
A.IO. CTAXEEB 



A.IO. CTAXEEB 

BCSI XMMMSI 
B 50 TASnMLJ.AX 

noco6111e AJ1S1 Y'-18W,II1XCS1 CT8PWII1X KJ18CCOB 
111 a6111Typ111eHTOB 

noA peAaK14111eVI C.C. 5EPAOHOCOBA 

V13A8HII1e BTopoe, 
nepepa6oTaHHOe 111 AOnonHeHHOe 

<@> 
<§) 

MOCKBa 1998 



CTaxeeB A. 10. 
Bc5! XRMR5! B 50 Ta6nm:.J;ax. Ilo.]J; pe,ll;. C. C. Eep,ll;oHocoBa. 3-e R3,l.J;.-

M.: MHPOC, POCT, 1998.-64 c. 

ISBN 5-7804-0063-6 

Hoco6He B K.paTKoH 11 Har.JIMHOH <}>opMe co.[(ep:xarr reopeTWiecKMH Marep11aJI no 

XHM1111, OTBe'laiOW:11H KYPCY X11Ml111 cpe.[(HCH UIKOJihi. flp11 ITO.[(fOTOBKC ,[(aHHOro 113,[(a

Hiffi Y'ITeHhi MHOf0'111CJICHHhlC 3aMe'laHID£, 13hiCKa3aHHhiC '1111'dTCJI5!MI1, KOTOphiC HC

ITOJih30Ba.Jll1 ero B CBOCH pa6ore. flpe.[(Ha3Ha'ICHO ,[(JI5! ITOBTOpCHIDl TeopeTJ.I'ICCKOro 

MaTCpl1aJia rrp11 IIO,[(fOTOBKC K 3K3aMeHaM B CpC.[(HCH UIKOJIC 11 K BCTYITHTeJlhHhiM 3K3a

MCHaM ITO XJ.IM11l1 B BY3C. 3aKJIIO'IHTeJlhHaH qacTh ITOC06ID£ CO.[(Cp.lKHT KpaTKOC peure

HHC 25 rnnwrnhrx pac'leTHhiX 3a,n,aq ITO pa3JIH'IHhiM pa3I\CJiaM XI1M1111. ITpeJJ:Ha3Ha'leHo 

.[(JI5! Y'!arn:I1XcH cmpuri1X KJiaccoB cpeJJ:HI1X UIKOJI H a6HTypHeJITOB. 

l13n. N2 <P30(03) 
ISBN 5-7804-0063-6 

© CTaxees A. IO .. 1997 

© MocKOBCKHH HHCTHTYT pa3BHTHH 

o6pa30BaTeiThHb~ CHCTeM, 1997 



nPEAMCnOBME 

BHHMaHHIO qHTaTeneii npe,li,JlaraeTCH HOBoe, 

cyw;ecTBeHHO nepepa6oTaHHOe H3,ll,aHHe noco6IDI 

<<BcH XHMIDI B 50 Ta6JIHuax», npe.n.hl.D.yw;ee HJ.n,a

HHe KOTOphiX 6bill0 BCTpeqeHO Y'lariniMHCH H ytiH

TeJIHMH c onpe.n.eneHHhiM HHTepecoM. B npe,li,Jla

raeMhiX Ta6nHuax c.n.enaHa nonhlTKa B KpaTKOH 

HafJI5!,li,HOH <}JopMe H3JIO)I(HTb OCHOBHbie CBe,ll,eHHH, 

BXO,li,HUJ;He B IIIKOJibHhlH KypC XHMHH. IJo Hallie

MY MHeHHIO, Ta6JIHUhi MOiyr 6biTb HCnOJib30Ba

Hhl, BO-nepBhlX, yqaUJ;HMHCH npH nOBTOpeHHH 

MaTepHana no XHMHH npH nO,li,J'OTOBKe K JaqeT

HhiM 3aHHTHHM, KOHTpOJibHhlM pa6oTa.M, TeCTH

poBaHHIO, a TaKXe K 3K3aMeHaM. Bo-BTOpbiX, MHO

rn:e Ta6JIHUhi, KaK HaM npe,li,CTa.BJI5!eTCH, MO)I(HO 

HCnOJib30BaTh KaK pa3,ll,aTOqHhiH MaTepHan npH 

H3ytiCHHH XHMHH Ha ypOKe. HaKOHeU, B-TpeTb

HX, HCnOJib30BaHHe Ta6JIHU MOXeT 6biTb noJie3HO 

a6HTypHeHTaM npH nO,li,J'OTOBKe K BCTYflHTeJibHO

MY 3K3a~.ieHy no XHMHH. 

PaJYMeeTCH, nonb30BaHHe Ta.MHUaMH B03Mox

HO TOJibKO Hap5!,ll,y C HCnOJib30BaHHeM IIIKOJihHhiX 

yqe6HHKOB no XHMHH, a HHKaK He BMeCTO HHX. 

<l>aKTlfqeCKH B .n,aHHOM noco6HH C,ll,eJiaHa nonbiT

Ka pa3pa6oTaTb KpaTKHH KOHcneKT IIIKOJihHOJ'O 

KypCa XHMHH, a, KaK H3BeCTHO, KOHCneKT HH npH 

KaKHX YCJIOBHHX He MO)I(eT 3aMeHHTb CaMOJ'O KOH

cneKTHpyeMoro MarepHana. 

B HacTOHw;ee BpeM5! Ha OT.n,enhHhle BonpOChi, 

OTHCCCHHble ,ll,eHCTBYJOw;eii nporpaMMOH K 6aJO

BOMY IIIKOJihHOMY KypCy, cyw;eCTByiOT pa3Hble 

TO~ 3peHIDI. K TOMY xe HMeeTCH .n,oBOJihHO MHo

ro yqe6HHKOB no XHMHH pa3HbiX aBTOpOB, no.n,

qac npH,ll,epxHBaiOw;HXc5! JaMeTHo pa3JllfqaiOw;HX-

CH roqeK 3peHIDI no OT.n,eJibHhiM oonpocaM IIIKOJih

Horo Kypca XHMHH. IJo3TOM}' npH no.n,roTOBKe 

Ta6JIHU 6biJia c.n,eJiaHa nonbiTKa B 3THX CJIY'IruiX 

,ll,aTb TaKOO H3JIOXeHHe COOTBeTCTBYJOUJ;ero oonpo

ca, Koropoe npe.n,cTaBJIHeTCH HaM HaH6onee Kop

peKTHhlM H noHHTHhlM yqaw;eM}'cH. MMeHHO no 

3TOH nplfqHHe B OT,ll,eJibHhiX CJIY'IruiX MOXeT Ha-

6mo.n,aTbC5! pacxo)l(,ll,eHHe Me)l(,ll,y reM, KaK H3JIO

xeH COOTBeTCTBYJOw;HH MaTepHaJI B TOM HJIH HHOM 

yqe6HOM noco6HH H B ,ll,aHHhiX Ta6JIHUax. 

O.n,HaKo, pa3YMeeTCH, HH B KOeM c.rryqae HeJib-

351 cqHTaTh, qro ,ll,aHHaH B Ta6JIHUax TpaKTOBKa -

3TO HCTHHa B nocne.n,Heii HHCTaHUHH. BnOJIHe 

B03M0)1(HO, qTO H HHOe H3JIO)I(eHHe TeX HJIH HHhiX 

BOiipocoB BnonHe .n.onycTHMO. B 3TOM c.rryqae 

qHTaTeJIIO npe,li,CTOHT CaMOM}' npOaHaJIH3HpOBaTb 

Heo6xo.n,HMhie apryMeHThl B nonb3y roil HJIH HHoii 

TQqKH 3peHIDI H peiiiHTb, KaKa5! H3 HHX npe,li,CTaB

JIHeTCH eM}' HaHOOJiee npaBHJihHOH. 

B JaKJIIOqHTeJihHoii qacTH Ta6JIHU KpaTKO H3-

noxeHbi npocreiirnHe, HaH6onee .D.OCTYflHhle yqa

w;eM}'CH H IIIHpOKO npHMeHHeMhle Ha npaKTHKe 

cnoco6bi perneHIDI HeKoTOphiX HaH6onee THnlfq

HbiX pacqeTHhiX 3~aq, OTHOCHUJ;HXCH K IIIKOJlb

HOM}' J<Ypcy XHMHH. IlpH Bhl6ope 3THX cnoco6oB 

aBTOpbi onHpanHCh KaK Ha CBOH OnhlT MHOJ'OJieT

Hero npeno.n,aBaHHH XHMHH, Ta.K H Ha npaKTHJ<Y 

peiiieHIDI no.n,06HbiX 3~aq B noBCe,li,HeBHOH )I(HJ

HH. KoHeqHo, npe.n,naraeMhle cnoco6hl - He 

e.n,HHCTBeHHO B03MO)I(Hble, TeM 6onee, qTO peqb 

3,ll,eCb H,ll,eT 0 peiiieHHH ,li,OBOJihHO npOCThiX 3~aq. 

Mhl 6y.n,eM npH3HaTeJ1bHhi qHTaTeJIHM Ja Ja

MeqeHHH no TeKCTY npe,li,JlaraeMbiX Ta6JIHU. 

A.IO.CTAXEEB 
C.C.BEP,L(OHOCOB 
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XMMM'"IECKMM 3nEMEHT 
(cocrasHas:t 'laCTb npocTbiX 111 cnolKHbiX ren) 

«8Cs:! CYLUHOCTb TeopeTVILJ9CKOrO YY9Hiils:l 8 XVIMVIVI J19)1(VIT 8 OTBJ19'"l9H

HOM nOHs:!TVIVI 06 3119M9HTax. HaVITVI IIIX CBOVJCTBa, OnP9A911VITb npVIYVI

Hbl I!IX pa311VILJVIs:! Ill CXOACTBa, a nOTOM, Ha OCHOBaHVIVI 3TOrO, npeAyra

AaTb CBOVJCTBa o6pa3y9Mb1X IIIMIII Tell - BOT nyTb, no KOTOPOMY VIA9T 

3Ta HayKa.» 

A. 111. MeHAenees 

X"'M"''IecK"'i4 aneMeHT: BVIA aTOMOB, xapaKTepiii3YtOLUI!Ii.1cs:~ onpeAe

neHHbiM 33Ps:!AOM s:!Apa. 

&' 
Xr.tMM'IeCKMM 3neMeHT 

cpopMbl Cy~eCl BOB<lHillSI 

fl v 
r-----------------------

~ 

SIBnEHMSI CDM3M'"IECKME 
M XMMM'"IECKME 

CDr.tar.t~~tecKr.te 
6e3 1!13MeHeHIIISI 

COCTaBa Ill CTpOeHIIISI 

sew,ecTs 

HarpesaHVJe ynora 
lilcnapeHVJe cyxoro llb,(la (CO 2) 

Xr.tMM~~tecKr.te 

1!13MeHSIIOTCSI COCTaB 

Ill CTpOeHIIIe BeUJ,eCTB 

203 = 302 
2Cu + 02 = 2Cu02 
CaC03 = CaO + C02 

nplll CM8W8HIIIIII 

M8XaHIIIY8CKa51 CM8Cb 

B9LU9CTBa COXpaHs:IIOT 

XVIMVI'"l9CKytO 

VIHAVIBVIAYallbHOCTb 

XIIIMIIIY8CKOe C08AIIIH8HIII8 

o6paayeTCs:l HOBOe B9LU9CTBO 

CnO>KHble aewecTBa I Hg + S 
Harpe8 ., HgS aTOMbl X~MI!I'ieCKI!I CBSI3aHbl 

c aToMaMIII APYrlllx aneMeHTOB (TeMHas:~ Macca) (KpaCHOe B9LU9CTBO) 

npoCTble Bell.leCTB~ ~ 0AHIIO'ttlbiC 
3T0Mbl Xii1MIIl'leCKII1 CBSI3aHhl 0 I OMbl 
C aTOM3Mil1 TOrO )Ke 311CMI'IIIil "H<'I'"''""' l.l"o 

Ht~, Nc,Ar 

I H2 + Cl 2 

hv 
2HCI C02 , NH4 CI r.t AP· .. H2, 02, 0

3
, P 

4
, Ill LIIH,IIIoH-! llltJ~ • .UJIIfl ... 

IIF/1~'11/11 111•~1 hloH I) 

rpacpHT M T ·A· .... '"M'"'I"''YP"' 
H, 0, Cl 

Cyw,ecTBOB3HVIe x~lMIIIL.JecKoro ::JfleMelll ;1 11 <t)opMe HeCKOnbKMX 

npoCTbiX seu~eCl B H33btBaeTcs:~ annorponueif 

C- anMa3, rpa<I>"'T, ¢>ynnepeHbl H ,q,p. 

0 - 0 2 , 0 3 "' AP· 
S - MOHOKn"'HHaH, poM6"''1ecKaH "' ,q,p. 
P- 6enbli4, KpacHbiH, 'lepHbiH 

1. nplil COCTaB/leHiillil MeXaHI!I'leCKO~ CMeCIII 8eiJ..leCTB IIIX MOlKHO 6paTb B 11106biX KOI1111-
'leCT8eHHbiX COOTHOWeHI!IS'IX. '-IT06bi nO/l)"ii!ITb XIIIMI!I'leCKOe COe,C\I!IHeHI!Ie, He OCTa81!18 8 
1!136biTKe KaKoe-1111160 I!ICXO,CIHOe BeiJ..leCTBO, IIIX Ha,QO 6paTb B CTporo onpe,Cie/leHHbiX 

CTeXMOMeTpM'feCKMX COOTHOWeHI!ISIX, onpe,Cie/ls:teMbiX ypa8HeHI!IeM XIIIMI!I'leCKO~ pe
aKL.IIillil, a 8 KOHe'lHOM C'leTe- COCTa80M IIICXO,C\HbiX Ill KOHe'lHbiX 8eiJ..leCT8. 
2. C80~CT8a BeiJ..leCT8, COCTa81!18WIIIX MeXaHI!I'leCKYIO CMeCb- coxpaHSIIOTCSI, BCTynliiB

WIIIX 8 XIIIMI!I'leCKYIO peaKL.IIIIIO -He coxpaHSIIOTCSI. 
3. CocTa8Hble 'laCTIII CMeCI!I Moryr 6b1Tb pa3,Cie/leHbl Ha OCH08aHI!IIil IIIX cpi1131!1'leCKIIIX 

C80~CT8, ,C\IlSI pa3110lKeHIIISI XIIIMI!I'leCKOro COe,CII!IHeHI!ISI He06XO,CIIIIMO npoBe,CieHI!Ie XIIIMIII

'leCKO~ peaKL.IIillil. 
4. nplil MeXaHI!I'leCKOM CMeWeHI!IIil He Ha61110,1:1aeTCSI 8bi,Cie/leHI!ISI 11111111 nOrllOIJ..leHIIISI Ten-
110Tbl. np111 XIIIMIII'leCKIIIX peaKL.IIIISIX Ten/lOTa, KaK npaBI!I/10, BbiAenReTCR MnM norno• 

ll!.aeTcR. 



CTPOEHit1E ATOMA OTKpbiTHS1 KOH~ XIX - Ha4ana XX B npHBem1 K BbiBOAY: 
aTOM Aen11M, COCTOI1T 113 ~pa E9 11 31leKTpoHOB e 

3nEKTPOHbl SIAPO 
1853 r. - M. cJ)apaAeit- 31leKTpOnl13 1911 r. - 3. Pe3ep~OPA- npoxo>K,D,eHI1e a-
paCTeopoe 11 pacnnaeoe coneli1 - BbiBOA: "'aCTI1U, (~ep ren11~) "'epe3 301lOTYIO Q>Onbry. nyr11 

110Hbl nepeHO~T CTporo onpeAeneHHble nopu,1111 60JlbWI1HCTBa a-"!aCTI1U, 0Ka3ani1Cb np~MOJ111Heli1Hb1MI1, TOJlbKO 

aapHAa npi1MepHO 1 113 105 11Cnb1Tb1Bana Cl11lbHOe OTKnOHeHI1e. 

1903 r. - AJK. TOMCOH - npeA/1())1(1111 Pe3epQ>oPA nPeAnOnO>KHn, "'TO e u,eHTpe aToMa HaxOA11TC~ 

MOAellb CTpOeHI1~ aTOMa, COrnaCHO KOTOpOii1 O"'eHb ManeHbKoe no pa3Mepy nOilO>KHTeJlbHO 3a~>KeHHOe 

3neKTpOHbl pacnonaraiOT~ BHyrpl1 cQ>epbl, ~ApO. 
51Apo He- T~en~ YaCT11U.a, He 

11Mel0w,eli1 nOilO>KI1TellbHblli1 3aP~A («nyA11HrOea~ Au 

MOAellb») 
B3ai1MQAeli1CTByeT C 3JleKTpOHaMI1. 

Cyw,eCTBOBaHI1e ManeHbKOrO 1910 r. - P. MHnnHKeH- 113Mep~otn 
~>Kenoro ~Apa. 

3ap~A 31leKTPOHa 
Pa3Mep aTOMa "' 1 o-lO M 1 ,601 • 1 o-19 Kn, m = 1/1840 y.e., 

9,11 • 1 o-28 r Pa3Mep ~pa .. 10-15 M 

nnAHETAPHASI MOAEJlb ATOMA 
8 u,eHTpe- E9- ~po, BOKpyr epaw,aiOTC~ 3JleKTpOHbl, B u,enOM aTOM 3JleKTpOHeli1TpaneH. 

l:lQ- 3JleKTpOH, ABI1ra~Cb C YCKopeHI1eM (u,eHTPOCTpeMI1TellbHa~ CI1Jla), AOn>KeH 11any"'aTb 11 Tep~Tb 3Hepr1110 

1913 r.- H. &op nocTYnaTbl 6opa: 

AOnonHI1Jl nnaHeTaPHYIO MOAellb 

TeOpl1eli1 KBaHTOB nnaHKa -

3Heprn~ MO>KeT nornOUJ,aTb~ 11 11CnyCKaTbC~ 

TOJlbKO nopu,11~MI1; 

1. 3neKTpoH AB11>KeT~ eoKpyr ~Apa no CTporo onpeAene

HHbiM (CTalJ,HOHapHbiM) Op611TaM 11 np11 ABI1>KeH1111 no 

HI1M He 113nyYaeT 3Heprl110 

H. 6op o6b~CHHn ni1Heli1YaTblli1 (A11CKpeTHblii1) 

cneKTp aTOMa BOAOPOA<l 

2. 3Heprl1~ 1131lY"'aeT~ 11 nornow,aeTc~ np11 nepexoAe 

31leKTpOHa C op611Tbl Ha op611TY 

-~ 
AE = hv = ~ - E1 1 

E1 ..!OBp8M8HH08 COCTOSIHHe: 

1924 r. - n. Ae &poitnb- ABOii1CTBeHHa~ np11pOAa (Ayani13M) 

neKTpOHa, - 3JleKTpOH - BOJlHa 11 "!aCTI1LJ,a OAHOepeM~HHO. 

8nei<TpOH - BOilHa «pa3Ma3aH» B npOCTpaHCTBe, npeACTaBJl~eT C06oii1 KaK 6bl 

· 61laKo. An~ OTpa>KeHI1~ 3TOii1 OC06eHHOCTI1 nOBeAeHI1~ 3JleKTpOHa B aTOMe 

BeAeHo nOHffil1e 3JleKTpOHHOii1 Op611Tanl1. 

· CornacHo coapeMeHHbiM npeAcTaaneHMRM: 
d!leKTpOHbl <jlapMI!IpyiOT 3!lei<TpOHHble C!lOIII (Ha3biBaeMble TaiOKe 060J10'1KaMIII 11111111 
jpOBHAMIII), xapaKTep1!13YIQIUIIIeCA rnaBHbiM KBaHTOBbiM 'IIIIC!lOM n. 
YposeHb pac~UenmeTCA Ha nop,yposHIII, xapaKTep1!13YIQIUI!IecA op6111Ta!lbHbiM 111!1111 a31!1MY
TanbHbiM KBaHTOBbiM 'II!IC!lOM I= 0, 1, ... n-1. T.e. ,AnA n = 3 I= 0, 1, 2 
KIDK,Qbli:l nop,yposeHb c KBaHTOBbiM '111C!lOM I cop,eplKI1T 21+ 1 op611Tanei:1, xapaKTep1!13YIO
U1111XCA MarHI!ITHbiM KBaHTOBbiM 'IIIIC!lOM m; m =I, l-1, ... 0 ... -1+1, -1. 3Ha'leHI!Ie I 

onpep,enAeT <jlopMy op611Tanelil, m - opl!leHTaU,IIIIO s npocTpaHCTBe 

0 1 2 3 4 
s p d f g 
n = 1, I = 0 yposeHb cop,eplKI1T OAHY s-op61!1Tanb 
n = 2, I= 0, 1 yposeHb cop,eplKI1T O.AHY 2s 111 TPIII 2p op611Tanl!l (scero 4 op61!1Ta!11!1). 
n = 3, I= 0, 1, 2 yposeHb- OAHa 3s, TPIII 3p 111 nATb 3d op61!1Talllll (scero 9 op611Tanelil). 
KPOME Taro, aneKTpoH IIIMeeTcmtH-4-e KBaHTosoe 'll!lcno (s= ±1/2) 

E 

I I I I I I I I 4f 
I I I II I 4d 

ITO 4p 
0 4s I LW(3d 

3p 
r-r--r-1 0 3s 
L.L...L.J 2p 

01s 0 2s 
n=1 n=2 n=3 n=4 

3anonHeHHe op6HTaneA: 1 O'!epe,QHOCTb aanonHeHIIIA- npi!IHLI,I1n Hai!IMeHbWelil 
3Hepn.11!1. 2 npi!IHU,I!In nay11111- B O,AHOM aTOMe He MOlKeT 6b1Tb P,Byx 3JleKTpOHOB C 
O.OIIIHaKOBbiMI1 3Ha'!eHI!IAMIII n, I, m 111 s. 3. npas111!1o XYH.Aa- B npep,enax nop,yposHA 
3Jlei<TpOHbl pacnonaraiOTCA TaK, 'ITO IIIX CYMMapHbiH cni!IH MaKCI!IMa!leH. 
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SIAPO 
6bl110 YCT8HOB1leHO, liTO SlAP8 

COCTOSlT H3 npOTOHOB 
1
p H 

He~hpOHOB 0n 

,P + 0n - SlAepHble CHnbl 

HyKnMA - BHA aTOMOB c onpe

AeneHHbiMH 4HC118MH npoToHoB 

H HethpOHOB ( 235u 40K 1C H 
92 • 19 • 6 

AP·) 
~30TOnbl - HyKJlHAbl OAHOfO 

31leMeHTa ~CI, 3
; 7CI ) 

ft130TOnbl OAHOfO 31leMeHTa 

XHMH4eCKH Hep83AellHMbl. 

PaLU108KI11BHbl0 pacna.a.: 
226 4 222 
ea Ra =2 He +ea Rn (a-pacna,q) 

:sr = p- +: Y (p--pacna,q) 

Q I lXI I I I 

Sln.epHble peaKUittltt 

~2u + ~H = 23893Np + 21on 

KpaTKo 
238 u (d,2nr Np 



nEPit10Ait1"1ECKASI Cit1CTEMA 3nEMEHTOB 

nonbiTK~ ynOPSIAO'-tiiiTb, K118CC~$H~~POBaTb 31le

MeHTbl B COOTBeTCTB~~ C ~X CB0&:1CTB8M~ 
3neMeHTOB · 
n. MeAep (1864)- o6beAMHI!lJ1 3neMeHTbl co CXOAHbiM11 
CBOii!CTBaM11 B rpynnbl 
A*· HbtoneHAC ( 1866) - oTMeTI!lJl nosTOplleMOCTb csoiiiCTB 
~epe3 7 3neMeHTOB Ha 8-oiil (npaBI!lJlO «OKTaB») 

{ 

A. Aii6epeAHep (1816-1823)- BbiAeJII!lJl TPI1a,qbl cxoAHbiX 

A- 111. MeHAeneea nono)K~ e ocHoey Kllacc~<t>~Ka~~~ aroMHbiVI sec rpyfna 

u Be B c N 0 F Na Mg AI Sl p s a K cal u Be B c 
7 9 11 12 14 16 19 23 24 27 .28 31 32 35.5 39 "o 1 ' 

:: I I nep11 

Na Mg AJ Sl 
K Ca 
320 30 3203 3 p2 

cCeoiiicraa aneMeHroe, a cneAoBarenbHo 111 o6pa3oeaHHbiX 111MII1 npoCTbiX 111 cno>KHbiX ren, 

HaxOASITCSI B nepii10Ait1YeCKOH aaBII1CII1MOCTII1 OT aTOMHbiX BeCOB 3neMeHTOB» 

,a. M. MeH,O,enees, 1869 

np~ COCT8BlleH~~ Ta6n~~bl A-~· MeHAeneee (B OTJl~'i~e OT npeAWeCTBeHH~KOB): 

N 0 F 
p s Cl 

3205 303 3~7 

1. CpaBH~ Me)I(Ay C060171 He TOllbKO CXOAHble 31leMeHTbl, HO ~ HeCXOAHble eCTeCTBeHHble rpynnbl 

3JleMeHTOB; 

2. ~aMeH~ aTOMHble eeca 20 aneMeHToe (Be20 3 ~ BeO => 13.5 ~ 9) 
3. np~ onpeAelleHH~ nOJlO)I(eH~SI - pyKOBOACTBOBMCSI B nepeyiO O'iepeAb XHM~'iecKIIIMIII 

CBOIIICTBaM~ I B T e; Co B Ni; 
4. PSIA 31leMeHTOB He 6blll OTKPbiT- OCTaB~ nyCTble KlleTK~ (nOA Si- 3KaCW1111U,VI~ rGe) VI AP-) 

r. MoanM (1913 r.)-3aps:tAbl s:~gep aToMos nocnegosarenbHO so3pacTaiOT Ha 1 •. s-c,.·~b~ HOMep 

31leMeHTa COOTBeTCTByeT 3H8'-teHHIO 3aps:tga ero s:tApa. 

CoapeMeHttaA TPaKToaKa: Cao171cTBa sneMeHTOB 111 111x coeAHHeHHVI HaxOASITCs:t s 'lep.•OAY!YecKolll 

38BVIC1t1MOCT~ OT 3H8YeHVISI 38PSIA8 SIAep 8TOMOB (paBHoro aTOMHOMy HOMepy 3Jlehfe..:T2 B nep~t~OAit14eC

K0171 T8611YIU,e 31leMeHT08). 

3aps:tg s:tgpa onpegens:teT '-tlt1CJ10 31leKTpOHOB B Heii1Tp81lbHOM 8TOMe 1t1 '-tlt1C110 3anc.--e---::. • :=i1€KTpOHHbiX 

060110'-t€K B HeB036y)KA€HHOM 8TOMe, a T8K)Ke IIIX 38CeneHHOCTb (XIt1Mit14€CK~e :::s: ,-,:-::2 

3anonHeHJIIe 
YQQID:!.!1 op6JIITanJII 

1 1s 
2 2s2p 

s p 
,---_.;A.._ __ -. 

3 3s3p[3d) ~,.ww+-~~-,.....P""""'~~---,=+.oi..f-""-i.L...+.><.-t..><.L..t~ 
4 4s3d4p L:i-~~~.:..a..::...a.:;::..L~~~~~-=~~==~~~:..::.......J 

Mn - 4s23d5 } - 1 Mn:zOr '-3
-., - w.a.~~ -~ 

Cl _ 3523ps no 7e 3 20 Cl 0 4-iil ~" 1"'-0'"...JIIE....~- 5c.·,, ..... r .. e 
2 7 n~ 

3aB~C~MOCTb xapaKTeQit1CTit1K 31leMeHTOB OT I-1X 

nono)l(eH~SI B nepHOAit1LtecKoii1 ra6n1r1ue 

B MAJlOM nEPitlOAE: 3anonHeHI1e OAHOro 3neKTPQHHOro ypoBHA 

u Be B C N 

0 0 0 0 0 
0.155 HM PaAYiyc HeiiiTPanbHoro aTOMa 

0 

0 
F 

0 
0.064 HM 

nepeXOA K en~ nepMO,a;y -> 
nepexOA K ppyrouy 3JlenpotiHOU)' ypoBH!O. 
pacnonolKeHHOU)' AaJ!bWe OT ~. no3TOMY -
yueHbWeHI'Ie npKTII)KeHI'III BHeWHero 

3neKTPQHa z X e 

B nepi10Ae Ha6n10AaeTCA ysenl1~eHI1e 3ap11Aa IIAPa, ysen11~eH11e npi1TII}I(eH11A e -
K IIAPY. ysen11~eH11e 3neKTpoOTPI11.\llTenbHOCTI1- cnoco6HOCTI1 aroMa OTTIIn.1BaTb 
K ce6e 3neKTPOHbl ~ nepeXOA OT MeTa11nl1~eCKIIIX CBOii!CTB K HeMeTa11nl1~ecK11M 

~ 
TeHA9HU,II1SI o6paaoeaHII1SI ycroliiYII1Bolil BHewHelil aneKrpoHHolil ,-----------------....... 
o6onO'-IKII1 (060JIO'-IKII1 II1HepTHoro raaa) 1. ATOMHbliil HOMep 3neMeHTa = 3aPAAY IIApa 

3neMeHTbl Ha~ana nepi10Aa 3neMeHTbl KOHL\ll nepi'IOAa 2. HoMep nep110A3- = ~11cny yposHeiil (o6bi~Ho) 
3. HoMep rpynnbl = max. nono>K. creneHb 
OKIIICJleHI151 (06bi~HO) 

nen<O OTA3-IOT e, 06pa3YIOT npei1MYUI- ,nen<o npi'IHI1MaiOT e, 
06pa3yA 9-JIIOHbl o6pa3y51 EB-110Hbl KOBalleHTHble CBII311 

[He] <J:::::: 
Br~ne:: 8! ::==>[Ne] 

ysen11~eH11e Yl'lcna 3neKTPQHHbiX yposHeiil (cnoes) 
B HE!B036Y>KAeHHOM aTOMe; 
ysen~eH11e pa3Mepa aroMa; 
yMeHbWeHI'Ie npKT!I>KeHI!III BHewHero 3neKTPQHa K IIAPY; 
yMeHbWeHI'Ie cnoco6HOCTI1 npi!ICOeAI!IHIITb 3neKTPQH; 
YCI!lJleHI'Ie MeTaJinl!l'-leCKI!IX CBOii!CTB 

6 

4. MeTa11ni1YecKI1e CBOiilcTBa B03paCTaiOT 
csepxy BHI13 11 cnpasa HaneBO 

5. MeTa11ni1YecKI1e csoiilcTBa npo~~BnAIOT 
3neMeHTbl C ManbiM ~IIICJlOU BalleHTHbiX 
3neKTPQHOB Ha BHeWHE!t.l ypoBHe (o6ono~Ke) 
6. nepHCJ,QH'IHOCTb l'l3tol&leHI'III CBOiiiCTB 06bAC
HAeTCII on~ 1101rT0p!IE!UOCTbiO B 
3anonHeHI1111 3netCTpOI+ti.X ypc>BHei1 (o6ono~eK) 



XlftMift'"IECKASI CBSI3b 
83alt1MOAeHCTBHe aTOMOB, npH.BOASlutee K o6pa30BaHHIO 

yCTOH4HBOH MHOroaTOMHOH CHCTeMbl 

0+0 
~epepacnpeAeneHlt1e 111 (11111111) J 

---7 8 • 0606uteCTB~eHHe 3JieKTpOHOB (BHeWHHX, BBJieHTHbiX), nOB~biWeHI!le 
• 3JieKTpOHHOit1 MOTHOCTH Me)I(Ay aTOMaMI!l, npHTSirHBaiOuteH S!Apa. 

I • • • • • • • • • • • • •• 

1. 3Hepnr19 CB9311 - 3Heprlt1SI, 3aTpa41!1BaeMBSI Ha ee pa3pyWeHI!le (06b14HO COTHI!l ~/MOllb) 
2. LlJn1Ha casa111 r- pacCTOSlHlt1e Me)I(Ay SIAPaMl-1 CBSl3biBaeMbiX aTOMOB (o6bi4HO 0.1-0.3 HM) 

3. lll1nODbHbiH MOMeHT fl - npl-1 pa3111t14lt1111 311eKTpOOTplll~TellbHOCTlt1 aTOMOB - Mepa n011SipHOCTI!l CBSI3111 

q+ + q 

® r @ J.L=qxr 

'V 'lleKTpOOTplll~aTellbHOCTb- 4lt1ClleHHaSI xapaKTepi!ICTlt1Ka CnOCOOHOCTI!l aTOMOB B COeAIIIHeHI!ISIX 
F 2 R' 

cMeutaTb K ce6e sneKTpOHbl APYrlt1x aTOMOB Rb - 0.8. I - 2.5 
npaBHJIO OKTeTa: npl!l 0 pa30BaHlt1lt1 Xlt1Mlt14eCKOi:t CBSlJ-Hai"OMbi 1-ro - 3-ro neplt10AOB CTpeMSITCSI K C03AaHHIO yCTOH4HBOH ~

(OKTeT) lt1Jilt1 2-X (Ay6JieT) ·311eKTpOHHOH 0601104Klt1 lt1H9pTHOrO raaa 

o6o6utecreneHlt1e 

-..J 

VIOHHMI CB~3b 

Na • + ."tl: ~ Na+ + :'CI:-

1,11 VI,VII [Ne] [Ar] 

TBepAble eew,ecTBa } CIIIJlbl np!lmi)KeHI'HI 
BbiCoKI1e T nnaBlleHI'HI Me>KP.Y lt1oHaMlt1 

nplll MaBJieHIIIIII, paCTBOpeHIIIl-1 B BOAe 
xopowo npoBOAHf 3JleKTp11'1eCKIIIH TOK 

N~ :~!: ~ Na+ + Cl----- -1853 r.- ¢lpaHK118HA. Cnoco6HOCTb aTOMa 
npMcoeAMHATb MllM 3aMell.\aTb onpeAelleHHOe 
'!MCilO APyrMX aTOMoa npM o6paaoaBHMM 
MOneKynbl 
3JIEKTPOBAJ1EHTHOCTb - cnoco6HOCTb aToMa, 
o6pa3YJOI.l.\ero MOHHYJO CIISI3b, OTAaaaTb MllM 
npMHMM8Tb OnpeAeneHHoe '!MCilO 3JleiCTpOHOB 
KOBA/lEHTHOCTb - cnoco6HOCTb o6pa30Bb1B8Tb 061.1.\Me 
311eiCTpOHHble napbl 
AJlR xapaKTepMCTMKM nepepaCilpeAelleHMR 311eiCTpOHOB npM 
o6pB3088HMM CIISI3M. 
CTEnEHb 0Kii1CJ1B-Ilt1SI- ycnoaHblll 3aPRA aToMa, 
Bbi'!MCileHHbiH no onpeAeneHHbiM Op8BMI18M: 

:CI· + :CI• -+ :<?1p1:_ (CI-CI) 

:N • + :N • -+ :N ::N: (N=N) 

1'1\'\ 
'-.X:./ 
~ 
~ 

'tacro Ha!SniOAileTCO rHliPHAH3aUHO S·, p· H d-
• • op!S11T3J1eA 
~ OTTaJ1Klt1BaHI1e 

f-f'ill~ 2t- HNH>90' ~ 10T 

np111 COeAIIIHeHIIIIII aTOMOB C pa311111'-IHbiMI1 

3JieKTpOOTPI11.1aTeJibHOCTI1MIII- nongpHBS 

cas3.b 

..D.QHQR -IIIMeeT HenOAel1eHHYJO e-napy 

H 
I 

H-N• 
I • 
H 

H 
I 

H-0 • ••• 
aKUeOTOQ - CBOOOAHYJO Op6111TaJlb (H ") 

H 
I 

H-N• +H+-
1 • 
H [ H+H r 
H [ ] + I H,.~H 

H-0• +H+- 0 
••• I 

H 

/r 
1. Bee CBR3111 3KBIIIBaJ1eHTHbl. 
2. 3apf!A pacnpeAeneH no BCeM arouau 

( BOAOPOAHM! CBS13b 

1. CTeneHb OKMCileHMR (CO) aTOMa B npocTOM Bell.leCTBe 
paBHa 0 (H2, P4, SaM AP.) 
2. Anre6paM'!eCKaR Cyt.1Ma CO aTOMOB B MOJleKyllax (C02, CH4) paBH8 0, B MOHe (SOl-, Mn04 -) - ero 38PRAY 

CBSI3b 3' ... H ... 3", rAe 3' Ill 3"- aTOMbl 

311eMeHTOB C 60llbWHMI!l 3Ha4eHHSIMH 

sneKTpoorpH~TellbHOCTI!l, YeM 30 H. 
Bee TPH aroMa 3', 3" 1t1 H pacnono:>KeHbl 3. CTeneHb OKMCileHMR F B ero C09AMHeHMRX BCerAa paBHa -1 

4. CO 8TOMOB 1.1.\ellO'!HbiX M ll.\ellO'!H03eMeJlbHbiX M9T811110B B CoeAMHeHMRX BCerAa p8BH8 + 1 M +2 
5. CO H B C09AMHeHMRX +1 (CM. T810Ke n. 7) 

Ha npSIM0£1, HanpHMep F···H-0, O···H-N. 
6. CO 0 B CoeAMHeHMRX -2 (CM. T810Ke n. 7) 
7. BcerAQ npeAnO'!TeHMe OTAaBTCR npaBMilY C M9HblUMM HOMepoM, 003TOMY K+ 1 H-1; H2 +102 - 1 8 ~p. 
8. CO MOJKeT 6b1Tb OTPMI.\8TellbHOH, 00110lKI1TellbHOII, paBHOH 0 (Fe(CO)S MAP.). APQ6HOH (K2S5- . ) 

CTBJilla 

METAJ1.m1YECKA51 CBs13b 
3JieKTponpOBOAHOCTb, TennonpOBOA· 

HOCTb, KOBKOCTb MeTaliJIOB. 

MoAellb «sneKTpOHHoro raaa•, KOTOpbl£1 

YAeP:>KHeaer BMeCTe aTOMHble nono:>KH· 

TellbHO 3apSI:>KeHHble OCTOBbl. 

CoepeMeHHBSI MOAenb - sneKTpOHbl 

pacnono:>KeHbl He Ha OTAellbHbiX 3Hepre

TH4eCKHX ypOBHSIX, a B «3HepreTH4eCKOH 

30He•, 1t1 nerKo e 3TOH 30He nepeMeuta

IOTCSl 



TMnbl XMMM"'ECKMX PEAK~MM 
s:!sneH~t~e, np111 KOTopoM OAH1t1 Bell\eCTBa npespa~IOTC~ B APYrltle, Ha3biBaiOT 

XMMMliECKOft PEAKU.MEft 
BoaMO>KHble Tltlnbl Kf1accvtC/>vtKau,vtVI peaKu,~t~lf1 

no lt13MeHeHit110 CTeneHit1 0Kit1C11eHit1~ aTOMOB no Ylt1C11y IIICXOAHbiX lt1 

o6paay10w,111xc~ sew,ecTB oe3 II13MeHeHI1R CTeneHII1 OKI1CneHI!IR C 113MeHeHI1eM CTeneHiil OKI1CneHII1R 

COEAMHEHMSI 

A+B+C~D 

H8CKOnbKO sew.ecra 

6onee. npocyoro cocraaa 
npoAYKT 6onee 
CllO)I(Horo cocraaa 

PA3nO>KEHMSI 

A~B+C+D 

6011ee CJlO)I(HOe HecKonbKO sew.ecra 
6onee npocroro cocraaa 

CaO + H20 = Ca(OHh 
PbO + Si02 = PbSi03 

CaC03 + H20 + C02 = Ca(HC03)2 

Pa311o:«eHHe KpHCTannor~TOB, KHCJlOT, OCHOB3HH~ 
(H• 140JJIO'I•II!), cone~ KHCnoPOACOAePJ0<3UIHX 

KHCI10T HAP. 

Cu(OH)2 = CuO + H20 
CaC03 = CaO + C02 
NH4CI = NH3 + HCI 

(OKI1CnliiTe11bHO-BOCCTaHOBI1TenbH~e) 

H2 + Cl2 = 2HCI 
PbS + 403 = PbS04 + 402 

4Fe(0Hh + 2H20 + 02 = 4Fe(0Hb 

4HN03 = 2H20 + 4N02 + 02 
AHcnponopL.lHOHHposaHHe 

4KCI03 = 3KCI04 + KCI 

3AME~EHMSI 

A+ BC ~ AB + C OKI!ICneHI'IR c:::i;> CuS04 + Fe = FeS04 + Cu 
I 2KBr + Cl2 = 2KCI + Br2 

npocroe cno)I(Hoe cno>KHoe npocroe J 
05MEHA 

AB + CD ~ AC + BD 
HaH6onee pacnpocTpaHeHbt peaKL.lHH Me)K,D.y cno)k~ 

HbiMH aew.ecrsaMH, nporeKaiOw,He 6e3 H3MeHeHHA 

creneHH OKHCileHHA H conpoao>KAaiOL4HeCR YJ:¥111e~ 

HHeM npoAYKT3 (npOAYKTOB) pe3KL\HH B B"Ae f333, 

Oca.QKa HnH o6pa3083HHeM ManOAHCC04MHPYIOW.e· 

AgN03 + KBr = AgBr ..!. + KN03 I 
Hei4TpanM3a...,•nt ~oe3 113MeHeHI1R CTeneHiil 

NaOH + HCI = NaCI + H20 OKiiiCneHiiiR 
ManOAHCCOL4 

fMAPOnM3a 

ro cOeAHHeHHA. 

CH3COONa + H20=CH3COOH + NaOH (I 

ManOAHCCOL.l. 

