MuHucrepcrso oopazoBanus u Hayku PT
Ka3zaunckuii pegepajbHbIil YHUBEPCUTET

MyHununajabHbIi 3Tan Beepoccuiickon 0JIMMITAAIbI
MKOJLHUKOB M0 xumMuu 2024-2025 rr.
Pemienus



ABTOpbl 3amau: bonmarenkoB JI.H., Xacanmmna JIL.W., PomamoBa A.M.,
I'mnemanoB A.b., MuponoB B.A., JIykam T.A. Ilox penakuueii Cenosa 1. A.

NHcTpyKUIuA 111 KIOPU

KupHbIM mipudTOM BBIIEICHBI IPABUILHBIC OTBETHI, 32 KOTOPHIC HAYUCIISIFOTCS
Oayuibl, U pa30aIoOBKa.

Bo MHOTHX pacueTHBIX 33Ja4ax OICHUBAIOTCS MPOMEXYTOUHbIe mard. [IIkoapHIK
MOJKET pelaTh 3aJady HE TaK, KaKk B aBTOPCKOM DEIIEHUH, MPHU 3TOM, €CIH OH
MIOJTyYWJI BEPHBIM KOHEYHBIN OTBET, PEIICHHE JOJDKHO OBITh OIICHEHO ITOJTHBIM
0aymIoM Kak 3a 9TOT OTBET, TaK W 3a BCE IIard, BEAyIIHNEe K HEMy B aBTOPCKOM
PEIICHUN.

B MHOrocTymeHuaThIX pacyeTHBIX 3ajadax 3a OJHY YHUCTO apu(PMETHUECKYIO
OImMOKY, TPUBEAINIYI0O K YUCICHHO HEBEPHOMY OTBETY, CyMMapHBI 0asil 3a BECh
pacdeT He JOJDKEH CHIKAThCS 00JIee YeM HAIOJIOBHUHY.

YpaBHEHUS peakIuii ¢ HEBEPHBIMH WJIM OTCYTCTBYIOIUMHU KOAPUIITMEHTaAMH, KaK
MIPaBUJIO, OIIEHUBAIOTCS B MOJOBHHY OT MaKCUMaJIbHOTO KOJIMYECTBAa OAJIOB, a B
TE€X Cilyyasix, KOrja ypaBHEHHUS Oe3 KOd(PPUIMEHTOB MPUBEIEHHI B CaMOM
ycioBuu, B 0 6ajioB.

[IIKOMbHUKU MOTYT HCIOJB30BaTh MPH PEHICHUH KaK OKPYTJICHHBIE O IEJIOro
qucia, Tak U TouHble (1-3 3HaKa mocie 3amsaToi) aTOMHBIE MacChl JIEMEHTOB. B
MOCJIETHEM CJIy4ae OTBET MOXKET COJiep’KaTh OoJblle 3Hadamux Ludp, ydem
MPUBECHO B IAHHOM PEIIICHUU.

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

MakcuManbHBIN 0ajuT 3a KaXAyro 3a1ady pa3linueH W yKa3aH B KOHIIC pPEIICHUS.
MaxkcuManbHBIN 0ailI 3a Bee 3a1aun B 8 kinacce 70 6ayutos, B 9 knacce 93 Oayuia, B
10 xiracce 60 6aymtos, B 11 knacce 67 0amioB.



8 kiace
3ananmue 1.

1. ITocKOIBKY YHCIO MOJCKA30K MEHBIIIE YHUCIIA SJIEMEHTOB, HEKOTOPBIE 3JIEMEHTHI
MOBTOPSIOTCS.

a) Ca — kanbumii (cynbdart, kapooHat, hTopumI);

06) N — a3or;

B) Y — HTTPHH,

r) O — Kucjaopoa;

n) U - ypan;

e) P - docdop;

K) La — nmanTan (peub UAET O JaHTAaHOUIaX );

3) Y — urTpuid (Mpou3BeAeHre MOJISIPHOrO 00bEMA U TUIOTHOCTH JAET MOJSPHYIO
Maccy UTTpHs);

) N — a3ot (pacuét naér MOJspHYI0 Maccy 28 I/MOJb, a KPEMHUHN NpPU H.y. HE
SIBJISICTCS Ta30M);

K) O - kucaopon,

1) W — Boabdpam (comepxuT B Ha3BaHUU WOIT (HeM. «BOJIKY)).

(1 6am 3a KaKABI XUMHYECKHH cHMBOJI (Bcero 11), 1 6a/1 3a KaxKa0e HOBOE
Ha3BaHue (Bcero 8); Ha3BaHUs a30Ta, WTTPHUS M KHUCIOPOJa OLCHHUBAKTCS

OJTHOKPATHO)

2. 3aranana ¢pasza CaN YOU PLaY NOW? (Mosxemrs urpats?) (1 6amm)
Bcero makcumym 20 6asJ10B.

3aganue 2.

1. N(Ci2H2011) = n(Ci2H25011)'Na = m(Ci2H22011)-Na/M(C12H2014)
6:6.022-:10%/342 = 1.06-10% (2 6am1a)

N(HZO) = n(Hzo)'NA = m(Hzo)NA/M(Hzo) = V(HgO)D(HzO)NA/M(HZO)
5-1-6.022-10%/18 = 1.67-10% (2 6an1a)

N(Cs7H10406) = nN(Cs:H10406)'Na = M(Cs7H10406)-Na/M(Cs7H10406)
V(C57H10406) : p(C57H10406) : NA/M (C57H10406) = 5.5:0.92-6.022- 1023/884
3.45-10% (2 6anaa)

2. KoanyecTBO aTOMOB KaXKI0r0 THUIIA MOXKET OBITh HAWAEHO KakK IIpOU3BEJCHUEC
KOJIMYECTBA MOJ'ICKYJ'I Ha 4Y1CJIO aTOMOB B MOJ'IeKYJ'Ie.

T caxaposer: N(C) = 12- N(CpHp011) = 1.27-102° (1 6amr); N(H) =
22-N(C1oH2011) = 2.32:10° (1 6amr); N(O) = 11-N(CoH»011) = 1.16-10% (1
0aJL).

Amnanornano st sogsl: N(H) = 3.34-10% (1 6a:11); N(O) = 1.67-10% (1 6amw1).



