Pemiennsi 1 KpuTEpUM OLEHUBAHMS PAOHHOIO0 3TANA BCEPOCCHICKON OJIMMIINABI
IIKOJbHUKOB M0 XUMMHU B 2024/25 yueOHOM roay
TeopeTnueckas 4acThb

10 Kuacc
Nel

I BapuanT
Pemenue:
Onpenenum KOJIMYECTBO BOJIbI, IpUXOAsIIeecs Ha | MOJIb COJIM B UCXOAHBIX pacTBopax. IlycTs B

pacTBope cyabdara Maraus Ha 1 MOJIb COJTM MPUXOAUTCS @ MOJIb BOABI. TOra MOJbHAs 10JIs
aTOMOB KHCJIOPOZIa B paCTBOPE COCTABIISIET:
(4 +a)/(6+3a)=0.36
a=23
[Tycts B pacTBOpe cynbhaTa aMMOHUS Ha | MOITB conu puxoauTes b Mok Boxbl. Torma
MOJIbHAs 10J151 aTOMOB BOJIOPO/Ia B PACTBOPE COCTABIISIET:
(8 +2b)/(15 + 3b) =0.62
b=93
Bo3bmeM 1o 1 Motk BcxoiHbIX colieid. Torna B COOTBETCTBUM C YPABHEHHEM
MgSO4+ (NH4)2SO4 + 6H20 = (NH4)2S04*MgSO04*6H,0
13 HUX MOJIYYUTCS | MOJIb IIEHHUTA, YaCTh KOTOPOIO BBINAAET B 0canoK. CrpaBeayiuBo
COOTHOILIEHUE:
[m(1 monb 6e3BOIHOTO ABOMHOTO Cyib(ara) - m(aBoitHoro cynbdara B ocaake)] / *[m(cmecn) —
m(ocaaka)] = w, e W — MaccoBasi J10Jisi 0€3BOJHOM COJIM B HACBHIIIIEHHOM PacTBOpPE
[Toncrasnsst uudpsl, morydaem:
(120 + 132 —252n)/(120 + 23*18 + 132 + 9.3*18 — 360n) = 20/120 = 0.167,
I'ne 120 r/monb 1 132 r/Monb — MOJIsIpHBIE Macchl Cyab(}haToB MarHusi U aMMoHusl, 360 r/MoIb —
MOJISIpHAsi Macca COOTBETCTBYIOIIETO MIEHUTA, 252 T/MOJIb — MOJIsIpHas Macca 0€3BOJHOTO
JBOMHOTO Cynb(dara MarHus-aMMOHHS, N — KOJTMYECTBO BEIIECTBA IIICHUTA, BHIMABILIEE B OCAJIOK.
Pemas ypaBHenue, nomydaem n = 0.59 mMonb, T.€., IpH B3aUMOJEHCTBUH PaCTBOPOB,
coZiepKammux Mo 1 MoJIb UCXOAHBIX COJIeH, B 0cafoK Beimagaer m = 0.59*%360 =212,4 1
[To ycnoButo 3agaun TpedyeTcs moay4yuTsb 5,0 T cosd, cIe10BaTeIbHO, HA/l0 B3STh CIEAYIOHe
Macchl PaCTBOPOB:

m(p-pa MgSO4) = 5/212,4*(120 + 23*18) = 12,6 T

m(p-pa (NH4)2SO04) =5/212,4*%(132 +9.3*18)=7.05T



II BapuanT

Onpenenum KOJIMYECTBO BOJIBI, TpUXosiieecs Ha 1| MOJIb CONTU B UCXOAHBIX pacTBopax. IlycTs B
pacTBope cyabdara xene3a Ha 1 MOJIb COJTM MPUXOAUTCS a MOJIb BOABI. TOra MOJIbHAs 10
aTOMOB KHUCJIOPOJIa B PACTBOPE COCTABIISCT:
(4 +a)/(6+3a)=0.35
a=38
[Tycth B pacTBOpe cynab(haTa aMmMOHUs Ha 1 MOJIb conu mpuxoauTcss b monb Bojsl. Torma
MOJIbHAS J0JIS aTOMOB BOAOPOJIAa B PaCTBOPE COCTABIISIET:
(8 +2b)/(15 + 3b) =0.60
b=>5
Bo3bmeM 1o 1 Mok ucxoniHbIX cotieid. Torna B COOTBETCTBUM C YPABHEHHEM
FeSO4+ (NH4)2SO4 + 6H20 = (NH4)2SO4*FeSO4*6H>O
U3 HUX MOJNIy4YuTCsa | MOJb MIEHUTA, YacTh KOTOPOTO BBIMAAET B 0cafoK. CripaBeasiuBo
COOTHOIIICHUE:
[m(1 monp 6e3BogHOTO ABOKWHOTO Cyibdara) - m(aBOWHOTO cyiabdara B ocanke)]| / *[m(cmecn) —
m(ocajka)] = w, TAe W — MaccoBasi JI0Jisi 0€3BOIHOM COJIM B HACBHIIIIEHHOM PacTBOPE
[Toncrasnsst uudpsl, morydaem:
(152 + 132 — 284n)/(152 + 38*18 + 132 + 5*18 — 392n) = 21.6/121.6 = 0.178,
I'ne 152 r/monb 1 132 r/mMob — MOJISIpHBIE MacChl CyNIb(aToB kenie3a U aMMoHus, 392 /Mo —
MOJISIpHasi Macca COOTBETCTBYIOIIETO IIE€HWTa, 284 T/Monb — MoOJsgpHas macca OE3BOIHOIO
JBOMHOTO cynb(dara jkene3a-aMMOHHUS, N — KOJIMYECTBO BEIIECTBA IIIEHNUTA, BHIMABIIIEE B OCAJIOK.
Pemras ypaBuenue, noixydaem n = 0.447 Monb, T.€., IpU B3aUMOJICHCTBIH PaCTBOPOB, COJEPIKAIINX
mo 1 MOJb UCXOOHBIX CONEH, B 0camoK BhlmagaeT m = 0.447*392=175,1r
[To ycnoButo 3ama4un TpeOyeTcs MoayduTh 5,0 T oMU, CIeI0BaTEbHO, HA/IO B3STh CIEIYIONIE
MaccChl PaCTBOPOB:

m(p-pa FeSO4) = 5/175,1*%(152 + 38*18) =239 r

m(p-pa (NH4)2S04) = 5/175,1*%(132 + 5*18) =631

PexoMeHaanum K OlleHHNBAHUIO:

1. Pacuer xonmdecTBa BOIbI HA 1 MOJIb COJTM B ICXOJTHOM pacTBope — 1o 1 6amry 2 Oamma
2. Pacuer macchel ocajika Mpu CIMBaHUU MO | MOJIb UCXOHOM conu — 2 Garia 2 Gamna
3. Pacuer Macc ucxomHbIX pacTBopoB — 1o 0,5 Gama. 1 Gamn

HUTOI'O: 5 o6annoB



Ne2
I BapuanT

Pemenmne:

m_ N
Onpenenum MonekysipHyto opmyny BemectBa C: U3BECTHO, YTO V = v N Maccy okcuna
A
MOXKHO HalTH 1o cienyoniemy Boipaxkenuto: m(C) = m(cmecn)-0.8 = 1.98 1. Torna, noncraBus
m-N 1.98-6.02:10%3
4 = = 160.
N 7.45:1021

YHClia, ONpeieINM MOJISIpHYIO Maccy: M =

Hcxons w3 ycnoBust, GopMyiry OKCHIa MOXXHO MpeAcTaBUTh Kak X203 miam kak X20s. Torma
MoJisipHast Macca Metamia X Oyaer paBHa 56 (kene3o) win 40 (xanbiuit). OHaKO KalblUW HE
MMEET COCTMHEHUM ¢ BAJICHTHOCTBIO 5, ciieioBarenbHO, X — kene3o, a C — okeun xenesa (111).

N3 ycnoBus 3a1aun oueBUAHO, uTO A U C — OKCHJIBI OJTHOTO U TOTO %K€ METaJlla B Pa3HbIX CTEMEHX
okucnenus. JKeneszo odpaszyer cienyronue okcubl: FeO, FeoOs, Fe3O4. [Ipu cropanuu xene3a Ha
BO3/yxe oOpasyeTtcs xene3Has okanuHa. Torma A — okeun sxenesa (11, IIT). Hecmotps Ha To, uTO
IIPU PEaKIuu ¢ KUCIOTaMU OHA 00pa3yeT cMech COJieH, ¢ a30THOM KUCIIOTOM oHa BetynaeT B OBP,
takuM o6pazom B- Fe(NO3)s.

