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NHcTpyKUIuA 111 KIOPU

KupHbiM mpudTOM BBIJICIICHBI PABUIBLHBIE OTBETHI, 32 KOTOPHIC HAYMCIISIOTCS
Oayuibl, 1 pa30aIoOBKa.

Bo MHOrHX pacdeTHbIX 3a7ayax OIEHHWBAIOTCS MpoMexyTouHble mard. [IIkomsHuK
MOXET peliaTh 3a/ladyy He TaK, KaKk B aBTOPCKOM PEIICHUH, MPH 3TOM, €CJIU OH
MOJTYYWJT BEPHBIH KOHEUHBIH OTBET, PEIICHHE JOJDKHO OBITh OLIEHEHO IMOJHBIM
O0ayyIoM Kak 3a 3TOT OTBET, TaK U 3a BCE IIaru, BEAyIIMe K HEMY B aBTOPCKOM
pEIICHHH.

B MHOrocTymeH4YaThIX pacyeTHBIX 33jadax 3a OJHY YHCTO apu(PMETHICCKYIO
OImMMOKY, TPUBEAIIYI0O K YUCICHHO HEBEPHOMY OTBETY, CyMMapHBI 0asl1 3a BECh
pacdeT He JOJDKEH CHIKAThCS 00JIee YeM HAIOJIOBUHY.

VYpaBHEHUS peaKIuii ¢ HEBEPHBIMH WJIM OTCYTCTBYIOMUMHU KOAPUIIMEHTaAMH, KaK
MIPaBUJIO, OIIEHUBAIOTCS B MOJOBHHY OT MaKCUMaJIbHOTO KOJHUYECTBA OAJLIOB, a B
TE€X Cilyyasx, KOrja ypaBHEHHUS Oe€3 KOd(PPUIMEHTOB MPUBEIEHHI B CaMOM
ycnoBuu, B 0 6aios.

[IIKOMbHUKU MOTYT HCIOJB30BaTh MPHU PEHICHUH KaK OKPYTJIEHHBIE JO IEJIOro
yucia, Tak U TouHble (1-3 3HaKa mocie 3amsaToil) aTOMHBIE MacChl JIEeMEHTOB. B
MOCJIETHEM CJIy4ae OTBET MOXET CojepKaTh OoJblle 3Havanmx udp, 4em
MPUBECHO B IAHHOM PEIICHUU.

[Ipu poBepke pabOT OJIHY U TY XKe 3a/1ady Y BCEX YYaCTHUKOB JIOJKEH MPOBEPSITH
OJIMH YEIJIOBEK.

MakcuManbHBIN 0ajuT 3a KaXAyro 3a1ady pa3inueH W yKa3aH B KOHIIC PEIICHUS.
MaxkcumanbHBIA 0asuT 3a Bee 3a1ayd B 8 kiacce 67 6ayuios, B 9 kiracce 77 0ajuios,
B 10 kacce 69 6amos, B 11 kiacce 72 6amna.



8 ki1ace

3ananmue 1.

1. [TocnenoBaTenbHO pacCUUTAEM KOJIMUYECTBO I'paH B 1 anTekapckoM (yHTe:

N(ynumit) = 12
N(apaxm) =128 =96
N(ckpynyn) = 96-3 = 288

N(rpanoB) = 288-20 = 5760 (1 6aw1)

2. Maccy 1 rpana MOXKHO HaWTH 11O IPONOPLIVH:
m(rpana) = (1-:358.3)/5760 = 0.062 r (1 6as1)

3. Pacder conepxanus 3pupHOTo Macia B MOPOIIIKE:

m(TtpaBsl) = m(noponika) o(tpassl) = 20-0.4 = 8 rpan
m(>dupHOTrO Macia) = m(tpassl)-0(3dupHoro Macia) = 8-3-107 = 0.24 rpan
m(1;BeToB) = m(mopoiika) (uetoB) = 20-0.6 = 12 rpan
m(>duprOTO Maca) = m(1BetoB) o(3bupHOro Macna) = 12-5-10 = 0.6 rpau

m(3¢pupHoro macna B nopoiike) = 0.24 + 0.6 = 0.84 rpan = 0.052 r = 52 mr (2

0aJa)

B nopuwnu coka:

m(coka) = 2 yaiuu = 1/6 antekapckoro gynra = (1/6)-358.3 =59.72 r

m(3¢upHOro Macna) = m(coka) w(3pupHoro mMacna) = 59.72:10% = 0.572 r = 572

Mmr (2 6aJsiia)

B HanmBKe HAa OCHOBE TPaBBbI:

m(apaxmbl) = 1/96 antekapckoro ¢pyHTa = 358.3/96 =3.732 r

m(>dupHOro Macma) = m(tpassl)-®(3dupHOro Macta) = 3.732-3-107 = 0.112 r

112 mr (2 6a1a)

B HanuBKe Ha OCHOBE IIBETOB:
m(>duprHOro Macna) = m(1BeToB) w(3upHOro Macna) = 3.732:5-10% = 0.187

187 mr (2 6ani1a)

Hanuska Ha Hanuska Ha
ITopomok Cok
OCHOBE TPaBbI OCHOBE 1[BETOB
52 mr 60 mr 112 mr 187 mr

4. Beipazum OTHOIIIEHWE MACChl MEIU K MOJISIPHOM Macce COCIUHEHHsS B 00IIeM

BHUAC:

M (Cu)

65

M (CuSO, -nH,0) 64+32+64+18n

=0.255

Pemennie nanHoro ypaBuenust 7a€t n = 5. @opmyna Bemecta CuSO,4-5H,0 (2

0asia)




5. m(3onotHuka) = 1/84 antexapckoro pynrta = 358.3/84 =4.265

m(C,H»,0,, B omHOM moporke) = Y2-m(30n0THHKa)/4 = 4.265/8 = 0.533 r
n(C1,Hy011) = m'Ny/M = 0.533-6-107/342 = 9.4-10*° (2 6ann1a)

m(CuSOy4-5H,0 B ognoM noporike) = 3/4 rpan = 3-0.062/4 = 0.047 ¢

®(Cu B CuSOy4-5H,0) = M(Cu)/M(CuSO,4-5H,0) = 64/250 = 0.256

m(Cu) = m(CuSO4-5H,0) ‘@(Cu) =0.047-0.256 =0.012 r

m(nopomka) = m(C,H»,01;) + m(CuSO4-5H,0) = 0.533 +0.047 =0.580 r

®(Cu B mopomke) = m(Cu)/m(nopomka)-100% = 0.047/0.58-100 = 8.1% (2
0aJa)

m(O) = m(O B CUSO45H20) + m(O B C12H22011)

®(O B CuSOy4-5H,0) = N(O)-M(0)/M(CuSO,4-5H,0) = (4-16 + 5-16)/250 = 0.576
(D(O B C12H22011) = N(O) ‘M(O)/M(Clezzoll) =11-16/342 =0.515

m(O B CuSOy4-5H,0) = m(CuSO,-5H,0) - 0(0) = 0.047-0.576 =0.027 r

I/I/I(O B C]QHQQO]]) = m(clezzon)’(D(O) =0.533-0.515=0.274r
m(0)=0.027+0.274=0.301r

®(0)=0.301/0.58-100 = 51.9% (2 6a1a)

Bcero makcumym 18 6asioB
3ananmue 2.

