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COJEPKAHUE

AxkcenoB C.M.
KPUCTAJIJIOXUMHNYECKUN ACTIEKT «BJIOYHOI' O» U30OMOP®U3MA B MUHEPAJIAX

Banapy /J.A.
O CJIOXKHOCTH CUTHATYPbI HATYPAJILHOI'O TAMJIMHTA

Bbacaaaes U./1., Mapkos B.®.
OCAXJIEHME PbS(La,l) B BOJHOM CPEJIE: TEPMOJAVMHAMUWYECKWI AHAJIN3 1 CUHTE3

Bep3un C.B., [lerposa E.B., Axmenos JI.A., lyrymxkuna K.A.,
Caasrano J.X., Beiitua ®@.I'., Kapramosa A.Il., Caukos M.E.
OBbIKHOBEHHbI XOHJIPUT RAMON DE LAS YAGUAS, CAHTBAT'O-JE-KYBA

Bep3un C.B., lyrymkuna K.A., SIxkosieB I A., IlactyxoBuu A.1O., I'poxoBckuii B.U., Iam63paa C.
OBOTI'AIIEHUE KAJIMEM B BOI'ATbIX KPEMHE3EMOM KOMITIOHEHTAX (SRC) 1
B AKKPEILITMOHHOM KAMME Ca-Al-BKJIIOUEHUI (CAIs) B XOH/JIPUTAX

buoxo A.A., Hlenapuk P.1O., Byxaposa O.B., Xpymesa M.O., AutonoB M.C., Koctpy6 E.A.
METACTABUJIBHOCTbH KOCTHOI'O ATTATUTA

borpanosa JI.HU., lllanosa 10.B.
TMOJIYBOMITUPUYECKOE MOAEJIMPOBAHUE CTPYKTYPBI, TEPMOANHAMUWYECKUX U YIIPYTUX
CBOMCTB MOHALIUTO-TIOAOBHBIX MHOTOKOMITOHEHTHbBIX OPTO®OCDATOB P32

boxusona [I.A., bynrtos E.A., lllanosa 10.B., 3auenun A.®.
CTPYKTYPA U KOJIEBATEJIbHBIE CBOMCTBA LIEIIOYEUHBIX ®PATMEHTOB HAHOYTJIEPOJIA

BputBun C.H., UBanoBa ML.A., Kp:knm:xanosckas M.I., Boakosa U.A., Bepemarun O.C.
MUHEPAJIOT 51 AMMOHUN A B BEHIECTBE ITOSICA ACTEPOI/IOB

Bbpycuunusina E.B., I'poxoBcknii B.H.
METAJUIOI'PAOMTYECKUE CKOPOCTU OXJIAKJEHW A METEOPUTOB

Byaaros B.A., 3amsatun [[.A., Yapees J.A.
BJIMAHWUE XUMHUYECKOI'O OKPYXXEHW I HA PEHTTEHOOMUCCHUOHHBIE CITEKTPBI S K, CEPBI

BaiitueBa 10.A., CerkoBa T.B., CnuBak A.B., Akcenos C.M.
OCOBEHHOCTH MOJIVJISIPHOI'O CTPOEHM ST HOBOI'O Ga-, Ge-IIPEJJCTABUTEJISI CTPYKTYPHOI'O
CEMEHCTBA JIbIOMOPTLEPUTA C OBLLEN ®OPMVYJIOH Al[(Al,Ga),0,[(Si*.Ge*)0,],(BO,)

Bacronun A.N.
TEOPETUYECKHE 1 SKCITEPUMEHTAJIBHBIE UCCJIEJJOBAHU A
XUMHNYECKOU SOBOJIIOIIMHW MEX3BE3/IHBIX JIBJIOB

Bunorpapnosa I0.I'., Ilankuii A.D.
CUCTEMA JJUOIICUA-KAJTEUT-CO, TIPU 3-6 T'Tla

Bopouun M.B.
COJIHEUHBI HE®EJIMH 13 KOITM HA KAHAJIE YBUJIBJIbI-APTA3H (FOXKHBIM YPAJT)

T'aBpuienko B.B., Pagomckas T.A., llenapux P.JO., T'nagkouy6 E.A.
®PECHOMT U3 UHATJIMHCKOI'O MACCUBA (AJITAHCKUI LLIUT):
KP- 1 UK-CITEKTPOCKOIIN A
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I'am0yeBa A.A., Epemun H.H.
PA3PABOTKA TEPMOJMHAMMWYECKOM BA3bI JAHHBIX 11 MOJEJIUPOBAHW S BUHAPHBIX
TBEP/IbIX PACTBOPOB CEPUU K, LnZr(PO,), CO CTPYKTYPOI JIAHTBEMHUTA

I'nazaues [.0., Ilonosa O.I1., [Togoonas E./I., llyBanos B.B., AprembeBa H.A., CBeTuos B.B., Xa3unc B.M.
KAJIBKYJISITOP OLIEHKU [IOCJIEJACTBUI CTOJIKHOBEHUI1 ACTEPOU/IOB U KOMET C 3EMJIEN

I'op6oB JL.E., TutoB A.A.
CUHTE3 U KPUCTAJIJIMYECKA ST CTPYKTYPA CUCTEMBI (Cu,Se) TiSe,

TI'opronos M.B., ®eanep U., Haymos C.I1., Yykun A.B., Omrpax M.H.
OCOBEHHOCTU MATHUTHBIX CBOMCTB CIIJIABOB Fe-Ni-Co HEKOTOPBIX
JKEJIE3HBIX 1 )KEJIE30OKAMEHHBIX METEOPUTOB ITO JAHHBIM MATHUTHBIX
M3MEPEHII 1 MECCBAYPOBCKOM CITEKTPOCKOITNN

TI'opsiuxo 10.A., Mukyanu A.B., fiporos A.E., BopoBuuka ., Bpo3kosa P.,
HactyxoBuu A.I1O., fAAxoBies I.A., I'poxoBckuii B.H.
TPAEKTOPHU S, DPAIMEHTALIM A U 2JIJIMIIC PACCEMBAHM A BOJIMJIA HAZL CMOJIEBUYAMU

Totud E.M., I'aonyaxaes K.P., Teepaos U./., Simaneesa E.C.

BJIUSTHUE CBOMCTB JUOKCUJIA KPEMHU S 13 PUCOBOI LIEJTY XU
HA ®A30BBIII COCTAB CUHTE3MPOBAHHBIX HA ETO OCHOBE
BOJUIACTOHUT U JJUOIICUJ] COAEPXKALNX HATIOJITHUTEJIEN

I'paueBa H.C., MuxaiinoBckas 3.A.

CHHTE3 U ®OTOKATAJIMTUYECKHUE CBOMCTBA CJIOXXHBIX OKCUJOB CEPUU Bi,,, ;Mo V O,
I'pugunna B.M. , Pacuseraena P.K. , UykanoB H.B. , Akceno C.M.
KPUCTAJIJIOXUMHWNYECKHWE OCOBEHHOCTH IBY X BBICOKOKAJIBIIMEBBIX

OBANAJINTOB 113 MACCHUBA TAMA3EPT (MAPOKKO) B PAMKAX P3-CUMMETPUN

HJapaermnna A.A., 3amsatun [ A., Yeobikun H.C.
METOAUYECKUE ACIHEKTbBI JUDOPAKIINN OTPAXKXEHHBIX SJIEKTPOHOB B UCCIIEJOBAHNN
MUKPOJEDPOPMAILIMI B 3EPHAX I[IUPKOHA M3 METEOPUTHBIX KPATEPOB

J:xymanuszos JI.U., Kapumosa @.b.
30JIOTOHOCHBIE AJIBBUT-XJIOPUTOBBIE METACOMATUTHI YHAPMUTAHCKOI'O PYTHOI'O I1OJIA

dyrymkuna K.A., lllapeirun B.B., fIkoBaes I.A., ITactyxoBny A.1O.,
I'poxoBckmnii B.U., bep3un C.B., Manapbiruna J[.A.
MUWHEPAJIOTU A HOBOI'O XOHJIPUTA SMALYAVICHY (H6), BEJIAPYChH

JApimmun A.M., OaeiinukoB O.b., OmenkoBa M.I., 3emuyxoB A.JI., Onapun H.A.
OCOBEHHOCTHU COCTABA KCEHOKPUCTAJIJIOB KJIMHOIIMPOKCEHA
13 PASHOBO3PACTHBIX KUMBEPJIMTOB SIKYTCKOM AJIMA30HOCHOM ITPOBUHIIMN

Jronank C.C., Aiipy3oB A.P., Makcumona E.M., [lerposa E.B.
BJIIMAHUE TEMIIEPATYPbBI HA MUKPOCTPYKTYPY TPOUJIUTA U3 OBBIKHOBEHHOI'O
XOHJPUTA CALAMA 022 I10 JJAHHBIM PEHTTEHOBCKOI TU®PAKTOMETPUU

Epemun H.H., Epemuna T.A., I'yp6anoBa O.A.
YACTOTHOE PACITPEJEJIEHUE ITPOCTPAHCTBEHHBIX I'PYIIITI CUMMETPUU
B CTPYKTYPHOM MUHEPAJIOI' M. HOBBIE JJAHHBIE.

Epmakos E.A., CosioBbéB A.B., MapkoB B.®.
TEMITIEPATYPHA S BABUCUMOCTDB YCAJIKM KEPAMUKU NiO-YSZ

E¢pemon B.B., Ilonosa O.I1., Kapramosa A.Il., I'nazayes /1.0., Bymmanosa A.U.
OITPEAEJIEHUE ITAPAMETPOB MEJIKUX METEOPHBIX TEJI ITO HABJIYOIATEJIBHBIM TAHHBIM

Keaynuubin U.A., llankpymuna E.A., Porunckuii E.M., Borsikos C.JI.
MHOI'OKOMIIOHEHTHBIE P33- U UTTPUU-KEJIE3UCTBIE TPAHATBI:
JMHAMMWYECKUE CBOUCTBA, PAMAHOBCKA S CITEKTPOCKOITH A
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Keaynuubia U.A., Muxaiinosckas 3.A., Boraxos C.JI.

OCOBEHHOCTH DJIEKTPODPU3UYECKNX CBOVMCTB T'PAHATOB AJIbBMAH/IVHA,
JIEMAHTOUJIA Y AH/IPAJIUTA 110 JAHHBIM BBICOKOTEMITEPATY PHOI
UMIEJAHCHOWM CITEKTPOCKOITMN: METOAWUYECKWE ACITEKTHI

Kenynunsia U.A., Muxaiinosckas 3.A., Boraxos C.JI.
K BOITPOCY Ob KIOHHOM ITPOBOAMMOCTHU HEOJMMOBBIX TUTAH-
HHWOBATOB, JOITMPOBAHHBIX KAJIBIIUEM Nd, .Ca, Ti, Nb O

X6

Kunuuera A.H., MaasueB A.C., [lamkosa I.B., UBanoB A.B.
PEHTTEHO®JIYOPECHHEHTHA S CTIIEKTPOMETPU A C ITOJIHBIM BHEIITHUM OTPAXKEHUEM —
BBICTPBII 1 SKOHOMUYHbBIA METO/] QJIEMEHTHOI'O AHAJIU3A AITATUTA

KunuueBa A.H., Maabues A.C., [Iamkopa I'.B.
OITPEJEJIEHUE XUMHNYECKOI'O COCTABA XEJIE3HBIX METEOPUTOB C ITOMOII IO
PEHTTEHO®JIYOPECLIEHTHOM CIIEKTPOMETPHUHU C ITOJIHBIM BHEIITHUM OTPAKEHHUEM

Kurosa E.C.
CTPYKTVYPHA S XAPAKTEPUCTUKA ITPUPOIHBIX CJIOUCTBIX ABOMHBIX I'MIPOKCHUIOB

3amsarun .A.
IMTPUMEHEHUE CITEKTPOCKOITMM KOMBMHAIITMOHHOI'O PACCESIHU A
K UCCIIEJOBAHWIO YIAPHO-ITPEOBPA3OBAHHGBIX 3EPEH I[ITMPKOHA

3apyouna E.C., KopuneBckuii B.I'., Pauckas A. /., 3amatun /I.A., PacueraeBa P.K., Akceno C.M.
OCOBEHHOCTH PACIIPEJIEJIEHU I KATUOHOB B KPUCTAJUIMYECKOI
CTPYKTYPE KAJIMIU-MATHE3UO-TACTUHI CUTA

3axapos E.O., EmeabsinoBa 10.B., Bysinosa E.C.
CHUHTE3, ATTECTALUSA U ®OTOKATAJIUTUYECKASI AKTUBHOCTD
TBEP/IbIX PACTBOPOB HA OCHOBE OPTOBAHAJIATA BUCMYTA

3umun M./, ®éxopos A.M.
OIIBIT TIPUMEHEHU I TEOTEPMOBAPOMETPA TITANIQ AJIS OIIEHKHN
YCJIOBUII METAMOP®H3MA BbICOKOUYHMCTBIX KBAPLIEBBIX ITOPO/]

HUruaroB M. A., [losnoBeix A.C., Pamenko C.B., Coxoa J.B.
HOBBII MEXAHIW3M BXOXIEHUS Fe** B CTPYKTYPY MUHEPAJIOB I'PYIIIIbI MEJIMJIUTA

HNabun I.C., Uykanos H.B., Ilexos U.B., fimuoBa H.A., PacuseraeBa P.K., SInackypt B.O., Akceno C.M.
OCOBEHHOCTHU CUMMETPUUN U KATUOHHOI'O YITOPAAOYEHU A
B CTPYKTVYPE Ca-COJEPXXAIIEI'O MUHEPAJIA PAJIA ITEPPOTUTA

Habsacosa I'U., Hukoaaes A.I., Uabun I.C., Akcenos C.M.
HOBBIE JAHHBIE O ITPUPOJAE OKPACKH MUHEPAJIOB I'PYIIIIBI OBANAJIUTA
N3 HIEJIOYHBIX MACCHBOB KOJIbCKOI'O TTOJIYOCTPOBA

Hckpuna A.B., CnuBak A.B., CerkoBa T.B., Xacanos C.C., Ky3bMmun A.B., 3axapuenko E.C., Bupioc A.A.
GaGeO,0H MOJIEJIBHBII AHAJIOI ®A3BI OI'T: CUHTE3, CTPYKTYPA
N CTABMJIBHOCTH ITPU BLICOKOM JIABJIEHMU

Kamnesa E.B., l'aBpuienko B.B., Pagomckas T.A., lenapuk P.FO.
KPUCTAJUIOXUMHWNYECKHNE OCOBEHHOCTHU U TEPMUWYECKOE ITOBEAEHUE CKATIOJIMTOB

Kapramoga A.Il., Koxuposa I'. 1., Bakanac E. C., llepouna M.II., Haauskun M. A., ITy3un B.b.
POCCHUIMCKO-TAJDKUKCKUE OIITUYECKUE HABJIIOJEHU S MAJIbIX TEJI COJJTHEUHOM CUCTEMBbI

Kapreea B.M., Haku6os P.C., Ilerpamkesnu U.B., O:xxuranos M.J., Measenes M.I., Bacionun A.HU.
CITEKTPBI CJIOUCTHBIX JIbJIOB B CPEJJHEM NH®PAKPACHOM JIMATIA3OHE
JUIS OITMCAHU A HABJIFOOATEJIBHBIX JAHHBIX C TEJIECKOITA JWST
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Kupees B.E., Yapkun /1.0., Akceno C.M.
CHUHTE3 1 KPUCTAJIJIMYECKASI CTPYKTYPA HOBOU MOAUDUKALIHN
PbGeO, - CTPYKTYPHOI'O AHAJIOTA AJJAMO3HWTA PbSiO,

Kucaos E.B.
MUMHEPAJIOTI' 1 YEPHOI'O U1 CEPOI'O HE®PUTA KABOKTHMHCKOI'O
MECTOPOXIAEHW S, CPEAHE-BUTUMCKA I TOPHASI CTPAHA

Kaumosa A.B., Muxaiinosckas 3.A., bBysnosa E.C.
®OTOKATAJIMTUYECKUE CBOMCTBA Ca, Bi Mo, .V, .0, B3ABUCUMOCTH
OT YCJIOBUM IMOJTYYEHHU ST ®OTOKATAJIN3ATOPA

Konsuiosa 10.0., Boakos C.H., Kp:knxanockas M.I., FOxuHo B.A.,
AxcenoB C.M., byonosa P.C.
TEPMHYECKA 51 OBOJIIOLIM ST KPUCTAJJIMYECKOU CTPYKTY PhI Ca,B,0,

Kopouannesa E.B., Byiikun A.U., Kopouanues A.B.
CBA3b MEXIY BPEMEHEM KOCMHWYECKOI'O OBJIYUEHU A JIVHHBIX ITOPOI HA TIOBEXHOCTH
POAUTEJBCKOI'O TEJIA U JUD®Y3MOHHOM ITOTEPEN HAKOITJIEHHBIX TA30B

Jlenexa C.B., BacuaneB E.A., 3earennzosn /[.A., bornanosa JI.H.
TEPMOCTUMYJIMPOBAHHA A IIOMUHECIHEHIIVU A CUCTEMbI
603, 700, 787 am B ITPUPOTHOM AJIMA3E

Jbiciok A.1O.
CPABHEHUE TEKTUTOB U UPTU3UTOB I10 JAHHBIM UK, DITP
1 MECCBAYAPOBCKOM CIIEKTPOCKOITNA

Manapbiruda /[ A., MuxaiisoBckas 3.A., llanosa FO.B.
BJIMSIHUE YCJIOBUI CUHTE3A METOJIOM OCAXJEHU S HA ®A30BbBIN
COCTAB, CTPYKTYPY U JIOMUHECLIEHTHBIE CBOVICTBA LaPO,

Mamuna E.B.
BUOI'EHHBIE AT'PETATHI

Mupcasinosa U.®., Cutaukosa JI.M.
IIOCTMATMATHUYECKUWE MUHEPAJIbBI AITATUT-HE®EJIMMHOBBIX
PYJ MECTOPOXJEHU I KYKNCBYMUYOPP

Mumarun K.A., lytosa B.C., lllakupos T.P., Fotan6 E.M.
TBEPJO®A3HBIN CUHTE3 KAJIBLIMI MATHUEBBIX CUJIMKATOB
13 [IEOJIUT -KPEMHMCTOM TIOPO/IbI

Mopoxun A.1., Kopoaesa M.C.
N3MEHEHUE OKPACKU MAJIOMEJJUCTOI'O BOPHUTA
BOJIKOBCKOI'O MECTOPOX/JIEHM I B IMHAMUKE

Hakuo6os P.C., KaptreeBa B.M., O:xxuranos M.J., Measenes M.I., Bacionun A.U.
JATACET CIIEKTPOB CPABHEHU A TTIOIMAPOMATHUYECKUX
YTJIEBOJIOPOIOB JIJ151 [IOMCKA B MEX3BE3/IHOM CPEJIE

Hadurynnuna E.P., Hukonaes A.I'., AkcenoB C.M.
IMTPUPOIAA OKPACKHU TYPMAJIMHOB MECTOPOXJEHU A ITAITPOK (A®T'AHVCTAH)

Huxouaaes A.TL., Ilonos M.II., Hypuesa E.M.
CEPTUOUKAILIMS JPATOLIEHHBIX KAMHEH C IIOMOIL[bIO
METO/IA OIITUYECKOM CIIEKTPOCKOIINU

Hankpymuna E.A., Porunckuii E.M., lleaypun M.C., Yapees JI.A., Boraxos C.JI.
KOMIUJIEKCHBIN TTIOAXO/I [TPU U3YYEHUU KPUCTAJIJIOB MInS, (M=K, Rb, Cs):
PAMAHOBCKA S CITEKTPOCKOITN S, KBAHTOBO-XUMNYECKHWE PACUETHI
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MepmunoB A.C., Ky3nenos J./1., Cadpponona B.C.
OLIEHKM BO3PACTA ITAP ACTEPOMJIOB CEMEMCTBA EMILKOWALSKI HA
OCHOBE MOJIEJIMPOBAHM I BEPOSITHOCTHOM BBOJIFOLIMN OPBUT

IlepskoBa E.H., CenesneB A.A., Ilectos A.B.
HUCCJIEJOBAHUE YCJIOBUI ITPOBOIIOATOTOBKU COBPEMEHHBIX T'OPOJICKUX
IBUIE-T'PA3EBBIX OCAZIKOB JIJ151 OITPEAEJIEHN A B HUX MUKPOITJIACTUKA

Herposa E.B., I'poxoscknii B.U., ITonos A.A., Kapramosa A.IL., I'opsiuxo FO.A.
CPABHEHUE COCTABOB METEOPUTOB, KOPLI ITJTABJIEHHW A
N CIIEKTPOB U3JIYUYEHHW A UX BOJIMJIOB

Heuypun M.C., [Tankpymnna E.A., Ilyzanosa U.A., Yapees JI.A.
CUHTE3 U TEPMOPAMAHOBCKA I CIIEKTPOCKOIIU A1 UBOKYBAHUTA CuFe,S,

Muauubina T.A., KoBaabsckuii A.M., CunaeB M.B., IOcyd Taku

Pilitsyna Tatiana, Kovalskii Andrey, Silaev Makar, Yousuf Taqi Y.
JVICTAHILIMOHHOE 30HVUPOBAHME 3EMJIM JJIs1 HEUPOCETEBOI'O
[IPOIrHO3MPOBAHU A PYJIHBIX MECTOPOXIEHWI B APUJTHBIX 30HAX

MMonoounas E.Jl., [Tomosa O.I1., UBanoB b.A., I'tazaues /1.0.
HEJIABHO OBPABOBAHHBIE KPATEPBI HA MAPCE

IHonos A.A., Kokopun A.®.
SKCITEPUMEHTHI 110 BOCITPOM3BEAEHNIO ABJIALINN
METEOPON/JIOB B HABEMHBIX YCTAHOBKAX

ITonosa O.II.
CITIEKTPBI METEOPOMJIOB

IIy3anosa U.T., Ilonos E.A., Uapees /. A.
TMOJIVUHEHUE KPUCTAJIJIOB AHAJIOT'OB XAJIBKOI'EHUHBIX MUHEPAJIOB
B COJIEBBIX PACITJTABAX HA OCHOBE I'AJIOTEHU OB JIUTH A

CanyHnoBa Y.A., Oxuranos M.J., Ilerpamxkesuuy U.B., Measenes M.I., Bacionun A.HU.
OIMMCAHUE UK-PETUOHA 2.65-2.80 MKM U I[TONCKHM MOJIEKVYJISIPHOI'O A30TA
B MEX3BE3/IHBIX JIbJJAX HA OCHOBAHMU ITOCJIENHUX JTAHHBIX TEJECKOIIA JWST

Cupoposa E.IO., Cutnukosa JI.M.
TJIMHUCTBIE MUHEPAJIBI JIMHEVHBIX KOP BBIBETPUBAHU ST ®YHIAMEHTA
FOJKHO-TATAPCKOI'O CBOJIA (BOCTOUYHO-EBPOITEMCKA S TJNTIAT®OPMA)

Cutaukona JI.M., Ilonsinckass M.B.
MHIEKC KPUCTAJIJIMYHOCTU KBAPLHA 1 CTPYKTYPHO-MOP®OJIOT MYECKHME OCOBEHHOCTH

Couiomaros B.O., Muxaiinosckasn 3.A., Keaynunsin H.A.
CUHTE3 1 CBOMCTBA SUINMHUT-IIOJJOBHBIX CJIOXHBIX OKCUJIOB CEPUIA
La_CaTi Nb, OM La_Bi TiNbO,

Copokun E.M., I'epacumos M.B., llIxnosep B.51., Bonaapes A.B.
PE3VYIJIBTATBI UICCJIEJOBAHIN S COCTABA COEPYJI METAJIJIMYECKOI'O XEJIE3A B YACTULIAX
JIVHHOI'O TPYHTA MUCCUUN YAHBE-5 1 CPABHEHUWE C OKCITEPUMEHTAJIBHBIMU TAHHBIMU

CrenanoB K.M., lllankuii A.®.
OKCITEPUMEHTAJIBHOE NCCJIIEJOBAHUE PEAKLIMU JOJIOMUTA C KJIIMHOITMPOKCEHOM
B CUCTEMAX CaMg (CO,) ,=#NaAlSi, O +CaMgSi,O, [P 3-6T'Tla

CrenenmukoB /I.I., Axceno C.M.
K TEOPUU MOAYJIAPHOI'O CTPOEHUM S IOBO3EPUTOBBIX CTPYKTVYP:
HOBBIE JAHHBIE O BAKOHOMEPHOCTAX COYJIEHU S S6R-BJIOKOB
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91 Ynoposa H.C., byonosa I1.0., Muxaiinosckas 3.A., IlerpoBa C.A.
[IOJIVUEHUE U CBOMICTBA MATHUTHBIX BBICOKODHTPOITMIMHBIX
OKCHJIOB CO CTPYKTYPOU LITTUHEJIN

92 ®uann 0.10., Jomoposckuii U.M., LieTto H.C., AkcenoB C.M.
OHEHKA 5OOPEKTUBHOCTU SKCTPAKIIMU PEJKO3EMEJIbHbBIX 3JIEMEHTOB
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94 Yapeen 1.A.
N3YYEHHUE ®A30BbIX OTHOIIEHU B TPEXKOMIIOHEHTHBIX
CUCTEMAX C YYHACTUEM IIJIATUHON OB U XAJIBKOI'EHOB

95 Yepenanona JI.A., XazueBa E.O., PouiibuieB P.E., Ynopos C.A.
AHUN30TPOIINA TEPMUYECKOI'O PACIHMPEHU A B OLIK-®A3AX
BbICOKOAHTPOITUIMHBIX TEH30OMETPUYECKUX CIIJIABOB

96 Yepenanona JI.A., Ocremupona C.X., [leunmena H.B., Bypauna JLI.
HOBBIE BHICOKORHTPOITUMHBIE OKCHbI CO CTPYKTYPOI
TIEPOBCKMTA JIJ11 3EJIEHBIX TEXHOJIOT U

97 lapeirun B.B.
T'EHPUMEMEPUT B KAPBOHATUTAX MACCHBA CPEJIHSS 3UMA, BOCTOUHBII CASTH

98 lapeirun B.B., JlazapeBa E.B., Pamenko C.B., Hurmaryauna E.H., ZKmoauk C.M.
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MUHEPAJIBHBIE ACCOLMAIINN METEOPUTA YEJIAABMHCK: MUHEPAJIOI' 41 KOPBI ITJIABJIEHU A

100 IHenapux P.FO., Panomckas T.A., KaneBa E.B., Yykanos H.B.,
IManukoposckuii T.J1., Buracuna M.®., Ilexkos U.B.
AHHWOH-PAJIMKAIJL S, - B MUHEPAJIAX

101 IIlupsieB A.A., Anackypt B.O., ABepun A.A., Bypakos B.E.
LIUPKOH M OKCH I LIMPKOHU SI U3 YEPHOBBIJIbCKUX «JIAB»: OBPA3OBAHUE U CBOMCTBA

102 IMopeun O.10., aéaunckuii A.Il.
HOBBIE TIOMUHO®OPBI Y,(SO,),:Eu** C TEPMUYECKUM AHTU-TYIHNEHUEM JIIOMUHECHEHIUH

103 I[lanmosa FO.B., Bornanora JI.W., MuxaiijsioBckas 3.A., Borsikos C.JI.
OCOBEHHOCTU IMHAMMKU PEIHETKH MHOI'OKOMITOHEHTHBIX

OPTO®OCDATOB P33 CO CTPYKTYPOM MOHAILIUTA

104 Illepouna M.IIL., Kucenes H.H.
TIOJIIPUMETPH A B KAYECTBE ITOJIIEPXKKU CIIEKTPO®OTOMETPUYECKHUX UCCIIEJOBAHUI

105 Sryauna JI.A., My3adapos P.H.
KPUCTAJJIOXUMHNYECKHWE OCOBEHHOCTU TYPMAJIMHOB 13 KOJIJIEKIIUU
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XV Bceepoccuiickas HayuHas KoH(epeHIns « MUHEpaIbl: CTPOCHHE, CBOMCTBA, METOIBI HCCICAOBAHMU D) 9

KPACTAJUVIOXUMHUYECKHM ACIEKT «BJIOUYHOI' O» H30MOP®HN3MA B MUHEPAJIAX

Axcenos C.M.!?

I Jlabopamopust apkmuyeckol MUHEpaIo2uul u Mamepuaio8e0eHus,
@UL] KHI] PAH, Anamumul, Poccus, aks.crys@gmail.com
2 T'eonoeuueckuit uncmumym OUIL] KHIL] PAH, Anamumui, Poccus

['eTeponionudnpruyeckuii U «OJIOYHBIN» H30MOP-
¢usm [benos, 1976; Danian et al., 2002; AkceHOB U 11p.,
2023] B KpUCTANIUYECKUX CTPYKTYpaxX HOCTATOYHO
pactpocTpaneH B MuHepanoruu. [Ipu sTom nponcxoaut
3aMeIleHre KPYITHBIX MHOI0aTOMHBIX (hparMeHToB (0110-
KOB, LIETIEH WJIH CJIOEB), YTO MPUBOAUT K (HOPMUPOBAHUIO
MOZYJISIPHBIX CTPYKTYP [AKceHOB u np., 2023]. Hanboee
SIPKO TAHHOE SIBJICHHUE MOXKHO MTPOJAEMOHCTPUPOBATH Ha
puMepe OOLIMPHOTO CTPYKTYPHOTO CEMEHCTBA TUTAHO-
CHITMKATOB, B KOTOPBIX TiO, OKTas31pbl MOTYT 3aMELIATH
TETPadIPUIECKUE JMOPTOr Py IIIbI rpynnbl Thmna [Si,0.]
Uy Oosiee CI0XKHBIE IPYINHMPOBKU — Kojbua [Si,0,,]
[bemos, 1976; Danian et al., 2002; Akcenos u ap., 2023].

Kpucranoxumudeckoe poJcTBO CIOUCTBIX TUTAHO-
CHUJIMKATOB C MUHEpaJlaMH TpyIIIaMU CJIIOJ] BIEpBbIE
otMeTu akajemuk H.B. benoB, 3aMeHuB B TeTpaspuye-
ckoii (6')-ceTke "epes oxuH pankl [Si,O, ]-anopTorpynn
Ha TiO  OKTadIPBbI. B HacTos1iee Bpems peAacTaBUTENN
JTAHHOTO CTPYKTYPHOTO CEMEWCTBa Ha3hIBAIOTCA TeTe-
podummocumrkaramu [AKceHOB u 11p., 2023] mo aHao-
ruu ¢ Gpusuiocukatamu (CpyIina Ciakoia), a UX OCHOBHOMH
0COOCHHOCTEIO SBIISIOTCS Tpexclioitabie HOH-TIakeTHl,
KOTOPBIE COCTOST M3 BHEITHUX T€TEPOIIOIUIIPHISCKUX
H-ceTok, 00pazoBaHHbIE KPEMHEKUCIOPOIHBIMHU TETPa-
3IpaMH B MPEUMYIIECTBEHHO OKTa’ApaMu L-KaTHOHOB
(L — Ti, Nb, Fe, Zr), 1 BHyTpeHHEr0 OKTa3JpHIECKOTO
O cnos. O6uyto Gpopmyny takoro HOH-nakeTa MOKHO
3ammcarhb B BUJE: .

I'erepononmanpuueckas ceTka ¢ #=1 1 COOTHOIICHU-
em (LO,): (51,0,)=1:1 (B CTpyKTypax MUHEPAJIOB HA/I-
TPYTIIBI CeiiT03epuTa) MOXKET OBITH MOTY4YeHA HE TOIBKO
u3 (6')-ceTKH CIIOASHOro THIIA, HO Takke u3 (4'8")-ceTku
ano(MITUTOBOTO THUMA. DTO MO3BOJISIET paccMaTpHBaTh
reTepo(UILIOCHINKATH POJCTBEHHBIMH HE TOJBKO MH-
HepaJiaM TPYIIIEI CIIOI ¥ JPYTUM CMEIIaHHOCIOUCTHIM
MUHEpajM, HO TaK)Ke MPEACTaBUTENIM CEPHH POJIE3UTA.

Kpome Toro, (4'8')-ceTku amopuLIMTOBOTO THIIA
MOT'YT IIPETEPIIeBaTh 1 OoJiee CIOKHEIE TpaHCchopMaIuu
B ciy4ae, koraa yxe [Si, O, ]-Konbla 3amemaroTcs Ha
omunounsie TiO, okTasapel. OObENMHEHUE TAKUX CME-
IIaHHBIX CETOK MPUBOAUT K (HOPMHUPOBAHHIO KPUCTAIIIIH-
ueckol cTpyKTyphl MuHepana HapcapcykuTa Na, (Ti,Fe™)
[$1,0,,1(O,F). B ciy4ae, eciu [Si,0,,]-Konbla 3amMedaroTes
Ha ananornynsie [Ti,0 ]-konbla pyTHIOBOTO THIA, TO
00BbEIMHEHHE TAKUX THOPHUIHBIX CETOK MPUBENET K (Pop-
MHPOBAHUIO KPUCTATINYECKONH CTPYKTYphl OaoTHuTa
Ba,(Ti,Nb),Si,0,,Cl. Ilonnoe 3amemenue [Si,0,,]-Komer
Ha TiO, okTasApel NPUBENET K 00OPa30BaHUE OKTASIPH-
YECKOW CEeTKH, a X O0OBENNHEHNE — K CTPYKTYPHOMY
TUNy nepoBckuTa [benos, 1976].

Paboma evinonnena npu gpunancosoii nodoepoicke
PH® (Ne 20-77-10065-I1).
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O CJIOKHOCTH CUTHATYPHI HATYPAJIBHOI'O TAMJIMHTA

Bbanapy JI.A.

T'EOXU PAH, Mockea, Poccus, daria.a.banaru@gmail.com

[Tom TaIMHTOM MTOHUMAETCSI HOpMaJIbHOE (TPaHb
K TpaHH) pa30WeHne MPOCTPAHCTBA Ha TalJbl — 0000-
HIEHHBIC, He 0053aTENBHO BBITYKJIbIE TIONHUIAPHI, B KO-
TOPBIX Ka)KJasi BEpIIMHA HHIMACHTHA ABYM HJu Oojee
BEpIIMHAM, a TPAaHU MOTYT OBITh KPHUBOJIMHEHHBIMU
[Blatov, 2009]. BcsikoMy TaiJIMHTY COOTBETCTBYET HE-
KOTOpasi ceTKa, 00pa30BaHHAS BEPITHHAMH U PeOpaMH.
HaTypanbHbIM Ha3bIBalOT TaWJINHT, OTBEYAIOUIUH Clle-
JIYIOUTUM YCJIOBUSIM: CHMMETPHSI TallIMHTa COBIaAaeT
C CUMMETpPHEN COOTBETCTBYIOIICH €My CETKH; IpaHsIMU
Taiina sIBISIOTCS CHIIbHBIC KOJTbIA (LIMKJIBL, HE SBIISIOIN-
€Csl CYMMOM HECKOJIBKHMX LIUKJIOB MEHBIIIET0 pa3Mepa);
BCE CHJIbHBIE KOJIbLAa CETKH, KPOME IIPUHAJIECKAIINX
rpaHsaM, UMEIOT NiepeceueHusl, T.e. 00Ine BHyTpEHHHE
TOYKH; €CITH B COOTBETCTBUH C MIPEIBI Ty IIIUMH ITyHKTaMU
BO3MOXKHBI pa3Hble TAUINHTH, TO IIyTeM 00bEAMHEHUS
TalIo0B JPYT C APYTOM CTPOSAT OJUH TAWJIUHT. TakuMm
00pa3om, eciu AJ1sl AAHHOM CeTKU HAaTypabHBINA TAHINHT
CyIIECTBYET, TO TOJbKO oauH. [lonck HaTypaisbHOTrO
TaJIMHTa B O0IIEM cTydae HeTPUBHAJIEH, HO JOCTATOYHO
JTABHO peaJIn30BaH B IPOrpaMMHOM KoMIuiekce ToposPro
[Blatov et al., 2014].

KomOuHaTopHast CIOXXHOCTh UCIONB3YETCS B XU-
MHH KaK Mepa CI0KHOCTH MOJIEKYJISIPHBIX aHCaMOJIeH,
a B KpHCTauIorpaguu Kak Mepa CIOKHOCTH KPHCTa-
JUYECKHUX CTPYKTYP M XUMHUYECKHUX COCTaBOB [Sabirov
et al., 2021]. B manHo#1 paboTe pa3zpaboTaHa aaTuTHBHAS
MOJIeNTb pacyeTa KOMOMHATOPHO! (IISHHOHOBCKOH) CIIOX-
HOCTHU CUT'HATypPbl HATYypPaJabHOIO TalIUHTa, KOTOPBII
UCIIONIB3YIOT ISl OIMCAaHUS TOIOJIOTHYECKUX CBOMCTB
MHKPO- ¥ ME30IOPHUCTHIX MaTEPUAJIOB, HAIIPUMED, LICONIHU-
ToB. Jl11s pacyeTa CIOKHOCTH JAHHOTO BHJIa COCTaBJIECH
porpaMMHBIN Ko Ha s3bIke Python [bamapy, 2025].
Kon nporectupoBan A TallIMHIOB EOIUTHOTO THIIA,

00OHapy>keHbl KOPPEALUN PACCUMNTAHHON CIIOKHOCTH
CUTHATYpHI TAWJIWHTa ¥ KOMOMHATOPHOU CI0XHOCTH
MPOU3BOASIIEH TAUITUHT CTPYKTYPBHI.

Js pacyeTa KOMOMHATOPHOM CJIOKHOCTH CUTHATY PBI
HATYpaJbHOTO TAWIIMHTA HE TPEOYIOTCS CTPYKTYPHBIC
JTAHHBIE, a TOCTATOYHO CUTHATYphI TainuHra. [loaTomy
9TOT UH/EKC JIETKO HCIIOIb30BATh B 3KCIEPTHBIX CHCTE-
Max, He IPUBSI3aHHBIX HETIOCPENCTBEHHO K CTPYKTYPHBIM
JAHHBIM.

Aemop evipasicaem 21y00KYI0 NPUSHAMENbHOCY
ceoum konnezam A.M. banapy u C.M. Axcenosy 3a no-
MOWb U YeHHble 3aMeYanus, a MmaKdice KoaleKmugy
MeoicOynapoono2o HAYUHO20-UCCNEO08AMETbCKO20
YeHmpa no meopemuiecKkomy Mamepuailo8edeHuro
(e. Camapa, Poccus) 3a HayyHblll ceMuHap, 8 pe3yib-
mame KOmopo2o poounacs udes Hacmoswel pabomoi.

Paboma evinonnena 6 pamkax coczadanus
Hncmumyma zeoxumuu u anaiumuyeckou Xumuy UMeHu
B.U. Bepnaockozo (I'EOXHU PAH).
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OCAJKJIEHHME PbS(La,I) B BOTHOM CPEJIE:
TEPMOJAUHAMMYECKHITI AHAJINU3 U CUHTE3

Bacaaaes U./1.!, Mapkos B.®.'?

"'Vp®Y um. B.H. Exvyuna, Examepunbype, Poccus, ilyabasalaeff@yandex.ru
2 Vpanvckuit unemumym I'ocyoapemeennoii npomusonodcaproii cayscoor MUC Poccuu, Examepunbype, Poccus

Cynwstun ceuria (PbS, ranenur) mpencraBisieT co-
00l MepCreKTUBHBIA MOTYTPOBOIHUKOBEIN MaTepHal
¢ y3Koii 3anperénHoi 30H0# (~0,41 3B mpu koMHaTHOMI
TeMIeparype), MUPOKO HCIOIL3YEeMBIN B HHppaKpac-
HOW (POTOHHKE, TEPMOAIEKTPUKE U ceHCoprke. OqHUM
13 3((HEeKTUBHBIX CIIOCOOOB YIIPaBICHUS €r0 CTPYK-
TYPHBIMH U (PyHKIIHOHAJTFHBIMHU CBOMCTBaMHU SBIISIETCS
JIETUPOBAHKE PEAKO3EMEIbHBIMU DIIEMEHTAMHU U HOIOM
[MapkoB u zp., 2008]. B nanHoii pabote npeacTaricH
cuHTE3 TIeHOK PbS, merupoBannbeix manranom (La®")
u fiogom (I'), ¢ UCTIOTB30BaHUEM THAPOXHUMHUYECKOTO
MeTofia (XUMHUYECKOe ocaxkaeHne U3 pactsopa uiu CBD).

CunTes npoBoauics npu temmeparype 80 °C ¢ uc-
MOJIb30BaHUEM BOJHBIX PACTBOPOB alleTaTa CBUHIIA,
THUOMOYECBUHBI B KaUCCTBC UCTOUYHHKA CCPBI, HUTPATA
JaHTaHa ¥ HONHMJa aMMOHHUS B KauyeCTBE JIETHPYIO-
el 100aBKM, a TakKe aMMHaKa JJIs IMOAJCepKAHUS
Beicokoro pH. B kauecTBe mocTaBIIMKa JUTAaHA0B
ObLT moOaBiieH IUTPAT HATpUs. Peaknu MpoTeKan

0.8

0.6+

Omr,

0.4r

0.2}

0.0r

Puc. 1. AHanu3 107€BBIX KOHIIEHTpaIui
KOMIUTEKCHBIX HOHOB cBHHIA: | — Pb(OH)Cit*,
2 - PbCit,", 3 - PbCit,*, 4 — Pb(OH),*, 5 — Pb(OH),’

IpU KOHTponupyeMoM pH, BpeMeHHn u Temneparype
OCaXXJIEHUs, YTO 00EeCIeYynBaI0 XOPOILIYIO BOCIIPOU3-
BOJAUMOCTb PE3YJIBTATOB.

Pacuet noneBbIX KOHIIEHTpaUi KOMIUIEKCHBIX HOHOB
UTpaeT BXXHYIO POJIb IIPU TUIPOXUMHUYECKOM CUHTE3€E
MJICHOK CYJIb(pHaa CBUHIA, 0COOEHHO MPH JETHPOBA-
HUH JJAHTAaHOM. DTO 00YCIIOBJIEHO T€M, YTO B PACTBOPE
noHbl Pb** u La** MoryT o0pa30BbIBaTh yCTOHYMBEIC
KOMILJIEKCHI C Pa3IMYHBIMH JINTaHIaMu (Hampumep,
aMMHUaKOM, THAPOKCHU]I- U HOANI- NOHAMH), YTO CyLIe-
CTBEHHO BJIMSIET HA KUHETUKY U PABHOBECUE OCAXKICHUS.
be3 ydera 3THX mpoueccoB BOZMOYKHO JIHOO CIHUIIKOM
ObicTpoe BeimageHue PbS B ocanok, 4To NpuBEAET K He-
Ka4eCTBEHHBIM, PBIXJIBIM MJTM HEOTHOPOAHBIM IIJIEHKaM,
1100 MONHOE OTCYTCTBHE OCAXICHUS MPH HAJTUYWH,
Ka3aJ10Ch Obl, JOCTATOYHONW KOHLIEHTPALUU PEareHTOB.
IIpaBHIIBHBIN pacyeT MO3BOJISAET ONPENEIATh CKOPOCTh
BBICBOOOXJICHHSI HOHOB M3 KOMILJIEKCOB, 00ecreurnBas
MPOrHO3 POCTA KPUCTAJINTOB U (POPMUPOBAHUS TIIOT-
HBIX U OHOPOJHBIX ILICHOK.

AHanu3 107eBbIX KOHLIEHTPALUH [I0Ka3ajl IPEeBaIn-
pyIoIre KOMIUIEKCHbIE HOHBI cBUHIA: 1 — Pb(OH)Cit?,
2 — PbCit,”, 3 — PbCit,*, 4 — Pb(OH),*, 5 — Pb(OH),"
(puc. 1).
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10 mrons 2021 roma, mpumepro B 13:00 mo mecTHO-
MY BPEMEHH, B CEIbCKOM pailone PamoH-ne-nac-Aryac
B nipoBuHIMYN CaHThsiro-1e-Ky0a 0110 3aduKcpoBaHO
majeHne MeTeoputa. Macca oOHapykeHHOTO (ppar-
MEHTa METEOpHTa COCTaBUIIa 2.7 KT, a €ro pa3Mepsl
13.7x12.9%x9.8 cm [Cobas Torres et. al., 2022; Garcia J.,
2022; Jaimez Salgado et. al., 2023]. O6pa3zen umeeT
rpy00 OKpyIy1o GopMy, TOBEPXHOCTD MOKPHITa TEMHON
KOpOWi TUUIaBJICHUS, BHYTPEHHSSI 4aCTh UMEET CBETIIO-
CepbIi 1IBET.

MeTeopuT COCTOUT U3 MEePEeKPUCTAIIIN30BAHHOM
Matpuilsl 1 XoHIpP (30 00.%). XoHIAPHE UMEIOT Cl1ado
BbIpa)KEHHbIE T'paHUlIbl. MUHEpaIBHBINA COCTaB METEO-
pura: onmuBuH Fa . (N=13), opronupoxcen En_ .
FS2].0tO.6WOI 4402 (N=11), knuHOnMHMpoOKCceH En47.4i:().lF S

W045.1 +0.3 (N - 4)’ I171aruoKjIa3 An1142i0.4Ab83.3i1400r5.4i1A2
(N=8), XpOMHUT, anaTuT, MEPPHILIHUT, TPOUIUT, KAMACHUT
(Ni 5.9£0.3mac.%, Co 2.0+0.1 mac.%, N=7), TOHUT
(Ni 23-33 mac.%), TeTpaTd HUT. MeTeOpUT HeCeT CIe bl
yIapHBIX peoOpa3zoBanuii (S2), B HEM BCTpEUEHBI pac-
TIJIaBHBIE MPOKUIIKU U XPOMUT-IUIArHOKIIa30BbIe 060C0-
OreHus1, pa3MepoM 10 60 MKM, COCTOSIIIHE U3 OKPYTIIBIX 1
M30MEeTPHYHBIX 3epeH XpoMuta (0.5-3 MKM), OKpy>KEHHBIX
TUTarHOKJIA30M MJTH CTEKJIOM TUIArMOKJIA30BOI'0 COCTABA.
Crnenbl 3eMHOTO BBIBETPHUBAHUS MPAKTHYESCKU OTCYT-
ctBytot (WO0). Ilneccut, COCTOMT U3 TOHKO3EPHUCTOTO
cpacranust kamacuta (Ni 3.3-3.8 mac.%) u TeTpaT>HUT
(Ni 49-54 mac.%), ciaraeT 30HBI B 3€pHaX MeTajia,
MPEUMYIIECTBEHHO TOHUTA. B onuBUHE Habmoma0TCs
MHOT'OYUCJIICHHBIC YIJIUMHCHHBIC HCTIOYKHU U HGGOHBIHI/IG
CKOTUTCHHS OKPYTIIBIX M YTJIOBATHIX BKIIOUCHHI TOHUTA
(Ni 14,4-18,0 mac%, Co no 1,6 mac%). B meTeopure
oOHapy>KeHa caMOpOJIHasi MeJlb, IpeCTaBlICHHAS 3eP-

7.5+0.3

Hamu nuaMeTpom A0 0,1 MM C HEpOBHBIMU TpaHUTIAMH,
B OCHOBHOM BCTpevaromiasics Ha rpanunax 3epeH Fe-Ni-
MeTaJia ¥ TPOWIIHNTA.

OOmuii >MeMeHTHHBIH cocTaB meTeopura Fe
51.309+0.075%, Si 25.467+0.073 %, Mg 10.613+0.086%,
Ca 5.084+0.029%, Al12.581+0.037%, S 1.490+0.011 %,
Ni 1.269+0.018 %, Mn 0.781+0.012%, Cr 0.619+0.010%,
K 0.330+£0.013%, P 0.278+0.011 %, Cu 0.179+0.011 %,
[Jaimez Salgado et. al., 2023]. MeteopuT ki1accuduiiu-
poBaH Kak 00bIKHOBeHHBIH XOoHAPUT L6S2WO [Cobas
Torres et. Al., 2022; Garcia J., 2022; Jaimez Salgado
et. al., 2023].

Paboma evinonnena npu noodepoicke Munobpuayxu
P® ¢ pamkax Ilpoecpammer pazsumus Yp@Y 6 coom-
eemcmeuu ¢ npozpammoti «IIpuopumem-2030»
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OBOTAIIIEHUE KAJIMEM B BOTATBIX KPEMHE3EMOM KOMIIOHEHTAX (SRC)
U B AKKPEIITHIOHHON KAUME Ca-Al-BKJJFOUEHHUH (CAls) B XOHJIPUTAX
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TyromnaBkue 6orateie Ca u Al Bximrouenuit (CAls)
BCTPEUAIOTCS B PA3IMYHBIX KJIACCAX HEPABHOBECHBIX XOH-
JIPUTOB, PEUMYILIECTBEHHO B YITUCTHIX XoHApHUTaX (CC)
Y CYHUTAIOTCS Hanbosee paHHUMH MHUHEPaIbHBIMHA 00-
pa30BaHMSIMH B IPOTOCOTHEYHOU HeOyIte. O0oralieHHbIe
kpeMuezeMoM komnoHeHTH (SRC), kak mpaBuiio, BcTpe-
YaroTCs B BUJE XOHP U UX ()parMEHTOB B MaTPHUIIE XOH-
npuToB. B ux cocrase Bcrpeyarorcs paser SiO, (Tpuan-
MUT, KPUCTOOAJIUT, KBApIT), TUPOKCEH, OJIUBUH, TIOJICBOM
ImaT, MEpPUXBIONT, MeTa U T. 4. [Brigham et al., 1986,
Hezel et al., 2006, Dugushkina et al., 2023, u ap.]. SRC
SIBIITFOTCSL OOIIMM KOMITOHEHTOM JIJIS pa3HbIX KJIACCOB
XOHJPUTOB, OJHAKO Mpeobiamaromasi uxX 0Nl BCTpe-
YaeTCs B HEPABHOBECHBIX OOBIKHOBEHHBIX XOHAPUTAX
(UOC). Hamu ycranorieno oboramienue kanvem SRC
B MeTeopuTe Shinejinst (H4) n akkpenmoHHOW KaitMbI
B CAls B meTeopute Kauncasz (CO3.2).

N3yuenue meteoputoB mpooauiochk B IIKII
«l'eoananutux» UI'T ¥YpO PAH (ExatepunOypr) c
MIOMOUIBI0 CKAHUPYIOMIETO 3JIEKTPOHHOTO MUKPOCKOIA
Tescan MIRA LMS, ocnamennoro 3JIC mpucTtaBkoit
EDS X-max 80 u IO (EBSD) nprctaBkoii NordlysNano.

B meteopute Kauncas 0b110 00HApPYIKEHO OKpPY-
rioe BkiroueHne CAls nmamerpom 200 MKM, OKpYKEH-
HOE TOHKO3EPHUCTON aKKpPEUUOHHOW KailMOW MOIIHO-
CTBIO 5—8 MKM U peakIIMOHHON MUPOKCEHOBOM KaiiMoit
(5—7mxm). B akkpenrioHHOH KaiimMe HaOoaaeTcs 000-
ramenne K, O no 3.4mac.%, 4ro B ~50 pas Beime co-
nepxanud kanus B Cl xoHapuTax.

B meteopure Shinejinst (H4) yctaHoBiieHO BKITIOUe-
Hue SRC, mpeacTaBiaeHHOE 00JIOMKOM XOHAPHI pa3MepoM
100 MxM, cocTosiiee U3 KIMHOIHCTATUTA ¢ KailMaMu
KaJIbIIMEBOT0 MMUPOKCEHA, KPUCTOOAINTA U CTEKJIa B Me-
3octasuce. B otnwune ot psaga npyrux SRC B crekie

B JAHHOM BKJIIOYEHUHU HAOIIOAAIOTCS NMOBBIIICHHBIE
COZIEPKAHUS KZO 1o 4.0mac.%.

B npoToconHeuHoit HeOyIte Kanuii SBIseTCs yMEpeH-
HO JIETY4YUM KOMIIOHEHTOM, TaK e KaK U KPeMHUH, U,
KaK IPaBUJIO, HE BCTPEYaeTCsl B OONBLINX KOHLEHTpa-
[USIX B KOMIIOHEHTaX XOHAPUTOB. OOoramieHrue Kaauem
otaensHbIX SRC HakIaAbIBaeT AOMOIHUTENIBHBIE OTPa-
HU4eHHs Ha mozeu popmuposanus SRC. OGoramieHne
KajnueMm akkpenunoHHoil kaiimbl CAls B MeTeopute
KaunHcas MOXXeT CBUIAETEIbCTBOBATH O B3aUMOCBSI3H
¢ popmupoBanuem SRC.

Paboma svinonanena npu noodepoicke Munobpnayxu
P® ¢ pamkax Ilpoepammer pazsumus YpDY 6 coom-
eemcmeuu ¢ npoepammot «lIpuopumem-2030».
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METACTABHJIBHOCTB KOCTHOI'O ATTATHUTA
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KocTHast TkaHb 3TO IPpUPOAHBINA OpraHOMUHEPAJIb-
HBI KOMIIO3UTHBIN Marepuai. OpraHudecKkasi COCTaBIIs-
I0IIas TIpeJicTaBlieHa, B OCHOBHOM, KoJuTareHoM ((puOpwii-
JSIPHBIA 0€JI0K), a MuHepanbHas armatutoM [LeGeros,
LeGeros 1993]. Anatut B KOCTHOW TKaHH (HOPMHUPYET
TabnuTYaThie 00pa30BaHUSs, KOTOPEIE GopMHUpPYIOTCS
KaK B 30HaX pa3pbIBOB KOJUIATEHOBHIX GpubOpwit (MHDU-
OpHIISIpHBIE), TAK U CHApPY>KU KOJIJIAr€HOBHIX (pruOput
(oxcTpadubpuisipusie) [Hamed et al., 2012].

DKCTpaduOpHIIsIpHBIE TA0TUTIATHIC 00pa30BaHUS B
KOCTH, IPEACTABJICHBI TOTUKPUCTAIIMIECKUM arperaroM
OJIOYHOTO CTPOEHHUSI, TIe KaXKIbli OJIOK XapaKTepu3sy-
eTCs pa3UYHOM OpHUEHTALlMEH OCH C JIEMEHTapHOMI
sueiiku anatuta [bubko u ap., 2024]. [Tomumo 3Toro,
MOJMKPHUCTAJUITMYECKUE arperarhl yIIaKoBaHbl B MaUKH,
a MPOCTPAHCTBO MEXKy arperaTamMu 3aroTHEHO HOHAMHU
uutpara [Pang, Schwarcz, Jasuik, 2021].

Cy1mecTByeT MHCHHE, UTO allaTUT CTAOMIICH TOIBKO
B MOJIOOHOI OpraHOMHHEPATBHON CTPYKTYpE, a CTabu-
JU3ALHS TPOUCXOIUT UCKITIOUUTENBHO 3a CUET OPTraHu-
yeckux coennHenui [Shah, 2025]. B cnyuae ynanenus
OpraHUYecKoro MaTepuala, HacTylaeT Ipolecc nepe-
KpUCTAJITU3alMH, IOAOOHBIN MpoleccaM MpH 3aX0po-
HEHUU KOCTEM.

UroOBI 3TO TPOBEPUTH OBLIT TPOBEAEH SKCIIEPHMEHT.
BenpenHbIe KOCTH KPBIC HATPEBAITUCH B IUATIA30HE TEM-
niepatyp 50—400 °C ¢ mrarom 50 °C 1 [y TENTBHOCTBIO Ha-
rpesa 2 gaca. [loce 3Toro koctu uctupaiuck. Ilomosnaa
KOCTHOW TKaHH UCTIOIH30BaIach JJIs 3aIACH CIIEKTPOB
FT-IR B auamazone 400—4000cm!. JIpyras monoBuHa
WCTIONH30BAJIACh IJIA IOy YeHNS TU(PPaKTOrpaMM B Tra-
nazone 24—46 20. beio 3adukcupoBaHo, yBEITHUCHHE
obmacreit korepentHoro paccesaust (002) u (310) npu

Harpese mocie 300 °C. Orta ke TemnepaTrypHas rpa-
HUIIa XapaKTepHa JJIsi YMEHBIICHUS] HHTCHCUBHOCTEH
MUKOB OPraHMYeCKUX coenuHeHu. Takum oOpa3zom
TEMITEPATYPHBIM BO3JEHCTBHEM 3aITyCKAETCs MPOIIEeCC
MEePEeKPUCTATIIU3AIUHN TIPU yAAJICHUU OPraHUYEeCKUX
COGI[I/IHCHI/IfI, YTO YKa3bIBaCT Ha MeTaCTa6I/IHBHOCTI>
arnaTuTa B KOCTHOM TKaHH.

Hccenedosanus 6uinonneHvl 6 pamkax 20c3a0anus
MUHUCMEPCMEA HAYKU U gblcie2o obpazoganus P®
(npoexm Ne FSWM-2025-0015).
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HOJTYOMIIMPUYECKOE MOJAEJIMPOBAHUE CTPYKTYPHI,
TEPMOIAMHAMMUYECKHUX U YIIPYTUX CBOMCTB MOHAIIUTO-
IHOAOBHbIX MHOI'OKOMITIOHEHTHBIX OPTO®OC®ATOB P39

Bbornanosa JI. U., lllanosa 1O. B.

Hncmumym eeonocuu u ceoxumuu ¥YpO PAH, Examepunbype, Poccus,
bogdanovalouisa@gmail.com

Docdarsl peaKo3eMETbHBIX EMEHTOB CO CTPYKTYPOH
MOHAIIMTa XapaKTEPU3YyIOTCA MEXaHUUYECKOW MPOYHO-
CThIO, TEPMUYECKOU, XMMUYECKOM, pajMallMOHHOMN CTa-
OUJIBHOCTBIO U MEPCHEKTUBHBI 7151 KOHCTPYKIIMOHHBIX
(TepMoOapsepHbIe MOKPHITUST) U SACPHBIX MPHIIOKEHUH.
Oco0bIii HHTEPEC MPEACTABIISIIOT MHOTOKOMITOHEHTHBIC
TBEPIIbIE PACTBOPBI C MOBBILICHHOH KOH(PUTYPALIMOHHOM
SHTPONUEH, BapbHPOBAHKUE KOTOPOM 1AET IOMOIHUTEIbHBIN
WHCTPYMEHT HOACTPONHKH (YHKIIMOHAIBHBIX CBOUCTB.
J1n1s1 ycTaHOBJIGHUSI BIMSIHUSI XUMHYECKOT'O COCTaBa MHOIO-
KOMIIOHEHTHBIX ()OC(aTOB HA UX CTPYKTYPY M CBOKMCTBA
HEPCHEKTUBHO IPUMEHEHHUE MOy 3MITMPUIECKOr0 aTOMH-
CTHYECKOr0 MOJCTMPOBAHUS, OCHOBAHHOIO HA MUHHMH3a-
LIIY SHEPTUH CHCTEMBI C HCTIONTB30BaHUEM ITPEIBAPUTEIIEHO
ONTHMHU3UPOBAHHOTO HA0Opa MOTEHINAIOB MEKATOMHBIX
B3auMozeiicTeuil [ Ypycos, Epemun, 1999].

B Hacrostieii paboTe BBHINOTHEHBI PACYETHI CTPYK-
TYpBI ¥ CBOHCTB 071HO- (Ln.PO,) 1 IATMKOMIIOHEHTHBIX

140 4
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1104
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WoHHbI paguyc (A)
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Puc. 1. PacuérHble 3HaU€HHST MOJYJIsl BCECTOPOHHETO
cxarus (1), Mmonyns cnBura (2) u xonedarenbHON
SHTpONHUH (3) OAHOKOMIIOHEHTHBIX (YEpHBIE CHMBOJIBI)

Y MHOT'OKOMITOHEHTHBIX (KpacHble CUMBOIIBI) ocdaron
B CPAaBHEHHH C IKCIIEPUMEHTAJIbHBIMU JAHHBIMU
(He3aMMTHIE CUMBOJIBI) B 3aBUCMOCTH OT HOHHOTO pajuyca
P33 (ay151 MHOTOKOMIIOHEHTHBIX — CPEJIHET0 pajuyca)

((XLn,),PO,) opToochaToB MOHOKIHHHOM CTPYKTYPbI
(np. 2p. P2 /n), tne Ln = La, Ce, Pr, Nd, Sm, Gd, Dy, ¢ uc-
noJTs30BaHKeM TiporpammHoro naketa GULP [Gale,Rohl,
2003] n Habopa TpaHchepadeTbHBIX MEKaTOMHBIX TIOTEH-
nuanos Ln-O u P-O, nonyvenHoro B padorax [Epemun
u ap., 2017; Eremin et al., 2019]. s co3manus HEyIO-
PSIOYEHHOTO pacHpenesieHHs] KATHOHOB 10 HO3ULUSM
ucronb3oBana nporpamma BINAR [Epemun u nip., 2008].
BeironHeHHbIE pacyeTs MOKa3aJInd CUCTEMATHUECKUE
OTJIMYMS TEPMOAMHAMHUYECKUX U yOPYTHUX CBOMCTB
MHOTOKOMITOHEHTHBIX OpTO(oc(haTOB OT TAKOBBIX IS
OIHOKOMIIOHEHTHBIX (puc. 1) mpu coxpaHeHNH OCHOBHBIX
XapaKTEPUCTUK CTPYKTYPbL. Pe3ysbTaTsl MogenupoBaHus
BOCTPEOOBaHbI JIJIsl HHTEPIPETAIIMN SKCTICPUMEHTATBHBIX
JAHHBIX KOJIe0ATEeITEHOM CIIEKTPOCKOITMH U Pa3pab0TKH
¢u3nUecKux MozieJiel AIMHAMUKH PEHICTKH B YCIOBUAX
TIOBBIIIIEHHON KOH(PHUTYPAIIMOHHOMN SHTPOIHH.
Paboma ewinonuena 6 pamxax I'ocyoapcmeennozo
sao0anus UI'T YpO PAH no meme Ne 124020300057-6.
Aemopul evipaxcaiom 6aacodaprocmv H.H. Epemuny
3a npedocmasaenue 00CMyna K npoSPAMMHOMY NAKemy
BINAR u E.W. Mapuenko 3a none3mvie KOHCYIbmMayuu.
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CTPYKTYPA U KOJIEBATEJIbHBIE CBOMCTBA
HOEINOYEYHBIX PPAI'MEHTOB HAHOYIVIEPOJA
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[Ipu curTese JILY (MuHEHHOTO MEMTOYETHOTO yTJIe-
pO/la) BOZHHUKAET CIOXHOCTh C UIIeHTU(DUKAIIHEH TIO-
JyyaeMoro Marepuana. HecMoTps Ha TO, UTO METOA
KoMOmHaImoHHOTO paccesaus ceera (KPC) mo3sonser
BBISIBIIATH YTJIEPOIHBIC LIETIOUKH U OIPECIATh UX Mapa-
meTpsl [Ferrari et al., 2004], cnektp KPC nnenok JIL[Y
3aMETHO OTJIMYAETCS OT CIIEKTPA OTEIIBHBIX YIIIEPOIHBIX
neroyek [Buntov et al., 2017]. Otu paznnuus oOyciosie-
HBI TPOSIBJICHHEM KYJIOHOBCKHX U BaH-IE€P-BaalbCOBBIX
B3aUMOJIEMCTBUM MEXYy LENsIMU BHYTPH MaccCHUBa.
JIluauM B cEKTpe 3HAUUTEIBHO PACHIUPAIOTCS, YTO
YCIIO)KHSIET UX MHTEPIPETAINIO B KOHTEKCTE MPOCTHIX
CTPYKTYPHBIX MozelieH, npeaioxeHHbix M.b. ['yceBoit
u B.I. baGaeBrim [Babaev et al., 1999]. Bo3amoxxHbIMU
OOBSICHEHUSIMH TAKOTO HECOOTBETCTBHS MOT'YT CITY>KUTh
HEYYTEHHBIE aCIEKThI, TAKUE KaK BIUSIHUE MOJJIOKKH,
MPUCYTCTBHE IPUMECHBIX aTOMOB M YPOBEHb CTPYKTYP-
HOTO Oecrmopsiaka.

B nanHoif paboTe mpensoxkeHa yCOBEPIICHCTBO-
BaHHas CTPYKTypHas Mozenb niueHku JILY Ha mennoin
TIOJIJTOJKKE, TIOCJIE YET0 MPOBEACHO CPaBHEHHE dKCIIEPH-
MEHTAJIBHOTO ¥ TEOPETUIECKOI0 CIIEKTPOB KOMOMHAIIH-
OHHOT'O paccesHuUs.

PacdeTHbIe cieKTpbl KOMOMHAITIOHHOTO PACCESTHHS
ctpyktyp JILIY Ha MenHON MOAJI0XKKE MPUBEACHBI HA
puc. 1. JIns cpaBHEHUS MPUBEIEH 3KCIIEPUMEHTaJIbHBIN
CIIEKTP HAaHOKOMNO3UTHOH muieHku JIIY, cuHTe3upo-
BAHHOW Ha MONUKPUCTAIIIMYECKON METHON MOJJIOKKE.
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Puc. 1. CpaBHeHME 3KCIIEpUMEHTAIbHBIX
W pacyeTHBIX CIIEKTPOB yTJIIEPOIHBIX
Lernoyex Ha nosepxHoctu meau (111)
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MUHEPAJIOT'USA AMMOHNUA B BEHLIECTBE IIOSACA ACTEPOU/10OB

Bputeuu C.H.!, UBanoa M.A.2, Kp:kuskanosckas M.I.!, Boakosa N.A.!, Bepemaruu O.C.!

