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PaGouas mporpamma TUCHIUIUIHNHBI (MOIYs) pa3paboTaHa B COOTBETCTBUU C CAMOCTOSITEITLHO
ycranoBieHHBIM MI'Y o0pa3oBatenbHbIM ctangapTom (OC MI'Y) miis peann3yeMbix OCHOBHBIX
npodeCCHOHATBHBIX 00pa30BaTEIBHBIX MPOTPAMM BBICIIETO 00pa30BaHUS 110 HAMPABIICHUIO
noArotoBku «I'eonorus» (npoepammel baxanagpuama, Masucmpamypol, peaiusyembix

nOCIe008AMENbHO NO CXeMe UHMeSPUPOBAHHOU n0020mo6KY) B penakiu npukaza MI'Y 1674 ot

30 mexabps 2016 1.

I'on (rogsr) mpuema Ha oOyuenue — 2018.

© I'eonoruueckuit paxynabrer MI'Y numenu M.B. JlomonocoBa
IIpoepamma ne modicem 6bimMb UCNONB308AHA OPYUMU NOOPAZOENCHUSMU YHUBEPCUMEMAd U
opyeumu 8yzamu be3 pazpeutenust haxyibmema.



Heanb u 3a0a9u AUCHUTILIMHBI

Iean — pacumpeHue o0IIero Hay9HOT0 U HAYYHO-TIPAKTHYECKOT0 KPyro3opa B 00J1acTsIx
MUHEPAJIOTUH, KPUCTAJUIOXUMHUH U TEOXUMHUH Ha IpUMepe OOJIBIION IPYIIBI PEAKHX JIEMEHTOB B
TPAHUTOUIHBIX U MIEITOYHBIX KOMITJIEKCAX U MOJIYYCHHE CHCTEMAaTHYECKUX 3HAHUM O HUX HA
COBPEMEHHOM YPOBHE;

3agaun:

® TIOATOTOBKA YYalIMXCs K pECHICHHUIO MUHEPAJIOTUYCCKHUX 3a1a4

® 03HAaKOMJICHUE C COBPEMEHHBIM COCTOSIHUEM MUHEPAJIOrUH, B TOM YUCIIE CTPYKTYPHOU U
renetudeckon, Li, Be, B, Rb, Sr, Ba, Y, mantanougos, Zr, Hf, Nb u Ta

1. Mecto nucuumiauebl B cTtpykrype OIIOII BO - BapuatuBHas 4acTh, NMpodeCcCHOHATHHBIN
UK, PO eCCHOHABHBIC AUCITUIUIMHEI 110 BEIOOPY, Kypc — |, cemectp — 3.

2. Bxoanble TpeOGOBaHus 1)1 OCBOEHUSI AU CHUILIMHBI, MPeABApUTEIbHbIE YCIOBHS:

ocBoeHHE TUCIUIUTHH «O01mas reonorus», «O0mmas xumus», «Munepanorusy», «['eoxuMusi».
JlucuumimHa HeoOXxoauMa JUIsi HAyYHO-HCCIIEI0BATEIbCKOW pa0OThl U BBIMOJHEHUS BBITYCKHBIX
KBATM(UKAITMOHHBIX padoT.

3. Pe3yabTaThl 00yYyeHHs MO JAWCHHUILIMHE, COOTHECEHHBIEe ¢ TpPeOyeMbIMH KOMIETEHIIUSIMU
BBINNYCKHUKOB.

KoMmrmieTeHIIMM BBITYCKHUKOB, (GOpMUpYeMbIe (TOJTHOCTBIO WM YaCTHYHO) MPU PpeaTH3aliu
JTUCIUILTAHBL:

OIIK-3.M CnocoOHOCTh B Tpolecce peuieHus NpOoPEecCHOHANBHBIX 3a/lad CaMOCTOSTEIbHO
MoJIy4yaTh, MHTEPIPETHPOBATh M 0000IIaTh pe3yNbTaThl, pa3zpadaThiBaTh PEKOMEHIAIMM IO HUX
MPAKTUYECKOMY MCIOIb30BaHUIO ((POpMUPYETCS YACTUYHO),

I[IK- 9.M CrnocoOHOCTh HCIHOJIB30BaTh COBPEMEHHBIC METOABI OOpPaOOTKHM W HWHTEPIpETAIU
KOMIUICKCHOM WH(OPMALIUU JJIs PEeIISHUs IPOU3BOJACTBEHHBIX 3a/1a4 ((hopMUPYyeTCs YaCTUYHO),

IInanupyemsble pe3yJbTaThl 00yYeHHs IO TUCHUIINHE (MOAYJII0):

3HamMb: COBPEMEHHOE COCT OAHHE MHHEPAJIOTHH, B T OM YHCJIE CT PYKT YPHOH H I€HEeT HYECKOH,
Li, Be, B, Rb, Sr, Ba, Y, naur anornnos, Zr, Hf; Nb u Ta,

YMemb: CamMoOCMOAmMeNbHO pa3zodpamvCs € OPUSUHATbHBIMU AHATUMUYECKUMU OAHHBIMU,
KACAIOWUMUCS MUHEPATI08 PEOKUX I1eMEHMO8, KOmopble Mo2ym Oblmb NONYYeHbl UM 8 npoyecce
HAYYHOU UNU HAYYHO-NPOUIEO0CMEEHHOU pabombi,

61a0emv’. COBPEMEHHBIMH I104X04aMH K H3Y4EHHIO MHHEPAJIOB PEJKHX JJIEMEHT OB.

