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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
CTEKOJI U JIa3epa MPOUCXOAIT 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
cTaOMIIBbHBIM M30TON 37eMeHTa Y, JUIsl KOTOPOrO XapaKTepHbl CTENEHH OKHUCIeHHs +3 u +4.
B npupozne X, Y 1 uX MHOTOYMCIIEHHBIE «OAHOIPYIITHUKI» BCTPEYAIOTCSI BMECTE.

MotnHbIe TOCTOSTHHBIE MAarHUTHI cocTaBa XxQZ, MOTy4niu cBO€ Ha3BaHHUE OT JIEMEHTA
X (unpexcol k u | — HarypanbHble 4YMCa) MONYYarOT CIIEKAaHWEM MeTaula X C MPOCTBIMU
BeniectBamu Q U Z B neun. B maraute 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, Z2 u Q2
NPUHAAISKAINX K OTHOMY KJIaCcCy HEOpraHWYeCKuX coequHenuit 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) Onpenenute KadecTBEHHbI U KOJMYECTBEHHBIH cocTaB MarHuTa XkQZ. CBoii oTBET

000CHYyHTE, TPUBEAUTE PACUETHI.
5) Hanummure ypapHenus peakimii 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
IToxoxkue, HO pa3HbIe

BemectBa A u B oOmagaror cxokumu (QOopMyJamMH W TMPAKTUYECKH HIACHTHYHBIMHU
cBorictBaMu. OIHAKO B OJTHOM W3 CBOMCTB OHM KapJAMHAJIbHO PA3JIMYAIOTCS, YTO U ONpenesseT
oOmacte npuMeHeHus Oonee n€rkoro BemectBa A. bonee Toro, mpu HarpeBanuu 10 800°C oHo
pearupyet ¢ razoo0pa3HbsiM BemecTBOM C, BHOCSAIIUM OCHOBHOM BKJIaJ B MapHUKOBBIN dPQeKT
Ha 3eMie, c BbIJEJIIEHHEM JIETKOro raza M obpazoBaHueM TBEpAoro Bemecrtsa D (p-uyua 1).
Ota peakiusi npuodpesa MHUPOKYI0 H3BECTHOCTh B MeIWa IMOCJIE COOBITHS, MPOHU3OIIEIIETO
B Mapte 2011 roga Ha ocTpoBe XOHCIO.

Jlnst nonmydenust BemecTB A U B ucnonb3yroT MHOTOCTaAMMHBINA MPOIECC, OCHOBAHHBIN HA
nepepaboTKe MPUPOTHOTO MUHEpaa X, UCIIONIBb3YIOLIEr0oCs B IOBENIUPHOM Jene. Ha mepBoii cragun
€ro MOJBEPraoT LIEJIOYHOMY BCKPBITHIO IyTEM CIEKaHHUsS C KapOoHaTtoM Harpus (p-uus 2) u
nocienyroiei o0padboTku pazdaBICHHBIM PACTBOPOM a30THOM KUCIOTHI (p-yuu 3-4). llpu rTom u3
pacTBopa BhIMagaeT Oenblii aMOpdHBIA O0CATOK THAPATUPOBAHHOTO OKCHIA 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 muHepane X. [Ipu o6pabotke coenuuenuss E ¢ mOMOIIBIO MIABUKOBOW KHUCIOTHI 0Opasyercs
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.
Bonpocel u 3a0anusa:
1) VYcranoBute popmyny munepana X. He 3a0ynbTe OATBEpANTH Balll OTBET PacyETOM.
2) Ycranosute cocraB coeauHenunii A-H. He 3a0yasre moATBepauTh Balll OTBET pPacyéTom
VI JIOTHYECKUMU pacCyKJIeHUsIMU. 3anuiuTe GopMyibl YCTAaHOBIECHHBIX BAMHU BEUIECTB B BUJC

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

3) Hanumure ypaBuenus peakyuii 1-7.
4) TlpuBenute Ha3BaHHE peakyuu I, eCM U3BECTHO, YTO B €€ COCTAB BXOIUT CIMHCTBCHHOE

