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Pemenus



NHcTpyKuus 1Jis )KIOpH

KupHbiM mIpu@TOM BBIJEICHB TPABUILHBIE OTBETHI, 32 KOTOPHIE HAYUCISIOTCS
Oauibl, U pa30aIoBKa.

Bo MHOrux pacdeTHpIX 3aja4ax OIEHUBAIOTCS MPOMeEXyTouHble mard. [1IkoapHuK
MOKET pellaTh 3ajadyy HE TaK, KaK B aBTOPCKOM pELICHUM, MPU ITOM, €CIU OH
MOJIYYMJT BEPHBIM KOHEYHBIH OTBET, PEIICHUE JOJKHO OBITh OLIEHEHO MOJHBIM
0ajyioM Kak 3a 3TOT OTBET, TaK WU 3a BCE IlIard, BEAYIIUE K HEMY B aBTOPCKOM
pelIeHuN.

B MHorocrymneHuateix pacyeTHBIX 3ajadyax 3a OJIHY YHUCTO apU(PMETHUYECKYIO
OomuOKy, TPUBEIIIYI0 K YUCIECHHO HEBEPHOMY OTBETY, CYMMAapHbI OaJljl 3a BECh
pacyeT He JOJDKEH CHIDKAThCs 00Jiee YeM HaIOJIOBUHY.

VYpaBHeHUS peakiuii ¢ HEBEPHBIMHU WJIM OTCYTCTBYIOIIUMH KO3 DUITUEHTAMU, KaK
MPaBUJIO, OIICHUBAIOTCS B MOJOBUHY OT MaKCHMaJIbHOT'O KOJMYecTBa OaJljioB, a B
TEeX CIydasX, Korja ypaBHEHUs 0e3 Kod(pPUIIMEHTOB MPHUBEICHHI B CaMOM
ycyioBuH, B ) 6aJ110B.

[IIkOoNBHUKM MOTYT HMCIOJIB30BaTh MPU PEIICHWU KaK OKPYIJICHHBIC JO IIEJIOT0
gyucia, Tak U TouHble (1—-3 3HaKka moce 3amsaToi) aTOMHBIE MAacChl AJIEeMEHTOB. B
MOCJICIHEM CJIydae OTBET MOXKET COJIep)KaTh OOoJibllle 3HAYamuXx Iudp, Yem
NPUBEJCHO B JAHHOM PEUICHUU.

[Tpu mpoBepke pabOT OJIHY U Ty K€ 3a/1a4y y BCEX YYACTHUKOB JIOJDKEH MPOBEPSITH
OJIVH YE€JIOBEK.

MakcumalbHbIN 0ail 3a KaKAyro 3a7jauy pas3lidyeH W yKa3aH B KOHIIE pPEIIeHHUS.
MakcuManbsHBIN 0a 3a Bee 3agaun B 8 kiacce bl 6ami, B 9 knacce 54 6amia, B 10
kiacce 50 6annos, B 11 kitacce 62 6aia.



8 kiace
3aganue 1.

1. Takrie okcorajgoreHuaAbl HMEIOT o60myo ¢dopmyny SOHal, (4 pasmuynabIX
OKCOTaJIOTeHua — 1Mo KojauuecTBy rajoreroB) mubo SOHalHal’® (pasmuunbix map
rajioreHoB 6). Mtoro 10 pa3nuyHbIX BO3MOKHBIX MOJIEKYIL.

2. CtpykTypHas popmyia:
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4. n(H,S0O4) = ¢V = 7.81-10"3 monp

n(HBr) = ¢V =5.21-10"2 mouns

Bunno, uro xonmuectBa H,SO4 m HBr coornocsres kak 7.81:5.21 = 1.5:1 = 3:2.
3HAUUT, €CIM HUCXOJHBIM oOkcoranoreHus umeer (opmyny SyOyBr;, ypaBHenue
peakiuyd UMEeeT BUI:

SxOyBl'z + ...H,O — 3H,S0O4 + 2HBr.

N3 310t cxeMbl MOKHO TIPEANONI0XKUTh X = 3, Z = 2.

U3 ypaBHeHus peakiuu: N(okcoranorenuna) = N(H2S04)/3 = 2.603-107° mons
M(oxkcoranoreansa) = 1/2.603-1073 = 384 r/mounb.

3a BBIYETOM 3 aTOMOB cephl U 2 aToMOB Opoma octaercs 384 — 32-3 — 80-2 = 128
= 16-8.

3Hauut, Yy = 8, popmyna okcoranmorenuga — S3OgBr.

3anuiieM peakiuu KUCIOT C OKCHIOM Oapus:

BaO + H,SO4 — BaSO4 + H,O

BaO + 2HBr — BaBr, + H,0.

Ha nefiTpanuzamuio 06enx KUCIOT MOHATOOUTCS CIIEAYIONIEee KOTUIECTBO OKCH/IA:
n(BaO) = n(H2SO4) + 0.5n(HBr) = 0.010415 mours.

m(BaO) = 0.010415 - 153.3=1.60 .

1 3a otBer 4 — 1 Gamn 16
3a otBeT 10 — 3 bayna anLna
2 | CtpyktypHas dhopmyna - 2 6amna 2 basia
3 Monekynsipnas popmyna — 2 Gamia A Gana
CrpykrypHas popmyna — 2 Gaia
4 ®dopmyna okcoraiorenuaa — 4 d6ania 6 GALIOB
(eciu  Qopmyna He TMOIy4Y€Ha, HO PACCUUTAHbl KOJIMYECTBA




KHCJIOT B pacTBope — 1 Oamn)
Macca okcuna 6apus — 2 Gamia

Bcero makcumym 15 6asiios.
3aganue 2.

1. ®opmyna ruapokcuaa xpoma(lll): Cr(OH)s.

VYpaBuenue peaknuu paznoxenus: 2Cr(OH); — Cr,03 + 3H,0.

2. 'mppoxcun umeer popmyiny M(OH),. Ecniu monsipHast macca metana paBHa M,
TO MOJSIpHas Macca THapokcuaa paBHa M + 34, 3HaUUT, UMEHHO TaKyl Maccy
NOJIBEPIVIM PaA3JIOKEHUI0 Ha mnepBod craguu. CorjiacHO ypaBHEHUIO pEaKIUH
M(OH); — MO + H,0, na nepsoii craguu oopasyercst 1 Mmosb okcuaa MO maccoi
x=M+16r.

Ha BTopoii ctaguu pasznoxenuto nogasepriau x = M + 16 - M(OH)s.

MM@:MM@WJ=m:$

M +16
mMO)=aa

M +16)°
M +16)= M*16) o) 0
M +34

Pemenriem mosydeHHOTO ypaBHeHUs sBisiercs M = 63.5 r/mMonb, 3HauuT, A —
Cu(OH)..

3. I'uapokcu Meiu — CUHHM, a OKCHI MEIN — YEePHBIH.

4. 42.9% cootBeTcTBYET npuMepHoO 3/7, To ecTh MpoAyKT — Fe30a4.

YpaBHEHHE peakluu:

3F€(OH)2 — Fe304 + 2H,0 + Ho.

Peakmuio ¢ rugpokcumoM 1epusi HeOOXOAUMO 3amucaTh ¢ Y4acTHUEM KHCIOPOJa,
MIOCKOJIBKY, BO-TIEPBBIX, HHAaUe OHA HE ypaBHseTcs ¢ mpoaykramu CeO; u HO, Bo-
BTOPBIX, PEAKIIMs IPOBOJUTCS HA BO3JIYXE.

YpaBHEHHE peakluu:
4C€(OH)3 + O, — 4Ce0O, + 6H,0.

dopmyna ruapokcuaa xpoma — 1 6ann

VYpaBHeHue peakiuu — 1 6an 2 0ajL1a

CocraB A — 5 GamioB

(6e3 pacuera — 0 6aIoB;

Ecnu cocTaBieHo KBaJpaTHOS YpaBHEHHE, HO OTBET HE MOJTYUYCH —
3 Gara)

5 0as10B

3 | Okpacka okcuaa u rugpokcuaa — no 1 oamry 2 daJi1a

®opmyna Fe304 — 2 6amna

. 4 6aana
YpaBHenus 2 peakuuii ¢ koagdunrentamu — no 1 6amny

Bcero makcumym 13 6as1i1oB.




