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PaGouas mporpamma TUCHUIUIHNHBI (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 NOOPAZOENCHUAMU YHUBEPCUMEMd U
Opyeumu 8yzamu be3 pazpeutenust paxyiomema.



Heanb u 3a0a9u AUCHUTILIMHBI

Iean — pacumpeHue o0IIero Hay9HOT0 U HAYYHO-TIPAKTHYECKOT0 KPyro3opa B 00J1acTsIx
MUHEPAJIIOTUH, KPUCTAJUIOXUMHUH U TEOXUMHUH Ha IpuMepe OOJIBIION IpyMIbl IUTO(QUIBHBIX PEIKUX
AJIEMEHTOB M TIOJYYCHHE CUCTEMAaTHUYECKNX 3HAHWH O HMX Ha COBPEMEHHOM YPOBHE;

3agaun:

® [IOJATOTOBKA yYalIUXCs K PCUICHUIO MUHCPAJIOTUYCCKHUX 3a1a4

® 03HAKOMJICHHE C COBPEMEHHBIM COCTOSSHIEM MUHEPAJIOTHH, B TOM YHCJIE CTPYKTYPHOH U
renernueckoii, Li, Be, B, Rb, Sr, Ba, Y, nantanounos, Zr, Hf, Nb u Ta

1. Mecto nucuummebl B cTpyktype OIIOII BO — BapuartuBHas yacth, npodecCHOHATBHBIN
UK, PO eCCHOHABHBIC AUCITUILIMHEI 110 BEIOOPY, Kypc — |, cemectp — 3.

2. Bxoanble TpeGoBaHNs /I OCBOEHUSI AU CUMILIMHBI, IPeABapUTe/IbHbIEe YCI0BHSA:

ocBoeHue aucuuring «O01mas reonorus», «O0mas xuMusy», «Munepanorus», «['eoXumus.
JucuumniuHa HeoOxoauMa Ui HayYHO-HCCIIE0BAaTeNIbCKOW pabOThl U BBIMOJIHEHUS BBITYCKHBIX
KBaJTM(HUKAIIMOHHBIX Pa0OT.

3. Pe3yabTaThl 00yYyeHHs MO AMCUMILIMHE, COOTHECEHHbIe ¢ TpeOyeMbIMH KOMIIETEeHIIUSIMHA
BBINNYCKHUKOB.

KommereHIun BBIMYCKHUKOB, (GopMupyemble (MOJTHOCTHIO MM YacTHUYHO) MpU pealn3aluu
JTVCLUTUTAHBL:

OIIK-3.M CrnocobHocTh B Tpoliecce pemeHus MpodhecCHOHANBHBIX 3aad CaMOCTOSTEIHHO
MoJIy4aTh, MHTEPIPETHPOBATH U 0000INATh pe3yabTaThbl, pa3padaTbiBaTh PEKOMEHAALWU MO X
MPaKTHYECKOMY MCIIOJIB30BaHUIO ((pOpMUPYyeETCS YaCTUYHO),

IIK- 9.M CnocoOHOCTh HCHOJB30BATh COBPEMEHHBIE METOABI 00pabOTKM W WHTEepHpeTaluu
KOMILUIEKCHOW MH(POPMAIIMH JIJIs1 PEIICHUSI IIPOU3BOJICTBEHHBIX 3a1a4 ((hopMUpyeTcs 4aCTUYIHO),
CIIK-3.M CrocoOGHOCTh CaMOCTOSITENIFHO paboTaTh C aHATUTUYECKUMHU JIaHHBIMHU, B TOM YHCJIE 110
MUHEpajaM 30J10Ta, TUIATHHOMJIOB U JTUTO(PMIBHBIX 3JIEMEHTOB ((hOpMUPYETCS YACTUIHO).

Ili1anupyemble pe3yabTaThbl 00yUYeHHUS MO0 JUCHUILIMHE (MOTYJII0):

3HAMb: COBPEMEHHOE COCT OAHHE MHHEPAJIOTHH, B T OM YHCJIE CT PYKT YPHOH H I'€HET HYECKOH,
Li, Be, B, Rb, Sr, Ba, Y, mauT anownnon, Zr, Hf, Nb u Ta;

YMembp: CaMOCMOAMENbHO pA300pamvbCs € OPUSUHANbHBIMU AHATUMUYECKUMY OAHHBIMU,
KAcanowuMucsi MUHEpanos IUmo@uIbHblX peOKUX dJ1eMeHmo8, KOmopbvie MO2ym Oblmb NOJLYYeHbl UM
8 npoyecce HaAy4HOU UTU HAYYHO-NPOU3BO0CMEEHHOU pabOmbl,

61a0emy’. COBPEMEHHBIMH MTOAX0AAMH K H3YHEHHFO MHHEPAJIOB PEAKHX JICMEHT OB.

