3aganus 0TOOPOYHOro Typa oJuMNUAAbI «JIOMOHOCOB)» 10 XMMHH C pellleHUusIMA
10 — 11 kiaaccenl

3ananue 1 (8 6a.1710B)

1.1. B ueTslpex mpoOupKax HaXoAATCS BOJHBIE PacTBOPHI 'MAPOKCUIA HaTpus, OpoMuaa
HATpUsl, XJIOPYKCYCHON U COJITHOM KHCJIOT. Kak ¢ MOMOIIBIO OJHOTO PEAKTHBA Pa3IUYUTh
5T BemiecTBa? Hanumure ypaBHEHHMsI NPOTEKAIOIIMX PEAKIM, KpaTKO OMUIINUTE
Ha0JII0/1aeMbIE SIBJICHMUS.

Pewenue. PeaktuB — pacTBOp HUTpata cepedpa.
1) 2NaOH + 2AgNOz — Agz0Y + 2NaNOs
Brimanaetr kopuuHeBo-0ypbIit 0caiok OKcuaa cepeopa.
2) NaBr + AgNO3; — AgBri + NaNOs;
BrinagaeT cBeTo->KenThli TBOPOKHUCTHIN 0CcaIoK OpoMua cepedpa.
3) CH.CI-COOH + AgNOs — peakiust He IPOUCXOIMT
BunuMmbIX n3MeHeHU HET.
4) HCI + AgNO3 — AgCIH + HNO3
Brimagaet Genblit TBOPOKHUCTBINA 0CAIOK XJIOpHia cepedpa.

Omeem:. AgNO:s.

1.2. B detslpex mpoOWpKax HAXOMATCS BOJIHBIC PAacCTBOPHI (TOpWAA HATpPHUs, AHWIHHA,
MYypPaBbUHOW U HOJOBOJOPOIHOM KUCIOT. Kak ¢ MOMOIIBIO OAHOTO pEaKTUBA PA3IUYNUTH 3TH
BemectBa? Hamummre  ypaBHEHHMsT NPOTEKAOIIMX  PEAKUHUM, KpPAaTKO  OIMILMTE
HaOJI0JaeMbIE SBJICHUS.
Pewenue. PeaktuB — 6poMHast Boja.
1) NaF + Bra(p-p) — peakius He IPOUCXOIUT, BUIMMBIX U3MCHECHUH HET.
NH,

NH,
Br Br
2) +3Br, — ¢ + 3HBr
H,0
;

Brimagaet Genblii XJOmbeBUAHBINA 0calOK 2,4,6-TpHOpOMaHIIINHA.
3) HCOOH + Bry(p-p) —» CO.T + 2HBr

BpOMHaSI BOJa O6€CHB€‘II/IBa€TCH, BBIJICIAIOTCA ITYy3bIPBKHU r'a3a.

4) 2H1 + Bra(p-p) — 24 + 2HBr
PacTBOp TeMHeeT n3-3a BBIICICHUS HOJA.

Omeem: GpoMHas Boja.



1.3. B geThipex mpobupKax HAXOIATCS BOJHBIE PACTBOPHI XJIOpHUIA KalHs, OpoMHIa HATPHS,
TUAPOKCHUIA KaJIUA U YKCYCHOM KUCJIOTHI. Kak ¢ IOMOIIBIO OTHOTO PEAKTUBA PA3JIMYNATh 3TH
BemectBa? Hamummre ypaBHEHHMs  NPOTEKAOIIMX — PEakUui, KpaTKO  OMMIINUTE

HaOJIr01aeEMbBIE SIBJIEHUS.

Pewenue. PeaktuB — pacTBOp HUTpaTa cepedpa.
1) KCI + AgNO3 — AgCH + KNO3

Brimanaer Genblif TBOPOKUCTHIN OCaIOK XJI0pUIa cepedpa.
2) NaBr + AgNO3; — AgBr{ + NaNOs

Brinagaet cBeT0-KeAThIA TBOPOKHUCTHIN 0calok OpoMua cepedpa.
3) 2KOH + 2AgNOs — Ag204 + 2KNO;

Brimanaetr kopuuHeBO-0yphIit 0caiok okcuaa cepedpa

4) CH3COOH + AgNO3z — peakius He IPOMCXOIUT, BUIUMBIX H3MCHEHUH HET.

Omeem: AgNO:s.

1.4.B wdyerelpex mnpoOWpKaxX HAXOIATCS BOJHBIE PACTBOPHI YKCYCHOM KHCJIOTHI,
STUJICHTJIMKOJISI, YKCYCHOTO anbaeruga u Opommuiaa HaTpus. Kak ¢ momoiipio OHOTO
peakTMBa pa3IMuUTh 3TH BemlecTBa? Hamummre ypaBHEHHS MPOTEKAIOMIMX PEaKIIHii,

KpaTKO OIIUIIUTC Ha6JIIO,Z[aeMBIC SIBJICHHA.

Pewienue. Peaktus — cBexkeocaxaeHHbIN ruapokcua meau(ll).
1) 2CH3COOH + Cu(OH)2 — (CH3COO0)2Cu + 2H20
Ocanok pacTBopsieTcs u 00paszyeTcst Toy0oii pacTBOp.

CH,—OH CH,—0. HO——CH,
2) 2£ +Cu(OH), — | Cu é +2H,0
H;—OH CH; OH O—CH,

Ocanok pacTBopseTcsa U 00pa3zyeTcs IpKO-CUHUI pacTBOp.

t
3) CH3CHO + 2Cu(OH), —» CH3COOH + Cuz04 + 2H,0
OO6pa3zyeTcsi KOPpUIHEBO-KPACHBIN OCAIOK.

4) NaBr + Cu(OH)2 — peakius He TPOUCXOTUT, BUAUMBIX U3MECHCHHH HET.

Omeem: cBexeocaxaeHHbii CU(OH)..



3anaua 2 (8 6a10B)

e¥* B OCHOBHOM

2.1. HannmuTe S1eKTpoHHBIE KOoH(purypammm atoma Fe u wmona F
cocrostaum. OnpeaenuTe MArHUTHBIC CBOMCTBA STOTO HOHA (SBIIACTCS JIX OH JUAMAarHUTHBIM
WK TTapaMarduTHbIM). [IpuBeauTe IpuUMep MOHA MEPEXOIHOTO METaia ¢ OTJIMYHBIMU OT
Fe3* MarHUTHBIMU CBOHCTBaMH.

Pewenue. MarHuTHbie CBOWCTBA YACTHI[ 3aBUCAT OT HAIWYHSA HECMAPCHHBIX
3NeKTpoHOB. YacTuila, 00iamaromas HeCHapeHHBIMU 3JIEKTPOHAMH, mapamarHuTHa. Ecim
BCC DJICKTPOHBI CIIApEHbI, YacThIla qruaMarauTHa. KoHpurypamnuu atoma u noHa:

Fe [Ar]3d®4s?
Fe3* [Ar]3d® — 5 HecnapeHHBIX SIEKTPOHOB, MAPAMATHUTHBII HOH.

[Tpumep noHa, 00JIaIAIOIIETO AUAMATHUTHBIME CBOMCTBAMH:

Cu* [Ar]3d® — Bce o2yeKTpOHBI CHApeHBI, JMAMATHUTHBIA HOH (TaKyl ke

xonurypamuio [Ar]3d ¥ umeer non Zn?*).

2.2. Hammmmre osyekTpoHHble KoH(urypamun atoma CU um wmona Cu?" B OCHOBHOM
cocrostaum. OnpeaeuTe MATHUTHBIE CBOMCTBA STOTO HOHA (SBIICTCS JIK OH AUAMAarHUTHBIM
WK TTapaMarduTHbM). [IpuBeauTe MpUMep MOHA MEPEXOAHOTO METAIa ¢ OTJIMYHBIMU OT
Cu?* MarHUTHBIMH CBOMCTBAMH.

Pewenue. MarHuTHbIe CBOWCTBA YAaCTHIl 3aBHCAT OT HAIWYHUS HECMAPCHHBIX
3NeKTpoHOB. YacTuila, 00iamaromas HeCapeHHBIMU 3JIEKTPOHAMH, mapamarHuTHa. Ecim
BCE DIICKTPOHBI CIIAPEHbI, YacTHIla quaMarauTHa. KoHpurypamnuu atoma u noHa:

Cu [Ar]3d1%s?
Cu?* [Ar]3d® - 1 HecnapeHHBIH 2J1EKTPOH, HapaMarHUTHBIN HOH.

[Tpumep noHa, 06J1aATOIIETO AUAMATHUTHBIME CBOMCTBAMH:

Cu* [Ar]3d¥® — Bce omekTpoHBI cHapeHbl, JMAMATHMTHBIA HOH (Takyl ke
xonpurypamuio [Ar]3d 1 umeer non Zn?*).

2.3. Hanmmre snexTponHble KoHGHUrypanuu atomMa V u noHa V' B OCHOBHOM COCTOSHUH.
Ompenenute MarHUTHBIC CBOMCTBA 3TOr0 HWOHA (SBJISACTCS JIM OH JMAMATHUTHBIM WA
napamMarauTHeIM). [IpuBeUTe NpUMEp MOHA MEPEXOJHOr0 METAIA ¢ OTIMYHBIMH 0T V37
MarHUTHBIMUA CBOMCTBaMH.

Pewenue. MarnutHple CBOWCTBAa 4YaCcTUI[ 3aBHCAT OT HAJIWYHS HECHAPCHHBIX
aNeKTpoHOB. YacTuia, oOnagaronias HECHApeHHBIMH JJIEKTPOHAMH, NapaMarHutHa. Eciu
BCE JJICKTPOHBI CIIAPCHBI, YacTHIIA JuaMariuTHa. Konurypaimm atoma 1 voHa:

V  [Ar]3d34s?
V3 [Ar]3d? — 2 HecnmapeHHBIX >JIEKTPOHA, TAPAMATHUTHBIM MOH.

[Tpumep roHa, 00JTaIAFONIETO JTHAMATHUTHBIMH CBOMCTBAMH:

Cu* [Ar]3d®® — Bce onmexkTpoHBI cHapeHBl, AMAMATHUTHBIH HOH (TaKyl IKe
xoudurypanmo [Ar]3d ° umeer non Zn?*),



r** B OCHOBHOM

2.4. Hanmmute snekTpoHHble KoH(purypaummu atoma Cr m wmona C
cocrostuum. OnpeaenuTe MATHUTHBIC CBOMCTBA STOTO HOHA (SBIISCTCS JIX OH JUAMAarHUTHBIM
WK TTapaMarduTHbIM). [IpuBeauTe IpuUMep MOHA MEPEXOIHOTO METaia ¢ OTJIMYHBIMU OT
Cr3* MarHUTHBIMH CBOHCTBaMH.

Pewenue. MarHuTHbIe CBOWCTBA YACTHI[ 3aBUCAT OT HAIWYHS HECTAPCHHBIX
3NeKTpoHOB. YacTuila, 00iamaromas HeCapeHHBIMU 3JIEKTPOHAMH, mapamarHuTHa. Ecim
BCC DIICKTPOHBI CIIApEHbI, YacThIla qruaMarauTHa. KoHpurypamnuu atoma u noHa:

Cr [Ar]3d>4st
Cr3* [Ar]3d 3 — 3 HecapeHHBIX 3JIEKTPOHA, TAPAMATHUTHBIN HOH.
[Tpumep noHa, 00JIAIAIOIIETO AUAMATHUTHBIME CBOMCTBAMH:
Cu" [Ar]3d!® — Bce oneKTpOHBI CHAPEHBI, JMAMATHUTHBIA MOH (TaKylo ke

xonpurypamuo [Ar]3d 1 umeer mon Zn?*).

3agaya 3 (12 6ass10B)

3.1. 3amacel  ra3oBBIX TMAPATOB, HECTEXHOMETPUYECKUX  TBEPHAbIX  COEIUHEHUH,
00pa30BaHHBIX YIJIEBOJAOPOJAAMH U BOAOHM IPU HU3KHUX TeMIIepaTypax, OOHapy>KUBaeMble Ha
OKEaHCKOM JIHE M B 00JIaCTSAX BEUYHON MEp3JIOTHI, paCCMATPHUBAIOTCA KaK MEPCHEKTUBHbBIE
IPUPOJHBIE Pecypchl. YCTaHOBHUTE cocTaB MonoOHoro coemuHenus A-xH:0, ecnu mpu
pasznoxenun 2.86 T rugpara npu Temneparype 7°C U HOpMaJbHOM arMochepHOM
JABJIICHUW MOYHO MOJYy4YUTh 543 Mil ra3a A ¢ INIOTHOCTBIO MO BO3ayXxy 0.552.

Pewenue. OnpenenuM MOISPHYIO Maccy A 10 JJaHHBIM O €0 INIOTHOCTH 10 BO3AYXY:
M(A) = Dsosn.- M(Bo31.) = 0.552 - 29 = 16 r/mou1b.
ITo ycnoButo, A — yriaeBojopoj, cieaoBaTelbHO, 3T0 MeTaH CHs. B pesynbrare

PAa3JI0KCHUA THApaTa MCTaHa BBIACIIACTCA

|4 101.3-0.543
v(CHs) =& = =222 — 0,024 mons.
RT 8.314:280

Ha Bony npuxoaurcs
m(H20) =2.86 - 0.024 - 16 =2.48 1,
v(H20) = 0.138 moib.
Torna
x=0.138/0.024 = 5.75.
Omeem: CH4 - 5.75 H20.

3.2.3amacel  Ta30BBIX TUAPATOB, HECTEXHOMETPUYECKUX  TBEPHAbIX  COCIMHEHUH,
00pa30BaHHBIX YIIeBOAOPOJAMH U BOJOW MPHU HU3KHUX TeMIeparypax, oOHapy>KMBaeMble Ha
OKEaHCKOM JIHE M B 00JIaCTSAX BEYHON MEP3JIOTHI, paCCMATPUBAIOTCSA KaK MEPCHEKTHBHbBIE
IPUPOJHBIE PECYPChl. YCTAaHOBUTE COCTaB MoAoOHoro coenumHenus Z-xH:0, ecnu mnpu
paznoxxennn 4.05 v tuapara mpu Temmeparype 12 °C M HOpMambHOM aTMOC(EepHOM
JaBJIEHUHM MOXHO Nos1y4uuTh 570 M1 raza Z ¢ IIOTHOCTBIO 110 reauto 7.5.

