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NucTpykums 1 sKOpHu

KupHbiM mipudTOM BBIZIEICHBI IPABUIBLHBIC OTBETHI, 32 KOTOPHIC HAYUCIISIFOTCS
Oael, 1 pa3zbauIoBKa.

Bo MHOTHX pacueTHBIX 33Jadax OICHUBAIOTCS MPOMEXyTouHbIe maru. [IIkoapHIK
MOXXET penaTh 3ajadyy He TaK, KaKk B aBTOPCKOM PELICHWHU, IIPH 3TOM, €CIIA OH
MOJIYYHJI BEPHBIN KOHEUHBIH OTBET, PEIICHHE MOJDKHO OBITH OIIEHEHO MOJHBIM
OaJlJIOM Kak 3a 3TOT OTBET, TaK M 3a BCE LIArv, BeAyIIME K HEMY B aBTOPCKOM
pelieHun.

B MHoOrocrtyneHuyaThlX pacyeTHBIX 3ajJadax 3a OJIHY YHUCTO apu(PMETHUYECKYIO
OLIMOKY, TPUBEAINIYIO K YUCICHHO HEBEPHOMY OTBETY, CyMMAapHbIi 0asl 3a BeCh
pacyeT He JIOJDKEH CHUXKAThCs 0oJiee YeM HAIOJIOBUHY.

YpaBHEHUS peaKIMii C HEBEPHBIMHU UM OTCYTCTBYIOIIUMHU KO3 (PHIIMEeHTaMu, KaK
IpaBUJIO, OLIEHUBAIOTCS B MOJOBHHY OT MAaKCUMAaJbHOIO KOJHMYECTBA 0ajuioB, a B
TE€X Cilyyasx, KOrja ypaBHEHHS Oe€3 KOd(PPUIMEHTOB MPUBEIEHHI B CaMOM
ycioBuu, B 0 6aios.

HIKOTBPHUKK MOTYT HCHOJB30BaTh MPH PEIICHWN KaK OKPYTJIEHHBIE A0 IIEJIOTO
yuciua, Tak U TouHble (1-3 3Haka mocine 3amsiToi) aTOMHbBIE MacChl 3JIEMEHTOB. B
MOCJIEHEM ClIy4ae OTBET MOXET COAepKaTh Oojblle 3Hadamux uudp, yem
IPUBENICHO B JAHHOM PEILICHUHU.

[Tpu npoBepke paboT OHY U Ty XK€ 3a7ady y BCEX yYaCTHUKOB JOJDKEH MIPOBEPATH
OJIVH YEJIOBEK.

MakcumanbHbIi 0ajul 3a KaXAyro 3ajady pas3lidueH W yKa3aH B KOHIIE pelIeHUS.
MaxcuManbHBIN 0aji1 3a Bee 3a1aur B 8 kiaacce 51 6amr, B 9 ximacce 54 6amna, B 10
knacce 50 6amnos, B 11 ximacce 62 6ama.



8 kiace
3ananmue 1.

1. Takre oKcorajgoreHuAbl HMMeET o0y dopmyry SOHal, (4 pasmudHbIX
OKCOraJIoreHua — 1Mo KojudecTBy rajoreroB) jaubo SOHalHal’ (pasnuunbix map
rasoreHoB 6). Itoro 10 pa3nu4HBIX BO3MOYKHBIX MOJICKYJI.

2. CtpykrypHas popmyna:

I I
//S\ /S:O
OC|/ O \CI

3. Tako# okcodropun umeer coctaB S,0OF .
F\Il: Il:/ F

F—/§—O—§\—F

Fe  LF

4. n(H,S0,) = cV = 7.81-10"° Mo

n(HBr) = cV =5.21-10"° moms

Buano, uro xoanuecrsa H,SO, u HBr cootnocsites kak 7.81:5.21 = 1.5:1 = 3:2.

3HAUUT, €CIM HCXOAHBIM OKcorajoreHun umeer Qopmyny S,O\Br,, ypaBHeHue

pEeaKIni UMEET BUI:

S,O,Br, + ...H,O — 3H,SO, + 2HBr.

N3 sToii cxembl MOXHO TIPEIONIOKUATh X = 3, Z = 2,

U3 ypaBHeHus peakuun: N(okcoranorennga) = N(H,S0,)/3 = 2.603-10~° monb

M(oxkcoranorenuna) = 1/2.603-10% = 384 r/moub.

3a BeIUeTOM 3 aTOMOB Cephl U 2 aTOMOB Opoma octaetcs 384 — 32-3 — 80-2 = 128

=16-8.

3nauur, Y = 8, popmyina okcoranorenuna — S3OgBr,.

3anuiieM peakiuu KUCIOT ¢ OKCUIOM Oapusi:

BaO + H,SO, — BaSO, + H,0O

BaO + 2HBr — BaBr, + H,0.

Ha neliTpanuzanuio 06erx KUCIOT MOHAT00UTCS CIEAYIONIee KOJTUNYECTBO OKCHIA:

n(BaO) = n(H,SO,) + 0.5n(HBr) = 0.010415 mob.

m(BaO) = 0.010415 - 153.3=1.60 .

1 3a orBeT 4 — 1 Oamn 3 paJLiia
3a orBer 10 — 3 Oasuta M

2 | CtpykrypHas popmyrna - 2 6amia 2 daj1a

Monekynspuas hopmyna — 2 6aina

CrpykrypHast hopmysia — 2 Gaiia 4 6an1a

dopmya okcoranorenuaa — 4 6amia

6 0aJJ10B
(ecmu ¢dopmyna HE TMOJTy4YeHA, HO PACCUMTAHBI KOJIMYECTBA




KHCJIOT B pacTBope — 1 6asn)
Macca okcua 6apust — 2 6aia

Bcero makcumym 15 6aniios.
3ananue 2.

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

Ypasraenue peakiuu pasinoxenus: 2Cr(OH); — Cr,03 + 3H,0.

2. l'uapokcun umeet popmyiny M(OH),. Ecnu MonsiprHast Macca meTtania paBHa M,
TO MOJISIpHAasi Macca TUApPOKcuaa paBHa M + 34, 3HAYUT, UMEHHO TaKyl0 Maccy
MOJIBEPTIIN PA3NOKEHUI0O Ha TepBoi craguu. CorjacHO YpaBHEHHUIO PEaAKIUU
M(OH), — MO + H,0, na nepBoii ctanguu oopasyercs 1 Mosb okcuga MO maccoit
xX=M+16r.

Ha BTopo#i ctaguu pasnoxeHuto noasepriau x = M+ 16 r M(OH)s,.

M +16
N(MO) =n(M(OH).,) =
(MO) =n(M(OH),) = *——
M +16)°
m(MO) :M.(M +16) :Q: 64.86
M +34 M +34

PemienrieM mosiydeHHOTro ypaBHeHHs siBisiercss M = 63.5 1/mMoib, 3HA4YUT, A —
Cu(OH)s.

3. M'uppokcua Meaw — CHHUMN, @ OKCHI MEIA — YEPHBIH.

4. 42.9% cooTBETCTBYET MpUMEPHO 3/7, TO €CTh MPOAYKT — Fe30y,.

YpaBHEHHUE peaKkuuu:

3Fe(OH)2 — Fe;0, + 2H,0 + H,.

Peakiuio ¢ rHapOKCHAOM IIepHsi HEOOXOAUMO 3amucaTh ¢ y4acTHUEM KHCIOPO/a,
MIOCKOJIbKY, BO-TIEPBBIX, MHAU€ OHA He ypaBHseTcs ¢ mpoaykramu CeO, u H,0, Bo-
BTOPBIX, PEAKIIUS TPOBOAUTCS HA BO3AYXE.