4. ®opmat 00y4eHHs — JIEKIIMOHHBIE U CEMUHAPCKUE 3aHSTHS

5. O0beM AUCHMILUIMHBI (MOAYJISI) COCTaBiseT 2 3.6., B TOM 4HClIEe 56 akaJeMHYeCKHX YacoB,
OTBEJICHHBIX HAa KOHTaKTHYI paboTy oOydaromuxcs ¢ mpernoaaBateneM (14 yacoB — 3aHSTHS
JEKIIMOHHOTO THMa, 42 yaca — 3aHATHA CEMHHApCKOTO Tuma, 16 akaJieMHYecKuX 4YacoB Ha
CaMOCTOSITENTFHYIO padoTy oOyuatonuxcs. @opma MpoOMeKyTOYHON aTTeCTalluU — SK3aMEH.

6. Conep:kaHue TUCHMIIMHBI (MOAYJIs), CTPYKTYpUPOBAHHOE IO TeMaM (pazjiesiaM) C yKa3aHHEeM
OTBEJICHHOI'0 Ha HUX KOJMYECTBA aKaJeMUYECKHX 4acOB U BUJBI YUEOHBIX 3aHATUI

Kparkoe conepskanue 1M CHUILIMHBI (AHHOTALMS):

B Kypce paccMmaTpuBarTCS:
- CoBpeMeHHasl TPAKTOBKA OCHOBHBIX MOHATHH MHUHEPAJIOTUH, KPUCTAJTUIOXUMHUU, XUMUHU U
T€OXHUMHUHU,
- CoOcTBEeHHBIC MUHEPAITBI I MHHEPAITBI-KOHIICHTPATOPHI XUMUYECKOT0 A1eMeHTa. O0mas
XapaKTEPUCTUKA PEAKUX DJIEMEHTOB B T€OXUMHUKO-TEHETUUECKOM aCIIEKTE.
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Coaep:xaHue pa3aejioB IMCHUNIHHDI:

ConepxaHue JICKIMOHHBIX U CEMUHAPCKUX 3aHITUI

Jlexuus 1 u cemunap.

BBoanas yacte. Kpatkas uHpopmalus o ToM, 4TO ¥ B KaKUX acleKTax OyAeT paccMaTpuBaThCs
B paMkax kypca. CoBpeMeHHas TpaKTOBKAa OCHOBHBIX MOHSITHI MUHEPAIOTUU, KPUCTAJUIOXUMHH,
XUMHH U TEOXUMHH, KOTOpbIe HauboJjee YacTo 3aTparuBaioTcs B JaHHOM Kypce. CoOCTBEeHHbIE
MUHEPAIbl 1 MUHEPATBI-KOHIIEHTPATOPHI XUMUYECKOT0 deMeHTa. O0mias XxapakTepucTuka
JTUTO(PUIBHBIX PEIKUX DJIEMEHTOB B T€OXMMHUKO-TEHETHUYECKOM acIeKTe.

Jlexuu 2-3 u cemunapsl. Jlutuii. CTpoeHue aroma u CBOMCTBa neMeHTa. OCOOEHHOCTH
HYKJICOCHHTE3a «IePUITUTHBIX» 3JIeMeHTOB — Li, Be u B. JIuTuii B cTpykTypax MHHEPAJIOB:
pa3IuuUs MEXIy TIOBEICHUEM B TETPAdIPUIECKON U OKTAdJPUUECKON KOOPINHAIUSX,
n3oMopdHbIe 3aMenIeHus ¢ yaactueM Li. O0miue ocoOEHHOCTH TIOBEICHHS M MEXaHU3MBbI
HAKOIUICHUS JIUTHS B MUHEPAJIO00pa3yoIuX cucTeMax. JInTueBass MUHEpaIu3aius u ee
SBOJIIOLIMS B: TPAHUTHBIX MErMaTuTax (B T.4. KJIACCU(PUKALUS PEIKOMETAIbHBIX IPAaHUTHBIX
MErMaTUTOB TI0 TUTIAM JIMNTUEBON MUHEPAIIU3AINN ); TPEi3eHaX U IBUTTEPAX; arlauTOBBIX
MOCTMAarMaTHYECKUX cUCTeMax. BaxkHeliue «HecoOCTBEHHbIE» MUHEPAJIbI-KOHIIEHTPATOPHI
mutusi. CIIOyMEH U CIIOyMEHOBBIE MerMaTtuThl. [letanut u netanuroBas moapopMaius
peIKOMETaIbHBIX TErMAaTUTOB. DBKPUNTUT M OUKUTAuT. JIuTtnii B TypMasinHax. Jlutuessie u Li-
COJIEpIKaIHe CIIOABL: Pa3HOOOpas3ne, KPUCTAIIOXUMHUS, pacpe/e/ieHne KaTHOHOB U
CoIpsiKEHHbIE U30MOpGHBIE 3aMelIeHus, «cBsi3ka» Li—F, Tunomopdusm u sBostonus cocrasa
Li-cimron B muddepeHimarax rpaHUTOUI0B M BBICOKOIIEIOUHbIX opoa. Kykeut. Jlutuessie u
Li-comepskarire ampuOOIIBI: pa3HOOOpa3ne, CTPYKTYPHOE MOJOKCHHE JINTHSA U H30MOP(HBIE
3aMEIIEHUS C €T0 y4acTUeM, 00OCTAaHOBKH HaXOXKACHUs. [ pyIimbl HeNTyHUTa U OCyMUIHTA. Psi
aMOJIMTOHUT—MOHTEOpa3uT. Psin TpuUIMH—IUTHODUIUT U TIPOLIECCH M3MEHEHUS ITHX
¢docdaros. JIutueBsie GTOPATIOMUHATHI U TAHTANIATHI.

