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3apanue 1 (25 0asu10B).

B 1821 rony ¢panmysckuii reonor [lbep bepThe coBmemian JeTHUI OTABIX C
MUHEpaJIOrH4eCKUMU U3bICKaHusIMU. b3 nepeBenbku Jle bo o oOHapyxwi ckainy,
CIIOKEHHYIO HE€ BIOJIHE OOBIYHBIM KamHeM. [IpoBens ananussl, bepTbe BBISICHWI: B
COCTaBE MHUHEpPAJIa, B OTJIMYME OT MPUBBIYHBIX JJIs tora OpaHuuu 0Cal0YHBIX MOPO,
OoJbllIasi yacTh MPUXOJUTCS HA OKCHJl AJTIOMUHHUS, @ MEHbIasg — Ha COEIUHEHUS
KPEMHH, KEeJIe3a U TUTaHa.

B Hacrosmiee BpeMs 3TOT MUHEpa UCIIONb3YIOT I IPOU3BOJICTBA AJFOMUHMUS.
JUis 3TOro Mopojay CcHauajda W3MENbYaloT, YBIAXHSIOT, oOpabarbiBator 40 %
pacTBOPOM TMAPOKCHJA HATpUsl B TEUYCHHE HECKOJIBKMX YacOB IIPU TEMIEPAType
160 — 170 °C u naBnenun 5 — 6 at™. [Ipu 3TOM amOMUHHMI U KpEMHHI TIEPEXOAUT B
pacTBOp B Buje BewecTB A U B cOOTBETCTBEHHO, a MPUMECH OCTAIOTCS B OCAJKE
(kpacHOM wune), KOTopbld oTaenstorT. Jlajee pacTBop pa3z0aBisSIOT  OOJIBIIMM
KOJIMYECTBOM BOJIbI WJIM MPOMYCKAIOT Yepe3 HEro YrieKUcCIbli ra3, B pe3yJbTare 4ero
coenuHenne amtoMuHug C BbImagaeT B ocanok. lIpokanuBaHuemM Ha BO3ayXe NpH
temrnepatype Boimie 300 °C  BemiectBo C  mpeBpamiaerca B BemectBo D.  [lns
MOJIy4eHUs] alloMUHUsL BeuiecTBo D pacTBopsitor B pacmnaBe  (TopcoiepKaiumx
BeuiectB E u F npu 950 °C u noasepraroT 31aeKTposin3y ¢ rpaduTOBBIMU aHOJIAMH,
OpUYEM STH aHOJbl TMPAKTHUYECKHU TIOJHOCTBIO OKHUCISIOTCS € 00pa3oBaHUEM
ra3000pa3HbIX BEIIECTB.

1.1. [IpuBenuTe Ha3BaHUEe MUHEepaa, oTKpbiToro [1.bepThe.

1.2. TlpuBenute Gopmynbl U Ha3BaHUS (TPUBHAIBHBIC WU CHUCTEMATUYECKUE)
Bemects A — F.

1.3. IlpuBeaute ypaBHEHHs pEaKIMil, MPOTEKAIOIIUX B XOJE€ MPEBPALICHUS
MIPUPOJHOTO MUHEPAJIA B METAUIMYECKUI aJTFOMUHUM 110 IPUBEACHHOU CXEME.

1.4. PaccuuTaiiTe Maccy alllOMUHUSA, KOTOpas MOJIy4aeTcsl Ha MPEANpUsiTUU 32
OJIHU CYTKH, €CJIH CyTOuYHas MoTpeOHOCTh B rpadure coctaniseT 18 1. [lpumure, yto
rpa@uT OKUCIISIETCS TOJTHOCTHIO.