Heo6XOAIIIMO OTMeTit1Tb: cyw,eCTByeT MHOrO peaKI..\111111, KOTOpble TPYAHO OTHeCTit1 K OAHOMy onpeAelleH

HOMy Tlllny: 

NH3 + C02 + H 20 + NaCI = NH4CI + NaHC03 ..1.; 302 +=="203 

8o3MO.lKH~ 111 APYrll1e Kllaccii1<PII1Kal..llil11: no TennosoMy 3<P<Peny, CKOpocm, MexaH113MY (IIIOHH~e. paAi1KanbH~e. u,en
H~e. KaTallliiTiil"'eCKiile 111 HeKaTalii1TiiiYecK111e), KaK o6pamM~e 111 Heo6pamMble 111 T.A. 

no TEnnOBOMY 3<l><l>EK~ 

B XOAe XHMH'-4eCKHX peaKL.lH~ npOHCXOAHT pa3pbl8 OAHHX CBSI3eM H o6p33083HHe APYr..,X 
fcmt CYf.AM3 3Hepnn~ p33pyWeHHbiX CBSI3e~ < Cyt.tM~ 3Hepnu~ BHOBb o6pa30BaHHbtX -> H36biTOK 3HeprHH Bb!Aem~eTCR 8 BHAe TeMOTbl, Caera, 

pa60Tbl p3CWHpSIIOL4HXCSI r330B. 

4AI + 3~ -t 2AI2~ + Q 

N2 + 02=2NO- Q 

- Ten!loTa Bb1AeJ151eTC51, peaKL\MR 3K30TepUM'feCKaR 

- Ten!loTa nor!lOI..LI3eTC51, peaKL\MR 31fAOTepUM'feCK3R 

Tennoaoit act>cl>eKT peaKU.MM Q 

TepMOXIIIMY1YeCKit1e ypasHeHIIIR- c yKa3aHY1eM 

Tennosoro 3¢>¢>eKTa 
npocTble Be~eCTBa B CTa~THOM COCT051H1111 

(1 aTt.A., 25°C, A. B. C. D). ~Qo6p = 0 

TepMOXIt1Mit1YeCKIIIe pac'-leTbl OCHOBaHbl Ha aaKOHe 
recca: 

QI1CX l npOA 

Qo6p 

---------- ------o6p 

• Ten!lOBOiii 3cjlcjleKT XIIIM11'ieCKOiii peaK4111111 33B11CIIIT OT COCT051HI1iii ----...L------1 ~~n-!l_o_B_A011C3cjl+cjl8eKDT 11CXOAHbiX BeUieCTB 11 npOAYKTOB peaKI..II'Iiii, Ho He 3aBI1C11T OT npoMelKy- _ 

TO'iHbiX CTa,llllliii npo4eCca r-~ 

• Tennosoiii 3cjlcjleKT XIIIM11'ieCKOiii peaK'-11111 paseH cyMMe Ten!lOT '--IV 
o6pa30B3HI151 npOAYKTOB pe3K1..11111 33 Bbl'ieTOM CyMMbl Ten/lOT 
06paJOBaHIII51 11CXOAHbiX BeUieCTB 

8 

AB +CD 

3aKOH COXpaHeHI1SI 3Heprl111 

Q - 3an::~c 3Heprl111 s npop,yKTax MI1Hyc 
Janac 3Hepr1!111 s peareHTax 



7. 
0 
~ 

~ 

"' "' "' "' 

<.0 

Cy~HOCTb XMM~eCKOM peaK~MM COCTOMT B nOny'leHMM HOBbiX ae~eCTB, 

B neperpynnMpOBKe 8TOMOB MCXOAHbiX ae~eCTB B npOAYKTbl peaK~MM n 
~ Kom11.fecreeHHO XII1MI!II.fecKaSI peaK~I!ISI MO:>KeT ~biTb oxapaKTep1!13oeaHa \7 

, cKopocTb~ nporeKaHIII! ~,r.n~y~6•1!1•H_o.ll1_.n.p.o.r.e•K•a•H-111•SI--------------------------------------------~, 
CKopocrb aporeKBHMR (X1.1MI!II.fecKas K1.1HeT1.1Ka) 

CKopocTb roMoreHHOiit XI!IMI!IYecKoiit peaK~II1111 onpeAenSieTCSI KOTII!11.f8CTBOM 

ee~ecrea (YIIICTIOM Moneiit ~n), npeepaw,eHHoro e o6beMe (V) 3a npoMe:>KY

TOK Bp8M8Hi11 (~t); 

M 
-&=Yilt 

ll~ar !lCnpoAYKT 
--- -6= - =+-v = const /lt /lt 

'#eM onpe,qenfleTCfl cKopoCTb? 
PeaKU~SI np01-1CXOA!-1T np~ CTOJ1KHOBeH~~ MOJ1et<yJ1 pear~pytOlJ.IHX Be~eCTB, n03TOMY CKOpOCTb 
OnpeAeJ1SieTCSI <D 'li-1CJ10M CTOJ1KHOBeH~H ~ (2) 11X 3Hepr11eH 
(D KoHJ.48HTP81.4~SI ('l~CJ10 MOnet<yn B eA~H~Ue 06beMa). 'ieM BbiWe KOHU9HTpaJ.411SI, TeM 'la~e 
npO~CXOASIT CTOJ1KHOBeH~SI. 

~ "' [A] ·[B) AfJSI A + B --+ C 
~ "' k(A)· (B) rAe k- KOHCTaHTa CKOpOCT~ (k = ~. ecnVI, Hanp~uep, (A] = (B) = 1) 
Ecn~ B peaKUVIVI B OTAeJ1bHOM CTOJ1KHOBeH~~. T.e. 3J1eMeHTapHOM aKTe, y..aCTBYIOT n MOJ1et<yn A~ 

m- B, T.e. nA + mB --+ C, TO 

( ] 3ateoH AEtMc"BYJOU.I,M uacc 
t} = k ·[A]"· [B]m (K.M.rynbA6epr ~ n.Baare, 1864 r) 

n, m - nopRAKH peaiCLJ,MM- 'laCTO He pa&HW CTe»''OMeTpH'teCICHM 

K03$¢IHUM6HTaM. npH'4HHa- CllO>KHWR MeX8HH3M peaKUMR. 

(2) TeMneparypa (Mepa K~HeT~'lecKOH 3Heprn~ 
MOJ1et<yn). 'iT06bl peaKI..IMSI npowna, He06XOA11MO pa3py
W~Tb CBSI3~ B ~CXOAHOH MOJ1et<yne. ,llnSI 3T0f0 Tpe6yeTCSl 
3HeprnSI (3HeprVISI aKrnsau~~). Monet<ynbl AOJ1lKHbl 
CTOJ1KHyTbCSl C onpeAeJleHHOH 3HeprneH. 
TaK KaK AOJ1SI MOJ1et<yJ1, o6naAlUOU\HX H006XOA~MOH 
3Hepr~eH, 6biCTpo ysen~~BaeTCSI C pOCTOM TeMnepary
pbl, CKOpOCTb peaKU~~ pe3KO B03pacraeT C pOCTOM 
TeMneparyp~:.~. 

np~6J1~lKeHHOe npaB~J10 BaHT-roctxt>a: CKOpOCTb 
so3pacraer s 2-4 pa3a np~ HarpesaH~~ Ha 1 ooc. 

EaKT 
YpasHeH~e AppeH~yca: k = const· e- RT 

R- ra3osa11 nocTOSIHHaSI, T- TeMneparypa, K 

E 

~ KaTan~38TOp - ~3MeHeH~e MexaH~3Ma peaKu~~ 

--+ YMeHbWeHV!e 3Heprn~ aJ<n!Bai..IM~--+ yBeJl~'leH~e CKOpoCT~. 
MHrMtiMTop- YMeHbWeH~e cKopocT~ peaKI..IM~. 

nepeXOAHOft 
COCTOSIHII!e 

EaKT _ __..,__ .... _____ _ 
peareHTbl -r:Q 

npoAYJCTbl 

[ny6MH8 apOTBKBHMf{ (X1.1M1.1LJeCKafl repMO.O.I.1HaMI.1Ka) 

MHOrVIe XIIIMVII.feCKVIe peaKU,IIIVI He YAaeiC51 AOBeCIVI AO KOHLJ,a 

H2 + 12 ==> 35ooc ==> BO%HI + 1 O%H2 + 10%12 <= 3so·c <= HI 
cuecb 'l~CTbiH 

PeaKU,VIVI, nporeKaiOW,VIe OAHOBpeMeHHO B AByx npOTIIIBOnOnQ)KHbiX 

HanpasneHVI51X, Ha3btBaiOr o6pantMWMH 
if 

~P H2 + 12 = 2HI 

'(}. 2HI = H2 + 12 
o6p 

L_ __________ _. t 

np111 paBHOB8Ciillil: t}np = t}ol5p 

X111Miill.f8CKoe paeHoeecl!le 1!1Meer A111HaMI!11.fecKI!Iiit xapaKTep 
AnSI peaK~II1111: mA + nB.=-pC + qD 

KOHCTaHTa paBHOB8CI!ISI K 
[C]P[D]q 

K = [A]m[B]" 

npi11 AaHHOiit TeMneparype K I!IM88T 
nOCTOSIHH08 3Hal.f8Hiil8, xapaKTepl!l-

3Y8T paBHOB8CHbliil COCTaB CM8CII1 

Cnoco6111 cMeWenlfB XII1M11'i8CKoro paeHoeec111a 

OpMHUMn ne WaTenbe: ecn~ Ha CI1CTeMy, HaxOASI~YIOCSI B COCTOSIH~~ paBHOBeCI1SI, 
OKa3b1BaTb BHewHee B03AeHCTB~e (~3MeH~Tb T, P, KOHUeHTpai..IMIO), TO paBHOBec~e B C~CTeMe 
CMe~eTCSI B TOM HanpasneH~~. np~ KOTOpoM 3$$e_KT B03AeHCTB~SI yMeHbWaeTCSI. 

CD 

3~ + ~+=2NHs+ a 1.-r 
P-->1 I I I I P-->1 I y +--+ NH 

~p_/' 3 
T 

KaTaJ11113aTOp He BTI1!1SI8T Ha nOTIO:>K8Hi118 paBHOB8Ci11SI ( KOHCTaHry 

paBHOB8CI!ISI}, a TOTibKO YCKOpS18T ero AOCT111:>K8Hi118 



OKMCnMTEnbHO-BOCCTAHOBMTEnbH~EPEAK~MM 
peaK~l'll'l, npOTeKaiOUJ,l'le C l'I3MeHeHl'!eM CTeneHeVI OKl'IClleHl'ls:t aTOMOB 

YC110BHO C'IIIITaiOT, 'ITO OKIIICJleHI!Ie- 3TO OTAa'!a aTOMOM, IIIOHOM, M011eK)'110W 311eKTpoHOB, a BOCCTaHOBJleHI!Ie- npi!ICOeAIIIHeHI!Ie K 
HI!IM 311eKTpoHOB. np111 OKIIICJleHIIIIII CTeneHb OKIIICJleHI!IA aTOMa B03pacTaeT, npw BOCCTaHOBneHIIIIII yueHbUJaeTCA. 

0KII1CJ19HII19 OAH111X aTOMOB (A) B AaHHOi-1 peaK~II1111: A -n e = A"+ (A - BOCCTaHOBII1T911b) BC9rAa COnpOBO>K,IJ,a9T~ 

BOCCTaHOBJ19HII19M APYrii1X aTOMOB (3) B AaHHOiii peaK~II1111: 3 +n e = 3n- (3 - OKII1C11111T911b) 

BOCCTAHOBJ1EHME 
nOHIIUKeHI/Ie CTeneHiol OKIIICJleHIIIA 

-3 -2 -1 0 1 2 3 ... 
nOBbiWeHI/Ie CTeneHIII OKII1CJleHIIIA 

OKMCJ1EHME 

~I 0Kl'ICmrre.nbHo-soccTaHOBKre.nbHbiE1 ~ 
peaK~l'll'l 

t3 0 
Mrut<MoneKYllWlHble -1 BHYTpl'IMOlleKYllSIPHble 

2NaCr02 + 3Br2 + 8NaOH = 2Na2Cr04 + 6NaBr + 4H 20 
C Y'"laCTIIIeM aTOMOB BOCCTaHO· OKIIICJllll· 

BIIITeJlb Tenb 
aTOMbl pa311111'iHbiX OAHOro 3JleMeHTa 

3JleMeHTOB (AI/ICnponOp41/10HIIIpoBaHIIIe) 
t5-2 +4 0 +5 +7 -1 

4HN03 = 2H20 + 4N02 + 0 2 4KCI03 = 3KCIO 4 + KCI 

An~ Taro, YT06bl onp9A911111Tb HanpaB119HII19 npOT9KaHII1~ 111 npoAYKTbl peaK~II1111, He06XOAII1MO yCTaHOBII1Tb: 

0KII1C11111T911111: 

1. npaCTbl9 Bell.\9CTBa, o6pa30BaHHbl9 aTOMaMII1 

sneMeHToe-HeMeTannoe VI-VII rpynn (F2, 0 3 , 0 2, Cl
2

, 

Br2 111 AP.) 
2. MH0r111e MHOrD3a~AHble 1110Hbl M9TailJIOB: 

Fe3+ + e = Fe2+; Cu2+ + e = Cu+ 

3. l-10Hbl, COA9p>Kalll,lt19 aTOMbl 3119M9HTOB B BbiCOKII1X 

CTeneH~X OKII1C119HII1~: 

Mn04- (Mn VII), Cr20/- (Cr VI) 
4. i-10Hbl 111 MOJ191CyJlbl, COA9p>Kalll,lt19 aTOMbl H9M9TaJl

JlOB B BbiCWII1X CTeneH~X OKII1CJ19HII1~: 
+5 +5 

HN03, KCI03 111 pp. 

5. K111cnaTbl (aa CYeT 1110HOB W) 
6. nepoKCII1Abl, HaAnepOKCitlAbl, 030HII1Abl 

H 20 2 , ~04, K03 

BoccTaHOBII1Tenll1: 

1. ATOMbl M9TailJIOB 1-111 rpynn 111 AP· (Na, ca. AI, Fe ..• ) 

2. 0Tp1111$TenbHo 3ap~>KeHHble 1110Hbl HeMeTaillloe S2-, 

Cl- 111 AP· 

3. MHorne cpaeHII1TenbHO Mano3a~Hble 1110Hbl MeTan

noe (Fe2+, Mn2+ 111 AP-) 

4. l-10Hbl 111 MOJ191CyJlbl, COA9p>Kalll,lt1e aTOMbl B npoMe

>KyTO'-IHbiX CTeneH~X OKII1C119HII1~: 

+4 +4 t3 
so2• so32-, H3Po3 .., pp. 

5. H2 , CO, CH4 , NH3 , C 

6. f111APII1Abl MeTannoe 1-111 rpynn (CaH2 , UH 111 Ap.) 

An~ COCTaBJ19HII1~ ypaBH9HII1iii OKII1CJ1111T91lbHO-BOCCTaHOBII1T9JlbHbiX peaK~II1iii 111CnOnb3yiOT: 

MOJOA ueppouuo-Mouuoro 6anauca 
(B BOAHbiX paCTBOpax) 

1. Hafnlil OKIIIC11111Te1lb Ill BOCCTaHOBIIITenb. 
2. Onpe,qeniiiTb, KaKI/Ie IIIOHbl c~ecTByiOT B pacTBOpe 
3. 3anlolCaTb CXeMbl nonypeaK4111i1 OKIIICJleHI!IA Ill BOCCTaHOBneHII1A 
4. C6anaHC111poBaTb '11-lcno aTOMOB B KaJKAOi1 '!aCTIII, A06aBnAA 

H + 11111111 H 20 - B KIIIC110i1 CpeAe 

OH - 11111111 H 20 - B UlenO'IHOW 

5. YpaBHf!Tb ~111cno 3neKTpoHOB (s~oe) 
6. CYMMIIIpoBaTb nonypeaK4111111 B nOJlHOe 311eKTpoHHO· 
IIIOHHOe ypaBHeHIIIe (311eKTpoHbl COKP3UI310TCII!) 
7. Haiimll K03#1114111eHTbl 

2 

5 

KMn04 + HCI ~ KCI + MnCI 2 + Cl2 + H 20 

MnO 4- + 8H+ + 5e-= Mn2+ + 4H20 (eoccTaHOBneHIIIe) 

2CI-- 2e-= Cl (OKIIICJleHIIIe) 

2M nO 4- + 1 OCI- + 16H+ = 2Mn2+ + 5CI2 + 8H 20 

2KMn04 + 16HCI = 2KCI + 2MnCI 2 + 5CI2 + 8H 20 

10 

MexoA aneupouuoro CSanauca 
(ras + ras, ras + TB., TB. + TB.) 

1. Hafnlil OKIIIcniiiTenb Ill BOCCTaHOBIIITenb 
2. 3ani!ICaTb CXeMbl nonypeaK41/1M OKI!ICJleHIIIA Ill BOCCTaHQBneHIIIfl 
3. C6anaHc~o~poeaTb 3aPfiAbl 111 3neKTpoHbl 
4. Cyuu111poeaTb nonypeaK4111111 B nonHoe 3neKTpoHHOe 

ypaBHeHIIIe (311eKTpoHbl AQJllKHbl COKpaTIIITbCfl) 
5. Hai'ITIII K03<j>$1114111eHTbl · 

4 
3 

o AI ~0 2 ~ Al203 
AI - 3e = AI (OKIIIcneHIIIe) 

0 -2 
0 2 + 4e = 20 (BOCCTaHOBneHIIIe) 



PACTBOPbl 
roMoreHHble CII'ICTeMbl nepeMeHHOrO COCTaBa, COCTOSU..IJ,II'Ie 11'13 AByx VI 6onee KOMnOHeHTOB 

PaCTBOpMTenb- KOJlW.feCTBeHHO npeo6na,qaeT 11 H8XOA11TCH B TOM JKe arperaTHOM COCTOHHI111, "'TO 11 o6pa3y~I1HCH paCTBOp 

_,-- ( paCTBOpbl 3neKTPQm1TOB 

YcToii'IMBOCTit 
onpeAeJlHeTCH pa3MepoM 
pacnpeAeJleHH~Xl.faC~4 - 1 o-e + 1 o-e M -

- 10-4-;- 10-5M -

( 11C~HH~e paCTBOp~ ) 

( KOJ111011!AH~e pacTBOp~ ) 

cycneH31'111 (TBe~e B JKMAKOM) 
3MY1lbCI'II1 (JKM,qK11e B JKMAKOM) 

Kon~~ecTBeHHaH xapaKTep~cT~Ka Ka~ecTBeHHaH xapaKTep~cT~Ka 

m·1 (MaCca paCTBOpeHHOfO BeU4eCTBa) 
MaccoaaH AOnH W = ( .,. ) Pa36BBn8HHbl8: OTHOCI1TeJlbHO MallOe COAepJKaHI1e 

paCTBOpeHHOfO BeU4ecTBa. m2 ou~ Macca paCTBOpa 

06~l.fHO B~paJKaiOT B npo4eHTaX 

EC1111 KOJll'll.fecTBO paCTBOpeHHOfO BeU4eCTBa n OTHeceHo 

KOHL!.8HTpMpOBBHHbl8: OTHOCI1Te1lbHO B~COKOe COAep
JKaHI1e pacTBopeHHoro BeU4eCTsa. HanPHMep, 95-98% 
Mace. H2S04 K 06U4eMy 06beMy pacTBopa V, TO fOBOPf!T 0 IIOnHpHOii 

KOHI.\8HTPBI.\MM C 
n paCTBOpeHHOrO Be1441CTBa 

C = -------- (M01lb/AM3; MOllb/11) 
VpaCTBOpa 

PacrsopeHHe, pacrsopHMOCTb ( nOA06HOe paCTBOpHeTCH B nop.o6HOM ) 

pacTBOpeHI'Ie 

1136~TOK ( TBepAOe BeU4eCTBO J "Ill( ~ b....__ll4_ec_TBO __ a_pa_CTBO __ pe __ ~] H::U4~M 
'-· --------'- KP11CTM11113a41'111 C:: . 

PaaHoaecMe: HaCblw,eHHbl~ pacTsop. 0TcyrcTBII1e pasHoseCII1SI- HeHaCblw,eHHbl~ pacTsop (KOHt.teHTpat.tii1SI H11>Ke 
HaCbiW,eHHOrO), 1111111 nepeCbiW,eHHbl~ paCTBOp- BbiWe HaCbiW,eHHOrO. 
KoHqeHTpaQHR HSCbtU(eHHoro pacTBopa- Mepa pacTaopMMOCTM sew,ecTsa, ero cnoco6HOCTI1 pacTBOPSfTbCSI 
B AaHHOM paCTBOpi1Te11e. 

{ 

BbiAellSieTCSI, TO C yse11WieHII1eM TeMnepaTypbl paCTBOpii1MOCTb 
yMeHbwaeTCSI. Hanpii1Mep, pacTsopeHII1e s soAe 0

2
• 

Ecn 11 TennoTa s Pe3YI1bTaTe pacTsopeHII1SI: nornow,aeTCSI, TO c yse11w-1eH111eM TeMnepaTypbl pacTsopii1MOCTb 
ysenwiii1BaeTCSI. Hanpii1Mep, paCTsopeHII1e s BOAe KCI, KN03 111 AP· 

Anst raaoe - 3aKOH reHp~ - c yeenw-leHHeM AaBneHHst pacTBOPHMocTb raaa yeenw-lHBaeTest. 

PacTBOpeHMe -=< npe11MyUJ,eCTBeHHO XMMM'feCKMM npot.tecc P205 + 3H20 = 2H3P04 
2Na + 2Hp = 2NaOH + H2 i 

Henb3R cll11311'1eCK11 BbiA8nMTb MCXOAH08 ae~ecTBO 
npeii1MyUJ,eCTBeHHO cf»M3M'IeCKMM npot.tecc NaCI + Hp 

1
2 
+ 6eH3011 

MOlKHO BbiA8nMTb cll11311'18CK11 paCTBOpeHH08 B8~8CTBO 

TBepAOe BeU4ecTBO + MOlleKYll~ pacTBOpi'ITePH 
C01lbBaTa41'1H 

( fi'IAPaTa41'1H) 
A-A-A-A 
I I I I 
A-A-A-A 
I I I I 
A-A-A-A 
I I I I 
A-A-A-A 

A A A A 
i-9 .. ' rl l' 

KPIIICTannorV~,D,paTbl _/1..-----, 11HorAa HaCTOilbKo npo"'H~. "'To Moryr 
CuSO 

4 
• 5H20 '-...._r--' 6~Tb B~AelleH~ 113 pacTBopa B 

Na
2
SQ

4 
•10H

2
Q Kpi1CTan1ll'll.fecKOM COCTOHHI111 

Tennoabte 3cl>cl>eKTbl 
COJlbBaTa41'1H 

pa3p~B CBH3eiil 

3Hep!l'IH 
norno~eTcH 

( fi'IAPaTa41'1H) 
A A A A A 

o6pa3oBaHI1e 

o6~Mii 
Tennoaoii acj)cj)eKT 
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HOB~X CBH3eiil 3HeP!l'IH 
BWAenReTCH 



3nEKTPOnMTM-..ECKAS1 AMCCOUMAUMSl 
PaCTBOpbl MHOrii1X COIIeiii, KIIICIIOT, { OCHOBaHIIIH 

1. npoBOASIT 311eKTpii1LteCKIIIH TOK (XOTSI B CYXOM COCTOSIHIIIIII- II13011SITOpb1) 

2. HeKoTOpble K01111111raTIIIBHble ceoiiicTBa pacTeopoe (T<"neH""' T3 ..,9 P""""" Ill T.A.) 
1113MeHSIIOTCSI T.O., KaK 6yATO 'iiiiC/10 LtaCTIIIL\ B 4e11oe 'iii1CI10 pa3 60I1bWe, LteM 'iiiiC/10 
M011eKyl1 (cjlopMyllbHbiX eA111H1114) paCTBOpeHHOro Bell.leCTBa. 

l 3neKTpOnMTbl - BeUJ,eCTBa, paCTBOpbl VI paCnllaBbl KOTOpbiX npOBOASIT 8/leKTpVIYeCKVIVl TOK ) 

Teop111St 

3neKTpOniiiTIII~eCKO~ 

AII1Cco~l!1a~l!1111 

1. np111 BHeceHI/11'1 B BOAY 311eKTp011111TOB B paCTBOpe OKa3biBaiOTCSI n0110lKII1Te11bHO Ill 

OTPIIIL\aTellbHO 3apstlKeHHble LtaCTIIIL\bl (1110Hbl) (aneKTpOn141TM'IeCK3R AMCCOU,MaU,MR) 

K3Tl-10Hbt aHli!OHbt 
2. noA AeiiicTBII1eM aneKTpw.recKoro <aToA o D aHoA 

1 887 r. CaaHTe 

AppeH111yc 

TOKa IIIOHbl nepeMeU¥110TCSI -G:J e -
3. 811eKTp011111TIII'ieCKaSI AIIICC04111a4111SI MOJKeT 6b1Tb o6paTII1Ma - _ + 
4. CTeneHb AIIICCOL\111QL\IIIIII 3QBIIICIIIT OT nplllpOAbl 311eKTp011111Ta 111 paCTBOp111Tenst, T, KOH4eHTpa4111111 

MexaHM3M 

AIIICCOL\111a4111111 Ha 
IIIOHbl nonstpHoiii 
MOIIeKyllbl -,6_Qpa3pyweHVIft CBft3VI + ,6_QCOJ1bB3T3U"'VI 

( rVI.o,p3T3UVIVI} 

riiiAPaTIIIpOBQHHble 
(COnbBaTII1pOBaHHble) 

IIIOHbl 

KOIIIIILteCTBeHHO npOL\eCC AB ~ A+ + s
xapaKTepiii3YIOT 

a= 
n(Lt111CI10 pacnaBW111XCSI M011eKy11) 

N(IIICXOAHOe Ltlllcno MoneKyn a pacTBOpe) 
CTeneH~~AMCCOU,MaU,MM a ~ 
Ill KOHCT3HTOii AI41CCOU,M3U,MM KA"'c 3Ha'ieHIIIe a He CBSI3QHO C 

paCTBOpiiiMOCTbiO Bell.leCTBa B BOAe 

KA"'C - KOHCTaHTa nplll A3HHOii TeMnepaTYpe 

YcnoeHoe AeneHIIIe aneKTp011111TOB no c111ne Af1SI 0.1 MOIIb/11 pacTeopoe 

3% fL 30% 
• I • - I .., 

Cna6ble 3neKTponMTbl H
2
S, 

H
2
C03 , CH3COOH, c:t>eHon, 

3neK1J)OIIMTbl Cl)eAHeM 
CMnb1 (no 1- iii cryneHI/1) H

2
S0

3
, H

3
PO 

CMnbHble 3neKTponMTbl 

rVIAPOKCVIAbl UJ,e/lOYHbiX 11'1 

UJ,e/lOYH03eMellbHbiX MeTa/1/108, 

HeKOTOPble KVICllOTbl, CO/lVI 

(noYTVI ace). 

NH3 • H20 
KOHCT3HT3 AMCCO .... MQ .... MM 

AB-A++ B- K = [A"1[B-] 
- [AB] 

[H+](H
2
P04-] 

K
1

= =7·10-3 

[~3P04] 

[H"1[HPO/-l 
K

2 
= = 6·10-a 

[H2P04 ] 

[H"1[PQ43-] 
= 4·10-13 

BOAOPOAHblii noKa3aTen~ 

pH= -tg(H"1 

(H"1 = (OH -] - HeiiiTpanbHast 
(H"1 > (OH -] - KIIICIIast 
[H"1 < [OH -] - ll.leiiOl.fHast 

pH= 7 
pH< 7 
pH> 7 

n POVI3Ben,eHVIe pacTBOPII'IMOCTVI 
ManopacrsopHMble con111 - 3TO clllnbHble 
311eKTpOniiiTbl. Vlx paCTBOpiiiMOCTb M.6. 
OXapaKTep11130BaHa KOH4eHTpa4111eiii 1110HOB 

B HaCblll.leHHOM paCTBOpe 

BaS0
4 
= Ba2+ + S0

4
2-

[Ba2"1[SO 2l 
K = 4 ; [BaS04] = const 

[BaS04] 

K' = nP = [Ba2"1[SO 2-] BaS04 4 

np111 T = const np = const 

Ecn111 [A+](Bl>nP, ,!, oc3AoK 

npoTeKaiOT B cnyl.fae o6pa3oeaHIIISI OCaAKOB ,J,, nerKonery'iii1X Bell.lecTB t Ill ManOAIIICC04111111pOBaHHbiX Bell.leCTB 

NaCI + K2so4 "' } CMeclll llloHoB, peaK4111111 He 111AyT. I 
Henbast roeopiiiTb o6 1113MeHeHIIIIII 

KOH + NaCI ¢ COCTaea IIICXOAHbiX Bell.leCTB 

Na2S04 + BaCI2 = 2NaCI + BaSO 4,1, 
B IIIOHHOiil cjlopMe: 
2Na + + SO 4 

2- + Ba2+ + 2CI- = BaSO 4,1, + 2Na + + 2CI-

SO/-+ Ba2+ = BaS04,1,- KpaTKast cjlopMa 

12 



e) 
3nEKTPOnM3 

npOBOASIT 

8JleKTplt1YeCKII1Vl TOK 

<D Pacnnae NaCI = Na + + Cl-

BOCCTaHOBileHI1e 
KaTI10Ha 

OKI1CileHI1e 
aHHOHa 

(2) PacTBop NaCI 

Na+ + e -4 Na0 

cyMMapHO {Na + + Cl- -4 Na0 + ~ Cl2 

2NaCI J 2Na + Cl2 

B pacTBope - cllOJKHee 113-3a np11CyTCTBI1H BO.Qbl 

pH ~ 7~~ + 2e--4~ + 20H-] 

pH < 7 2H + + 2e--4 H
2 

Qf+ 
H2 OH 
Na+ CI-

H+ aHOA Hp 

Fe0 + cu2+ -4 Cu0 + Fe2+ 
2FeCI3 + Cu = CuC~ + 2FeC~ 

~E I . ~E 

~~ CTaHAapTHbiVt 

BOAOPOAHbliil 311eKTPOA 

HCI, [W) = 1 MOilb/11 

i H2 , 1 aTM (105 na) 
yCI111eHI1e BOCCT3HOBI1TellbHbiX CBOii!CTB aTOMOB MeTaMOB 

G 

(l 

OKI1CileHHaH K"' Ca2+ Na+ Mg2+ At"+ Mn2+ Zn2+ Cr2+ Fe2+ Cr3+ Co2+ Nj2+ Sn2+ Pb2+ H+ Cu2+ Fe3+ Ag+ Au 3+ 
¢opMa 

eoccTaHOBileHHaH K Ca Na Mg AI Mn Zn Cr Fe Cr2+ Co Ni Sn Pb H
2 

Cu Fe2+ Ag Au 

yBellWieH~ote OKI1CI111TellbHOiit cnoco6HOCTI1 VIOHOB 

.:_-~ :;.-'I"Cl-108- aHanorii!"'HO MOlKHO nocTp011Tb PHA 

i'3eJ1~HI1e BOCCTaHOBI1TellbHOVt aKT11BHOCTI1 aH110HOB 

• 'I •••• :-;...:-:; v(:rret<y.n~ BOAbl: 

.:-.;; ~ ::- - 4H -r 

OKI1CI1HIOTCSI CaMI1 np11 311eKTp011113e BOAHbiX j.p-ac_T_e_o,;,p_o_e _______________ """' 

3aKOHbl 3neKTpom13a: M. <DapaAeill -

13 

paBHble K01111"1eCTBa 311eKTp~ot"'eCTBa BbiAellSIIOT Ha 
311eKTPOA3X 3KBI1BaJleHTHble MaCCbl Bell.leCTB 
96520 Kn 

3·1·t 
m=----

F 96520 

r,11e 3- 311eKTpOXW,411"1eCK11Vt 3KBI1B::tl1eHT 
(MOilSipHaSI Macca 3KB11B:llleHT:l) 

a = ..!'!:1 (n- "'~otcno e J n 



OKCMAbl 
0KCH,Qbl - CJlO)KHble sew,eCTBa, COCTOSlUJ,IIle V13 2-x :=)JleMeHTOB, OAIIlH lll3 KOTOPbiX- KlllCllOPOA B 

CTeneHVI OKVICJleHVISI -2 

• 
cJ)opuyna HaaaaHMe cJ)opuyna HaaaaHMe 

co OKCVIA yrnepoAa (II) Fe20 3 
OKCVIA )l(ene3a (Ill) 

NO OKCVIA a30Ta (II) Cr0
3 

OKCIIlA xpoMa (VI) 

N20s OKCVIA a30Ta (V) Mn20 7 
OKCIIlA MapraHL_\a (VII) 

Arpera~oe COCTOSIHHe npH H.y.: ra3bl (NO, CO, C02 VI Ap.). )I(V!AKOCTIIl (H20) Ill TBepAble (Fep3 , 

MgO, CaO VI AP·) sew,ecTsa. 

nony'leHHe OKCH,QOB 

1) QKMCneHMe K&tCnOpOAOM a) npoCTbiX sew,ecTs: 
6) CJlQ)I(HbiX sew,eCTB: 

2Mg + 0 2 = 2Mg0 
2H2S + 302 = 2H20 + 2S02 

2) Pa3nOliC.eH••e a) HarpeBaHVIE!M COJle~l' 2CuS0 J:o 2Cu0 + 2SQ + 0 IKpOMe conelillllellO"'HbiX MeTannoe: 
" • 4 2 2 •2KNO = 2KNO + 0 

3 2 2 to 
2Pb(N0

3
)2 = 2Pb0 + 4N02 + 0 2 

6) HarpesaHVIeM Ca(OH) = CaO + H 0 ' rHApOKCI'I,Qblll\ellO"'HbiX MeTa/11108 

OCHOBaHIIllil: Cu( OH) 
2 = CuO + H 

2 
0 • He. pa3nar~toTCSI, KpoMe LiOH 

2 2 2LIOH = L1 0 + H 0 
B) HarpesaHVIeM KlllCllOPOACOAep)l(aW,IIlX KVICJlOT 2 2 

B Clly<iae TepMH"'eCKI-1 HeycTOH"'Io18biX KI/ICJlOT (H2C03, H
2
S0

3
) - npocroe Harpe8aHHe 

H2S03 = S02 + H20 
8 Clly<iae TepMI!I"'ecKH ycroiiiYIII8biX KIIICJlOT - Harpe8aHHe 8 npHcyrcT8HIII P20 5 

~ r 
2HCI04 == Cl20 7 + H20; 2HN03 == N 20 5 + H20 

P205 P,Qs 

3) Pa3nOlKeH&te BbiCWIIlX OKCVIAOB VI OKMCneH&te HVI3WIIlX: 
to to 

4Cr03 = 2Cr
2
0 3 + 302 4Fe0 + 0 2 = 2Fe20 3 

4) 8biTeCHeH&te neTy'iero OKCV!Aa MeHee neT~IIlM npVI BbiCOKO!il TeMnepaTYpe: 

Na2C0
3 

+ Si02 J,o Na
2
Si0

3 
+ C0

2 
t 

5) Baa&tMOAeiiiCTBMe KMCnoT- OK&tCnMTeneiil (H2S04(•0Hu)' HN03 ) c MeTannaMIIl Ill HeKOTOpbiMIIl 
HeMeTannaMIIl: 
Zn + 4HN03(•oHu) = Zn(N03 )2 + 2N02t + 2H20 

2H2S04 + c t"2so2t + C02t + 2H20 

(OKCMAbl} r1 ------...:!:::> Heconeo6paaytall\Me (Np, NO, 

~..< ~ COIIlAP.) 
coneo6paaytall\Me ~ .__ 

OcHOBHble - pearlllpyiOT c AuQ»oTepHble KMcnOTHble - pearlllpyiOT c 

lll36biTKOM KlllCJlOTbl C o6pa30Ba- ZnO, A1p3 , Cr20 3 , Mn02 
lll36biTKOM UJ,eJlO'iVI C 06pa30-

HllleM conlll Ill BOAbl. OcHOBHbiM saHIIleM con111 Ill BOAbl. Kille-
OKCIIlAaM COOTBeTCTByiOT B3alllMOAelilcTByiOT KaK c KlllCnoTa- JlOTHbiM OKCV!AaM YaCTO COOT-
OCHOBaHVISI. Mill, TaK Ill C OCHOBclHVISIMI/1. BeTCTBYIOT KlllCJlOTbl. 
1) HeKOTOPble- C BOAOVI (OKCIIl-
Abl w,enoYHbiX VI w,enoYH03e- ZnO + 2HCI = ZnCI

2 
+ H20 1) 60JlbWII1HCTBO- C BOAO~ 

MellbHbiX MeTaJlJlOB): ZnO + 2NaOH + Hp = Na2 [Zn(OH)
4

] S0 3 + Hp = H2S04 

CaO + H20 = Ca(OH)2 2) Co w,enoYaMIIl 
2) Bee- c KVICnoTaMIIl PearlllpyiOT C OCHOBHbiMIIl VI KlllCJlOT- 2NaOH + Si02 = Na2Si0

3 
+ H

2
C 

Fep3 + 6HCI = 2FeCI3 + 3H
2
0 Hb1MI!1 OKCIIlAaMVI 3) C OCHOBHbiMI!1 OKCIIlAaMIIl 

3) C KlllCJlOTHbiMVI OKCIIlAaMIIl to Si02 + CaO = CaSi03 (wno•) 

CaO + C02 = CaC03 ZnO + CaO = CaZn0
2 

4) C aM¢OTepHbiMI!1 OKCIIlAaMII1 
4) C aM¢OTepHb1MIIl OKCIIlAaMVI to Al20 3 + 3S03 = AI 2(S0

4
)
3 

Li
2
0 + Al20

3 
= 2LiAI02 ZnO + Si0

2 
= ZnSi03 
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OCHOBAHMSl 
C n03VI4VIill TeOpVIVI aneKTpOllVITVI'ieCKOill AVICC04111a4111111 OCHOB8HMH- COeAVIHeHVISI, 06pa3y10UJ,II1e np111 

pacTeopeHVIVI s BOAe Vl3 OTPVI4aTenbHbiX 1110HOB TOnbKO MOHbl ntAPOKCMAa OH-
C no3VI4VIVI npoTOHHOill Teop111V1 171. 6peHcTe,qa VI T. noyp111 ocHoaaHVlSI - aK4emopbl npoTOHOB 

(NH3 + W = NH/) 
c n03VI4VIVI aneKTpOHHOill TeopVIVI r. nbi0111Ca OCHOBaHII1SI- AOHOpbl 8/leKTpOHHOill napbl (OW, HF 111 AP.) 

f111APOKCV!Abl UJ,eJlO'iHbiX VI UJ,e/10'i
H03eMe/lbHbiX MeTa/11108 -
ll.\eno'IM 

........-o-H 
Fe-0-H r~~~,qpoKci'I,Q lKene3a (Ill) 

'O-H 

CI)M3 M'fecKMe TeepAble KPVICTannV~'ieCKVIe sew,ecTsa. B BOAe paCTBOPVIMbl w,enoYVI: LiOH, NaOH, 
caoi4cTBa: KOH, CsOH, RbOH, Ca(OH) 2, Sr(OH)

2
, Ba(OH)

2
, APYrll1e- ManopacTBOPVIMbl. BOAHble 

paCTBOpbl UJ,eJlO'ieVI Mb111KII1 Ha OUJ,ynb, pa3beA310T KO)I(y, TKaHb - eAKMe ll\enO'IM 

nonY'4EHIIIE 

U4enO'f&t MOlKHO nOnyol&tTb no peaKL\VISIM: 
1 MeTann + BOA3 2Na + 2Hp = 2NaOH + H

2 
t 

Ba + 2H
2
0 = Ba(OH)

2 
+ H

2 
t 

Lip + Hp = 2UOH 2. 0KCVIA + BOA3 
CaO + Hp = Ca(OH) 2 

3. 311eKTp011VI3 BOAHbiX paCTBOpOB C011ei/l 
ll\enO'IHbiX ueTannoa 2NaCI + 2Hp 12NaOH + Cl

2 
t + H

2 
t 

HepaCTBOP&tMble B BOAe OCHOBaHVISI: 
Conb + w.eno'ib CuS04 + 2NaOH = Cu(OH)il,l.. + Na2S04 

MgCI2 + 2KOH = Mg(OH)2 -i- + 2KCI 
Cu2+ + 20H- = Cu(OH)

2
,l.. 

Mg2+ + 20H- = Mg(OH)
2

,1.. 

IIICK1110'ieHVIe Na
2
C0

3 
+ Ca(OH)

2 
= 2NaOH + CaC0

3
,j.. 

