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BbrioyHbIe u MOOyIsIPHBIE CMPYKMYPbI



brio4HbIe U MOOYNsSIPHBLIE CMPYKMYPbI




UHcemopus eonpoca. Eme bparr oOpaTtun Takke BHHUMaHHE Ha
OIIPEACIIEHHON CXOACTBO MEXKIY CTPYKTYPOM CIIOABI U CTPYKTYpaMHu
IIUPOKCEHOB U aM(pHUOO0JIOB.

OH paccMmaTpuBall CIIOABI KaK CICAYIOIIUK 3TAll MOCJE MPEBPAILCHUS
NUPOKCEHA B aM@PuOOI B pE3yJabTare COCAWHCHHUS IMUPOKCEHOBBIX
KPEMHEKMCIIOPOJHBIX IIENIOYEK CHavaja B JIEHTHI (amduOoi1), a 3aTeM B
cnou (cmrompl). IlogoOHas aHaNOTUST MEXKIAY 3TUMHU CTPYKTypaMu

OTpaxkaeTrcsi B  pasMepax  DJIEMEHTAPHBIX  SYEEK  TUIHMYHBIX
MPEACTABUTEIIEH KAXKIOU TPYIIIIbI:
I[I/IOHCI/II{ TPEMOJIUT MYCKOBUT
a(A) 9,71 a 9,78 c 10,06
6(A) 8,89 b/2 8,90 b 9,02
c(A) 5,24 c 5,26 a 5,19

MIMEHHO 3TO CTPYKTYpHOE POJACTBO M OOBSICHSET CYIICCTBOBAHUE
THOPUAHBIX MOCTPOECK - OUONUPpUD0108 (0T «OMOTUT + NMHPOKCEH +
aM(bun001»), OoOHapyXeHHBIX Oojee 90 meT Hazad >SIEKTPOHHOMU
MHUKDOCKOIIUHN BBICOKOT'O PA3pEIICHUS



FTOMOJIOTM4YECKUE CEPUUN TMBPUOHbLIX
KPUCTAJINTIMHECKUX CTPYKTYP

TepMuH «2udpuousvie cmpykmypul» ObLI BBEASCH JBAHCOM
B 1968 romy [Evans et al, 1968] B pa6ore o pacmmdponke
CTPYKTYpbl BaiepunTa. [lepBoHa"4aIbHO MMM Ha3LIBAIH
TOJILKO CMEIIAHHOCIOWHBIC CTPYKTYpPhI, ITIOCTPOCHHBIC W3
IBYX CTPOUTEIBHEIX CIIOCB, OMHUM W3 KOTOPBIX SBIISICTCS
cioit  okrayapoB  M((F,OH), (tak  Ha3bIBaeMbIii
«OpycuToBhbIil cioit» coctaBa Mg(F,OH),). Brociaeacteum
3TOT TEPMUH CTaJH UCIOJL30BaTh U MPH OIMMCAHUH JIPYTUX
TOMOJIOTUYECKUX CEPUM KPHUCTAIMYECKUX  CTPYKTYP,
COCTOSIIMX M3 HECKOJIBKMX CTPYKTYPHBIX  OJIOKOB
(structural  blocks), mocrpoeHHBRIX 1O  00IIEMY
CTPYKTYPHOMY IIPHUHITAILY.



FTOMOJIOTM4YECKUE CEPUUN TMBPUOHbLIX
KPUCTAJINTIMHECKUX CTPYKTYP

Takue cepun CTPYKTYp COIAEpKAT OOHU U TE IKE
XAMHYECKHE BJIEMEHTHI B CBOEM COCTaBE (HO B Pa3HBIX
KOJIMYSCTBEHHBIX COOTHOIICHUAX) U PAZIUYAIOMCA N0
DasMepHbiM_Xapakmepucmuxam _onokos. TakuM 00pas3oM,
TOMOJIOTUYECKAs CEpUsl KPUCTAUIMUCCKUX CTPYKTYP - 3TO
cepusi, KOTOpas MOXET OBITh BBIBEICHA W3 OIHOIO
0asmcHoro crpykrypaoro o6moka (basic structural block) na
OCHOBE ONPEACICHHOTO IIPHHIIANA €ro IOBTOPSEMOCTH.
['omonornaeckue cepun cornmacHo [Opearnosa, 1989] moryt
OBITh pa3AciICHBl Ha JBE Kareropmm — accretional, nmm
nonucomamuyeckue (CEpuu CTPYKTYP C HapalluBaHUEM) H
CCPUH UMeHuUBo-copazmepuvix cmpyxmyp (variable-fit).