3ananue 2 (25 6aas10B).

buonorndyecku akTUBHOE BEIIECTBO X 00JaaeT MOJISIPHOU Maccoit 286 1/MoJIb.
Henocratok 3TOro BemiecTsa B OpraHu3Me YeJI0BEKa BBI3BIBAET YXYAIICHUE 3PCHUS U
CHIKEHHE UMMYHUTETa. MoJieKylia BemecTBa X COCTOUT TOJIBKO U3 aTOMOB YIJIEpoa,
BOJIOPOJIa M KUCIIOPOJA U COJAEPKUT B CBOEM COCTABE OJIMH IIECTUYJICHHBIN LUK U
O COMpPSKEHHBIX JABOWHBIX CBA3ed. Uuciao 3amecTureneld, OTIAUYHBIX OT aTOMOB
BOJIOPOJIa, TIPY JBOMHBIX CBSI3SIX YEPEMYETCS B Cleayromiem nopsake: 4, 2, 3, 2, 3. [pu
nerictBur Ha 1 Momb BemecTBa X M30BITKA TMEpMaHTaHaTa Kaius B CEPHOKHCIOM



BOJTHOM pacTBOpPE MPOUCXOJUT JECTPYKTUBHOE OKHUCJIEHHE, MPUYEM B KaueCTBE
NEPBUYHBIX  NPOJYKTOB  OKHUCJIEHHs  oOpasytorca 1 Monb  3,3—aumerun-
2, 7-NIMOKCOOKTAaHOBOM KHUCIOTHI, 2 MOJb NUPOBHHOIPAJHON (2-OKCOMPOIIaHOBOM)
KUCIIOTHl M 2 MOJb UIaBEJIEBOM (IPTAaHAMOBOW) KHUCIOTHI. i1 MOJHOTO CcropaHus
HEKOTOpPOro KosmuecTBa BemlectBa X Tpedyercs 604.8 Mi Kuciaopoaa, U Mpu 3TOM
obpaszyercs 0.27 r Bonabl U 448 Mn auokcuaa yriaepoaa. Bce o6bemMbl ra3000pa3HBIX
BEIIECTB MPUBEJCHBI K HOPMAJILHBIM YCJIOBUSIM.

2.1. 3anummure CTPYKTypHbIE (QOPMYJIbl KHUCIOT, KOTOpHIE SIBISIOTCS
MEPBUYHBIMU MPOTYKTaMH OKUCIIEHUS BellecTBa X.

2.2. 3anummTe CTPYKTypHBIE (OPMYIIBI TIPOIYKTOB KOHEUHOTO OKUCIICHHS TPEX
Ha3BaHHBIX KHUCJIOT B YKa3aHHBIX YCIOBUSIX.

2.3. HazoBute apyroit peareHT, CiocOOHbBIN BBI3BaTh JECTPYKTUBHOE OKUCICHUE
BelecTBa X U UCTOIb3yEMbIN B UCCIEI0BATEILCKON MPAKTUKE JJIS 3TOU LIEIIH.

2.4. YcTaHOBUTE pacyeTOM MOJIEKYIISIPHYIO OpyTTO-(hopMyiy BeliecTBa X.

2.5. 3anumure CTPYKTypHyIO (opMyny BemecTBa X H MPUBEAUTE €r0
TPUBHAIBHOE Ha3BaHUE.

3apanue 3 (25 6as10B).

Coenunenuss A ub umeror ob6myro dopmyny CsHgOz. Ilpu menounom
TMAPOJIM3E A TOJIydaroTcsl ABa opraHudeckux Beniectsa — B u I'. Ilpu crutaBnennn B
co menoubto oopasyercs metan. Coenunenne I' pearupyer ¢ MeTaNIMYECKUM HATPUEM
C BbleJIeHHEM BojiopoAa. BeniectBo b BcTynaeT B peakinio «cepeOpstHOro 3epKajay ¢
oOpa3zoBanueMm BemectBa JI, kOoTOpoe, B CBOIO oOuepelb, MOXKET 00pa30BHIBATH
CIIOXHBIE 3(UpbI, pearupys Kak C KHCIOTaMH, TaK M CO CHOUPTaMH, a TaKXKe
BHYTPHUMOJIEKYJISIPHBIA HUKIMYECKHUH clI0KHbIN 3¢up (J1akToH) E.

3.1. Hanmummre ctpykrypHbie ¢opmynsl coenuHenuit A, b, B, I', 1 u E.
[IpuBenure ux Ha3BaHUS.

3.2. 3anumuTe CXeMbl COOTBETCTBYIOIINX XUMUUECKUX PEAKIIUI.

3.3. [IpuBeaute cTpyKTYpHBIE (hOpMYIIBI H30MEPOB BerecTBa I, OTHOCAIIUXCS
K 3TOMY K€ KJIACCy COCINHEHUM.

