
XMs 8 K.1acC 

1 .  100 T 5 % CIIHDTOBOTO DaCTBODa HOIa IIOMeCTHJIM B BIIIapHBaATJIBHVIO HaIIIKy H HaIpeIM JI0 
IIOJIHOTO MCIIapDeHHH CIIHpTa. KaKyIO MaCCa HOJIa O6HapyKHJIM B HaIIIKe IIOCIe OKOHHaHHH 
KcnepHMeHTa? 

OTBET: 0 r. Hon B yCJIOBHHX KCIIepHMeHTa IIeDeXOJIHT B Ta308yo pa3y. 

(5 6a1.010) 

2. IIpeIe1Ha IIOIyCTHMa KOHIIeHTpaL1H (TIJIK) aMMHaKa B BO31yxe COCTaBeT 0,2 Mr/M', a 
JHOKCM/Ia Cep5I 0,5 MT/M'. Kaxoi 13 Ta30B BJIHeTC 6oee TOKCHHIM? BrcHTe 
OTHOIIIeHHe O6eMHO IOIH aMMHaKa K O6eMHOf JIOIe JIHOKCH/Ia CepBI IIDH HX COJIeDKaHHH 
paBHoM IIJIK. 

OTBET: COrJIaCHO 3aKOHy ABOTaJIpO, DaBHBIe KOJIMHeCTBa BeIIeCTBa Ta30B 3aHHMaOT paBHBIe 
06L~MEI, IIOTOMy OTHOIIIeHHe O6eMHIX Oe1 6yJIeT DaBHO OTHOIIIeHHO KOJIHHeCTB 

BeIeCTBa: @(NH)/(SO») = (0,2:17)/(0,5:64) = 1 ,5 .  EIIHHIII H3MepeHHI COBIIaJIaOT, I1OTOMy 

IIeDeBOJIHT MX HeO63aTe1HO. KaK BJIHO, y aMMHaKa KOJIHHeCTBO 6OIIIIe, 3HaHHT JIMOKCHI 

CepI HBJIHeTC 6OJ1ee TOKCHHIM. 

(5 6a1.010) 

3. Hasecxy KpcTa1JIHHeCKOi CO/1I 1,287 r 06pa6OTaJII CO1HO~ KHCJ1OTO~ (I36ITOK). IIp 

9TOM 06pa30Ban10c 100,8 MI a3a (H.y.). Paccraire, KaKOe KOJIHHeCTBO MOJIeKVII BOJII 

HaXOJIITC B OIHO1 MOJIeKVJIe KDpHCTaJIIOTpaTa. IHpBeITe ypaBHeHHe B3aMOIe1CTBHH 

KDHCTaJIJIOTHJIpaTa C XJIOpOBOJIOpOIHOi Kc0Toi. 

OTBET: Na»COxHO + 2HCI = 2NaCl + CO + (x+1)H0 (4 6a.a1a); n(CO) = 0.1008/22.4 = 

0.0045 MOJI (2 6a.a1a); n(co11) = 0,0045 MOL, M(co/1) = 1,287/0,0045 = 286 1/Mo1 (4 

6aa.1a); 106 + 18x = 286, = 10 (5 6aaa10B); NaCO10HO + 2HCI = 2NaCl + CO + 11H»0 
(5 6a1.010) 

(20 6a.1.a10B) 

4. B J1a6OpaTOp MeeTCH paCTBOp yKCyCHO1 KMCJIOTEI. COTpyJIHHKH J1a6OpaTOp 
yCTaHOBHJIH, HTO DaCTBOp HMeeT pH = 2,42, MaCCOBa JI0J1 KHCJIOTI B HeM 5 %, IJIOTHOCT 
1,005 r/CM'. VCTaHOBITe, KaK CJIIyeT 3MeHHT KOHLIHTDaLIHO KHCJIOTI, TO6I ee CTeIIeH 
JIHCCOIIMaLIHH VBeJIHHJIaC B IO pa3 .  

