
XMs 9 Kacc 

l .  [II IprOTOB.1CH1HI IO % cIHpTOBOrO paCTB0pa KaMpopI papMaIeBT Men10.1630Ba.1 TaH0.1 C 

KOHLIeHTpaLHeii 95 %. KaKOBa MaCCOBaI IO11 BO,II B IIOIyHeHHOM paCTBOpe'? 

OTBET: 4,5 % 

(5 6a.21.10B) 

2. HanITe IOIHOe yDaBHCHHe DCaKLIHM, JI1H KOTODOTO IIDHBC,IHI BCe IIDOIVKTI C yHTOM 

CTeXHOMCTDHHeCKHX KO]bHLIHCHTOB. 

OTBET: I + I0HNO, > 2HI0, + 10NO, + 4HO 

(5 6an1010B) 

3. HaBeCKy KpHCTaI1OT,IpaTa CO,11 0,715 r paCTBOpH1IM B 50 M1 pacTBOpa CepHOi1 KHC1OT1 C = 0 , I  

MO1/1. H36ITOK KHCIOTI HeiTpaIH3OBa.IM C HHIHKaTODOM MOTH.IOBIM OpaHKCB5IM 50 M.1 pa€TB0pa 

THIpOKCH,Ia HaTpH1 C =  0,l MO1/1. PaccTai~Te, CKOTKO MO.ICKyJI BO,II COICpKT MO1eKy.1a 

KDHCTa1TOTH,IpaTa. IlpBe,IITe ypaBHeHHI OIIHCaHHIx peaKLii. 

OTBET: KpICTaIIOT MIpaTI O6pa3yeT TO.1KO Ka.ILIHHHDOBaHHaI CO,Ia, IIHTBaI KDHCTa11OT M,1paTOB 

He 06pa3yer. Na,CO,xHO + HSO, = Na3$O, + CO + (x+1)HO (3 6a21a) HSO, + 2NaOH = Na3SO, 

+ 2HO (1 6a1); n(HSO, 06u1.) = 500.1 = 5 MM0.1, n(NaOH) = 500.1 = 5 MMo.1 (4 6a.a1a1a); 

n(HSO, Ha co1y) = 2,5 MMo.1 = n(c0/11) (2 6a.a); M(co11) = 0,715/0,0025 = 286 r/Mo.1 (2 6an.a1a); 

106 + 18x = 286, x = 10 (5 6a.a1a10B); Na,CO,·10HO + H5SO, = Na5SO, + CO + 11H,O (3 6a.1.1a) 

(20 6a.n1.010B) 

4. 48 r HeKOTOpOrO MeTa11a Ia6OpaHT IIOMeCTH.I B OeHE pa36aBICHHyIO HNO,. B IpOLeCCe peaKL 

O6pa3eI paCTBOpHICI IIOIHOCTI0. JIa6OpaHT OTMeTH.II, HTO BLICICHHI Ta3a He IIDOHCXO,IM.IO. 

O6pa3oBaB1Iii pacTBop a6opaHT Harpe1 C 36rTKoM pacTBopa KaycTHecKOi co11. Jla6opaHT 

yCTaHOBHI, HTO B IIOCIeIHeH pCaKLIHH IIOCIO IIDHBC,ICHHI K HODMaTBHIM yCIOBI O6pa30Ba.10c I1 .2  

1  ra3a. IlO nOIyHeHHIM IaHHIM Ia6OpaHT CMOI yCTaHOBHT, KaKOi TO MeTa11. IHpBeIMTe yDaBHeHHI 

peaKLif paCeTI, IIO3BO.IIOIIIHe TO CIC.IaT. 

OTBET: IIp B3aMMOIeiCTBHM MeTa1Ia C KHCIOTOi He BLICIH1CI Ta3, CIC,IOBaTeIHO 06pa30Ba.1I 

HHTpaT aMMOH: 8Me + 1OzHNO, = 8Me(NO), + zNHNO, + 3zH5O, re z - cTeIeHE OKHC.1eHHI 

Mera.n1a (4 6an10a). zNH,NO, + ZNaOH = zNH, + zH»O + zNaNO, - COOTBeTCTByCT BMIe.1eHHO ra3a BO 

BTOpOi pea1 (4 6anu1a). n(NH,) = 11.2/22.4 = 0.5 M0.1 (4 6a.1a). nMe) = n(NH,)8/z = 4/z M0.1. 

M(Me) = m/n = 48z/4 = 12z (4 6a1a). Ilp z = 1 M = 12 r/Mo.1, yTIepOI He MeTa1.1. Ilp z = 2 M  =  

24 r/MO1, To Mari Mg (4 6a.n11a). 