3.4. Cpenu 3anucaHHBIX (OPMYIJI U30MEPOB OTMETHTE T€ BEIIECTBA, KOTOPHIC
00J1a/1al0T ONTUYECKOI aKTUBHOCTHIO.

3ananmue 4 (25 6as10B).

["a3oByro cmech, comeprkantyro 8 1 okcuaa cepsl (1V), 10 1 kucmopona u 82 n
a30Ta, MPOITYCTUJIM Yepe3 KOHTAKTHBIN anmnapat npu temneparype 450 °C u naBieHun
20 MIIa. Conepsxanne okcuaa cepol (IV) B monydeHHOM paBHOBECHOM ra30BOM CMeCH
HalIeHo paBHbIM 2.5 % 1o o0beMy.

4.1. Ins peakuuu
250, (ra3) + O, (raz) === 2S0; (ra3)
paccuuTaiiTe 3HaueHUE KOHCTAaHThI paBHOBecus K, (BbIpakeHHOE dYepe3 MapluajbHbie
JIaBJICHUS BEIIECTB).
4.2. Hanumurte, B TPOMBIIIJICHHOM MPOU3BOJCTBE KAaKOro BEIIECTBa
HCIIOJIb3YETCS 3Ta PEAKIIHSL.
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3aganmue 1

1.1. Munepan Ha3bIBaeTCs OOKCUTOM.

1.2. A-— nawmakBarerparuapokcoamtomuHar Hatpus ~ Na[Al(OH).(H.0);], B-
metacwmkar Hatpus NapSiOs, C— ruapokcun amomumans Al(OH)s, D — okcun
amomunans Al;O3, E u F — kpuomut NazAlFs u durooput CaFos.

1.3. YpaBHEeHUs peaxiuii:

Al,O3 + 2NaOH + 7H,0 — 2Na[AlI(OH)4(H,0),]

i AIOOH + NaOH + 3H,0 — Na[Al(OH)4(H20),] (s1r060¢ u3 Hux — 1 6ami, apyroe
— HC 3aCLII/ITI)IBaeM)

SiO, + 2NaOH — Na,SiOs; + H,0

Na[AI(OH)4(H20);] — NaOH + AI(OH)s + 2H,0

2Na[Al(OH)4(H,0),] + CO, — Na,CO; + 2Al(OH); + 5H,0

2Al(OH); — Al,03 +3H,0

2A1,0; — 4Al + 30,

1.4. Beigenstomuiicsa Ha aHO/I€ KUCJIOPOJ OKUCISET TpadUT Mo peakuu
C+0,—CO,

Cyrounoe kxomudecTso rpadura 18 Tonn, umm 1.5 - 10° mons. C Takum KOIM4eCTBOM
BemecTBa mpopearupyer 1.5 - 10° Mone  kmcnopoma, KOTOPOMY IO YpaBHEHHIO
peakuuu H»nekTponusa coorBerctByeT 2 - 10° mons amomuHus, wmu 54 TOHHBI
MeTaia.

PexomeHpanms 1no ouneHkKe pPelICcHUA 3a1a91

3a Ha3BaHUE MUHEpAJIa 5 GayioB
3a ¢opmynbl 1 Ha3BaHus BemiecTB A — F (6 BemiecTn) 6 6aioB
3a ypaBHEHUs peakuuid (6 ypaBHEHUI) 6 6ayioB
3a pacdeT MacChl ATFOMUHUS 8 baytoB
Bcero 25 0as10B




3agaua 2

2.1. [IpoayKTHl NEPBUYHOTO OKUCICHHUS COSAMHEHUS X:

KMnO, H,S0, 0 HyC CHs Q
Coennuenue X HsC— C CH,CH,CH5— C C COOH + 2H3C- C COOH + 2 HOOC-COOH
O MTUPOBUHOTPAIHAS [aBesieBast KHCJI0Ta
3,3-1uMeTHII-2,7-THOKCOOKTaHOBAS KHUCJIOTa

KHCII0Ta

2.2. llpu OKHCIEHHHM O-KETOKHCIOT B YKa3aHHBIX YCJIOBHUAX MPOUCXOIUT
JeKapOOKCUIMPOBAHUE W IMOCJENYyIOIlee OKHUCIEHHE O0pa3yloIIUXcs MpU  ITOM
QJIBJIETUJIOB /10 COOTBETCTBYIOIIUX KapOOHOBBIX KHUCIIOT.

