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3adaua 10-1
IpursAarareJbHbIil 3JIeMeHT

Merann X JIOCTAaTOYHO peaKui, Ne28
10 pacIpOCTPAaHEHHOCTH B 3eMHOM kope (mo Taylor).
B coenuHenusix [yisi HErO XapakTepHa B OCHOBHOM OJlHA
creneHb okucieHus. CaMbIM BaXHBIM M3 €r0 COCIUHEHUN
ABIIeTCsl OKcul (puc. 1): 3TO AMAIEKTPUK ¢ MUHUMAJIbHBIM
k03 puLEeHTOM  TEIJIOBOrO  pacIIMpeHHs, MarepHall
JUTsl UH(PpaKpacHBIX J1a3epoB, a CTEKIIaM, COACPKAIIUM ITOT
OKCHJI, CBOMCTBEH «ajieKCaHAPUTOBbIN 3¢ ¢ekr». Hazpanus

Puc. 1. DnemenTapnas siueiika
Jla3epa v CTEKOJI MPOUCXOAAT OT Ha3BaHUs dJIEMEHTa X. KPUCTAJUIMYECKON pEelIeTKU

OnemenT X cnabo paguoOaKTUBEH 3a  CYET OKcHa MeTaa X
paguonykiuaa *X (comepkaHue B MPUPOTHON cMecu U3 cemu uzortornoB 23,80 at. %) — camoro
JIETKOTO U3 U3BECTHBIX O-U3JTydyaTesied, B KOTOPOM UYMCiIa HEUTPOHOB U NMPOTOHOB OTHOCSTCS Kak
7:5 (Th2=2,29-10"° ner, sueprus a-uactun T, = 1,905 MaB). Ilpu o-pacnaze *X obpasyercs
cTaOMIIbHBIN M30TON AlIeMeHTa Y, AJIsl KOTOPOro TUIIMYHBI CTeNEeHU okucaeHus +3 u +4. B npupone
X, Y ¥ UX MHOTOYHCIICHHBIE «OIXHOTPYIITHUKHI» BCTPEYAIOTCS BMECTE.

MotnHbIe TOCTOSTHHBIE MAarHUTHI cocTaBa XxQZ, MOTy4niu cBO€ Ha3BaHHUE OT JIEMEHTA
X (unpexcol ! u k — HarypanbHble 4YMCa) MOJNYYarOT CIIEKAaHWEM MeTaula X C IMPOCTHIMU
BeniectBamu Z u Q B neun. B marnute maccoBas nons Z cocrasuset 1,000 %. IIpu pactBopenun
marauta XkQ:Z maccoit 1,0000 r B ropsiueli KOHLEHTPUPOBAHHOM a30THOM Kuciore (p-yusa 1)
nomyuyatorcs Bemiectsa X1, Q1 u Z1. [locne ynapuBaHuM a30THOKUCIIOTO pacTBOpa U aKKypaTHOTO
pa3lIoKEHHs] TBEPAOrO OCTaTKa, IMOJy4YaeTcs CMeCh TBEpAbIX BemecTB X2, Q2 u Z2,
NPUHAAISKAIUX K OTHOMY KJIaCcCy HEOpraHWYeCKUX coequHeHuit maccoit 1,3774 r (p-yuu 2-4).
Crenenn okucneHus 21eMeHTOB X, Q M Z oauHAKoBBL. JTa CMECh YAaCTUYHO PACTBOPSIETCA
B BOIHOM mienoun (p-uua 5), a Macca HEpacTBOpHBILErocs ocTarka coctamiser 1,3452r
IIpu cnexannu Z.2 MOxxeT pearupoBats ¢ X2 u Q2.

Bomnpocer:
1) OmnpenenuTe COOTHOLIEHHE YTEMEHTOB B OKCHJIE dIeMeHTa X.
2) Omnpenemure meram X u ero paguonykmu *X. CBoii oTBeT o6ocHyiiTe.
Hanummre ypaBHeHne paguoakTUBHOro pacnaaa *X.
3) Paccumraiite ynenbHyio aktmBHOCTh (BK/kr) X NpPUPOIHOrO M30TOIMHOTO —COCTaBa

Y HaYaJIbHYIO CKOPOCTb O-4aCTHIL (KM/C).



4) Onpenenure KaueCTBEHHBIH U KOJTMUECTBEHHBIH cocTaB Marauta Xk Q;Z. OTBer 06ocHyiiTe,

MPUBEIUTE PACUETHI.
5) 3Banumure ypaBHenus peaxiuii 1 — 5.

6) Uro Takoe «anekcaHAPUTOBBIH SbheKT»?