PEIIIEHHE: Hai1eM MO1HpHyO KOHIIeHTpaIIHIO KMCJ1OT1 C = 1 0 0 /M  = 1 0 5 1 , 0 0 5 / 6 0  = 

0 , 8 3 7 5  Mon/a1 (4 6a.a). pH = 2,42, 3Har [H] = 3 , 8 3 1 0  Mo1/n (3 6a21a1a). Crene 
ccoLau a = 3 , 8 3 1 0 / 0 , 8 3 7 5  = 4 , 5 7 1 0  (0,457 %) (3 6a1a). KOHCTaHTa 1OH3a11II 

K = C ( - a )  = ( 1 0 ) C / ( 1 - 1I 0 0 ) ,  oTcoJa C/C = 1 0 0 ( 1 - ) / ( 1 - 1 0 0 )  = 1 0 0 0, 9 9 5 4 3 / ( 1 ­  
100,00457) = 104 (6 6a.1.10B). OTBeT: KOHLIeHTpaLIHO CJIeIyeT yMeHBIIIMT B 1 0 4  pa3a (4 

6a.n1.1a) 

(20 6a.1.108) 

5 .  IHepBIM CHHTOTHHeCKIM IITMeHTOM cHTaeTc erneTCK cHHi. Ero pa3pa6oran eII~ B 

eTBepTOM TICHHeJIeTHH IO HaIIe pI. JI0roe BpeM peLIeIT eTO IIpHTOTOBJIeHHH XDaHHJ1CH B 

Taie H IIepDeJIaBICH OT MaCTepa K VHeHHKy, B pe3yJITaTe HerO 6II JI@Ke Ha BpeM 3a6IT B 

CpeJIHHe BeKa. COBpeMeHHIe MeTOJII XMMHH IIO3BOJIHOT OIIDeJIeIHT COCTaB 6e3 0Co6Oro 



TDy JIa. Ero MOKHO IIpeICTaBIT B BHIIe CMeCH OKCHJIOB: Si0 (64% no Macce), Cu0 (21% no 

Macce) n Ca0 (15% no Macce). 

BIHCJIHTe MOIHIe COOTHOIIIHHI KOMIIOHeHTOB IIHTMeHTa H 3aIIHIIIMTe erO pyTTO­ 

bOpMyJy. K KaKOMy KJIaCCy HeOpTaHHHeCKHX COeIMHeHHi erO MOKHO OTHeCTH? 

B KaeCTBe HCXOIIHIX KOMIIOHeHTOB JIJIH CHHTe3a eTHIIeTCKOTO CHHeTO MOIJIH BICTVIIaT 

KBapLeBi neCOK (Si0), 3BeCTHK (CaCO3) M KaKoi1-I6o MHepa1, co/epKaMi Me1, 

HanpMep a3ypr (Cu3(CO3)(0H)2). Hx MeKO JIpO6JI H TIIIaTeJIHO IepeMeIIIHBaJ1I, 

bOpMHDyH IIIHXTy III JIaJIHeIIIeTO CIIeKaHH. 

HaIre ypaBHeHHe B3IMOJIeCTBHH DeareHTOB C IIOIVHeHHeM eTHIIeTCKOTO CHHeTO. 

OnpeIeIHTe MaCCOBBIe JIOJIM KOMIIOHeHTOB IIIHXTI, VHHTIBa, HTO JIOIIOJIHTeJIHO 

JIO6aBJIHIHCB BCIIOMOTaTeJIHIe BIIIeCTBa B KOIMeCTBe 10% oT Ou1ei MaCCI. 

[Io6aBKaMI K IIIMXTe HaCTO BBICTyIIaJIH IIOTaI1 (K3CO3) HJIH COIIa (NaCO). OH He MeIIIaJ1 

OCHOBHOf peaKIIHH, HO IIOMOTaJIH IDOBOJIHT CIIeKaHe Ip 6oIee HH3KO TeMnIepaType H 

CJIeIaT IIHTMeHT 6oIee MXaHHHeCKH IIDOHHIM IIDH HeJIOCTaTKe MeJIM. 

IHoeMy B IIpHCVTCTBHM JI06aBOK MOKHO 6IIO CHH3HT TeMIIeDaTyDy OTKra? a ceT KaKoi 

peaKLHH IIDOHCXOJIHJIO yIIDOHHeHMe CTDVKTVDI IIHITMeHTa? 