(20 6a.n1.0108) 

5. BCMyT, Bi, OeHE HHTCDeCHIi ICM&HT. OH HaXOIMTCI B VA nOITDyIIIIe IIOI IByMH HI0BHTIMH 

.1MCHTaMH: MBIIIIBIKOM H ypoi, a B 6-M IICDHO,IC CDa3y IIOCIC TOKCHHHIX DTVTH, TIIHI H CBHHLIa, 

H IICDe,I OIIaCHBIMH paIHOaKTHBHIMH ICMCHTaMM IIepHO,IHHecKO Ta6LI. Te He MeHee aM 

MeTaIIHHCCKHf BHCMyT 6e3OIIaCCH H HCIIOI3OBICI, HIIDHMeD, KaK aITCDHaTHBa CBHHLIy B 

pI6O.IOBHIX TDy3HIaX HIM OXOTHHe Ip06H. BIpaIIIMBaT KDaCHBIe KpHCTa1II BHcMyTa 

OTHOCHTe.THO ICTKO, IIOCKO.IKy TO OIHH H3 HeMHOTHX ICMCHTOB, HI TBp,Ia1 (bOpMa MeHe IIIOTHaI, 

eM KHIKaI. JIpyrM CIOBaMH, KaK I~I Ha BOI, TB~p,Iii Bi naBaeT Ha IIOBCDXHOCTH KHIKOTO. 

B e  n1OKa3aHa 1eMeHTapHa1 ea Bi. Tp~xMepHa popMa, o6Be I~HHaI H~pHIM, Ha3IBaCTC 

IpHMO pOM6ecKoif Ip3MOii, KOTOpaI COCTOHT H3 HeTID~X IIpIMOTO.IHIx TpaHei ByX rpaHei 

pOM6OB. PaCnOIOKeHHe aTOMOB Bi B TB~pIO CTDyKType OIIDeICIHTCI IIyTM HaIOKeHHH 

1MHTapHIX HHCeK IDT Ha IpyTa B TD~X H3MODeHHIX. HeKOTOpIe TOMI, O6O3HaHeHHIe B 

.1MCHTapHOf He~Ke, HaXNOUITCI BHVTDH HC IHIIIE HaCTHHHO, HO, KOT,Ia OHH HKIaIIBOTCI Ipyr Ha 



Ipyra, o6pa3yeTcI nOHIi aTOM. JIBe nap aTOMOB, COeIHH~HHIe IIyHKTHpHBIMH IHHHIMH, 

paCIOIOKCHEI IDT Ha,I IpVTOM, CCIH CMOTDeT CBCDXy (KaK H IIapI TOMOB Ha KaKIOM H3 IIHHHIX 

p~6ep). JIH MeKIy aTOMaMH IIDOCTO yKa3BIBaOT Ha 61HKaIIIHx COCeIi BHyTD eiKH. 

l .  KaKOBO O6II&e KOIHHeCTBO TOMOB BHCMyTa, CO,ICpKaIIIHXCI B OHO 1eMeHTapHOi eixe? 

Paccrare MaCCy aTOMOB, COICpKaIIHXCI B OHO 1eMeHTapHOi eixe (B r). Paccraire o6~M 
.1eMeHTapHOi eix (B A' cw). PaccTaiTe IIOTHOCT TB~pIOTO BHCMyTa (B r/CM). 

B TeeHHe MHOTHX IT BHCMyT CHHTaICI IIOCIOIHHM HCDaIHOaKTHBHIM 1CMCHTOM B IIepHOIeCKOf 
Ta6.1III€, HO paCH~TI IIOKa3a1I, HTO TO He TaK. HaKOHeu, B 2003 rOIy HCC.IeIOBaTe.IH O6HapyKM.1IM 
HCIIyCKaHHe a1pa-aCTHLII (I1pa Te.IHI) BHCMyTOM-209 onpeIeIHIH erO nepHo,I no1ypacn1a,Ia, 
KOTOpi COCTaBM.I HOBDOHTHIe 2 . 0 ] · 1 0 "  neT (601ee HeM B MH11Map,I pa3 IIpeBIII1aeT BO3paCT 
BceeHoi!). 

2. 3a CKOIKO MHHyT B O6pa3ue BcMyTa MaccOi 2 KT B CpeIHeM 6yIeT paCIIaIaTCI OIHH aTOM? Kaxoi 
H3OTOII O6pa3yeTCI IDH HCIIyCKaHHH a1]a-aCTHIII BHCMyTOM-209? 