[Ipu peaxuu ¢ HOIOBOIOPOAOM B BOAHOU cpene coeauHenus xenesa (I1I) Bctymaror B OBP ¢
obpa3zoBanuem nonunaa xenesa (II) u monexkymnspHoro noxa, Takum odpazom, D — Fels.

3Fe + 202 = Fe304

3Fe;04 + 28HNO3 = 9Fe(NO3); + NO + 14H>O
4(Fe(NO3)3-6H20) = 2Fe203 + 12NO2 + 30, + 24H,0
Fe O3 + 6HI = 2Fel, + 1> + 3H20

2(Fe(NO3)3-6H20) + 6HI = 2Fel, + I + 6HNO3 + 12H20

II Bapuanr
Pewenue:

m N
— = —, Maccy okcuzaa
M Ny

MOXKHO HalTH 1o cienyromiemy Beipakennto: m(C) = m(cmecu)-0.75 = 0.78 r. Torna, moacraBus
mNy _ 0.786.02:10%3

YHcIia, ONPeEneIuM MOJSIPHYIO Maccy: M = = = 160.
» OlIpen, pHY y N 2.935-1021

OHpe,Z[eJ'II/IM MOJICKYJISIPHY O (I)OpMy'J'Iy BCOICCTBA C: HU3BCCTHO, YTO V =

Hcxons u3 ycnous, GopMynay OKcuaa MOXKHO mpenctaBuTh kak X203 wim kak X20s. Torma
MoJIsipHast Macca MeTtauia X Oyaet paBHa 56 (keneso) win 40 (xkanbiuit). OHAKO KalblUuid HE
MMeeT COCIMHEHUH C BAJICHTHOCTBIO 5, clieoBarenbHo, X — xene30, a C — okeun xenesa (I11).

N3 ycnoBus 3a1aun oueBUAHO, UTO A U C — OKCHJIBI OJTHOTO U TOTO %€ METajlla B Pa3HbIX CTENEHAX
okucienus. XKenezo odpazyert cienyromme okcuasl: FeO, FeoOs, Fe3O4. [Ipu cropanuu xxenes3a Ha
BO3/yxe oOpasyeTcs xene3Has okanuHa. Torma A — okeun kenesa (11, IIT). Hecmotps Ha To, uTO
MIPH PEaKIUU ¢ KUCIOTaMU OHA 00pa3yeT cMech COJeH, ¢ a30THOM KUCIIOTOM oHa BeTymnaeT B OBP,
takuM oopazom B- Fe(NO3)s.

[Ipu peakuuu ¢ MOAOBOAOPOJIOM B BOIHOM cpene coenuHeHus xene3a (II1) Bcrymaror B8 OBP ¢
obpazoBannem noauaa xxenesa (1) u monekymnspaoro nona, Takum oopazom, D — Felo.

3Fe + 207 =Fe304
3Fe304 + 28HNO;3; = 9Fe(NO3)3 + NO + 14H,0



4Fe(NO3); = 2Fe203 + 12NO; + 30,
Fe>Os + 6HI = 2Fel, + 1> + 3H20
2Fe(NO3); + 6HI = 2Fel> + I + 6HNO;

PexoMeHaanuu K OlleHNBAHUIO:

1. ®opmynsl BemecTs 1o 0.5 Gamia 2.5 6ama
2. VYpaBHenus peakuuii o 0.5 6anmna 2.5 Ganna
HUTOI'O: S 6aniaoB

Ne3

I BapuanT
benblii ocanok, mojryyaeMblid PU MPOITYCKAaHUM CMECH T'a30B uepe3 u3BeCcTKoBY0 Bogy — CaCOs.