! Canxm-Ilemepoypeckuii cocyoapcmeennuiii ynugepcumem, Cankm-Ilemep6ype, Poccus, sergei.britvin@spbu.ru
2 Unemumym eeoxumuu u anarumuyeckou xumuu um. B.U. Bepnaockoeo Poccutickoil
axaoemuu Hayx (I'EOXH PAH), Examepun6ype, Poccus, meteorite2000@mail.ru

A3OT OTHOCHTCSA K HanOoJee OMOIOTHYeCKH 3HAYH-
MBIM 3JIEMEHTaM, U BBISICHEHHE MyTeH ero SBONIOIUN
B KOCMHYECKOM BEILIECTBE SIBISIETCI BaXXKHOU 3ajadeil
COBpEMEHHOW KOCMOXHMHUH U MJIaHETOJIOTHH. AMMHAaK
Y €r0 IPOTOHHPOBaHHAs (hopMa — aAMMOHHH, TPOCTEM-
IIIUe HOCUTEIN HU3KOBAJIICHTHOTO a30Ta, CUMTAIOTCS
pacmpocTpaHeHHBIMH KOMIIOHEHTaMH BEIECTBA XO-
nmonHbiX obnacteit ComneuHoit cucrtems [Pizzarello
and Williams, 2012; Poch et al., 2020]. OgHako 3HaHHSs
YeJIOBeKa O MUHEPAJIOTHYECKOH CIIeIaIn3allii KOCMH-
YEeCKOr0 aMMOHHS JIO TIOCJIEHETO BPEeMEHU OCHOBBIBA-
JIUCh Ha CHEKTPOCKOMUYECKUX JAHHBIX, IMOJIYUYCHHBIX
acTpoduznyeckuMu MetTofgaMu. HenaBHee oOHapy keHne
noporpabnenoura NH MgCl, « 6H,0 B cocTase 1yHHOro
peronuta [Jin et al., 2024] noka3aio, 4To MUHEPAJIOT U
aMMOHHSI B KOCMHUYECKOM BEIIECTBE MOXKET ITPUHIIUITH-
allbHO OTJIMYATHCS OT paHee MPEJIOKEHHBIX MOJIENEH,
OCHOBaHHBIX Ha YJaJICHHOM CIIEKTPOCKOITMYESCKOM 30H-
JIMPOBaHUH.

B npenaraemom fokaje Mbl IPUBOAUM IIEPBBIE Pe-
3yJILTaThl UCCIICIOBAHUI MHUHEPAJIOB aMMOHHS B COCTaBE
BEI[ECTBA YTIAUCTHIX XOHAPHUTOB — MPSMBIX aHAIIOTOB
YIIIUCTHIX acTepouioB kiacca «Cy». [Tomumo HUKeETH-
croro Oyccenrorura (NH,),(Mg,Ni)(SO,),*6H,O [Britvin
et al., 2024], Hamu BIepBBIC OTKPHITHI aCCOITHAITIH BO-
JTHBIX CHJIMKATOB KaJIBIUS M aMMOHHSI, CBHJIETEIHCTBY-
IOIIUE O TPOTCKAaHUU WHTEHCUBHBIX THIPOTEPMAbHBIX

MIPOIIECCOB B POAMTENBCKUX TeJlaX YIJIHCTHIX aCTEPOHIOB.
[onyueHnHble pe3ynbTaThl CBUIAETEIBCTBYIOT O TOM, YTO
crenuanu3anusg aMMOHUS B KOCMHUYECKOM BEIIECTBE
CYIIECTBEHHO OTIIMYAETCS OT TeX MOZECIIEH, KOTOPHIE
Mpeaiaraiuch paHee Ha ocHOBe auctanimonHon MK-
CIIEKTPOCKOIHH.

Paboma svinonnena 3a cuem epanma Poccuiickozo
Hayunoeo gonoa Ne 24-17-00228.
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METAJUIOTPAOUYECKHUE CKOPOCTH OXJIAKIAEHUA METEOPUTOB

bpycauusina E.B., I'poxoBckuii B.H.

Ypanvcxuii pedepanvuwiii ynusepcumem,

MeTteoputbl Coliepxkar 3al1Ch CaMbIX pAHHUX CTaIUM
(hopMHpOBaHUS IIaHETe3UMaIeH 1 TutaHeT B COTHEYHOM
cucteme. MeTajnnueckast CTPYKTypa MOXKET [TOMOYb
pacuudpoBarh 3Ty 3anuch. Ecu muraHeTe3nMany moj-
BEPrajych pa3orpeBy, TO 4YeM OO0JIbLIE pa3Mephbl TBEPAOrO
Tena, TeM OOJbIle BpeMEHHU TPeOOBaIOCh AJISl €ro OXJIaX-
neHns. B jxxene3HsIx MeTeopuTax (opMHUpPYyeTCs: XOpOIIo
W3BECTHAsI BUAMAHIITETTEHOBA CTPYKTypa — KpUCTa-
norpaduyeckd OpUCHTUPOBAHHBIC IACTUHBI KAMAacUTa
B TOHUTE. MeTautorpaduyeckre CKOPOCTH OXJIaXACHUS
JKEJIE3HBIX METEOPUTOB MOXKHO OINPEAETUTD, HCIIOIb3YS
KOMITBIOTEPHY0 MOJIEJTh POCTA IIACTHH KaMacUTa B T3-
HHTE, KOHIICHTPAITMOHHBIC TTPOGHIN M0 Ni, CKOPOCTH
i dysun Ni B Fe 1 paBHOBECHBIE MUHEpAIIBI ITPU TEMIIE-
patype 800—400 °C. [lanrast Moaenb ObLIa IIPeIoKeHa
Bynom [Wood, 1964] 1 MHOTOKpaTHO yTOUHSIACK.

Taxoke CKOPOCTh OXJIAXKIEHHSI BOSMOXKHO OIPEIETUTD
MO pa3Mepy BBICOKOHHMKENIEBBIX YACTHUI] TETPATIHHUTA,
B CTPYKType OOIauyHOI 30HBI, KOTOpast (popmMupyercs
B pe3yJibTaTe CMHOoJalbHOro pacnana Huxke 400 °C
[Yang et al., 1997]. YcTaHOoBIEHO, 4TO YeM OOJbIIe
pa3Mep BBICOKOHMKEIEBBIX YaCTHI] TETPATIHUTA B 00-
JIaYHOU 30HE, TEM HIKE MeTaJulorpaduyeckas CKOpocTh
OXJIAXKJICHUS. B COOTBETCTBHH C 3TUM METOJIOM OBLIH
TOTYYEeHBI 3aBUCHMOCTH CKOPOCTEH OXJIaXKIEHUS OT pas-
Mepa BBICOKOHUKEIJIEBBIX YACTHIL JIJIS1 Pa3JINYHBIX THIIOB
XKene3HbIx MeTeopuToB [Goldstein et al., 2009] u s
o6brxHOBeHHBIX H-xoHApuTOB [Scott et al., 2014].

C NMoMOIIbI0 JaHHBIX, TOTYYEHHBIX U3 METaJlIO-
rpadUUeCcKuX CKOPOCTEH OXJIAXKICHUS aBTOPHI paObOTHI
[Yang et al., 2007] npuuuin K BEIBOZLY, YTO POAUTENBCKOE
TEJIO JKEJIE3HBIX METeOpUTOB Ipymiisl [VA oOpa3oBanock
B pe3yJbTaTe KaracTpopUIecKoro CTOITKHOBEHUS TIPO-
TOIIaHETHI pa3MepoM ¢ JIyny unn Mapc ~4,5 mapz aer
Ha3a/1 ¥ OXJIaKJaJ0Ch 0e3 CUIIMKAaTHON MaHTHH. Pa3mep

Examepunbype, Poccus, jeka bru@list.ru

Tena coctaBuil 0kosio 300 KM. AHaJIOrM4YHbIE TPOLECCH
Mo (HOPMHUPOBATH M JPYTUE TPYIIIIBI KEJICIHBIX Me-
teoputoB (IIAB, IIIAB, IVB). B nannoii paboTe Oblin
OTIpeeNieHbl METaJUIOTpaQUUECKHe CKOPOCTH OXJIAXKIe-
HUS TI0 pa3Mepy BRICOKOHUKENIEBBIX YACTHII TETPATIHUTA
B oOnaunoi 30He B: Uensounck (LLS), Arnam (HS),
Calama 009 (L6), Ceitmuan (PMG), Vaca Muerta (Al).
Hccneoosanue vlnonneno npu ouHancoeotl noo-
Odeparcke Munucmepcmea HaAyKu u 8vicuieco oopasosa-
Hus Poccuiickoii @edepayuu 6 pamxax Ilpoepammul
pazsumus Yp®@Y 6 coomeemcmauu ¢ npoepammoll
«Ipuopumem-2030» u npoexm NeFEUZ-2023-0014.
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BJIUAHUE XUMHNYECKOI'O OKPYKEHUA
HA PEHTTEHOOMUCCHUOHHBIE CIIEKTPBI S K y CEPBI

Byaaros B.A.!, 3amaTun JI.A.', Yapeen [[.A.>

"UIT YpO PAH, Examepunbype, Poccus, viadislavtalica@gmail.com
2 UOM PAH, Yepnozonoska, Poccus

[Nonoxxenue n popma peHTT€HOIMUCCHOHHBIX CIIEK-
TPOB B 00IACTH THHUHK S K ONPE/ICIACTCS COCTOAHHEM
XUMHUYECKON CBSI3M U 3aBHCUT OT CTEIIEHU OKHCICHUS
CepBI, XUMHYECKOTO COCTaBa M KPUCTAIITMIECKOH CTPYK-
TYpHI COeIMHEHUA. B criekTpe mposBIsAIOTCS HaKJa-
JBIBAIOLIUECS CATEeITUTHBIC JTUHUU, 00YCIOBICHHBIC
MHOTOKPAaTHOW MOHHM3AINeH, 0OMEHHBIM B3aUMOJIEH-
cTBUeM, 3QdexToM OxKe U BIUSIHUEM MOJIEKYIISIPHBIX
opburarneii [Zhao et al., 2022]. 3aKOHOMEPHOCTH BapH-
anuu (OpPMBI IMHUU MOTYT OBITh UCTIOJIB30BAHBI IS
MOJTyYEHHUsI JaHHBIX O COCTOSHHHM XMMHYECKOH CBSI3U
COCIIMHEHUS ¢ MUKPOHHOH JIOKAJbHOCTBIO U BOCCTa-
HOBJICHUSA M3MEHEHHUH YCJIOBHU pocTa KpHUCTajja B
re0JIOTHYECKUX MM TabopaTOpHBIX ycioBusx. Llens
paboThl — aHau3 GopMbl TUHUN S K 4B 3aBUCHMOCTH
OT XHMHUYECKOTO COCTaBa M CTPYKTYPHl COeNMHEHUH
Ha OCHOBE CEpBHI.

ONeKTPOHHO-30H10BbIN MUKpoaHaiu3 (O3MA) BbI-
rostHeH Ha Cameca SX100 ¢ HCTIOIB30BaHUEM KPHCTAII-
na-aHanuszatopa LPET. CnekTpsl peructpupoBainch
B auamnasone 2.4—2.54 k3B (600 Touek) mpu 100 HA B Te-
geane 30 MuayT (5 akkymymnsanuid). COeKTpsl TUHUH
S-KB, 5, S-Kp" n S-Kp"" mony4ens B munepanax FeS,
u CuFeS , B CHHTETHYECKHMX CyIb(pUIaX METAIIOB
CsFeS,, Ag.FeS, Ag S, CsInS,, RbInS,, KIn S, SmS,,
NaGdS,. Kpucranbl cyabpu10B CAHTE3UPOBAHbI Ty TEM
MEePEKPUCTAIUIM3AIIH IIUXTHI B PACIIaBaX TaJOTeHUIOB
IEeJIOYHBIX METAJJIOB B YCIIOBHH CTAIIHOHAPHOTO TEMIIE-
parypaoro rpaguenta [Chareev et al., 2016].

B Hacrositiei paboTe moay4YeHbl SMUCCHOHHBIE CTIEK-
Tphl S-K 3 MpupOAHBIX B CHHTE3UPOBAHHBIX CYITHMUIOB
(puc. 1), BEIMOIHEH aHATIHU3 BapHALIIH (POPMBI U MIOJIOXKE-

VIHTEHCWBHOCTb, OTH. ea.

245 2.455 2.46 2.465 2.47 2.475 2.48
3Heprua, keV

Puc. 1. PeHTreHoBCK1I SMUCCHOHHBIN CIEKTP
S KB cynspumos FeS, (1), CuFeS, (2), KIn,S,
(3), CsIn,S, (4), NaGdS, (5), Ag,FeS, (6)

HUSA TAHUHA S—K,B1 ;» B TOM YHCIIE CaTEJUIMTHBIX JIMHUH
S-Kf" u S-Kf"”, paccMOTpeHO BIUSHHE MaTPUUHBIX

3 PEKTOB OT HEMEHTOB XHMMHUYECKOTO OKPYKECHUS.

Paboma evinonnena 6 pamxax I'ocyoapcmeennozo
sadanus UI'T YpO PAH Nel24020300057-6 ¢ L{KII
«l'eoananumurxy UI'T YpO PAH.
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OCOBEHHOCTHT MOAYJISPHOTO CTPOEHHSI HOBOI'O Ga-, Ge-
MPEJICTABATEJSI CTPYKTYPHOI'O CEMEVMCTBA JTBIOMOPTHLEPUTA
C OBLLE ®OPMYJION Al[(ALGa),0],[(Si*,Ge*)0,],(BO,)

BaiitueBa I0.A.!, CerkoBa T.B.2, CiimBak A.B.2, Akcenos C.M."?

! Jlabopamopus apkmuuecKoi MUHepaiocuy u Mamepuailosedenus
@UI] KHI] PAH, Anamumul, Poccus, aks.crys@gmail.com
2 Uuemumym sKenepumeHmanbHo MUHEPAaioeuu UMeHU aKaoemMuKka
J1.C. Kopocurcrozeo PAH, Yepnoeonoska, Poccus, setkova@iem.ac.ru
3 Teonoeuueckuti uncmumym OUI] KHI] PAH, Anamumei, Poccus, aks.crys@gmail.com

OO0mmupHOE ceMeHCTBO MPUPOAHBIX M CHHTETUUECKUX
JTIFOMOPTHEPUTOTIOOOHBIX COETMHEHUH, TPEIICTABICHHOE
MUHEpaJlaMH HaJATPYMIbl JIOMOPThEPUTA U CeMel-
CTBOM 3JUICHOEPTEepHUTA, MOKET OBITH OMHMCAHO OOIICH
dhopmynoit X(M2d)3(Th®h36h)3(TtOt30t) [[1IBancKas,
SAxy6osuy, 2021; Evans et al., 2012], rme M2® — nBoiiHble
LETIOYKH U3 CBS3aHHBIX 10 TPAHSM OKTa3/IpOB, XapaKTe-
PHBYIOIIHECS IBYMS TOIOJIOT MYECKIMH THITAMH (KOTOPBIE
MOxHO 0003HaunTh kKak MH2®H 1 MC2®C); (Th®h36h)
u (TtOt30t) — rpynnupoBKH B KaHAJIaX FeKCaroHAILHOTO
(h) u TpeyronpHOTO (t) ceueHus; X — OKTadApUIECKHUE
KaTHOHBI, Pacroiararonuecs B LIMPOKMX IeKCaroHajb-
HBIX h-kanamax. B Hactosmeir paboTe mpuBOIITCS
PE3YIBTaTHl MEPBOTO YCHEITHOTO CHHTe3a HoBoro Ga-
,Ge-mpecTaBUTEN CEMEHCTBA JIOMOPTHEPHUTA.

CuHTE3 MPOBOJIIIN B THIIPOTEPMATBHBIX YCIIOBHSX
npu tremneparype 600/650 °C u maBnennu 100 Mlla
B pacTBope 60pHO# kuc1oThl 30 Mac.% H,BO,. [lluxrosas
CMeCh COCTOsJIa U3 KPUCTANIMYECKUX KBaplia U KOpyH-
J1a, ¥ TIOPOIITKOOOPa3HBIX OKCUIOB TAJUTUS U TepMaHUS
(99,9%) B cootHorenuu 3 : 3 : 1 : 1 COOTBETCTBEHHO.
[IpomonxutenbHOCTh OMBITOB 14 nueil. B pe3ymnbra-
T€ MOJIy4YEHbl UToJIbYaThie KpUcTaaabl 10 350 MKM
B AnuHy. Kpucraminueckas cTpykTypa u3ydeHa Me-
TO/IOM PEHTTEHOCTPYKTYPHOI'O aHaJIN3a C MCIOIb30-
BaHUEM MOHOKpHCTaibHOTO nudpaxromerpa Rigaku
XtaLAB Synergy-S (HyPix metektop). [lapameTps
reKcaroHaJIbHOM 3eMeHTapHo sueiiku: a = 23.9427(1) A,
c = 4.7923(1) A, V = 2379.1(1) A% up. rp. P6.mc.
CrpykTypHas Mozienb yTo9HeHa 10 utorosoro R = 5.79
s 2053 1> 20(/) ¢ nmomonisio mporpaMmsl Jana2006.

[lo anamorum ¢ APYTUMH NPEACTABUTEIIMHU
CTPYKTYpPHOTI'O ceMeicTBa AIOMOpPTbEpPUTA KPU-
crtajmyioxumuueckas gopmyna Hoporo Ga-,Ge-

MpEeACTaBUTENS MOXKET OBITH 3arucana B Buje (£ = 8):
Al[(AL,Ga),0O],[(Si**,Ge*")O,],(BO,). B xpuctanmuyeckoit
CTPYKTYpe IPUCYTCTBYIOT nenouku M7 &% u M O
TUnoB B cootHomenuu 1 : 1. Karnonsr Ge** 3amemmaror
Si** BO Bcex TeTpasmpax, 4To BEIPAKAETCS B YBEIMUEHUH
cpennux paccrosuuii 7-O ot 1.724 10 2.03 A. Katuons
Ga’" pacrosararorcst BMecTe ¢ karnonamu Al B 1Boii-
HBIX Henoukax Tuna M PC. CTpyKTyphl 1IOMOPThE-
PHUTOMONOOHBIX COCTUHEHUN MOTYT OBITh pa30UTHI HA
cocrasstomue ciou [Evans et al., 2012]. OcoOeHHOCTBIO
HOBOT'O COCJIMHEHUS SIBJISIIOTCS CIIOU, COCTOSIIUEC U3
nIecTHYTONbHUKOB X(7"0©" .0%), uepenyromuxcs ¢ ne-
noukamu M @ Tuna, K KOTOPHIM MPUKPEIIAIOTCS
(T'®",0") — Tpeyronbhbie rpynnuposku BO,-rpym; ciow,
COCTOSILINE U3 IBOHHBIX Yepeyromuxcs nenouex M7 O
1 M© D TUIIOB 1 CJIOU, COCTOSIME U3 IECTHYTOTLHUKOB
X(T®",0"), uepenyromuxcs ¢ uenouxamu M” O tuna, x
KOTOPBIM TaKKe IIPUKPEIIsitoTes (7'0",6) — rpynnuposku
BO,-rpynm TpeyroabHOro ceueHus.

Paboma evinonnena npu ¢unarcosoti noddepoicke

PH®D (Ne 20-77-10065-11).
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TEOPETUYECKUE U OKCHEPUMEHTAJIBHBIE NCCJIEJJOBAHUS
XUMUYECKOM 3BOJIOIIMU MEX3BE3/IHbIX JILJIOB

Bacronun A. U.

Hayunas nabopamopust acmpoxumuieckux uccied08anuil,
Ypanvckuil pedepanvuniii ynusepcumem, Examepunoype, Poccus, anton@urfu.ru

OO6macTu 0Opa30BaHMs 3BE3] U INIAHET XapaKTepH-
3YIOTCS SKCTPEMAaIbHBIMHU (PU3HIECKUMH YCIOBUSIMU:
CBEPXHHU3KUMU IUIOTHOCTSMU M TEMIIEPATypaMHU Bellle-
CTBa, a TAK)Ke HATMYHEM HOHU3UPYIOMIETO H3TyUYeHUSI.
HecmoTps Ha 3TO, XUMUYECKHI COCTaB 00IacTeil 3Be3-
JooOpa3oBaHus BecbMa pa3HooOpaseH. B Mex3Be3iHOM
cpene oOHapy KeHBI KaK MIPOCTHIE IBYXaTOMHEIE MOJIe-
KYJIbI, TaK ¥ CJIO)KHBIE MHOTOATOMHBIE OpPraHHYeCKUe
coenrHeHus. KOTMYECTBO OTKPBITHIX B MEK3BE3IHOMN
cpene cnokHbIX MoJIeKya (COM) pa3IudHBIX THIIOB
HETPEPBIBHO PacTET, 4TO 00yCIIaBIMBACT PacTyIIUH
WHTEPEC K aCTPOXUMHUH KaK K OJHOMY U3 BO3MOX-
HBIX MEXaHU3MOB, BHOCSIITUX BKJIAJ] B BOSHIKHOBEHNE
)Ku3HU Bo BceenenHnoi. YuciaeHHOe MOjeIMpoBaHue
00pa30BaHUs B MEK3BE3THOM CPE/IC CI0KHBIX OPraHU-
YECKUX MOJIEKYJ ¢ Hcnonb3oBanueM mogenu MONACO
nmokas3aio, uto xots COM moryT oOpa30oBBIBATHCS B
XOJIOZHOM MEX3BE3JHOM ra3e, OCHOBHOW BKJIajJ B UX
o0pa3oBaHNe BHOCIT XMMHYECKHE MPOIECCHl HA T10-
BEPXHOCTH MEXK3BE3/IHBIX MMBUIEBBIX YACTHII, TOKPBITHIX
JICISTHBIMHA MaHTUSAMH. [Ipy 3TOM, 3HAUUTEIBHYIO POJIb
WUTPAIOT IPOTEKAIOIINE B MEXK3BE3AHBIX JIb/IaX T.H. HE-
nuddy3uoHHBIE XUMHYECKUE TTpoliecchl. THTepecHo,
gto coxepxkanuss COM B XOJIOTHBIX JIBJAx, 00pa3y-
IONMXCS HA PAaHHUX CTaJUAX Pa3BUTHUS MPOTO3BE3],
OKa3bIBaIOTCs OJIM3KUMHU K copepxkanusm COM B rasze
T.H. «TOPSYHX SACP», CACAYIOUIEH CTaIUN PAa3BUTHS
MPOTO3BE3/] MAJIOH MacCCHI.

Pe3ynbTrarhl YMCIEHHOTO MOICITHPOBAHHUS JOTIOTHSI-
10TCSl Ta00PaTOPHBIMU SKCIIEPUMEHTAMHU Ha CBEPXBBI-
COKOBaKyyMHO# ycTaHoBke ISEAge, mpenHazHaueHHOM
Il TpaHcMHuCCHOHHOM MK-cnekTpockonuy aHanoros
MEK3BE3IHBIX JIbA0B. Co31aHHas B 1aOOpaTOPHH yCTa-
HOBKa ITO3BOJISIET BBIPAIMBATH TOHKUE JIBJBI KOHTPO-
JUPYEMOr0 XUMHUYECKOT0 COCTaBa M CTPYKTYpPbI B yC-
JIOBUSIX, TPHOJIMKEHHBIX K YCIOBHIM B MEK3BE3IHON
cpene (P < 10" arm., T ~ 10K - 300K). [Tony4aembie
TpaHcMuccuoHHble UK-CIIeKTphI JIbJIOB B AUana3oHe
2.5-20 MKM UCTIONB3YIOTCS Kak pedepeHCHBIe TPH aHa-
nu3e HaONIONCHUH MEX3BE3HBIX JIBJIOB, TIOTYYaeMbIX
C COBPEMEHHBIX Ha3eMHBIX M KOCMHYECKUX TEIIeCKO-
noB, BkItouas James Webb Space Telescope (JWST).
CpaBHeHue 1a00paTOPHBIX CIEKTPOB C TAHHBIMU Ha-
omonennit Ha JWST BriepBbIe TTO3BOJIMITN OTHOBPEMEHHO
OLICHUTD COZIEP)KaHKE METaHa B Ta3e U JISASHBIX MaHTHX
npoto3Be3asl IRAS 23385+6053, ycTaHOBUTH BEpXHUE
npenesl couepxannii Mojekyiasl HCN u HeakTUBHO
B MK-nnama3oHe Monekyibl N2 B MEK3BE3JHBIX JbIAX.

OskupaeTcs, 4YTo B OMKaillne NecATUICTUS 3Ha-
YUTENBHBIA BKIIA/] B Pa3BUTHE TOHUMAHUS XUMUIECKON
9BOJIOIMHM MEX3BE3THOM Cpeapl BHECYT CO3/4aBaeMble
oTedecTBEHHbIE KocMudeckue odcepBaropun CriekTp-YO
1 MmmnMeTpoH. TeopeTndeckue v SKCTIepIMEHTaTBHBIE
ACTPOXHMMHUYECKHE HCCIeIoBaHUs OyayT HEOOXOJUMBI
JUTSL MHTEPIIPETAIlN HAOMIOAaTENIbHBIX TAHHBIX C ATUX
MHOT000EIAONNX HHCTPYMEHTOB.
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CUCTEMA TUONICUT-KAJEUT-CO, ITPHA 3-6 I'Tla

Bunorpanosa FO.I'., lllankuii A.D.

T'EOXHU PAH, Mockea, Poccus, vinogradova@geokhi.ru

YIIeKUCbIi ra3 SBISeTCs BYKHBIM JIETYYHM KOMITO-
HEHTOM MaHTHM 3eMin. KiroueBoil peakye, orpaHuym-
Baroei crabunsHocTh CO, urrona B SKJIOrUTOBOK MaH-
THH, SBISETCSA KapOOHU3AN KIIMHOTMPOKCEHa, paHee
n3ydeHHas Ha mpumMepe auoricuaa [Luth, 2006]. Ogaako
9KJIOTUTOBBIA KIMHOMUPOKCEH (OMQAIUT) COACPKHUT
pa3IUYHbBIE KOJIMYECTBA XKaJlenTa. TepMoIHaMIYeCcKIe
pacueTsl MpeIcKa3aiu, YTO IPUMECh JKaJIeNTa PACLIUPSET
T0JIE YCTOMYMBOCTH aCCOLMALUK KInHonupokcen + CO,
B CTOpOHY OoJiee BRICOKMX nmaBjeHuM [Knoche et al.,
1999].

B nanHoii pabote ObuTH M3y4eHBI (a30BbIE OTHO-
eHUs B cucteMe auoncua-xanent-CO, (Bkirodas moa-
CHCTEMY I[I/IOHCI/IL[—COZ) npu 3—6 I'Tla u 900-1500°C
MyTeM SKCIIEPUMEHTOB HAa MHOT'OITyaHCOHHOM ITPECCOBOM
ammmapare. B pe3ynbpTarsl ObLIO YTOYHEHO TOJIOKEHNE
NUHUH KapOoHaTtu3zanuu auoncunaa. Ilokazano, 4yto
ero KapOoHaTHU3alUs COMPOBOXKAACTCS PE3KUM CHH-
KEHHEM TeMIIepaTy pbl COIMIyca aHAJIOTUIHO CHCTEME
nepuonut-CO, [Shatskiy et al., 2023a] Ycranosiena
peakuus KapOoHAaTH3AIUKU Al oManuTa, KoTopas
MPUBOAUT K 00pa30BaHMUIO KJIMHONMHUPOKCEHA C BBI-
COKOM Jojei xagentoBoro MuHajia (90—97 moin. %)
[Shatskiy et al., 2023b]. TemnepaTypa conuIyca CUCTEMEI
,Z[I/IOHCI/II[-)KEI,I[GI/IT-COZ TIPY TIOBBIIIICHUH TABJICHHSI OT 2.5
mo 6.5 I'Tla Bozpacraer ot 1000 go 1100 °C (pwuc. 1).
PacniaB BOJIM3M IMHUM CONUyCA SIBISETCSA KapOOHAT-
HbIM (mons Si0, 1-5 macc. %) n HuskomenoynsM (Na,O
1-5 macc. %). Huzkas TemnepaTypa coiuayca cBs3aHa
¢ parocyromum nericteuem CO, daronna.
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Puc. 1. ®a30oBbie OTHOIIEHNS B CUCTEME
nnoncnn-maaem-coz. 3akpaleHHbBIMU
MHOTOYTOJIbHUKAMH TOKa3aH (a30BbIif COCTAB
00pasuos B cucteme quoncua-xaneut-Co,.
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COJIHEYHBI HE®EJWH U3 KOITA HA KAHAJIE
YBUJIBABI-APTA3M (I0’KHBI YPAJT)

Bopouun M.B.

HUDM PAH, Yepnoeonoexa, Poccus, voronin(@iem.ac.ru

[lepBoe ynmoMuHaHWE W MOAPOOHOE OMUCAHUE
COJIHEUHOTO HedenrHa mpuseneHo B padore [[lomos,
Humanb6aes, 1980] na matepuane xomeit 236, 237, 240
n3 pationa 03. Mmkyns (UneMeHckue Topsl). B HacTos-
1ee BpeMsi 110 IaHHbIM caiita https:/webmineral.ru con-
HEYHBII He(eTIMH BCcTpevyaeTcsl B Tpex Toukax MismeHo-
BunraeBoropckoro xomriekca (FKOxxubIit Ypam): xomb
Ne 240 B UnpMEHCKHMX TOpax; KOIb, pacloyIoKeHHAs Ha
TEPPUTOPHUH TOPHOTO 0TBOJIA [[oTaHMHCKOTO BEPMHUKY-
nuToBoro kapbepa ([loranuHb! TOphl, BUNTHEBOTOpCKUTA
MAaccCHB); KOIlb, BCKpbITas B 2003 rony mpu mpokiaake
KaHana YBuibpabl-Aprazu. B 6opTy kaHana BCKpbITa
YKMJIAa MUACKUTOBOr0 MErMaTUTa MOIIHOCTBIO 10 1.5 M,
3aJieraromas CpeIu MUACKUTOB YBUIIbUHCKOMN MOIOCHI
NnbMeHno-BuUIIIHEBOTOPCKOr0 KOMILIEKCA U CIOKEHHAs
He(pEeTHHOM, TIOJICBBIM IIIMAaTOM W OHOTHTOM. Takxke
OTMEYEHBI PeKUEe HAXOAKHU KPUCTAIIIOB IUPKOHA, CO-
JTaTTUTa ¥ UIbMEHUTA.

C npumMeHeHreM IUPPOBOI CKAHUPYFOIIEH U ONTHYe-
CKOM MUKPOCKOIHMH OBLTH U3y4eHbI 00pasLbl U3 TPETHEro
MeCTOHaxOXAeHHs. Ha ocHOBaHWM TIPOBEIEHHOTO HC-
CJIEZIOBAHUS U C HCIIOJIB30BaHUEM DKCIIEPHMEHTAIEHBIX
Y NPUPOAHBIX JAHHBIX IO PABHOBECUSM C yYaCTHEM
MHUHEPAJIOB TIOPOJI, B KOTOPBIX BCTPEYAETCS COTHETHBI
kameHb [ Wones, Eugster, 1965; Rutherford, 1969; Smith,
1974, ¢ nuTUpOBaHHON MUTEpaTypoii; 3bIpsiHOB, 1981;
Brown, 1984], o6ocHOBaHa 1 yTOUHEHA paHEee BHICKA3aH-
Has runoTe3a [Boone, 1969; Smith, 1974] o6pa3osanus
MOJIEBOILINIATOBOTO COTHEYHOI'O KaMHSI.

Paboma ewinoanena 6 pamxax eoc. 3adanuss HOM
PAH.
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®PECHOUT W3 NTHATJIMHCKOI'O MACCHUBA (AJITAHCKHUH IIUT):
KP- I UK-CIIEKTPOCKOIIU A

TI'appuaenxo B.B.!, Pagomckan T.A.!, lllenapux P.FO.., Tnaakouy6 E.A.?

I Muemumym 2eoxumuu um. A.I1. Bunozpaoosa CO PAH, Hpxymck, Poccus,
verfol@yandex.ru; romus@igc.irk.ru; taniaojigova@mail.ru
2 Unemumym semnoii kopor CO PAH, Hpxymck, Poccus

DpecHOUT — peIKui MIUHEPAJT, CHIIMKAT TUTaHa 1 Oa-
pus ¢ xumudeckoi popmyioi Ba, TiO (Si,0,). JKunbHbrid
MUHepaJ, BIepBbe 00HapyskeH B 1965 romy B IpOoKuUII-
KaX CaHOOPHHUT-KBApPIIEBBIX METaMOP(PHIESCKUX TOPOT
Ha KOHTAaKTE C TPaHOAUOPUTAMU B paiioHe DpecHO
(rrar Kamugopuus, CIIIA). Ha Annanckom mmre gpec-
HOUT ObLJ BIIEpBbIE ONKMCAaH Ha MypyHCKOM MaccuBe
B 1996 r., a B 2021 r.— Ha MHarnuHckoM. ®pecHOUT
MuarnuHckoro Maccrpa ObLT OOHAPYIKEH B KEPHE Ha IITy-
owHe 300 M B IIETOYHBIX MTErMaTHUTAaX, MTEPECEKATOITINX
IyHUT. I mnomMop¢HbIe KpUCTaIUITBl (PPECHOUTA KEITOTO
[[BETa JIOCTUTAIOT pazmMepoB 7% 3 %3 mm. OHu 001a1a10T
WHTEHCUBHOM JIIOMHUHECLEHINEN 0T ApKo-rony0boro
JI0 TOTTy0OBaTO-0€J10r0 IIBETa B KOPOTKOBOTHOBBIX YJIb-
TpaduoneToBeIX (A = 245 HM) MTy4ax.

Ilo pe3ynbTaTam 31€KTPOHHO-30HI0BOTO PEHTTEHO-
CIEKTPATBHOT0 MHUKPOAHAJIN3a YCTAaHOBJICH CIIETYFOIIUH
cocras (pecnonra (Ba, , Sr, Na ) Ti . (Si, ,AlO,) O.
Munepasl MHTEpECEH HEOOBIYHOW KOOpAMHAIHEH
Ti — B BUJIe TeTparoHaJIbHbIX MUPAMHUIATIBHBIX TPYIII
TiOS. DpeCHOUT — OJJHO U3 HEMHOTMX COEAUHEHUH,
B KOTOPOM MO)KHO M3y4HTbh KoJjieOaTelbHbIE CBOMCTBA
KOOPAMHUPOBAHHOTO MATHIO KHCIOPOAaMU THTaHA.
[Mosnocer B auana3zonax 317—401 cm ' 00yciioBieHbI

Si — O-BanenTHBIMH KonebanusiMu. TTostoca mpu 860 ¢v !

OTHOCHUTCS K BaJCHTHBIM KOJICOaHUSM THTaHUJIBHON
rpynsl Ti — O. Tlonoce! B unTepBaie 824 u 873 cm !
00yCITOBJIEHBI KOJCOAHUSIMH KOPOTKOM KOBAJICHTHOM
ceasu Ti— O, [Mayerhofer, Dunken, 2001]. Beinonneno
HK-xapTupoBanue QpecHonTa Iis UICHTUQUKAUH
MUHEPAJIOB M OTOOpaKeHHs MX TTapareHe3ncoB. B n3yya-
emoM o6Opasue MK kapTupoBanue mo3Boinsio oToOpasuTh
MUHEpaJIbHBIE TapareHe3uchl (PPECHOUTA C OPTOKIA30M,
($hochOMHHETUTOM, CTPOHIIMEBBIM armaTuToM (puc. 1).

Hccneoosanus evinonmnenst 8 pamkax 2ocyoap-
cmeennozo 3adanus no Ilpoexmy Ne 0284-2021-0007
Ha obopyoosanuu L[KII «H30monno-ceoxumuueckux
uccaeoosarnutiy MI'X CO PAH u [IKII “I'eoounamuxa
u eeoxpononozus” U3K CO PAH (epanm Ne 075-15-
2021-682).
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Puc. 1. ®pecHouT B 1IETOYHOM TIerMaTuTe. A — pacnuiIeHHbId 1 npuuuindoBanHblii oopasen. b u B — mukpodoTorpaduu
¢dpecHouTa B mosieBoM mmare: b — npu 1HEBHOM ocBellieHUH, B — mpu Bo3aeicTBHH KOPOTKOBOIHOBOTO (254 HM)
ynbprpaduoneroBoro uznyuenus. I — UK kapTupoBanue GppecHonTa 115t 0TOOpaKeHUsI MUHEPAJIbHBIX [TapareHe31ncoB.
Apt — anaruT, CrDi — xpomanoncun, Frt — ¢ppecHout, Fsp — kanuesslit moneBoit mimat, MgArf — marae3noapBeICOHUT,
Phint — pochounnenut, Prich — kanuesslit puxteput, Sp — ceprnentus, Tfph — rerpadeppudmoronur
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PA3BPABOTKA TEPMOJIUHAMMWYECKOM BA3BI JAHHBIX
JJIAA MOAEJIMPOBAHU A BUHAPHbBIX TBEPIBIX PACTBOPOB
CEPUM K, LnZr(PO,), CO CTPYKTYPOM JAHT'BEMHUTA

I'amoyeBa A.A.!, Epemun H.H."?

'Mockoeckuii cocyoapemeennulii ynusepcumem um. M.B. Jlomonocosa, I'eonocuueckuii paxynomem,
kagheopa kpucmannozpagpuu u kpucmanioxumuu, Mockea, Poccus
2 Unemumym 2eonocuu pyoOHbLX MeCmopolcOeHul, nempozpaguu, MuLepaioeuu
u eeoxumuu (MI'EM PAH), Mockea, Poccus, amgalanagambueva@yandex.ru

Hapsny ¢ docharamu rpynmn MmoHarura u NZP (Ha-
cuKkoHa) ¢pochaThl peaKO3eMETbHBIX JIEMEHTOB C Kap-
KacOM JIaHTOEWHUTOBOTO TUIA (IIP. TP. P2,3) ABJIsIOTCS
BO3MO)KHBIMH ITPOTOTHIIAMU MaTE€PUAJIOB IS JOJITOBpE-
MEHHOTO XpaHEeHHs PaJuoaKTUBHBIX OTX0A0B. B pabote
OblJ1a OCYIIIECTBIICHA pa3paboTKa MOJICITH MEKATOMHBIX
MOTEHLMAJO0B, MPeIHa3HauYeHHAas IJIs MOAEIHUPOBa-
HUSA CTPYKTYDP M CBOMCTB TBEPIBIX PaCTBOPOB CEpUU
K,LnZr(PO,), ¢ kKapkacoMm JaHIOEHHUTOBOIO THIIA.
st 3TOr0 Ha mepBOM 3Tane Oblja IOCTaBJIEHA 3a7ada
co3anus Habopa MapHbBIX MOTEHIIUAIOB, KOTOPBIH CIIO-
co0eH 00ecTieunTh aIeKBaTHOE OIUCAHNE CTPYKTYPHBIX
apamMeTpoOB U TEPMOANHAMHUYECKHX XapaKTEPUCTHK
BCEX UCCIeNyeMbIX KpalfHUX 4WICHOB H30MOPQHBIX psi-
JIOB TBEPJIBIX PACTBOPOB PEAKO3EMENBHBIX (pocdaTos —
JAaHTOEHHUTOB C UCIOJIb30BAHNEM 3KCIIEPUMEHTAIBHOM
CTPYKTYypHOI nH(popmamu u3 padotsl [TpyOau u ap.,
2004].

B kauecTBe Habopa — mpoToTuna OblTa BEIOpaHa
MOZIeTb TIOTEHIIMAJIOB, pa3paboTaHHasl B cepuH paboT
[Epemun u np., 2017; Epemun u np., 2019; Eremin et al.,
2019] u ¢ ycnexoM npuUMEHEHHAas sl CTPYKTYpPHOTO
¥ TEPMOAMHAMHYECKOTO MOJICIIMPOBAHUS PEIKO3EMETTb-
HBIX MOHAIIUTOB U KCEHOTUMOB. B 310l Monenu 3¢-
(eKTUBHBIC 3apsiAbl HAa aTOMax ObLIN 3a()UKCHPOBAHBI
caenyromumu BenuunHaMmu: q(P)=+1,2e, g(Ln)=+1,6e,
q(0)=-0,7e. MonepHU3HPOBAHHAS MOJICITH JIJIST MOZICIIH-
POBaHUS JTaHTOCHHUTOB UCTIONB3YET CIEAYIOINE aTOM-
Hble 3apsaasl: ¢(K)=+0,6e, g(Zr)=+2,4e, g(Ln)=+1,8e,
q(P)=+1,6¢, ¢(0)=-0,85¢, 4TO MO3BOIISIET OCYIIECTBIISITE
reTepoBaJICHTHBIC 3aMELICHHUS B KATHOHHOU MOApeIeT-
Ke, HE HapylIasi 3eKTPOHEUTPaTbHOCTh AIEMEHTapHOM
sTaeHKY coenquHeHMs. B pamMkax pa3zpaboTaHHO# 3apsiio-

BOIA MOJIETTH ObLIIA ITPOBEICHA ONITUMHU3AIIVS TApaMETPOB
MapHbIX NOTEHIIMAaI0B Mop3e 1Jis B3auMOJEeUCTBUI
Ln-O B nporpamme GULP. Jlanee ObLT IpoBEIeH pacueT
MapaMeTPOB B3AUMOJEHCTBYS U SHTAJIBITNY CMEIIICHHS
OMHApHBIX TBEPIBIX PACTBOPOB cepuu opTodochaToB
CO CTPYKTYpOH JJaHTOCHHUTA.

Paboma svinonnena 6 pamxax eocyoapcmeeHnoco
saoanus MI'Y u UTEM PAH.
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KAJIBKYJISITOP OEHKH MOCJIEACTBAM CTOJIKHOBEHUI
ACTEPOHJIOB U KOMET C 3EMUIEHN

I'nazaues J1.0., Ilonosa O.II., Ilonoounas E.Jl., Illysanaos B.B.,
AptembeBa H.A., CBetuoB B.B., Xa3unc B.M.

Hucmumym ounamuxu ceocghep umenu axademuxa M.A. Cadoeckozo, Mockea, Poccus
GlazachevD@idg.ras.ru

Vnapse! kocmudeckux e (KT) mo 3emute mpuBomst
K BO3HMKHOBEHUIO OTMACHBIX A ()EKTOB, KOTOPHIE MOTYT
cpasy IocJie yapa Wid BIIOCIEACTBIH OKa3aTh BPEAHOE
WK TYOUTEThHOE BO3MIEHCTBHE HA YEIOBEKa, KUBOT-
HBIX ¥ PACTCHHS, a TAK)KE Ha XO3UCTBEHHBIE OOBHEKTHL
OZIHI/IMI/I 13 HanboJiee Ba)KHBIX U OIMACHBIX HOCJ'ICI[CTBHf/i
MaJICHU aCTePOUJIOB U KOMET, SIBIISIOTCS Pa3pyIIeHUS
Ha IMOBEPXHOCTH 3€MJIH, BEI3BIBAEMBIE Y IAPHOW BOTHON
U TEIJIOBOE U3JTyUeHHE.

[locneacTBus mageHNs KOCMHYECKUX TEJ 3aBHU-
CAT OT XapaKTepa UX B3aMMOJACHCTBUS C aTMOC(hepoid.
CyImecTByeT J1Ba MPEASIbHBIX CIIEHAPHSI TAKOTO B3aUMO-
JIEWCTBUSL, OIMH U3 HUX — TO KpaTepooOpa3yomIwii yiap,
MPU KOTOPOM KOCMHYECKOE TEJIO MPAKTUICCKU HE TePSICT
SHEPTHIO MTPU MPOJIETe Yepe3 arMochepy, U BCS SHEPTUs
HIeT Ha oOpa3oBaHue KpaTepa. BTopoii crieHapuii — Tak
Ha3bIBAEMBIN «METCOPHBIH B3PBIBY, TIPH KOTOPOM OCHOB-
Hasl SHEPI'usl BBIICISACTCS B aTMOc(epe.

[IpoBenenHoe cepuitHOE YHCIEHHOE MOJIEIHPOBa-
HUE TO3BOJIWIIO OLEHUTH IMapaMeTpPhl YIapHOH BOJIHBI,
TCIIJIOBOI'O U3JIYUYCHUSA, DOHEPTUTIO CEMCMHUYECKUX BOJH
U ceiicMruecKyto 3 GEKTHBHOCTb JIJISl METEOPHBIX B3PbI-
BOB M KpaTepooOpasyomux ynapos. O0pasyromuiics
B pe3yJibTaTe yaapa aTMOC(EPHBIN ITIOM MOJHHUMA-
ercs Ha Oonbiue BoIcOTH (100—300 kM) 1 mopokIaeT
aTMoc(epHble BO3MYIICHUS, PACIPOCTPAHSIOMIAECS
Ha paccTOSIHUS J0 ThICAY KWUIJIOMETpOoB. [ kparepo-
00pa3yrIuX yAapoB BaXXHBIMH XapaKTEPUCTHKAMHU
ABIIAIOTCS pa3Mep KpaTepa U mapaMeTpsl cJiosi BEIOpoca

13 KpaTepa (TONIIMHA CJI0sl BRIOpOCca U KOJIMYECTBO pac-
nJjaBa B BRIOpOCax).

OTtnenbHOE BHUMAaHKE YAEIAIOCH IEPEXOIHBIM Ba-
puanTam (U1t yaapHukos auamerpom 100—-300 meTpos),
JUIS1 KOTOPBIX BayKHO 3HATh, KaKas 4acTh HAaYaJIbHOM KH-
HETUYECKOH SHEPrUH BBIAEIIETCS B aTMOoc(depe, a Kakas
JOocTynHa AJist 00pa3oBaHus Kparepos. [ias OBICTpBIX
OILIEHOK 3TOT'0 COOTHOIIEHHUS HCIOIB30BAJIH MPOCTYIO
KBa3U3MIIMPUUYECKYIO0 MOZIENb TUIA «pancakey», yby na-
paMeTpsl OTKAIHOPOBAJIU MO PE3yIbTaTaM YUCICHHOTO
MOJICIIUPOBAHUS.

Ha ocHoBe pe3ynbraToB MOIEIHPOBaHUS ObLIN 11O-
CTPOCHBI alIIPOKCUMAIIMOHHBIE COOTHOILEHHUS JJ1sI ObI-
CTPOM OLIEHKH BaXXHEUIIMX TapaMeTpoB yapa.

[Ipennaraemple COOTHOIICHUS 3aBUCAT TOJBKO
OT CBOMCTB KOCMHYECKOT0 00BEKTa (pazmep, IIIOTHOCTb,
CKOPOCTh | yToJ BXoaa). OHU OBIIHM MCIOJIB30BAHEI
B CIIELMAJIBHO CO3aHHOM MHTEPHET-KaJIbKYJIATOpE
(«Impact Effects» http:/AsteroidHazard.pro), mo3sossrto-
11eM OBICTPO M TOCTATOYHO TOYHO OLIEHUBATH Pa3IMYHBIE
3¢ deKTh! naeHns] KOCMHYECKUX Tel.

Paboma evinoanena ¢ pamxax cocyoapcmeennoco
3adanus «Komnaexcnoe modenuposarnue 8030eticmaus
Ha GHYMPeHHUe U GHeuwlHue ceochepvl BHeOPAIOUUX-
€5l KOCMUYECKUX MeJl U OYeHKa NOCAeOCMEULl MaKux
nadenuily, ymeepacoenno2o Munucmepcmeom nayxu
u svicuieco oopasosanus Poccutickoii @edepayuu (mema
MNe 125012200624-5).
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CHUHTE3 U KPUCTAJVIMYECKAS CTPYKTYPA CUCTEMBI (Cu,Se) TiSe,

I'opoos JLLE., TutoB A.A.

Hnemumym pusurxu memannoe umenu M.H. Muxeesa YpO PAH, Examepunbype, Poccus
levgorbov@mail.ru, A.A.Titov@mail.ru

WHTepkanaTHBIE COSAMHEHHS U CIIOUCTHIE TUXAJTb-
KOT€HHUJIBI CTIOCOOHBI BXOJIHUTH B COCTaB MOIYJIBHBIX
COCﬂHHCHHﬁ, IIpY 3TOM UX POJIb B TAKUX COCIUHCHUAX
MaJousydeHa. Panee n3yueHHbIE MOTYIbHBIE COEIITHE-
nus [Lakshan et al., 2024] (Cu,Se) TiSe, (n=2), oOna-
JaroT Maoi TernonpoBoauocTsio (0.3—0.47 Wm™ K1)
¥ MAPOKOH 3ampenieHHon 30H0u (=1.61 eV), Takxke
MPEICTABISIET HHTEPEC CaMO KOHCTPYHPOBAHUE ITHX
MarepuaioB. Llenbio JaHHO# pabOTHI CTOSIIO CHHTE3HPO-
Batb coennnennus (Cu,Se) TiSe, (n=0.5; 1; 2) n usy4ntsh
CBOWMCTBa MOJYJIBHBIX COCIMHEHHUH XaJIbKOTCHHUIOB
MetaiuoB Cu u Ti, a TakKe BIMSHAE METOIUKU CUHTE3A
Ha CBOMCTBA MOJYUYEHHBIX COSUHEHUMN.

s aToro MeTozoM TBepa0(a3HBIX peakuii B Ba-
KYYMHPOBaHHBIX KBapIIEBBIX aMITyJIaX ObLIN MMOTy4eHbI
coenunenus Cu,Se, TiSe, n Cu,TiSe, obnanaromue npo-
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Puc. 1. ®parmMeHT KpucCTaIINYECKOMI
pemetkn (Cu,Se), TiSe,.

CTpaHCTBEHHBIMU TpymmamMu R -3m; P-3 m 1; P-4 3 m,
COOTBETCTBEHHO. ATTECTALIUsI KPUCTAITUIECKON CTPYK-
TypHI poBoAMIIack Ha Audpakromerpe Shimadzu XRD
7000 Maxima (u3myuenue Cu K |, rpadgurosbiii MOHO-
xpomarop, 20 = 10-90°) 8 LIKII «Ypan-M» (MuacTuTyTa
Metamnypruu YpO PAH) ¢ ucnonp3oBanueM mMeToja
MOPOIIKOBON peHTreHoBckon nudpakuuu. Cu,TiSe,
OBLII CHHTE3UPOBAH HOBBIM METO/IOM, K3 MaTpu1l Cu,Se
u TiSe,, B ero cTpyKType oOHapy»eHa 1epeKTHOCTD M0
MeJU, a 110 CBOEH CTPYKTYpe OH cX0X ¢ CyJIbBaHUTOM
Cu,VS, napamerp perieTku KoToporo a=5.39.

B nanHol paboTe U3y4aroTcst U 00CYKIAr0TCS CBOH-
cTBa (a3pl, a TAKXKe UCCIENYIOTCS IpyrHe COYeTaHus
TiSe, Cu,Se (puc. 1).

Paboma evinonnena 6 pamkax 2ocyoapcmeeHHo20
3adanusa Munoobpnayxu Poccuu ona HPM YpO PAH.

JIMTEPATYPA

1. Lakshan A., Koley B., Buxi K., Raghuvanshi P.R.,
Nuss J, Bhattacharya A., Chatterjee R., Roy A., and
Jana P.P. Disorder-Mediated Structural Transformation
in the Cu4TiSe4—xSx (0 <x <4) System and Its Effects
on the Thermal Transport Property / Chemistry
of Materials. 2024. V. 36 (11). P. 5741-5752.
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OCOBEHHOCTHU MATHHUTHBIX CBOMCTB CILTABOB Fe-Ni-Co HEKOTOPBIX
KEJIE3HBIX U )KEJIE3OKAMEHHBIX METEOPUTOB 110 JTAHHBIM
MATHUTHBIX U3BMEPEHU U MECCBAYJ3POBCKOM CIEKTPOCKONIUH

T'opronoB M.B.!, ®esnnep U.2, Haymos C.I1.>4, Uykun A.B.!, Omrpax M.I.!

! Qusuxo-mexnonocuueckuti uncmumym, Ypanvckuii gpedepanvhviii ynueepcumem, Examepunoype, Poccus,
oshtrakh@gmail.com
2 Racah Institute of Physics, The Hebrew University, Jerusalem, Israel
3 Unemumym ¢usuxu memannos um. M.H. Muxeeea Ypanvckoeo omoenenuss PAH, Examepunbype, Poccus
* Uncmumym ecmecmeeHHbIX HAYK U MamemMamuku, Ypanvckuil pedepaivbHulil
yHusepcumem, Examepunoype, Poccus

MeTogaMu MarHUTHBIX U3MEPEHUH U MeccOay3pOB-
CKOH CHIEKTPOCKOITNH C BRICOKUM CKOPOCTHBIM pa3pere-
HUEM HCCIIEIOBaHBI CIUIABBI U3 KEIE3HBIX METEOPUTOB
(Gibeon IVA, Mundrabilla IAB-ung, Campo del Cielo
IAB-MG, Gebel Kamil ung, Trenton IITIAB, Sterlitamak
IITAB, Sikhote-Alin IIAB, Anyujskij ITAB, Aliskerovo
IIIE-an, Kayakent IIIAB) u »xene3okaMeHHBIX METEO-
putoB (Seymchan PMG u Omolon PMG).

[lomy4eHbl OTINYUS MATHUTHBIX MOMEHTOB HACHI-
mreHust ais crinaBoB Fe-Ni-Co 13 pa3HBIX METEOPUTOB,
KOTOpBIE H3MEHSAIOTCS B IIpenenax oT 175 mo 241 sme/T.
Ha xpuBBIX 3aBHCUMOCTH HAMAarHUYEHHOCTH OT TEMIIe-
patypbt M (T) (5§ < T <330 K) nnsa ciaBoB Fe-Ni-Co
13 HEKOTOPBIX METEOPUTOB HAOIFOMAIOTCS (ha30BhIe IIepe-
XOITbI, HarpuMep 11 criiaBoB Fe-Ni-Co u3 naimnacutoB
Seymchan PMG u Omolon PMG ¢a3oBbie epexosl
oOHapyxeHsI TIpu 265 1 260 K, cOOTBETCTBEHHO.

s cnmaBoB Fe-Ni-Co u3 Tpex meteoputoB: Campo
del Cielo IAB, Gebel Kamil ung u Trenton IITAB
(T >90 K) obHapykeHO aHOMAJIHHOE TIOBEJICHNE KPHUBBIX
HAMarHUYCHHOCTH TMPHU OXJIAXKJCHUH B HYJICBOM IIOJIE
(ZFC) u B mone (FC), xorga kpusslie ZFC nexanu Belie
kpuBblx FC, uTO siBisieTCS KpaiiHe peAKUM SIBJICHUEM.
MeccOayasposckue ciekTpsl craBoB Fe-Ni-Co u3 uccie-
JIOBaHHBIX JKEJIE3HBIX H )KEJIE30KaMEHHBIX METEOPHTOB
UMEIOT (POpMY aCHMMETPHUYHOTO CEKCTETa.

Haumnydmas annpokcuMamus 3THUX CHEKTPOB
JIISL Pa3HBIX METEOPUTOB OTINYAETCS YUCIOM MarHHUT-
HBIX CEKCTETOB: OT TPeX N0 NEBATH. DTH MarHUTHbBIE
CEKCTEeTHI OBLIN CBSI3aHBI ¢ heppoMarHUTHEIME o-Fe

(Ni, Co), a.,-Fe (Ni, Co), y-Fe (Ni, Co) u y-FeNi (Co)
¢dazamu. Kpome Toro, mis muorux criaBoB Fe-Ni-Co
BEISIBIIEH CHHIJIET, CBSI3aHHBIN ¢ apaMarHuTHOH y-Fe
(Ni, Co) da3oii.

Ha ocHOBaHMU 3THX Pe3y/IbTaTOB IMOJIyUeHa JHa-
rpaMMa KOppemsIiu ANana30HOB 3HAYEHU MarHUT-
HOTO CBEPXTOHKOTO ToJis Ha sape *'Fe (H ;) mns coot-
BeTcTByIomux (a3 crmasa Fe-Ni-Co ¢ quamazoHamu
KOHLIeHTparuii Ni 17151 5Tux ¢a3. Dta Koppesius mpea-
TIOJIATAET, YTO IMAIa30Hbl 3HAYEHUHN [ CBS3aHbI C pa3-
HbIMH (hazamu cienyroium oopazom: ~345-346 kO <
H . <~365 kD msa o -Fe (Ni, Co) dasbr (~8-25ar.% Ni),
~ 327D < H_; < ~345-346 kD s a-Fe (Ni, Co) dasst
(mo 7at1.% Ni), ~ 295 k3 < H < ~327 kD nns y-Fe
(Ni, Co) tasbr (~26-48ar.% Ni), ~283 kD <H . <~295 kD
1utst y-FeNi (Co) dassl (~48—52 at1.% Ni).

Hna mapamarautHoii y-Fe (Ni, Co) ¢a3sr ¢ KoH-
[EHTPAIMOHHBIM Jquama3oHoM ~29—33 at.% Ni (mec-
cOaydpOBCKHIA CIIEKTP UMEET BHJI CHHIJICTa) 3HAYCHH S
M30MEPHOTO CIIBUTA (0) HAXOASATCS B IPHUOITU3UTEIIHHOM
nuamnas3one —0.200mMm/c < 0 < 0.150mm/c.

Paboma evinonnena npu noodeporcxke Munucmepcemea
Hayku u obpazosanus Poccuiickoti @edepayuu, npoexm
Ne FEUZ-2023-0013. M.B.I', CIIL.H u M.U.O. npu-
3HamenbHbl 3a HOOOEPHCKY NO NpocpamMme pa38umusl
Yp@Y «llpuopumem 2030» (gpunancosasn noddepoicka
Munucmepcmea Hayxku u obpaszosanus Poccuiickoil
Dedepayuuy).



XV Bceepoccuiickas HayuHas KoH(epeHIns « MUHEpaIbl: CTPOCHHE, CBOMCTBA, METOIBI HCCICAOBAHMU D) 29

TPAEKTOPUSA, PPATMEHTALIUA U SJIJIUIIC
PACCENBAHUSA BOJIMJIA HAJI CMOJIEBUYAMMU

Topsiuxo F0.A.', Mukynnu A.B.!, fIporoB A.E.?, BopoBuuka U.’, Bpo3kosa P.%,
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25 nexabps 2024 roxa, B 14:29:15 mo BceMupHOMY
BPEMEHH HaJl IEHTPpaJIbHOM YacThio benapycu Habmonan-
cs1 GoH I, COMOCTaBUMBIH 110 sipkocTH ¢ JIyHO#. OH OBbLT
3a()MKCHPOBaH TpeMsl CIICIATIN3HPOBAHHBIMH Kamepa-
MU benopycckoil MeTeopHOH ceTu. MeTeopous Boesn
B arMocepy mox yriioM 56° OTHOCHTEIBHO TOPH30HTA.
Bunumeblii nonér Havyasics Hajgy MUHCKOM M POJOIKUIICS
B CTOpoHY ropoaa CMOIeBHYIH. YUaCcTOK BhITE 24 KM
OBl IPUHST B Ka4eCTBE MCXOJHOTO U MPUMEHSIICS
s pacyeta opouthl (3kcueHTpucutet 0,382+0,014,
oompmas moiryock 1,53+0,04 a.e., paccTosHHE 110 TIe-
purenus 0,9460+0,0009 a.e., paccrosinue 10 adenus
2,12+0,07 a.e., noarmocgepnas ckopoctsb 13,64 £ 0,15
KM/C, TeoIeHTpruUeckast ckopocTh 8,1+0,3 xm/c, yromn
HakJioHa 7,9+0,3°). YuacTok moneTa mpy BRICOTaX HIKE
24 xM OBLI UCTIONB30BaH JIJI5l IOCTPOCHHSI TPACKTOPHH
¢parmenTa A. CHauajia TpacKTOPHS IMIPEII0Iaraiach
JUHEWHO! 1 ObLIa pacCYMTaHa METOAOM HAUMEHBIIUX
kBajaparoB [Borovicka, 1990]. BnocnencTeuu Oblia BHe-
CeHa HeOOobLIast HONPABKa, YYUTHIBAIOIIAS HCKAKEHHUE
OJ] IECTBUEM CHJIBI TAKECTH.

Uctopus ¢pparmenranmu mereoputa CMOJICBUYH
HE MOXET OBITh OIpenesieHa JOCKOHAJIBHO HM3-3a OT-
CYTCTBUS HOJHON KpuBOH Oiecka 6onuaa. CKOpocTh
1 3aMe[JIeHre ObUTH N3MEPEHBI TOJIBKO Ha BBICOTAX HIDKE
48 kM. MopenupoBaHue GparMeHTaINU TOCITYKHIIO
OCHOBOM 171 MOAENUPOBaHUA JIINICA PACCEHBAHUA.
TemHOBOI1 TOJIET OBLT pacCYNTaH B COOTBETCTBUH C Pa-
6oroii [Ceplecha, 1987]. IIpoduns BeTpa Ha OONBIION
BBICOTE OBLI B3ST M3 MEKAYHAPOAHON MOJIENIN MTPOTHO3a

ALADIN. Jlnga kaxxgoro ¢pparmeHTa ObLIO BBIITOTHEHO
JIBA pacyeTa: OIUH AJIs COPOTUBIICHUS, COOTBETCTBY-
touiero chepuieckoit hopme, U OAVH JJIs1 CONPOTUBIIC-
Hus B 1,5 paza Gospmrero (hopma mapajuiesenuena)
[Zhdan L.A. et al., 2007].

MuHckuii mianerapuii, HanuoHanbsHbI HaydHO-
HCCJIEZIOBATEIbCKUM LIEHTP MOHUTOPUHTA 030HOC(he-
pbl benopycckoro rocyaapcTBeHHOIO yHUBEPCUTETA
u Ypanbckuii henepaabHbIi YHUBEPCUTET OpraHH30BaIN
MIOUCK OCKOJIKOB METEOPUTA C IPUBJICYEHUEM BOJIOH-
tepoB. [lo cocrosnuro Ha 21 anpens 2025 roxa Obl10
HalizieHo ceMb pparMeHToB o0mieii Maccoit 581,5 rpamma.

Paboma svinonnena npu noddepoicke Munoopuayxu
P® ¢ pamkax Ilpocpammel pazsumus Yp@Y ¢ coom-
eemcmeuu ¢ npoepammou «Ilpuopumem-2030y.
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BJIMSTHUE CBOVMCTB TUOKCHUJIA KPEMHU S W3 PUCOBOM HIEJTYXH
HA ®A30BbIi COCTAB CUHTE3UPOBAHHBIX HA ET'O OCHOBE
BOJIJIACTOHUT U JUOIICU ] COAEPKAIIIUX HAIIOJTHUTEJIER

Totuin6 E.M.!, I'a6aysaxaes K.P.!, Teepaos U./1.2, Simaneesa E.C.!
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W3BecTHO, 4TO aMOP(HBII THOKCU] KPEMHHUS
(AJIK) u3 oTx012 pUCOBOrO MPOM3BO/ICTBA, SIBISECTCS
NEPCIEKTUBHBIM cbIpbeM [ TBepnoB u ap., 2023] mst
CHUHTEe3a KaJbluii MaraueBbix cuinkatoB (KMC).
OnHako, uccieoBaHus BIUSHUA criocoba moiy-
yenns AJIK Ha (a30BbIif cOCTaB U CBOHCTBA CHUH-
TE€3UpOBaHHbIX Ha ero ocHoBe KMC npakrtuyecku
OTCYTCTBYIOT.

KMC cunTe3npoBaHbl TBEpAOPA3HBIM Me-
togom 3 yaca mpu 1100 °C Ha ocHOBE HOJIOMUTA
(I'OCT 23672-2020) 1 30711 PUCOBOM HIETYXH, 10-
Jy4EeHHOU B nabopatopHbIx ycioBuax npu 500 °C
(3P, ), n mpompimaenusiM nytem (ITPII)
(TY 38.21.40-002-91011908-2023), ¢ ucnosp3oBa-
HUeM Kak miaBHs 5 % GopHoii kucinotel (IOCT
18704-78). Pentrenorpaduueckuii KOJIMYECTBEHHBIN
(a30BbIi aHATW3 MPOBOAMIICS HA MHOTO(YHKIIU-
oHanbHOM nuppakTomerpe «Rigaku SmartLaby.
[TopucTocTs 00pa3LoB ONPEAENsIUCH 10 METOLY
BJH (ISO 9277:2010).

3PIIL , comepkuT 97% AJIK, a ITPII — siBisieTcst
TIOJTHOCTBIO aMOP(HOM, ¥ 001N 00BEM TTOP €€ BHIIIIS
B HECKOJNBKO pa3, yeM y 3PLI_ (0.08 u 0.22cm*/r,
COOTBETCTBEHHO).

B dasosom cocrase KMC na ocHose 3PIII , oT-
CYTCTBYET BOJUIACTOHUT, OHH COJICPKAT TPUIUMHT,
U Y HUX BBILIE COZIep KaHKe quoricua (Tad.).

Takum o6pazom, nopuctocts AJIK Bnuser
Ha B3aMMOJICHCTBHE KOMIIOHEHTOB IIPH CIIEKaHUH,
a, BO3MOYXHO, ¥ Ha BS3KOCTh pacIuiaBa, YTo N3MEHSET

¢azoBblit cocTaB u cBoiictBa KMC.

500
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Ta6numa. ®@a3oBsiii coctaB KMC B 3aBucumoctu ot cBoiicTB AJIK

Jomomut — 52 Jomnomut — 43

CocraB muxTel, %

Homnomur — 52
3IP, 43

Honmomut — 43
31IP, —52

ITPIII — 43

ITPIII — 52

®da3zoBrIii cocTas, %

Huoncun — 95
Kpuctobamut — 4
Tpunumur — 1

Huomncua — 61
Kpuctobamut — 14
Tpunumurt — 24

Jwuoncung — 81
Kpucrobamut — 5
Bonnacronur — 14

Juorcug — 66
Kpucrobamur — 18
Bonnacronur — 15

VaensHbIi 006EM
op, cM>/t

0.001

0.0025

0.017

0.020
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CHUHTE3 U ®OTOKATAJIUTUYECKUE CBOMCTBA

CJIO’KHBIX OKCHU OB CEPUM Bi

Mol_XVxO .