Pewenue. Onpenenum MOISIPHYIO Maccy Z 10 JaHHBIM O €r0 INIOTHOCTH I10 TeJIHIO:



M(Z) = Due - M(He)= 7.5 - 4 =30 r/moub.
[To ycnoButo, Z — yraeBojopoh, ciemoBaTenbHo, 3T0 3TaH C2He. B pesynbraTe

PAa3JI0KCHUA THAPATA BBIACIIACTCS 3TaHa

%4 101.3-0.570
Vv(CHy) = B

= = 0.024 moJp.
RT 8.314-285

Ha Bony npuxoaurcs
m(H20) = 4.05-0.024 - 30 =3.33 1,
v(H20) = 0.185 moib.
Torna
x=0.185/0.024=7.7.
Omeem: C2He - 7.7 H20.

3.3. MHorme ra3pl, B TOM YWCJI€ WHEPTHBIC, MIPH MOHIKEHHBIX TEMIIEPAaTypax CIIOCOOHBI
o0pa3oBbIBaTh C BOJOM KiIaTpaTbl — TBEpIble HECTEXMOMETPHUUECKUE COEAMHEHUs
BKJIFOUEHHUS, B KOTOPBIX I'a3 YAEPKUBAETCA B MOJOCTAX KPUCTAUIMYECKOM PEIIETKH JIbJA.
YcranoBute coctaB A-xH:0, ecnmm mpum pasnoxernmn 3.62 T 3TOro Kiarpata NpU
temneparype 11 °C u HopmansHOM atMochepHOM NaBieHuu Beiaensercs 330 mi raza A c
TJIOTHOCTBIO 10 BO3AYXY 4.52.

Pewenue. Onpenenum MOJSIPHYIO MacCy A IO JaHHBIM O €T0 TUIOTHOCTH IO BO3IYXY:
M(A) = Dsosn.- M(Bo31.) =4.52 - 29 = 131 r/™mou1b.
3HauuT, A — UWHEPTHBIA Ta3 KCceHOH Xe. B pesynbrate pas3ioXeHUs Kiarpara
BBIJICISICTCS KCEHOHA
101.3:0.330

v(Xe) =22 = 12239330 _ ) 14 mous.
RT 8.314:284

Torna Ha BOAY MPUXOAUTCS
m(H20) =3.62-0.014 - 131 =1.79,
v(H20) = 0.099 moib.
Torna
x=0.099/0.014=7.1.
Omeem: Xe -71.1 H20.

3.4. MHorme rasbl, B TOM YHWCJI€ WHEPTHBIC, MPU MOHMKEHHBIX TEMIIEPAaTypax CIIOCOOHBI
o0pa3oBbIBaTh C BOJOH KiaTrparbl — TBEpJble HECTEXHOMETPHUUECKUE COEAMHEHUs
BKJIFOUEHHUS, B KOTOPBIX T'a3 YACPKUBAETCSA B IMOJIOCTAX KPUCTAIUIMYECKON PEIIETKH JIbJA.
YcranoBute cocrtaB Z-XH20, ecnu mpu pasnoxkenun 1.63 r© a3TOro Kiarpata mpH
temrepatype 8 °C u HopManbHOM aTMocdepHOM naBiieHuu Boiaensercss 200 mi raza Z ¢
IJIOTHOCTHIO 110 BO3AyXy 1.379.

Pewenue. Onpenenum MolisipHyto Maccy Z uepe3 JaHHble O €ro IJIOTHOCTHU [0
BO3IyXY:



M(Z) = Dgosn- M(B031.) = 1.379 - 29 r/momnb = 40.0 r/M0J1b.
3naunt, Z — UHEpPTHbIM ra3 apron Ar. B pesynbrare pa3ioxeHHUs KiaTpara
BBIJICJISICTCSL aprOHa

v(Ar) = pY - 10130290 _ ¢ 67 -10°3 Mo,

RT 8314281
Torzma Ha BOAY IIPUXOIUTCS

m(H20) = 1.63 -8.67-102 - 40 = 1.283 r uiu
v(H20) = 0.0713 moub.
Torna
x =0.0713/8.67-10°% = 8.22.
Omeem: Ar -8.22 H,0.

3ananue 4 (12 6a/10B)

4.1. Hanuiure ypaBHEHHS PEaKIMi, COOTBETCTBYIONIUX CICAYIOIIUM MPEBpalleHUusIM (Bce
BemecTBa X coJepkaT XpoM, BellecTBa Y COAEp)KAT MapraHel]). YKaKHUTE YCIOBHUS
npoBeAeHus peakmuii 1 u 5.

KOH(TB) Cr KOH(TB.), Oz C6H5CH3, H2504
X2<—t Xl<—t 02 < Mn02 —>t Y]_*) KMnO4 —>t Y2
3 2 1 4 5 6
Pewenue.

1) 4MnO; > 2Mn.0s + 01
(mmr 2MnO2 + 2H2SO4(koHI) 5 2MnSO4 + O, T + 2H,0)
2) 4Cr + 30, 5 2Cr,0;
3) Cr,03 + 2KOH(18) - 2KCr0O; + H20
4) 2MnO; + 4KOH + Oz - 2KoMnOs + 2H,0
5) KaMnQOg4 + Cl; = KMnO4 + 2KCl
4
(npyrue BapuanTsl:  2KMnOs + 2H20 — 2KMnOs + HoT + 2KOH
3K2MnOg4 + 2H20 — 2KMnO4 + MnO2 + 4KOH
3KoMnO4 + 2C0O2 — 2KMNO4 + MNnO2 + 2K2CO3)
6) 6KMNO4 + 5CsHsCHs + 9H2504 — 6MnSO4 + 5CsHsCOOH + 3K,S04 + 14H;0

Omeem: X1 — Cr203, X2 — KCrOg2, Y1 — KoMnQOg, Y2 — MnSOa.

4.2. Hanumurte ypaBHEHHs peaklMii, COOTBETCTBYIOIIUX CIEAYIOIIUM MpEeBpallleHusM (Bce
BemiectBa X cozepxkar OpoM, BemiecTBa Y COAEpXkKAaT JKeIe30). YKaKUTE YCIOBUS
MpPOBEJICHUs peakuuit 2 u 5.



CH,=CHCOOH KBrO;, KOH HCI(p-p) KOH(p-p,xo.), O,
Xy «—— HBI’<—X1<f FeOH);—> Y; —> FeCl, — > Y,
3 2 1 4 5 6
Pewenue.

1) 2Fe(OH)s + KBrOs + 4KOH — 2KFeOs + KB + 5H,0
2) KB + H3POu(komr) — HBr + KH2POy
3) CH2=CHCOOH + HBr — CH,Br-CH,COOH
4) Fe(OH)3 + 3HCI(p-p) — FeCls + 3H20
5) 2FeCls + H2S — 2FeClz + SV + 2HCI
(npyrue Bapuantel: 2FeCls + Fe — 3FeCl:
2FeCl3 + SO, + 2H20 —2FeClz + H2S04 + 2HCI)
6) 4FeCl, + Oz + 8KOH + 2H,0 — 4Fe(OH)3{ + 8KCI
Omeem:. X1 — KBr, X2 — CH2BrCH2COOH, Y1 — FeCls, Y2 — Fe(OH)s.

4.3. Hannmire ypaBHEHHS PEaKIMid, COOTBETCTBYIONIUX CIIEAYIOIIUM MIPEBPAIICHUSIM (BCE

BelecTBa X COJAEprKaT a3oT, BemiecTBa Y COJepkKaT ME/b). Y K&KUTE yCIOBUS MPOBEICHUS
peaknuii 3 u 6.

t K,S(p-p) t C,HsOH
NO <— Xz <— X; <—5—— Cu(NOy), — Ylt—> Y, — CuSO,
3 2 1 4 5 6

Pewenue.

1) Cu(NO3)2 + K2S — CuSy + 2KNO3

2) 2KNO3 - 2KNO; + 0,7

3) 2KI + 2KNO2 + 2H2S04 —> |2 + 2NOT + 2K,S04 + 2H,0
4) 2CU(NOs)2 - 2CUO + 4NO; + O;

5) CUO + C2HsOH — CHsCHO + Cu + H20

6) CU + 2H2SO4(komr) — CuSOs + SO2T + 2H,0

Omeem: X1 — KNO3, X2 — KNO2, Y1 - Cu0O, Y2 - Cu.

4.4. Hanuivre ypaBHEHUS peaKIuii, COOTBETCTBYIOIIUX CIEAYIONIAM IMPEBpaIeHUsIM (BCe

BeliecTBa X CoJepkKaT a3oT, BemecTBa Y CoAepKaT XpoM). YKaKUTE yCIOBHS IPOBEACHUS
peaxmmii 3 u 5.

Mg t CZ 5OH H2804 4 (p p)
NH4C| P a— XZ ﬁ Xl - (NH4)2Cf207 t—> Y].*» K[Cr(OH)4] —_— Y2

3 2 1 4 5 6



Pewenue.

1) (NH4)2Cr:07 - Cra0s + Na + 4Hz0

2) N2 + 3Mg — Mg:aN;

3) MgzN2 + 8HC1 — 3MgCl, + 2NH4CI

4) 2(NHa)2Cr207 + 3C2HsOH + 8H2S04 — 2Cra(SO4)s + 3CHaCOOH +

+ 2(NH4)2S04 + 11H20
wm  (NH4)2Cr207 + 3C2Hs0H + 4H2S04 —t> Cr2(S04)3 + 3CH3CHO + (NH4)2S04 +
+ 7H20

BpIGOp IpOAyKTa OKUCIEHHS CIMPTa OOYCIOBIEH YCIOBUSAMHU IPOBEICHUS PEAKIHH.
Eciu anbaerus MOXET YIETYYUThCS U3 PEAKIMOHHON CMECH, TO OH U OyJeT KOHEUHBIM
IPOAYKTOM peakiuu. EcioM jKe yCIOBHM s YJIETyYMBaHMs albJeruga HET, TO OH
OKHUCIIMTCS 10 KUCTIOTEL

5) Cr2(S04)3 + 8KOH(u36.) — 2K[Cr(OH)s] + 3K2SO04

6) K[Cr(OH)4] + NH4Cl — Cr(OH)s + KCI + NHs-H0

Omeem:. X1 — N2, X2 — M@sN2, Y1 — Cr2(SO04)3, Y2 — Cr(OH)s.

3ananme 5 (12 6a/1710B)

5.1. 3naveHne TEIUIOTHI 00pa30BaHUS HEKOTOPOTro coearHEHHS Qosp MOKHO TEOPETUUCCKU
npencka3aTh Ha OCHOBe 3akoHa ['ecca. OuH 13 c10coO0B — COCTaBUTh TEPMOHEUTPAIBHYIO
peakiuio (Peakiuio ¢ TeIIOBbIM () PeKToM, OIM3KUM K HYIIO) C €r0 y4acTHEM, IPU ITOM
TEIUIOTHl O0pa30BaHMS OCTAJIbHBIX YYAaCTHHUKOB PEAKIMU JIOJDKHBI OBITh WM3BECTHBI C
JI0OCTaTOYHON HAJEKHOCTHIO. TepMOHEHTpabHOM OyJeT TUIIOTETHYeCKas Peakius, B X0/
KOTOpPOM B MPOAYKTAX MaKCHUMAJIbHO COXPAHSIOTCS BCE THIBI CBSI3€M M CTPYKTYpHBIC
(dbparMeHThl, KOTOpPBIE OBUTH B UCXOHBIX MOJIEKYJIaX, HAIIPUMED:

CH3-CH=CH; + CH3-CH3 —» CH»=CH;, + CH3-CH>—CH3

CocTaBbTe HE MEHEE JIBYX PEAKIUil C OJU3KUM K HYJIIO TETUIOBBIM 3PPEKTOM C ydyacTHEM
1,3-mponanauoia U COeAMHEHUMN, MpPEACTaBICHHBIX B Tabiwuie. OIEHUTE Ha UX OCHOBE
TeroTy obpazoBanus 1,3-mponanaunona. ApryMeHTHpPYTe BbIOOp peakluu, KOTOPYIO BBI
pekoMenayeTe it oeHKU Qoop 1,3-Tipomniannona.

Coeaunnenue (1) Qosp iput 298 K, kJIx/MOJIB Coenunenue (1) Qosp iput 298 K, kJIx/MOJIB
H> 0 CHsCHz3s 84.0
H,O 241.8 CHsCH.OH 235.0
CH4 74.5 HOCH>CH,OH 389.4
CH30OH 200.9 CH3CH,CH3 105.0

Pewenue. TernoBoit 3pdext O1M30K K HyJIO (TEpMOHEWTpalbHAsl peakius), ecliu
peareHThl ¥ MPOIYKTHl MaKCUMAIBHO CTPYKTYpHO Onm3Ku. B HanOombIiel CTEeHn 3ToMy
YCIIOBHIO OTBEYAIOT CIEAYIOIIUE IBE PEaKIHHU:



1) HOCH2CH2CH20H + CH3CH3 - HOCH2CH20OH + CH3CH2CHjs
Q = Qosp(HOCH2CH20H) + Qosp(CH3CH2CH3) — Qosp(HOCH2CH2CH20H) —
Qosp(CH3CH3) =0,
Qosp(HOCH2CH2CH20H) = Qosp(HOCH2CH20H) + Qo6p(CH3CH2CH3) — Qosp(CH3CH3) =
=389.4 + 105.0 — 84.0 = 410.4 xI:x/M011b,
2) HOCH,CH>CH20OH + CHs — 2CH3CH>0OH
Q = 2:Qo6p(CH3CH20H) — Qosp(HOCH2CH2CH20H) — Qosp(CHa4) = 0,
Qosp(HOCH2CH2CH20H) = 2 Qosp(CH3CH20H) — Qosp(CH4) =
=12-235.0 —74.5 = 395.5 x/I:x/Mo0J1b.

