMOJIb = 0,25 MOJIb.

N(C0 2 ) = 6 0 10
23

MOJIeKYJIjMOJIb x

x 0,25 MOJIb = 1,5 0 10 23
MOJIeKYJI.

+
Maccy 1 MOJIb Be�eCTBa HaSbIBalOT ero MOJI5IpHOH
MaccoH H 060SHa'LJa1OT 6YKBOH M.

Om6em: N(C0 2 ) = 1,5 0 10 23
MOJIeKYJI.

EaK BbI Terrepb sHaeTe, KOJIM"tJeCTBO Be�eCTBa H3Mep5IIOT
B MOJI5IX M 060SHa'LJa1OT 6YKBOH n, B HeKoTopbIX y"tJe6HHKax -

rpe'LJeCKOH 6YKBOH v «'HIO»). "I.LT06bI HaHTH KOJIH"tJeCTBO Be-

�ecTBa, HymHo ero Maccy pas,n;eJIHTb Ha MOJI5IpHyIO Maccy:

m

n=
M

.

CJIe,D,OBaTeJIbHO, BepHbI M 06paTHbIe 1]J0PMYJIbJ:
m

m=MonHM=n;.
TaKMM 06pasoM, MOJI5IpHa5I Macca - 3TO I]JM3H"tJecKa.H

BeJIM'LJHHa, KOTOpa5I paBHa OTHOIIIeHHIO MaCCbI Be�ecTBa
K KOJIH'LJeCTBY Be�eCTBa.

3aoa"l£a 2. HaH,D,HTe Maccy 15 0 10 23
MOJIeKYJI KMCJIOpO,D,a.

......'...

J(ano:

N(02)
=

= 15 0 10 23

(MOJIeKYJI)

m(02)
- ?

Pemenue:

N

m=Mon, n=
N

A

M(02)
= 16 0 2 = 32 (rjMOJIb).

n(02)
= (15 0 10 23

MOJIeKYJI) : (6 0 10 23
MO-

JIeKYJIjMOJIb) = 2,5 MOJIb.

m(02)
= 32 rjMOJIb 02,5 MOJIb = 80 r.

Om6em: m(02)
= 80 r.
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CH 46) He

PHC. 49. MOJI.flpHble 06'beMbI (H. y.):
a - :iK1I,n;KOCTerr II TBep,n;bIX Bem;eCTB; 6 - raso06pasHblx Bem;eCTB

1. KOJIH..,.ecTBo Bem;eCTBa. 2. MOJIh, RHJIOMOJIh, MHJI-

JIHMOJIh. 3. MOJIHpHaH, RHJIOMOJIHpHaH H MHJI-

JIHMOJIHpHaH MaCChI. 4. IIocToHlllIaH ABOra,lJ;po.
N m

5. n =

N
A

' 6. n =

M
'

J-E2l

?
. ...............................................

a) Br2

1 CKOJIbKO MOJIeKYJI co,n;ep:iKIIT: a) 1 KMOJIb Bem;eCTBa; 6) 1 MMOJIb

Bem;ecTBa?

2 Harr,n;IITe Maccy: a) 0,75 MOJIb aSOTa N
2 ; 6) 9,10 23

MOJIeKYJI

rJIIOKOSbI C
6
H

12
0

6 ; B) 3 KMOJIb cepHorr KIICJIOTbI H
2

S0
4

,

CKOJIbKO MOJIeKYJI co,n;ep:iKaT: a) 1,5 MOJIb Bo,n;opo,n;a; 6) 7 r BO-

,n;opo,n;a; B) 4 KMOJIb Bo,n;opo,n;a?

BCTaBbTe rrporrym;eHHble CJIOBa B rrpe,n;JIO:iKeHIIH: (,Maccy IISMe-

pHIOT B MIIJIJIlIrpaMMax, ..., KIIJIOrpaMMax. KOJIlIqeCTBO Bem;e-
CTBa IISMepHIOT B

..., ..., ...».

IIJIOTHOCTb KIICJIOpo,n;a paBHa 1,3 r / JI. BblqlICJIIITe KOJIlIqeCTBO

Bem;eCTBa KIICJIOpo,n;a, KOTopoe co,n;ep:iKIITCH B 1 JI ero. CKOJIbKO

MOJIeKYJI KIICJIOpo,n;a co,n;ep:iKIITCH B 1 JI? B 1 MJI? B 1 M
3 ?

22,4 JI

3

4

5

I.:

I:
I

"

I

� 16

(B XHMHH rrpHHHTO HaSbIBaTb HOpMaJlbHblMU YCJl06U.HMU

(H. y.) TeMrrepaTYPY O°C H ,D,aBJIeHHe 760 MM pT. CT.,

HJIH 101,3 RITa), TO ORameTCH, �TO 1 MOJIb JIl060ro HS raSOB

saHMeT O,D,MH H TOT me 06'beM, paBHbIH 22,4 JI, H CO,ll;epmHT

O,ll;HHaROBoe �MCJIO MOJIeRYJI
- 6. 10 23

.

MOJIHpHbIM 06"beM ra30B

Maccy 1 MOJIb Be�eCTBa HaSbIBalOT MOJIHpHOH. A RaR

HaSbIBalOT 06'beM 1 MOJIb Be�ecTBa? O�eBH,D,Ho, �TO Hero

HaSbIBalOT MOJl.HpHblM 06oeMOM.

"IleMY paBeH MOJIHpHbIH 06'beM BO,D,bI? Kor,D,a MbI OTMe-

pHBaJiH 1 MOJIb BO,D,bI, MbI He BSBeIIlHBaJiH Ha Becax 18 r BO-

,D,bI
- 3TO Hey,n;06Ho. MbI rrOJIbSOBaJIHCb MepHoH rrocY,D,OH:

D;HJIMH,D,pOM HJIH MeHSYPROH, TaR RaR SHaJIM, �TO rrJIOT-

HOCTb BO,D,bI (Macca O,D,HOH e,D,MHHD;bI 06'beMa) paBHa 1 r /MJI.
IT03TOMY MOJIHpHbIH 06'beM BO,D,bI paBeH 18 MJI/MMOJIb.
Y mH,D,ROCTeH M TBep,D,bIX Be�eCTB MOJIHpHbIH 06'beM saBH-

CHT OT HX rrJIOTHOCTH (pHC. 49, a). )];Pyroe ,D,eJIO Y raSOB

(pHC. 49, 6).
ECJIH BSHTb 1 MOJIb BO,D,OpO,D,a H

2 (2 r), 1 MOJIb RHCJIOpO,D,a

02 (32 r), 1 MOJIb OSOHa 03 (48 r), 1 MOJIb yrJIeRMCJIOrO ra-

sa CO
2 (44 r) H ,n;ame 1 MOJIb BO,D,HHbIX rrapoB H

2
0 (18 r)

rrpH O,D,HHaROBbIX YCJIOBHHX, HarrpHMep HOpMaJlbHblX

II

06'beM rasa ROJIM�eCTBOM Be�eCTBa 1 MOJIb HaSbI-

BalOT MOJIHpHhIM 06'heMOM M 060sHa�a1OT V
m'

.
. IA eCJIH BSHTb 44,8 JI rasa, TO RaRoe ROJIM�eCTBO

Be�eCT�
Ba ero 6y,n;eT BSHTO? KOHe�HO me 2 MOJIb, TaR RaR Sa,D,aHHbIM

06'beM B,D,BOe 60JIbIIle MOJIHpHoro.

CJIe,D,OBaTeJIbHo: n = : ' r,n;e V - 06'beM rasa. OTCIO,D,a
m

v
V = V on M V =-.

m m
n

TaRHM 06paSOM, MOJIHpHbIH 06'beM - 3TO IPHSM�eCRaH

BeJIH�HHa, paBHa.H OTHOIIleHHIO 06'beMa Be�ecTBa R ROJIH-

�ecTBY Be�ecTBa.

.88
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MOJlHpHbIH 06'1>eM ras006paSHbIX Be�eCTB BblpamaeTC5I
B JI/MOJIb. V

m

= 22,4 JI/MOJIh. 06'1>eM O,D,HOro KHJIOMOJI5I Ha-

3bIBaIOT KUJlOMOJl.flpHblM M MSMep5IIOT B M
g

/KMOJIb (V m

=

= 22,4 M
g

/KMOJIb). CooTBeTcTBeHHo, MUJlJlUMOJl.flPHblU 06'1>-

eM paBeH 22,4 MJI/MMOJIb.

1. MOJI.HPHhIH, MHJIJIHMOJI.HpIlhIH H KHJIOMOJI.HpHhIH
06'heMhI ra30B. 2. MOJIHpHLIH 06'heM ra30B (npH HOp-

MaJIhHLIX YCJIOBH.HX) paBeH 22,4 JI/MOJIh. 3. HOpMaJIh-
V

HhIe YCJIOBH.H. 4. n =

V.
m

,

3aoa-."a 1. HaH,D,HTe Maccy 33,6 M
g

aMMHaKa
.........

rrpH H. y.

M(NHg)
= 14 + 1 0 3 = 17 (Kr/KMOJIb).

n(NH 3 ) = 33,6 M
g

: 22,4 M
g

/KMOJIb =

= 1,5 KMOJIb.

m(NH g ) = 17 Kr/KMOJIb 01,5 KMOJIb =

= 22,5 Kr.

Om6em: m(NH g ) = 22,5 Kr.

J( ano:

V(NH g ) =

= 33,6 M
g

m(NH g ) - ?

NHg ?
. ...............................................

HaHp;MTe Maccy M "IMCJIO MOJIeRYJI IIPM H. y. P;JI.H: a) 11,2 JI RMC-

JIopop;a; 6) 5,6 M
3

a3OTa; B) 22,4 MJI XJIopa.

HaHp;MTe 06'beM, ROTOpbIH IIPM H. y. 3aHMYT: a) 3 r Bop;opO,ZJ;a;

6) 96 Rr 030Ha; B) 12 0 10 20
MOJIeRYJI a30Ta.

HaHp;MTe IIJIOTHOCTM (Maccy 1 JI) aprOHa, XJIopa, RMCJIOpOp;a

M 030Ha IIPM H. y. CROJIbRO MOJIeRYJI Ra.mp;oro Bem;eCTBa 6yp;eT

cop;ep.maTbC.H B 1 JI IIpM Tex .me YCJIOBM.HX?

PaCC"IMTaHTe Maccy 5 JI (H. y.): a) RMCJIOpOp;a; 6) 030Ha; B) yr-

JIeRMCJIOrO ra3a CO
2

.

YRa.mMTe, "ITO T.H.meJIee: a) 5 JI cepHMCToro ra3a (80 2 ) MJIM 5 JI

yrJIeRMCJIOrO ra3a (C0 2 ); 6) 2 JI yrJIeRMCJIOrO ra3a (C0 2 ) MJIM 3 JI

yrapHoro ra3a (CO).

1

Pemenue:

V
m = Mon, n =

V.
m

2

3

4

5

3aoa-."a 2. HaH,D,HTe Maccy M 06'1>eM (H. y.), KOTOpbIH HMe-
.........

18 10 20
H SIOT 0

MOJIeKYJI cepOBo.n;opO,D,a 2.

IIpH perneHHH Sa,D,a'IH 06paTMM BHHMaHHe Ha 'IHCJIO MO-

JIeKYJI 18 0 10 20
. TaK KaK 10 20

B 1000 pas MeHbrne 10 2g
, O'Ie-

BH,D,HO, paC'IeTbI CJIe,D,yeT BeCTH C HCrrOJIbSOBaHHeM MMOJIb,

MJI/MMOJIb H Mr /MMOJIb.

J(ano:

N(H 2 S) =

= 18 0 10 20

(MOJIeKYJI)

m(H 2 S) - ?

V(H 2 S) - ?

Pemenue:

N
m=Mon V=V on n=-.

m' N
A

M(H 2 S) = 1 0 2 + 32 = 34 (Mr/MMOJIb).

n(H 2 S) = 18 0 10 20
: 6 0 10 20 = 3 (MMOJIb).

m(H 2 S) = 34 Mr /MMOJIb 0 3 MMOJIb =

= 102 Mr.

V(H 2 S) = 22,4 MJI/MMOJIb 0 3 MMOJIb =

= 67,2 MJI.

Om6em: m(H 2 S) = 102 Mr; V(H 2 S) = 67,2 MJI.
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lJ1aBa TpeTb5I

COe;n;HHeHH.sI

XHMH�eCKHX SneMeHTOB

3JIeKTpOHHoro S-06JIaKa aTOMa BO,D,OpO,ll;a C 0,D,H03JIeKTpOH-

HbIM p-06JIaKOM aTOMa XJIOpa:

+ 00 -CD<)o

� 1 7 CTerreHb ORllCJIeHllH

IIpM XHMWleCKOM BsaMMO,D,eHCTBMM 06�aH 3JIeKTpOHHaH

rrapa CMe�eHa B CTOPOHY 60JIee 3JIeKTpOOTpH�aTeJIbHOrO

0+ 0-

aTOMa XJIopa: H-CI, T. e. 3JIeKTpOH He rrOJIHOCTblO rrepeH,lI;eT

OT aTOMa BO,D,OpO,D,a K aTOMY XJIopa, a 'tJaCTH'tJHO, 06YCJIOBJIH-

BaH TeM caMbIM 'tJaCTH'tJHbIH sapH,D, aTOMOB 0 (CM. 9 11):

H+O,18CI-o,18. ECJIH me rrpe,D,CTaBHTb, 'tJTO H B MOJIeKYJIe HCI,

KaK H B XJIOpH,lI;e HaTpHH NaCI, 3JIeKTpOH rrOJIHOCTblO rrepe-

llIeJI OT aTOMa BO,ll;OpO,ll;a K aTOMY XJIopa, TO OHH rrOJIyqHJIH

+1-1

6bI 3apH,lI;bI +1 M -1: HCl. TaKMe YCJIOBHbIe 3apH,lI;bI HaSbIBa-

lOT cmeneHblO OKUCJteHUR. IIpH orrpe,ll;eJIeHHH 3Toro rrOHH-

THH YCJIOBHO rrpe,ll;rrOJIaraIOT, 'tJTO B KOB&JIeHTHbIX rrOJIHpHbIX

COe,D,MHeHHHX CBHSYIO�He 3JIeKTpOHbI rrOJIHOCTblO rrepellIJIH

K 60JIee 3JIeKTpOOTpH:o;aTeJIbHOMY aTOMY, a rrOTOMY COe,D,M-

HeHHH COCTOHT TOJIbKO MS rrOJIOmHTeJIbHO M OTpH:o;aTeJIbHO

sapHmeHHbIX HOHOB.

IIpM HSY'tJeHHH HOHHOH H KOBaJIeHTHOH rrOJIHpHOH XHMH-

'tJeCKHX CBHseH BbI SHaKOMMJIHCb CO CJIOmHbIMH Be�eCTBa-

MH, COCTOH�HMH HS ,D,BYX XMMH'tJeCKHX 3JIeMeHTOB. TaKHe

Be�eCTBa HaSbIBalOT 6UHapHblMU (OT JIaT. 6u -

,D,Ba) HJIH

06Y X3JleMeHmHblMU.

BcrrOMHHM THrrH'tJHbIe 6HHapHbIe COe,D,HHeHHH, KOTopbIe
MbI rrpMBO,D,MJIM B Ka'tJeCTBe rrpMMepa ,D,JIH paCCMOTpeHMH Me-

xaHHSMOB 06paSOBaHMH HOHHOH H KOBaJIeHTHOH rrOJIHpHOH
XHMH'tJeCKOH CBHSH: NaCI -

XJIOpM,D, HaTpMH M HCI -

XJIO-

pOBO,D,OpO,D,. B rrepBOM CJIy-qae CBHSb HOHHaH: aTOM HaTpHH

rrepe,ll;aJI CBOH BHellIHHH 3JIeKTpOH aToMy XJIopa H rrpeBpa-
TMJICH rrpH 3TOM B MOH C SapH,lI;OM + 1, a aTOM XJIopa rrpHHHJI

3JIeKTpOH M rrpeBpaTHJICH B HOH C sapH,lI;OM -1. CxeMaTH'tJe-
CKH rrpo:o;ecc rrpeBpa�eHHH aTOMOB B HOHbI MomHO Hs06pa-
SHTb TaK:

CTeneHh OKHCJIeHIUI
- 3TO YCJIOBHbIH sapH,D, aTO-

MOB XHMH'tJeCKoro 3JIeMeHTa B COe,D,HHeHHH, BbI-

'tJMCJIeHHbIH Ha OCHOBe rrpe,n;rrOJIOmeHHH, 'tJTO Bce

COe,D,HHeHHH (H MOHHbIe, H KOBaJIeHTHO-rrOJIHp-

HbIe) COCTOHT TOJIbKO HS HOHOB.

Nao + CIO ---.. Na+CI-
CTerreHb OKHCJIeHHH MomeT MMeTb OTpH�aTeJIbHOe, rrOJIO-

mHTeJIbHOe HJIH HYJIeBOe SHa'tJeHHH, KOTopbIe 06bI'tJHO CTa-

BHTCH Ha,ll; CHMBOJIOM 3JIeMeHTa cBepxy, HarrpHMep:

+ 1 -2 +2 -3 0 +5 -2

Na
2 S, Mg 3

N
2 ,

C1
2 ,

N
2

0
5

.

OTpH:o;aTeJIbHOe SHa'tJeHHe CTerreHH OKHCJIeHHH HMelOT Te

aTOMbI, KOTopbIe rrpHHHJIH 3JIeKTpOHbI OT ,D,PyrHx aTOMOB HJIM

K KOTOpbIM CMe�eHbI 06�He 3JIeKTpOHHbIe rrapbI, T. e. aTOMbI

60JIee 3JIeKTpOOTPH�aTeJIbHbIX 3JIeMeHTOB. <I>TOP BCer,ll;a HMe-

eT CTerreHb OKHCJIeHMH -1 BO Bcex COe,D,HHeHHHX. KHCJIOPO,D"

BTOpOH rrOCJIe IPTOpa rro SHa'tJeHHIO 3JIeKTpooTpH:o;aTeJIbHOCTH

B MOJIeKYJIe me XJIOpOBO,D,OpO,D,a HCI XHMH'tJeCKaH CBHSb

06pasyeTcH sa c'tJeT crrapHBaHHH HecrrapeHHbIX BHellIHHX

3JIeKTpOHOB M 06pasoBaHHH 06�eH 3JIeKTpOHHOH rrapbI aTO-

MOB BO,D,OpO,D,a H XJIopa:

. .
. .

H.+ .CI: ---.. H:CI:
.. . .

IIpaBHJIbHee rrpe,D,CTaBJIHTb 06paSOBaHHe KOBaJIeHTHOH

CBHSH B MOJIeKYJIe XJIOpOBO,D,OpO,ll;a KaK rrepeKpbIBaHHe O,D,HO-
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3JIeMeHT, rrO'tJTM BCer,D,a HMeeT CTerreHb ORHCJIeHHH -2, RpO-
Me COe,D,HHeHHH co IPTOpOM, HarrpHMep:

+1 -2 +3 -2 +2-1

Na
2 0, Fe

2
0

3 , HO OF
2'

IIoJIomHTeJIbHoe SHa'tJeHHe CTerreHH ORHCJIeHMH MMelOT

Te aTOMbI, ROTopbIe OT,n;aIOT CBOM 3JIeRTpOHbI ,lI;PyrMM aTO-

MaM HJIH OT ROTOpbIX OTTHHYTbI 06�He 3JIeRTpOHHble rrapbI,
T. e. aTOMbI MeHee 3JIeRTpOOTpH:o;aTeJIbHbIX 3JIeMeHTOB. Me-
TaJIJIbI B COe,D,MHeHHHX Bcer,n;a HMelOT rrOJIOmHTeJIbHYIO CTe-

rreHb ORHCJIeHHH. Y MeTaJIJIOB rJIaBHbIX rrO,D,rpyrrrr: I rpyrrrrbI
BO Bcex coe,n;HHeHHHX CTerreHb ORMCJIeHHH paBHa + 1, II rpyrr-
rrbI paBHa +2, III rpyrrrrbI

- +3, HarrpHMep:

+1 -2 +2 -1 +g-2

K
2 0, CaCI

2 ,
AI

2
S

g
.

B 60JIbIIIHHCTBe COe,D,HHeHMH aTOMbI BO,D,OpO,D,a HMelOT CTe-

rreHb ORMCJIeHMH + 1, HarrpMMep:

+1-1 +1 -2 +1 -g

HCI, H
2 S, HgN,

AHaJIorH'tJHo, SHaH CTerreHH OKHCJIeHHH 3JIeMeHTOB, Mom-

HO COCTaBHTb IPOPMYJIY COe,ll;HHeHHH, HarrpHMep Rap6H,D,a
aJIIOMMHMH (coe,n;HHeHHH aJIIOMMHMH M yrJIepo,n;a). 3arrH-

IIIeM SHaRH aJIIOMHHMH H yrJIepO,D,a pH,D,OM AIC, rrpH'tJeM CHa-

'tJaJIa - SHaR aJIIOMHHMH, TaR RaR 3TO MeTaJIJI, T. e. MeHee

3JIeRTpOOTpH:o;aTeJIbHbIH 3JIeMeHT. Orrpe,ll;eJIHM rro IIepHo,D,H-
'tJecRoH CHCTeMe ,1];. H. MeH,D,eJIeeBa 'tJHCJIO BHeIIIHHX 3JIeRT-

pOHOB: y Al - 3 3JIeRTpOHa, y C - 4. ATOM aJIIOMHHHH OT-

,D,aCT CBOH 3 BHeIIIHHX 3JIeRTpOHa yrJIepo,D,y H rrOJIy'tJHT rrpM

3TOM CTerreHb ORMCJIeHM.H +3, paBHYIO SapH,lI;y HOHa. AToM

yrJIepO,ll;a, Ha060pOT, rrpHMeT He,ll;OCTalO�He ,D,O «saBeTHOH

BOCbMepRH� 4 3JIeRTpOHa M rrOJIy'tJMT rrpH 3TOM CTerreHb

+g-4

ORHCJIeHH.H -4. 3arrHIIIeM 3TH SHa'tJeHH.H B IPOPMYJIY AIC

M HaH,D,eM HaHMeHbIIIee 06�ee RpaTHoe ,D,JIH HHX, OHO paBHO

12. 3aTeM paCC'tJHTaeM HH,D,eRCbI:

�
+g-4

AIC � AI4Cg.

HasBaHHH 6HHapHbIx COe,ll;HHeHHH 06pa3YlOT HS ,lI;BYX

CJIOB - HasBaHMH BXO,D,.H�HX B HX COCTaB XHMH'tJeCRHX 3JIe-

MeHTOB. IIepBoe CJIOBO 060sHa'tJaeT 3JIeRTpooTpH:o;aTeJIbHYlO

'tJaCTb coe,n;HHeHHH
-

HeMeTaJIJI, ero JIaTHHCRoe HaSBaHHe C

CYIPIPHKCOM -UG CTOHT BCer,D,a B HMeHHTeJIbHOM rra,D,eme.

BTopoe CJIOBO 060sHa'tJaeT 3JIeRTpOrrOJIOmMTeJIbHYlO 'tJaCTb -

MeTaJIJI HJIH MeHee 3JIeRTpooTpH:o;aTeJIbHbIH 3JIeMeHT, ero

HaSBaHHe BCer,ll;a CTOHT B pO,D,MTeJIbHOM rra,ll;eme:

-------------- /'-.. --------------

)«3JIeMeHT-M,D,» + «3JIeMeHT@]» (c. 0., eCJIH rrepeMeHHaH .

HarrpHMep: NaCI -

XJIOpH,D, HaTpHH, MgS - CYJIbIPM,D,

MarHH.H, KH -

rH,lI;pH,lI; RaJIH.H, CaO -

ORCH,D, RaJIb:O;H.H. Ec-

JIH me 3JIeRTpOrrOJIOmHTeJIbHbIH 3JIeMeHT rrpO.HBJI.HeT pas-

Hble CTerreHH ORMCJIeHH.H, TO 3TO OTpamalOT B HaSBaHHM,

060SHa'tJHB CTerreHb ORMCJIeHH.H pHMCROH :O;HIPPOH, ROTOPYIO
+2-2

CTaB.HT B KOH:o;e HaSBaHHH, HarrpHMep: FeO -

OKCH,D, meJIe-

+2 -2

sa (II) ('tJHTaIOT «OKCM,D, meJIesa ,D,Ba»), Fe
2

0
g

-

OKCM,n; meJIe-

sa (III) ('tJHTaIOT «ORCH,n; meJIesa TpH»).
ECJIH COe,D,HHeHHe COCTOHT HS ,lI;BYX 3JIeMeHTOB- HeMeTaJI-

JIOB, TO R HaSBaHMIO 60JIee 3JIeKTpOOTpH:o;aTeJIbHOrO HS HMX

rrpH6aBJI.HIOT CYIPIPHKC -UG, BTOpOH KOMrrOHeHT CTaBHTCH

HO B COe,D,HHeHMHX C MeTaJIJIaMM y BO,D,OpO,D,a CTerreHb OKHC-

JIeHH.H -1:

+1 -1 +2-1

NaH, CaH
2

.

HYJIeBOe SHa'tJeHHe CTerreHH OKHCJIeHH.H HMelOT aTOMbI

B MOJIeKYJIaX rrpOCTbIX Be�eCTB M aTOMbI B CB060,D,HOM CO-

CTO.HHMH, HarrpMMep:

0000000

H
2 , N

2 , Fe, AI, CI, N, Na.

B coe,ll;HHeHH.HX CYMMapHa.H CTerreHb OKMCJIeHH.H Bcer,ll;a

paBHa HYJIIO. 3Ha.H 3TO H CTerreHb OKHCJIeHHH O,D,HOro HS 3JIe-

MeHTOB, Bcer,D,a MomHO HaHTH CTerreHb OKHCJIeHH.H ,D,pyroro
3JIeMeHTa rro 1P0pMYJIe, HarrpHMep 6MHapHoro cOe,ll;MHeHH.H.

TaR, HaH,lI;eM CTerreHb OKHCJIeHH.H xJIopa B COe,D,HHeHHH

-2

C1
2

0
7

. 060sHa'tJHM CTerreHb OKHCJIeHH.H KMCJIOpO,ll;a: C1
2

0
7

.

CJIe,D,OBaTeJIbHO, ceMb aTOMOB KMCJIOpO,D,a 6Y,D,YT HMeTb 06-

�HH oTpH:o;aTeJIbHbIH SapH,D, (-2).7 = -14. Tor,D,a 06�HH sa-

p.H,D, ,lI;BYX: aTOMOB XJIopa 6Y,D,eT paBeH +14, a O,D,HOro aTOMa

XJIopa: (+14) : 2 = +7. CJIe,D,OBaTeJIbHO, CTerreHb OKHCJIeHHH

+7 -2

XJIopa paBHa +7: C1
2

0
7

.
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+2-1

rrOCJIe 3Toro B pO,ll;HTeJIbHOM rra,D;eme. HarrpMMep: OF
2

- IPTO-
+4-2 +6-2

pH,lI; KHCJIOpO,n;a (II), 802
-

OKCH,D, CepbI (IV) H 80
g

-

OKCH,lI;

CepbI (VI).
B HeKOTOpbIX CJIy'tJa.ax 'tJHCJIO aTOMOB 3JIeMeHTOB 060SHa-

'tJalOT rrpH rrOMO�H HaSBaHMH 'tJMCJIHTeJIbHbIX Ha rpe'tJeCKOM

.RSbIKe -

MOHO, ,lI;M, TPH, TeTpa, rreHTa, reKCa H T. ,D,. Ha-

+2-2

rrpHMep: CO -

MOHOOKCH,D, yrJIepO,ll;a, MJIH OKCH,D, yrJIepO-

+4-2

,lI;a (II), CO
2

-

,D,HOKCH,D, yrJIepO,D,a, HJIH OKCM,D, yrJIepO,D,a (IV),
+4 -1

PbC1
4

-

TeTpaXJIOpM,D, CBHHD;a, MJIH XJIOpH,D, CBHHD;a (IV).
q T06bI XHMMKH paSHbIX CTpaH rrOHHMaJIH ,D,pyr ,D,pyra,

rroTpe60BaJIOCb COS,D,aHHe e,D,HHOH TepMHHOJIOrHM H HO-

MeHKJIaTypbI Be�eCTB. ITpHHD;MrrbI xHMH'tJecKoH HOMeHK-

JIaTypbI 6bIJIM BrrepBbIe Paspa60TaHbI IPpaHD;yscKHMM XM-

MHKaMM A. JIaByasbe, A. <I>YPKpya, JI. rHTOHOM ,D,e MepBo
H K. BepTOJIJIe B 1785 r. B HaCTO.R�ee BpeM.R Mem,D,y-

HapO,D,HbIH COlO3 TeopeTH'tJecKoH M rrpHKJIa,ll;HOH XMMHM

(HIOITAK) KOOP,ll;HHMpyeT ,D,e.RTeJIbHOCTb yqeHbIx paSHbIX

CTpaH M HS,lI;aeT peKOMeH,D,aD;HH rro HOMeHKJIaType Be�eCTB

M TepMHHOJIOrMM, HCrrOJIb3yeMoH B XHMHH.

9�
.,.

'I

ill
4

5

I

i

I,
KaRoe ern;e HaSBaJme MomHO p;aTb aMMI1aRY HgN?

HaMp;MTe 06'beM, ROTOpbIM MMeIOT npM H. y. 17 r cepoBop;opop;a.
CROJIbRO MOJIeRYJI ero cop;epmMTCH B 3TOM 06'beMe?

Bbl'IMCJIMTe Maccy 33,6 M
g

MeTaHa CH
4 npM H. y. M onpep;eJIMTe

"lMCJIO MOJIeRYJI ero, cop;epmarn;eecH B 3TOM 06'beMe.

6
'I

I

� 18
BamHeMIIIIIe RJIaCCbI

6IIHapHbIX COe,l];IIHeHIIM

ORCII,l];bI II JIeTy"tIIIe

BO,l];OpO,l];HbIe COe,l];IIHeHIIH

II
I

OKCH,lJ;:bI - 3TO CJIOmHbIe Be�eCTBa, COCTO.R�He
HS ,D,BYX XHMH'tJeCKHX 3JIeMeHTOB, O,D,HH HS KOTO-

pbIX
-

KHCJIOpO,ll; B CTerreHM OKHCJIeHH.R -2.

OKCH,lI;bI -

IIIMpOKO pacrrpocTpaHeHHbIH B rrpHpO,D,e KJIaCC

HeopraHH'tJecKMx COe,D,HHeHHH. K OKCH,D,aM OTHOC.RT TaKHe

xopo�o M3BeCTHbIe coe,ll;MHeHH.R, KaK rreCOK (,D,MOKCM,D, KpeM-
HH.R 8102 C He60JIblIIHM KOJIH'tJeCTBOM rrpMMeceH), BO,D,a (OK-
CH,lI; BO,D,OpO,D,a H

2 0), yrJIeKHCJIbIH ras (,D,HOKCH,D, yrJIepO,D,a

CO
2 ), rJIMHa (OKCH,n; aJIIOMHHM.R C He60JIbIIIHM KOJIM'tJeCTBOM

,lI;pyrHx COe,ll;HHeHHH) M T.,lI;. BOJIblIIHHCTBO PY,ll; 'tJepHbIX
MeTaJIJIOB CO,D,epmaT OKCH,D,bI, HarrpHMep KpaCHbIH meJIeS-

H.RK - Fe
2

0
g

H MarHHTHbIH meJIeSH.RK - Fe
g

0
4

.

Cpe,D,H OKCH,D,OB eCTb TBep,D,bIe rrpM 06bI'tJHbIX YCJIOBH.RX Be-

�eCTBa
- 8i0

2 , Fe
2

0
g , mH,D,KHe

- H
2

0 M raso06paSHbIe -

CO, CO
2

. ITosHaKOMHMC.R C BamHeHIIIHMH HS HHX.

Booa H
2

0. 8TO caMoe y,ll;HBHTeJIbHOe, caMoe pacrrpocTpa-

HeHHoe H caMoe He06xo,D,HMOe Be�ecTBo Ha HaIIIeH rrJIaHeTe.

ITO'tJTlI TPM 'tJeTBepTH rroBepxHocTH seMHoro lIIapa SaH.RTO

BO,D,OH MopeH M OKeaHOB. JIb,n;OM rroKpbITO 20% CYIIIM: JIe,D,-
HHKM rop, apKTH'tJecKa.R H aHTapKTH'tJecKa.R lIIarrKM rrJIaHe-

TbI (pMC. 50).
BO,D,a BJIH.ReT Ha KJIMMaT rrJIaHeTbI, rroToMy 'tJTO OHa 06JIa-

,D,aeT o'tJeHb 60JIblIIOH TerrJIOeMKOCTblO. HarpeBa.Rcb, BO,D,a rro-

rJIO�aeT TerrJIO, a OCTbIBa.R, OT,D,aeT ero M TeM caMbIM «BbI-

1. BHlIapHbIe, HJIH ,lJ;BYX3JIeMeHTlIbIe, COe,lJ;HHeHH.R.

2. Crerrellb OKHCJIeHHH. 3. XHMHQeCKaH HOMeHKJIaTY-

pa. 4. Orrpe,JJ;eJIeHHe cTerreHeH OKHCJIeHHH 3JIeMeHTOB

rro �oPMYJIe. 5. COCTaBJIeHHe �OPMYJI 6HHapHbIx

coe,JJ;HHeHHH rro CTeneHHM OKHCJIeHHH 3JIeMeHTOB.

?
. ...............................................

1 3anMillMTe CPOPMYJIbI ORCMP;OB aSOTa (II), (V), (I), (III), (IV).

2 )J;aMTe HaSBaHMH 6MHapHblx coep;MHeHMM, cpOPMYJIbI ROTOpbIX:

a) C1
2

0
7 ,

C1
2 0, CI0

2 ; 6) FeC1
2 ,

FeCl
g ; B) MnS, Mn0

2 , MnF4'

MnO, MnC1
4 ; r) Cu

2 0, Mg 2 Si, SiC1
4 , NagN, FeS.

3
HaMJIMTe no CnpaBO"lHMRaM M CJIOBapHM BceBOSMomHble HaSBa-

HMH Bern;eCTB C <popMYJIaMM: a) CO
2

M CO; 6) S02 M SOg. 06'bHC-

HMTe MX 3TMMOJIOrMIO. )J;aMTe no p;Ba HaSBaHMH 3TMX Bern;ecTB no

MemP;YHapop;HoM HOMeHKJIaType B COOTBeTCTBMM C npaBMJIaMM,

MSJIOmeHHbIMM B naparpacpe.

91
r I.



ta
,..F ..

� '�:-:Oj 1i"", ::--....=
-

-_- =�..�1I::iit �'"i'. ,.;--:;.
'. -, ,',

'"
- .-o�"" .....

.

.

", � � .- : � .:�.
c' "'::��i ::-'

-.;..

r

,.

�
.

l
�"

:?jf1�
.�

n

",'.

� .

t'1�

-�

�� ,
-I..,

\
'I

�

\I
· 1

�
"I

t
,
"

f"

-.

/..--

;1�

<,I
-�

-i,'

i

i. .}'
II

I!;

'i,--i�.�.;.'.'

"1.

'be
A

�.

.,�-�

--f

PHC. 50. Bop;a Ha 3eMJIe
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paBHHBaeT» KJIHMaT. A OT KOCMH'<IeCKOrO XOJIO,D,a npe,D,O-
xpaHHIOT 3eMJIIO Te MOJIeKYJIbI BO)J;bI, KOTopbIe pacceHHbI
B aTMocl]Jepe - B 06JIaKaX B BH,D,e napa...

BO,D,a COCTaBJIHeT )J;O 80% MaCCbI KJIeTKH H BblITOJIHHeT

B HeM '<IpeSBbI'<IaMHO BamHbIe I]JYHK[J;MH: onpe,D,eJIHeT 06'beM
H ynpyrocTb KJIeTOK, TpaHcnopTHpyeT B KJIeTKY H HS Hee pac-

TBopeHHbIe BeIIJ;eCTBa, npe)J;oxpaHHeT KJIeTKY OT pesKHx KOJIe-

6aHHM TeMnepaTYp. TeJIo '<IeJIOBeKa Ha 2/3 COCTOHT HS BO)J;bI.

IIO'<ITH Bce peaKo;HM B mHBOM KJIeTKe npOTeKalOT B BO,D,HbIX

paCTBopax. BOJIblliHHCTBO peaKO;HM, MCnOJIbsyeMbIx B Tex-

HOJIOrH'<IeCKMX npoo;eccax Ha npe,D,npHHTMHX XHMH'<IeCKOM,
l]JapMao;eBTH'<IeCKOM M nMIU;eBOM npOMbIlliJIeHHOCTM, npOHC-
XO)J;HT TaKme B BO,D,HbIX paCTBopax.

Bes BO,D,bI HeBOSMomHO npe,D,CTaBHTb mHSHb '<IeJIOBeKa,

KOTOpbIM nOTpe6mleT ee ,D,JIH caMbIX paSHbIX 6bITOBbIX Hym,n;

(pHC. 51).
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50 JI

25 JI

CJIIm YMbIBaHHe CTIIpKa
BOAbI

B TyaJIeTe

MbITbe

nOCYAbI

ITOJIIIB

oropoAa

ITPIIl'OTO- ITPIIl'OTO-
BJIeHIIe BJIeHIIe

nHIIJ;H HaITHTKOB

PHC. 51. IIoTpe6JIeHMe BOP;hI qeJIOBeKOM
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Ha BOrrpOC: «MHoro JIH BO,D,bI Ha 3eMJIe?» -

O,ll;HOSHa'IHO

OTBeTHTb TPY,D,HO: H O"IeHb MHOrO, H O"IeHb MaJIO O,ll;HOBpeMeH-

HO. IIo"IeMY MHOrO -

O"IeBM,ZJ;HO: OKeaHbI, JIe,ZJ;HMKM, peKM,

,lI;mK,D,H... A BOT rrO"IeMY MaJIO? Bo-rrepBbIX, rrOTOMY, "ITO rro-

Tpe6HOCTH "IeJIOBe"IeCTBa B BO,D,e cerO,ZJ;H5I yme cpaBHHMbI

C B0306HOBJI5IeMbIMM pecypcaMM rrpeCHOH BO,D,bI Ha HarneH

rrJIaHeTe. Bo- BTOpbIX, ocy�eCTBJI5I5I rrpOMSBO,D,CTBeHHbIe

rrpo:o;eCCbI, MbI 60JIbrne Sarp5ISH5IeM BO,ll;y, "IeM O"IM�aeM ee.

B-TpeTbHX, 60JIbrna5I "IaCTb seMHOH BO,ll;bI
- 3TO He rrpOCTO

BO,ll;a, a KOH:o;eHTpHpOBaHHbIe COJIeBbIe H MHbIe paCTBopbI.

B-"IeTBepTbIX, O"IeHb MHoro rrpeCHOH BO,D,bI MbI paCXO,ll;yeM

6eS,lI;YMHO M HarrpaCHO. II03TOMY He06xo,D,IIMO 6epe"Ib BO,ZJ;Y.

Y zneKuCnbtU za3 CO
2

- OUOKCUO yznepooa. B BOS-

,D,yxe BCer,ll;a CO,ll;epmMTC5I OKOJIO 0,03% (rro 06'beMY) yrJIe-

KHCJIOrO rasa. CO,ll;epmaHHe ero B BOS,D,yxe HerrOCT05IHHoe.

Bos,lI;Yx B ropO,ll;ax, oc06eHHo B6JIMSM SaBO,D,OB M l]Ja6pMK, co-

,D,epmHT HeCKOJIbKO 60JIbrne yrJIeKHCJIOrO rasa, "IeM BOS,lI;YX

B CeJIbCKOH MeCTHOCTH.

06pa3yeTC5I yrJIeKMCJIbIH ras rrpH ,D,bIXaHHM H cropaHMH

TOrrJIHBa, a TaKme rrpH TJIeHMH M rHMeHMH paSJIM"IHbIX opra-

HH"IecKHX Be�eCTB. B BO,D,e MHorHX MHHepaJIbHbIX HCTO"IHH-

KOB CO,D,epmHTC5I SHa"IHTeJIbHOe KOJIH"IeCTBO paCTBopeHHoro

yrJIeKMCJIOrO rasa. O,D,MH lIS TaKHX MCTO"IHHKOB MHHepaJIb-

HOH BO,D,bI (HapsaH) HaXO,ll;HTC5I B KHCJIOBO,D,CKe. EmecYTO"IHO
3TOT HCTO"IHHK BbIHOCMT OKOJIO ,D,BYX C rrOJIOBHHOH MHJIJIHO-

HOB JIHTpOB MHHepaJIbHOH BO,D,bI, CO,D,epma�eH ,ZJ;O 5 r CBO-

60,ZJ;Horo yrJIeKHCJIOrO rasa B Kam,D,OM JIHTpe.

B BO,ll;ax MopeH H OKeaHOB CO,D,epmHTC5I O"IeHb MHoro

paCTBopeHHoro yrJIeKHCJIOrO rasa, B ,D,eC5ITKH pas 60JIbrne,

"IeM B BOS,D,yxe.

YrJIeKMCJIbIH ras 6ec:O;BeTHbIH, 6es sarraxa. OH rrO"ITH

B 1,5 pasa T5ImeJIee BOS,D,yxa. IIpH 06bI"IHbIX YCJIOBH5IX B 0,1],-

HOM 06'beMe BO,ll;bI paCTBOp5IeTC5I O,D,HH 06'beM yr JIeKHCJIOrO

ra3a.

IIpH YBeJIH"IeHHH ,D,aBJIeHM5I ,D,O 60 aTM OH rrpeBpa�aeTC5I

B 6ec:O;BeTHYlO mH,lI;KOCTb. IIpH HcrrapeHHH mH,lI;KOrO yrJIe-

KHCJIOrO rasa "IaCTb ero MomeT rrpeBpaTHTbC5I B TBep,ll;YIO

cHero06pasHYlO Maccy. Ee rrpeCCYIOT H rrOJIyqalOT TaK HaSbI-

BaeMbIH CYXOH JIe,D" KOTOpbIH rrpH 06bI"IHOM ,lI;aBJIeHHM BOS-

rOH5IeTC5I, He rrJIaB5ICb, rrpH"IeM TeMrrepaTypa ero rrOHHmaeT-

C5I,D,O -78,5 °C. II03ToMY CYXOH JIe,D, B OCHOBHOM rrpHMeH5IIOT
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PHC. 52. CYXOM JIe,D;

MCIIOJIbSYIOT ,D;JIH XpaHeHMH

MopomeHoro

PHC. 53. )J;JIH IIpMrOTOBJIeHMH

raSMpOBaHHbIX HaIIMTKOB

He06xo,D;MM yrJIeKMCJIbIM ras

,lI;JI5I xpaHeHH5I rrH�eBbIx

rrpO,ll;YKTOB, H B rrepBYIO O"Ie-

pe,D,b MopomeHoro (pHC. 52).
HaH60JIee rnHpOKO CO

2
MC-

rrOJIbSYIOT rrpH HSrOTOBJIe-

HHH raSHpOBaHHbIX HarrMT-

KOB (pHC. 53).
YrJIeKHCJIbIH ras He rro,1],-

,D,epmHBaeT rOpeHH5I H rrOTO-

MY rrpMMeH5IeTC5I ,lI;JI5I Tyrne-

HM5I rromapOB (pHC. 54).
H ezamenaH U36ecmb

CaD. 8TO 6eJIoe TyrOrrJIaBKOe

Be�eCTBO, KOTopoe 3HeprH"I-
HO BSaHMO,ll;eHcTByeT C BO,D,OH «<racHTC5I» elO), 06pasY5I rrpH
3TOM rarneHYIO MSBeCTb. IIpHMeH5IeTc5I HerarneHa5I MSBeCTb

B CTpOMTeJIbCTBe ,D,JI5I rrOJIyqeHH5I B5ImY�Hx MaTepHaJIOB.
OCHOBHYID Maccy seMHOH KOpbI

-

JIHTocl]JepbI - 06pasy-
lOT OKCUObt KpeMnUH (Si0 2 ) H anlOMunUH (A120g), KOTO-

pbIe BXO,D,5IT B COCTaB MHorHX MHHepaJIOB H ropHbIx rropo,D"
a TaKme 06paSYlOT MHHepaJIbI, rrO"ITH rrOJIHOCTblO COCT05I�He
MS 3TMX OKCM,D,OB. TaK, OKCH,lI; KpeMHH5I (IV) 06pasyeT KBap:o;,
KBap:o;eBbIH rreCOK, KpeMHeseM, ropHbIH xpYCTaJIb M ,lI;p.
(pHC. 55), a OKCH,D, aJIIOMHHM5I - py6HH, carrl]JMp, OCHOBHYID
Maccy OC06bIX rJIHH - 60KCHTOB M ,lI;p. (pHC. 56).
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PHC. 54. TYIlIeHMe IIomapa
C IIOMOIIl;bIO yrJIeKMCJIOTHOrO

orHeTYIlIMTeJIH
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BOJIee HSBeCTHbI 6JIarO,D,apH llIHPOKOMY rrpHMeHeHHIO B

rrpOMbIllIJIeHHOCTH M B 6bITY COe,ll;HHeHHH HeMeTaJIJIOB C BO-

,D,OpO,D,OM. 3TO JIeTY1:IHe Bern;eCTBa, KaK rrpaBMJIO raSbI, XO-

pOlliO paCTBOpHMbIe B BO,D,e. K 8TOMY KJIaccy Bern;eCTB OT-

HOCHTCH H BO,D,a, XOTH HBJIHeTCH mM,lI;KOCTbIO B 06bI1:IHbIX YC-

JIOBHHX. PaCCMOTpHM JIeTY1:IHe BO,ll;OpO,n;HbIe COe,D,HHeHHH Ha

rrpMMepe XJIOpOBO,n;OpO,D,a HCI H aMMHaKa HgN (1:Iarn;e BCTpe-

'IaeTCH Tpa,D,HD;MOHHaH SarrHCb - NHg).

XaOp06000pOO HCI - 3TO 6eCIJ;BeTHbIH ras, THmeJIee

BOS,lI;yxa, XOpOlliO paCTBOpHM B BO,D,e. B O,D,HOM 06'beMe BO-

,D,bI rrpH 06bI'IHbIX yCJIOBHHX MOmeT paCTBOpHTbCH OKOJIO

500 06'beMOB XJIOpOBO,ll;OpO,D,a. Ha OTKpbITOM Bos,n;yxe XJIOpO-

BO,ll;OpO,ll; rrpMTHrHBaeT HaXO,D,Hrn;MeCH B BOS,D,yxe rrapbI BO,ll;bI,

06pasYH TYMaHHoe 06JIaKO, COCTOHrn;ee HS MeJIb'IaHllIHX Ka-

rreJIeK, rr03TOMY rOBopHT, 'ITO XJIOpOBO,n;OpO,D, Ha Bos,n;yxe

«,n;bIMHT». PacTBop XJIOpOBO,D,OpO,ll;a B BO,ll;e HaSbIBaIOT COJl.fl-

HOlt KUCJlOmOlt. 3TO 6ecD;BeTHaH. ,D,bIMHrn;aHCH Ha BOS,lI;yxe

mH,lI;KOCTb HeCKOJIbKO THmeJIee BO,D,bI. Y JIIO,D,eH H mHBOTHbIX

COJIHHaH KHCJIOTa CO,D,epmHTCH B meJIY,ll;O'IHOM COKe, OHa CO-

S,lI;aeT cBoe06paSHbIH 6apbep ,lI;JIH MHKp060B, rrOrra,D,aIOrn;MX

B meJIY,D,OK BMeCTe C rrMrn;eH.

A MMUaK, NHg
- 6ecD;BeTHbIH ras co cBoe06pasHbIM pes-

KHM sarraXOM. OH rrO'ITM B ,n;Ba pasa JIer'Ie BOS,D,yxa. PaCTBO-

pHMOCTb aMMHaKa B Bo,n;e O'IeHb BeJIHKa - B O,D,HOM 06'beMe

BO,D,bI pacTBopHeTcH rrpM 06bI'IHbIX YCJIOBMHX 700 06'beMOB

aMMHaKa. PacTBop aMMHaKa B BO,D,e HaSblBaIOT HaUlamblp-

HblM cnupmOM, KOTOpbIH llIMpOKO HCrrOJIbsyeTcH B Me,D,H-

IJ;MHe. AMMHaK BbI,D,eJIHeTCH rrpH rHHeHHH OpraHH'IeCKHX

Bern;eCTB, co,n;epmarn;MX aSOT.
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PHC. 55. PasHoBM)J;HOCTM ORCM)J;a RpeMHM.H (IV):

a - aMeTMCT; 6 -

RBapu;; 6 - onaJI; z -

araT; iJ -

RpeMHeseM
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1. OKCIf,!J;LI. 2. BO)J;a. 3. YrJIeKHCJILI:H ras. 4. Herame-

HaH HSBeCTb. 5. rH)J;pH)J;bI. 6. JIeTTlHe BO)J;OpO)J;HbIe

coe)J;HHeHHH. 7. XJIOpOBO)J;OpO)J; H COJIHHaH KHCJIOTa.

8. AMMHaR H HamaTLIpHbIH CIIHpT.

PHC. 56. PasHoBM)J;HOCTM ORCM)J;a aJIIOMMHM.H:

a -

ROPYH)J;; 6 - 60RCMT; 6 - Py6MH; Z - canqmp <

<

<

,D;pyrHM BamHeHllIHM KJIaCCOM 6HHapHbIX COe,D,HHeHMH HB-

JIHIOTCH 6000pOOllble CoeOUllellU.Jl 3aeMellm06
- ZUO-

PUOb£ H aemY'I£ue 6000pOOllble COeOUlleHU.Jl.

rM,D,pH,n;bI MeTaJIJIOB rJIaBHbIX rro,D,rpyrrrr I M II rpyrrrr lle-

pMO,D,WIeCKOH CMCTeMbI
-

TBep,ll;bIe, HeJIeTyqMe M TyrorrJIaB-

KHe Bern;ecTBa, B ROTOpbIX aTOMbI BO,D,Opo,n;a H MeTaJIJIa CBHsa-

HbI Mem,D,y C060H HOHHOH CBHSbIO. HarrpHMep, NaH, CaH
2

.

'.

?
. ...............................................

1
BhIIIMmMTe MS npMBe)J;eHHoro HMme nepeqH.H CPOPMYJI B )J;Ba

CToJI6MRa CPOPMYJIhI ORCM)J;OB MeTaJIJIOB M ORCM)J;OB HeMeTaJIJIOB

M )J;aMTe MX HaSBaHM.H: Na
2 0, N

2
0

5 . NaOH, HN0
3 . CuO, 80

2 ,

8C1
2 . C1

2
0

7 . Fe8, Fe
2

0
3 .

Cu
2 0. CuF

2'
P 2°5 0
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HaSBaHH5I OCHOBaHMH COCT05IT HS CJIOBa ZUOPOKCUO H

HaHMeHOBaHH5I MeTaJIJIa B pOp;HTeJIbHOM rrap;eme:

«rHp;pOKCH,D,» + «MeTaJIJ@» (c. 0., eCJIM rrepeMeHHa5I).

HarrpHMep, NaOH -

rH,D,pOKCH,D, HaTpM5I, Ca(OHh

rH,D,pOKCHP; KaJIbD;H5I.

ECJIH me MeTaJIJI rrp05IBJI5IeT rrepeMeHHYIO CTerreHb OKMCJIe-

HH5I, TO ee BeJIM1:IHHY TaK me, KaK H ,D,JI5I 6HHapHbIX COe,D,HHe-

HHH, y:KaSbIBaIOT pHMCKOH D;Ml]JpOH B cK06Kax H rrpOM3HOC5IT

B KOHD;e HaSBaHM5I OCHOBaHM5I, HarrpHMep: CuOH -

rHp;po-

KCMP; Me,D,M (I) (1:IHTaIOT «rH,D,pOKCH,D, Me,D,H O,D,HH»); Cu(OH)2-

rH,D,pOKCHP; Me,D,H (II) (1:IHTaIOT HH,D,pOKCH,D, Me,D,H ,D,Ba»).
llo OTHOIIIeHHIO K Bo,n;e OCHOBaHH5I ,D,eJI5IT Ha p;Be rpyrrrrbI:

pacm6opuMble, MJIH 14eJlOl£U, NaOH, Ca(OH)2' KOH,

Ba(OHh M nepacm60puMble CU(OH)2' Fe(OH)2 (pHC. 57).

o TOM, paCTBopHMO OCHOBaHHe HJIH HepaCTBopMMO B Bo,n;e,

MomHO YSHaTb C rrOMO�blO Ta6JIHD;bI «PaCTBopHMOCTb OCHO-

BaHHH, KHCJIOT H COJIeH B BO,D,e».

llOSHaKOMHMC5I C HeKOTopbIMH �eJI01:IaMH.

rUOp01WUO nampu.H NaOH -

TBep,D,Oe 6eJIoe Be�eCTBO,

rMrpOCKOrrH1:IHOe H rr03ToMy paCrrJIbIBalO�eeC5I Ha BOS,D,yxe;

XOpOIIIO paCTBOp5IeTC5I B Bo,n;e, rrpH 3TOM BbI,n;eJI5IeTC5I TerrJIOTa.

PaCTBOp rH,D,pOKCMp;a HaT-

pH5I B BO,D,e MbIJIKHH Ha

o�yrrb H 01:IeHb e,D,KHH. OH

paS'be,D,aeT Komy, TKaHH,

6YMary M ,D,pyrHe MaTepH-

aJIbI, rr03TOMY rH,D,pOKCHP;

HaTpH5I Ha3bIBalOT eOKUU

namp. C rMp;pOKCHP;OM Ha-

TpJI5I M ero paCTBopaMM Ha-

,D,O 06pa�aTbC5I OCTopom-

HO, orraCa5ICb, TIT06bI OHM

He rrOrraJIH Ha O,D,emp;y, a

TeM 60JIee Ha PYKH H JIHD;O.

Ha Kome OT 3Toro Be�eCT-

Ba 06pa3yroTC5I ,D,OJIro He sa-

mHBalO�He paHbI. rH,D,pO-

KCH,D, HaTpH5I rrpHMeH5IIOT

B MbIJIOBapeHMM, KomeBeH-

HOH H l]JapMaD;eBTHTIeCKOH
rrpOMbIIIIJIeHHOCTH.

2
EaRlie lIS nepe<rIICJIeHHhIX HIIJ.Ke HasBaHIIM cooTBeTcTBYIOT

<}>opMYJIe H
2

0: OKCII.n; Bo.n;opo.n;a, rII.n;pII.n; KIICJIOpo.n;a, nepoKcII.n;

Bo.n;opo.n;a, BO.n;OpO.n;, Bo.n;a, KIICJIOpO.n;HhIM BO.n;OpO.n;?

HaM.n;IITe nJIOTHOCTh (Maccy 1 JI) aMMIIaKa, XJIOpOBo.n;opo.n;a
II yrJIeKIICJIOrO rasa npII H. y.

CKOJIhKO MOJIeKYJI KaJ.K.n;oro Bem;eCTBa co.n;epJ.KIITCH B 1 l' CO
2 ,

HCI, NH
3

?

BhIllIIIllIITe lIS TeKCTa naparpaqJa Bce npIIBe.n;eHHhle B HeM <}>op-
MYJIhI Bem;eCTB II .n;aMTe IIX HaSBaHIIH no MeJ.K.n;YHapo.n;HOM HO-

MeHKJIaType.

EaK .n;OJIJ.KeH pacnOJIaraThCH cocy.n; .n;JIH c06IIpaHIIH aMMIIaKa

II yrJIeKHCJIOrO rasa -

BBepx IIJIII BHIIS .n;HOM? IIo<reMY?

3

4

5

6

� 19 OCHOBaHIiH

KpoMe 6HHapHbIX COe,D,HHeHHH, cyrn;eCTBYIOT CJIOmHbIe Be-

�eCTBa, HarrpHMep OCHOBaHH5I, KOTopbIe COCT05IT MS Tpex
3JIeMeHTOB: MeTaJIJIa, KHCJIOpO,D,a H BO,D,OpO,D,a.

Bo,n;opo,D, H KMCJIOpO,D, B HHX BXO,D,MT B BHp;e ZUOpOKCO-
-2+1

zpynnbl OH- (KOTOpa5I HMeeT CYMMapHbIH sap5Ip; 1-: OH).
CJIe,D,OBaTeJIbHO, rH,D,pOKcorpyrrrra OH- rrpe,n;CTaBJI5IeT C060H

HOH, TOJIbKO He rrpOCTOH, KaK Na+ HJIH Cl-, a CJIOmHbIH -

OH- - ZUOPOKcuo-uon.

..
OCHOBaHH5I - 3TO CJIOmHbIe Be�eCTBa, COCT05I-

�He MS HOHOB MeTaJIJIOB H CB5ISaHHbIX C HHMH

rHp;pOKCM,D,-HOHOB.

ECJIH sap5I,D, HOHa MeTaJIJIa 1 +, TO, paSYMeeTC5I, C HOHOM

MeTaJIJIa CB5ISaHa O,D,Ha rpynrra OH-, eCJIM 2+, TO ,D,Be rpyrrrrbI

OH- H T. ,n;. CJIe,n;OBaTeJIbHO, COCTaB OCHOBaHMH MomHO sarrM-

caTb 06�eH I]JOPMYJIOH: M(OH)n' r,D,e M - MeTaJIJi, n
-

TIHC-

JIO rpyrrrr OH- H B TO me BpeM5I TIHCJIeHHOe SHaTIeHHe sap5I,D,a
HOHa (CTerreHM OKHCJIeHH5I) MeTaJIJIa. HarrpHMep:

+1 +2 +3

NaOH, Ca(OH)2' Fe(OH)g.

9%

� <nIOBAHH\
paCTBopIIMbIe

(m;eJIOTIH)
HepaCTBopHMbIe

NaOH KOH Cu(OHh Fe(OHh

,
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ruiJpOlwuiJ KanUst KOH -

TBep,n;Oe 6eJIoe Bem;eCTBO,

KOTOpOe xopomo paCTBOp5IeTC5I B BO,n;e C BbI,n;eJIeHHeM 60JIb-
moI'O KOJIH-qeCTBa TenJIOTbI. PaCTBOp I'H,n;pOKCH,n;a KaJIH5I,
KaK M paCTBOp e,n;KOI'O HaTpa, MbIJIOK Ha Om;ynb H O-qeHb

e,n;OK. I103TOMY I'H,n;pOKCH,n; KaJIH5I HHa-qe Ha3bIBaIOT eOH:Oe
H:aJlu. I1pHMeH5IIOT eI'O B Ka-qeCTBe ,n;06aBKH npH npOH3BO.n;-
CTBe MbIJIa, TYI'OnJIaBKOI'O CTeKJIa.

rUiJpOKCUiJ KanblfUst Ca(OH)2' HJIM zamenast U3-

6eCmb,
- PbIXJIbIM 6eJIbIM nOpOmOK, HeMHOI'O paCTBOpHMbIM

B BO,n;e (B Ta6JIMIJ;e paCTBOpHMOCTH npOTHB IPOPMYJIbI
Ca(OHh CTOHT 6YKBa M, -qTO 03Ha-qaeT MaJIOpaCTBOpHMOe

Bem;eCTBO). I10JIyqaeTC5I npH B3aHMO,D,eMCTBHH HeI'ameHOM

H3BeCTH CaO C BO,n;OM. 3TOT npoD;ecc Ha3bIBaIOT I'arneHHeM.

rH,n;pOKCH,n; KaJIbD;H5I npHMeH5IIOT B CTpOHTeJIbCTBe npH KJIa,D,-
Ke H mTyKaTypKe CTeH, ,n;JI5I n06eJIKH ,n;epeBbeB, ,n;JI5I nOJIyqe-
HH5I XJIOpHOM HSBeCTH, KOTOpa5I 5IBJI5IeTC5I ,n;e3HHIPHD;HPYIO-
m;HM Cpe,n;CTBOM.

I1po3pa-qHbIM paCTBOp I'M.n;pOKCH,n;a KaJIbD;H5I Ha3bIBaIOT

U3BeCmH:OBOU BOOOU. I1pH npOnYCKaHHH -qepe3 H3BeCTKO-

BYIO BO,n;y CO
2

OHa MYTHeeT (pHC. 58). TaKoM onbIT CJIymHT

,n;JI5I pacn03HaBaHH5I YI'JIeKHCJIOI'O I'a3a.

PeaKD;HH, C nOMOm;bIO KOTOpbIX pacn03HaIOT onpe,n;eJIeH-
HbIe Bem;eCTBa, Ha3bIBaIOT KaqeCTBeHHbIMM peaKIJ;II5IMIi.

AJI5I m;eJIo-qeM Tome cym;eCTByroT Ka-qeCTBeHHbIe peaK-

D;HH, C nOMOm;bIO KOTOpbIX paCTBopbI m;eJIo-qeM MomHO pac-

n03HaTb cpe,n;H paCTBopOB ,n;PYI'HX Bem;eCTB. 3TO peaKD;HH

m;eJIo-qeM C Bem;eCTBaMH
- uniJuKamopaMU (OT JIaT. <'YKa-

3aTeJIH»). ECJIH K paCTBOpy m;eJIo-qH ,n;06aBHTb 1-2 KanJIH

paCTBopa HH,ZJ;HKaTOpa, TO OH H3MeHHT CBOM D;BeT. B Ta6JIH-

D;e 4 npHBe,n;eHbI Ha3BaHH5I HH,n;HKaTopoB H yKa3aHo H3MeHe-

HHe HX OKpaCKH B HeMTpaJIbHOM, B m;eJIo-qHoM H B KHCJIOT-

HOM cpe,n;ax. C KHCJIOTaMM -

,n;PYI'HM KJIaCCOM CJIOmHbIX

Bem;eCTB
- BbI nOSHaKOMHTeCb Ha CJIe,n;yrom;eM ypoKe.

M3MEHEHME OKPACKM MH,D;MKATOPOB

B 3ABMCMMOCTM OT CPE,D;bI

Ta6Jluqa 4

OKpaCKa 0

Ha3BaHHe HH)J;HKaTOpa HH)J;

HH)J;HKaTopa B HeiiTpaJIbHOH B�

cpep;e

JIaKMYc <I>HOJIeTOBa.H CHH
- - -

MeTHJIOBbIH OpaJDKeBaH JKe

opamKeBbIH
-- - � �.�.

<I>eHOJI<pTaJIeHH BecII;BeTHaH Ma

OKpaCKa

HH)J;HKaTOpa

B KHCJIOTHOH

cpep;e

KpacHaH

KpacHo-

p030BaH

BecII;BeTHaH

KpaCKa

HKaTopa

eJIOqHOH

cpep;e

HS

JITaH

JIHHOBaH
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1. rlf,lJ;pOlWIf,lJ;-1I0H. 2. OCHOB3IllI5I. 3. PacTBOpllMhIe

(IIJ;eJIoqll) II HepaCTBOpliMble OCHOBaHlI5I. 4. E.n;KIIH

HaTp. 5. E,lJ)we KaJIIi. 6. rameHa5I 113BeCTh II 113BeCT-

KOBa5I BO.IJ;a. 7. KaqeCTBeHHhIe peaKU;III1. 8. HH.IJ;HKa-

TOphI: JIaKMyc, MeTHJIOBhIH OpaH:/KeBhIH, «}>eHoml>Ta-
JIeIiH.
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IIoqeMY rHp;pOKCHP;bI HaTpHH H Ka.JIHH Ha3bIBalOT ep;KHMH ru;e-

JIOqaMH?

COCTaBbTe XHMHqeCKHe <POPMYJIbI OCHOBaHHH P;JIH Cr (II) H

Cu (I), Ha30BHTe HX. H3MeHHIOT JIH OKpaCKY HHp;HKaTopOB 3TH

Beru;eCTBa? IIoqeMY?

COCTaBbTe <POPMYJIbI OKCHP;OB, COOTBeTCTByroru;HX Beru;eCTBaM,

<POPMYJIbI KOTOpbIX: Fe(OH)2' Fe(OH)3' Cu(OHh, H p;aHTe HX

Ha3BaHHH.

,l'

1
:"

,.
2

3

PHC. 58. KaqeCTBeHHaH peaKII;HH Ha yrJIeKHCJIbIH ra3
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4
KaKHM H3 OKCHp;OB, <POPMYJIbI KOTOpbIX: CO

2 , CuO, C1
2

0
7 ,

P 205' FeO, MgO, COOTBeTCTBYIOT OCHOBaHHH? 3anHlliHTe <pOp-

MYJIbI :3THX OCHOBaHHM H p;aMTe HX Ha3BaHHH.

PaCCqHTaMTe KOJIHqeCTBO Beru;eCTBa, KOTOpOe COOTBeTcTByeT:

a) 120 l' NaOH; 6) 49 l' Cu(OHh.

HaMp;HTe Maccy 5 MOJIb Fe(OHh H 0,5 MOJIb Fe(OH)3'
+

KIICJIOTaMII Ha3bIBaIOT CJIo.mHble Bem;ecTBa, MO-

JIeKYJIbI KOTOpbIX COCTOHT MS aTOMOB Bo,n;opo,n;a

M KMCJIOTHOrO OCTaTKa.

OCmamH:OM. HanpMMep, Y HCI KMCJIOTHbIM OCTaTKOM HBJIH-

eTCH CI, a Y HgP04 KMCJIOTHbIH OCTaTOK P0
4

.

5

6

� 20
KaK npaBMJIO, KMCJIOTHble OCTaTKM 06paSYIOT 3JIeMeH-

TbI - HeMeTaJIJIbI.

110 IPOpMYJIaM KMCJIOT MO.mHO onpe,n;eJIMTb CTeneHM OKMC-

JIeHMH aTOMOB XMMM"tIeCKMX 3JIeMeHTOB, 06pasyrom;MX KMC-

JIOTbI.

,I(JIH 6MHapHblX KMCJIOT 3TO c,n;eJIaTb npOCTO. TaR KaK Y
+1-1

Bo,n;opo,n;a CTeneHb OKMCJIeHMH +1, TO B COe,D,MHeHMM HCI

+1-2

Y XJIopa CTeneHb OKMCJIeHMH -1, a B coe,n;MHeHMM H
2

S Y ce-

pbI CTeneHb OKMCJIeHMH -2.

HeCJIo.mHO 6y,n;eT paCC"tIMTaTb M CTeneHM OKMCJIeHMH aTO-

MOB 3JIeMeHTOB-HeMeTaJIJIOB, 06pasyrom;MX KMCJIOTHble OC-

TaTKM KMCJIOpo,n;co,n;ep.mam;MX KMCJIOT. Hy.mHO TOJIbKO nOM-

HMTb, "tITO CYMMapHaH CTeneHb OKMCJIeHMH aTOMOB Bcex 3JIe-

MeHTOB B coe,n;MHeHMM paBHa HYJIIO, a CTeneHM OKMCJIeHMH

Bo,n;opo,n;a + 1 M KMCJIOpo,n;a -2. Tor,n;a, HanpMMep, no IPOPMY-
+1 x-2

JIe cepHOM KMCJIOTbI H
2

S0
4

MO.mHO COCTaBMTb ypaBHeHMe:

(+ 1).2 + x + (-2).4 = 0,

r,n;e x
-

CTeneHb OKMCJIeHMH cepbI, oTKy,n;a x = +6. OTcIO,n;a

IPOpMYJIa cepHoM KMCJIOTbI C npOCTaBJIeHHbIMM CTeneHHMM

+ 1 +6-2

OKMCJIeHMH npMHMMaeT BM,n; H
2

S0
4

.

3HaH CTeneHb OKMCJIeHMH 3JIeMeHTa-HeMeTaJIJIa, 06pa-

SYIOm;ero KMCJIOTHbIM OCTaTOK KMCJIOpo,n;co,n;ep.maru;eM KMC-

JIOTbI, MO.mHO onpe,n;eJIMTb, KaKOM OKCM,n; eM COOTBeTcTByeT.

+ 1 +6-2

HanpMMep, cepHOM KMCJIOTe H
2

S0
4 ,

B KOTOpOM Y cepbI CTe-

neHb OKMCJIeHMH paBHa +6, COOTBeTcTByeT OKCM,n; cepbI (VI)
+6 +1+5-2

Sag; a30THoM KMCJIOTe HNO
g ,

B KOTOpOM Y aSOTa CTeneHb

+5

OKMCJIeHMH paBHa +5, COOTBeTcTByeT OKCM,n; aSOTa (V) N
2

0
5

.

KMCJIOTbI

C O,n;HMM M3 rrpe,n;cTaBMTeJIeM Bem;eCTB 3Toro KJIaCCa BbI

y.me nOSHaKOMMJIMCb, Kor,n;a paccMaTpMBaJIM JIeTY"L£Me BO,n;O-

po,n;Hble coe,n;MHeHMH Ha npMMepe XJIOpOBo,n;opo,n;a HCI. Pac-

TBOp ero B Bo,n;e M npe,n;CTaBJIHeT C060M COJIHHYIO KMCJIOTY.
OHa MMeeT TY .me IPOPMYJIY HCI. AHaJIOrM"tIHO npM pacTBope-
HMM B Bo,n;e ,n;pyroro JIeTY"L£erO BO,n;opo,n;Horo coe,n;MHeHMH

-

cepoBo,n;opo,n;a H
2

S - 06pasyeTcH pacTBop cepoBo,n;opO,n;HOM
KMCJIOTbI C IPOPMYJIOM H

2
S.

MOJIeKYJIbI 3TMX KMCJIOT COCTOHT MS ,n;BYX 3JIeMeHTOB,
T. e. OHM HBJIHIOTCH 6MHapHbIMM coe,n;MHeHMHMM. O,n;HaKO
K KJIaccy KMCJIOT OTHOCHT TaK.me M coe,n;MHeHMH, COCTOHm;Me
liS 60JIbmerO "tIMCJIa XMMM"tIeCKMX 3JIeMeHTOB. KaR npaBMJIO,

TpeTbMM 3JIeMeHTOM, BXO,n;Hm;MM B COCTaB KMCJIOTbI, HBJIH-

eTCH KMCJIOpO,n;. 1103TOMY TaKMe KMCJIOTbI HaSbIBaIOT H:UC-

JlOpoiJcoiJepJ/CaU{uMu, B OTJIM"tIMe OT HCI M H
2 S, KOTopble

HaSbIBaIOT 6ecH:ucJlOpoiJublMU. l1epe"tIMcJIMM HeKoTopble

KMCJIOpo,n;co,n;ep.mam;Me KMCJIOTbI.

A30THaH KMCJIOTa - HNO
g

.

A30TMcTaH KMCJIOTa - HN0
2

.

CepHaH KMCJIOTa - H
2

S0
4

.

CepHMCTaH KMCJIOTa - H
2

SO
g

.

YrOJIbHaH KMCJIOTa - H
2

CO
g

.

KpeMHMeBaH KMCJIOTa - H
2

SiO
g

.

<POCIPOpHaH KMCJIOTa -

HgP04.
06paTMTe BHMMaHMe, "tITO Bce KMCJIOTbI (M KMCJIOpO,n;co-

,n;ep.mam;Me, M 6eCKMCJIOpo,n;Hble) 06HSaTeJIbHO co,n;ep.maT BO-

,n;opo,n;, KOTOpbIM B IPOpMYJIe sanMCbIBaIOT Ha nepBOM MeCTe.

BCIO OCTaJIbHyro "tIaCTb IPOPMYJIbI Ha3bIBaIOT H:UCJlOmUblM
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IIo cl>opMYJIaM KMCJIOT MOmHO TaKme Orrpe,D,eJIMTb M 06-

ru;MM sap5I,l];, KOTOpbIM MMelOT KMCJIOTHbIe OCTaTKM. 3ap5I,l];
KMCJIOTHOrO OCTaTKa BCer,l];a OTpm:J;aTeJIeH M paBeH "LlMCJIY aTO-

MOB BO,l];OpO,l];a B KMCJIOTe. qMCJIO aTOMOB BO,l];OpO,l];a B KMCJIOTe

HaSbIBalOT OCn06nOCmblO. ,I(JI5I OOHOOCHOBHblX KMCJIOT,

CO,l];epmaIIJ;MX O,l];MH aTOM BO,l];OpO,l];a, HanpMMep HCI M HNO
g ,

Sap5I,D,bI MOHOB KMCJIOTHbIX OCTaTKOB, KOTopbIe OHM 06paSYIOT
B paCTBope, paBHbI 1-, T. e. CI- M N03". AJI5I OBYXOCHOBHblX
KMCJIOT, HarrpMMep H

2
80

4
M H

2 8, Sap5I,l];bI KMCJIOTHbIX OCTaT-

KOB paBHbI 2-, T. e. 80�- M 8 2
-. KMCJIOTHbIM oCTaToK, HarrpM-

+6-2

Mep ( 80
4 )2-, MMeeT 06ru;MM sap5I,D, 2- M rrpe,l];CTaBJI5IeT C060M

CJIOmHbIM MOH, KOTOpbIM 06pa3yeTC5I rrpM paCTBopeHMM KMC-

JIOTbI B BO,l];e. BMHapHbIe 6eCKMCJIOpO,l];HbIe KMCJIOTbI HCI

M H
2

8 06pasYIOT B BO,l];HbIX paCTBopax npocmbte UOHbl CI-

M 8 2
-, a KMCJIOpO,D,co,l];epmaru;Me KMCJIOTbI 06pasYIOT C.JlO:JfC-

Hbte UOHbl, HarrpMMep N03" M 80�-.
AJI5I Toro "LlT06bI pa3JIIf'IaTb CTerreHM OKMCJIeHM5I M sap5I-

,l];bI MOHOB, YCJIOBMJIMCb 3arrMCbIBaTb SHaK <,+» MJIM <,-» rrepe,l];

D;Mcl>POM, YKasbIBalOru;eM BeJIM"LlMHY sap5I,D,a CTerreHM OKMCJIe-

+5

HM5I
1

: P, HO rrOCJIe D;Mcl>PbI, YKaSbIBalOru;eM BeJIM"LlMHY sap5I,l];a

MOHa
2

: PO�-. II eru;e: e,l];MHM"LlHbIM sap5I,D, CTerreHM OKMCJIeHM5I

060SHa"Lla1OT D;Mcl>POM +1 MJIM -1, a e,l];MHM"LlHbIM sap5I,D, MOHa

TOJIbKO SHaKaMM <, + » MJIM «- ». HanpMMep, CTerreHb OKMCJIe-

-1

HM5I CI, a sap5I,D, MOHa CI-.

IIOSHaKOMMMC5I C HeKOTopbIMM MS KMCJIOT.