2/3+x/3

I'paueBa H.C.', MuxaiinoBckas 3.A."2

I Vpanvcxuii ghedepanvuviii ynusepcumem, Examepunbype, Poccus, natasha.grachyova0000@yandex.ru
2 Unemumym 2eonozuu u 2eoxumuu YpO PAH, Examepunbype, Poccus, zozoikina@mail.ru

B crpemuTenbHO pa3BHBAIOMIEMCS MUPE B OKPY-
KAIOMIYIO CPelly BRIOPACHIBAETCS MHOXKECTBO BPETHBIX
oprannydeckux 3arpssHuteneil. [loaToMy KU3HEHHO
Ba)KHO pa3paboTaTh MPOCThIe B A (HEKTHBHBIE CTTOCOOBI
st uX yaaneHus. OCHOBHBIM IIPEUMYIIECTBOM (poTo-
KaTaJn3a SBIsETCS BOZMOKHOCTh MOJTHOW MUHEpaIn3a-
MU OPTaHWYECKHX 3arpsI3HUTENEeH TP UCTIONb30BAHUN
COJTHEYHOT'O M3JTYUYEHUS B KAYECTBE AapOBOT0 UICTOYHHKA
sHepruu. B mocnennue Bpems pacTéT HHTEPEC K pa3pa-
0O0TKe HOBBIX MaTEPHAJIOB M5 hoTokarannza. Cucrema
Bi, ,MO,<BiVO, ipesicTapiseT co00i MHTEPECHBIH 00b-
eKT AJIs HCCIIeIOBaHM S, O1arofapsi CBOUM YHHUKAIbHBIM
(PM3UKO-XMMHYECKUM CBOWCTBAM U IIHPOKOMY CIIEKTPY
MOTEHIMATBHBIX MPUJIOKCHUH B Ka4eCTBE MOHUKOB,
MATMEHTOB, Karaiu3aropos [Dang et al., 2019].

B Hacrosmeit pabote ObUTH CHHTE3UPOBAHBI 00PAa3IIbI
¢ obme#t popmynoi Bi, .. Mo, V O,, rne Ax=0...1.0
¢ marom 0.2. CUHTE3 OCYHIECTBISICS METOJOM CO-
ocaxneHus pu pH = 4-5, B kagecTBE MPEKYPCOPOB
HCIIOJIb30BAJTUCh OKCOCOJIM METAJLJIOB, B3SIThHIE B HE-
00XOIMMBIX KoJInuecTBax. [lonyueHHbIC B pe3ysIbTare
CHHTE3a 0CaIKu OBLITH BEICYIeHB! mpH 25, 300 u 500 °C.
Jns onpenenenus $pa3oBOro COCTaBa W MapaMeTPOB

Bi,Mo,0,,

Bi,,,Mo, VO,

Bi 0% 6 V0.404

1 Y 1111-11.

Bi Mo V, O

0. 86? 4
4 A T | e | A

Bi l[] 9331\/[0 \(TU 804

BiVO,

38 40 50 60 70
®, rpaa.

Puc. 1. PeHTreHoBCcKIe TUPPAKTOr PAMMBI
TTOPOIIKOB cepuu 0opasmoB VX-500

dJIEMEHTAPHON SYeKH 00pa3ibl OBLIH MCCICTOBAHEI
METOJIOM peHTreHodazoBoro aHanmusa (PDA) cpasy no-
cJie cuHTe3a, a Takke mocie oTxura npu 300 u 500 °C.
Pe3ynbraThl aHain3a MOKa3ald, YTO MPH TEMIEPATy-
pe 25°C nonyuyeHHble 00pa3usl ObIIN aMOP(HBIMH,
1 uX $a3oBBIi COCTaB HE YIAJIOCh TOYHO OMPEACIHTb.
[Tocne omxura npu 300 °C nosiBisieTCsl KpUCTAILIAYECKAs
¢aza, COOTBETCTBYIOIIASA LEIEBOM, HO C TPUMECIMH.
[Tocne oTxura mpu Temneparype 500 °C meneBas dasza
chopMUPOBaIach NOITHOCTHIO, U KOJIMYECTBO ITpUMecen
CTaJI0 MUHUMAJBHBIM (pHC. 1).

C mopomkoB ObUTH CHATHI AU Y3HBIE CIIEKTPBI, Me-
TonoM KyGenkn-MyHka, paccunTaHa IIMpUHA 3apeLLeH-
HOM 30HBI IpH IIpsiMoM Tiepexoze. [Tokazano, 4o B psimax
25-300-500 °C E, ymenbiaercs. DOTOKaTaTHTHICCKUE
ceoiictea Bi, ., Mo, V O,0blin uccienosanbl Ha Mpy-
Mepe OKHCIIEHUS METHJIEHOBOro cuHero (manee MB),
¢ koHneHTpanueit 10mMr/n B BogHoM pactBope. 13 cepun
Bi,,, Mo, V O,Beibpan Bi ,,..Mo V O, oToxxKe-
Heli ipu Temnepatype 300 °C, oH okasascs Hanbojee
3¢ GEKTUBHBIM, CTENICHb MPEBPaLICHUs Mocie 6 4acoB
coctaBmuia 85.5%. [lanpHelmine MccieqoBaHus MPo-
BOAMJIUCH C €ro y4acTHeM. Bblio onTHMHU3HPOBAaHO
KOJIMYECTBO 3arpsi3HUTEINS IIPU UCNOJIb30BaHUU MB
pa3TUYIHBIX KOoHIIeHTpanui (5—30Mr/ 1), 1 MUHEMH3H-
poBaHO 3()(heKTHBHOE KOMMUYECTBO POTOKATATIU3ATOPA
(0.075...0.15 r na 100 mx pactBopa MB) 1 ycTaHoBIeH
MEXaHU3M peaKilnii, C MTOMOIIbI0 COeTUHEHUH, OTBEYa-
IOIINX 32 MOTJIONICHNE PaJHKaIOB.

Paboma svinonnena 6 pamxax I'b memor UI'T" YpO
PAH Nel24020300057-6.
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KPUCTAJVIOXUMHNYECKHUE OCOBEHHOCTHU JIBYX BBICOKOKAJIBIIMEBBIX
IBANAJINTOB U3 MACCUBA TAMA3EPT (MAPOKKO) B PAMKAX P3-CUMMETPUH

I'pugunna B.M. ', PacuseraeBa P.K. !, Uykanos H.B. 2, AkcenoB C.M. '}

I HUI] «Kypuamosckuii uncmumymy, Mockea, Poccus, vasilisa.gridchina@gmail.com
2 @UI] Ilpobrem xumuueckoil pusuku u meouyurckou xumuu PAH, Yepnozonoexa, Poccus
3 @UI] Konvckutl nayunviti yenmp PAH, Anamumei, Poccus

CuMMeTpHsI CIOKHBIX MHKPOIIOPUCTHIX UPKOHO-
Y TUTAHOCHIIMKATOB 3aBUCUT OT XapaKkTepa yIopsiode-
HUS KaTHOHOB IO KapKaCHBIM M BHEKAPKACHBIM MTO3UIIH-
ssM. [Ipr 5TOM BO3MOYKHO yTOYHEHHE KPUCTAITHIECKIX
CTPYKTYp B PaMKax HECKOJBKUX MPOCTPAHCTBEHHBIX
rpynn (Ip. Tp.) ¥ BEIOOP MOeNel ¢ pa3HOW CTENEeHbBI0
netanu3anud. [IprMepoM KprUCTaIOXUMHUIECKOTO pas-
HOOOpPa3usi CTPYKTYPHBIX MOJIENEH B pAMKaX HECKOJIBKUX
np. rp. (R-3m, R3m u R3) sBAseTCS MIMPOKO pacmpo-
CTpaHEHHBIE MUHEPAJbl armanTOBBIX HE(PETNHOBBIX
CHEHUTOB T'PYIINbI 3BAHAINTA. B BHICOKOKaNBLIMEBBIX
MIPEACTaBUTENIX U3 KapOoHaTuTOB KOBopckoro maccrsa
((pexTIIeBUT, TOIBIMICBAT i MOTOBHINT) C COICPIKaHHUEM
CaO >15 mac. % u ornomenne Ca/Zr > 3, atomsl Ca
HE TOJIBKO MOJIHOCTBIO 3aCENISIOT OKTadAphl MIEeCTHY-
JIEHHOTO KOJIBIIa, HO ¥ Tpe00IaialoT B OHON MITH JBYX
BHEKapKacHbIX nmo3unusax [Paciseraesa u ap., 2012].

Hamu n3ydens! ere 1Ba BBICOKOKAJIBIIUEBBIX TPE-
CTaBHTEIs TPYNIBI U3 MaccuBa TamazepT (Mapokko)
[PacuBeraeBa u ap., 2025a,b], koTopble sSBIsITOTCS (par-
MEHTaMH OJTHOTO MOHOKPHCTAJIa, XapaKTepU3yITCs
OJM3KUMY COCTaBaMH, HO OTIUYAIOTCS Pa3HBIM pacipe-
JISJIEHUEM KaTHOHOB I10 MO3UIMAM. Takas 30HaJbHOCTh
IS 9BAMATUTOB HE PEIKOCTh, M CBS3aHa C PIyKTya-
MUASIMH YCIIOBUU KPHUCTAJLUIM3AIMU B TIPOIlecCce POCTa
KpucTtajjia. XUMUYECKUNA COCTaB OMPENAEIIEH MUKPO-
30HJIOBBIM METOJIOM, a KPUCTAJUTMIECKUE CTPYKTYPHI
W3YYEHBI C IOMOIIBI0 PEHTTE€HOCTPYKTYPHOTO aHAIIN3A.
[Mapametps! siueek odeux (a3 onmsku: a = 14.1863 (1)
u 14.1530 (1); ¢ = 30.0703 (2) u 30.0801 (2) A;
V =5240.95 (4) u 5218.1 (5) A’. Kpucrannudeckue
CTPYKTYPBI, YTOUHEHHBIE B paMKax 1p. Tp. R3m, conep-
’KaT CMEUIaHHO-3aceIeHHbIE TIO3UIINH, KaK, HallpuMep,
IUTST «<HU3KOHUOOMEBOI» (aswl (Z = 3):

e (Na6A74D2.62cal.60Ln0,5K0.SMn0A4(H3O)2A64)
Z(Zr2.soTio.17Hfo.03) " (Cas.oMnl.o) Y(F el.()Mno.4zr0.4) "(Nb
YSi [Si9027]2[Si309]2X[(OH)3H202.3(C03) 0,33F0.3C10.16]'
[NoHM>KEeHNE CUMMETPHH C TIEPEXO/IOM K TPUMHUTHBHON
P-pemeTxke (p. rp. P3) M03BOINUIIO YCTAHOBUTH JETaIH

0.63 l:|().37)

YIOpsAIOYEHUSI BCEX KATHOHOB B MHAMBUAYaJIbHBIX
MO3UIUAX CTPYKTYPHI 00enx (a3 BOKPYT KPUCTAIIIO-
rpaduyecKu HEe3aBUCHUMBIX OCEH TpeThero Mmopsiaka.
CTpyKTypHBIe MOIENH, cofepkamntie 161 n 163 mo3umui,
OBLITM YTOYHEHBI 10 UTOTOBBIX R = 4.4 (8202 F > 306(F))
u 5.48 (4644 F > 30(F’)), COOTBETCTBEHHO.

Oco0eHHOCTBI0 000UX BBICOKOKATBITUEBBIX 3B/IHA-
JIUTOB SIBJISIETCS OMHOTUITHOCTD JIBYX HMIECTUUYICHHBIX
kostery u3 aromMoB Ca u mpucyTcTBUE Mn B OKTa’ape
TPETHEro KOJblla C TOW JUIIb PAa3HUIIEH, UTO KOJIbIIA
oneinnuroBoro tuna [Ca-Mn] B oboux ¢parmen-
Tax MPUYPOUCHBI K Pa3HBIM OCSIM TPETHETO MOPSIKA.
[lepepacnpenenenrue No3uIMK KacaeTca TaKKe psja
BHEKapKaCHBIX KaTHOHOB H, B IIEPBYI0 ouepes, — La, K
1 n30bITouHOr0 Ca, HEe BOIIEAIIErO B OKTadAPHI IIe-
CTHYJICHHBIX KOJIEIl.
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AxcernoB C.M. JlnccumMeTpr3ariiist B MEHEpaax rpyTi-
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METOANYECKUE ACIIEKTBI JU®PAKIIUN OTPA)KEHHbIX
JEKTPOHOB B UCCJAEIOBAHUA MUKPOJIE®OPMAIIUI B
3EPHAX IUPKOHA U3 METEOPUTHbBIX KPATEPOB

HJapaermuna A.A., 3amsatun J.A., YeObiknn H.C.

Hnucmumym eeonocu u eeoxumuu um. ax. A.H.3asapuyxozo YpO PAH,
Examepunbype, Poccus, alina.davl@yandex.ru

B pesynbraTe yaapa B METCOPUTHBIX KpaTepax pe-
aNn3yI0TCs SKCTpeMalibHble JUHAMUYHBIC YCIOBHS
(P mo 1500 I'TIa, T go 10000 °C). LlupkoH oTaudaeTcs
BBICOKOI CTOMKOCTBIO K BHEIIIHUM JAaBJIEHUSM BILIOThH
1o 80 I'Tla, mpu KOTOPBIX MPOUCXOAMUT NMPAKTUUYECKH
MOJTHOE TUTaBJIeHne rmopoa MuineHu. [ledopmannonnsie
MHUKPOCTPYKTYPbI U BHYTPEHHEE CTPOCHUE LIUPKOHA SIB-
nsirotest PT-unaukaTopaMu, BEISIBICHHE KOTOPBIX TPeOyeT
TIATEIBHOTO CTAUITHOTO HCCIIEA0BaHUS CPE30B MOPOJT
[HasmermHa u Ap, 2025]. Lenb paboThl — ONTUMHA3AITAS
u anpoOanus METOAUKHU BBISABICHUS U UCCICAOBAHUS
MUKponedopMaIuil 3epeH MUPKOHA U3 TIOPOA METEO-
PUTHBIX KpaTepoB METOAOM IU(PPAKLUU OTPAKEHHBIX
anexkTponoB (EBSD) Ha ckaHUpYIOLIEM 3JEKTPOHHOM
mukpockorne (SEM) Tescan Mira ¢ nerexkropom EBSD
Oxfrod Nordlys Nano.

OOBeKTH W MeTOAbl ucciegoBaHus. [Inocko-
MOJINPOBAHHKIE NITH(BI U3rOTOBJICHBI 3 00pa3IoB (par-
MEHTOB MMITaKTHOT'O paciuiaBa kparepoB Kapckuii, Yers-
Kapckuii (xp. [Maii-Xoii, Ypan) u Bpenedopt (FOAP).
BSE-, CL-n306paxenus u EBSD-xapTsl mony4deHsl
SEM Tescan MIRA LMS ¢ gerextopom Oxford EBSD
Nordlys Nano.

PesynpraTel. OTpaboTaHa MeTOAMKA MPOOOTION-
TOTOBKH HUIH(OB, pAaCCMOTPEHBI METOABI 00PabOTKH

EBSD-gaHHEIX, TTO3BOJISIONINX ITOBBICHTH KAU€CTBO HH-
JICKCUPOBaHUS TU(PPAKIIMOHHBIX N300pakeHnit Kukyydu.
[ToBwimreHa 3¢ peKTHBHOCTE OOHAPYKCHUS W aHAINA3a
yAapHO-TIpeo0pa30BaHHBIX 3€PEH IIUPKOHA C UCTIONIB30-
BaHrueM SEM, onTUMH3UPOBaHBI YCIIOBUSI PETUCTPALIUU
ANMEKTPOHHBIX M300paskeHnit m EBSD-kapT; pazpaboran
alTOPUTM TOUCKAa MUHEPAJIOB B nuudax. MeTonuka
anpoOupoBana Ha cepun u3 50 nudoB, 0OHAPYKESHO
436 nmpKoHa, Cper KOTOPBIX BBISIBIICHBI BCE H3BECTHBIC
THITBI MUKpOZie(hOpMaIuii 3epeH MUPKOHA.

Paboma evinonnena 6 pamkax cocyoapcmeenHo-
20 3adanusa UI'T YpO PAH, memwvr Ne 123011800012-9
u Ne 124020300057-6 ¢ ucnonvzosanuem 060pyo0osanus
LKII «leoananumuxy UI'T YpO PAH
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Puc. 1. upkon nmnakTuToB KpaTepa Bpenedopt. a — BSE-uzo6paxenune; 6 — CL-u300pakenue; r — kaprta
OTKJIOHEHUS OPUEHTALNN OTHOCUTEIHHO TOUKH (KpacHas 3B€3/109Ka); € — MOJIFOCHBIE (PUTYPBI, IIOKa3bIBAIONIIE
OpHEHTAIINH Oceii 3epHa nupkona <100>, <001>, <110>, meToBas KOAMPOBKA 0OPATHOH MOTIOCHON (PHUTYPHL
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30JIOTOHOCHBIE AJIBBUT-XJIOPUTOBBIE METACOMATHUTBI
YAPMUTAHCKOI'O PYJHOI'O IIOJIA

Jsxymanuszos 1., Kapumosa @.b.

Hncmumym eeonocuu u ceogpuzuxu um. X.M.A60ynnaesa, Tawmkenm, Y3bexucman, denisbey@list.ru

dopmManOHHAsS TPUHALJIEKHOCTh albOUT-XJI0pU-
TOBBIX U3MEHEHHMI Ha YapMHTaHCKOM pYyIHOM IOJIE
HE yKa3aHa, TaK Kak B TO BPEMsI MHOTHE aBTOpPHI BbI-
JIEJISUTA THIIBI METaCOMAaTHTOB IO TJIaBHBIM MeTacoMa-
TUYECKUM NOopoaoo0pa3yromum MuHepaiaMm. [lozaaee
BBIJICJIUB KaJUIIIAT-IIATHOKJIA30BbIE METACOMATUTHI
YTBEPKIAJIH, YTO aJIbONTH3UPOBAHHBIC U KaJUIINATH-
3UPOBAaHHBIC OKOJIOPY/IHBIE U3MEHEHUS UMEIOT TECHY IO
BPEMEHHYIO M I'eHeTHUYEeCKYyIo Onu3ocTh. [lanee oHn
yKa3aJld, YTO KAJIAIITIATH3alUs pa3BUBAETCSI HECKOIIBKO
MO3Xe W 3HAYUTEIbHO MHTCHCUBHEE aIbOUTH3ALMH.
AJBOUT-XJIOPUTOBBIC U3MEHEHUs [ Xampabaes, 1978],
CBSI3BIBAJIM HEOCTaTOYHON HHTEHCHBHOCTBIO ITpoIiecca
KaJIMIINAaTU3al11 ClenyIomel 3a anpouTru3anmei.

‘YkazaHue Ha TO, YTO OKOJIOKHMITBHBIC ATbOUTH3HPO-
BaHHBIE U KAJIMIIIATU3UPOBAaHHBIE METACOMATUTEHI pac-
MPOCTPAHAIOTCS 10 TyOuHBI 250 M, HaM Ka)eTcs Tuc-
KYCCHOHHBIM. [IpensTcTBuii Ha pacIpOCTPAHEHUE TAKUX
METACOMAaTHUTOB HE UMEETCs. YKa3aHUeE Ha TO, UYTO MEXKAY
BHEILIHEH (XJIOPUTOBOH) U BHYTpEHHE! (CyILIECTBEHHO
KaJIMIITIATOBO) 30HAMHU pa3BUBAETCS MPOMEKYTOUHAS
30Ha, IJIe COCYIIECTBYIOT KapOOHAT, CEPULIUT C HEUYeT-
KHMH TpaHHIIaM{ HEI0CTaTOYHO 000ocHOBaHa. B onHoM
TOJIBKO IPOMEXKYTOYHOM 30HE KAJIMILIIAT U CEPULIUT CO-
CYLIECTBOBATh HE MOT'YT, OHH 00a KaJIueBble MUHEPAJIbI,
[I03TOMY B COOTBETCTBUH C TEOPUEH METACOMATUYECKON
30HAJTPHOCTH YCTOWYUBBIM JOJKEH OBITH OIMH U3 HUX.
[TousATHO, YTO aNbOUT-XJTOPUTOBBIE METACOMATUTHI
MpPUHAIJIECKAT K SHCHTaM, KaJUIINaT-KapOOHAT KBap-
LIEBBIE METACOMATHUTHI K I'yMOenTaM, a KBapll-CepULIUT-
KapOOHATOBBIE METACOMATUTHI K Oepe3utam. B ciryuae
npeobagaHus XJIOpUTa HaJl CEPUIIMTOM K JIUCTBEHUTAM.

MEI nymMaeM, 4YTO TaKHE METACOMATHUTHI MOTYT Cy-
LIECTBOBAaTh BO BHYTPEHHHUX (alHsIX JTUCTBEHUTOB
B CUTYyaIlMU aHAJIOTMYHOM 00pa30BaHUIO CEPUIIUTONIH-

TOB BO BHYTPEHHUX (panusax Oepe3uToB. DTO sIBICHHE
JeTajJbHO paccMOTpeHo Ha mpumepe Koubymakckoro
MecTopoxkieHrs Bocrounoro Y3oekucrana. Takue Meta-
comaruTsl [PycunoB, 1989] obpasyrorcs B Buae cKorie-
HUI pa3IMYHBIX Pa3MEPOB, CPEIN KBAPL-CEPUIITUTOBON
daruu 6epe3nTOB HEMOCPEACTBEHHO IPHUIICTAIOMICH
K PYJOHOCHBIM JXHJIaM 3a CUET M3OBITOYHBIX MEpe-
MEIIEHHBIX KOMIIOHEHTOB, a B CIIy4ae XJIOPUTOJIUTOB
Yapmuranckoro Mectopoxaenus 3a cuet Fe,O, B co-
cTaBe 00pa3yIoNIUXCA XJIOPUTOB, MPEICTABICHHBIX
TIOPUHTUTAMU U MIAMO3UTaMHU.

OmnpeneneHne HHTEHCUBHOCTH METACOMAaTHUYECKUX
HOBOOOpa30BaHMM, X (HOPMAITMOHHON ITPHHAIICKHOCTH
BIIASIET HA MEPCIEKTUBHYIO OIIEHKY MECTOPOXKICHHUS,
MO3TOMY MX M3YUYCHHUE SIBIISICTCS OAHOU U3 TJIABHBIX 3a-
Jlad TIPH OIIEHKE MECTOPOXKICHHUSI.

Paboma svinonnena npu noodepaoicke Munucmepcmeo
svicuieco 00pasoeanusl, Hayku u unHogayuti Pecnyonuxu
V36exucman npoexm Ne 113-20170929154.
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MMUMHEPAJIOTI' 51 HOBOI'O XOHAPUTA SMALYAVICHY (H6), BEJIAPYChH
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25 nexabps 2024 roga B 40 KM B CEBEPO-BOCTOUHOM
HamnpaBlieHnU oT I. MuHcka, Peciyonuka benapyce, Tpu
BHJIEOKaMepbl METEOPHOM ceTH B 17 yacoB 29 MUHYT 1O
MECTHOMY BpeMeHH 3adukcupoBain 6omaua. K xoHIy
TpaeKkTopur ObUIO BUIHO HE MeHee 15 oTaenbHbIX (par-
MeHTOB. COBMECTHBIMH YCHIIMSIMU MUHCKOTO MJIaHeTa-
pusi, benopycckoro rocyaapcTBEHHOT0 U YPaJbCKOI0
(denepasbHOr0 YHHUBEPCUTETOB OblJIa OpraHW30BaHa
KaMITaHU4 TI0 TIOUCKY BemecTBa. OO0Imas Macca HalIeH-
HBIX (hparMeHTOoB MeTeopuTa Smalyavichy ma 01.04.2025
coctaBisieT 581.5 r. OGpasibl HIMEIOT YIIIOBAaTYIO U rpy0o
OKpYyTIyIo (opMy, TOBEPXHOCTH MOJTHOCTHIO MOKPBITA
TEMHOW KOPOH IJIaBJIEHUS, & BHYTPEHHSA YaCTh UMEET
CBETJIO-CEPbIil IBET. MeTEOpUT KIacCUPULIUPOBAH KaK
00bIKHOBEeHHBIH XoHAPUT HO6S2WO 1 yTBepokaeH 17 map-
Ta 2025 roma B MeTeopuTHOM oOmmecTBe (Meteoritical
Bulletin Database).

MeTeopHuT CONEepXXKUT CpeaHe- U KPYyMHO3EPHU-
CTYI0 TIEPEeKPHUCTAILIN30BAHHYIO MaTPUILY U PEIKUe
xoHApsl. XoHaps! (POP, BO, RP) numetor cnabo BbI-
pa’keHHBIE TPAHUIIBI, pa3Mep BappupyeT oT 20 MKM
no 2 mMm. Matpuna coctout u3 onuuna (Fa
N=76), opronupokcena (Fs En

16.9+0.6

19.4+0.5°

Wo

80.8+0.6
N=53), knunonupokcerna (En Fs Wo

45.9+1.0 6.4+0.3 47.7+0.7°
Cr,0,-0.4-0.8 wt.%, Al,O, —0.8-0.9 wt.%, N=5) , niiaru-
oknaza (An,, . Ab, .. Or N=33), Tpomnuta, Fe-Ni
meTasos, xpomuta (Crtg, ., Spl, ., N=13), mep-
puuTa u armaruta. Meppumut ooenaen FeO (0.3-0.8
Mac.%, N=14). Anarut conepxxurt kak Cl (1.8-2.0 mac.%),
tak U F (2.4-2.5 mac.%). Fe-Ni meTannsl (7o 1 Mmm) 00bI4-
HO aCCOIMHPYIOT C TPOMIIUTOM U IIPEICTABICHBI KAMAaCH-
TOM, TOSHHTOM U TETPATIHUTOM. Yallie BCero BCTpe4aroTcst
3epHa KaMacHTa, PeKe — acCOMalii KaMacUT—TOHUT
M KaMacHuT — TOHUT — TeTpardHUT. COCTaB METAIIOB
(B Mac.%): kamacut (N=33) Fe 93.7 £ 0.5, Co 0.5 £ 0.05,

Ni 5.8 + 0.6 (B accounanuu ¢ TPOUIUTOM, TIHUTOM

1.5+0.3°

5.9+0.9°

1 TeTpardHuToM obemueH Ni — 2.8-3.7); Torut (N=23) —
Fe 71.6+£5.6, Co 0.3%£0.1; Ni 27.9+£5.7; TeTparaHuT
(N=18) — Fe 48.1+2.4, Co 0.2+0.1, Ni 52.0+2.2. B ma-
TpPUIIE BCTPEYArOTCSA XPOMUT-TIJIATMOKIIA30BbIE CKOIJIEHUS
pa3zmepom 10-100 MKM, cocTOSAIINE U3 OKPYTIBIX U U30-
MeTpUYHBIX 3epeH xpomuTa (0.5-50 MKM), OKpy>KEHHBIX
NJaruokyia3oM. B onnBuHe HaOIIONAIOTCS TPEIIMHBI
B JIBYX HampaBieHUAX. OKUCIIEHHE MEeTajlla U CYNb-
¢uI0B He HAOMIOMAETCs I MUHUMAaJbHOE. TonmnHa
KOpbI I1aBiieHus1 cocrasisiet 70 100 mxM. OHa cocTouT
U3 JIByX 30H: BHYTPEHHEH — cpeiHe3epHICTON (HOBOOO-
pa3oBaHHbBIN ONUBHH + JEBUTPUPHIINPOBAHHOE CTEKJIO:
SiO, - 35.2-354, TiO, - 0.2, AL,O, - 2.2-2.3, Cr,0, - 0.2-
0.3, FeO — 35.8-36.3, MnO — 0.2-0.3, MgO — 21.0-21.2,
NiO - 1.5-1.6, CaO - 1.8-1.9, Na,0 - 0.8-1.0, K,O - 0.1,
P,0,-0.2-0.3, SO, - 0.3-0.7 mac.%) 1 BHEIIHEN — MEN-
KO3EPHHUCTON CO CKEJIETHBIMH HOBOOOpPA30BaHHBIMHU
MarHeTHUTOM U OJIMBHHOM. B 00erx 30Hax MPHCYTCTBYIOT
PETMKTHI IEPBUYHOTO XPOMHTA U OJIMBHHA, & TAKXKE Me-
Tam-cynbhuaHbe T1o0ys! (5-10 Mxm). B rnolynax u3
BHEITHEH 30HBI IPUCYTCTBYIOT XH3JICBYIUTOBBIN TBEP-
awii pactBop (Hzss-1, Ni,S : Fe —3.3-3.4, Ni — 72.3-73.2,
Co — <0.05, S — 24.2-24.5 mac.%), HUKEIb, TICHTIaH-
JUT, a B T7I00yJlaX U3 BHYTPEHHEW 30HBI — MAPTEHCHT
(Fe — 82.1-23.6, Ni — 14.8-16.2, Co — 0.6-0.9 mac.%),
TOHUT/TETPATIHUT U TPOUIHUT. Bo BHemIHEH 30He Tak-
ke 0O0Hapy’kKeHa accoluanus NMeHTIaHAUT + MarHe-
tuT. UHIMBUAyanbHBIE 36pHA MarHETUTA COIEPXKAT
NiO (0.7-1.6 mac.%), CoO (mo 0.4 mac.%) u MgO
(mo 1.0 mac.%).

Paboma svinonnena npu noddepoicke Munoopuayxu
P® 6 pamkax Ipoecpammul pazsumus YpDY ¢ coomeem-
cmeuu ¢ npoepammout «llpuopumem-2030» u 2ocyoap-
cmeennoeo 3a0anus UIT'M CO PAH (FWZN-2022-0035,
Ne 122041400312).
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OCOBEHHOCTH COCTABA KCEHOKPUCTAJIVIOB
KJIMHOIIMPOKCEHA U3 PASHOBO3PACTHbBIX KMMBEPJIUTOB
AKYTCKOM AJIMA30HOCHOWM ITPOBUHIIUA

e A.M.!, Oneiinnkos O.Bb.2, Omenkosa M.I'.%, 3emuyxoB A.JI.3, Onapun H.A.?

! Huemumym zemnou kopvt CO PAH, Hpxymck, Poccus
2 Unemumym 2eonozuu aamasa u 6nazopoounsix memannos CO PAH, Axymck, Poccus
3 AO «Anmaser Anabapay, Axymcek, Poccus

B nannoii paboTte OblTa M3ydUeHA IPEICTaBUTEIBHAS
BBIOOpKA KCEHOKPHCTAJUIOB KIIMHOTUPOKCEHA, 0TOOpaH-
HBIX U3 KOHIICHTpaTa TAKEJION (hpakiuu KUMOSPIUTOR
TpyOoku MBymka (Tomyorckoe KuMOEpPIUTOBOE TIOJIE)
u aHomanuu 75/90 (Monoauackoe KUMOEpIUTOBOE
M0JIe), PACIOJIOKCHHBIX B Mpeaesiax bupekTHHCKOro
TeppeiHa (ceBepo-BocTodHAs 9acTh CHOUPCKOTO
KkpatoHa). [ns Bcex M3yUYeHHBIX 3€pPEeH Ha OCHOBE UX
XUMHYECKOT'0 COCTaBa ObLIM PAacCUMTAHBI JaBJICHHS
W TeMIIepaTyphl, C UCTIOIE30BAaHIEM MOHOMUHEPATBHON
TepMOOapOMETPHUH.

bnaronapst mojy4eHHBIM TaHHBIM ObLIH PACCUNTAHbBI
MaHTHITHBIE TIAJIE0T€0TePMBL. PEKOHCTPYKITHH TepMalTb-
HOT'O COCTOSIHHSI JINTOC(ESPHOM MAHTHH ITOKA3aJIU, YTO Ha
MOMEHT ITaJIC030MCKOTr0 KUMOEPITUTOBOTO MarMaTu3mMa
(Tomyonckoe mone) TepMaidbHas TPaHUIA JTUTOC(EPHI
¢ acTeHocdepoii OblIa OJIM3Ka K TAKOBOW B palioHE F0XK-
HBIX KHUMOEPIUTOBBIX MOJIEH 1 cocTaBIIsIa OKoso 230 K.
[IpenBaputenpHble OlleHKH 111 AHOMannu 75/90 yka-
3BIBAIOT HA TO, YTO B ME3030HCKOE BpeMsl, TUTOC(epHas

MaHTHSI B ’TOM PETHUOHE YK€, BEPOSITHO, ObLIa TOHBILIE,
NOABEPIiach 3HAUUTEIbHBIM MPE0OPa30BaHUSAM, a BbI-
HOCHMBIE KHUMOEPIUTOBOH MarMon KCEHOKPHCTAJLIHI,
IPEACTaBIAIOT cO00M 00JIOMKH NOPOX C HECKOJIBKUMHU
reHepalusIMU KJIMHOMUPOKCEHOB. HecMoTps Ha TO, 4TO
B JIEBOHCKOE BPEMsI MOIIIHOCTH JIUTOCHEPHI CEBEPHBIX
Y IO’KHBIX HOJIEH OKa3bIBAIOTCS IOCTATOYHO OJIM3KUMHU
0 3HAYECHUI0, KUMOEPINTOBBIE MarMbl TPYOOK FOXKHBIX
HOJIEH, 3aXBaTHIBAJIN OOJIBILINIH 1HUaNa30H NOTEHIHAIbHO
aTMa30HOCHBIX TTopos (r1youHs! oT 130 mo 230 kM) mpu
MOABEME, OTHOCUTENIFHO TPYOOK CEBEPHBIX MOJeH (TTy-
ounbl 10 170 kM). JlaHHBIC pe3yIBTaThHl MOTYT KOCBEHHO
OOBSICHATH CYLIECTBEHHYIO PAa3HUILY aJIMa30HOCHOCTH
JEBOHCKMX KUMOEpIUTOB I0XKHBIX TOJEH, pacmoio-
YKEHHBIX Ha apXeHCKUX TeppelHax U CEBEPHBIX MOJEH,
OTHOCSIIUXCS YKE K IPOTEPO30UCKUM OJIOKaM.

Buinoaneno npu noooepoicke 6a306020 3a0anus
UI'ABM CO PAH FUFG-2024-0007.
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BJIAUSAHUE TEMIIEPATYPbI HA MUKPOCTPYKTYPY
TPOUJIMTA U3 OBBIKHOBEHHOI'O XOHJIPUTA CALAMA 022
1O JAHHBIM PEHTTEHOBCKOM JU®PAKTOMETPUH

Mouauk C.C.!, Aiipy3os A.P.!, MakcumoBa E.M.!, [Terposa E.B.”

! Kpwimckuii ghedepanvuwiil ynusepcumem um. B.U. Bepnaockoeo, Cumgpeponons, Poccus,
2 Vpanockuil ghedepanvuviil ynusepcumem, Examepunbype, Poccus
dyundik.s@cfuv.ru, maksimovaem@cfuv.ru

Tpownnwur, Fe, S (0<x<0.05), kpucrannausyercs
B I'€KCaroHaJIbHOM cHCTeMe C MPOCTPAHCTBEHHON
rpynnoii P2c. IIpu HarpeBanuu TpouauT npeTepre-
BaeT JBa (pa30BBIX CTPYKTYPHBIX Mepexona: o 1 .
0. — MEPEX0]1 MPOUCXOAUT Hpu Temreparype ~ 140°C
U CBSI3aH C BpPAILlEHUEM MArHUTHOTO MOMEHTa OT
MePHEeHIUKYIISIPHOTO MOJIOKEHUS K Napaslyie]IbHOMY
OTHOCUTEJIBHO KPUCTAJIIOTPAPUUECKON OCH «C».
B-nepexon Bo3HUKaET mpH Temmeparype ~ 315 °C
U CBSI3aH C MEPEXO0AOM OT aHTHU(PEPPOMArHUTHOTO
COCTOSIHMS K mapamarHuTHomy [Ricci, 2016].

B HacTosmel pabote METOAOM BBICOKOTEMIIE-
paTypHOU PEHTTeHOBCKON TU(PPAKTOMETPHU HC-
CJIEIOBAJIOCH BIIMSIHUE TEMIIEPATYPbl HA TapaMETPhI
TOHKOU CTPYKTYpPBbI TPOMIHUTA (MUKpOnedopMauit
€ = Ad/d u obyacTeil KOTepeHTHOTO pacCesHUS
(OKP)) B untepBase remneparyp ot 50 no 350 °C,
MOJYYEHHOTO METOJIOM MarHUTHOM cemapanuu
u3 nopomika pparmenta meteoputa Calama 022
(L6, S1, W1). UccnenoBanust MpOBOAMIUCH HA UG-
paktomeTpe Bruker D8 Advance B Co Ka usnyue-

™
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D, nm
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Puc. 1. TemneparypHas 3aBUCUMOCTH U3MEHEHU I
MUKPOCTPYKTYpHI (D — pasmep OKP,

€ — MHKpOHAIIPsKEHUE) TI0 TIIaBHOMY UKy (114)
TpowiuTta u3 mereopura Calama 022

HuH. [TapamMeTpbl MUKPOCTPYKTYPbI ONPEAEISINCH
110 1aBHOMY UKy Tporunta (114), OKP paccuntsl-
Basmchk 1o ¢opmye Censkona-llleppeBa, Mukpoze-
dopmaruun — Yuncona-Crokca. B pesynbrare Oblia
MOCTPOEHA 3aBUCUMOCTh M3MEHEHUS MTapaMeTpoB
MUKPOCTPYKTYPBI OT TeMIIepaTypbl HarpeBa 00-
pasua (puc. 1).

YCcTaHOBIIEHO, UTO B MHTEPBAJIC TEMIIEPATYp OT
50 no 300 HabmromaeTcsi yMEHBIICHHUE Pa3MEpOB
OKP u yBenuueHue BeJIMYMHBI MUKPOJE(HOpPMAIIH.
[Tpu Temneparype Boime 300 °C HabmomaeTcs BO3-
pactanue BenuuuHbl OKP u yMeHblIeHHE Beu-
YUHBI MUKpoJieopMaIuii, YTO CBUIETENbCTBYET
0 TIEPEXO0JIE CTPYKTYPhI TPOMIIUTA B PAiOHE TOUYKHU
BTOPOro (a3oBOro nepexoaa K 0ojee COBEpPIICH-
HOM cTpyKType Tumna HukenuHa (NiAs), ¢ rpynmnoi
CUMMETPUH P63/mmc. HaOmromaemoe n3MeHeHue
pa3mMepoB o0acTeil KOrepeHTHOI'O PAaCCESHUSI CO-
BIIQ/IA€T C XapaKTePOM U3MECHEHUS TTapaMeTpa «C»
KPHUCTAJNINYECKON CTPYKTYPbl TPOUIIUTA OT TEMIIe-
parypsl [Tenailleau, 2005].

Bxnao 6 pabomy Ilemposoii E.B. noodepaican
Munucmepcmeom nayku u 8vicuie2o 00pazo6anusl
Poccuiickoti @edepayuu, npoexm FEUZ-2023-0014.
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YACTOTHOE PACHHPEAEJIEHUE ITPOCTPAHCTBEHHBIX I'PYIIII
CUMMETPUH B CTPYKTYPHOH MUHEPAJIOT' M. HOBBIE JIAHHBIE.

Epemun H.H."?, Epemuna T.A.!, T'yp6anoBa O.A.!

IMT'Y um. M.B.Jlomonocosa, I'eonozuueckuii p-m, Mockea, Poccus, neremin@mail.ru
2 UT'EM PAH, Mockea, Poccus

Mamemamurxa — >mo A30vIK,
HA KOMOPOM HANUCAHA KHU2A NPUpPOObL.

I Tanunen

Onwupasick Ha aKTyaJbHYIO 0a3y TaHHBIX MUHEpaJlb-
HBIX BUJIOB, OBbLJI IPOBEJICH MOAPOOHBIN CTATUCTUYECKHIH
aHAJIU3 paclpeneieHUsI KPUCTAIUINUECKUX CTPYKTYD
MUHEPAJIOB [0 CHHTOHUAM, KJ1accaM CUMMETPHH U ITPO-
CTPAaHCTBEHHBIM Tpymmnam. J[Jis mpoBeaeHUs aHaIn3a
OnlTa HcrmoThb3oBaHa BeIOOpKa 21.02.2025 roma, comep-
aimast 6006 MuHepasoB, 0I0OOPEHHBIX U YTBEPHKACH-
HBIX HOMEHKJIATYpHON KOMHUCCHEN MEXAYyHapOIAHOMN
MUHEPAJIOrMYECKOI acCOLUaIN.

Cy1ecTBeHHO BBIPOCIIHH 32 ABa IECATUIICTHS OaHK
JTAHHBIX CTPYKTYPHBIX PETUCTPAIIHi He OKa3ajl MPUHITU-
MUAJIBHOTO BIMSIHYS Ha BKJIa (bl K&K I0M U3 ILIECTH CHUH-
TOHHH B 00I1Iee YNCII0 MUHEPAJIbHBIX BUIOB. TeM He Me-
Hee, TI0 CPAaBHEHHIO C CPABHEHUIO C BHIOOPKaMH Havasia
XXI Beka [Huxomnaes, 2000; Ypycos, 2002] npouzonuiu
OlpezeICHHbIE U3MEHEHU PAHTOB: B YaCTHOCTH, TPH-
KJIMHHAS] CHHTOHMS CMEHUJIa HU3INH 6-if paHT Ha 4-,
000rHaB ¥ KyOM4ECKYI0 U TeTParoHaJbHY0 CHHIOHHIO.
Taksxe 0OTMETUM YBEIMUYUBIIMNCS Pa3pbIB MEXTy MOHO-
KJIMHHOH (paHr 1) u pomOnyeckoii (paHr 2) CHHTOHUEH.
B mesnom, Tpy CHHTOHUY yJTyYIIWIA CBOIO JOJIO B 00-
nieid BEIOOpKEe OTHOCUTENBHO Oojiee paHHUX JaHHBIX
(TpUKITMHHASA, MOHOKJIMHHAS U TeKCaroHajIbHast), TorIa
KaK TPU OCTaBLIMECS 3aMETHO MOTEPSIIN B OTHOCUTEIb-
HOU pacrnpoCTpaHEHHOCTHU.

Amnanu3 mokasall, 9To u3 32 KJIaCCOB CHMMETPHH
pacrpocTpaHeHHBIX 0Ka3aJloCh BCErO CEMb, CPEOHU KO-
TOPBIX MATH TOIO3APUYECKUX (ILTIOC TOO3APUYECKUN
KJIacC TPUTOHATLHOU MOICHHTOHUN). [ oosmpruyeckmit
KJIacC 6/mmm reKkcaroHajJbHOW MOACHHTOHUU HE TO-
Maj B YUCIO pacpOCTPaHEHHBIX, YTO AEMOHCTPUPYET
OJIN3KYIO0 POJICTBEHHOCTh TPYII C OCAMHU TPETHETO
Y IIECTOr0 MOPSJKOB U 000CHOBAHHOCTH BBIICIICHUS
IIECTH, & HE CEMH CHHTOHMM MPU aHAJIN3€ KPUCTAIIIN-
YecKUX CTPYKTYp. CTOUT TakKe OTMETUTh OIPOMHYIO
PacnpoCTpaHeHHOCTh MOHOKJIMHHOTO Kiacca 2/m (30,7%
BCEX MUHEPAJIbHBIX BUJIOB).

N3 219 npocTpaHCTBEHHBIX TPyHIl CUMMETPHUHU
(mpu aHaIHM3€ SHAHTHOMOP(HBIE TPYNIbI 00bEUH -
JINCh) a0COIFOTHO MYCTBIMHU OKa3aJIuch 34, 9TO 3aMeT-
HO MeHbIe, yeM B 1966 1. (112) [IloBapeHHBIX, 1966]
u 2006 rony — 54 [Ypycos, Hanexuna, 2006]. Bo Bcex
SHAHTUOMOP(HBIX Hapax pPacHpOCTPAHEHHOCTh IPYIII
C MEHBIIUM HOPAAKOBEIM HOMEPOM HAMHOTO BBIIIE,
YTO MOATBEPIKAAET TE3UC O CYUIECTBEHHON POJIH Ue-
JIOBEUECKOT0 (pakTOpa B CTPYKTYPHBIX ONpPEICICHUSIX
B clydae PHAaHTHOMOP(QHBIX TPYII. 3aMETHM, YTO BCe
«IyCTBIE» IS CTPYKTYPHOH MUHEPAJIOTHU T'PYIIIBI
B HACTOsIILEE BPEMs 3acesIeHbl HEOPraHMYECKUMH CO-
enuHeHusAMH (Toraa kak B 2006 romy oTMeyanoch 4eTbipe
aOCOJFOTHO ITyCThIE B HEOPTaHWYECKOM KPUCTATIIOXUMHUHU
rpymisl) [ Ypycos, Hanexwuna, 2006]. 910 o3BoIsieT cae-
JIaTh BBIBOJI O MOJIHOM 3aCEICHHOCTH HEOPTraHMUYECKUMU
KpHUCTAJIJIAaMU TPOCTPAHCTBEHHBIX TPYII CHMMETPUU
COTJIACHO HOBBIM JJaHHBIM.

Paboma swinonnena 6 pamkax 2ocyoapcmeeHno2o
za0anuss MI'Y uw UTEM PAH.
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TEMIIEPATYPHAS 3ABUCHUMOCTD YCAJIKN KEPAMUKMH NiO-YSZ

Epmaxkos E.A.!, CoioBbéB A.B.!, MapkoB B.®.!2

'Vp®Y um. b.H. Enoyuna, Examepunbype, Poccus, evgenermak27alfa@mail.ru
2 Vpanvckuii uncmumym I'ocyoapemeennoti npomugonosicaptoil cysicovt MYC Poccuu, Examepunbype, Poccus

Kepamuka na ocnose NiO-YSZ nonyuaercs
NyTEM CIIEKAHMS MOPOIIKOB HPHU BBICOKOW TEM-
neparype. AHaJIOTMYHBIE IIPOLIECCH] TPOUCXOAST
B IIpUpozie Mpu GOPMUPOBAHUU METAMOP(HUIECKHUX
TOPHBIX MOPOJ, KOT/1a MUHEpasbl IEpEeKPUCTAIIIH-
30BBIBAIOTCS M0]] BO3JEHCTBUEM BBICOKMX TEMIIEpaA-
Typ ¥ JaBieHus. TepMonnHaMH4ecKe MpoLecChl,
KOHTPOJIMPYIOLINE CIIEKaHHEe U NepeKpUCTaIIN3a-
LIMI0 B F€OJIOTUUECKUX YCIOBHSX, CXOXKHU C TEMH,
YTO MPOTEKAIOT IIPU PA3HBIX pPeXKUMaX CHEKaHHS
KepaMuku. B nanHo# pabore Obuia MccienoBaHa
ycajka o0pa3noB kepaMuku Ha ocHoBe NiO-YSZ
1I0CJIE CTIEKAHMUSL.
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Puc. 1. 3aBucuMocTh ycaaku o0pas3ion
OT TeMIepaTypbl 00XKura

B nacrtosmei paboTe oOpasmbl KepmeTa
NiO-YSZ (o6bpemuoe cootHomenne NiO : YSZ :
kpaxman = 50 : 33 : 17 06.%) ObLIM MOTy4YEeHBI Me-
TOZIOM COBMECTHOM ITPOKATKH, TOJIIIMHA COCTaBIIsIIA
0,4-0,87 MM.

Tepmuueckast 00pab0oTKa MPOBOAUIIACH B TIEYH
monenu SNOL 8,7/1300 mHa xopyHAOBOH TOI-
ctaBke B psje temneparyp 500—1300°C ¢ marom
B 100°C. IlapameTpsl criekaHUs: CKOPOCTh HarpeBa
v=9°C/muH, BpeMms Bbiiepku T=300 MuH. J{ns u3-
Oe’kaHMS BEPTUKAJIBHOU AedopManiuu oOpas3IoB
n3-3a pa3HocTel K03 (UITMEHTOB TEIIOBOTO JIU-
HEWHOr0 PacIIMpEeHus: MaTepHUasioB KEpaMHUKH U TOJI-
CTaBKH, MOCJEAHSS MOCHIIalach chepruuecKum
nopokoM YSZ ¢ pazmepoM yacTtull 80 MKM.

Ha pucynke npencTaBieHa 3aBUCHMOCTD YCAIKU
00pasIoB Mocie CeKaHusi OTHOCUTEIBHO UX HC-
XOIHBIX Pa3MEPOB OT YCTAHOBJICHHOW TeMIEpaTyphbl,
OTpaXkarolias KOMIUIEKC IPOLIECCOB, MTPOUCXOIAIINX
B MaTepualie npu ooxkure (puc. 1). MoxxHo npeano-
JIOKUTb, YTO YCTAHOBJIEHHAs (hopMa KPUBO ycaaKu
CBUJICTENBCTBYET 00 MHTEHCUBHOCTHU IPOLIECCOB
yIaJCHUSI XUMUYECKH CBSI3aHHOM BOJIBI U OPTaHHU-
YECKUX BEHIECTB, 0 (a30BOM IMepexose AUOKCHIa
IIUPKOHUSA B KyOMUYECKYI0 (a3y U BbIJCICHUN METaJl-
adeckoro Hukest. [lomydeHHbIe pe3yIsTaThl MOTYT
HAWTU TPAKTUYECKOE MPUMEHEHHE Il KOHTPOJIS
U ONTHMHU3AIMH MPOLIECCOB O0XKUTA U TOITYUYCHHUS
KEPAMHKH C 3aJaHHBIMH XapaKTEPUCTUKAMH.
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ONNPEJAEJIEHUE ITAPAMETPOB MEJIKUX METEOPHBIX
TEJI IO HABJIIOJATEJIBHBIM TAHHBIM

Edpemos B.B.., TTonosa O.I1.!, Kapramosa A.I1.2, T1azaues /1.0.!, Bymvanosa A.W.!

! Unemumym ounamuku 2eocep um. M.A. Cadosckoeo PAH, Mockea, Poccus efremov.vv@phystech.edu
2 Unemumym acmponomuu PAH, Mocksa, Poccus

OCHOBHBIM CIIOCOOOM TMOJMYYEHUS HHPOPMAIIUHU
0 XapaKTEepUCTHUKAX MEIKHX METEOPHBIX Tel (pa3Mme-
poM MeHblIe 1 cM) SABIAETCS U3YUYEHHE UX B3auMOJei-
cTBHSA ¢ aTMochepoil. M3yueHrne MeTECOpHBIX SBICHUH
C UCIIOJI30BaHNEM HAOIIOAATeNbHBIX JAHHBIX BEIETCS
HECKOJIBKO CTOJICTHI, HO 3a/1aua 10 TOYHOMY OIIpesielie-
HUIO UX TIapaMeTPOB, B YACTHOCTH MAaCCHI, TNIOTHOCTH
Y IPYTHX CBOWCTB, OCTAETCS MO-IIPEKHEMY aKTyabHOM.
Macca 9acTo OLIEHHBAETCS Ha OCHOBE DMITHPHICCKUX
COOTHOIIIEHHUH, HCTIONB3YIOMINX MaKCUMAIBHYIO SIPKOCTh
MeTeopa, CKOPOCTh U yrou Bxoza. Pazopoc oreHok mapa-
METPOB MOXKET IIPEBBIIATE MOPSIOK BETHIHHBL Kpome
TOTO, JUTS OMPENe]IeHIs TapaMeTPOB METEOPHBIX Tel
10 JIAHHBIM HAOIOACHUI HCIOIB3YIOTCS Pa3lInYHbIC
MOJIETTH abJISIITUN.

B narmeii pabote oreHka mapamMeTpoB METEOPHBIX TeJ
notoka [lepcenpl (Macchl, INIOTHOCTH U IPYTHE Xapak-
TEPUCTHUKH) MMPOBOIMIIACH C TIOMOIIIBIO JBYX OCHOBHBIX
Moeneit abnanun. B mepBoi Mozeny mpenoaaranocs,
YTO HEPrUsl MOTOKA PACXOAYETCS Ha HATPEB, IEPEU3ITY-

YeHHe W TIOTEPI0 MacChl MeTeopouaa. B nmpyroit momenn
SHEPTUs MOTOKA PACXOYETCS TOIBKO Ha MOTESPIO MACCHL

B pabote Obl1M MCTIONB30BaHBI Oa3MCHBIEC ONTHYC-
ckue HabOmoneHus motoka [lepcenn 2016 r. [Tockonpky
B UCCJICJIOBAHUSIX UCIOIb30BaJIaCh MOJICb, OMUCHIBA-
FoIast mporece absaIuy HeOONIBIIIX METEOPHBIX TETI,
OBLITM BBIOpAaHBI METEOPHI clladee -2m.

B pesynabraTe OBIJIM MOJIyYEHBI ONEHKHU HC-
CIeAyeMbIX YacCTHIl: MacChl, pa3Mepa U IIOTHOCTH.
[Ipoananu3npoBaHO BIUSHUE UCIIOIB3yEeMbIX MOJIeIIei
Ha OMNPEJCIICHUE TAHHBIX apaMeTPOB METCOPOUIOB.
[IpoBeneH aHanM3 CXONCTBA M PA3TUYHS MMOTYUEHHBIX
apaMeTpPOB METEOPOUIOB, PACCMATPHUBAIOTCSI BO3MOXK-
HBIC IPUYMHBI UX TTOBEIICHUSI.

Paboma evinoanena 6 pamxax eocyoapcmeenno2o
3a0anusa Munucmepcmea Hayku u 8vicuie2o 00pa3o8anus
PO (UAT" PAH — mema Ne 125012200624-5; HHACAH —
Ne 124021000007-1).
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MHOT'OKOMIIOHEHTHBIE P33- U UTTPUN-KEJE3UCTBIE TPAHATHI:
JTUHAMHUYECKHUE CBOMCTBA, PAMAHOBCKASI CHEKTPOCKOITU A

Keaynunbia U.A.', Tankpymuna E.A.', Porunckuii E.M.2, Borskos C.JL.!

I Huemumym 2eonozuu u 2eoxumuu um. akademuxa A.H. 3asapuyrozo YpO PAH, Examepunbype, Poccus,
2 @usuxo-mexnuueckuti uncmumym um. A.D. Hogppe PAH, Canxm-Ilemep6ype, Poccus

Urtpuii-kenesucteiit rpanar Y, Fe O, (YIG) u ero
penxosemenbHble anajoru cocrasa Ln,Fe O, (LnlG) -
HIMPOKO UCTIONb3yeMble MarHUTHBIE MaTepUallbl; aHAJTN3Y
X (U3UKO-XUMHUYECKHX XaPAKTEPUCTUK U (QyHKIIHO-
HAJLHBIX CBOWCTB IOCBSIICHO OOJIBIIIOE YUCIIO IyOIIH-
Kallii, B TOM YHCJIE U B ITOCIEAHNE TObI (CM. HaIpuMep
[Zhelunitsyn et al., 2024]). [IpeanpuHIMAIOTCS TMOMBITKH
MoAUPUIIUPOBATh UX (DyHKIIMOHAIHHBIE XaPaKTEPUCTH-
KU C ITIOMOIIBI0 MHOTOKOMIIOHEHTHOTO 3aMelieHus Y
[Liu et al., 2023].

B Hacrosmeit pabote npeacTaBiIeHbBl PE3yIbTaThl
KOMILJIEKCHOT O 3KCIIEPUMEHTAJIBHOTO U BBIYUCIUTENb-
HOT'0 MICCIIEIOBAHU S PAMAaHOBCKHX CIIEKTPOB M AMHAMH-
YECKUX CBOMCTB OIHO- 1 MHOIOKOMITOHEHTHBIX I'PaHATOB
YIG, LnlG (Ln=Eu, Gd, Dy, Er), (Y, ,Gd ,Er, ,Eu Dy, )
IG (YLnIG), cuaTE3MpOBAaHHBIX METOAOM TITHITHH-HU-
TparHoro nupoinu3sa. [IpefcraBneHsl pe3ynbpTaTsl pacye-
TOB IMHAMHKH PEIICTKH B paMKaX TEOpUH (DyHKIIMOHAIA
MIJIOTHOCTH, C TIOMOIIIBIO KOTOPBIX YAAJIOCHh BEITIOTHUTH
OTHECEHHE CIIEKTPAIbHBIX JTMHUHN KOIeOATETbHBIM CO-
CTOSTHUSIM B LIEHTpE 30HbI bpuiiosHa.

o naHHBIM TEOPETHKO-T'PYTIIIOBOTO aHAN3a TI0Ka3a-
HO, YTO B paMaH-aKTUBHBIX KOJIcOaHHIX 3a1€HCTBOBaHbI
BCE aTOMBI, KpoMe Fe B OKTasApuyecKkoM OKpYKEHUU
(VIFe B no3umuu Yaiikoda 24d). Hanboiree "HTEHCHB-
HbIC pAMaHOBCKHE JINHUHU aCCOIUUPYIOTCS ¢ POHOHAMHU,
CBSI3aHHBIM CO CMEIIEHUSIMU aTOMOB B TeTpadapax FeO4.
Wsmepenns crieKTpoB, MpOBeICHHBIE B TUATIA30HE TEM-
neparyp u aasieHuid 83—773 K u 0—13 I'Tla nna YIG
u YLnlG, BBISBUIIN CTPYKTYPHYIO CTAOMIIBHOCTH 3TUX
rpaHartoB. [logpoOHBIN aHANN3 AUHAMUKHU PEIISTKH
rpanatoB YIG u YLnlIG noka3zan, yTo npupoga uoHa

Ln/Y He oka3bIBaeT CyIIECTBEHHOT'O BIUSHUS HA OOLIYIO
AHTapPMOHHYHOCTH CHCTEMBI.

D10 HabmI0AeHHe OBIIO MOATBEPKIACHO PE3yib-
TaTaMu AUJIATOMETPUH, MOKA3BIBAIOIIUMHU OIU3KHE
(11.07+10° u 10.20+10° K') 3Hauenus ko3ddunneHToB
TEIIOBOTO pacumupenus mis rpanatoB YLnlG u YIG
cooTBeTCcTBEHHO. [IpumeuarensbHo, 4TO Tpex(PoHOH-
Hasi aHTapMOHHUYECKasl CBA3b UT'pajia JOMUHHUPYIOIIYIO
poJb B MOBEACHNH aHTapMOHM3Ma. Bkmnan o6bemMHOro
pacIupeHus B 0OImui aHTapMOHU3M (1)) JUIS TPaHATOB
YLnlG u YIG 6511 onpenenen kak 1~0.3. 3To 3HayeHue
THITMYHO ISl TETPAdAPUUECKU KOOPAHMHUPOBAHHBIX
MOJyIPOBOAHUKOB C HU3KOM MOHHOCTBIO CBSI3H, YTO
COTJIacyeTcsl CO CTENEHBIO AEKTPOOTPULIATETBHOCTH
cBs3u Fe-O.

Paboma evinonnena 6 pamxax eocyoapcmeenno2o

sadanus Nel23011800012-9 (MI'T YpO PAH).

JINTEPATYPA

1. Liu H,, Bao A., Zhang J., Gu Y., Zhang X., Qi, X.
Dielectric properties of (Y0. 2Eu0. 2Er0. 2Dy0.
2Lu0. 2) 3 (AlxFel-x) 5012 high-entropy garnet ce-
ramics / Ceramics International. 2023. V. 49. No 5.
P. 7208-7213.

2. Zhelunitsyn I.A., Votyakov S.L., Mikhaylo-
vskaya Z.A., Pankrushina E. A. Synthesis, properties,
and ionic conductivity of ceramic solid electrolyte-
multicomponent garnet (Y, Ln) 3Fe5012 (Ln=Gd, Er,
Eu, Dy) / Tonics. 2024. V. 30. No. 7. P. 3895-3913.
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OCOBEHHOCTH JIEKTPO®U3NUYECKHNX CBOUCTB I'PAHATOB AJIBMAHJIAHA,
JTEMAHTOMJA U AHJPAIUTA 11O JTAHHBIM BBICOKOTEMITEPATYPHOM
WUMIIEJJAHCHOM CHEKTPOCKOINIUU: METOAUYECKHUE ACIIEKTHI

Keaynuubin U.A., Muxaiisosckas 3.A., Borsikos C.JI.

Hucmumym ceonocuu u ceoxumuu um. akademurxa A.H. 3asapuyxozo YpO PAH, Examepunbype, Poccus,
zhelunitsyn@igg.uran.ru

DNeKTpUuUecKue CBONUCTBA MUHEPAJOB, MOPOJ
U pyJ — 00BEKT UCCIIeJOBaHUs B 00J1aCTH (PU3UKHU 3eMITH,
uMerolee Kak QpyHIaMeHTaJIbHOe, TaK W MPHUKJIaTHOE
3HAueHHe, B YACTHOCTH, IPH JIIEKTPOPA3BEIKE MECTO-
POXICHUH, IPU 30HIUPOBAHUH JIUTOCHEPH U MAHTHH
u np. [Naif et al., 2021; Yoshino, 2019]. B nacrosiei
paboTe Ha mpUMepe AEMaHTOUIa U3 KITMHOTUPOKCEHU-
toB (IlongHeBcKoe MecTOpoXACHHE, Ypail), aHAPaAUTOB
n3 ckapHoB (Bepxuuit Ypaneht, Ypan, CokoloBCKUi
pynuauk, Kazaxcran) u anpbMananHa u3 BepxomaoBckoi
rpaHaToBoOi Koy (Ypal) mpoaHaTu3uPOBAHBI METO/IH-
YeCcKHe BOIPOCH! UCMIOJIb30BaHMS BBICOKOTEMITEPATy PHOH
WUMIIEIAHCHON CIIEKTPOCKOITHY JJIS M3YUYCHUS TePMHYC-
CKHX XapaKTePUCTHK MUHEPAJIOB B PEIKUME UX HarpeBa-
oxJaxaenus mpu temreparypax 200—900 °C u gactorax
1-10° I'ix ¢ snexktpomamu u3 Ptu La, Sr, .CoO, (puc. 1).

Jlnst 06pabOTKHM CIEKTPOB UMIICAAHCA HCIIONB30BaH
METOJI SKBUBAJICHTHBIX CXeM. Pe3ybTaTsl HHTEpIpETH-
POBaHbI B COIMIOCTABJICHUH C TEPMOTPABUMETPHUECKIUMH
U PEHTTCHOCTPYKTYPHBIMU JAHHBIMH, & TAK)KE JTAHHBIMU

aHJPaaUTOB OKAa3bIBa€T 3HAYMMOE BIIMSTHHE Ha MX JIeK-
TPOIPOBOAUMOCTD. 151 aNbMaHAMHA YCTaHOBJIECHO,
YTO Ha TEMIEepPaTypHON 3aBUCHMOCTH SJIEKTPOIPOBO/I-
HOCTH (hukcupyetcst anomanus pu 750 °C, oOycioBneH-
Hasi Ha4aJIoM pas3JIoKeHus 00pasiia; O MOCIEAHEM paHee
He coobmanock. BnusHue HauanpHBIX cTafuil (pa30BBIX
MpeBpanieHuil Ha IEKTPONPOBOIHOCTh OTKPBIBAET
NEPCIEKTUBBI UCIONB30BAHUS METOAUKHI UMIIEAaHCHON
CIICKTPOCKOIIUU JJId aHaJInu3a JaHHOT'O SABJICHUS.

Paboma evinonnena 6 pamxax eocyoapcmeenHo-
2o 3a0anus Ne 123011800012-9 u Ne 124020300057-6
(UI'T YpO PAH).
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mier A. Electrical conductivity of the lithosphere-
asthenosphere system // Physics of the Earth and
Planetary Interiors. 2021. V. 313. P. 106661.

nmuddysronHoro ceeropaccestuus munepanos. Briepeeie 2. Yoshino T. Electrical properties of rocks //
MOJIYYEHBI IEKTPUUYCCKUE XapaKTECPUCTUKHU JEMaHTO- In: Encyclopedia of Solid Earth Geophysics. Cham:
una. [lokazano, uTo xuMuuecKkuil U Gpa3oBbI cOCTaB Springer, 2019. P. 1-7.
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Puc. 1. AppeHHyCOBCKIE 3aBHCHMOCTH AJIEKTPOIPOBOJHOCTH aTbMaHANHA (), aHapaanuTa (0)
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K BOITPOCY OF HOHHOM MPOBOAMMOCTH HEOAUMOBBIX TUTAH-
HHUOBATOB, IOIIUPOBAHHBbIX KAJIbIITUEM Nd, ,Ca, Ti, ,Nb . O

1+X 76

Keaynuubin U.A., Muxaiisosckas 3.A., Borsikos C.JI.

Hucmumym eeonocuu u eeoxumuu um. akademurxa A.H. 3asapuyxozo YpO PAH, Examepunbype, Poccus,
zhelunitsyn@igg.uran.ru

B CBY-ycTpoiicTBax B KaueCTBE MUKPOBOJIHOBBIX
JIDIIEKTPUIECKUX PE30HATOPOB C IMOCTOSTHHBIMU U MaIbl-
MU TTOTEPSMHU HCTIOJIB3YIOTCS KEPaMUYeCKHE MaTepHUaIbl
C TeMIIepaTypHO-HE3aBUCUMBIMH AUAJICKTPHUECKUMH
xapakrepuctrkamu [Sebastian, 2001]. B ux uwcio BxoasaT
u kepamuku u3 cemercrtea LnTiNbO, (Ln= La... Eu)
co cTpyKkTypo# smmunTa [Hirano et al., 2016].

Hacrosimas pa6ora mocBsiieHa aHaIHu3y BO3MOXK-
HOCTEH HOBBIX 3aMELICHUH B TaHHOM CEMEWUCTBE U UC-
CJICIOBAHUIO MPOBOJISIINX CBOMCTB COOTBETCTBYIOLIMX
HOBBIX COCTaBOB. BriepBble MOMyUYeHBI IO Kepamuyie-
CKOW TEeXHOJOTHUH TBEpPIbIe PaCTBOPHI C (HOpMYyIOi
Nd,_CaTi Nb O, (x=0....0.2); u3yueHsl ux cBoACTBA
METOJaMH PEHTTEHOBCKOW JAudpakinu, paMaHOBCKOH
U uMInenaHcHoi cnektpockonuu, COM, PDA u crek-
TPOCKOIHH ONTHUYECKOr0 AUP(HY3HOTO OTpaKeHHUs.
s cocraBoB x=0—0.1 HaGM0OM2€TCA TOITBKO OPTOPOM-
Ondeckas smmHUTOBAs (haza; st x=0.15—2 oOHapy»xeHa
[IPUMECH MOHOKJIMHHON. XMMUYECKUN COCTaB KEPAMHUK
ONU30K K TEOPETUICCKOMY; pa3Mep YacTHIl BAPbHPYET
ot 1 go 10 MKkM; HaOIIOHAOTCA HEOONbIINE 00IACTH
¢ oBBILIEHHBIM copepxanneM Ca u Ti. Ha ux cnekrpax
nuddy3Horo oTpaxkeHus QukcupyroTcs f-f-mepexoms
rona Nd*', a Taxke mosoca (1onockl) mepeHoca 3apsiaa
02p—Nd4f u (unu) —»Nb4d; mupuHa 3anpeneHHON
3ombI E, cocTaBnser 3.56-3.63 9B.