YpaBHEHHUE peakUuu:
4Ce(OH); + O, — 4Ce0O, + 6H,0.

dopMmyia ruApokcuia xpoma — 1 d6ain

1 2 6anaa
YpaBHenue peakiuu — 1 6amn
CocraB A — 5 Gamios

5 (6e3 pacuera — 0 6amIoB; 5 BAILIOB

Ecnu cocraBiieHo KBaJipaTHOE ypaBHEHUE, HO OTBET HE MOJTYUYCH —
3 Gaya)

3 | Okpacka okcuna v ruapokenaa — no 1 6amry 2 6aj1a

®dopmyna Fe;O4 — 2 Gamna

. 4 dana
YpaBHeHus 2 peakuuii ¢ koapdunmrentamu — 1o 1 6amry 0

Bcero makcumym 13 6asios.




3aganmue 3.

1. EAMHCTBEHHBIN MeTal1, HAaXOAUIMNCS PU KOMHATHOM TEMIIepaType B KUJIKOM
arperaTHoM COCTOsIHUU — 3TO pTyTh (B — HQ). UTo kacaercs raza X, To, COTJIacHO
Teopur (PIOTMCTOHA, WIMPOKO PACHPOCTPAHEHHOW Ha HayalbHBIX JTamax
CTAaHOBJICHMSI XMMHUU KaK HAyKd, OH pacCMaTpUBAETCs KaK HEKas Marepus ¢
OTpHUIIATEIBLHOM Maccoil, KOTopas BBIIEISETCS MPU TOPEHUH METAIOB (YTO B
COBPEMCHHBIX TIPEJICTABICHUSIX COOTBETCTBYET OOPa30BaHUIO OKCHIOB MpHU
B3aMMOJCHCTBUM  METAUIOB C  KHCIOpoAoM  Bosayxa). (CrhemoBarenbHO,
«0ec(hIOTUCTOHHBI BO3AYyX» — BEIIECTBO, KOTOpOe oOpa3yercs B OOpaTHOM
IpoIecce — MPHU TEPMUUECKOM PA3I0KEHUH OKCUa MeTaiia. TakuM oOpazom, X —
O, A- HgO

YpaBHEHHE peakInu paznoxkenus okcuaa pryta: 2 HgO — 2 Hg + O,

2. B ombitax Ileene Mn(l1V) urpaer posib OKHUCIUTENSA, BOCCTAHABIMBASCH 0
Mn(Il). BriosiHe moHATHO, YTO BOCCTaHOBUTENEM mpH B3aumojeiictsuu Mn(l1V) c
COJISTHOM KHCJIOTOM MOKET OBITh TOJIKO XJIOPHI-UOH, OKHCIISIOIIMICS 10 XJopa
Cl, — xenro-3enenoro rasa Y.

YpaBHEHUS peaKLU UPOIO3UTA C CEPHOM U COISTHOU KUCIIOTAMMU:

2 MnO, + 2 H,SO, — 2 MnSO, + 2 H,O + O,

MnO, +4 HCI — MnCl, + 2 H,0 + C|2

3. EnuHCTBEHHBIN Ta3, MOAXOMSIIMNA IO OMUCAHUIO M SBIISIOMICHCS aJTIOTPOITHOM
MoauduKaKuer Kuciaopoaa — 31o 030H Os.

CucreMa OleHUBAHHUA:

1. | ®opmynsl coequnenuit A, B u X —no 1 Oamny 4 d6aJs1a
VYpaBuenue peakuuu — 1 6ann

2. | Coenunenue Y — 1 6ann 4 danaa
VYpaBuenus peakuuii — o 1.5 Gaia

3. | Coenunenune Z — 1 Gann 2 basia

Bcero makcumym 10 6asi10B
3ananme 4.

1. Macca BcrynuBinero B peakiuio X pasaa: m(X)=10—-1.09 =891 r.

Y MOJTHOCTHIO BCTYIUJI B PEAKIIMIO, 3HAYUT, 110 3aKOHY COXPAHEHHUSI MAacChl, Macca
npoaykra coctaimsier M(U) =8.91 +5.00=13.91 .

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

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

2. T"a3 ¢ 3amaxoM TyXJIBIX SHI] — 9TO CEPOBOAOPOI, TO ecTh Z — H,S. 3naunt, X —
cepa (Y oOnmamaeT METaNIMYECKHM OJIECKOM, YTO HE COOTBETCTBYET BHEIIHEMY
BUJTy CEphI: OHA JKEITas M HE UMEET XapaKTEPHOTO JIJIsT METAJIOB OJIeCKa).

Ob6mas popmyna cynb(pUIOB — COCAMHEHUW CEpbl C JIPYTUMH DJIEMEHTaMH, B
KOTOPBIX CTETICHh OKHCIICHUS CEPhI paBHA —2, - UMeeT BUA X,S;, T1ie +N — CTEeNeHb




okucnenuss X B coctaBe U. [lnsg nmanHON 0OmIeit Gopmyssl MOKHO COCTaBUTHh
YpaBHEHHUE:

0.6405 — 32.06n

2M (X) +32.06n

Bripa3um u3 Hero MossgpHyo maccy X, moyanm: M(X) = 9n.

I[Ipu n = 1 M(X) = 9 1/M0JIb — COOTBETCTBYET OEpPHJUIMIO, HO OH HE oOpasyer
COE€IUHEHHUSA B C.0. +1.

[Tpu n = 2 M(X) = 18 r/M0JIb — HE COOTBETCTBYET HUKAKHM JJIEMECHTAM.

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

3naunt, Y — amomuanii, U — Al,S;.

Peaknus nosnyuenus U:

2Al + 3S — A|283.

Peaknms B3aumoeiicteus ¢ HCI:

A|283 + 6HC| — 2A|C|3 + 3H28

3. n(Al,S3) =13.91/150.14 = 0.09265 mo:1b

n(H28) = 3n(A|283) =0.2779 Moib

V(H,S) =0.2779 - 22.4 = 6.23 a1.

4. ng(Al) = 10/27 = 0.370 momb, Ny(S) = 5/32.06 = 0.156 Moab — aTOMUHHUI B
U30bITKE, 3HAUUT, B UTOTOBOM CMECH OYAET TOJIBKO CYJIb(U] ATFOMUHUS U OCTATOK
ATIOMUHUA.

n(Al,S;z) = 0.156/3 = 0.0520 mounb

n(Al)=0.370 — 2-0.0520 = 0.266 momnb

Cynbdun amromunus ¢ HCl BaoBs maer H,S, a amomunnii — Bogopox: 2Al + 6HCI
— 3H2 + 2A|C|3

n(st) = 3n(A|283) = 0.156 Mmoib

n(H,) = 1.5n(Al) = 0.399 mo:b

Viasos = (0.156 + 0.399)-22.4 =12.4 a.

Pacuer maccel X B coequHenuu (8.91 r) — 1 6amn

1 . 3 daJs1a
3HadeHus 2 MacCOBBIX JoJiel — o 1 Gaury
®opmyna U — 1,5 6amna
®opmyna Z — 1,5 Gaa
(ecmm coctaB Z He 000CHOBaH, 3a Z BBICTaBIsICTCs 1 Oaiw;
2 5 0as10B

€ClIi MOJY4YeHO BBIpaXeHHE 9N, HO HE MOIY4YEeH ATIOMUHHUN — 2
Oaia)
2 ypaBHEHHUs peakuuii — 1o 1 6amny

3 | Pacuer 00bEéMa — 2 Oajuia 2 0ajL1a

Pacuer xosmuecTB cepoBo10poaa U Bojgopoaa — o 1 6anmy

N 3 0aa
Pacuet cymmapnoro o6béma — 1 Gamn

Bcero makcumym 13 6asiioB.




9 kiacce

3apanue 1.