[lepBast peakiys BBITISIUT IPEANOUYTUTEIbHEE, TIOCKOJIBKY U B MOJIEKYJIaX PEareHTOB,
U B MPOAYKTaX OJMHAKOBOE KOJIMYECTBO MEPBUYHBIX U BTOPUYHBIX aTOMOB yriiepoja (1o
CyTH, peaKIus CBOJUTCS K TEPEHECEHUI0O METWICHOBOM TPyNIbl M3 MOJEKYJIbI
MpOoMaHANoJia B MOJIEKYJTy 3TaHa). Bo BTOpoil peakiuu aToM yriepoaa MOJIEKYJbl METaHa
MpeTepreBaeT 3aMETHOE M3MEHEHHE OKPYKEHHUS, KpOME TOro, B MPOJIYKTaX OTCYTCTBYIOT
BTOpPUYHBIC aTOMBI yriiepoda. Eciu 3amucarh emie OJHY peakiyi0 U pacCuuTaTh U3 HEe
TEIJIOTY 00pa30BaHUs MPOMAHINOJIA’

3) HOCH2CH2CH20H + CH3CHs — 2CH3CH20OH + CH4

Q =2-Qo6p(CH3CH20H) + Qo6p(CH4) — Qosp(HOCH2CH2CH20OH) — Qosp(C2Hs) = 0,
Qosp(HOCH2CH2CH20H) = 2-Qosp(CH3CH20H) + Qosp(CHa) — Qosp(CH3CH3) =
=2-235.0 +74.5 — 84.0 = 460.5 xkI:x/M0.JIb,

TO BEJIMYMHA 3aMETHO OTKJIIOHSETCA B OOJbIIyI0 CTOpOHY. OYeBHUIHO, YTO peakuus 3
HavMeHee ynauHas (MeHee cOalaHCUpPOBaHHAs) U Jlajieka OT TEPMOHEHUTPAIIBHOCTH.

Ha ocnoBe peakuuu 1 MOXHO MpPEANONOXKUTH IJs TEMJIOTHl oOpazoBanus 1,3-
nponananoia 3HaueHue nopsaka 410 x{x/Monb (3KCIEpUMEHTAIBHOE 3HAYEHUE TETUIOTHI
oOpazoBanus razoobpaszHoro 1,3-nmpomnananona pasuo 410.6 + 2.2 kJx/mMoib).

5.2. 3navenHne TEIIOTHl 00pa3OBaHUs HEKOTOPOro coearHeHHs] Qosp MOKHO TEOPETUUYECKU
npencKa3aTh Ha OCHOBe 3akoHa ['ecca. OnuH 13 c10coO0B — COCTaBUTh TEPMOHEUTPAIBHYIO
peakuuio (peakuuio ¢ TemIoBbIM 3P PeKkToM, OIU3KUM K HYJIO) C €ro y4acTHEM, NPU 3TOM
TEIUIOTH O0pa30BaHMS OCTATBHBIX YYAaCTHHUKOB PEAKIIMH JIOJDKHBI OBITh H3BECTHBI C
JI0OCTaTOYHON HAJEKHOCTBIO. TepMOHEHTpaIbHON OyJeT TUIOTETHYECKas: Peakius, B X0/
KOTOPOH B MPOAYKTAaX MAaKCUMAJIbHO COXPAHSIOTCS BCE THUIBI CBs3€d, KOTOpbIE OBLIM B
HCXOJHBIX MOJIEKyJIaX, HapuMep:

CH3-CH=CH; + CH3-CH3 —» CH»=CH;, + CH3-CH>—CH3

CocraBpTe HE MEHEE ABYX peaKIUid ¢ OJU3KUM K HYJIIO TEIUIOBBIM 3(h(eKkToM ¢ ydacTuem
METHJIOyTaHa ¥ COSAMHEHUH, IPECTaBIeHHBIX B Tabmuie. OLeHuTe Ha X OCHOBE TEIUIOTY
o0pa3oBaHusl METHIIOyTaHa. APTYMEHTHPYHUTE BEIOOpP PEaKIINK, KOTOPYIO BBl PEKOMEHIyeTe
1utst otleHKU Qosp METHIIOYTaAHA.
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Coemunenue (T) Qosp ipu 298 K, kJIK/MOJIB Coemunenue (T) Qosp ipu 298 K, kJIx/MOJIB
H; 0 CH3CH,CH3 105.0
CH4 74.5 CH3CH2CH,CH3 125.8
CH3CHs 84.0 CH3CH(CHa) 134.6

Pewenue. TernmoBoit 3pdekt O61U30K K HYIIO (TepMOHEHTpasibHasi peakius), eciu
peareHThl W MPOAYKTHl MaKCUMAJIbHO CTPYKTYpHO Onu3ku. B Hambonbimel cTeneHu 3TOMY
YCIIOBHIO OTBEYAIOT CIEAYIONINE ABE PEaKIUU:

1) CH3CH2CH(CHz3).2 + CH3CH3 — CH3CH(CHz3)2 + CH3CH2CH3

Q = Qosp(CH3CH(CHB3)z2) + Qosp(CH3CH2CH3) — Qosp(CH3CH2CH(CH3)2) — Qosp(CH3CH3)
=0,

Qoop(CH3CH2CH(CH3)2) = Qosp(CH3CH(CH3)2) + Qosp(CH3CH2CH3) — Qosp(CH3CH3) =
= 134.6 + 105.0 — 84.0 = 155.6 k/[:x/M0J1b.
2) CH3CH>CH(CH3)2 + CH3CH2CH3 — CH3CH(CH3)2 + CH3CH2CH2CH3

Q = Qoop(CH3CH(CH?3)2) + Qop(CH3CH2CH2CH3) — Qosp(CH3CH2CH(CH3)2) —
— Qoop(CH3CH2CH3) =0,

Qoop(CH3CH2CH(CHB3)2) = Qosp(CH3CH(CH3)2) + Qosp(CH3CH2CH2CH3) —
Q06p(CH3CH2CH3) =

=134.6 + 125.8 — 105.0 = 155.4 x1:x/M0JIb.

OO6e peaknuu OJNIM3KKM K TEPMOHEHTPATLHOCTH, MOCKOJIBKY B WX IPABBIX U JIEBBIX
YacTsSIX COXPAHICTCS YMCIO MEPBUYHBIX, BTOPHYHBIX M TPETUYHBIX aTOMOB yriiepojna (Io
CYTH pEaKIMM CBOJATCS K MEpPEMENICHUI0 METUJICHOBOU rpyribl). [losTomMy anst TemaoThl
oOpa3zoBaHusi METWIOyTaHa MOXKHO TMPEINOJIOKUTh 3HaueHHe mopsaka 155.5 kJlx/Monb
(3KCTIepUMEHTANIbHOE 3HAYeHHUE TEIUIOTHI 00pa3oBaHus raz000pa3Horo Metunoytana 153.2
kJ>x/MOTB).

Crenyronryro peakuuio:
3) CH3CH,CH(CHj3)2 + CH3CH3z — CH3CH2CH.CH3 + CH3CH2CHs3

Q = Qosp(CH3CH2CH2CH3) + Qosp(CH3CH2CH3) — Qosp(CH3CH2CH(CH3)2) —

Qoop(CH3CH2CH(CHB3)2) = Qosp(CH3CH2CH2CH3) + Qosp(CH3CH2CH3) — Qosp(CH3CH3) =
=125.8 + 105.0 — 84.0 = 146.8 k:x/M0J1b,

HEJB3s1 CYUTATh MOJHOCTHIO cOaTaHCUPOBAHHOMW, MOCKOJBKY B MPAaBOM YaCTH OTCYTCTBYET
TPETUYHBIM aTOM YTJIepOaa, HMEIOIMICST B JICBOW. 3HAaUeHHE TEIUIOTHI OOpa3oBaHUS,
MOJIYYEHHOE U3 HEE, OTJIIMYAETCS OT MEPBBIX JBYX 3HAUYCHUM.

5.3. 3HaueHne TEIIOThl 00pa3oBaHMUs HEKOTOPOro coeanHeHUsT Qosp MOKHO TEOPETHUECKU
npescka3aTh Ha OcHOBe 3akoHa ['ecca. OuH K3 c10cOO0B — COCTaBUTh TEPMOHEUTPAIBHYIO
peakiuio (peakiuuio ¢ TerIoBbIM 3 PEeKToM, OJIM3KUM K HYJIIO) C €r0 YY4acTHEM, TIPH ITOM
TEIUIOTHl O0pa30BaHUSl OCTAJIBHBIX YYACTHUKOB PEAKLUMU JOJDKHBI OBITh H3BECTHBI C
JOCTaTOYHON Ha/leKHOCTBIO. TepMOHEeNHTpaabHON OyZeT TMIOTEeTHYECKas Peakiys, B X0Je
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KOTOpOfI B MPOAYKTAX MAKCUMAJIIbHO COXPAHAIOTCA BCC THIIbL CBﬂSCﬁ, KOTOPLBIC ObLIN B
HNCXOIHBIX MOJICKYJIaX, HAIIPUMEDP:

CH3—CH=CH3; + CH3-CH3 —» CH>=CH; + CH3—CH>—CHz3s

CocTaBbTe HE MEHEE IBYX PEAKIUI C OJU3KUM K HYJIIO TEIIOBBIM 3PPEKTOM C yHaCTHEM
CTHpOJIa ¥ COEAUHEHMH, NMpeIcTaBICHHBIX B Tabmuue. OIEeHUTE Ha MX OCHOBE TEILIOTY
o0Opa3oBaHus cTUpOia. ApryMEHTHpPYHTE BBIOOp peakiiu, KOTOPYIO Bbl PEKOMEHyeTe s
oueHKH Qogp CTHPOIIA.

Coenunenue (T) Qosp ipu 298 K, k/Ix/Monb Coenunenue (1) Qosp ipH 298 K, k/Ix/Monb
H> 0 CH>=CHCH3s -19.9
CHy 74.5 CH3CH2CH3 105.0
CHsCHs 84.0 CH3CH=CHCH3 11.2
CH=CH —228.3 CeHe —83.1
H>C=CH> -52.4 CeHsCH3 -50.0

Pewenue. TermoBoit 3pdext O6IU30K K HYIIO (TEpMOHEHTpaibHasi peakius), eciu
peareHThl U MPOJYKTHI MaKCUMAJIbHO CTPYKTYpHO Oiu3ku. B HauOosbliel CTENCHH 3TOMY
YCIIOBHIO OTBEYAIOT CICAYIONINE ABE PEaKIUH:

1) CeHsCH=CH: + CH3CH3 — CsHsCHs + CH3CH=CH_
Q = Qup(CsHsCH3) + Qosp(CH3CH=CH2) — Qosp(CsHsCH=CH2) — Qosp(CH3CH3) = 0,
Qoop(CeHsCH=CH2) = Qo6p(CeHsCHS3) + Qosp(CH3CH=CH2) — Qo6p(CH3CH3) =
=-50.0 - 19.9 — 84.0 = -153.9 k/Ix/M0b.
2) CeHsCH=CH3 + CH3CH2CH3 — CsHsCH3 + CH3CH=CHCHG3

Q = Qoop(CeHsCH3) + Qoop(CH3CH=CHCH3) — Qo6p(CsHsCH=CH>) —
— Qoop(CH3CH2CH3) =0,

Qoop(CsHsCH=CH?>) = Qo6p(CsH5CH3) + Qosp(CH3CH=CHCH3) — Qo6p(CH3CH2CH3) =
=-50+11.2-105.0 = -143.8 k[’k/M0JIb.

O6e peaknuu — cOadaHCHPOBAHHBIC, OJHAKO TIEpBasl PEaKIUs MPEINOoYTUTEIbHEE,
IIOCKOJIBKY B HEM COXPAHSETCS TEPMUHAIBHOE MOJIOKEHUE ABOMHOU CBsA3U. M3 HEe MOXKHO
MOJIYYUTh 3HAYCHHE TETUIOTHI 00pa3oBanus cTupona —154 kJ[/Moib (9KCIepUMEHTaIbHOE
3HaYeHUE TEeTUIOTHl 00pa30BaHus ra3000pa3Horo cTuposia paBHo —148.3 k/[x/Moib).

Ecnu 3anmcath TpEThIO peakivio U OIICHUTh U3 Hee TEIJIOTY 00pa30BaHuUs CTUPOJIA:

3) CeHsCH=CH> + CH4 — CsHsCH3 + CH>=CH>

Q = Qoep(CsHsCH3) + Qosp(CH2=CH2) — Qosp(CeHsCH=CH>) —
— Qosp(CHa4) = 0,

Qo6p(CsHsCH=CH2) = Qosp(CeHsCH3) + Qo6p(CH2=CH2) — Qo6p(CHa) =
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=-50-52.4-74.5=-176.9 x/I:x/M0.1b,

TO TIOJNIy4YeHHOE 3HaueHue OyAeT CHWIbHO OTKIOHATHCS OT TEIUIOT 00pa30BaHMs,
MOJIYYCHHBIX B TEPBBIX JABYX peakuusax. Peakums 3 Haumbonee jaineka OT
TEPMOHEUTPAIILHOCTH.

5.4. 3navyeHne TEIIOTH 00pa3oBaHMUS HEKOTOPOTo coeArHEHUs Qosp MOKHO TEOPETHUECKU
npescKa3aTh Ha OCHOBe 3akoHa ['ecca. OMH U3 cIOCOOOB — COCTaBUTh TEPMOHEUTPAIBHYIO
peakiuio (peakuuio ¢ TerioBbIM 3(QPEKTOM, OIIM3KUM K HYJIIO) C €r0 YYaCTHUEM, TIPU 3TOM
TEIUIOThl O0pa30BaHMS OCTAJbHBIX YYAaCTHUKOB PEAaKIMH JOJDKHBI OBITh H3BECTHBI C
JOCTaTOYHON HaJEKHOCThIO. TepMOHEHTpaIbHOM OyJIeT TMIOTETUYECKasl peaklus, B X0/1e
KOTOpOl B HMPOAYKTaX MAaKCHUMAaJIbHO COXPAHSIOTCS BCE THUIBI CBSI3€H, KOTOpbIE OBUIM B
HCXOJIHBIX MOJIEKYJIaX, HallpuMep:

CH3—CH=CH3; + CH3-CH3 —» CH>=CH; + CH3-CH>—CH3

CocTaBbTe HE MEHEE JIBYX PEAKIUil C OJU3KUM K HYJIIO TETUIOBBIM 3PPEKTOM C ydyacTHEM
4-aMMHOOYTaHOBOM KHUCIIOTHI U COCIMHEHUH, TpeCTaBICHHBIX B Tabnuie. OLeHuTe Ha UX
OCHOBE TEIUIOTY oOpa3oBaHUsi 4-aMUHOOYTaHOBOW KHCJIOTHI. APTryMEHTHUPYHTE BBIOOD
peakiuu, KOTOPYIO Bbl peKOMeHayeTe i OlleHKU Qosp 4-aMHUHOOYTAHOBOM KUCIIOTHI.