XMM&t'tecKHe 
CBOMCTB8 

HaCbiU4eHHbiH 
pacTBOp 

1. 0CHOBaHVISI pearVIpyiOT C KII1CJ10TaMVI 
(peaK...,&tH HeMTP8n&t38 .... &t&t) 

2. C KVIC110THbiMVI OKCI/IA(iMVI 

Cu(OH)2 + H2S04 = CuS0
4 

+ 2Hp 
Cu(OH)

2 
+ 2H+ = Cu2+ + 2H

2
0 

KOH + C0
2 
= KHC0

3 

2KOH + C0
2 
= K

2
C0

3 
+ Hp 

2NaOH + Si0
2 
= Na

2
Si0

3 
+ H

2
0 

3. PacTBOPbl w,eno'ieVI VIMeiOT pH > 7, 1113MeHSIIOT oKpacKy 111HAVIKaTOpos. B 
UJ,ellO'iHOH cpeAe m::paCKa naKMyCa- CII1HSISI, ¢JeHomt>Talle111Ha- Ma11111HOBaSI 

4. 1..1.\eJlO'iVI B38VIMOAeHCTBYIOT 
C aM¢JOTepHbiMVI OKCVIA3MII1 

to 
2KOH + ZnO = K2Zn0

2 
+ Hpt 

5. 1..1.\enO'iVI B3aVIMOAeVIcTBYIOT c Ba(0H)
2 

+ Na
2
S0

4 
= BaS0

4
..J.- + 2Na0H 

conSIMVI, ecnVI o6pa3yeTCSI Mallo- 2NaOH + CuCI
2 

= Cu(OH)
2

..!.- + 2NaCI 
paCTBOPVIMaSI C011b 11111VI Ma/lopaCTBOpVIMOe OCHOBaHII1e 

6. np111 HarpeBaHII1111: 
fVIAPOKC1!1Abl ll\enO'IHbiX MeTannoa- He pa3naraiOTCSI (KpOMe Li0H) 

ll\eno'IHoaeuenbHbiX- pa3nara10TCSI npVI npoKanV~aaHII1111 
7. HepacTaop111Mble s BOAe r1!1APOKCI/1Abl Cu(OH)

2 
= CuO + H

2
0t 

np111 HarpesaHII1111 pa3naraiOTCSI: 2Fe(OH)
3 

= Fe
2
0

3 
+ 3H

2
0t 

Auct»oTepHble r&tAPOKCMAbl (AI(OH)
3

, Zn(OH)
2

, Be(0H)
2

, Cr(OH)
3 

111 AP.) 

KI/1C110TaMII1 
Zn(OH) 2 + 2HCI = ZnCI

2 
+ 2Hp 

pear111py10T c 
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w,enoYaMII1 
AI(0H)3 + NaOH = Na[AI(0H)]

4 



KMCnOTbl 
C noavn . .,\vwr sneKTpom.rrHYecKolii AVICCOI....\II'Ial....\11'111'1 KMcnOTbl - coeAV~HeHVIst, o6paayiOW,VIe npVI pacTBope
HII'IVI B BOAe 11'13 nonQ)KVITent.HbiX II'IOHOB TOnbKO VIOHbl BOAOPOA8 W (VIOHbl rHApOKCOHVIst J-\0+). C no-
3VIl...\VIVI npoToHHolii Teopii'IVI VI. 6peHcTep,a 111 T. JloypVI K&tcnOTbl- AOHopbl npoToHoa (HCI, Hp0

4 
VI 

Ap.). C n0311'11....\VIVI sneKTpOHHOH TeOpVIVI r. JlbiOII'ICa K&tcnOTbl- aKL..\enTOpbl sneKTpOHHOVf napbl (Hp+, 
BF VI Ap.). "11!1Cno 1110HOB BOAOPOAa W onpeAenSieT 3 

OCHOBHOCTb KI!1C110T 

SecKMcnopOAHble (HCI, HBr, H
2
S) 

aHVIOH - «·&tA» 
K&tcnopOACOAeplK811.\&te (H2S04 , HN03)

rHAPOKCIIIAbl HeMeTaMOB, AII'ICCOL..\VIVIpyiOUJ,VIe no 
HCI- xnopoBOAOPOAHa51 (constHast), Ct- xnopi!'IA KV~cnoTHOMY TV~ny 
H s- cepoBOAOPOAHa51, s2- - cynb<f>IIIA •ar-- BbiCOKaft CTeneHb OKII1CJ1eHI'IH 504~- cynb$aT 

2 aHIIIOH< 

l<&tcnopOACOAeplK811.\&te KMcnOTbl 
3(0H)m0n 

EcnVI n = 0, To KV~cnoTa cna6ast (H3B0
3

, HCIO, 
H

6
Te0

6
). 

EcnVI n = 1, TO KVIGnOTa cna6ast (H
2
C0

3
) Vlnll'l 

cpeAHelil Cll'lnbl (H3P04 ). 

ECJlVI n ~ 2, TO KII'ICJlOTa Cll'lnbHast (H
2
S0 

4
, 

HN03 ). 

CD K&tcnopOACOAep>Kall.\&te - aaaHMOAelii
cTBVIe COOTBeTCTBYIOUJ,IIlX OKCVIAOB (aHrVIAPIIIAOB) 
C BOAOVf 

~ HeKOTOpble K&tCnOpOACOAep>K811.\&te -
AeHCTBII'Ie Ha HeMeTannbl CVIJlbHbiX OKVICJli!'ITe
JleV! 

@ 6eCKVICJlOpOAHble - B3aVIMOAeVICTBII'Ie npoc
TbiX aew,eCTB 

@ peaKL..\VIVI 06MeHa Me)f(Ay COJlbiO Ill MeHee 
neTYYelii KVICnOTOVf 

<!>~3~"1eCK~e )f(I!'IAKOCTII'I- H2S04 , HC10
4 

CBOACTBa TBepAble - H3PO 4 , H2Si03 

•lilT•- H113Kaft CTeneHb OKI'IcneHI'IH 50
3
2-- Cyllb$111T 

H2S04 - cepHaSI \1 
H2S03 - cepHVICTast u 

Ecn11 l.fl'lcno oKcorpynn OH pa3Hoe np11 nocTOHHHOiil cTeneHI'I 
OKI'ICJleHI'IH 311eMeHTa, TO KI'ICJlOTY C MaKCI'IMMbHbiM l.fi'ICnOM 
OH-rpynn Ha3biBaiOT opTOKI'ICnoToi'i, a c MI'IHIIIMMbHbiM -
MeTaKI'ICilOTOH 

{
S0

3 
+ Hp = H2S04 

N20 5 + Hp = 2HN03 

( ~0) 
Ho-P~0 n 

{ 
3P + 5HN03 + 2Hp = 3H3PO 4 + SNO 
312 + 10HN03 = 6HI03 + 10NO + 2Hp 

{ 
H2 + Cl:_ = 2HCI 
H

2 
+ S- H

2
S 

{

NaCI + H
2
S0

4 
= HCit + NaHS0

4 

NaN0
3 

+ H2S0
4 
~ HN0

3 
t + NaHS0

4 

HeKoTopbre cyw,ecTBytOT TOFibKo a pacrsopax - H,so, H,co, 

XMM~"'eCKMe CBOMCTBa 

CD PacTBOpbl KHcnoT VIMeiOT pH<7, oKpawlilaaiOT MeTHllopal-)1( >1 

naKMYC B KpaCHbiVf 1....\BeT 
~ Bee KII'ICnOTbl pear111py10T C OCHOBaHII'IstMVI 

(peaKL(IIfR Heilfrpanu3al.(llfllf) 
@ C OCHOBHbiMII'I OKCHAaMIII (VI aM<f>OTepHbiMVI) 
® KV~cnOTbl, aHII'IOHbl KOTopbrX- HeOKII'IGnVITenVI, 

pearVIPYIOT C MeTannaMII'I, CTOstW,VIMVI B pstAY 
CTaHp,apTHbiX noTeHL..\II'IanOB AO BOAOpop,a, C 
BbiAeneHV~eM BOAOPOAa 

~ C constMIII, ecn111 o6paayeTcst ManopacTBOpiii
Moe, neTY'iee VlnVI MMOAVICCOL..\II'IVIpyiOw,ee 
BeUJ,eCTBO 

@ npVI HarpeBaHII'III'I KIIICnopOACOAep)f(aUJ,VIe 
KV~cnoTbl paanaraiOTest 

Zn + 2HCI = ZnCI2 + H2 i 

H2S0
4 

+ BaCI
2 
= BaS04 .!. + 2HCI 

2HCI + Na2C03 = 2NaCI + H20 +C0
2 
i 
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conM 
C n03VILV1VI TeOpVIVI 3/leKTp011VITVI'ieCKOill AVICCOL\VIal.\VIVI CO/lVI- C&tnbHble 3neKTpOmtTbl, CyUJ,eCT-

8YIOUJ,VIe B 80AHbiX paCTBOpax 8 8V!Ae n0110)1(VITe/lbHO 3apSI)I(eHHbiX VIOH08 MeTa/11108 VI OTPVIL\aTellb

HO 3apSI)I(eHHbiX VIOH08 KVIC110THbiX OCTaTK08 (VIHOfAa 8 paCT80pax C011elil VIMeiOTCSI TaK)I(e 1110Hbl H+ 

VI OH-). 
ConVI MO)I(HO paccMaTVIPVI8aTb KaK npOAYKT nonHero VlllVI YaCTVI'iHoro 3aMew,eHVISI aTOM08 80AOPO

Aa (H) 8 M011eKy11e KVICllOTbl Ha MeTa1111 (H
2
S0

4
--). NaHS0

4
--). Na

2
S0

4
) VI11VI 3aMew,eHVISI rV~APOKco

rpynn 8 OCH08aHII'IVI Ha KVIC/lOTHblill OCTaTOK (Mg(0H)
2 

--). MgOHCI --). MgCI
2

) 

KMCnble 

NaHS04 

0~ /OH 

( com.1) 
-<<------~:::::::- ~ '!.....::-=:::::::::::::::;;:~~----.:::....._~ 

cMewaHHble 
cpeAHMe OCHOBHble COAeplKaT KaTI'IOH 
Na2S04 MgOHCI ABOiiHble 

OAHOro MeTaJllla 11 
CI-Mg-OH COAeplKaT KaTI'!OHbl 

aHI10Hbl ABYX KI1C110T 0' /ONa s MgOHCI = MgOH + + ABYX MeTaJlllOB 11 
o~ 'oNa 

s aHI'!OH OAHOtil KI1C110Tbl /CI o~ 'oNa + Cl- = Mg 2+ + OW 

NaHS04 = Na++ HS04- + Cl- KAI(S0 4)2 Ca 
Na

2
S04 = 2Na+ +SO/-

'\._CCI = Na+ + H+ +SO/-

KII'IC/lble COilVI: 1""14P.PO + aHOOH 

NaHC03 - nlfAPOKap6oHaT 

HaTpVISI 

Ca(H 2P04 )
2

- Al-1nlfAPO¢oc¢aT 

Kallbl.\VISI 

OCHOBHble COilVI: I""M,tUJOKCO + aHVIOH 

MgOHCI - TMAPOKCOXllOPVIA 

MafHVISI 

AHMOHbl 

0AH03TOMHble - 3JleMeHT + «MA» 
F-- ¢TOPMA 

AI ( OH )2CI - AMTMAPQKCOXllOPVIA 

alliOMIIIHVISI 

nony'leHMe 

S 2- - Cy/lb¢MA 

KVIC110POACOAep)l(aW,VIe 

BbiCW. CT. OKII1CJ1.S0/- - cyllbcpar 

HII13K3Sl S032
-- CYilbcpHT 

1. C VICnO/lb30BaHVIeM MeTall/lbl C HeMeTa/111aMVI: 2Mg + Cl
2 
= MgCI

2 

MeTanno8 MeTa1111bl C KVIC/lOTaMitl: 

MeTall11bl C CO/lSIMVI: 

Zn + H2S0
4 

= ZnS04 + H
2 
i 

Fe + CuS04 = Cu + FeS04 

BbiTeCHSieT CTORtLUo't~ neaee 

a 3neKTPOXHMH~CKOM PRAY neaee H, HnH - K~cnoTa -
oKHC/lMTenb HN03, H2SO 410:)HU, 

2. C VICnO/lb308aHVIeM OCH08Hble OKCV!Abl C KVIC110TaMVI: CaO + 2HCI = CaCI2 + H
2
0 

OKCVIAOB KVIC/lOTHble OKCV!Abl C OCH08aHVISIMVI: 

KVIC/lOTHble OKCVIAbl C OCH08HbiMVI: 

aM¢OTepHble OKCV!Abl: 

C02 + Ca(OH)2 = CaC03 + Hp 

CaO + C0
2 
= CaC03 

Al
2
0 3 + CaO = Ca(AI0

2 )2 

3. PeaKL\VIeill Heli1Tpa-

11VI3al.\VIVI 

H2S04 + 2NaOH = Na2S04 + 2H20 

HCI + NaHC03 = NaCI + H20 + C02 i 

4. 1113 co11elil C011VI C C011SIMII1 

C011VI C OCH08aHVISIMII1 

CO/lVI C KVIC110TaMVI 

AgN03 + NaCI = AgCI..l.. + NaN03 

CuS04 + 2NaOH = Cu(OH)
2

..!.. + Na
2
S0

4 

Na2C03 + 2HCI = 2NaCI + Hp + C02 i 

KMCnble COn&t nOJly<i310T T3KII1MII1 >Ke cnoco6aMI!1, 'ITO 1'1 cpeAH~ote, HO np111 APYfi1X MOilbHbiX COOTHOWeH1!1SlX pereHTOB 

2NaOH + H 2S04 = Na2S04 + 2Hp NaOH + H
2
S04 = NaHS04 + H

2
0 

2NaOH + C02 = Na2C03 + H
2
0 NaOH + C0

2 
= NaHC0

3 

2 1 - cpeAJUUI 1 1 - KMCnaH 

11136biTOK KVIC110Tbl, 83aVIMOAeillcT8ySI co } Ca3(P04)
2 

+ H3P04 = 3CaHP04 
cpeAHeill C011bl0, nepe80AVIT ee 8 KVIC11YIO Ca3(P04)

2 
+ 4H3P04 = 3Ca(H

2
P04)

2 
OCHOBHble con&t o6paayiOTCSl np111 saai1MOAelilcrs~otl!1 HeKoropbiX conelil c ~enoYaMw ZnCI

2 
+ NaOH = 

ZnOHCI..l.. + NaCI. OcHOBHble con111 o6biYHO xy>Ke pacrsop~otMbl a aoAe, YeM cpeAHII1e 

cJ)M3141'18CKMe CBOMCTBa TBepAble Kp11CTaJ111WieCKI1e Bell.lecTBa. MH0r11e COlli'! I'!MeiOT BbiCOKI'!e TeMneparypbl n11. 11 Kl'!n. no 
pacTBOpi1MOCTI1 a BOAe AellSITCst Ha xopowo (NaCI, KCI), Mallo (PbCI

2
, CaS04 ) 11 npaKTw-teCKI'I 

HepacTeop11Mble (BaS04 , PbS0
4

, PbS, CaC0
3

). C~otnbHble aneKTponi'!Tbl. 
XMUM'I8CKMe CBOMCTBa 1. PaanaraiOTCSI np11 npOKaJ111BaHI111 (CM. nOily-ieHI'!e OKCI'IAOB). 2. Baai'!MOAelilcTByiOT C MeTannaMM, 

APYrMMM conRMM, u.teno'laMM, KMcnoTaMM (eM. BbiWe). 
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rMAPOnM3 conEM 
rMAPOnM3 coneA - aaaVIMOAelilcTBVIe conelil c BOAOiil, npVIBOAS!w.ee K npV~coeAV~HeHVIIO npoToHa H+ 
MOileJCYilbl BOAbl K aHVIOH'f KVICilOTHOrO OCTaTKa VI (11111V1) rpynn OH- MOileJCYilbl BOAbl K KaTVIOHy MeTalllla. 
rVIAP011VI3Y nOABepraiOTCSI COilVI, 06pa30BaHHble KaTVIOHaMVI, COOTBeTCTBYIOUJ,VIMVI Clla6biM OCHOBaHVISIM, 
VI aHVIOHaMVI, COOTBeTCTBYIOUI,VIMVI Clla6b1M KVICilOTaM. 06bl'iHO rVIAP011VI3 o6paTVIM VI npoTeKaeT Ha 15-
20% (T.e. B rVIAP011VI3e y'iaCTByiOT 15-20% COOTBeTCTBYIOUJ,VIX KaTVIOHOB VlllVI aHVIOHOB). 

Con1a o6pa3oaaHa cna6wu 
OCHOB8HMeM M CMnlaHOM KMCnOTOM 

CuCI
2 
= Cu2+ + 2CI

Cu2+ + Hp~Cu(OHj+ + W 

06pa3yeTCSI Clla60AVICCO~VIVIPYIOUJ,VIIii KaTVIOH 
Cu(OH)+. CpeAa a pacTaope KlllCilaSI 

CuCI2 + Hp~Cu(OH)CI + HCI 

Con1a o6pa3oaaHa cMnbHiaiM 
OCHOB8HMeM M cna60M KMCnOTOM 

06pa3yeTCSI Clla60AVICCOL\VIVIpyiOUJ,VIill aHVIOH 
HC03-. CpeAa a pacTaope w,enoYHaSI 

Con~a o6pa30BaHa cna6oi KMcnoToi M 
cna6WM OCHOB8HMeM 

(NH
4

)2S = 2NH/ + S2-

NH/ + H20~NH3 • H20 + W 
S2- + H20~Hs- + OH- AaHHaSI peaK~VISI rV1Ap011VI3a Heo6paTit1Ma, T.K. 

o6pa3yeTCSI OCaAOK rVIAPOKCVIAa alliOMVIHVISI 
AI(OH)

3 
VI BbiAellSieTCSI cepoaOAOPOA H2S 06paayeTCSI cna60AVICCOL\VIVIpoaaHHblill aHIIIOH Hs

VI pacTaopeHHblill a BOAe aMMVIaK. CpeAa 6nVI3Ka K 
HeliiTpallbHOiil. 

r111AP0111113Y nOABepraiOTCSI COilll'l KaK HeopraHW-teCKII'IX, TaK VI opraHW-teCKII'IX KII'ICilOT: 

NaF = Na+ + F

CH3COONa = CH3COO- + Na+ 
CH3COO- + H20 ~CH3COOH + OH

CH3C00Na + H20 ~ CH3COOH + NaOH 

rMAPOnM3 ycMnMaaeTCR 
a) npVI HarpeaaHVIVI paCTBOpa (T.K. rVIAP011VI3- 06bl'iHO 
3HAOTepMVI'ieCKVIH npOL\eGC) 
6) npVI pa36aB11eHVIVI paCTBOpa BOAOill: 

AICI3 = AP+ + 3CI-
AI3+ + H20~AI(OH)2+ + W 
AI(OH)2++ H20~AI(OH)/ + W 
AI(OH)/ + H20~AI(OH)3 + W 

NH
4
N0

3 
= NH

4 
+ + N03-

F- + H20~HF + OH
HF + F-~HF2-

NH
4
+ + H20~NH3 • H20 + H+ 

NH4N03 + H20~NH3 • H20 + HN03 
2NaF + H20~NaHF2 + NaOH 

2AIC13 + 3Na2C03 + 3H20 = 2AI(OH)3,J.. + 3C02 t + 6NaCI 
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nOArPYnnA Ia lli.EJlO"'HbiE METAJlnbl Li, Na, K, Rb, Cs 
--e 

~J.- P L"j 
p~Hyca t( BOCCTaH~B~enbH~X 

~\ [fLO ysenH~eHHel ~a ycHneHHe 

f aTOMa CBOHCTB 

3neKTpox&tant'leCK&tiil PHA CT3HA3PTHbiX 

nOTeH .... ManOB 

Manas. aneKTpOOTpHL¥1TenbHOCTb, ~: 
! Li, Cs, t(, Na ••• 
6onbWaR 3Hepri'!R ri'!APaTal.\HH I'IOHa U+ (Man~til p~Hyc) 

OTHOC~enbHO He60nbWaH 3Hepr111H HOHH3aliii1H 

~ecKMe o'"!eHb MSlrKI!Ie MeTannbl, nerKo 
B npMPOAe: Na - 2.64% (no Macce), K - 2.5o/o(no 
Macce), U, Rb H Cs- 3Ha~HTenbHO MeHbwe 

CBOMCTBa: 
pe>KYTCR Ho>KoM. Ha cpeae -
6enoro ~BeTa c cepe6pi!ICTbiM 
MeTaJllli/IYeCKIIIM 6necKOM, IIICYe3a-

10ll.liiiM Ha 803AYXe lll3-3a OKIIICJleHI/ISl. nnoTHOCTb 
yseni!IYIII8aercSl OT 0,53 (Li) AO 1,90 (Cs) r/cM 3

. T 

NaCI - nosapeHHaR conb (KaMeHHaSl conb), ram1T 
Na2S0

4 
·10H20 - rnay6eposa conb 

NaN0
3 

- YIIIJlHiiicKaSl ceni!ITpa 
Na

3
AIF 

6 
- Kplllolli!IT 

noHI/I>KaeTCSl OT 181 (Li) AO 29°C (Cs). nn 
Na2B

4
0

7 
• 10H20 - 6ypa 

KCI - cHnbBHH 
} Kanl'!ti!H~e YA06peHI'!R 

KCI· NaCI - cHnbBIIIHIIIT 

X&tM&t'leCK&te caoiilcTaa 
OYeHb aKTIIIBHbl, Ha1116011ee CHJlbHble BOCCT8HOBHTeRH 

1. C KHcnopoAOM Rb, Cs - caMosocnnaMeHRIOTCR 
2Na + 0 2 = Nap

2
; 2K + 202 = ~04 - nepoKCH/l,bl 

4Li + 0 2 = 2Lip - OKCHP, RHTHfl 
2. C ranoreHaMIII - c BbiAeneHI!IeM 6onbworo KOni!IYecrsa Tenna 

Cl2 + 2Na = 2 NaCI - ranoreHHP, (xnopnp,) 

3. C cepolii nplll HarpesaHIIIIII 
s + 2Li = u2s - cynbcfmp, 

4. ni/ITI!IIii B3ai/IMOAeliicTByeT C 330TOM (npH KOMH8THOH TeM-pe) 

nonY'"IEHI.1E 

T.K. w,eJlOYHble MeTaJlJlbl - 8TO 

GaMble CVIJlbHble 80CCTaH08VITeJ1VI, VIX 

MQ)I(HQ 80CCTaH08111Tb Vl3 COeAitlHeHVIVl 

TOJlbKO npVI 3ReKTPORH3e pacnna
BOB coneiil: 

2Nacll2Na + Cl2 t 

N2 + 6Li = 2Li3N - HHTPHP. 
5. C BOAOpOAOM npH HarpeB3HIIIIII 

H2 + 2Na = 2NaH - rnp,pnp, 
6. nerKO OKIIICJlSIIOTCSl Aa>Ke BOAOiii 

2Hp + 2Na = 2Na0H + H
2 
t 

Ha KaToAe: Na+ + e = Na 

Ha aHOAe: Cl- - e = 1 /2CI
2 
t 

+ 1 CoeAMHeHMH ~qeno'IHbiX ueTannoa 
W.enoYHble MeTannbl- caMble ClllJlbHble 80CcTaH08111TenVI, 111x lllOHbl (Na+, K+ VI AP·) He npoHanHIOT 

OKMCnMTenbHbiX CBOMCTB 

r&tAPOKC&tAbl (eAKMe 11.\eno
'l&t) - T8epAble KpVICTaJ111111YeC

KVIe 8eW,eCT8a, TVInVIYHO VIOHHble 

COeAVIHeHVISI, ClllllbHble OCH08a

HVISI. 

NaOH - eAKVIVI HaTp, KaycTIIl

YecKaSI coAa; KOH- eAKOe 

KallVI 

Con&t - TVInlllYHO VIOHHble COeA1;1He

HVISI, KaK npa8VIJ10- xopowo 

paCT80pV1Mbl 8 80Ae (KpOMe 

HeKOTOpbiX coneVI Li- LiF, Li3P04 111 

AP. ). 06pa3o8aHHble cna6biMVI 

KlllCllOTaMitl COJlVI rMAPOn&t3YIOTCH. 

Na2C03 • 1 OH
2
0- Kpl'!cTannl'!~ecKaR 

COA3 
- K:l11bl.\1'1HI'IpOBaHHaR COA3 nony'leHMe Na2C03 

1. 3neKTp011VI3 80AHOro pacT80- NaHC03 - ni'!TbeB:IR COA3 

- noTaw pa NaCI: ~co3 
nony..eHMe COAbl 

KaToA: 2H
2
0 + 2e = H

2 
t + 20H- aMMVIaYHbiVI cnoco6 (MeTOA 

ConbB3)- HaCbiW,eHVIe pacT8opa 

aHOA: 2CI- -2e = Cl t NaCI ra3aMII1 C02 VI NH3: 
2 

NH3 + C02 + H
2
0 = NH

4
HC03 

cyMMapHaSI peaKL\IIlSI: NH4HC03 + NaCI = NaHC03 ..!.- + NH4CI 

2H
2
0 + 2NaCI = Cl

2 
t + H

2 
t + NaHC03 8blnaAaeT 8 ocaAOK 

2Na0H (cpa8HVITeJlbHO MallO paCT80p111M). 

Na2CO~ + Ca(OH)2 = 2NaOH + 
CaC03~ 

3* 

KaJlbl.\VIHII1P08aHVIe - npoKal1VI8aHII1e 

to 
2NaHC03 = Na2C03 + C02 t + H20t 
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OKpawlt18aHitle nnaMeHitl 

VIOHaMYI 

U+ - KapMVIH080-KpaCHOe 
Na+ - )l(enToe 

t(+ - ¢VIOJleT080e 



nOArPYnnA lla. Be, Mg M w.enO"'H03eMenbHble MeTannbl Ca, Sr' Ba 

-
-2e @( p 

Be 
Mg cna6o B3ai'!MOAeikTeyeT c ropst"'eiii BOAOiii 

[ifDJ Ca} ~enO'IH03eMen.,Hble MeTannbl 
Sr pear111pytoT c BOAoiii KaK MeTannbl, 
Ba TaK., ~o~x oKc~>~Abl (•3eMn~>~•l 

Ra 
B03pacTaeT pa.q11yc aToMa, YCI11111BaiOTCSI MeTanlllot"'ecKI'!e CBOHCTBa, 
B03paCTaiOT BOCCTaHOBI1TellbHble CBOHCTBa 

MarH&tii: nerKVIill (p 1.74 r/CM3) cepe6pVICTbiH 
MeTallll, t 0 nll 650°C, YCTOiii'iVI8 Ha 803AYXe 
Kanb~&tM: nerKVIill (p 1.55 rjCM3) MeTallll, Ha 
803AyXe 6biCTpO OKVICJlSieTCSI VI pa3pywaeTCSI, 
t 0 nll 842°C 

8 np&tpOAe: 8 3eMHOill KOpe COAep)I(VITCSI MarHVISI 
2.35% no Macce, Kallbl.\VISI ~3.6% 
BcTpe'iaiOTCSI TOJlbKO 8 8VIAe COeAVIHeHVIill -
CVI11111KaTo8, aniOMOCVI11VIKaTo8. MV~Hepallbl: MgC03 
- MarHe3VIT, MgC03 • CaC03- AOJlOMVIT, 
MgCI

2 
• 6H20- 6VIw0¢111T, CaC0

3
- Men, MpaMop 

Vl38eCTHSIK, CaS04 • 2H20- rV~nc, CaF2- ¢niOo
pV1T, 3Ca3(P04 )2 • CaF2- ¢TopanaTII1T 

XMMM'IeCKMe caoitcTaa Mg M Ca 
06a MeTallJla- C/lff1bHble BOCCT8HOB/11Tef1/lf. CTeneHb OKVICJleHVISI 8 COeAVIHeHVISIX 8CerAa +2 

2Mg + 0 2 = 2Mg0 (npVI nOA)I(VIraHVIVI) 
2Ca + 0 2 = 2Ca0 (npVI KOMHaTHOill TeMnepaType) 
M + Cl2 = MCI2 (M = Mg, Ca) 

M + S = MS - cynb¢V1Abl 
3M + N2 = M3N2 - HVITPVIAbl 
M + H2 = MH2- rVIAPVIAbl 
2M + Si = M2Si - CVIJlVIL\VIAbl 

Ca + 2H20 = Ca(OH)2 + H2 t (KOMH. TeMnepaTypa) 
Mg + 2Hp = Mg(0H)2 + H2t (KVInSI'ieHVIe) 

2M + UF
4 
= U + 2MF2 (Kallb4VIill- VI MarHV~iiiTepMVISI) 

OKCVIAbl MgO VI CaO- ocH08Hble. CaO - Hera
weHas:~ Vl38eCTb, MgO - )l()l(eHaSI MarHe3VISI 
MgO + Hp - npaKTitl'ieCKVI He pean'lpyeT 
CaO + Hp = Ca(OH)2 + Q (raweHas:~ Vl38eCTb) 

MO + Si02 ~ MSi03 
t 

2Mg + C02 = 2Mg0 + C 
t 

CaO + 3C t' CaC2 + CO 
2Mg0 + 5C = Mg2C3 + 2CO 
rVIAPOKCVIA Mg(OH)2- cpeAHee no CVIlle 
OCH08aHVIe. rVIAPOKCV!A Ca(OH)2- CVIJlbHOe 
OCH08aHVIe. 

KaYeCT8eHHas:~ peaKL\VISI Ha VIOHbl M2+: M2+ +. Na2C03
2- = 2Na+ + MC03,J.. 

B cnyYae Ca(OH)2: Ca(OH)2 + C02 = CaC03,J.. + H20 
CaC03 + C02 + Hp = Ca(HC03 )2 

nOnY'iEHME 
T.K. MeTallllbl lla nOArpynnbl CIIUlbHble 80CCTaH08VITellVI, TO nolly'ieHVIe 803M0)1(H0 TOJlbKO nyTeM 
sneKTponV~aa pacnnaB08 conelil. B cnyYae Ca o6bl'iHO VICnOllb3YIOT CaCI2 (c A06a8KOI71 CaF2 AJlSI 
CHVI)I(eHVISl to nna811eHVISI) 

>KECTKOCTb BOAbl 
)f(ecTKOCTb BOAbl- HallVI'iVIe 8 80Ae pacT80PVIMbiX conelil Ca2+, Mg2+ VI AP· 06ycll08JlVI8aeT o6pa3o8a
HVIe HaKVInVI. B )l(eCTKOH 80Ae nJlOXO MblllVITCSI MbiJlO: 

2C
17

H35COONa + Ca2+ = Ca(C
17

H35C00)2,J.. + 2Na+ 

Kap60H8TH8H - apeMeHH8H 

Ca(HC03 )2, Mg(HC0
3

)2, Fe(HC03)2 
K&tnH'I8H&t8M 

Ca(HC0
3

) 2 = CaC0
3

,J.. + C02 t + H20 

A06aaneH&teM COAbl 

} 
YAaneH&te lKeCTKOCT&t{ 
«CMHf"'eHMe» BOAbl 

Ga(HC03 )2 + Na2C03 = CaC03,J.. + 2NaHC03 
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HeKap60H8TH8H - nOCTOHHH3H 

CaCI2, CaS0
4

, MgCI2, MgS04 VI AP· 

Ao6aaneH&teu COAbl 

GaCI2 + Na2C03 = GaC03 ,J.. + 2NaCI 



nOArPYnnA lila. AIIIOMMHMA AI 
~-----------------------, 

5 AI OKCIII,Qbl ~ riii,QpOKCIII,Qbl 
[Ne]3s

2
3p

1 
p ~ B Het.teTann 

~ -3e WJr! I' II I I Gal np0S1811SIIOT ~M<l>O-
B npHpOAe: MHor~e ropHble nopOAbl 
no C80eMy COCT88y - 811101MOCMJIMK8Tbl 
(AI, 0, 5i, U4enO'iHble ~ 
U4enO'iH03eMenbHble MeT81111bl) 

~ In J TepHble C80~CT8a 
Tl MeTannlll'tecKI'Ie CBOHCTBa 

rnMHbl - Al20 3 
• n5i0

2 
• mH20 

CI»H3H'I8CKHe caoitcTaa: cepe6p~cTo-6enbl.:1 t.teTann, 
nnacT~'fHbiH, nerK.-..:1 (2,7 r/ct.t3 ), xopowo npoBOA111T Tenno ~ 
311eiCTp.-.'fecK.-..:1 TOIC. T nn = 660°C 

60KCMTbl - Al20 3 • nH20 
Hecl»enMHbl- KNa

3
[AI5i04 ] 4 

nony'leHHe - 3neKTp011M30U paCnl1888 {p8CXOAYeTCSI OKOI10 16 KBT • 'i8C H8 1 Kr AI) 

r::=J--" IO'ii!ICTK8 OT
1
---" I I l::::J _,...... np.-.t.teceM 1 __,....... 06e380)1(11188HIIIe lc::t> 

3neKTPOnM3 A1p3 np111 950°C 8 pacnna8' 
KPIIIOI1111T8 Na

3
[AIF

6
] 

Ha K&TOA&: Al3+ + 3e = Al 0 

Ha yronbHOU &HOAe (pacXOAyeTCSI 
s npou.ecce 3neKTpo111!13a): 
02- -2e = oo; 
C + 0 = CO; 2CO + 0., = 2CO., 

XHMH'IeCKHe CBOHCTBa 

AKT.-.BHbl.-. MeTMil, BOCCTaH08111Tenb, YCTOIII'illl8 Ha 
803Ayxe .-. B so,qe 1113-3a Hanlll'iiiiSI nnoTHOH 38U4111T
HOH nneHK.-. Al20 3• 

C npOCTbiMH B81Q8CTBaMH 
1. 4AI + 30

2 
= 2AI

2
0

3 
+ Q - nOKpb18aeTCSI 

nneHKOH OKCIII,Qa, HO 8 MenKop83AP06neHHOM 
8111,Qe ropm c BbiAeneHI!IeM Oonbworo KOillll'iec-

• T88 TennoTbl. 
2. AniOM.-.HOTepMIIISI - nonyYeHIIIe t.teTanno8: 
Fe, Cr, Mn, Ti, W 111 APYrllle, Hanplllt.tep: 
8AI + 3Fe30 4 = 4AI

2
0 3 + 9Fe 

3. 2AI + 3CI2 = 2AICI
3 

(Br
2

, 1
2

) - Ha xonOAY 
4. 2AI + 35 = Al253 - np111 Harpe88HIIIIII 
5. 4AI + 3C = AI4 C3 - np111 Harpe88HIIIIII 

CO CnOlKHbiMH B81Q8CTBaMH 
1. 2AI + 6H

2
0 = 2AI(OH)

3 
+ 3H

2
t- nocne 

pa3pyweH111S1 nneHKIII Al20 3 

2. PacT80pSieTCSI 8 l14enoyax 
2AI + 2Na0H + 6H

2
0 = 2Na[AI(OH)4] + 3H

2 
t 

fiiVVJOKC03niOMI'IH3T H3'Tpl'l!il 

3. 2AI + 6HCI = 2AICI3 + 3H2 t 
4. C HN03 Ill KOHU,eHTplllp088HHOH H

2
50

4 
Ha 

X0110AY He pear111pyeT- naCCI!I8111pyeTCSI. np111 
Harpe8aHIIIIII: 
2AI + 6H2504 = Al2(504 ) 3 + 3502 t + 6H20 

KOHU. 

AI + 6HN03 = AI(N03 )3 + 3N0
2 
t + 3Hp 

<OHU. 

CoeAHHeHHR co cTeneHbiO OKHcneHHR +3 

0KCMA Al20 3 - O'ieHb T8epAb1H (KOPYHA, py6111H), 
T)'ronna8KIIIH- 2050°C. He paCT80PSI
eTcSI 8 80Ae 

nony..eHMe: 2AI(0H)
3 
= Al

2
0

3 
+ 3Hp 

CaoMCTB8: 8M<!>OTepHb1H OKCIII,Q 
Al20 3 

+ 6HCI = 2AICI
3 

+ 3H
2
0 

Al20 3 + 2Na0H + 3H20 = 2Na[AI(0H)4] 

.:. ...._ nepeBOA8 8 paCT80PIIIMOe COCTOSIHIIIe 
-'C:""·OJ1b3YIOT cnnasneH111e: 

Al20 3 + 2NaOH = 2NaAI0
2 
+ H

2
0 

Al
20 3 + Na

2
C0

3 
= 2NaAI0

2 
+ C0

2 
MeT3aniOMI'IH3T 

rMAPOKCMA AI(OH)3 

nony..eHMe: oca)I(AeHIIIe 1113 paCT80P08 cone.:1 

AIC1
3 

+ 3(NH3 • H
2
0) = AI(OH)

3
..L. + 3NH

4
CI 

Al
2
5 3 + 6Hp = 2AI(0H)3 ..L. + 3H 5t 

2Na[AI(OH)4] + C02 = 2AI(OH)J + Na2C03 + Hp 

Auct»oTepHble caoiicTaa: 
AI(OH)3 + 3HCI = AICI

3 
+ 3H

2
0 

AI(0H)
3 

+ NaOH = Na[AI(0H)
4

] 

II.,.~ .... ,r~ conM A1(+3) xopowo pacT80PIIIMbl 8 80Ae (Kpot.te AIP0
4

), CHill rMAPOIIM3YIOTCH (KIIICilaSI 
:oea.CJ,.MS~): 
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noArpynna Vlll6. >KEJ1E30 Fe 

3d _3e 3d _2e 3d 

'! '''''lj~ '"'''''''' Lj<f==lltlltltltltlill 

B npMpoAe: 
Fe

3
0• - uarHeTKT (uarHI'ITHbliiiJKeneaH!iiK) 

Fep
3

- reuanrr (KpaCHbliiiJKeneaH!iiK) 
Fep

3 
• xH

2
0- ni'IMOHI'IT (6ypbliiiJKeneaH!iiK) 

FeS2 - n111p111T . @ @ @ IJ 
-: ,..~,...Ba!il nonyaanon- FeC0

3 
-JKeneaHbliil wnaT (cii!Aepi'IT) 

no pacnpocTPaHeHI'IIO- 4-iil aneueHT 
(4,6% no uacce) aeMHoiil Kopbl 

-·~--;;.~ d-noAo6ono'lKa 
I 3BecTHbl COeAI'!HeHI'I!il, COAepJKaU41'1e JKeneao a APYri'IX CTeneH!iiX OKI'ICneHI'I!il 

( nonv'leHHe .J 

PyAa (Fe
2
0

3
, Fe

3
0

4
, npi'!Mecl'l Si0

2
), 

KOKC - C, $ni0Cbl - 1'13BeCTH!iiK CaCO 3 

::~ao&aHI'Ie 

WJiaKa 

3Fep
3 

+CO= 2Fe30 4 + C 

Fep
4 

+ CO = 3Fe0 + C0
2 

FeO + CO = Fe + C02 

FeO + C = Fe + CO 
CaC03 = CaO + C0

2 

CaO + Si02 = CaSi03(wnaK) 
Hayrnepo- Fe + C yyryH 
JKI'IaaHI'Ie 
cropaHI'Ie 2C + 0

2 
= 2CO 

KOKCa c 0 co ~ + 2= 2 

aoooc 
1ooooc 
12000C 

..... nonY'I8HII8 CT&nll 

YAaneHI'Ie C (P, Si, S, Mn) 
1. K111cnopo.nHbllil KOHseorep 

C + 0 2 = C02 

2Fe + 0
2 
= 2Fe0 

2. MapreHoscKaSI ne'ib 
C + 0 2 = C02 

4P + 502 = 2P20 5 

s + 0 2 = S02 

Si + 0
2 
= Si02 Ill AP. ------v/ 1.---,----------1 

-oP!il'lee Kill~~- \ wnaK ? 
:>O,QHOe ,QyTbE! 'r------------------1 

3. 3neKiponyrosolil Mero.n 
4. Bo3MO)I(HO 111 6e3AOMeH

Hoe nony'ieHIIIe cran111 \ Merann-'iyryH ~----
AoueHHbiM npOL\ecc 

'lyryH (ablwe 2.14% C) - xpynKI'Iiil, pacwi'IP!ileTc!il npl'l 

,...q lot3H'IeCKHe CBOHCTBa: 'iiiiCroe )l(ene3o- nnacrlll'iHbllil Merann, nnorHoCrb 7,87 r/CM3
, t"" 

1 35°C. Cyw,ecrsyer a.-)l(ene3o (KY6111YecKaSI o6beMHO~eHiplllposaHHaSI pewena) 111 y-)l(ene3o 
(11.,6111'ieCKaSI rpaHe~eHiplllpOSaHH8SI pewerKa). a.-Fe o6.iJaAaer MarHIIIIHbiMIII CSOii!CrSaMIII. 

XMMM'IeCKMe CBOHCTB8 
)to !le30 - Merann Cpe,QHelil XIIIMIII'ieCKOiil 8KTIIISHOCrlll, BOCCT8HOBIIT8nb, S CyXOM S03AyXe nOKpbiSaerCSI 
3; J,IIIIHOiil nneHKOiil OKC~. so sna)I(HOM- p)Kaseer: Fe+ H

2
0 + 0

2 
~ Fe(OH)

3 
• xH

2
0. 

cMbHble { 4Fe + 302 = 2Fe20 3 KOH~- HN03 , KOH~. H2S04 c )l(eneaoM He pear111py10r 
oK111cni'ITen111 3Fe + 2021 ,~CT > = Fe30 4 2Fe + 6H2S04165_70"'> = Fe2(S04 ) 3 + 3S02 t + 6H20 

3CI2 + 2Fe = 2FeCI3 Fe + 4HN0
3 
= Fe(N03 )3 + NOt + 2H20 

{
Fe+ S = FeS 
Fe+ CuS04 = FeS04 + Cu 

cna6ble 

+3 
Fep3 - nopowoK 6yporo ~sera 

nonY'I8HII8: 

4FeS2 + 11 0 2 = 2Fe20 3 + 8S0
2 
t 

4Fe + 30
2 
= 2Fe

2
0

3 

Fe(OH)3 - au$oTepHbliil ri'IAPOKCI/IA c npeo6naAaHI'IeM 
OCHOaHbiX caoiilcTB 

cnna811eHI!Ie 
Na2C03 + Fe

2
0

3 
= 2NaFe0

2 
+ C0

2 

6HCI + Fe20 3 
= 2FeCI3 + 3Hp 

NaFe0
2 

+ 2H
2
0 = Fe(OH)

3
J.. + NaOH 

OKIICniiTenb: 2FeCI
3 

+ 2KI = 2FeCI
2 

+ 1
2 

+ 2KCI 

K8'feCTB8HHb18 pe&KL\1111 H8 fe3 + 

1 ) Fe3+ + seN- = [FeSCN]2+ KpacHoe OKpaWI'IBaHI'Ie 
2) Fe3+ + K

4
[Fe(CNt

6
] ~ c111Hee oKpawi'IBaHI'Ie KFe[Fe(CN)

6
] 

reKca1..111aHo$eppaT(II) Kanl'l!il, 
JKei1T3!il KpoB!iiH3!il COnb 
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( 1:1) 
Fe + 2HCI = FeCI2 + H2 t 
Fe + H2SO 4120"' ~ """ee) = FeSO 4 + H2 t 

+2 
FeO - nopowoK YepHoro ~sera 

nonyoteHIIe: 

Fe20 3 + l:i 2 = 2Fe0 + Hp 
FeC

2
0 4 J: FeO + C0

2 
+CO 

OKCanaT 

r 
Fe(OH)

2 
= FeO + H

2
0 

feQ - OCHOaHbliil OKCI/IA 
2HCI + FeO = FeCI

2 
+ H

2
0 

FeCI2 + 2KOH = Fe(0H)2J.. + 2KCI 
coeAI'!HeHI'I!il Fe(+2) Ha aoaAyxe, KaK npaBI'I/10, Heyc
Tolil'il'labl, T.K. 0611a,Qa10T BOCCT3HOBI'ITel1bHbiMI'I 
caolilcTBaMI'I .., nerKo OKI'Icn!iiiOTC!il (oco6eHHO a 
Uleno'iHoiil cpeAe) 

K8'f8CrB8HH8SI peaK'-'IISI H8 fe2 + 

Fe2+ + ~[Fe(CN)6] ~ ci'IH!il!il oKpacKa KFe[Fe(CN)
6

] 

reKCal.ll'laHo$eppaT(III) Kanl'l!il, 
KpaCHa!il KpoB!iiH3!il COnb 



Ia nOAfPYnnA •4-- BOAOPOA H __ .,.. VIla noArPYnnA 
L14e110"1Hble t.teTannbl 

H+ H-15 1 

o~w 
npoTOH 

+e -
sneueHTapHas. 'laCTioll..\3 
OTCYfCTBI'Ie sneKTpoHHbiX o6onO'leK 
uanbliil paauep 

ranoreHbl 

CocTom 1113 npoTHH H ('H) (99.985%), Aeih"epMH 
D (2H) 111 Cllet\08 pa,qllloaKTIII8Horo TPMTMH T (3H). 
Bo BceneHHOM - Ha1116onee 
pacnpOCTpaHeHHbll/1 311eMeHT (90% MaCCbl 
ConH~..ta- 80AOPOA). 
B aeuHOH Kope - 1% no t.tacce. 
8XOA111T 8 COCTa8 80Abl, MeTaHa, He<!>TIII, 
Kat.teHHoro yrnSI. 
8 C8060AHOM 8111Ae 8CTpe"'aeTCSI O"'eHb peAKO 

nonYliEHME 
8 npOMblwneHHOCTH 

1. KoH8epCIIISI t.teTaHa (KaTanlll3aTOp, Harpe8) 
Hp 

CH4 + 0 2 ~ C02 + 2H2 

2. KoKC08blli! ra3 (80% H2 ) 

3. KpeKIIIHr He<l>TIII 
4. KpeKIIIHr t.teTaHa 

to 
CH4 = C + 2H2 

5. napbl 80Abl Ill yrOilb, nplll ::::1 000°C: 
H

2
0 + C = CO + H2 (BOARHoi:f ra3) 

PeAKO: 
6. )l(ene3onapo8olll cnoco6 (80ASIHble napbl c 
pacKaneHHbiM )l(eneaot.t) 

H
2
0 + Fe= FeO + H

2 
(8b1We 570°C) 

4H
2
0 + 3Fe = Fe

3
0 4 + 4H

2 
(HIII)I(e 570°C) 

7. 3neKTp0111113 80Abl (06bi"'HO- paCT80pbl 
U4ellO"'elil): 2H 20 = 2H2 + 0 2 

B na6opaTOpHH 

1. 3neKTp0111113 80AHbiX paCT80p08 COlle~ 
(Na2SO 4 } 11111111 t14eno"'elil: 

2Hp = 2H2t + 0 2t 
2. Zn + H

2
S0

4
(::::20%) = ZnS04 + H

2
t 

3. 2AI + 2NaOH + 6H
2
0 = 2Na[AI(OH)4 ] + 3H2 t 

CBOMCTBA 
XMMM'IeCKMe: np111 o6bi"'HbiX ycno8111SIX A08011bHO 
ManoaKTIII8eH (pear111pyeT TOilbKO c F

2
), T.K. 

t.toneKYna H2 npo"'Ha. 