B rrpllpO,l];e BCTpe"LlaeTC5I MHoro KMCJIOT: JIMMOHHa5I KMCJIOTa

B JIMMOHaX, 5I6JIO"LlHa5I KMCJIOTa B 5I6JIOKaX, ru;aBeJIeBa5I KMC-

JIOTa B JIMCTb5IX ru;aBeJI5I (pMC. 59). MypaBbM saru;Mru;aIOTC5I

OT BparOB, pas6pbISrMBa5I e,l];KMe KarreJIbKM, CO,l];epmaru;Me

MypaBbMHylO KMCJIOTY. OHa me CO,D,epmMTC5I B rr"LleJIMHOM

5I,l];e M B mrY"LlMX BOJIOCKaX KparrMBbI.

IIpM CKMCaHMM BMHOrpa,D,HOrO COKa rrOJIY"LlaeTC5I YKCYCHa5I

KMCJIOTa, a rrpM CKMCaHMM MOJIOKa - MOJIO"LlHa5I KMCJIOTa

(pMC. 60). Ta me CaMa5I MOJIO"LlHa5I KMCJIOTa 06pasyeTC5I rrpM

KBameHMM KarrYCTbI M rrpM CMJIOCOBaHMM KOpMOB ,l];JI5I CKOTa.

1 CTeneHb OKHCJIeHH.H 3anHCbIBalOT Ha,n; CHMBOJIOM :3JIeMeHTa.

2
3ap.H,n; HORa 3anHCbIBalOT cnpaBa OT CHMBOJIa XHMH'IeCKOI'O :3JIe-

MeHTa.
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PHC. 59. KHCJIOTbI B npHpo,n;e

.

HaM xopomo MSBeCTHbI "LlaCTO rrpMMeH5IeMbIe B 6bITY JIMMOH-

HaJ.I: I1 YKcycHa5I KMCJIOTbI.

YrroTpe6JI5IeMbIM B rrMru;y YKCYC M rrpe,l];CTaBJI5IeT C060M

pacTBop YKCYCHOM KMCJIOTbI.

MHorMe KMCJIOTbJ HymHbI B HapO,l];HOM XOS5IMCTBe B or-

pOMHbIX KOJIM"LleCTBaX, rrpo-

MSBO,l];CTBO 3TMX Beru;ecTB Ha-

SbIBalOT MHorOTOHHamHbIM.

K MX "LlMCJIY OTHOC5IT cepHYIO

M COJI5IHYIO KMCJIOTbI.

Cepnast KUCftOma

H
2

S0
4

- 6eCD;BeTHa5I mM,l];-

KOCTb, B5ISKa5I, KaK Mac-

JIO, He MMelOru;a5I sarraxa,

rrO"LlTM B,l];BOe T5ImeJIee BO-

,l];bI. CepHa5I KMCJIOTa rro-

rJIoru;aeT BJIary MS B03,l];Y-

xa M ,l];PyrMx raSOB. 8TO

CBOMCTBO cepHOM KMCJIOTbI

MCrrOJIbSYIOT ,D,JI5I ocyme-
PHC. 60. KHCJIOTbI B npo,n;YJ{Tax

HM5I HeKoTopbIX raSOB.
nHTaHH.H
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PHC. 61. PaS6aBJIeHHe KOHIJ;eHTpHpoBaHHoM cepHoM KHCJIOTbI BOP;OM

H 2 S0 4

II pM CMelliMBaHMM cepHOM KMCJIOTbI C BO,n;OM BbI,l];emleTC5I

60JIbllIOe KOJIM"tIeCTBO TenJIOTbI. ECJIM BO,n;y BJIMBaTb B cep-

HYIO KMCJIOTY, TO Bo,n;a, He ycneB CMellIaTbC5I C KMCJIOTOM,

MomeT SaRMrreTb M BbI6poCMTb 6pbIsrM cepHOM KMCJIOTbI Ha

JIMD;O M pyKM pa60TalOm;ero. QT06bI 3Toro He CJIy"tIMJIOCb,

npu pacm60penuu cepnou KUCftOmb£ nY3ICno 6ftU-

6amb ee monKOU cmpyeu 6 600Y u nepeMemU6amb

(pMC. 61).

CepHa5I KMCJIOTa 06yrJIMBaeT ,D,peBeCMHY, Komy, TKaHM.

ECJIM B np06MpKY C cepHoM KMCJIOTOM onYCTMTb JIy"tIMHKy,

TO rrpOMCXO,[(MT XMMM"tIeCKa5I peaKD;M5I
-

JIy-qMHKa 06yrJIM-
BaeTC5I. Tenepb nOH5ITHO, KaK orraCHO nona,n;aHMe 6pbIsr cep-

HOM KMCJIOTbI Ha Komy "tIeJIOBeKa M o,n;em,n;y.

Y ZOftbnan M cepnucma.1£ KUCftOmb£ - H
2

CO
g

M

H
2

SO
g

- B CB060,D,HOM BM,n;e He cym;eCTByroT, TaK KaK OHM

paSJIaralOTC5I Ha BO,D,y M COOTBeTCTBYIOm;MM OKCM,n; (ras):

H
2

C0
3
� CO

2 t + H
2 0,

H280g � 802 t + H
2

0.

PaCTBopbI Bcex KMCJIOT KMCJIble, HO pacnosHaBaTb KOH-

D;eHTpMpOBaHHbIe KMCJIOTbI Ha BKYC He pellIMTC5I HM O,D,MH

XMMMK - 3TO onaCHO. ECTb 60JIee 3IPIPeKTMBHbie M 6esonac-

Hble cnoc06bI 06HapymeHM5I KMCJIOT. Hx TaR me, KaK M m;e-

JIO"tIM, pacrrOSHalOT C rrOMom;blO MH,n;MKaTopOB.

,l],06aBMM K paCTBopaM KMCJIOT no HeCKOJIbKY KaneJIb

paCTBopa JIaRMyca IPMOJIeTOBOro D;BeTa. JIaKMYc oKpacMT-

U)6
r--

C5I B KpacHbIM D;BeT. MeTMJIOBbIM opaHmeBbIM npM ,n;eMcT-
BMM KMCJIOT MSMeH5IeT opaHmeBbIM D;BeT Ha KpacHo-poSO-
BbIM (CM. Ta6JI.4 B � 19). A BOT KpeMHMeBYIO KMCJIOTY
H

2
8i0

3 , nOCKOJIbKy OHa HepacTBopMMa B Bo,n;e, TaK pacnos-

HaBaTb HeJIbS5I.

I

I

I

,

,

<

<

1. KHCJIOTbI KHCJIOpO.IJ;Co.IJ;epmam;He H 6eCKHCJIOpO,lJ;-
HbIe. 2. KHCJIOTIThIe OCTaTKH H OCHOBHOCTb KHCJIOT.

3. CJIOmHbIe H npOCTbIe HOHbI. 4. COJI5IHa5I, cepOBO.IJ;O-

pO.IJ;Ha5I, cepHa5I, cepHHCTa5I, yrOJIbHa5I, aSOTHaH, 3.30-

THCTaH, «}>oc«}>opHaH H KpeMHHeBaH KHCJIOTbI. 5. He-

npOqHbIe KHCJIOTbI: yrOJThHaH H cepHHCTaH. 6. He-

paCTBopHMaH KpeMHHeBaH KHCJIOTa. 7. HSMeHeHHe

OKpaCKH HH.IJ;HKaTopoB B KHCJIOTHOH cpe.IJ;e.

)'

?
. ...............................................

1 ,n:aMTe xapaKTepHCTHKY <pOC<pOpHOM KHCJIOTbI no nJIaHY:

a) <popMYJIa; 6) HaJIHqHe KHCJIOpOp;a; B) OCHOBHOCTb; 1') paCTBO-

pHMOCTb; p;) CTeneHH OKHCJIeHHH :3JIeMeHTOB, 06paaYIOm;HX
KHCJIOTY; e) sapHp; HOHa, o6pasyeMol'0 KHCJIOTHbIM oCTaTKoM;

m) cooTBeTcTBYIOm;HM OKCHp;.

IIoqeMY HeJIbSH npHJIHBaTb BOP;Y B cepHYIO KHCJIOTY P;JIH ee pas-
6mmeHHH?

CocTaBbTe XHMHqeCKHe <POPMYJIbI KHCJIOT, cooTBeTcTBYIOm;HX
oKcHp;aM, <POPMYJIbI KOTOpbIX: N

2
0

3 , CO
2 , P

2
0

5 , Si0
2 , S02.

,n:aMTe HaSBaHHH Bcex Bem;eCTB.

BblqHCJIHTe KOJIHqeCTBO Bem;eCTBa, COOTBeTCTBYIOm;ee: a) 490 I'

cepHOM KHCJIOTbI H
2

S0
4 ; 6) 9,8 I' <POC<pOpHOM KHCJIOTbI H

3
P0

4
.

2

3

4

� 21 COJIH

COJIH -

3TO CJIOmHble Bem;eCTBa, COCT05Im;Me MS I.

MOHOB MeTaJIJIOB M KMCJIOTHbIX OCTaTKOB.
I'

EaK BM,n;HO MS onpe,D,eJIeHM5I, COJIM no COCTaBY noxomM

Ha KMCJIOTbI, TOJIbKO BMeCTO aTOMOB Bo,n;opo,n;a OHM co,n;ep-
maT MOHbI MeTaJIJIa. II03TOMY MX MomHO TaKme HaSBaTb

MJ7
,--

I

I,
II

'I,
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I

I
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rrpO,D,YKTaMM saMerqeHMfl aTOMOB BO�OpO�a B KMCnOTe Ha

MOHbI MeTanna. HarrpMMep, BCeM MSBeCTHafl rrOBapeHHafl

COnb NaCI MOmeT 6bITb paCCMOTpeHa KaK rrpO�YKT saMerqe-

HMfl BO�OpO�a B COnflHOM KMCnOTe HCI Ha MOH HaTpMfl. HOH

HaTpMfl MMeeT sapfl� 1 +, a MOH xnopa MMeeT sapfl� 1-. TaK

KaK coe�MHeHMe sneKTpoHeMTpanbHo, �opMyna rrOBapeH-

HOM conM MMeeT BM,D, Na+CI-. EcnM me Ha�o BbIBeCTM �OPMY-

ny cynb�M�a aJIlOMMHMfl (III), rrocTyrralOT cne�YlOrqMM 06-

paSOM. 060SHa"tIa1OT Sapfl,D,bI MOHOB, MS KOTOpbIX COCTOMT co-

e�MHeHMe: Alg+S2�. 3apfl,D, MOHa anlOMMHMfl 3+, a sapfl�

MOHa cepbI MomHO orrpe,D,enMTb rro �opMyne COOTBeTCTByro-

rqeM cepoBo�opO�HOM KMcnOTbI H
2 S, OH paBeH 2-. 3aTeM Ha-

XO,D,flT HaMMeHbIIIee 06rqee KpaTHoe "tIMCnOBblX SHa"tIeHMM sa-

pfl,D,OB MOHOB anlOMMHMfl M cepbI (3 M 2), OHO paBHO 6. 3Hafl

STO, MomHO HaMTM MH�eKCbI, paS,D,enMB HaMMeHbIIIee 06rqee

KpaTHoe Ha BenJItIMHbI Sapfl,D,OB, M sarrMcaTb �opMyny:

�
AI3+S2� � AI

2
S

g
.

AHanOrM"tIHO BbIBO�flT �opMynbI coneM KMcnOpOp;CO,D,epma-

rqMX KMcnOT, MMelOrqMx cnomHble MOHbI. BbIBe�eM, HarrpM-

Mep, �opMyny KanbD;MeBoM conM �OC�OpHOM KMcnOTbI -

�oc�aTa KanbD;Mfl. IIo Ta6nMD;e MeH,D,eneeBa orrpe�enMM sa-

pfl� MOHa KanbD;Mfl KaK sneMeHTa r naBHOM rro�rpyrrrrbI II

rpyrrrrbI: 2+. IIo �opMyne �OC�OpHOM KMcnOTbI HgP04 orr-

pe�enMM Sapfl,D, MOHa, 06pasoBaHHoro KMcnOTHbIM OCTaT-

KOM: POg-. OTCIO,D,a �opMyna �oc�aTa KaJIbD;Mfl MMeeT BM�

�
Ca2+(pO�-) � Ca

g (P0 4 )2

("tIMTaIOT <'KanbD;MM TPM, rrS-O-"tIeTblpe ,D,Bam�bI»).
KaK 06pasYlOT HaSBaHMfl coneM 6ecKMcnopo�HbIX KMcnOT,

BbI yme paCCMOTpenM, Kor�a SHaKOMMnMCb C HOMeHKnaTY-

pOM 6MHapHblx coe�illIeHMM: conM HCI HaSbIBaIOT xnopM�a-

MM, aconM H
2

S - cynb�M�aMM.

HaSBaHMfl coneM KMcnopo�co�epmarqMx KMcnOT cocTaB-

nfllOT MS �BYX cnOB: HaSBaHMfl MOHa, 06paSOBaHHoro KMC-

nOTHbIM OCTaTKOM, B MMeHMTenbHOM rra�eme M HasBaHMfl

MOHa MeTaJIna - B pO,D,MTenbHOM. HaSBaHMfl MOHOB KMcnOT-

HbIX OCTaTKOB COCTaBnflIOT, B CBOIO O"tIepe,D,b, MS KopHeM Ha-

SBaHMM sneMeHTOB, C CY��MKCaMM -am �nfl BbICIIIeM CTerre-

HM OKMcneHMfl M -um �nfl HMSIIIeM CTerreHM OKMcneHMfl aTO-

MOB sneMeHTa-HeMeTanna, 06pasYlOrqero cnomHbIM MOH

OCTaTKa KMcnopo�co�epmarqeM KMCnOTbI. HarrpMMep, conM

aSOTHOM KMcnOTbI HNO
g HaSbIBalOT HMTpaTaMM: KNO

g
_

HMTpaT KanMfl, a conM aSOTMCTOM KMcnOTbI HN0
2

-

HMTPM-
TaMM: Ca(N0 2 h -

HMTpMT KanbD;Mfl. EcnM me MeTann rrpo-
flBnfleT paSnM"tIHble CTerreHM OKMcneHMfl, TO MX YKaSbIBalOT
B cK06Kax PMMCKOM D;M�pOM, HarrpMMep: Fe 2 +SO

g
-

cynb-

�MT menesa (II) M Fe�+(S04)g -

cynb�aT menesa (III).
HOMeHKnaTypa coneM rrpMBe�eHa B Ta6nMD;e 5.
IIo pacTBopMMOCTM B Bo�e conM �enflT Ha paCTBopMMble

(P), HepacTBopMMble (H) M ManopacTBopMMble (M). )];nfl orr-

pe�eneHMfl pacTBopMMOCTM coneM McrronbsYIOT Ta6nMD;y pac-
TBOpMMOCTM KMcnoT, oCHoBaHMM M coneM B Bo�e. EcnM rro,D,
PYKOM HeT STOM Ta6nMD;bI, MomHO BocrronbsoBaTbcfl rrp'MBe-
,D,eHHbIMM HMme rrpaBMnaMM. Hx nerKO sarrOMHMTb.

1. PacTBopMMbI Bce conM aSOTHOM KMcnOTbI -

HMTpaTbI.
2. PacTBopMMbI Bce conM conflHOM KMcnOTbI -

xnopM�bI,
KpOMe AgCI (H), PbCl

2 (M).

HOMEHK�ATYPACO�EM
Ta6Jlu11-a 5

--

H3.3BaHHe «I>opMYJIa

H .popMYJIa
HOHa Ha3BaHHe «I>OPMYJIa

KHCJIOTLI
KHCJIOTHOrO COJIH (npHMep)

OCTaTK3

A30THcTaa, HN0
2

-.

N0 2 HHTpHTbI KN0
2

--
-

-
--" .

- -

- -

A30THaa, HN0
3 N0 3 HHTpaTbI AI(N0 3 h

XJIOPOBOp;opop;Haa
-

Cl- XJIOPHP;bI FeCI
3

(cOJIaHaa), HCI
-.

-
- '-.

-

CepHHcTaa, H
2

S0
3 SOl- Cy JIbc]JHTbI K

2
S0

3

CepHaa, H
2

SO
4 SO!- Cy JIbq>a TbI Na

2
S0

4
I- - - -I- - - I- -

--

CepOBOP;opop;Haa, H
2

S S2- CYJIbCPHP;bI FeS
-

-- .. -

-

<I>occpopHaa, H
3

P0
4 PO!- <I>occpa TbI Ca

3 (P0 4 )2
-

- - - --
-

- - .

YrOJIbHaa, H
2

C0
3 COi- Kap60HaTbI CaC0

3

KpeMHHeBaa, H
2

Si0
3

- -
-

-I-

SiOl- CHJIHKaTbI Na
2 Si0

3

10'1
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3. PacTBopMMbl Bce COJIM cepHoM KMCJIOTbl - cYJIblPaTbl,

KpoMe BaS0
4 (H), PbS0

4 (H), CaS0
4 (M), Ag 2

S0
4 (M).

4. PacTBopMMbl COJIM HaTpMfl M KaJIMfl.

5. He pacTBopfllOTCfl Bce IPOClPaTbl, Kap60HaTbl, CMJIMKa-

Tbl M CYJIbIPM,lJ;bl, KpOMe 3TMX COJIeM ,lJ;JIfl Na+ M K+.

PaccMoTpMM pacTBopMMYIO HaTpMeBylO COJIb 6eCKMCJIO-

pO,lJ;HOM COJIflHOM KMCJIOTbl -

XJIOpM,lJ; HaTpMfl NaCl, M Hepa-

CTBopMMble KaJIbD;MeBble COJIM YI'OJIbHOM M IPOCIPOpHOM
KMCJIOT - Kap60HaT KaJIbD;Mfl CaCO

g
M IPOClPaT KaJIbD;Mfl

Cag(PO 4h.

X:rwpuiJ uampuSl NaCI- xopomo paCTBopMMafl B BO,D,e

COJIb, MSBeCTHa 1I0,lJ; HaSBaHMeM nOBapenna.fl CO.Jlb. Bes 3TOM

COJIM HeBOSMomHa mMSHb pacTeHMM, mMBOTHblX M "tJeJIOBeKa,

TaK KaK OHa 06eclIe"tJMBaeT BamHeMmMe IPMSMOJIOI'JItIeCKMe

IIpoD;eCCbl B OpI'aHMSMax: B KpOBM COJIb COS,D,aeT He06xo,D,M-

Mble YCJIOBMfl ,lJ;JIfl CYID;eCTBOBaHMfl KpaCHblX KpOBflHblX Te-

JIeD;, B MblmD;ax 06YCJIOBJIMBaeT cIIoc06HOCTb K Bos6Y,lJ;MMOC-

TM, B .iKeJIY,D,Ke 06pasyeT COJIflHYIO KMCJIOTY, 6es KOTOpOM 6bl-

JIO 6bl HeBOSMomHblM IIepeBapMBaHMe M YCBoeHMe IIMID;M.

He06xo,lJ;MMOCTb COJIM ,lJ;JIfl mMSHM 6bIJIa MSBeCTHa co BpeMeH

I'JIy60"tJaMmeM ,D,peBHOCTM. 3Ha"tJeHMe COJIM OTpameHO B MHO-

I'o"tJMCJIeHHbIX 1I0CJIOBMD;ax, 1I0I'OBOpKax, 06bl"tJaflx. (,XJIe6,lJ;a

COJIb»
- BOT O,D,HO MS 1I0meJIaHMM, KOTOpblM PYCCKMe JIIO,lJ;M

C ,lJ;aBHMX IIOp 06MeHMBaJIMCb ,lJ;PYI' C ,D,PYI'OM BO BpeMfl IIpMe-

Ma IIMID;M, IIO,D,"tJepKMBafl paBHOD;eHHoe C XJIe60M SHa"tJeHMe

COJIM. XJIe6 M COJIb CTaJIM CMMBOJIOM I'OCTeIIpMMMCTBa M pa,D,Y-

mMfl PYCCKOM HaD;MM.

rOBOpflT: (' QT06bl YSHaTb "tJeJIOBeKa, Ha,D;O C HMM IIY,D, COJIM

C'beCTb». OKaSbIBaeTCfl, m,D,aTb He TaK ym ,lJ;OJII'O: sa ,D,Ba I'O,lJ;a

,lJ;BO� C'be,D,aIOT IIY,D, COJIM (16 KI'), TaK KaK B I'0,lJ; Kam,lJ;blM

"tJeJIOBeK C IIMID;eM IIOTpe6JIfleT OT 3 ,lJ;0 5,5 KI' COJIM.

B HaSBaHMflX MHOI'M X I'OpO,D,OB M 1I0CeJIKOB paSHblX CTpaH

IIpMCYTCTByeT CJIOBO COJIb: COJIMKaMCK, COJIb-HJIeD;K,

YCOJIbe, YCOJIbe-CM6MpCKoe, COJIT-JIeMK-CMTM, COJITBMJIb,

3aJIbD;6ypI' M T. ,D,.

COJIb 06pasyeT MOID;HbIe OTJIOmeHMfl B seMHOM Kope.

B COJII.-HJIeD;Ke, HaIIpMMep, TOJIID;MHa IIJIaCTa CO JIM IIpe-

BblmaeT IIOJITOpa KMJIOMeTpa. COJIM, HaXO,lJ;flID;eMCfl B osepe

BaCKYH"tJaK B ACTpaXaHCKOM 06JIaCTM, XBaTMT HameM CTpa-

He Ha 400 JIeT. OI'pOMHbIe KOJIM"tJeCTBa COJIM cO,D,epmaT B ce6e

BO,D,bl MopeM M OKeaHOB. COJIblO, MSBJIe"tJeHHoM MS MMpOBOI'O
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PHC. 62. ,n:06br<m COJIH: a - H3 COJI.HHbIX 03ep: 6 -

H3 maXT

OKeaHa, MomHO 6blJIO 6bl saCbllIaTb BCIO cymy SeMHOI'O mapa
CJIOeM B 130 M. Bo MHOI'MX CTpaHax ASMM M AIPPMKM COJIb

,D,06bIBa1OT MS COJIflHblX osep (pMC. 62, a), a B eBpoileMcKMx
CTpaHax

-

"tJaCTO MS COJIflHblX maxT (pMC. 62, 6).
XJIOPM,lJ; HaTpMfl mMpOKO MCIIOJII.SYIOT B XMMJItIeCKOM

IIpOMblmJIeHHOCTM ,lJ;JIfl IIOJIY"tJeHMfl HaTpMfl, XJIopa, COJIflHOM

KMCJIOTbl, B Me,D,MD;MHe, ,D,JIfl IIpMI'OTOBJIeHMfl IIMID;M, ,lJ;JIfl KOH-

cepBMpoBaHMfl IIpO,lJ;YKTOB IIMTaHMfl (cOJIeHMe M KBameHMe

oBoID;eM) M T. ,D,.

Kap60uam KanblfuSl CaCO
g

-

HepacTBopMMafl B BO,lJ;e

COJII., MS KOTOpOM MHOI'O"tJMCJIeHHble MopCKMe mMBOTHble

(MOJIJIIOCKM, paKM, IIpOCTeMmMe) CTpOflT 1I0KpOBbl CBOeI'O

TeJIa -

paKOBMHbl (pMc.63) M KOpaJIJIbl. OCTaTKM KOpaJI-
JIOBblX IIOJIMIIOB, C KOTOpblMM Bbl IIOSHaKOMMJIMCb Ha ypOKax
6MOJIOI'MM, 06pasYIOT TpOIIM"tJeCKMe OCTpOBa (aTOJIJIbl) M KO-

paJIJIOBble pMIPbl (pMc.64).
HaM60JIee MSBeCTeH BOJIbmOM

BapbepHblM pMIP B ABcTpa-"
JIMM. CKaliJIMBaflCI. 1I0CJIe I'M-

6eJIM CBOMX ('XOSfleB» Ha ,lJ;He'
BO,lJ;oeMOB M I'JIaBHbIM 06pa- f

SOM MopeM, 3TM paKOBMHbl sa l

,D,eCflTKM M COTHM MMJIJIMOHOB

JIeT 06paSOBaJIM MOID;Hble
IIJIaCTbl COe,D,MHeHMM KaJTh-

D;Mfl, ,lJ;aBmMX Ha"tJaJIO 06paso-
BaHMIO I'OpHbIX 1I0pO,D,

-

MS-

BeCTHflKOB CaCO
g

. STY me
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PHC. 63. 8TH RpaCHBbIe paROBH-
HbI COCTO.HT npeHMYIIJ;eCTBeHHO
H3 Rap60HaTa RaJIbII;H.H
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iPOPMYJIY MMeeT M CTpO-

MTeJIbHbIM KaMeHb -

Mpa-

MOp, M CTOJIb rrpMBbPIHbIM

Kam.n;OMY CTo.mn;eMY Y .n;0-
;..

CKM mKOJIbHMKY MeJI, KOTO-

pbIM .n;06bIBa1OT M3 Kapbe-

pOB MJIM MeJIOBbIX rop

(pMC. 65). lIs MSBeCTH5IKa

rrOJIY"L£aIOT HeraIIIeHYIO M ra-

meHYIO MSBeCTb, ero rrpM-

MeH5IIOT B CTpOMTeJIbCTBe.

M paMOp M.n;eT Ha MsrOTOB-

JIeHMe cTaTYM, MM OT,D,eJIa-

HbI CTaHD;MM MeTpo.

lIs 3TOM COJIM HaseMHbIe PHC. 65. MeJIOBbIe ropbI
mMBOTHbIe «CTp05IT» CBOM

CKeJIeTbI -

BHYTpeHHlO1O orropy .n;JI5I M5IrKMX TKaHeM, KOTO-

pbIe B .n;eC5ITKM pas rrpeBbImalOT Bec CaMOM orropbI.

clJocipam KanblfuSl Ca
3 (PO 4)2' HepaCTBopMMbIM B BO-

.n;e,
- 3TO OCHOBa MMHepaJIOB iPOCiPOPMTOB M arraTMTOB.

lIs HMX rrpOM3BO,D,5IT iPociPopHbIe y.n;06peHM5I, 6es KOTOpbIX
6bIJIO 6bI HeBOSMomHO rrOJIY"L£eHMe BbICOKMX ypomaeB B CeJIb-

CKOM XOS5IMCTBe. <l>ociPaT KaJIbD;M5I TaKme BXO,D,MT B COCTaB

KOCTeM mMBOTHbIX.
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1. COJIH. 2. HOMeHKJIaTypa COJIen:. 3. PacTBopHMI.Ie,
HepaCTBopHMbIe H MaJIOpaCTBopHMbIe COJIH. 4. XJIO-

pH,ZJ; HaT}>H5I (rroBapeHHa5I COJTh). 5. Kap60HaT RaJII.-

IJ;HH (MeJI, MpaMOp, H3BecTHHK). 6. cl»ocrI>aT KaJII.IJ;HH.
"

?
. ...............................................

1
COCTaBbTe <POPMYJIbI COJIen HaTpH.H, KaJIbU;H.H H aJIIOMHHH.H

P;JI.H CJIep;YIOID;HX KHCJIOT: asoTHon, cepHon H <pOc<popHon. ,D;an-
Te HX Ha:maHHH. KaKHe HS COJIen paCTBopHMbI B Bop;e?

3arrHillHTe <POPMYJIbI CJIep;YIOID;HX COJIen: a) Kap60HaTa KaJIH.H,

CYJIb<pHp;a CBHHu;a (II), HHTpaTa meJIesa (III); 6) XJIOpHp;a CBHH-

u;a (IV), <poc<paTa MarHHH, HHTpaTa aJIIOMHHHH.

I1s rrepe'lHCJIeHHbIX <POPMYJI: H
2 8, K

2
S0

3 , KOH, 803' Fe(OH)3'
FeO, N

2
0

3 ,
Cu

3 (P0 4 h, Cu
2 0, P

2
0

5 ,
H

3
P0

4
BbillHillHTe rrocJIep;o-

BaTeJIbHO <POPMYJIbI: a) OKCHP;OB; 6) KHCJIOT; B) OCHOBaHHn;

r) COJIen. ,D;anTe HaSBaHH.H BeID;eCTB.

2

PHC. 64. KpacHBenillHe MopCKHe opraHH3MbI
-

KOpaJIJIbI
-

CTpOHT

CBon CKeJIeT HS Kap60HaTa KaJIbU;HH. OCTaTKH HX 06paSyIOT

KOpaJIJIOBbIe aTOJIJIbI H pH<pbI

3
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KpMCTaJIJIMQeCKMe
perneTKM

�.

Bem;eCTBO, KaK BaM MSBeCTHO, MomeT cym;ecTBoBaTb
B Tpex ar.peraTHbIX COCT05IHM5IX: raso06paSHOM, mM,D,KOM
M TBep,n;OM (pMC. 66). HanpMMep, KMCJIOpO,n;, KOTOpbIM IIPM
06bPIHbIX YCJIOBM5IX npe,n;CTaBJI5IeT C060M ras, npM TeMnepa-

Type -194 DC IIpeBpam;aeTC5I B mM,n;KOCTb rOJIy6oro D;BeTa,
a IIPM TeMilepaType -218,8 DC saTBep,n;eBaeT B cHero06pas-
HYIO Maccy, COCT05Im;yIO MS KpMCTaJIJIOB CMHero D;BeTa.

TBep,n;bIe Bem;eCTBa ,n;eJI5IT Ha H:pUcmaJlJlU'leCH:ue M

aMoprjJHble.

AMoprpHble 6eUfecm6a He MMeIOT 'tJeTKOM TeMilepaTY-

pbI IIJIaBJIeHM5I -

IIPM HarpeBaHMM OHM nOCTeIIeHHO paSM5Ir-
'tJaIOTC5I M IIepeXO,D,5IT B TeKyqee COCT05IHMe. K aMopcl>HbIM
Bem;eCTBaM OTHOCMTC5I 60JIbmMHCTBO IIJIaCTMaCC (HanpMMep,

)

IIJIaBJIeHII e

>

�
'

lJK� aKo e

8 <

Teepaoe

I\-.}

....

<

3aMep3aHIIe

I:IcrrapeHIIe

KOH.I\eHCaIJ;II.!1

PHC. 66. ArperaTHble COCTOHHIfH BOP;bI

114

�.

.

,/, �y;r...', _i�'��;
..It ..

, �-.,.,\

.'t.'. "�;,.<� "

�. ,,:�r ���
:

� ��:,

",

,"

,
i

)".-
� �

:;/.: i

)".'
1':""i.,

.

"

. -'.J.', ."� '''?�

"

.

j
"

"

."

"

,,�J l

�

..
,'i .(

PHC. 67. AMOp<pHb1e Bem;eCTBa If MaTepIfaJIbI

raioo6pa31iOe
IJ i

IIOJIM3TMJIeH), BOCK, mOKOJIa,D" nJIaCTMJIMH, paSJIIf'IHbIe CMO-

JIbI M meBaTeJIbHbIe peSMHKM (pMC. 67).

KpucmannUv.ecKue 6eUfecm6a XapaKTepMSYIOTC5I npa-

BMJIbHbIM pacnOJIOmeHMeM COCTaBJI5IIOm;MX MX 'tJaCTMD; B

CTporo onpe,n;eJIeHHbIX To'tJKax IIpOCTpaHCTBa. IIpM coe,n;MHe-

HMM 3TMX To'tJeK np5IMbIMM JIMHM5IMM 06pasyeTC5I IIpOCTpaH-

cTBeHHbIM KapKac, HasbIBaeMbIM KpuCmannUv.ecKou pe-

memKou. TO'tJKM, B KOTOpbIX paSMem;eHbI 'tJaCTMD;bI KpMC-

TaJIJIa, HaSbIBaIOT Y3naMu pememKu.

B YSJIax Bo06pamaeMoM KpMCTaJIJIM'tJecKoM pemeTKM MO-

rYT HaxO,n;MTbC5I MOHbI, aTOMbI M MOJIeKYJIbI. 8TM 'tJaCTMD;bI

COBepmaIOT KOJIe6aTeJIbHbIe ,D,BMmeHM5I. C nOBbImeHMeM

TeMilepaTypbI paSMax 3TMX KOJIe6aHMM BospaCTaeT, 'tJTO

IIpMBO,n;MT, KaK npaBMJIO, K TenJIOBOMY pacmMpeHMIO TeJI.

B SaBMCMMOCTM OT TMIIa 'tJaCTMD;, paCIIOJIOmeHHbIX B YSJIax

KpMCTaJIJIM'tJecKoM pemeTKM, M xapaKTepa CB5ISM Mem,D,Y HM-

MM paSJIM'tJaIOT 'tJeTbIpe TMna KpMCTaJIJIM'tJeCKMX pemeTOK:

UOHHble, amOMHble, MOJleH:YJl.flpHble M MemaJlJlU'leCH:ue

(Ta6JI. 6).
HOHHblMU HaSbIBaIOT KpMCTaJIJIM'tJecKMe pemeTKM, B YS-

JIax KOTOpbIX Haxo,n;5ITC5I MOHbI. Ilx 06pasYIOT Bem;eCTBa

C MOHHOM CB5ISbIO, KOTOpOM MorYT 6bITb CB5ISaHbI KaK IIpOC-

TbIe MOHbI Na+, Cl-, TaK M CJIOmHbIe SO�-, OH-. CJIe,n;oBa-

>

/;15
,r-

I

III

I'

I:
II

1 '1'

I

I'
I

I

I: I

.

.�



I
I

I.

IIOJIOJKEHME 3JIEMEHTOB B IIEPMO,DJiqECKOfi Ta6Jluqa 6

CMCTEME ,lI.. M. MEH,lI.EJIEEBA M TMIIbI

KPMCTAJIJIMqECKMX PElliETOK

MX IIPOCTbIX BEIIJ,ECTB*

rpynna
IIepHofJ;

I II III IV V

1 H
2

He

2 Li Be B C N
2 O

2
F

2 Ne

3 Na Mg AI Si P4 8
8

C1
2 Ar

4 K Ca Ga Ge As Se Br
2 Kr

5 Rb Sr In Sn Sb Te 1
2

Xe

THn KpHC- MeTaJIJIIPleCKaH ATOMHaH MOJIeKY-
TaJIJIH'le-

JIHPHaH
CKOM

pemeTKH
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PHC. 68. HOHHaH KpHCTaJIJIHqeCKaH pemeTKa (XJIOP H,lJ; Ha TpHH)

..i"
.

'��. i't.

...

PHC. 69. ATOMHaH KpHCTaJIJIHqeCKaH pemeTKa (aJIMas)

*

IIpocTble Beru;eCTBa, 06pasoBaHHble SJIeMeHTaMH, He npep;CTaB-
JIeHHbIMH B Ta6JIHu;e, HMelOT MeTaJIJIHqeCKYIO pemeTKY.

TeJIbHO, MOHHbIe KpMCTaJIJIJItIeCKMe perneTKM MMelOT COJIM,

OCHOBaHmI (m;eJIO"tIM), HeKOTopbIe OKCM,D,bI. HarrpMMep,
KpMCTaJIJI XJIOpM,D,a HaTpMfl rrOCTpoeH M3 "tIepe,D,YIOm;MXCfl rro-

JIOmMTeJIbHbIX MOHOB Na+ M OTpm:J;aTeJIbl[bIX Cl-, 06pasyro-
m;MX perneTKY B IPopMe Ky6a (pMC. 68). CBflSM Mem.n;y MOHa-

MM B TaKOM KpMCTaJIJIe O"tIeHb rrpO"tIHbI. II03TOMY Bem;eCTBa C

MOHHOM perneTKoM 06JIa,D,a1OT cpaBHMTeJIbHO BbICOKOM TBep-

.n;OCTblO M rrpO"tIHOCTblO, OHM TyrOrrJIaBKM M HeJIeTyqM.

AmOJIUtbtMU HaSbIBalOT KpMCTaJIJIM"tIeCKMe perneTKM,

B YSJIax KOTOpbIX HaXO,D,flTCfl OT,D,eJIbHbIe aTOMbI. B TaKMX

perneTKax aTOMbI COe,D,MHeHbI Mem,D,y C060M O"tIeHb rrpO"tIHbI-
MM KOBaJIeHTHbIMM CBfl3flMM. TaKOM TMrr KpMCTaJIJIM"tIeCKOM
perneTKM MMeeT aJIMaS (pMC. 69) -

O.n;HO MS aJIJIOTpOrrHbIX

BM.n;oM3MeHeHMM yrJIepO,D,a. OrpaHeHHbIe M OTrnJIMIPOBaHHbIe
aJIMaSbI HaSbIBalOT 6pMJIJIMaHTaMM. Hx rnMpoKo rrpMMeHfllOT

B IOBeJIMpHOM .n;eJIe (pMC. 70).
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PHC. 70. ,ZJ;Be HMnepaTopCKHe KOpOHbI C aJIMaSaMH: a -

KopOHa

BpHTaHcKoM HMnepHH; 6 - 60JIbmaH HMnepaTopcKaH KopOHa

POCCHMCKOM HMnepHH
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K Bem;eCTBaM C aTOMHOH KpMCTaJIJIMqeCKOH pemeTKOH
OTHOCflTCfl KpMCTaJIJIMqeCKMe 60p, KpeMHMH M repMaHMH,
a TaKme CJIOmHbIe Bem;eCTBa, HarrpMMep TaKMe, KaK KpeM-

HeseM, KBapu;, rreCOK, ropHbIH xpYCTaJIb, B COCTaB KOTOpbIX

BXO,n;MT OKCM,n; KpeMHMfl (IV) 8i0
2 (pMC. 71).

BOJIbmMHCTBo Bem;eCTB C aTOMHOH KpMCTaJIJIMqeCKOH pe-
meTKoH MMeIOT OqeHb BbICOKMe TeMilepaTypbI rrJIaBJIeHMfl

(HaIIpMMep, Y aJIMaSa OHa CBbIme 3500 DC, Y KpeMHMfl
-

1415 °C, Y KpeMHeseMa
- 1728 DC), OHM IIPOqHbI M TBep,D,bI,

rrpaKTMqeCKM HepaCTBopMMbI.

M OfteKY ftstpu b£MU HaSbIBaIOT KpMCTaJIJIMqeCKMe pemeT-

KM, B YSJIax KOTOpbIX paCilOJIaraIOTCfl MOJIeKYJIbI (pMC. 72).
XMMMqeCKMe CBflSM B 3TMX MOJIeKYJIaX MorYT 6bITb M KO-

BaJIeHTHbIMM IIOJIflpHbIMM (XJIOPOBO,n;OpO,D, HCI, Bo,n;a H
2 0),

M KOBaJIeHTHbIMM HerrOJIflpHbIMM (aSOT N
2 , OSOH 03). He-

CMOTpfl Ha TO qTO aTOMbI BHYTPM MOJIeKYJI CBflsaHbI OqeHb

IIPOqHbIMM KOBaJIeHTHbIMM CBflSflMM, Mem,n;y caMMMM MO-

JIeKYJIaMM ,n;eHCTBYIOT CJIa6bIe CMJIbI MemMOJIeKYJIflpHOrO

rrpMTflmeHMfl. II03TOMY Bem;eCTBa C MOJIeKYJIflpHbIMM KpMC-
TaJIJIJItIeCKMMM pemeTKaMM MMeIOT MaJIy:IO TBep,n;OCTb, HMS-

KMe TeMilepaTypbI IIJIaBJIeHMfl, JIeTyqM.

IIpMMepaMM Bem;eCTB C MOJIeKYJIflpHbIMM KpMCTaJIJIMqe-
CKMMM pemeTKaMM flBJIflIOTCfl TBep,D,aJ.I: Bo,n;a

-

JIe,D" TBep-

,n;bIH OKCM,n; yr JIepo,n;a (IV) CO
2

- <, CYXOH JIe,D, », TBep,D,bIe

XJIOpOBO,n;OpO,n; HCI M cepoBo,n;opO,n; H
2 8, TBep,D,bIe rrpOCTbIe

Bem;eCTBa, 06pasoBaHHbIe O,n;HO- (6JIaropo,n;HbIe raSbI: reJIMH,

�
CtJ

cQ

� �
PHC. 72. MOJIeKymlpHaH KpHCTaJIJIH"IeCKaH pemeTKa

(yrJIeKHCJIbIM ras)

HeOH, aproH, KpMIITOH), ,D,BYX- (BO,n;OpO,D, H
2 , KMCJIOpO,D, 02'

XJIOp CI
2 ,

aSOT N
2 , MO,n; 1

2 ), Tpex- (OSOH Og), qeTbIpex- (6e-

JIbIH cl>occl>op P 4)' BOCbMMaTOMHbIMM (cepa 8
8 ) MOJIeKYJIaMM.

BOJIbmMHCTBo TBep,n;bIx OpraHMqeCKMX coe,n;MHeHMH MMeIOT

MOJIeKYJIflpHbIe KpMCTaJIJIMqeCKMe pemeTKM (Hacl>TaJIMH,

rJIIOKOSa, caxap).

Bem;ecTBa C MeTaJIJIMqeCKOH CBflSbIO MMeIOT MemaftftU-

-rteCKue KpUCmaftftu-rtecKue pememKu (pMC. 73). B YSJIax

TaKMX pemeTOK Haxo,n;flTCfl aTOMbI M MOHbI (TO aTOMbI,

TO MOHbI, B KOTopbIe JIerKO IIpeBpam;aIOTCfl aTOMbI MeTaJIJIa,

OT,D,aBaJ.I: CBOM BHemHMe 3JIeKTpOHbI B 06m;ee IIOJIbSOBaHMe).
TaKoe BHYTpeHHee CTpoeHMe MeTaJIJIOB OIIpe,n;eJIfleT MX xa-

paKTepHbIe cl>MSMqeCKMe CBOHCTBa: KOBKOCTb, rrJIaCTJItIHOCTb,

3JIeKTpO- M TeIIJIOilpOBO,D,HOCTb, MeTaJIJIMqeCKMH 6JIeCK.
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PHC. 71. AToMHaH KpHCTaJIJIH"IeCKaH pemeTKa

(OKCH,lI; KpeMHHH (IV» PHC. 73. MeTaJIJIH"IeCKaH KpHCTaJIJIH"IeCKaH pemeTKa (:iKeJIeso)
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,1];JIH Be:ru;ecTB, MMelO:ru;Mx MOJIeKYJIHpHOe cTpoeHMe, crrpa-

Be,n;JIMB OTKpbITbIM <!>paHU;Y3CKMM XMMMKOM m. 31. IIpycToM
(1799-1803) 3aKOH rrOCTOHHCTBa COCTaBa. B HaCTOH:ru;ee

BpeMH STOT 3aKOH <!>OPMYJIMPYIOT TaK:

..
MOJIeKYJUlpHLIe XHMHqeCKHe coe.n;HHeHHH He3a-

BHCHMO OT cnoco6a HX no.rryqeHHH HMelOT no-

CTOHHHLIH COCTaB H CBoHcTBa.

3aKOH IIpycTa HBJIHeTCH O,n;HMM M3 OCHOBHbIX 3aKOHOB

XMMMM. O,n;muw ,n;JIH Be:ru;eCTB C HeMOJIeKYJIHpHbIM CTpoeHM-

eM, HarrpMMep MOHHbIM, STOT 3aKOH He Bcer,n;a crrpaBe,n;JIMB.

1. TBep.n;oe, :/KH)J;KOe H ra3006pa3Hoe COCTOHHHH Bem;e-
CTBa. 2. TBep.n;LIe Bem;eCTBa: aMopcpHLIe H KPHCTaJI-
JIHqeCKHe. 3. KpHC1'aJlJIl{qeCKHe pemeTKH: HOHHLIe,

aTOMHbIe, MOJIeKYJIHpHbIe H MeTaJIJIHqeCKHe. 4. 3aKoH

nOCTOIDICTBa COCTaBa.

...............................................

1
Kmm:e cBoiicTBa HaqJTaJIHHa JIemaT B OCHOBe ero npHMeHeHH.H

.n;JI.H sam;HTI.I rnepCT.HHI.IX Hs.n;eJIHii OT MOJIH?

KaRHe CBOMCTBa aMopQ>HI.IX nJIaCTMaCC JIemaT B OCHOBe HX

npHMeHeHH.H? KaRHe RaqeCTBa aMopQ>HI.IX Bem;eCTB npHMeHH-

MI.I .n;JI.H onHCaHH.H oco6eHHOCTeM xapaRTepa OTp;eJII.HI.IX mo.n;eM?

IIoqeMY OTRpI.ITI.IM B 1825 r. .n;aTCRHM yqeHI.IM K. X. 8pcTe.n;oM
aJIIOMHHHM em;e .n;OJIroe BpeM.H OTHOCHJIC.H R .n;parou;eHHI.IM

MeTaJIJIaM?

2

3

4
BcnOMHHTe npOHSBe.n;eHHe A.BeJI.HeBa «IIpo.n;aBeu; Bosp;yxa�

H oxapaRTepHsYMTe CBOMCTBa TBep.n;oro RHCJIOpo.n;a, HCnOJII.SY.H

ero onHcaHHe, npHBe.n;eHHoe B RHHre.

5 IIoqeMY TeMllepaTypa llJIaBJIeHH.H MeTaJIJIOB HSMeH.HeTC.H B OqeHI.

rnHpORHX npe.n;eJIax? ,1];JI.H no.n;rOTOBRH OTBeTa Ha 3TOT BOnpoC

HCnOJII.sYMTe .n;onOJIHHTeJII.HYIO JIHTepaTYPY.

IIoqeMY Hs.n;eJIHe HS RpeMHH.H npH y.n;ape paCRaJII.lBaeTC.H Ha RY-

COqRH, a Hs.n;eJIHe HS CBHHu;a TOJII.RO paCnJIIOm;HBaeTC.H? B Ra-

ROM HS y:RasaHHI.IX CJIyqaeB npOHcxo.n;HT paspyrneHHe XHMHqe-

CROM CB.HSH, a B RaROM - HeT? IIoqeMY?

6

� 23
qlicTbIe Bem;eCTBa

Ii CMeCIi

IIorrp06YMTe OTBeTMTb Ha CJIe,n;YIO:ru;MM Borrpoc: (,MOmHO
JIM M3yqaTb CBOMCTBa BO,n;bI, MCrrOJIb3YH ,n;JIH STOM u;eJIM MOp-

CKYIO BO,n;y? » KOHeqHO me HeT, M60 MopCKaH Bo,n;a rrpe,n;-
CTaBJIHeT C060M He qMCTYIO H

2 0, a CMeCb pa3JIWIHBIX Be-

:ru;eCTB B HeM, M B rrepBYIO Oqepe,n;b COJIeM (OCHOBHYIO Maccy
MX COCTaBJIHeT XJIOpM,n; HaTpMH), KOTOpbIe npM,n;alOT MOp-
CKOM Bo,n;e cBoe06pa3HbIM ropbKO-COJIeHbIM BKYC. Kam,n;oe
Be:ru;eCTBO, BbI,n;eJIeHHOe M3 MOPCKOM BO,n;bI, MMeeT orrpe,n;e-
JIeHHble CBoMcTBa. ,1];a M caMa Bo,n;a, He 3arpH3HeHHaH rrOCTO-

pOHHMMM rrpMMeCHMM MJIM co,n;epma:ru;aH MX "tIpe3BblqaHHO
MaJIO,

- ee Ha3bIBalOT aUcmUJLJLUp06all1l0U 60aOU -

xa-

paKTepM3yeTcH pH,n;OM cneU;M<!>MqeCKMX CBOMCTB, C KOTOpbI-
MM BbI 3HaKOMMJIMCb paHblIIe, Kor,n;a paCCMaTpMBaJIM OKCM-

,n;bI. HarrpMMep, OHa 3aMep3aeT rrpM TeMrrepaType 0 ac, Tor-

,n;a KaK OKeaHCKaH Bo,n;a
-

rrpM TeMrrepaType -1,9 ac.

IIpMpo,n;HaH Bo,n;a He 6bIBaeT COBeplIIeHHO "tIMCTOM. HaM60-

JIee qMCTOM HBJIHeTCH ,n;om,n;eBaH Bo,n;a, HO M OHa co,n;epmMT
3HaqMTeJIbHble KOJIMqeCTBa pa3JIMqHbIX rrpMMeceM, KOTopble
3aXBaTbIBaeT M3 B03,n;yxa.

B mM3HM, KaK rrpaBMJIO, MbI BCTpeqaeMCH He C qMCTbIMM

Be:ru;eCTBaMM, a co CMeCHMM Be:ru;eCTB. 8TM CMeCM MOryT 6bITb

lleOa1l0pOallblMU (HanpMMep, MYTHaH peqHaH Bo,n;a co,n;ep-
mMT B ce6e HepaCTBopMMble "tIaCTMU;bI neCKa M rJIMHbI, KOTO-

pble BM,n;HbI HeBoopymeHHbIM rJIa30M) M Oa1l0pOallblMU
(pacTBopbI crrMpTa, caxapa), B KOTOpbIX HeJIb3H 3aMeTMTb

rpaHMU;y pa3,n;eJIa Mem,n;y Be:ru;eCTBaMM.

Cpe,n;M CMeceM MomHO TaKme BbI,n;eJIMTb :JICUaKUe, m6ep-
able M za3006pa31lble (pMC. 74). BaJImeMlIIaH za3006pa31la.H
CMeCb -

B03,n;yx
-

rrpe,n;CTaBJIHeT C060M CMeCb a30Ta, KMC-

JIopo,n;a, yrJIeKMCJIOrO ra3a, aprOHa M ,n;pyrMX Be:ru;eCTB.
K m6epablM CMeCHM MomHO OTHeCTM CTeKJIO M pa3JIWIHble
CrrJIaBbI -

CTaJIb, 6pOH3Y, JIaTYHb M ,n;p.

CocTaB CMeceM MomeT 6bITb caMbIM pa3Ho06pa3HbIM,
M OHM, B OTJIMqMe OT qMCTbIX Be:ru;eCTB, MMelOT ,n;pyrMe CBOM-

CTBa. TaK, qMCTaH Bo,n;a 3aMep3aeT npM 0 ac, a eCJIM pac-

TBOpMTb B HeM rroBapeHHYIO COJIb, TO MomHO ,n;06MTbCH 3Ha-

qMTeJIbHOrO rrOHMmeHMH TeMrrepaTypbI 3aMep3aHMH. 8TMM,
HarrpMMep, rrOJIb3YlOTCH JIeHMBble pa60THMKM ropo,n;CKoro
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MeJIbXlIOp

�
KOMMYHaJIbHOrO X03flHcTBa,

Kor,n;a B rrepMo,n; rOJIOJIe,n;UIJ;bI

nOCbIrralOT TpoTyapbI TeXHM-

"IeCKOH nOBapeHHoH COJIblO

MJIM ,n;pyrMMM peareHTaMM

(pMC. 75).
COCTaB CMeceH YCTaHaB-

JIMBalOT C rrOMOIIJ;blO XUMU-

'leCKOZO allaJLU3a. XMMM-

"IeCKMH aHaJIM3 npMMeHfllOT

O"IeHb IIIMpOKO, OH He06-

XO,n;MM rrpM peIIIeHMM Ba.iK-

HeHIIIMx X03flHcTBeHHbIx M
PHC. 75. 06pa6oTKa p;oporn

aHTHrOJIOJIep;HbIM peareHTOM
HaY"IHO-TeXHM"IeCKMX 3a,n;a"I.

B3flTMe np06 ,n;JIfl aHaJIM3a

CTaJIM no xo,n;y ee BbIIIJIaBKM (HarrpMMep, orrpe,n;eJIeHMe co-

,n;epmaHMfl yrJIepo,n;a) - 06.H3aTeJIbHOe YCJIOBMe ycrreIIIHoro

rrpoBe,n;eHMfl MeTaJIJIyprWIecKoro rrpou;ecca.

Be3 orrpe,n;eJIeHMfl KOHIJ;eHTpaIJ;MM npMMeceH, 3arpfl3HfllO-

IIJ;MX BO,n;y M B03,n;yx, HeB03MomeH KOHTpOJIb 3a COCTO.HHMeM

oKpymalOIIJ;eH cpe,n;bI. XMMM"IeCKMH aHaJIM3 ropHbIx nopo,n;

M py,n; MCnOJIb3YlOT rrpM pa3Be,n;Ke IIOJIe3HbIX MCKorraeMbIX.

BcnoMHMTe IDepJIoKa XOJIMCa, cbIIIJ;MKa, repofl rrpoM3Be,n;e-

HMH A. KOHaH ,1];ofuIa: eMY Hepe,n;Ko rrOMOraJIM orrpe,n;eJIMTb

BMHOBHOCTb MJIM HeBMHOBHOCTb rro,n;03peBaeMoro MMeHHO pe-

3YJIbTaTbI XMMM"IeCKOrO aHaJIM3a, rrpoBe,n;eHMIO KOToporo OH

nocBflIIJ;aJI HeMaJIYIO "IaCTb CBoero cB060,n;Horo BpeMeHM. XM-

MWIecKMH aHaJIM3 He06xo,n;MM KpMMMHaJIMCTY M apxeoJIory,

Me,n;MKY M MCKyccTBoBe,n;y M MHorMM ,n;pyrMM CrreU;MaJIMCTaM.

A KOCMM"IeCKMe MCCJIe,n;oBaHMfl? 1:I3Y"IeHMe aTMoc<t>epbI Be-

HepbI, ropHbIX rropo,n; Mapca, COCTaBa JIYHHoro rpYHTa He-

B03MomHO 6e3 rrpOBe,n;eHMfl XMMM"IeCKOrO aHaJIM3a.

C nOMOIIJ;blO OC06bIX MeTo,n;OB C rrpMMeHeHMeM XMMM"Ie-

CKoro aHaJIM3a rrOJIY"IaIOT oco60 I{UCmble 6el11;ecm6a, B KO-

TOpbIX co,n;epmaHMe rrpMMeceH, BJIM.HIOru;MX Ha MX crreU;M<t>M-
"IeCKMe CBOHCTBa, He npeBbIIIIaeT O,n;HOH CTOTblCfl"IHOH M ,n;a-

me O,n;HOH MMJIJIMOHHOH ,n;OJIM rrpou;eHTa. 8TM Beru;eCTBa

MrpalOT BamHYIO pOJIb B aTOMHOH :3HepreTMKe, nOJIynpOBO,n;-

HMKOBOH rrpOMbIIIIJIeHHOCTM, BOJIOKOHHOH orrTMKe M T.,n;.

CBOHCTBa oc060 "IMCTbIX Beru;eCTB Mcno.nb3YIOT ,n;JIfl C03,n;aHMfl

rrpMHU;MrrMaJIbHO HOBbIX rrpM60poB MJIM TeXHOJIOrM"IeCKMX

rrpou;eCCOB.
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OTIMCTKa Be�eCTB
- BamHeMmafl IIp06JIeMa XMMMM. IIpo-

CTeMmMe CIIoc06bI OTIMCTKM Be�eCTB BaM M3BeCTHbI M3 KYP-

COB 60TaHMKM M npMpo,n;OBe,n;eHMfl. ,n:JIfl OTIMCTKM IIpMpO,n;-

HOM BO,n;bI OT B3BemeHHbIX B HeM TIaCTMII; ee <t>MJIbTPYIOT

TIepe3 CJIOM IIOpMCTOI'O Be�ecTBa, HarrpMMep YI'JIfl, 060m-

meHHOM I'JIMHbI M T. II. IIpM OTIMCTKe 60JIbmMX KOJIIftIeCTB BO-

,n;bI MCIIOJIb3YIOT <t>MJIbTpbI M3 neCKa M I'paBMfl. Q)IDIbTPbI 3a-

,n;epmMBalOT TaKme 60JIbmyIO TIaCTb 6aKTepMM. KpOMe TOI'O,

,n;JIfl 06e33apamMBaHMfl nMTbeBoM BO,n;bI ee XJIOpMPYIOT (CM.
pMC. 84, � 25).
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PHC. 76. HaRIIllh: a - Ha CTeHRax TPy6;
6 - Ha

CIIHpa!IH 3JIeRTpHqeCROrO qaHHHRa

[.'

[

[.

[

1. qHcTbIe Bem;ecTBa H CMeCH. 2. Oco60 lIHCTbIe Bem;e-

CTBa. 3. XHMlflieCKHH aHaJIH3.

.

Co,n;epmaHMe pacTBOpeHHOI'O Be�eCTBa B paCTBope BbIpa-
malOT C IIOMO�blO el'o MaccoBoM ,n;OJIM.?

. ...............................................

1 ITpHBep;HTe IIpHMephI mHp;RHX, TBepp;hIX H ra3006pa3HhIx
CMeceH.

MomHo JIH P;HCTHJIJIHpOBaHHYIO BOP;Y CQHTaTh oco6o QHCThIM

Bem;ecTBoM? ITOQeMY?

RaR IIpHMeHHIOT MeTop;hI XHMHQeCROrO aHaJIH3a B CBoeH pa6o-
Te RpHMHHaJIHCThI, apXeOJIOrH, Mep;HRH H HCRyccTBoBep;hI?

ITop;roToBhTe C006m;eHHe 06 aTOM, IICIIOJIh3YH P;OIIOJIHHTeJIh-

HYIO JIHTepaTYPY.

ITpep;JIOmHTe CIIoco6hI pa3p;eJIeHH.H CMeceH, COCTOHm;HX: a) H3

meJIe3HhIX H Mep;HhIX OIIHJIOR; 6) H3 IIOpOillROB meJIe3a H cephI.

II

OTHomeHMe MaCCbI pacTBOpeHHOI'O
K 06�eM Macce pacTBopa Ha3bIBalOT

.n;OJIeH pacTBOpeHHOI'O Bem;ecTBa.

Be�eCTBa

MaccoBoH
2

3

MaCCOBYIO ,n;OJIIO 0603HaTIalOT JIaTMHCKoM 6YKBOM W

«,,n;y6JIb-Be») M BbIpamalOT B ,n;OJIflX e,n;MHMII;bI MJIM IIpOII;eHTax:

W(B ,n;OJIflX) =
m(B-BO)

, W(B %) = W .100% .

m(p_p)

TaR, MaCCOBafl ,n;OJIfl pacTBopeHHbIx COJIeM B npeCHbIX BO-

,n;ax COCTaBJIfleT 0,01-0,1 %, a B MOpCKOM Bo,n;e MX OKOJIO

3,5%. PaccMoTpMM, KaK npOM3Bo,n;MTb paCTIeTbI C MCIIOJIb30-

BaHMeM IIOHflTMfl ('MaCCOBafl ,n;OJIfl».

4

� 24
MaCCOBa5I M 06"beMHa5I .n;OJIM

KOMIIOHeHTOB CMeCM

(paCTBopa)
B 150 I' BO,n;bI paCTBOpMJIM 50 I' <t>OC<t>OpHOM
KMCJIOTbI. HaM,n;MTe MaCCOBYIO ,n;OJIIO KMCJIOTbI

B IIOJIYTIeHHOM pacTBope.

Pezuenue:

3aiJa'lla 1.
.........

MbI yme 3HaeM, TITO npMpo,n;Hafl Bo,n;a HMKOI',n;a He 6bIBaeT

COBepmeHHO TIMCTOM. Bo,n;y, Co;n;epma�ylO 3HaTIMTeJIbHOe KO-

JIMTIeCTBO COJIell: KaJIbII;Mfl M MarHMfl, Ha3bIBaJOT :JICeCmKOU

B OTJIMTIMe OT M.R.2KOU BO,n;bI, HanpMMep ;n;om,n;eBOM. JKecT-

Kafl Bo,n;a ;n;aeT MaJIO IIeHbI C MbIJIOM, a Ha CTeHKax KOTJIOB

M TPy6 II;eHTpaJIbHOI'O OTOIIJIeHMfl (pMC. 76, a), a TaKme

Ha cTeHKax M CnMpaJIM :3JIeKTpOTIaMHMKOB npM ee KMIIflTIe-

HMM 06pa3yeTcfl HaRMIIb (pMC. 76, 6). JKecTKocTb BO,n;bI

3aBMCMT OT KOJIMTIeCTBa paCTBopeHHbIX B HeM COJIeM.

J( ana:

m(p- pa H
3

PO 4)
=

= 501'

m(H 2 0) = 150 I'

W(HgP04)
- ?

w
= m(R-Ta)

.

m(p-p)

m(p-p) =

m(K-Ta) + m(H 2 0).

m(p-pa H
3
P0

4 ) = 50 I' + 150 I' = 200 1'.

w(HgP04)
= 50 I' : 200 I' = 0,25 (25%).

Om6em: w(H 3
P0

4 ) = 0,25, MJIM 25%.

�I124
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3aoa"lla 2. CIWJIbIW rpaMMOB BO,n;bI M HMTpaTa HaTpM.ff

HymHo B3.ffTb, qT06bI npMrOTOBMTb 80 r 5% - ro

pacTBopa?

Pezuenue:

.........

J(ano:

m(p-paNaNO g ) = m(B-Bo)
= m(p-p). w.

= 80 r m(H 2 0)
=

m(p-p)
-

m(B-Bo).

w(NaNO g ) = 0,05 m(NaNO g ) = 80 r. 0,05 = 4 r.

m(NaNO g ) _ ?
m(H 2 0) = 80 r

- 4 r = 76 r.

m(H 2 0) - ?

Om6em: m(NaNO g ) = 4 r; m(H 2 0) = 76 r.

B IOBeJIMpHbIX M TeXHMqeCKMX M3,n;eJIM.ffX npMMeH.ffIOT

He qMCTOe 30JIOTO, a ero CnJIaBbI, qa:ru;e Bcero C Me,n;bIO M ce-

pe6pOM. "lJMcToe 30JIOTO - MeTaJIJI CJIMmKOM M.ffrKMM, HO-

rOTb OCTaBJI.ffeT Ha HeM CJIe,n;, M3HOCOCTOMKOCTb ero HeBeJIM-

Ka. IIp06a, CTO.ff:ru;a.ff Ha 30JIOTbIX M3.n;eJIM.ffX, M3rOTOBJIeH-

HbIX B HameM CTpaHe, 03HaqaeT MaCCOBYIO ,D,OJIIO 30JIOTa

B CnJIaBe, TOqHee, co.n;epmaHMe ero M3 paCqeTa Ha TbIC.ffqy

MaCCOBbIX qaCTeM CnJIaBa.

IIp06a 585
0

, HanpMMep, 03HaqaeT, qTO B CnJIaBe Macco-

Ba.ff .n;OJI.ff 30JIOTa COCTaBJI.ffeT 0,585, MJIM 58,5% (pMC. 77).
AHaJIOrMqHO MaccoBoM ,n;OJIe onpe.n;eJI.ffeTC.ff M 06'beMHaJI

.n;OJI.ff ra3006pa3Horo Be:ru;eCTBa B ra30BoM CMeCM, 0603Haqae-

Ma.ff rpeqeCKOM 6YKBOM � «'4>M»):

_ V(B-BO)
cP

-

V(cMecL)'

BJIarOpOAHbIe
ra3bI - 0,94%

CO 2 , npOTIHe ra3bI

H npHMeCH
- 0,06%-

PHC. 78. CocTaB

Bosp;yxa

CH 4
- 90%

C 2 H 6
- 4%

CgH8 - 2%

C 4 H lO -l%

C 5 H 12 -1%

N 2 HAP. ra3bI - 2%

PHC. 79. CocTaB

rrpIIpop;Horo rasa

TaK, 06'beMHbIM COCTaB B03.n;yxa oTpameH Ha .n;MarpaMMe

(pMc.78). COCTaB npMpo.n;Horo ra3a o.n;Horo M3 MeCTO-

pom,n;eHMM npe,n;CTaBJIeH Ha ,n;MarpaMMe (pMC. 79).

CKOJIbKO Ky6MqeCKMX MeTpOB KMCJIOpo,n;a MO-

meT 6bITb nOJIyqeHO nYTeM 4>paKIJ;MOHHOM

rreperOHKM mM,n;Koro B03.n;yxa, eCJIM MCXO,n;-

HbIM 06'beM B03,D,yxa 6bIJI paBeH 800 M
g

(H. y.),
a, KaK M3BeCTHO, 06'beMHa.ff .n;OJI.ff KMCJIOpo.n;a

B B03,n;yxe COCTaBJI.ffeT 0,21?

V(02)
=

V(B03,n;.). �(02)'

V(02)
= 800 Mg. 0,21 = 168 Mg.

3aoa"lla 3.
.........

OTCIO.n;a

V(B-BO) = V(cMeCl» .

cp,

V(cMecn) = V(B-BO)
.

<p

-���'\..�
�-� ;<11-.... '\I:I.r, ,

�

�.� ,"ts7,_,<� .;r-j.�
�
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-

�
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�.;;......,�..
.J �'k

J( ano:

V(B03,n;.) =

= 800 M
g

�(02)
= 0,21

V(02) - ?

Pezuenue:

PHC. 77. Ha Ramp;OM IISp;eJIIIH IIS SOJIOTa YRaSLIBaIOT rrpo6y Om6em: V(02)
= 168 Mg.
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3aoa"l£a 4. HaH,n;MTe Maccy a30Ta, rrOJIY1:JeHHOrO M3 280 JI

.........

B03,n;yxa (H. y.), eCJIM M3BeCTHO, 1:JTO 06'beMHa.H

,n;OJIfl a30Ta B B03,n;yxe COCTaBJIfleT 78%.

Pezuenue:

V(N 2 )
m(N 2 )

= M(N 2 ). n(N 2 ). n(N 2 ) =---v-.
V(N 2)

= V(B03,n;.). �(N 2).
m

V(N 2 )
= 280 JI. 0,78 = 218,4 JI.

( )
218,4 JI

9 75n N
2

=

22 4 /
=, MOJIb.

,
JI MOJIh

M(N 2 ) = 14.2 = 28 r/MOJIb.

m(N 2 ) = 28 r/MOJIb. 9,75 MOJIb
= 273 r.

Om6em: m(N 2 ) = 273 r.

rnaBa '-IeTBepTa5I

J! ano:

HSMeHeHHH,

npOHCXO�H�He C Be�eCTBaMH

V(B03,n;.)
= 280 JI

�(N2)
= 0,78

m(N 2 ) -?

� 25
<PM3IrQeCKMe HBJIeHMH

B XMMMM

BbI yme 3HaeTe, 1:JTO C TeJIaMM M Be:ID;eCTBaMM rrpOMcxo,n;flT

pa3JIM1:JHbIe M3MeHeHMfl, KOTopble Ha3bIBaIOT flBJIeHMflMM,

M rrOMHMTe, 1:JTO MX ,n;eJIflT Ha pU3U1.leCKUe M XUMU1.leCKue.

IIpM rjJU3U1.leCKUX .H6JLellU.HX COCTaB BeIl1;eCTBa OCTaeTCfl 6e3

M3MeHeHMfl, a M3MeHfleTCfl JIMIIIb ero arperaTHoe COCTOflHMe

MJIM <t>opMa M pa3MepbI TeJI.

<PM3WIeCKMe flBJIeHMfl, BblpamaIOIIJ;MeCfl B M3MeHeHMflX

arperaTHoro COCTOflHMfl BeIIJ;eCTBa MJIM <t>OpMbI M pa3MepOB

TeJI, orrpe,n;eJIflIOT BamHeHIIIMe 06JIaCTM rrpMMeHeHMfl MX B Ha-

pO,n;HOM X03flHCTBe. TaK, rrJIaCTM1:JHOCTb aJIIOMMHMfl rr03BOJIfl-

eT BbITflrMBaTb ero B rrpOBOJIOKY MJIM rrpOKaTbIBaTb B TOHKYIO

<t>OJIbry; 3JIeKTpOrrpOBo,n;HOCTb M CpaBHMTeJIbHafl JIerKOCTb

aJIIOMMHMfl rr03BOJIflIOT MCrrOJIb30BaTb ero B Ka1:JeCTBe rrpOBO-

1. MaCCOBaH ,ZJ;OJIH. 2. TIpooa 30JIOTa. 3.00'beMHaH

,ZJ;OJIH H OO'beMHbIH COCTaB B03,ZJ;yxa.

?
. ...............................................

1 ,1];JUI 60ph6hI C 60JIe3H.HMH pacTeHHM, oc06eHHO IIJIOP;OBhIX

p;epeBheB H BHHOI'pap;HHKOB, npHMeH.HIOT paCTBOp cYJIhQJaTa

Mep;H (II). 06hPmo paCTBOp.HIOT 100 I' COJIH Ha Bep;po BOP;hI

(8 JI). KaKoBa MaCCOBaH P;OJI.H COJIH B rrOJIyqeHHOM pacTBope?
CKOJIhKO BOP;hI H COJIH cop;epmHTCH B 500 I' :3TOI'O pacTBopa?

CKOJIhKO I'paMMOB Hop;a H cnHpTa HymHo B3.HTh P;JI.H rrpHI'OTOB-

JIeHHH 30 I' 5% -1'0 paCTBop8 HOP;HOM HacToMKH?

P8CCqHT8MTe KOJIHqeCTBO Bem;eCTB8 cnHpTa C
2
H

6 0, KOTOphIM

cop;epmHTC.H B 500 I' BOP;KH (40%-M paCTBOp cnHpT8). He 38-

6YP;hTe, qTO KOJIHqeCTBO Bem;eCTBa H3MepHeTCH B MOJI.HX.

Onpep;eJIHTe KOJIHqeCTBO 30JIOTa H cepe6p8, KOTopoe cop;ep-

mHTC.H B 06pyqaJIhHOM KOJIhII;e MaCCOM 3,75 I' H np060M 585
0

.

113 250 I' 20% -1'0 paCTBopa XJIOpHP;8 K8JIH.H BhmapHJIH 100 MJI

BOp;hI. KaKoM CT8JIa MaCCOB8H P;OJI.H COJIH B pacTBope?

B 180 I' 15% -1'0 paCTBopa I'H.D;pOKCHp;a HaTpHH. paCTBOpHJIH

em;e 20 I' m;eJIOqH. PaCCqHTaMTe MaCCOBYIO P;OJIIO m;eJIOqH B no-

JIyqeHHOM paCTBope.

CJIHJIH .D;Ba paCTBopa cepHoM KHCJIOThI: 240 I' 30% -1'0 H 180 I'

5% -1'0. PaCCqHTaMTe MaCCOBYIO P;OJIIO KHCJIOThI B nOJIyqeHHOM

paCTBope.
PHc.80.,D;ncTHJIJIHII;HH
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,n;OB JIMHMH ::weKTponepe,n;a'IM, a CnJIaBbI - B CaMOJIeTOCTpoe-
HMM; TenJIOnpOBo,n;HOCTb, nJIaCTIftIHOCTb M He.ff,n;OBMTOCTb _

npM M3rOTOBJIeHMM nocy,n;bI M T. ,n;.

MHorMe cnoc06bI nOJIY"'IeHM.ff "'IMCTbIX XMMM"'IeCKMX Be-

IIJ;eCTB no CYTM <l>M3IftIeCKMe .ffBJIeHM.ff. K HMM OTHOC.ffT nepe-

rOHKY, KpMCTaJIJIM3aIJ;MIO, <l>MJIbTpOBaHMe, B03rOHKY M ,n;p.

HanpMMep, Ha pa3JIM"'IMM TeMnepaTYP KMneHM.ff BeIIJ;eCTB OC-

HOBaH cnoco6 oucmu;n;nsufuu (pMC. 80), MJIM nepezouKu.
8TMM cnoc060M nOJIY"'IaroT BO,n;y, O"'IMIIJ;eHHYIO OT paCTBO-

peHHbIX B HeH BeIIJ;eCTB. TaKa.H Bo,n;a Ha3bIBaeTC.ff oucmuJLJLu-

p06all1l0u. I:IMeHHO ee MCnOJIb3YIOT ,n;JI.ff npMrOTOBJIeHM.ff JIe-

KapCTBeHHbIX pacTBopoB M ,n;JI.ff 3aJIMBKM B cMcTeMY OXJIa.iK-

,n;eHM.ff aBTOM06MJIeH.

ITeperoHKY KaE cnoc06 pa3,n;eJIeHM.ff mM,n;KMX cMeceH npM-
MeH.ffIOT ,n;JI.ff nOJIY"'IeHM.ff M3 npMpo,n;HOH He<l>TM OT,n;eJIbHbIX

He<l>Tenpo,n;YKTOB. ITpoMbIIIlJIeHHa.ff YCTaHOBKa ,n;JI.ff Henpe-
pbIBHOH rreperOHKM He<l>TM
COCTOMT M3 TPy6"'IaTOH ne-

"'IM (1) ,n;JI.ff HarpeBaHM.ff

He<l>TM M pa3,n;eJIMTeJIbHOH,
MJIM peKTM<l>MKaIJ;MOHHoH,
KOJIOHHbI (2), r,n;e He<l>Tb
pa3,n;eJI.ffeTC.ff Ha <l>paKIJ;MM

(,n;MCTMJIJI.ffTbI) -

OT,n;eJIbHbIe

He<l>Tenpo,n;YKTbI (pMC. 81).
B TPy6"'IaTOH ne"'IM B

BM,n;e 3MeeBMKa pacnOJIO-
meH ,n;JIMHHbIH TPy60npo-
BO,n;. ITe"'Ib 060rpeBaeTC.ff ro-

rraP:r� ��l
EeH�

.

p.ffIIJ;MM Ma3YTOM MJIM ra30M. ITo TPy60npoBo,n;y HenpepbIBHO

no,n;aeTC.ff He<l>Tb, B HeM OHa HarpeBaeTC.ff ,n;o 320-350°C

M B BM,n;e CMeCM mM,n;KOCTM M napOB nocTynaeT B peKTM<l>MKa-

IJ;MOHHYIO KOJIOHHY.

PeKTM<l>MKaIJ;MOHHa.ff KOJIOHHa - CTaJIbHOH IJ;MJIMH,n;pM"'Ie-

CKMH annapaT BbICOTOH OKOJIO 40 M. OHa MMeeT BHYTPM He-

CKOJIbKO ,n;eC.ffTKOB ropM30HTaJIbHbIX neperopo,n;OK C OTBepc-

TM.ffMM, TaK Ha3bIBaeMbIX TapeJIOK. ITapbI He<l>TM, nocTyna.ff

B KOJIOHHY, no,n;HMMaIOTC.ff BBepx M npoxo,n;.ffT "'Iepe3 OTBepc-

TM.ff B TapeJIKax. ITocTeneHHO OXJIa.iK,n;a.ffCb npM CBoeM ,n;BM-

meHMM BBepx, OHM cmMmalOTC.ff Ha Tex MJIM MHbIX TapeJIKax

B 3aBMCMMOCTM OT TeMnepaTYP KMneHM.H M nJIOTHOCTM. YrJIe-

BO,n;OpO,n;bI MeHee JIeTY"'IMe M cmMmalOTC.ff yme Ha nepBbIX Ta-

peJIKaX, 06pa3Y.ff Za30UJLe6YlO <l>paKIJ;MIO, 60JIee JIeTY"'IMe yr-

JIeBo,n;opO,D,bI c06Mpa1OTC.ff BbIIIle M 06pa3YIOT KepOCU1l06YlO

<l>PaEIJ;MIO, eIIJ;e BbIIIle c06MpaeTC.ff JLUZpOU1l06a.R <l>paKIJ;M.ff,

HaM60JIee JIeTY"'IMe yrJIeBo,n;opo,n;bI BbIXO,n;.ffT B BM,n;e napOB M3

KOJIOHHbI M 06pa3YIOT 6e1l3Ull. BHM3Y c06MpaeTC.ff rycTa.ff

"'IepHa.ff mM,n;KOCTb
-

Ma3ym. Ero MCnOJIb3YIOT B Ka"'IeCTBe

TOnJIMBa, a TaKme ,n;JI.ff nOJIY"'IeHM.ff CMa30"'IHbIX MaCeJI nYTeM

,n;onOJIHMTeJIbHOH neperOHKM.

