Oumvnuana «Jlomonocos» mo xumumu. 11 Kiacc, 3aKJI0OYUTEIbHBIN TYP

3agauya 1 (6 6a/1510B)

1.1. IIpn uHBEHTapHU3alUK PEAKTUBOB B JIAOOPATOPUU OOHAPYKUIIH, YTO STHKETKH OT TpeX OaHOK C
aMMHOKHUCJIOTAMU OTKPENWINCh U JISKAaT Ha IOJIKE OTAENbHO. YTOOBI yCTaHOBHUTH COIEPKUMOE
0aHOK, TPUTOTOBHIM pa30aBIIEHHBIC PACTBOPHI 3TUX aMUHOKHCIOT M OIpenenw y 3HaueHue pH
KaXJ10ro U3 Hux. Pe3ynbrarbl m3MepeHuil npezacraBieHbl B Tabnuue. OnpenenuTe COnep:KuMoe
KaXJ10i OaHKH, €CJIM U3BECTHO, YTO B HUX ObUIM TITyTaAMUHOBAsI KUCJIOTA, JIM3UH U aJJaHUH.

banka 1 2 3
pH pactBopa 5.7 2.9 9.6

1.2. [Ipu nHBEeHTapU3alUK PEaKTUBOB B J1a00paTOpUK OOHAPYKUJIH, YTO ITUKETKU OT TpeX OAHOK C
AMHHOKHMCIIOTAMU OTKPENIINCh U JIeKAT Ha IOJIKE OTAeNbHO. UTOOBI YCTAaHOBUTH COACPKUMOE
0aHOK, MPUTOTOBWIM pa30aBICHHBIE PACTBOPHI ITUX AMHMHOKUCIOT W ONpEeNeNuiu 3HadeHue pH
KaXJ0ro U3 Hux. PesynbraTel M3MepeHuil npejacraBieHbl B Tabmuue. Onpenenure coaepKumoe
Ka)X0W OaHKH, €CITM U3BECTHO, YTO B HUX OBLIM JIM3MH, IUIIMH U TIIyTAMHUHOBAsI KUCIIOTA.

banka 1 2 3
pH pactBopa 5.5 3.2 9.6

3agauya 2 (10 6a10B)

2.1. Cmece CO u CO2 ¢ IOTHOCTBIO TIO BOAOPOAY 21.2 MpOmyCTHIIM HAl pACKAJICHHBIM YTIIEM,
00beM cMecH TPH 3TOM yBeauduics B 1.5 pasza (00beMbl U3MEPEHBI B OJJMHAKOBBIX YCJIOBHSX).
Omnpenenute IOTHOCTD IO BOJIOPOIY KOHEYHOH ra30BON CMECH.

2.2. Cmeck CO u COz ¢ IIIOTHOCTBIO 10 refuio 9.4 MpoIyCcTUIN HaJl pacKajeHHbIM yIiieM, 00beM
CMECH MU 3TOM yBenuumiics B 1.3 pasza (00beMbl U3MEPEHBI B OIMHAKOBBIX yCIIOBUsAX). Onpenenure
IJIOTHOCTH I10 TEJIUI0 KOHEYHOM ra30BOM CMECH.

3agauya 3 (12 6ass10B)

3.1. Cnoxublil 3pup A mMaccoil 47 T oABEpIIIM HIEIIOYHOMY THAPOJIN3Y U NMONYy4YHIu 44 © HaTpueBou
COMM KapOOHOBOM KHCIIOTHI HEPa3BETBIEHHOIO CTPOCHMS M 23 T' MPEesIbHOTO CHHpTa (BBIXOJ
peakuu 100%). Onpenenute crpoenne A. PaccunTaiitTe, CKOJIBKO MPOIEHTOB MO Macce MoTepsieT
KHCJIO0Ta, BXOIA11ast B cocTaB A, mpu HarpeBanuu ee 10 180°C. HanumunTe ypaBHEHUs IPOTEKAIOIIUX
peaKumii.

3.2. Cnoxuslii 3¢pup A maccoit 30.3 r nmoABepmIM LIEIOYHOMY THAPOIM3Y W momyuyunu 24.3 r
HaTpUEBON CONMM KapOOHOBOW KHCIOTHl HEPa3BETBIEHHOIO CTpoeHuss U 18 T BTOpUYHOrO
npenenbHoro cnupta (Beixon peakuuu 100%). Ompenenute crpoenue A. PaccumTaiite, CKOJIBKO
IIPOLICHTOB IO Macce IMOTepseT KUCI0Ta, BXOJAIas B cocraB A, npu HarpeBanuu ee 10 180°C.
Hanummre ypaBHEHUS NPOTEKAOIIMX PEAKIIHIA.

3agauya 4 (12 6as510B)

4.1. PaccuuTaiiTe MakCHUMaJIbHYIO TEMIIEPATYPY Fa30BOI CMECH, MTOJIyYEHHOH B pe3yJIbTaTe MOJIHOT0
cropanus 1 mons nponena B 30 monsax kucinopoaa. Hauanenas Temnepatypa pasHa 25 °C. TemnoTst
oOpaszoBanus npu 298 K u TernnoéMKoCcTH ra30B NIpUBEIEHbI B Ta0JIULIE.