BOCCT8HOBMTenb 
1. noTepH 3neKTpOH8 - o6pa308aHIIIe npOTOHa -
H+ - ( 8 80AHbiX paCT8opax - IIIOH riiiAPOKCOHIIISI 
Hp+) 
2. Ha1116onee xapaKTepHo - o6paaoaaHMe nonHp
HbiX KOBaneHTHbiX CBH38M (8a11eHTHaS1 060110"1Ka 
[He]) 
2H2 + 0 2 = 2H20 (co B3PbfBOM) •rpeM'fiaSI• cMecb 2H2 + 0 2 

3H
2 

+ N2~2NH3 
H2 + F2 = 2 HF- co eapbiBOM np11 n106oiil Tei\Aneparype 

H2 + Cl2 = 2 HCI- Ha C8eTY ~..tenHaSI peaK~..tiiiSI 
Br2 , 12 - t.teHee aHepriii"'HO, He IIIAYT AO KOH~ 
H2 + S ~ H2S - nponycKaHIIle H

2 
HaA HarpeTolil AO 

150-200°C cepolll 
BoccTaHoeneHit1e OKCI'IAOB: 3H2 + Fe20 3 = 2Fe + 3H20 

3H2 + W03 = w + 3Hp 
0KC111Abl t.teTanno8, 6onee aKTIII8HbiX, LJeM Fe, 
80AOPOAOM AO MeTanna He 80CCTaHa8111118aiOTCS1. 

cJ)M3M'feCKMe: ra3 Oea ~..t8eTa 111 3anaxa. 
T • .., -252°C. CaMbllilnerKIIIlil ra3. nnoxo 
pacT80piiiM 8 80Ae. PaCT80pS1eTCS1 8 HeKoTopblx 
MeTannax (Pd, Ni), nepexOASI 8 aTOMapHoe 
COCTOSIHIIIe. 

OKIIICnMTenb 

o6pa30B8HMe I""MAPMA·IIIOH8 W- nplll 83aiiiMO
AeiiiCT8111111 co w,enO'lHbiMIII 111 w,enO"'H03eMenbHbl-

H
2 

+ 2Na = 2NaH 

rJ-1APMAbl- IIIOHHble COeAIIIHeHIIISl, ClllllbHble 
80CCTaH08111Te11111: 

NaH + H
2
0 = NaOH + H

2 

npHMeHeHHe: CIIIHTe3 HCI, NH3 , np111 8occTaHo8neHIIIIII OKCIIIA08 HeKOTOpbiX t.teTanno8, peaK~..tllllll 

ri!1Aplllp08aHIIISI 8 opraHIII"'eCKOlil XIIIMIIIIII, AJlSI nOily'leHIIISl MaprapiiiHa - riiiAPIIIP08aHIIIe paCTIIITellbHbiX 
)l(lllp08, CIIIHTe3 MeTaHona CHpH Ill AP· 
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nOArPYnnA VIla. rAnOrEHbl (F, Cl, Br, I) 
d OTCyrCTByeT y F 

30 j 4 0 CTeneHb { F 
3'0 OKI'Icne- Cl 
2' 8 Hl'l!il -1 Br 
2:5 I 

+1e Ps I I I I I I 
-diJlflltl f -----· n.J-W~lJJ --....... xapaKTepHble nonoJKI'I

TenbHble cTeneHI'I oKI'ICneHI'I!il 
Cl +1, +3, +5, +7 
Br +1, +5 
I +1,+3,+5,+7 

«DH3H'IeCKHe caoiicTBa: F2 Cl 2 Br 2(JK) 12(Te)B03r. 
pa3Mep aroua, nol1!ilpl'l3yeMocTb, 

TKI'In. ·c -108 -35 58 183 ~ I'IHTeHCI'IBHOCTb oKpac~~~~ (oT 3eneHoeaTo-JKenTolil 
AO TeMHO·Cjli'IOI1eTOB01'1), 3Hepn1!il MeJKMOI1e
KY1111pHOro B3ai'IMOAeiilcTBI'I!il 

XHMH'IeCKHe caoiicTaa: ra.JloreHbl- CIIIJlbHble OK1!1Cnvrren111, B38111MOAe~crsytOT c MerannaMIII, 

HeMeTa.Jl118MIII, CllQ)KHbiMIII Bew,eCTB8MI/I. 

F 2 - Ha1116onee peaK~..tiiiOHHOcnoco6eH, peaK~..tllllll IIIJ\YT Ha xonOAY. np111 HarpesaHIIIIII - p,a)l(e c y'lac

TIIIeM Au, Pt 
C npOCTbiMIII BeU4eCTB8MI/I: Co cnO)I(HbiMIII set14ecrsat.t111: 

H
2 
+ F

2 
= 2HF 

Si + 2F
2 

= SiF
4 

2Na + F
2 

= 2NaF 

Xe + 2F2 = XeF4 
~mor111e Merannbl e aTMoccpepe cpropa aaropaiOTC!il. 

Ha noeepxHocrlll Ni, Cu 111 HeKoTopbiX APYfiiiX 

B03HIIIKaer aaUJ,IIITHa!il nneHKa, peaKL\111111 npeKpaw,aiOTC!il 

Cl2 - T8K)I(e ClllllbHO peaK~..tiiiOHHocnoco6eH, HO 8 I 
reMHOTe c H

2 
He B38111MOAe~cr8yer. 

Br2 - peaK~..tiiiOHHocnoco6eH 

12 - XIIIMIII'leCKIII MeHee 8KTI!I8eH. Pe8K4111SI 

H 2 + 12 2HI nporeK_aer np111 300°C 

2F
2 

+ 2H
2
0 = 4HF + 0

2 

Si02 + 2F2 = SiF4 + 0 2 

yMeHbWeHIIIe OKIIIC11111Te11bHO~ 8KTIIIBHOCTIII 

I C> 
F

2 
Cl

2 
Br2 1

2 
npeAbiAYUJ,II1C1 BbiTeCH!ileT nocneAYIOUJ,I'IC1 1113 

ranoreHIIIAOB: 

Cl2 + 2K8r = KCI + Br
2 

HHal - ra3bl, 
HF HCI HBr HI 

yeeni'I'II'IBaeTC!il 

CI'IJia KI'ICnOTbl 
BOCCTaHOBI'ITenbHa!il Ill 
cnoco6HocTb 
ranoreHIIIA·I'IOHa 

XOpoWO paCTBOpi'IMbl B BOAe 

! Si02 + 4HF =SiF4 + 2H20 =· =======~> 

06pa3ytOT conM: clnOPIIIAbl, xnOPIIIAbl, 6pOUMAbl, MOAMAbl (IIIOHHble COe,l:\IIIHeHIIISI) 

Ka'lecTaeH H ble 
peaKUMM 
Ca2+ + 2F- = CaF ..1.. 

2 
6enbllil OCa,QOK 

nonr-eHMe HHal: 

B npHDOAe: 

Cl- - AgCI 6enbliil oca,QoK 

Br- AgBr 6neAHO-JKenTbliil oca,QoK 

1- - Agl JKei1Tbliil oca,QoK 

1. CaF2 + H 2S0
4 
= CaS04 + 2HF 

2. H 2 + Cl2 = 2HCI 

3. PBr3 + 3H
2
0 = 3HBr + H

3
P0

3 

4. Pl3 + 3Hp = 3HI + H
3
P0

3 

5.H2S + 12 ~ S..l.. + 2HI 

} 

HepaCT80__!JIIIMbl 

8 830THOIII 

KIIICilOTe 

F- cjlmoopm CaF2, cjJTopanaTI'IT 3Ca
3
(P0

4
)
2 

• CaF
2 

Cl - KaueHHa!il conb NaCI, cl'lnbBI'IHI'IT NaCI • KCI 

nony'leHHe 
3neKTpo111'13 cjJTOpi/IAOB 

311eKTpol11'13 pacTeopa NaCI, HCI + KMn0
4 

111 AP 
6pOMI'I.Qbl Br, I - B BOAax. conyrcTBYIOUII'IX HecjJTI'I, e BO.QaX } 

ropbKI'IX o3ep 111 AP. 
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I'IOAIIIAbl 

2Nal + Mn0
2 

+ 2H
2
S04 ~ 12 

+ MnS0
4 

+ 
Na2S04 + 2Hp 111 AP· 



noArpynna VIla. xnOP Cl 
d 

-1.¢ I I I 'fiacme d-op6'S- { !~ 
-ne +5 

+7 
KI'ICIIOpo,QHble 
coe,lli'IHeHI'I!il 

CDM3H'IeCKHe caoiicTBa: T..., = -34·c, ra3 3eneHo8aTo-)l(emoro 
1,48eTa, Sl,q081!1T, HeMHOrO paCTBOpiiiM 8 80Ae. 

B npHpoAe acerAa 
CTeneHb OKHCn8HHH -1 
NaCI - noaapeHHa!il conb, rani'IT 
NaCI, KCI- cWibBI'IHI'IT nony'leHMe: 

8 rexHHKe: aneKTponlll3 paCT8opa NaCI; KCI- CWibBI'IH 
8 na6oparopHH: 16HCI + 2KMn04 = 2MnCI2 + 5CI2 + 2KCI + 8H20 
11111111 2HCI + Ca0CI

2 
~ Cl

2 
+ Hp + CaCI

2 

MgCI2 • KCI • 6H20 - KapHanni'IT 

XHMH'tecKHe caoitcTaa Cl
2

: 

ClllllbHbiH OKIIICflli1Tenb 
C npOCTbiMH 8eU4eCT88MH.' 

1. 2Fe + 3CI2 = 2FeCI3 
2. 2P + 5CI2 = 2PCI5 
3. Cu + Cl

2 
= CuCI

2 

4. H
2 

+ Cl
2 
= 2HCI Ha CBeTY 

4enHoiil uexaHI'I3M: 
hv 

Cl2 ~ Cl· + Cl· 

H2 + Cl • = HCI + H • 
H • + CJ2 = HCI + Cl • 
H • + CJ· = HCI (o6pwa 4en111) 
C N2 , C, 0 2 - HenocpeACTBeHHO He 
pear111pyer 

nony'leHMe HCI: 
8 npOMbiWneHHOCTIII: 

Cl
2 

+ H
2 
= 2HCI 

8 na6opaT0p111111: 
NaCI + H2SO ... OH\l t' NaHS04 + HCit 

HCI - 6eC1,48eTHbllil raa c pe3KIIIM 
3anaxoM, xopowo paCT80PIIIM 8 
80Ae (400 n HCI 8 1 n 80Abl
M8KC. 37-40% HCI). BOAHbiH 
p8CT80p - ClllllbHaSI XIIOpo80AOpo

AH8R (conRHaR) KHCIIOTa. Mo)l(eT 
npOS18flSITb 80CCT8H08111TenbHble 
C80HCTB8 (38 C'ieT Cj-}: 
Mn0

2 
+ 4HCI = MnCI

2 
+ Cl

2 
+ 2H

2
0 

Con111 - xnop~~~,qbl, IIIOHHble coe,qi!I
HeHIIISI, XOPOWO paCT80p111Mbl 8 
BOAe (KpOMe AgCI, PbCI2, Hg2CI2 , 

CuCI) 
KaotecTBeHH&H peaK...,HA: 6enbllil 
T80PO)I(IIICTbiH OC8AOK 8 KIIICflOH 
cpeAe: 
Ag+ + Cl- = AgCI.!. 
AgCI + 2NH

3 
• H

2
0 = [Ag(NH

3
)
2
]CI 

- 2H
2
0 ! 8 OTfllll'illle OT AgBr Ill Agl, 

AgCI pacTaopSieTCSI 8 11136biTKe 
pacraopa 8MMIII8Ka. 

CO CJIO)I(Hb/MH 8euteCT88MH: 

1. BbiTecHSieT 6poM 1.13 6poMI.1,QOB 
Cl2 + 2KBr = 2KCI + Br2 

2. 0K1.1CnSieT 50
2 

1'1 ,Qp. Bell.leCTBa: 
Cl

2 
+ S0

2 
+ 2H

2
0 = 2HCI + H

2
S04 

3. C opraHIII'l9CKI'IMIII B9ll.l9CTBaMI'!: 
peaK41'11'1 3aMeU1eHI'I!il: C 2H6 + Cl2 ~ C2H5Ct + HCI (Ha ceery) 
npi'ICOe,lli'IHeHI'I!il: H 2C=CH2 + Ct2 ~ CIH 2C-CH 2CI 

4. C eo,Qoiil: Hp + CI2 ~HCI + HCIO -Q (xnopHaSI eo.Qa) 
5. C pacTeopaMI.1 ll.leno'ler::1 Ha xono,Qy: 

2KOH + Cl
2 
= KCI + KCIO + H

2
0 

npl'l HarpeeaHI'II'I: 
6KOH + 3CI

2 
= 5KCI + KCI03 + 3H

2
0 

6. C Ca(OH)
2

: Cl
2 

+ Ca(OH)
2 
= Ca(CI)OCI + H

2
0 

' (6enWibHa!il 1'1111'1 xnopHaR 1'13BecTb) 

KHcnOpOAJtble coeAMHeHHH 

HCIO - xnopH088TIIICT8SI KIIICnoTa. OYeHb cna6aSI 
KIIICflOT8, ClllllbHbiH OKIIICflli1Tenb. Con111 -
r111noxnop111Tbl NaCIO 
HCI02 - xnopi!ICTaSI KIIICnora. Cpe,qHelil Clllllbl. 
Con111 - xnopi!ITbl NaCI0

2
, KCI0

2 

HCI03 - xnopH088T8SI KIIICnoTa, } dl _ 

con111 - xnopaTbl KCI03 ~ g 
HCIO 

4 
- xnopHaSI KIIICnoTa, con111 ~ 5 

nepxnopaTbl KCI0
4

, NH
4
C10

4 
~ ~ 

Hac"/'HCI + 02 
t" 

HOCI -HCI + HCI03 
~12 

H20 + Cl20 

KCI03 - 6epmnero8a conb, pa3naraeTCSI np111 Harpe88HIIIIII 

t 
2KCI0

3 
= 2KCI +30

2 
t (KaTanl'!3aTop Mn0

2
) 

t 
4KCI0

3 
= KCI + 3KC104 (6e3 KaTanl.13aTopa) 

npMM8H8HM8 XIIOpa: 
nony'ieHI!Ie HCI, o6e33apa)I(I!I88HI!Ie BOAbl, CIIIHTe3 opraHI-1-
'ieCKIIIX coeAI!IHeHIIIIil, xnop111po8aH111e PYA 111 AP· 
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nOArPYnnA VIa. 0, 5, Se, Te 
(xanbKoreHbl- o6pa3yl0w.Me PYAbl [MeAM]) 

d OTCyrCTByeT y 0 O,S,Se,Te 
C:::::====~:::::::>-0 -4 -se 

\:.J ... 4.--'--
@ 

P rJl_LliJ 
&j'~ +2e ... @ PaAIIIYC amMa 

AfliiiHa C8SI3111 H-3 Ill Clllna KIIICnOT 
Hp, H 2S, H2Se, H 2Te v 

Cepa - T8epAoe KplllcTanm1'ieCKoe 8ew,ecT80 

.lKenToro 48eTa,Tnn = 119°C, T • ..., = 
445°C, 4111Knlll'i. t.toneKYnbl Sa, napbl: Sa, 

S6, S4, s2 annOTpOni!ISI (noni!IMOP<t>III3M). 

pOM6111'ieCKaSI ~ MOHOKniiiHHaSI ~ aMopc:t>HaSI 

XHMH'IeCKHe caoiicTaa Ha xonoAY - HIII3KaSI 

B npHpOAe: caMOPOAH.aSI cepa 

cynbc:t>I!IAbl - n111p111T FeS2, raneHIIIT PbS Ill AP· 

cynbc:t>aTbl- CaS04 • 2Hp (rilinG) Ill AP· 

nony'leHHe 
1 . OYIIICTKa caMOPOAHOiil cepbl 

2. 2H2S + 0 2 = 2S + 2Hp (HeAOCTaTOK 0 2) 

3. 2H2S + S02 = 3S + 2H20 

peaK41110HHaSI cnoco6HOCTb, np111 Harpe8aHI!IIII 803pacTaeT 

I 

1. KaK OKIIICfli!ITenb Fe+ S = FeS 

2. KaK 80CCTaH08111Tenb s + 02 = so2- ropi!IT (npiiiMeCb S03) 

3. A111Cnponop41110HIIIp08aHI!Ie: 3S + 6KOH = K 2S03 + 2K2S + 3H20 

-2 

H 
H S ~I 

2 OS 
\H 

+4 

;p 
DS~ 6ec1..111eTHbliil r33 c pe3KIIIM 3anaxou 

nonyoteHMe: 

+6 

;? 
o==s\, nerKo nepexoAIIIT s (SO,). 

T"" = 16,8°C, T""" = 44.8°C 
nonya~eHMe: 

I 

6ec48eTHbllil ra3 c 3anaxoM TYXflbiX 

Sllll4, cna6o paCT80piiiM 8 Hp 

nonyai8HMe: 
to 

H
2 

+ S H
2
S 

1 . S + 0 2 = S02 - ropeHI!Ie cepbl 

2. 4FeS2 + 1102 = 2Fe20 3 + 8S02 -
a) B KOHTaKTHOM annapaTe, COAepJKaUieM 
KaTanlll3aTop V20 5, 400-600°C 

o6JKI!Ir n111pma 2S0
2 

+ 0
2 
~ 2S0

3 
+ Q 

FeS + 2HCI = FeCI2 + H 2S 

XMUM'I8CKM8 CBOMCTBa: 

BOAHbllil paCT80P H 2S - cna6aSI 

KIIICflOTa (Cna6ee H 2S03) 

( conM ) 

/ '-..... 
cynb¢»1Abt, paCTBOP~Mbl 
B H20 TOI1bi{O U48I10"iHbiX 

.. erannoa, ca2+. si+ 

f14APOCynb¢wiAbl 
K3BeCTHbl TonbKO 

a pacraopax 

ri'I.Qponl'!3 S2- + H
2 
0 ~ HS- + OH

KaYecTBeHHaSI peaK~I/111: 

Pb 2+ + S2- = PbS-!- YepHoro ~BeTa 
BOCCT8HOBMTenb 

06bl'lHO OKII1CnSieTCSI ,QO S0
, I'IHOr,Qa 

.Qo S(+4) 1'1 S(+6) e 3aBI!1CI'IMOCTI'I oT 
Cll1nbl 1'1 KOnl'!'leCTBa OKII1Cni!1TenSI 
2H

2
S + 0

2 
= 2S + 2H,Q He,QOCTaTOK 0

2 
2H2S + 302 = 2S02 + 2H,Q 1!136brTOK 0 2 
c ranoreHaMIII 

H2S + Br2 = 2HBr + S 
H2S + 4CI2 + 4H,Q = H2SO

4 
+ SHCI 

c HN03 - 3aBI'ICI'IT OT KOH~eHTpa~l'll'l 
H2S + 2HN0

3 
= S + 2N02 + 2H

2
0 

111 ,Qa>Ke co cna6biMI'I OK1!1cni'!TenSIMII1 
H2S + 2FeCI

3 
= 2FeCI2 + 2HCI + S 

2H 2S + H2S0
3 

= 3H,Q + 3S 

8 na6opaTOpllllll 6) nornoUieHI!IeM so, s nornoTI!ITenbHoiil 
Na2S03 + 2H2S04 = 2NaHS04 + so2 6awHe MeTOAOM npOTI/IBOTOKa H2so. 
+ H 0 ' 001"· non}"laiOT pacTsop S03 s H2S04 - oneyu. 

2 to 
Cu + 2H SO = CuSO +SO + H 0 Oneyu pa36aBI11'110T Ao 98% H2S04 

2 4KQHU. 4 2 2 

XMUM'f8CKMe CBOMCTB8: 

KII1CnOTHblli1 OKCI'I,Q so2 + Ca(OH)2 = 
CaS0

3 
+ H20 

so2 + H20 ~ H2so, - cepHI'ICTaSI 
Kl'!cnoTa cpe.QHeli1 cl'lnbl 

pacrsop~Mbt TOnbKO 
cynb¢»1Tbl ~e1104HbtX 
Merannoe, rHAPo11~3 

f"'APOCVnb¢wiTb1 
K3K npaBK/10, 
paCTBOPKMbl 

S02 } OKV~CI1111Tel1bHO·BOCCTaHOBI'I· 
Na2S03 renbHal'l AaoiilcTaeHHocTb 
BOCCT8HOBMTenb 

C OK1!1Cni!1TenSIMI'I 

S02 + Br
2 

+ 2H
2
0 = H

2
S0

4 
+ 2HBr 

6poMHaSI eo,Qa, o6ec~eeYI'!BaHI'!e 

2Na2SO, + 0 2 = 2Na2so. 
OKMCnMTenb 
C BOCCTaHOBII1Teni'IMII1 
S02 + 2H2S = 3S + 2Hp 
AMCnponop~MOHMpOBaHMe 

4K2S03 = 3K
2
S0

4 
+ K

2
S 

(npoKani'!BaHI'!e) 
npl'!coe,QI'!HeHV~e S: 
Na2SO, + s __. Na2S,Q, Tll1ocynbcpaTbl 
(KV~nSIYeHl'!e pacTeopa c S) 
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H~~ 
cepHal'! KI'ICIIOTa Ho/S~O 

Cl'lllbHal'l KI'ICIIOTa (npl'! A1i1CCOU,1'!3U,I'!I'I no 
1-iil cTyneHIII). KoHu,eHTpV~poaaHHal'l
BOAOOTHV~MaiOUiee CBOMCTBa (o6yrl11'!· 
BaHV~e): 

C,2H 220,, = 12C + 11Hp 

caxap 

OKMCnMT8nbHble CBOMCTBa 3a 
C'leT S(+6) 

S + 2H2S0 4"0"~ = 3S02 + 2H,Q 
C + 2H2SO._.,.. = C02 + 2S02 + 2H

2
0 

c ueTannaMV~, CTOI'IUII'IMI'I nocne H
2

, np11 t' 
cu + 2H 2S04 = cuso. + S02 + 2Hp 
C aKTV~BHbiMI'I - CMeCb 
Zn + H2S04 __. S02, s, H2S + znso. 
Ha xonoAy: naccV~BIIIpyeT Fe, AI, Cr 
P336aBJ1eHHal'l- KaK 06bl'lH311 KIIICIIOTa, 

/Icon~'~ I 
rl'fAPOCYilbcjlaTbl 

HS04-

Ka'lecTeeHHal'l peaK~I'ISI: 

Ba2+ + SO/- = BaS0
4 
6enbl~ oca,ooo: 

He pacTf!Op1!1Mblli1 B KI'ICnOTax 



VIa nOArPYnnA. KMCnOPOA 0 
8 npMpoA8 COCTOI'IT 1'13 
1so. Ho. 1so. caubliil pac
npoc-rpaHeHHbliil aneMeHT 
ae~~o~Hoiil Kopbl (49, 1 uacc.%). 
ATuoccjlepa coAePJKI'IT 21% 
Kl'lcnooo.aa no o6be~_ 

803MOXHbl T8KXe CTeneHIII OK!ilcneHIIISI -1 (nepOKCI/IAbl Na20 2, Hp2), -1/2 (~04 ), +1{F20 2) Ill +2 (F20) 

nony'leHMe: 

a npouwwneHHOCTM 
neperOHKa )I(I/IAKOro 803AYX8, T.K. T..,n 02 = -183°C, a T..,n N2 = -196°C 

B na6opaTOpHM i 
1. 3neKTponl!l3 80AHbiX paCT8opo8 conei/1111 w,enoYeill 2H20 = 2H2 + 0 2 (eM. nonyYeHI!Ie H2) 
2. Pa3nO)I(eHI!Ie nepMaHraHaTa K811111SI, 2KMn04 = ~Mn04 + Mn02 + 0 2 

nepoKCI/IA8 80AOPOA8, 2Hp2 = 2H20 + 0 2 (K8T81111138T0p Mn02) 
6epT011eT080iii C011111 2KCI03 = 2KCI + 302 (K8T81111138TOp Mn02) 

3. ~3 nepoKCI/IA8 6ap111S1 2Ba02 = 2Ba0 + 0 2 

CaoitcTaa: 
CI)MaM'IecKMe: Oec~..tBeTHbl~ ra3, 6e3 3anaxa. T "'" 
-183°C, 8 1 n H20 paCT80pS1eTCSI 0.04 r 0 2. 
nap8M8rHI!ITeH - 8TSirlll88eTCSI 8 M8rHIIITHOe none 

XMMM'18CKMe: 8 peaKL.tiiiSIX co 8CeMIII npoCTbiMIII 
8ew,eCT88MIII - OKIIIC11111Tenb. HenocpeACT8eHHO He 
pear111pyeT c ranoreH8MIII, IIIHepTHbiMIII ra3aMIII, Au, 
Pt, KIIIC110pOAHble COeAIIIHeH1.1SI KOTOPbiX nonyY810T 
KOC8eHHbiMIII nYTSlMIII 

PeaKl-'HH 

c HeueTannauM c ueyannau111 CO CnO>KHbiMM B81J48CTB8MM 
s + 0 2 = S02 

CrDp810T C o6p83088HIIIeM OKCI/IA08 np111 ropeHI-11.1 8 11136biTKe 
4P + 502 = 2Pp5 

2 Mg + 0 2 = 2Mg0 KIIIC110POA8 o6pa3yiOTCS1, K8K 
C + 0 2 = C02 

3Fe + 202 = Fe
3
0

4 
('li'ICTbl~ Kl'lcnopo.Q) np8BIIIn0, COOT8eTCT8YIOUJ,IIIe 

2H2 + 0
2 
= 2H20 AI, Cr - TOHK8SI 38W,IIITH8SI nneHKa OKCIIIAbl: 

N
2 

+ 02~2NO 2ooooc OKCI/IA8 2H
2
S + 302 = 2S02 + 2H 20 

UJeno'IHble Merannbl (KpoMe Li) np111 CH4 + 202 = C02 + 2H 20 
Harpe88HIIIIII a cyxoM 0 2 o6pa3yiOT np111 He,CPCTa.TKe 0

2
- caJKa (C), 00 ... 

nepoKCI/IAbl: C
2H50H + 302 = 2C02 + 3Hp 

2Na + 0
2 
= Na20 2 4FeS2 + 1102 = 2Fe20 3 + 8S02 

111 HSAnepoKCI/IAbl: n111p111T 
2K + 20

2 
= K20 4 

ra3006p83Hbllii KIIIC110pOA CyW,eCT8yeT 8 A8YX 811110TpOnHbiX MOAIII¢1.1K8ltiiiSIX - AIIIKIIIC110pOA 0 2 1.1 
TpiiiKIIIC110pOA0

3 
(030H) 

OaoH 0 3 o6pa3yeTCSI np111 aneKTPIIIYeCKIIIX pa3PRAax: 0 2 + aHepri!ISI = 20; 0 + 0 2 = 0 3 

CyMM8PHO 302 +== 203 - 286 ~ 
030H- HeCTOiiiKOe 8eW,eCT80, nerKO paCn8A810W,eeCSI, 06118A8eT CHRbHbiM OKHCRHTeRbHbiM l{eii

CTBHeM 

PbS + 403 = PbSO 
4 

+ 40
2 

0 3 + 2KI + H20 = 1
2 

+ 2KOH + 0 2 - Ka'lecreeHHBR peaKL.(IIIR f!..B 030H 

nPHMEHEHME 0
2 

OCH088HO Ha ero 111Cn011b30B8HIIIIII K8K OKIIIC111<1TenSI: 

8 MeT8n11ypr111111 np111 npOM3BOACTBe CT&nlll Ill 'fyryHB "' 60% npOMbiWileHHOrD 0 2 
!VlSl nonyYeHIIISI HN0

3
, H2S04 , o6>Ka.tra PYA (Hanp1<1Mep, FeS

2
, CuFeS2, PbS 111 AP·) 

ropeHI!Ie H2 + 0 2 - np111 C88pKe MeTanno8 

B nPHPOAE c yYaCT1<1eM 02 C08epwaeTCS1 Ab1X8HI.1e- OAIIIH 1113 88)1(He~WIIIX )1(1!13HeHHbiX npo~..tec
:oa. Hani!IYIIIe 8 8TMoc¢epe KIIICilOPOAa o6ecne'llll8aeT rHI!IeHIIIe opraHI!IYeCKIIIX aew,ecTB. CoAep)K8HIIIe 

: r_,CllOPOA8 8 8TMOC¢epe nOCTOSlHHO, T.K. ero paCxOA KOMneHCI!IpyeTCSl o6p83088HIIIeM KI.1CllOp0A8 

-ol-1 ¢oTOCIIIHTe3e: C02 + H20 ~ C"(Hp)m + 0 2 
= (i-1ClleHI.1e KIIIC110POAOM yrne80AOB, )1(1.1pOB Ill 6e11KOB Clly)I(IIIT HCTO'IHHKOM 3HeprHH JICHBbiX 

opraHH3MOB 
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+1 -2 

BOAA (oKCHA BOAOPOAa) H20 
BbiCOKaSI 30 aToMa 0, 6onbwotl AHnOnbHbllil IIAOMeHT 
IIAOileKy11bl, npO'iHble BOAOpOAHble CBSI3111 npii1BOASIT K 
ClilnbHOH acC0'-111181..1111111 MoneKYn (H20)". np111 20°C n s 
cpeAHeiiA 4, np111 1 ooac n = 1 111 3% n = 2. 

CI»M3H'IeCKMe CBOHCTB8: 
'-!111CT8S1 80)¥1 He 111MeeT BkYC8, t.tBeTa 111 3anaxa, B TOHK111X C110S1X- 6eCL.IBeTH8S1, B TOnW,e -
rony6oaaTaSI. Ha1116onbwaS1 nnoTHOCTb np111 +4•C- 1 Kr/n, np111 o•c- 0.998 Kr/n, TaK KaK cornacHo 

OAHOH 1113 TO'ieK 3peHII1S1 @ c:::::=::;::> ~~ . T nn. 0°C, T,.n. 1 00°C. XapaKTepll13yeTCS1 BbiCOKO~ 
TennoeMKOCTbiO (4.13 ~/MOnb • Kr • K), BbiCOKo~ TennoTOtl 111cnapeHII1S1. 

XMMM'IeCKHe CBOitCTBa: 
BoAa pearHpyeT c npocTbiMM ae114ecTBauM: 

CD C 111eno'!Hb1UI1 111 Ulello'IHo3euenbHbiUIII, a np111 
HarpesaHM11-III C Apyri1UM MeTannaMM 

<2> C ranoreHaMIII 

BoAS pean4pyeT co cnoliCHbiiMM aeU4ecTB&MK 
CD C oKclll,llaUIII ocHoBHbiUIII 

KI1CIIOTHbiUIII 
(Z\ C IIIOHHbiUIII llii,Qplll,llaUIII 

CD 06pa3oBaHI!IeKplllcnannollii,QpaTos 

@ rlil,llpaTaUMSI HenpeAellbHbiX 
opraH111'19CKI1X COeAI/IHeHIIIIil 

@ rH,Apolllll3 IIIOHHbiX Ill KOBaneHTHbiX (B TOU 
'IIIICIIe- opraHIII'I.) COe,AI/IHeHI!Iiil 

{ 
Ca + 2H20 = Ca(OH)2 + H2 i 
3Fe + 4H20 = Fep4 + 4H2i 

{ 
2F2 + 2Hp = 4HF + 0 2 i 
Cl2 + Hp~ HCIO + HCI 

CaO + Hp = Ca(OH)2 

S03 + H20 = H2S04 
KH + H20 ~ KOH + H2i 
NaOH + 2H20 ~ NaOH • 2H20 
CuS04 + 5H20 ~ CuS04 • 5H20 
CH2=CH2 + H20 ~ CH3CH20H (H+) ,p 

C~H + Hp ~ CH
3
c, (Hg2+) 

AICI3 + H20~AIOHCI2 + HCI H 
PCIS + 4H20 ~ H3P04 + 5HCI 

0 0 ,, ,, 
CH 3C, + HOH+== 

, Oco6ble caoACTaa BoAbl: ocH3 

CH 3C, + CH30H 
OH 

CD BoAa-KaTaJW13aTop 2AI + 312 ~ 2AII3 

l CZl BoAa-O'IeHb cna6blli!311eKTpOJUo'IT: H20~H· + oH-
B '1111cTolilaoAe np11 22•c [WJ =[OWl= 10-7 uonb/n, pH= 7 

O'IMCTKa: 1) OT KpynHbiX 'iaCTIIIt.t- <f>lilnbTpoaaHIIIeM 
2) OT pacTaopeHHbiX conetl: 

apeMeHHaR )l(eCTKOCTb- Ca(HC03)2 + Ca(OH)
2 
= 2CaC0

3
-l. + 2Hp 11111111 KlllnR'"IeHI!IeM: 

Ca(HC03 )2 = CaC0
3

-l. + C02 + Hp 
nocTOSIHHaR )l(eCTKOCTb- CaS04 + Na2C0

3 
= CaCO) + Na2S04 

3) OT B3Becel1- A06asneHIIIeM conel/1 aniOMIIIHIIISI 11111111 )l(ene3a (Ill) 
AI2(S04)3 + 3Ca(OH)2 = 2AI(OH)3-l. + 3CaS04-l. Fe2(S04)3 + 3N~C03 + 3H

2
0 = 2Fe(OH)

3
-l. + 3N~S04 + 3C0

2 
i 

Pblxnble OCaAKIII AI(OH)3 4) Q6e338p8)1(11188HIIIe- X110pl!lp088HI!Ie LiiJllll 030HIIIpOB8HI!Ie 
111 Fe(OH), 3axsaTblsaiOr 5) B cnY'Iae Heo6xOAIIIMOCTIII- AIIICTI!InnSit.tiiiSI 11111111 AeMI!IHepanl!l38ltiiiSI 
npi1Ueclll (nponyCKaHIIIe 'iepea KaTIIIOHIIIT B H+ <f>OpMe Ill 8HIIIOHIIIT B oH- <t>opMe) 

- 1 0 H 
nepOKCMA BOAOPOA8 H202 H' 'o.... -lKIII,IlKOCTb. 06bi'IHO B cpapuaKonorllllll (aHTI/ICenT11K) 3%-HbiH 
BOAHbllil paCTBOp 111n111 30%·Hblli! paCTBOp B npOUbiWIIeHHOCTIII (nepriiiAPOIIb). JlerKo pa3naraeTCR nplll xpaHeHIII11. npM HarpesaHIIIIillo4 
Ha csery. Pa3noJKeHIIIe KaTanlll3111pyer Mn0

2 
2Hp

2 
= 2H

2
0 + 0

2 

nony'teHMe: Ba02 + H2S04 = BaS04-l. + Hp2; H
2
Sp

8 
+ 2H20 ~ 2H2S04 + H20 2 

nepoKCHA 

CaoiiCTaa:1) 0'leHbcna6aRKI1cnora: H202~H' + H02-, con111-nepoKc~b' H
2
0 2 + Ba(OH)2 ~ Ba02-l. + 2Hp 

2) oKI!Icnlllrenb: H20-\ + 2KI + H
2
S04 = 1

2 
+ K

2
S04 + 2H

2
0-2 

3) BOCCTaHOBIIITenb: 5Hp- 12 + 3H2S04 + 2KMn04 = ~so4 + 2MnS04 + 8H20 + 50°2 
npMMeHeHMe H20 2 M nepOKCMAOB: oT6enKa pa311W1HbiX IIAaTepl!lanos, XIIIIIA. npOMblwneHHOCTb, 

.... • :.aweHII1e, MeAIIILtiiiHa, nornow,eHiile C0
2

: 2Nap
2 

+ 2C0
2 
~ 2Na

2
C0

3 
+ 0

2 
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Va nOArPYnnA. A30T N 
+1 2p 

!!~ fujtltltl ~@ 
+5 

B npHpOAe: 0.01% MaCCbl 3eMH. KOPbl, 78.1% 
no o6beMy aTMocc:t>epHoro 803AYXa. NaN03 , KN03 

- cenvrrpbl 

nony'leHHe: (i) 8 npoMbiWI1eHHOC'flo1- c:j>pa~HIIIJ)OBaHI!1e >KM,D,Koro 803Ayxa (\.., 0 2 = -183•C, N2 = -190C 

@ 8 lla6opaTOpllllll - pa31lO)I(eHI!Ie HIIITpvrra aMMOHIIISI np111 Harpe8aHI/II/I: 
NH4N02 = N2 + 2Hp, NaN02 + NH4CI = N2 + NaCI + 2H20 

CBOACTBA 

CDH3H'IeCKHe: raa 6e3 ~..t8eTa, 3anaxa 111 8KYCa, "XHMH'IeCKHe: MOileKYila N=N O'ieHb yCTOill'i1118a 
t...., = -196°C, nlloxo paCT80piiiM 8 80Ae (2.3 Mil 8 {npO'iHaSI TpOiiiHaSl C8SI3b, E = 942 IC,Q)I{/MOilb) 
100 Mil H20 np111 0°C) HM3K8A pea~MOHH8SI CnOC06HOCTb 

80CCTaH08V1TeJlb: 8biCOKaS1 TeMnepaTYpa (31l. Ayra, 3000°C) N + 0 = 2NO -a •3aMopoJKeHHoe• pasHosec11e, 
2 2 npoAyBKa yepe3 pa3p!i1A 

0KI!ICilV1Tellb: np111 KOMH8THOill TeMnepaTYpe - TOilbKO C 6Li + N2 = 2Li3N HIIITPIIIA 
Li, np111 Harpe8aHIIIIII - c APYriiiMIII MeTallllaMIII 3Ca + N2 = Ca3N2 

Pear111pyeT C 80AOPOAOM. np111 Aa8neHIIIIII 20-40 Mna, TeM- P, t, KaT 
nepaTYpe 400-500°C Ill 8 npi!ICYTCT8111111 KaTall11138TOpa- )l(eJle- 3H2 + N2~2NH3 +a 
3a, aKTI!I8111P08aHHoro pa31llll'iHbiMIII A06a8KaMIII. 

