MEXPET'TOHAJIBHASA OJIMMIINAJA IIKOJBHUKOB
"BYAYINUE HCCJIEJOBATEJIA - BYAYIIIEE HAYKHN"

KOJIBHBIE XAPUTOHOBCKUWE UTEHUA
r.Capos 2023-2024 yu.r.
TectupoBanue Mo XuMuu

9 kiacce

3apanme Nel. Kakoit o6bem Bozmyxa (25°C, 9xlla) TpeGyercst st mOTHOTO
cropanusi cmecu maccord 10.08 r, B KOTOpOW COAEPKUTCS PAaBHOE YHMCIO ATOMOB
dbocdopa u cepsl.

22 dajL1a

3aganme Ne2. 3anummre  ypaBHEHUS  pEAaKUUH, COOTBETCTBYIOLIUX
MpEBPAIICHUSIM:

Si** 5P’ Br! —»P3 — Mn? — Na"— S2

30 6as10B

3amanue Ne3. B naGoparopuu umeercs oOpasel] KpUcTauIoruapara XJIopuaa
ATIOMHUHUS, COJIEpIKaIlUi mpuMech xyopuaa xenesa (I1I).

a) I[lpemoxure cnoco0 OYUCTKHU XJIOpUAA ATOMHUHHUSA OT MPUMECH XJIOpUIA
xene3a (III), ocHOBaHHBIA Ha MPOBEAECHUU XHUMHUYECKMX peakuuid. llepeuncnure
CTaJlMd OYMCTKA B HEOOXOJAUMOM TOpSAKE, YKAKUTE MNPHU3HAKU MPOTEKaEMbIX
pEaKIuu.

0) CocTaBbTe XUMUYECKHUE YPABHEHUS, UIUTFOCTPUPYIOIINE X0 OYUCTKH.

28 0a10B

3ananmue Ned. Cynsun Maccoit 22 T, B COCTaB KOTOPOTO BXOJIUT METAT B
CTENeHH OKUCJIeHUs +1, 0OpaboTanu M30BITKOM pa30aBJICHHOTO PAacTBOpa CEPHOM
KUCIOTHl. BpimenuBmmiica ra3 mnponyctunu uepe3 100 r 24%-Horo pactBopa
TUAPOKCHUJIA HATPUSI, B PE3YyJIbTaTe YETO MOJYUHIICS PACTBOP C PAaBHBIMU MOJISIPHBIMU
KOHIICHTPAIUSIMH COJM M IIEJIOYH. YCTaHOBUTE, KaKOW MeTa/ul BXOJWUJ B COCTaB
cynbduaa. Hanummre ypaBHEHUS MPOTEKAIOITUX PEAKIIUM.

20 6aa10B



9 kyacc (peureHus)
3aganune Nel
1. 3anuiiem ypaBHEHHUSI POTEKAIOIINX PEAKLIUA:
4P + 502 — 2P205
S+0, — SO,
2. Haiinem xommuectBo BemiecTBa Gocdopa u cepsl B ucxogHo cmecu. Tak
KaK B MCXOJIHOM CMECH COJIEPKHTCSI paBHOE YHMCIO aTroMoB (ocdopa u cepbl, TO
KOJIMYECTBO BelecTBa cepbl U pocdopa paBHbl: n(P) = n(S) = x Mok,
Macca docdopa B cmecu pagHa: m(P) = n(P)-M(P) = 31xr.
AHaJIOTHYHO, Macca cepbl B cMecu paBHa: m(S) = 32x T.
O6mras macca cmecu paBHa: (31x +32x) =63x = 10.08 .
CrnenoBatenbHO, B UCXOMHOM cMmecu Haxomuiaoch 1o 0.16 monb docdopa u
Cephl.
3. s mosHoro okucieHus: gochopa norpedyercs 0.2 Moap kuciopoaa (u3
ypaBHeHwus 1), st okucienus cepol — 0.16 Monb kuciopoza (U3 ypaBHEHHUS 2).
Bcero nns monmuoro cropanusi cMecu HeoOxomumo 0.2 + 0.16 = 0.36 moub
KHCJIOPO/IA.
Wcnons3yss ypaBHenue MengeneeBa-Knaneiipona, paccuutaeM 00beM

KHMCJIOpOZA IPU YKa3aHHBIX YCIOBUSAX:

nRT  0.36 MoJIb - 8.314—2% . 298k
V== S Tos = 9.4-107m% = 9.4

4. YuuTeiBasi, 4T0 00bEMHas J0JIs1 KUCJIopoaa B Bo3iyxe paBHa 21%, Haxoaum

00beM BO3IyXa:

V;mcnopoga

9.4
Viosagea = = o0 = oy = 44767

IIpuMmeuanue:

a) 3a COCTaBJICHHUE ypaBHeHUN — 4 6ara (1mo 2 6aia 3a Kak10€ YpaBHCHHE)
0) 3a HaX0XJICHHE MOJLHOTO COCTaBa UCXOIHOM cMecH — § 6aioB

B) 3a pacdeT o0beMa Kuciaopoaa — 8 6amion

I) 3a onpeesieHrue oobema Bo3yxa — 2 6aia

Hroro: 22 6aaa



3aganune Ne2

1) Ca3(PO4); + 3Si0, + 5C — 3CaSiOs + 5CO + 2P

2) 2P + 3Br; — 2PBr;

3) PBr; + H,O — H3PO3 + 3HBrt

4) SH3PO; + 2KMnOy4 + 3H,SO4 — 2MnSO4 + 5SH3PO4 + K,SO4 + 3H,0
5) MnSO4 + 2NaOH — Mn(OH); + Na,SO4

6) Na,SO4 + BaS — BaSO4 + Na,S

IIpuMmeuanue:
3a cocTaBjeHue ypaBHeHHH — 30 6aytoB (1o 5 6asioB 3a Kaxa0€ ypaBHEHHE)

Hroro: 30 6aa10B



3aganue Ne3

OauH 13 BO3MOXHBIX CIHOCOOOB OYUCTKM OCHOBAH Ha JIEUCTBUM M30BITKA
pacTBOpa IMIEJI0YN HA BOJHBINA PACTBOP 3arpsi3HEHHOTO YKEJIE30M XJIOPH/IAa A TFOMUHUS.