3axanue 3.

1. EnuHCTBEHHBIN MeTasl, HAXOISIIUICS MPU KOMHATHOU TeMIIEpaType B KUJIKOM
arperaTHOM cocTosiHuu — 3To pTyTh (B — HQ). UTO Kacaercs raza X, To, coraacHo
Teopur  (IOTHCTOHA, IIMPOKO PACIPOCTPAHEHHOM HA HAYalbHBIX JTamax
CTAQHOBJICHUS XMMHHM KaK HayKH, OH paccMaTpHUBAETCs KaK HEKas MaTepusi ¢
OTPHUIIATEILBHOM MacCOM, KOTOpas BBIIENSAETCS MPU TOPEHUU METaUIOB (UYTO B
COBPEMEHHBIX TMPEACTABICHUSIX COOTBETCTBYET OOpa30BaHUIO OKCHUIOB TMpHU
B3aMMOJIEUCTBUM  METAJUIOB €  KUCJIOpoAoM  Bosayxa). CremoBarenbHO,
«0echIOTUCTOHHBIM BO3yX» — BEUIECTBO, KOTOpoe oOpa3yeTcss B 0OpaTHOM
npoliiecce — Mpu TEPMUUYECKOM Pa3I0KEHUH OKCUJla MeTauia. Takum oopazom, X —
O,, A —HgO.

VYpaBHeHME peakinu pa3inoxkenus okcuaa pryta: 2 HgO — 2 Hg + O;

2. B ombitax Illeene Mn(IV) urpaer posnb OKHCIUTENS, BOCCTAHABIUBASACH JI0
Mn(Il). BrioiiHe MOHSTHO, YTO BOCCTaHOBUTENEM Ipu B3aumojeicteuu Mn(1V) ¢
COJISTHOM KHCJIOTOW MOXET OBITh TOJBKO XJIOPUA-UOH, OKUCIISIOIIUMACS 0 XJIopa
Cl, — sxenTo-3eneHoro rasa Y.

YpaBHEHUS peaKUil MUPOJIFO3UTA C CEPHOM U COJITHOW KUCIOTAMM:

2 MnO; + 2 H,SO4 — 2 MnSO4 + 2 H,O + O

MnO, + 4 HC1 — MnCl, + 2 H,O + Cl,

3. EnuHCTBEeHHBIN ra3, MOAXOIAIINN MO ONMMCAHUIO U SBIISIIONIEHCS aJIOTPOITHOM
Moaudukanuen kuciopoaa — 1o 030H Os.

CucreMa OleHUBAHUA:

1. | ®opmynsl coenqunenuit A, B u X — o 1 6amny 4 6anaa
VYpaBHenue peaxiuu — 1 6ann

2. | Coenunenue Y — 1 Oamn 4 gani1a
VYpaBHenus peaxiuii — no 1.5 6aa

3. | Coenunenne Z — 1 0amn 2 0aL1a

Bcero makcumym 10 6ansios
3ananue 4.

1. Macca BcrynuBiiero B peaknuio X paBHa: m(X)=10—-1.09 =891 r.

Y MOJIHOCTHIO BCTYNWII B PEAKIMIO, 3HAYUT, MO 3aKOHY COXPAaHEHHUSI MacChl, Macca
npoaykra cocrapisier m(U) =8.91 +5.00 =13.91 r.

w(X) = 5.00/13.91 = 35.95%;

w(Y) = 8.91/13.91 = 64.05%.

2. I'a3 ¢ 3amaxoM TyXJIbIX SIUII — 3TO CEPOBOAOPO, TO ecTh Z — HoS. 3Hauut, X —
cepa (Y oOnajgaer METa/NIMYECKUM OJIECKOM, UYTO HE COOTBETCTBYET BHEIIHEMY
BUJly CEPBI: OHA XKEJITasi U HE UMEET XapaKTEPHOTro JJIsl METaNIOB OJiecKa).

O6miass dopmyna cyabpuIOB — COCAMHEHUM CEpbl C APYTMMH DJEMEHTAMH, B
KOTOPBIX CTETICHb OKUCJICHUS CEPBl paBHA —2, - UMeeT BU X2Sp, T +N — CTENeHb




okucinenuss X B coctaBe U. Jlng naHHOW 001iei (Gopmysbl MOXKHO COCTaBUTH
ypaBHEHHE:

0.6405 — 32.06n

2M (X) +32.06n

Beipazum u3 Hero mossipayto maccy X, moyunm: M(X) = 9n.

IIpu n = 1 M(X) = 9 r/MOIb — COOTBETCTBYET OEpWILINIO, HO OH HE oOpasyer
COEMHEHUS B C.0. T1.

ITpu n = 2 M(X) = 18 r/M0JIb — HE COOTBETCTBYET HUKAKUM DJICMCHTAM.

[Tpu n = 3 M(X) = 27 r/M0JIb — COOTBETCTBYET aJTIOMUHUIO B C.0. +3.

Suauwnrt, Y — amomunuii, U — Al2Ss.

Peakrus nomydenus U:

2Al + 3S — AlLSs.

Peakius B3anmopeiicteusa ¢ HCI:

Al,S; + 6HCI — 2AICI; + 3H,S.

3. n(AlS3) = 13.91/150.14 = 0.09265 mo1b

n(H.S) = 3n(Al,S;3) = 0.2779 moub

V(H2S) =0.2779 - 22.4 = 6.23 .

4. no(Al) = 10/27 = 0.370 moub, Ng(S) = 5/32.06 = 0.156 mMonp — aTOMUHHN B
n30BITKE, 3HAYUT, B UTOTOBOM CMECH Oy/eT TOJbKO CYJIb(u aTIOMHUHHUS U OCTATOK
AITFOMHUHMSL.

n(Al,Ss3) = 0.156/3 = 0.0520 mo15

n(Al)=0.370 — 2-0.0520 = 0.266 moub

Cynbpun amromuaus ¢ HCI BHoBb maet HyS, a amromununii — Bogopoz: 2Al + 6HCI
— 3H, + 2AICls.

n(H.S) = 3n(Al,Ss3) = 0.156 mo15

n(H,) = 1.5n(Al) = 0.399 moi15

Viasos = (0.156 + 0.399)-22.4 = 12.4 a1

Pacuet maccer X B coequnenuu (8.91 1) — 1 6amn
1 . 3 0as1a
3HaueHus 2 MaccoBBIX JoJei — mo 1 Gamry
®opmyna U — 1,5 6anna
®opmyna Z — 1,5 6amna
9 (ecm coctaB Z He 00OCHOBAH, 3a Z BhICTaBIIsgeTcs 1 6ai; 5 GAILIOB
€CJIM TIOJIYYeHO BhIpaKeHHE 9N, HO HE TOJIyYeH ATFOMUHUN — 2
Oana)
2 ypaBHeHUs peakiuii — no 1 6amry
3 | Pacuer 06béma — 2 Gamna 2 baia
4 Pacuer konnuecTB cepoBoIOpoia U Bojiopoa — no 1 dammy 3 Gasmia
Pacuer cymmapnoro o6bséma — 1 6ann

Bcero makcumym 13 6as1i10B.




9 kJj1acce
3ananue 1.

