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Kpucranimyeckoe v TBepaoe HEKPUCTAINYECKOE COCTOSIHIE MUHEPAJIBLHOTO BEIECTBA: IPOOJIeMbI CTPYKTYPHPOBA-
HHMSI, YIOPSA0YEHHUS U IBOJIOUMH CTPYKTYPbl: MaTepuaibl MUHEPATOTUICKOTO CEMUHApa ¢ MEXIyHAPOIHBIM yUacTH -
eM. CoikThiBKap: ['eonpunT, 2012. 364 .

B cOopHMKe M3710KeHBI MaTepUaIbl MUHEPAIOTMIECKOTO CEMUHApa ¢ MEXXIyHApOIHBIM yuacTueM «Kpucran-
JIMYECKOE W TBePAOe HEKPHCTATUIMYECKOE COCTOSTHIE MIUHEPATbHOTO BEIIIECTBA: TIPOOJIEMBI CTPYKTYPUPOBAHUS, YITO-
PSITOYCHUST ¥ SBOJTIOLIMH CTPYKTYPBI» TIOCBSIIIIECHHBIC N3YICHUIO COBPEMEHHOTO COCTOSTHUS M (DyHIAMEHTATbHBIX ITPO-
6JIeM MIHEpaJIOrunIecKoi Kpuctautorpadui. O6CyKmatoTcs aKTyaaIbHbIe ITIPOOJIEMBI CTPYKTYPHOM YITOPSIIOUYEHHOC-
TH KPUCTAIUTMYECKOTO M TBEPIOTO HEKPUCTAITMISCKOTO MUHEpaIbHOTO BeecTBa. Ocoboe BHUMaHUE YIACICHO BOTI-
pocaM KpHUCTaLTIOMOPGhOIOITMI M aHATOMUH KPUCTAJIOB, KPUCTAJUIOTEHE3HCY, @ TAKIKE SBOIIOIINN KPUCTAIIIOB B T€0-
JIOTMYECKUX Mpolieccax M SKCIIepuMeHTe. PaccMaTprBaloTCs aKTyaIbHBIE BOITPOCHI COBPEMEHHOM KPUCTAIOTEXHO-
JIOTHH, KPUCTAJUIOCHHTE3a, KPUCTAILIOTpadry OpraHMIeCKIUX MUHEPaIoB 1 OoMuHepaioB. OTIeIbHO pacCMOTpe-
HBI BOITPOCHKI CBSI3aHHBIE C MECTOPOXKIACHUSIMU KPUCTAJLTOCKIPhS, TPOOIeMaMU X BBISIBJICHUS 1 3((HEeKTUBHOIO OC-
BOCHUSI.

COOpHUK ITpeICTaBiIsIeT MHTEEC AJIsl ITMPOKOTO Kpyra CIIELIMaTUCTOB €CTECTBEHHO-HAYYHOTO TTPOGUIIS.

Crystalline and solid non-crystalline state of mineral substance: problems of structuring, ordering and structure
evolution: Proceedings of mineralogical seminar with international participation. Syktyvkar: Geoprint, 2012. 364 p.

The proceedings of mineralogical seminar with international participation Crystalline and solid non-crystalline
state of mineral substance: problems of structuring, ordering and structure evolution, related to the studies of present
situation and fundamental problems of mineralogical crystallography, are presented. The actual problems of structural
ordering of crystalline and solid non-crystalline mineral substance are discussed. The special emphasis is given to the
issues of crystallomorphology and crystal anatomy, crystal genesis and also evolution of crystals in geological processes
and experiment. The actual problems of crystal technology, crystal synthesis, crystallography of organic minerals and
biominerals are observed. Particularly problems with crystal raw deposits, their exploration and efficient development
are considered.

The collection represents interest for a wide range of natural scientists.

Texcmot 00K1a008 80CHPOU3EOCHbl 8 ABMOPCKOL pe0aKyulU,
C He3HA4UMeNbHOU MEeXHUYECKOU NPAasKoll
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Kpuctannunyeckoe n Teepaoe
HEKPUCTAINYECKOE COCTOAHUS
MWHEPaIbHOrO BELLIECTBA.
CoBpemMeHHOe COCTOsHME
1 aKTyaibHble NPOOEMbI
MUHEPANOrM4eckon Kpuctaniorpapum



SBONIOLMS M KOHKYPEHLIMS MAEii B TEOPUM POCTa KpMCTanioB B XX Beke

A. M. AcxaboB
NI Komu HLI YpO PAH, CeiktsiBKap; xmin@geo.komisc.ru

CorytacHO HauboJjee O0LIUM COOOPAKEHUSIM OTHO-
CUTEJIbHO pOCTa KPUCTAJIOB, KpUcTaioopasyoliee
BellIeCTBO, HaXosIIeecss B OKpyXaloleit cpeae (B pa-
CTBOpE, B paciulaBe, B Mape), TOJDKHO TeM VI MHBIM
CITOCOOOM ITOITaCTh Ha ITOBEPXHOCTH KPUCTaIIa M BKITIO-
YUTBCS B €T0 peIeTKy. [1pr 3ToM HEeKOTOpoe BpeMsT OHO
MOXKET OCTaBaThCS B aICOPOMPOBAHHOM COCTOSTHUM. DTO
€CTECTBEHHOE CJICIICTBHE PA3IMUMIA B COCTOSTHUN BeIlle-
CTBa B KpHUCTaJlJie U B cpene. [lpyroe pyHmaMmeHTaIbHOE
CBOWMCTBO, KOTOPOE TOJIKHO OBITh IIPHHSATO BO BHUMAa-
HUE TIPU TTOCTPOCHUN TEOPETHUECKUX MOJIECNIEl pocTa
KPUCTAJJIOB — 3TO MX CITOCOOHOCTB K IIJIOCKOTPAaHHOMY
pocTy.

YcraHoBeHO, UTO I1ajKas IJI0CKast TOBEPXHOCTh
B DHEPreTMYECKOM IJIaHe HEBBITOAHA 1JIsI BCTpauBaHUS
aTOMOB (POCTOBBIX €IMHUIT) B KprcTasul. [ToaToMy oHI
TOJDKHBI HAWTH 00Jiee BBITOMHOE MECTO IIJIST TP COCIM -
HEHUSI, KAKOBBIMU SIBJISTFOTCSI U3JIOMBI M CTYTICHH.

VIMeHHO 3TH MOMEHTHI SIBJISTTUCH KITIOUCBBIMU B
SBOJTIOLINY UIIEH U B pa3pabOTKe TEOPUIt pocTa KpUCTaI-
J10B B 20-M Beke. Jloruka rmocTpoeHus nocjaeaHux Oblia
JIOCTaTOYHO MPOCTOi. YTO-TO M3 ITePEUMCIIEHHOTO IIPH-
HUMAaJIOCh 3a INIaBHOE, olpeaelsioniee. Hampumep, ce-
pusi pa3HOOOPA3HBIX MOJIEIIC MACCOIIEPEHOCA ITOCTPO-
€Ha Ha ujee JMMUTUPOBAHUS POCTA KPUCTAJUIOB IIPO-
1eccaMy TPaHCIOPTUPOBKHU BEILECTBA K PACTYILIEMY
kpucrtamny. [Tpouecchl MUTpalMy CTPOUTEIBHBIX €1~
HMUII TIO TOBEPXHOCTU KOHTPOJMUPYIOT POCT B TaK Ha3bl-
BaeMBIX TTOBEPXHOCTHO-TU(MDY3MOHHBIX MOICIISX.

[Tpu 3TOM BO3HUKAIM IIPOOIEMBI, KOTOPBIE HE BCE-
TlIa yIaBaJOCh Pa3peIIUTh B pAMKAX COOTBETCTBYIOIINX
mozesneii. Hanbonee TpyniHONPEOAOIMMBIMU 11O CYyILIE-
CTBY OKAa3aJIMCh CJICIYIOIINE IBE.

IlepBast n3 3TUX IPOOGIEM CBsI3aHa C TeM, YTO He
OBLJIO M IO CUX ITOP HET Oe3yCII0BHOIO OTBETa Ha BOITPOC
0 (hopmax cyliliecTBOBaHUsI BellleCTBa B KprcTali000pa-
3ylOlIeil cpee U, COOTBETCTBEHHO, O CTPOUTEIbHBIX
eIMHUIIAX pOCTa KPUCTAJJIOB.

3aech MHOTHE AECATUIETUS KOHKYPUPOBAIU JIBE
KOHLIETITyaJbHbIE UICH.

CorracHo TIepBO#, CTPOUTEIbHBIMU CIUHUIIAMU
SIBJISTIOTCST OTIETbHBIE MOHBI, aTOMBI M MOJIeKYJTbI (Koc-
ceJieBcKast KOHLIETLIMS).

CorracHO BTOPOIt, KPUCTAJLUIBI PACTYT ITyTEeM ITPH-
COCIMHEHUS K HUM YXe c(hOpMUPOBABIIINXCS B OKPY-
JKaIOIIEeH Cpeie TOTOBBIX KPUCTAITNIEeCKIX 0J10KOB (De-
nopoBcko-banapeBcko- KOmKuHCKas KOHLIETLIMSA).

I1pu 5TOM MOCIIE 0KECTOUCHHbBIX AUCKyccuit 30-X
roJ0B TOCITOACTBYIOIIAsI MapagurMa KpUCTaiooopas3o-
BaHUS Ha MIPOTSKEHUU MHOTHX JIET MTPaAKTUYECKU BCe-
11eJ10 6a3MpoBasiach Ha KOHLEMIMU aTOMapHOTO POCTa.
JIt000TnBbITHO, YTO (DU3UKU-TEOPETUKU OE30TOBOPOYHO
MIPUIEPXKUBATUCH 3TOM KOHIICTIIINM, TOTJa KaK MUHE-

pajioru B CBOEM OOJIBIIMHCTBE OTAABATIM MTPENITOYTeHUE
ujee MUKPOOJIOUHOTO POCTa KPUCTAJIIOB.

BTopas cepbe3Hasi mnpobJieMa Oblia CBsI3aHa C TEM,
YTO IJIST MIPOJOJIKEHUS pOCTa TUIOCKUX TpaHeil Tpeho-
BaJIOCh HAJIMUME CTYTICHEH, TIPUPOIA IIPOUCXOKICHUS
KOTOPBIX OCTaBajach HesicHOM. brura moctpoeHa Mo-
IIeJIb POCTa, B KOTOPOIX HEOOXOMMMBIC CTYIICHU TTOSIB-
JISTIOTCS KaK Pe3yJbTaT 00pa3oBaHUST OTMHOYHBIX WU
MHOTOYMCJICHHBIX TBYMEPHBIX 3apOIbIIICii Ha pacTy-
el rpanu. MHTepec K TakuM MoaesisiM (MOHOHYKJIE-
APHBIM WJIH TTOJIMHYKJICAPHBIM) CYIIIECTBEHHO CHU3HII-
Csl, KOTJla 0Ka3aJIoCh HeCypa3HO OOJIBIINM PacXOXIe-
HUE MEXY MPEICKA3bIBAEMON MOJEIBIO U UBMEPEHHOM
BEJIMUYUHOI CKOPOCTU pocTa KpuctaioB. K mpumepy,
MIPOTHO3HAsI CKOPOCTh 00pa30BaHUsI IBYMEPHBIX 3aPO-
OBl TIPU pa3yMHBIX ITEPECHIIIEHUSIX COCTABISICT
nopsaka 10~ saponpiireii/cmM>cex. I1pasaa, cienyer
TIPU3HATD, YTO CTOJIH HEMBICITMMBIC PACXOKICHMS MEXK-
Iy TeoOpreil M SKCIIEPUMEHTOM BO MHOTOM OBLIH CBSI-
3aHBl C HCBO3MOXKXHOCTBIO KOJMICCTBEHHON OIIeHKU
BXOISIIIIAX B COOTBETCTBYIOIIME YPaBHCHMS TTapaMeT-
poB. MHTepecHO, 9YTO OOWH M3 LEHTPAIbHBIX B 3THUX
OIIEHKaX BOIIPOC O 3HAYCHUSIX MeX(a3HOU ITOBEPXHO-
CTHOI 3HEPTUM IO CUX IIOP OCTaeTCsl OTKPHITHIM. K
cyacTbio, B 1949 romy ®paHK mpenioxXuil Haeko Iuc-
JIOKAIIMOHHOTO MPOMCXOXIEHUS POCTOBBIX CTYIEHEN
1 Ha HEKOTOPOE BpeMsI BOITPOC 00 OCTPOTE MPOOIEMBI
OTOlIIeJ B TeHb. Mes1 AucIoKauMoHHOTO pocTa KpUc-
TaJUTOB ITOJTyYMJIa MMM POKOE pacripocTpaHeHue. OqHa-
KO BOTIPOC O HETIPEPHIBHOM POCTE OE3MMCIOKAIIMOHHBIX
KPHUCTAJIJIOB OCTABAJICS OTKPBITHIM.

Co BpeMeHEeM IIPOMCXOIMIIA OTIpeaeIcHHasT KOp-
PEeKTHpPOBKA MOJEJIC pocTa M UX yClIoXKHeHHe. Bee
GoJtblIee pacIIpocTpaHeHUE CTAJIM TTOJTyJaTh KOMOWMHM -
pOBaHHBIC MOJIEJIN POCTA U IIPEICTABICHIS O MHOTOMAap-
IIPYTHOM XapaKTepe POCTOBOTO IIporecca, 00 OpraHm-
3yIOIIIei pOJIM KPUCTaJUIa B 3TOM mpoliecce. [TomHee cTa-
HOBWIKCH U HAIlIU MIPEACTABICHUS O B3aUMOICCTBUU
KpUCTaJlla U cpefbl B mpoliecce pocta. Kpome Toro B
TEOpeTUYeCcKre MOJEIN POCTa KPUCTALJIOB CTaIU IIU-
POKO BHEAPSITHCS UIEH CaMOOPTaHW3AlMU U CUHEpre-
TUKHM. B Teopum pocra KpucCTa/sIOB Ha3peBaja CMeHa
TTapagnTMBbl.

UpesBbIUaifHO IMOJIE3HYIO POJIb B HOBOM OCMBICTIC-
HHMU POCTOBBIX ITPOIIECCOB CHITPAJIO CO3MAHMUE B CEPEI-
He 80-X rO0B aTOMHO-CHIIOBOTO MUKPOCKOTIA 1 OTKPBI-
e ¢pyuiepeHoB. O0a 3TUX OTKPBITUS CITIOCOOCTBOBAIU
BO3POXKICHUIO MHTepeca K HAHOOObEKTaM 1 HaHOIIPO-
eccaMm. K a3ToMy BpeMeHM HAaKOITMJIOCh TAKXKE MHOTO
SKCIEePUMEHTATbHBIX (PAKTOB, CBUIETEIBCTBYIOLINX 00
YABTPAMUKPOTETEPOTeHHOM CTPOCHUU KPUCTAIo0opa-
3YIOIIMX CPEJI, O CYIIECTBOBAHUM B HUX Pa3TUYHBIM 00-
pa3oM OpraHU30BaHHBIX ATOMHO-MOJICKYISIPHBIX TPYTI-



MUPOBOK. YTO OYeHB BaXKHO, CTAJIO ITOHITHBIM, YTO BO
MHOTOM 3apOKIeHUE U POCT KPUCTATIOB OTIPEAEISIOT-
¢Sl 0COOEHHOCTSMU CTPYKTYPHOI OpraHM3aluu, noBe-
JIEHUsI U CBOVICTB BellleCTBAa HAa HAHOYPOBHE.

Bce atu pakThl 6611 00001IEHBI aBTOPOM B KOH-
LEeTIINHY KJIACTEPHOM caMOOpraHMW3alluy BeIlecTBa Ha
HaHOYpOBHE (KBaTapOHHOU KOHLIETILIMU), B paMKax KO-
TOPOIA OBIIN TIPEITTOXKEHBI HOBBIC MOMIEITN 3aPOXKICHMS
u pocTa KprctauioB. OHI cchopMHPOBaIN TPEThIO KOH-
LEeNTYaJIbHYIO NACI0 OTHOCUTEIBHO CTPOUTEIBHBIX ST~
HUII KPUCTAZIOOOPa30BaHMSI.

Pacnan kBatapona Ha
OT/ACIIbHBIC ATOMBI
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[TocnoiiHbIi pOCT KPUCTAIIOB

CaMbIM, pelIaloT MpobIeMy UCTOUHUKA CTYTIEHEe poc-
Ta. bojee Toro, B TepMrHax KBATAPOHHOMN KOHUETILIMU
MOTYT MHTEPIPETUPOBATHCA U BCE OCTAJIbHBIE BapUaH-
ThI POCTa KPUCTAIOB (CM. pucyHOK). Hampumep, pac-
raj Ha pacTylleil rpaHu KpUcTajla claboCBsI3aHHBIX
KBaTapOHOB Ha OTIAEIbHbIC ATOMBI U TIOCJIEAYIOIIEE UX
MPUCOEANHEHME K KPUCTAJUTY MOXET pacCMaTpUBaTh-
CsI KaK aTOMapHbIil pocT. Ecii Ha TOBEpXHOCTH KpPUC-
Tajula momnaayT TeOMETPUUECKU U 9HEPTETUYECKY CTa-
OMIM3MPOBAHHBIE KJIACTEPHI, TO UX KPUCTAJUIU3AIIUS
CTaHEeT MPAKTUUECKU HEBO3MOXHOM U POCT TpaHu Oy-
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DpakxTanbHBIH POCT KPUCTAIIIOB

PaznuuHble BapMaHThl POCTa KPUCTAILJIOB

LenTpaabHBIM MOMEHTOM KBaTapOHHOM KOHIICTI-
[N U SIBJISIETCS CYIIECTBOBAaHKE B HEPAaBHOBECHBIX YCII0-
BUSIX B KPUCTAJIOOOpA3yoIIeii cpeie 0COOBIX HAHOpa3-
MEPHBIX KJIACTePOB, KOTOPBIe OBLIH Ha3BaHbI KJIACTepa-
MM «CKPHITOM» (pa3bl WIM KBaTapoHaMH. TOJIbKO Kirac-
TepPbI, pa3Mepbl KOTOPBIX ITPEBOCXOAAT 49, I/ie mapameTp
d paBeH IMaMeTpy KJacTepooOpasylonx aTOMOB, MO-
JIEKYJT UM UHBIX CTPYKTYPHBIX €AUHULL, MOTYT TP OTI-
peneIeHHBIX YCIOBUSX TTPEBPATUTHCS B KPUCTAILITNIEC-
Kue 3aponbIiy. Takum 06pa3oMm, 3apokaeHne KpUCTai-
JIOB CTAHOBUTCS IBYXCTYIEHIATHIM TIPOIIECCOM: CHaYa-
Jla KBaTapOHBI, 3aTeM — 3apOJIBIIIIN.

Knacrepsl MeHblIero pasmepa (KBaTapOHbI)
MPEICTaBISIIOT CO00iT HepaBHOBECHBIE aMOP(dHEBIE Ua-
cTtulibl. UME@HHO OHM MO psily CBOMX CBOMCTB M€aib-
HO MOIXOMSIT Ha POJIb OCHOBHBIX €IMHHUI] POCTAa KPUC-
tayutoB. KBaTapoHBI, 0Ka3aBIINCh HAa MOBEPXHOCTU
KpucTamia, popMUPYIOT IBYMEPHBIE 3aPOIBIIIU U, TEM

neT 61okupoBaH. Takas ke cynp0a oXugaeT U IpaHb,
MOKPBITYIO arperaTaMu kjiactepos (rodynamu). Oco-
00 clielyeT OTMETUTD, YTO MOJIeIb KBATAPOHHOTO POC-
Ta KPUCTAJUIOB MPEANIOUYTUTEIbHEE 10 CPABHEHUIO CO
BCEMU JPYTUMU MOJICJISIMU, B TOM YKCJIE U TTPEIJIOKEH -
HBIMU B MIOCJIEIHEE BPEMSI MOZAEJIIMU CAMOCOOPKY KPU-
cTajijia u3 Kiaactepos (Monesb MitolmHa), MoCKOIbKY
TOJIbKO OHA OTIePUPYET HEPABHOBECHBIMU CTPOUTEIb-
HBIMU €INHUIIAMU, KAKOBBIMU U JOJKHBI OBITh EIUHU -
LIBI POCTa, MOCKOJIbKY POCT KpUCTaJia TPOUCXOIUT B
HEPaBHOBECHBIX YCIOBUSIX.

Pabombr no pazeumuio arvmepnamusHvix mooenei
Kpucmanioodpazoeanus noodepicatvi Poccutickum gpondom
@yHnoamenmanvHuix uccaedosanuil (npoexkm 11-25-00432-
a), Ilpoepammoir pynoamenmanvuvix uccaedosanuii PAH
(12-Y-5-1026), IIpoepammoii IIpezuduyma PAH (12-11-5-
1011), Ipanmonm Ilpe3udenma no noddepoicke edyujux Ha-
yunbix wikon (HII-1310.2012.5).



MuHepanoruyeckasi Kpuctaniorpapus:
COBPEMEHHBII 00NMK, HOBbIE TEHAEHLIMM 1 NEPCMEKTUBDI

H. I1. FOmkuH
WT Komu HLI ¥YpO PAH, CeiktsiBKap; yushkin @geo.komisc.ru

WcToxku kpucTtamnorpadpuu, Kak 1 MHOTUX IPYTUX
TOYHBIX HayK, UCXOASAT M3 MO3HAHUS MUHEPAIbHOIO
mupa. TeopeTnueckue U SIMINMPUIECKUE OCHOBBI €€ Ha-
yayu (popmupoBathbes ee ¢ VI B. 1o H. 3. Tpynamu [1u-
¢aropa, ITnarona, ITnuHus Crapiiero 1 MHOTUX JIpY-
rux ecrectBoucnbiTaTesnieit K KoHiy XVIII B. cioxunuch
B CTPOTYIO HAYYHYIO CUCTEMY, YTO IMO3BOJMUIO PoMa-
Henunio B 1772 1. BBECTU TEPMUH KpUCMAAA02PAPUSL.
IToutu mo konua XIX Beka kpucraaorpadust CoxpaHsi-
Jla MMHEPpaJIOTMYeCKOoe ColepKaHKe U Obljla OpraHnvec-
KO YaCThI0 MMHEPAJIOTU U, HO B CBSI3U C pa3BUTHUEM HO-
BBIX MCCJIEIOBATEILCKUX METOIOB, OCOOEHHO PEHTTEHO-
CTPYKTYPHBIX, U CO CTPEMUTEIbHBIM PaCIINPEHUEM TT0-
Jieli oxBaTa, BKJIIOUYEHUEM B HUX HE TOJIbKO KPUCTAJUI -
YECKUX 1 BBICOKOCTPYKTYPUPOBAHHBIX 00pa30BaHU, HO
U BCEX BUJOB KOHIEHCUPOBAHHOTO BELIECTBA, OMOBEIIE-
CTBa M OUOCTPYKTYP BCEX YPOBHEM, HEY3HABAEMO U3ME-
HuJa cBOi 00uK. ['paHUIIbI COBpEMEHHOM KPUCTAILIO-
rpacdur pa3MbIThbl, OHA MOTJIOTHIA TPAKTUYECKHU BCE €C-
TECTBO3HAHME U TOUHbIE HAYKU U KaK MOKa3bIBAET aHa-
JIN3 TeMaTUKU MocaeaHuX MexXayHapOoIHbIX KpUcCTas-
Jiorpaduyeckux KoHrpeccon Boiuia B XXI Bek Kak 210-
0anbHasi CMPYKMYypoaoeusl.

B MuHepanoruu ocoBpeMeHeHHasl Kjaaccuueckast
KpucTajuiorpadus mo-mpexKHeMy coxpaHsieT hyHIaMeH-
TaJIbHYIO POJIb, SIBJISICTCSI OCHOBOM KIacCUMDUKAIIMU MU~
HepasioB. MHOTOYMCIEHHbIE TTOTBITKU MEPECTPONKI CH-
CTEMBI MMHEPAJIIOTUH Ha APYrue 0asbl: TEHETHYECKYIO,
9BOJIIOLIMOHHYIO, YTUJIUTAPHYIO U T. Tl., — JIMIIb YCUJIU-
BaJIM COOTBETCTBYIOLIME HAMpPAaBAEHUSI, HE MPUBOIS K
HUBJI0XEHUIO KpUcTasuiorpaduyecko ummnepuarusa. On-
HaKO pa3BUTHE MUHEPAJOTUU KaK HayKW O MPUPOIHOM
KPUCTAJIMYECKOM BellecTBe 3eMJIM U KOCMUYECKUX
00BEKTOB, €r0 MPUPOJIE, MEXaHM3MaX U 3aKOHOMEPHOC-
TSX MPOUCXOXAECHHUSI, TPOCTPAHCTBEHHOTO pacripeseie-
HUsI, UBMEHEHMSI, arperaliuy, KOHUEeHTpaluu, MpaKTu -
YeCKOTo 3HaYeHUs MOTPEeOOBAJIO PELIeHUSI 1IeJIOTO psiaa
MHOTHX HOBBIX crieliipuuecKrux mpoodsiemM, pa3paboTka
KOTOPBIX BHECJIA CYILIECTBEHHbIE U3BMEHEHUS B CTPYKTY-
py Kpuctajjiorpaguueckoro HamnpasjeHUs, OTKpbLIa
HOBBIC MCCIIEIOBATEILCKIE TOPU3OHTHL. CMeleHre TIPH-
OPUTETOB K U3YYEHHIO PEATTbHBIX KPUCTALIIOB, @ HE TOJIb-
KO X TeOMETPUYECKMX 00pa3LIOB, MPUPOIHBIX KPUCTA-
JIo0OpasylolMX MNpoLeCcCoB, YKe B cepenrHe XX croJie-
THUSI TIPYBEJIO K aBTOHOMU3ALMU 3TUX UCCIEI0BAHUMN KaK
HOBoro HarpasieHus1, kotropoe B 1951 r. E. K. JlazapeHko
ofpeenyl KakK MUHeparoeuueckas Kpucmannoepagus.
Ero crpemutensHoe paszputue B CCCP u 3a pybexom,
CTUMYJIMPYEMOE B TIEPBYIO OUYepeb 3alpocaMu reosio-
TMYECKON MTPAKTUKHU, B KOPOTKUI CPOK BbIPA3UIIACH I10-
pPa3UTENbHBIMUA OTKPBITUSIMU, CO3IaHUEM HOBBIX (-
(EeKTUBHBIX TPOTHO3HO-MOUCKOBBIX U OLIEHOUHBIX TEX-

HoJjioruii. B koporkuii cpok tpyaamu E. K. JIazapenko,
. N. llappanosckoro, 1. I1. I'puropsesa, H. H. Iled-
tans, B. I1. I1erposa, H. 3. EB3ukosBoii, A. I'. 2KabuHa,
B. A. TlomoBa, B. A. ®pank-Kameneukoro, M. Kocto-
Ba, . CynaraBsl, YeH ['yaH0aHs1 1 MH. 1p. ObL1a chop-
MHPOBaHa TEOPETUKO-METOMOIOTHICCKAST KOHIICTIINSI
MMHEPAJIOTMYECKON KpUCTAIIOTpach.

N. U. llladpanoBckuii B 1984 r. mpemioxu cie-
IyIolee onpeaesieHne: « MuHepajgorndeckast KpucTas-
Jorpadus — pasaei Kpuctauiorpadun 1 COOTBETCTBEH -
HO MUHEPAJIOTUH, N3yJaronii MOP(hOJIOTHIO, BHYTPEH-
Hee CTPOeHMEe U KPUCTALIOTeHe3UC (TeHEeTUYECKYIO Y-
HAMUKY) KPUCTAJUIMUECKUX MHAVBUIOB U arperaToB JIst
MMHEpAJIOB U UX UCKYCCTBEHHBIX aHaIo0roB. PeanbHoe
TeJI0 KpUCTaJlJla pacCMaTPUBAETCS €10 KaK IMTPOIYKT B3a-
MMOICHCTBUS IBYX CPell — BHYTPEHHEH KpUCTAJUTIEC-
KO 1 BHEIIIHEl KpucTajlsiooopasymolieit. MatemaTn3sa-
1T 0000IIAIOIINX MOJIOXEHWH MUHEPATOrnIeCcKOi
KpUCTaJUTOrpaduu JOCTUTACTCS C TIOMOIIBIO BCEMEPHO-
r'o UCIOJb30BaHUs MPUHLIMITIOB CUMMETpU». B ogHOl
13 aHAIMTUIeCKMX cTaTeil B 1987 1. MbI ¢ B. A. ®paHK-
Kameneuxum, B. W. IMapauimmubiM, B. H. KBacHuuei,
4. JI. IyGoBBIM BbIIEIUIN B CTPYKTYpPE MUHEPAJIOrUyec-
KO KpucTajutorpaduu psi aCIIeKTOB: YISHHE O Pealib-
HBIX KpUCTaJJIaX, yYeHUe O B3aUMMOACHCTBUM KPUCTAI-
Jia ¥ Cpejibl, YYeHUE O 3aKOHOMEPHOCTSIX KPUCTALIO00-
pa3oBaHMS U KPUCTAJIOpACTIPEIEICHUS B TEOJIOTMIECKUX
00BeKTaxX. Brimarommmcst TOCTIKEHNEeM TOTO POMaHTH -
YEeCKOTO ITeproIa NCTOPUU MUHEPATIOTMUECKO KPUCTAT-
Jorpachum cTaio 000CHOBaHME, TTIPU3HAHTE U YTBEPKIIE-
HMeE IIepBOT0 B UCTOPUY MEXKIYHAPOTHOTO MUHEPAIOTH -
yeckoro oTkpbIThs (auriom Ne 270 CCCP u Ne 4 HPB)
«3aKOHOMEPHOCTB IIPOCTPAHCTBEHHO-BPEMEHHOTO N3Me-
HEHUST MUHEPAJTbHBIX MHANBUIOB B IIPOLeccax MPUPOI-
Horo kpucrtajioo6paszoBaHusi» (. I1. 'puropnes,
H. B. EB3ukoBa, C. K. Ky3neuos, /I. A. MuHees,
B. A. Tlonos, b. B. Yecnokos, U. . lllacdpaHoBckui,
H. I1. FOmkun, 1. KoctoB, M. Manees, b. 3unaposa).

MuHepanornyeckasi Kpyucraaaorpahust CeroaHs
BBIICJIICT B paHTE CaMOCTOSITEIBHON TMCKYCCUOHHOM
TeMBbI Ha BCEX KPYITHBIX TEOJIOTUIECKUX (popyMax, BKITFO-
yasg MI'K, EBporneiickue MuHepaaorndeckme KoHpe-
PEHIIMU | Jp., TIpaBaa POJb Te0JOTUIeCKOM COCTaBIIsI-
IOIIEi 3aMETHO YMEHBIIIAeTCS BCICACTBUE YCHIIMBAIO-
IIeiics TEHISHITNH TTepexoia oT OOJIbIIIc00BEMHBIX Kap-
TUPOBOYHBIX U ITOMCKOBO-Pa3BeAOYHBIX PA0OT K JIOKAJIb-
HBIM U JJAOOPATOPHBIM HCCIICAOBAHUSIM.

LleHTpOM 3apOsKIEHUS U pa3BUTUSI COBPEMEHHOM
MUHepagoTudeckoil kpucrtamiorpaduu 61 CoBeTc-
kuit Coro3, BXOAAIINE B HETO peCcIyOJIMKU, B IIEPBYIO
ouepenb YKpauHa, AzepOaiiaxaH, Y3oekucraH, Tan-
xunknctad, Kazaxcran, Knraii, drmonus, BoctouHast n



3amanHast EBpona. KirroueBylo poJib ChITpajl ¥ IPOI0JI-
JKaeT UCTOJHATh YpaJdbCKUIl PEeruoH, IIe CO3AaHbI
CUJIbHBIE IIKOJIBI IO MUHEPAJIOTMYeCKOi KpUCTaLIO-
rpaduu: cBepaoBcKas (eKaTepuHOyprckas), UJIbMeH-
CcKasl, IoKHOYpaJIbCKasl, CHIKThIBKapcKast. Kaxkmast mko-
JIa XapaKTepHU3yeTcsI CBOCH MCCIIeNOBaTEIbCKOM CITCIIH -
(¢ukoii u ocoboit ucropueii craHoBaeHus. Hanpumep,
B CBepmioBcke-EkarepuHOypre, Kyna ObLia 3BaKyupo-
BaHa BO BpeMs BoiiHbI KpucTannorpadpuueckas 1abo-
patopusgd AH ACCP, noBTopujiach «MOCKOBCKas» 9BO-
JIIOIUS TI0 TPUAIE «POCT KPUCTAIIOB — CTPYKTypa —
CBOICTBa — KpUCTaJJIbl MUHepasioB» (M. B. KoBaiib-
4yyK), a B CBIKTBIBKape Mo KBaTPUAE «KPUCTALIbI MU-
HepaJoB (B OCHOBHOM aKIIECCOPHBIX) — CTPYKTYpa,
Mopdosorusi — cBoiicTBa — pocT». He cMoTpsi Ha reo-
JIOTMYECKHME PA3TUYMS U TEPPUTOPUATIbHYIO PA30OILIEH -
HOCTb, KprcTauIorpapuyecKue ncciaeqoBaHms Ha Ypa-
Jie pa3BUBAJIMCH B TCCHOM B3aMMOIEHCTBUN KOOPIMHA-
IIUY ¥ KOOTICPAIINH.

DTOMY CITOCOOCTBOBAIN IpoxosiIre ¢ 60-X ToIoB
XX Beka HayIHBIE BCTPEUN U (hOPYMBI pa3HBIX YPOBHEH,
1 0COOCHHO ypaJIbCKIE COBEIIAaHMS TI0O MITHEPAJIOTHIEC-
KOI KpucTajutorpaduu, MpuypoIeHHBIE K «KPUTHIEC-
KHM» IIepHoIaM ITepecTPpOMKY KPUCTaIIOTpaduecKoi
MapagurMbl, 5KOHOMUYIECKOM CUTYallUM W POJIM HAYKU
B obuiecTBe. [-e coBeanue «MuHepanornueckast Kpu-
crajutorpadusi, KpUCTAIJIOTeHEe3UC U KPUCTAUIOCUHTES»
obu10 TTpoBeagHo B 1990 1. mpu yyactuu 6osee 180 yué-
HbiX, [I-e coBemanue «TeopeTuyeckasi, MUHEPAJIOTH-
yeckass U TeXHUUecKast Kpucramiorpapus» B 1998 r.
pUBIeKII0 00jee 270 yIJaCTHUKOB M OXBAaTHJIO IITUPO-
kuii kpyr rnpobiiem. IIl-e coBemanue, mpoBoauMoe B
2012 r., cHOBa KOHLIEHTPUPYETCSI B OCHOBHOM Ha MU-
HepaJIoro-KprcTautorpauiecKux mpoodaemax.

B Marepuaiax cosemanus « MuHepajlornaeckast
Kkpuctauiorpacdusi-2012» pacKpbIThl COBpeMEHHbBIE TEH-
JeHIMU e€ pa3BUTHUSI, OTIPeeIeHbI HAauOOJbIINE TTePC-
nexkTuBbl. [Toxainyii, HauboJiee sipKoe BbIpaXkeHUe Mo-
Jiyyaet 3¢ @GEKTUBHOE BTOPXKEHUE BBIPAOOTAHHOTO KpU-
cTajiorpaMueckoro TeOpeTMIYECKOro 1 METOAMYECKOTO
apceHasa B MO3HAHUE HEKPUCTALINYECKUX (DOPM MU-
HepaJbHOIO BEIECTBA, CJOXHBIX CTPYKTYp, HAHO- U
MeraMmacluTabHbIX 00bEKTOB U MPOLIECCOB, KPUCTAJIO-
CTPYKTYPHOM TMHAMUKU, TEOKPUCTAIIOTEOJIOTMYECKUX
B3aMMOCBsI3eii. B Toxe Bpemsl mpuBiieKaeT BHUMaHUe
CepBbE3HBIN Mporpecc B pa3padoTKe HOBBIX METOJIOB KPU-
crajiorpaduu U HOBbIX KPUCTALTIOTEXHOJIOTHIA.

C yIOBJIETBOPEHUEM MOXHO YTBEPXKIaTh O CePb-
€3HOM YKPEIJIEHUU UCCIIEN0BATENbCKOMN 0a3bl ypasibC-
KOl MUHepasiornueckoi kpucramiorpaduu. He Tosb-
KO «BBIXKWJIM», HO M 3HAUUTEIbHO YKPENUINCh OCHOB-
HblE HMCCeN0BaTEbCKUE 1a00paTopum, 0OHOBMIIACH
JlabopaTopHasi 6a3a, BBEICHbI CAMble COBPEMEHHbBIE UC-
cJieIoBaTEIbCKUE M OKCIIEPUMEHTAbHbBIE KOMILJIEKCHI.
K coxanenuto, MHOTOE 1 yTpaueHo. Hanpumep, ronu-
OMETPUYECKOE U3MEPEHME KPUCTAIIOB UJIU KCITPECC-
9KCIEPUMEHTUPOBAHME 1O UX BbIpalllMBaHUIO BEAETCS
JIMIIb B HEKOTOPBIX JJa0OpaTOpUsiX. Y1aJloCh YACTUYHO
PELINTb U MPoOJIeMyY UCCIe0BaTeIbCKUX KaJAPOB MyTEM
CO3JIaHMST COBMECTHBIX Kaenp akaneM1UueCKUX NHCTHU -
TyTOB 1 YyHUBepcuTeToB (ChIKThIBKAp, Muacc, Ekate-
pUHOYPT).

Co3naHbl HEOOXOAMMbIE YCIOBUS ISl BO3POXKIE-
HUSI MUHEPAJIOTUYECKOM KpUcTayliorpaduu, NogooHom
e€ pomanTyeckomy neproay 60 x—80x romos. DTo Mor-
JIO OBbI OBITH JOCTUTHYTO ITyTEM CO3IaHUsI U pa3pabOTKU
creluraabHON aKkanieMruyecKo-yHUBEPCUTETCKON Mpo-
rpaMMbl.



KomnbloTepHoe moaenupoBaHue ¢a3oBbiX Nepexoaos
B TPEXBEPLUMHHOW ABYMepHOM aHTMdeppomardiutHou mopenum lNoTrca
Ha TPeyroJibHoM peLueTke
A. b. babaes' 2

'"MHCcTUTYT husuku JlarecTaHCKOro Hay4HOro eHTpa Poccuiickoii akagemMun Hayk, Maxadkaia;
b_albert78@mail.ru
?JlarecTaHCKMI TOCYJapCTBEHHBII IIeJarornyecKuii yHUBepCcuTeT, Maxaukasia

B nocnenHee BpeMsi THTEHCUBHO 00Cy:KaatoTcs a-
3o0BbIe niepexonsl (PI1) u kpurtmaeckue sipienus (K51) B
MarHeTHKax OMMChIBaeMbIX AByMepHbIMU (2D) pelieTou-
HbIMU Mogensimu M3unra u [lorrea [1]. OcoOblii nHTE-
pec npencrasisieT 2D monens [ToTTca Ha TpeyrojabHO
pereTke. DTo 00yCIOBACHO TEM, UYTO ABYMEPHbBIE pellie-
TouHbIe Moenu [ToTTca Ha TpeyroibHOI peleTKe Omnu-
CBHIBAIOT OOJTBIITON KJTacC peaTbHBIX (DU3NIECKIX CUCTEM:
CJIONCThIC MAarHETUKH, TITICHKH JKUIKOTO TeJTUsI, CBEPX-
POBOJSIINE TITIEHKH, aICOpOMpPOBaHHbBIE TUIEHKM U JIp. [2].
B uactHOCTH, amcopOIIMst MTHEPTHBIX Ta30B Ha aicOpOeH-
TaxX THIIA TpauTa MOKET OITMCHIBATHCSI MOIEIISIMU peltie-
toyHoro ra3a [lorrca. Takue ¢pusnuecku ancoporupoBaH-
HBIC ITICHKU JAI0T SKCITepPUMEHTATbHYT0 peanm3arnio OI1
B IByMepHBbIX cucteMax [2, 3]. OObIYHO, aHTU(EppOMar-
HETHUKHU C TPEYTOJIbHOM PEIIeTKOM SIBIISTIOTCS (DPyCTpH-
pOBaHHBIMU MarHeTuKaMu. OTHaKO, HEOOXOIUMO OTMe-
TUTb, YTO B cliydae moaesu [1oTTca ¢ ynciom cocTossHUi
CMUHa ¢ = 3 Ha TPEYroJbHON pellleTKe B OCHOBHOM CO-
cTosTHUM (ppycTparus o0yCIOBICHHAsI TEOMETPHUE pe-
1IETKX OTCYTCTBYET (CM. pucC. 1) 1 MarHuTHasl cucTeMa
yropsimoueHa Ipu KOHEUHOM Temmeparype. [Toatomy,
MOXHO CYMTaTh, 9To 2D aHTHM(heppoMarHuTHasE MOIEITb
IlotTca ¢ ¢ = 3 Ha TPEYTrOJBHOI pelieTke B OCHOBHOM
COCTOSTHMY SKBUBAJICHTHA TPeXBEePITMHHOM Momenu [1oT-
Tca ¢ Tpemsi moapeinetkamu A, B, C.

B nanHoit pabore Hamu metogoM Monte-Kapio
(MK) npoBeaeHO KOMITbIOTEPHOE MOIeIMpoBaHue da-

>T\

Puc. 1. [Ipumep orcyreTBust hpycTpaliii Ha TpeyroabHOM
pelueTke (aHTudeppomarHuTHast Mmozesb [loTrea ¢ unciom
COCTOSIHMH cniuHa g = 3)

30BbIX [IEPEXOJI0B M TEPMOAMHAMUYECKUX CBOMCTBA B 2D
TpexBepLIMHHOM (¢ = 3) aHTUdEeppOMarHUTHON Mojie-
Jin TToTTca Ha TpeyroJibHOM pelieTKe.

OrpoMHbIi MHTEpEeC K 3TO MoJaean 00yCIOBIeH
TeM, uTo Mojieib [ToTTca Cy>KUT 0OCHOBOI TeopeTHUUecC-
KOTI'O OIMCAaHUS LIMPOKOTO Psijia pa3HOOOPa3HbIX OOBEK-
TOB U SIBJICHUI B hU31Ke KOHACHCUPOBAHHBIX cpen. K
HX YMCITY OTHOCSTCS CJIOXHbIE AaHU30TPOIHbIE (heppo-
MAarHeTUKU KyOM4YecKOoii CTPYKTYypbl, MHOTOKOMITOHEH-
THBIE CIUIaBbl, XUJIKWE CMECU U Pa3IMuHbIe aJcOpOu-
poBaHHbIe MIeHKU. KpoMe Toro, repBbie MOMNbITKU UC-
cJieIOBaHUs TOM MOJEIM METOIaMU BbIYMCIIUTEIbHOM
(hbu3MKM NpeanpuHUMAIKUCh B TO BpeMsl, KOTa MOLIIHO-
CTU BBIYMCIUTEIBHBIX MALIMH U UCMOJIb3yeMble aJIro-
putMmbl MmeTona MK He mo3Bosisiiv pacCUUThIBaTh KPU-
TUYECKUE TapaMeTpbl C HEOOXOAUMOI CTeMEeHbIO TOU-
HOCTH.

[Tpu moctpoenuu 2D TpexBepiiMHHOM (¢ = 3) aH-
tudeppomMaruuTHoit monenu [lorTca Ha TpeyroabHOM
peleTke HeOOXOAMMO UMETh B BULY CJIEAYIOLIME OCO-
OEHHOCTH:

1. B y3nax aBymMmepHOIi TpeyrojbHOI peléTKy pac-
IOJIOKEHBI CITMHBI 1S, KOTOPbIE MOTYT HAXOIUTbCS B OJ1-
HOM U3 ¢ > 2 cocTosiHuii (cM. puc. 1).

2. DHeprus CBI3U MEXIY JABYMS y3JlaMM paBHa
HYJII0, €CJIM OHU HaXOJISITCSI B Pa3HbIX COCTOSTHUSIX (6€3-
pa3IM4YHO, B KAKMX UMEHHO), U paBHa |J , €CJIM B3aMO-
JeCTBYIOLIME Y3/Ibl HAXOMSITCS B OMHAKOBBIX COCTOS -
HUSX (OTATH XK€, BCe paBHO B KAKUX UMEHHO).

C y4eToM 3TUX 0COOEHHOCTE MUKPOCKOTTMUECKU
raMWIbTOHUAH TaKOW CUCTEMbI MOXKET OBbIThb, ITPEICTaB-
JIEH B BUJIe

H:—%JZS(SI',S]'), Si:1,2,3, (l)
iJ
rae J — mapamMeTp 0OMEHHOTO aHTH(hEePPOMATHUTHOTO
(/< 0) B3aumoneiicTpusl,

1, ecau S; :Sj,
8(Si’ S]) = .

0, ecau §; ¢Sj.
WccnenoBanust aHTU(hEPPOMATHUTHOM MOIEIN
[ToTTca Ha TPEYrOJIBHOM pelIeTKe IIPOBEICHBI METOIOM
Momnrte-Kapio. Hamu rccienoBaiuch CUCTEMBI C TMHEH-
HbIMU pasmepamu LxLxL = N, L =20 — 120. Hauanb-
Hble KOHMUTYpaluu 3aaBajuch TAKUM 00pa3oM, 4To-
Obl BCE CNIMHBI ObLIM YIOPSIOYEHBI BIOJAb Ocu Z. s
BBIBOJIa CICTEMbI B pABHOBECHOE COCTOSTHUE BBIUMCIISI-
JIOCh BPEMsI peJlaKCcalluu T, LIS BCEX CUCTEM C JIMHEH-
HBIMM pa3MepaMu L. 3aTeM ycpeaHeHMe TTPOBOIMUIOCH
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T10 YyYacTKy MapKOBCKOU 1ienu unHoii T = 1501,. Kpo-
Me TOTO, JUIsl TIOBBIIIEHUsI TOUHOCTU PacyeTOB MPOBO-
Iuoch yepenHeHue mo 10 pa3inyHbIM Ha4aJIbHBIM KOH-
(urypaiusam. 3aTeM 3TU JaHHbIE UCTIOTb30BATUCH JJISI
TTOCTPOCHUS TPahUKOB.

s HaOMIOAeHNS 32 TeMIIEpaTypPHBIM XOI0M I10-
BEICHMS TETIJIOEMKOCTH ¥ BOCTIPUMMYNBOCTH HAMU UC-
MOJIb30BAINCH (PIYKTyallMOHHbBIE COOTHOIIIEHUSI [4]:

C=(KH(U?)-(UY, 2
% = (NK)(m?)—(m)™), 3)

rae K= |J‘/kBT, N = [’ — 9ucjio MarHUTHBIX y3710B, U —
BHYTPEHHSISI 9HEPTUs, m — TapaMeTp MopsiKa CUCTe-
MBI, YIJIOBBIE CKOOKM O3HAYalOT TePMOIMHAMUIECKOE
ycpeaHeHue. B KauecTBe mapameTpa mopsinka mist hep-
POMAarHuTHOM (m,) U aHTUPEPPOMArHUTHOM (m ;) MO-
nemu [ToTTca MCITOTb30BaINCh CIICTYIOIINE BHIPAsKCHMS
COOTBETCTBEHHO [5]:

, 172
33N, 1
(2 La_2 4
mp 251[ N 3j , 4)
(N, +Ng+ N 12
3 + + 1
mar=\5 > (QTBV—S} ) (5
a#PEy

rne N,={N,, N, N;}, N, — 9ucCJiO CIMHOB B COCTOSTHNY
¢ q=1, N,— 4ucio CIMHOB B COCTOSIHUMU ¢ ¢ = 2, N; —
YUCIIO CIIMHOB B cocTostHuu ¢ ¢ = 3, N,, N, N, — uuncio
crHOB B oapenieTke A, Bu CcoorBeTcTBeHHO, N = L.

Ha puc. 2 nipeacraBiieHbI XapaKTepHBIC 3aBHCHMO-
cti TeruioeMKocTy C oT TeMmItepaTypsl 1 IJIst AByMep-
HOI1 aHTH(eppoMarHuTHOM Monenn [loTTca ¢ ynciiom

1 v L=20
40
18
& ’ —m— 60
' L] 80
|
124 i
o "|
| 1
=
6 i 1 |.'||"
p -‘\‘.“'\
padRAN
= ol
I T — A TrE——y
T v T ¥ T v 1
0.5 0.6 0.7 0.8

k T/

Puc. 2. TemniepaTtypHasi 3aBUCUMOCTb TeTUI0eMKOCTH C TSI
2D anTrdeppoMarHuTHOI Moziesu [1oTTca Ha TpeyroJibHOIM
peleTke

COCTOSIHM CITMHA ¢ = 3 UISI CUCTEM C IMHCHHBIMU pa3-
mepamu L = 20; 40; 60; 80 cooTBETCTBEHHO. 31€Ch U JIa-
Jiee Ha BCEX PUCYHKAaX IMOTPEIIHOCTh JaHHBIX HE IIpe-
BOCXOJUT Pa3MePOB CUMBOJIOB UCITOJIb3YEMBbIX JJIs1 000-
3HAYCHUsI 3aBUCUMOCTH.

st aHanM3a xapakTepa (pa30BOro repexoaa HaMu
HCTIONB30BAJICS METOA KyMyJIsTHTOB BriHIepa yeTBepTo-
ro nopsiakal6].

(£*)
N L

{e),

(m*@.p:L)).
3<m2(T,p;L)>112 |

rae E — sHeprus U m — HaMarHUYEHHOCTb CUCTEMEI C
JIMHEWHBIM pa3MepoM L. Beipaxkenus (6) u (7) 1mo3Bo-
JISI0T onpeeauTs 1.(p) ¢ 60/1b110I TOUHOCTBIO B (haszo-
BBIX ITepeX0/Iax MepBOro U BTOPOTO POJa COOTBETCTBEH -
Ho. CiieyeT OTMETUTD, YTO TIPUMEHEHHUE KyMYJISTHTOB
BuHmepa mo3BoJIsSIeT TaKKe XOPOIIIO TeCTUPOBATh TUIT
¢azoBoro mnepexoaa B cucrteme. [loagpodHO MeToaMKa
orpeneaeHus poaa ha3oBOro Iepexoaa MeTOIOM KyMy-
nsiHTOB buHnepa Hamu gaHa B pabdore [7].

AHaJIM3 TaHHBIX MPOBEACHHBIM HaAMU METOIOM
KymyJsiHTOB buHaepa cBumerenbcTByeT, 4To B 2D aH-
TudeppoMarHuTHolt moaenu [lorTca ¢ ¢ = 3 Ha Tpey-
TOJILHOU pelleTKe HabIogaeTcs IoBeAeHIEe XapaKTep-
Hoe 11T (ha30BOTO Iepexoa IIepBoro poa.

Paboma nodoepcana epanmom PODPU (Ne 10-02-
00130), u epanmom DI « Hayunvie u Hayuno-nedaeoeu-
yeckue Kaopwl unHogauuonHoll Poccuu» na 2009— 2013 200bt

VL(T,p)Zl—

Up(T,p)=1-

(7
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[MCTOrpaMMHbIA aHaNM3 JaHHbIX A TPEXMEPHON pa3baBieHHO
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B mocnemHue Tpu AECATHIICTHS] YCHIIMST MHOTHX
HnCccaeaoBaTeIeli OBIIM HallpaBJICHBI HA TIOHMMaHUe
TOTO, KaK MPUMECH U Ipyrue ne(deKTbl CTPYKTYPBI CKa-
3BIBAIOTCS Ha TTOBEICHNE PA3IMIHBIX CUCTEM OITHCHIBa-
€MBIX TAKUMU MOJICIISIMU, KaK Mojesb MI3uHTa, Monmehb
T'eiizen6epra u monens [lorTca npu a3oBBIX TTepexo-
nax (PIT) [1]. OcobeHHO MHTEPECHO BIMSTHIE BMOPO-
JKEHHBIX HEMarHUTHBIX IIPUMeECEl Ha MATHUTHBIC CHC-
TEeMBI OIMMCHIBAa¢MBIX TPEXMEPHBIMU Mojessmu [ToTTca
C YMCJIOM COCTOSIHUM criuHa ¢ =3 u ¢ =4. OTU MoJenu
MOTYT OBITh MCIOJIb30BaHbI IS OMKMCAHUS IIIMPOKOTO
psiia pa3HOOOPa3HBIX OOBEKTOB U SIBICHUI B (hU3UKe
KOHICHCUPOBAaHHBIX cpel. K Mx 9nciry oTHOCSITCS CITOXK-
HbIe aHW30TPOITHBIE (hePPOMATHETUKM KyOMUIeCcKoM
CTPYKTYPBI, MHOTOKOMITOHEHTHBIC CIUIABBI U KUIKUE
cMmecu [2]. B ¢Bg3u ¢ Tem, 4TO 3TU MOJEJIM MOTYT OBITh
WCIIOJIB30BaHBI TSI OTIMCAHUST HAHOCTPYKTYP U CBEPX-
PpeIIeTOK, McCIeIoBaHNe BIUsTHIE TTpuMeceit Ha ux PI1,
KPUTUYICCKUE W TEPMOIMHAMUYECKIE CBOMCTBA MMEET
BaxkHOeE 3HauyeHue [3].

B HacTosmIei paboTe THCTOTPAMMHBIM METOIOM
MomnTte-Kapno (MK) npoBeneH ananus (a3oBbix me-
PEX0IOoB B TpeXMEpPHOIi pa3baBieHHOM (heppOMarHuT-
Hoii Mmoaenu [ToTTca a1 yncsaa CoCTOSHUI criHa ¢ = 3
n g =4. Vicrionb30BaHNE TMCTOTPAMMHOTO aHaJn3a
TMAHHBIX TTO3BOJIUT OTIPEACTUTH TPUKPUTUICCKUEC TOU-
K1, B KOTOPBIX IIPOMCXOIUT CMeHa (pa30BOTO ITepexoaa
TepBOTO poja Ha BTOPOIA.

OrpoMHBIN UHTEpeC K 3TOi Momesn 00yCIOBICH
TeM, 9TO Moesb [10TTca CIIy>KUT OCHOBOM TeOPETHUIEC-
KOTO OIMCAaHUSI IIUPOKOTO Psiia pa3HOOOPa3HBIX 00BEK-
TOB U SIBJICHUI B (DU3MKe KOHICHCUPOBAHHBIX cpel. [1pu
IMOCTPOCHUHM TPEXMEPHOI pa3daBiieHHOM Moaeu [1oT-
TCa C YMCJIOM COCTOSIHUI CITMHA ¢ Ha ITPOCTOI KyOouuec-
KOii pelieTke HeoOXOAMMO UMETh B BUIY CIEAYIOIINE
0COOEHHOCTU: B y3J1aX PEIIETKM PACTIOI0XEHbI CIIUHbI
S, KOTOpbIE MOTYT HAXOAUTBLCS B OHOM U3 g = 2 COCTO-
SIHUM (pUcC. 1) 1M HEeMarHUTHBIE TPUMeCH (BaKaHCUN); He-
MarHUTHBIC TIPUMECH pacTipeeIeHbI CTyJaitHO 1 (UK~
CHpPOBaHBI Ha Pa3IMYHBIX y3/Iax pemreTku (quenched
disorder); sHeprust CBsI3W MeXAy ABYMS y3J1aMU paBHA
HYJTIO, €CJI OHU HaXOISITCS B Pa3HBIX COCTOSTHUSIX (0€3-
pa3IMYHO, B KaKNX MMEHHO) WJIU XK€, €CIU XOTs OBl B
OIHOM y3JI¢ HaXOIUTCSI HeMarHUTHBII aTOM, ¥ paBHA |J ,
©CJIN B3aMMOICHCTBYIOIINE Y3JIbI HAXOISITCS B OMMHAKO-
BBIX COCTOSIHUSIX (OTISATh XK€, BCE PAaBHO B KAKMX MMEH-
HO). C y4eTOM 3TUX 0COOEHHOCTE MUKPOCKOTTUUECKUI
raMUJIbTOHMAH TAKOM CUCTEMBI MOXKET OBITh, IPEACTaB-
JIeH B Buze [2]

1
Hz_EJZPzPJS(SnSJ)> Sl':l, 2,3,4, (1)
iLj
1, ecau S; :Sj,
riue &(S;,8;)=
0, ecau S; # 8.
Ho = 1, ecaug yzne pacnonodicer ChiH
Pi 0, ecaus yane pacnoNoNCens HOMAHUMHNE NPUMECH

B paborax [4, 5] Ha ocHOBe KyMy/IsTHTOB bunaepa
[6] mccemoBanch TepMOTMHAMMUYECKIE CBOMCTBA TPEX-
MepHo# Momenn [ToTTca ¢ YMCIIOM COCTOSTHMIT CITMHA
q = 3, JUISI KOTOPOIi B OTCYTCTBHU CTPYKTYPHOTO OECITO-
psinka HaOmomaeTcs ¢iabo BeipaxkeHHbIN DI nepBoro
poaa. B atux paboTax ¢ MUCIIOJIb30BAHUEM METOIA KyMY-
JITHTOB buHepa 6bU10 1MOKa3aHo, uTo B ¢1abo pa3das-
neHHoM pexxume (0.70 < p < 1.00) BHeceHME B CUCTEMY
BMOPOXXEHHOTO OecIiopsiIKa B BUIe HEMarHUTHBIX ITPH -
Meceit ¢ (¢ =1 — p,) MOXeT UHAYLIMPOBATh ITOBEACHNE,
xapakTepHoe st @I1 Broporo porna, B TO BpeMsI Kak TSI
TpexMepHoir Moxenu IToTTca ¢ ¢ = 4 Takoe TTOBeIeHNE
BO3MOXKHO TP KOHLIeHTpauuu criuHoB p < 0.70. B aTux
paboTax MPOBEPSIIUCH U IPYTHE KPUTEPUH TTPUBEACH-
HbIe B paboTe [7] mig onpenenenus poxa OIT.