1. A- CI’CIZ, B - CfCIg, C -Cr,03, D -Na,Cr,07, E-Cr0O;, F - (NH4)2CI’207,
G — Cry(SO4)3, H— Cr(OH); (o 1 6amy 3a dopmy.ry)

2. YpaBHEHUS PEaKIINA:

Cr + 2HCI — CrC|2 + H,

4ch|2 + 4HCI + 0, — 4ch|3 + 2H,0

4Cr + 30, — 2Cr,04

Cr,05 + 6HCI — 2CFC|3 + 3H,0

Cr,03 + 3NaNO; + 2Na,CO; — 2Na,CrO, + 3NaNO, + 2CO,

2Na,CrO, + H,SO, — Na,Cr,07 + Na,SO, + H,0

Na,Cr,0O; + H,SO, — 2Cr0O; + Na,SO, + H,0O

2Cr0O; + 2NH;3 + H,O — (NH4)2Cf207

9. (NH4)2Cf207 — Cr,03 + N, + 4H,0

10. 2Na,CrO, + 6FeSO, + 8H,SO, — 3F€2(SO4)3 + Cr2(804)3 + 2Na,SO, +
8H,O

11. Cr2(804)3 + 3Na,CO; + 3H, 0 — 2CI'(OH)3 + 3CO, + 3Na,SO,

12.  Cr(OH)s + 3HCI — CrCl, + 3H,0

(mo 0.5 6aJss1a 32 ypaBHeHHe)

N OOThwWDE

3. Apros ucmoyib3yercs AJisi BBITECHEHHsI PACTBOPEHHOI0 B BOJle KHCJIOPO/A,
YTO MPEIATCTBYET OKHCICHUIO XpOMa JI0 CTEIICHU OKHCeHUs +3 mo peakiuu 2 (1
oasLn).

Bcero makcumym 15 6asi10B.
3ananmue 2.

Pemrenne:
1. Peaknius oGpa3oBaHus ocaaka ¢ cepedpom:
X +Ag" — AgX (1 6ami)
DIIEKTPOJIH3 PacTBOPA, COJICPIKAIIETO AaHWOH:
2X - 2e — X, mam 2NaX + 2H,0 — X, + H, + 2NaOH (1 6awn)

2. Eciiu NaX conepxur 46.9 % natpust, To Monsipaas macca NaX pasna 23/0.469
= 49 r/monb, a momsapHas Macca X = 49 — 23 = 26 1/MOJIb, UTO MOXKET
coorBercTBoBaTh CN™ (1 6ama). AnanorunyHo noiyuaeM, uto M(Y) = 58 r/mons.
Y obpasyercs u3 X npu AEMCTBUM IMPOCTOTO BEUIECTBA KEITOTO LIBETa — CEPHI.
Otomy ycnosuio yaosierBopsier SCN™ (1 6as).

3. HX — »t0 HCN. Cmecs HCN wu BemectBa C B cooTHomieHuu 1 k 3 mumeer
CPEIHIOI MOJIApHYI0 Maccy 4.125-2 = 8.25 r/mMonb. CBsKEM 3Ty BEJIUMYHHY C
mossipasiMu Maccamu HCN u C:



8.25=0.25-27+0.75-M(C)
Otkyna M(C) = 2 r/moJib. 10 Bogopoxa (1 6aswr).
Torma npaBasi 4aCTh NEPBOT0 YPaBHEHUS UMEET BU/I;

A+ B =HCN + 3H,
VYuuteiBas 00JbI10€ KOJUYECTBO BOJOPOJIa B MPABOM YaCTH ypaBHEHHUS, pa3yMHO
peAnoIoxKuTh, 4To A u B — Bomoponmnsie coeauHenus, To ectb CH; m NHa.
OpHaKo yCTaHOBHUThH COOTBETCTBHE HA JIAHHOM JTale 3aTpyAHUTEILHO.
O6paTtumMmcs k TpeThel peakiuu. OHa UMEET CJIeAYIOIIHI BU/I;

2CH; + F —» 2HCN + 3H,

[IpocToe BemectBO F — Nj.
A — CH,, B — NH3, F—N; (mo 1 6amay).
OcTaHOBUMCSI Ha OCTABIIICHCS PEAKITUU:

NH; + D —- HCN + E
coequHenre E nomkHO comeprkaTh BOJAOPOa (HE MEHEe IByX aTOMOB), a D 10mKkHO
cozepxkarh yrieposa (omuH artom). DTuM ycioBusM coorBerctByor CO (D, 1
oasa) u H,0 (E, 1 6amn).

4. NaCN + S — NaSCN (1 6aswn)
Bcero makcumym 11 6as10B.
3ananmue 3.

1. Ecau xapOoHaT HaTpus 100aBIATH B PacTBOP CEPHOM KHUCIOTHI, TO CEpHas
KHCJIOTa Bcerga OyleT HaXOJIWUThCS B M30BITKE MO OTHOILICHUIO K KapOoHaTy, U
OyJleT UJTH PeaKIIus:

H,SO, + Na,CO; — Na,SO, + CO, + H,0
PaccuuTaem KoJiMuecTBa peareHTOB:
N(H,SO4) = V-p-&/M=5-1.07-0.1/98 = 0.00546 moi1b
n(Na,CO3)=10-1.10-0.1/106 = 0.0104 mob
KapOonar HaTpusi HaxoguTcs B HM30BITKE, MO3TOMY IpPOpPEarupyeTr BCS CepHas
kucinora, u komuectBo CO, cocraBut 0.00546 Monb, a ero o0bEM OyaeT paBeH
22.4-0.00546 = 0.122 n, num 122 ma (1 6amn).

2. Ilpu MenneHHOM J10OABIEHUHM CEPHOM KHMCIIOTHI K pacTBOpPY KapOOHaTa HaTpus
cepHasi KHUCJI0TAa OyJeT HAXOAUTHCHA B HepocTarke (o0bsicHeHwe — 1 Oasun),
M03TOMY CHaydaja OyaeT MPOTEKaTh PEeaKIIHs:
H,SO, + 2Na,CO3; — Na,SO, + 2NaHCO; (1 68.]1.]1)
KOTOpasi HE COMPOBOXAAETCS BBIACICHUEM Ta3a, U TOJBKO IMOCie €€ MPOTEKaHus,
pY HAIWMYUU U30BITKA CEPHOU KHUCIIOTHI, TUAPOKAPOOHAT HATPUS PA3JIOKUTCA C
oOpa3oBaHHEM rasa:
H,SO, + 2NaHCO; — Na,SO, + 2CO, + 2H,0

KosmyecTBa peareHTOB Takue e, Kak B mepBoM ombite. [lockombky 2n(H,SO,) >
n(Na,CO3), mociie 3aBepieHUS PEaKIIMi OCTAHETCSl CepPHAst KUCIOTa B KOJIMICCTBE
0.00546 — 0.0104/2 = 0.00026 Monb, KOTOpast B XOJ€ PEAKIH C 00pa30BaBLINMCS



KapOOHATOM J1acT BJIBOE OOJIbIlIee KOJUYECTBO YIIEKUCIOro rasa, To ectb 0.00052
Mok, CooTBeTcTBYIOMMI 006EM — 12 Mur (1 6an). Ha nene crout oxxunarh, 4To
00BbEM BBIJICTIMBIIIETOCS Ta3a IPEBBICUT PACCUMTAHHBIM, IMOCKOJIBKY JIOKaJIbHAs
KOHIICHTPAITUSI CEPHOM KHUCJIOTHI B MECTE CMEIICHUS OyIeT 10CTaTOYHO BHICOKA.

3. MaccoBas nons kuciopoaa paBHa 100 — 52.05 — 6.57 - 2.06 = 39.32 %.
[IpencraBum o6my0 popmyny B Buae Cu,S.H,O4 m paccumTaeM cooTHoIeHHE
WHJICKCOB B JJAHHOM BEITICCTRE:
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.

Torma OpyrTo-popmyna BemectBa CuUsSH1001; (1 6asur). Iloteps maccel mpu
HEOOJIBIIIOM HAarpeBaHUM CBS3aHA, BEPOSATHO, C TOTEped KPHUCTALTU3AIMOHHON
BOJIbl. MouisipHast Macca BelectBa paBHa 490 r/moinb, a 7.4 % OT 3TOI BEJIUUUHBI -
36 1/MOJb, UTO COOTBETCTBYET JIBYM MOJIEKYJIaM BOJbl. YTIPOCTUM (hopmyiy 10
CusSHeO1-2H,0. Emé oana cTpykTypHas eAuHUIA, KOTOPYIO MOYKHO BBIICITUTD —
cynb(dar-uon. Torma ocraBmidecs aToOMbl BOJOpOJAa U KHUCIOpoAa AaayT 6
TUAPOKCUIIBHBIX Tpymi. Takum oOpa3oM, roiyOod ocalok B TMEPBOM OIbITE -
CU4(OH)GSO4'2H20 (1 63.]1.]1).