U s noxconseunoro macia: N(C) = 1.97-10% (1 6amr); N(H) = 3.59-10% (1
6a1); N(O) = 2.07-10% (1 6auwn).

3. bosbiiie Bcero aToMoB KUCI0po/ia B J0KKe ¢ Boaoii (1 6aJswi).
4. BonbIlie BCEro aTOMOB BOJIOPO/Ia B JIOKKE C MOACOJTHEYHbIM MacJioM (1 6aswn).

Bcero makcumym 16 6asi10B.

3aganmue 3.

1. AtomHas macca 6opa B Tabmuie — 10.811 a.e.m. Ucnone3yst npuBenéHHOE B
YCIIOBUM YpaBHEHHUE, a Takke TOT (PaKkT, 4To cymMma J0Jeill JO0DKHA COCTaBIATH
CANHHUILY, TTOJTYYHM:

10.811 =10y + 11y, = 10y + 11(2- 1)

Otkyaa y; = 0.189 (1 6aswn), a y, = 0.811 (1 6aswn).

2. AtoMHas macca xjopa B Tabmuie — 35.453. Ilpeamonaras, 9To comepKaHUs
M30TOMOB cTporo pasHbl 0.75 u 0.25, BBIYMCIMM MacCy BTOPOTO U30TOIA:

35.453 =35:0.75 + 0.25X

Otkyna X = 36.8. Tak kak Macca HEUTpoHa OJIM3Ka K LIEJION, CTOUT 0XKHUAATh, YTO
BTOpPOM M30TOIN OyAeT MMETh LEJI0€ 3HAaYeHUE MOJSIpHOW Macchl. bimkaiimee
renoe uncio — 37 a.e.m. (1 6am)

Tenepp paccuuTaeM TOYHOE COJEPKAHME KaKIOr0 H30TONAa, Kak 3TO ObUIO
C/ICJIaHO BBIIIIE:

35.453 = 35y, + 37y, = 35p1 + 37(1- y1)

Otkynaa y; = 0.774 (1 6amin), a y, = 0.226 (1 6am1).

*Cl conep:xut 17 nporonos, 17 2;1ekTponos u 18 neiirponos (o 0.5 6a.ia).
'Cl conep:xut 17 nporonos, 17 2;1ekTponos u 20 neiirponos (o 0.5 6a.ia).

3. Ximop Oojee DICKTPOOTPUIIATCIBHBIM JJIEMEHT, YeM O0O0p, I03TOMY B
COEIMHEHUU OyJeT MpOosBIATh CTeneHb okucieHud —l. Jlnga Oopa xapakrepHas
TIOJIOJKUTENIbHAS cTeneHb okuciienus +3. Torna popmyna X — BCl; (2 6ara).

13 usoromoB Gopa '°B u B u msoronos xiaopa °Cl u *’Cl moxHo cocraButs 8
MoJiekyJ (2 6aima) BCl; ¢ pasHoii monekynsapHo#t maccoii. HanMeHee BeposTHa
CUTyallus, KOrja B OJHOW MOJIEKYJIE€ BCTPEUAETCS CaMblii peakuil m3oromn Oopa
(*°B) u Tpu pasa BcTpedaercs caMblit peakuii m3oror xuopa (o' Cl). Torma macca
ATOM MOJIeKyJ bl OyaeT paBHa 10 +37-3 = 121 a.e.m. (2 6ana).

4. HauneM co BTOpOW yacTu Bompoca. ATOMHas macca u3ororna He paBHa (0,5
6a/1ia) MAacCOBOMY UMCIy 3TOrO H30TONA, 33 HCKIIOYEHHEM H30TOoma C.
MaccoBoe 4YHCIO TPENCTaBIsIeT COOOW CyMMapHOE KOJHWYECTBO TMPOTOHOB U
HEUTPOHOB B sJIpe U Bcerjaa sipjasiercs nesabiM (1 0aswn).

TeM He MeHee, TpuMeM MPUOIUKEHHO aTOMHBIE MAaCChl U30TOIOB 3a Y U Y+2:



A/(Cu) = 0.691y + 0.309(y+2) =y + 0.618 = 63.546, otkyna y = 62.93 a.e.m.
MaccoBoe 4KcIIo SBiIsIeTCs Hanbojiee OJM3KUM K Y ISJIBIM YucioM, T.e. X = 63 (1,5
0asu1a).

5. ATOMHYI0 Maccy 3JIEMEHTOB 0€3 CTaOMIbHBIX H30TOIOB, KOTOPHIC MPAKTHYCCKH
HE BCTPEYAIOTCS B MPHUPOJIE, B TAOJMIIEC BBIACISIOT KBaJAPAaTHBIMU CKOOKamu []. B
pAAY JIAHTAHOWMIOB TaKOHM 3HAK MOXKHO HaOJII0JaTh TOJIbKO y mpomerusi Pm (1
0aJ).

Bcero makcumym 19 6asiioB
3ananue 4.

1. Beipazum oTHOIIICHUE Po/P1, IEPEBEIS TEMIICPATYPY B KEJIbBHHBI:
Po/pr = To/Ty = (22 + 273)/(12+273) = 1.035
JlaByaenue BbipacteT Ha 3.5 % (3 0asu1a)

2. Jlonyctumbie (GopmyibHble Beipakenuss V/T = const mmm Vi/T; = V[T, (2
0aJi1a 3a 110001 U3 BADMAHTOB)

3. Ucnonb3ys BTOpyIo (opMyiy, BBIpa3uM HOUHYIO TeMmepatypy (72):
T,=V,T:/V;=0.97T,; =0.97-(30+273) =294 K = 21 °C (3 6a)11a)

4. lonyctumeie hopmyibHble Beipaxkenus pV = const mam p,;V; = p,V, (2 6aua
3a JIl00M M3 BAPUAHTOB)

5. Ecniu paguyc yBenuumiics B 4.8 pasza, To 00bEM yBEIMUHUIICS B:

— 7}

37 v,

3
2 (r
=2= [—zj =4.8°=110.6 pa3

Torma p; = p.V,/V: =110.6 at™m (5 6a/1110B)

Bcero makcumym 15 6asi10B.



9 kiacce
3apanue 1.