Jlextum 4-5 u cemunHapel. bepmmnii. CtpoeHue aToma U cBoicTBa 3eMeHTa. OCOOCHHOCTH
KPUCTAJIOXUMUU OCPUILIHS, PUIHHBI €T0 KPUCTAUTIOXUMUYECKON HHIUBUAYaTbHOCTH. Ciydan
m3omopdusma Be ¢ Al, B, Li B Munepanax. bepuniueBas MuHepaau3amus 1 €€ SBOJIONHS B:
IPaHUTHBIX TIETMATUTaX; TPEeH3eHaX U [IBUTTEPaX; KOHTAKTOBBIX METACOMATHUTAX;
TUAPOTEPMAINTAX; IIETOYHBIX IOCTMAarMaTU4eckux cuctemMax. CBsi3b KPUCTAITUIOXUMHYECKHUX
0COOCHHOCTEH MUHEPAJIOB OEPUILTHUS C IIEJI0YHOCTHIO cpenbl. ['pynma Gepuiiia: CTpyKTypHO-
XUMHUYECKHE OCOOCHHOCTH, CONPSIKEHHbIE H30MOP(HbBIE 3aMEIIeHUS, POJIb IEIOYHBIX KATHOHOB
1 BOJIbI (BOPOOBEBUT, ME330TTAUT, BOJHO-HATPUEBBINA OCPHUILT), TUTTOXUMHU3M, TCHETUYECKUE
THTTBI OEPUIITIOBOM MUHEPATU3AIHH, OAIlIUT. XPU300epUII 1 MApUUHCKUT. [ 'pymima Taaddenra.
bpomemur. @enakut. beprpanaurt. I'pynna reapBrHA: KPUCTAUIOXUMUS, TEHETUYECKHUE TUIIBI
munepanuzamun. ['agonunaut-(Y). OBkina3. baenurt. Jleiikodan. [llenounsie OepUIIOCHINKATHI
(YKaNOBUT, TYTTYIHT, STUAUTAMUT, TPyIa Jei(pUTa) U HIBOIIONHS OSPUIUTOCHITMKATHON
MUHEpaIu3aliy B armauToBbIX Komiuiekcax. docdaTsl Oepuiins u TuriepreHHas oepuiineBas
MUHepanu3anus. bopatel Gepusuims.

Jlexu 6-8 u cemunHapsl. bop. Ctpoenune atoma u cBoicTBa 351ieMeHTa. OCHOBHBIC TTPUHITUIIBI
CTPYKTYpPHOU XUMUU O0pa, IPUUUHBI €r0 KPUCTAIUIOXUMHYECKON MHIUBHTyaTbHOCTH,
pazHo0Opa3us u cBoeoOpasusi OOPHBIX MUHEPAIOB. THIBI OOPATHBIX M OOPOCUITUKATHBIX
aHWOHOB. Pa3nuuus B CBOMCTBaX U T€HE3NCE Y MUHEPAIOB C 6OPOM B TPEYTOJIBHOM U
TETPadPUUECKOM KUCIOPOJHOM OKpYyxeHHH. [Ipupoanbie 6opathl: Kiaccuukaiim, cBI3b
CTPYKTYPHI C YCIOBUSIMU 00pa30BaHUsI, TATOMOP(PU3M. DHIOTCHHASI U YK30T'CHHASI BETBH
MUHepajioruu 60pa, pa3nuuus Mex1y HUMU. BynkanorenHast OopHas MUHepaaIu3aus.
BynkanoreHHo-ocaiouHas 00poHOCHas (popMaliusi: TeHETUIECKUE TUITHI MECTOPOXKIICHUHN 1
MPOSIBJICHUH, UX BO3PACT, MEXaHU3MbI O0paTooOpa3oBanus. bopHas MuHepanu3amus MOPCKOTo
0CaJI0YHOTO0 reHe3nca, 60parooOpa3oBaHue MPU TATOKHHE3E. DIOBHANILHBIC, TOCTAIOBUATHHBIC
U ApyTHUe 3K30T€HHbIE MECTOPOKICHUS U MposiBIeHHs OopaToB. bopHas MuHepanuzanus,
CBSI3aHHAS CO CKapHaMU: B MAarHE3MAIIbHBIX CKapHAX U KaJbIH(PUPAX; B allOMarHe3UaIbHBIX
M3BECTKOBBIX CKapHaX; B MAPTaHIIOBUCTHIX CKaPHOUIAX; B U3BECTKOBBIX CKapHaX; B CKAPHOBO-



rpeii3eHoBbIX 00pa3oBaHMsIX. MuHepaibl 00pa B IPaHUTHBIX ETMAaTUTAX U HOPMAJIbHBIX
rpeizeHax. bopHas MuHepanu3amus B MeraMoppuTax pa3HbIX TUIOB. bopaTel HaATpyIIBI
moasuruta. Korout u cyanut. Munepaisl psga Garoo00puT-TuIpOKCHIOOpUT. Marae3naabHO-
KaJIbIIEBBIE O0paThl U KapOoHaTo-00paThl. [lepiieBuT u Gopcoaepkanue MUHEPaIbl TPYIIIBI
rymuTta. bop B MUHepanax rpynmnsl STTpUHTHTA. [ aMOepruT, epeMeeBUT U MUHEPAJIBI psa
poaunuT-noHA0HUT. bopatsl Ta u Nb. Ccaitbenuut. boparut. I'pynma xunsrapaura.
Kamuboput. ['mapobopanut. bypa u Tunkankonut. Kepuut. Ynekcur. Mupout. Konemanur.
[Tpaticent. Ctponmmensie 6opatsl. [Ipupoaasie 6opHBIe KHCIOTHL. [ pynmna qanoypuTa.
Punmepmxueput. atonut u n3oMopdu3M B MUHEpasiaX CTPYKTYPHOTO TUIIA TAaTOJIUTa—
ragosnHuTa. Typmanunsel. ['pynna akcunura. bop B cirogax u xmnopurax. ['pynmna
IroMopThepuTa. bop B MuHepanax rpymnmnsl Be3yBHaHa.