0 HsC_ CHs o o HaC_ CHs
H3C—C—CH,CH,CH—C— C-COOH H3C—C—CH,CH,CH—C— C-OH + 0=C=0
O O
Q [O] Q

1l Il
HsC—C—COOH HsC—-C-OH + 0=C=0

H_IaBCJ'IeBaSI KHCJIOTA B YKAa3aHHBIX YCIIOBUAX OKUCIIACTCA 10 YITICKUCIIOTO Ira3a U BOJBI:

HOOC-COOCH

H,0 + CO,

2.3. I[JIH ACCTPYKTHUBHOI'O OKHCJICHUA COGHHHGHHﬁ, COACPIKAIIINX IIBOI?IHLIG CBA3H,
TAKIKC UCIIOJIL3YCTCA O30H.

2.4. Pacuer OpyTTO-(hOPMYIIBL:

[Tycts 6pyTTO-hopmyna BemiectBa X: CaHpOe.

VYpaBHeHue cropaHus BemecTBa X MOKHO 3alUcaTh CICIYIOIIIM 00pa3oM:
2a+Db/2-c

CaHpOp + > 0, aCO, + b/2 H,0

OTHOCHUTENIbHYIO MOJIEKYJISIPHYIO MaccCy BemiecTBa X MOKHO BbIPa3UTh YPABHEHUEM:

M = 12a + b + 16¢ = 286. (1)

HpOBClICM pacdeT KOJHUYCCTB H3PACXOAOBAHHOI'O KHCIOpOda H O6paBOBaBHH/IXC$I
AUOKCHAa yriiepoaa v BOAbI:

604.8
n(Oy) = — = 0.027 Moib
1000-22.4
448
n(COy) = ——— = 0.02 moun
1000-22.4

0.27
n(H,0) = ? = 0.015 moub

Ha ocHoBaHun YpPaBHCHUA CrOpaHus MOKHO 3allMCaTh CICAYIOMNE COOTHOIICHUA:



n(O,) _ 2a+b/2-c _ 0.027 )

n(CO,) 2a 0.02
n(HO0) b2 0.015 3)
n(COy) a 0.02

Pemast cucremy ypaBHenuit (1) —(3) ¢ TpemMs Heu3BecTHbIMHU, moiydaem a = 20,
b =30, ¢ = 1. bpyrro-dopmyina BemectBa X umeeT BuI CaoH300.

AJIbTEpHATHBHBIA BAPUAHT pAacyeTa:

W3 BRIUKCIEHHBIX KOJUYECTB U3PACXOJOBAHHOTO KHCIOpoaa u obpaszoBaBmmxcs CO;
u H,0 nonyuum, 4To B coeIuHEHUH X:

n(C) = 0.020 mounb (u3 komuuectBa BemecTBa COy),

n(H) = 0.030 moub (13 kommuecTBa Bemiectsa H,0),

n(O) = 0.040 + 0.015 — 0.054 = 0.001 Moab (pa3HOCTH KOJMYECTBA BEIIECTBA aTOMOB
kuciopoga B CO, u H,O u B kucnopoie, He0OX0AMMOM JIJIsi CTOpaHus).

[Ipocreitmas Opyrro-popmyna CzHz0O. OHa cOOTBETCTBYeT MOJISIPHOW Macce
BertectBa X (286 r/monb).

2.5. BemectBo X — 3TO peTHHON (BUTAMUH A).

H3C CH3 CH3 CH3
N YN OH

CHj

Perunon (Butamun A)

PeKOMeHHaHHﬂ 110 OIICHKE PCIICHUSA 3a1a9U

3a cTpykTypHbIe hopMyIbl 3,3-a1umMeTun-2,7-
JMOKCOOKTAHOBOM, IUPOBUHOIPAAHOMN Y IABEIEBOU KUCIIOT 3 Gama
(mo 1 Gamty 3a kaxayro u3 3 Gopmyn)

