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IIKOJLHUKOB 10 xumuu 2020-2021 yuyeOHblii roa

9 kJjacce

3apaua 9- 1. ®opmyna nutbeBoit coabl NaHCO; - 2 6anna. YcraHoBieHue GopMyibl
0 MaCCOBBIM JIOJISIM 3JIEMEHTOB — 2 6aina. KOHBIH XUMUK JOKa3all 3aKOH MTOCTOSTHCTBA
cocTaBa BemiecTBa - 2 Oawia. B paboTe ydyacTHHMKa OJIMMITHAABI 1aHa POPMYITHUPOBKA
3TOTO 3aKoHa — 2 6ayia. ABTOPOM 3TOTO 3aKOHA ABIsiETCS (ppaHIry3cKkuit xuMuk JKozed-
Jlyn-Ilpyct — 2 Gama.

3anaua 9-2.

CaO + 2 HCl —CaCl, + H,0O 2 banna
M(CaO)= 56 r/moib

n(Ca0) =22,4/56 = 0,4 momnb 1 6ann
n(HCl)=2 -0,4 = 0,8 mob 1 6ann
MHCH=M -n=0,8-36,5=292r 2 bamna
o(HCI) =29,2/73 = 0,4 (40 %) 2 banna
m(CaCly) = 0,4*111 = 44 4r 1 Gamn

m (pactBopa) = 73 + 22,4=95,4r 2 Oamna
o(CaCl,) = 44,4/95,4 = 0,465 1 Gamn

3anaua 9-3. Hanmcansl 2 ypaBHEHHUSI peaKIUil pa3yioxKeHUs] KapOOHATa KaJIbIIUSI U
kapOonara ammonus. CaCO; = CaO + CO; 1 6am,

(NH4 )2 CO3; =2NH3 + CO, + H,0 2 OaJjuia.
B TBepoM ocTaTke HaXOAATCS KapOOHAT HATPHUS M OKCH KanbIus -1 Oa.
[TycTh uyuciao monb KapOOHaTa KajbIlusi B MCXOJAHOW CMECH PaBHO X; YHCJIO MOJb
KapOoHaTa HATpHs y MOJIb; YUCIO MOJIb KapOoHata  amMMoOHHsS Z Moib. CocTaBiieHa
cucTeMa anreOpanuyecKkux ypaBHEHUM ¢ 3-ms Heus3BecTHbIMU — 3 Oasta. Pemienue
CHUCTEMBI YPaBHEHHH JaeT OoTBETHI mo 3agade: X = 0,05 monp, y = 0,1 monb, Z = 0,025
MoOJIb - 3 Gaia.
3apaua 9-4. 3a KaXIblil MPAaBUIILHO ONPEACIICHHBIN AIEMEHT — 10 10amty:

A-Si,B-S, C-SiSy D -SiOy, E - SO,. (5 6amoB)
YpaBHEHHS PEAKIIUI:

Si+2S=SiS; (2 6amma)
SiS; +3 0, =SiO; + 2 SO, (2 6amna)
SO, + Ca(OH), = CaS0O; | + H,0O (1 6amn)
Zamaua 9-5.  1/2N; + 3/2H; = NH3 + AH® , coryiacHO onpe/iesieHuIo TeTI0ThI

oOpazoBanus BemiecTB (3 Gara)

Bopa u kucnopon He BXOAAT B 3TO YpaBHEHHE, IOITOMY YTOOBI UCKIIOUUTD UX U3
YPAaBHEHUN YMHOKUM ypaBHEHHUE | Ha 3 U BbIUTEM 2



6H,0 + 30, — 4NH; — 30, = 6H,0 + 3AH®%; — 6H,0 — 2N, — AH® (3 6aJ'IJIa)
[TonydeHHOe ypaBHEHUE pa3aeiauM Ha 4

1/2N3 + 3/2H; = NH3 + (3AH®; — AH®)/4 (2 6anna)

AH° = AH% = (3AH® — AH®%)/4 = (3-(-571,68) — (-1530,28))/4 = - 46,19
k/J[>x/Moitb (2 Gania)

10 xkaace

3anaua 10-1.