Cnoc06 neperOHKM mM,n;Koro B03,n;yxa JIemMT B OCHOBe no-

JIY"'IeHM.ff M3 Hero OT,n;eJIbHbIX COCTaBHbIX "'IaCTeH - a30Ta

(OH BbIKMnaeT nepBbIM), KMCJIOpo,n;a M ,n;p.

)];JI.ff O"'IMCTKM COJIeH MCnOJIb3YIOT cnoc06 Kpucma;n;nu-

3alfuu. ITpM 3TOM, HanpMMep, npMpo,n;HYIO COJIb paCTBO-

p.ffIOT B Bo,n;e M 3aTeM <l>MJIbTpYIOT (pMC. 82). B pe3YJIbTa-

JIHrpoHH
)

KepOCIIH
)

\�
S:;i

t;;;;J/!J
"". ;;' �:7'

ra30llJIb

Ma3YT

�2

PHC. 81. CxeMa Tpy6'laTOH YCTaHOBKH )J;JI.H Herrpepl.IBHoH rreperOHKH

HeQJTH: 1 - Tpy6'laTa.H rre'll.; 2 -

peKTHQJHKa.u;HoHHa.H KOJIOHHa;
3 -

XOJIO)J;HJIl.HHK PHC. 82. <PHJIl.TpOBaHHe
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Te rroRy�aIDT paCTBOp rrOBapeHHOM
CORM, O�Mru;eHHbIM OT rreCKa, rRMHbI

M ,n;pyrMx HepaCTBOpMMbIX B BO,n;e

,�

rrpMMeCeM. 3aTeM CORb BbI,n;eR.HIDT

\

i M3 paCTBOpa 6btUapU6anueM (pMC.

'_. .J 83), �Bo,n;a MCrrap.HeTC.H, a B <l>ap<l>o-
pOBOM �arrrKe OCTaIDTC.H KpMCTaJIRbI
CORM.

Crroc06 ipuabmp06anuR OCHOBaH

Ha pa3RM�HoM rrporrycKHoM crroc06HoC-
TM rropMCToro MaTepmwa

-

ipUJLbm-
pa no OTHorrreHMID K cOCTaBR.HIDru;MM
CMeCb �aCTMu;aM. <PMRbTPOM ,n;R.H O�M-

CTKM nMTbeBOM BO,n;bI Ha CTaHU;M.HX

BO,n;OO�MCTKM cRymMT CROM neCK a

(pMc.84). B nbmecoce, KOTOpbIM O�M-

ru;aeT B03,n;yx OT B3BerrreHHoM B HeM nbI-

RM, npMMeH.HIDT 6YMamHbIe MRM Ma-

Tep�aTbIe <l>MRbTpbI; B Me,n;MU;MHe npM

yxo,n;e 3a 60RbHbIMM MRM BO BpeM.H xMpyprM�ecKOM onepaU;MM

McnORb3YIDT B Ka�eCTBe <l>MRbTpa MHorOCROMHbIe MapReBbIe
nOB.H3KM.

.n;R.H nORy�eHM.H �MCTbIX Mo,n;a

M cepbI McnORb3YIDT TaKoe <l>M-
3M�eCKoe .HBReHMe, KaE 603Z0n-

Ka (cy6auMalfuR), T. e. nepexo,n;

c;;;;;;;; JII!
..

Beru;eCTBa M3 TBep,n;oro COCTO.HHM.H B

ra3006pa3Hoe, MMHY.H mM,n;KYID <l>a3Y

(pMc.85). IIpM B03rOHKe B HarpeBae-

MOM �aCTM npM60pa KpMCTaJIRM�eCKoe

Beru;ecTBo MCnap.HeTC.H, a B oXRam,n;ae-

MOM - CHOBa KOH,n;eHcMpyeTC.H C 06pa-
30BaHMeM KpMCTaJIROB. JIe,n; cnoc06eH

K B03roHKe, He,n;apoM MOKpoe 6eRbe BbI-

CbIxaeT M Ha Mop03e.

B03roHKa onpe,n;eRMRa McnORb30Ba-

HMe TBep,n;oro yrReKMcRoro ra3a CO
2 (KaK

BbI 3HaeTe, ero Ha3bIBaIDT CYXMM Rb,n;OM) PHC. 85. BOSI'OHKa

,n;R.H XpaHeHM.H npo,n;YKTOB, M B nepBYID Ho.n;a

o�epe,n;b MopomeHoro.

Pa3RM�Ha.H nROTHOCTb Beru;ecTB RemMT B OCHOBe TaKoro

cnoc06a pa3,n;eReHM.H cMeceM, KaE omcmaU6anue. HarrpM-

Mep, CMeCM He<l>TM M BO,D,bI, pacTMTeRbHoro MaCRa M BO,n;bI 6bI-

CTpO paccRaMBaIDTC.H M n03ToMY MX RerKO oT,n;eRMTb ,n;pyr OT

,n;pyra C nOMoru;bID oeaumeabnou 60ponKu (pMC. 86, 87).
"tIT06bI YCKOPMTb npou;ecc pa3,n;eReHM.H cMeceM, BMeCTO

OTCTaHBaHM.H B Ra60paTopHoM rrpaKTMKe �aCTO McnORb3YIDT

lfenmpuipyzup06anue, KOTopoe nORY�MRO TaKoe Ha3Ba-

HMe M3-3a oc060ro npM60pa
-

lfenmpuipyzu. B u;eHTpM<l>Yry

nOMeru;aIDT np06MpKM co CMeCbID Beru;eCTB. BKRID�aIDT rrpM-

1ft"
TenJIOTa

���.

PHC. 83. BbIIIapH-
BaHHe
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PHC. 84. CxeMa BO.n;OO'IHCTHTeJIbHOH CTaH.u;HH: 1 -

peKa;
2 - 6acceHH .n;JIfl OTCTaHBaHHfl BO.n;bI; 3 -

KOJIo.n;e.u;; 4 - cpHJIbTp;
5 - I'JIaBHbIH Hacoc; 6 -

YCTPOHCTBO .n;JIfl XJIOpHpOBaHHfl BO.n;bI;
7

�o.n;o HarropH�
fl 6aIIIHfl; 8 -

BOJJ;orrpOBO.n; B I'Opo.n;

- £'-
/

BOAa
/

PHC. 86. HecpTepas.n;e-
JIHTeJIbHafl KOJIOHKa

PHc.87.�eJIHTeJIbHafl
BopOHKa
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ITO"'leMY pa60THHKH SJIeBaTOpOB (SepHOXpaHHJIHID;) IIPH IIpOCe-

HBaHHH H COpTHpOBKe SepHa Ha.n;eBaroT CIIe:O;HaJTbHYro MaCKY?

KaKoM CIIoco6 O"'lHCTKH "'IaMHOM SaBapKH OT "'IaHHOK BbI HCIIOJIb-

syeTe, KOI'.n;a HaJIHBaeTe ee HS "'IaMHHKa "'Iepes CHTe"'lKO?
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B OTJIIl'IMe OT <!>M3M"IeCKMX .ffBJIeHMH rrpM XUMU1.leCKUX

.H6JlellU.HX, MJIM XUMU1ieCKUX peaKl.{U.HX, KaK BbI 3Hae-

Te, rrpOMcxo,n;MT rrpeBpaID;eHMe O,n;HMX Be:ID;eCTB B ,n;pyrMe.

8TM rrpeBpaID;eHM.ff COrrpOBO.iK,n;aIOTC.ff BHeIIIHMMM rrpM3Ha-

KaMM: 06pa30BaHMeM OCa,D,Ka MJIM ra3a, M3MeHeHMeM II;BeTa,

BbI,n;eJIeHMeM MJIM rrOrJIOIIJ;eHMeM TerrJIOTI.I, rrO.ffBJIeHMeM 3a-

rraxa M ,n;p.

BcrrOMHMTe Te orrI.ITI.I, KOTOpbIe BaM ,n;eMOHCTpMpOBaJI

Y"IMTeJII. Ha rrepBblX ypOKax. B3aMMo,n;eHCTBMe MpaMOpa
-

Kap60HaTa KaJII.D;M.ff CaCO
g

- C COJI.ffHOH KMCJIOTOH HCI

COrrpOBO.iK,n;aJIOCI. BI.I,n;eJIeHMeM yrJIeKMCJIOrO ra3a - OKCM-

,n;a yrJIepO;n;a (IV) co
2

. A rrporrYCKaHMe ero "Iepe3 rrp03pa"I-

HYID M3BeCTKOBYlO Bo;n;y
-

paCT BOp rM,n;pOKCM,n;a KaJII.D;M.ff

Ca(OH)2
-

rrpoMCXO;n;MJIO C 06pa30BaHMeM oca;n;Ka
- Kap60-

HaTa KaJII.D;M.ff CaCO
g

.

IIOHa6JIIO;n;aeM 3a rrpOTeKaHMeM HeKOTopI.IX XMMM'Y:eCKMX

peaKII;MH M YCTaHOBMM rrpM3HaKM, KOTOpI.Ie rrO;n;TBep.iK;n;a-

lOT 06pa30BaHMe HOBI.IX BeIIJ;eCTB M rrO.ffBJIeHMe y HMX HO-

BI.IX CBOHCTB -

HepaCTBopMMOCTM MJIM MaJIOH paCTBopMMOC-

TM B Bo.n;e, 3arraxa, D;BeTa M ,n;p.

B rrp06MpKY HaJII.eM 2 MJI pacTBopa XJIOpM;n;a .iKeJIe3a (III)
FeCI

3 ,
a 3aTeM ,n;06aBMM HeCKOJII.KO KarreJII. paCTBopa po;n;a-

HM,n;a KaJIM.H KSCN. MI.I YBM,n;MM rrO.ffBJIeHMe KpOBaBO- Kpac-

Horo paCTBopa HOBoro BeIIJ;eCTBa
-

pO;n;aHM,n;a .iKeJIe3a (III)

Fe(SCNh.
CMeIIIaeM rropOIIIKM .iKeJIe3a M cepbI, HOBbIe BeIIJ;eCTBa

rrpM STOM He rrO.ffBMJIMCI.. JKeJIe30 M3 STOH CMeCM 6y.n;eT rrpM-

T.ffrMBaTI.C.ff MarHMTOM, a rrpM orrYCKaHMM CMeCM B Bo;n;y ce-

pa BCrrJII.IBaeT Ha rrOBepXHOCTI., T. e. CMecI. MO.iKHO O"IeHI.

rrpOCTO pa3;n;eJIMTI.. O.n;HaKO eCJIM STY CMecI. rropOIIIKOB .iKeJIe-

3a M cepI.I HarpeTI., TO Ha"IHeTC.ff XMMM"IeCKa.ff peaKD;M.ff, KO-

TOpa.ff 6y,n;eT rrpo,n;OJI.iKaTI.C.ff ,n;aJIee 6e3 HarpeBaHM.ff C BI.I;n;e-

JIeHMeM TerrJIOTI.I
- MbI YBM;n;MM, KaK CMecI. paCKaJIMTC.ff. i'lll

,!

a)

PHC. 88. II;eHTpHQJYI'HpOBaHHe: a -

QJoTOl'paQJH.H :o;eHTpHQJYI'H;
6 -

cxeMa .n;eMcTBHH :o;eHTpHQJYI'H

60p, KOTOpI.IH Ha"IMHaeT, rro,n;06Ho KapyceJIM, MHTeHCMBHO

pacKpY"IMBaTI. 3aKperrJIeHHble B HeM rrp06MpKM. IIo,n; ,n;eHCT-
BMeM D;eHTp06e.iKHOH CMJII.I "IaCTMIJ;bI pa3HbIX BeIIJ;eCTB rrOJIY-

"IalOT pa3JIM"IHOe YCKopeHMe, TaK KaK 06ml,n;alOT pa3JIM"IHOH

rrJIOTHOCTI.IO, M CMecI. pa3,n;eJI.ffeTC.H (pMC. 88).

1. ,lI;HCTHJIJI.HIJ;H.H, HJIH rreperOHRa. 2. ,lI;HCTHJIJIHpO-
BaHHa.H BO]J;a. 3. EpHCTaJIJIH3an;H.H H BbIrrapHBa-

HHe. 4. WHJIbTpOBaHHe. 5. B03roHl�a. 6. OrcTaHBaHHe.

7. ,lI;eJIHTeJIbHa.H BopOHl�a. 8. D;eHTpHcpyrHpoBaHHe.

?
. ...............................................

1
KaKoM CIIoco6 pas.n;eJIeHH.H CMeceM OIIHcaH B HaY"'IHo-QJaHTac-
TH"'IeCKOM IIpOHSBe.n;eHHH A. BeJIHeBa «ITpo.n;aBe:o; Bos.n;yxa»?

OTKY,lW 6epeT CBoe Ha"'laJIO IIOBepbe, "'ITO paCCbIIIaHHaH COJIb -

K ccope? KaK IIOMHpHTb JIIO.n;eM, IIOCCOpHBIIIHXCH Hs-sa paCCbI-

IIaHHOM COJIH?

2

3
YKamHTe CIIoco6bI paS)J;eJIeHHH CJIe.n;YIOID;HX CMeceM:

a) Sy6HOM IIOpOIIIOK H IIOBapeHHaH COJIb;

6) CIIHpT H Bo.n;a;

B) 6eHsHH H Bo.n;a.

4
KaK B IIOXO.n;HbIX YCJIOBHHX O"'lHCTHTb H o6essapasHTb pe"'l-

HYIO BO.n;y H c.n;eJIaTb ee IIpHI'O.n;HOM .n;JIH IIHTbH H IIpHI'OTOBJIe-

HHH IIHID;H?

'II
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PHC. 89. Pas.n;eJIeHlIe CMeCH rropOIliKOB meJIesa H cepbI (C.7Le6a).
BsauMo.n;eMcTBHe meJIesa C cepoM (cnpa6a)

IIocJIe OKOH-rJaHM.H pemoJ;MM nOJIY-rJMTC.H HOBoe BeIIJ;ecTBo
-

CYJIb<PM,n; meJIesa (II) Fe8. OHO ceporo U;BeTa, TOHeT B Bo,n;e

M He npMT.HrMBaeTC.H MarHMTOM (pMC. 89).
IIo,n;ommeM B meJIeSHOH JIOme-rJKe HeMHoro cepbI

-

OHa

sarOpMTC.H CMHeBaTbIM nJIaMeHeM M ;n;aCT 06MJIbHbIH e,n;KMH
,n;bIM cepHMCToro rasa -

OKCM;n;a cepbI (IV) 802. ° rrpOTeKa-

HMM peaKU;MM MomHO cy;n;MTb no MSMeHeHMIO U;BeTa, nO.HBJIe-

HMIO rasa C peSKMM sanaXOM, BbI,n;eJIeHMIO TenJIOTbI M CBeTa.

..
PeaKU;MM, npOTeKalOIIJ;Me C BbI;n;eJIeHMeM TenJIOTbI

M CBeTa, HaSbIBalOT peaIm;HHMH ropeHHH.

PeaKU;MIO MrHOBeHHoro rOpeHM.H nopOIIIKa' MarHM.ff MC-

nOJIbSOBaJIM npM <poTorpa<pMpOBaHMM B Ka-rJeCTBe ('BCnbIIII-

KM», nOKa He nO.ffBMJIaCb 3JIeKTpM-rJeCKa.H JIaMna. PealClfuu
20pellU.R

-

3TO -rJacTHbIH CJIY-rJaH 60JIbIIIOH rpynnbI XMMM-

-rJeCKMX peaKU;MH, npoTeKalOIIJ;Mx C BbI;n;eJIeHMeM TenJIOTbI

(pMC. 90).
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PHC. 90. PeaKD;HH ropeHH.H: a -

CBe-qH; 6 - MarHHeBoM JIeHTbI

..
PeaKU;MM, npoTeKalOIIJ;Me C BbI;n;eJIeHMeM TerrJIO-

TbI, HaSbIBalOT 3K30TepMH'IeCKHMH (alC30 - Ha-

pymy), a npoTeKalOIIJ;Me C nOrJIoIIJ;eHMeM TenJIO-

TbI -

3H)J;oTepMH'IeCKHMH (31lBo - BHYTpb).

K nOCJIe;n;HMM, HarrpMMep, OTHOC.ffT peaKU;MIO pasJIome-

HM.ff oKcM,n;a PTYTM (II), KOTOPYIO BbI MomeTe nocMoTpeTb

Ha <poTorpa<pM.ffX (pMC. 91), TaK KaK Ms-sa TOKCM-rJHOCTM

,
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a) 6)

PHC. 91. PaSJIOmeHHe OKCH.n;a PTYTH (II): a -

Hcxo.n;Hoe Beru;eCTBO
-

OKCH.n; PTYTH (II) (KpacHoro D;BeTa); 6 -

O.n;HH HS rrpo.n;YKTOB

p eaKD;HH
-

pT}'
Tb (cep�6pHCTO-6eJIoro D;BeTa)
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PHC. 92. PeaKu;:rm: a -

3KSOTepMHqeCKa5I; 6 -

3H.n;OTepMHqeCKa5I

PTYTM M ee coe;n;MHeHMM STY peaKU;MIO B YCJIOBMHX illKOJIbI

rrpOBO;n;MTb 3arrpeIIJ;eHO.

CXeMaTM'IHO SK30TepMM"tIeCKMe M 3H;n;OTepMM"tIeCKMe pe-

aKU;MM rrpe;n;CTaBJIeHbI Ha pMCYHKe 92.

B 3aKJIIO"tIeHMe paCCMOTpMM, KaKMe YCJW6U.R ;n;OJImHbI

BbIrrOJIHHTbCH, "tIT06bI rrpOM30illJIa XMMM"tIeCKaH peaKU;MH.

1. He06xo;n;MMO, "tIT06bI pearMpYIOIIJ;Me BeIIJ;eCTBa corrpM-

KOCHYJIMCb, M "tIeM 60JIbille rrJIOIIJ;a,D;b MX corrpMKOCHOBeHMH,

TeM 6bIcTpee M;n;eT XMMM"tIeCKaH peaKU;M.H. IIOSTOMY TBep;n;bIe

BeIIJ;eCTBa M3MeJIb"tIaIOT M rrepeMeillMBalOT, a XOpOillO paCTBO-

pMMbIe BeIIJ;eCTBa paCTBopHIOT M paCTBopbI CJIMBaIOT.

2. BTopoe BamHoe YCJIOBMe
-

HarpeBaHMe. HeKOTOpbIe
peaRU;MM (KaK rrpaBMJIO, sK30TepMM"tIeCKMe) M;n;YT 6e3 Harpe-

BaHMH, M TOJIbKO ;n;JIH HeKOTopbIX SK30TepMM"tIeCKMX peaR-

U;MM OHO He06xo;n;MMO JIMillb ;n;JIH Toro, "tIT06bI peaRU;M.H Ha"tIa-

JIaCb, a BOT ;n;JIH SH;n;OTepMM"tIeCKMX peaKU;MM - He06xo;n;MMO
HarpeBaHMe H3 rrpOTHmeHMM BceM peaKU;MM.

3. HeKOTOpbIe peaKU;MM rrpOTeKalOT rro;n; ;n;eMcTBMeM SJIeK-

TpM"tIeCKOrO TOKa, CBeTa M T. ;n;.

,

> -

?
.

1. TIpH3HaKH XHMlflieCKHX peaKIJ;Hu. 2. Y CJIOBHH TelIe-

HHH XHMlflieCKHX peaKIJ;Hu. 3. PeaKIJ;HH 3K30- H 3H)J;O-

TepMlflIeCKHe. 4. PeaKIJ;HH ropeHHH.

...............................................

1
B KperrKO saBapeHHbIM CBemHM qai1 B CTaEaHe orrYCTHTe KYCO-

qeK JIHMOHa HJIH HeCKOJIbKO KpHCTaJIJIOB JIHMOHHOM KHCJIOTbI.

"IlTO Ha6mop;aeTe?

l�S:
,.

2 ITpHI'OTOBbTe C rrOMOm;bIO JIHMOHHOM KHCJIOTbI p;oMaIIIHHM

IIIHrrYQHi1 HarrHTOK. HeMHOI'O KHCJIOTbI Ha KOHQHKe QaMHOM

JIOmKH paCTBopHTe B Bo.n;e, a saTeM p;06aBbTe B rrOJIYQeHHbIM
paCTBOp CTOJIbKO me rrHm;eBoM (rrHTbeBoi1) CO.n;bI. "IlTO Ha6JIIO-

.n;aeTe?

CTapHHHbIe Me.n;HbIe MOHeTbI H 6pOHsoBbIe Hs.n;eJIH5I QaCTO 6bI-

BaIOT rrOKpbITbI SeJIeHOBaTbIM HaJIeTOM, a cepe6p5IHbIe -

Qep-
HbIM. 0 QeM 1'0BOpHT rr05IBJIeHHe 3THX HaJIeTOB? KaK OQHCTHTb

Hs.n;eJIH5I OT HHX?

KaKYIO XHMHQeCKyIO OIIIH6KY .n;orrYCKaIOT mypHaJIHCTbI, KOI'.n;a
B CBOHX perropTamax rrHIIIYT, HarrpHMep, TaKYIO «ppasy: (,Mec-

TO rrpOHCIIIeCTBH5I OCBem;aJIOCb HerrpepbIBHbIMH BcrrbIIIIKaMH

MaI'HH5I » ?

3

4

5 PaCCKamHTe 06 YCTpoMcTBe H pa60Te OI'HeTYIIIHTeJI5I.

ITOQeMY SaI'OpeBIIIHeC5I He«pTerrpo.n;YKTbI HJIH BcrrbIXHYBIIIHe

3JIeKTpHQeCKHe rrpOBo.n;a HeJIbS5I TYIIIHTb BO.n;OM? KaK HX rrol'a-

CHTb?

6

� 27
XMMM"lIeCKMe

ypaBHeHM.H

3aKon coxpanenuR, MaCCb£ 6eUfecm6, OTKpbITbIM
M. B. JIOMOHOCOBbIM B 1748 r., rJIaCMT:

Macca Bem;eCTB, BCTynHBlliHX B XHMHlIeCKYIO

peaKO;HIO, paBHa Macce Bem;eCTB, nOJIyqHBlliHX-
CH B pe3YJILTaTe ee.

MaTepMaJIbHbIMM HOCMTeJIHMM MaCCbI Beru;eCTB HBJIHIOTCH

aTOMbI XMMM'IeCKMX SJIeMeHTOB, M3 KOTOpbIX COCTOHT KaK

BCTyrrMBillMe B peaKU;MIO BeIIJ;eCTBa (peareHTbI), TaK M 06pa-
30BaBillMeCH B pe3YJIbTaTe ee HOBbIe Beru;eCTBa (rrpO;n;YKTbI
peaKU;MM). IIoCKOJIbKY rrpM XMMM'IeCKMX peaKU;MHX aTOMbI

He 06pa3YIOTCH M He pa3pYillalOTCH, a rrpOMCXO;n;MT JIMillb MX

rreperpyrrrrMpoBKa, TO CTaHOBMTCH O"'IeBM;n;HbIM crrpaBe;n;JIM-
BOCTb OTKpbIToro M. B. JIOMOHOCOBbIM M rrO;n;TBepm;n;eHHoro

rr03;n;Hee A. JIaBya3be 3aKOHa.

B crrpaBe;n;JIMBOCTM 3aKOHa COXpaHeHM.H MaCCbI BeIIJ;eCTB

MomHO JIerKO y6e;n;MTbCH Ha rrpOCTOM orrbITe. IIOMeCTMM B

KOJI6y HeMHoro KpaCHoro <t>oc<t>opa, 3aRpOeM ee rrp06KOM

159- j-
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(jJeHOJI(jJTaJIeMHa, OTTIerO paCTBOp OKpaCMTCH B MaJIMHOBbI:H:

IJ;BeT. 3aKpOeM rrpM60p rrp06KO:H:, ypaBHoBeCMM rMpHMM
Ha BeCaX, OTMeTMM Maccy, a saTeM COJIbeM paCTBOpbI. MaJIM-

HOBaH OKpaCKa MCTIeSHeT, rrOTOMY TITO KMCJIOTa M :ru;eJIOTIb

rrpopearMpOBaJIM ,n;pyr C ,n;pyrOM. Macca me cocy,n;a C rrOJIY-
TIeHHbIMM rrpo,n;YKTaMM peaKIJ;MM He MSMeHMJIaCb.

AHaJIOrMTIHOe Ha6mo,n;eHMe c,n;eJIaJI M aBTOp saKOHa CO-

xpaHeHMH MaCCbI Be:ru;eCTB M. B. JIOMOHOCOB, KOTOpbI:H: rrpo-

BO,n;MJI orrbITbI B sarraHHHbIX CTeKJIHHHbIX cocy,n;ax, «,n;a6bI MC-

CJIe,n;OBaTb, rrpM6bIBaeT JIM Bec MeTaJIJIa OT TIMCTOrO mapy>),
M 06HapymMJI, TITO «6e3 rrporry:ru;eHMH BHeIIIHero Bos,n;yxa
Bec MeTaJIJIOB OCTaeTCH B O,n;HO:H: Mepe >) .

Ha OCHOBaHMM 3Toro 3aKOHa rrMIIIYT XMMMTIeCKMe rrpe,n;JIO-

meHMH, T. e. COCTaBJIIDOT ypaBHeHMH XMMWIeCKMX peaRIJ;M:H:
C rrOMo:ru;blO XMMMTIeCKMX CJIOB -

(jJOPMYJI.

..�

..,.t!1' �...-..-���__

� � 0

PHC. 93. ::hwrrepllMeHTaJIbHaH rrpOBepRa 3aROHa coxpaHeHllH MaCCbI

Bem;eCTB: a -

B3BeIIIllBaHlie ROJI6bI C <pOC<pOPOM lJ,o pemm;llll;

6 -

ropeHHe <poc<popa B 3m,pbIToH ROJI6e; 6 - B3BeIIIllBaHlie ROJI6bI

C rrpo.n;YRTOM peaKIJ;1l1l

M BSBeCMM Ha BeCax (pMC. 93). 3aTeM KOJI6y OCTopomHO Ha-

rpeeM. 0 TOM, TITO rrpOMSOIIIJIa XMMMTIeCKaH peaKIJ;MH, HaM

CTaHeT rrOHHTHO rro rrOHBJIeHMIO rYCToro 6eJIoro ,n;bIMa B KOJI-

6e, COCTOH:ru;ero MS OKCM,n;a (jJoc(jJopa (V), KOTOpbI:H: 06paSOBaJI-
CH rrpM BSaMMo,n;e:H:CTBMM (jJoc(jJopa C KMCJIOpO,n;OM. IIpM rro-

BTOpHOM BSBeIIIMBaHMM KOJI6bI C rrpo,n;YKTaMM 3TO:H: peaRIJ;MM

MbI y6e,n;MMCH, qTO Macca Be:ru;eCTB B KOJI6e He MSMeHMJIaCb,

XOTH M rrpOMSOIIIJIO rrpeBpa:ru;eHMe (jJoc(jJopa B ero OKCM,n;.

�hOT me BbIBO,n; 6y,n;eT HaMM c,n;eJIaH M rrpM rrpOBe,n;eHMM

e:ru;e o,n;Horo rrpOCToro, HO OTIeHb HarJIH,n;Horo orrbITa. B CrreIJ;M-

aJIbHbI:H: cocy,n; HaJIbeM OT,n;eJIbHO COJIHHYIO KMCJIOTY M paCTBOp

:ru;eJIOTIM, HarrpMMep rM,n;pOKCM,n;a HaTpMH (pMC. 94). K pac-

TBOPy :ru;eJIOTIM ,n;06aBMM HeCKOJIbKO KarreJIb MH,n;MKaTopa
-

XHMHTIeCKHM ypaBHeHHeM HaSbIBalOT YCJIOBHYIO
sarrMCb XMMMTIeCKO:H: peaRIJ;MM C rrOMo:ru;blO XMMM-

TIeCKMX (jJOPMYJI M MaTeMaTMTIeCKMX SHaKOB.

B JIeBO:H: TIaCTM ypaBHeHMH sarrMCbIBalOT (jJOPMY JIbI «jJop-
MYJIY) Be:ru;eCTB, BCTyrrMBIIIMx B peaKIJ;MIO, coe,n;MHHH MX SHa-

KOM « rrJIIOC >). B rrpaBO:H: TIaCTM YPaBHeHMH sarrMCbIBaIOT (jJop-
MYJIbI «jJOPMYJIY) 06pa3YIO:ru;MxCH Be:ru;eCTB, TaKme coe,n;MHeH-

HbIX SHaKOM (,rrJIIOC». Mem,n;y TIaCTHMM ypaBHeHMH CTaBHT

CTpeJIKY. 3aTeM Haxo,n;HT K03(jJ(jJMIJ;MeHTbI -

TIMCJIa, CTOH-

:ru;Me rrepe,n; (jJopMYJIaMM Be:ru;eCTB, TIT06bI TIMCJIO aTOMOB O,n;M-
HaKOBbIX 3JIeMeHTOB B JIeBO:H: M rrpaBO:H: TIaCTHX ypaBHeHMH
6bIJIO paBHbIM.

3arrMIIIeM, HarrpMMep, ypaBHeHMe peaKIJ;MM Bo,n;opo,n;a C

KMCJIOpO,n;OM. CHaTIaJIa COCTaBMM cxeMY peaKIJ;MM
-

YKameM

(jJOPMYJIbI Be:ru;eCTB, BCTyrralO:ru;MX B peaKIJ;MIO (BO,n;OpO,n; H
2

M KMCJIOpO,n; O
2 ) M 06paSYIO:ru;MXCH B peSYJIbTaTe ee (Bo,n;a

H
2 0), M coe,n;MHMM MX CTpeJIKO:H::

H
2

+ O
2
� H

2
0 (pMC. 95, a).

TaK KaR TIMCJIO aTOMOB KMCJIOpo,n;a B JIeBO:H: TIaCTM B,n;Boe

60JIbIIIe, qeM B rrpaBO:H:, 3arrMIIIeM rrepe,n; (jJOPMYJIO:H: BO,n;bI

K03(jJ(jJMIJ;MeHT 2:

H
2

+ O
2
� 2H

2
0 (pMC. 95, 6).

. � �-��-

PHC. 94. OrrbIT, rro.n;TBepm.n;arom;IlH 3aROH coxpaHeHllH

MaCCbI Bem;eCTBa
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,IJ;JIH COCTaBJIeHMH ypaBHe-

HMH XMMMTIeCKMX peaKIJ;MH,

KpOMe SHaHMH <POPMYJI pe-

areHTOB M rrpO,n;YKTOB pe-

aKIJ;MM, He06xo,n;MMO BepHO

rrO,n;06paTb KOS<P<PMIJ;MeHTbI.
8TO MmKHO C,n;eJIaTb, MCrrOJIb-

SYH HeCJImKHbIe rrpaBMJIa.

1. IIepe,n; <POpMyJIOH rrpoc-
Toro Bem;eCTBa MomHO sarrM-

CbIBaTb ,n;P06HbIH KOS<P<PMIJ;M-
eHT, KOTOpbIH rrOKaSbIBaeT KOJIMTIeCTBO Bem;eCTBa pearMpylO-
m;MX M 06pasYIOm;MXC.ff Bem;eCTB.

TaK, ,n;JI.ff paCCMOTpeHHoro BbIIIIe rrpMMepa:

H
2

+ O
2
� H

2
0

TIMCJIO aTOMOB KMCJIOpo,n;a B rrpaBOH M JIeBOH TIaCT.ffX ypaB-
HeHM.ff MomHO c,n;eJIaTb paBHbIMM C rroMOm;blO KOs<P<PMIJ;MeH-
Ta 1/ 2 , rrOCTaBMB ero rrepe,n; <POPMYJIOH KMCJIOpO,n;a:

H
2

+ 1/ 2
0

2
= H

2
0.

Ho TaK KaK KOs<P<PMIJ;MeHT rrOKaSbIBaeT He TOJIbKO KOJIM-

TIeCTBO Bem;eCTBa, HO M TIMCJIO MOJIeKYJI (aTOMOB), a rrOJIOBM-

HY MOJIeKYJIbI BSHTb HeBOSMomHO, JIYTIIIIe rreperrMcaTb rrpM-

Be,n;eHHoe ypaJ3HeHMe, y,n;BOMB Bce KOS<P<PMIJ;MeHTbI B HeM:

2H
2

+ O
2

= 2H
2

0.

IIpMBe,n;eM em;e rrpMMep COCTaBJIeHMH ypaBHeHM.ff peaK-

IJ;MM ropeHMH STaHa C
2
H

6 , co,n;epmam;erOCH B rrpMpo,n;HOM ra-

3e. I1sBecTHO, TITO B peSYJIbTaTe SToro rrpOIJ;eCca 06paSYIOTCH
yrJIeKMCJIbIH ras M Bo,n;a. CxeMa STOH peaKIJ;MM:

C
2
H

6
+ O

2
� CO

2
+ H

2
0.

YpaBH.ffeM TIMCJIO aTOMOB yrJIepo,n;a M Bo,n;opo,n;a:

C
2
H

6
+ O

2
� 2C0

2
+ 3H

2
0.

Terrepb B rrpaBOH qaCTM ypaBHeHMH peaKIJ;MM 7 aTOMOB

KMCJIOpo,n;a, a B JIeBOH -

TOJIbKO 2. YpaBHHeM TIMCJIO aTOMOB

KMCJIOpo,n;a, SaIIMCaB rrepe,D, <POPMYJIOH O
2 KOs<P<PMIJ;MeHT 3,5

(7 : 2 =

3,5):

MCxOAHbIe

Be:w;eCTBa:

H 2 + O 2

IIpOAYKT

peaKIJ;HH:

H 2 0

(He XBaTaeT aTOMOB

KHCJIOpOJ\a)

MCXOJ\HbIe

Be:w;eCTBa:

H 2
+ O 2

(He XBaTaeT aTOMOB

BOAopOAa)

IIpOAYKT

peaKIJ;HH:

2H 2 0

a) 6)

HeT 6aJIaHCa HeT 6aJIaHCa

2H 2 + O 2 2H 2 0

6) � __W.'��A��"�..f" .""'�..,

CD -

BOAOPOA H 2

BaJIaHC

CD -

KHCJIOPOA O 2 o -

BOAa H 2 0

PHC. 95. COCTaBJIeHlle ypaBHeHllH peaKI.:(1l1l B3a:HMo.n;eHcTBHH

Bo.n;opo.n;a II RllCJIOpo.n;a

Ho Terrepb B rrpaBoH TIaCTM YPaBHeHMH CTaJIO TIeTbIpe aTO-

Ma Bo,n;opo,n;a, a B JIeBOH MX OCTaJIOCb ,n;Ba. q T06bI
ypauBHHTb

TIMCJIO aTOMOB Bo,n;opo,n;a, SaJIMIIIeM rrepe,n; ero <POpMyJIOM B JIe-

BOH TIaCTM KOs<P<PMIJ;MeHT 2. TaR KaK MbI ypaBHHJIM TIMCJIO

aTOMOB Kam,n;oro SJIeMeHTa B JIeBOH M rrpaBOH TIaCTHX ypaBHe-

HMH, saMeHMM CTpeJIKY Ha SHaR paBeHCTBa:

2H
2

+ O
2

= 2H
2

0 (pMC. 95, 6).

Terrepb, HaBepHoe, BaM rrOHHTHO, rrOTIeMY TaKYIO sarrMCb

HaSbIBalOT ypaBHeHMeM (pMC. 96).

PHC. 96. 3aRoH COXpaHeHllH

MaCChI Bem;eCTB Ha rrpHMepe

peaRIJ;IlIl, ypaBHeHlle ROTOpOH
2H

2
+ O

2
= 2H

2
0

C
2
H

6
+ 3,50 2

= 2C0
2

+ 3H
2

0.
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11 HaKOHeIJ;, rreperrMllieM rrOJIy-qeHHOe ypaBHeHMe peaK-

IJ;MM, yP;BOMB KO:3cpcpMIJ;MeHTbI rrepep; cpOPMYJIaMM BCeX y-qaCT-

HMKOB peaKIJ;MM:

2C
2
H

6
+ 70

2
= 4C0

2
+ 6H

2
0.

2. ECJIM B cxeMe peaKIJ;MM eCTb cpopMYJIa COJIM, TO BHaTIa-

JIe ypaBHMBalOT -qMCJIO MOHOB, 06paSYIOIIJ;MX COJIb.

HarrpMMep, BSaMMOp;e:H:CTBMe CepHO:H: KMCJIOTbI M I'MP;PO-

KCMp;a aJIIOMMHMH OrrMCbIBalOT CXeMO:H::

H
2

S0
4

+ Al(OH)g � A1
2 (S04)g + H

2
0.

06paSYIOIIJ;aHCH B pesYJIbTaTe peaKIJ;MM COJIb
- cYJIbcpaT

aJIIOMMHMH A1
2 (SO 4)g

- COCTOMT MS MOHOB aJIIOMMHMH AI3+

M CYJIbcpaT-MOHOB SO£-. YpaBHHeM MX TIMCJIO, SarrMCaB rrepep;

cpOpMYJIaMM H
2

S0
4

M Al(OH)g cOOTBeTCTBeHHO KO:3cpcpMIJ;M-

eHTbI 3 M 2:

3H
2

S0
4

+ 2Al(OH)g � A1
2 (S04)g + H

2
0.

QT06bI ypaBHHTb -qMCJIO aTOMOB Bop;opop;a M KMCJIOpOp;a,

BOCrrOJIb3yeMcH TpeTbMM rrpaBMJIOM.

3. ECJIM y-qacTBYIOIIJ;Me B peaKIJ;MM BeIIJ;eCTBa cop;epmaT BO-

,D,OpO,D, M KMCJIOpOP;, TO aTOMbI BOp;OpOp;a YPaBHMBalOT B rrpep;-

rrOCJIep;HIOIO o-qepep;b, a aTOMbI KMCJIOpOp;a
- B IIOCJIep;HIOIO.

CJIep;OBaTeJIbHO, ypaBHHeM -qMCJIO aTOMOB Bop;opop;a. B JIe-

BO:H: -qaCTM cxeMbI peaKIJ;MM 12 aTOMOB Bop;opop;a, a B IIpa-

BO:H: - TOJIbKO 2, IIO:3TOMY IIepep; cpOPMYJIO:H: BOP;bI saIIMllieM

KO:3cpcpMIJ;MeHT 6:

3H
2

S0
4

+ 2Al(OH)g � A1
2 (S04)g + 6H

2
0.

11Hp;MKaTopoM BepHOCTM paccTaHoBKM KO:3cpcpMIJ;MeHTOB

HBJIHeTCH paBeHCTBO TIMCJIa aTOMOB KMCJIOpOp;a B JIeBO:H:

M rrpaBO:H: -qaCTHX ypaBHeHMH peaKIJ;MM
- rro 24 aTOMa KMC-

JIopop;a. IIO:3TOMY saMeHMM CTpeJIKY Ha SHaK paBeHcTBa:

3H
2

S0
4

+ 2Al(OHh
= A1

2 (S04)g + 6H
2

0.

4. ECJIM B cxeMe peaKIJ;MM MMeeTCH HeCKOJIbKO cpOPMYJI

COJIe:H:, TO He06xop;MMO Ha-qMHaTb ypaBHMBaHMe C MOHOB,

BXO,D,HIIJ;MX B COCTaB COJIM, cop;epmaIIJ;e:H: 60JIbIIIee MX -qMCJIO.

HarrpMMep, BsaMMOp;e:H:CTBMe paCTBopOB cpoccpaTa HaTpMH

M HMTpaTa KaJIbIJ;MH OIIMCbIBalOT CXeMO:H::

Na
g

P0
4

+ Ca(NO g )2 � Ca
3 (P0 4 h + NaNO

g
.

'4'4

HaM60JIbIIIee -qMCJIO MOHOB cop;epmMT OP;MH MS rrpop;YK-

TOB peaKIJ;MM
- cpoccpaT KaJIbIJ;MH Cag(PO 4h, rrO:3TOMY yPaB-

HMBalOT MOHbI, KOTOpbIMM 06paSOBaHa :3Ta COJIb,
- Ca

2 +

M pog-:

2N agPO 4
+ 3Ca(NO g h � Cag(PO 4h + N aNO g

M, HaKOHeIJ;, MOHbI Na+ M NO g :

2Na
g

P0
4

+ 3Ca(NO g h
= Ca

g (P0 4 h + 6NaNO g
.

"�
�

�

,

;

,

1. XHMHQeCKHe ypaBHeHHH. 2. IIpaBHJla IIop;60pa KO-

3.p.pHll,HeHTOB B YPaBHeHHHX peaKll,HH.

?
. ...............................................

1
3anH11HITe B BH,n;e XHMH<IeCKHX ypaBHeHHH CJIe,n;yrom;He 11pe,n;-

JIO:JKeHHH: a) «IIpH 06:JKHre Kap60HaTa KaJIb:L(HH 06pa3YlOTcH

OKCH,n; I-<aJIb:L(HH H OKCH,n; yrJIepo,n;a (IV»>; 6) (,IIpH B3aHMo,n;eH-

CTBHH OKCH,n;a cpoccpopa (V) C BO,n;OH 110JIy'IaeTCH cpoccpopHaH

KHCJIOTa». RaKaH H3 peaK:L(HH 6y,n;eT 3K30TepMH'IeCKOH, a Ka-

KaH 3H,n;oTepMH'IeCKoH?

COCTaBbTe ypaBHeHHH 110 CJIe,n;YIOm;HM cxeMaM:

t

a) CuCl
2

+ Al � AICl
3

+ Cu;

6) P + 02 � P 205;

B) Fe
2 (80 4 h + KOH � Fe(OHh + K

2
80

4 ;

t

r) CuOH � Cu
2

0 + H
2 0;

,n;) C8
2

+ 02 � CO
2

+ 802;

e) C
2
H

2
+ 02 � CO

2
+ H

2 0;

2

an;er.rIIJIeH

t

:JK) Fe8 2
+ 02 � Fe

2
0

3
+ 802'

KOJI'Iep;aH

3

IIo,n; cpopMYJIaMH Bem;eCTB Ha11HIllHTe HX Ha3BaHHH.

3a11HIllHTe ypaBHeHHH XHMH'IeCKHX peaK:L(Hll ITO CJIe.n;yIOm;HM

cxeMaM:

a) cpoccpopHaH KHCJIOTa + rH,n;pOKCH,n; HaTpHH
� cpoccpaT HaT-

pHH + Bo,n;a;

6) OKCH,n; HaTpHH + Bo,n;a
� rH,n;poKcH,n; HaTpHH;

B) OKCH,n; :JKeJIe3a (II) + aJIIOMHHHH � OI-<CH,n; aJIIOMH-

HHH + :JKeJIe30;

t

r) rH,n;pOKCH,n; Me,n;H (II) � OKCH,n; Me,n;H (II) + Bo,n;a.
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4
l{TO rrORaablBaeT ypaBHeHlle CJIe,n;YIOm;eH XllMllqeCIWH pem-<-
IJ;HH:

,IJ;JI.H Toro TIT06bI peIIIMTb paCTIeTHYIO sa,n;aTIY no XMMMM,

MomHO BOCnOJIbSOBaTbC.H CJIe,n;YIOm;MM aJIrOpMTMOM.

1. CocTaBMTb ypaBHeHMe XMMMTIeCKOM peaKIJ;MM.

2. Ha,D, cpOPMYJIaMM Bem;eCTB sanMcaTb SHaTIeHM51 MSBeCT-

HbIX M HeMSBeCTHbIX BeJIMTIMH C COOTBeTCTBYIOm;MMM e,n;MHM-

IJ;aMM BeJIMTIMH (TOJIbKO ,n;JI.H TIMCTbIX Bem;eCTB, T. e. He co,n;ep-

mam;MX npMMeCM).
ECJIM no YCJIOBMIO sa,n;aTIM B peaKIJ;MIO BCTynalOT Bem;eCT-

Ba, co,n;epmam;Me npMMeCM, TO CHaTIaJIa Ha,n;O onpep;eJIMTb CO-

p;epmaHMe TIMCTOrO Bem;eCTBa; eCJIM B YCJIOBMM Sap;aTIM M,D,eT

peTIb 0 paCTBope, TO CHaTIaJIa Ha,n;O BbITIMCJIMTb Maccy paCT-

BOpeHHOI'O Bem;eCTBa.

3. IIo,n; cpopMYJIaMM Bem;eCTB C MSBeCTHbIMM M HeMSBeCT-

HbIMM sanMcaTb COOTBeTCTBYIOm;Me SHaTIeHM.H 3TMX Be JIM -

TIMH, HaMp;eHHbIe no ypaBHeHMIO peaKIJ;MM.

4. COCTaBMTb M peIIIMTb nponOpIJ;MIO.

5. 3anMcaTb OTBeT.

t
Fe

2
0

3
+ 3H

2
= 2Fe + 3H

2
0?

BbIqllCJIIiTe KOJIllqeCTBO Bem;eCTBa Bo,n;opo,n;a, KOTopoe BaaHMO-

,n;eHcTByeT C 1 MOJIb OKCH,n;a meJIeaa (III). BbIqllCJIIiTe 06'beM

Bo,n;opo,n;a, ROTOPbIH BaaHMo,n;eHcTByeT C 1 MOJIb ORCll,n;a meJIe-

aa (III). BbIqllCJIHTe ROJIllqeCTBO Bem;eCTBa meJIeaa, ROTopoe
rrpH 3TOM o6paayeTcH. CI-<OJIbKO MOJIeI-<YJI BO,n;bI rrpll 3TOM rroJIY-
qaeTcH?

� 28
PaCqeTbI

no XHMHqeCIOfM

ypaBHeHHHM

IIo XMMMTIeCKMM YPaBHeHM.HM MomHO paCCTIMTaTb Maccy,
06'beM M KOJIMTIeCTBO peaI'MPYIOm;MX M 06paSYIOm;MXC.H Be-

m;eCTB.

,IJ;JI.H paCTIeTOB OTIeHb BamHO BbI6paTb COOTBeTCTBYIOm;Me
,n;PYI' ,D,PYI'Y e,D,MHMIJ;bI MSMepeHM.H MaCCbI, 06'beMa M KOJIMTIe-

CTBa Bem;eCTB. C 3TOM IJ;eJIblO MomHO BOCnOJIbSOBaTbC.H Ta6-

JIMIJ;eM 7.

3aiJa"lta 1. PaCCTIMTaMTe 06'beM BOp;OpO,D,a (H. y.), KOTO-

pbIM nOTpe6yeTC.H P;JI.H BsaMMop;eMCTBM.H C

480 KI' OKCM,n;a meJIe3a (III). BbITIMCJIMTe KO-

JIMTIeCTBO Bem;eCTBa BOP;bI, KOTopoe IIPM 3TOM

06pasyeTC.H.

Pemenue:

1. 3aIIMIIIeM ypaBHeHMe XMMMTIeCKOM peaK-

IJ;MM:

.........

COOTHOIIIEHME HEKOTOPbIX

E)J;MHMIJ; <I>M3MKO-XMMMQECKMX BEJIMQMH

Ta6Jlu�a 7 J( ano:

m(Fe 2
0

g ) =

= 480 KI'

Mac-
KOJI- MOJIHp- MOJIHp-

E,IJ;HHHIJ;a BO HaH 06'beM HLIH
qHCJIO

ca

(V) 06'beM qaCTHIJ;H3MepeHHH
(m)

B-Ba Macca

(N)(n) (M) (V m )

HaH60JIee
-

r MOJIb r / MOJIb JI JI/MOJIb 6 . 10 23

qaCTO rrpll- (qllCJIO
MeHHeMaH

ABora,n;-
rrpH Hayqe-

po-N A )
HHH XHMHII

-

B 1000 paa Rr I-<MOJIb IW /KMOJIb M
3

M
3

/KMOJIb 6 . 10 26

60JIbIIIaH

- -

B 1000 paa Mr MMOJIb Mr/MMOJIb MJI MJI/MMOJIb 6. 10 20

MeHbIIIaH

I

Fe
2

0
g

+ 3H
2

� 2Fe + 3H
2

0.
V(H 2 )

- ?

n(H 2 0) - ? 2. 3anMIIIeM MSBeCTHble M HeMSBeCTHbIe TIMC-

JIOBbIe SHaTIeHM.H Hap; cpopMYJIaMM Bem;eCTB

B ypaBHeHMM.

TaK KaK Macca p;aHa B KMJIOrpaMMax, TO 06'beM HaxOP;MM

B Ky6MTIeCKMX MeTpax, a KOJIMTIeCTBO Bem;ecTBa
- B KMJIO-

MOJI.HX. II TOI'p;a:

480 Rr x M
3

Y KMOJIb

Fe
2

0
g

+ 3H
2

= 2Fe + 3H
2 0,

I'p;e x
- 06'beM Bo,n;opop;a V(H 2 ), Y

-

KOJIMTIeCTBO Bem;ecT-

Ba BO,n;bI n(H 2 0).

I, rl6
r
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3. a) HaiI,z:J;eM sa,n;aHHyro XHMH"LfeCKMM YPaJ3HeHMeM Maccy
1 KMOJIb Fe

2
0

g
M sanMllIeM IIOJIy-qeHHoe SHa"LfeHMe IIO,n; ero

Q;>opMYJIoii:

3. a) m(4AI)
= M(Al). n

= 27 r/MOJIb. 4 MOJIb
= 108 r;

6) V(30 2 )
= V

m

.

n
= 22,4 JI/MOJIb. 3 MOJIb

= 67,2 JI,

216 r x JI Y MOJIb

4AI + 30
2

= 2A1
2

0
g

.

108 r 67,2 JI 2 MOJIb

216
_

x
=

216.67,2
= 134 4 (JI) - 06'beM KMCJIO-4. a)

108

-

67,2
'

x
108

'

po,n;a V(02).

O,n;HaJW B sa,D,a"Lfe Tpe6yeTC.ff HaiiTM 06'beM He KMCJIOpo,n;a,

a Bos,n;yxa. B B03,n;yxe co,n;epmMTC.ff 21 % KMCJIOp?,n;a
no 06'b-

eMY. IIpe06pa3Y.ff Q;>OPMYJIY <P
=

V(02)/V(B03.1\)' HaM,n;eM 06'beM

Bos,n;yxa:

V = V(0 2 ) / <P(02)
= 134,4/0,21

= 640 (JI).
(B03.1\)

6)
216 =!J..

y
=

216.2
= 4 MOJIb

- KOJIH"LfeCTBO Bem;ecTBa
108 2' 108

oKcM,n;a a.JIIOMMHM.ff n(AI 2
0

g ).

Om6em: V(B03JJ;)
= 640 JI; n(AI 2

0
g ) = 4 MOJIb.

M
r (Fe 2

0
g )

= 56.2 + 16.3 = 160,

M(Fe 2
0

g ) = 160 Kr/KMOJIb.

m(Fe 2
0

g )
= M. n =160 Kr/KMoJIb.1 KMOJIb = 160 Kr.

6) Haii,n;eM sa,n;aHHbIii ypaBHeHMeM 06'beM 3 KMOJIb Bo,n;opo,n;a
V = V

m

.

n, 3aJUillIeM IIO,n; Q;>opMYJIoii Bo,n;opo,n;a HaiI,z:J;eHHoe SHa-

"LfeHMe: V(3H 2 )
= 22,4 M

g
/KMOJIb. 3 KMOJIb = 67,2 Mg.

B) IIo,n; Q;>opMYJIoii BO,n;bI YKameM ee KOJIM"LfeCTBO, 3a,n;aHHoe

ypaBHeHMeM,
- 3 KMOJIb.

YpaBHeHMe npMMeT BM,n;

480 Kr x M
3

Y I{MOJIb

Fe
2

0
g

+ 3H
2

= 2Fe + 3H
2

0.

160Kr 67,2M
3

3KMOJIb

4. CocTaBMM M pellIHM npoIIOpIJ;MM:

480_ x _480.67,2_
0 ga)

160

-

67,2
' x -

160

- 2 1,6 (M ) - 06'beM Bo,n;opo,n;a

V(H 2 );

480
_ Y _

480 . 3
-

9 )6)
160

-

3' y
-

160

-

(KMOJIb -

KOJIM"LfeCTBO Bem;eCTBa

BO,n;bI n(H 2 0).

Om6em: V(H 2 )
= 201,6 M

g
; n(H 2 0) = 9 KMOJIb.

3aiJa"lta 3.
.........

KaKoii 06'beM Bo,n;opo,n;a (H. y.) BbI,n;eJIMTC.ff npM

BsaMMo,n;eiicTBHM 730 r 30% -ii commoii KMCJIO-

TbI C He06xo,n;HMbIM no peaKIJ;MH KOJIM"LfeCTBOM

Bem;eCTBa IJ;MHKa? KaKOBO aTO KOJIM"LfeCTBO

Bem;ecTBa?

Pemenue:J( ana:

3aiJa"lta 2. KaKoii 06'beM Bos,n;yxa (H. y.) nOTpe6yeTC.ff ,n;JI.ff

BSaHMO,D,eiicTBMH C 270 r aJIIOMMHMH, co,n;epma-

m;ero 20% npMMeceii? KaKoe KOJIWIeCTBO Bem;e-
CTBa OKCM,n;a aJIIOMMHMH npM aTOM nOJIY"LfMTCH?

Pemenue:

1. Zn + 2HCI = ZnC1
2

+ H
2

.

2. m(HCI)
= m(p-p)' W

= 730 r' 0,3 = 219 r,

m(p-pa HCI)
=

= 730 r

w(HCI)
= 30%

V(H 2 ) - ?

n(Zn)
- ?

r,n;e x
- KOJIM"LfeCTBO Bem;eCTBa IJ;MHKa n(Zn), y

- 06'beM

Bo,n;opo,n;a V(H 2 ).

3. Mr(HCI)
= 1 + 35,5 = 36,5, M(HCI) = 36,5 r/MOJIb.

m(2HCI)
= 36,5 r/MOJIb. 2 MOJIb

= 73 r,

x MOJIb 219 r Y JI

Zn + 2HCI = ZnCl
2

+ H
2

.

1 MOJIb 73 r 22,4 JI

.........

X MOJIb 219 r Y JI

Zn + 2HCI = ZnCl
2

+ H
2 ,J( ano:

m(AI) = 270 r

w(npMMe-
ceii) = 20%

1. 4AI + 30
2

l 2A1
2

0
g

.

2.
W('!llCT) (AI) = 1 -

0,2 = 0,8,

m('!llCT) (AI) = 270 r. 0,8 = 216 r,

V(B03JJ;)
- ?

216 r x JI Y MOJIb

n(AI 2
0

g ) - ? 4AI + 30
2

= 2A1
2

0
g ,

r,n;e x
- 06'beM KMCJIOpO,D,a V(02)' Y

-

KOJIM"LfeCTBO Bem;e-

CTBa oKcM,n;a aJIIOMMHM.ff n(AI 2
0

g ).

.

141
:;,-

149

.....,

,

,
'

'!

I
I

I

II
I

III

II

III

'III

Ii::



TenJIOTbI - MbI yme nOSHa-

KOMMJIMCb. PaCCMOTpMM eID;e

O,n;HY KJIaccmlmKaIJ;mo peaK-

IJ;M:H:, B OCHOBY KOTOPO:H: no-

JIOmeH rrpMSHaK TIMCJIa M CO-

CTaBa MCXO,n;HbIX BeID;eCTB M

rrpO,n;yKTOB peaKIJ;MM.

IIosHaKoMMMcH C peaK-

IJ;MHMM paSJIOmeHMH. 06pa-
TMMCH K MCTOpMM XMMMM.

B 1 774 1'. aH1' JIM:H:CKM:H: XM-

MMK ,IJ;m. IIPMCTJIM, MCrrOJIb-
PHC. 97. Orrb1T IIpHCTJIH

SYH CTeKJIHHHYIO ,n;BOHKO-

BbIIIYKJIYIO JIMH3Y (60JIbIIIOe
u

YBeJIMTIMTeJIbHOe CTeKJIo), HarrpaBMJI CKOHIJ;eHTpMpoBaHHbIM

elO nYTIOK COJIHeTIHbIX JIYTIe:H: Ha OKCM,n; PTYTM (II) M nOJIYTIMJI

KMCJIOpO,n; (pMC. 97). QT06bI rro,n;TIepKHYTb, TITO KMCJIOpO,D,
-

3TO 1'as, B ypaBHeHMM peaRIJ;MM pH,n;OM C ero cpOPMYJIO:H: sarrM-

CbIBalOT CTpeJIKY, HarrpaJ3JIeHHYIO BBepx:

2HgO � 2Hg + O
2 i .

06paTMTe BHMMaHMe Ha CJIe,n;YIOID;M:H: rrpMSHaK 3TO:H: peaK-

IJ;MM paSJIOmeHM.ff
- B Hee 6cmynaem oano CJIOmHOe BeID;e-

CTBO, a o6pa3YlOmC.H a6a HOBbIX rrpOCTbIX BeID;eCTBa.

PaCCMOTpMM ,n;PyrylO aHaJIOrMTIHYIO peaKIJ;MIO: paSJIome-

HMe BO,n;bI 3JIeKTpMQeCKMM TOKOM C nOMoID;bIO CrreIJ;MaJIbHO:H:

YCTaHOBKM
-

3JIeKTpOJIMSepa (pMC. 98):

2H
2

0
:JJI. TOK

) 2H
2 i + O

2 i .

�hOT rrpOIJ;eCC CJIymMT O,n;HMM MS crroc060B rrOJIYQeHMH

TIMCT01'O KMCJIOpo,n;a. O,n;HaKO B JIa60paTOpHO:H: rrpaKTMKe KMC-

JIOpO,n; TIaCTO nOJIYQalOT pa3JIOmeHMeM ,n;PY1'o1'o BeID;eCTBa
-

rrepOKCM,n;a Bo,n;opo,n;a H
2

0
2 (B 06MXO,D,e e1'o TIaCTO HaSbIBalOT

rrepeKMCblO Bo,n;opo,n;a):

2H
2

0
2

= 2H
2

0 + O
2 i .

ECJIM no,n;01'peBaTb HeKOTOpbI:H: 06'beM nepOKCM,D,a BO,n;OpO-

,n;a B np06MpKe, He ,n;OBo,n;H ero,n;o KMneHMH, TO KMCJIOpO,D, BbI-

,n;eJI.ffeTCH Me,n;JIeHHO M e1'o 6y,n;eT He,n;OCTaTOTIHO, TIT06bI YBM-

,n;eTb, KaK BcrrbIXHeT BHeCeHHaH B BepXHlO1O TIaCTb rrp06MpKM

4. a )
219

= .....JL =

219. 22,4
_

.

73 22,4'
Y

73
- 67,2 (JI),

x 219
6) T

=

73
'

x = 3 (MOJIb).

Omeem: V(H 2 )
=

67,2 JI; n(Zn) = 3 MOJIb.

r

>

),

?
.

1. E,z:t;HHHIJ;LI BajICHeii:m:Hx BeJIH'IHH. 2. A.rrrOPHTM BLI-

'IHCJIeHHH no ypaBHeHHIO peaRIJ;HH.

...............................................

1
KaKOM 06'beM Bop;opop;a (H. y.) o6paayeTcH rrpH BaaHMop;eMCT-
BHH COJIHHOM KHCJIOTb1 C 540 Mr aJIIOMHHHH, cop;epmam;ero 4 %
rrpHMeceM? KaKoe 1-<OJIHqeCTBO Bem;eCTBa COJIH rrpH 3TOM rrOJIY-
qHTCH?

CKOJIb1-<O KHJIOrpaMMoB OKCHp;a 1-<aJIbIJ;HH nOJIyqHTcH rrpH paaJIO-
meHHH 2501W Kap60HaTa 1-<aJIbIJ;HH, cop;epmam;ero 20% npH-
MeceM? KaKoM 06'beM (H. y.) yrJIeKHCJIOrO raaa -

OKCHp;a yrJIe-
pop;a (IV) rrpH 3TOM Bbr.n;eJIHTcH?

CKOJIbKO MOJIe1-<YJI KHCJIOpOp;a o6paayeTcH rrpH paaJIOmeHHH
180 r BO,n;b1 3JIeKTpHqeCKHM TOI-<OM? KaKoM 06'beM (H. y.) BOP;O-
po,n;a rrpH 3TOM rrOJIyqHTCH?

IIpH,n;yMaMTe YCJIOBHe aa,n;aqH, rrpH peIIIeHHH 1-<OTOpOM Heo6-
XO,n;HMO HCrrOJIbaOBaTb rrpHBep;eHHoe HHme ypaBHeHHe, H pe-
IIIHTe ee:

2

3

4

5

H
3

P0
4

+ 3NaOH = Na
3

P0
4

+ 3H
2

0.

IIpH,n;yMaMTe H peIIIHTe aap;aqy, B YCJIOBHHX KOTOpOM 6bIJIa 6b1

,n;a�a Macca pacTBopa Bem;ecTBa C orrpep;eJIeHHOM MaccoBoM p;o-
JIeH pacTBopeHHoro Bem;ecTBa, a Tpe6oBaJIOCb 6b1 HaMTH KOJIH-
qeCTBO Bem;ecTBa o,n;Horo Ha Bem;eCTB H 06'beM p;pyroro. IIpH CO-

CTaBJIeHHH aa,n;aqH BOCrrOJIbaYMTeCb CJIe,n;yIOm;HM ypaBHeHHeM
XHMHqeCKOM peaKIJ;HH:

Zn + H
2

S0
4

= ZnS0
4

+ H
2

.

� 29 PeaKII;HH pa3JIOmeHHH

B oKPymaJOID;eM MMpe M BHYTPM Hac emeceKYH,D,HO rrpOTe-
KalOT MMJIJIMOHbI peaRIJ;M:H:. IIOJIYQMTb rrpe,n;CTaBJIeHMe 0 HMX
HaM rrOM01'aeT KJIaCCMcpMKaJJ;MH peaKIJ;M:H:. C O,n;HO:H: MS KJIaC-

CMcpMKaIJ;M:H: -

no rrpMSHaKY rrOrJIOID;eHMH MJIM BbI,n;eJIeHMH
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''':l-
il meTIKM aRKypaTHo BCblrreM B Hero HeMHoro rropOIIIKa OKCM-

Aa MapraHIJ;a (IV) (pMC. 99, a). mMAKOCTb B CTaKaHe MrHO-

BeHHO «BCKMrraeT » OT 6YPHO BbIAeJIHIOm;erOCH KMCJIOpOAa

(pMc.99, 6). BHeceHHaH B BepXHlO1O TIaCTb CTaKaHa TJIelO-

m;a.ff JIyqMHKa HpKO BcrrbIXMBaeT, AOKaSbIBaH HaJIMTIMe KMC-

JIOpOAa (pMC. 99, 6). B :3TOM CJIYTIae rOBopHT 0 TOM, TITO pe-

aKIJ;M.ff rrpOTeKaeT C 60lLblUoii CK,OpOcmblO. CJIeAOBaTeJIb-
HO, CKOpOCTb XMMMTIeCKOH peaKIJ;MM

- :3TO 6bICTpOTa ee

rrpoTeKaHMH, T. e. 6bICTpOTa rrpeBpam;eHMH OAHMX Bem;ecTB

B APyrMe.

MbI HayqMJIMCb yrrpaBJIHTb CKOpOCTblO XMMMTIeCKOH peaK-

IJ;MM paSJIOmeHMH rrepoKcMAa BOAOpo,D,a, M rrOMor HaM B :3TOM

OKCMA MapraHIJ;a (IV) -

KaTaJIMSaTOp :3TOH peaKIJ;MM.

....,..

t-
,,'

�
KHCJIOPOA

�
BOAOPOA

/

..

+
RaTaJIH3aTOpbI - :3TO Bem;ecTBa, MSMeHHIOm;Me

CKOpOCTb XMMMTIeCKMX peaKIJ;MH, HO rro OKOHTIa-

HMM MX OCTalOm;MeCH KaTIeCTBeHHO M KOJIMqeCT-

BeHHO HeM3MeHeHHbIMM.

f'fJ

"'"

':-'jI-

BOAa
C Ao6aBJIeHHeM

cepHOll
KHCJIOTbI

I..

. ,if.: �-

! )

�
"

MCTOTIHHK

TOKa (6 B)

a) 6)
PHC. 98. iheKTpOJIlI3 BOP;bI: a -

<poTorpa<pHH 3JIeKTpOJIH3epa;
6 - cxeM a 3JI eKTpOJIll 3epa

/"
-"

.

--

no OKOHTIaHMM XMMMTIeCKOH peaKIJ;MM paSJIOmeHMH rre-

pOKcMAa BOAopoAa YCKOPMBIIIMH ee rrpoTeKaHMe OKCMA Map-

raHIJ;a (IV) He MSMeHMJICH. ECJIM BbIJIMTb MS XMMMTIeCKOrO

CTaKaHa OCTaBIIIMHC.ff B HeM rrpOAYKT peaKIJ;MM
-

BOAY, a sa-

TeM rrpMJIMTb B Hero cBemylO rrOpIJ;MIO rrepOKCMAa BOAopoAa,
TO peaKD;MH 6YAeT rrpOTeKaTb CHOBa.

AHaJIOrMTIHbIH rrpoIJ;ecc BbI MOrJIM Ha6JIIOAaTb, eCJIM

rrOJIYTIeHHYIO BaMM paHKY AJIH ee 06essapamMBaHMH 06pa6a-
TbIBaJIM rrepeKMCblO BOAopoAa. BYPHoe BbIAeJIeHMe KMC-

JIOpOAa KaTaJIM3MpyeTcH B :3TOM CJIyqae cOAepmam;MMCH
B KpOBM 6MOJIOrMTIeCKMM KaTaJIMSaTOpOM

- cpepMeHTOM
KaTaJIaSOH.

TJIelOm;aH JIyqMHKa. B :3TOM CJIyqae rOBopHT, qTO XMMMTIe-

CKaH peaKIJ;MH MAeT C ne60lLblUoii CK,OpOcmblO. MomHO
JIM YBeJIMTIMTb CKOpOCTb XMMMTIeCKOH peaKIJ;MM?

HaJIbeM B XMMMTIeCKMH CTaKaH Ha 1/3 ero 06'beMa Kyrr-

JIeHHOrO B arrTeKe rrepOKCMAa BOAopOAa M C rrOMOm;blO JIO-

�

EL
BMOJIOrMTIeCKMe KaTaJIMSaTOpbI 6eJIKOBOH rrpMpo-

AbI HaSbIBalOT (j)epMeHTaMH.
,o;,fu

-°0 �o
o Q °c

00 '?

"

BOJIbIIIMHCTBO XMMMTIeCKMX rrpOIJ;eCCOB B mMBbIX opra-

HMSMax rrpOTeKalOT C yqaCTMeM cpepMeHTOB.

<PepMeHTbI BXOAHT B COCTaB KaTIeCTBeHHbIX CTMpaJIbHbIX

rropOIIIKOB M rrOMoralOT OTCTMpbIBaTb rrHTHa KpOBM, 6eJIKOB,

a) 6) 6)
PHC. 99. Pa3JIOJKeHlle rrepOKCllp;a Bop;opop;a
C HCrrOJIb30BaHHeM OKCllp;a MapraHIJ;a (IV)

-
-
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TIaH M ,n;pyrMx sarpHSHMTeJIen. C rrOMOID;blO cpepMeHTOB Ba-

pHT rrMBO, MSrOTaBJIMBalOT CblpbI M JIeKapCTBa.

06paTMM BHMMaHMe Ha rrpMSHaK peaK�MM paSJIOmeHMH

rrepOKCM,n;a Bo,n;opo,n;a
- B peaK�MIO 6cmynu.Jw oano CJIom-

HOe BeID;eCTBO, a o6pa306a.nUCb a6a HOBbIX -

rrpOCToe

M CJIOmHoe.

PaCCMOTpMM eID;e O,n;HY paSHOBM,n;HOCTb peaK�M:H: paSJIO-

meHMH. IIo,n;orpeeM B rrp06MpKe Ha rrJIaMeHM crrMpTOBKM

CBemerrOJIYTIeHHbI:H: rOJIy60:H: cTy,n;eHMCTbI:H: OCa,n;OK rM,n;po-

KCM,n;a Me,n;M (II). Co,n;epmMMoe rrp06MpKM qepHeeT Ms-sa rro-

JIYTIalOID;erOCH B peSYJIbTaTe peaK�MM pa3JIOmeHMH OKCM,n;a

Me,n;M (II):

Cu(OH)2
l CuO + H

2
0.

B 3TO:H: peaK�MM MS o,n;Horo CJIOmHOrO BeID;ecTBa 06paso-
BaJIMCb ,n;Ba HOBbIX CJIOmHbIX BeID;ecTBa.

B rrpOMbIIIIJIeHHOCTM paSJIOmeHMe MMHepaJIa MSBeCTHH-

Ka, OCHOBY KOToporo COCTaBJIHeT Kap60HaT KaJIb�MH, MC-

rrOJIbsYIOT ,n;JIH rrOJIYTIeHMH HeraIIIeHO:H: MSBeCTM ( oKcM,n;a

KaJIb�MH):

CaCO
g

l CaO + CO
2 i .

8TOT rrpOMSBo,n;CTBeHHbI:H: rrpo�ecc Ha3bIBalOT 06mMrOM

MSBeCTHHKa. Ero TaKme rrpMMeHHIOT ,n;JIH rrpOMSBo,n;CTBa

yr JIeKMCJIOrO rasa, KOTOpbI:H: MMeeT 60JIbIIIOe rrpOMbIIIIJIeH-

Hoe SHaTIeHMe (BcrrOMHMTe KaKoe).

O 2

r-

/

a) 6)

PHC. 100. IIoJIyqeHlie H co6HpaHHe KHCJIOpo,n;a:

a -

MeTo,n;OM BbITeCHeHHH BO,n;bI; 6 -

MeTo,n;OM BbITeCHeHHH Boa t!x�1l..

15'4
.r:'"

A MomeT B pesYJIbTaTe peaK�MM paSJIOmeHMH rrOJIyqMTb-
CH He ,n;Ba, a 60JIee ,n;BYX BeID;ecTB?

OrrHTb 06paTMMcH K 3KcrrepMMeHTY: rrOJIyqMM KMCJIOpO,n;
eID;e O,n;HMM crroc060M -

paSJIOmeHMeM rrepMaHrmIaTa KaJIM.ff

KMnO
4'

B 6bITY HaSbIBaeMoro MapraH�OBKO:H::

2KMnO
4

l K
2 MnO

4
+ Mn0

2
+ O

2 i
M c06epeM ero (pMC. 100).

B ,n;aHHOM CJIYTIae B peaK�MIO BCTyrrMJIO O,n;HO CJIOmHOe Be-

ID;eCTBO, a 06paSOBaJIOCb TPM HOBbIX BeID;eCTBa
-

,n;Ba CJIom-

HbIX M O,D,HO rrpOCToe.

IIo,n;Be,n;eM MTorM -

CcpOPMYJIMpyeM orrpe,n;eJIeHMe rrOHH-

TMH «peaK�M.ff paSJIOmeHMH».

+
PeaKQ;HH pa3JIO:lKeHHH -

3TO TaKMe peaK�MM,
B peSYJIbTaTe KOTOpbIX MS o,n;Horo CJIOmHOrO

BeID;eCTBa 06pasYlOTcH ,n;Ba M 60JIee HOBbIX Be-

ID;eCTB.

),

� ;

,;'
.

r,

?
.

...............................................

1. PeaKll,HH pa3JIO:HCeHHH. 2. CKOpOCTL XHMH'IeCKOH

peaKll,HH. 3. KaTaJIH3aTopLI. 4. (,f)epMeHTLI.

1
3alIHIIIHTe ypaBHeHHH peaKIJ;uH paaJIOmeHHH, cxeMbI KOTO-

pbIX:

t

a) Fe(OH)3 � Fe
2

0
3

+ H
2 0;

t

6) Ca
3 (PO 4h � CaO + P 205;

t

B) HN0
3
� H

2
0 + N0

2
+ 02;

t

r) CU(N0 3 )2 � CuO + N0
2

+ 02.
KaKoe KOJIHqeCTBO Bem;eCTBa BO,n;bI paaJIOmHJIOCb IIO,n; ,n;eHCTBH-
eM IIOCTOHHHoro ::JJIeKTpHqeCKOrO TOI<a, eCJIH IIPH 3TOM o6paao-
BaJIOCb 67,2 M

2
KHCJIOpo,n;a (H. y.)? KaKOB 06'beM (H. y.) IIOJIY-

qeHHOrO IIPH 3TOM Bo,n;opo,n;a?
KaKHe rpYlIlIbI peaKIJ;HH BbI aHaeTe IIO IIpHaHm<y BbI,n;eJIeHHH
HJIH IIOrJIOm;eHHH TeIIJIOTbI? KaK MomHO HaaBaTb peaKl(HIO,

IIpoTeKaIOm;yro C yqaCTHeM KaTaJIHaaTopa? A KaK - C yqaCTH-
eM 4>epMeHTa?

3alIHIIIHTe ypaBHeHHe pem<IJ;HH paaJIOmeHHH HHTpaTa cepe6pa,
eCJIH B peaYJIbTaTe Hee o6paaYIOTcH KHCJIOpO,n;, OIWH,n; aao-

Ta (IV) H cepe6po.

2

3

4
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5
KaKaH MaCCa IIepMaHraHaTa KaJIHH IIoTpe6yeTcH p;JIH IIOJIY'le-

HHH 11,2 JI KHCJIOpOp;a (H. y.)?

3aIIHillHTe <POPMYJIbI COOTBeTCTBYIOID;HX KHCJIOT H OKCHP;OB,

eCJIH H3BeCTHbI <P0PMYJIbI cOJIeii: KMn0
4 ,

K
2

Cr0
4

.