1. A-CrCly, B - CrCl3, C - Cr203, D -NaxCr207, E — CrOs, F — (NH4)2Cr207,
G — Cr2(S04)3, H— Cr(OH)z (mo 1 6ary 3a popmy.ry)

2. YpaBHEHUS peaKLuii:

Cr+ 2HCI — CrCl2 + H>

4CrClz + 4HCI + O2 — 4CrClz + 2H20

4Cr + 302 — 2Cr203

Cr.03 + 6HCI — 2CrCls + 3H.0

Cr203 + 3NaNO3 + 2NaxCOs — 2NaCrO4 + 3NaNO; + 2CO>

2Na2CrO4 + H2SO4 — Na2Cr207 + NaxSO4 + H20

Na>Cr.07 + H2SO4 — 2CrQO3 + NaSO4 + H20

2Cr0O3 + 2NH3 + H20 — (NH4)2Cr207

. (NH4)2Cr207 — Cr203 + N2 + 4H0

10.  2Na:CrO4 + 6FeSO4 + 8H2SO4 — 3Fe2(SO4)3 + Crz2(SOs)3 + 2NaxSO4 +
8H20

11.  Cr2(S04)3 + 3Na2CO3 + 3H20 — 2Cr(OH)z + 3CO2 + 3NaxSO4

12.  Cr(OH)z + 3HCI — CrCl: + 3H20

(mo 0.5 6ass1a 3a ypaBHeHue)

CoNok~WNE

3. ApProH UCIONB3yeTCs AJIsl BbITECHEHHsI PACTBOPEHHOr0 B BoOje KHCJIOPO/A,
YTO MPEMSATCTBYET OKUCICHHUIO XpOMa 10 CTEIEHH OKUCIeHus +3 mo peakmun 2 (1
0aJsn).

Bcero makcumym 15 6am10B.
3aganue 2.

Pemenne:
1. Peakiust oOpa3oBaHus ocaaka ¢ cepedpom:
X+ Agt — AgX (1 6amn)
DJIEKTPOJIN3 PACTBOPA, COACPIKAIIETO aHUOH:
2X - 26" — Xz uiu 2NaX + 2H20 — Xz + Hz + 2NaOH (1 6amn)

2. Ecmu NaX cognepxurt 46.9 % natpus, To monspras macca NaX pasna 23/0.469
= 49 r/monb, a momsapaas macca X = 49 — 23 = 26 r/Moib, YTO MOXKET
cootBeTcTBOoBaTh CN™ (1 6am). Ananorununo mosrydaeM, uro M(Y) = 58 r/mours.
Y o6pasyercs u3 X Mpu JSUCTBUU MPOCTOTO BEIIECTBA KEJITOrO I[BETa — CEPHI.
Oromy ycnosuio yaosieTBopser SCN™ (1 6asw).

3. HX — 3o HCN. Cmecp HCN u BemectBa C B cootHomeHun 1 k 3 mmeer
cpenHo MoJsipHyr0 Maccy 4.125:2 = 8.25 rv/monb. CBsKeM 3Ty BEIWYHUHY C
mostsipabiMu Maccamu HCN u C:



8.25=0.25-27+ 0.75-M(C)
Otkyna M(C) = 2 r/moab. 1o Bogopox (1 6aswr).
Torna npaBast 4acTh NEPBOTO YPABHEHUSI UMEET BU/I:

A+ B =HCN + 3H;
VYuuteiBas 00JbIIOE KOJIMYECTBO BOJAOPOJAA B MPABOW YaCTH YpaBHEHUS, Pa3yMHO
npeaAnoyiokuTh, uto A u B — Bomoponnbsie coeauHenus, To ectb CHs u NHs.
OnHako yCTaHOBUTH COOTBETCTBUE HA IAHHOM 3Tarle 3aTpyIHUTEIBHO.
OO6patumcs k TpeTbeld peakunu. OHa UMEET CIAEAYIOINM BU:

2CH4 + F — 2HCN + 3H;

ITpocToe BemectBO F — No.
A — CH4, B —NH3, F — N2 (mo 1 6aaay).
OcTtaHOBHMCS Ha OCTaBILICHCS PEAKIINH:

NH; + D - HCN + E
coenuHenue E nomkHo comepkarh BoOpOa (HE MEHEE JABYX aTOMOB), a D TO/mKHO
cojepkath yriepoa (oawH atom). DtuM ycioBusMm coorBerctBytor CO (D, 1
oaan) u H2O (E, 1 6am).

4, NaCN + S — NaSCN (1 6am)
Bcero makcumym 11 6amiios.
3aganue 3.

1. Ecnu kapOonar HaTpus 100aBIATh B PACTBOP CEPHOU KHUCJIOTHI, TO CepHas
KHCIIOTa Bceraa OyJIeT HaXOAUThCA B HM30BITKE IO OTHOIICHHIO K KapOoHaTry, U
OyJeT UATH peaKIys:

H,SO4 + Na,CO3 — Na,SO4 + CO, + H,O
Paccunraem xonmdecTBa peareHTOB:
N(H2SO4) = V-p-0/M =5-1.07-0.1/98 = 0.00546 moib
N(Na;CO3) =10-1.10-0.1/106 = 0.0104 Mo15
KapOonat HaTpus HaxXoAuTCs B HM30BITKE, IO3TOMY IMpOpearupyer BCsS CepHas
kuciora, 1 koaudectBo CO2 coctaBut 0.00546 moib, a ero o0BEM OyneT paBeH
22.4-0.00546 = 0.122 1, mum 122 ma (1 6am).

2. IIpu mepyieHHOM M00aBIICHUH CEPHOUW KUCIOTHI K PacTBOpPY KapOOHATa HATPHS
cepHasi KHCJI0Ta OyJAeT HAXOAUThCSl B HeaocTaTke (o0bsicHeHHe — 1 0ajwun),
MO3TOMY CHauaja OyJleT MIPOTEKATh PeaKLIUsI:
H2SO4 + 2Na,CO3 — Na2SO4 + 2NaHCO3 (1 6aswr)
KOTOpasi HE COMPOBOXKAACTCS BBIJIEICHUEM Ta3a, U TOJbKO MOclie €€ MPOTeKaHuUs,
MIpU HAJIUYUU U30bITKA CEPHOM KUCIOTHI, TUIPOKAPOOHAT HATPUS PA3IOXKUTCS C
00pa3oBaHUEM rasa:
H,SO4 + 2NaHCO3 — Na,SO4 + 2C0O; + 2H,0

KonuuecTBa peareHTOB Takue ke, Kak B iepBoM ormbite. [lockonmbky 2n(H2SO04) >
n(Na;CO3), mocite 3aBepIIeHHs PCaKIMU OCTAHETCS CEpHAs KHCIOTa B KOJUYCCTBE
0.00546 — 0.0104/2 = 0.00026 Mo, KOTOpasi B X0A€ Peakuu ¢ 00pa30BaABIIUMCS



KapOOHATOM JIacT B/IBOE OOJIbILIEE KOJIMYECTBO YIIIEKUCIOro rasa, To ectb 0.00052
Moib. CooTBeTcTBYIOMMM 006EM — 12 Mat1 (1 6ani). Ha nene ctout oxxunarh, 4To
00BEM BBIIENUBLIETOCA Ta3a MPEBBICUT PACCUYUTAHHBIM, MOCKOJIbKY JIOKaJIbHAs
KOHLIEHTpAIUsl CEPHOM KHCIOTHI B MECTE CMELLIEHUs Oy1eT JOCTaTOYHO BBICOKA.

3. MaccoBas nons kuciopoaa pasHa 100 — 52.05 — 6.57 - 2.06 = 39.32 %.
[IpencraBum o061y popmyny B Buae Cu,S.HyOg m paccuutaeM cooTHoIlIeHUE
WHICKCOB B JJaHHOM BEIIIECTBE:

a:b:c:d=w(Cu)/64 :w(S)/32 :w(H)/1:w(O)/16 =52.05/64 : 6.57/32 : 2.06/1:
39.32/16 =0.81:0.21:2.06:2.46=4:1:10:12.

Torna Opyrro-¢popmyna BemecrBa CuUsSH10012 (1 6asr). Iloreps maccbl npu
HEOOJIBIIIOM HAarpeBaHUU CBsI3aHA, BEPOSTHO, C TMOTEpPed KPUCTAJUTM3AIMOHHOM
BObI. MoJsipHast Mmacca Berecta paBHa 490 r/monb, a 7.4 % OT 3TOM BEJTUYUHBI -
36 1/MOJIb, UTO COOTBETCTBYET JABYM MOJIEKYJIaM BOJbL. YTHPOCTUM (HOpMYIy 10
CusSHeO10:2H20. Emé onna cTpyKTypHasi IMHUIIA, KOTOPYIO MOKHO BBIACIHUTH —
cynbdar-uoH. Torjga ocraBiiuMecs aTOMbl BOJOpOAa U KUCIOpoaa AaayT 6
THAPOKCUIBHBIX Tpymil. TakuMm oOpa3oMm, roiyOOH OCaJoK B IEPBOM OIBITE -

Cus(OH)sSO4-2H20 (1 6a).