1. Jlns HaxoKIIeHUs MAacCOBOM JOJM KapOOHaTa HATpHUs MEpPecuuTaeM Maccy
KpPUCTAJUIOTHIpaTa Ha Maccy COJIH:

m(Na,COz) = m(Na,CO3-10H,0)-M(Na,CO3)/M(Na,CO3-10H,0) = 14.3-106/286
=53r

Macca pacrtBopa:

m(p-pa) = m(H,0) + m(Na,CO3-10H,0) + m(Na,SO,4) + m(NaCl) = 200 + 14.3 +
142 +234=2519r

Torpa maccoBast 107151 KapOOHATa HATPUSL:

®(NayCO3) = m(Na,CO3z)/m(p-pa)-100% = 5.3/251.9-100% = 2.1% (2 6aa1a)

2. N(Na;SO,) = m(NaySO,4)/M(Na;S0,) = 14.2/142 = 0.1 moib
V(p-pa) = m(p-pa)/p =251.9/1.13=2229 mn=0.223 n
C(NayS0,) = n(Na,S0,)/ V(p-pa) = 0.1/0.223 = 0.449 M (2 6as1a)

3. C(Na,COs) = n(Na,CO3)/V(p-pa) = 0.05/0.223 = 0.224 M
C.(Na,CO3) = 2-C(Na,CO3) = 2:0.224 = 0.448 n (2 6amnra)

4. m(H,0) =200 =0.2 kr
Cn(NaCl) = n(NaCl)/m(H,0) = 0.4/0.2 = 2 moas/kr (2 6a/1a)

5. Tak xak HOpMaJbHasi KOHIICHTpAIUsl OOJIbIIE MOJISIPHON KOHIIEHTpAIlMU B Z pas,
TO YHUCJa, KOTOPbIC MPU ACICHUHU JAIOT IIEJ0€ YMCIIO SBISIOTCS HOPMAIbHOU U
MOJISIpHOM KOHIIeHTpanui. Tak kak 17.76/5.92 = 3, To:

CX)=5.92 M (1 6a1x)

Ci(X)=17.76 u (1 6a101)

Tak xak maccoBasi 1oJii OOBIYHO BBIpa)KaeTcsl B MPOIICHTAaX, TO OHa OyJeT paBHA
caMmoMy 00JIbIIIOMY YUCIY: o(X) = 45% 1 0aJ)
Torma: Cyy(X) = 8.35 moJn/kr (1 6a11)

6. Ham u3BecTHa Macca BEIECTBA, HAJEM W3 MAacCOBOM JOJIM MacCy pacTBOpA.

Maccosasg JIOJIS B JOJISIX : o(X) = 45% = 0.45
m(p-pa) = m(X)/o(X) = 180/0.45 = 400 r (1 6am1)
"3 MOJISITIBHOM KOHIIEHTpALUU HaWJIeM MOJIU X:

m(H,0) = m(p-pa) — m(X) =400 — 180 =220 r = 0.22 kr

n(X) = Cn(X)- m(H,0) =8.35:0.22 = 1.837 moub

U3 MOJIIPHOU KOHLIEHTPAaLUU HaleM o0BeM pacTtBopa:
V(p-pa) = n(X)/C(X)=1.837/5.92=0.3103 1= 310.3 mu (2 6an1a)

p(p-pa) = m(p-pa)/V(p-pa) = 400/310.3 = 1.29 r/ma (2 6a1a)

M(X) = m(X)/n(X) = 180/1.837 = 98 r/mo.b (2 6a1a)

Tak kak pactBop X MMEET KUCIYK PEAKIUIO, JJOTUYHO MPEANOJIOKUTh, 4TO X —
ato kucioTa. Tak kak Z paBeH Cy(X)/C(X) = 17.76/5.92 = 3, cnemoBaTenbHO,



KHCIIOTa TPEXOCHOBHASA. TPEeXOCHOBHAs KUCJIOTa C MOJSIPHOU Maccoit 98 r/monb —
dbocdhopnas, Hz:PO, (2 6anna).

Bcero makcumym 21 6an.
3ananmue 2.

1. X, Y u Z — cynbdarabie win CyiabQUAHBIE MUHEPATbl, TaK KaK UX MOXHO
VCITOJIB30BATh IS NIOJIyYEHHsI CEpHOM KUCIOTHI. [10CKOIBKY MpakTHUeCKu J1I000H
CHUHTE3 CEpHOI KHUCIIOTHI BKItouaeT okucienne SO, no SO, mpeanonoxum, aro H
— SO;3 (2 6amna), Q — SO, (2 6anna). Cmecsh, coaepxamias 1 gactb R u 2 gactu
SO,, umeeT cpeaHIO MOJIIPHYIO Maccy okojio 29-2 = 58 r/monb. Tak kak 58 =
2/3-:64 + 1/3-M(R), M(R) = 46 1/™M01b, TIpHuYeM pealbHas MOJIIpHAs Macce
HECKOJIBKO MEHBIIIE 3TOW BETUYHHEI. [loucK cpenu ra30B ¢ OJU3KUMH MOJISIPHBIMHU
maccamu HaBoAUT Ha CO,, KOTOPBI MOXKET 00pa30BaThCs MPU BOCCTAHOBIICHUU
4ero-amdo yrieposioM — 3TO MPOCTOE BEIIECTBO, 0003HAUYEHHOE B 3a7aue OyKBOMU
U (U - C, 2 6ajura). OcHoBHOM KOMITOHEHT 1tecka — SiO, — S (2 6aJu1a).
YuuthiBas, 4To pasziiokeHue MuUHepaioB X U Y MPOTEKaeT 0OpaTMMO U TMpHU
HEOOJIBIIIUX TEMIIepaTypax, pasyMHO TIPEIINOJOXKUTh, YTO OHU SIBISIOTCS
ruapatamu. B xonme mpeBpamenus X B Z moteps macchl coctasiser 20.9 %.
[Ipenmomnaras, 4To B X0J€ Pa3l0oKEeHHs BbIIEISICTCS | MOJEKyla BOABI, MOTydYUM
M(X) = 18/0.209 = 86 r/moisb, M(Z) = 68 r/moinb. Tak kxak B x0ae 00padoTku Z
UCITIOJIB3YETCSI BOCCTAHOBUTENb, 3TA COJIb HE MOXET OBbITh CYyJIbPUAOM M JOJIKHA
ObITh cynbdaroMm. [logoOpaTs cynbdar ¢ Takoll MOJIIPHON Maccod HEBO3MOXKHO,
MIOATOMY PAacCMOTPHM BapUaHT C ABYMs MOJICKYyJIaMu BOAbI. B aTom ciryaae M(X)
= 172 r/monb, M(Z) = 136 r/monb. TlociaenHee Y4UCIO COOTBETCTBYET MOJISIPHOM
macce CaSO, — mamopacTBopuMoMy cynbdary (MunHepan anruapur) (Z — CaSOy,
2 6amna). Torma X — CaSO,42H,0 (2 6amaa), a pacuér mo morepe mMacchl 1act
st Y popmyiry CaSO,:0.5H,0 (2 6aia) (anebactp).