4. @opmat 00yUeHHUs — JICKIIMOHHBIC U CEMHUHAPCKUE 3aHITHS

5. 00beM AUCHUIIHHBI (MOIYJS) COCTaBIseT 2 3.€., B TOM 4HCJIe 56 aKaJeMUYECKHUX YacoB,
OTBEJCHHBIX Ha KOHTaKTHYIO paboTy oOydaromuxcs ¢ mpernogaBateneM (14 yacoB — 3aHATHS
JMEKIUOHHOTO Tuma, 42 dYaca — 3aHITHS CEMHHAPCKOTO Tuma, 16 akajgeMudeckux YacoB Ha
CaMOCTOATENbHYIO paboTy oOy4daronuxcs. Dopma mpoMeKyTOYHOM aTTecTaliy — SK3aMeH.

6. Coaep:kaHue IMCUMIIMHBI (MOAYJIsS1), CTPYKTYPUPOBAHHOE 110 TeMaM (pa3jienaMm) ¢ yKazaHueM
OTBEJIEHHOTO HAa HUX KOJMYECTBA aKaJeMHUYECKUX YaCcOB U BUIbI YUYCOHBIX 3aHITHIA

Kparkoe cogep:kanue THCHUIINHBI (AHHOTALMSA):

B kypce paccmaTpuBaroTCA:
- COBpeMeHHa}I TPAKTOBKA OCHOBHBIX MOHSTHH MHUHCPAJIOTHHU, KPUCTAITITIOXUMUHU, XUMHUHU U
T€OXHUMUH,
- CoOcTBEHHBIC MUHEPAIIBI 1 MUHEPAJIBI-KOHLIEHTPATOPbl XUMHUECKOTo 3yieMeHTa. O0rmas
XapaKTEPUCTHKA TUTOQUIBHBIX PEIKUX 3JIEMEHTOB B TEOXUMUKO-TEHETUYECKOM ACIEKTE.
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Coaep:xaHue pa3aejioB IMCHUNIHHDI:

ConepxaHue JICKIMOHHBIX U CEMUHAPCKUX 3aHITUI

Jlexuus 1 u cemunap.

BBoanas yacte. Kpatkas unpopmalus o ToM, 4TO ¥ B KaKUX acleKTax OyAeT paccMaTpuBaThCs
B paMkax kypca. CoBpeMeHHas TpaKTOBKAa OCHOBHBIX MOHSITHI MUHEPAJIOTUU, 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 TTOBEICHHS 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 JIMTUEBON MUHEPAIIU3AINN ); TPEi3eHaX U IBUTTEPAX; arauTOBBIX
MOCTMAarMaTHYECKUX cUCTeMax. BaxkHeliue «HecoOCTBEHHbIE» MUHEPAJIbI-KOHIIEHTPATOPHI
mutusi. CIIOyMEH U CIIOyMEHOBBIE MerMaTtuThl. [letanut u netanuroBas moapopMaus
peIKOMETaIbHBIX TErMAaTUTOB. DBKPUNTUT M OUKUTAuT. JIuTtnii B TypMasinHax. Jlutuessie u Li-
COJIEpIKaIIHe CIIOABL: Pa3HOOOpa3ne, 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 yU4acTUeM, 00OCTAaHOBKH HaXOXKACHUs. [ pyIibl HEeNTyHUTa U OCyMUIHTA. Psig
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
KPUCTATIOXUMUU OCPUILIHS, IPUYHHBI €T0 KPUCTAUTIOXUMUYECKON HHIUBUAYaTbHOCTH. Ciydan
m3omopdusma Be ¢ Al, B, Li B Munepanax. bepuniueBas MuHepaau3amus 1 €€ SBOJIONHS B:
IPaHUTHBIX TIETMATUTaX; TPEeH3eHaX U [IBUTTEPaX; KOHTAKTOBBIX METACOMATHUTAX;
TUAPOTEPMAIINTAX; IIETOYHBIX IOCTMAarMaTu4eckux cuctemMax. CBsi3b KPUCTAITUIOXUMHUECKHUX
0COOCHHOCTEH MUHEPAJIOB OEPUILTHUS C IIEJI0YHOCTHIO cpenbl. ['pynma Gepuiiia: CTpyKTypHO-
XUMHUYECKHE OCOOCHHOCTH, CONPSIKEHHbIE N30MOP(HbBIE 3aMEIIeHUS, POJIb IEIOYHBIX KATHOHOB
1 BOJIBI (BOPOOBEBUT, ME330TTAUT, BOJIHO-HATPUEBBINA OCPUILT), TUTTOXUMHU3M, TCHETUYECKUE
THITBI OEPUIITIOBOM MUHEPATU3AIHH, OAIlIUT. XPU300epUII 1 MApUUHCKUT. [ 'pymima Taaddenra.
bpomemnut. @enakut. beprpanaurt. I'pynna reiapBUHa: KPUCTAUIOXUMMS, TEHETUYECKHUE TUIIBI
munepanuzamun. ['agonuuaut-(Y). OBkiaa3. baenur. Jleiikodan. [llenounsie OepUIIIOCHINKATHI
(4KaOBUT, TYTTYIHT, STUAUTAMUT, TPyNa JeiH(UTa) U FIBOIIONHS OSPUIUTOCHITMKATHON
MUHEpaIu3aliy B armauToBbIX Komiuiekcax. docdaTsl Oepuiins u TurepreHHas oepuiineBas
MUHepanu3anus. bopatel Gepusuims.

