BCEPOCCHICKASI OJTUMIIMAJIA LLIKOJILHUKOB
[0 XUMUU. 2019-2020 yu. r.
MYHULIUIAJIHBIN DTATI 9 KJIACC

3aaHus M KPUTEPUM OLICHNBAH U
OOmue yka3aHusi: eclid B 3aj1aue TpeOYIOTCS pacd€rbl, OHU 00s3aTEIbHO JIOJKHBI
ObITh TpUBEAECHBI B pemeHuu. OTBeT, NMPUBEAEHHBIM 0€3 pacdy€roB WM HHOTO
000CHOBaHMs, HE 3aCYUTHIBAECTCS.

3ananue 1. Pa3nenenue KpuCTALI0THIPATOB
Nmeercsa cmech nByx kpucramtoruaparon: AlClz-6H,0 u FeCls-6H,0. Ilpeanoxure
XUMHYECKUN CcIIOCO0 pa3JesieHus: 3TOM CMECH ¢ MUHUMAJIbHBIM YHUCIOM XUMUYECKUX
NpEBpAIEHUI. 3alUIIUTE YPABHEHUS PEAKLIAMN.

3ananue 2. [IpeBpaiieHus 3J1eMeHTA U €ro coeAuHeHm it

OnuH U3 OKCHIIOB, 00pa30BaHHBIX deMeHTOM X (BemiectBo X1), comepxut 20,0 %
Kkuciaopona no mMacce. OH mpencTaBisieT co00il YEPHBIN MOPOILIOK, HEPACTBOPUMBIN
B Boje. [Ipu nelicTBHMM Ha HETO COJSHOM KHCJIOTHI OOpa3yeTcsi 3elE€HBIM PacTBOP
BeniecTBa X2. JlelicTBUe Ha KpUCTaJUIbl X2 KOHIEHTPUPOBAHHBIM PaCTBOPOM CEPHOU
KUCJIOTHI TPUBOAUT K oOpa3oBaHuio Oenoro ocaaka Xz, a NPOIMYyCKaHUE uepes
pactBop X2 CEpOBOOPOAA MPUBOIUT K 00pa3oBaHmio YEPHOTO ocaaka X4. BemecTro
X3 mornomaetr BoAy, o0Opa3ys pactBop romyboro usera. Ecnu Xy Kunmatuthb
B KOHIICHTPUPOBAHHOW CEpHOM KHCIIOTE, oOpaszyercs Oenbli ocagok X3 H
BEIZICIIsICTCS Ta3. [lpu neficTBum Ha Oebli 0cagoK X3 PacTBOPOM THIIPOKCHJIA KU
IBET OCaJKa WM3MEHAETCS Ha cUHUW. Bce ommcaHHble peakiuu IpeacTaBiIEHbl Ha
cXeme:

Xl > X2 > X4

H,SO, xoHIl

X <KOH X, =

1) OnpenenuTte HEM3BECTHBIC BEIIECTBA U 3AMUIIINTE YPABHEHUS PEAKIIHA.
2) Ilpennosxute crnocoO moyydeHus Beniectsa X1 U3 BeuecTna Xs.

3aganue 3. Pacuér cocraBa cMecu

Cwmecy cynbdpuna amomMuHuss U cyinbbunga xenesa(ll), oOmelt maccort 14,11
BBICHITATM B Boay. I[locie OKOHYAHWS BBIICICHUS Ta3a OCAMOK OTIACIHIN
bunbTpOBaHWEM W TIPOKATMJIA B HMHEPTHOM aTtmocdepe. Macca ocamka mocie
npokanuBaHus coctaBmwia 11,7 r. Halimure mMaccoBble JTOJMU BEMIECTB B HMCXOIHON
cMecd. UTo mpom3ouaET, eCM OCaloK MPOKATWBAaTh HAa BO3JyXe, W KakoBa Oymer
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Macca TBEPJOro BellecTBa IMocie mpokanuBanusi? Hamnuiinte ypaBHEHUs Bcex
ONMCAaHHBIX PEAKLIUM.
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3ananue 4. I'azo00pa3Hbie GpTOPHUIBI

JIBa ra3zoo0pa3HbIX (TOpHAa MMEIOT OJUHAKOBYIO IUIOTHOCTh MPU HOPMAIbHBIX
ycnoBusax. Kaxapiil u3 Hux B 2 pasza Tskenee yriekuciaoro raza. Oaus u3z Gropuaos
(Tor, B KOTOpOM OOJbIIE aTOMOB) XHUMHYECKH OYEHb HWHEPTEH, a BTOPOH
TUJIPOIU3YETCS BOAOW, NpUYEM peaklus MpoTeKaeT ©0e3 HM3MEHEHHUs CTeleHen
OKHCJICHHS 3JIEMEHTOB. Y CTaHOBUTE (POPMYJbI Ta30B, HAWAWTE UX IUIOTHOCTH MpPH
H.y. U TPEIOKHUTE Ccroco0 CHHTE3a OJHOTO raza W3 JAPYroro B TPH CTaAuu
(c ypaBHEHUSIMN).