B npoMblwneHHOCTH: CM. 8b1we H2 + N2 
B na6opaTOPHH: Harpe8 colleli! aMMOHIIISI co 
w,eno'iaMIII 11111111 Harpe8aHI!Ie NH

3 
• H20 

(NH4 )2S04 + 2Na0H = Na2S04 + 2NH3 t + 2Hp 

«DH3H'IeCKHe CBOHCTBa: 6eC~..t8eTHblill ra3 c 
pe3KIIIM 3anaxoM, xopowo paCT80PIIIM 8 80Ae (np111 
2oc>c 100 ll NH

3 
8 1 ll H20) 

TpeyronbHa!il 
n11paM1'1Aa 

XHMH'IeCKHe CBOHCTBa: 
NH

3 
+ H+ = NH

4 
+ - IIIOH aMMOHIIISI 

AOHOpHo-aK~..temopHoe 83aiiiMOAeiii
CT8111e, npi!ICOe,QIIIHSieT H+ ~ IIIOH 
aMMOHIIISI 

OcHoaaHHe: np111 peaK~..tllllll c KlllcnoTaMIII - c011111 
NH3 + HCI = NH4CI X110PIIIA aMMOHIIISl 
np111 paCT80peHIII111 8 80Ae: 
NH3 + Hp NH/ + OH- w,enO'iH8S1 peaK~..tiiiSI 
3% 80AHblill paCT80p- «HaWaTblpHblill CnlllpT» 

BoccTaHOBHTen~a: 3a cYeT N3-, oKIIICilSleTCSI 
06bl'iHO AO N2: 

<D 3Br2 + 8NH3 = N2 t + 6NH
4
Br 

__,. N2 + H20 ropeHI'Ie 

@ 0
2 

+ NH
3 --....... NO + H 0 CTaAI'I!il nonY'leHI'I!il 

Pt-KaT. 2 HN0
3 

Q) 3Cu0 + 2NH 3 = N2 t + 3Cu + 3H20 (OKCI/lAbl 
HeKOTOpbiX MeTallll08) 