2. YpaBHeHus peaknuii (mo 2 6ajiiia 3a ypaBHeHHe):
CaS0,-2H,0 = CaS0O, 0.5H,0O + 1.5H,0
CaS0,4-0.5H,0 = CaSO, + 0.5H,0

2CaS0O, + 2Si0, + C = 2CaSiO; + 250, + CO,
2802 + 02 - 2803

Bcero makcumym 26 6aj110B

3aganue 3.
1. X—a3or N. | =Ny, Il =NO, 1l = NH3, IV -=NO,, V —HNO;3, VI — NyH,4, VII*
- NH4;NO3;, VII - N,O, VII — [NH;OH]JHSO, (momyckaercsi 3amuch, He

orpaxaimas crpoenue), I X — N,Osz. (mo 1 0anay 3a 3jieMeHT W KaxKaoe
BELEeCTBO)



YpaBHenus peakuuii (mo 1 6a/uty 3a ypaBHeHue):
Ng + Og =2NO

2NO + O, = 2NO;

N02 + NO = NZO3

2H,0 + 4NO, + O, = 4HNO;

3H2 + Nz = 2NH3

NH3 + HNO3 = NH4NO3

NH4N03 = Nzo + Hzo

2NH; + NaClO = N;H,4 + NaCl + H,0

2NO + 3H2 + 2H2804 = 2[NH30H]HSO4

2. B coenquaennn VII* crenenn okucieHns a30Ta B HOHE aMMOHHMSI M1 HUTPAT-HOHE
paBHBI —3 M +5, COOTBETCTBEHHO; MOXKHO TAaK)K€ CUUTATh, UTO CPEAHSIS CTEIICHb
okuciieHus papHa +1 (1 6aJu1 3a J1I000H U3 IBYX BADHAHTOB OTBETA).

3. CTeneHu OKMUCIICHHS CEPhl U XpOMa B yKa3aHHBIX COCIMHEHHUS paBHBI +6 (mo 1
0asy). @opmanbpHOe paccMOTpeHue (IIPH JOMYIIEHHWH, YTO C.0. KHCIIopoaa —2)
Na€t creneHu okuciaeHus +7 u + 10, coorBercTBeHHO. Takas cuTyanus
OOBSICHSIETCS TE€M, YTO B OOOHMX COCAMHEHUSIX 4YaCTh AaTOMOB KHCJIOpPOJa
nepoKcuaHasi u umeer c.o0. —1 (1 6amwr).

Bcero makcumym 24 6aj110B
3ananue 4.

1. O6mrast popmymna okcumoB — M,0,,. Beipazum MaccoByro 00 KHCIIOPOa Yepe3
n:

0(0)=—0" 0186

2M +16n

Pemenuem xotoporo 6ymer M = 35n. Ilpu n = 2 monsipHas Mmacca O6JM3Ka K Macce
raJiiusi, OJHAKO IJIi HEro HexapakTepHa cTeneHb okucienus +2. Ilpm n = 4
MOJISIpHAsE Macca COOTBETCTBYET LEPHI0, KOTOPBIA TEHCTBUTEIBHO 00pa3yeT OKCH/I
B C.0. +4 W, KaK clieyeT U3 NpUBEACHHBIX YpaBHEHUH, Takke umeeT okcua Ce,0;

(Y). Tornza M — Ce (2 6aana), X — CeO, (2 6amna), Y — Ce,0O3 (2 6as11a).

2. Ecmi yMHOXUTBH KOA((PUIIMEHTHI B IEPBOM peakiuu Ha +2, a 3aTEM CIOXKHUTH €€
CO BTOpOM peakiueil, To coeuHeHuss X U Y COKpATITCS U OCTAaHETCS ypaBHEHUE
Bujaa: 2C0O + O, = 2CO, (1 6an)

Jlst mommydenust e€ TeruioBoro dpdexra HeoOXOAMMO MMOBTOPUTH TE€ YK€ ICUCTBUS C
TETJI0OTAMU MEPBOM U BTOPOU PEAKIIHM:

Q =-85.4-2 + 736.8 = 566 x/I>x/moinb; Ha 1 Monb CO adpdekt cocraBut 283 xJx
(2 6amna)

3. 2NH3 + 3N,0 = 4N, + 3H,0 (1 6aw)



Q1 = 3-241.8 — 2:46.2 — 3-(—82.0) = 879.0 k/[x/mMonp (439.5 k/I:)k HA MOJb
aMMHaKa, 2 6aJuia)

4NH; + 6NO = 5N, + 6H,0 (1 6amx1)

Q; = 6:241.8 — 4-46.2 — 6:(-90.2) = 1807.2 x/Ix/Monb (451.8 k/l:x HA MOJb
aMMHaKa, 2 6aJuia)

8NH; + 6NO, = 7N, + 12H,0 (1 6amx1)

Qs = 12-241.8 - 8:46.2 — 6:(—33.5) = 2733.0 x/x/Monb (341.6 x/:x HAa MOJB
aMMMHaKa, 2 6aJa)

6NO, + 4XNH; = (3+2X)N; + 6xH,0 (3 6a1a)

4. NOy moxxHO mipenctaBuTh Kak cmech (2-X)NO u (X-1)NO,, rme (2-X) u (X-1) —
MOJIBHBIC JI0JI Ta30B B cMmecu. TerutoBoit addext Ha 1 moms NO pasen 301.2
kJIx, a Ha 1 mombp NO;, 455.5 x/Ix. Torma addexr Ha 1 Mmoasr NOy Oyner paBeH
301.2(2-x) + 455.5(x-1) = (146.9 + 154.3x) x/Ix Ha moab NOy. [{ns npuBeaéHHOM
BBIIIIC pEaKIUK OH cocTaBUT 6°(146.9 + 154.3x) = 881.4 + 925.8x k/I:k (3 6asia).