Jlexu 6-8 u cemunHapsl. bop. Ctpoenune atoma u cBoicTBa 351eMeHTa. OCHOBHBIC TTPUHITUIIBI
CTPYKTYpPHOU XUMUU O0pa, IPUUUHBI €r0 KPUCTAIUIOXUMHYECKON MHIUBHTyaTbHOCTH,
pazHo00Opa3us u cBoeoOpasusi OOPHBIX MUHEPAIOB. THIIBI OOPATHBIX M OOPOCHUITUKATHBIX
aHWOHOB. Pa3nuuus B CBOMCTBaX U T€HE3NCE Y MUHEPAIOB C 6OPOM B TPEYTOJIBHOM U
TETPadPUUECKOM KUCIOPOJHOM OKpYyxeHHH. [Ipupoanbie 60pathl: Kiaccuukaiim, CBI3b
CTPYKTYPHI C YCIOBUSIMU 00pa30BaHUsI, TATOMOP(PHU3M. DHIOTCHHASI U YK30T'CHHASI BETBH
MUHepajioruu 60pa, pa3nuuus Mex1y HUMU. BynkanorenHast OopHas MUHepaaIu3aus.
BynkanorenHo-ocaouHas 00poHOCHas popMaliusi: TeHETUIECKUE TUITHI MECTOPOXKICHUHN 1
MPOSIBJICHUH, UX BO3PACT, MEXaHU3MbI O0paTooOpa3oBanus. bopHas MuHepanu3amus MOPCKOTo
0CaJI0YHOTO0 reHe3nca, 60parooOpa3oBaHue MPU TATOKHHE3E. DIOBHANILHBIC, TOCTAIOBUATHHBIC
U ApyTHUe 3K30T€HHbIE MECTOPOKICHUS U TposiBJIeHHs OopaToB. bopHas MuHepanuzanus,
CBSI3aHHAS CO CKapHAaMU: B MArHE3MAIIbHBIX CKapHAX U KaJbIIU(PUPaX; B allOMarHe3UAIbHBIX
M3BECTKOBBIX CKapHaX; B MAPTaHIIOBUCTHIX CKaPHOUIAX; B U3BECTKOBBIX CKapHaX; B CKAPHOBO-



rpeii3eHoBbIX 00pa3oBaHusIX. MuHepaibl 00pa B IPaHUTHBIX ETMAaTUTAX U HOPMAJIbHBIX
rpeizenax. bopHas MuHepanu3amus B MeraMoppuTax pa3HbIX TUIOB. bopaTel HaATpyIIIBI
moasuruta. Korout u cyanut. Munepaisl psga Garoo00puT-THIpOKCHIOOpUT. Marae3naibHo-
KaJIbIIEBbIE O0paThl U KapOoHaTo-00paThl. [leprieBuT u GopcoaepKane MUHEPaIbl TPYIIIBI
rymuTta. bop B MUHepanax rpynmnsl STTpUHTHTA. [ aMOepruT, epeMeeBUT U MUHEPAJIbI psa
pomunuT-noHA0HUT. bopatsl Ta u Nb. Ccaitbenuut. boparut. I'pynma xunsrapaura.
Kamuboput. ['mapobopanut. bypa u Tunkankonut. Kepuut. Ynekcur. Mupout. Konemanur.
[Ipaticent. Ctponmmensie 6opatsl. [Ipupoaasie 6opHbIe KHCIOTHL. [ pynna qanoypuTa.
Punmepmxueput. atomut u n3oMopdu3M B MUHEpasiaX CTPYKTYPHOTO TUIIA TATOIUTa—
ragonuHuTa. Typmanunsl. ['pynna akcunura. bop B cirogax u xnopurax. ['pynmna
IroMopThepuTa. bop B MuHepanax rpymnmnsl Be3yBHaHa.