PamaHoBCcKHe crieKTpsl KepamMuk (puc. 1a) Tummd-
HBI JJI1 OPTOPOMONYECKOH CTPYKTYpPbI SIINHUTA; OHH
cBsi3aHbI ¢ kojieOaTenbHbiMu MogaMu Nd-O u (Ti, Nb)

MHTeHcHBHOCTL

log(c-T), K-Cm-cm™!

O, okrtasapos. [l 06paboTKH CIEKTPOB MMIIEAAHCA
UCIIONIb30BaH METOJl OKBUBAJICHTHBIX CXeM. BhIsSBICHO
HaJIM4ue IByX 001acTel INHEHHOCTH Ha appPEeHNYCOB-
CKOM 3aBUCHMOCTH ITPOBOAMMOCTH (pHc. 10).

Ha ocHoBaHNM M3MEpEeHUI Ha MOCTOSIHHOM TOKE
B aTMocdepe Ar MPEANoaoKeH BEICOKUIA BKJIa HOHHOH
KOMIIOHEHTB TPOBOIUMOCTH. PaccunTaHbl 3HAUCHUS
SHEPrUH aKTUBAIKH E , pacCcMOTpEHbI peslakCalMOHHbIE
MPOLECCHl U IM3JIEKTPUUECKHE CBOMCTBA SLUIMHUTOB.
3HavueHUe TUAIIEKTPHUUECKOW KOHCTAHTBI JJII COCTaBa
Nd,,Ca, Ti ,Nb O, HauGonbmee (¢, =44), 4T0 BMECTE
C HU3KHUM 3HAUEHUSIMHU 3JIEKTPOIPOBOIHOCTH OTKPHI-
BaeT MEPCHEKTHUBEI IS €r0 UCTIOIb30BaHMs B KAUECTBE
JUDIIEKTPUYECKOTO MaTepraia.

Paboma evinonnena 6 pamkax 2ocyoapcmeento-
20 3a0anusa Nel23011800012-9 u Ne124020300057-6
(UI'T YpO PAH).

JINTEPATYPA

1. Hirano M., Kondo S., Sato S. Mild hydrothermal
formation and comparative coprecipitation route for
EuTiNbO, fine phosphor // Ceram. Int. 2016. V. 42(7).
P. 8240-8246.

2. Sebastian M.T., Solomon S., Ratheesh R., George J.,
Mohanan P. Preparation, characterization, and mi-
crowave properties of RETiNbO, (RE= Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Y, and Yb) dielectric ceramics
//'J. Am. Ceram. Soc. 2001. V. 84(7). P. 1487—1489.

(@)
N
Fo
=}
w
=}
o

900 750 600 b °

log(o-T), K-Cm-cm™

*rue
> PmeO
¢ pme
* > me
me

>
AWN =
>

T T - T T
200 400 600 800 1000
PamaHoBckuit cagur, cm™'

00012 00014  0.0016

1T, K

00008  0.0010

Puc. 1. Pamanosckue cniextpet Nd, Ca Ti, Nb , O, mpu x=0 (1), 0.05 (2),
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3JIEKTPOIPOBOAUMOCTH OT cocTaBa kepamuku mipu 450 u 750 °C.
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PEHTTEHO®JIYOPECHEHTHASA CHEKTPOMETPUSA C ITOJIHBIM
BHEIIHUM OTPA’KEHUEM — BbICTPbIA 1 SKOHOMUWYHBIA
METOA 9JIEMEHTHOI'O AHAJIM3A AITATUTA

KunuueBa A.H., Maasbues A.C., Ilamkosa I.B., UBanos A.B.

Hnemumym zemnoii kopwl, Upkymcek, Poccus, alena.zhilicheva.13@mail.ru

ATIaTUT — OIWH U3 CaMbIX PaCIPOCTPAHEHHBIX MH-
HEepaJioB Ha 3eMJie, BCTPEUAIOIIUHCS BO MHOTHUX 0CaI04-
HBIX, METaMOP(UUIECKIX U MarMaTHYECKUX MOpoJax.
HecmoTps Ha BeIcOKOE comepkanue Ca u P, amatut
Takxe 0orar pelKo3eMelbHBIMU dyeMeHTaMu, St, U
u Th, konmu4yecTBEHHOE ONpEACICHNUE KOTOPBIX MOXKET
OBITH MCIIOIH30BAaHO B T€OJIOTHH JJIs aHAJIN3a IPOWC-
XOXKJICHUS ¥ pacIi(POBKHY HETPOJIOTHUECKOT0 TeHE3HCA.

OnHuM U3 (HaKTOPOB, OTPAHUYHBAIOIIUX HCIIOJb-
30BaHUeE amaTUTa A PElIeHUs Te0IOTHYECKUX 3ajad,
SBJISIETCS OTCYTCTBHE BAIMANPOBAHHBIX AHATUTHYECKUX
METOAMK. Macc-CrieKTpOMETpHs C MHAYKTHBHO-CBA3aH-
HOM 11a3Moi u nmazeproit admsanuen (JIA-UCIT-MC) —
PYTUHHBIA METOJ ONpENEIEHU NEMEHTHOIO U U30-
TOITHOT'O COCTaBa araTuTa, OJHAKO B €T0 UCIIOIb30BaHUU
©CTh HECKOJIBKO MPOOJIeM: BHEITHSSI KaTHOPOBKa IT0 HC-
KYCCTBEHHBIM CTEKJISIHHBIM cTaHgaptam (NIST 610)
MPUBOJAUT K BOBHUKHOBEHUIO MaTpUYHBIX 3 dexToB;
TOYHOCTH METOJIa HE MTOTBEPIKICHA U3-32 OTCYTCTBUS
CTaHAApPTHBIX 00pa3l0B; pacueThl HEOMPEACICHHOCTH
OCHOBaHBI TOJIBKO HAa HHCTPYMEHTAJIFHOM TOT PEITHOCTH.

B cBsa3u ¢ 3TUM, MBI TIpeiiaraeM MCIOJIb30BaTh
ISl aHaJIM3a anaTUTa HOBBIM METOA — PEHTTEHO(ITY-
OpPECIIEHTHYIO CIIEKTPOMETPHIO C MOJHBIM BHEIIHUM
otpaxenunem (PDOA [1BO), kotopas sBiseTcss 9yBCTBH-
TEJIHBIM METOJIOM, TTO3BOJISIOIIMM aHAIM3UPOBATh OUYEHb
MaJible KormdecTBa o0pasma. KommaecTBeHHBIN aHATH3
MetonoM PDA T1BO o06k9HO TTPOBOAUTCS CITOCOOOM
BHYTPEHHETO CTaHAaPTa, IOATOMY BHEIIHUE KaJInOpo-
BOYHBIC 00pasisl He TpeOytoTcs. KpymHbie KprcTalTbl
arnaTuTa TOTOBST K aHAJIU3Y CIENYIONIUM 00pa3oMm:
KpPHUCTAJUIBl U3MEIBYUAIOTCS B MOPOIIOK, 3aTeM 5—10 Mr
obpasiia pasiararoTcs a30THOH KucioToi [Maltsev, et al.
2020]. B cty4yae MukpopasMepHbIX 00pa3LoB OAUH KPH-

crast anaruta (0T S0MkM 110 > 1000 MkM) pa3naraercs
430THOM KMCJIOTOM HENOCPEACTBEHHO Ha KBAapLEBOM
oyIoKKe-oTpakarene [Maltsev, et al. 2021, 2023]. POA
IIBO no3BonsieT 0HOBPEMEHHO ONPENENATh 3IMEMEHTHI
ot P 1o U ¢ npenesnom ooHapysxenus 10 0,1 MKI/T.

Hame mccienoBanue nokasajo, 4To Meton PDA
I[IBO moxet cnyxuthb anprepHatuBoit JIA-MCII-MC
JUJIs1 DIEMEHTHOTO aHaIN3a arnaTuTa.

Hccneoosanue svinonneno 3a cuem zpanma
Poccuiickoco nayunoco ¢onoa Ne 25-77-30006,
https://rscf-ru/project/25-77-30006/
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OHNPEAEJEHUE XUMHNYECKOI'O COCTABA KEJIE3HBIX
METEOPUTOB C MOMOIIbIO PEHTTEHO®JIYOPECIIEHTHOM
CHEKTPOMETPHUH C IIOJIHBIM BHEHTHUM OTPA’KEHUEM

KunuueBa A.H., Maasues A.C., Ilamkosa I'.B.

Hucmumym 3emmuoil kopvt CO PAH, HUpkymck, Poccus, alena.zhilicheva.13@mail.ru

MeTeopuTHI ABISIOTCS (yHIaMEHTaIbHBIM HCTOY-
HUKOM WH(GOPMAIUHU O MPOUCXOKICHUH 3€MIIH U TIep-
BUYHOM COCTaBe €e¢ 000J04YeK. MeTeOpPHUTHI JeNsITCs
Ha TPYNIBL: KeJIe3Hble, KAMEHHBIE U JKeJIe3HO-KaMeH-
Hble. Kimaccudukanys skene3HbIX METEOPUTOB CTPOUTCS
Ha IByX OCHOBHBIX MPUHITUIIAX:

1) mo cTpykType;

2) Mo XUMHUYECKOMY COCTABY.

B nacrostmee Bpemst uzBecTHO 60s1ee 1300 sxene3Hprx
METCOPUTOB, HaMIEHHBIX Ha 3emute. J{7s kiaccuukarmm
JKEJIE3HBIX METCOPUTOB MOJYyYEHBl MHOT'OYHCIICHHBIE
JAaHHBIE 110 UX COCTaBaM C MOMOIIBIO Pa3HBIX METOJIOB
aHanu3a (HeUTPOHHO-aKTHBAIIMOHHOT'O aHAIHM3a, MacC-
CHEKTPOMETPHUH C WHIYKTUBHO-CBA3AHHOM IMJIa3MON
(MC-UCIT), MC-UCITI ¢ na3epHoii abusiueii).

Merton pentreroduryopecieHTHOr0 aHanmn3a (PDOA)
B TPaJAMLIMOHHOM HCIIOJIHEHUH HE MOIYUYHJ IUPOKOT0
pacrpocTpaHeHHs TP aHAIH3E KEJIe3HBIX METEOPUTOB
M3-3a MPUCYIIHUX €My OrpaHHYeHUH, TAKUX KaK: OTHO-
CUTENFHO HEBBICOKAs UYBCTBUTEIBHOCTD OTPEACICHUS
MPUMECHBIX JIEMEHTOB, MaTpUuHbIC 3)(HEKThI, TpodITe-
MBI C IOOOPOM 00pa3IOB CPABHEHHUSI LIS TPA Ty IPOBKH.
BaXHBIM I1arOM Ha MYTH PACIIMPEHHS BO3ZMOKHOCTEH
TpagumuoHHOTO PDA SBIISCTCS UCTIOIB30BaHUE d(-
¢exTa moHOTO BHeEmHero oTpaxeHus (POA-ITBO).
HoctounctBamu PDA TIBO sBasiorcs Oosnee HU3KHE
npeenbl 0OHAPYIKEHHSI 10 CPABHEHHIO C TPaJUIIUOH-
HbIM POA n3-32 HEBBICOKOTO YPOBHS ()OHA B CIIEKTPE,
IpaZlyHpoBKa CIEKTPOMETpa C UCIOJIb30BAHUEM CTaH-
JTAPTHBIX PaCTBOPOB 3JIEMEHTOB U IIPUMEHEHHE CII0C00a
BHYTPEHHET0 cTaHJapTa. B mpeacraBneHHoii paboTe Ha
npumepe meteoputa Cuxot3-Anunb (IIAB) nmokazansl
niepcreKTUBEI mpuMeHeHus POA-TIBO s onpeneeHus
3JIEMEHTHOI'O COCTaBa METEOPHUTOB.

[nsa nepeBona MeTeopuTa B pacTBOpP MPUMEHSIN
KHCJIOTHOE Pa3JioKeHUEe C UCTIONIF30BaHIEM KOHIIEHTPH-
posannoit HNO, unn cmecn 1:3 HNO, n HCI (napckas
Bonka). Bo gropomnmacToBerit cocy 00beMoM S5 MIT I0-

Mermtanu ~100 Mr oOpasma XKene3Horo MeTeopuTa, J10-
Gapusu 2,5 M 68% macc. HNO, nnu 2,5 Mt napckoi
BozkH M HarpeBaynu npu 80 C°. CtaHaapTHEBIN BapuaHT
MPUTOTOBJICHUS M3mydaTteneit mst POA-IIBO npenmo-
Jaraet noxydeHue o0pasia, yIOBJIETBOPSIONIETO KPH-
TEPHUIO KTOHKOT0» U3JYyYarOIEro CJIos, M03TOMY ObLIH
oIrpoOOBaHBI pa3HbIe CTEIEHH pa30aBIIeH IOy YeHHBIX
PacTBOPOB IOCIIE PA3JIOKEHUsT 00Pa3I[OB METEOPUTOB.
Jns noBeienus Tounoctu onpeneneHus Co, Cu, Ni
n Ga ampoOnpoBaHa MpoIeaypa SKCTPAKIIHH JKelle3a
MeTum3o0yTuiakeTonoM [Chen, Berndt, Klockenkmper
et al., 1990].

KouTtpons npasunsHOCTH pe3ynsratoB POA IIBO
TIPOBOJIMIIN CPAaBHEHUEM PE3YIIBTATOB C JINTEPATYPHBIMHU
nmauaubeiMu [Gemelli, D’Orazio, and Folco, 2015; D’Orazio
and Folco, 2003]. ITokazaHo, 9TO BEIOpaHHBIE CIIOCOOBI
MOJITOTOBKH MPOO MOTYT OBITh MCHIOIB30BAHBI JIJIsT KO-
nuuaectserHoro onpeaenenus Fe, Co, Cu, Ni, Ga u Ge
B KEJIE3HBIX METEOPUTAX.

Hccneoosanue evinoaneno 3a cyem 2pam-
ma Poccuiickoeo nayunozo ¢ponoa Ne 25-23-00515,
https://rscf-ru/project/25-23-00515/
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CTPYKTYPHASA XAPAKTEPUCTUKA ITPUPOJHBIX
CJIOUCTHIX IBOMHBIX TUAPOKCHUI0OB

Kurosa E.C.

Hucmumym synxanonoeuu u cevicmonozuu JlanbHe80CmoyHo20 omoeneHus
Poccuiickoti akademuu nayx, Iemponasnosck-Kamuamckuil, Poccus, zhitova _es@mail.ru

JoxJiaa mocBsilieH CTPYKTYPHOU XapaKTEpUCTHKE
MHUHEPAJIOB HAATPYIIIbl TUAPOTATIBKHATA HITH IPUPOJHBIX
CJIOMCTBIX ABOMHBIX ruapokcuoB (CUIL).

CTpyKTypHBIl aHalW3 KBUHTUHHUTA Pa3IUIHBIX
MECT HaXOJIOK IT0Ka3aJl UX U30CTPYKTYPHOCTh HECMOTPS
Ha IPOTUBOPEUYUBOCTD MPEABIAYIIUX CTPYKTYPHBIX
onucanuii [Zhitova et al., 2023a]. YcTaHoBieHa HOBBIH
THII CBEPXCTPYKTYPBhI, ONpeAeIsieMbli HaJIOKEHHEM
yHOPSIIOYEHHOTO pacmpeseneHus Mn?* u Al katuo-
HOB U KapOOHAaT aHMOHOB, PEAJIN3YEMBbIIl B YapMapuTe
[Zhitova et al., 2024a)]. Onpenenena KpucTaminyecKast
CTPYKTypa ailoBanuTa, B KOTOPOM BIEPBBIE JIOKATN30BAHbI
aTomslI xJiopa [Zhitova et al., 2023c¢].

Ha npumepe aiioBanta u3 KUMOEpIUTOBON TPyOKH
VYaaunas (Poccust) mokazaHo, 94ToO IIBETOBASI 30HATTBHOCTH
COOTBETCTBYET BapHaLUsIM AHUOHHON YacTH, YTO MO-
JKET SIBISATHCS MEPBBIM 3apETrUCTPUPOBAHHBIM CIy4YaeM
MPUPOAHOTO AHHOHHOT'O 0OMeHa [Zhitova et al., 2024b].

PeHTreHoCTpyKTYpHBIN aHaJIU3 1eCOTENhCUTA, UME-
IOIIEr0 KOHTPACTHBIH (C TOUKH 3pEeHUs pEHTT€HOBCKOH
Jmudpakiyn) Habop KaTHOHOB, IOKa3aJ pa3ylopsii0YeH-
HOe pacriojioxkeHre Mg 1 Mn®" B OKTas3ipuvecKux CIosIx
o o0seMy kpucrtasuia [Zhitova et al., 2023b]; panee mpen-
JIO)KEHHBIE TEOPETUIECKUE CXEMbI Ha TPEXMEPHOM YPOB-
He He NoATBepxkAatTca. OXapakTepU30BaHbl 1BE HOBbIE
npupoasble passr: (1) cocrasa Ni,Co’* (OH), (SO,)-4H,0,
obpasytomascs mo Co-coaepxaiieMy MIJLIEPUTY | (2)
cocrasa Zn,Al(OH),CIxH, O, obpasyromascs 1o coa-
neputoBslii pyaam (Jlapuon, ['perus) [Zhitova et al.,
2025]. O6001IeHBI CTPYKTYPHBIE PUHIIUITEI MUHEPAJIOB
IPYNNbl TUAPOTAIBKUTA U BEPMIIAHAUTA, IIOKA3aHBI
MUHEpajbl, 1151 KOTOPBIX KpUCTalorpadguueckue u
XMMHUECKHE XapaKTepUCTUKN He coracytoTes [JKuTosa
u ap., 2025].

Paboma evinoanena 3a cuem epanma Poccutickoeo
Hayunoeo gonoa Ne 22-77-10036.
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INPUMEHEHHUE CIHEKTPOCKOIIMX KOMBUHAIIMOHHOI'O PACCESAHUSA
K UCCJIEJOBAHUIO YIAPHO-ITPEOBPA3OBAHHbBIX 3EPEH IUPKOHA

3amsarun [.A.

Hucmumym eeonocuu u eeoxumuu um. akademura A.H. 3aeapuyxozo YpO PAH,
Examepunbype, Poccus, zamyatin@igg.uran.ru

LmpKoH ABJISIETCSA BAKHEHITUM TEPMOOAPOMETPOM
MMIaKTHBIX (YIapHBIX) IMPOIECCOB, 00J1a/laeT BBHICO-
KOH YCTOMYHMBOCTBIO M CITIOCOOEH COXPaHITHCS BILIOTH
o 80I'TIa. Bo3Hukaromme ynapHble MEKPOCTPYKTY-
pbl aedopmanuii MuHepasa 3aBucsaT ot PTt-ycnoBuii
U XapaKTepHUCTUK MUHepaja. B yacTHoCTH, ycTaHOB-
JIEHO, YTO OT CTEMEeHU PaJHalOHHOTO MMOBPEXICHHE
CTPYKTYPBI IUPKOHA 3aBUCUT PE3YJIBTAT €r0 YAapHBIX
npeobpaszoBanumii [Gucsik et al., 2002]. CriekTpocKomus
koMOmHaImoHHoe paccesaue ceera (KPC) — manbonee
pa3paboTaHHBIN JOKAJIBHBIH METO] KOJIMYECTBEHHOT'O
W3MEPEHUs CTETIEHN HapyIIEHHS CTPYKTYPBI IIUPKOHA;
g pakiusa o0paTHOTO paccessHus 31ekTporoB (EBSD) —
OCHOBHOW METOJ MCCIIEAOBAHMS UMIIAKTHOTO LIUPKOHA
¢ mukpozedopmanusimu. [1o nanubIM [Zamyatin, 2022]
cniektpockonuss KPC mpuMeHsieTes JINIITb B HEOOTBITIOM
qHCiIe UCCIIE0BaHUN yIapHO-TIpeoOpa3oBaHHBIX 3€peH
uupkona. Ilens padorsr — KPC-crekTpockonus um-
MAKTHBIX 3€PeH IUPKOHA, PACCMOTPEHIE COBMECTHOTO
NpPUMEHEHHUS U COMOCTaBlieHne Bo3MoxkHocteir KPC
n EBSD metonos.
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Puc. 1. ®a3oBbie KapThl IUPKOHA [TOCIIE
yaapHoro Harpyxenus 601 Tla no naHHbIM
EBSD (cneBa) u KPC-cniektpockomnuu (cripasa),
KPAaCHBIH — IUPKOH, 3€JI€HBIN — peUIUT.

3epHa nupkoHa m3 IMIakTuToB Bpenedopra (FOxnas
Adpuka) u Kapst (Vpan, Poccust) uccnenosanst Ha KPC-
cnexkrpomeTpe Horiba LabSpec HR800 u ckanupyroriem
anekTpoHHOM MuKpockone SEM Tescan MIRA LMS,
ocHanieHHoM jieTektopom Oxford Nordlys Nano EBSD.
M3yueHsl 3epHa ¢ pOCTOBOM 30HATBHOCTHIO, TIOJIOCAMU
TIIOCKOW nedopmanuu, MEKPOIABOMKaMH, 3€PHUCTOMN
CTPYKTYPOH U PEHIAMTOM — BBICOKOOAPUUYECKUM TIOJIH-
Mopdom 1upkora. COBOKYITHOCTh KapT COOTHOIICHUS
HHTCHCHUBHOCTEH Blg/Eg Y ITUPUHBI Blg KPC-nonoc
UPKOHA TTO3BOJUIH BHIABISTh MPU3HAKH YJIapHOH
nedopMalii 3epeH. YCTaHOBJICHO, YTO HAHOpa3Mep-
HbIE CMECH 3HAUUTEIHHO Pa3MBIBAIOT TU(PAKIIHOHHBIE
n3o0paxkennst Kukyuu, 4To He IO3BOJISIET UIACH TU(DHIIH-
poBath (asbl, IPH 3TOM OHH OTUETIINBO MPOSIBISIIOTCS
B KPC-crektpax (puc. 1). [To cpaBaenuio ¢ EBSD-
MetogoM KPC-cnekTpockonus o0iagaeT MEHBIIHM
MIPOCTPAHCTBEHHBIM Pa3pelieHne U TyBCTBUTEIHHOCTHIO
K OPHEHTAIINH KPUCTAIITHIESCKON PEMICTKH, HO OOJIBIIEH
3(hhekTUBHOCTEIO 7151 (ha30BOTO aHANM3A.

Paboma evinonnena 6 IKII YpO PAH
«l'eoananumuxy 6 pamxax memvr Ne 124020300057-6
2ocyoapcmeennoeo 3adanus UI'T YpO PAH.
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OCOBEHHOCTH PACTIPEJIEJIEHASI KATUOHOB B KPUCTAJLIMYECKOM
CTPYKTYPE KAJTUMN-MATHE3UO-TACTUHI'CUTA
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CornacHo COBpeMEHHOH HOMEHKJIAType, HOATpyIIa
KaJIbIUEBBIX aM(UOOIIOB OMpenensieTcs COrJlacHoO clie-
nyrommuM yciaoBusMm [Hawthorne et al., 2012]:

B(Ca+ZM*")/EB > 0.75, 2Ca/LB > EM**/%XB.

B a1y nmoarpynny BXOAUT CEMEUCTBO MUHEPAJIOB
C KOPHEBBIM HA3BaHWEM 2dCMuHeCum, KOTOpOe omnpe-
JeTseTCs CACAYIOIMMU KPUTSPUSIMU:

0.5 <4(Na+K+2Ca) < L5

C-1o3WIIU Y 3aHATHI TPEUMYIIECTBEHHO JIBYXBaJICHT-
HeIMU noHamu (Mg uiu Fe*");

0.5 <€ (Al+Fe** +2Ti) < 1.5 ¢ mpeobnamanuem Fe*;

W-nozunus conepxkut (OH), F mnu Cl.

VYupoméHHas popMysia MUHEPAJIOB CeMeHCTBa ra-
CTUHTCUTA MOXKET OBITh IIPEACTABIICHA B BUJIE:

ACa, (C* Fe*) (ALSi O, W,.

B Hacrositee BpeMst B CEMEHCTBE TaCTUHTCUTA YT-
BEPKACHO BOCEMb CAMOCTOSTEIbHBIX MUHEPATbHBIX
Bujio: ractuarcut NaCa, (Fe**,Fe*) (Si,Al)O,,(OH),;
marnesuo-ractunreut NaCa, (Mg, Fe™) Si A1 O, (OH),;
xanuii-racrunrcut KCa, (Fe*' Fe’) (Si Al,)O,,(OH),;
xanuit-grop-racrunrcur KCa, (Fe** Fe') (Si,AlL) O, F;
kanuid-xnop-ractunrcut KCa, (Fe*",Fe’) O,,CL;
Marnesno-rop-ractunrcut NaCa, (Mg Fe™) (Si AL) O, F ;
xaymit-marnesuo-ractunrent KCa, (Mg,Fe*) (Si,AL) O,,(OH)..

Kanmii-Marae3no-racTHHT T ObLT OOHAPYIKEH B OII0-
Kax OMOTUT-aM(PHuO0IOBOro rabopo, BXOIAIIMX B COCTaB
CEPIICHTHHUTOBOTO MeJlanka mTbMeHOropcKoro MeTa-
Mop(dHUecKoro KOMILIEKca, KOTOPBIN PacloNoKeH Ha Tep-
putopun UnemeHckoro 3amnoBennunka [KoprHeBckui,
Kopunesckuii, 2006].

Kpucrananueckue CTpyKTypbl TpeX 00pasloB Ka-
JU-MarHe3uo-raCTHHICUTa H3Y4YEeHbl METO/IOM PEHTIe-
HOCTPYKTYPHOTO aHAJIM3a C HCTIOIb30BAaHNEM MOHOKPH-
crasnpHoro augpakromerpa Xcalibur Oxford Diffraction

(CCD-gnetexTop) ¥ yTOUHEHBI 10 CIACAYIOMINX HTOTOBBIX
3HaueHul R-dakropa: 4.01, 4.18 u 4.7% c ucnoyib3o-
BanmeM 1043, 1116 u 1148 orpaxenwuit ¢ [ > 20 ({),
COOTBETCTBEHHO [Zarubina et al., in press].

Kpucraninaeckue cTpyKTypbl H3yUeHHBIX 00pas3-
LIOB B II€JIOM AHAJOIUYHBI APYTUM IPEACTABUTEISM.
Oxtasapudeckad M (2) — No3UIUs XapaKTePU3yeTCs
Pa3Ho00pa3HBIM COCTABOM T'€TEPOBAIICHTHBIX KATHOHOB
u 3ansita Fe*', Al, Mg, Fe* u V. Okrasnpuueckue M (1)
U M (3) mo3uIiK IPEenMyIIeCTBEHHO 3aHsAThl Mg 1 Fe?*,
Cpenu TpéxBajeHTHbIX C-KaTHOHOB mpeobnanaet Fe*,
KoTopoe 3aauMaeT M (3) — mosurturo. Bo Bcex M3ydeHHBIX
oOpasnax HaOIgaeTcs XapakTepHas A aMpuOoIoB
MarMaTH4ecKuX MOpoj mnpumech Ti, ymopsao4eHHO
3aHuMaromnero M (2) — mo3umuio.

Paboma evinoanena npu ¢unancosoti nodoepoicke
PH® (Ne 20-77-10065-11).
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CUHTE3, ATTECTAIIUA U POTOKATAIUTUYECKASA AKTUBHOCTbD
TBEPIABIX PACTBOPOB HA OCHOBE OPTOBAHAJIATA BUCMYTA

3axapos E.O.!, EmeabsinoBa 10.B.!, BysinoBa E.C.!, MuxaiiioBckas 3.A.”

I Vpanockuit @edepanvhuiii Yuusepcumem, Examepunbype, Poccus
2 Uuemumym zeonozuu u 2eoxumuu YpO PAH, Examepun6ype, Poccus
Eugen2003EZ@mail.ru

OpToBaHamaT BUCMYTa B IIOCIEAHIE TOABI IIPUBIIE-
KaeT K cebe Bce OoIblliee BHUMaHUE O1aronapst CBOUM
(hOTOKATATUTUUECKUM CBOMCTBAM B BUJUMOM 00J1aCTH
CBETa, SIPKO-)KEJIITOMY I[BETY B KQU€CTBE HETOKCHIHOTO
MMATMEHTA, & TAK)KE BHICOKOH OTHOCHUTEIHHOW ITHAJIEK-
TPUYECKOM TPOHULIAEMOCTH B KQUECTBE NMOTCHIIMAJIBHON
kepamuku 111 CBU-nuanexrpukoB. B marHoN paboTe
oproBanajat BucmyTta BiVO, u TBepabie pacTBOpBI
Ha €ro OCHOBE OBLIU MOJTyYEHBI ¥ aTTECTOBAHBI C TOYKH
3pEeHHsT BO3MOXKHOCTH HCTIOTb30BaHUS METAJUIOKCHIHOTO
(oTokaranuzaropa.

OddexTunocts oxnodasnoro BiVO, kak porokara-
JU3aTopa OrpaHuIeHa HEBO3MOKHOCTHIO PEKOMOWHAIIHH
ANIEKTPOHHO-IIBIPOYHBIX HOcHTeNel 3apsiaa. [loatomy
HEOOX0MMO pa3paboTaTh CTpaTeTuy MOBBIMIECHHS (-
(heKTUBHOCTH (POTOKATATTUTHYECKOTO IpoIlecca 3a CUeT
paszeneHus EKTPOHHO-IBIPOYHBIX HOCHTENIEH 3apsia.
DTy npobIeMy MOKHO PEIIUTh HECKOJIBKUMU MY TAMH,
OJTHUM W3 KOTOPBIX ABISETCS KOHTPOIH MOP(OIOTHH
Y KpUCTAJUIOrpaUeCKIX XapaKTePUCTHK, ITyTEM TOITy-
YEeHUSI MOHOKJIMHHO—TETPArOHaJIbHOU FeTePOCTPYKTYPbI
u3 BiVO,.

B Hacrosmieii paboTe moxydeH opToBaHAAAT BHC-
myTa BiVO, u TBepable pacTBOPBI Ha €r0 OCHOBE
Bil_x_dexEuyVO4, rae x = 0.07; y = 0.01, 0.02, 0.03 me-
TOAOM coocaxkaeHus. OIeHEeHO COOTHOIIEHHE MOHO-
KIMHHOM (47—66%) 1 TeTparonansHOl (assr (34—53%)
B MOJYYEHHBIX oOpa3mnax. CTpyKTypHas aTTecTaIus
MOJTyYEeHHBIX 00pa3loB mpoBeaeHa MeTonamu POA
(YyCTaHOBJIEH THUI KPUCTAJINUYECKON pElIeTKH, Olle-
HEHBI IMapaMeTpsl dJIEMEHTAPHBIX sfdeeK). MeTomom
COM 0bina u3ydeHa MOBEPXHOCTh M BHEIIHUN BUT
00pa3ioB, MPOBENCH JIEMEHTHBIN aHanu3. [lokaszaHo,
YTO DIIEMEHTHBIA COCTaB 00OpPa3IOB COOTBETCTBYET UX
HOMUHAJIBHBIM (pOopMynaM, pacrpeneincHue dIeMeH-
TOB I10 MOBEPXHOCTH U CKOJIy 00pasiia paBHOMEpHOE.

Metonom NUK-cieKTpOCKONMUU MOATBEPXKACHO MPH-
CYTCTBUE XapaKTEPHBIX I0JIOC MOTJIOMICHHS I Op-
TOBaHAJaTOB BHCMYTa: IOJIOCHI TIOTJIOMIEHUS TPYTIIIHI
V — O B obmactu 920—750cM !, aHTHCHMMETPUYHBIM
BaJICHTHBIM KosieOaHusIM rpynnsl V—O-V B obmactu
736775 cm'. Ha UK-cnekTpe 00pa3ioB Mojaochl mo-
rionieHus B obmactu 520—410 cM™' XxapaKTepHBI IS
v,VO 43* BaJIEHTHBIX KoJiebanwuii, a B oomactu 360 cm™!
a1 v,VO,>” BaJeHTHBIX KoNeOaHHiA.

MeTooM UMIIEITAHCHOM CIIEKTPOCKOINU ONpeiesieHa
001I1ast 3MEKTPOIPOBOTHOCTh BCEX UCCIEyeMbIX 00pa3-
1I0B B 3aBUCHUMOCTH OT Temrieparypbl. [locTpoens! u npo-
aHAJIM3UPOBAHBI SKBUBAJICHTHBIE CXeMBI ToforpadoB
umnenanca. Iloctpoensl TeMiiepaTypHble 3aBUCHMOCTH
ANEKTPOIPOBOAHOCTH. OOIIMIA BUT 3aBUCUMOCTEH SBJIS-
€TCs THITUYHBIM TSl OpTOBaHaiara BucMyTa. Ha KpruBbIx
HaOMI0Jar0TCs MeperuObl, COOTBETCTBYIOMINE (Pa30BBIM
MepexoiaM U3 TeTParoHajJbHON B MOHOKJIMHHYIO MOJIH-
(buKaIuro.

Jnst Bcex cocTaBOB pacCcUUTaHO 3HAYCHHUE U PHUHEI
3amnpereHHoN 30HbI. O1ieHKa (poTOoKaTamIuTUYECKOH aK-
TUBHOCTH BiVO, 1 TBEpABIX PaCTBOPOB Ha €r0 OCHOBE
Bil_x_dexEuyVO ,» MOy YCHHBIX METOJIOM COOCAK ICHHSI
U BBICYIIEHHBIX Ipu Temmneparype 25 °C (72 yaca),
ipu 300 °C, 400 °C (6 gacoB) MpOBEICHA C HCIIOJIH30Ba-
HUEM KpacuTels MeTUIICHOBOTO cuHero. [lomy4yeHHble
00pa3ibl TPOSIBIIAIOT 3HAYUTENBbHYI0 (OTOKATaTUTHYE-
CKYTO aKTUBHOCTD B PEAKIIHH JIETPaJalliil METHIIEHOBOTO
CHHETO, HAWITYYLlIHe PE3yJIbTaThl IOy YeHbI AJIsl COCTaBa
Bi, ,Gd, . Eu, VO, (400°C).

Paboma evinonnena ¢ ucnonvzosanuem 060pyoo-
sanus L[KII «I'eoananumuxy UI'T" YpO PAH & pamxax
Tocyoapcmeennoeo 3aoanus UI'T” YpO PAH no meme
Ne 124020300057-6.
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OIIbIT IPUMEHEHUSA '’EOTEPMOBAPOMETPA TITANIQ IJI51 OEHKH
YCJIOBU METAMOP®H3MA BbICOKOUHUCTBIX KBAPIEBBIX ITOPO/]]

3umun M./I., ®énopoB A.M.

Hnemumym eeoxumuu um. A.I1. Bunoepaoosa CO PAH, Upxymck, Poccus
dzimin.igc.irk.ru

Ornpenenenre yciaoBui MeTaMopdr3Ma MOHOMITHE-
paJIbHBIX BBICOKOYHMCTBIX KBApIEBBIX MOPOJ SIBIISIETCS
CIIO’KHOM 3a7adeil u3-3a Majloro KOJIMYECTBA COMYT-
CTBYIOIINX MHHEPAJIOB U, B CBS3H C 3TUM OI'paHHYCH-
HOT'O KOJIMYECTBAa METOJIOB M3y4eHus. B nanHoii padote
MpOBEACHBI TEPMOOAPOMETPUYUCCKUE UCCIIETOBAHUS
XEMOTEHHBIX KBapiuToB Bocrounoro CasiHa B KOM-
MJIEKCE C TEOXUMUYECKUMH U TEXHOJIOTUYECKUMH HC-
cienoBaHusiMH. Ha ocHOBe copiepykaHusl CTPYKTYPHOTO
THUTaHA B KBAPIEBBIX KOHIIEHTPATaX C IIOMOIIBIO BYX
KaJIuOpoBOK reotepmodapometpa TitaniQQ [Osborne et al.,
2022; Zhang et al., 2020] u MUKPOTEPMOKPHOMETPHYE-
CKHUX U3MepeHNH (ITIONTHBIX BKIIOYCHHH OrleHeHbI P-T
ycioBust oO6pa3oBaHus nopox. M3-3a oTcyTcTBUS pyTHIIa
Y TUTAHUTA, & TAK)KE XEMOTEHHOTO MPOUCXOKCHUS
KBapILUTOB UCIIOJIH30BAHO MUHUMAJIBHOE 3HAYEHHE KO-
>¢dunuenta akrupnoctu TiO, pasroe 0,1. Coneprxanue
CTPYKTYPHOTO THUTaHa B KBaple yTOUHSIIOCH MyTEeM
orpeneneHus oOIMero coxepKaHus 3TOTO dIIEMEHTa
B KOHIICHTPATaX U OTACIIBHO B THTAHCOACP)KAIMX (ha3ax
(MYCKOBHT) C MOCTIEAYIOIIUM IIEpECYETOM 10 hopmyIie

Ti =Ti_-Ti

KBapI o011 MyCK (pacueTHblit)’

e Ti (K_xTi /K

Myek (pacuerrst) |\ Mo MycK Mycx)'

YcnoBus MmeTaMopgu3Ma CITUBHBIX Pa3HOBUIHOCTEH
KBapIUTOB OLICHEHHI He BbIe 3.8 kOap u 465 °C. Ycnosus
(hopMHUPOBaHUS MENKO3EPHUCTHIX KBAPIIUTOB OIEHU-
BaroTcs B quamnasone 442—543 °C, a Han0oJiee BEICOKO-
YUCTBIX MEPEKPUCTATITU30BAHHBIX PAa3HOBUIHOCTEH
(cyTmepKBapIMTOB) OIICHEHBI B quama3oHe 2.9—4 xbap
n 449—-502 °C. CaMbIM NO3HUM 11O BPEMEHU SIBISETCA
JKUJIBHBIA TUAPOTEPMAIIBHBIN KBaplLl C TEMIEpaTypoin
obpazoBanus 312—411 °C.

JlaHHBINI METOJ OCHOBaH Ha MPEAMNOJIOKEHHH,
9TO 3aXBaT (DIIOMIHBIX BKIIOUSHHH TIPOUCXOAHT OTHO-
BPEMEHHO C NepeypPaBHOBENINBAHUEM COJIEPKAHUS
CTPYKTYpPHOT'O TUTaHa B KBapIle B MIpOLIECCE AUHAMHU-
yeckol nepexkpucraminizanuu. [lonydyeHHble 3Hade-
HHS TeMIEepaTypbl METaMOp(HU3Ma MOITBEPKIAFOTCS
reoTepMo0apoOMeTPOM Ha OCHOBE COCTaBa MYCKOBHTA,

5000
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Puc. 1. I'paduku TemnepaTypsl 1 AaBICHHS
00pa30BaHUs KBaPLUUTOB B 00JACTAX NEpeceueHNUs
uzoreT reorepmodapomerpa TitaniQ a (Ti) =0,1
Y M30X0P (HITFOMTHBIX BKJIFOUSHHH.

IpU3HAKaMU [IEpexo/ia U3 PexXUMa BpallleHUsl Cy03EépeH
B PEXXHUM MUTPALNHU TPAaHUL 3¢PEH U T€0TEPMOMETPOM
Ha OCHOBE KOMOMHAIIMOHHOTO paccesHUsl yIIIepoau-
CTOro MaTepHaia.

Hcceneoosanus evinoanenst Ha 6ase Llenmpa xon-
JIEKMUBHO20 NONb308AHUSL «30MONHO-2€0XUMUYECKUX
uccneoosanutiy UI'’X CO PAH (2. Upxymck) 6 pamxax eo-
cyoapcmeentoeo 3ad0anus no Ipoexmy Ne 0284-2021-0004.
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HOBBI MEXAHW3M BXOXXJIEHUSA Fe** B CTPYKTYPY
MMHEPAJIOB I'PYIIIIBI MEJIMJIMTA
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B nuporenHsIx KOMIUIEKcax HapAay ¢ nmpeobiama-
HUEM MEJUIIUTOB MPOCTBIX COCTABOB, OIM3KHX K Telle-
HUTY, OTMEUAIOTCS U OUYCHb CIIOKHBIC, HE XapaKTEepPHbIE
IUISL MHBIX TeHeTH4ecKnX 00cTtanoBok — (Ca, Na, Ba) ,
(AL, Mg, Fe*"Fe’*Mn) (Si, Al, Fe*") ,O.. OtnuuurensHoi
0COOEHHOCTHIO MEITMITMTOB M3 MUPOTEHHBIX IIaBJICHBIX
MOPO — TapajaB SBISIETCS BBICOKOE COMEpKaHNE B HUX
xenesa B hopme eppoaxepmanutoBoro (Ca,Fe* [Si O, ])
160 deppurenenurosoro (Ca,Fe' [AlSiO,]) munanos
(mo 50—70 mom. %) [Foit et al. 1987; Cosca et al. 1989;
Stracher et al., 2015]. Ilpu 3TOoM MUHEpaTBHBIE BUIBI C J0-
MHUHHpYTOIKM Fe*' B TpyTine MemuinTa rmoka 3aperucTpu-
poBaHbI He ObUTH. OOBEKTAMH HAIIET'0 UCCIICTOBAHUS
CTall MEJIMJIUT U3 TPAHATOBBIX MapaliaB MUPOTEHHOTO
komruiekca Xarpypum (M3pamis), conepskaruii 11.7—14.3
B Mac. % xene3a B mepecdere Ha FeO.

Hcxons 3 nmpenronoxkeHus, 9To B ITOM MUHEpalie
NpUCYTCTBYET (eppoakepMaHuTOBbIH Munan Ca, Fe*
[S1,0,], cocTas MeuinTa ¢ MAKCUMAJIbHBIM COIEPIKAHH-
€M jKeJe3a NCXOIHO OBLI IEPECYUTAH Ha MATH KAaTHOHOB:.
OnHaKo, MEKTPOHHAsS MIOTHOCTh B MO3uIusX A u B,
YTOYHEHHAs 10 JaHHBIM PEHTTEHOCTPYKTYPHOTO aHa-
JM3a, OKa3alach 3aMeTHO (Ha ~5 %) HUXe TOH, KoTopas
COOTBETCTBYET JaHHOH (opmye.

Yka3zaHHOE pacxokieHue cHmxaeTcs 1o ~1 % B Ba-
puanTe nepecuera popmysl 1 Fe''/ Fez = 1. B mons3y
npeobnananus Fe** B mozuiuu B Takoke CBHIETEBCTBYET
Y aHaJIU3 BaJIEHTHBIX YCUJIMN. PEHTIr€HOCTPYKTYPHBIN
aHaJIN3 TaKXXe BBISIBUII paHee HEU3BECTHYIO I MHU-
HEpaJioB TPYIIBl MEJIUINUTA CTPYKTYPHYIO OCOOCH-
HOCTP — PacIeTUIEHUEe TO3UINI KUCIIOPO/a, CBI3aHHOE
C OpUEHTAIIMOHHBIM Pa3yHopsI0UYEHUEM TETPadIPOB
nosuuuid B u T, npu coxpanennu III'C P2 m.

Takum 06pazoM, UccireAyeMbIi 00paserr ¢ BEICOKOM
BEPOSITHOCTHIO SIBIISIETCSl paHEe HEU3BECTHBIM KOHEU-
HBIM YJICHOM I'PYTIIbI MEIHUJINTA ¢ Tpeolnananuem Fe**
B cocTtaBe — J{oist aToro munana gocturaet 42 Mot %.
C panom akepMaHHUT-(heppoaKepPMaHUT OH CBS3aH Te-
TEPOBAJICHTHBIM I/I3OMOp(bI/I3MOM 10 CXEMCEC, BbISIBJICH-
HOW JJIS TBEPABIX PaCTBOPOB MarHETHUT-MarreMHT
[Bosi et al. 2019]. 151 HE3aBUCUMOTO TOATBEPIKICHUS
(hOopMBI HAXOXKJICHH S KeJie3a, OJHAKO, JKEIATSIIBHO TPH-
BJICUCHHE JTOTIOTHUTEITHLHBIX METOMOB (MECCOAYIPOBCKOI
WJIA PEHTTE€HOBCKOW CIIEKTPOCKOINH).

Hccneoosanue svinoaneno 3a cuem 2panma
Poccuiickozo nayunozo ghonoa Ne 24-77-00014
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OCOBEHHOCTHU CUMMETPHUHN U KATHOHHOI'O YIIOPAJTOYEHU A
B CTPYKTYPE Ca-COAEPKAIIEI'O MUHEPAJIA PAJA IIEPPOTUTA
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I @UI] «Konvckuil nayunwiii yeump PAHy», Anamumet, Poccus, g.ilin@ksc.ru
2 @UI] pobrem xumuueckoit usuxu u meouyunckou xumuu PAH, Yepnozonoexa, Poccus
SMTY um. M.B. Jlomonocosa, Mockea, Poccus

* HUIL] Kypuamosckuii uncmumym, Mockea, Poccus

[leppoTuT BrIepBEIE OOHAPYKEH B IIETMAaTUTaX ar-
MAaUTOBBIX HE(DETMHOBBIX CUEHUTOB B Kapbepe [lemukc
B maccuBe Cent-Wiep (KBebek, Kanaga) [Chao, 1991].
Ilo coBpeMeHHOH KiIacCU(PUKAIUHA BXOJUT B TPYIITY
OadepTucuTa, KOTOPAs! ABJISCTCS MOAPA3ICIICHUEM Ha/l-
TPYIIBI ceiifio3epruTa, U UMEET UCaTN3NPOBAHHYIO
popmyny BaNaMn,Ti, (Si,0,) ,O0, (OH) ,F.

Hamu n3yden obpasen Ca-copeprkamero MuHe-
pana psaa neppotuta u3 OKTIOPHCKOTO MICTOTHOTO
maccuBa (Ceeproe Ilpuasosbe) [[lexoB u mp., 1999].
Owmmnupuyeckas popmyna, paccuurannas Ha (51,0,) o,

HMCECT BHA (Z - 1) (Ba2448K1456) z4.04 (Na3A12 Ca0.84) 23.96
(Mn9A44Fe2+6,IZZn0A36) X15.92 (T16A96Nb0.8OZr0A16) 2792 (81207) 8
0, OH) F.  [Wnbuu u np., 2025].

PeHTreHOCTPYKTYpHBIC HCCIIEIOBAHHUSI BBITTOTHEHEI
C MCTOJIF30BAHUEM MOHOKPHCTAIBHOTO TH(PAKTOMETPA
Rigaku XtalLAB Synergy-S. [lapameTpsl MOHOKITHHHOH
anemenTapHoi stueiiku: a = 10.7230 (3), b = 13.8313 (4),
c=20.8178 (7) A, B =95.0348 (3) °, V = 3075.638 (15) A>.
Kpucrannuueckas cTpyKTypa MUHepasa Oblia yTod-
HEHa B pamKax aByX mp. rp.— C2 (R = 4.66%) u C2/m
(R = 4.84%). YcTaHOBIIEHHOE pacIpeaeieHie KaTHOHOB
(BBITIOJIHEHO HA OCHOBAHUHU KPHUCTAJIOXUMHYECKUX
KpPUTEpPHEB, C YUETOM paccemBaromieii cnocooHOCTH
KaXXJIOH MO3UIMHN) HauOoJIee TIOJTHO COOTBETCTBYET
monenu ¢ mp. rp. C2.

N3ydgennsrit Munepan n3 OKTIOpHCKOTO MacCH-
Ba ABJIsAETCS F-JOMHHAHTHBIM aHAJIOIOM MEPPOTHTA,
OTIIMYASACH OT MOCJIEJHET0 NIPUCYTCTBHEM B COCTaBE
KaJbIIHS, BHICOKUM COAEPIKaHHUEM jKeJe3a U HU3KUM —
HuoOus. Ha ocHOBaHMM JEeCTBYIOIMUX MPaBUI MUHE-
paiorn4ecKoil HOMEHKJIATYPbl MOKHO TTPEATIOIOKHUTH,
YTO B M3y4YeHHOM MuHepase u3 [IprnazoBest u ocobeH-
HO — B POACTBEHHOM eMmy cypxobute [Sokolova et al.,
2021], xanbpIUi MOXHO PacCMaTPUBATh B TOM YHCIIE

KaK KOMIIOHEHT, UTPAIONINI BHI000Pa3yIONIyI0 POJIb.
Nmeroniuecs TaHHbIC 0 XUMHUYECKOM COCTaBE MUHEpa-
Ja, U3y4YEHHOTO B HACTOAIICH paboTe, MO3BOJISIIOT pac-
CMaTpPUBATh €r0 KaK CaMOCTOSITEIIBHBI MUHEPAIIBHBIT
BUJI, OTJIMYAIOLIUICS OT MEPPOTHTA BUAO0Opa3yoIeh
pOJIBIO GTOpA M KAJIBITHSL.

Paboma evinoanena npu punarcosoti nodoepoicke
PH® Ne 20-77-10065-11.
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3amucku BMO. 1999. T. 128(3). C. 112-120.

3. Chao, G.Y. Perraultite, a new hydrous Na-K-Ba-
MnTi-Nb silicate species from Mont Saint-Hilaire,
Quebec // Canad. Mineral. 1991. V. 29. P. 355-358.

4. Sokolova E., Day M.C., Hawthorne F.C.,
Agakhanov A.A., Camara F., Uvarova Yu.A., Della
Ventura G. From Structure Topology to Chemical
Composition. XXIX. Revision of the Crystal Structure
of Perraultite, NaBaMn,Ti,(Si,0.),0,(OH),F,
a Seidozerite-Supergroup TS-Block Mineral from
the Oktyabr’skii Massif, Ukraine, and Discreditation
of Surkhobite // Canad. Mineral. 2021. V. 59(2).
P. 365-379.
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HOBBIE TAHHBIE O ITPUPOJIE OKPACKHN MHUHEPAJIOB I'PYIIIIbI
IBANAJINTA U3 HIEJOYHBIX MACCHUBOB KOJIBCKOI'O ITOJIYOCTPOBA

Habsicora I'N.!, Huxoaaes A.I.!, Mnbuu I.C.2, Akcenos C.M.2

I Kaszanckuit (Ilpueonscckuit) gpedepanvhviil yrusepcumem, Kazans, Poccus
ilyasova.gulsiya399@gmail.com
? Jlabopamopus apkmuueckou MUHepailo2uu u Mamepuaios8eoenus,
@OUI] Konvcexuil nayunwiii yenmp PAH, Anamumot, Poccus

Musnepansl rpynnsl 3Bauanuta (MI'D) npen-
CTaBASIOT cO0OM CIOXHBIE TOPO000Opa3yIIne
HUPKOHOCHUIUKATHI,
PBIX COCTaBISIET TE€TEPOMOIUIAPUIECKUNA KapKac
{Ca Zr,[Si,0,],[S1,0,.],}** U3 KpeMHEKHCIOPOIXHBIX
KOJIeI] IByX THUIIOB, 00beIMHEHHBIX N30JINPOBAHHBIMU
OKTadApaMu MUPKOHUS MIECTHWICHHBIMHA KOJBIIAMHU
pebepHO-CBsI3aHHBIX OKTa3ApOB Kanblus [PacuiBeTaeBa
u np., 2012]. brarogaps ciI0XHbBIM BapHallUsIM XUMHU-
YEeCKOT0 COCTaBa B HACTOSIIEE BPEMs U3BECTHO Ooiee
30 caMOCTOSITETbHBIX MIUHEPAIHHBIX BHIOB, KOTOPEIE
MPUBJIEKAIOT UHTEpEC KaK Ba)KHbIe KOHLEHTPATOPHI
penKuX M cTpaTermyeckux metamioB (Zr, REE, Hf,
Nb, Ta).

Oxpacka MI'D Takxe oTinnM4aeTcs MHUPOKUM
pazHooOpasueM. Harnbosee pacpocTpaHeHHBIM SIBIISETCS
KPAacHBIM LIBET Pa3iIMYHBIX OTTEHKOB, HO M3BECTHBI
Tak)Xe Pa3HOBHJHOCTH PO30BOro, (hMOJIETOBOTO,
MypPHYyPHOTO, JKEITOTO, )KEeJITO-3eJIEHOTO U BILIOTH
no Oyporo uBetoB. Hambonee cBeTnas okxpacka
xapaktepHa st MI'D ¢ MOHMKEHHBIM COACP)KaHUEM
3IIEMEHTOB-XpOMOQOpOB, a Hambolee TeMHas —
IUTst 00pasIoB ¢ BBICOKUM coxepxanueM Fe'' u Mn**
[PacuBeraeBa u ap., 2012]. B uactHOCTH, UHTEHCUBHAS
MaJIHOBas, (PHOIETOBAS MIIH JIMJIOBAst OKPACKa CBSA3aHA
¢ °E — °T, mepexogom B Mn’*", a kopuuHeBas U Kell-
TO-KOpUYHEBas — ¢ noHamu Fe?" TeTparoHaiabHO-
nupaMuaaIbHON KoopauHauu. CucreMaTnyeckoe
HCCIEAOBAHUE CBSI3U 3JEKTPOHHBIX CHEKTpoB MI'D
C KPUCTAJNIOXUMUYECKUMHU OCOOCHHOCTSIMHU Ha OCHOBE
JTAHHBIX PEHTTeHOCTPYKTYPHOT'O aHAJIH3a, OIITHIECKON
1 MeccOay3POBCKOH CIIEKTPOCKOITMH BBITIOTHEHO B paboTe
[Pol’shin et al., 1991].

B macrtosmeit paboTe mpeacTaBICHB HOBHIC
JaHHbIE MO HCCIEAOBAHUIO MPUPOABI OKPACKHU

OCHOBY CTPYKTYpBI KOTO-

MI'D n3 Xubunckoro u JIoBO3epCKOTO MacCHBOB.
B kadecTBe METONOB HCCIENOBAHUS HCIIOJIB30BAINCH
peHTreHO(ha30BbIi aHAIH3, ONTHYECKAsh MHKPOCKOIIHS,
ONTHYECKas CHEKTPOCKOMHA. BBIIO yCTaHOBIEHO,
yto B MI'D n3 XuOUHCKOTO0 MaccuBa MPUCYTCTBYET
mojioca moryiomeHus B paitone ot 470 go 600 HwM,
¢ MAaKCUMYMOM Ha AJjuHe BOJHBI 537 HM. CoriiacHo
[[InatonoB, 1976] oHa cBs3aHa pa3pemieHHBIM d-d
Mepexo/loM B TPEeXBaJeHTHOM Mmapraniie. B MI'D
u3 JloBo3epckoro MaccmBa MPHUCYTCTBYET IOJIOCA
MOTJIOUIEHUSI ¢ MaKCUMyMOM Ha JJIMHE BOJHBI
534—542 uM, cBsI3aHHAS C TPEXBAJICHTHBIM MapTraHIIEM.
HononuurensHo B parione 400—450 HM pUCYTCTBYET IMO-
JI0ca TMOTJIOMIEHUS ¢ MakcUMyMoM 422—430 1M, koTopas
CBsI3aHA C MEXaHU3MOM IIepeHoca 3apsifa B OOMEHHOMH
nape Ti*" — Fe*".

[lomy4yeHnnble JaHHBIE CBUIETEIBCTBYIOT B TIOJIB3Y
Toro, uto MI'D u3 JloBo3epckoro maccuBa 060raIieHsl
YeTHIPEXBAaJCHTHBIM THUTAHOM, Ojarojaps 4emy
001a1a10T AOTIOTHUTEILHOM HACHIILICHHOH KOPUYHEBOH
OKPAaCKOM, UTO XOPOIIO COriacyeTcs C 0COOCHHOCTSIMHU
WX XHMHYECKOTO COCTaBa.
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GaGeO,0H MOJEJIBHBIN AHAJIOT ®A3BI OI'T: CHHTE3, CTPYKTYPA
N CTABUJIBHOCTD ITPU BBICOKOM JIABJIEHUH
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briaromaps reoxuMu4ecKOMY CXOJACTBY KPEMHHS
c TepMaHueM U anoMmuHus ¢ raummeMm Ga, Ge — co-
JIEpKaIUe CTPYKTYPHBIC aHAJIOTH MUHEPAJIOB MOTYT
WCIIONIF30BAaThCS B KAY€CTBE BHICOKOOAPHBIX MOZeNeH
ISl ©3yYEHUSI COOTBETCTBYIOIINUX CUITUKATHBIX U all0-
MOCHJIMKAaTHBIX cucteM [Ringwood, Seabrook, 1963;
Reid, Ringwood, 1970; Thomas et al., 2008]. IIpu 7I'Tla
1 1000 °C Ha anmnapaTe BHICOKOT'O JTABJICHUS TUIA «HA-
KOBaJIbHA ¢ TyHKOI» B DM PAH BriepBbie OBl CHH-
Te3upoBanbl KpucTaibl GaGeO,0H.

B pesynbraTe skcneprMeHTa ObLTH TONYYeHBI Oe-
JIbIe U30METPUUYHBIE KPUCTAJIIBI TICEBIOKYONYECKOTO
raburyca pasMepoMm 5—8 MKM. XUMHUYECKUNA COCTAB
onpenenen kak Ga, 0,40,9+0,8, GeO,43,8+0,8 mac.%.
Cunrernueckoe coenunenne GaGeO,0H, kak u ¢daza
Orr AlSiO,OH [Eggleton et al., 1978], nmeeT MoHo-
KJIWHHYIO0 CHHTOHHIO U IPOCTPAHCTBEHHYIO TPYIITy
P2 /n. CiekTp KOMOMHALMOHHOIO paccesHust 171s (hasbl
GaGeO,0H umeet Tonosnoruto, cxoxyto ¢ KP-cnekrpamu
dasbr Orr AlSiO,OH. Takke ObLIO IPOBENEHO U3y YEHHE
Gapuueckoi crabunbHoCcTH (azel GaGeO,OH mMeTonom
in situ KP-criekTpockonuu npu gasieHusx 1o ~30Tla.
B pesynbprare npocaexeno usmenenue 15 KP-monoc
MpU YBEIUYCHUU JAaBJICHUS U BBISBJICHBI U3MCHCHHS
KO3 (OHUITHEHTOB 3aBUCUMOCTH CIBUTOB YaCTOT MOJT
KP npu cxxaruu. s nonoc B obnactu kosebannit OH
W3MEHEHUs YaCTOT ONPENEIUTh HE YAaJlOCh, TIOCKOIb-
Ky WHTEHCHUBHOCTH JTHX IOJIOC OTHOCUTEIHFHO MaJIbl
MIPH CYKATUU U JICKOMITPECCHH.

[Mpensinyuiue paboThHl MO U3YYEHUIO CTAOMIIBHO-
CTH CTPYKTypHBIX XapakTepucTuk asel AISiO,OH
TP BEICOKOM JaBJICHUU TIOKA3aJIu, YTO OCh b SIBIISETCS
Han0o0JIee COKMMACMBIM HAMIPABJICHUEM TIPU JTaBJICHUSX
no 16I'Tla, mpu 3TOM 3HaYeHHE yTia f YMEHBIIIACTCS
[Schulze et al., 2018]. 3T0 cBsI3aHO C T€M, YTO PacCTOsI-
Hue cBsi3u Si-O4 ObICTPO YMEHBIIASTCS BILIOTH JI0 JIaB-

nenus 16 'Tla, ycunusas cBs3b Si-O4 u ocnabiisist CBI3b
04-H. D1oT 3¢ dexT Takke HAOTIOMASTCS U TSI TIOIOCHI
BajieHTHOTO Konebanus GeO6 coenunenns GaGeO,0H;
BO BCEX TPEX OOJIACTAX JABIICHUS 3Ta MOJIOCA UMEET
HanOoJbIee 3HaUeHne OV/OP, 4TO CBHAETENbCTBYET
0 Oonee cunbHOM cxkatuu cBsizu Ge-O. Takum oOpa-
30M, cuaTeTHdeckoe coennnenne GaGeO,0OH moxHO
paccmaTpuBaTh Kak aHanor ¢asel orr AlSiO,OH.

Paboma evinonnena 3a cuem epauma PH®
Ne 24-27-00078.
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KPUCTAJVIOXUMHNYECKHUE OCOBEHHOCTHU 1
TEPMUYECKOE IIOBEJAEHUE CKAIIOJIUTOB

KauneBa E.B., 'agpuienko B.B., Panomckasn T.A., enapuk P.FO.

Hnemumym eeoxumuu um. A.I1. Bunoepaoosa CO PAH, Hpxymck, Poccus, kev604@mail.ru

CKaImoJuT IpeacTaBIsAeT coO0H rpyIITy KapKacHBIX
AJTIOMOCHIJIMKATOB C JOTIOJTHATEITFHBIMA aHHOHAMH, 00-
mwas popmyna koropeix M, [T,,0,,] A, rne M = Na, K,
Ca, Sr, Ba, Fe**, T = Si, Al, Fe’*, a4 = Cl, (CO,), (SO,)
1 B MeHbILEH cTenenu Br. CeMelicTBO MUHEPAIIOB TPy B
cKanonuTa o0pa3yeT TBEPABIA pacTBOp, KpaliHUMHU HJie-
HaMH KOTOPOro ABIAOTCA Mapuanut, Na,[Al,Si O, ] Cl,
u meionut, Ca,[Al Si O,,]CO,. Kpucraniusanus 3Tux
COCAMHEHUI BO3MOXKHA B IPOCTPAHCTBEHHBIX IpyIIax
14/m v P42/n. CTpyKTypa CKaroJInTa XapaKTepU3yeTCs
HaJIMYUEM CIIOXKHBIX KOJICI, 00pa30BaHHBIX YETHIPHMS
terpasapamu T, KoTopsie GOPMHUPYIOT KOJIOHKH BAOJIb
ocH ¢. B momocTsax kapkaca pacmojararoTcsi KaTHOHBI
Ca*, Na’, anmonnsle rpymmnsl (CO,)* u (SO,)*, a Tak-
ke auroHbl CI™. CocTaB cKamoyinTa 4acTo BhIPAXKAIOT
qucioM, o603HagaeMbIM Kak Me(%), oTpaxamomum
OTHOCHUTEJILHOE COJIEpKAHUE KaIBIUI TI0 QopMyJie:
Ca/(Ca+Na+K)x100, k0TOpoe COOTBETCTBYET JI0JIC MEii-
OHHTOBOTO KOHEYHOT'O YJIeHa B COCTaBE MUHEpaJIa.

Pa3HooOpasue HBETOB CKamoJHUTOB — OT (uoJe-
TOBOTO /IO CHHETO — B OCHOBHOM OOYCJIOBJICHO Ia-
paMu paauanMoOHHO-WHIYIIHPOBAHHBIX NEe(EKTOB.
Haunbonee pacnipocTpaHéHHON mapoi siBisieTcs KapOo-
HaTHbIH pagukan-anuon (CO,)” B cOueTaHNM C BaKaH-
cHell BHEKapKacHOTO aHWOHA, 3aXBaTHUBIIETO JIEKTPOH
(F-ierTp) [Shendrik et al., 2024a, 2024b]. Pexe BcTpe-
JaeTcs PUONETOBBIH XPOMODOpP — pajUKan-aHuoH S,
[Shendrik et al., 2024a]. Ou mpunaeT obpasram Goiee
BBIPQ)KCHHBIN (DHOJIETOBBII OTTEHOK 10 CPaBHEHHIO
¢ cucremamu (CO,)/F-uentp. XKénras okpacka ceszana
C IPUCYTCTBUEM pajnKai-aHnoHoB S~ [Shendrik et al.,
2024a). Katuonnoe okpyxenue (coorHomenue Na/Ca)
BIIMSICT Ha OTTEHKH CKAIOJIUTOB U MOPOTOBYIO SHEPTUIO
00pa3oBaHUs paTuaOHHBIX 1e(PEKTOB.

HccenenoBanabIe B paMKax JaHHOW paboTH 00pa3-
bl TOJTYOOT0, OECIIBETHOTO U (PHOJICTOBOTO CKATIOINUTA
HUMEIOT COOTBETCTBCHHO CIICAYIONIUE (POPMYJIbIL:

(Ca&13Nao468K0.02)[A1544OSi6.60024](CO3)0.58(SO4)0416C10408’
coorBercTBytomas Me(%) 81.7, (Ca, ,Na K )
[A14.49Si7.51024](C03)0.55C10.26(SO4)0412’ COOTBETCTBY-
romas Me(%) 53.4 u (Naz.7scal.11Ko.06)[A13.99Si8.01024]
Cl, .(CO,), ,(80,),,» cooTBeTCTBYIOmas Me(%) 28.1.

KomruiekcHoe rccie0BaHUE CKAMOIUTOB ¢ MPUME-
HEHUEM In Sifu BBICOKOTEMIIEPATYPHBIX JIU(PPAKIIHOHHBIX
9KCTIIEPUMEHTOB U ex situ K-CrekTpoCKOiy MO3BOJSIOT
YCTaHABJIMBATh CTPYKTYPHO-CIIEKTPOCKOITUYECKHE OCO-
OCHHOCTH: TIO3BOJISIOT MPOCIEANTh JHHAMUKY CTPYK-
TYPHBIX U3MEHEHHH TIPU HATPEBE B PEalibHOM BPEMEHH,
OIPEACTUTh TeMIICPaTyPHbIC T'PAHMIIBI YCTOWYNBOCTH
Pa3MUYHBIX CTPYKTYPHBIX THIIOB CKAMOJIUTOB U BHISIBUTH
TEMIIEpaTypHbIC TOYKU (a30BBIX MEPEXOOB U aHOMa-
JIUH TEPMHUYECKOrO PACHIMPEHUS, a TAKKE YCTAHOBUTH
KOPPEJIAIAN MEXTy TIOJIOKEHUEM TI0JI0C KoyieOaHuit Ha
HK-criekTpax U cocTaBOM TBEPAOTO PacTBOpa U U3Me-
HEHHS KPUCTAJUTMYECKON CTPYKTYPhI MPHU MOBBIIICHUU

TeMIepaTyphL.

JINTEPATYPA

1. Shendrik R., Chukanov N.V., Bogdanov A.,
Myasnikova A., Pankrushina E., Zolotarev A.A.,
Babkina A., Popova E., Vigasina M.F., Aksenov S.M.,
Ilyin G., Pekov LV. Nature of scapolite color: ab initio
calculations, spectroscopy, and structural study /
Minerals. 2024a. Vol. 14(9). P. 937.