OTBET: Tax KaK IHei~Ka OTHOCHTCI K TeTDaTOHaIHIM, TO aTOMI Ha peOpax BXxO,IT B e~Ky Ha '/. 
ATOMI Ha TDaHHX M BCDIIIHaX OTCyTCTByOT. Tor Ia IC.IO aTOMOB B eiKe: (4 ·1)  + 

+(8/)  = 6  (3 6a11a). JUI BIHHC.ICHHI MaCCI aTOMOB HyKHO BCIOMHHT, HTO B I MO.IE BCIIeCTBa I1O 
OIpeIeICHO COICpKHTC1 6,02· 10' aCTMu (N,). Tor Ia BBIDaKeHHe III HCKOMO Be.IHHHHI 6y,IeT 
HMeT BH m = 6·M(Bi)/ N, = (6208,98/ 6,02·10) = 2,08·10'(r) (2 6a.a). 06eM IpIMOyTO.1Hoi 
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4.535 A 
IIpH3MI DaBCH IIDOHBC,ICHHO IIIOIIIa,IM OCHOBaHHH Ha BICOTy. 
OcHOBaHHe IIpeICTaBLeT c060i poM6, TO1a S%% = 4,535x = 
4,535·(4.535·sin60°) = 4,535/3/2 (A), a 06eM 6y1eT paeH 
11,8144,535-/3/2 = 210,4 (A) (3 6aaa). JUu nepeBo1a B Ky6ecnHe 
caHTMeTpI yTeM, ro IA= 10cw'. 210,4 A ' =  210,4·(10)cw'= 
2 , 1 0 4 · 1 0 c m ' ( 1  6a1). Hro6I Hair IIIOTHOCT, pa31e.1M Maccy 
er Ha e o6eM: 2 , 0 8 · 1 0 2 / 2 , 1 0 4 - 1 0  = 9,89 (r/cw) (2 6a.11a). 

Tax KaK BHCMyT-209 MeeT OIDOMHI IIeDHO,I IIO.IyDaCIIa,Ia, MHHy THI HHTeDBa.I MOKHO CHHTaT 
MTHOBeHHIM, a CKOpOCT 3a TaKOii IIepHO,I IIOCTOIHHOi. Tax KaK KaKIIi aTOM IpeTepneBaeT pacna,I 
He3aBHCHMO OT JIpyTOTO, a6COIOTHaI CKODOCT (aKTHBHOCT 06pa3L1a, A) IpOIIODLIHOHa.THa 
KO.IHHeCTBy aTOMOB H BCDOITHOCTH DaCIIaIa KaKIOTO H3 HHX 3 CIHHHIIy BDCMCHH (I1I y,I06TBa 
yII1e cpa3y B3IT MHHyTy): A = · N  = ( 0 , 6 9 3 1 5 / v ) · m ·  N,/M(Bi).  t = 2 , 0 1 · 1 0 e r  =  2 , 0 1 · 1 0 !  
·365,25·2460 = 1,057 10° w (1 6a.1.1). A = 0,69315 · 2 0 0 0 · 6 , 0 2 · 1 0 /  1 , 0 5 7 - 1 0 5 ·  208,98 = 0,378 
(pacna1/M) (4 6a1a). COOTBeTCTBeHHO, BpeMI, 3a KOTOpOe B CpeIHeM pacnaaeTcI I aroMt = 1/A = 
2,65 MIH (1 6an11). 

JU1 HaIIMCaHHI DCaKLIHH paCIIa,Ia BHCMyTa-209 HyKHO BCIIOMHHTE, HTO a1]a-aCTLIa - 3TO 1Ip0 
aTOMa Te.IHI, TOTIa C yHeTOM 3aKOHa COXDaHCHHI MaCCI H 3pH1 IIOIyHHM, HTO IIDOIVKTOM IB.LHeTCI 

Ta.1ii-205: 23Bi = 2;TI + He ( 6a.a.a). 