1.500 r ocagka, MOTYy4EHHOTO BO BTOpOM ombiTe, coaepxkar 0.152/22.4 = 0.0068
Mok, uin 0.204 r kapoonat-uoHoB, u 1.079/80 = 0.0135 mons meau. Buano, uto
KOJIMYECTBO MEIH BABOE MPEBBIMIAET KOJTUISCTBO KapOOHAT-HOHOB. OCTaBITUMUCS
MPOTUBOMOHAMH MOTYT OBITh CYyIb()aT-HOHBI JTUOO THUAPOKCHI-UOHBI, TO €CTh
cocraB ocajika MOKHO BeIpa3uTh CUy;CO3(OH)y(SO4)1.05x:

1500 284 —31x

1079 160
Otkyna X = 2. Torma BTopoi ocanok — 310 Manaxut Cu,CO3(OH), (1 6amn).

4. YpaBHEHUS PEAKIIUIA:
4CuSQO, + 3Na,CO; + 5H,0 — CU4(OH)6SO42H2O + 3Na,S0O, + 3CO,
CU4(OH)GSO4‘2H20 - CH4(OH)6SO4 + ZHZO
2CuS0O, + 2Na,CO3 + H,O0 — CllgCOg(OH)z + 2Na,S0O, + CO,
Cu,CO3(0OH), + 2H,SO4 — 2CuS0O, + CO, + 3H,0
CUQCOg(OH)Q — 2CuO + H,0 + CO,
(mo 1 6asity 32 ypaBHeHue)
5. 3eaénnlii uBet (1 6a1).
Bcero makcumym 13 6asioB.

3apanue 4.

1. Cpennsist monsipHast macca cmecu X u Y paBHa 0.476:22.4 = 10.66 r/mons. Onun
U3 ra30B JIOJDKEH UMETh MOJISIPHYIO MacCy MEHbIIE 3TOro 3HaueHus. Cpenu razoB ¢
M < 10 r/M0ab TOIXOUT TOJBKO Bogopod. Y — H, (1 6amni). Bropoii ra3 momkeH
colepKaTh YIIEPOI ¥ KHUCIOPOJ, TaK KakK OTH DJIEMEHTHI COAEPXKAThCA B
MPOYKTaxX MPEBpAIICHHsI CHHTE3-Ta3a. MOXKHO cpa3y MpearnoaokuTh, uto 3To CO



wm CO,, ¥ MpoBEepUTh ATH THUIOTE3bI, & MOXXHO OTTOJKHYTHCA OT JIPOOHOTO
3HAUEHUS CpeHEN MOJISIPHOM Macchl, KoTopas 3akaHuumBaercs Ha 0.66 — ocTaTok
OT JIeJIeHUs Ha 3, YTO MO3BOJISIET MPEANOIOXKUTD, UTO ra3bl X U Y cMelaHbl J100
B cooTHoIeHuu 1 x 2, mu6o B cooTHomenuu 2 k 1. [IpoBepum o6a BapuaHTa:
10.66 = 2/3M(X) + 1/3M(H)
B nepBom cayuae M(X) = 15 r/MoI1b, 4TO HE IMEET CMBICJIA.
Bo BTOpoM ciyuae:
10.66 = 1/3M(X) + 2/3M(H,)
otkyaa M(X) = 28 r/mouas, uro coorBercTBYyeT CO (1 6as).

2. JIyist cuHTE3a YTHJICHTJIMKOJIS ONTUMAJIBLHO B3ATh Ta3bl B COOTHONICHNH 1 K 1:
2CO + 2H, —» HOCH,CH,OH

Cpenusst MonsipHas Macca Takoi cmecu paBHa 0.5:2 + 0.5-28 = 15 r/monb, a e

IUIOTHOCTb IIpH H.y. paBHa 15/22.4 = 0.670 r/n (1 6aw).

3. 3amnuiiemM peakIyio MOJIyIeHUS KaX0ro U3 BEIIECTB:
CO + 2H; — CH;30H (1 6a1)

2CO + 2H; —» HOCH,CH,OH;y (1 6amxn)
CornacHo TepBOMY CJEICTBHMIO M3 3akoHa l'ecca, TemiaoTa peaklMu paBHA
pa3HOCTH  TEIUIOT OOpa3oBaHUsA TPOJAYKTOB H  PEareHTOB ¢  y4€TOM
ko3¢ durmenTo. Torna:
Q1 = Qosp(CH30Hr.)) — Qosp(CO) = 200.7 — 110.5 = 90.2 k/zx/mou1b (1.5 6ajna)
Qz = QOGP(HOCHQCHon(r.)) - 2Qo6p(CO) = 388.7 - 110.5-2 = 167.7 KII?K/MOJIB
(1.5 6am1a)

4. O003HAYMM SHEPTHUIO TPOHOH cBs3u B Mosiekyse CO 3a X, a sHepruro cBsizu H-
H 3ay, u cBskeM TermioTsl ra30(a3HbIX peakifii ¢ SHEPTUSAMU CBSI3U PEareHTOB U
IPOIYKTOB:

Q:=3E(C-H) + E(C-O) + 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

Pemrast oty cuctemy ypasHeHwuid, monyuum X = E(C=0) = 1028.2 k/:x/moan (2
0asna), y = E(H-H) = 469.3 k/l:x/moub (2 6as1a).

5. YpaBHeHUE peakIuu CHHTE3a METaHa UMEET BU/I;
CO + 3H2 — CH4 + HZO(F_) (1 63.)1.)1)
CBsDKEM TEIUIOTY ATOM PEAKIUU C SHEPTUSIMU CBSI3U B MIPOAYKTAX U pEareHTax:
Qs =4E(C-H) + 2E(O-H) — 3E(H-H) — E(C=0) = 4144 + 464-2 — 469.3-3 —
1028.2 = 147.9 xI:x/moub (2 6a1a)

Bcero makcumym 15 0as10B



10 xaacc
3apanue 1.

1. 3anumeM Qopmyiy coiid, JUisl KOTOPOM M3BECTHA MaccoBasi JOJsl Kayus, Kak
KiXOp. CocTtaBuM ypaBHEHUE.

PRI _g3sn1
39.1n+ x+16m

[Tocre cokpareHuid ¥ yIpoIeH|i MOKHO BBIpa3uTh X = 63.5n — 16m.

[TepeOupas TunuyHbIe POPMYIIBI OKCOCONEH, 1t N =2 1 M = 3 mosy4yaeM X = 79,
TOo ecTb X — ceneH. Toraa uckomas coib — K;SeOs, 1 oHa MOXKET MOyYUTHCS B
peakiuu KucioTtHoro okcuaa ceneHa(lV) co menousto, Ho He B peakuuu ¢ KO, —
CHJIBHEHIIINM TBEP10(Pa3HBIM OKACITUTEIICM.

3uaunt, A — Se0,, b — K,5e03, B — K,SeO,.

BeITecHeHMEM H3 celieHaTa Kanusg MOKHO Tnoiyuuth okcupa cenena(Vl),
oOpa3yroniui ¢ BOJION CEJICHOBYIO KUCIOTY (QHAJIOT CEPHOM), a ¢ TUIPOKCUIOM
AJTIOMUHHS — COOTBETCTBYIOIIYIO CPEIHIOIO COJIb, CEJICHAT AIFOMUHUA. 3HAUUT, I' —
SeQ;, - H,SeOQ,, E - AI2(S€O4)3.