1.500 r ocanka, OJIy4eHHOTO BO BTOpPOM oOIIbITe, comepxkar 0.152/22.4 = 0.0068
Moutb, uiau 0.204 T kapOonat-uoHoB, u 1.079/80 = 0.0135 monp Menu. BuaHo, 4to
KOJIMYECTBO MEJIM BIBOE MPEBBIIIAET KOJIMUECTBO KapOOHAT-MOHOB. OCTaBIIMMHUCS
IPOTUBOMOHAMHU MOTYT OBITh CYJIb(GaT-HOHBI JUOO THAPOKCUA-HOHBI, TO €CTh
cocraB ocajka MokHO BbIpa3uTh CU,CO3(OH)x(SO4)1-0.5x:

1.500  284—31x

1079 160
Otkyna X = 2. Torma Bropoit ocamgok — 310 Manaxut CuCO3(OH). (1 6aw).

4. YpaBHEHUS pEAKIINN:
4CuS0Oq4 + 3NaCOs3 + 5H20 — Cus(OH)sSO4:2H20 + 3Na:SO4 + 3CO:
Cus(OH)6S04-2H20 — Cus(OH)6SO4 + 2H20
2CuS0O4 + 2Na2CO3 + H20 — Cu2CO3(0OH)2 + 2Na2SO4 + CO2
Cu2CO3(0OH)2 + 2H2SO4 — 2CuS0O4 + CO2 + 3H20
Cu2CO3(0OH)2 — 2CuO + H20 + CO»
(mo 1 6as1y 3a ypaBHeHUe)
5. 3eqénnlii uBet (1 6an).
Bcero makcumym 13 6asios.

3apanue 4.

1. Cpennsist MonsipHast Macca cmecu X v Y paBHa 0.476:22.4 = 10.66 r/monb. Onun
13 ra30B JOJKEH UMETh MOJISIPHYIO MacCy MEHbIIIE 3TOro 3HaueHus. Cpeau ra3os ¢
M < 10 r/Moab TOAXOAUT TOJBKO Bogopoa. Y — Ha (1 6aa). Bropoit ra3 momxex
Co/epKaTh YIJEPOA U KHUCIOPOJA, TaK KaK 3TH 3JIEMEHTHl COJIEpKAaTbCs B
MPOIYKTaX MPEeBPAIICHUS CUHTE3-Ta3a. MOXHO Cpa3y MpeInoIoKuTh, 9To 310 CO



i COy, ¥ MpoBEpPUTh ATH THUMNOTE3bl, & MOXHO OTTOJIKHYTHCS OT JAPOOHOrO
3HA4YEHUS CPEIHEW MOJISIPHOW Macchl, KOTOopas 3akaHumBaeTcs Ha 0.66 — ocTaTok
OT JieJIeHUsl Ha 3, 4TO MO3BOJSET MPEANOI0XKUTh, UTO ra3sl X U Y cMelIaHbl 1100
B cooTHoleHuu 1 k 2, nmu6o B cootHoenuu 2 K 1. [IpoBepum 06a BapuaHTa:

10.66 = 2/3M(X) + 1/3M(H>)
B nepBom ciayuae M(X) = 15 r/Moib, 4TO HE UMEET CMBICIA.
Bo BTopom cayuae:

10.66 = 1/3M(X) + 2/3M(H>)
otkyaa M(X) = 28 r/moub, uto coorBercTBYyeT CO (1 6as).

2. 11t cuHTE3a 3TUJICHTJIMKOJIS ONTUMAaJIBHO B3STh T'a3bl B COOTHOIIEHUHU 1 K 1:
2CO + 2H; — HOCH,CH,OH

Cpennsisi moJisipHasi Macca Takoil cMecu paBHa 0.5-2 + 0.5:28 = 15 r/monb, a eé

IUIOTHOCTB TIpH H.y. paBHa 15/22.4 = 0.670 r/n (1 6amw).

3. 3amuIeM peakIuio MOJIYYCHHS KaXI0T0 M3 BEIIECTB:
CO + 2H2 — CH3OH(r) (1 6amn)

2CO + 2H; - HOCH.CH20OH() (1 6amn)
CorylacHO TepBOMY CIICJICTBUIO W3 3aKOoHa [ecca, TeIoTa peakiWH paBHA
pa3HOCTH  TEIJIOT Oo0pa3oBaHUS TMPOJYKTOB W  PEAreHTOB ¢  y4é€ToM
koaddunmenton. Toraa:
Q1 = Qosp(CH30H1)) — Qusp(CO) = 200.7 — 110.5 = 90.2 k:x/moab (1.5 6ana)
Qz = Q06p(HOCH2CH20H(r,)) — 2Q06p(CO) = 388.7 - 110.5-2 = 167.7 KI[)K/MO.JIB
(1.5 6anna)

4. O603HaUYUM PHEPTHIO TPOIHOM cBsi3u B MoJiekysie CO 3a X, a sHepruto cBsa3u H-
H 3a Yy, 1 CBShHKEM TEIUTOTHI Ta30(a3HbIX PEaKIUi ¢ SJHEPTUSIMH CBSI3H PEarcHTOB U
POAYKTOB:

Q: =3E(C-H) + E(C-0O) + E(O-H) —x -2y =414-3 + 351 + 464 —x — 2y = 90.2
Q2 =4E(C-H) + E(C-C) + 2E(C-O) + 2E(O-H) — 2x — 3y =414-4 + 346 + 351-2 +
464-2 — 2x — 3y = 167.7

Pemast Ty cucremy ypaBHenwid, nonydnm X = E(C=0) = 1028.2 x/Ix/moab (2
0aana), y = E(H-H) = 469.3 x/I:x/Moub (2 6ajia).

5. YpaBHEHHE peaKIiy CHHTE3a METaHa UMEET BUIL:
CO +3H2 —» CHs + H2O¢) (1 6aaa)
CBsDKEM TETUTOTY 3TOH peaKIMy C YHEPTHSIMH CBSI3U B IPOAYKTaX M pearcHTax:
Qs =4E(C-H) + 2E(O-H) — 3E(H-H) — E(C=0) = 414-4 + 464-2 — 469.3-3 —
1028.2 = 147.9 x/I:x/Moab (2 6ana)

Bcero makcumym 15 6aniioB



10 kaace
3ananue 1.

1. 3anumeM ¢gopmyny coiid, JJIsi KOTOPOW H3BECTHA MaccoBas JOJs Kaiaus, Kak
KihXOn. CoctaBum ypaBHEHUE.

910 _ssn1
39.1n+ x+16m

[Tocne cokparnieHuii ¥ ynpoIeHuii MOKHO BBIpa3uTh X = 63.5n — 16m.

[lepebupast TunmaHbIe GOPMYIIBI OKCOCOJICH, It N =2 u M = 3 mosydaeM X = 79,
TO ecTh X — ceneH. Torma uckomas conb — KoSeOs, 1 OHa MOXKET MOJIYYHTHCS B
peakiuu KucioTHoro okcuna cenena(lV) co menousto, HO He B peakiuu ¢ KO, —
CUJIBHEHIIUM TBEP10(Pa3HBIM OKUCITUTEIICM.

3nayut, A — Se02, B — K2SeOs, B — K2SeOa.

BeiTecHeHHeM ©3 cejeHaTa Kajaus MOXKHO moayduth okcup  cenena(Vl),
oOpa3yronuii ¢ BOJAOW CEJICHOBYIO KHUCIIOTY (QHAJIOT CEpHOH), a ¢ THAPOKCUIOM
QITFOMUHUS — COOTBETCTBYIOIYIO CPEAHIOIO COJIb, CEJICHAT alfOMHHMS. 3HAYuT, I' —
SeOs, I — H2SeOs, E — Al2(SeOs)a.