1. CTeneHu OKMCIEHUS KHCIOPOJa W BOAOpOAa paBHBI —2 W +1 COOTBETCTBEHHO.
Torma, 0603HaUMB CTETICHb OKUCIEHUS cephbl Kak x, M H,SO4 MoxkHO 3amucath
ypaBHCHHE:

2:(+1) +x+4-(-2)=0

x=24-21=+46

AHQJIOTUYHO HAXOJATCS CTEMEHM OKHUCICHUS Cepbhl W XJOopa B OCTaBIIUXCS
COCJIMHEHMSX

H,SO, H,SO, H»S H»S,04 KCIOg Ca(CIO)Z NaC|O4 AI(CIOZ)g

+6 +4 ) +2 +5 +1 +7 +3

(kaxkaasi creneHb okucjaeHusi mo 0.5 6asia)
2. CtpykrypHas ¢popmyiia THOCEpHOU KUcaoThI (1 6aJw):
HO—%—OH
B nanHOM coenrHEHMH cepa IpOsBIISIET BaJeHTHOCTH 2 M 6 (1mo 0.5 0asuia)

3.CtpykrypHble popmyiibl KUcIOT (1o 1 6asny):

H3;PO, H3PO; H,P,0;
i 0 ? 9
Ho~ | OH HO™ ' OH Ho oo T ok
OH H OH OH




4. Cea3p P—H cnabGomonsipHas, mo3troMy oOHa He OYIeT OTIICIUISIThCA TMpH
JUCCOTIMAITMN W 3aMEMIaThCcsl Ha aTOMBI METauioB. TakuMm oOpa3oM, OCHOBHOCTH
KHUCJIOT — KoimuecTBO cBsizeit O—H (mo 1 0asuny)

H;PO,-3
H;PO; -2
H4P207 -4

5. Jns Kak[oro BeIIeCTBa COCTABJISICTCS ypaBHEHHE, aHaJOruyHoe I.l, 3a X
0003Ha4YaeTCA HEU3BECTHBIN UHIEKC:

AlL(SiO,)F,
2-(+3) + 1-(+4) + 4-(-2) + x-(-1) = 0
X=6+4-8=2

Ca3V+3X(SiO4)3

3:(+2) + X (+3) + 3(1:(+4) + 4:(-2)) = 0
X=(-6-3(-4)/3=2
Caz0AlsM2(Si104)5(Si207)2(OH)y

10(+2) + 4 (+3) +2:(+2) + 5:(L (+4) + 4:(-2)) + 2:(2:(+4) + 7(-0) + x(-1) = 0
Xx=20+12+4-54-2-6=4
[P+5M0+6120X]3-

1-(+5) + 12-(+6) + x(-2) = -3
x=(5+72+3)/2=40
[M0™°56Mo0"*\O415(H,0)s5(OH) 1]**

285 + x+(+6) + 418+(=2) + 14:(-1) =26
x=(-26—140 + 836 + 14)/6 = 114

A|2(8|O4) FX C33V+3X(Si04)3 [P+5MO+6120X]3-
2 2 40
Ca10A|4 M gz(s i 04)5(8 I 207)2(0 H)X [M 0+528M0+6x0418(H20)58(OH)14]26-
4 114

(mo 1 6amty)

Bcero makcumym 17 6asi10B

3aganmue 3.

1. Maccy B Bbruucium ucxozs U3 3aKOHa COXPAHEHUSI MACChI:
m(A) + m(B) =m(C) + m(D)
m(B) =1067 + 665.4 — 1000 = 732.4 kr (1 6am).

[Tockonmbky D um B — ra3pl, ux 00BEMBI OyayT COOTHOCUTBCA TaK K€, Kak

cTexuomMeTpudeckue KodpduimenTrl, To ectb 00éM D Oynet cocraBnars 8/11 ot
o0béMa B, mn 513.4-8/11 = 373.4 m° (2 6a1a).




2. Jlmst razoB B u D m3BecTHBI 1 Macca, 1 00bEéM. Tlocneguuii mo3BoIsieT HANTH

KOJINYECTBO BELIECTBA!

n(B)=513.4/22.4 = 22.92 xmoib

n(D) =373.4/22.4 = 16.67 xmoib

3HaHWE KOJIMYECTBA BEIIECTBA U MACCHI IO3BOJIIET BEIYUCIUTH MOJIIPHBIE MACCHI:

M(B) =732.4/22.92 = 32 r/mob

M(D)=1067/16.67 = 64 r/mob

XOTs CylIecTByeT HECKOJIBKO Ta30B € MOJSIpHON Maccoil 32 r/mMonb, Hambonee

pa3yMHbId BapuaHT Juisi B ¢ yuérom koHTekcTa 3a1aun — kuciiopoa O, (1 6aJwr).

Tornga D — BepositHee Bcero, okcun. Cpeau razoo0pa3HbIX OKCHUIOB MOJISIPHOM

Maccoit 64 oomamaer SO, (1 6a/mn). Peus uaér 06 ookure cynbGpuaHOTO MUHEpAa.
4A + 110, =2C + 8S0O,

KonmmuecTBo BenecTBa A BIBOoe MeHbIe, ueM D, To ecTh 8.34 KMOJIb.

M(A)=1000/8.34 =120 r/mob

Onna dopmynbHas equHUIA A COJAEPXKUT JBa atoMa cepbl (64 1/mMonb). 3a ux

BBIYETOM IOJTYy4aeM OCTATOK 56 I/MOJIb, COOTBETCTBYIOMINIM kene3y. Popmyna A —

FeS; (2 0anna).

Torma C — okcun skenesza. Mcxonst U3 MOJSIPHOM MacChl WM BUJA ypaBHEHUS
peaKkiu, MOKHO MOTY4YUTh, 4TO 370 Fe,O3 (1 6aw).

3. SO, ucnons3yror misg nomxydeHuss cepHoil kuciorsl E - H,SO4 (2 0asna).
[IInporonocrynuoe xuaxoe Bemecrso G — H,O (1 6amin). Ha mpomexxyrodnoi
ctaauu oopaszyercs Tpuokcus cepsl F — SO; (1 6asmw).

2S0,; + 0, =28S0; (1 6am1)

SO; + H,O =H,SO, (1 6axa)

4. BMecTo 4YHCTOTO KHCIOpOAa MPH OOXKHIe MOXHO HCIIOIb30BaTh €ro
ecrecTBeHHYI0 cMmech ¢ a30ToM (H — N, (1 6ar)) — Bo3ayx (1 6asa). O6sEMHOE

coJiepKaHHue KHUCIIOpoJa B Bo3ayxe cocrarimsieT 21 %, moaToMy o0BEM BO3myxa
cocrasur 513.4/0.21 = 2445 m° (2 0as1a).

Bcero makcumym 18 6as10B
3ananmue 4.
H,SO4 + Zn = ZnSO,4 + H,T (2 6as1a)

R=40/2=20cm

V=14/31-20° = 33510 c™’ = 33.5 ;1 (2 6aJia)
n(H,) =33.5/22.4 = 1.5 monb

m(Zn) =1.5-65=97.5r (2 6anua)
m(H,SO,4)=1.5-98=147r

m(p-pa H,SO,) = 147/0.1 = 1470

V(p-pa H,SO,4) = 1470/1.066 = 1379 ma (2 6a71a)



Ha miapuk paeicTByeT BbITalKMBalOLasi cujla, paBHas pgV, Iie p — IJIOTHOCTh
cpembl (Bo3myxa), paBHas 29/22.4 = 1.29 r/n = 1.29 kr/m’. BenuunHa CHiIbI paBHa:
F = 1.29-0.0335-9.8 = 0.424 H. Drta cuna n0mKHA KOMIICHCUPOBATHCS CHIION
TsbkecTd F = mg, rie m — moJyiHast Macca mapuka ¢ rpy3om, otkyaa m = 0.424/9.8 =
0.043 kr = 43 r. 3a BeiuetoM 3 T H, 1 3 T 06onouku Ha rpy3 ocranercs m = 37 r (4
0asu1a).