FTOMOJIOTM4YECKUE CEPUUN TMBPUOHbLIX
KPUCTAJINTIMHECKUX CTPYKTYP

Tak>xe BCTpeyaroTCs KOMOMHAIIMK 3TUX JBYX Kareropuiui. B
MOJUCOMATUYECKUX CEPUSIX THUI CTPOUTEIBHOIO OJIOKa
pasnuuyHoii  pasmepHoctn (HaHokimactep (O-MepHbIii),
CTepKeHb, Oanka (1-MepHBbIC), cllol (2-MEpHBIN) U T. 1.) H
[IPUHIIMIIBI,  KOTOPBIE  OIPEACIAOT KX  B3aMMHBIC
COOTHOIIICHHUS, COXPAHAIOTCSI HEU3MEHHBIMHU, HO pa3MeEphI
3TUX OJOKOB MEHSIOTCS C MX HapallMBAHWEM OT OJIHOIO
YjeHa CEpUU K Apyromy. HJIeHbI TaKOM TOMOJIOTHYECKOU
cepuH IpHu onpeaciacHHbx ycnoBusx [Makovicky, 1989]
MOTYT  pacCMarpuBarbCd B  KAYECTBE  OTIEIbHBIX
MUHEPATBbHBIX BUIOB.



FTOMOJIOTM4YECKUE CEPUUN TMBPUOHbLIX
KPUCTAJINTIMHECKUX CTPYKTYP

['omoornyeckas cepus M3MEHYUBO-COPA3ZMEPHBIX
CTPYKTYP MOXKET TakXe pacCMarpuBaTbCsl Kak cepus
BCTABJICHHBIX JPYr B Jpyra MHOJACTPYKTYp, OOpa3yroIINX
OOIIyI0 COCTaBHYIO CTPYKTYpy. B Takoil cepuu CTpyKTypa
COCTOUT U3 JABYX THUIIOB MOBTOPSAIOIIUXCSI HECOPA3MEPHBIX
CTPOUTEIBHBIX OJIOKOB, HMMEIOIMUX CBOM BHYTPCHHHH
TIEPUOJ ITOBTOPSAEMOCTH. [TogpoOHee ABJICHUE
HECOPA3MEPHOCTH W CBSI3aHHBIE C HUM JIMOO CXOJHBIC IIO
CBOCH CYTH SIBJIICHMSA (HAIpPUMEp, CIUHOJAIBHBIA pacrHas,
AMUTAKCUYHBIC CTpacTaHWsI M T.J.) OyayT pacCMOTPCHBI
MMO3JIHEE.



TOMONOIM4YECKUE CEPUN TMBPUOHbLIX
KPUCTAJINTMHECKUX CTPYKTYP

CMeImaHHOCJI0OHHBIE
CTPYKTYPHI

~
~

Moay/upoBanHbie
CTPYKTYPHI

PanHssa cTaaus
CIMHOAAIILHOTO
pacrniaja

Hecopas-
MEpPHBIC

O0I1mag cxeMa B3auMOOTHOIIIEHU DTHX SBJICHUM



Bnoku pasnnyHon pa3mMepHOCTHU




Cpen  OKCHMJHBIX  TI'OMOJIOTHYECKHX  CEpUH
KPUCTAINYCCKHUX CTPYKTYP pPacCMOTPUM
TOMOJIOTUYECKUN PSSl IHUPOXJIOP-MypaTanuT, Kak
npuMep O-MepHBbIX OJIOYHBIX CTPYKTYP.

CHHTETHYECKHE CTPYKTYPhI 3TOIO T'OMOJOTHYECKOTO Psia
BbI3BAJIM OCOOBIM HHTEPEC B CBA3M C BO3MOXKHBIM MX
HCIIOJIb30BAHUEM B KA4ECTBE MATpPHUIl IJIS 3aXOPOHECHMSI
PAIMOAKTUBHBLIX OTXO0M0B. OOHMM M3 KpaWHHUX YJIICHOB
3TOM CEPUM SABIACTCA CIOXHBIM NOPUPOIAHBIM OKCHUJ
TUTAHA, XKEJIE€3a, KAJIbIUA U PEAKO3EMEIbHBIX 3JIEMEHTOB —
myparautr MuU-3 ¢ o6o0menHon popmynon AgB,,C,0,,.,,
KOTOPBI HMEET KyOMUYECKYH CTPYKTYPY C YTPOCHHBIMH
10 OTHOLICHHUIO K (DIIFOOPHUTY ITapaMeTPaMM STYCHKHU.