Ta3 Qosp, Kx/Monb | C, JIxx/(Monb-K) Tas Qosp, KIx/Mons | C, x/(monb-K)
CsHe -20.4 142.7 CO, 393.5 53.5
0, 0 34.7 H,O 241.8 43.0




4.2. PaccunTaiiTe MaKCUMAJIBHYIO TEMIIEpaTypy Ta30BOM CMECH, TIOJIYYCHHOM B PE3YIbTaTe IMOJTHOTO
cropanus 1 mons npomnasa B 31 mMone kucinopoga. Hauanenas temneparypa pasna 25 °C. TerioTsl

obpazoBanus npu 298 K u TermioéMKoCTH ra30B MPUBEACHBI B TA0IHUIIE.

la3 Qosp, KJx/Monb | C, JIx/(Moib-K) T'a3 Qosp, KMx/Monb | C, JTox/(Monb-K)
CsHg 103.8 172.9 CO, 393.5 53.5
0 0 34.7 H.0 241.8 43.0

3agauya 5 (14 6as10B)

5.1. Ilpoussenenne pactBopumoctd Mg(OH), mpu 25°C cocraBnser 7.1-107'2. Bprumciute
PacTBOPUMOCTH (B MOJIB/JT) THIPOKCHIA MarHusi B YMCTOM Boje W ompenenute pH pactBopa Hax
ocagkoM MQ(OH),. JlaiiTe xosnmdecTBeHHYI omeHKy pactBopumoctd MQ(OH)2 B pactBope ¢
pH =125.

5.2. Ilpoussenenne pacrteopumoct Ni(OH), mpu 25°C cocrasnser 2.0-107%°. Bprumciure
pacTBOpPUMOCTH (B MOJIb/) Trapokcuaa Hukensa(ll) B yuctoii Bojge u onpenenute pH pacTtBopa Hajg
ocankom Ni(OH).. Jlaiite komuuectBeHHyro oreHky pactBopumoct Ni(OH)2 B pactBOpe ¢
pH =12.5.

3anaya 6 (12 6a110B)
6.1. Onpenenute metat A u coctaB coequaeHnit X1 — X3. HanumuTe ypaBHEHHUs MPOTEKAIOLIIX

peaKIuii, yKa)KUTe yCIOBUS X IPOBEICHUS. Y KaKUTE OKPACKy coennHeHust AS 1 BOJIHOTO pacTBOpa
ASQO,.

NaOH(p-p)  Cl;,NaOH(xoHu1.)
ANO3)z — X1 —» X2 — X3 — AxSO4)3 — ASOs — AS
3€JICHBIN JKENTHIN OpPAHKEBBII
pacTtBop pacTtBop pacTtBop

6.2. Onpenenute metain A u coctaB coequaeHnit X1 — X3. Hanumure ypaBHEHHS POTEKAIOIIIX
peaKImii, YKaKUTe yCIOBHS MX MPOBEICHHS. YKAKUTE OKPACKy BOAHBIX pacTBOpoB Az(SOs)3 u
ASOa.

0,, KOH(pa36) KCIO,KOH(xoum),t° Ba(NOs),

A3Os — A — A2(SO4)s(p-p) — ASO4pp) - XI — X2 — X3
OyphIii KpacHO-KOPWUYH.  OOPAOBBIi
0CaJIoK pacTBop 0caJioK

3agaya 7 (16 6as10B)

7.1. mema-Xnopuanodensoinas kucnora C7HsO3Cl cogepxut Henpounyto cBsi3b O—O, KoTopast JIeTKO
MO/IBEPraeTcsl aTake HYKJICO(DHUIBHBIX pPEareHTOB C TMOCIEAYIOIMHMM TEPEeHOCOM K HHUM aroMa
kuciopoga. TakMMu peareHTaMu SBISIIOTCS aJKEHbI, HEKOTOpbIE apOMaTHUYECKUE COEIMHEHMS,

CynbQUIbI, CeNEeHUIbl, aMUHBl M a30THUCThle TeTepolUKiIbl. Pacmmdpyiite crenyromyio
MIOCJIEI0BATENBHOCTD ITPEBPALLICHUN:
C,HsOH, H"
- E
C,H;0,Cl CH;Mgl H,0, H' KMnO,
H;C—CH=CH, > A > > B > D — IP?%IPTIOK b,
(C3H40) H,80, = F(ocanox) + G

OnpeﬂeJmTe HCU3BCCTHBIC COCOIMHCHNUA U HAIIUIIINUTC ypaBHeHI/ISI BCECX HpOTeKaIOH_[I/IX peaKHHﬁ.
[TpumuTe Bo BHUMaHUe, 4TO coequHeHune D He pearupyert ¢ ruapokapboHarom kanus. Paccunraiite
Maccy coenunenus F, momydernnoro u3 10.8 r D ¢ Bexomom 75%.

7.2 mema-Xnopuanoensoiinas kuciora C7HsO3Cl conepxkut HenpouHyto cBsi3b O—0, KoTopasi JIErKo
MOJIBEPraeTcsl arake HyKJICO(UIBHBIX PEAreHTOB C MOCIEAYIOIIMM IEepeHOCOM K HHUM aroMa
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KUCI0poaa. TakuMU peareHTaMu SIBISIOTCS AJIKEHBI, HEKOTOPHIE apOMATUYECKHE COCIUHEHHS,
CynbGUIbL, CENEHUIBl, AMHHBI W a30THCTBIE TIETEPOLMKILL Pacmmdpyiite Claeayronyo
HOCIIEI0BATEILHOCTh PEBPAILCHUIA:
C,HsOH, H"
C;H;05Cl R CH;Mgl H,0, H" KMnO, — K
- - B

C D — .
H,SO
H,50, NH,OH, H o S0

Csz'CH:CHz

(C4H30)

Omnpenenute HEM3BECTHBIC COSAWHEHHS M HANUIIUTE YPABHEHUS BCEX MPOTEKAIOUINX PEaKIIH.

[TpumuTe BO BHEMaHUE, 4TO coequHeHune D He pearupyer ¢ ruapokapboHarom kanus. Paccunraiite
Maccy coenunenust G, nomydennoro u3 12.9 r D ¢ Beixogom 80% Ha Kax 01 CTaIuu.