KBacusl — comn obmeit popmynst MY M**(SO,), 12H,0. TIocKoIbKY KBAcI[bl
MOJIYHarOTCS U3 CEeJeHAaToB, a He cyib(haToB, TO uX (opmyia aHAJIOTHYHA, HO
COZICPKHT CelieHaT-HOHBI BMecTO cyibdaT-noHoB: K — KAI(SeOy),-12H,0.
Cenenut kanus (M = 205.1 r/Mo71b) npu HarpeBaHUU B BOJIOPOJIE AACT BEIIECTBO C
MossipHOM Maccoi 205.1/1.31 = 156.6 1/M0b, 9TO XOPOIIIO COOTBETCTBYET MOTEPE
3 aromMoB Kuciopoaa U obOpazoBaHHIO ceneHuna kanus. [locnennuii ¢ comsamwu
KaJIMUsI JIOJDKEH JIaBaTh CEJICHU KaJaMUs, KOTOPBIM IEWCTBUTEIBHO MTPUMEHSETCS
B KadyecTBe KpacHoro kpacurens. Utak, 3 — K,Se, U — CdSe.

2. YpaBHEHHUS PEaKIUil:

peakuyusa 1. SeO, + 2KOH — K,SeO; + H,0;

peakyusa 2. Se0, + 2KO, — K,Se0,4 + Oy;

peakuusn 3: K»,SeO, + SO; — K,S0O, + Se0s;

peaxyusa 4. SeO3; + H,O — H,SeQy;

peakuusn 5: 3H,Se0, + ZAI(OH)g - Alz(seO4)3 + 6H,0;

peaxkuun 6: Alz(seO4)3 + K,SeO, + 24H,0 — 2 KAI(SGO4)212H20,

peaxuyusn 7. K;SeO3 + 3H, — K,Se + 3H,0;

peaxkyus 8. K,Se + CdSO, — CdSe + K,SO,.

3. CtpykrypHas ¢popmyna ceneHuT-uoHa (popma — nmupamuaibHas):

Se
oZ NP
@0

4. CoenuHeHUs KaAMUSA AI10BUTEL.

1 | ®opmynast A — U —mo 0,5 6aa 4.5 ganna
2 | YpaBHenus 8 peakuuii — o 0,5 Oanna 4 6anana




w

CtpykTypHas GopMyJia U yKa3aHue reoMeTpun — o 1 6amry 2 6as1a
4 | Yka3anue Ha siioBUTOCTh — 1,5 Oaimta 1,5 6anaa
NUTOI'O: 12 6annoB

3aganue 2.

1. Camblii nerkuii Metaiml — aUTHil. Ero TunuyHas creneHb OKUCIEHUs paBHa +1,
nostoMy popmyna ero runpuna — LiH. 3uagur, A — Li, b — LiH.

CoenuHEeHHE JTUTHUS C XJIOPOM — XJopua autus — umeeT ¢popmyry LiCl (BemecTBo
I).

['uapun anrfOMUHES TOJDKEH COICpKaTh ATIOMUHUN B CTCTICHH OKUCICHHS +3 U
BOJIOPOJI B cTereHH okucienus —1, To ectb I — AlHs.

Torma peaxius umeer Bua: 3LIH + B — 3LICI + AlHa.

Buano, uro cocras B — AIClIs.

2. 14 IpOTOHOB CONEPKUT (POPMYIIbHASL €AMHULIA THIPUIOB MPEITOI0KUTEILHOTO
coctaBa AlH, MgH,, NaH;. Tunuynyio CTeneHb OKUCIICHUS B OTHX BapHaHTax
UMeeT TOJIbKo Maruui, 3Hagyut E — MgH,, K — Mg(OH),.

Ypasuenue peakiuu: MgH; + 2H,0 — Mg(OH), + 2H,.

3. PaccunTaeM KOJIM4eCTBO BBIICIHMBIIETOCS BOJOPOIA:

= w =0.3603 mo1b

" 22.4

Macca BeIfenmBIIerocs: Bojgopoza pasaa m(H,) = 0.3603-2 = 0.7206 r.

Macca oGpazoBagiierocsi pactBopa paHa m(p-pa) = 109.2-1.2 = 131.04 r.

[To 3akOHY COXpaHEHHSI MACChl, Macca MOMEIIEHHOTO B pacTBOp 3 paBHA

m(3) =131.04 +0.7206 — 123.1 = 8.66 .

4. Ilyctes tumpua umeer dopmyny XH,. Torma ruapokcun umeer Qopmyiry
X(OH),. Peaknus B 00111eM BUC UMEET BUI:

XH; + n H,O — X(OH), + n H,.

3HAYUT, KOJWUYECTBO WCXOJHOTO THIpHAa B N pa3 MEHBIIEC KOJMYECTBA
MOJIYY€HHOTO BOJIOpOa:

2(MH.) = 0.3603
n
M(MH, )= 860 _ oan—M(M)+n

0.360%

[Tonyuaem, uto M(M) = 23n. Jns n = 1 monyyaeM NOAXOASUIMN BapUAHT —
HATpUM.

3 — NaH, 1 — NaOH.

5. Ha kaxnpiii atom metamia K mpuxomutcs 0.04-2 + 0.62 = 0.7 atomoB
BOJIOPO/JIa, TO €CTh THApU uMeeT coctaB KHy 7.

097 50065
0.7+ M(K)

M(K) = 106.99 r/monb — Hanbonee OJU3KO K MallIaanro.
K - Pd, ruapun — PdHg ;.



6. Peaxnus momyuenus rugpuaa umeet sua: Pd + 0.35 H, — PdHg 7.

3nauut, 1 Monp maymanausa noryomiaer 0.35 monb Bogoposa. Paccuntaem o0BEM
000MX KOJIMYECTB BEIIECTB.

m(Pd) =106.42 r

V(Pd) = 106.42/12.02 = 8.854 oM’

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

1 | 5 Bemects o 0,5 Gamna 2,5 danna

9 ®dopmyiel 2 BemiecTB — 1o 0,5 6ania 1,5 6ama
Peakmus — 0,5 6amna

3 | Pacuet maccel 3 — 2 Gamna 2 6asia

4 | ®opmynbl 3 u U —no 1 6amny 2 pasia

5 | Metaimn K u dopmyna runpuga — mo 2 6amia 4 dasia

6 | Pacuer pacTBOpHMOCTH BOAOPOIa B MeTaljIe — 2 Oasia 2 bajia

Bcero makcumym 14 6asi1oB.
3ananmue 3.

1. Pemienue 3aaun yio0Hee BCEro Ha4aTh ¢ yCTaHOBJIEHUS CTPYKTYp BeecTB C u
D. Ipespamenue Bemectsa C B BemiectBo D npu HarpeBaHUM B IPUCYTCTBUU
Karajiu3aTopa, B KauyecTBE OJHOIO U3 BapHaHTOB KOTOPOIO  yKa3aH
aAKTUBUPOBAHHBIM YToJib — BEPOATHO, PEAKIMs TPUMEPH3AINK aleTUieHa C
oOpazoBanueM OeHzosa. Kpome Toro, anerusieH ACTBUTENBHO NIPUMEHSETCS PU
ra3oBoi cBapke MeTauioB. Takum oO6pazom, BemecTBo C — areruien, BemiecTBo D
— 6en3ou. [Ipu B3aumoenicTBun 6eH305a ¢ OpOMMETAaHOM B MPUCYTCTBUU XJIOPHIA
AMIOMUHMST TIPOTEKaeT peakuus ankwidpoBanus 1o Dpunenro-Kpadrcy, B
pe3yabTare KoTopoit oOpasyercs Tosryos (BemecTBo F). [Ipu okucienuun Toiyosia
NEepPMAaHraHATOM Kajlusg B CEPHOKHUCION cpele B KayecTBE OPraHHMYECKOro
mpoaykTa oOpasyercsi OeH3oiHas kucioTa (BemectBo E). Temepnr mepeinaém k
0oJee CI0XKHOM YacTH 3aJja4il — YCTAHOBJICHUIO CTPYKTYPHBIX (hOpMyT BemecTB A
u B.