MMpuIaraTejibHOC, O6p330BaHH06 OT TPUBUAJIBHBIX Ha3BaHUI 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 MosekyspHyto Gpopmymy ankaHa A. CBoii OTBET 000CHYMTE.
2. Beruncnute N3MEHEHNE SHTAIIBITMK M DHTPOIINH B ITepexo/1ax, 0003HaueHHBIX Ha cxeme ?1 u ?2.
3. M300pa3ute kadyecTBeHHBIH BHJ 3aBUCHMOCTH AfG° oT TemmepaTypsl sl MpEBpAICHUH:
a) VI — VII, 6) X — XI.
4. 300pa3ute KayecTBEHHBIH BHJ 3aBUCHMOCTH KOHCTAHTHI PaBHOBECHUS OT TeMIIepaTyphl
(B ynoOnbIx uist Bac koopaunarax) s npespainenuii: a) VI — VII, 6) X — XI.
5. KoHcTanTa paBHOBECHS KaKOrO W3 INPEBpAIICHUH, MPEJCTABICHHBIX Ha CXEeMe, He 3aBUCHT
ot temneparypsl? [louemy? YUemy oHa paBHa?
6. M300pasute cTpykTypHbIe hopmybl uzomepo |—XI, ecinu u3BeCTHO, YTO YHCIIO TUIIOB AaTOMOB
Bozopoaa B coenuuenusix |, 1l u XI paBHo mexmy coOoi, a 4KCIIO TUMIOB aTOMOB YIJIepojaa
B coequuenusx | u |l Taxxe onuHakoBo.
Heobxooumvie popmynsi:
ArG® = AfH® — TA,S°
AG° =—RT InK

3adaua 10-4

Musnepan MonubaeHuT MoS2 — 3TO cepblil THAPOTEepMaIbHbBII MUHEPAJ, OCHOBHAs JOJIS
J00BIYM KOTOPOTO MPUXOAUTCS Ha pyaHble MecTopoxkaeHus: Yunu, [epy, KHP u CIIA. On umeer
CIOUCTYIO CTPYKTYpy. Cuiibl, NEUCTBYIOIMNE MEXAY CIOSMHU, TOBOJIBHO Ciabbl, mosTomy MoS;
MOJKET MCIIOJIb30BAThCS B KAUECTBE CMa30YHOIO MaTepuaa.

Hucyneun monubnena maccod 10.00 r oxkuciauiau Ha BO3AyXe IpPU HarpeBaHUU
Y TIOJIyYWJIA A CO CIIOMCTOM CTPYKTYpOU U3 UCKaXXEHHBIX OKTa31poB. Breixox cocrasuin 85%. 3atem
KpPHUCTaJIJIbl A IOMECTUIIM B aMITyJly C paCTBOPOM XJIOpa B TETpaxJyiopMeTaHe u Harpenu 10 240°C.
B pesynbrare o0pa3oBanuch 4€pHbIe MapaMarHUTHbIE KpucTayisl B ¢ Beixogom B 60% u maccoit
8.718 1. Kpucramnel B nerko ruznponusyrorcs Bonoi. Mx Harpenu B OeH30i€ B MPUCYTCTBHU

amoMuHus U raza D mon maBnennem 10 obpazoBanus 6emoro tBepaoro BemectBa C (p-uusa 1),
5



HMMEIOIIETO MOJIEKYJIIPHOE CTPOCHHME, €ro COCTaB IMOAYMHAETCS NpaBWwily 18 53IE€KTPOHOB.
[Tnotrocth raza D nmpu 200°C u naBnennn 28MIla coctaBnsier 199.4 1/m.

[Ipu HarpeBanuu auamarHUTHOW mpakTuyecku OecusetHoit mpu 0 °C xuakoctn E
oOpa3yercsi cMech JAByX I'a3000pa3HbIX BemiecTB. [Ipyu HarpeBaHuu 1BET 3TOM CMECH H3MEHSIETCS
OT CBETIIO-KOPUYHEBOTO J10 KpacHO-Oyporo. E — buHapHOe coefuHeHre, B COCTaB KOTOPOTO BXOST
HauOoJiee pacrpocTpaHeHHble B Bo3ayxe sneMeHThl. [Ipm B3aumopeiictBum TBEpHOro E ¢
0E3BOHON CEPHOM KHUCIOTON oOpa3yercs moHHoe coenuHenue F m gapivsmas xuakocts G. F
MOJKHO TIOJTYYHUTh MPU MPOITYCKAHUU CEPHUCTOTO aHTHAPHUIA Yepes )Xuakocth G. [Ipu Hebombpom
HarpeBanuu F pearupyer ¢ m30bITKOM XJiopuaa Hatpusi ¢ oOpa3oBanueM sxkentoro raza H. Ilpu
B3aMMOJICWCTBUU JIANKCA C TUM ra3oM U KOHJEHCalued razoo0pa3HbIX MPOJYKTOB pPEaKIUU
obpaszyercs E.