-

L4
’

Puc. 1. Mognens [loTTca ¢ yMcioM COCTOSIHUI ClTMHA ¢ = 2
(monenb M3uHra), g =3uqg =4

T'ucrorpamMmmHbIii MeTo [8] TO3BOJIUT HAZIESKHO OTI-
pelenuTh TPUKPUTUYECKHUE KOHLIEHTPpALUU CIUHOB p
IIpH KOTOPHIX Bo3MoxHa cmeHa DI mepBoro poma Ha
®IT Broporo pona. [ToaTtoMmy HaMi UMEHHO 3TUM METO-
JIOM OBUTH TIDATEeIbHO McciienoBanbl DI B pa3daBieH-
Hoii moaenu [TorTca mist 3HaueHU A KOHLIEHTpalUid crii-
HOB p IPU KOTOPBIX 1eMoHCcTpupyeTcs cMeHa DI mep-
BOT'O pOJia Ha BTOPOil. B ructorpaMMHOM MeTOIE pea-
JIM3yeTCs clydyaiiHoe OJyXIaHue B 9HEPreTUYeCKOM
MIPOCTPAHCTBE. DTOT METO IMO3BOJISICT IMOJYIUTH TOU-
HBIC OLICHKY TSI TUIOTHOCTHU COCTOSTHUI aHeprun g( U).
YcpenHeHHast BEpOSITHOCTb Tepexojia Mo pa3IMYHbIM
HEeYNOPsSA0YEHHBIM KOH(MUTYpaLUSIM U3 OTHOTO COCTO-
SIHWS B IPYTO€ ONPENEIISIETCS BBIPAXKEHUEM:

P(U - U)=min[gU)/gU),1], )
roe Un U — 3Hepruu 10 ¥ IocJie IIepeBOpOTa CIIMHA.
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PacueTsI TpOBOIMIINCE IIJIST CUCTEM C TIEPUOINIEC-
KUMU I'paHUYHBIMU YCA0BUSIMU. [1pu aTOM 1151 MOAEIN
[TotTca ¢ ¢ = 3 paccMaTpUBaJIUCh KOHLIEHTPALIMU CITHU -
HoB p = 1.00, 0.95, a mist mogenu ITotTca ¢ ¢ = 4 KoH-
uentpauuu p = 1.00; 0.90; 0.65. McciaenoBanuch cucre-
MBI C JIMHEWHBIMU pasmepamul LxLxL = N, L =20 — 60.
111 BBIBOIA CHCTEMBI B PABHOBECHOE COCTOSTHUE BBIUMC-
JISLTI0CH BpeMsl peslakCalliy T, IJ1s1 BCeX CUCTEM C JIMHEel-
HBIMU pa3MepaMu L. 3aTeM ycpeaHeHHNe TTPOBOIUIOCH
TI0 YYaCTKy MapKOBCKOM 1ienu ummHoi T = 1501,. Kpo-
Me€ TOTO, IIPOBOAMIIOCH YCPEIHEHME IO pa3IMIHBIM Ha-
YaJibHbIM KOHuUrypatusM. B ciryyae p = 1.0 njs ycpen-
HEHUS UCIT0JIb30Bajioch 10 HaYaIbHBIX KOH(UTYpaluii.
Hist cucteM ¢ KoHLeHTpamuei 0.95 > p > 0.65 ocyiie-
CTBJISITIOCH KOH(UTYpallMoHHOe ycpenHeHue mo 100 —

2000 pa3nuuHbIM KOHGMUTYPALHSIM.

Hammu manHbIe MOJydeHHBIC HA OCHOBE THMCTOT-
paMMHOTO MeToga MoHTe-KapJio moka3bpIBaloT HaImIme
®IT mepBoro poma s TpexMepHbIX Mozaesneii [TorTca ¢
YUCIIOM COCTOSTHUI CITHA ¢ = 3 1 ¢ = 4, KaK ¥ CJIeoBa-
JIO OKMAATh U3 Pe3yIbTaTOB TCOPUH CPEITHETO OIS [ 3]
W U3 pe3yJIbTaTOB pabOT IPOBEACHHBIX HA OCHOBE METO-
na kymyiasiHToB bunaepa uerBeproro nopsiaka [4, 5]. Oto
MPOIEMOHCTPUPOBAHO Ha PUC. 2 I CUCTEM C JIMHEH-
HBIM pa3zmepoM L = 20 u L = 60 BOIU3U KPUTUYECKOM
TeMmnepaTypbl. Ha 9ToM pucyHKe prBeIeHbl SHePreTH -
yecKue ructorpaMmsbl i moaenu [lotrea ¢ ¢ = 3. Kak
BUJHO U3 PUC.2 Ha 3aBUCUMOCTHU BEPOSITHOCTU P OT
sHeprun U st cucteMsl ¢ L = 60 Habi0gaeTcst 1Ba X0-
POIIIO BBIPaKEHHBIX MaKCMMYMa, KOTOPBIE OTCYTCTBY-
1oT i cuctemsl ¢ L = 20. Takast 3aKOHOMEpPHOCTb TO-
BOPHUT O 1IeJICCOO0PA3HOCTH U3YICHUS CUCTEM, JIMHEIH-
HbI€ pa3Mephl KOTOPbIX He MeHble L = 60. ITpu sTom
OTMETHM, YTO HAJIMYKE TBOMHOTO MaKCUMyMa Ha SHep-
TeTUYECKOM TMCTOrpaMMe SIBJISIETCSI JOCTATOYHBIM YCII0-
BueM 11t PIT nepBoro poma. Hanmmune omHOro Makcu-
MyMa cBueteIbcTByeT 0 @I Broporo pona.

AHaJIOTUYHBIE 3aBUCUMOCTH C IBYMSI XOPOIIIO BbI-
pakeHHBIMU MaKCUMyMaMM HAOJIIOaI0TCS U IJIsI TPeX-
MepHOIt ci1abo pasdasieHHoi (0.65 < p < 1.00) Mmogenu
[ToTTca ¢ YMCIOM COCTOSTHUIA CTTMHA ¢ = 4 TOJBKO IJIST
CUCTEMBI ¢ MAaKCUMAaJIbHBIM JIMHEHHBIM pa3MepoM
L =60, yto 1 roBoput o Hajmmuuu B cucreme PIT mep-
BOTO pofa. B otimmumuy ot 3101 Momesu, st crabo pas-

--- L=20

0.0000

0.96 097  0.98
Puc. 2. DHepreTnueckas rucrTorpaMma i TpeXMEpPHOM
Mozenu [lorrcac g=3

OaByieHHoI Moaenu [ToTTca ¢ ¢ = 3 mpu KOHLIEHTpaLMU
cnuHoB p = 0.95, B 3aBUCUMOCTH BEpOSITHOCTU P OT
sHepruu U Habaonaercst OMUH XOPOILLIO BbIPAXKEHHbIN
MakcumyM (cM. puc. 3). nsg mogenu [Totrca c g =4 Ha-
OJIFomaeTCsT aHAJIOTMYHAST 3aBUCUMOCTD TOJTBKO B CHJTb-
HO pasbaBiieHHOM pexume p ~ 0.65. Takoe nmoseneHue
KaK HaM¥ OBLJIO BBIIIIE OTMEUEHO xapakTepHo mst PI1
BTOPOTO poja.

0.14 -

=
2
Q

0.07

0.00

1.12 113 U 1.14

Puc. 3. DHepreTnueckass TucTorpamma JUist TpEXMEPHOM
ciabo pazbasineHHoit monenu [Morrca ¢ ¢ = 3 ipu p = 0.95

Takum oOpa3oM aHaIU3 JaHHBIX, TPOBEACHHBIN
HaMM TMCTOTpaMMHBIM MeTomoM MoHTe-Kapiio, 1mo3Bo-
JIA BBISIBUTH ocobeHHocTr PIT B TpexmMepHOi Moaenu
[MoTTca B 3aBUCMMOCTH OT HEMAarHUTHBIX TIPUMECCH.
[MonygyeHHBIC TaHHBIC HAXOMSATCS B XOPOIIIEM COOTBET-
CTBUU C pe3yabTaTaMu padoT [4, 5], TOJydeHHBIX HAMU
paHHee Ha OCHOBE MeToa KyMYJISTHTOB brHImepa yeTBep-
TOTO TOPSIAKA, W PEe3yIbTaTOM TEOPHUM CPEIHETO ITOJIS,
MOJIyYeHHOTO ISl Hepa3oasieHHoM Moaenu [1orrea [2].

Paboma nodoepcana epanmom PODOU (Ne 10-02-
00130-a) u epanmom DI « Hayunvie u Hayuno-nedazo-
eureckue Kadpuvl unHosauuonuoil Poccuu» na 2009—2013
200bL.
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B rocymapcTBeHHBIX ITpOrpaMMax MHIYCTPHUATIbHO-
WHHOBalIMOHHOTO pa3BuTus Pecnyonuku KazaxcraH
BasKHasi POJIb OTBOIUTCS PACIIIMPEHUIO CHIPhEBBIX PECYpP-
COB OCHOBHBIX MPUOPUTETHBIX BUAOB MOJIE3HBIX UCKO-
rMaeMbIX, UMEIOLIMX CTpaTernyeckoe 3HaueHue. DT1o,
Mpeskje BCero, TOTUIMBHO-HEPTreTUUeCKUe BUIbI Opra-
HOTEHHOTO MUHEPAIBHOTO CHIPhsI: HE(DTh, Ta3, yroJib, U
TBEPIbIC METATNICCKIE M HEMETAUTMYECKUE TIOJIC3HBIC
HMCKOITaeMbIe, IO 3armacaM MHOTHX M3 KOTOPBIX CTpaHa
3aHUMaeT BeIyIlee IOJT0XKEeHNE B MUPOBOI 5KOHOMUKE.
Ha 6a3e ux B HacTosi111ee BpeMsl (PYHKIIMOHUPYET OTPOM-
HOE KOJIMYECCTBO TOOBIBAIOIINX U TIepepadaThIBAIOIINX
MPeANnPUATUA, TPOAYKIIUU KOTOPBHIX 00ecneuynBaloT
HYXIBI HE TOJIBKO COOTBETCTBYIOIINX OTpaciIeil HapoI-
HOTO XO3SICTBA BHYTPH PECIYOJINKH, HO U 9KCIIOPTH-
PYIOTCSI BO MHOTHE 3apyOeXKHbIe CTpaHbl, TaK KaK SIBJISI -
IOTCSI BITOJTHE KOHKYPEHTOCITOCOOHBIMU 110 KAYeCTBEH-
HBIM MToKa3artessiM. B cTpaHe, TeM cambIM, CO31aHa MOIII-
Hasli MUHEpaJabHO-ChIpbeBasl 0a3a, Ha OCHOBE KOTOPBIX
(YHKIIMOHUPYET TOPHOI00BIBAOIIIEE, METAJLTypIrUIec-
KO€, XUMHUUYECKoe, He(PTeXMMUUIeCKoe, aTOMHO-ChIPbe-
BOE, OMOTEXHOJIOTUIECKOE, MEINKO-(hapMalleBTHIECKOe
MPOM3BOJICTBO, MMPEATIPUSITHS CTPOUMHIYCTPUH U aTPoO-
NpPOMBIIIEHHOro KoMmrIuiekca. JIiasa 6ecriepedoiiHOTO
(YHKIMOHUPOBAHUSI IEHUCTBYIOLIMX MOIIIHOCTE HEOO-
XOJIMMO ITOCTOSTHHO OOecIieYMBaTh IIPUPOCT 3aIIacoB
IOOBIBAEMOTrO0, IepepadaTbIBAEMOTO M HCIIOJIB3YEMOTO
MM MUHEPAJIbHOT'O CHIPhSI, 3 UTO BCEIa B OTBETE re0-
Jlorruyeckasi Hayka M oTpacijieBasi IpOU3BOICTBEHHas
reojiornyeckasi ciry>k6a crpanbl. OnHako, XpoHUYecKast
HEXBaTKa BbICOKOKBATU(PUIIMPOBAHHBIX WHKEHEPHBIX
KaIpOB B KOMITJIEKCE CIEPXKUBACT TEMIThI KAUECTBEHHO-
TO MPOBEACHUSI OTIEPEKAIOIINX M CUCTEMAaTUICCKUX Ha-
YYHO-000CHOBAaHHBIX ITPOTHO3HO-MUHEPAreHNIECKUX
WCCIICIOBAHIA TS BBISIBJICHUSI TICPCIIEKTUBHBIX TUTOIIA-
Neii, HOBBIX KPYITHBIX U CYIIEPKPYITHBIX MECTOPOXIE-
Huii. KoMIiekcHOe 1 pallMOHAIbHOE OCBOCHUE BHOBB
OLICHEHHBIX Y OTKPBITBIX OOBEKTOB ITO3BOJIUT BOCITOJI-
HUTb yTpaunMBaeMBble 3ariachl pyI pa3padaTbIBAEMbIX ME-
CTOPOXICHMI, obecIieyaT CTabWIbHYIO pabOTy IpeI-
MPUSATUI, U TEM CaMbIM, YIUIMHSIET CPOKU UX AESTEb-
HocTU. Takue Kaapbl MO MHOTOTTPO(MUIBLHON Te0I0TUN
paHee rOTOBWJIMCH B OBIBILIEM I'€0JIOTO-reorpaduieckKom
daxynbrere KasI'yY umenu C. M. Kuposa 1o rmporpam-
Me reosiornueckoro dakyiaprera MI'Y, Ho B 1960 roay

reoJIorMYeckKoe OTAeeHUe yKa3zaHHOTO (aKkyabTeTa
66110 3aKpbiTo MuHBy30M CCCP 6e3 Bcsikoro cepbes-
HoOro ocHoBaHus. CuMTaeM, YTO HaspeJa XKU3HEeHHas
HEOOXOAMMOCTb B BO3POXKIEHUU MOJATOTOBKH re€0JIOTOB
U APYTUX CIELATUCTOB TAKOTO €CTECTBEHHO-HAYYHO-
ro npoduJs 1Mo HaykaM o 3eMJie B BedylleM By3e CTpa-
Hel KazHY uMenn anb-®apadu, Tak Kak HabIogaeTcst
BECbMa BbICOKAs BOCTPEOOBAHHOCTb B HUX I'€0JIOrMY€eC-
KOI OTpacjiu, 0COOEHHO €€ HAYyYHbIX yUpeXIeHUii. Mbl,
M03TOMY, MOAAEPKMBAeM WHUIIMATUBY BbIITYCKHUKOB
cTapliero MokoJjeHusl reojoro-reorpaduueckoro da-
kynbTeTa KaszI['V, KoTopble HEOJHOKpaTHO 00pallaauch
k HaM B KazHY u MuHucTtepcTBa 00pa3oBaHus U HAYKU
(MOH) PK c mpocb00ii 0 BOCCTAaHOBJIEHUHU CTaTyca ObIB-
1Iero reojioro-reorpaduyeckoro daxkynabTeTa (MaTepu-
asnbl HaxoxsTes B denapramenrte Boicuiero u [TocneBy-
30BcKoro oopazoBanust MOH PK) u takke curtaem, 4To
Ha3peJsia XMU3HeHHass HeOOXOAMMOCTb B BO3POXKIAEHUU
MOATOTOBKHU I€0JIOTOB TAKOTO MpOoQUIIsl B BEIylleM By3e
ctpanbl KasHY nmenn anb-®apabu, Tak Kak, Cyas 1Mo
xonataiicTBy KoMurera reosioruy u HeIpomnoJib30BaHusl,
AO «Ka3zreonorusi» MUHHUCTEpPCTBA UHAYCTPUU U HOBBIX
texHosiorun PK, AO «KazaxwoBenup», MuHucrepcTsa
HedTu u raza PK Habistonaercsi BecbMa BbIcOKasi BOC-
TpeOOBAHHOCTh B HUX I€0JIOTMYECKOI OTpacau, 0COOeH-
HO €€ HayuyHBbIX YUYpEeXJAeHUil, a TakxKe opraHu3aluuu
MuHucTepcTBa OXpaHbl OKpyXKaltollei cpeabl, MUHU-
CTepCTBA CEJBCKOT0 X03s11icTBa, MUHUCTEPCTBA 3ApaBO-
OXpaHEeHUs U psifia APYruxX BEAOMCTB IMTOTPEOHOCTh B HUX
3HAUUTEIBHO BO3pocia. Mbl cuMTaeM, 4YTO YYUTHIBASI
HaJIMYUST MHOTOJIETHUX TIOOPOCOCENCKUX OTHOIIEHUH,
3aKJII0YEHUS TAMOXKEHHOTO M 9KOHOMMYECKOTO COI03a
1 MEXITPABUTEIbCTBEHHBIX COTJIALIEHU I O HAYYHO-TeX-
HUYECKOM COTPYIHUYECTBE, a TAKXKE OTCYTCTBUE 3aMET-
HOTO I3bIKOBOTO Oapbepa MOAroTOBKY MHXXEHEPHBIX Ka/I-
DPOB CJIeyeT, KaK Mpexie, BECTU MO0 MOJEPHU3UPOBAH -
HbIM YYEOHBIM TJIaHaM U MporpaMMaM COOTBETCTBYIO-
KX (haKyJIbTETOB BEAYIIUX POCCUNCKUX By30B: MTY —
no reojioruu, PITPY — no remmonoruuu u MITY — no
TEXHOJIOTUU XyI0KECTBEHHOI 00pabOTKe MaTepuasos,
T. €. TIO IOBEJIMPHOMY JEJTy.

OTKpBITHE CIIEUATIBHOCTU — «T€0JIOTUS U TEMMO-
Jorus» B KazHY cnoco6eTByeT yiyullieHuIo conepxka-
HUSI M KQUeCTBa MPenojaBaHusi UMEIOIIMNXCS, CO3AAHUIO
1 Pa3BUTUIO HOBBIX €CTECTBEHHOHAYUYHbIX TUCLIMITINH,
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TaKUX KaK: [IOYBOBEICHHNE C OCHOBAMM T'€OJIOTUH, MU~
HEpaJIOrusl ¥ TCOXUMHMSI IT0YB, arPOMHUHEPAIOT ST U ar-
pPOreoXMMMSsI, KaK OCHOB ITPOM3BOACTBA MUHEPATbHBIX
yI0OpeHUt, 1e3uHMULIMPYIONINX CPENCTB U STOXUMU-
KaTOB, apXEOTeOJIOTHS ¥ ApXEOMUHEPAJIOT S, CTICJICOMM -
Hepaaorus, MeIUIIMHCKAs TeOJOTHUSI, MEIUIIMHCKAS
MWHEPAJIOTUs U MEAUIIMHCKAS TEMMOJIOTHSI, KAK OCHOB
MMHEPaJIO- ¥ KPUCTAJUIOTSPATIMH, MEIUITNHCKAS TCOXH-
MM KaK OCHOBBI METaJITO- U 3JICMEHTOTEPAIINN, BETe-
pUHaApHass MUHEPAJIOTHS KaK OCHOBA Pa3BUTHUSI BETEPH-
HapHOI MEIMIIMHBI U IIPOU3BOICTBAa KOMOMKOPMOB Ha
OCHOBE MUHEPAJIOB ¥ MUHEPAIbHO-IIOPOTHBIX arpera-
TOB, KOJIOTUYECKAst MTHEPAJIOTHSI, 9KOJIOTUECKasi Te0-
XUMMUsI, OMOMUHEpAOrusi, OMOTEXHOJOT U, TEXHOJIOTU-
yeckasi MUHepaJIorusi, (pusrka MUHEpaIoB, dKCIIEPU-
MEHTaJIbHasl ¥ TEXHUYeCKast MUHEPaJIOTHsI, KaK OCHOBBI
IUTST CUHTE3a LIEHHBIX MUHEPaJIoB, MUHEpaJIoTunIecKast
Kpucrauiorpadusi, MUHEPAIOTHYECKOE U KPUCTAIIIO-
rpauIecko MaTepraioBeIeHNEe, KaK OCHOBBI TSI OTHIC-
KaHUS HOBBIX 00JIaCTEH MPUMEHEHUS MUTHEPAJIOB M MX
KPUCTAJUIOB, CO3MAaHMS 1 Pa3BUTHUSI MHIYCTPUN KPUCTAT-
JIOB, TEOTOITHST — TeOJIOTMUECKUE MMaMSITHUKH, KaK OC-
HOBBI JUISI Pa3BUTHUS T€OTYpPU3Ma, BOCCTAHOBUTh HEO-
GOCHOBAHHO CHSTBIC 13 YIEOHOM ITPOrpaMMBbl JUCIIUII-
JIMHBI: TCHETHYECKasi MUHEPAJIOT ST, COBPEMEHHBIE Me-
TOJIbl MUHEPAJIOTMUECKUX UCCIISIOBAHUI, KPUCTAJUIOXU -
Mus1, Kpuctauiorpadusi, Kpuctauiorpadus U Kpuctas-
JIOXMMUSI OPraHUYECKMX MUHEPAJIOB, TieTporpacdus Mar-
MaTHYECKHUX TOpOI, meTporpadus MetraMop@uaecKux
mopo, TeTporpadus 0cagoIHbIX TTOPOI, JTUTOJIOTHS,
MTAJICOHTOJIOTHSI, TTAJTMHOJIOTHSI, TEPMOOAPOTeOXUMUSI,
KPUCTAJUTOONITUKA M UMMEPCUOHHBIM METO M3yICHMS
BelllecTBa, MUHeparpadus 1 T.1.

Takum o0pa3oM, omKkpsimue uiu 60CCMaH0B.ACHUE
cneyuaabHocmu — «2eoa02us (pyndamenmaivnas) u zem-
Moa02us» 8 00HOM U3 gedyusux 6yzo6 cmpanvt — KazHY
no3eoaum cmyoeHmam haxyabmenos ecmecmeeHHoO-Ha -
YHHO020 HANPABACHUA O3HAKOMUMBCS U UHME2PUPOBAMbCA
C OCHOBAMU 2€0402UlL, MUHEPAA02UU U MUHEPAN0UHECKOU
Kpucmannozpaguu, cnocoocmeyem co30anuIo u pazeunmuro
N04eBbIX YHeOHbIX NOAUOHO8 N0 00ulell U PecUOHAAbHOU
2e0.102ul, MUHEPAA02UU U 2eMMOA02ULL, NANCOHMOA0UU,
na.eo300.102uu u nai1e060manuxe, co30amo U pa3eueantd
cneyuaiuuposanHle 1a60pamopuu no CUHme3sy MuHepa-
108, QUAZHOCHUKe, IKCIePMu3e U OUCHKe I08CAUPHBIX KAM-
Hell U GHMUKGAPHYBIX U30eauil, N0 MexXHO102UU Xy0olce-
CIMeeHHOll 00pabomKu 106eAUPHLIX KAMHell U MAmepua.os,
Pa3eueams nempoMuHepazeHuio, naieoMuHepazeHuio, co-
30anuro yueGHO-HAYHHO020 MUHEPAA02UHECK020 MY3es U
pazeumuio eeomypusma.

3aMeTHOe BJIMSIHME Ha pa3BUTHE 9KOHOMUYECKO-
IO 1 BKCIIOPTHOTO MOTEHI[MaIa CTpaHbl HapsIly C OTMe-
YEHHBIMU BBIIIE TPATUIIMOHHBIMUA BUIAMU MUHEPATb-
HOTO CBHIPBSI MOTYT OKa3aTh, CYIs IO OIBITY Pa3BUTHIX
CTpaH, IparolieHHbIC, FOBEIMPHBIE, TEKOPATUBHO-00JI1 -
IIOBOYHBIC KAMHU — 2eMMO0A02USL — HAYKA 0 0Pa2oueH-
Hotx kamuax. OOHAKO, IparolecHHbBIC, I0BEIUPHBIC U
moaeIouHbIe KaMHY B KazaxcTaHe 10 CHX TIOp He 3aciIy-

JKEHHO OCTalTCsl 0e3 MPUCTaIbHOTO BHUMAHUSI U He
BOLLLJIM B Pa3psi/i MOJIE3HBIX NUCKOMAEMbIX IEPBOCTENEH-
HOI HeoOxonumocTu. M3yyeHue ux He nmpenycMarpu-
BaeTCs B BUE NTPoOJIeM U 3aJJaHUU B ITporpaMMax hyH-
JTaMEHTaJIbHbIX UCCIIEIOBAHNI U MHHOBALIMOHHBIX IPO-
€KTOB. ['eMMOJIOTHSI KaK CaMOCTOSITEIbHBIN pa3/ies reo-
JIOTMYECKOI HayKM TaKXKe He 3HAUMTCS B ITepeyHe HayK
0 3eMiie, B yueOHbIX KJlacCU(UKaTOpax 1 HOMEHKIIATy-
pe crneuraabHOCTel Mo MOATrOTOBKE KaJpOB BbICOKO
kBasindukanmu MOH PK.

B TO BpeMs Kak M3 BCeX BUJIOB M3BECTHBIX HbIHE
MOJIE3HBIX MCKOIMAeMbIX JAparolleHHbIe (IOBEJIUPHBIE)
KaMHU, AparoleHHbIe METAJIbl U U3JEIUS U3 HUX SIB-
JISIIOTCS1, B U3BECTHOM Mepe, CHMBOJIOM U MEPUJIOM 0O-
raTcTBa TOW WJIM MHOU CTPAaHbI, KOTOPBIE BJIAACIOT UMU.
OHU UMEIOT BBICOKYIO SCTETUUYECKYIO, XyIOKECTBEHHYIO
1 BaJIIOTHYIO LIEHHOCTb. B ApeBHOCTH Jitoiu, 001a1a10-
II1ME€ MU OTHOCUJIMCh K «CUJIbHBIM MUpa cero». [1pu-
pOAHAasl peKOCTb, BbICOKAsi CTOUMOCTb, TpaHCIIOpTa-
0eIbHOCTD /U151 BbIBO3a B MECTa pealn3aliii U TOproBiu
MOCTaBUJIM IparolieHHble KAMHU, IparMeTaljibl U I0Be-
JIMPHbIE U3/IEIUs Ha UX OCHOBE B 0CO00E MECTO B MUPO-
BOI1 1 MaTepUalibHOM KYJIbType, MarnuecKux puTyanax,
PEUTMO3HO-MUMDOJOTMYECKUX TPATULIUSX.

IOBenupHbIE KAMHU WU CAMOLBETHI, TAKXKE KaK U
JIparolieHHbIE METAJUIbI, MTOCTYXXUJIU OCHOBOM 3apoxie-
HUSI MMHEPAJIOTMUECKOW HAYKU U €€ Pa3lesioB — Men-
LIMHCKOW MUHEPAJIOTU U, TEXHOJIOTUYECKOU MUHEPATIOTUUN
1 MUHEpaJIorMuyeckoro marepuasioseneHust. C npeBHe-
IIAX BPEMEH U3YYEHUE U UCIIOIb30BaHNE KaXI0T0 JIpa-
TOLIEHHOTO KaMHS$I COMPOBOX/AIOCh BBISIBIEHUEM €TI0
930TEPUUYECKUX, MATUYECKUX U JIeYEOHbIX CBOMCTB. B
MO3IHUE MEPUOIbI PA3BUTHS YETOBEUECKOTO OOLIECTBA
ObLIO YCTAHOBJIEHO, YTO LieJIEOHBIMU CBOMCTBAMU 00J1a-
JIalOT TIOYTU BCE APArolieHHbIE KAMHU OIPeIeIEHHOTO
XUMHUYECKOTO cocTaBa U (PU3NYECKOTO COCTOSIHUS B BUJIE
MPEKPACHO OrPAaHEHHbBIX KPUCTAIIOB, 001a1at0IIUX OT-
POMHOI BHYTpeHHEeU XKM3HEHHOI 3Heprueii, CmocoOOHOM,
MPY YMEJIOM UCTIOJIb30BAHUU, BOCCTAHOBUTD U YJTYULLIUTh
3I0pOBbe YesioBeka. LleuTenbHbI TAaKKE LIBET IPAroLeH-
HbIX KAMHEM, UX TIbe30- U MUPOIJIEKTPUUECKHUE, NOHU-
3UpYylollKe, OaKTepULIUIHbIE, MATHUTHBIE, MEXaHUYEC-
KHe, TerJIoeMKure U Ap. cBoiicTBa. Kak yactb Matepuaib-
HOM KYJIbTYPBI IParolieHHbIE KAMHU MOTYT CITy>KUTh TaK-
K€ ToKa3aTessIMU TS XPOHOJIOTMYeCKO Mepruoan3aumn
YPOBHEN 3CTETUKO-XYI0XKECTBEHHOTO U TEXHUYECKOTO
pa3BUTHS OOLLIECTBA, 3aPOKACHUS LIMBUWIM3ALAMI U €€ OC-
HOBATEJISIX C AHTUYHBIX BPDEMEH U J10 HalllUX THEN.

WHTeHcuBHas 1o0bIva U repepaboTKa B U3AEIUs
JIParol€HHbIX KAMHEW MPUBEIU K PACIIUPEHUIO UX PbIH-
Ka B Pa3JMYyHbIX PETMOHAX 3€MHOro 1mapa. Bo3Hukia
MOTPEOHOCTD B MOBBIIIEHU U KAUY€CTBA FOBEJIMPHOTO Chl-
pbsl ¥ U3NENUI, YBEJIMUEHUU WX 3aI1acoB, pa3paboTKu
crelMalbHBIX TIPUOOPOB U 000PYA0BAHUS IS TOYHOM
U 9KCIIPECCHOM AMArHOCTUKU, SKCIEPTU3bl U OLIEHKHU
JIparolleHHbIX KaMHEM, IparMeTajljioB U U3ENiA.

B cBsI3u ¢ pacuiMpeHreM obsacTeit MpuMeHeHust
JIparoueHHbIX KaMHel JUIsl TEXHUYECKUX liejiedl ObLIu
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MPOBEAEHBI CCIIeTOBaHUS IO CUHTE3Y U ITPOU3BOJICTBY
MOHOKPHCTAJUTIOB IOBEJIMPHBIX KAMHE — aHAJIOTOB MPU-
POIHBIX cCaMOLIBETOB. B Takux cutyanusx Ha pyoexe XIX
1 XX BeKOB c(hOpMUPOBAIOCH HO80e HaANpasaeHue 2e010-
2UYeCKOll HAYKU — 2eMMON02USl — HAYKA, U3YHaruas opa-
20UeHHble KAMHU, UX cOCmas, ceolicmea, deKkopamusHvle
Kauecmea, ycao8uil 00pa308aHus I06eAUPHbIX KAMHEN U UX
MecmopoxcoeHull, npobaemvl UX pauuoOHAAbHOU 000biHU,
MexHoA02UU XYO0ICeCMBEHHOU 00padOmMKU, JKCHepmu3vl U
OUEHKU OpA2oUeHHbIX MAMepuanos.

TepMUH «reMMOJIOTHSI» BBEIICH B T€0JIOTHICCKYIO
JINTEepaTypy aHNIUMCKUM Y4eHBIM D600TOM B 1892 roxy,
YTO 03HAYACT 110 JIATBIHU «TeMMa» — «IParoleHHBIN Ka-
MEHB» 1 «JIOTHSI» — «HayKay, T. €. TeMMOJIOTHST — 3TO Ha-
yKa O IparolieHHbIX KaMHSIX.

['eMMoJiOTUsI CpaBHUTEILHO HOBOE, OYPHO Pa3BU-
Balollleecsl HalpaBJIeHWEe MUHEPATOTUYECKON HAYKU, B
HacTosI1Iee BpeMsi, BCTynuJIa B (pa3y CBOETro COBEPILIEH-
ctBoBaHMSI. OCHOBHBIMU TIPEAITOCHIIKAMU W O0CTOSI-
TEJIbCTBAMM, TTOBJIMSIBLLIMMU M CTTIOCOOCTBOBABILIMMU pa3-
BUTUIO TEMMOJIOTUYECKOW HaYKU, SIBJISIIOTCS: 1) ycue-
HY€ POJIM IParoleHHbIX KaMHel, 0COOEHHO aMa30B B
9KOHOMUMKE MHOTHX CTPaH HE TOJbKO KaK LIEHHBIX MPe/I-
METOB MaTepUaIbHOMN KYJbTYpPbl, HO M KaK KPUCTAJLIIO-
ChIpbe ISl TIPOU3BOJCTBA CIEeLIMaTbHBIX TEXHUUYECKUX
CPENCTB, B KAUECTBE 30JI0TOBATIOTHOIO (poHIa — MOKa-
3aTesisl MOILLEH HAalLlMOHAIbHBIX OOraTCTB rOCyl1apcCTB;
2) OTKPBITUE HOBBIX KPYITHBIX U CYMIEPKPYITHBIX MECTO-
POXJIEHUIA HOBBIX U HETPAIULIMOHHBIX BUJOB IPArOLIeH-
HbIX KaMHEH, 1eKOpaTUBHO-00IMIIOBOYHBIX KaMHEM,
MOTYILIMX MCTIOJIb30BAThCsl B KAYECTBE IOBEJUPHOTO Chl-
pbsl, HAPUMEDP: KOPEHHbIE MECTOPOXKIAEHUSI aIMa30B
kuMbepiuToBoro Tuna Opana u /IxkBaHeHr B borcBaHe
Ha tore AQpUKHU, JaMIIPOUTOBOrO TUMNa Apraui 1 Jp. B
ABCTpaJiiu, MO3BOJIUJIO ONPENEIUTh HOBBIX JTUIEPOB B
JIOObIYE I0BEJIMPHBIX aJIMA30B U LIBETHBIX KAMHelt; 3) 1o-
JIMTUYECKUE U SKOHOMUYECKUE UBMEHEHUSI B MUPE, TTPU -
Be/IIIME K: MePeOpUeHTAUM IOBEJUPHOI OTpaciu Ha
SKOHOMUKY PHIHOYHOTI'O TUTIA, chepa AesTeTbHOCTH KO-
TOPOIi pe3Ko pacimpuiach 3a cuet ctpad CHI u Boc-
TOYHOU EBpomnbl; U3BMEHEHUSIM B OTHOLLIEHUSIX COO-
CTBEHHOCTH Ha He/ipa v pallMOHAIbHOM MCTIOJIb30BaHU U
CBIPBEBBIX PECYPCOB IPArolleHHBIX KaMHEl; 4) MHTeH-
cuduKalus 1 yBeJudeHre 00beMOB HEPOII0Ib30BaHMS,
palMoHaAIU3aMK 100BIYU U ITepepadOTKU I0OBEJIMPHOIO
ChIpbsl IPUBEJIM K BO3PACTAHUIO POJIM FEMMOJIOrMYec-
KMX UCCIIeOBAHUA, SBJISIIOLIMXCS IJIaBHBIMU 3BEHBSIMU
reoJIoropa3BeIouHbIX, TOOBIYHBIX U TEXHOJOTMYECKUX
paboT MO OCBOEHUIO MECTOPOXIECHUI AparoueHHbIX
KaMHEe#, CMHTEe3y U MPOU3BOACTBY MOHOKPUCTAIIOB,
MIPEYMHOXEHUIO KOJTUYECTBA TOCYIaPCTBEHHBIX XPaHU -
JIVIL, TpOOUMPHBIX UHCHEKUUM, JoMOapa0OB, OAHKOB,
MOBBILIEHUIO UX 3AJIOTOBOM I€SITEJIbHOCTU, IOBEJTMPHbBIX
MPOU3BOJACTB U TOPIYIOLIUX OpraHu3aiuii. Bce ato no-
TpebOBaAJIO CO3/IaHMsI B CTPaHAX CETU KBAIM(DULIMPOBAH -
HBIX TeMMOJIOTUYECKMX OpTaHU3aLMii U CJIyKO0 1Mo auar-
HOCTHUKE, SKCIIEPTU3E U OLICHKE I0BEIUPHBIX KaMHEW,
MpPOrHo3y, MOUCKaM, pa3Beke U pa3paboTKe HOBBIX

MECTOPOXKAEHU, MPeANPUSTUI IO MPOU3BOICTBY CUH-
TETUYECKUX IParoleHHbIX KAMHEN U N3N U3 HUX.
B HacTosi1ee BpeMsi Takiie OpraHU3alu U CITy>KObI
CO3aHbI BO MHOTHX CTpaHaxX MUpa. DTO FeMMOJIOTHIeC-
KHe€ accollaliuy, TeMMOJIOTMYecKue o0111ecTBa, FreMMO-
JIOTUYECKHUE MHCTUTYThI, FEMMOJIOTMUYECKUE TabOpaTOpun
1 y4eOHO-HaYYHbI€ LICHTPbI, KPYITHbIE KOMITAHWUU U KOP-
Mopauyu 1o rovckaM 1 pa3Bejike, OLieHKe U J00bIue Ipa-
TOLIEHHBIX KaMHe#, MacTepckue, habprKu 1 3aBOJIbI MO
MPOV3BOJICTBY IOBEJIMPHBIX U3JENUIA, HAYYHO-2KCTIEPU-
MEeHTaJIbHBIE 1IeXa, LIEHTPbI, 1a00paTOPUU MO TPOU3BO/I-
CTBY CUHTETUYECKUX IOBEJIMPHBIX KAMHEN, MEXXAyHAPO/I-
Hbl€ TeMMOJIOTUYECKUE KOHTPOJIbHBIE CITY>KOBI.
'emMMoiOrnyeckrie MHCTUTYTHI, OOIIECTBA U ACCO-
UalMu MHOTUX cTpaH: M3pawns, Munuu, L Beiuapuu,
[Monbmm, CIIA, Anonuu, Kopeu, [lpu Jlanku, 'oH-
koHra, KHP (Bcero 6osee 40 ctpaH) BenyT akTUBHbBIE
pabOThI MO UCHOJIb30BAHUIO IPATOLIEHHbIX KAMHEN M5
Mo beMa 9KOHOMUKHN CBOUX CTPaH, T. K. CPEIU OCHOB-
HbIX (haKTOPOB, MOBJIMSIBIINX HA MTOBbILIEHUE SKOHOMMU-
YeCKOro moTeHluaga psijaa rocynapcTs, BaXHEH YO
pOJib, KakK 3TO HU MapagoKCalbHO, ChIIPAJIM UMEHHO
JiparolieHHble KaMHU. B yacTHocTH, 3KOHOMUKa MHAUK
1o 18 Beka npenMyIilecTBEHHO pa3BUBaach 3a CUET J10-
ObIuM, IepepabOTKU U peaan3aliy AParoleHHbIX KaM-
HEUW U I0BEJMPHBIX U3aeauii. MHaus B To Bpemsi Oblia
MUPOBOU KJIAIOBOM IPArOLEHHbBIX KAMHEW Y €IMHCTBEH -
HBIM UCTOYHMKOM TTOCTYTUIEHUST UX HA MUPOBBIE PhIH-
K1. DKCMOPTHbIE ONEPALIMU MPUHOCUIN OTPOMHBIE IIPU-
o611 — ot 700 1o 1000 mpo1eHTOB.
Bropoii cTpaHoii, mogHMMaBIIeil CBOXO 3KOHOMMU-
KY Ha 3aMETHO BbICOKHUI1 ypoBeHb siBJsieTcss M3panib, e
I0BEJIMPHAS MTPOMBIIILIEHHOCTh HaYajaa MUHTEHCUBHO pa3-
BUBatThes ¢ 1947 rona, T.€. ¢ TOro BpeMeHM, KOrjaa OH Ha-
yaj IpuoOpeTaTh CBOIO rOCy1apCTBEHHOCTh. M3panib 10
CUX MOpP SBJISIETCS JUAEPOM MO OrpaHKe AparoleHHbIX
KaMHell 1 BbIBO3Y MX Ha MUPOBOI PHIHOK HOBEIUPHBIX
U3IIEINIA, XOTSI CHIPhEeBBIX pecypcoB He umeeT. JJo 1998
roia 3Ta CTpaHa BO3IJIaBJIsLia JIUTY ATMa3HO-OpUIITUaH-
TOBOro Ou3Heca. B HacTosiiee BpeMst, 10 TaHHbIM Xyp-
Hajna «Israel Diamonds and Precious Stones» No 158,
1998 r., B U3paniie GyHKIIMOHUPYET PsiJl HAyYHO-UCCTIe-
JIOBATEIbCKUX MHCTUTYTOB (Hanpumep, MHCTUTYT anma-
3a), 350 roBepHBIX pabpuk u MacTepckux. Poccuiickast
I0BeJIMpPHAasl MPOMBIIIJIEHHOCTh BKiouaeT 6osee 500
npeanpuaTuii. B ABctpanuu ToJbKO Ha onanax padbora-
10T 6osee 70 npeanpusTuii. B aToii 6oraToii anmazamu
CTpaHe oraj 00bsIBIeH HallMOHAJbHBIM KAMHEM.
DKOHOMMYECKUI TOTeHIIMal HanboJiee pa3BUThIX
CTpaH B OIpeAesIeHHOI Mepe TaKKe CBSI3bIBAeTCSI C UC-
MOJIb30BaHMEM JparolieHHbIX KaMHeill. [IpoBeneHHbIE
HaMU MapKeTUHTOBbIE MCCIEIOBAHUS COBPEMEHHOTO
COCTOSIHUSI Pa3BUTUS IOBEJUPHOTO PbIHKA B CTpaHax
JAJIbHETO 3apy0exkbsl MOKa3bIBAIOT, UYTO CPEX APATOLIEH-
HbIX KaMHe# | — kitacca HaubosbIIee BHUMaHUE IO Mpe-
JKHEMY yaesseTcs ajiMa3aM — IPOTrHo3y, MoucKaMm,
OLIEHKE, Pa3BeJIKe MECTOPOXKIEHU I U UX pallMOHAJIbHO-
MY OCBOEHMIO, TaK KaK aJIMa3HO-OpUJIJIMAaHTOBBIN O13-
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HeC IMMPUHOCUT B psifie CTpaH MOCTOSTHHBIE MHOTOMMII-
JimapaHble npubbLv. Bo rinaBe aToro busHeca, Kak Bce-
raa, crosiT CIIA. AMepruKaHCKUI PHIHOK IOBEJIMPHBIX
KaMHel ¢ ero orpoMHOI €eMKOCTbIO 3aHMMaeT 0coboe
MECTO M SIBJISICTCSI TIPEAMETOM YCTPEMIICHUI 1T TIPO-
W3BOAUTEIICH M TTIOCTABIIIMKOB CO BceTo Mupa. I1o oreH-
KaMm aHaiauTukoB u3 «Jewellery Industry Research
Institute» exxeronHast mnpuobLIb CIIIA TOIBKO OT ajiMa3-
HO-OPWUIMAHTOBOIO OM3HECA COCTABIISCT 26 MJIP/. A0JI-
JapoB. B TeueHme XKe OMDKAWMIINX TBAaIIIaTH JIET I0BE-
JupHbIi peiHOK CLIA B 11e710M 110 BceM BUaM I0BeJIp-
HBIX KaMHe1 OyIeT cTaOMIIBHO pa3BUBAThCSI, TIOKA3bIBAST
CPEIHETOMOBOI TEMIT POCTa TOOBIMU U MTPOIAX B BUIC
ChIpbsI M u3aeanii B cioxkHbIX npoieHTtax (CAGR) Ha
ypoBHE 0KO0JIO 5 %, a ero cyMMapHbIii 00beM K 2025 1.
JOCTUTHET OTMETKU $ 1152 MApA. ¢ BO3MOXHBIMHU OT-
KioHeHusME B Tipeaesax $ 1140—1170 mipa., B TOM duc-
JIe aIMa3HO-0pMIITMaHTOBOrO phiHKa K 2030 r. BITOJIHE
MOXeET JoCcTUYb oTMeTKH $ 185 mMipa. (kypHan «kOBe-
JnmpHoe 0603peHne», Ne 1, 2008 rox) (cM. pUCYHOK).

Cpenyt MHOTHX (PaKTOPOB ITOBBIIIICHUS SKOHOMU-
YeCcKOro MoTeHlKasa psiia pa3BUThIX TOCYAAPCTB ChIT-
paJi He TOJIbKO ajIMa3bl, HO U [IBETHBIC KaMHU. TOJIBKO
Oyraromapst SKCIIOPTHBIM OIEePalldsIM ¢ CaMOLIBETaMU
MHOTHWE U3 CTPaH IaJlbHEeTro 3apy0eskbsi: ABCTpaus,
benbrusi, Aurnusi, Hunepnannsl, MU3panab, Muaus,
LIpu-Jlanka, bupma u ap. 1OCTUIJIM BECbMA BBICOKOTO
SKOHOMUYECKOTO MPOLIBETAHUS.

Ha BropoM MecTe 1o Ipor3BONCTBY I0BETUPHBIX 13-
JIEJIMI 13 aJIMa30B U IPYIMX LIBETHBIX KAMHEN CTOUT KU-
Taiickas nipoBuHIMS ['yaHmIOHT, cocencTByomas ¢ ['oH-
KOHTOM, Tre B paiioHe [laHo, cunraromeMcst «<BHYTPeH-
HMM paifoHOM CHaOkeHMsI [ OHKOHTa IparolieHHBIMU KaM-
HIMU» (PYHKUIMOHUPYIOT 317 1oBenupHbIX hadbpuk ¢ 70
TBICSTYHBIM KOJIJIEKTHBOM IOBEJIMPOB, SIBIISTIOLVIXCSI CAMBI-
MM MCKYCHBIMU MacTepaMU CBOETO Jielia. ExxeromHas mpu-
ObUIb 3TOI CTpaHbI B aJIMa3HO-OpUJIJIMAHTOBOM OU3HEce
npesbimaer $ 30 mipa. (kypHan «lOBenupHoe 0603pe-
Hue», Ne 1, 2008 ron), cocenneit Uuauu — $ 16 muipa.

3 BbIlIIEyKa3aHHOTO BHITEKAET, YTO U3YyUEHNE, 110~
WCK, OIICHKA, pa3Be/iKa, T0ObIUa M UCITOIb30BaHNE I0BE-

JIMPHBIX KAMHEH Ka3axCTaHCKUX MECTOPOKIECHU I TaKKe
MOTYT UMETb OOJIbLIOE HAPOJHOXO3SIMICTBEHHOE 3HAUe-
HUe. AHaIu3 COOPaAaHHBIX CBENEHUI OTHOBPEMEHHO I10-
Ka3bIBaeT, YTO BO BCEM MUPE CITPOC Ha APATOLIEHHbBIE KaM-
HU, TakXe KaK U JparolieHHbIe METa/UIbl HA MUPOBOM
PbIHKE HEYKJIOHHO Bo3pacTaeT. Tak, 1o JaHHbIM aMepu-
KaHCKuX remmosioroB A. Mwuiep u JIx. CUHKeHKac ¢
1960 110 1994 rr. LeHbI Ha Beayliye AparoleHHbIe KAMHU
MOBBICWJIMCh OPUEHTUPOBOYHO B 1,5 paza. DTo CBUAETEb-
CTBYET O TOM, UTO AparolieHHbIe KAMHHU, HApaBHE C 30J10-
TOM, SIBJISIIOTCSl Haubosiee Halle>KHbIM PE3ePBOM, rapaH-
TUPYIOIIMM COXpaHEHUE BaTIOTHOIO KaruTaja B MOMEHT
HACTYTUIEHUSI IJ100aIbHBIX 9KOHOMUYECKUX KPU3UCOB U
Ipyrux (PMHAHCOBBIX HEYPSIIUIL.

KazaxcrtaH ceromHsi sBisieTcsl OMTHUM U3 HEMHOTUX
rOCyIapCTB IJIaHEThI, HA TEPPUTOPUU KOTOPOTO COCpe-
JIOTOYEHbI HECMETHBIE PECYPChl CAMOLIBETHOTO MUHE-
pPaJIbHOTO ChIpbs. JJaHHBIN PUOPUTET IAET pecryoiu-
K€ OrPOMHBIi 1IAHC BBIUTHU B MUPOBBIE JIMAEPHI MO J0-
Oblue M DKCIIOPTY CAMOLIBETHBIX KAMHEM 1 TEM CaMbIM
MOJHSITh 9KOHOMUKY CTpaHbl Ha 0oJjiee BICOKUIA YpO-
BeHb. OHAKO Hallla cCTpaHa 10 CUX MOP HE UMEET BbICO-
KOOpPraHW30BaHHOM IOBEJIMPHOU MPOMBILIIEHHOCTH,
pPa3BUTOI TeMMOJIOTMYECKOI HAyKU U TEMMOJIOTHYECKO
CJTykObl, KOTOpasi MOTJia Obl OCYLIECTBUTh KOHTPOJIb HAl
MCIT0JIb30BAaHWEM IOBEJIMPHBIX KaMHEl, UX J100bluei,
MPOU3BOJACTBOM U3JEINI, UX OLEHKOUN U peain3aluei.
CyniecTByole YacTHbIe (DUPMBI U3-3a 9TOTO HE UME-
0T JOJKHOM ¢Bsidu ¢ ['ocymapcTBeHHOI TTpoOMpHOI
nHcnekuuei u l'oxpan Pecny0ivKy v MONoJIHEHUE 30-
JIOTOBATIOTHOTO (DOH/Ia CTPAHbI APATOLIEHHBIMU KaMHSI-
MM MPaKTUYECKU HE OCYILeCTBIsIeTCs. B cmpane nem nu
00H020 cO8peMEnHO020 108eaupHo2o 3aeoda. Hu ooun BY3
cysepennozo Kazaxcmana u cmpan CHTI ¢ Ilenmpaavnoii
A3uu He 20mosum cneuyuaucmos no 2eMmoa02uu.

Ha cerognsiiHuii neHb B KazaxcraHe BBISIBIEHO
ooJiee 595 NposIBICHUI U MECTOPOXKACHUI IOBETUPHBIX
KaMHEW, B TOM YMCJIE KAMHEW HETPAAULIMOHHBIX U HO-
BBIX BUJIOB, paHEE HE UCIIOIb3YEMBbIX B IIPAKTUKE Ka3ax-
CTaHCKUX IOBEJIMPOB, a TAKXKE B MPAKTUKE I0BEJIUPOB MHO-
rMx cTpaH. Mexay TeM Ka3axCTaHCKUE LIBETHbIE KaMHU
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HEeTPaaULIMOHHBIX U HOBBIX BUIOB MPEACTABIISIIOT BEIu-
KOJIETTHBII 10 KPacoTe U KaYeCTBY, pea4yailllinii, UHTPU-
TVIOIIWI MaTepyaJ 1151 XyI0XKHUKOB M MaTepUaIOBEI0B,
00J1agaoIMX U3SILIHBIM BKYCOM 1 U300PETATEIbHOCTBIO.
K TakuM HeTpanuIIMOHHBIM U HOBbIM BUJIAM Ka3axCTaH-
CKMX CAaMOLIBETHBIX KAMHEN OTHOCATCS: (DUOJIETOBBIN 1
MEIOBO-KOPUYHEBBII aKCMHUT; TOJIyOOid, 3e/IeHbIi ajlb-
OUT-KJIEBEJAHAMT; BOISIHO-TPO3PAYHbI KaJIbLIUT; (uc-
TaIIKOBO-3€JIEHbI MUIOT; IBIMYATBIN KBAP1I-BOJIOCATUK;
OeJible, YepHbIe, OTHEHHbIE OJ1arOpPOAHbIE ONaIbl; CUHUI
M 3eJIEHOBATO-CUHU I TIOMOPTEPUT; CUHUI1 CUHEBATO-TO-
JIy0oii He(PUTOITONOOHbII POAYCUT; TeMAaTUT-KPOBABUK,
TeEMAaTUT — «KeJIE3HbII 6aMOYK»; pO30BaTO-3€JI€HbIN CTUX-
TUTOBBII CEPIIEHTUHUT; MSATHUCTBIN TPaHATOBBIN aMdU-
OOJIUT; YEPHBIIA JOJIEPUT; CAXapUCTO-OEIbIN arIUT; UTPU-
CThI€ TI0JIOMUTBI U TPABEPTUHbBI; CUHUIA U cari(hpo-CUHUIA
YJBITAYUT (HOBBIM MOAETOYHBIN KAMEHb — artoMaUTOBBII
METacoMaTUT, OOHAPYKEHHbII aBTOpaMU OJIU3 IT. YJIbITay
BIIpenesax EllKnoibMeccKoro Maccuaa yabrpaMaduToB);
OeJIbIA 1 JTyHHO-KEITbIN TUIIC-CEJIeHUT; 30JI0TUCTO-XKe-
TBI STHTapb; YEPHBIH OIaj; MOJUXPOMHbBIE TYPMAIUHBI U
OepUJUIbl, aMETUCThI U AMETPUHBI U MHOTHE JPYTHE.

OTMeueHHbIe BBIIIE HETPaJAULIMOHHbIE U HOBbIE
BUJIbI LIBETHBIX KAMHEN MMEIOT JOBOJIBHO IIIMPOKOE pac-
MPOCTpaHEHUE Ha TEPPUTOPUU PECTTYOJIMKU, PECYPCHI X
MpakTUYEeCKU HercuepraeMbl. ['eMMonornueckue u ae-
KOpaTHBHBIE CBOMCTBA MX BO MHOTMX C/Iydasix (TaMm, rie
MTPOU3BOIMIACH UX ITPEIBAPUTEIbHAS OIICHKA) OTBEYAIOT
MPOMBIILIEHHBIM TPEOOBaHMIM. BaKHO TakKe 3aMETUTD,
YTO MHOTHE 13 YKa3aHHBIX Ka3aXCTAHCKMX LIBETHBIX KaM -
HeM, Kak 3TO HY MapagoKCcalbHO, YK€ UCTI0JIb30BATUCH B
JIPEBHEN MCTOPUU KYJbTYPbl M MCKYCCTBA Pa3iIMYHBIX
HapoJ0B MUPA, B TOM YUCJIE HAPOJOB, HACEJISIIOLLIMX TeP-
putoputo KazaxcraHa, 0 4eM CBUIETEIbCTBYIOT MHOIO-
YHCJEHHBIE apXe0J0rMYeCKre HaX0AKu, JaTupyemble [—
1V Bekamu 1o Halliei 3pbl. YHac/e10BaB I0BEJIUPHOE KC-
KYCCTBO OT CBOMX MPEAKOB — CAaKOB U YMCYHOB, Ka3axu
MIOJTHSUTA €T0 YPOBEHb 0 TPAAULIMOHHOTO HAIIMOHAJb-
HOTO TIpoMbICHa (ama kacin). Tak, HarpuMep, MPU pac-
KOMKax IpeBHEro KaszaxcrtaHckoro ropoaa Otpap Obuiu
00HapyXXeHbI I0BEJIMPHbIE YKPAILIEHHsI CO BCTaBKaMu 060-
Jiee 27 10BETMPHBIX KAMHEH, B TOM YMCIIe TAKUX PEIKUX
LIBETHBIX KAMHEN KaK rarat, 0JlaropoJiHblii O1aJ, SSHTapb,
PYOMHOBO-KpaCHbIH XaJllieIoH, Hape3Hoit HedpuT, JTazy-
PUT, BBITTOJTHEHHBIE B HALIMOHAJILHOM CTHUJIE.