3aganue S. Cosib € pe3KUM 3a1axXoM

Heopranuueckas cojib A COCTOUT W3 TPEX AIEMEHTOB-HEMETALUIOB (OJIMH U3 HUX —
a3oT, 27,5 % mo macce) U mpeAcTaBisieT coOoi OeclBETHbIE KPHUCTAILIbI, XOPOLIO
pactBopumbie B Boje. [lpm HarpeBanum conb pasznaraercs Ha ABa raza b u B,
obOnamaromux 3amaxoMm, b — odeHs pe3kum, B — oueHb HEMPUSTHBIM. Y CTaHOBUTE
dbopMynbl CONIM M Ta30B, HANUIIWTE YypaBHeHUE paszioxeHus A. Kak MoxHO
nony4uuTh ra3el b u B u3 conu A no otnensHocTH? Hanummnre ypaBHEHUS peakiu.

3ananue 6. Ilonyuenue rasa
Jlna momyudeHus: raza X IOHbIE XUMHUKHM coOpanu mpuOop, Kak 3TO TOKa3aHO Ha
PHUCYHKE.

[Tpubop nns monyvenus raza X: 1 — konba Bropna ¢ kpuctaiimaeckum
MepMaHraHaToM KaJius; 2 — KareiabHas BOPOHKA ¢ KOHIIEHTPUPOBAHHOW COJISTHOM
KUCJIOTOM; 3 — K010a Bropiia ¢ qucTuiimmpoBaHHOM BO10i; 4 — TpyOKa-peakTop;

5 — aneKTpoHarpeBaresb; 6 — KyCOUKH MOPUCTON KepaMHuKH; 7 — Mpodupka
¢ OOKOBBIM OTBOJIOM; 8 — CTaKaH C XOJIOJHOM BOJOH; 9 — )KHIAKOCTh Z,
10 — kpucTamIU3aTOp C paCTBOPOM THUIPOKCHIA HATPUS;

11 — mpoOupka, B KOTOpyro cobupaercs ra3 X.
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B xon0y Bropma (Ha puc. mokazana mudpoit 1) moMecTunm KpucTauTHIeCKHi
NepMaHraHar Kajausi, U3 KalelbHOW BOPOHKH (2) B K0J0y M00aBMIM KOHIEHTpU-
POBaHHYIO COJISTHYIO KUCTOTY. ToTuac Hadall BBIJACIATHCA Ta3 Y, KOTOPBIM 10 TpyOKe
npoxoaun B konOy Biopma (3). B xonbe (3) Haxomunack MUCTHILIMPOBAHHAS BOJA,
KOTOPYIO HarpeBajiu 10 KHUIEHUS C MOMOMIBIO AJIEKTPOIUIMTKU. 3aTEM MapO-Ta30oBas
cMech TIpoxoawia B TpPYOKy-peakTop (4), KOTOpPYIHO HarpeBajiud JI0 BBICOKOM
TEMIIEpaTypbl C TOMOIIIBIO 3JeKkTporieun (5). B TpyOky-peaktop (4) ObUiM MOMEIIEHBI
KYCOUYKH TMOpUCTOM KepaMuku (6) AJis yBENMYEHUS BPEMEHU B3aHMMOACHCTBUS
pearupyroImx BEIIeCTB B 30HE C BRICOKOW TeMIepaTypoil.

N3 peaktopa neryudue BemecTBa momnajgaid B mpoOupky (7), MOMEMIEHHYIO
B CTakaH ¢ xoJiogHoW Bojo#l (8). Ha mHe mpoOupKy KOHJIIEHCHUpOBAJIach AbIMSINAS
enkas KuAKocTh Z. OcraBiimecs rasbl npoxoawin depe3 pactsop ménoun (NaOH)
B kpuctaymnzatope (10), mocine uwero B mpobupke (11) cobupasics mpakTUYECKH
YUCTHIN ra3 X.

1. Onpenenute ta3pl X u Y, a TakKe KAJIKOCTh Z, KOTOpas MPEACTaBIsieT coO0i
pacTBOp HEKOTOPOTO rasa.

2. Hanmummure ypaBHeHuUs peakiuii monydennst Y B kojioe Bropma (1) u mpeBpamenus
Y B X, KOTOpas MpoTeKaeT B TpyOKe-peakTope (4) u ABJseTcs: 0OpaTUMOM.