Haiinem xonuuectBo BemecTBa CaCOs:

15r
CaC03) = ——— = 0,15
n(CaC05) 100 r/monb MoJIb

3anuiieM ypaBHEHUE PEAKIIHH :
Ca(OH), + CO, —» CaC0O3 + H,0

U3 ypaBHeHus peakiuu BuaHo, uto n(CO2) = n(CaCO3), Torna n(CO2) = 0,15 mons. n(C) =n

(CO2) =0,15 monb. Teneps HaiieM KOJIUYECTBO aTOMOB BOAOPO/IA:

r
m(H) = 2,31 — (12 X 0,15Mo1b) = 0,5 1
MOJIb
0,5r
n(H) = = = 0,5 mosib
MOJIb

[TonHOE cropanue GeH3MHA MOXKHO OIUCATh CIEAYIOLIEH CXeMOM:
[C]+ 0, - CO,
4[H] + 0, - 2H,0

OTtcrona HETPYIHO 3aMETUTh, YTO Ha CropaHue OeH3uHa maccoit 2,3 1., conepxarieit 0,15 Monb

yrnepoaa u 0,5 Mok BoJopoa, oTpedyeTcs:

0,5 Monb>

n(0,) = (0,15 MOJIb + = 0,275 moJsb

MonsipHast Macca Bo3myxa 29 r/Moiib, TOT/Ia Macca Bo3ayxa, B KOTopoi coaepxkutcs 0,275 moib

KHCIIOpOJa, MOXKHO BBIPA3UTh 1O ciexyromiei Gpopmyie:

0,275 moJb 29
0,21 MOJIb

m(Bo3ayxa) = = 1,31 Mmosab X 29 r/monb = 37,991



Torma nnst cxuranus 1 kr 6eH3uHA TOTpedyeTcs:

1000r
m(Bo3ayxa) = 37,991 X EETEE 16517,39r = 16,5 Kr

)

VYrneBogopon cocraBa CsHig — nzomep okrana. Cpenu Bcex €ro CTpyKTYpPHBIX H30MEPOB 4
MOHOXJIOPITPOU3BOIHBIX 00pa3yeT JIMIIb U300KTaH — 2,2,4-TpuMmetniinenTan X. Ha cxeme

IIPUBENIEHA €r0 CTPYKTYpa U CTPYKTYPbl MOHOXJIOPIIPOU3BOIHBIX:

[Tpu ux AETUAPOXIOPUPOBAHUH IO ICHCTBUEM CITMPTOBOTO PACTBOPA IIETIOYH OYIYT IMOTYIaThCs

aJIKeHbI COIVIaCHO IpaBuily 3aiiieBa. OCHOBHBIE IPOAYKTHI 3TUX PEaKLUN IPUBEIECHBI HA CXEME:!

H ChVMpT. p-p

Tkon - S

Cl
ol CMPT. p-p
KOH _

H

Cl
ﬁ\;@

CnupT. p-p

II Bapuanr
beH3uH — 5T0 XKHUIKOE TOIUIMBO, COCTOALLEE U3 CMECH JIETKUX YIIIEBOAOPOIOB, IOIy4aeMoe B

nporecce nepepabotku HepTH. OCHOBHOM CrocoO monmydeHus: OeH3MHA — MEperoHKa He(TH.
[Tocne neperoHku nosyuyeHHble OEH3MHBI TOABEPTaOTCs Pa3IMYHON TOTIOIHUTEIBLHOU 00paboTKe,

MO3BOJISIONIEH U3MEHUTh UX CBOMCTBA B HEOOXOAMUMYIO CTOPOHY.

Benplif ocanok, mosrydaeMsblil Ipy NPOIYCKaHUN CMECH a30B Yepes3 n3BecTKoBYI0 Boxy — CaCOs.

Haitnem xommaecTBo BemecTBa CaCOs:

25r
CaC03) = ———=10,25
n(CaC0s) 100 r/moub MOJIE

3anuieM ypaBHEHUE PEAKIUH :

Ca(OH), + CO, - CaCO; + H,0



W3 ypaBHenust peakiuu BuaHO, uTo n(CO2) = n(CaCO3), Torna n(CO2) = 0,25 monb. n(C) =n

(CO2) =0,25 monb. Teneps HalifieM KOJTUYECTBO AaTOMOB BOJOPO/IA:

r
m(H) = 3,45 — (12 x 0,25MOJ1b) = 0,45 T
MOJIb
0,45r
n(H) = —— = 0,45 MoJb
MOJIb