Jlexmust 9 u cemunap. le3nit u pyouauii. CtpoeHue aTOMOB U CBOWCTBA 3JIEMEHTOB.
CpaBHuUTENbHASA KPUCTAIIOXUMUS 1I€3US1 B KOHIIEHTPUPOBAHHOM U PaCCEIHHOM COCTOSIHUSX,
CTPYKTYpHBIE 0COOEHHOCTH COOCTBEHHBIX MUHEpaoB lie3us. Pa3nenenue ue3us u kamus B
npupoHbIX cucteMax. KoadduumeHt armanTHOCTH Kak BeITMUMHA, OTIPEIEIISIONIAs
MHHEPAIOTHIO 1Ie3Usl. [ eHeTHUecKue TUIIbI 1Ie3ueBO MUHepanu3anuu. [lomtyuur u
MOJITYLIUTOHOCHBIE TPAaHUTHBIE IErMATUTHI. [Ipyrre MuHepassl 11e31sl B TPAHUTHBIX U IIETOYHBIX
nermatuTax. PyOuauii — spuaitimii mpuMep paccessHHOTo deMeHTa. KanueBbie MUHEpabl —
KoHIIeHTpaTopsl Rb. CobGcTBeHHBIE MUHEPAJIBI pYOUIHs — pyOUKIMH U BOJIOMIUHUT. MeXaHU3MBbI
KOHLEHTPUPOBAHUS PyOUIMS U OTAEICHHS €0 OT Kanus. XalbKOTeHUHAsl BETBb 1I€3UEBOM U
pyOuIMeBOl MUHEpaAIM3allui U IPUYMHBI XalbKopmibHoro noseneHus Cs u Rb.

Bapwuii u ctponuuii. CTpoeHre aTOMOB U CBOMCTBA 371eMEHTOB. CXOJCTBO U Pa3IMYMs B
KPUCTAJUIOXUMHH U TEOXUMHHU Oapus U cTpoHuus. M3oMopdHbIe 3amenieHus ¢ yyactuem Ba u
St, pactipeeneHue 3TUX 3JIEMEHTOB MEX/1Y COCYIIECTBYIOIIMMHI MUHEPAIAMHU.
WuavBuyanbHble YepThl MUHEpaIoruu 6apus u ctpoHusa. CTpoHIMeBas 1 GapueBast
MUHEpalu3alus B 9K30TeHHBIX 00pa3oBaHusax. Beicokobapuensie MeTamopduthbl. CTpoHIIMEBAs
u OapueBas MUHepanu3anus B tuddepeHuarax menoyHsix nopoa. Oboramennsie Sr u Ba
kapOoHaTuThl. baput u nenectud. Buteput u crpornuanut. ['pynma ankuiauTa. J[BoliHbIE
kapbonatel Ba u Ca. I'pynna 6epOankuta u kapOouepnaut. ['pynna makkensBunuta. Crouctsie
BaREE-dTopkap6onarsl. CTpoHIIHI B MUHEpAJIax TPYIIIBI arlaTuTa. MUHEpabl TPYIIIbI
nammnpoduuTa. bapuessie rerepodmmocnnukarel. St v Ba B okcugax rpynm nepoBCKUTa U
KpunroMmesnaHa. bapueBbie ypaHOBbIE CITIOJKU.

Jlexumu 10-11 u cemunapsl. Penkozemenshbie anementsl (REE = mantanouas! + uttpuii).
CtpoeHue aTOMOB M CBOMCTBA 3JIEMEHTOB. [ JTaBHBIE 0COOEHHOCTH CTpyKTypHOU Xumun REE.
N3omopdusie 3amenienus ¢ yaactueM REE B Munepanax. DQQexT JaHTaHOUTHOTO CHKATHS U
€ro 3Ha4eHHE B MUHEPAJIOTUYECKON KpUCTaINIOXUMUU. Pa3enenue naHTaHOUI0B HA
r€OXUMUKO-KPUCTAJUIOXUMHUYECKUE TOArpynIbl. CTpyKTypHas H30UpaTeabHOCTh MUHEPAJIOB B
oTHouieHuu onpeaeneHHbIX REE; cenexkTuBHbIe 1 KOMIUIEKCHBIE («Oe3pa3inuHbIe»)
penko3eMenbHble MUHepalisl; ppakiuonupoBanre REE Mex iy MuHepanaMu ¥ 1o MOo3UIHsIM B
oltHOM cTpykType. CoBpeMeHHasi HOMEHKJIaTypa peAKO3eMeNIbHbIX MUHEPAJIOB; IIPABUIIO
JleBuncona. CoOcTBeHHbIe MUHEepanbl UHAMBUAYaTbHBIX REE. AkueccopHas penko3emenbHas
MUHEpaIu3alysi B MarMaTHYecKuX MopoJax HopMaibHOro psijaa. Peako3emenbHas
MHUHEpaIu3alys B TpaHUTHBIX rermatutax. Munepansl REE B jkuitax anbInuickoro Tura.
PenkozeMenbHass MUHEpanu3alys B KOMILIEKCAX MOPOJ] MET0YHON (hopMalliu: HIeTOUYHbIX
IPaHUTAX; IEIIOYHBIX CHEHUTAX U UX MPOU3BOIHBIX; KapOOHATHTAX; (PEHUTAX; armauTOBBIX
nopojax u ux auddepennuarax. Kpucramioxumuaeckas cnenuduka muaepanoB REE u
IBOJIIOLIMSI PEAKO3EMENIBHON MUHEPAIU3ALMH B LLEJIOYHBIX MarMaTHUYECKUX KOMILIEKCAX.
Munepanorere3 REE B sx3orennsix yciaoBusx. Monarut-(Ce). Padnodan-(Ce). Kcenotum-(Y).
Yépuut-(Y). PenxozemenbHble 3eMeHTH B pocdaTax HaaArpynmnsl anarura. ['pynmna
(dbnopencura. Apcenatsl cepun arapauta. Amtanut-(Ce) u apyrue REE-conepkammue Munepas
rpynnsl 3nuaoTa. ['pynna yeBKHHUTa—TeppbepUTa. BpUTOINTHI — peKO3eMENbHBIE CUIINKATHBIE
anaTtuthbl. Penko3eMenbHbIe WieHbl TPYIIbI JaToduTa—TragonunuTa. llenounsie