OKHCnHTen~a: 3a C'-leT H+: 
2Na + 2NH3 ~ 2NaNH2 + H2 

aMio1.Q 

29 

ConH aMMOHHR NH
4 
+ 

NH/- 8eAeT ce6S1 KaK KaTIIIOH w,eno'iHOro 
MeTalllla 
ConM auuoHMA xopowo pacT80PIIIMbl 8 80Ae 

~~~;~~~~;;~~:::0""" c[y)~~JT + 

(i) eCillll KIIICilOTa lleTY'iaSI, a aHIIIOH- H~~ 
HeOKIIIC11V1Te1lb: Harpes TeTpa3Ap 

NH4CI NH3 + HCir 
OXllaJKA. 

@ eCillll KIIICilOTa HeJleTY'iaSI, a 8HIIIOH- HeOKIIIC
IlV1Tellb, TO npOIIICXOAIIIT 'iaCTI!l'iHOe p831lO)I(eHI!Ie: 

to 
(NH4 )2S0

4 
= NH3t + NH

4
HS04 

Q) eCillll aHIIIOH - OKIIICiliiiTellb, TO np0111CXOAIIIT 
OKIIICileHIIIe 830Ta 8 IIIOHe aMMOHIIISI: 

NH4N03 = Np + 2Hp 
(NH4 )2Cr20 7 = N2 + 4H

2
0 + Cr20 3 

Ka'fecTaeHHaA peaK~MA Ha MOH NH/- 8b1Ae
lleHI!Ie aMMI!IaKa np111 peaK~..tllllll colleill aMMOHIIlSI co 
W,eJlO'iaMIII: 

NH4CI + NaOH = NaCI + NH3 t + H20 

A30THble YA06peHHR 
AMMIIIaYHaSI 80Aa NH3, 
Ce11111Tpbl NaN03, KN0

3
, NH

4
N03 

Cyllbc:t>aT aMMOHI-1SI (NH
4

)2S0
4 

Kap6aMIIIA (MOYeBIIIHa) CO(NH2)
2 



w 
0 

+<D OKCMA a3oTa (I), Np 

non~eHMe: 

to 
NH4N03 = Np + 2Hp 

6eC~BeTHbllli ra3 CO CJlaAKOBa

TbiM aanaxoM, aaMeTHO pac

TBOpSleTCSl s H
2
0 

~--~~c~;;~a3yiOtqMM J 

>500"C - paanaraeTCSl 

2Np = 2N2 + 0 2 

n03TOMy OKIIICJlSleT sew,eCTBa, 

pear111pytaw,111e c 0
2 

N20 + H2 = N2 + H20 
2N

2
0 + C = C0

2 
+ 2N

2 

KMCnOPOAHbiE COEAMHEHMSI A30TA 
2p 

8@ @8® ~ illfilliTI H-0-Nq" 
+'o-

IIIJllll 

1 
o-7 

/.• 
H-0-N--'+ 

"'b 1 -..,-
CTpOeHIIIe MOlleKYllbl a30TH017J KHCJ10Tbl 

nonO>KMTenbHble CTeneHH OKH neHHH 

+® OKCMA a3oTa (II), NO +® OKCMA a3oTa (Ill), Np
3 

+® OKCMA a3oTa (IV), N02 

non~eHMe: non~eHMe: non~eHMe: 
B npoMblwneHHOCTIII (CTa,tllllft N02 + NO=Np

3
, HecToeK 1. 2NO + 0 2 = 2N02 

npoi13BOACTBa HN0
3

) 2. Cu + 4HN03 = Cu(N03) 2 + 2N02 + 
Pt KIICnOTHWM OKCIIA KOHLI. + 2H20 

4NH
3 

+ 502 = 4NO + 6Hp co lJ.IeliO'IaMIII 3. 2Pb(N03)2 = 2Pb0 + 4N02 + 0 2 
B na6opaTop1111 N

2
0

3 
+ 2Na0H = 2NaN0

2 
+ Hp -11.2•c 

+@ OKCMA a30Ta (V), NPs 
non~eHMe: 

1. 6HN03 + P Ps = 2H3P04 + 3Np5 

AerM,qpaTa4111R HN03 

2. 2N02 + 0 3 -+ Np5 + 0 2 
6ec4BeTHble HecTOHKIIIe KpiiiCTanllbl 

>oo 
2Np5 = 4N02 + 0 2 3Cu + 8HN0

3 1
30-35,.

1 
= 3Cu(N0

3
) 2 + HI1Tpi1T HaTPtllft 2N02 ~ N20 

4 

2NOt + 4H20 6ypblil raa +1400C 6ecL\B. Kpi'ICTaM. I KttcnoTHblil OKCMA 

HN02 - KlllcnoTa cpe,qHeH Cl1nbl, I I N 0 + H 0 = 2HNO 
_ _ HeycTOM'IIIBall KIICnOTa KMCnOTHblil OKCMA 2 5 2 3 

6ec4BE!THbll1 ra3, TpYAHO CJKIIIJKaeMbl~, AIICnponopU,IIOHIIpyeT 
nnoxo paCTBOpi!IM B H20 to CMnbHblil OKMCnMTenb 

I Heconeo6pa3yiOtqMM I 2HN02 = Hp + N02 + NO npM paCTBOp~HMIII B BOAe -
oKIIICilHTenbHO·aoccTaHoBIIITeJibHaft xpaHeHMe 2N02 + H20 - HN03 + HN02 

ABOHCTBeHHOCTb OKIIICI111TeJ1bHO·BOCCTaHOBI1TellbHaft 

BOCCT 8HOBMTenb: 

2NO + 0 2 = 2N0
2 

2NO + Cl
2 

= 2NOCI 
OKMCnMTenb: 

ABOHCTBeHHOCTb 
~ OKMCnMTenb: 

~ 12HI + 2HN02 = 12 + 2NO + 2Hp 
BOCCT8HOBMTenb: 

2NO + 2S02 = 2S0
3 

+ N2 
B BOAHOM paCTBOpe: 

2NO + 2Hp + 2S02 = N2 + 2H2S04 

2KMn0
4 

+ 6HN0
2 

= 2Mn(N0
3

) 2 + 
KN03 + KN02 + 3Hp 

Con11 a30TIIICTOH KIIICilOTbl - HI1Tpi1Tbl 
(KN02 , NaN02) 

XHMH'IeCKHe CBOHCTBa HN03 

CO aqenO'I8MII: 

2N02 + 2NaOH = NaN03 + NaN02 + 
Hp 
Clln .. HWM OKIICniiTen .. : 

N02 + CO = NO + C02 
N02 + 502 -+ NO + 503 (HIIITP03Hb1H 
cnoco6 nony<ieHtllft cepHoiil KIIICnOTbl) 

A3oTHaR KMcnoTa HN03 

non~eHMe: 
B na6opaTop1111 

to 
NaN03 + H

2
504 = NaH504 + HN03t 

B npoMblwneHHocm 
Pt 

1) 4NH3 + 502 = 4NO + 6Hp 
2) 2NO + 0

2 
= 2N02 (npYJ oXIlaJKAeH1111) 

3) 4N02 + 0 2 + 2Hp = 4HN03 (noA 

AaBneHtlleM 0
2
) 

ClllllbHaSl KIIICJlOTa, OKIIICJ1111Tenb: HN03 :::::> N0
2 

:::::> N
2
0

3 
:::::> NO :::::> N

2
0 :::::> N

2 
:::::> NH

4
N03 

CDH3H'IeCKHe caoiicTaa 

Cu + 4HN031 ,""•-l = Cu(N03) 2 + 2N02 + 2Hp 
3Cu + 8HN0

31 
• .,6 _

1 
= 3Cu(N03) 2 + 2NO + 4Hp 

4Mn + 10HN0
31 

• .,61 = 4Mn(N03) 2 + Np + 5Hp 
4Zn + 1 OHN031""""" • .,6 _1 = 4Zn(N03) 2 + NH4N03 + 3H 20 

CMecb npOAYKTOB B 3aBIIICIIIMOCTIII OT aKTIIIBHOCTIII MeTa/lila Ill 

KOH4eHTPa41111 HN00 . KoH4eHTptllpoaaHHaR HN0
3 

nacc11B11pyer 
(Ha xonoAY) Fe, AI, Cr 

Hewerannw: OKIIICMiiOTCR AO COOTBeTCTByiOU\IIIX KIIICilOT, HN0
3 
~ N02 111111 NO (B 3aBIIICIIIMOCTIII OT pa36aaneH11ft) 

P + 5HN031""'" 1 = H3P04 + 5N02t + Hp 
12 + 10HN031""'" 1 

= 2HI03 + 10N02t + 4Hp 
5 + 6HN031""'"·1 = H2504 + 6N02t + 2H20 

1 o6beM HN03 + 3 o6beMa HCI ~ "~apcKaSl BOAKa» 

Au + HN0
3 

+ 4HCI ~ NO + 2Hp + H[AuC14 ] 

H11Tp8TW- xopOWO paCTBOpiiiMbl B BOAe. Pa3naraiOTCft nplll ClllnbHOM HarpeBaHIIIIII. 
ll~"lln'!Hble 11 lJ.Iello'IHo3eMenbHble MeTa/lllbl ManoaKTIIIBHble MeTa/lllbl 

6ec~seTHaS1 )I(IIJAKOCTb, np111 -42°C nepexo

AIIIT B KpiiiCTaJlJllll'-teCKOe COCTOSlHIIIe, C H 20 

CMeWIIIBaeTCSl B Jlt06biX COOTHOWeHHSlX 

KalfeCTBeHHaR peaKI..I,MR Ha MOH N03 -

2NaN0
3 

+ 3H
2
S04 + Cu = 2N02t + CuS04 + 

2NaHS0
4 

+ 2Hp 6ypb1.:; ra3 

;'N.1ND, 2NaNO, I 0) 2Pb(N03) 2 = 2Pb0 + 4N02t + 0 2t 2AgN03 = 2Ag + 2N02t + 0 2t "---------------------" 



Va nOArPYnnA. N, P, As, Sb, Bi. CbOCCbOP P 
d 

Cl>occl»op: HecKonbKo annoTponHbiX MOA1'14>11KaJ..l11lil 
5enbli1 (JKenTbllil) cpoccpop, uoneKynRpHoe cTpoeHI1e P4 , tM 

44•c, cMbHo R,QOBI1T, pacTBop11u e CS2, C2H50H 11 AP· 
OK11cneH11e 6enoro cpoccpopa Ha B03AYXe conpoeoJKAaeTCR 
ceE!'IeHI1eM. X11MI1'1ecK11 aKTI1BeH. 
KpacHbllil cpoccpop } non11uepHoe crpoeHI1e, He RAOBI1Tbl, B npMpOAe: 3eMH. Kopa 0. 1 %. B ceo6oAHOM 
"'epHbllil <Poccpop HepacTBop11Mbl B BOAe 11 opraHI1· BI'!Ae He cyw,ecTeyeT. <t>occpopHT Ca3(P04 )2• 

'!ecK11X p3CTBOpi1TenRX 
H3rpeeaHI1e, noe. A3BneH11e cpTOpanaTHT- 3Ca3(P04 )2 • Caf2 1<1 AP· 

5enbllil cpoccpop KpaCHbllil cpoccpop nony'leHMe: 2Ca3(P04 )2 + 10C + 6Si02 = 
HarpeeaHI1e, noHI1JK. A3BneH11e 1 OCOt + 6CaSi03+ PAt (311eKTp. ne'ib) 

XMMH'IeCKaR aKTMBHOCTb cpoccpopa 3Ha'iHTellbHO Bblwe, YeM N2 

BOCCT3HOBHTellb: 502 + 4P = 2Pp5 
30

2 
+ 4P = 2P20 3 (HeAOCT3TOK 0 2 ) 

5CI
2 

+ 2P = 2PCI5 
31

2 
+ 2P = 2PI3 

3P + 5HN03 + 2Hp = 3H3P04 + 5NO 
2P + 5CuS04 + 8H20 = 5H2S04 + 5Cu + 2H3P04 

OKHCilHTellb: 2P + 3Mg = Mg3P2 (cpoc¢>HA MarH11SI) 

-3 CoeAI'!HeH11R C BOAOpoAOM -
MeHee YCTOiii'I11Bbl '!eM_yN +3 

K11cnopoAHble COeAI1HeH11R 
6onee ycTolii'II1Bbl '!eM y N +5 

ct»occi»MAbl: Ca3P 2 

3Ca + 2P = Ca3P2 

cl»occi»MH: PH3 
Ca3P2 

+ 6H
2
0 = 3Ca(OH)2 + 2PH3t 

cpoccpHH - SIAOBHTbl~ ra3, 6ec-
4BeTeH, n11oxo pacTeopHM e H20, 
HeCTOeK. 
PH3 - 6o11ee c11a6oe ocHoeaHHe, 
'ieM NH3 
PH3 + HI = [PH4 ]1 - B BOAe COilH 
¢>occpOHHSI nOilHOCTbiO rHAP0111<1-
3YIOTCSI. 
PH

3 
- CMnbHbiM BOCCT8HOBMTenb 

PH
3 

+ 20
2 
= H

3
P0

4 

PCI3, Pp3 
06pa3y10TCSI npH HeAOCT3TKe 
OKHCilHTellSI 
2P + 3CI2 ~ 2PCI3 

4P + 30
2 
= 2P

2
0

3 

KMCnOTHbiM OKCMA p 
2
0 3: 

4NaOH + P 
2
0 3 = 2Na2HP03 + Hp 

P20 3 + 3H20 = 2H3P03 

.O.BYXOCHOBH8R cpoccpop11CT3SI 
KHCilOTa CPeAHe~ Cl111bl 

0pTocpoccl»opH8H KMCnOT8 - KMCnOT8 cpeAHeM CMnbl, OKVIC1111Teilb-
,l ..... :;""' c.mbl 3a c'ieT P(+5) He HMeeT. 
, ~ Dil.!l.a COJle~: CPeAHHe cpoccpaTbl (K3P04 , Ca

3
(P04)

2 
11 AP.); ri'!Apocpoc--

1 :.a-bi (CaHP04, ~HP04 ) 1<1 AHrHApocpoccpaTbl (Ca(H
2
P04 ) 2 , KH2P04 VI 

:..;. Cpe,o,HII1e cpoccpaTbl, KpoMe cpoccpaToe w,ellO'iHbrx MeTallllOB, e 
B:...::.2 "''€'00CTBOp1<1Mbl. 
-,,,..:;:-:..,M3 PO/-+ H20~0H- + HP0

4
2-

I.~HHast peaK...,MH: e He~TpanbHO~ cpeAe 3Ag+ + P0
4

3- = Ag3P04 
~t:m:·:·· ~;, ~K 

'~ J~~C6pett, .. : 
:,";::_, ::o: • . - YOJIOTbllil QlOCQlOpi1T, •¢oc¢opi1TH3R MyKa• - Hep3CTBOp11M B BOAe 

"-=.a3(P04 )~ + 2H 2S04 = Ca(H
2
P04)2 + 2CaS04- cynepcpoccpaT 

Ca3(P04 ) 2 + 4H3P04 = 3Ca(H
2
P04 ) 2 - ABOiiiHolil cynep4Joc4JaT 

Ca(OH)
2 

+ H3P0
4 
= CaHP0

4 
+ 2H

2
0- npe~zy~ni1TaT, HepacTBOpi1M e Hp, 

p3CTBOpi1M TOnbKO B KI1CnbiX nO'IBaX 
3NH3 + 2H3P0

4 
= NH

4
H

2
P0

4 
+ (NH4 )

2
HP0

4
- aMMocpoc 

+ collb K - aMMocpocKa 
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COeAI1HeHI1R ¢oc4Jopa B 3TOiil CTeneHI1 
OKI1cneHI1R H3116onee YCTOiii'II1Bbl, 
no3TOMY He npORBnRIOT OKI1Cni1TenbHbiX 
ceolilcTB 
P Ps- 6enbllil nopowoK, riony..aiOT 
cropaHI1eM P B 1136biTKe 0 2: 

4P + 502 = 2P20
5 

Cl<111bHOe BOAOOTHMM810~ee 
Ae~CTBI1e 

6HN03 + Pp5 = 2H3P04 + 3Np 
KMCnOTHbiM OKCMA 
3Ba0 + Pp

5 
= Ba3(P0

4
) 2 

6NaOH + P20 5 = Na3P04 + 3H20 
npM pacTaopeHMM a H

2
0 

P20 5 + H20 ~ (HP03)" ~ 
NeTacpoccpopHaR K11CnOT3 n~4 
H4P40 12 + 2H20 = 2H4P20 7 
nwpocpoccpopHaR K11CnoTa 

~ ~ 
HQ--P -O-P -OH 

Hoi 'oH 
H4P

2
0

7 
+ H

2
0 = 2H

3
P0

4 
opTo4Joc4JopHaR 11n11 npocTo 
cpoccpopHaR K11cnoTa 

,PH 
O=P-OH 

\oH 

PCI5 -11erKo rHAP011H3yeTcSI: 
PCIS + 4Hp ~ H3P04 + 5HCI 

B npOMblwneHHOCTM: 

Ca3(P04 ) 2 + 3H 2S04 = 2H 3P04 -t 
3CaS0 

4 
,t.: 3KCTp3K4110HH3R ¢oc4Jop

H3R K11cnoTa 



IVa noArpynna. YrnEPOA C 
,-------------------------------~ B npHpOAe: opraHI1'ieCK11e eew,ecTea, C02, 

CaC03 - 113BeCTHSIK, Mell, MpaMOp 

MgC03 - MarHe3m 

FeC03 - )Kelle3Hbl~ wnaT 11 AP· 

CDH3H'IeCKHe caoifcyaa: 4 allllOTponHble MOA11<t>11Ka41111 

MM33 
sp3 -r116p11.Q1133411!1, 

TeTP33.QPI1'!ecK11e cs
C8!1311 npo'IHble, 

KOBaneHTHble, 
n03TOMy O'leHb 

T8ep,q. I13011!1TOp. p 
= 3.51 r/CM3 

rpaci»MT 

~ sp2-r116p11.Q1133411!1, 
C11011CT3!1 CTPYKTYpa, 

6011bWOe p3CCTO!IHI1e 11 Henpo'I
Hble C8!1311 MeJK,qy C110!1M11, 
n03TOMY M!lrK11iil. XopoW3!1 

311eKTponpoBO,Q11MOCTb. 
p = 2.22 r/CM3 

K3p6MH 

sp- r116p11.QI133411!1 

-C=C-C=C
=C=C=C=C= 

1111Heii1Hbliil no1111t..1ep, 
TBep,qoe 8ew,ecT8o 

XHMH'IeCKHe CBOHCTBa 

• e ct»ynnepMT 
COCTOI1T 113 4Jy1111epeH08 C110, 

C70 11 ,qp., 11Me10W,I1X QlOpMy 
ccpepbl 111111 c4Jepo11,qa. PacTBopi1M 8 opr. 
pacTBopi1Ten!lx. no11y<ta10T np11 11cnapeHI1I1 
rpa4J11Ta 8 aTM. He 11 ,qp. MeTo,qaMI1. 

MalloaKTI1BeH, Ha XOilOAY pear11pyeT TOilbKO c F 2 ~ CF4 

B.OCCT3HOBMTenbHble +- Cna6o BblpalKeHbl ~ OKMCnMTenbHble 

nony'leHHe 
Harpe83HI1e 6e3 
,qocryna 8o3,qyxa ......---.... 

1) C + 0 2 = C02 - HI1JKe soo•c 1) Ca + 2C = CaC
2 

Kap611.Q Kanbl..\1111 

2) C + Hp =CO+ H
2 

8b1We 12oo•c (,qp. cnoco6 CaO + 3C = CaC2 +CO) 

C + 2H
2
0 = C0

2 
+ 2H2 oK. 1ooo•c 

3) CuO + c = Cu + co npl1 H3rpe83HI111 

4) 4HN0
3 

+ 3C = 3C0
2 

+ 4NO + 2Hp 2) 2H
2 

+ C = CH
4 

11 ,qp. yr11e8o,qopo,qbl 

-4 HAP· +2 

,qpe8eCI1Hbl K3MeHHOro 
l,qpe8eCHbliil yro11b I yr1111 

I aKT_I1811poaaH-I I KoKc I 
Hbll1 yro11b I 

CaMbliil '111CTbliil C (caJKa): 

t" 
CH4 = C + 2H 2 

KpeK11Hr MeT3H3 

+4 r YrneBOAOPOAbl (CH4 , C 2H 2 , 

i C6H6 11 AP·) 

0KCMA yrnepOA3 (II), CO yrapHbl~ 0KCMA yrnepOA3 (IV) C0
2 

ra3 AOHOPH0-3K4enrop- O=C=O yr11eK11C11bliil ra3 
:c~o: Hoe B3311Mo,qeiilcTBI1e ! Kap6MAbl - no11y<ta10T np11 Heno

cpe,qcT8eHHoM 83311MO,qeiiiCTBI111 C C 

MeTaJ1113MI1, 111111 OKC11,qaMI1 MeTaJ11108. 

2 rpynnbl Kap611AOB. 

I Kao611Abl MeTa111111'iecKoro 

xapaKTepa - Kap611.Qb1 nepexo.QHblx 
MeTaJ11108 (Fe

3
C 11 ,qp.). 311eKTpoHH3!1 

npo80,Q11MOCTb, MeTaJ11111'!eCK11iil 611ecK, 

XI1M. 11HepTHOCTb, TepMOCTOiiiKOCTb. 

II 1110HHble Kao6!1Abl - 6o11ee 

311eKTPOn0110lKI1Te11bHble MeTaJ111bl. 
5eC48eTHbl, npo3p3'1Hbl, He npOBO,q!IT 

311eKTPI1'!ecK11iil TOK, no11Hbliil r11,qp011113: 

1) A14C 3 + 12H
2
0 = 4AI(OH)3 + 

3CH4 t (Be
2
C) 

2) CaC2 + 2Hp = Ca(OH)2 + 

C2H2t 
(Na2C 2 , ~C2 , SrC2 , BaC2 , Cu

2
C 2 , 

Mg2C3 11 AP·) 

npl1 r11.QP011113e- 34eTI1JleH C2H2 • 
nponi1H C3H• 11 ,qp. 

8biCOK3!1 npO'IHOCTb C8!1311, 1080 K,[I,JK/M011b. 
6ec48eTHbliil ra3 6e3 3anaxa, !I,Q0811T, T.K. 
coe.Q11H!IeTc!l c reMor11o611HOM KP0811. n11oxo 
pacTBopi1M 8 Hp. 

non~eHMe: 
CO + C = 2CO } Harpe8aHI1e 6e3 
C .; H 0 = CO + H ,qocryna 803,qyxa 

2 2 

8 11a6opaTop1111: 
,qeiilcTBI1e KOHL\. H2so. Ha HCOOH 111111 H2C20• 

Myp38bi1H3!1 K-T3 HCOOH = COt + H,O 

UJ,a8e11eaa11 K-Ta H2C,0• = COt + C02 + H20 

BOCCT3HOBMTenb 

t' 
Fe,03 + 3CO = 2Fe + 3C02 t 
2CO + 0 2 = 2C02 + Q 

CO+ Cl2 ~ COCI2 - ¢ocreH (c8eT, KaTan.) 

Heconeo6pa3yiO~MM, HO npl1 200°C 

NaOH + CO ~ Hc:-
0 

ON a 
CO c d-311eMeHTaMI1 o6pa3yeT npo'iHble 
KOMn11eKcbl - Kap6oHMnw Fe(C0)

5
, Co2(C0)8 

11,qp. 

I conH~ 
co32- .--- • ---.. Hco3-K31feCTBeHH3SI peaK .... M!il 

•8cK11naHI1e" (C1111bH3!1 K11C110T3) Kap6oHaTW rMAPOKap6oH8TW 
1. CaC03 + 2HCI = CaCI2 + C02t +pacTBopi1Mbl 8 H

2
0- xopowo pacTBopi1Mbl, 

H20 T011bKO w,e11o'IHbiX 11 NH + HeycToiil'll18bl 
2. C02 8bl3~83eT nOMYTH~HI1e CHnbHbiH rHAponH3 

4 
(KpoMe NaHC03). 

1138eCTK08011 11 6ap11T08011 80,qbl 
Ca(OH)2 + C02 = CaC0

3
,1. + H20 

803MOJKHO paCTBOpeHI1e OCa,qKa: 
CaC03 + H20 + C02{1136biToK) = 
Ca(HC03) 2 

t• 
2NaHC03 = Na2C03 + H20 + C02 

K3p60H3Tbl W,e110'IHbiX MeTaJ11108 n11a8!1TC!I 6e3 
pa3110JKeH11!1, ocTanbHble Kap6oHaTbl np11 Harpe-
83HI111 pa311ara10Tc11: >soo•c 

CaC03 = CaO + C0
2
t 
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HenomlpH3!1, ni1HeiiiH3!1 M011eKy11a. 5e3 
48eTa 11 3anaxa, pacTBopi1M 8 H20 (880 
M11 8 1 11 H20). npl1 ,qaBJ1eHI111 50 3TM 
cJKI1JKaeTC!I. -76•c- •cyxoiil 11e,q• 

non~eHMe: 
8 npoMbiW11eHHOCTI1 - o6JKI1r 1138eCTH!I
Ka, KOH8epcl1!1 MeT3Ha 11 ,qp. 
8 11a6opaTop1111 - 8biTecHeH11e CI1JlbHOiil 
K-Toiil: 
CaC0

3 
+ 2HCI = CaCI2 + C02t + H,O 

0KMCnMTenbHble CBOMCTB3 

BblpalKeHbl cna6o. 06bi'!Ho C02 

He no.q,qepJKI183eT ropeHI1!1. To11bKO np11 
8biCOKI1X TeMneparypax pear11pyeT c 
MeTaJ1113MI1, cpo,qCT80 K K11C110po,qy 

KOTOpbiX 6011bWe, '!eM y C 

2Mg + C02 = 2Mg0 + C 

KMCnOTHbiM OKCMA. np11 
pacT8opeHI111 8 H20 o6pa3yeTc!l 
He6o11bWOe K01111'1eCT80 C1136oiil 

yr011bHOiil K11C110Tbl 

C02 + H20 = C02 • H,O = H2C03 

, OH 8 c8o6o,qHoM 811,[\e 
O=C. - HeycToiii'II1Ba 

OH 
no11y<teH11e co11eiil yro11bHoiil K11c11oTbl: 

C01111 yr011bHOiil K11C110Tbl- Kap60H3Tbl 11 
r11,qpOK3p6oH3Tbl 
1) 2Na0H + C02 = Na2C0

3 
+ H20 

Na2C03 + H,O + C0
2 

= 2NaHC0
3 

(1136. C02) 

2) CaO + C02 ~ CaC0
3 

3) 06MeHH3!1 pe3K411!1 
BaCI2 + Na2C0

3 
= BaC0

3
,1. + 2NaCI 



IVa nOArPYnnA C, Si, Ge, Sn, Pb. KPEMHMM Si 
d 

Ge} Sn MeTaJ'IJlbl 
Pb 

p33Mep 3TOM3, 
JlerKOCTb OTAa'111 e 

KPEMHMM 
Kpi1CTaJ'IJ111'1eCKI1Iil- TeMHO·Cepbllil, aJ'IM330· «3MOpQlHbllil> KpeMHI1Iil-
nOAQ6H3fl CTPYK1YP3, sp3-rH6PIII,QI133411!1, BbiCOKOA11CnepcHbllil 6ypbllil nopo-
MeTaJ'IJ111'1eCK11iii 6necK, nonynpoBOAH11KOBble WOK, 6onee pe3K1..1110HHOCnoco6eH, 
CBOiiiCTB3. X11MI1'!eCK11 11HepTeH. nnoTHOCTb '!eM Kp11CTaJ1J111'!ecKI1Iil 

B npMpOAe: 2-e MecTo no p3cnpocTpa

HeHHOCTI1 (27.6% M3CCbl 3eMHOiil KOpbl). 
KpeMHe3eM - Si02 (necoK, KB3P4). 
CI11111K3Tbl 11 3J110MOC11J111K3Tbl: 

2,33 r/CM3
, tnn 1415°C NaAISi

3
0

8 
noneaolil wnaT 

Al
2
0

3 
• xSi02 • yH20 fl111Hbl 11 MH. AP. 

XMMM'IeCKMe CBOMCTBa 

CpaBHIIITeJlbHO HHepTeH, pearHpyeT npeHMyW.eCTBeHHO C CHJlbHbiMH 

OKHCJlHTellSIMH 1<1111<1 BOCCT3HOBHTellSIM1<1, 

KaK npaBHJlO, Tpe6yeTCSI Bb1COK3!il TeMnepaTYpa: 

K3K BOCCT3HOBMTenb: Si + 2F
2 
= Sif

4
t (np11 KouHaTHolil Teunep3Type) 

Si + 0 2 = Si0
2 

Si + 2CI
2 
= SiC14 400+600°C 

Si + 2NaOH + H
2
0 = Na

2
Si0

3 
+ 2H

2 
t np11 H3rpeBaHI111 

C + Si = SiC (K3p6opyHA, o'!eHb TBepA) 

2N
2 

+ 3Si = Si3 N
4 

(>1000°C) 

KaK oKHCilHTe.nb: 2Ca + Si = Ca
2
Si ci11111411A K3Jlb411" 

BO MHOfi1X MeTaJ'IJ13X Si 3:1MeTHO paCTBOp!leTC!I 6e3 X11MI1'!eCKOfO B3311MOAeliiCTBI1!1 

+4 Si0
2

- OKCHA KpeMHHSI (IV), cyw.ecTeyeT e HecKOllbKHx KPHCTan

nwieCKHX MOAH<f>HK34HSIX, TYronnaeoK, HHepTeH, HO pearHpyeT c HF: 

4Hfr + Si02 = Sif4 t + 2Hp 

6HFP-~> + Si02 = H 2Sif6 + 2Hp 

KMCnOTHbiH OKCMA: 

cnnaBJ1. 

2NaOH + Si0
2 

-----+ Na
2
Si0

3 
+ Hp 

cnn3BJ1. 

Na2C03 + Si02 -----+ Na2Si03 + C02 t (6onee neTy'i) 
BblcoKoA11cnepcHbllil Si02 , o6pa3yiOUJ,I1IiiC!I np11 ropeHI111 KpeMHI1IiiBOAOPOAOB. 113Menb
'!eHI111 ropHbiX nopoA 11 AP· on3CeH, T.K. np11 non3AaHI1I1 B nerKI1e Bb13biB3eT ci1J111Ko3. 

CHnHK3Tbl- conH KpeMHHeeblx KHCllOT. C1111111KaTbl Na, K pacTBOPHMbl 

B BOAe. 111x H33biB310T )KIAAKHM CTeKJlOM (CIAllHK3THbl~ Klle~). 

CHnbHbiM rHAPOnHa (KpeMHHeeble KIACllOTbl- O'i. cna6ble) 

2Na2Si03 + Hp~Na2Sip5 + 2Na0H 
ueTaCKI111KaT COJ111 OOJ111KpeUH11eBbiX 

HaTJ>MA KMCJlOT - AI1UeTacMJ111KaT Na 11 T.n. 

KpeMHHeBble KHCilOTbl cna6ee yrOllbHOC1: 

Na2Si03 + 2H
2
0 + 2C0

2 
= 2NaHC03 + H

2
Si0

3
.J.. 

~MeHTbl: npOK3111<1B3HIAe 80 BP3Lli.310W.IAXCSI ne'iaX, B ra30BOM 

nnaMeHH CMecH rllHHbl Al20 3 • xSi02 • yH20, H3eeCTHSIKa CaC03 1<1 AP· 

o6bllfHbiM ._.,eueHT (CaO, Si0
2

) nopTnaHA·...,eMeHT 

CaO • Si02 + C02 + H 2 0 = CaC03 .J.. + H 2Si03 .J.. CMecb Ca3Si05 , 

=naTbiBHI1e- 33 C'leT C02 113 ao3AYX3 Ca
2
Si0

4
, Ca

3
(AI0

3
)
2 

11 AP· 

nony'leHMe: 
1800°C 

Si02 + C = Si + 2CO 

t' 

SiH4 ~ Si + 2H 2 
t" 

2Mg + Si0
2 
= 2Mg0 + Si 

-4 KpeMHMMBOAOPOAbl 
(CIAnaHbl) SiH4 , Si

2
H 6 VI AP· 

nony'iaiOT 113 CVI111A41<1AOB: 

Mg
2
Si + 4HCI = 2MgCI

2 
+ 

SiH4 t 
ropSIT Ha B03Ayxe: 

SiH4 + 202 = Si02 + 2Hp 

CHnH .... MAbl: Mg2Si, Ca
2
Si VI AP· 

0KI4CmiiTe11bHbiX caolitcTB Si0
2 

He npOHB11HeT, HCK/1/0'teHHR (np111 

CIIIJlbHOM Harpe83H11111): 

2Mg + Si02 = 2Mg0 + Si 

3C + Si0
2 
= SiC + 2CO 

KpeMHHeable KHcnoTbl 

nSi0
2
·mHp: 

H
4
Si0

4
- opToKpeMH11eB3!1 

H
2
Si0

3
- MeT3KpeMH11eB3!1 

H
2
Si20

5 
- AI1MeT3KpeMHI1eBa!l, 11 T.A. 

HecroliiKI1e np11 H3rpeBaHI111: 

H 2Si03 = H 20 + Si02 - o6p33y
eTc!l CI11111Karenb {p33BI1T3!1 noaepx
HOCTb - 3ACOp6eHT, OCyWI1Tellb) 

CTeKno: Na
2
C0

3 
+ Si0

2 
+ CaC0

3 
~ t°C, 

CnJ13BJleHHe, 06bl'iHOe OKOHHOe CTeKJlO 

Na<O • CaO • 6Si02 

CXB3TbiB3HI1e - 33 C'!eT r\IIAP3T341111 

33MeHa YaCTH CaO Ha PbO - xpycTallbHoe 

:TetUlO 

Ca3Si0
5 
+ Hp = Ca2Si04 + Ca(OH)

2 
Ca2Si04 + 4H20 = Ca2Si04 • 4Hp 

Ca3(AI03 ) 2 + 6Hp = Ca3(AI03 ) 2 • 6Hp 

33 



Vl6 nOArPYnnA. XPOM Cr 
[Ar]3d54s1 3d5 B npMpOAe: 

@@0 $1tltltltltliJ 
YCTOiii'I11BOCTb nonY3anonHeHHOiil 

d- no,qo6onO'IK11 

B 3eMHO~ Kope 8 • 1 o-3 Mace.% Cr 
Ba)I(He~wHe MHHepallbl:xpoMHT FeCr20 4 
MaHroxpOMIIIT (Mg,fe)Crp4 

nony'leHHe: 
1 ) 311eKTp0111<13 paCTBOPOB COlle~ 
2) AlliOMHHOTepMHSI: Cr20 3 + 2AI = A1p3 + 2Cr 

CDM3M'IeCKMe caoiicTaa: rolly6oeaTo

cepe6pHCTbl~ MeTallll, nllOTHOCTb 7,2 r/CM3
, tnn. = 

1890°C, xpynKH~. Ha B03Ayxe ycTO~'iHB. 

XMMM'IeCKMe CBOMCTBa: 
MeTMil CPeAHelii aKTHBHOCTH, e 311eKTpoxHMH'iecKoM PSIAY- ... Zn Cr Fe ... H2 ... 
noKpbiT nllOTHO~ 33W.IIITHO~ n11eHKO~ Cr20 3 

1-1 noaTOMY AOBOilbHO HHepTeH 
C npOCTbiMM ae~eCTB3MM: CO CnOlKHbiMM Be~eCTB3MM: 
npH 06bl'iHbiX yCilOBHSIX pearHpyeT TOilbKO co F2. Cr pearHpyeT c KMCnOT3MM - HeOKMCnMTenRMM 
npH HarpeeaHHH- c Cl2, Br2, S, 0 2 1<1 AP·: Cr + 2HCI = CrCI2 + H2 
2Cr + 3CI2 = 2CrCI

3 
KpacHoe KaneHI1e Cr + H2S041 pa:J6) = CrS04 + H2 

C KOHL\. 1<1 pa36. HN03 , L\3PCKO~ BOAKO~ - He 
pearHpyeT(naccusa~nR) 

Cr + 6CO = Cr(C0)
6 

(o6pa30BaHHe Kap6oHuna) 

CoeAMHeHMR uanoycTOMifMBbl, nenco OKMCnRIOTCR 

nony..eHMe: Cr0 - OCHOBHOM OKCMA. 
Cr + H2S04 = CrS04 + H2 j Cr(0H)2 - OCHOBaHHe cpeAHe~ CHilbl: 
Cr + 2HCI ~ CrCI2 + H2 CrCI

2 
+ 2Na0H = Cr(OH)2,l.. + 2NaCI ()Kem. ocaAOK) 

B pacTeopax 6blcTpo OKHCilSIIOTCSI AO Cr(+3): CoeAMHeHMR Cr(+2) - CMnbHble aoccTaHOBMTenM 
2CrCI2 + 2HCI = 2CrCI3 + H2 

+3~--------------------------------------------------~ 
OKCMA Cr

2
0

3 
Cr20 3 + 3H

2
S04 = Cr

2
(S0

4
) 3 + 3Hp OKMCnMTenbHO-aoccTaHOBM-

- TYrOnllaBKHe TeMH0-3elleHble cnllaBileHHe: Cr20 3 + 2NaOH = TenbH3R ABOMCTaeHHOCTb 
KPHCTallllbl, npaKTH'ieCKH He pac- 2NaCr02 + Hp 
TBOpHMble B BOAe, KHC110T3X, paCTBOp: Cr20 3 + 6Na0H + 3H20 = OKMCnMTenb: 
pacTeopax w.e11o'ie~. 2Na3 [Cr(OH)6 ] 2CrCI3 + Zn + H2S04 = 2CrCI2 + 
nony..eHMe: crp3, npoKaneHHbiYl np11 BbiCOK11X + ZnS04 + 2HCI 
C)I(HraHHe Cr 8 0

2
, TeMnepaTypax, He pear~o~pyer HH c 

HarpeeaHHe Cr0
3

: K~o~cnoraM~o~, HH c ocHoeaHHSIMl-1. aoccTaHOBMTenb: 

4c 0 2c 0 30 rMAPOKCMA Cr(OH) 3 aucl»oTepeH: 2NaCr0 + 3Br + 8Na0H = 
r 3 = r2 3 + 2' 2 2 

N C 0 Cr(OH)3 + 3HCI = CrCI3 + 3Hp 2Na CrO + 6NaBr + 4H 0 pa3110)KeHHe ( H4)2 r2 7 : 2 4 2 

(NH) Cr 0 = N j + 4H oi + Cr O Cr(OH)3 + 3NaOH = Na3[Cr(OH)6] 

4 2 2 7 _ 2 2 2 3 8 BOAe XpOMI1T-110Hbl 3eneHoro l.IBeTa 
nolly'ieHHbllil npH HeBbiCOKIIIX IA C 3+ . • ,oHbl r rHAPOfli13YIOTcSI: 
TeMnepaTYpax Cr20 3 auci»>TepeH c~+ + Hp~Cr(OH)2+ + W 

r-EV 0KCMA Cr03 

KMCnOTHbiM OKCMA 
llerKOn113BKHe TeMHO-KpaCHble 
KpHcTallllbl. JlerKo pacTeOpSI
IOTCSI B BOAe C o6pa30B3HIIIeM 
cyw.eCTBYIOW.HX TOilbKO B 
paCTBOpe KHCilOT: 
Cr03 + H20 = H2Cr04-
XpOMOB3SI K-Ta 
2Cr03 + H20 = H2Cr20 7

-

AIIIXpOMOB3SI K-Ta 

PaaHoaecMe 
xpOM3T <::> AI/IXPOM3T onpe,D,ellSieTCSI pH 

~C~07 +14HCI=2KCI+ 
2~CrO. + 2HCI = ~Cr207 + 2KCI + Hp 2CrCI

3 
+ 3CI i + 7H20 

:.enrt~~A xpouar opaH)K8B~M ,0.r,1xpoMaT 
2 

•an~• .an~• 2Cr03 + 3H2S = Cr20 3 + 
K2Crp7 + 2KOH = 2K2Cr04 + Hp 3H 0 + 3S 
xpoMaTbl KaHL\eporeHHbl! 
nony..eHMe Cr03: 
K2Cr20 7 + 2H2S04 (KoH4 1136biToK) = 
2Cr03 ,1; + 2KHS04 + Hp 
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KalfeCTBeHHaR peaK~MR 
CrO 2- + Ba2+ = BaCrO .1-4 4 

)Kenroro 4BeTa 



nPEAEJlbHbiE YrnEBOAOPOAbl (.AJlKAHbl, nAPACbMHbl) 
CnH2n+2 

CH4 - MeTaH 

C2H6- 3T3H 

C
3
H 8 - nponaH 

C
4
H10 -6yraH 

C 5H 12 - neHTaH 

C 6H 14 - reKcaH 

C 7H 16 - remaH 

C 8H 18 - oKTaH 

803MO)KH3 M30MepMR yrnepOAHOrO CKeJleTa: 

H30M8p~ - Coe,Q,MH8HMR, 

o.QMHaKoB~ no cocraay , 
uon&lcy'nflpHO" M3CC8, HO 

pa311W·faiOU4M8CA no 

pacnono:.eHMIO arouoa a 
npocTpaHCTBB (no 
CBO~CTBaM). 

I I I I 
-c-c-c-c-

1 I I I 
H-6}'T3H 

I I I 
-c-c-c-

1 I \ 
_c_ 

I 
2-MeTI1JmponaH 

(11306}'T3H) 

COeA11HeH11SI, COCTOSIUJ,I1e 113 C 11 H, B KOTOPbiX ace 

cest311 aTOMOB C, He 3aTpa'ieHHble Ha o6pa3oea

HI1e OA11H3PHbiX CBSI3e~ C--C, H3Cbl~eHbl 3TOM3-

M11 H 

HoueHIIUiaTypa: cHa'lana eb1611pa10T caMyiO 

CH3 
1 2 13 4 5 6 

H C-CH-C-CH-CH -CH 
3 I I I 2 3 

CH 3 CH3 C2H5 

AJ111HHYIO 4enb. Ha3BaHI1e: 

N'<mnl3aMeCn1TellSI-

3aMecT11Tenb-L\enb. 

Hanp11Mep, 2,3,3,
TP11MeTI111-4-aTI1llreKcaH 

C 1,C6 - nepe11'iHble, C 5 - BTOPI1'iHbl~, C 2,C4-
TpeTI1'iHble, C 3 - YeTeepT11'iHbl~ aTOMbl yrnepoAa 

CI>M3MifeCKMe CBOMCTBa: CH4- 6eCL\BeTHbl~ ra3, tKMn = -162°C. c2-c4- ra3bl; CS-c15- )K11AKOCTI1 

(np11 o6bl'iHbiX ycnoei1SIX), Aanee- TB. eew.ecTea. t.Mn npeAellbHblx yrneBOAOPOAOB c Hepa3ReTeneH

Ho~ 4enbl0 BbiWe, 'ieM t.Mn Y COOTBeTCTBYIOW.I1X yrlleBOAOPOAOB C pa3BeTBlleHHO~ 4enbl0. 

CTpoeHMe: _OII]JJ sp3-ri16PI1AI133411ll 4 3KB11B3JleHTH. cr-CBSI311 C-H, HanpaBJleH-ccr-- 8033~= ~OCT. Hble K eepWI1H3M TeTp33AP3, L. 1 09°28' 
B03MO)KHQ CB060AHOe epaw.eHI1e BOKpyr CBSI311 C--C 

XHMH'IeCKHe CBOMCTBa: CBSI311 c-c 11 C-H npo'iHble, xapaKTepV13YIOTCSI H113KO~ nOllSIPVI3ye

MOCTbiO, noaTOMY cao60AHOP3AMKanbHbiM uexaHM3M peaKI..\11~: CH3 :H ~ CH 3 • + H • 

C-H-cBR3~ ~OKMCneHMe ~ C-C-c&R3b 

PeaK...,MM cao60AHOP3AMKanbHOro 

33Me~eHMSI (CBeT, Harpee): 

s hv 

§ i~ CH4 + Cl2 ~ CH3CI + HCI 
~ ~ XJ10pMCTblr1! M8Tio'lfl 

" 0. 
~ ~ CH3CI + Cl2 ~ CH2CI2 + HCI 
~ m xnopMCTbiM M8H1n8H 

1l ~ xnopo<jx>pM CHCI, 
c: s hv 48TblpeXXflopMCTbiM yrnepo,o. CCI4 

MexaHM3M: Cl2 ~ Cl • + Cl • 

CH4 + Cl • ~ CH3 • + HCI 

CH3 • + Cl2 ~ CH3CI + Cl • 11 T.A. AO o6pblaa: 

Cl • + CH3 • ~ CH3CI 111111 Cl • + Cl • ~ Cl2 
,__., CH 3CHBrCH3 90% 

A/lll rouonoroa --.. CH3CH2CH2Br 10% 

TpeTI1'iHbl~ > BTOp11'iHbl~ > nepB11'iHbl~ 
HMTpoaaHMe (peaKL\11SI M.H. KoHoeanoea): 

C
6
H 14 + HN0

3 
~ C 6H 13N02 + H 20 (r-pa BblWB 400"C) 

AerMAPMPOBaHMe: 

C4H 10 ~ C 4H 8 + H 2 (Ni-KaTalll13aTop, 360°C) 

nony..eHMe {npl1pOAHbl"' ra3, HecJlTb): 
5e3 113MeHeH11ll '111Cna aToMoB C: 
1. CH2=CH2 + H

2 
~ CH3-CH3 2. CH} + 2H ~ CH4 +HI 

CH
3
1 + HI ~ CH4 + 1

2 
111111 c yaenl1'1eHI1eM '111Cna aToMoB C: 
3. Pe3K411ll B10p401 C2H5 Q + 2Na + 1Jc2H5 ~ C4H10 + 2Nal 
C yMeHbWeHI1eM '111CJ13 3TOMOB C: 

0 ,, 
4. CH 3 -c, + NaOH ~ CH4 + Na2C03 

ON a 

5. CI1HTe3 113 CO 11 H
2

: CO + H2 ~ cuecb yrneBOAOP. + H,O 
6. 3neKTpOJ1113 paCTBopoB cone"' K3p60HOBbiX KI1CJ10T (Konb63) 
2CH

3
COO- -2e ~ 2C0

2 
+ CH

3
-CH

3 

KpeKMHr 
OT aHrn. to crack- pac111ennATb
HarpesaHI1e He¢TI1 11 He¢Tenpo
AYKTOB 6e3 AOCryna B03AYXa, 
npi1BOARUiee K pa3pb1BY CBH3elil 
C-C 11 o6pa30BaHI110 npOAYKTOB C 
ueHbwelil uoneKynHpHolil uaccolil. 

1500°C c + 2H 
CH ___.. 2 4---.. 

1600oc HC=CH + H2 

r 
rouonor11- c pa3pblaou c-c 
CBll311: 

C4H1o ~ C2Hs + C2H4 
CMeCb npOAYKTOB

pa3eeTeneHHble, Henpe

AellbHble. 

[0] 

CH 3CH
2
CH2CH 3 ~ 2CH 3COOH + 

H
2
0 coeA. Mn 

nOJly-leH11e yKcyCHO"' KI1CJ10Tbl 
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UHKJJOnapaci>HHbl: yrneBOAOPOAbl, B KOTOpbiX aTOMbl 

CnH2n C o6pa3yiOT 4enb (411KJ1), CBll311 
H3CbiW,eHbl 3TOM3MI1 H 

Ha3aaHMR: l.J,11K11o + anKaH 
CH 3 

0 H..)6zCH 3 

H3C H 
MeT1111411KJ106YTaH TpaHc-1,2-AI1MeTI111411KnonponaH 

llf30MepMS1: yrneBOAOPOAHOro CKeneT3 + npoCTp3HCTBeHHall 
X11MI1'1ecK11e cao"'cTBa: noAo6Hbl napa¢11Hat..1. XapaKTepHo 
CB060AHOP3AI1K3JlbHOe 33MeW,eHI1e. 

CneAyeT OTMeTMTb: 
1. Anll 411KnoreKcaHoB- nerKall Aer11AporeH1133411ll 

O
CH3 rAr'CH3 wg +3H, 

2. nerKoe p33pyUJeHI1e 3-4-'-IJleHHbiX 411KJ10B: 6. + Br2 ~ 

Br-CH
2 
-CH

2 
-CH

2
Br 



HEnPEAEnbHbiE YrnEBOAOPOAbl (.AJlKEHbl, OnE(bMHbl) 

CnH2n HoueHIIUI3TYJ)3: CIITCT6A16TW.,eCKaR (IIIIOnAK) 

ymeBOAOPOAbl, COAep-

)1(3W,I1e ABOiiiHble (C=C) 

CBSI311 

M3ouepMH: yrnepoAHOro cKeneTa, nono.lKeHI1SI 

C=C CBSI311, npocTpaHCTBeHHaSI 1130Mepi1S1 (411C

TpaHc) 

OT Ha3BaHI1SI COOTBeTCTBYIOW,11X 

HaCbiW,eHHbiX yrlleBQAOp(),D,OB 3H ~ 8H (N°(rrin)) 
4 3 2 1 MHOrA8 B H33BaHI'IRX 
CH3-1H-CI=CH2 rpynny CH2=CH

H33b1BaiOT BMHM.n CH 3 C2H5 
3-MeTW1-2·3TW16YTeH-1 

o-CH=CH2 

BI'IHI'In41'!KnOreKC3H 

CTpoeHMe: Sp2-r116pi1AI'!33411R, L 120". 2p·3JleKTpOH3 COCe,qHI'IX 3TOMOB C o6pa3yiOT !t·CBR3b SHe 
Jli'IHI'II'I CJ CBR311 C-C. no3TOMY HeT apaw,eHI'IR BOKpyr C8R311 C=C. 

nerKOCTb 3n81KTJ)O$MnloHOrO ?. li+ li- 9@ + y 0 C .... 'I ['I l ......_/y 
npMC08AMH8HMH C + H-Y -+ C-H -+ ~ 

1t•CBR3b 6onee peaK...,MOHHo"cnoco6Ha, 'feu cr·CBH3b I ' I\ -,-H 

ropeHMe: 

C 2H 4 + 302 ~ 2C02 + 2Hp 

cna6o KOnTSiw,ee nnaMSI 
'~ 

v 
PeaK'-'"" npMcoeAMH8HMH no CBH3M C==C 

1. CH2=CH2 + Br2 ~ BrCH2CH2Br 1,2-AM6poM3TaH 
npoTeK3eT .nenco- o6eCLIBe'II'IBaeTCR 6poMH3R BOA3 

npaaMilo MapKOBHMKOBa: aTOM H 113 HHal 

np11COeAI1HSieTCSI K aTOMY C C Hai160ilbWI-1M 

'ii-1C110M aTOMOB H 

npMifMHbl: 

(D C,llBI'Ir 3JleKTPOHOB B He<:I'IMMeTpi'I'IHOiil MOJleKyne K C=C· 

CBR311, T.K. 3JleKTpOOTpi143TeJlbHOCTb C > C 2 > C 3 
sp sp sp 

li+ 1)- li+ I)-

CH3~CH=CH2 MecTo aTaKI-1 H-Br 

(l} 60JlbW3R YCTOWli1BOCTb npoMeJKYTO'IHOro K3p60K3TI10H3 
G) 

~ [CH 3-+CHf-CH3] 
CH3-CH=CH2 ~ @ 

[CH3-CH 2-+CH 2] 

nepBI-1'iHbiH < BTOpi-1'iHbllil < TpeT!-1'iHbllil 

3. nol111Mepi1331.111R (COeA11HeHI1e MOJleKyll /JI)yr C ,qpyrou): 

nCH2=CH2 ~ (-CH2-CH2-)"- no11113TI111eH 
n - CTeneHb non11Mep113341111 

4. r11AP3T31.111R CH2 =CH2 + Hp ~ CH
3 
-CH2 -OH 

o·c. H2so. 
5. 0KI-1CileHI-1e npOTeKaeT nerKo: 

3CH 2=CH 2 + 2Mno; + 4Hp-+ 3CH
2
-CH

2 
+ 20H" + 2Mn0

2
-l-

l I 
OH OH 

o6eC4Be'!I1BaHI1e p-pa - K8'18CTB8HH8R peBK14MR HB 
ABOMHYIO CBR3. t 

6. r11.QP11poaaH11e CH =C~ + H -+ C~-CH 
(r11APOreH1133411R) 2 2 No •m• PI 3 
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PeaK .... MM COCeAHeiii C C==C CBH3bl0 rpynnbl 

AKTI-1Ba41-1SI C==C CBSI3bl0 coceAHero P8AI-1Kana. 

3Hepr11SI CBSI311 C-H B npeAellaX ::::380-420 

K,Q)K/MOilb, a y COCeAHelil C C=C :::::320 K,Q)K/MOilb 

B03MO.lKHO: 

c1,. soo•c 

CD CH3CH=CH2 ~ CICH2CH=CH
2 

+ HCI 

0 2, K3T. ,,0 
(l) CH

3
CH=CH2 ~ CH 2=CH-c, + H 20 

H 

nony..eHMe: 

CD np11 KPeKI1Hre HecpTenpoAyKToe: 

.-A' C15H32 + CH3CH=CH2 c1aH38--.. _ 
C16H34 + CH 2-CH2 

(l} 3TI-111eH COAep.lKI1TCSI B ra3e, BbiAellSIIOW,eMCSI 

npi-1 KOKCOBaHI-11-1 KaMeHHOrO yrllSI 

Q) Aer!-1AporeH11poeaHI1e npeAellbHbiX yrneBOAO-

POAoe: t, Ni 

C2Hs ~ C2H4 + Hz 

@ 113 cnl-1pTOB- Aer!-1ApaTa411SI: 

~ Vl3 MOHOranoreHHbiX npOI-13BOAHbiX: 

KOH H, ,H 
CH3-CH2-CI -+ C=C + KCI + H

2
0 

Cnl1pT H' 'H 

~ 
Onu,enneHI-1e H npoi-1CXOAI-1T npe.)I(Ae ecero OT 

HaVIMeHee ri-1APOreHVI311POBaHHOrO aTOMa C 

(npaaMno 3aiii...,eaa). M.6. VICnonb30BaHo 

~,_AilS! nepeMew,eHVISI O=C CBSI3VI no 4en111=. == 
@ · Vl3 AVIranoreHnpoii13BOAHblx: · 

Zn nbiJlb 
CH 2 -CH2 - CH2=CH 2 + ZnBr2 I I 
Br Br 



AMEHOBbiE YrnEBOAOPOAbl C"H20_ 2 
HenpeAellbHble yrlleBOAOPOAbl, coAep)l((lw,vte 2 ABOVIHble CBSI3VI C=C 

lll3ouepMR: yrllepOAHOro cKelleTa, 

npOCTpaHCTBeHHaSI (1..\VIC-, TpaHC- ), 

nollO)KeHI1SI C=C 

CSH8 
CH

2 
=C=CH-CH

2 
-CH

3 

CH
3 
-CH=C=CH-CH

3 
CH

2 
=CH-CH

2 
-CH=CH

2 
CH

2 
=CH-CH=CH-CH

3 

neHTaAI"'eH-1 ,2 

neHTaAVIeH-2,3 

neHTaAvteH-1 ,4 
neHTaAVIeH-1 ,3 

HoueHIIUiaTypa: TaKaS! )l(e, KaK y allKeHoB, Ho 

eH ~ AMeH 

CH 2=~-CH=CH2 2-MeTI1n6YTa.A11eH-1,3 
1 {113onpeH) 
CH3 

Havt60ilbWee npaKTw~ecKoe 3Ha~eHVIe 11MeiOT 1 ,3-

AvteHbl c conpRlKeHHbiMM C=C CBSI3SIMVI (rpynnaMvt 

C=C-C=C) 

nonMMEPbl: BbiCOKOMOileKyllSipHble coeA11HeH111SI, MOileKyllbl KOTOpbiX COCTOSIT 113 60ilbWOro 

~11Cila nOBTOpSIIOW,11XCSI rpynn11pOBOK (MOHOMepHbiX 3BeHbeB) 

(-CH -CH=CH-CH -) + CH =CH-CH=CH ~ (-CH -CH=CH-CH -) ~ 
2 2 n 2 2 2 2 nt1 -

3neMeHTapHoe 3BeHo MOHOMep non11t..1ep -A11BI1H11nOBbliil K:ly-!yK CTeneHb 
1930-1931, C_ R Jle6e,qea non11Mep113341111 

nonMuepM33 .... MR: npo4eCC C11HTe3a n01111Mepa nYTeM nOCileAOBaTellbHOrO np11COeA11HeHI1SI MOileKyll 

HI13KOMOileKYI1SipHOrO eew,eCTBa (MOHOMepa) K aKTVIBHOMY 1..\eHTpy, HaXOASIW.eMyCSI 

Ha KOHL\e pacTYw.eill 4en11. 

MexaHM3M: paA11KallbHblill, KaT110HHblilll1 aHVIOHHblill 

K3TMOHH3SI 

-t'/ 
H++ C=C -

/ ' 
\ I 

H-C-C@ 

!?\\-+ '~/ -IQ\-b-b.+~/-!QU1 -b-b-b. 
~ / ' ~I I / ' ~~ I I I 

I \ 
\ 1,;--./ 1111 

H -c-c@ + c=c - H -e-c-c-e@ 
I \ / ' I I I I 

I I I I I I I I I I I I 
-c-c-c· + ·c-c-c- - -c-c-c-c-c-c- I I I I I I I I 

-c-c-c-cffi - -c-c-c=c 
1 I I I I I I I I I I I 

npMPOAHbiM Ka~yK- 1130npeHOBble 

npoublwneHHble Ka~yKM (conollVIMepbl) 

:- _ = :..,-CH=CH
2 

; : =-- ~ ,-a.QloleHa 
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pe3MHbl - o6pa3YIOTC!I np11 CWI1BaHI111 M3KpOMoneKyn 33 

C'leT OCT:lBWI'IXC!I C=C CB!I3eiil S-S MOCTI1K3MI1 

(•BynK3HI133411!1•) 

-CTepeoperynRpHbiM - 3BeHb!l TOnbKO 411C·CTPOeH11!1, 
'ITO o6ycno81111BaeT xopow11e MexaH11'!eCKI1e caoiilcTB:l, 
An!! 11CKYCCTBeHHOrO nony-~eH11!1 - cne411aJ'IbHble KaTaJ'II133TOpbl 
(K,L1,11rnep, A. HaTTa) 

t 

2C2H50H ,.;' CH 2=CH-CH=CH 2 + 2Hz0 + H2 

At2o3 
t 

CH 3CH 2CH 2CH 3,;> CH 2=CH-CH=CH 2 + 2H 2 
cu;o 



A~ETMnEHOBbiE yrnEBOAOPOAbl (.AJlKMHbl) C"H2 "_2 
HenpeAe11bHble yr11eBOAOPOAbl, coAepxaw,He rpoiiiHyiO CBSI3b C=C 

HoueHKIIBTyPa: CMCTeuantlfeCK3R (IIIIOnAK) IIIHOrAa MCnOnb3YIOT P3'-'MOH8nbHYIO 
aHa110fW-tHa 011ecp11HaM 38MeHa EH --+- IIIH Ha OCHOBe al\eTHileHa 

4 3 2 1 CH
3 
-C=CH MeTH11al\eTH11eH CH -CH-C,.CH 3-MeTI<1116yrHH-1 

3 I CH2 =CH -C=CH BHHHilal\eTHileH 
CH3 

lii30MepMR: yr11eBOAOPOAHOrO CKe11eTa + n0110)KeHHe CBSI31<1 C=C, ) npocrpaHcraeHHOill Her. 

CTpoeHMe: ~ AilS! aroMa C a aJlKHHax xapaKTepHa sp-rH6PHAI13al\HSI, L. 180°. rpynna 
-C=C- HMeer 11HHei11Hoe crpoeHHe. 
AllHHa CBSI311 C=C 1,20 A. '-ITO KOpoYe, YeM CBSI3b c-c (1,54A) 1<1111<1 C=C 

( 1,33 A). n-CBSI311 o6pa3y10T KOMnaKTHoe o611aK0, noaroMy a HeKoropbiX peaKL\11SIX 
npHCOeA11HeHHSI C=C CBSI3b MaJlO peaKL\110HHOCnOC06Ha. 

ropeHMe: a4eT1<111eH C2H2 rop11r KOnTSIW,11M ~ 

~ 
n11aueHeM (MHoro yr11epoA3). np11 BAYBaHI111 0 2 
- oc11enHTellbHO 6e11oe n11aMS1 (AO 2500°C). 
CMecb C2H2 1-1 0 2 B3PblaoonacHa. J 

,-------------------------------------~ ,-------------------------~ PeaK...,MR npMcoeAMHeHMR no C=C CBR3M 

nporeKaer cryneHYaro Br 
H, _,Br H.._ I _,Br 

CD H-r.=C-H + Br --+- C=C, + Br2 --+- c-c, 
~ec~~~&aHMB 2 B ' H Br' I H 
Br-fiOAbl AICI3 r Br 

0 H-C=C-H + HCI --+ H2C=CHr.t + HCI --+ H3C-CHCI2 xnopr,1CTbi'J" 8r,1HHn Q 
.f"' nex - nnacruacca ,, no npae~..ny 

<1> H-C=C-H + H20 ~ [H2C=CHOH] --+ CH3 -c, Map•o•H .. •o•a 

Hg 2+ e~H~noeblil cn~pT yxcycHblil H 
anb,D.erMJJ. 

PeaKI..\1110 KyYepoaa Hcno11b3YIOT a npoMbiW11eHHOCTVI 

npHC08AHHeHHe H20, HCIH AP· npoHCXOA11T no npaBI-111~~ 
MapKOBHHKoaa: H+ [ ] 

CH3-CeCH + H.p -+ C~-C=C~-i:! -+ C~-C-C~ 
Hg2+ I II I 

OH 0 J 
"'===========- eHOJl 3'-leTOH _} 

@ H-C=C-H + H2 ~P1H2C=CH2 + H2 --+ H3C-CH3 

~ n01111MepH3al\HSI 

100"C © 
3)TpHMepH33~~ --+ 

aKT. yronb 
6eH30J1 

6) AI'IMepH3a~~ ~ CH2=CH-C=CH HI 
npHcoe,qHHeHHe HCI no TpoiiiHolil CB~3H 

(np. MapKOBHHKoea) 

H,C Jt.CH•CH, ~ ( -CH, -b~CH-CH,- ) 
0 

xnoponpeH xnoponpeHOBbliil K3Y'4YK 
2-xnop6YTa,qHeH-1 ,3 

@ OKMCneHMe 

0 0 
C~OH '' 

H-C,.C-H +[OJ~ I - HC + C02 
KMn04 c,~oH OH 
p-p 0 

o6ec4Be'!HBaHHe p-pa w,aeeneea~ uypaBbHHa~ 
nepuaHraHaTa K-Ta K-Ta 
(Ka'!eCTB. peaK~~) 
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PeaK...,MR C-H CBR3M, coceAHeM c 

rpynnol4 C=C 
CH11bHoe B11111SIHHe C=C CBSI3VI Ha caoill
craa CBSI3aHHoro c He ill aroMa H. T. K. 
yr11ep0A CVI11bHO HeHaCbiW,eH, 311eKTpo-
0TpH!_iaTe11bHOCTb 

C > C 2 > C 3, Ha61110Aaercst CABIIlr sp op sp 

311eKTpOHOB C=.E;H. no11SIPI13al\HSI 
CBS13H C-H npHBOA11T K nostB11eHHIO 
KMCnOTHbiX CBOHCTB. 
npH nponycKaHHH HC=CH Yepe3 aMMH
aYHblill pacraop co11elil cu+ 1-1 Ag+ o6pa-

3yercst OCaAOK: 
HC=CH + 2[M(NH 3 )2]+--+ M 2C2-!- + 2NH/ 
M = Cu+, Ag+ 11 AP-

A'-'erMneHMAbl M 2C2 noc11e BbiCYWVIBa
HHSI B3Pb1B310TCSI 

nonyateHMe: 

2soo•c 
CD CaC03 + 4 C --+ CaC2 + 3COt 

Kap61'1,D. K3nbLV1SI 

CaC
2 

+ 2Hp = Ca(OH)
2 
+ HC=CHt 

<1> 113 AHra11oreHnPOII13BOAHblx: 

HC=CH 
1<11111 

cnHpTOBOiil p-p 
CIH

2
C-CH2CI + 2KOH --+ HC=CH 

+ 2KCI + 2Hp 



w 
<0 

APOMATMliECKME YrnEBOAOPOAbl (APEHbl) HoueHKna-rypa: HaasaHI!Ie aaMecrmenSI + 6eH30n l 
c1p1 oiiiiii'II'LKVII' CO<'AVI~lmiVISI, B COCTaB KOTOpbiX 8XOAIIIT OAHO 111n111 

HUCKO/lbk.O ()eH30nbHbiX SIAeP 

©roo ©OO 
CH 3 

©-·~·-(Tonyon) 

CH 3 & -1,3-.... ~.'""" 
(MeTa-KCIIII1011) 

CH3 6eHJOI1 Ha<j>TaJliiiH aHTPal..\eH ~ 

6eH3011bHble KOilbl..\3 CKOH,qeHCIIIpoBaHbl lo13ouepMH: aaMeCTmene.:1111 111x nono)l(eHIIISI 
~ 

CTpOeHMe: sp2-rlii6PIIIA1113a1..4111SI, Ka)I(Abl.:1 aroM C o6paayer 3 cr-C8SI3111, L 
120°, nnOCKaSI MOneKyna. 6 7t-3neKTpOH08 o6pa3yiOT eAIIIHYIO 7t

aneKTpOHHYIO CliiCTeMy. AnliiHa C8SI3111 0-'-'C 1.39A 6' &cH, & cH,-<Q)-cH, 
CH 3 B peaynbrare np111 o6paao8aHiillil MoneKynbl C

6
H

6 
8b1AenSieTCSI 

rennorbl Ha 150 K,[t)K/MOnb 6onbwe, YeM ee 8b1Aen~~~nocb 6bl np111 

Hanlll'llillil 8 C 6H 6 rpex C=C C8SI3e.:1. ApoMaTIIIYecKaSI CliiCTeMa 

xapaKTepl!layercSI 8b1COK0.:1 ycro.:1Yiii80CTbiO. 

3TIIIJ16eH3011 OpTO-KCIII/1011 MeTa-KCIIIJl0/1 napa-KCIIIIl0/1 

( 
ropeHMe: 6eH30n Ill ero aHanorlil (ronyon Ill AP.) 

rOpSIT ClilnbHO KOnTSIW,IiiM nnaMeHeM 

PeaK'-'MM 3aMell!.eHMH 
nPOIIICXOASIT 8 npi!ICYTCT8Iillil 

Karan111aaropo9 (AICI
3

, FeBr
3

), KOTOPble 

8bl3bl8aiOT nonSip1!13a1..4VIIO MoneKyn: 

1 

2 

© + Br 2 :~~~ ©rBr + HBr 

© ©r

CH 3 

+ CH 3Br - 0 + HBr 
AICI 3 

3 © + CH3-CH=CH 2 -H2so4 
(Q>-cH~H3 

CH 3 

HIIITpOBaHI!Ie 

4 © + HO:N02 ~ ©-N02 + Hp 

~ ~=> 
PeaK'-'MM npMCOeAMHeHMH 

~+3H2~o ~ N1,pt 

U
HCIH 

(9) Y<l>-cser H Cl 
+3CI2 -

Cl H 
Cl 

H Cl H 

npoTeKalOT B )l(eCTKIIIX YCilOBIIIf!X, T.K. 
npoi!ICXOAIIIT paJpyweHI!Ie yCTOiii~IIIBOiil 
apoMaTI!I~eCKOiil CIIICTeMbl 

nonyoteHMe: 

PeaK'-'MM 38MeCTMTeneM, C8SI3aHHbiX C KOnbi..40M 

0 
II 

©r
c 

'oH 
6eH30iiiHaf! K-Ta 

CH 2CH 3 

~ Klllnf!~eHI!Ie u p-pKMn04 

CH3\J' Klllnf!~eHI!Ie o,.c--{5\-c: 

~CH p-p KMn04 HO ~ OH 

3 Tepe<j>Tane&af! K-Ta 

J:: ~ ~oc",~ Aoc""'~ 
UhvUhvUhv ... 

BnMHHMe MMeiOll!.MXCH a uoneKyne rpynnMpoaoK 

~ o-~~H3 H;50': CH3 + 0 2N-Y-CH3 ~ 02N 0 CH3 

~ o-
~ N02 N02 1 . CoAep)I(3TCR B HeKOTOpbiX He<j>Tf~X 

2. AeriiiAPIIIpoaaHI!Ie 

QW(Q) 

~ j 1(5\o- HN03, 20"C <9{- ~ HN03, 100°C *N0
2 

~ 
0
- HN03, 10o•c opTO-, napa-op~o~eHTau,H!I 

~ o ~ H2S04 ~ opTo-, napa-opl!leHTaHTbl: OH, NH 2, R, Hal, OR 
! -=-+N02 - N02 

3. Tp1!1Mep1113al..\lllfl al..\eTIIIIleHa 

1oo•c (Q) 
3HC:CH -

aKT. yrOJlb 

~ 02N MeTa-opllleHTaHTbl: NO 2, S03H, CHO. COOH 

~ !Tonyon nerYe, YeM 6eHaon, aaMew,aer H Ha Hal 8 KOnb1..4e 8 nplilcyr-

~ CT8Iillil Karan111aaropa. CH
3
-rpynna nerYe, YeM CH4, 6poMiilpyeTCSI Ha 

~ C8ery 111 MO)I(eT 6b1Tb OKiilcneHa KlilnSI'IeHI!IeM ronyona c KMn04 



~ 
0 

CnMPTbl opraHI!I'IeCKI!Ie COeAI!IHeHI!ISI, COAeP)I<.Qi.i.i,;,;e OAHY 111n111 

HeCKOnbKO cpyHKLtliiOHanbHbiX rHApoKcorpynn OH 

AnSI npeAenbHbiX OAH03TOMHbiX cm1pTOB o6w,aSI cpopMyna C"H2n+PH 

,·------------------------------------------------------------~ HOM8HKII8TJP8 
CIIICTeMaTIIIYecKaSI (HoMeHKnarypa VIIOnAK) 
H33BaHI!Ie yrneBOAOPOA3 +on (C yKa33HI!IeM 

CI»M3M'I8CKM8 CBOMCTaa: CnlilpTbl C 'lliiCnOM 3TOMOB C < 15- )I(I/IAKOCTIII, 

Aanee- TBePAble sew,ecTsa. 8 cnl!lpTax Ha6niOA3eTCSI 3H3'1111TenbH3SI 

HeKOTOpble cnl!lpTbl ~ aToMa C), AIIIDn, Tplilon 111 T.A. 

liiMeiOT liiCTOPIII'IeCKiile Cl-l -CH-CI-I -CH CH 2-CH2-CH 2 
. ''3 I ''2 3 I I 

H3383HIIISI. C2HSOH - OH ~H 
BliiHHb1.:1, C

3
H

5
(0H)

3
- OH 

XMMM'IeCKMe caoicTaa onpeAenSIIOTCSI rni!ILtePIIIH d 
3CCOLtlllaltliiSI MOneKyn 33 C'leT o6pa30B3HIIISI BOAOPOAHbiX CBSI3e.:1 

ropeHMe
cseTnbiM nnaMeHeM 

HanliiYI!IeM OH-rpynnbl 6yraHon-2 (BTOPIII'IHbl.:1 HOpManbHbl.:1 nponaHAIIIOn-
1 ·3 

cf/ 
PeaK~MM C Y'f8CTM8M BOAOPOAHOrO 8TOM8 

rpynnbl OH 
T.K. 0-H CBSI3b nonSiplii30BaHa- HeKoTopast 

KliiCnOTHOCTb 

Q) 2ROH + 2Na : 2R0Na "!- H21' ammronsiTiol - TB. KpMCTaJlflM'I. 
Bei.J4eCTBa 

ri1,Qp0111113 

C2H50Na + H20::;;===!!!= C2H50H -t- NaOH 

T.K. ~0- fS011ee CH/1bHaR KHCilOTa, '"leM CnMpT 

3/1KOrom:ITbl HeJlb3A nony.tHTb ,ll,e~CTBHeM paCTBOpa U4eno'"tVI Ha CnHpT 

K>1cnoTHOCTb: CH3 CF3 
yaen~""~HBaercA .,l.. i 
c yaen.,...,H.,eM CH:,-->C--.OH << CF3<-C<-0H 
nonAp>13a4"" OH- rpynn t J, CH3 CF3 

a) rper.-fiyraHon nep¢>Toprper. -fiyraHon 

pe8KII,MW 3T8PIIIIciUIIK811,MIIII (c KIIIICJIOT8MIIII) 
H2so4 
o!Spa3. 

0 
II 

CH 3COOH + HOCH 3 ~ CH3-C-Q-CH3 
'":"~~3 CllOJKHbliii 3cplllp r -- --- ------

OTJllll'illle oT peaK4JIIIII HeiiiTpanlll3aU,IIIIII 1 

HeopraHIII'iecKIIIe KIIICJlOTbl 

ROH + HOS020H::;;===!!!= R-Q-502-0H + H20 
K>1CilbiM 3$<p cepHal! K>1CilOTbl 

+ H20 

ROH + H-QS020H + HOR ::;;===!!!:: R-0-502-o-R + 2H20 
CP8AH>1il A>1aJ1K>Il1Clfnb<l>aT 

~ 6ymnos~~ cn"pT) 

(PeaK~MM c Y'f8CTMeu OH-rpynnbl M H-aToual 

OTll!,enneHMe OH-rpynnbl 
H2so4 

ROH + HBr ~ RBr + H20 
WA/104b 

OTAenbHble yneHbl roMonorliiYecKoro PSIA3 

MersHon CH 30H - oco6eHHOCTb - Aeriii,QP3Ta4JIIf! c 

o6pa30BaHIIIE!M AI/IMeTIIIIlOBoro 3¢111pa CH~-Q-CH3. 

no.nyo~eHIIIIG B npoMbiWJleHHOCTIII: CO + 2H2 ~-CH30H 
3TSHOn C2H50H - paCTBOPIIITellb, Cblpbe Allfl 6yra,QIIIeHa 

no.nyo~eHMe: ¢epMeHTaTIIIBHoe 6poJKeHIIIe caxap111cTbiX s-s: 

C 6H 120 6 ~ 2C02 t + 2C2H
5
0H 

- coc&AHero MnM 6nMlKaiwero 
H H 

Blliii!IHI/Ie -QH rp'(flnbl: noBbiWeHIIIe nOABIIIJKHOCTIII Ill .j, .j, 
peaK4JIIOHHoiii cnoco6HoCTIII H C-C-40H 

CD OKMC.IIeHMe cnMpYo• (oT1.4enneH111e 2·x H 111 oKIIIC/1. IIIX B 
H

2
0, yse/1111'1.% O) KMn04 , K2Crp7 + H

2
S04 , KaT. Cu, Pt 

H [ ~H -HO 0 
CH3-9-oH +[OJ - CH 3-?~ ~a-t3 -c: 

H H H 
anbA8r"A 

!:l!!lal'!':l!! -> aJ1bA8'"A 

H'" fliiAPaTa41/1fl 3TIIIIleHa: CH2=CH2 + H 20 ----'-'--+ C 2H
5
0H 

H 
I 

CH3-9-0H +[OJ 
[ ~

H -HO o 
- CH3 -<(...:o)-i ___:. CH 3 -9' 

CH3 
~4KeTOH 

a-t 3 a1.1eroH CH 3 
3THneHr!WfKom,, rnvtt4epHH- MHoroaTOMHble cn111pTbl. B3aiiiMHoe 
Blllllf!HIIIe OH-rpynn. KaK ClleACTBIIIe, yBe11111'1eH111e noABH)KHOCTIII 
aTOMOB H- paCTBOPfiiOT CBeJKeoCaJKA. Cu(OH) 2 ~ - OK~CilAIOTCR C TPYAOM - pa3pbl8 CBR3~ C-C 

a> AerMAJ)IIT8U,MW - HarpeB + H2SO4 '"'""·'' A1p3 

C nOilY'ieHIIIeM CIIIHero paCTBOpa rlliiiU,epaTa MeAIII. 

AHallOflii'IHO c 3TIIIIleHrlliiiKOJ1eM 

nonY'IeHMe: 1113 ranoreHnpo1!13BOAHbiX 

]H2 ~ 1H2CI ~ <fH20H 
CH2 CH 2CI -2HCI 2:H20H 

1,2·AMXflOP3TaH 

nonJ'I8HMe: 
Cl2 NaOH 

CnH2n+2 ~ CnH2n+1CI H20 CnH2n+10H 

CH2=CH2 + H20 - CH 3-GH2-QH 
H2S04 

H H 
I I 

H -c-C-H - CH2:CH2 + H20 

~ -HO 
CH3-CH2-oH + HO-cH2-cH3 -.t. CH3-CH2-0-GH2-CH 3 

T> 14o•c 

T < 14o•c 
~3f5bfTOK CrMpTa 

BTOPIII'iHble- oT1._4enneHIIIe H OT aToMa c min H (npaBIIIIlo 3aiilu,esa), Ho 
npocTble 3cplllpbl TaKJKe o6pa3yiOTCfl 

CH3 -riH-GH3- CH3-CH=CH-CH 3 + H20 
OH H OyreH-2 

rpeTIII'IHble- B OCHOBHOM HenpeAellbHble yrneBOAOpDAbl, T.K. 
o6pa3oBaHI/Ie 3cp111pa 33TPYAHeHo CTeplll'ieCKIIIMIII npiii'IIIIHaMIII 



CDEHOnbl 
npo1113BOAHble apm.AaTIII.-.eCKIIIX yrneBOAOPOAOB, y KOTOpblx 4>YHKL.t1110HaJ1bHaSl rpynna OH 

npiiiCOeAIIIHeHa HenOCpeACTBeHHO K yrnepO,QHOMY aTOMy 6eH30JlbHOrO KOJlbl.ta 

OH 

~X~HOH pe30p4MH n~porannon 

OAHOaTOI\AHble cpeHOIIbl ABYXaTOMHble 4>eHOI1bl TpeXaTOI\AHbllii cpeHOII 

Clht3M'IeCKMe caolicTaa: npocTelilwHLil npe.QCTa8menb- ¢>eHon. 6eCL.t8eTHOe KPHCTannll!.-.ecKoe 

Be~eCTBO (Tnn = 42'C) C xapaKTepHbiM aanaxOM (Kap60J108aSl KIIICJlOTa). TeMHeeT, OKIIICJlSlSlCb Ha 

803,Qyxe. np111 KOMHaTHOH TeMneparype- ManopaCT80PIIIM 8 H
2
0. np111 6Q'C - paCT80piiiM 8 J1106biX 

COOTHOWeHIIISIX. SIAOBMT. 

CTpoeHMe: OH-rpynna C8st3aHa c apoManll.-.eCKIIIM PaAIIIKanoM (¢>eHIII110M). &+ 

1t-3neKTpOHbl 6eH30J1bHOro Sl.Qpa B08neKaiOT Heno.QeneHHble aneKTpOHbl ~Hi 
aTOMa KIIICllOPOACl OH-rpynnbl B cso10 CHCTeMy ~""""":: 

/:? ~ PeaKL.tllllll c y.-.acTIIIeM 6eH30J1bHOro KOJlbL.ta 

,-------------------------------~ 

PeaKL.tllllll c y.-.acTIIIeM OH-rpynnbl 

Bo3pacTaeT nonRpHOCTb CBA3M OH 111 

nOABIII.lKHOCTb aTOMa H (T.e. KIIICJlOTHOCTb) 

ct>eHon - 6onee cna6aSl KIIICJlOTa, .-.eM H
2
C0

3 

111111o1 H
2
S (He OKpaWIII8aeT naKMyc 8 KpaCHbiVi 

L.t8eT), HO 6011ee CIIIJlbHaSI, .-.eM 0,QH08TOMHble 

CnlllpTbl 

~ 26+2NH26+H, 

4>eHOII!lT N a 

qJ J: + N>OH = 6 + H,O =~~u ~ r'VII>On>t3~ U4ei10'l~ 
TBep~lii paCTBOpReTCR 

¢leHOIIRTbl pa311ara10TCR Clla6bii\A~ K~CIIOTai\A~: 

ONa OH 

© + H,O + co, 4 c6 + N>HCO, 

Q) o6pa3yiOT npocTble ~ cnOJKHble acp~pbl 

o-~H + HOf2H5 -+ ©---OC2H5 + H20 

nOliY'f8HMe: 

(j) KyMOJlbHbiH Cnoco6 (Hapst,Qy C aL.teTOHOM) 

r11.QPonepeKIICb Kyuona 

T.K. B03paCT8eT 3li8KTPOHH8A nliOTHOCTb B 

KOllb4e - o6ner.-.aeTCSl aTaKa KOllbL.ta .-.acniL.taMIII, 

IIICnb1Tbl8aiOW,IIIMIII He,QOCTaTOK 3JleKTpOHHOH 

nnOTHOCTIII - anenpocjJvrnaMvr - peaK4MM 

aneKTpoci>MnbHoro 3aMe~eHMR: 

CD OH 

c6 

OH 

Br*Br 
+ 3Br2 -+ 0 + 3HBr 

(BOAH.) 

Br 
Tp~6poM¢eHOI1 (re. e=eo) 

D
OH

0

_ 

li- ~ 
I~ 

~ li-

~c60H 02N*OH N02 

+ 3HNO 6 -+ 0 Tp~H~o¢eH011 
3 pa3 aBll. 3H 

0 H2S04 + 2 

N02 
Q) cpeHOII + cj>OpManb,QerMA (nOII~KOHAeHCa4MR) 

J: &+~- LcH20H 

~~<H--g 
cuecb opTo- ~ napa- 11130Mepoa 

LcH~ LcH2J: 
~ ~ LQJ-g lQJ+H20 

&

OH CH2©0H Y\ ._D &OH CH2&0H CH20H 

Q +H-e,- 0 0 
H 

41 

Q) •1!4eiiO'lHoe nnaBlleH~e· 
0 ,, 

rAY'S-ONa 

~ '~ + 2NaOH -+ 

Na-conb 6eH30ncynb
¢oK~ciiOTbl 



AllbAErMAbl M KETOHbl 
CnH2nO OpraH111'ieCKII1e COe,D,II1HeHII1SI, 111Me10W.111e B 

CBOeM COCTaee Kap60HIMlbH'/IO cPYHKL.t111-

HoueHK.naTypa: 111CTOp1!1'iecK111 CJ10)1(1!1BWII1ecSI 

Ha3BaHII1SI 

CII1CTeMaTII1'iecKaSI HOM9HKJla 

rypa 11110nAK 

aJlbAeri!1A B nepeBOAe Ha pyCCKII1~ -
v ' Cnll1pT, Jlii1WeHHblll1 BOAOPOA<i OHaJlbHYIO rpynny C=O (Kap60H11111) 

/ 
c H OH - 2H --* c H 0 ant.,qerl'l,[lbl} 11130MepHble COeA111HeHII1SI, TaiOKe B03MO)I(Ha 

n 2n+1 n 2" KeTOHbl 11130Mepii1S1 yrneBOAOPOAHOrO pa,Q,111Kana 

MbAerMAbl 
0 

CH -c'' 
3 ' 

KeTOHbl H 

0 
CH -c'' 

3 ' 
CH 2-CH 3 

OT COOTB. KII1CJ10T 

YKCYCHbiVi aJlb.D,eri!1A 

Ha3BaHII1SI pa,Q,111KaJlOB 

+ KeTOH 

MeTII1113TII111KeTOH 

yrneBDADPDA + f(aJlb» 

3TaHaJlb 

yrneBOAOPOA + f(OH~ 

6yraHOH-2 

C v v v ..e,nli- "" Tp08HMe: xapaKTepHble XII1MII1'ieCKII1e CBOII1CTBa Onpe,D,ellSIIOTCSI HaJ1111'i111eM n011Sip11130BaHHO!ii AB0111HOII1 CBSI3111 C=O • o'-V'SI aJlb.D,eri!1,Q,OB xapaKTepHbl peaKL.tll1111 
0 0 0 / 
'' '' ,, npO'iHOCTb CBSI3111 C=O npii1COe,D,I!1HeHII1SI K rpynne C=O MOJleKYn BOAbl, cn111proe 111 AP· 

H-C, > CH 3~, > CH 3--+C~ 
H H CH 3 

OKMcneHMe 

' AllSI MbAer1!1AOB xapaKTepHa peaKL.t111SI 

f(cepe6pSIHoro 3epKana": 
?)=0 

fl, R, 
C=O+ 2Ag(NH 3)pH - C=O + Hp + 3NH 3 + 2Ag.J.. 