Hapnenne nomxkHo uaMenuthes Ha (0.3 — 0.03) = 0.27 atm = 205.2 MM PT. CT.
Takoe n3MeHeHue cooTBeTCTBYET BhicoTe 205.2-11 = 2257 m (2 0as1a)

Bcero makcumym 14 6as10B



9 KJacc
3apanue 1.

1. lupokass pacnpOCTpaHEHHOCTh MHUHEPAJIOB, a TAK)KE BBINAJCHUE OCAJKa B
peakiu ¢ “ioHaMu cepedpa cBuaeTenbeTByeT 0 ximopuaax. X — NaCl (ranur), Y —
KCl (cnabBun), Z - KCI:NaCl (cuiabBunuT) (o 1 6aaay 3a ¢popmyay u no 1
0aJ1y 3a Ha3BaHMe KAKI0T0 BellecTBA)

2. B uyuctom NaCl maccoBsle gonu MeTauia u xyiopuaa pasHbl 39 % u 61 %, B KCl
— 52 % u 48 %. IIpu ux cMmemeHnn MaccoBas JI0Jii METANIOB OyAeT CHUXKAThCA,
MaccoBasi JIOJIS XJIOpa — MEHSATHCS B MHTEPBaJie OT OJHOTO KpalHero 3HadeHus (61
%) Kk apyromy (48 %). IloaTomy MaccoBast qosst S0 % BO3MOXKHA JJi Kajdusl WU
XJIopa.

PaccmoTrpum ciydaii ¢ kanrem. CocTaB COEIMHEHUS C MOJBHOM JIOJIel XJIopHjia
HaTpus @ MoxkHO 3anucarb ¢popmynoit (NaCl),(KCl),.,, ero MmonsipHast Mmacca paBHa
58.5a + 74.5(1-a), a macca xanus 39(1-a). llpupasuusas 39(1-a)/(58.5a + 74.5(1-
a)) x 0.5, monmyuum a = 0.056, coctaB (NaCl)y s6(KCl)g.044 (2 0as12).

B ciyuae xsopa k 0.5 HeoOxoaumo npupaBHATH ApoOb 35.5/(58.5a + 74.5(1-a)),
yro mdaét a = 0.219, coctaB (NaCl)y,19(KCl)y7s; (2 0ajna) (pe3ynabrar MOXKET
HE3HAYUTEIHPHO OTAMYATHCS TPU HUCIOJB30BaHWM 00JIee TOYHBIX 3HAYCHUUN
aTOMHBIX Macc).

3. Ilpu nobGaBnennn HUTpaTa cepedpa K pacTBOPY CMECH XJIOPUAOB HATpHUs H
KaJus BHITIAAeT 0ca0K XIopuaa cepedpa: Ag' + Cl' = AgCl| (1 6an)
KonmnuectBo xnopuaa coctasusier 1.00/143.5 = 0.00697 mosnb. OOuiee KOJIMYeCTBO
BeIlleCTBA XJIOPUAOB HaTpus U Kaius Toxe 0.00697 moinb, a cpeaHsis MOJspHas
macca — 0.5/0.00697 = 71.7 r/monb. IlpupaBuuBas 310 k 58.5a + 74.5(1-a),
nonyunm a = 0.175, coctaB (NaCl)y 175(KCl)g g25 (2 0as1a).

4. 82 T pacTtBOpa IUIOTHOCTBIO | TI/MJI OTHAJIM KOJIWMYECTBO TEIIa, pPaBHOE
82:1.372-4.2 = 472.5 JIx. YnenpHas TEmjioTa pacTBOPEHUs: cocTaBut -472.5/2 = -
236 :x/r (1 6au1); MonbHAs BemuurHa Oyzet paBHa -236-74.5 = -17600 I:x/moub
(1 6as)

5. B cayuae 2 r NaCl konnuectBo BemiectBa coctaBuT 2/58.5 = 0.0342 monb, a
KOJINYECTBO OTHAHHOW pacTBOpoM TeminoTel — 0.0342-5100 = 174.4 [Ix. PactBop
oxnaautcs Ha AT = 174.4/(82-4.2) = 0.506 °C (1 6aJw1)

6. PacTBop moTepsi KOJIMYECTBO TEIUIOTHL, paBHoe 93.5:1.000-4.2 = 392.7 Jlxk.
[Tycts pactBopminock x Mok NaCl u y mons KCI. Torna:

5100x + 17600y = 392.7

58.5x +74.5y=3.5

Otkyna x = 0.0498 u y = 0.0079. IIpu TakoM COOTHOILIEHHH KOMIIOHEHTOB COCTaB
MOKeT ObITh BhIpakeH popmynoit (NaCl)g ge3 (KCl)g 137 (3 6asna).



Bcero makcumym 19 6as108

3ananmue 2.

[To omucanuto sneMeHTa (yKa3aHuWE Ha IPOUCXOXKJICHHWE Ha3BaHHE, OJIM30CTh
CBOMCTB K CBOWCTBaM aJIOMHUHHS) MOXHO ycTaHOBUThH, uTo X — Ga. OnHako
MOXHO paccuuTaTh MOJSIpHYIO Maccy X dyepe3 coenuHeHue Xg. [lockompky Xg
OTHOCHUTCS K KBaclam U oOpasyercsi mpu go0aBieHUHN K X; cylbdara amMMoOHUS,
MOXHO Tpeanoioxutb, 4ro Xg umeer dopmyny (NH4)X(SOy), 12H,0. 3nas
MacCOBYIO J0JIt0 X B KBAaCIIaXx, MOKHO COCTaBUTh CIIEYIOIIEE YPABHEHHE:

w(X) = 0.1411 =

M(X)

MX)+14+4+96-2+12-18

r
Pemenue manHoro ypaBHenus naet Ham M (X) = 70 ——, 4TO COOTBETCTBYCT Ga

(1 6am).
@opmyasl BemecTB (1m0 1 6ayty 3a gopmyJry):
Xy Xz X3 X4 Xs
GaC|3'6H20 GaC|3 Ga,Hg* Na[Ga(OH)4] Ga(OH)3
Xs X7 Xs X
Ga,0; Gag(SO4)3 (NH4)G&(SO4)212H20 Ga,0O

* 3a popmyny GaHj; - 0.5 6ama

YpaBHeHus peakluii:

1) 2Ga + 6HCI + 12H,0 = 2GaCl;'6H,0 + 3H,

2) GaClz-6H,0 + 6SOCI, = GaCl; + 650, + 12HCI
3) 2Ga + 3Cl, = 2GaCl,
4) 4GaCl; + 3LiAIH, = 2Ga,H¢ + 3LIClI + 3AICIl; (Bapuanr ¢ 4GaH;

OIIEHNBAETCS MOJTHBIM 0AJIJIOM)

5) 2Ga + 2NaOH + 6H,0 = 2Na[Ga(OH),] + 3H,

6) Na[Ga(OH),] + CO, = NaHCO; + Ga(OH);

7) ZGa(OH)g = Ga,0; + 3H,0
8) 4Ga + 30, = 2Ga,0,

9) Ga,0; + 3H,S0, = Ga2(804)3 + 3H,0
10) Ga,0; + 4Ga = 3Ga,0
11) (NH4)2804 + Ga2(804)3 + 24H20 - 2(N H4)Ga(SO4)212HZO
(mo 1 6a)uTy 3a ypaBHEHHE)

Bcero makcumym 21 0an




3aganue 3.