2-H rrpOIJ;ecc. BHeceM JIOmeTIKY C ropHr:u;MM £pOC£pOpOM
B KOJI6y. OHa SarrOJIHHeTCH rYCTbIM ,n;bIMOM MS OKCM,n;a £pOC-
£popa (V). BbIHeM JIOmeTIKY HS KOJI6bI, rrpMJIbeM B KOJI6y BO-

,n;y M Bs60JITaeM co,n;epmMMoe, rrpe,n;BapMTeJIbHO saKpbIB

rOpJIbIlliKO KOJI6bI rrp06KOH. ,D;bIM rrOCTeneHHO pe,D,eeT, pac-

TBopHeTcH B Bo,n;e M, HaKoHeIJ;, MCTIe3aeT COBceM. ECJIM K rro-

JIYTIeHHoMY B KOJI6e pacTBoPY ,n;06aBMTb HeMHoro JIaKMyca,
OH oKpacMTcH B KpacHbIH IJ;BeT, TITO HBJIHeTCH ,n;oKa3aTeJIb-
CTBOM 06paSOBaHMH £pOC£pOpHOH KMCJIOTbI:

P
2

0
5

+ 3H
2

0 =

2Hg P0
4.

6

� 30
PeaRII;HH

COe)];HHeHHH

IIOHHTMe «peaKIJ;MM coe,n;MHeHM.ff» HBJIHeTCH aHTOHMMOM

rrOHHTMH ('peaKIJ;MM paSJIOmeHMH». IIonp06YHTe, MCrrOJIbSY.ff

rrpMeM npOTMBorrOCTaBJIeHMH, ,n;aTb orrpe,n;eJIeHMe rrOH.ffTM.ff

«peaKIJ;MM coe,n;MHeHMH». BepHO! Y Bac nOJIYTIMJIaCb CJIe,n;ylO-

r:u;aH £pOPMYJIMpOBKa.

PeaKIJ;MM, KOTopbIe rrpOBo,n;HT ,n;JIH ocyr:u;eCTBJIeHMH pac-

CMaTpMBaeMbIX rrepexo,n;OB, rrpOTeKalOT 6es YTIaCTMH KaTa-

JIM3aTOpa, rr03TOMY MX Ha3bIBalOT neKamanumu-rteCKU-

MU. PaCCMOTpeHHbIe BbIllie peaKIJ;MM rrpOTeKalOT TOJIbKO

B O,n;HOM HanpaBJIeHMM, T. e. HBJIHIOTCH neo6pamUMb£MU.
IIpoaHaJIMSMPyeM, CKOJIbKO M KaKMX Ber:u;eCTB BCTyrraJIO

B paCCMOTpeHHbIe BbIllie peaKIJ;MM M CKOJIbKO M KaKMX

Ber:u;eCTB B HMX 06paSOBaJIOCb. B rrepBOH peaKIJ;MM M3 ,n;BYX

rrpOCTbIX Ber:u;eCTB 06paSOBaJIOCb O,n;HO CJIOmHOe, a BO BTO-

pOH -

MS ,n;BYX CJIOmHbIX Ber:u;eCTB, Kam,n;oe MS KOTOpbIX co-

CTOMT MS ,n;BYX 3JIeMeHTOB, 06paSOBaJIOCb O,n;HO CJIOmHOe Be-

r:u;eCTBO, COCTOHr:u;ee yme MS Tpex 3JIeMeHTOB.

O,n;HO CJIOmHOe Ber:u;eCTBO MomeT TaKme 06paSOBaTbCH
M B peSYJIbTaTe peaKIJ;MM coe,n;MHeHMH CJIOmHOrO M rrpOCToro

Ber:u;eCTBa. HarrpMMep, rrpM rrpOMSBo,n;CTBe cepHOH KMCJIOTbI

MS OKCM,n;a cepbI (IV) rrOJIYTIalOT OKCM,n; cepbI (VI):

280
2

+ O
2 (

t
) 280

g
.

PeaKD;HH coe)J;HHeHH.ff
- 3TO TaKMe peaKIJ;MM,

B pesYJIbTaTe KOTOpbIX MS o,n;Horo MJIM HeCKOJIb-

KMX MCXO,n;HbIX Ber:u;eCTB 06pasyeTC.ff O,n;HO CJIom-

Hoe Ber:u;eCTBO.

PaCCMOTpMM 3TOT TMrr peaKIJ;MH C rrOMor:u;blO er:u;e O,n;HOH,
HOBOH ,n;JI.ff Bac £pOpMbI sarrMCM XMMMTIeCKMX rrpOIJ;eCCOB

-

TaK HaSbIBaeMbIX IJ;errOTIeK rrepexo,n;OB, MJIM rrpeBpar:u;eHMH.

HarrpMMep, cxeMa

P � P
2

0
5
� HgP04

rrOKaSbIBaeT rrpeBpar:u;eHMe £Poc£Popa B OKCM,n; £Poc£Popa (V)
P

2
0

5' KOTOpbIH, B CBOIO OTIepe,n;b, saTeM rrpeBpar:u;aeTCH B £pOC-

£pOPHYIO KMCJIOTY HgPO 4.

qMCJIO CTpeJIOK B cxeMe rrpeBpar:u;eHM.ff Ber:u;eCTB COOTBeT-

cTByeT MMHMMaJIbHOMY TIMCJIY XMMMTIeCKMX rrpeBpar:u;eHMH
-

XMMMTIeCKMX peaKIJ;MH. B paCCMaTpMBaeMOM rrpMMepe 3TO

,n;Ba XMMMTIeCKMX rrpOIJ;ecca.

I-H rrpOIJ;ecc. IIoJIYTIeHMe OKCM,n;a £Poc£Popa (V) P 205 MS

£poc£popa. OTIeBM,n;HO, TITO 3TO peaKIJ;MH coe,n;MHeHM.ff £Poc£Popa

C KMCJIOpO,n;OM.

IIOMeCTMM HeMHoro KpaCHoro £Poc£Popa B JIOmeTIKY ,D,JIH

cmMraHMH Ber:u;eCTB M rro,n;ommeM ero. <t>OC£POp ropMT .ffpKMM

rrJIaMeHeM C 06pa30BaHMeM 6eJIoro ,n;bIMa, COCTOHr:u;ero MS

MaJIeHbKMX TIaCTMTIeK OKCM,n;a £Poc£Popa (V):

4P + 50
2

= 2P 205.

�ha peaKIJ;MH rrpOTeKaeT KaK B rrpHMOM HarrpaBJIeHMM,
T. e. C 06paSOBaHMeM rrpo,n;YKTa peaKIJ;MM, TaK M B 06paTHOM,
T. e. rrpOMcxo,n;MT paSJIOmeHMe rrpo,n;YKTa peaKIJ;MM Ha MCXO,n;-
HbIe Ber:u;eCTBa, rr03TOMY B HMX BMeCTO SHaKa paBeHCTBa CTa-

BHT SHaK 06paTMMOCTM (
)

.

XMMMTIeCKMe peaKIJ;MM, KOTOpbIe rrpOTeKalOT o,n;-

HOBpeMeHHO B ,D,BYX rrpOTMBOrrOJIOmHbIX HarrpaB-
JIeHMHX -

rrpHMOM M 06paTHOM, HaSbIBalOT

o6pa THMbIMH.
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B 3TOM peaKIJ;MM Y1:J:aCTByeT KaTaJIMSaTOp
-

OKCM,n; BaHa-

,n;M.ff (V) V 205' KOTOpbIM YKaSbIBalOT Ha,D, SHaKOM 06paTM-

MOCTM:

t, V
2
0

5

280
2

+ O
2 (

) 280
g

.

+
PeaKIJ;MM, npoTeKalOm;Me C Y1:J:aCTMeM KaTaJIMSaTO-

pa, HaSbIBalOT KaTaJIHTIPIeCKHMH, a C Y1:J:aCTMeM

<pepMeHToB
- (j)epMeHTaTHBHbIMH.

PeaKIJ;MM, npoTeKalOm;Me 6es Y'IacTM.ff KaTaJIMSa-

Topa, HaSbIBalOT HeKaTaJIHTHTIeCKHMH.

" ,

CJIOmHOe Bem;ecTBo TaRme MomeT 6bITb nOJIY1:J:eHO M B pe-

aKIJ;MM coe,n;MHeHM.ff Tpex Bem;ecTB. HanpMMep, asoTHYIO

KMCJIOTY nOJIY1:J:aIOT no peaKIJ;MM, cxeMa KOTOpOM:

N0
2

+ H
2

0 + O
2
� HNO

g
.

PaCCMOTpMM, KaK nO,D,06paTb K03<P<PMIJ;MeHTbI ,D,JI.ff ypaB-

HMBaHM.ff cxeMbI 3TOM XMMM1:J:eCKOM peaKIJ;MM.

qMCJIO aTOMOB aSOTa ypaBHMBaTb He HymHO: M B JIeBOM,

M B npaBOM 1:J:aCT.ffX cxeMbI no O,n;HOMY aTOMY aSOTa. YPaBH.ff-

eM TIMCJIO aTOMOB Bo,n;opo,n;a
-

nepe,n; <POPMYJIOM KMCJIOTbI

SanMIneM K03<P<PMIJ;MeHT 2:

N0
2

+ H
2

0 + O
2
� 2HNO

g ,

HO npM 3TOM HapYIIIMTC.ff paBeHCTBO TIMCJIa aTOMOB aSOTa -

B JIeBOM TIaCTM OCTaJIC.ff O,n;MH aTOM aSOTa, a B npaBOM MX CTa-

JIO ,n;Ba. 3anMIIIeM K03<P<PMIJ;MeHT 2 nepe,n; <POPMYJIOM OKCM,D,a

aSOTa (IV):
2N0

2
+ H

2
0 + O

2
� 2HNO

g
.

IIo,n;CTIMTaeM 1:J:MCJIO aTOMOB KMCJIOpo,n;a: B JIeBOM TIaCTM

cxeMbI peaKIJ;MM MX ceMb, a B npaBOM TIaCTM
- IIIeCTb. qTO-

6bI YPaBH.ffTb TIMCJIO aTOMOB KMCJIOpo,n;a (no IIIeCTb aTOMOB

B Kam,n;OM TIaCTM ypaBHeHM.ff), BcnOMHMM, TITO nepe,n; <POp MY-

JIaMM npOCTbIX Bem;eCTB MomHO sanMcaTb ,n;P06HbIM K03<P<P M -

IJ;MeHT 1/ 2
:

2N0
2

+ H
2
0 + 1/ 2

0
2

= 2HNO
g

.

C,n;eJIaeM K03Q:><pMIJ;MeHTbI IJ;eJIbIMM. ,D;JI.ff 3Toro nepenM-

IIIeM ypaBHeHMe, y,n;BOMB K03<P<P M IJ;MeHTbI:

4N0
2

+ 2H
2
0 + O

2
= 4HNO

g
.

1�1
C-

CJIe,n;yeT OTMeTMTb, TITO nOTITM Bce peaKIJ;MM coe,n;MHeHM.ff

OTHOC.ffTC.ff K 3K30TepMMTIeCKMM peaRIJ;M.ffM.

Iii
I!

II
1. PeaKD;HH coe)J;HHeHH.ff

- aHTOHHMLI peaK:u;HH pa3-
JIO:HCeHH.ff. 2. KaTaJIHTHqeCKHe (B TOM TIHCJIe H f}>ep-
MeHTaTHBHLIe) H HeKaTaJIHTHTIeCKHe peaKD;HH. 3. JJ;e-
nOTIKH nepeXO)J;OB, HJIH npeBpa:rn;eHHH. 4. OopaTHMLIe
H HeoopaTHMLIe peaKll,HH.

Ii

?
. ...............................................

3arnunHTe ypaBHeHHH peaK:L(HH coep;HHeHHH, npOTeKalOID;HX

COrJIaCHO cxeMaM:

a) Li � Li
2

0 � LiOH;

6) Ca � CaO � Ca(OHh;

B)N 2
�NO�N0

2
�HNO'

3'

r) 8 � 80
2
� 80

3
� H 80 .

2 4'

p;) P � P2 0
3
� P

2
0

5
� H

3
P0

4
.

3anHIIIHTe ypaBHeHHH peaK:L(HH, cxeMbI KOTOpbIX:

a)Li+0 2
� ...;

t

6)AJ +02�".;
t

B) Fe + C1
2
� FeC1

3 ;

r) Fe + H
2

0 + 02 � Fe(OHh.

He npOH3BOP;H BbIqHCJIeHHH, YKamMTe, B KaIWM Ha OKCMP;OB ce-

pbI
- (IV) MJIH (VI) -

cop;epmaHHe KMCJIOpOp;a 60JIbIIIe. HaH-

p;MTe MaccoBYIO P;OJIIO KHCJIOpOp;a B Kamp;OM Ma YKaaaHHbIX OK-

CHp;OB.

,l];JIH npOBep;eHMH KaKMX peaK:L(MH, coep;MHeHMH MJIM pa3JIOme-

HMH, Heo6xop;MMa nOCTOHHHaH rrop;aqa TerrJIOTbI P;JIH HX rrpOTe-

KaHHH, a P;JIH KaI01X -

TOJIbKO rrepBOHaqaJIbHaH rrop;aqa Terr-

JIOTbI?

IIpop;eJIaHTe p;OMa TaIWH orrbIT. IIorrpo6YllTe rrOp;meqb B JIO-

meqI-<e KycOqeI-< caxapa. Y Bac HMqerO He rrOJIyqMTCH: caxap 6y-
p;eT rrJIaBMTbCH, P;bIMHTb, o6yrJIMBaTbCH, HO He aaropMTCH. Ec-

JIM me Ha KycOqeK caxapa rrOMeCTMTb HeMHoro CHrapeTHoro

nerrJIa (He Bap;YMaHTe I-<ypMTb caMM -

rrYCTb 3TO aa Bac cp;eJIa-

lOT 3aHp;JIbIe KYPMJIbID;MKH) M rrOp;meqb, KycOqeK caxapa aaro-

pHTCH pOBHbIM CHHeBaTbIM rrJIaMeHeM. IIorrpo6YHTe p;aTb 06'b-

HCHeHMe Ha6JIIOp;aeMOro HBJIeHHH.

IIpMBep;MTe rrpMMepbI p;eHCTBMH <l>epMeHTOB, C KOTOpbIMM BbI

3HaKOMMJIMCb Ha YPOKax aHaTOMMM qeJIOBeKa.

1

2

3

4

5

6
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7 COCTaBIiM ypmmeHlle peaK[J;1l1l D;IlHKa C commOM KllCJIO-

TOM:

CYXOM XJIOp XpaH5IT B meJIe3HbIX 6aJIJIOHax. BJIamHbIM XJIOp

pa3pymaeT meJIe30. KaKYIO pOJIb HrpaeT Bo,n;a B rrOCJIe,n;HeM

rrpoD;ecce?

,[(aMTe xapaKTepHcTHKY peaKD;HM, rrpoBe,n;eHHblx B rraparpacpe,

rro rrJIaHY: a) xapaKTep H "'IHCJIO peareHToB H rrpo,n;YKTOB; 6) Ha-

rrpaBJIeHHe; B) HaJIH"'IHe KaTaJIH3aTOpa; r) BbI,n;eJIeHHe HJIH rro-

rJIo:rn;eHHe TerrJIOTbI.

8

COJIHHaH
�

XJIOpll,D,

D;IlHK +
KllCJIOTa D;IlHKa

+ BO,n;OpO,n;,

Zn + HCI � ZnCl
2

+ H
2 t

II, HaKOHeD;,

'I

Zn + 2HCI = ZnCl
2

+ H
2 1.

I'
,

AHaJIOrWIHYIO peaRD;1l1O MOmHO rrpOBeCTIi II C ,n;pyrllM

MeTaJIJIOM
- aJIIOMllHMeM:

COJIHHaH XJIOpll,D,
aJIlOMllHllM +

KllCJIOTa

�

aJIIOMllHllH
+ BO,D,OpO,n;,

� 31
PeaKIJ;MM

3aMem;eHM.H

IIOSHaKOMIiMCH C TpeTbliM TlirrOM peaKD;IlM
-

peaKD;IlH-

MIl3aMeIIJ;eHllH.

IIOBTOpliM orrbIT 3aMeTIaTeJIbHOrO aHrJIIiMCKOro XllMMKa
-

JIop,n;a r. KaBeH,n;IlIIIa.

HaJIbeM B rrp0611pKY 2-3 MJI COJIHHOM KllCJIOTbI, a 3aTeM

orrYCTIiM B Hee 2-3 rpaHYJIbI (OT rpeTI. zpaHYJla
-

sep-

HbIIIIKO) D;IlHKa. 3aMeTliM BbI,n;eJIeHlle rasa. HaKpoeM rrpo-

611pKy-peaKTop, B KOTOpOM rrpOTeKaeT peaKD;IlH, ,n;pyroM

rrp0611pKOM 60JIbIIIerO ,n;llaMeTpa Ha 3-4 C II c06epeM B Hee

BbI,n;eJIHIOIIJ;IlMCH ras (MeTo,n;oM BbITeCHeHllH B03,n;yxa). 8TO

B03MomHO rrOTOMY, TITO BbI,n;eJIHIOIIJ;IlMCH B pe3YJIbTaTe 3TOM

peaKD;1l1l ras -

BO,n;OpO,n;
-

ropa3,n;0 JIerqe B03,n;yxa. IIpll-

rro,n;HHB rrp0611pKY C BO,n;OpO,n;OM Ha,n; rrp0611pKoM-peaKTopoM,

6bICTpO rrO,D,HeCeM ee OTBepCTlie K rrJIaMeHll rOpeJIKll. Pas-

,n;aCTCH B3PblB, corrpoBom,n;alOIIJ;IlMCH XapaRTepHbIM ('JIalO-

IIJ;IlM» SBYKOM. 8TO BspblBaeTCH CMeCb Bo,n;opo,n;a C BOS-

,n;YXOM, KOTOPYID 06pasHo Ha3bIBalOT (,rpeMYTIIiM raSOM».

TOTIHee, TaR Ha3bIBalOT CMeCb 2 06'beMOB Bo,n;opo,n;a M

1 06'beMa KllCJIOpo,n;a.

ECJIIi me SaRpbITb OTBepCTlie rrp0611pKll- peaKTopa rraJIb-

D;eM II TIepes 5-10 C rrOCJIe Toro, KaK rrOTIYBCTByeTcH ,n;aBJIe-

Hlle c06paHHoro B BepxHeM TIaCTIi rrp0611pKll ra3a Ha rraJIeD;,

y6paTb ero C o,n;HoBpeMeHHbIM rro,n;HeceHlleM K oTBepcTli1O

rOpHIIJ;eM CrrllTIKll, TO pas,n;aCTCH JIerKIiM XJIOrrOK -

pe-

3YJIbTaT cropaHIiH TIIiCTOrO Bo,n;opo,n;a. ECJIIi 'HeCKOJIbKO Ka-

rreJIb mM,n;KOCTll, rrOJIyqeHHoM B pe3YJIbTaTe peaKD;IlM Mem,n;y

D;IlHKOM M COJIHHOM KllCJIOTOM, rrOMeCTllTb Ha TIaCOBOe CTeK-

JIO II BblrrapllTb, TO MomHO SaMeTllTb 06paSOBaHlie KpIiCTaJI-

JIIiKOB COJIIi
-

XJIOpll,n;a D;MHKa.

Al + HCI � AICl
g

+ H
2 t,

Al + 3HCI � AICl
g

+ 1,5H 2 t.

2Al + 6HCI = 2AICI
g

+ 3H
2 t .

C paCTBopOM cepHoM KllCJIOTbI D;IlHK M aJIIOMllHllM 06pa-

SYIDT yme ,n;pyrlle COJIIi - cYJIb(]:>aTbI, HarrpliMep:

Al + H
2

S0
4
� AI

2 (SO 4h + H
2 t;

2AI + 3H
2

SO
4

= AI
2 (SO 4h + 3H

2 t .

Bce JIll MeTaJIJIbI BS8RMO-

,n;eMcTBYIOT C KllCJIOTaMIi C

06pasoBaHlieM COJIM II BO,n;O-

pO,D,a?
06paTliMcH K 3Kcrrepll-

MeHTY. HaJIbeM B TIeTblpe

o,n;IlHaKoBble rrp0611pKll paB-

Hble 06'beMbI COJIHHOM KllC-

JIOTbI II orrycTIiM B HIiX pas-

Hbl8 MeTaJIJIbI: B 1-10 -

KY-

COTIeK KaJIbD;Il.H, BO 2-10 -

MarHllH, B 3-10 -

D;IlHKa,

a B 4-10 -

Me,n;ll (pIiC. 101).

HeTpy,n;Ho 3aMeTllTb, TITO llH-

TeHCllBHOCTb BbI,n;eJIeHllH BO-

,n;opO,D,a 6y,n;eT YMeHbIIIaTbcH

160
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PHc.l0l.B3aHMo,n;eMcTBHe

pa3JIH"'IHbIX MeTaJIJIOB

C COJI5IHOM KHCJIOTOM
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PaCTBOp PaCTBOp
CYJIbljJaTa CYJIbljJaTa
MeAM (II) meJIeSa (II)

PHC. 102.PeaK�MHsaMe�eHMH
Me,n;M meJIeSOM B pacTBope

CYJIbqJaTa Me,n;M (II)

-- ....�-...-

OT KaJIbD;MH K D;MHKY, a B

rrp06MpKe C Me,D,blO ra3 Bo06-

m;e He BbI,D,eJUleTCH
- TaM He

rrpOMCXO,D,MT peaKD;MH.

��H rrporHOSMpOBaHMH

BOSMomHOCTIi rrpOTeKaHIiH

pe8RD;niI Mem,n;y MeTa��aMM

II KllC�OTaMIi 06paTliMCH K

TaK Ha3bIBaeMOMY pRay aK-

mUBHocmu (HanpR:JICeHUU)
Me maJlJlOB:

Li, K, Ba, Ca, Na, Mg, AI, Mn, Zn, Cr, Fe, Co, Sn, Pb, H
2 ,

Cu, Hg, Ag, Au.

IIoTIeMY me B pH,D, MeTaJI�OB rrorra� HeMeTaJI� - BO,D,OpO,D,?
OKasblBaeTcH, Kam,n;bIH liS MeTa��OB, pacrro�omeHHbIX B pH-

,n;y aKTllBHOCTIi MeTaJI�OB ,n;o Bo,n;opo,n;a, crroc06eH BbITeCHHTb

ero 113 pacTBopoB KllC�OT. A BOT Me,n;b C CO�HHOH KllC�OTOH

He BsaMMo,n;eHcTByeT II rr03TOMY Haxo,n;IlTCH B pH,n;y aKTllB-

HOCTII MeTa��OB rroc�e Bo,n;opo,n;a. B rrp0611pKe C 3TllM MeTa�-

�OM II CO�HHOH KllC�OTOH peaKD;1l1l He Ha6�IO,n;aJIOCb. AHa-

�OrIiTIHO He 6Y,D,YT BbITeCHHTb BO,n;OpO,n; 113 paCTBopOB KllC�OT

PTYTb, cepe6po II SO�OTO.

PH,n; 8RTllBHOCTIi MeTa��OB MomHO TaKme llcrrO�bSOBaTb

,D,�H rrporH0311pOBaHIiH BOSMomHOCTIi rrpOTeKaHMH pe8RD;IlH
BbITeCHeHllH O,D,HllX MeTa��OB liS paCTBopOB MX co�eH ,n;py-
rliMIi.

IJ;MHK

���-

Mg(NOgh ZnS04

PHC. 103. BsaMMo,n;eHcTBMe �MHKa C paCTBOpaMM paSJIHqHbIX COJIeH

KpaCHbIll
HaJIeT

MeAM

/

Cepe6-
pMCTO-

6eJIbIll

HaJIeT

cepe6pa

��
AgNO g

J�
/

CuS04

,
'�2

-,,--

11

',11

�

06paTMMCH K 3KcrrepMMeHTY:

rrOMeCTMM B XMMMTIeCKMH CTaKaH

C pacTBopoM cY�b(]:>aTa Me,n;M (II)
60�bIIIOH me�e3HbIH rB03,n;b. Yme

TIepe3 2-3 MMHYTbI MomHO 3aMe-

TllTb, TITO Ta TIaCTb rB03,n;H, KOTO-

pa.H Haxo,n;IlTCH B paCTBope, rro-

KpbmaCb KpaCHbIM HaJIeTOM BbI-

,D,e�IlBIIIeHcH Me,n;ll (pIiC. 102).

IIpollsoIII�a peaKD;IlH, ypaBHe-

Hlle KOTOpOH:

Fe + CuS0
4 (p_p)

= Cu + FeS0
4 (p_p)'

IJ;MHK BsaMMo,n;eHcTByeT C pac-

TBopaMIi co�eH Me,n;ll II cepe6-

pa, HO He MarHllH ll�ll D;IlHKa

(pIiC. 103).

��H Toro TIT06bI pe8RD;IlH Mem-

,D,y MeTa��OM II pacTBopoM CO�1l

6bma rrp8RTIiTIeCKIi ocym;ecTBll-

Ma, He06xo,D,IlMO BblrrO�HeHlle c�e-

,D,YIOm;ero YC�OBllH: MeTaJI� ,D,O�-

meH pacrro�araTbcH B pH,n;y aK-

TllBHOCTIi MeTa��OB �eBee MeTa�-

�a, BXO,n;Hm;ero B CO�b, T. e. 6bITb

8RTllBHee MeTa��a CO�Il. II03TO-

MY Me,n;b He BCTyrraeT B pe8RD;1l1O

C paCTBopOM CO�1l CBllHD;a ll�ll me�esa, HO 3aTO BbITeCHHeT

cepe6po M3 paCTBopa HIiTpaTa cepe6pa (pIiC. 104):

Cu + 2AgNO g (p_p)
= CU(NO g )2(p_P) + 2Ag.

Bce paCCMOTpeHHbIe BbIIIIe pe8RD;1l1l OTHOCHT K pe8RD;IlHM

saMem;eHllH. HeTpy,n;Ho 3aMeTllTb, TITO 3Tll peaKD;1l1l rrpOTe-

KalOT Mem,n;y ,n;BYMH llCXO,n;HbIMM Bem;eCTBaMll, O,n;HO liS KO-

TOpbIX rrpOCToe, a ,n;pyroe
-

c�omHoe, a B pe3Y�bTaTe rro�y-

TIalOTCH ,D,Ba HOBbIX Bem;eCTBa
- HOBoe rrpOCToe M HOBoe

c�omHoe.

II

�/

jj�
:Ij'

.�

.....

PHC. 104. KpHCTaJIJIbI

cepe6pa, BbI,n;eJIHBIlIHeCH

Ha Me,n;HoH rrpOBOJIOKe

B pesYJIbTaTe peaR�HH

saMe�eHHH Me,n;H B paCTBO-

pe HHTpaTa cepe6pa

II

+
PeaKU;HH 3aMern;eHHH

- 3TO T8Rlle peaKD;Mll,

B pesY�bTaTe KOTOpbIX aTOMbI rrpocToro Bem;ecTBa

saMem;alOT aTOMbI o,n;Horo 113 XIiMIiTIeCKIiX 3�e-

MeHTOB B c�omHOM Bem;ecTBe.

.

.

MS.
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JIe, TO HeTpy,n;HO 6y,n;eT 3aMeTllTb rrOHBJIeHlle 6eJIbIX KpllC-

TaJIJIIiKOB COJIll, 06pa30BaBIrreHCH B XO,D,e peaKD;IlIl:

NaOH + CuS0
4

-----)0 CU(OHh! + COJIb.

QT06bI rrO,n;TIepKHYTb, TITO B peSYJIbTaTe peaKD;IlM 06pa3Y-
eTCH oca,n;OK HepaCTBopliMoro B Bo,n;e rll,n;pOKCM,D,a Me,n;ll (II),
pH,n;OM C ero (]:>OPMYJIOH B ypaBHeHllll peaKD;1l1l 3arrllCbIBalOT

CTpeJIKY, HarrpaBJIeHHYIO BHMS.

BeccrropHO, rrOJIYTIeHHaH COJIb MomeT 6bITb TOJIbKO CYJIb-

(]:>aTOM HaTpliH Na
2

S0
4

:

2NaOH + CuS0
4

=

Cu(OHh! + Na
2

S0
4

.

B peSYJIbTaTe rrpOBe,n;eHHOH peaKD;IlM ,D,Ba CJIOmHbIX Beme-

CTBa 1l0HHoro CTpoeHllH
-

meJIOTIb II COJIb - 06MeHHJIliCb

CBOllMM MOHaMll, T. e. rrpOllSOIIIJIa peaKD;MH 06MeHa.

:
�,
')
')

?
.

1. PeaI\TJ;HH saMem;eHHH. 2. PH,n; aKTHBHOCTH MeTaJI-

JIOB. 3. Y CJIOBHH B3aHMo,n;eHcTBHH MeTaJIJIOB C paCTBO-

paMH KHCJIOT H COJIeH.

...............................................

1
KaKHe peaKU;HH Ha3bIBaJOT peaKU;H5IMH 3aMem;eHH5I? CpaBHHTe
HX C pe8.RU;H5IMH coe,n;HHeHH5I H pa3JIo:meHH5I.

3anHIIIHTe ypaBHeHH5I CJIe,n;YIDm;HX peaKU;HM 3aMem;eHH5I:

a) OKCH,n; :meJIe3a (III) + 8.JIIDMHHHM �
t

6) OKCH,n; :meJIe3a (III) + BO,n;OpO,n; -----)0

B) XJIOpH,n; Me,n;H (II) (poop) + aJIIDMHHHM -----)0

t

r) OKCH,n; CBHHu;a (IV) + yrJIepo,n; -----)0

,n;) 6pOMH,n; :meJIe3a (III) (p-p) + XJIOp -----)0

PaCCqHTaMTe 06'beM Bo,n;opo,n;a (H. y.), KOTOpbIM o6pa3yeTc5I
rrpH B3aHMo,n;eMcTBHH 1,5 MOJIb aJIIDMHHH5I C COJI5IHOM KHCJIO-

TOM. K8.Roe KOJIHqeCTBO Bem;ecTBa XJIOpOBo,n;opo,n;a rroTpe6yeT-
C5I ,n;JI5I 3TOM peaKU;HH?

Orrpe,n;eJIHTe 06'beM Bo,n;opo,n;a (H. y.), KOTOpbIM rroTpe6yeTc5I
,n;JI5I 38.Mem;eHH5I BceM Me,n;H H3 640 Mr o6pa3u;a OKCH,n;a Me-

,n;H (II), co,n;ep:mam;ero 25% rrpHMeceM.

HaM,n;HTe KOJIHqeCTBO Bem;eCTBa cepe6pa, KOTopoe BbI,n;eJIHTC5I
Ha Me,n;HoM rrJIaCTHHKe, rroMem;eHHoM B 169 r 2,5% -ro pac-
TBopa HHTpaTa cepe6pa, eCJIH HCXO,n;HTb H3 rrpe,n;rrOJIo:meHH5I,
qTO BC5I COJIb BCTyrrHT B pe8.RU;HID. ..........:--.

2

3 PeaKD;HH o6MeHa - 3TO peaKD;IlIl, B pesYJIbTaTe

KOTOpbIX ,D,Ba CJIOmHbIX BemecTBa 06MeHllBalOTcH

CBOIiMIi COCTaBHbIMIi TIaCTHMM.

" "

4 AHaJIOrliTIHO 06MeHllBalOTcH 1l0HaMli B pesYJIbTaTe peaK-

D;IlM 06MeHa 1l0,n;1l,n; HaTpliH M HIiTpaT cBllHD;a (II) B pacTBo-

pe. B MTore BbIIIa,n;aeT meJITbIH OCa,n;OK 1l0,D,Il,D,a CBllHD;a (II)
(pIiC. 106):

2N aI + Pb(NO g )2
=

= PbI
2 ! + 2NaNO

g
.

5

'iN

� 32
�-

".

A' _-'

,',
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PeaKIJ;MM 06MeHa

IIOSHaKOMIiMCH C rrOCJIe,D,HllM TlirrOM peaKD;IlH no

rrpll3HaKY qllCJIa II COCTaBa llCXO,D,HbIX BemeCTB II rrpo,n;YK-
TOB peaKD;llll.

B ,D,eMOHCTpaD;IlOHHYIO rrp0611pKY HaJIbeM paCTBOp meJIO-
TIM -

I'1l,D,pOKCll,D,a HaTpMH, a saTeM ,n;06aBIiM KHeMY paCTBOp
COJIIi -

CYJIb(]:>aTa Me,n;ll (II). BbIIIa,n;eT rYCTOH CllHllH OCa,n;OK

HepaCTBopliMoro B Bo,n;e rM,n;pOKCll,D,a Me,D,M (II) (pIiC. 105).
ECJIIi He60JIbIIIYIO TIaCTb co,n;epmllMoro 113 np0611pKll, B KO-

TOpOH 06paSOBaJICH oca.n;OK, rrpo(]:>IlJIbTpOBaTb II BbIIIapMTb
HeCKOJIbKO KarreJIb rrOJIyqeHHOrO pacTBopa Ha TIaCOBOM CTeK-

,�'i!l
+ c:> '15

NaOH CUS04 Cu(OHb
Na2S04

PHc.105.B3aHMo,n;eMcTBHe

rH,n;pOKCH,n;a HaTpH5I

C cYJIbqJaToM Me,n;H (II)

PHC. 106. B3aHMo,n;eMcT-
BHe Ho,n;H,n;a HaTpH5I

C HHTpaTOM CBHHu;a (II)

16S
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B ,n;eMOHCTpaD;IlOHHYIO rrp0611pKY HaJIbeM paCTBOp m;e-

JIOTIll II ,D,06aBIIM K HeMY HeCKOJIbKO KarreJIb <l>eHOJI<pTaJIe-
IIHa. CO,D,epmllMOe rrp0611pKM OKpaCIITCH B MaJIIIHOBbIM

D;BeT, TITO CBM,n;eTeJIbCTByeT 0 m;eJIOTIHOM cpe,D,e paCTBopa. Ec-

JIll me Terrepb K co,n;epmMMOMY rrp0611pKM rrpllJIIITb HeMHoro

paCTBopa KIICJIOTbI, OKpaCKa MCTIe3HeT, pacTBop 06ecD;Be-

TIITCH, TITO HBJIHeTCH rrpllSHaIWM XIIMIlTIeCKOM peaKD;1l1l

(pIIC. 107). ECJIll HeCKOJIbKO KarreJIb mll,n;KOCTll, rrOJIYTIeH-

HOM B pe3YJIbTaTe peaKD;IlIl, BblrrapllTb Ha TIaCOBOM CTeKJIe,

TO Ha HeM 06paSYIOTCH KpllCTaJIJIIIKIl COJIll. Em;e O,n;HIIM rrpo-

,D,YKTOM rrpOBe,D,eHHOM peaKD;IlM HBJIHeTCH BO,D,a:

m;eJIOTIb + KIICJIOTa � COJIb + BO,D,a.

06paTIITe BHIIMaHMe, BSallMO,D,eMCTBYIOT ,D,Ba CJIOmHbIX

Bem;eCTBa: m;eJIOTIb, COCTOHm;aH lIS 1l0HOB MeTaJIJIa II rll,D,pO-

KCll,n;-IlOHOB, M KIICJIOTa -

MOJIeKYJIHpHOe COe,D,IlHeHlle, KO-

Topoe B paCTBope 06pasyeT 1l0HbI Bo,n;opO,D,a II KIICJIOTHOrO

OCTaTKa. B IITore 06pa3YIOTCH ,n;Ba HOBbIX CJIOmHbIX Bem;eCT-

Ba: 1l0HHoe COe,D,IlHeHlle
-

COJIb M MOJIeKYJIHpHOe
-

BO,D,a.

B KaJR,D,OM MS ,D,BYX BSaMMO,D,eMCTBYIOm;IlX paCTBopOB 6bIJIa

CBOH cpe,n;a, COOTBeTCTBeHHO m;eJIOTIHaH II KIICJIOTHaH. B pe-

3YJIbTaTe peaKD;1l1l cpe,D,a CTaJIa HeihpaJIbHOM. II03TOMY pe-

aKD;1l1O 06MeHa Mem,D,Y KMCJIOTaMM II m;eJIOTIaMll HaSbIBalOT

peaKD;HHMH HeiiTpaJIH3aD;HH.

B ,n;eMOHCTpaD;IlOHHYIO rrp0611pKY HaJIbeM rrp03paTIHbIM
6eCD;BeTHbIM paCTBOp Kap60HaTa HaTpllH II ,D,06aBMM K HeMY

HeMHoro paCTBopa aSOTHOM KMCJIOTbI. IIpM3HaKoM XMMMTIe-

CKOM peaRD;1l1l rrOCJIymllT «BCKMrraHlle» paCTBopa M3-sa BbI-

,n;eJIIIBIIIerOCH B pe3YJIbTaTe ee yrJIeKIICJIOrO rasa (pIIC. 108):

COJIb + KIICJIOTa � HOBaH COJIb + HOBaH KMCJIOTa,

Na
2

CO
g

+ 2HNO
g

= 2NaNO
g

+ H
2

CO
g

.

A oTKy,n;a B3HJICH yrJIeKIICJIbIM ras? BepoHTHo, BbI BcrrOM-

HMTe, TITO yrOJIbHaH KMCJIOTa -

HerrpOTIHOe coe,n;IlHeHlle, KO-

Topoe pacrra,n;aeTCH Ha yrJIeKIICJIbIM ra3 II BO,n;y:

H
2

CO
g

= H
2

0 + CO
2 i ,

1
1

Ii

rr03TOMY ypaBHeHlle peaKD;1l1l CJIe,n;yeT sarrllcaTb TaR:

N a
2

CO
g

+ 2HNO
g

= 2N aNO
g

+ H
2

0 + CO
2 t .

C<p0PMYJIllpyeM rrpaBllJIO, COrJIaCHO KOTOPOMY rrpOTeKa-

lOT peaKD;1l1l 06MeHa Mem,D,y paCTBopaMll Bem;eCTB.

+
PeaKD;HH 06MeHa, npOTeKalOIU;He B paCTBopax,

H.n;YT .n;o KOH:u;a TOJIbKO B TOM CJIyqae, eCJIH

B pe3YJIbTaTe HX 06pa3yeTcH oca.n;OK, ra3 HJIH

Bo.n;a.

IPeHO

"

JIIjJTaJIeHH

�,y
"""

--" �

�
' \

/ t

1
'

t
KIICJIOTa

CO 2
,

HNO g

ECJIM K paCTBOpy XJIOpll,D,a HaTpllH rrpllJIIITb paCTBOp rll,n;-

pOKCll,D,a KaJIIIH, TO HIIKaKIIX rrpllSHaKOB peaKD;1l1l HeJIb3H

6y,n;eT 3aMeTMTb -

peaRD;IlH He ll,n;eT, TaK KaK B peSYJIbTaTe

ee He 06pa3yeTcH Hll oca,n;Ka, Hll ra3a, HM BO,D,bI:

NaCl + KOH;j:. NaOH + KCI.

Q
!L

Q ,
,

:
I

ID:eJIOTIb COJIb,BOAa Na2COg NaNO g ,
H 2 0

1. PeaKD;HH 06MeHa. 2. PeaKD;HH HeiiTpaJIH3aD;HH.
3. YCJIOBHH npOTeKaHHH peaKD;HH 06MeHa B paCTBO-

pax ,1];0 KOHD;a.
), I

?
. ...............................................

o

PHC. 107.B3aHMo�eHcTBHe

pacTBopoB :rn;eJIO'IH

H RHCJIOTbI

PHC. 108.B3aHMo�eHcTBHe

Rap60HaTa HaTpH.H

C a30THoH RHCJIOTOH

1
KaRHe peaRIJ;HH Ha3bIBmOT peaRIJ;H.HMH o6MeHa? 'LJeM OHH OT-

JIH'IaIOTC.H OT peaRIJ;HH coe�HHeHH.H, pa3JIOmeHH.H H 3aMe-

:rn;eHH.H ?
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BalOru;IlX YMepeHHYIO llJIIi Cepbe3HYIO HeXBaTKY BO,n;bI, 6Y,D,YT
mllTb yme ,D,Be TpeTIi HaCeJIeHllH nJIaHeTbI.

II XOTH B POCCllM, KpOMe peK, COCpe,D,OTOTIeHO T8Rme 60-

JIee 26 TbIC. KM
g

npeCHbIX BO,D, B 03epax II cyru;eCTByeT 2000

Bo,n;oxpaHMJIllru;, 06'beM KOTOpbIX 60JIee 1 MJIH M
g

Kam,D,Oe,

np06JIeMa 3arpHSHeHMH BO,D,OeMOBIi HeXBaTKll nliTbeBOM BO-

,n;bI HBJIHeTCH O,D,HOM MS aKTYaJIbHbIX.

Ha npliMepe XMMIiTIeCKIiX CBOMCTB BO,n;bI, 3Toro BaJRHeM-

mero liS Beru;eCTB Ha HameM nJIaHeTe, IIOBTOpliM OCHOBHbl8

TMnbI XMMIiTIeCKMX peaKD;IlM no npllsH8Ry TIllCJIa II COCTaBa

MCXO,D,HbIX Beru;eCTB M npO,D,YKTOB peaKD;IlIl.

PeaKD;HH paS.JIOmeHHH. C 3TOM peaKD;lleM, KOTopaH npo-
TeKaeT no,n; ,D,eMCTBMeM nOCTOHHHoro 3JIeKTpliTIeCKOrO TOKa

M Ha3bIBaeTCH 3neKmponu30M, BbI yme SHaKOMIiJIllCb:

2H
2

0
:JJI. TOK

) 2H
2 t + 02 t .

PaCTeHllH pa3JIaralOT BO,n;y Ha BO,n;OpO,D, II KllCJIOpO,D, B npo-

D;ecce (]:>OTOCllHTe3a. ECJIIi BeTOTIKY BO,D,HOrO paCTeHMH 3JIO-

,n;ell nOMeCTllTb B npll60p, Ms06pameHHbIM Ha pllCYHKe 109,
II BblCTaBllTb Ha HPKMM COJIHeqHbIM CBeT, TO yme TIepe3 10-

15 MllHYT B BepxHeM TIaCTIi np0611pKll c06epeTcH KMCJIOpO,n;,

KOTOpbIM 06pa30BaJICH B pe3YJIbTaTe paSJIOmeHllH BO,n;bI Ha

CBeTY
- (]:>oTOJIMSa (rpomoc -

CBeT, JlU30C -

pa3JIOmeHlle).
RaK BbI SHaeTe 113 Kypca 6110JIOrllll, 06pasoBaBmllMcH npll
3TOM BO,D,OpO,D, C nOMoru;blO MHOrOTIMCJIeHHbIX 6110XMMllQeCKIiX

pe8RD;IlM 06pasyeT C yrJIeKllCJIbIM raSOM OpraHIiTIeCKOe Beru;e-

CTBO -

rJIIOK03Y C
6
H

12
0

6
. COBoKynHocTb Bcex 3TllX npoD;ec-

COB M Ha3bIBalOT fjJomocunme30M. IIpoD;ecc (]:>OTocllHTesa
MomHO 3anlicaTb C no-

MOru;blO CJIe,n;YIOru;ero 0606-

ru;eHHoro ypaBHeHllH: O 2

6C0
2

+ 6H
2

0 =

= C
6
H

12
0

6
+ 60

2
.

2
MomHO JIH YTBepm,n;aTb, 'ITO BsaHMo,n;eHcTBHe pacTBopa Kap60-
HaTa K81WrO-JIH60 MeTaJIJIa H KHCJIOTbI .HBJI.HeTC.H TOJIbKO peaR-

IJ;HeH 06MeHa? IIo'IeMY?

3arrHllIHTe ypaBHeHH.H peaKIJ;HH 06MeHa Mem,n;y pacTBopaMH:

a) XJIOpH,n;a KaJIbIJ;H.H H qJocllJaTa KaJIH.H;

6) cepHoH KHCJIOTbI H rH,n;poKcH,n;a meJIesa (III).

KaKHe HS peaKIJ;HH 06MeHa, cxeMbI KOTOpbIX:

a) BaCl
2

+ AgNO g
------)0

6) CU(NO g )2 + N aCl ------)0

B) Pb(NO g )2 + K
2

S ------)0

r) MgCl 2
+ K

2
S0

4
------)0

,n;) HNO
g

+ ZnS0
4

------)0

e) Ca(NO g )2 + HgP04 ------)0

m) Ba(NO g )2 + Na
2

S0
4

------)0

6y,n;YT rrpoTeKaTb ,n;o KOHIJ;a? ,1],JI.H OTBeTa BOCrrOJIbsYHTecb Ta6-

JIHIJ;eH pacTBopHMOCTH rH,n;poKcH,n;OB H COJIeH B Bo.n;e.

Orrpe,n;eJIHTe KOJIH'IeCTBO Be:rn;eCTBa rH,n;poKcH,n;a HaTpH.H, KO-

Topoe rroTpe6yeTC.H ,n;JI.H rrOJIHOH HeHTpaJIHSaIJ;HH 980 r 30% -ro

paCTBopa 1lJ0CIlJOpHOH KHCJIOTbI.

BbI'IHCJIHTe Maccy oca,n;Ka, BbIIIaBllIero rrpH BsaHMo,n;eHcTBHH
980 r 20% -ro paCTBopa cYJIbqJaTa Me,n;H (II) C He06xo,n;HMbIM
KOJIH'IeCTBOM rH,n;poKcH.n;a KaJIH.H. KaKoBo KOJIH'IeCTBO Be:rn;eCT-
Ba 06pasoBaBllIerOC.H oca,n;Ka?

3

4

5

6

� 33
TMITbI XMMMlIeCKMX peaK:O;MH
Ha ITpMMepe CBOHCTB BO)J;bI

BbI yme nOSHaKOMMJIMCb C caMbIM y,D,IlBllTeJIbHbIM Be-

ru;eCTBOM Ha HameM nJIaHeTe -

OKCll,D,OM Bo,n;opo,n;a, T. e.

C BO,n;OM H
2

0.

Hama PO,D,IlHa saHMMaeT nepBoe MeCTO B Mllpe no 3arra-

caM npeCHOM BO,D,bI
-

Ha TeppliTopli1i POCCMll cocpe,n;oTo-

TIeHa 1/5 ee MlipOBbIX pecypCOB. PeTIHOM CTOK COCTaBJIH-

eT 4270 KM
g

B ro,n;, TITO COOTBeTcTByeT 10% MMpOBoro peTIHO-
ro CTOKa, T. e. no 30000 M

g
Ha KaJR,D,OrO pOCCllHHMHa.

,II;JIH cpaBHeHllH YKameM, TITO sacymJIMBble llJIli nOJIysacym-
JIllBbl8 perllOHbI MMpa, KOTOpbl8 COCTaBJI.HIOT 40% cymll,
MMelOT TOJIbKO 2 % MlipOBbIX sanaCOB npecHoM BO,D,bI. 3a llC-

TOTIHllKIi TIIiCTOM BO,n;bI B HeKOTopbIX CTpaHax ASMllll A(]:>pll-
Kll Il,n;YT HaCTOHru;lle BOMHbI. R 2025 r. B CTpaHax, llcnbITbI-

PeaKD;HH coe)J;HHeHHH.

BbI paccMaTpliBaJIli 3TOT

TMn peaKD;IlM Ha CBoMcTBe

BO,D,bI coe,n;IlHHTbCH C OKCM-

,n;aMM MeTaJIJIOB II HeMe-

TaJIJIOB C 06paSOBaHlieM co-

�:
16F

-'\['- �

�
-
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OTBeTCTBeHHO IIJ;eJIOTIeH II

paCTBOpliMbIX KMCJIOpO,n;-

CO,D,epmaIIJ;IlX KllCJIOT.

ECJIIi B �ap�OpOBYID

TIaIIIeTIKY nOMeCTllTb He-

CKOJIbKO KYCOTIKOB yme

113BeCTHOH BaM HeraIIIeHOH

113BeCTIi -

OKCll,n;a KaJIb-

D;IlH CaO, a saTeM npliJIll-

BaTb K HIiM nOCTeneHHO

BO,n;y, ,D,aBaH eH BnllTbI-

BaTbCH, Ha,n; TIaIIIKOH no-

HBIiTCH nap. KYCOTIKII OK-

Cll,D,a KaJIbD;MH HaTIHYT pa-

sorpeBaTbCH II rrpeBpaTHTCH B rrYIIIMCTble XJIOrrbH llJIIi

rropOIIIOK HOBoro BeIIJ;eCTBa
-

rM,n;pOKCll,n;a KaJIbD;MH, MJIM

raIIIeHOH MSBeCTIi (pIiC. 110):

t;;;
BOAa

IIap

/
CaO

t;"2-,'�

Ca(OHh

�

.�-

,;

�,.�2"
PHc.110.B3aHMo�eHCTBHeoRcH�a

RaJIbIJ;H.H (HerameHoH H3BecTH)
C BO�OH

,

\'

+
rH,n;pOlWH,n;aMH HaSblBaIDT KllCJIOpO,D,co,n;epma-

IIJ;Me KllCJIOTbI M OCHOBaHIiH.

HerarneHa.H

H3BeCTb

CaO + H
2

0 =

Ca(OH)2.
rameHa.H

H3BeCTb

BaM CJIe,n;yeT sarrOMHMTb HeCJIOmHOe rrpaBllJIO: BO,D,a pe-

arMpyeT C OKCll,D,aMli MeTaJIJIOB II OKCll,n;aMIi HeMeTaJIJIOB

B TOM CJIYTIae, eCJIIi 06pa3yeTcH paCTBopllMbIH rM,D,pOKCll,n;

(IIJ;eJIOTIb llJIIi KllCJIOpo,n;cO,D,epmaIIJ;aH KllCJIOTa):

Li
2

0 + H
2

0 = 2LiOH, HO FeO + H
2

0 :;t:;

SOg + H
2

0 = H
2

S0
4 ,

HO Si0
2

+ H
2

0:;t:.

PeaKD;HH saMern;eHHH. III;eJIOTIHbIe M IIJ;eJIOTIHOSeMeJIbHbIe

MeTaJIJIbI C BO,D,OH MorYT 06pasOBbIBaTb IIJ;eJIOTIIi He TOJIbKO

C rrOMOIIJ;bID CBOIiX OKCM,n;OB, HO M npll HerrOCpe,D,CTBeHHOM

BsallMo,n;eHCTBIiM. TOJIbKO 3TO 6Y,D,YT yme peaKD;IlM ,n;pyroro

Tllna -

peaKD;1l1l SaMeIIJ;eHllH, HanpliMep:

2Na + 2H
2

0 = 2NaOH + H
2 t,

Ca + 2H
2

0 =

Ca(OH)2 + H
2 t .

HaJIbeM B TIaIIIKY IIeTpll, HaXO,D,HIIJ;YIDCH Ha CTOJIIiKe KO-

,n;OCKorra, HeMHoro BO,D,bI II ,D,06aBIiM K HeH HeCKOJIbKO

KaneJIb �eHOJI�TaJIeMHa. 3aTeM orrYCTIiM B COCY,D, KYCOTIeK

OTIllIIJ;eHHOrO HaTpliH BeJIIiTIIiHOH CO CrrllTIeTIHYID rOJIOBKY.

Ha 3KpaHe 6y,n;eT rrpoeD;MpOBaTbCH rrpOllCXO,D,HIIJ;aH rrpM 3TOM

XMMMTIeCKaH peaKD;IlH (pIiC. 111): KYCOTIeK HaTpll.H rrpeBpa-

IIJ;aeTCH B KPyrJIbIH IIIapliK

(rrJIaBllTC.H, TaK KaK peaK-

D;IlH 3KsOTepMllTIeCKaH), 6e-

raeT rro rroBepxHocTIi BO,D,bI

(HaTpIiH JIerTIe BO,D,bI II rro,D,-

TaJIKllBaeTC.H 06pasYIDIIJ;IlM-
CH B pe3YJIbTaTe BSaMMO,D,eH-
CTBIiH BO,D,OpO,D,OM), OCTaB-

JIHH sa C060H MaJIIiHOBbIH

CJIe,D, (3TO M3MeHHeT oKpa-

CKY �eHOJI�TaJIeIiHa rrOJIY-

TIllBIIIaHC.H B pe3YJIbTaTe pe-

aKD;IlM IIJ;eJIOTIb). _

PeaKD;HH 06MeHa. Ec-

JIM BbI 06paTliTe BHllMaHlie
PHC. 111. B3aHMo�eHcTBHe

Ha yme 3HaKOMYID BaM Ta6- HaTpll.H C BO�OH

I

II

Terrepb BaM CTaJIO nOHHTHo, rrOTIeMY 3TY peaKD;IlID HaSbI-

BaIDT raIIIeHMeM IlSBeCTIi.

06pasYIDT IIJ;eJIOTIIi rrpll B3allMo,n;eHcTBIiIi C BO,D,OH Bce OK-

Cll,n;bI MeTaJIJIOB r JIaBHOH rro,D,rpyrrrrbI I rpyrrrrbI IIepllO,D,IlTIe-
CKOH CIiCTeMbI ,II;. H. MeH,D,eJIeeBa, rr03TOMY 3TM 3JIeMeHTbI

HaSblBaIDT IIJ;eJIOTIHbIMM. OKCM,D,bI MeTaJIJIOB rJIaBHOH rro,n;-

rpyrrnbI II rpyrrrrbI IIepllO,D,IlTIeCKOH CIiCTeMbI ,II;. H. MeH,n;e-
JIeeBa -

KaJIbD;MH, CTpOHD;IlH, 6apMH (IiX B cTapMHY HaSbI-

BaJIIi SeMJI.HMll) - TaKme 06pasYIDT rrpll BS8llMo,n;eHcTBMll
C BO,D,OH IIJ;eJIOTIIi. II03ToMY 3Tll 3JIeMeHTbI HaSblBaIDT IIJ;e-

JIOTIH03eMeJIbHbIMIi.

A BOT OKCll,D,bI HeMeTaJIJIOB B38llMO,D,eHCTBYIDT C BO,n;OH,

06pasy.H KMCJIOTbI, B KOTOpbIX HeMeTaJIJI 6Y,D,eT llMeTb TY me

CTerreHb OKllCJIeHllH, TITO II B COOTBeTCTBYIDIIJ;eM OKCM,n;e:

+g +g

N 20g + H
2

0 = 2HN0
2 ,

+5 +5

N
2

0
5

+ H
2

0 = 2HNO
g

.

Tenepb BaM, OTIeBll,D,HO, CTaJIO nOHHTHO, rrOqeMY OCHOBa-

HIiH M KllCJIOpO,D,CO,D,epmaIIJ;lle KllCJIOTbI Ha3bIBaIOT B XIiMIiM

O,D,HllM CJIOBOM «rll,D,pOKCll,D,bI».
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JUID;Y paCTBOpliMOCTIi rll.n;pmWll.n;OB II COJIeH B BO.n;e, TO, OTIe-

Bll.n;HO, SaMeTllTe, TITO B HeKOTOpbIX KJIeTKaX 3TOH Ta6JIMD;bI
CTOHT rrpOTIepKll, KOTOpbIe 060SHaTIaIOT, TITO .n;aHHOe Bem;eCT-

BO B BO.n;HOH cpe.n;e paSJIaraeTCH, llJIM, KaK rOBOpHT, rll,D,pO-

JIllsyeTcH (ZUOpO -

BO.n;a, JlU30C - paSJIOmeHlle).

06MeHHoe B3aMMO.n;eHCTBlie Bem;eCTB C BO,D,OH,

rrpllBO.n;Hm;ee K llX pa3JIOmeHMIO, HaSblBalOT rH,lJ;-

pOJIH30M.

>,�,. .'
,. 0- ,- ;' Y

rll,lJ;pOJIIiS MOmeT 6bITb 06paTliMbIM (C HIiM BbI 6Y,D,eTe
3HaKOMllTbCH rrpll M3YTIeHllM XllMMM B CTapIIIllX KJIaCcax)
II He06paTMMbIM. HarrpliMep, He06paTliMO rll,D,pOJIllsyeTcH

CYJIb(]:>M,lJ; aJIIOM llHllH:

-L- I
A1

2
S

g
+ 6HOH =

2Al(OH)g! + 3H
2 S,.

t I

ECJIM B rrp0611pKY rrpMJIMTb Ha 1/ g
ee 06'beMa BO,D,bI, a sa-

TeM orrYCTMTb B Hee KYCOTIeK Kap611,D,a KaJIbD;MH CaC
2

BeJIll-

TIIiHOH C ropOIIIllHY, TO MomHO 3aMeTllTb BbI.n;eJIeHlle ra3a -

aD;eTllJIeHa C
2
H

2 , a eCJIIi saTeM B rrp0611pKY rrpliJIllTb pac-

TBOp (]:>eHOJI(]:>TaJIellHa, TO rrOHBJIeHlle MaJIMHOBOH OKpaCKIi

YKameT Ha 06pa SOBaH lie m;eJIOTIll:

-L- I
CaC

2
+ 2HOH = C

2
H

2 , + Ca(OH)2!.
t I

PeaKD;MM rM,ZJ;pOJIMSa OpraHIiTIeCKMX Bem;eCTB
-

mlipoB,

6eJIKOB II yrJIeBo.n;OB, rrpoTeKalOm;Me B mMBbIX opraHll3-

Max,
- 3TO OCHOBa MX mllSHe,D,eHTeJIbHOCTIi.

CJIe.n;OBaTeJIbHO, BO,D,a
- He TOJIbKO caMoe BamHoe Bem;e-

CTBO Ha 3eMJIe, HO 3TO II MHOrOJIIiKOe COe,D,MHeHMe, 06JIa,D,alO-

m;ee pasHo06paSHbIMM XMMIiTIeCKMMM CBOHCTBaMIi.

,

,

,

,.

,

,

,.

,

,

1. 3JIeKTpOJIHS. 2. «POTOJIH3. 3. «POTocHHTes. 4. III;e-
JIO'lllbIe H ru;eJIO'll103eMe.JThHLIe MeTaJIJIbI. 5. rH,lJ;pO-
KCH.n;bI (ocHoBaHHH H KHCJIOpO)];co)];ep�aru;He KHCJIO-

TbI). 6. Y CJIOBHe B3aHMO,lJ;eiicTBHH OKCH,lJ;OB MeTaJIJIOB

H HeMeTaJIJIOB C BO,lJ;oii. 7. rH,lJ;pOJIH3.

l?�

, �
?
. ...............................................

3aROHqHTe ypaBHeHH.H peaRIJ;HH, cxeMbI ROTOpbIX:

a) H
2

0 + S02 �

6) K
2

0 + H
2

0 �

B)Ba+Hp�

r)K+H 2
0 �

,n;)CaH 2 +Hp �

e) A1
3

C
4

+ H
2

0 �

YRaJKHTe THrrbI peaRIJ;HH rro rrpH3HaRY (,qHCJIO H COCTaB HCXO,n;-
HbIX Bem,ecTB H rrpo,n;YRTOB peaRIJ;HH!>. Ha30BHTe rrpo,n;YRTbI
peaRIJ;HH.

KaROH 06'beM aIJ;eTHJIeHa (H. y.) o6pa3yeTC5I B pe3YJIbTaTe rH,n;-

pOJIH3a 320 Mr Rap6H,n;a RaJIbIJ;H5I, co.n;epJKam,ero 2% rrpHMe-
ceH?

3arrHIIIHTe ypaBHeHH5I peaRIJ;HH, C rrOMom,bro ROTOpbIX MOJKHO

ocym,eCTBHTb cJIe,n;yrom,He rrpeBpam,eHH5I:

Li � Li
2

0 � LiOH � Li
2

S0
4

.

I t

1

2

3

4

YRaJKHTe THrrbI peaRIJ;HH rro rrpH3HaRY qHCJIa H COCTaBa HCXO,n;-
HbIX Bem,eCTB H rrpo,n;YRTOB peaRIJ;HH.

BblqHCJIHTe 06'beM (H. y.) Bo,n;opo,n;a, ROTOpbIH o6pa3yeTC5I rrpH
B3aHMo,n;eHcTBHH 9,2 r HaTpH5I, co,n;epmam,ero 2,5% rrpHMeceH,
C BO.n;OH. BblqHCJIHTe ROJIHqeCTBO Bem,eCTBa m,eJIOqH, ROTopoe
rrOJIYQHTC5I rrpH 3TOM.

HaH,n;HTe Maccy rJIroR03bI H 06'beM RHCJIOpo,n;a (H. y.), o6pa3Yro-
m,HXC5I B rrpoIJ;ecce l]:>oTocHHTe3a, eCJIH B peaRIJ;Hro BCTyrrHJIO
448 M

3
yrJIeRHCJIOrO ra3a (H. y.). BblqHCJIHTe ROJIHqeCTBO

Bem,eCTBa BO,n;bI, ROTopoe ,n;JI5I 3Toro rroTpe6oBaJIOCb.
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rJIaBa TI5ITa5I

ITpOcTemmHe Onepa�HH

C Be�eCTBOM

(XHMH�eCKHm npaKTHKYM)

ITpaKTlI1'-IeCKa5I pa60Ta N� 1

IIpMeMbIo6pam;eHM.H
C JIa60paTopHbIM
o6opy.n;OBaHMeM

npaBHJIa TeXHHKH

6eaonacHocTHnpH pa60Te
B XHMHQeCKOH JIa60paTopHH

1. IIpOBo,n;IlTe orrbITbI JIllIIIb C TeMIi Bem;eCTBaMll, KOTO-

pbIe YKasaHbI Y"LIIlTeJIeM. He 6epliTe ,D,JIH orrbITa 60JIbIIIe Be-

m;eCTBa, "LIeM 3TO He06xo,n;IlMO.

2. CTporo BblIIOJIHHHTe YKa3aHHbIe Y"LIMTeJIeM MepbI

rrpe,n;ocTopmKHocTll, llHa"LIe MomeT rrpoMsoHTM HeC"LIaCT-

HbIH CJI�aH.
3. He rrp06YHTe Bem;eCTBa Ha BKYC.

4. TBep,n;bIe Bem;eCTBa 6epliTe liS 6aHO"LIeK TOJIbKO CYXOH

JIOmKOH llJIM CYXOH rrp06MpKOH. HaJIIiBaHTe mll,n;KOCTb II Ha-

cbIIlaHTe TBep,n;bIe Bem;eCTBa B rrp0611pKY OCTopomHO. IIpe,n;-

BapllTeJIbHO rrpOBepbTe, He pas611TO JIll Y rrp0611pKll ,n;HO II He

llMeeT JIll OHa Tpem;IlH.

5. IIpM BbIHCHeHIlM 3arraxa Bem;eCTB He rrO,D,HOCIiTe COCY,D,

6JIll3KO K JIlln;y, 1160 B,n;bIxaHlie rrapOB II raSOB MomeT BbIS-

BaTb pas,n;pameHlle ,D,bIXaTeJIbHbIX rrYTeH. ,D;JIH 03HaKOMJIe-

HIiH C sarraxoM HymHo JIa,n;OHblO PYKII c,n;eJIaTb ,D,BllmeHlle

OT OTBepCTMH cocy,n;a K HOCY (pIiC. 112).

6. HarpeBaH rrp0611pKY C mll,n;KOCTblO, ,n;epmllTe ee TaK,

'IT06bI OTKpbITbIH KOHen; ee 6bIJI Harrp8J3JIeH B CTOPOHY
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II OT ce6H, M OT COCe,D,eH. IIpOIl3-
Bo,n;IlTe orrbITbI TOJIbKO Ha,n; CTO-

JIOM.

7. B CJIY"LIae omora, rropesa

llJIIi rrorra,n;aHMH e,D,KOH II rOpH"LIeH
mll,D,KOCTIi Ha Komy llJIIi O,D,em,n;y

HeMe,n;JIeHHO 06pam;a:H:TeCb K Y"LIIl-

TeJIIO llJIM JIa60paHTY.
8. He rrpMcTyrraHTe K BbI-

rrOJIHeHlllO orrbITa, He 3HaH, "LITO

M KaK HymHo ,n;eJIaTb.

9. He sarpoMom,n;aHTe CBoe pa-

60"LIee MeCTO rrpe,D,MeTaMll, KOTO-

pbIe He rroTpe6YlOTCH ,D,JIH BbIIlOJI-

HeHllH orrbITa. Pa60TaHTe crrOKOH-

HO, 6e3 cyeTJIIiBOCTM, He MeIIIaH
PHC. 112.03HaRoMJIeHHe

coce,n;HM.
C 3anaXOM Bem;eCTBa

10. IIpOllsBo,n;IlTe orrbITbI TOJIb-

KO B "LIIiCTOH rrocy,n;e. 3aKOH"LIIiB pa60TY, BbIMOHTe rrocy,n;y.
BaHKM II CKJIHHKll 3aKpbIBaHTe TeMIi me rrp06KaMli MJIM

KpbIIIIKaMll, KaKMMM OHII 6blJIli 3aKpbITbI. IIp06Kll OTKpbI-

Bae,:wbIx
CKJIHHOK CTaBbTe Ha CTOJI TOJIbKO TeM KOHn;OM, KOTO-

pbIM He BXO,n;IlT B rOpJIbIIIIKO CKJIHHKll.

11. 06pam;aHTecb 6epemHo C rrocy,n;oH, Bem;eCTBaMIiIi JIa-

60paTopHbIMli rrpMHa,z:J;JIemHOCTHMM.

12. 3aKOH"LIMB pa60TY, rrpllBe,D,IlTe pa60"LIee MeCTO B rro-

pH,n;OK.

..
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JIa6opaTopHoe 060PY,ZJ;OBaHHe

B rrpon;ecce BbIrrOJIHeHMH rrpaKTll"LIeCKMX pa60T B XIiMll-

"LIeCKOH JIa60paTopliM MCrrOJIb3YlOT JIa60paTopHbIH IIITaTMB

II HarpeBaTeJIbHbIe rrpM60pbI. IIpe,D,BapMTeJIbHo 03HaKOMb-

TeCb C llX YCTPOHCTBOM M OCHOBHbIMM rrplieMaMIi 06pam;eHllH
C HIiMIi.

1._ Ycmpoiicm6o aa6opamopnozo mmamU6a. IlITa-

TIiB (pIiC. 113) CJIymllT ,n;JIH YKperrJIeHllH "LIaCTeH XMMll-

"LIeCKMX YCTaHOBOK rrpll BbIrrOJIHeHllll orrbITOB. OH COCTOIiT

liS MaccllBHoH "LIyryHHOH rrO,D,CTaBKM (1), B KOTOPYIO BBMH-

"LIeH CTepmeHb (2). MaccMBHaH rro,n;CTaBKa rrpll,D,aeT IIITaTIiBY

YCTOH"LIIiBOCTb. Ha CTepmHe rrpll rrOMom;1l MYIPT (3) YKperr-
JIHIOT JIarrKY (4) II KOJIbn;O (5).
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MY(]:>TbI C YKpeIIJIeHHbIMIi B HIiX

JIaIIKOM II KOJIbD;aMIi MOmHO IIepeMe-

�aTb B,D,OJIb CTepmH.H M SaKpeIIJI.HTb

/4 B HymHoM IIOJIOmeHllM. ,l];JI.H 3Toro

IIPIi IIOMO�1l BllHTa He06xo,n;MMO OCJIa-

611Tb KpeIIJIeHlle MY(]:>TbI K cTepmHIO M,

IIOCTaBIiB ee Ha He06xo,n;IlMYIO BbICOTY,

5
SaKpeIIllTb.

2. Hcnoab306anue aa6opamop-
nozo mmamU6a. CHMMMTe C YCTa-

HOBJIeHHOrO Ha CTOJIe IIITaTIiBa JIaII-

KY M KOJIbD;O CJIe,D,YIO�IlM 06pasoM.

OCJIa6bTe BllHT KpeIIJIeHll.H MY(]:>TbI

co CTepmHeM II, IIO,n;HMMaH MY(]:>TY

C JIaIIKOM llJIIi KOJIbD;OM BBepx, CHMMll-

Te ee co CTepmH.H IIITaTIiBa. 3aTeM oc-

B060,D,IlTe JIaIIKY M KOJIbD;O OT MY(]:>TbI.

,l];JI.H 3Toro IIOBepHIiTe IIpOTMB TIaCOBOM CTpeJIKll BllHT, y,n;ep-

mliBalO�IlM JIaIIKY II KOJIbD;O, M BbIHbTe llX MS MY(]:>TbI. Pac-

CMOTpliTe YCTPOMCTBO MY(]:>TbI.

Ha,n;eHbTe MY(]:>TY Ha CTepmeHb IIITaTIiBa TaK, TIT06bI

BllHT, SaKpeIIJI.HIO�IlM ee, 6bIJI CIIpaBa OT CTepmH.H IIITaTM-

Ba, a CTepmHM JIarrKllllJIM KOJIbD;a YKpeIIJI.HJIIiCb 6bI TaKliM 06-

paSOM, TIT06bI llX IIO,D,,D,epmllBaJI He TOJIbKO BllHT, HO II MY(]:>Ta

(CM. pliC. 113). IIpli TaKOM KpeIIJIeHllll KOJIbD;8. M JIaIIKll OHII

HllKor,n;a He BblIIa,n;YT MS MY(]:>TbI.

3aKpeIIllTe B O,n;HY MY(]:>TY KOJIbD;O, a B ,n;PyrylO
-

JIaIIKY.

YKpeIIllTe B JIaIIKe IIp06MPKY B BepTllKaJIbHOM IIOJIOmeHllM,

OTBepCTlieM BBepx. IIp06MpKa YKpeIIJIeHa IIpaBMJIbHO, eCJIM

ee MomHO IIOBepHYTb B JIaIIKe 6es 60JIbIIIllX YCIiJIMM. CJIllIII-

KOM KpeIIKO SaJKaTa.H IIp0611pKa MomeT JIOIIHYTb, oc06eHHO

IIPIi HarpeBaHIiIi. IIp06MpKY, KaK IIpaBllJIO, samliMalOT OKO-

JIO OTBepCTll.H. 8TY me IIp0611PKY IIOBepHIiTe B ropMSOHTaJIb-

Hoe IIOJIOmeHlle, TIT06bI BllHT JIaIIKM 6bIJI cBepxy.

Ha O,n;HO KOJIbD;O IIITaTIiBa IIOJIOmliTe ceTKY, Ha Hee IIOC-

TaBbTe CTaKaH. Ha BTOpOM KOJIbD;e YCTaHOBIiTe (]:>ap(]:>opOBYIO

TIaIlIKY 6es ceTKll.

3. n pueMb£ pa6omb£ co cnupmo61wii (za306oii zo-

pealwii). CIIllpToBKa (pIiC. 114) COCTOIiT MS cocy,n;a (pesep-

Byapa) (1), B KOTOpbIM HaJIIiT CIIllpT, (]:>IlTMJI.H (2), YKpeIIJIeH-

Horo B MeTaJIJIIiTIeCKOM TPy6Ke C ,D,IlCKOM (3), II KOJIIIaTIKa (7).

CHllMMTe KOJIIIaTIOK co CIIllpTOBKll M IIOCTaBbTe ero Ha CTOJI.

IIpoBepbTe, IIJIOTHO JIll ,n;IlCK IIpllJIeraeT K OTBepCTli1O COCY-

6 ___________
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PHC. 115. 06paSIJ;bI XHMHQeCROH

rrOCY,lI;bI: a - rrp06HpRa; 6 - XHMH-

QecRHH CTaKaH; 6 - ROJI6a
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1

-

PHC. 113. JIa6opa-

TOpHbIH IIITaTHB

,n;a, OHO ,D,OJImHO 6bITb saKpbITo IIOJIHOCTblO, llHaTIe MomeT

BCIIbIXHYTb CIIMpT B cocy,n;e.

3aJKrllTe CIIllPTOBKY rOp.H�eM CIIMTIKOM. H eJLb3.H 3a:JICU-

zamb ee om opyzou ZOP.H14eU cnupmo61Cu! 8TO MomeT

BbISBaTb IIomap. IIoracliTe CIIllPTOBKY, HaKpbIB IIJIaM.H KOJI-

IIaTIKOM.

4. Cmpoenue naaMenu. 3amrMTe e�e pas CIIllPTOBKY

II paccMoTpllTe, KaKOe cTpoeHlle llMeeT IIJIaM.H. IIJIaM.H

(CM. pMC. 114) llMeeT TPM SOHbI. TeMHa.H SOHa (4) Haxo,n;IlTC.H

B HMmHeM TIaCTIi IIJIaMeHll, OHa CaMaH XOJIo,n;Ha.H. 3a HeM ca-

Ma.H .HpKa.H qaCTb IIJIaMeHll (5). TeMIIepaTypa s,n;eCb BblIIIe,

TIeM B TeMHoM SOHe, HO Hall60JIee BbICOKa.H TeMIIepaTypa
-

B SO He 6. 8Ta SOHa HaXO,D,MTC.H B BepXHeM TpeTIi IIJIaMeHll

CIIllpTOBKll.

"LlT06bI y6e,n;IlTbC.H B TOM, TITO paSJIMTIHble SOHbI IIJIaMeHll

llMelOT paSHYIO TeMIIepm'YPY, MomHO IIOCTaBllTb CJIe,n;YIO�IlM
OIIbIT. IIOMeCTIiM JIYTIllHKY (CIIMTIKY) B IIJIaM.H CIIllpTOBKll

TaK, TIT06bI OHa IIpoxo,n;IlJIa TIepes SOHY 4. "Llepes HeKoTopoe

BpeM.H MbI YBll,n;MM, TITO TaM, r,n;e JIYTIIiHa IIepeCeKJIa SOHbI

5 II 6, OHa 06yrJIliJIaCb CllJIbHee. CJIe,D,OBaTeJIbHO, IIJIaM.H

B 3TllX SOHax rop.HTIee.

Ha6JIIO,D,eHMe IIOKaSbIBaeT, TITO ,n;JI.H 6bICTpeMIIIero Harpe-

BaHll.H HymHo llCIIOJIbSOBaTb CaMYIO rOp.HTIYIO TIaCTb IIJIaMe-

Hll (6). B Hee M IIOMe�aIOT HarpeBaeMbIM IIpe,n;MeT.