Bcero makcumym 22 6asiia



10 xaacc
3apanue 1.

1. Kak anmkaHbl, TaKk U UX CMECH MOTYT ObITh onucanbl oomel Gopmymoi CyHon.o,
re s CMecel N MOXKeT NMPUHUMATh JAPOOHOE 3HAUYEeHHE. YpaBHEHHUE peakluu
CrOpaHusi UMEET BUJI;
CiHopso + (15”"‘05)02 =nCO, + (n+1)H20

Tornma macca nmonyyennoro CO, paBHa 44n, a macca Boasl 18(n+1). Ecnu macca
BOJIBI BJIBO€ MEHBIIIE MAcChl YIJIEKUCIIOTO raza, To 22n = 18(n + 1), yto maér n =
4.5. Torma cMech coctouT u3 Oyrana (N = 4) (2 6aaia) u mearana (N = 5) (2
0aJju1a), a UX MoJsibHBIE JToM paBHbI 110 0.5 (mo 1 6annny 3a KaMxAY0 MOJIBLHYIO
n0s10). Macca 1 mosb cMecu ckitazbiBaetcst u3 Macc 0.5 moub 6yrana (29 r) u 0.5
MoJIb ieHTaHa (36 1) u paBHa 65 r. MaccoBsie 101 BeliecTB paBHbI 29/65 = 0.446
(1 6ana) u 36/65 = 0.554 (1 6am1), COOTBETCTBEHHO.

2. Haiiném mapaMeTpbl JIMHEHHOW 3aBUCHMOCTH TEIUIOTHI CTOpaHHUsS OT 4YHucia
aTOMOB YyTJIEpO/ia, PEIIUB CUCTEMY YPAaBHEHUMN BUJIA:

Q,=a2+b=1560

Q;=a3+b=2220

OTtkyna a = 660, b = 240.

Torpa mist N = 4.5 Tennora cropanus paBHa 240 + 660-4.5 = 3210 kx/mouab (4
o0as1a).

Bcero makcumym 12 6asi10B.

3ananmue 2.
1.
O .'B . O L O
— - I'\ @ WY 'BI'
Br—0O o° O 0% g o |
O O\ \7'BI'\\
g o
JINHEHHBIH yIJIOBOH NMPAMUIAJIBHBIA  TEeTPa3ApUYEeCKHUi

(mo 0.5 6asTy 32 KaXKAYI0 CTPYKTYPY ¢ BEPHOii reomeTpHeii)

2. | = BrOz (1 6amn), Il — BrO (1 6amn), 111 — BrO, (1 6amn), IV - BrO4 (1
0aJ).

YpaBHenus peakumii (mo 1 6amny)

3Br; + 6KOH =5KBr + KBrO; + 3H,0

Br, + 5C|2 + 12KOH = 10KClI + 2KBrO; + 6H,0

Br, + 2KOH = KBr + KBroO + H,0

3KBrO = 2KBr + KBrOs;



2Br, + 3A9N03 + 2H,0O = HBrO, + 3AgBr + 3HNO;

KBrO; + F, + 2KOH = KBrO, + 2KF + H,O

KBrO; + XeF, + 2KOH = KBrO,4 + 2KF + H,0O + Xe

KBrO; + H,0O = KBrO,4 + H, (3;1ekrposm3*)

*omycTHMA 3aluch aHOAHOT0 npouecca BrO; + H,O — 2" = BrO, + 2H"

3. Kpucramnoruapat narpueBoit conu |l umeer hopmyny NaBrO-nH,O. Maccoas

TOJIsL KHCHOpOI[a B HEM COCTAaBJIAET:
w(0)=—10+100 4 45g
23480116 +18n

Otkyna n = 5. Torma cons umeet popmyny NaBrO-5H,0 (1 6awn)

4. Aanon X MOxeT ObITh 00pa30BaH TOJBKO celieHOM. [IpoBepka mo mMaccoBoit
. 83 2-

JI0Jie TIOKa3bIBaeT, YTo peub UAET 0  S5e0, . UToOBI ceneH mpeBpatuics B Opowm,

JIOJKEH TMPOU30UTH OeTa-pacmha:

2Se — ZBr+ 2B (2 6aia)
Bcero makcumym 17 6amiios.

3aganue 3.

1. Ilpu normomenun raza A pacTBOPOM U3BECTKOBOM Bojbl, T.e. Ca(OH),,
BBITIaJIaeT OCajoK Maccor 55.5 1. Tak kak ra3 A ObLI MOJYyYEeH MPHU OKUCICHUU X
KHUCJIBIM pAacTBOPOM I€pMaHraHaTa KaJusi, BEPOSTHO, B HAYAJIIbHOM COCIMHEHUU
coJiepkaiicss (-UCh) HEHaChIEHHBIN (-bie) pparmeHT (-b1). Ilpenmonoxum, 4To
MPOJYKTOM OKHUCIICHUSI SIBJISIETCS YIJIEKHUCIBIA Ta3, KOTOPBIA 00pa3yer cC
M3BECTKOBOM BOJIOM HEPACTBOPUMBIN KapOOHAT KaJbLIUA:

2) CO, + C@.(OH)Z = CaCO; + H,0O (1 63.)1.11)

Torma xonu4uecTBO BemiecTBa yriekucaoro raza 55.5/100 = 0.555 monb. Tak kak
YTJIEKUCIIBIM Ta3 E€IWHCTBEHHBIM NPOAYKT OKHUCIEHUA X, MCXOOHOE BEIIECTBO
COJIEP>KUT JTUOO TOJBKO BOAOPOJ U Yriaepo, JM00 BOJOPOA, YIJIEPOA U KUCIOPO/,
T.¢. obmas opmyna coenunenus X CyHy mmm CHyOy. Tak xak B X comepkutcs
N aTOMOB yTiepoja, TO YIIIEKUCIOro ra3a OyaeT B N pa3 OoJblie, CIeA0BaTeNbHO,
OTHOILIEHHE MOJIeH BemecTB X U A B ypaBHEHUHU peakiuu | paBHO N.