Ksacupl — comu obmei popmyasr MY*M3*(SO,)2-12H,0. TlockonbKy KBacipl
MOJIy4alOTCsl M3 CEJIeHATOB, a He cynb(aToB, TO MX (opMmysa aHAJIOTMYHA, HO
COJICPIKUT celleHaT-noHbI BMecTo cyibdar-noHoB: K — KAI(SeO4)2-12H,0.
Cenennt xanus (M = 205.1 r/Moib) pu HaATrPEeBaHUHU B BOJAOPOJE JAET BEIIECTBO C
MossipHOM Maccoi 205.1/1.31 = 156.6 1/M0J1b, UTO XOPOIIIO COOTBETCTBYET MOTEPE
3 aToMOB KuCJIOpoJia W oOpa3oBaHUIO celleHuja kKamus. [locnegnuit ¢ comsimu
KaJMUs TOJDKEH JaBaTh CEJICHM]T KaJIMUsI, KOTOPBIHA ACHCTBUTEIBLHO MPUMEHSETCS
B KadecTBe KpacHoro kpacurens. Urak, 3 — KzSe, U — CdSe.

2. YpaBHEHUS pEeaKIuii:

peaxyusn 1. SeO; + 2KOH — K;Se03 + Hy0;

peaxyusn 2. Se0; + 2KO; — KySe04 + Oy;

peaxkuus 3: KySeOy + SO3 — KySO4 + Se0g;

peaxyusn 4. SeO3z + HyO — HySeOy;

peakyun 5. 3H;SeO4 + 2AI(OH)3 — Alx(Se0a)s + 6H0;

peaxkuus 6: A|2(S€O4)3 + KySeOy + 24H,0 — 2 KA|(S€O4)2'12H20;

peaxkuus 7: KySeOs + 3H; — K,Se + 3H,0:;

peaxkyusn 8: K;Se + CdSO4 — CdSe + K,SOq.

3. CtpykTypHas ¢popMyina ceneHuT-uoHa (popma — mupaMuiaabHas):

Se
0Z NP
©0

4, CoequHEHUS KaIMUS SITOBUTEL.

1 | ®opmyast A — U — 1o 0,5 Gama 45 6aaaa
2 | YpaBHuenus 8 peakiuii — o 0,5 Gamra 4 pana




w

CrpykrypHas GopmMmysa U yKazaHue reomMmeTpuu — no 1 Gamny 2 das1a
4 | Vxa3anue Ha SI0BUTOCTE — 1,5 Oasia 1,5 6a1a
NUTOTI'O: 12 6aan0B

3aganue 2.

1. Camblii nerkuil Mmetayn — auTuil. Ero TunuyHas creneHb oKucieHus paBHa +1,
nosTomy opmyna ero runpuna — LiH. 3naunrt, A — Li, b — LiH.

CoenuHEeHHE JIUTHUS C XJIOPOM — XJtopua autus — umeeT Gpopmyny LiCl (BemecTBo
I).

lMunpua anroMUHUS JOJDKEH COJAEpXaTh aFOMHUHHM B CTCTICHH OKHUCICHHS +3 U
BOJIOPOJ B cTerneHu okuciaeHus —1, to ectb J — AlHs.

Torna peaxius umeet Bu: 3LIH + B — 3LICI + AlHs.

Bunno, uto cocras B — AICls.

2. 14 IpoTOHOB cOACPKUT (POPMYJIbHAS CIMHUIIA THIPHUIOB MPE/TOJIOKUTEIHBHOTO
cocraBa AlIH, MgH,, NaHs. Tunuunyio cTeneHb OKHCIECHHS B 3THX BapHaHTax
HUMEeT TOJIbKO Maruui, 3uaunt E — MgH>, 2K — Mg(OH)z.

Ypasuenue peakmun: MgH; + 2H,O — Mg(OH); + 2H..

3. PaccunTaeM KOJIMYECTBO BBIACIHMBIICTOCS BOJIOPO/IA:

= ﬂ =0.3603 moJ1b

" 22.4

Macca BeiaenuBIerocst Bojgopoaa pasaa m(H,) = 0.3603-2 = 0.7206 r.

Macca oOGpazoBagiierocst pactBopa paBHa m(p-pa) = 109.2-1.2 = 131.04 r.

I[To 3akOHY cOXpaHEHHs MacChl, Macca MOMEIIEHHOTO B pacTBOpP 3 paBHA

m(3) =131.04 + 0.7206 — 123.1 = 8.66 r.

4, Ilycte tunpun umeer (opmyny XH, Torma rumpokcun umeer (opMmyry
X(OH)y. Peakrus B o01ieM BHjie ©MEET BU/I:

XH,+nHO — X(OH)n + n Ho.

3HAUMUT, KOJIMYECTBO MCXOAHOTO THUIApUAAa B N pa3 MEHbIIE KOJIUYECTBA
MOJIYYEHHOTO BOJIOPO/IA:

n(MH, ) = 0.3603
n

8.66
0.3603
%

[Tonyuaem, uro M(M) = 23n. [ns n = 1 monyyaeM NOAXOISIIMI BapuaHT —

M (MH, )= =24n=M (M) +n

HaTpUU.

3 — NaH, 1 — NaOH.

5. Ha xaxnpiii atom Metauta K mpuxomutcs 0.04-2 + 0.62 = 0.7 aTtomoB
BOJIOpPOJIa, TO €CTh ruapua umeet coctaB KHpo 7.

L =0.0065

0.7+ M (K)

M(K) = 106.99 r/monb — Hanboaee 6JIU3KO K NaUIaIuIo.
K — Pd, ruapun — PdHo..



6. Peaknus nonyuyenus ruapuaa umeet Bua: Pd + 0.35 Hy — PdHo 7.
3naunt, 1 monp nmamiaaus norjomaeTt 0.35 mons Bogopoaa. PaccuutaeM 00bEM

000UX KOJUYECTB BEIIECTB.
m(Pd) =106.42 r
V(Pd) = 106.42/12.02 = 8.854 cM®

V(H,)=0.35-22.4 = 7.841 = 7840 cm®
V(H)/V(Pd) = 8558/8.854 = 885.

1 | 5 Bemects o 0,5 Oamta 2,5 dasi1a

5 ®opmyisl 2 BemectB — 1o 0,5 Gaia 1.5 Gama
Peaknusa — 0,5 6ayuta

3 | Pacuer maccel 3 — 2 6ayuta 2 0aJi1a

4 | ®opmynsl 3 u U —no 1 6amny 2 basnaa

5 | Mertann K u popmyna ruapuna — o 2 6amia 4 payi1a

6 | Pacuer pacTBOPpMMOCTH BOJIOpOJia B MeTaJIe — 2 Oaia 2 0aL1a

Bcero makcumym 14 6asios.
3aganue 3.

1. Pemenue 3agaun yaoOHee BCEro HaUaTh ¢ yCTAaHOBIIEHUS CTPYKTYp BemecTB C u
D. Tlpespamenue BemiectBa C B BemectBo D mpu HarpeBaHuM B MPUCYTCTBUU
KaTaju3aTtopa, B KadyecTBe OJHOTO U3 BApUAHTOB KOTOPOTrO  yKa3aH
AKTUBHPOBAHHBIN yTrOJdb — BEPOSITHO, DPEAKIUS TPUMEPHU3ALUU AalleTHIIEHA C
oOpa3oBanueM Oenzoina. Kpome Toro, anerusieH JeHCTBUTENBHO MPUMEHSIETCS IPU
ra3oBoil cBapke MeTayuioB. Takum oOpasom, BemecTBo C — amerusieH, Bemectso D
— O0en3od. [Ipu B3aumoaeiicTBun 6eH3051a ¢ OpOMMETaHOM B IIPUCYTCTBUU XJIOPHA
AMIOMUHUSL TIpOTEKaeT peakmus ankwinpoBanuss no Dpugemo-Kpadrey, B
pe3yabpTate KoTopoil oOpasyercs Tonyol (BemectBo F). [Ipu okuciennn tomyosa
NEPMAHraHATOM Kallusl B CEPHOKHUCIOW cpelle B KauyeCTBE OpPraHUYECKOro
npoaykTa oOpa3yeTcs OenzoitHas kuciora (BemiectBo E). Temepp mepeitném k
0oJee CI0KHOM YacTH 3a/layll — YCTAHOBIIEHUIO CTPYKTYPHBIX (hopmys BemecTB A
u B.