M3BecTHO, 4TO 3amachl AparoleHHbIX KaMHe# ¢
KaXJbIM TOJIOM PE3KO YMeHbIlaloTcs. B ¢Bsi3u ¢ aTuM
BO MHOTHMX CTpaHax JajbHero u onuxHero (Poccus,
YkpaunHa) 3apy0ekbsi HaJaxkKeHO MPOU3BOJCTBO CUHTE-
TUYECKUX I0BEJTUPHBIX KAMHE, 00JbIIMHCTBO U3 KOTO-
PBIX UCTIONB3YETCS U B TEXHUYECKUX LIESIX — B DJIEKT-
POHHOI MPOMBIIIIEHHOCTH, B IPOM3BOJCTBE YaCOB, TOU-
HbIX MEXaHU3MOB U CUETHBIX YCTPONCTB, ONTUYECKUX
JINH3, B BOGHHOU 1 KOCMUYECKOU OTpaCIsIX TPOMBIII -
JieHHOCTU. CTOMMOCTb MOHOKPHUCTAJJIOB, UIYIINX Ha
TeXHUYECKUE LU B HECKOJBKO pa3 BhIIIE MO CpaBHE-
HUIO C CHHTETUYECKUMU KaMHSIMM, MpeJHa3HAYEeHHbI-
MM JJIS1 IOBEJIMPHON MPOMBIIIEHHOCTU. ECTh CTpaHBbl,

KOTOpHIE IMTPOM3BOAIT 10 60 TOHH CHHTETUIECKIX KaM-
Heit | kiacca B roa (Hanpumep, LlBeiimapus). Co3na-
HUE HAYYHOU U 9KCIIEPUMEHTAJIbHOW OCHOBBI IS MTPO-
M3BOACTBAa CHHTETUUECKMX IparolieHHbIX KamHeit B Ka-
3aXCTaHe, I1e MPOMBbIIUIEHHbIE 3aMachl TPUPOIHbIX Ipa-
roueHHbix KaMHel I u Il kiaccoB moka He BbISIBJIEHbI
WJIA BECbMa OTPaHUYEHbI, TPEACTABSIETCS BIOJHE NEP-
CMEKTUBHBIM U CYJUT 3HAYUTEJbHbIE SKOHOMUYECKIE
BbIrO/bl, TaK KaK B KazaxcraHe mmeercst Gorarerilias
(MpakTUyecKu HeorpaHUYEHHasl) chbipbeBas 0aza st
CMHTE3a JIIDOOro AparoleHHOro KaMHsl, B TOM 4uclie
9K30TUUYECKHX KAMHEH TUIIa 3BE€3IHbIX PyOMHOB, carndu-
pPOB, aJleKCaHIPUTOB, TUOO TeX K& KaMHeil ¢ 3 heKToM
«KOIIIaYbero Ia3a» WIK «TUTPOBOTO IJ1a3ax.

KazaxcTaH ceromHss — 3TO OAHO U3 HEMHOTHX TO-
cynapctB CHI', koTopoe objiamaeT BecbMa MPOYHON
MMHEPATbHO-ChIPbEBOI 023011 1 1eKOPATUBHO-00JIUIIO-
BOYHBIX KaMHe, MpeAcTaBIeHHOI 601ee 480 MecTOpOK-
NEHUSIMU Y TIpOsTBIICHUSIMA. OTHAKO U3YYEeHHOCTH 0OJTh-
IIMHCTBA 00BEKTOB IIPUPOITHBIX O0TUIIOBOYHBIX KAMHEI
HaXOAMTCs MTOKA HAa TAKOM YPOBHE, UTO HE MpeACTaBIsI-
€TCSl BO3MOXHBIM JaTh UM KOJIMYECTBEHHYIO re0JIoro-
5KOHOMUYECKYIO OLEHKY.

W3 u3noxxeHHOro Bbllle MaTepraja BbITeKaeT XKu3-
HEeHHast HeOOXOAMMOCTb BO BKJIIOUEHU U B OOHOBJISIEMbI T
Knaccudukarop HOBOI CrelIMaJbHOCTU «T€OJOTUST U
reMMOJIOTHST», CO3IaHUST HAyYHO-y4eOHOTO I'e0JIOr0-reM-
MOJIOTMYECKOTO LieHTpa B Ka3zaxckoM HauMoHaJIbHOM
YHHUBepcHUTeTe MMeHM ATb-Dapadul B LEJISIX Pa3BUTHSI T€0-
JIOTO-T€MMOJIOTMYECKO HAayKU U T€MMOJIOTUYECKOM
CJTyXObl, KaK OCHOBBI Jy1s1 pa3BuTUsl B KazaxcraHe 1oBe-
JIMPHOI ¥ KaMHe0oOpadaThIBaOLIEN MPOMBIILIEHHOCTH,
BO3POXK/IEHUS HALIMOHAJILHOM TPaAULIMKU XyI0XKECTBEH-
HOIl 00pabOTKM AparolieHHbIX KaMHE — OBEJMPHOTO
Jiesia v UCITOJIb30BaHUsl MTPUPOIHBIX KAMHEH MpU CTpOu -
TeIbCTBE YHUKAIBHBIX COOPYKEHU I, TaMSITHUKOB, apXy-
TEKTYPHBIX MOTHMBOB U 3JIEMEHTOB C HallMOHAJbHBIM Op-
HaMEHTOM UM KOJIOPUTOM, a MUHEPAJIOB U UX KPUCTaJ-
JIOB — JIJI51 TPOM3BOJICTBA BICOKOTEXHOJOTMUHBIX U3/Ie-
JIN#A CTIeLIMAIbHOTO Ha3HAYEHMST. DTO IMO3BOJIUT OPraHu-
30BaTh MOJrOTOBKY Ir€0JIOr0B IIMPOKOTo Mpoduisi, reM-
MOJIOTOB U TEXHOJIOTOB-IOBEJIMPOB, KOTOPbIE OYAYT CIO-
€c00CTBOBATH PACIIMPEHUIO TPOTHO3HO-MUHEPATEHUYEC-
KHX UCCJIEOBAHUI U OTKPBITUIO KPYITHBIX U CYTIEPKPYTI-
HbIX MECTOPOXXAEHUI MOJIE3HBIX MCKOIAEMbIX, MX KOMII-
JIEKCHOMY Y pallMOHaJIbHOMY OCBOEHMIO, PAa3BUTUIO MH-
JYyCTPUU KPUCTAJUIOB U IOBEJIMPHOTO Jiej1a, CO3MaHUI0 1
DPa3BUTHIO HOBBIX HAIlpaBJAEHUH B re0JI0TMYeCKOi HayKe.

ITpoBeneHue HaAMEeUEHHBIX MEPOITPUSITUIL TO3BO-
JuT KazaxcraHy 3aHATh 1OCTOMHOE MECTO B PSIAY CTpaH
C pa3BUTOM re0JIOTO-reMMOJIOTMYECKOM HAYKOW, MUHE-
pajornueckoi Kpucramiorpahpuu, reMMOJOTMYeCKUMHU
LIEHTpaMU, I0BEJIMPHON U KaMHeoOpabdaThiBatolei nH-
nyctpueit, a KasHY — npuobpectu cratyc uccienoBa-
TEJbCKOTO M 2JIMTHOTO YHUBEPCUTETA, TaK KaK OH CTa-
HET eJIMHCTBEHHbIM CPEAU BY30B LIEHTpaJbHO-a3uaTc-
KHUX TOCYAAapCTB, BBIMYCKAIOLIMUX I€0JIOT0B LLIMPOKOIO
npoduisi, FeMMOJIOTOB 1 TEXHOJIOTOB-I0BEJIMPOB.
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Kpuctannorpaduyeckuin aHanms atoMHbIX CTPYKTYP
M MEXaHM3M KpUCTaIU3aLMN

C. B. bopucos, C. A. Marapwui, H. B. I1lepByxuna
MNHX CO PAH, HoBocubupck; borisov@niic.nsc.ru

OTCTYyUB OT OOLIETIPUHSITOM TPAKTOBKH KPHCTaII-
JIMYECKOTO COCTOSIHUS, Oa3upyloliencsi Ha UCXOAHOM
TPaHCASILIMOHHOM pelieTke, KpucTtamiorpadudeckuii
aHaJIU3 pacCMaTPUBAET MPOLECC KPUCTAILIN3ALNYN KaK
nocJjieoBaTeIbHOE YIOPSII0UEHUE TTO3ULIUI aTOMOB CH -
cTeMaMu mapajjefbHbIX PaBHOOTCTOSIIMX MJIOCKO-
CcTell — cucTeMaMU TJIOCKUX CTOSIUMX YIPYTUX BOJH
[1, 2]. Kak «3epKaiabHbIe» OTpaXkKeHUsI OT MapaJijIeTIbHbBIX
aTOMHBIX TUIOCKOCTEM TpaKTOBaIu MU (PaKLIMIO PEHTTe-
HOBCKUX JIy4eil Ha KpUCTaJlJlaX OCHOBATeJIM PEHTTEHO-
CTPYKTYPHOIO aHajlu3a oTell U cbiH bparru. Bddekr
YIOPSIAOUEHUS YIIPYTUMU CTOSTYMMU BOJTHAMMU IOCTUTA-
€TCs CMELIEHUEM LIEHTPOB MACC YaCTUIL B 30HY Y3JIOB C
HaMMeEHbIIIeH aMIIUTYA0i KosebaHuii. Tpex HekorL1a-
HapHBIX CUCTEM IIJIOCKOCTEN 10CTATOYHO, YTOOBI 3a(prK-
CUPOBaTh B MPOCTPAHCTBE MO3ULIMU Y3JT0BbIX TOYEK —
TOYEK MepeceyeHU it 9TUX CUCTEM IIJIOCKOCTeH U, Clieo-
BaTeJIbHO, Hau0oJiee BHITOTHBIX — JIJIs1 9KOHOMUU SHEP-
TUU — TMO3ULIMI MaTepUaibHbIX YacTull (aToMoB). [1po-
CThbIE CTPYKTYPbl METAJLJIOB — MIeaJIbHbIE MOJEIU YIO-
psinoyeHus. ['paHelIeHTPUPOBAHHYIO CTPYKTYpY IMOJY-
YUM, MOCAIUB aTOMbI B TOUKM TEpeceueHus Tpex ce-
MENCTB MapaylJieIbHbIX TIJIOCKOCTE! ¢ OpUEHTAIUSIMU
(111), (111), (111), mwIocKOCTEli, CBSI3aHHBIX TPOIHOIL
OCBIO CUMMETPUH, UMEIOIINX OJHO U TO XK€ MEeXIIOC-
KOCTHOE paccTOsiHMe, paBHOE d,, = a, ﬁ/ 3. Ha atux
TUIOCKOCTSIX, TPEACTABISIOIMX BMECTE C TPOU3BOIHOM
OT HUX TIJTIOCKOCThIO (1 ﬁ) rpaHu UIealbHOI0 OKTa3/pa,
aTOMbI 00PA3yIOT CETKH 13 TPABUJIbHBIX TPEYTOJIbHUKOB.
Heboubilioe n3aMeHeHne B3aMMHbBIX OpMEHTAIMM IJ10C-
KOCTEI ¢ TPeYroJIbHBIMU CETKaMU IMTPUBOIUT K TOMY, UTO
11IeCTh TAKUX TJIOCKOCTE, TepeceKasich, 1aloT Kyoudec-
Ky10 00BEMOLIEHTPUPOBAHHYIO CTPYKTYPY Y3/710B-aTO-
MOB, B pellleTKe KOTOPOI 3TU MJIOCKOCTU UMEIOT MHIEK -
celtuna {110} u d,,, = a,ﬁ/2 (puc. 1, a, 0).

K 100-remuro omkpuimus ougppakyuu peHmeeH08CKUX Ay4eil

Kpucrammorpabudyeckunii aHa U3 TPOCTHIX U CITOXK-
HBIX OKCHIOB ¥ (hTOPUIOB MOKasai, uro y = 70—75 %
CTPYKTYP TO3UIIMUA KaTUOHOB OJIM3KU K MACATHbHBIM
F-xyOuueckuMm U I-KyOU4eCKUM TTOApPEIIeTKAaM, XOTS UX
TPaHCIISIIIMOHHAS pellieTKa M CMMMETPHST 4acTo He TaloT
OCHOBaHUs 3To Togo3peBaTh [ 3]. CiaenoBaTeIbHO, MOX-
HO TOBOPUTH O HAJIMIUU Y MHOTHX CTPYKTYP IBYX THUITOB
YHU(UIIMPOBAHHBIX «CKEJIETOB» — KAaTHOHHBIX ITOIPEIIe-
TOK ¥ 3TO IPU OOJIBIIOM Pa3TININU KATUOHHBIX COCTa-
BOB. [TokazaHo TakxKe, YTO OIVH TUII IJIABHO MEePEXOIUT
B IPYyrOi Py U3SMEHEHU U COOTHOLLIEHU I ITapaMeTpOB.

Kpucramnorpaduueckuit aHaiu3 MIpUpPOAHBIX U
HMCKYCCTBEHHBIX CYTb(MUIOB 00OHAPYKIIT, YTO 1 aHUOHBI,
MTOI0OHO KaTMOHAM, YIIOPSIIOUYEHBI B CTPYKTypax, pH-
YeM KaK TeMU JKe CeMeHCTBaMU KPUCTAUTOT pahMueCcKmX
TTIOCKOCTEH, YTO M KATUOHBI (CTPYKTYPHI OJICKITBIX PYII),
TaK ¥ CBOMMU COOCTBeHHBIMU [4, 5]. DddekT He3aBu-
CHMOTO YIIOPSIIOYCHISI aHNOHOB 03HAYaeT, YTO TIPU 00-
pa3oBaHUM KPUCTAJUIMIECKOU CTPYKTYPHI TOCTUTACTCS
KOMITPOMHUCC MEXKIY XUMIIECKIMU B3aNMOICHCTBUSIMU
aTOMOB, KOTOPBIE 00€CIIeYnBaOT HEOOXOIUMOE KOOPIH-
HalIMOHHOE OKpYXeHue (OJMXHUI MOPSI0K), U Chjia-
MU yTIOPSIIOYEHUST, 00eCTIEUMBAIOIIIUMU MTOPSIAOK 1aJTb-
HUIA, T. €. KpUCTAUTMUECKOe cocTosiHue. Becbma Haruisi-
HO COIJIaCOBaHUE KATUOHHBIX U aHUOHHBIX MaTPUIL JIe-
MOHCTPUPYIOT MHOTOUMCIICHHBIE CTPYKTYPBI CTOXKHBIX
Cynb(hUI0B, UMEIOIINX OTHY KOPOTKYIO TPaHCISIINIO
(~4 A) u 3epkanbHbIe TUIIOCKOCTH CUMMETPUH, €ii Tiep-
MeHINKYJIIpHbIe. [Ipy MEXIITIOCKOCTHOM PacCTOSTHUHN
y 3epKajbHbBIX IJIOCKOCTEN cuMMeTpun ~2 A neHTphI
BCEX aTOMOB MOTYT OBITb TOJBKO Ha 3THUX TUIOCKOCTSIX,
T. €. TIO3ULIINM aTOMOB MICAJIbHO YIIOPSIIOYCHBI STUMU
IJIOCKOCTSIMM.

Kpucramrorpadpuyeckuii aHaau3 mokasai, 4To y
TaKUX «TabJIETYaTBIX» CTPYKTYP KATUOHBI 1 aHUOHBI pac-

b
‘i:__:__?: (101)
\ (101)

Puc. 1. ITnockoctu {111} F-sueiiku (a) u miuockoctu {110} I-sueiiku (b)
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ITOJIOKEHBI 10 3aKOHY IICEBIOTeKCaroHaIbHBIX PEIICTOK
C BapualusIMU TTapaMeTPOB B IOBOJILHO Y3KUX UHTEPBa-
nax: 1 KaTHOHOB a,, b, = 3.90—4.20 A; ¢, = 1.95—
2.05A;y,=115—125%a,,,b,,=3.30—3.90A; ¢, =1.95—
2.05A; y,,=112—135° [6]. [Ipumep KaTHOHHOIA TTOAPE-
weTKu rajeHosucmyrturta PbBi,S, (Pnma, Z = 4,
a=11.742, b = 4.0814, ¢ = 14.522 A [7]) moka3an Ha
puc. 2. Cpenr THTEHCUBHBIX JIMHUI TTOPOITKOTpaMMBI
otpaxkenwe (302) ¢ d= 3.44 A cBuzmeTeHCTBYET 06 yITO-
PANOYEHNH KATHOHOB MOJPENIETKOM, 00pa3oBaHHOIA e~
peceueHusiMU 11ockocteit (302), (302) ¢ 3epKaabHbIMU
miockoctssmMu cuMmeTpuu (020). Ha pucyHke mokazaHa
CeTKa y3JI0B KATHOHHOM IMOAPEIIeTKA — TOYEK Iepece-
YeHU I 3TUX MTockocTeil. CeTka HalloxkeHa Ha MpoeK-
1[I0 TTO3UITU I KATUOHOB Ha M1ocKocTh (010); KpyriHbIe
Kpyxku Pb, Mmenkue Bi, mycTbie 1 yepHble — IBa ypOB-
Hsl IO BBICOTE HaJl TJIOCKOCThIO MpoeKUuu (y = Yau ¥a).
[TapameTpbl KaTMOHHOHM MoIpeleTKU a,,= b, =
=4.12A, ¢, =b/2=2.02 A, y,=123.35°, 12 xaTnOHOB B
3JIEMEHTapHOM sYeifiKe 3aHMMArOT ITOJIOBUHY Y3JIOB Ka-
TUOHHOM TTOAPEIIECTKH, IIOCKOIBKY TPAHCIISIINS BIOTb
¢, Bcero ~2 A, Tak uTo 3aHATHIN KATMOHOM y3eJ1 I0JKeH
YepemoBaThCs C Y3JIOM BaKAHTHBIM.

¢« _ .~
<
>

a, 302 302

®

Ky
A

Puc. 2. [Ipoexums mo3uinii KATHOHOB CTPYKTYPHI TAJICHO-
BucmyTuta PbBi,S4 Ha MI0CKOCTb XZ U Y3716l KATHOHHOM
MOAPEILIETKH, 00pPa30BaHHOU MepeceyeHreM MIOCKOCTeN
(302), (302), (020); yepHBIC W MYyCThIE KPYKKMA O3HAYAIOT
JIBa YPOBHSI 110 KOOPJMHATE, ITEPIIEHANKYJIIPHOI YePTEXKY;
Pb nokazaH 6osiee KpYIMHBIM KPYKKOM

IlceBnorekcaroHajabHasi MOAPEIIETKA C MOJOBUH-
HBIM 3aITOJTHEHMEM Y3JI0B aTOMaMU — €111€ OJUH PacIpo-
CTpaHEHHBIN CTaHAAPTHBIN TUIT («CKeJIeT») CTPYKTYp. B
3aBUCUMOCTH OT CJIOXXHOCTH COCTaBa 3JIeMEHTapHas
sYeiiKa CTPYKTYPBl KOMIUIEKTYETCS PAa3HBIM YUCIOM
noabsiyeeK: oT 24 KaTUOHHBIX MOAbSIYEEK ISl FaJleHO-

BucMyTuTa 10 200 11 MuHepaia pykceaura (rouxelite,
Cu,HgPb,,Sb,.S(,(0.,S),, C2/m, a =43.113, b= 4.059,
c=37.874 A, y=117.35°[8]).

DaxkT CcylIecTBOBaHUSI CTAHIAPTHBIX «CKEJIETOB»
CTPYKTYp OTpaXaeT IMOCIeIOBATEILHOCTh IIPOIIECCOB
YIOPSIIOYCHMS TTO3UIIAI aTOMOB ITPU KPUCTAJUTU3AIINH.
Ha mepBoM aTame obpasyercst yrmopsmo9eHHOCTh Ham-
60Jiee MACCUBHBIX KOMITOHEHTOB CTPYKTYPHI (B HAIIIMX
TIpUMepax — 3TO TsKeJIbIe KaTUOHBI). [IceBaoTpaHcs-
IIMOHHA TTOApEIIeTKa 3Ta COXPAaHSICTCS IIPH TaTbHe-
IIeM YITOPSIIOYCHIY MO3UIINIA 00JIee JIETKIUX COCTaBIISI-
omux. [Ipomecc maeT mo0 oO6pa3oBaHMs MCTUHHBIX
TpaHcasaunii. CTabUIBHOCTD «CKEJIETOB» CTPYKTYP MO -
TBepKIaeTcs TeM (haKToM, UTO MPU U3MEHEHUSIX COCTa-
Ba MO3UIIMY KATUOHOB COXPAHSIIOTCS, a UX 3aTIOJIHEHUE
Pa3HBIMU COPTaMU aTOMOB BapbUPYyeTCs B OOIBIINX MTPe-
nmenax. BosHMKAIOT cyJyau 3aIllOTHEHUs] OMHOTO y3Jia
«CKeJieTa» IBYMsI aTOMaMU, MHOTJa KIacTepHOM TPyII-
noii, Hanpumep, [Hg,]*" B nosipkosute Hg,OCl wiu
[S;]>~ B Moemonte (moéloite) Pb,SbS,,(S;).
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O coBnafieHnn aToOMHbIX NOJbSHEEK B KY6I/I'-I€CKI/IX

1 pomb03aPUYECKUX CTPYKTYpax

C. B. bopucos, C. A. Marapwui, H. B. I1lepByxuna
MHX CO PAH, Hosocubupck, borisov@niic.nsc.ru

Tloceawaemcs 100-aremuro omxpoimus Ouppaxyuu peHmeeH08CKUX Ay4ell Ha KPUCmaniax

MeToa KpucTaorpadruueckoro aHajam3a Kpuc-
TaJUIMYECKUX CTPYKTYP OTKPBIT U 0O0OCHOBAJI YHUBEP-
CaJIbHOE JUTSI Pa3HBIX TUTIOB COCTMHECHU STBJICHUE TICEB-
TOTPAHCIISIITMOHHOTO YITOPSITOYCHIUST MaTepUaTbHbIX Ya-
cTuI (aTOMOB, «KECTKHX» aTOMHBIX TPYIITMPOBOK) B
npolecce U B KOHEYHOM pe3yJibTaTe KpUCTalIM3alui.
Ha 6onb110ii BEIOOpKE CTPYKTYp (PTOPUIOB U OKCUIOB
IOKAa3aHo, YTO pa3HbIe IT0 IIPUPOJIEe KATUOHBI 00pa3yIoT
B paMKaX CBOMX 3J€MEHTAapHBIX SlYeeK OAHOTUITHBIE
TICEeBAOTPAHCISLIMOHHBIEC MOAPEIIETKH, TATOTEIOIINE TTO
dbopme K F, 4, I s 1 IBYCTIOWHO¥ reKCaroHalIbHOM C Ba-
KaHcusimu [1]. JanbHeiiliee uccienoBaHue yKe CTPyK-
TYp CYAb(DUIOB MTOKa3aJio, YTO KPOME YITOPSIOYCHUS
KaTMOHOB MMEET MECTO U YITOPSIIOUYCHNE aHMOHOB CO0-
CTBCHHBIMU IICEBIOTPAHCIISIITMOHHBIMU ITOIPEIITIETKAMU,
B TOM YHCJIe TICEBIOTEKCAarOHAJbHBIMU ¢ BaKAHCUSIMU
[2—3].

OTMeTHM, UTO YITaKOBKA MaTepHaIbHBIX YaCTHII
1o 3akoHaMm F, g, [ s v ClIeNMaIbHOI reKcaroHanibHON
pelIeTKA He TOJBKO COOTBETCTBYET MX PAaBHOMEPHO-
MIJIOTHOMY PACIOJIOXKEHUIO B MPOCTPAHCTBE, HO U (B
uaeane) odsiamaeT MpeaebHO BHICOKOM CUMMeTpueit
[4]. OTHOCUTENBHO BbICOKAsI CTAOMJIBHOCTDH TAKUX THU-
MOBBIX KOH(UTYpALIMii MOXKET 03HaYaTh, UTO MPU 3TOM
YHUGDUIIMPOBAHHOM TICEBIOTPAHCIISIIIUOHHOM YITOPSI-
MOYCHWU BBIIEJISICTCSI OCHOBHAS YaCTh SHEPTUU KPUC-
TaJUT3aIU .

Panee OblJIO0 moKka3aHo [5], uTo B ceMu poM0OO31-
PHUYECKUX (DETOPOBCKUX IPYMHIIaX CUMMETPUN TTPUMM-

TUBHbIE pPOMOO2IPUYECKUE TIEMEHTAPHBIE STYEHKU TTPU
OITpENeJICHHBIX COOTHOIICHUSIX MX MTapaMeTPOB COBITA-
JIal0T C IPUMUTUBHBIMU sTUeiiKaMu Kyouueckux I- , P-u
F- peiieTok (COOTBETCTBEHHO puc. 1, a, 0, B). Cnenosa-
TeJTbHO, TAKHUE CTPYKTYPHI MOTYT OBITH ITPEICTABICHBI B
COOTBETCTBYIOIIMX KYOMUYECKUX ITO TeOMETPUU TPaAHCIISI-
LIMOHHBIX pelleTKax (P OTCYTCTBUHU, €CTECTBEHHO,
Habopa KyOMUeCKUX BJIEMEHTOB CUMMETPUI). DTO AaeT
BO3MOXHOCTB ITOMCKA CTPYKTYP, OJIM3KUX K KYOUYeCKUM
IO PACTIOJIOKEHUIO aTOMOB, T. €. 00JIaJaloIIUX TEMU XKe
«YHU(DUUIUPOBAHHBIMU» TICEBAOTPAHCISIIIMOHHBIMU
TToApenIeTKaM1, 9YTO U COOTBETCTBYIOIINE UM KyOmryec-
KMe CTPYKTypbl. B Tabnuiie 1 gjaHbl COOTHOIIEHUS Ta-
paMeTpoB, OTBEYAIOIINX KaK UACATbHBIM COBIAICHUSIM
reKCcaroHaJbHBIX (MJIM pOMOO3IPUUIECKIX) STUeeK C Ky-
OUMYECKUMM, TaK M MHTEPBAaJIbI («30Ha OJIM30CTH» ) B TIpe-
JieJtax OTKJIOHeHWH yriia a, Ha + 5. [Ipenmonaraercs, 4ro
IIPY TAKUX OTKJIOHCHHUSX €IIe MOKHO CIYUTATh CTPYKTY-
PHBI «IICEBIOKYOMIECKIUMM» . 111 OLIEHKM 9YaCTOTHI BCTPE-
JaeMOCTH «IIePECEUYCHMI» CTPYKTYpP C pOMOO3IprIec-
KOW CUMMeETpUeEl, 001aatolmX MCeBIOKYOUUEeCKUMU
siyeiikamMu, o baHKy JaHHBIX HEOPraHMYEeCKUX CTPYK-
typ (ICSD) [6] ObUTM ciefiaHbl TPOOHbBIE «CyYaiiHbIe»
BbIOOPKU. Tak, cpeiu CTpyKTyp C cuMMeTpueii R3, pac-
muppoBaHHBIX B 2001 1 2002 romax 10151 «IICEBAOKYOM -
4eCKMX» 110 KPUTEPUIO ¢/a okasanach 6ostee 50 %. dns
CTPYKTYp ¢ cumMeTpueit R3, Harmpumep, B 2000 1 2001
rojiax 3Ta nosst okojio 25 %. B tabnuiie 2 mpuBeneHs
TMaHHBIC TT0 PSIAY CTPYKTYP, TTOMAJAIONINX B «30HY OJIH-

INS§

Puc. 1, a. BzaumHas opueHTanus
KyOMYeCKOM 1, 5 ¥ TeKCAarOHAIbHOM
R-stueex (Ha pUCYHKaXx BbIJIEJICHBI B
puU3Me TPAHCISIIUSAMU 4, b, ¢): T1a-
paMeTp ¢ TeKcaroHajibHOU R-styeii-
KU COBIAAAET C TPAHCIISILIUEH, 1IeH-
TpUpYIOLIel KyO

a

Puc. 1, 6. B3aumHas oprieHTaus Ky-

Ouveckoii P, U TeKCaroHaJIbHON

R-s1yeex: mapaMmeTp ¢ rekcaroHalb-

HOU R-s4eliku COBMAZaeT ¢ 00bEM-
HOM quaroHasnblo Kyoa
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Puc. 1, B. BzaumHast opyeHTaIMsg Ky-
Ouveckoil F, 1 rekcaroHajabHOU
R-s19eex: mapaMeTp ¢ reKcaroHaJIbHO
R- s4eiiky coBIamaeT ¢ ¢ 00beMHOM
JIMaroHajblo Kyoa



Tabaruya I

Tumn xkybuueckoit ¢/a TeKcaroHaabHON | ¢, -poMOOBAPUIEeCcKON 3oHa 6;U30CTH 3oHa 6IM30CTH
STYEHKN SYCUKU STYEeWKU ° i ¢/a s @, °
Ls 0.612 ~109.5 0.45—0.80 104—114
P 1.224 90 1.10—1.35 85—95
F 2.450 60 2.20—2.70 55—65
Tabauya 2
dopmyna, TpoCTp. TPYTINa, TTapameTpnl 271eM. ITapamerpsl poM603ApuY. | Tu KyOMYECKOI STIEHKH,
OTHOWIEHMUE €,/ Orege ueiikn a,, ¢, A aueiikn a, A, a,° rnapamerp ¢,
Li(AISiO,), a=13.53 a,=8.37 L
R3,0.670 ¢,=9.04 a,=107.8 a,=9.62
CsCd(NO,);, a=7.73 a,=5.46 P,
R3,1.22 ¢,=9.42 a,=90.2 a, =547
La,MgGeO, a=5.51 a,=5.46 Fys
R3,2.42 ¢.=13.33 a, = 60.62 a, =547
Bi, 5, Ir Clyy 55, a=12.67 a,=9.02 P
R3,1.25 ¢,=15.86 a,=89.1 a,=8.93
(NH,),UgF, a,=15.37 a,=9.58 Liyss
R3,0.70 ¢,=10.79 a,=106.8 a, = 10.85
Kzl_nlzsew, a=13.93 a,=9.80 P
R3,1.27 c=17.72 a, = 88.5 a,=9.90
NaLagOsl,,, a,=16.21 a,=10.07 Lyss
R3,0.69 c=11.17 o, = 107.16 a.=11.04
Li,(MoO,) a,=14.33 a,=8.70 Lo,
R3,0.67 ¢,=9.58 a, = 108.0 =10.02
(ZrB1,,(CH;0H)) (I(CH,OH),) a=17.70 a,=11.22 Lys»
R3,0.79 ¢,=13.91 a,= 104.2 a,=12.60
GaygoZny, a=13.92 a,=9.45 P
R3,1.07 ¢,=14.86 a,=95.0 a,=99
30CTU» K COOTBETCTBYIOIIMM KyOMYECKHUM pelIeTKaM. Nutepatypa

Ucnonw3oBana umerwmasicsa B ICSD ungopmauus o
pPOoMOO3IpUYECKUX sTUeiiKax JJsl CTPYKTYp B rekcaro-
HaJIbHOM YCTAaHOBKE U JJaHbI TapaMeTphl MIeaTbHOM «KY-
OuyecKoii» J4eiiKU, B 30HE OJIM30CTU K KOTOPO HAX0-
JIUTCSI CTPYKTYpa.

W3noXeHHbIe BbIllle TEHASHIIMU B OpTaHU3alNN
KPUCTAJUTMYECKUX CTPYKTYP 1 paHee onyO0anKoBaHHas
nH(bopMaIus 1o 3Toi rmpobdaeme [1, 3, 7] naloT ocHO-
BaHUE YTBEPKAATh, YTO IPU BCEM MHOTOOOPA3UU CUM-
METPUU U pa3MePOB JIeMEHTAPHBIX TUeeK, a TAaKXKe Mpu
BCeil mecTpoTe XUMUYECKHUX COCTAaBOB, B OCHOBE KOH-
CTPYKLIMU CTPYKTYP JIEXKUT HECKOJIbKO TUIIOB «CUJIO-
BBIX CKEJIETOB», OMUCHIBAEMbIX MCEBIOTPAHCIISILIMOH -
HBIMU TToApeneTkaMu. X MOXXHO cUMTaTh CIeJACTBU-
eM TepBOHaYaIbHbIX CTAIUN KpUCTAIM3ALMU, KOT1a
yrnopsiioueHue UAeT ellle Ha YpPOBHE «I'pydboro» pasue-
JIEHUsI aTOMOB Ha TPYIIbI (HallpuMep, KaTUOHbBI M aHU -
oHbl). [Ipu manpHeiiiei neTaau3alu U B3aUMHOM
COMIaCOBAHMU MOJPELIETOK MPOLECC IUOO 3aBepIIAET-
cs1 00pa30BaHMEM UCTUHHOM TPAHCISIIMOHHOM peeT-
KM, JIMOO CTPYKTYpa TakK U OCTAETCS B CTAAUU «MOJY-
JIMPOBAHHO», T. €. C MPU3HAKaMU HECKOJbKMX TPaHC-
JISILIMOHHBIX PELIETOK.
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MarHMToynopsaa04eHHbIX HAHOYACTULAX OKCUAO0B Xene3a
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SKueBcKuit HalliOHAJIBHUI YHUBEPCUTET TEXHOJIOTUI U Tn3aliHa; yanet§2@mail.ru

AKTYyaJIbHOCTh UCCJICIOBAHUS YCTOMYUBOCTH CO-
CTOSTHMS XeJie3a B OMoamarTUpOBaHHBIX MarHUTOYIIO-
PSITOYEHHBIX HAHOYACTHUIIaX OKCHUIOB XXejle3a CBsi3aHa ¢
BO3MOXXHOCTBIO Pa3TMIHBIX TPUMEHEHU TSI pEITCHMS
MaTepuaJIoBeTUeCKIX M METUITMHCKUX ITpobjieM. B Tom
qucie 1is1 ycuieHus KoHTpactHoctu SIMP nzobpaxe-
HUI, IeTOKCUKAIIUY OMOJOTHYECKUX KUIKOCTEH, TH-
MepTepMHH, HaIlpaBJICHHOM JOCTAaBKM JieKapcTB. st
3TUX OMOMEIUIIMHCKUX ITOTPEOHOCTE ! NCITOIb3YIOT Ha-
HOYacTUIIBI pazmepamu MeHee 100 HM ¢ 10CTaTOYHO y3-
KUM mpoduieM pacrpeaeaeHus Mo pa3MepaM 1 BbICO-
KUM ypoBHeM HamarHnyeHHoctu. [TocneaHuii mapamerp
3aBHCUT HE TOJIBKO OT pa3Mepa YacTHIl, HO 1 OT uX da-
30BOTO cocTaBa. CHHTETUICCKIE MarHUTHBIC HAHOYAC-
THUIIBI JUTSI OMOMETUITMHCKOTO IMPUMEHEHUsI, KaK 1 OMo-
MarHeTUTBI, — MHOTO(a30BbIC COCTMHEHMS Pa3TMIHBIX
OKCHJIOB ¥ THIPOKCHIIOB XXeJie3a. Y CTOMIMBOCTD (hU3M-
KO-XMMUYECKHX ITapaMeTPOB HAHOYACTHII (B YaCTHOCTHU
(azoBoro cocTaBa) B YCIOBUSX OKPYXKAIOIIEH CpeIbl
00ecITeunBaloT OMoaganTUPOBAHHBIE HETOKCUYHBIE, Ce-
JICKTUBHBIC K IICJIEBOMY OMOOPraHUIECKOMY COCIMHE-
HUIO, TTIOKPBITHSI.

Lleab paboThl — CUHTE3 MArHUTOYMOPSIA0YEHHbBIX
HAHOYACTUII C Pa3IMYHBIMU OM0aIaNTUPOBAHHBIMU MO~
KPBITUSIMU, UCCIIENIOBAHME C IOMOIIBIO MeCCOayIpOBC-
KO CITEKTPOCKOITMU MX (pa30BOTO cOCTaBa M KPUCTAI-
JIOXUMHMYECKOTO COCTOSTHUSI CTPYKTYPHOTO Xejie3a B CO-
CYIIECTBYIOIINX (ha3ax, a TaKKe YCTOMIMBOCTH ITHUX
ImapaMeTpoOB BO BPEMEHM ITOCJIe XpaHEHMST 00OPa3IioB B
YCIIOBHSIX OKPY3KaIOIIE CPEIbl Ha IIPOTSIKEHUM 2.5 JIET.

O06pa31bl CHHTE3UPOBAIM METOIOM THIPOTEPMU-
yeckoro ocaxaeHus. MHbopMalius o cnocodax ux CUH-
Te3a mpeAcTaB/ieHa B HaluX myosnukanusx [1, 2]. O6pa-
0G0TKY MeccOay3pOBCKHUX CIICKTPOB ITPOBOIIIIN IO IIPO-
rpamme «Univem 2», peanusyonieit MeTo; HAMMEHbBIITUX

60

S, %

1 g 2 2* 3 3*
OGpa3zubI

@ - marretnt (A) -marHeTHT (B) B -marremur O -retnr

.

T'ucrorpamma copepxkaHus a3 B UCXOAHBIX 0Opa3siiax
U BbIIEPXKAHHBIX BO BpEMEHU B TeueHue 2.5 JieT

kBaapaToB. UneHTudukauuio pa3zoBoii mpuHamIIexXHO-
CTH KOMITOHEHTOB MecchayapoBckux criektpoB (MC)
TTPOBOIMJIM Ha OCHOBAHWY CPaBHEHMUS ITOTYICHHBIX TSI
HUX ITapaMeTPOB C M3BCCTHBIMM 3HAYCHUSIMU WX TSI
OKCHUJIOB ¥ TUIPOKCHIOB Kejie3a — MarHeTuTa, Marre-
MHTa 1 TetuTa. Pa3oBhIii COCTAB UCXOMHBIX U BBIIEP-
JKaHHBIX BO BpEMEHU 00pa3loB IOCIe UX XPaHCHUS B
YCIIOBUSIX OKPYKAIOIIEH Cpelbl B TedeHUe 2.5 JIeT MpH-
BeleHbI B TaOJIMILIE U MOKAa3aHbl HA PUCYHKE. 3aMETUM,
YTO TUIOIIAAM JTUHUI MOTIOLIEHUS XKefe3a (S) B CTpyK-
Type MarHeTUTOB yKa3aHbI OTAEIbHO [UISl TeTpasapruiec-
KuX (A) 1 okTasnpuyeckux (B) mosunuii. 3HaueHue co-
OTHOLLIEHHU S, /S, YKa3blBaeT Ha OTKIOHEHUE CTPYKTY-
DBI OT CTEXMOMETPUHM cocTaBa. [T MarHeTuTa CTeXmuo-
METPUYECKOro coctasa S,/S, = 0.5. YBennyeHue 310ro
3HaYCHMS yKa3bIBacT Ha aKTUBAIIMIO ITPOIecca OKMCIIe-
HUS XeJie3a B MaTHETHUTE.

YcraHOBIeH (ha30BEIil COCTaB CUHTE3MPOBAHHBIX
00pa3loB. B kauecTBe riaBHOM (MK eqrMHOI) (has3bl BO
BCEX MCXOTHBIX 00pa3lax IMarHOCTHPOBAH MAarHEeTUT C
PA3TMIHOI CTEIIEHBIO CTEXMOMETPHUH COCTaBa, yKa3bIBa-
OIIIE}A HAa BEICOKHMI YPOBEHBb OKUCIICHHS OKTa3IpUIECKO-
ro xeye3a B UX CTpyKType. Cpeau COCyIIeCTBYIOIIUX C
MarHeTUToOM (pa3 B COMOAYMHEHHBIX KOJTUYECTBAX MPU-
CYTCTBYIOT MarreMuT 1 reTuT. [TapamMeTphbl CEKCTETOB pe-
30HAHCHOTO TOTJIOIIEHUSI MeCCOayIpOBCKUX CIIEKTPOB
(MC) reTTOB yKa3bIBAIOT HA OOBOITHEHME UX CTPYKTYD.

Anamm3z MC 00pas1oB, TPETePIIEBIINX B TEUCHUE
2.5 et BIUSTHYE YCIIOBUI OKPYKAIOIIEH CpeIbl, YKa3hl-
BacT Ha aKTUBAIINIO B KasKIOM M3 HUX ITPOIIECCOB OKMC-
neHus xenesa. Comepxanue Fe?' B cTpykType Marte-
THUTOB, KOTOPBIC BXOOSIT B IIepedcHb (ha3 KaxkIoro u3
00pa3oB, CPaBHUTEILHO C MCXOTHBIMKM 00Opa3laMu,
YMeHBIIAeTCsI. Y POBEHBb OKMCIICHUS Xejle3a B MaTHETH -
Tax 00pa310B, MOABEPTIINXCS BIUSHUIO «CTapEHUS»,
yBeauuwiics ot 1.25 no 5.75 %. Ilpu aToM, okuciaeHue
MarHeTUTOB B 00pasiiaX OCYIIECTBISIOCHh TPEMSI IyTsI-
MH: 1) TOJBKO C JaTbHEUIIIMM OTKJIOHEHHEM OT CTEXHO-
METPHUHU COCTaBa; 2) He TOJBKO C ABMKECHHMEM I10 TTIePBO-
My TIyTH, HO ¥ C YBeJTMYECHMEM BKJIa/Ia YXKe CYIIeCTBYIO-
1IIeTO B UICXOAHOM 0o0pa3slie MarremMura; 3) ¢ oopazoBa-
HHEM MarreMmuTa Kak HOBOI (ha3bl M YMEHBIIICHUEM OT-
KJIOHCHHUSI OT CTEXMOMETPHUH COCTaBa MarHeTUToB. O0-
pa3oBaHMe TeTHTa, KaK HOBOIl (ha3bl IIPU «CTapeHU»
00pa3LoB, He Habmonanock. Ho ero cogepxkaHue B «co-
CTapMBIINXCST» 00pa3Iax, o CPaBHEHUIO C UCXOTHBIMU,
B KOTOPBIX OH MPUCYTCTBOBAJ, HE3HAYNUTEBHO YBEIU-
quBascs.

M cTouyHrKaMu OKMCIEHUSI MATHETUTOB MOTYT CITy-
JKWTh N30BITOYHBIC MOHBI KMciopona, OH-rpymit u xu-

-23-



®a30BblIii COCTAB M pacHpeeeHune xKee3a B (pa3ax 1mo JaHHbIM MeccOay3POBCKOi CIEKTPOCKOIUH

Obpasen ®dasza l"[osnuym}(yo:q) S, % SA/Sg
A (Fe') 45.2
1 Marserur B (F&) 543 0.825
A (Fe’) 51.9
*
1 Marnetur B (F&) 431 1.079
A (Fe’) 38.2
2 Marnerur B (F&) 53.6 0.713
Marremut (Fe’h 8.2
A (Fe’h 39.4
2% Marnerur B (F¥) 50.5 0.780
Marremut (Fe’h 10.1
A (Fe’h 49.8
3 Marserur B (F&) 502 0.992
A (Fe’h 46.9
3 Marnerur B (F¥) 477 0.983
Marremut (Fe’h 54
A (Fe’h 41.3
4 Marnerur B (F&) 492 0.839
I'eTur (Fe’h 9.5
A (Fe’) 31.9
4 Marunerur B (Fe2’5+) 444 01
Marremur (Fe’h 13.4 ’
letut (Fe’h 10.3
A (Fe’h 39.9
S Maruerur B (Fe2’5+) 490 oSl
Marremur (Fe’h 3.9 '
I'eTur (Fe’h 7.0
A (Fe’h 36.9
o Marunerur B (Fe2’5+) 377 097
Marremur (Fe’h 12.9 ’
I'etur (Fe’h 12.5

IIpumeyanue. S — OTHOCHUTEIbHASI ILIOMIAAL KOMITOHEHTHI. O1inoka uaMepenus S — +10 %.

* — o0Opasibl MOC/Ie XpaHEHUsI B TeueHue 2.5 JIeT.

MUUYECKU CBSI3aHHOI BOJbI, KOTOPbBIE SIBJISIIOTCS PE3YyJib-
TaTOM CMHTE3a HAaHOYACTUUYEK METOJOM OCaXKACHUS U
BeJYT K HAPYILIEHUIO CTEXMOMETPUU MOHHOM KOH(UTY-
pauuu MuHepaia. Bmecrte ¢ Tem, HaHeceHUe Ha pa3Bu-
TYI0 BbICOKOIE(DEKTHYIO TOBEPXHOCTh HAHOYACTUIL OMO-
aIaNTUPOBAHHBIX MTOKPBITUM HE UCKITIOYAeT BO3MOXKXHO-
ctr nudGy3un OKUCTUTENIEH 13 OKPYyKaIOIIe aTMOC-
(depsl. I1peodpazoBaHne MarHETUTa B MAarTeMUT MYTEM
OKUCJICHHE 3KeJie3a COMPOBOXIaeTCs 00pa3oBaHNEM B
OKTadApUYECKOM MOAPELIETKE 10 TPETH OT unciaa Fe?*
BakaHcuii. OGpa3oBaHMe MarTeMHUTa MOXKHO OITHCATh
YpaBHCHHEM:

2Fe,0, + %0, — 37— Fe,0,.

PeaklimoHHast aKTUBHOCTb MarHeTUTOB B KaXK1OM
n3 06pa31_[0B, TIPEAINTOJOXKHUTEIbHO, OIIPEACIACTCA pa3-

MepaMy HaHOYaCTUIl — Pa3BUTHEM IMOBEPXHOCTHU, Je-
(beKTHOCTBIO CTPYKTYPHI, MOABUKHOCTHIO 2JIEMEHTOB
pEeLIeTKU TpU TMepecTpoiike ee OJIOKOB, a TakKe Hapy-
IIIEHWEM CTeXMOMETPUM MOHHBIX KOH(MUTYpaIuit, mo-
BEPXHOCTHBIM TTOKPBITHEM, B KOHEYHOM pe3yJbTate,
YCIOBUSIMU CTHTE3a 00pa3IIoB.

Jlntepartypa
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Tpockorii // Minepan. xypHn. 2011. 33. Ne 3. C. 5—12.

2. Shpak A. P., Brik A. B., Dudchenko N. O. at al.
Properties of nanoscale magnetically ordered particles of iron
oxides and hidroxides, synthesizedby different technologies //
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KombuHaTopHas KpuctannoMopdonoria — pasaen MareMaTnyeckoi
Kpuctannorpapum

1O. JI. BoittexoBckuii
' KHL PAH, Anatutsl, woyt@geoksc.apatity.ru

Bo BBesenuu K kuure [1, ¢. 6] b. K. BaitHireiin
Hamucan cienymoliee: «PaccMoTpuM Ternepb OCHOBHBIE
pasznelibl Kpuctajaaorpaduu. 1. Mamemamuueckas kpu-
cmannoepagpus. E€ ocCHOBHBIC HaIPaBICHUS CIICIYIOIIHC.
O0611as1 TCOPUST CHMMETPHUU 1 TEOPUS TPy, TouyeaHbIe
M TIPOCTPAHCTBEHHBIE TPYINbl cUMMeTpun. O000IIEH-
Hasl cUMMeTpusl (AaHTUCUMMETpPHS, LIBETHAsI CUMMET-
pust), n-mMepHas cummeTpus. CTaTucTuyeckasi CHMMET-
pust, Tpynnouabl. Teopust peléTKy, #-MepHbIC PELIET-
ku. Teopus pa3dueHusi, Teopus NOJIUIAPOB...» (31eCh U
nainee BoigeneHo MmHoit — FO. B.). K coxanenuto, b. K.
He MOSICHWI COfiepKaHUe «Te0PUHU MOJUIIPOB» KaK O~
HOTO U3 OCHOBHBIX HAITpaBJIEHU I MAaTEMaTUYECKON KU -
crayuorpaguu. M3 koHTeKcTa Bpoae Obl CAeAyeT, YTO
MoJ HEW TOIPa3yMeBAETCsl TEOPHS MapaylJIeI03ApOB, a
HE KPUCTALTNYECKUX MOJIUBAPOB.

3arto o nmociegnux ssBHo rosoput M. Y. Iladpa-
HOBCKMIA: «BbITh MOXET, HU B OTHON 13 €CTECTBEHHBIX
(ecTecTBEHHO-UCTOPUYECKMX) HAYK HE MPOSIBIISIETCS TAaK
SIPKO IBOMCTBEHHOCTb XapaKTEPUCTUK PeabHbIX MPU-
POIOHBIX 00BEKTOB, KaK B KpUCTajIorpadguu Booo1e u
B MUHEpPaJIOTUUeCKOi KpucTawiorpaduu B YaCTHOCTH.
OODBsICHSIETCS 3TO TEM, UYTO HayKa O KpUcTaljiaXx 0COOeH-
HO MTPOJIBMHYJIACH 10 IMHUU TeOMeTpU3aliuy U uaeanm-
3aluu Kpuctamiorpaduyeckux popm. [epexon ucce-
JoBaTeJeii OT uaeaaTu3uPOBAHHBIX MOACIbHBIX MTOJUDI-
POB K peaJibHbIM, OOBIYHO UCKaXEHHBIM (hopMam mpu-
POAHBIX KPUCTA/UIOB Jajieko He mpocT. [lpexae Bcero
NPUXOIUTCSA OTKA3AThCSA OT YCJIOBHIA 003aTEIHHOTO pa-
BEHCTBA IpaHeii 0/HO# U TOH Ke mpocToii (hopmbl. [1osi-
Hasl XapaKTepUCTHKa KOHKPETHOIO KpUCTaJla 10JKHA
YUUTBIBATh ABa MOMeHTa. C OHON CTOPOHBI, CAEAYET
paccMaTpuBaTh €ro ujaeaIM3MPOBaHHbII aCMEKT, COorjia-
COBAHHBIN C UCTUHHOM CTPYKTYPHOI CUMMETpUEH U
MOJaHHbBIN B BUJE MOAEIU, U300paxalolleil BHeIlIHee
orpaHeHue, MojayyaeMoe B UIeabHbIX YCIOBUSAX Gop-
MUPOBaHUSI, C IPYTOil — HEOOXOAMMO IATh MO BO3MOXK-
HOCTH TOJIHOE MOHATHE O PeaJbHOM KPHCTAIINIYECKOM
MoJIM3/Ipe, CO BCEMH €ro HeCOBEPIIEHCTBAMHI M OTKJIOHE-
HUSIMH OT uaeana (HeoOXOAMMbl Kak UaealibHasl, TaK 1
peasbHasl TPaKTOBKA MPUPOAHBIX KPUCTATIUUYECKUX
MUHepaioB)» [1, c. 262—263].

TepMoaMHAMUYECKYIO TPAKTOBKY HEUJIEATbHOCTH
MNPUPOIHBIX KPUCTAUIMYECKUX TOJUDAPOB Jjal
9. H. Enucees: «MuTepecHa unes JIx. Y. ['m66ca o Tom,
4yT0 MOpPoIorHYecKas reTeporeHHOCTh BO3HUKAET B HEPaB-
HOBECHBIX (PM3UKO-XUMUYECKHMX YCIOBUSX, TOTIA KAK B PaB-
HOBECHBIX YCIOBUSIX POCTA KPUCTAJUIBI «OCTAOTCSI TOA00-
HbIMU» caMuM cebe. <...> VIMEHHO 3TUM — HepaBHOBEC-
HOCTBIO MPUPOIHBIX MPOIECCOB KPUCTALIU3AIUN —
O0OBSICHSIETCSI OTPOMHOE Pa3HO00pa3ue rabuTyCHbIX (hopM

y MPUPOIHBIX MUHEPAIOB U 00Jiee YeM OrpaHUYeHHOE
pa3HoobOpasue Mopdoaornueckux (rabuTycHbIX) hopm
y TeX ke MUHepasoB (¢a3), HO AKCIIEPUMEHTAILHO M0~
JIy4aeMbIX TIPU YCJIOBUSX, OJU3KMUX K PABHOBECHBIM
(kpucrtannuaymonieics (aspl-MuHEpasa ¢ XXUIKOM da-
30i1). Tak, B mpupoe n3BeCTHBI COTHU (DOPM [IJIsI KaJlb-
1IMTa, TOrAa Kak B OKCMEPUMEHTaX 3TOT MUHEPaJI MPU-
HuMaeT popmy pomb0311pa 1 TOJabKO» [1, c. 219—220].

Takum o6pa3oM, Bompoc 0 crocobax ¢pukcauuu
KPUCTALIUYECKOU MPOoCTOoil GopMBbI (MJIU UX KOMOMHA-
1IMIA) C HEpaBHBIMU TpaHsIMU (OJHOM U TOM Xe MpoCTOo
dopwmbi) mocrasneH M. U. [lacdpaHoBckum 6osiee 25 et
Hazan. Bo cnosiHeHue 3Toii MporpaMMbl aBTOPOM BBE-
JIEHO TIOHSTHE PeajlbHOM KPUCTAJUIMUYECKOW TTPOCTOM
(opmbl (M MX KOMOMHALIMI) KaK TTOJIMRAPA, OTPAHUYEH-
HOTO XOT$s1 Obl HEKOTOPBIMU U3 IpaHel uaeanbHo Gop-
Mbl, HAXOASIIUMUCS HA TPOU3BOJIBLHOM PACCTOSIHUU OT
Hauasa koopauHar. [ToctapiieH BoIpoc o cucreMaTuyec-
KOM MePeuyMrCIeHUN peabHbIX KPUCTAUTMYECKUX TTPO-
CTbIX DOPM ISl 3alaHHOUN uaeabHON (POPMBI WU UX
KOMOUHAaLUiA. B KOMITbIOTEPHOM aJrOPUTME TeHEPUPO-
BaHUs peajbHble (DOPMBI MOJYyYaOTCsl HE3aBUCUMBbBIM
JIBUKEHUEM TpaHell unealbHON (hOpMbI BAOJb HOpMa-
Jieil, GUKCUPYIOTCSI HAa YPOBHE KJIACCOB C TOUHOCTBIO 10
KOMOMHATOpHOrO THUMa (n3oMopduamMa peoepHbIX Ipa-
(hoB) U TOMOTHUTENBHO XapaKTEPU3YIOTCS TOUCUHOIA
TPYIINOI KOMOMHATOPHO (TOTIOJIOTMUECKOI) CUMMET-
puu. [TocneaHsss MHTEPNPETUPYeTCs B paMKax MPUHIIU -
na nuccumMmetpuu I1. Kropu, BckpoiBasi ¢Bsi3b MOpgho-
JIOTUYECKOUN reTepOreHHOCTU U (PU3UKO-XUMUYECKOMN
HepaBHOBecHocTH, o [Ix. Y. [m66cy. Pe3ynbraThl ne-
peurcaeHUs pealbHbIX KPUCTATIUYECKUX MPOCTHIX
¢ opm npuBeneHbI B paboTtax [2—6].
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6. BoiitexoBckuit FO.J1. 12 3TI000B Ha TEMbI KpUCTaJI-
JioMopdoIoTuY, MUHEPAJIOTUN 1 TieTporpacduu. ANaTUTHI:
H3n-Bo K & M, 2011. 204 c.
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Ha}J,CprKTypHaFI ynopsa04€eHHOCTb TBEPAOro HEKPUCTAJTMYECKOro
MWUHEPA/IbHOIO BELLIECTBA
E. A. I'onyGeB

HNuctutyt reonorun Komu HL YpO PAH, CeikteiBKap, Poccusti; golubev@geo.komisc.ru

K MuHepanougamM OTHOCSIT HEKPUCTALINUECKUE
MPUPOJAHBIE COEAUHEHMS, IJIsI KOTOPBIX XapaKTepHO
HEKOTOpOe MOCTOSTHCTBO cocTaBa [1, 2]. Beicokopas-
pelaiolme Uccaea0BaH s MUHEPATIOUI0B TTO3BOJIMIN
MPEICTaBUTh KapTUHY WX CTPOCHUS KaK PSIIBl CTPYK-
TYPHO-TIEPEXOIHBIX (hDOPM OT MOJTHOCTHIO aMOPGhHBIX
0 YaCTUYHO YIOPSIIOYCHHBIX, HAIIPUMEpP, B paMKax
IIUPOKO U3BECTHOTO psina TpaHChOopMaIIiu: ormar A —
onayn CT — xanuenoH [2]. 3a ocHOBY MOHUMaHUSI aTOM -
HO-MOJIEKYJIIPHOM CTPYKTYPHI MIHEPAJIOUIOB OepeT-
CS MIX M30XUMHUYECKUI KPUCTAJUTMICCKUI aHAJIOT, Ha-
npuMep, CTPYKTYpa BBICIINX aHTPAKCOJIUTOB OMUCHI-
BaeTcs Kak rpacuTonoao0Hasl, T. K. B BBICIIIUX aHTpaK-
CoJIMTax comepxkaHue yriepoaa npuosmkaercs K 100 %
W MEXTIJTOCKOCTHBIE PACCTOSTHUS OJIM3KU K XapakTep-
HbIM 1151 rpaduTa. [TogoOHBII MOAX0M TTO3BOIWII T10-
JIYYUTh MIPENCTABICHNE O CTPOCHUY 3HAYNTEIbHOM Ya-
ctu MuHepasouaoB. Hanbosiee mpobdieMaTMdYHbIMU B
IUTaHe CTPYKTYPHOTO OTIMCAHUS OCTAIOTCS OpraHudec-
KM€ BelllecTBa CIOKHOTO cocTaBa. K TaKoBBIM mpexie
BCETO OTHOCSITCSI TBEpAbIC OMTYMBI M HICKOITAeMBbIE CMO-
Jbl. [TIpoOJIeMHBIMK OCTAIOTCS M T¢ HEOpraHMYeCKue
MHUHEPAJIIOUIBI, B KOTOPBIX JaXKe COBPEMEHHbBIEC BBICO-
KOpa3pellarle METOIbI He ITO3BOJISIOT BEISBUTh HU-
KaKMUX MPU3HAKOB aTOMHO-MOJIEKYJISIPHOTO YIOPSII0-
yeHus. DTO, HATIpUMeP, aBCTPAIMICKHUIT OJ1arOPOIHBIIA
ornaj BYJKaHOT€HHOTO MPOUCXOXAECHUs, UMITAKTHOE
cTekITo u3 JImBUiicKoi mycThIHU. MIX CTPYKTypHBIE 0CO-
OCHHOCTH OTPaHWYNBAIOTCS JTUIIb OTUKHEH YITopsImo-
YEHHOCTHIO B PACTIOJIOKEHUN aTOMOB.