Coeaunenue (1) Qosp iput 298 K, xJIx/MoJ1b Coenunenue (1) Qosp iput 298 K, xJIx/MoIb
H> 0 CHsCOOH 433.0
CH4 74.5 H2NCH>CHs 49.7
CH3CHs 84.0 HoNCH,CH,CH3 70.2
CH3CH,CH3 105.0 HNCH,COOH 393.7
CH3CH,CH,CHs 125.8 H>NCH>CH,COOH 421.2

Pewenue. Tennoolr 3¢pdext O61M30Kk K Hynro (TepMOHEHTpajbHas peakuusi), €ciu
peareHThl ¥ MPOIYKTHl MaKCUMAIBHO CTPYKTYpHO Onm3Kku. B HanOompIiiel cTemeHn 3TomMy
YCIIOBHIO OTBEYAIOT CIEAYIOIIUE IBE PEaKIUH:

1) H2NCH2CH2CH2COOH + CH3CHz - H.2NCH2CH2COOH + CH3CH2CH3

Q = Qoop(CH3CH2CH?3) + Qosp(H2NCH2CH2COOH) — Qosp(H2NCH2CH2CH2COOH) —
— Qoap(CH3CH3) =0,

Qosp(H2NCH2CH2CH2COOH) = Qosp(CH3CH2CH3) + Qosp(H2NCH2CH2COOH) —
Qo6p(CH3CH3) =

=105.0 + 421.2 — 84.0 = 442.2 xI:x/Mob.
2) HoNCH2CH2CH2COOH + CH3CH2CHz — H>NCH>CH>COOH + CH3CH2CH>CH3

Q = Qoep(CH3CH2CH2CH3) + Qosp(H2NCH2CH2COOH) — Qo6p(H2NCH2CH2CH,COOH) —
— Qoep(CH3CH2CHg) = 0,
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Qosp(H2NCH2CH2CH2COOH) = Qo5p(CH3CH2CH2CH3) + Qosp(H2NCH2CH2,COOH) —
— Qoop(CH3CH2CH3) = 125.8 + 421.2 — 105.0 = 442.0 x/I:x/Mo0J1b

Ha ocHoBe 3THx ABYX peakiuii MOXXHO Mpe/ICKa3aTh 3HAUCHUE TETUIOThI 00pa30BaHUs
4-amuHO0OyTaHOBOM KuCIOTHI mopsiaka 442.0 kJ[x/mMoib (3KCHEpUMEHTAIbHOE 3HAUYCHHE
TEIJIOTHI 00pa3oBaHus ra3000pa3Hoi 4-aMmuHOOyTaHOBOM KUCIOTH 441.0 kJ[>k/MOmB).

Eciu 3anmcath ypaBHEHHE €11l OHOM PeakIMy U PaCCUUTATh TEIIOTY 00pa3oBaHUs
3) H2NCH2CH2CH2COOH + CH3CH3 — H2NCH2COOH + CH3CH2CH2CH3

Q = Qosp(CH3CH2CH2CH3) + Qo6p(H2NCH2COOH) — Qosp(H2NCH2CH2CH2COOH) —
- QoGp(CH3CH3) = O,

Qotp(HaNCH2CH>CH2CO0H) = Qosp(CHsCH2CH2CH3) + Qosp(H2NCH2COOH) —
~ Qusp(CH3CHs) = 125.8 + 393.7 — 84.0 = 435.5 kJlk/Mout,

TO TMOJYYEHHOE 3HAUYECHHUE OKAXETCS HECKOJIbKO MEHBIIE TMOJYyYEHHBIX paHee, XOTd U
JOCTaTOYHO OJU3KUM. DTO MOKHO OOBSICHUTh B3aWMHBIM BIMSIHUEM KUCJIOTHOW IpyNIbl U
aMHHOTPYIIIBI, KOTOPOE CHJIBHO HPOSBISIETCS B MOJEKYJe INIHLIUHA (O-aMUHOKHCIIOTA) U
ropa3lo MeHee — B KHUCJIOTax C OoJsiee yJaJeHHBIM pPaclONIOKEHHEM (YHKIHMOHAIBHBIX

TPyIIL

3ananmue 6 (16 6a,1710B)

6.1. OGpa3zern 6uHapHOTO coenuHeHuss X Maccoil 9.2 r pacTBOPHIM B HEOOJBIIIOM M30BITKE
pa30aBIEHHOr0 pacTBOpa CEpHOM KUCIOTHI, MPH 3TOM 00pa3zoBajics OCaloK BemiectBa Y
Mmaccoit 28.2 r. Ilpu HarpeBanuun Y g0 1000°C nabnrogaroTcs 1Ba mpouecca noTepyu Macchl
— cHavana Ttepsiercss 15.7% OT HMCXOOHOM Macchl M TMOJydaeTrcs MpoAyKT Z, TMpu
JNanbHEHIIeM HarpeBaHuu mpoucxogut notepst 6.2% ot maccel Z. U3BectHo, uto y X
ctpykrypa NaCl, mnapamerp KyOM4YecKOH »JJIeMEHTapHOW SYCHKH, ONpEACICHHBIA B
pasnUYHBIX paboTax M TPH pa3HBIX YCIOBUAX, Bapbupyercs B mpexaenax ot 4.8152 no
47780 A (1 A = 107° m), a nnotHOCTL Bapbupyercss or 3.33 mo 3.41 r/em®. X nerko
MOJIyYUTh TEPMHYECKUM pa30KEHUEM DPACIIPOCTPAHEHHOTO MPUPOJHOIO MCKOMAEMOro; ¢
JAaBHUX IOp M IO HacTosiuiee Bpems X HCIOJb3yeTcs B CTPOUTENBbHOM Jene. Onpenenure
3amu@poBaHHbIC BEIECTBA, HANUIINTE YPAaBHEHUS TEPEUMCICHHBIX PEaKIHii, BBIBOIBI
MOATBEPAUTE pACUETAMHM.

Pewenue. 110 nanHbpIM 3a1auu — mapameTpy JIEMEHTAPHOW SYEUKH U IJIOTHOCTH —
MOKHO pacCuMTaTh MOJSPHYIO MacCy coeauHeHuss X. DT0 OHHApHOE COECIUHEHHE C
Kpuctaumdeckor pemerkoit, kak y NaCl, gucno ¢opmyneubix emuanit AB B omHOi
aneMeHTapHoi sueiike Z = 4 (pacuer 8-1/8 + 6:1/2 = 4 mo atomMaM OJHOTO THUTA WIH
12-1/4 + 1 = 4). OObeM sTUeHKH:

Vorsa = a® = (4.8152:1078)% = 1.1165-10722 cM®,
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Vorsa = a® = (4.7780-1078)% = 1.0908-10722 cm®.
Yucio siueek, B KOTOPbIX cogepkutcs 1 monb AB:
Nonse. = Na/ Z.
MosnbHbIM 00BeM
Vin = Vanau, * Nomgu,
BapeUpyeTcs B Ipejenax oT 16.4163 mo 16.8033 cm®. Belpasum MOJSpHYIO MacCy depes
IJIOTHOCTD:
p= M/ Vm
M=p - - Vn=p " Vorss Naa
[loxcraBnss 3HaueHus, TaHHbIE B YCIOBUHM, PACCUMTHIBAEM, UYTO MOJISIpHas Macca X
HaXOJUTCS B MHTepBaje oT 55 1o 57 r/moinb. Tak kak X OTHOCHUTCS K CTPYKTYPHOMY THILY
NaCl, To cooTHOIICHNE KATHOHOB ¥ aHUOHOB — 1 : 1, MOJIsIpHAst Macca COeIMHEHUST — CyMMa
aTOMHBIX Macc teMeHToB. [ToaxomsT MgS u CaO, omHaKo ONMMCaHHBIC CBOMCTBA U CITOCOO
MOJTyYESHHSI OTHO3HAYHO YKa3bpiBatoT Ha Ca0. XuMudeckue mpeBpaIieHus:
CaO + H2S04 + H20 — CaS04-2H204
v(Ca0)=9.2/56 =0.164 mob,
m(CaS04-2H20)=0.164 - 172 =28.2r.

CaS04-2H,0 — CaS04-0.5H0 + 1.5H,0
m(CaS04-0.5H20) =0.164 - 145=23.78 r,
23.78 /28.2 = 0.8433 (moteps maccel 15.67%).
CaS04-0.5H,0 - CaS0s + 0.5H,0
m(CaS04) =0.164 - 136 =22.3 1.
22.3/23.78 =0.938 (motepst maccel 6.2%).

t
[Monyuenue BeniectBa X: CaCOsz — CaO + CO2 (pa3nokeHHe U3BECTHSKA).
Omeem:. X —Ca0, Y — CaS04-2H-0, Z — CaS04-0.5H0.

6.2. Jlis OMHApHOTO COeaWHEHHs] X H3BECTHO MHOTO MOJMMOP(HBIX MOAU(DUKAINN, BCE
OHM XUMHUYECKH HHEPTHbI. X pEIKO BCTpEYaeTcss B MPUPOJE, HO €ro CHUHTE3UPYIOT H
AKTUBHO MCHOJIB3YIOT ISl Pa3iWYHBIX LieNeld. ATOMBI ABYX 3JIEMEHTOB BXOJAT B COCTaB
COCIMHEHUSI B DJKBUMOJBIPHBIX KoiudecTBax. CTpykTypa OAHOW U3 Moauduxanui
COCJIMHEHUS aHAJIOTUYHA CTPYKTYpE ajaMmasa, mapaMeTp KyOM4ecKOU AIeMEHTapHOU sSYeHKU
BapbUpYyeTCs MO pasHbIM HcTouHHKaM oT 4.358 no 4.360 A (1 A = 1071° M), a nnorHOCTS
HEMHOro npeBbimaeT 3.2 r/cm°. UToObl paspylMTh BellecTBO, MOkHO 10 r obpasua X
o0paboTaTh pacTBOpPOM TUIABHKOBOW W a30THOW KHCJIOT, MPU ATOM CyMMapHas Macca
HCXOJHOTO pacTBopa W oOpasna craner MeHbine Ha 31 1. Ompemenute BemecTBo X,
HallUILIMTEe YpaBHEHMsS] BCEX peakiuil, BBIBOABI MOATBEepAuTE pacuetamu. [IpuBenute
MIpUMEpP UCIOJIb30BaHUS X B IPOMBIIIJIEHHOCTH.

Pewenue. 110 nanHbIM — mapaMeTpy 3JIEMEHTApHOW SYEHWKU U IUIOTHOCTU — MOKHO

paccuuTath MOJIIPHYIO Maccy coeauHeHuss X. OTo OMHApHOE COEIMHEHHE C
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KPUCTAJUIMYECKOM PEIIETKON KaK y aiMasa. Tak Kak B YCIIOBUM CKa3aHO, YTO aTOMBI JABYX
AJIEMEHTOB BXOJST B X B 3KBUMOJIIPHBIX KOJUYECTBAX, (DOPMYITy MOXKHO 3anmucaTth Kak AB.
Yucno ¢opMynbHbIX eauHull AB B ofHOW 3neMeHTapHOM sueiike paBHO Z = 4 (pacuer
8:1/8 +6:1/2 +4-1 = § cymmapHO Bcex aTOMOB, Kaxa0ro 1o 4 atoma). O0beM sTUehKu:
Vorwsu = a® = (4.358-1078)% = 8.2768-1072% cm®,
Vonsa = a® = (4.360-1078)% = 8.2882-1072% cm®,
Yucio siueek, B KOTOPbIX cogepkutcs 1 monb AB:
Nonsa. = Na/ Z
MonbHbIM 00BeM
Vin = Vonsa. © Nomsa,
BapeUpyeTcs B npeaenax 12.46 — 12.47 cm®. BepasuM MOJIIPHYIO Maccy 4epes IIOTHOCT:
p= M / Vm y
M=p: Vn.

[ToncraBnsig 3HaueHMs, JaHHBIE B YCIOBHUM, PACCUMTHIBAEM, YTO MOJIsipHast Mmacca AB
omu3ka k 40 r/MoJIb — 3TO CyMMa aTOMHBIX Macc ameMenToB. [Toaxoaat MgO u SiC, ogHako
BCEM TIEPCUUCIICHHBIX YCIOBHSAM YyIOBIETBOpsieT kKapOua kpemuus SiC. Xumuueckue
MIPEBPALLECHUS:

3SiC + 8HNOs + 18HF — 3H.SiFs + 8NOT + 10H,0 + 3CO:..
KommuectBa n maccol BemectB: V(SIC) =10 /40 = 0.25 mounb;
v(NO) = 0.667 moas, v(CO2) =0.25 Mo,
m(NO) = 0.667-30 =20,
m(COz) =0.25-44=11r.

CyMMmapHas notepsi Macchbl m=20+11=31r.

N3 SiC u3rotaBiMBarOT OTHEYIOPHBIC MATEPUAIIbI, SBJSIONIMECS COCTABHOW YaCThIO
BBICOKOTEMIIEPATYPHBIX  IEYEH. [Ipumensiercss  kak  aOpa3WBHBIN Marepuail.

[TonmynpoBoaHUKOBEIE cBOMCTBA SiC UCTIONB3YIOT B AJIEKTPOTEXHUKE.

Omesem: SIC.