B 1nocinegHue roapl OBLIM  CHHTE3UPOBAHBLI  JIPYTHE
IIPOU3BOJHBIE ATOM CTPYKTYpPbl C KpaTHBIM YBECIUYCHUEM
napamMeTpoB  suewikm  Mu-5, Mu-/, Mu-8 wu
COOTBETCTBYIOIIMM  YCJIOXKHECHHEM  COCTaBa. 3ajiada
ONPEACICHUS CTPYKTYpPhl ATHX MNPOU3BOJIHBIX OKa3aJIacCh
HETPHUBHAJILHOM M MOTPEOOBajia NMPUMEHEHHUS KOMILIEKCA
METOAOB — BBICOKOPA3PEIIAIOIICH IMPOCBEYMBAIOIICH
AICKTPOHHOM  MHMKPOCKOIIMM M MHUKPOIU(PPaKINH,
MECCOaydPOBCKOM CIICKTPOCKOIINH 1
PEHTTCHOCTPYKTYPHOIO aHajau3a. l1akoW KOMIUIEKCHBIU
aHaJIWU3 I10Ka3all, YTO BCE ATH CTPYKTYpPhl HPEACTABISIOT
COOOM  4YJIEHBl  €IMHOI0  TOMOJOTMYECKOro  psja,
IIOCTPOECHHOI'O M3 HAHOPA3ZMEPHBIX MOJYJIEH
Mu-3 u nupoxiiopa Pyr



[IMpOXI0p COCTOUT TOJBKO M3 MUPOXJIOPOBBIX MOIYJICH.
CooctBeHHO MmyparauT 3C (Mu-3) COCTOUT TOJIBKO JIMIIb
M3 MypPaTanuTOBBIX MOIYJICH.



B crpykrype myparauta 5C (Pyr + Mu-3) nupoxiopoBbie
MOJTYJIN PAaBHOMEPHO pPaCIIPEIECITICHBI B
PEKOMOMHMPOBAHHOM MYypaTauTOBOM MAaTpPHIIE.

C yBEIMYECHHUEM  “‘MyparauTOBOM  KOMIIOHECHThHI B
myparaute 8C (Pyr + 2Mu-3) nosBisStOTCS MypaTanTOBEIC
MOJIYJIH, KOTOPBIE KOMOMHMPYIOTCS C IIMPOXJIOPOBBIMH
MOIYJISIMA  IIOCPEACTBOM  NEPEXOOHOM  CTPYKTYPBHI,
COJZIEpIKAILC KaK MYypaTauTOBBIE, TaK M IIMPOXJIOPOBBIE
3JIEMEHTHI.

CTpykTypa pEeAKOM M MEHEE€ H3YYCHHOM MOAU(HUKAILINN
myparaut Mu-/, TpeanoNOKUTEIFHO pPacCMaTPUBACTCS
Kak komOuHanus 2Pyr +Mu-3.



Cxema (opMUpPOBaHHUS
THOPUTHOIO
OKTa’ApHUYECKOro Kapkaca B
Mu-5:

(a) PaCIIOI0KCHHUE
MMUPOXJIOPOBBIX MOIYJIEU B
3JIEMEHTAPHOU AYECUKE

mypaTtauta 5C,

(b) — cBsI3p MPHPOXIIOPOBBIX
MOJIYJIEU yepes
JOTOTHUTEIBHBIE  OKTadpPhI
CTPYKTYPbl IUPOXJIOPA,

(C) —  JIOHOJHHUTEIIBLHOE
CBSI3bIBAHHUE IIPUPOXTIOPOBBIX
MOJAyJIE€M B  THOPHIHYIO
CTPYKTYpY qyepes
MYPpaTanuTOIO00HbIMI
cybOkapkac (d)
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MoTtuBauus

« PasButune saepHon aHepreTUkn nopoxagaet psag npobrem,
KOTOpble KacaloTCs yTunmsaumm 4osiroXuByLLUX
pagnoakTuBHbIX oTxoaoB (PAQO) 1 opy>XeNHOro nsyToHUS.

« OpOHOM N3 rnaBHbIX NPODEM B 3TOM CMbICI1e ABMNSIETCA BbIOOP
paguaunOHHO-YCTONYUBLIX MATPUL, KOTOPLIE MPU KOHTaKTe C
OONTrOCYLLECTBYHOLWMMUN BbICOKOAKTUBHBLIMU PaanOaKTUBHLIMU
oTxogamu (BAO) Ha npoTsXKeHUN ONUTENBLHOro BPEMEHU HE
OyoyT N3MeHATb CBOU (ODU3NKO-XMMUYECKME CBOUCTBA.