Cnpaeounasa ungopmayus:
ITepuon nomypacnazna 712 — BpeMsi, 3a KOTOPOE paclagacTcs MOJIOBUHA SAEp PaIUOHYKIUAA.
0-4acTUla — SAPO Tenus-4.

AKTHBHOCTh A — KOJHMYECTBO pacmaJioB B CEKyHAy (€IMHHMIIA W3MEpPEHHsS — OCEKKepelb,

In2
T1/2

1 bk = 1071), A= * N, rne N — KOJIM4eCTBO PaJMOAKTUBHBIX aTOMOB.

15B~1,602:10"" Ix.
Cpenusis npooKUTENBLHOCTS Tos1a — 365,2425 nueil.

Yucno Aparazpo 6,022:10%.

3adaua 10-2
IToxoxue, HO pa3Hble

BemectBa A 1 B o6nanaror cxokumu (popMynaMu U TOYTH HIEHTHYHBIMH CBOHCTBaMHU.
OpHako B OJHOM U3 CBOWCTB OHU KapJAMHAJIBHO Pa3lUYalOTCs, 3TO U ONpenenseT oO0IacTb
npuMeHeHus Oonee nérkoro Bemiectsa A. bonee Toro, npu HarpeBanuu 10 800°C oHo pearupyet
¢ ra3000pa3HbIM BeecTBOM C, BHOCSIINM OCHOBHOM BKJIaJ B MapHUKOBBIN 3(dext Ha 3emie, C
BBIZICJICHHEM JIETKOTO ra3a W oOpa3oBaHueM TBEpAoro BemectBa D (p-uua 1). Dta peakius
npuoOpesa MUPOKYI0 U3BECTHOCTh B MEIMA MOcie coObITHS, npousoueamero B mapre 2011 roga
Ha 0CTpOBe XOHCHO.

Jlns monyueHus BemecTB A 1 B ucnonb3yeTcss MHOTOCTaUUHBIN MpOLEecC, OCHOBAaHHBIN
Ha TepepaboTke MPUPOIHOTro MHUHepaia X, UCHOJb3YIOIIerocs B I0BeNUpHOM Jene. Ha mepBoii
CTa/IMM €r0 MOJIBEPIatoT MIEIOYHOMY BCKPBITHIO IIYTEM CIIEKaHUs ¢ KapOOHATOM HaTpus (p-yus 2)
U Tocenyromiei 00paboTKu pa30aBICHHBIM PACTBOPOM a30THOM KUCIOTHI (p-yuu 3-4). [Ipu stom
U3 pacTBOpa BbIMagaeT Oenblii aMOp(HBIA OCaZOK THIPATUPOBAHHOTO OKCHUIA C KHCIOTHBIMHU
cBOWcTBaMHM, a (QMIBTPAT MHpeAcTaBiIseT coOoil OeclBETHBIH pacTBOp, coiepxauuii conp E.
[anee B Xxome CHOKHOW 1enodku mpeBpameHnii BemectBo E  oummator ot npumecu F,
collep)KaIie OAMH U3 IEMEHTOB, KOTOPBHIM Takke B HEOOJBIIOM KOJIMYECTBE BCTPEYACTCS
B muHepasie X. Ilpu o6pabotke coenunenus E ¢ momornipio MiaBUKOBOW KHCIIOTHI 0Opa3yeTcs
ocanok BemectBa G (p-yua 5), xoropeiii npokanuBatoT a0 150°C, nepeBons B H (p-uyus 6),
a JlaJiee HarpeBaroT ¢ METAIUTMYECKUM KalibliueM (p-yusa 7), nepeBoas B A. [loteps macchl B Xxoe

peakuu paznoxenus Bemiectsa G 10 H cocrasmsier 9,73%.



Ha pucynke mpeacraBieHa TeTparoHaibHas
aneMeHTapHas sueiika (a=b = 6,607A, ¢ = 5,982A)
IIPUPOHOTO MUHEpana X ¢ MIOTHOCTHIO 4660 Kr/m°.
13 Bcex atoMoB, H300pakKeHHBIX HAa PUCYHKE, JIHIIb
9 HaxonATCS BHYTpH SIYEHKH, 8 JIEKaT B BEpIIMHAX,
16 aTOMOB HaXOAATCS BHE AYEUKH, OCTAIbHBIE JIEKAT
Ha IpaHsax Wi pedpax sueiiku. B coctaB munHepana
X, MOMUMO 3JIEMEHTOB, cozepxkamuxcs B D, Bxonur
TAKXK€ JOCTATOYHO PACHPOCTPAHEHHBIM HEMETAILI,
00pazyromuii TBEPIABIA OKCHI.
Bonpocwt u 3a0anusn:
1) Ompenenure Gpopmyny munepaia X. He 3a0biBaiiTe MoATBEPIUTh BAIll OTBET PACUETOM.
2) Ompenenure cocraB coenuHennii A-H. He 3a0yiapre moaTBepAuTh Ball OTBET pacyéToM
WM JIOTHYECKUMU pacCykaeHus M. Hanuimmre GopMyIibl yCTaHOBIEHHBIX BaMU BEUIECTB B BUIE