5. nocyoa. BOJIbIIIllHCTBO OIIbITOB IIpOBO,n;.HT B CTeKJI.HH-

HOM IIocy,n;e: IIp0611pKax, XllMMTIeCKIiX cTaKaHax, KOJI6ax

(pIiC. 115). Bo BpeM.H OIIbITa B HIiX IIpMXO,n;IlTC.H IIepeMeIIIll-

BaTb CO,D,epmllMoe. B IIp0611pKe, KaK IIpaBllJIO, CMeIIIllBalOT

MaJIble KOJIIiTIeCTBa Be�eCTB (He 60JIee 2 MJI). BbICOTa CTOJI-
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POHKY II CMOTIllTb BO,n;OM, TIT06bI OHa rrJIOT-

Hee rrpllJIeraJIa K CTeHKaM BOpOHKll M

TIT06bI CYXOM (]:>IlJIbTp He BrrllTaJI (]:>IlJIbT-

PyeMYIO JRll,D,KOCTb (eCJIIi ee MaJIO, TO

MOJRHO BOBce He rrOJIYTIllTb (]:>IlJIbTpaTa).
TI pll (]:>IlJIbTpOBaHIiIi JRll,n;KOCTb HaJIMBa-

lOT Ha (]:>MJIbTp rro IIaJIOTIKe TOHKOM CTPY-

eM, HarrpaBJIHH ee Ha CTeHKY BOpOHKM,

a He Ha HeIIpOTIHbIM n;eHTp (]:>IlJIbTpa, TITO-

6bI ero He pa30pBaTb. qepes (]:>IlJIbTp rrpo-

XO,n;IlT rrp03paTIHbIM (]:>IlJIbTpaT, aHa (]:>IlJIbTpe 3a,n;epJRllBaeT-

CH oca,n;OK. ,II;JIH rrOCJIe,n;YIOIIJ;eM pa60TbI MOJReT rroHa,n;0611Tb-

CH II TO M ,D,Pyroe.

,II;JIH BbIIlapliBaHIiH llCrrOJIbSYIOT (]:>ap(]:>opOBbl8 TIarrIKll

(pIiC. 119). BbIIlapliBaHlie rrpllMeHHIOT, KOr,D,a HYJRHO BbI,n;e-

JIllTb paCTBopeHHoe BeIIJ;eCTBO liS paCTBopa. B (]:>ap(]:>opoBYIO

TIaIIlKY HaJIMBalOT paCTBOp TaK, TIT06bI OH SaHIiMaJI He 60JIee

1/3 06'beMa TIaIIlKIi. YCTaHaBJIIiBalOT TIaIIIKY Ha KOJIbn;e IIITa-

TIiBa II HarpeBalOT Ha OTKpbITOM IIJIaMeHll rrpll rrOCTOHHHOM

rrOMeIIIllBaHllM, TIT06bI BbIIlapliBaHlie IIIJIO paBHOMepHO.

,II;JIH rrOJIYTIeHllH ra30B llCrrOJIbSYIOT rrpOCTeMIIIllM rrpll60p,

KOTOpbIM COCTOIiT MS KOJI6bI llJIIi rrp0611pKll II rrJIOTHO BXO-

,n;HIIJ;MX B HMX rrp060K C ra300TBo,n;HbIMM TPy6KaMli (pllc.120),
llJIIi arrrrapaT KMplOIIIKllHa (pIiC. 121). TIp1l60p, c06paHHbIM
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PHC. 119.

<l>apqJopOBa.H
qallIRa ,l];JI.H

BblrrapHBaHH.H

PHC. 116. IIepeMellIHBaHHe

pacTBopoB B rrpo6HpRe

PHC. 117. XHMHqeCRaH

BopOHRa

611Ka JRll,D,KOCTIi rrpll CMeIIIllBaHMll pacTBopoB B rrp0611pKe
He ,D,OJIJRHa rrpeBbIIIIaTb 2 CM.

3anpeUfaemcs£ 6cmps£xu6amb npo6upKY, 3aKpb£-

6as£ om6epcmue na.nblfeJllt. Bo-rrepBbIx, rrorra,n;aHlie JIIO-

6bIX KOJIIiTIeCTB XllMMTIeCKIiX peaKTllBOB Ha KOJRY orraCHO;

BO-BTOpbIX, rrpll 3TOM B rrp0611pKY MOryT rrorraCTb 3arpHSHe-

HllH, II orrbIT He rrOJIYTIIiTCH.

TIepeMeIIIHBaHlie paCTBopOB B rrp06MpKe rrpOIl3Bo,n;HT 6bI-

CTpbIMIi 3HeprMTIHbIMli ,n;BllJReHllHMll (rrOCTYKllBaHllHMll),
KaK rrOKa3aHO H8 pllcYHKe 116. B KOJI6e co,n;epJRllMOe rrepe-

MeIIIllBalOT KPyroBbIMIi ,n;BllJReHllHMll, a B CTaKaHe
- CTeK-

JIHHHOM rraJIOTIKOM, Ha,n;eB Ha ee KOHen; OTpe30K pe311HOBOM

TPy6KM, TIT06bI He rrOBpe,n;MTb CTeHKY CTaKaHa.

,II;JIH rrepeJIIiBaHIiH JRll,n;KOCTeM 113 IIIllpOKOrOpJIOM rrocy,n;bI

B COCY,D, C YSKIiM rOpJIOM rrpllMeHHIOT BOpOHKll (pIiC. 117).

BOpOHKll llCrrOJIb3YIOT M ,n;JIH (]:>IlJIbTpOBaHIiH. B 3TOM CJIY-

qae B BOPOHKY BKJIa,n;bIBaIOT 6yMaJRHbIM (]:>IlJIbTp (KPYJROK

(]:>IlJIbTpOBaJIbHOM 6YMarM), KOTOpbIM BbIpe38lOT rro pa3Mepy

BOpOHKll.

CHaTIaJIa (]:>IlJIbTpOBaJIbHYIO 6YMary Ha,n;o CJIOJRllTb M 06pe-

3aTb, KaK rrOKasaHO H8 pllCYHKe 118, a saTeM BJIOJRllTb B BO-

,
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lJ PHC. 120. IIpH60p
,l];JI.H rrOJIyqeHH.H

ra30B

PHC. 121. ArrrrapaT

KHpIOllIRHHa

PHC. 122. IIpoBepRa
Ha repMeTHqHOCTb rrpH6o-

pa ,l];JI.H rrOJIyqeHH.H ra30B
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PHC. 118. IIocJIe,l];oBaTeJIbHocTb H3rOTOBJIeHH.H 6YMmKHOrO

qJHJIbTpa

.Ill
-

Ii

17� I
I�



,n;JIH nOJIY"LIeHMH ra30B, BCer,n;a BHa"LIaJIe npOBepHIOT Ha

repMeTM"LIHOCTb. .n;JIH 8TOrO KOH"LIMK raSOOTBO,n;HOH TPy6KM

OnYCKaIOT B CTaKaH C BO,n;OH, a KOJI6y HJIH np06MpKY nJIOTHO

06XBaTbIBaIOT JIa,n;OHblO. OT TenJIOH JIa,n;OHM BOS,n;yX B cocy,n;e

,n;JIH nOJIY"LIeHMH ra3a pacnmpHeTCH M, eCJIM npM60p c06paH

repMeTM"LIHO, M3 ra300TBo,n;HOH Tpy6KM BbIXO,n;HT nYSblpbKM

B03,n;yxa (pMC. 122).

mMTe 3-5 c. BblCTpO no,n;HMMMTe meCTb (cTeKJIo), nOCMOT-

pMTe Ha HMmHlO1O nJIOCKOCTb. 06'bHCHMTe, "LITO TaM nOHBM-

JIOCb.

CYXYIO np06MpKY 3aKpenMTe B ,n;epmaTeJIe, nepeBepHMTe

BBepx ,n;HOM M no,n;epmMTe Ha,n; IIJIaMeHeM ,n;o 3aTIOTeBaHMH.

06'bHCHMTe Ha6JIIO,n;aeMoe HBJIeHMe.

B TY me np06MpKY 6blCTpO npHJIeHTe 2-3 MJI M3BecTKoBoH

BO,n;bl. qTO Ha6JIIO,n;aeTe? .n;aHTe 06'bHCHeHMe.

I1paKTM"Y:eCKa5I pa60Ta N� 2

Ha6JIIO)J;eHHe
... ...

3a rOp.H:rn;eH CBe"tJOH

Onbf,m 3

BnuHnue 6030yxa na zopenue C6e"l£U

BCTaBbTe CTeKJIHHHyIO Tpy6KY C OTTHHYTblM KOH[J;OM B

pe3MHOBYlO rpYllIY. CmMMa.H ee PYKOH, npo,n;YHTe B nJIaMH

ropHru;eH CBe"LIM B03,n;yx. EaK M3MeHMJIaCb HpKOCTb nJIa-

MeHH?

IIpHKpenMTe ,n;Be CBe"LIM npM nOMoru;M paCnJIaBJIeHHOrO

napaq:mHa K KapTOHY (cpaHepe, OpraJIMTY). 3amrMTe HX M

HaKpoHTe O,n;HY nOJIJIMTpOBOH 6aHKoH, ,n;pyryIO
-

,n;BYX-

JIHTpOBOH (MomHo B3HTb XMMH"LIeCKMe CTaKaHbl pa3JIM"LIHOH

BMecTMMocTM). B KaKOM CJIY"LIae CBe"LIa ropMT ,n;OJIbllIe? IIo-

"LIeMY?
3aTIHllIHTe ypaBHeHHH peaKD;MH ropeHMH, eCJIM Beru;eCT-

Ba, M3 KOTOpblX COCTOMT CBe"LIa, HMelOT cpOPMYJIbl C
16

H
34

M C
17

H
36

.

PaCCMOTpeHHe Q;>H3HQeCKHX flBJIeHHll,

npOHCXO,ll;mU;HX npH ropeHHH CBeQH, npe,ll;-

CTaBJIfleT C060ll caMbIll IIIHPOKHll nYTb,

KOTOpbIM MOJKHO nO,ll;OllTH K H3YQeHHIO

eCTeCTB03HaHHfl.. .

....H c06HpaIOcb H3JIOJKHTb BaM... pfl,ll; CBe-

,lI;eHHll no XHMHH, KOTOpbIe MOJKHO H3-

BJIeQb H3 ropmu;ell CBeQH.

M. CPapaaeu

Onbf,m 1

CPu3U"I£eCKUe H6nenUH npu zopenuu C6e"l£U

3amrMTe CBe"LIY. Bbl YBM,n;MTe, KaK Ha"LIMHaeT TaHTb na-

pacpMH OKOJIO cpMTMJIH, 06pasYH Kpyr JIYIO JIymHD;Y. Ea-

KOH npon;ecc (cpMSM"LIeCKMH MJIM XMMM"LIeCKMH) 3,n;eCb HMeeT

MecTo?

B03bMMTe TMreJIbHblMM ru;MnD;aMM M30rHyTyIO no,n; npH-

MblM yrJIOM CTeKJIHHHyIO Tpy6KY, O,n;MH KOHen; ee BHeCMTe

B cpe,n;HIOIO "LIaCTb nJIaMeHM, a ,n;PyroH onYCTMTe B np06HpKY.

qTO Bbl Ha6JIIO,n;aeTe?

I1paKTM"Y:eCKa5I pa60Ta M3

AHaJIH3 nO"tJBbI H BO)J;bI

Onbf,m 1

M exanU"I£eCKUU ananU3 nO"l£6bf,

B np06HpKY nOMeCTMTe nO"LIBY (cTOJI6MK nO"LIBbl ,n;OJImeH

6blTb 2-3 CM). IIpHJIeHTe ,n;MCTMJIJIMpOBaHHyIO BO,n;y, 06'b-

eM KOTOpOH ,n;OJImeH 6blTb B 3 pa3a 60JIbllIe 06'beMa no-q-

Bbl.

3aKpOHTe np06MpKY np06KOH M Tru;aTeJIbHO BCTpHXMBaH-
Te 1-2 MMH, a saTeM BoopymMTecb JIynoH M Ha6JIIO,n;aHTe 3a

ocam,n;eHMeM "LIaCTMD; nO"LIBbl M CTPYKTYPOH OCap;KOB. OnM-

llIMTe M 06'bHCHMTe CBOM Ha6JIIO,n;eHMH.

O nbf,m 2

06napY:HCenue npooYKmo6 zopenUH 6 nnaMenu

B03bMMTe TMreJIbHblMM ru;Mnn;aMM KYCO"LIeK meCTH

(2 x 2 CM) OT KOHcepBHOH 6aHKM MJIM npe,n;MeTHoe CTeKJIO,

BHeCMTe B 30HY TeMHoro KOHyca ropHru;eH CBe"LIM M no,n;ep-
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On bf,m 2

llony..",enue nO..",Bennozo pacmBopa
u Onbf,mbf, c nUM

IIpMroToBbTe 6YMamHbIH qmJIbTp, BCTaBbTe ero B BOPOH-

KY, 3aKpeIDIeHHyro B KOJIbu;e IIITaTMBa. IIo,n;cTaBbTe no,n; BO-

POHKY -qMCTyro CYXYIO np06MpKY M npoq:m:JIbTpYHTe nOJIy-qeH-

HYIO B nepBOM onbITe CMeCb no-qBbI M BO,n;bI. IIepe,n; qmJIbTpO-
BaHMeM CMeCb He CJIe,n;yeT BCTpHXMBaTb. IIo-qBa OCTaHeTCH

Ha qmJIbTpe, a C06PaHHbIH B np06MpKe cpMJIbTpaT npe,n;CTaB-

JIHeT C060H no-qBeHHYIO BbITHmKY (no-qBeHHbIH paCTBOp).
HeCKOJIbKO KaneJIb 3Toro paCTBopa nOMeCTMTe Ha CTeK-

JIHHHyro nJIaCTMHKY M C nOMOm;blO nMHU;eTa no,n;epmMTe ee

Ha,n; rOpeJIKOH ,n;o BblIIapMBaHMH BO,n;bI. qTO Ha6JIIO,n;aeTe?
06'bHCHMTe.

B03bMMTe ,n;Be JIaKMYCOBbIe 6YMajKKM (KpaCHyro M CMHIOIO),
HaHeCMTe Ha HMX CTeKJIHHHOH naJIo-qKOH no-qBeHHbIH paCTBOp.

C,n;eJIaHTe BbIBO,n; no pe3YJIbTaTaM CBOMX Ha6JIIO,n;eHMH.

Ta6Jluu,a 8

XapaRTepHCTHKa
HHTeHCHB-

HOCTL aanaxa

aanaxa

(6aJIJI)
-

OTCYTcTBHe Om;YTHMoro aarraxa 0

OqeHb CJIa6bIM aallax - He aaMeqaeTCfl l1OTpe6H- 1

TeJIflMH, HO 06HapY»CHBaeTcfl Clle:u;mUlHCTaMH

CJIa6bIM aallax - 06HapY»CHBaeTcfl l1oTpe6HTe- 2

JIflMH, eCJIH 06paTHTb Ha 3TO BHHMaHHe

3allax JIerRO 06HapY»CHBaeTcfl 3

OTqeTJIHBbIM aallax
- HellpHflTHbIM H Mo»ceT 4

6bITb rrpHqHHOM OTRaaa OT rrHTbfl

OqeHb CHJIbHbIM aallax -

,lI;eJIaeT BO,ll;Y HellpH- 5

rO,ll;HOM ,lI;JIfl llHTbfl

Onbf,m 3

Onpeoenenue npo3pa..",nocmu BOObf,

.n;JIH onbITa HymeH np03pa-qHbIH nJIOCKo,n;OHHbIH CTeKJIHH-

HbIH U;MJIMH,n;p ,D,MaMeTpOM 2-2,5 CM, BbICOTOH 30-35 CM.

MomHO MCnOJIb30BaTb MepHbIH U;MJIMH,n;p Ha 250 MJI 6e3 nJIa-

cTMaccoBoH no,n;CTaBKM.

MbI peKOMeH,n;yeM npOBeCTM onbIT CHa-rraJIa C ,n;MCTMJIJIMpO-

BaHHOH BO,n;OH, a 3aTeM C BO,n;OH M3 Bo,n;oeMa M cpaBHMTb pe-

3YJIbTaTbI. YCTaHOBMTe U;MJIMH,n;p Ha ne-rraTHbIH TeKCT M BJIM-

BaHTe MCCJIe,n;yeMYIO BO,D,y, CJIe,n;H 3a TeM, -rrT06bI MomHO 6bI-

JIO -qMTaTb -rrepe3 BO,D,y TeKCT. OTMeTbTe, Ha KaKOH BbICOTe BbI

He 6y,n;eTe BM,n;eTb IIIPMcpT. H3MepbTe BbICOTbI CTOJI60B BO,D,bI

JIMHeHKOH.C,n;eJIaHTeB�BO,n;�.

TIpaKTM"Y:eCKa5I pa60Ta N� 4

IIpH3HaKH
XHMH"tJeCKHX peaKIJ;HH

IIpaKTM-qeCKM pa60Ta BKJIIO-qaeT -qeTbIpe onbITa.

Onbf,m 1

II pOJ(,anuBanue Meonou npoBonoKu

U B3auMooeucmBue oKcuoa Meou (II)
c cepnou Kucnomou

3amrMTe cnMpTOBKY (ra30Byro rOpeJIKY). B03bMMTe TM-

reJIbHbIMM m;Mnu;aMM Me,n;HYIO npOBOJIOKY M BHeCMTe ee B nJIa-

MH. qepes HeKOTopoe BpeMH BblHbTe npOBOJIOKY M3 nJIaMeHM

M C-qMCTMTe C Hee 06pa30BaBIIIMHcH -qepHbIH HaJIeT Ha JIMCT 6y-
MarM. OnbIT nOBTopMTe HeCKOJIbKO pa3. IIOMeCTMTe nOJIy-qeH-

HbIH -qepHbIH HaJIeT B np06MpKY M npMJIeHTe B Hee paCTBOp

cepHoH KMCJIOTbI. IIo,n;orpeHTe CMeCb. qTO Ha6JIIO,n;aeTe?

06pa30BaJIOCb JIM HOBoe Bem;eCTBO npM HaKaJIMBaHMM Me-

,n;M? 3aIIMIIIMTe ypaBHeHMe XMMM-qeCKOH peaKU;MM M onpe,n;e-

JIMTe ee TMn no npM3HaKY -qMCJIa M COCTaBa MCXO,n;HbIX

On bf,m 4

Onpeoenenue unmenCUBnocmu 3anaxa BOObf,

KOHM-qecKYIO KOJI6y HaIIOJIHMTe Ha 2/3 06'beMa MCCJIe,n;ye-

MOH BO,D,OH, nJIOTHO 3aKpOHTe np06KOH (meJIaTeJIbHO CTe-

KJIHHHOH) M CMJIbHO BCTpHXHMTe. 3aTeM OTKpOHTe KOJI6y
M OTMeTbTe XapaKTep M MHTeHCMBHOCTb 3anaxa. .n;aHTe

OU;eHKY MHTeHCMBHOCTM 3anaxa BO,n;bI B 6aJIJIax, nOJIb3YHCb

Ta6JIMu;eH 8.
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Beru;eCTB M npO,n;YKTOB peaKI1;MM. KaKMe npMSHaKM XMMM-qe-

CKOM peaKD;MM BbI Ha6JIIO,D,aJIM? 06paSOBaJIOCb JIM HOBOe Be-

ru;eCTBO npM B3aMMO,n;eMCTBMM OKCM,n;a Me,n;M (II) C CepHOM
KMCJIOTOM? Onpe,n;eJIMTe TMn peaKD;MM no npMSHaKY -qMCJIa

M COCTaBa MCXO,n;HbIX Beru;eCTB M npo,n;YKTOB peaKD;MM M 3a-

nMillMTe ee ypaBHeHMe.

TIpaKTM'"-.IeCKa5I pa60Ta N� 5

IIpHroToBJIeHHe paCTBopa

caxapa H pac-qeT ero

MaccoBoH )J;OJIH B pacTBope

Onbf,m 4

B3aUMooeucm6ue Kap60nama nampUH

c Xl"WPUOOM KanblfuH

B np06MpKY Ha.rreMTe 2 MJI paCTBopa Kap60HaTa HaTpmI.

3aTeM ,n;06aBbTe HeCKOJIbKO KaneJIb pacTBopa XJIOpM,n;a KaJIb-

D;MH. qTO Ha6JIIO,n;aeTe? 3anMillMTe ypaBHeHMe xMMM-qecKoM

peaKD;MM M YKamMTe ee TMn no npM3HaKY -qMCJIa M COCTaBa

MCXO,n;HbIX Beru;eCTB M npo,n;YKToB peaKD;MM.

OTMepbTe MepHbIM D;MJIMH,n;pOM 50 MJI ,n;MCTMJIJIMpOBaHHOM

BO,n;bI M BJIeMTe ee B KOHM-qeCKYIO KOJI60-qKY eMKOCTbIO

100 MJI.

qaHHyIO JIOmKY caxapHoro neCKa (MJIM ,n;Ba Kyco-qKa)

B3BeCbTe Ha JIa60paTopHbIX Becax, 3aTeM nOMeCTMTe ero

B KOJI60-qKY C BO,n;OM M nepeMeillMBaHTe CTeKJIHHHOM na.rro-q-

KOM ,n;o nOJIHOrO pacTBopeHMH.

Tenepb npMcTynaMTe K pac-qeTHoM -qaCTM. BHa-qa.rre pacc-qM-

TaMTe MaCCOBYIO ,n;OJIIO caxapa B pacTBope. He06xo,n;MMble

,n;aHHble y Bac eCTb: Macca caxapa, 06'beM BO,n;bI, nJIOTHOCTb

BO,n;bI npMMMTe paBHOM 1 r /MJI.

_ m(cax.)
w(cax.)

-

( )
,

m p-p

m(p-p)
= m(cax.) + m(Bo,n;a),

m(Bo,n;a)
= V(BO,D,a)

. p(Bo,n;a).

BbI TaKme CMomeTe pacc-qMTaTb, CKOJIbKO MOJIeKYJI caxa-

pa co,n;epmMTCH B nOJIy-qeHHoM paCTBope, MCnOJIb3YH M3BeCT-

Hble BaM COOTHOilleHMH:

N(MOJI. cax.)
= N

A
. n(cax.),

_ m(cax.)
n(cax.)

-

M( fcax.

IIOCKOJIbKY caxap COCTOMT Ha 99,9% M3 caxaposbI,

MMeIOru;eM iPOPMYJIY C12H22011' BbI JIerKO pacc-qMTaeTe MO-

JIHPHYIO Maccy caxapa M 3aTeM HaM,n;eTe -qMCJIO MOJIeKYJI

caxapa B nOJIyqeHHOM BaMM paCTBope.

Onbf,m 2

B3auMooeucm6ue MpaMopa

c Kucnomou

IIOJIOmMTe B He60JIbillOM CTaKaH 1-2 Kyco-qKa MpaMopa.

IIpMJIeMTe B CTaKaH CTOJIbKO COJIHHOM KMCJIOTbI, -qT06bI eIO

nOKpbIJIMCb KYCO-qKM. 3amrMTe JIy-qMHKY M BHeCMTe ee B.CTa-

KaH.

06pa30BaJIMCb JIM HOBbIe Beru;eCTBa npM B3aMMO,D,eMCTBMM

MpaMOpa C KMCJIOTOM? KaKMe npM3HaKM XMMM-qeCKMX peaK-

D;MM BbI Ha6JIIO,n;aJIM? 3arrMillMTe ypaBHeHMe XMMM-qeCKOM pe-

aKD;MM M yKamMTe ee TMn no npM3HaKY -qMCJIa M COCTaBa

MCXO,D,HbIX Beru;eCTB M npO,D,YKTOB peaKD;MM.

Onbf,m 3

B3auMooeucm6ue xnopuoa :HCene3a (III)
c pooanuooM KanUH

B np06MpKY HaJIeMTe 2 MJI paCTBopa XJIOpM,D,a meJIe-

3a (III), a 3aTeM HeCKOJIbKO KaneJIb paCTBopa pO,D,aHMp;a Ka-

JIMH KSCN - COJIM KMCJIOTbI HSCN, C KMCJIOTHbIM OCTaTKOM

SCN-.

KaKMMM npM3HaKaMM conpOBOm,D,aeTCH STa peaKD;M.H? 3a-

nMillMTe ee ypaBHeHMe M TMn peaKD;MM no npM3HaKY -qMCJIa

M COCTaBa MCXO,D,HbIX Beru;eCTB M npO,D,YKTOB peaKD;MM.
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inaBa meCTa5I

PaCTBOpeHHe. PaCTBOpM.

PeaK�HH HOHHOrO 06MeHa

H OKHCnHTenbHO-

BOCCTaHOBHTenbHMe peaK�HH

PaCTBopeHMe.
PaCTBOpMMOCTb Be:rn;eCTB

B BO.n;e

paCTBOp, COCTaBJIHIOru;MH OCHOBY KpOBM, MaCCOBM ,n;OJIH CO-

JIeH B HeM TaKM :iKe, KaK B rrepBM"tIHOM OKeaHe,
- 0,9%.

CJIO:iKHbIe q:m3MKO-XMMM"tIeCKMe rrpo:u;eCCbI, rrpOMCXO,D,Hru;Me

B opraHMsMax "tIeJIOBeKa M :iKMBOTHbIX, TaK:iKe rrpOTeKalOT B

pacTBopax. YCBoeHMe rrMru;M CBH3aHO C nepeBO,D,OM rrMTa-

TeJIbHbIX Beru;eCTB B paCTBOp. IIPMpo,n;HbIe BO,n;HbIe paCTBopbI

y-qaCTByIOT B rrpo:u;eccax rro"tIBo06pasoBaHMH M cHa6:iKaIOT pac-

TeHMH rrMTaTeJIbHbIMM Beru;eCTBaMM. MHorMe TeXHOJIOrM"tIe-

CKMe rrpo:u;eCCbI B XMMM"tIeCKOH M ,D,PyrMx OTpaCJIHX rrpo-

MbIIIIJIeHHOCTM, HarrpMMep rrOJIy-qeHMe CO,n;bI, y,n;06peHMH,
KMCJIOT, MeTaJIJIOB, 6YMarM, rrpOTeKalOT B paCTBopax. H3Y-
"tIeHMe CBOHCTB paCTBopOB 3aHMMaeT O"tIeHb Ba:iKHOe MeCTO

B cOBpeMeHHoH HaYKe. TaK "tITO :iKe TaKoe pacTBop?
OT JIM"tIMe paCTBopa OT ,n;pyrMx cMeceH B TOM, "tITO "tIaCTM-

:U;bI COCTaBHbIX "tIaCTeH pacrrpe,n;eJIHIOTCH B HeM paBHOMepHO,

M B JII060M MMKp006'beMe TaKOH CMeCM COCTaB O,D,MHaKOB.

IIOSTOMY rro,n; paCm60paJVlU nOHMMaJIM O,D,HOpO,D,HbIe CMe-

CM, COCTOHru;Me M3 ,n;BYX MJIM 60JIee O,n;HOpO,D,HbIX "tIaCTeH.

8TO rrpe,n;CTaBJIeHMe MCXO,n;MJIO MS rjJu3U1leCKOU meopuu

pacm60p06.

CTOpOHHMKM cpM3WIecKoH TeopMM paCTBopOB, KOTOpyIO

pasBMBaJIM BaHT-rOcpcp, AppeHMYc M OCTBaJIb,n;, C"tIMTaJIM,

"tITO rrpo:u;ecc paCTBopeHMH HBJIHeTCH pe3YJIbTaTOM ,D,Mcpcpy-
3MM, T. e. rrpOHMKHOBeHMH paCTBopeHHoro Beru;eCTBa B rrpo-

Me:iKYTKM Me:iK,n;y MOJIeKYJIaMM BO,n;bI.

B rrpOTMBOrrOJIO:iKHOCTb rrpe,n;CTaBJIeHMHM cpM3M"tIeCKOH Te-

OpMM paCTBopOB )J;. H. MeH,n;eJIeeB M CTOpOHHMKM XMMM"tIe-

CKOH TeopMM paCTBopOB ,n;OKa3bIBaJIM, "tITO paCTBopeHMe

HBJIHeTCH pe3YJIbTaTOM XUJVlUlleCKOZO 63aUJVlOaeUCm6U.Jl

paCTBopeHHoro Beru;eCTBa C MOJIeKYJIaMM BO,D,bI. II03TOMY

npaBMJIbHee (TO"tIHee) orrpe,n;eJIHTb pacm60p KaK OalWpOa-
HYlO cucmeJVlY, cOCmO.JlU{YlO U3 llacmul{ pacm6opeHHo-

ZO 6eU{ecm6a, pacm60pUmeJl.Jl U npOaYKm06 UX 63au-

JVlOaeUCm6U.Jl.

B pe3YJIbTaTe XMMM"tIeCKOrO B3aMMo,n;eHCTBMH pacTBopeH-

Horo Beru;ecTBa C BO,n;OH 06paSYIOTCH coe,n;MHeHMH
- Zuapa-

mbl. 0 XMMM"tIeCKOM B3aMMo,n;eHcTBMM rOBopHT TaKMe rrpM-

SHaKM XMMM"tIeCKMX peaK:U;MH, KaK menJl06ble .Jl6JleHU.Jl

rrpM pacTBopeHMM. HarrpMMep, BcrroMHMTe, "tITO pacTBope-

HMe cepHOH KMCJIOTbI B BO,D,e rrpoTeKaeT C BbI,D,eJIeHMeM TaKO-

ro 60JIbillOrO KOJIM"tIeCTBa TerrJIOTbI, "tITO pacTBop MO:iKeT 3a-

KMrreTb, a rroToMY JIblOT KMCJIOTY B BO,n;y (a He Ha060pOT).

1,1
I 1
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PaCTBopbI MrpaIOT O"tIeHb BailmylO pOJIb B rrpMpO,D,e, HaYKe

M TeXHMKe. Bo,n;a, CTOJIb IIIMpOKO pacrrpOCTpaHeHHaH B rrpM-

po,n;e, BCer,D,a co,n;ep:iKMT paCTBopeHHble Beru;eCTBa. B rrpeCHOH
Bo,n;e peK M osep MX MaJIO, B TO BpeMH KaK B MOpCKOH Bo,n;e

CO,D,ep:iKMTCH OKOJIO 3,5% paCTBopeHHbIX COJIeH.

B rrepBM"tIHOM OKeaHe (BO BpeMH rrOHBJIeHMH :iKM3HM

Ha 3eMJIe) MaCCOBaH ,n;OJIH COJIeH, rro rrpe,n;rrOJIO:iKeHMHM,

6blJIa HM3Ka, OKOJIO 1 % .

<,HMeHHo B 3TOM paCTBope BrrepBble pa3BMJIMCb :iKMBble

opraHM3MbI, M M3 3Toro paCTBopa OHM rrOJIy-qMJIM MOHbI M MO-

JIeKYJIbI, He06xo,n;MMble ,D,JIH MX pOCTa M :iKMSHM... C Te"tIeHM-

eM BpeMeHM :iKMBble opraHM3MbI pa3BMBaJIMCb M M3MeHH-

JIMCb, QTO rr03BOJIMJIO MM rrOKMHYTb BO,n;HYIO cpe,D,Y M rrepeH-
TM Ha CYillY M 3aTeM rrO,D,HHTbCH B B03,D,YX. OHM rrpM06peJIM
STY crroc06HOCTb, coxpaHMB B CBOMX opraHMSMax BO,n;HbIH

paCTBOp B BM,D,e :iKM,n;KOCTeH, co,n;ep:iKaru;MX He06xo,D,MMbIH sa-

rrac MOHOB M MOJIeKYJI»
- BOT TaK o:u;eHMBaeT pOJIb paCT-

BOpOB B B03HMKHOBeHMM M pa3BMTMM :iKMSHM Ha 3eMJIe

M3BeCTHbIH aMepMKaHCKMH XMMMK, JIaypeaT H06eJIeBCKOH

rrpeMMM JIaHHYC IIoJIMHr. BHYTPM Hac, B Ka:iK,D,OH HailieH

KJIeTO"tIKe - BocnOMMHaHMe 0 rrepBM"tIHOM OKeaHe, B KOTO-

pOM 3apo,n;MJIaCb :iKM3Hb,
-

BO,n;HOM paCTBope, 06eCrre"tIMBalO-

ru;eM caMY :iKM3Hb.

B Ka:iK,n;OM :iKMBOM opraHM3Me 6eCKOHe"tIHO Te"tIeT rro COCY-

,n;aM
-

apTepMHM, BeHaM M KarrMJIJIHpaM
- BOJIIIIe6HbIH

lt� I�S7
c-

�

,

nl
I,



PaCTBopeHMe ,n;pyrMx Beru;eCTB, HarrpMMep XJIOpM,n;a HaT-

pMH, HMTpaTa aMMOHMH, COrrpOBOm,D,aeTCH rrOrJIOru;eHMeM

TerrJIOTbI.

M. B. JIOMOHOCOB yCTaHOBMJI, 1:JTO paCTBOpbI SaMep3a-

lOT rrpM 60JIee HM3KOM TeMrrepaType, 1:JeM paCTBOpMTeJIb.

B 1764 r. OH rrMCaJI: (,MOP03bI COJIeHOrO paCCOJIY He MorYT

B JIe,n; rrpeBpaTMTb y,n;06HO, KaK o,n;OJIeBaIOT rrpeCHoro».

ruopambt 3TO Herrp01:JHbIe COe,D,MHeHMH Beru;eCTB

C BO,n;OM, cyru;eCTBYlOru;Me B paCTBope. KOCBeHHbIM ,n;OKa-

SaTeJIbCTBOM rM,n;paTa�MM HBJIHeTCH cyru;eCTBOBaHMe TBep-

,D,bIX KpUCmaJlJlOZUOpam06
-

COJIeM, B COCTaB KOTOpbIX

BXO,n;MT BO,D,a. Ee B 3TOM CJIyqae Ha3bIBaIOT KpMCTaJIJIMSa-

�MOHHOM. HarrpMMep, K KpMCTaJIJIOrM,n;paTaM OTHOCMTCH

xopomo M3BeCTHaH COJIb rOJIy60ro �BeTa
- Me,n;HbIM Kyrro-

pOC CuS0
4

. 5H
2

0. Be3BO,D,HbIM cYJIbcpaT Me,D,M (II) -

KpMC-

TaJIJIbI 6eJIoro D;BeTa. HSMeHeHMe �BeTa cYJIbcpaTa Me,D,M (II)
Ha rOJIy60M rrpM paCTBopeHMM ero B Bo,n;e M cyru;eCTBOBa-

HMe rOJIy6bIx KpMCTaJIJIOB Me,D,HOro Kyrropoca HBJIHeTCH eru;e

O,D,HMM ,n;OKa3aTeJIbCTBOM rM,n;paTHoM TeopMM )J;. H. MeH,n;e-

JIeeBa.

B HaCTOHru;ee BpeMH rrpMHHTa TeopMH, KOTopaH 06'be,n;M-
HHeT 06e T01:JKM 3peHMH,

- cpM3MKO- XMMM1:JeCKaH TeopMH

paCTBopOB. Ee rrpe,n;CKa3bIBaJI eru;e B 1906 r. )J;. H. MeH,n;e-

JIeeB B CBoeM 33.Me1:JaTeJIbHOM yqe6HMKe (,OCHOBbI XMMMM»:

(,)J;Be YKa3aHHble CTOpOHbI paCTBopeHMH M rMrrOTeSbI, ,D,O CMX

rrop rrpMJIOmeHHble K paCCMOTpeHMIO paCTBopOB, XOTH MMe-

lOT OT1:JaCTM pa3JIM1:JHble MCxo,n;Hble T01:JKM, HO 6e3 BCHKO-

ro COMHeHMH, no BceM BepOHTHOCTM, npMBe,n;YT K 06ru;eM

TeopMM pacTBopoB, nOToMY qTO O,n;HM 06ru;Me 3aKOHbI yrr-

paBJIHIOT KaK cpM3M1:JeCKMMM, TaK M XMMM1:JeCKMMM HBJIe-

HMHMM »
.

PaCTBopMMOCTb Beru;ecTB B Bo,n;e 3aBMCMT OT TeMnepaTY-

pbI. KaK npaBMJIO, pacTBopMMOCTb TBep,n;bIx Beru;ecTB B BO-

,n;e YBeJIM1:JMBaeTCH C rrOBblmeHMeM TeMnepaTypbI (pMC. 123),
a paCTBopMMOCTb ra30B -

YMeHbmaeTCH, n03TOMY BO,n;y

MomHO n01:JTM nOJIHOCTblO OCB060,D,MTb OT paCTBopeHHbIX B

HeM ra30B KMnH1:JeHMeM. ECJIM paCTBopHTb B BO,D,e XJIOpM,n; Ka-

JIMH KCI, npMMeHHlOru;MMCH KaK y,D,06peHMe, TO rrpM KOM-

HaTHOM TeMnepaType (20 DC) MomeT paCTBopMTbCH TOJIbKO

34,4 r COJIM B 100 r BO,n;bI; CKOJIbKO 6bI HM nepeMemMBaJIM

paCTBOp C OCTaTKOM HepacTBopMBmeMcH COJIM, 60JIbme COJIM

He paCTBopMTCH
-

paCTBOp 6y,n;eT HaCblru;eH 3TOM COJIblO npM

,n;aHHOM TeMnepaType.

+
HaCbI:m;eHHbIM Ha3bIBalOT TaKOM paCTBOp, B KOTO-

pOM rrpM ,D,aHHOM TeMnepaType Beru;eCTBO 60JIbme

He paCTBopHeTCH.

ECJIM me npM 3TOM TeMnepaType B 100 r BO,n;bI pacTBopMTb

XJIOpM,n;a KaJIMH MeHbme, 1:JeM 34,4 r, TO paCTBOp 6y,n;eT
HeHaCblru;eHHbIM.

+
HeHaCbI:m;eHHbIM Ha3bIBaIOT TaKOM paCTBOp, B KO-

TOpOM npM ,D,aHHOM TeMnepaType HaxO,n;MTCH

MeHbme paCTBopHeMoro Beru;eCTBa, 1:JeM B ero

HaCblru;eHHOM paCTBope.
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IIpM OXJIa:iK,D,eHMM HaCI.Iru;eHHOI'O paCTBOpa BOSHMKaeT MS-

6I.ITOK paCTBOpeHHOrO Beru;eCTBa, eCJIM OHO He BI.IIIa.n;eT

B OCa,D,OK, TO 06pasyeTcH IIepeCI.Iru;eHHI.IM paCTBOp.

ITepeCI.I:m;eHHLIM HaSI.IBalOT TaKOM paCTBOp,

B KOTOpOM IIPM ,n;aHHOM TeMIIepaType Haxo.n;MTCH

B paCTBopeHHOM COCTOHHMM 60JII.me Beru;eCTBa,

-qeM B ero HaCI.Iru;eHHOM paCTBope IIPM Tex :iKe

YCJIOBMHX.

+
'�-JiII

'\"

lIs HeKOTopI.IX Beru;eCTB cpaBHMTeJII.HO JIel'KO IIOJIytIMTI.

IIepeCI.Iru;eHHI.Ie paCTBopI.I. K HMM OTHOCHTCH, HaIIpMMep,

KpMCTaJIJIOI'M,D,paTI.I
- I'JIay6epoBa COJII. (Na 2

S0
4

. 10H
2 0)

M Me,D,HI.IM KYIIOPOC (CuS0 4
. 5H

2 0).

IIepeCI.Iru;eHHI.Ie pacTBopI.I rOTOBHT TaK. IIpMI'OTaBJIMBa-
lOT HaCI.Iru;eHHI.IM paCTBOp CO JIM IIPM BI.ICOKOM TeMIIepaType,

HaIIpMMep IIPM TeMIIepaType KMIIeHMH. lIs6I.ITOK COJIM OT-

IPMJII.TpOBI.IBaIOT, HaKpI.IBalOT KOJI6y C 1'0pH-qMM IPMJII.Tpa-
TOM BaTOM M OCTOpO:iKHO, M36eraH COTpHceHMM, Me,n;JIeHHO

OXJIa:iK,n;aIOT IIpM KOMHaTHOM TeMIIepaType. IIpMI'OTOBJIeH-
HI.IM TaKMM 06paSOM pacTBop, IIpe,n;oxpaHHeMI.IM OT TOJI-qKOB

M IIOIIa,D,aHMH III.IJIM, MO:iKeT xpaHMTI.cH ,D,OBOJII.HO ,D,OJIl'o.

Ho CTOMT TOJII.KO B TaKoM IIepecI.Iru;eHHI.IM paCTBOp BHeCTM

CTeKJIHHHYIO IIaJIo-qKY, Ha KOH-qMKe KOTOpOM MMeeTCH He-

CKOJII.KO KPYIIMHOK 3TOM COJIM, KaK HeMe,n;JIeHHO Ha-qHeT-

CH ee KpMCTaJIJIMSaD;MH MS pacTBopa

(pMC. 124).
rJIay6epoBa COJII. mMpOKO MCIIOJII.SY-

eTCH B Ka-qeCTBe CI.IpI.H Ha XMMM-qeCKMX

saBo,n;ax. ,IJ;06I.IBaIOT ee SMMOM B SaJIM-

Be Kapa-Boras-rOJI, KOTOpI.IM cpaBHM-

TeJII.HO MSOJIMpOBaH OT KacIIMMcKOI'O

MOpH. JIeToM Ms-sa BI.ICOKOM CKOpOC-

TM MCIIapeHMH BO,D,I.I SaJIMB SaIIOJIHHeT-

CH CMJII.HO KOHD;eHTpMpoBaHHI.IM paCTBO-

pOM COJIM. 3MMOM, B CBHSM C IIOHM:iKe-

HMeM TeMIIepaTypI.I, paCTBopMMOCTI. ee

YMeHI.maeTCH M COJII. KpMCTaJIJIMsyeT-

CH, -qTO M JIe:iKMT B OCHOBe ee .n;06I.I-qM.
JIeToM KpMCTaJIJII.I COJIM pacTBopHIOTCH,

M ,n;06I.I-qa ee IIpeKparu;aeTCH.

PHC. 124. MrHoBeH-

Hafl KpHCTaJIJIII3a-

IJ;IIfl Beru;eCTBa

H3 rrepeCbIru;eHHoro

paCTBopa

190
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PHC. 125. B BO,ll;e MepTBoro MOpfl H3 paCTBopeHHbIX B HeM COJIeM

JIerKO B bIp aCTaIOT Kp aCHBbIe rrpH'lY ,lI;JIIIBbIe KpHCTaJIJIbI

B CaMOM COJIeHOM MS MopeM MMpa
- MepTBOM MOpe

KOHD;eHTpaD;MH COJIeM TaK BeJIMKa, -qTO Ha JII060M IIOMeru;eH-

HOM B BO,n;y 3Toro MOpH IIpe,n;MeTe HapaCTalOT IIpM-qy,n;JIMBI.Ie

KpMCTaJIJII.I (pMC. 125).

IIpM pa60Te C Beru;eCTBaMM Ba:iKHO SHaTI. MX paCTBopM-

MOCTI. B Bo,n;e. Beru;ecTBo c-qMTaIOT XOpOUlO pacmeOpUJVlblJVl,

eCJIM IIPM KOMHaTHoM TeMIIepaType B 100 r BO,D,I.I paCTBopH-

eTCH 60JII.me 1 r 3TOl'0 Beru;eCTBa. ECJIM IIPM TaKMX YCJIOBMHX

paCTBopHeTCH MeHI.me 1 I' Beru;eCTBa B 100 r BO,D,I.I, TO TaKoe

Beru;eCTBO c-qMTaeTCH JVlaJlopacmeOpUJVlplJVl. K rrpaKTM-qeCKM

HepaCmeOpUJVlblJVl Beru;eCTBaM OTHOCHTCH TaKMe, paCTBopM-

MOCTI. KOTOpI.IX MeHI.me 0,01 r B 100 r BO,D,I.I (Ta6JI. 9).

P ACTBOPMMOCTb HEKOTOPbIX COJIER

B BO,lJ;E IIPM 20°C

Ta6Jluu"a 9

Ha3BaHHe COJIH wopMYJIa
PacTBopHMOCTL

(r/100 r BO.D;LI)

XOPOIIIO paCTBOpHMbIe

CYJII4>aT Me,ll;H (II) CuSO
4 22,2

HHTpaT KaJIHfl KNO
g 31,6

HO,ll;H,lI; HaTpHfl Nal 179,10

MaJIOpaCTBOpIIMbIe

CYJIbQ;>aT cepe6pa Ag 2
SO

4 0,79

CYJIbQ;>aT KaJIbIJ;Hfl CaS0
4 0,20

HO,ll;H,lI; CBHHIJ;a (II) PbI
2 0,07
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Ha3BaHHe COJIH

----

PaCTBOpHMOCTb
(r/IOO r BO.D;bI)

� 35
8�eKTpO�MTM�eCKaH
)J;MCCOD;MaD;MH(l)0pMYJIa

IIpaKTHqeCKH HepaCTBOpHMbIe EaK BbI 3HaeTe M3 ypOKOB IPM3MKM, paCTBopbI OP;HMX Be-

ru;eCTB crroc06HbI rrpOBop;MTb 3JIeKTpUQeCKMll: TOK, a p;py-

rMX - HeT. q T06bI orrbITHbIM rrYTeM rrpOBepMTb 3TY crroc06-

HOCTb y paCTBopOB paSJIM"tIHbIX Beru;eCTB, BOCrrOJIb3yeMcH

CJIe,D,YIOru;MM rrpM60pOM (pMC. 126).
OH COCTOMT M3 CTaKaHa, B KOTOpbIll: HaJIMBalOT paCTBOp

MCCJIe,D,yeMoro Beru;eCTBa. Ha CTaKaH CTaBHT rrJIaCTMHKY

M3 360HMTa C BMOHTMpOBaHHbIMM B Hee ,D,BYMH yrOJIbHbI-

MM 3JIeKTpO,D,aMM, K KJIeMMaM KOTOpbIX rrpMcoep;MHeHbI

rrpOBop;a. O,D,MH M3 HMX COe,D,MHeH C JIaMrrO"tIKOll:. BbIXO,n;-

HOll: KOHTaKT OT JIaMrrO"'IKM M rrpOBOp; OT ,D,pyroll: KJIeMMbI

MP;YT K MCTO"'IHMKY TOKa. ECJIM paCTBOp, HaJIMTbIll: B CTaKaH,

rrpOBop;MT 3JIeKTpM"tIeCKMll: TOK, TO JIaMrrO"'IKa 3aropaeTCH,

M "tIeM JIy"tIme 3Ta crroc06HOCTb, TeM Hp"'Ie ropMT JIaMrrO"tIKa.

IIpOBO,D,HT 3JIeKTpM"'IeCKMll: TOK paCTBopbI COJIell:, ru;eJIO"tIell:,
KMCJIOT.

-

BPOMH,lJ; cepe6pa

XJIOpHP; cepe6pa
HOP;HP; cepe6pa

AgBr

AgCI

AgI

-

0,0037

0,00009

0,000003

COBepmeHHO HepaCTBopMMbIX Beru;eCTB B rrpMpop;e He cy-

ru;eCTByeT. HarrpMMep, p;ame aTOMbI cepe6pa "'IYTb-"tIYTb rrepe-

XO,D,HT B paCTBOp M3 M3p;eJIMll:, rrOMeru;eHHbIX B BOP;Y. EaK

MSBeCTHO, paCTBOp cepe6pa B Bop;e y6MBaeT MMKp060B.

...,-;:

1. PacTBopLI. 2. cl»H3HQeCKaH H XHMWleCKaH TeopHH

paCTBopOB. 3. TenJlOBbIe HBJleHHH npH pacTBopeHHH.
4. rH,IJ;paTbI H KpHCTaJlJlOrH,IJ;paTbI; KpHCTaJlJlH3a:O;HOH-

HaH BO)];a. 5. HacbIm;eHHbIe, HeHaCbIm;eHHbIe H nepeCbI-

m;eHHbIe paCTBopbI. 6. Xopomo paCTBopHMbIe, MaJIOpa-

CTBOpHMbIe H npaKTWleCKH HepaCTBOpHMbIe Bem;eCTBa.

'...

""

"'

�

-1'-,-.._

?
.

+
Beru;eCTBa, paCTBopbI KOTOpbIX rrpOBop;HT 3JIeKT-

pM"'IeCKMll: TOK, HaSbIBalOT 3J1eKTpOJlHTaMH.

...............................................

IIoqeMY B rOpflqeM qae KycOqeK caxapa paCTBopfleTCfl 6bICT-

pee, qeM B XOJIOP;HOM?

2 IIpHBep;HTe rrpHMepbI xopomo paCTBopHMbIX, MaJIOpaCTBopH-
MbIX H rrpaKTHqeCKH HepaCTBopHMbIX B Bop;e Be:rn;eCTB pa3JIHq-

HbIX KJIaCCOB, rrOJIb3YflCb Ta6JIH:u;eM paCTBopHMOCTII.

1

3 IIoqeMY aKBapIIYMbI HeJIb3fl 3arrOJIHflTb 6bICTpO OXJIajKp;eHHOM

rrpOKHrrflqeHHOM BOP;OM (OHa p;OJIjKHa rrOCTOflTb HeCKOJIbKO

p;HeM)?

J---/

4 IIoqeMY paHKH, rrpOMbITble BOP;OM, B KOTOPYIO 6bIJIH rrOMe:rn;e-

HbI cepe6pflHble H3p;eJIHfl, 3ajKHBaIOT 6blcTpee?

IIoJIb3Yflcb PHCYHKOM 123, orrpep;eJIHTe MaCCOBYIO P;OJIIO XJIOpH-

p;a KaJIIIfl, cop;epjKaru;erOCfl B HaCblru;eHHOM paCTBope rrpH 20 °C.

MOjKeT JIll pa36aBJIeHHbIM paCTBop 6bITb op;HoBpeMeHHo H Ha-

CbI:rn;eHHbIM?

K 500 r HaCbI:rn;eHHoro rrpH 20°C paCTBopa cYJIbQ;>aTa MarHHfl

(CM. pHC. 123) rrpHJIHJIH P;OCTaTOqHbIM P;JIfl rrpOBep;eHHfl peaR-

:U;HH 06'beM paCTBopa XJIOpHp;a 6apHfl. HaMp;HTe Maccy BbIIIaB-

mero oca)J;Ka.

5

6

7

PHC. 126. IIpH60p P;JIfl orrpep;eJIeHHfl :3JIeKTpOrrpOBop;HOCTH
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PaCTBopbI caxapa, CnMpTa, rJIIOKOSbI M HeKOTOpbIX ,D,PY-
rMX Beru;eCTB He npOBO,D,HT 3JIeKTpM-qeCKMM TOK.

+
Beru;eCTBa, paCTBopbI KOTOpbIX He npOBop;HT

3JIeKTpM-qeCKMM TOK, Ha3bIBaIOT He3JIeKTpOJIII-

TaMil.

.. ...,

IIo-qeMY me paCTBopbI 3JIeKTpOJIMTOB npOBop;HT 3JIeKTpM-
-qeCKMM TOK?

IIIBep;cKMM y-qeHbIM CBaHTe AppeHMYC, M3y-qaH 3JIeK-

TpOnpOBO,D,HOCTb paCTBopOB pa3JIM-qHbIX Beru;eCTB, npMmeJI

B 1877 r. K BbIBO,D,Y, -qTO npM-qMHoM 3JIeKTpOnpOBO,D,HOCTM

HBJIHeTCH Ha.ITM-qMe B paCTBope MOHOB, KOTopble 06pasYIOTcH
npM paCTBopeHMM 3JIeKTpOJIMTa B Bop;e.

+
IIpOD;ecc pacna,D,a 3JIeKTpOJIMTa Ha MOHbI Ha3bIBa-

lOT 3JIeKTpOJIliTliTIeCKOM JJ;IICCOIJ;lIaIJ;lIeii:.

�o
� �SCY

O�
+

�o
QCY0�

O�
_-..';c;- _._. _._. PHC. 127. CxeMa :'meKTpOJIlITII'IeCKOll )J;HCCOn;Han;IIM

XJIOpII)J;a HaTpH.H Ha rH)J;paTHpOBaHHbIe MOHbI

C. AppeHMYc, KOTOpbIM npMp;epmMBaJICH IPM3MTIeCKOM Te-

OpMM paCTBopOB, He Y"IMTbIBaJI B3aMMO,D,eMCTBMH 3JIeKTpOJIM-
Ta C BOAOM M C"IMTaJI, -qTO B paCTBopax HaxOAHTCH CB060P;HbIe
MOHbI. B OTJIM"IMe OT Hero PYCCKMe XMMMKM II. A. Ka6JIYKOB
M B. A. KMCTHKOBCKMM npMMeHMJIM K 06'bHCHeHMIO 3JIeKTpO-
JIMTM-qecKoM P;MccoD;MaD;MM xMMM-qecKYIO TeopMIO )J;. II. MeH-

p;eJIeeBa M p;OKa3aJIM, "ITO npM pacTBopeHMM 3JIeKTpOJIMTa

npOMCXO,D,MT XMMM"IeCKOe B3aMMO,D,eMCTBMe pacTBopeHHoro

Beru;ecTBa C BO,D,OM, KOTopoe npMBop;MT K 06pa30BaHMIO rM,n;-

paToB, a 3aTeM OHM ,D,MCCOD;MMPYIOT Ha MOHbI. OHM C"IMTaJIM,

TITO B paCTBopax HaXO,D,HTCH He CB060,D,Hble, He (,rOJIble»

MOHbI, a rM,D,paTMpOBaHHble, T. e. ('O,D,eTble B my6KY» M3 MO-

JIeKYJI BO,D,bI.

MOJIeKYJIbI BOP;bI npe,D,CTaBJIHIOT C060M aunOJlU (,D,Ba no-

JIlOca), TaK KaK aTOMbI BO,D,OpOp;a pacnOJIOmeHbI nop; yrJIOM

104,5°, 6JIarO,D,apH "IeMY MOJIeKYJIa MMeeT yrJIOBYIO IPOPMY.
MOJIeKYJIa BO,D,bI CXeMaTM"IeCKM npe,D,CTaBJIeHa HMme.

KaK npaBMJIO, JIer-qe Bcero ,D,MCCOD;MMPYIDT Beru;eCTBa

C MOHHOM CBH3blO M, COOTBeTCTBeHHO, C MOHHOM KpMCTaJIJIM-

TIeCKOM pemeTKoM, TaK KaK OHM yme COCTOHT M3 rOTOBbIX

MOHOB. IIpM MX paCTBopeHMM ,D,MnOJIM BO,D,bI opMeHTMpylOTCH

npOTMBOnOJIOmHO sapHmeHHbIMM KOHD;aMM BOKpyr nOJIOmM-

TeJIbHbIX M OTpMD;aTeJIbHbIX MOHOB 3JIeKTpOJIMTa. Memp;y

MOHaMM 3JIeKTpOJIMTa M ,D,MnOJIHMM BOP;� B03HMKalOT CM-

JIbI B3aMMHoro npMTHmeHMH. B peSYJIbTaTe XMMM-qeCKaH

CBH3b Memp;y MOHaMM OCJIa6eBaeT, M npOMCXO,D,MT nepexop;

MOHOB MS KpMCTaJIJIa B paCTBOp (pMC. 127). O"IeBM,D,HO, -qTO

nOCJIe,D,OBaTeJIbHOCTb npOD;eCCOB, npOMCXOP;Hru;MX npM ,D,MC-

COD;MaD;MM Beru;eCTB C MOHHOM CBH3blO (cOJIeM M ru;eJIO"IeM),

6Y,D,eT TaKoM:

1) opMeHTaD;MH MOJIeKYJI
- ,D,MnOJIeM BO,D,bI OKOJIO MOHOB

KpMCTaJIJIa;

2) rM,D,paTaD;MH (B3aMMO,D,eMCTBMe) MOJIeKYJI BOP;bI C npo-

TMBOnOJIOmHO 3apHmeHHbIMM MOHaMM nOBepxHocTHoro CJIOH

KpMCTaJIJIa;

3),D,MCCOD;MaD;MH (pacna,D,) KpMCTaJIJIa 3JIeKTpOJIMTa Ha

rM,D,paTMpOBaHHble MOHbI.

L 0+
H

104,5
H

1'9'4
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CJIe,n;yeT Y'IMTbIBaTb, 'ITO B paCTBOpaX 8JIeKTpOJIMTOB

XaOTM'IeCKM ,n;BM:iKy:rn;MeCH rM,n;paTMpOBaHHbIe MOHbI MOrYT

CTOJIKHYTbCH M BHOBb 06'beAMHMTbCH Me:iK,D,Y C060H. 8TOT

06paTHbIH rrpoD;ecc Ha3bIBaIOT accolfualfueu.
CBOHCTBa I'M,n;paTMpOBaHHbIX MOHOB OTJIM'IaIOTCH OT

CBOHCTB HerM,D,paTMpOBaHHbIX MOHOB. HarrpMMep, HeI'M,n;pa-

TMpOBaHHbIH MOH Me,n;M Cu 2+
- 6eCD;BeTHbIH B 6eSBO,n;HbIX

KpMCTaJIJIaX CYJIblPaTa Me,n;M (II) CuS0
4

M MMeeT rOJIy60H

D;BeT, KOr,D,a I'M,n;paTMpOBaH, T. e. CBHSaH C MOJIeKYJIaMM BO-

,n;bI CU 2 +. nH
2

0. rM,D,paTMpOBaHHbIe MOHbI MMeIOT KaK rro-

CTOHHHOe, TaK M rrepeMeHHOe 'IMCJIO MOJIeKYJI BO,n;bI.
B paCTBOpaX 8JIeKTpOJIMTOB HapH,n;y C MOHaMM rrpMCYTCT-

BYIOT M MOJIeKYJIbI. II08TOMY paCTBOpbI 8JIeKTpOJIMTOB xa-

paKTepM3YIOTCH CmeneHblO aUCCOl{ual{uu, KOTOpyro 060-
3Ha'IaIOT I'pe'IeCKOH 6YKBOH ex «'aJIblPa»).

+
CTeneHL AIiCCOIJ;lIaIJ;1I1I

- 8TO OTHomeHMe 'IMCJIa

'IaCTMD;, pacrraBmMXCH Ha MOHbI (N .II)' K 06:rn;eMY

'IMCJIY paCTBopeHHbIX 'IaCTMD; (N p):
N

a =

N'\
p

PHC. 128. CxeMa ::meKTpOJIHTHqeCKOll P;HCcOIJ;HaIJ;HH IIOJIflPHOll
MOJIeKYJIbI XJIOpOBOp;opop;a Ha rIlp;paTHpoBaHHble HOHbI

Yrrpo:rn;eHHO rrpOMCXO,D,H:rn;Me rrpoD;eccbI MO:iKHO oTpasMTb
C nOMo:rn;bIO CJIe,n;YIO:rn;ero ypaBHeHMH:

NaCI = Na+ + CI-.

AHaJIOI'IftIHO ,D,MCCOD;MMpyroT M 8JIeKTpOJIMTbI, B MOJIeKYJIaX
KOTOpbIX KOBaJIeHTHaH rrOJIHpHaH CBHSb (HarrpMMep, MOJIe-

KYJIbI XJIOpOBo,n;opo,n;a HCI, pMC. 128), TOJIbKO B 8TOM CJIy-qae
rro,n; BJIMHHMeM AMrrOJIeH BO,n;bI npOMCXO,D,MT rrpeBpa:rn;eHMe
KOBaJIeHTHOH nOJIHpHOH CBH3M B MOHHYIO, M nOCJIe,n;oBaTeJIb-
HOCTb rrpoD;eccoB, npOMCXO,l(H:rn;MX npM 8TOM, 6Y,D,eT TaKaH:

1) opMeHTaD;MH MOJIeKYJI BO,n;bI BOKPYI' rrOJIIOCOB MOJIeKY-
JIbI 8JIeKTpOJIMTa;

2) I'M,n;paTaD;MH (B3aMMO,D,eHCTBMe) MOJIeKYJI BO,n;bI C MO-

JIeKYJIaMM 8JIeKTpOJIMTa;

3) MOHMsaD;MH MOJIeKYJI 8JIeKTpOJIMTa (n;peBpa:rn;eHMe KO-

BaJIeHTHOH rrOJIHpHOH CBH3M B MOHHYIO);
4) ,n;MCCOD;MaD;MH (pacnaA) MOJIeKYJI ::meKTpOJIMTa Ha I'M,n;-

paTMpOBaHHbIe MOHbI.

YpaBHeHMe ,n;MccOD;MaD;MM COJIHHOH KMCJIOTbI:

HCI = H+ + CI-.

CTerreHb ,n;MCCOD;MaD;MM 8JIeKTpOJIMTa onpe,n;eJIHIOT onbIT-

HbIM nYTeM M BbIpa:iKaIOT B ,n;OJIHX MJIM B npOD;eHTax. Ec-

JIM ex = 0, TO ,n;MccOD;MaD;MH OTCYTCTByeT, a eCJIM ex = 1, MJIM

100%, TO 8JIeKTpOJIMT nOJIHOCTbIO pacna,n;aeTCH Ha MOHbI.

8JIeKTpOJIMTbI MMeIOT pa3JIM'IHYIO CTeneHb ,D,MCCOD;MaD;MM,
T. e. CTeneHb ,D,MCCOD;MaD;MM saBMCMT OT rrpMpo,n;bI 8JIeKTpO-
JIMTa. OHa TaK:iKe 3aBMCMT M OT KOHD;eHTpaD;MM: C paS6aBJIe-
HMeM paCTBopa CTerreHb ,n;MCCOD;MaD;MM YBeJIM'IMBaeTCH.

IIo CTeneHM 8JIeKTpOJIMTM'IeCKOH ,n;MCCOD;MaIJ;MM 8JIeKTpO-
JIMTbI pa3,D,eJIHIOT Ha CMJIbHbIe M CJIa6bIe.

Cu:nbnbte a:neKmpo:numbt npM paCTBopeHMM B Bo,n;e

npaKTM'IeCKM rrOJIHOCTbIO ,D,MCCOD;MMPYIOT Ha MOHbI. Y TaKMX

8JIeKTpOJIMTOB SHa'IeHMe CTeneHM AMCCOD;MaD;MM CTpeMMTCH
K e,D,MHMD;e B pa36aBJIeHHbIX paCTBopax.

K CMJIbHbIM 8JIeKTpOJIMTaM OTHOCHT:

1) npaKTM'IeCKM Bce COJIM;

2) CMJIbHbIe KMCJIOTbI, HanpMMep: H
2

S0
4 , HCI, HN0

3 ;

3) Bce :rn;eJIO'IM, HarrpMMep: NaOH, KOH.
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C:na6bf.,e a:neKmpO:nUmbf., rrpM paCTBOpeHMM B BO,n;e rro-

-rrTM He ,D,MCCOD;MMPYIOT Ha MOHbI. Y TaKMX 3JIeKTpOJIMTOB

3Ha-rreHMe CTerreHM ,n;MCCOD;MaD;MM CTpeMMTCH K HYJIIO.

K CJIa6bIM 3JIeKTpOJIMTaM OTHOCHT:

1) CJIa6bIe KMCJIOTbI - H
2 S, H

2
CO

g , HN0
2 ;

2) BO,D,HbIM pacTBop aMMMaKa NHg
. H

2
0.

H OHbl
-

amo OaHa U3 rjJopJVl cY"l4ecmeOeaHU,fl XUJVlU-

lleCKOZO aJleJVleHma. CBOMCTBa MOHOB COBepIIIeHHO He rroxo-

mM Ha CBOMCTBa aTOMOB, KOTopbIe MX 06paSOBaJIM. HarrpM-

Mep, aTOMbI MeTaJIJIa HaTpMH Na O
3HeprM-rrHO B3aMMo,n;eMCTBY-

lOT C BO,n;OM, 06pa3YH rrpM 3TOM ru;eJIo-rrb (NaOH)'M BO,D,OpO,n;

H
2 ,

B TO BpeMH KaK MOHbI HaTpMH Na+ TaKMX rrpO,D,YKTOB He

06paSYIOT. XJIOp Cl
2

MMeeT meJITO-3eJIeHbIM D;BeT M pe3KMM

3arrax, H,D,OBMT, a MOHbI XJIopa CI- - 6ecD;BeTHbI, HeH,n;OBM-

TbI, JIMIIIeHbI 3arraxa. HMKOMY He rrpM,n;eT B rOJIOBY MCrrOJIb30-

BaTb B rrMru;y MeTaJIJIM-rreCKMM HaTpMM M ra3006pa3HbIM XJIOp,

B TO BpeMH KaK 6es XJIOpM,D,a HaTpMH, COCTOHru;ero M3 MOHOB

HaTpMH M XJIopa, HeBOSMomHO rrpMrOTOBJIeHMe rrMru;M. Ha-

rrOMHMM:

:
(

i

1. 3JIeRTpOJUITbI II He3JIeRTpOJIIiTbI. 2. 3JIeRTpOJIII-
TllqeCRaH ,lJ;IICCOD;lIaIJ;IIH II aCCOIJ;IIaIJ;IIH. 3. Mexa-

HII3M ,lJ;IICCOIJ;IIaIJ;1I1I Bem;eCTB C Pa3JIllqHbIM TlirrOM

CBHSII. 4. CTeneHb 3JIeRTpOJIliTWIeCRoH ,lJ;IICCOIJ;lIaIJ;lIlI.

5. CIIJIbHbIe II CJIa6bIe 3JIeRTpOJIIiTbI.

?
. ...............................................

1 06�HCHHTe, rrOqeMY paCTBOp rH�pOKCH�a KaJIHH rrpOBO�HT

3JIeKTpHqeCKHll TOK, a paCTBOp rmOK03bI C
6
H

12
0

6
- HeT.

IIoqeMY rrpH pa36aBJIeHHH paCTBopa 3JIeKTpOJIHTa CTerreHb ero

�HCCOU;HaU;HH YBeJIHqHBaeTcH?

)];oKaJRHTe, qTO �eJIeHHe XHMHqeCKHX CBH3ell Ha KOBaJIeHTHYW

rrOJIHpHYW H HOHHYW YCJIOBHO.

KaK OTJIHQaeTCH rro CBoen rrpHpo�e 3JIeKTpOrrpOBO�HOCTb Me-

TaJIJIOB H 3JIeKTpOJIHTOB?

KaK 06�HCHHTb 3JIeKTpHQeCKYW rrpOBO�HMOCTb BO�HbIX pac-

TBOpOB 3JIeKTpOJIHTOB?

+
1I0HbI

- 3TO rrOJIOmMTeJIbHO MJIM OTpMD;aTeJIbHO

3apHmeHHbIe -rraCTMD;bI, B KOTOpbIe rrpeBparu;alOT-

CH aTOMbI MJIM rpyrrrrbI aTOMOB B peSYJIbTaTe OT,n;a-

-rrM MJIM rrpMCOe,D,MHeHMH 3JIeKTpOHOB.2

3

4

CJIOBO <,MOH» B rrepeBO,D,e C rpe-rreCKOrO OSHa-rraeT <'CTpaH-

CTBYIOIU;MM». B paCTBOpax MOHbI 6eCrrOpH,D,0-rrHO rrepe,n;BMra-

IOTCH ( <, CTpaHcTBylOT » ) B pa3JIM-rrHbIX HarrpaBJIeHMHX.

IIo COCTaBY MOHbI ,D,eJIHT Ha npOcmble
- CI-, Na+ M CJlO;)fC-

Hble
-

NH.!, SO�-.

5

� 36
OCHOBHble IIOJlOmeHMH

TeopMM 3J1eKTpOJlMTM"£leCKOM
)];MCCOIJ;MaIJ;MM

+
2. ITpll'lliHOH ,lJ;IICCOIJ;lIaIJ;1I1I 3JIeRTpOJIliTa B BOP;-

HOM paCTBope HBJIHeTCH ero rll,lJ;paTaIJ;IIH, T. e.

BSaIlMO,lJ;eHCTBlie 3JIeRTpOJIliTa C MOJIeRYJIaMIi

BO,lJ;bI II paspbIB XIIMII'IeCROH CBH311 B HeM.

0606IU;MM CBe,D,eHMH 06 3JIeKTpOJIMTM-rrecKoM ,D,MCCOD;MaD;MM

B BM.n;e OCHOBHbIX rrOJIOmeHMM HbIHe 06ru;errpM3HaHHoM Te-

OpMM. OHa 3aKJIIO-rraeTC.H B CJIe,D,YIOIU;eM.

B pe3YJIbTaTe B3aMMO,D,eMCTBM.H 3JIeKTpOJIMTa C MOJIeKY-

JIaMM BO,D,bI 06pa3YIOTcH rM,D,paTMpOBaHHbIe, T. e. CBH3aHHbIe

C MOJIeKYJIaMM BO,D,bI, MOHbI.

CJIe,D,OBaTeJIbHO, rro HaJIM-rrMIO BO,n;HOM 060JIO-qKM MOHbI

,D,eJIHT Ha zuapamUpOeaHHble (B pacTBopax M KpMCTaJI-

JIOrM,D,paTax) M HeZUapamUpOeaHHble (B 6e3Bo,n;HbIX co-

JIHX).

+
1. ITpli paCTBopeHlI1I B BO,lJ;e 3JIeRTpOJIliTbI P;IIC-

COIJ;IIIIPYIOT (paCna,lJ;aIOTcH) Ha nOJIO:HCIITeJIbHbIe

II OTpllIJ;aTeJIbHbIe IIOHbI.
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CBOHCTBa I'M,n;paTIfpOBaHHbIX M HerM,ZJ;paTIfpOBaHHbIX MOHOB

OTJIMqaIOTCH, KaK BbI CMOrJIM yme y6e,n;MTbCH Ha rrpMMepe

MOHOB Me,n;M.

..

IIo XapaKTepy 06pa3YIOm;MXCH rrpM ,n;MCCOIJ;MaIJ;MM :,WeKT-

pOJIMTOB MOHOB pa3JIMqaIOT TPM TMrra SJIeKTpOJIMTOB: lCUCJlO-

mbl, OC1l06allU.H M COJlU.

3. IIO,IJ; ,IJ;eHCTBlleM SJIeKTpll'leCKOI'O TOKa IIOJIO-

mllTeJIbHO 3apHmeHHbIe 1I0HbI ,IJ;BllmYTCH K OTpll-

n;aTeJIbHOMY IIOJIIOCY IICTO'lHIIKa TOKa - KaTO-

,IJ;Y, IIOSTOMY IIX Ha3bIBalOT KaTIIOHaMII, a OT-

plln;aTeJIbHO 3apHmeHHbIe 1I0HbI ,IJ;BllmYTCH K

IIOJImKIITeJIbHOMY IIOJIIOCY IICTO'lHIIKa TOKa

aHO,IJ;Y, IIOSTOMY IIX Ha3bIBalOT aHIlOHaMII.

..

CJIe,n;OBaTeJIbHO, cym;ecTByeT em;e o,n;Ha KJIaCCmpMKaIJ;MH
MOHOB - rro SHaKY MX sapH,n;a.

B paCTBopax SJIeKTpOJIMTOB CYMMa SapH,D,OB KaTMOHOB

paBHa CYMMe sapH,n;OB aHMOHOB, BCJIe,n;CTBMe qero STM pac-

TBOpbI SJIeKTpOHeHTpaJIbHbI.

..

,ZJ;JIH MHorOOCHOBHbIX KMCJIOT rrpOTeKaeT cTyrreHqaTaH

,n;MCCOIJ;MaIJ;MH. HarrpMMep, ,D,JIH <pOC<pOpHOH KMCJIOTbI HgP04:
I-H cTyrreHb

- 06pa30BaHMe ,n;MrM,n;pO<pOC<paT-MOHOB:

HgP04 (
) H+ + H

2
P0 4 ,

2-H cTyrreHb
- 06pasOBaHMe rM,ZJ;pO<poc<paT-MOHOB:

H
2

P0 4 (
) H+ + HPO£-.

CJIe,n;yeT yqMTbIBaTb, qTO ,n;MCCOIJ;MaIJ;MH SJIeKTpOJIMTOB
rro BTOpOH cTyrreHM rrpOMCXO,D,MT HaMHOrO cJIa6ee, qeM rro

rrepBOH. ,ZJ;MCCOIJ;MaIJ;MH rro TpeTbeH cTyrreHM rrpM 06bIqHbIX

YCJIOBMHX rrOqTM He rrpOMcxo,n;MT.

Bce KMCJIOTbI 06'be,n;MHHeT TO, qTO OHM rrpM ,n;MCCOIJ;M-

aIJ;MM 06HSaTeJIbHO 06pa3YIOT KaTMOHbI Bo,n;opo,n;a. IIOSTO-

MY JIOrMqHO rrpe,n;rrOJIOmMTb, qTO 06:ru;Me xapaKTepHbIe
CBOHCTBa KMCJIOT - KMCJIbIH BKYC, MSMeHeHMe OKpaCKM

MH,n;MKaTopOB M ,n;p.
- 06YCJIOBJIeHbI MMeHHO KaTMOHaMM

Bo,n;opo,n;a.

4. 3JIeKTpOJIIITII'IeCKaH ,IJ;IICCOn;lIan;IIH
-

IIpO-

n;ecc 06paTIIMbIH ,IJ;JIH CJIa6bIX SJIeKTpOJIIITOB.

HapH,n;y C rrpOIJ;eCCOM ,n;MCCOIJ;M8IJ;MM (pacrra,n; SJIeKTpOJIMTa

Ha MOHbI) rrpOTeKaeT M 06paTHbIH rrpoIJ;ecc
-

accOlfualfU.H

(coe,n;MHeHMe MOHOB). IIOSTOMY B ypaBHeHMHX SJIeKTpOJIMTM-

qeCKOH ,n;MCCOIJ;MaIJ;MM BMeCTO 3HaKa paBeHCTBa CTaBHT SHaK

06paTMMOCTM, HarrpMMep:

HN0
2 (

) H+ + N0 2 .

..
5. He Bce SJIeKTpOJIIITbI B O,IJ;IIHaKOBoH Mepe

,IJ;IICCOn;lIlIpYIOT Ha 1I0HbI.

CTerreHb ,n;MCCOIJ;MaIJ;MM 3aBMCMT OT rrpMpo,n;bI SJIeKTpOJIMTa

M eI'O KOHIJ;eHTp8IJ;MM. IIo CTerreHM ,n;MCCOIJ;MaIJ;MM SJIeKTpOJIM-
TbI ,D,eJIHT Ha CUJlbllble M CJla6ble.

..

200

..
6. XIIMII'IeCKlle CBoHcTBa paCTBopOB SJIeKTpO-

JIIITOB OIIpe,IJ;eJIHIOTCH CBoHcTBaMII Tex IIOHOB,

KOTopbIe OHII 06pa3YIOT IIpIl ,IJ;IICCOn;lIan;lIlI.

I

I
I

KIICJIOTaMII Ha3bIBaIOT SJIeKTpOJIMTbI, KOTopbIe
rrpM ,n;MCCOIJ;MaIJ;MM 06pa3YIOT KaTMOHbI Bo,n;opo,n;a
M aHMOHbI KMCJIOTHOrO OCTaTKa:

HCl = H+ + Cl-,

HNO
g

= H+ + NO g ,

HCI0
4

= H+ + CI0 4 .