M3BectHo, uTo yrimeBojgopoa A coaepxur 93,29% yriaepoma 1o macce,
CJIeI0BaTENbHO, OCTalbHAsl YaCTh MOJIEKYJISIPHON MAaCChl MPUXOJUTCS HA BOJOPO/I.
IlyTeM HECHIOXHBIX pacyeToB MOJy4aeM, YTO MpocTedmas OpyTrTo-hopmyia
BemiectBa A — C7Hs. B ycrioBusiXx MATrkoro 030HONIW3a B Ka4eCTBE MPOIYKTOB
peakiuu U3 aJKeHOB MOTYT O0Opa30BbIBaThCS aldbACTHAbl U KeTOHBI. Kpome Toro,
HaM U3BECTHO, YTO BEIECTBO B okucisieTcs: mepMaHraHaToM Kajius 10 O€H30MHON
KUCJIOThI. Torma JIOTHYHO MPEANOJIOKUTh, UTO BemiecTBO B sBusercs
OenzanpnerugomM. Torga yriaeBogopon A JIOMKEH COolep aTh B CBOEM COCTaBE
dbenunbHble 1UKIBL. C y4eTOM 3TOr0 HEBO3MOXKHO MOA0OpaTh COEAUHEHUE C
opyrro-popmynont C7Hs. Onnako, ecnu ynBoUTh OpyTTO-POPMYIY U «BBIYECTHY
nBa penun-panukana, ocraércs ¢pparment CoHp. Takum oOpaszoM, moiaydaem, 4To




BeniecTBO A — 3710 cTuiabOeH. YTo KacaeTcs peakuuu MojaydyeHus: OeH3anbaeruaa
n3 OeH3ojla — 3TO OJHA U3 TMPOCTEUIIUX peakuuil (OpPMHUIMPOBAHUS
apoOMaTHUYECKUX COCAMHEHMIA, M3BECTHAas Takke Kak peakuus [arrepmana-Koxa.
CrtpykrypHble ¢GopMynbl BCeX 3amn(pPOBAHHBIX COCAMHEHUW TMPHUBEACHBI Ha

cXeMme:
O<_H O<__OH
Q 1)0; KMnOy,, H,SO,
©/\ 2) Zn, HCI
A

B E
A
CO, HCI
A|C|3 KMnO4, H2304
t°, kat. CH3B
H——H Kar. = 3Br
c AICl
D F

3a kaxayo BepHYIO cTPYKTYpY 1,5 6ana.

2. CTunp0eH MOKET CYIIECTBOBATh B BUJIE JBYX F€OMETPUUYECKUX U30MEPOB — YUC-
CTUIIBLOCHA U mpaHCc-CTHIIBOCHA:

mpaHc-cTunbLoeH uuc-ctnunobbeH
3a kax/aAy10 BepHYIO CTPYKTYpY 1 0as.

3. Xnopu adroMUAHHS — KACJIOTa JIbIoMca — UCIOIB3YETCsl B JIaHHBIX PEaKIHAX B
KadecTBe KaTajausatopa (1 6ami).

Bcero makcumym 12 6ansios.
3ananue 4.

I. JIna orBeTa Ha MEPBBIA M TPETUM BONPOC OTMETHUM, YTO TEMIIEpATypHAas

3aBUCHMOCTh CTaHJAPTHOM 3Heprum [ 'mbOOca mmeeT BHI ArG =AH —TArS X

CJIE0BATEIIBHO, YHCIJIO, CTOAILIECE NEPE] TEMIIEPATypOd — WU3MEHEHUE DHTPONUHU

peaknuu, B3SATOC C OOpaTHBIM 3HAKOM, a CBOOOJHBIN YJ€H 3aBUCHMOCTH —

W3MEHEHUE SHTAIBIINN PEAKIINH.

, TO, InKz—Arl_| +ArS
RT R

peaKiuu OmpeelisieT, pacTET WM yObIBAa€T KOHCTAHTAa PABHOBECUS PEAKIUU C

pocToM Temrieparypbel. Bce mpuBeIEHHBIE B YCIOBUM PEAKUHUHM IK30TEPMHUYHBI,

IMockomeky —RT INK =A H"-TA,S* . 3HaK SHTAJBIUU



CJIeI0BaTEeIbHO, UX KOHCTaHThl paBHOBecUs OyayT yObiBaTh. OTBET Ha NEPBBIM
Borpoc — peakuu 1, 2, 3 u 4 (mo 0.5 6an/1a 3a KaKIbIi BHIOPAHHBII MyHKT).

2. To, xkakoe BIMSHUE Ha MOJOKEHUE PaBHOBECHUS OYJET OKa3bIBaTh U3MEHEHHE
JaBJIEHUE, ONPEAEAETCS KOJIUYECTBOM ra3000pa3HbIX BEIIECTB B JIEBOM U IIPABOM
yacTsx ypaBHeHus. B peakuum 1 razoB cineBa u copaBa mo 1 Moiib; BO BceX
OCTaJIbHBIX pEaKlMsSIX ra3oB B JIEBOM YacTH ypaBHEHHs OoJibllle, YEM B IPaBOil,
MO3TOMY YyBEJIMYEHHE OOIIero AaBieHUs OyIeT CrnocoOCTBOBAaTh CMEIICHUIO
paBHOBecusi peakuuu BrpaBo. Oteer — peakuum 2, 3 u 4 (mo 0.5 Oanua 3a
KaK/Iblii BBIOpaHHBINA MYHKT, — (0.5 6a/u1a 3a BLIOOP MyHKTA 1).

3. Hns ynoOcTBa BBIHECEM TEPMOJAMHAMUYECKUE XAPAaKTEPUCTUKU pPEAKUUN B
OTJEIbHYIO TaOIUILY:

No Peakius AH® / Ixx/mons AS°® / Txx/mons/K
1 C+0,— CO; —393500 2.9

2 2C0O + O, — 2CO; —566000 -173.1

3 2H, + O, — 2H20(>K) 571600 -326.7

4 2H, + O; — 2H,0 —483600 —88.9

a) UtoObl monmyuuts Beauuunbl AfH® u AS° peakuuu CO + H,Or) — CO2 + Hy,
HEOOXOJMMO HAaWTH Pa3HOCTh COOTBETCTBYIOIIMX BEIMYMH peakuuid 2 u 4 u
HOJETUTh Pe3yIbTaT Ha 2:

ArH°(a) = (-566000 — (—483600))/2 = —41 200 Tx/momb

AS°(a) = (-173.1 — (-88.9))/2 = —42.1 Tx/mons/K

Torma ArG°(@) = —41 200 + 42.1-(T/K) (2 6a/1a)

0) MonbHass JHTaNBIUSA HUCIAPEHUS BOJbI — TOJOBHHA PA3HOCTHU JHTAIBIUN
peakuuii 4 u 3:
AH°(6) = (483600 — (-571600))/2 = 44 000 Tx/moamb (1,5 6ama)

B) JHTaJbNMUs 00pa30BaHMA YIJIEKHUCJOI0 ra3a — 3TO NPOCTO IHTAIbIUA
peakuuu 1, To ectb -393500 T:x/Moan (1 6aswn).

Ouranenus odpaszoBanus CO coorBerctByeT peakiuu C + 0.50; — CO u moxer
OBITH TIOJTYyYEeHA U3 PHTAIBINNA peakuii 1 u 2:

AH°(B) = A/H°(1) — 0.5A/H°(2) = —393500 + 566000/2 = -110 500 dx/mouab (2
0asa)

r) OmnucaHHOE YCJIOBHE COOTBETCTBYET CHUTyallMHd, KOTJAA JUIA PEaKIHuH
CO + H2Or) — CO2 + Hy AG® = —41200 + 42.1-T > 0. Mckomast TemmepaTypa
paBHa 41200/42.1 = 980 K (2 6a1a).

Bcero makcumym 12 6aj1iioB.




11 kiaace
3aganue 1.