 Ha paHHoe BpeMs B kKa4ecTBe MaTpuLbl Ang oTpaboTaHHOro
TONNMBaA UCNOSb3YT antomModocdaTHbIe Unm
bopocunmkatHbele ctekna. OgHako BAO moryT xpaHuTbCA B
Takmx maTtpuuax He bonee 30-40 ner.



HOBOCTU

Hal'lpaBJ'lEHl{l_Fl Hay4HBIX
MCCnegoneaHui

Hay4Haa AeATENLHOCTE
KoHthepeHumm

COBETbI, KOMUTETEI,
peqaKymm

AcnupaHTypa
BubnuoTera
Mysei

LleHTp KonnekTueHoro
nonb30BaHWA

Hay4Ho-06pasoeaTensHbli
LEHTR

JokyMeHTb!

UApXMB

maBnana p pa

OCHOBHOWM Lienbk) MHCTUTYTa fBnseTcs
BLINONHEHWE (YHAAMEHTANbHBIX HAYUHbIX
MCCNepoBaHui B 06NacTH HayKk o 3emne.
OCHOBHBIMW HANPABNEHWAMKU AEATENbHOCTH
VMHCTUTYTa ABNAKITCA:

8 reonorusa HblX MECTOPOXASHWUA
MEeT3NNOreHua;

8N MOeTponarvs;

8 MWHEP3Norna U KpUCTaNnnoxiMmna;

N eOXHMAA;

N M30TOMH3A FreoxrMMHUA KM reaxpoHONOrKs;

8 p34norecnorva v Paanoreo3K0Noria;

N EeOMHPOPMITHKS,

N BYIKaHW3M M NPUPOAHbIE KaTacTpodbl;

&,

OpaeHa Tpyaoeoro KpacHoro 3HameHn
MeaepanbHoe rocyAapcTEeHHOe DIOAXKETHOS yUpeXkaeHWe HayKm
UHCTUTYT reoniorMm pyaHbixX MecTopoXaeHui, neTporpadcgun,
MUHepanorum u reoxmMmmmn Poccunckon akageMUN HaykK

(UIFEM PAH)

N MarMaTHMsM KM MMHEepareHes gHa anoeoro OKeaHa n ApKTMUECKOVI 30HbI.

Na6opatopua paguoreonori U paguoreo3Kkonoruu
MMmeHu akapemuka .. WepbakoBa
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uneH-kopp. PAH

JaEeAyHIWMA nafopatoprer,

HoarHUEeB Cepreild BnaavMupoBmry

E-mail: syud@igem.ru
Ten.: (495)-953-55-62

O nabopaTtopwuu

P32BEMTHE pPagrnOreonory
yueHbMy MCEM

HayYHEIE HCCNed0EaHMA



Immobilization
of
high-level radioactive waste

aluminophosphate, ceramic mattices
horosilicate glasses
Exploitation period Exploitation period

100-1000 years

Low chemical stability High chemical stability




MoTtuBauus

« OTO0 ABNSETCA NPUYMHON TOro, YTO aKTUBHO NMPOJOIMKaETCs
MOUCK MaTpuL, ¢ bonee npmemMnembiMn 3KCnnyaTaunoHHbIMM
XapakTepucTukamu.,

* bbino ycraHosneHo, 4to anga yrunusaumm BAO
KpuUctannumyeckas kepammka noaxoauTt 3HaduTenbHo nyduwe. K
HacTodALWEMY BpeMeHM pa3paboTaH paa KepaMuyecKkux
MaTepuanos anga yrunusaunm BAO n nnyToHus.



Mineral matrices

Q

Q

Q

Q

Zircon ZrSiO,
Monazite LnPO,

Synroc- Hollandite Ba(Al, T1)sO4 - Cs, Rb, Ba ,
Zirconolite CazrTi,O- - U, Zr, Np, Pu,

Perovskite CaTiO; - Sr, Np u Pu
—luorapatite Cay3(PO,)gsF>
Pyrochlore Gd,Zr,0-, Gd,Ti,0O-
Perovskite CaZrO,

_akargiite CaZrO5- CaTiO, - CaSnO,
NZP NaZr,(PO,)

21



[ToTeHumnanbHble MaTepuanbl ANs N3roToBMEHUS
KOHCEpPBUPYOLWMX MaTpUL, ANs yTunnlaumm
BbICOKOAKTMBHbIX pagMoaKTUBHbIX OTXO40B.