pelKo3eMeNbHbIe CHIIMKAThl. PenkozemenbHble KapOOHATHI TOJTMCOMATUYECKOTO CEMEHCTBA
OacTtHe3uTa—(harepuTa: CTPYKTYpHBIE 0COOCHHOCTH, pa3HOOOpasue, 00CTaHOBKH (POPMUPOBAHUS,
mectopoxxaerus. REE B kapOoHarax rpymm aHKWInNTa, 0epOaHKUTa, MAKKEJIbBUNTA.
Oco6ennoctu ppakmonnpoBannsi REE B cl1oHBIX OKcHaax rpynmbl KpuaToHUTA. [ 'pyrima
NEPOBCKUTA: n30MopdHbIe 3amerienus ¢ yaactueM REE, o0ctanoBku hopmupoBanus,
JonapuToBbie MecTopoxkacHHU. CoOCcTBEeHHO penko3emenbHbie 1 REE-coaepskanue TanTano-
HUOOATHI. LlepraHuT — MUHEpas YeThIPEeXBAJICHTHOTO Liepus. | 'eHeTnyeckast KpUCTaUIOXUMUS
REE Bo ¢umoopure u tBeiiTuTe-(Y). IN'arapuaut-(Y).

Jlexnust 12 u cemunap. Lupkonuit u raguuii. CTpoeHne aTOMOB U CBOICTBA 3JIEMEHTOB.
[IpuunHbI U cIeICTBUS KPUCTATIOXUMUYECKON OIn30cTH UpKoHUs U raduus. [Ipuponnsie
CHCTEMBI, B KOTOPBIX MPOUCX0oAuT pazaenenue Zr u Hf; rapuon. O6uume ocobennoctn
KPUCTAIJIOXUMUU U MUHEpAJIOTUU upKoHUs. M3oMopdHbIe 3amMelieHus ¢ yyacTueMm Zr.
CpaBuaurenbHas Kpuctamwioxumus Zr, Ti u Nb; MuHepanornueckue 1 reOXMMUYeCKHUe CIIACTBUS
KPUCTAJUIOXMMHUYECKHUX Pa3Induil MEXAY 3TUMU 3JIEMEHTaMHU. [ eHeTnyeckas KpUCTAIIOXUMHUS
CUITUKATOB ¢ Zr. L{lupKoH: XUMHUYECKH cOCTaB, N30MOP(H3M, 00CTaHOBKH (HOPMUPOBAHHMS,
Hay4yHas U MpaKkTUYeCcKas 3HaYMMOCThb. ['pynna spauanuTa. ['pynna gsoBo3epura. Bageut u
karameut. ['pynna nnepura. [lapakenapunt. Oapnuant. J{nopTociIMKaThl TPy BENEpUTA U
po3enOymuTa. CoraquaHuT u nekTiepuT. Llupkonuessie rpanaTel. bamnenent. LIupKoHOTUTHI.
KansuupTut u taxepanut. @ocdarbl 1 kapOOHATHI IUPKOHUSL.

Jlexm 13-14 u cemunapsl. Huo6wuit u rantan. CTpoeHre aTOMOB U CBOMCTBA JIEMEHTOB.
CXO0JCTBO M pa3inyMsi B KPUCTANIOXUMHU U MUHEPAJIOTMH HUOOMS U TaHTana. Mi3oMopgHbie
3ameneHus ¢ yuactueM Nb u Ta. TanTanoBas MuHepaan3anus B peIKOMETAIbHBIX TPaHUTHBIX
NerMaTUTax. AKIECCOpHas HUOOHeBas MUHEpAIN3alus B MarMaTH4ecKuX mopoaax. MuHepasl
HUOOUSA B MErMaTUTaX HOPMAJIBHBIX U MIETOYHBIX IpaHUTOB. OKCUAHAsE HUOOHUEBast
MUHepanu3auus B 1updepeHmaTax 1 MeTacoMaTuTax IIETOYHbIX CHIIMKATHBIX TOPOJ U B
kapOoHaTuTax. HuoOocumukaTel B BBICOKOIIETOYHBIX crcTeMax. ['pynmna nupoxiopa: Bapualuu
COCTaBa, TUIIOXUMHU3M, IIPUPOIHBIE MTPOIIECCHI HOHHOTO 0OMEHa, eKaTHOHUPOBAHUS U
ruapatauuu. CTpyKTypHasi BApUaTUBHOCTh TaHTAIO-HUOOATOB, IPOU3BOAHBIX OT CTPYKTYPHOTO
apxeruna Opykuta. ['pynna ukcuonura. KonymMOuThI—TaHTaINThL. ['pymnma BOJKHHNUTA U
TaHTaJIO-HUOOATHI ¢ BU1000pa3zyromuM BoibppamoM. Tannonut u Nb, Ta-cogepkamuii pyTuil.
I'pynna crubnoTtantanura. [ pymnmel smmHuTa 1 3BKceHuTa. [ pynmna geprioconuta. CamapckuT U
umnkaBauT. Nb u Ta B okcuaax rpymnmnsl nepoBckuTa. Bogubeie HH06aThl rpynmsl ppaHKOHUTA.
Huob6uessle cunnkookcuapl. ['pynna nabynunoButa. ByoHHeMHT, mpo1iecchl ¥ MPOYKTHI €ro
n3meHeHus. Nb u Ta B MuHepanax rpymnmsl dBauainTa. XoaTuT. HuoOueBbie cymbpuabl.

7. ®ouj oneHoYHbIX cpeacTB (POC) a5l OleHUBAHNSI Pe3yabTATOB 00y4YeHHs MO
AUCHUILINHE (MOIYJIIO)
7.1. TunoBble KOHTPOJILHBbIE 32IAHUSI UJIH HHbIE MAaTePHAJIbI ISl IPOBEAeHNsI TEKYIIEero
KOHTPOJIfl YCIIeBAeMOCTH.