3anaua 8 (18 6as1;10B)

8.1. 53.8 r cMecu 6e3BogHOTO cyib(hara Mmequ CuSOs u XJ0opuaa Kaiaus MOJTHOCTHIO PaCTBOPHIIN B
0.45 nm BoOpl M TOJABEPIIM MOJYYCHHBIM PACTBOP DJEKTPOJIM3Y C HHEPTHBIMH 3JIEKTPOIAaMHU,
pasneneHHbIME  TuadparMoil. DIEeKTPOau3 MPOBOAUIM 10 TE€X IOp, MOKAa OTHOIIEHHE O0BEMOB
BBIICJIMBUINXCS HA aHOJAE W KaToJleé Ta30B HE cTajo paBHbBIM 2 :3 (00bEMBI H3MEpPEHBl IpPU
OJIMHAKOBBIX YCIOBHSX), Macca MOJYYEeHHOW Meau mpu 3ToM coctaBuna 9.6 r. Paccuwuraiite
MacCOBBIC JIOJIM BEIECTB, OCTABIIMXCS B PACTBOPE MOCIIE OKOHUYAHHS AeKTpoim3a. Omnpenenure
COCTaB M MacCy OCaJKa, KOTOpbI oOpasyeTcs, €clii B HUCXOAHBIA pPAacTBOP MPOMYCTUTh TOK
CEpHUCTOTO Ta3a. 3aluIINTe YPAaBHEHUS BCEX PEaKIUii.

8.2. 121.8 r cmecu menraruapata cynbdara mean CuSOs -5H20 u xsopuga HaTpUs MOJTHOCTHIO
pactBopwm B 0.6 1 BOABI M TIOJIBEPIIN IOJYYCHHBI PACTBOP JJICKTPOJIM3Y C HWHEPTHBIMH
ANEKTPOAAMHU, pa3elieHHbIMU AuadparmMoil. JIeKTPOIU3 MPOBOAMIN 0 T€X MOp, TOKa OTHOIICHHE
00BEMOB BBICTTUBIIMXCS HAa aHOJE M KaToje ra30B HE CTajo paBHBIM 1.2 (00bEMbI U3MEPEHBI TIPU
OJIMHAKOBBIX YCIIOBHSX), Macca MOJYYCHHOH Menu mpu 3ToM coctaBwia 19.2 r. Paccuwmraiite
MacCOBBIC JIOJIM BEIECTB, OCTABIIMXCS B PACTBOPE TOCIIE OKOHUYAHHS AeKTpoim3a. Omnpenenure
COCTaB M MacCy OCajKa, KOTOPBIH 0OO0pa3yeTcs, €Clii B HUCXOAHBIH pPAcCTBOP MPOMYCTUTH TOK
CEPHUCTOTO Tra3a. 3amuIlIuTe YpaBHEHUS BCEX PEaKIuil.

Pemienus 3agannid osmmMnuaabl «JlomoHocosy, 11 kiacc. 3aka04uTeNbHBIN TYP

3agauya 1 (6 6a/1,10B)

1.1. AMMHOKHCIIOTHI:

0]

“C—CH,—CH,—CH-C NH;— CHy —CHy— CHy—CHy— CH—C

o OH
HO™ nH, OH NH,
Inymamunosasn kucroma Jluzun
| OH
NH,
Ananun

W3 5TuX Tpex aMHHOKHUCIIOT aJlaHWH — €IMHCTBEHHAS, B KOTOPOW COBIAIAeT YUCIIO AMUHOTPYTIIT
U KHUCJIOTHBIX TPYII, MO3TOMY €€ pacTBOp Oyaer uMeTh 3HadeHue pH, Onuskoe K HEHTpaIbHOMY
(banka 1). B Monekyne IIIyTaMUHOBOM KHUCJIOTHI Ha OJHY AaMHUHOTPYMIY MPUXOJATCS JBE
KapOOKCUJIbHBIE, CIIeIOBAaTEIbHO, Cpela ee pacTBopa Oosiee kucioTHas (Oanka 2). B monexyne
TU3UHA, HAOO0OPOT, Ha OJHY KapOOKCHJIBHYIO TPYITy TPHXOMATCS JBE aMHUHOTPYIIIIHI,
clieloBaTeNbHO, cpea pacTBopa OyzeT miesnouHoi (6anka 3).

Omeem: 1 — ananuH, 2 — NIyTaMUHOBAs KUCJIOTA, 3 — JIM3HUH.
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1.2. AMMHOKHCIIOTEHI:
@)

;CCHZCH2CH - NH;— CH, —CHy— CHy—CHy— CH—C
OH
H NH, OH NH,
Inymamunoeasn kucroma JIuzun
/O

CH2‘C\

| OH

NH,

T uyun

W3 3TuX Tpex aMHHOKHUCIIOT TIIUIMH — €IMHCTBEHHAs, B KOTOPOW COBIAaeT YUCIO AMUHOTPYTIIT
W KHCJIOTHBIX TPYII, IIO3TOMY €€ PacTBOp OylaeT mMeTh 3HaueHue pH, Onu3koe K HEHTpaibHOMY
(Obanka 1). B Mozekyne DIyTaMHHOBOM KHCIOTHI Ha OJHY AMUHOTPYIIY TPUXOISATCS JIBE
KapOOKCWIbHBIC, CIIEIOBATEIIBHO, Cpella ee pacTBopa Oosiee kucioTHas (Oanka 2). B moiekyie
TU3UHA, HAOOOPOT, Ha OJHY KapOOKCHJIBHYIO TPYITy TMPHXOAATCS JBE aMUHOTPYIIIHI,
CJIEZIOBATENbHO, Cpeia pacTBopa OyneT menoyHoi (Oanka 3).

Omeem: 1 — tuIuUH, 2 — IyTaMUHOBAs KUCIIOTA, 3 — JIM3UH.