OTBET: JI pacera cocTaBa 0603HaIM IIMTMeHT KaK (CaO)(Cu0),(Si0),, TOI1a MOKHO 

pacCTaTE HHIIeKCBI, HCXOI11 3 MaCCOBBIX IO1eif: x : y :  z  =  (15/56) : (21/79,5) : (64/60) = 

0,268 :  0,264: 1,07 = 1 :  1 : 4  (4 6a11a). Tora 6pyITO-popMy.na nrMeTa Ca0·Cu0·4Si0 

JIM BaCuSi4010 (2 6a1.1a). TO COeIMHeHHe MOKHO OTHeCTH K CJIOKHBIM OKCHI1aM HJIH 

JIBO~HIM CO1M (2 6an1a1a). Ilpocmo oxcuo 6uapnoe coeoueue no onpeeeuo. 

VpaBHeHHe B3aMopeicTBI peareHToB: 12 Si0 + Cu(CO3)(0H) + 3 CaCO, = 3 CaCuSi40o 

+ 5 CO+ HO (5 6a1108). JI yCTaHOBJIeHH COCTaBa IIIMXTI IIDOCTO IIDeIIIOJIOKHM, HTO 

BeIIIeCTBa B3HIM B KOJIHeCTBaX, DaBHIX CT&XMOMTDHHeCKHM KO]pHLIMeHTaM: 12 ·60 = 240 (r) 

Si0; 344,5 r Cu3(C03)(OH); 3 · 100  = 466,8 (r) CaCO. CyMMapHyIo Macey no1en1M a 0,9, 

TO6I y3HaTE O6LIIVIO MaCCy IIIHXTEI 1364,5 /0 ,9  = 1 5 1 6  (1), I paCCTaeM CKOMIe MaCCOBIe 

1OJ1: 47,5% Si0; 22,7% Cu3(CO)(OH); 19,8% CaCO, (4 6a.1.1a). Io6aB CHKa1OT 

TeMIIeDaTVDy IIJIaBJIeHHI CMOCH, OHa JIVIIe TOMOTeHH3HpDyOTC, VJIVHIIIaeTCH KOHTKT 

KOMIIOHeHTOB (3 6a1.1a). YIpOHHeHHe CTDyKTyDBI IDOHCXOJIIT 3a CeT 06pa30BaH cTeKIa, 

KOTOpOe BICTynaeT aMopbHoii MaTpuei, CB13BIBaoIIe KpHCTaJIJIHeCKHe bparMeHTI 

IMTMeHTa. VpaBHeHHe peaKL o6pa3oBaH cTeKa: nSi0 + Na3CO + CaCO, = 

Na0·Ca0·(Si03)% + 2 C0 (5 6a21.10). 

(25 6a.110B) 

6. BCMyT, Bi, OeH HTepeCHIi JIeMeHT. OH HaXOJIITC B VA IIOITDVIIIIe IIOI1 IIByMI 

JI0BHTIMH 9JIeMeHTaMH: MILIIBIKOM H CypMO, a B 6-M IIeDHOJIe CD3y IIOCJIe TOKCHHHIX 

pTVTH, TaJIJIHH H CBHHLIa, H IIeDeI OIIaCHBIMH DJIHOaKTHBHBIMH IeMeHTaM nIepHoIHecKof 

Ta6IHLII. TeM He MeHee CaM MeTaJIJIHHeCKH BICMVT 6e3OIaCeH M CIOJI3OBaJICH, HaIpHMep, 

KaK aJTBTeDHaTHBa CBHHLIy B DBI6OIOBHBIX TDy3HJIaX HJIH OXOTHMei JIpO6M. IHp HarpeBaHH 

Ha BO3IVXe JI0 IIOKDaCHeHHI BICMVT CTOpaeT CHHIM IIJIaMeHeM, 06pa3y OKCHI, COIepKaLi 

89,70% BCMyTa. 

IHpBere pOpMyJIy TOrO OKcHJIa. KaKOBa CTeIIeH OKHCJIeHHH BHCMyTa B TOM OKCHe? 

KaKOBa MaKCHMaJIHa CTeIIeHB OKHCJIeHHH BHCMyTa? 