3a cTpyKTypHbI€ (POPMYIIBI MPOAYKTOB JadbHEUIIIETO
OKHUCJICHHA 3,3-TUMETHI-2, [ -THOKCOOKTAHOBOM,

. . 6 OamioB
MMAPOBUHOTPATHON U IIABEJIICBOM KUCIIOT B YKa3aHHBIX
ycioBusx (1o 2 6asia 3a Kaxayro u3 3 hbopmyi)
3a yka3aHue Ha 030H KaK PEarcHT, BHI3bIBAIOIIIHIA ) 1 6ar1
JECTPYKTUBHOE OKHCIICHHUE HETIPEACIBbHBIX COSTUMHEHUN
3a omnpezenenue OpyTTo-hopMyIibl BenectBa X 7 6amnoB
3a CTpYKTypHYIO (hopmysy BemecTBa X 6 OasIoB
3a Ha3BaHue BeniecTa X 2 Gaya

Bcero 25 0a110B




3agaua 3

3.1. Tak kak cruraBiieHreM B co MIem09bio MoTydaeTcsi MeTaH, CIeA0BaTENbHO,
B — auerar Hatpus, Torga I' — 3TUnOBBIA civpT. ALlETaT HATPUS U STUJIOBBIA CHOUPT
MOJy4aroT MPH TUIPOIM3E JdTwianerara — 370 A. BemecrBo B 10mKHO HUMETH
aNbJICTHIHYIO TPYIIy, KOTOpas B YCJIOBUAX OKHCIEHHS OKCHUIOM cepedpa Oyner
NEPEXOIUTh B KApOOKCHIIbHYIO, a TaKkKe — TUAPOKCUIIBHYIO TPYIITy, KOTOpas He OyeT
OKHUCJSTBCS B YCIOBUSX PEAKIMH «CepeOpsHOTO 3epKana», cieaoBareinbHo, b —
4—ruapokcuOyTaHallb, KOTOPBIA Janee OKHUCISIeTcss B 4—THIPOKCUOYTaHOBYIO
kucnoty — BeniecTBo J. CiocodbHocTs /| 00pa3oBbIBaTH CIOKHBIE A(UPHI [0 PEAKIUSAM
C KUCJIOTaMU U CHUPTAMH YKa3bIBA€T HA HAJIUYHUE B €r0 COCTaBE T'HJIPOKCOrPYIIIbI U
kapOokcuwibHOM Tpynn. CrnocobHocTh I K BHYTPUMOJEKYJISIPHOW HMKIM3ALUUA C
o0Opa3oBaHHEM JIAKTOHA MOJYEPKUBAET OTHOCUTENBHOE MOJIOKEHUE THAPOKCUIBHON U
KapOOKCUJIBHOM TPyl — BELIECTBO JOJKHO OBITh Y—TUAPOKCUKUCIOTON. BapuaHTh
nponwigopmMuaTa u uzomnponuiapopmuara, Takke orsedaromue popmyne CiHsO,, He
VAOBIIETBOPSIOT JAPYTHM YCIOBUSAM 3aJladyd: B PE3YJIbTATE PEAKUUU CEepeOpsTHOrOo
3epkaja o0pa3yroTCs MPONUIOBBIA WM  W3OMPOINUIIOBBIA  CHUPTHI, a He
TUAPOKCUKAPOOHOBBIE KUCIIOTHI.

3.2. CXeMBbI peakInii:
NaOH, H,O

CH;COOC,Hy —mm—— CH3COONa + C,HsOH
A - dTHanerar B — anerar Hatpus I'- pTanon

NaOH, cruiaBienue
CH3COONa > CH4 + Na,COs3

C,Hs0H + Na—— Cy,Hs0Na + Y2H»

HDC;HEE;“: »= HOC; H-:E:_: +2 Ag
H OH
b — 4-ruapoxcubyTraHanb | — 4-TuipokcuOyTaHOBAsI KUCIIOTA
2
CH2—C/ ¢=0

AN
\CHZ—}% 74 CH,—©

E - y—OyTtuponakton

O  R'COOH 0
| = ROH.H™ =0
R —C-OCHCY «——— HOC; HqCM — " = HOC: H.qC;‘:
| OH -H,0 OH _H,0 OR

O



3.3. U3omepsl [l ¢ TeMH k€ PYHKIIMOHAIHBIMU TPYHIIaMU:

0 +* f{] * #D
HDCH;CH;CH:Cf: CH;CHCH,CZ CH_:CH:CHC\DH
OH | OH |
OH OH
4 - runpoxkcuOyTaHoBast 3 - THAPOKCUOYTaHOBAs 2 - ruApoKcUOyTaHOBAsS
K-Ta K-Ta K-Ta
CH; g CH;