3agaya 2 (10 6as10B)

2.1. Ilycts 1 monb ucxoanoit cmecu cogepkut x Moiib CO u (1 — x) Mo CO2. CpenHss MonsipHas
Macca CMECH COCTaBIISIET
M(cm. 1) =Dn2 - M(H2) =21.2 - 2 =42.4 r/moib,
M(em. 1) =28x + 44(1 —x) = 42.4,
x=0.1 MoI1B,
1—-x=0.9 mons.
[Tpu npomyckanuu CO2 Ha packalleHHBIM YTIIeM MPOTEKAeT peaKIus:
CO2 + Cps) — 2CO.
y 2y
KomnmnuecTBa ra3oB B MOJIy4eHHON CMECH COCTaBHUIIN
v(CO)=0.1+2y

v(CO2) =09 -y
CyMMapHbIe KOJIMUECTBA BEIIECTBA Ta30BBIX CMECEH JI0 U MOCIJIE PEAKIIMH COCTABIISIOT
v1 =1 MoIIb,

v2=1+2y—y=(1+y)™mons.
[Tpu ogrHAKOBBIX yCIOBUAX (p U 1) 00beMBI cMecell 10 M TOCIIe PeaKIui OTHOCITCS TaK XKe,
KaK CyMMapHbI€ KOJIMYECTBA BEIIESCTB B HUX:
Vol Vi=va2/ v,
Q+y)/1=15,
y=0.5.
[Tocne peakuu cMech COACPIKUT
v(CO)=0.1+2-0.5=1.1 Mo,
v(CO2) =0.9-0.5 = 0.4 mob.
M(em2)=(28-1.1+44-04)/1.5=32.3 r/™moIb,
Du2(em 2) =32.3/2=16.15.
Omeem: 16.15.

2.2. Ilycte 1 monb ucxoanoit cmecu coaepkut x Moib CO u (1 — x) monb CO2. Cpennsis MonsipHast
Macca CMECH COCTABIISIET
M(cm. 1) = Dre - M(He) = 9.4 - 4 = 37.6 (r/mo1b),
M(cm. 1) =28x + 44(1 —x) = 37.6,
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x = 0.4 Monp,
1—-x=0.6 monb.
[Ipu nponyckanuu CO2 Ha pacKaJIeHHBIM YTJIeM IPOTEKaeT peaKlus:
CO2 + C(tB) — 2CO
y 2y
KonnuecTBa ra3oB B OJIy4€HHON CMECH COCTABUIIN
v(CO)=0.4 + 2y,
v(CO2) =0.6 —y.
CyMMapHbI€ KOJIMUECTBA BEIIECTBA ra30BbIX CMECEH 10 U MOCIE PEeaKIUU:
v1 =1 (Monb),
v2=1+2y—y=1+y (monp).

[Ipu oguHakoBBIX ycinoBUAX (p U T') 00beMbI cMeceil 10 U MOCIIe Peakui OTHOCATCS TaK XKe,

KaK CyMMapHbIC KOJIMUYECTBA BEIICCTB B HUX:
Vol Vi=v2/ vy,
1+y)/1=1.0,
y=0.3.
[Tocne okoOHYaHHS PEAKIIMHA CMECH COJICPKHT
v(CO)=0.4+2-0.3=1.0 momnp,
v(CO2) =0.6 — 0.3 = 0.3 moJ1B.
M(cm.2)=(28 - 1.0 +44 - 0.3) / 1.3 = 31.7 r/mob,
Dre(em. 2) =31.7 /4 =7.93.

Omeem: 7.93.

3agaya 3 (12 6a10B)

3.1. Macca ménouu, UCII0JIb30BAHHOM MPU THAPOIIN3E CIOKHOIO IPUpa, paBHA
m(NaOH) =44 +23 -47=20r.
Vv(A) = v(NaOH) = 20 /40 = 0.5 Mo,
OTKyZla MOJISIpHAs Macca CIOXKHOro a¢upa A
M(A)=47/0.5 =94 r/monb.
MosnspHas Macca ciupTa paBHa
M(cnupta) =23 /0.5 = 46 v/momb,
YTO COOTBETCTBYET 3TaHOIY. MoJsipHas Macca KUCIOTHOTO OCTaTKa paBHa
94 — 29 = 65 r/moib,
a Macca YIJIEBOJOPOAHOro paaukana coctaBisgeT 21 r/monb. Takoit KHCIOTHI HeT,
HEM3BECTHAst KapOOHOBAs KUCIIOTA, BXOAAIIAS B COCTAB CIOKHOTO 3(Hpa, TBYXOCHOBHASL.
M(A)=47/0.25 = 188 r/morb.
MosnsipHast Macca KHCJIOTHOTO OCTaTKa JByXOCHOBHOM KHCIIOTHI paBHA
188 — 58 = 130 r/moub,
9TO COOTBETCTBYET CIIENYIOIIEMY CIOKHOMY dhUpy A

/7

\
'C—CH,CH,-CH,C,
C,H,0 0C,Hs;

3HAYMT,

[Ipn HarpeBaHWHM TIIIyTapOBOM KHCIIOTBI IPOHUCXOAMT OTIIEIJIEHUE MOJEKYJIbl BOABI M

OGp&SOBaHI/Ie TIIyTapOBOIo aHruapuaa:

(0]
HzC_COOH 180 OC H2C
H,C —— H,C O + H,0
H,C—COOH H,C
(0]

[ToTepst Mmaccsl IpU HarpEBaHUH COCTABUT
M(H20) / M(CsHgO4) =18 / 132 = 0.1364 (unu 13.64%).
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VYpaBHEHHE MIETOYHOTO THAPOIN3a CI0XKHOTO dpupa A:

C02C2H5 t COONa
{ +2NaOH —= ¢ +2C,H;0H

C02C2H5 COONa
Omeem: TUATUIOBBIN YPUP TITyTapoBOI KUCIOTHL; 13.64%.