OCHOBaHIIHMII Ha3bIBaIOT SJIeKTpOJIMTbI, KOTopbIe

rrpM ,n;MCCOIJ;MaIJ;MM 06pa3yroT KaTMOHbI MeTaJIJIa

M I'M,n;pOKCM,n;-aHMOHbI OH-:

NaOH = Na+ + OH-,

Ca(OH)2
= Ca 2 + + 20H-.

II
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Bce 06m;Me CPO:H:CTBa OCHOBaYM:H: -

MbIJIKOCTb Ha Om;:Trrb,
MSMeHeHMe OKpaCKM MH,n;MKaTopOB M ,n;p.

- 06YCJIOBJIeHbI
06m;MMM ,n;JIH Bcex OCHOBaHM:H: I'M,D,pOKCM,l];-MOHaMM OH-.

..
COJIHMII HaSblBaIOT SJIeKTpOJIMTbI, KOTopbIe rrpM

,n;MCCOIJ;MaIJ;MM 06pasyroT KaTMOHbI MeTaJIJIa (MJIM
aMMOHMH NH!) M aHMOHbI KMCJIOTHbIX OCTaTKOB:

KgP04
= 3K+ + PO�-,

NH
4

Cl =

NH.;t + Cl-.

OqeBM,n;HO, qTO CBO:H:CTBa COJIe:H: orrpe,n;eJIHIOTCH KaK Ka-

TMOHaMM MeTaJIJIa, TaK M aHMOHaMM KMCJIOTHOI'O OCTaTKa.

TaK, COJIM aMMOHMH MMeIOT KaK 06m;Me CBO:H:CTBa, 06YCJIOB-
JIeHHbIe MOHaMM NH!, TaK M CrreIJ;mpMqeCKMe, 06YCJIOBJIeH-
HbIe paSJIMqHbIMM aHMOHaMM. AHaJIOI'MqHO, 06m;Me CBO:H:CT-

Ba CYJIb<paTOB - COJIe:H: CepHO:H: KMCJIOTbI -

orrpe,n;eJIHIOTCH

MOHaMM 80£-, a paSJIMqHbIe
-

paSHbIMM KaTMOHaMM. B OT-

JIMqMe OT MHOI'OOCHOBHbIX KMCJIOT M oCHOBaHM:H:, co,n;epma-

m;MX HeCKOJIbKO I'M,n;pOKCM,l];-MOHOB, TaKMe COJIM, KaE K
2

80
4 ,

A1
2 (80 4 )g M T. ,n;., ,n;MCCOIJ;MMPYIOT cpa3Y rrOJIHOCTbIO, a He

cTyrreHqaTO:

A1
2 (80 4 )g

= 2Alg+ + 380£-.

1. OCHoBHbIe nOJIO:JKeHIIH Teoplill SJIeKTpOJIIITllqe-
CKOll }J;lIccoD;lIaD;lIl1. 2. HOHLI npOCTLIe II CJIO:JKHLIe,

rll,lJ;paTlipOBaHHLIe II Herll}J;paTlipOBaHHLIe, KaTIlOHbI

II aHIiOHLI. 3. KIICJIOTLI, OCHOBaHIiH II COJIII B CBeTe Te-

Oplill 3JIeKTpOJIIITIf'IeCKOll }J;IICCOD;lIaD;lIl1.

-,
. ...............................................

1 CpaBHHTe no CTpoeHHIO H CBOll:CTBaM:

) C o C 2+.
6) C 2+

C 2+ .

) H o H +a a H a, u
(rl1,l.1p)

H U
(HernAP)'

B
2

H .

IIcnoJIbsYH Ta6JIHU;Y paCTBopHMOCTH, npHBe)J;HTe npHMepbI nH-

TH Beru;eCTB, KOTopbIe B paCTBopax 06paSYIOT CYJIbcpaT-HOHbI

SOi-. 3arrHnIHTe ypaBHeHHH 3JIeKTpOJIHTHQeCKOll: )J;HCCOU;H-

aU;HH 3THX Beru;eCTB.

2

20'2

o
3 KaKYIO HHcpopMaU;HIO HeceT B ce6e CJIe)J;YIOru;ee ypaBHeHHe:

AI(N0 3 )3
= AI3+ + 3N0 3 ?

.D;all:Te HaSBaHHH Beru;eCTBa H HOHOB.

3anHillHTe ypaBHeHHH )J;HCCOU;HaIJ;HH CJIe)J;YIOru;HX 3JIeK'rpOJIH-

TOB: CYJIbcpaTa JKeJIesa (III), Kap60HaTa KaJIHH, cpoccpaTa aMMO-

HHH, HHTpaTa Me)J;H (II), I'H)J;pOKCH)J;a 6apHH, COJIHHOll: KHCJIO-

TbI, I'H)J;pOKCH)J;a KaJIHH, XJIOpH)J;a JKeJIesa (II). .D;all:Te HaSBaHHH

HOHOB.

4

5
KaKHe HS nepeQHCJIeHHbIX HHJKe Beru;eCTB 6Y)J;YT )J;HCCOU;HHpO-

BaTb: I'H)J;pOKCH)J; JKeJIesa (II), I'H)J;pOKCH)J; KaJIHH, KpeMHHeBaH

KHCJIOTa, aSOTHaH KHCJIOTa, OKCH)J; cepbI (IV), OKCH)J; KpeM-

HHH (IV), CYJIbcpH)J; HaTpHH, CYJIbcpH)J; JKeJIesa (II), cepHaH KHC-

JIOTa? IIoQeMY? 3anHillHTe BOSMOJKHbIe ypaBHeHHH )J;HCCOU;H-

aU;HH.

B sanHCH ypaBHeHHll: cTyneHQaTOll: )J;HCCOU;HaU;HH CepHOll: KHCJIO-

TbI ,ZJ;JIH nepBOll: CTyneHH HCnOJIbSYIDT SHaR paBeHCTBa, a )J;JIH BTO-

poll: -

SHaK 06paTHMocTH. 1I0QeMY?

6

� 37
llOHHble

ypaBHeHHH

EOJIbIIIMHCTBO XMMMqeCKMX peaEIJ;M:H: rrpOTeKaeT B pac-

TBopax. PaCTBopbI 3JIeKTpOJIMTOB co,n;epmaT MOHbI, rrOSTOMY

peaEIJ;MM B paCTBopax SJIeKTpOJIMTOB <paKTMqeCKM CBO,n;HTCH

K peaKIJ;MHM Mem,n;y MOHaMM.

..
PeaKIJ;MM Mem,n;y MOHaMM Ha3bIBaIOT 1I0HHLIMII

peaKD;IIHMII, a ypaBHeHMH TaKMX peaKIJ;M:H: -

1I0HHLIMII ypaBHeHIIHMII.

IIpM COCTaBJIeHMM MOHHbIX ypaBHeHM:H: CJIe,n;yeT PYKOBO,l];-
CTBOBaTbCH TeM, qTO <POPMYJIbI Bem;eCTB MaJIO,n;MCCOIJ;MMPYIO-

m;MX, HepaCTBopMMbIX M ra3006paSHbIX 3arrMCbIBaIOT B MO-

JIeKYJIHpHOM BM,n;e.

ECJIM Bem;eCTBO BblIIa,n;aeT B oca,n;OK, TO, KaK BbI yme 3Hae-

Te, pH,n;OM C eI'O <POPMYJIO:H: CTaBHT CTpeJIKY, HarrpaBJIeHHyro
BHM3 (!), a eCJIM B xo,n;e peaKIJ;MM BbI,n;eJIHeTCH rasoo6pa3-
Hoe Bem;eCTBO, TO pH,D,OM C ero <POPMYJIO:H: CTaB5IT CTpeJIKY,

HaIIpaBJIeHHYIO BBepx (t).
! I I
\,1
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.,

Ba
2 +

CI-
CI-

� c:::> c:::>

N03" H+

s01- Na
+

Na+

CI- Na+

Na+ cr 0H- <1>eHOJIcpTaJIeHH

Na.1-

N03"

Na+ H 2 0

BaS04

PHC. 129. B3aHMo,n;en:cTBHe cYJIbcpaTa HaTpHH H XJIOpH,n;a 6aplIH PHC. 130. B3aIIMo,n;en:cTBlIe a30THOM KIICJIOTbI II rlI,n;pOKCII,n;a HaTplIH

HaIIpMMep, eCJIM K pacTBopy cYJIb<paTa HaTpM.H Na
2

S0
4

IIpMJIMTb pacTBop XJIOpM,n;a 6apm=[ BaC1
2 (pMC. 129), TO B pe-

SYJIbTaTe peaKIJ;MM 06pasyeTC.H 6eJIbIM OCa,D,OK CYJIb<paTa 6a-

pMH BaS0
4

. 3aIIMmeM MOJIeKYJIHpHOe ypaBHeHMe peaKIJ;MM:

N a
2

SO
4

+ BaC1
2

= BaS0
4 ! + 2N aCl.

3TO ypaBHeHMe IIOKaSbIBaeT, -qTO Cy:ru;HOCTb peaKIJ;MM

CBO,n;MTCH K B3aJiMo,n;eMcTBMIO MOHOB 6apMH Ba 2 +
M CYJIb-

<paT-MoHoB SO£-, B pe3YJIbTaTe KOToporo 06pa3yeTcH OCa,D,OK

BaS0
4

. IIpM 3TOM COBepmeHHO He MMeeT 3Ha-qeHMH, B COCTaB

KaKMX 3JIeKTpoJIMTOB BXO,n;MJlM 3TM MOHbI ,n;o peaRIJ;MM. AHa-

JIOrM-qHoe B3aMMO;n;eMCTBMe MomHO Ha6JIIO,n;aTb M Mem,n;y

K
2

S0
4

M Ba(NOgh, H
2

S0
4

M BaC1
2

.

TaRMM 06pa30M, COKpa:ru;eHHbIe MOHHbIe ypaBHeHMH IIpe,n;-

CTaBJIHIOT C060M ypaBHeHMH B 06:ru;eM BM,n;e, KOTopbIe xapaK-

TepM3YlOT Cy:ru;HOCTb xMMM-qeCKOM peaKIJ;MM M IIOKa3bIBaIOT,

KaRMe MOHbI pearMpYIOT M KaKoe Be:ru;ecTBO 06pa3yeTcH B pe-

SYJIbTaTe.

PealC4Uu UOHHOZO 06M�Ha npomelCalOm 00 lCOH4a
B mex CJlY1£a.flX, lCozoa 06pa3yemC.fl ocaoolC, za3 UJlU

MaJlOOUCC04uupYlO14ee Be14ecmBO, HanpUMep Booa.

ECJIM K pacTBopy rM,D,pOKCM,n;a HaTpM.H, OKpameHHoro <pe-

HOJI<pTaJIeMHOM B MaJIMHOBbIM IJ;BeT, npMJIMTb M36bITOK pac-

TBopa a30THOM KMCJIOTbI (pMC. 130), TO pacmBOp 06ec4Be-
mumc.fl, -qTO nOCJIymMT CMrHaJIOM IIpoTeKaHMH XMMM-qe-

CKOM peaKIJ;MM:

NaOH + HNO
g

= NaN0
3

+ H
2

0.

IIoJIHoe MOHHoe ypaBHeHMe 3TOM peaKIJ;MM:

Na+ + OH- + H+ + NO g
= Na+ + NO g + H

2
0.

Ho IIOCKOJIbKY MOHbI Na+ M NO g B pacTBope OCTaIOTCH

B HeM3MeHHOM BM,n;e, TO MX MomHO He IIMcaTb, M B KOHe-qHOM

MTore COKpa:w;eHHoe MOHHoe ypaBHeHMe peaKIJ;MM sanMCbIBa-

lOT TaR:

IIepeliMmeM 3TO ypaBHeHMe, M306paSMB CMJIbHbIe 3JIeKT-

pOJIMTbI B BM,n;e MOHOB, a yxo,n;H:ru;Me M3 C<pepbI peaKIJ;MM
-

B BM,n;e MOJIeKYJI:

2Na+ + S01-+ Ba 2 +
+ 2Cl- = BaS0

4 ! + 2Na+ + 2Cl-.

MbI SaliMCaJIM, TaKMM 06pa30M, IIOJIHOe UOHHoe ypaBHe-

Hue pealC4uu. ECJIM MCKJIIO-qMTb M3 06eMx -qacTeM paBeHcTBa

o,n;MHaKOBbIe MOHbI, T. e. MOHbI, He y-qaCTBYIO:ru;Me B peaKIJ;MM

(2Na+ M 2Cl- B JIeBOM M IIpaBOM -qaCTHX ypaBHeHMH), TO IIOJIY-

-qMM COlCpa14eHHoe UOHHoe ypaBHeHue pealC4uu:

Ba 2 +
+ S01- = BaS0

4 !.

H+ + OH- = H
2

0.

OHO IIoKa3bIBaeT, -qTO BsaMMo,n;eMCTBMe CMJIbHOM KMCJIOTbI

M :ru;eJIo-qM CBO,n;MTCH K BsaMMo,n;eMCTBMIO MOHOB H+ M MOHOB
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TO BO BCeX TpeX rrp06MpKaX
OCap;OK paCTBOpMTCH (pMC.
132). 8TO 6y,n;eT OSHaTIaTb,

TITO BO Bcex CJIYTIaHX rrpo-

IIIJIa XMMMTIeCKaH peaK-

IJ;MH, CYTb KOTOpO:H: M OTpa-

meHa C rrOMoru;blO o,n;Horo

M Toro me MOHHoro YPaB-

HeHMH.

+

OH-
Na

Na+ OH-

:::�
c::>

Cu
2 +

SO�-

-

r CU(OH)2 + 2H+ =

= Cu 2 +
+ 2H

2
0.

QT06bI B :3TOM y6e,n;MTb-

CH, sarrMIIIMTe MOJIeKYJIHp-

HbIe, rrOJIHbIe M COKparu;eH-

HbIe MOHHbIe ypaBHeHMH

rrpMBe,D,eHHbIX peaKIJ;M:H:.

PaccMoTpMM MOHHbI8 pe-

aKIJ;MM, KOTopbIe rrpOTeKa-

lOT C 06pa30BaHMeM ra3a.

B ,n;Be rrp06MpKM HaJIbeM

rro 2 MJI paCTBopOB Kap60-
HaTa HaTpMH M Kap60HaTa
KaJIMH. 3aTeM B rrepBYIO

rrpMJIbeM COJIHHO:H:, a BO

BTonylO
-

paCT BOp a30T-

HO:H: KMCJIOTbI (pMC. 133).
B 060MX CJIYTIaHX MbI 3a-

MeTMM XapaKTepHOe «BCKM-

rraHMe » M3-sa BbI,n;eJIH-

lOru;erOCH yrJIeKMCJIOrO ra-

3a. 3arrmrreM ypaBHeHMH

peaKIJ;M:H: ,n;JIH rrepBoro CJIY-

TIaH:

Na+
Na+

SO�-
Cu(OHh

PHC. 131. B3a:HMo,n;en:cTBHe cYJIbcpaTa Me,n;H (II) C rH,n;pOKCH,n;OM

HaT pHH

OH-, B pesYJIbTaTe KOToporo o6pa3yeTcH MaJIO,D,MCCOIJ;M-

MpYIOru;ee Beru;ecTBo
-

Bo,n;a.

..
PeaKIJ;MIO B3aMMo,n;e:H:CTBMH CMJIbHO:H: KMCJIOTbI co

ru;eJIOTIblO Ha3bIBalOT peaKIJ;lIeH HeHTpaJIII3aIJ;lIlI.
8TO TIaCTHbI:H: cJIyqa:H: peaKIJ;MM o6MeHa.

IIo,n;06HaH peaKIJ;MH 06MeHa MomeT npOTeKaTb He TOJIbKO

Mem,n;y KMCJIOTaMM M ru;eJIOTIaMM, HO M Mem,n;y KMCJIOTaMM

M HepaCTBopMMbIMM OCHOBaHMHMM. HarrpMMep, eCJIM rro-

JIYTIMTb rOJIy60:H: OCa,D,OK HepaCTBopMMoro rM,D,pOKCM,n;a Me-

,n;M (II) BSaMMo,n;e:H:CTBMeM CYJIb<paTa Me,n;M (II) co ru;eJIOTIblO

(pMC. 131):

Cu80
4

+ 2NaOH = Cu(OHh! + Na
2

80
4 ,

Cu 2 + + 80£-+ 2Na+ + 20H- =

Cu(OHh! + 2Na+ + 80£-,

Cu 2 +
+ 20H- =

Cu(OHh!.

�
.

./ ..........-:'

:
1;

SO�- H+

H+

a)

� � 2

cr

H+ H+

CI-

6)

�
':""'.'."'

.

". >

[3.

NOi3 H+
H+

NOi3

6)

H 2 0

C
2+

u

SO�-

=:>

.

CU(OH)2

>

Cu(OHh

NOi3 H 2 0

H 2 0
NO-

Cu
2 + 3

=:>

.5'
.

Cu(OHh

PHc.132.B3aHMo,n;en:cTBHe

rH,n;pOKCH,n;a Me,n;H (II)
C KHCJIOTaMH: a - cepHon:;
6 - COJIHHOn:; 6 - a30THon:

Na
2

CO
g

+ 2HCl = 2NaCl + H
2

0 + CO
2 !,

(MOJIeKYJIHpHOe ypaBHeHHe)

2Na+ + COi-+ 2H+ + 2Cl- = 2Na+ + 2Cl- + H
2

0 + CO
2 !,

(rrOJIHOe HOHHoe ypaBHeHHe)

2H+ + COi-= H
2

0 + CO
2 !.

(COKpaII(eHHOe HOHHoe ypaBHeHHe)

a 3aTeM rrO,D,eJIMTb rrOJIYTIeHHbI:H: OCa,D,OK Ha TPM TIaCTM M rrpM-

JIMTb K OCa,D,KY B rrepBO:H: rrp06MpKe paCTBOp CepHO:H: KMC-

JIOTbI, K OCa,D,KY BO BTOpO:H: rrp06MpKe - COJIHHO:H: KMCJIOTbI,

a K oca.n;KY B TpeTbe:H: rrpo6MpKe paCTBOp aSOTHO:H: KMCJIOTbI,

I..
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-I H+ Cl-

W
cr

¥f
c;c...��_.

,2'

+

NOg
H

W NO g

t C0 2

=:>

+
H 2 0

Na
cr

Cl- Na+

Na+ CO�-

Na+ a)

t C0 2

=:>

K+
NOg
H 2 0

NOg K+

K+

K+ CO�- 6)
°pO
°0

PHC. 133. B3aHMo.n;ell:CTBlie pacTBopliMbIX Kap60HaToB:

a - C commoll: KIICJIOTOll:; 6 - C a30THOll: KIICJIOTOll:

PeaRIJ;MM, IIpoTeKalOIIJ;Me B pacTBopax SJIeKTpOJIMTOB, sa-

IIMCbIBalOT C nOMoIu;blO MOHHbIX ypaBHeHM:H:. 8TM peaKIJ;MM

HaSbIBaIOT peaRIJ;MHMM MOHHoro o6MeHa, TaK KaR B pacTBo-

pax SJIeKTpOJIMTbI 06MeHMBalOTcH CBOMMM MOHaMM. TaKMM

o6pasoM, MomHO c,n;eJIaTb ,n;Ba BbIBo,n;a.

1. PeaKIJ;HH B BO.n;HbIX pacTBopax SJIeKTpOJIHTOB

HBJIHIOTCH peaKIJ;HHMH Mem.n;y HOHaMH, a
nOT.?-

MY HX Hs06pamalOT B BH.n;e HOHHbIX ypaBHeHHH.

2.PeaKIJ;HH HOHHoro 06MeHa B paCTBopax

SJIeKTpOJIHTOB npaKTH'IeCKH He06paTHMO npOTe-

KalOT TOJIbKO B TOM CJIy-qae, eCJIH B pe3YJIbTaTe

06pasyeTcH oca.n;OK, ra3 HJIH MaJIo.n;HCCOIJ;HHPYIO-

:rn;ee Be:rn;eCTBo (HanpHMep, Bo.n;a).
l

..

"

:
1. MOJIeKYJIHpHOe H HOHHoe ypaBHeHHH peaKIJ;HH.

2. PeaKIJ;HH HOHHoro o6MeHa. 3. PeaKIJ;HH HeHTpaJIH-

SaIJ;HH.

i 201
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1
3arrlIIIIIITe MOJIeKymlpHble II 1I0HHble ypaBHeHIIH peaKD;IIll:,
o KOTOpbIX rOBOplIJIOCb B rrepBOll: qaCTIi rraparpacpa, -

Mem.n;y

cYJIbcpaToM KaJIIiH II HIiTpaTOM 6aplIH, Mem.n;y CepHOll: KIICJIO-

TOll: H XJIOpH.n;OM 6apHH. B qeM CYTb 06elIx peaKD;Hll:?

3arrHIIIIITe MOJIeKYJIHpHble II HOHHble ypaBHeHHH peaKD;IIll:,
o KOTOpbIX rOBOpHJIOCb BO BTOpOll: qaCTH rraparpacpa, -

Mem.n;y

rH.n;pOKCH.n;OM Me.n;H (II) II COJIHHOll: KHCJIOTOll:, Mem.n;y rlI.n;pOKCH-

.n;OM Me.n;H (II) H a30THOll: KHCJIOTOll:. B qeM CYTb 06eHx peaKD;IIll:?

3arrMIIIMTe MOJIeKYJIHpHOe II 1I0HHoe ypaBHeHIIH peaKD;IIll: Mem.n;y

Kap60HaToM KaJIMH II cpOCcpOpHOll: KMCJIOTOll:. qTO 06'be.n;MHHeT

STY peaKD;MIO M Te peaRD;MII, 0 KOTOpbIX rOBOpMJIOCb B KOHD;e

rraparpacpa?

IIpe.n;.rromMTe CBOM rrpliMepbI MOHHbIX peaKD;Hll:, rrpOTeKalOIU;MX

C 06pa30BaHlieM oca.n;KOB, rrOJIb3YHCb Ta6JIIID;ell: paCTBopMMOC-

TM. YpaBHeHMH peaKD;Mll: 3arrMIIIMTe B MOJIeKYJIHpHOll: M MOH-

HOll: cpopMax.

IIpMBe.n;IITe rro .n;Ba MOJIeKYJIHpHbIX ypaBHeHMH peaKD;Mll: .n;JIH

CJIe.n;YIOIU;MX MOHHbIX:

a ) 3Ca2+ + 2P03- = Ca ( PO )
I.

4 3 4 2.}'

6) Fe 3 +
+ 30H- =

Fe(OH)3!;
B) 2H+ + 8 2 -

= H
2 8t;

r) H
2

8i0
3

+ 20H- =

8iO�- + 2H
2 0;

.n;) Fe(OH)3 + 3H+ = Fe 3 +
+ 3H

2
0.

2

3

4

5

� 38
KMCJIOTbI, MX KJIaCCMQ;>MKan;MH
M CBOMCTBa

IIpM 06bl<IHbIX YCJIOBMHX KMCJIOTbI MorYT 6bITb TBep,n;bI-
MM (<l>oc<l>opHaH HgP04' KpeMHMeBaH H

2
SiO

g ) M mM,D,KMMM

(B G:MCTOM BM,n;e mH,D,KOCTblO 6Y,D,eT cepHaH KMCJIOTa H
2

S0
4 ),

TaKMe raSbI, KaR XJIOpOBO,D,OpO,n; HCI, 6pOMOBO,n;OpO,n;
HBr, cepOBO,n;OpO,n; H

2 S, B BO,D,HbIX pacTBopax 06pa3YIOT

COOTBeTCTByro:ru;Me KMCJIOTbI.

BbI yme 3HaeTe, G:TO yrOJIbHaH H
2

CO
g

M cepHMCTaH H
2

SO
g

KMCJIOTbI cyru;eCTBYIOT TOJIbKO B BO,n;HbIX pacTBopax, TaR KaK

HBJIHIOTCH CJIa6bIMM M HeCTO:H:KMMM. OHM JIerKO paSJIaraIOT-
CH Ha OKCM,n;bI yrJIepo,n;a (IV) M cepbI (IV) - CO

2
M S02 CO-

OTBeTcTBeHHO - M BO,D,Y. IIOSTOMY BbI,n;eJIMTb STM KMCJIOTbI

B G:MCTOM BM,n;e HeBOSMomHO.
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KJIACCII<1>IIKAn;mI KIICJIOT Ta6.nuqa 10

IIpH3HaK
rpynnbl KHCJIOT IIpHMepbl

KJIaCcH4>HKaD;HH
-

--

HaJIHqHe KHCJIO- KHCJIOPOP;- H
3
P0

4 ,
HN0

3

pop;a B KHCJIOTHOM cop;epmaru;He

OCTaTKe
EeCKHCJIOpop;Hble H

2 S, HCI, HBr

I-

OCHOBHOCTb OP;HOOCHoBHble HCI, HN0
3

.D;BYXOCHoBHble H
2 S, H

2
SO

4

TpexOCHOBHble H
3

P0
4
- -

PaCTBopHMOCTb PaCTBopHMble H
2

S0
4 ,

H
2 S, HN0

3

B Bop;e

-

HepaCTBopHMble H
2

Si0
3

-

- -

JleTyqeCTb JleTYQHe H
2 S, HCI, HN0

3

I-
-

HeJIeTYQHe H
2

S0
4 ,

H
2

Si0
3 ,

H
3

P0
4

---

CTerreHb 3JIeKTpO- CHJIbHble H
2

S0
4 , HCI, HN0

3

JIHTHqeCKOH P;HCCO-
I-

CJIa6ble H
2 S, H

2
S0

3 ,
H

2
C0

3

I(HaI(HH
i--

-

-

CTa6HJIbHOCTb CTa6HJIbHble H
2

S0
4 ,

H
3

PO
4'

HCI

-

-

HeCTa6HJIbHble H
2

S0
3 ,

H
2

C0
3 ,

H
2

Si0
3

Pa3,n;eJIeHMe KMCJIOT Ha rpyrrrrbI rro pa3JIMG:HbIM rrpM3Ha-

KaM rrpe,n;CTaBJIeHO B Ta6JIMIJ;e 10.

qacTo IIyralOT rrOH.HTM.H JIeTYG:eCTb M YCTO:H:G:MBOCTb (cTa-

6MJIbHOCTb). JIeTyqMMM Ha3bIBalOT KMCJIOTbI, MOJIeKYJIbI KO-

TOpbIX JIerno rrepexo,n;.HT B ra3006pa3Hoe COCTOmIMe, T. e. MC-

rrap.HIOTC.H. HaIIpMMep, COJI.HHa.H KMCJIOTa .HBJI.HeTC.H JIeTYG:e:H:,

HO YCTO:H:G:MBO:H:, cTa6MJIbHO:H: KMCJIOTO:H:; HeJIeTyqa.H HepaCT-

BOpMMa.H KpeMHMeBa.H KMCJIOTa rrpM CTO.HHMM pa3JIaraeTC.H

Ha BO,n;y M OKCM,D, KpeMHM.H (IV) Si0
2

.

Bo,n;HbIe pacTBopbI COJImIO:H:, aSOTHO:H:, CepHO:H:, <pOC<pOPHO:H:

M p.H,D,a ,n;PYI'MX KMCJIOT He MMelOT OKpaCKM. Bo,n;HbI8 paCTBO-

pbI XpOMOBO:H: KMCJIOTbI H
2

Cr0
4

MMelOT meJITyro OKpaCKY,

MapraHIJ;eBO:H: KMCJIOTbI HMn04
- MaJIMHoBYIO.

O,n;HaKo, KaKMMM 6bI pa3HbIMM HM 6bIJIM KMCJIOTbI, Bce OHM

06pa3YIOT rrpM ,n;MCCOIJ;MaIJ;MM KaTMOHbI Bo,n;opo,n;a, KOTOpbI8

M 06YCJIOBJIMBaIOT p.H,D, 06ru;MX CBO:H:CTB: KMCJIbI:H: BKYC, M3Me-

HeHMe OKpaCKM MH,n;MKaTopOB (JIaKMyca M MeTMJIOBOI'O OPaH-

meBoro), B3aJiMo,n;e:H:CTBMe C ,n;PYI'MMM Beru;eCTBaMM.

I�
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TunU-rtUbt,e peaKlfuu

KUCJl,Om

1. KIICJIOTa + OCHOBaHlle � COJIb + Bo.n;a.

(peaKD;HH o6MeHa)

2. KIICJIOTa + OKCII)]; MeTaJIJIa � COJIb + Bo.n;a.

(peaKD;HH o6MeHa)

3. KIICJIOTa + MeTaJIJI � COJIb + BO.n;OpO.n;.

(peaKD;HH 3aMeID;eHHH)

4. KIICJIOTa + COJIL � HOBaH KIICJIOTa + HOBaH COJIb.

(peaKD;HH o6MeHa)

n ep6aH peaKlfuH .HBJI.HeTC.H YHMBepCaJIbHO:H: peaKIJ;Me:H:,
TaK KaK OHa rrpOTeKaeT Mem,n;y JII06bIMM KMCJIOTaMM M OC-

HOBaHM.HMM (KaK C paCTBopMMbIMM, TaK M C HepaCTBopMMbI-

MM). HarrpMMep, peaKIJ;M.H KMCJIOTbI co ru;eJIOG:blO (peaKIJ;M.H

He:H:TpaJIM3aIJ;MM):

HCI + NaOH = NaCI + H
2

0 (pMC. 134, a)

MJIM H+ + OH- = H
2

0.

AHaJIOI'MG:HO rrpoTeKaeT STa peaKIJ;M.H M C HepacTBopMMbI-

MM oCHOBaHM.HMM, HarrpMMep:

2HNO
g

+ Fe(OH)2
= Fe(NO g )2 + 2H

2
0 (pMC. 134, 6)

MJIM 2H+ + Fe(OHh
= Fe 2 + + 2H

2
0.

� 1)..�
HN0 3HCI

� �

NaOH,

Q:>eHOJIIjJTaJIeHH

NaCI,
H 2 0

Fe( N0 3b
H 2 0

Fe(OHh

a) 6)

PHC. 134. B3aHMop;eHcTBHe KHCJIOT: a - C paCTBopHMbIMH

OCHOBaHHHMH; 6 - C HepaCTBopHMbIMH OCHOBaHHHMH

tit
,..,.. 1,

I,



Bmopa$l peaKtfU$l rrpOTeKaeT

Mem,n;y OKCM,n;aMM MeTaJIJIOB M

60JIblIIMHCTBOM KMCJIOT, HarrpM-

Mep:

CuO + H
2

S0
4

=

= CuS0
4

+ H
2

0 (pMC. 135)

MJIM CuO + 2H+ = Cu 2 + + H
2

0.

H 2 S04
""

cuo,
c=:::>

@
QTo6bI rrpOIliJIa mpemb$l pe-

aKtfU$l, He06xo,n;MMO BbIrrOJIHMTb

HeCKOJIbKO YCJIOBM:H:.

1) MeTaJIJI ,n;OJImeH Haxo,n;MTb-

CH B pH,n;y HarrpHmeHM:H: (c HMM

BbI yme 3HaKOMMJIMCb B � 31): K,

Ca, Na, Mg, AI, Zn, Fe, Ni,

Sn, Pb, H
2 , Cu, Hg, Ag, Au

,n;o Bo,n;opo,n;a. HarrpMMep,

Zn + 2HCl = ZnC1
2

+ H
2 i (pMC. 136, a)

MJIM Zn o + 2H+ = Zn2+ + H�i.

CUS04,
H 2 0

PHc.135.B3aHMo�eHcTBHe

cepHOH KHCJIOTbI

C OKCH�OM Me�H (II)

A BOT peaKJJ;MH Mem,n;y paCTBopOM COJIHHO:H: KMCJIOTbI

M Me,D,blO HeBOSMomHa, TaR KaK Me,n;b CTOMT B pH,n;y HarrpH-

meHM:H: rrOCJIe Bo,n;opO,D,a.

2) ,ZJ;OJImHa rrOJIY"LfMTbCH paCTBopMMas: COJIb. Bo MHorMX

CJIy-qaHX B3aHMo,n;e:H:CTBMe MeTaJIJIa C KMCJIOTO:H: rrpaKTM"Lfe-

CKM He rrpOMCXO,D,MT rrOTOMY, "LfTO 06pa3YIOm;aHCH COJIb Hepa-

��
� � ""' .

'.

.

..

./ ; �

$'

H 2 S04

tH 2

HCI

c=:::> c=:::>

=a'
°0
""

'\II!

Pb (PbS04)

-{)

Zn

a)

ZnC1 2 Pb

6)

PHC. 136. B3aHMo�eHcTBHe KHCJIOT C MeTaJIJIaMH:

a -

n;HHKa C COJI5mOH KHCJIOTOH; 6 -

CBHHn;a C cepHoH KHCJIOTOM

,.
.212

".

CTBopMMa M rroKpbIBaeT rroBepxHocTb MeTaJIJIa 3am;MTHO:H:

rrJIeHKO:H:,HarrpMMep:

Pb + H
2

S0
4

;t: PbS0
4 ! + H

2 i (pMC. 136,6).

HepacTBOpMMbI:H: CYJIb<PaT CBMHIJ;a (II) rrpeKpam;aeT ,n;o-

cTyrr KMCJIOTbI K MeTaJIJIY, M peaRIJ;MH rrpeKpam;aeTcH,

e,n;Ba ycrreB HaqaTbCH. IIo ,n;aHHO:H: rrpM"LfMHe 60JIblIIMHCTBO

THmeJIbIX MeTaJIJIOB rrpaKTUqeCKM He BSaHMo,n;e:H:CTByeT
C <pOC<pOPHO:H:, yrOJIbHO:H: M cepOBo,n;OpO,n;HO:H: KMCJIOTaMM.

3) PeaRJJ;MH XapaRTepHa ,n;JIH paCTBopOB KMCJIOT, rrOSTOMY

HepaCTBOpMMbI8 KMCJIOTbI, HarrpMMep KpeMHMeBaH, He BCTY-

rralOT B peaKJJ;MM C MeTaJIJIaMM.

4) KOHIJ;eHTpMpOBaHHbI:H: paCT BOp CepHO:H: KMCJIOTbI M pac-

TBOp aSOTHO:H: KMCJIOTbI JI1060:H: KOHJJ;eHTpaJJ;MM BsaMMo,n;e:H:CT-

BylOT C MeTaJIJIaMM MHaqe, rrOSTOMY ypaBHeHMH peaKIJ;M:H:

Mem,n;y MeTaJIJIaMM M STMMM KMCJIOTaMM 3arrMCbIBaIOT rro

,n;pyrO:H: cxeMe. Pa36aBJIeHHbI:H: paCTBOp CepHO:H: KMCJIOTbI

B3aHMo,n;e:H:CTByeT C MeTaJIJIaMM, CTOHm;MMM B pH,D,y HarrpH-

meHM:H: ,n;o Bo,n;opo,n;a, 06pa3YH COJIb M BO,n;OpO,n;.

q em6epmaJl peaKtfU$l
- TMrrM"LfHaH peaKIJ;MH MOHHoro

06MeHa, rrpOTeKalOm;aH TOJIbKO B CJIY"Lfae, eCJIM 06pa3yeTcH:

1) oca,n;OK, HarrpMMep:

H
2

S0
4

+ BaC1
2

= BaS0
4 ! + 2HCl (pMC. 137, a)

MJIM Ba 2 + + S01- = BaS0
4 !;

2) l'a3, HarrpMMep:

2HNO
g

+ CaCO
g

= Ca(NO g )2 + H
2
0 + CO

2 i (pMC. 137, 6)

MJIM CaCO
g

+ 2H+ = Ca 2 + + H
2

0 + CO
2 i .

II

� (
..

"

1.''-----
,:

��
.E57i

tco 2

H 2 S0 4 HN03

c::=> c::=>
. == -

a) BaC1 2 6) CaC0 3 Ca(N0 3 )2,
H 2 0

BaS04,
HCI

PHC. 137. B3aJIMO�eHCTBHe KHCJIOT C COJI.HMH:

a - C 06pa30BaHHeM oca�Ka; 6 - C 06pa30BaHHeM ra3a

2ls
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1. KJIaCCII())lIK�IUI KHCJIOT. 2. THnH'IHLIe CBoHcTBa

KHCJIOT: B3aHMO));eHCTBHe HX C MeTaJIJIaMH, OKClI,ZJ;a-

MH MeTaJIJIOB, rH));pOKCH));aMH MeTaJIJIOB H COJIHMH.

3. Y CJIOBHH npOTeKaHHH THllHqHLIX peaK:U;HH KHCJIOT.

4. PH)); HanpH�eHHH MeTaJIJIOB.

IIpH3HaK rpYl1l1bI
IIpHMepbI

KJIaCCH�HKaD;HH OCHOBaHHH

PaCTBOplIMOCTb PaCTBOplIMbIe NaOH, KOH,
B Bo.n;e OCHOBaHIIH (�eJIOqlI) Ca(OH)2' Ba(OH)2

HepaCTBOplIMbIe OC- Cu(OHh, Fe(OH)2
HOBaHIIH

-

CTel1eHb 3JIeKTpO- CIIJIbHbIe (a � 1) IIJ;eJIOqlI
JIIITlIqeCKOH .n;IICCO-

CJIa6bIe (a � 0) BO.n;HbIH paCTBOp aM-
II;1Iau;IIH

MHaKa NH
3

. H
2

O

KIICJIOTHOCTb (qIIC- O.n;HOKIICJIOTHbIe NaOH,KOH
JIO rlI.n;poKcorPYI1I1) - - -

,n:BYXKIICJIOTHbIe Fe(OHh, CU(OH)2

?
. ...............................................

1 BbI6eplITe CPOPMYJIY CIIJIbHOH KIICJIOTbI: a) H
2 S; 6) HN0

3 ;

B) H
2

Si0
3

. 3anlIIIIlITe ypaBHeHlIe .n;lIcCOIJ;lIaII;1I1I KIICJIOTbI.

,n:aHTe xapaKTeplIcTIIKY asoTlIcTOH KIICJIOTbI, HCl10JIbSYH pas-

JIlIqHbIe I1plISHaRlI KJIaCClIcpIIKaD;1I1I KIICJIOT.

Orrpe.n;eJIIITe CTerreHII OKIICJIeHIIH 3JIeMeHTOB B CJIe.n;YIO�lIx

KIICJIOTax: XJIOpHOH HCI0
4 , XpOMOBOH H

2
Cr0

4 , .n;BYXPOMOBOH
H

2
Cr

2
0

7 , asoTlIcTOH HN0
2 , rrlIpocpoCcpOpHOH H

4
P

2
0

7
.

3aKOH<IIITe MOJIeKYJIHpHbIe ypaBHeHIIH BOSMomHbIX peaKD;IIH
II sarrlIIIIIITe cooTBeTcTByIO�lIe IIM HOHHbIe ypaBHeHIIH:

a) ZnO + HN0
3
�

6) Al + H
2

SO
4(pa36)

�

B) HN0
3

+ CuS0
4
�

r) HCI + FeS �

.n;) H
2

S0
4

+ Fe(OHh �

ECJIII peaRD;IIH He MomeT 6bITb ocy�eCTBJIeHa, 06'bHCHIITe rro-

qeMY.

PaCCqlITaHTe 06'beM Bo.n;opo.n;a (H. y.), KOTOpbIM BbI.n;eJIHTCH

rrplI paCTBopeHlI1I B COJIHHOH KIICJIOTe 120 r MarHIIH, co.n;ep-

ma�ero 2,5% rrplIMeceM.

3arrlIIIIlITe CPOPMYJIbI OKCII.n;OB, COOTBeTCTByIO�IIX CJIe.n;YIO�IIM

KIICJIOTaM: HN0
2 , HN0

3 ,
H

3
P0

4 ,
H

2
S0

3 ,
H

2
S0

4 , H
2

Si0
3

.

Pas,n;eJIeHMe OCHOBaHM:H: Ha rpYlIlIbI IIO pa3JIMTIHbIM IIpM-
3HaKaM IIpe,n;CTaBJIeHO B Ta6JIMIJ;e 1I.

O,D,HaKO, KaKMMM 6bI paSHbIMM HM 6bIJIM OCHOBaHMH, Bce

OHM COCTOHT M3 MOHOB MeTaJIJIa M rM,n;pOKcorpYIIII, TIMCJIO KO-

TOpbIX paBHO CTelIeHM OKMCJIeHMH MeTaJIJIa.

Bce OCHOBaHMH, M B lIepBYIO OTIepe,n;b :ru;eJIOTIM (CMJIbHbIe
3JIeKTpOJIMTbI), 06p83YIOT IIpM ,D,MCCOIJ;MaIJ;MM rM,lJ;poKCM,n;-

MOHbI OH-, KOTopbIe M 06YCJIOBJIMBaIOT pH,n; 06:ru;MX CBO:H:CTB:

MblJIKOCTb Ha O:ru;YlIb, M3MeHeHMe OKpaCKM MH,n;MKaTopOB

(JIaKMyca, MeTMJIOBOrO opaHmeBoro M <l>eHOJI(pTaJIeMHa),
B3aMMo,n;e:H:CTBMe C ,D,PyrMMM Bem;eCTBaMM.

Tunu�nb£e peaK;£fuu ocno6anuu

1. OCHoBaHHe + KHCJIOTa � COJIb + BOAa.

(peaKD;HH o6MeHa)

2

3

4
pOKCM,lJ; HMKeJIH (II) Ni(OH)2 3eJIeHOrO IJ;BeTa, rM,n;pOKCM,n;

meJIesa (III) Fe(OH)g KpacHo-6yporo IJ;BeTa M T. ,n;.

BO,n;HbI:H: pacTBop aMMMaKa NHg
0 H

2 0, B OTJIMTIMe OT ,n;py-

rMX oCHOBaHM:H:, co,n;epmMT He KaTMOHbI MeTaJIJIa, a CJIom-

HbI:H: 0,n;H03apH,n;HbI:H: KaTMOH aMMOHMH NH.t M cym;ecTByeT
TOJIbKO B paCTBope (3TOT paCT BOp BaM MSBeCTeH 1I0,n; Ha3Ba-

HMeM HamaTbIpHoro CIiMpTa). OH JIerKO pa3JIaraeTCH Ha aM-

MMaK M BO,n;y:

5 NHg
0 H

2
0 (

)

NHgt + H
2

0.

6

� 39
OCHOBaHMH,
MX KJIaCCMQ;>MKan;MH
M CBOMCTBa

Bce OCHOBaHMH, KpoMe paCTBopa aMMMaKa B Bo,n;e, IIpe,n;-

CTaBJIHIOT c060:H: TBep,n;bIe Be:ru;eCTBa, MMelO:ru;Me paSJIMTIHYIO

OKpaCKY. HalIpMMep, rM,D,pOKCM,n; KaJIbIJ;MH Ca(OH)2 6eJIoro

IJ;BeTa, rM,D,pOKCM,n; Me,n;M (II) Cu(OHh rOJIy60ro IJ;BeTa, rM,ZJ;-



2. IIJ;eJIO'lb + OKCH)]; HeMeTaJIJIa � COJIb + Bo.n;a.

(peaKD;HH o6MeHa)

3. IIJ;eJIO'lb + COJIb � HOBoe OCHOBaHHe + HOBaH COJIb.

(peaKD;HH o6MeHa)

IIep6aH peaKtfUH (YHMBepCaJIbHaH) 6bIJIa paCCMOTpeHa

B � 38.

BmopaH peaKtfuH rrpOTeKaeT Mem,n;y ru;eJIOTI8MM M OKCM-

,n;aMM HeMeTaJIJIOB, KOTOpbIM COOTBeTCTBYIOT KMCJIOTbI.

+g +g +4 +4

HarrpMMep, N 20g COOTBeTcTByeT HN0
2 , S02 � H

2 SOg,
+6 +6

SOg ---) H
2

SO
4

M T. ,n;., rrOSTOMY rrpM BSaMMO,n;e:H:CTBMM OK-

CM,n;OB C OCHOBaHMHMM o6paSYlOTCH
COJIM COOTBeTCTBYIOru;MX KMCJIOT M

Bo,n;a:

a) 2NaOH + N
2
0

g
= 2NaN0

2
+ H

2
0

MJIM 20H- + N 20g
= 2N0 2 + H

2 0;

6) 2KOH + S02
= K

2
SO

g
+ H

2
0

(pMC. 138)
MJIM S02 + 20H- =

SOi- + H
2

0.

TpembH peaKtfuH HBJIHeTC.a

TMrrMTIHO:H: peaKJJ;Me:H: MOHHoro 06Me-

Ha M rrpoTeKaeT TOJIbKO B TOM CJIY-

TIae, eCJIM 06pasyeTcH OCa,D,OK IIJIM

BbI,D,eJIHeTC.a ras, HarrpMMep:

�

80 2

c::=::>

&

K 2 80 3 ,

H 2 0

PHC. 138. B3aJIMo,n;eH-
CTBHe ru;eJIOqH C OKCH-

,n;OM HeMeTaJIJIa

KOH

Q..
c.

..

...

,.,

;j

,

KOH

c::=::>

Cu80 4

a)

a) 2KOH + CuS0
4

=

=

CU(OH)2! + K
2

S0
4

MJIM Cu 2 +
+ 20H- =

=

Cu(OHh! (pMC. 139, a);

6) NaOH + NH
4

Cl =

= NaCl + NHg t + H
2

0

MJIM NH.t + OH- =

=

NHg t + H
2

0 (pMC. 139, 6).

HepacTBOpMMbIe OCHOBa-

HMH paSJIaralOTCH rrpM Ha-

rpeBaHMM Ha OKCM,D, MeTaJIJIa

M BO,n;y, TITO HexapaKTepHO

,n;JIH ru;eJIoTIe:H:, HanpMMep:

II

I
'

Iii Ii

�

CuO

�
PHC. 140. Pa3JIOmeHHe

HepaCTBopHMbIX oCHoBaHHH

rrpH HarpeBaHHH

Cu(OHh
= CuO + H

2
0 (pMC. 140).

. .
1. KJIaCClu)umaJJ;HH oCHoBaHHH. 2. THllH'IHble CBOHCT-

Ba oCHoBaHHH: BsaHMo,n;eHcTBHe HX C KHCJIOTaMH, OK-

CH)J;aMH HeMeTaJIJIOB, COJIHMH. 3. THllHqHOe CBOHCTBO

HepaCTBopHMbIX OCHOBaHHH: p8.3JIOmeHHe llPH Harpe-

BaHHH. 4. Y CJIOBHH npOTeKaHHH THllHqHLIX peaKJJ;HH
oCHoBaHHH.

;

(,
.

,
. ...............................................

BbI6epHTe CHJIbHOe OCHOBaHHe: a) NH3. H
2 0; 6) CU(OH)2;

B) KOH.

,n:aHTe xapaKTepHcTHKY rH,n;poKcH,n;a 6apHH, HCrrOJIb3YH pa3-

JIHqHble rrpH3HaKH KJIaccmlmKa:O;HH oCHoBaHHH.

3aROHqHTe MOJIeKYJIHpHble ypaBHeHHH B03MomHblX peaK:O;HH,
3arrHIIIHTe COOTBeTCTByroru;He HM HOHHble ypaBHeHHH:

a) P 205 + KOH(H36) �

6) Fe(OH)2 + HN0
3 (1l36)

�

B) (NH4hS04 + NaOH(1l36) �

r) Ca(OHh(H36) + CO
2
�

,n;) Ba(OHh + Fe(N0 3 )3 �

e) KOH + NaN0
3
�

m) Mg(OHh + FeO �

3) CuOH �

ECJIH peaR:O;HH He 6y,n;eT rrpOTeKaTb, YKalKHTe rrpHQHHY 3Toro.

<1>eHOJIIjJTaJIeHHOBa.II

6YM�
tNH 3

1

2

3

c::=::>

�
Cu(OHh,

K 2 80 4
6)

NaCI,
H 2 0

PHC. 139. B3aHMo,n;eHcTBHe ru;eJIOQeH C COJIHMH:

a - C 06pa30BaHHeM oca,n;Ka; 6 - C 06pa30BaHHeM ra3a
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4
BbIqlICJUITe 06'beM aMMlIaKa (H. y.), KOTOpbIH BbI.n;eJIHTCH IIPII

B3aRMo.n;eHcTBHH 890 r HHTpaTa aMMOHHH, co.n;epmaru;ero 20%

IIplIMeceH, C paCTBopOM rH.n;pOKCII.n;a HaTpIIH. CKOJIbKO rpaM-

MOB 20% -ro paCTBopa ru;eJIOqlI IIoTpe6yeTcH .n;JIH peaKIJ;IIH?

Cpe,n;M cOJIe06pa3yrom;MX ORCM,n;OB pa3JIM"'Ia1OT ORCM,n;:b1

OCHOBHbW, lCUCJlOmHbW M aMcjJomepHbw. C rrOCJIe,D,HMMM

B:bl 6y,n;eTe SHaROMMT:bCH B 9 RJIaCce.

5
3aIIHillHTe CPOPMYJIbI OKCH.n;OB, KOTopbIe 6y.n;YT COOTBeTCTBO-

BaTb CJIe.n;YIOru;IIM rH.n;pOKCH.n;aM: Cu(OHh, CuOH, Fe(OHh,

Fe(OHh, NaOH.

OCHOBHbIe ORCII)J;LI
- STO TaKMe ORCM,D,bI, KOTO-

pbIM COOTBeTCTBYIOT OCHOBaHMH.

ORCM,lJ;bI,
MX RJIaCCM<pMRan;MH
M CBOHCTBa

HarrpMMep,

MgO COOTBeTcTByeT Mg(OH)2'
Na

2
0 NaOH,

BaO Ba(OHh M T. ,n;.

I\: OCHOBH:bIM ORCM,n;aM OTHOCHT ORCM,D,:b1 MeTaJIJIOB C He-

60JI:bIIIMMM CTerreHHMM ORMCJIeHMH (+1 M +2), T. e. ORCM,n;:b1

MeTaJIJIOB rJIaBHbIX rro,n;rpyrrrr I M II rpyrrrr:bl IIepMo,n;M"'Ie-
CKOM CMCTeM:b1 ,IJ;. JiI. MeH,n;eJIeeBa, HgO, MuO M HeROTOpbIe

,n;pyrMe. Bce OCHOBH:ble ORCM,n;bI rrpe,D,CTaBJIHIOT C060M TBep-

,n;:ble Bem;eCTBa.

TUnU-rtUbl,e peaKtfUU OCU06Ubl,X OKCU006

1. OCHOBHLIH ORCII)J; + RIICJIOTa � COJIL + BO)J;a.

(peaKD;HH o6MeHa)

a) 3N a
2

0 + 2HgP04
= 2N agPO 4

+ 3H
2 0;

6) CuO + 2HNO
g

=

Cu(NOgh + H
2

0.

2. OCHOBHbIH ORCII)J; + RIICJIOTHLIH ORCII)J; � COJIL.

(peaKD;HH coe.n;HHeHHH)

� 40

IIomITMe OlCCUObl BKJIIO"'IaeT 6eCKOHe"'IHOe pasHoo6pa3Me Be-

m;eCTB: JlCUOlCUe, HarrpMMep ORCM,n; Bo,n;opo,n;a, MJIM Bo,n;a;

mBepObW, HarrpMMep ORCM,n; KpeMHMH (IV) - rreCOK M MHO-

meCTBO pa3HOBM,D,HOCTeM KBapU;a, cpe,n;M ROTOp:bIX XaJIu;e,n;OH

M aMeTMCT, ropHblM xpYCTaJIb M MOpMOH; za3006pa3Hbw,

HarrpMMep ORCM,n;bl yrJIepo,D,a (IV) M (II) - yrJIeRMCJIblM
M yrapHblM ra3bl.

IIo CBOMM XMMM"'IeCRMM CBoMcTBaM Bce OKCM,l];bl rro,n;pas,D,e-

JIHIOT Ha cOJle06pa3YlO14ue M HecoJleo6pa3YlO14ue.

..
HecoJIe06pa3YlOIWIMli ORClf)];aMIi Ha3bIBalOT Ta-

KMe OKCM,n;bl, ROTopble He B3aJiMo,n;eMCTBYIOT
HM C KMCJIOTaMM, HM C m;eJIO"'IaMM M He 06pa3YlOT
COJIeM.

a) CaO + N 205
=

Ca(NOgh;
6) MgO + Si0

2
= MgSiO g

.

3. OCHOBHLIH ORCII)J; + BO)J;a � :m;eJIO'lL.

(peaKD;HH coe.n;HHeHHH)

a) K
2

0 + H
2

0 = 2KOH (pMC. 141);

6) CaO + H
2

0 =

Ca(OH)2'
:::ha peaKU;MH rrpOTeRaeT TOJIbKO B TOM CJIY"'Iae, eCJIM 06-

pa3yeTcH paCTBopMMoe OCHOBaHMe -

m;eJIO"'Ib, rrOSTOMY

CuO + H
2

0 ::f:., TaK RaR Cu(OHh
-

HepacTBopMM. I!

HecoJIeo6pa3YIOm;MX ORCM,n;OB HeMHoro. B MX COCTaB BXO-

,n;HT SJIeMeHTbl -

HeMeTaJIJIbl, HarrpMMep:

OKCM,D,bl a30Ta (I) M (II) - N 20 M NO,

ORCM,n; yrJIepo,n;a (II) - CO M HeKOTopble ,n;pyrMe.

..
COJIe06pa3YIO:m;IIMIi Ha3bIBalOT TaKMe OKCM,n;bl,

KOTopble B3aJiMo,n;eMcTBYIOT C RMCJIOTaMM MJIM oc-

HOBaHMHMM M 06pa3YlOT rrpM STOM COJIb II BO,n;y. ..
KIICJIOTHbIe ORCII)J;bI

- STO TaRMe ORCM,n;bl, ROTO-

pblM COOTBeTCTBYIOT KMCJIOTbl.

I

I
��_ _.;; T
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H 2 0

'6

c=:>

K 2 0 KOH

PHC. 141. B3aJ:lMo,n;eHcTBHe
OCHoBHoro OKCH,n;a C BO,n;OH

�J
�

H 2 0

c:::=::::>
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PRe. 142.B3aHMo,n;eHcTBHe
KHCJIOTHOrO oKcH,n;a C BO,n;OH
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K KHCJIOTHbIM OKCH,D,aM OTHOC.HT OKCH,D,bI HeMeTaJIJIOB:

N 20g COOTBeTcTByeT HN0
2 ,

N 205 HNO
g ,

802 H
2

80
g ,

80g H2804'
8i0

2 H
2

8iO
g ,

CO
2 H

2
CO

g ,

P
2

0
5 HgP04'

a TaKme OKCM,D,bI MeTaJIJIOB C 60JIbillMM 3HaqeHHeM CTeneHM

OKHCJIeHH.H,HanpHMep:

+6

Crag COOTBeTCTBYIOT xpOMOBa.H H
2

Cr0
4

M ,D,MXpOMOBa.H

H
2

Cr 207 KMCJIOTbI,

+7

Mn
2

0
7

-

MapraHIJ;eBa.H KHCJIOTa HMn04.

TUnUT.£Ubte pealClfuu lCUCftOmUbtX OlCcuiJ06

1. KHCJIOTHbIH OKCH,lI; + OCHOBaHHe � COJIb + BO}];a.

(peaKD;HH o6MeHa)

a) 802 + 2NaOH = Na
2

80
g

+ H
2 0;

6) N 205 + Ca(OH)2
=

Ca(NO g )2 + H
2

0.

2. KHCJIOTHbIH OKCH,ZJ; + OCHOBHbIH OKCH,ZJ; � COJIb.

(peaKu;HH COe,lJ;HHeHHH)

a) 80g + K
2

0 = K
2

80
4 ;

6) CO
2

+ CaO = CaCO
g

.

r.
22YJ

Ir-'-

3. KHCJIOTHbIH OKCH}]; + BO}];a � KHCJIOTa.

(peaKD;HH COe,lJ;HHeHHH)

a) N 205 + H
2

0 = 2HNO
g ;

6) P
2

0
5

+ 3H
2

0 =

2HgP04 (pHC. 142).
O,n;HaIW :3Ta peaKIJ;H.H B03MomHa TOJIbKO B TOM CJIyqae,

eCJIM KMCJIOTHbIM OKCH,D, paCTBopHM B BO,D,e. A eCJIM B3.HTb

OKCH,D, KpeMHH.H (IV), TO peaKIJ;H.H npaKTWIeCKH He nOM,D,eT:

8i0
2

+ H
2

0 *- H
2 8iOg.

1.0KCH,lI;bI HecoJIe06pa3YIOIu;He H cOJIe06pa3YIOIu;He.
2. OKCH,lI;bI OCHOBHbIe H KHCJIOTHbIe. 3. THIIIfIIHbIe

CBOHCTBa OCHOBHbIX OKCH,lI;OB: B3aHMO,D,eHCTBHe HX

C KHCJIOTaMH, KHCJIOTHbIMH OKCH,lI;aMH H BO,D,OH. 4. TH-

nH'IHbIe CBoHcTBa KHCJIOTHbIX OKCH,D,OB: B3aHMO}];eHCT-
BHe HX C OCHOBaHHRMH, OCHOBHbIMH OKCH,lI;aMH H BO-

,D,OH. 5. Y CJIOBHR IIpOTeKaHHR peaKn;HH KHCJIOTIlbIX

H OCHOBHbIX OKCH,lI;OB C BO,ll;OH.

?
. ...............................................

1
H3 nepeTIHH «POPMYJI BbITIHITIHTe OT,n;eJIbHO «POPMYJIbI OCHOBHbIX

H KHCJIOTHbIX OKCH,n;OB H 3anJ:lITIHTe COOTBeTCTBYIO:r.u;He HM «pop-
MYJIbI OCHOBaHHH 11 KHCJIOT: 8i0

2 , CrOg, MgO, Mn
2

0
7 , Cu

2 0,
80

2 , FeO, N
2

0
g ,

K
2 0, NiO, Na

2 0, NO, BaO. Ha30BHTe Bce

Be:r.u;eCTBa.

,D;aHTe xapaKTepHcTHKY XHMHTIeCKHX CBOHCTB OKCH,l(a ce-

pbI (IV). 3anHITIHTe yp81meHHH xapaKTepHbIX peaKD;HH.

,D;onJ:lITIHTe ypaBHeHJ:lH B03MOJKHbIX XHMHTIeCKHX peaKD;HH:

a) Fe
2
0

g
+ H

2
0 �

6) KOH(1l36) + p 205 �

B) BaO + HNO
g
�

r) CaO + 8i0
2
�

,n;) Na
2

0 + N
2

0
5
�

e) N
2

0 + NaOH �

ECJIH peaKD;HH He npOTeKaeT, YKaJKHTe npHTIHHY.

B 420 MJI BO,n;bI paCTBOpHJIH 40 r OKCH,l(a cepbI (VI). BbITIHCJIJ:lTe

MaCCOBYIO ,n;OJIIO cepHoH KHCJIOTbI B nOJIyqeHHOM paCTBOpe.

BbITIHCJIHTe 06'beM yrJIeKHCJIOrO ra3a (H. y.), KOTOpbIH o6pa3Y-
eTCH npH 06JKHre 500 r H3BeCTHHKa, co,n;epJKa:r.u;ero 20% npH-

MeceH. BbITIHCJIHTe KOJIHTIeCTBO Be:r.u;eCTBa OKCJ:I,n;a KaJIbD;HH,

o6pa3YIO:r.u;erocH npH aTOM.

2

3

4

5
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COJIM, MX RJIaCCMcpMRan;MH

OJ

M CBOMCTBa

JIOTHOrO 0,D,H03ap.H,D,HOrO OCTaTIW HCOi. ,I.J;JI.H KHCJIOn KaJIb-

IJ;HeBOn COJIH <l;>OPMYJIY SanHCbIBalOT TaR: Ca(HCO g )2'
Ha3BaHH.H 3THX COJIen CKJIa,z:I;bIBaIOT liS HaSBaHHn COJIen

C npH6aBJIeHHeM CJIOBa zu8po-, HanpHMep: Mg(HS0 4 )2

rH,D,pocYJIb<l;>aT MarHH.H.

,I.J;HCCOIJ;MMPYIOT KMCJIbIe COJIH CJIe,D,YIO:rn;MM 06pasoM:

NaHCO
g

= Na+ + HCOi,

Mg(HS0 4 )2
= Mg2+ + 2HS0 4 .

H3 Bcex HeOpraHHqeCKHX COe,D,HHeHMn COJIH .HBJI.HIOTC.H

HaH60JIee MHOrOqHCJIeHHbIM KJIaCCOM Be:rn;eCTB. 8TO TBep,D,bIe

Be:rn;eCTBa, OHM OT JIHqaIOTC.H ,D,Pyr OT ,D,pyra no IJ;BeTY H pac-

TBOpHMOCTH B BO,D,e.

..
COJIH - 3TO KJIaCC XMMMqeCKHX COe,D,HHeHMn, CO-

CTO.H:rn;HX H3 HOHOB MeTaJIJIa H HOHOB KHCJIOTHOrO

OCT aTKa.

.'. ./ , .

-'� ' ..
OCHOBHbIe COJIH - 3TO npO,D,YKTbI HenOJIHOrO 3a-

Me:rn;eHM.H rM,D,pOKcorpynn B OCHOBaHHH Ha KHC-

JIOTHbIn OCTaTOK.

B HaqaJIe XIX B. illBe,D,CKHn XHMHK H. EepIJ;eJIHYc c<l;>op-

MYJIHpOBaJI onpe,D,eJIeHMe COJIen KaK npO,D,YKTOB peaKIJ;Hn
KHCJIOT C OCHOBaHH.HMH, HJIM COe,D,HHeHHn, nOJIyqeHHbIx

saMeHon aTOMOB BO)J;opO,D,a B KMCJIOTe MeTaJIJIOM. IIo 3TO-

MY npH3HaKY pa3JIHqalOT COJIH cpe8nue, H:UCJlbte H Ocn013-

n bte .

Na
2

CO
g

= 2Na+ + CO�-.

HanpHMep, K TaKHM COJI.HM OTHOCHTC.H SHaMeHHTbIn

MaJIaXMT (CUOH)2COg, 0 KOTOpOM BbI qMTaJIH B CKasax

II. EamOBa. OH COCTOHT HS ,D,BYX rH,D,pOKCOKaTHOHOB CuOH+

H ,D,Byxsap.H,D,Horo aHHOHa KMCJIOTHOrO OCTaTKa CO�-.
KaTMOH CuOH+ HMeeT sap.H,D, 1 +, n03TOMY B MOJIeKYJIe

,D,Ba TaRMX KaTHOHa M O,D,HH ,D,Byxsap.H,D,HbIn aHHOH CO�- 06'b-

e,D,HHeHbI B 3JIeKTpOHenTpaJIbHYIO COJIb.

Ha3BaHH.H TaKHX COJIen 6Y,D,YT TaKHMH me, KaK H Y cpe,D,-

HHX COJIen, HO C npH6aBJIeHHeM CJIOBa zu8poH:co-, Ha-

npMMep (CUOH)2COg
- rH,D,pOKCOKap60HaT Me,D,H (II) HJIH

AlOHC1
2

-

rH,D,pOKCOXJIOpM,D, aJIIOMHHH.H. IIo,D,aBJI.HIO:rn;ee

60JIbillHHCTBO OCHOBHbIX COJIen HepaCTBopMMbI fiJIM MaJIOpa-

CTBOpHMbI. IIocJIe,D,HHe ,D,HCCOIJ;HHPYIOT TaR:

AlOHC1
2

= AlOH2+ + 2Cl-.

TUnUT.£Ubte pealClfuu cpeiJuux coned

1. COJIb + KHCJIOTa � ,ZJ;pyraH COJIb + ,ZJ;pyraH KHCJIOTa.

(peaKD;HH o6MeHa)

2. COJIb + m;eJIO'lb � ,D,pyraH COJTh + ,ZJ;pyroe OCHOBaHHe.

(peaKD;HH o6MeHa)

3. COJIb
1

+ COJIb
2
� COJIb

g
+ COJIb

4
.

(peaKD;HH 06MeHa: B peaKD;HIO BCTynalOT ,lJ;Be COJIH,

B peaYJIbTaTe nOJIyqalOTcH ,lJ;Be ,lJ;pyrHe COJIH)

..
Cpe,ZJ;HHe COJIH - 3TO npO,D,YKTbI rrOJIHOrO SaMe:rn;e-

HH.H aTOMOB BO,D,OpO,D,a B KHCJIOTe Ha MeTaJIJI.

HMeHHO C 3THMH COJI.HMH BbI yme SHaKOMbI H 3HaeTe HX

HOMeHKJIaTypy. HanpMMep:
N a

2
CO

g
- Kap60HaT HaTpM.H,

Al(NOg)g
-

HMTpaT aJIIOMHHM.H,

CuS0
4

-

cYJIb<l;>aT Me,D,H (II) M T.,D,.

,I.J;MCCOIJ;HMPYIOT TaKMe COJIH Ha KaTHOHbI MeTaJIJIa H aHH-

OHbI KHCJIOTHOrO OCTaTKa:

..
KHCJIbIe COJIH - 3TO npO,D,YKTbI HenOJIHOrO saMe-

:rn;eHM.H aTOMOB BO,D,opO,D,a B KHCJIOTe Ha MeTaJIJI.

K KMCJIbIM COJI.HM OTHOC.HT, HarrpHMep, nHTbeBYIO CO,D,Y

NaHCO
g , KOTOpa.H COCTOHT M3 KaTMOHa MeTaJIJIa Na+ H KHC-

222
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4. COJIb + MeTaJIJI --4 ,ZJ;pyraH COJIb + ,ZJ;pyroH MeTaJIJI.

(peaRIJ;HH aaMem;eHHH)

II ep6bte 06e pemclfuu o6MeHa yme 6bIJIM nO,D,p06HO

paCCMOTpeHbI B � 38 H 39.

TpembR, pealClfuR, TaKme 5IBJI5IeTC5I peaKIJ;HeM o6MeHa.

OHa npOTeKaeT Mem,D,y paCTBopaMM COJIeM M conpOBOm,D,aeT-

C5I 06paSOBaHHeM oca,n;Ka, HanpHMep:

a) Ca(NO g )2 + Na
2

CO
g

= CaCO
g ! + 2NaNO

g

HJIH Ca 2 + + CO�-
= CaCO

g !;

6) K
2

80
4

+ BaCl
2

= Ba80
4 ! + 2KCI

HJIH Ba 2 +
+ 801-

= BaS0
4 !.

q em6epmaR, pealClfuR, COJIeM CB5ISaHa C MMeHeM

KpynHeMmero pyccKoro XHMMKa H. H. BeKeToBa, KOTOpbIM

B 1865 r. MSyqaJI cnoco6HoCTb MeTaJIJIOB BbITeCH5ITb MS pac-

TBOpOB COJIeM ,ZJ;pyrMe MeTaJIJIbI. HanpHMep, Me,D,b H3 pacT-

BOpOB ee COJIeM MomHO BbITeCHHTb TaKHMM MeTaJIJIaMH,

KaK MarHHM Mg, aJIlOMMHHM AI, IJ;HHK Zn H HeKOTopbIMM

,D,pyrMMM. A BOT PTYTblO Hg, cepe6pOM Ag, 30JIOTOM Au

Me,D,b He BbITeCH5IeTC5I, H n03TOMY 3TM MeTaJIJIbI B p5I,n;y Ha-

np5ImeHMM pacnOJIOmeHbI npaBee, "tleM Me,D,b. 3aTo Me,D,b

BbITeCH5IeT fiX HS pacTBopoB COJIeM:

a) Cu80
4 (p_p)

+ Fe = Fe80
4 (p_p)

+ CU

MJIH Cu 2 + + Fe o = Fe 2 + + Cuo;

6) HgCI 2 (p_p)
+ Cu = CuCI

2 (p_p)
+ Hg

HJIH Hg2+ + Cuo = Cu
2 + + Hgo.

H. H. BeKeToB, ,D,eMcTBY5I rasoo6pa3HbIM BO,D,OpO,D,OM no,D,

,D,aBJIeHMeM Ha paCTBopbI COJIeM PTYTH H cepe6pa, YCTaHO-

BHJI, "tlTO npM 3TOM BO,D,OpO,D" TaK me KaK H HeKoTopble ,D,PY-

rHe MeTaJIJIbI, .BbITeCH5IeT pTyrb H cepe6po MS MX COJIeM.

PacnoJIaraH MeTaJIJIbI, a TaKme BO,D,OpO,D, no HX cnoco6-

HOCTH BbITeCH5ITb ,D,pyr ,n;pyra M3 pacTBopoB COJIeM,

H. H. BeKeToB COCTaBMJI p5I,D" KOTOpbIM OH HaSBaJI 6btmeC-

numenbnbtM PR,OOM Memann06. IToS,D,Hee (1892 r.,

B. HepHcT) 6bIJIO ,D,OKa3aHO, "tlTO BbITeCHMTeJIbHbIM p5I,D,

H. H. BeKeTOBa npaKTWIeCKH COBna,n;aeT C p5I,D,OM, B KOTO-

pOM MeTaJIJIbI H BO,D,OpO,D, pacnOJIOmeHbI (CJIeBa HanpaBO)

B nOp5I,D,Ke YMeHbmeHM5I MX BOCCTaHOBMTeJIbHOM cnoco6-

HOCTH (CM. � 43) npM t = 25 DC, P
= 101,3 KITa (1 aTM) M MO-

JI5IpHOM KOHIJ;eHTpaIJ;HH MOHOB MeTaJIJIa, paBHoM 1 MOJIb/JI.

! \

_��24
�'

STOT p5I,n; HaSbIBalOT iJnelCmpOXUMUT.£eClCUM PR,OOM na-

npR,:JfCenuii MemallJt06. BbI yme SHaKOMMJIHCb C 3THM p5I-

,D,OM, KOr,D,a paCCMaTpMBaJIM B3aHMO,D,eMCTBMe KHCJIOT C Me-

TaJIJIaMM (� 37 M 38) M BbI5ICHMJIH, tITO C paCTBopaMH KMCJIOT

BSaMMO,D,eMcTBYIOT MeTaJIJIbI, KOTopble pacnOJIOmeHbI JIeBee

BO,D,OpO,D,a. STO nep60e npa6uno pR,oa nanpR,:JfCenuii
(alCmu6nocmu). OHO BbITIOJIH5IeTC5I C C06JIIO,D,eHMeM HeKO-

TOpbIX YCJIOBHM, 0 KOTOpbIX MbI rOBOpHJIH paHee.

Bmopoe npa6UltO pR,oa nanpR,:JfCenuii 3aKJIIO"tlaeTC5I

B cJIe,D,yro�eM: Kam,D,bIM MeTaJIJI BbITeCH5IeT M3 pacTBopoB

COJIeM Bce ,D,pyrMe MeTaJIJIbI, pacnOJIOmeHHble npaBee ero

B p5I,n;y Hanp5ImeHMM. STO npaBHJIO TaKme C06JIIO,D,aeTC5I

npfl BblnOJIHeHMM YCJIOBMM:

a) o6e COJIM (M pearMpyro�a5I, M o6pasyro�a5IC5I B peSYJIb-

TaTe peaKIJ;MM) ,D,OJImHbI 6bITb paCTBopMMbIMM;

6) MeTaJIJIbI He ,D,OJImHbI BSaMMO,D,eMCTBOBaTb C BO,D,OM,

n03TOMY MeTaJIJIbI rJIaBHbIX nO,D,rpynn I M II rpynn ITe-

pHO,D,HtIeCKOM CHCTeMbI ,IJ;. II. MeH,D,eJIeeBa -

�eJIOtIHble

H �eJIOtIH03eMeJIbHble
- He BbITeCH5IIOT ,D,pyrHe MeTaJIJIbI

M3 paCTBopOB COJIeM.

r
,[

fi
I

[

;

, I

,

,
I

[

I.

(

,

I

I

:
I

. [

1. COJIH Cpe,D,HHe, KHCJIbIe H OCHOBHbIe. 2. ,1];HccoD;H-

aD;HH paSJIHtIHbIX rpyrrrr COJIeH. 3. THrrHtIHbIe CBOHCT-

Ba cpe,ZJ;HHX COJIeH: B3aHMo,ZJ;eHcTBHe HX C KHCJIOTa-

MH, �eJIo-qaMH, ,ZJ;pyrHMH COJIHMH H MeTaJIJIaMH.

4. ,1];Ba rrpaBHJIa pH)J;a HarrpH:/KeHHH (aKTHBHoCTH)
MeTaJIJIOB. 5. Y CJIOBHH rrpOTeKaHHH peaKD;HH COJIeH

C MeTaJIJIaMH.

?
. ...............................................

1
Ha nepeTIHH «POPMYJI BbIIIHIIIIITe OT,n;eJIbHO «POPMYJIbI cpe,n;HHX,

KHCJIbIX II OCHOBHbIX COJIeH, ,n;aHTe IIX HaaBaHHH H aanlIIIIIITe

ypaBHeHIIH IIX ,n;IICCOD;IIaIJ;IIII: Ca(HS0 4 )2' (CaOH)2S04' Ca(N0 3 )2'
NaH

2
P0

4 ,
Na

3
P0

4 , MgOHN0 3
.

2
3aKOHTIIITe MOJIeKYJIHpHble ypaBHeHIIH BOaMO:JKHbIX peaKD;HH,

npOTeKalOIIJ;IIX B paCTBopax, H aanHIIIHTe COOTBeTCTBYIOIIJ;He

IIM HOHHble ypaBHeHIIH:

a) HCI + Na
2

S0
4

--4

6) H
3

PO
4

+ CaCI
2

--4

B) FeC1
3

+ AgN0 3
�

r) KN0
3

+ NaCI --4

,n;) NaOH + FeS --4

e) KOH + Al
2 (S04)3 --4

225....
, .,--'-

. Ir. ji



.fK) Ca + CuC1
2
�

a)Cu+AgNO g
�

lI)Mg+ZnS �

K) CU + Fe(NO g )2 �

6bITb ocy:r.u;eCTBJIeHa, 06'bHCHlITe

3

ECJIlI peaKD;HH He MO.fKeT

nOqeMY,

E 980 r 5% -ro paCTBopa cepHon KHCJIOTbI npHJIlIJIlI Ha6bIToK

paCTBopa HlITpaTa 6apHH. Ha:H,n;HTe Maccy BbIIIaBIIIero oca.n;Ka.