* BrICcOokasg xuMuyeckas u pagdarioOHHasl
YCTOMYUBOCTD

* Penkoe HaX0XACHUE NPUPOIHBIX AHAJIOTOB
COEJIMHEHUN B METAMUKTHOM COCTOSTHUU

* KpuCTaIUIOXUMHUUYECKUU aHATIU3 - XOPOIIUE
KOHCEPBUPYIOIIAE XapPAKTEPUCTUKHU



MeToabl uccnenoBaHus

CNOXHOCTb 3KCMEePUMEHTAarbHbIX NCCNeaoBaHUN OOBbEKTOB, coaepXKaLlmnx
paguoakTUBHbIE 3NEeMEHThLI, NpeanonaraeT akTMBHOE NUCMNONb3oBaHWe Ans
9TUX OOBLEKTOB METOAOB TEOPETUYECKOro nporHosa. [Ons wusydeHus
PasnnU4HbIX CBOUCTB CMELLUEHUS TBEPAbIX PACTBOPOB MOHALMTOB NOrMMYHO
obpatntbCsa K MONyaMNUPUYECKOMY CTPYKTYPHOMY MOAENNPOBAHUIO,
KOTOpoe Ana  peweHuna 3agad  Hactoswenm  pabortel  boree
NpeanoYTUTENBHO, YEM KBAHTOBOXUMUYECKNE pacYyeTh!.
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ApanTtauus
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GULP - ctatnueckoe -
MHaMU4ecKoe
nonyamnupuyeckoe A
nonysamnupuyeckoe
moaennposaHue

mopennposaHue



Co3znanue TpanchepadeabHON MOACIH
MEKaTOMHBIX OTECHIIMAIOB /115

CTPYKTYD




TpeboBaHUs K MOOENMN:

Ona peweHns 3agady Hactoswen paboTbl: (MogenMpoBaHue
CTPYKTYP U  CBOMUCTB CMELUEeHMA  MOHAUWUTOB  CIIOXHOro
NMEPEMEHHOINO  CcocCTaBa) HeobxogMMoO  McCNonb3oBaTb  Tak
Ha3blBaeMbIW COrnacoBaHHbIN HAOOP MEXaTOMHbIX NOTEHLMAaNOoB.
OTO HaknagblBaeT Ha Modenb AOMOSIHUTENbHbIE OrpaHUYeHud, a
MMEHHO:

1) dbopma noTeHumana ansa Bcex N30MOPMPHO 3aMeLLaroLLmMX apyr
apyra aToMoB [oSKHa ObITb aHarorn4Has,

2) napameTpbl ooLLKnX NoTEeHLManoBs B3aMMOOENCTBUS,
Hanpumep, O-O OomkHbl ObITb OAWHAKOBHI.

3) ATOMbI OOHOW BaSIEHTHOCTU [OOJMKHbl WMETb OAWHAKOBbLIW
9P EKTUBHBLIN 3apsid, a NpU reTtepoBasieHTHbIX 3aMeLleHUAX
banaHc aTOMHbIX 3apsa0B OOSMKEH CTPOro cobnogarbCes.

4) Mpn 3TOM BCE KpUCTaniM4eckue CTPYKTYPbl  OOSMKHbI
MoaenupoBatbCcsl 3TUM  OBOLWMM HabopoM C  XOPOLUEN
TOYHOCTbHO.



ML- TpeboBaHus
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MeToauka NnonyamMnupu4eckoro moaenupoBaHusa u
pa3paboTka cornacoBaHHOW MoAenu NOTeHLUanos

[lapHble NoTeHLManbl BUaa:

* bykuHrema:

15

Viry=A-exp(—r/ p)—C-r* +D.r™5
* Mopse: |
Vir)=D; -|lexp(—2a(r—r1,))— 2expl—alr—1;))}
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recoil nucleus
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Shifted atoms cascade leads to
the amorphous regions
formati
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Amorphous
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Perovskite (lakargiite)
CaZrggShg;Tip 03 structure

a=5.591 A

b=5.762 A

c=8.017 A
Pbnm
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Amorphous regions In
monazite LaPO,

Amorphous regions in perovskite
(lakargiite) CaZr, gSng 4 Tig 103
structure
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Parameter of suscepftibility
to amorphization |

:—ZEFP(X ) Nep (X))

PKA n
Material Parameter
Zircon 0.68

REE-monazites 0.20 - 0.40
Lakargiite 0.05-0.12
Gd,Zr,0, 0.05



Parameter of suscepftibility
to amorphizatio

5ZLZEFP(Xi)° NFP(Xi)