~~~ NHp/ 

1\J MypaBbii1Hbl!il anbAer111A OKII1CllSieTcSI AO C02 : 

H~ [Ao2o] 

C=O - Hp + C02 t + 2Ag.J.. 
~ 

peaKL.t111SI C r111APOKC111AOM MeA111: 

CH3, t• CH3, 
C=O + 2Cu(OH)2 - C=O + Cu 20.J.. + 2Hp 

~ HO/ KpacH. oca,o,oK 

KeTOHbl OKII1CJ1SIIOTCSI TOJlbKO CII1JlbHbiMII1 OKII1CJ1111Te

JlSIMII1 (K
2
Cr

2
0 7 + H 2S04 ), npll1'ieM npoii1CXOA111T 

pa3pb18 C-C CBSI3e~: 

c~ ~ 
C=O + 3[0] - CH3COOH + HCOOH - C02 + H20 

c!{3 

3. nollii1Mep1113aL.tii1SI (TOJlbKO anb,Q,erii1Abl): 

-~-~-o-] 
H n 

H, H, 
C=O + C=O + ••• 

~ ~ 

napacpopM 

<!== -~ c::::::> 

npMC08AMH8HMe no '-c=O 

1 . BoccraHoeneH111e H
2 

/ 

CH3, Ni. Pt CH3, ~ 
C=O + H2 - C-OH 

CH{ . CH{ 

a4eToH nponaHon-2 
KeTOH -BTOplll'iHbliii CnlllpT 
ant.,qeri'I,Q ___..nepBIII'fHbliil cn111pT 

2. npii1COe,D,111HeHII1e Cn111pTOB (W - KaT.) 

H3c, 0 + ·O-C2H5 
C= 'I 

~ H 

OC2H
5 I 

- H C-C-H 
3 \ 

OC2H5 
a4eTanb 

+ OH 
KaT H I 
- H3C-C-H + :Q--C2H. -\ I o 

OC2H5 H 
nonya4eTanb 
(nonytceTanb) 

4. noll111KOHAeHCaL.t111SI (C $eHOJlOM)- o6pa3yeTCSI 

$eHOJl$OpMallbAer1!1AHaSI CMOJla 

PeaKQMM c yotaCTMeu a.-H-aToua 

'-7-' ~0 
H3C-C -c - ysenlll'teHIIIe no,qBIIIJKHOCTIII a-aToMa H 

I 'R 
H 

0 0 
CH 3 -C~ + 3CI2 - CCI3-C: + 3HCI 

H X110panb H 
XIIIMIII'fecKIII O'feHb aKTIIIBeH 

nonyoteHMe: 
1. 0K111ClleH111e cn111proe (0

2 
Ha,Q, Cu, K

2
Crp7, 

KMn0
4

): 0 
CH -CH -OH --* CH -c'' ant.,qeri'I,Qbl nertco 

3 2 3 'H OKIIICni'IIOTCI'I ,1:10 KIIICnOT 
:!ITaHon --+ 3TaHanb 

BTOplll'fHbliil cnlllpT --+ KeTOH 

2. PeaKL.t111SI KY'iepoea e np111cyrcrB111111 cone~ Hg2+: 
H 3C-Cs:CH + Hp --* CH 3-C-CH3 II 

0 0 
HO=CH + Hp -+ CH3 -C: 

H 

3. rlf1Ap0111113 A111ranoreHnpOII13BOAHbiX: 

IFI Na ioH 
I 

CH -C-H + 
3 ,-lo\.,.---.,..,....., 

ICI NaiOH 

0 

- CH 3 -C~ + 2NaCI + H 20 
H 

nepBIII'fHble --+ ant.,qeri'I,Qbl 
BTOplll'fHbl e --+ KeTOHbl 



~ 

KAPSOHOBbiE KMCnOTbl HoueHKnaTypa IIICTOp1!1"1eCKI!1e 

CnH2n02 
npe,qellbHble o,qHo-

opraH1!1"1eCKI!1e COeA111HeH1!1SI, COAep)KaUJ,I!1e OAHY 11111111 

HeCKOJlbKO Kap60KCI!1JlbHbiX rpynn: Kap60HI!1Jl + r1!1APOKCI!1Jl 
0 

TPII1BI!1anbHble 

Ha3BaH1!1SI 

CH3CH
2
COOH nponii10HOBaSI 

CI!1CTeMaTI!1"1eCKaSI 

lf110nAK 
yrneBOAOPOA + K-Ta 

OCHOBHble KI'IC/10Tbl II 

OCHOBHOCTb = "11!1CJ10 Kap6oKC1!1JlbHbiX rpynn -COOH -c. 
CH3CH2CH

2
COOH MaCllSIHaSI 

nponaHoeaSI 

6yTaHOBaSI 

npeapall!,eHMH Kap60KCMnbHOM rpynnbl 

1. teaK KIIIC/10Tbl +YHK~MOH81UtHWe 

npoM380AHiole ~ 

2R-COOH + Mg = Mg(RC00)2 + H2 t 
R-COOH + NaOH=RCOONa + H20 
T.K. 6onee ClllllbHble KII!CilOTbl, 'feM H2C0

3 

2R-COOH + CaC03 = (RC00)
2
Ca + Hp + C0

2 
t 

2. .? 
. ? 0. -H20 A-C, 

A -C t 'C -A :;o===!!: 0 

fOH Hp +H20 A -c:. 
0 

3. 

0 
0 PCI5 A-CO 

A-c: H2"(5'{Na"oH) 'a 
OH 

4. 
0 0 0 

A-c' + NH3- A-C' . Ht"O., A-C' 
• ' - 2 ' 
OH ONH4 NH2 

5. 3Tep~~•a4~• (Karan~3~pyerc• •~cnoraM~) 

0 0 
A -C' + HOA1 :;o===!!: A -C' + H20 

OH Q-f11 
MeXaHII!3M 

&:::: 

A -c. o+ + H - A -c. npoTOHOB c o-

) 

A _/? con~ otap6o 
" HOBbiX K-T 
OM 

aHr~APlo\Q 

JUlOP· 

aHrlo1APlltAbl 

}aUI'IA 

} 

cno""'bl~ 
3<f>~p 

.? ~ + -- ~ ,~H ] B3a~MOAe~CTB~e 

OH OH[ 1 + [ 1 fu

1 
+ OH A 'o .H -H20 A 'o~ -H+ 0 

fA-c:+ ~-o-H- -'rJ ~ A-C :;o===!!:A-c: 
[ OH J . . . A 9 OH " OA1 

0 H 0 

nonY"eHMe: 

1. OK1!1ClleHII1e Cnl!1pTOB, aJlbAeri!1AOB 

2. OKI!1CJleH1!1e npeAellbHbiX yrneBOAOPOAOB (80-120°C, 

NaOH, MnCI
2

- KaTalll!13aTOp, KpeKI!1Hr) 

OH 

CTpyKfYpa: B3aii!MHoe Blli'II'IHII!e tcap6oH11!11a 111 rlll,qpOKCI'IIla: 

~X111MI!1"1eCKI!1e CBOii!CTBa ~.0 CMeJJ4eHII!e aneKTpOHOB a C=O rpynne 

OnpeAeJlSIIOTCSI -(C ab13b1BaeT CMeJJ4eHI'Ie anetcTpoHoa B OH 
OH Ill non!'lp11!3yeT CBI'I3b -0-H d 
\ .. 
- 8 peayllbTaTe c=t> 

3auell!,eHMe H- a a.-nonolKeHMM ~ 0 
CH COOH + Cl ~ CH CICOOH + HCI A-c__.c· a•ma41'1• 

3 2 2 I • 
xnopyKcycHa!'l H OH 

0 
CH3CH2COOH + Br2 ~ CH3CHBrCOOH + HBr CI<--CH ._c· 

2 o- o 
a-6poMnponll!oHoaal'l 'o<--H 

YBeJU'It.teHHe KHcnOTHOCTH 

1 . yaenll!'feHII!e KII!CilOTHOCTIII 

A-C: ~H A-OH 
OH 

K = 1o·s 1o·•o 1o·•s 
ClllllbHee yrOilbHOiil KIIIC110Tbl 
llaKMYC - KpaCHOe OtcpaWII!aaHI'Ie 
2. Yaen~~t'feHII!e npo'fHOCTI'I C=O- cal'l31'1. 
0rCYTCTBYIOT peaKLJ,IIII'I nPIIICOe,I:II'IHeHIIII'I . 
Yaenl'l'feHI'Ie npo'fHOCTIII C-OH
HeB03MoJKHO 3aMeCTI'ITb HHal 

OTAEnbHbiE nPE.qCTABMTEnM 
CD MypaBbii!Ha!'l (MeTaHoaa!'l) KI'ICiloTa- 6ect.~BeTHa!'l JKIII.QKOCTb c OCTpbiM aanaxoM, xopowo pacTaopii!Ma a H20, ,qoaonbHO 
ClllllbHal'l KI'ICiloTa, T.K. HeT CH

3
--) rpynnbl 

oco6eHHOCTb - COt.teT3Hr.1e 
Kap60KCHilbHO~ rpynnbl C 
3TOMOM H 

CHOOH ~ Hp + cot 
H2S04 p 

nonY'feHII!e: CO+ NaOH ~ HCOONa 

.,0 NH3 ,0 
HO-c + Ag20 -HO-c' - C02 + H20 

'H •a• anb,D,8r""A 'oH 
yrOilbH3A 

<IJ YKCYCH31'1 (3T3HOB31'1) KI'IC/lOTa- 6e3aO,QH31'1-Kpii!CTa/111111'f. a=ao (lle,qi'!Ha!'IK·Ta), tnn = 17°C, CMeWII!BaeTCI'I C BO,QOii! B 
11I06biX COOTHOWeHI'II'IX. Hg2+,W (OJ 
nonY'feHI'Ie: 1. HC=CH + Hp--) CH 3-CHO--) CH 3-COOH 

2. 2CH,CH
2
CH

2
CH

3 
+ 50

2
--) 4CH

3
-COOH + 2Hp 

3. YKCYCHOKI'IC/10e 6polKeHII!e (nii!JJ4eBoiit ytccyc) 

Q) nanbMI'ITIIIHOBal'l C15H31 C00H, CTeaPII!HOBa!'l C17H35
COOH- Ta. B-aa, HepaCTBOpii!Mble B Hp. CMeCb- CTeapi'IH. Bxo,qi'IT 

a COCTaa lKII!poB. 

Q) 

Jl 
l: 
Jl 

l 
1: 
Q) 
l: 

@) Olleii!HoBa!'l CH,(-CH 2) 7-CH=CH(-CH
2

) 7-COOH cnoco6Ha np~~tcoe,I:II'IHI'ITb H
2

, Br
2

111 ,qp. 

@ @ OOOH 

X
OOOH 

HOOC 

~ 
)

OOOH 

nerKo 
OOOH 

~3ouepbl 
4Jyuaposa11 uanei'IHoBall 

)J ©C
OOOH 

O Mane~HOBblil 0 
aHr~AP~T 

CH2=CH-COOH OOOH 

aKpl'lnoBall K-T o-4>ranesa11 

A rAY'COai 

~OOOH HOOC,;g 

u-4Jraneaa11 
(1'1304>ranesall) K-Ta 

repe<f>Taneaao 



CnO>KHbiE 3CDVIPbl 
<f>YHKI..\HOHanbHble npOIII3BOAHble Kap60H08b1X KHCflOT- npOAYKTbl 

aaMew,eHIIISl OH-rpynn KHCnOTbl Ha ocTaTOK cnHpTa OR'. 6pyrro

<t>opMyna CnH2n02 TaKast .>Ke, KaK..., y Kap60H08biX KIIICnoT! 

Clht3M'IeCKMe CBOMCTBa: nel)"iHe .lKI/IAKOCTIII HoMeHKnaTYpa: 

(OTCyTCTBIIIe BOAOPOAHbiX C8Sl3elil), Mano 
CD KHCnoTa + cn111pT paCTBOpiiiMbl 8 80Ae, 06flaAaiOT npiiiSITHbiM 

aanaxoM + 3$111P 
CV CnHpT + KHCflOTHbllil 

OCTaTOK 

0 ,, 
R-C 

'o-R' 

0 
CH -c'' 

3 • 
OCH 3 ~ 

yKCyCHOMeTHn08bllo1 

3<f>lllp 

MeTHflal..\eTaT 

XMMt.t'leCKMe CBOMCTBa: Hanlll'illle nOflSlPlo1308aHHOrO aTOMa KIIICflOPOAa aKTIIIBIIIpyeT 

C8SI3b C-0-R, 111 OHa nerKo paapb18aeTCSl Aa.>Ke nOA AeliiCT8111eM 80Abl. Pacw,enneHHe ~0 
CflO.lKHbiX 3<f>lllp08 nOA AeliiCTBIIIeM BOAbl Ha3b18aeTCSl fi/IAP0fllo130M Hnlll OMblneHHeM. 3Ta R-c'' 
peaKI..\IIISI o6paTHa peaKI..\HIII aTeplll<f>HKai..\IIIH. PeaKI..\HSl KaTanlllaHpyeTCSl npoToHaMIII H+..., \ 
fiiiAPOKCIIIA-IIIOHaMIII OW. B npiiiCyTCTBHIII w,enO'illl peaKI..\HSl Heo6paTIIIMa (npoiiiCXOAHT 

OMblfleHIIIe- 06pa308aHHe COfllo1 Kap60HOBOiil Klo1Cfl0Tbl). 

0 
CH3 -C~ + HOH 

r~Apon~3 0 
~ CH3-c: + C2H50H 

OC2H5 3Tep~cj>~Kau,~ll OH 

0 0 
CH3 -C~ + NaOH - CH3-C~ + C2H50H 

O""Na+ OC2H 5 

nonY'feHMe: 1) peaKI..\IIISI 3Teplll<f>111Kal..\llllo1- KHCflOTa + CnHpT (npeiiiMyW,eCT8eHHO nep8lo1'iHbllil). 

PeaKI..\IIISl o6paTIIIMa, nOOTOMy Tpe6yeTCSl 11136biTOK OAHOro H3 peareHT08 lllnH OTrOHKa 

a<t>Hpa o 

2) aHriiiAPIIIA Opr. KIIICflOTbl + CnlllpT: CH 3C~ 0 

+ CH30H - CH 3-< + CH3COOH 
OCH 3 

CnoJKHble 3cj>~pbl, o6pa30BaHHble 
0 

rn~u,ep~HOM ~ ablcW~M~ (lK~PHbiM~) CH -o-c'' 
Kap60Hoisbii\A~ K~cnoTaM~. Ha3biBaiOT I 2 o,R, 
rnllu,eplfAIIMII. 
>KIIpw: cMecb 3~x 3cj>~poa CH-o-c'' 
)((HBOTHble )I(Hpbt: TBepAble. I 'R

0
2 

06pa30BaHbl npe~M~ecTBeHHO 
npeAenbHbiM~ K~cnoTaM~ CH -o-c'' 
C, 5H31COOH - nanbM~HOBOi1 ~ 2 

'R3 
G17H35COOH - CTeap~HOBOi1 061!¥111 cj>OpMyna lK~POB 
PacrnTenbHble )I(Hpbl ~n~ Macna: JK~~e. o6pa3oaaHbl 
npe~M~ecTaeHHO HenpeAenbHbiM~ K~cnoTaM~: 

C17H33COOH - one~HOBOi1 ~ 

C17H31COOH - n~Honeaoi1 
Ecn~ ocTaTOK rn~u,ep~ CB!I3aH c 3 ocTaTKaM~ K~cnoT, To 
o6pa3yeTc!l Tp~au,~nrn~u,ep~H- Tp~cTea~H. 
«nM311'1ecKIIe caoiicTaa: JK~BOTHble JK~pbl- TB. a-sa 6e3 
onpeAeneHHOi1 T-pbl nnaaneH~II. pacmTenbHble- JK~AK~e. 

nnoTHOCTb 6onbW~HCTBa lK~poB MeHbWe nnOTHOCT~ BOAbl. 
)l(~pbl HepacTBOp~Mbl 8 BOAe, OH~ BbiCTynaiOT KaK noaepx
HOCTH03~8Hble BeUiecTBa (nAB), o6pa3y!l CTOi1K~e 3Mynb
C~~ (MOnOKO). 

XMMt.t'leCKMe CBOMCTB8: 1) fi/IAP0fllll3 .lKHp08: 

0 
CH -o-c'' 

I 
2 ' 

C17H35 CH2-0-H 
,,0 3Na0H I 

CH-0-C - CH-0-H 
0 

+ 3C,fi3s-C~ 

0 
I 

CH3C,, 
0 

Mblna: con111 8biCOKOMoneKynSlpHbiX Kap60H08biX 

KIIICflOT ( 06bl'iHO CTeapiiiH080iil lo1fllo1 

nanbMIIITIIIH080iil) 

Na - T8ePAble, HanpiiiMep, C 17H35COONa 

K- .lKI/IAKIIIe, HanpHMep, c,5H3,COOK. 

MOIOW,IIIe C80iiiCT8a CBSl3aHbl CO CTpOeHIIIeM 

MOneKyn, C Hafllll'iHeM HenOnSlpHbiX lo1 IIIOHHbiX 

rpynn. 

Mblfla He neHSlTCSl B .lKeCTKOiil 80Ae, T.K. 

HepaCT80pHMbr con111 Ca: 

2RCQQ- + Ca2+ ~ Ca(RC00)
2

.J.. 

AeTepreHTbl - CHHTeTIII'ieCKIIIe MOIOW,He 

cpeACT8a (CMC) 

I 'cdfi3s I ON a 

2) fiiiAPOreHIII3ai..\HSl paCTIIITenbHbiX 

:>KIIIp08 - IIIX npe8paw,eHHe 8 

T8ePAble (MaprapHH) aa c~eT 

npHCOeAHHeHHSl H
2 

K A80ri1Hb1M 

C8Sl3SlM (Ni-KaTalllo13aTop, 160-

2000C, 2-15 aTM) , CH -O-H 
CH -o-c' 2 

2 • 
CvH3s 

Tp~cTeap~H 
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~ c.n 

AMMHbl 
npoii13BOAHble NH3 , e KoropoM aTOMbl BOAOPOAa '"laCTWiHO 1!111111 nonHocTbiO 

3aMe~eHbl yrneBOAOPOAHbiM111 PaAII1KanaMII1 (x111pHoro, apoMaTII1'"1ecKoro 

PSIAOB 1!111111 CMeWaHHble) R, R, ,...R2 
R-NH2 NH N 

I I 
R1 R1 

nepB~~H~M BTO~~H~H TP&TM~H~~ 

~M3MotecKMe caoiicTaa: MeT1!111aMII1H, A111MeT1!111aM111H, TPII1MeT1!111aMII1H - ra3bl 

C pe3KII1M 3anaxOM, OCTanbHble aMII1Hbl X111PH0f0 

PSIAa - Xlf1AKOCTII1, pacreopii1Mble e H20 

XMMM'teCKMe caoiicTaa o6ycnoeneHbl HanWtll1eM HenoAeneHHO~ 
sneKTPOHHO~ napbl y aroMa a3ora: 

f.13MeHeHII1e 
(C6H5 )3N < (C8H5 )2NH < C6H5

NH
2 
< NH

3 

OCHOBHOCTII1 NH3 < CH3NH
2 
< (CH

3
)
2
NH > (CH

3
)
3
N 

XMMM'teCKMe caoiicTaa - HanOM111HaiOT ceo~crea NH
3

• AMII1Hbl pear111py10r: 

1. C KHcnoraMH - o6pa3y10r con111 - HeneTY'"III1e re. 1110HHble ee~ecrea 

CH 3NH2 + HCI - tH3c-lH l :,- - CH3NH2 + NaCI + H20 
I NaOH 
H (!Sones c~nbHoe 

OCHOBaH.-.e) 

2. C anKHnranoreHH,O.aMH 

CH3NH2 + CH 3-I _r_. (CH
3

)2NH + HI -£(CH 3)2NH 2]+1-
CM8Cb ITop.-."tHbiX .-. 

TpeT.-."tHbiX at.A.-.HOB 

V13 TpeTII1'"1HbiX aMII1HOB M.6. nony'"leHbl '"leTBepTII1'"1Hble aMMOHII1eBble COn111: 

(CH
3

)
3
N + CH

3
1 ~ [(CH

3
)
4
N]+I-

0 ,, 3. C opraHHLfeCKHMH KHCnOTaMH H aHrH,O.pHp,aMH 

CH 3COOH + CH 3NH 2 ~ [CH 3COOr£CH 3NH3j+ ~ CH -C 
3 ' 

N-H 
CHI 

3 

4. 8 BOAHbiX paCTBOpax aMII1HOB ~enO'"IHaSI CpeAa: 

CH3NH
2 

+ Hp~CH3NH3+ + OH-

+ H20 

HoMeHKnayYpa: 

PaA111Kanbl + aM111H 

(nO an$aBif1TY nepBbiX 6yKB Ha3BaHII1SI 

PaAII1Kanoe) 

no HOMeHKnaTYpe f.110nAK: 

H3C-N-C2H5 
I 
H 

CH 3 
I 

H3C-C-C2H5 I 
NH 2 

MeTI111-3T~/1aM~H 

2-MeTI111-2-6yrlllllaM~H 

AHIIIniiiH - apoMaTII1'"1eCKII1~ aMII1H. ~KOCTb, T """. = 184°C, 6eCL.4BeTHbl~. 
Ha B03Ayxe )l(enreer 1113-3a OKII1cneHII1SI, nnoxo pacreop111M e H20 

ali-IQ\ _.§+ 
~NH2 

0CHOBHOCTb Mana. 8 MOneKyne YBellll1'"1eHa SneKTpOHHaSI 

nnOTHOCTb e opro- 111 napa-nono)l(eHII1SIX (KaK s (j)eHone) 

li- XIIIMIII"'ECKIIIE CBOMCTBA 

-NH
2 

C KII1CnOTaMII1: 

C
6
H

5
-NH

2 
+ HCI ~ [C

6
H

5
-NH

3
]+ Cl-

conl'!Hotc~cn~iil aHM~H 
11111~ f'lll,qpOXIlOpiii,Q aHIIIIl~Ha 

c anKII1nranoreHif1A3MII1: 

© ~ "6-CH' + '"'6'"' 

© 
C 6pOMHOill BOAO~: 

X: Br~Brl 
U+Br2=ti& 9 t 

Br 
6e11~~ OCa,QOK 

Tp1'16poMaHiii/1111Ha 

c ¢>opManbAerii1AOM - o6pa3yeTCSI 

aH1!111111H$OpManbAerlf1AHaSI CMOna 

nonyoteHMe: H.H. 3111HII1H, 1842 r.- BOCCTaHOBneHII1eM H1!1Tp06eH30lla C 

111Cnonb30BaHII1eM (NH
4

)
2
S 1!111111 H

2
S: 

<Q)-No2 + 3H2S - <Q)-NH 2 + 2Hp + 35 

8 HaCTOSI~ee BpeMSI: KaTani!1TII1'"1eCKOe 111 sneKTpOX111MII1'"1eCKOe BOCCTaHOB

neH111e Hll1rpo6eH3ona 111n111 ero eoccraHoeneHII1e e Kll1cno~ cpeAe (Fe, Zn, 

Sn) 



AMVIHOKVICnOTbl 
OpraHIII'ieCKIIIe Alll<f>yHKL.tHOHaJlbHble COeAHHeHIIIH, B COCTaB KOTOpbiX BXOAHT ABe <f>YHKL.tiiiOHaJlbHble 

HoueHKllaTypa: 

0 
rpynnbl- Kap60KCIIIJ1bHaH -c: Ill aMIIIHO -NH2 

OH 

CH 3-CH-COOH 
I 

CH -CH-CH -COOH 
3 I 2 

NH2 
l-13 Ha3BaHIIIIIi KIIICJlOT 

+ «aMIIIHO» a-aMIIIHOnponiiiOHOBaH 

2-aMHHOnponaHOBaH 

NH 2 

p-aMHHOMaCJlH HaH 

3-aMIIIH06yTaHOBaH 

cDM3M'IeCKMe CBOMCT&a: 6ellble KpiiiCTallllH'ieCKHe BeW,eCTBa, XOpOWO paCTBOPHMbl B BOAe, nplll 

HarpeBaHIIIH He nnaBHTCH, Bbrwe 200-300°C- paanaraiOTCH ~ 

CTpoeHMe: 2 <t>YHKL.tiiiOHaJlbHbre rpynnbl, 111x f> o6paayiOT «BHyTpeHHIIIe» con111 IIIOHHbllli 

BaaiiiMHOe BlliiiHHIIIe, HOBble cneL.tlll- NH
2
CH

2
COOH ~ NH3+CH

2
Coo- Tllln CBHaH 

<f>H'ieCKIIIe CBOIIiCTBa 6~non•pHble ~n~ '-'"~nep- ~oHbl 

PeaK4MM ci>YHK4MOHanbHbiX rpynn 
KVICJlOTHbiE (eM. Kap6oHOBbre KHCllOTbl) 

<D NH
2
CH

2
COOH + NaOH ~ NH

2
CH

2
COONa + Hp 

11111111 

NH
3 
+CH

2
COO- + NaOH ~ NH

2
CH

2
COONa + Hp 

0 2NH
2
CH

2
COOH + CuO ~ (NH

2
CH

2
C00)

2
Cu + 

H20 
Q) 2NH

2
CH

2
COOH + Na

2
C0

3 
~ 2NH

2
CH

2
C00Na + 

H
2
0 + C0

2 

0 
@) NH2-CH 2 -c: + C2H50H 

OH 

H+ ,0 
~ NH2-CH 2 -c: + H20 

OC 2H5 

OCHOBHbiE (CM. aMIIIHbr) 

~NH2CH 2COOH + HCI ~ [NH
3
+CH

2
COOH]CI-

cons:~HoKioo1cnas:~ conb 

T.o. :no - opraHM'IeCKt.te auct>oTepHble 
coeAt.tHeHMA. BOAHbllli pacTBOP npaKTH'ieCKH 

HelliTpaneH 

PeaK4t.tt.t ~YHK4t.tOHanbHbiX rpynn 
APYr c APYrou 

,llJlSI Kap6oHOBbiX KI'ICIIOT xapaKTepHO o6pa3083HI'!e 3UIIAOB 

,,O ,R
1 

M.6. OCT3TOK 
R-C R1 BMecro N 

'N...- , 2 3MI'IHOKI'ICI10Tbl 

' R R2 
aMIIIHOKIIICllOTa + aMHHOKIIICllOTa ~ AMneTt.tA 

0 H 0 
NH -CH -c'' + 'N-CH -c'' ____. 

2 2 I ., 2 ' -H 0 
_OH H . OH 2 

0 
NH

2
-CH 2 -c'• O ' .. ,N-CH 2-c, -

H OH 
~ TpHnenTHA ~ nonHnenTIIIA 

PeaK!.4MH o6paTMMa - B npMcyrCTBMM 

KMCnOT M OCHOBaHMM - rMAPOnM3 

-c'' 
' 

0 

NH-
nenTI'IAHaSI 

CBSI3b 

KanpoHoaoe aonoKHo: t:-aMHHOKanpoHoBaH 

KHCJlOTa ~ nOllHKOHAeHCaL.tiiiH 

6enKM: Ba.>KHelliWaH COCTaBHaH 'iaCTb .lKIIIBbiX OpraHH3MOB, BXOAHT B COCTaB KO.lKH, pOrOBbiX noKpOBOB, 

MbiWe'iHO!Ii Ill HepBHOIIi TKaHH 

BbrCOKOMoneKynH pHbre COeAIIIHeHHH, 

MOJleKyllHpHaH Macca- AO HeCKOJlbKIIIX 

MIIIJ1J1HOHOB 

CocTaa: onpeAeneH 'iepea riiiAP0111113 (paa6aBn. 

KIIICJ10Tbl, <f>epMeHTbl) 

nO'iTIII IIICKJliO'iiiiTeJlbHO- a-aMIIIHOKIIICJlOTbl (::::20), 

CBH3aHHble nenTIIIAHbiMH CBH3HMIII. 

46 

6enoK - nommenn1A 

CD nocneAOBaTellbHOCTb aMI!IHOKI!Icnor - nepBM"'HaH 

crpyKrypa 

W \ o6pa30B:HIIIe BOAOPOAHbiX CB513er71 Me)I(,Ay ~ 

C=O 11 NH - Cnl'!pallb - BTOpM"'HaH CTPYKTypa 
/ / 

a> B3ai!IMOAei1cral!le NH2, OH, COOH rpynn, He npi!IHIII

MaiOLLIIIIX Y'-!3CTIII51 B o6pa30B3HIIIIII nenTIIIAHOrli CB513111 -

TpeTM"'HaH CTpyKTypa 

HarpeB AO BbiCOKOrli TeMneparypbl, P3AIII03KTI'IBHOe 
o611Y'-!eHI!Ie, COlli'! T51)1(eJlbiX MeTaJ1110B - Bbl3biB310T 
pa3pyWeHIIIe BTOplll'iHOr/i Ill TpeTI'I'iHOrli CTpyKryp -
AeHayYpai.4MIO 



KA"'ECTBEHHbiE PEAK~VIVI HA KATVIOHbl 

KaTHOH Bo3AeiicTaHe Ha6niOAaeMaH peaK-.MH 
HnH peaKTHB 

u+ n11aMS1 KapMMHOao-KpacHoe oKpaWIIIBaHif1e 

Na+ n11aMS1 >KenTOe OKpaWlt1BaHIIIe 

K+ n11aMS1 CJJHOneTOBOe 0KpaWlt1BaHif1e 

Ca2+ n11aMS1 KMpnM'IHO-KpacHoe oKpawlt1saHlt1e 

Sr2+ n11aMS1 KapMMHoao-KpacHoe oKpawlt1saHif1e 

Ba2+ n11aMS1 >Kenro-aeneHoe oKpawlf1BaHif1e 
S042- Bblna,D.eHif1e 6enoro ocaAKa, He pacTsoplt1-

MOfO B Klf1CJlOTaX: 
Ba2+ + SOi- = BaS04..l-

Cu2+ BoM rlt1ApaTif1POBaHHble IIIOHbl Cu2+ IIIMetOT 
rony6yao oKpacKy 

Pb2+ s2- Bblna,o.eHif1e 'lepHoro ocaAKa: 
Pb2+ + s2- = PbS..l-

Ag+ ct- Bblna,o.eHif1e 6enoro ocaAKa; He pacTsoplt1-
MOfO B HN03, HO paCTBOPif1MOfO B KOHU,. 
NH3 • H20: 
Ag+ + ct- = AgCt..l-

Fe2+ reKcau,lf1aHo-
Q>eppaT (Ill) BblnaAeHlt1e CMHero OCaAKa: 
KaJllf1Sl (KpaCHaSl 
KPOBSlHaSl COJlb) 

K+ + Fe2+ + [Fe(CN)6]3- = KFe[Fe(CN)6].,l.. 

K3[Fe(CN)5] 

Fe3+ 1) reKcau,Y~aHo- BblnaAeHif1e CMHero ocaAKa: 
Q>eppaT (II) K+ + Fe3+ + [Fe(CN)6]4- = KFe[Fe(CN)6].,l.. 
KaJllf1Sl (>KeJlTaSl 
KpOBSlHaSl COJlb) noS1BJleHif1e RpKO-KpaCHOrO OKpaWlt1BaHif1Sl 
~[Fe(CN)5] 3a C'-leT o6pa30BaHif1Sl KOMnJleKCHbiX lf10HOB 
2) POMHif1A-If10H Fe(NSC)2+, Fe(NSC)2+ 1t1 AP. 
seN-

At3+ w.e11o'-lb BblnaAeHif1e OCa,D.Ka flf1APOKCif1M a1110Mif1Hif1Sl 
(aMQ>OTepHble np1t1 nplt1Jl111BaHif11f1 nepsblx nopu,11111i w.en0'-1111 , 
CBO!IiCTBa flf1A- ero pacTsopeHif1e np1t1 AaJlbHelliweM 
pOKCif1Aa) nplf1Jllf1BaHIIIIf1 

NH4+ w.e11o'-lb, Harpes 3anax aMMIIIaKa: NH4+ + OH- ~ NH3t + H20 
H+ llfHAif1KaTOPbl: 
(Kif1CJlaS1 JlaKMyC, KpacHoe oKpawlt1saHlt1e 
cpeM) MeTif1JlOBbllli KpacHoe OKpaWlt1BaHlt1e 

opaH>KeBbllli 
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KA"'ECTBEHHbiE PEAK~VIVI HA AHVIOHbl 

AHHOH PeaKTHB Ha6niOAaeMaH peaK-.HH 

so42- Ba2+ BbmaAeHI!Ie 6enoro ocaAKa, HepaCTBOPIIIMoro 
B KI!ICJlOTax: 
Soi- + Ba2+ = BaS04..l-

N03- 1) Ao6aBIIITb 06paaosaHIIIe rony6oro pacTsopa, 
KOHU,. H2S04 Ill coAep>Ka~ero liiOHbl Cu2+, BbiAeJleHiile raaa 
Cu, HarpeTb 6yporo u,seTa (N02) 
2) CMeCb Bo3HIIIKHoBeHI!Ie oKpaCKIII cynbQ>aTa HIIITpoao-
H2S04 + >KeJle3a (II) [Fe(H20)sN0]2+. 0KpacKa OT Q>111-
FeS04 OlleTOBOiil AO KOpW-tHeBoiil (peaKU,IIISl «6yporo 

KOJlbU,a») 

P043- liiOHbl Ag+ BbmaAeHI!Ie caeTno->KenToro ocaAKa B 
HeiiiTpanbHoa/1 cpeAe: 
3Ag+ + P043- = Ag3P04..l-

Cr042- IIIOHbl Ba2+ BbmaAeHI!Ie >KenToro ocaAKa, He paCTBOplil-
MOrO B yKCYCHOiii KliiCJlOTe, HO paCTBOPIIIMOrO B 
HCI: Ba2+ + Cr042- = BaCr04..l-

s2- I!IOHbl Pb2+ BbmaAeHI!Ie 'lepHoro ocaAKa: 
Pb2+ + s 2- = PbS..l-

C032- IIIOHbl Ca2+ BblnaAeHiile 6enoro OCaAKa, paCTBOPIIIMOfO B 
KliiCJlOTax: Ca2+ + C032- = CaC03..l-

C02 lii3BeCTKOBaS1 Ca(OH)2 + C02 ~ CaC03..l- + H20, 
BOM Ca(OH)2 CaC03 + C02 + H20 ~ Ca(HC03)2 

BbmaAeHIIIe 6enoro ocaAKa 111 ero pacTsope-
Hille np111 nponycKaHI!IIil C02 

S032- liiOHbl H+ noSlBJleHI!Ie xapaKTepHoro aanaxa S02: 
2H+ + S032- = H20 + S02 t 

F- IIIOHbl Ca2+ Bblna,D,eHiile 6enoro oca,D.Ka: Ca2+ + 2F = CaF2..l-

Cl- I!IOHbl Ag+ BblnaAeHIIIe 6enoro ocaAKa, He pacTsopliiMO-
ro B HN03, HO paCTBOPIIIMOfO B KOHU,. 
NH3 • H20: Ag+ + Cl- = AgCI..l-
AgCI + 2(NH3 • H20) ~ [Ag(NH3)2]+ + Cr + 2H20 

Br- I!IOHbl Ag+ BbmaAeHI!Ie caeTnO->KenToro ocaAKa, He 
pacTBopliiMoro s HN03: Ag+ + Br- = AgBr..l-
OCMOK TeMHeeT Ha CB8Ty ,- liiOHbiAg+ BbmaAeHIIIe >KenTOrO OCaAKa, He paCTBOplil-
Moro B HN03 111 NH3 KOHU,.: Ag+ + ,- = Agl..l-
OCMOK TeMH8eT Ha CB8TY 

OH- (~e- liiHAIIIKaTOpbl: 
JlO'-IHaSl JlaKMyC CHHee OKpaWIIIBaHiile 
cpeM) <t>eH 011 <t>TaJlel!l H ManHHoaoe oKpawl!lsaHI!Ie 
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KA"'ECTBEHHbiE PEAK~VIVI OPrAHVI"'ECKVIX 
COEAVIHEHVIM 

CoeAHHeHHe PeaKTHB Ha6niOAaeMaR peaKqHR 

AAKaHbl - 06biYHO onpeAeiiSliOT nyreM IIICK1110Y8HIIIS1 
n11aMS1 H111aw111e a11KaHbl ropSlT rony6oaaTWM 

n11aMeHeM 

AAK8Hbl 1) 6poMHaS1 BO,D,a 06ec~seYIIIBaHIIIe pacTsopa 
C=C 2) p-p KMn04 06ec~seYIIIBaHIIIe pacTsopa, BblnaA8HIIIe 

6yporo ocaAKa Mn02 
3) rop8H1118 ropSlT C118fKa >K811TOBaTbiM n11aM8H8M 

(YaCTIII~bl yr11epoM) 

6eH3o11 - 06b1YHO onpeAeiiSliOT nyreM IIICK1110Y8HIIIS1 
ropeHIII8 ropiiiT KOnTSl~IIIM n11aM8H8M 

¢eH011 1) 6poMHaS1 06ec~seYIIIBaHIIIe, BblnaA8HIIIe 6e11oro 
BOAa OCaAKa Tp1116poMQ>8H011a 
2) p-p Na2C03 Bb1A8118HIIIe yr11eK111c11oro raaa 
3) FeCI3 ¢1110118TOB08 OKpaWIIIBaHIII8 

CnlllpTbl 1) Na Bb1A8118HIII8 BOAOPOAa 
2) rop8HIII8 ropSlT CB8TJ1biM ro11y60BaTbiM n11aM8H8M 
3) YepHaSl BoCCTaHOB118HIII8 KpaCHOiii OKpaCKIII y 
ropSlYaSl npOKa118HHOiii fOPSlYeiii M8AHOiii 
npoKa11eHHaS1 npOB0110KIII 
Cu-nposo11oKa 

MHoroaToM- Cu(OH)2 + CMHee oKpaw111saH111e - o6paaosaHIIIe 
Hb18 CnlllpTbl NaOH r11111~epaTos 111 AP· 

AMIIIHbl 1) naKMYC B BOAHOM paCTBOpe - CIIIHee 
OKpaWIIIBaH1118 

2) HHal 06paaytOT con111 c ra11oreHoso,D,opo,D,aMIII 
- nOC118 BblnapiiiBaHIIISl TB8PAbllil OCaAOK 

AHIII11111H 1) 6poMHaS1 06ec~B8YIIIBaHIII8 6poMHOiii BOAbl, 
BOAa BblnaA8HIII8 OCaAKa Tp1116pOMaHIIIJ1111Ha 
2) HHal noc11e ynaplllsaHIIISl TsepAbliii ocaAOK -

C011b r111Apora11oreH111Aa aHIII11111Ha 

AnbA8fiiiAbl 1) Ag20 PeaK~IIISl cepe6pS1Horo aepKa11a 
2) Cu(OH)2 BbmaAeHIIIe KpacHoro ocaAKa Cu20 

Kap6oHOBble naKMyC KpacHoe OKpaw111saH111e 
KIIIC110Tbl ! MypaBblffHBR- peaK~IIISl cepe6pS1Horo 

aepKa11a 
! OneMHOBBR - o6ec~seY111saH111e 

6pOMHOiii BOAbl 

KpaxMan PacTsop l2 s Kl CMHee oKpawlllsaHIIIe 
11111111 CnlllpTOBOiii 
paCTBOp IIIOAa 

6e11KIII KOH~. HN03 >KenToe oKpawlllsaHIIIe, np111 
A06as11eHIIIIII ~e11oYHoro pacTsopa -
opaH>Keaoe 
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CDVI3VI"fECKVIE BEJlVI"fVIHbl B XMMVIVI 

0603Ha- HaHMeHoaaHHe aenH'·IHHbl Pa3Mep-

'18HHe HOCTb 

m 6 , m(CH4). Msccs ae~ecTas Kr, r 111 npo-

mcH4 H3BOAHble 

mel A6coniOTHaA aTOMHSA Msccs sToMa Kr, r 111 npo-

Macca aTOMa, Bblpa.>KeHHaSl a eAIIIHIIIL.tax MaCCbl 1113BOAHble; 

a.e.M. 

1 
npiiiMe'iaHIIIe: aTOMHaSl eAIIIHIIIL.ta MaCCbl (a.e.M.)- Macca 12 'iaCTIII aTOMa HYKJH1Aa 

yrnepoAa 12C 

1 a.e.M. = 1.667 • 1 Q-27 Kr 

Ar(35CJ) 0rHOCt.tTenbHSA STOMHaA MaCCa STOMa AaHHOrO Benlll'iiiiHa 

HYK11l-1Aa- MaCca aTOMa, OTHeCeHHaSl K 1/12 MaCCbl 6eapaaMep-

aTOMa yrnepOAa 12C. HaSl 

Ar(CI) 0THOCt.tTenbHSA STOMHSA MSCCa aneMeHTS - BenH'iiiiHa 

cpeAHSlSl Macca aTOMa aneMeHTa np111 ero 6eapaaMep-

npHpOAHOM 11130TOnHOM COCTaBe, OTHeCeHHaSl K 1 /12 HaSl 

MaCCbl aTOMa 12C. 