Paccuutaem MomsspHyro Maccy X, HCXOId M3 €ro MacChbl, YMHOXXCHHOM Ha
HEHU3BECTHOE YHUCJIO YIIEepOJAOB N W JEJIEHHOM Ha KOJUYECTBA BEIIECTBA
yriekucioro raza M(X) = 7.4-n/0.555. I1pu moabope N 1eI0YNCICHHOE 3HAYCHUE
Mouisipaort Macchl 40 r/mMonb gocturaercsa npu N = 3, Toraa Gopmyna X — C3Hy.
Tak kak Tpu OKHUCIEHUH OOpa3yeTcss TOJBKO YIJICKUCHIBIA Ta3, HCXOJHBIM
BemiectBom sBisiercs: awuieH, CH,=C=CH, (2 6asaua). [[ng ciaydas ¢ atomMom
KHCJIOPOJIa B COCTaBE COCAUHEHUSI X PEAIbHOTO PEIICHUS HET.

1) 5C3H, + 16KMnO, + 24H,S0, = 15CO, + 16MnSO, + 8K,SO, + 34H,0 (1
0as)

2. 3a KaKIY10 BEPHYIO CTPYKTYpPY BemectBa 1 6aJ



Br Br
C-
Br Br D-
. Br Br
B HQC/\/ Hzc)\/

Paccuutaem cymmapubiii BbixoJ peakuuu 1 = 0.83:0.97:0.91:0.60 = 0.44.
KonuyecTBo BemiecTBa amjieHa, 00pa3ylolIerocss B pe3yjbTaTe peakiuii COCTaBUT

0.185 moutb, ciienoBaTebHO, HCXOIHOE KOJIMUECTBO BellecTBa mponeHa 0.185/0.44
=0.42 monpb nim 0.42-42 =17.64 r (2 6a1a)

3. Tak kak Y wusomep X, ero Opyrro-popmyna CgHy. IlonydenHsiii uzomep
BCTYIIAET B Peakiuio ¢ peaktuBoM ToseHca u B peakuuto KyuepoBa, 4To roBOpuT
O HAJIMYUU B CTPYKTYype BemiecTBa Y TpoiHoM cBs3u. [log 3To onrcanue noaxoauT
OJIHO BO3MOKHOE BeliecTBo — nmponuH (Y) (2 6aia).

3a Ka:xKIAyI BEpHYIO CTPYKTYpY 1 0asun

O

CH e A

E- HsC — Ag Hac CHx

Y- HiC

4. Jlns coenunenus ¢ opyrro-popmynoit C3Hy cTenens HEeHACHIIIEHHOCTH paBHa 2.
Opnna cTeneHb HEHACBHIIIEHHOCTH JIOCTUTAeTCS HAJMYUEeM B CTPYKType JH0O0
JIBOMHOW CBsA3M, MO0 1ukia. [Tocmeqauii BO3MOXKHBIA H30MEp COJEPKHUT B cebe
UK ¥ JBOWHYIO CBsI3b. TakuM 00pa3oM, MPOINKHY U ANIEHy M30MEPHO OJIHO
BEILIECTBO — LUKJIONPOIIEH: (2 0aJi1a 3a CTPYKTYPY)

CH
HC?
CH,

Bcero makcumym 16 6am1oB.
3ananmue 4.

1. 3anuieM ypaBHEHHS PEaKIIMM, JIJIT KOTOPBIX MPUBEICHBI JAaHHBIC B YCIIOBUU:

1) C2H6 + 3.502: 2C02 + 3H20

2) C2H4 + 302 = 2C02 + 2H20

3) H2 + 0502 - Hzo
Peakuust peruapupoBanuss C,Hg = H, + C,H; moxer ObiTh mnosnyueHa
KOMOMHUpOBaHUeM peakuuit 1-3. Jlyig 3Toro u3 ypaBHEHUs peakuuu | BblUTEM
ypaBHeHUs peakiuil 2 u 3. To xe OyAeT crpaBeIMBO JJisi TEPMOJIUHAMUYECKUX
GyHKUMNA peakinuu:
Torna AHerump = AHerop 1 = AHcrop 2 = AHcrop 3 = -1559.7 + 1410.9 + 285.8 = 137
Kk/x MOJIb (2 6an1a)
Taxum xe 00pazsoM ASeryzp = AScrop 1 = AScrop 2 = AScrop3 = 120.5 Ik moan T K* (2
0aJsia)



2. YciaoBue CaMOMPOM3BOJBHOTO TMPOTEKAHUS PEaKIMH TIPU CTaHIAPTHBIX
JABJICHUSAX YYaCTHUKOB pEaKIMM — PaBEHCTBO HYIIO CTaHIAPTHOW SHEPTUU
I'ub06ca.

AG*=AH"-TAS°=0=0
Otkyna uckomas temmneparypa T = AH®/AS® = 137000/120.5 = 1137 K (2 6aJ1a)

3. Ucnonb3yss mpuBeAEHHBIE B YCIOBUM (DOpPMYJIBI ISl CTaHIAPTHON SHEPTHUU
['u66c¢a, moay4dum paBeHCTBO:

—RT InK =AH"-TAS®

NN
‘ eXp[AH" —TAS" j: . (137000—1300.120.5 j: 617 (3 Ganaa)
- ~8.314-1300
3aHI/IHIeM BBIPAKCHUC OJIA KOHCTAHTBI paBHOBCCHUA!
K = pCZH4 ’ pH2
Pe,m,

M3HavyansHO NaBJICHWE 3TaHa B cocye coctamisiio 5 Oap. Ecnu B pesynbrare
peakluuH JaBJI€HUE 3TaHAa CHHU3WIOCh Ha X M cocTaBWiIo (5-X), a JaBlICHUA
MPOAYKTOB COCTAaBUJIM BEJIMUYUHY X, TO BEPHO CJIECAYIOIIECE:

= pC2H4 ] sz _ X- X

Pe, i, 5-X
Pemenune manHoro ypaBHeHUs naét X = 3.27 (BTOpOW KOPEHb JIUMIEH (PU3NIECKOTO
CMBICTIA).