3.2. Macca ménouu, UCToJIb30BaHHOM MPH THIIPOJIN3E CIIOKHOTO 3(upa, paBHA
m(NaOH)=243+18-303=12r.
V(A) =v(NaOH) = 12 /40 = 0.3 mounb,
OTKYZa MOJISIpHAsl Macca CJI0XKHOIo 3¢upa A cocTaBisieT
M(A)=30.3/0.3 =101 r/mors.

CnoxHbIi 3¢up, COCTOAMMNA TOJBKO U3 aTOMOB YIJIEPOZa, BOAOPOAA M KUCIOPOJa, HE MOXKET
UMETh HEYETHYI0 Maccy. M3 3Toro MOXHO CAENarh BBIBOJ, YTO CIOXHBIM 3pHUp A COCTOMT U3
JBYXOCHOBHOW KHMCJIOTBI ¥ HACBIIEHHOTO CIIUPTA.

M(A)=30.3/0.15=202 r/moub,
a MOJISIpHAs Macca CIIUpTa paBHA
M(cnupta) = 18 / 0.3 = 60 r/mMomb,
YTO COOTBETCTBYET IIPOIAHOIY-2 (110 YCIOBHIO, CIIUPT — BTOPUUHBIN). MosisipHas Macca KMCJIOTHOTO
OCTaTKa paBHa
202 —43 - 2 =116 r/mounb.

ITockonbKy KHCIIOTa — JBYXOCHOBHAs, IOTEPs Macchl IPU HarpeBaHUM MOXKET ObITh
00yCIIOBIIEHa OTIICTUICHMEM MOJIEKYJBbl BOABI. TakuMm 00pa3oMm, CTPYyKTypa CIIOKHOTO 3¢dupa A
CIIEyIOILas:

\ /7
C—CH,CHy-C
(H;C),HCO OCH(CHj;),

IIpn HarpeBaHuM SHTAPHOW KHUCJIOTBl NPOUCXOAMT OTUICTUIEHWE MOJIEKYJbl BOIBI U

o0Opa30BaHME SHTAPHOTO aHTUAPUJIA!

0
/1
e M 1g0cc c-C
iy " e Lt
*">coon ¢
0

HOTCpH MacCCHhI 3a CHCT OTHICIUICHUA BOABI IIPHU HAIrp€BaHUU HHTapHOI\/’I KHUCJIOTHBI COCTABUT
M(H20) / M(C4HeO4) = 18 / 118 = 0.1525 (wmn 15.25%).

VYpaBHeHHE IETOYHOTO MHIPOoIn3a dpupa A:

C02CH(CH3)2 t COZNa OH
|
[ +2NaOH —> [ + 2 CH;CHCH,
C02CH(CH3)2 COZNa

Omeem: TUN30TIPONTUIIOBBIN 3(pup SHTApHOM KUCIOTHL; 15.25%.

3anauya 4 (12 6a710B)

4.1. YpaBHeHUE peakllMy CrOpaHusl IPOTeHaA:
Cs3Hs + 4.502 — 3CO2 + 3H20 + Q.
Q=3-3935+3-241.8—-(—20.4) = 1926.3 /] x.
[Tonmyuyennas Terora pacxomyercst Ha HarpeBanue 3 Mosib CO2, 3 mose H20 u 25.5 mons Op,
o01Ias TerI0EMKOCTh KOTOPBIX paBHA



C =3C(COy) + 3C(H20) + 25.5C(02) =3-53.5+3-43.0 + 25.5-34.7 = 1174.35 JIx/K.
Tornma
Q=C-AT,
HIIH
1926300 =1174.35 - AT,
orkyaa AT = 1640 K.
CiienoBartenbHO, TEMIIEpATypa CMECHU paBHa
T=298+1640=1938 K.
Omeem: 1938 K.

4.2. YpaBHEHUE peaKIH CTOPAHMSI POTIAHA:
CsHg + 502 — 3CO2 + 4H20 + Q.
Q=3-3935+4-241.8-103.8 =2043.9 (x1x).

[Tonyuennas Terora pacxoayercs Ha HarpeBanue 3 mosb CO2, 4 monp H2O u 26 monp O,

o011ast TeMI0EMKOCTh KOTOPBIX paBHA
C =3C(COy) +4C(H20) + 26C(02) =3-53.5+4-43.0 + 26 - 34.7 = 1234.7 (JIx/K).
Torma
Q=C-AT,
WITH
2043900 =1234.7 - AT,

orkyaa AT = 1655 K.

CrnenoBatenbHO, TEMIIEpaTypa CMECH paBHA

T=298+1655=1953 K.
Omeem. 1953 K.

3anauya 5 (14 6a10B)

5.1. Haiinem pactBopumocts Mg(OH)2 B umcroit Bose:
Mg(OH), 2 Mg?* + 20H"
X X 2X
TP = [Mg@**][OH ]* = 4x°,
x=3MP/4 =1.21-10"* mons/m.

Paccunraem pH mony4eHHOro HaCBIILIEHHOTO pacTBOpa:
[OH] = 2x =2.42-10~* moms/m.
pOH =Ig[OH ] =-1g(2.42 -10%) = 3.62,
pH =14 - pOH = 10.38.
Ecnu 3rauenue pH ncxoaHoro pactsopa, B KOTOPOM MPEANOIAraeTCsl paCTBOPATH TUIAPOKCHL
Marsus, coctaBisieT 12.5, To koHenTpamus nonos OH™ paBna
pOH=14-pH=1.5,
[OH]=101°=0.0316=3.16-10" Momns/.
Jlo Havayia qucconranyy OCHOBAHMS B PACTBOPE YK€ MMEETCS 3HAUMTEIbHASI KOHLUECHTPALUS
nonos OH™:
Mg(OH), 2 Mg?" + 20H"
Hcx. koHUEeHTpauus 0 0 0.0316
B paBHOBecHn x  0.0316 + 2x

Toraa npoussenenue pacrsopumoctd Mg(OH)2 umeer Bu:
TP = x-(0.0316 + 2x)°.