Mr. Mr(CH4) 0THOCt.tTenbHSA MOneK}fnApHSA MaCca - Benlll'iii!Ha 

OTHOWeHHe CpeAHelli MaCCbl MOneKynbl BeW,eCTBa K 6eapaaMep-

1/12 Maccbl aToMa 12C. PasHa cyMMe HaSl 

OTHOCHTenbHbiX aTOMHbiX MaCe aTOMOB, COC-

TaBnSliOW,HX MOneKyny. 

n(Ozl• n(cH4l Kont.t'leCTBO ae~ecTas MOnb 

1 MOJlb - TaKOe KOJllll'ieCTBO Bew,eCTBa, KOTOpOe 

COAeP.lKHT CTOnbKO CTpyKTypHbiX eAIIIHHL.t (aTOMOB, 

MOneKyn, HOHOB H AP· ), CKOnbKO aTOMOB 

COAeP.>KHTCSl B 12 r HyKllliiACi 12C (6.02 • 1Q23) 

M(cH4), Ms MonApHSA MSCCS - OTHOWeHHe MaCCbl Bew,eCTBa Kr/MOnb 

m 6 K KOnlll'ieCTBy sew,eCTB n 6 (r/MOnb) Ill 

ms npOIII3BOA-
Ms=- Hble 

ns 
NA noCTOAHHSA AaorSAPO MOnb - 1 

'-IIIICnO 'iaCT1114 B OAHOM Mane: NA = 6.02 • 1Q23 

3Ha'ieHIIIe NA HaXOAHTCSl aKcnepHMeHTanbHO. 

N "'MCnO 'laCTM4 (MOneKyn, aTOMOB, IIIOHOB) paBHO 'iaCTIIIL.tbl 

KOnlll'ieCTBY sew,eCTBa ('iiiiCny MOnell!), YMHO.>KeHHOMy 

Ha nocTOSlHHyiO AsorMpO: 

N = n • NA 

v<Bl 06'beM, aaHIIIMaeMbllli sew,ecTBOM B M3 (B XIIIMI!1111 

TaK)I(e n111Tp, n 
(1Q-3 M3)) 

VM(B) MonApHbiM o6'beM M3/MOnb 

06beM, KOTOpbli/i aaHIIIMaeT 1 MOJlb BeW,eCTBa. n/MOnb Ill 

PaseH OTHOWeHIIIIO o6beMa, aaHIIIMaeMoro npOIII3BOA-

BeW,eCTBOM, K KOJllll'ieCTBY sew,eCTBa: Hble 

v(B) (CM3/MOJlb Ill 
VM(B) = -- AP.) 

"<s, . nplll HOPMMbHbiX ycnOBIIISlX o6beM, KOTOPbllli 3aHIIIMaeT 

1 MOnb ltiAeMbHOro raaa, paseH 22,4 11 
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06o3Ha

'leHHe 

PB 

D 

<f>B 

xs; [8] 

HaHMeHoaaHMe aenH'IMHbl 

nnoTHOCTb &ell.leCTB8. 0THOWeHII1e MaCCbl 
BeW,eCTBa K 3aHII1MaeMOMy 111M 06beMy 

ms 
p=-

VB 
0THOCMTenbH8SI nnOTHOCTb r838 noKa3biBaeT, BO 
CK011bKO pa3 o6heM OAHOro ra3a 11erye (TSDKe11ee) 
TaKoro )l(e o6beMa APvroro, T.e. so CK011bKO pa3 
n110THOCTb OAHOfO ra3a 6011bWe (MeHbWe) 
n110THOCT111 APvroro. 1113 3aKoHa AsoraApo (s paBHbtx 
o6beMax pa311111YHblx ra3os np111 OAII1HaKOBbiX 
yC110BII1SIX COAep)l(lllTCSI OAII1HaKOBOe YII1C110 M011eKy11) 
C11eAyeT: 

P1 M1/22.4 M1 0=--= =--
p2 M2/22.4 M2 

MaccoaaH AOnSI sew,ecTsa B s cMeclll. 0THoweHII1e 
Maccbl sew,ecTsa B K Macce sceV. CMec111. AnSI 
CMec111 1113 Tpex sew,ecTB A, B 111 C: 

mB ws=---;;;.._ __ 
mA + mB +me 

Maccosy10 A01110 YaCTO Bbtpa)l(aiOT s npou,eHTax 

MonbHSSI AOnSI sew,ecTsa B s cMec111. 0THOWeHII1e 
K011111YeCTBa BeW,eCTBa 8 (Y111C11a ero M011eVt) K 
CyMMapHOMy K011111YeCTBy (Y111C11y M011eVt) BCex 
BeW,eCTB B CMeCII1. AnSI CMeCII1 Tpex BeW,eCTB: 

ns 
X = --:--'---:--

6 nA + ns + nc 

06beMH8SI AOnSI sew,ecTsa B s CMeclll. 0THoweHII1e 
o6heMa, 3aHII1MaeMoro sew,ecTBOM B, K o6heMy 
sceV. CMec111: 

MonHpHaSI KOH'-'eHTpa'-'MSI 

0THOweHII1e •mc11a M011eV. n6 sew,ecTsa B, 
COAeP)I(aW,IIlXCSI s pacTsope o6heMOM V, K o6heMy 
pacTsopa (s AM3 11111111 11111Tpax): 

xs = 
ns 

VpacTBOpa 
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npOII13BOA
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MepHaSI 

Be11111YII1Ha 
6e3pa3-
MepHaSI 

Ben111Y111Ha 
6e3pa3-
MepHaSI 
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PEWEHit1E 25 Tlt1nOBbiX PAC"'ETHbiX 3AAA"' 

0611.\He peKOMeHASqHH npH peweHHH XHMH'IeCKHX 38A8'1 

nepeA TeM, K3K npVIC"fYnl'ITb K peweHVIIO 3ap,a~VI, nOClle 8HVIMaTellbHOrO npO~TeHVI~ 

YCI108VI~ ClleAyeT: 

1. Bee ¢VI3WfeCKVIe 8ellVI~VIHbl, o KOTOpblx r080PVITC~ 8 ycll08VIVI, 8blpa3VITb 8 OAVIHaKo-

8biX eAVIHVIU,ax (HanpV~Mep, MaCCbl 8cex peareHT08- 8 KVIllorpaMMax VlllVI rpaMMax, 

o6beMbl 8cex ra308 - 8 llVITpax VlllVI MVIllllVIllVITpax VI T.A.). 

2. EcllVI 8 yCll08VIVI 3aA3lfVI VIMeiOTC~ AaHHble o6 o6beMax ra308, OTHeceHHbiX K ycllo-

8VI~M. He COOT8eTCT8yiOUJ,VIM HOpMallbHbiM ( 105 na, 0•C), TO, VICnOllb3y~ ypa8HeHVIe 

p v p v +1 = ~ 2 
, ClleAyeT nepeClfVIT3Tb 06beM ra3a Ha HOpMallbHble yCI108VI~. 

1 2 

3. 80 MHOfVIX Cllylfa~x U,ellecoo6pa?HO H3HTVI KOI1VIlfeCT83 pearVIpyiOUJ,VIX 8eUJ,eCT8 VI 

npOAYKT08 peaKU,VIVI (8 MOll~X). 

4. ECllVI npVI peweHVIVI 3aA3lfVI Heo6xOAVIMO ylfeCTb ypa8HeHV~e npoTeKatOw,er71 peaKU,VIVI, 

TO npVI ero COCT38lleHVIVI He06XOAVIMO H3HTVI K03Q:>Q:>V1U,VIeHTbl nepeA Q:>opMyllaMVI 

8eUJ,eCT8, 8XOp,s:IUJ,VIX 8 yp38HeHVIe peaKU,VIVI. 

5. EcllVI 8 ycll08VIVI 3aA3lfVI HeT yKa3aHVIH o lfVIClleHHOM 3HalfeHVIVI 8ellVIlfVIHbl, xapaKTe

pV~ayiOw,er71 VICXOAHYIO CVICTeMy, TO lf3CTO U,elleC006p33HO AOnyCTVITb, lfTO 83S1TO 100 r 

pacT8opa, 1 ll raao8olil CMeCVI VI T.A. 

6. YA06HO HeVI38eCTHOe, 0 KOTOpOM pelfb VIAeT 8 yCI108VIVI 3aA3lfVI, 8blp33VITb lfepe3 X. 

AMee Ha ocHo8aHVIVI XVIMVIlfecKoro ypa8HeHVI~ cocTaBll~IOT al1re6paV~lfecKoe ypa8-

H€HVIe VI, pewa~ ero, HaxOA~T X. ECJlVI HeVI38eCTHbiX A83, TO VIX 0603HalfaiOT lfepe3 X 

VI y, 3anVICb18310T CVICTeMy Vl3 A8YX al1re6paVIlfeCKVIX ypa8HeHVIH. PeweHVIe CVICTeMbl 

ypa8HeHVIH n0380ll~eT H3HTVI X VI y. 
7. npVI peweHVIVI 3aAalf aTOMHble Maccbl 8cex XVIMVIlfecKVIX 3lleMeHT08, KpoMe A (CI), . r 

OKpyrll~IOT AO u,elloro 3HalfeHVI~. All~ Ar(CI) npVIHVIMaiOT 3HalfeHVIe 35,5. 

1. OnpeAeneHMe OTHOCMTenbHOM uoneK}'nSIP
Hoit uaccbl Mr 

Ycnosne: KaKosa OTHOCII1TE!IIbHaSI MoneKynSipHaSI 
Mace a Mr HII1Tpo6eHaona CeH5N02? KaKosa 
MoneKynSipHaSI Macca aToro sew,ecTsa s a.e.M.? 
PeweHne: 
Mr = 6Ar(C) + 5Ar(H) + Ar(N) + 2Ar(0) = 6X12 + 
5 X 1 + 14 + 2 X 16 = 123 
AnSI HaXO)I(,QeHII1SI MaCCbl MOneKynbl HII1Tp06eH30na 
B a.e.M. HaAO HaliiAeHHOe 3HaYeHII1e YMH0)1(111Tb Ha 
1 a.e.M .. nonyYaeM 123 a.e.M. 
Orser: 123; 123 a.e.M. 

2. OnpeAeneHMe uaccbl aToua a rpauuax 

Ycnosne: KaKosa Macca s rpaMMax 1 aTOMa 131 1? 
PeweHne: 06oaHaYII1M Macey 1 aToMa 131 1 Yepea 
x. CocTaBII1M aan111cb: 1 MOnb aTOMOB 131

1 COAep
)1(111T 6,02•1023 

aTOMOB, 111X MaCca 131 f/MOnb 1 
131 

aToM I 111MeeT Macey x r. 
CocTaBII1B nponopu,11110 111 pew111s ee, HaxOA111M: 

1 . 131 
x = = 2. 18 · 1 o-22 r 

6,02. 1023 

-22 Orser: 2,18 ·10 r. 
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3. OnpeAeneHMe otMcna uoneKyn a nop~MM 
Bell.leCTB8 

Ycnosne: CKOnbKO MOneKyn BOAbl coAeP)I(IIlTCSI s 1 
Kanne BOAbl Maccol/1 0,03 r? 
PeweHne: 06oaHaYII1M YII1Cno MoneKyn BOAbl s 1 
Kanne Yepea x. CocTaBnSieM aanii1Cb: 
1 MOnb BOAbl, Macca 18 r, COAep)I(II1T 6.02 • 1023 

MoneKyn, 
Macca 0.03 r- x MoneKyn 
CocTaBII1B nponopu,11110 111 pew111s ee, HaXOA111M: 

18 6,02·1023 0,03·6,02·1023 21 
0,03 X X= 18 = 10 MOJleKyll 

Orser: 1021 MoneKyn 

4. OnpeAeneHMe uaccoaoit AOnM 3neMeHTa a 
COeAMHeHMM 

Ycnosne: KaKosa MaccosaSl AOllSl ¢oc¢opa s 

¢oc¢aTe KallbU,II1Sl Ca3(P04 )2? 
PeweHne: 

2·Ar(PI 
w(PI = ----:------

3 • Ar(Ca) + 2(Ar(PI + 4Ar( 01 ) 

2·31 ------- = 0.2 YlllYI 2QCI.-
3•40 + 2(31 + 4·16) 



Orser: w = 0.2 111JH1 20% 

5. OnpeAeneHMe uonHpHOM uaccbl M 
YcnosHe: KaKosa M011SipHaSI Macca sew,ecTsa, ec11111 
Macca 2.5 M011b amro sew,ecTsa pasHa 250 r? 
PeweHHe: 1113 yc110BII1SI C11eAyeT, YTO n = 2.5 M011b, 
am= 250 r. 

m 250 
M6 = -n- = 2.5 = 100 r/Mol1b 

Orser: 100 r/M011b 

6. OnpeAeneHMe uaccoaoro OTHOWeHMSI 
aneMeHTOB B COeAMHeHMM 

Yc11osHe: KaKoso Maccosoe OTHoweHIIle yrnepoAa, 
BOAOPOAa 111 K111C110POAa B r1110K03e CeH1205? 
PeweHHe: 0THoweHII1e Mace a11eMeHTOB s aTOM 
COeA111HeHII1111 paBHO: 
mc:mH:mo = 6 Ar(C}: 12 Ar(H}: 6 Ar(O} = 6·12: 
12. 1 : 6. 16 = 6:1:8 
Orser: mc:mH:m0 =6:1:8 

7. OnpeAeneHMe o6beua, KOTOpbiM aaHMMaeT 
nop'-'MSI raaa npM HOpManbHbiX ycnOBMSIX 
(H.y.) 

YcnosHe: KaKO~ o6heM (H.y.) 3aHII1MaiOT 66 r 
C02? 
PeweHHe: 06o3HaYII1M o6heM, KOTOpbr~ 3aHII1MaeT 
66 r C02, Yepe3 x. CocTaBIIIM 3anii1Cb: 
1 M011b C02 Macca 44 r- o6heM 22.4 11 

Macca 66 r - o6beM x 11 
PeweHIIle nponopu.111111 no3B011SieT Ha~TIIl x: 

Orser: 33.6 11. 

X= 22.4·66 = 33.611 
44 

8. OnpeAeneHMe Tennoaoro act>ct>eKTa 
peaK'-'MM 

Yc11osHe: Mo11SipHaSI Ten110Ta cropaHIIISI yrnSI Ha 
B03Ayxe 393.5 ~/M011b. CK011bKO Ten110Tbl 
Bb1Ae11111TCSI np111 n011HOM cropaHII1111 1 Kr yrnSI? 
PeweHHe: 1113 yc110BII1SI c11eAyeT, YTO Macca cro
peswero yrnSI 1 Kr, T.e. 1000 r. 06o3HaYII1M 
K011111YeCTBO Ten110Tbl, BbiAellSIIOW,eeCSI np111 cropa
HII1111 1000 r yrllSI Yepe3 X, 111 COCTaB11SieM 3anii1Cb: 
np111 cropaHII1111 1 M011b yrnSI, Macca 12 r, 
Bb1Ae11SieTCSI 393.5 ~ TenJlOTbl 
np111 cropaHII1111 1000 r yr11SI, Bb1Ae11SieTCSI x K,L:VK 
ren110Tbl 
PeweHIIle nponopu.111111 noos011SieT Ha~TIIl x: 

X= 1000 • 393·5 = 32800 K,!J,JK IVHII 32.8 M,ll,JK 
12 

Orser: 32.8 M,[J)K 

9. OnpeAeneHMe uaKCMManbHoro BbiXOAa 
npOAyKTa peaK'-'MM 

Yc11osHe: CK011bKO MaKCIIIMMbHO 11111Tpos (H. y.) 
BOAOPOAa MO)I(HO n011YYII1Tb, 111Cn011b3YSI 45.5 r 
U.lllHKa 111 11136b1TOK C011SIHO~ KII1C110Tb1? 
PeweHHe: 3anll1weM ypasHeHIIle npoTeKaiOw,e~ 
peaKU.II1111. BHII13y, nOA $OpMy11aMII1 COOTBeTCTByiO
W,IIlX BeW,eCTB, 3anii1CbiBaeM 111X M011SipHyiO Macey 
(nOA 3HaKOM Zn) 111 M011SIPHbl~ o6beM (nOA <t>op-

MY110~ H2). Csepxy 3anii1CbrsaeM Maccbr npopea
rlllposaswero U.lllHKa 111 o6heM BbiAe11111BwerocSI 
BOAOPOAa (0603HaYII1M ero Yepe3 x): 

45.5 r x 11 
Zn + 2HCI = ZnCI2 + H2 i 
65 r/M011b 22.4 11/M011b 

1113 nponOPU.II1111: 

45,5 X 

65 22,4 

HaXOAIIIM, YTO X= 15.7 11. 
Orser: 15.7 11. 

10. OnpeAeneHMe peanbHoro BbiXOAa 
npOAYKTa peaK'-'MM 

YC110SHe: nplll npoKa11111BaHII1111 15,8 r nepMaHraHa
Ta KMIIISI KMn04 n011yYeHO 0,896 11 (H. y.) KII1C110-
p0Aa. KaKos BbiXOA KII1C11opoAa s AaHHOM c11yYae? 
PeweHHe: 3anii1CblsaeM ypasHeHIIle peaKU.111111 

15,8 r V 
2KMn04 = K2Mn04 + Mn02 + 02 
2 • 158 r /M011b 22,4 11/M011b 

np111 MaKCII1Ma11bHOM ( 1 00%-HOM) BbiXOAe 06beM 
BbiAe11111BWerOCSI KII1C110POAa V MO)I(HO Hamill 1113 
nponopu.111111: 

15,8 r V 

2. 158 22,4 
V=1.1211. 

TaK KaK, s cooTseTCTB111111 c AaHHbiMII1 yc110BII1SI, 
n011yYeHO 0,896 11 KII1C110POAa, TO, C11eAOBaTe11bHO, 
BbiXOA KII1C110pOAa paBeH: 

0.896 
q = 1.12 = 0.8 IVHII 80% 

Orser: 80%. 

11. OnpeAeneHMe BbiXOAa npoAyKTa no 
CTeXMOMeTpM'teCKMM COOTHOWeHMSIM 

Yc110sHe: CK011bKO rpaMMOB a30THO~ KII1C110Tbl 
HN03 MaKC111Ma11bHO MO)I(HO no11yYII1Tb 1113 44.8 11 
(H.y.) a3oTa? 
PeweHHe: C yYeTOM TOrD, YTO B OAHO~ M011eKy11e 
HN03 COAeP)I(IIlTCSI 1 aTOM a3oTa, cocTaB11SieM 
3anll1cb: 

44,8 
N2 ~ 
22,4 

X 

2HN03 
2X63 

0603HaYII1B Macey 06pa3yiOW,e~CSI np111 1 00%-HOM 
BbiXOAe a30THO~ KII1C110Tbl Yepe3 X, 3anii1CbiBaeM 
nponopLJ.IIliO: 

44,811 
22,411/MOI1b 

1113 Hee HaXOA111M, 'iTO 

X 

2 ·63 r/MOI1b 

44.8. 2. 63 
x = = 252 r 

22.4 
Orser: 252 r. 

12. OnpeAeneHMe COAeplKaHMSI OCHOBHOrO 
KOMnOHeHTa (MnM COAeplKaHMSI npMMeCM) B 
MCXOAHOM &ell.leCTBe 

Yc11osHe: KaKoso COAep)l(aHIIle (s npou.eHTax) 
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CaC03 s o6pa31..4e 1113secTHSIKa, np111 Afiii1Te11bHOM 
npOKal1111SaHII1111 400 r KOTOporo n011yYeHO 78,4 11 
C02 (H.y.)? 
PeweHHe: 3anll1weM ypasHeHII1e peaKL4111111: 

x r 78,4 11 
CaCOs = CaO + C02 
100 f/M011b 22,4 11/M011b 

06o3HaYII1M yepe3 x r Macey CaC03, pa3110)I(eHII1e 
KOTOpOiil npii1SOAII1T K no11yYeHII110 78,4 11 C02. 1!13 
COOTSeTCTSyiOW,eiil nponop1..4111111 HaXOA111M, 'iTO 

x = 78.4. 1 oo = 350 r 
22.4 

TaKII1M o6pa30M, COAep~HII1e caco3 s 111CXOAHOM 
06pa31..4e COCTaS11SieT: 

350 
q = 400 = 0.875 lVII/I 87.5% 

npii1Meceiil S 111CXOAHOM 06pa31..4e 100- 87,5 = 
12,5% 
Orser: 87,5% 

13. OnpeAeneHMe BbiXOAa peaK'-'MM, KOrAa 
0AH0 M3 MCXOAHbiX &ell.leCTB B3SITO B M36biTKe. 

YcnosHe: CK011bKO rpaMMOs nosapeHHOiil co11111 
NaCI MO)I(HO no11yY111Tb, ec11111 cMewaTb ASa pac
Tsopa, OAII1H 1113 KOTOpbiX COAep)l(lllT 29,2 r HCI, a 
APYroiil 44 r NaOH? 
PeweHHe: 3anii1CblsaeM ypasHeHII1e npOTeKaiOw,eiil 
peaKL4111111: 

29,2 44 
HCI + NaOH = NaCI + H20 
36,5 40 

r /M011b r /M011b 

HaxOA111M, YTO s CJlyYae HO OTHoweH~~~e ~::~ = 0.8 

44 
M011b MeHbWe, YeM s CJlyYae NaOH 4Q = 1, 1 MOJlb. 

TaK KaK B AaHHOiil peaKL4111111 sew,ecTsa pear111py10T s 
pasHOM011SipHblx K011111YecTsax (Ha 1 M011b HCI 
paCXOAYeTCSI 1 M011b NaOH), TO S A(iHHOM C11yYae 
NaOH S3SIT s 11136biTKe. noomMy pacYeT MaCCbl 
o6pa3osaswerocSI NaCI se,l:\eM no Macce 1113pacxo
AOSaHHoro n011HOCTbiO HCI: 

29,2 x r 
HCI + NaOH = NaCI + H20 
36,5 r/M011b 58,5 r/M011b 

HaxOA111M, YTO: 

x= 
29.2. 58.5 - 6 

36.5 -4 ,8 r 

Macey o6pa3yiOw,erocSI NaCI MO)I(HO HaiiiT111 TaK)I(e, 
YY111TbiSaSI, YTO 1113pacxoAosaHo 0,8 M011b HCI 111, 
C11eAOSaTellbHO, 06pa3yeTCSI TaK)I(e 0,8 M011b 
NaCI. TorAa Macca NaCI pasHa: 

0,8 • MNaCI = 46,8 r 
Orser: 46,8 r. 

14. OnpeAeneHMe cocTaaa raaoaoi.t cuecM (a 
06beMHbiX npo'-'eHT8X) 

YcnosHe: 2011 (H.y.) aMMII1aKa nponyCTII111111 yepe3 
Harpel)'IO AO 350°C Tpy6KY C )l(eJ1e3HbiM KaTa11111-
3aTOPOM. 06beM n011yYeHHOiil ra30SOiil CMeCII1 
(H.y.) paseH 25 11. KaKOs cocTas no11yYeHHOiil 
ra3osoiil CMec111 (s o6beMHblx npo1..4eHTax)? 
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PeweHHe: npll1 nponycKaHII1111 aMMII1aKa HaA Harpe
TbiM KaTa111113aTOpOM npOTeKaeT peaKI..4111SI: 

2NH3 = N2 + 3H2 
211 111 311 

np111pOCT 06beMa 6.V np111 pa3110)1(eHII1111 2 11 aMMII1a
Ka paseH 1 + 3 - 2 = 2 11. 0603HaYII1S 06beM 
pa3110)1(111SWerOCSI aMMII1aKa Yepe3 X 11, 111 yYTSI, 'iTO 
yseJ1111YeHII1e 06beMa COCTaSII1110 25 - 20 = 5 11, 
MO)I(HO 3anii1CaTb: 
Pa3110)I(eHII1e 2 11 aMMII1aKa npii1SOA111T K so3pacTa-
HII110 o6beMa Ha 2 11 
Pa3110)I(eHII1e x 11 aMMII1aKa npii1SOAII1T K so3pacTa
HII110 o6heMa Ha 5 11 
1!13 nponop1..4111111 

2 2 5· 2 
-x- = S HaXOA111M, YTOX = - 2- = 5 11 

TaKII1M o6pa30M, S CMeCII1 OCTa110Cb 20- 5 11 
aMMII1aKa. YYII1TbiSaSI ypasHeHII1e peaKL.4111111, Haxo
A111M o6beM o6pa3osaswerocSI np111 pa3110)I(eHII1111 
511 aMMII1aKa SOAOPOA<i b 111 a30Ta a: 

5 11 a b 
2NH3 = N2 + 3H2 
211 111 311 

1. 5 3·5 
a=--=2511 b=--=7.511 

2 2 

B CMeCII1 06beMHOe COAeP~HII1e aMMII1aKa 15/25 
= 0,6 11111111 60%, 06beMHOe COAep~HII1e a30Ta 
2.5/25 = 0,1 11111111 10%, 06beMHOe COAep~HII1e 
SOAOPOAa 7,5/25 = 0,3 11111111 30%. 
Orser: N2 10%, H2 30%, NH3 60%. 

15. OnpeAeneHMe o6beua raaa, pacxoAyeuoro 
Ha npoaeAeHMe peaK'-'MM c APyrMMM raaaMM 

YcnosHe: KaKoiil MII1H111Ma11bHbliil o6beM KII1C11opo,qa, 
COAep~w,ero 10 06beMH. % 030Ha, He06XOAII1M 
AfiSI no11Horo C)l(ll1raHII1SI 4 11 nponaHa C3H8? 
PeweHHe: CocTaS11SieM ypasHeHII1e peaKL4111111 
ropeHII1SI nponaHa S aTMOC<!>epe KII1C110POAa: 

411 X11 

~Ha + 502 = 3C02 + 4H20 
111 511 

AnSI n011HOf0 C)l(ll1faHII1SI 4 11 nponaHa Tpe6yeTCSI X 

5·4 = -
1 

- = 20 11 02. np111 S3aii1MOAeiilcTSII1111 030Ha C 

nponaHOM TaK)I(e o6pa3yeTCSI C02 111 BOAa. no:no
MY MO)I(HO np111HSITb, YTO s peaKL411110 c nponaHOM 
SCl)'naeT CMeCb, Ka)I(Abliil 11111TP KOTOpOiil COAeP)I(111T 
0,9 11 02 111 0,1 11 03. np111 npespaw,eHII1111 S KII1C110-
POA 0 2 o3oHa o6beM yse11111YII1saeTCSI s 1,5 pa3a: 

203 = 302 
np111 :3TOM 1113 0,1 11 0 3 o6pa3yeTCSI 0,15 11 0 2. 
TaKII1M o6pa30M, 1 11 111CXOAHOiil CMeCII1 KII1C110POAa 
111 030Ha :3KSII1Sa11eHTeH 0,9 + 0,15 = 1,051102. 
noaToMy AfiSI n011Horo cropaHII1SI 4 11 nponaHa 

20 
He06XOAII1MO V = 1_

95 
= 19,0511 KII1C110POAa, 

COAep~w,ero 1 0 OObeMH. % 030Ha. 
Orser: 19,05 11. 

16. OnpeAeneHMe uoneKynHpHoi.t 4Jopuynbl 
ae~eCTB8 nO OTHOCMTenbHOM nnOTHOCTM ero 
napoa 



Ycnosne: 0THOCHTe11bHaSI n110THOCTb napos 
yr11eSOAOPOAa no S03AYXV 2,69. MaccosaSI A011SI 
SOAOPOAa S COeA111HeHitWI 7 ,69%. KaKOSa M011eKy-
11SipHaSI ¢opMy11a yr11eSOAOpo,qa? 
PeweHHe: 0603Ha'iii1M OTHOCHTe11bHYIO M011eKy-
11SIPHYIO Macey yrneSOAOPOAa K3K Mr- lt13 COOTHO-
WeHII1~ M M __ .:...r__ = __ r = 2.69 

Mr(Bo3AYX} 29 

HaxOAII1M, 'iTO Mr = 29 • 2,69 = 78. TaK KaK Macca 
M011eKy11bt S a.e.M. 'iii1C11eHHO pasHa OTHOCII1Te11b
HO~ M011eKy11SipHOiil Macce, TO M011eKy11SipHaSI 
Macca yrnesoAopo,qa 78 a.e.M. 
Ha sOAOPOA s yrnesOAOPOAe npii1XOAII1TCSI 
78 • 0,0769 = 6 a.e.M. C11eAOSaTe11bHO, S COCTase 

6 
M011eKy11bl aTOMOS SOAOpo,qa: -

1
- = 6. Ha yrne-

POA npiiiXOAHTCSI 78- 6 = 72 a.e.M. '-1111c11o aTO

Mos C s M011eKy11e pasHo: ~; = 6. TaKII1M o6pa-

30M, <PopMy11a yr11eSOAOPOAa (4,H6 (6eH3011). 
Orser: C,Hs. 

17. OnpeAeneHMe cocTaaa ra3oaoM cuecM 

Ycnosne: 0THOCHTe11bHaSI n11oTHOCTb 30 11 cMecll1 
MeTaHa CH4 111 a3oTa N2 no re1111110 pasHa 5. 
CK011bKO 11HTpos .MeTaHa 111 a3oTa S3SITO AJ1SI 
npll1rOTOB11eHII1SI CMeCII1? 
PeweHHe: CHa'iana HaxOA111M cpeAHIOIO OTHOCII1-

TellbHYIO M011eKy11SipHyiO Macey CMeCII1 M r· 

Mr - Mr 
--- - -4- = 5, 111 M = 4. 5 = 20 
Mr(He) r 

nyCTb MeTaHa S3SITO X 11, TOr,qa a30Ta S3SITO (30 -
x) 11. Macca 1 11 MeTaHa 16/22,4 r. a Macca 1 11 
a3oTa - 28/22,4 r. Macca x 11 MeTaHa 
(16/22,4) ·x r, a Macca (20- x) 11 a30Ta pasHa 
(28/22,4) • (30- x) r. Macca 1 11 cMec111 pasHa 
20/22,4 r, a Macca 3011 CMeCII1- (20/22,4) • 30 r. 
0YeS111AHO, 'iTO 

16x 28(30-x) 20·30 
22.4 + 22.4 = 22.4 

PewaSI ypasHeHII18 OTHOCII1TellbHO X, HaXOA111M, 'iTO X 

= 20. TaKII1M o6pa30M, AJ1SI np111roTOBJ1eHII1SI cMecll1 
6bl110 S3SITO 20 11 MeTaHa 111 30 - 20 = 1 0 11 a30Ta. 
Orser: 20 11 MeTaHa 111 10 11 a30Ta. 

18. OnpeAeneHMe cocTaaa coneM a pacTaope 

Ycnosne: B pacTsope cMewa11111 9,8 r H2S04 111 
6,5 r NaOH. KaKII1e co11111 111 s KaKII1x K011111YecTsax 
o6pa3osan111cb? 
PeweHHe: npii1MeM, 'iTO CMeWII1SaHII1e npoXOAIIIJlO 
TaK, 'iTO pacTsop NaOH MeAJ1eHHO s11111sa11111 s 
paCTSOp cepHOiil KII1C110Tbl. nepsOHaYa11bHO S 
KII1C110iil cpeAe npoTeKana peaK~II1SI: 

NaOH + H2S04 = NaHS04 + H20 

B 111CXOAHOM pacTsope 6b1110 ~= = 0,1 M011b 

cepHoiil K111C110Tbl. Kor,qa s pacTsop sse11111 4,0 r 
NaOH (T.e. 0,1 M011b NaOH), To cepHaSI KII1C11DTa 
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npopear111posa11a n011HOCTbiO (KaK S111AHO 1113 
ypasHeHII151 peaK~II1111, np111 peaK~II1111 M011SipHoe 
OTHoweHII1e peareHTos 1:1 ). B pe3y11bTaTe o6pa-
3osa110Cb 0,1 M011b KII1C110iit C011111 NaHS04 . 

npll1 nOC11eAYIOW,eM A06as11eHII1111 s paCTSOP 
OCTaSWII1XCSI 6,5 - 4 = 2,5 r NaOH, T.e. 0,0625 
M011b, npOTeKaeT peaK~II1SI o6pa30SaHII1SI 1113 KII1C-
11Diil C011111 CPeAHeiil: 

NaHS04 + NaOH = Na2S04 + H20 
C 0,0625 M011b NaOH npopear111pyeT 0,0625 M011b 
NaHS04 111 o6paayeTCSI 0,0625 M011b CPeAHe~ 
co11111 Na2S04. B pe3y11bTaTe s pacTsope 6yAeT 
HaXOAHTbCSI 0,0625 M011b Na2S04 111 0,1 - 0,0625 
= 0,0375 M011b NaHS04. 
Orser. 0,0625 M011b Na2S04 111 0,0375 MOJlb 
NaHS04 

19 -22. npMrOTOBn8HM8 p8CTBOpa C 38A8HHOM 
M8CCOBOM AOneM p8CTBOp8HHOrO B8ll.l8CTB8 

a) Ycnosne: CK011bKO rpaMMos caxap03bl HaAo 
paCTSOpHTb S 250 r SOAbl, YT06bl no11yYHTb 
paCTSOp C MaCCOSO~ A011e~ caxap03bl 0,3 (30%)? 
PeweHne: 06o3Ha'iii1M Macey 111Cn011b30saHHO~ 
caxapo3bl yepe3 x r. Macca pacTsopa pasHa 
(250+x) r 111, C11eAOSaTe11bHO 

X 

250 +X = 0·
3 

PewaSI aTo ypasHeHII1e, HaxOA111M, 'iTO x = 107 r. 
Orser: 107 r. 

6) Ycnosne: CK011bKD rpaMMos MeAHOro Kynopoca 
CuS04 • 5H20 HaAO AD6aSII1Tb K 300 r 2%-ro 
paCTSOpa CY11b¢aTa MeA111, YT06bl n011Y'i111Tb 5%
Hbli:1 paCTSOp? 
PeweHHe: 0TMeTII1M, 'iTO s 300 r 2%-ro pacTsopa 
COAep)KaHII1e CuS04 pasHO 0,02 • 300 = 6 r. 
0603Ha'iii1M Tenepb Macey A06as11SieMoro s 
pacTsop CuS04 • 5H20 yepe3 x. TaK KaK M011SipHaSI 
Macca CuS04 • 5H20 pasHa 250, a M011SipHaSI 
Macca CuS04 - 160, TO MaccosaSI A011SI 1~g3-SDAHOro CuS04 s CuS04 • 5H20 pasHa 250 = 
0,64. C11eAOSaTe11bHO, s x r MeAHOro Kynopoca 
COAep)KaHII1e 6e3SOAHOro CuS04 COCT3811SieT 
0,64x. C yYeTOM :3TOrD MO)I(HO COCTaSII1Tb 
ypasHeHII1e: 

6 + 0.64x 
300 + X = 0.05 _ 

PeweHII1e aToro ypasHeHII1SI no3s011SieT Haii1T111, YTD 
x = 15,25 r. 
Orser: 15,25 r. 

a) Ycnosne: CK011bKO MIII111111111111Tpos sOAbl HY)I(HO 
A06asii1Tb K 100 M11 30%-ro paCTSOpa C011SIH0.:1 
KII1C110Tbl C n110THOCTbiO 1,15 r /M11, YT06bl 
n011YYII1Tb pacTsop c Maccoso~ AD11e~ HCI 5%? 
PeweHHe: YYII1TblsaSI, YTO n110THOCTb pacTsopa 
1,15 r/M11, HaXOA111M Macey 111CXOAHOrO paCTSOpa: 

m = pV = 1, 15 • 1 00 = 115 r 
lt1CXOAHbllit paCTSOp 30%-Hbllil, C11eAOSaTe11bHO, S 
HeM COAep)I(111TCSI 0,3 • 115 = 34.5 r HCI. 
Ec11111 Macey A06as11SieMol1 sOAbl o6o3HaYII1Tb 
Yepe3 X r, TO MO)I(HO 3anii1CaTb ypasHeHII1e: 

34,5 
----'---- =0.05 

115 +X 

0TCIOA3 X= 575 r. 



Orser: 575 r. 

r) Ycnosne: CKOJlbKO rpaMMOs BaO HaAO A06a
s111Tb K 1 00 r SOAbl, 'iT06bl nolly'iliiTb 5%-HbiH 
paCTSOp? 
PeweHne: nplll SHeCeHIIIIII BaO s SOAY npOTeKaeT 
peaKL.4111SI: 

X y 
BaO + H20 = Ba(OH)2 
153 171 

0603Ha'ii!IM Macey 8a0, KOTOpbllil HMO A06aSIIITb, 
Yepe3 x. TorAa Macey o6pa3yiOw,erocSI s soAe 
Ba(0H)2 y MO)I(HO Sblpa3111Tb KaK 

171x 
y= 1'53 = 1.12x 

C y'ieTOM Toro, 'iTO 1113 x r BaO o6pa3yeTCSI 
1,12x r Ba(OH)2, MO)I(HO 3ani!ICaTb ypasHeHIIIe: 

1.12x 
100 +X = O.OS 

PeweHIIIe ypasHeHIIISI AaeT x = 4,67 r. 
Orser: 4,67 r. 

23. npHrOTO&neHHe p8CTBOp8 C 38.Q.8HHOM 
MOnSipHOM KOH~eHTP8~HeM 

Ycnosne: CKOllbKO rpaMMOs cynbcpaTa HaTpiiiSI 
Na2S04 • 1 OH20 Heo6XOAIIIMO AJlSI nplllroTosneHIIISI 
0,5 11 paCTSOpa C MOllSipHOH KOHL.4eHTpa1..4111elil 
0,02 MOJlb/11? 
PeweHHe: nplllrOTOSJlSieMbiH paCTSOp AOJl)l(eH 
COAeP)I(B.Tb 0,5' 0,02 = 0,01 MOJlb sew,ecTsa, T.e. 
0,01 MOJlb Na2S04 . 0,01 MOJlb Na2S04 COAep)I(IIIT
CSI S 0.01 MOJlb Na2S04 • 1 0H20. ClleAOSaTellbHO, 
AJlSI nplllfOTOSJleHIIISI paCTSOpa H~HO 111CnOJ1b30SaTb 

m = 0,01 • M(Na~04 • 10H20) = 0,01 • 322 = 3,22 r 
Orser: 3,22 r. 

24. OnpeAeneHHe ~opuynbl opraHHotecKoro 
Bell.leCTB8 no ASHHbiM 0 Macce npOAYKTOB 
peaK~HH 

Ycnosne: np111 nonHOM cropaHIIIIII 6,0 r opraHIII'iec
Koro sew,ecTsa nony'ieHo 8,8 r C02 111 3.6 r sOAbl. 
nnoTHOCTb napes opraHIII'ieCKoro sew,ecTsa no 
sOAOPOAY pasHa 30. KaKosa MOlleKyllSipHaSI 
cpopMyna sew,ecTsa? 
PeweHne: CHa'iana HaXOAIIIM MOlleKyllSipHyiO 
Macey sew,ecTsa. 0Ha pasHa Mr = 2 • 30 = 60. 
nopi..4111SI sew,ecTsa Maccoiil 6,0 r coAeP)I(IIIT 

Ar(C} 12 
yrnepOAa 8.8 = 8.844 = 2.4 r 

Mr(CO:j 
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= ..1..:..!._ = 0.4 r. 
18 

0,4 + 2,4 < 6,0 Ill, ClleAOSaTellbHO S COCTaS 
sew,eCTSa SXOAIIIT TaK)I(e KIIIC110pOA. Ero S nOp1..4111111 
sew,ecTsa Maccoiil 6,0 r m0 = 6,0 - 2,4- 0,4 
=3,2 r. 
8 MOlleKYlle sew,eCTSa OTHOWeHI/Ie 'iiiiCell aTOMOS 
C, H 111 0 pasHo: 

. • - 2,4 - 0,4 3,2 nc.nH.no- 12- -1-=16 = o,2: o,4: o.2 = 1 : 2: 1 

npocTelilwaSI cpopMyJla sew,ecTsa CH20· 3Ha'ie
HIIIe Mr AJlSI TaKoiil cpopMyllbl pasHO Mr = 12 + 2 • 1 
+ 16 = 30. TaK KaK :Ho 3Ha'ieHIIIe s ASa pa3a 
MeHbwe Mr sew,ecTsa (60:30), TO, cneAosaTellb
HO, M011SipHaSI cpopMyna sew,ecTsa 6yAeT C2H40 2. 
TaKolil cpopMyne oTseYaeT cpopMyna yKcycHoiil 
KIIICJlOTbl CH3COOH 111 MeTIIIllosoro acp111pa 
MypasbiiiHOiil KIIICJlOTbl HCOOCH3 . 

Orser: cpopMyna sew,ecTsa C2H40 2. 

25. OnpeAeneHHe uoneKynHpHOM ~opuynbl 
OpraHH'teCKOrO &ell.leCTB8 no ASHHbiM 0 
npOAYKTe peaK~HH 

Ycnosne: np111 o6pa6oTKe 14,8 r OAHOOCHOSHOiil 
Kap60HOSOiil KIIICJ10Tbl 11136biTKOM 1..4111HKa nOJly'ieHO 
2,24 11 SOAOPOAa. KaKOsa MOlleKyllSipHaSI cpopMy
lla KIIICJ10Tb1? 
PeweHne: nony'ieHo 2,24:22,4 = 0,1 MOllb H2. 
TaK KaK KIIICJlOTa OAHOOCHOSHaSI Ill 1113 Ka~Oiil ee 
MOlleKyllbl MeTallll SbiTeCHSieT TOJlbKO 1 aTOM 
SOAOPOAa, TO, ClleAOSaTellbHO, KIIICJ10Tbl IIICnOJ1b-
30SaHO 0,1 • 2 = 0,2 MOllb. MonSipHaSI Macca 

KIIICJ10Tbl pasHa 
1 ~.~r = 74 rjMOJlb. 

8 06W,eM SI/IAe cpopMylly OAHOOCHOSHOiil KIIICJ10Tbl 
MO)I(HO 3an111caTb KaK CnH2n+1COOH, 111 3Ha'ieHI!Ie 
Mr = 12 • n + (2n + 1) • 1 + 12 + 2 • 16 + 1. AnSI 
OnpeAelleHIIISI n COCTaSJlSieM ypasHeHIIIe: 
12 • n + (2n + 1) • 1 + 12 + 2 • 16 + 1 = 7 4 
PewaSI aTo ypasHeHI!Ie, HaXOAIIIM, 'iTO n = 2, 111 
MoneKyllSipHaSI cpopMyna KIIICllOTbl C2H5COOH 
(npOniiiOHOSaSI KIIICJlOTa). 
Orser: C2HsCOOH 

asrop 38A8'1 C.C. 5ep,qOHOCOS 
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