TaOJIMILIbI, AaHAJIOTUYHOM MPECTaBICHHON HUXKeE:
X A B C D E F G H

3) Hanumure ypaBuenus peakyuii 1-7.
4) VYkaxure Ha3BaHWE peakyuu I, eclnyu WU3BECTHO, YTO B €€ COCTaB BXOJHUT €IMHCTBEHHOE

MMpuIaraTejibHOC, O6p330BaHH06 OT TPUBUAJIBHBIX Ha3BaHU BEIIECTB CuA.

3adaua 10-3
HN3omepusanus ajJIKaHOB

B Hauane mpouuioro Beka B CBSI3M C Pa3BUTHEM HE(PTEXMMHHU M OPraHMYECKON XUMHU
UCCIICIOBATENIM aKTHBHO OMNPEISISUIA  TEPMOJUHAMUYCCKHE XapPaKTEPUCTUKH TPOCTCHIINX
OpPraHHYECKUX COeTMHEHUH, TTITaBHBIM 00pa30oM alkaHOB. HeMano BHUMaHUS YIENSIIOCh PEAKIIHSIM
M30MEpU3aIlNH, B KOTOPBIX HEPa3BETBICHHBIE AIKaHbI TPEBPAIIAIUCH B PA3BETBIEHHBIC H30MEPHI
¢ 0oJIee BBICOKUM OKTaHOBBIM YHCIIOM. McciiemoBaHus MOKa3aliy, 9To MPU HU3KUX TEMIIEpaTypax
B CMeCsX Mpeo0IaaaroT 0oJiee pa3BeTBIEHHBIE H30MEPHI.

Ha cxeme npencTaBieHbl TEpMOIMHAMUYECKIE XapaKTEPUCTUKN B3aMMOIIPEBPAIICHHI BCeX

M30MepoB ankaHa A B ra3osoii pasze npu 298.15 K (AH — B k]I mMons 1, AS — B [l monb * K1),



AH,=-33 AH,=5.6 AH;=6.9

— — —>
' AS;=-14.8 1 AS,=31.2 i AS,=7.2 v
AH,=0.0
?1 AS,=0.0
AH,=-18.4 AHg=114 AHg=-6.9
y 7 «—— S —— «—> =
VI < AS,=-35.4 vil ASg=13.4 Vi ASg=-T.2 v
AH, =16.5
AS; =19.0 22
AHg=-53 AH;p=-7.1
9 ) 10 \
IX AS4=8.9 X AS;p=-235 Xl
Bomnpocnr:

1. YcranoBute MoekyJisipHyto ¢popmyiy aikaHa A. OTBet o0ocHyiiTe.
2. PaccunraiiTe M3MEHEHNE SHTAIBIINH M SHTPOITUH B Iepexoax, 0003HaueHHBIX Ha cxeme ?1 u
?2.
3. N300pa3ute kauecTBeHHBIH BMJ 3aBUcUMOCTH ArG° 0T TeMmepaTypsl Ul NpEeBpalleHU:
a) VI — VII, 6) X — XI.
4. N300pa3ute KayecTBEHHbIM BHJ 3aBUCHMOCTH KOHCTAHTHI PaBHOBECHUS OT TeMIIEpaTyphl
(B yno6OnbIx st Cebst koopaunaTax) s npespamienuii: a) VI — VI, 6) X — XI.
5. KoHcranTa paBHOBeCHs KAaKOro W3 MPEBpAIICHUN, YyKa3aHHbIX Ha CXEMe, HEe 3aBUCUT
ot temneparypsl? [louemy? YUemy oHa paBHa?
6. [IpuBenute cTpykrypHbIe hopMyiel n3omepoB |-XI, eciim U3BECTHO, YTO YHCIIO THUIIOB aTOMOB
Bozopoaa B coenuuenusix |, 1l u XI paBHo mexay coOoi, a 4KCIIO TUIOB aTOMOB YIJIepojaa
B coequuenusx | u |l Taxxe onuHakoBo.
Heooxooumbie ghopmynoi:
ArG® = AfH® — TA(S®
ArG° =—RT InK