(20 6a.n1.010B) 

6. KpaCKI BCCTIa COCTaBIIIH BaKHyIO HaCT KH3HH IO,IC, LIBCTHIO CIC,II Ha CTOHaX OCTaBIIIH II 

IIeIIepHIe IO1H. IHepBIe IIHITMeHTEI KDaCOK 6EI.JIM IIDHDO,IHOTO IIDOHCXOKICHHI, HO IIO.IyHeHHe 

CHHTeTHHeCKHX yKe IaBHO IIDHB.ICKaIO BHHMaHHe eIOBeKa. Tax, Ha TDaHHLIe BTODOTO M IICDBOTO 

THHeeTHii IO Hae pI B KHTae 6I1I pa3pa6OTaHI IIHI MeHTI XaHBCKHi CHHHii H XaHBCKHii 

IyDIIyDHIi1. OHH MMeOT CXO,IHI COCTaB M MOIyT 06pa30BIBaTCI COBMecTH0. IHp TOM xaHcKHi 

IyDIIyD IBL1eTCI MCHee CTa6THIM H IDH HaIDeBaHHH IIpeBDaIIIaeTCI B XaHCKHii CHHHi. HHTepeCHo, 

'TO IIyDIyDHIf OTTeHOK IIOIyHaeTCI KaK Da3 IIDH HaCTHHHOM D31OKCHHH BO BpeMI CHHTe3a, a CaM 

KDaCHTOJIH HMOOT CXOKHi CHHHi LIBCT. COCTaB THX COCIHHCHHf MOKHO IIDeICTaBHT B BHIe CM€CH 

OKCHIOB KDCMHHI, MC,IM H III~ OIHOrO MeTa1Ia: 



B KaeCTBe HCXOIHIX KOMIIOHeHTOB I11 

CHHTe3 IIHIMCHTOB MOT.IM BBICTyVIIaT 

KBapLeBi IeCOK (Si0), MHHepa.1, 

COICpKaIIHif Me,IE, HaIIDHMeD Ma.IaXHT 

(Cu3CO3(OH)), MCTOHHHK BTOpOrO 

MeTa.I.Ia, IIDCHMVIIICCTBCHHO B BH,Ie 

cy.Ibara. TaKe I06aB1I.1aC CBHHIIOBaI Oxpa (PbO), KOT0pa1 I103BO.11.1a O61CT'HT IIDOTCKaHHe 

p e a K .  CIDBe IpO6II H TIIIaTeTHO IICDeMCIIIHBa.IH, bOpMHDyH IIIHXTy II11 Ia1BHeiIIICTO CIICKaHHI. 

IlpOIeCC IpOBOIHIH, TIIIaTOTHO KOHTDOIHDy TeMIICDaTyDy: HeMHOTO HHKe I000 °C I111 IIyDIIyDHOTO 

H HyT BIII1e 1000 °C 11 CHHeTO KpaCHTe.1I. 

l .  OIpeIeIHTe HOH3BeCTHHi MeTa.II, BXOUILLHii B COCTaB XaHBCKOTO IyDIypa, 3aIHIIIHTe 6pyTTO­ 

bOpMy1y IHTMeHTa. K KaKOMy KIaCCy HOODTaHHHCCKHX COCIHHeH eTO MOKHO OTHeCTH'? Bce 

amouute Macct « 3a0awe opye~me oo oecmnx ooett. 

2. HanIITe ypaBHeHHe B3aHMOIeCTBLI DCareHTOB C IIOIyHeHHOM XaHBCKOTO IIyDIyDHOTO. 

Ope,IeIHTe MaCCOBIe IOI KOMIIOHCHTOB IIIMXTI, yHHTIBaI, HTO 0Xpa 2106aB111aC B 

KO1HHeCTBe 5 % or 06ue MaccI. 

3. HanITe ypaBHeHHe TCDMHHCCKOTO pa310KCHHI XaHBCKOTO IIyDIIyDHOTO. VTHTe MCTHHHIii 

IIBCT BCIIICCTB H IIOIVHaOIIIHiCH OTTCHOK. 

4. KaxoBa po CypHKa B KaeCTBe IO6aBK? IHpHBeIITe COOTBOTCTByOIIIee yDaBHCHHe DCKLIHH. 

OTBET: JU1 OIIpeIe.ICHHI COCTaBa IIHTMeHTa BOCIIO.IE3yeMCI CTaHIapTHOi pOpMy.IO I11 MaCCOBIXx 

o.1ei. 3anueM bopMy1y B BH1e (MO),(Cu0),(Si0»),, TOT1a x:y:z = (43,5/M(MO)) : (22,5/79,6): 

(34,0/60,1) = (43,5/M(MO)) : 0 ,283 :  0,566 = 153,7/M(MO): 1 :  2  (3 6a.a1a). IlepBa1 1po6 10.1Ha 

IIpeICTaB.1IT CO6oi, B O6LCM CIyHae, DaIOHaIHOe MC.IO, Tpe6yeTcI IpOBeTH nepe6Op 

BapHaHTOB, yHHTIBI, TO COCTaB OKCHIa IaH B yC1OB. IHpaBHIi oTBeT Ia~T caMa» IpOCTaI 