N3BectHo, uTo yraeBojgopox A coaepxkutr 93,29% yrimepoga mo Macce,
CJIEIOBATENIbHO, OCTAJIbHAS YaCTh MOJIEKYJISIPHOM Macchl IPUXOIUTCS HA BOJAOPO/I.
[IyreM HECHIOXHBIX pacuyeTOB MOJy4yaeMm, YTO MpocTeimas OpyTrTro-hopmyna
BemectBa A — C;Hg. B ycloBusAX MSTKOro 030HOJIM3a B KayeCTBE MPOIYKTOB
peaKkMy U3 aJKeHOB MOTYT OOpa30BHIBATHCS aJIbJETHIIBI H KeTOHBI. Kpome Toro,
HaM M3BECTHO, YTO BEIIecTBO B okucisieTcs mepMaHraHaToMm Kaiaus 10 O€H30MHON
KACTOTHI. Torga JOTWMYHO TMPEANOJIOKHUTh, 4YTO BemectBo B sBisercs
oenzanpaeruaoM. Torma yriaeBomopoa A JOKEH COAEp)KaTh B CBOEM COCTaBe
¢denmnbHble TUKIBL. C y4eTOM 3TOr0 HEBO3MOXKHO MOA00paTh COEAMHEHHE C
opyrro-popmynoit C;Hg. Oanako, eciu yaBOUTh OpyTTO-(GOPMYIy U «BBIYECTH)»
nBa ¢enmn-panukana, octaéres gparment C,H,. Takum o6pa3om, momayyaem, 4To




BemecTBO A — 3T0 cTuibOeH. UTo KacaeTcsl peakiuy MOoJydeHus OeH3aIbaernuaa
u3 OeH30Jla — 23TO OJHAa W3 TMPOCTEHIHMX peakmuid (HOPMUTUPOBAHUS
apoOMaTHYECKUX COCTUHEHHM, M3BECTHAs Takke Kak peakmus [ arrepmana-Koxa.
CrtpykTypHble (opMyibl BCeX 3alM(POBAHHBIX COCIUHEHUN MPUBEICHBI Ha

cxeMe:
O« __H O+__OH
\/@ )03 KMnOy,, H,SO,
©/\ 2) Zn, HCI
A

B E
A
CO, HCI
A|C|3 KMnO4, H2804
He— H t°, karT. N CH4Br
< AICl5
D F

3a Ka:KIyI0 BEPHYIO CTPYKTYpY 1,5 0ana.

2. CTuiibOCH MOXKET CYIIECTBOBAThH B BUJIE JIBYX T'€OMETPUUECKUX U30MEPOB — YUC-
CTHWIBOCHA U MpaHC-CTUIIHOCHA:

mpaHc-cTunLbeH yuc-ctunbbeH
3a KaxKIyI0 BEPHYIO CTPYKTYpY 1 6aJw.

3. Xmopua anoMuHUS — KUCIOoTa JIbIorca — UCTIONB3YETCS B JAHHBIX PEaKIUAX B
KadecTBe KataausaTopa (1 6am).

Bcero makcumym 12 6asi10B.
3ananme 4.

1. Jlma oTBeTa Ha NEpPBBIM W TPETUM BONPOC OTMETHM, 4YTO TeMIEpaTypHas

3aBUCUMOCTh CTaHAApTHOU »Hepruu ['mbOca mmeer BUI ArG =AH —TA,S ;

CJIEI0BAaTEIbHO, YKCIIO, CTOsSIIee Mepea TeMIepaTypoill — U3MEHEHHE DHTPOIUU

peakiuy, B3SATO€ C OOpaTHBIM 3HAKOM, a CBOOOJHBIA WIEH 3aBUCUMOCTH —

W3MEHEHHE DHTAIBIIUU PEAKIIUH.

, To, InK __AH +ArS
RT R

peakiuu OmpenesseT, pacTéT Wiu yObIBaeT KOHCTAHTAa PaBHOBECHS PEAKIIMU C

pOCTOM TeMIiepaTtypbl. Bce mpuBenEHHBIE B YCIOBUU PEAKIMU SK30TEPMUYHBI,

[Mockonbky —RT INK =A H"-TA,S’ . 3HaK SHTAIBINU



CIIEIOBATENIbHO, UX KOHCTaHTBI paBHOBecHs OyAyT yObiBaTh. OTBET Ha IEPBBIi
Bonpoc — peaknuu 1, 2, 3 u 4 (o 0.5 6a/1a 3a KaKAbIil BLIOPAHHBIN MMYHKT).

2. To, Kakoe BJIMSHUE Ha IMOJOKEHUE pPaBHOBECUs OYyJET OKa3bIBaTb M3MEHEHUE
JaBJICHUE, ONPEIENAETC KOJIMUYECTBOM Ia3000pa3HbIX BEIIECTB B JIEBOUM U MpaBon
yacTsAX ypaBHeHUs. B peakumum 1 ra3oB cieBa u crpaBa mo 1 Moib; BO Bcex
OCTaJIbHBIX PEaKIMSIX ra3oB B JIEBOW YacTH YpaBHEHHs OOJbIlIe, YeM B IMPaBOMH,
MO3TOMY YBEJIMYEHHE OOIIEro JaBlieHus OyAeT CrnocoOCTBOBATH CMELIECHUIO
paBHOBecusi peakiuu BrpaBo. OtBer — peakuuu 2, 3 u 4 (mo 0.5 danaa 3a
Ka:KIblii BBIOpaHHBIH MYHKT, — 0.5 6ajiia 3a BbIOOp myHKTAa 1).

3. Jnsa ynobcTBa BBIHECEM TEPMOJUHAMUYECKHE XapaKTEPUCTUKH PEAKIM B
OTIICTBHYIO TaOIHUITY:

No Peakrus AH°® / Tx/monn AS°® / Tx/mons/K
1 C+0,— CO, —393500 2.9

2 2C0O + 0, — 2CO, -566000 -173.1

3 2H, + O, — 2H,0 -571600 -326.7

4 2H, + O, — 2H,0,,, —483600 —88.9

a) Yto6s! nosryunts Beauunnbel A\H® n AS® peakuun CO + H,O) — CO;, + Hy,
HEOOXOMMO HAWTU Pa3HOCTh COOTBETCTBYIOIIMX BEJIWYMH peakuuil 2 u 4 u
NIOJICJIUTh PE3YJIBTAT HA 2:

AH°(a) = (566000 — (—483600))/2 = —41 200 Ix/moinb

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

Torma A,G°(a) = —41 200 + 42.1-(T/K) (2 6anna)

0) MonbHas >HTaNBIUS HMCHAPEHUS BOJLI — TMOJOBHHA PA3HOCTH DHTAIBIUN
peakuuii 4 u 3:
AH°(0) = (483600 — (-571600))/2 = 44 000 Tx/moan (1,5 6anna)

B) JHTAJBLNUS O0Pa30BaHMs YIJIEKHCJIOT0 ra3a — 3TO NPOCTO IHTAJBIUSA
peakuuu 1, To ectb -393500 /I:x/moub (1 0aswLn).

Onraneius oopazoBanus CO coorBerctByet peaknuu C + 0.50, — CO u moxer
OBITh MOJIy4eHa U3 SHTAIBINMN peakiuii 1 u 2:

AH°(B) = AH°(1) — 0.5AH°(2) = -393500 + 566000/2 = —110 500 Hd:x/mMob (2
0aya)

r) OmnmcaHHOE YCIOBHE COOTBETCTBYET CHTYyallMH, KOTAa I PEaKIud
CO + H)Oy — CO; + Hy AG® = 41200 + 42.1-T > 0. Mckomas temneparypa
pasHa 41200/42.1 ~ 980 K (2 6as1a).

Bcero makcumym 12 6anlios.




11 xkaacc
3ananmue 1.