E PKA |
. a-value
Material Parameter e, o
composition -
Zircon 0.68

REE-monazites 0.20-0.40

Lakargiite 0.05-0.12

Gd,Zr,0, 0.05




CTPYKTYPHASA T'OMOJIOT'UA CUJIUKATOB

Cpeay CMEIIAaHHOCIIOMHBIX MHHEPAJIOB IMEPBOE
MECTO MO PacCHpPOCTPAHEHHOCTH NPUHALICKHUT
MMEHHO CUJIMKaTaM

Honucomamuueckue cepuu (Onounvle
cmpyKkmypsl) TOCTPOCHBI M3  YEPECAYIOIIUXCS
3JIEMEHTAPHBIX CIIOEB OIIPEACICHHBIX CTPYKTYP



CTPYKTYPHASA T'OMOJIOT'UA CUJIUKATOB

OnuH 13 HanOoJiee paHHUX M SPKUX OPHUMEPOB OBLI HAlJICH
OpU CTPYKTYypHOM wu3ydeHuH B 1928-29 rr. mMmHEpanon
TPYIIIBI XOHOPOOUma-2ymuma, KOTOpbi€ €iie B KoH1e XIX u
Hayaie XX BEKa pacCcMaTpUBAIMCh KaK 0O0pa3yloliue
MOP(QOTPOIHBIN PSI.

Munepanst 5T0M1 TOMOJIOTHYECKON CEPUH OT HOpPOEpruTa Ao
opcTepura MOryT OBITh IOJAYYE€HBI M3 IEPEMEHHBIX
konuuectB opycuma My(F,OH), u ¢popcmepuma Mg,S10,,
mapaMeTpel a4 U D poMOMYECKMX MM MOHOKIMHHBIX SYEEK
IPAKTUYECKH OJIMHAKOBHI, TOrAa KaK ITapaMeTpbl C KpaTHBI
BeNMUMHE OKOJIo 1.5 A, m Moxer CIYKUATh IJIsI OLICHKH
Yyuciia CJIOEB KUCJIOPOIHON YIIaKOBKH MEXKTY
poTUBOIONIOKHBIMA TpaHsMu (001) sneMeHTapHON STUCHKH.



['omonorunyeckas CCPpHuA I'yMHUTA

Munepan ®opmy.a Ip. rp. a, A b, A c, A a, rpaj.
Hopoepzum Mg,SiO,(F,OH), Pbnm 4,71 10,27 8,73 -
Xonopooum Mg[SiO,],(F.OH), P2,/b 4,75 | 10,27 7,80 109,2
Tymum Mg, [SiO,],(F.OH), Pbnm 4,74 | 10,24 | 20,72 -
Knunozymum Mg,[SiO,],(F,OH), P2,/b 4,74 | 10,23 13,58 100,9
Dopcmepum Mg,SiO, Pbnm 4,76 10,20 5,98

Yucno cinoeB MIOTHEUINEW TeKCarOHAJIbHOW YITAKOBKH COCTaBIISIET 4
IUIs OJIMBHHA, 6 1711 HOpOeprurta, S 11 XoHApoauTa, 14 nad rymMuTa u
O 1 KIMHOTYMUTA.
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[ omonoruyeckas cepus JICUKODEHUIUTA.

Munepan ®opmyaa Ip. rp. a, A b, A c, A a, Tpaj.
Jenikopénuuum Mn.[SiO,],(OH), P2,/b 483 | 10,84 | 11,32 103,7
Jiceppucubocum | Mng[SiO,],(OH), Pbn2, 4,85 | 10,70 | 28,17 -
Puobeum Mn[SiO,],(OH), Pbnm 4,80 | 10,73 | 15,67 -
Annezanum Mn,[SiO,],(OH), P2,/b 4 85 10,72 8,28 108,6
Manzanzymum Mn.[SiO,],(OH), Pbnm 4,82 10,58 21,45 -
Conanum Mn,[SiO,],(OH, F), P2,/b 4,85 | 10,54 | 14,02 100,3




CymectByroT 1 MN-aHamoru 3TuX MUHEPAJIOB, 1 OHA 00Pa3yIoT TaK
Ha3bIBAEMYIO JICMKO(DEHUITUTOBY O TOMOJIOTUYECKYIO CEPHUIO