6.3. [Ipupoaublii MUHEpan coeuHEHUsT X UMEET HECKOJIbKO TPUBUAIBHBIX Ha3BaHWMA. DTO
OMHapHOE COEAMHEHHE; MOTUB PACIIOJNIOKEHHUS aTOMOB B KPUCTAIJIMUECKOH pemieTke X
TaKOU e, KaK B CTPYKTypE ajamasa, aTOMBbI JBYX JJIEMEHTOB COIEPKATCSA B IKBUMOJIIPHBIX
konuyecTBax. lcciaenoBanuss CTpyKTypbl X, IIOJIyYEHHOIO B pPa3JIMYHBIX YCJIOBUSX,
MO3BOJISIOT ONPEAETUTh MapaMeTp KyOn4ecKon sieMeHTapHO! A4YeKy B Auana3oHe ot 5.39
m0 5.41 A (1 A =107 m), a nnotHocTs Bemecta 6muska k 4.1 r/cm®. TIpu o6padoTke X
pa30aBICHHONW COJNSTHOM KHCJIOTOM BBIIENSETCS Ta3, KOJUYECTBO KOTOPOTO PABHO
KOJIMYECTBY UCXOIHOTO BemecTBa. JlanbHeiimas 06paboTka pacTBOPOM T'MAPOKCHIA HATPHUS
NPUBOAWT CHAayala K TOMYTHEHHIO pacTBOpa, 3aTeM IMpH A00aBIEHUU OOJBIIETO
KOJIMYECTBAa IIEJIOYM PACTBOP CTAaHOBUTCS mpo3pauHbiM. [lpu pobGasmenmn k X
pa36aBIEHHOTO PacTBOPA a30THOM KHMCIOTHI BBIIEISAETCS a3, KOIMYECTBO KOTOPOro B 22/3
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pa3a npesbimaer konuyecTBo X. Omnpexnenute BewecTBO X, HAINMIIUTE YPaBHEHUS BCEX
peakinii, BBIBOJBI MOATBEpAUTE pacueTamu. [IpuBenute oHO U3 TPUBHUAIBHBIX Ha3BAHUU
X.

Pewenue. I1lo nanHbIM — mapaMeTpy 3JE€MEHTApHON SUEHKH U IUIOTHOCTU — MOYXHO
paccunTath MOJIApHYIO Maccy X. OTO OMHApHOE COEIMHEHUE C KPUCTAIIMYECKOM
pELIETKOM, KaK y aiMa3a. T. K. B YCJIOBHM CKa3aHO, YTO aTOMBI JIBYX 3JIEMEHTOB BXOJAT B X
B OSKBUMOJIIPHBIX KOJIMYECTBAX, €ro (opmyidy MoOKHO 3amucatb kak AB. Ywucno
dbopmynbHbIX eauHUL AB B 01HOM 31eMenTapHol siuelike Z = 4 (pacuet 8:1/8 + 6-1/2 + 4-1
= § cyMMapHO BCEX aTOMOB, KaX/1I0r0 BUA M0 4 aToma).

Vorse = a® = (5.39-108)3 = 1.566-10722 cM®,
Vorse = a® = (5.41-108)3 = 1.583-10722 cm?,
Yucno siueek, B KOTOPbIX cogepkutcs 1 mons AB:
Nowsa. = Na/ Z

Monbublil 006eM Vi = Vousu = Noyse Bapbupyercs B mpegenax 23.57 — 23.82 cm®.

BrIpa3zuMm MossipHy10 Maccy 4epes3 MI0THOCTB:
p= M / Vm,
M =p:Vn

IloncraBnss 3HaueHWs, NaHHBIE B YCJIOBHH, IIOJIy4aeM, 4yTO MoJisipHas Macca AB
omm3ka Kk 97 1/MONIb — 3TO CyMMa aTOMHBIX Macc aeMeHTOB. [logxoaut cynbua MUHKa
ZnS. XuMHAYECKUE TTPEBPAIICHUS:

ZnS + 2HCI — ZnClz + HaST,
ZnCl, + 2NaOH — Zn(OH)24 + 2NaCl (momyTtHenue),
Zn(OH)2 + 2NaOH — Naz[Zn(OH)4] (mpocBeTieHre pacTBoOpa).
3ZnS + 14HNO3(pa36) — 3Zn(NO3)2 + 3H2S04 + 8NOT + 4H,0
T 3ZnS + 8HNO3(pas6) — 3ZnSO4 + 8NOT + 4H,0.
v(NO) / v(ZnS) =8/3 = 2%/5
HasBanue muHepana — HMHKOBas 0OMaHKa.
Omeem: ZnS.

6.4. OOpa3oBaHue BemiecTBa X B BHJE OCaJKa YacTO HCIHOJB3YIOT HpPH MPOBEIECHUU
Ka4eCTBEHHOTO aHaju3a. buHapHoe coeauHeHre X MMEET TaKyr ke cTpykTypy, kak NacCl.
[TapaMeTpbl KyOHMYECKOM IEMEHTAPHOU SIYEHKHU MO0 pe3yabTaTaM UCCIIETOBAHUS PA3IMUHbBIX
00pa3IoB BapbUPYIOTCS B AnamaszoHe oT 5.75 1o 5.78 A (1 A = 107'° M), a paccuntannas
IUIOTHOCTH Oyu3Ka K 6.5 r/cM®. DTO BENMECTBO IIOXO PACTBOPUMO B BOJE, HO PACTBOPSETCS
B KOHIICHTPUPOBAHHOM pPacTBOpPE aMMHaKa U BOJHOM pacTBOpe Tuocyib(ara Hatpus. Ha
CBETy BemlecTBO X MeEIJIEHHO mpuodperaeT cepblid 1BeT. OmnpeaenuTe BeEIIECTBO X,
HaMUIINTE YpaBHEHUS BCEX pEaKIMii, BBIBOJbI MOATBEpAUTE pacueTamu. Kakoro nsera
coenuHeHue X?

Pewenue. Tlo naHHbIM — MapameTpy >JE€MEHTAapHOW SYEHKH M IIOTHOCTH — MOXKHO

paccuutath MOJISIpHYI0 Maccy X. OTo OMHApHOE COEIMHEHUE C KPUCTALITUYECKOU
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pemetkoir, kak y NaCl, crnenoBareabHO, KOJMYECTBA ATOMOB KaXJIOrO 3JIEMCHTA
oanHaKoBO. Yucio ¢popmynbHbIX enunui] AB B oJHOM 3rieMeHTapHOU siuelike paBHO Z = 4
(pacuer 8-1/8 + 6 - 1/2 = 4 mo aromam oaHoro Tuna wiu 12 -1/4 + 1 = 4).
Vonge. = a®=(5.75-10%)*=1.90-10"% cm?,
Vonge. = a®=(5.78-10%)°3=1.93-10% cm®.
Yuco siueek, B KOTOPHIX coqepkutcst 1 monb AB:
Nypsa. = Na/ Z
MonbHblH 00beM Vin = Vonau. © Nogge. BappupyeTcs B mpezenax 28.60 — 29.05 cm®. Beipazum
MOJISIPHYIO MaccCy 4epe3 TUIOTHOCTH:
p=M/Vn,
M =p - Vn.

[ToacTaBnsis 3HaueHus, JaHHBIC B YCJIOBHH, IMOJy4daeM, 4yTO MoOJspHas Macca AB
JEXKUT B auamnazoHe oT 186 mo 189 r/mMonp — 3TO cyMMa aTOMHBIX MacC JJIEMEHTOB.
[Togxomut AgBr. Xumudeckue mpeBpanieHus:

AgBr + 2NHz — [Ag(NH3).]Br,
AgBr + 2Na>S;03 — Nas[Ag(S203)2] + NaBr.
2AgBr ’z 2Ag + Brz (BemecTBo TEMHEET).

BemectBo AgBr cBeTo-xenToro 1sera.

Omeem: AgBr.

3agaua 7 (16 6an10B)

7.1. TIpu oOpaboTKe cMecH aTIOMUHUS U ABYX HEU3BECTHBIX MPOCTHIX BEIIECTB U30BITKOM
pacTBOpa TUJPOKCUIA Kallus BBIAETWIOCH 6.72 11 Bojgoposa (H. y.). IIpu o6paboTke Takoro
e KOJIMUECTBA CMECH M30BITKOM COJISTHOM KUCIOTHI Bienuiaoch 10.08 1 (H. y.) Bogopona,
Macca CMECH YMEHbIIUJIAch Ha 9 T, a JUIsl paCTBOPEHMsI HEMPOPEArupOBABILErO C COJITHON
KHUCJIOTOM TBEPAOro ocTaTka morpedoBanoch 38.04 mut ropsuert 98%-Hol CepHON KHUCIIOTHI
¢ miotHOCThiO 1.84 r/mn. Ilpu pacTBopeHMH TBEPIOrO OCTaTKa B CEPHOM KHUCIIOTE
BBIJICJIAJIACh CMECh JBYX T'a30B C IUIOTHOCTHIO MO BO3ayXy 1.977. YcraHoBUTE COCTaB U
MacCcy HUCXOAHOM cmecu. Paccuuraiite, Kak HM3MEHHTCS Macca CMECH IOCJI€ MOJIHOTO
COKKEHUS B TOKE KUCIOPOJa.

Pewenue. AnmtoMuHUNA pacTBOPSIETCSA B 1IETOYH, IPU STOM BBIIEISAETCS BOAOPO:
2Al + 2KOH + 6H20 — 2K[AI(OH)4] + 3H,T
AJTOMUHNI PacTBOPSIETCA B COJISSTHOM KMCJIIOTE, IpH 3TOM TAK>KE BBIACIIACTCS BOAOPOA:

2Al + 6HCI(p-p) — AICI3 + 3H,T

Tax xak mpu pacTBOPEHUH CMECH B COJITHOM KHCIIOTE Ta3a BbIAEISIETCS OOJbIle, YeM
IIPY PACTBOPEHUHU B IIEJIIOYH, MOKHO MPEAINOJIOKHUTh, YTO B IIEJIOYH PACTBOPSAETCS TOJIBKO

OJIMH KOMIIOHEHT CMECH — QIIOMHUHUH. B COJSHOM KHCIIOTE€ C BBIAEIEHHEM BOJOPOAA
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PAcCTBOPSIIOTCS AIFOMUHUN U OJIMH U3 HEM3BECTHBIX KOMIIOHEHTOB, TPETHIl KOMIIOHEHT MpPH
9TOM OCTa€TCsI B HEPACTBOPUMOM TBEPAOM OCTATKE.

[Ipu pacTBOpEHMH B IIEJI0YH BOAOPOAA BBIIEISACTCS

v(H2) = 6.72 / 22.4 = 0.3 Mob,
3HAYUT, B CMECU aTFOMUHUSA cofepkutca 0.2 Moiab ninm
m(Al)=0.2-27=5.4r.

IIpu pacTBOpEHMH B COJISTHOM KHACIOTE MOTEPS. MACCHI COCTABIIAET 9 T, 3HAYUT, BTOPOTO

KOMIIOHEHTa B cMecu coaepxkutcs (9 — 5.4) = 3.6 r. MoXHO OpeanoiaoXkuTb, 4YTO 3TO

AKTUBHBIN METAJUT A, BBITECHSIOIIUN BOJOPOJI U3 COJISHOWU KUCIIOTHI:
A + xHCI(p-p)— AClx + 0.5xH,T

v(H2) = (10.08 — 6.72) /22.4 =0.15 mo1b.
1) Ecu A nposBisieT crenens okuciienus +1, to x = 1, v(A) = 2v(H2) = 0.3 mons.
M(A) =3.6/0.3 =12 r/moib.
OT0 yriepoa, HO OH HE PACTBOPSETCS B COJIIHOM KHCIOT€ M HE MPOSIBISET CTEHEHU
okucneHus +1.
2) Ecnu A miposiBisieT cTenenb okucieHus +2, to x = 2, v(A) = v(Hz) = 0.15 moub.
M(A)=3.6/0.15 =24 r/mo1b.

DT0 Marumi, ero macca 3.6 r.

Tperuii KOMIOHEHT HE PACTBOPSETCS HU B ILEJIOYU, HU B HEOKUCISIOLIEH COJSHOU
KHUCIIOTe. PacTBOpeHue €ro B ropsyeil KOHUEHTPUPOBAHHOW CEPHOM KHUCIIOTE NMPUBOIUT K
00pa3oBaHUIO CMECH JIBYX Ta30B CO CPEAHEH MOJIIPHON Maccoi

Meyieew = 1.977 - 29 = 57.33 r/™mMob.

MOXHO TIPEANONOKHUTh, 9YTO cMech cocTOUT U3 SO2 (M = 64 r/mMoib) U OoJiee JIErKoro
raza (c Maccoil, menbiieit 57 r/monp). OOpa3oBaHue ABYX TAKUX ra3oB MPU PaCTBOPEHUU
MIPOCTOTO BEIIECTBA B CEPHOM KUCIOTE BO3MOYKHO, €CJIA MTPOCTOE BEIIECTBO — 3TO YIIIEPOJ:

C + 2H2S04(x0H1) 5 cout + 250,71 + 2H:0.
v(H2S04) = 38.04 - 1.84 - 0.98 / 98 = 0.7 Mo = v(SO2),
TOTraa
v(CO2) = 0.35 momb.
Meeen = (64 - 0.7 + 44 -0.35)/1.05 = 57.33 r/moub,
4qTo COOTBCTCTByeT YCJIOBI/IIO 3a1a4Yu. TOI‘,Z[EI TpeTI/Iﬁ KOMIIOHEHT CMCCHU — yrnepon, €ro
Macca
m(C)=12-0.35=4.2r.
CyMMmapHast Mmacca UCXOJITHOM CMECH COCTaBJIsLIa
m=54+36+42=132r.

t
openue cmecu B kucnopozae:  4Al+ 302 = 2Al,03
0.2 0.1

2Mg + 0, » 2MgO
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0.15 0.15
t
C+0,- CO2?
0.35

[Tpu ropeHnn yriepo.1 mpeBpaIiaeTcs B yrIICKHCIbIN ra3, IO3TOMY Macca CMECH T0CIIe
CTOpaHUs COCTABUT
m=102-0.1+40-0.15=16.2r,
4yTO Ha 3 T OOJIBIIIE MACCHI HCXOTHOM CMECH.
Omeem: Mg, C; yBenuuntcs Ha 3 T.