OOHapyxeHUe (pparMeHTapHBIX KpUCTAJJINYEeC-
KHX ¥ KPUCTAJUIOIIOAOOHBIX CTPYKTYP B MUHEpaJIonaax
CTUMYJIMPOBAJIO UCCIIeIOBaHUS MUKPO- HAHOpa3Mep-
HBIX IIPOSIBJICHU I UX CTPYKTYypooOpa3oBaHusi. Haubo-
Jiee MHPOPMATUBHO MU3YyYEHHE ITOrO CTPYKTYPHOTO
YPOBHS METOIAMM MUKPOCKOITMU. Pe3ybraToM Tako-
ro U3yYeHMUs CTAJIO BBISIBIEHUE HAHOCTPYKTYPUPOBA-
HUS B 3HAYUTEIbHOM KOJIMYECTBE MUHEPAJIOUI0B, UTO
MO3BOJINJIO TOBOPUTH O MHOTOYPOBHEBOCTU UX CTPOE-
HUSI ¥ HUITMIUY HAICTPYKTYPHO# (HAIMOJIEKYISIPHOT)
YIOPSIIOYEHHOCTH. SIpKUM MpUMepoM TaKoit MHOTO-
YPOBHEBOCTH 1 YIIOPSIOICHHOCTH SIBIISICTCS 071aT0POI-
HbIii onaJi, B KOTOpoM B 1970-X rr. oOHapy>KeHO siBje-
HUeE, Ha3BaHHOE «HAIMOJICKYJISIPHOM KPUCTAIN3aI-
eif». Ero cyTb COCTOUT B TOM, YTO OITaJIBl UMEIOT ABY-
XYPOBHEBOE INIOOYJIIpHOE cTpoeHue. [J100yIbI IepBO-
ro ypoBHsi, pazmepamu 10—20 HM, opmupyor che-
pUUYECKNE YACTHIIBI BTOPOTO YPOBHS, pa3Mepbl KOTO-
pbIX BapbupytoTcs B nipeaenax 150—500 M. O1u yac-
TULBI TPAKTUYECKU MOHOAMCIIEPCHBI, U CIaraloT Mpo-
TSDKEHHYIO PelleTKY C TeOMEeTPUUECKU TMPaBUIbHBIM
pacrmoJioxkeHrueM y3710B. Takoe pacionoXKeHre YaCTHIL

OTpaXkaeTcsl Ha CBOMCTBAaX OMaIoOB, B YaCTHOCTHU, CITO-
coOcTByeT upusauuu. biiarogaps nporpeccy BbICOKO-
paspeliaoumx METOI0B MCCIIeIOBAHMS T0KA3aHO, UYTO
MPaKTUYECKN BCE MUHEPAJTOUIbl UMEIOT HAAMOJIEKY-
JISIPHBII CTPYKTYPHBII yPOBEHb B MUKPO-HaHOpa3Mep-
HOM auariazoHe yactuil [3]. OgHako, B oTauuue ot 0J1a-
TOPOJIHBIX OTAJIOB, CTENEHb YIOPSTOYEHHOCTU UX HAJI-
MOJIEKYJISIPHOM CTPYKTYphI ONpeiesieHa HEOAHO3HAY -
Ho. [Tpu4YMHOI TaKOTo MOJOXEHUS SABASIETCS TO, UTO
pa3Mephl YacTULL HAXOASTCS B Ipeaesax ONTUYECKOro
JIMarna3oHa JJIMH BOJH, U TPaAULIMOHHbIE METOIUKHU,
AHAJIOTUYHBIE PEHTTEHOCTPYKTYPHOMY aHAIU3y IJIs
aTOMHOW CTPYKTYPBI, TPUMEHUMBbI TOJILKO K ONITUYEC-
KUY MIPO3payHbIM BeulecTBaM. [jist 60Jibliieid YyacTu Hall-
MOJIEKYJISIPHO-CTPYKTYPUPOBAHHBIX MUHEPAJIOUIOB
€JIMHCTBEHHbIM CITOCOOOM OIpeeeHUs yIOPSII0OYEH-
HOCTHU HaJIMOJIEKYJISIPHOW CTPYKTYPBI SIBJISIETCS] aHAIU3
ee N300pakeHUI.

ITposenennslii Pypbe-aHanu3 M300pakKeHU He
MO3BOJIWJI BBISIBUTb B MMHEPAJIOU1aX HAIMOJIEKYJISIPHYIO
YIOPSIA0OYEHHOCTh TAKOTO XK€ YPOBHSI, KaK B 0J1aropo/i-
HbIX ontayiax [3]. B Henmepuoguueckux cucreMax xapak-
TEPHBIMU SIBJISIIOTCSI OJIVKHUI U CpeIHU I opsiaokK. s
ornpeneSeHus] TaKoil ynopsiI0YeHHOCTU HEOOXOAMMbI
CTaTUCTUYECKUE METOIbI, MMO3BOJISIONINE ONPEACIISITh
JIOKaJIbHbIE CTPYKTYpPHBIE MapaMeTpbl cucTeMbl. s
BBISIBJIEHUST 3aKOHOMEPHOCTE B3aMMHOTO PACIIOI0XKe-
HUS YaCTUIL Mbl UCTIOJIb30BAJIM METO/Ibl N—CUMMETPUY-
HBIX TOYEK 1 CPABHUTEJIBHYIO OLIEHKY IapamMeTpa Mopsi-
Ka. Pe3yabTarbl OLIEHKM YPOBHEU yNopsiAoueHusT Haj-
MOJIEKYJISIDHBIX CTPYKTYP B MUHEpaJIouJax B paMmKax
CTPYKTYPHOU KOHLEMIMU OJIMXKHET0, CPEAHEro U Aajib-
HEro nopsijika CBUJAETEIbCTBYIOT O TOM, YTO MEPUOIU-
yecKMe HaAMOJEKYISIpPHbIE CTPYKTYPbI, MO-BUANMOMY,
MPEeCTaBSIOT CO00i 1OCTATOYHO PENKOE SIBJIEHUE Cpe-
M PEHTTeHOaMOP(MHBIX Te0JIOTHUYEeCKUX 00bEeKTOB. B
OOJIBIIIMHCTBE CITyYaeB MbI UMEEM JeJI0 C IOKATbHO (MHa-
Ye TOBOPS — YaCTUYHO) YIOPSIIOYEHHBIMUY HAIMOJIEKY -
JISPHBIMU CTPYKTYpaMU, B KOTOPBIX PETYISIPHOCTD pac-
MPOCTpaHsIeTCs Ha OJIMXKAKIIIME CJIOU OKPYXAIOIIMX Ya-
CTHII.

TeopeTnuecku Takoe COCTOsIHUE 0OOCHOBBIBAET-
cs TeM, UTO B Mpoliecce GopMUPOBaAHUS TTepUOAUYEC-
KHMX HaIMOJIEKYJSIPHBIX CTPYKTYpP MPOUCXOAUT Bas3o-
BbIll yIOPSIIOUMBAIOLLIMIA TTEPEX0/T, KOTOPbIN aHAJIOTH-
YeH KpUCTaJUTM3alluOHHOMY [4—6]. EMy nIpenmiecTBy-
eT o0pa3oBaHue JIOKAJTbHO YITOPSIAIOYEHHbBIX arperaToB
M3 4acTUll. DTU arperaThl CIyXaT «3apoAbllIaMu» sl
(opMupoBaHUsS MacIITAOHOI MEPUOANYECKOM HAIMO-
JIEKYJASIPHOM CTPYKTYPHI. DTO SIBJIEHUE C MO3ULINI KU~
HETUYECKO TeOpuH XUAKOCTeir PpeHKesst paccCMOT-
peHo B pabote [4] U, KaK TeOpeTUYECKU, HA OCHOBE
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MoJes I OPOYHOBCKOTO IBUKEHUSI, TaK U DKCITIEPUMEH -
TaJbHO, HA OCHOBE HAOIOACHUS YIIOPSIIOUEHUS B CHUC-
TeMaX KOJUIOMAHBIX YACTUIl, TPOAEMOHCTPUPOBAHO B
paborax [7, 8]. B aTux paborax BblAeI€HO HECKOJIBKO
cranuit ynopsinoueHus. KiitoueBbIMU SIBJISIIOTCS: «I1€P-
BUYHAas» cTaaus (opMuUpoBaHUs Pa30OIIEHHBIX JO-
KaJIbHO-YOPSITOYEHHBIX 00J1acTel, XapakTepuzyemasi
CTPYKTYPHOH HEYCTOMUYMBOCTBIO; «CPEIHSISI», TIPU KO-
TOpPOI HAOJIOAAETCSl YCTOMUMBBII CTAaOUIBHBINA POCT
obsiacTeil ynopsiioueHHOM (asbl BILUIOTh A0 UX CIMSI-
HUS Ha «MMO3AHEN» CTaAUU B MPOTSIKEHHYIO YITOPSI0-
yeHHyIo cucteMmy. OOHapykeHHbIe HaMU JIOKAJIbHbIE
00J1aCTH ¢ 3aKOHOMEPHO PaCIOI0XKEHHBIMU MUKPO- U
HaHOpPa3MEPHBIMU YacTULIAMU B PEHTreHOaMOpP(HBIX
00BbEKTaX MUHEPAJTOTUM MOXHO paccMaTpUBaTh Kak
CTaOWIM3UPOBAHHBIE 2JIEMEHTHI HaYaJdbHOW CTaAuU
(opmMupoBaHUS HAIMOJEKYJISIPHO-YIOPSII0UYEHHBIX
BeuecTB. st psina o6pa3oB, TaKuX, Kak 06Jaropoj-
HbIE OMaJibl UM HEKOTOPbI€ BBICIINE aHTPAKCOJIUTHI,
Takoe YNopsiiouyeHUue NOCTUTIO «IMO3AHEN» CTaaiuu C
(opmupoBaHUEM B pa3HON CTENEHU MPOTSIXKEHHBIX
YIOPSIAOYEHHBIX HAAMOJIEKYJISIPHBIX CTPYKTYD.

Paboma nodoepycana epanmamu HIII-1310.2012.5,
PODU 11-05-00432a.
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BivsiHue cTpyKTypbl MUHEPAJIa HA OOJIUK U Tradu-
TyC KpUCTAJIOB — (hyHIaMeHTaJIbHasI MpobyieMa Kpuc-
TaJlJIoreHe3uca. 3aBUCUMOCTb (POPMbI KPUCTAIITIOB OT UX
KPUCTAJUTMYECKON CTPYKTYPhI ICTOPUYECKH pacCMaTpH-
BaJlach B paMKaX KJIACCHUECKOM TeOMETPUUIECKOM KpHC-
tamnorpaduu Kernepom, CteHoHOM, JIOMOHOCOBBIM,
T'atou, Bpase, ®enopoBbiM 1 Apyrumu. Ha panneii cta-
IUW Pa3BUTHUS KpHUCTaIorpaduu Bce MOPGhOIOoTnIec-
K1e 0COOCHHOCTH KPUCTAJLIOB OOBSICHSUIMCH TOJBKO MX
BHYTPEHHE CTPYKTYpHIL. [1psiMbIe oTTpeneIcHHUS CTPYK-
TYpbl MUHEPAJIOB He TTOKOoie0an 3TuX B3rsaoB (Hur-
i, JonHeii, Xapkep u 1p.). B skcriepuMeHTanbHOI U
MUHepajiorndeckoit kpucraaiorpacbuu (benan, Tam-
MaH, Diirtenb, Boiabd, MokueBckuii, [TukuH, XoHUT-
MaH u ap.) [9, 10] mosgBuIMCh 1OKa3aTeIbCTBA O BJIUSI-
HUU HEKOTOPBIX OCOOEHHOCTEH CpeIbl KpUCTALTN3AIINT
Ha (popMy KpHUCTaIOB, a cpeau rnerposioros (Hukoia-
eB, Pamux, MBaHOB M Ap.), JaHHBIE O BIUSIHUM yCJIO-
BUI KpUCTALIM3ALMU, OCOOEHHO CKOPOCTH KPUCTAJLIM -
3alM WUIK oxnaxneHus [1—4, 6—7].

OmHAKO A0 CHX IOP CYIIECTBYIOT TPU Pa3HBIX MHE-
Hust o TakoM BiustHuu. [1o [ladpanosckomy [12]: «06-
weu3zeecmno, Hmo popma Kpucmaiioe 164:1emcs, npejic-
de 6ceeo, (hynkuyueli 6HympenHezo cmpoenus (cmpykmy-
Pbl), a eo30eiicmaue Kpucmanrobpasyroueii cpedsl Modicem
HAn0cums c80li 0mne4amox AUy 8 U36eCHMHBIX U CINPOO
oepanuqennwix npedeaax» (BoiaenaeHo Hamu. O. W.). I'nu-
KUH 1 ['1a30B [1] nUIIYT O «...8bL16.1eHUU NOAHOI HecOC-
MOsIMeAbHOCMU CIPYKIYPHO-2e0MeMPUHECKUX Memo-
006». A BTIOCIIETHEH CBOMIKE TTO KPHUCTAILITOMOP(OIOTUH
KpacnoBoii u ITetposa [8]: «Ceazbe cmpyxmyput ¢ 2abu-
mycom, max jxce KaK u cés3b CIpPYKmypol ¢ KOHKPernHbl-
Mu npocmoimu popmamu, HeOOHO3HAUHA» .

DTa HeolpeaeeHHOCTh TIPEICTABICHUI O BIUSI-
HUU CTPYKTYPBI HA OOJIMK M FAOUTYC KPHUCTAIIJIOB Tpe-
OyeT GoJiee MOJTHOTO PaCCMOTPEHMS JOBOIOB 3a U MPO-
THUB TaKOTO BIUSIHUSI. OTMETUM, YTO YaCTO UCITOJIb3ye-
Moe TOHATHE «(hopMa KPUCTAJIIIOB» BKJIIOUaeT Tpu 00-
Jiee MPOCThIX MOHATUSI — OOJUK, TAOUTYC U OTPaHEHUE
(Tpaxr).

1. BnusHue cTpykTypbl Ha 061K
KpucTanios

PaccMOTpUM OCHOBHBIE IOBObI — pa3HooOpasue
00J1MKa KpUCTAILIOB OHOIO MUHEepasia, 001l1e J0Ka3a-
TEJIbCTBA BJIMSIHUSL UM OTCYTCTBUSI BIUSIHUSI CTPYKTY-
PbI Ha 00JIMK MUHEPAJIOB, IIPSIMbIE CPABHEHMS CTPYKTY-
PbI 1 00JIMKA KPUCTAJLIOB, BIMSHKIE Ha O0JMK KPUCTAJI-
JIOB OTHOCUTEJIBHO PETUKYJISIPHBIX IIOTHOCTEI TpaHei
(«3akoH bpaBe»), a TakxKe pe3yabTaThl BAUSHUS IPYTUX
(aKTOPOB KPUCTALIU3ALINH.

1.1. Pa3HooOpa3ue 00JMKa KPUCTAJIOB OJTHOTO MU~
Hepasa. CaMbIM MPOCTHIM J0Ka3aTeIbCTBOM OTCYT-

CTBUS BJIUSIHUS CTPYKTYPbI MUHEpasia Ha ero 001K WIN
rabUTycC sIBJISIETCS IPOCMOTP aTJIaCOB KPUCTAITIOB MU -
HepasioB. Ha nmpumepe Haubosiee pacrpocTpaHeHHBIX
MMHEpPAIOB — KBaplia, anatuTa, HUPKOHA, KaJlblUTa,
GapuTa 1 Ipyrux BUAHO, YTO OOJIMK KPUCTAJIIOB U3ME-
HSIETCSI B CAMbBIX IIMPOKUX MpPeeax, YTO MOJTHOCThIO
MPOTUBOPEYUT YOEXKIAECHUIO O BIUSIHUU CTPYKTYDHI.
Ecam 0b1 cymecTBOBAJIO TOJILKO BIMSHAE CTPYKTYPBI, TO
00JIMK KPHCTAJJIOB OTHOTO MIAHEPAJIa T0JI2KeH ObLT ObITh
Bcerga oauH U TOoT xke! [To HalleMy MHEHUIO, OTHOTO
3TOTO0 10BO/Ia BIOJHE JOCTAaTOYHO JIJIsI CBUAETEIbCTBA
OTCYTCTBUSI OIPEIEISIONIerO BAUSHUSL CTPYKTYPhI Ha
00JIMK KPUCTAJLJIOB.

1.2. O0mue NPU3HAKH BJIMSHUS WJIH OTCYTCTBHS
BJIMSIHUS CTPYKTYPbI HA 00JIMK KpucTawia. JlokazaTeib-
CTBOM BJIMSIHUSI CTPYKTYPbl MMHEpPaJIa Ha €ro 00JIMK 0
Ilacppanosckomy [11,13]: «Tax, nanpumep, Kpucmaniol
CO CAOUCMOU CMPYKMYPOUl 00bIMHO PA3BUBAIOMCS 8 8Ude
naacmuH (car00blL, XA0pUMbl, MUHepaavl eauH). Meonvuamele
KpUCmanavl XapaKmepHol 0451 CMPYKmMyp, e0e UmMeromcs
XOPOULO 8bIpadceHHble 00HOMepHble C8A3U. J1ns Kyouueckux
Jice KpUCmanios, He UMeroujUx pe3ko Omautarouuxcs c10eé
UAU HANPABAEHULL, CBOLICMBEHEH U30MempPU1ecKull mun Kpu-
CMannoe».

Ha camom zesie 310 He Tak! B npupoae MuHepabl
CJIOUCTOM CTPYKTYPhI, a UMEHHO, CJTIONbI (OMOTHUT, (hio-
TOMUT YU MYCKOBUT), XJIOPUTHI U CENITEXJIOPUTHI Yallie
00pa3yloT IUMNMpaMugaibHble KPUCTALIbI, a KaOoJau-
HUT — J1aXe BBITSHYThIe YepBeoOpa3Hble. Kyouueckuit
KynpuT 00pa3yeT BOJOKHUCTbIE KPUCTAJIbI, & KOPOT-
KOMpU3MaTUIEeCKUI pyTWJI JWTMHHBbIE BOJIOKHA. M Tak na-
Jiee. TakuM 06pa3oM, 1 3TOT TOBOJ O BJIMSIHUY CTPYKTY-
Dbl Ha OOJIMK JIETKO ONPOBEPTaeTcsl.

1.3. ITon umeHem 3akona bpase uiu 3akoHa bpa-
Be-Dumiepa-JlonHes-Xapkepa Gurypupyet GopMyIu-
poska [8]: «[Ipunyun Bpase enacum, umo ckopocmu poc-
ma paznuyHLIX epaneil Kpucmanna 3aeUcsam om ux pemu-
KYAAPHOU NAOMHOCMU U YMO KPUCMAAAbL BPU CBOEM POCmE
npeumyujecmeeHHo NOKpblearomces Haubosee meoreHHO pa-
CIMYWUMU 2PAHAMU C MAKCUMANbHOU PEMUKYAAPHOU NAOM -
Hocmbro». PaccMOTpUM 3HAYMMOCTD 3TOTO 3aKOHA Ha
MpUMepe BOJIOLMU CAMOTO 3aKOHA U KOHKPETHBIX OT-
KJIOHEHUSX OT HETO.

IIpu cpaBHEHUM PETUKYJSIPHOM MIOTHOCTU I'pa-
Hell MUHEPAJIOB CO CTEINEeHbIO UX PA3BUTUSI, aBTOPbI Ta-
KUX paboT cpasy ke CTOJKHYJIUCh C MHOTOUMCIIEHHBIMU
HUCKJIIoUeHUsIMU. HeyaoBaeTBOPUTEIbHOCTh 3aKOHA
BbpaBe 1o oTHOILIEHUIO K HEKOTOPBIM MUHEpaIaM Mpu-
BeJia K HEOOXOIMMOCTU BBECTU JIOMOJHUTEIbHBIE YCI0-
BUs. Tak, Hurriu BBeJs nmornpaBku yueTa He TOJbKO OT-
HOUIEHUI Harpy30K CETOK, HO U Harpy30K PsIIOB pelie-
TOK, JloHHe# u Xapkep BBeJIU ITONPaBKU JJ1s1 yYeTa dJie-
MEHTOB CUMMETPUU, MEPIEHIUKYISIPHBIX UX TJIOCKO-
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cTsIM, a XapTMaH 1 [IepaoK CYMTaIOT, YTO BaskKHEHIIIe
30HBI KPUCTAJIJIOB COOTBETCTBYIOT HAITPaBJIEHUSIM 1IETTO-
YyeK Hamboyiee MHTEHCUBHBIX CUJI CBSI3U B CTPYKTYpE.
['muxuH v ['nazos [ 1] cuuratot, uto Mmetoasl bpase, JJoH-
Hesi-XapTMaHa 1 EB31uKoBOIi uncTo (hopMaibHbIE U OT-
JIMYIAIOTCSI MEXIY COOOM JTUIITh YMEHBIIICHUEM 3HAaYUCHU I
TOJIIIIMHBI CJIOEB TSI TEOPETUICCKUX PACUETOB KUHETH -
KU pocCTa.

KoHKpeTHBIMU OTKJIOHCHHMSIMU OT 3aKoHa bpase
o [TachpaHOBCKOMY SIBIISICTCSI «HOAHOE OMCYMCmeue
nuHaKouoa Ha Keapye», TOTIa KaK «8 2eKCa20HANbHOIL pe-
wemke, nexcaujeli 8 0CHo8e CMpyKmypbl K6apud, CemKu
NUHAKOUOA NO NAOMHOCMU 3AHUMAIOM CaAMOe Nepeoe mMec-
mo». KpacroBa u [1eTpos [8] oTHOcAT cioaa u cepy. 1o
[IlachpaHOBCKOMY, Y KPUCTAJJIOB rajuTa U rajeHuTa
HaunboJjiee 0ObIYHOM (DOopMOIL SIBIIsIeTCST KyO, a MeXIy
TeM B peallbHBIX cTpyKTypax NaCl u PbS pemrerka ueH-
TpOTpaHHAas M B KPHCTAJUIaX TajrTa IepBOE MECTO MO~
JKHBI 3aHUMAaTh TpaHU OKTa’nmpa, a He Kyba». Cyrie-
CTBEHHO OTJIMYAIOTCS OT PACUETHOM YaCTOTHI PETUKY-
JIIPHOM TUIOTHOCTH T'PpaHU KPUCTAJIJIOB Y ITMPKOHA, Oa-
puta u KanbuuTa. B pesynbrate, [lladppanosckomy [11]
MPUILIOCH IIPU3HATh, «umo 3axon bpase moxcem pac-
CMAmpueamvCA AU KAK Nepevlil, 04eHb NPUOAUNCEHHDLI
waez no nymu paspeuleHus npodiemvl 0 83aAUMOCEA3U
6HewH el (hopMbl KPUCMAALA C UX HYMPEHHUM CHpoe-
Huem».

['muxuH u ['na3oB [1] npoBesin aeTajibHOE 00CYX-
JieHre Mpo0JIeMbl C TO3ULMI TEHETUUECKOU MHTEpIIpe-
Tauru GOPMBI KPUCTAJUIOB M CYUTAIOT, YTO CTPYKTYP-
HO — TeOMETPUIECKHE PACUCTHI «UMeIOM 8 C80ell 0CHOge
A0euyecku nopoyHoie npunyunst. Iiaénoti uz wux — anpu-
OpHOe npeneGpedcenue coCmagom, nepecviuieHuemM u mem-
nepamypoii npupodrnozo pacmeopa». I1o Ux MHEHMIO, Ha
(bopMy KpHCTaIIJIOB BJIUsECT aacoOpOMPOBAHHBIN CIION,
HEOJHO3HAYHOCTh BO3ICUCTBUS Cpelbl Ha (hopMY KpH-
CTaJJIOB, M OTCYTCTBUE OJJHO3HAYHOI CBSI3U MEKITY CTPYK-
Typoii u ¢dopmMoii mpupoAHBIX KpucTaLioB. OTciona nx
BBIBOI: «M3101cetH020 00 cux nop 00CmMamo4Ho 045 8bls16-
AeHUsl NOAHOU HeCOCMOAMEAbHOCIU CIMPYKMYPHO-2€0-
Mempuueckux menodoe» (BoigeneHo Hamu.0.M.). ABTO-
DBI IETaI0T BBIBOM, UTO: «P0AU CIPYKMYPbl KPUCMAAN08
Moducem Oblmb 0mMeedeHo AULb NOOYUHEHHOe 3HaAYeHUey. DTU
JIOBOIIBI MOKHO CYIIIECTBEHHO PACIIUPHUT.

B otBere 'mukuny u 'nazosy [llappanoBckuii [12]
OTMETIJI HEIOCTaTOK TOBOIOB KPUTUKOB — OTpaHMYC-
HHE TOJIBKO MapaMeTpaMi MIUHEPaI000pa3yoIero pa-
ctBopa u 3asaBui (c.120): «Qoweussecmuo, umo gpopma
Kpucmaaaoeé saeasemcs, npexcoe 6cezo, (hynkuuei enym-
PeHHe20 cmpoenus (cmpyKkmypot), a 8o30elicmeue Kpuc-
mannobpazyrouell cpedbl MOJCem HAA0NCUMb C80U Omne-
YAMOK AUULL 8 U3BECMHBIX U CIPO20 02PAHUYEHHBIX npede-
aax» (BolaenaeHo Hamu. O. W.). Tlpu aToMm, «8 kakux u3-
8eCmHbIX» N B KAKHUX «CTPOTO OTPAaHWICHHBIX ITpeIeTax»,
OH HE Pa3bsSICHMWIL.

Takum 006pa3oM, BIMSIHHUE CTPYKTYpPhl Ha OOJIMK
KPUCTAJIOB B paMKax 3aKoHa bpaBe 1 ero Mmommnbnka-
Ui He HAXOIWT ITOATBEPKICHUS.

PaccMoTpeHHbBIe BhIllIE TOBO/BI MTO3BOJISIIOT ClIE-
JIaTh BBIBOJ, YTO BHYTPEHHSAA CTPYKTYypa MUHEpaia Be-
JIeT ce0s1 MAaCCUBHO U HE OMNpPENEIISIET O0IUK KPUCTaJ-
JIOB.

2. BnnsHue cTpykTypbl Ha rabuTtyc
KPUCTaNNIOB Ha NpuMepe oi-kBapLua

KpurepusiMu olleHKY BIUSIHUST KPUCTALTMYECKOT
CTPYKTYPbI HAa TAOUTYC MUHEPAIIOB Mbl CUMTAEM CXOJ-
CTBO BHYTpPEHHEl M BHEIIHE! CUMMETPUU KpuUcTajia,
UIEHTUYHOCTDb rabutyca (yaJuHEeHue, yILIOLeHUe WIN
CTerNeHb M30METPUYHOCTU) KpUCTajyla TabUTyCy 2Jie-
MEHTAapHOU sYeiiKu MUHepasa, a TakxKe COBMaleHue
(opmbI 3yyaemoro Kkpucrasia ¢ GopMoii sieMeHTap-
Holl sgueliku. [ToHOEe coBmageHne Bcex Tpex napameT-
pOB OyIeT CBUIETEIbCTBOBATH O MOJHOM BJIUSIHUU
CTPYKTYpbI Ha TaOUTYC MUHepasia 1 HAa00opoT. B kaue-
CTBE MpUMepa BO3bMEM HanboJiee M3y4eHHbIN o.-KBapil,
KOTOPBI SIBJISIETCSI YHUBEPCATBHBIM METPOTEHHBIM U
aK1€CCOPHBIM MUHEPAIOM OOJIbIIIMHCTBA OpTOMarMaTu-
YeCKMX M MOCTMarMaTuyeCcKux TOpHbIX IMOPoJ1 Beex (a-
LU KPUCTAIN3ALN.

2.1. CpaBHeHue BHelIHel U BHYTPEHHEH CHMMETPUH
Kpuctamia. CHUHTOHUS O.-KBaplia TPUTroHalbHasI, Kjacc
TPUTOHAJIbHO-Tpaneuno3apuiyeckuii. CienoBaresbHO, U
BHEIITHSISI CUMMETPUS KPUCTAILJIOB JOJIKHA OBITh TPUTO-
HajbHas1. OgHAKO, B TPUPOJIe HaOII0naeTCs KaK MUHU -
MYM CEMb IJIaBHBIX TUIOB rabutycos. 1. ['ekcaroHaib-
HbI MPU3MATUYECKU-IUTTMPAMUAATbHBINA, C PABHBIM
pa3BUTHEM 00enX poMOO3IPOB, KOrIA BHEIIHSS CUM-
METPpUsI COOTBETCTBYET reKCaroHaJlbHOU CUHTOHUMU.
2. TpuroHajbHbIN NPU3MATUYECKU-TUNTMPAMUIATbHbII
¢ npeobJ1aalouM Pa3BUTUEM OJHOTO U3 pOMOO3IPOB.
BHeuHsisi cuMMeTpust OTBeYaeT TPUTroHaJIbHOMH CUHIO-
Huu. 3. ['ekcaroHajabHO-AUIIMPaMUIAJIbHBI, O€3 TpaHeit
MPU3MBbI WK C OYEeHb C1a0bIM UX pa3BUTHEM. BHellIHsIs
CUMMETpPUS COOTBETCTBYET reKCaroHaJabHOM CUHTOHUU.
4. Kyouueckuit (poMOO3APUUYECKUIT) C pE3KUM TTPe00-
JlalaHueM IrpaHeit poM0O03apa U OUeHb CIa0bIM JPYTUX
rpaHeii. BHeIIHSIS CHHTOHUSI TPUTOHAIbHASI UJIU KYyOU-
yeckad. 5. O0eIMCKOBUAHBINM TaOUTYC, 0Opa30BaHHBIN
OCTpEeHIIMMU pOMOO3IPAMU, COOTBETCTBYIOLLIMMU TPU-
rOHAJIbHOM WM IeKcaroHaJbHOW CUHIOHUU. 6. MOHO-
KJIMHHO-TIPU3MAaTUUYECKUI rabuTyCc ¢ HEpaBHOMEPHO
Pa3BUTBIMU IpaHSIMU poM0bosapa. 7. TabauTuyaTo-npu-
3MaTUYECKU TaOUTYC C CUJIbHO Pa3BUTLIMU IBYMsI I'pa-
HSIMM TIPU3MbI U C OOIIEH TETparoHaJbHOWM BHELIHEH
cumMeTtpueii. Takum obpa3om, U3 ceMu HauboJiee pac-
MPOCTPaHEHHBIX TAOUTYCOB TOJILKO [JIs1 IBYX—TpeX Ha-
OIIoHaeTCA COOTBETCTBUE BHEIIHE CUMMETPUN BHYT-
peHHeit. CiienoBaTeIbHO, BHEITHSIS CHMMETPUS KBapia
JIUIIb B TPETU CIyYaeB COBMANaeT C BHYTPEHHEN CUM-
METPUEH UJIM CUHTOHUEMN.

2.2. CpaBHeHHe CTPYKTYPHOTO (PEHTT€HOBCKOI0) Y-
JIMHEHUs ¢ KpucTawiorpaguyecKuM OCHOBAHO Ha Mpe-
MOJIOXKEHUHU, YTO B CIy4yae BIMSIHUSI CTPYKTYPbl MUHE-
pajla Ha ero raburtyc, yaJuHEeHWe KpucTasia J0JKHO
ObITh PAaBHO YIJIMHEHUIO 2JIeMEHTapHO siueiiku. Takoe
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CpaBHEHHE OBUIO IMPOBEICHO HAMU paHee M IT0Ka3ajo,
4TO Cy4Yau COBMANEHUS] TEOPETUUYECKOTO YAJIMHEHUS
KPUCTAJIJIOB C peallbHbIM JOCTATOYHO peaku [6]. Cie-
JIOBaTeJIbHO, U B TAHHOM CJlyyae BIUsSHUE BHYTpEeHHEH
CTPYKTYPBI MUHEDPAJIa Ha €T0 YIUTMHEHHE TTOTHOCTHIO He
TIPOSIBIISIETCS.

3.3. CpasHenne (hopMblI 21eMEHTAPHOI TYEHKH KBap-
1a ¢ hopmoii peaibHbIX KpUCTALIOB. M3 uepTexkeii cTpyK-
TYPHI KBapIia BUIHO, 9YTO hopMa 3JIeMEHTApHOM sSUeii-
KM KBaplia OymeT reKcaroHaJabHOI MpU3Moii. B To ke
BpeMsI aHaJIN3 3BOJIIOLINHI O0JIMKA KPUCTAJLIOB ITOKA3bI-
BaeT, 4TO MPOTO(MOPMOIT KPHUCTAJIOB KBapIla SIBIISICTCS
rexcaroHajbHas gunpamuza [5, 6]. Ceituac mosiBUIIOCH
MIPENIOJI0XEHHUE, YTO 3TOI TpoTohopmMe O0JIbIlIe COOT-
BETCTBYET poM00311p. OnHAKO, TOCKOIBKY B 000MX CITy-
Yasix 3TO SIBHO MPOTUBOPEUUT TEOPETUUECKOI CTPYKTY-
pe KBapI1ia, BOIIPOC O BO3MOXHOCTHA TAKOTO CPAaBHEHMS
TTOKA OCTAeTCSI HESICHBIM.

3. O BAusgHUM gpyrnx hakTtopos
KpucTannmsauum Ha o6mkK
1N rabuTyc KpUCTanoB.

ITocKoIBKy CTPYKTYpa KpHUCTala He OKa3bIBaeT
3aMETHOTO BJIMSTHUS Ha eT0 OOJIMK M rabHTyC, CIeIoBa-
TeJIbHO, Ha HETO OKA3bIBAIOT BIIMSTHUE IPYTHe (DaKTOPHI.
B xpucrannorpadum nx Ha3bIBaIOT BIUSIHUEM CPEIbl WIIU
BJIUSHUS (PUBUKO-XUMUUECKUX YCIOBUI KpUCTAIN3a-
uuu. ['eogornuyecku 3To YyeThipe TPYMIlbl IPUYKH, a
WMEHHO: BIIMSTHUE XUMUUECKOTO COCTaBa CPeIbl KpHC-
TaJlIn3alluu, 0COOEHHO MpumMeceit, B Tom uucie, [IAB
[9]; BmMsTHUE DU3MIECKMX CBOMCTB CPeIbl KPUCTAUTH -
3aIliH, 0COOCHHO BSI3KOCTH;, BIUSHIE CUMMETPUH CPe-
ITbI, 0COOCHHO OPMEHTUPOBKY KPUCTAJIIA B ITOJIE TPaBH-
TallMU 1 HAIIPaBJICHUS ITOATOKA ITUTAIOIINX PACTBOPOB
WJTH pacItIaBOB, a TAKIKE BIIMSTHUE YCIOBUM (KMHETUKM)
KpHUCTAJLIM3alUM, B KOTOPOil HanboJiee BaXKHO BIUSIHUE
CKOPOCTH KPHCTAJIN3AIIUH 1 BBI3BIBAEMOE €10 TIEPEOX-
JIaXJIeHUe WU TiepechillieHue pacruiaBa. MMeHHO, Ku-
HEeTHKa OKa3bIBaeT HanuboJiee CUJIbHOE BIMSIHME Ha 00-
JINK U TAOUTYC KPUCTALJIOB B OPTOMarMaTu4eCcKux rop-
HBIX TTOpoaax [2—4, 6, 7].

BbiBOObI

CYMMI/IPYH BBIIIECU3JI0KECHHOE, MOXHO CICJIaTbh
CJICOYIOIIINE BBIBOJBI:
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HoBas cuctema aTOMHbIX U MOHHBIX pannycoB

B. [I. UrHaTheB
NI Komu HLI YpO PAH, CrikTbiBKap; min@geo.komisc.ru

CoBpeMeHHOE COCTOSIHME TEOPUM MHOTO3JIEKT-
POHHBIX aTOMOB H€ JaeT BO3MOXHOCTU BBIYUCIUTD C
YAOBJIETBOPUTEBHON TOYHOCTBIO paJauyCc aToMa WU
MoHa. DTO YCTAaHOBJIEHO aBTOPOM B XOJIe pPeBU3UU 00-
LENPUHATOM TEOPUU TTPOCTENIIETO U3 MHOTOIJIEKTPOH -
HBIX aTOMOB — aToma resus [1—3]. Teopust atoma re-
Jvs ¢ 10001 Hanepe 3a1aHHOM TOYHOCTBIO OTIpeaesIs -
€T BOJTHOBYIO (DYHKIIMIO U 9HEPTUIO CTALIMOHAPHOTO CO-
CTOSTHUSI, HO COCTOSIHUSI HE COOCTBEHHO aToma reJius, a
HEKOTOPOU CUCTEMBI TPOMEXYTOUYHOU MEXIY aTOMOM
U TIOJIOKUTEIbHBIM MOHOM Tenus. [TpnunHa 3akioya-
eTcs B TOM, UTO JaHHas 3a/aya peliaeTcsl BapualMoH-
HBIMU METO/IaMU, B KOTOPBIX BApbUPYEMbI€ ITapaMeTPbI
BOJIHOBOW (DYHKIIMU HAXOJSITCSI U3 YCJOBUSI MUHUMYMa
SHEPIruu. DTa Mpolienypa He0OX0AMMO BKJIIOUaeT Orle-
paiuio uHterpupoBaHust ypapHeHus LlpeauHrepa mo
MPOCTPAHCTBEHHBIM KOOpAMHaTaM. B pe3ynbrare 3Toi
ornepaluy 00OHapyKMBaeTCs Hepa3pemmoe MpoTUBope-
e MeXIY alIUTUBHOCTHIO 9HEPTUU CUCTEMBbI, C OHOIA
CTOPOHBI, U AIAUTUBHOCTBIO ONEPATOPOB DHEPTUHU, C
IpyToii cropoHbl. OKa3bIBAETCS, YTO CKIIAIBIBATD TOITYC-
KaeTcsl TOJbKO OMepaTopbl, KOTOPbIE OTHOCITCS K OJ1-
HOI yacTulle, MoJoOHO TOMY, KaK CKJIabIBalOTCS BEK-
TOPBI CWJI B KJIaccuueckoit MmexaHuke. CiaenoBaTesibHO,
(huznyecku onpaBaaHHO TOJbKO PEllIEHUE YPaBHEHMSI
penuHrepa ajist OMHOM YaCTULIbI, IBUXKYILIENCS B IOJIE
JNPYrux yacTtuil. JIjist peiieHus: Takoro TUIa ypaBHeHU it
HEeoOX0MMO CO3/IaBaTh HOBbIE BIYUCIUTEIbHbBIE METO-
Ibl. B yacTHOCTH, B OOLLENPUHSATON TEOPUU YITyCKAET-
Cs U3 BUAY KJIAaCCUYECKOE CBOMCTBO MHEPLIMOHHOCTU
3JIEKTPOHOB, obJianatoiux Maccoil. Heobxoarmo 3ame-
TUTb, YTO OHO HE MPOTUBOPEUUT Ayaan3My SJIEKTPOHOB.

[TonyuyuTs pelieHre Wi aaxe airopuT™M HaXxoX-
JIEHUs CTAallMOHAPHON BOJTHOBOW (DYHKIIMM BHEIIHETO
3JIEKTPOHA B aTOME 10K He yaaeTcsl. MOXHO b yT-
BepXAaTh, YTO OHA JOJIKHA UMEThb BUJL IPOMEXKYTOUHbI I
MEXAY BOIOPOAHBIMU (PYHKLIMSIMU 1§ 1 1l COCTOSTHUIA,
TO €CTb 00J1a/1aTh HELEJI0UMCIEHHBIMU TPOMEXKYTOUHbI -
MU (HampuMep, CpeAHUMU apudMEeTUUeCKUMU) MEXIY
(1, 0) u (nl) 3HaUeHUSIMU KBAHTOBBIX yuces. [ToaTomy
paanychl aTOMOB, @ UMEHHO OXUjaaeMble (CpelHue) Be-
JIMYMHBI PaIMaTIbHOTO PACCTOSITHUS BHEIIIHE opouTau,
MOTYT ObIThb BBIYMCJIEHBI B O4€Hb IPYOOM MPUOIMKEHUU.
JIviub a1t aTOMa resivist v ABYX2JIEKTPOHHBIX MOHOB BUIL
(byHKIIMKM M3BECTEH TOYHO (Mpou3BeaeHne QYHKUMIA
3JIEKTPOHOB:

W(11,1) =1 ()2 () = (k3 mye 1),
a BeJIMYMHA mapameTpa k = (—21)'/? u cpeaHero paauyca
<r>=1.5/k BBIYUCISIIOTCS C BICOKOI TOUHOCTbIO, 00ec-
MeYMBaEMOI TOUYHOCTHIO IKCTIEPUMEHTAJILHOTO 3HaYe-
HUs MoTeHMana noHusauuu /1. [1o atoil npuurHe Hau-
0oJiee TOYHBIM U HallEKHBIM CIIOCOOOM OTIpeeieHUs
ATOMHBIX PAINYCOB SIBJISICTCS TOCTPOCHNE IMITUPUYEC-

KO 3aBUCIMOCTHY 3HEPT MU T CCOIIMAIINH TBYXaTOMHBIX
TOMOSIIEPHBIX MOJICKYJI OT TJTyOMHBI TTePEKPhIBAHUST aTO-
MoB. Takast 3aBHCMMOCTh OBLIa IOJIydeHa aBTOPOM B
pa6ore [4] npu cobIOIeHUHN Psla OYEBUIHBIX TPAHUY -
HBIX YCJI0BUi. JI0OBITBIE TAKUM TTyTEM pPaauyChl HEUT-
paJbHBIX aTOMOB U BBIYMCAEHHBIE TOYHO PAIUYChl BO-
JIOPOJO- U TeIMEeNION00HBIX MOHOB CTaJ CTPOTOii OC-
HOBO TSI TIPUOJIMDKEHHOTO pacyeTa pamauycoB KaTHO-
HOB I aHMOHOB C MCTIOJIb30BAHNEM M3BECTHOM AU THB-
HOM CXeMBI, B KOTOPOI CPaBHMBAIOTCSI MEXaTOMHBIE
PACCTOSTHUS B KPUCTALTUICCKUX CTPYKTYpax ¢ OOIIMM
AHNOHOM WJT KATUOHOM.

Panmychl aHMOHOB PacCYUTHIBATINCH, UCXOAS U3
CpaBHEHUS C BEIMIMHOM pagnyca H™ 1 cooTHOIIeHUS
KOJIMYECTBA SJICKTPOHOB U 3apsifia siIpa B HEUTPaIbHOM
aTtoMme M aHUOHE (q,).

Tabauya 1

IpubmKeHHOe BHIYUCICHHE PATHYCOB AHHOHOB
AHHOH 9 qq R, M

H- 2/1 40(424) | 318 (337)

F 6/5.,8/7 1.40 150

cr 6/5.8/7 1.38 200

Br 6/5, 8/7 1.38 210

I 6/5., 8/7 1.38 230

o 5/4,7/6 1.46 170

o~ 6/4, 8/6 2.07 240

BenuuuHa paguyca aHuoHa R, [10J1y4aeTcs yMHO-
JKEHUEM paguyca aroma R, Ha qQZ. YMHOXEHUE UMEHHO
Ha KBaapaT mo0aBOYHOTO OTPHUIIATEIBHOTO 3apsia
00BICHSICTCS TTPUOTMKEHHO TUHEIHOM 3aBUCMOCTHIO
pa3MepoB aTOMOB OT SHEPTUM MOHU3AINH, TIPOTTOPIIHA-
OHaJIbHOU KBaaparty 3¢ @GeKTUBHOro 3apsiaa siapa. B
CKOOKax IPpUBEICHBI TOYHBIC 3HAUCHUS paaryca MoHa
BOJIOPOJIa U COOTBETCTBYIOIEE 3HAYEHUE g .

CienyeT OTMETUTD, YTO pa3Mep U30JIHUPOBAHHOTO
KPYITHOTO aTOMa, B 0COOCHHOCTH aHMOHA C MAJIBIM CPOJI-
CTBOM K 3JICKTPOHY, B HEMaJIOW CTEIIEHN OOYCIIOBICH
MHepuueit aekTpoHoB. HanmpuMep, paauyc «0e3biHep-
roHHoro» nona H- (<r>=1.5/(1 — 0.616) H = 207 M)
MeHbIIIe TeopeTrdeckoro B 337/207 = 1.63 pa3s. [Tono6-
HOT'O COOTHOIIIEHUSI CJIeyeT OXUAATh B CTyyae noHa O*~.
B cBot0 0ouepenn, OXXKuAATh CYIIECTBEHHOTO YMEHBIIIE-
HUS pa3Mepa aHMOHA CJIENYeT B CBI3aHHOM COCTOSTHUH,
B 0COOCHHOCTH B KPUCTAJUTMIECCKOM CTPYKTYpE TIPY Ha-
JIMYMU 3aMETHOTO TIEPEKPBITASI BOJTHOBBIX (DYHKIIHIA,
BbIpaxkaeMoro Hamu BesinurHoi I'TI. BoaMoxxHO, uMeH-
HO YMEHBIIIEHHE MHEPILIMOHHOM COCTaBIISIOIIEH SIBIISICT-
CsI IPUYKMHOM cTadbmwin3auuu noHa O>~ B KOHAEHCUPO-
BaHHOM COCTOSTHH.

B uTore nmoiydeHa ciaeayiomasi CuicteMa aTOMHbBIX
1 MIOHHBIX pauycoB (CM. Ta0I. 2).

B Heit pa3Mepbl KATUOHOB CYIIECTBEHHO MEHBbIIIE,
a aHMOHOB — OOJIBIIIE, YeM BO BCEX M3BECTHBIX CHCTE-
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Tabaruya 2

ATOMHbI€ ¥ HOHHDBIE PATHYCHI 2JIEMEHTOB (1TM)

H 79.38
H™ 337

He 59.04

Li 161 Li'| Bell7 | B 127 C 122 N 119
33.66 |Be™ 23.60 B* 18.18 | C* 14.79 | N*" 12.46

0O 117 F 105 Ne 100
0 170 | F 150
0% 240

Na 176 | Mg 152 | Al 165 | Si 162 | P 151
Na"67 | Mg™ 55 | AP"48 | Si*"43 | P 40

S 148 Cl 143 | Ar140
S$¥306 | CI' 195

K 215 Ca 195 Sc 140 Ti 129 V 134

Cr 117 Mn 120 | Fe 124 Co 140 Ni 148

K"100 | Ca*85 185 180 175 170 165 160 155 153
Ti*" 65 Fe? 80
Cul50 | Zn 150 | Ga 165 | Ge 163 | As 158 | Se 158 | Br 153 | Kr150
153 153 Br 210
Rb 227 | Sr 210 |Y 165200 Zr160 | Nb150 | Mo 150 | Tc 140 Ru Rh Pd
Rb" 113 | Sr*' 100 190 185 180 175 170 165 160
Agl6l | Cd 160 | In 176 | Sn 175 | Sb 170 | Te 173 I 166 Xe 165
160 160 I~ 230

Cs 250 | Ba 235 | (Aul65) | Pb170 | Bil73
Cs" 130 | Ba®'116

Max paJnycoB, BKJIIOYAlO CO3IaHHYI0 aBTOPOM paHee [5].
KupHbIM mpudTOM BBIIEICHBI 3HAYCHUS, BEIYMCIICH-
HBbIe KBAHTOBOMEXaHUICCKH TOYHO. [IJ15T OCTaIbHBIX BE-
JIMYMH TOYHOCTh pacyeTa pamuyca COCTaBIISIET B Cpell-
HeM *5 1M, IIOTPeIIHOCTh BEIYMCIICHUS PaIlyCcOB aHH-
OHOB MOXHO OLIEHUTh BeIMYnHOMI +(10—15) M.
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KonunyecTBeHHast OLiEHKa CNOXHOCTY KPUCTANIUYECKMX CTPYKTYP:
00LLMe MPUHLMMBI Y NPUMEHEHNE

C. B. KpuBoBuueB
CIIol'Y, Cauxr-IletepOypr; skrivovi@mail.ru

Kakyto Kpuctajuinueckyto CTpyKTypy MOXHO Ha-
3BaTh IIPOCTOM M KaKyto CJIOXKHOI? HecMOTpst Ha TO, 9TO
OTIEJIbHBIE MOAXObI K 3TOW MpobjeMe ObUIM Mpeaio-
JKeHBI [ 1—3], 10 CHX TTop He CyIIeCTBYET YeTKOTO Hayy-
HOTO ONpeaesJeHUs CIOXHOCTU KPUCTAIUYECKOM
CTPYKTYpbl. OUeBUIHO, YTO CIOXKHOCTD J0JKHA TaK WU
MHaye COOTHOCUTHCSI ¢ MH(MOPMALMOHHON €MKOCThIO
CTPYKTYPBI: YeM CJIOXKHEe CTPYKTypa, TeM 00Jibllie OHa
conepxxuT nHgopMmauuu. B HenaBHeii pabote [4] HaMu
ObLIO MPEIJIOKEHO OMNpeaeeHUE CIOXKHOCTU CTPYKTY-
pPbI Ha OCHOBaHMU KOJIMYECTBA TOMOJOTMYECKON WIn
CTPYKTYPHOI1 MH(pOpMAIIMK, CoepxKalleiics: B hakTop-
rpade cTpykTypbl. DakTop-rpad (aHTIOSI3bIYHBIN Tep-
MUH — quotient graph) nmpeacTapisieT cob0it cogepKu-
MOe€ MPUBEIEHHOM (T. €. TIPUMUTUBHOI) 2JIeMEHTapHOI
STYEMKU KPUCTATUIMYECKOM CTPYKTYPhI. YUCI0 BEPIIUH
3TOro rpada paBHO YMCTy aTOMOB BHYTPU NTPUBEIECHHOM
sTYeKH, a pedpa NPeACTaBISIIOT COO0M XMMUYECKHE CBSI-
31 MEXIy aTomaMu. PaccMoTpum, HammpuMep, 1Ba rjioc-
KX OeCKOHEYHbIX Tpada, IToKa3aHHBIX Ha puc. la, b. Ux
«3JIEMEHTapHBIC TICUKI» COIEPIKAT ITO YSThIPE BEPIIIH-
HbI, TPAHCJISILIMOHHBIE TEPEHOCHI KOTOPBIX B IJIOCKOCTU
U CO31aI0T MOJIHBIN rpad. PakTop-rpacdbl N300pakKeHbI
Ha puc. lc, d u mpencTaBasIOT co00i Kak Obl cxkaToe
1300pakeHMEe TOMOJIOTUU UCXOIHBIX OECKOHEUHBIX I'pa-
¢os.

IToHsiTUEe KoMUYecTBa CTPYKTYPHON WJIM TOMO-
JIoruuyecKo nHdopmauuu (3HTponuun) rpada ObLIO
MpeaI0KeHO PYCCKUM YYEHBIM — dMUTPAHTOM Iep-
Boii BoJiHbl — H. Pamesckum B 1955 rony [5] Ha oc-

(@)

O (3

HoBe llleHHOHOBCKOM HTponuu [6]. HanmomHum, 4to
sHTponusi Hundopmauuu, 3aKoaMpoBaHHON B CO00-
IEHUU U3 N CUMBOJIOB, PAaCCUUTHIBAETCSI UCXOIS U3
clienyonux NpuHIMNnoB. Bce cuMBOJIBI COOOIIEHUS
pasnessitoTcsl Ha k KJ1acCOB 9KBUBAJEHTHOCTH, KaX-
IBI U3 KOTOPBIX COAEPXUT N, CHMBOJIOB (CMMBOJIBI
BHYTPU OJTHOTO KJlacca OAWHAKOBBI, CUMBOJIbI B pa3-
HBIX KJaccax pa3JinuHbl). BepoaTHOCTb TOro, 4To He-
KOTOPbIil CUMBOJI B COOOIIIEHU Y OYyAeT MpUHaIIeXaThb
K i-My KJlaccy paccuuTeiBaeTcs Kak p, = N, /N. Torna
SHTPOIMUSI COOOIIEHUSI MOXET ObITh BhIYMCIIEHA MO
caenywoniei popmye:

H=-Xp;log,p, (OUT/CUMBOI).

IIpumeHeHue 3TOI (POpMYJIbI K Tpaam, Tipeio-
)xeHHoe H. PameBckuM M pa3BUTOE €ro yYeHUKaAMM,
COCTOMT B cieaywoiieM. BepmnHel rpaga pa3ouBaroT-
Cs Ha KJIACCHI SKBUBAJICHTHOCTH COTJIACHO TPYIITIC CUM-
MeTpuu (Tpyre aBTomopdu3MoB) rpada. [IBe Bepim-
HBI rpaca Ha3bIBAIOTCS SKBUBAJICHTHBIMH, €CJIU UX ITe-
pecTaHOBKa He IPUBOINT K 00pa30BaHUIO HOBOTO Ipa-
(da, ¢ TomoyIorKet, OTIMYAIOIICICS OT TOITOJIOTHH UC-
xogHoro rpada. Hanmpumep, B rpade, mokazaHHOM Ha
puc. 1d, mepectaHoBKa BepiiuH | <> 3 u 2 <> 4 He Me-
HSIeT CTPYKTYpPHI Tpada, T. €. 3TU BEpPLIMHBI MOMapHO
SKBUBAJICHTHBI. IHBIMU cJTOBaMU, BEPIITMHBI 3TOTO Ipa-
a moryT ObITB pa3neeHsl Ha 1Ba Ki1acca: C, = {1, 3} u
C,={2, 4}. BeposATHOCTb TOT0, 4YTO HEKOTOpAas BEPLIU-
Ha Tpacda OyIeT IMprHAIIeXKaTh K OMHOMY M3 KJIaCCOB
cocrasnset 0.5.

(b)

@) ©

JIBa rutockux nepuoauyeckux rpada (cetku) (a, b) u ux pakrop-rpadsi (¢, d, COOTBETCTBEHHO)
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CornacHo H. PameBckomy [5], KOIM4ecTBO TOIMO-
Jgoruyeckoil uHdopmauuu (3uTponust) I; rpada G on-
penensieTcs Kak

I;=—Sp;log,p; (6ur/Bepuinny),

TI€E p;, — BEPOSITHOCTb MPUHAUIEKHOCTHA TIPOU3BOJIBHO
BbIOpAHHOI BepIIMHBI K i-MY KJ1accy.

Crenyst 3TOMy OINpeaeIeHUI0, KOJIUYECTBO TOIO-
Jjornyeckoit uHdopManuu rpada, mokazaHHOTo Ha pu-
cyHke 1d, 10JKHO OBITH pacCUMTAaHO KakK

I;=—10.51og, 1/2 +
+0.51og, 1/2] = 1.000 (6uT/BepiINHY).

B rpage, mokazaHHOM Ha pUCyHKe 1c, Bce Beplln-
HbI 9KBUBAJEHTHBI U TIO3TOMY JIJIsI HETO KOJIUYECTBO TO-
MOJIOTMYEeCKOl MH(pOPMAIIMKY PaBHO HYJIIO.

O4YeBHUIHO, YTO MaKCUMaJTbHOE KOJMYECTBO MH-
hopmanuu (I; ,,,) Oyaer uMeTh rpad), B KOTOPHIM BCE
BEPIIMHBI TOMOJIOTUICCKHN HEAKBUBAJICHTHBI:

I o = l0g,v  (OuT/BepInAy),

IIie v — YHMCIIO BepIIMH rpacda. DTo MO3BOJISIET OIpeIe-
JIUTh HOPMAJIN30BaHHOE KOJIMYECTBO TOIOJOTHUECKOM
nHbopmanuu rpada (/;,) Kak

IG,n = IG/IG,max = [Sp: 10g2pi] /]ngv'

[TpaBUIBHBII pacyeT TOMOJIOrMYecKoit nHbopma-
LU TpeOyeT MpaBUAbHON OLIEHKU IPYIIIbl CUMMETPUHN
rpada. s KpucTaIMUecKX CTPYKTYp 3Ta OIleHKa
obaeryaercst TeM (haKToM, UYTO aTOMbI BHYTPH ITPUBEICH-
HOW SITYEMKU eCTEeCTBEHHBIM 00pa3oM pa3lelisitoTcs Ha
KJIacChl, COOTBETCTBYIOIINE Pa3IUIHBIM ITPaBUIHLHBIM
cucTeMaMm Touek (mo3uuusiM Yaiikosa). Hanpumep, pac-
CMOTPUM KpHUcTanuecKyto cTpykrypy K,Cr,O,-11b [7].
OHa uMeeT npocTpaHcTBeHHYIo rpynmy C2/c. [TpuBe-
IEHHAs TYCKa CONEPKUT MO YeThIPE CUMMETPUIHO K-
BuBajJeHTHBIX aToMa K n Cr, Torma Kak aTOMBI KUCJIO-
pona pazbuBatoTcs Ha yeThipe kiacca: Ol (4 atoma), O2
(4 atoma), O3 (2 aroma) u O4 (4 aroma). Mtoro B hak-
Top-Tpacde nmeeTcs 22 aToMa, KOTOpbIe pa3iessioTcs Ha
6 KJ1aCCOB 9KBUBAJICHTHOCTU. BeposiITHOCTb IpUHAJIEK -
HOCTH MIPON3BOJIBHOTO BEIOPAHHOTO aTOMa K OMTHOMY M3
IIeCTH KJIACCOB cocTaBnsieT 4/22,4/22,4/22,4/22,2/22
" 4/22 nist BBHIIETICPEUYNCICHHBIX KJIAaCCOB, COOTBET-
cTBeHHO. TakM 00pa3oM, KOJTMYECTBO TOITOIOTMICCKOM
nHpopmarmu 1 ctpykTypsl K,Cr,O,-11b coctasnsier

I;=—1[5%(4/22) log,4/22 + (2/22) log, 2/22] =
= 2.550 OUT/BEpIINHY.