2 KHCO; + H,SO, — KySO4+ 2C02T + H,0O 2 banna
[Tycte npopearupoBait 1 mosnb HaSOy, T.€. N(H2S04) = 1 MoIB.

Torma N(KHCO3) =2 mons, N(K2SO4) = 1 Moms, N(CO3) = 2 MOb.

M(H2SO4) = 98 r/moms, M (H2S04) =98 1 M(H2SO4)pacrsopa=98/0,1 =980 . I banra

M(KHCO3) = 100 r/mosb, m (KHCO3) =2 -100 = 200 r. 1 6anna
M(K3S04) = 174 t/monb, M(K,SO4) =174 1. 1 banna
M(CO,) = 44 r/monb, M(CO,) =2 -44 = 88 1. 1 6anna
m(pactBopa) = m(pactBopa H,SO4) + M(KHCO3) - m(COy) 1 banna
m(pactBopa) = 980 + 200 — 88 = 1092r 1 6anna

®(K2S04) = m (K2S0.)/ m(pactBopa) = 174/1092 = 0,1593 (15,93 %) 2 banna

3apaua 10-2. Hamumewm ypaBaenue peakrun ChHz, + H) — CyHansaJ

n (HJ) =25,6/128 = 0,2 monb. 0,2 mosis HJ mpopearuposaio ¢ 0,2 Mob alkeHa
(8,4 1), oTcrona cienyert, uto MojsipHas Macca ankena M(CpHzn) = 42, a ero
mouekynsapHas hopmyna CsHs (A) 26anna

CymiecTByeT ABa M30MeEpa, UMEIOUIUX ATy MOJEKYJSpHYI0 (GOpMyIly: MPOINEeH U
UMKJIOPOTIAH: CH,

CHZZCH—CHS u CH2 CH2 1 56!]1]1
Anken A (mpomneH) npucoeaunsieT HJ B cooTBeTcTBUM ¢ TpaBUiioM MapKOBHUKOBA
(MOHHBIN MEXaHU3M) TI0 PEAKIIUHU:

CH,=CH-CH3+ HJ — CH3-CHJ-CH3; (BemectBo B) 20anna
[Ipu B3ammonelicTBum 2-HoanponaHa (BemecTBO b) ¢ MeTaiMyeckuMm HaTpueM
noJay4aroT 2,3-numMeTHa0yTaH (Bemiectso B)

2 CH3-CHJ-CHj3; + 2Na — CH3(CH3)CH-CH(CH3)CH3 + 2NaJ 16ann
Ecnu npucoenunenue HJ npoBoauTh B MPUCYTCTBUM TMEPEKUCH BOJIOPOJA,
okucisroniero HJ, To peakius npucoeguHeHusi OyJeT MPOTEKaTh IO IEMHOMY
CBOOOTHO-PAJUKAIIBHOMY MEXaHU3MY ¢ OOpallleHreM IpaBuiia MapKOBHUKOBA!
H,O, + 2HJ — 2J" + 2 H,0O

CH,=CH—-CH3; +J" — CH,J-CH'—CH3;

CH2J-CH'-CH3 + HJ — CH2J-CH,—CH3 + J" (1 T.71.) 3banna
[Ipu B3aumopelictBuu 1-itoanponana (BemectBo C) ¢ METALIMYECKUM HaTpUEM

MOJy4aroT H-TekcaH (BemecTBo J1)
2 CH3—CH,—CH>»J + 2Na — CH3-CH,—CH,—CH>-CH>—CH3 + 2Nal 1 6ann



3agauya 10-3. YpaBHeHHE peakiuu:

X 2x X
Sn + 2 FeBr3 = SnBr, + 2 FeBr; (2 6anna)
[TycTh B peakiuio BCTYIUIIO X MOJIb OJIOBA, TOT/Ia B pACTBOPE 00pa3oBaioCh X
Moutb SNBr; Maccoit 279x r. Macca octaBmierocsi B pacTBope OpoMua sxeesa