7.2. Tlpu 00paboTKEe cMeCH ITMHKA M JABYX HEH3BECTHBIX IMPOCTHIX BEIIECTB H30BITKOM
pacTBopa TUIPOKCHIA Kalus BblAeTWIOCh 8.96 1 Bogopona (H. y.). [Ipu o6paboTke Takoro
e KOJIMYEeCTBA CMECH M30BITKOM COJISTHOM KUCJIOTHI BhAeNuiIoch 15.68 1 (H. y.) Bomopoa,
Macca CMeCH yMeHblnwiach Ha 41.6 T, a A pacTBOpPEHHUs HEMpPOpPEarupoBaBILETO C
COJISTHOM KHUCJIOTOM TBEPAOro ocTaTka morpedoBanoch 27.17 mi ropsiaeit 98%-Holi cepHO
KHCIIOTHI ¢ TNIOTHOCTHIO 1.84 1r/mut. Tlpu pacTBOpeHHH TBEPAOTrO OCTAaTKa B CEPHOM KUCIOTE
BBIIENINJIACH CMECh JIBYX Ta30B C IJIOTHOCTBIO MO BO3Ayxy 1.977. YcranoBute cocraB u
Maccy HCXOAHOW cMecu. PaccumTtaiiTe, kak HM3MEHHUTCS Macca CMECH IOCIe IOJHOTO
COXKEHUS B TOKE KUCIOPO/Ia.

Pewenue. Llunk pactBopsieTcsl B WIETOUH, IPU 3TOM BBIIAEISAETCS BOJOPOI:
Zn + 2KOH + 2H20 — K3[Zn(OH).4] + H2T
[Hunak pacTBOpsICTCS B COJITHOM KMCJIOTE, IIPU 3TOM TaKXK€ BBIJACISICTCS BOJOPOX:
Zn + 2HCl(p-p) = ZnClz + H,T

Tax xak Tpu pacTBOPEHUHM CMECH B COJITHOM KHCIIOTE Ta3a BBIACISICTCS OOJbIe, YeM
IIPU PACTBOPEHUH B IIEIOYH, MOXHO TPEINIOI0KHUTh, YTO B IIEIOYH PACTBOPSETCS TOIBKO
OIMH KOMIIOHEHT CMECHM — IMHK. B COJSHOM KHCIIOTE€ C BBIJIEICHUEM BOJOPOJA
PacTBOPSIFOTCS IIMHK M OJMH U3 HEM3BECTHBIX KOMIIOHEHTOB, TPETHI KOMIOHEHT MPH 3TOM
OCTaeTCsl B HEPACTBOPUMOM TBEPAOM OCTaTKE.

[Ipu pacTBOpEeHNH B MIEIOYH BOJAOPOIA BBLACISETCS

v(H2) =8.96 / 22.4 = 0.4 mob,
3HA4MT, B cMecH conepxutcs 0.4 MoIp IMHKA, €ro Macca
m(Zn) = 0.4-65=26r.

[Ipu pacTBOpeHHM B COJISIHOM KHCJIOTE MOTEPS] MACChl cocTaBiseT 41.6 r, 3HA4YuT, B
cmecu (41.6 — 26) = 15.6 T BTOPOro KOMIOHEHTA. MOXXHO MPEANOJIOKUTh, YTO ITO
AKTUBHBIA METAJUT A, BBITECHSIOIIMIA BOJOPO/ U3 COJITHOM KHCIIOTHI:

A + xHCI(p-p) — AClx + 0.5xH,T
v(H2) = (15.68 — 8.96) / 22.4 = 0.3 MoJIb.
1) Ecnu A nposiBiisiet ctenenb okucienus +1, To x = 1, v(A) = 2v(Hz2) = 0.6 Mo,
M(A) =15.6 /0.6 =26 r/mMoIib (TAaKOTO METaJLIa HET)
2) Ecniu A mposiBnisieT creneHb okuciaenus +2, 1o x = 2, v(A) = v(Hz2) = 0.3 mounb,
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M(A)=15.6/0.3 =52 r/moI1b.

3T10 XpoM, ero macca 15.6 .

Tperuii KOMIOHEHT HE PACTBOPSETCS HU B ILEJIOYH, HU B HEOKUCISIOLIEH COJISHOU
KHUCIIOTe. PacTBOpeHue ero B ropsiueil KOHLUEHTPUPOBAHHOM CEPHOM KHUCIIOTE INPUBOAMT K
00pa3oBaHUIO0 CMECH JIBYX Ta30B CO CPEAHEH MOJIIPHON Maccoi

Meyieew = 1.977 - 29 = 57.33 r/™mob.

MOHO MPEANOJIOKUTE, 9YTO cMeCh cOCTOUT U3 SO2 (M = 64 r/MoJb) U 60JIee JIETKOro
raza (c Maccoil, meHbiiei 57 r/monp). OOpa3oBaHue ABYX TAaKMX ra3oB IPU PACTBOPEHUU
MIPOCTOTO BEIIECTBA B CEPHOI KUCIOTE BO3MOYKHO, €CJIA TPOCTOE BEIIECTBO — 3TO YIJIEPOJ:

C + 2H2S04(konm) — CO2T + 250,7 + 2H,0.
v(H2S04) = 27.17 - 1.84 - 0.98 / 98 = 0.5 Mo = v(SOy).
Torma
v(CO2) = 0.25 momb.
Meveen = (64 - 0.5+ 44 - 0.25)/ 0.75 = 57.33 r/mo0nb,
YTO COOTBETCTBYET YCJIOBUIO 3a1aud. Torjga TPEeTHH KOMIIOHEHT CMECH — YIJIEPOJI, €ro
macca
m(C)=12-0.25=3r.
OO011as Macca HCXOOHOM cMecH
m=26+156+3=44.6T.
CokMraHye CMeCH B KHCJIOPOJIE:

27N + 0y > 2Zn0
0.4 0.4

ACr + 30, > 2Cr;0s
0.3 0.15

C + 025 COt
0.25

[Tpu ropeHnn yriepo, mpeBpaniacTcs B yrieKUCIbIN Ta3, TO3TOMY Macca CMECH TIoCie
CTOpaHHMSI COCTABUT
m=81-04+152-0.15=552r,
yT0 Ha (55.2 — 44.6) = 10.6 T 607BIIIE MACCHI UCXOTHON CMECH.
Omeem: Cr, C; yBenuuutcs Ha 10.6 T.

7.3. Ilpu oOpaboTke cMecH allOMUHUS U ABYX HEU3BECTHBIX MPOCTHIX BEIIECTB U30BITKOM
pacTBopa THIPOKCHa Kanus Bblaenuwnock 3.36 1 Bogopona (H. y.). [Ipu o6paboTke Takoro
e KOJIMUECTBA CMECH M30BITKOM COJISTHOM KUCIOTHI Beienuioch 10.08 1 (H. y.) Bogopona,
Macca CMecH yMeHblwiach Ha 19.5 r, a nns pacTBOpeHHs HENpOpearupoBaBILErO C
COJISTHOM KHUCJIOTOM TBEpAOro ocTaTka nmorpedoBanoch 65.22 mi ropsiuei 98%-Hol cepHO
KHUCJIOTHI ¢ TNIOTHOCTBIO 1.84 r/mi. Tlpu pacTBOpeHHHU TBEPIOTO OCTaTKa B CEPHOMN KUCIIOTE

BBLICTIWIIACE CMECH JBYX I'a30B C INNIOTHOCTBIO IO BO3AYXY 1.977. YcraHoBuTe COCTaB U
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MacCy HUCXOAHOM cmecu. Paccunrailte, Kak HM3MEHHTCS Macca CMECH IOCIEe MOJIHOTO
COXOKEHHMS B TOKE KHCIIOPO/Ia.

Pewenue. AmroMuHui PaCTBOPACTCA B IICJI0YH, ITPHU 3TOM BBIACIISICTCA BOIOPO:
2Al + 2KOH + 6H20 — 2K[AI(OH)4] + 3H,T
AJroMUHUM PacCTBOPACTCS B COJISTHOU KHCJIOTC, IIPHU 3TOM TAKXKC BBIACIIACTCA BOJOPOL:

2Al + 6HCI(p-p) — AICI3 + 3H,T

Tak kak npu pacTBOPEHUH CMECHU B COJITHOM KHUCIIOTE Ta3a BbIAEISETCS OObIle, YeM
MIPU PACTBOPEHUHU B MIEJIIOYH, MOKHO MPENOJIOKHUTh, YTO B IIEIIOYH PACTBOPSETCS TOJIBKO
OJIMH KOMIIOHEHT CMECH — alllOMHHHMHA. B cONsHOW KuCIOTE ¢ BBIIEICHHEM BOAOPOJA
PacTBOPSIOTCS aTIOMUHUNA U OJUH U3 HEU3BECTHBIX KOMIIOHEHTOB, TPETUI KOMIIOHEHT MpHU
ATOM OCTaeTCsl B HEPACTBOPUMOM TBEPIOM OCTATKE.

[Ipu pacTBOpeHHH B LIEIOYH BOJOPOAA BBIICISIETCS

v(H2) =3.36 / 22.4 = 0.15 Mo,
3HAYUT, B cMecH coaepKutcs 0.1 MoIb allfoMUHUS WIIH
m(Al) =0.1.27=2.7r.

[Ipu pacTBOopeHHH B COJISTHOM KHUCJIOTE MOTEPs] Macchl cocTaBiser 19.5 r, 3Ha4uT, B
cmecu (19.5 — 2.7) = 16.8 r BTOpOro KOMIIOHEHTAa. MOXHO NPEANOJIOXKHUTb, YTO 3TO
aKTHUBHBIN METAIT A, BBITECHSIOIIUN BOJAOPO]I U3 COJITHON KUCTIOTHI:

A + XHCI(p-p) — ACl + 0.5xH,T,

v(H2) = (10.08 — 3.36) / 22.4 = 0.3 Mou1b.
1) Eciiu A niposiBiisieT crenenb okucienus +1, To x = 1, v(A) = 2v(H2) = 0.6 moJb.
M(A) =16.8/0.6 = 28 r/M0Ib — 3TO KPEMHHUH.
OnHako KpeMHUN HE pearupyeT C COJSIHOM KUCIOTOM U HE MPOSIBIISIET CTEIEHU OKUCIICHUS
+1.
2) Ecnu A niposiBisieT cTenenb oKucieHus +2, to x = 2, v(A) = v(Hz2) = 0.3 mMonsb.
M(A) =16.8/0.3 = 56 r/mob.

9TO XKeJe30, ero Macca 16.8 1.

TpeTuii KOMIIOHEHT HE PacTBOPSAETCA HU B LIEJIOYM, HU B HEOKHCIIOLIECH COJISTHOM
KUCaoTe. PacTBOpeHHe €ro B ropsiyeil KOHIEHTPUPOBAHHOM CEPHOM KHUCIIOTE NMPUBOJIMT K
00pa30BaHUIO CMECH JBYX T'a30B CO CpPEIHEN MOJIIPHON Maccoi

Meneen = 1.977 - 29 = 57.33 v/mMo11B.

MOHO MPEANOJIOKUTh, YTO cMeCh cOCTOUT U3 SOz (M = 64 T/MoJIb) U 60JIee JIETKOro
ra3a (c maccoi, Menpuieit 57 r/monp). O6pazoBaHHe JABYX TaKHX ra3oB IPU PaCTBOPEHUU
MPOCTOr0 BEIIECTBA B CEPHOM KHUCIIOTE BO3MOKHO, €CJIM MPOCTOE BEUIECTBO — 3TO YTIIEPOI:

C + 2H2S04(komr) — CO2T + 2501 + 2H,0.
V(H2S04) = 65.22 - 1.84 - 0.98 / 98 =1.2 mosmb = v(SO2),

Toraa
v(COz2) = 0.6 Mob.
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Meyeen = (64 - 1.2 +44 - 0.6) / 1.8 = 57.33 r/MOb,
9TO COOTBETCTBYET YCIIOBUIO 3aJladdl. Torga TPeTHi KOMIIOHEHT CMECH — YTIEpO, €ro
Macca
m(C) =12:0.6=7.2r.
OO0mas Macca UCXOJHON CMECH
m=27+168+7.2=26.7r.
Cxkuranuve cMecH B KHCIIOPO/IE:

Al +30; > 2A1,0s
0.1 0.05

t
4Fe + 302 —» 2Fe203
0.3 0.15

C+025 COst
0.6

[Ipu ropenun yriaepos npeBpamiaeTcs B yriaeKUCIblid ra3, IO3TOMY Macca CMECH TocTie
CTOpaHHSI COCTABUT
m=102-0.05+160-0.15=29.1r,
yto Ha (29.1 — 26.7) = 2.4 r GonbIlle MacChl HICXOIHON CMECH.
Bo3moxeH u Apyroi BapuaHT pelieHus MPU pacyeTe MacChl CMECH TOCIie CTOPaHus B
KHCIIOpo/ie (OKUCIICHHE Keme3a 10 )KeJIe3HOW OKaIMHBbI):

t
3Fe + 20, —» Fes0q4
0.3 0.1

Macca cmecH mocie cropaHus:
m=102-0.05+232-0.1=28.3r,
gTo Ha (28.3 — 26.7) = 1.6 T GobIlIe MACCHl UCXOTHOM CMECH.
Omeem: Fe, C; yBenuuutcs Ha 2.4 r (okucinenue xenesza no Fe203), yBenuunurtcst Ha
1.6 r (oxucienue xenesa 10 Fes0a).