Ecnu cuurtars pasnokeHue MOJIHBIM, TO Macca MPOIYKTOB pa3oKeHUS X paBHa
Macce MCXOMHOM COJM, TO €CTh 1 I, a 00béM — 00bEéMY cocyna. Torma mioTHOCTh
BelecTBa B cocyae coctaBuT 1 v/ 1 1= 1 r/a (2 6anaa). KonmnyecTBo BeliecTsa
paccunTaeM no ypaBHeHuto MenjeneeBa-Kianeiipona:
n=pV/RT=(1162/750-100)-1/(8.314-:423.15) = 0.044 Mo (2 6a;1a)

CpenHio MOJISIPHYIO MacCy MOXKHO PacCUMTATh KaK OTHOIIEHUE MACChl Fa30B K UX
KOJINYECTRBY:

M., = 1/0.044 = 22.73 r/moasb (2 6aia)

Paznoxxenne 6e3 00pa3oBaHus TBEPAOTO OCTaTKa M HEOOJbINAST CPEIHSS MOJISIpHAs
Macca Ta30B YKa3blBalOT HAa OTCYTCTBHME MeETajla B COCTaBE COJIM, MOATOMY
HauOoyiee BEPOATHBIM BapHaHT — COJIM amMMOHHUS. Eciau mpenmnonaoXuTh, YTO
pasnoxkenue npoxoaut no cxeme X — nNHj + Z, rie Z — raz, o6pazyromuiics mpu
Pa3NIOKEHUU aHWOHA, TO CPEIHSSI MOJISipHasi Macca MPOIYKTOB pas3sIoKeHUs Oyner
3a/1aBaThCSl BHIPAKEHUEM:
_17n+M(2)
* 4l

n =1 maér M(Z) = 28.5 r/monb; moaoOpaTh ra3 ¢ TakOd MOJISPHOM Maccou
3aTpyAHUTENBHO. n = 2 Aaét M(Z) = 34 r/Mob, 4TO MOXKET COOTBETCTBOBaTh H,S.
Torma X — (NHy),S (2 6asu1a).

(NH,),S = 2NH; + H,S (2 6as1a)

Hemnonnoe paznoxenne X mMoxkeT nare rugapocyibdua ammonus NHHS — Y (2
0aJ1a).

KomnuectBo BemiectBa B 1 r NH,HS cocrasmster n = 1/51 = 0.0196 monb.
KonmnuectBo mpoxykroB paznoxenuss — NH; u H,S — BnBoe OGombie, T0 ecth
0.0392 Moib. OTH ra3sl JODKHBI co3aarh aasiieHue 1162/750-100 = 154.9 xlla.
Hcnonb3ys ypaBueHue MenaeneeBa-Kiamneiipona, BeIpasuM TeMIeparypy:
T=pV/Rn=154.9-1/(8.314:0.0392) = 475 K => 202 °C (6 6a.,1;10B)

Bcero makcumym 18 6asioB

3aganmue 4.

1. Qy(@) = Qosp(C3Hs) - Qusp(C3He) = 105 — (-33) = 158 k/I/Mob (2 Ganaa).
Qp(6) = SEC_H + 2EC-C - EH-H - 3EC-C - 6EC_H = 2EC-H_ EH-H - EC-C =410-2 -350 -
436 = 34 x/I:x/moasb (3 6a1a)

2. O003HaYNM PHEPTHUIO UCKAKEHHOMN CBSA3H Ec+ ¢+, MOTYINM:
Q = 8EC-H + 2EC-C — EH-H — 3EC*-C* — 6EC-H = 2EC-H + 2EC-C — EH-H — 3Ec*_c* =158
kJ>k/MOJIb



Ecicr = QEcy + 2Ec.c — Eyn - 158)/3 = (410-2 + 350-2 — 436 - 158)/3 = 309
k/lx/Mouab (3 0as1a)

3. Qp(a) = Qerop(CsHs) + 3Qcrop(H2) = Qerop(CsHiz) = 3300 + 286-3 — 4200 = -42
k/:x/mMoanb (2 6ani1a)

Qp(6) = 12EC-H + 6EC-C - 3EC-C = 3EC:C - 3EH-H - 6EC_H :6EC-H + 3EC-C = 3EC:C -
3Eyy=410-6 +350-3-610-3 - 436-3 = 372 k//mMob (2 6aJ1a)

4. AE =372 — (-42) = 414 xTax/moan (1 6aun)

5. 3anummem peakuuto 2C3Hg = C¢Hp

TemnoTy 3TOl peakiuu OIEHUM TI0 SHEPTHSAM CBS3H:

Qp = 6EC-C - 6Ec*_c* = (350 — 309)6 =246 KI[)K/MOJ'H)

C apyroii CTOPOHBI, 3Ty TEIJIOTY MOXKHO BBIPa3UTh 4Yepe3 TEIIOThl 00pa3oBaHUs
WJIU TEIJIOTHI CTOPaHUs PEareHTOB U MPOTYKTOB:

Qp = Qo6p(C6H12) - 2Qo6p(C3H6)

Qoep(CsHg) = -53 xJIx/Momb, oTkyna Qosp(CsHiz) = 140 k/x/Mou1b (3 6aj1ia)

Qp = 2chop(C3H6) - chop(C6H12)

Qcrop(CeHi2) = 4200 x/Ix/Momnb, oTkyna Qerop(C3He) = 2223 k/la/moub (3 6aL12)

Bcero makcumym 19 6as108



10 kaacce

3apanue 1.

1. IlBera coenuHEHUH, SPKO BBIPAKEHHBIE OKHCIUTEIbHBIE CBOWCTBA psiaa
BEILIECTB W CBSI3b HA3BaHUS 3JIEMEHTA C IIBETOM IO3BOJISCT MPEAIOI0XKUTh, YTO

peub uaet o xpome: X — Cr (2 6asna).

@opmyJibl coenrHeHuit (mo 1 6auny):

A b B r

Cr K,CrO, K,Cr,04 Crz(SO4)3

i E XK 3
K3[Cr(OH)6] CrQO; Cr02C|2 CrO(Oz)z‘C5H5N

CocraB coeauHeHHss 3 MOKHO YCTaHOBHTH pacu€roM. B mpenmnonoxeHuu, 4to
BEIIIECTBO COJIEPKUT | aTOM Xpoma, UMEeM:

M(3) = 52/0.2464 = 211 r/mMo0b

3a BBIYETOM MacChl CaMOr0 XpoMa M MAacChl KaKk MHUHUMYM OIHOW MOJICKYJIbI
nupuauHa (M = 79 r/monb) nomyyaem octatok 80 r/MoJib. DTOT OCTaTOK MOMKET
ObITh TOTy4eH caeayrommumu komouHarusamu: CsHsN + H, S + 30, 2S + O wm
50. BepHbIM sBsETCS TOCIEAHWN BapHWaHT: COCAMHEHHE OOOTAIeHO aTOMaMH
KHCJIOpOJIa 3a CUYET peakUuil ¢ MEPOKCUAOM BOJOPOAA U COAEPKUT B CTPYKTYpE
nepokcuansie pparmentsr O-0O.