Jlaxxe B cirydae pacTBOPEHUSI OCHOBAHHS B YHCTOH BOJIE 3HAYCHHE X OKA3aJIOCh Ha JBa TIOPSIKA
Menbine 3.16-107% mons/n. B menounom pactBope Mg(OH)2 GymeT pacTBopsaThCs XyskKe, 4eM B
YHCTOW BOJE, W 3HAYCHHE X OKAXKETCS emle MeHbIne. [1o3ToMy aiisi OlEHKH pacTBOPHUMOCTH MBI
MOXEM TIpeHeOpedh cllaraeMbIM 2!

IIP = x - 0.03167,
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x=7.1-101/0.03162=7.1-101/10°2=7.1-10"° mous/1.

Omeem: 1.21-10* mons/m; 10.38; 7.1-107° mons/m.
5.2. Haiinem pactBopumocts Ni(OH), B umcToii Bose:
Ni(OH), 2 Ni?* + 20H"

X X 2X
TP = [Ni#*][OH]? = 4x°,
x=3/TIP/4 =7.94-10° mons/n.

Paccuntaem pH nony4eHHOro HACBILIEHHOTO pacTBOpa:
[OH] = 2x = 1.53-10° moms/1.
pOH =Ig[OH] = -1g(1.53 -10°) = 4.8,
pH=14-pOH =9.2.
Ecnu 3nauenue pH rcxogHoro pacteopa, B KOTOPOM MPEAIOIaraeTcs pacTBOPSITh THIPOKCU]T
HHKeIA, cocTaBisieT 12.5, To konueHtpanus nonoB OH™ paBHa
pOH=14-pH=1.5,
[OH]=10"°=0.0316=3.16-10"2 moms/m.
Jlo Hayana quccoIaluyu OCHOBAHMS B PACTBOPE YK€ MMEETCS 3HaYUTEIbHAs KOHIEHTpaIUs
nonos OH™:
Ni(OH). 2 Ni** + 20H"
Hcx. KOHIIGHTpatus 0 0 0.0316
B paBHOBecHu X 0.0316 + 2x

Torna npoussenenue pacrsopumoctu Ni(OH)2 umeer Bux:
ITP = x - (0.0316 + 2x)>.

Jlaxke B ciaydyae pacTBOPEHMs OCHOBAaHHUS B UMCTOH BOJE 3HAYCHHME X OKa3aJloCh HA YEThIpEe
NOpsIKa MeHbIe BennuuHbl 3.16-1072 moms/n1. B menounom pactsope Ni(OH), Gyner pactBopsaThCs
Xy’ke, 4eM B UHCTOM BOJE, M 3HAUE€HUE X OKaxkercs emie MeHbuie. [lostomy anst oueHku
PacTBOPUMOCTH MBI MOXKEM ITPEHEOPEUb C1araeMbIM 2X:

TP =x - 0.03167,
x=2.0-10"°/0.0316° =2.0-10*°/ 102 =2.0-10"*? momns/n.

Omeem: 7.94-10° monw/1; 9.2; 2.0- 1072 mons/1.

3anaya 6 (12 6a10B)

6.1. Meramn A — xpoM. YpaBHEHUS! BO3MOXKHBIX pEaKIuii:
1) Cr(NOgz)z + 4NaOH(p-p, u36.) — Na[Cr(OH)4] + 3NaNOs
2) 2Na[Cr(OH)4] + 3Cl2 + 8NaOH (ko) 5 2Na>CrO4 + 6NaCl + 8H20

3) 2NaxCrO4 + H2S04(pa36.) — NazCr,07 + NaxSO4 + H20

4) Na2Cr207 + 35S0z + H2SO4 — Crz(SO0a4)3 + Na2SO4 + H20
H2S04(paz6)
5) Cra(S04)3 + Zn —— > 2CrSO4 + ZnSO4

6) CrSO4 + NaxS(p-p) — CrS| + NaxSO4
Omeem: A — xpom; X1 — Na[Cr(OH)s], X2 — Na>xCrO4, X3 — Na2Cr207; CrSOs — romy6oii
pactBop, CrS — 4epHBIH.
6.2. Metamt A — xerne30. YpaBHEHUS BO3MOXKHBIX PEAKITHIA:
t
1) 3Fe304 + 8Al - 9Fe + 4Al,03

2) 2Fe + 6H2SO4(komr) — Fea(SOa)s + 35021 + 6Hz0
3) Fea(SOu)s + 2KI(p-p) — 2FeSOs + Ia] + K2S0q
4) 4FeSO4 + O + 8KOH + 2H,0 — 4Fe(OH)s), + 4K2S0;

5) 2Fe(OH)s + 3KCIO + 4KOH 5 2KFeOs + 3KCI + 5H;0
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6) KoFeOs + Ba(NO3)2(p-p) — BaFeOas] + 2KNO3

Omeem: A —xene30; X1 —Fe(OH)s, X2 — KoFeOs, X3 — BaFeOa; Fe2(SOa)3 — sxkenTslii pacTBop,
FeSO4 — 6nenHO-rOITy00H, MpaKTUYECKU OECIBETHBIN PacTBOP.