2. Shendrik R., Kaneva E., Pankratova V.,
Pankrushina E., Radomskaya T., Gavrilenko V.,
Loginova P., Pankratov V. Intrinsic luminescence
and radiation defects in scapolite / Chemical Physics
Letters. 2024b. Vol. 838. P. 141081.



56 XV Bceepoccuiickas HayuHas KoH(epeHIs « MUHEpabl: CTpOCHHE, CBOHCTBA, METO/IBI HCCIICIOBAHMU S

POCCHUHUCKO-TAJI’KUKCKHAE ONTUYECKHWE HABJIIOJIEHU ST
MAJIBIX TEJ COJIHEYHON CUCTEMBI
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OO0nenuHeHNEe GOTOMETPUISCKUX PSAIOB HAOIIOC-
HUH, MONTYYSHHBIX C MHTEPBAJIOM 110 BpEMEHH Ha pa3-
JUYHBIX HIUPOTaX, HO3BOJISET MOTYUYUTH O0Jiee MOTHYIO
KapTHUHY 00 uccieayeMoM o0bekTe. OCOOEHHO 3TO BaXk-
HO B CIIy4ae OKOJIO3EMHBIX acTEPOHIOB, ISl KOTOPBIX
BpEMs BUIIUMOCTH OT'PaHUYCHO YCIOBHIMH CONMIKCHU S
¢ 3eMurell B CIUTY UX pa3MepPOB U 0COOCHHOCTHIO OPOHT.
[TosTOMy € 1ENBbIO M3Y4YeHHsI M30PaHHBIX acTEpOUIOB
Ha OCHOBE KOMOMHAITMH JaHHBIX C Pa3JIMYHBIX 00CepBa-
topwuit (o6cepatopust Canrnox — LIKIT «Tepckonmbekast
oOcepBaTopus») ObLITH MPOBEACHBI ONITHYECKUE HAOMIIO-
JEHHS C yUYEeTOM IPEABAPUTEIHLHOTO MOJIEITHUPOBAHUS
YCIIOBUH BHAMMOCTH H30PaHHBIX 00OHEKTOB.

Bbl1a onieHeHa BO3MOXKHOCTH HAOIOACHUN TTPAKTH-
YeCKH OTHOBPEMEHHO C JIByX 00CepBaTOPHIA aCTEPOH/IOB,
cOnmmkaronuxcs ¢ 3emMiiéi, 0CoOOEHHO MOTEHIMAIBHO
OIMAaCHBIX. YUUTHIBAIUCH BO3MOKHOCTH HCIIOIB3YEMBIX
WHCTPYMEHTOB U OCOOCHHOCTH METOIUKHU (POTOMETPH-
YeCKWX HAOMOAeHN. B kauecTBe orpaHWYeHHi IO MH-
CTPYMEHTAJILHOM W METOANYECKON COCTABIISIOMIUX ObLITH
NPUHSTHI CIIEAYIOIINE 3HAYCHHS: IS 00cepBaTOpun
CaHrIox — acTepou bl TOJHKHBI HIMETh BUIUMYTO 3BE3/I-
HYIO BETMUMHY He ci1adee 16™ B puibTpe V, HaXonuThes
Ha BbIcoTe OT 30 rpagycoB B Te4eHHe MUHUMYM | daca
(MEHUMAITBHOE BpeMS IS MOy YeHHUS (POTOMETPHYUECKIX
M3MEPEHHH B K&K JIOM (DUIBTPE TOCTATOYHOTO KOJIHYe-
cTBa AaHHbIX). s Tepckonbckoit o0cepBaTopuu ObLTH
MPUHSTH TAKHE JK€ OTPaHWYCHHSI 110 BHICOTE U TOCTYTI-
HOMY JUJIsl HAaONIOJCHUH BPEeMEHU, BUIUMas 3Be3aHAs
BEJIMYUHA MPUHUMAaJack 10 17.5™.

Ornpenenenne JOCTYIHBIX I HAOMIOMEHUS acTe-
POUIOB TPOBOUIIOCH C TIOMOIIIBIO HHCTPYMEHTA, TIPEI-
craBieHHoro Ha caite JPL (ssd.jpl.nasa.gov/tools/),

MO3BOJISIOLIETO 3a7]aBaTh KaK HEOOXOIMMYIO TOUKY Ha-
OmroneHuii mo Kogy oOcepBaTOpHH, TaK M BCE OITMCAHHbIE
BhIIIIE MapameTpsl; 0a3za manHbIX NASA (Small-Body
Database Lookup) ncronp3oBanachk I OMCKa HE00-
xonuMoi nHpopManuu 06 acTeponax.

Ha o6cepBatopun Canrmox UA HAHT u IIKII
«Tepckonnckas obcepsatopusi» MHACAH B 2024 romy
ObLIN MTPOBECHBI CHHXPOHHBIE HAOMIOIEHN Psiia acTe-
pouaoB, cOonmkammuxcs ¢ 3emueld. bernu nmonyude-
HBI acCTpOMeTpUYecKue U (HOTOMETPHUIECKUE JaHHBIE
JUISL 9TUX acTepouaoB. Ilo HUM ObLIM TOATBEPIKAECHBI
MOJTyYeHHbIE paHee mapaMeTphl, TAKHE KaK, HallpuMeD,
MOKa3aTel! [BETA, a TAKKe MPOBEJICHA OLICHKA IPUHA/I-
JIE)KHOCTH K CIIEKTPAJIBHOMY KJIACCy.

MogenupoBaHue BO3MOKHOCTH HAOTIOICHUA MaJIBIX
Tea COTHEYHON CHCTEMBI C TOMOIIBI0 OJHOBPEMEHHBIX
HabmofeHuit ¢ Tepputopun Poccun n TamxukucraHa
Y TIPOBEIEHNE COOTBETCTBYIOMNX HAOIIOAEHUN acTe-
ponoB nokaszanu 3¢pGeKTUBHOCTH paboThl Poccuiicko —
TaKUKCKOTO HAOIIOAATEIEHOTO CETMEHTA.

B 10 e BpeMs auis pemeHus pa3TudIHbIX 3ajad,
a 0co0eHHO 1o MpolJieMaM acTepOUAHO-KOMETHOM orac-
HocTH, B MHACAH pa3zpabaTbiBatoTcst 0030pHBIE MYJIb-
THANEPTY PHBIE TEJIECKOIIbI, CIOCOOHBIE OCYLIECTBIATh
HeOecHble 0030pbl OZHOBPEMEHHO B 4-X poToMeTpude-
CKHX Toyiocax. B mokinane Oynet mpecTaBieHo OHCaHue
OCHOBHBIX TEXHHUYECKHX XapaKTEPUCTHK.

JlaHHBIE TeNEeCKONbl NIaHUPYIOTCS YCTAHOBUTH
Kak Ha tepputopuu Poccun, tak u B Tamxukucran
U IPYTHX AOCTYIHBIX MJIOMIAIKaX.

Paboma svinonnena 3a cuem epanma Munucmepcmea
HayKu u gvicuteco oopazosanusi PO Ne(075-15-2024-626.
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CIIEKTPbI CJIOUCTBIX JIBJIOB B CPEJHEM NH®PAKPACHOM JIUAITA3OHE
JJI1 ONTMCAHUA HABJIIOJATEJIBHBIX TAHHBIX C TEJIECKOITA JWST

KapreeBa B.M., Haku6os P.C., [lerpamkeBuu U.B., O:xxuranos M.J., Menseaes M.I., Bacionnn A.HU.

Ypanvckuii peoepanvuviii ynueepcumem, Examepunoype, Poccus, varvara.karteeva@urfu.ru

Nudpakpacusie (MK) crekTpsl 1abopaTopHOTO
Nblla ABISIIOTCS AHAJIOTAMH CIEKTPOB, TOJIydaeMBbIX
KOCMHUYECKUMHU ariapaTaMy B HaIPaBIESHUU 00JiacTei
00pa3oBaHUs 3BE3[ W IJIaHET. Taknue CHEeKTPHI MOIy-
YaloT, UCIOIb3Yysl KPUOTCHHBIE CBEPXBBICOKOBAKYYM-
HbIe JabopaTopHbie ycTaHOBKU. Ha 6a3e maboparopuu
aCTPOXUMHUECKUX HcciaenoBannii YpdDY cobpana ycra-
HoBKa ISEAge. [l nony4yeHust aHanora Mex3Be3JHOr0
JibJia B TJIABHOW KaMepe YCTAHOBKHU IMOJJCPKUBACTCS
ceepxuuskoe masinerue (P~2x101° mGap) ¢ moMoIb0
TypOOMOJIEKYIISIPHOTO Hacoca. B riaBHyto kamepy mo-
I'PY>KEH KPUOTCHHBIN JIepiKaTeNlb C 3aKPEILICHHBIM Ha
HEM T€pPMaHHEBBIM OKHOM, KOTOPOE€ MOKHO OXJIAAUTh
10 6.7 K. IMEHHO Ha 3TO OKHO OCa)XIat0TCsI MOJICKYJIbL,
MOJIaBAEMbIC YePE3 UTOIbUATHIC HATCKATEIN U3 JTUHUU
nmo3upoBkH. [ToTOK BemrecTBa U3 HaTeKaTesei oopa3yer
CBOE0Opa3HOE MOJICKYIISIPHOE 00JIAKO BOKPYT MOJJIONK-
KH, MOJIEKYJIBI M3 KOTOPOTO OCaXKIAIOTCSI Ha TIOAJIOKKY,
(hopMupyst TabOpaTOPHBIC AHAJIOTH MEXK3BE3IHOTO JIH]IA.

[pornecc hopMupoBanms MEXK3BE3IHOTO JIbJIa TIPO-
ucxoaut ciosiMu. CHavasia GOPMUPYETCs MOJAPHBIN
CJIOW, B KOTOPOM OCHOBHBIM KOMIIOHEHTOM SIBIISIETCS
Bozia. Takke B 3TOM CJIO€ MPUCYTCTBYIOT MOJICKYJIbI

CO,, CO, CH,OH, NH, n CH,. [Tance npoucxoaut
BhIMOpakuBanue Moinekyn CO u3 rasza, B CBSI3U C YEM
obpasyeTcs cnou, 6orateiii CO.

Ilo aHamorum ¢ 3TUMHU 3TaNlaMH HBOJIIOIIUN HAMU
OBLITH BEIPAIICHBI CJIOUCTBIE JIBJIBI JIJIS1 aHATN3a TI0JIOCH
norsoreHus, Bunaumoit B UK criekTpax BOIU3M JITUHEI
BOJIHBI 7.7 MKM. JIaHHBIN MUK OTHOCUTCSI TIPEUMYIIIE-
CTBEHHO K 110J10ce JIepOpMaIlMOHHBIX KOJIeOaHUH MeTaHa.
[Nonyuensl 1Be OMHAPHBIX, TPEXKOMIIOHCHTHAS U YEThI-
PEXKOMITOHEHTHAs CMECH. 3aTeM TOBEPX TaKUX JIBI0B
npou3BoaAniIock HanblieHue yuctoro CO. lanee mpo-
W3BOJIMJICS HATPEB CJIOUCTOrO Jibja ¢ marom 0.5 K/mMuH.
B kauecTBe pe3ynbTaTa BEIPALIUBAHUS YETHIPEX CMECEU
C MaJIbIM COZICPYKAHUEM METaHa HaMH ObLJIO YCTaHOBJICHO,
YTO TAaKME CMECH MOTYT OIHUCHIBATh HAOJIOAATEIbHBIC
JNAHHBIC JyYIlle, 4eM JbIbl TOJIBKO MOJISIPHOTO CIOS.
Pesynprarom onucanus nuka 7.7 MKM MajJOMacCHB-
HOM poTo3Be3as! Bl-c mo nanasiM JWST crana cmech
CH,:H,0:C0O,/CO=1:10:5/10 npu temneparype 15 K.

Hccneoosanue gvinonneno 3a cuem ecpanma
Poccuiickozo nayunozo gponoa Ne 23-12-00315.
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CHUHTE3 U KPUCTAJLJIMYECKA S CTPYKTYPA HOBOM MOJIU®HUKAIINA
PbGeO, - CTPYKTYPHOI'O AHAJIOTA AJTAMO3UTA PbSiO,

Kupees B.E.!, Yapkun /1.0."?, AkcenoB C.M.!

I Jlabopamopus apxmuueckou Munepano2uu u Mamepuaioseoenus,
@UI] Konvckuii nayunwiii yenmp PAH, Anamumui, Poccus, aks.crys@gmail.com
? Xumuueckuti paxynomem, MI'Y umenu M.B. Jlomonocosa, Mocksa, Poccus

braromaps cBOMM KpHUCTATNIOXUMHUYECKHM OCO-
OCHHOCTSIM, CXO/ICTBY MOHHBIX paanycoB Ge*" u Si*,
a TaKk)Xe CTPOCHHUIO M XapaKTepy MOJUMEPHU3ALUU
GeO, TeTpas’sapoB, repMaHaThl 4aCTO pacCMaTpuBa-
I0OTCA KaK BBICOKOOApPUUYECKHE aHAJOTH CUIIHKATOB.
HawuGonbminii UHTEpEC BBI3BIBAIOT COSAUHEHUS C U30-
JTUPOBAaHHBIMA HEPA3BETBICHHBIMH ETIOYeYHBIMH aHU-
oHamH ¢ obmeit popmyoi [SipOBP] 2~ [Day, Hawthorne,
2020] myist KOTOPBIX U3BECTHBI IPEACTABUTENH BIJIOTH
no p =24 (cunretuyecku Na Y, [Si),0,]). Cpean
aHAJIOTMYHBIX T€PMaHATOB camas JITUHHOIEPHOIHAS
nemnouka ¢ p =12 HabnionaeTcs B KpUCTAIINUYECKON
crpykrype Pb, [Ge O, ] [Nozik et al. 1979] — Ge-
aHajora CUJMKaTHOrO MHHepaya anamosuta Pb
[Si,0,] [KpusoBuues, bepuc, 2004] u poacTBeHHBIX
CHHTETHYCCKUX (a3s.

Kpucranner HoBO# monumopdHOH Monudpuka-
uun PbGeO,-I1 6blnu monmyYeHsl METOIOM pacTBOpa
B pacrurase npu 1=550°C B cucTeMe, comepkariei
KI, PbO, Pbl, u GeO, B 95KBUMOJIAPHBIX KOJHYECTBAX.
PeHTreHoCcTpyKTYypHBIE UCCIIEIOBAHUS BBITIOJHEHBI
Mpu KOMHATHON TeMmIiepaType C HCIOJIb30BAHHEM
MOHOKpHUCTaNbHOro gudpakromerpa Rigaku XtaLAB
Synergy-S (Hybrid Pixel Array nerektop; MoKa-
W3JTy9CHHE).

Kpucraninueckas cTpykTypa HOBOH MOAH(UKALIIH
PbGeO,-I1 xapakrepusyeTcs nmapaMeTpamMu s4eiKu
a=22.9394 3)A, b=14.4672 (2)A, c=13.2344 (2) A,
B=119.4335 (15)°, ¥=3825.18 (11) A? (mp. rp. C2/c;
Z=48) 1 TONOJIOTUYECKH OJIM3Ka K U3YUCHHBIM pa-
Hee 0 JaHHBIM HEHTpPOHOTpadUU KPUCTAILTHICCKOMH
crpykrype PbGeO,-I [Nozik et al. 1979] ¢ mapame-
tpamu a =11.469 A, hb=7.236 A, c=12.555A, p=113.3°,
V=956.96 A3 (1p. rp. P2/c; Z=12), a Tak)Ke CHHTETHYE-
ckomy anamosuty PbSiO, [Kpusosuues, bepuc, 2004]

¢ mapamerpamu a =11.209 (1) A, b = 7.0410 (8) A,
c =12.957 (DA, B = 119.76 (15)°, V = 887.7 (8) A’
(np. tp. P2/c; Z=12) [KpuBoruues, bepuc, 2004]. OcHoBy
WX KPUCTAJUIMIECKUX CTPYKTYP COCTaBISIOT Iapall-
JeNbHbIC NIMHHONEPUOIUYECKHE TeTpadApUUecKue
uenouku [7,,0,]** ", rne T=Si*, Ge*. Cocennue ue-
MOYKU O0BEIMHAIOTCA KaTHOHaMu Pb*, oGnanaroniue
CTEPEOAKTUBHOM HEMOMICTICHHOM 65 SIEKTPOHHOI Mapoi,
YTO OINpPECIACT Crieln(UIECKUI BOTHOOOPa3HbIH N3rH0
TETPAdAPUUECKUX IIETIOYEK.

OTnHYnuTEenTHFHON 0COOEHHOCTHIO KPUCTAILTHYECKON
CTPYKTYpbl HOBOH Monupukanun PbGeO,-11 aensercs
paznnuue B opuenTanusax [GeO,]-TeTpasapos B coceqHnX
[GeuO3 6] -IIENOYKaX, YTO MPUBOJIUT K YBEITHYECHUIO 00b-
€Ma JIEMEHTAPHOM SYEHKY B YETBIPE pa3a I10 CPABHEHUIO
¢ ucxonHou B cTpykType PbGeO,-I. Ananus kpucrannu-
ueckoi cTpyKTypbl PbGeO,-11 nokaspiaeT e BHICOKY1O
CTENEHb MCEBAOCUMMETPUYHOCTH Amaxz 1.1112.

Paboma svinonnena 3a cuem epanma Poccuiickozo
Hayunoeo gonoa Ne 20-77-10065-11.
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MMUMHEPAJIOTI'US1 YEPHOI'O 1 CEPOI'O HE®PUTA KABOKTHHCKOI'O
MECTOPOXIEHUSA, CPEJJHE-BUTUMCKASA I'OPHAS CTPAHA

Kucios E.B.

Teonozuueckuii uncmumym CO PAH, Yaan-Y0s, Poccus, evg-kislov@ya.ru

KanpLuT-TpeMoINTOBBIE CKAPHBI C TE€NaMu HedpuTa
0enoif, 3eMeHON, KOPUYHEBOW OKpPACKH Pa3BUTHI
Ha KOHTaKTe JO0JOMHTA U 3MUAOT-TPEMOJIUTOBOTO
ckapHa 1o aMm(puOONIHUTy B KCEHOOIOKaX MeTaMOP(HUTOB
B rpanuTax. Cepplil 1 YepHBI HEQPUT HE ONHUCAH, XOTS
ucrnosnb3yetcss OO0 «Opuenran Baity 1715 mponsBoacTsa
W3JIENH.

Oro-Bocrounas yacte. U3yuen Oenbiii Hedpur
C YEPHBIMH MPOKHUIKAMHU, TOUKAMH, 3€PHAMU; CEPBIH
HehpUT HEOTHOPOIHON OKpacKku; 00p. 596803 ¢ OenpiMHy,
CepbIMH, YEpHBIMH OJIOCAaMH, ATHAMU; 00p. 565901
CBETJIO-3€JICHBIH C CyOmnapaielIbHbIMA U3BHIIMCTHIMH
YEPHBIMU NpOXKHIKamMu. B Tpemonute conepkanue FeO
HUXKe mpeaena oOoHapyxeHus, peako a0 0.49 Bec. %.
B 00p. 565901 0.50—0.87 Bec. % FeO. B 00p. 596803
TOHKO3E€pHHCTHIE ITpociion Oesoro nuoncuaa. B apyrux
o0pa3Lax U30MeTPUIHbIEC HIIM KOPPOAUPOBAHHEIE 3epHA
JIVIOTICH/IA C BKJTFOUCHUSIMH I'paduTa, CpacTaHUSIMU C Tpe-
MOJIUTOM, KBapieM, rpadurom. B 06p. 596803 xsoput
00pa3yeT mpociaon, MHTEPCTULINH, B APYTHUX OH PEIOK.
I'pacdut 0OHapyxeH Bo Bcex oOpasiax, kpome 596803 —
YIUIOIIEHHBIE KPUCTAJIBI, TPOKUIKH, BKIIOUECHHUS
B AMOIICU]E, KBapLe, COACPIKUT BKIIOUCHHUS KaJIbIIUTA.
Kgaprr B Tpex o6pasiax od6pa3yeT 3epHa, MATHOOOpa3HbIE
arperarbl ¢ BKJIIOUeHHsIMU rpadura. Kanpuut B ABYX
o0pa3uax 1 OOMIBHBIN (TOpANaTHT B BOCBMH 00pa3iax
acconuupyroT ¢ rpadutomM. OTMEUEHBI XJIOpaNaTHuT,
MPEHUT, IUPKOH, OaaaenenT, TadbK u 6apuT. OOBIYHBI
XaJIbKO3UH U TaJICHUT, & MOJTUOJCHUT, MUPHUT, TETUT
u cynbdat Bi u Pb penkn.

Cepast okpacka o0p. 596803 oObsicHsIeTCS arperaramu
xJytopuTa. Cepblif 10 UEPHOTO IIBET OCTAJIBHBIX 00pa3IoB
IOr'0-BOCTOYHOH 4acCTH MECTOPOXKICHUS 00bACHAETCS
HanuuueM rpadura. Menkue penkue 3epHa CyIb(puI0B
HE BIUSIOT HA OKpacKy. [ padut accolumpyer ¢ KBapiem,
amaTUTOM M KaiasuutoMm. KBapm He xapakTepeH
11t HeppruTa KaBOKTHHCKOTO MECTOPOXKICHN I, KAJIBLUT
Y anaTUT 0OBIYHO 00pa3yIoT eAMHUYHBIE MEJIKHE 3epHA.
Hannuue kBapia oObICHICTCS TEPPUTCHHON TPUMECHIO
B MCXOIHOM JOJOMHUTE, a amaTHTa — OPTaHUKOH
KMBOTHOI'O MPOUCXOXKAEHUS. PEIUKTOBBIN KaJIbIUT

OTpakaeT HE CTOJIb 3HAYUTEIBHYIO MepepabdoTKy
HUCXOMHBIX OJOMHUTOB. I'padut Mor ob6pa3oBaThcs
B pe3yJabpTrare MeTaMoppu3Ma pacTUTEIHHONH OPraHuKU
B JIOJIOMHTE: aHaJOTHYHAsI OCAJOYHBIM MOPOAAM
MOpP(DOJIOTHS CTI0eB, 00OTAIICHHBIX T'PAdUTOM, HATHYHE
€ro BKITIOYCHHH B PaHHUX JHOTICH]IE U KBapIe. Jpyroe
00BbsCHEHNE — ydyacTue B oOpa3oBaHHU rpaduTta
BOZOPO/Ia, MOCTYIABIIETO MO TNIYOWHHOMY pa3jioMmy.
Bomopon mor Berynars B peakuuio ¢ CO,, BbIIEISIO-
IIEHCS TPU 3aMETIeHHUH JOJIOMHUTa CHIIMKaTaMu ¢ 00pa-
3oBanreM H,O u rpadura. B pesynbrare ananusa o0p.
585901 momyyen uzotomHbIi coctaB 8°C —14.2%.. Crenan
BBIBOJI O COYETAHHH JIByX NCTOYHHKOB yTiieposia rpadura
B HE()pHUTE — 3aXOPOHEHHOH OPTraHUKH U Pa3JIOKEHHOH
sonopozom CO,.

CeBepo-3amajgnas 9acth. B ogaOM 00p. 916202
13 16 N3y4eHHBIX BBISBIICH MIEPEXOM OT CEPO-3EJICHOTO
o yepHoro nuBeta. B tpemonute 12 ob6pasinos FeO
He 00HapY’KEeHO, B OCTAJIFHBIX MaKCHMaJbHO 4.64 Bec. %.
Cognepxxanue FeO B 00p. 9162020.82—-3.91 Bec. %,
B yepHO# uyacTtu a0 14.23 Bec. %, 4TO OTBEHaAET
aKTUHOJHUTY, TOJBKO B HEM OOHAPYyXEHBI THTAHUT
u XpomMmaraeTuT. UepHas okpacka HedpuTa 00p.
916202 00BsICHSIETCS BRICOKHUM COJIEPKAHHUEM JKele3a
n3-3a2 OJM3KOT0 KOHTAKTa C MHUAOT-TPEMOIUTOBBIM
CKapHOM 10 aM(puOONuTY.

Taxum 06pa3om, TPUIUHEI YEPHON U CEPOH OKPACKH
HepUTa pa3TUIHBL: BKIIIOYEHUS rpaduTa WiTH XJIOPHTA,
160 MOBBHIIEHHOE COAECPKAHME JKeJle3a B TPEMOJIHUTE
JI0 aKTHHOJIUTA.

Aemop npusnamenen AO «3I'PIl», nepco-
nanvno A. Il Cyzdanvuuyxomy, C. A. Xarmanoagy,
E. B. Paesckou, /]. b. Illapaxkwiunosoil, anaiumuxam
U. 0. Komoesoti, B. @. llocoxogy, E. A. Xpomosoii
u E. B. Xoovipegotl. Ananu3svl 8bINOIHEHbL 3d CHem paH-
ma PH® Ne22-27-20003 ¢ ucnonv3osanuem o60pyoo-
eanus L{KII «l'eocnekmpy THH CO PAH (Ynan-Y053).
Tesucwt u 0oxk1a0 nod2omosnenvt 8 pamxax memot HUP
AAAA-A21-121011390003-9.
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®OTOKATAJIMTUYECKUE CBOICTBA Ca, Bi

Mo, .V

0.15 * 0.85

0,B

0.883

3ABUCUMOCTH OT YCJIOBUH NOJTYYEHUSA ®OTOKATAJIU3ATOPA

Kaumosa A.B."2, MuxaiijsoBckas 3.A.!, Bysnosa E.C.?

! Unemumym 2eonoeuu u 2eoxumuu YpO PAH, Examepunbype, Poccus, klimova@igg.uran.ru
2 Vpanvcruil ghedepanvubiii yrusepcumem umenu nepeozo Ilpesudenma Poccuu b.H. Envyuna,
Examepunbype, Poccus, elena.buyanova@urfu.ru

bonbpuioe BHUMaHMe B JIMTEpPaType OTBEACHO
IIEETUTONOJOOHBIM TBEPABIM PACTBOPAM Ha OCHOBE
monubara Kasbis CaMoO,, KpHCTaILTH3Y FOLIEMCS
B T€TPAroHaJbHOM CTPYKTYpe (p. rp. /4 /a (Z = 4)).
Marepuaiibl CO CTPYKTYpOU IIEEIUTa TPUMEHSIOTCS
B KauecTBe (POTOKATATIH3ATOPOB, CHUHTHIUISTOPOB,
JIOMUHO(POPOB, IJIEKTPOXUMHUYECKUX YCTPOUCTB
u Ap. PuznuecKkrue 1 XUMUYECKUE XapAKTEPUCTUKU
IIEEIUTONOMOOHBIX CIIOKHBIX OKCHJIOB 3aBUCAT HE
TOJIBKO OT UX COCTaBa, B YaCTHOCTH, OT 3aMEIICHUs
NO3ULUHI A W/WiK B, HO 1 OT YCJIOBUH CHHTE3a TaKMX
COCIUHECHUM.

HccnenoBanue nocBsieHo (GoTOKaTaIUTHYE-
ckuM cBoictBaM CaMoO,, MOIM()UIMPOBAHHOTO
BUCMYTOM U BaHaAMeM ¢ o01ielt popmyInoii:

Cal*l.Sx—yBiery(DO.SxMOI—yVyO4’
rne @ — BakaHcus. Panee ObLIIO YCTaHOBIIEHO, UTO
MOJTUOAATHI KAJbIMs M BAHAAATHI BUCMYTa 00Jaja-
10T Xopomed (POTOKATATUTHIECKON aKTHBHOCTHIO.
C Ttoukwu 3penus 3pdexTuBHOCTH (hoTOKATATH3A-
TOpa, HAWIYYIlIUEe CBOMCTBA OYAYT MPOSBIATHCA
y COCTaBOB, AKTUBHBIX B BUJIMMOM CBETE, TO €CTh
y TBEPIBIX PACTBOPOB C MUHUMAJIbHBIM 3HAYEHU-
€M 3anpenieHHon 3086 Eg. B xone nccnenoBanus
OBLJIO BBISIBJICHO, YTO MUHUMAJILHOW IIUPUHOM 3a-
npemieHHoi 30061 Eg = 2.62 5B obnagaeT coctas

—a— pH4 230°C
—e— pH4 500°C
—a— pH4 25°C

0.8 4 —v— pHS5 230°C
—&— pHS5 500°C
—<— pHS 25°C

—— pH6 230°C
—e— pH6 500°C

0.6 4

Ot,o/o

0.4+

0.2

0.0 T T T T
0 1 2 3 4 5 6

BpeMsl, yac.

Puc. 1. Bnusnue ycnosuii cunresa Ca, Bi Mo, .V O,

Ha CTCIICHb MPEBpALICHU MB ot BPEMCHU pCaKIIUn

Ca, Bi Mo, .V O, neMoncTpupyromui no-
TJIOLICHUE B CHHEHN 00JIacTH BUMMOTO CIIEKTPA.

Crnoxnpiii okenp cocrasa Ca, Bi Mo .V, .0,
CUHTE3UPOBAH METOJOM COOCAXJACHUS TPHU
pH = 4, 5, 6 u Temneparypax cymku ocajaka 25,
230 u 500 °C. BoisiBiI€HO, UTO OCaJIKH, TOJYYCHHbBIC
nipu 25 u 230 °C uMEroT BBIpaXXEHHYIO aMOp(HYIO
cTpykrypy. [locne omxura npu 500 °C o6pa3iisl
KPUCTAJUTU3YIOTCS B HICEITUTONOA00HOM TETparo-
HaJILHOU CTPYKTYypE (p. rp. 1 /a)).

OnTHyecKkre CBOWCTBA UCCIIEYEMBIX CIIOMKHBIX
OKCHJIOB aTTeCTOBaHbI MeTONIOM T (y3HOro OTparxe-
Hus, metooM Kybenku-MyHka paccurTaHa muypruHa
3ampernieHHoi 30851 [lokazaHo, 4To ¢ yBenTU4YEeHHEM
TEMIIEPATYPbI CUHTE3A Eg yMmenblnaercst. [{is oOpasiia,
CHUHTE3UpOoBaHHOro nipu pH = 4, cooTBeTCTBYIOMIME
3HA4YCHUS Eg cocrtaBisioT 3.28, 2.69, 2.61 3B. Takue
3HAYEHUSI 3aNPELICHHBIX ITIeJIed COOTBETCTBYIOT KpasiM
TIOTJIOIECHUS M3TydeHus B ~410 HM, T.e. 00pas31ibI CII0-
cOOHBI 3 PEKTUBHO MOTIIOMATh OnuxKHIM YD-CBeT.

doToKaTaluTUUYECKass AKTUBHOCTH
Ca_, 5x_yBimcDO‘ 5XMol_yVyO , ObLIIa OLIEHEHA Ha IIPHUME-
pe okucnenus 10 ppm metuneHooro curero (MB)
B BOJHOM pacTBope nox BozaeicteueM YO-LED-
HMCTOYHUKA CBETa C MAKCUMYMOM H3ITyUYEHUS TPU
405 aM. OOpasipl peakKIIMOHHON cMecu 00beMOM
10 M otnensinu wepes 0, 1, 2, 3, 4, 5, 6 yacoB oT
HayvaJia BHECEHUSI HICTOYHUKA CBETa B (POTOKATAIIN-
TUYECKUN PEaKTop, CMeCH (PUIBTPOBATH 1 CHUMAITU
CHEKTPBI MOTJIOIICHUSI, PACCUUTHIBAJIN CTENEHD TIpe-
BparmieHus (puc. 1). BeisiBneHo, 4to MakcumaibHas
CTEIEHb MPEBPALLECHUS] COOTBETCTBYET COCTABY
Ca Bi Mo, .V .0, (pH6, 230 °C) u cocrapuser
80% depe3 yac 00mydeHMs1, COCTaBbl, CHHTE3UPOBAH-
Hble 11pH 25 °C npeacka3yemo MpOosiBUIM B OCHOBHOM
aJICOPOIIMOHHYI0 aKTUBHOCTH MPHU TAKOW JIIHMHE
BOTHBI. [lomydeHHbBIe pe3yJbTaThl MOITBEPKAA0T
MOTEHIIMAJ UCIIOJIb30BaHUS JAHHBIX COCAMHEHUN
B Ka4e€CTBE areHTOB JJIsl OUUCTKU CTOYHBIX BOJ.

Paboma evinonnena 6 pamxax I'b memovr UI'T

YpO PAH Nel24020300057-6.
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TEPMHYECKA S 3BOJIIOIN ST KPUCTAJIJIMYECKOM CTPYKTYPHI Ca,B O,

Konbriosa }0.0.23, Boakos C.H.!, Kp:ku:kanosekas M.IL23%, F0xHo B.A.3,
AxkcenoB C.M.!, By6nosa P.C.}

! Konvexuii Hayunwiii yenmp Poccutickoil akademuu nayx, Anamumot, Poccus, yuliua.kopylova@gmail.com
2 Canxm-Ilemep6ypeckuil cocyoapcmeennuiii ynusepcumem, Cankm-Ilemepbype, Poccus
3 Unemumym xumuu cunuxamog um. U.B. I pebenwurosa, Cankm-Ilemep6ype, Poccus

Ha cerogusmuuii n1eHs HACHTUPHUIIUPOBAHO
HECKOJIbKO MoauMOopdubIx Mmoaudpukauuin Ca B O.:
HU3KoTemIieparypHas y-¢pasa [Hart, Brown, 1962; Ji et al.,
1993], mpomesxyTounas [’-ha3a 1 BEICOKOTEMITEpaTypHAast
a-¢paza [Yukhno et al., 2021]. M3BecTHa Takxke
MOAU(HKALUS, BCTPEYAIOMIASCS B IPUPOAE, — MHHEpAI
muMaszakuuT [Kusachi et al., 2013]. B mactosmeit
paboTe mpeACTaBJICH aHAJIN3 TEPMHUUYECKON IBOIIOLHNH
KpucTamiuyeckoi cTpykrypel Ca,B O, meTonom
MOHOKPHUCTaJIbHOW M MOPOIIKOBOM PEHTTE€HOBCKOMU
nudpaxuuu. Homumopdueie monudpukanun Ca,B O,
OTHCAHBI C UCTIONB30BaHUEM CYIIEPIPOCTPAHCTBEHHOTO
TIO/IXO/A, YTO TIO3BOJISIET UCIIONB30BATH €IMHOE OIFICAaHHE
Is BeeX (ha3, UCTIOIb3ys OHHAKOBYIO DIIEMEHTAPHYO
STYEHKY.

[Ipu HarpeBaHUU B KPUCTAJIIMYECKOU CTPYKTYpeE
Ca2B205 HaONOAI0TCA OpUEHTAITMOHHBIE ()a30BbIE
Mepexobl TUIA MOPSA0K-Oecropsaaok: y < (pu 784 K)
B < (mpu 860 K) .. JlaHHBIE TIEpEXOIBI COMTPOBOXK TAFOTCS
MU3MEHEHUEeM CTEINEeHH YHOPSIJOYEHHOCTH
nupoboparubix rpynn B,O,. B To Bpems kax
HHU3KoTeMIteparypHas lock-in y-dasa cogep>kuT rpyIims
C JIeBOHM W MpaBOd OpUEHTALHEH, MPOMEKYTOUHAS
HECOpa3MepHO MONYJUpOBaHHAs B'-(ha3a coAepKUT
JIEBOOPHUEHTHUPOBAHHBIE, TPABOOPUEHTHPOBAHHBIE
U OPUEHTALMOHHO HEYMOPSAAOYEHHBIE T'PYIIHI,
YTO NPHUBOJHUT K MX CIOKHOMY YHOPSAOYCHHIO.
JleBoopueHTHpPOBaHHBIE TPYNIB 3aMEHSAIOTCA
MPaBOOPUEHTUPOBAHHBIMH, 00pa3ys JTMHEHHbIC 30HBI
IMPUHOH ~6 A, ¢ OpHEHTAIIMOHHO HEyOPS I0YEeHHBIMK
TpyHImaMu MEXIy 3THUMH 30HaMU. B cTpykType
BBICOKOTEMIIEPATypHOH a-(ha3el MHPOOOpaTHBIE TPYIIIBI
OpUEHTAIMOHHO HeymnopsaoueHsl. [Ipu HarpeBaHuH

KOOPAMHALMOHHBIN MOJIN3AP CTPEMHUTCS IPUHATH GOpMy
MPaBUJIBHOTO OKTA3Ipa, B TO BPEMs KaK CeIbMOM aToM
KHCIIOPOZa CTAHOBUTCS OoJiee yAaleHHBIM OT KaJbIU .

Tennosoe pacimpenne Ca,B O, cUIbHO aHU30TPOITHO
u 00yCIIOBJIEHO CABHUTOBBIMU JepOpMamUIMHU
B IJIOCKOCTHU MOHOKJIMHHOCTHU, MCPHOCHAUKYITIAPHO
OOPOKHUCIOPOIHBIM TPEYTOJbHUKAM, U YBEINUCHUEM
KOOPAMHALIMOHHOTO Nonu3pa Kanblusa. Hanbonbiee
ckarue HaOmoaaercs st B’-dassl [ Yukhno et al., 2021].

Paboma svinonnena 3a cuem epanma Poccutickozo

Hayunoeo gonoa Ne 23-73-10078.
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CBA3b MEXY BPEMEHEM KOCMHNYECKOI'O OBJIYYHEHU A
JIYHHBIX ITIOPOJ HA IIOBEXHOCTHU POAUTEJBCKOI'O TEJIA
U IU®DY3UMOHHOM MOTEPEN HAKOILVIEHHBIX T'A30B

Kopouanuena E.B., Byiikun A.U., Kopouanues A.B.

T'EOXU PAH, Mocxea, Poccus, kpv-life@mail.ru

B pabore maH cpaBHHUTEIBHBIA aHaIU3 HAIIHX
XPOHOJIOTUYECKUX JaHHBIX (BKIJIFOYAsl pagualliOHHbBIE
1 *°Ar/*Ar BO3pacThl HU3KOTEMIICPATy PHBIX (DpaKIif)
v conepxaHus °Ar, B 9 JIYHHBIX METEOPUTAX, BE-
MIECTBO KOTOPBIX HAXOIUJIOCH HA POAUTEIHCKOM Telle
Ha pa3HO# rimyOnHe. DTOT aHalu3 MOKAa3bIBAET, YTO Me-
teoputsl Dhofar 025, 1436, 1442, NWA 6888 ¢ BeICOKOM
KoHIeHTpamueit Ar _ ((270-4600) x10-*cm’ STP/r)
HMMEIOT JUTUTENBHYIO0 (>50 Ma) 3KCHOo3UIIHIo Ha TOBEPX-
HOCTH POIUTENBCKOTO TeNa. B TakuX JTYHHBIX TOpoAax
HaOIroaeTCcsl 3HaUnTeNbHas noreps (o 35 %) Ar .
Hns oopasuos Dhofar 309, 730, 733 U3 OTHOCUTEIHHO
NIyOOKHUX CIIOEB JTYHHOM KOpHI [Hamp., Nishiizumi et al.,
2004; Foreman et al., 2008] ¢ HU3KUMH KOHIICHTPALUSIMHU
*Ar  (<4x10"*cm’ STP/r), Takue mapamMeTpsl KaK pa-
JMAIMOHHBIA BO3pACT M noteps Ar, _ Menbie (<20 Ma
n <18%, COOTBETCTBEHHO) . ITO MOXET OTPAXKaTh TOT
(dakT, 4TO AIUTETHHOE HAX0XKACHUE HA MOBEPXHOCTH
yemmBaeT muGy3nOHHYTO IIOTEPIO Ta30B, BRHI3BAHHYIO
HEOONBIINMH YJapaMHu U/WUIA COJTHEUYHBIM HArpeBOM
[mamp., Turner et al., 1971; Shuster and Cassata, 2015].
Takast ”HTEpIIpETAINS TOITBEPKIAETCSI OTHOCHTEIHHO
Mostozeivu “’Ar/*’Ar Bospactamu (<1 Ga), HoTy4eHHBIMU
JUTSL TUTOXO YACPKUBAIOIIUX AT HU3KOTEMIIEPaTyPHBIX
¢as. boree apesnre “*Ar/*’Ar Bo3pacTsI IIOITyIEHBI IS
METEOPUTOB OTHOCHUTEIBHO TITYOMHHOTO MPOUCXO0XK-
JIEHWsl, B KOTOPBIX TOTEps At HU3Kas, a pajualu-
OHHBIN BO3pacT HeOONBIION. VICKTI0OUeHNEM SABIISICTCS
rparyiauToBas opekuns Dhofar 733 ¢ O1u3kuM K HyIe-
BOMY BO3pPacTOM HU3KOTEMIIEPaTYPHBIX ppakiuid. ITOT
METEOPUT UMEET OUYCHBL HEOONbIION paanariHOHHBIH
Bozpact (0.5 MJIH JIeT), OTpakarouil BpeMs €ro Jo-
ctaBku ¢ JIyHbl Ha 3eMITI0; €ro BEIECTBO HE MOJBEP-
rajoch o0aydeHno Ha moBepxHocTH JlyHbl. SaU 449
u Dhofar 280 conep:kat mpomexyTOUHBIE KOITUYECTBa
Ar, ((36-47) x10°* cm’ STP/1) o cpaBHeHHUIO € 060-
3HAYE€HHBIMHU JBYMS TPYIIIAMU METEOPUTOB M HMEIOT

BBIMIEYTIOMSHYTHIE XapaKTePUCTHKN 00enX TPyII.
B ciryuae Dhofar 280, 370 MOkeT OBITH CBSI3aHO C BJIH-
STHHEM HECKOJIbKMX WHTEHCUBHBIX YIapPHBIX COOBITHH
1 CTIOXKHOHM TepMatbHOM uctopuei [ Korochantseva et al.,
2016].

Takum 00pa3oM, cpaBHEHUE paAHallMOHHBIX BO3-
pacToB, coaepKaHus Ar, M CTENEHH IOTEPh KOC-
MOT€HHOTO W PaJHOTEHHOTO AT NTYHHBIX OpeKumit
MOKAa3bIBAET, UTO JIJIUTENbHOE MpeObIBAaHUE MaTepHraia
Ha TMOBEPXHOCTH POTUTEIHCKOTO Tea OIaronpusTCTBY-
€T KaK HAKOTUICHUI0 UMIUIAHTHPOBAHHBIX COJTHEYHBIM
BETPOM OJIaTOPOAHEBIX Ta30B, B YaCTHOCTH, °Ar, Tak
1 1 Gy3n0HHON TIOTEepe Ta30B U3 TIOPOJT B pe3yJIbTaTe
MOBEPXHOCTHBIX TEIJIOBBIX 3(pPEeKTOB, TAKMX KaK COJI-
HEYHBIH /W YAapHBIA HArPEB.

Hccneoosanue gvinonneno no meme locsadanus
T'EOXH PAH.
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TEPMOCTUMYJINPOBAHHASA JIIOMUHECHEHIIUA
CUCTEMBI 603, 700, 787 am B IIPUPOJHOM AJIMA3E

Jlenexa C.B.!, Bacuianes E.A.%, 3earenunsos /I.A.!, Bornanosa JL.I.!

! Unemumym 2eonoeuu u 2eoxumuu YpO PAH, Examepunbype, Poccus, Lepekha@igg.urun.ru
2 Canxm-Ilemepbypackuii 2opuwiti ynusepcumem, Canxkm-Ilemep6ype, Poccus

Onrudecku aktuBHBIE IEHTPHI (OALL) B criekTpax
MIPUPOTHOTO aJIMa3a SBIISIOTCS HHIUKATOPAMH POCTOBOM
cpeabl, MPUPOJHOTO 00NydeHHsT U AedopMaluu
KkpuctaioB. Tem He MeHee, TOCTOBEPHO HEM3BECTHA
MPUPOJA U C1a00 U3YUESHBI ONITHYECKHE XapaKTePUCTUKH
ninst mHorux OALl, HaOnrgaeMbIX B CIEKTpax
npupoaHoro anmasa. Omnaoit u3 takux OALL sBiseTcs
¢orontomunectentHas (DJI) cucrema 6echoHOHBIX
nunui (b®JI) 603, 700, 787 HM, mpuypoyeHHad
K HUKEIbCOMepKaIMUM aeeKTaM KPUCTATITNIECKON
ctpyktypsl (KC) B mpuponnom anmase [Tretiakova,
2009]. Ontrueckue cBoiicTBa cuctembl 603, 700, 787 HM
JaCTHYHO TPEACTaBJIeHHI B paboTax [[LimorHrkoBa, 1980;
Crenanos, 2019]. Panee MBI paccMOTpenu CTPyKTypy
(GOHOHHBIX CHEKTPOB U CIEKTPOB BO30YXKICHUS,
a TakXe TeMmIeparypHbie 3aBucumoctu bADJI 603,
700, 787 HM U NPENCTABHIIM CXEMY 3HEPreTHUECKUX
ypoBHei cuctemsl [Jlenexa u ap., 2024]. s bOJI 603
n 700 HM HabOIIOHAaETCS paciierieHne BO30y K IEHHOTO
COCTOSIHHS, KOTOPOE MOKHO OOBSCHUTH MOJACIBIO
CIIMH-Pa3pelIEHHBIX U CIIUH-3AMPEIIEHHBIX IEPEXOOB.
MexaHu3M JIOMUHECLEHUUH LeHTpa 787 HM ocTa-
€TCsl HEM3BECTHBIM U MPEICTABISICT UHTEPEC OIS
HCCIIEIOBAHUIM.

N3zyuenne TepMOCTHMYTHPOBAHHOM JTFOMHHECIICHIINN
npoBonuiy Ha ciektpomeTpe Horiba Lab RAM HR 800
Evolution B UT'T' YpO PAH. M3menenne Temnepatypbl
KpHUCTaJUIa IPUPOTHOTO ajTMa3a MPOBOAMIIN C TIOMOIIBIO
cucteMmbl Linkam THMS 600 B auanazone ot 80
o 450 K. IIpomecchl HOHHU3ANMN U PEKOMOWHAITUH
HOCHUTEIIEH 3apsia oTclexxuBaiu, peructpupys OJI
CIIEKTPBHI C JIa3€PHBIM BO30yxkAeHHEM A, =488 HM.

[Tpu 06ny4YeHNM MIACTHHKH ajiMa3a C CUCTEMOM
603, 700, 787 am npu T=80 K n1romHBIM UCTOUHIKOM
c kex= 365 HM ¥ MOITHOCTHIO 3 BT, IpoHCXOAUT CHUKEHUE
MHTEHCUBHOCTH IeHTpa 787 HM; 3a 55 MUH 3aCBETKHU
WHTEHCHUBHOCTHh CHHXKaeTcs B 3 pasa. [losBmenus

JIONIOTHUTENBHBIX JINHUH B DJI criekTpe nocie 3aCBETKH
He HaOmronaercs. smeneHue nHTeHcuBHOCTU BDJI
787 HM mocye 3aCBETKH C pOCTOM TeMIepaTyphl
He nmompuyuHsieTca 3akoHy Motta. Ilocne 210 K un-
TeHcuBHOCTh B®JI 787 HM miaBHO yBEeIMYHUBAETCA
1o Temnepatypsl 270 K, 3arem npoucxoauT MeaIeHHOe
raBHoe TymeHue 0 450 K.

IToBenenue bDJI 787 HM yKa3bIBaeT Ha HOHU3ALUIO
AKC ¢ mocnenyromuM 3aXBaTOM HOCHUTENEH 3apsiaa
JOBYIIKAMHU C HU3KOW IITyOMHON M peKoMOMHAaInen
LEHTPOB NpU KOMHATHOU Temneparype. bDJI
603 u 700 HM cuCTeMBl YCTOWUYHMBHl K 00JIyUYECHUIO
cA, =365uMm.

Paboma evinonnena 6 pamxax memwot Ne 123011800012-9
2ocyoapcmeentoeo 3aoanus UI'T" YpO PAH.

JINTEPATYPA

1. Jlenexa C.B., BacunseB E.A., 3enrenuzos J[.A.,
Casuenko C.C., Baiinmreitn U.A. DHepreTuueckue
YPOBHH JIFOMUHECIIEHTHOM cucteMbl 603/700/787 nm
B NIPUPOJHOM aimase /ONTHKA U CIIEKTPOCKOTIHSL.
2024. T. 132 (7) C. 733-739.

2. Tnoruukoa C.II., Kmroes FO.A., ITapduano-
B4 M.A. JInnHHOBOITHOBAS (DOTOTIOMUHECIICH-
1S IPUPOIHBIX altMa30B / MuHepanornueckui
xyprai. 1980. T. 2(4). C. 75—80.

3. CrenanoB ®.A., EmenssnoBa A.C., Pake-
Bu4 A.JL u qp. OcoGeHHOCTH TeMIIepaTypPHBIX
3aBUCUMOCTEH CHEeKTpPOB KpacHOU (oTo-
JmroMuHecneHuu anmasos // Ussectus PAH.
Cepus pusnueckas. 2019. T. 83 (3), C. 371-375.

4. Tretiakova L., Spectroscopic methods for the
identification of natural yellow gem-quality dia-
monds // Eur. J. Mineral. 2009. Vol. 21. P. 43-50.



64 XV Bceepoccuiickas HayuHas KoH(epeHIs « MUHEpabl: CTpOCHHE, CBOHCTBA, METO/IBI HCCIICIOBAHMU S

CPABHEHUE TEKTUTOB U UPTU3UTOB IO TAHHBIM UK,
AP U MECCBAY3POBCKOI CIIEKTPOCKOITUHA

JIeiciok A.1O.

Unemumym eeonocuu UL Komu HI] YpO PAH, Ceixmuiexap, Poccus

[IpupoxHble CHTHKATHBIE CTEKIIA 3a9aCTYI0 OPMH-
PYIOTCS B 3KCTPEMANBHBIX YCIOBHIX KPaTKOBPEMEHHOTO
BBICOKODHEPI€THUECKOTO BO3ICHCTBHSI Ha KpUCTaIIHYe-
CKHe TIOpOoJTbl. BEIOpOIIeHHBIE yIapHO# BOTHOW B aTMOC-
(depy PparmeHTHI paciiaBa, IpruoOPETArOT 3aCTHIBIIUE
asporuHaMu4ecKre GOpMBI CO CTPYKTYPaMHU 3aKaKH,
M3BECTHBIE KaK TeKTUTHL. MBI TPOBETHN CPABHUTEIHHBIE
uccinenoBanus TeKTuToB (aBcTpanmutel) — TK1, TK2
u uprusnuta — JXK-1 mo eguHO# cxeMe Ha OTHOM CIIEK-
TPOCKOITMYECKOM 00OPYIOBaHUU METOAaMHu WHGpa-
KpacHOi criekTpockonuu ¢ Dypre-nmpeodpazoBaHueM
(MKC), anexTpoHHOro napamarauTHoro pesonanca (J11P)
1 MéccbayspoBckoii criekTpockornu. 3ydeHHbie 00-
pasupl conepxkar ot 60—70 mac. % SiO,, ot 10-13 mac. %
ALQ,, okono 5% FeO.

NK-cniekTpockonus. B MK-ciekTpax Bcex obOpas-
IIOB CTEKOJ 3apETHCTPUPOBAHBI MHTEHCUBHBIE TTOJIOCHI
nornomenus B odmactu 900—1200 u 400—-600cm!,
a TaKXxe c1aboe TOTIIONICHNE HITH €T0 CIEeBI B 00JIacTH
900—700cm. JlaHHBIE TIOIOCHI TIOTIONICHHSI XapaKTEePHBI
TSI BCEX CHUIMKATHBIX CTEKOJT, UX OTHOCST K BaJICHTHBIM
1 nehOopMaITMOHHBIM KOJIeOaHUSIM KPEMHEKHCIOPOI-
HOro Kapkaca. JloMuHupyIomas nojaoca MOrIoNIeHUS
B obacti 900—1200 cM™! OTHOCHTCS K BaJIEHTHBIM KO-
nebanusam O-Si cBs3ei KPEMHEKHCIOPOIHOTO KapKaca.
IMonoca 700—900 cm! Bo3HUKaeT 3a cYéT KonebaHUI
KPEMHEKUCIOPOIHBIX TETPA3APOB APYT OTHOCUTEIHHO
IpyTa, CAMMETPUYIHBIX KoJieOauui Si— O — Si cBA3eH.
ITonoca nornowenus B oomactu 400—600cm! cBsizana
¢ nehopMaIMOHHBIMU KOJCOAHUSIMU CBSI3€H BHYTPH
KPEMHEKHUCIOPOAHBIX TPYNIHPOBOK M X COYJICHE-
Hus. MakcuMyM nojocsl BajeHTHbIX O-Si konebanuit
B cnektpax TKI1, TK2, JK-1 naxoqutcs B nuama3oHe
10751079 cM™!, mostoca CHMMETPHYHBIX BaJEHTHBIX
konebanuit Si-O-Si xopoiIo nposiBiieHa U UMEET MakK-
cumymom tipu 795-800 cm .

Cruextpsr OIIP. OcHOBHBIE KOMITOHEHTHI CITEKTPOB
OIIP npupogHbIX CTEKON CBS3aHBI C HAJIMYUEM B €T0
cocTaBe noHOB Fe*" B pacTBopeHHOIt (hopMme Witn B BHJIE
BKJIIOUCHUH Kelle3ucThX (pa3. B cnekrpax DIIP moutn
CHUMMETpPUYHAs MO0JIOCa MUPUHOU ABpp = 50-70 mT
u g-pakropom 2.08 (06p XK-1, TK1) munm 2.01 (TK2),
MIPEIOI0KUTENIEHO 00YCIIOBIIEHA KJIacTepaMy TPexXBa-
JIeHTHOT O Jkelne3a B kapkace crekia (TK1, TK2) umu xe-
JIE300KCUTHBIMU BKJITtoUeHUsIM (OK-1).

MéccbhayspoBckue CrekTpsl *’Fe mo3BONSIOT IMOo-
JTYYHUTh KOJUYECTBEHHBIE XapaKTEPUCTUKHU pacrpe-
JeJICHU Keje3a M0 pa3iuuyHbIM CTPYKTYPHBIM TO-
3unusaM. MeccbaysapoBckuii ciekTp uprusuta (JK-1)
XOPOIIO BOCHPOU3BOIATCS CYMMON TpeX MyOIeTOoB.
Hy6ner Fe** |, (1) c IS = 1.12, QS = 2.1-2.2 Mm/c cooT-
BETCTBYIOT OKTa3J[puueCKON MO3ULIMU MOHOB. BTopoi
JyONeT UMeeT MEHBIIINE KBaIPYTIONEHOE PaCIICTIIICHHIE
(1.6—1.8 Mmm/c) 1 n3oMepHBIH caBUT. I30MepHEIi caBHUT
0.4mm/c ny6nera Fe** cooTBeTCTBYET OKTa3ApHUIECKOM
MO3UINY, a Oonbmmas Benuanaa QS (1.3 Mm/c) 1 muprHa
nukoB (0.94 MM/c) OTpakaloT IIMPOKHIA THAa30H BapH-
ali{ CTENEHU €€ UCKaXXEHUs. B TeTKTuTax, B OTJINYUe
OT UPrU3UTA, TPAKTHYECKH BCE KENE30 HAXOIUTCS B JIBYX-
BAJICHTHOM COCTOSIHUH. Takoe aHOMaJTbHO HU3KOE 3Haue-
HUE JOJU TPEXBAJIECHTHOTO JKeje3a SBIIETCA Halle)KHO
YCTaHOBJICHHBIM XapaKTEPUCTUICCKIM ITPU3HAKOM TEKTH-
ToB. Torna kax /st UPrU3UTOB XapaKTepHa MOBBIIICHHAS
[Pycakos, n mp., 2007] cTerieHb OKUCIICHUS JKee3a.
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BJIMSTHUE YCJIOBUM CUHTE3A METOIOM OCAXKJIEHUWS HA ®A30BLIA
COCTAB, CTPYKTYPY U JIIOMUHECIHEHTHBIE CBOMCTBA LaPO,

Manapsiruna JI.A., MuxaiinoBckasn 3.A., llanosa 10.B.

Hucmumym ceonocuu u ceoxumuu umenu axaoemuxa A.H. 3asapuyroeo
YpO PAH, Examepunbype, Poccus, roxyshinoda@gmail.com

Oprodocdar naHTaHa CO CTPYKTYPOU MOHAITUTA
SIBISIETCS TTOJIXOISIINM MaTEPHUAIOM-XO3IHHOM PeJi-
KO3eMEJbHBIX AJIEMEHTOB JIS1 BBICOKO3(PPEKTHUBHBIX
TIOMUHO(OPOB C HACTpanBaeMO MHOTOIIBETHOM IMFIC-
cHel. YCII0BHS paCTBOPHBIX METOAOB CUHTE3a, B KOTO-
PBIX TIIaBHBIM MPOMEXKYTOYHBIM MPOAYKTOM SIBISICTCS
ruapatuposannas Gopma pocparos LaPO,*x0.5H,0
CO CTPYKTY PO padmodana, MOT'yT OKa3bIBaTh 3aMETHOE
BIUSHUE HA TIOMUHECLIEHTHBIE CBOWCTBA MOJTyYaeMbIX
JFOMUHO(OPOB.

B nacrosmei pabote MeTonaMu PEHTI€HOBCKON
I paknuu, HHQPaKpPacHOH CHEKTPOCKOMHH, KOMOH-
HAIMOHHOTO PACCEesSHUS CBETa M KaTOHOTIOMUHECIICH-
uuu (KJI) onpeneneno nusaue pH ocaxxaeHus U TeM-
nepatypsl orxura (pH = 2-3, T = 200-1000 °C) na
CTPYKTYPY U JIOMHUHECIICHTHBIE CBOMICTBA MPOIYKTOB
U MPOMEXYTOYHBIX COCAMHEHUN B MPOLECCe CUHTE3a
LaPO, meTonom coocax aenus. BeicokoTeMnepary pHbIi
(T=1000 °C) oT>XHT IPHBOANUT K 0OPA30BAHUIO KPUCTAJI-
JTUYECKOH OJHOPOIHON Ha MUKPOYPOBHE MOHOKJIMHHOM
MOHAIIMTOBON (a3bl ¢ MIMPOKOH TOJIOCOI COOCTBEHHOM
KarofomoMuHectieHn ~4401M (2.6 1 2.9 3B), 00ycos-
JIEHHOM BakaHcHUsMHU Kucinopoga. Ha mpomexxyTouHoM
craauu cuHTesa (T = 800 °C) B mpogyKTax NpUCyTCTBY-
10T cnennl nomugocdaros LaP,O,n La PO,
Tpax JIIOMHUHECLHEHIUH, HApsAay ¢ mojgocoil ~440HwM,
HaOmopaetcs nosoca ~713 Hm (~1.75 3B). Ha HawanmbHBIX
atanax cuHTe3a (T < 800 °C) B cekTpax MPUCYTCTBYET
cnabas Y®-nonoca amuccuu npu ~345 aMm (~3.6 3B),
OTHOCHTEINbHAsI ”THTEHCHUBHOCTH KOTOPOH CYIIECTBEHHO
3aBUCHT OT BennauHBl pH. YO-monocy ~345 HM MOXKHO
PEKOMEHJIOBATh B KAYECTBE MHANKATOPA HE3aBEPILIEHHOTO
rporecca CUHTE3a.

Pe3ymbpraTel MOTYT OBITH HCITONIB30BAHBI IS Pa3-
paboTKM MaTepHanoB ¢ pPeryaupyeMoil JIOMUHECLEH-
nuel Ha 0ocHoBe nonuposannoro LaPO,, mormyuaemoro
MeTOoZIOM coocaxaeHusd. [lomydyennas nadopmaius no-
JIe3Ha TaKKe JJIS aHaJTi3a MeTacTaOMIIBHBIX TPUPOITHBIX
docharoB P33, 0Opas3yromuxcs B rTUIPOTEPMAIIBHBIX
mporeccax.
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Paboma evinonnena ¢ ucnonvzosanuem 060pyoo-
sanus L[KII «I'eoananumuxy UI'T YpO PAH 6 pamkax
Tocyoapcmeennozo 3aoanua UI'T YpO PAH no meme
Ne 124020300057-6.
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BUOTI'EHHBIE AT'PET'ATDBI

Mammuna E.B.

Ul ©UIL] Komu HI] YpO PAH, Ceixmeiséxap, Poccus, mashina@geo.komisc.ru

B o6macTe nccinenoBanus OMOMIHEPATIOTHH BXOMISIT
arperaTbl, (OPMHUPYIOIINECS B OPTaHU3ME YellOBeKa
B pe3yJibTare narojoruueckux nporeccos [Koparo, 1992].
K omHMM 13 TaK#X arperaroB OTHOCATCS XOJIETUTHI (KeIrd-
HbIE KaMHH). MexaHN3Mbl UX 00pa30BaHUs HEJJOCTATOUHO
erie n3y4eHsl. [1o TaHHBIM COBPEMEHHBIX HCCIICTOBAHH
MIPOUCXOANT HEYKIIOHHBIM POCT XOJIEINTHA3a CPEeIn Ha-
ceseHusl. M3yueHune BEIECTBEHHBIX M CTPYKTYPHBIX
0COOCHHOCTEH XOJIETUTOB HEOOXOAMMBI JIJIs BBISIBIICHU S
MexaHn3Ma UX (OpPMHUPOBAaHUS B OPraHU3ME YEIOBEKa
U B LETSAX NPOQUIAKTUKH KaMHEOOpa30BaHHU L.

Lenbio pabOTHI SIBUIIOCH HCCIICAOBAHIE XOJIEIINTOB
C HCIOJTH30BAHUEM IITUPOKOTO KOMITJIEKCAa METOIOB TPa-
JULHAOHHBIX U1 MUHEpajorui. OObeKTaMU MOCITY KUK
X0JeauThl xkuTenei Pecnyonuku Komu. B xone uc-
CJIeJOBaHMS MPUMEHSIINCh METONBI: PEHTTeHO(ha3HBIH
(Shimadzu XRD-6000), UK-criekTpoCKOMHs MOrIomeHHs
(Mudpallrom ®T-02), repmuyeckuii (TGA/DSC 3+).
CKotbl 00pa3IoB H3YYEHBI C TIOMOIIBI0 AHATUTHIECKOTO
CKaHUPYIOUIETO NIEKTPOHHOTO MUKpockona VEGA3
TESCAN c sHEeproauciepcHOHHOM MpUCTaBKoM X-Max.

Xonecmepunosvle xoneiumsi. ATperatbl UMEIOT
pasIuYHbIE OTTEHKH OT MOJIOYHO-0EJI0ro A0 OeKEBOr0
1BeTa, pasMepsl ot 1 10 4 cMm. MccnenoBanus METOAOM
pertrerodazHoro, MK-crexkTpockonuu U TepMUIECKOro
aHaJIu3a MOoKa3alH, YTO KPUCTAIITHYECKUE XONCTUTHI
CJIOEHBI MOHOTHJIPATOM XollecTepuHa. B obOpasmax
XOJIECTEpHH UMEEeT TUIACTUHYATHIA 00K KPUCTAILIOB,
a Take 00pa3yeT CTPYKTYpPHI B BUJIE ACHAPUTOB U ce-
ponutoB. [Tomrmo XosecTeprHa, B HEKOTOPBIX XOJIETH-
Tax yCTaHOBJICHA MUHEpalibHAs KOMIIOHEHTa — Kap0o-
HaT KaJbplus (KaJbIUT, BATEPUT, aparoHUT) U ocdar
KaJblHs. ApaTOHUT W KaJBIHT IIPUCYTCTBYIOT B BHJIE
UTOJBYATHIX M TAOIUTYATHIX KPUCTAJIIOB, BATEPUT HME-
eT OKpyriyto (GopMy. AparoHuUT 00pa3yeT HaCIOCHHS
Ha KPHUCTAJUTUYECKOM XoyiecTepuHe. Bareput B 00b-
eMe XOJISINTOB pacipenesneH HepaBHoMepHO. Docdar
KaJIBI[Usl YCTAHOBIICH B LIEHTPE 00pa3loB M BHICTYMAJ

AIPOM UTSl OTIIOKEHUS XOJIecTeprHa. JJaHHbIe aHau-
30B CBUJICTENBCTBYIOT, UTO (pocaT KaJubIHsl, IBISETCS
HECTEXHOMETPUYHBIM KapOOHATTHIPOKCIIATIATUTOM
(3amewmenue B-tuna). B xonectepuHOBBIX arperarax
MHUKPO30HJIOBBIM aHAJIU30M YCTAaHOBJICHBI MUKPOMHU-
HepallbHBIE ()a3bl PECTABIEHHBIE KJIACCAMH OKCHJIOB,
XJIOPUZAOB, CYNIL(PATOB U CHIIMKATOB. Takxke 0OHapy>KeHBI
BKJTFOUCHHS PA3JINYHBIX METAJIIOB — [IMHKA, CBUHIIA U JIP.

Tuemenmuvie xoneaumsi. ATperaTbl HUMEIOT Yep-
HBII IIBET U pa3Mepsl 10 2 cM. ccnenoBanus MeTonoM
peHTreHo¢a3Horo aHaJIn3a MoKas3ajid, 9TO BEIIECTBO
MUTMEHTHBIX XOJEIUTOB peHTTeHoamopdHo. s He-
KOTOPBIX 00pa3IoB PErUCTPUPYIOTCS OTPasKeHHU s, COOT-
BETCTBYIOIIHE MUHEPATLHOW KOMIOHEHTE — aparOHUTY
u kanpuuty. Cornacuo nanueiM UK-cnexkTpockonuu
B COCTaB BCeX 00pa3LoB BXOAUT OMITMPYOUHAT KabIIHSL,
B OTJENIBHBIX 0TMeueH (ocdara kaisius. B arperarax
(hocdar kanpIMs BRICTYTIAET B KAYECTBE sA7pa, a KapOoHAT
KaJbLXs 00pa3yeT 30HANBHOCTh BOKPYT OPraHHYECKOr0
MMMTMEHTHOTO BEUIECTBA WIIH Yeperyercs ¢ HUM. [laHHbIe
aHAJIM30B CBUCTEILCTBYIOT, 4TO (pocdar Kanbius, sB-
JISIETCSl HECTEXMOMETPUIHBIM KapOOHATT UAPOKCHIIAIIATH-
ToM (3amerieHre B-tumna). B pesynprare uccieqoBanms
MMUTMEHTHBIX arperaToB MUKPO30HAOBBIM aHATU30M
B HUX YCTaHOBJIEHBI Pa3IMYHbIC MUKPOMHUHEPAJIbHBIC
(ha3wl (OKCUIBI, XJTOPUABI, CYIb(HUIBI, CHIIMKATHI, OKCa-
JaThl) 1 METAJTMYECKUE COCTUHECHU .