1. ITo peakuuu 6 MOXXHO TOHATh, YTO METAJLT — IIEJIOYHOM:

2M + 2H,0 — 2MOH + H,
KomuuectBo mosydeHHoro Bojopona paBHo 0.487/22.4 = 0.0217 monb; Torna
KOJIMYECTBO IIEJIOYHOTO0 MeTauia BaBoe Oojbiie, To ecTh 0.0434 Moib, a ero
mossipHas macca paBHa 1.00/0.0434 = 23 r/momb, 4TO cooTBeTCTBYeT HaTpuio Na
(1 6am).
[Ipu snexTponn3e BOJHOTO PACTBOPA CEPHOM KHUCIOTHI 00pa3yeTcsi BOJAOPOI U
KUCJIOPOJ;:

INIeKMpOIU3
2H,0 —2emme_y 24, + O,

[Ipu B3auMOJEHCTBUM BOAOPOJA U KHUCJIOpPOAA C HATpPUEM OOpa3zyroTCs THAPHUIL
NaH u mepokcua Na,O,. UToObl MOHATH, TAe KaKOE BEIIECTBO, OOpaTHMCS K
MOCJEAHEMY TIPEUIOKEeHUIO  ycioBus. [wapun mnpu 000l Temmeparype
B3aMMOJICUCTBYET ¢ BoAou oanHakoBo. Torma D — Na,O,, C — NaH, B — O,, A -
H,, E — NaOH (mo 1 6a/J1y 3a BelecTBo).
2. YpaBHEHHUS PEaKIUil:

2H,0 —xzere 5 2H, + O, (1) (1 6am1)

H,SO,
2Na+H, —2NaH  (2) (1 6amn)
2Na+ 0, — Na,0,  (3) (1 6amn)
NaH + H,0 — NaOH + H, (4) (1 6a1)
2Na,0, + 2H,0 — 4NaOH + O, (5) (1 6ax)
2M + 2H,0 — 2MOH + H,  (6) (1 6au)
B xono1HOM BOJe IEPOKCHU]T HATPUSI TUIPOJIU3YETCS 0 MEepOKCcHaa Bojgopoaa 0e3

BBIZIEJIEHUS KUCIIOPO/IA.
Na,O, + 2H,0 — 2NaOH + H,0, (7) (1 63.]1.]'[)

3. M3BecTHO, 4TO MIENOYHBIE METAILIBI MIO-PA3HOMY PEArupyroT C KUCIOPOIOM, T.€.
sto peakmusa 3 (1 O0ama). Tak, TOJBKO JUTHUH TPU CrOPAaHUM B KHUCIOPOJIE
oOpa3zyeT okcusl. Mertamibpl TsDKelee HaTpus oOO0pa3yloT MNPEeUMYIIECTBEHHO
HAJITIEPOKCH/IBI:
4Li1 + 20, — 2Li,0 (1 6am1)
K+0;— KO, (16amn)

Bcero makcumym 16 6asios.
3aganmue 2.

1. VI3 oObIYHBIX COJIEH Kaimusi MajopacTBOPUM TOJbKO mepxiopar. Torma A —
LiClO,4, u3MeHeHre Macchl IPU €ro MPOKAIWBAaHUH, ACHCTBUTEILHO, COCTABIISCT
106.39/42.39 = 2.51 pa3a.

Hrak, A — LICIO,.



YpaBHEHUS peaKIUu:
peaxkuus 1. LiClO, LS LiCl + 20,;
peaxkuusn 2. LiClIO, + KCl — KCIO,4 + LiCl.

2. PaccuntaeM COOTHOIIICHNE U3BECTHBIX 3JIEMEHTOB B Xo!
n(Ba):n(F) =@:@=1'6
137.33 19

3naunt, BepositHO, Gopmymna X, — BaXFg Paccumraem MomsipHylo Maccy u
OTIPEIEINM DJIEMEHT X:
M =137.33/0.4915 = 279.4 r/monb
M(X)=279.4—-137.33 —6-19 = 28.07 r/M0b — 3TO KPEMHUH.
3naunt, X, — BaSiFs, X; — SiF, (mpoaykt peakuuu kpeMHHUS ¢ TOpoM), X3 —
BaSiO; (ocamok u3 TaOIMIBI PAaCTBOPUMOCTH, MPOIYKT THApoiu3a (Topuaa
KPEMHHUSI B TUJPOKCHIE Oapusi).
Jlnst ompeneneHusi dMeMeHTa Y COCTaBHM YpPaBHEHHE, CBS3BIBAIOIIEE MacCy
MeTallia B oauHakoBeIX Maccax moamna (Yl,) u okcupaa (Y,0,) — dakTudeckn, ux
COOTHOIIICHHE SBISICTCS] COOTHOIIICHUEM MAaCCOBBIX JTOJICH Y

2y _486.— Y
2y +16n y+126.9n
Bripa3zum oTcrosia aToMmHyto maccy Y:Yy = 22.8n.
[Tpu n =4 nonyuaem y = 91.2 — 370 IUPKOHUIA.
3uaunt, Y1 —Zrls, Y, —Zr0.,.
Paccuntaem Maccy raza B peakiiuu 8, moyib3ysich 3aKOHOM COXPaHEHHUS MaCCHI:
m=131+1.114+1.523-3.403=0.544r
n=0.277/22.4 = 0.01237 moinb
M = 0.544/0.01237 = 44 r/mMoJb — O4EBUHO, ITO YIVIEKUCIbIN Ta3. Buaumo, B —
kapOoHat, Oy/eM cuuTath, 4To oH uMeeT popmymy M,CQOj;. Toraa ero koam4ecTBo
paBHO kosinuecTBy CO,, MOKHO paCCUUTATh €T0 MOJISIPHYIO MacCy:
M =1.31/0.01237 = 105.9 r/monb.
3a BeIueTOM KapOoHat-uoHa (60 r/moib) octaercst 46 T/MOJb, YTO COOTBETCTBYET 2
atomaM Hatpus. 3HauuT, B — Na,COs.
PaccuuTaeM koiamdecTBa OCTaIbHBIX PEareHTOB:
n(Si0,) =1.114/60.08 = 0.01854 Mo,
n(ZrO,) =1.523/123.22 =0.01236 MoJ1b.
Bunano, uto cootHomenue N(NaCO3z): n(SiO,): n(ZrO,) = 2:3:2.
Mo>keMm 3anucaTh ypaBHEHHE pEaKIMU B 00LIEM BUE C KOAPPULIIUEHTAMHU:
2Na,CO; + 3S|Og +272r0, — ... + 2CO0.,.
W13 ypaBHeHus BUAHO, uTO opmyna B — NasZr,SizOq,.
3. YpaBHeHUs peaKkIuii:
peakuusn 3. 2HF + SiF; — H,SiFs;
peaxkuun 4: H28|F6 + B&(NOg)z — BaSiFg + 2ZHNO3;
peaxkyusn 5. 3SiF, + 3Ba(OH), — 2BaSiFg + BaSiO; + 3H,0;
peaxuyusn 6. Zr + 4AHNO; + 7THF — H3ZrF; + 4ANO, + 4H,0,;
peakyusa 7. ZrO, + THF — H3ZrF; + 2H,0;
peaxkuus 8: 2Na,CO; + 3Si0, + 2Zr0O, — NasZr,Si304, + 2CO,.




1 gDOpMyJIa A — 1 6amn 3 Gaunna
peakiuu — o 1 6amry
2 | ®opmyuibl 7 BemiecTB — 1o 1 6aimy / 0aJJI0B
3 | YpaBHeHus 6 peaknuii — mo 1 6amry 6 6a.1710B
HUTOI'O: 16 6a10B
3ananmue 3.

1. IIpu B3aumonericteuu cnupta ¢ HBr mpoucxoaut 3amenieHue ruIpoOKCUIBLHOM
rpynnel Ha Br. BzaumopeiicTBue mnonydeHHOro OpoMujia ¢ MarHueM Ben€T K
oOpa3zoBanuto peaktuBa I'punbsipa — RMgBr. Aunon u3 storo coenuHeHuss R~
npucoeaunserca no cBsizu C=0 yriekucnoro raza c oOpa3oBaHUEM COJIU
KapOOHOBOW KHUCIIOTHI.