Mano COeJIHeHHf MOIVT OKICJIHTE BHCMVT JI0 MaKCHMJIBHOi CTeIIeHH OKHCJIeHH. ][axe xn1op 

IIpH peaKLIHH C HHM He aeT BcIIi XJ1Op/I, a o6pa3yeT BeIIeCTBO, KOTOpOe IpH FHIIpOJ1H3e 

npeBpauraeTc B Bi0Cl, Hora Ha3IBaeMIi IIepJIaMyTDOBIM 6en1IM. Ero C IIpeBHOCTH 

HCIIOJIB3OBaJIH KaK 6eIJIa III JIHIIa, H JIO CHX IIOD JI06aBJ1HOT B HeKOTODBIe KOCMeTHHeCKHe 

CpeICTBa. TO COeIIHeHHe VJIHBHTOJIBHO HeTOKCHHHO B OJIHOM HCCJIeJIOBaHHH KDBICI, 

KOTOpIM B TeeHHe 2 J1eT JI06aBJ1J1 5% BiOCl B IMIIIy, He O6HapyKHJIH HHKaKHX I1IO6OHIX 

ppeKToB! 

- IHpBere bOpMyJIy yCTOBOTO TaIOTeHMJIa, B KOTODOM BHCMyT HaXOJIHTC B 

MaKCHMaIHOf CTeIIeHM OKHCIeHH. KaKoe COeIHHeHe 06pa3yeTC IIpH B3aIMOIIeiCTBHH 

BHCMyTa C XJIOpOM? Hao6pa3Te pOpMy TO MOIeKyJII H IpHBeIHTe 3HaHeHMe BaJIeHTHOTO 

yrJa CI-Bi-Cl B Hana3oHe 10° (uanpuvep, 40° 50°). H a m r e  ypaBHeHe peaKL 

TM/IpOJ1H3a XI1OpHJIa BHCMyTa. 

H3BeCTHa HCTODHH, KaK KeHIIIMHa, HaIIVJIDeHHa IIeDJIaMVTDOB5IM 6eJ1IM, Ha KypOpTe BOIII1a B 

BaHHy C CpOBOIIODOIIOM H 6BIIa IIIOKHpOBaHa, KOF/Ia e~ MaKHHK BHe3aIIHO H3MCHHJ1CH C 6e1Oro 

Ha HpHr. 

IHpBeIIITe ypaBHeHMe peaKLIMH, KOTODa CTaJIa IIDHHHHO TOTO Kype3HOro CIyHa. 

OTBET: PaccraeM popMyny oKcna B i :  O  =  (89.7/209):  (10.3/16) = 0.4292 : 0.6438 

1 : 1 , 5  =  2 :  3.  opMy1a Bi0, (5 6a1010B). CTeneHE OKMCIeH BHCMyTa +3 (2 6a..1a). 

MaKCHMaJTBHa CTeIIeHE OKHCIeHHH BHCMyTa +5 (2 6a1.1a), TaK KaK OH HaxOJITO B 5 rpye. 

BICOKa CTeIIeH OKHCJIeHI 6yJIeT y C T O B O f  TOJIKO eCIH BHCMVT COeJIMHHeTCM C CaMBIMH 

J1eKTDOOTpHLIaTeJIHBIMH DJIeMeHTaMH, H3 TaJIOTeHOB TO dTOp, BiFs, (2 6a101a). A I1pH 

B3aMOIIeiCTBHH C XJIOpOM IIOCTHTaeTC TO1KO C.0. +3: Bi + 3/2 Cl = BiCl (3 6a1a). opMa 

MOJIeKVJIEI TDHXJIODHJIa BHCMVTa IIHpaMHJIaJTBHa1, CBH3H C XJIOpOM O6eCneBaIOT D-Op6HTaJ1I, 

HO M3-3a OTTaJIKHBaHH O6OIOHeK aTOMOB XIODa, yFOI MOKJIy CBH3HMM VBOJIMHHBaeTCM 

cocTaBneT 100° (3 6a1.1a). YpaBHeHHe peaKuI THI1po/1H3a: BiCl + HO = BiOCI + 2HCI (3 

6a.1.n1a). YVpaBHeHe peaKu IepaMyTpOBorO 6eOrO C CepOBOIOpOI1OM: 2 Bi0Cl + 3 HS = 

Bi3S + 2HO + 2HCI (5 6a.1.10B). 

(25 6a.110B) 