Koan4ecTBO MOIy4eHHOTO ATHUJICHA MOYET OBITh BBIUMCIECHO C MCIOJIb30BAaHUEM

ypaBHEHUS UCATBHOTO rasa:
0= Pen, V3271
C,H, — -

2 RT 8.314-1300
[Tocne ynaneHust 3TWiIeHa cucTeMa coaepkut 3.27 Gap Boaopoaa u 1.73 sTaHa.
Ecnu B X07€ IpoTeKaHus peakIuu JeTHAPUPOBAHUS TaBICHUE d3TaHa CHU3HUTCS Ha
Yy, TO €ro mapuuaidbHOe JaBiieHHe cocTaBUT (1.73-Yy), mapuuanbHOE AaBICHUS
BOJIOpoJia cocTaBuT (3.27+Y), a mapiuaibHOe JaBJICHHE ATUJIEHA OyAeT paBHO Y.
Torna:

_ pCzH4 ) sz — y(327+ y) ~6.17

Pe,k, 1.73-y
Otkyna 'y = 1.02 Gap.

K

=3.03-10 momb (3 6as12)

K

4.

_ Peu, V0 102:1
“M T RT 8.314-1300
Bcero makcumym 15 0asi1oB.

n

=9.44-10"° Monb (3 Gana)



11 xkaacc
3apanue 1.

1. TlpakTudecku OCIOBHO NpHUBEACHA LUTaTa M3 cipaBouyHuka B. A. ®unosa
«Heoprannueckue coeauHenus siemeHToB V-VIII rpynm» cepun «BpenHsie

XUMHYCCKHC BCIICCTBAY .

Puauueckue u xumuvwecxkue csodcrea. Meraanona. Cyutectpyer
B HECKOJIBKHX aNJ0TPONHEX MOAHGDHKAUMAN, H3 KOTOphIX Hauboaee
yeTofuHBa B OOLIMHWX YCAOBHAX o-hOPMA — TAaK HA3LBACMEIA Me-
Tannudeckuilt wam cepwit M. [Mpu Guerpoit kouzencaunu napos M.
Ha MNOBEPXHOCTH, OXAamilaeMoli MuIKHM B03LyxXoM, obpa3ayecres
Mearuit M. (y-hopma). HasectH amopdusie ¢opmu B u 8, nepe-
xoanuine B c-popMy npu remnepatypax smme 270°C. B coelnHe-
HHAX NPOARJIAET CTeNcHH OKHeaeHuA -5, 43 4 —3. Hamensuen-
Huit M. cropaer ApkuM ronyBoBaTHM niaMelem ¢ BuAcAeHHeM Be-
Aoro abiMa okcHga M. (I11). Cm. ranke npuackenne,

N3 creneHel OKUCIEHHS CIEAYET, YTO JIEMEHT OTHOCUTCA K 15 rpymme. Cpazy
MOXHO HCKIIOUUTH a30T (HeMeTall, ra3, He roput) u ¢ocdhop (HemeTauu,
HanOoJiee yCTOMUMB KpacHbll ocdop, roput g0 okcuaa (V)). Bucmyrt sBusercs
MetauioM. CypbMa HMCKJIIOYAETCS U3 TPaMMaTHYECKUX COOOpakeHuil (Ha3BaHUE
AJIEMEeHTa — MYXCKOro poja). Ocraércs mbibsik — AS. Ha Hero tak »xe HameKkaer
OykBa M.

Htak, M. - AS, MbIlIbsIK (2 0aJ1a 32 CHMBOJI, 1 0aJ1)1 32 HA3BaHUeE)

2. Oxenp - As;O3 (1 6amm)
4As + 30, = 2As,0; (1 6amr)

3. OTHOmIEHNE Macc TOKa3bIBae€T, YTO C CEpPOW MBIMBAK pearupyeT 1 k 1 mo
mousim: (75/2.3) : (32/1) = 1 : 1. YToObI 0Tpa3uTh CTPOCHUE CYIb(UIA, KOPPEKTHO
UCITOJIB30BaTh (hopMyTy AS;S,:

a) 4As + 4S = As,S, (2 6anaa, pis AsS — 1 6a)
0) As;S; + 70, = 2As,03 + 450, (2 6aaaa, ASS noBTOpHO He mITpadyercs)
B) As,0; + C = 2As + 3CO (2 6aaaa, nonyctum Bapuant ¢ CO,)

4. MonsipHasi Macca BeIecTBa MPUOJIM3UTENBHO paBHa 29-2.7 = 78 r/mMoib, 4TO
cooTBeTcTBYeT apcuny AsHs3 (1 6aswn).

5. 120-(1 — 0.0756) — 75 = 36 r/monb. M3 cooOpakeHHii O BAJICHTHOCTH U OCH
CUMMETPHUH MOKHO CJIEJIaTh BBIBOJ O YETHIPEXBAJIEHTHOM 3eMeHTe ¢ M = 12. D10
yraepoa. ®opmymna — AsCsHg oo AS(CHz); (2 6anma), crpykrypa Hmke (2
6anna). JlomycTUMO IJIOCKOE H300pakeHUE, JOMYCTUMO pPACKPhIBATh WIM HE
packpeiBath CHj;, momyctumo He ykaseiBath HOIL. 3a wuHble u30MepbI
TpuMeTHJIapcuHa — 1 6aJw.

e\ “CHa

A{
CH;



Bcero makcumym 16 6aslioB.
3aganue 2.