[TonHOE cropanne OeH3MHA MOYKHO ONHUCATh CIEAYIOMIeH CXeMO:
[C]+ 0, - CO,
4[H] + 0, — 2H,0

Otcrona HEeTPYIHO 3aMETUTh, UTO Ha cropanue 6eHsuHa maccoii 3,45 r., cogepxaiueit 0,25 Moinb

yriepoza u 0,45 monb Bonopona, morpedyercs:

0,45 mousb
—) = 0,3625 mMoJib

n(0,) = (0,25 MOJIb +
Momnsipaas Macca Bo3ayxa 29 1/Moib, Toria Macca Bo3yxa, B KoTopoi cogepxutcs 0,3625 momnb

KHCJIOPOJIa, MOYKHO BBIPA3UTh 10 cIeayromei Gpopmye:

0,3625 moub
m(Bo3ayxa) = o021 X 29 pwp—

= 1,7262 mosib X 29 r/monb = 50,06 T

Torna ans cxxuranus 2 Kr 6eH3UHA MOTpeOyeTCs:

Or
3,45r

m(Bo3ayxa) = 50,06 X = 29020,291 = 29 kr

VYrneBogopox coctaBa CsHig — n3omep okrana. Cpeu Bcex €ro CTpyKTYPHBIX U30MEPOB 4
MOHOOPOMIPOU3BOIHBIX 00pa3yeT JUIlb U300KTaH — 2,2, 4-rpuMeruinnentan X. Ha cxeme

NPUBECHA €0 CTPYKTYpa U CTPYKTYPbl MOHOOPOMITPOU3BOIHBIX

[Tpu ux neruapoOdpOMUPOBAHUH IO IEHCTBUEM CITUPTOBOTO PACTBOPA IIETIOUN OYIYT IMOTYUYaThCs

AJIKeHBbI COITIACHO MpaBmity 3aiiieBa. OCHOBHBIE MPOAYKTHI 3TUX PEaKIM NPUBEICHBI HA CXEME:



H CnupT. p-p
Br
cnupT. p-p
H
Br
%

CnupT. p-p

1. | Pacuet xomudecTBa Mok Bogopoaa — 0,5 6amia 2,5 6ay1a
Pacuet xonuuectBa Mo yriepona — 0,5 6anna

Wnes o pacuere yepe3 ymiepos v Bogopoa otaenbHo — 0,5 6amna
Pacuet maccel Bo3ayxa — 1 6amn

2. | Crpykrypa yreBopopoaa X 0.5 6amna 0.5 dasu1a
CrpyKTypbl MOHOTajoreHajkaHoB 1o 0.25 Oasia 1 6aa
CTpyKTypbl IPOAYKTOB pPEAKIUH Aeruaporaiorenuponanus o 0.5 6anna 1 6aaa

HToro: 5 6a1710B

Neq

I BapnanT
Ag +2HNO; = AgNO3 + NO; + H20

2AgNOs3 + 2NaOH = Ag,0 + 2NaNO; + H20

AgoO + 4NH;3 + H,O = 2[Ag(NH3)2]JOH

4[Ag(NH3):]JOH = Ag + 8NH3 + 2H,0 + O3

BemectBa: A —Ag, B—AgNO3, C—-NOz, D - Ag,0O (AgOH), E — [Ag(NH3)]OH

PexoMeHaanuu K olleHHBaHUIO:

1. Omnpenenenue Bemects A — D no 0.5 6amia 2 Gamna
2. Onpenenenue Bemiectsa E, 1 6amn 1 Gamn
3. VYpaHenus peaxuuii o 0.5 6ana (mo 0.25 3a HeBepHbIe k03D HULIHEHTHI) 2 Gamna

HUTOI'O: 5 6anaos

II Bapuanr
Cu +4HNOs3 = Cu(NO3)2 + 2NO: + 2H,0

Cu(NO3); +2NaOH = Cu(OH), + 2NaNO;