Jns Tekymero KOHTPOJISI CTYIEHTOB B XOJ€ CEMecCTpa MpPOBOAATCS KOHTPOJIbHBIE
OIIPOCHL.

Ilpumepnulit nepeuens 60nPoOCos 011 NPOBEOEHUA MEKYULe20 KOHMPOJiA

BBOJHA YACTb
JInTodunpHbIe 2JeMeHThL. [IpU3HaKU, MO0 KOTOPLIM XMMHYSCKHE DJIEMEHTRI OTHOCATCS K
JIATOGWILHBIM, CUAEPOMIILHBIM HIH XaIbKO(OUILHBIM.
Co0OCcTBEHHBIE MUHEPAJILI M MUHEPAIBI-KOHIIEHTPATOPEI TOT'O MJIM HHOI'O XHMMHYECKOT'O
3JIEMEHTA.
JINTUIA
[Nouemy auTHI, OSPUIIINHA U O00p, HECMOTPS Ha MaJble AaTOMHBIE HOMEDPA, OTHOCITCSA K PEAKUM
dJIeMeHTaMm?
I'1aBHBIE TEHETHYECKNE TUIBI JUTUEBOM MUHEPAITH3AIIMH.
JInTreBas MUHEpAIM3alKs B TPAHUTHEIX ITIETMaTHUTAX.




H3oMmopdusM ¢ yuacTueM JuThsl B MuHepanax. CBsa3b xapakTepa n3oMopdu3Ma ¢ KOOpAHHALIMEN
JINTUS.

['maBHBIE MUHEPAJIBI JIUTHSL.

CroayMeH U IIETaIUT: OOIIKe YSPThl U Pa3Inyus — KPUCTAUIOXMMHYECKHE U TEHETUYECKHE.
JInTHEBLIE CAIOALI: Pa3HOOOpa3He, KPUCTAIOXUMHYECKHNE 0COOEHHOCTH, T€HE3HC.

JIutneBble aMbuO0JIBL: pa3HOOOpa3ue, H30MOPGhH3M KaTHOHOB, T€HE3HC.

HecunukaTHble MUHEPAJIBL IUTH.

BEPUJIINM

['1aBHBIE TEHETHYECKUE TUIIBI OEpHILINEBOM MUHEPAIH3AIINH.

H3oMopdhu3M ¢ ydacTueM OSpuLIns B MUHEpaaax. [IpHYMHEL, 10 KOTOPEIM OE€pHJIIHMI
000cabaMBaeTCs B KPUCTAIUIMYECKUX CTPYKTYPaX.

I'naBHBIC MUHEPAIBI OCPHILIHSL.

Paznnung B cocTaBe OeprILUIMEBOM MUHEPAINU3ALNH U B KPUCTAIIOXUMHUH MUHEPAJIOB OEpHILINS
B U depeHIraTax rpaHUTOMA0B HOPMAILHOTIO psAaa M B U@ @epeHaTax MeJIOYHBIX MOPO/IL.
KpucramioxumMuueckre 0COOEHHOCTH Oeprinia M H30MopGdHEIE 3amMelieHus B HeM. Illenounnie
METAJIbLI B OCpHILIE.

HecunukaTHble MHHEPAJIBI OEpHILINSL.

DeHakuT U OEPTPAHINT: TEHETHYECKHE THIEI MECTOPOKAECHUM (IPOSBIICHUM ).

MuHepaisl TPYOIBI FeIbBUHA: KPUCTAIUIOXUMUSL, KATHOHHBIA H30MOPGH3M U T€HETHUECKHUE
THUIIBI MECTOPOKACHMH (IIPOSBIICHHUN ).

["alOTMHUT ¥ IaTOJNT: KPUCTAIUIOXUMHUS, KATHOHHBIA H30MOP(H3M U T€HETHYECKUE THIEI
MECTOPOXKACHHMH (IIPOSBICHHMI).

bOP

I"'naBHBIC MHAMBUAYAILHBIC 0COOCHHOCTH KPHUCTAIIOXHMHMHU O00pa B MUHEpAIaX U IPUYHHEI,
OIPENEIISIONINE €r0 KPUCTAINIOXUMHUYECKYIO HHINBUYAILHOCT.

I"'1aBHBEIC MEHEPAJIEI OOpa.

BopaTbl SHIONEHHOT0 M 3K30I€HHOI0 IMIPOUCXOKIEHUS: PA3IMYMI B XUMHUYECKOM U CTPYKTYPHOM
ACIIEKTaM.

['maBHBIE TEHETHYECKHE TUIIBI DK30T€HHBIX OOPHEIX MECTOPOKIECHUN (IIPOSIBICHHUM) U UX
MHHEPAIOTHYECKUE PA3IUYHS.

BopHasg MuHepaan3anys B CKapHaxX pa3HbIX THIIOB M IPAHUTHLIX IIETMATUTAX.

OngoreHunie Mg- u Fe-0opaTsl.

Ox3orennsie Mg- u Ca-00paThl.

HatpueBsle 6opaThl.

KasblueBsle 60pOCHINKATEL.

MuHepaibl IpyOIl TYpMaddHa U aKCHHHUTA: pa3HOOOpa3re, KATUOHHBIA H30MOPGHU3M U T€HE3HC.
E3UI u PYBUJIUN

I'naBHBIC 0COOCHHOCTH KPUCTAUIOXMMHUHM PYOHIMS U 13U B MUHEpaIax, B TOM YHCJIE
n3oMopdus3M ¢ yuacrtueM Rb u Cs.

I'eHeTHYECKHE TUIIBI LIE3UEBOY U PYOMAMEBON MUHEpaIn3alvy. | JaBHbIe MUHEPAJIBI-
KOHIIEHTPATOPEI PYOUIUS U IIE3HUSL.