Cmaous 1. PacTBopsieM HCXOJIHOE BEUIECTBO B BOJE NPU KOMHATHOM
TeMIiepaTtype, TpU  HEOOXOAMMOCTH  OTACISIEeM  B3BEHICHHBIE  YaCTHUIIBI
buabTpOBaHUEM.

Cmaous 2. JloGaBiseM K MOJyYeHHOMY PacTBOPY M30BITOK pacTBOpa IIETOYH.
Brimagaromuyii nEpBOHAYAIBHO OCANOK YaCTUYHO pacTBopsieTcs. B pacTtBop
nepexoauT amomMuHui. B ocagke ocrtaercs runmpokcuna xeneza (IID), sxenro-
kopuuHeBoro 1Beta. (I'mapokcuy xene3a (I11) B3auMoaelcTByeT MpenMyIeCTBEHHO
C paciulaBaMH IIEJI0YeH, a B PACTBOPE PEaKIUs MPAKTUUECKH HE UJIET)

AICl5; +3NaOH — Al(OH); + 3NaCl
FeCl; + 3NaOH — Fe(OH); + 3NaCl
AI(OH)3; + NaOH — Na[AI(OH)4]

Cmaous 3. OtaenseM ocafok ruapokcuaa sxenesa (I11) dunbrpoBanuem.

Cmaousa 4. JlobuBaemcs ocaxknenus ruapokcuna amromuaus Al(OH); (Oembrit
0CaJIOK) JEHCTBUEM HENOCTaTKa COJSHOM KUCIOTHI (B MPOMBIIIIEHHOCTH BMECTO
COJIIHOM KHCIIOTBI UCIIOJIb3YETCSl YIVIEKUCIBIN ra3).

Na[Al(OH)4] + HCI — Al(OH); + NaCl + H,O

Cmaousa 5. OtnensieM OcaJoK OT pacTtBopa (uibTpoBaHueM. B pacTBope
OCTAKOTCS COJIA HATPHSL.

Cmaous 6. PacTBopsieM 0CaJioK THAPOKCHIA aTIOMUHUS B COJISTHOW KHUCIIOTE U

3aKpUCTAINIM30BBIBACM PACTBOP.

AI(OH); + 3HCI — AICI; + 3H,0

IIpumeuanue:

a) 3a OmpeeNIeHUE TOCIeOBATEIPHOCTHA cTaauil ouncTku 1 — 6 — 18 Gamnos
(o 3 Gasuta 3a KXy CTaJIHIO)

0) 3a cocTaBneHue ypaBHeHul — 10 6amios (1o 2 6asna 3a Kaxa0e ypaBHEHUE)

HUroro: 28 6a1;10B



3aganmne Ned

1. IIpn B3auMoOACHCTBUU Cylb(uaa HEKOTOPOTO MeTauia ¢ pa30aBICHHBIM
PacTBOPOM CEPHOW KHUCIOTHI MOKET BBIICIUTHCS TOJIBKO CEPOBOJOPO, KOTOPHIH B
peakIMM C IIeJI0OYbI0 BHOBBH 00pa3zyeT cyibdua. ITockoNbKYy B yCIIOBHU 3a1adu
CKa3aHO, YTO IIEJI0Yh BCTYNMWJIA B PEAKIHMI0 HE IMOJHOCTHIO, THUAPOCYIb(PUI
00pa3oBaThCs HE MOT:

MeZS + HQSO4 — MCQSO4 + HzST
H,S + 2NaOH — Na,S + 2H,0

2. BeruncamM KOTMYeCTBO BEIIECTBA MIEIOYH B PAaCTBOpE:

my_pa(NaOH) - w(NaOH)  100-0.24

M(NaOH) 20 QoMo

n(NaOH) =

3. IIycte n(NayS)esp = n(NaOH)oer = X Moub. Ilo ypaBHeHMIO peakuuu:
n(NaOH)seryn = 2n(Na,S)osp = 2x Mosb; n(NaOH) = n(NaOH) yeryn + n(NaOH) 1.

Takum 00pa3om, MOXKHO COCTaBUTH ypaBHeHUE: 2X + x = (0.6, orkyna x = 0.2.

CnenoBatenbHo, n(Me,S) = n(Na,S)es, = 0.2 MOJIB.

4. PaccunTaeM MOJSIPHYIO Maccy MCXOAHOTO Cylb(Haa M OMpEeAeTnM, KaKou
MeTaJlJ1 BXOAMII B €r0 COCTaB:

M(Me,S) = m(Me,S)/n(Me,S) = 22/0.2 = 110 r/moJ1b.

M(Me) = [M(Me,S) — M(S)]/2 =110 — 32]/2 = 39 r/mons. Takyio MOJSIPHYIO

mMaccy umeeT kanuil. Takum oOpa3om, Obu1 B34T cynbpui kamus K,S.