(111): m (FeBrs) =435,5- 0,2 —2x - 296 = 87 — 592x .. (4 6amnna)
ITo ycnoButo  279x = 87 — 592x,

Otkyna x = 0,1. (2 6anna)
Macca m1acTUHKY Mociie OKOHYaHUS peaKkIiy paBHa:
m(Sn)=16,9-0,1-119=5r. (2 6anna)
3anaua 10-4. Harucanbl ypaBHEHHS peaKIluii:

2 CH3OH +3 O, =2 CO; + 4 H,O (1 6amn)
4 CoHsNH; + 15 02, =8 CO2+ 14 H O+ N2 1 (1 6amn)
["a3, He mornomatonuiicss pacteopom NaOH — a3o0T.

n (N2) =4,48/22,4 = 0,2 monb, N (C,HsNH2) =2 - 0,2 = 0,4 moJb.

N oom(H20) = 43,2/18 = 2,4 mob. (2 6ama)
Bo BTOpoii peakiuu oopazoBaiock N 2 (H,0) =7 - n (N2) = 1,4 Mok, (2 6amna)

3HauuT B EPBOM peakiuu o0pazoBanoch cooTBeTcTBeHHO N 1 (H20)=2,4-1,4=
1 momnb. (2 6amma)

n (CH3OH) =n 1 (H20) /2 = 0,5 mob. (1 6amn)
o (CoHsNH2) = 0,4 -45/(0,5-32+ 0,4 -45) - 100 % =53 % C,HsNH,, (1 6amr)
3agaua 10-5. CH3;CHO + H,; « C,H;OH (1 6aJ'IJ'I)

[Tyctsb B ucxomauou cmecu N(CH3CHO) = x moub, Torma n(H2) = 2x Mok, a ob1ee
gucio mojiert N(Q)) = 3x monb (2 Gamna)

[Tycts oopasyercst N(C,HsOH) =y mounb, Toraa n(CH3CHO) = (x — y) Mok u
n(Hz) = (2x — y) Moub, a ob1ee yrcno Monei Ny, = (x —y) + (2x—y) +y=(3x —
y) MoJsib (2 Gana).

Taxk kak TeMriepatrypa MoCTOsSIHHASI U MEHSIETCS TOJIBKO JaBJICHNE, TO YMEHbBIIICHUE
JABJICHUS CBSI3aHO C YMEHBIIIEHUEM YHCiia MoJieil ra3oB. Takum oOpazom Ny =
0,8n; wmm (3x —y)=0,8-3x, cnemoBarenpHO, y = 0,6X. (2 O6ana)

[To 3akoHy ABoranpo, 00beMHas 101 Ta3a paBHA €r0 MOJBHOM J10J1€, TOATOMY
oOBeMHas foJis mapoB 3tanona papHa: ®(CoHsOH) = y/(3x —y) = 0,25 umm 25%
(2 6ammna)

[IpouienT npeBparieHus 3TaHais B 3tranon y/x=0,6 umu 60% (1 6amr)



11 kaacce

3amaya 11-1. 3a kaxjgoe pasragaHHoe coeauHeHue 1 Oami. Cxema
IIPEBPAILECHNN:
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3agaua 11-2. «[TurmenT»

3a kax0e BepHO pacimdpoBaHHOE BeliecTBo 1,5 0ana, 3a Kax10e TOUHOE
ypaBHeHue 1 6ami, 3a kaxabii mpumep 0.5 6amioB, 3a CXOACTBO U pa3andue
oKkcuao0B — 1 Oan.

OdeBHIHO, YTO pEIICHHWE CJCAyeT HayaTh C TIOMCKA MOJISPHON Macchl
autpata Metamwia: M(Met*(NOs)x)=14/0,0846=165,5 npu x=1,4CHO 4YTO TaKas
MOJIEKYJIIpHAsi Macca He TTOIX0IUT, Tpodyem x=2, momydaem (14*2)/0,0846=331.