[TyTeM MpOCThIX BBIYMCIEHUI MOJyYaeM HOPMaJIU-
30BaHHOE KOJIMYECTBO UH(OpMaIuu

I,,=0.572.

BBeneHHast TakuM 00pa3oM BeTMIMHA KOJIMYECTBA
vH(pOpMaLIMU MOXKET OBITh pacCUMTaHa 151 JIF0OOI KpU-
CTaJUTMYECKOI CTPYKTYpHl. HackombKO HaM M3BECTHO,
3TO TIepBast IMOMBITKA KOJIMYECTBEHHOU OIICHKHU CITOXK-
HOCTH KPUCTAIUTMICCKUX CTPYKTYp. BKpatiie ouepTum

OCHOBHbI€ HaIlpaBJeHUSI BO3MOXHOTO MCMOJIb30BAHUS
3TOM XapaKTePUCTUKN.

1. Kaxaplii CTpyKTypHBIHI TUIT JOJIKEH XapaKTepr-
30BaThCs CBOMMU TOUHBIMU 3HAYEHUSIMU TOTIOJIOTMYeC-
KOI SHTPONMU U HOPMAJIM30BAHHOU TOITOJIOTMYECKOUN
SHTPONHUMU, YTO CO3AAET BO3MOXKHOCTh UX UCMOJIb30Ba-
HUS 1)1 KJaccu@rKauuu KpUCTAULTUYECKUX CTPYKTYD.

2. [pencrapisieT MHTEPEC MCCIeI0BaHUE IBOJIIO-
LIMU TOIOJOTMYECKOMU IHTPOITMU B MIPUPOIHBIX ITPOLIEC-
cax (Hampumep, NpU U3MEHEHUU TeMIEpaTyphbl U 1aB-
JieHust). OcoOblii MHTepeC CBsI3aH ¢ pacyeTaMu U3MeHe-
HUSI TOMOJIOTMYECKOM SHTPOIUM B IJI00ATBHBIX ITPOLIEC-
cax 3BOJIIOLMY MUHEpaJbHOTO BelecTBa 3emiu |8, 9].
B aToM acniekTe upe3BbIYaiiHO JTIOOOTTBITHBIMU SIBJISIIOT-
cs paccyxaenus A. I'. ZKadbuna [10] o HarpaBaeHHOCTU
CTPYKTYPHOM 3BOJIIOLIMA MUHEPAJIOB B CBSI3U C O0OLIEN
CTPYKTYpPHOI1 3BoJIOIIMEe MaTepuu Bo BceneHHOM, B
KOTOPBIX OH orupascs Ha paboty H. JI. CMupHOBOi1 u
H. B. benoBa «DBosoLnst B CUCTEME CTPYKTYPHBIX TH-
nos» [11]. CornacHo H. JI. CmupHosoii u H. B. beno-
BY, Ha TOKPUCTAJUIMYECKOM ITarle «...M3 Xaoca pa3Ho3a-
PSIKEHHOIO MoJisl — 100apMOHHOTO COCTOSIHUSI MaTe-
puu, T. €. U3 NpocTeitei GopMbl €€ OpraHu3aluu BO3-
HUKJIa BCSI CYLIECTBYIOIAsl HBIHE CTPYKTypa MUPO3/a-
Husl». B Hauasile COOCTBEHHO KPUCTA/UIMYECKOro 3Tana
TIOSIBJISIIOTCSI NPUMUMUBHbLE HU3KO00P2AHU308aHHble (KYD-
cuB Mol — C. K.) CTpyKTyphl, C KOTOPbIX HAUMHAETCSI
CTPYKTYpHasi 3BoJtoLus: cTpykTypbl Tuna Cu, NaCl,
ZnS, CH,. Kak nuutet A. I'. 2KabuH, «...nocne 3toro ara-
1a UMeJIM MECTO apoMOpP(dO3bl, T. €. KAUeCTBEHHbIE CME-
Hbl CTPYKTYPHBIX TUNOB. Haubosiee ycTOiMYMBBI Mpo-
cTeiile HU3KOOPraHU30BaHHbIE 1 Han0O0J1ee BEICOKO-
CUMMETPUYHbBIE 00bEKThI Kaxk10r0o YpoBHs1. OHU B IPUH-
nune (GpyHaaMeHTaJbHbl U B KAUY€CTBE CTPOUTEbHBIX
(bparMeHTOB BXOJSIT B COCTaB 00beKTOB 00J1€€ BBICOKUX
YPOBHE, UTO U IPUBOAUT K CTPYKTYpHOMY apoMopdho-
3y <...> [IpuMepom Takoro apomopd0o3a MOTYT OBITh ITe-
pexobl oT CTPYKTYpHBIX cepuii (Cu, Mg) ¢ KoopanHa-
LMOHHBIM YMCJIOM 12 U BBIIIIE K CTPYKTYPHBIM CEPUSIM C
3aMIOJIHEHHBIMU OKTadApUYEeCKUMU MTycTOTaMU, KOraa
BO3HUKAIOT CTPYKTYPHbBIE TUIIbI BTOPOM FreHEpALIMU C KO-
OpAMHALIMOHHBIM YuciaoMm 6—11» [11]. Kak nucanu
H. JI. Cmupnosa u H. B. benos, «...Ha KaXIOM ypOBHe
B CUCTEME CTPYKTYPHBIX TUTIOB Pa3BUTHE UIAET OT MPO-
CTEHIINX HU3KOOPTAaHU30BAHHBIX CTPYKTYPHBIX TUIIOB C
Beicokoit cummeTpueii (Cu, NaCl, ZnS) K BBLICOKOKOM-
TMOHEHTHBIM BBICOKOOPIaHM30BaHHBIM TUIaM ¢ OoJiee
HU3KON cuMMeTpueil...». [IpuMepaMu yCIIOKHEHUS
CTPYKTYPHBIX TUMOB siBJIsttoTcst [ 10, 11]: monmutunus, nmpu-
BOSIIAS K BOBHUKHOBEHUIO CTPYKTYPHBIX TUTTOB MOJIH-
TUTIOB C BbIIEJICHUEM KJIACTEPHBIX YPOBHEN paciierie-
HMUS; TIEPEXO/I OT OJIHO- K MHOTOKOMITOHEHTHBIM CUCTe-
MaM; BO3HUKHOBEHUE MOHOOMEHHBIX KOHCTPYKIIMIA TUIIA
1I€0JIUTOB; IEMCTBUE 3aKOHOB TOMOJIOTMU, CTPYKTYPHO
nedopmanu, BHEAPEHUSI-BbIUUTaHMs1, BeTBIeHUs. Ko-
JIMYECTBEHHbI aHAIU3 CJIOXHOCTU CTPYKTYp, MPe1Io-
JKEHHBI B paboTe [4] MOMOXKET MOHSITh, HACKOJIBKO 3TU
paccykaeHusI SIBJSIOTCSl 000OCHOBAHHBIMU.
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3. C10XHOCTb CTPYKTYPHI IOJIXKHA OBITh TaK WJIN
MHayue CBs3aHa C yCJIOBUSIMU ee oOpa3zoBaHusi. B 1953
roay JIx. TonbacmuT [ 12] mpeauiosku Tak Ha3biBaeMbIit
MPUHIIAIT CUMILIEKCHOCTHU (simplexity principle), co-
rJ1acHO KOTOpoMy ¢aza ¢ 0oJjiee pOCTO CTPYKTYpOi
obpa3syeTcs «jerdye». [loaTromy metacTabuibHbIe hasbl,
00pa3oBaHME KOTOPBIX CBI3AHO C PE3KUM U3MEHEHU-
eM QU3UKO-XUMUYECKUX TTapaMeTPOB CPebl, TOTKHbI
MMeTb 00Jiee MPOCThbIE CTPYKTYPhI. DTO CBSI3AHO MpPEX-
JIe BCETO C TeM, UTO pa3Mep 2JIEeMEHTApHOM STUeiKu Mpo-
CTO# (ha3bl, KaK MpaBUI0, MEHbIIIE, YeM JJIs1 CIOKHOM
M, 3HAYUT, TMaMeTp MUHUMAJIbHOTO 3apojblilia Mpo-
croii hassl (kBatapoHa? [13]), Hecyuiero B cebe nHPOp-
MalLIUIO O BCEW CTPYKTYpE, MEHBIIIE, YEM TAKOM K€ U~
aMeTp IJIsI CIOXHOM (asbl. [Ipu 3TOM KOJMYECTBEH-
Hasl OlIeHKa CJIOXKHOCTU CTPYKTYpPHI B padboTe [12] oT-
cyrcrBoBaja. [1peaioxeHHas HaMU BEJIMYMHA TOITOJI0-
TUYECKOI SHTPOMUU MOXKET OKA3aThCs MOJIE3HOU MpHU
CPaBHUTEJIbHOU OLIEHKE CJOXKHOCTH METACTAOUIBbHOM
M CTaOWJIbHOU Mo bUKaIMi OJHOTO 1 TOTO Xe Bellle-
crBa. HanpumMmep, cTpykTypa MeTacTabMIbHON (ha3bl
K,Cr,0,-1Ib, kpucTtaniabl KOTOpOW OBUIH MOJyYEHBI
E. B. KupbsiHOBOI1 ctocOOOM CITOHTAHHOI KPUCTAJLIN-
3allMM U3 MepeHaChIIEHHOTO pacTBOpa OuxpomMara Ka-
Jvst, oKasbiBaeTcs npoiue (I; = 2.550; I;,,= 0.572), yem
cTpykTrypa crabuibHoit monupukauuu K,Cr,0,-11
(I, =4.459; 1;,= 0.817).

CrenyeT OTMETUTh, UTO TOMOJIOTMYecKast SHTPO-
MU CTPYKTYPbI HE JOJKHA OTOXAECTBIISITHCS C TEPMO-
NMHAMWYECKON sHTponuei. Eciin Mexay aTuMu 1ByMs
KOHUEMIMSIMU U CYIIECTBYET B3aUMOCBSI3b, OHA MOIJIE-
JKUT OTIEJIbHOMY UCCIe0BAaHUIO.

Paboma evinoanena npu nodoepcke DI «Kaopor»
(eockoumpaxm 16.740.11.0490).
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Kpuctannuyeckme n peHTreHoamopdHble pas3bl OKEaHNYeCKmX
Xene3oMapraHLUEeBbIX KOHKPELMIA
I'. H. JIpiciok

Wuctutyt reonornu Komu HII YpO PAH, CrikteiBKap, Poccust

OKkcuapl MapraHiia siBIsiioTCsl OMTHUMU U3 Haubo-
Jiee pacrpoCTPaHEHHBIX M BaXKHBIX B TPAKTUYECKOM 3Ha-
YeHUU 00BEKTOB, B 00pa30BaHUU U TpaHChOpMaLUU
KOTOPBIX aKTUBHYIO POJIb UTPAIOT MUKPOOPTraHU3Mbl. B
arperatrax MapraHiia 10BOJIbHO YaCTO HAOI0AaeTCsl CO-
BMECTHOE MPUCYTCTBHE KaK XOPOILIO OKPUCTATIIM30BaH -
HBIX Pa3HOBUIHOCTEM, TaK U TOHKOAMCIEPCHBIX (ha3 ¢
KpaifHe HU3KOI CTeNeHbIO yNopsiAoueHHOCTU. O0beK-
TaMU KUCCJIEAOBAaHUI ObUTU pYyIHbIE HAHOpPa3MepPHbIE
a3zl meJarnIecKmx Xeje30MapraHIeBbIX KOHKPELNI
Tuxoro okeaHa u 1menab¢OBbIX 30H banTuiickoro mops.

OpraHuyeckoe BEIIeCTBO UTPaeT CYIIECTBEHHYIO
POJIb B TIpOIIeccax OCaaKOHAKOTUIEHUsI U MUHEPaIo00-
pa3oBaHUs Ha IHE OKeaHOB U Mopeiil. Hanuyue opranu-
YECKOI0 BEIIECTBA BbI3bIBAET HaKbO0J€€ 3HAUYUTEIbHYIO
MeTaMop(dU3aIIIo TPYHTOBOTO pacTBopa. C MUTparus-
MU PAaCTBOPEHHOTO OPTaHMYECKOTO BELIECTBA CBSI3AHO
U TiepepacnpeneieHue Takux 3JeMeHToB, Kak Fe, Mn,
Al, Cu, KoTOpble OOBIYHO BXOMAST B Pa3JIMUHbIE OPraHO-
MUHepaJbHbIE COEAUHEHMUSI.

Peunrble Bonbl, mocTymnawuie B MUpoBoii okeaH,
HECYT He TOJIbKO B3BELIEHHbIE MPOAYKTbI, HO U 00JIb-
110€ KOJIMYECTBO pacTBOpeHHOro marepuana. B ctok
PacCTBOPEHHBIX BELIECTB BXOMAST COJIM B BUJE UOHOB,
OMOreHHbIE BJIEMEHTHI B BUJIe COeIMHEHMI a30Ta, poc-
dopa, KpeMHUS, MUKPOIJIEMEHTbI, OpPraHUYECKOE Bellle-
ctBo U T. 1. C,, B MOPCKO¥ BOJIE COIEPXKUTCS B PACTBO-
peHHoM Buae (90—95 %) u B Bujge B3Becu (5—10 %).
Makcumanbho conepxanue C,, B TOBEPXHOCTHOM CJIOE
(0—10 ™M) coctaBmster 1.5—2.5 Mr/71, Ha riyonHe 3—4 KM
yMeHbImaeTcs 10 1.3 Mr/i.

buoxumnyeckue npoiiecchl mpeodpazoBaHUsd
OPraHMYeCKOro BelllecTBa, MOTOK KOTOPOIo Ha THO OKe-
aHa obecrneunBaeTcs 6jaroaapst 9GHeKTMBHOMY MeXa-
HU3MY MEJUIETHOTO TpaHCIIopTa, MPUBOIAT K 00pa3oBa-
HUIO psila MUHEPaIbHBIX (pa3 B OKEaHUYECKUX XKeJ1e30-
MapraHIeBbIX KOHKpeIUsX. B CBA31 ¢ HUBKMMM CKOPO-
CTAMM POCTAa KOHKPELMI CYMMapHBI TOTOK OpraHnuyec-
KOTO BEIIECTBA K UX MMOBEPXHOCTU MHOTOKPATHO BHIIIE
M0 CPAaBHEHMUIO C BMEIIAIOLIUMU OCAIKaMU, YTO CIIOCO0-
CTBYeT 00pa30BaHUIO YCTOMYMBOI OpraHUYECKOM TJIeH-
KM U aKTUBHOM ESITEIbHOCTU OaKTepUaIbHOU MUKPO-
(JIOpHL.

Haxoaku octaTKoB MUKPOMI0pPbI, UMEIOIINE 1O~
CJIOIHYIO JOKAJTU3ALIUI0, CBUAETELCTBYIOT 00 aKTUBHOM
y4acTUU MUKPOOMOJIOTMYECKUX ITPOLIECCOB B (hDOPMUPO-
BaHUU XeJle30MapraHlueBbIX KOHKpelrii. B nmpenenax
Oapbepa cyllia-Mope MaTepural HauMHaeT MOIOAThCs
XKUBBIMU OpraHusMaMu. B pesynabTate hopMUpyroTCs
METaJUI0OPTaHUYECKIE KOMIUIEKChI, KOTOPbIE MPEeICTaB-
JISIOT cO0OI IMPOKO pacrpocTpaHeHHYIO (GopMy Ha-
XOXIEHUSI B OKEaHCKOI BOJIE Xejie3a, MeAU U LIMHKA.

Heckosibko 060c061eHHOE M0JI0XKEHUEe 3aHUMAET Map-
raHelir, 00pasyolIurii yalie HeOpraHM4IeCK1ue paCTBOPH-
Mble coerHeHUs. Ha ypoBHE KpUTHIECKOTO KapOOHa-
TOHAKOIUJICHUSI BECh 00BEM HAKOTUICHHBIX MUKPOJJIe-
MEHTOB IIEPEXOIUT B pACTBOPEHHOE COCTOSTHUE. B 3T0#1
00J1aCTH ITOTHOCTHIO Pa3pyIIaloTCs CTPYKTYPBI OpraHn3-
MOB, pacCMaTpUBACMBbIX KaK aKKyMYJISITOPBI U TpaHC-
ITOPTEePHI MUKPO3JIEMEHTOB OT MECT X ITOCTABKH B OKe-
aH K yJyacTKaM (hOpMUPOBAHMS KeJe30MapTraHIIeBbIX
KOHKpELIUA.

HexkoTtopast 4acTh MSITKOI'O OPraHMYEeCKOIO Bellle-
CTBa JOCTUTAET JHA, TMOMaaasi B caMble BEpXHUE CJIOU
ocajka, rae pouCXOaUT €T0 OKUCIEHUE. DTO MPUBOIUT
K MOHUXEHUIO OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
TTOTEHITNAIA CPEIbI, YTO B CBOIO OUepeIb BEICT K Irare-
HETUIECKOMY Tiepepacipee/IeHIIo MapraHiia 1 (popmMu-
POBAaHUIO MapTraHLEBbIX MUHEPAJIOB (TOAOPOKUTA).

BakTepuu UrparoT onpeaeIeHHY0 poJib B 00pa3o-
BaHUM OCHOBHBIX MMHEPAJIOB KOHKpelnii. Hammpumep,
o janHbIM Yyxposa ®. B. ¢ coaBTopamu [ 1] o6pa3oBa-
HME BepHAINTA BO3MOXHO JIUIIB ITPU OLICTPOM OKHCIIC-
Hun Mn?* 1o Mn*". AGruoreHHoe okuciieHrue arMmocdep-
HBIM KHCJIOPOIOM BOIBI, KOTOPOE IIPOTEKACT OYCHb MEI-
JICHHO, He IIPUBOIUT K BOSHUKHOBEHUIO BepHaauTa. Ero
BbIIe/IeHUE CTAHOBUTCSI BO3MOXKHBIM JIMIIb B Pe3yJibTa-
Te KaTaJIMTUYECKOro OKMcaeHuss Mn?* go Mn** Gakre-
pUSIMU.

DKCIepUMEHTAIbHBIM ITyTEM MOKa3aHa BO3MOX-
HOCTB (pOpMUPOBAHNSI OMOTEHHOTO CMEIIIAaHOCTIOIHOTO
0y3eputl-0y3eput2 [2]. ABTOPHI UCCIIEAOBAIN OKMCITBI
mapraHua B KyJibType Metallogenium (6€3 COMyTCTBYIO-
mero rpu6a). Cpena KyasTUBUpoBaHus coaepxkana 0.5 %
MnCO,, KOTOpBIif TOTOBWJIN B TaDOPATOPUU U CTEPU-
JI30BaJIu Ipu 1 aTM. brioreHHOE OKMCIIeHNEe MapraHiia
¥ HAKOIUICHUE €T0 OKMCJIOB HAOIIOOAIN B Cpele KYiIb-
tuBupoBaHus ipu pH = 7.0uT = 25 °C, B yclIOBUSIX Ha-
coienus cpenbl O,. OTI0XeHHblE Ha MUKPOOPTaHU3-
M€ OKCHUAbl MapraHila UCCAeA0BaINCh B 3JIEKTPOHHOM
MMKPOCKOIIE C 9HEeproArcIiepcHo rnpucraBkoi. [Tony-
YEHHBIC JIEKTPOHOTPAMMBI COIEPKaIN BCE XapaKTep-
HBIE I CMEIIaHOCIOMHOTO Oy3epuTI1-0y3epuT2 nud-
PaKITMOHHBIE IPU3HAKN. DTH Pe3yIbTaThl yKa3bIBAIOT Ha
BaXXHYIO POJIb OaKTepuii B 00pa30BaHUU IIPUPOITHOTO
Oy3epuTl-0y3epuT2 Mpu AUareHeTUIECKOM Mpoliecce.

MuKpoOopTraHU3MBbI MOTYT KUTh Ha TTOBEPXHOCTHU
KOHKPEIIHI ¥ CO3IaBaTh CYIIEPCTPYKTYPY, HaKaIIABast
OKUCJIBI Kesie3a M MapraHia. OTMedeHo, UTO CJIOM KOH-
KpeInii ¢ MHOTOYMCIICHHBIMA OPraHMYeCKUMM OCTaT-
KaMM pacTyT ropasio owicTpee [3].

Kak yka3bIBaJIOCh BbILIE, IJIsI TOHKOAUCTIEPCHBIX
OKCHUIOB MapraHiia (acbojiaH, TOHOPOKUT, Oy3epuT, Oep-
HECCUT, BEpHAINT U 1IP.) XapaKTePHBI TTPOIIeCcCHl (a3o-
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BBIX TpaHchoOpMallvii, HabIoAaloIKecs: KaK B TPUPO-
Jie, TaK U MPU 9KCIIepUMEHTATbHbBIX UCCIeI0BaHUSIX. B
OOJIBIIMHCTBE CIy4aeB CTPYKTYpHBIE TTpeoOpa3oBaHusI
MPOTEKAIOT TIPU HE3HAYUTETbHBIX U3MEHEHUSIX (DPU3u-
KO-XMMHUYECKUX TTapaMeTPOB CPeabl. DTOMY CIIOCO0-
CTBYET OJJHOTHITHAS CTPYKTYPHasi OCHOBA OKCUIIOB Map-
raia (COBOKYITHOCTh OKTadApUIecKuX Mn**-cioes).
Tpanchopmauuu B mpeaenax OgHOTO UIU OJIU3KUX
CTPYKTYPHBIX TUIOB (COMCTBIN WU MCEBAOCIOUCTDIN
TUI) OCYLIECTBIISIIOTCS IPU yIAJIEHUH MEXKCI0€BOI BObI
B pe3yJibTaTe CTapeHHsI Be1leCTBa U MOBBILLIEHUS TEM -
nepatypbl. OnHaKo, B TpUPO/ie HAOII0AaI0TCS CTPYKTYP-
Hble TpaHchOpMallMM U MeXIy OKCUIaMU MapraHua
CYILIECTBEHHO pa3IMYHbIX CTPYKTYPHBIX TUTIOB. [Tpume-
POM CITYXKUT 3aMellleHre TONOPOKUTA, OTHOCSIIIErocs K
TYHHEJIbHOMY CTPYKTYPHOMY THUITy BEpHaAUTOM (CJIOU-
CThIii CTPYKTYPHBIH THIT) B OKEAHWYECKHUX XKEeJIe30-Map-
raH1IeBbIX KOHKpeLusX. Takoe 3aMellieHue TpeOyeT 3Ha-
YUTEIBbHOM CTPYKTYPHOM NEPECTPOUKU 1 €TO HEBO3MOX-
HO TMIPEACTaBUTh B BUJE TBepa0(a30Boii peakiiuu. DTOT
MpoLECC NOKEH MPOXOAUTh Yepe3 CTaauIo pacTBOpe-
HUA TOLOPOKUTA, YTO TPYAHO OCYLIECTBUTH YUCTO XU-
Muyeckum nyteMm. OnHaKko, BIIOJHE BEpPOSITHO OMOTeH-
Hoe 3aMellleHue, T. €. y4acThe MUKPOOPTaHU3MOB B IaH-
HOM ITpeoOpa3oBaHuu [4].

BepHaauT MoxXeT 00pa30BbIBAThCS U MyTEM CTPYK-
TYpHOI TpaHc(hopMaIuy TOAOPOKHUTA ITPU YIaCTUU MUK-
POOPraHU3MOB. DKCIIEPUMEHTAIBHO TAKOE 3aMelleHre
Ob110 ocymecTBiaeHo I'. A. JIlyOMHMHOI C UCIOJIb30Ba-
HUEM MapraHeloKUCSIOET0 MUKPOOPTAaHMU3Ma
Metallogenium [5]. TogopokuT odbpabarbiBajiCsl Cpeaoit
C IaHHBIM MUKPOOPIaHM3MOM 1 aCIOPOr€HHbIM IPUOOM
Mycelium Sterilium. CocTaB nuTaTeJbHON cpeabl: Boja
nuctuummpoBaHHass — 1000M1, Kpaxmall TMAPOJIU30BaH -
Hblii — 0.01 %, OIBITHI TPOBOAMIMCH B KOI6ax 1mo 0.5 I,
B KaxXAYI0 U3 KOTOpbIX BHOCcUIU 1o 100 M1 cpebl U 110
200 mr Tomopokuta (temrieparypa 28 °C), B yCI0BUSIX
CTaTUYECKOTO KYJIbTUBUPOBAHUSI MUKPOOPTraHU3MOB U
Ha KayaJiKax JJisl CO3aHMsI ONTUMAJIbHOTO 151 OMOTeH-
HOI KpUCTAJUIU3AIIMY BEPHAAUTA PeXUMa CHAOXEHUS
kucnoponom. Cpok akcrio3unuu 3—10 cyTok. B KoH1Ie
OINBITOB OCAJ0K WJIM HAPOCThI HAa CTEHKaX KOJIObI ObLIN
CKOHILIEHTPUPOBaHbI GUIBTPOBAHUEM, OTMbIThI AUCTUI-
JIMPOBAaHHON BOJOI M BbICYILIEHbI Ha Bo3ayxe. M3yue-
HUE OCaIKOB C MOMOILIbIO aHATUTUYECKOI 2JIEKTPOHHOM
MUKPOCKOITMU MTOKa3a10 MPUCYTCTBUE T1OCTATOYHO XO-
POLIO OKPUCTALIM30BAHHOTO BEpHAAMTA B OCaKaxX Ha-
yypHas ¢ 3Kcno3ulmu 3 cyTtok. [IpoBeneHHbIe OMBITHI
YKa3bIBalOT Ha JIETKOCTh 3aMELLIEHUSI TOAOPOKUTA Bep-
HaJIUTOM U YOSIUTEJIbHO CBUIETEJIbCTBYIOT O OMOT€HHOM
xapakTepe 3Toro npoiiecca. CieayeT noq4epkKHYTh, UYTO
MIPUPOIHBIN BEPHAAUT, COOPMUPOBAHHBIN 32 CUET TO-
JIOPOKUTA, HE COIEPXKUT KeJie3a, B OTJIMYME OT BEpHa-
JIUTOB TMIEPTEHHBIX KOPOK M KOHKPELIMIA.

B uccnenoBaHHbIX HAMUY MTPY TOMOLLIM JIEKTPOH-
HOTO CKaHUPYIOLIEro MUKpOCKoma obpasiiax xeje3o-
MapraHleBbIX KOHKPELUA ObLIM YCTAHOBJIEHBI BCE BbI-
1IernepevyrcaeHHbIE MPOsIBICHUSI OMOTreHHOTO (hakTopa.

Bo-niepBbiX, BO BHYTpEHHMX 30HaX KOHKPELUI HaMU
ObLIM OOHApyXXEeHbI B OOJIbIIMX KOJIMWYECTBAX OCTAaTKU
MJIAHKTOHHBIX OPTraHNU3MOB, TIPU 3TOM JI0BOJBLHO YaCTO
HabJI0aI0Ch 3aMeleHNe 3TUX OCTAaTKOB OKCHUAAMU
Maprasiia B BUe ITOKPHIBAIOIINX MX IUICHOK.

B xene3zo-MapraHUEBbIX KOHKPELMSIX ONHUMU U3
HauOoJiee pacpoCcTpaHEHHbIX MUHEPATbHbIX (ha3 sIBJIsI-
10TCsl peHTreHoaMopdHbIe (a3bl OKCUAOB MapraHua.
DJIeKTPOHHO-MUKPOCKOMIMYECKHUE NCCIEIOBAHUSI ITOKA-
3aJ11, YTO JaHHbIE (ha3bl MPEACTaBIISIIOT COOO MUHEpa-
JIM30BAHHBIN TJIMKOKAIUKC. DKCIIepUMEHTaIbHbIE UC-
cJieJOBaHUSI MO BbICOKOTEMIIEPATYPHBIM (Da30BbIM
TpaHchOpMaLMsIM MO3BOJWINM HAM IMarHOCTUPOBATh
JNaHHYIo (ha3y KaK TOMOPOKUT, a aHAIN3 JIEKTPOHHO-
MUKPOCKOTTMYECKUX CHUMKOB TIO3BOJISIET CBSI3aTh €ro
MIPOUCXOXKIEHUE C ICITEIbHOCTHIO OaKTEepUIii.

Ellie onHUM TNposiBJieHWEeM OaKTepuaabHOTO (hak-
TOpa B Mpoliecce pocTa KOHKpeuuit 1 GopMUPOBAHUU
MapraHueBbIX TOHKOIUCIIEPCHBIX MUHEPAJIOB SIBJISIETCS
00Hapy>XeHHOe HaMU HaJIMuue IMaHOOaKTepUaTbHOTO
Mara B MEXCJI0€BOM MPOCTpaHCTBE KOHKpeluit. CocTa
aHobakTepuaibHoro Mata (B %): MnO — 48.35;
Fe,0, — 6.23; MgO — 8.67; Al,O, — 5.05; SiO, — 4.45;
NiO — 3.63; Na,O — 2.30; CuO — 2.19; CaO — 1.31;
K,0 —0.68.

DJIeKTPOHHO-MUKPOCKOMUYECKUE UCCIEIOBAHUS
BHYTPEHHUX 30H KOHKPEIUil oKa3aau IUPOKOe pa3-
BUTHE OMOTIEHOK B MEXKCJI0€BOM MTPOCTPAHCTBE KOHK-
petuii. Takue GMOTIEHKH CJIOXEHBI OAKTEPUSIMU BEpe-
TeHOOOpa3HOI, MaJJOYKOBUIHOMN, KOKKOBUIHON (popM
1 HUTYATBIMU YyextamMu 6akrepuii. CoctaB baKTepuaib-
Holt Macchl cocTaBnsieT (B %): MnO — 28.34; Fe,0, —
17.14; Si0, — 7.11; CaO — 2.41; TiO, — 1.90; Na,O —
1.74; Al,O, — 1.73; MgO — 1.30; P,0, — 1.25; SO, —
1.25; CoO — 0.68; NiO — 0.53; K,0 — 0.50. Takum 06-
pa3oM, COCTaB LIMaHOOAKTEepUIl U MaccChl, clararouiei
OMOIUIEHKU, COOTBETCTBYET OKCHIaM MapraHiia.

O cylllecTBeHHOM BIUSIHUU OMOTEHHOTO (haKkTopa
B IIpoiiecce (popMUPOBAHUS KETe30-MaPTraHIIeBbIX KOH-
Kpeluii CBUAETEIbCTBYIOT MHOTOUMCIEHHbIE HAXOAKU
TOHKOJMCITIEPCHBIX CAMOPOJHBIX METAIJIOB.

CynbbhunHbsle MUHEPaIbl B KOHKPEIUsIX (TUPUT,
XaJIbKOTIMPUT, MUPPOTUH, TPOUJIUT, KOBEJIJTMH, DOPHUT)
O0OBIYHO ACCOLMUPYIOT C OPTAaHWYECKMMHU OCTaTKaMu 1
(opmupylorcs B pe3ysibTaTe BOSHUKHOBEHUST BOCCTAHO-
BUTEJbHBIX MUKPOOYAroB, 00yCIOBIEHHbIX OaKTeprab-
HOI1 nesiTeIbHOCThI0. C OMOXUMUUYECKUMU Mpolieccamu
Mpeobpa3oBaHMsI OPraHMYECKOTO BellleCTBa CBSI3bIBAET-
Csl U HAJIMYMe MMHEePaJloB HUKENSI B KOHKpeLusX (13-
HUT, OYH3CHUT, HUKEJIUMH, BUOJIApuT) [6].

B pyaHBIX 30HaX Kejle30-MapraHleBbIX KOHKpPe-
L[1i1, a TAaKKe B MapraHLIEHOCHBIX KOPaX BEIBETPUBAHUS
HaMU ObLJIM OOHAPYXKEHbI BKJIIOUEHWSI CAMOPOIHBIX ME-
TajanoB. B oOpasiiax KoHKpeluii, HanboJsiee pacrpocT-
PAHEHHBIMMU SIBJISIIOTCS BKJIIOUEHUS] MEIHO-KPACHBIX U
JIATYHHO-KEJIThIX METAJINYECKUX 00pa3oBaHUii B BUIE
IUIACTUHOK, YelllyeK, AeHIAPUTOB, AUAaTrHOCTUPYEMBbIX
HaMM Mo pe3yJbTaTaM MUKPO30HIOBBIX UCCEI0BAHMI
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KaK caMOpOIHast MeIb M MHTEPMETATNICCKUE COCTH~
HEeHUs MU U LIMHKA (JJaTYHHO-XeJThle 3epHa). Pexe
BCTPEYAIOTCS COCMHEHUS XKejie3a C MEAbIo U YUCTOe
xkene3o. [lomuMo atoro, ObuIM OOHAPYKEHBI €AUHNY -
HBIE 3¢pHA CAMOPOITHOTO aTIOMUHUS 1 ITMHKA.

[Tpu mccmenoBaHUM C TTOMOIIBIO 3JTEKTPOHHOTO
MMKPOCKOTIa HaliZIEHO 3¢PHO C BEICOKOI KOHIICHTPAII-
eil pagMOakTUBHBIX 3JIEMEHTOB (pa3Mmep 3epHa 6—
7 MxM). Konuentpauus Y,0,102.19 %, ThO, o1 5.45 %
10 7.09 %, UO, ot 36.28 % mo 50.72 %, PbO ot 9.96 %
10 13.96 %, Ce,0O; o 1.24 %. O6HapyXeHO 3epHO pa3-
mepoM 7 X 11 MKkM. OHO COCTOUT U3 CBETI0I, OTHOCH-
TeJIbHO TJIaIKO#, U TeMHOI TJ100yJsipHOIi yacTu. CBeT-
Jlasl 4acThb MpeaCcTaB/sieT CO00i TOPUT, a TEMHasI 100y -
JsipHas yactb—cuaukar topus. Copepxanue V,0, —
0.97—4.80 %, Ce,0, — 1.09—4.21 %, Nd,0, — 1.24—
5.81 %, ThO, —19.27—31.99 %.

B pesynbTate XMMUIECKUX U 3JIEKTPOHHO-MUKPO-
CKOITMYECKUX MCCIEMNOBAaHUI YCTAHOBJICHO 30HAJIbHOE
MTOBBIIIICHUE KOHIICHTPAIINI paTOaKTUBHBIX U PEIKIX
3JIEMEHTOB B KOHKpeInsiX. Takoe pacmpeaeieHre 3JIe-
MEHTOB B COCTaB€ KOHKPELUI ABIAETCA CIEACTBUEM
M3MEHEHHUS YCIIOBHI X 00pa30BaHMSI, YTO ITO3BOJISICT

KCIIOJIb30BAaTh XKeJIe30MapraHLIeBble KOHKPELMU B Kaye-
CTBE MHIMKATOPOB 3arpsi3HEHUs] OKPYKAIOIIEH Cpelbl
JJIST 9KOJIOTMYECKOTO MOHUTOPHUHTA.

Paboma evinoanena npu noooepicke epanma PODU
11-05-00620-a.
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HMuctutyT reonorun [larectanckoro HayuyHoro ueHTpa PAH, Maxaukana; salavmag@yandex.ru

Pa3BuTHE HAHOTEXHOJOT U1 HEM30EKHO MPUBEAET
K TTOCTYIUIEHUIO B aTMOC(EepHBIil BO3MYX 3HAYNUTETHHO-
ro KOJIMYeCcTBa HAaHOYACTHUII, ellIE Oosiee 000CTpsis U 6e3
TOTO CJIOXHYIO 9KoJlornyecKyw cutyanuio [1]. Ecau
YaCTUIIbI, K TOMY ke, 00J1a1al0T BBICOKOW TOKCUYHOC-
Th1O (Se, Cd, Pb), 3arpsa3HeHne HAaHOCUT 3M0POBBIO Ue-
JIOBeKa JABOMHOI yliepO, M03TOMY pa3BUTHE HAaHOTEX-
HOJIOTH ¢ UCTTOJIb30BaHMEM MaJIOTOKCUYHBIX TPUPO/I -
HBIX MaTepHuaaoB HA OCHOBE KPEMHMSI SIBJISIETCS Mpe-
MOUYTUTEJBLHBIM C 9KOJOTUUECKOM TOUKM 3peHus U 60-
Jiee MepCIreKTUBHbBIM.

HMmMeeTcst 3HAUMTENIbHOE YUCIO T€OJOTUYECKUX
00BEKTOB, BKJIIOUAIOLLIEE B €051 HAHOCTPYKTYPbI pa3iny-
HOTO TUIIa: HAHOMATePHUaJIbl, HAHOUACTUIIBI U HAHOTPYO-
K. OMTHUMU U3 IIUPOKO PACIIPOCTPAHEHHBIX TeOMaTe-
pUAJIOB, COEPKAIIUX HAHOYACTULIBI, SIBJISTIOTCS TJIMHBI.
OCc06eHHO, 3TO OTHOCUTCS K TOHKOIMCIIEPCHBIM TJIH-
HaM, C pa3MEPOM YaCTHUIl MEHee MUKpoMeTpa. B nibLie-
BaTBIX TIJIMHAX 10J151 TOHKOAMCIIEPCHBIX TJIMH COCTaBJIS -
eT 26—50 %. 3HaunTeabHAasT MOJIST HAHOYACTHIL COIep-
JKUTCSI M B OBIEJArMYecKUX IIIMHaX — MIyOOKOBOIHBIX
TIMHUCTBIX OCallkaX OKeaHCKUX KOTJoBUMH. Hapsimy ¢
MIMHAMU, COiepXKalllMMU HAaHOYACTUILIbI, OTIPAaHUYEH -
HbIe APYT OT Apyra, UMEIOTCSl U CLIEMEHTUPOBAHHbIE
MeXy coO0i HaHOYACTU1IbI, 00pa3yolIre KapKac rop-
HOIi TTOPOIbI, K KOTOPBIM OTHOCSITCS U CyXapHbIe TJIv-
Hbl. K TaKM HAHOCTPYKTYpHBIM reoMaTepuagaM OTHO-
CATCS, TIPEXIEe BCEro, aprUITUThI U MEJTUTOJIUTHI, 10-
BOJIbHO IJIOTHBIE MOPO/IbI, HE pa3MOKalollue B Boje. s
HUX XapaKTEPHbI Pa3IMUHbIE KOJJIOMOP(HbBIE CTPYKTY-
pbI, TaK KaK B FeHE31Cce JaHHbIX TOPO/I HA IEPBOM 3Ta-
e Urpajlo BaXXHy10 posib 00pazoBaHue KOJUIOUIHBIX CU-
CTeM, KOTOpbI€ 3aTeM IPU CTAPEHUHU Tejieil Ha OCHOBE
Si0, n Al,O, 1, KpUCTATUTNU3YSCh C TOTEPEN BOABI, TPAHC-
(hopmupoBanuch B TaHHYIO TOpHY10 opoay. B 3aBucu-
MOCTH OT T'eHe31ca 3TU MOPOo/Ibl 00J1a1al0T U Pa3HOM TeK-
CTypoii (ITOPUCTOM, CIUIOIIHOM, YelyituaToit U ap) u
CTPYKTYpoIi ( XJIONIbeBUIHAS, ceTUaTasi, CTpyiluaras u
Ip). JIOBOJIbHO YaCTO CyXapHbIe TIMHBI UMEIOT BBICOKYIO
MIOPUCTOCTb M 00J1a1aI0T 3HAUUTEbHO a0COPOLIMOHHOMN
CMOCOOHOCTBIO, UTO MO3BOJISIET B PSIZE CIIYYAeB UCTIONb-
30BaTh UX B KaueCTBe aOCOPOEHTOB U (DUIILTPOB JIJII OUU -
CTKU Pa3MYHbIX PACTBOPOB, OCOOEHHO, OT KOJUTOMIHbBIX
yactull. OueHb 4acTo JIJIs1 ITUX LIeJIei UCTIOIb3YIOT LIe0-
JIUTBI. 7151 u3roToBaeHus1 GUILTPOB M OUMCTKHU 3arpsi3-
HEHHOW BOABI UCTIONBL3YIOT KaK MPUPOIHbBIEC LIEOIUTHI,
TaK M UCKYCCTBeHHbIe. Bce 11e0nuThl HaiiieHbl B ByJIKa-

HUYECKUX IMOpoiaxX, HO Hauboiee MeJIKUe pa3Mephbl 3¢-
PEH UMEIOT reoMaTepuabl, 00pa3oBaBILIKECS B OCAI0U-
HbIX (popmanusx. Hanbonee pacpocTpaHEHHBIMU 1ie-
OJIMTaMU OCAI0YHbIX OTJIOXKEHUH SIBJISTIOTCS: KTMHOMNTU-
JIOJIUT, MOPIEHUT, (PUIUIMIICUT, 111a0a3UT, SPUOHUT U JIP.
CocTaB HEKOTOPBIX IICOJIUTOB IIPEACTaBIIeH B TabuIe 1.

ITpupoaHbie EOAUTHI TPEACTABIISIOT COO0 BOMI-
HbI€ JTIOMOCUIMKAThI LIEJTOYHbIX U LIEJT0YHO3EMETbHbIX
METaJUIOB B BUZe Kapkaca terpas3npos [(Si,Al)O,], or-
pulaTesibHbIE 3apsiabl, MPU 3TOM, cOaTaHCUPOBAHBI
MOHAMM 1IEJOUYHBIX U I1EeJIOYHO3EMEJIbHBIX METaIO0B,
rmaBHBIM oOpa3om, Na, K u Ca. XoTs1, B psize ciiydaes,
JIIST UBTOTOBJICHUS LICOJIMTOB MOTYT MCITOJIb30BaThCs U
JIpyTue OHO- U ABYXBaJEHTHbIE KATUOHbBI, BMECTO BbI-
meykaszaHHbIX. Kapkac 11eoJIMTOB CXOJeH ¢ KapKacom
MOJIEBBIX 1IMATOB U HEKOTOPBIX APYTMX MUHEPATIOB, HO
COIEPXKUT 00Jiee KPYITHBIE TTOPbI M KaHAJIbl, YTO CO00-
1IaeT 9TUM reoMarepuaiam 0oJiee BbIpakeHHbIE a0COp-
OLIMOHHBIE CBOMCTBA, U CITIOCOOHOCTh K 0OMEHY MOHa-
MU.

ITpu nernnpaTipoBaHUM LIEOJUTOB U3 MOJIOCTEN U
KaHaJIoB BOJA YAAJIsIeTCs, TPU COXpaHEHUU CTPYKTYPbI
1I€0JIMTOB M OHU TTOJIy4YaloT CITIOCOOHOCTh aOCOPOUPOBAThH
BMECTO BOJIbI IpYTMe BelllecTBa, B YaCTHOCTU CITUPT, Ce-
poBoOJOPO U Apyrue. B psine ciiydyaeB pa3Mep KaHAJIOB
MO3BOJISIET TPOHUKATh B HUX OPTaHUYECKUM MOJIEKYJIaM,
YTO TMO3BOJISIET X pas3nesisiTh 10 pa3MepaM, U UCTIOIb-
30BaTh B KAUECTBE MOJIEKYJISIPHBIX CUT.

HckyccTBEHHBIE 11€0JUTHI HA3bIBAIOTCS TEPMYTH -
TaMu U MPEJCTABIISIOT COO0I CUHTE3MPOBAHHbBIE AJTIO-
MOCHUJIMKATbl, KOTOPbIE Yallle BCETO MPUMEHSIOT s
OYMCTKHU 1 YMSITYEHUSI BOJIbI.

3HaHUe CTPYKTYpbl HAHOPA3MEePHbIX FreoMaTepura-
JIOB HEOOXOMMO HE TOJbKO JIJIsSI UCITOJIb30BaHUS UX B
Ka4yeCcTBE ChIPbsl, HO U JIJII MOHUTOPUHIA T€0J0rMYec-
KOW Cpelibl.

JaHHble uccienoBaHui 00 X B3aUMOAEHCTBUMU C
(hroraaMu O3BOJISIT COCTABSATH O0Jiee 00OCHOBAaHHbBIE
MPOTHO3bI 00 U3MEHEHUU TE€OJJOTMYECKON Cpellbl MO
BJIMSIHUEM aHTPOIIOT€HHBIX BO3AEUCTBUI. DTU BO3IEH -
CTBUS IOCTUTJIM B HACTOSIIIEE BPEMSI 3HAUYUTETbHbBIX MaC-
1ITA00B M pacpoOCTPAHSIOTCS Ha TIYOUHY 1O HECKOJIb-
KHUX KWJIOMETPOB, CYIIECTBEHHO U3MEHSsISI TepMOOapu-
YECKUE YCJIOBUS, U, CIOCOOCTBYSI AeIIOUIM3aALMU HEIP.
B pesyabTaTe 2TOrO YNpyruii noreHuran Heap Ha Tep-
putopun P® yxxe B 3HAUUTETLHOU CTEIIEHU pacTpaycH,
3a MocCJIeIHUE MoJIBeKa 10151 (POHTaHHBIX He(TEra30BbIX

Tabauya 1
CocTaB 1 CTPYKTYpPa HEKOTOPBIX E0JIUTOB [2]
Hassanue CocTaB CTpyKTypa
Kimmuontunonur (Na, K, Ca), , Al, (Al, Si), Sij;; Oy - 12 H,O MoHokIMHHAas
MopaeHut (Na,, K,, Ca) [ALSi;,0,,] - 7H,0O PomGuueckas
[[la6a3ut 2[Ca(Al, Si,0,,)] - 6 H,0 TpuronanbHast
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CKBaXXMH COKpAaTUJIACh IMOYTU Ha Mopsiaok [3]. 3a ator
K€ TepUoJ IKCILTyaTallMOHHBIN (hoHI HebhTera3oBbIxX
CKBaXXUH YBEJIMYMIICS OoJiee UeM B BOCEMb pa3, UTO Be-
JET K malibHeIei, yckopsomeics aedaonausanum
Heap.

HckyccTBeHHad nera3auusi U HapyLIEHUE ecTe-
CTBEHHBIX TEPMOOAPUYECKUX YCIOBUM B HEApaX, COOT-
BETCTBEHHO OTPaxkaeTcsl Ha TeOXUMUU, TUIPOTeOJIOTMr
U reoqrHamMuke. BaxkHoe 3HaueHUe UMEET, MIPU 3TOM,
M3MEHEeHMEe TTapo-BOASIHOTO peXnuMa, Tak KaK IIMHUC-
Thle MUHEPAJIbl U, MPEXIE BCEr0, MOHTMOPUJUIOHUTHI,
0YeHb YYBCTBUTEbHBI K COJEPKAHUIO BJIarH.

YV MOHTMOPUWLIOHUTOB (ppakiKsi HAHOPa3MEPHbBIX
YacTUIl 3aHUMAaeT 3HAYUTEJIbHYIO 10JT10, Y OOJIbIIMHCTBA
UX, pa3Mep MEePBUYHBIX YACTHUII COCTABISET, TTO-BUAU-
MOMY, 0K0J10 30 HAHOMETPOB, XOTS OTACIbHBIE XJIOIbSI
W TUTACTUHKY MOTYT UMETh pa3Mepsl 1 —3 HaHOMeTpa. B
Tabsmile 2 TIPUBEICHBI TaHHBIE TT0 MEXTUIOCKOCTHBIM
PACCTOSIHUSIM Y TaHHBIX MUHEPAJIOB, B 3aBUCMMOCTH OT
YBJIaXHEHUSI.

HOi1 HedTerazoqo00bIuM, MPOUCXOIUT OMYCKAHUE 3eM-
HOIi MOBEPXHOCTH, CBSI3aHHBIX C Ae(hIIOUIN3ALUEH TTPO-
JYKTUBHBIX TOPU3OHTOB U UBMEHEHUEM B HUX TepMOOa-
puyeckux yciaoBuii [4]. CHUXeHMe ToKa3aTeseli JaBie-
HUSI U TEMITEPATYpPbl CITIOCOOCTBYET (POPMUPOBAHUIO ACTI-
PECCUOHHOI BOPOHKHU M, COOTBETCTBEHHO, K Ipoceaa-
HUIO 36 MHOM MOBEPXHOCTHU. B OTAEIBHBIX CTyYasix, CKO-
POCTb OIyCKAHUSI MOXET IOCTUTATh AECSTKOB CAHTUMET-
pPOB B roj, a abcoJiloTHasi BeJIMUMHA OMYCKaHUsI CeMU
MeTpoB u bosee [4]. [1pu 3akaurBaHUM BOABI B IPOAYK-
TUBHBIE TLJIACThI, U151 TTOAIep>KaHUsI IJIAaCTOBOTO JAaBJie-
HUSI MOTYT (hOPMUPOBATHCSI U BOPOHKH PENPEeCcCUu, MpU-
BOJISILLIME K BCITYYMBAHUIO JTOKAIbHBIX YYaCTKOB 36 MHOI
MOBEPXHOCTU. M 3TO MOXET OBITh CBSI3aHHO HE TOJIbKO
C TIOBBILLIEHWEM JaBJIEHUS] B CAMOM KOJIJIEKTOPE, B CBSI-
31 C MEPOMPUITHUSIMU MO TOAAEPXKAHUIO TIJIACTOBOIO
JIABJIEHUSI, HO U C B3aUMOACUCTBUEM 3aKaUMBAEMOM BOJIbI
C TJIMHUCTBIMUA MMHEpPaJaMu BOAOYIIOPHBIX IJIACTOB C
n3MeHeHueM ux oobéma. IllnpokomaciirabHast uckyc-
CTBEHHas feduonaun3aims Heip OKa3blBaeT HeraTUBHOE

Tabaruuya 2

Ba3aabHble MeXKIIOCKOCTHBbIE paccTossHus d (B HAHOMETPAX), HEKOTOPBIX 3aMEIIEHHBIX B PAa3JINYHOM CTeNeHn
MOHTMOPHJJIOHUTOB (NPU MEHSIOIUXCS YCA0BUSIX, W — OTHOCHUTEJIbHAS BJIAKHOCTD) [2]

Munepan Na’ Ca™
W d W d
MOHTMOPWIUIOHUTEI:
B BonsiHoM mapy 0—0.2 0.98 0 1.02
0.2—0.5 1.25 0.3—0.8 1.55
> 0.7 1.56
TTorpyXEHHbBIE B BOLY 1.9—20.0" 1.89

* MEXKITJIOCKOCTHOE pacCTosdHUEC Na — MOHTMOPUJIJIOHUTA B BOAC MECHAECTCA B 3aBUCUMOCTHU OT KOHLICHTPALIUU 3JICK-

TPOJIUTA.

W3 Tabauibl BUIHO, YTO 00BEM MOHTMOPUJUIOHU -
TOB TIPM YBJIIAXXHCHUM 3HAYUTEIIPHO YBEIMUMBACTCS, a
3TO MOXKET IPUBOANTH, COOTBETCTBEHHO, K ITOBBIIIICHIIO
JABJICHUSI B TCOJIOTMYECKOM Cpeie, a UX UCCYLICHUE ITPH-
BOIUT, HAIIPOTHB, K YMEHBIICHIUIO 00bEMa, 4TO CIIOCO0-
CTBYET CHVXKEHMIO TOPHOTO JaBJICHUS B MPUJIETAIOIINX
obsnactsax. [Tpy 5TOM MEHSIIOTCS U UX CBOMCTBA: IPU YB-
JIAXKHEHUU 3TU TeoMaTepuasibl IpUOOPETalOT 00JIbIIIYIO
TUTACTUYHOCTD 10 CPAaBHEHUIO C XPYITKUMU U TTIPOYHBI-
MU cyxuMu TimHaMu. COOTBETCTBEHHO, 3TO JOJKHO
OTpaXaTbCsl M Ha TCOMMHAMUYECKUX TTPOIeccax, eCiau
00BEMBI 3TUX TJIMHUCTHIX MaTepHUalioB Ha M3yIaeMou
TEPPUTOPUY 3HAUUTEIBHEI, a B Pe3YJIbTaTe aHTPOITOTCH-
HOM IeSITeIEHOCTH ITPOUCXOINT CYIIIECTBEHHOE N3MEHE-
HUe UX YBIaXXHEHHOCTU. [Tog00HbBIE UBMEHEHUSI B Te0-
JIOTUYECKOM Cpelie MO BO3IECTBUEM TeXHOTCHHBIX
(haKkTOPOB CITOCOOHBI BBI3BIBATh HABEAEHHYIO CECMMUI-
HOCThb. He MckiIoyeHo, 4To B MexaHU3Me MOJArOTOBKHU
TEXHOT€HHOTO 3eMJIETPSICEHUST UTPAIOT U MPOLIECCHI C
y4yacTUEM TOHKOAMUCIIEPCHBIX TIMHUCTBIX MUHEPAJIOB,
MEHSTIOIIIMX CBOMCTBA B 3aBUCUMOCTH YBJIaXKHCHU ST UJTU
nccymeHus. Ho Hanbosee 9acTo, B paifoHax MHTCHCUB-

BIVSIHHE Ha UX COCTOSTHME M MOXKET BECTH K OITACHBIM
reosKoJIoThYecKuM puckam [5]. Bcé aTo Tpebyert mpo-
BeZieHUsI OoJIee IeTAIbHBIX KCCIICIOBAHMII IT0 M3YUCHHIO
IIPOIIECCOB B3aUMOIEHCTBUS TOHKOIUCIIEPCHBIX TIIMHU -
CTBHIX MaTePHAJIOB C reo(IIOUIaAMHU U, IIPEXKIEe BCETO, C
BOJIOH.
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YrnepopamcToe Bellectso B cucteme C-O-H

M. B. Mapuyk, JI. A. UBaHoBa, B. fI. MenseneB
MN3K CO PAH, Upkyrck; liva@crust.irk.ru

HccnenoBaHus IpOLIECCOB CUHTE3a rpaduTa v aj-
Masa 13 MeTaHa 1 MpeBpalieHus rpaduTa B ajiMas, a Tak-
K€ LEJIBIN Psifl 9KCIIEPUMEHTAIbHbIX (haKTOB CBUICTEIb-
CTBYIOT 00 OIpeneJIeHHOM pojin Bogopoaa mpu hopMu-
POBaHUU KPUCTAJUTMIECKON CTPYKTYpHI rpacduta. [1pu
TEPMHUIECKOM Pa3IOKEHNH YTIIEBOIOPOIOB 3a4aCcTyIO HEe
MTOJTy9aeTCs YUCTHIN yIiiepon. XMMUISCKUI aHaTU3 YT-
JIEPOAUCTHIX MaTepHaIOB ITOKA3bIBaeT 3HAUMTCIIHHOE
colepkaHMe BoIopoa B HuX. [locTaguitHoe TIpeBpariie-
HHUe MeTaHa (KaK yIJIeBOIopoaa ¢ HanOOIbIINM COIeP-
JKaHMEM BOIOPOa) IO BO3ICHCTBUEM TeIlIa B CHCTEME
MOKHO MPEICTaBUTh YPaBHCHUEM:

CH,—»C +2H,;

rpadut

MexXay UCXOMHBIM M KOHEUHBIM COCTOSTHUSIMU
CUCTEMBI CYIIECTBYET PAL MPOMEXKYTOUHBIX OTHOCH-
TEJIbHO YCTOMYMBBIX COCTOSIHUI, KOTOPbIE OyayT MOC-
JICAOBATC/IPHO CMCHATD IPYT IpYyra B NOPAIKE CTYyIICH-
yaroro usMeHeHus. Hanbosee mpocTbiM IMyTeM TEpMU-
YECKOTO PA3JIOKEHUS METaHa SBIISIETCS PSL €TO MOCIIe-
JIOBaTEJIbHOW IETUIPOTEHU3AIN W

CH,;—»CH,;—>CH,;—»>CH;;—>C,_..

Bo3MoXHBIC TTYTH TePMHUUYECKOTO IIpeBpallleHUS
MeTaHa B rpaduT 0ojiee HAIISIHO IIPEACTaBICHBI Ha
sHepreTuyeckoil nuarpamme. CructeMe HeOoOXOIUMO
MPEONIOJIETh EAMHCTBEHHBIN SHEPTETUUECKU T ODapbep —
npoiitu cocrosinue CH;, T. €. ypoBHs1, 0OBIYHO COOTBET-
CTBYIOIIIETO SHEPTMU aKTUBAIIMU PEaKIIMU. 3aTeM CTa-
HOBSITCSI BO3MOKHBIMH BCE HIDKEJIEXKAIIE SHEPTeTHIeC-
KU€ COCTOSTHMSI, I CUCTeMa CTIOHTAHHO TTePEXOIUT K Tpa-
¢uty [1].