IIpumeuanmue:

a) 3a COCTaBJICHUE ypaBHEHUH — 6 6ayioB (1o 3 6asuia 3a Kak10e ypaBHEHHE)
0) 3a pacyeT KOJIMYECTBAa BEILIECTBA 1IEJI0YU B pacTBope — 4 Oaia

B) 3a OIpe/eNieHNE KOJUYECTBA BEIIECTBA CyIbpuaa Meramia — 6 0amioB

T') 32 ycTaHOBJIeHUE (OPMYIIBI HICKOMOU conn — 4 Gasuia

Hroro: 20 6aa10B



MEXPETHTOHAJIBHASA OJIMMIINAJA IIKOJBHUKOB
"BYAYIIUE NCCJIEJOBATEJIM - BYAYHIEE HAYKHI"

KOJIBHBIE XAPUTOHOBCKUWE UTEHUA
r.Capos 2023-2024 yu.r.
TectupoBanue Mo XUMUU

10 xaacc

3aganme Nel. DKBUMOJISIPHYIO CMECh JTHJIIEHA U TPONMWIECHA pa30aBUIU
OyTagueHoOM Tak, YTO MJIOTHOCTH 00pa3oBaBIIeiicss cMecH, uaMepenHas npu 172°C u
nasnenun 0.82 at™, crana pasroii 1 r/1. Ckoabko Bogopoaa (M), H3MEPEHHOTO IpU
32°C u paBnenuu 760 MM.PT.CT. HOTPeOyeTCs A1 MOJHOTO TMAPUPOBAHUS 1M 3T
CMECH, U3MEPEHHOM MPHU TEX K€ YCIOBUAX. 3AMUIINTE YPABHEHUSI COOTBETCTBYIOLIUX
pEaKIUu.

20 6a10B
3aganmne Ne2
H,0O Na (1monb) CH3Cl Hz (1mone)
CaC; A—— C ~D - E
Pt, t°
KMnQy4
Cu(NH3),Cl H,0
B F

Pacumdpyiite nenouky npeBpaiieHui, IpUBEAUTE CTPYKTYpHbIE (POpPMYIBl U
Ha3BaHMs BelIECTB A - F, 3anummre ypaBHEHHs IPOTEKAIOIMMX PEAKIUN.

30 0as10B

3aganue Ne3d. B pesynbraTte NOJHOrO IMIEIOYHOTO THAPOJIM3A KUpPA U
MOCTEAYIONIEro MOAKUCICHUST pacTBopa Obljla MOJydyeHa CMECh TPEX OPraHUYECKHUX
BemecTB. OgHo u3 BemlecTB (X) pearupyer CO CBEKEOCAKICHHBIM TUIIPOKCHIIOM
meau (II) ¢ oOpa3zoBanueMm coenuHeHus spko-cuHero npeta. JIBa npyrue (Y u Z)
MMEIOT HEPAa3BETBICHHYIO CTPYKTYpY M OKpAIMBAIOT JIAKMYC B KpAaCHBIM IIBET.
BemiectBo Y jierko mpHUCOEIUHSAET XJIOP, 00pasys MUXJIONPOU3BOJAHOE C MAacCCOBOM
nonei xjopa 0.2011. BemectBo Z He NPUCOCAMHSAET TaJOr€HbI, a MaccoBas JOJIs
kuciopoga B HeM 0.2758. Ycranoute dopmynsl X, Y, Z. Hanummre ypaBHEHUS
MPOTEKAIOIIUX PEAKLIHM.

25 6a10B

3ananne Ned4, Tlpu pactBopenuu cepedbpa B 60%-HOW a30THON KHCIOTE
MaccoBas JOJs KUCJIOTBI B PacTBOpe CHU3MIACh 10 55%. 3aTeM K IMOIYyYEHHOMY
pacTBopy 00aBUIM paBHBINA MO Macce 2%-HbI pacTBOp xjopuaa HaTpus. PactBop
npodunbTpoBanu. OnpeneanTe MacCoBbIe JOJIHM BEIIECTB B KOHEYHOM PacTBOPE.

25 0aJi10B



10 knacc (pemenus)

3aganune Nel

1. U3 ypauenuii pV = nRT = (m/M)RT u P = pRT/M Haxoaum MOJISIpHYIO
Maccy CMecCH:

M(cmecn) = pRT/P =1-0.082-445/0.82 = 44.5 (r/mob).

2. Haxomum coctaB cmecu: M(cmecu) = M@, + My @2 + Ms03, ¢ —
o0beMHAas qOJIA.

Q1+ @2+ ¢@3=1, @ = @2, NIOCKOJIBKY CMECH SKBUMOJISIPHAS.
M(cmecn) =28-¢; +42:¢; +54-(1 —2- @) =44.5
O =02= 0.25, 03 = 0.5

3. Haiinem KojmuyecTBa BEIECTBa ra3000pasHbIX BEINECTB B 1M’ cMecH mpu

32°C u 760 MM.pT.CT:
n =PV/RT = 1-1000/0.082-305 = 40 monb

N3 Hux 40-0.5 = 20 mons — OyTtaauen, 40-0.25 = 10 monpb — stuneH, 40-0.25 =
10 mosb — mponuIIeH.

4. JIns TuApupOBaHUs TAHHBIX YTJIEBOJIOPOJOB HY>KHO:

CHZZCH_CH:CHz + 2H2 — CH3_CH2_CH2_CH3
CHQZCHZ + Hz — CH3_CH3
CHQZCH_CH3 + Hz — CH3_CH2_CH3
n(Hz) = 2n(C4Hg) + n(C,H4) + n(C3Hg) = 2-20 + 10 + 10 = 60 monb Bogopoaa.
O6weM Bomopoaa oyzner pasen: V = nRT/P = 60-0.082-305/1 = 1500 u (1.5 m*).