2. Ha3BaHue a1eMeHTa IMIPOUCXOIUT OT IPEeUeCcKOro cioBa «uBer» (1 6aJ)

3. YpaBHEHUA peaKUuid:

Cr + 2KOH + KCI0O; — K,CrO,4 + KCI + H,O

2K2Cl'04 + H2S04 — KzCl’zO7 + KzSO4 + HzO

KzCl’zO7 + 3802 + HzSO4 — Crz(SO4)3 + KzSO4 + HzO

4K,CrO4 + 3N,H; + 4KOH + 4H,0 — 4K;[Cr(OH)¢] + 3N,

nK,Cr,0; + 2nH,S0, — 2(Cr0O;), + 2nKHSO, + nH,O (momyctumo
Hanucanme CrQ;, Bapuanr ¢ K,SO, ouenusaercs B 0.5 6asi1a)

6. K,Cr,0; + 6H,SO,4 + 4KCl — 2Cr0O,Cl, + 6KHSO, + 3H,0O (BapuaHr ¢
K,SO, ouenuBaercs B 0.5 6aj1a)

7. KzCl'207 + H2S04 + 4H202 + 2C5H5N — ZCI'O(Oz)z'CsHsN + KzSO4 +
S5H,0

(kaxaoe ypaBHeHue — 1 6aJ1)

o0 E

4. XpoMIuK WU XpoMoBasi cMech (J11000e U3 Ha3BaHui — 1 6as1)

5.B YCIOBHAX, YKa3aHHBIX B 3aJa4C, TUXPOMAT IMOJHUMCPU3YCTCA C O6p&30BaHI/I€M
(CTO3)H




o)
I
o n
(1 6a/1 32 CTPYKTYPHYIO (popmyJLy)
Bcero makcumym 20 6asi10B

3ananmue 2.

Paccuntaem cpemHME MOIJSIPHBIE MAacChl Ta30BbIX CMECEM YMHOXEHHUEM HX
IJIOTHOCTEH IIPH H.Y. HA MOJISIPHBIM 00BbEM TIPH H.Y.

IInoTHOCTEL cMecH M., OcHoBHOM ITo0ouHBIH
Cmech P
(u.y.), r/a1 r/MoJb NPOAYKT NPOAYKT

A+B 0.380 8.5 C -

A+D 0.476 10.66 M - (mpumecu E,
W)

C+D 1.005 22.5 P W

C+E 0.737 16.5 P A

F+C 1.161 26.0 U W

HeGomnpme BeIMUMHBI CPEAHEN MOJISIPHOM MaccChl B ClIydae NMEPBBIX ABYX CMecei
MO3BOJISIIOT MPEANOI0KUTh, YTO TaM COAEPKUTCS BopopoA. lIpenmonoxum, 4to
3TO A — oOmmit 1711 ABYyX cMecer kommoHeHT. [Ipu atom ocrarok 0.66 B cpeqneit
MOJIIDHOM Macce BTOPOM CMECH IIO3BOJISIET CHENATh JIONYIIEHHWE, 4YTOo €€
KOMIIOHEHTHI CMElIaHbl B cooTHOLIeHnu 1 : 2 unm 2 : 1. Torga:

M,(A + D) =10.66 = 1/3- 2 + 2/3-M(D) umu 2/3- 2 + 1/3-M(D), yro naér mus
M(D) Bapuantel 15 wunmu 28 r/monb. [Ins mepBoro ciydas 3aTpyJHUTEIHHO
nomodpare ra3, a BTOPOM MOJISIPHOM Macce MOTYT COOTBETCTBOBAaTH a30T N,
yrapusbiii raz CO, stunen C,Hy unu nmubopan B,Hg (¢ rpyObIMU OKpYTIICHUSIMHU).
OcHOBHOW NPOAYKT M — XKUIAKHM, TOITOMY a30T MOXKHO HMCKIIIOUHUTh. OJTHJIEH
TaKkke He MOa€T C BOJOPOJOM JKUIKHA MPOAYKT, OUOOpaH C BOAOPOJIOM HE
pearupyeT. Ocrtaércs CO. YuureiBas cootHomenue CO + 2H, u orcyrcTBHE
MOOOYHBIX TPOIYKTOB, MOXKHO mponucarh Bemectsy M dopmyny CH,O. D10
METaHOJL.

BepuéMmcs k nepBoi cmecu U o0OpaTuM BHHUMAaHHUE, YTO ra3000pa3HbIi MPOAYKT €€
B3aMMOJICMCTBHS HCIIONB3YETCA B JIPYTHX CMECSX. YUMUTBIBAS HAJIMYHAE B CMECHU
BOJIOPOZA, Pa3yMHO IPENIONIOKHUTh, YTO 3TO ammuak. CpenaHsss MoJisipHas macca

cmecu N, 1 3H, paBna 8.5 r/Mo1b, 4TO IOATBEPKAAET ATy rumnoTesy. Urak, B — Ny,
C — NH;.

Yerséprasa cmech comepxutr NH; u ra3 E. [locnennuid, yuntsiBasi yCIIOBUSL €TO
MOJYYEeHUS, MOXKET COAEPkKaTh YITIEPOM, BOJOPOJ M KHUCIOPOI. YUHWUTHIBAs, YTO



MOJIsIpHasi Macca cMecu paBHa 16.5, E nomkeH UMETh MOJSIPHYIO MAacCy MEHbIIE
stoil BennuuHbl. [Togxoaut Tomeko mMeran CH4 Cmecs NH; u CHy pearupyer c
oOpa3zoBanueM P wu BwimeneHueM Bojpopona. IIpoaykT sToil peakuuu JOJKEH
COZIEpkKaTh YIIEpOA, BOJOPOA M a30T W, KaK CIEQyeT M3 Bompoca 3, UMETh
IJIOTHOCTh MapOB MEHBUIE IUIOTHOCTU BO3ayxa. ClienoBaTelNbHO, €r0 MOJSpHAs
Macca MeHbiie 29 r/monb. EnuHcTBeHHBIM mnonxopsuui BapuanT — HCN.
OO6paruMm BHUMaHUE, uTo P Taxxke momydarotr u3 cMecu NH; u CO, coneprkaieit
KHUCJIOPOJT B 3JIEMEHTHOM cocTaBe. Pa3yMHO npeanosnioxuTs, uto W — H,O.

B nAToit cmecu B kadecTBe MOOOYHOTO MPOAYKTa 0Opasyercs Boaa, modtomy F —
Kuciopoacoaepxkamuii ras. [Ipeanonoxenue o cocraBe cmecu 1:1 maér gus F
HEPEATNCTHYHYIO MOJIIPHYIO Maccy 35 1/MOJb, MPEAMNOIOKEHHE O cocTaBax 1:2
wm 2:1 — 30.5 wiu 44 r/monb. [locmeanss coorBerctByeT N,O mmm CO,. [Jlns

CHHTE3a ILIEHHOTO IPOMBIIUICHHOTO IMPOAYKTa MCIIONB3YCTCS IMOCICIHUN: CMECh
2NH; u CO, naér moueBuny (NH,),CO.