3anHIIIHTe ypaBHeHHH peaKD;lIn Bcex BOaMO.fKHbIX cnoco6oB

nOJIyqeHHH cYJIb«paTa .fKeJIeaa (II),

Onpe.n;eJIlITe CTeneHlI OKHCJIeHHH ::meMeHTOB B COJIHX, «POPMYJIbI
KOTOpbIX: Na

2
S0

4 , K
2

SO
g , Fe(NOg)g, Fe(N0 2 )2' Mg(HCO g )2'

Ca
g (P0 4 )2' NaHS0

4 , CuOHNO
g

,

4

5

,D;anTe HaaBaHHH COJIen.

� 42
reHeTMlIeCRaH CBH3b

Mem,n;y RJIaCCaMM Bem;eCTB

..
reHeTH"IIeCKOH HaSbIBalOT CB5ISb Mem,D,Y Bem;eCT-

BaMM paSHbIX KJIaCCOB, OCHOBaHHYIO Ha MX B3aJI-

MorrpeBpam;eHM5IX M OTpamalOm;ylO e,n;MHCTBO MX

rrpOMCXom,D,eHM5I, T. e. reHeSMC Bem;eCTB.

BHaqaJIe HaillM CBe,D,eHM5I 0 KJIaCCmpMKaU;MM Bem;eCTB

rrpe,D,CTaBMM B BM,D,e cxeMbI (cxeMa 1).
3Ha5I KJIaCCbI rrpOCTbIX Bem;eCTB, MomHO COCTaBMTb ,D,Ba

reHeTMqeCKMX p5I,D,a: zenemU'leCH:UU pRB JIIlemaJlJW6 If

zenemU'leCH:UU pR8 neJlllemaJlJl06.

EJIACCMiPMEAllJIH HEOprAHMqECKMX BEIu;ECTB Cxe.Ma 1

Bem;eCTBa

I \
Ca03IC1f- bte I
1\ \

OcHO- �
F=�BaHlIH

�

npOCmbte I I
11\

HeMe- �
TaJIJIbI �

OKCH.n;bI

( OCm)BHbIe,

KHCJIOTHble)

I'
22'6

C
! �

;

..
reHeTH"IIeCKHH PH)); MeTaJIJIOB OTpamaeT B3aMMO-

CB5I3b Bem;eCTB paSHbIX KJIaCCOB, B OCHOBY KOTO-

pOH rrOJIOmeH O,D,MH M TOT me MeTaJIJI.

n

�

PaSJIM"tlaIOT ,n;Be paSHOBM,D,HOCTM reHeTM"tleCKOrO p5I,D,a

MeTaJIJIOB.

1. reHeTMqeCKMH p5I,D, MeTaJIJIOB, KOTOpbIM B KaqeCTB�
rM,D,pOKCM,D,a COOTBeTcTByeT UfenO"l£b. B o6�eM BM,D,e :aKoM
p5I,D, MomeT 6bITb rrpe,n;CTaBJIeH CJIe,D,yrom;eM u;errOqKOM rrpe-

Bpam;eHMH:
OCHOBHLIH OCHOBaHHe

MeTa.rrJI�
OKCH));

�

(�eJIo"lll»
� COJII>.

HarrpMMep, reHeTMqeCKMH p5I,D, KaJIbU;M5I:

Ca � CaO � Ca(OHh � Ca
g (P0 4 )2'

2. reHeTMqeCKMH p5I,n; MeTaJIJIOB, KOTOpbIM COOTBeTcTByeT

nepacm6opuMoe ocn06anue. STOT p5I,D, 60raqe reHeTMqe-

CKMMM CB5IS5IMM, TaK KaK rrOJIHee OTpamaeT M,D,elO 63aUJIIl-

nblX rrpeBpam;eHMH (rrp5IMbIX M o6paTHbIx). B 006m;eM BM,n;�
TaKoH p5I,D, MomeT 6bITb rrpe,D,CTaBJIeH CJIe,D,YIOm;eM u;errOqKOM

rrpeBpam;eHMH:

MeTaJIJI � OCHOBHLIH OKCH,lJ; � COJII. �

� OCHOBaHHe � OCHOBHLIH OKCH,lI; � MeTaJIJI.

HarrpMMep, reHeTMqeCKMH p5I,n; Me,D,M:

Cu � CuO � CuC1
2
� CU(OH)2 � CuO � Cu.

..
reHeTH"IIeCKHH pH,lI; HeMeTaJIJIOB OTpamaeT B3aM-

MOCB5ISb Bem;eCTB paSHbIX KJIaCCOB, B OCHOBY KO-

TopoH rrOJIOmeH O,D,MH M TOT me HeMeTaJIJI.

3,n;eCb TaKme MomHO BbI,n;eJIMTb ,D,Be pa3HOBM,D,HOCTM.

1. reHeTMqeCKMH p5I,D, HeMeTaJIJIOB, KOTOpbIM B KaqeCTBe

rM,D,pOKCM,D,a COOTBeTcTByeT pac,!,,6opUMaR, lCucnoma, oMO-
meT 6bITb OTpameH B BM,D,e TaKOM u;errOqKM rrpeBpam;eHMM:

HeMeTaJIJI � KHCJIOTHLIH OKCH,lJ; � KHCJIOTa � COJII>.

HarrpMMep, reHeTMqeCKMH p5I,n; q,ocq,opa:

P � P
2

0
5
� HgP04 � Ca

g (P0 4 h.
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2. reHeTMqeCKHM p.H,D, HeMeTaJIJIOB, KOTOpbIM COOTBeTCT-

ByeT nepacm60pUMaR, lCucnoma, MomeT 6bITb npe,D,CTaB-
JIeH C nOMo:rn;bro TaROM u;enOqKM npeBpa:rn;eHHM:

HeMeTaJIJI � KHCJIOTHLIH OKeH)J; � COJII> �

� KHCJIOTa � KHCJIOTHLIH OKCHA � HeMeTaJIJI.

TaK KaR HS HsyqeHHbIx HaMH KHCJIOT HepacTBopHMOM .HB-

JI.HeTC.H TOJIbKO KpeMHMeBaH KHCJIOTa, B KaqeCTBe npMMepa
nOCJIe,D,HerO reHeTHqeCKOrO p.H,D,a paccMOTpMM reHeTHqe-
CKHM p.H,n; KpeMHH.H:

Si � Si0
2
� Na

2
SiO

g
� H

2
SiO

g
� Si0

2
� Si.

, 1. reHeTH'IeCKaH CBH31>. 2. reHeTH'IeCKHH PH)]; MeTaJI-

JIOB Hero pa3HOBH)];HOCTH. 3. remITHqeCKHH P.HA He-

MeTaJIJIOB Hero paSHOBH)];HOeTH.
...

?
.

...............................................

1
3aIIIlllIIlTe ypaBHeHIlH peaKU;IlH, C IIOMOm;bIO KOTOpbIX MOJKHO

ocym;ecTBHTb npeBpam;eHIIH, JIeJKam;lIe B OCHOBe npHBe,n;eHHbIX
reHeTHTIeCKHX pH,n;OB MeTaJIJIOB H HeMeTaJIJIOB. ,l];aiiTe Ha3Ba-

HIlH Bem;eCTB, ypaBHeHHH peaKU;IIH C YTIaCTlIeM 8JIeKTpOJIHTOB
HanHIlIHTe TaKJKe H B HOHHOH «popMe.

2 3anHllIIlTe ypaBHeHIIH peaKU;IIH, C nOMOm;bIO KOTOpbIX MOJKHO

ocy:w;eCTBHTb CJIe,n;YIOm;Ile npeBpam;eHIIH:

a) Li � Li
2

0 � LiOH � LiN0
3 ;

6) 8 � 80
2
� H

2
80

3
� Na

2
80

3
� 80

2
� Ca80

3
.

YpaBHeHHH peaKU;IIH C yqacTHeM 8JIeKTpOJIIlTOB 3anHllIHTe

T8.KJKe H B HOHHOH «popMe.

KaKHe 1I3 nepeTIHCJIeHHbIX HIIJKe Bem;ecTB B3aIlMo,n;eHcTBYIOT
C COJIHHOH KHCJIOTOH: MarHIlH, OKCH,ZJ; Me,n;1I (II), I'H,ZJ;pOKCII,n; Me-

,n;H (II), Me,n;b, HIlTpaT MaI'HIIH, rH,n;pOKcH,n; JKeJIe3a (III), OKCIl,n;
KpeMHIIH (IV), HHTpaT cepe6pa, CYJIb«PH,n; JKeJIe3a (II)?
3anlIllIIlTe ypaBHeHHH B03MOJKHbIX peaKU;IIH B MOJIeKYJIHpHOH
H HOHHOH «popMax. ECJIII peaKU;1I1I He MorYT 6bITb ocym;eCTBJIe-
HbI, 06'bHCHHTe nOTIeMY.

3

4
KaKHe H3 nepeTIHCJIeHHbIX HIlJKe Bem;eCTB B3aIlMo,n;eHCTBYIOT
C rIl,n;pOKCH,n;OM HaTpIlH: OKCII,n; yrJIepo,n;a (IV), rlI,n;pOKcIl,n;
KaJIbU;IlH, OKCIl,n; Me,n;1I (II), HHTpaT Me,n;H (II), XJIOpH,n; aMMO-

HHH, KpeMHHeBaH KHCJIOTa, CYJIb«PaT KaJIHH?

_,2?1
! ..C::::.

I
II

5

3anHllIIlTe ypaBHeHHH B03MOJKHbIX pe8.KU;IIH B MOJIeKYJIHpHOH

H IlOHHOH «popMax. ECJIII peaKU;HH He npOTeKaIOT, 06'bHCHHTe

nOTIeMY .

,l];aHTe onpe,n;eJIeHHH Bcex KJIaCCOB Bem;eCTB, nplIBe�eHHbIX
B cxeMe Ha c. 226. Ha KaKlle rpynnbI ,n;eJIIlTCH KaJK,n;bIH KJIaCC

Bem;ecTB?

,

I:

� 43
ORMCJIMTeJIbHO-

BOCCTaHOBMTeJIbHbIe peaRII;MM

MHoro06paSMe KJIaCCIHpHKaIJ;HM XMMHqeCKMX peaKIJ;HM
no paSJIMqHbIM npMSHaKaM (HanpaBJIeHMro, qMCJIY H co-

CTaBY pearHpyro:rn;MX M 06pa3yro:rn;HX Be:rn;eCTB, MCnOJIbSOBa-

HMro KaTaJIMSaTOpa, TenJIOBOMY 3q,q,eKTY) MomHO ,D,onOJI-

HHTb e:rn;e O,D,HHM npMSHaKOM. STOT npHSHaK
- MSMeHeHMe

CTeneHH OKMCJIeHMH aTOMOB XHMHqeCKMX 3JIeMeHTOB, 06pa-

Syro:rn;MX pearMpyro:rn;Me Be:rn;eCTBa. HanpMMep, B peaKIJ;MM

+1 +5-2 +1�1 +1 -1 +1+5-2

AgNO g
+ HCI = AgCI + HNO

g

CTeneHM OKHCJIeHMH aTOMOB XMMMqeCKMX 3JIeMeHTOB nOCJIe

peaRIJ;HM He MSMeHMJIMCb. A BOT B ,D,pyroM peaKIJ;MH
- B3aM-

Mo,n;eMCTBMe COJI.HHOM KHCJIOTbI C IJ;HHKOM

+1-1 0 +2 -1 0

2HCI + Zn = ZnCl
2

+ H
2

-

aTOMbI ,D,BYX 3JIeMeHTOB, BO,D,Opo,n;a H IJ;MHKa, MSMeHMJIH CBOH

CTeneHM OKMCJIeHH.H: BO,n;OpO,D, C + 1 Ha 0, a IJ;HHK
- C 0

Ha +2. CJIe,D,OBaTeJIbHO, B 3TOM peaRIJ;MH Kam,D,bIM aTOM BO-

,n;opo,n;a IIOJIyqMJI 110 O,D,HOMY 3JIeKTpOHY

+1 0

2H + 2e � H
2 ,

a Kam,D,bIM aTOM U;MHKa
-

OT,n;aJI ,D,Ba 3JIeKTpOHa

o +2

Zn - 2e � Zn.

..
XHMHqeCKHe peaKIJ;HM, B pe3YJIbTaTe KOTOpbIX

IIpOHCXO,n;MT H3MeHeHMe CTeneHeM OKHCJIeHH.H aTO-

MOB XHMHCleCKMX 3JIeMeHTOB MJIH MOHOB, 06pasyro-

:rn;HX pearMpyro:rn;He Be:rn;eCTBa, HaSbIBalOT OKHCJIH-

TeJII>HO-BOCCTaHOBHTeJIbHLIMH peaKD;HHMH.

.
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IIo,D, 60CCman06nenUeM rrOHMMalOT rrpou;ecc rrpMCOe,D,M-

HeHM.H :3JIeKTpOHOB aTOMaMM, MOHaMH MJIM MOJIeKYJIaMM.

CTerreHb OKHCJIeHM.H rrpH :3TOM rrOHMmaeTC.H.

HarrpHMep, aTOMbI HeMeTaJIJIOB MOrYT rrpMCOe,D,MH.HTb

:3JIeKTpOHbI, rrpeBpa:rn;a.HCb rrpM :3TOM B OTpHu;aTeJIbHbIe

MOHbI, T. e. BOCCTaHaBJIHBa.HCb
1

:

o -1

CI + le � CI,
aTOM XJIopa XJIOpH,ZJ;-HOH

o -2

S+2e�S.
aTOM cepbI CYJIbqm,ZJ;-HOH

8JIeKTpOHbI MOrYT rrpMcoe,D,HH.HTbC.H M K rrOJIOmMTeJIbHbIM

MOHaM, KOTOpbIe rrpH :3TOM rrpeBpa:rn;aIOTC.H B aTOMbI:

+2 0

Cu + 2e � CU,
HOH Me,n;H (II) aTOM Me,n;H

+3 0

Fe + 3e � Fe.

HOH meJIeaa (III) aTOM meJIeaa

IIpHHMMaTb :3JIeKTpOHbI Moryr H rrOJIOmHTeJIbHbIe MOHbI,

Y KOTOpbIX rrpM :3TOM CTerreHb OKMCJIeHH.H rrOHMmaeTC.H:

+3 +2

Fe + Ie � Fe,
HOH meJIeaa (III) HOH meJIeaa (II)

+4 +2

Sn + 2e � Sn.

MOH OJIOBa (IV) HOH OJIOBa (II)

..
ATOMbI, MOHbI HJIM MOJIeKYJIbI, rrpMHHMalO:rn;He

:3JIeKTpOHbI, HaSbIBaIOT OKHCJIHTeJUIMH.

IIo,D, OlCucnenueM rrOHHMaIOT rrpou;ecc OT,D,a�M 3JIeKTpO-

HOB aTOMaMM, HOHaMM MJIM MOJIeKYJIaMH. HanpHMep, aTOMbI

MeTaJIJIOB, Tep.H.H :3JIeKTpOHbI, rrpeBpa:rn;aIOTC.H B rrOJIOmH-

TeJIbHbIe MOHbI, T. e. OKHCJI.HIOTC.H:

o t1

Na - Ie � Na,
aTOM HaTpHH HOH HaTpHH

1
,D;aJIee MbI 6y,n;eM YKaabIBaTb CTerreHb OKHCJIeHHH, a He aapH,n;bI

HOHOB, TaK KaK HX qHCJIeHHble aHaqeHHH COBrra,n;aIOT.

tSO
r--

!

;

o +3

Al - 3e � AI.

aTOM aJIIOMHHHH HOH aJIIOMMHHH

OT,D,aBaTb :3JIeKTpOHbI MOrYT OTpMu;aTeJIbHbIe MOHbI:

-1 0

CI-Ie � CI,

XJIOpM,n;-HOH aTOM XJIopa

-2 0

S - 2e � S.

cYJIb(lm,ZJ;-MoH aTOM cepbI

Tep.HTb :3JIeKTpOHbI MOrYT M HeKOTOpbIe rrOJIOmHTeJIbHbIe

MOHbI C HMSillMMH CTerreH.HMH OKMCJIeHM.H:

+1 +2

Cu - Ie � Cu,

HOH Me,n;H (I) HOH Me,n;M (II)

+2 +3

Fe - le � Fe.

HOH meJIeaa (II) HOH meJIeaa (III)

MomHo OTMeTMTb, �TO rrpH :3TOM CTerreHb OKMCJIeHM.H

rrOBbIillaeTC.H.

II
I

..
ATOMbI, HOHbI MJIM MOJIeKYJIbI, OT,D,aIO:rn;Me :3JIeKT-

POHbI, HaSbIBaIOT BoeCTaHOBHTeJIHMH. II
I

I

I

--,-, -'

OKHCJIeHHe BCer,D,a corrpOBOm,D,aeTC.H BOCCTaHOBJIeHMeM

M Hao6opOT, T. e. OKHCJIMTeJIbHO-BOCCTaHOBMTeJIbHbIe peaK-

U;MM rrpep;CTaBJI.HIOT C060R ep;HHCTBO ,D,BYX rrpOTHBOrrOJIOm-

HbIX rrpou;eCCOB
- OKHCJIeHM.H H BOCCTaHOBJIeHM.H. CxeMa

BsaMMOCB.HSH HSMeHeHH.H CTerreHeR OKHCJIeHH.H C rrpOU;ecca-

MH OKMCJIeHH.H M BOCCTaHOBJIeHM.H MomeT 6bITb rrpe,D,CTaBJIe-

Ha TaK, KaK :3TO Hso6pameHO Ha cxeMe 2:

IIPO:QECCbI OKHCJIEHHH H BOCCTAHOBJIEHHH CxeJIW 2

OKIICJIeHHe
�

-3 -2 -1 o +1 +2 +3

...

BOCCTaHOBJIeHIIe
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-3e

J-.. OKHCJIeHHe

+2 0

CuCI 2 + Al c===:>

OKHCJIHTeJIb BOCCTaHOBIITeJIb

l +2e

t
+3 0

AICl g + Cu

J
BOCCTaHOBJIeHIIe

PHe. 143. CxeMa OKHCJIHTeJIbHO-BOccTaHOBIITeJIbHOH

p eaKIJ;HH

B OKMCJIMTeJIbHO- BOCCTaHOBMTeJIbHbIX peaRIJ;M.HX qMCJIO

SJIeKTpOHoB, OT,D,aBaeMbIx BoccTaHOBMTeJIeM, paBHo qMCJIY

SJIeKTpOHoB, rrpMHMMaeMbIx OKMCJIMTeJIeM, T. e. C06JIIO,D,aeT-
C.H iJnelCmpOnnb£u 6ananc. MeTO,D, 3JIeKTpOHHoro 6aJIaHca

rrpMMeH.HIOT ,lI;JI.H sarrMceM SJIeKTpOHHbIX ypaBHeHMM rrpOIJ;ec-

COB OKMCJIeHM.H M BOCCTaHOBJIeHM.H.

HarrpMMep, peaKIJ;MIO aJIIOMMHM.H C XJIOpM,D,OM Me,n;M (II)
orrMCbIBalOT cxeMOM:

+2 -1 0 +g -1 0

CuCI
2

+ Al � AlCI
g

+ Cu (pMC. 143),

a SJIeKTpOHHbIe ypaBHeHM.H 6y,n;yr MMeTb BM,D,:

+2 0

Cu + 2e BocCTaHOBJIeHlle) Cu
OKHCJIHTeJIb

3

o

Al - 3e
+g

) Al 2
OKHCJIeHlle

BOCCTaHOBHTeJIb

MOJIeKYJI.HpHOe ypaBHeHMe STOM peaRIJ;MM HarrMcaTb yme

HeCJIOmHO, TaK KaK KOsq,q,MIJ;MeHTbI ,D,JI.H Hero 6y,n;YT BS.HTbI

MS SJIeKTpOHHbIX YPaBHeHMM:

3CuCI
2

+ 2Al = 2AICI
g

+ 3Cu.

IIoKameM, KaR C rrOMOm;blO MeTO,D,a SJIeKTpOHHoro 6aJIaHca

MomHO paCCTaBMTb KOsq,q,MIJ;MeHTbI B ypaBHeHMM CJIOmHOM

OKMCJIMTeJIbHO-BOCCTaHOBMTeJIbHOM peaRIJ;MM. KaK BbI rrOM-

HMTe, rrepBoe rrpaBMJIO p.H,D,a Harrp.HmeHMM MeTaJIJIOB 0 BsaM-

Mo,n;eMcTBMM MeTaJIJIOB C paCTBOpaMM KMCJIOT He pacrrpOCTpa-

H.HJIOCb Ha cepHyro KMCJIOTY KOHIJ;eHTpMpOBaHHYIO M aSOTHYIO

KMCJIOTY JII060M KOHIJ;eHTpaIJ;MM.

232
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B OTJIMqMe OT COJI.HHOM KMCJIOTbI, B KOTOpOM OKMCJIMTe-

JIeM aTOMOB MeTaJIJIa 6bIJIM KaTMOHbI Bo,n;opO,D,a, B KOHIJ;eH-

TpMpoBaHHoM cepHoM M asoTHoM KMCJIOTaX OKMCJIMTeJI.HMM

.HBJI.HIOTC.H aTOMbI cepbI M aSOTa MS cYJIb<paT-MoHoB M HM-

TpaT-MoHoB. IIosToMY KOHIJ;eHTpMpOBaHHa.H H
2

S0
4

M HNO
g

JII060M KOHIJ;eHTpaIJ;MM BSaMMO,D,eMCTBYIOT C MeTaJIJIaMM,

CTO.Hm;MMM B P.H,D,Y Harrp.HmeHMM KaR ,n;o BO,D,OpO,D,a, TaR M

rrOCJIe Hero, BOCCTaHaBJIMBa.HCb rrpM STOM,n;O S02' NO M T. ,D,.

HarrpMMep, rrpM BSaMMO,D,eMCTBMM paS6aBJIeHHOM asoTHoM

KMCJIOTbI C Me,D,blO rrOJIyqaeTC.H HMTpaT Me,D,M (II), OKCM,D, aso-

Ta (II) M Bo,n;a. 3arrMmeM q,OPMYJIbI MCXO,D,HbIX Bem;eCTB

M rrpO,D,YKTOB peaKIJ;MM C YKasaHMeM CTerreHeM OKMCJIeHM.H:

+1+5�2 0 +2 +5-2 +2-2 +1-2

HNO
g

+ Cu � CU(NO g )2 + NO + H
2

0.

IIo,D,qepKHeM SHaRM XMMMqeCKMX SJIeMeHTOB, MSMeHMB-

mMX CBOM CTerreHM OKMCJIeHM.H:

+5 0 +2 +2

H NO
g

+ Cu � CU (NO g )2 + NO + H
2

0.

CocTaBMM SJIeKTpOHHbIe ypaBHeHM.H, T. e. oTpasMM rrpoIJ;ec-

CbI OT,D,aqM M rrpMCOe,D,MHeHM.H SJIeKTpoHoB:

III
\
I

I

;

I
I

I

I

I

I

+5 +2

N + 3e BOCCTaHOBJIeHlle) N
OK HCJIHTeJIb

2

o

Cu - 2e
BOCCTaHOBHTeJIb

+2

) Cu
OKIICJIeHlle

3

o

3arrMmeM KOsq,q,MIJ;MeHT 3 rrepe,D, Cu M rrepe,D, q,OPMYJIOM
+2

HMTpaTa Me,D,M (II), B KOTOpOM CU, TaR KaK C TaKMMM SHaqe-

HM.HMM CTerreHeM OKMCJIeHM.H Me,n;b BCTpeqaeTC.H rro O,n;HOMY

pasy. KOsq,q,MIJ;MeHT 2 sarrMmeM TOJIbKO rrepe,D, q,OPMYJIOM
+2

Bem;eCTBa C N, TaK KaK STO SHaqeHMe CTerreHM OKMCJIeHM.H

,n;JI.H aSOTa B cxeMe peaKIJ;MM BCTpeqaeTC.H TOJIbKO O,n;MH pas,
+5

a BOT rrepe,D, HNO
g KOsq,<pMIJ;MeHT 2 He sarrMmeM, M60 N

BCTpeqaeTC.H em;e pas B q,opMYJIe CU(NO g )2. Hama sarrMCb

rrpMMeT BM,D,:

HNO
g

+ 3Cu � 3Cu(NO g )2 + 2NO + H
2

0.
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Tenepb ypaBH.HeM qMCJIO aTOMOB aSOTa. IIocJIe peaRIJ;MM

OHO paBHo 3. 2 = 6 MS Cu(N0 3 h H em;e 2 aTOMa MS 2NO,

Bcero 8.

II03ToMY nepe,D, HN0
3

sanMllieM R03<l;>q,MIJ;MeHT 8:

8HN0
3

+ 3Cu � 3Cu(N0 3 )2 + 2NO + H
2

0

M ypaBH.HeM qMCJIO aTOMOB BO,D,Opop;a:

8HN0
3

+ 3Cu � 3Cu(N0 3 h + 2NO + 4H
2

0.

IIpoBepMM npaBMJIbHOCTb paCCTaHOBRM R03q,q,MIJ;MeHTOB,

nOp;CqMTaB qMCJIO aTOMOB RMCJIopO,D,a p;o M nOCJIe peaKIJ;MM:

,D,O peaRIJ;MM
- 24 aTOMa M nOCJIe peaRIJ;MM

- 24 aTOMa. Ko-

3q,q,MIJ;MeHTbI paCCTaBJIeHbI rrpaBMJIbHO, n03TOMY 3aMeHMM

B ypaBHeHMM CTpeJIRY Ha SHaK paBeHCTBa:

8HN0
3

+ 3Cu = 3Cu(N0 3 h + 2NO + 4H
2

0.

3HaH q,OPMYJIY Bem;eCTBa M onpep;eJIMB CTeneHM ORMCJIe-

HM.H aTOMOB XMMMqeCRMX 3JIeMeHTOB B HeM, HeTpY,D,HO npe,D,-

CRasaTb, RaRMe CBOMCTBa 6yp;eT npO.HBJI.HTb Ram,D,bIM 3JIe-

MeHT M Bem;eCTBO B IJ;eJIOM: ORMCJIMTeJIbHbIe MJIM BOCCTa-

HOBMTeJIbHbIe. HanpMMep, a30T B aSOTHOM RMCJIOTe MMeeT

MaRCMMaJIbHOe SHaqeHMe CTeneHH ORHCJIeHM.H +5, T. e. OH

+5

<'nOTep.HJI» Bce 3JIeRTpOHbI, n03TOMY N B aSOTHOM RMCJIOTe

6Y,D,eT npO.HBJI.HTb TOJIbRO ORMCJIMTeJIbHbIe CBOMCTBa. ASOT B

-3+1

aMMMaKe NH
3

MMeeT MMHMMaJIbHOe SHaqeHMe CTeneHM

ORMCJIeHM.H -3, T. e. OH He CMomeT npMH.HTb 60JIbllie HM op;-

Horo 3JIeRTpOHa, H n03TOMY aMMMaR 6Y,D,eT npO.HBJI.HTb TOJIb-

RO BOCCTaHOBMTeJIbHbIe CBOMCTBa.
+2-2

,IJ;pyroM npMMep
-

ORCMP; aSOTa (II) NO. A30T B 3TOM co-

ep;MHeHMM HMeeT rrpoMemYTOqHOe SHaqeHMe CTeneHM ORMC-

JIeHM.H M n03TOMY MomeT npO.HBJI.HTb RaR ORMCJIMTeJIbHbIe

� 0 � �

(HanpMMep: N + 2e � N MJIM N + 5e � N), TaR M BOC-

+2 +4

CTaHOBHTeJIbHbIe (HanpMMep: N - 2e � N) CBOMCTBa.

IIpMBe,D,eM rrpMMepbI BamHeMlliMX BOCCTaHOBMTeJIeM M

ORMCJIMTeJIeM.

BOCCTaHOBHTeJIH: aRTMBHbIe MeTaJIJIbI, BOP;OpOP;, yrOJIb,

ORCM,D, yrJIepop;a (II) CO, cepOBOp;opOP; H
2 S, aMMMaR NH

3

M T. p;.
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OKHCJIHTeJIH: RMCJIOPO,D" raJIOreHbI; aSOTHa.H HN0
3

M cep-

Ha.H H
2

S0
4 RMCJIOTbI, nepMaHraHaT RaJIM.H KMn04 M ,D,p.

II

I'

')
, 1. OKHCJIHTeJIbHO-BOccTaHOBHTeJIbIlbIe peaKD;HH.

2. OKHCJIHTeJIb H BOCCTaHOBHTeJIb; OKHCJIeHHe H BOC-

CTaHOBJIeHHe. 3. MeTO,D; ::meKTpoHHoro 6aJIaHca.

?
. ...............................................

1
EaKHe Ma peaKU;MH, ypaBHeHHH KOTOpbIX aanMcaHbI HM:iKe,

OTHOCHT K OKMCJIHTeJIbHO- BOCCTaHOBMTeJIbHbIM?

t

a) CaC0
3

= CaO + CO
2 ;

t

6) CO
2

+ 2Mg = 2MgO + C;

B) Ba(N0 3 h + Na
2

S0
4

= 2NaN0
3

+ BaS0
4 ;

t

r) 2AI + Cr
2

0
3

= A1
2
0

3
+ 2Cr.

2

,l];JIH OKMCJIHTeJIbHO-BOCCTaHOBMTeJIbHbIX peaKU;MH YKa:iKMTe

OKHCJIMTeJIb M BOCCTaHOBHTeJIb, npou;eCCbI OKMCJIeHMH H BOC-

CTaHOBJIeHHH, COCTaBbTe 3JIeKTpOHHble ypaBHeHHH.

,l];aHTe xapaKTepMCTMKY peaKU;HM CMHTeaa aMMMaKa no BceM

MaY'IeHHbIM BaMM npMaHaKaM KJIaCCHlimKau;HH XMMH'IeCKMX

peaKU;MH.

Ha CJIep;YIOm;HX YTBep:iKp;eHHH BbI6epMTe HCTHHHble:

a) K OKMCJIHTeJIbHO-BOCCTaHOBHTeJIbHbIM 6y,n;YT OTHOCHTbCH Bce

peaKU;HH MOHHoro o6MeHa;

6) Bce peaKD:HM MOHHoro 06MeHa He 6y,n;YT HBJIHTbCH OKMCJIM-

TeJIbHO- BOCCTaHOBMTeJIbHbIMH;

B) Bce peaKU;MM aaMem;eHHH HBJIHIOTCH OKHCJIMTeJIbHO-BOCCTa-

HOBllTeJIbHbIMM;

r) TOJIbKO HeKOTopble peaKU;llH aaMem;eHHH HBJIHIOTCH OKllCJIll-

TeJIbHO- BOCCTaHOBllTeJIbHbIMll peaRU;HHMH;

,n;) K OKllCJIllTeJIbHO-BOCCTaHOBHTeJIbHbIM peaKU;HHM OTHOCHT Te

peaKU;HM coe,n;HHeHHH H paaJIO:iKeHllH, B KOTOpbIX Y'IaCTByeT

XOTH 6bI O,n;HO npOCToe Bem;eCTBO;

e) Bce peaKU;HH paaJIO:iKeHllH H coe,n;HHeHllH He HBJIHIOTCH OKHC-

JIHTeJIbHO- BOCCTaHOBllTeJIbHbIMll.

060CHYHTe CBOIO TO'IKY apeHHH, ,n;OKa:iKllTe ee npllMepaMll

ypaBHeHHH peaKD:llH.

COrJIaCHbI JIll BbI C YTBep:iK,n;eHlleM, 'ITO HN0
3 npOHBJIHeT TOJIb-

KO OKHCJIllTeJIbHbIe CBOHCTBa, a NH
3

- TOJIbKO BOCCTaHOBll-

TeJIbHbIe? OTBeT 060CHYHTe.

3

4
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KaRoe H3 Be�eCTB

- CepOBO,n;OpO,n; H
2

8 H CepHaH RMCJIO-

Ta H
2

80
4

- npOHBJIHeT TOJIbRO OKHCJIHTeJIbHble MJIH TOJIbKO

BOCCTaHOBMTeJIbHble CBOnCTBa? TIO'IeMY?

060cHynTe Te3HC, 'ITO 80
2

MomeT 6bITb M OKMCJIMTeJIeM, H BOC-

CTaHOBMTeJIeM.

PaccTaBbTe KO::J«pqmD;HeHTbI MeTo,n;oM ::JJIeKTpOHHoro 6aJIaHCa

B CJIe,n;YIO�MX cxeMax peaRD;Mn:

a) NHg +02 � NO + H
2 0;

6) Al + 1
2
� AlIg;

B) HNO
g

+ P + H
2

0 � HgP04 + NO;

r) HCI + KMn0
4
� CI

2
+ KCI + MnCI

2
+ H

2
0.

Ha30BMTe OKMCJIHTeJIb B peaRD;MHX B3aHMo,n;encTBHH D;HHKa

C COJIHHOn H a30THon KHCJIOTaMM. ,D;JIH nOCJIe,n;Hen peaRD;HM

HCIIOJIb3ynTe aHaJIOrHIO B3aMMo,n;encTBHH a30THon KHCJIOTbI

C Me,n;bIO.
Onbtm 1

06napY:HCenue cYl£bljJam-uono6 SO�-

B O,D,HY np06MpKY HaJIeihe 1-2 MJI paCTBopa cYJIbq,aTa

HaTpM5I, a B ,D,PyrylO
- 1-2 MJI pacTBopa cYJIbq,aTa KaJIM5I.

B 06e np06MpKM no KanJI5IM ,D,06aBbTe pacTBop XJIOpM,D,a

6apM5I. 06'b5ICHMTe Ha6JIIO,D;aeMoe.

CocTaBbTe ypaBHeHM5I 3JIeKTpOJIMTM�eCKoiI ,D,MCCOIJ;Ma-

IJ;MM B35ITbIX cOJIeiI M ypaBHeHMe peaKIJ;MM 06MeHa. 3anM-

illMTe nOJIHOe M cOKpam;eHHoe MOHHbIe ypaBHeHM5I peaK-

IJ;MM.

KaKMe COe,D,MHeHM5I MorYT CJIymMTb peaKTMBOM Ha MOHbI

6apM5I Ba 2 +?

B �eM cym;HOCTb 06HapymeHM5I MOHOB C nOMOm;blO peaK-

TMBa?

rJIaBa ce)J;bMa5I

6

CBOHCTBa SneKTpOnHTOB

(XHMH�eCKHH npaKTHKYM)

"7

8

rrpaKTM�eCKaR pa60Ta �6

IlOHHbIe peaKII;MM

Onbtm 2

06napY:HCenue XftOpuiJ-uono6 CI-

llo Ta6JIMIJ;e paCTBopMMOCTM BbI5ICHMTe, KaKMe COJIM, co-

,D,epmam;Me XJIOpM,D; -MOH Cl-, HepaCTBopMMbI (MaJIOpaCTBopM-

MbI). lIpM nOMOm;M MMelOm;MXC5I y Bac peaKTMBOB ,D,OKamM-

Te, �TO B paCTBope XJIOpM,D,a HaTpM5I npMCYTCTBYIOT XJIO-

PM,D,-MOHbI.

COCTaBbTe ypaBHeHM5I ,D,MCCOIJ;MaIJ;MM cOJIeiI, peaKIJ;MM 06-

MeHa M nOJIHbIe M COKpam;eHHbIe MOHHbIe ypaBHeHM5I npOBe-

,D,eHHbIX peaKIJ;MiI.

eS7 J. _
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Onbtm 3

06napY:JfCenue cynbipam-uono6 SO�-
u xnopuiJ-uono6 CI-

B ,D,BYX rrpo6MpIWX CO,D,epmaTC5I paCTBopbI XJIOpM,D,a Ka-

JIM5I M cYJIbq,aTa MarHM5I. C rrOMo:rn;bIO KaKMX peaKIJ;MM Mom-

HO ,D,OKasaTb, qTO B O,D,HOM rrp06MpKe HaxO.n;MTC5I paCTBOp XJIO-

pM.n;a KaJIM5I, a B .n;pyrOM -

paCTBOp cYJIbq,aTa MarHM5I?

PacTBop MS rrepBoM rrpo6MpKM paS,D,eJIMTe rrOrrOJIaM M rre-

peJIeMTe B ,D,Be rrpo6MpKM. IIpMJIeMTe B O.n;HY rrpo6MpKY pac-

TBOp HMTpaTa CBMHIJ;a (II), B ,D,Pyryro
-

paCTBOp XJIOpM,D,a 6a-

pM5I. B KaKOM MS rrpo6MpoK BbIIIaJI OCa,n;OK? KaKa5I MS co-

JIeM - KCl MJIM MgS0 4
-

CO,D,epmMTC5I B rrepBoM rrp06MpKe?

PacTBop MS BTOpOM rrp06MpKM McrrbITaMTe Ha rrpMcyrcTBMe

aHMOHa, He o6HapymeHHoro B rrepBOM rrpo6MpKe. ,IJ;JI5I :3TOrO

K McrrbITyeMOMY paCTBOpy rrpMJIeMTe paCTBOp HMTpaTa CBMH-

IJ;a (II). 06'b5ICHMTe Ha6mo.n;aeMoe.

COCTaBbTe ypaBHeHM5I peaKIJ;MM 06MeHa rrpOBe,D,eHHbIX Ba-

MM peaKIJ;MM If rrOJIHbIe M COKpam;eHHbIe MOHHbIe ypaBHeHM5I

peaKIJ;MM 06HapymeHM5I MOHOB.

OlC01lI-WHue ma6Jl. 12

Onbtm 4

IIpo.n;eJIaihe peaKIJ;MM, rrO,D,TBepm,D,aro:rn;Me KaqeCTBeHHbIM

COCTaB CJIe,D,yro:rn;lfx Be:rn;eCTB: a) XJIOpM,D,a 6apM5I; 6) cYJIbq,a-

Ta MarHM5I; B) Kap60HaTa aMMOHM5I. ,IJ;JI5I BbIIIOJIHeHM5I :3TO-

ro orrbITa MCrrOJIbSYMTe Ta6JIMIJ;y 12.

OnpeAeJIHe-
HOH, PeaYJIbTaTbI

MbIH HOH
HCnOJIbayeMbIH KaqeCTBeHHOH

AJIH onpeAeJIeHHH peaKD;HH

Fe 3 +
OH- Oca.n;oK 6yporo II.BeTa

Zn2+

- -

OH- BeJIhIM oca.n;OK, rrpli lIa6hIT-

Ke IIJ;eJIOTIII paCTBopHeTCH

AI3+

--

OH- BeJIhIM meJIe06paaHhIM

OCa,n;OK, KOTOphIM rrpli

lIa6hITKe OH- paCTBopHeTCH

NH.t OH- 3arrax aMMliaKa

Ba 2 +

SO�- BeJIhIM OC8lI,OK

OKpamliBaHlie IIJIaMeHlI

B meJITO-aeJIeHhIM II.BeT

Ca 2 +

CO�- BeJIhIM oca.n;OK

OKpamliBaHlie IIJIaMeHlI

B KlIprrlITIHO-KpacHhIM II.BeT

Na+ OKpamliBaHlie IIJIaMeHII

B meJIThIM II.BeT

K+ OKpamliBaHlie rrJIaMeHII

B «plIOJIeTOBhIM II.BeT

(TIepea Ko6aJIhTOBOe CTeKJIo)
-

Cl- Ag+ BeJIhIM oca.n;OK

Br Ag+ meJITOBaThIM oca.n;OK

1- Ag+ meJIThIM oca.n;OK

SO� H+ BhIAeJIeHlIe ::;0
2

- raaa

C peaKIIM aarraXOM, o6ec-

I(BeTIlIBaIOIIJ;HM paCTBOp «PYK-
CIIHa 1I «pHOJIeTOBhlx TIepHliJI

CO� H+ BhI.n;eJIeHHe raaa 6ea aallaxa,

BhIahIBaIOIIJ;erO rrOMYTHeHlIe

HaBecTKoBoM BO.n;hI
- --

N0 3 H
2

80
4 (KOHl1)

1I Cu BhI,ZJ;eJIeHlIe 6yporo raaa

80�- Ba 2 + BeJIhIM oca.n;OK
-�

POf- Ag+ meJIThIM oca.n;OK

OH HH.n;lIKaTophI HaMeHeHlIe OKpaCKII
- -

OTIPE�E�EHMEMOHOB Ta6Jluu.a 12

OnpeAeJIHe-
HOH, PeaYJIbTaThI

MbIH HOH
HCnOJIbayeMbIH KaqeCTBeHHOH

AJIH onpeAeJIeHHH peaKD;HH

H+ HHAliKaTophI IIaMeHeHlIe OKpaCKH

Ag+ Cl- BeJIhIM oca.n;OK

Cu 2 + OH- rOJIy6oM oca.n;OK -

Cu 2 + 8 2 -

l1epHhIM oca.n;oK

Fe 2 + OH- 3eJIeHOBaThIM oca.n;oK,

KOTOphIM C TeTIeHlIeM

BpeMeHH 6ypeeT

23$
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IIpaKTM'-:IeCKa5I pa60Ta N� 7

Y CJIOBMH rrpoTeKaHMH

XMMM"tJeCKMX peaKII;MM
Mem)];y paCTBopaMM

3JIeKTpOJIMTOB )];0 KOHII;a

O nbf,m 1

B03bMHTe TPH rrp06HpKH H HaJIeiiTe B Kam,D,YIO rro 2-3 MJI

pacTBopa: B 1-10 - cYJIbcpaTa Me,n;H (II), BO 2-10 -

XJIOpH,n;a

KaJIH.H, B 3-10 - cYJIbcpaTa aJIIOMHHH.H. 3aTeM B Kam,n;ylO rrpo-

6HPKY ,n;06aBbTe: B 1-10 HeMHoro pacTBopa rH,n;poKcH,n;a HaT-

pH.H, BO 2-10 -

pacTBopa cpoccpaTa HaTpH.H, a B 3-10 -

paCT-

Bopa XJIOpH,n;a 6apH.H. qTO Ha6JIIO,n;aeTe?

CocTaBbTe MOJIeKYJI.HpHble H HOHHble ypaBHeHH.H peaK-

IJ;UM:. C,n;eJIaiiTe BbIBO,n;.

O nbf,m 2

B ,n;Be rrp06HpKH HaJIeiiTe rro 2-3 MJI pacTBopoB CYJIbcpH-

Ta HaTpH.H H Kap60HaTa HaTpH.H COOTBeTCTBeHHO. 3aTeM rrpH-

JIeHTe B KmK,n;ylO H3 HHX pacTBop a30THoH KMCJIOTbI. qTO Ha-

6JIIO,n;aeTe?
CocTaBbTe MOJIeKY JI.HpHble H HOHHble ypaBHeHH.H peaK-

IJ;HH. C,D,eJIaHTe BbIBO,n;.

Onbf,m 3

B O,n;HY rrp06MpKY HaJIeHTe 3-4 MJI pacTBopa rH,n;pOKCH,n;a

HaTpH.H M ,n;06aBbTe ,n;Be-TpM KarrJIM cpeHOJIcpTaJIeHHa. Pac-

TBOp rrpH06peTaeT MaJIHHOBbIH IJ;BeT. 3aTeM rrpHJIeHTe COJI.H-

HYIO KHCJIOTY HJIH paCTBOp cepHoH KHCJIOTbI ,n;o 06eCIJ;BeTIH-

BaHH.H.

B ,n;Pyryro rrp06HpKY HaJIeHTe rrpMMepHO 2-3 MJI cYJIbcpaTa

Me,n;H (II) H ,n;06aBbTe HeMHoro pacTBopa rH,n;pOKCH,n;a HaTpH.H.

06pa3yeTC.H rOJIy60H oca,D,OK rH,n;pOKCH,n;a Me,n;H (II). TIpM-

JIeHTe B rrp06HpKY cepHYID KHCJIOTY ,n;o pacTBOpeHH.H OCa,D,Ka.

CocTaBbTe ypaBHeHH.H rrpoHcxo,n;.HIU;HX peaKIJ;MH B MOJIe-

KYJI.HpHOM H HOHHOM BH,n;e. IIO.HCHMTe, rrOTIeMY B rrepBoH

rrpo6HpKe rrpOH30IIIJIO 06eCIJ;BeTIHBaHHe, a BO BTOpOH -

pac-

TBopeHHe OCa,D,Ka. KaKHM 06IU;HM CBOHCTBOM 06JIa,n;a1OT pac-

TBopHMble H HepacTBopHMble OCHOBaHH.H?

:24Q
".Y...

IIpaKTMLIeCKa5I pa60Ta N� 8

CBOMCTBa KMCJIOT,

OCHOBaHMM, OKCM)];OB M COJIeM

3aoanue 1

OCYIU;eCTBHTe peaKIJ;HH, xapaKTepH3YIOIU;He XHMHTIeCKHe

CBOHCTBa:

a) COJI.HHOH KHCJIOTbI (l-H BapHaHT);

6) paCTBopa cepHoH KMCJIOTbI (2-H BapHaHT).

3arrHIIIHTe ypaBHeHH.H rrpo,n;eJIaHHbIX BaMH peaKIJ;HH B MO-

JIeKYJI.HpHOH H HOHHOH cpopMax. PeaKIJ;HIO C MeTaJIJIOM pac-

CMOTpHTe KaK OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHYID.

3 aoanu e 2

TIpo,n;eJIaHTe peaKIJ;HM, xapaKTepH3YIOIU;He XHMHTIeCKHe

CBoHcTBa pacTBopa rH,n;pOKCH,n;a HaTpH.H (l-H BapHaHT).

TIOJIYTIHTe rH,n;pOKCH,n; meJIe3a (III) peaKIJ;HeH 06MeHa

M oCYIU;ecTBHTe peaKIJ;HH, xapaKTepH3YIOIU;Me ero XHMHTIe-

CKHe CBOHCTBa (2-H BapMaHT).
3arrHIIIHTe ypaBHeHM.H rrpo,n;eJIaHHbIX BaMM peaKIJ;HH B MO-

JIeKYJI.HpHOH H HOHHOH CPOpMax.

3 aoanue 3

TIOJIYTIHTe OKCH,n; cepbI (IV) H rrpo,n;eJIaHTe peaKIJ;HH, xa-

paKTepM3YIOIU;He ero XHMHTIeCKHe CBoHcTBa (l-H BapHaHT).

TIpo,n;emrn:Te peaKIJ;HH, xapaKTepH3YIOIU;He XHMHTIeCKHe

CBoHcTBa OKCM,n;a KaJIbU;H.H (2-H BapHaHT).

3arrHIIIHTe ypaBHeHH.H peaKIJ;HH B MOJIeKYJI.HpHOH H MOH-

HOH cpopMax, eCJIH 3TO B03MomHO.

3aoanue 4

TIpO,D,eJIaHTe peaKIJ;HH, xapaKTepH3YIOIU;He XHMHTIeCKHe

CBoHcTBa:

a) XJIOpH,n;a meJIe3a (II) (l-H BapHaHT);

6) XJIOpH,n;a Me,n;H (II) (2-H BapHaHT).
3arrHIIIMTe ypaBHeHH.H peaKIJ;HH B MOJIeKYJI.HpHOH H HOH-

HOH cpopMax. PeaKIJ;HH C YTIaCTHeM MeTaJIJIa paCCMOTpHTe

KaK OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHbIe.
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ITpaKTliP-reCKa5I pa60Ta N� 9

PerneHMe

3KcrrepMMeHT aJIbHbIX 38)J;a"II

1. HaJIeMTe B rrp06MpKY 1-2 MJI KOHD;eHTpMpOBaHHoro

paCTBopa cepHoH KMCJlOTbI M orrYCTMTe B Hee rpaHYJlY

D;MHKa. CocTaBbTe ypaBHeHMe peaKD;MM B MOJleKYJI.HpHOM M

MOHHOM BM,n;ax, rrOKamMTe rrepexo,n; 3J1eKTpOHOB. qTO B 3TOH

peaKD;MM .HBJI.HeTC.H OKMCJlMTeJleM?

2. B IIIeCTM rrp06MpKax Haxo,n;.HTC.H paCTBopbI XJlOpM,n;a

MarHM.H. B KatK,n;ylO MS rrp06MpoK rrOCJle,n;OBaTeJlbHO rrpMJleH-
Te CJle,n;YIOIl1;Me paCTBopbI: a) rM,n;pOKCM,n; HaTpM.H; 6) cYJlbcpaT
KaJIM.H; B) Kap60HaT HaTpM.H; r) HMTpaT D;MHKa; ,n;) cpOCcpaT
KaJlM.H; e) CYJlbcpM,n; HaTpM.H.

COCTaBbTe ypaBHeHM.H peaKD;MH, rrpOTeKalOIIJ;MX ,n;o KOH-

D;a, B MOJleKYJI.HpHOM M MOHHOM BM,n;ax.

3. ,I.J;aHbI paCTBopbI: a) Kap60HaT KaJlM.H M COJl.HHa.H KMCJlO-

Ta; 6) CYJlbcpM,n; HaTpM.H M CepHa.H KMCJlOTa; B) XJlOpM,n; D;MHKa

M a30THafl KMCJlOTa; r) CYJlbcpMT HaTpM.H M CepHafl KMCJlOTa;

,n;) CYJlbcpaT Me,n;M (II) M a30THafl KMCJlOTa.

CJleHTe rrorrapHO 3TM paCTBopbI, HeMHoro HarpeMTe M OC-

TopomHO orrpe,n;eJlMTe rro 3arraxy, B KaKMX CJlYTIaflX peaKD;MM

rrpOTeKalOT ,n;o KOHD;a M rrOTIeMY. COCTaBbTe ypaBHeHM.H CO-

OTBeTCTBYIOIIJ;MX peaKD;MM B MOJleKYJI.HpHOM M MOHHOM BM-

,n;ax.

4. OCYIIJ;eCTBMTe peaKD;MM, cxeMbI KOTOpbIX:

a) Ba 2 +
+ CO�- � BaC0

3 !;

6) 2H+ + CO�- � CO
2 t + H

2 0;

B) H+ + OH- � H
2 0;

r) Fe o
� Fe 2

+;

,n;) CuO � Cu 2
+;

e) Pb 2 +
+ S2- � PbS!.

5. IIpo,n;emriiTe peaKD;MM Mem,n;y CJle,n;YIOIIJ;MMM BeIIJ;eCT-

BaMM:

a) cepoBo,n;opO,n;HOH M XJlOpHOH BO,n;OH;

6) paCTBopOM MO,D,M,n;a KaJlM.H M XJlOpHOH BO,n;OH;

B) COJl.HHOH KMCJlOTOH M aJIIOMMHMeM;

242

r

r) KOHD;eHTpMpoBaHHoH cepHoH KMCJlOTOH M Me,n;blO (rrpM

HarpeBaHMM ).
CocTaBbTe ypaBHeHM.H peaKD;MH, rrOKamMTe rrepexo,n;

3J1eKTpoHoB. qTO .HBJI.HeTC.H OKMCJlMTeJleM M TITO
- BOCCTa-

HOBMTeJleM?

6. IIoJlb3Y.HCb paCTBOpaMM M BeIIJ;eCTBaMM, Haxo,n;.HIIJ;MMM-

C.H Ha CTOJle, rrOJlYTIMTe:

a) rM,n;pOKCM,n; meJle3a (III);

6) CYJlbcpM,n; Me,n;M (II);

B) OKCM,n; cepbI (IV);

r) Kap60HaT MarHM.H;

,n;) CBMHeD;.

COCTaBbTe MOJleKYJI.HpHble M MOHHble ypaBHeHM.H COOTBeT-

CTBYIOIIJ;MX peaKD;MH.

III
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4

rnaBa BOCbMa5I

llOpTpeTHaH ranepeH

BenHKHX XllIMHKOB

ITapan;eJIbC
(1493-1541)
...............................

OH pO�M�CH B lUBeH�apMM.
B TpM��aTM�eTHeM BospaCTe YJRe

rrpM06pe� perrYTa�MIO 3aMeTIaTe�b-

Horo BpaTIa, HarrMca� MHoro COTIM-

HeHMH no Me�M�MHe M cpapMaKo�o-
rMM. CBOM �HM OKOHTIM� B HMm;eTe

""" ...1 .

B aBCTpMHCKOM ropo�e 3Mb�6ypr.
o ero JRM3HM COXpaHM�OCb MMO

CBe�eHMH. Ero HaCTOHm;ee MMH <PM-

�Mrrrr Aypeo� TeocppaCT BOM6aCT

cpOH roreHreHM.

rrapa�e�bCOM (TITO B rrepeBo�e C �aTMHCKoro OSHaTIaeT

('cBepx6�aropO�HbIH») ero Ha3Ba�M COBpeMeHHMKM.

rrapa�e�bC BOIIIe� B MCTOpMIO HaYKM KaK OCHOBaTe�b HT-

POXMMMM, M�M MaTpOXMMMM (OT rpeTI. uampoc
-

BpaTI).
(,.51 MaTpOXMMMK,

-

rOBopM� OH,
-

rrOCKO�bKY 3HaIO M XM-

MMIO, M Me,D,M�MHY». rro ero MHeHMIO, ('HaCTOHm;aH �e�b XM-

MMM SaK�IOTIaeTCH He B M3rOTOB�eHMM 30�OTa, a B rrpMrOTOB-

�eHMM �eKapCTB». rrapa�e�bC c�e�a� rrorrbITKY C03�aTb HO-

Boe YTIeHMe 0 XMMMTIeCKMX 3�eMeHTax M XMMMTIeCKMX

rrpo�eccax. B OCHOBY 3Toro YTIeHMH OH rrO�OJRM� HOBbIe

rrpe�cTaB�eHMH 06 3�eMeHTax. rrapa�e�bc CTIMTa�: a�XMMM-

TIeCKMe TPM (,OCHOBHble HaTIa�a» Bcex MeTM�OB (pTYTb, ce-

pa M CO�b) CO�epJRaTCH M B JRMBbIX opraHM3Max. Bce 60�e3-

HM 06'bHCHHIOTCH HapYIIIeHMeM paBHOBeCMH 3TMX HaTIM

B opraHax JRMBOTHbIX M TIe�OBeKa. Ero M�eM crroc06CTBO-

Ba�M 6bICTPOMY pa3BMTMIO cpapMaKo�orMM -

HaYKM 0 �e-

KapCTBeHHbIX Bem;eCTBax M MX �eHcTBMM Ha opraHM3M.

rrapa:o;e�bc 6bI� XMMMKOM, rro TeM BpeMeHaM BeCbMa 3py-

�MpOBaHHbIM. B ero TPy�ax CO�epJRaTCH �eHHble CBe�eHMH

I
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o CBOHCTBax pa3�MTIHbIX Bem;eCTB, MX OT�MTIMHX �Pyr

OT �Pyra M �aHO orrMCaHMe paSHbIX XMMMTIeCKMX orrepa�MH.

Ho B TO JRe BpeMH OH BepM� B rrpeBpam;eHMe MeTa��OB C rro-

MOm;bIO cpM�OcocpCKoro KaMHH. OTIeHb C�OJReH H3bIK ero CO-

TIMHeHMH, OHM HaCblm;eHbI cpaHTaCTMTIeCKMMM M MMCTMTIe-

CKMMM 06pa3aMM, M 0�H03HaTIHO MCTO�KOBaTb MX TeKCT TIac-

TO HeB03MOJRHO.

y rrapa�e�bca 6bmo MHoro rrOC�e,D,OBaTe�eH. l:IaTpoxM-

MMH, oc06eHHo YTIeHMe 0 JRMSHeHHbIX npo�eccax, M3MeHM�a

cpapMa�MIO M arrTeKapcKYIO rrpaKTMKY. ArrTeKapM HaTIa�M

rrpoBO,D,MTb XMMMTIeCKMe 3KcrrepMMeHTbI M McrrO�b30BaTb rro-

�YTIeHHble 3HaHMH rrpM COCTaB�eHMM �eKapCTB. OHM ,D,eHCT-

BOBMM Ha OCHOBe caMoro BaJRHOrO rrO�OJReHMH MaTpOXMMM-

KOB: YTBepJR�eHMH 0 XMMMTIeCKOH rrpMpo�e rrpOTeKaIOm;MX

B opraHM3Me TIe�OBeKa rrpo�eCCOB M B03MOJRHOCTM B03,D,eH-

CTBOBaTb Ha HMX Bem;eCTBaMM.

l:IaTpoxMMMKM-YTIeHbIe 3a�OJRM�M OCHOBbI 3KcrrepMMeHTa

B XMMMM M OTKpbI�M TeM caMbIM rrYTb K C03�aHMIO XMMMTIe-

CKMX TeopMH.

?
. ...............................................

1
KaK BbI Cql'ITaeTe, KaEaH u;eJIb 6JIarOpOp;Hee Y XI'IMI'II'I KaE Hay-

KI'I: Ta, KOTOPYIO BbIp;Bl'IraJII'I aJIXI'IMI'IKI'I, I'IJII'I Ta, KOTOpylO CTa-

BI'IJI nepep; l'IaTpOXI'IMl'IeR IIapau;eJIbc? ,I(allTe P;OKa3aTeJIbHbIR

OTBeT.

C(j:JOPMYJII'IPYRTe caMoe BamHoe rrOJIOmeHl'Ie, Ha OCHOBe KOTO-

poro p;eRCTBOBaJIl'I l'IaTpOXI'IMI'IKI'I. MCrrOJIb3YH 3HaHI'IH rro (j:J1'I-

3l'IOJIOrI'II'I rrl'IIQeBapeHI'IH qeJIOBeKa, p;OKaml'ITe ero rrpaBI'IJIb-

HOCTb.

MaTpOXI'IMI'IKI'I rrOHI'IMaJII'I ::mcrrepl'IMeHT KaK rrOCTpoeHHoe

rro 3apaHee 06P;YMaHHOMY rrJIaHY I'ICCJIep;OBaHl'Ie
- «Borrpoc

rrpl'Ipop;e». IIpl'IBep;I'ITe rrpl'IMepbI orrbITOB:

a) p;eMOHCTpaU;I'IOHHOrO, rrpOBep;eHHoro yql'ITeJIeM;

6) JIa60paTopHoro, rrpOp;eJIaHHOrO BaMI'I JIl'IqHO,
- KOTopbIe

6bIJII'I rrocTpoeHbI TaK me.

KaK Ha3bIBalOT BpaqeR, KOTopbIe JIeqaT 60JIbHbIX B OCHOBHOM:

a) JIeKapCTBaMI'I, rrOJIyqeHHbIMI'I C rrOMOIQblO XI'IMl'IqeCKI'IX pe-

aKU;I'IR Ha (j:JapMau;eBTl'IqeCKI'IX rrpep;rrpI'IHTI'IHX; 6) TpaBaMl'I,

MI'IHepaJIaMI'I I'I p;pyrl'IMI'I BeIQeCTBaMI'I rrpl'Ipop;Horo rrpol'Icxom-

p;eHI'IH; B) CBoeR :cmeprl'IeR, I'IJII'I MY3bIKOR, I'IJII'I (j:J1'I3I'IqeCKI'IMI'I

B03p;eRCTBI'IHMI'I Ha rr03BOHOqHI'IK, CYCTaBbI? KaK BbI Cql'ITaeTe,

KaKl'Ie 1'I3 8TI'IX BpaqeR HBJIHIOTCH rrOCJIep;OBaTeJIHMI'I IIapau;eJIb-

ca B 60JIbIlleR Mepe, qeM Bce OCTaJIbHbIe? (IIpl'I 3aTpyp;HeHI'IHx

KOHCYJIbTl'IpYRTecb C TOBapI'IIQaMI'I, pOp;I'ITeJIHMI'I, yqI'ITeJIHMI'I.)
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Po6epT BO:HJIb

(1627-1691)
...............................

AHrJIMHCKMH cpMSMK M XMMMK,

O.n;MH M3 TBOpU;OB HayqHOH XMMMM,

cos.n;aTeJIb M MHOrOJIeTHMH rrpe3M-

.n;eHT JIoH,D,OHCKOro KOpOJIeBCKOro

06ru;ecTBa (c 1663).
(,BOHJIb .n;eJIaeT M3 XMMMM Hay-

KY»
- TaK Ou;eHMJI MbICJIMTeJIb

BKJIa,D, BeJIMKOrO aHr JIMHCKoro Y1:Ie-

Horo B CTaHOBJIeHMe XMMMM.

Y me B rrepBoH XMMM1:IeCKOH pa-

60Te - KHMre (,XMMMK-CKerrTMK» (1661) MOJIO.n;OH Y1:Ie-

HbIH BbICKa3aJI MHeHMe, 1:ITO XMMM.H MMeeT c06cTBeHHble U;e-

JIM M Sa,D,a1:IM, a He .HBJI.HeTC.H c06paHMeM MeTo.n;OB rrpMro-

TOBJIeHM.H JIeKapCTB MJIM M3BJIe1:IeHM.H M rrpeBparu;eHM.H Me-

TaJIJIOB. rmumOH sa.n;a1:IeH XMMMM, rro MHeHMIO P. BOHJI.H,

.HBJI.HeTC.H OTBeT Ha OCHOBHOH Borrpoc, BOJIHOBaBIIIMH Y1:Ie-

HbIX Ha rrpOT.HmeHMM MHorMX BeKOB: M3 1:Iero COCTOMT Ma-

TepMaJIbHbIH MMp, KaK COCTaB Beru;ecTB BJIM.HeT Ha MX CBOH-

cTBa?

P. BOHJIb C1:IMTaJI, 1:ITO Bce TeJIa oKpymaIOru;ero MMpa CO-

CTO.HT M3 3JteJVlenm06
- MeJIb1:IaMIIIMX 3KcrrepMMeHTaJIbHO

06HapymMBaeMbIX 1:IaCTeH Beru;ecTBa. 3JteJVlenmbl P. BOHJI.H

OTJIM1:IaIOTC.H OT cpaHTaCTM1:IeCKMX 3JteJVlenm06 Ka-

'leCm6, na'laJl, npunlfuno6 aJIXMMMKOB M MaTpOXMMMKOB

He TOJIbKO MaTepMaJIbHOCTblO, HO M COCTaBOM. OHM COCTO.HT

M3 60JIee MeJIKMX 1:IaCTMU;
- rrpo06pa30B COBpeMeHHbIX aTO-

MOB (nep6U'lnbIX 'laCmulf) M MOJIeKYJI (KopnycKYJl).
(,8JIeMeHTbI COCTO.HT M3 orrpe.n;eJIeHHbIX M rrepBM1:IHbIX coe.n;M-

HeHMH MeJIb1:IaHIIIMX 1:IaCTMU; MaTepMM ». KoprrycKY JI.HpHa.H

TeOpM.H P. BOHJI.H, rro cyru;ecTBY, 6bIJIa rrepBoH Hayq:HoH Teo-

pMeH COCTaBa Beru;ecTBa. XOT.H B 3TOH TeopMM OTCYTcTBOBaJIa

BamHeHiliaH xapaKTepMcTMKa Beru;ecTBa
-

Macca, 3Ha1:Ie-

HMe KoprrycKYJI.HpHOH TeopMM P. BOHJI.H ,D,JI.H pa3BMTM.H XM-

MMM BeJIMKO. OHa rr03BOJIMJIa paCCMaTpMBaTb peaJIbHbIH CO-

CTaB M aHaJIMSMpOBaTb XMMM1:IeCKMe CBOHCTBa KOHKpeTHbIX

Beru;eCTB. Hey.n;MBMTeJIbHO, 1:ITO P. BOHJIb BBeJI rrOH.HTMe

XUJVlU'leCKUU anaJlU3.

Pa60TbI P. BOHJI.H 060raTMJIM pa3Hble 06JIaCTM XMMMM: MC-

CJIe,D,OBaHHble MM peaKU;MM M OTKpbITbI8 Beru;eCTBa IIIMpOKO

(';-

:�.
""'"

1 !iZ' �,

&. ' ,

i 1

� t ;.'

'''''',�� ;\

'4
A�

..��

�4�
y-

MCrrOJIb30BaJIMCb B rrpaKTMKe. MaJIo M3MeHeHMH rrpeTeprreJIM

rrpe.n;JIOmeHHble P. BOHJIeM rrpM60pbI .n;JI.H orrpe.n;eJIeHM.H 06'b-

eMOB ra30B M mM.n;KocTeH. Kam.n;bIH cOBpeMeHHbIH XMMMK,

orrpe.n;eJI.H.H KMCJIOTHOCTb pacTBopa JIaKMycoBOH 6YMamKoH,

rrOBTOp.HeT orrbITbI P. BOHJI.H.

Pa3BMTMe HaYKM CTMMYJIMpOBaJIM ,D,ame Te MCCJIe.n;oBaHM.H

P. BOHJI.H, B KOTOpbIX OH He Mor .n;aTb y.n;a1:IHorO 06'b.HCHeHM.H

rrpOBe.n;eHHbIM Ha6JIIO.n;eHM.HM. HarrpMMep, pe3YJIbTaTbI M3Y-

1:IeHM.H MM rOpeHM.H, rrepeOCMbICJIeHHble 100 JIeT crrycT.H

cppaHU;Y3cKMM XMMMKOM A. JI. JIaBya3be, JIerJIM B OCHOBY

aHTMcpJIOrMCTOHHOH KMCJIOpO.n;HOH TeopMM. 06HapymeHMe

YCJIOBMH CBe1:IeHM.H cpoccpopa rrpMBJIeKJIO BHMMaHMe MHorMX

rrOKOJIeHMH XMMMKOB M cpM3MKOB K 3TOMY .HBJIeHMIO. 06ru;a.H

TeOpM.H 3Toro CJIOmHorO rrpou;ecca 6bIJIa pa3pa60TaHa JIMilib

BXXB.

?
. ...............................................

CpaBHHTe u;eJIb, KOTOpylO rrOCTaBHJI rrepep; XHMHeM P. BOMJIb,

C TeMH, KOTopbIe BbIp;BHraJI lIapau;eJIbC H KOTOpbIMH PYKOBOP;-

CTBOBaJIHCb aJIXHMHKH. RaKa5I HS HHX 60JIee COOTBeTcTByeT

XHMHH KaE HaYKe? ,I(aMTe p;oKaSaTeJIbHbIM OTBeT.

B qeM SaEJIlOqa.rraCb KoprrYCKY JI5IpHa5I TeOpH5I P. BOMJI5I?

-qTO OH HaSbIBaJI :meMeHTaMH? I1s qero COCT05IT 8TH 8JIeMeH-

TbI? RaKHe COBpeMeHHbIe rrpep;CTaBJIeHH5I 0 COCTaBe H CTpO-

eHHH BeIIJ;eCTB COOTBeTCTBYIOT ero TeopHH?

P. BOMJIb BBeJI HOBoe cop;epmaHHe rrOH5ITH5I «CBOMCTBa Be-

IIJ;eCTB». OH CqHTa.rr, qTO CBOMCTBa BeIIJ;eCTBa SaBHC5IT OT COCTaBa

H CTpOeHH5I CJIaraIOIIJ;HX BeIIJ;eCTBa qaCTHU;. IIpHBep;HTe rrpHMe-

pbI, rrop;TBepmp;alOIIJ;He crrpaBep;JIHBOCTb BosspeHHM P. BOMJI5I.

lIoH5ITHe 0 KHCJIOTHO-OCHOBHbIX HHp;HKaTopax 6bIJIO BBep;eHO

B XHMHIO P. BOMJIeM. OH rrepBbIM SaMeTHJI, qTO COK <pHa.rrKH

H JIaEMYC HSMeH5IIOT OKpaCKY rrpH p;eMCTBHH IIJ;eJIOqeM H KHC-

JIOT. IIpoBep;HTe 8TH orrbITbI. RaKHe eIIJ;e paCTeHH5I-HHp;HKaTO-

pbI H BeIIJ;eCTBa-HHp;HKaTopbI, rrpHMeH5IeMbIe B JIa60paTOpH5IX,

BbI SHaeTe? COCTaBbTe Ta6JIHU;Y, OTpa:>KaIOIIJ;YIO OKpaCKY 8THX

BeIIJ;eCTB (i[ paCTeHHM B paSHbIX cpep;ax. (lIop;cKasKa 0 paCTeHH-

5IX: Hesa6YP;Ka, Mep;YHHu;a, KpaCHa5I KanYCTa, qepHHKa, CMOpO-

p;HHa H p;p.)

P. BOMJIb BBeJI B XHMHIO rrOH5ITHe «XHMHqeCKHM aHaJIHS». 110-

5ICHHTe ero. ,I(OKamHTe, qTO BbI Tome BJIap;eeTe HeKOTopbIMH

MeTop;aMH XHMHqeCKOrO aHaJIHsa: COCTaBbTe rrJIaH pacrrOSHaBa-

HH5I Tpex TBepp;bIX BeIIJ;eCTB, BbIP;aHHbIX B rrpOHYMepOBaHHbIX

rrp06HpKax. ,I(aHbI HOP;HP; HaTpH5I, 6POMHP; 6apH5I H XJIOpHP;

Mep;H (II).
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MHXaHJI BaCHJIbeBHQ

JIOMOHOCOB

(1711-1765)

�

...............................

BeJlMKMM PYCCKMM YTIeHbIM -:m-

IJ;MKJlOrre,n;MCT, rrepBbIM PYCCKMM
aKa,D,eMMK.

M. B. JIOMOHOCOB OKa3aJl rpo-

Ma,D,HOe BJlM.HHMe Ha pa3BMTMe Hay-

KM M KYJlbTypbI B POCCMM. OH M

rr03T, KOTOpbIM OTKpbIJI HOBbIe crro-

C06bI CTMXOCJlOmeHM.H, M xy,n;om-

HMK, C03,n;aTeJlb rpaH,n;M03HbIX MO-

3aMTIHbIX rraHHO, M aBTOp rrepBoro YTIe6HMKa ,D,peBHeM MC-

TOpMM POCCMM, M KapTorpa<]J, M reorpa<]J, M reoJlor. O,D,MH
M3 BbI,n;aIOm;MXC.H eCTeCTBOMcrrbITaTeJleM CBoero BpeMeHM,

M. B. JIOMOHOCOB M3BeCTeH TaKme KaK aBTOp KHMr rro Me-

TaJlJlyprMM, KaK TaJIaHTJlMBbIM MHmeHep, rre,D,aI'or, O,D,MH M3

C03,n;aTeJleM rrepBoro B CTpaHe MOCKOBCKoro YHMBepCMTeTa

(1755). OCHOBHbIMM ,D,OCTMmeHM.HMM JIOMoHocOBa B 06J1aCTM

eCTeCTBeHHblX HaYK, B rrepBYIO OTIepe,D,b XMMMM, 6bIJIM MaTe-

pMaJlMCTMTIeCKOe MCTOJlKOBaHMe XMMMTIeCKMX .HBJleHMM, IIIM-

pOKoe BBe,D,eHMe <]JMSMTIeCKMX MeTo,n;OB M rrpe,n;cTaBJleHMM

,D,JI.H 06'b.HCHeHM.H XMMMTIeCKMX .HBJleHMM, C03,D,aHMe Koprryc-

KYJI.HpHOM TeopMM M 06m;aH <]JOPMYJlMpOBKa 3aKOHa coxpaHe-

HM.H MaCCbI Bem;eCTB M ,n;BMmeHM.H.

TaJIaHTJlMBOMY KpeCTb.HHCKOMY CbIHY Y,D,aJIOCb rrocTyrrMTb

YTIMTbC.H B MocKBe B CJlaB.HHCKO-rpeKO-JlaTMHcKYIO aKa-

,n;eMMIO. B ro,n; ee OKOHTIaHM.H (1735) M. B. JIOMOHOCOB,
KaK O,n;MH MS JlYTIIIIMX yq:eHMKOB, 6bIJI rrOCJlaH B I1eTep6ypr,
a B 1736 r. - B repMaHMIO ,n;JI.H M3YTIeHM.H MeTaJlJlyprMM

M ropHoro ,n;eJla. B 1741 r. OH BepHYJlC.H B POCCMIO eCTeCTBO-

McrrbITaTeJleM, MHTepeCYIOm;MMC.H HaM60Jlee BaJKHbIMM rrpo-

6J1eMaMM <]JMSMKM M XMMMM.

B 1740-x rr. M. B. JIOMOHOCOB pa3pa60TaJI KoprrYCKY-

JI.HpHYIO TeopMIO CTpOeHM.H Bem;eCTBa, OT,D,eJlbHble rroJlome-

HM.H KOTOpOM rrpe,n;BOCXMTMJlM rrpe,D,CTaBJleHM.H a'l'OMHO-MOJle-

KYJI.HpHOrO YTIeHM.H. ATOMbI OH HaSBaJI iJ./LeJVlenmaJVlU, a MO-

JleKYJlbI
-

lwpnYCKY.JlaJVlU. «l\OprrycKYJlbI pa3Hopo,n;HbI,
-

CTIMTaJl M. B. JIOMOHOCOB, -

Kor,n;a 3J1eMeHTbI MX paSJlMTIHbI

M COe,D,MHeHbI pa3J1MTIHbIM 06pasoM MJlM B pa3J1MTIHOM TIMCJle:

OT 3Toro 3aBMCMT 6eCKOHeTIHOe pa3Ho06pasMe TeJl »
.
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B CBoeM rrpOM3Be,n;eHMM (, Pa3MbIIIIJleHM.H 0 rrpMTIMHe Terr-

JlOTbI M xOJlo,n;a» (1744) M. B. JIOMOHOCOB rrOKa3aJI, TITO Terr-

JlOTa - 3TO He Oc06aH mM,n;KOCTb, KaR CTIMTaJlOCb paHee,

a peSYJlbTaT ,n;BMmeHM.H TIaCTMIJ; (KopnYCKY.Jl), KOTopoe rrpe-

Kpam;aeTC.H JlMilib rrpM ,D,OCTMmeHMM (, HM3IIIero rpa.z:r;yca XO-

Jlo,n;a» (TaK OH Ha3bIBaJI TeMrrepaTYPY a6COJlIOTHorO HYJI.H).
B 1 750-e rr., pa60TaH B I1eTep6ypre B XMMMTIeCKOM Jla60-

paTopMM AKa,D,eMMM HaYK, C03,D,aHHOM 6J1aI'0,n;ap.H ero MHoro-

JleTHMM YCMJlM.HM, M. B. JIOMOHOCOB MSYTIaJI ,n;eMcTBMe KMC-

JlOT Ha MeTaJIJlbI, paspa6aTbIBaJI crroc06bI rrOJlYTIeHM.H MMHe-

paJlbHbIX KpaCOK M IJ;BeTHbIX CTeKOJl M3 OTeTIeCTBeHHoro

Cblpb.H, rrpOBo,n;MJI aHaJIMSbI COCTaBa COJleM M MMHepaJlOB, co-

3,n;aBaJI PYCCKMM (, XMMMTIeCKMM .H3bIK »
.