3. C Kako#l Menpl0 Ta3bl, BBIXOAAIIHE MO OOKOBOMY OTBOAYy w3 Tpobupku (7),
pOMyCcKaJln 4epe3 pacTBOp MEnoun? OTBET MNPOULIIOCTPUPYWUTE COOTBETCTBYIO-
IIUMH YPAaBHEHUSMU PEaKIIUH.

4. C moMoIIpI0 Kakoi KaueCTBEHHOM PEaKIIMN MOKHO JI0Ka3aTh, 4To B mpodupke (11)
cobupaercs raz X?

5. Kak «rpamutnimonHo» monydaroT ra3z X B nmaboparopuun? Paccmorpute nBa crioco0a
Y TIPUBEIUTE COOTBETCTBYIOUIME YPABHEHHUS pEaKIIUil.
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Penienus u KPUTECPUH OLHCHUBAHUA OJJUMITHATHBIX 3anaHnﬁ

B uTOoroByo ouneHky u3 6 3a1a4 3aCUUTHIBAOTCH S pelIeHuil, 32 KOTOPbIe
YYaCTHMK HaOpasa HauOoJIbLIKe 0a/1J1bl, TO €CTh OJAHA M3 32124 C HAMMEHbIIUM
0aJ1J1I0M He YYMTBIBACTCSI.

3ananme 1. Pa3iesienne KpuCTaAJII0rHIAPaTOB

Pemenne u KpuTepuu OLlCHUBAHUS:

Cwmechb pacTBopsitoT B Bojie. K nmonydyeHHOMY pacTBOpY NPHJIMBAIOT U30BITOK PacTBO-
pa mémnoun. [Ipu sToM B ocanok Bbeimanaer ruapokcup xkenesa(lll). Brimasmumii
BHaJaJie 0CaJ[0K TUIPOKCHIa ATIOMUHUS PACTBOPSAETCS B U30BITKE MIETOYH.

FeCl; +3NaOH = Fe(OH)s| + 3NaCl 1 6aaa

AICl3 + 3NaOH = AI(OH)3 | + 3NaCl 1
0aJ1I

Al(OH); + 3NaOH = Nas[AlI(OH)g] 1 6auaa

(ITpuanmaetcs nrobast pasymHas popma 3anvcH aTFOMHHATA HATPHSI. )
Ocanox rtuapokcuaa xene3a(lll) oTgunbTpoBBIBAIOT, MPOMBIBAIOT BOJIOM,
PacTBOPSIIOT B pa30aBICHHON COJISTHOM KUCIIOTE.

Fe(OH)s; + 3HCI1 = FeCl; + 3H,0 1 6ana
PactBop ocCTOpOXHO BbIMapuBarOT. IlpM OXJaKJEHWH KOHIIEHTPUPOBAHHOIO
pacTBopa BbINIagaeT Kpuctamwioruapat xaopuaa sxemeza(lll). 1 6ana

QunpTpar, COAEpXKAIIWM aTlOMHUHAT HATPUA, OCTOPOKHO HEUTPaTU3YIOT
COJITHOM KUCIIOTOM. BpImagaet ocagok THAPOKCUIA ATFOMUHMS.

Nas[Al(OH)¢] + 3HCI = Al(OH)3| + 3NaCl + 3H,0 3 dasa
Ocanok  TUApOKCHAA  aIOMUHUS  OT(PWIHTPOBBIBAIOT, TMPOMBIBAIOT  BOJOM,
PacTBOPSIIOT B pa30aBICHHON COJISTHOM KUCIIOTE.

AI(OH); + 3HCI = AlCl3 + 3H,0 1 6ana
PactBop ocTtopokHO BblImapuBaroT. llpu OXJAKACHUM KOHUEHTPUPOBAHHOTO
pacTBOpa BhINAAAET KPUCTALIOTUIPAT XJIOPUAA aTFOMUAHUSL. 1 0an

Bcero 3a 3agauy — 10 6asJ10B.