CTPOHIIWIA u BAPUIA

CxocTBa U pa3Iuyis B KPUCTAUIOXMMHUU CTPOHIIMS M Oapus B MHHEpAJIaX.

I'1aBHBIC TEHETHYSCKHE TUIIBI CTPOHIIMEBOM M 0apueBO MUHEPAIN3ALIMY.

I'maBHBIE COOCTBEHHBIE MUHEPAIBI 1 MUHEPAIBI-KOHIIEHTPATOPEL CTPOHIINA U Oapus.
[Ipupoanbie KapOOHATHI CTPOHIMS U 0apusd. OOCTaHOBKY NX 00pa30oBaHUI.
PEAKO3EMEJILHBIE 3JIEMEHTEI

OO0mme ocobenHocTy kpuctauioxumMun REE B Munepanax. Pasnuuus B KpUCTAINIOXUMHUHU JIBYX
rpyni REE (uepreBoii 1 HTTPHUEBOI) B MUHEpAIAX M IPUYNHEI OTUX Pa3IHYUN.

Hszomopdusm REE ¢ Apyrumu djieMeHTaMU B MUHEPaJIaXx.

Howmenknarypa peko3eMeIbHBIX MHHEpaJIoB. IIpaBuino JIeBuncoHa.




CeIeKTUBHBIC M KOMIJICKCHEIC (((663D&3JII/I‘IHBI€») pEAKO3EMENIbHBIC MUHEPAJIBI. IIpHUMHEI

PE3KOH CEIEKTUBHOCTU MHUHEPAIOB B OTHOIIEHNH onpeneiacHubX REE. @pakiimoHupoBanue

REE Mexny MUHepaJIaMu.

I'1aBHBIC TEHETHYECKHE THIEI PSIKO3EMEIbHOM MUHEPATM3AINH.

[1apsl MOHAIIUT — KCEHOTUM M MOHALIUT — padbaodan: o01ire 4epThl U pa3Inuus B

KPpUCTAJIJIOXUMHUH U TCHE3UCC.

Penxo3zeMenbpHbIC MUHEPAIbl, IPUHAAICKAIINE K CTPYKTYPHOMY apXSTHITY allaTUTa U e€ro

IOIPOU3BOAHBIM.

PenkosemenbHble KADOOHATHL.

PenkoszeMenpHbIE MUHEDAJIBL U IIABHBIE «HECOOCTBEHHBIEY MUHEpAIBI-KOHIIEHTpaTOphsl REE.

OTHOCAIIHUECCA K OKCUAAM U I'aJIOTCHHUIAM.

LIMPKOHUI

OcobeHHOCTH KPpUCTAIJIOXHUMHUHU U I/I3OMODd)I/I3M IUPKOHHUA B MUHCpAJIax.

Kpucrajuioxummnyeckue pasanyus Mexay Zr u Ti.

IupkoH: I/I3OMODd)I/13M U ITCHECTUYCCKUC THUIIBI MUHCPAJIN3allnun.

OBAHAIMNTEL: OCHOBHBIE 0COOCHHOCTU KPUCTAJIJIOXMMHUHU U I'CHE3HUC.

IIpupoaHbIe OKCUALI IUPKOHUS.

HUOBUM u TAHTAJI

Kpucrajutioxumus HuoOus ¥ TaHTaia: 001me oco0eHHOCTH U pasinunsa. M3omopdusM HUOOUS U

TaHTaJ1a C APYIrUMMHU DJIEMCHTAMHM B MHUHCpaJIaX.

I'maBHBIC MUHEPAIBI HHOOMS M TaHTAJIA.

I'eneTnyeckue TUIIBI HUOOMEBOH U TAHTAJIOBOM MHUHEPAIN3ALINN.

MuHepalbl IPYIIEL MUPOXJI0pa: XUMHUUECKOE DaBHOOGDaBI/IG, I/IBOMOD(bI/BM, MOHOOOMEHHBIE

CBOMCTBA, TEHETHYECKHE THIBL MECTOPOKICHUI (IPOSIBJICHHUN ).

YieHbI T'PYIIIbI KOHVMGI/ITa U POACTBCHHBIC UM MUHECPAJIBIL CO CTPYKTYpaMHU, IIPOU3BOAHBIMHU OT

CTPYKTYPHOTO apXcTHIia 6DVKI/ITaZ CBSI3b «XMMHYECKHUM COCTaB — CTPYKTYPa», TCHETHICCKHUC

THIIBI MECTOPOKACHUHN (IIPOSIBICHUN ).

Penko3eMenbHEIC TaHTAJIO-HHO0ATEI U TUTAHO-HUOOATEI.

Huo6wuii 1 REE B MUHepaiax rpynisl IEPOBCKUTA.

IlIkana u kpurte

HNU OICHUBAHUA PE3yJabTaTOB oﬁyqe}mﬂ o JAUCHUIIJIMHE.

Pe3ynbTaTel «HeynoBneTBo- | «Y10BIETBO- «Xopo1ro» «OTanyHO»
o0ydeHus PHUTEIBHO PHUTEIBHOY

3HaHMSL: 3HaHUs @parmentapusie | O0mue, HO HE Cucremaruuec
COBPEMEHHOTO OTCYTCTBYIOT 3HaHUSA CTPYKTYPUPOBaH | KM€ 3HAHUSA
COCTOSIHUS HBIE 3HAaHUS

MUHEpaJIOTUH, B

TOM qucie

CTPYKTYPHOU u

reHeTudeckon, Li,

Be, B, Rb, Sr, Ba,

Y, J1aHTaHOHUJIOB,

Zr, Hf, Nb u Ta

YMenus: YMenus B nenom B nenom Ycenemnoe
CaMOCTOSTENIEHO OTCYTCTBYIOT YCIENIHOE, HO HE | YCIENIHOE, HO yMEHUue
pazo0parbcs C CHUCTEMATUYECKO | cojliepiKaiiiee CaMOCTOSTEIIbH
OpUTMHAIbHBIMU € YMEHHE, OTJI€TIbHBIE 0 pa3zobpaTbCs
AHATUTUYECKUMU JOTyCKaeT poOEeITbI c

JAHHBIMU, HETOYHOCTH yMEHUE OPUTMHAJIbHBIM
KacarouuMucs HEMIPUHUHUIIAAIL | CAMOCTOSITENIBHO | U

MUHEpAJIOB PEIKHX HOTO XapakTepa | pa3oOpaThces C AHAITUTUYECKU
3JIEMEHTOB, OPUTHUHAJIBHBIMHU | MU JAHHBIMHU




KOTOpBIE MOTYT aHAJINTUYECKUM

OBITH MOJIyYEHBI UM U JaHHBIMH.