B Hamrem ciyyae yriieponconepskaiiasi ¢paza 00-
pa30BBIBAIACH 33 CYCT TEPMHUUCCKOTO PA3IOXKECHUS ST -
JIOBOTO CIIMPTa, YTO MO3BOJIMJIO TOYHO YCTaHABIMBATH
KOHIICHTPAIINH HEOOXOTUMBIX KOMITOHEHTOB 1 TIPUMeE-
HUTB pacyeT IJIsT BCeX MHTEPBAJIOB KOHIICHTPALINIA.

JlomoiHEHUEM K 9KCTIEPUMEHTY TTOCTYXKUIO (hu-
3UKO-XUMUYECKOE MOJEIUPOBAHKE C TIOMOIIBIO TTPO-
rpammHoro Komiiekca «CEJIEKTOP» [2]. 3agaua pea-
nm3oBbIBasiack B cucteme C-O-H-Si-Al-Fe-Na-Cl.

I[Ipn MomenMpoBaHWU CHCTEMa MOTOJHSIACH
3JIeMEHTaMM COCTaBa TPAHUTHOTO CTekJa. B Mmonmenu
mpencTaBiIeHbl (GaonmgHas ¢as3a (ra3 + BOTHBIN pa-
CTBOD) U (ha3bl MUHEPAJIOB M MX TBEPIBIX PACTBOPOB.
TepMommHAMUYECKIE XapaKTePUCTUKH BCEX KOMITO-
HEHTOB BOAHOTO pacTBopa, BKIovas H,O, a Tak xe
mapaMeTpbl MOTU(PUIIMPOBAHHOIO YPaBHEHUS COCTO-
sausg HKF B3gTe1 3 komiiekca SUPCRT 92 ¢ 6a3oit
TepMoanHaMuueckux gaHHbIX SPRONS92.DAT [3].
TepMonuHamMuyecKue XapakKTEpUCTUKU Ta30B B3SITHI
13 RPS-6a3bl, a TBepabIx a3 U3 pa3nuyHbIX 0a3 qaH-
HBIX [3—5].

BoccTaHoBIeHHBIH yriiepoaconepxaiiui giounn
C-0O-H o06pa3oBbIBajics 3a CYET TEPMUIYECKOTO pas3ioxke-
HUSI 3TUJIOBOTO CIIUPTAa U COCTOUT U3 ra3oBoil (ha3sl
TIPEACTaBICHHON MPENMMYIIIECTBEHHO METAHOM U BOJIO-
POIIOM C HE3HAYUTEJILHBIMU KOJIMYECTBAMU O0JIee TSIKe -
aelx yresogoponos ot C,H, no C,,H,,0. u tBepnoro
yriaepoza (B pacuere npeacTtabieHHoro rpagutom). Co-
CTaB CHCTEMbI MOXET U3MEHSIThCS B 3aBUCUMOCTH OT
no0aBJieHUs TIepeKUCH BOIopoaa, Boasl u T. 1. Hanbo-
Jiee 4acTo dKCIepUMeHT ocyluecTsisuics mpu T = 500—
600° Cu P =1000—2000 at™ 1 (Jronae COCTOSIINM U3
24 % rpadura, 76 % Ta3oBoii ha3bl, IpeaCcTaBIeHHON
MPEUMYILIECTBEHHO METAaHOM U BOJOPOAOM C HE3HAUM -
TeJTbHBIMU KOJIMYECTBAMU 00JIee TSIXKEJbIX YIJIEBOAOPO-
nos ot C,H, no C, H,,0.

XpomaTtorpacdhuuecKnii aHaJIM3 ra30B, BBIACIISIIO-
IIUXCS B TIpOIIecce IKCIEpUMEHTa, TToKa3aj, YTo ISt
cucteMm ¢ HU3kuM C/H oTHoIIeHMEM OTMeUaeTcs ToJI-
HOE COBITQJICHME PACYCTHBIX M SKCIIEPMMEHTATbHBIX
nmaHHbIX. [1pu BeicokoM C/H oTHOIIeHUM, KOTaa BO3-
MOXKHO BBIICJICHUS YIJIEPOa B BUIEC CAMOCTOSITCIIBHOM
(a3pl, 0oTMeUaeTCs Ka4eCTBEHHOE COBIAICHUE pacueTa
1 9KCIIepUMEHTAa, TTOJTHBII aHaJIN3 Ha TSKeJIbIe YIJIEBO-
JIOPOIBI HE OCYIIECTBIISIIICS.

J1st oTipeesieHusT THIIa HOBOOOPa30BaHHOTO yT-
JIEPOAUCTOTO BelllecTBa ObLI MPOBEAECH TEPMUUECKUI
aHanu3. OKuciieHue (BbITOpaHKe) YIIepOIUCTOTO BElle-
CTBa OTOOpakaeTcsl Ha TepMOrpaMmMax dK30TepMUyec-
kuM 3¢ dexkToM. TemrepaTypa Havasiaa 3Toro adpekra
HaXOJIUTCS B TIPSIMOM 3aBUCUMOCTH OT CTEIICHU TIepe-
KPUCTATA3ALIMI OPTaHMIECKOTO BEIIECTBA M HE 3aBU-
CHT OT €Tr0 COAepKaHWsI M1 MIUHEPAJIBHOTO COCTaBa I10-
ponsl [6]. IycniepcHOE YIIIEpOIUCTOE BEIIECTBO MMEET
TEeMIIepaTypy 3K30TepMHUUECKOTo 3¢hdeKTa B MHTEpBa-
e (360—440° C). [lepekpucTaTi3allis IUCIIEPCHOTO
YIJIEPOAMCTOrO BelIeCTBa OO TpaduTa ¢ pa3sMepoM de-
myek d <0.001 MM xapakTepu3yeTcsl MIOBLILLIEHUEM TEM-
nepaTypbl Hauaja sk3oTepMuyeckoro nuka 1o 550° C u
SIBJISIETCS HUKHUM TIpeAe/IOM Havayia BHITOpaHMS Tpa-
(utos.

PesynbraTsl mpoBeIeHHOTO aHAIM3a TTPUBEICHBI
B Tabnuiie. JlaHHBIE TEPMUIECKOTO aHaTM3a MOKa3bl-
BalOT 3aKOHOMEPHOE U3MEHEHNE TBEPIOTO YIIepoa C
POCTOM TEeMITepaTyphl SKCIIEPUMEHTa HE3aBUCHMO OT
6apo- uiam TepMo- rpamgueHToB. [Ipu TeMmepaTtype
500° C obGpa3yeTcst AUCIIEPCHOE YIJIEPOAUCTOE Bellie-
crBo. C nosbilieHreM Temnepatypbl 1o 700° C yraepo-
JIHICTOE BEIIECTBO 3aHMMAET IIPOMEXYTOYHOE IMOJIOXKE -
HUE MEXIY TUCIIEPCHBIM YIJIEPOIUCTHIM BEIIIECTBOM 1
rpacuTom ¢ pazmepom uerryek d <0.001 mm. ITpu Tem-
nepatype skcrnepumenTa 8§00° C oOHapyXuBaeTcs Co-
BMECTHOE HaxXOXIeHue B 00pasiie YIJIepoaucTOro Be-
IIIeCTBA Pa3HON CTENEHN KPUCTAJUTMIHOCTH: TUCIIePC-
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I[al-[l-lble TEPMHUYECCKOI0 aHATU3A

N obp TemnepaTypHbiii UHTepBan | % comepk. | YCIOBUS 3KCTIEPUMEHTa JuarHocTrka
’ Boiropanus (kp. ITA) (xp. TD) P-1000 atm. yriaepoaucToro eiuecrea (YB)
3308 400° — 580° max — 650° ~85% 500° C TepMOrpajueHT HucnepcHoe YB
3312 400° — 510° max — 610° ~1.3% 500°C 6aporpaguenT Hducnepcuoe YB
[MpomexyrouHoe ¥YB mexmy
3321-2 500° — 650° max — 770° ~ 100 % 700° C repMOIpaiueHT aucnepcHbiM YB u rpadutom
¢ paszmepoM vernryek <0.001Mm
3331 400° — (540° r7r1;(>)<°—610°max) — | <% 800° C TepMOrpaiuenT Hucnepcuoe YBu YB
[IPOMEKYTOYHOIrO TUNA A0 rpadura
[MpomexyrouHoe ¥YB mexmy
3333 480° — 620° max — 760° ~16 % 700° C TepMOTpagnueHT JaucnepcHbiM ¥YB U rpacutom
¢ pasmepoM gerryek <0.001vm

HOE YIJIICPOINCTOE BEIIECTBO M BEIIECTBO ITEPEXOTHO-
ro THMa 1o rpadura.
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[lepcrieKTUBEI pa3BUTUS MUHEPAIBHO-CHIPheBOM
0a3bl 30JI0Ta B AMYPCKO# 00J1aCTU B TMOCIEIHUE TOIbI
CBSI3BIBAIOT C KOPEHHBIMU MECTOPOXKIEHUSIMU, B KOTO-
PBIX TPUCYTCTBYIOT 30JI0TO-KBapleBhbIe, 30JI0TO-CYb-
(unHbIE U 30J10TO-CYJIb(UAHO-KBAPLIEBbIE PY/bl, OTHE-
CeHHbIe K pa3HbIM opmainusiM. [IpakTuyeckuii uHTe-
pec TIPEACTaBIISIIOT KOPHI BEIBETPUBAHUS, pa3BUTHIC Ha
3THX 00BEKTaX, K KOTOPBIM TaKKe IIPUYPOICHO 30JI0TO.

MuHepalornaeckoe U3ydeHue pya MeCTOPOKIe-
Huit Manombipckoe, [TnoHep, AJIOBIH TTO3BOJIMJIO BBISI-
BUTH 30JI0TOCOEpKAIINe MUHEpaIbHbBIC aCCOLMAIINH,
XapakKTep JJOKATU3aliK B HUX 30JI0Ta 1 0COOCHHOCTH €TI0
peabHOTO COCTaBa M CTPOCHUS.

B pynax Bcex u3ydeHHbBIX MECTOPOXIEHU 30J10TO
ACCOLIMUPYET U C KBapLeM, U € CyIb(PUIHBIMUA MUHEPA-
JlaMU, TakXXe 30JI0TO ObLIO OOHapy>XeHO B CIOUCTHIX
ATIOMOCHJTMKATaX ¥ OpTaHUYECKOM BelriecTBe. B repBuy-
HBIX pyIax pa3Mep 3epeH 30JI0Ta BapbUPYyeT B ITUPOKUX
npenenax ot 2 MM 10 0.0001 mwm. ITpu aTOM OTMEUaeTcs,
YTO B 30JI0TO-CYTb(MUIHBIX pydaX IIPUCYTCTBYET Oolree
TOHKOE 30JI0TO MUKPO-HaHOMETPOBOTO pa3Mepa, KOTO-
pO€ OTHOCHUTCS K KATETOPUM YIIOPHOTO.

3o0TocoaepXKaIInii KBapll, Kak IIpaBIiIo, (hOpMH-
pyeT XWIbl U (MJIX) TIPOXWIKH, IIPEICTaBJICH KPYITHO-
CPeIHEKPUCTAIINICCKIM arperaroM, HepeaKo Apy30-
BUIHBIM. 30JIOTO HEIIOCPEACTBEHHO B KBaplle MMeeT B
OCHOBHOM ILJIACTUHYATYI0, OKPYTIy10 (puc. 1), Kprouko-
BaTylo, MPOBOJIOKOBUIHYIO, ICHAPUTOBUIHYIO (hopMy.
Kak npaBuio, 3T0 MHAMBUIYaTU3UPOBAHHbBIC 3epHA C
IIepOXOBaTOM, MHOTA TTOPUCTON MMOBEPXHOCTHIO, pa3-
Mep KOTOPBIX MOXKET JOCTUTATh o 3 MM. MHOTIA K-
CUPYIOTCS ICHAPUTHI, THKPYCTAIIMY M HAPOCTHI 30JI0Ta
1o 3epHaM KBapiia. [IpoOHOCTB 30J10Ta, TPUYPOYECHHO-
TO K KBapIly, BapbUpyeT B 3HAYNTEIbHBIX TIpeaetax (OT
700 10 964). B 4acTUYHO OKUCIEHHBIX PYIaX MECTOPOXK -

nenus [TroHep oTMevaeTcs «Kpy>KeBHOE» 30JI0TO — TOH-
KH€ y30pUaThie, aXKypPHbIE BbIACICHUS.

HauGonpmit uHTepec npeacTaBisieT 30J10TO, CBSI -
3aHHOE C cylbhUaHON MUHepanu3aiueit. Tak, B 30510-
TO-CyIbPUIHBIX pydax MaloMBIPCKOTO MeCTOPOXIe-
HUS 30JI0TO TECHO aCCOLIUUPYET C MUPUTOM Pa3HbBIX Ie-
Hepaluii, pexe ¢ apceHONMUPUTOM. B nupure 301070
BCTPEYaAETCs B BUAEC MHIVBUAYATM3UPOBAHHBIX BKJTIOYE-
HUI B OCHOBHOM MUKPO-, peXe HAaHOMETPOBOT'O pa3me-
pa OKpYIJIOi M30METPUYHOI 1 HENpPaBUIbHOU (pOPMbI
(puc. 2). OT™MeuaeTcs siBHast IPUYPOUYEHHOCTh 30J10Ta K
rpaHu3aM 3epeH, MUKpPOTpellHAM U MUKPOAMCIaKall1-
OHHBIM HapylieHussM. HerocpeacTBeHHO B apceHOIM -

0,1 MKkm

Puc. 2. Ha noBepXHOCTH KPYITHOTO KpUCTalJIa MUPUTA Ha-
GJIIOIAIOTCST apPCEHOTTMPUT MPU3MaTUIECKOM (DOPMBI U ca-
MOpOHOE 30J10TO. Peruinka ¢ uspneyeHueM. C yacTUYKU
CaMOPOIHOTO 30J10Ta MOoJIydeHa MUKPOIU(PpaKIIMOHHAS
KapTuHa. MectopoxkaeHnue MajaoMbIpcKoe.

Puc. 1. 3osoTo B kBapiie. MectopoxaeHue AnosiH. POM
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ApPCEHOIHPHTY

Electron Image 1

Puc. 3. Tonkue npoxXXuiku 30j10Ta B apceHonupure. M300paxkeHne B 00paTHO pacCesTHHBIX 2JIEKTpOHaX. MecTopokiaeHue
AnObIH

pHUTE CaMOPOIHOE 30JI0TO TTPUCYTCTBYET TOCTATOYHO
PEIKO B BHIE 3¢peH HEMPABIJIBHOM OKPYIIIO (DOPMEL.

CieqyeT OTMETHTh, YTO MHOTIA 30JI0TO 00pa3yeT
TOHYAWINKE OKPYTJIbIe 00pa30BaHMsI, HEPEIKO IIPHUO0-
peTatoime moaooust orpaHku. Pexke oTMeuaroTcst HepaB-
HOMEPHO pacIpe/ie]IeHHbIe arperaTbl CaMOPOIHOTO 30-
Jota, cchopMUpPOBaHHBIE 3epHA KYOUUYECKON (hOPMBI,
pexe OKpyTJIoi 1 c1a00 yAJTUHEHHOM, pa3Mep KOTOPbIX
BapbupyeT B nipenenax 10—100 HM, TATOTEIOMINE K TIe-
pudepuitHBIM 30HaM 3epeH TUpuTa. 30JI0TO Ha TTOBEP-
XHOCTH 3¢pEH IMUPUTA OOBITHO OTIIMYACTCST OTHOCUTEITh-
HO XOpOIIIe# CTeleHbI0 packpucTayin3anuu. O4eHb
penKo GUKCUPYIOTCS TOHIAUIIIE OCTPOBKOBBIC TIICHOY -
HbIe 00pa30BaHUS 30J10Ta, pa3MePhl KOTOPHIX COCTABIISI-
0T ITepPBhIE TeCITKY HaHOMETpoB. [IpoOHOCTH 30110Ta, B
ocHOBHOM, 800, MHOTIA HIXE.

B pynax MecTopoxneHusi AJOBIH 30JI0TO TaKxkKe
CBSI3aHO C CYIb(®UIaMM, GOJIbIIECIH YAaCThIO, apCEHOTIN -

PHUTOM, BCTPEYAETCSI OHO MCKIIIOYUTEIbHO B MUKPO-
MPOXIIKAX U MEXK3epHOBOM ITpocTpaHcTBe. Kak mmpa-
BUJIO, YeTKUX (POPM BEIIEICHUI 30J10Ta He HAabI01a-
eTcst. BKiIIoueHMIT 30J10Ta HEITOCPEACTBEHHO B PYIHBIX
MUHepanax He oTMevaeTcs (puc. 3). OueHb peaKko Ha
IpaHUIle 36peH apCeHONMMPUTA U KBaplia OTMEYaIoTCsI
30JIOTUHBI TPAKTUYECKHU IIJIACTUHYATOI (popMmel. B 1ie-
JIOM 30JI0TO BBICOKOTIpOOHOE (TTpoOoHOCTh 920—950).
OaHaKo, MUKPOPEHTTEHOCIIEKTPAJIbHBIM aHAIM30M
YCTAHOBJIEHO, YTO MHOTAA 3epHa 30JI0Ta B KPaeBbIX
YacTIX OTIMYAIOTCS 00Jiee HU3KOM IPOOHOCTHIO, YeM
B LIEHTpE.

B okuCIIEHHBIX pyIax 30J10TO, KaK IPaBUIO, UH-
IUBUAYaTM3UPYETCs, YKPYITHSIETCS, IPHOOpeTaeT pas-
JIMYHYIO CIIOXHYIO (popMy, HEpaBHOMEPHO JIOKAIM3YeT-
s B IOPOI000pa3yiolieM KOMIUIEKCE, HepeIKO ITOKPhI-
BaeTCs TOHYAWIIMMU [JICHKAMU TUIPOKCHIOB KeJie3a.
ITpoGHOCTH €ro Mpu 3TOM YBEJIMUUBACTCSI.
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[Topbl B KpuCTa/Iax UMEIOT cCaMble pa3HOOOpa3HbIe
(bopMBbI, pazmMepbl UX BApbUPYIOTCS OT HECKOJIbKUX Ha-
HOMETPOB J0 AECATKOB MUKPOH, MOP(OJIOTHSI OXBAThI-
BaeT IIIMPOKUI CITIEKTP CTPYKTYPHBIX pa3HOOOpa3uii: ot
COBEPIIICHHBIX ITOPUCTHIX KPUCTAJUIOB 10 (PpaKTaTbHbBIX
obpazoBanuii. Haunnas ¢ 1958 roma, Korma BriepBbIe
3JIEKTPOXUMIICCKIM TPaBJICHIUEM B paCTBOPE ITIaBUKO-
BOI KUCJIOTHI OBLI MOJYyYeH MOPUCTHIA KpeMHUi [1],
HCCIICIOBAHMIO TIOPUCTHIX CTPYKTYP ITOCBSIIIEHO OTPOM-
Hoe yucio pabot (cM. 0030p [2] ¥ MpUBEAEHHYIO B HEM
muTepaTypy). HecMoTpst Ha cyliecTBeHHBIN ITporpecc B
MOCJICTHYE TOIBI B TEXHOJIOTUY, TEOPUU U 3KCITEPUMEH-
TaJbHBIX UCCIEAOBAHUSIX, IO CUX TIOP OCTAETCSI MHOTO
BOIIPOCOB, KaCAIOIINUXCSI MEXaHU3Ma ITOPOooOpa3oBaHUs
1 (pM3UYECKMX CBOMCTB IMTOPUCTHIX MaTepuaioB. B 3aBu-
CHMOCTH OT pa3Mmepa, IMOpbl TOAPa3NCSIIOTCS Ha TPU
KaTeropuu: MUKPOIIOPHI (muaMeTp < 2 HM), ME€30TIOPHI
(muameTtp 2—50HM) 1 Makporiopsl (muametp > 50 HM).
CyIIecTBYIOT pa3HbIe THITHI TTOP, KOTOPBIE IO HAIlpaB-
JICHUSIM B KPUCTAJUTMUECKOM Cpelie NeISATCS Ha KpUCTa-
Jorpauyeckue 1 TOKOBBIC ITOPHI, TT0 MOPGhOIOTHIEC-
KHM TIpU3HAaKaM — Ha BETBUCTHIC, Iy0UaThie, cpepon-
JIajabHbIC U T. 1. DOpMaIbHBIMU CTPYKTYPHBIMU XapaK-
TEPUCTUKAMM ITOPUCTHIX KPUCTAJIIOB SIBJISTIOTCS pa3Me-
PBI IIOP, PACCTOSTHUS MEXKIY TTOpaMU, a TAKKEe OpUEHTa-
1M TTIOCTIETHUX OTHOCUTEIbHO TTOBEPXHOCTH MOPUCTO-
ro kpucrauia. B npouecce nopooGpaszoBaHus clieyeT
pa3nessiTh BHEILIHEE 3apOXkIeHUE, KOTOPOe UMEET MeC-
TO TIPY HAJTUIU U JTUTOTpadUIeCKU CTPYKTYPHUPOBAHHO-
TO CJI0sI, ¥ COOCTBEHHOE 3apOKICHHE TIOP, KaK HEOThEM-
JIEMYTO 9aCTh TEXHOJIOTMYECKOTO ITPOIIecca SJIEKTPOXH -
MHWYECKOTO TPaBJICHUS.

B Hacrosiee BpeMst Harboiee pacIpoCcTpaHeH-
HOM TEXHOJIOTHEI M3TOTOBJICHUS TOPUCTHIX MaTepra-
JIOB SIBJISIETCSI BJICKTPOXUMUUECKOE TPABJICHHE B PEXKM -
Me aHonu3aunu. Kpucramaeckast IIacTUHKA B TAKUX
9KCIIEPUMEHTAX SIBJISCTCS aHOAOM, a KaTOIOM, KakK
NpaBUJIO, CIYXUT TJIATUHOBBIN 2yeKkTpon. [Iporecc
TpaBJIeHUsT OOBIYHO TTPOBOJST B raJIbBAHOCTATUUYECKOM
(TO €CTh, MPU MOCTOSIHHOM TOKE) WJIM MOTEHLMOCTA-
TUYECKOM (ITPH MTOCTOSTHHOM TTOTEHITMAJIe JIEKTPOIa)
pexxume. B miporiecce aHoguzanmu (popma mmop, ux pas-
MepBbl, KOHIIEHTpaIus (ITOPUCTOCTh), OPUECHTAIINS TTOP
OTHOCHTEJIBHO TTOBEPXHOCTH 00pa3iia, aHU30TPOITHS 1
T.JI. CUJIBHO 3aBUCAT OT CTPYKTYPHBIX Y XMMUUYCCKUX
XapaKTepUCTUK MaTepuasa, KOHUEHTPALMU MPUMECHU
B HEM, IJIOTHOCTH TOKa, BPeMEHU ITOPO00Opa30BaHUs U
cocTaBa 3JIeKTpoJinTa. BechbMa wyacTo (HO He Bcermaa)
MMOPBI 0TOOPAKAIOT ONpeIeeHHbIC KpUCTaorpadu-
YyecKue HaIlpaBJIeHUsI B POCTOBOM Mpoiiecce. Kpome
TOTO, BCTPEYAETCsI BBICOKAsI CTEMEeHb yIOPSA0UEHHOC-
TU B PACIMOJOXEHUU TTOP, OCOOEHHO 3TO XapaKTEPHO
st kpuctauioB InP [3] (puc. 1).

Puc. 1. POM-uzobpaxenue nop B Kpucrajie InP (Bun
cBepxy) [3]

JlocTUXeHUsI B TEXHOJOTMU MOPOOOpa3oBaHUsI
MO3BOJISIIOT CO3/1aBaTh KaK MOPUCTBIE TJIEHKH, TaK U
MHOTOCJIONHBIE CTPYKTYPHI [4], BKJIIOUasi MOPUCTHIE
CBEPXPEIETKH [5].

OCHOBHBIMU METOIAaMH ITWAaTHOCTUKHU TTOPUCTHIX
KPUCTAJJIOB SIBJASIOTCS CKaAaHUPYIOUIash 3JeKTPOHHAs
Mukpockonus (COM) u mudpakims peHTTeHOBCKUX
nyuaeit (JIPJI).

I1epsriii MeTom, a UMeHHO COM — TIpsiMOii 1 BU-
3yaJibHbIN, OIHAKO TPEOYET HAJUUMSI CKOJIOB KpUCTAJI-
Jia BIOJIb OTpeieJIeHHBIX KPUCTALIUYECKUX HarpaBJie-
HUM U SBJISIETCSI CYTYOO JIOKAJIbHBIM, TO €CTh OXBaThIBa-
eT MaJylo YacTb 00beMa uccieayeMoro oopasua. Meton
JPJI, HaoOopoT, SB/IsIeTCS MUHTETpabHbBIM, Hepa3pylla-
IOLIMM, BEChbMa YyBCTBUTEIbHBIM, 9KCIIPECCHBIM U Oec-
KOHTaKTHBIM, OJHAKO He MPSIMBIM U B psifie CJIydaeB 10-
MyCKaeT HEOAHO3HAYHOCTh MOJyYEHHOTO peleHus1. TeM
He MeHee, 00a MeTola TOMOJIHSIOT APYT Apyra u siBJsi-
I0TCSI OCHOBO# TMAarHOCTUKH IMTOPUCTHIX KPUCTALIOB [6],
BKJIIOUAsi MHOTOCJIOMHBIE CTPYKTYpPHI [7] 1 MOLYJIUPO-
BaHHBIC CUCTEMHI [§].

B kauecTBe nprmepa NpUBEAEeM pe3yJIbTaThbl UCCIIe-
JIOBAaHUSI MHOTOCJIOMHOM MOPUCTOI CTPYKTYyphl InP
(puc. 2, 3). POM-u3zobpaxeHue ckosa UCCIeTyeMOro
o6pasua InP(001) mokazaHo Ha puc. 2. U3 puc. 2 cieny-
€T, YTO MOPUCTast CTPYKTypa COCTOUT U3 YeThbIpex Iap
OuciioeB. B HUKHUX CJIOSIX XOPOIIO BUAHBI KaK TOKO-

R110) {um

Puc. 2. PDM-u3o0paxeHune CKojia MHOTOCIOMHOM TTOPUCTOM
cTpykTypbl Ha Touioxke InP (001) [7]
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0.4 qx[110],nm'1 0.4

-0.4

0.4 g [110],nm" 0.4

Puc. 3. JIBymMepHbIe KapThl pacupeneaeHuss ”HTeHCUBHOCTHU nuddy3Horo paccesiHus InP(004) or MHOTOCTI0IIHOM TTOpHC-
TOM cTpYKTYpbl, POM-1300paxkeHne KOTOpOii Moka3zaHo Ha puc.2.
a) SKCIIepMMEHT; b) MOJeIMpOBaHIE

BbIe TTopbl (TO — mopbl BAOJIb HAMIpaBIeHUsI TOKA), TaK
u kpuctaorpacdudeckue nopsl (KO — nmopsl, opreH-
THPOBAaHHBIC BIOJb OMpPEICICHHBIX KpUCTaIorpadu-
YecKuX HarpasjeHuil). B BepxHeM ciioe HabmogaeTcs
Xa0TUYECKOE PACIIOJIOXEHUE TOP Pa3JIMyHOro TUMa U
pa3mepa. TolrHa cJioeB ¢ TOKOBBIMU ITOPaMU 3HAUM -
TeJIbHO OoubIe ToMIMHEI c1oeB ¢ KO mopamu. Ciou ¢
TOKOBBIMU MTOPAMH UMEIOT TOJIIINHY ~ 1 MKM, a C KpUC-
Tayutorpadudeckumu rmopamu ~0.3 MM, Mopma rpaHuI]
MEXIY CIOSIMH BOJIHOOOpa3Hasl C YBEIMIMBAIOIICICS
aMIUTMTYIOM OT ITOBEPXHOCTH oOpasma.

HeobxommMo OTMETUTD, YTO B BEPXHUX ITOACIIOSX,
TIe TIPOMCXOMUT IPOIIeCC HYKJIeAIlnH, ITOPBI PaCcIToo-
JKEHBI OeCITOPSIIOUHO. M3-3a HyKJTeallni BEpXHUIA IO -
CJI0I1 IMeeT OTIIMYAOIIYIOCS MOP(MOJIOTHIO IO CpaBHE-
HUIO C HIDKHUMH CJIOSIMU. OTMETUM, YTO BEPXHUIA CITOM
He aeT 3aMEeTHBII BKJIAJ] B pacCesTHUE PEHTI€HOBCKOTO
W3JTyYeHUS.

s u3BIeYeHUsI KOTMYECTBEHHBIX JAHHBIX O Ma-
paMeTpax Iop M CTPYKTYPE CJI0EB HEOOXOIMMO ITPOBE-
CTU MaTeMaTUUYeCKy10 00pabOTKy KapT pacIpeaeacHust
MHTEHCUBHOCTU paccesiHUsI BOJIM3U y3/1a 00paTHOI pe-
meTku. C 3TOi 1IeJbl0 B paMKaxX CTaTUCTUYECKOM M1~
HaMM4eCKoli Teopuu ObL1a pazpaboTaHa Moaelb a1ug-
PAKIIMOHHOTO PacCEeSTHUS OT MHOTOCIOMHBIX CTPYKTYP.
CpaBHUBas 3KCIICPUMEHTAJbHBIC U TEOPETUUECCKUE
JaHHBIC, METOIOM YMCICHHOTO MOIEIMPOBAHMSI TTOJTY-
yeHa MHGOpMaIUs O CPEIHUX pa3Mepax Imop, UX KOH-
LIEHTpaluuu (MOPUCTOCTU MaTepuraa), MPOCTPaHCTBEH-
HOIl opueHTaluu, OJUXKHETO CTPYKTYPHOTO MOpSAKa
M CTETICHU COBEPILIECHCTBA «CKeJIeTa» IIOPUCTOM CTPYK-

TYpBHI.

Paboma evinoanena npu unancosoit noodepicke
PODU (npoexm Ne 10-02-00445-a), npoepammor [Ipezudu-
yma PAH 12-11- 1- 1014, npoepammbl hyHOameHmanbHbix uc-
cnedosanuil YpO PAH 12-Y-1-1010u Ipoepammbl pazeumus
BbIMUCAUMENbHBIX, MENCKOMMYHUKAUUOHHBIX U UHPOPMal -
onnwvix pecypcos YpO PAH (npoexm PI[I1-2012-112).
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WT Komu HII ¥YpO PAH, CrikTbiBKap; rakin @geo.komisc.ru

CoracHo KJlaccu4yecKoi Kpucraiorpaduu, mpo-
CTpaHCTBEHHAas TIepruoanIecKast yropsimoueHHOCTb Ue-
AJIbHOIM paBHOBECHOU KPUCTALIMYECKOM CTPYKTYPBI OT-
paxaeTtcsi B MpaBWIbHOI (popMe KpucTajl1a-1oJu3apa,
JUTSI MAKpOCKOITMYECKHU TUIOCKMX FPaHe KOTOPOTo CIipa-
BEUTUB 3aKOH pallMOHAJIbHBIX OTHOIIIEHUI OTPEe3KOB (3a-
KoH [Naton). OgHaKO KpuCTaLIbl MUHEPAJIOB JaJIeKU OT
COBEPIIEHCTBA U YaCTO OTPaHEHbl KPUBOJUHENHBIMU
noBepxHocTIMU. HapylieHre 3aKoHa palMOHaTIbHBIX
WHIEKCOB JIJIsI HUX OOBIYHO OOBSICHSIETCS CTPYKTYPHBIM
HECOBEPIIEHCTBOM KpHCTaslla, v CBOEOOpa3HbIM pac-
npeaeeHreM 2JIeMEHTapHBIX CTyTNeHel Ha rpaHsIX, 00-
pa3oBaBUIMMCS B XOJle HEPABHOBECHOI'O POCTa UJIU pa-
CTBOPEHUSI KpUCTaJla.

CoBpeMeHHBIEC TEOPETUIECKHE TTOAXOIBI K POCTY
KPHUCTAJJIOB M ONTUCAHUIO (POPMBI TOBEPXHOCTU 0a3Upy-
IOTCSI B OCHOBHOM Ha MOJIEKYJISIDPHO-KUHETUUYECKUX
MpencTaBiIeHUsIX 00 2JIEeMEHTApHBIX Mpoleccax Mpuco-
€IMHEHMS U OTPbIBA CTPOUTEIbHBIX YACTHUIL HA TTOBEPX-
Hoctu Kpuctasa [10]. TepmoanHamMuka, Kak «MakKpo-
CKOITMYECKasT» HayKa MUCIIOJIb3YeTCs B HUX OOBITHO TSI
CorJlacoBaHUsI NTapaMeTpOB JIOKAJIbHOM MOJEIN ¢ MaK-
porepeMeHHbIMU, UBMEPSIEMBIMU B OTIbITE. AHATU3UPYS
peajibHYI0 KPUBOJUHENHYIO MOBEPXHOCTh KpUCTaJLIa,
HEKOTOpble MCClIefoBaTeIM MPUXOIIT K BbIBOAY, UTO
KWHETUKA IMMOBEPXHOCTHBIX peaKIMil 1 HEKOHTPOJIUPY-
€MO€ MHOKECTBO CJTyJaitHbIX (PaKTOPOB B XOJI€ MPOIIeC-
€a pocTa WM paCTBOPEHHUS TaK MOAUGDULIUPYIOT €€ hop-
MY, UTO BJUSIHUE CTPYKTYPbI KpUCTasia Ha GOpMYy MU-
Humusupyercs [2]. PaccMaTpuBasi CuJIbHOHEpaBHOBEC-
HbI€ YCJIOBUSI CUHTE3a C TAKMM BbIBOJIOM MOKHO COTJia-
cutbest. OgHaKko, B CTallMOHAPHBIX U, TaK Ha3bIBA€MbIX,
«IMHEWHBIX» HEPAaBHOBECHBIX TEPMOIMHAMUICCKIX Pe-
JKMMax CTPYKTypa OTYETJIMBO MPOSIBIsIETCS B (hopMe
KpUCTajla, a MaKCUMaJbHOE BAUSIHUE CTPYKTYPbI Ha
(opmy Kkpucrasia, 6e3ycioBHO, peaanu3yeTcs pu Tep-
MOJMHaMHUUYECKOM paBHOBeCUHU. TakuM 00pa3oM, U3Be-
CTHAasl AUCKYCCHUSI KPUCTAJUIOTEHETUKOB 1 KPUCTAJIIO-
rpaoB O BIUSIHUU CTPYKTYPHI Ha (hopMy KpucTasia
JIEXKHUT B 00JIACTU HEPABHOBECHOM TEPMOJMHAMMUKY 1 Ha
1MoJie TEPMOJAMHAMUYECKON 1IKaJIbl HEPABHOBECHOCTHU
TUTST CHCTEMBI «KPUCTAJUT-CPear.

HawMm nipeacraBisieTcsi, 4TO pa3pelunTb 3TOT CIIOP
MOHO, €CJIM IPUHSThH MPOU3BOJCTBO SHTPOIMUHU B Ka-
YECTBE YHUBEPCAIbHOM KOJMYECTBEHHOM 1IKAJIbI HEpaB-
HOBECHOCTU TEPMOJIMHAMUYECKOI CUCTEMBI U pa3pabdo-
TaTh METOJbI pacyeTa 3HaYeHU I yaeJbHOTO MPOU3BO/I -
CTBa SHTPOIUH B KpHCTajLToreHe3uce [6]. M3BecTHO, 4TO
JUUISL OTIUCAHMST CUCTEMbI B CUJIbHOHEPABHOBECHBIX He-
JIMHEMHBIX TEPMOJIMHAMUYECKUX YCIOBUSIX TTPEAJIOKEH
MPUHLMUIT MaKCUMaJIbHOTO TIPOU3BOJACTBA SHTPOMNUU
I'. Hurnepa [12]. MeHbl1I1e OTKIOHEHUSI OT paBHOBECUSI,

MIPU KOTOPBIX TAKXKE CYIIECTBYIOT HEJTMHEWHBIE B3aUMO-
3aBUCUMOCTH, TaK Ha3bIBAEMBIX, TEPMOAMHAMUIECKUX
IMOTOKOB U TEPMOIMHAMMUYECKUX CUJI, OTIUCHIBAIOTCS
MPUHIMIIOM HauMeHblIlero npunyxaeHus M. Ibsipma-
™ [3]. B 1uHeitHOM cityyae, Koraa CUibl M TIOTOKM CBSI-
3aHbl TMHEMHBIMU cooTHOLIeHUsIMU JI. OHcarepa, cripa-
BEIJIMBbI MPUHIIMI HAUMEHBIIETO MPUHYXIEHUS U €ro
YaCTHBIN cliyyail — MPUHLMI MUHUMAJIbHOTO MPOU3-
BoxctBa sHTponuu W. [Ipuroxuna [4]. [1pu Takux He-
0OJILIIMX OTKJIOHEHHUSIX OT paBHOBECHST OTKPBITAs TEP-
MOJMHaAMUYecKasi cucTeMa OObIYHO CTPEMUTHCS K CTa-
LIMOHAPHOMY PEXUMY C MUHUMAJIbHBIM MPOU3BOACTBOM
SHTPONUU (MUHUMATbHBIM NMIPUHYXAeHUEM). Tpu yKa-
3aHHBIX JMATa30Ha BbIIEICHbI YCIOBHO U HEPa3pPhIBHO
cBsi3aHbl. [103TOMY BBIOOP PYKOBOISIIIETO IPUHITUIIA 1
COOTBETCTBYIOIIEH (DEHOMEHOJIOTMYECKON MOIECJIU 151
OTKPBITON TEPMOJMHAMUYECKOI CUCTEMbI CUJIBHO 3aBU-
CSIT OT NMPEANOUYTEHU I McciieqoBaTels.

PaccmoTpuM npo6iiemy (popMbl KpUCTAJIIIOB ajiMa-
3a ypaJIbCKOT0-0pa3ujibCKOro Tvuna. Beiaeaum Tpu oc-
HOBHBIX HEPABHOBECHBIX Ipoliecca, B XOAe KOTOPbIX
MOBEPXHOCTh KpUCTAaJlJa ajiMasa MpeTeprieBaeT Xapak-
TepHbIe UBMEHEHUSI: paCTBOpeHUe (POCT), MEXaHUYeC-
KWl U3HOC U TpaBieHue. Pe3yabTaThl BCeX 3THUX MPOLIeC-
COB Ha0JII01a/IMCh HAMU Ha anmasax Axytuu bpazunuu
1 Ypaia.

1. Pacmeopenue. HenaBHUMU 5KCTIEPUMEHTAIbHbI-
MM UCCJIEOBAHUSAMHU MMOKA3aHO, YTO OKpyTrias gopma
aJIMa30B ypaJIbCKOTO-0pa3ujibCKOro TUIa o0ycioBieHa
pacTBopeHueM Npu Bbicokux PT-mapamerpax B mpucyT-
ctBuu Bogawl [11]. IIpupoaHbie mpoliecchl pacCTBOPEHUS
ajgMasa BeposiTHee BCEero MpoucXoasiT B HUXKHE yacTu
JuTochepbl MPU HEOOJIBIIIMX OTKIOHEHMSIX OT paBHOBE-
cusl. B KauecTBe MCXOAHOM r’MMOTE3bl, MpUMeM OJIM3KHe
K CTallMOHAPHBIM YCJIOBUSI paCTBOPEHUST KpUCTasia.

Hamu nmokazaHo, 4TO B HEpaBHOBECHBIX YCJIOBUSIX
B3aUMONIECTBUS KPUCTAJJIa CO CPENoi peann3yeTcs
ocobas kpucTtaiodpusndeckas XxapakTepucTuka — TeH-
30p YCTOMYMBOCTU XUMUYECKUX CBA3EI Ha TIOBEPXHOC-
™™ KpucTtajia [5]. CBoiicTBa 3TOro IMHAMUYECKOTO TEH-
30pa MPOSIBJISIIOTCSI HEMOCPEACTBEHHO B OpUEHTALMU
(yHnaMeHTaIbHON MOBEPXHOCTH KPUCTAIa OTHOCU-
TEJbHO €ro CTPYKTYPHbBIX 2JIEMEHTOB 1 B COUETAHUMU C
TOYEYHOW TPYINMOi CUMMETPUU OMpeaesiioT GopMy
KpHrcTaljia B XoJie Mpoliecca pacCTBOPEHUsI WU POCTa B
JIMHEIHBIX HEPaBHOBECHBIX YCI0BUsAX. DyHIaMEHTAIb-
Has TOBEPXHOCThb ajMasa 3akJloueHa B TpeXrpaHHOM
TeJecHOM yrJje p/12, orpaHMYeHHOM IMyYKOM BEKTOPOB
[010], [111], [011] ero cTpyKTypbl. OTIpeAeUTD TUII TTO-
BEPXHOCTHU PeaJbHOTO KpUCTajia, e OPUEeHTALIUIO B
KpUCTaJITorpacduueckoii cucTeMe KOOpAMHaT U 3Have-
HUS OTHOCUTEJIbHBIX KOMITOHEHTOB T€H30pa YCTOMYM-
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BOCTH OKa3aJloch HanboJiee MpoCcTo ¢ MOMOIIbIO METOIA
MapaboIM4YecKoil TOHMOMETpUHU. 3epKajio rapadoyionaa
BpallleHUs] TpaHCHOPMUPYET CUCTEMY CBETOBBIX ped-
JIEKCOB OT KpUCTaJlla, pacroJjaralierocs: B hokyce, B
THOMOHMYECKYI0O KPUCTAIIOTPAGUUECKYIO TTPOEKIIUIO
€ro IOJISIPHOTO KOMITIeKca (COBOKYITHOCTh HOpMaJieit K
MOBEPXHOCTU KpucTasia) [1].

Jlnst omycaHus polecca pacTBOpeHusI (1 pocTa)
KpucTasia Hamu Oblia MpeaioxeHa peHoMeHOoornyec-
Kasi MaKpoCcKomnyeckasi MoJieJib HopMaabHOTO 1uddy-
3MOHHOTO PACTBOPEHUS B KOTOPOI TEH30P YCTOMUMBO-
CTU XMMUYECKUX CBSI3eil peaqnsyeTcsl Kak MoJjieBOi TeH-
30p BTOPOTo paHra. PocT kpucraiia B paMKax MoJaeau
MTOJIHOCTHIO CUMMETPUYEH PACTBOPEHUIO Y MOXKET ObITh
OIMKMCaH TOM e MOJIeJIb0. TeH30p BbIpaXaeT CBSI3b MEXK-
Iy 3aJaHHBIM BEKTOPOM — TUJIOTHOCTBIO ITOTOKA 11 dy-
3UM U UHAYLIMPOBAHHBIM BEKTOPOM — IIJIOTHOCTBIO IO~
TOKa pacTBOpeHUs (pocTa) ¢ Kpuctasaia. JABuxKyiiei
CUJION MaKpo-Iipoliecca pacTBOpeHUs (pocTa) KpucTa-
Jla B paMKax MoJieJiu sBJsieTcsl nMdOYy3MOHHBIN Tiepe-
HOC BEIIECTBa B Cpelie KpUCTaUIM3aliK, 00ecieurBalo-
LM COCTOSTHUE HEAOChIEeHMSI (TTePECHILLEHMSI) CPEIbI
HETocpeACTBEHHO Ha TOBepXHOCTHU KpucTasiia. [Tosep-
XHOCTb KpUCTaJjia nNpeacTanisieT codboii, ¢ TOUHOCTbIO
1o GbayKTyaluil, XapaKTepuCTUUECKYIO MTOBEPXHOCTh
TEH30pa YCTOMYUBOCTU — MOBEPXHOCTH BTOPOTO MOPSI-
Ka, ¥ OMTUCHIBAET aHU30TPOTINIO CKOPOCTH PACTBOPEHUS
(pocTa) MOBEpXHOCTHU KpUCTAJUIA C y9eTOM (DOpMBbI 1u-
¢y3uoHHOTO NoJisl B cpeae Kpucrtamiusanuu. K ¢ayk-
TyalusIM MOXXHO OTHECTU U3MEHEHUSsT (HOPMbI MOBEPX-
HOCTH TOJ1 A€CTBUEM MMOBEPXHOCTHOM nUdDY3un uiu
HanpasJIeHHON MHQUIBTPALNN BEIECTBA B Cpelle IPU
HaJM4YMM IpaieHTa 1aBJeHus, HE paccMaTpUBaeMbIe B
paMKax MoJIeJId HOPMaJIbHOTO PACTBOPEHUS U MPUBO-
JSIIME K TOrPeLIHOCTSIM PacyeToB.

Cpenu Bcex BOBMOXHBIX MMOBEPXHOCTE BTOPOTO
nopsiika B 1€KapTOBOM TPEXMEPHOM MPOCTPAHCTBE
YPaBHEHUEM XapaKTepUCTUUECKON MOBEPXHOCTU MOX-
HO OINMCATh MSATh TUIIOB MOBEPXHOCTEN: SJIUIICOUI,
OJTHOITIOJIOCHBIN TUNepOO0IoUT, SJTUIITUYECKUN U TH-
nepOoJrYeCKUid IUIMHAPDI, a TAKXKE Napy napajjiesb-
HBIX TJIOCKOCTEN, U, NOIMYCKas MHUMBbIE YKClia Cpean
KOMITOHEHTOB TEH30pa, 100aBJISIETCs €l1lle 1IECTON TUII
MOBEPXHOCTU — JIBYXITOJIOCHBIH runepoosion. [Toauep-
KHEM, 4YTO IJIOCKasl rpaHb KpUCTalljla peAcTaBsieTcs
OJHUM U3 YaCTHBIX CJIy4yaeB MOBEPXHOCTEI BTOPOTO IMO-
psnka. Ha anmase BblesIOTCS TPU THIA TOBEPXHOCTEN
PacTBOPEHUSI: TPEXOCHBIN ITUIICOU, JUTUNTUYECKUIA
LWIMHAP U Mapa rjaockocteit. Hanm HabnroneHus moka-
314, YTO TTOBEPXHOCTh KPUCTALIA aiMa3a ypaJbCKOro
THUTIa HA KOHEYHOM CTallMOHAPHOM PEKMUME PACTBOPEHMS
ONUCBIBAETCS OMHUM TUIIOM XapaKTePUCTUIECKOM TTOBEP-
XHOCTU — TPEXOCHBIM ajutuncouaoM [8]. [Tpomexyrou-
Hbl€ HECTALIMOHAPHbIE PEKUMbI PACTBOPEHUSI JEMOHCT-
PUPYIOT KOMOMHALIMIO HECKOJIbKUX TUTTOB ITOBEPXHOCTH,
YTO OTpaXkaeT CyIlIeCTBOBAaHUE Pa3HbIX TEH30POB YCTOM -
YHUBOCTH B Pa3IMUHbIX CEKTOPaX QyHIaMEeHTaIbHOM 00-
JIaCTU B XOJie HEPaBHOBECHOTO Mpollecca.

st cpaBHeHMS, CTallMOHAPHBII PEXXUM pocTa ajl-
Ma3a yYalile BCEro OMMUChIBAETCS TEH30POM YCTOMUYMBOC-
TH C XapaKTEPUCTUYECKON MOBEPXHOCTHIO, BbIPAXKAEMOM
napoii rockocTei (rpaHu oktasnpa). [1mockue rpaHu
rekcasjapa, pomMmoonoaeKasipa, rekcokrasuapa Ha Gop-
Max pocTa CHHTETUYECKUX AJIMA30B CBUAETEIbCTBYIOT O
CYILIECTBOBAHUHM HECKOJIbKMX PEXXMMOB POCTA, pEaTU3y-
IOIIMXCS 11 pa3HbIX CEKTOPOB (hyHIaMEHTaIbHOI 00-
JIaCTU KpUCTajlJla, B YaCTHOCTU, Ha TIepeceyeHuu dJe-
MEHTOB CUMMETPUU KpUCTasia.

Taxum 006pa3om, oKpyrJjias TOBEPXHOCTb KpUCTa-
J1a B JIMHEMHBIX, HEPAaBHOBECHBIX, OJIM3KMX K CTallMOHAP-
HbIM, YCJOBHUSIX POCTA WJIM PacTBOPeHUs (peHOMEHOJ10-
TMYECKU OTpaxkaeT HGU3NIECKyIo MPUPOIY YIIOPSAOUCH-
HOM CTPYKTYPBI KPUCTAJUIA, TAKXKE KaK 3aKOH pallOHAb-
HBIX MH/IEKCOB I'paHeli, 6e3yCI0BHO, CITPaBeUIUB JIsI CO-
BEPIIEHHbIX KPUCTALJIOB B PABHOBECHBIX YCIOBUSIX.

2. U3znoc kpucmanna. TepMonuHaAMU4YeCKue yCIo-
BUSI MEXaHMYECKOTO M3HOCA aJiMa3a OXBaThIBAIOT IMPO-
KW 11ana3oH oT MOJHOTO MEXaHUYECKOT0 Pa3pylLIeHUsI
anMasa (3KCTpeMaJibHbIe OTKJIOHEHUS OT paBHOBECHSI),
J10 HEOOJIBIIIOTO MOJUPYIOLIET0 UCTUPAHKSI TTOBEPXHOC-
™1 (cnaboe HepaBHOBecue). [ToaTomy, N1 onucaHus
M3HOCA KpUCTajlsla MOTYT ObITh MpPUBJIEUYEHBI Pa3HbIe
(usnueckue Mmoaenu. C NoMoIIIbIO KpucTaiodusnyec-
KOUl Teopuu MPOYHOCTU KyOMUYECKOTO KpucTajia
S. Y. OpeHkenst HaMU YCTaHOBJIEHBI IBA OCOOBIX CITy-
yas, MPUBOISIINX K OTIPEAeIEHHBIM UCKAXEHUSIM KC-
XOJHOU (hOpMBbI paCTBOPEHMUSI aJiMa3a ypajbCKOro-opa-
3UJIBCKOTO TUITA U PEAIU3YIOLLMXCS IIPU CPEAHUX U Clla-
ObIX OTKJIOHEHMSIX OT paBHOBecus [7, 9]. [1epBbiit ciy-
yaii — KBa3MCTaTUUYECKOE CxKaTHe, CBsI3aH C JJOKaIbHOM
AHU30TPOIUEN TUTOCTATUYECKOTO NaBJIEHUS B MAHTUMU,
KOTJa KpYCTaJLJI POSIBJISIET BSI3KOTEKY4Yre CBOMCTBA, a
ero (hopma 3akoHOMepHoO u3MeHsieTcs. HermocpenctBeH-
HBIM CBUJIETEJILCTBOM CYLIECTBOBAHUE aHU3OTPOIUU
JaBJIeHUS B MAHTUIHBIX YCJIOBUSIX SIBJISIIOTCSI XOPOILIO
pa3IMYMMble TTOJOCHI TJIAaCTUYECKO nedopmaiiuu B
KpUCTaJlTaX ajiMa3a, BOZHUKAIOIIKE 110 TOMY Xe MeXa-
HM3MY KBa3UCTaTUYECKOTO CXKaTHsl, HO MPAKTUUECKH He
HUCKaxalolre cBeToBo pediiekc. Bropoii ciyuaii — xa-
OTUYECKUI CIyYJaHBI N3HOC, PEATU3YETCS ¢ HA4aJIOM
BbIHOCA aJiMa3a Ha THEBHYIO MOBEPXHOCTh U B XOJIE€ K-
30T€HHBIX MTPOLIECCOB U MOAUMUILIMPYET MOBEPXHOCTh
ajaMasa Apyrum cnocobom. AHaIu3 BapuaHTOB MOJUPY-
IOI1IETO XaOTMYECKOTO U3HOCA MPUPOIHBIX aJIMa30B MO-
KazaJj, YTO BO3MOXKHO TOCTUXKEHNE HEKOTOPOTO CTallU -
OHApPHOTO peXuMa, Mpu KOTOPOM ajiMa3 MpuodpeTaer
(opmy, BecbMa HalTOMUHAIOLLYIO 10A€Ka3APOUI ypaib-
CKOTO THIIA.

MoXHO BbICKa3aTh MPEAIONOXKEHNUE, YTO TEH30D
YCTOMYMBOCTU XUMUYECKHUX CBS3E TaKXKe MOXET ObITh
HCTOJIb30BaH U151 ONMCaHUsI HOPMbI TOJMPYIOLLIETO 13-
HOCa MpU HEOOJBIINUX OTKJIOHEHUSIX OT TEPMOAMHAMMU -
YeCKOIro paBHOBECHSI.

3. Tpasaenue. TpaBieHUEM MOXHO Ha3bIBaTh IMO-
BEPXHOCTHYIO XMMUYECKYIO PEAKIIMIO PACTBOPEHMUS KPH-
cTajulia B TaKMX TEPMOAMHAMUYECKUX YCIOBUSIX, KOTIa
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€ro CTpyKTypa MeTactabuiabHa. [1peamnonaraercs, 4To B
STUX YCIOBUSX peaTu3yeTcs Apyrasi CTabuIbHasl MoJu-
MopdHas MonubuKals JaHHOTO BellleCTBa, 00J1agaro-
11asi MEHbIIIEN BHYTpEHHEN 9Heprueii. Takum oopasom,
B YCJIOBUSIX TPaBJIEHUSI TEPMOJUHAMUYECKOE PAaBHOBE-
CHe MEXIY KPUCTALIOM M CpeJoi MPUHIUITUAIBHO 10-
CcTUYb Henb3sd. OmHAKO, CKOPOCTh TPABJICHUS MOXHO
CHU3UTD 10 HYJISI U TIOJYYUTb BUAMMOCTh TEPMOJAMHA-
MUYecKoro paBHoBecusi. OUeBUIHO, UYTO TpaBJIeHUE ajl-
Ma3za, Kak MeTacTaOMIbHOM CTPYKTYPHI 1OJKHO IPOUC-
XOJIUTb B MTPUIMTOBEPXHOCTHBIX YCIOBUSIX 3€MHOI KOPBI
B T€PMOJIMHAMUYECKOI 00J1aCTU CTAOUIBHOCTH rpadu-
ta. TpaBjieHHe — 3TO MOBEPXHOCTHBIE peaKIIMKU pa3any-
HOTro TUTa (OKUCEHNE YTJIePOIa NN TTOCIOMHbBIN TBEP-
nodasHbIi mepexon anMas-rpaduT ¢ MOCIeIYIOIIUM OT-
HIETIJICHUEM YeITyKY rpaduTa), TpUBOISIIME K yaaie-
HUIO aTOMOB YIJIEpO/a C TOBEPXHOCTU aIiMa3a.

M3BecTHO, UTO XMMUYECKHE PEAKIIMU Ha TOBEPX-
HOCTH (pacTBOpPEHUE U TpaBJE€HUE) MPOUCXOMIT B TIep-
BYIO Ouepe/ib MO MOBEPXHOCTHBIM AedeKkTaM, U TpaBJie-
HY€ B 3TOM OTHOILIEHUU 0COOEHHO M3bupaTenbHo. Ho B
MaccoBOM Maclitade, heHOMEHOJIOTMYECKHU TpaBJIeH e
JIOJIXKHO HanmoMUHaTh pacTBopeHue. [ToaTomy nporuecc
TpaBJIeHUsI MOXKHO TaKxKe oTnucaTh TeOpUeit TeH30pa yc-
ToitunBOoCTU. HamMu BblAeIeH KOMIIEKC MPU3HAKOB
TpaBJIeHUsI IPUPOJHOTO aaMasa, COTJIaCHO KOTOPhIM
XapaKTepUCTUIECKUMU MMOBEPXHOCTSIMU TPABJICHUS SIB-
JISIIOTCS TOJIBKO MAaPbI IJIOCKOCTEN.