Jlexmust 9 u cemunap. le3nit u pyouauii. CTpoeHHuE aTOMOB U CBOWCTBA 3JIEMEHTOB.
CpaBHuUTENbHASA KPUCTAIIOXUMUS 11€3US1 B KOHIIEHTPUPOBAHHOM U PaCCEIHHOM COCTOSIHUSX,
CTPYKTYpHBIE 0COOEHHOCTH COOCTBEHHBIX MUHEpaoB ie3us. Pa3nenenue ue3us u Kamus B
npUpoHbIX cucteMax. KoadduuumeHT armanTHOCTH Kak BeTMYMHA, OTIPEIEIISIONIAs
MHHEPAIOTHIO 1Ie3Usl. [ eHeTHUecKue TUIIbI 1Ie3ueBO MUHepanu3anuu. [lomtyuur u
MIOJITYLIUTOHOCHBIE TPAaHUTHBIE IErMATUTHI. [Ipyrue MuHepassl 11e31sl B TPAHUTHBIX U ILETOYHBIX
nermaTuTax. PyOuauii — spuaitimii mpuMep paccessHHOTo deMeHTa. KanueBbie MUHEpabl —
KoHIIeHTpaTopsl Rb. CoOGcTBeHHBIE MUHEPAJIBI pYOUIHS — pyOUKIMH U BOJOMIUHUT. MeXaHU3MBbI
KOHLEHTPUPOBAHUS PyOUIMS U OTAETICHHS €0 OT Kanus. XalbKOTeHUAHAsl BETBb 11€3UEBOM U
pyOuIMeBOl MUHEpAIN3allui U IPUYMHBI XalbKopmibHoro noseneHus Cs u Rb.

Bapwuii u crponuuii. CTpoeHre aTOMOB U CBOMCTBA 371eMEHTOB. CXOJCTBO U Pa3IMyMs B
KPUCTAJUIOXUMHH U TEOXUMHHU Oapus U cTpoHuus. M3oMopdHbIe 3amenieHus ¢ yyactuem Ba u
Sr, pactipeeneHue 3TUX 3JIEMEHTOB MEX/1Y COCYIIECTBYIOIIMMHI MUHEPAIAMHU.
WuavBuyanbHble YepThl MUHEpaJoriuu Oapus u ctpoHusa. CTpoHIMeBas 1 OGapueBas
MUHEpalu3alus B 9K30TeHHBIX 00pa3oBaHusax. Beicokobapuensie MeTamopduthl. CTpoHIIMEBAs
u OapueBas MUHepanu3anus B tuddepeHnuarax menoyHsix nopoa. Oboramennsie Sr u Ba
kapOoHaTuThl. baput u nenectud. Buteput u crpornuanut. ['pynma ankuiauTa. J[BoiiHbIE
kapbonatel Ba u Ca. I'pynna 6epOankuta u kapOouepnaut. ['pynna makkenspunuta. Crouctsie
BaREE-dTopkap6onarsl. CTpoHIHI B MUHEpAJIax TPYMIBI arlaTuTa. MUHEpasibl TPYIIIBI
nammnpoduuTa. bapuessie rerepodmmocnnukarel. St 1 Ba B okcugax rpynm nepoBCKUTa U
KpunromesnaHa. bapueBbie ypaHOBbIE CITIOJKH.

Jlexumu 10-11 u cemunapsl. Penkozemensubie anementsl (REE = mantanouasl + uttpuii).
CtpoeHue aTOMOB M CBOMCTBA 3JIEMEHTOB. [ JTaBHBIE 0cCOOEHHOCTH CTpyKTypHOU Xumun REE.
N3omopdusle 3amenienus ¢ yaactueM REE B Munepanax. DQpQexT JaHTaHOUTHOTO CHKATHS U
€ro 3Ha4eHHE B MUHEPAJIOTUYECKON KpUCTaINIOXUMuu. Pa3fenenue naHTaHOUIOB HA
r€OXUMUKO-KPUCTAJUIOXUMHUYECKUE OArpynIbl. CTpyKTypHas Hu30UpaTeabHOCTh MUHEPAJIOB B
oTHouieHuu onpezaeneHHbIX REE; cenexkTuBHbIe 1 KOMIUIEKCHBIE («Oe3pa3InuHbIe))
penko3eMenbHble MUHepalibl; ppakiuonupoBanre REE Mex iy MuHepanaMu U 1o Mo3uIysM B
oltHOM cTpykType. CoBpeMeHHasi HOMEHKJIaTypa peAKO3eMeNIbHbIX MUHEPAJIOB; IPABUIIO
JleBuncona. CoOcTBeHHbIe MUHEepanbl UHANBUAYaTbHBIX REE. AkuieccopHas peako3emenbHas
MUHEpaIu3alysa B MarMaTHYeCKUX MopoJax HopMainbHOro psija. Peako3emenbHas
MHUHEpaIu3alys B TpaHUTHBIX rermatutax. Munepansl REE B jkuitax anbInuickoro Tura.
PenkozeMenbHas 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
9BOJIIOLIMSI PEAKO3EMENIBHON MUHEPAIU3ALMH B LLEJIOYHBIX MarMaTHYECKUX KOMILIEKCAX.
Munepanorere3 REE B sx3orennsix yciaoBusx. Monarut-(Ce). Padnodan-(Ce). Kcenotum-(Y).
Yépuut-(Y). PenxozemenbHble 3eMeHTH B pocdaTax HaaArpynmsl anarura. ['pynmna
(dbnopencurta. Apcenatsl cepun arapauta. Amanut-(Ce) u apyrue REE-conepkammume Munepas
rpynnsl 3nuaoTa. ['pynmna yeBKUHUTa—TeppbepUTa. BpUTOINUTHI — peK03EMENbHBIE CUIINKATHBIE
anaTtuthbl. Peniko3eMenbHbIe WieHbl TPYIIbI JaToauTa—TragonunuTa. [lenounsie