331-2M(NO3)=207, cmemoBaTebHO, UCXOTHBIM METAII - CBHHEII.

Janee HeoOXo MO TToAyMaTh HaJl MacCOBBIMH J0JIsIMH MeTauia B A, B, C, BugHO,
YTO caMO€ BBICOKOE COJIepKaHHe MeTauia B okcue B, a camoe Huskoe B C.

[Ipenmonaraem 49ro okcua B sBIsgeTcs OAHMM W3 HUBIIMX OKCUIOB CBHUHIIA,
nonyctum B = Pb,0, Torma maccosas nosst Pb B Hem coctaBut(207*2)/430=0,9628,
3Ha4uT, B A ero gommkHo OwmiTh 0,9628 - 0,021681=0,9411. M
(A)=207/0,941100=220, niocie pacueToB CTAaHOBUTKLCS MOHATHO, 4T0 Pb,O B ponu
B siBisieTCst OIIMOOYHBIM BapraHTOM, IipoOyem cieayroriuii okcua PhO, maccoBast
nons Pb B mem coctaBut207/223=0,92825, 3Haunt B A €ro 10/DKHO OBITE 0,92825-
0,021681=0,90657, uto coorBeTcTBYeT OKcHay Pb3O4, u B C MeTaia coepkurcs
0,90657-0,040470=0,8661, uro moaxoxut s PbO,.



Peakuuu

2Pb30.4= 6PbO+0O,

PbO+Br;+H>0= PbO>+2HBr
Pb304+4HNO3z= PbO,+2 Pb(NO3),+2H,0

[Mpumepnr.  Fez04, Crz04, Mn304 ; cxoactBo ¢ Pb3O4 B TOM, YTO OHM BCE COCTOST
13 CMECH OKCHJIOB METAJIOB B PA3HBIX CTEMEHAX OKUCIICHUS, a Pa3JIU4Ke B TOM 4TO,
Fes04, Cr304, Mn304 umetor crpoenne MeO+Me,03, a P304 310 2MeO+MeOy,
(2PbO+Pb0y,).

3apaua 11-3. «I[IpupoaHbie KUCTOTHD)

2NaOH+C0O2=Na,CO3+H,0

MnO,+4HCI=MnCl,+Cl,+2H,0

CO+ Cl,= COCl;

HCOOH = CO + H,0

HOOC-COOH = CO + CO,+ H,0, mo 1 6amny 3a KaXAyr0 peakKIfuio.

Taxk kak 1o peakIuy MIeJI0OUYd 00pa3yeTcs CPEIHAS MUHEPATIbHAS COJIb,
MO>KHO TIPEANOI0XKUTH, 4TO 3Ta peakius 2NaOH+CO,=Na,CO3;+H,0

Macca NaOH=15*0,1=1,5 r, n( NaOH)=1,5/40=0,0375, cienoBarensno, N(COy) =
0,01875. anee pazdupaem peakiuio OKCHU/Ia MapTraHila YeThIPEXBaJICHTHOTO, 3TO
u3BectHas peakius MnO,+4HCI=MnCI,+Cl,+2H,0, razom siBisieTcst TOJIBKO
XJIOp, 3HAYUT MOXHO MCKATh MOJIIPHYIO MacCcy X, B KOTOPOM, OYEBUIHO, YTO
ecThb kuciopona u xjop. M(X)=16/0,161616=99, uto cooTBeTCTBYET (HOCTEHY ,
OTCIO/IA JIeJIaeM BBIBOJI YTO JIPYTOM ra3 MpH Pa3ioKEHUH KUCIIOT 3TO yrapHBIA ra3
CO, CO+ Cl;= COCl,. Haxomum n(CO): n((MnO,)= 3,48/87=0,04 , Toraa n(CO)
= 0,04 monb. (2 6anna).