CornacHO TeOpUH MTEPUOTNIECKIUX IIETICH CHITBHBIX
cBsa3eii [13, 14] Ha amMa3e MOXKHO BBIACIUTH HECKOJIBKO
Kpucrtauiorpadguieckux popm, KOTOpbIe MOTYT SIBJISITb-
Csl KBa3ucTalMOHApHBIMU (hopMamMu TpaBiieHUsl. OHU
pacrnoJiaraloTcsl o rnepuMeTpy (pyHaameHTaIbHON 00-
JIaCTU: IpaHb OKTa’pa, 13 pa3HOBUIAHOCTE! TPUTOHT-
pUoOKTa’Apa, 5 BUAOB TETPAaroHTPUOKTA’dApa, U IpaHb
poMmbonoaekasapa, npeacrapnsomme F- u S-rpanu an-
Masa. Haim HaGmoneHust mokasau, 4To 3TU T'paHU ekt -
CTBUTEJIBHO MPOSBISIIOTCS HA MPOTPAaBICHHBIX KPHUCTAT-
Jax anmasa. Ha kpucramiorpacdhuyeckoii mpoeKInu mo-
JISPHOTO KOMIIJIEKCa ajMa3a BOKPYT TOYEK, MPeacTaB-
JIsiouX yKazaHHbie 20 hopM 0ObIUHO MPUCYTCTBYIOT B
BUJIe opeoJsia QIyKTyallMOHHbIE KpUBOJMHENHbBIE TOBEP-
XHOCTH TpaBieHus. OHM 00pa3yroTCs B pe3ysbTarte mo-
BEPXHOCTHBIX TU(DDY3UMOHHBIX MPOLECCOB, SIBJISIIOTCS
MaTeMaTUYeCKMU MOBEPXHOCTSIMU BBICOKOTO TMOPsIIKA U
JNIEMOHCTPUPYIOT CBOMCTBA I'PYIIbl CAMMETPUHU aJIMa3a,
YTO MO3BOJISIET HAEATHCS Ha BOBMOXKHOCTD IaJIbHE11Ie-
ro pa3BUTUSI TEOPUU TEH30pa yCToMUMBOCTU. OCOOEH-
HO 4acTo (GJIyKTyallMOHHbIE TOBEPXHOCTU TPYIIUPYIOT-
51 BOKPYT pediekca okTasapa. MoxKHO BbICKa3aTh Mpe-
MOJIOXKEHUE, UTO MPEAesIbHOM cTallMOHAapHOI (hopMoii
TpaBJIEHUST UEATbHOM CTPYKTYpbI anmasa sipasietcs: F-
rpaHb OKTad/pa, ISl KOTOPOW JOCTUTAETCSI MUHUMYM
MPOU3BOACTBA SHTPOIMU. COIIaCHO HAlIMM Ha0JII0IEHH -

SIM Ha POCCBITTHBIX aJTMa3aX COBMECTHO C IPYTMMU TTOBEP-
XHOCTSIMM TPaBJIEHUSI OKTad3Ap MPUCYTCTBYET Beeraa [9].

Takum oO6pa3om, KpMBOJIMHENHBIE TOBEPXHOCTHU
KpUCTaJLIa MOSIBJISIOIIMECS B XO/Ie HEPAaBHOBECHBIX KBa-
3UCTaLllMOHAPHBIX ITPOLIECCOB PACTBOPEHMS, POCTA, ME-
XaHUYECKOTO U3HOCA U TPABJICHHUSI O0YCIIOBICHBI BITUSI-
HHMEM €ro CTPYKTYpbl. BiussHue cTpyKTypsl Ha dopmy
KpucTasia 00yCIOBIEHO KPUCTAIIO(MU3UIECKUM TEH-
30pOM YCTOMYMBOCTH XMMUYECKUX CBsI3€il Ha TTOBEPX-
HOCTH KpUCTaJJa.

Paboma evinoanena npu gurancosoil noddepicke
npoepammuvt YpO PAH No 12-Y-5-1026, u epanma Illpe3u-
denma HII-1310.2012.5.
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Tnomopdnam NMpMTa U Mapka3uTa 1 ero 3HayeHue B PeLLIeHU BOMPOCOB UCTOPIN
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Jncynbphuab Xeae3a 9acTo BCTPEYaroTCs B pas-
JIMYHBIX 10 COCTaBY, CTPOCHUIO 1 BO3PACTY OCATOYHBIX
¥ MarMaTHUYeCKUX KOMIUIEKCcaxX Me30—KaitHo30s1 ['opHO-
ro Kpsima. Hamu u3ydeHa KoJiekuMss KOHKpeluid 1
KPUCTAJIOB aucyabduaa xenesa u3 LleHTpanbHoro u
otyact BoctouHoro cekropoB ['opHoro Kpsima, xapak-
Tepusyiomas Mopoabl ocadounoeo komniexkca (OK):
1) mecyaHUKUA W apTUJIMTHl TaBPUIECKOW Cepuu
(T;-J,tv); 2) aprusiutsl BepxHero Tpuaca (T;); 3) usBe-
CTHSIKM BepxXHel 10pbl (J,t); 4) NIMHUCTBIE U3BECTHIKU
6eppuacckoro sipyca (K,b); 5) mecuannkm rotepuscko-
ro sipyca (K,g); 6) n3 KOHTaKTa M3BECTHIKOB Gappemc-
koro sipyca (K,br) ¢ rimmHaMu antckoro sipyca HUXKHETo
Mena (K,a); 7) TIMHUCTBIE U3BECTHSIKA CEHOMaHCKOTO
sipyca BepxHero mena (K,cm); 8) u3BecTHSIKM TaHeTC-
Koro sipyca niajieotieHa (E °t); 9) HyMMyIuTOBBIE U3BeC-
THSIKY JTIOTETCKOTO sipyca soueHa (E,*); u maemamuuec-
koeo komnaexca (MK) cpenneii opet (J,bj): 1) abdy3us-
HbIe 00pa30BaHMs — KalbIUT-cyabduaHbie (ITeTpomnas-
JIOBCKMIM Kapbep) M KBapl-KapOoHaTHbIe (Kapbep JIo-
30B0O€) TMIPOTEPMATBHBIC KMJIBI, TPOHU3BIBAIOIIIMX 10~
ponsl Ty(hOIaBOBOIM TOMIIN; 2) UHTPY3UBHBIE 00pa3oBa-
HUST — ruiaruorpaHuThl (r. Kacrenb) u rabopo-nuopu-
ThI (T. Atonar) FOxHoro 6epera Kpeima (FOBK). 1o nan-
HBIM PEHTTC€HOCTPYKTYPHBIX HCCIICIOBAHUI N3yICHHBIC
00pa3oBaHM TUCYIbMOIIA XKeje3a IPeACTaBICHbI ITUPH-
TOM U JINIIIb B OMHOM CJTyJae Ha JudpaKTorpaMMax IpH-
CYTCTBYIOT JJMHUU MapKa3nuTta. [loBceMecTHOe pacipo-
CcTpaHeHUe MUPUTA, U KpaliHe peakKast BCTpeuaeMOCTh
MapKa3uTa oObsICHSIETCS TEPMOJMHAMUYECKOI HEYCTOM -
YUBOCTBIO MOCAEAHEr0, BOZHUKAIONIETO Ha paHHe 1A -
TeHETUICCKOM CTaIny JTUTOTeHEe3a WJIM Ha HadyaJTbHOM
aTare MUHepaIoo0pa30BaHUs B TUAPOTEPMATBHBIX CH-
cTeMax SHIOTEHHBIX KOMIUIEKCOB M BMEIIAIOIINX WX
TTOPOJI, 1 CO BpeMEHEM M ITPU TEPMOTMHAMIYECKOM BO3-
NIeMCTBUU ITPe0Opa30BaHHOTO B ITUPUT.

ITo pesymbraTamM MPEIIM3MOHHOTO MCCIICIOBAHMS
nupura Ha LA-ICP-MS — kBaapynoJibHOM Macc-CIeKT-
pometpe X-SERIES 2 ¢pupmbl Terhmo scientific ¢ ipu-
cTaBKoii azepHoii aonsaunu UP-266 Macro (New Wave
research) 6bu1a chopmupoBaHa 6a3a JaHHBIX, BKJIIOYAIO-
1ast okosio 200 aHaJTM30B €ro COCTaBa, BHITOJIHEHHBIX TSI
48 sanemenToB. B nucynbdpugax xeneza OK 1 MK BbisiB-
JeHbl: pydoeennsvie (Co, Ni, Cr, Cu, Zn, Pb, Mo, Sn, W,
Au, Ag, As, Sb), pedkue u pacceannnie (Li, Be, Sc, Ga, Rb,
Sr,Y, Zr, Hf, In, Ta, Th, U), secb ps0 pedkosemenvroix s1e-
menmos, a Takxke Mg, K, Mn, V, Ti, Ba. CymmapHoe co-
JeprKaHMe 3JIEMEHTOB-TIPUMECe 3HAYMTEIEHO BAPbUPYET
ot 0.001 1o 5000 ppm (ot 1-10~7 o 0.5 Bec. %). MuHu-

MaJIbHbIe KOHLIEHTPAIINU 3JIEMEHTOB—IIPUMECeil XapaK-
tepHbl 15 Be, Ag, In, REE (Tb, Ho, Tm, Lu), Ta, W,
Au, U. Ux conepkanue nuamensiercss ot 0.001 10 0.8 ppm
(o1 1-1077 1o 8-10~>Bec. %), a MakcumanbHbIe 11t K, Mg,
Ti, Mn, Co, Ni, Cu, Zn, As, Pb 1o 1200 ppm (ot 0.0003
10 0.12Bec. %). XapaKTepHBIM SIBJISICTCS TTOBBILLIEHHOE
comepXaHWe CYpbMBI (IO CPAaBHEHUIO C XOHIPUTOM)
TMOCTUTasi MAKCHMAaJIbHBIX KOHIICHTpaInii Ha ypoBHe 90
ppm. HecMoTpst Ha 611M30CTh 3JIEMEHTHOTO COCTaBa I~
cynbpunon xene3a OK u MK, BBISIBIIEHBI 3HAUUTEIb-
HbIE Pa3Inyusl B UX KOHLEHTPALMAX, UTO MO3BOJSIET
BBIICIIUTH OCHOBHBIC T€OXUMMUIECKIEC MapKePhl TeHETH -
YeCKOT0 IMPOMCXOXIeHNS MuHepajia. [1pu aHanmm3e pac-
MpeaecHUsI 3JIEMEHTOB-TIPUMeCei Ha criaiiieprpaMmmax
BBIICIISTIOTCSI TP OCHOBHBIE TCOXUMIIECKIE TPYIIIEL: A,
B u C. I[lepBbie aBe rpymnmbl — 3To MUpUTH LleHTpasib-
HOT'O CeKTOpa, a TpeThs — NMUPUTHI BocTOUHOTO cCexTo-
pa l'opnoro Kpsima. I'pynma A. TTuput MK xapaktepu-
3yeTCsI: TTOBBIIIICHHBIM YPOBHEM COMIEPXKaHUS PEIKUX 1
PENKO3eMENIbHBIX JIEMECHTOB OTHOCUTEJIBHO XOHIPUTA
(5—10 XOHIPUTOBBIX YPOBHEN), U HATMUMEM XapaKTe-
PUCTUYECKUX MUHIMYMOB M MAKCMYMOB — Oo0oraiie-
Hue Ba, Th, Sb, REE u o6eanenue Ti, Eu, Sr, Nb, Rb
(cM. pucyHok). K 3T0i1 Tpyrmre oTHOCSTCSI TUPUTHI U3
2ab6po-duopumos (2. Ardae), naaeuoepanumos (e.Kac-
menb), KAACMOoAUMo8 0aiku eabopo-0oaepumos (6 meaau-
ace maspuueckozo gauma 6 paione Cumghepononbekoeo
sodoxpanusuwa). VIM npucyid o1MHaKOBbBII BUIOBOM
COCTaB 2JIEMEHTOB-TIPUMeceil U OIM3KKMe 3HAUCHUST UX
CONepXKaHusI, YTO KOCBEHHO yKa3bIBaeT Ha CyIlIeCTBOBA-
HUE eAMHOTO MarMaTUYeCcKoro ouara B rpeaesax LleHt-
panbHOTO cexTopa ['opHoro Kpsima. UckitoueHue co-
CTaBJIIeT MUPUT U3 necuanukos K,g (c. Bepxopeuve, bax-
uucapaiicxuil paiior). I'pymna B. ITuput OK otnuyaercs
0oJiee HU3KUM CPEITHUM COIEPXKaHUEM PEIKUX M Pell-
KO3eMEeJIbHBIX 3JIEMEHTOB OTHOCUTEJIEHO XOHApHTa (1—
6 XOHIPUTOBBIX YPOBHEIT), HE3HAUUTEIBHBIM (110 CPaB-
HEHUIO ¢ XOHApUTOM) oboramieHueM Th, U, Sb, oben-
HenneM Ti. BOTBIIMHCTBO peIKNX W peaKO3eMeTIbHBIX
5JIEMEHTOB MMEIOT KOHIICHTPALINU IIPHOIKEHHBIE K
XOHJIPUTOBBIM (cM. puc.). K naHHoli rpyrie oTHOCSTCS
MMPUTBI KapOOHATHBIX TTopo 0T J,t 1o E,*1. I'pynna C. —
[Muput rauHucTbIX U3BecTHAKOB Kb (oxpecmuocmu e.
Deodocuu) xapaKTepu3yeTcss MUHUMAJIBHBIM COIepKa-
HHMEM 3JIEMEHTOB—IIpUMeECeil Ha YPOHE HIDKe XOHIIPH-
toBoro (1—0.1) mpu He3HaUnTETHHOM OOOTaeHuu Ba,
Th, Sb, Gd, Li, Luu o6ennernuun Nb, Rb, Yb (cM. pucy-
HOK). [ToHIDKeHHOE comep:kaHNe 3IeMEHTOB—IIpUMeceit
MMPHUTa CBSI3aHO C COIPSLKEHHOCTBIO IIPH €T0 00pa3o-

-50 -



RbBaTh U NbTa La Ce Pr Sr NdSmZr Hf EuSb Ti GdTbDy Li ¥ HoEr TmYbLu

1000

-67/09_12

=4
o

e
£
= |
10|
o |
x [
£
(=
= [
c
0.1
001l ... . —— _ .
RbBaTh U NbTa La CePr Sr NdSmZr HfEuSbTi GdTbDy Li Y HoEr TmYbLu
1000,
[ - kP1.2.5
100 |
- i
= {
[=1 |
E[ 10 I
(=] I
g |
= B
& o
= -
c e Bl [#F]
01 g L AVaSNy_
: _ i FF"F.FJ ESgy &
001 | E

aTK-5a/06_1_1

RbBaTh U NbTa LaCePr Sr NdSmZr HFEuSbTi GdTbDyLi ¥ HoEr TmYbLu

D o TIK-14/07_1_2

£ [
= »e » o9 o @ | ®e.g
o o0
F10 ° @
2 d L e,
- L ]
S o
a1 0
=
=
01} |
e e
0.01|
RbBaTh U NbTa LaCePr SrNdSmZr HiEuSb Ti GdTbDyLi Y HoEr TmYbLu
1000, E
100, 1 «KP-9_1_4
s i
s |
*
g 10, e
¥ * 4
e g *e o I
E 3 * .
=3 & P 4 ?*e Teoee_ o
c L L ¢ & &
0.1 é
0.01.

'RbBaTh U NbTa LaCePr Sr NdSmzr Hf EuSbTi GATbDyLi Y HoErTmybLu
1000

! I 4 KP-8_2 2
100 | f
£ | f
a i
%[10 | |
= | |
= A
=1 1R
g1t ! \ @
g [ /e ® | A A . N A
| ..__. /aeee ® °. .gz.a..
0114 e & v do | AEEE e,
I v & A
X
0.01 |

RbBaTh U NbTa La CePr SrNdSmZr HFEuSb Ti GdTbDyLi Y HoErTmYbLu

CrnaiieprpaMMbl TUPUTOB Pa3IMUYHBIX TCOXUMUYECKUX TUIIOB:
A — «marmatuyeckoro», B, C — «ocagoyHoro», D — «cMeImaHHOTO».

BaHWY C HUXKeJeXalluMU 0CaJJOYHbIMU OTJIOXKEHUSIMU
1 3¢ PYy3UBHBIMU 00pa30BaHUSIMU KUMMEPUIICKOTO
KOMILIEeKCa CKJIaa4aTO—OKPOBHOTO cTpoeHus BocTou-
Horo cekTopa B orinuue ot nuputoB OK u MK LleHT-
panbHOro cekropa I'opHo-KpbIMCKO# CTpYKTYypHOI
30HBI, COOPMUPOBAHHBIX B «...JIO30BCKOI 30HE CMSATHSI,
JIOKQJIbHO pacipoCTpaHEHHOI Ha ceBepe...» [2].
Kpome BbIeIeHHBIX TPYIII, BbISIBJIEHBI IBa Mepe-
XOJTHBIX TEOXUMUYECKUX TUIA C HECKOJIBKO UHBIM CO-
CTaBOM M COICPXKAHUEM PYNOTCHHBIX U PEIKO3CME/Ib-
HBIX 2JIEMEHTOB—IIPUMECEN OTHOCUTEIbHO XOHIPUTA.
OmuH XapakTepeH ISl TUPUTa ¢ MUKPOBKITIOUECHUSIMU
MapKa3zuTa U3 KapOOHaATHBIX MTPOXKUIKOB B OPOrOBUKO-
BaHHBIX Nopofax T;-J,tv 9K30KOHTaKTOBOM 30HBI TIa-
ruorpaHuToB I. Kacrens, a Apyroii — mist MapkasuTa
KBapl-KapOOHATHBIX >KIJI B TY(hOJaBOBBIX KJIACTOJUTAX
kapbepoB HoBo-IleTponasnoBckuii u JlozoBoe (0xo0.10
2. Cumepeponons). x popmupoBaHMe U COOTBETCTBEH-
HO reoXruMuyYecKasi Crieliuajan3aiius COnpsKeHbl B MPo-
CTPaHCTBE C TEMU 3aHOBO BOZHUKIIIMMU TUAPOTEPMaTb-
HBIMU CHCTeMaMU, CBI3aHHBIMU C TIPOSIBJIEHUEM, B TIEP-
BOM cilyuae, nosgHebaiiocckoro (J,bj,) addysnsHoro
MarmMaTru3Ma Ha 3aBepIlIaloneM ATale KUMMEPUMCKON
(hasbl TeKTOreHE3a, 2 BO BTOPOM — C PA3BUTUEM aJIbITHM-
CKMX JUCJIOKALIMi1 HAa HEOTEeKTOHMYecKoM aTare [2]. 06

5TOM KOCBEHHO CBUIECTEIIBCTBYIOT CTPYKTYPHOE COCTO-
STHUE Y MUHEpaJIbHbII coCcTaB AUCYIbGUIOB Xkee3a [3].

[Ipenm3noHHBIC NCCIIETOBAHUS TUCYTHMOUIOB XKe-
ne3a LleHTpanbHOTO ceKTopa JI030BCKOI 30HBI CMSATHS
I'opHoro Kpsima nokaszanu, yto: 1) nuput OK mmupo-
KoTo BospacTHoro quarasona (ot K,g no E,’1) xapakre-
PU3YeTCsI OMHUM M TEM K€ BUJOBBIM COCTABOM 3JIEMEH -
TOB—MpuMeceii 1 0JIM3KUMU 3HAYEHUSIMU UX COJepKa-
Hus; 2) nmuput OK HacienyeT reoXxuMuueckue 4yepThl
nuputa MK. 'eoxuMudeckast OmHOPOIHOCTb UX COCTa-
Ba yKa3bIBaeT Ha TO, YTO: a) ICTOYHUKOM 3JICMEHTOB-
mpuMeceil mupuTa pasHoBo3pacTHbIX OK sBiIsIINCH
OIHU U Te XK€ MarMaTuuyeckue odpazoBaHusi u 6) ¢pop-
mupoBaHue muputa OK compsckeHO B MPOCTPaHCTBE ¢
KOMIUIEKCaMM SHIOTeHHOW MPHPOAHI B pe3yibTaTe
«cOpachIBaHUSI» 3JIEMEHTOB [1] Ha OTHENBHBIX 3Tanax
TeOJIOTMYECKOM MCTOPUM PETHOHA. DTO MOTIJIO IPOUC-
XOIUTh Ha 3aBepIlarolieM 3Tare KUMMEPUICKONW U B
aTbIUIicKy10 (ha3bl TEKTOTeHE3a, B CBSA3U ¢ (hopMUpOBa-
HueM cHavasia ['opHo—KpbIMCKOTro CTpYKTypHOI'O KOM-
MJeKca CKJIaq4yaTo—IOKPOBHOTO CTPOEHUsI, MO3IHEe
«...HEOTEKTOHWYECKM TIepepabOTaHHOTO C Pa3BUTHEM
aJBITMACKUX TUCIOKAIUiA...» 2, ¢. 29].

Takum obpazom, oOpazoBaHUE MUPUTA, TUPUTA C
MUKPOBKITIOUCHUSIMHI MapKa3uTa (MJI1 He3aBePIICHHBIM
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(ha30BbIM NIEPEXOIOM MaPKA3UT-TIUPUT) B IPOCTPAHCTBE
1 BO BpEMEHMU ObLJIO COMPSIKEHO C OTAEIbHBIMU 3Talla-
MU Te0JIOTUYECKON NCTOPUN (POPMUPOBAHUS CTPYKTY-
pbl ['opHoro Kpeima, ¢ re0OAMHAaMUYECKOI €T0 9BOJIIO-
LIMEN, O YeM KOCBEHHO CBUIETEJIBCTBYET JIEMEHTHBIA
cocTaB IIpuMeceil AucyabMuIoB Xeje3a U ero u3MeHe-
HME Ha IUIOLIAIU U B paspese. PasnuyHoe CTpyKTypHOE
COCTOSTHUE U TeOXMMUYECKasl CIeHUaTU3aLNsl TUCYIIb-
GunoB Xene3a U3 pa3HbIX (10 803pacmy, CMpoeHuro U 2e-
He3ucy) TIOpOJHbIX KoMIUIeKcoB LleHTpanbHoro u Boc-
TOYHOT'O CEKTOPOB XOPOILIO COINIACYeTCs C UCTOPUEH CTa-
HoBJIeHUSsI CTPYKTYphl ['opHOro Kpeima, chopmupoBan-
HOI BOCHOBHOM B KUMMEPUICKYIO TEKTOHUYECKYIO 310~
Xy Y TiepepaboTaHHOM Ha AJIbIIUIACKOM 3Talle.
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OHTOreHe3 ¢bopm reonorMyeckux Ten B psaay 3epHo > Kpuctami (Yactb 1)
E. B. Cepena, E. E. Cepena

sereda@norcom.ru

B npakTUKu reojlornyeckux paboT BaXHO MOHU-
MaHME reoJI0rOM MOCJIEA0BATETbHOCTU U3BMEHEHU I MEX-
ny (hpopMaMu reojioruyeckux Te. B Hactosiiem uccie-
JIOBAaHUU pacCMaTpuBaloTCs GOPMbl MOHOMMHEPAIbHBIX
TeoJIOTMYECKMX TeJl, 00pa3ylolimecs: MeXay 36pHOM U
KPUCTAJLJIOM B IMHEMHOM MTPOTPECCUBHO PSIY: 36pHO >
arperar 3epeH > npoTochepoaunT > chepouT > arperar
MPOTOKPUCTAIIIOB > C(PepoKpUCTal > arperaT Kpuc-
TaJuI0B > KpUcTall. OnpeneaeHus U yCJI0BHbIe 0003Ha-
YeHHsI YJIEHOB psiia MPUBEACHBI HUXE.

[TpeobpazoBaHusI MPOUCXOAST CTyIIEHYATO C Ha-
[JISIMHOW IEMOHCTpALMEN Tlepexoaa KOJINYeCcTBa B Ka-
yecTBO. Ecniu ciioBa B psilly 3¢pHO > KPUCTAJLI 3aMe-
HUTb COOTBETCTBEHHO Ha ciaoBa uHnusua (M) unm ar-
perat (A), Tam, TlIle OHU MOJAXOIST, TO TIEPEX0] KOIU-
YecTBa B KAUYe€CTBO MposiBUTCS HarjsiaHo: ©> A > U >
N>A>U>A>W. Hu onuH 4ieH psiia HE MOXET
MOSIBUTHCS, TOKAa He 00pa3yeTcsl NMpeablaylIni YieH
psna. Tak, npoTochepoauT He MOXKET MOSIBUTHCS, TOKA
He oOpasyeTtcs arperat 3epeH. CepokpucTaii HeBO3-

MOXEH 0e3 00pa3oBaHUs arperara MpOTOKPUCTAIOB.
ArperaT KpUCTaJJIOB MOXET BBIPACTU TOJbKO Ha MaT-
putie chepokpuctamia. Kpucramr 2 MOXKeT TOSBUTHCS
TOJTBKO cpemu arperara KpucrtauioB 1. [Tom xkpuctan-
JIOM 2 MMOHUMaeTcs o6pa3oBaHue 3HAYNTEIBHO 0OTb-
IIrero pa3Mepa, YeM OTIEJIbHBIN KPUCTAJUI B arperare
KpucTayjios 1.

3epHo (puc. 1) 3BOMIOLMOHUPYET A0 arperara 3e-
peH (puc. 2), obpasyroimuxcst COMMXKEHHONH TPYIITON.
B3anMoOTHOIIIEHUSI MEXKITy 36pHAMU OTCYTCTBYIOT.

B mpoTocdeponnTe MeXIy BCeMHU HITH HEKOTOPBI-
MM 3€pHAMU OTMeYaloTCsl B3aMHBIE TOpaCTaHUs U pe-
JUKTHI leMeHTa (puc. 3). [IpoTocdeponaut cuaepura
CONEPKUT PEUKTHI MecuaHuka (puc. 9).

B ceponure HabGM0MaeTCS TOpacTaHKe KaXI0To
3epHa B CTOPOHY COCEIHEro 3epHa ¢ 00pa3oBaHUEM
CIIOXXHBIX (hOpM, IIEMEHT yXe IOJHOCTHIO 3aMelIeH
(puc. 4). PaBHoMepHas ronepeMeHHass MHOTOKpaTHast
Kpucrtaym3auus (rpa¢puka) GopMupyeT MeXIy 3epHa-
MU CTPYKTYPY B3aMMHBIX rpaHuil (puc. 4-1).

Puc. 1 Puc. 2 Puc. 3 Puc. 4
\ ,f'll \ [
} \ I."I / “‘-__ .'/ /
{ {
v = /4 i 3
' /J \\\ . ,ff \
Puc. 4-1 Puc. 5 Puc. 5-1 Puc. 5-2
Puc. 6 Puc. 7 Puc. 7-1 Puc. 7-2
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Puc. 8

BHyTpu chepomTa pa3BUBarOTCS ITPOTPECCUBHBIC
TPEIIUHBI AeJICHUST, (GOPMUPYIOIINE paTraIbHO-TyIH -
CTBIi arperat mMpoTOKpUCTAILIOB (puc. 5, 5-1, 5-2). Tpe-
IIMHBI HAYMHAIOTCS ¢ IepuMeTpa Tea. [IporpeccuBHbie
TPEIIUHBI AeJeHUsT (DOPMUPYIOTCS B KPaeBbIX YaCTIX
cheponura nupurta (puc. 10).

B manpHE#IIIEM C(hepOoUT C TOBEPXHOCTH Ha OKOH-
YaHUSX TTPOTOKPUCTAIIIOB TTOKPBIBACTCS 3JIEMEHTaMU
rpaHeil KpUCTAIOB. 3aTeM Ha HUX 00pa3yloTcs METKU
TOJIOBOK KPHCTAJIJIOB, W BBIpacTaeT chepoKpuCTalI
(puc. 6). Ha cpepomToBOii TOBEPXHOCTH, OCIOKHEH-
HOI arperaToM IPOTOKPUCTAIUIOB, TUPUT (HOPMUPYET
TOJIOBKM KPUCTAJIIOB 10 C(pepOKpHCTaIa. ATperaT 3pH-
OHMWTAa IIPOSIBIISICT ABE TIepeXoaHbIe (hOPMBI — arperata
MPOTOKPUCTAIIIOB U chepoKpucTasia, puc. 11.

C obHaxeHueM mosica mpu3M cepoKprCTaLT me-
pexoauT B arperaT Kpucrtasuios (puc. 7, 7-1, 7-2). IoBep-
XHOCTb TPEUIMHBI TOKPHITA arperaTaMu KpUCTalIoB, 00-
pa3oBaHHBIMU 110 c(pepoKpurcTasLTy ThTIca (puc. 12). Ar-
perat KpHUCTaJIJTIOB TUTICA BBIPOC Ha CJIOKHOM ceponnTe
cpacTaHus TMIIca, MajaxuTa u asypura (puc. 13). Arpe-
raThl KPUCTAJIIOB KaJIbIIMTa 00Pa30BaICh IO C(HePOKPH-
CTaJIbHBIM «BETOUKaM» KajabLuTa (puc. 14) Tuna reJimk-
TUTOB U KPUCTAJUTMKTUTOB XaliTapKaHCKOTO aparOHMTA.

B 3aBepliieHMM OHTOTEHE3a U3 arperara KpucTai-
JIoB 1 obpasyeTcs OAuMH KPYIHbBI KpUCTal — opdu-
poBbIit kKpucTast 2 (puc. 8). [1o arperaty MeJKux Kpuc-
Taaa0B | 00pa3yloTcsl eAMHUYHBIE KPYITHBIE TTOP(UpO-
BbI€ KPUCTAJLIBI KablnTa 2 (puc. 14), mnarnoknasa (puc.
15). Ha puc. 16 arperat cdepokprcTauioB (aoopuTa
3aMelleH 3epHUCTHIM rtoopuToM. C MOBEpXHOCTH che-
POKpUCTaJJIa YHUITOXEHBI TOJJOBKUA KPUCTAUIOB. 1o
chepokpucramty oopasyercst ceponut 11 nnm rncepno-
cepoauT, HO 3TO yKe HeJIMHEHAS KPUCTaJUT3aIus.

OmnpeneneHust:

3epHo — TE0JIOrMYeCcKOe TeJI0 MOHOMUHEPAIbHO-
ro cocTaBa, OJHOPOAHOIO CTPOCHUSI, €AUHOI ONTUYEC-
KO OpUEHTUPOBKHU, OOBIYHO M30METPUUHOUN (HDOPMBI.
OO6pazyeTcs cIunaHueM aTOMOB U MOJIEKYJT B TUAPOTEP-
MaJIbHOM pacTBope (B IIMPOKOM CMbICie). SBasieTcst
3JIEMEHTApHOW eIMHUIIEH 3epHUCTOCTU [1] M Havasb-
HBIM COCTOSTHMEM BCEX T'€0JIOTUICCKUX Tel.

Aepeeam 3eper — TEOTIOTUIECKOE TEJIO, CIIOKEHHOE
CKOTUICHUEM ITOCIeI0BAaTeIBHO 00pa30BaBIINXCS 3¢PeH
C HaJIOXXECHUSIMU 00JIee TTO3MHUX 3¢PeH Ha paHHUE 3ep-
Ha, 0OBIYHO OJIU3KOTO pa3Mepa, eAMHON > pa3HOM OIT-
TUYECKO OpUEHTUPOBKOI, HE UMeroLIMX rpaduk (mo-
nepeMeHHbIX MHOTOKPATHBIX KPUCTAIM3ALIUIA) IpYT C
npyroM. ConepXUT peuKThl BMEIlalolleil MTOPOIbl.
TexcTypa MaccuBHasI, MHOTA C 3JIEMEHTaMU KOHLIEHT-
puyecKu-30HaIbHOM. HaunHaeTcst arperat 3epeH nBY-
MsI HE COMPUKACAIOIIMMUCS 36pHAMU OJMHAKOBOI OI-
TUYECKOW OPMEHTUPOBKM. 3aKaHUMBACTCS TPYMIIaMU
3€pEH pa3HOM ONTUYECKON OPUEHTUPOBKHU.

IIpomocgeporum — reoqOrNIECKOE TEJI0O MOHOMM-
HEpaJIbHOTO COCTaBa M30METPUIHON (DOPMBI, CIIOXKEH-
HOE OIHOW WJIM MHOXECTBOM TPYITI COTMKCHHBIX 3€-
PEH Pa3IMIHON ONTUYECKON OPUEHTHPOBKM C Irpacu-
YECKUMU OTHOILIEHUSIMU MEXY YaCThIO UM BCEMU 3€P-
Hamu. CofepKUT peIMKThl BMellaolieil mopoasl. AB-




JISIeTCSl HAYaJIbHBIM cOCTosiHUeM ceponuta. [Tpotocde-
posut — ceposuT ¢ TpadUKOl MeXIy 3epHaMu U pe-
JIMKTaMU BMelIatonieit mopojsl. TekcTypa MacCUBHas U
KOHIIEHTPUYECKU-30HabHas. HaunmHaeTcs mpotocde-
pPOJIUT eAMHUYHBIMU TpaduKaMy MEXIy 3epHaMu. 3a-
KaHYMBAETCS MPOTOCHEPOTUT MHOTOYUCIEHHBIMHU IPa-
(bukaMu MexXny 3epHAMU C TIOYTHU MTOJHBIM YHUYTOXE-
HUEM LIEMEHTA.

Cehepoaum — reosornyeckoe TeJI0 MOHOMUHEPAb-
HOTO COCTaBa, U30METPUYHON (POPMBI, CIIOKEHHOE MHO-
JKECTBOM TPYIIN 3ePeH Pa3INYHON ONTUYECKON OpUEH-
TUPOBKU, HAXOASIIIUXCS B TpapuuecKuX OTHOIICHUSIX.
He conepxut penKToB BMeniatonieit mopoasi. Tekcrty-
pa MaccuBHasl U KOHLIEHTpUYecKr-30HaIbHas1. HaunHa-
eTcst c(hepoIUT MHOTOUUCTIEHHBIMU TpaduKaMU MEXITY
3epHaMU. 3aKaHYMBAETCSI — COCTOSTHUEM 3epeH B BUIIE
CTPYKTYPBI B3aUMHBIX TPAHULI.

Aepeeam npomoxpucmaniog — reoJIOTMYECKOE TEJIO
MOHOMUHEPAIBHOTO COCTaBa, U30OMETPUYHON (POPMBI,
CJIOXKEHHOE arperaToM 3epeH 6oJjiee uiu MeEHee OpUEH-
TUPOBAHHBIX OT LIEHTPA K nepudepun o mporpeccuB-
HBIM TPEIMHAM ACJIEHUS PallaIbHO-TyYUCTON TEKCTY-
pbl. HeoOxonuMblii U 1OCTATOUHBIM MPU3HAK arperaTta
MPOTOKPUCTAIOB — MOSIBJIEHUE TPOrPECCUBHBIX TPE-
LIUH fefieHus. ArperaT IpOTOKPUCTALIIOB — cepoauT
C MMPOTPECCUBHBIMU TPEIIMHAMU IEJECHUS pailaibHO-
JIYYUCTOM W 1IECTOBATOI (MapasiesibHON) TEeKCTYpHI.
Haunnaercst mpoTocheposuT MosiBICHUEM 2JIEMEHTOB
MPOrPECCUBHBIX TPELIMH NENEHUSA. 3aKaHUYUBAETCS
SICHO BBIPAXXE€HHOM paauaibHO-JIYYUCTOM TEKCTYPOM,
cpopMUPOBAHHON NPOTPECCUBHBIMU TPELIMHAMM JI€-
JneHusd. Ha cranum arperata npoTOKPUCTAJLIOB €T0
BHYTPEHHEE CTPOEeHHUE OYIeT MPenCcTaBIsATh COBOKYII-
HOCTb 3€pEeH MCXOIHON ONTUYECKON OPUEHTUPOBKH,
BBITSIHYTBIX 110 HAMIPABJIEHUIO TPELIUH NeJeHus (Ipo-
TOKpUCTAJLIa).

Cpepoxpucmann — reoa0ruyeckoe TeJo MOHOMU-
HEPaJIbHOTO COCTaBa, U30METPUIYHON (POPMBI, CTOKEH-
HOE arperaTaMu 3¢peH, BBITSHYTBIX MapauieIbHO MPo-
IPECCUBHBIM TpelllMHaM aeieHus. Ha mosepxHoctu ce-
pOKpHUCTaJlJIa HabJIIOAAIOTCS 3JEMEHTHI TPaHEeN WU
LIeJIBHBIE TOJIOBKU KpUCTa/UIOB TeKkcTypa paauajibHO-

JIYYUCTAsI C PEIMKTAMU MACCUBHOM (B LIECHTPAJIbHOM Ya-
cTh cepoKpUCTaIa) U KOHLEHTPUUECKU-30HAIBHOM
TeKCTyphbl (OnMXKe K mepudepun chepokpucramia).
CdepokpucTani HauMHAETCS 00pa30BaHUEM DJIEMEHTOB
rpaHeit TOJTOBOK KPUCTAJIOB, 3aKaHUYMBACTCS TTOJTHBIM
TTOKPBITUEM TTOBEPXHOCTH TeJIa TOJIOBKAMU KPHCTAJIIIOB.

Aepeeam kpucmanioe — reoJOrMIeCcKOe TEJI0 MOHO-
MMHEPaAJIBHOTO COCTaBa, CIIOKEHHOE paaIuaIbHO-TydH-
CTBIM arperaroM KpucTaJUIoB, 0Opa30BaHHBIM ITO MaT-
putre cpepokpurcTtaiia. TekcTypa paauarbHO-IydrcTasl.
HauayoM arperata KpuCTaJIJIOB SIBJISICTCSI TTOSIBJICHUE
rpaHeil Tmosica IPU3M OKOJIO TOJIOBOK KPUCTAJIOB. 3a-
BepIlEHNE arperata KpHCTaUIOB BbIpaKaeTcsl MOYTHU
MOJIHBIM OOHAXKEHMEM Ha KaXXIOM KpHCTajljie rmosica
MIPU3M.

Kpucmann — reoniornyeckoe Tejio MOHOMUHEPab-
HOTO COCTaBa C 3aKOHOMEPHBIM BHYTPEHHUM CTPOCHU -
eM M KpucTajutorpaduaeckoii orpaHkoi. B psoy 3epHO
> KpUCTAILI, KPUCTAJT HAUMHAETCST 00pa30oBaHUEM CIM -
HUYHOTO OTHOCUTEJBHO KPYITHOTO KPUCTAaJIa CPeau
arperara 6oJiee MeJIKUX KPUCTAJIJIOB. 3aKaHIYMBAaETCSI —
OIHUM KPYITHBIM KPHUCTAJUIOM C PEJIMKTAMHU MEJTKUX
KPUCTAJIJIOB.

YciroBHBIE 0003HAYECHUS:

> — CHUMBOJI, 0003HAYAOIINI GOJIBIIHI T€0I0T -
YyeCcKuit BO3pacT (hOpMbI MUHEpajia/MUHEPAIOB, PACIIO-
JIOXKEHHBIX CJIEBa OT CUMBOJIA, Y€M re0JIOTMUECKUIA BO3-
pact (popMbI MUHEpaia/MUHEPATIOB, PACTIOJIOKEHHOTO
crpaBa oT Hero; $ — rpaduka (rmomepeMeHHast MHOTO-
KpaTHasT KPUCTAITA3AIINAS) MEXITY BYMSI MIHEpalaMu
(popmamn).

TakuMm 06pa3oM, BIIepBbIe CO3MaH TMHEWHBIH ITPO-
I'PECCUBHBIN psii (hOpM MUHEpaa OT 3epHa J0 KPUCTaI-
JIa: 36pHO > arperar 3epeH > MpoTochepoIuT > chepo-
JIUT > arperaT MPOTOKPHUCTAIIOB > CEepOKpPUCTAILT >
arperar KpHCTaJuIoB > KPUCTaJLI, Yepe3 MOC/IeI0BaTe b~
HbIe LIMKJIBI TIpeoOpazoBanus nHauua ¢ arperar. Psn
NnpeaHasHaA4YCH JJ1d OHTOIeHUYECKOM HUHTCpIIpETAlluN
re0JIOTMYECKUX Tel.

JNlntepartypa
1. 'eonormueckuii cinosapb. 2010. T. 1. 430 c.
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OHTOreHe3 ¢hopm reonorMyeckux Ten B psiay 3epHO > KPUCTa (4acTb 2)
E. B. Cepena, E. E. Cepena

sereda@norcom.ru

B npakTuKu reojiornyeckux paboT BaKHO MOHU-
MaHMe Ie0JIOTOM IOC/IeI0BATeIbHOCTY U3MEHEHU I MEX-
ny hoopMaMu TeosIorMueckux Tel. B HacTosiem uccie-
JIOBAaHUU pacCMaTpuBaloTCs HOPMbl MOHOMUHEPAIbHBIX
TeoJIOTMYECKMX TeJl, 00pa3ylolimecss MeXay 36pHOM U
KPUCTAJJIOM B MPOTPECCUBHOM PEAYLIUPOBAHHOM, JIU-
HEWHOM PErpecCuBHOM, PEFPECCUBHOM PEIyLIMPOBAH-
HOM psifax.

2. Pedyuupoesannbiii npoepeccusHulii psio 3epHo > Kpu-
cmann: 3epHO, arperat 3epeH, MpoTocdepoauT, cepo-
JIUT, arperaT NpOTOK-J10B, c(hepoKpucTaLl, arperat Kpu-
cTajuioB 1, Kpucra 2.

— 3epHO (arperat 3epeH) > Kpuctami. Puc. 1 —
npeoOpa3oBaHue 3epHAa KBACIIOB B KPUCTAJUI ITOCTEIEeH-
HBIM pa3pacTaHuem rpaHeii, [1]. Puc. 2 — npsimoe 00-
pa3oBaHKMe MeTaKpucTawia WIbMEHUTA 10 arperary 3e-
peH amdudon ! umbMeHnTOBOM rpaduku. Puc. 3 — 06-
pa3oBaHMe METaKpUCTasla KBapila Ha arperare 3epeH.

— cepomnur > cpepoxkpucraii. Puc. 4 — chepo-
JIUT TETUTA Ha OTIEIbHbBIX yUacTKax oopacTaeT chepok-
pUcTaylaMy TeTUTa MO3AHEero 3apoXKIeHUsI.

3. Jluneiinwiii peepeccughblil psio KpUCMAiL > 3ePHO:
KpUcTajl 2 > arperaTt KpuctaauioB 1 > cepokpucTani
> arperaT IpOTOK-JIOB > C(hePOJIUT > IIPOTOCHEPOTUT >
arperat 3¢peH > 3epHO.

— KpUCTaJl1 > arperaT KpuctajioB. ObpacraHue
(3amelieHre) KPYMHBIX KPUCTALJIOB METKUMU SIBIISIET-
CsI PETPECCUBHBIM MTPOIIECCOM.

— pUcC. 5 — arperat KpyIHbIX KpUCTAJJIOB apreH-
TUTa 0OpacTaeT peaIKUMU MEJKUMU KPUCTATIAMU.

— puc. 6 — NMHAKOM/ KpHCTajjia 2 KOpyHaa 00-
pacraer arperaToM MeJKHUX KpUCTALIOB | B OJMH CJION.
Kpuctamibl 1 o6pasyeTcs Ha rpaHM, pa3ieJeHHOM yau B
BUE arperata KpucrauioB. Puc. 7 — nuHakousa Kpuc-
Tajla 2 MoIMOaeHUTa JOPACTAeT arperaToM MeJKuX
KpuctauioB 1. Puc. 8 — mruHaKouabl KpUCTAUIOB 2 MaH-
raHuTa J0pacTaroT arperaToM MeJKUX KpUCTasuioB 1.
Puc. 9 — kpucrann 2 ameTucTta obpactaer Ha BceX rpa-
HSIX B OIUH CJIOH arperaToM MeJKUX KPUCTAJLIOB 1.

— arperat KpUCTajJoB > cdhepoKpucTasl.
Puc. 10 — arperar kpucraaioB KajbuuTa 1 obpacraer

KPYIHBIN KPUCTAJUT KaJbliUTa 2 CO BCeX CTOPOH B He-
CKOJIbKO cioeB, pynHUK OKTs10pbckuii, Hopunbek. Puc.
11 — arperat kpuctajuioB aHapaaura 1 obpacrtaer co
BCEX CTOPOH B HECKOJIBKO CJIOEB 0 cepoauTa KpyIi-
HbII KpucTan anapaauta 2. Puc. 12 — arperat Kkpuc-
TaJJIOB 1IepJia TpeobdpasyeTcsl B cpepokpuctai (Ha-
yaJibHas CTaausl).

— arperar HpPOTOKPHUCTAJJIOB > cdeposuT.
Puc. 13 — arperaTt npoTtokpucraaioB B KApOOHATHOM
chepoute mopacTtaeT chepoaIUTOM KOHIEHTPUIECKHU -
30HAIBHOI TEKCTYPBL. Arperart poTOKPUCTAIIIIOB 00pa-
craer cheposiuToM. Puc.14 — kapOoHaTHbIHI chepoaIuT-
cenTapusi C 9JIeMEHTaMU arperara mpoTOKPUCTALIIOB 10-
pacTaeT KOHUEHTPUYECKH-30HATbHBIM C(HEPOTUTOM.

4. Pedyuyuposanmwiii pecpeccueublii pso Kpucmani >
3epH0. KPUCTAJII, arperaT KpUCTaJIJIOB, C(PepOKPUCTAILT,
arperar IpoTOK-JIOB, C(PepoTUT, TPOTOCHEPOIIUT, arpe-
raT 3epeH, 3epHO.

— KpUCTaJUI > 3epHO. KpucTamn yrpaunBaeT rpaH-
HBIII KOMILIEKC ITOCTEITIEHHBIM BBITIOJIaXKMBAaHUEM I'pa-
Hell u Tpeodpa3yeTcst B 3epHO: Kpucraursl rajieHuTa
(puc.. 15) m anmasa (puc. 16) yrpaunBaioT rpaHHBIN KOM-
IJIeKC 10 cocTosIHUS 3epHa. Puc. 1 (cripaBa HaneBo), [1].

— cepokpucraii > chepoaut. Chepokpucrai-
Jibl HaTpoauTa (puc. 17), TomcoHuta (puc. 18), daroo-
puta (puc. 16 [2]) npeoGpa3yioTcs yieMIeHUEM rojio-
BOK KPUCTAJIJIOB IO arperara 3epeH Ha MOBEPXHOCTHU
cdeponuta (amocepokpucTaia).

YcnoBHbIE 0003HAUYEHUS:

> — CHUMBOJI, 0003HAYAIOIIN T OOJIBIIINI T€OIOTH -
YeCKUi Bo3pacT (popMbl MUHEPAIa/MUHEPATIOB, PACTIO-
JIOXKEHHBIX CJIeBa OT CUMBOJIA, YeM IreOJIOTUYECKUIA BO3-
pacT (hopMbI MUHEpaia/MIUHEPAIOB, PACTIOIOXEHHOTO
CIIpaBa OT HEro;

¢ — rpaduka (monepemMeHHasi MHOTOKpaTHast KpU-
cTajuiu3anus) Mexay AByMsl MuHepanamu (popmamMm);

...MUHepaJ] — MHOTrOTOYMEe MepeJ MUHEPATOM
PIIKM O3HAYaeT, YTO JaHHas TPyIa MUHEPAJIOB SIBJISI -
eTcsl TIPONOJKEHUEM psiia MUHEPaIoB, HE COXpaHWB-
IIMXCSI B HAO/I101aeMOM acCcollalliu;

3 (IIocjIe 3HaKa «>») — 3aMelleHMNE;

Hannucu K pucynkam 1—18. OcHOBHBIE TOSICHEHUS B TEKCTe: 1 — 3epHO > KpUCTaJLIL. 2 — arperaT 3¢peH > KpUCTaJll, pa3-
MEPOM 2 MM, TaJTHaX1UTOBas pyaa, pyaHuK «KomcoMmonbckuit», Hopunbek, Poccus. 3 — arperat 3epeH > kpucrtaii, bpasu-
st 4 — cpeposut > chepoKpucTall. 5 — KpucTtajul 2 > arperaT kpuctauios 1, epcnopd, lepmanus. 6 — kpucramr 2 >
arperat KpuctayioB 1, Mamarackap. 7 — KpucTajur 2 > arperaT KpuctauioB 1, Cenumuiia, bonarapus. 8 — kpucramn 2 >
arperat kpuctaioB 1, Tropunrus, 'epmanust. 9 — kpucramn 2 > arperat Kpuctasios 1, [Iperopust, KOAP. 10 — kpuctamn
2 > arperaT kpucTtajaioB 1, pyaHuk OkTsaopbckuii, Hopuabck, Poccus. 11 — kpuctann 2 > arperat KpuctauioB 1. 12 —
arperart KpucTayioB > cdepoaut, Munac-2Kepaiic, bpasmmms. 13 — arperat mpoTOKpuCTauIoB > cpeponut. 14 — arperar
MPOTOKPHUCTAILIOB > cheponut, XyHaHb, Kuraii. 15 — kpucramn > 3epHo, bepésosck, Ypai, Poccus. 16 — kpucramn >
3epHO, bpasunus. Puc 1 — kpucramn > 3epHo. CneBa HanpaBo. 17 — chepokpucramn > cheponut, Papepckue o-Ba,
Janus. 18 — chepokpucraii > cheponnt, Maxapamrpa, Mamgus.
Pucynku (dbororpacdum): 1 — J1. IT. I'puropses [1]; 3—9, 11—14, 16—18 — A. A. EBceeB Ha o6pa3uax my3sest A. E. Depcmana.
2,10, 15 — E. B. Cepena
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3 (TIocJIe Ha3BaHMSI MUHEpaia) — 3ePHUCTHIIN;

MuHepaid — MHOTOKpaTHbIE B3aMMOOTHOILIEHUSI
MEXIy MHIMBUIAMU MUHEpaja B €ro OHTOreHese;

3 ¢ o1 — rpaduxka 3apoxaenue $ nopactanue. [To-
TIepeMEeHHOe 3apOXIeHNEe OJHOTO MUHEpaia Ha GoHe
IOopacTaHud APyroro MUHeEpasa;

no (TocJie 3Haka «>») — mocjeaoBaTebHoe 00pa-
30BaHUC;

PIIMK — DS TIOCJIEI0BAaTEIbHOM MHOTOKPATHOM
KpUCTAJIIU3alUu (TIKM).

yI4 — YHUUYTOXEHME IeJIeHUEM Ha YacTH (TPeIiu-
HooOpa3oBanue). [Ipolrecc ymd mporCcXoaunT, KOraa reo-
JIOTHYECKOE TEJIO MOTanaeT B HeOIaronpusTHhIE YCII0-

BUSI, HaIIpuMep, TepMoauHamMudeckue. OHO He MOXET
COXpaHSTh CBOU Pa3MepPhl B 3TUX YCJIOBUSIX, U BHIHYXK-
JIEHO MPUCIIOCA0INBATHCS — TPeCKaThCsl (YHUUTOXATh-
csl AeIeHUEM Ha YyacTH).

(kpucTasi, arperaT KpUCTaIoB...) $ — 3HaK «&»,
TTOCTaBJICHHBIN TTOCJIE MHOXECTBa B CKOOKaX O3HaYaeT
KOMOMHaTOpUYeCKUe (KaXKIbIi C KaXKIbIM ) OTHOIIIEHUSI
MEXIY WICHAMU MHOXECTBA.

JlnTepartypa

1. I'puropnes J1.11., 2Kadbun A.I'. OHTOreHUsI MUHEpa-
JoB. M. Hayka. 1975 .

2. Cepena E.B., Cepena E.E. Ontorenes oopm reoso-
TMYECKUX TeJI B PSILY 3€PHO > KPUCTALT (B ITeYaTH).
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OHTOreHe3 ¢popm reosiornyeckux Ten B psay 3epHO > KpucTan (4actb 3)
E. B. Cepena, E. E. Cepena

sereda@norcom.ru

B mpakTUKY reojIormuecKrux paboT BaXKHO TTOHU-
MaHMe T€0JIOTOM TT0CIeI0BaTeIBHOCTH M3MEHEHMIA MEXK-
Iy hopMaMU TeOJIOTMIECKHX Tell. B HacTosmmeM uccie-
JIOBaHUH paccMaTPUBAIOTCS (POPMBI MOHOMUHEPATBHBIX
TeOJIOTMYECKUX TeJI, 00Pa3yIOIINecsT MEXIY 3¢pPHOM U
KPUCTAJUIOM B HEJIMHEITHOM sy .

5. Heauneitinwii (peepeccusno $ npoepeccuenwlii) pso
3epro T kpucmann: (KpUCTaJI, arperat KpUCTalIoB, che-
POKPHUCTaJII, arperaT MPOTOKIIOB, ChepOTUT, TIpoToCche-
DOJIUT, arperar 3epeH, 3epHO) 3.

B HemmHEITHOM psIIy paccMaTpUBaIOTCS 00pa3Iibl
C HeTMHEWHBIMU ITPe00pa30BaHUSIMU MEXKITY (hopMaMu
JIMHEITHOTO psia, ITPOSIBJICHHBIC pa3HOHAIIPaBICHHBIMUI
B3aMMOOTHOIIICHUSIMU, B TOM YHCJIC Tpach KO,

[TpeobpazoBaHue KpucTtasia B cepoauT/arperat
KPUCTAIbHBIX TUTACTHHYATHIX C(PEPOTUTOB PeaTu3yeTCs
00pa3oBaHMEM arperata pa3HOOPUEHTUPOBAHHBIX ITJIa-
CTUHYATHIX KPUCTAJIJIOB B rpapuke co chepoaUTOM: ...
KpucTas1 > arperat KpuctamioB $ cheponaut = chepo-
JIUT KPUCTATBHBIN MJIACTUHYATHIN: puc. 1, 2 — mpeod-
pa3oBaHMe KPUCTaJIa TUTICA B C(hEePOITUT KPUCTATBHBIN
TUIACTUHYATBIN.

IIpeobpaszoBaHue Kpucraaia B chepoyuT KpUc-
TaJIbHBINA JUTMHHONPU3MATUICCKUI pean3yeTcsl KOHIIe-
BBIMM «pacCIlEIUICHUSIMMU» C OIHOM (pUcC. 3 — KaJlbLIUT)
Win o0enx CTOpoH Kpucrauia (puc. 4 — aBrur), dop-
MUPYIOIIMX B 3aBeplIeHUU cyOCcdepoaIuToBOE 00pa3o-
BaHWe: KPUCTAJI >TIIIp arperat KpuctawioB ¢ cdepo-
JIAT = ¢(hepOJINT KPUCTAIBHBIN UTOJIBYATBIN.

Arperar KpucTajaoB, odOpa3yloluii rpaduky co
chepoaUTOM peanusyeTcss KOMIIPOMUCCHOM (HopMOii:
cepokpucTasa > ... >mmp arp. kpuctamioB $ chepo-
JIUT: pUC. 5 — KajiieBasi CeJIuTpa, puc. 6 — rurc, puc. 7 —
MacCKaHbUT;

Jlopacranue KpucTajia 2 aHapaauTa rpacdukoit
MEJIKX KPUCTAUIOB I 1 chepoIuTOB ¢ MOCICIyOIIIM
IopacTaHMeM KpHcTajiia 2: AHIPaIuT: ... KpUCTaur 2 >
np arperat KpuctaiioB I & ceponut > kpucTamr 2 1,
puc. 8.

IIpeoGpa3oBaHUe KpUCTALIA B PEKUME KPUCTAILT
T cheponToBOil rpaduKu peaan3yeTcss KOMIPOMUCC-

Ho#t hopMoit Tena: kpuctar & ceponut: puc. 9, 10,
11, 12 — Bce KaJIbLINT.

IIpeobpazoBaHue kapoboHaTHoro (?) cdhepoauta
MaCCHBHOI TEKCTYPHI arperaToM IPOTOKPHUCTAIIIOB, YId
U TpauKoOii yId ¢ mopacTaHueM cheposinTa 1o Iepu-
METpY: ... c(epOUT > arperat MPOTOKPUCTAIIIOB > yIu
> (ynu ¢ cda o), puc. 13.

[IpeoGpa3oBaHMe KpUCTalJla KBaplia YHUYTOXKEHM -
€M JeJICHUEM Ha YacCTH 10 00JIOMKOB 3¢pHa C TIOCTIeIyI0-
1ei rpacdukoit nopactanue $ mopacTaHne MEXKITy 9acTsI-
MU jejieHust (00JoMKaMu) 10 ¢(hepoIUTONOI00HOTO 1
JKMJIOBUTHOTO arperaToB: KpUCTAJLT > yA4 > arperar 3e-
peH > 3epHa (1 ¢ 1) = ccheponmTonomodHbIe TeNa, puc. 14.

IIpeobpazoBaHue chepoaruTa MAaCCUBHOM TEKCTYphI
arperaToM IPOTOKPUCTAJUIOB. 3aTeM Ha ceponTe Ha-
ypnHaercs rpaduka 3amenieHus $ nopacraHusi. 3amelie-
HYe c(pepolIiTa OCYIIECTBISICTCS KaTbIIUTOM ITO HaIlpaB-
JICHUSIM MIPOTOKPUCTAIITIOB, a JOpacTaHUe apTrUIu3UTOM
(?) tmuaucTbIM (?) MO TIepuMeTpy cdheponuta. Becbma
BeposiTHA rpacduka cenrapust & ceKpenus: ... apruju3uT?
1? >arperaT MPOTOKPHUCTAIUIOB >3! [KambuT (?) 1Mo mpo-
tokpuctamiaM ¢ aprummsut? (1o mepumeTpy)], puc. 15.

BbiBOObI

OHTOTeHe3 MIHEPaIBLHOTO Tejla JII000T0 COCTaRa,
opMBI 1 pazmMepa MOXET OBITh MHTEPIIPETUPOBAH Ye-
pe3 COBOKYITHOCTH MIPeo0pa30BaHUIl B TUHEITHOM, pe-
IyIMPOBAHHOM M HEJWMHEWHOM psgax. Hampumep,
puc. 16. ... Kapu? (3 ¢ m) >3 lNajnenwur >3 llleenur >3
[Mupur! (3 ¢ 3) >mo, 3! KBapu nopactaHue.