3agaya 7 (16 6as10B)

7.1. YpaBHEHUS NPOTEKAIOIINX PEAKLIMIA:

O 0
I |

C\ O C
O-OH ~OH
H;C—CH=CH, + —_— f E +
H;C
Cl

Cl
o OMgl

|
/ \| + CH;Mgl — H3C—CH—CH, CHj
H,C

CI)MgI (?H

H;C—CH—-CH,-CH; + H,O —> H3C—CH-CH,-CH; + Mg(OH)I
o 0

5H;C—CH—CH,-CH; + 2KMnO, + 3H,SO, — 5H;C—C—CH,-CH; + 2MnSO, + K,SO, + 8H,0

9 H* ?CZHS
H;C—C—-CH,-CH3+2C,H;OH —> H3C—(II—CH2-CH3 + H,0

OC,H;

0

H;C—C—CH,-CH; + 31, + 4NaOH —> CHI; + CH3;CH,COONa + 3Nal + 3H,0

Ocanok F B mocnenueit peaknuu — 310 rogodopm CHI3. Onpenenyim ero KoJM4ecTBO U Maccy:
v(D)=10.8 /72 =0.15 moub,
v(CHI3) = 0.75v(D) = 0.1125 mons,

m(F)=0.1125-394=4433r.
Omeem: 44.33 T nogodopma.

7.2. YpaBHEHMS NPOTEKAOIINX PEAKIIUN

0 0
“~o-on 0 “Son
C,Hs-CH=CH, + — /\ +
C,Hs
Cl Cl
0] (I)MgI
/ \ + CH3Mgl — C,H;—CH—C,H;
CZHS
OMgl OH
C,Hs—CH—-C,Hs; +H,0 —> C,Hs—CH—-C,Hs; + Mg(OH)I
o 0
5C,Hs—CH—C,Hs + 2KMnO, + 3H,S0, —> 5CZH5/C\CZH5 +2MnSO, + K,S0, + 8H,0
% H* C2H5
CH3z—CH,—C—CHy—CHgz+ 2C,H;OH ——> CH34:H2§—CH24H3 +H0
OC,H:



OH

4

D H* N

C. +H,NOH —> C. +
CHs™ TC,H; 2 CHs™ ~"C,H; 0

OH
(0]
Iﬁ] H,S04 i
_Co P ON

CbIIS Cé}ls CéI{S Tq}1_1:2}15

Coenunenne G B nocienHel peakuu — 370 N-3THIaMu/] IPOIMOHOBOW KUCIIOTHI.
v(D)=12.9/86 =0.15 monb,
v(G)=0.8 - 0.8 - v(D) =0.096 mous,
m(G)=0.096 - 101 =9.70 .
Omeem: 9.70 r.

3anaua 8 (18 6ass10B)

8.1. IIpu sneKTpoIIM3e MOIyUYEHHOTO PacTBOpa CHavalla Ha KaToJle UET BBIICICHUE MU, Ha
aHoze — xJyiopa. M3 ycioBus 3aauu ClieIyeT, 4TO 3aTeM Ha kaTtojne Bwiaensercs ra3 (Hz), 3nauur,
Cyibdar MeIu J0 ITOTO MOABEPTaeTCs MOJTHOMY JICKTPOIUTHUECKOMY pa3iokeHuto. Torma MoXXHO
paccuuTaTh KomdecTBO U Maccy CuSO4 B MCXOMHOM cMecH TTO0 Macce TIOTyYeHHOM MEeIH

v(Cu) =v(CuS0O4) =9.6 / 64 = 0.15 mourb,
m(CuSO4) =160 -0.15=24r.

Torna m(KCI) =53.8 -24=29.8r,

v(KCI) =v(CI") =29.8/ 74.5 = 0.4 moub.

1) Ha snekTpoax BHavYalse MPOTEKAIOT CIACIYIOIIHE POLIECCHI:

katox: Cu®* +2e — Cu°
anon: 2ClI —2e — CIy°

HoHbl Meau, OYeBH/IHO, HAXOIATCS B HEIOCTATKE MO OTHOIICHHIO K MOHAM XJIOpA, M MOCIIe
3aBepIICHUS] BOCCTAHOBIICHHS METH B PACTBOPE OCTAHETCS HEKOTOPOE KoJnuecTBO noHOB Cl™

v(CI") =0.4 - 0.3 =0.1 moub.

B MonekynsipHOM BUie ypaBHEHHE TIEPBOTO ATaIla JICKTPOIU3a MOXKHO 3aIUCaTh CICAYOIHM

o0OpazoM:
3JIEKTPOJIU3

CuSO4+ 2KCl —— Cu + Cl2 + K2SO04 (1)
0.15 0.3 0.15 0.15 0.15
2) lanee Ha DSIEKTpOJAAaxX O 3aBEPIICHHS BBIACICHUS XJIOpa MPOTEKAIOT CJEAYIOIINE
MTPOIIECCHI:
karox: 2H»0 + 2e — H.° + 20H-
anom: 2ClI—2e — CI°
B MonekynsipHOM BHIE ypaBHEHHE BTOPOTO JTama 3JEKTPOJIU3a MOXKET ObITh 3alrcaHo
CJIeIYIOIIUM 00pa3oMm:

3JIEKTPOJIN3
2KCl+ 2H20 ——— Hz + Clp + 2KOH  (2)
0.1 0.05 0.05 0.1

3) Ilocne 3aBepIeHuUs IBYX TAIIOB AJIEKTPOIIN3a Ha AJIEKTPOIaX BBIICIHIOCH
v(Cl2 na anoxe) = 0.15 + 0.05 = 0.2 mob,
v(H2 na xatozne) = 0.05 mMob.
K 1aHHOMY MOMEHTY COOTHOIIIEHHE KOJIMYECTB ra3oB Ha aHoe u karojae 0.2 / 0.05 = 4, uto He
YJIOBJIETBOPSIET YCIIOBHIO 33J]a4i. 3HAUUT, Jajee IMPOUCXOTUT PAa3I0KEHUE BOJIBL:

3JIEKTPOJIN3

2H0 — 2H2+ 02 (3)
z z 05z
v(razoB Ha anoje) = 0.2 + 0.5z (Moib),
v(Hz na xatozae) = 0.05 + z (mounb).
10



[To ycnoButo 3amaun
(0.2+0.5z2)/(0.05+2)=21/3,
orcroga Z = 1 MoJb.
Macca pacTBopa nocje OKOHYaHHSI dJICKTPOJIH3a:
m = m(coueii) + m(H20 na pactBopenue) — m(Cu) — m(Clz) — m(H2) — m(H20) =
=53.8+450-9.6-0.2-71-0.05-2-1-18=4619r.