I10,D,BO,n;.H MTor CBOMM MHorOTIMCJleHHbIM eCTeCTBeHHOHa-

YTIHbIM MCCJle,n;OBaHM.HM, B 1760 r. OH rrpe,D,JlOmMJI 06m;yIO

<]JOPMYJlMpOBKY saKOHa coxpaHeHM.H Bem;eCTBa M ,n;BMmeHM.H:

('.. .Bce rrepeMeHbI, B HaType CJlYTIaIOm;MeC.H, TaKoro CYTb co-

CTO.HHM.H, TITO CKOJlbKO TIero Y O,D,HOrO TeJla OTHMMeTC.H,

CTOJlbKO rrpMcoBoKyrrMTC.H K ,n;PyrOMY... CeM Bce06m;MM eCTe-

cTBeHHbIM saKOH rrpOCTMpaeTC.H M B caMble rrpaBMJla ,n;BMme-

HM.H... »

?
. ...............................................

IIoHcHMTe BbICKaSbIBaHMe A. C. IIYllIKMHa 0 TOM, �TO M. B. JIo-

MOHOCOB He TOJIbKO OCHOBaJI rrepBbIM B POCCMM YHMBepCMTeT,

HO M caM 6bIJI «nepBbIM PYCCKMM YHMBepCMTeTOM». HaSOBMTe

HaYKM, OCHOBbI KOTOpbIX SaJIomMJI STOT y�eHbIM.

1

2 IIpMBep;MTe npMMepbI MS Q:>MSMKM M XMMMM, nop;TBepmp;aIOIQMe

cnpaBep;JIMBOCTb SaKOHa COXpaHeHMH MaTepMM M p;BMmeHMH.

OrrHllIMTe onbITbI, nop;TBepmp;aIOIQMe BbIBOP;bI M. B. JIOMOHO-

COBa: a) «HeT HMKaKOrO COMHeHMH, �TO �aCTMIJ;bI MS Bosp;yxa,

HenpepbIBHO TeKYIQerO Ha KaJIbIJ;MHMpyeMoe TeJIO, CMellIM-

BaIOTCH C nOCJIep;HMM M YBeJIM�MBaIOT ero Bec» (nOHCHMM,

�TO KaJIbIJ;MHaIJ;MH OSHa�aeT npoKaJUfBaHMe); 6) «6es nporry-

IQeHMH BHellIHero Bosp;yxa Bec commeHHoro MeTaJIJIa OCTaeTCH

B OP;HOM Mepe>}. IIoHcHMTe, KaK MSMeHHIOTCH YCJIOBMH onbITa,

npMBep;MTe ypaBHeHMH XMMM�eCKMX peaKIJ;MM M pac�eTOB.

ECJIH ypaBHoBeCMTb BeCbI, Ha �allIKax KOTOpbIX SaKpenJIeHbI

CBe�M, a nOTOM OP;HY MS HMX same�b, TO �epes HeKOTopoe Bpe-

MH paBHOBeCMe BeCOB HapYllIMTCH. KaKaH �allIKa BeCOB nop;HM-

MeTCH? KaK MSMeHMTb STOT onbIT, �To6bI M B p;aHHOM CJIy�ae

nop;TBepp;MTb p;eMCTBMe saKOHa COXpaHeHMH MaCCbI BeIQeCTBa

rrpM XMMM�eCKMX peaKIJ;MHX?
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BbI,D,aIOIIJ;Mll:C.H CPPaJIU;Y3CKMll: XM-

MMK, aKa,D,eMMK TIapMmCKOll: aKa-

,D,eMMM HaYK. IIHTepec K eCTeCTBeH-

HbIM HaYKaM rrpO.HBMJIC.H Y A. JIa-

Bya3be eIIJ;e B IOHOCTM. Ho AHTY-
aH He CMor HapYIIIMTb CeMell:HOll:

Tpa,n;MIJ;MM: OH CTaJI 3aHMMaTbC.H

Ha IOpM,n;MTIeCKOM cpaKYJIbTeTe TIa-

pMmCKoro YHMBepCMTeTa M JIMIIIb

B cB060,n;Hoe BpeM.H, KOTopoe OCTa-

BaJIOCb rrOCJIe TPy,n;HbIX 3aH.HTMll:, CJIYIIIaJI JIeKIJ;MM rro CPM3M-

Ke, XMMMM, reOJIOrMM, MMHepaJIOrMM.

CTpeMJIeHMe K TIIJ;aTeJIbHOMY KOJIMTIeCTBeHHOMY M3Mepe-

HMIO pa3JIMTIHbIX YCJIOBMll:, BJIM.HIOIIJ;MX Ha rrpOTeKaHMe XM-

MMTIeCKMX peaKIJ;Mll:, MaCTepCTBO TOHKoro ::mcrrepMMeHTaTO-

pa M meJIaHMe paCKpbITb mrn:60JIee 06IIJ;Me 3aKOHOMepHOCTM

M. B. JIOMOHOCOB YTBepmp;a.rr, qTO P;JI.H nOJIHOrO H TOqHOrO IIO-

SHaHH.H BeIQeCTB HymHo (,SHaTb qaCTH», KOTopbIe HX COCTaBJI.H-

lOT (qTO, op;HaKO, B ero BpeM.H 6bIJIO HeBOSMomHO), «HO emeJIH

Korp;a-HH6yp;b CHe TaHHCTBO OTKpOeTC.H, TO nOp;JIHHHO XHMH.H

TOMY nepBa.H npep;BOp;HTeJIbHHIJ;a 6yp;eT». ,I(oKamHTe npaBHJIb-

HOCTb npep;CKaSaHH.H yqeHoro.

HaSOBHTe npH"'IHHbI MHoroo6paSH.H BeIQeCTB, KOTopbIe BbI.HBHJI

M. B. JIOMOHOCOB. KaKHMH npH"'IHHaMH 06YCJIOBJIeHbI paSJIH-

qM.H B CBOll:CTBax CJIep;YlOIQMX BeIQeCTB: a) cepHHCTbIll: ras 802'

yrJIeKHCJIbIll: ras CO
2 ; 6) yrapHbIll: ras CO H yrJIeKHCJIbIll: ras

CO
2

? HanHIIIHTe HaY"'IHbIe HaSBaHH.H 8THX BeIQeCTB, onpep;e-

JIHTe CTeneHH OKMCJIeHM.H 8JIeMeHTOB, 06paSYlOIQMX 8TH coep;H-

HeHM.H.

(,IIIHpoKO pacnpOCTpaH.HeT XHMH.H PYKH CBOH B p;eJIa "'IeJIOBe"'Ie-

CKHe... Kyp;a HH nOCMOTpHM, Kyp;a HH OrJI.HHeMC.H, Besp;e o6pa-

IQalOTC.H npep; OqaMH HaIIIHMM ycnexH ee npHJIemaHH.H». IIpH-

Bep;HTe npMMepbI, nop;TBepmp;alOIQHe 8TH CJIOBa, H OXapaKTe-

pMSYll:Te pOJIb XHMHH B COBpeMeHHOM MHpe. ,I(OKamHTe,

qTO Kamp;OMY qeJIOBeKY B HaIIIe BpeM.H He06xop;MMO SHaTb OC-

HOBbI XMMHH, «...KOTOpa.H HH"'IerO HHoro OT Bac He nOmeJIaeT,

KaK npHJIemHOrO B Hell: ynpamHeHH.H, K BailieMY caMMX Bac YK-

paIIIeHHlO H 060raIQeHMlO» (Moo B. JIOMOHOCOB).
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AHTyaH JIopaH JIaBya3be

(1743-1794)

rrpMpo,n;bI
- OCHOBHble TIepTbI TBOpTIeCKOrO MeTO,D,a A. JIa-

Bya3be
- CcpOpMMpOBaJIMCb Y Hero eIIJ;e B ro,n;bI YTIe6bI.

B 70-x rr. XVIII B. A. JIaBya3be rrpMCTyrrMJI K peIIIe-

HMIO HaM60JIee BamHOll: rrp06JIeMbI XMMMM
-

M3YTIeHMIO

rrpoIJ;eCCOB rOpeHM.H M ,n;blxaHM.H, KOTopble paccMaTpMBaJIM

Tor,n;a C rr03MIJ;MM TeopMM cpJIOrMCTOHa, HOCMTeJI.H (,rOpIOTIeC-

TM» TeJI.

YTIeHoMY rroTpe60BaJIOCb OKOJIO ,n;BYX ,n;eC.HTMJIeTMll: Ha-

rrp.HmeHHOll: pa60TbI, TIT06bI ,n;OKa3aTb HecoBepIIIeHcTBo :3TOll:

TeopMM. OH rrpOBeJI MHorOTIMCJIeHHble KOJIMTIeCTBeHHbI8 aHa-

JIM3bI rrpo,n;YKTOB peaKIJ;Mll: M YCTaHOBMJI, TITO ropeHMe
-

:3TO He pa3JIOmeHMe (,rOpIOTIMX BeIIJ;eCTB» C BbI,n;eJIeHMeM

cpJIOrMCTOHa, a coe,n;MHeHMe BeIIJ;eCTB C KMCJIOpO,n;OM. A. JIa-

Bya3be (,BrrepBble rrOCTaBMJI Ha HorM BCIO XMMMIO, KOTO-

paH B CBOell: cpJIOrMCTOHHOll: cpopMe CTO.HJIa Ha rOJIOBe » .

B 1783 r. A. JIaBya3be rrpMBeJI ,D,OKa3aTeJIbCTBa CJIOmHOll:

rrpMpO,D,bI BO,n;bI. OKa3aJIOCb, TITO caMoe pacrrpocTpaHeHHoe

Ha 3eMJIe BeIIJ;eCTBO rrpe,n;cTaBJI.HeT c060ll: OKCM,n; (, rOpIOTIerO

Bos,n;yxa» (Bo,n;opo,n;a).
(,rOpIOTIMll: B03,n;yX» A. JIaByasbe 06HapymMJI M B COCTaBe

rrpo,n;YKTOB crOpaHM.H (,mMBOTHbIX M paCTMTeJIbHbIX TeJI»,

KaK Ha3bIBaJIM Tor,n;a opraHMTIeCKMe coe,n;MHeHM.H. OH BbI.HC-

HMJI, TITO :3TM BeIIJ;eCTBa COCTO.HT M3 yrJIepo,n;a, Bo,n;opo,n;a

M KMCJIopo,n;a. TeM CaMbIM JIaBya3be 3aJIOmMJI OCHOBbI aHa-

JIM3a opraHMTIeCKMX coe,n;MHeHMll:, TITO C03,D,aJIO rrpe,n;rroCbIJI-

KM ,n;JI.H B03HMKHOBeHM.H B XIX B. OpraHMTIeCKOll: XMMMM.

B 1789 r. A. JIaBya3be orry6JIMKOBaJI (,HaTIaJIbHbIll: KYpC

XMMMM », B KOTOpOM 6bIJIa rrpMBe,n;eHa (, Ta6JIMIJ;a rrpOCTbIX

TeJI». B :3TOT crrMCOK rrpOCTbIX BeIIJ;eCTB BOIIIJIM 23 :3JIeMeHTa

(KMCJIOpO,n;, a30T, BO,D,OpO,n;, cepa, cpoccpop, yrJIepo,n; M T. ,n;.)

M HeKOTopble COe,D,MHeHM.H (M3BecTb, rJIMH03eM, KpeMHe3eM

M T. ,D,.).

...............................

?
. ...............................................

HaY"'IHbIll: nepeBopOT, cOBepIIIeHHbIll: BbI,lJ;alOIQHMC.H QJPaHIJ;YS-

CKHM Y"'IeHbIM A. JIaByasbe B 70-x rr. XVIII B., "'IaCTO HaSbIBa-

lOT ('BeJIMKOll: QJPaHIJ;YSCKOll: peBOJIlOIJ;Hell: B XHMHH». B qeM sa-

KJIlOqaeTC.H CYTb 8TOll: peBOJIlOIJ;MH? HaSOBHTe rJIaBHbIll: BKJIap;

B XMMHID A. JIaByasbe.

KaK BbI nOHHMaeTe CYIQHOCTb npOIJ;eCCOB rOpeHM.H M p;bIXaHM.H?

CpaBHHTe HX, BbI.HBHTe CXOp;CTBO M paSJIHqM.H. OTJIHqalOTC.H JIH

BaIIIH npep;CTaBJIeHH.H OT cymp;eHHll: A. JIaByasbe?

OnHIIIHTe onbITbI, KOTopbIe p;OKaSbIBalOT, "'ITO Bop;a
- CJIOmHOe

BeIQeCTBO.
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IIoflcHMTe, IIO"IeMY C06JIIO,n;aeTCfl SaKOH COXpaHeHMfl MaCCbI Be-

IQeCTBa IIPM XMMM"IeCKMX peaKIJ;MflX, OnMpaflCb Ha nOHflTMe

XMMM"IeCKOrO 9JIeMeHTa, CIPOPMYJIMpOBaHHOrO A. JIaByasbe:
«...IIpe,n;eJI ,n;eJIMMOCTM BeIQeCTBa, ,n;OCTMraeMbIM npM nOMOIQM

CYIQeCTBYIOIQMX CeM"IaC MeTO,n;OB aHaJIMSa,).

KaK BbI C"IMTaeTe, nO"IeMY B CnMCOK XMMM"IeCKHX 9JIeMeHTOB,

COCTaBJIeHHbIM A. JIaByasbe, BOlliJIM HeKOTOpbIe CJIOmHbIe Be-

IQeCTBa?

BamHeMlliMe KJIaCCbI coe,n;MHeHMM no CMCTeMe A. JIaByasbe -

KMCJIOTbI, OCHOBaHMfl M COJIM. OT JIM"IalOTCfl JIM ero npe,n;CTaBJIe-

HMfl OT BanIMX? ,L(aMTe ,n;OKaSaTeJIbHbIM OTBeT, npMBe,n;MTe onpe-

,n;eJIeHMfl TepMMHOB
- HaSBaHMM KJIaCCOB CJIOmHbIX BeIQeCTB

M npMMepbI coe,n;MHeHMM (HaSBaHMfl M IPOPMYJIbI MX).
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RJIO)]; JIYH BepTOJIJIe

(1748-1822)
...............................

«PpaH:O;Y3CKMM XMMMK, aml.n;e-

MMK IIapMmcKoM aml.n;eMMM HaYK,

C03,D,aTeJlb TeopMM XMMMqeCKOro

CpO,D,CTBa Bem;eCTB, nepBbIM HaqaJI

CMCTeMaTMqeCKMe MCCJle,D,OBaHM.H

XMMMqeCKMX paBHOBecMM.
PellIa.H npaKTMqeCKMe 3a.n;aqM,

K. BepToJlJle C,D,eJlaJl p.H,l]; BamHbIX

OTKpbITMM. TaK 6bIJIa COS,l];aHa rrep-

BaH TeOpM.H XMMMqeCKMX paBHO-

BeCHbIX rrpo:o;eCCOB. Bo BpeM.H CBoero rrpe6bIBaHM.H B ErMrrTe

C BOMCKaMM rro,D, KOMaH,l];OBaHMeM HarrOJleOHa K. BepToJlJle
SaMHTepeCOBaJlC.H COCTaBOM BO,l];bI COJl.HHbIX 03ep M YCJlOBM.H-

MM 06paSOBaHM.H CO,l];bI B 3TMX eCTeCTBeHHbIX (, cpa6pMKax co-

JleM». 1I3yqeHMe 06pa30BaHM.H 3TMX paCTBopOB rrpMBeJlO ero

K BbIBO,l];Y, qTO YCJlOBM.H XMMMqeCKOro rrpeBpam;eHM.H (oco-
6eHHO Macca M ('CPO,l];CTBO») peareHTOB, a TaKme TeMrrepaTY-

pa OqeHb BJlM.HIOT Ha rrpOTeKaHMe peaK:O;MM. IIpM 3TOM B sa-

BMCMMOCTM OT paSJlMqHbIX YCJlOBMM rrpo:o;ecca M3 O,l];HMX M Tex

me MCXO,D,HbIX Bem;eCTB MOryT 06pa30BblBaTbC.H COe,l];MHeHM.H

pa3J1MqHOrO COCTaBa. IIpOTMB 3Toro BbIBO,l];a peSKO BbIcTyrrMJI

ero COOTeqeCTBeHHMK JK. JI. IIpYCT. Ha OCHOBaHMM orrbITOB

C paSJlMqHbIMM Bem;eCTBaMM IIpYCT rrpMllIeJl K BbIBO,l];Y,

qTO COCTaB O,l];HOro M Toro me COe,l];MHeHM.H rrOCTO.HHeH, Ka-

KMM 6bI rrYTeM OHO HM 6bIJIO rrOJlyqeHo. ,IJ;MCKYCCM.H Mem,l];Y
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,l];BYM.H yqeHbIMM, ,D,JlMBllIaHC.H C 1801 rro 1808 r., OKOHqM-

JlaCb OTKpbITMeM O,D,HOro M3 oCHOBOrrOJlaralOm;MX 3aKOHOB XM-

MMM -

3aKOHa rrOCTO.HHCTBa COCTaBa COe,l];MHeHMM. CrrycT.H
CTO JleT H. C. KYPHaKoB OTKpbIJI COe,D,MHeHM.H rrepeMeHHoro

COCTaBa, Ha3BaB MX 6epTOJlJlM,l];aMM, M rrOKa3aJl, qTO M,D,eM

K. BepToJlJle rr03BOJl.HIOT rrOH.HTb 60Jlee rJly60KMe 3aKOHOMep-

HOCTM 06pa30BaHM.H Bem;eCTB.

BamHbIe OTKpbITM.H K. BepToJlJle C,l];eJlaJl rrocJle Toro, KaK

CTaJI rrepBbIM Cpe,l];M XMMMKOB rrOCJle,l];OBaTeJleM aHTMcpJlOrMC-
TOHHOM TeopMM A. JI. JIaBya3be (c 1785 r.); OH YCTaHOBMJI
COCTaB aMMMaKa, CMHMJlbHOM KMCJlOTbI, cepOBO,D,OpO,l];a. IIsy-
qeHMe CBOMCTB ,l];BYX rrOCJle,D,HMX COe,D,MHeHMM rrpMBeJlO ero

K BbIBO,D,Y 0 BOSMomHOCTM cym;ecTBOBaHM.H 6ecKMCJlOPO,D,-
HbIX KMCJlOT.

B cepe,l];MHe 1780-x rr. K. BepToJlJle paspa60TaJl crroc06 6e-

JleHM.H rrOJlOTHa, BOCKa, 6YMamHoM MaCCbI XJlOPOM. 8TOT crro-

c06 HallIeJl llIMpOKoe pacrrpOCTpaHeHMe B EBporre. B 3TO me

BpeM.H K. BepToJlJle rroJlyqMJI COJIM XJlOpHOBaToM M XJlOpHOM
KMCJlOT. Cpe,l];M 3TMX COJleM HaM60Jlee MSBeCTHa KCI0

3
- XJlO-

paT KaJIM.H. TI03,D,Hee 3TO Bem;eCTBO CTaJIM Ha3bIBaTb 6epTOJle-
TOBOM COJlblO.

K. BepTOJlJle MHoro c,l];eJlaJI ,l];JI.H pa3BMTM.H HaYKM M BbIC-

llIero 06pa30BaHM.H BO «PpaH:O;MM: OCHOBaJI JlyYIllIMe ,D,OHbIHe

BbICllIMe yqe6HbI8 saBe,l];eHM.H
-

HOpMaJIbHYIO M rrOJlMTeXHM-

qecKYIO llIKOJlbI B TIapMme; COS,D,aJI KPyrrHeMllIMM HayqHbIM
mypHaJI (,AHHaJIbI XMMMM».

?
. ...............................................

K. BepTOJIJIe OTKpbIJI coe,n;MHeHMfl nepeMeHHoro COCTaBa. Ka-

KMe MCCJIe,n;OBaHMfl no,n;BeJIM ero K TaKOMY BbIBO,n;y? KaKMe

npe,n;cTaBJIeHMfl 0 npoTeKaHMM XMMM"IeCKHX npOIJ;eCCOB BBeJI

B XMMMIO 9TOT yqeHbIM?

B qeM SaKJIlO"IaeTCfl CYIQHOCTb HaY"IHoM ,n;MCKYCCMM 0 COCTaBe

BeIQeCTB? qeM OHa saKOH"IMJIaCb? IIpe,n;noJIomMTe, "ITO 6bIJIO

6bI, eCJIM 6bI no6e,n;MJIO npOTMBOnOJIOmHOe MHeHMe. KaK HSMe-

HMJIaCb 6bI Tor,n;a TeopMfl H npaKTHKa XMMMH?

KaKYIO COJIb M nO"IeMY HaSbIBalOT 6epTOJIeTOBoM? HanHlliMTe ee

IPOPMYJIY M HayqHOe HaSBaHMe, HaM,n;MTe CTeneHM OKMCJIeHMfl

06pasYIOIQMX 9TO coe,n;MHeHMe 9JIeMeHTOB, BbIBe,n;MTe IPOPMYJIbI
KMCJIOTbI M OKCM,n;a, cooTBeTcTBYIOIQMX 9TOM COJIM.

HasoBMTe BeIQecTBa, COCTaB KOTOpbIX YCTaHOBMJI K. BepTOJIJIe.
HanMlliMTe MX 1P0PMYJIbI. IIo"IeMY 6bIJI BroKeH BbIBO,n; 0 CYIQeCT-

BOBaHMM 6eCKMCJIOPO,n;HbIX KMCJIOT?
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,lI;:m:OH ,lI;aJIbTOH
(1766-1844)
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AHrJlMHCKMH <]JM3MK M XMMMK,

TIJleH JIoH,n;oHcKoro KOpOJleBCKOro

06IIJ;eCTBa, C03,n;aTeJlb XHMMTIeCKOH

aTOMMCTMKM, BBeJl B XMMMIO rrOH.H-

TMe 06 aTOMHOM Bece.

Ha6J1IO,n;a.H 3a aTMoc<]JepHbIMM

.HBJleHM.HMM, ;z:J;. ;z:J;aJlbTOH saMHTepe-

COBaJlC.H COCTaBOM B03,D,yxa. 1:13YTIe-
HMe COCTaBa M CBOHCTB B03,n;yxa

rrpHBeJlO ero K OTKpbITMIO p.H,n;a 3a-

KOHOB: 3aKOHa rrapD;MaJlbHbIX ,n;aBJleHMH B raSOBbIX CMeC.HX

(1801), 3aKOHa TerrJlOBOrO paCrrIMpeHM.H raSOB (1802) M sa-

KOHa pacTBopMMOCTM ra30B B JRM,D,KOCT.HX (1803). 8TM 3aKO-

HbI CTaJlM BaJKHbIMM BexaMM Ha rrYTM C03,D,aHM.H TeopMM co-

CTaBa ra30B <]JM3MTIeCKOH aTOMHCTMKM. IIpMH.HB rMrrOTe3Y

o pa3J1MTIHOH BeJlMTIMHe aTOMOB ra30B, OKpYJReHHbIX TerrJlO-

BOH 060JlOTIKOH, ;z:J;. ,IJ;aJlbTOH 06'b.HCHMJI TaKMe <]JMSMqeCKMe

.HBJleHM.H, KaK paCiliMpeHMe ra30B rrpM HarpeBaHMM, xapaK-

Tep ,D,M<]J<]JY3MM ra30B, 3aBMCMMOCTb MX ,n;aBJleHM.H OT BHeIII-

HMX YCJlOBMH.
OT <]JM3MTIeCKOH aTOMMCTMKM OH rrepeIIIeJl B 1803 r. K co-

3,n;aHMIO XMMMTIeCKOH aTOMMCTMKM. ATOMMCTMTIeCKaH Teo-

pM.H ;z:J;. ;z:J;aJlbTOHa rrOKa3aJIa BaJRHOCTb TeOpeTMTIeCKMX B03-

3peHMH ,n;JI.H pa3BMTM.H :::mcrrepMMeHTaJIbHbIX XMMMTIeCKHX

MCCJle,n;oBaHMH. OCHOBHbIMM rrOJlOJReHM.HMM XMMMTIeCKOH

aTOMMCTMKM ;z:J;. ;z:J;aJIbTOHa 6bIJIM CJle,n;YIOIIJ;Me:

1. MaTepM.H COCTOMT M3 MeJlbTIaHIIIMX TIaCTHD;
-

He,n;eJlM-

MbIX aTOMOB, KOTOpbI8 He C03,n;aIOTC.H M He pa3pYiliaIOTC.H.

2. Bce aTOMbI o,n;Horo 3J1eMeHTa o,n;MHaKOBbI rro BeJlMTIMHe

M MMelOT o,n;MHaKOBYIO Maccy (Bec).
3. ATOMbI pa3J1MTIHbIX 3J1eMeHTOB 06J1a,D,aIOT pa3J1MTIHOH

MaccoH M pa3MepaMM.

4. CJlOJRHble TIaCTMD;bI «'CJlOJRHbIH aTOM») COCTO.HT MS orr-

pe,n;eJleHHOrO qMCJla BXO,n;.HIIJ;MX B 3TO BeIIJ;eCTBO pa3J1MTIHbIX

aTOMOB.

5. Macca CJlOJRHOH TIaCTMD;bI orrpe,D,eJl.HeTC.H CYMMOH Macc

COCTaBJI.HIOIIJ;MX ee aTOMOB 3J1eMeHTOB.

IIoJloJRMB B OCHOBY c03,n;aHHoH MM aTOMMCTMTIeCKOH Te-

OpMM rrpe,n;cTaBJleHMe 06 OTHOCMTeJlbHOM aTOMHOM Bece (OT-
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HOCMTeJlbHOH aToMHoH Macce), ,IJ;. ;z:J;aJlbTOH BBeJl B XMMMIO

KOJlMTIeCTBeHHYIO xapaKTepMcTMKY aTOMOB M TeM caMbIM

OKOHqaTeJlbHO ,D,OKa3aJl MX MaTepHaJIbHOCTb. ATOMHaH Mac-

ca CTaJla B ,n;aJIbHeHilieM O,n;HOH MS OCHOBHbIX xapaKTepMc-
TMK BeIIJ;eCTB.

B 1803 r. ;z:J;. ;z:J;aJlbTOH COCTaBMJI rrepBYIO Ta6J1MD;Y OTHOCM-

TeJlbHbIX aTOMHbIX Macc 3J1eMeHTOB M OTHOCMTeJlbHbIX MOJle-

KYJI.HpHbIX Macc BeIIJ;eCTB. 3a e,n;MHMD;Y OH rrpMH.HJI aTOMHYIO

Maccy Bo,n;opo,n;a. B 3TOH Ta6J1MD;e BrrepBbIe 6bIJIM YCTaHOBJle-

HbI OTHOCMTeJlbHbI8 aTOMHble MaCCbI Bo,n;opO,D,a, KHCJlOpO,D,a,

a30Ta, yrJlepo,n;a, aMMMaKa, OKCM.n;OB cepbI, a30Ta M ,D,PyrMx

3J1eMeHTOB.

OTKpbIJI B 1804 r. saKOH KpaTHbIX oTHoIIIeHMH: eCJlM ,n;Ba

3J1eMeHTa 06pa3YIOT HeCKOJlbKO coe,n;MHeHMH, TO MaCCbI o,n;-

Horo 3J1eMeHTa, rrpMxo,n;.HIIJ;MeC.H Ha O,D,HY M TY JRe Maccy

,n;pyroro, OTHOC.HTC.H KaK D;eJlbIe TIMCJla.

3acJlyra;z:J;. ;z:J;aJIbTOHa B pa3BMTMM XMMMM orpOMHa: OH Ha-

MeTMJI BepHbIH rrYTb KOJlMTIeCTBeHHoro orrpe,n;eJleHM.H COCTa-

Ba XMMMqeCKMX BeIIJ;eCTB, rrpe,n;JlOJRMJI CMCTeMY SHaKOB ,n;JI.H

(,rrpOCTbIX» M (,CJlOJRHbIX» aTOMOB. ;z:J;. ,IJ;aJlbTOH rrpOBo,n;MJI

MCCJle,D,OBaHM.H, HarrpaBJleHHbIe Ha YTOTIHeHMe OT,D,eJlbHbIX

rrOJlOJReHMH M pa3'b.HCHeHMe CYIIJ;HOCTM aTOMMCTMTIeCKOH

TeopMM.

?
.

I
I
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PacKpoiiTe OCHOBHbIe rrOJIOmeHM5I aTOMMCTM'IeCKOH TeopMM

,L(. ,L(aJIbTOHa (HaSOBMTe MX M rrpOMJIJIIDCTpMPYHTe rrpMMepa-

MM). ,L(oKamMTe, 'ITO 8Toro yqeHorO crrpaBep;JIMBO HaSbIBaJIM

«OTIJ;OM COBpeMeHHOH XMMMM».

2
KaKMe OCHOBHbIe xapaKTepMCTMKM a) aTOMa, 6) MOJIeKYJIbI

BBeJI ,L(. ,L(aJIbToH?

PaccKamMTe 0 rrepBoH Ta6JIMIJ;e OTHOCMTeJIbHbIX aTOMHbIX M

MOJIeKYJI5IpHbIX Macc Be:w;eCTB, COCTaBJIeHHOH ,L(. ,L(aJIbTOHoM.

1I0'IeMY 8TM MaCCbI OTHOCMTeJIbHbIe?

lIop;TBepp;HTe KOHKpeTHbIMM rrpMMepaMM MbICJIH ,L(. ,L(aJIbTOHa
o CY:W;HOCTM XMMHqeCKMX peaKIJ;MH: «HMKaKoe HOBoe cosp;a-

HMe MJIM paspYllieHMe MaTepMM He MomeT 6bITb p;OCTHrHYTO XM-

MM'IeCKMM p;eHCTBMeM... Ep;MHCTBeHHbIe MSMeHeHM5I, KOTopbIe

MbI MomeM rrpOMSBeCTM, COCT05IT B OTp;eJIeHMM P;Pyr OT P;Pyra

'IaCTMIJ;, HaXOp;5I:W;MXC5I Ha paCCT05IHMM ». HarrHlliMTe ypaBHe-

HM5I XMMM'IeCKMX peaKIJ;MH paSHoro TMrra H 06cyp;MTe rrpOMCXO-

p;5I:W;Me MSMeHeHM5I C TO'IKM SpeHM5I 3Toro BbICK3.3bIBaHM5I.

3
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B O,lJ;HHaROBbIX 06'LeMaX pa3JIH'IHbIX ra30B Ha-

XO,lJ;HTCH O,lJ;HHaROBOe wmCJIO MOJIeRYJI npH O,lJ;HHX

H Tex me YCJIOBHHX (TaRHX, RaR TeMnepaTypa
H ,lJ;aBJIeHHe).

I
I

III
I

AMe,lJ;eO ABOra,lJ;pO

(1776-1856)

l:lTaJIb.HHCKMH XMMMK M <]JM3MK,

TIJIeH AKa,D,eMMM HaYK B Typmm,

O,n;MH M3 c03,n;aTeJIeH aTOMHO-MO-

JIeKYJI.HpHOrO YTIeHM.H, OTKpbIJI sa-

KOH, rrOJIyTIMBIlIMH BrrOCJIe,D,CTBMM

ero MM.H.

IIpo,n;oJIJRaH ceMeHHYIO Tpa,n;M-

U;MIO, A. ABora.n;po CTaJI a,D,BOKa-

TOM. O,n;HaKO MHTepec K eCTeCT-

BeHHbIM HaYKaM, rrp06y,n;MBIlIMHC.H

Y Hero B MOJIO,n;OCTM, KpYTO M3MeHMJI ero JRM3HeHHbIH rrYTb.

B 1806 r. OH HaTIMHaeT rrperro,n;aBaTb <]JM3MKY B TYPMH-
CKOM YHHBepcMTeTe. HaM60JIee BaJRHbIMM pa60TaMM ,n;JI.H

pa3BMTM.H OCHOBHbIX rrOJIOJReHMH XMMMM 6bIJIM TPM CTaTbM

A. ABora.n;po, orry6JIMKOBaHHbIe B 1811-1821 rr. B 3TMX

CTaTb.HX C<]JOPMYJIMPOBaHbI BaJRHeHiliMe BbIBO,n;bI, KOTopbIe

JIerJIH BrrOCJIe,n;CTBMM B OCHOBY aTOMHO-MOJIeKYJI.HpHOrO

YTIeHM.H. (Pe3YJIbTaTbI 3TMX pa60T A. ABora.n;po 6bIJIM rrpM-

3HaHbI JIMilib B 1860 r. Ha MeJR,n;YHapo,n;HOM KOHrpecce XM-

MMKOB B KapJICpY3.)
A. ABOra,D,pO rrepBbIM HaTIaJI CMCTeMaTMTIeCKM orrpe,D,e-

JI.HTb KaqeCTBeHHbIH M KOJIMTIeCTBeHHbIH COCTaB Coe,D,MHe-

HMH, MCXO,n;.H M3 OTHOIlIeHM.H 06'beMOB 06pa3YIOIIJ;MX MX raso-

06pasHbIx Bern;eCTB. 8TO rrOSBOJIHJIO eMY rrpaBHJIbHO YCTaHO-

BMTb <]JOPMYJIbI TaKMX BaJKHbIX Coe,D,MHeHMH, KaK aMMMaK,

OKCM,D,bI aSOTa, cepoBo,D,OpO,D" 3TMJIeH, MeTaH M ,D,p. A. ABO-

ra.n;po 3arrMCaJI <]JOPMYJIY BO,n;bI H
2

0 B OTJIMTIMe OT rrpe,D,JIo-

JReHHOH ;z:J;. ;z:J;aJIbTOHOM HO, yrJIeKMCJIOrO ra3a - CO
2

BMe-

CTO rrpMH.HTorO paHee CO, OKCM,D,a yrJIepo,n;a (II) - CO BMe-

CTO C
2 0, MeTaHa CH

4
-

paHee CH
3 , 3TMJIeHa - C

2
H

4
BMeCTO

CH (Bce <]JOPMYJIbI 3arrMcaHbI Ha OCHOBaHMM COBpeMeHHbIX

rrpe,n;cTaBJIeHMH 06 OTHOCMTeJIbHOH aToMHoH Macce pa3JIMTI-

HbIX 3JIeMeHTOB M C MCrrOJIb30BaHMeM cOBpeMeHHoH XMMMqe-

CKOH CMMBOJIMKM).
l:IMeHeM ABora.n;po Ha3BaHa YHMBepCaJIbHa.H rrOCTO.HH-

Ha.H - TIMCJIO MOJIeKYJI B 1 MOJIb BeIIJ;eCTBa, TIMCJIeHHO paB-

Ha.H 6.10 23
. A. ABora.n;po (1811) OTKpbIJI 3aKOH, rr03BOJIMB-

IlIMH orrpe,D,eJI.HTb KOJIMTIeCTBeHHbIe xapaKTepMCTMKM ra30-

06pa3HbIx BeIIJ;eCTB:

,c-
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8TOT 3aKOH HOCMT MM.H ero rrepBooTKpblBaTeJI.H.
A. ABora.n;po YCTaHOBMJI, TITO ,n;aJRe TaKMe rrpOCTbIe ra30-

06pa3HbI8 BeIIJ;eCTBa, KaK a30T, KMCJIOpO,n;, BO,n;OpO,n;, cyrn;ecT-

BYIOT B BM,n;e ,n;ByxaToMHbIX MOJIeKYJI, a He aTOMOB, KaK rrpe,n;-

rrOJIaraJIH;z:J;. ;z:J;aJIbTOH, a BrrOCJIe,n;CTBMM M. Bepu;eJIMYC.
Ha OCHOBaHMM 3TMX paCCYJR,D,eHMH A. ABora.n;po rrpe,n;JIO-

JRMJI rrpOCTOH M Ha.n;eJRHbIH crroc06 orrpe,n;eJIeHM.H OTHOCM-

TeJIbHbIX Macc MOJIeKYJI ra3006pa3HbIX BeIIJ;eCTB ,n;eJIeHMeM
MX rrJIOTHOCTeH Ha rrJIOTHOCTb Bo,n;opo,n;a, rrpMH.HTYIO yqeHbIM
3a 3TaJIOH.

COrrOCTaBMB YCTaHOBJIeHHbIe TaKMM 06paSOM MOJIeKYJI.Hp-
HbIe MaCCbI ra3006paSHbIX Bern;eCTB C MX COCTaBOM, A. ABO-

ra,D,po HaIlIeJI MOJIeKYJI.HpHbIe M aTOMHbIe MaCCbI KMCJIOpO-
,n;a, a30Ta, yrJIepo,n;a, cepbI, <]Joc<]Jopa, XJIopa, 6JIHSKMe K MX

COBpeMeHHbIM SHaTIeHM.HM.

?
.

1

........................... ...................

,D;aHTe (jJopMymlpOBKY saKOHa A. ABora.n;po. HaSOBfITe Bam-

HeHnm:e CJIe.n;CTBMR, BbITeKalO:W;Me HS 9�oro SaEOHa.

IIoqeMY .n;JIR SaEOHa A. ABora.n;po He06xo.n;MMO YKaSbIBaTb,
qTO saBMCMMOCTb, C(jJOPMYJIMpOBaHHaH B HeM, .n;eHcTByeT TOJIb-

KO npH o.n;MHaKOBbIX YCJIOBMRX (TeMnepaType, .n;aBJIeHMM)?

PaCCqMTaHTe, o.n;MHaROBoe MJIM pasHoe qMCJIO MOJIeKYJI co.n;ep-
maT paSHble nOpIJ;MM rasa:

a) 11,2 JI npM H. y.;

6) 0,125 MOJIb npM 4 aTM M 0 °C;

B) 5,6 JI npM 0 °C M 2 aTM;

r) 0,5 MOJIb npM H. y.

Onpe.n;eJIMTe 9TO qMCJIO.

HasoBMTe Be:w;eCTBa, (j:JOPMYJIbI KOTOpbIX npaBMJIbHO onpe.n;e-
JIMJI A. ABora.n;po, M nORCHMTe, RaE OH 9TO c.n;eJIaJI. COCTaBbTe

MX (j:JOPMYJIbI.

HarrMIlIMTe (j:JOPMYJIbI KHCJIOpo.n;a, aSOTa, Bo.n;opo.n;a. TaK JIM MX

sanMCbIBaJI A. ABora.n;po?

1 JI KaKoro Bos.n;yxa
-

cyxoro MJIM BJIamHOrO, BSRToro

npM o.n;MHaKOBbIX YCJIOBMRX,
- 6y.n;eT MMeTb 60JIbllIYlO Maccy?

IIoqeMY?

2

3

4

5

6
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,IJ;MHTpHH HBaHOBHq MeH,D;eJIeeB
(1834-1907)

BTopaH c�YJK6a rre�arorM�eCKaH �eHTe�bHOCTb.

,I.J;. II. MeH,D,e�eeB 6bW aBTOpOM y�e6HMKa (,OCHOBbI
XM:

MMM», KOTOpbIM rrpM ero JKM3HM BbI�epJKa� BoceMb M3�aHMM

M He pa3 nepeBO�M�CH Ha MHOCTpaHHbIe H3bIKM. ,I.J;. II. MeH-

�e�eeB rrperrO�aBa� BO MHorMX y�e6HbIX 3aBe�eHMHX TIeTep-

6ypra. (, 113 TbICH� MOMX y�eHMKoB MHoro Terrepb rrOBCIO-

�Y BM,D,HbIX ,D,eHTe�eM, M, BCTpe�aH MX, Bcer�a C�bIIlIa�,

�TO �06poe B HMX ceMH no�ara�, a He rrpOCTYIO oT6bIBa�

rrOBMHHOCTb »,
- rrMCaJI y�eHbIM Ha CK�OHe �eT.

,I.J;.II. MeH,D,e�eeB rrpOHBM� ce6H rrO,D,�MHHbIM rraTpMOTOM,

3a60TMBIlIMMCH 0 paSBMTMM rrpOMbIIIweHHOCTM M 6Y�YIIJ;eM
POCCMM. B CBoeM MMeHMM B06�OBO OH CTaBM� (,OrrbITbI rro

pa3Be�eHMIO x�e60B ». ,I.J;eTa�bHO M3y�a� crroc06bI �06bI�M

Heq)TM M ,D,a� MHoro u;eHHbIx peKOMeH�aU;MM rro MX ycoBep-

IlIeHCTBOBaHMIO. OH rrOCTOHHHO BHMKa� B HacYIIJ;HbIe HYJK�bI

rrpoMbIIlI�eHHocTM, rroceIIJ;aJI cpa6pMKM M saBo�bI, PY�HMKM

M IlIaxTbI. ABTopMTeT ,I.J;. II. MeH,D,e�eeBa 6bW HaCTO�bKO

BbICOK, �TO ero rrOCTOHHHO rrpMr�aIlIa�M :::mcrrepToM ,D,�H pe-

IlIeHMH C�OJKHbIX :3KOHOMM�eCKMX rrp06�eM. He3a,D,0�rO �o

cMepTM OH orry6�MKoBa� KHMrY «1\: rr03HaHMIO POCCMM»,

B KOTOPOM HaMeTM� 06IlIMPHYIO rrporpaMMY pa3BMTMH rrpo-

M3Bo�MTe�bHbIx CM� cTpaHbI.

(,TIoceB HaY�HbIM B30M�eT ��H JKaTBbI HapO,D,HOM»
TaKOB 6bW �eBM3 BceM �eHTe�bHocTM y�eHoro.

,I.J;. II. MeH�e�eeB 6bW O�HMM M3 KY�bTYPHeMIlIMx �IO�e�
CBoero BpeMeHM. OH r�y60Ko MHTepecoBa�cH �MTepaTypoM

M MCKYCCTBOM, c06pa� orpoMHYIO Ko��eKU;MIO perrpo�YK-

U;MM KapTMH XY�OJKHMKOB pa3HbIx cTpaH M Hapo�oB. Ha ero

KBapTMpe �aCTO rrpoxo�M�M BCTpe�M BbI�aIOIIJ;MxcH ,D,eHTe-

�eM HaYKM M KY�bTypbI.

...............................

PYCCKMM y�eHbIM, OTKpbW TIe-

pMo�M�ecKMM 3aKOH XMMM�eCKMX

:3�eMeHTOB M c03�a� TIepMo�M�e-
CKYIO cMcTeMY :3�eMeHToB, KOTOpaH

C�YJKMT K�IO�OM K OTKpbITMIO HO-

BbIX :3�eMeHTOB.

B 1955 r. aMepMKaHCKMe cpM3M-
KM BO r�aBe C r. CM60proM CMH-

Te3MpOBaJIM XMMM�eCKMM :3�eMeHT

C rropH�KOBbIM HOMepOM 101. OHM

�aJIM eMY HaSBaHMe JVleH(}e.HeeUu -

B 3HaK rrpM3HaHMH

3ac�yr BbI�aIOIIJ;erOCH PYCCKoro y�eHoro.

TIepMo�M�eCKMM 3aKOH M TIepMo�M�eCKaH CMCTeMa CTaJIM

BaJKHeMIlIHM BK�a,D,OM ,I.J;. II. MeH�e�eeBa B paSBMTMe eCTe-

CTBOSHaHMH. Ho OHM COCTaB�HIOT �MIlIb �aCTb orpOMHoro

TBop�eCKoro Hac�e�MH y�eHoro. TIo�Hoe C06paHMe ero CO-

�MHeHMM - 25 06'beMMCTbIX TOMOB -

HaCTOHIIJ;aH :3HU;MK�O-

rre�MH 3HaHMM.

,I.J;. II. MeH�e�eeB rrpMBe� B CMCTeMY pa3p03HeHHbIe CBe-

,D,eHMH 06 M30MopcpM3Me, M :3TO CbIrpa�o CBOIO pO�b B paSBM-
TMM reOXMMMM. OH OTKpbW KpMTM�eCKYIO TeMrrepaTYPY KM-

rreHMH, BbIllie KOTOpOM BeIIJ;eCTBO He MOJKeT HaXO�MTbCH
B JKM,D,KOM COCTOHHHM, pa3pa60Ta� rM�paTHYIO TeopMIO pac-

TBOpOB M rrO:3TOMY rro rrpaBY C�MTaeTCH BbI�aIOIIJ;MMCH cpM3M-
KOXMMMKOM. OH rrpOBe� r�y60KMe MCC�e,D,OBaHMH CBOMCTB

paSpeJKeHHbIX ra30B, rrOKa3aB ce6H rrpeKpaCHbIM cpM3MKOM-
:3KCrrepHMeHTaTopOM. ,I.J;.II. MeH,D,e�eeB rrpe��OJKM� TeopMIO

HeopraHM�eCKoro rrpOMCXOJK�eHMH HecpTM, ,D,O CMX rrop MMeIO-

IIJ;YIO rrpMBepJKeHu;eB; pa3pa60Ta� rrpou;ecc rrpMrOTOB�eHMH

6e3,D,bIMHoro rropoxa; M3yqaJI Bos�yxorr�aBaHMe, MeTeopo�o-

rMIO, COBepIlIeHCTBOBaJI TeXHMKY MSMepeHMM. BY�Y�M yrr-

paB�HIOIIJ;MM r�aBHOM rra�aTbI Mep M BeCOB, MHoro c�e�aJI

��H paSBMTMH HaYKM 06 M3MepeHMHX
-

MeTpo�orMM.
Sa CBOM HaY�HbIe 3ac�yrM ,I.J;. II. MeH�e�eeB 6bW Ms6paH
��eHOM 60�ee 70 aKa�eMMM M HaY�HbIX 06IIJ;eCTB pa3HbIX

CTpaH MMpa.

B HaY�HoM �eHTe�bHOCTM y�eHbIM BH,D,e�, no ero C�OBaM,

CBOIO (,rrepBYIO c�YJK6y PO,D,MHe».

.,
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. ...............................................

IIpfIBep;fITe rrpMMepbI paSHOCTOpOHHMX MHTepeCOB ,I(.H. MeH-

p;eJIeeBa B HaYKe.

KaKMe ('TPM CJIym6bI POCCMM» Bblp;emm ,I(. H. MeHp;eJIeeB

B cBoeM p;eHTeJIbHOcTM? HasoBMTe ero p;ocTMmeHMH B HMX.

(IIpMMe"'laHMe: TpeTbH cJIym6a - cop;eMcTBMe pasBMTMIO rrpo-

MbIlliJIeHHOCTM POCCMM.)

IIpMBep;MTe rrpMMepbI, p;oKasbIBalOlI.\Me, "'ITO ,I(. H. MeHp;eJIeeB

He TOJIbKO OTKpbIJI IIepMop;M"'lecKMH saKOH M rrOCTpOMJI IIepM-

Op;M"'leCKYIO CMCTeMY XMMM"'leCKMX 3JIeMeHTOB, HO M MHoroe cp;e-

JIaJI P;JIH YCTpaHeHMH rrp06eJIOB B HeH M YTO"'lHeHMH cBep;eHMM

06 3JIeMeHTax.

1
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Ta6JIHD;a ,n:. II. MeH,ZJ;eJIeeBa Ha3bIBaeTC.H IIepHo,ZJ;M"'IecKoM CHCTe-

MOM. 06'bHCHHTe, "'ITO TaKoe rrepMo,ZJ;M"'IHOCTh, B "'IeM OHa rrpOHB-

JIHeTCH, KaKOBbI ee rrpH"'IMHhI. IIo"'IeMY B Ta6JIHD;e,n:. II. MeH,ZJ;e-
JIeeBa OTpaJ:KeHa CHCTeMa, a He rrpOCTO KJIaCCmpMKau;HH XHMH-

"'IeCKHX 3JIeMeHTOB?

,n:OKaJ:KHTe crrpaBe,ZJ;JIMBOCTb CJIOB ,n:. II. MeH,ZJ;eJIeeBa: «IIepH-
O,ZJ;M"'IeCKOMY 3aKOHY 6y.n;ym;ee He rp03MT pa3pymeHHeM, a TOJIb-

KO Ha,ZJ;CTpOMKa M pa3BHTMe 06em;aIOTCH�.

...............................

IIPM XMMMTIeCKMX peaK:O;MHX. B 1889 r., HSYTIaH MHBepCMIO

TpOCTHMKOBoro caxapa, OH IIOKaSaJI, TITO CKOpOCTb STOll pe-

aK:O;MM OIIpe,D,eJIHeTCH CTOJIKHOBeHMeM TOJIbKO (,aKTMBHbIX»

MOJIeKYJI. PeSKoe IIOBbImeHMe STOll CKOpOCTM C POCTOM"

TeMIIepaTypbI OIIpe,D,eJIHeTCH SHaTIMTeJIbHbIM YBeJIMTIeHMeM

IIPM STOM KOJIMTIeCTBa (,aKTMBHbIX» MOJIeKYJI B CMCTeMe.

,n:mI BCTYIIJIeHMH B peaK:O;MIO MOJIeKYJIbI ,D,OJImHbl 06JIa.n;aTb

HeKOTopOll ,D,06aBOTIHOll SHeprMell IIO cpaBHeHMIO CO Cpe,D,Hell

SHeprMell Bcell MaCCbI MOJIeKYJI Bem;eCTBa IIPM OIIpe,D,eJIeH-

HOll TeMIIepaType (STa ,D,06aBOTIHaH SHeprMH 6Y,D,eT BIIOCJIe,D,-

CTBMM HaSBaHa SHeprMell aKTMBa:O;MM). C. AppeHMYC HaMe-

TMJI IIYTM MSYTIeHMH IIpMpO,D,bI M BM,D,a TeMIIepaTYPHOll

saBMCMMOCTM CKOpOCTM peaK:O;MM. IIpM .n;aJIbHellmeM MCCJIe-

,D,OBaHMM ,D,PyrMMM YTIeHbIMM (B IIepBYIO OTIepe,D,b aHrJIMll-

CKMM XMMMKOM -Yo MaK-JIbIOMCOM) B 1920-1930-x rr. 6bI-

JIO OKOHTIaTeJIbHO BbIBe,D,eHO ypaBHeHMe STOll saBMCMMOCTM,

IIOJIYTIMBmee MMH C. AppeHMyca. OHO CTaJIO O,D,HMM MS OC-

HOBHbIX ypaBHeHMll XMMMTIeCKOll KMHeTMKM, a SHeprMH aK-

TMBa:O;MM
- BamHOll KOJIMTIeCTBeHHOll xapaKTepMCTMKOll pe-

aK:O;MOHHOll CIIoc06HOCTM Bem;eCTB. B 1903 r. C. AppeHMYc

6bIJI Y,D,OCTOeH Ho6eJIeBCKOll IIpeMMM 3a TIpeSBbITIallHbIe sa-

CJIyrM B paSBMTMM XMMMM.

HaYTIHbIe MHTepeCbI C. AppeHMyca He OrpaHMTIMBaJIMCb

<pMSMTIeCKOll XMMMell. OH HaIIMCaJI OKOJIO ,D,BYX COTeH pa60T

IIO paSJIMTIHbIM BOIIpocaM XMMMM, 6MOJIOrMM, aCTpO<p MSM -

KM, KOCMorOHMM. B 1923 r. C. AppeHMYc BbICKaSaJI MbICJIb,

TITO OCHOBHbIM MCTOTIHMKOM SHeprMM COJIH:o;a HBJIHeTCH

SHeprmI, BbI.n;eJIHIOm;aHCH IIPM TepMOH,D,epHOll peaK:O;MM 06-

paSOBaHMH reJIMH MS BO,D,OpO,D,a. Pa60TbI C. AppeHMyca Xopo-

mo SHaJIM B Hamell CTpaHe. IIpMsHaHMeM ero BKJIa.n;a B pas-

BMTMe XMMMM co CTOpOHbI PYCCKMX M COBeTCKMX YTIeHbIX 6bI-

JIO Ms6paHMe mBe,D,CKoro YTIeHOrO TIJIeHOM IIeTep6yprcKoll

aKa,D,eMMM (1903) M AKa,D,eMMM HaYK CCCP (1925), IIOTIeT-

HbIM ,D,OKTOpOM MOCKOBcKoro YHMBepCMTeTa M PMmcKoro

IIOJIMTeXHMTIeCKOrO MHCTMTyTa.

?
. ...............................................

4

CBaHTe ABrycT AppeuMYc
(1859-1927)

illBe,D,CKMll <pMSMKOXMMMK, co-

s.n;aTeJIb TeopMM SJIeKTpOJIMTMTIe-

CKOll ,D,MCCO:O;Ma:O;MM, aKa.n;eMMK

ROpOJIeBCKOll aKa.n;eMMM HaYK

illBe:O;MM.
C IIepBbIX ,D,Hell YTIe6bI B CTapMH-

HOM yHMBepCMTeTe ropo.n;a -YIIca-

JIa (ceBepHee CTOKrOJIbMa) C. Ap-
peHMYC cepbeSHO SaHHJICH <pMSM-
KOll, XOTH M JIeK:O;MM IIO XMMMM

Tome IIOCem;aJI OXOTHO.

3HaHMe
�

<PMSMKM IIOMOrJIO C. AppeHMYCY pemMTb O.n;HY
MS BamHeMmMX IIp06JIeM XMMMM: Bbl.HCHMTb IIpMpO,D,Y pac-

TBOpOB SJIeKTpOJIMTOB. B CTaTbe (,0 ,D,MCCO:O;Ma:O;MM paCTBO-

peHHbIx B BO,D,e Bem;eCTB», oIIy6JIMKOBaHHOll B KOH:o;e
1887 r., C. AppeHMYc C<POPMYJIMpOBaJI OCHOBHbIe IIOJIOme-

HMH TeopMM SJIeKTpOJIMTMTIeCKOll ,D,MCCO:O;Ma:O;MM:

1) SJIeKTpOJIMTbI B paCTBopax COCTOHT MS TIaCTMTIHO .n;MCCO-

:O;MMpOBaHHbIX MOJIeKYJI, KOJIMTIeCTBO KOTOpbIX paCTeT IIPM

paS6aBJIeHMM paCTBopa;

2) 06pasyrom;MecH IIPM ,D,MCCO:O;Ma:O;MM MOJIeKYJI MOHbI OII-

pe,D,eJIHIOT cIIe:O;M<pMTIeCKMe <pMSMTIeCKMe M XMMMTIeCKMe

CBollcTBa paCTBopOB SJIeKTpOJIMTOB;

3) B 6eCKOHeTIHO paS6aBJIeHHbIX paCTBopax MOJIeKYJIbI

cym;eCTByroT TOJIbKO B BM,D,e MOHOB;

4) COe,D,MHeHMe B paCTBope TeM 60JIee aKTMBHO, TIeM 60JIb-
me OHO ,D,MCCO:O;MMpOBaHO Ha MOHbI.

Ha OCHOBaHMM IIpe,D,CTaBJIeHMll 06 06pasoBaHMM aKTMB-

HbIX TIaCTM:O; B pacTBopax SJIeKTpOJIMTOB C. AppeHMYc BbI-

,D,BMHYJI 06m;ylO TeopMIO 06pasoBaHMH (,aKTMBHbIX» MOJIeKYJI

't,..

,.

�_..-
/'

1
HaSOBMTe OCHOBHble rrOJIOJ:KeHHH TeopMM 3JIeKTpOJIHTlI"IeCKOM

,ZJ;MCCOD;HaD;MM M rrpOHJIJIIOCTpHpYMTe HX rrpHMepaMH.

B 1903 r. KOpOJIeBCKa.H aKap;eMH.H HaYK llIBeD;MM rrpMCY,ZJ;HJIa

C. AppeHHYcy Ho6eJIencKYIO rrpeMHIO (,B rrpM3HaIme oco6oro

3Ha"'IeHHH TeopMH 3JIeKTpOJIMTH"'IeCKOM ,ZJ;MCCOD;MaD;MH ,ZJ;JIH pa3-

BMTMH XHMHH�. B "'IeM BbI BM,ZJ;HTe oco6oe 3Ha"'IeHHe 3TOM Te-

OpHH?

2

.t60
),.
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3
KaK KJIaccmlmD;IIPYIOTC.H :omeKTpOJIHTbI: a) no xapaKTepy o6pa-
3YIO�HXC.H HOHOB, 6) no CTeneHH 3JIeKTpOJIHTIITIeCKOH .n;HCCO-

D;HaD;HH?

KaK 3aBHCIIT CTeneHb 3JIeKTpOJIHTHTIeCKOH .n;HccoD;HaD;HII
OT npIIpo.n;bI 3JIeKTpOJIIITa? IIpOIIJIJIIOCTpIIpyHTe 3TY 3aBHCII-

MOCTb Ha npHMepe rII.n;pOKCH.n;OB, o6pa30BaHHbIX 3JIeMeHTaMH

o.n;Horo nepIIo.n;a (HanpHMep, TpeTbero) II O.n;HOH no.n;rpynnbI

(HanpIIMep, no.n;rpynnbI �eJIOTIHbIX MeTaJIJIOB HJIH raJIOreHoB)
IIepHo.n;HTIecKoH CIICTeMbI ,n:. II. MeH.n;eJIeeBa.

PaCCKaJKHTe 0 TeopIIH o6pa30BaHII.H (,aKTHBHbIX» MOJIeKYJI

npH XHMHTIeCKHX peaKD;H.HX, BbI.n;BIIHYTOH C. AppeHIIycoM.
l1TO TaKoe 3HeprH.H aKTHBaIJ;IIII MOJIeKYJI? KaK ee nOBbICHTb?

l1TO npII 3TOM H3MeHIITC.H?

IIpIIBe.n;HTe npIIMepbI, .n;OKa3bIBalO�IIe MHorOCTopOHHOCTb Ha-

YTIHbIX HHTepeCOB c. AppeHIIyca.

paS6aBJIeHMeM. 3TOT <paKT 6bIJI OTIeHb MHTepeceH.:
TaK KaK

paHee HeMeIJ;KMM XMMMK B. OCTBaJIb,D, M nIBe,D,CKMM <PMS MKO -

XMMMK C. AppeHMYc 06HapymMJIM, TITO B BO.n;HbIX paCTBopax

MOJIeKymlpHa.H :3JIeKTpOnpOBO,D,HOCTb npM paS6aBJIeHMM yse-

JIMTIMBaeTCH. -qT06bI 06'bHCHMTb ,D,aHHbIM <paKT, M. A. Ra6-

JIyKOB npMBJIeK nOJIOmeHMH rM,D,paTHOM TeopMM paCTBopOB

,n:. M. MeH,D,eJIeeBa.
B TeopMM :3JIeKTpOJIMTMTIeCKOM ,D,MCCOIJ;MaIJ;MM npOBO,D,M-

JIaCb nOJIHaH aHaJIOrMH Mem,D,Y nOBe,D,eHMeM raSOB M pas6aB-

JIeHHbIX paCTBopOB M MrHopMpOBaJIOCb XMMMTIeCKOe BsaMMO-

.n;eMcTBMe Mem,D,Y paCTBopeHHbIM Bem;eCTBOM M paCTBopOM.

B rM,D,paTHOM TeopMM paCTBopbI paCCMaTpMBaJIMCb KaK CMC-

TeMbI aCCOIJ;MaIJ;MM TIaCTMIJ;, KOTOpbIe Tenepb HaSbIBalOT COJIb-

BaTaMM (,D,JIH BO,D,HbIX paCTBopOB
- rM,D,paTaMM), HO npM

:3TOM He npMHMMaJICH BO BHMMaHMe pacna.n; MOJIeKYJI :3JIeKT-

pOJIMTOB B paCTBope Ha MOHbI.

B 1889-1890 rr. O,D,HOBpeMeHHO M. A. Ra6JIYKoB M ,D,PY-

rOM PYCCKMM yqeHbIM, B. A. KMCTHKOBCKMM (1865-1952),
BbICKaSaJIM MHeHMe, TITO npM paCCMOTpeHMM MexaHMSMa

paCTBopeHMH Bem;eCTB CJIe,D,yeT yqMTbIBaTb nOJIOmeHMH 06e-

MX TeopMM: 3JIeKTpOJIMTMTIeCKOM .n;MCCOIJ;MaIJ;MM M rM,D,paT-

HOM.

B ,D,OKTOpCKOM ,D,MCCepTaIJ;MM (,COBpeMeHHbIe TeopMM pac-

TBOpOB B CBHSM C yqeHMHMM 0 XMMMTIeCKOM paBHOBeCMM »

(1891) M. A. Ra6JIYKoB ,D,OKaSaJI, TITO npM paCTBopeHMM

MHorMX Bem;eCTB 06pasYIOTcH MX MOHbI (nOJIOmeHMe TeopMM

:3JIeKTpOJIMTMTIeCKOM ,D,MCCOIJ;MaIJ;MM), KOTOpbIe rM,D,paTMpy-

IOTCH
- BSaMMO,D,eMcTBYIOT

- C MOJIeKYJIaMM BO,D,bI (noJIo-

meHMe rM,D,paTHOM TeopMM). B ,D,aJIbHeihneM M. A. Ka6JIYKo�
OTCTaMBaJI He06xo,D,MMOCTb 06'be,D,MHeHMH npe,D,CTaBJIeHMIi

o6eMx TeopMM paCTBopOB. IIocJIe cos.n;aHMH B HaTIaJIe XX B.

rM.n;paTHoM TeopMM YTIeHbIM nponaraH,D,MpOBaJI ee B CTaTbHX

M YTIe6HMKax.

O.n;HoBpeMeHHo C HayqHoM ,D,eHTeJIbHOCTblO M. A. Ra6JIY-

KOB BeJI npenO,D,aBaTeJIbCKyro pa60TY. B MOCKOBCKOM yHM-

BepCMTeTe OH npOTIMTaJI nepBbIM KYpC <pMSMTIeCKOM XMMMM.

Ony6JIMKOBaHHbIM B 1900 r. yqe6HMK M. A. Ra6JIYKoBa
(,OCHOBHbIe HaTIaJIa HeOpraHMTIeCKOM XMMMM» BbI,D,epmaJI

13 MS,D,aHMM.
M. A. Ra6JIYKoB OTIeHb MHoro BHMMaHMH Y,D,eJIHJI nony-

JIHpMSaIJ;MM HOBeMIIIMx ,D,OCTMmeHMM XMMMM. OH �HanMCaJI
Ii ony6JIMKOBaJI 60JIbIIIOe TIMCJIO nonYJIHpHbIX CTaTeIi Ha pas-

JIMTIHbIe TeMbI.

4

5

6

HBaH AJIeKCeeBH'l Ra6JIYKoB
(1857-1942)
...............................

to- COBeTCKMM <pMSMKOXMMMK, no-

TIeTHbIM TIJIeH AKa,D,eMMM HayK

CCCP, BbICKaSaJI M,D,elO 0 rM,D,paTa-

IJ;MM MOHOB B paCTBopax.

Em;e BO BpeMH 06YTIeHMH B Moc-

KOBCKOM YHMBepCMTeTe M. A. Ra6-

JIyKOB HaTIaJI npOBO,D,MTb MCCJIe-

,D,OBaHMH CBOMCTB MHoroaTOMHbIX

cnMpTOB B JIa60paTopMM B. B. Map-
KOBHMKOBa. M. B. Ra6JIyKOB npo-

HBMJI cnoc06HOCTM B :3KCnepMMeHTaJIbHOM ,D,eHTeJIbHOCTM,

a He TOJIbKO B OBJIa.n;eHMM TeopMeM.. -qepes ro,D, nOCJIe OKOH-

TIaHMH yHMBepCMTeTa, B 1880 r., OH llOJIYTIMJI KOMaH,D,MpoBKY

,D,JIH npO,D,OJImeHMH MCCJIe,D,OBaHMM B JIa60paTopMM A. M. Byr-
JIepOBa B IIeTep6yprcKoM yHMBepCMTeTe.

B KOHIJ;e 80-x - HaTIaJIe 90-x rr. XIX B. M. A. Ra6JIYKoB
no,D, BJIMHHMeM ,n:. M. MeH,D,eJIeeBa YBJIeKCH <pMSMTIeCKOM XM-

MMeM. Pa60TaH B JIa60paTopMM HeMeIJ;KOrO yqeHoro B. OCT-

BaJIb,D,a B JIeMnIJ;Mre, OH 06HapymMJI, TITO MOJIeKYJIHpHaH

:3JIeKTpOnpOBo.n;HOCTb :3JIeKTpOJIMTOB (HanpMMep, XJIOpOBO-

,D,opo,D,a) B OpraHMTIeCKMX paCTBOpMTeJIHX MSMeHHeTCH He TaK,

KaK B BO,D,HbIX paCTBopax. B OpraHMTIeCKMX cpe,D,ax MOJIeKY-

JIHpHaH :3JIeKTpOnpOBO,D,HOCTb paCTBopa YMeHbIIIaeTCH C ero

..
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1
PaCCKamH're, B TIeM 3aKJIIOTIaeTCH OCHOBHaH 3aCJIyra M. A. Ka6-

JIyKoBa H B. A. KHCTHKOBCKOrO B paCKpbITIUI MeXaHII3Ma pac-

TBOpeHIIH Bem;eCTB.

B TIeM 3aKJIIOTIaeTCH CYIIJ;HOCTb rH,n;paTHOM TeOpHH paCTBOpOB?
KTO ee aBTOp?

IIoHcHIITe Ha rrpHMepaX, KaK rrpOIICXO,n;HT rrpOrt;eCC :meKTpOJIH-

THTIeCKOM ,n;IICCOrt;Hau;HH ,n;JIH Bem;eCTB C pa3JIIITIHbIM THrrOM XII-

MIITIeCKOM CBH3H. MoryT JIII rrO,n;06HbIe rrpOrt;eCCbI rrpOIICXO,n;HTb

B HeBO,n;HbIX paCTBOpaX?

KaK yBeJIHTIHTb CTerreHb ,n;IICCOrt;Hart;IIII cJIa6oro 8JIeKTpOJIIITa,

HarrpIIMep a30THCTOM KIICJIOTbI?

KaKIIe TIaCTIIrt;bI rrpHcyTcTBYIOT B BO,n;HbIX paCTBopax: a) caxa-

p03bI (caxapa); 6) cYJIb(jJaTa Me,n;II (II); B) aMMIIaKa; r) rJIIOKO-

3bI; ,n;) XJIOpOBo,n;opo,n;a? HarrIIIlIIITe IIX (jJOPMYJIbI II Ha3BaHHH.

KaKOM II3 paCTBopOB He 6y,n;eT o6JIa,n;aTb CBOMCTBOM 8JIeKTpOJIII-

THTIeCKOM rrpOBo,n;IIMOCTII?

CHMBOJI H Ha3BaHHe ro,ll;
ABTOpbI OTKpbITHH3JIeMeHTa ornpbITHH

-
-

Ac AKTHHIIM 1899 A. ,1];e6bepH (<ppaHrt;IIH)

Ag Cepe6po *
-

.-.-... -
-

Al AJIIOMHHIIM 1825 X. 8pcTe,n; (,1];aHHH)
- - -

Ar AproH 1894 ,1];. P8JIeM, Y. PaM3aM (AHrJIIIH)
-

-

As MbIIlIbHK *
-

-
--

At ACTaT 1940 8. Cerpe, ,1];. KOPCOH,
K. MaKeH3II (CIlIA)

Au 30JIOTO *
-

-

B Bop 1808 JI. reM-JIlOccaK, JI. TeHap
(<PPaHrt;IIH)

Ba

-

BapIIM 1774 K. IlIeeJIe (lliBert;HH)
- - -

-.

Be BepHJIJIIIM 1798 JI. BOKJIeH (<PpaHrt;IIH)
- - -

Bi BIICMYT *
-

-
-

Br BPOM 1826 A. BaJIap (<PpaHrt;IIH)

C YrJIepo,n;

-

*
-

- -
-

Ca KaJIbrt;HM 1808 r. ,1];8BII (AHrJIHH)
- -

--

Cd Ka,n;MHM 1817 <P. IlITpoMeMep (repMaHIIH)
- -

- - -

Cl XJIOp 1774 K.IlIeeJIe(IlIBert;HH)
-

-

Co Ko6aJIbT 1735 r.BpaH,n;T(IlIBert;IIH)
-

-

Cr XpOM 1797 JI. BOKJIeH (<ppaHrt;HH)

2

3 ,IJ;aTa M npMOpMTeT OTKpbITMH

XMMMlIeCKMX 3JIeMeHTOB

4

5
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IIpoaOJlJICeHUe ma6Jl.

CHMBOJI H Ha3BaHHe ro,ll;
ABTOpLI OTKpLITH.H

3JIeMeHTa OTKpLITH.H

Cs IJ;e3IIM 1860 P. BYH3eH, f. KIIpxrocp
(fepMaHII.H)

Cu Mep;b *
-

Db Ay6HIIM 1970 f. H. Q>JIepOB, II. 3Bapa H p;p.

(CCCP); A. fIIOpCO H p;p.

(CIlIA)

Ds AapMIlITap; - 1988 10. IJ;. OraHeC.HH II p;p. (CCCP);
THM II. ApM6pycTep H p;p. (Q>Pr)

Es 8MHIlITeMHHM 1952 f. CH6opr, A. fIIOpCO H p;p.

(CIlIA)

Eu EBpOIIIIM 1901 8. AeMapce (Q>paHJ::t;H.H)

F Q>TOP 1886 A. MyaccaH (Q>paHrt;II.H)

Fe :lli:eJIe30 *
-

Fr Q>paHrt;HM 1939 M. IIepe (Q>paHrt;H.H)

Ge fepMaHIIM 1886 K. BIIHKJIep (fepMaHH.H)

H Bop;opop; 1766 f. KaBeH)J;IIIlI (AHrJIII.H)

He feJIIIM 1868 :lli:. :lli:aHCeH (Q>paHrt;II.H);
H. JIoKbep, 8. Q>paHKJIaHp;

(AHrJIII.H)

Hg PTyrb
*

-

Hs XaccIIM 1984 f. H. Q>JIepOB, II. 3Bapa II p;p.

(CCCP); II. ApM6pycTep II p;p.

(Q>Pr)

I IIop; 1811 B. KYPTya (Q>paHrt;II.H)

K KaJIIIM 1807 f. A3BII (AHrJIII.H)

Li JIIITHM 1817 A. ApcpBep;coH (IIIBert;II.H)

Md MeHp;eJIeBIIM 1955 f. CII6opr, A. fIIOpCO II p;p.

(CIlIA)

Mg MarHIIH 1808 f. A3BII (AHrJIII.H)

Mn MapraHert; 1774 10. faH (lliBert;II.H)

I

I'
I

II POaOJlJICeHUe ma6Jl.

CHMBOJI H Ha3BaHHe ro,ll;
3JIeMeHTa OTKpLITH.H

266
Y

Mo MOJIH6p;eH

N A30T

Na

Ne

HaTpIIM

HeOH

Ni HIIKeJIb

o KIICJIOPOP;

P

Pb

Q>OCCPOp

CBHHert;

IIOJIOHHMPo

pt IIJIaTHHa

Ra Pap;HM

Rb Py6IIp;IIM

Rn Pa,n;OH

Ru PYTeHIIM

8

8b

Cepa

CYPbMa

8c CKaHp;IIM

8e CeJIeH

8i KpeMHHM

8m CaMapIIM

8n OJIOBO

8r CTpOHrt;HM

1778

1772

1807

1898

1751

1771-

1774

1669

*

1898

*

1898

1861

1900

1844

*

*

1879

1817

1824

1879

*

1787

ABTOpLI OTKpLITH.H

K IlIeeJIe (lliBert;H.H)

A. Pe3epcpopp; (AHrJIII.H)

f. A8BII (AHrJIH.H)

Y. PaM3aM, M. TpaBepc

(AHrJIII.H)

A. KpOHCTep;T (lliBert;II.H)

K IlIeeJIe (lliBert;II.H);
A,m. IIpHCTJIH (AHrJIH.H)

X. BpaH,D;T (repMaHII.H)

M. CKJIOp;OBCKa.H-KlOpII,
II. KlOpII (Q>paHrt;II.H)

M. CKJIOp;OBCKa.H-KlOpII,
II. KlOpII (Q>paHrt;H.H)

P. BYH3eH, f. KIIpxrocp
(fepMaHH.H)

Q>. AOPH (repMaHII.H)

K K KJIayc (POCCII.H)

JI. HIIJIbCOH (lliBert;II.H)

H. Beprt;eJIIIYc (lliBert;II.H)

H.Beprt;eJIIIyc(IlIBert;II.H)

II. JIeKoK p;e Bya6op;paH

(Q>paHrt;H.H )

A. Kp"'I)Op� R Y . KPY"'rre�
(AHrJIII.H)
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OKOH'laHUe ma6Jl.

CHMBOJI H Ha3BaHHe rO)J;
ABTOpLI OTKPLITHH

3JIeMeHTa OTKpLITHH
-- - - - -I- -

Tc TeXHeIJ;IIM 1937 8. Cerpe, K. IIeppIIep

(IITaJIHH)
-

Q>. MIOJIJIep (]JOH PeMxeH-Te TeJIJIYP 1782

IlITeMH (BeHrpIIH)
- -

Ti TIITaH 1795- M. KJIarrpOT (repMaHHH)
1797

-- -

TI TaJIJIHM 1861 Y. KpYKC (AHrJIIIH)

U YpaH 1789 M. KJIanpOT (repMaHHH)
-. -

V BaHa.n;IIM 1830 H. r. Ce(]JcTpeM (llIBeIJ;IIH)
-

W Bom,(]JpaM 1781 K.llIeeJIe(llIBeIJ;IIH)
-- -

Xe KceHoH 1898 Y. PaM3aM, M. TpaBepc

(AHrJIIIH)
-- - - - -- - -

Yb II TTep6IIM 1878 llI.MapIIHbHK(llIBeMIJ;apIIH)
- --

Zn IJ;IIHK
*

-

-

Zr IJ;IIpKOHIIM 1789 M. KJIarrpOT (repMaHIIH)
- -- -

111 ** 1994- II. ApM6pycTep H .n;p. (Q>Pr)
1996

r-
-

112 ** 1994- II. ApM6pycTep II .n;p. (Q>Pr)
1996

- -- -

114 ** 1998 10. IJ;. OraHecHH II .n;p.

(POCCHH)

* 8JIeMeHT B cBo6o.n;HOM BII.n;e, ero CnJIaBbI IIJIII coe.n;IIHeHHH II3-

BeCTHbI C .n;peBHIIX BpeMeH HJIII C 3rrOXII cpe.n;HeBeKOBbH.
**

IIpIIHHTo peIlIeHHe He npIICBaIIBaTb :meMeHTY HIIKaKoro Ha3Ba-

HIIH, OrpaHHTIIIBIlIIICb TOJIbKO ero HOMepOM.

OrJIABJIEHl1E

IT pe.n;MCJIOBMe ............. .................

BBE,IJ;EHME

� 1. ITpe.n;MeT XMMMM. Bem;ecTBa. . . . . . . . . . . . . . . .

� 2. ITpeBpam;eHMH Bem;eCTB. POJIb XMMMH
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