[Tonumepnbiit komruieke I MokeT OBITH MOJy4E€H B3aMMOACUCTBUEM CTEXHOMETPHUYECKUX
xonuuects BeulecTB C u H (p-yusa 2). B xone sToii peakiuu oOpa3yeTcs /1Ba MPOIYKTa, a JaBICHUE
B CHCTEME YBEIMUMBAETCA B 3 pasa (P MOCTOSHHBIX 00bEMe 1 Temriepatype). OAUH U3 JIUTaHI0B
B coctaBe I uzonnekrponen razy D. [Ipu no6asnenuu k I B anetonutpune AgPFs (B konuuectse
2 monb Ha 1 mMonp Mo) 00pa3oBanuch 3el€Hble KPUCTAIUIBI J, PaCTBOPUMBIE B PACTBOPHUTEISAX
C IMAJIEKTPUYECKON MPOHMUIIAEMOCTBIO OT YyMepeHHOH 10 Bbicokoi. KY aroma monuOpena
B J paBHO LIECTH.

Cxema onucanHvx npeepauieHuil:

(@) CCl D, Al
MoSz—t§> ATL‘F Blo_p> C I AgPF¢ (2 Monb) J
NaCl >p-uwl 2 CH;CN
Fl——H
Orf‘
Z,
=14}
o) HaSO4 g
N
p-uusn 1
Gt
Bonpocui:

Paccunraiite Mmonsipayro maccy D.

Onpenenure Bewecta A - J. CoctaB B noarBepaute pacuérom.
3anuiuTe ypaBHeHUs peakuui 1 u 2.

s xkatrona BemecTBa J n300pa3uTe Bce BO3MOXKHBIE H30MEPhI

3anummre pCakMu 4aCTUYHOI'O U IMOJIHOTO TUAPOJIN3a BEIICCTBA B.

I O A

Bemecteo I HepacTBOpMMO B TeTpaxiiopHae yriaepona, XJIopopopMe W TPeAeTbHBIX
YIIEBOZOPO/IaX, HO XOPOIIO PacTBOPUMO B OE€3BOMHOM alETOHUTPWIIC, 3alUIINTE PEAKITHI0

1 OOBSICHUTE IMPpUINHY eé NIPOTCKAHUA.



3adaua 10-5

N3omepHbie oprannyeckue coequnenus I-V mpencraBiusioT co0oi OeCIBETHBIE KUIKOCTH
C Pa3IMYHBIMUA TEMIIEpaTypaMu KHUIICHHUsS (CM. TaOJWIly HI)KE) W IUIOTHOCTHIO TMAapOB HUXKE
IUIOTHOCTH KpUNTOHA. Macca BOjbI, 00pa3yromielics Ipyu CKUTaHUU JII0OOT0 U3 ITHX BEIIECTB
B KHCJIOPOJIE, C BBICOKOM TOYHOCTBIO paBHAa Macce€ HCXOJHONW HABECKH, a EIUHCTBEHHBIN
razoo0pasHblii (MPU KOMHATHOW TeMIepaTrype W arMOC(EpPHOM JaBJICHWH) MPOMYKT CXKUTAHUS
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 NPU JEHUCTBUM X, OJHAKO €r0 MOXHO IIpeBparuth B P ruapupoBanuem
Ha MeTajuIMueckoil muaruHe. B to ke Bpems BemiectBo IV mpu geiictBuu X naér npomykt 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 KaUu€CTBE JIONOJHUTENIbHBIX UCTOYHUKOB yIiieposa alkwiopomua B win kucnopoaconepxaiiee
Bemectso E. IlpuBenéHnas Huke cxeMa MIUIIOCTPUPYET 3TH npeBpamieHus. 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. Ycranosute OpyTTo-hopmyny BemecTB I-V, 000cHOBaB CBOE OTBET pacyETamm.

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

3. IIpennoxute Mo OJHOMY BapUaHTY PEAreHTOB, O3BOJISAIOIIUX TPOBECTH OHOCTaAUMHbIE
npespauieaust C — I u D — II. Taxke npemiokuTe peareHT Uil MoJIyd4eHus Karaiausatopa Y

n3 rasa A.