pelKo3eMeNbHbIe CHIIMKAThl. PenkozemenbHble KapOOHATHI TOJTMCOMATUYECKOTO CEMEHCTBA
OacTtHe3uTa—(harepuTa: CTPYKTYpHBIE 0COOCHHOCTH, pa3HOOOpasue, 00CTaHOBKHA (POPMUPOBAHUS,
mectopoxxaerus. REE B kapOonarax rpymnm aHKWInNTa, 0epOaHKUTa, MAKKEIIbBUNTA.
Oco6ennoctu ppakmonrpoBannsi REE B cl1oHBIX OKcuaax rpynmsl KpuaToHUTA. ['pyrima
NEepOBCKUTA: n30MopdHbIe 3amernieHus ¢ yuactueM REE, o6ctanoBku hopmupoBanus,
JomnapuToBbie MecTopoxkacHUI. CoOCTBEHHO penko3emenbHbie 1 REE-coaepskamniue TanTano-
HUOOATHI. LlepraHuT — MUHEpas YeThIPEeXBAJICHTHOTO Liepus. | 'eHeTnyeckast KpUCTaUIOXUMUS
REE Bo ¢umoopure u tBeiiture-(Y). INarapuaut-(Y).

Jlexnust 12 u cemunap. Hupkonuit u raguuii. CTpoeHne aTOMOB U CBOICTBA 3JIEMEHTOB.
[IpuunHbI U cIeICTBUSA KPUCTAIIOXUMUYECKON OIn30cTH HUpKoHUs U raduus. [Ipuponnsie
CHCTEMBI, B KOTOPBIX MPOUCXOoAUT pazaenenue Zr u Hf; rapuon. O6ume ocobeHnocTn
KPUCTAIJIOXUMUU U MUHEpAJIOTUU upKoHUs. Mi3oMopdHbIe 3amelieHus ¢ yyacTueMm Zr.
CpaBuaurenbHas Kpuctamwioxumus Zr, Ti u Nb; Munepanornueckue 1 reOXMMUYeCKHUe CIIeACTBUS
KPUCTAJUIOXMMHUYECKHUX Pa3Induil MEXIY 3TUMU dJIEMEHTaMHU. [ eHeTnyeckas KpUCTAIIOXUMHUS
CUITUKATOB ¢ Zr. L{lupKoH: XUMHUYECKU cOCTaB, N30MOP(H3M, 00CTaHOBKH (HOPMUPOBAHHMS,
Hay4yHas U MpaKTUYeCKas 3HaYUMOCThb. ['pynna spauanuTa. ['pynna gsoBo3epura. Bageut u
karameut. ['pynna nnepura. [lapakenapiunt. Dapnuant. JnopTociIMKaThl TPy BENEpUTA U
po3enOymuTta. CoraquaHuT u nekTiepuT. [lupkonuessie rpanaTel. bamnenent. LIupKoHOTUTHI.
KansuupTut u taxepanut. @ocdarsl 1 kapOOHATHI IUPKOHUSL.

Jlexum 13-14 u cemunapsl. Huo6wuit u rantan. CTpoeHre aTOMOB U CBOMCTBA JIEMEHTOB.
CXOJCTBO M pa3inyMst B KPUCTANIOXUMHUH U MUHEPAJIOTMH HUOOMS U TaHTana. M3omopgHbie
3ameneHus ¢ yuactueM Nb u Ta. TanTanoBas MuHepaan3anus B peIKOMETAIbHBIX TPaHUTHBIX
MerMaTUTax. AKIECCOpHas HUOOHEeBass MUHEpAIN3alus B MarMaTH4ecKUX mopoaax. MuHepasl
HUOOUS B MErMaTUTaX HOPMAJIBHBIX U MIETOYHBIX IpaHUTOB. OKCUAHAsE HUOOHUEBast
MUHepann3auus B 1updepeHaTax 1 MeTacOMaTUTax IIETOYHbIX CHIIMKATHBIX TOPOJ U B
kapOoHaTuTax. HuoOocummkaTel B BBICOKOIIEIOYHBIX crcTeMax. ['pynmna nupoxiopa: Bapualuu
COCTaBa, TUIIOXUMHU3M, IIPUPOIHBIE MTPOIIECCHI HOHHOTO 00MEHa, IeKaTHOHUPOBAHUS U
ruapatanuu. CTpyKTypHasi BApUaTUBHOCTh TaHTAIO-HUOOATOB, IPOU3BOAHBIX OT CTPYKTYPHOTO
apxeruna Opykuta. ['pynna ukcuonura. KonymMOuThI—TaHTaINThL. ['pymnma BOJKHHNUTA U
TaHTaJIO-HUOOATHI ¢ BU1000pa3zyromumM BoibPpamoM. Tanunonut u Nb, Ta-conepkamuii 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. ®oup oneHo4HbIX cpeacTB (POC) s oneHUBaHNS Pe3yJabTATOB 00y4eHHs MO
AMCHUIJIMHE (MOLYJII0)
7.1. TunoBble KOHTPOJIbHBIE 32/IaHNS WM HHBbIe MATEPHAJIBI 1JIsl IPOBeIEHUsI TEKYIIEro
KOHTPOJISl YCIIeBaeMOCTH.