OpHako, B OTIWYHE OT T'YMHUTOBOWM CEpHH, B HEH IPHUCYTCTBYIOT
OKTa’ApHYECCKHUE  CIIOM  TONIIMHOM B OOMH  OKTadap.
PomoHOYadbHMKAMH W KOHCUYHBIMH YICHAMH JSTOH CEPHUU MOXKHO
cautatb  tehpout  Mn,SIO, Co  CTPYKTypodH  OJHMBHHA
(mocnepoBareabHOCT, 22) u rpayrmt MnOOH (11). Torma
jokeppuru0ocur  Mng[SIO,],(OH),  umeer  okTasmpuYeCcKyO
nmocienoBarenbHOCTh 22221, neikodpénumur Mn-[SIO,];(OH), -
2221, puboeur Mn[SIO,],(OH), — 221. Bmecte ¢ TeM uUMeOTCI U
TaKUE¢ WICHBI TOM CEpHH, KOTOPBIC COACPKAT CIION TOJIIIHHON B TPH
oktasapa: amreranut Mng[SIO,],(OH), - 32, wMaHraurymur
Mn.[SIO,];(OH), — 322 (B omiuuume OT OJMU3KOTO IO COCTaBy
neiko(EHUIINTA OH SBISACTCS, KaK U TYMUT, POMOMYCCKHM ), COHAJIAT

Mng[SI1O,];(OH,F), (Mn-anamor MOHOKIMHHOTO KJIMHOTYMHTA) —
3222



CTPYKTYPHAA I'OMOJIOI' YA CUJIUKATOB

B kadecTBe ClIeAyIOLIEro IpuMepa TMOPUIHBIX CTPYKTYP
CIIOMCTBIX CUJIMKATOB PACCMOTPHUM CEMI03EPUTOBYIO
(0adepTUCUTOBYIO) TOMOJOTMYECKYIO CEPUIO TUTAHO-

CUJIMKATHBIX CIIIOA U UX CHHTETUYECKMX aHaJIoroB. OO0IIyto
TOMOJIOTMYECKYIO CEPHIO ceuio3epura (Uian 0adepTUCHUTA)
AT TUTAHO-CUJIUKATHBIC CIIIOALI U UX CUHTETUYECCKUE
aHAJIOTH



CTPYKTYPHASA IOMOJIOI'YUSA CUJIUKATOB




CTPYKTYPHASA IOMOJIOI'YUSA CUJIUKATOB




CTPYKTYPHAA I'OMOJIOI' YA CUJIUKATOB

210 0K0IO 30 KPHUCTAIMYECKUX COCAWHEHUN Pa3HOIo
COCTaBa, B KOTOPBIX OCHOBHBIMH CTPOUTEIHLHBIMHU
EIUHUIIAMM CIIy>KaT MOJYJIU U3 CTPYKTYP

cerimozeputa Na(Mn,Ti),(T1,Zr)[S1,0-](O,F)
51

Hakaguta Na,Ca[PO,]F,

KOTOPBIEC MEPECIanuBaAKOTCA APYTr C APYIOM B Pa3IUYHBIX
COOTHOIIEHUSIX



CTPYKTYPHASA IOMOJIOI'YUSA CUJIUKATOB

wyv
oA

BN ARA

A

bioku ceiigo3epura (a), 1omoHocoBuTa (0), kBagpydura (B),
nonudura (r) 1 Hakadura ().



CTPYKTYPHAS TOMOJIOI'US CYJIb®OCOJEN
rpynmnsl Oyaanxepura Pb.Sb,S,, — ko3aaura Pb,BI,S.

Munepan Dopmyaa [Ip. rp. | [Tapamerpbl 3:1eMenTapHOi Aueiiku, A | Yroa, °
Ixemcouut | FePbySheS,, P2/a |a=15357|b=1898 |c¢=4,03| 918
Cunrt. dasza | Pb,Sb,S,, Pbam | b= 15356 |a=15,01 |¢=4,03| —
byaauxeput | PbsSb,S,, P2/a | b=23534|a=21,61|c= 8,08 100,7
CuHuT. haza | SnySb,5¢ Phma |c=3491 |a=23,15|b=396| —
Pobuncouut | PbySbeS |, Pnam |b=17.69 | a=16,56 |c= 398 —
Cunrt. dasza | SngSbeS,; R/m |a=2431|b=2349|c=3,92| 94,0
JancoHuT Pb,y.,Sb4_. S, Cl ? c=17,331a=19,04 | b= 8,23| 96,3
Cunrt. dasza | PbsShsS,, ? a=28371b=2204|c=4,02| 92,3
Kozanut Pb,Bi,S; Pbnm | b= 2389 |a= 19,10

B 3Tux CTpyKTypax NpUCYTCTBYIOT
OECKOHEUHBIE CTEPKHU U3 CTPYKTYP
npototunoB PbS wim SnS . Takue
CTEepKHUA (DOPMHUPYIOT B CTPYKTYPE

3UIr3aroo0pas3HbIE CJIOH C

PACIIMPEHUSIMHA U CYKCHHUSIMHU.