3aoaua 10-4

Musnepan MonubaeHuT MoS2 — 3TO cepblil THAPOTEpMaIbHBIN MUHEPaJ, OCHOBHAs OIS
J00BIUM KOTOPOTO MPUXOAUTCS Ha pyaHble MecTopoxkaeHus Yunu, [epy, KHP u CIIA. On umeer
CIIOUCTYI0 CTPYKTYpy. CHilbl, IeHCTBYIOIIME MEXIy CIIOSMHU, JOBOJIBHO cladbl, mosTomy MoS»
MOXET HCII0JIb30BaThCS B KAYECTBE CMA304HOIO Marepuara.

Hucyneun monmubnena maccod 10.00 r oxkuciauiau Ha BO3AyXe IpPU HarpeBaHUU
Y TIOJIyYWJIA A CO CIIOMCTOM CTPYKTYpOU U3 UCKAXXEHHBIX OKTa31poB. Beixox cocraBui 85%. 3atem
KPUCTAJIJIBI A TIOMECTUIIM B AMITYJIy C paCTBOPOM XJIOpa B TeTpaxjopMeTaHne 1 Harpenu 1o 240°C.

B pesynsrare oO6pa3zoBanuch 4€pHble MapaMarHUTHbIE KpucTayiisl B ¢ BeixonoM B 60% 1 mMaccoit



8.718 1. Kpucramnel B nerko ruznponusyrorcs Bonoi. Mx Harpenu B OeH305i€ B MPUCYTCTBHU
amoMuHus U raza D mon gaBnennem 10 obpazoBanms 6enmoro TBepaoro BemectBa C (p-uua 1),
UMEIOLIET0 MOJIEKYJIIPHOE CTPOEHME, €ro COCTaB IOAYMHAETCS NpaBWiIy 18 3IEKTPOHOB.
ITnotHocth raza D nmpu 200°C u naBnennn 28MlIla coctaBnser 199.4 r/im.

[Ipn nHarpeBaHuM aMaMarHUTHOM mpakTudecku OecrBetHoi mpu 0 °C kuakoctu E
o0pasyercsi cMech IBYX T'a3000pa3HbIX BeulecTB. [Ipy HarpeBaHuu IBET 3TOW CMECH M3MEHSETCS
OT CBETJIIO-KOPUYHEBOTO J10 KpacHO-0yporo. E — buHapHOe coefuHeHre, B COCTaB KOTOPOTO BXOST
HauOoJiee pacrpocTpaHeHHble B Bo3ayxe sneMeHThl. [lpum B3aumopeiictBuu TBEpHOrOo E C
0e3BOAHONM CEepHOM KUCIO0TOM oOpa3yercss nonnoe coenuuenue F u gpimsimas xuakocts G. F
MOXXHO TOJYYUTh TAKXKE IPHU MPOIMYCKAHWHU CEPHUCTOTO aHruapuja yepe3 xkuakoctb G. Ilpu
HeOobIIoM HarpeBaHuu F pearupyer ¢ u30bITKOM XJI0pH/1a HATPUS ¢ 00pa30BaHUEM JKEJITOTO Ta3a
H. [Ipu B3auMoAeHCTBUM JSAMUCA C STUM Ta30M M KOHJEHCAlMeH Ta3000pa3HbIX MPOAYKTOB
peakuuu oopaszyercs E.

[Tonumepubiii kommuieke I MokeT ObITH MMOJIy4E€H B3aMMOJAECHCTBUEM CTEXMOMETPHUUECKHUX
xonuuectB BeuiecTB C u H (p-yusa 2). B xone ykazaHHOI peakiun oOpasyercs ABa MPOAYKTa, a
JaBJICHUE B CHCTEMeE Bo3pacTaeT B 3 pasa (Ipu MOCTOSHHBIX 00bEMeE U Temmeparype). OauH u3
auranioB B coctae 1 m3oanmexrponen raszy D. Ilpu nobGasnenuu k I B aneronutpune AgPFe (B
KonuuecTBe 2 Moib Ha 1 Monb Mo) oOpazoBanuch 3el€HbIE KpUCTAUIBI J, pacTBOpPUMBIE B
pPaCTBOPUTENSAX C JUANEKTPUUECKON MPOHUIIAEMOCTHIO OT YMEpeHHOW 10 Bbicokou. KY atoma
MonubOaeHa B J paBHsIETCS IECTH.

Cxema onucannwlx npeepaujeHu:
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Bonpocui:

Brruucnaure monsipuyto maccy D.