IIpuMmeuanmue:
a) 3a OMpeIeICHIE MOJISIPHOM MacChl cMecH — 4 Oaa
0) 3a pacyeT KOJIMYECTB ra3000pa3HBIX BEMIECTB B CMECH — 6 OAIIIOB
B) 3a COCTaBJICHUE YpaBHECHMI — 6 6auioB (1o 2 G6aiiia 3a KaKI0€e ypaBHEHUE)
I') 32 HaXOXJAeHne oobema Bojiopoaa — 4 6ania
Hroro: 20 da/10B



3aganune Ne2
A — antetunieH, B — anerunenua meau, C — anetuaenun Hatpus, D — nmponun, E

— IIPOIIUJICH, F - IPOIIUIJICHI JIMKOJIb
CaCy + 2 H;O—=Ca(OH); + HC=CH
HC=CH + Na — HC=CNa + 05H,
HC=CNa + CH3Cl — HC=C-CHj + NaCl
HC=CH + 2 Cu(NH3);Cl — CuC=CCu + 2 NH;+ 2 HCI
Ni H

HC=C-CHa+Hy __—_ o C
H,C” "CHj

E HO. __CH
3 HQCJ’ “CH; +2 KMnQy +4 H,0 —= 3 “(H;" CHs +2 KOH + 2 MnO,
2

IIpumeyanmue:
a) 3a ycraHoBlieHue BemecTB A — F — 12 OamnoB (o 2 Oanmna 3a Kaxjaoe

BEILIECTBO, BKJIIOYAs €ro CTPYKTYPHYIO (hOpMyIly U Ha3BAHHE)
0) 3a cocTaBiieHue ypaBHeHul — 18 6amioB (1o 3 Oasa 3a Kaxa0€e YpaBHEHUE)
Hroro: 30 6as10B



3apanue Ne3
1. ITpu 1mIeTOYHOM THAPOIIH3E KUPaA MPOTEKACT PEaKITus:

]
CHyO—C—R;
‘ O CH -O4 R|COONa

(EH 0—8—R2+ 3NaOH —> CH OH + R,COONa

CH,-0—t R, CHyOH  R4COONa

[logkucnenue MoJy4yeHHOTO PacTBOpa MPUBOIUT K MEPEXONy COJeH BBICIIMX
KapOOHOBBIX KHCIIOTHI B KUCIIOTHI:
R4COONa + H* —» RCOOH + Na*

RoCOONa + H* - RCOOH + Nat

R3COONa + H* - RCOOH + Na*

Cyas mo Tomy, 9TO TOCJE THAPOIN3a BBIACICHO JIMIIb TPU BEIIECTBA, MOYKHO
3aKJII0YUTh, YTO B COCTaB JKHPa BXOIAT KMCIOTHBIE OCTATKH JIUIIb JBYX KapOOHOBBIX
KHCJIIOT.

2. BemectBo X — 2310 mmnepud. Ilpu  poGaBieHuMn K - HEMy
CBEXKENPUTOTOBIEHHOTO Truapokcuaa meau (II) obpasyeTcs sSipKO-CHHMM Triuliepar
menu (II):

A _

Cl —OH (CH,—0~, O—CIL

|
2CH —OH + CyOH), — CII—O/ O—CH | +2H,0
l | —H |

CH; —OH Cl; —OHl HO—CH,

3. BemectBa Y u Z — 310 Ka:p60HOBLIe KHUCJIOTBHI. HéﬁneM ux (popMyIIbI.
BemectBo Y mpucoenuHser Xjop u o0Opa3yeT IUXJIOPIPOU3BOIHOE, 3HAYUT ITO
HeTpeebHas kKapOoHoBasi KucjoTa ¢ aBoiHoN cBs3bio (C,Hz,. i COOH); dopmyna
nuxsioprpon3BogHoro — C,Ho,. i CI,COOH.

3Has MacCOBYIO JIOJIO XJIOPA, HalJIeM MOJISIPHYIO MacCy AUXJIOTPOU3BOIHOTO:

m(Cl) _ M(Cl) -n(Cl)

m(Cn,H,y_1Cl,COOH)  M(CyHy,_1Cl,COOH) - n(CyHyy_1Cl,COOH)

_ M(Cl) - 2n(C,Hy,—1Cl,COOH)

~ M(C,H,,_,Cl,CO0H) - n(C,H,,_,Cl,COOH)

2M(CI)
M(C,H,,,_,Cl,COOH)

2M(Cl)  2-355
w(C) — 0.2011

4. Tenepp HalieM MOJIIPHYIO Maccy ¥ GOpMyITy paauKana:

w(Cl) =

M(CnHZn—1CIZCOOH) =

= 353 r/mMoJb



M(C,Hyp_1) = M(C,H,_1CL,COOH) — [2M(CL) + M(C) + 2M(0) + M(H)]
=353—-[3552+12+ 162+ 1] = 237 r/mMosb
12n+2n—1=237
n=17

Takum o6paszom, BeniecTBo Y — 310 ojienHoBas kuciora Ci7H33COOH.

5. BemecTBo Z He mpUCOEAUHSET TaJOTEHbI, 3HAYUT ATO MpeJeabHas KUcaoTa
(CmHomt1COOH). AHanmoru4Ho, 3Has MAacCOBYIO [IOJI0 KHCJIOpOJa B KHUCIOTE,
HaiieM GpopMyiTy 3TON KUCIOTHI:

0) = m(0) L 2M(0)
O M(CHom11COOH) ~ M(CpHyms1COOH)
2M(0) 2-16
M(C,,Hy;,+1COOH) = = = 116 r/mMoJsb

w(0) ~ 0.2758
6.Tenepp HaliZieM MOJISIPHYIO Maccy U (popMyIly pajukana:
M(CpHyms1) = 116 —[12+ 162+ 1] = 71 r/mMouib
I2Zm+2m+1="71
n=>5
BemectBo Z — BasiepuanoBas uim rekcanoas kuciora CsH;,COOH.