Takum 00pa3oM, XOJIETUTHI TPEACTABISIIOT COOOI
CII0’)KHOOPTAaHU30BaHHBIE arperaThl, COCTOSIIHE U3
KPUCTAJNINYECKOr0 (MOHOTUIAPAT XOJECTeprHa) UIN
amop¢Horo (OMIUPYOMHAT KaIbIHs) OPraHUIECKOTrO
BEILIECTBA U PA3JIMYHON HEOPTraHUYECKOW MUHEPAIHLHON
KOMITOHEHTHI.

JIUTEPATYPA

1. Koparo A.A. Beenenue B Onomunepanoruro. CaHkT-
[eTepOypr: «Hempax». 1992. 279 c.
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NNOCTMATI'MATHYECKHUE MUHEPAJIBI AITATUT-HE®EJIMHOBbBIX
PYAMECTOPOXKJIEHHUA KYKHCBYMYOPP

Mupcasnosa U.®., Cutaukosa JI.M.

Kaszanckuu (Ilpusonoccruii) @edepanviusiii Ynusepcumem, Kazans, Poccus,
ilnarailnarochka@gmail.com, sitdikova8432@mail.ru

TexToHMYeckue mporeccs PopMUPOBAHUS ama-
TUT-HE(ETHMHOBBIX PYIHBIX TEJI MECTOPOXKICHHS
KykucBymuopp nozppaszensercs Ha Tanbl: JOPYHBIH,
BHYTPHUPYIHBINA U TOCTPYIHEBIN. JlopynHBIH 3TaIr — dhop-
MHpOBaHUE KOHMYECKHUX Pa3joMOB, BO BTOPOM — ILjIa-
cTHYecKre AeOpMaInH ¢ IEPBUYHON pacCIOCHHOCTHIO,
IOJIOrOM CKJIAA4aTOCTH, COPOBOXK IABLINICS TIOSIBJICHU-
€M HapyIIeHHid B30POCO-HaIBUTOBOrO TUMA. B 3akimouu-
TEJIHOM 4acTH BTOPOTO 3Tana GOpMUPOBAIUCH PYAHbIC
Opexunu. B mocTpynHbIi 3Tan — BHEAPEHHUE TaCK U 00-
pa3oBaHHE 30HBI THIIEPreHe3a. AMaTUT-HEPEITHHOBBIC
PYABI IOAPA3EISIOTCS HA CTPYKTYPHO-BEIIECTBEHHEIC
THUIIBL IATHUCTBIE, THTH30BUTHO-TIOJIOCYATHIE, OJIOKOBBIE,
ceTyaThle, BKpaIlJICHHbIC, MAaCCUBHBIE, OpEKYHEBBIC.
Oco0as rpymnmna — «OKUCICHHBIC» anaTUT-He(heTHHOBBIC
PYIBI C TIpolieccaMy MO3AHEH mepepaboTKH — IImpe-
yIITeHHU3AIUU, B PE3YJIBTATE KOTOPOTO MTPOUCXOIUT
3aMeneHue HedelnHa MoMynpo3padyHbIM MEeITUTONO-
JMIOOHBIM arperaToM T'PYMIBl BTOPHYHBIX MUHEPAJIOB!
HATPOJIUTOM, IICOJIUTOM, THAPOCIIOIAMU, TUMOHHTOM
U Jp. IPH YMEHBIIEHNH IIPOLEHTA B PYJI€ KOJIUYECTBA
HedennHa [ApMana u ap., 1972].

N3yueHune koMIuiekca BTOPHYHBIX MUHEPAJIOB CBSI3aH
C TPYJHOCTBIO X BBIJICIICHUS U aHAIIM3a TOJIBKO KIlac-
CHYECKHMHU ONTHKO-TIETPOrpaduIeCKUMHU METOJAMHU.
s u3rotoBieHus neTporpaduueckux miaugoB ObLI
HCIIOJIB30BaH METO/, KOTOpBIi'I HCTIOJIB3YCTCA IJIsI MUHE-
PaJIOB TPYIIIIBI COJIEH, T. K. ’TH MIUHEPAJIIBI JIETKO PacTBO-
pstroTcs B Boze. J[iist mccneoBanus MOCTMAarMaTHYeCKUX
MHHEPAJIOB OBLI MUCTIOIB30BaH KOMILICKC (GU3HICSCKUX
METOJIOB: peHTTeH0(a30BbIi aHATN3, pAMaHOBCKas

criekTpockonusi, MK-criekTpockonusi, u3ydeHue oTaelb-
HBIX MUHEPAJIOB O]l YJIETPApHOIECTOBBIM 00TYYCHUEM.

[Tony4yeHnHBIe pe3ynbTaTHl CBUIETEIBCTBYIOT,
YTO B aaTUT-HE()EIMHOBBIX pyJaX HauOOJBIIMN HH-
Tepec MPeCTaBISAIOT CICAYIOIINE TOCTMArMATHUECKIEe
MHUHEpaJbl, OXapaKTEepPU30BaHHEIEC TI0 TEMIIEpaTypam
X 00pa30oBaHMs M MECTY JIOKAJIU3ALUU: 110 OTACTb-
HBIM TPOXKHIKAM — GOPMHUPYIOTCSI TUTAHUT, TUPPOTHH.
BuniamoMuT m MUHEpaJbl TPYIIIBI EOJUTOB, TAKNE
KaK HaTPOJIMT, EKTOIUT, OOJIbIIE PHYPOUYCHBI K KaBep-
HO3HBIM y4acTKaM Mopojsl. MuHepansl: HaTpodocdar
COBMECTHO C HAXIIOUTOM U MEJIKHE arperarsl BUUTHOMH-
Ta OOJIBLIE JIOKAJTM30BaHbI B 00JIee KPYITHBIX CEKYIIHUX
MPOXKHUIIKaX. YdacTkamu HaTpodochar B opoae MOXKET
3aMenaThCcsl HaXMOUTOM U TOP(PMaHUTOM.

W3ydenHas rpymnmna HaTPUEBBIX MHUHEPAJIOB 00pa-
3YIOTCS B YCJIOBHSIX HU3KHX TEMIIEPaTyp M BHICOKOTO
COZIEpXKAaHUsI HATPUs, YTO XapaKTEPHO I TUAPOTEP-
MaJIbHO-METacOMaTHUYeCKuX mpoieccoB. OOpazoBaHue
9TUX MHHEPAJIOB CBS3aHBI C MPOIECCAMU BhIIIEIauBa-
HUSL ¥ 00pa3oBaHMs KapOOHAT COZIEPIKAIX MUHEPAJIOB,
TaKUX Kak, MEKTOJIUT U Jp. IIPH BO3JCHCTBUU HATpHE-
BBIX PacCTBOPOB, YTO TAKXKe CKa3bIBaeTCS HAa KayeCcTBE
anaTUTOBOTO CBHIPhS AAHHBIX YYaCTKOB PYAHOIO Tela
MECTOPOXKICHHSL.

JIUTEPATYPA
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TBEPIO®A3HBI CHHTE3 KAJIBIITUI MATHUEBBIX
CUJIUKATOB U3 IIEOJIUT -KPEMHUCTOM MOPO/IbI

Mumarun K.A.l, Iyroa B.C.2, Illakupos T.P.%, Totiiné E.M.*

I BUAM, Mocksa, Poccus, mishagin_krill@gmail.com
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NmMnopTo3amelieHrne B MPOU3BOJICTBE KabIUM
MaraueBbix cunmkaToB (KMC), kak BocTpeOOBaHHBIX
MUHEPAJIbHBIX HAMOJIHUTENCH, MOXKET 3HAUUTEIBHO
CHU3UTH 3aBECUMOCTH OT 3apyOEKHBIX TIOCTABOK U CIO-
c0o0CTBOBaTh Pa3BUTHIO OTEYECTBEHHOH MPOMBIIIICH-
HOCTHU U CTPOUTENLCTBA. [IepCIEKTUBHBIM ChIPbEM
JUTSL IX CHHTE3a, BCIEICTBHE CBOETO MHHEPAJIbHOTO
COCTaBa, ABISAETCS EOMUT -kpeMHucTtas nopoxa (LIKII).

KMC cunTe3upoBanu TBepAopa3HbIM METOIOM
npu temmeparypax 1100 °C uz LIKII, kak ucrounnka
aMOp(HOT0 NHOKCUJA KPEMHHS U OKCHJA KaJbIU,
Y KaJIBIIUTA WX JOJOMHUTA, KaK IPUPOIHBIX KapOOHa-
TOB. PeHTTreHOrpadmieckuit KommaecTBeHHBIH (a30BhIi
aHaJIM3 TPOBOJIMAJICS C UCIIOJIb30BAaHUEM JU(PpPaKTOME-
Tpa HactoapHOro tTuna POWDIX 600. IlopuctocTh
onpenensuiack Ha aHanusarope «TOP 200» (Altamira
Instruments, LLC) cTaTu4ecKuM BOJIOMETPUYECKUM
METOIOM HU3KOTEMIIePaTypPHOU aJcopOIuu a3ota, 00-
Ui 00bEeM U CpeIHUN THaMeTp TOP PACCUUTHIBAIINCH
o meroay BJH.

JlocTaToYHO BRICOKHE MTOKA3aTEeN! YASIbHOH III0IIa-
JIM TIOBEPXHOCTH O, Kak 1o Metoxy BOT (87,7 cm?/r),
TaK ¥ TMHAMHYECKOro paccerBanus ceera (6070 cm?/cm®)
JOJKHBI 00ECTIEYHTh BBHICOKYIO PEaKIMOHHO-CIIOCO0-
HocTh LIKII B mporiecce crmmkaroobpa3oBaHusl.

HauGonbimee conepxanue oytactonuTa (1o 75 %)
B MPOJAYKTax TBepAo(da3HOW peakIMu JOCTHUTra-
eTcs mpu MossipHoM cooTHomenuu SiO, : CaO pas-
HbIM 1:0,8—0,9. IIpu 3TOM, OCHOBHOM HpI/IMGCLI:O SB-
JSIETCSI JIAPHUT, KOHLIEHTPAIUSI KOTOPOTrO JOCTUTAET
10 20%. ITpu m36erTke LIKII B muxTe, B cocTaBe HAIOM-

HUTEIISI MHOTO HE MTPOPEearnpoBaBIEro OKCHa KaJIbITHs
(mo 22 %), a pu HeNOCTaTKE KPEMHUU COJEPIKAIIETO
KOMIIOHEHTa — KpucTtobanuTa (10 25 %)

MakcumanbsHOe conepkanue auorcunaa (mo 84 %)
B KMC Takxe nocturaercs npu U30BITKE B UCXO[-
Hoit cmecu LIKII, Te mpu coornomennu LIKII: momo-
Mut 1:680,8. ITpy TOM OCHOBHBIM NPUMECHBIM KOM-
MIOHEHTOM SIBIISIETCSl HE IPOPEarupoOBaBIIUM JOJIOMHT.
OmHako Ipu HENOCTAaTKEe KPEMHUM COAEPKAIIET0 KOM-
noreHTa (LIKII: momomut 0,8:1) mpoxyKT peakunu co-
JepAKUT ToIbKO 24% nuoncuna, 51% akepmanuta u 25%
dopcrepura.

O6muit 06seM op KMC ¢ MakcHMaIbHBIM COIep-
»kanueM BoanactonuTa — 0,0018, nuoncuma — 0,017 M3/t,
a ux cpenauit nuametp 4,1 u 12,9 Hm, T. € BOIITACTOHUT
conmepr KalIiii HalOJHATENH 00JIee TOPUCTHIN.

[lonydeHHBIE BOJUIACTOHUT M JTHOIICH]] COJEPIKA-
[[M€ HAMOJHUTENIU MPAKTUUYECKU HE UMCIOT YaCTHI]
C UTOJILYATON CTPYKTYypo#l [Mumarwun u np. 2023],
OHU XapaKTepU3yTCs MaJbIM COOTHOIIEHUSIM CTOPOH
W HempaBUJIbHOW (HOPMOH YacTHI], pa3Mep KOTOPBIX
y IHOTICH]Ia MEHBIIIE.

JINTEPATYPA
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N3MEHEHHUE OKPACKHN MAJIOMEJUCTOI'O BOPHUTA
BOJIKOBCKOI'O MECTOPOXJIEHUSA B IMHAMUKE

Mopoxun A.W.', Kopoaesa M.C.2

I'Uur ®UIL] Komu HI] YpO PAH, Ceixmuiexap, Poccus, alexey.morokhin@gmail.com
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BopHUT — BakKHBI TPOMBIIIIEHHBIM MUHEPAJ, U3-
MeHeHHe (OKHCIICHIE) eT0 TIOBEPXHOCTH UMEET MEePBO-
CTEMeHHOE 3HaYeHNnEe Ha d3PPEKTUBHOCTH MepepadboTKu
MenHBIX pyn. CoriacHO omyOIMKOBAaHHBIM JTaHHBIM
OOpHHT MOXET UMETh Pa3Hylo OKpackKy. B mopsake
YBCJIWUCHUA COACPIKAHUA MCIAU pa3IMdarOT 60pHI/ITBI
OpPaHKEBOU M PO30BOM, BIUIOTH JI0 (PHOJIETOBOM OKPACKH
[Large et al., 1995].

Bonbmas gacTe paboT, MOCBSIIEHHBIX CBOW-
cTBaM OOpHHTA BHITIOJHEHA HA OCHOBE M3y4EHHUs CTe-
xuoMmeTpuueckoro munepana [Mikhlin et al., 2005].
[ToBepXHOCTHBIE CBOWCTBA MaJIOMEAUCTOr0 OOPHHUTA
OCTaIOTCS HESICHBIMHU BBUJTY €0 CHIIbHON N3MEHYHBOCTH,
3aTpyIHSIONIEH IpoLece ero u3y4eHus ¢ IPUMEHEHUEM
pasHBIX METOJIOB.

Ha BonkosckoMm Mectopoxaeaun (Cpeqauii Ypan)
BCTpeYaloTcs 3 pa3HOBUIHOCTH OOpHHUTA ¢ AedHIIH-

ToM Menu B coctaBe (Cu Fe ,,S,) — dbuoneroswiii,

4.62-4.83
PO3OBBIN U OpaH)XEeBbIN, Ha3BaHUE KOTOPBIX CBSI3bIBa-
10T C U3MEHEHHOH (KOHEUHOW) OKPaCKOi MOBEPXHOCTH
[MopoxwuH, [llymunoBa, 2024]. B nanHoit pabore mnpu-
BOZASTCS PE3yNbTaThl U3yUeHUS M3MEHEHHS OKPACKHU
MaJIOMEIUCTOr0 PO30BOTO OopHHTA BOIKOBCKOTO Me-
CTOPOXKJICHUSI.

MeToaoM HCCIEIOBAaHUN SBISIETCS ONTUUYECKAS
CHEKTPOCKOMHUS, BHIIIOJHEHHAs HA CIEKTpodoToMeETpe
Schimadzu UV 2600i, ocHalieHHOM WHTETpUpYIOIIEH
cepoit ISR-2600. CremMka ONTUYECKUX CIIEKTPOB OT-
paskeHHs TPOM3BOAMIIACE IIPU KOMHATHOM TeMIIEpaType,
BIIQXKHOCTH Bo3ayxa 20—25%, cieKTpbl CHUMAJIKCh Ha-
YIHAS CO CBEKETIOTMPOBAHHON TOBEPXHOCTH J0 OKOHYA-
TENBHOTO M3MEHEHHsI OKpacku OopHUTa. OTCUET BpeMeHH
MPOU3BOAMIICS C MOMEHTA MOJUPOBKHU MOBEPXHOCTH,
nanee uepes 6, 30, 48, 72 yaca, MeKy ChEMKAMU CO-
Omromanuch CTaOMIIBHBIE YCIIOBUS XpaHEeHUs1 00pa3LoB.
CriekTpbl 1ud(dy3HOr0 OTpakeHHsI MOTyUCHBI B THAIIa30-
He JyiiH BoH 200—900 uM ¢ miarom 0.5 am. Tlo cnekrpam
nuddy3HOro OTpaKeHUs BHISBJICHA JUHAMHKA U3ME-
HEHUS OKPACKH MOBEPXHOCTH PO30BOM Pa3HOBUIAHOCTH
6opauTa [ MOpPOXWH H ., B Ie4aTH].

W3HayalbHO MUHUMYM OTPaX€HUSI HaXOAUTCS
nipu 450 HM U [TOCTENEHHO B T€YEHUE 3 CyTOK CMEIaeTcs
B JIITMHHOBOJIHOBYIO 00J1acTh 10 465 HM, UTO CBUIETENb-
CTBYeT 00 U3MEHEHHH OPaH>KEBO OKPACKH 10 PO30BOH,
YKa3bIBaIOLIEM Ha CKOPOCTh OKUCIIEHHS MOBEPXHOCTH
O6opHuta. Pe3ynpraTsl uccienoBaHus MOTYT OBITH HC-
NOJIH30BAHBI U1 Pa3paO0TKHU HE3aBUCUMOI'O KPUTEPUS
BBIJICJICHUS Pa3HOBUIHOCTEH OOPHUTA U MPOTHO3UPO-
BaHMS TEXHOJIOTMYECKHUX MTOKa3aTeseld nepepaboTku
MEIHBIX PYI.

Aemopuwi gvipasicaiom brazodaprocmo T.1. [Llymu-
JI0BOUL 30 HAYYHbBLE KOHCYIbMAYUU.

Paboma nposedena ¢ pamxax memor HUP I'P
Ne 122040600009-2.
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JATACET CIIEKTPOB CPABHEHU A ITOJIMAPOMATHYECKHUX
YIJIEBOJOPO/IOB /1151 TIOUCKA B MEX3BE3/JTHOM CPEJIE

Haku6os P.C., KapreeBa B.M., O:xuranos M.J., Mensenes M.I., Bacionun A.W.

Vpanvckuii pedepanvuviii ynueepcumem, Examepunodype, Poccus, nakibov.ruslan@urfu.ru

dopMHUPOBaHNE U XHUMUS MOJTUAPOMATUYCCKHX
yrieBonoponoB (ITAY) sBisieTcst omHo#t n3 Hanboee
AKTHUBHO pa3BHBACMbBIX TEM B COBpCMCHHOﬁ aCTpOXH-
MuH. JIabopaTOpHBIMH METOJIAMH UCCIIETYIOTCS HOBBIC
nyTH GOPMUPOBAHUS, TPUBOIAIIKE, B KOHCUHOM CUETE,
K 00pa30BaHuI0 00JIee CIIOKHBIX YIIICPOIHBIX MOJICKYIL.
OTa nHbOPMAITHS HCIIOIL3YETCS B MOJIEISAX, CIIOCOOHBIX
PacCUUTHIBATh 3BOJIOIHUIO PACIPOCTPAHEHHOCTH TEX
HNJIN UHBIX BCUICCTB. HOCJIC,I[HI/IM KOMIIOHECHTOM SIBJIA-
€TCsl aHAJIM3 HAOIOMATEeNbHBIX JAHHBIX, TJ¢ MOXHO
ObLTO OBl MCIOIB30BATh JTA00OPATOPHBIC JAHHBIC U TE-
CTHPOBATh MOJENbHBIE THIIOTE3H O (POPMUPOBAHUH
Mouiekyil. HecmoTps Ha To, yTo ITAY pacnpocTtpaHeHbl
Ha ME)K3BE3/IHOM MBLUTH ¥ TAOT OLY THMBbIH BKJIA] C BbI-
JCJICHHBIMMU IOJIOCAMH UCITYCKaHH 1, KOHKPETHBIC MOJIC-
KYJIbI 0OHAPYKUTh CJIOKHO — BKJIA B U3NTyYCHHE TAIOT

OoOMIMpPHBIE CTPYKTYPHI — CBA3aHHBIE apOMAaTHYECKUE
KOJIBIIA, TIOKPHIBAIOIIUE MTBLITb.

s moncka HebompImmx npocreimmx [TAY (6enson,
TOJIYOJI, ¥ T. I.) HAMHU Ha CBEPXBBICOKOBAKYYMHON KPH-
oreHHoi yctanoke ISEAge Obl1 mOATOTOBIICH NaTaceT
CHEKTPOB, COAEPKAIINI YHCTHIE MOTNAPOMATHIECKUE
YTIJIEBOIOPOMIBI M UX BOJHBIE CMECH C COOTHOIICHHEM
1 x 20 B monw3y Bonbl. [Ipeanonaraercs, 4To JaHHBIC
¢ KocMHu4IecKoro teneckora James Webb Space Telescope
(JWST) u noy4eHHBII HAMU aTaceT CIIEKTPOB CPaBHE-
HUS IO3BOJISIT HAWTHU UITH XOTS ObI O'PaHUYUTh BEPXHUH
npenen pacupocTpaneHHocTH [TAY.

Paboma evinoanena npu noooepocke epanma
Poccuiickozo nayunoco goonoa Ne 23-12-00315.
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MNPUPOJA OKPACKHU TYPMAJIMHOB MECTOPOXJIEHUS TAIIPOK (A®PTAHUCTAH)

Haduryaauna E.P.!, Huxonaes A.I.2, Akcenos C.M.!
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Munepansl rpynmsl Typmanuna (MI'T) ¢ o6mieit
popmynoii XY.Z [T.0,] [BO,] ,V,W (X=Na, K, Ca, o,
Y=Li, Mg, Fe**, Mn*, Cu*, Al, V**, Cr**, Fe**, Mn**, Ti*';
Z=Mg, Fe*, Al, V3, Cr**, Fe**; T=Si, B, Al;, V=0H, O;
W=0H, F, O) xapakTepu3ytoTcs 00JbIINUM pazHooOpa-
3M€M I[BETOB, OXBAaThIBAIOIINX BCIO FaMMY CIIEKTpa.
[IInpokue Bapuanuy oKpacku KpucTauioB jenatoT MI'T
TIOITYJISIPHBIM FOBEITUPHBIM CHIPhEM, a UX pa3HooOpasue
CBSI3aHO C OCOOCHHOCTSIMA XUMHUECKOT'O COCTaBa M pac-
TpeAeeHNeM MUKPOIIpUMECEH TI0 KITFOYEBBIM ITO3UITUSM
KPUCTAJUTMYECKOH CTPYKTYphl. B Hactosel padorte
u3yueHa npupozaa okpacku MI'T U3 MecTopoxxaeHus
[Tampok (AdraHrcTaH) 1 BRISIBIICHBI JIOKATHHBIEC OCOOCH-
HOCTH UX CTPOEHHS IO JAHHBIM ONTHYECKON CIIEKTPOCKO-
nun. Bee 00pasup MITT numenu sipkuii JKeNThIH, 3eeHbIH
Y TOTyOOii IIBET C BapHalieil pa3TMIHBIX OTTEHKOB.

OnTHyeckue CIeKTPhl MOTTIOUICHUS MOTyYeHbl Ha
CTaHJIapTU3UPOBAHHOM criekTpodoTomMeTpe MCDY-K.
Perucrtpanus npou3Boaunack B MHTEPBAE JJTHH BOJTH
400—-8001M, c marom 1 HM. Bece xonopumeTpuueckue
PE3yNBTaThl IO HHTEPIPETAIINN ONTUIECKUX CIIEKTPOB
TIOTJIONICHUSI MUHEPAJIOB ObLIIM HAHECEHBI HAa CTaHIAPT-
HBI{ [IBETOBOH TPEYTONBHUK MEKIYHAPOTHOH KOMUCCHH
1o ocBereHno. Konoprumerprudeckue mapameTpsl nccie-
JTyeMbIX MHHEPAJIOB PACCYUTHIBAIIICH C UCTIONB30BAHAEM
CHenaIu3upOBaHHON MporpaMMbl «CIEKTPY.

O0111e# 0COOCHHOCTHIO ONTHYECKIX CIIEKTPOB TIOTJIO-
IICHUS TyPMaJIMHOB SBJISETCS HAJTUYHE IBYX ITUPOKHUX
WHTEHCUBHBIX OJIOC TOTJIOLICHUS B BUIUMON 00JacTH
Ha JiyTrHE BOJHEI 715 HM [I1natoHoB u ap., 1984; baxTuH,
1985]. Kondurypartus CrieKTpoB MOTJIOMIEHUS U 3HAYCHHE
SHEPTUil MO3BOJISET MPUITHCATH HAOIIOAaEMBbIE TTOJIOCHI
DIIEKTPOHHBIM TIepexonaM B noHax Fe?* [CBUPHIOB | Jp.,
1976], xoTopsie N30OMOPGHO BXOIAT B OKTAIAPUUCCKIC

Y-nozunuu. [losockl mornomeHus, CBI3aHHbIE C HOHAMU
Fe?* B criekTpax 00yCIIOBIIEHBI PA3PEIICHHBIMU 10 CITHHY
Triepexo/laMH ¢ OCHOBHOT'O COCTOSIHUSI TepMa 5T2g Ha bonee
BBICOKHI SHEPT€TUYECKUN YPOBEHD 5Eg COOTBETCTBEHHO.
Huzkas nokaiibHast CHMMETpHUS Y-TIO3UIIMH CIIOCOOCTBYET
pacIienIeHNIO U BEIPOKICHNTO *E-ypOBHS KPUCTAIH-
YECKHM TIOJIEM, 9TO B CBOIO OYepenb AaeT B CHEKTpax
JIBE I0JIOCHI morouieHns B ooxactu 715 aM. Ilonoca
noruionieHus B paiione 510—530 HM cBs3aHa MO CBOEMY
XapaKTepy ¥ MOMOKEHHUIO B CIIEKTpe ¢ HoHaMu Mn**
B Y-TIO3WIINH, B KOTOPBIX Pa3pelIeHbI 110 CTUHY HOHHBIE
d — d nepexonbl 5Eg — 5ng.

B 3aBucumocTH OT BapHaluu ABYX 3THX IEHTPOB
OKpacKH B M3y4YaeMbIX TypMaJWHAaX MPOUCXOMUT H3-
MEHEHHU 1BeTa. B royyObIX TypMaliiHaX IPUCYTCTBYET
WCKITIOYUTENBHO T0JI0Ca TTOTJIOMIEHNS Ha JITTHE BOJTHEI
715HM. B p0o30BBIX TypMannHax NPUCYTCTBYET TOJIBKO
oJioca Ha JUTHHE BOJIHEI B paiioHe 510—530HM, a B xKel-
TBIX 00pa3nax MPUCYTCTBYIOT 00€ BBHIIICONUCAHHBIC
TMIOJIOCHI MTOTJIOIICHUS.
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CEPTUO®UKAIINA JPATOIIEHHBIX KAMHEM C IOMOIIBIO
METOJA OINITUYECKON CIEKTPOCKOIINUU

Huxonaes A.T'.!, Tlonos M.IL.2, Hypuesa E.M.!
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D¢ heKTUBHOCTH HCIIOIH30BAHMS KAMHECAMOIIBET-
HOTO CBHIPhSl BO MHOTOM 33aBHCHUT OT BCECTOPOHHEH M3-
YUYEHHOCTU CBOMCTB JIPATOLICHHBIX KaMHEH, MPEexX e
BCETr0 KOTOPBIE ONPEAEIAIOT UX KPACOTY U IOBEITMPHBIE
XapaKTepUCTUKU. BaxkHelmee U3 XxapaKTEpUCTUK —
I[BETOBasi OKpacka, 0COOEHHOCTH KOTOPON MOJI0KEHBI
B OCHOBY JI€JICHHSI ParoleHHBIX KaMHeH I0BEIHPHBIE
Y TOPrOBbIE COPTA. DKCIEPUMEHTANIBHOE U3YUCHHUE TIPU-
POIBI U OCOOEHHOCTH OKPACKH JIParoleHHBIX KaMHEN
MMeeT BaKHOE 3HaUYEHHeE JIJ151 00 BEeKTHBHOTO TIOHUMAaHUS
MPUYUH, KOTOPBIC MPUBEIN K BOBHUKHOBEHUIO Y HUX
pa3IUYHbIX OTTEHKOB M IIBETOBBIX TOHOB. BaxkHeliiiee
B MICCIIEIOBAHIE TPUPOJIBI OKPACKH JPArOIeHHBIX KaM-
HEW SBJISCTCA OOBEKTUBHOTO U3MEPEHUS U PETUCTPAIUS
IBETOBBIX KOOPJIHWHAT. DTOT acleKT UMeeT 0coboe mpu-
KJIaJTHOE 3HaYE€HUE JJISI COPTHPOBKH PATrOEHHBIX KaM-
HEH 1o IIBETOBBIM XapakTepuctukam [I1naToHos, 1984].

Lenpio manHOM pabOTHI 3aKTI0YATIOCH B HCCIIEIOBA-
HUE IparomeHHbIX KaMHel | Kiiacca v BBISIBJICHUS TTPH-
POIBI UX OKPACKH U CEPTUDUKAIINY 110 IBETY 10 CYIIe-
cTBytomuM ctanaapram PO. B pabore ncnonp3oBanack
MpeJCTaBUTEIIbHAS KOJIJIEKIIHS aTMa30B (OpHIIIIHAaHTOB),
pyOuHOB, canupoB, U3yMPYAOB, AJIEKCAHIPUTOB.
[lepen ncciaenqoBaHusAMH I[BETA, H3ydaeMble JparoreH-
Hble KAMHU MPOXOIUIIH BU3YAIBHYIO CepTU(DUKAIIHIO
10 I[BETOBBIM T'pyIIIaMm.

OCHOBHOW METOJI MCCIICIOBAHUS B JaHHOH pabo-
Te — ONTHYecKass abCOpOIMOHHAs CIEKTPOCKOMHSI.
OnTryeckue CreKkTphbl MOTJIONIEHUS 3alUChIBAINCh
Ha CIICITHAIN3UPOBAHHOM CrieKTpodoTomeTpe MCDY —
K. Peructpanus onTH4YeCKUX CIEKTPOB MOTJIOMICHHS
MPOU3BOAMIACH B MHTEpBae JuinH BoiaH 380—800 HM,
¢ maroMm 1 HM. Bce xonopumeTpudeckue pe3yiabTaThl
10 UHTEPIPETALNHU ONTUYECKUX CIIEKTPOB MOTJIOLICHUS
MUHEpPaJIOB ObLITU BBIHECEHBI Ha CTAHIAPTHBIH [IBETOBOH
TPEYTONBHUK MEXTyHAPOIHOW KOMICCHH TI0 OCBEIIIe-

Huo (MKO-1931). Konopumerpuueckue napameTpsl
UCCIIelyeMBIX MUHEPAJoB (X, Yy, Z — KO3 pHUIHeHTHI
LBETHOCTHU: A — JIJIMHA BOJIHBI, p — I'ycToTa, L — Ap-
KOCTh OCHOBHOT'O IIBETOBOTO TOHA) PacCUUTHIBAIHNCH
C MCIOJIB30BAHHUEM CIICIIUAIN3HPOBAHHON TPOTPaMMBI
«CrexTp». JIonOTHUTENBHO ONTUYECKUE CIEKTPHI 3a-
MUCHIBAJNCH HAa CTAHAAPTH3UPOBAHHOM CIIEKTPO(OTO-
Metpe SHIMADZU UV-3600 B nnana3oHe JIUH BOJTH
185—-3300 uM™.

B npuponsbix anMaszax 3a OKpacKy OTBe4aeT pa3iny-
HbIe OonTHYecKue neHTpsl N u B, B pyounax noust Cr’,
B canipupax HOHBI U KOMILIeKchl Xpomodopos Ti*, Fe*
u Fe**, B usympynax u anexcanapurax Cr’', Fe*" u Fe*",
OTH LEHTPHl OKPACKH CO3IAal0T OCHOBHBIC I[BETOBBIC
TOHA U B 3aBUCHMOCTH OT UX COOTHOILICHUS B N3y4aeMbIX
JParoleHHbIX KaMHSX MOSIBJISIFOTCS pa3Iu4HbIE I0TOJI-
HUTENbHBIC OTTEHKU. M3MepeHust mapaMeTpoB LIBETOBOM
OKpAacKH, KOTOPBIE CBSI3aHBI C [IBETOBBIMU KOOPAHHATAMH
XOpOIO (PUKCUPYIOTCA 1O ONTUYECKUM CIIEKTPaM II0-
riomeHus. /lanHas METOIMKa TO3BOIMUT BHIACTATH LIBETA
y Pa3IMYHBIX MPUPOJHBIX MUHEPAJIOB U MOCIYXKHUTh
JUTSL CO37IaHNs HU(POBBIX 3TAJOHOB AJIS CepPTUDHUKALINN
[[BETa Y IParoueHHbIX KaMHEeH.

Onruueckast CIEKTPOCKOITHSI OCTaeTCsl He3aMEHUMBIM
MHCTPYMEHTOM B T'€MMOJIOI'HH, 00ecredrBas TOUHYIO
1 00BEKTUBHYIO CEPTUPHKALNIO IPArOLeHHBIX KaMHEH.
PasBuTHe TEXHONOrUH U MPUMEHEHUE HOBBIX METOIMK
ycunuT e€ posb B 60pb0e ¢ GanbcuuKanusIMu U CTaH-
JapTU3aluy PhIHKA.
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KOMILJIEKCHBIN MTOAXO/ ITPA N3YYEHUHU KPUCTAJLIOB MInS, (M = K, Rb, Cs):
PAMAHOBCKAA CIIEKTPOCKOIIN A, KBAHTOBO-XUMHNYECKHUE PACUETbBI
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TeronpoBOHOCTE, 00YCIOBICHHAS PEIIETOYHBIMHU
KOJIeOaHUSIMU,— OJTHA U3 KJITFOUEBBIX XapaKTEPUCTHUK, KO-
TOpast ONpeAeAeT 00JIACTh TEXHUYCCKUX TPUMCHECHU M
MatepuaioB. [lepeHoc Temnna (OHOHaMU 3aBUCHT, B TOM
qicie, OT HX B3aMMOJCHCTBHS MEX Ty COOOM, moceaHee
OTPEICIISACTCS aHTAPMOHU3MOM KOJICOAHUN PEIICTKY;
m3BecTHO [Heremans, 2015], 9To 3a c4eT yCUIICHUS aH-
TapMOHM3MA JUTS PsiJia COSNMHEHNH MOYKHO 3HAUYUTEITLHO
YMEHBIIUTh UX TEIIONPOBOAHOCT K, .

C 1enbio onpeaeNeH sl MeXaHU3MOB aHTapMOHU3MaA
Ha MHKPOCKOITUYECKOM YPOBHE 3TOT 3 (eKT aKTUBHO
M3ydYaeTcs B paMKaX HOBOT'O HAYyYHOT'O HaIpaBIICHUS
«UH)XEHEepUH aHTapMOHWYHOCTH» [Heremans, 2015]
C IPUMEHEHUEM Pa3JINYHBIX PACUETHBIX U IKCIICPUMEH-
TaJIbHBIX METOMIUK, pa3padaThIBAOTCS MTOIXObI JJIs I10-
JTy9eHUs MaTEPHAJIOB C 3aJAHHBIMH TEPMUYECKUMH Xa-
pakTepuctukamu. CoeqUHEHUS XaJlbKOT€HOMETAIIaTOB
13 rpymIbl U IIEIOYHBIX METAJIJIOB — HEPCIEKTUBHBIC
dbyHKnroHanpHBIe MaTepuaisl [Winkler et al., 2015].
Cnouctele menounbie THoMHAaTH MIn Q, paccmarpu-
BAIOTCSI HAMH KaK MOJICJIbHbBIE IIPUMEPBI IS U3YUYCHUS
aHTapMOHHU3Ma C UCIIOJIb30BaHUEM PAMaHOBCKOM in situ
CHEKTPOCKONUU U ab initio pacueToB.

B Hacrosimeii paboTe B paMKax KBa3UTapMOHHYECKO-
ro npubmwkenus (QHA) nnst MIn S, (M=K, Rb, Cs) BbI-
TIOJTHEHBI PacyeThl KOA(PPHUIIMEHTOB TEPMUIECKOTO pac-
HIUPEHUs U 00beMHOro MonyJist ynpyroctu: mpu 300 K
onu cocrasisror 3.90, 3.08 u 5.09-10~° K-'u 37.23, 37.10
n 40.54T'TIa, COOTBETCTBEHHO.

‘YcraHoBiI€HO, YTO JJIS1 COETMHECHUS RbInSS8 XapakTe-
PEH He3HAUNTEIIBHBINA TeMIlepaTypHbIi quama3on 0—20 K
C OTpULIATENFHBIM TETIJIOBBIM paciuperueM. C UCoIb-
30BaHUEM (PEHOMEHOJOTHUECKOTO MOAXO0/Ia MOy YEHBI
3HAYEHHUS JUIS TETUIONPOBOJHOCTH K, , 00yCIOBICHHON

(hoHOH-()OHOHHBIM B3aMMOCHCTBHUEM, COCTABIISIONIHC
0.41, 0.27, 0.93 Br/ (m’K) nns KIn S, RbIn S, CsIn .S,
COOTBETCTBEHHO; Temmnepatypa Jlebas O, onpezieneHHas
NOrOHKOM 3aBucuMocTH Temnoemkoctu C,, (T), cocras-
nsert 82.5, 60.0, 140.9 K; napametp I'pronaiizena y=0.90,
0.67, 1.30. MunuMMasbHbIE 3HAYEHHS K, M Y XapaKTEPHBI
anst RbIn,S,, 4T0 KOCBEHHO yKa3bIBaeT Ha OOJIEE CUITb-
HYI0 aHTAPMOHUYHOCTH €TI0 PEIICTKH.

Ha ocHoBe aHanmn3a 3KCIIEPUMEHTAIBHBIX TEPMO-
1 6apopaMaHOBCKHUX JAHHBIX 110 THOMHIATAM C UCTIONb-
30BaHHEM I10JIX0/1a, OCHOBAHHOTO Ha IPEICTaBICHUU
00111ero aHrapMOHM3Ma (CIIBUTA YaCTOTHI (POHOHA MTPH TIO-
BEITIICHUH TEMIIEPaTyPhl) KaKk 00EMHOTO PaCITUPECHUS
(HesiBHOTO BKJIaa) U (POHOH-(POHOHHOTO B3aUMOIEHCTBUS
(1BHOTO BKJIa/1a) MOKA3aHO, YTO 151 OONIBIIMHCTBA PaMaH-
AKTHBHBIX (D)OHOHHBIX MOJI SIBHBIN BKJIaJ IIpeobiasaet
HaJ1 00BEMHBIM BO BCEX H3y4YEHHbIX coeiMHennsax MIn S,
(M=K, Rb, Cs).

[lony4yeHHble NaHHBIE CYLIECTBEHHO PACIIMPAIOT
NPEACTABICHUE O CIOMCTONW CTPYKTYpE THOMHAATOB
Y TIO3BOJISIIOT IPOJIBUHYTHCSI B IOHUMaHUM OCHOBHBIX

IIPUHIOUIIOB WHXXCHEPHUHN aHTapMOHHUYHOCTH.

Hccneoosanue vlnonneno npu ouHancogotl noo-
oepoicke PH®D, npoexm Ne24-73-00009.
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OIIEHKHA BO3PACTA ITAP ACTEPOHJIOB CEMEMCTBA EMILKOWALSKI HA
OCHOBE MOJEJIMPOBAHU A BEPOSITHOCTHOM 3BOJIIOIIUU OPEUT

Hepmunos A.C., Ky3nenos J./1., Capponosa B.C.
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Momnonoe cemetictBo actepouaoB Emilkowalski pac-
TIOJIOKEHO B cpeHel yactu [ maBHOTO Mosica (Oonbias
noJjiyock opoutsl 2.60 a. e., skcrientpucutet 0.15, Ha-
ki0H 17.75°). B HacTosmee BpeMst n3BecTHO 13 WIeHOB
cemeiictBa [Kuznetsov et al., 2025a]. Ananu3 cxox-
JICHUW JIMHUW y3J10B M allCUJi HA OCHOBE PE3YJIbTaTOB
YHCIIEHHOTO MOJCTTUPOBAHMS JMHAMUYECKOM SBOIIOITNU
HOMUHAJIBHBIX OPOUT MO3BOJIMII OLIEHUTH BO3PACT Map
Y IOCTPOUTD MPEABAPUTEIBHBIN CLICHAPHiA (hOPMHUPOBA-
Hus cemeiicTBa Emilkovalski [Kuznetsov et al., 2025b].

[Tony4yeHHBIE OLIEHKH BO3pacTa Map CyIIecTBEH-
HO 3aBUCAT OT HAYallbHBIX 3HAYCHUH JIECMEHTOB
OpOUT M CKOpOCTHU npeiida OONBIIUX MOTyocei op-
out Bcinexnctsue BausHUSA dPdexra SApkoBckoro.
Jlis yTOUHEeHHS OIIEHOK BO3pacTa map B paMKax Io-
CTPOSHHOTO cIleHapus GOpMHPOBAHHS CeMEWCTBa
Emilkowalski Oblj10 BBEITIOJTHEHO UCCIIEOBAaHUE BEPO-
STHOCTHOM SBOJIFOIIMHU opOuUT. Mcnonk3oBanack npo-
rpamma Orbit9, BXomsamas B KOMIIJIEKC TPOTpPaMM
OrbFit (http://adams.dm.unipi.it/~orbmaint/orbfit/).
DneMeHTBl OPOUT acTepOUIOB U KOBapHAIMOHHBIC Ma-
TPUIIEI OBLTH B3ATH U3 0a3bl qaHHBIX AstDyS (https:/
newton.spacedys.com/astdys/). [lpu MonenupoBanuu
YYHUTHIBAJTUCh BOBMYIICHUSI OT BOCBMH OOJBIIHNX TLIa-
HET, KapnukoBoil nnaHeTsl [InyToH, cxatus ConHia,
PEIATHBUCTCKUX BO3MYUICHUH U BIUAHUE dPPeKrTa
Spkosckoro. JlelictBue ¢ dexra SIpKOBCKOTO YUUTHI-
BaJIOCh B (hopMe BEKOBOTO Jipeiida OONbIIoi moyocu
opbutsL. Jlist acteponnio (14627) Emilkowalski, (126761)
2002 DW10, (224559) 2005 WU178, (256124) 2006
UK337, (434002) 2000 SM320 u3BECTHO HOJOKEHUE
OCH BpallIeHHs], IO3TOMY ISl HUX UCTIONB30BaJIOCh OTHO
3HAYCHHUE CKOPOCTH Jipetida OOBII0i MOTyOCH OpOUTHL

J171s1 OCTaJIBHBIX aCTEPOUJIOB PACCMATPUBAINCH TPH
BapHaHTa CKOPOCTH Jpelida OONbLIOI MOITyoCcH, COOT-
BETCTBYIOIINE HAaKJIOHAM OCH BpaImleHHs K HOpMau
K Tutockocty opouTsr: 0°, 90° u 180°. CooTBeTCTBYIOIIHE

3HaYeHUs CKOpocTel apeiida onpeneneHsl B padote
[Kuznetsov et al., 2025b]. [{ns kaxaoro acrepoua
MOJIeIMpoBajach JUHaMuueckas 3Bomtonus 250 kio-
HOB Ha MHTEpBAaJlc BpEMEHU 2 MIIH JIeT, CyIIECTBCHHO
MPEBBINIAIONIEM MPEABAPUTEIBLHYIO OIIEHKY BO3pac-
Ta cemeiictBa 1.5 mita net [Kuznetsov et al., 2025b].
OreHka BO3pacTa nap BBINOJHSIACH HA OCHOBE aHATN3a
MOMEHTOB CXOXICHUS JTMHHUH Y3JI0B U allCH]I, a TAKXKe
MO JOCTHYKCHUIO MUHIMYMa METPUKH XOJIIEBHUKOBA
[Kholshevnikov et al., 2016]. Ouenku Bo3pacrta nap
MOKa3bIBatOT, uTO ceMmeticTBo Emilkowalski chopmupo-
BaJIOCh B PE3yJBTATE PAa3pPyIICHHS POIUTEIHLCKOTO TEa
ceMeHCTBa C MOCTEeAYIOIUM KacKaIHbIM paciaioM 00-
pasoBaBmuxcs pparmenToB okoio 900, 700, 500 u 200
TBIC. JICT HA3a]I.

Hccneoosanue evinonineno 3a cuem epanma
Poccuiickoco nayunozo ¢ounoa Ne 24-22-00143,
https./frscf-ru/project/24-22-00143/.

JINTEPATYPA

1. Kholshevnikov K.V., Kokhirova G.I., Babadzha-
nov P.B., Khamroev U.H. Metrics in the space of
orbits and their application to searching for celestial
objects of common origin / Mon. Notic. Roy. Astron.
Soc. 2016. V. 462. P. 2275-2283.

2. Kuznetsov E.D., Vasileva M.A., Perminov A.S.,
Safronova V.S. Search for new members of young
asteroid families // Sol. Syst. Res. 2025a. V. 59(1).
Id. 8. 12 p.

3. Kuznetsov E.D., Safronova V.S., Vasileva M.A.,
Perminov A.S. Constructing a Scenario for the
Formation of the Emilkowalski Family Based
on Modeling the Evolution of Nominal Orbits of
Asteroids / Sol. Syst. Res. 2025b. V. 59(1). Id. 10. 9 p.



XV Bceepoccuiickas HayuHas KoH(epeHIns « MUHEpaIbl: CTPOCHHE, CBOMCTBA, METOIBI HCCICAOBAHMU D) 75

HCCJIEJOBAHME YCJOBHUI IMTPOBONOJITOTOBKHA COBPEMEHHBIX I'OPOJICKHX
IIBUIE-T'PA3EBBIX OCAAKOB JJIA OIIPEJAEJEHUA B HUX MUKPOIIVIACTUKA

IepskoBa E.H.!, Cesie3neB A.A.', [lectoB A.B.2

I Vpanvckuii pedepanvhoiii ynusepcumem, Examepunbype, Poccus
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perkovakatya02@mail.ru

MuKpOMmIacTUK — 3TO YaCTHUIIb! IOJIMMEPHBIX Be-
LIECTB pa3MepoM < 5MM, OH OBIBaeT MEPBUYHBIM, T. €.
MPOU3BOAUTCS MPOMBIIIJIEHHBIM CIIOCOOOM M BTO-
PUYHBIM, ABJISIETCA CIEACTBUEM Jerpajaliiyl IJIacTH-
KOBBIX IPEAMETOB 34 CYET BHEIIHHUX BO3ICHCTBUU.
CoBpeMeHHEBIE MBUIC-TPA3EBbIC OTIOKEHUS TOPOACKHX
TEPPUTOPUI ABJISIFOTCS OAHUM U3 IEPCIIEKTUBHBIX KOMIIO-
HEHTOB /17151 SKOJIOTMYECKOH OLIEHKH >KUIIBIX TEPPUTOPUIL.
OO0BbeKTOM OIPOOOBaHUS SBISIOTCS Pa3IUYHBIC THIIBI
COBPEMEHHBIX OBEPXHOCTHBIX JCIIOHHPOBAHHBIX OT-
JIOKEHUH: JOPOXKHAS TBLIIb U OTIOKEHHS B JIOKATbHBIX
MOHWKEHU X MUKpopenbeda [Seleznev, 2019].

NHdpakpacHble CHEKTPHl PETUCTPUPOBAIN Ha
HUK-®ypre cnexkrpomeTpe “SpectrumOne” ¢pupmbl
“PerkinElmer” (CLLIA) B 1abopaTopuu ClieKTPaJIbHBIX
MeTon10B uccneaosanusi MOC YpO PAH.

[Ipo6a orbupanack Ha TEPPUTOPUH ToOpola
ExarepunOypra. [yt pa3nenenuss MUHEpaIbHOW MaTpH-
1Bl ITPOOBI ¥ TOJTMMEPHOTO BEIIECTBA HCIOIb30BAJIOCH
TpH crocoba:

1) aucTmiIMpoBaHHAS BOJA;

2) pactBop conu NaCl ¢ xonmenTpanueit 120 r/n

[Thakur, 2023];

3) pactBop comu NaCl ¢ kontenTpanuei 240 /7.
s kax ol napasuieny GUIsTPOBAIN OTACTBHO
¢oTat (WacTh MpoObI, KOTOPAsk BCILIBLIA) U OT-
JIEIIBHO MUHEPATBHYIO MaTPHILY (4acTh MPOOHI,
KOTOpas 0cena).

Cyxwue mpoObl CUTOBAIN Yepe3 CUTO C pa3MepoM
saeriku 100 mxm. @paknuio meHbine 100 MKM 1Is
¢ioTaTta 1 MUHEpPAIbHOW MaTPHUIIBI AHATM3UPOBAJIN Ha
HK-Dypre ciekTpomeTpe.

ITo pe3ynbraram aHanu3a nomy4yeHHbix MK-cnekTpos,
ObUTH HAEHTUPUIHUPOBAHBI MTUKH B 00JACTH BOTHOBBIX
grcite 28002900 cm! u 1400 ecm. TIpeobaaronum mo-
JUMEPHBIM BELIECTBOM B MPO0ax SIBISETCS MOTUITHIICH

[TapaceBud, 2012]. MuHepabHasi MaTpHIIa TOPOJICKIX
MBLIE-TPSA3EBBIX HAHOCOB IpelICTaBieHa CBs3bio Si-O
(HauGonpmuii MUK MOTJIOIMIECHUS C JJIUHON BOJHBI
980 cm) [Tapacesuy, 2012].

Bona u pactBop conu NaCl 240 r/n He MO3BOJISIIOT
pas3fenuTh MOJMMEPHOE BEIECTBO H MAaTPHUILY, CIEKTPBI
JIETKOW ¥ TSKEION (DpaKIIii He OTIMYAIOTCS TI0 CBOSH
WHTEHCUBHOCTH.

PactBop conu NaCl ¢ xonnenrtparueit 120 r/n pas-
JIesieT MaTPUIY W TOJMMEPHOE BEIIECTBO, CIIEKTPHI
¢roTaTa ¥ MaTPHIIHl 3HAYUTEIHHO OTIUYAIOTCS 110 UH-
TEHCHUBHOCTH, OJIHAKO YaCTh TOJIMMEPHOTO BEIIECTBA
OCTaeTCsl B MaTpHIIE.

Hccnedosanue 6vinoineno npu QuHaHcog8ol noo-
oepoicke Poccuiickoeo nayunoco gonoa (epanm Ne 24-
17-20036) u Ilpasumenvcmea Caeponosckoii odracmu

(npoexm 24-17-20036).

JINTEPATYPA

1. Tapacesuu b.H UK criekTpbl 0CHOBHBIX KJIACCOB Op-
TaHMYECKUX COETMHEHHH: CTIPaBOYHBIE MaTEPHAIBL.
Mocksa: 1U3a-Bo MI'Y nmenn M.B. Jlomonocoga,
2012. 55 c.

2. Seleznev A. et al. Mineral phase composition of the
surface dirt sediment in an urban environment //
IOP Conference Series: Earth and Environmental
Science. — IOP Publishing, 2019.— T. 317.—
Ne.1.— C. 012009. https://doi.org/10.1088/1755-
1315/317/1/012009

3. Thakur B. et al. Identification and characterization
of extracted microplastics from agricultural soil near
industrial area: FTIR and X-ray diffraction method //
Environmental Quality Management. 2023. Vol. 33,
No. 1. P. 173—181. https:/doi.org/ 10.1002/tgem. 22035



76 XV Bceepoccuiickas HayuHas KoH(epeHIs « MUHEpabl: CTpOCHHE, CBOHCTBA, METO/IBI HCCIICIOBAHMU S

CPABHEHUE COCTABOB METEOPUTOB, KOPbI IIJIABJIEHUA
N CIIEKTPOB U3JIYYEHUA UX BOJIM10B
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Bo3zneticTBue arMocdeps! 3eMIH Ha BEIIECTBO Me-
Teopoua MPUBOIUT K (pparMeHTAI[UH, aONsAIUH, 3Ha-
YUTEHHOMN MOTEPEe MACChl U CBEUCHUIO TJIa3MbI B BH-
IIUMO¥H 00JTaCTH CIIeKTpa. PerucTpamus CieKTpoB — 310
YHUKAJTBHBI HHCTPYMEHT DKCIIPECC-XapaKTepH3aun
COCTaBa METEOPOUIOB, OJHAKO BO3MOXHOCThH TOUHOMH
KJTaccH(hUKAIIMH BEIIECTBA TIOKA HE IOCTUTHYTA.

ITpu nagenuun meteoputa Smalyavichy H6 25 nexa-
Ops 2024 roxa, ObLT 3aperuCTPUPOBAH CIIEKTp. B Hem
YJaJIOCh paclio3HaTh XUMHUYECKue anemMeHTsl: Mg, Fe,
Na, Ca, Cr, K, Li, Mn, 94TO COOTBETCTBYET XUMHUIECKOMY
COCTaBY BHYTPEHHEH 4acTH BelllecTBa MeTeoputa [ Met.
Bulletin]. ITpn nabmronennn nageHus acteponna 2024
BX1 (meteopur Ribbeck) u 6onnga Kindberg 6buu 3a-
PETUCTPUPOBAHBI CIIEKTPHI, B KOTOPBIX HAOIOAJINCh
muann Mg, Na, Ca, K, Li, Mn, Cr, u Ti [Spurny et al.,
2024]. IIpu sTom HenocTaTtok Fe B crekTpe Oonuma
Ribbeck mokasas, 4To BEIIECTBO 3TOr0 METEOpUTa OOraTo
SHCTATHTOM, YTO MOJITBEPANIOCH COCTABOM 00pa3IIoB.

Ha moBepxHOCTH (hparMEHTOB METEOPUTOB B MPO-
mnecce majaeHus GOpMHPYETCsS Kopa IJIABJICHHS.
CpaBHUTENBHBIC UCCIIEAOBAHUSI BHYTPEHHETO Belle-
crBa MeteoputoB Yemnsounck LLS, O3epku L6, Kemer
L4 u Calama 009 L6 u X KOpHI IUIABJICHHS TTOKA3aJIH,
YTO B KOPE YMEHBIIAETCS KOJIMYECTBO KIMHOIHPOK-
ceHa, TpOWJIuTa, opTonupokceHa, gassl Fe (Ni, Co),
HO TaKk’ke U o0pasyercs HoBas (a3za Maraesnodeppura
[Oshtrakh et al., 2023; Petrova et al., 2024].

[Ipu 3xcnIepUMEHTaIbHOM MOJICIUPOBAHUU MPO-
IIECCOB a0JISIIIUN METEOPOUIOB XOHAPUTOBOTO COCTaBa
C MOMOIBI0 TIA3MOTPOHA, YAAJI0Ch 3aKCHUPOBATH
cnektpanbhbie muHuK Cu, Fe, N, u O [Wang et al., 2024].
YauTsiBas 3TO, M pe3yIbTATHl HAIINX JTaOOPATOPHBIX
SKCIEPUMEHTOB C TIa3MOTPOHOM II0 MOAEITUPOBAHHIO
MJ1a3MOXMMHUYECKUX PEAKIUI MEIJICHHBIX METCOPOHJIOB,
OBIJI0 3aMEUCHO, UTO AIIeMEHTHI Tspkesnee Ni m Co MOTyT
HaAKaIUIMBAThCS B KOPE TJIaBJICHHS OOBIKHOBEHHBIX XOH-

JIPUTOB. DTO TAKXKE COTIACYETCs C HAXOJKaMH TII00YII,
00O0TalIeHHBIX 2JIEMEHTaMU TUIATHHOBOMU I'PYTIITHI B KOPE
r1aBneHus meteoputa Yensouack LLS [Sharygin, 2019],
XOTsI UX HE 00HApy>KMBAJIU BO BHYTPEHHEM BELICCTRBE.

Hccredosanue 8binonneno npu noooepoicke cpanma
PH® No 24-27-00392.
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CHUHTE3 U TEPMOPAMAHOBCKAS CHEKTPOCKOIINS N30KYBAHMUTA CuFe,S,

Meuypun M.C.!, Hankpymmna E.A.!, Ilyzanoa M.A.2, Yapeen /I.A.?
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IlonumaHue CTPYKTYpPbl U TEPMOIMHAMUYCCKUX
CBOHWCTB Cy/Ib()HI0B BaXKHO KaK JJIs1 U3yUECHHUs Tapare-
He3uca uX o0pa3oBaHHs Ha 3eMile U B KOCMOCE, TaK H
JUTS1 aHAJIN3a TEXHOJIOTMYECKUX BOIIPOCOB IepepadoTKu
Py U KOHLUEHTPATOB MOJHUCYIb(OHUAHOTO MPOAYKTA,
OCHOBaHHBIX Ha OKUCIICHHH TIOPOJ] IPH OTKUTE Ha BO3-
nyxe. DKCIIepUMEHTaJIbHbIE UCCIIEA0BAHNS CYJIb(GU THBIX
cucteM, B yactHocTH Cu-Fe-S, BcTpeuarotcs ¢ onpene-
JICHHBIMH CJIOKHOCTSMM; 4aCTO PE3YIbTaThl HE UMEIOT
OJHO3HAYHOr0 TOJIKOBaHMs. HecMOTps Ha IUTEIBHY IO
UCTOPHIO U3ydeHHE (Pa30BbIX OTHOLICHHWH B CHCTEME
Cu-Fe-S [Merwin, Lombard, 1937], nns MHOTruX ee
MpEeICTaBUTENCH U B HACTOALIEE BPEMsI OTCYTCTBYIOT
SKCIIEPUMEHTAJIEHBIE U PACUETHBIC MOJICJIbHBIC JaHHBIE.

N3zoxy6anut CuFe?S3 (p. rp. F-43m) umeet pas-
YIOPSIIOYEHHYIO CTPYKTYPY; B €ro KyON4ecKOH perieTKe
aTOMBI S 3aMONHSIOT BEICOKOCHMMETPUYHYIO TO3UIUIO
VYaiikoga 4a, a Cu u Fe — no3unuio 4d B COOTHOIICHU T
2 : 1. B HacTosmel paboTe N30KyOaHUT CHHTE3UPOBAH
pacTBOP-pacIijIaBHBIM METOZOM B CTALIIOHAPHOM TEMIIe-
paTypHOM IrpaJUcHTE B BAKYYMUPOBAaHHbBIX 3aMassHHBIX
aMIIyJax U3 KBapLeBoro crexia. Mcnoiabs3oBaniock a8a
Buaa amnya anuHod 110 m 200 mm. TemneparypHbIit
PEXUM IIPH UCHOIB30BAaHUU aMITyJ JiuuHon 200 MM 3a-
JaBajics TAKUM, YTO TEMIIEPAaTypa Ha XOJIOJHOM KOHIIE
ObL1a MpUOIKKEHa K TeMIIepaType KpUCTaTU3al1Hu COo-
JIEBOM cMeCH. AMIYJIbI 3aNIOJIHSAJIUCH IIIMXTON U COJIEBOM
cmechto RbCI-LiCl aBTekTHYeCcKOro cocTaBa; BaKyyMH-
POBAJINCH; 3aIIanBAJIMCh; IIOMEILAINCH B KBapLEBbIe (Ke-
paMHuecKie) CTaKaHbL; ISl CO3/IaHuUs TEMIIEPaTyPHOTO
rpaZMeHTa CTaKaHbl IOMEIIAINCh B TpyOUaThIe IIe4H TaxK,
9TOOBI KOHIIBI aMITYJI C IIMXTON pacmoiarajnuch OIuxe

K IEHTPY TeYH, a MPOTHBOIOJIOXKHBIE KOHI[BI OJHKe
K kpato [Ily3anosa u ap., 2024].

O0pas3iibl ObLIH aTTECTOBAHBI 10 TAHHBIM MOHOKPH-
CTaJBHON PEHTTeHOBCKOH mudpakmmn, COM, paMaHOB-
CKOM M TEPMOPAHOBCKOM CIEKTPOCKOIUH B THAINa30HE
83-773 K. lanusie ipu 83 K momydeHb 1715 U30KY-
OaHWTa BIIEPBBIC; OHU JIEMOHCTPHUPYIOT HAIHIHE HU3-
KOYaCTOTHOT'O CIEeKTpalibHOro muka ~107 cm™', Hamo-
MHUHAIOIIETO 110 CBOEMY IMOBEJIECHUIO «MITKYI0» MO.Y,
3HAYMMO CMEIAIONITYIOCS MTPH TIOBBIIIIEHUH TEMIIEPaTY PbL.
[on aeitictBuem HarpeBanus ao T>583 K u nazepnoro
o0my4enus Kyouueckuit CuFe S, OkucnseTcs 10 OKCHIIOB
[Pankrushina et al., 2023].

Pamanoscrxas cnekmpockonus vinoinena npu
¢unancosoii nodoepacke PHD, npoexm Ne24-73-00009.
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JTUCTAHIIMOHHOE 30HIUPOBAHUE 3EMJIH J1JI1 HEHPOCETEBOI'O
MPOrHO3UPOBAHUS PYJIHBIX MECTOPOXJIEHU B APUJHBIX 30HAX
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[Tpu nmouckax MECTOPOXKJAEHUN PYNHBIX MOJIE3HBIX
HCKOIAeMBIX Ha TEPPUTOPUAX C aPUAHBIM KJIMMATOM
OMpoOOBaHKE MOTOKOB PACCESIHUS CYIISCTBEHHO 3aTPy/I-
HEHO B CBSI3W C OTCYTCTBHEM THApPOCETH. B Takux 00-
JacTAx HanboJee MepPCeKTUBHBIMU IS PErMOHAIBHOTO
TEOXUMHUYECKOTO UCCICOBAHUS TIOMAACH SBIISIOTCS
TEXHOJIOTHUHU JAUCTAaHIIHOHHOTO 30HAWUPOBAHUS 3eMITH
B COYETAaHUHU C HEUPOCETEBBIM aHAIU30M, UCIIOIB3YI0-
MM JIOTIOJTHUTEIBHO re0(hU3NUCCKUE TaHHBIC U JaHHbIC
penbeda MeCTHOCTH.

Ha npumepe reoxuMuuecKux MOMCKOB 30J10Ta HAMU
MpeACTaBIICH MOAX0], OCHOBAaHHBIN HA ajJanTaiuyu ap-
XUTEKTYPBl HEHPOCETeBOW MoJenH, o0ydJaroIeics He
TOJIBKO PACIIO3HABATH OOIINE TPU3HAKH MUHEPATA3AIUH,
HO ¥ TOYHO OTPEACIISIIONICH TPaHUIIbI TEPCIIEKTUBHBIX
ydacTkoB. Bce nmamHble, HCTIONB30BaHHBEIE B paboTe,
OMUPAIOTCS] HA OTKPBITHIC IUTEPATYPHBIC UCTOUYHUKHU.

OC00EHHOCTBIO TPUMEHEHHUS 3/1eCh T'€OIPOCTPaH-
CTBEHHBIX JAHHBIX SBISETCS UX Pa3HOMACIITAOHOCTb.
Mopens penbeda ¢ paspemenueM 500 M/mukcess
¥ CIyTHUKOBBIE cHUMKHU Landsat-9 ¢ paspemenunem
15 M/mukcenb TpeOYIOT TIIATEIHLHOTO MPEIBAPUTEIb-
HOT'0 coriacoBaHus. Ha sTame moAroToBKU JaHHBIX
Bce MUGPOBBIC MOACIH OBLTH IPUBEICHBI K SIUHOMY
paspemeruro — 500 M/TUKCENh ¢ UCMOTB30BaHUEM OH-
JIMHEWHON MHTEPIOJISLIUU.

Ha Tepputopun ApaBUHCKOTO MOITYyOCTPOBa OBLITH
coOpanbl 1 0000IIEHBI TaHHBIE TTI0 593 MEeCTOPOXKICHUSIM
1 nposiBJeHUsM 30510Ta [ Workman et al., 2016], kotopsie
WCTIONB30BAJIHICh B KA4€CTBE 3TAIOHHBIX 00BEKTOB. CTOUT
OTMETHUTh, YTO OOBEKTHI HE OBLIU pa3ieleHbl 10 Te€0-
JIOTO-ITPOMBITIJICHHBIM THIIaM, a OLEHUBAJIUChH KaK 00-
LIM MUHEPATCHUYECKUN MMOTEHLINAN 30JI0TOHOCHOCTH

TeppuTopun. B pesynsrare 00paboTKH OBLIO NOITYYEHO
TI0JIE BEPOSITHOCTH Au- MUHEpaJIN3aI[M1, OCHOBAHHOE
Ha HEHUpPOCETEBOM aHaJIM3€ JAHHBIX 7 CHEKTPaJIbHBIX
KaHaJIOB CITy THUKOBBIX CHUMKOB Landsat-9, MarHuTHOTO
Y T'PAaBUTALIMOHHOTO TIOJIeH, TTTyOMHBI 3aJIeraHus TPaHu-
1161 MoxopoBrUa 1 peiibeda, 00pabOTaHHBIX B STHHOM
reoNpOCTPAHCTBEHHOM pa3pelieHNH. bonbmnHCTBO
paHee M3BECTHBIX 30JI0TOPYAHBIX 00BEKTOB MOMAJH
B noJje BeposATHOCTU OT 70%, 4TO yKa3bIBaeT Ha TO,
4TO HEHpoceTh BecbMa KOPPEKTHO HASHTHOUIUPOBaIa
napameTpsl MozienupoBanus. Ha ocHoBe Takoro Mozmenu-
POBaHUS BO3MOKHO BBIJIEIIEHHE HOBBIX ITEPCIIEKTHBHBIX
Iomaaei, TpeOyIOImUX MOCTAHOBKH JETAIbHBIX TTOUC-
KOBBIX paboT.

Takum 06pa3om, pazpaboTaHHOE KOMIUIEKCHOE pe-
IIEHHE, BKJIIOYAOIIee NTUCTaHIIMOHHOE 30HANPOBAaHUE
Y IPUMEHEHUE HEUPOCETEBBIX TEXHOJIOT UM, IO3BOJISIET
C/IeaTh NepBbIi 3SHAYUTENFHBIN IIar JJIs JIOKATH3aI[uu
PYA NOBBIIICHHBIX KOHHGHTpaHHﬁ, 1 TEM CaMbIM CyIIIe-
CTBCHHO YACHICBUTD ITPOBECACHUC ITOMCKOBBIX I'€COXUMU-
YeCKUX padoT. 3HAYNTENbHAS CTETIEHb BOCIIPOU3BO/IH-
MOCTH pa3pa0OTaHHON METOIUKH, TIOKa3aHHas B paboTe
Ha TIpUMepe 30JI0TOHOCHON MHUHEPAIHU3AIUN, CITYKUT
MOTBEPKICHUEM BBICOKOU 3(PPEKTUBHOCTH | TIEep-
CHEKTHBHOCTH Pa3BUBAEMOI'0 KOMIUIEKCHOTO MOJIX0/1A.
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HEJIABHO OBPA3OBAHHBIE KPATEPBI HA MAPCE

Mogoonas E.J., ITonmoa O.I1., UBanoB Bb.A., I'nazaues J1.0.