A B C D E
H, N, NH; CO CH.,
F M W P U
CO, CH,OH H,0 HCN (NH,),CO

IIo 1 6as1y 3a popmy.ry

YpaBHeHUs peakuMii:

N2 + 3H2 = 2NH3

CO + 2H2 = CH3OH

CH4 + NH3 =HCN + 3H2

CO + NH3 = HCN + HzO

CO,+ 2NH; = (NH,),CO + H,0
ITo 1 6asty 3a ypaBHeHHe

Monsapuas macca HCN paBna 27 r1/mMonb. Paccuntaem IJIOTHOCTH 1O
npeobpa3zoBaHHOMY YypaBHeHUIO MenaeneeBa-Knaneiipona: p = p-M/(R'T) =
98.67-27/(8.314:320) = 1.00 r/x (2 6ana)

(98.67 — naBnenue B klla, monyuennoe nepeBogom u3 740 MM pT.CT.)

Bcero makcumym 17 6asi10B.
3ananmue 3.

1. TlepBoe mpeBpamieHue, peaknus (GepMEHTAIMH, €CTh CIUPTOBOE OpOKEHUE
TJTFOKO3bI, B PE3yJIbTaTe KOTOPOTO 00pazyercs yriekucibiit ra3, CO, (B) u stanomn,
C,HsOH (A). Hanee nox AeHCTBUEM OKCHJIOB METAJIJIOB MPOUCXOAUT OKUCICHUE U
COWICHEHHE JIByX MOJICKYJI ATHJIOBOTO CHUPTAa C BBIACICHUEM OpPTraHUYECKOTO
npoaykra B Buje Oyraauena-1,3 (C). Takum oOpazom:



A-~-Sog B-CO, C-_AF

Kasknas BepHasi cTpykTypa BemecTrBa mo 1 6auny

byranuen-1,3 MOXXHO TOIyYUTh IPYTUMH METOJAMH, HAIIPUMED:
H,O/H"

OH-
~Sa ———— “on

H,0/H"
pr— —>2 /\O H

}12 /\
—_— &
AO cat OH

H,O0/H*
~NoNa ——— 7 oH

NaNO,/HCl
/\NH2 42» /\OH

3 BO3MOKHBIX c1ocoda - mo 1 6asny

2. Peakuus JlebeneBa. YpaBHeHUE:

2C,H;0H = C;H4 + 2H,0 + H, (kat. ZnO/AlLO;)
3a ykazanue Ha3BaHus peakuuu 1 0aman

3a ypaBHeHue peakuuu 1 6asa

3. Pemium Bmecte 3 u 4 nynktel. [Ipu neruaparanuu uzomepos D u D’ obpazyercs
COMNPSKEHHBIN TMeH 0e3 MOOOYHBIX MPOAYKTOB peakiuu. B 3Tom ciydae aToMbl
OpoMa HEe MOTYT HAXOAMTHCA Ha OJTHOM MJIM COCEIHHUX aToMax yIiepoja, IOTOMY
YTO HMHA4Y€ CTOUT OXHUAATh oOpa3oBaHue ankuHa. B ciayuae D” oOpazoBanue
aJIKMHA, HAIIPOTUB, SIBJSETCS JOMUHUPYIOLIUM IPOLECCOM, [TO3TOMY aTOMbI OpoMa
pPacnoJiO’KEHbl HAa COCEIHUX aTOMax yIvIepoja. YKa3aHHe Ha HaJIU4Yue TUIOCKOCTH
CUMMETPHUU TO3BOJIET BHIOpATh 2,3-1uOpoMOyTaH.

Br
Br /\/\/ Br
Br Br
D/D' D'/D D"
Br
ROH
)\( + 2NaOH O — — +2NaBr +2H,0
Br

CrpykTypsl BemecTs 1o 1 6ayuny
3a cTpykTypy npoaykra peakuuu (0yruna-2) 1 6ana

5. 'omonoramu 3TaHosa ABJISAIOTCS METAHOJ, IPONAHOI U n3onponaHoi. Tak kak B
XOJ/Ie BCEH LIETIOYKU PEaKUHUid KOJIMYECTBO aTOMOB YINIEPOJA HE YBEIMYMBAETCS, a



WCXOHBIC Ta3bl JIerde BO3JyXa U UX MOJIIPHAsl Macca He MpeBbImaeT 29 1/mMolb,
BemiecTBOM E sBIseTCS METUIOBRIM ciupT Wi MeTaHoi. JlerictButensHo, CH;OH
ABJISICTCS SJIOM, TPUEM KOTOPOTO BBI3BIBACT CUJIBHOE OTPABICHHUE BIUIOTH [0
JETAIBHOTO MCXOAAa. B MpPOMBINIIEHHOCTH METAHOJI MOJY4YarT M3 JABYX Ta30B:
BOJIOPOJIa ¥ YrapHOTO rasa.

F/G - H,, G/F - CO, E - CH;0H, H- CH,0, 1 - HCOOH

ITo 1 6aJuty 32 Ka’Ka0€ BelecTBO

Bcero makcumym 17 0asiioB

3aganmue 4.

n/Nmax = 0.9. PeraeM ypaBHeHHE BUA:

_510°%-p
1+5-10%.p

Otkyna p = 1800 Ila (2 6aJu1a).

Bzss ABC IIPONU3BOJIBHBIC TOYKH, COCTABUM U PCIHINM CUCTEMY ypaBHCHHﬁ BHUaa:

o _18110%  Ke.p . K-5000
' 28 "™ 14K-p, ™ 1+K-5000

i 224107 _, Ko _ . _K-12000
? 28 ™ 1+K-p, ™ 1+K-12000
Uro maét K =8.1-10" Ma™ (2 6a11a), Hyay = 1.62-107 Moan (2 6aiwia).

Hasnenue 8000 I1a OygeT cOOTBETCTBOBATH KOJIMYECTBY BEILECTBA:

8.1-107°-8000
1+8.1-107°-8000

m=6.36-107-28-10° = 178 mr (2 6a.1.1a)

n=162-1072- =6.36-10"° Mo

JIns HaxoXKAE€HUsI TaBJI€HUs, COOTBETCTBYMOIIEero Macce 300 Mmr, peraem
ypaBHCHUE BUJA!

8.1.10°-p
1+8.1-10°-p

-3
n= M =1.62-1072-

Otkyna p = 24200 Il1a (2 6as1a).



B ciyyae npeaeabHON azcopOLuu Marepua afrcopoupyert
N =1 Na = 1.62:10%6.022-10% = 9.76-10*' MOJIEKYJ. Y YUTBIBasA, YTO IIOIIA b
OJTHOM MOJIEKYJIbI paBHa 16 A?=16-107° M2, oO111as miIonaasr MaTeprasia COCTaBUT
9.76-10*'-16-10° = 1562 Mm’, a yjenbHas IUIOMmAnb MOBepXHOCTH 1562/0.434 =
3600 m*/r (3 6aL1a).

AncopOrs u3 ra30BOi (ha3bl MPOUCXOMUT 3a CUET OOpa30BaHMS HOBBIX CBS3EH
MEXIy IIOBEPXHOCTbIO M MoJekyaamu copOata. OOpa3oBaHue cCBs3ed —
DK30TEPMHUYECKAM  IPOLECC, KOTOPOMY  COOTBETCTBYET  OTPHUATEJbHAs
HTANbINA agcopoumu (1 0as1 3a orBer U 1 6211 32 00BSICHEHHE).