Jnst Tekymero KOHTPOJsi CTYAEHTOB B XOJE CEMECTpa MPOBOASTCS KOHTPOJIbHbBIC
OTIPOCHI.

Ilpumepnbwlit nepeuens 60npocos 011 NPOGEOEeHUA MeKyuLeco KOHmpOoJis

BBOJHAA YACTD
JIutodunpHbie 3eMeHTHI. [Ipu3HaKy, 10 KOTOPBIM XUMHYECKHE DJIEMEHThBI OTHOCITCS K
JUTOGMILHBIM, CUASPO(HILHBIM HIH XaJbKO(OUILHBIM.
CoOcTBEHHBIC MUHEPAJIBbI K MUHEPAILI-KOHIIEHTPATOPLI TOTO UJIH HHOI'0 XUMHYECKOI0
DJIEMEHTA.
JIUTUIA
[loyemMy TUTHI, OSPUILINHA U O00p, HECMOTPS Ha Majlble aTOMHBIE HOMEPA, OTHOCITCSA K PEAKUM
sJieMeHTam?
I'1aBHBIC TEHETHYSCKHE TUIIBI JUTHEBON MUHEPAIN3ALIMY.




JInTHeBasg MUHEpAIU3alMs B TPAHUTHBIX ITIErMaTUTAX.

H3oMopdhu3M ¢ yuacTueM IUTHI B MuHepanax. CBa3b xapakTepa H3oMopdH3Ma ¢ KOOpAUHALIMEH
JINTHSL.

I'1aBHBIC MHHEpAIEI TUTHS.

CrooayMeH U IeTaIuT: O0IKe YePTEL U Pa3Indns — KPUCTAUIOXMMHUYECKHE U T€HETUUECKHE.
JIMTHEBBIE COIOALI: Pa3HOO0Opa3ue, KPUCTAINIOXUMHUYSCKIE 0COOEHHOCTH, T€HE3HC.

JIutueBble aMbuO0JIBL: pasHoOOpasue, H30MOPGhHU3M KATHOHOB, T€HE3HC.

HecnnykaTHple MUHEPAIBI JINTHS.

BEPWJIJIVIA

I'1aBHBEIC TEHETHYSCKHE THIIHI OEpHIUIMEBOM MUHEPATH3AIIHM.

H3oMopdhusM ¢ ydacTHEM OEpHLIns B MUHEpaiaX. [IpHYMHEL, 10 KOTOPEIM OepHIIIAI
000cabaMBaETCsI B KPUCTANIMYSCKUX CTPYKTYpPaX.

I'maBHBIE MUHEPAIIBI OEPHILINSL.

Paznuung B cocTaBe OepHILUIMEBOM MUHEPAIU3alMU U B KPUCTAIIOXMMUH MUHEPAJIOB O€pUILINS
B gu(ddepeHInaTax rpaHuTOMI0B HOPMAJILHOIO pPsiaa U B auddepeHnraTax meI0YHBIX MOPO/IL.
KpucramioxuMuuecknue 0COOCHHOCTH Oeprilia M H3oMopdHEIE 3aMeleHus B HeM. Illenounnie
METaJILI B OEpHILIE.

HecunukaTHble MUHEPAJIBI OCpHILINSL.

denakuT 1 OEPTPAHINT: T€HETHYECKUE THIEI MECTOPOKIEHUN (IIPOSIBICHUH ).

MuHepaibl TPYOIBI FeJbBUHA: KPUCTAINIOXMMUS, KATHOHHBIM M30MOPGH3M U T€HETUUSCKUE
THUIILI MECTOPOKJIEHHH (TIPOSIBICHUI ).

I"aIOTMHUT ¥ TaTOJMT: KPUCTAINIOXUMHUS, KATHOHHBIA H30MOP(HU3M M T€HETHYECKHE THIEI
MECTOPOKICHUH (IIPOSIBJICHHI).

bOP

['maBHBIE MHAUBUAYAILHBIE 0COOEHHOCTH KPUCTAIIOXUMHUU O0pa B MUHEpAIaX U IPUYKHEL,
OIIPEACTISIONINE €0 KPHUCTAIIOXUMHUYCSCKYIO HHANBUAYAILHOCTD.