Hnucmumym ounamuxu eeocpep PAH um. akademuxa M.A. Cadosckozo,
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MeTeopouasl, BXOAAIINE B aTMOC(hepsl 3eMITHu
1 Mapca, OTHOCSTCS K OTHOU TIOITYJISIIIAN MaJIBIX KOCMH-
yeckux ten (KT) Conneunoii cuctemsl, CyIecTBYIOIINE
OIIEHKH €€ COCTaBa 3aMETHO PACXOASITCS.

K nmetry 2023 roma ma Mapce HalizeHo Oolee
1400 cBexux mect magenust KT [Daubar et al., 2022;
Podobnaya et al., 2025]. Oxomno 60% cooTBeTCTBYIOMHX
UM YIApPHHUKOB Pa3pyLIMIHC B aTMoc(epe 1 oOpazoBanu
KparepHble KiacTepbl. M3ydeHue kinactepos Ha Mapce
MO3BOJISIET HE3aBUCUMO OIIeHUTH mapameTpbl KT, aHa-
JU3UPOBATH MPOLECC PAa3PyIIEHUS ISl Pa3IMYHBIX TEJ
Y MCCIIE0BATh IJI0X0 pa3iIndMMble Ha 3emie JeTalu
MX B3aUMOIEHUCTBUS C aTMOC(EPOH.

st onucanus HEAaBHUX KiacTepoB Ha Mapce uc-
MOJIb30BAJIMCH JUTHIICH! paccesiHud. Ilpeamonaraercs,
3TO TIO3BOJIAT OLIEHNUTH YTITbI TpaekTopuu KT (yron Bxoma
u a3umyT). Ha 3emiie, n3-3a armocgepHOi COPTHPOBKH,
KpYIIHBIE KpaTepbl/pparMeHThl pacioiokeHbl B TOJIOBE
nosist paccestius [Frost, 1969], ero nonepeunsliii pazmep
ompenenseTcs B3auMoeiictBueM ¢pparmenToB [Passey,
Melosh, 1980], menkue hparMeHTHI TIOIBEPIKSHBI BITH -
Huto BeTpa. Ha Mapce ckopocTh (hparMeHTOB IpH yiape
CITMILIKOM BEJIMKa JIs1 3aMETHOTO BIIMSIHUS BETpa Ha TI0JIe
paccesHus, pa3Mep ILTUIICA TOTHKEH ONPEeNIAThCs B3a-
UMozIeicTBEM (ParMeHTOB U BIMSTHUEM aTMOC(epHOIH
copTupoBKU. [loydeHHbIe OLIEHKH YTJIOB TPACKTOPHH
MJIOXO COTJIACYIOTCS C JJAHHBIMH O 36MHBIX OONHJax.
Ha Mapce nabnromaercst 1eUIUT YTIIOB BXO, OIM3KHIX
K BEPTHKAIBHBIM, YTO Ka)KETCS MaJIOBEPOSTHBIM.

Br16pocs! u3 kparepa (i clieft yIapHOH BOJHBI) B PSIIE
cllydaeB JaroT BO3MOXKHOCTh HE3aBHCUMO OIICHHTH Ha-
npasieHue noneta. aa 130 kmactepoB KpaTepHbIe
BBIOPOCHI TTO3BOJIMIIN OLIEHUTH a3UMYTHI. [lomydeHHbIe

OLICHKH KOPPENUPYIOT C OLEHKAMH, MOJYy4YEHHBIMHU
II0 3JUIMIICY PACCEAHMS JUIsSl IPUMEPHO TPETH KiacTe-
poB. Emie B TpeTH cilyyacB HallpaBJICHHE M0JIETA HE CO-
BHazaeT. B ocTa’dbHBIX ciydasx BEIOPOCH! HAPaBICHBI
MIONIEPEK OIS PACCESHHUSL.

YucneHHOEe MOAETMPOBAHNE PA3JINYHBIX KIACTEPOB
TIO3BOJIUT ONPENENUTh HanOoIee MOAXOASIINE apame-
Tpbl KT 1 cooTrBeTcTByIOMMNE 0COOCHHOCTH (pparMeH-
Talll{, TOATBEPAUT WU OIPOBEPTHET BBIBOIBI O BIIHSI-
HUU aTMOC(EPHOI COPTHUPOBKH M OLIEHKE IMapaMeTpPOB
TPaeKTOPUH.

Paboma evinonnena 6 pamxax eocyoapcmeeHnozo
3adanus Munucmepcmea Hayku u 8vicuie2o 00pa3o8anus
Poccuiickoti @edepayuu Ne 125012200624-5.
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IKCITEPUMEHTBI ITIO BOCITPOU3BEIEHUIO ABJIALIUN
METEOPOHN/10B B HASEMHbBIX YCTAHOBKAX

HonoB A.A., Kokopun A.D.
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[Iporeccel, MpOUCXOASIINE C METEOPOHIAMH MTPH UX
najieHny B arMocepe 3eMiin, OCTaloTcs He 10 KOHIA
W3YUYEHHBIMHU U MPEACTABIAIOT aKTyaJlbHOE HaNpaB-
JIeHue 11 u3ydeHus. [ momydeHns! HOBBIX JaHHBIX
WCIONB3YIOTCS pa3Hbie monxosl. OgHako, 0COOEHHO
WH(POPMATHUBHBIMU MOTYT OBITH SKCIIEPUMEHTHI 110 BOC-
CO3IAHUIO YCIOBUH MaIeHNsI METEOPOHNAa B HA3eMHBIX
ycraHoBKax. [1omoOHbIe 3KCIIEPUMEHTHI TIO3BOJISIOT BOC-
CO3/1aTh YCJIOBHUSI B IIOTOKE ILJIA3MBbl, BO3JECHCTBYOLIEN
Ha METEOPOHJ TIPH €Tro MaJaeHuH B aTMochepe 3emMiaun
B 1a0OpaTOPHBIX YCIOBUSX, YTO Ja€T BO3MOXKHOCTH
UCTIONIb30BaHUS Ta00PATOPHBIX CPENCTB JJISl U3YUCHUS
nporecca abisAIuu METEOPOHIOB.

B nanHoli paboTe paccMaTpUBaIlOTCS HEKOTOPbIE
MyOIUKAIUY TOCTETHHUX JIET, B KOTOPBIX OMUCHIBAIOTCS
SKCIIEPUMEHTHI 10 HCCIIEI0BaHUIO aOISIINN METEOPOHIOB
B JIJA0OOPATOPHBIX YCIOBUAX. MHOI'HE U3 MPEICTABICHHBIX
nyOauKanuii oTHOCATCS K mpoekTy MetSpec [Toth et al.
2024]. B ananu3npyemMbIX paboTax pacKphIBAIOTCS: Ta-
paMeTpbl a0SAIUU B YCTAHOBKAX C BHICOKOM SHTAJIBITUCH
[Helber et al. 2019], neTporpadgudeckuii 1 reoXuMude-
CKHii aHaTu3 00pa3noB nocie abmsuuu [Pittarello et al.
2019], ananu3 sMuccuu CN Kak Mapkepa OpraHu4ecKux
coenmHeHU B MeTeopouaax [Pisarcikova et al. 2023],
pasnuyus B abIAIuH 00pa3IioB JKEIEe3HBIX U KAMEHHBIX
MmeTeopuToB [Wang et al. 2024], Bu3yanbHble HaOmIOAC-
HuUsI abnsmiy 06pasoB MeTeopuToB [Grigat et al. 2024],
0COOEHHOCTH ONTHUYECKUX CIIEKTPOB a0ISIIUU 00pa3-
IIOB METCOPHUTOB pa3HbIX TUMOB [Matlovi¢ et al. 2024],
CIIEKTPATBHBIN aHATN3 a0JISAIUHA ¢ BHICOKOH YacTOTOMH
¢ukcanuu kaapos [Ravichandran et al. 2024], cnek-
Tpockomnus abnsanuu B YO nuanazone [ Vaubaillon et al.
2024]. B paboTe COMOCTaBIISAIOTCS MMapaMeTPhl TOTOKA
TJIa3MbI B aHATM3UPYEMBIX ITYOIUKAIHX U ITOTy4YaeMble
B masMorpone @TU YpdY.

Paboma sevinoanena npu nooodepacke epanma PHD
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CIIEKTPbBI METEOPOH/10B
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BompmmacTBO KOcMudeckux Tei (KT) He qocturaet
MOBEPXHOCTU 3eMJIH, U UX CBOWCTBA OMPEACISIIOTCS
KOCBEHHBIM 00pa3oM moreHepupyem npojetoM KT
adexram. PerucTprupyemble CIEKTPH METEOPOUIOB
JIAI0T BO3MOXKHOCTB MONYYUTHh HEKOTOPOE MPECTaB-
nenue o xumuaeckoM coctaBe KT u ux pasHooOpaszuu.
Marnenskue (pazMepoM MEHee CAaHTUMETPa) U OOJIBIITHE
METEOPOUIbI BBIICISIOT CBOIO SJHEPTUIO Ha Pa3HBIX BbI-
COTax, ¥ MX B3aUMOJICHCTBHE ¢ aTMOC(HEPOi IPOUCKXOAHUT
B pa3HBIX pexnMax. PU3NUecKre yCIOBUS MIPH MPOJIeTe

MeTeopon/Ia uepe3 arMochepy 3HaIUTEIEHO MEHSIOTCS
C BBICOTOM, M pa3iuYHbIE IPOLECCHl OTBETCTBEHHBI 32
aOJSALMIO Ha pa3HbIX CTAMSIX MIPOJIETa, YTO CKAa3bIBACTCS
U Ha HaOJIIOJJaEMBIX CIIEKTPaxX METCOPOHIOB.

B noknane OynyT obcyxaarbes yciaoBus GopMmu-
pPOBaHUS CHEKTPOB AJISI MaJIEHbKUX U OOJBIINX TeJ,
YHCIEHHOE U Ja0OpaTOPHOE MOIETHPOBAHUE U CyIIe-
CTBYIOILIME OTPaHUYEHUS B HCIONB3YEMBIX MOAXOaX.
BynyT mpencraBieHbl OIIEHKH XMMHYECKOT0 COCTaBa,
KOTOpBIE MOXKHO CIIeNIaTh P aHAJIN3E CIICKTPOB.
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HOJYYEHHUE KPUCTAJIJIOB AHAJIOI'OB XAJIBKOI'EHUJIHBIX MUHEPAJIOB
B COJIEBBIX PACIIVTABAX HA OCHOBE I'AJIO'EHU/IOB JIMTUSA

Ily3anoBa WU.T., Ilonos E.A., Yapees /I.A.

Hncmumym skenepumenmanvroi munepanocuu um. /1.C. Koporcunckoeo PAH, Yepnozconoska, Poccus
Tocyoapcmeennwiii ynusepcumem «yonay, J{yona, Poccus
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Pa3BuTHEe METOMOB CHHTE3a KPUCTAJIIOB SIBISETCS
HEOTHEMJIEMON YacTBIO PEIICHUsI HOBBIX 3a/1ad B 00-
JIACTH 3KCHEPUMEHTAIbHON MHHEpAJOruH U CO3JIaHus
(YHKIIMOHAJIBHBIX MaTepHasioB. B MaTepranoBer4eckux
WCCIIEIOBAHUSX 0C000€ BHUMAaHHE YACISACTCS MHINBH-
JTyaJIbHOMY TOIXOY K MOJYUYEHHIO COEAMHEHUH MITH X
cMeceit, MOCKOJIbKY HET YHUBEPCAJILHOTO METO/Ia, KOTOPBIN
OBl MO3BOJISLT PEAIN30BATH BCE BO3MOKHBIE HEOOXOIMMBbIE
(U3UKO-XMMHUYECKUE YCIIOBUS SKCIIEPHMEHTA.

[IpumeneHne pacTBOpP-pacIIaBHOTO METONA B yC-
JIOBUHU CTAllMOHAPHOT'O TEMIIEPATypPHOro IpajueHTa
MO3BOJIAET 3aQUKCHUPOBATH TEMIEPATYPY POCTa KPH-
CTaJIJIOB © MUHAMHU3HUPOBATh U3MEHEHNE aKTHBHOCTH
KOMIIOHEHTOB paciiaBa. TemmnepaTypa B OJHOU 4acTu
aMITyJIBl BBIIIE, Y€M TeMIlepaTypa B IPyroi 4acTu.
B ropsiueit yactu HaXOIUTCS IMXTA, KOTOPasi MOCTEMNECH-
HO PacTBOPSIETCS B JIETKOILIABKOM COJIEBOM PAaCILIaBE
[Chareev et al., 2016]. [Ipu yMeHBIICHHH TEMIIEPATY PbI
TIOCTETIeHHO YMEHBIIIAeTCS PACTBOPUMOCTH KOMITOHEHTOB
B pacIjiaBe, 4TO, B CBOIO O4epelb, MPUBOJUT K 0Opa-
30BaHHIO KPHUCTAJIJIOB, COCTAB KOTOPBIX HE COBIAJAET
C COCTaBOM pacIlIaBa.

J1ist Moy YeHus KPUCTAJIJIOB aHAJIOrOB PTYTHBIX c(ha-
neputoB (Hg, Zn) S, rpoxosckunrta CuCrS , MUHEPaIOB

SEM HV: 20.00 kV
SEM MAG: 170 x
Nekrasov A.N.

Vac: HiVac
View field: 2.24 mm
Det: BSE detector + SE Detector

cucteM Pb-Bi-S, K-Fe-S u Cu-Fe-S [[ly3anoBa u mp., 2024],
a taxxe coenuuennii Fe (Se, Te) u Fe (Se, Te, S) (puc. 1)
B Ka4e€CTBE POCTOBOI CpeJlbl CTIOIH30BAIHCH PACIIIABHI
Ha OCHOBE TaJIOTEHUIOB TUTHS. TeMmepaTypa ropsaero
KOHIIa 00b14HO cocTaBiasia 500—400°C, a X0JI0gQHOr 0
KOHIIa, Ha KOTOpOM pociiu Kpuctamisl —400-320 °C.

J g HEKOTOPHIX W3 TOJYYEHHBIX U OXapaKTepH-
30BaHHBIX KPHUCTAJIOB OBLTH MPOBEACHBI U3MEPEHUS
3JIEKTPONPOBOIHOCTH, MATHUTHON BOCIIPUUMYUBOCTH
Y TETUIOEMKOCTH TIPH HU3KHUX TeMIepaTypax.

Paboma svinonrnena npu uacmuunou uHanco8ou
nooodepoicke PH®, npoexm Ne24-72-00166.
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OIIMCAHUE UK-PEI'MOHA 2.65-2.80 MKM U ITIOUCKH
MOJIEKYJISIPHOI'O A30TA B MEXK3BE3HBIX JIBJIAX
HA OCHOBAHUMU INMOCJIEAHUX JAHHBIX TEJIECKOITIA JWST

CanyHnoBa Y.A., Oxuranos M.J., [lerpamkesnu U.B., Measenes M.I., Bacionun A.H.

HUEHuUM Yp®Y, Examepunbype, Poccus, uliana.sapunova@urfu.ru

Honroe BpeMsi 3HaYHWTENbHAS HONS OIMXKHETO
WK-nnana3oHa ocTaBanach HEMCCIIEIOBAHHOM B CHITY He-
JIOCTaTOYHOW pa3peliarolieii CltocCOOHOCTH KOCMUYECKUX
oOcepBaTopuil IpeasI Ay X MoKoeHni. Tak, 6osee
KOPOTKOBOJTHOBBIN PEruoOH, PacloIOKEHHBIH 32 MOJIOCOHH,
BBI3BAHHOW BaJICHTHBIMU KOJICOAHUSIMU B MOJICKYJIax
BOJIBI MEXK3BE3THOTO JIh1a (3 MKM), CTAHOBUTCS 00 BEKTOM
MPHUCTAIBHBIX UCCIIEIOBAHHIA TOJIEKO Cevac, C BBIXOIIOM
B KocMmoc Teneckona JWST u momydyeHneM MHOXKeCTBa
CMEKTPOB XOJIOMHBIX 00BEKTOB — MMPOTO3BEITHBIX CUCTEM
Y IUTOTHBIX JT03BE3IHBIX 00akoB [Brunken et al., 2024;
Noble et al., 2024]. Beiscusietcs, 4To 007aCTh CIIEKTPa
B Juanas3one 2.65—2.80 MKM MHTepeCcHa HAJTMYUEM MHO-
JKECTBa JIMHUM TIOTIIOIICHU S, CBI3aHHBIX C KOJICOaHUSIMHU
PA3IMYHBIX MOJIEKYJI, TPEACTABIISIONINX TBEPAYIO (hazy
B BBHIIIEYNIOMSIHY TBIX KOCMHYECKHX 00BeKTax. B gact-
HOCTH, 9TO KOMOHMHanuoHHble nonaocel CO, (2.7 MKkM)
1 cBoOOIHbIE BaneHTHbIE Koaebanus H O u npyrux ya-
CTHII, COEPKaIINX THAPOKCIITBHBIE Tpymmbl. [locnename
WUTPAlOT 3HAYUTEIHHYIO POJIb B ONPEAEIICHNH COCTaBa
U CTPYKTYPBI JIBJIOB MEXK3BE3NHOU cpelbl. B oTinuyue
OT TIOJIOCHI CBA3AHHBIX BAJCHTHBIX KOJIE€OAHWUH BOJFI,
BBI3BaHHBIX pacTsikeHreM O — H cBs3u MoneKkyibl, Ha-
XOJSIEICS B TETPA3APUUECKOM OKPY>KEHUH UYETBIPEX
TaKWX K€ MOJICKYJI, ITOJIoca CBOOOAHBIX KOJCOAHUH
CBsI3aHA C aHAJOTHYHBIM PACTSHKCHUEM B MOJIEKYIIE,
OKPYXEHHOM TOJIBKO TPEMS WM ABYMSI CXOJHBIMU C HEN
gacTHUIIaMH. Takas MOJIEKyJIa MOXKET Koyie0aTbes TH00
B BaKyyM, JIHOO B HEMOJISPHYIO CPEIy, KOTOPAsi B MEXK3-
BE3HBIX Nbaax npencrasiena CO, CO,, 4To J0CTOBEPHO
M3BECTHO, @ TAKKE, BEPoTHO, N, n O,.

B xone skcniepuMeHTOB, MPOBEAEHHBIX B JTa00OpaTo-
pUU ACTPOXUMHUYECKUX HUccnenoBaHnil YpDY Ha cBepx-
BBICOKOBAYYMHOM yCTaHOBKE, OBIJW TMOJYYEHBI MH-
(pakpacHbIe CIIEKTPHI aHAJIIOTOB MEXK3BE3AHBIX JIHJIOB
cocraom H,O: CO,: CH,OH: NH,: CH, u ¢ nepemMeHHbIM

conepxkanuem N, u CO. B pesynerare Gpurtunra tunen-
HOI KOMOHMHAIHEH TOTy4YeHHBIX CIIEKTPOB AaHHBIX JWST
nuist mpoTo3BE3aubix cucteM EDJ183, S68N u TMC-1
OBLIO YCTAHOBJICHO, YTO OCHOBHOM BKJaj B Hambojee
WHTEHCHUBHYIO M IIUPOKYIO MOJIOCY CBOOOIHBIX BAJICHT-
HbIX KoneOanui H,O BHOCAT ruApOKCHIILHBIE TPYIIIIBL,
B3anmozaeicTBytomnue ¢ CO, 1 cOOCTBEHHO CBOOOTHEIC
KoyiebaHusl BOJHI B BaKyyM. B To ke Bpemsi, He ObLIO
BBISIBJICHO 3aMeTHOro Bkjiaaa oT O — H rpymm, kose-
Onromuxcs B komruiekcax ¢ CO, ¥ npencKasanHbIM
M0 MHOXECTBY MOJENEH Nz.

Ha ocHOBaHMH 3TOT0 MOXHO CIIENATh BBIBOJ O TOM,
YTO B CJIO€ BOJSHOTO JIbJIa HETIONAPHBIE MOJIEKYJIBI Ha-
XOJSTCS B BUJIC arjlOMEPaTOB, a 3HAYUT TOJIBKO KpaiiHe
HE3HAYUTEIIbHAS UX YaCTh, PACIIOJIOKCHHAS Ha TOBEPXHO-
CTH ATHX arJIOMEPATOB, OKa3bIBaeT A GHEKT Ha KOJIeOaH s
monexyn H,O. B To ke Bpems B3aumonericteue ¢ CO
0CTa€TCsl 3HAYUTEIIHHBIM, BEPOSITHO, B CHJIy PACIOO-
xennsi CO Ha MOBEPXHOCTH BOMASTHOTO CJIOS C MTOTHBIM
€ro TOKPBITHEM.

Paboma svinonnena 3a cuem epanma Poccuiickozo
Hayunozo ¢onoa Ne 23-12-00315 u eoczadanus FEUZ-
2025-0003.
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TJIMHUCTBIE MAHEPAJIBI TUHEVMHBIX KOP BBIBETPUBAHUS ®YHIAMEHTA
FOKHO-TATAPCKOI'O CBOJA (BOCTOYHO-EBPOIIEMCKA S IIJTAT®OPMA)

Cupoposa E.10., Cutaukosa JI.M.

Hncmumym eeonocuu u negpmezazosvix mexuonoeuti, Kazancrkuu (Ilpusonsccruii)
gedepanvuniii ynusepcumem, Kazanwo, Poccus, lena353@list.ru

N3BectHo [Jlanmmackast, XXypasines, 1967, CHTINKOB,
1968], uto B npenenax Bonro-Ypanbckoil aHTEKIHU3EL,
B TOM uuciie 1 Ha Tepputopun FOxHo-Tarapckoro cBoza,
LIMPOKO Pa3BUTHI JOJEBOHCKHE KOPBI BBIBETPUBAHUS
(KB) no apxeii-nporepo3oiickuM mopogam QpyHaaMeHTa.
Tunuzanus JaHHBIX KOpP BBIBETPUBAHMS MPOBOIUIIACH
0 HECKOJBKUM IapaMeTpamM (Bo3pacT, Mophoiorus,
MHHEpaIoro-reoXuMHUYEcKuil coctas u ap.). [lo uccne-
JIOBaHUSIM KEPHOBOT'O MaTepHasia yCTaHOBIIEHO, YTO JTH-
HEWHBIN (TPEIIMHHBINA) ¥ THHEHHO-TIIONATHON THITBI
KB sBastoTcs MmeHee pacnpoctpaHeHHbIME (10 10%
M3YYEHHBIX CKBaXXMH) [0 CPAaBHEHHUIO C MJIOLIATHBIM
tunoM. JIuneitnsie KB xapakTepusyroTcsa pa3BUTHU-
€M B 30HaX TEKTOHWYECKHX HapylIeHUi (yHIaMeHTa,
yBeJMUeHUueM MorHocTel (10 40—50 M u 6osee), 1I0xo
BBIPAXKCHHOW 30HAJIBHOCTHIO NPOQUISL U HAIUYUEM
TOJIBKO JIBYX 30H: JIE3UHTEr PALlUU U THIpATaI[MH-BbIIIE-
nmaunBaHus. [Ipu 3TOM, COCTaB IMTMHUCTHIX MHUHEPAJIOB
Y CMEHA MX aCCOLMALUI MO MPOQUITIO SIBIISIIOTCS OIpe-
JEeNAIIUMH (pakTopaMu Ipu ycTaHoBIeHHH 30H KB.

[Ipumepom pa3BUTHS JTWHEHHON (ITWHEIHO-TIIO-
mannoit) KB sBnsercs ckBaxuna 405, pacnionoxeHHas
B ceBepHOU wacTu FOxxkHo-Tarapckoro cBoga BOIM3H
Kamcko-KuHensckoit cucteMsl MporudoB. MoOMTHOCTE
KB no kepny cocrapinset 49,8 M, BO3pacT onpeneiseTcs
KaK JIO)KUBETCKUH (COTIIACHO MOKPBIBAIOIINM OTIIOKEHH-
sm). [Topons! pyHaamenTa, moaBeprmmecs N3MEHEHHIO,
NpeacTaBIeHbl CHITMMAHUT-KOPANEPUT-MYCKOBUTOBBIMH
ClIaHIAMU U OMOTUT-CHIUIMMAHUTOBBIMH THEHCAMH.
Ilo pa3pe3y cKBa)KHHBI BBISBIIEHO HECKOJIBKO HAKJIOHHBIX
TPELIHH, YePEAOBaHUE 30H Pa3HON CTEIIEHH BHIBETPEINO-
CTH TIOPOJ, IPU YeM HauOoIbIINe U3MEHEHU S TPy PO-
YEHBI K [IEHTPaJIbHBIM YaCTsIM TPEIIMHOBATHIX yYaCTKOB
(30Ha ruApaTanuu-BeimenaunBanus). CocTaB INIMHU-
croit komrnoHeHThl KB n3MeHuuB 1Mo npoguiio: B 30He

JIE3NHTEr paluy 0oJee pa3BUTa CMeIIaHOCIOHas (aza
WITUT-CMEKTHUT (10 60 %), B KauecTBE BTOPOCTEIICHHBIX
CoZiep)KaTcs KAOJIMHUT | XJIOPHT; 30HA THAPATAIIH-BBI-
HIeNIaYMBaHUS OTINYACTCS TPEo0IaaHeM KaOJTMHUTA
(mo 75—80%) U CHUKEHHEM JOJU CMEKTUTOBOU (Da3bl.
KpucramroxnMudeckne mapaMeTpsl KAOIWHUTA B BBI-
JICJICHHBIX 30HaX pa3iuyHbL. [0 TaHHBIM BRIYUCIICHUN
HHJICKCOB «KPUCTAJNIMYHOCTHY KAOJMHHUTA IO PEHTIe-
norpammam (HI, AGFI, IK u np.) [Aparicio et al., 2006;
Cunoposa u ap., 2023] BbIAETICHBI €r0 Pa3IUYHbIC TUIIBI
o cTeneHu aeeKTHOCTH. Hannydnmmu cTpyKTypHO-
MOP(OIOrHIEeCKIMH XapaKTePUCTHKAMH OyieT 001aaaTh
KAOJIMHUT 30HBI TUJIPATAI[UU-BHIIICIAYUBaHUS (CPEITHE-
JeheKTHBIN KAOJMHKT), TOTIA KaK B 30HE JIC3UHTEIPALIUU
npeo0aaeT BBICOKO-1e(DEeKTHBIN THIIL.
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NHAEKC KPUCTAJIVIMYHOCTHU KBAPHA U CTPYKTYPHO-
MOP®OJIOTHYECKHE OCOBEHHOCTHU

Cutauxona JI.M., IToasuckas M.B.

Kaszanckuu (Ilpusonoccruil) @edepanvusiii Ynueepcumem, Kazans, Poccus,
Sitdikova8432@mail.ru, marinaolyan2002@gmail.com

B cBs131 ¢ akTyaIbHOCTBIO TIPOOIEMBI U3yYeHUS 00h-
€KTOB Pa3IMYHBIX THIIOB KBapIia, 3TOT BOIPOC TpedyeT
JIeTAJIbHOM XapaKTEPUCTUKH YCIOBUI €r0 KPUCTAJIIN-
3aIid, CTPYKTYPHO-MOP(HOIOTHIECKUX 0COOESHHOCTEH
Y IpuMecHOTo coctaBa. OOBEKTOM UCCIIeIOBAHU S OBLITH
00pas3IIbl ¢ pa3IMYHBIX MECTOPOXK ICHHIA JKUITBHOTO KBap-
113, OPHEHTUPOBAHHBIX HA ITOVCK Pa3TMIHBIX METAIIOB,
a TaK)Ke KOHIIEHTPaT 00pa3I0B MEIKO-Py30BUTHO-KPH-
CTaJIITMYECKOT 0 KBapIia.

MeToasl U3y4eHUS: ONTHKO-NEeTporpaduiecKkue,
PEHTTEHOCTPYKTYPHBIN aHATN3, DIIEKTPOHHAS MapaMar-
HuTHag pe3oHanc (DI1P). bonpmmHCTBO MecTOpOXK IeHN I
YKUJIBHOTO KBapIla CBS3aHbI C JATKOBRIMH KOMITJIEKCAMHU
JIMOPUTOBOTrO cocTaBa. KBapil kpucTamin3oBaics B 30HaX
TEKTOHUYECKUX HAMIPSDKEHUH, 9TO BBI3BIBAIIO TIOSIBJICHHC
Pa3IMYHBIX MEXaHUYECKUX JeOopMaIiii: pa3BUTHE pa3-
HOHAIPABJICHHBIX MUKPOTPEIINH KBapIia, MOsBICHUE
BOJIHHCTOT'O ¥ OJIOYHOT'O THIIA [TOTacaHusl. YCUJICHUE Jie-
(hOpMaIMOHHBIX ITPOIIECCOB ITPH KPUCTAIUTH3AINH KBapIa
BBI3BIBAJIO MOSIBICHUE MEXaHUYECKOTO JJBOMHUKOBAHUS
KBapIia, BIUIOTh IO CMEIICHUS aTOMOB KPHUCTAUTHIECKON
peleTky, 00pa30BaHUs AUCIOKAINA U 30H JIOKAJIEHOTO
PasymopsI0UMBaHUS CTPYKTYPBIL, YTO CO3JAET YACTUYHO
aMmopdHbie o0macTu. Hamu OBIITN BEISBICHBI yIaCTKU
MEXaHUYECKOTrO JBOMHUKOBAHUS KBapua. [|BOWHUKH,
XOTbh U HE SABJISIOTCS aMOP(HBIMHE, HO CO3/IAF0T TPaHUIIBI
pasznerna MEXIy pa3ImIHO OPUCHTHPOBAHHBIMHU KpPH-
cramnaMu. Ha Takux rpaHHIax BO3HUKAIOT JAePEKTHI
CTPYKTYPBI (IUCIOKAIIMY, BAKAHCHUH), KOTOPHIE MOT'YT
HapymaTh NMEPUOIUIHOCTh PEMIETKH U CHIIKAIOIINE
CTENeHb KPUCTAINTMYHOCTH KBapLa.

MeTon0M peHTreHOCTPYKTYPHOI'O aHaln3a u3yda-
JUCH 00Pa3IIBl KUIHFHOTO KBapIa C IBYX MECTOPOXKIE-
HHUM, MMOJYYEHBl pa3IMYHbIC 3HAYCHUS HHICKCA KPHU-
cramuHoctu (Kci) Ha mectopoxxaeruu Ne 1 Kei = 2,2

(cynbpdunabpl B accoruanuu ¢ Au), Ha MECTOPOKICHUU
Ne2— 5,52 (mouck Au). IHAEKC KpUCTAJUIMYHOCTH KBapIia
CBSI3aH C MEXaHUYECKMMH U CTPYKTYPHBIMH Jie(eKTa-
MU. BeIn npoananu3upoBaHbl Takke 00pa3bl KBapLa
M3 KBaplEBOI0 KOHIIEHTpAaTa (3K30T€HHOTO I'€HEe3HCa),
3HadeHus Kci coorBeTcTBY10T 7,03 M O0IEe.

[lo nanHBIM M3yueHHs 00Pa3LOB KBapLa METOAOM
OIIP cpenn n3oMopdHBIX puMeceld B KBaple HanOo-
nee gacto Bcrpevarorcs Al, Ge, Ti u Fe [Pakos, 2010].
Pesynbrarer OI1P-uccnenoBanuii — B 00pasmax KBapua
CO HHU3KUM HHACKCOM KPHUCTAJNIMYHOCTU (MECTOPOXK-
nerue Ne2) BeIsiBIeHBI n3oMopdHbie mpuMecu Al, Ge.
B oOpasuax koHIeHTpaTa GUKCHPYIOTCS ITMPOKUE THHUN
CIIEKTpa HE CTPYKTYPHOTO MapaMarHUTHOro WoHa Fe**
B Pa3NMYHBIX (paKIUIX MATHUTHOTO, (epPOMArHHT-
HOTO BENIECTBA, KOTOPBIC OBLIN yIaJieHbl 00paboTKO
cnaboro pactBopa HCI. Ilo ciektpy DIIP yctaHOBMIH,
4TO MPOM30LUIO yianeHue Fe’' B Buge MexaHU4ecKoil
IPUMECH U B CAMOM CTPYKTYpPE KBapLa, 4TO CBUIETEIb-
CTBYET O TOM, YTO NMapaMarHUTHbIA HOH Fe*" He BxoauT
B CTPYKTYpY KBaplia, HaXOAUTCS B TUCIIEPCHOM COCTOS-
HUHU. MOXHO NPEAIIOI0KUTh, YTO JaHHBIH KOHIIEHTPAT
SBJISICTCS] LIEHHBIM CHIPHEM AJIS IPOM3BOACTBA BHICOKO-
Ka4eCTBEHHOTO ChIpbs. M3yueHne uHieKca KprucTaland-
HOCTH KBapLa, H30MOpPQHBIX IPUMECEH MOTYT IIOMOYb
B pELIECHIH BOIIPOCOB I'eHE3UCa KBaplia  COOTBETCTBY-
IOLIEeTO THUIIA OPYJCHEHHUS.
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CHHTE3 U CBOICTBA SIUHUT-NOAOBHBIX CJIOXKHBIX OKCHJIOB CEPUIA
La,_CaTi_Nb_OM La,_BiTiNbO,

CosnomatoB B.O.', MuxaiiaoBckas 3.A."2, JKexynuubin U.A.2

I'Vpaneckuil pedepanvhoiii ynusepcumem, Examepunoype, Poccus
? Uuemumym zeonozuu u 2eoxumuu YpO PAH, Examepun6ype, Poccus

Kepamuxka na ocnose LnNbTiO, (Ln = P33) npen-
CTaBISIET MHTEpeC Ojaromaps MIUPOKOMY CIEKTPY
INOTCHIIHAJIBbHBIX HpHMCHCHHﬁZ B MUKPOBOJHOBBIX
YCTPOMCTBAX, B KAYECTBE MATPHIL JIJIs1 IMMOOUITH3AIMH
U- u Th-comepxanux pagrianMOHHBIX OTXOJ0B; B Ka-
YeCTBE MAaTPUILHI JJ1s1 IFoMUHO(DOpoB [Surendran et al.,
2003, Zhang, 2017].

B Hacrosimielt paboTe mpencTaBieHbl pe3yabTaThl UC-
cnenosanus cuctem La, Ca Tiy Nb O, u La_Bi TiNbO,
(x=0...0.2), moTy4eHHBIX METOIOM ITHPOITH3a KUIKIX
MPEKYPCOPOB, U M3yUeHBI UX cBoicTBa. [lo pe3ynbTa-
TaM aHaju3a PEHTTreHOrpauUeCKNX AaHHBIX CHHTE-
3a LaTiNbO, (nudppakromerp XRD-7000 Shimadzu)
YCTAHOBJICHO, YTO ONMTHMAJIBHOW TeMIepaTypoi CHH-
te3a saBisercsa 1100 °C, a Bpemst oTKUTa — OKOJIO 25
gacos. Coctasbl La_ Ca Ti Nb,, O u La,_Bi TiNbO,
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Puc. 1. PearrenorpamMmsl 00pa3mnoB coctaBa LTN:
LaTiNbO; LBTNx: La_Bi TiNbO, ;
LCTNx: La,_Ca Ti, Nb, O, ,, tne x = 0,05; 0,10; 0,15; 0,20,
noryuernHble ipu 1100 °C ¢ BpemeneM otxura B 24 daca.

CuMBOIOM «*» 0003HAYEHBI TPUMECHBIE TUKU

(x = 0...0.2) 6bUTH TOTYYEHBI TIO TaKOH K€ TEXHOJIO-
ruy oTxura. s coctaBos x > 0.2 oOHapy>KeHbI TUKH
npUMecHO# (a3bl, CB3aHHBIE C 00pa30BaHUEM MOHO-
KJIMHHOW MOIM(HUKALMK, YTO MOXET ObITh BBI3BAHO
CTePUYECKUMHU HANPSIKEHHUSMHU MPU 3aMEHE HOHOB
La** (puc. 1). DneMeHTHBII COCTaB MOy YESHHBIX 00pPas3IOB
MOATBEPIKJIEH C IOMOIIBIO PEHTTEHO(IIYOPECLEHTHOI'O
ananu3a (EDX8000 Shimadzu). 13 mopomkoB oKCumI0B
OBLIN MOJTYYEHBI 00pa3IIbl IVIOTHON KepaMUKH, METOIOM
THAPOCTATUYIECKOTO B3BELIMBAHUS M3MEPEHA UX IIOT-
HOCTB, IPOBEJCH aHAJIU3 MUKPOCTPYKTYPBl KEPAaMUKH
MeTtosioM COM, nonydeHsl pe3yabrarsl PamMmaHOBCKO#M
CIIEKTPOCKOINH, 3IEKTPOIIPOBOISILYE CBOHCTBA KEPAMUKH
aTTECTOBAHBI METOIOM MMIICIAHCHON CIIEKTPOCKOIHH.
Takke ¢ MOMOIIBI0 ClIeKTPOocKonuu uhy3uoHHOTO
paccesHUs A cepuu 0OpasLoB OlpenesieHa IHPHHA
3alpelIeHHON 30HBI.

Paboma evinonnena 6 LIKTI «I eoananumury UI'T YpO
PAH 6 pamxax mem Ne 123011800012-9 u 124020300057-6
2ocyoapcmeennozo 3ao0anus UI'T YpO PAH.
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PE3YJIBTATBI HCCJIIEJOBAHUSA COCTABA COEPYJI METAJIVIMYECKOI'O
KEJIE3A B YACTUIHAX JIYHHOI'O 'PYHTA MUCCHUHN YAHBE-5
N CPABHEHMUME C OKCIIEPUMEHTAJIbHBIMU JTAHHBIMU

Copoxun E.M.!, I'epacumos M.B.%, llIk;10Bep B.51.°, Bonnapes A.B.?

! Hnemumym 2eoxumuu u ananumudeckot xumuu um. B.H. Bepnaockoeo PAH, Mocksa, Poccus
2 Unemumym kocmuueckux uccaedosanuti PAH, Mocksa, Poccust
3000 “Cucmemvt onss muxpocxonuu u anaruza” (CMA), Mockea, Poccus

Hanochepynsl metamnngeckoro xene3a (npFe?)
SBIISIOTCS CYIIECTBEHHBIM KOMIIOHEHTOM PETOJINTa
Jlynsl u gpyrux 6e3atmochepHbix Tei. [IpoucxoxaeHue
¥ MEXaHU3MBI (POPMHUPOBAHUS TaKUX c(hepysr oKoHUYa-
TEITFHO He BhISICHEHBI. 3Ha4anpHO HaHO(a3HbIE YaCTUITBI
paccMaTpUBalUCh KaK MPaKTHUYECKU YUCTOE METAIITH-
gecKoe jkee30. B wactHocTH, CyOMUKPOHHBIE Kele3-
HBIE TTI00YJIBI (IMaMeTpOM MeHee | MKM), XapaKTepHbIe
JUTSL JTyHHBIX 00pa31oB, ObLTH 0XapaKTepHU30BaHbI KaK CO-
crosmue u3 Fe® 6e3 3aMeTHBIX TIOCTOPOHHUX ITpUMeceH
(Pieters et al., 2016, Pang et al., 2024). Tem He MeHee, uc-
CIIeZIOBATEIN HAXOIUIIN CPEy POAYKTOB KOCMHYECKOTO
BBIBETPUBAHUSI TaKHe OOBEKTHI KaK CIUIHIIHIBI JKeJe3a
(nanpumep, Xankeut Fe,Si u npyrue) (Anand et al., 2004,
Nazarov et al., 2012, Gopon et al., 2017), a Takke HaHO-
cynmpduas xeneza (Noguchi et al., 2014). B cununnmax
OTMeualuch nmpuMecH kak Ni, tak u P, a takxe, Ti.

MeTonaMu CKaHUPYIOLIEH U IPOCBEYHUBAIOLIEH
AIIEKTPOHHOI MUKPOCKOITAY OBLITH UCCIIEIOBAaHBI HAHOC-
(hepyIbl U3 arrIFOTHHATA YaCTHUIBI TyHHOTO PErojinTa,
nocTaBieHHOro Ha 3emunio muccueit Hanrwe-5. Creklio,
BMernaroree chepynsl npFe’, ObII0 CyIIECTBEHHO BOC-
CTaHOBJICHO TI0 CPaBHEHHUIO C OKPYKAIIUMH Hepac-
NJIaBJICHHBIMU MHHEpaJaMH, YTO CBHAETEIBCTBYET O
3aMETHOMH IMOTepe KUCIOpOoaa MpH ero (OPMUPOBAHUH.
Jeduuut xucnopona B cTekie cnocodcTByeT GopMu-
poBanuto yactuil npFe’ 1 BOCCTaHOBIICHUIO JICMEHTOB,
MMEIOIINX HU3KOE CPOIICTBO K KUCIOPOAY, B YACTHOCTH,
cueporIIbHBIX 3NIeMeHTOB. VccnenoBanHbie chepynbt
MMEIH TIOBBIIIEHHOE COIep KaHue 10 CPAaBHEHHIO C BMe-
IIAFOIIAM CTEKJIOM TaKHX CHIEPO(UIBHBIX SIIEMEHTOB,
kak Ni, S, P. [loblieHHbBIE cofepskaHust CHASPOPHITBHBIX

JJIEMEHTOB, IT0-BUIUMOMY, 00€CTIEUNBAIOTCS COPOITHE
HUX BOCCTAHOBIICHHBIX (DOPM HAPOKJAIOITUMUCS KE-
TIe3HBIMU cepynaMu U3 OKPYKAIOIIETo cTekia. 30Ha
MUTAHUS B CTEKJIE, U3 KOTOPOH MPOUCXOAHUT COPOIUs
ITHX JJIEMEHTOB OLIEHUBAETCS 10 3—4 paJiyCcoB CaMHUX
cdepyn. Cohepyanst npFe’, Takum 06pa3oM, MOT'YT BBICTY-
NaTh HEKUM XPaHWINIIEM CHICPOPHILHBIX SJICMEHTOB.
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IKCITEPUMEHTAJIBHOE NCCJIEJOBAHUE PEAKIIUN
JOJIOMUTA C KNIMHOIINPOKCEHOM B CUCTEMAX
CaMg (CO,) ,£NaAlSi,O,+CaMgSi, O, [IPHU 3-6I'Tla

CrenanoB K.M., Hlaukuii A.®@.
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TpaHcIopT yIiieposa B MAHTHIO 3eMIIH OCYIIECTBIIS-
€TCsI TIOCPEICTBOM CYOAYKIIUU KapOOHATOB B COCTaBE
TUApPOTEPMAJIBHO U3MCHCHHBIX OKCAHNYCCKUX IIIIUT.
YacTr4HOE MIIaBJICHNE STUX TUTUT OMPEeIsieT KOINYSCTBO
Y TTyOHHY TIOTPYKEHHS YTIIEpOIa ¥ COMPOBOXKIAETCS 00-
pa3oBaHHeM KapOOHATHBIX paciuiaBoB. [Ipeamnonaraercs,
YTO 3T PACIUIABBI HTPAITH BAKHYIO POJIb B MAHTHIHHOM
METacoMaTo3e 1 reHepaIiii KIMOEPIUTOBBIX MarM, a Tak-
ke o0ecrieuyrnBain 00pa30BaHKUEe PUPOIHBIX aJIMa30B.
BMecTe ¢ TeM, cyliecTBYOIUE SKCIIEPUMEHTAIbHBIC
JAHHBIC MMCIOT 3HAYUTEIbHBIC PACXOXKJICHUS 110 TEM-
neparypam conujayca cucteMsl 3kaorut-CO, [Yaxley,
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Puc. 1. Conuaycsl cucTeMbl KapOOHATH3UPOBAHHOTO
akJiorurta u3 pador [ Yaxley, Brey, 2004] (YB04)
u [Dasgupta et.al., 2004] (D04) B cpaBHECHHH C COTUIYCAMU
nanHoi padbots (Di-Dol, Di-Jd-Dol, Jd-Dol).
3ene¢HbIM 0003HaUYeHa 00JIaCTh YCTOHUYNBOCTH
nmonmomuta [Byob et.al., 2006; Shatskiy et.al., 2018].
Ludpamu 0603HAUCHBI KOHIIEHTPAIIMHA JKaICHTOBOTO
MHHAJA B COMHIYCHOM KJIHHOMUPOKCEHE, MON%0.

Brey 2004; Dasgupta et al. 2004], mocTuraromniue He-
CKOJIBKUX cOTeH rpaaycoB npu 3—7I'Tla. Bo3moxHo,
YTO STH PACXOXKACHHUSI CBSI3aHBI C PA3JTUYMEM B KOHIICH-
TpaLUAX HATPHUS B HCCIEOBAHHBIX CHCTeMaX. UToObI 3TO
BBISICHUTH, B JIAHHOW pab0Te OBLIN M3yYeHBI CHCTEMBI
CaMg (CO,) ,+NaAlSi O,£CaMgSi,O, npu 3—-61Tla,
B auana3oHe temmeparyp ot 850 mo 1700 °C (puc. 1).

B pesynbrare OblH OmpeneneHbl peakiny IIIaBJe-
HUSI, COCTaBbI KAPOOHATHBIX PACIIIABOB U TEMIIEPATyPBI
nx oOpa3oBanusa. Ha OCHOBaHWMH 3THX TaHHBIX CAETAHBI
BBIBOJIBI O PEAKIIUSX [UIABJICHHS B CIIO’KHBIX SKJIOTHTOBBIX
CHCTeMaXx U O BIMSHHUM HATPUs HA 3TH PEAKIIHH.
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K TEOPUHN MOAYJAPHOI'O CTPOEHUS JIOBO3EPUTOBBIX CTPYKTYP:
HOBBIE TAHHBIE O 3AKOHOMEPHOCTAX COYJIEHUSA S6R-BJIOKOB
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[IpuponHble U CHHTETHYECKHE MPEACTABUTEIH
TPYNIIBI JIOBO3EPUTA XapaKTEPU3YIOTCA o01mei (op-
myisoit 4,8.C, {M [Si O]}, tne A=Na, Ca; B=Na, Ca;
C=Mn, Ca, Fe, Na; M=Zr, Ti, Ca [Pekov et al., 2009].
B kauecTBe QyHIaMEHTATBHOTO CTPOUTENBHOTO OJIOKa
KPUCTAJUTMYECKOH CTPYKTYPBI MOXKET OBITh BBIJIEICH
nceBnoKyouueckuit SOR-61ok cocrasa |C,MSi O, | n ma-
pamerpoM a ~ 7.5 A [Kpusosuues, 2015]. M-KaTHOHBI
pacrojiararoTcs B BepIInHax 0JIoKa, aTOMBbI Si B ICHTpax
IIECTH OKTAHTOB, a OCTABIIHECS JBA IIEHTPHUPOBAHEI
C-xaruonamu. [lpu aTom, pazbueHne MpocTpaHCTBA
O7okaMu 00N1aaeT PsJIOM CBOMCTB.

1. Pa3Oouenus n3odapaibHbl, T. €. Bce 0I0KH SOR
SBISIOTCSI CHMMETPHYHO SKBUBAJEHTHBIMU OTHOCH-
TEJIBHO MPOCTPAHCTBEHHBIX TPYIIN COOTBETCTBYIOIIUX
KPUCTAJUTMIECKUX CTPYKTYP.

II. Cocennue 61m0ku S6R MOTYT 00BETUHATHCS KaK
UETBIMU TPAHSMH, TaK ¥ TPSIMOYTOIbHBIMHU TIOJIOBHHAMH
rpaHei.

II1. TIpu nrobom 06bEgUHEHNUN OJOKOB V-OKTAHTHI
COCETHHUX OJIOKOB O0BEAMHSIOTCS OOLIMMHU BEPIITHHAMH,
HO HUKOTJa OOIITUMH pedpaMy HITH TPaHSIMHU.

Takum 00pa3oM, Bcero cyuiecTByeT IeCATh BO3-
MOYKHBIX THIIOB pa30neHnii mpocTpancTBa [ KprBoBnyes,
2015]. BmecTe ¢ TeM ocTaeTcsi HHTEPECHBIM BOIPOC —
KaKWMH TPUHITUITHATBHO MOTYT OBITH pa30ueHUs IPO-
CTpaHCTBa MPHU HECOONIOACHUHN MEPBOTO CBONCTBA.
AHau3 MoKa3pIBaeT, YTO MHOT0O0pa3ue TaKuX pazou-
eHUi1 XOTs 1 OoJiee OOLIMPHO, HO TEM HE MEHee TTOIYH-
HSIETCSI OPaHMUCHHOMY HaOOpy PHHIIUTIOB MTOCTPOCHHUS
[CrenenmiukoB, AkceHos, 2022].

OrolizieM OT METO/Ia IOCTPOCHHUSI IEPBOI OOKJICHKH
OTAENBHOTO OJ10Ka 1 OyZIeM paccMaTpUBaTh pa3OUCHUS
nocnoiiHo [CreneHuKoB, AkceHoB, 2022]. Ilpu stom,
OyzeM pa3inu4arh Oelble OJIOKH, CTHIKYEMbIC Ha OJTHOM
YPOBHE U cepble OJOKH, HAXOSIINECS BBIIIE CIIOS OebIX

0JIOKOB Ha MOJOBUHY IJUHBI pedpa 6moka. Eciu 610kn
CTBIKYIOTCS TOJBKO IO TOJHBIM I'PaHsAM, TO BO3MOXEH
eMHCTBEHHBIN THTI cJosA. Eciii B TakoM ci10e XOTs OBl
OJlHA Tapa OJIOKOB CTHIKYETCS 10 MOJIOBHHE TPaHU, TO
KaXKJIbIH OJIOK M3 3TOM Haphl MOPOXKAACT OECKOHEUHBIC
napaJiyiebHbIe NeTmoYku 0510koB. K 3TuM nemoukam
MOT'YT IIPUMBIKATh JAPYTHUE OCCKOHESYHBIC ICTIOYKH, CThI-
KyeMblI€ C TaHHBIMU 10 EIBIM UJIU 10 MOJIOBUHE Tpa-
Hel. CTpyKTypa BTOPOrO U BCEX MOCIEAYIOMHX CI0EB
pa3OueHus MPOCTPAHCTBA TAKKE MOAYHHSETCS BIIOJIHE
OTIPEJICIIEHHBIM IIPUHITUTIAM, IIPH KOTOPOM PaCIIOIOKE-
HUE CePbIX OJOKOB 3a7]a€TCS CTPYKTY POH TIEPBOTO CIIOS.
Takum 00pa3oM, HAMU BBITIOJTHEH JICTAILHBIN aHATTN3
paszbuenus mpocTpaHcTBa Kyondeckumu SOR-610kamMu
JIOBO3EPUTOBOTO THIIA, YTO CYMIECTBEHHO PaCIIHPSET
MOJIXO/, MpeIoXKeHHbIN panee [ Kpuosuues, 2015].

Paboma evinoanena npu ¢unarncosoti nodoepoicke
epanma PH® (Ne 20-77-10065-11) u 6 pamxax memwl
Toczaoanusa Ne 124020100059-2.
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TEH30METPUYECKASI YYBCTBUTEJIBHOCTH BBICOKOHTPOIIUMHBIX
KAPOIITPOYHBIX CIIJTABOB: IIPUPOJA DOPPEKTA U ®PYHKIIMOHAJIBHOCTbD
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OOMmupHBIC UCCIECTOBAHUS PA3IMIHBIX ACTIEKTOB
KOHIICHTPHUPOBAHHBIX MHOTOKOMIIOHEHTHBIX METaJLIH-
YEeCKHX TBEPABIX PACTBOPOB, UMEHYEMBIX KaK BBICOKO-
sHTponuiiHbIe crutaBel (BOC), mpomomkaioT ocTaBaThCs
OJTHUM U3 KIIFOUEBBIX HAIPABIEHUH COBPEMEHHOTO Ma-
TepHasnoBeneHus 1 TexHonoruu. BOC neMoHcTpupytor
YHHKAJBHOE COYeTaHWE MPOYHOCTH U MIACTUIHOCTH,
BBICOKYIO M3HOCOCTOMKOCTBH M COIPOTHUBIIEHHE YCTa-
JIOCTH, @ TaK)XKe HEOOBIYHBIN 3JIEKTPOHHBII TPAHCIOPT.
[ocnemuuii MyHKT MPENCTaBIACT HANOOIBITNN HHTEPEC
C TOUKH 3pEHHS BO3MOXKHBIX MEPCIIEKTUB TPUMEHEHU S
3TUX MaTepuaioB s pa3pabOTKH MACCHBHBIX KOM-
MTOHEHTOB JJIEKTPOHUKH (MTPEIIU3NOHHBIX PE3UCTOPOB,
3IIEKTPUYECKUX MpeoOpa3oBaresei / IeTEeKTOPOB Me-
XaHWYECKOTO BO3JICHCTBHUS).

BonpmuHCTBO CIIaBOB ATOTO Kilacca 00NamaroT
BBICOKUM JJIEKTPHUECKUM COIPOTUBICHHEM, KOTOPOE
MPaKTUYECKH HE 3aBUCHT OT TEMIEPATYPhl. ITO CBOM-
CTBO SIBIIIETCSI OJTHAM M3 BaXXHEHITNX TEXHUYECKUX
TpeOOBaHM K METAJUIMUECKUM MaTepuajam MmpH mpo-
EKTUPOBAHUH PA3ITUYHBIX MPEIU3UOHHBIX PE3UCTOPOB
Y DJIEKTPOMEXAHUIECKUX TTpeoOpa3oBaTeneil, TaKIX KaK
JaTYMKU JaBJIeHHs UM TeH300aTunku. HenaBHue nccre-
JIOBaHUS, MPOBEICHHBIC HAa HEKOTOPhIX BOC, mokazainm,
YTO UX NEKTPUIECKOE COMPOTHBIICHUE CHIIEHO 3aBUCUT
KaK OT AaBJICHHUsI, TAaK U OT MPHJIOKEHUS OJHOOCHOU
MEXaHMYEeCKOW Ie)OpMAIIHH TI0 CPABHEHHUIO C aHATIOTHY-
HBIMH 3 deKTaMu B OOBIYHBIX CILIABaX, TPUMEHSIEMBIX
B KaueCTBE COOTBETCTBYIOIUX AaTuuKoB [ Uporov et al,
2022; Uporov et al, 2024]. CaMbIM HHTPUTYIOIITUM OT-
KPBITHEM SBISETCS TO, YTO TEH30YYBCTBHTEIHHOCTH
UK KOdPPUIHEHT IIEKTPOMEXaHUUYECKOTO MPeod-
pa3oBaHHSA B kapompouHbiXx BOC MoxeT mocTurarh
3Ha4YeHui 10 5.17, 4yto Gonee yeM B 1Ba pa3a MpeBbIIIAET

MoKa3aremu Juist KoHcTaHTaHa (2.1-2.0), KoMMepUecKoro
TEH30METPHYECKOTO CIIJIaBa.

Pa3paboTka HOBBIX CEHCOPHBIX MAaTEPHUAJIOB TPEOYyeT
JETaJIBHOTO TIOHUMAaHHS IPUPOBI PU3NUECKUX MEXaHU3-
MOB, JIE)KAIIUX B OCHOBE BBHICOKOI TEH30YyBCTBUTEIb-
HOCTH B 3TUX CHCTEMaX.

OT0 HccNeI0BaHUE COCPENOTOUEHO HA BCECTOPOHHEM
aHanuze 3QQPeKTOB OJHOOCHOTO MEXaHWYECKOTO Ha-
TIPSKEHUS Ha DIIEKTPUUECKOE COIPOTUBIIEHUE B CEPUU
9KBHATOMHBIX TBEPIBIX PACTBOPOB HA OCHOBE JIEMEHTOB
nonrpymms! TuTana (TiZrHf). 3meck Mb1 06cykmaem amex-
TpUYECKHe, MATHUTHBIE U TETUIO(U3NYECKHE CBOWCTBRA
HOBBIX MHOTOKOMIIOHEHTHBIX CHCTEM C MTPHUBJICYCHUEM
pe3yNbTaToOB ab initio MOAETUPOBAHUS IJICKTPOHHON
CTPYKTYPBI H YIIPYTUX KOHCTAHT.

[NomyuenHble pe3yabTaThl HO3BOJISIOT CHOPMHUPOBATD
Hay4YHBIE OCHOBBI ISl IOCTPOSHUS aJeKBATHOW KOJIH-
YeCTBEHHOU (YM3MUECKOW MOJIENH ISl HHTEPIIPETAIUN
AHOMAaJIHOTO TEH30METPUYECKOro 3ddekxTa B MeTau-
YECKHX CHCTEMax JaHHOTO Kiacca.

Paboma evinoanena 3a cuem epanma Poccutickoeo
Hayynoeo gonda Ne 23-13-00162.
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MOJYYEHUE U CBOMCTBA MATHUTHBIX BBICOKOSHTPOITMMHBIX
OKCHJIOB CO CTPYKTYPOM HINTUHEJIH
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Pa3paboTka QpyHKIIMOHATBHBIX MATEPHAIIOB C yIIy4-
LIEHHBIMU CBOMCTBaMHM, MEHBILIEH CTOUMOCTBIO U KO-
JIOTUYHOCTBIO CTajla OCHOBHOM HEOOXOIUMOCTBIO IBO-
JIOLUU IPOAYKTOB U TEXHONIOTUH. B 3TOM HampasieHuu
KepaMHUIECKHE MaTEPUaJIbl UTPAIOT PEMIAOITY IO POJIH BO
MHOTUX TPHIIOKeHHSIX. CpeT HIX BEICOKOOHTPOITHIHBIE
okcubl (BDO), mpenctaBistoT co00il HOBbIC KATErOpUr
KepaMHUKH, KOTOpPbIC 00JIalal0T MHOTO00CIIAOIIMMHU
YHUKaIBHBIMH, HO €Ile U3yYeHHBIMHU He /IO KOHIIA CBOH-
cTBaMu. BriepBbie, BRICOKOIHTPOMHUITHBIE OKCHIBI OBLITH
npencraBiicHsl B pabote [Rost et al, 2015]. B3O — ato
KJIaCcC MaTepHalioB, B COCTaB KOTOPBIX BXOIHT MATH
unu 0oJice KaTUOHOB, HAXOSAIIUXCS B SKBUMOJISPHBIX
COOTHOIIEHUSX, © IMEIONTUX TEHICHITUIO K (GOPMHUPO-
BaHHIO €UHON KPUCTAILTNYECKONW CTPYKTYPHI 33 CUET
cTa0uIM3alUy BBICOKOW KOH(UTYPAIIMOHHOW SHTPO-
nueil. Ha cerogHsmHuil AeHb CyMIECTBYET HECKOIBKO
BUJIOB OAHO(a3HBIX CTPYyKTYpHBbIX BOO, cpenn Hux
CTPYKTYPBl KAMEHHOU cOH, (JIFoopUTa, TUPOXJIOopa,
nmepoBckuTa W mmnuHeNn. CTPyKTypa MIMUHETH TIPH-
BIIeKaeT HauOOJbIlIee BHUMAaHUE M3-32 €€ MarHUTHBIX
CBOICTB, a TaKXkKe M3-3a MOTEHIIMAJIHHOT'O IPUMEHCHUS
B AJIEKTPOMIHBIX MaTepuajax JJis TUTHI-HOHHBIX OaTa-
peil, CynepKOHAEHCaTOPOB, peaKLUi PaCIIEIICHUS BOJIbL,
KaTaJTUTUYECKUX U ICKTPOKATATUTHUCCKUX PEAKIIHit
[Mao et al., 2019].

B Hacrosmieli pabote OBLTH MOTYYESHBI BHICOKOIH-
TPONIUHHBIE OKCUJBI COCTABA

(COQ2+nNi0.2'ncro.zMno.zFeo.2)304=
rae n=0, 0.01, 0.02, 0.04, 0.1, u u3y4ena ux mopdoio-
THUsl, ONpeAesicHbl MarHUTHBIC CBOMCTBA. bbinu mpuro-
TOBJICHBI KEpaMHUYECKHUE 00pa3Ilbl BBIIICTICPECUNCIICH-
HbIX BOO, onpenenedsl ux MIOTHOCTH, HCCIEIOBaHa
3JEKTPONPOBOAHOCTD MPU OTPULIATEIBHBIX TeMIIEpa-
Typax. Cunre3z BOO ocymiecTBIAIN TIUIUH-HUTPAT-
HBIM METO/IOM U3 KPHUCTAJIOTHAPATOB CO(NO3)2 : 6H20,
Ni(NO,), - 6H,0, Cr(NO,), - 9H,0, Fe(NO,)3 - 9H,0,
a takxke MnO,, NpeBapUTEIbHO MEPEBEIECHHOTO
B PacTBOp C IOMOIIbIO KOHLIIEHTPUPOBAHHOU a30THOM

u maseneBoi kucnoT. OnmHoba3HOCTh 00pa3IOB MOJI-
TBEPXKJIEHA METOJOM PEHTTCHO()Aa30BBIM METOJOM C
ucronb3oBanueM nudpakromerpa JPOH-3 (Poccus).
B3O cocrasa (Co,,+nNi ,-nCr ,Mn ,Fe ,).0,
rrne n=0, 0.01, 0.02, 0.04, 0.1, *MEIOT CTPYKTY Py LITTHHE-
JIU ¥ XapaKTepU3yIOTCs KyOnUYecKoi CHHTOHHEH C TIPO-
cTpaHcTBeHHOM rpynmoit Fd-3m. DiekTponpoBogHOCTH
00pa3IoB U3MEPSIIA METOJIOM JJICKTPOXUMHYECKOTO
nmmnenanca (Z-1000P, Elins, Poccus) B yacToTHOM 11-
armazone 100 I'm — 1 MI'n B uHTepBane TemnepaTyp
-95-30°C. YcTaHOBJIECHO, YTO 3HAYCHUS OOIIEH IEKTPO-
MIPOBOTHOCTH 3aKOHOMEPHO CHIKAIOTCS C YMEHBIIICHH-
€M TeMIepaTypbl, a SHEPrUsl aKTHBAIUUA TPOBOIHMO-
ctu coctaBisieT ~0.21 3B niis u3ydeHHBIX 00pa3IoB.
MarHuTHbIe CBOWCTBA OBLIIN U3yYEHBI BUOPAITMOHHBIM
MeTozoM B nHTepBase Temnepatyp 5—-300 K. Cornacao
MOJIEBBIM 3aBUCHMOCTSM HaMarHHYEHHOCTH, JIJIsl BCEX
o6pasnos, kpome Co, Nij (CrMnFe), ,, o6Hapysxen mar-
HUTHBIH MOPSJIOK TIPH KOMHATHOM TeMIepaType, KOTOPBIi
YCUIIMBAETCS MIPHU OXJaKIeHUU. 111 eMUHCTBEHHOTO
obpasua CoNi, (CrMnFe) , HaMarun4enHOCTh MpH
YMCHBIIICHUH TEMITEPATy Pl U3MEHSIETCS 110 HETMHEHHO-
MY 3aKOHY C TUIABHBIM ITeperuOoM BOJIM3H TEMIIEPaTyphl
150 K, BeposiTHEE CBSI3aHHBI C MATHUTHBIM (ha30BBIM
NEPEX0JOM «IOPSIOK-OECIOPSIIOK.

Paboma evinonnena 6 pamxax I'oczadanus UI'T
YpO PAH, mema Ne 124020300057-6.
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OLHEHKA 3@PEKTUBHOCTHU 3KCTPAKIIUU PEJAKO3EMEJIBHBIX 9JIEMEHTOB
N3 XBOCTOB JIOBO3EPCKOI'O I'OKA C ITOMOIIIBIO CMECH XJIOPU L
XOJIMHA + JUMOHHA I KHCJIOTA IO BO3JIEMCTBUEM YJBTPA3BYKA

®uaun 0.10.', Tomoposekuii U.M.%, IBetoB H.C.!, Akcerno C.M.!

I @edepanvhuiil ucciedosamenvckuil yenmp Konvckuil nayunviti yeump PAH, Anamumsi, Poccus,
s.aksenov@ksc.ru
2 @I'BOY BO Mypmanckuii apkmuyeckuil ynueepcumem, Anamumot, Poccus, Ivan7952dombr@gmail.com

OnHUM U3 IEPCTIEKTUBHBIX HAMIPaBJICHUH B 00-
JACTU «3€JICHOM XUMHU» SBJISIETCS MPUMEHEHUE
NIyOOKHX ABTEKTHUECKUX pacTBoputeneit (I'9P)
JUISL pa3JIUYHBIX SKCTPAKLIMOHHBIX ITpoueccos. ['OP
COCTOSIT U3 OPraHUYECKUX COCAMHEHUH, UMEI0-
IUX HU3KYK TOKCHYHOCTb, OMOpa3iaraemMbIx u
HeneTyunX. CyniecTBYIOT JaHHBIE O JOCTATOYHO
BbICOKOM 3 pexTuBHOCTH ['OP mpu skcTpakumnu
MeTaioB. J1o AenaeT ['OP nmoTeHunanbHO pruMe-
HUMBIMH JJIs1 IPOLIECCOB KYUHOT'O BhIIIEIauUBaHUs
WJIM UHBIX MPOIECCOB 00pabOTKU MHUHEPATBHOTO
ceIpbs. OmHAKO B 3aBUCUMOCTH OT coctaBa ['OP,
MPUPOIBI BXOJSAIIUX B HUX KOMIIOHEHTOB (OpTraHu-
YEeCKHE MHOTOOCHOBHBIE KHCIIOTHI, caxapa, TITUKOIN
U T.J1.), @ TAKKE OT JOTOJIHUTEIbHBIX BO3ACHCTBUI
(HarpuMep, MUKPOBOJIHOBOE U3JTyUYECHHE WU YIIb-
Tpa3ByK) MOXKET MEHAThCA U 2P hekTuBHOCTH [ OP
B OTHOIIICHUH 3KCTPAKIIUH IEJICBBIX DJIEMECHTOB.