Cu(OH), +4NH; = [Cu(NH3)4](OH),

[Cu(NH3)s](OH), =CuO + 4NH; + H,0

Bemectsa: A — Cu, B — Cu(NO3), C — NO,, D — Cu(OH),, E — [Cu(NH3)4](OH), F — CuO



PexomeHnanum K OCHUBAHUIO:
1. Omnpenenenue BemectB A — F mo 0.5 6amna 3 Gamna
2. VYpaBaenwus peakuuii 1o 0.5 6amna (rmo 0.25 3a HeBepHbIE KOADPHUITUEHTHI) 2 Oamta
HUTOI'O: S 6anaoB

Nes§

I BapuanT
Pewenue:
1. TeruoBoi addext peakiuu (1) paBeH:

By, Qo5 = 6Q7(CO; () + 6Q7(H;000) — Qf (CoH1206))
HpOI/I3BeI[51 BBIYUCICHUA, HOHyLII/IM:
Qs (CoHi206y ) = 6-(393.5) + 6-(285.5) ~ (2800.7) = 1273.3 L/ mor.
2. AHQJIOTMYHO PacCUMTaeM CTaHJIAPTHYIO TEIJIOTY peakiuu (2):

Br,Q80s = 2Q7(CHyCH(OH)CO,H(yy) = Qs (CoH1206 )
Ay, Q398 =2:674.5 - 1273.3 = 75.7 x/Ix/monb
3. Takum 00pa3oM, HCIIOJIB30BAHUE TIIFOKO3bl JIJISl KIIETOUYHOTO JIbIXaHWs sIBJSIETCs Ooliee
DHEPTeTHYECKH BBITOAHBIM TporeccoM. OIHAKO MOXHO 3aMETHTh, YTO JJISI KJIETOYHOTO
JIBIXaHUS HEOoOXOoAuM Kucjaopona. B aHa’spoOHOH (OeCKUCIOpOIHON) cpele TakoW IpOIecc
HEBO3MOJKEH, IIO3TOMY OpPraHU3MbBl HCIIONB3YIOT MEHEEe SHEPreTHYECKH BBITOIHBINA, HO
BO3MO)KHBIH MTPOIIECC OPOIKCHHUSI.

II BapuanT
Pewmenue:
1. CrangaprtHas sHTanbnus peakuu (1) OyaeT paBHa:

By, Qo5 = 6Q7(CO5 (1) + 6Q7(H;000) — Qf (CoHi1206))
HpOI/I3BeI[$I BBIYUCJICHUA, [TOJTYHYUM:
Qy (CoH1206(,)) = 6:(393.5) + 6-(285.5) — (2800.7) = 12733 xlc/mouts.
2. AHJIOTMYHO PacCuMTaeM CTaHJIAPTHYIO TEIJIOTY peakiuu (2):

B, Q805 = 2Q7(CoHsOH) +2Q7(CO2 ) — Qs (CoHiz06)
Ay, Q798 =2:277.0 +2:393.5 - 1273.3 = 67.7 xJIx/monb
3. Takum 00pa3oM, HCIIOIB30BAHWE TIIFOKO3BI ISl KIIETOUYHOTO JBIXaHHs sIBIsIeTCs Oolee
HHEPreTUYECKH BBITOIHBIM TMpoiieccoM. OIHAKO MOXHO 3aMETUTh, UYTO JI KIETOYHOTO
JIBIXaHUST HEOOXOoAMM Kucjopona. B aHa’spoOHO# (OecKMCIOpOIHON) cpefe TakoW MpOIecc
HEBO3MOXEH, IMOITOMY OpTaHW3MbI HCIOJB3YIOT MEHEE DJHEPreTUYEeCKH BBITOIHBIN, HO
BO3MOYKHBIH ITpoLiecc OpoKeHUS.

PexoMeHaanum K OeHUBAHUIO:

1. Pacu€r craHgapTHOM SHTAIBINH 00pa30BaHUS TIIFOKO3HI 2 Gamna
2. Pacuér sHTanbnmuu peakiuuu OpOKEHUs 1 Gamn
3. VYkazanue Ha HanboJsee BBHITOHBIN dHEPreTUYECKHii poriecc — 1 Gamn 2 Gamna

VYka3aHve HEeBO3MOXXHOCTH JIBIXaHHS B OTCYTCTBUH KUCIOpoaa — 1 6an
HUTOI'O: 5 o6annoB