3ananmue 2. [IpeBpaieHusi 3JieMeHTA U €ro coeJHHEeHH i

Pemenue:
X1 — CuO (w(O) = 16/80 = 0,2 = 20 %)
Xo — CUC|2
X3 — CuSOq,
X4 —CuS
Xs — CU(OH)Z

YpaBHEHUS peaKIU:
1) CuO + 2HCI = CuCl; + H,0
2) CuCl; + H,S = CuS| + 2HCI
3) CuCl; + H,SO4 = CuSO4| + 2HCI-
4) CuS + 4H,S0,4 = CuSO4 + 4S0, + 4H,0
5) CuSO4 + 2KOH = Cu(OH), | + K»S0O4
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Xs — X1: CU(OH), %.3® CuO + H,0
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Kpurepun onieHuBaHusi:

Onement X u BemiectBa X1—Xs 6x1 6 0a1710B
YpaBHEHHUs peaKLUii:
1)-3)u Xs — X1 no 0,5 6ama 2 panaa
4)us) no 1 Gamny 2 0asa

Bcero 3a 3agauy — 10 6aJ510B.

3aganue 3. Pacuér cocraBa cMmecHn

Pemrenne:

Cynbhun aqtoMUHUS MPU BHECEHWU B BOJY MOJBEPraeTCs MOJHOMY THUAPOIU3Y, a
cynasdun xeneza(ll) ycroituns B Bome. [lomydeHHBIN 0CaOK COCTOUT M3 THAPOKCHIA
amomuuug u cynbuna xenesa(ll). I[lpu nanpHelimeM mpokanvBaHUM B MHEPTHOU
atMocdepe paziiaraercsi TUIPOKCUl amioMuHus. TakuM oOpa3oM, mociie mpoKaiu-
BaHUs OCTAETCsl CMECh OKCHIA ATIOMHUHUS U CyIb(dua xKenesa.

Al,S; + 6H,0 = 2A|(OH)3 + 3H,S

2Al(OH); = Al;O3 + 3H,0
ITycte N(Al2S3) = X Mok, TOTAA
m(Al,S; u FeS) — m(Al,O; u FeS) = m(Al,S3) — m(Al,O3) = 150x — 102x =
=141-11,7
48x =2,4
X = 0,05 mo1b
m(Al,S3) =150x0,05=7,5r
m(FeS)=14,1-7,5=6,6 T
w(Al.S3)=7,5/14,1 =0,532 (53,2 %)
w(FeS) =6,6/14,1 = 0,468 (46,8 %)

Ecnu ocamok mpokanuBaTh Ha BO3IyXe, TO CYIb(UI aTIOMHHHUS OIMSTh
MPEBPATUTCS B OKCHUJI ATIOMUHUSI U JOTOJHUTEIBHO OyIeT OKUCIATHCA CYab(ua
xene3a. B 3aBucumoctu ot Temmepatypsl oopazyercs Feo, Oz nnn FesOa.
4FeS + 70, = 2Fe»,03 + 4S0,

17R05
3FeS + 50, = Fe;04 + 35S0,
n(FeS)=6,6 /88 = 0,075 mob
n(Fe,03)=0,075/2=0,0375 momp
m(Fe,03) =0,0375x160=6T
2Al,S3; + 90, = 2Al,03; + 6S0O,
n(A|203) = n(AI283) = 0,05 momb
m(AI203) =0,05x102=51r
m(FGQOg 154 A|203) =6+51=111r

17R105
n(Fes04) = 0,075/ 3 = 0,025 moab
m(Fe;04) =0,025+x232 =581
m(Fe304 " A|203) =58+51=109r
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Kpurepun onieHuBaHusi:

YpaBHEHHS peakiuit 3x1 3 6aana
Pacuér cocraBa cmecu 3 0a1a
KauecTBeHHBIN COCTAB 0CaJIKa MOCIE NPOKAIMBAHUS HA BO3AYXE 1 6aan
Pacuér coctaBa ocagka mocie IpOKaTWBaHUsA Ha Bo3ayxe (MOJHBIM OaioMm
OILICHUBAETCS JIFOOOM U3 MPECTaBICHHBIX BAPUAHTOB) 3 0as11a

Bcero 3a 3agauy — 10 6aJi10B.

3ananue 4. I'a3000pa3Hble PTOPUIBI
Pemenuie u KpuTepuu OLlECHUBAHUS:

MonsipHast Macca razoB: 4442 = 88 r/Moub. 1 6aan

[Non6opom Haxoaum dhopmynsl — CF4 u PF3 2%x2 4 6asa

[TnotHOCT TIpH H. y.: p =M/ V= 88 r/™monb / 22,4 n/monb = 3,93 r/n 2 dania
Cxema cunre3a: PF; ® HF ® F, ® CF,y 1,5 6anaa

YpaBHEHUS PEAKIINN:

PFs + 3H,0O = H3PO3; + 3HF

2HF = Hy + F; (3aextpomu3 xuakoro HF)

C+2F,=CF,4 3x0,5 1,5 6anaa
Bcero 3a 3agauy — 10 6aJ710B.