7.4. Tlpu 00paboTKe CMeCH IIMHKAa M JBYX HEW3BECTHBIX IPOCTHIX BEIIECTB H30BITKOM
pacTBopa THJIpOKCHIA Kalus Beiaeamioch 4.48 i1 Bogoposa (H. y.). Ilpu o6paboTke Takoro
e KOJIMYEeCTBA CMECH M30BITKOM COJISTHOW KUCIOTHI Bhiaenuiaoch 13.44 i (H. y.) Bomopoa,
Macca CMeCHM yMeHblmiach Ha 22.6 T, a Il pPacTBOPEHHUS HEMPOPEarupoBaBILIETO C
COJISTHOM KHUCJIOTOM TBEPAOro OCTaTKa MmoTpedoBanoch 86.96 miu ropsiaein 98%-Holi cepHO
KHCIIOTHI ¢ TNIOTHOCTHIO 1.84 1/mut. Tlpu pacTBOpeHHH TBEPAOTO OCTAaTKa B CEPHOM KUCIOTE
BBIJICJIMIIACh CMECh JBYX T'a30B C IJIOTHOCTHIO MO BO3ayXy 1.977. YcraHoBUTE COCTaB U
MacCy HUCXOAHOM cmecu. Paccunraiite, Kak HM3MEHHTCS Macca CMECH IIOCJI€ IMOJIHOTO

COJKI)KCHUA B TOKC KUCJIOPOJA.
Pewenue. LluHk pacTBOpsI€TCA B LIEJT0YH, IIPU ITOM BBIAEISAECTCA BOJOPO:
Zn + 2KOH + 2H20 — K2[Zn(OH)4] + HoT

[luHk pacTBOpsETCS B COJMSHOM KUCIIOTE, IPU ITOM TAKIKE BBIICIISIETCS BOJIOPO:
Zn + 2HCl(p-p) — ZnClz + H,T
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Tak kak Mpu pacTBOPEHUHU CMECU B COJISTHOM KHCIIOTE ras3a BbIAENAETCS OOJbIIe, YeM
P PACTBOPEHUU B ILIEIIOYU, MOKHO MPEAIOI0KHUTH, YTO B LIEJIOUYH PACTBOPSIETCS TOJIBKO
OJIMH KOMIIOHEHT CMECH — IIMHK. B COJSHOM KHCIIOTE€ C BBIJEICHHEM BOJOPOAA
pPacTBOPSIIOTCS IMHK U OJAWH W3 HEU3BECTHBIX KOMIIOHEHTOB, TPETHI KOMIIOHEHT IIPU 3TOM
OCTAaEeTCsl B HEPACTBOPUMOM TBEPAOM OCTATKE.

[Ipu pacTBOpeHUH B 1IEIOYH BOJIOPOAA BBIAEIAETCS

v(H2) =4.48/ 22.4 = 0.2 Mo,
3HAYUT, B cMecu coaepxurcs 0.2 MOJb HMHKA WIN
m(Zn) =0.2:65=13.0r.

[Ipn pacTBOpeHMU B COJITHOM KHCJIOTE MOTEPS MACCHl COCTABIAET 22.6 T, 3HAYMT, B
cMmecu (22.6 — 13) = 9.6 r BTOporo KoMIoHeHTa. MOXHO MPeIoNa0KUTh, YTO 3TO aKTUBHBIN
METAJUT A, BRITECHAIOIIHAN BOJAOPO U3 COMTHON KUCIIOTHI:

A + XHCI(p-p) — AClx + 0.5xH,T

v(H2) = (13.44 — 4.48) / 22.4 = 0.4 MoIIb.
1) Ecou A niposiBisieT crenenb okucienus +1, to x = 1, v(A) = 2v(H2) = 0.8 moub,
M(A) =9.6/0.8 = 12 r/mMo11b.
OT0 yriepoa, HO OH HE PACTBOPSIETCS B COJIIHOM KHCIOTE M HE MPOSIBISET CTEHEHU
okucneHus +1.

2) Ecnu A miposiBisieT cTenenb okucieHus +2, to x = 2, v(A) = v(Hz) = 0.4 Mo,

M(A) = 9.6/0.4 = 24 r/monb.
OT0 Marumi, ero macca 9.6 r.

Tperuii KOMIOHEHT HE PAcTBOPSETCS HU B ILEJIOYM, HU B HEOKHCISAIOIIEH COJISIHOMN
KHUCJIOTe. PacTBOpeHue €ro B ropsiueil KOHUEHTPUPOBAHHOW CEPHOM KHUCIIOTE NMPUBOJIUT K
00pa30BaHUIO CMECHU ABYX I'a30B CO CpeIHEN MOJISIpPHON Maccoi

Mevieen = 1.977 - 29 = 57.33 r/mob.

MOXHO TIPEAOIOKHUTh, 9YTO cMech cOCcTOUT u3 SO2 (M = 64 r/mMoib) U OoJiee JIErKoro
raza (c Maccoil, menbuieit 57 r/monp). OOpa3oBaHUe ABYX TAaKMX ra3oB MPU PaCTBOPEHUU
MPOCTOTO BEIIECTBA B CEPHOM KUCIOTE BO3MOYKHO, €CJIA MTPOCTOE BEIIECTBO — 3TO YIIIEPOJ:

C + 2H2S04(komr) — CO2T + 2501 + 2H,0.
v(H2S04) = 86.96 - 1.84 - 0.98 / 98 =1.6 monb = v(SO2),
Toraa
v(COz2) = 0.8 MOJIb.
Meveen = (64 - 1.6 +44 - 0.8) / 2.4 = 57.33 r/mMo0b,
YTO COOTBETCTBYET YCJIOBHIO 3ajaud. Torma TpeTHili KOMIIOHEHT CMECH — YIJIepOJ, €ro
Macca
m(C) =12.0.8=9.6r.
OO011as Macca UCXOTHON CMecH
m=13+9.6+9.6=32.2r.
Ckuranuve cMecH B KHCIIOPO/IE:
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2Zn + O3 —t> 2Zn0

0.2 0.2
t
2Mg + O, —» 2MgO
0.4 0.4
t
C+02- CO
0.8
[Tpu ropernn yriaepo.1 mpeBpamiaeTcs: B yIrJIEKHCIBIN Ta3, MO3TOMY Macca CMECH TOCIIe
CrOpaHus COCTaBUT m=81-02+40-04=322r,

YTO COBIAJAET C MACCOM MCXOHON CMECH.
Omesem: Mg, C; He U3MEHHUTCH.

3anaua 8 (16 6an10B)

8.1. Cmech MeTunMeTakpuiaara (METHIOBOTO 3upa 2-METHIIPONIEHOBONH KHCIIOTHI) U €r0
nzomepa obOecrnBedynBaeT OpoMHyr Boay. IIpomykTel rujgponusa 3TOM  cMmecu
oOecuBeunBaroT B 1.25 pasza Oosbliiee KOIMYECTBO OPOMHON BOJABI TOM K€ KOHIEHTPALIUU.
[Tpemnoxure BO3MOKHOE CTPOEHUE 3TOTO U30MEpa M PACCUUTANTE €ro MacCOBYIO JIOJIO B
cmecH. JloOaBieHME K HMCXOJHOM CMECH €Ile OJHOI0 HM30Mepa METWIMETakpuiaTa He
U3MEHWIO KOJIMYECTBO 00eclBeYMBacEMOro OpomMa HHM [0, HH I0CI€ TUAPOJIN3A.
[Ipennoxure cTpoeHue 3Toro nzoMepa. Hanuiumre ypaBHeHUsI MPOTEKAOIINX PEAKLINH.

Pewenue. T10cKOMbKY METHIMETAKPUIIAT COJAEPIKUT JTBOMHYIO CBSI3b, OH PEarupyeT
OpOMHOM BOJIOM:

Br
H0 |
HZC:%:—COOCHg + Brp ——> chl:—cl:—COOCHg
CHs Br CHj

Nzomepom metmnmerakpunata (CsHgO2) MoxxeT ObITh Kak HempeaesbHas KUCIIOTa,
TaK W CIOXHBIA A(Up HENpeneabHOW KHUCIOTHl WX HempenenbHoro crnupta. [TockombKy
KOJIMYECTBO OpOMa, BCTYIAIOIIET0 B PEAKIMIO C MPOAYKTaMH THIPOJU3a CMECH, OOJIbIIE,
YeM C UCXOJHBIMU KOMIIOHEHTAMH, MOYKHO IPEAIOIO0KUTh, YTO KaXAbIM U3 MHPOJYKTOB
THIPOJIN3a M30Mepa METHIMETaKpuiaTa BCTYMAeT B Peakiuio ¢ OpomMHoM Bomoi. Takumu

HM30MEepamMH MOTYT OBbITh, HATTPUMED, FIPUPHI MyPaBBUHON KUCTIOTHI:

0] O O
/7 /7 /7
HC\ HC\ HC

O—CH,CH=CHCHg; O—CH,CH,CH=CH, \O—CH:CHCHZCHg
Kaxaplit u3 HUX pearupyer ¢ OpOMHON BO/IOH, MPUCOEANHSAS OJIHY MOJIEKYJTy Opoma:

O 0

/s H,0 /

HC +Br, — > HC Br
\ _ 2 \ |

Br
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0 0
/ /
H,0 /
HC\ + Br2 —— HC\ |Br
O—CH,CH,CH=CH> O—CHZCH2C|:H—CH2
Br
2 H,0 2
HC + Brp, —> HC\ |Br
\
O—CH=CHCH,CHj3 O—(l:H—CHCHZCHg
Br

OpauH U3 NPOAYKTOB THIIPOIU3a METHIMETaKpuiaTa — 2-METUJIIIPONIEHOBAsT KUCJIOTa —
BCTYIAET B PEAKILIMIO MPUCOEIUHEHUS C OPOMHOM BOJIO:

H+
H,C=C—COOCH; + H,0 —> H,C=C—COOH + CH;OH
CHg CHgs
Br
H,0 |
HzC=C—COOH + Brz ——> H,C—C—COOH
CHs Br CHjs
ypaBHeHI/IH Tuapojan3a u BBaHMOﬂCﬁCTBHH C 6p0MOM JJIA N30OMCPOB MCTUJIMCTAKpHUJIaTa:
0
/7 Ht //()
HC + H0 —> HC  + CHyCH=CHCH,OH
O—CH,CH=CHCHj \
OH
//O Hzo
HC\ +Br, ——» CO, + 2HBr
OH
Br
H,0 |
CHCH=CHCH,OH + Br, ——  CH3CH—CHCH,0H
Br
//C) H+ //O
HC, + H,0 —> HC  + CHy=CHCH,CH,OH
O—CH,CH,CH=CH; “oH
Br
H,0 |
CH,=CHCH,CH,OH + Br, —» ?Hz—CHCHzCHon
Br
/O H* 0
/ /7
HC, + H,0O —> HC  + CH3CH,CH,CHO
O—CH=CHCH,CHj "OH
H,0

CHsCH,CH,CHO + B, —— » CH3CH,CH,COOH + 2HBr
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N3omepom MeTwiIMeTakpuiaTa, A00aBIEHHE KOTOPOTO B CMECh HE BBI3OBET
W3MCHCHHSI KOJMYECTB OpoMa 10 W TIOCIIe PEaKIUU THUIPOJN3a, SBISETCS OJIUH U3
CIICIYIONINX IUKIWYSCKUX CIIOXKHBIX 3(PHpoB (JIAKTOHOB), KOTOPBIH HE BCTYMAaET BO
B3aUMO/ICHCTBHUE C OPOMHOI BOJIOM:

0 O O
40 CH3 / // /
@) @]
o) @)
CH
: CHs

JIns  pacu€ta MaccoBOM OMM HM30Mepa METHIMETaKpuiarta MPUMEM, 4YTO
METHIMETaKpUIaTa B CMECH OBLIO X MOJIb, & €r0 M30Mepa — y MOJib. Toraa cMech H30MEpPOB
70 THIPOJIM3a MPUCOCTUHSET (X + y) Mojb OpoMma, a ¢ MPOAYKTaMHU THIPOJIH3a MOXKET
npopearupoBars (x + 2y) Mo 6poma. Io yciosuto,

(x+2y)/ (x+y)=1.25,
oTkyna mnonydaercs x = 3y. [TOCKOJbKY COCTUHEHHS, HAXOMSAIIHECS B CMECH, SBISFOTCS
HU30MEepaMH, MaccoBasl J0JIsl M30Mepa METHIMETaKpuiara OyJeT paBHa €ro MOJIBHOW J0J1e
i 25%.

8.2. Cmech sTunakpmiara (3TWIOBOTO 3(dupa MPONEHOBON KHUCIOTHI) U €ro u3omepa
oOecrBeunBaeT 6pomMHy0 Boxy. [IpomykTel ruaponnsa 3Toil cmecu obecuBeunBaroT B 1.75
pa3za Oobliiee KOJIMYECTBO OPOMHOM BOJIBI TOW K€ KOHIIEHTPAIMH. Y CTAHOBUTE BO3MOKHOE
CTpPOEHHE ATOT0 M30MEpa W pacCUMTalTe ero MaccoBYyIO M0N0 B cMmecH. JloOaBieHue K
HCXOJHOM CMECH €Ile OJHOIO0 HM30Mepa JSTWIAKPUIATA HE U3MEHWIO KOJHUYECTBO
obeciBeynBaeMoro OpoMa HU 10, HHU Tocie Tumapoiusa. [lpemnmoxxkure cTpoeHHe 3TOTO
n3omepa. Hanmmmmre ypaBHEHUS MPOTEKAIOIINX PEAKIIUM.