IIpuMmeuanue:
a) 3a COCTaBJIeHWE ypaBHEHHMU peakmuii — 9 OawioB (mo 3 Oama 3a Kaxmoe
YpaBHEHUE)
0) 3a ycTaHoBJeHHE BemecTBa X — 4 Oanina
B) 3a ycTaHOBJIeHHE BemectB Y U Z — 12 GamnoB (1o 8 6aymuioB 3a Kaxioe
BEIIIECTBO)
Hroro: 25 da10B



3amanue Ned

[Ipeanomnoxum, uro y Hac 66110 100 I UCXOIHOTO pacTBOpa a30THOM KUCIOTHI
(pactBOp 1) ¢ MaccoBoit goneit kucinoTsl = 60%, a mpopearuposaino x r HNOs. Toraa
10 PEAKLIUHN:

a) OIpe/iesIuM KOJMYEeCTBAa MPOYMX PEAreHTOB, BHIPA3UB UX Yepe3 X:

[\g +‘2I{TJ()3 -—*f\ngC)3 *‘Tq()z *‘Iiz()
108 r 2:63r 170 T 46 1
108x/126 X 170x/126  46x/126

Tenepr HOBasi MaccoBas [0Js1 a30THOM KHCIOTHI cTana 55% u ee MOXKHO
3aIliCaTh:

60 — X 055
100 + 108x _ 46x "
126 ~ 126

Pemwas sTo ypaBHeHue, HaxoquM X = 3.935.
[To ypaBHenuto peakuuu octaigoch: M(HNOj3).: = 60 — 3.935 = 56.065 r

a30THOM KUCIOTHI U obOpaszoBamoch M(AgNO;3) = 170-3.935/126 = 5.31 r HuTpara
108x 46x

——=101.94r.
126 126

6) K obpaszoBaBmemycs pactBopy mobasunu 101.94 r pactBopa xjopuaa

HaTpus, rae conuepxainock 2%, 1.e. 2.04 r conu. [IporekaeT peakiusi:
AgNO; + NaCl — AgCl + NaNOs;

Paccuntaem konmuecTBO BeriecTBa HUTpara cepedpa: n(AgNO;3) = 5.31/170 =
0.031 MOJb, TOTJIa Macca  BBIIABIIEr0  Ocajka  XJopujaa  cepeodpa:
m(AgCl)=0.031-143.5=4.45r.

Kpome toro, B pactBope octanercss m(NaCl) = 2.04 — 0.031-58.5 =0.226 r u
obpazyercs m(NaNO;) = 0.031-85=2.655r.

Macca KOHEYHOro pacTBOpa OyAeT paBHA: Mppa2 = Mppal T Mppa(NaCl) —
m(AgCl) =101.94 +101.94 -4.45=199.43 1.

MaccoBble 1011 BEIIECTB B PACTBOPE COCTABSIT:

6
= 0.0011 (0.11%)

cepeOpa. Toraa macca HOBOTO pacTBOpa: My.pai = 100 +

w(NaCl) = 19943
(HNO,) = 56'065——02811(2811(y)
WUIAYs) = 19943 S
= — = 0
w(NaNO;) 19943 0.0133 (1.33%)
IIpumeuanue:
a) 3a COCTaBJICHHE YpaBHEHHH peakuuii — 6 OamnoB (mo 3 Gamia 3a Kaxaoe
ypaBHEHHUE)

0) 3a HaXOXKJICHHE MacChl HOBOTO pacTBopa — 8 0aslioB
B) 32 HAXOXKJIEHUE MAacChl KOHEYHOTO pacTBOpa — 8§ OaioB
T') 32 pacueT MacCOBBIX JI0JIeH BEIIECTB B pacTBOpE — 3 Oasuia
Hroro: 25 6a10B



MEXPETHOHAJIBHASA OJIMMIINAJA IIKOJBHUKOB
"BYAYIIUE NCCJIEJOBATEJIM - BYAYHEE HAYKH"

KOJIBHBIE XAPUTOHOBCKUWE UTEHUA
r.Capos 2023-2024 yu.r.
TectupoBaHue 1Mo XMMUU

11 xkaace

3apanue Nel. B peakunn XY + Z, npoTekammel B UACAUTBHOW Tra3o0BON
cmecu npu temneparype 600 K m nmaBieHun 2 atMm, yCTaHOBUJIOCH PaBHOBECHE.
N3BeCTHO, YTO PaBHOBECHBIE KOJIMYECTBA BElIECTB X, Y, Z COOTBETCTBEHHO PaBHbI
1 monp, 2 Monb 1 3 MoJib. [Ipy MOCTOSIHHOM TeMnepaType U U3MEHEHUHN JABJICHUS B
cucTeMe 10 3 aTM B CHCTEME CHOBa YCTAaHOBWIOCh paBHOBecue. Paccuwmraiite

PaBHOBECHBIE KomuecTBa BemecTB X, Y, Z.
20 6as0B

3ananme Ne2. BemniectBa A — I cBsizaHbl MeX 1y COOOM CIEAYIONIUM 00pa3oM:

D 4
ae %0,
E G
®) /
S N

Onpenenute BemiectBa A — I, HanuIIUTe ypaBHEHUS PEaKIUi, €CJIM U3BECTHO,
9yT0 A — TPOCTOE BEIIECTBO KpacHoro IBera, H — HepacTBopumoe B BOJE,
B3PBIBYATOE B CYyXOM COCTOSIHUM OMHAPHOE COSTMHEHHE.