I'maBHBIE MUHEPAIIEL OOpa.

bopartsl SHJIOT€HHOTO M SK30T€HHOT'0 IPOUCXOKICHHUS: PA3INUMs] B XHMHISCKOM M CTPYKTYPHOM
ACIEKTaM.

I"'1aBHBEIC TEHETHYSCKHE THIIBI DK30T'€HHBIX OOPHBLIX MECTOPOKICHUM (IPOSIBICHUN) B MX
MHUHEPAJIOTHYECKHUE PA3ITUYUHS.

bopHas MuHEpanm3anysa B CKapHAaX Pa3HBIX THIIOB M I'PAHUTHBIX ITIETMAaTUTAX.

Ounporennsle Mg- u Fe-00paThl.

Ox3oreHHsie Mg- u Ca-00paThl.

HatpueBsle 60paThl.

KanbrueBsie 00pOCHINKATEL.

MuHepaisl TPYOI TYpMaJIHHAa U aKCUHUTA: pa3HO00Opa3ue, KATHOHHBIA H30MOPGhU3M U TE€HE3HC.
LIE3UI u PYBUINN

I'maBHBIE 0COOESHHOCTH KPUCTAUIOXUMHUK PYOHIHS U LIE3US B MUHEPATIaX, B TOM YHCIIE
n3oMopdusM ¢ yyactueM Rb u Cs.

['eHeTHUECKHE TUIIBI LIE3UEBON U PYOMAMEBOI MUHEpaIn3auy. I JaBHbIE MUHEDPAJIBI-
KOHIIEHTPATOPEI PYOUIUS U IIE3HS.

CTPOHIIUI u BAPUI

Cxo04cTBa ¥ pa3Ivyus B KPUCTAINIOXMMHUHU CTPOHIIMS U Oapus B MUHEpaJIaX.

I'1aBHBIE TEHETHYECKNE TUIIBI CTPOHIINEBON U OapHUeBOM MUHEPATU3ALINH.

I"'naBHBEIE COOCTBEHHBLIE MUHEPAIE U MHHEPAIBI-KOHIIEHTPATOPEI CTPOHIUSA M 0apus.
[Ipupoansle KapOoHAaTH CTPOHIUS U Oapug. OOCTaHOBKH UX 00pa30BaHUs.
PEJKO3EMEJILHBIE DJIEMEHTbI

O6mme ocobennoctu kpucrauioxumu REE B Munepanax. Pa3nnuus B KpUCTAINIOXUMHUHU IBYX
rpynn REE (1iepueBoii 1 HTTpHEBOi ) B MUHEpAJIAX U IPUYKMHEI OTUX PA3IHUYUMA.

Hzomopdusm REE ¢ apyrumu djieMeHTaMy B MUHEPAIaX.

HomMmenknarypa peako3eMeabHEIX MUHEpaoB. Ilpasuno JIeBUHCOHA.




CeIeKTHUBHEIC M KOMIJICKCHEIC (((663D&3JII/I‘IHBI€») pEeAKO3EeMENIbHBIC MUHEPAJIBI. IIpHUMHEI

PE3KOH CEIEKTUBHOCTU MHUHEPAIOB B OTHOIIEHNH onpeneiacHubX REE. @pakiimoHupoBanue

REE Mexny MUHepaJIaMu.

I'1aBHBIC TEHETHYECKHE THIEI PSIKO3EMEIbHOM MUHEPATHU3AIMH.

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

KPpUCTAJJIOXUMHUH U TCHE3UCCE.

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

IOIPOU3BOAHBIM.

PenkosemenbHble KADOOHATHI.

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 ITCHCTUYCCKUC THUIIBI MUHCPAJIN3allnuu.

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 DJIEMCHTAMH B MUHCpaJIaX.

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», TCHETHICCKHUE

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 CUCTEMATHUYECKO | cojliepiKaiiiee CaMOCTOSTEIIbH
OpUTMHAIbHBIMU € YMEHHE, OTJIETIbHBIE 0 pa3zobpaTbCs
AHATUTUYECKUMU JOTTyCKaeT poOEeITbI c

JAHHBIMU, HETOYHOCTH yMEHUE OPUTMHAJIbHBIM
KacarouuMucs HETIPUHLHUIIAAIL | CAMOCTOSITENIBHO | U

MHHEpaJoB HOTO XapakTepa | pa3oOpaThces C AHAITUTUYECKU
TUTO(QHUITBEHBIX OPUTHUHAJIBHBIMHU | MU JAHHBIMHU




PEIKUX DJIEMEHTOB, AHATUTUYECKUM

KOTOpbIE MOTYT M JaHHBIMU.