1. ITo peakuuu 6 MOKHO OHSTH, YTO METAJLI — LIEJIOYHOM:

2M + 2H;0 — 2MOH + H;
KonnuectBo momydenHoro Bojopona paBHo 0.487/22.4 = 0.0217 moinb; TOrna
KOJIMYECTBO IIEJIOYHOr0 MeTaia BJaBoe Oounbire, To ecth 0.0434 monp, a ero
mouisipHas Macca paBHa 1.00/0.0434 = 23 r/moinb, 4TO cooTBEeTCTBYET HaTpuio Na
(1 6am).
[Ipu snekTposiv3e BOJHOIO PacTBOpPa CEPHOM KHUCIOTHI OOpa3yeTcs BOJOPOJ U
KHUCIIOPOA:

2H,0 —2ema_y 2H, + O,
29%4

[Ipu B3amMoAeHCTBHM BOJOPOJA U KHCJIOPOAA C HATpUEM OOpPa3yOTCs TUIPHUI
NaH u mepokcua NayO;. UtoObl MOHATH, TNI€ Kakoe BEIIECTBO, OOpaTUMCS K
MOCJICIHEMY TIPEUVIOKEHUIO YCJIOBUSA. [wuiapun mnpu Jr000M  Temreparype
B3aMMOJICHCTBYET ¢ BojOoM oauHakoBo. Torma D — Na2Oz, C — NaH, B — O, A -
H2, E — NaOH (mo 1 6aay 3a BeliecTBo).
2. YpaBHEHUS pEaKITUii:

2H, O —=222 5 2H, + O2 (1) (1 6an)

H,S0,
2Na + H2, — 2NaH (2) (1 6ama)
2Na + Oz — Na20O: (3) (1 6amm)
NaH + H O —- NaOH + H>  (4) (1 6aw1)
2Na,0O; + 2H,O — 4NaOH + O (5) (1 6a1)
2M + 2H,0 — 2MOH + Hz  (6) (1 6am)
B xononaHo# Boje mepokcHl HATpUs THAPOJIM3YETCS 10 MEPOKCHaa Bojopoaa 0e3
BBIZICJICHUST KHCJIOPO/Ia:

Na,0z + 2H,0 — 2NaOH + H20,  (7) (1 6an)

3. M3BecTHO, 4TO MIEIIOYHBIC METAJUTBI TO-PA3HOMY PEarupyroT ¢ KUCIOPOAOM, T.€.
sto peaknust 3 (1 Oasmum). Tak, TOJbKO JHTHI HpPU CrOpaHUU B KHUCIOPOJE
oOpa3zyeT okcui. MeTtamisl TsDKelee HaTpusi o0pa3yloT MNPEUMYIIECTBEHHO
HAJIIEPOKCHU/IBI:
4Li + 20; — 2Li20 (1 6amn)
K+ 02— KOz (1 6amn)

Bcero makcumym 16 6ansios.

3ananmue 2.

1. U3 oObI4HBIX COJIEM Kajausi MallopacTBOPUM TOJIbKO mepxiopaT. Torma A —
LiClO4, u3mMeHeHHEe MacChl IPU €0 MPOKAIMBAHUH, JIEHCTBUTEIIBHO, COCTABIISCT

106.39/42.39 = 2.51 pa3a.
Hrak, A — LIClOa.



YpaBHEHHUs pEaKLUNn:
peaxyusa 1 LiCIO, —5LiCl + 20,;
peaxyusa 2. LiClO4 + KCl — KCIO,4 + LIiCI.

2. PaccunTaemM COOTHOIIIEHUE U3BECTHBIX AJIEMEHTOB B Xo!
n(Ba):n(F)zﬂ:@:L&
137.33 19

3naunt, BeposTHO, (opmyna Xz — BaXFe. Paccuutaem MomsipHylo maccy u
OIPEIIEIIUM DJIEMEHT X
M =137.33/0.4915 = 279.4 r/monb
M(X)=279.4—-137.33 —6-19 = 28.07 r/M0JIb — 3TO KPEMHHIA.
3unaunt, X2 — BaSiFs, X1 — SiFs4 (mpoaykr peakiuu kpemuus ¢ gpropom), Xz —
BaSiOs (ocamok w3 TaOMWIBI PAacCTBOPUMOCTH, MPOAYKT THAPOIU3a (GTopHaa
KPEMHHUS B TUAPOKCUIE Oapus).
st ompesaeneHuss 3JeMEeHTa Y COCTaBUM YpaBHEHHWE, CBS3bIBAIOIICE MAacCy
MeTa/ia B oauHakoBeIX Maccax noauaa (Yln) u okcuaa (Y20,) — daktudecku, ux
COOTHOIIICHHE SIBJIICTCS COOTHOIICHUEM MaCCOBBIX JIOJIeH Y

2y g6 Y
2y+16n y+126.9n
Bripasum oTcrona aromHyro Maccy Y:Yy = 22.8n.
ITpu n = 4 nonyvaem Y = 91.2 — 370 IIUPKOHUH.
3uauut, Y1—Zrls, Y2 —ZrOa.
PaccuuTtaem maccy rasza B peakiuu 8, moJib3ysCch 3aKOHOM COXPAHEHHSI MacChl:
m=1.31+1.114+1.523 -3.403=0.544r1
n=0.277/22.4 = 0.01237 mounb
M = 0.544/0.01237 = 44 r/M0ab — OYEBHUIHO, ITO YIJICKUCIBIN Ta3. Buaumo, B —
KapOoHaT, OyJieM cUuTaTh, 4T0 OH uMmeeT hopmyny MoCOs. Torna ero Koau4ecTBo
paBHO KonmuecTBY CO2, MOKHO paccunuTaTh €ro MOJSIPHYIO MaccCy:
M =1.31/0.01237 = 105.9 r/monb.
3a BerueToM KapboHat-uona (60 r/mMoib) octaercs 46 T/MOJb, YTO COOTBETCTBYET 2
atomam Hatpus. 3HauuT, B — Na2COsa.
PaccuuTtaem konmdecTBa OCTAIBHBIX PEAreHTOB:
n(SiO,) =1.114/60.08 = 0.01854 moub;
n(ZrOz) = 1.523 /123.22 = 0.01236 mou1b.
Bunno, uro cootromenne N(NaxCOs3): n(SiOy): n(ZrOy) = 2:3:2.
MoskeMm 3anucath ypaBHEHHE Peakiuy B 001eM BUE ¢ KOAPUIIMEHTAMU:
2Na,CO3 + 3SI0; + 2Zr0Oy; — ... + 2CO0..
W3 ypaBHeHus BUIHO, uTo Gopmyna b — NasZrzSisO1o.
3. YpaBHEHUs peaKInii:
peaxuyusn 3. 2HF + SiF4 — H,SiFg;
peaxuusn 4. HySiFs + Ba(NO3), — BaSiFs + 2HNOs3;
peaxuyusa 5. 3SiF, + 3Ba(OH), — 2BaSiFs + BaSiO; + 3H,0;
peaxyusn 6. Zr + 4AHNO;3 + 7THF — HsZrF; + 4ANO; + 4H,0;
peaxyusn 7. ZrO; + THF — HsZrF; + 2H;0;
peakuusn 8: 2Na;CO3 + 3Si0; + 2Zr0O; — NasZr,Siz012 + 2C0..




1 ®opmyna A — 1 Oamn 3 Gasa
2 peakuuu — 1o 1 Ganmy
2 | ®opmyibl 7 BemecTB — 1o 1 6amny 7 0aJ10B
3 | YpaBuenus 6 peaxuuii — o 1 6ammy 6 0ass10B
HUTOI'O: 16 6a110B
3aganue 3.

1. Ilpu B3aumoneiicTBuu cnupta ¢ HBr mpoucxonur 3amenenre TuIpoOKCHIBHOM
rpynnel Ha Br. B3aumoneiicTBue mosiydeHHOro OpoMmaa ¢ MarHueM BenET K
oOpazoBanuto peaktuBa ['punbsipa — RMgBr. Auuon u3 storo coenuneHuss R~
npucoeaunsiercs mo cBs3u C=0 yriekucnoro raza ¢ 00pa3oBaHUEM COJIU
KapOOHOBOM KHUCIIOTHI.