Bcero makcumym 15 6as10B



11 knacc
3apanue 1.

DopMyJIbl BEHIECTB:

X A B C D
BOp (B) BFg H[BF4] Tth BzOg
E F G H I
HsBO; H,B,0O, BC|3 Na[BH4] NaBO,

(mo 1 6amry 3a popmy.ry)

YpaBHEHUS PEAKLINI:

1) 2B + 3F;, — 2BF;

2) BF; + 3H,0 — H3BO; + 3HF

3) HF + BF; — H[BF4]

4) Th+6B — ThBg

5) 4B + 30, — 2B,0;

6) 2HgBO3—> Bzo3+ 3H20

7) 4HgBO3—> HZB407+ 5H20

8) B,Os;+ 3C + 3Cl, — 2BCl; + 3CO
9) BCl;+ 4NaH — Na[BH,] + 3NaCl
10) Na[BH,] + 2H,0O — NaBO, + 4H,
(mo 1 6asuty 32 ypaBHeHHe)

Bcero makcumym 20 6as110B
3ananmue 2.

1. T'a3 b Beigenserca u3 miEnouu, cienopareabHo, b — NH;3 (1 6asi), a raz T’
BBIJICIISIETCS U3 KUCIIOTHI, ckopee Bcero, 3To CO, uinu SO,.

Bripazum MoJiapHYI0 Maccy A 4yepe3 MacCOBYIO JOJIFO M KOJUUYECTBO aTOMOB a30Ta
B HEM:

M(A) = M(N)-x/w(N)

M(A) = 14-x/0.4665 = 30x r/MOb,

X — KOJIMYECTBO aTOMOB a30Ta B COCIMHECHHUH.

M(A) = 60 r/moan (1 6ama) (mpu x = 2). DTa MoJsIpHasl Macca COOTBETCTBYET
MossipHOM Macce kapbamuaa — A — (NH,),CO (1 6amxa). Ilpu ero mienouHoM
TUAPOIN3E BBIACIAETCS aMMHUAK, a IPU KUCIOTHOM — yriekucibii ra3 I' — CO, (1
0aJL).

X cymecTByeT B pacTBope B (opme IBUTTEP-HOHA, HE CONEPKHUT yIJepoaa U
obpasyercst B xone peakiuu (NH,),CO c 6e3Bognoit H,SO,4, ucxons uz 3toro,
JIOTMYHO TIPeAnonoxuth, 9to X — (H3N)'(SO;) (2 6am1a).




Peakuuelt OuHapHBIX HeOpraHudeckux BemectB b um B MoxHO mnomyyuTh
(H3;N)'(SOs)". 3Has, uto b — 510 NH3, ycranasmmBaeM, uto B — SO; (1 6a/mw1).

Crpykrypnas dhopmyna usurrep-uona X (1 6asmwn):

H
H\’L/H

O/ﬁ\O'
O

2. YpaBHenus peakumii (mo 1 6amry)
Peaxuus 1: (H,N),CO + 2H,S0, = CO, + (H;N)"(SO3) + NHHSO,
Peaknus 2: NH; + SO; = (H;N) (SO;3)

3. 7K onmchIBaeTCA KaK TOPIOYMH ra3, UMEIOMNN TETPASAPUUECKYI0 T€OMETPHUIO,
HauOoJiee MPOCTHIM Tpeanooxkenuem sapisiercs, uto K — CHy (1 6asr). Peakius
aMMmuaka ¢ MetaHoM, nporekaromas npu 1200 -1300 °C, ucnomb3yercs i
MOJIyYEHHUS IMaHOBOOPOAA B pomblnuieHHOCTH, 3 — HCN (1 6a1):

CH4 + NH3 = HCN + 3H2

Bzaumoneiicteue HCN ¢ KOH — 3710 peakums HEWTpaM3aluu, ITPOJTYKTOM
KOTOPOU SIBJISIETCS KalaueBas COJb CUHUIIBbHOM KucioTel, 3HauutT, U — KCN (1
0aJu1), a peakuus IMaHUJO0B C KUCIOPOAOM MPUBOAUT K 0Opa30BaHUIO IIMAHATOB —
E - KOCN (1 6am).

HCN + KOH = KCN + H,0

2KCN + O, =2KOCN

Connb [ umeeT B cBoEM cocTaBe lnaHat-aHuoH (kak u cosib KOCN no ycnoBuio) u
osuta momyuyeHa u3z (H,N),CO, 3Hauut, katioHOM conu J[ sIBisieTcs aMMOHUM.
CnenosarensHo, I — (NH4)OCN (1 6as).

4. Tlpu narpeBanuu 1umanatr ammoHusi (NH4,OCN) mpeBpamiaercs B kapOamu
((NH,),CO). BrepBrie 3TOT cuHTe3 ObLT ocymiecTBiéH Opuapuxom Bénepom (1
0as) B 1828 romy.

Bcero makcumym 16 6as10B

3ananmue 3.

Pemenue 3agaun cienyer Hadarh ¢ ycTaHoBieHus ¢popmynsl D. MaccoBas nomns

yrepona B HEM paBHa 37.5 %. Cynd mo JanbHEWIIMM PEAKIUSIM HapalliuBaHUS
YIJIEPOIHOTO CKeJleTa, MOXKHO clieaTh Ipernoiokenue, uto B D conepxurcs ot 2



70 5 aroMoB yrepona. Torma MOXXKHO BOCIIOJIB30BaThCSl MEPEOOPOM U COCTABUTH
Ta0IuILy Mo opMmyIie:

M.(D) = 12n

r(P)= 5375

Ywucio aToMOB yriepo/a, Mosipaas macca D, M, (D) — 12n
n /MOJIb
2 64 64 - 12:2 =40 (Ca”")
3 96 96 -12-3=60 (?)
4 128 128 — 12-4 =80 (?)
5 160 160 —12-5 =100 (?)

Takum oOpa3zom BemectBoM D sBisercs kapOun kanbius CaC,. Cxema
IpEeBpalICHH, TPEeCTaBICHHAS B 3a/1a4e:

s B

(Zl(_)_

HCI
H,0

1. 15sBuLi #Z 1.CuCl,NH 1. KOH 2 Non H,
z 4—/‘ » 1173 2 ———" T g HO =z ——— HO
/// 2. CH;l Z 2 K[FeCN)] | Z 2.25%8 CH,0 Pd/C o
I H E 3. H;0' F G
LiNH(CH,),NH, CrO;
NH(CH;);NH, Py, HCI
K A g B
H;0 1. Sia,BH _o
— X B W O\
Z N THgOho), \g/\\ O, T I o

BemectBo C comepxur 62.07% yriepoaa, Takke HW3BECTHO, YTO OHO IOJYYEHO
Mpyu 030HOJM3E coenuHeHus X, cienoBaTenbHO C sBIsSIETCS Takke Kak A U B
KEeTOHOM u/min anpaeruaomM. Crocob pacuéra aHaJorudeH crnocoly YCTaHOBICHUS

cocrtana Beniectna D.
12n

M () = 55207

Tornga Ha Tpu atoma yriepoaa nonydaem (opmyny C;HgO, 4Tto cOOTBETCTBYET
npornaHano U nupornaHoHy. lloackaskoii B BBIOOpE CIYKUT YIOMHHAHHE O
KyMOJIbBHOM CHHTE3€, B XO/i€ KOTOPOro B IMPOMBILIUIEHHOCTH MOJYy4aoT (HEHONI U
aleTOH, 3HAYUT BemecTBO C — 3TO MPOIAHOH WM ALIETOH.