Coenunenue X — HaTpueBas coib. MoJsipHas Macca B pacuér Ha 1 aTom HaTpus
paBHa 23/0.469 = 49 r/moinb. BeruuTtas atoM HaTpus, HOJIYYHM OCTATOK 26 T/MOJIb.
Conp X moMmKHA CONEPKaTh YIIIEPO, TaK Kak Ha APYTUX CTAAUSIX CHHTE3a aTOMBI
yriiepoga He BBOAATCA. Bprumras 12, momydaem octaTok 14, KOTOpPBIA MOMKET
cooTBeTcTBOBaTh a30ta. Torma X — NaCN (1 6asw).

Bzaumopeiicteue Rl ¢ NaCN compoBokmaercsi 0OOMEHOM U TPUBOAMT K
obopazoBannto HuUTpmwiIa RCN. BoccranoBnenue mutpmna mpaét amua RCH,NH,,
KOTOPBIM TIPU B3aMMOJICHCTBUU ¢ a30THUCTON kuciotoi maér cnupt RCH,OH.
[Tocnennuii, B cBOtO o4epenp, mpespamaercs B RCH,l B3aumoneticreuem ¢ HI.

0
HBr Mg Co, RJ{ © 1LiAlH,
Al A2 MgBr"
0
A3 R%
OH
Rl — NN, peN P4 | gocp,NH, N9 | rep,on — P o RCH,I
Bl B2 B3

ITo 1 6any 3a kaxayw ¢opmy.ay, Bcero 6 6a/10B.
B kauecTBe A3 3acunThiBaeTcs Tak:ke kapoonoBasi kucjiora RCOOH.

2. B peakuuro Oblm BBeAEH MeTaHON KojudecTBOM 1/32 monb. B pesymnbrate
TEOPETUUYECKH JOJKHO OBIJIO OBITh MOMYYEHO TO JK€ KOJMYECTBO MPOAYKTA,
OJIHAKO B peaJbHOCTH OHO cocTaBwio 1/1434.7 monb. MeHbliee KOJIUYECTBO
BeIlleCTBA ObLIO MOJYYEHO 3a CUYET TOTO, YTO B KKJIOM IUKJIC HapaIllMBaHUS 1EMH
BeJIMUMHA BbIxoja 1 Obuia meHbine 1. [lomubiit cunTes Brmroyan 100 1mukiios, 3a
CYET YETO KOHEYHBIN BBIXOJ COCTABUII nloo. Pemnm ypaBHeHue:

1w 1

32 1434.7
Otcrona 1 = 0.96 nam 96 % (3 6ana).



3. C3 mmeer popmyny RCH,CH,OH. C1 — RCI, C2 — RMgCI. Iloaxonsimeii
KaHUAaTypoi Ha poiib Y B 3TOM Cllydae sBJISIETCS OKUCh STHJICHA!

7\
PCl, Mg 1. H,C—CH,
ROH ——— RClI RMgCl o7

ITo 1 6anay 3a kaxayio ¢opmyay, Bcero 4 6asuia.

RCH,CH,OH

4. OxucChb OSTWICHA MOXKET OBbITh TNOJydeHa U3 OTHICHA KaTaJTuTUYECKUM
OKHCJIEHUEM WA B3aUMOJIEUCTBUEM C HAAKUCIOTAMU:

2H,C=CH, +0, _he HZC/—\CHz
/O\

H,C=CH, + RCOOOH —» H,C—CH, +RCOOH
(1 6a1, 3acuMTHIBAETCS JIIO0AS1 U3 PeaKIUii)
Ecnu B kadecTBe MCXOAHOTO BEIIECTBA HCHOJIB3YETCS 2-XJIOPITAHOJ-1, TO €ro
Heo0xoauMo 00paboTath ocHoBaHueM, Hanpumep, NaH nnu NaOH:
CIl-CH,-CH,-OH + NaH — NaCl + C,H,0 + H,
CI-CHQ-CHZ'OH + NaOH — NaC(Cl + C2H4O + HZO
(1 6a1, 3acuMTHIBAETCS JIIO0AS1 U3 PeaKIUil)

Bcero makcumym 16 6asi10B.
3ananue 4.

1. Ilpu nonyyenun B u C ucnonb3yroTcsi peakuuu BoccTaHOBiIeHHs. Hampumep,
XOpOIlI0  y3HaBaeM OTpaBJICHHBI  KaTaau3aTop Pd/BaSO,/xunomnuH,
UCIIOJIb3YEMBbId B XOJI€ TPEBpAIllEHUs] AJIKUHOB B alkeHbl. Torga A — aJIkuH.
EavHCTBEHHBIN BO3MOXKHBIN BapUaHT — OyTHH-2, BOCCTAHOBIIEHHUE TPOWHOM CBSI3U
B KOTOPOM JI0 IBOMHOM MPUBOAUT K 0Opa30BaHUIO LIUC- U TPAHC-U30MEPOB:

CH3 Na/NHs H,/Pd/BaSO
HC=CH ~ =———— H3C-C=C-CH, 222t  HC=CH
H5C H3C CHj
B A C

ITo 1 6anny 3a kaxayw ¢opmyJy, Bcero 3 6ajuia.

2. Cpemu 1uc- M TpaHC-U30MEPOB OoJjiee yCTOMYMBBIMU MpPH KOMHATHOMN
TEMIEpAType SBIAIOTCS TPAHC-U30MEPhl, TaK Kak B HHUX OTCYTCTBYET
OTTaKUBaHUE 0O0BEMHBIX Tpynm. Takum oOpa3om, cpenu nuc-OyTeHa-2 W TpaHC-
OyTeHa-2 Oonee ycToiuMBbIM OyeT TpaHce-OyTeH-2 (1 6am).

3. KoHcranTa paBHOBECHS peaKIIMy N30MEPH3aIUH
B=C

paBHa OTHOILICHUIO TIapIalbHbIX AaBiaeHui C u B:
K- P
Pg



[TockonpKy ra3bl HaXOJATCS B PaBHOBECHM NPU OJHOW TeMIlepaType B COCYIE
OJJMHAKOBOTO 00BEMA, MOKHO 3aMEHHMTh OTHOIICHUE MJaBJICHHH OTHOLICHHUEM
KOJINYECTB BEIIECTB, KOTOPOE U3BECTHO U3 YCIOBHUS:
K P _Me
Pe Mg
Tax, mpu temmneparype 29 °C K = 3, a npu temneparype 123 °C K =2 (mo 1,5
0asa).

4. Ucnionb3ys npuBeAEHHbBIE B YCIOBUU (HOPMYIIBI B3aMMOCBS3H 3Heprun [ uboca ¢
KOHCTAaHTOM PABHOBECHS, a TAKKE C M3MEHEHUEM DHTAIBIMU W H3MEHEHUEM
DHTPOIMH PEAKIIMU, COCTABUM CUCTEMY YPAaBHEHUM:

A, G (302 K) =-8.314-302-In3=A,H" —302A,S°
A,.G"(396 K) =—-8.314-396-In2=A H* —396A,S°
(dns pacuéra Temrieparypa Obliia IiepeBe/icHa B KSJIbBUHBI.)

Pemenuem mnomydenHout cuctembl Oynytr AH° = —4300 JIx/mons = —4.3
kJx/Moab u A,S° = -5 Jlzx/moas/K (1o 2 6a1a).

5. Conepxanue n3oMepoB B cMecH OyaeT oauHakoBbiM ipu K = 1. Eciiu K = 1, To
A/G° = 0; Torma
AG =AH" -TAS =0
T AH’ _ 4300
A.S°
(3 6amna, pacuyéT ¢ MCNoJIb30BaHHEM 00Jiee TOYHBIX 3HaYeHui AH® = — 4289

Jx/moab u AS® = — 5.07 Ix/moan/K naér temneparypy 846 K, mosaromy
JMOJIKHBI ObITH 3aCYHTAHBI 3HAYeHHs B Auana3one 846 — 860 K).

=860 K

Bcero makcumym 14 6aniion