1. Jns ompeneneHus SJIEMEHTOB, BXOIAIIMX B cocTtaB BemecTB A-C, CTOUT
oOpaTuTh BHHMaHHWE HAa ONHUCAHWE WX XWMHUYECKHUX CBOHCTB. Ilo ycioBwmro,
BEIIECTBO A — JKHUJKOE COCIMHEHHE TMEPEXOAHOr0 MeTalia, KOTOpoe IpH
BOCCTAHOBJICHHH ITMHKOM B COJISTHOM KHCIIOTE€ JaeT (PUOJETOBOE OKpAalllMBaHUE.
Takoe onucanue ykaspiBaeT Ha T0, yto A — TICl, (1 6amm), ximopun turana(lV),
BoccTaHaBmBaromuiics 1o ¢uoaetoBoro Hs[TiClg] (momyctumo TiCls) (D) (1
0as1). K ToMy ke MHOTHE COCTUHCHUS TUTAHA C HEMETAJJIAMH M3BECTHBI CBOUMU
VCKIIFOUUTEIbHBIMU CBOMCTBAaMU (HAIPUMEp, BBICOKOM MPOYHOCTHIO). OnucaHHbIE
Jajiee MPEeBpaIleHHs C BEIIECTBOM B SBISIFOTCS KayecTBEHHOW peakiueil Ha Oop:
tpuaikmwioopatel B(OR)3;, monmyuaemble mo peakiuu co crnuptrom ROH, mpu
HEOOJIBIIIOM HAarpeBaHUM YJICTAIOT W3 pPAacTBOpa H CropaloT Ha BO3IyXe
XapaKTEePHBIM 3€JICHBIM TuTaMeHeM. Tak kak B mmeer oOmuii 3iemMenT ¢ A, To B —
BCl; (1 6amn), E — B(OMe); (1 6asmur). 3HauuT, BemecTBO X — OOpH] TUTAHA,
KOTOPBI MOKHO TTOJTYYUTh COBMECTHBIM BOCCTAHOBJIICHHEM XJIOPHJIOB THTAaHA U
6opa razom C. MHpOpMaIus 0 TOM, 9YTO OH CTOPAET B KHUCIOPOJE C «XJIOMKOM,
oJHO3HAYHO AaeT moHATh, uTo C — H; (1 6anma). CocraB BemectBa X MOXKHO
YCTaHOBUTH 10 MaccoBol joje 6opa B Hem: X — TiB, (1 6amwn).

2.1) TiCly + 2BCl; + 5H, — TiB, + 10HCI
2) 2TiCly + Zn + 6HCI — 2H;[TiCl¢] + ZnCl,
3) BCl; + 3CH3;0H — B(OCHj;); + 3HCI
4) 2B(OCHg); + 90, — B,0; + 6CO, + 9H,0
5) 2H2 + 02 — ZHZO

(mo 1 0aJuy 32 ypaBHeHHe)

3. A, B u C BcrynamoT B peaknuio cuHTe3a X B cooTHomeHuu 1:2:5. Ecnu
NPEIINOJIOKNATh, YTO  HaumOoJee  ONTHMAJIBHO  IOJaBaTh  pEareHThl B
CTEXMOMETPUYECKOM COOTHOIIEHUH, TO CKOPOCTh MOJa4yM Il A OyJIeT paBHATHCS
800:5 = 160 ma mun™ (1 6amt), a st B - 160-2 = 320 M mun™ (1 6aumw).

4. CormacHO CTEXHOMETPUHM, KOJIUYECTBO oOpasyromerocss TiB, paBHseTcs
komdectBy monaBaemoro TICl,. Komuuectso TiCl,, momaBaemoe 3a MuHyTy,
paBHo N = 0.16:22.4 = 7.1-10" Mo, CnenoBatenbHO, TeopeTHueckas Macca T1B,,
HaHEeCEeHHas 3a 2 yaca, OyJeT paBHATHCS M = 7.1-10%-2 - 60 - (47.87+10.81-2) =
59.21 r. C yuérom BbIX0/a BeMYMHA Oy/IeT BABOE MEHbIE, TO ecTh 29.6 1. O0beM
3TOro MOKpPBITHS paBeH M:p = 29.6:4.52 = 6.55 cm’. Torxza MOXHO ONPEIEIHTH
IO b TTIOKPBITUS, TIOACIUB O0BEM Ha TOJIIUHY CJIOS: 6.55:(20‘10'4) = 3275 em?®
(3 6aa1a).

Bcero makcumym 16 6as10B.



3aganue 3.

1.

Cl
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3a Ka)XKIyI0 BEPHYIO CTPYKTYpY 2 6asuia

2.

J—N—L—"G—>M———K— |

4
Wéynpopen =~ H

3a Ka:Kablii BepPHbI CerMEHT «MCXOJHOE BeleCTBO — peareHT - MpPoaykT» - 1
oaJLI.

Bcero makcumym 20 6as110B

3aganue 4.

1. I3MeHeHne DHTAJIBIINU MOXKET OBITh HANIIEHO C UCHOJIb30BAHUEM CJIEACTBUSI U3
3akoHa | ‘ecca:

A H°(meta — opTo) = 19.1 — 17.3 = 1.8 kI Moanb ™" (2 6anna).

2. Pa3nunia B SHTANBNHAX CrOPaHUS H30MEPOB paBHA MO0 MOYJII0, HO oOpaTHa T10
3HAKy pa3HUIIE B UX DHTAIBIUAX oOpa3oBaHus. Toraa



Acrop H°(M-KkcHnon) = -4310.3 - 17.3 + 19.1 = —4308.5 /I Mo (2 0asga);
Acrop H°(M-kcHnon) = -4310.3 — 18.0 + 19.1 = —4309.2 k/I:x MoJIb’ ! 2 6amna).

3. A,S°(meTa — opto) = 358.5 — 353.8 = 4.7 Ik moan ' K* (2 6amia).
K (500 K) = exp[-(1800 — 4.7-500)/(8.314-500)] = 1.141 (2 6as;1a)

4. TTockoJIbKY BCE peaKIMd OTHOCSTCS K peaklMsM U30Mepu3aluu, 11 OTBETa Ha
BOMPOC 4 JOCTATOYHO CPaBHUTH dHepruu [ moodca H30MepOB.

A,G°(meta — opto) = 1800 —4.7-500 = -550 Ix MOJIB

A,G°(mera — mapa) = (18000 — 17300) — (352.2 — 358. 5) 500 = 3850 JIx MOJIB
A,G°(opto — mapa) = 3850 — (-550) = 4400 [Ix MOJIB

ComnocraBiisii  OTHOCUTEIBHYIO  CTAaOWJIBHOCTH HM30MEPOB, MOJIy4aeM, 4YTO
HaUMEHBIITYI0 SHepruto ['mboca OyaeT umeTh opro-usomep. CienoBarejibHO, €ro
colep:kaHue B cMecH Oyaer HamOoJabmuM (5 0a/LUI0B 32 BepPHbIM OTBET C
obocHoBaHueM pacdyétom, 0 OamioB 3a orBer 0e3 000CHOBaHUS).
AJIbTEpHATUBHBIM PEIICHUEM SABJISICTCS BBIUYHUCICHUE KOHCTAHT PaBHOBECHIA
IIPOIIECCOB.

Bcero makcumym 15 6aniios