Pewenue. 110CKONIBKY S3THIIAKPUIIAT COJNEPKUT JBOWHYKO CBSI3b, OH pPEArupyer ¢
OpOMHOMI BOJIOM:
Br
H20 |
H,C=CH-COOC,H5 + Bry ——» H2$—CH—COOC2H5
Br

Nzomepom stunakpunata (CsHgO2) MoxkeT ObITh Kak HempeenbHas KUCIOTa, TaK U
CIIOKHBIM 3(QHp HEMpenenbHONH KHCIOTHl WJIM HENpeneiabHoro cnupta. I[lockonbky
KOJIMYECTBO OpoMa, BCTYMAIOLIETO B PEAKLHUIO C MPOIYyKTaMH THAPOJIM3a CMECH, OOJbIIIE,
4YeM C HCXOJHBIMH KOMIIOHEHTAMH, MOXXHO IPEAIOJIOKUTH, YTO KaXIbli M3 MPOLYKTOB
THJIpOJIM3a M30Mepa JTWIAKpuiaTa BCTyNaeT B peakuuto ¢ OpoMHOM Boaod. Takumu

M30MepaMHu MOTYT ObITh, HAPUMED, IPUPHI MyPaBHHHOIN KUCIIOTHI:
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O ¢ @)
// /7 /,

HC\ HC\ HC
O—CH,CH=CHCHj O—CH,CH,CH=CH, "0— CH=CHCH,CH;
Kaxxnplit u3 HUX pearupyer ¢ OpOMHON BOJIOM, MPUCOETUHSS OJJHY MOJIEKYIly OpoMma:

o 0
He O L
\ + Brp HC\ I|3r
O—CHQCH:CHCHg O—CH2(|ZH—CHCH3
Br
//O /O
H->0 / B
HC\ + Brp, —> HC\ | '
O—CH,CH,CH=CH;, O—CHZCH2C|:H—CH2
Br
//() Hzo //O
HC + Brp, ——» HC\ I|3r
\
O—CH=CHCH,CHjs O—(|3H—CHCH2CH3
Br

OauH 13 NpOIyKTOB TMAPOIN3a STUIIAKpUiIaTa — MPONEHOBas (aKpUjoBas) KHCIOTa —
BCTyNAaeT B PEaKLMIO MPUCOEAUHEHHS ¢ OPOMHOI BOJIOI:
H+
H,C=CH-COOC,Hs + H,0 —» H,C=CH-COOH + C,HsOH

Br
H,O |
H,C=CH-COOH + Br, ——» H2C|:—CH—COOH
Br
YpaBHEHUS TUIPOIN3a U B3AaUMOJICHCTBUS C OpOMOM JIsl HK30MEPOB ATHIIAKPUIIATA!
O
/7 Ht //()
HC + H,0 —> HC  + CHyCH=CHCH,0H
O—CH,CH=CHCHj OH
//O Hzo
HC\ +Br, ——» CO, + 2HBr
OH
Br
H.O |
CH3CH=CHCH,OH + Br, —» CH3(|:H—CHCHZOH
Br
0
/ + O
HC )

+ Hy0 — > HC + CHy=CHCH,CH,OH
\

\
O—CH,CH,CH=CH, oH
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Br
H,0 |
CH,=CHCH,CH,OH + Br, —» ?Hz—CHCHzCHon

Br
0] H+ 0
/7 /7

HC\ + HO ——> HC + CH3CH,CH,CHO

O—CH=CHCH,CHj "OH

H,0
CH3CH,CH,CHO + Br, ———» CH3CH,CH,COOH + 2HBr
H?)OMCPOM OTHJIaKpHUJiaTa, ,HO6aB.HeHI/Ie KOTOPOTO B CMCChb HC BbLI3OBCT HM3MCHCHMUA
KOJIMYECTB 6p0Ma A0 W IIOCJIIC pCaKIUHU THAPOJIN3a, ABJIACTCA OJHO H3 CIICAYIOIIHUX

COEIMHEHUM
o) O O

© CHa [/ /l /|

@) @)
N

CHg
CHa

A\

Jlnst pacuéra MaccoBOM JOJIHM M30Mepa JTWIAKpHUiaTa MpUMEM, YTO ITHJIaKpHiaTa B
cMecH OBUIO X MOJIb, a €r0 M30Mepa — ) MOJb. Torma cMech M30MEpPOB J0 THAPOIN3A
npucoeanHseT (x + y) MOJb Opoma, a ¢ MPOAYKTaMU THAPOJIM3a MOXKET IpopearupoBaTh (x
+ 2y) moxb Opoma. [1o ycrmosuto,

(x+2y)/ (x+y) =175,
oTkyna mosrydaercs 3x = y. IIoCKONBbKY COEMWHEHUWs, HaXOJSAIIUECS B CMECH, SIBIISIOTCS
M30MepaMu, MaccoBas JIOJIsI M30Mepa dTHIaKpuiaTa OyAeT paBHA €ro MOJBHOH J0Je WIN
75%.

8.3. Cmech MeTHIKpOTOHaTa (METUIIOBOTO A(upa 2-OyTeHOBON KHUCIOTHI) U €ro M3oMepa
oOeciBeunBaeT OpoMHYyI0 BOAy. [IpoayKThl ruaposn3a 3To cMecu oOeciBeunBaroT B 1.6
paza Oosblllee KOJIMYECTBO OpPOMHOM BOJBI TOW ke KoHueHTpauuu. Ilpeanmoxure
BO3MOKHOE CTPOCHHE ATOT0 HM30MEpa M PACCUYUTAWTE €ro MacCOBYIO TOJI0 B CMECH.
JlobGaBiieHue K HCXOJHOW CMECH €Ille OJHOTO W30Mepa METHIKPOTOHATa HE H3MEHHUIIO
KOJIMYECTBO 00ECIIBEYMBAEMOT0 OpoMa HU /10, HU Tocie ruaponusa. [Ipemnoxure ctpoeHne
9TOro n3oMepa. Hanummure ypaBHEeHUs IPOTEKAONINX PEAKIU.

Pewenue. T1ockonbKy METHIKPOTOHAT COJACPKUT ABOWHYIO CBSA3b, OH pEarupyer c

OpOMHOM BOJIOM:

Br
H,0 |
CH3CH=CH-COOCH3; + Brp, — » CH3C|:H—CH—COOCH3

Br
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Nzomepom metmikpoTonara (CsHgO2) MoxkeT ObITh Kak HEMpeaeabHast KHUCIIOTa, TaK U
CIIOXHBIM 2(QUp HENpeneIbHON KUCIOThl WM HempeaenbHoro cnuprta. llockombky
KOJIMYECTBO OpOMa, BCTYMHAIOILIET0 B PEAKIIUIO C MPOIYKTAMU TUIPOJIN3a CMECH, BBIIIE, YEM
C HCXOAHBIMM KOMIIOHEHTAMH, MOXHO MPEINOJIOKUTh, UYTO KaXAbld M3 MPOIYKTOB
TUAPOIN3a U30MEpa METUIIKPOTOHATa BCTYMAaeT B peakiuio ¢ OpomHO# Bomou. Takumwu
M30MepaMH MOTYT ObITh, HAIlPUMEp, F3PUPBI MYPABBUHOM KUCIIOTHI:

O ¢ @)
// /7 /,
HC\ HC\ HC
O— CH,CH=CHCHj O— CH,CH,CH=CH, "0— CH=CHCH,CH;
Kaxxnplit u3 HUX pearupyer ¢ OpOMHON BOJIOM, MPUCOETUHSS OJJHY MOJIEKYIly Opoma:
o 0
He O L
\ + Brp HC\ I|3r
O—CHQCH:CHCHg O—CH2(|ZH—CHCH3
Br
//O /O
HC HO e’ Br

+Br, —»

\ \ I
O—CH,CH,CH=CH;, O—CHZCH2C|:H—CH2

Br
/,O H,0O /,O
HC + Br, — HC\ I|3r
\
O—CH=CHCH,CHjs O—CllH—CHCHzCHs

Br

OauH W3 NOPOAYKTOB THUIPOJM3a METWIKpOTOHaTta — OyTeH-2-oBas (KpOTOHOBAas)
KHCIIOTa — BCTYTAET B PEAKLUIO MPUCOEIUHEHUS ¢ OPOMHON BOJIOM:

H+
CH3CH=CH-COOCH3 + H;0 —» CHyCH=CH-COOH + CH4OH
Br
H20 |
CH3CH=CH-COOH + Br, —» CH3CH-CH-COOH
|
Br
VYpaBHEHUS TUIPOIN3A U B3AUMOJICHCTBUS C OpOMOM JJIsl HK30OMEPOB METHIIKPOTOHATA:
0
/7 Ht //()
HC + H,0 —»> HC  + CH3zCH=CHCH,0H
O—CH,CH=CHCHj \
OH
//O Hzo

HC\ +Br, ——» CO, + 2HBr
OH
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Br
H,0 |
CHgCH=CHCH,0H + Brz ———»  CHyCH—CHCH,0H
Br
kﬁp " %
\ + HHO —> HC + CH»=CHCH,CH,0OH
O—CH,CH,CH=CH; ‘OH
Br
H,0 |
CH,=CHCH,CH,OH + Br, —»> ?Hz—CHCHzCHon
Br
//O H* /,O
HC_ + HO —> HC  + CH3CH,CH,CHO
O—CH=CHCH,CHj "OH

H,0
CH3CH,CH,CHO + Br, ———» CH3CH,CH,COOH + 2HBr
N3omepoM MeTHIKpOTOHATa, 100aBICHHUE KOTOPOTO B CMECh HE BBI3OBET M3MEHEHUS
KOJIM4YeCcTB Opoma J0 M TOCIE peaklUMH TUIPOJIN3a, SABISAETCA OJHO U3 CIEAYIOLIUX

COEIUHEHNN.
o) O O

© CHa [/ /l /|

O @)
N

CHg
CHa

A\

JIna  pacu€éra MaccoBOM JIOMM  HM30MEpa  METWIKPOTOHATa MIPUMEM, 4YTO
METHJIKPOTOHATa B CMECH OBLIIO X MOJIb, @ €T0 M30Mepa — ) MOJIb. TOr/1a CMECh H30MEPOB 10
TUAPOIN3a TMpUCOETUHACT (X + y) MOJb OpoMa, a ¢ MPOAYKTAMHU THIPOJIH3a MOXKET
npopearupoBath (x + 2y) monbs 6poma. [1o ycnosuto,

(x+2y)/ (x+y) =16,
orkyna mnoaydaercs 1.5x = y. IlockoibKy COEIMHEHMS, HaxXOIAIIHMECS B CMECH,
MPEICTABISIOT COOOM M30MEpHI, MaccoBasi MOJIsI M30MEpa METUJIKPOTOHATa OyIeT paBHa
MoabHOHN noste niu 60%.

8.4. Cmech Merunakpuiata (METUIIOBOTO 3(upa MPONEHOBON KHCIOTHI) M €r0 H30Mepa
oOecuBeunBaeT OpoMHyI0 Boay. [IpoaykThl ruaposin3a 3Toil cMecu obecrBeunBaroT B 1.4
paza Oosblliee KOJIMYECTBO OpPOMHON BOJBI TOW ke KoHUeHTpauuu. IIpeanmoxure
BO3MOJKHOE CTPOEHHE HTOr0 HM30ME€pa M PACCUMTANUTE €ro MacCOBYIO OO B CMECH.
JloGaBneHne K HMCXOAHOW CMECH elle OAHOr0 H30Mepa MeTHJIaKpuiaTa He H3MEHWIO
KOJIM4YeCTBO 00eclBeUMBaeMOro OpomMa HU 0, HU nocie ruapoausa. [Ipeanoxure ctpoeHue
3TOro U3oMepa. Hanmmure ypaBHEHUs IPOTEKAOIIUX PEAKIUN.
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Pewenue. TIocKONBKY METHIIAKPHUIIAT COJEPKUT JBOWHYIO CBSI3b, OH pearupyer ¢
OpOMHOM BOJIOM:
Br
H,O |
H,C=CH-COOCH3 + Bry ——> Hz(l:—CH—COOCH3
Br

Nzomepom metmnakpmiiara (C4sHeO2) MokeT OBITh Kak HeNpeaenbHas KUCIOTa, TaK U
CIIOXKHBIM 2(QUp HENpeneTbHON KUCIOThl WM HempeaenbHoro cmnuprta. llockombky
KOJIMYECTBO OpOMa, BCTYIAIOIIEr0 B PEAKLHIO C MPOAYKTaMU THIPOJIU3a CMECH, OOJbIIE,
YeM C UCXOJHBIMU KOMIIOHEHTAMH, MOKHO MPEANOI0KUTh, YTO KaXAbIM U3 MPOJTYKTOB
TUAPOIN3a U30Mepa METHIMETaKpuiaTa BCTyMaeT B Peakiuio ¢ OpoMHON Boaou. Takumu

M30MEepaMH MOTYT OBITh, HAIPUMED, F3PUPBI MypPaBbUHON KHCIOTHI:

@) )
/7 /
HC\ HC
\
O—CH,CH=CH, O—CH=CHCHj3
Kaxxnplit u3 HUX pearupyer ¢ OpOMHOMN BOJIOM, MPUCOSTUHSS OJJTHY MOJIEKYIIy OpoMma:
//C) Hzo //()
HC\ + Brp, —>» HC\ IBr
O—CH,CH=CHj, O—CH2C|3H—CH2
Br
/,O H,O //O
HC\ + Br, —> HC\ |Br
O—CH=CHCH3 O—(|3H—CHCH3
Br

OnuH U3 NpoAYKTOB THAPOJIN3a METUIIAKpUIIaTa — IPOTIEHOBAas (aKpUiIoBasi) KUCIOTa —
BCTYMAeT B PEAKIIMIO MPUCOEAUHEHHS ¢ OPOMHOI BOJIOH:

H*
H,C=CH-COOCH; + H,0 —> H,C=CH-COOH + CH3OH
Br
H,O |
H,C=CH-COOH + Br, — » H2(|:—CH—COOH
Br
YpaBHEHUS TUIPOJIU3a U B3aUMOICHCTBUS ¢ OPOMOM JIJIsl K30MEPOB METHJIAKpHIIaTa:
» H* 9
HC + H O —> HC + CH,= CHCH,OH
O—CH,CH=CH, ‘OH
//O Hzo

HC + Br, —s CO, + 2HBr
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Br
H0 |
CH,=CHCH,OH + Br —» ?Hz—CHCHzOH

Br
O H* O
/7 /7

HC\ + HOO —> HC + CH3CH,CHO

O—CH=CHCHj "oH

H,0
CH3;CH,CHO + Br, ———» CH3CH,COOH + 2HBr
N3omepom MeTunakpuiara, J00aBJIEHUE KOTOPOTO B CMECh HE BBI3OBET M3MEHEHUS
KOJMYeCTB OpoMa JI0 U IOCJIE€ PEaKklUU THAPOIIN3A, SBIAETCA CICTYIOIIMNA HUKINYECKUN
CIIOKHBIN 3¢up (JJAKTOH), KOTOPBIA HE BCTYIAeT BO B3aUMO/JICHCTBHE C OpOMHOI BOJOM:

0
|

[

Jing  pacu€ra MaccoBOM  JOMM  HM30MEpa  METWIAKpuiaaTa IPUMEM,  4TO
METHJIMETaKpHUiIaTa B CMECH OBIJIO X MOJIb, & €r0 H30Mepa — )y MoJb. Toraa cMech H30MEpOB
70 THAPOJIN3a TpHUCOeAuHSET (x + ) Moiap Opoma, a ¢ MPOAYKTaMHU THAPOJIH3Aa MOXKET
nmpopearupoBath (x + 2y) Mmonb 6poma. [1o ycioswuro,

(x+2y) [ (x+y) =14,
otkyaa momydaetcss x = 1.5y. TloCKONBKY COEOMHEHWs, HAaXOIAIIMECS B CMECH,
MPEICTABISIOT COOOM M30MEphI, MaccoBasi A0OJ M30Mepa METHIaKpriaTa OyJaeT paBHa ero
MoabHOU noste nin 40%.