3 /D
CHS—i_C{{DH iH: CH—C%H
H

H

2- METUJI-2-TUIPOKCUIIPOTIAHOBasT  2- METUJI-3-THAPOKCUIIPOTIAHOBAS
K-Ta K-Ta

3.4. OnTUYecKyr0 aKTHUBHOCTb OyAyT MPOSBIATh 2—THAPOKCUOYTAHOBAS U

3—TuapoKCcuOyTaHOBAsI KUCIIOTHI.

PexomMeHaanus mo omeHkKe pPeICcHUA 3a1a91

3a ctpykTypHbie hopmyisl A — E (6 BemecTB) — mo 1 Oamty 6 0auioB
3a na3Banusa A — E (6 BemectB) — no 1 Gamry 6 0auioB
3a cxeMbl peakiuii (7 nmpeBpaiienuii) — mo 1 6amry 7 GaioB
3a m3omepsl [ (4 mzomepa) — no 1 Gamny 4 Ganna
3a ontuaeckue uzomepsl J (2 uzomepa) — no 1 6amny 2 Gaya
Bcero 25 das10B
3anaua 4
4.1. 3anuiieM BbIpaKEHHE 111 KOHCTAHTHI PABHOBECHSI PEAKIIUH:
2
K, = 2p503 ’
pso2 po2

TAe Pso,s Po, U Psp, — MAPLHAIBHBIC JABICHUS KOMIIOHCHTOB B PABHOBECHOU I'a30BOM

CMCCH.
HpI/IMeM X — CTCIICHb IIPCBpAIlCHU OHUOKCHIA CCPHI. Torna PaBHOBCCHaAsA TIa3oBast

CMECh COACPIKUT
(8-8X)1SO,, (10-4X)n10; 82aN, wu  8xxSOs.



O0beM KOHEUHOI ra30BOil CMECH PaBEeH:
V = (8 —8x) + (10 — 4x) + 82 + 8x = 100 — 4x.
O6wemHuas nomast SO, B paBHOBECHOU cMecH cocTaBisieT 2.5 00.% unu 0.025, 1.¢.:
828X _ 4,025, orya x = 0.70.
100 —4x
Takum 00pa3om, 00beM paBHOBECHOI T'a30BOM CMECH PaBCH:
V=100-4x=100-4-0.70=97.2 1.
[TaprnanpHBIC TaBIEHNS KOMIIOHEHTOB PABHOBECHOM CMECH:
Vso, p_ 8-8-0.70

= P = -20=0.49 MlIIa
Pso, = Pso, Y, 972 >
V. 8-0.70
p803 = ¢SO3 P= \5/03 P= 97 2 -20=1.15 MHa,
\Y/ 10-4.0.70
=g P=-22p="—_" """ .90=1.48 MIla.
Po, =¢0," =7, 97.2
KoHcTaHTa paBHOBECHS peakiluy paBHA:
1.15° L
0.49°.1.48

4.2. Peaknus oxucieHust okcuaa cepbl (IV) — oqHa U3 craauii mpOM3BOACTBA CEPHOMN
KHUCJIOThI KOHTAKTHBIM CTIOCOOOM.

PexomMeHaanus mo oneHkKe pPeIcHUA 3a1a91

3a BbIpaKEHUE JJIs1 KOHCTAHTHI PABHOBECHSI PEaKIIUH 3 Oayia
3a BbIpakeHHE 00BbEMa KOMIIOHEHTOB B PaBHOBECHOW Ta30BOM 5 GamioB
cMecH

3a HaXO0XICHHE BBIX0JIa PEAKIINH 5 GaioB
3a pacueT 00beMa paBHOBECHOM ra30BOM CMECHU 2 bayia
3a pacueT nmapuuaibHbIX JAaBJICHUN KOMIIOHEHTOB pPaBHOBECHOM 5 OanoB
CMeCH

3a pacyeTr KOHCTaHThl PABHOBECHSI 3 Oayia
3a ykazaHue Ha IPUMEHEHUE PEAKIMU B IPOMBIILICHHOCTH 2 Gamna
Bcero 25 6an0B