BepCHI, TO M(MO) = 153,7 r/MO1, KOTOpaI COOTBeTCTByeT Ba0 (3 6a1a). Tora 6pyrTo-bopy.1a 

IIHTMeHTa -Ba0·CuO·2Si0 1H BaCuSi0 (2 6an11a). COeIIHeHHe MOKHO OTHecTH K K1accy 

IBO~HIX CO.ICi MIH CIOKHIX OKCH,IOB (2 6an11a). YpaBHCHHe B3HMO,ICCTBHI DeaTeHTOB: 4 Si0 + 

CuCO(OH) + 2 Ba$SO, = 2 BaCuSi0 + CO+ HO+ 2 S0,(3 6a01a1a). JI1 yCTaHOB.1eHH 0cTaBa 

IIIHXTI IIDOCTO IIDCIIOIOKHM, HTO BIIIeCTBa B3II1H B KO.IHHeCTBaX, DaBHIX CTCXHOMOTDHHCCKHM 

obbueHraw:. 4 · 6 0 , 1 =  240,4 (r) Si0; 2 2 1 , 1  r  CuC0,(0OH); 2·233,4 = 466,8 r Ba$O,. CyMMapHyo 

MaCcy IOIe1IM Ha 0,95, TO6EI y3HaT O6III1yIO MaCCy IIIXTI 928,3/0,95 = 977.2 (r), paccraeM 

CK0Me MaccoBie 10.1w. 24,6% Si0; 22,6% Cu3CO3(OH); 47,8% BaSO, (3 6a.21.01a). JI1 HaIIIcaH 

peaKLHH pa3IOKCHHI XaHBCKOTO IIyDIIyDa Ha,IO DaCCHTaT COCTaB XaHBCKOTO CHHerO. Oe@uoo, 6 

3aoaue 3aKpaac6 ouuu~a, «eob cyMa Maccosvnx oe~u Kounoeumo« oaaacv 6ouue 100% 

Om@emt, ocHoGaHHle Ha pacemax c He@epoit Maccooi oet, oyeHuaaucv nowt 6aoM. 

Va3aue a ouuu6xy u omcymcm@ue pacemoa mace oyeu«aoco n o w  6aou (6 6at.06 3a 

oauni 6ox). Bepuoe 3naeue Maccoo oou Ba0, 32,5%e, MoocHo no1yum atumaue.M 

.MaccoGux ooetu opyeux ocu006. anIeM dOpMy.y B BH1e (Ba0)(Cu0)(Si0) Tora k:l:m = 

(32,5/153,3) : (16,8/79,6): (50,7/60,1) = 0, 2 1 2 : 0 , 2 1 1 :  0,844 = 1 :  1 :  4. BpyTTo-dopMy.a nrMeHra 

BaCuSi40o (3 6an11a). B ypaBHeHMH DeaKLIIH pa31OKeHHI Ha,IO yHeCTE, ITO IIOIB.ICHHe IIyDIIyDHOTO 

OTTeHKa He CBI32HO C CaMHMH IIHTMCHTaMH, a IO1KHO 6IT CBI3aHO C IIOOHIM IIDO,IyVKTOM, 

HMCOIIIHM KpaCHIi LIBeT (2 6an1a). H3 1CMeHTOB, KOTODIe IIDHCyTCTByOT B COCTaBe, ICTHe BCeTO 

IIDeICTaBHT 06pa3OBaHHe KpaCHOTO OK0H,Ia Me11(I) (2 6an1a). Tor1a ypaBHeHHe 6y1eT HMCT 

C1e1yOLLI1i BHIT: 6 BaCuSi0¢ = 2 BaCuSi,0o + 4 BaSi0, + 2 Cu»O + 0 (3 6a011a). CBHHLI0Ba1 0xpa 

CIyKHT H O6IHHIM J.IOCOM, CHHKQI TeMIICDaTyDy IIIB.IHHI IIIMXTI, H CIIOCO6CTByeT pa3.1OK€HHO 

IpoHoro cyIbara 6aps (2 6a.21a) 3a CeT p e a :  Ba$O, + PbO = PbSO, + Ba0 (2 6a11a). 

(30 6a01.108) 

CO[epKaHHe B XaHCKOM CO(epKae B 

OKcHU IIVDIIVDHOM B MaCCOBIX XaHBCKOM CHHeM B 

% MaCCOBIX % 

Si0, 34,0 50,7 

CuO 22.5 16,8 

MO 43,5 66,1 