MaccoBbie J0JIM BEIIECTB B PACTBOPEC MOCJIC 3aBEPIICHUS IJICKTPOJIH3a:

o(K2S04) = 0.15 - 174 / 461.9 = 0.0565 (5.65%),
®(KOH) =0.1 - 56 / 461.9 = 0.0121 (1.21%).

Eciu B MCXOHBIN pacTBOp MPOIYCTUTh CEPHUCTHIH ra3, oopasyercs ocagok CuCl:

2CuSO4+ 2KCl + SO, + 2H20 — 2CuCl| + 2KHSO4 + H2S04
0.15 0.15 0.15
m(CuCl) = 0.15 - 99.5 = 14.93 1.

Omeem:. 5.65% K>S0y, 1.12%, KOH; 14.93 r CuCl.

8.2. Ilpu areKkTposn3e MOIyIeHHOTO PacTBOpa CHAvalla Ha KaToJIe MICT BBIJCIICHUE ME/IH, Ha aHOJIe
— xJopa. U3 yciioBus 3a1a4m cienyer, 4To 3aTeM Ha Karoje Bbiuensercs ra3 (Hz), 3HauuT, cynbdar
MEIW JIO JTOTO IOJBEPraeTCs IOJHOMY JJICKTPOIUTHYSCKOMY pa3iokeHuro. Torma MO>KHO
paccuntaTh KonmuaectBo CUSO4-5H20 B HCX0MHON cMecH 10 Macce MOJyICHHOM MEJIN .

v(Cu) = v(CuS0O4-5H,0) = 19.2 / 64 = 0.3 moJ1B,
m(CuSO4-5H20) =250 - 0.3 =75T.
Torna m(NaCl) =121.8 -75=46.8r,
v(NaCl) = v(CI") =46.8 / 58.5 = 0.8 mou1b.
1) Ha snektpoax BHayaJie MPOTEKAIOT CJEAYIOIIHE TPOIECCHI:
katox: Cu®* +2e — Cu°
anomx: 2ClI—2e — CI,°
WoHBl Med, OYEBUIHO, HAXOATCSA B HEIOCTATKE MO OTHOIIEHHIO K MOHAM XJIOpa, U IOCIIE
3aBepIICHUS] BOCCTAHOBIICHHS MU B PACTBOPE OCTAHETCS HEKOTOPOE KOoJnuecTBO noHOB Cl™
v(CI") =0.8 - 0.6 = 0.2 mo11b.
B MosekynspHOM BH/IE ypaBHEHHE TIEPBOTO dTAra 3JIeKTPOJIN3a MOKHO 3aMUCaTh CJACTYIONHM
o0OpazoM:

3JIEKTPOJINU3
CuSO4+ 2NaCl ——— Cu + Cl21 + Naz2S04 (1)
0.3 0.6 0.3 0.3 0.3
2) lanee Ha DSIEKTpOJAax O 3aBEPIICHHS BBIICICHUS XJIOpa MPOTEKAOT CJCAYIOIINE

MIPOIIECCHI:
karox: 2H20 + 2e — H2° + 20H-
anomx: 2ClI—2e — CI,°
B MoneKkyIsipHOM BHE ypaBHEHHE BTOPOIO dTalla JJIEKTPOJIHM3a MOXKET OBITh 3aIMCAHO

CIIETYFOIIIM 00pa3oM:
3JIEKTPOJIN3

2NaCl + 2H,O ——— H2 + Cl2 + 2NaOH (2)
0.2 0.1 0.1 0.2
3) Iocrte 3aBepiicHNs ABYX ITAOB AJIEKTPOJIM3a Ha 3JIEKTPOIaX BhIICIUIOCH
v(Cl2 na anone) = 0.3 + 0.1 = 0.4 mounb,
v(H2 na karone) = 0.1 mob.
K maHHOMY MOMEHTY COOTHOIICHHE KOJUYECTB Ta30B Ha aHoje U katoje 0.4 / 0.1 = 4, uyro He
YAOBJIIETBOPSET YCIOBHIO 331a9d. 3HAYHT, Jajiee IPOUCXOANUT PA3I0KEHHUE Z MOJTb BOJIBI:

3JIEKTPOJIN3

2H20 —— 2H21 + 021 (3)
z z 0.5z
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v(razoB Ha anoje) = 0.4 + 0.5z (moub),
v(H2 na katozne) = 0.1 + z (Mob).
[To ycnoBuro 3amaun
(04+052)/(0.1+2)=1.2,
Torna Z = 0.4 MOJIb.
Macca pacTBopa rociie 3aBepIIeHHUs JICKTPOJIN3a:
m = m(coueii) + m(H20 na pacrBopenue) — m(Cu) — m(Clz) — m(H2) — m(H20) =

=121.8+600-19.2-04-71-0.1-2-0.4-18=666.8 .

MaccoBbie JI0JIM BEIIECTB B KOHEYHOM PacTBOpE:
®(Na2S04) = 0.3 - 142/ 666.8 = 0.0639 (6.39%),
®(NaOH) =0.2 - 40/ 666.8 = 0.0120 (1.20%).
Eciu B MCXOIHBIN pacTBOp MPOIYCTHUTh CEPHUCTHIH ra3, oopasyercs ocagok CuCl:
2CuSO4 + 2NaCl + SO + 2H20 — 2CuCl| + 2NaHSO4 + H2SOg.

0.3 0.3 0.3

Ero macca:
m(CuCl)=0.3-99.5=29.85r.

Omeem: 6.39% Na»SOs, 1.20% NaOH; 29.85 r CuCl.
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