30 6a10B

3amanue Ne3. Macca npoJyKTOB THAPOJIM3a CMECH Caxapo3bl U TIIFOKO3bI Ha
0.36 r Oonblie Macchl MCXOAHBIX BemiecTB. [lpu cropanum Takoil ke Macchl
UCXOAHOM cMmecHu Bbaenuiock 197.3 k[ Temnotsl, a oOpa3oBaBIIMiicsS ra3 ObuI
npormynieH yepe3 400 M pacTBopa THAPOKCHIA HATpus C KOHIEHTpALMEH
1.75 monp/n. B obGpa3oBaBmieMcss pacTBOpe MacCOBBIC JOJIM KapOoHaTa HATpUS H
ruapokapOoHaTa HaTpusi cocTaBuiIu 6.65 m 2.63% cooTBeTcTBeHHO. Bhrumcimure,
KAKO€ KOJMYECTBO TEIUIOTHI BBIAEISAETCS MPU CrOPAHUUA | MOJIb TIIFOKO3bI, €CIH
M3BECTHO, YTO MpHU cropanuu | moib caxapo3sl Beiaenserca 5640 k/hx.
30 6an10B

3ananue Ne4. Cmech xpoma, IIMHKa M cepeOpa oOmieir maccoit 7.14 r
00paboTanu N30BITKOM pa30aBICHHON COJISTHOM KUCIOThI, Macca HEPaCTBOPUBLIETOCS
ocajka okazaiach paBHO 3.24 1. PacTBop mocine OTAeneHusi ocajaka oOpaboTain
M30bITKOM OpoMa B IIEJIOYHON Cpefie, a 0 OKOHYAHUHU PEaKIUU MPUITUIH U30BITOK
pacTBopa HuTpata Oapus. Macca 00pa3oBaBIIErocs J>KEITOro0 OCajka OKa3aaach
paBHOW 12.65 1. BblUuuCIMTE MAcCOBBIE JOJIM METAUIOB B MCXOJIHOW CMECH.
Hanumumre ypaBHEHUS ITPOTEKAIOIIUX PEAKIUN.

20 0a10B



11 knacc (pemenus)

3aganmne Ne 1
1. KoncranTa paBHoBecus peakuun X«<>Y + Z paBHa:

K = P, P,
p = ——
Py
[TapuuanbHble JaBIEHUS BEIECTB B PABHOBECHOM cMecu Ipu P =2 aTtM paBHBI:
P, = Pogy = ——+2 = = aT™
x — Xx 06111_14_%+3 _g
P, = * Pogm = "2 = - aT™M
y = Xy Foom 142+3 3

-3 = 1artmMm

Bz = Xz " Posuw = 1+2+3
[loncTaBuB HaliICHHBIEC 3HAYEHUS B BBIPAKECHUS JJIs1 KOHCTAHTHI, ITOTYYHM:
2
1- 3
Kp = T =2
3
2. B coorBerctBun ¢ npuHnunom Jle Ilarense mpu yBeIMYEHHH AaBICHUS
PABHOBECHE CMEIAETCS B CTOPOHY HCXOJHOTO BEIIECTBA.
[Iycte mocie UW3MEHEHUs JaBi€HUA JO 3 aTM  [pOpearupoBaIIO
n(Y) = n(Z) = a Mok BeliecTs, Toraa oopazopanoch n(X) = a MOJIb.
X Y+ Z

OBLIO 1 2 3
npopearupoBajio +a -a —a
CcTaJIo 1+a 2—a 3—a
Torna:
p p B 1+a 3_1+a 3
x = Xx 06UJL_1+a+2—a-2I—3—a ~6—ga o™
—a
Pyz)(y-P06m=6_a-3aTM
3—a

-3 aTM

P = Xz* P 6 =
z z tobm — T
HO,Z[CTaBI/IM IMOJIYUYCHHBIC 3HAYCHHUS B BBIPAXKCHUC IJII KOHCTAaHThI paBHOBECHS:

2—a 3—a
K. = Py-PZ: 6_a3 _6_a3 _>
p P, 1+a
6—a >
a

a=0.253 MOJIb.
Torna B yCTaHOBUBILIEMCS] PAaBHOBECHH KOJIMYECTBA BEIIECTB B CMECH PABHBI:

nX)=1+a= 1253 momp, n(Y) =2 —a = 1.747 monp,n(Z) = 3 — a =
2.74°7 MoJIb

IIpumeuanmue:

a) 3a HaXOXJCHHE KOHCTAaHThl PAaBHOBECHUS IIPHU p = 2 aTM — 5 0aJioB

0) 3a cocTaBlieHHEe MaTepUaIbHOTO OanaHca — 6 6aioB

B) 32 HaXOX/ICHUE a — KOJIMYECTBA IPOPEArMpOBABIIIETO BEIIeCTBA — 6 0aIoB

T') 3a OIPEICIICHNE PAaBHOBECHBIX KOJIMYECTB BemecTBa X, Y, Z — 3 Gamna
Hroro: 20 6a/10B



3aganue Ne2

[Ipu B3aMMOJEHCTBUM TAJIOTNCHAIKAHOB C IIEJI0YaMU B BOJAHOM M CIHMPTOBOM
cpeae 0Opa3yroTCsl CIUPTHI U HEMpPEACNbHBIE YTIEBOJIOPOJIbI, COOTBETCTBEHHO.
Bemectso H OunapHoe, B3phIBUaTOE — ATO aleTWICHU] Metaia. BemectBo A
KPacHOTo LIB€Ta — Mellb. Toraa:

A —Cu

B - CU.Clz

C — [Cu(NH3)4](OH),

D - CH,CI-CH,Cl

p_ L O 07 Jona®
E — CH,OH-CH,OH

G - CyH,

H- CU.2C2

I- [CUG\IH3)2]OH

1. Cu+ Cl, — CuCl,
2. CU.CIZ + 6NH3H20 — [CU(NH3)4](OH)2 + 4H20 + 2NH4C1
3. [CU(NH3)4](OH)2 +Cu — 2[CU(NH3)2](OH)
4. CH,Cl-CH;Cl + 2NaOH(Boan) — CH,OH—CH,OH + 2NaCl
CO\ O j]
Cu
o” o
5. 2NaOH + 2 CH,OH-CH,OH + [Cu(NH3)4](OH); —
4H,0O +4NH;

6. CH,Cl-CH,Cl + 2NaOH(cnupt) — CH=CH + 2NaCl +2H,0
7. CH=CH + [Cu(NH3),]OH — CuC=CCu + 4NH; + 2H,0

2

2Na” +

IIpumeuanue:

a) 3a ycraHoBieHue BemectB A — I — 9 GamoB (mo 1 Oamry 3a kaxmoe
BEIIIECTBO)

0) 3a cocTaBneHue ypaBHeHH — 21 6amoB (1o 3 6aa 3a KaKa0e ypaBHEHUE)
Hroro: 30 6a10B



3apanue Ne3

1. 3anuiieM ypaBHEHHS peakilvu, MpoTeKarouel npu rujapoiuse. [roko3a He
MOJIBEpraeTcsi THAPOJIU3Y, a B PE3ysbTaTe THAPOJIM3a caxapo3bl o0pazyeTcss cMech
JIBYX U30MEPOB — IJIIOKO3bI U (PPYKTO3BI:

C12H22011 + HzO — C6H1206 (FJ'IIOKOS&) + C6H1206 ((I)pYKTOBa)

2. Ilo ycnoBuio 3aj1aud Macca CMECH Mociie TUAPoJn3a yBennuuwiack Ha 0.36 T
— 3TO Macca BObl, TOTpeOOBABIIEHCS ISl TUPOIU3a CaxapOo3bl.

Haiinem KoJM4YecTBO BEIIECTBAa Caxapo3bl, MPUCYTCTBYIOIIEE B HCXOIHOMN
cMmecu. W3 ypaBHEHHsS BHJHO, YTO KOJIMYECTBO BEHIECTBA C€aXapo3bl PABHO
KOJIMYECTBY BEIIECTBA BOJIbI, BCTYIUBILIEH B pEaKIIHIO:

n(C12H22011) = Il(HzO) =0.36/18 = 0.02 Mmoub.

Taxum 06pazom, ucxomnast cmech coaepsxkaina 0.02 Moab caxapo3bl.

3. Haiimem oOmiee KOJIHMYECTBO BEIIECTB B HCXOJHOM cmecd. Jlims 3toro
BOCITIOJIB3yeMCSl JIaHHBIMM O COCTaB€ BOJHOIO pacTBOpa, IMOJIYYEHHOTO MIpH
MOTJIOIIEHUH MPOAYKTOB TOPEHUSI HCXOJHONW CMECH PaCTBOPOM IIEJIOYH.

[Ipu cropanuu cMecH caxapo3bl U ITIOKO3bl IPOTEKAIOT PEAKIUU:

C12H22011 + 1202 d 12C02 + IIHQO + 5640 KI[}K
C6H1206 + 602 — 6C02 + 6H20 + Q KI[}K

OOpa3oBaBUIMICS YIJIEKUCBIM Ta3 MPOMYCTHIM 4Yepe3 BOJHBIA pacTBOP
IIeJI0YM, B pe3yJbTaTe€ 4Yero TIOJyYUSIM pacTBOp, COJEpKalluid KapOOHaT M
rUIpOoKapOOHAT HATPUS:

CO, +2NaOH — Na,CO; + H,O
CO, + NaOH — NaHCO;

NaOH 0511 B HE10CTaTKE U U3PACXOA0BAJICS MMOTHOCTHIO, O YeM MOKHO CYJIUTh
0 TPUCYTCTBUIO THIpPOKapOOHATa B KOHEYHOM pacTBope. Haiimem MosbHOE
COOTHOIIICHHE KapOoHaTa M TUApOKapOOHaTa HATPUS B PACTBOPE:
m(Na,C03) m(NaHCO3;) 6.65 2.63
M(Na,C05) " M(NaHCO;) 100 84

CrnenoBaTenbHO, B TIOJYYEHHOM PAacTBOPE KOJIMYECTBO BEIIECTBA KapOoHaTa
HaTpus B 2 pasza 0oJiblle, 4eM ruapoKapOoHaTa HATPHI.

4. Ilycte B mosydeHHOM pactBope X Moiab NaHCOs;, Torma Koam4ecTBO
Bemectsa Na,CO3 2X MOJIb.

W3 ypaBHEHUH peakIuH CIeayeT, 4To A oOpazoBaHus 2X Moib NayCOj
notpedoBanoch 2x Moib CO;, u 4x mosib NaOH, a nist o6pazoBanus x mosib NaHCOj;

notpedoBaiock X Mojib CO, u x Mmoabp NaOH. Bcero B 06e peakuuu BcTynuiao 3x
Mosb CO; u 5x mosib NaOH.