3aganme S. CoJib ¢ pe3KuM 3anaxom
Pemenmue:
A — conp amMoHMs. Ha oauH aToM a3oTa B colMM A MPUXOIUTCS MOJIIpHAs Macca
14 /0,275 = 51 r/mMmo7ab. OT0 cooTBeTCTBYET ruapocyabhury ammonnus NH4HS. Tpu
HarpeBaHUM COJIb pa3jaraeTcs Ha 2 rasa:

NHsHS = NH3 + H,S.
Peskwnii 3anax umeer NH; (ra3 B), HenpustHbIii 3armax — H2S (ra3 B).

I'uapocynsdu aMMOHHUS pearupyer co LieIoYaMH ¢ BbIJICTICHHEM aMMMaKa U
C KHCJIOTaMH C BbIJICJICHHEM CEPOBOAOPO/IA:

NH4sHS + 2KOH = K;S + NH3- + 2H,0
(mpuauMaetcs takxke peaknus NHsHS + KOH = KHS + NH3;- + H,0),

NHsHS + HCI = H,S- + NH4CI.

Kpurepuun oneHnBaHus:

Conp A 3 das1a
(0 6ayioB 3a hopmyny 6e3 pacuéra u 0 6ayoB 3a (NHa)2S)
['aset bu B 2x1 2 danaa
YpaBHEHHE pa3IOKECHUS 1 0aan
(mosHbIN OasT 3a paznoxkenue (NHa)2S)
VYpaBHEHHS peakiuil ¢ KUCIOTOUN U MIENT0YbIO 2X%x2 4 6ana

(mostHbI# Oay 3a peakiun ¢ (NHa),S)
Bcero 3a 3agauy — 10 6asJ10B.
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3aganme 6. Ilosryyenue raza
Pemenne u cucreMa OLleHUBAHMSA:

1. lpu nelcTBUM KOHUEHTPUPOBAHHOM COJSTHOM KHCJIOTHl HA NEpPMaHIraHaT Kaus
Beiiensierca xyop Cl, — ra3 Y. 3areM OH IpH BBICOKOM TeMIEepaType pearupyer
C BOJISIHBIM MapoM, MpPH 3TOM OKHCIseTcd Bojaa M obpazyerca kuciaopox O — X.
B npo6upke (7) KOHIEHCHUPYIOTCS Tapbl BOJbI, B KOTOPOM PacTBOPSIETCS XJIOPO-
BOJIOPO/I, TAKUM 00pazoM, KHUIKOCTh Z — COJIsiHAsE KUCIIOTA.

3 6asa
2. llonygenne Y  2KMnOQO,4 + 16HCI = 2KCI + 2MnCl; + 5Cl,»1 + 8H,0
1 6ana
[Nomyuenune X 2Cly + 2H,0 2 4HCI + O,
1 6ana

3. Ha Beixome u3 mpodbupku (7) xucimopon (raz X) zarps3HEH XJIOPOBOJAOPOJIOM
(KOTOpBI HE pacTBOPWIICS B BOJie, 00pa3ys coisiHyio Kuciory (9)) u xjopom
(KOTOPBI COAEPIKUTCS B Ta30BOM CMECH, T. K. PEAKIUs OKUCICHHS BOJIBI XJIOPOM
obparuma). [{nst ourictku kucnopoaa or HCI u Cl, ra3oByr0 cMech MpoITycKaiy uepes
pacTBOp WIEIOYN:

HCI + NaOH = NaCl + H,O
1 6ana
Cl; + 2NaOH = NaCl + NaCIO + H,O
1 6ana

4. JlokazaTe Hamuuue kuciaopoza (raza X) MOKHO C MOMOIIBIO TICIOLIEH TyYUHKHU.
[Ipu onyckanuu B mpoOUPKY € KUCTOPOAOM JTYUHHKA BCIIBIXUBAET.

1 0as1

5. CymiecTByeT HECKOJIbKO JTAO0OPATOPHBIX CIIOCOOOB MOJYYEHUS KUCIOPOAA.
[IpuMepsl HEKOTOPBIX U3 HUX MPUBEICHBI HIKE.

2KMnQOg4 %t@ KoMnOg4 + MnO, + OzT
2H,0, I K03® 2H,0 + Ozt

2KCIO; - P%s@ 2KCl + 30,1
[o 1 Gamny 3a KaXAbIA BEPHBIN CIIOCO0, BCEro MaKCUMAJIbLHO 2 6aJjlia

Bcero 3a 3agauy — 10 6aJ710B.