0 rewser

3I/IP33FOO‘6paBHBII/I MOTHB

CTPYKTYpPHbI OyJIaHKEPUTA



Cpeny HOBBIX CHHTETHYECKHX OKCHJIOB MEIH, OO0JaJarolIux
CBEPXITPOBOASAIIMMM CBOMCTBAMHA MpPU TEMIEparypax, ONHU3KHX K
KOMHATHBIM (Takue BEIIECTBA HA3bIBAIOTCS BTCII —
8blCOKOMEMNEPAMypPHble CEEPXNPOGOOHUKU), CYILICCTBYET IETbIN Psl
roMojorudeckux cepuii. K HUM OTHOCSTCS, Hampumep [ |-Kymparsl ¢
obmeit hopmynoit Tl Ba,Ca, ,Cu,O, ;4o

_21

J1Ba rI1aBHBIX MOIYJIA:
@ 1) ciou cocraa CuO, c
’*‘3823*1' KBaJAPaTHON KOOpAUHAIUCH
N aTOMOB MEIU
5Ssx 2) BBIPE3KHU U3 UCKAKEHHOM
CTPYKTYPBI IIEPOBCKHTA -
" KOOPAMHAIIMOHHBIE MTOIHIPHI

®parmeHTbl KpUCTaNIIMYEeCKNX CTPYKTYp IOYOKTadAphl (KBagpaTHbIE
TanMeBbIX KyrnpaToB :

a) n=1; b) n=2; c) n=3; d) n=4; e) n=5 MUPAMHU/IBI)




HNHTEepakTUB

(MopdoTponus, CTPYKTYPHASI TOMOJIOTHA)
JJICKTPOHHLIM HHTCPAKTHUB

MakcuMaJjapHO — 15 0aJ1J10B



Bonpoc 2 na 61~ Banni 3a Bonpoc: 1 | HaBpako Gannos: 0va 74 | @ 59:49

UTto npoucxoauT ¢ obumMm Ansa ABYX OKTad34poB KUCNOPOAHbLIM
pebpom B pyTune?

OHO yaAnuHAETCA NpubnuantensHo Ha 0,3 A oTHocuTensHo Apyrux pebep
ncyesaet
OKTasgp OCTaeTcs uaeanbHbIM

OHO yKOpaumsaeTcs npubnuantensHo Ha 0,3 A oTHocuTensHO apyrux pebep




Bonpoc 4 u3 61~ Bannsi 3a Bonpoc: 1 | HabGpawo Gannos: Oua 74 | @) 59:03

CTpyKTypa noHcaennuta SBnseTcsi No OTHOLEHUIO K CTPYKTYpe
KybaHuTa

BbIPOXOEHHOW CTPYKTYpPOW
thazon BHeapeHus
NPOU3BOAHON CTPYKTYPOWU

hazon BbIYUTaHUA



Bonpoc 15 ua 61 ~ Bannei 3a Bonpoc: 1 | HaGpawo 6annos: 0 ua 74 | 0 57:57

OxapakTepusyinte KaTMOHHbIE NONU3APLI B CTPYKTYPHOM TUMe
bukcbuunrta

TpM YeTBEepPTU KaTUOHOB HaxogATCA B WeCTUBEepPLUMHHUKEX C oaHow KBaﬂpaTHOﬁ
rPaHLIO, @ YETBEPThL - B YNNOWEHHBLIX OKTasapax

MNonoBMHa KAaTMOHOB HaxXOARTCH B yNnoweHHbIX OKTasgpax, nojfioenHa B
rekcasagpax

Bce kaTMOHbL!I HaxXOAATCA B CceEMUBEPLUMHHUKaX

Bce kaTMOHbLI HaxoaRTCA B yNnoweHHbIX OKTasgpax



Bonpoc 56 uz 61~ Bannel 3a Bonpoc: 2 | Ha6paxo Gannos: 0ua 74 | 0 56:50

Kak HasbiBaeTcs coeguHeHue, CTpYKTypa KOToporo nsobpaxeHa
Ha KapTUHKe?

CoeauHeHue

- BuibpaTs - .

NaCl

C-noHcaennut
Mg
CcO2

FeS2 - nupur
BN
Hg

|

OTnpaBuTk BCE ’ | Mpeasiaywmn ‘ ‘ Hanee ’
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