W3 ycnoBus 3aja4u U3BECTHO, YTO MIEPBOHAYATIBLHO PACTBOP LIEIOUYN COEPHKAI

n(NaOH) = 1.75/0.4 = 0.7 mounb, orctoga 5x = 0.7, x = 0.14.

CrnenoBaTenbHO, B pe3yjibTaTe CrOpaHUs HUCXOJHOM CMECH TIIIOKO3bl U
caxapo3sbl oOpazoBaoch 3:0.14 = 0.42 monb CO».

5. PaccumTaeM KOJIMYECTBO TIJIIOKO3bI B HCXOAHOM cMecHu. M3 ypaBHeHUI
peakiuu TOopeHus BUAHO, uTo npu cropaHuu (.02 Moyib caxaposbl BbIACISAETCS
12-0.02 = 0.24 monp CO,, octanbubie 0.42 — 0.24 = 0.18 MoJib BBIAETSAIOTCS MPU
cropanuu 0.18/6 = 0.03 MOJIb TTFOKO3HI.

n(Na,C03):n(NaHCO;) =



Takum oOpazom ucxognas cMmechb cogepxkut 0.02 moinb caxapossl u 0.03 Moib
T[JIFOKO3BI.

6. PaccunTaeM KOJIMYECTBO TEIUIOTHI, BBIIEISIONIEECS MPU CropaHuu 1 Mob
TJIFOKO3BI.

IIpu cropanum wucxomHou cmecu, coxaepxkamend 0.02 Monap caxaposbl u
0.03 mousb rOKO3bI, BbiaemsaeTcs 197.3 k/[x Temnotel. M3 TepMOXHUMHUYECKOTO
ypaBHEHUsI TOPEHUSI caxapo3bl HaiaeMm, yto mnpu cropanuu 0.02 mMonb caxapossl
Boeigensercs 0.02:5640 = 112.8 kJ[x.

[To pa3nHoctu Haitnem, yto npu cropaHuu 0.03 MOIb TJIIOKO3bI BBIIEIAECTCS
197.3 — 112.8 = 84.5 kI Ternotsl. Clie10BaTeNIbHO, IPU CTOPAHUU | MOJIb TITFOKO3bI
BoIensieTes 84.5/0.03 monb = 2817 k/[)K TEIUIOTEHL.

IIpumeyanmue:
a) 3a coctapiieHne ypaBHeHu# — 10 6amioB (1o 2 6aia 3a KaxJ10€ YpaBHEHHE)
0) 3a HaxoXJIeHue x — komuecTBa BemectBa NaHCO; — 8 Gamios
B) 32 ONpeJieJIEHUE MOJIBHOI'O COCTaBa UCXOJIHOM cMecu — 6 O6aioB
I') 32 pacyeT KOJIMYECTBA TEIJIOThI — 6 OalIoB
Hroro: 30 0a/10B



3amanue Ned
1. Cmech MeTamuioB 00paboTanu U30bBITKOM pa30aBICHHOTO PacTBOPA COJISIHON
KHUCIIOTHI:
2Cr + 6HCI — 2CrCls + 3H;
Zn + 2HCI — Zl’lClz + Hz
Ag + HCI — He B3auMOJEHCTBYIOT
Macca HepactBopuBIierocs ocajaka 3.24 r, t.e. m(Ag) =3.24 1.
m(Cr) + m(Zn) =7.14 -3.24=39r.
2. TlomydeHHbIl moOciie OTAEJNECHUS OCajJKa PacTBOPOB XJIOPUAOB XpoMa U
IMHKa 00paboTanu u30BITKOM pacTBOpa Opoma B IIETOYHOM Cpeie:
CrCl; + 3NaOH — Cr(OH); + 3NaCl
Cr(OH)3 + NaOH — Na[Cr(OH)4]
2Na[Cr(OH)4] + 8NaOH + 3Br; — 2Na,CrO4 + 6NaBr + 8H,0

ZnCl; + 2NaOH — Zn(OH), + 2NaCl
ZI’I(OH)Z + 2NaOH — Naz [ZI’I(OH)4]
Na»[Zn(OH)4; + NaOH + Br, — He B3auMOAEHUCTBYIOT
[Tpu noGaBieHUU K OJYyYEHHOMY PacTBOPY M30bITKA pacTBOpa HUTpaTa Oapus
o0OpaszyeTcs KeNAThIM 0CcaIoK XpomaTa Oapusi:
Na,CrO4 + Ba(NO3), — BaCrO4| + 2NaNO3
3. Haiinem KoinuecTBO BellecTBa Xpomara Oapus:
n(BaCrO4) = m/M = 12.65/253 = 0.05 mMomb
N3 xumunyeckoit ¢popmyinsl xpomara Oapust BugHo, uto n(Cr) = n(BaCrO,) =
0.05 monb. Takum oOGpa3zom, Macca xpoma B ucxoaHou cmecu papHa m(Cr) = n'M =
0.05-:52=2.6T.
Torna macca nuHka paBHa: m(Zn)=3.9-2.6 =13 r.
4. HaiinemM MacCOBBIE O METAJIOB B UCXOTHOU CMECH:

3.24

2.6
= — = 0,
w(Cr) 71.1?? 0.3641 (36.41%)
= — = 0
0(Zn) = = = 01821 (18.21%)

IIpuMmeuanue:

a) 3a COCTaBJICHHE ypaBHeHUM — 8 0asuioB (mo 1 6amty 3a Kaxa0e ypaBHEHHE)

0) 3a HaX0X/ICHWE MACCOBBIX JIOJIEH METAJIIOB B UCXOHOM cMecHu — 12 6aioB
Hroro: 20 0a/10B
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