Coenunenne X — HaTtpueBas coib. MosipHas Macca B pacu€r Ha 1 aTroM Hatpus
paBHa 23/0.469 = 49 r/monb. BeruuTas arom HaTpHs, TOTYYUM OCTATOK 26 T/MOJIb.
Conp X nomkHa coaepkaTh YIJIepoJl, TaK Kak Ha JPYTruX CTaJAUSIX CUHTE3a aTOMBI
yriiepojga He BBOASATCS. Boiumras 12, momydaem octaTok 14, KOTOPBIM MOXKET
cooTBeTcTBOBaTh a30ta. Torma X — NaCN (1 6an).

B3aunmopeticteue Rl ¢ NaCN compoBoxkgaercss OOMEHOM W TPUBOJIUT K
obpazoanuto Hutpuiaa RCN. BoccranoBnenue nutpmna naér amuan RCH>NH,
KOTOPBIA TIPH B3aUMOJEHCTBHHU C a30TUCTON kuciotror nmaér cnupt RCHOH.
[Tocnennuii, B cBOrO ouepens, mpespaiiaercs B RCH:l B3aumopeticteuem ¢ HI.

(0]
HBr Mg o, RJ<@ 1.LiAIH,
ROH RBr RMgBr —mon— RCHOH
. 2H0H
Al A2 MgBr
O
A3 R4
OH
RI — NN peN P Rocp,NH, N9 pemon ML ReH,I
Bl B2 B3

ITo 1 6anay 3a kaxayro ¢gopmy.ay, Bcero 6 6a/10B.
B kaudecTBe A3 3acUHMTBHIBaeTCs TaKk:xkKe kKapooHoBasi kuciaora RCOOH.

2. B peakmuio ObUT BBEAEH MeTaHON KojmdecTBoM 1/32 monb. B pesynbrarte
TEOPETUYECKU JOJHKHO OBLIO OBITh IMOJYYEHO TO K€ KOJIMYECTBO MPOJYKTA,
OJIHAKO B PCANTbHOCTH OHO cocTaBuio 1/1434.7 monb. MeHbIee KOIUYECTBO
BEIIIECTBA OBLIO MOJIYYEHO 3a CYET TOT0, YTO B KAXKJIOM IIUKJIC HapalluBaHUs IETH
BEeJIMUMHA BBhIXoJa 1 Obuta MeHbine 1. Ilomnbiid cuaTes BKmodan 100 1nukios, 3a

CYET 4ero KOHeuHbIi BbIX0J cocTaBui 1 . Pemrim ypaBHeHuUeE:
1 100 1

27 T1a347
Otcroma n = 0.96 uiu 96 % (3 6asa).



3. C3 mmeer ¢popmyny RCH,CH,OH. C1 — RCI, C2 — RMgCI. Tloaxoasmei
KaHIUIAaTypoil Ha pojib Y B 3TOM cliydae SIBJSCTCS OKHCh dTHIICHA!

/ N\
M 1. H,C—CH
ROH == RMgCl 5y o5

ITo 1 6auny 3a kaxayo ¢popmyJy, Bcero 4 6asia.

PCl,

RCI RCH,CH,OH

4, Okuchp »d>TUJIEHAa MOXET OBITh noJiyd€Ha H3 OTUJICHA KaTaJIUTHYCCKHUM
OKHCJICHUCM HJIN B33PIMOI[€I>1CTBHCM C HAAKHUCJIIOTaMMU:

2 H,C=CH, + 0, —28 » 2 H,C—CH,
/O\

H,C=CH, + RCOOOH —— H,C—CH, +RCOOH
(1 6anu, 3acunThIBACTCH JI00As U3 peaKMii)
Ecnu B kayecTBe MCXOAHOTO BEIIECTBA HMCHOJB3YETCS 2-XJIOpITaHOI-1, TO ero
HeoOxouMo oOpaboraTh ocHoBaHueM, Hanpumep, NaH nmu NaOH:
CI-CH2-CH2-OH + NaH — NaCl + C2H40 + H>
CI-CH2-CH2-OH + NaOH — NaCl + C2H40 + H20
(1 6anu, 3acunThHIBaETCH JIO0As U3 peaKIuid)

Bcero makcumym 16 6asiioB.
3ananmue 4.

1. Ilpu nonyuennu B u C ucnonb3yloTcs peakiyuu BoccTaHOBIECHUS. Hampumep,
XOpOIIO  y3HaBaem OTpaBJICHHBIMH KaTaJau3aTop Pd/BaSO./xunomuH,
UCIIOJIB3YEMBI B XOJI€ NpPEBpaAllEHUsA AlTKUHOB B alKeHbl. Torma A — alkuH.
EnuHcTBeHHBIM BO3MOXHBIN BapyuaHT — OyTHH-2, BOCCTAHOBJICHUE TPOWHOMN CBS3U
B KOTOPOM JI0 TBOMHOM MPUBOAUT K 00PA30BAHUIO IHC- U TPAHC-U30MEPOB:

_ FHs Na/NH; H,/Pd/BaSO, _
HC=CH <———— HyC-C=C-CH, -2 >t~ HC=CH
H5C H3C CHj3
B A C

ITo 1 6anury 3a kaxayio ¢popmyJy, Bcero 3 fana.

2. Cpenn 1mc- W TpaHC-M30MEPOB 0Oojee YCTOWYMBBIMU TIPU KOMHATHOM
TEMIIEpaType SBISIOTCS TpPAaHC-U30MEpPhl, TaK KaKk B HHUX OTCYTCTBYET
oTTaJKuBaHue 0OBEMHBIX Tpymm. Takum oOpa3om, cpenu nuc-OyTeHa-2 U TpaHc-
OyTteHa-2 0oyiee yCTOWYUBBIM OyaeT TpaHc-0yTeH-2 (1 6asw).

3. Koncranra paBHOBECHS peaKIIMu U30MEPH3aAIHH
B=C

paBHA OTHOIICHUIO NapIuaibHbIX naBineHui C u B:
K = Pe
Pe



[lockonbKy ra3pl HaxXOASTCS B PAaBHOBECHM IPU OJHOW TeMIiepaType B COCYAE
OJIMHAKOBOI0 00BEMA, MOKHO 3aMEHUThb OTHOIIEHHE JABJICHUN OTHOILIECHHEM
KOJIMYECTB BEIIECTB, KOTOPOE U3BECTHO U3 YCIOBUSA:
< P _ne
Pe Ny
Tax, npu Temneparype 29 °C K = 3, a npu temnepatrype 123 °C K = 2 (mo 1,5
0aja).

4. Vicnonw3ys npuBeEHHBIE B YCIOBUH (GOPMYIbI B3aUMOCBS3M sHepruu ['mboca ¢
KOHCTAaHTOW pAaBHOBECHUSA, a4 TAKXKE C HM3MEHEHUEM OSHTAIBIIMM U H3MEHEHUEM
SHTPOIMH PEAKLINH, COCTABUM CUCTEMY YPaBHEHMII:

A.G"(302 K)=-8.314-302-In3=A,H* -302A,S"
A,G* (396 K) =—-8.314-396-In2=A,H® —396A S°
(s pacuéra Temmnepatypa Obljia epeBe/icHa B KEJIbBUHBI. )

Pemenuem mnomyuennont cucremsl Oynytr AH° = —4300 Jbx/mons = —4.3
kJxk/Moab u A;S° = -5 JIx/moan/K (o 2 6ania).

5. Copepxanue nu3omepoB B cmecu Oyner onuHakoBbiM Tipu K = 1. Eciiu K =1, To
A/G°® = 0; Torma
AG =AH" -TA,S" =0
T A H" 4300
A,S’
(3 6amna, pacyéT ¢ UCNOIb30BAHHEM 00Jiee TOYHBIX 3HaYeHnid AH® = — 4289

Jx/monb m ArS° = — 5.07 I:xx/moan/K naér temmnepatrypy 846 K, modtomy
JAOJIKHBI ObITH 3aCYMTAHBI 3HAYeHHUA B Auana3one 846 — 860 K).

=860 K

Bcero makcumym 14 6a1oB