B mpouecce

Hay4HOU 15NN 1

Hay4HO-

MIPOU3BOACTBEHHOMN

paboThHI

Bianenus: Hasbiku ®parmeHTapHoe | B nemom Buanenue

COBPEMEHHBIMH BIIAJICHUS BIIAJICHUE Cc(OPMHUPOBAHHBI | COBPEMEHHBIM

oAX0AaMHu K | OTCYTCTBYIOT METOAMKOH, € HaBBbIKU U IIOAXOAAaMHU K

U3Y4YECHHIO HaJIu4ue UCIIOJIb30BAaHUA. | U3YYEHUIO

MHUHEpAJIOB PEIKUX OTJEIIbHBIX MUHEpAJIOB

JJIEMEHTOB HAaBBIKOB peaxux
DJIEMEHTOB

8. PecypcHoe obecnieueHue:

A) IlepeyeHb OCHOBHOM ¥ J0NOJHUTEIHLHOM JJUTEPATYPbI.

a) OCHOBHas JIUTEpATypa: OTCYTCTBYeT (0a3a — Marepua JeKIHil)

0) IOTIOJTHUTEIbHAS JTUTEPATYpA:

Bomomma A.B. (1993): Tanrtamo-HMOOAaThI: CHCTEMAaTHKa, KPHUCTAUIOXUMHUS € IBOJIOLUS
MHUHEpaa000pa3oBaHus B rpaHUTHBIX nermatutax. CI16., Hayka, 297 c.

Bomomma A.B., IlaxomoBckuii S.A. (1988): Munepanoruss TaHTala ¥ HHOOHWS B
penkomeTauibHbIX nermaturtax. JI., Hayka. 239 c.

BoponkoB A.A., ymsukas H.I'., Ilarenko FO.A. (1978): Kpuctamioxumuss MHHEpPAIOB
IMPKOHUA U UX UCKYCCTBEHHBIX aHanoroB. M., Hayka, 181 c.

3aropckmii B.E., Makaron B.M., llImakun b.M., Makpeiruaa B.A., Ky3uenosa JL.I'. (1997):
I'panutnbie mermaTuThl. T. 2. Penkomeransubie nermatutsl. HoBocubupcek: Hayka. 285 c.
HeTpanuumoHHbIe TUIIBI pEAKOMETATILHOTO MUHEpAJILHOTO CchIpbs (1991). M., Henpa, 248 c.
ITexor U.B., KononkoBa H.H. (2010): PyOumameBas MuHEpamu3amusi B PeAKOMETATbHBIX
rpaHuTHBIX nermatutax Boponbux TyHap (Kombeckuii momyoctpos, Poccus) // T'eoxumus, 7,
741-760.

[Tsatenko FO0.A. (1990): OcHOBHBIE YepThl MUHEPAJIOTHUECKONW KPUCTAIUIOXUMUU JuTus // U3B.
AH, cep. reomn., 4, 67-74.

[Tarenxo FO.A., Kyposa T.A., Uepnunoa H.M., Ilynoskuna 3.B., baunos B.A., MakcumoBa
H.B. (1999): HuoOwuii, TanTan u nupkoHuii B MuHepanax. M., Uzn. UMI'PD, 213 c.

[Tsatenxko FO.A., VrpiomoBa H.I'. (1988): Munepasoruueckas KpUCTANIOXUMHUS
penkozeMmenbHbBIX d51eMenToB // 3B. AH, cep.reou., 11, 75-86.

CononoB H.A., banamos JI.C., Kpemeneuxuit A.A. (1980): ['eoxumus nutus, pyouans 1 1e3usl.
M.: Henpa. 233 c.

XowmsikoB A.IL. (1990): Munepanorus ynpTpaarnauToBbIX HIeT0YHBIX Topo. M., Hayka, 196 c.
Bayliss P., Levinson A.A. (1988): A system of nomenclature for rare earth mineral species:
revision and extention // Amer.Miner., v. 73, 422-423.

Henderson P. (1984): Rare Earth Element Geochemistry. Elsevier, 510 pp

b) IlepeueHs UIIEH3MOHHOTO MPOTPAMMHOT0 00eCrieueHUs — He TpeOyeTcs

B) Ilepeuenp mpodeccroHanbHBIX 0a3 TaHHBIX W WH(POPMAIIMOHHBIX CIPABOYHBIX CHUCTEM - HE
Tpedyercs

I') mporpammHoe obecnieyeHHe W
obecrnieueHne He Tpedyercs):

J1) MarepralbHO-TEXHUYECKOTO OOCCIICUCHUE. - MYJIbTHMEIUIHBIA TPOSKTOpP, KOMIIBIOTED, YKPaH,

WHTepHeT-pecypchl  (JIMIIEH3MOHHOE TPOTPaMMHOE

BbIX0J B IHTEpHET.
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9. SI3BIK MpenoaBaHus — PyCCKUIA.
10. [Ipenonasarens (nmpenoaasarenu) — M.B. Tlexkos

11. ABtop (aBTOpHI) IporpamMmsl — 1.B. Ilexos
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