C o

N

3a cTPYKTYpHYIO popMyJ1y KaxKa0ro Bemecrsa mo 1.5 6aana



Tak kak B XOJ€ BOCCTAHOBUTEIBHOTO O30HOJIM3a JBOWHBIE CBSI3U PBYTCA C
oOpa3oBaHMEM KapOOHUJIBHBIX COEIUWHEHUMH, Jajee B  pElIeHHH OyayT
YIOMHMHATBCS CTPYKTYpHBIE 35ieMeHThl A’, B’, C’, oOpa3oBannbie oT A, B, C, ot
KOTOPBIX «OTILETHUIIN aTOM KUCIOPOIay.

A ‘f B C o
4 \(\) ] OWO 2 ),I\
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Mornekynbl arieToHa Moriu oOpa3oBaTbCs NMpH yciaoBuM, uTo 2 ¢parmenta C’
ABJISIFOTCS  KOHLIEBOM 4YacTbio CTPYyKTypel X. Ilockonpky X cuUMMETpUYHO,
¢parmenT B’ coenuHeH ¢ AByX CBOOOAHBIX KOHIIOB € IByMs (pparmeHTamu A’. Tak
Kak 2 yactu ¢pparmeHTa A’ UayT ApyT 3a APYTOM, Ul HUX BO3MOXKHO 4 pa3inMyuHbIX
pAaCIIONOKEHNsT B CTPYKTYPE, M3 KOTOPBIX JIMIIb OJHO YAOBJIETBOPSET YCIOBHIO,
YTO MPHU KAKJAOU TBOWHOU CBSI3H COAEPIKUTCS METHIIBHBIM 3aMECTUTEb:

CTPOCHHUEC COCANMHCHUA X

KonnuectBo ABOMHBIX CBsi3eil B X paBHO miectH (1 0aJw).
3a cTpoenue BemecTa X 2 6aJia.

Hroro makcumym 18 G6assios
3ananue 4.

1. JIns pacuéra konueHnTpauu [H'] ncronb3yem KOHCTaHTY paBHOBECHS:
+72
=0T 96107
0.01-[H"]
Otkyna [H'] = 6.57 103 M, a pH = 2.18 (2 6aana). Mcnons3oBaHue B JaHHOM
pacuére ynpoimeéHHOU GopMyJibl BEIET K HEKOPPEKTHOMY PE3yJIbTaTy.



2. Bemmumua [H] ans Broporo pactsopa pasma 10° M, a Bemmunna [OH-] =
Ko/[H] = 10%/10®° = 10° M. Il{enounas cpexa oGyclIOBICHA THAPOIN30M IO
aHNOHY; pacCUMTaeM CIiepBa KOHCTAaHTY PaBHOBECHS TOTO Ipoliecca:
__[OoHT
" 0.0085-[OH ]
Toraa Ky = Ky/Kny = 10™/(1.18:10°) = 8.49-107 (2 6a1a)

=1.18-10"°

3. Ilpu pH = 7.00 MoxHo mpeHeOpeub conepxkanuem dopmbl H,X B pactBope.
PactBop, comeprkammii Tompko HX u X*, Gymer 6yhepHBIM; COOTHOIICHHE
KOHIIEHTpaIuii (opM MOXKHO BBIPA3UTh uepe3 BeananHy Kg,:

_[HIIX*] _107[X*]

Ky = _ —==8.49-10"'
[HX] [HX]

Otkyma [X*] = 8.5[HX]. [Tpomecc cMeIeHHs IPEACTABEM CIEIYIOLIeH OpyTTO-
peaKuunii:

HoX + 18X%= 17X* + 2HX
Otkyna cnenyer, uro H,X m NaX HeoOXoauMo cmemars B MOJILHOM
cootHomeHur 1 k 18. C y4€TomM pasHHUIBI B KOHIICHTpPAIUSAX HUMeeM: Ny/n; =
(CZVZ)/(C1V1) = (850 10_3V2)/(10_2V1) = 18, OTKYIa VZ/V]_ =21.2 (3 621.]'[.]13).

C wucnojip30BaHUEM KOHCTAHT PaBHOBCCHA, BCINMYHHLBI pH U MaTCpHaJIbHOI'O
6ancha IMOJIy4YUM:

[HoY] = 103 [HY1/(9.33-10™) = 0.339[HY]

[Y*]=3.63-10°-[HY]/(10°%°) = 0.115[HY]

[HoY] + [HY]+[Y#]=0.05=0.339[HY] + [HY] + 0.115[HY]

Orkyma [HY] = 0.0343 M, [H,Y] = 0.0117 M, [Y*] = 0.0040 M (no 2 6a;11a 3a
KOHIEHTPALUUIO KAXKI0H YACTUILIbI)

n(C) =n(CO,) = 0.896/22.4 = 0.04 monb

n(H) = 2n(H,0) =2-0.36-1/18 = 0.04 mob

n(0) =(1.16 — 0.04-12 — 0.04-1)/16 = 0.04 moJ1b

[Ipocretimas dopmyna BemecrBa CHO, HO maukapOoHOBas KHCIOTa JOJDKHA

collepKaTh KaKk MUHUMYM 4 aToMa KHCIOpOja, MOATOMY Hanbosee BEpOSTHBIM

Bapuant — C4,H,O, (2 0anna). Breigensss kapOOKCUIIBHBIA TPYMIbI, MOTyYaeM

bopmyny pagukana C,H,. [{is Takoit MOJIEKYJIbI MOKHO M300pa3uTh TPU U30MeEpa:
COOH COOH

HOOC HOOC COOH COOH

1 2 3

3a cuér oOJydeHUs: MOXXHO TPEBPATUTh APYr B JIpyra IMC- U TPaHC-U30MEPHI,
nodTOMy HCKIo4aeM BapuaHT 3. UtoOwml cootHectn kuciothl H,X u H,Y co
CTPYKTypaMH, oOpaTUMCsl K BEJIMYMHAM KOHCTAHT KHUCJIOTHOCTU. BuaHo, 4to 1is
H,X KOHCTaHTBI KUCTOTHOCTH Pa3IMYarOTCS Ha 5 MOPSIKOB; Mpu 3ToM K, BHIIIIE,
4YeM COOTBEeTCTByromias BenuwumHa y H,Y, a K, Haobopor, MeHbiie. ITO



XapakTepHO ISl CTPYKTYPHI MOJ HOMEPOM 2 — MaJIEMHOBOW KUCIIOTBI, TOCKOJIbKY
JUCCOIMAIMS TIEPBOM KapOOKCUIILHOM TpyIIbl 00Jeryaercs 3a c4ET 00pa3oBaHus

BHYTPHUMOJIEKYJISIPHOU BOJOPOJAHON CBSI3U:
o)

OO
- O]

o)
B tpanc-uzomepe (1 coorBercTByeT HyY) Takue KOHTaKThI HEBO3MOXKHBI, TIOATOMY
JUCCOIMAIMS ABYX KapOOKCHUJIBHBIX TPYII MPOUCXOIUT TOYTH HE3aBUCUMO, U
KOHCTaHThl JUCCOLMAIIMM OTJIMYAIOTCS HE TaK CHIIbHO. BepHble CTPYKTypHBbIE
¢opmyJanl — mo 1.5 dasuia.

Bcero maxkcumym 18 6amsioB