OBITH TOJYYECHBI UM

B npoiiecce

HAay4YHOH W

Hay4HO-

MPOU3BOACTBEHHOM

paboThI

Bnanenus: Hasriku ®parmentapHoe | B nenom Bnanenue

COBPEMEHHBIMU BIQJCHHUS BIIQJICHHC c(hOpPMHUPOBAHHEI | COBPEMEHHBIM

MMOIXO0JaMU K | OTCYTCTBYIOT METOIUKOM, € HaBBIKU Y MOAX0JaMU K

M3Yy4YEHUIO HaJIu4ue WCIIONBb30BAHUS. | U3YUYEHUIO

MUHEPAJIOB PEIKUX OTJEIbHBIX MHUHEPAJIOB

3JICMCHTOB HaBBIKOB peaKux
2JIEMEHTOB

8. PecypcHoe obecnieueHue:

A) IlepeyeHb OCHOBHOM M IONOJTHUTEJIbHOM JIUTEPATYPbI.

a) OCHOBHas JIUTEpaTypa: OTCYyTCTByeT (0a3a — MaTepualt JCKIIUiA)

0) JOMOIHUTENbHAS TUTEpATYypa:

Bomommua A.B. (1993): Tanrtamo-HHMOOAThl: CHUCTEMAaTHKa, KPUCTAUIOXUMHS M SBOJIOIHUS
MUHepanoo0pazoBaHus B rpaHUTHBIX nermarurtax. CII6., Hayka, 297 c.

Bonommur A.B., IlaxomoBckuit S.A. (1988): Munepanorus TaHTaga ©W HUOOWUS B
peakoMeTauibHbIX ermarurax. JI., Hayka. 239 c.

BoponkoB A.A., Wlymsukas H.I'., Ilstenko [O.A. (1978): Kpucrammoxumuss MHUHEpaIOB
LIUPKOHMSI U UX UCKYCCTBEHHBIX aHasioros. M., Hayka, 181 c.

3aropckuii B.E., Makaron B.M., lllmakun b.M., Makpeiruna B.A., Ky3unemnosa JI.I'. (1997):
I'panuTHbie TerMaTuThl. T. 2. PenkoMeranbubie mermaTutsl. HoBocubupck: Hayka. 285 c.
HerpaaumumonHsie THITBI peIKOMETATLHOTO MUHEpATBHOTO ChIphs (1991). M., Henpa, 248 c.
Ilexos N.B., Kononkoa H.H. (2010): PyOuameBas MuHepanu3anusi B peIKOMETaJIbHBIX
rpaHuTHBIX nermatutax Boponwsux TyHap (Kombckuii momyoctpoB, Poccus) // I'eoxumus, 7,
741-760.

[Tarenxo HO.A. (1990): OcHOBHBIE YepThl MUHEPATOTHYECKON KPUCTALIOXUMHH JUTHS // V3B.
AH, cep. reomn., 4, 67-74.

[Tarenko FO.A., KypoBa T.A., Uepnuuosa H.M., IlynoBkuna 3.B., baiunoB B.A., MakcumoBa
H.B. (1999): HuoGwuii, Tantan u nupkoHuii B MuHepanax. M., M3a. UMI'PD, 213 c.

[Tareaxko FO.A., VYrpromoBa H.I'. (1988): Munepanornueckass  KpUCTALIIOXUMHUS
penko3emMenbHbIX aneMenToB // M3B. AH, cep.reoin., 11, 75-86.

CononoB H.A., bamamos JI.C., Kpemenenkuit A.A. (1980): 'eoxumust muTust, pyouus u 1e3usl.
M.: Henpa. 233 c.

XomsikoB A.IL. (1990): Munepanorus yiabTpaarmanToBbIX MET0YHBIX opoa. 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) [lepedyens MUIIEH3MOHHOTO TPOTPAMMHOTO o0OecTieueHus — He TpeOyeTcs

B) Ilepedens npodeccroHanbHBIX 0a3 JaHHBIX U WH(OOPMAIMOHHBIX CIPABOYHBIX CHCTEM - He
Tpedyercs

I') mnporpammHoe of0ecrneueHue u
obecrieueHue He Tpedyercs):

1) MaTeprallbHO-TEXHUYECKOTO OOCCIICUCHHE. - MYJIbTUMEIUHHBINA IPOSKTOP, KOMITBIOTED, SKpaH,

WnuTepHeT-pecypcsl  (JIMLIEH3MOHHOE MPOTrPaMMHOE

BBIXOJ B I/IHTepHeT.
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9. S3pIk IpenogaBaHus — PYCCKHM.
10. IIpenonaBarens (mpenoaasarenu) — M.B. Tlexkos

11. Asrop (aBTOpHI) Iporpammsel — M.B. ITekor

11



	УТВЕРЖДАЮ
	Декан Геологического факультета
	академик
	В курсе рассматриваются:
	Шкала и критерии оценивания результатов обучения по дисциплине.