N3BecTHO, 4TO MOCIe pa3yiokKeHus: KUCIoT Bbiaenuioch 0,04 mons CO u 0,01875
Mot COy, Torma ciaemayer oOpaTUTh BHUMAaHKE HA TO, YTO BBIJICTHIIOCH OUYCHb
MHOro CO, Tako€ MOKET MPOUCXOIUTH IIPU PA3I0KEHUN MYPABBUHOW U

masenesoit kuciior: HCOOH=CO+H,0 n HOOC-COOH=CO+CO,+H,0

Tak kak, n (CO2)= 0,01875, 3nauut u n( HOOC-COOH) = 0,01875mo11b, TOT 12
macca m (HOOC-COOH)= 0,01875*90=1,6875r, n(CO), obpa3oBaBIieiics mpu
pasiokeHur MypaBbHHOHN KucIoThI paBHa (0,04-0,01875) = 0,02125mob, 3HaYUT
Macca MypaBbuHOM KuCI0THI paBHO 0,02125%46=0,9775T, 00111ast Macca KUCIOT
paBHa (1,6875 + 0,9775) = 2,665r, uro coBnagaer ¢ ycioBUsIMH 3a1a4n.(3 Oaa).

3apaua 11-4. Ilpu ngoGaBrieHuu XJOpHJa ITMHKA K PacTBOpPY KapOoHaTa Kajus
o0Opa3yeTcst OCHOBHAs COJIb:



0,05 0,05 0,025 0,1 0,025
2 ZnCl; + 2 K,CO3 + H,0 = [ZnOH],CO3 | + 4 KC1 + CO; 1
n (ZnCly)=35,7-1,12-0,17/ 136 = 0,05 mou1b. (2 6amna)
n (K,CO3)=3"-0,05=0,15 Mosib — M30BITOK KapOOHATa KaJIus.

OTOT U30BITOK pearupyeT C BBIACISIOMUMCS YTICKUCIIBIM Ta30M ¢ 00pa30BaHUEM
ruIpoKapOOHaTa Kajaus:

0,025 0,025 0,05
K2CO3 + CO; + HO = 2 KHCO3 (2 6amna)

B mosrydeHHOM mociie otaeseHus ocajaka gribrpare Haxonaares: 0,1 mons KCl,
0,05 Mo KHCO3, (0,15 - 0,05 - 0,025) = 0,075 moas K,COs. (2 6amna)

Macca ¢unsTpaTa paBHa:

m (puasTp.) = M (p-pa K2.CO3) + m (p-pa ZnCly) - m ([ZnOH],CO3) =50 - 1,3 +
+35,7-1,12-0,025 - 224 =994 r. (1 6amn)
MaccoBble 10711 BEIIECTB:

o (KCl)= 0,1 -74,5/99,4 -100 % = 7,5 %.

® (KHCO3) = 0,05 - 100/ 99,4 -100 % = 5 %.

o (K2CO3) = 0,075 - 138/ 99,4 -100 % = 10,4 %. (3 6amna)

3anaua 11-5. Pemenne

MOJIb 0,804 0,201 0,402

4HCI + O, = 2H,0 + 2Cl,

(1 6amm)
n(Cly) = n(H,0) = 0,402 moms (1 6amn)
n(HCI) =1-0,804 = 0,196 mons (1 Gan)
n(O,) =0,48 — 0,201 = 0,279 monp (1 Oamn)
i = 0,196 + 0,279 + 0,402 + 0,402 = 1,279 moms (1 6amn)
OTHeceM paBHOBECHBIE MapIIHAIbHbIE JaBICHHS K JaBICHUIO 1 aTM:
P(H.0) = 0,402/1,279 = 0,314, (1 6am1)
P(Cl;) =0,402/1,279 = 0,314, (1 6amn)
P(HCI)=0,196/1,279 = 0,153, (1 6am1)
P(02)=0,279/1,279 = 0,218, (1 6amn)
Toraa
0,314% - 0,314

Kp = 015370218 ~ 81,376 [atm™ ] (1 6asn).