B MypmaHcKoii 00:1acTH UMEETCsI I0CTaTOYHO
0O0JIBIIIOE KOJTMYECTBO OTXO/I0B TOPHOI0OBIBAOIIIEH
U TOpHOTEepepadaThIBAIOICH MPOMBIIIICHHOCTH,
B yacTHOCTH XxBOCTOB JloBo3epckoro ['OKa, xoto-
pBIe cofiepkaTr B ce0e peaKo3eMeTbHbIC AIIEMEHTHI
(P33). B 1o e Bpems, nis uszBneuenust P35 vacro
TpeOyI0TCsl arpeCcCUBHBIE PACTBOPHUTEINH, TaKUE
KaK KOHIICHTPUPOBAHHBIC CEpHAsl, COJISTHAS WU
a30THasg KUCIOTHI. [10ATOMY MOUCK BO3MOKHBIX
9KOJIOTMYECKH YUCTHIX aHAJIOTOB KUCIIOT OCTACTCs
aKTyaJIbHBIM.

B pabore mpencraBieHbl JaHHBIE 00 OIICHKE
3(p(HEeKTUBHOCTU AKCTPAKIIMKU HEKOTOPHIX P33
u3 xsoctoB JloBo3zepckoro I'OKa ¢ nomonibro
CMECH — XJIOpUJ XOJIMHA + JTUMOHHAS KHUCIO-
Ta + Boja (B MoJIipHOM cooTHomeHuu 1 : 2 : 10)
MO/l BO3JEHCTBUEM YIIBTpa3ByKa U MpPU HArpeBa-
Huu 110 60 °C. ObpaboTka nmpoBoamiack 1—4 yaca.
[Tony4yeHHbBIE pacTBOPHI BhIIIETAYMBAHUS OBLIU
MPOAHAIM3UPOBAHBI METOIOM aTOMHO-a0CcopOITH-
OHHOM CHEKTPOCKOINHNU C UHAYKTUBHO CBSI3aHHOMU
MJa3MOM C HCIIOJIb30BAaHUEM MaccC-CHEKTPOMETpa
ELAN 9000 (PerkinElmer, CII1A).

[Toka3aHo, YTO KOHIIGHTpAIIWS JIAHTaHA, LIEPH S,
Mpa3eorMa U HEOIMMa B TIEPBBIE 3 Yaca MOHOTOHHO
BO3pACTaET, a 3aTeM PE3KO MaJaeT, YTO, BO3MOXKHO,
CBsI3aHO C 00pa30BaHUEM HEPACTBOPUMBIX COEAMHE-
Huil. [Ipy 3TOM OBLII0 3aMeUeHO, UTO AJIS yKa3aHHON
CMECH, CTETICHb M3BJICUCHUS ITHX DJIEMEHTOB OKa-
3bIBAETCS B Mpeziesiax Beero auiib 3—5%. Onnako,
9TH JJAHHBIE MOT'YT OBITh UCTIOTB30BAHBI JJIS 1aJTh-
Helmero moucka oosee 3(h(HEKTUBHBIX COCTABOB
I'OP, cioco6oB 00paboTkH 1 TPen0OpaObOTKH CHIPbS,
a TaK)kKe KOMOMHUPOBAHHBIX MTPOIIECCOB U3BJICUCHUSI.

Paboma evinonnena npu ¢purarcosoti noooepaicke
Munobpnayxu Poccuu (coenawenue o npedocmas-
nenuu epauma Ne075-15-2024-534).
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MUKPOCTPYKTYPA U COCTAB KOCMHNYECKHUX U 3EMHbIX
MATHUTHBIX MUKPOMETEOPUTOB U3 AHTAPKTH/IbI

MeanmoBuu B.A.!, Ky3una JI.M.2, MydTaxeraunosa P.®.3, SIxos.jes IA.3,
E:xoB B.®.*, Yerepukos 10.0.Y, Bynart C.A.%*

I'TO «Bopok» HD3 PAH», Mocksa, Poccus, tselm@mail.ru,
2 @I'A0Y BO K®Y, Kazanws, Poccus
35 @I'AOY BO Yp®dY, Examepunbype, Poccus
* HUI] «Kypuamosckuii uncmumymy — IIUA®, F'amuuna, Poccus

Jlydmmum MecToM [I71s1 OLIEHKH KOJTMYECTBA M COCTaBa
MOCTYMAOUIETO Ha 3eMJIF0 KOCMHUYECKOr0 BELECTBa
cuutaercs Autapktuga. OTOop npob u ompeaesieHue
B HUX THIIA U KOIMYECTBA KOCMUYECKIX M HHBIX MHUKPO-
YacTHLI, MONABIIKMX B P00y 3a BpeMsi 0TOOpa, B YCIOBHSIX
AHTapKTHIBI NPEICTABIACT MYIbTHAUCIUIIINHAP-
HBI HHTEpeC. DTH UCCIeIOBAHMS MOTYT IIPOJIUTH CBET
Ha IPUPONY MEK3BEZNHBIX 00JIAKOB, Uepe3 KOTOPHIE
perysipro npoxoaut ConnedHas cucrtema [Maconi et al.,
2025]. Kocmuueckas meuth (KIT) HempepsIBHO agaeT
Ha 3eMIIto.

Pesymnprar cOopa mbuTnd 3aBUCHT OT KOHCTPYKITUU
JIOBYIIKH, OT yCIIOBHHA W BpemeHH cObopa. COop mbLn
npu oMoty JioByuiky u3 NdFeB MarunToB Ha craHInn
«BocTox» 6611 mpoBeseH ¢ 27.12.2023 no 23.01.2024 1.
MukpocTpykTypa U cocTaB 132 yacTul npoaHaIu3upo-
BaHbl B ['O «bopoky», Yp®Y, KOY. B npodax obHapy-
KEHBI XKellezocoiepxammue (MarHuTHble) yacTuilsl KIT
WM MUKPOMETEOPHUTOB, CXOXKHE C TAKUMH K€ JYaCTH-
LIaMU, paHee HallIeHHBIMH MHOTUMHU aBTOPaMH, BblJie-
JIUBIINMU WX U3 Pa3IMIHBIX 00HEKTOB [ baTfokoB u 1p,
2015; LleneMoBudY 1 Ap., 2019]. OCOOEHHOCTHIO YACTHII,
00Hapy>KeHHBIX B OJHOHW M3 MP00, ObLIO conepKaHue
B HHX 0JI0Ba (Sn) (B METALTHICCKON U OKCHTHOH (hopMax)
u (MeTaymaeckoit) meau (Cu).

Brinenensl ciaeayoniue KOMIOHEHTH COOpaHHOM
TIBLITH:

1. MukpomeTteoputsl: yactuisl Fe-Ni cnnaBos

B BUJIE TOHKO3EPHHUCTHIX IUIAKOBUIHBIX U HE-
MeperIaBIeHHBIX YaCTHIl (AHAJOTHYHBIX Haii-
JeHHBIM B ApkTuke [bamgtokoB u np., 2015]).

2. KoMIoHeHTa peKoro METeOpUTa, MITH TEXHOT €H-
Has, yactuibl Sn u Cu, crutasa Fe-Ti.

3. Teppurennas komnonenTa: yactuisl NaCl, npen-
MOJIOKUTEIILHO KOMIIOHEHT a3p030JIed MOPCKOM
COITM; YaCTHIIBI ATFOMOCIIIHKATOB, KAJIBIIHTOB,
MarHeTuTa, KBapIa.

4. doHoBas KocMHYecKas KOMIOHEHTa [ LlensMoBrY
u ap., 2019]: mIacTHHKH YUCTOTO CaMOPOTHO-
ro Fe. Kaptel pacupenenenus B xapakTepu-
CTHYECKOM PEHTTeHOBCKOM m3inyuenun Fe, Ni,
Si, Al, Mg, K, Ca nmoka3aiu, uto riactuHka Fe
paszmepoM 250 x 50 MKM HOKpBITa YacTULIAMHU
MHUKpPOHHOTO pa3Mepa pa3IMYHOTO COCTaBa.
OTMedeHBl YacTHIIBI TOHUTA, KAMACUTA, aJio-
MOCHJIMKATOB, KeJIe30aTI0OMOMarHUEBbIX CHUIIH-
KaTOB, KaJIMEBHIX IIMATOB, KaJbI[UTOB.

Paboma evinonnena 6 pamxax coczaoanuii U3
PAH u HUI] KU-TTHA®D, a makoce npu noodepiicke
Munnayxku P® 6 pamkax Ilpoepamm pazeumus YpDY
u KQY ¢ coomeemcmeuu ¢ npoecpammori cmpamezuye-
cKoeo axademuyeckozo uoepcmea «llpuopumem-2030y»
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N3YUEHUE ®A30BBIX OTHOIEHUH B TPEXKOMIIOHEHTHBIX
CUCTEMAX C YYHACTHEM IIVIATHUHOHN 10B 1 XAJIBKOI'EHOB

Yapees /L.A.

Hnemumym skcnepumenmanvhoi munepaiocuu um. axademura /[.C. Kopocunckozo PAH,
Yepnoeonoska, Poccus, charlic@mail.ru

[loctpoenune pa3oBbIX AUArpaMM MHOTOKOMIIO-
HEHTHBIX CHCTEM M MOUCK HOBBIX XHUMHUYECKHX CO-
eAMHEHUH NpencTaBIseT UHTEepeC IS pa3IudHbIX
MPUKJIAJHBIX TPAMEHEHIH — B MUHEPAJIOTUH, XUMHU-
YEeCKOW TEXHOJIOTUH, MaTepPHaOBEACHUH, TEXHOIOTUN
MarepuasoB. J{Js moHuMaHust ycioBuil popMupoBaHus
MECTOPOXKICHNH HEOOXOANMO 3HAaHUE (PHU3UKO-XUMHYE-
CKHUX MapaMeTpoB 00pa30BaHMsI COEJUHEHUHN 1 (pa30BbIX
OTHOILIEHHH B COOTBETCTBYIOIINX TEPMOINHAMUYECKUX
cucteMax. HoBrle 0OHapyXeHHBIE XHMHUYECKHE CO-
eIMHEHMS MOT'YT BIIOCJIEACTBUU OBITH HaliICHBI B BHIE
MHHEpPAJoB B IPUPOIE.

B nokmane pacckazano mpo uzydenne $pa3oBBIX OT-
HOILIEHUH B TPEXKOMIIOHEHTHBIX CUCTEMAaX C y4aCTHEM
MIJIATHHOUOB M XaJIbKOT€HOB, HHOT/IA C YYaCTHEM JIPY-
TUX TEPEXOHBIX METAJIJIOB, THUKTOI€HOB U METAJIIO-
n70B. OOBIYHO CTPOUIIUCH U30TEPMHUYECKHE CEUCHUS

npu 350—650 °C ¢ nOMOIIBIO U3YYEHHS IPOJYKTOB 3a-
Kanku komouHanueii MetogoB POA u PCMA. Cunres
MIPOBOUJICS «CYXHUM» METOIOM B aMITyJiax M3 KBapIie-
BOTI'0 CTEKJIA.

s nokaszarenscTBa MPUXOAA CUCTEM K PAaBHOBECHUIO
MPUMEHSICSI METOJ IMOAX0Aa C ABYX CTOPOH: MHOTIA
CUHTE3 U JOJTOBPEMEHHBIN OTKUT IPOBOIUIICS U3 DIIe-
MEHTOB, a HHOT/Ia — U3 OAHO(A3HOTO 3aKaJICHHOTO pac-
maBa. OCHOBHBIMU CIIOKHOCTSIMH IIPH HHTEPIIPETAITIH
nmaHHbIX PCMA siBnsieTcs OTCyTCTBUE OOIIETO paBHO-
BecHus (CYIIECTBYIOT TOJIBKO JIOKAJIbHBIC PABHOBECHS),
Haim4are (a3 pa3MepoM MEHBIIIE, YeM 30Ha BO30Y K ICHHS
PCMA, u o0pa3oBaHue CTPYKTYp pacmaja.

Paboma sewinonnena npu yacmuunoii punancogoti
noooepoicke PH®, npoexm Ne 25-77-20013.
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AHU30TPOIINA TEPMUYECKOI'O PACHIMPEHUSA B OLK-PA3AX
BbICOKOBHTPOINMUMUHBIX TEH30OMETPUYECKHUX CILIABOB

Yepenanona JI.A., Xa3uesa E.O., Poiiasues P.E., Ynopos C.A.

HUMET YpO PAH, Examepunbype, Poccus, freefly88@mail.ru

KoMITO3UITHOHHO CITOKHBIE METAJTHIECKUE TBEPIBIC
pactBopsl ¢ OLIK cTpykTypoil Ha OCHOBE 3JIEMEHTOB
noxarpynmsl Tutana (TiZrHf) obnagator cneruduyeckum
9IEKTPOHHBIM TPAHCIIOPTOM B YCJIOBHSX OJHOOCHOMN
yIpyroii MmexaHudeckoil negopmaunu. Hegasuue uc-
CJIeZIOBaHHUS MOKa3alid, YTO CYIIECTBYET MPaKTUYECKH
JTWHEHHAST KOPPEISAHS MeX Ty KodduiueHTaMu TeH-
3oMeTpudeckoit uyBctButensHocTH (GF) 1 mapameTpom
anusoTpomnuu 3eHepa (Az), T. e. GF B paccmarpruBaemom
KJIacce CUCTEM TPENCTaBIsIET co00i HEKOTOpYIO (PyHK-
U0 TeH30pa ynpyrux koHctaHT [Uporov et al, 2022;
Uporov et al, 2024]. OnHako KOJUYESCTBEHHOE OIUCAHKE
pe3yIabTaTOB TEH30METPUHU B paMKax IMPeII0KeHHOH
KOHLICTILIMY HPEACTABIISET COOOH CIOKHYIO 3a7a4y B CHITY
B CHIJTY TOTO (haKTa, YTO MMEIOIITUECS SKCTIEPUMEHTAJIBHBIC
Y pacueTHBIE JaHHbIE TSI KOMIIOHEHT TEH30pa yIIPYTOCTH
BBISIBJISIIOT CYIIECTBEHHYIO HEONpeAeIeHHOCTh (Domee
200%) 151 CABUTOBBIX MOMYJICH M KOHCTAHT aHI30TPOITHHL.

[louck BO3MOXHBIX MyTEH pa3pelieHus 3Tou mpo-
OJIeMBbI SIBIISICTCS OHOW M3 MEPBOCTENCHHBIX 3a/1a4 AJIs
aJIeKBaTHOW UHTEPIPETAIIMN TEH30METPHUUIECKOT0 d(hdeK-
Ta ¥ MOCJEAYIOMEro nocTpoeHus 3pPeKTUBHBIX alro-
PHUTMOB J13aiiHa HOBBIX CEHCOPHBIX CIIaBoOB. B maHHOM
WCCIIEZIOBAaHNN TIpejiaraeTcsa HeCTaHAapTHBIN MOIXO0
K ONpENeNIEHUI0 KOHCTAHT KPUCTAJLTMYECKOH aHN30-
Tponuu HeynopsaoueHHBIXx OLIK TBepasix pacTBOpOB
MOCPEACTBOM aHaJIM3a TEH30pa TEPMUYECKOTO PACIIIH-
perus MeTogaMu TU(GPaKIIUOHHBIX KapTHH. HekoTopkie
OLK-¢a3bl CIOKHOr0 XUMHYECKOTO COCTaBA TPOSIBIISIOT
aHOMAaJIbHOE TIOBE/ICHHE TETIJIOBOIO PACIINPEHMSI BCIIE-
CTBHE CUJIBbHOW aHM30Tponuu koddduimenta [Tyaccona,
YTO CBUJETEILCTBYET 00 OUYEBUIHOM IMPOTHUBOPEUUH
C KJIACCHYECKUMH TMPEACTABICHUAMHI 00 OTCYTCTBUHU
AQHMU30TPONUH TEPMUUECKOTO PACIIMPEHHS B KyOMYECKHX
kpuctajuiax [Gong et al., 2021].

Nwmerommecs B muTepaType dKCIepUMEHTaIbHbBIE
HAOJIIO/IEHUsI YKa3bIBAIOT Ha MEPCHEKTHBHOCTH 000-

3HaYEHHOT'O aHaJIM3a JJIsl BBIABICHUS 3PPEKTOB KpH-
CTAJUIMYECKON aHU30TPONUU B MHOTNOKOMIIOHEHTHBIX
TBEPIBIX PACTBOPAX C KYOMYIECKON PEIICTKOM.

B nanHo#i pabote mpoBefcH KOMILICKCHBIH aHa-
nu3 repmudeckoit sBomonuu OLIK cTpyKTypHI BBICO-
KOSHTponuiHBIX crtaBoB TiZrHfNb u TiZrHfNbTa
C IIPUBJICYECHUEM DKCIIEPUMEHTAIBHON BBICOKOTEMIIE-
parypHoOil peHTreHOBCKOW NU(MPAKIUU H PE3yIbTaTOB
ab initio monenupoBanus. [lonmydeHHbIe pe3ynbTaThl
BBISBJISIOT KAYECTBEHHOE U KOJIMUECTBEHHOE COTTIacue
JUTSE KOG HUITMEHTOB TEPMUYECKOTO PACIIUPEHUS H €T0
OPHEHTAaMOHHOTO MOBEIEHHUS MO0 KpUcTauiorpadu-
YeCKHM IUIOCKOCTSIM B COOTBETCTBUH CO CHEUU(UKON
AHU30TPOIHNH YIIPYTUX KOHCTAHT.

B pamMkax ucnonb3yeMoro noaxona o0CysKIaroTcs
BEPOSATHBIC IPUYMHBI AHU30TPOIIHOTO TOBEACHUS TEILIO-
BOT'O PacIIMPEHUs B 3TOM KJIaCCe METAJUIMYECKHUX MaTe-
PHAJIOB ¥ BOIIPOCHI KOJMYECTBEHHBIX OLEHOK KOHCTAHT
KPHUCTAJUIMYECKOW aHU30TPOIIHH.

Paboma svinonnena 3a cuem epanma Poccuiickozo

Hayunoeo gonoa Ne 23-13-00162.
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HOBBIE BBICOKOSHTPOIIMMHBIE OKCHJIBI CO CTPYKTYPOMI
MEPOBCKUTA JJis 3EJTEHBIX TEXHOJIOI U

Yepenanosa JI.A., Icremuposa C.X., [leunmesa H.B., Bypaunna JL.I.

Unemumym memannypeuu um. HA. Bamonuna YpO PAH, Examepunbype, Poccus, freefly88@mail.ru

Bricokoaatponuitasie okcubl (BOO) — 3TO HOBBIIMA
KJIACC MaTEePHAJIOB C YHUKAJIBHOW CTPYKTYPOU U MYIIb-
THUKOMITIOHEHTHBIM COCTaBOM, KOTOPbIE IIPEACTaBIAIOT
c000i1 HeynopsITI0UeHHBIE TBEPIBIE PAaCTBOPHL. B ocHOBE
CTabWIIM3annH OMHO(A3HOM KPUCTAILTHYECKOH CTPYKTYPbI
JIGKUT TIOBBIITICHHASI KOHPUTY pAIIMOHHAS SHTPOIIUS CUCTE-
MBI (SKOH(]) ¢ SKBUMOJISIPHBIM HITH TIOUTH SKBUMOJIIPHBIM
KaTHOHHBIM cocTaBoM [Sarkar, et al. 2020].

Hawubosee nonysipHbIMU JUIst CO31aHUs HOBBIX BOO
SIBTISTFOTCS| CTPYKTYPBI KAMEHHOH COITH, (DITF0OpHTA, TIEPOB-
ckuTa, mupoxiopa u mmuaen [Liu et al. 2023]. J{ns me-
POBCKHTOB XapakTEepHO pa3HooOpasue dJIEMEHTHOTO
COCTaBa M AJIEKTPOHHBIX KOHPHUTYPAIHil, a TAKIKE CTPYK-
TypHas CTaOUIBHOCTB, UTO JICNIACT UX IPUBJICKATCIIBHBIM
MaTepHaioM JIJIsl COPOIIMOHHBIX U KaTaTUTHYECKUX TeX-
HOJIOTHH.

B nanHO# paboTe MBI MONYy4YHIU JBa OAHOGA3-
upix BOO cocrasos Ca (Ti,,Sn ,.Nb .. Ta . Me )
O, (Me=Fe (manee BOO-Fe), Zr (nanee BOO-Zr)) ¢ ne-
POBCKUTONOOOHOH CTPYKTYpPOU MPOCTHIM OJTHOCTA-
nuiiaeiM cuaTe3oM T=1400 °C B TeueHue 12 4gacos.
DJIeMEHTHBIN COCTaB OBLT TOAOOPaH UCXOMS U3 DIICKTPOH-
HOHM KOHUTYpaLuu, odecrieynBaromei GoToKaTalInTH-
yeckue cBoiicTBa. PIIA mokasan, 9To ucxomaHeie BOO
OBLTH OTHO(A3HEIMHU C OPTOPOMOMIECKOH CTPYKTYPOH,
MPOCTpPaHCTBEHHAA rpymmna Pbnm.

MeToaoM CKaHUpPYHOLIEH 3JIEKTPOHHON MUKPO-
CKOIIMHM M3YYEHBI KapThl paclpeeNieHns JIeMEHTOB
W MOATBEPXKACHO, YTO JIEMEHTHI pacipeesieHbl B 00-
pa3uax ogHopoaHo. [TapameTpsl 31eMEHTapHOU TUEeHKU
s BOO-Fe umeroT 6osiee HU3KHE 3HAYEHMS, YEM IS
B30-Zr. Pa3nnune napamMeTpoB CBA3aHO C pa3InIHBIMU
pajnycaMu KaTHOHOB jKele3a U MUPKoHu. J{s o6oux
COCTaBOB 3HAYEHMsI TOJIEPAHTHOTO hakTopa (f, ), Xapax-
TEPU3YIOIIETO YCTOWYHNBOCTh MMEPOBCKUTHON CTPYKTY-
pBI, OB OJIM3KHU K €AUHULIE U MAJIO OTIUYAJIUCH APYT

oT apyra. bonbinas pa3Huila KaTHOHOB B B-mo3unuu
(18—-19%) ABO, nepoBCKMTHOM CTPYKTYpPbI HE OCITY-
JKHJIa TIPEMSITCTBUEM K 00Pa30BaHUIO TBEPABIX PACTBOPOB
B30O-Fe u BOO-Zr.

Jl1s1 mepeBojia MOPOIIKOB B BRICOKOJIUCIIEPCHOE CO-
CTosiHHE OblLlIa MCIOJB30BaHa BEICOKOIHEPreTHYECKAS
MJIaHeTapHas MeIbHUIA. MexaHOaKTHBAIMOHHOE BO3-
JeiicTBue MpUBeNo K (a30BOMY pacCIOCHUIO HA Op-
TOPOMOHMYECKYIO U TETPArOHAIBbHYIO (a3bl, HpHUIeM
0oJ1ee BRICOKYIO YCTOMYHNBOCTH TTOKa3ai coctaB BOO-Zr.
HccnenoBanue GpoTOKaTaTUTHUECKUX U COPOLIMOHHBIX
CBOWCTB ITOKa3aJIH, 4YT0 00a COCTaBa MPOIEMOHCTPUPYIOT
cnocoOHOCTh K BoccTanoBieHuto Cr (V) mpu ocBerieHun
Y®-cBerom. DxotokcukanT — Cr (V1) — mpu ocBerennun
B mpucyTcTBUH BOO mpeBpaiaeTcs B MeHee BpEAHYIO
I oOKpyxatomei cpensl popmy xpoma — Cr A(III).
O6a o0pasna npoAeMOHCTPUPOBAIIA BBICOKYIO COPO-
[MOHHYIO aKTUBHOCTH 110 OTHOIIEHUIO K KPAaCHUTEIIO
METHUJICHOBBI CHHUH — 00a MPaKTHYECKH MMOITHOCTHIO
COpOUPYIOT KPacuTemb.

Paboma sevinonnena 6 pamrax 2ocyoapcmeenno2o
saoanus UMET YpO PAH na obopyoosanuu yenmpa
KOAIeKMUBHO20 NOAb308aHUs «Ypan-My.
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TEHPUMEWEPUT B KAPBOHATUTAX MACCHUBA
CPEJHASA 3UMA, BOCTOUHBIN CASITH

Hlapsirun B.B.'?
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I'enpumeiiepur Ba (Ti** Fe*) O, nmpencraBurennb
Ha/ITPYyTITHI TOIJTAHNTA, OBLT OOHAPYKEH B KAYeCTBE aK-
LIECCOPHOI0 MUHEpasia B kapOoHaTuTax MaccuBa CpemHsis
3uma, Bocrounsrit CasH [[loxkaputikas, Camoiinos, 1972)].
KapOoHaTuThbl, comepxariye reHpuMenHepuT, peIcTaBie-
HBI CPEIHE3EPHUCTHIMH KITMHOMUPOKCEH-KATbIIUTOBEIMH
pasHoBuaHOCTsAMH. KommaecTBo kambiuta — 10 50%
0T 00beMa MopoIbl. MenaHOKPaTOBbIE MUHEPAIIBI TIPE/-
craBieHbl Mg-Fe-cunrkaramu (KITHHOITUPOKCEHBI, aM(u-
6oms1, cronpl, Fe-xmoput and cepnientrH). @TOpanarwr,
TUTAHMT, TIOJICBBIC IITIATHI U CYIb(UIBI SBISIOTCS O0BIY-
HBIMH COCTaBJISIOIIMMHE ITHX KapOOHATHTOB.

Penkue Ba-Se-REE-kap6onatsl, MmoHamut — (Ce),
OapwuT, Ti-okcubl, HUPKOH, 6a0TUT U YeBkeHUT — (Ce)
MPHUCYTCTBYIOT Kak aKKieccopuu. I eHpumeiieput Ob11
BBISIBJICH B ACCOIMAITIH C TUTAHUTOM, 0A0TUTOM, HITbMe-
HUTOM U PYTHJIOM Ha KOHTAaKTe 3€peH Mopo1oodpasyro-
X MHHEPAJIOB U B BUJIE BKJIIOYEHNH B panHeM Na-Ca-
kiHonupokcene (Ae,, ,.Di . Hd , ). [Ipennonaraeres,
410 B KapOoHaruTax CpemHelt 3UMBI 3TOT MUHEPAJ IMEET
MarmaTHyeckoe npoucxoxkaeHue. OH KpUCTaIITN30BaICa
MocIie paHHEeTo KIMHOIMMUPOKCEHA U CITIOJBL, a €ro B3au-
MOOTHOIICHUS ¢ ApYyruMU Ti-MHHEpaIaMHu YKa3bIBalOT
Ha CJIEAYIOUIYIO TTOCIIEN0BATENBHOCTD HX (hOpMUpPOBa-
HUS: TeHPAMEHEePUT — TUTAaHUT — WIBMEHUT — Py THIL,
6aotut. IIpu 3TOM B mopomax HaOMIOAAIOTCS YETKUE
MpU3HAKH 3aMeleHns (00pacTanus) TeHpuMeiiepuTa
TUTAaHUTOM U MJIbMEHUTA FeHpuMeiiepuTomM. B Kaue-
CTBE IVIaBHBIX KOMIIOHEHTOB MHHepan conepxut TiO,
(67.8—71.6 mac.%), BaO (18.3-18.9mac.%) u FeO,
(9.4—11.6 Mmac.%). KoHnieHTpaIii BTOPOCTETIEHHBIX KOM-
TIOHEHTOB HE BBICOKH (B Mac.%): CaO n V,0,-0.2-0.4;
K,0 - 0.0-0.1; MnO — 0.0-0.3; u Tonbko mist Nb,O,
XapakTepHbI cymiecTBeHHble Baprannd (0.4—2.9 wt. %).
CornacHo KP-criekTpockonuu reHpuMelepuT He co-
JIEPKUT HZO. B nenom, MuHepal CUIBHO OTKJIOHSIETCSA

B CTOPOHY runoteTuyeckoro cocrasa Ba (TiFe™)) O,
(mo 28.4 mon. %), a cogepxkaHue COOCTBEHHO T'€HPH-
meiieputoBoro munana Ba (Ti*" Fe*') O, cocrasnser
65.5-94 mom. %. IMeHHO 10 3TUM XUMHUYECKUM T1apamMe-
TpaM reHpumenieput CpenHeil 3UMbI HEMHOIO OTIINYAET-
cs ot ronotumna ¢ Kosnopckoro maccusa [Mitchell et al.,
2000] u aTOTO MHHEpAIA C IPYTUX MPOSIBICHUNH MHUpa
[Cegietka et al., 2022 u ccbuiku 31ech]. Cnenyert oT-
METHUTH €llle OAHY OCOOCHHOCTH JJIs TeHpuMelepuTa
CpenHeil 3UMBL: B clTydasx, Korja OoH 3amemniaet (00-
pacTaeT) WIBMEHUT WJIU caM 3aMellaeTcsd TUTAaHUTOM,
3aMeniaeMblii MUHepa OOBIYHO HACIIENYeT COACPKAHUS
Nb,O, oT npeamecTBEHHUKA.

Paboma evinonnena npu noodepoicke PH® (2panm
No 23-17-00098, ckanupyrowas MUKpockonus) u eocy-
oapcmeennoeo 3adanus UI'M CO PAH (FWZN-2022-
0035, No 122041400312) u Munobpuayxu P® ¢ pamrax
Ilpoepammol pazsumus Yp®@Y 6 coomeememeuu ¢ npo-
epammoul «llpuopumem-2030».
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Ba-Fe-TUTAHATbBI B CUJAEPUTOBBIX ITIOPOJAX MACCHUBA TOMTOP

IMlapeirua B.B."2, JIazapesa E.B.!, Pamenko C.B.!, Hurmaryauna E.H.!, JKmoguk C.M.!
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Ba-Fe-turanarsl OblIM BBISIBICHB! B CUAEPUT-TU-
JOPOCIIONUCTON MOpPOAE B Mpenesiax CHACPUTOBOTO
TOPU30HTA, KOTOPHIH pacroyaraeTcs HUXKE OOraThIxX
REE-Y-Nb-Sc pya, ygactok FOXHBINH, MECTOPOXKIE-
Hue Tomtop, [lonspuas Cubups, Pecnybnuka Caxa
(Axytus) [J1azapesa u ap., 2015]. Cuneput, ruapocirona
(Al-TmaykoHUT — WIUIAT ?7), KAOJTUHUT U TOPCEHKCHT
SIBJISIFOTCA TTIaBHBIMY MUHEpaIaMy MOPOJbl, BTOPOCTE-
NeHHBIMU - Ba-Fe-TuTtanarsl, pyTui, HUpKOH, MOHAIIUT-
(Ce) u np. Henpospaunsie Ba-Fe-tutaHaTsl, XpOMHAT
U IUPKOH - 3TO, CKOPEE BCEro, PEIUKTHI METOUYHBIX
nmopos MmaccuBa TomTop. Bee oHM copeprxar Goibiioe
KOJIMYECTBO CYOMUKPOHHBIX MUHEPAJIbHBIX BKJIIOUEHUH,
MPEICTABICHHBIX OPAITMUTOM U PTOPANIaTHTOM, PEXKE
BCTPEYAIOTCS XaHHEIIHT U (IIOTONHT. JJOMUHHUPY FOIIHHA
Ba-Fe-turanar (tomtorite, IMA 2025-020) oTHOCHT-
cs Kk rpynne kpuutonuta [Pacuseraesa, 2020], a BTO-
poil — K rpyle npaiaepura, HaArpyIna rojajlasauTa
[Biagioni et al., 2013]. O6a MuHepana 00pa3yroT orpa-
HeHHbIe 3epHa (10 50—100 pm), yacto — cpacTaHus
MeXIy COOOH, Mpu 3TOM IpaiaepuToBas ¢asza Gosee
paHHsIs, YeM TOMTOPHT.

UneansHas Gopmyna TomToputa — BaMnFe*,
(Fe’",Tiy) Ti ,O,, (mpocTpaHcTBeHHas Tpynna R-3, ma-
pametpsl sueiiku: a = 10.447 (2) A, ¢ = 20.882 4) A;
V=1973.8 (7) A% Z = 3), munepan sipsercs Ba-ananorom
kpuutonuta StMnFe*, (Fe**,Ti) Ti ,O,,. Pactmmudposka
€ro KpUCTAJNINYECKOH CTPYKTYpBI ITOKa3aja Hajludue
LIECTU TOMUHAHTHBIX no3unuii M0-MS u yeTbIpex no3u-
uuit X1-X4, kotopble 3anonHeHs! 1uib Ha 10%. Mexnay
mo3unusIMu M u X IpoucxoauT oOMeH KaTHOHAMH,
YTO IPUBOIUT K MOSBJICHUIO BAKAHCUN B M MO3ULHSIX,
npexe Bcero B M2. CocTaB CylIECTBEHHO BapbUpyeT
(B Mmac.%, n=562): BaO — 3.7-4.4, TiO,-58.3-62.4,
FeO_, — 20.5-24.6, MnO - 3.8-5.3, ZrO,-0.4-2 4,
Nb,0,~1.5-4.5, Cr,0,u V,0,-0.2-1.5, ZnO - 0.1-0.9,
SrO u PbO - 0.1-0.7, Na,0 - 0.3-0.6, K,0 - 0.2-1.0.
Wnorna B kpucTannax GUKCHpyeTcsl 30HAIBHOCTh C Ye-
penoBanueM 30H, oborameHHbix Nb, Nb+K, K, K-Fe-Nb
u Cr. B mieom, KoHIIEHTpamyu rTaroreTndeckux K- m Na-

MHUHAJIOB MOT'yT tocTurath 25—30 Mo % (KaKIblii), a yc-
PeNHEHHBIH cocTaB TomTopuTa 61u30K K (Ba, Na , K /)
Mn (Fe*', [Fe** ,) (Fe*,Ti,) Ti,O,,.

Bropas daza umeer uneansayio dGopmyiry Ba
(Fe*"Ti,) O,, u sBnsercs Fe*'-ananorom rempumeiiepura
Ba (Fe*'Ti,) O, [Mitchell et al., 2000] u Ba-ananorom
npaiinepura K (Fe**Ti)) O,.. MHoraa npossisercs 30-
HAJBHOCTH: IIeHTp oborameH Cr, a kpaii — K. Bapuanuu
cocrasa (B Mac.%, n=112): TiO,-61.9-67.9, Nb,O
u PbO - 0.0-0.6, Cr,0,-0.4-4.5, V,0,-04-2.2, FeO,_ —
11.6—-14.6, BaO - 12.0-17.5, K,O — 0.6-2.5. B munanax
(8 Mon.%): Ba (Fe*",Ti,) O,,—51.8-70.0, npaiineput —
10.3-39.8, reapumeiieput — 0.0-9.9, pemnemxent —
1.2-20.7, mannapaur — 1.4—9.9.

Paboma evinonnena npu noooepoicke PH® (2panm
Ne 23-63-10017, nonegvie ucciedo8anusi, CKaHupyo-
was MUKpocKonus, MUKpo3oHo), eoc. zaoanus UI'M
CO PAH (FWZN-2022-0035; -0033; Ne 122041400312,
Ne 122041400193-7) u Munobprnayxu P® é pamkax
IIpoepammul pazeumus Yp®DY 6 coomeememeuu ¢ npo-
epammot «Ilpuopumem-2030».
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MUWHEPAJIBHBIE ACCOHUALIMUN METEOPUTA YEJIABUHCK:
MMHEPAJIOI' 51 KOPBI IIJIABJIEHU A
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[Ipn n3y4eHNN METEOPUTOB OOBIYHO OYECHHb MAaJIO
BHHUMAaHHS YAEIASTCS KOpe TIIaBiIeHHs, 00pa3yomiei-
csl IPH BXOKJCHUH METeopouaa B arMocdepy 3eMITH.
OnHAaKO, UMEHHO OHA MOKa3bIBAET, YTO MPOUCXOTUT
MIPH MIJIABJICHUHA METECOPUTHBIM BEIIECTBOM B YCIOBHU X
nospimaromeics fO,.

B nanHOM cooOmieHnn paccMaTpuBaeTcs MUHEpa-
JIOTUS KOPHI IJIABIIEHUS HA TIpUMepe OOBIKHOBEHHOTO
xounaputa LLS Yensbunck. B xope niasneHus (00b14-
HO — <500 pm) 3TOro MeTeopuTa BEISBIISIOTCS IBE 30HBL
BHemrHsis 30Ha peicTaBiieHa KPUITOKPUCTAILTAISCKAM
arperaToM CKeJICTHBIX KPUCTAJLJIOB 30HATBHBIX OJTUBU-
Ha 1 MaraetuTa (10 5 um) u crexiom (44—47 mac. %
Si0,). BHyTpeHHss 30Ha COAEPKHUT OoJIee KPYIHBIE
KPHUCTAJIBl HOBOOOPa30BaHHOT'O OJIMBHHA, CTEKJO
¥ BTOPOCTCIICHHBIN MarHeTHT. B 06enx 30HaX 00BIU-
HO MPUCYTCTBYIOT OKPYTIIbIE PEIUKTHI UCXOIHOTO
XOHAPUTOBOTO OJINBHHA U XPOMHUTA, a TAKKE HOBOOO-
pa3oBaHHBIC BEICOKO-Ni METaII-CyIb(OUIHBIE TII00YITBI
(mo 10—20 pm).

Cnenyrotue (as3bl ObLIH BBISBICHBI B IIIO0YJIaX: 1Ba
XH3JIEBYIMTOBBIX TBEPABIX pacTBopa (Hzssl —Ni,, S,
Hzss* — (Ni, Fe) ,, S)) + ronneBckuToBblii TBep/bIii pac-
tB0p (Gdss — (Ni, Fe) ., S/), auxens, aBapyut Ni,Fe, nenr-
nmanaut (Fe, Ni) (S, TETpaToHMT, peKe TOHUT, KAMACUT
(MapreHcuT) u oborarieHHbIi marnaonaamu (Os-Ir-Pt,
PGE) Ni-Fe-meTamn. B nienom, ga3zoBbiii cocTar riio0yin
CHJIBHO 3aBHCHUT OT WX TIOJIOKEHUS B KOHKPETHOH 30He
Kopbl mnaBieHus. Tak accoumanus Hzssl + Hukenb
(unm aBapyut) £ PGE da3a saBastoTcs JOMUHAHTHBIMU
B ro0yiIax M3 BHEIITHEH 30HBI, Torma Kak Hzss?, Gdss,
MIEHTIAHANUT U ApyTHE (a3bl, C MEHBITUM COJCPKAHIEM
Ni, XxapakTepHbI AJis TI00YN BHYTpeHHEH 30Hb1. BrocTut
FeO u 6ynrzenut NiO uHOTHA MOSABIISIOTCS B BUIE OTO-
POYKH BOKpYT 1100y cocraBa Hzssl + vHukens. Cnenyer
TaK»e OTMETUTB, YTO B KOPE MJIABJICHHS TI0 TOHKO3EPHH-
CTOMY CHIIMKATHOMY arperaTy acColliaiyi HMITAKTHOTO
paciuiaBa MOCTOSHHO MPHUCYTCTBYIOT MEHTIAHIUT +
okcuHas asza (MarHeTHT).

Cam mporiece OruIaBJIeHUs IIOBEPXHOCTH (DParMEHTOB
xoHaputa Yensounck npoucxonaui npu T~=2000°C mpu

B3aUMOJICHCTBUH ¢ aTMOc(epoit 3emiau. UMEHHO MTOBBI-
wenue fO, cnoco6CTBOBAIIO TOABJIEHUIO METACTA0MIb-
HBIX BlocTuTa/ OyH3eHuTa u PGE ¢a3sbl 1o maccoBoii
KpUCTAJITU3aINi MaraeTuTa. llponecc miaBnenus npu-
BOJIWJI K YACTUYHOMY OKHCIICHHIO Kejie3a B CHIIMKATHOM
paciiaBe 1 0OMEHY KOMIIOHEHTaMU MEXK]Ty METaJI-CyJTb-
(UIHBIM 1 CHITMKATHBIM paciuiaBami. [ Ipu aTom Metas-
CyabuIHAS JKUIKOCTh CYIIECTBEHHO oOoramaiack Ni
u obemusiack S v Fe, a cunmikaTHbIN paciiiaB CTaHOBUJICS
Ooree xene3ucteIM. [Ipu aToMm PGE KoHIICHTpHpOBATHCH
B METAJLI-CYIb(UIHON cocTaBIIsIOLIEH ¢ 00pa3oBaHuEM
PGE ¢a3s1, HecMOTps Ha OBICTPOTEYHOCTH IIPOILIECCOB
IJIaBJICHUS U TIocleayolen kpuctayuin3amnuu. Ha nan-
HBIH MOMEHT noMuMo MeTeopuTa Yensounck PGE ¢a3zer
ObLT OOHAPYIKEHBI B CXOJHBIX YCIOBUSX B METCOPUTAX
Ozepku u Kamyctun Sp [Illapeirun, 2018; Sharygin,
2019, Grokhovsky et al., 2024].

Paboma evinonnena npu noodepoicke 2ocyoap-
cmeennoeo 3adanus UI'M CO PAH (FWZN-2022-
0035, Ne 122041400312) u Munobpuayxu P® 6 pamxax
Ipoepammel pazsumus YpDY ¢ coomeemcmeuu ¢ npo-
epammoul «Ilpuopumem-2030».
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AHHUOH-PAJIUKAJL S,- B MUHEPAJIAX
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B noknane 60ynyt o0oOuieHbl onyOIMKOBaHHBIE
paHee JaHHbIE O S, -COAepXKAIIMX MUHEPAJIAX TPYIII
COANTa, KAHKPUHUTA U CKAIlOJIUTA, & TAK)KE IIpUBE-
JIEHBI HOBBIE JIaHHbBIE 00 aHHOH-PaJUKae S,~ B raloMHe
C COpa3MEPHO MOAYJIMPOBAHHOW CTPYKTYpPOM U B BE3Y-
BuaHe. [lokasaHo, 4T0 aHUOH-pAMKAJ S, TOCTATOYHO
HIMPOKO PaclpOCTPaHEH B KaueCTBE MPUMECH B ITUX
MHHEpajax M BIUSIET HA UX OKPACKY KaK KEITHIH
xpomodop, a Takke Ha Takue (GU3NIECKHUEe CBOICTBA,
Kak xapaktep nromuHecuennuu, OI1P-, KP- u ontu-
YECKHUE AIEKTPOHHBIE CIIEKTPhl B BUAMUMOIN U OIMX-
aux UK- u Y®P-obmactsax. CoenaH BEIBOJ O TOM, YTO
aHWOH-PAJIMKaJ S,” HTPAET BAKHYIO POJIb B TEOXUMUHU
Cepbl U MOXKET PacCMaTpUBAThCS KaK MHPOPMATHUBHBIH
reOXUMHUYECKUM MapKep.

Munepanozuueckoe uzyuenue eesysuana uz Tarnax-
CKO20 MeCMOPOAHCOEHUS BbINOTIHEHO 8 PAMKAX 20CY0ap-
cmeennoz2o 3aoanus MIT'Y umenu M.B. Jlomonocosa,
eocoroxcemuas mema Ne 121061600049-4. Cnexmpot
nmomunecyenyuu u 1P uccrnedo8anucy 8 pamkax 8vlnoi-
HeHus 2ocydapcmeento2o 3adanus no Ilpoexmy Ne 0284-
2021-0004 u wacmuyno no npoexmy FWME-2024-0004
(pez. nomep 124031900001-9). Yacmob pabomel, césazannas
C MUHEPANI02UYECKUM U3YHeHUeM OCMAIbHBIX 00paA3y08
U unmepnpemayuel ux pamaHo8CKUx cneKmpos, 8bl-
NOJHEeHA 8 COOMBEMCMBUU C MEMOU 20CYOapPCMBEEHHO-
20 3a0aHus (Homep 20CyO0apCmeeHHoOU pe2ucmpayuu
124013100858-3. Pabomwi no ucciedosanuio cnekmpog
domonromunecyenyuu gpinoaHeHsl Ha base Llenmpa xon-
JIEKMUBHO20 NOAb308AHUSL «30MONHO-2e0XUMUYECKUX
uccnedosanuii UI'’X CO PAH».
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IIUPKOH Y OKCHUJI HUPKOHU S N3 YEPHOBLIJIbCKUX «JIAB»:
OBPA3OBAHME U CBOMCTBA

HInpsieB A.A.', Sinackypt B.O.2, ABepun A.A.!, Bypakos B.E.}

I UDXD PAH, Mocksa, Poccus, shiryaev@phyche.ac.ru
2 Teon. ¢p-m. MI'Y, Mocksa, Poccus
5 OTH um. A.H. Hopgpe PAH, Canxm-Ilemepbype, Poccus

B xo/1e TAKeNnbIX peaKTOPHBIX aBapUid TPOUCXOAUT
B3aMMOJICHCTBHUE SAIEPHOTO TOIJIWBA C KOHCTPYKIU-
OHHBIMU MaTepHasaMu. JlaHHBIN MPOLECC XapaKTepu-
3yercs Temmeparypamu 1o 2400 °C u BeIIIe, 171 HETO
XapaKTepHa CJIIOKHAsI KWHETUKA U ITUPOKHUH TUana3oH
($ha30BOTO ¥ XMMUYECKOTO Pa3HOOOpa3us pearupyro-
mux mMarepuaioB. C MHHEpaIOTru4ecKoil TOUKH 3pe-
HUS OTHOW M3 CaMbIX HHTEPECHBIX (a3, BOZHUKAIOIINX
B XOJIE peajbHBIX PEAKTOPHBIX aBapHil H B HEKOTOPHIX
IKCIIEPUMEHTAX, SBISICTCS MUPKOH («ISPHOOBIITHTY)
U OKCUJI IIUPKOHUs, coaepxkamue 10 15 Bec.% ypaHa.
XOoTs CyIIECTBOBAaHUE TAKUX MUHEPAJIONONOOHBIX (a3
M3BEeCTHO JaBHO [bypakoB u np., 1991], Ha HacTosIIEe
BpeMsI MHOT'HE acleKThl X (JOPMHUPOBAHUS OCTAIOTCSA
HEIOCTaTOYHO M3y4YEeHHBIMHU.

Ha nmpoTtsbxkernn psaa 1eT HaM# TPOBOJUTCS CHCTe-
MaTHUYECKOEe U3yUYeHHE CTPYKTYPhI U CBOWCTB, B 4acCT-
HOCTH, CIIEKTPOCKOITMYECKUX, MUHEPAJIONIONOOHBIX (a3
o0pa3zoBaBImIUXCS B X0/le aBapuu Ha UepHOOBIIBCKOM
ADC B 1986 r [Shiryaev et al., 2016, 2020]. B nokmnane
OyAyT ImpeCTaBICHBI HOBBIE JAHHBIE 110 CTIEKTPOCKO-
MUY arperaroB O0OTraThIX YPaHOM IUPKOHA U OKCHJIA
IUPKOHUSA M PE3YJIBTAThI HCCIIENOBAHUS HX CTPYKTY PBL.
[Toxa3zaHo cymiecTBOBaHME HECKONBKHUX T€HEpalnil
[UPKOHA, PA3THYAIOIINXCS COJepKaHUEM YpaHa U pszia
JIPYyTHX 3J€MEHTOB. YCTAHOBJIEHO IMPUCYTCTBHE TpeX
nonumopduerx monudukanui (Zr,U)O, — MOHOKJINH-

HOH, TETparoHajJbHO M Kybmdeckoir. CTabuan3amnus
BBICOKOTEMIIEPATYPHBIX MOMU(DUKAIIUN TOCTUTACTCS
3a CYeT JISTHPOBaHUsI MpUMeckIo ypaHa. HccienoBanue
TEKCTYPHBIX COOTHOIEHUU Mexay (Zr,U)0, (Zr,U)
SiO, mo3BOJISET NPEANONOKUTH OCHOBHBIE Iy TH (Op-
MHUPOBaHUS HUPKOHA ¢ OecHpeneHICHTHO BBICOKUMH
COJIepXKAaHUSMH IPUMECH YPaHa B KPUCTAJIHUECKON
peleTKe.
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HOBBIE JIIOMUHO®OPBI Y,(SO,),:Eu** C TEPMUYECKHUM
AHTU-TYIHEHUEM JIIOMUHECIHEHIIUA

IMlopen O.FO.'2, Illadaunckuii A.IL.!

" @Qunuan HUL] «Kypuamosckuit uncmumymy ITHAD - UXC, Cankm-Ilemepbype, Poccus
2 Canxm-Ilemepbypeckuti 2ocyoapcmeennviit ynusepcumem, Cankm-Ilemepbype, Poccus, olga_frooze@rambler.ru

Hoseie ynukanbueie momunodopsi (Y, Eu), (SO,),
(x=0,0.17,0.33, 0.5, 0.66) c TepMHYECKUM aHTH-TYIIIE-
HUEM JIIOMUHCCICHIIUU U3-3a TUTAHTCKOI'O OTpULIATCIIb-
HOT'O TEPMHUYECKOTO PACIINPEHUS MTOTYUYEHBI ITyTeM KPH-
CTaJUTM3AIMH U3 BOIHBIX pacTBOpOB. Kpucrammmueckas
crpykrypa Y,(SO,), onuckiBaeTcs Kak Kapkac, cocTo-
s u3 TeTpasapos SO, u okrasapos YO,, 00benn-
HEeHHBIX yepe3 obmue BepmuHbl [Wickleder, 2000].
Tepmuueckoe pacuipenue cyiabparos ¢ x = 0, 0.17,
0.5 OBLTO WCCITIEOBAHO METOMIOM ITOPOITKOBOW TEpMO-
pentrenorpaduu. Kpucramnnueckas CTpyKTypa TBEp-
noro pacteopa x = 0.5 yrouHeHa MeTonoM PutBenpaa
mpu 400 u 500 °C o RB = 1.7 u 1.9%. YcranosneHo,
4TO HE3HAYMTEIBHOE CMEIEHHe TeTpasapos SO, mpu-
BOAUT K TUTAHTCKOMY OTPHULIATEIBHOMY OOBEMHOMY
TEPMUYECKOMY PACIIMPEHHIO: CTPYKTYpa COKUMAETCS
BO BCeX HampaBieHusx (puc. 1)

(a, =-73), 0, =15 (3), 0, = 22 (2),

o, =—44(2) - 10°°C" " npu 500 °C nns YEu (SO,),).
NHTEHCHBHOCTH (POTONIOMHHECIICHIIUN YBEITUYNBA-
etcsa B 1.8 paza ¢ poctom Temneparypsl g0 500 °C.
TepMHuUecKOe aHTHTYIIEHHE JTIOMUHECHeHInH Eu®*
MOJKHO OIUCaTh B TEPMUHAX TEPMUUYECKU YCUIICHHOTO
nepeHoca 3Hepruu Mexay nonamu Eu’' us-3a orpuia-
TENIBHOTO TEPMUYECKOTO pacmmpenus Marpuisl Y,(SO,),
BO BCEX HEOKBHUBAJIEHTHBIX HANIPABJICHUIX.

Paboma svinonnena 3a cuem epanma Poccuiickozo
Hayunozo gponoa Ne 22-13-00317.
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Puc. 1. TemnepaTypHbIe 3aBUCHMOCTH
MapaMeTPOB AIEMEHTAPHOHN STUeHKHU
asst TBepabIx pacteopos (Y, Eu ),(SO,),
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OCOBEHHOCTHU JMHAMMUWKHU PEHIETKN MHOI'OKOMIIOHEHTHBIX
OPTO®OC®ATOB P33 CO CTPYKTYPOU MOHAIIUTA

IlanoBa 10.B., bornanora JI.U., MuxaiisioBckas 3.A., Borsikos C.JI.

Hucmumym eeonocuu u ceoxumuu um. akademurxa A.H. 3asapuyxozo YpO PAH, Examepunbype, Poccus,
bogdanovalouisa@gmail.com

MHOTOKOMIIOHEHTHBIE, B TOM 4YHCJI€ BBICOKOIH-
TPOIUHHBIE, OKCUBI B MOCIEAHNE TOABI IPUBICKAIOT
BHUMaHUE HCCIIeOBaTeNel B CBSI3U C UX HEOOBIUHBI-
MH CBOMCTBaMH, 00YCIIOBJICHHBIMHA OCOOCHHOCTSIMHU
CTPYKTYpbl U TepmoauHamuku [Brahlek et al., 2022;
Bacek et al., 2023].

Tepmuuecky, XMMUYIECKH, PaIHaI[IOHHO CTa0UJIbHBIE
MOHauTOnono0Hke opTodocdaTsl peaKo3eMeTbHBIX
3JIEMEHTOB PacCMaTPUBAIOTCS KaK MEPCIEKTHBHBIE Ma-
TepHUaIIbI U1 TEPMOOAPBEPHBIX OKPHITHI B 23POKOCMU-
YeCKOH IMPOMBILIICHHOCTH, SHEPI€TUKE; SMITUPHUECKUM
nmyTeM Obllla TTOKa3aHa BO3MOXKHOCTH YITYUILICHHS HX
(YHKIIMOHAJIBHBIX XapaKTEPUCTUK (CHUKEHUS TEIlJIo-
MPOBOJHOCTH, MOBBIIICHHS KOPPO3UOHHON CTOMKOCTH
K PacIUIaBJICHHBIM COJISIM, TIONCTPOKH Koadduiinenrta
TEPMHUYECKOr0 PaCUIMPEHNUs) 32 CUET YBETUUCHHS Yncia
P33 no naru u 6oaee [Li et al., 2024; Zhao et al., 2019].

Jns ueneHanpaBiieHHOW MOAU(UKAIIMK COCTaBa
M CBOMCTB HEOOXoaMMa pa3paboTKa PU3NIECKUX MO-
JieTield BIUSHUS TUIIa KATHOHOB, BEIMYMHBI KOHPHUTypa-
IIMOHHOMH 1 KoJebaTeIbHON SHTPONIHH, CTETIEHH CTPYK-
TypHOro Oecropsiika Ha TeMIEPaTypPHYIO TUHAMUKY
pELIeTKH MHOTOKOMITIOHEHTHBIX MaTepuaioB. B Hacro-
simiel paboTe MEeTOOM XMMHUUYECKOTO OCaKIeHUsI (TIpe-
KypCOpbl — HUTPAThl UcXoAHbIX P30, nurunpodocdar
amMoHus, pH=2) ¢ nocneayronmm oTKUroM CHHTE3UPO-
BaHbl 011HO- (Ln.PO,) n natukommnonentrsie (XLn,) PO,)
opToochaTbl MOHOKIIMHHOM CTPYKTYPBI (np. 2p. P2 /n),
rae Ln = La, Ce, Pr, Nd, Sm, Gd, Dy. Bennuunna kon-
(GUTYpaMOHHONW YHTPOIIUU BCEX MATHUKOMIIOHEHTHBIX
KepaMUK OAMHAKOBA M HEBEJIMKA; SHTPOIIUIHAS METPU-
Ka, paccuUTaHHas B cOOTBETCTBHH ¢ [Dippo, Vecchio,
2021], coctaBasier EM = 0.8. MeTogoM CIIEKTPOCKO-
UM KOMOMHAIIMOHHOI'O PAcCEsIHUsSI CBETA I10JIYUYCHBI
3aBHCHUMOCTH DHEPTHH U IIHPUHBI PEIIETOUYHBIX MOJ
¥ XapaKTePUCTHYECKUX MOJ TeTpasapos PO, oT Tuma
1 Habopa KaTHOHOB B nuamna3oHe Temmeparyp T=80-
770 K. YcranoBneHo ymupeHue Mo aedopMauoH-

HBIX KOJIeOaHW B MHOTOKOMIIOHEHTHBIX (pocdarax mo
CPAaBHCHHIO C OJHOKOMIIOHEHTHBIMHU MIPU OJJHHAKOBOU
Temneparype. TemnepaTypHasi 4yBCTBUTEIBHOCTD I10-
JIOXKeHUS KoyiebarenbHbIX Mo (BenmmanHa dv/dT, B3sTas
npu T=300K) B MHOTOKOMITOHEHTHBIX (hocaTax CHIKeE-
Ha 110 CPaBHEHUIO C OJTHOKOMIIOHEHTHBIMH. BhInonHeH
aHAJIM3 aHrapMOHW3Ma KoJieOaHUW U OIIEHEHO COOT-
HOIIIEHHUE BKJIAZOB PACIIMPEHUS PEIIETKH U paccesHus
(hOHOHOB, OTIPENEIAIONIUX KOIPPUIIUEHT TEPMHUIECKOTO
pacuIupeHus U TEIIOMPOBOHOCTh COSAMHECHU.

Paboma evinonnena ¢ ucnonvzoganuem 060pyoo-
eanus L{KII «'eoananumuxy UI'T YpO PAH 6 pamkax
Tocyoapcmeennoco 3aoanus UI'T YpO PAH no meme
Ne 124020300057-6.
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NOJAPUMETPUSA B KAYECTBE HOAJAEPKKHU
CINEKTPO®OTOMETPUYECKHX UCCJIEJOBAHUMN

Ileponna ML.IL.!, Kuceses H.H.!?

I Uuemumym acmponomuu PAH, Mocksa, Poccus, mpshcherbina@inasan.ru
? Kpvivckas acmpogpusuueckas obcepsamopusi PAH, nem. Hayunwiii, Kpoim.

Jns onpenenenus GU3NKO-XUMHICCKUX CBOHCTB
(orIeHKH TIPe00IIaIaroIIero MHHEPAIOrHYeCKOT0 THIIA TIO-
BEPXHOCTHOT'O BEILIECTBA) aCTEPOHIOB TPAIUIIMOHHO HC-
MOJTB3YIOTCS TaKHE€ METOBI, KaK CHEKTPOPOTOMETPHS 1
¢oromeTpus. Ha ocHOBaHMH CTIEKTPOGOTOMETPUIESCKUX
JIAHHBIX PACCUUTHIBAKOTCS CIIEKTPHI OTPAKCHUS acTe-
POHJIOB, TTO0 0COOEHHOCTSIM KOTOPBIX (OOIIHiT TpaueHT,
TMOJIOCHI TIOTJIONIEHHST) OLIEHUBASTCS IPUOTU3UTETHHBIN
XUMHKO-MHHEPAJIOrM4YeCKUli cocTaB BerecTBa. OOBIYHO
WCTIONB3YIOTCS TAKXKE JOTIOMHUTENbHBIE (hPH3HIEeCKre
MapaMeTpbl, €CIIN OHU, KOHEUHO, OTIPE/ICIICHBL: aJIb0eo,
IUaMETP, IEPUO]] BPAILICHH S, TIOKA3aTeIN 1[BETA.

B Hacrosmiee BpeMs CyiecTBYIOT HECKOJIBKO YacTO
WCIOJIb3yEeMbIX BAPHAHTOB CIICKTPAIbHON Kilaccudu-
Kal[id aCTePOMOB: KJIaCCU(PHUKAIIUS, PESII0KCHHAS
Tonenom [Tholen, 1984], kmaccudukamus SMASS aB-
TopcTBa baca u buH3ena (a Takke JOMOITHEHHS U pac-
IIUPEHUSI, CBSI3aHHBIC C YBEIMUYCHUEM JUara3oHa JIJIuH
BoiH) [Bus, Binzel, 2002], 3asBuBmras o cebe coBceM
HenaBHO kiaccudukanus Manke [Mahlke et al., 2022].
Bce Tpu knaccuburKaiiy IpeeMCTBEHHbBI OTHOCHTEIBHO
IpYT ApyTa, UMEIOTCS pa3linyusi B BEIOPAHHBIX Iapa-
MeTpax JUIsl pa3felicHUs CIIEKTPOB OTPAXKEHUS 10 OT-
JICTBHBIM KJIaCCaM, a 3HAYUT, HMEETCsA HEKOTOpas Ba-
pUATHBHOCTH pe3ylibTaTa B 3aBHCHMOCTH OT BBIOOpa
KOHKPETHOU cuctemsbl. Tak, Hampumep, acrepoun 339
Dorothea (lopoTes) mMeeT ONeHKY MPHUHAIICKHOCTH
k S/K/B — ximaccam o Tholen/SM ASSII/ Mahlke.

[MoaTOMy BO3HUKAET HCs MPUBJICYCHUS IPYTOTO
BUJIA TAaHHBIX ISl 00Jiee TOYHOTO OMpPEIeNIEHUs CIeK-
TPaJbHOTO KJlacca, TO €CTh IPE00Iafaroero Tuma
MHHEpaJOruu BellecTBa. B kauecTBe Takoro MHCTPY-
MEHTa MOXET OBITh YCIIENTHO TPUMEHEHBI Pe3yIbTaThl

MOJISIPUMETPUUYECKUX UCCICAOBAHUIN acTEPOUIOB, KaK
He3aBUCUMON noaaepxku. [lonsgpuMeTpuieckue uc-
ClieZIOBaHUSI OCHOBaHbl HA U3MEPEHUU XapaKTEPUCTUK
MOJISIPU30BAHHOTO U3JYUYECHUS, TO €CTh BCEX CBOMCTB
paccesHHOTo cBeTa (Kak CKaJISIPHBIX, TaK U BEKTOP-
HBIX), 9TO 3HAYUTEIHHO JOMOJHSICT (OTOMETPHICCKUE
CBOICTBA HccleAyeMbIX Ted. B qaHHOM HccnenoBaHu
paccMatpuBaeTcs (a30Bast 3aBUCMOCTD JIMHEHHOH 110-
JISIpU3aIliU aCTEPOUIOB.

B noknaze Oynet mokas3aHo, Kak BO3MOXHO IPUBJICYb
JIaHHBIE, TIOJTYYCHHBIC METOAOM TMOJIIPUMETPHH, IS
YTOYHEHHS CYIIECTBYIOMINX CIIEKTPATbHBIX KIIacCU(H-
kanwmit: Tholen, SMASSII u Mahlke, a Takxe caenana
MpeABapUTeIIbHAS OLIEHKA KaX IO U3 HUX, OCHOBBIBASCh
Ha OJJHOPOAHOCTH MOJSIPUMETPUUECKUX CBOUCTB acTe-
POUIOB U3BECTHBIX KJIACCOB.

Paboma evinonnena 6 pamxax cocyoapcmeennoco
3a0anus, ymeepacoennozo Munucmepcmeom HayKu
u svicute2o obpaszosanus Poccutickoii Dedepayuu (mema
Ne 225020608981-1 Hccredosanue 06vekmos Conneunotl
cucmemwl (wughp — ABPOPA).
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KPUCTAJVIOXUMHUYECKHUE OCOBEHHOCTHU TYPMAJIMHOB U3
KOJUVIEKIIMHU I'EOJIOTHYECKOI'O MY3ESA UM. A.A. LITYKEHBEPTA K®Y

Arynuna JI.A., My3adapos P.H.
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B macrosmieit paboTe mpUBOAATCS PE3yJIBTATH U3-
yueHHUs 00pa3IoB IIBETHBIX Pa3HOBUIHOCTEH Typma-
TUHOB U3 MecTopoxaenuii Cpennero Ypana (pako-
HBI AepeBeHb Myp3unka, Capanynka, [llaiiTanka),
HOxHoro Ypana (mputok pexku Canapka pexa Kamenka),
3abatikanbs (MagxaHcKoro MecTopoxieHus), bpasunn
(Mwunac-Xepaiic) n3 KoIeKITuN [ €0orndeckoro Mmysest
uM. A.A. lltyken6epra KOV Metogamu onTuueckon
aJICOpPOLIMOHHON CHIEKTPOCKOIUH TOTJIONICHHS i PEHT-
rerdroopecieHTHRIM aHamn3oM (PDA) B maboparopusax
UTuHI'T K®V. Typmanunsel MecTopoxxaeHuit Poccun
1 MHUpa u3gaBHa IMMPUBJICKAIOT BHUMAaHUEC MHOI'UX HUCCJIC-
nmosareneit [['Bozmerko u np., 2019; [Tmernansii, 2010].

B cniektpax 00pa3uoB, XxapakTepu3yIOMKXcs epe-
XOJIOM OT PO30BOTO JI0 TEMHO-KPACHOTO I[BETA, XOPOIIIO
BBIpaXkKeHa MHUPOKasi HHTEHCHUBHAS T0JI0CA TIOTIIONIe-
Hus. OHa cBsi3aHa [0 CBOEMY XapaKTepy H MOJIOKESHUIO
B CIEKTpe ¢ HoHaMu Mn*', B KOTOPBIX pa3pelieHbI 110
cnuny nonnsle d-d nepexonst ° E(G) —°T,(G). (puc. 1).
Jnst oOpa3noB ¢ 30HAMH OKPACKH OT CBETIIO-3€JICHON
JI0 TEMHO-3€JICHOW B ONTHYECKUX CIIEKTPax MOTJIONIe-
HUS HaONIOAaeTCs IMPOKasi HHTEHCHBHAS T10JIOCA TIPH
730 HM, KOTOpast 00ycIIOBIEHA IPOSBICHUEM JIEKTPOH-
Horo nepexona *T,(D)—°E(D) B nonax Fe** (puc. 2).
MuxpopeHTTeH(DITyOpeCIIEHTHRIA aHaIN3 TTPOBOIUIICS
M0 TOYKAaM BJOJb yIJIMHEHHUS KPHUCTAJIOB 00pa3IioB
TypMaJHHOB. B TypManuHax BISBIEHO HEOOJBILOE CO-
Jilep>kaHue FOHOB MapTaHIIa, )Kejle3a, TATaHa, ¥ B OTAEIb-
HBIX TOYKaX MOHOB XpOMa, HUKEJIsl, BACMYTa U TaHTaJa.
HccnenoBanne My3eHHBIX KOJUIEKIIMN NOJUXPOMHBIX
TYpPMaJIMHOB U3 Pa3JIMYHBIX MECTOpOXAeHUN Poccuu
u bpasunum coBpeMEHHBIMH HEPa3pyILAIOLINMHU Me-
TOAaMH MO3BOJUJIO YTOYHUTH KPUCTAIJIOXUMUUYCCKHUC
0COOEHHOCTH U3YYEHHBIX KPHUCTAIIJIOB.
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Puc. 2. Ontudeckue CneKTphl MOTJIOLIEHUS 3€JIEHBIX
TypManuHOB. | — rypmanuH (Bpasunus, Munac-XKepaiic);
2 — rypmanuH (Cp. Ypan, Myp3uHka)
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