Onpenenure Beniecta A - J. Coctas B nmoarBepaute pacuéTom.
3anuiuTe ypaBHeHUs peakuui 1 u 2.

Jns xkatrona BemecTBa J n300pa3uTe Bce BO3MOXKHBIE H30MEPhI

3anummre P€aKIu YaCTUYHOI'O U IMOJIHOI'O TUAPOJIn3a BEICCTBA B.

© 0 s~ w bk

BemecrBo I HepacTBOpUMO B TeTpaxJoOpuae yriepona, XJIopohopMmMe U MpeaesbHBIX
YIJIEBOIOPO/IaX, HO XOPOLIO PACTBOPUMO B OE€3BOAHOM AallETOHUTPUIIE, 3ANUIINTE PEaKIHI0

1 OOBSICHUTE IMPpUINHY eé NIPOTCKAHUA.



3adaua 10-5

N3omepHbie oprannyeckue coequnenus I-V mpencraBiusioT co0oi OeCIBETHBIE KUIKOCTH
C Pa3IMYHBIMUA TEMIIEpaTypaMu KUICHHS (CM. TaOJMWIly HWXKE) W IUIOTHOCTHIO IApOB HHUXKE
IUIOTHOCTH KpUNTOHA. Macca BOjbI, 00pa3yromielics Ipyu CKUTaHUU JII0OOT0 U3 ITHX BEIIECTB
B KHCJIOPOJIE, C BBICOKOM TOYHOCTBHIO paBHAa Macce€ HCXOJHONW HABECKU, a E€IUHCTBEHHBIN
razoo0pasHplii (Mpu aTtMOC(EpHOM JaBICHUH W KOMHATHOW TeMIepaType) MPOAYKT CHKUTAHUS
MOJHOCTEIO ITOIVIOIIAETCA U3BECTKOBOM BOIOM.

BemectBo I m|oar | Iv | v
Temneparypa kunenus, °C | 80 | 97 | 65 | 75 | 66

[Tpu neiictBuu Hekoroporo peareHTa X (IIMPOKO PaclpOCTPAaHEHHOTO B OPraHUYECKOM
cunTe3e BoccranoButens) coequHenus I u I1 matot ogun u tot xe npoaykt P. Coegunenue 11
HE BOCCTAHABIIMBACTCS NPHU JEUCTBHM X, HO €ro MOXHO mnpeBparuTe B P runpupoBanuem
Ha MeTajuiMueckoil uatuHe. Bmecre ¢ tem BemectBo IV mpu apeiictBun X naér mpoaykr Q
(u3omepHsblit P), a BemecTBo V He pearupyer HU ¢ X, HU C BOJIOPOOM B IIPUCYTCTBUU IJIATUHBI.

Kaxnoe u3 Bemects I-V MOXXHO IOJIy4uTh B JBE WIN TPU CTAJUU U3 raza A, UCIOJB3Ys
B KaU€CTBE JIONOJHUTENIbHBIX UCTOUHUKOB yriieposa ajikmiopomua B win kucnopoaconep:xaiee
BemectBo E. I[lpuBenénHas nanee cxema WUIIOCTpUpPYeT 3TU IpeBpamieHus. Karaimsarop Y
npezcTasisieT co0oif OMHapHOe BellecTBo, conepxkaiee 15.9 mace. % yriepona, KOTOpoe MOXXHO

MOJIY4YHUTb U3 Ira3a AB OIHY CTaJIUIO.

? ?

H,SO H E (136. 1) NaNH, (1 aks. H SeO,
v<1250s g T2 o EM0) 1) 2 { L ¢ 2 D -1l
t Ni Y (kaT.) 2)B Pd/CaCO; H,O

Pb(CO,CH3),
1) R,BH
2) H202, NaOH
H,O
R - 06BEMHbBIV anKunbHbIN 3aMecTUTenb I‘V

1. Onpenenute 6pyTTo-hopMyny BemiecTB I-V, 060cHOBaB CBOE OTBET pacuéTamu.

2. [lpuBeauTe cTpykTypHBIE opmyssl coenunenuii A—G, P, Q, I-V, a Takxe MosieKyisipHbIe
dbopmyibl pearenTa X 1 Karanuzaropa Y.

3. IIpeanoxute Mo OJHOMY BapUaHTY PEAreHTOB, IO3BOJISAIOLIMX TPOBECTH OJHOCTAAUNHBIE
npespauieaust C — I u D — II. Taxke npemiokuTe peareHT Uil MoJIyd4eHus Karaiausatopa Y

n3 rasa A.