YcnoBHbBIE 0003HAUECHMS:

> — CHUMBOJI, 0003HavYaIO i OOJIbIINI T€0JI0r -
YeCKUii Bo3pacT (popMbl MUHEPAIa/MUHEPAJTIOB, PACTIO-
JIOXKEHHBIX CJIeBa OT CUMBOJIA, YEM IeOJIOTUUECKHUIA BO3-
pact hopMbl MUHEpaa/MUHEPAIOB, PACTIONOXEHHOTO
CITpaBa OT HETo;

¢ — rpacduka (rmorepeMeHHass MHOTOKpaTHAsI KPH-
CcTajuTM3alusl) MexXay AByMsl MUHepaiaMu ((popmaMm);

... MTHEpaJI — MHOTOTOYME TTepel MIHEPAJIOM PSi-
JIOM ITOCJIeI0OBATEIbHO KPUCTATU3YIOIINXCS MITHEPAJIOB
O3HAYaeT, YTO JaHHasl TPYIIa MHHEPAJIOB SIBIISIETCSI TTPO-

Hannucwu k pucynkam 1—16 (cm. ciien crpanuily). OCHOBHbBIE MOSICHEHUST B TeKeTe: 1, 2 — KpucTal > arperaT Kpuctajuios $
ceponur. 3,4 — oqHO U3 COCTOSTHMI ITpeoOpa3oBaHus KpucTtaiia B cpepokpuctasui, lansHeropek, [Ipumopne, Poccust. 5—
7 — KOMIIPOMMCCHOE COCTOsSTHHE Ipeodpa3oBaHms arperata kpuctauwioB 1 () ceponura, Kpbim, Ykpauna (5), ApusoHa.
CLIA (6), PaBar, Tamxkukucrat (7). 8§ — kpucrayut 2 >mmp arperaT KpuctauioB 1 ¢ ceponut > Kpucraul 2 fopacTaHue,
Kaec (permon) Mamm. 9, 10, 11, 12 — xpuctaini ¢ cheponmmroBas rpacduka, ImoxocThb B 6asanbTe T1iv, KaltepkaHCcKMii yroib-
HBIN pa3pes-2, Hopuibek, Poccust (9), XianghuapuM__Hunan, (10), Kymom63 p., Hopuibsckuii paiton, Poccus (11), Anpliin
Mm-Hue, 0. Kuprusus (12). 13 — cepoaut > arperat npoTokpucTaiioB > yau > (yau & cheponur o), Kutait (?). 14 — kpu-
cTaJul > ymd = arperatT 3epeH > 3epHa (1 $ 1) = cpeponuTonomodHbie Tena, Toprosckoe M-Hue, [lon. Ypan, Poccus. 15 —
aprWIM3NAT? TAMHUCTHIN (?) >arperaT MpOTOKPUCTAUIOB >3 [KaablMT (?) 1o mpoTokpucTaiaM $ apriyiu3ut (110 TTepuMeT-
py)|l. 16 — 1IeenuT-IMPUT-TAJCeHUT-KBApIEeBbIIi arperaT M ero IOCJeI0BaTeJIbHOCTh KPHUCTAJIU3ALUM:
... KBapu? (3 ¢ o) >mo, 3 lanenur >mno! lleemut >mo, 3 [lupur ¢ (3 ¢ 3) >mo, 3 KBap1 nopacranue.
Pucynku (dportorpacun): 22 — J1. I1. I'puropses [1]; 19—21, 23—26, 28, 30—31, 33 — A. A. EBceeB Ha oGpasLax my3est
A. E. ®epcmana. 27,29 — E. B. Cepena; 32, 34 — H. I1. FOwkuH [3], [4]
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IOJDKECHHUEM psiia MUHEPaJIOB, HE COXPaHMUBIIIMXCS B Ha-
O1r01aeMol accolMallvu;

3 (IIoCJIe 3HaKa «>») — 3aMelLEeHNE;

3 (TIocJIe Ha3BaHMSI MU HEpaia) — 3ePHUCTHIIN;

MuHepan$ — MHOTOKpPATHBIE B3aMOOTHOIIICHUS
MEXIy MHIMBUIAMU MUHEpaja B €0 OHTOTeHE3e;

3 ¢ 1 — rpaduka 3apoxnaenue $ mopacranue. ITo-
TepeMeHHOe 3apOXKIeHNEe OTHOTO MUHEpaia Ha GoHe
TTOTIePEeMEHHOTO TOPacTaHUs IPYyTroro MIUHEpaa;

110 (ITOCJIe 3HaKa «>») — IoCcIIeIoBaTeIbHOE 00pa-
30BaHUC;

PIIMK — DS TIOCJIEA0BATEIbHOM MHOTOKPATHOM
KpUCTAJJIN3aLlMU MUHEPAIOB (IIKM);

YA4 — YHUUYTOXCHUE NCJICHUECM Ha YaCcTU (Tpeum—
HooOpa3oBaHue). [Tpoiiecc yau mpoucXoauT, KOraa reo-
JIOTUYecKoe TeJIo MoranaeT B He0JIaronpusTHbIE yCI0-

BHSI, HAIIpUMep, TepMognHaMudeckue. OHO He MOXET
COXpaHSTh CBOM Pa3Mephl B 3TUX YCJIOBUSX, U BBIHYXK-
JIEHO MPUCIOCA0INBATHCS — TPeCKaThCsl (YHUUTOXATh-
csl eIeHUEM Ha YyacTH).

(xpucTasi, arperaT KpUCTaIoB ...)$ — 3HaK «0»,
ITOCTaBJICHHBIH TTOCJIE MHOXECTBa B CKOOKaX O3HayaeT
KOMOMHATOpUYeCKUEe (KaXKIbIi C KaxKIbIM ) OTHOIIIEHUS
MEXIY WIeHaMU MHOXECTBa.
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O 3aKoHe YropsAa04EeHHOr0 M3oMopdK3ma

H. JI. CmupHoBa
MTI'Y, Mocksa

[TonsiTue uzoMopdusma BBeneHo D. Mutuepau-
xoM (1794—1863) B 1819 1. D10 MOHsITHE 0003HAYAET
CIMOCOOHOCTD IBYX WJIM HECKOJIBKUX Pa3HBIX XUMUYEC-
KMX COEIMHEHUIN KPUCTAIIN30BAThCS B OMMHAKOBBIX
WJIY TOIOOHBIX KpUCTA/TMYECKUX (hopMax U 00pa30oBbI-
BaTh TBepabie pacTBophl. K cepenmue 20 Bexa MoHsITHE
M30MOpGhU3M UCIOJb30BATOCH YK€ BO MHOTUX HayKax.
B cBs131 ¢ pazHOOOpa3veM TEPMUHOB, TPUMEHSIEMBbIX 1151
TMOHSTHUS U30MOP(PU3M, COCTOSITIOCH HECKOJIBKO MUHE-
paJIOTMYeCKMX U IPYTUX KOH(MEPEHUN I, TOCBSILIIEHHBIX
aToMYy siBJIeHU10. Bbuta co3naHa komuccust pu Beeco-
I03HBIM MUHEPAJIOTUUYECKOM OOIIECTBE 151 U3YYEHMUSI
uzomopdusma B cucteMe MuHepasioB. Komuccuio Bo3-
rnaBui . b. bokuii. YneHbl KOMUCCHUM TPeICTaBUIU
CMUCKY TEPMUHOB, OTHOCSIIIIUXCS K TTOHSTUIO U30MOP-
¢usm. I'. B. bokwnit u H. JI. CMupHOBa 1o TOPYYEHUIO
KOMMCCHU COCTaBWJIM MPOEKT Te3aypyca JJIsl TIOHSITUS
n3omopdusm [1]. U3 mpumepHo 140 mpuciaHHBIX B KO-
muccuto TepMUHOB 100 ObIJIM OTHECEHBI K TIOHSITUIO. DTU
TEPMUHbI ObUTM Pa30UThI HA IPYIITbI MOJYCUHOHUMOB.
Kaxnas rpyrna 6bl1a npeacraBjieHa OIHUM TEPMUHOM,
KOTOPBI ObLT Ha3BaH aecKpurnrtopoM. M3 neckpunro-
POB OBLJIO COCTaBJIEHO MPOCTPAHCTBO TOJEPAHTHOCTU
TepMUHOB. JleCKpUINITOP ¢ HAMOOJIBIIIUM 00BEMOM pac-
LLETUISIICS Ha IECKPUIITOPBI C MEHBIIIUM 00BEMOM U 00-
Jiee KOHKPeTHBIM cofepxkaHueM. [lox sBieHueMm u3o-
Mopdhr3M OyneM MOHUMATh B3aMMO3aMeIaeMOCTh aTO-
MOB, BakaHCculi uan ux 0 — 3-MepHbIX MOTUBOB, C WU
6e3 nedopMalvii B KpUCTAULIUUECKOM CTPYKTYpE.

M3omopdusm HeynopsimoueHHbIi. [Tpu nzomop-
busMe HeynopsiIOUeHHOM MMEET MECTO 0Opa3zoBaHue
OrpaHUYEHHbBIX UM HETTPEPBIBHbBIX TBEPbIX PACTBOPOB
Ha OCHOBE XMMUYECKOTO coeMHeHMs1. TBepable pacTBO-
PbI IPEACTABISIOT COO0M Pa3HOBUAHOCTU XMMUYECKUX
COEIMHEHUI WM MMHepalbHbIX BUAOB. Kaxnoe xu-
MUYECKOE COeIMHEeHNe, CYILIECTBYIOILEe B TPUPOJE, SIB-
JISIeTCSI MUHEPaJbHBIM BUAOM [2], U COCTOUT U3 BUIO-
00pasylolImX 3JIEMEHTOB. TBep/ble pACTBOPbI HA OCHO-
BE IaAHHOTO XUMUYECKOTO COSAMHEHMS Ha3bIBaeM pa3-
HOBUIHOCTSIMU, a 3aMelIalole aTOMbl — U3oMopda-
MU Ui aragoxamMmu. OTHOCUTENbHO HENPEPbBIBHOTO
TBEPOTrO PACTBOPA CYIIECTBYIOT HECKOJILKO TOUEK 3pe-
Hus. CorracHO OTHOM M3 HUX, HETIPEPBIBHBIN TBEPIbBI
pacTBOp MpeacTaBisieT co00¥ TP MUHEPAIbHBIX BUIA —
JIBa XUMUYECKUX COEMHEHUS U TPETUI — HETIPEPhIB-
HbI# TBepbIi pacTBop. CoriacHO BTOPOIt TOUKE 3pEHMS,
HETpepbIBHBII TBEPIbI PACTBOP MpeaCTaBIsieT cO00
JIBa MUHEPaAJIbHBIX BU/Ia, a UMEHHO IBA XUMUYECKUX CO-
eIMHEHUs C OTHOCSIIUMUCS K HUM 50 % HempepbIBHO-
ro TBepaoro pactBopa. C Halleil TOUKU 3peHUs HeTpe-
PBIBHBII TBEPbIA pacTBOP — 3TO BCETO JIMLIb 0011
Pa3HOBUIHOCTb, IPUHAJJIEXAIAsl IBYM MUHEPATbHbIM
BUAaM. B cOOTBETCTBUM C COBPEMEHHBIMU MpPaBUJIaMU

Takasi pa3HOBUIHOCTb IeUTCS (hOPMaJIbHO Ha IBE Yac-
1. OIHA YacTh MPUHAIJIEKUT OMHOMY BUILY, a Ipyrast —
JIpyromy.

YropsmoueHHBI N30MOPMDU3M WIIU U30TUIIHS.
KauecTBeHHOE TIpe0bpa3oBaHe XUMUIECKUX COSTITHE -
HUI TIPOUCXOIUT TaKKe TTPU YIOPSIIOYCHHOM N30MOP-
buzme. Panee xuMmiaeckrie CoeMHEHYSI, UMEIOIITIE pa3-
HBIII KAYECTBEHHBIN COCTaB M OTHOCSIIIHUECS K OMHOMY
crpykrypHomy tuny (CT) Ha3biBaauch 130MOpQGHBIMU
XUMUYECKUMU COCTUHEHUSIMU WA U30MOP(MHBIMU MK~
HepajaMU, T. K. B HIX UMEeT MECTO YITOPSIIOYECHHOE 3a-
MeleHue. B HacTosIee BpeMsl TaKe COeTIMHEHMST Ha-
3bIBAIOT U3OTUITHBIMU WJIM U30CTPYKTYPHBIMU. XUMMU-
YecKHe COeAMHEHUS OMHOTO CTPYKTYpPOTO THUTIA TTPe00-
pas3yloTcs IpyT B Ipyra B pe3yabTaTe YIopsao4YeHHOTro
n3omMophu3Ma, T. €. YIOPSIOICHHOTO 3aMEeIIeHUS X1~
MHYECKHUX JIEMEHTOB OTHOTO BHIA Ha XUMHWUYECKUE JJTe-
MEHTBI Apyroro Buaa. [Ipu ynopsimoyeHHOM U30MOp-
(bm3Me BOZMOKHO YaCTHYHOE YITOPSIOUYCHHOE 3aMellie-
HHe. B 3TOM cilydae BOZHUKAIOT CBEPXCTPYKTYPHI, T. €.
HoBble CT [3]. Tak, npu ynopsinoyeHUn TBEPAOro pa-
ctBopa Cu, Au (CT Cu) atrombl Cu 1 Au 00pa3yroT CBEpX-
cTpykTypbl CuAu 1 Cu,Au. [1py 3TOM MPOUCXOIUT pac-
IIeIJICHWE OMHOM MO3ULINHI, 3aHUMAaeMO aTOMOM, Ha
nBe mo3uiuu. OIMHApHOE COeNMHEHNE ITpeodpa3yeTcs
B 2-apHoe coeanHeHue. OauHapHblie (hOPMYJIbl COCTaBa
MOTYT MEHATbCS Ha 2 — 4-apHble Gopmyisl. B Cu,Au
ToueuHas rmo3unus Cu B rpaHelIeHTPUPOBAHHOM peleT-
K€ pacIeruiseTcs Ha IBe TOYCUHBIX ITO3UIINH. B mepBoit
13 HUX aTOMbI AU (LIEHTPbI) pa3MELIEHbI 110 MO3ULIASIM
MMPOCTOI KyOM4YeCKO YyITakoBKU. ATOMBI Meau (JIUTaH-
IIbI) 00pa3yroT KOOPAMHALIMOHHBIE c(hepbl aTOMOB AU B
BHJIe KyOOOKTa3mpoB. JINTaHIBl UMEIOT CBSI3HOCTB 4 T10
Au. DTO 3HAYMT, YTO B COCTaB ITEPBOIT KOOPIMHAIIMOH-
Hoii cpepbl aToMoB Cu BxonaT 4 atoma Au. MoxxHO pac-
cMaTpuBaTh pacuiernjeHue cTpykrypsl Cu;Au He TOJb-
KO Ha TOYEYHBIE ITO3UIINH, HO M Ha 3-MepHBIC KapKacHI.
bosnee Toro, CT Cu;Au MOXHO IIPeACTaBIATh KaK Moc-
JIe[IOBaTeIbHOCTh CJIOEB U3 KyOOOKTa3IPOB B HAIMPaBJIe-
HUU ocH 4, a B HaIIpaBJIECHWM OCU 3 — Kak IMOocJIea0Ba-
TEJbHOCTb LIEHTPUpPOBaHHbBIX ceToK Kerepa-LlyoHu-
koBa (K-III-cetok) [3636] <1111>. B npsiMbIX CKOGKaX
yKa3aHbl CUMBOJIbI — 3- 1 6-TOHBI, a B yrOJIKaX — UX MH-
nexcbl. @opmyna 3636 o3HavaeT MOCIeA0BaTEIbHOCTD
Pa3HBIX N-TOHOB, TTPUMBIKAIOIINX K BEPIITUHE CETKU. DTa
ceTKa cocTaBieHa aromaMu Cu B Buzie 6-TOHOB, COCIN-
HEHHBIX BEPIIMHAMY 1 [IECHTPUPOBAHHBIX aTOMaMM Aul.
BepiiHbI 6- TOHOB IMEIOT CBS3HOCTD 2. ATOMBI AU LIeH-
TPUPYIOT 6-rOHBI 1 06pasyioT cetky |3| <6> . CT Cu,AuB
HampaBJeHUMN OCU 4 MOXHO paccMaTpuBaTh KaK KOM-
OMHALMIO CTEPXKHEI U3 LIEHTPUPOBAHHBIX KYOOOKTad 1~
POB U1 U3 ITYCTBIX OKTa3ApoB. [1pu BHeApeHUM aTOMOB B
okTasapsl BosHUKaeT CT neposckuta CaTiO,. [1pu BbI-
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YUTAHUU CTEPXKHEH 13 LIEHTPOB KYOOOKTa3IpOB BO3HU -
kaeT CT ReO; [4]. Takoii xe pe3ysbTaT NoJIy4nuTCs, €ClIi
BMECTO CTep>KHEeil paccMaTpuBaTh TOYEYHbIE TTO3ULINH,
KapKachl, CJI01, CeTKU. TakuM o6pa3oM, OAWH U TOT XKe
CT u ero nipeobpa3oBaHus ObLIN TIPEACTABIECHHI C 4 TO-
yek 3peHust: CT B BUIe TOYCUHBIX TTO3UIIUI, CTEPKHEH,
CJIOEB MOJIMBPOB UJIM CETOK, KAPKACOB.

[Monutunus u rerepornoautunus. [lociaoitHoe n3-
meHeHue CT BO3MOKHO TakKe He TOJIbKO IpY 3aMelle-
HUM, BHEIPEHUN-BbIUUTAHUM, HO U MPU Aedopmaliuu
(cmeweHue, HanoxeHue). HamoxeHue ciioeB Ky0OOK-
Ta’IpOB B HAIIPaBJIEHUU OCU 4 BOZMOXKHO IBYMSI CITOCO-
6amu. B iepBoM citydyae murasabl, o0LIMe ABYM CJIOSIM 1
obOpasyolire nHTepgeiic, UMeIoT CBI3HOCTD 4 0 KBaj -
paty, a BO BTOpoM — 110 TeTpasapy. K ynopsimoueHHOI
JnedopMaliii OTHOCUM TaKxKe YIIOpsiA0UeHHOE 3aMellle-
HUE UHTep(decoB OAHOTO BUIA IPYTUM BUIOM C 0Opa-
30BaHMEM HOBBIX MTOJUTUIIOB. JIBOSIKas FTEOMETPUSI Ha-
noxenus: K-II-cetok [3636 | <1111> tumna abc (CT
Cu;Au) nim ab (CT Mg,Cd) npuBOInT, KaK U B IPEIbI-
NyILIeM cilyyae, K 00pa3oBaHUIO ABYX pPOAOHAYATIbHUKOB
KOHEUYHBIX WwieHOB noautuitHoit cepuu CT. B mepBom
cJlyyae MUMeeT MeCTO MOJUTUITNS MIEPBOTo pojia C coxpa-
HEeHUEeM KyOMUeCKOM IJIOTHEHIIIe yITaKOBKU BCEX aTO-
MoB. Bo BTOopoMm ciyyae obGpasyeTcsl mocjienoBaTesib-
HOCTb IUJIOTHEUIIIMX YITAKOBOK C TTOJUTUIIUEN BTOPOTO
pona. B atoMm ciayyae, B OTIMUME OT MEPBOTO, MO3UIINU B
MIPOCTPAHCTBE CMEILAIOTCS, XOTSI CJIOU U COXPAHSIOTCS.
[Tpu nmonuTUNMKM BTOPOTO pona, Kyoudeckas rmioTHE-
111as1 yITaKOBKA HE COXPAaHSETCs, & MEHSIETCSI Ha IpyTre
N-CJOMHBIE MUIOTHEMIIME YyIaKOBKU. [1py moautunuu
CT MoOXeT MEeHSThCSI COCTaB cJioeB. B aToM cityyae ro-
BopuM o reteponioauturin CT. Hanpumep, B CT Cu,Au
B HampaBjieHUU ocu 4 yepenytcst ciaou coctaBa CuAu u
Cu,. B CT CuAu B HanipaBieHUH OCH 4 YepeTytoTcsl CJION
Au, u1 Cu,. 911 1Ba CT npeo6pasytoTcst OAVH B IPYToil B
pesynbrare 3aMeHbI c10s1 CuAu Ha Au,. YropsinoueHHOe
3aMellleHUE CJI0EB B MTHOM OTHOIIIEHUH TIpeAoTpeaeis -
€T MOTeHUUAJTbHYIO BO3MOXKHOCTb ITPOMEXYTOYHBIX UJie-
HoB cepuu CT ¢ pazHbIM cocTaBoM. OnHaKoO, HaMU B 6a3e
nanHbix Takre CT moka He oOHapyxXeHbI. [Tpu nedop-
Malyu MOJURAPOB MPOUCXOIUT PACILIECTIIEHUE TO3ULIU I
0€3 U3MEHEHMS COCTaBa, HO € 3aMEHOU HenehopMUpo-
BaHHBIX CTPYKTYPHBIX (parMeHTOB Ha AeDOPMUPOBAH-
Hble. [TpuMepoM Takoro Ipoliiecca MOXeT CIYKUTh Tie-
pexoll OT MPaBUJbHBIX MOJUIAPOB K 1eHOPMUPOBAH-
HBIM.

IMopsimok u xaoc. CT ¢ HOBBIM TTOPSIIKOM Yepe-
JIOBaHUSI UHTepGENiCOB WU CJI0€B BO3HUKAIOT B PE3YJIb-
TaTe ynopsimoueHHOTro yepeaoBaHus nedekroB. MHTep-
(beiic nnm cioii Bcerma rpeacTapisieT coOO0i MOTEHIIU -
aJIbHO BO3MOXHBI neekT. PazynopsimoueHue uHTEp-
(beiicoB uu ci0€B MPUBOIUT K MEPEXOAY OT MOPSIAKA

K xaocy. OmHaKoO, ¥ ITOPSIIOK, ¥ Xa0C OOYCIIOBJICHBI ITO-
TEeHLIMAJIbHOI BO3MOXKHOCThIO 00pa3oBaHusl 1e(heKTOB.
Yucio cnocodboB 00pa3oBaHUs U BUAOB Ae(DEKTOB OT-
paHUUYeHO, MO3TOMY TMOTeHIIMaIbHAasl BO3MOXHOCTh
Xaoca ¥ Topsinka mpenonpeneieHa. OTciona ciemayeT
oobenuHeHue mo3unmuy Y. P. lapsuna (1809—1882)
JI. C. Bepra (1875—1950). lapBuH Ipearioaarai, 9To
nedexTol (MyTauuu) caydyaiiHbl, a bepr cuuran ux 3a-
KoHOMepHBIMU. C HaIllelt TOYKH 3peHMS, 1eDEKTHI IIpe-
TOIIpEeCIICHBI CTPYKTYPOl 00BhEKTa, a CIIYIYaiHOCTb —
BpEMEHEM U IIPOCTPAHCTBOM COOBITHSI.

Dpoonus. OcyliecTBIeHUE 9BOJIOLUHU B 1100001
CHCTEME 3aKJTFOYAeTCsI B IIEPEX0ie OOBEKTOB OT ITPOCTHIX
K CJIOKHBIM U OT HU3KOOPTaHU30BaHHBIX K BEICOKOOP-
raHM30BaHHBIM. B mepBoM ciiyyae MpoucXoauT yBeau-
YeHUe apHOCTU, O0YCJIOBJIEHHOE YMEHbIIIEHUEM UIEH-
TUYHOCTU. Bo BTOpOM ciTydae mMeeT MecTo KaueCTBEH-
HBIIA Iepexon. K mpocTeiM 00beKTaM OTHOCUM Te, B KO-
TOPBIX WX COCTABIISIONINE MAaKCUMAIBHO MIACHTUIHEI.
9to CT ¢ KybuuecKoil rpaHeLIECHTpUPOBAHHOM, TIPO-
CTOI, 00BEMHOLIEHTPUPOBAHHON yrakoBKoii, T. . CT
Cu, a-Po, a-Fe. Otu CT 1 ux aToOMbl UMEIOT HaUBbIC-
myio cummerpuio Fm3m, Pm3m, Im3m. HauGonee npo-
CThIe 00BEKTHI IMEIOT Han00JIee BBICOKYIO CUMMETPHIO.
B nipupojie mponcxoauT MOBBIIICHHE CIIOKHOCTH 32 CUET
MOHMKEHUS UACHTUUYHOCTHU Y MOHMXKEHUSI CUMMETPUM.
DTOT MPOLIECC OCYLIESCTBISIETCS B Pe3yJibTaTe yBeIYe-
HUS apHOCTU U MHOToOoOpasus. Konnuectso 1 — 4-ap-
HbIX HOopMYT KO3(DPUIIMEHTOB 13 1 — § pa3HbIX UHIAEK-
coB paBHO 8, 28, 56, 70, Bcero 162 u u3 mo0bx 1 — 8
nHaekcoB — 8, 36, 120, 330, Bcero 494. Ilpu yBennue-
HUU apHOCTH U OECITOPSIIKE KAYeCTBEHHBIN COCTaB yC-
JIOXKHSIETCSI, OHAKO COCAMHEHUE OCTACTCSI CAMUM CO-
0011, XOTsI 1 00pa3yloTCsl er0 pa3HOBUAHOCTU. ['paHuIIa
BMJIA JICXKUT B IIpejeiax Mepbl. MICKiIroueHre cCoCTaBJIsI-
10T TBEPAbIC PACTBOPHI BHEAPEHUS -BEIYUTAHUS C U3ME-
HEHMEM uucia no3uiuii. B aTtom ciyyae obpasyoTcs
pasHoBuaHocTu HOBBIX CT, a ciemoBaTeibHO, HOBBIX
MUHEpaTbHBIX BUIOB.
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PasnnyHble npeacTaBnieHnst peasibHbiX GOPM KPUCTaIIOB

. T'. CreneHILIMKOB
I'l KHILI PAH, Aniatutsl, dm 706390@mail.ru

PaccMoTpum hopMy KpUCTaIJIOB MUHEPAJIOB, O]
KOTOpO¥i Oy/lieM MOHUMATh OTPAHKY KpUCTaJLJIa, ONpe-
JIEJIEHHYIO €T0 BHYTPEHHEN CTPYKTYpPOW U YCIOBUIMU
pocta. [1py 5TOM OrpaHUYNMCS 8bINYKALIMU, NAOCKOPAH-
HbIMU VI 3AMKHYMbIMU B TIPOCTPAHCTBE (PopMaMU.

B M30TpONHBIX YCAOBUSIX KPUCTAILI, HECYIIMIA Ha
cebe rpaHu TOJIBKO OJHON MPOCTON KpuUcTaiorpadu-
yeckoi (popMbl, OyaeT UMETh UMEHHO 3Ty (DOpMY, TaK
KakK BCE ero rpaHy pa3BUThl OAMHAKOBO U CUMMETPHUY-
Ho. B ciiyyae aHM30TPOMHBIX YCJIOBUIA pocTa KpUCTasia
¢ TaKoii (popMoii ero rpaHu pa3BUBAIOTCSI HEpaBHOMEP-
HO W OyIyT OTJIMYAThCS YMCIIOM U JJIMHaMU pedep, co-
XPpaHsisi IPU 3TOM CBOIO B3aUMHYI0 OpPUEHTUPOBKY. [1o-
JiydeHHast (popMa oTIMdaeTcs OT MPOCTOi (hOpMbI MHOM
KOMOWHATOPUKOI MOoBepXHOCTH (puc. 1) u Ha3BaHa B [1]
peaibHOM KpucTtaorpapuieckoi (hopMoit Uiiv CoKpa-
MEHHO — peayibHO# (hopMoii. OTIMUMe 3HAYCHUS TaH-
HOTO TEPMUHA OT OOIIEMTPUHITOTO COCTOUT B TOM, UTO
3/1€Ch HE YUMTBIBAETCS CKYJIBITYpa rpaHeit Kpucraia —
BCE OHU TpeAIoaaraloTcs uneajibHO MIOCKMMU MOBEp-
XHOCTSIMU.

Puc. 1. IIpocras (cneBa) u peanbHas (crpaBa) ¢hopMbl
OKTaszpa

st Kaxkaoii mpocToii (hopMbl (I UX KOMOMHA-
LIMK) CYIIEeCTBYeT 0ECKOHEYHOE MHOXECTBO peabHbIX
GopM, KOTOPOE MOKHO OOBEANHUTD B IPYIIIHI IO KOM-
OMHATOPHOMY TUITy — YUCJY 2JIEMEHTOB ITOBEPXHOCTHU
00pa3yeMoro MHOrorpaHHUKA U CITIOCO0Y UX KOHTaKTU-
poBaHus. B kaxnoi rpynmne. YciaoBuMmcs, 4To BCe MO-
JIUBAPHI U3 OJHOM TPYMITBl UMEIOT OIHY U TY XK€ peaslb-
Hy10 (opMy, 1 HA0OOPOT, peabHast (hopmMa, COOTBET-

DD
- _/

Y
1

CTBYIOIIIasl JAHHOM TPYIITe MOXET ObITh OXapaKTepPU30-
BaHa JIIOOBIM BXOISIIIIUM B Hee moausapom. Yucio ta-
KUX TPYMIT yXe SBISIeTCSI KOHEYHBIM (XOTSI MHOTA U
OYEHB OOJIBIINM).

PeanbHasi hopMa Mo3BoJISIET NMPOAHATM3UPOBATh
BJIMSIHME AHU30TPOITMHU CPE/Ibl POCTA HA OTPAHKY KPUC-
Tajjaa — Ta WIM UHas peajibHasi (hopMa MOXET pa3Bu-
BaTbCs B OMNPENEJEHHBIX aHU30TPOMHbIX YCIOBUSIX. AJlb-
TE€pHATHBHBIH Cr1OcO0 orurcaHust GOpMbl KpUcTaslia Obul
MpeIOXKEeH B [2] — mepeuunciieHrue BO3HUKAOIIMX Ha
HUCKaXXEHHOM KpUCTajlJle, TaK Ha3blBa€MbIX, JIOXKHBIX
MPOCTHIX (hOPM, Ha KOTOPbIE PacIiafatoTcsl HepaBHOMEP-
HO pa3BUThIE TPaHU Kax 101 MpocToit popmbl. B peasn-
HOM hopMe (PUKCUPYIOTCSI MHAEKChI TPUCYTCTBYIOLIUX
Ha KPUCTAJIJIE TPAaHEH U COOTBETCTBYIOLIMI KOMOMHA-
TOPHBIM TUII.

PaccmoTpuM nojsioxkeHue peaibHOM (OpMbl Kpr-
CTaJljla Cpeau IPYrUxX Cloco0oB ero onucanus. Beero nx
HaMM HaiIeHO BOCEMb:

1. Obaux — camast 001Iast XapaKTepUCTUKA, YKa3bI-
Balolllasi HA OTHOCUTEJIbHYIO BBITSIHYTOCTb KpHCTaJljia
BIOJIb TPEX B3aMMHO-TEPIEeHAUKYJISIPHBIX HaIlpaBiie-
Huit. O0JIMK He XapaKTepu3yeT KPUCTAJLI KaK OrpaHEH-
HOE TeJsl0, a AAET MOHSATUE O €ro 001leM BUIE.

2. l'abumyc yka3pIBaeT Ha camble pa3BUTbIE TPaHU
OITHOM WJIM HECKOJbKUX MPOCTHIX KpUCTaJIOTpacduyec-
Kux ¢opM, MpUCYIIUX TaHHOMY KpucTtawuty. Kak mpa-
BUJIO, TOBOPSI O rabuTyce, MepeurcasioT UHACKCHI Tpa-
Hel npocThiX GopMm, Mpearoaras, YTo rpaHu OHOM U
TOM e (hOpMbI pa3BUTHI B PABHOU CTENEHU.

3. KombunamopHuiii mun — XapakTepucTuka ¢op-
MbI KpUCTaJLJIa, 3a1al0111ast YUCJIO U CITOCOO KOHTAKTU-
poBaHUsI BepllnH, péoep u rpaHeii. OHa HE UMeeT Mpsi-
MOT0 OTHOLIEHUS K KpUcTajuiorpaduu, Tak Kak He 3a-
naet opMbl KpUcTailjia u TeM 060Jiee — OPUEHTUPOBKU
rpaHeil. E€ moCTOMHCTBOM SIBJISIETCSI MTPOCTOTA MpeEa-
CTaBJIEHUSI B MaTeMaTUYeCKUX TepMHUHaX (MaTpulia
CMEXXHOCTU BEPIIMH, MaTpULIA UHALUUASHINI BepIIMH
1 p€dep), UTO MO3BOJIIET paboTaTh ¢ KpUcTaiorpadu-
YyecKoil mHbopMalueit cpeacTBaMyu MaTeMaTuKu U, B
YACTHOCTH, ONPEEsATh BUAUMYIO (MAKCUMaIbHO BO3-

Y
3

Puc. 2. ITpumep Tpéx peanbHbIX GopM oKTasapa. PopMbl, 00beIUHEHHBIE TTOI OMIHUM HOMEPOM KOMOMHATOPHO 9KBUBA-
JIEHTHBI
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MOXKHYIO JUISI TaHHOTO KOMOWHATOPHOTO TUIAa) CUMMET-
pUIO KpUCTaJJIa UIW TTOJIyYaTh KOMOMHATOPHBIE TUTIBI
KPUCTAJLJIOB ¢ PUKCUPOBAaHHBIM HAOOPOM BEPIINH, Ipa-
Helt unu peodep.

4. PeanvHas ¢popma paccMoTpeHa Boile. O4eBUI-
HO, YTO peajbHasi (hopma Mo3BoJIsIET 00JIE€ TTOJTHO OIU-
CBhIBaTh KPUCTAJLI, YeM 2-i1 1 3-1i CITOCOOBI, BKITIOYast KaKk
KpucTajuiorpaduyeckyio, Tak ¥ KOMOMHATOPHYIO WH-
dopmanuto. Bmecre ¢ TeM, peanbHas (popMa He PUKCH-
pYyeT cTerneHb Pa3BUTHUsI TpaHeil U He TOUHO OMUCHIBAET
reoMeTpHUIO KpucTasia.

5. Pazeépmka — rpacdudeckoe uzobdpaxkeHue rpa-
Hel KpucTasula, ¢ yKazaHueM UX (hOpMbl U MOPsIAKa CO-
eAMHEHUs. DTO JOBOJBHO PEAKWIl TUIT OMUCAHUSI, HE
JAIOLIUI HATJISIIHOTO MpeicTaBlIeHus1 00 ob1ieit hopme
KpUCTasla v MPUMEHSIeMblii, CKopee, IJIs1 TOJTHOTO OTO-
OpakeHUsT CKYJBITYPHI €ro TpaHeii [3, 4].

6. IThowadu epaneii. DTOT CITOCOO UCITOIB3YET TEO-
peMy MUHKOBCKOT0, COTJIACHO KOTOPO¥ BBIMTYKJIbIiA MHO-
TOrpaHHUK OJHO3HAYHO OMUCHIBAETCS IUIOLIANSIMU U
OpPMEHTUPOBKOI1 ero rpaneii [5]. 1o aToit nHGopMaumn
MOKHO BOCCTAHOBUTb TOUHYIO (hopMy KpucTaiiia. [1pe-
MMYILIECTBA OMKMCAHMS 3aKJII0YAIOTCS B JIETKOM Ompe/ie-
JIEHUU BCeX MapaMeTPOB U UX KPATKO 3aMUCH, HEOCTAT-
KU — B HEOOXOJMMOCTHU CIELIMATIbHBIX KOMITbIOTEPHbBIX
MIPOrpaMM JJIsi BOCCTAHOBJIEHUSI (HOPMBI KpUCTAJLIA.

7. Anaaumuueckoe onucanue. Kaxnasi rpaHb Omnu-
chiBaeTcsl ypaBHeHueM Buna Ax+By+Cz+D=0, ruoe
(A; B; C) — mexapToBBI KOOPIMHATHI HOPMaJIU K IpaHU,
a D — napameTp, 3a1al0111ii yiajJeHue rpaHy OT Havaja
KoopauHaT (IleHTpa KpucTajia). DTOT CITOco0 MO3BO-
JisieT paboTtath ¢ popMoit KprcTaljla METOJJaMU CTEPEO-
METPUU U aHATTUTUYECKOI FeOMETPUH.

8. Ckanuposanue — 3anuchb opMbl KpucTasia ye-
pe3 yKazaHue MPpOCTPaHCTBEHHbBIX KOOPAMHAT BCEX TO-
YyeK ero MoBepXHOCTU. 11 3TOro mpruMeHsieTcsl Jiazep-
HOe CKaHUpOBaHue, GUKCUpPYIOlllee C HEKOTOPBIM 111a-
I'OM BC€ TOUKH MOBEPXHOCTU KPUCTAILIA, YTO MMO3BOJISIET
3aUKCUPOBATh Jaxe TOHKYIO CKYJIBITYPY €ro rpaHeii.
K HemocTaTkaM MOXHO OTHECTHU 00JIbLION OOBEM OIU -
CaHusl, HEOOXOIUMOCTb CIIELIMATIbLHOTO 000PYA0BaHUS U
MPOrpaMMHOTro 00ecIieueHusl 711 UBMEPEHMST U BOCCTa-
HOBJIEHUs (POPMBI KpUCTaJLIA.

Kaxnbiit u3 crioco6oB onucaHust GUKCUPYET OIT-
penenéHHbIi Habop mapaMeTpoB (OPMbl KpHUCTaia.

.

OnHO U3 oNMCcaHUi MOXET BKJIIOYaThb B COBOKYITHOCTD
CBOMX MapaMeTpOB Bce MapaMeTphbl U3 APYroro omnuca-
HUSI, U TAKUM 00pa3oM, ObITh MH(OpMaTUBHEE MOCIIe-
nHero. Eciin 0603HaUMTh TaKy10 B3aMMOCBSI3b «I10 BKJTIO-
YEHUI0» CTPEJIKOU (0T MeHee MH(POPMATUBHOTO ONKUCa-
HUS K 60Jiee ”THPOPMATUBHOMY), TO IMOJYYUTCS CXeMa,
rmokazaHHas Ha puc. 3. [IyHKTHpHBIE CTpeIK! O3Haya-
10T, YTO YKa3aHHas CBsI3b BLITIOJIHSIETCSI He Beeraa. JIBoii-
Hasl CTpesjKa MeXIy rabuTycoM M peajibHOl (hopmoit
0O3Hayaet, 4YTo MH(pOopMaTHBHEE MOXET ObITh KaK OHO,
TaxKk U Ipyroe ornuvcaHue.

CkaHupoBaHue
3
- Mno n | | AHanurnueckoe
Passeptka “‘af‘
rpaHen onucaHue

KombuHaTopHuit
™R

Puc. 3. BzanmocBs3b onvcanuii GopMbl KprcTaia

Cr1oco0bI oncaHus 5—8 aBJsIIoTCs crienupuiec-
KHWMU 1 HE UMEIOT IIUPOKOTO puMeHeHUs1. CBI3U MEX-
11y OOJIMKOM M TaOUTYCOM, a TaKXKe MEXIy KOMOMHATOP-
HBIM TUTIOM U peasibHOM (POpMOIi MPOCTHI /11 TOHMMA-
Husl. [[abuTyc HEeIBHO comepXUT MH(pOPMALIMIO O Te0-
MeTpUYECKUX TMapameTpax Kpuctasuia (pu3mMaTuyec-
KU, TUNUPpaMUIATIbHBIA, pOMOO3IpUUECKUIi, KyOrdec-
KU U Ip.), @ BHEKOTOPBIX CIydasix Jaxe OTOXIECTBIsI-
ercs ¢ 00JMKOM Kpucrtaa. KoMOMHATOPHBIN TUIT XK€
SIBJISIETCSI COCTaBJISAIONIEN peaibHOU (popMbl. [LJist rabu-
Tyca KOMOMHATOPHBIN TUIT HE BCETAa OMPEneeH ONHO-
3HAYHO, KaK IT0Ka3aHo Ha puc. 4.

TToapoGHbI aHAIM3 B3aMMOCBSI3U PA3JIMYHBIX O~
caHui (hOPMbI KPUCTAIIOB MOXKET AAaTh IOMOJHUTEIbHYIO
nHMOpMaIIo, BaXHYIO JUIsl UX UHTEPITPETalMy C TOUYKHU
3pEHUsI MEXaHU3MOB U YCJIOBU1 00pa3oBaHMsI.

J/

1

—
2

Puc. 4. Kom6uHaTOpHO OMHO3HAYHBIN KyOuueckuii rabutyc (1) 1 Tpu KOMOMHATOPHO pa3iudHbIe (OPMBI C KyOOOKTa-
9IPUYECKUM rabuTycom (2)
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B 3aximioueHIEe OTMETUM, UTO IIEPEBOJ KAUeCTBEH-
HBIX XapaKTEPUCTUK TeOJIOTUIECKUX O0BEKTOB Ha KOJIM -
YECTBEHHbIN YPOBEHbD SIBJISIETCSI HE YeM-TO U3 Psifa BOH
BBIXOJISIIIIUM, a CKOpee CIeICTBUEM CBOEOOPa3HOIo Iy-
ayM3Ma: Jiro00e KaueCcTBO PaHO WIIM TTO3HO OIICHUBACT-
csl B YMCJICHHBIX BEJIMIMHAX, 1 HA000OPOT — KOJIMYIE-
CTBEHHBIC XapaKTePUCTUKHN OOBEAMHSIOTCS B OTICIBHBIC
0J10KU, MHTEPBaJIbl, 30HbI (Hampumep, (pa3oBbie guar-
pPaMMBI) | T. II., K&XKIBIM 13 KOTOPBIX ITPUITHCHIBACTCS
Ka4eCTBCHHBIN ITPU3HAK.
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MI/IHepaJ'IbeIe KBa3UKPUCTAJIbl: NOYEMY OHM CYLLECTBYIOT U MOTYT JIN OHU

ObITb FEOXMMNYECKUMU WHAUKATOpaMun

B. JI. Taycon, A. H. Canoxunukos, C. H. [llunkapena, C. B. JIunko
HNUTX CO PAH, Upkyrck, vitauson @igc.irk.ru

B cBs131 ¢ BO3pOCIIMMU MHCTPYMEHTAIbHBIMU BO3-
MOXHOCTSIMU MUHEPAJIOTUHU, B YACTHOCTH, BbISIBJICHUEM
BCE HOBBIX MUKPO-, a TENEPb YK€ U HAHOMUHEPAJIbHBIX
0o0pa3oBaHU1, BOSHUKAET PSifl CEPbe3HbIX TPObJIeM (PyH-
JNAaMEHTaJIbHOTO XapakTrepa. Tak, 0OHapyXeHbl KpUCTaJI-
JIbl, He o0Jsiajalolie TPaHCISIUMOHHOM CUMMETpUEl B
(bnzmyeckom TpexmMepHOM MPOCTPAHCTBE, HO 0Opa3yIo-
11I1€ KOTePEHTHYI0, BICOKO YIOPSIIOYEHHYIO CTPYKTYDPY,
YTO MOATBEPXKIAETCS YeTKMMU, HE pa3MbITIMU U (DpaK-
LIMOHHBIMU KapTUHaMU. S pKUM MPUMEpPOM TMOAOOHbBIX
CTPYKTYp SIBJISIETCS KyOudecKuii 1a3yput u3 [1pubaiika-
JIbsl ¢ HECOpa3MEepHOU TpeXMEPHO MOIYJIUPOBAHHOM
(HTM) ctpykTtypoii. CunycouaanbHast 3D-Momyasiiusi ¢
MO3ULINIT KOHTUHYaIbHOI TE€OPUHU YIIPYTOCTHU SIBJISIETCS
HEYCTOMYMBOM, MOCKOJIbKY IS HEE HE BBITOJHSIIOTCS
YCJIOBUSI MEXAaHWYECKOTO PABHOBECHS YIIPYTOMl CpElbl.
Mexay TeopeTU4ecKoii HeCTaOMIbHOCTBIO 3TOI (DOPMBI
U ee IIIMPOKUM Pa3BUTUEM Ha JIa3ypUTOBBIX MECTOPOXK-
nenusix baitkansckoro pernona (IToxadbuxa, ManoObIicT-
PUHCKOE) CYIIIECTBYET OUeBUAHOE ITpoTUBOpeure. CUTy-
allMsl BBITJISIIUT TeM OoJiee CTpaHHOI, YTO cucTema obJ1a-
JaeT IUMPOKMMU BO3MOXHOCTSIMU [1J151 TOTO YTOOBI 10C-
TUYb COCTOSIHUSI pABHOBECHUSI ITyTEM TMpeBpalleHU, hak-
TUYECKU He 3aTparrMBarolx 6a30Byl0 KyOUUECKYIo CyOnsi-
yeiiky. Takue mpeBpalleH1sI MOTYT COIPOBOKIATHCS Te-
pepacrnipeneneHueM GopM cephl B MOJOCTIX CTPYKTYPbHI
[1]. CoxpaHeHue BMeCTO 3TOro «ypojiuboit» HTM-
CTPYKTYPBbI NPEACTABISIETCS NAPATOKCATbHbBIM.

B ar10i1 ipobsieMe Mbl BBIACIWIIN JBa acliekTa: 1) Me-
xaHu3M obpaszoBanust HTM-na3ypura u 2) ycioBus co-
XpaHEHMSI €ro CTPYKTYPbl 1 00paTUMOCTb (BO3MOXHOCTh
BoccTtaHobieHus ) HTM. Mcnionb3yeMbie MeTOABI: (PU3U-
KO-XMUMUYECKUI 9KCIEPUMEHT B KOHTPOJIUPYEMbIX YCIIO-
BMSIX IO (DYTUTUBHOCTSIM JIeTyuHX (S,, O,, SO,), peHTre-
HOBCKasl (hOTORIEKTPOHHAST CIIEKTPOCKOIMUS JIsT KOHT-
pouist hopM cepbl, aTOMHO-CUIOBast MUKPOCKOITHSI, Tep-
MUYECKUU aHAINU3, COTIPSIKEHHBIN C MacC-CIEKTPOMET-
pueii, BeIcoKoTeMIiepaTypHasi peHTreHorpadus.

B pe3ynbTare ObLIHU MOTyYeHbI TOKa3aTeIbCTBA PO-
croBoro npoucxoxneHuss HTM-cTpyKTypbl KyOuuecko-
T0 JIa3ypuTa U OINpeneeHbl MPUUMHA U YCJIOBUS €€ yC-
toitunBoctH [2]. HTM Bo3HMKAaeT B pe3yJIbTaTe dBOJIIO-
LIMY AUCCUTIATUBHOM CUCTEMBbI, IPEICTaBICHHOM O10Ka-
MM, CTPYKTYpa KOTOPbIX MOIYJIMPOBAHA IO/ BO3IEHCTBU -
€M MepUOoANYECKOI OKMCIUTEIbHO-BOCCTAHOBUTEILHOM
peakuyu cephbl. Takasi cucTeMa Morjia BO3HUKHYTb B [TPO-
1ecce OuMMeTacomMaTo3a Mpu AUCIIePrupoBaHUM U 3aMe-
LLIEHUU MUKpOKJIMH-TiepTUTa. [1pn remneparype < 550 °C
OHa COXPaHSIeTCsI B COCTOSIHUU BBIHYXXIEHHOTO PABHOBE-
CUSI TI0 MPUYMHE OTCYTCTBUSI B3aUMOIEHCTBUS MEXKIY
AHMOHAMMU Cepbl coceqHUX mnojocteit. CyoKOITOUIHbIE
0JIOKM TaKOM CTPYKTYPbI ITPOSIBJISIIOT CAMOOPTaHU3ALIU IO

1 CBS3BIBAIOTCS APYT C APYTOM XMMUYECKUMU CBSI3SIMU
MOCPEJCTBOM MOJIEKYJl U MOHOB, PACIIOJIaralonIuXcs B
MEX0JIOUHOM MPOCTPAHCTBE (IT0csie 00pa30BaHMsI KBa3U-
KpHCTaJlJla — B TPAaHUIIAX CTPYKTYPHBIX JOMEHOB). «CBSI-
3yIOLIME» XMMUYECKME YaCTULIBI MOTYT OBITh MPEACTaB-
JIeHBl BoccTaHOBIEHHBIMU (popmamu cepel (HS™, H,S n
IIp.) U, BOBMOXHO, azota. [1p1 HarpeBaHUM KpUCTALIIOB
HTM-na3ypura B moToKe BO3/1yXa OHM HAUMHAIOT OKMC-
JISITBCST TIPU TOpa3fo 0ojiee HU3KUX TeMreparypax, YemMm
cepa MoJOCTHBIX aHMOHOB, TTPU 3TOM HabJII0AaeTCs YeT-
KW cUTHaJ 1o MaccoBoMy uuciy 64 (Beixon SO,) u 60-
Jiee cnaowiii o ynciy 30 (BepositHo, NO).

Ha naHHoM mpumepe KyOMYECKOTO Jla3ypuTa U3
[Mpubaiikaabs U ero «moaMMOpGhHBIX» PA3HOBUIHOCTEMH
BUAHO, 9TO Si-O-Al-KapKac cogaIuTonog00HbIX MUHE-
paJIOB, CUUTABIIMIACS TOBOJILHO XXECTKMM, HA CAaMOM
neJie J1erko neopMUpyeTcsl U MpUCcnocadiamBaeTcs K
3aHUMAIONIUM CTPYKTYPHBIE MOJOCTU KJIACTEPHBIM
MoHaM. DTO MPUBOIUT K 00paTUMOCTHU nedopMalu
Kapkaca ¥ BO3MOXXHOCTU BOCCTAHOBJEHUS MOIYJISILIMUA
MpU OTpeeSeHHBIX ycI0BUsIX. C MOMOILbIO BBICOKOTEM-
rnepatypHoii peHTreHorpacduu (HarpeBatejbHas siueii-
ka HTCI16 pentreHosckoro audpakrtoMmerpa D8
ADVANCE ¢upmbr «Bruker», UT'’X CO PAH), takoii
npoliecc HaOMoaaICs IIPU HATPEBaHUU U TTOCIEAYIOIIEM
oxnaxnaeHuu oopasia HTM-nasypura [3].

Boccranosnenue HecopasMepHoit 3D monynsiiuu
MPOTUBOPEUYUT KJIACCUIECKON TEPMOAMHAMUKE,, TOCKOJTb-
Ky O3HAYaeT CaMONPOU3BOJIbHbIN MEPEXO]l CUCTEMBI U3
CTaOMJILHOTO (0€3 MOIYJISILIMM ) B METACTAOMILHOE COCTO-
stHue. [1prunHa 3aKitoyaeTcst B TOM, YTO CUCTeMa Cofiep-
JKMUT 3aMaCeHHYI0 9HEPIUIO CTPYKTYPbI YITOPSA0UEHHbIX
kiactepoB. [1pu cCHATUM MOYISIMY KapKaca OHa HUYEM
He KOMIIEHCUPYETCsI, HO €CJIM KJIacTepbl HE MOTYT WU
He yCreBaloT MeperpynnrupoBaThcs, 3Ta JJaTeHTHAs HEP-
I'UsI MOKET BbI3BaTh HaBeEHHYIO JehopMaliiio KapKaca,
CTpeMsICh peain30BaTh IHEPreTUUECKUI OaTaHC B CTPYK-
Type — COCTOSIHUE BBIHYKICHHOTO paBHOBecusl. B ycino-
BUSIX OIpaHUYEHHON MOABUXXHOCTU KJIACTEPOB, UHOTO
MyTU €€ peausalu He cyuiecTByeT. Ho mockosibKy HeT
U repepacrpeneaeHus KJacTepoB U Hapy1LIeHUs COOTHO-
IIEHUI OKMCIIEHHOW M BOCCTAHOBJIEHHOM CEpBI, TO, CO-
[JJACHO pacyeTam M0 TEOPUHU BbIHYKAEHHbBIX PABHOBECUIA,
peanusyeTcs TOT XK€ TUI MOAYJISILIMK. DTO MepBoe 10Ka-
3aTeJIbCTBO TOT0, YTO COCTOSIHME BHIHYKIEHHOTO PAaBHO-
BECUSI MOXKET ObITh MOJHOCTHIO 00OPAaTUMbIM, B UeM paHee
UMEJIUCh COMHEHUS [4].

ITpu HeBbICOKMX TeMmIlepaTypaxX OCHOBHYIO pOJib B
CcO3JaHUU B 0a30BOI CTPYKTYpe MEPUOINUECKUX XUMU-
YECKUX MCKaXKEHMI UTrpaeT MOACTPYKTYpa MeXKapKac-
HbIX MIOHOB. [ MOKMI KapKac mpucnocadanuBaeTcs K HE,
€03/1aBasi COOTBETCTBYIOLLIME TEOMETPUUECKUE UCKAKEHUSI
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CootHomenne (popm cepsi B 00pasnax HTM-na3ypura m-aust IToxaduxa u oneHKy 1J1 HUX (DyTHTHBHOCTE#
Kuciaoponau SO,

ConepxXaHusi aHUOHOB CePbl

OJng o fauueM POBC, ar. % Red/Ox Recé()Ox— Lg @yrutusnocru, Gap

) S S, (n>2) SO~ SO~ 3 0O, SO,
TIx1 0 8 68 24 0.09 0.12 —19 -3
TIx2 0 13 78 9 0.15 0.17 -20 -5
Ix3 9 19 72 0 0.39 0.39 <-22 <—6
TIx4 5 10 85 0 0.18 0.18 -20 —6

OCHOBHOI CTPYKTYphl. Hizke HEeKOTOpOil TemIiepaTypbl rie S, — BoccTaHOBIEHHBIE (hopMbI S*7, S)*~ ..., S O, —

T,, oxmskoit K 550 °C, mponcXoanT 30N TOJIOCTEN
CTPYKTYPHI C pa3IMYHbIM COCTOSTHUEM CEPbI; B3AUMOJIET -
CTBME YaCTHUI] COCETHMX MOJIOCTEN MpeKpalaeTcs, U Mu-
HepaJl CTAHOBUTCS «KJIaTpacuaIoM» (CUJIMKATOM C U30JIH -
POBaHHBIMU CTPYKTYPHBIMU MOJIOCTSIMU, COIEPXKAILIMMU
KJarpaTHble Tpyrribl). [Ipu 6osee BbICOKMX TeMIepary-
pax (=560 °C) cTaHOBSTCSI BO3MOXHBIMU PEAKLINKA MEXK-
JIy MOHaMU coceaHUX nosiocteit. CocTosiHMe cepbl HUBE-
JIUPYETCS, U MOIYJISILIMSI CHUMAETCS, IPUYEM TPU U -
TEJIbHOM BBIAEPXKKE, BHICOKOI TEMIIEPATYPE 1 «HEOJIAror-
pusATHOI» akTUBHOCTU SO, CBEPXCTPYKTYpa KJIaCTEPOB
Ppa3ynopsiI0YMBaETCs U MOIY/ISILIAS CHUMAeTCs Heobpa-
tumo. Hike 550 °C kapkac c:xkuMaeTcsi 1 BHOBb ITPUCIIO-
cabnmBaeTcsl K KOH(QUTYPAalWK TOJOCTHBIX KJIACTEPOB
(ocTaBiieiicss HEM3MEHHOM, eciiu TemIiepaTypa u (Wiamn)
BpeMsI OTKHUTa ObLTA HEIOCTaTOYHBI), TPUXO/S B YCTOM -
YHUBOE COCTOSTHHE BBIHYKIEHHOTO paBHOBecusl. [1o cMbic-
ay T, — aT0 TOYKA IEepexoa TUIIA MOPANOK-0eCIOpsAI0K
B CBEPXCTPYKTYpe MOJIOCTHBIX KJIACTePHBIX KaTUOHOB.
OTCyTCTBHE B3aUMOACHCTBUS MEXITY TTOJTOCTHBIMU MOHA-
My HIKe T, esaeT BO3MOXKHOMN OLIEHKY OKMCIUTEIbHO-
BOCCTAHOBUTEJILHOTO COCTOSIHUSI CUCTEMBI M aKTUBHOC-
Teli ra30BbIX KOMITOHEHTOB UMEHHO TP 3TOM WK OoJiee
HU3KoM Temrepatype [5]. B kauecTtBe 000011IeHHO Xa-
PAKTEPUCTUKU COCTOSTHYS CEPbI B3SITO COOTHOILIEHUE BOC-
CTAHOBJIEHHBIX M OKMCJIEHHBIX €¢ (hOpM, OTIpeieJIeHHOE
U3 pEHTTEHOBCKUX (hOTOIEKTPOHHBIX CIIEKTPOB S 2p:

okucnennsie (SO, SO, S,0,).

Kpowme atoro mapamerpa, UCTIOJIb30BaH MMapaMeTp
Red/(Ox-S0O,), T. e. paccunTaHHbII 6€3 yueTa CynbpuT-
MOHA B OKMCJICHHOW 4acTH cucTteMbl. CyJlb(pUT 9acTO
MMeeT ITOBEPXHOCTHYIO IIPUPOMY, T. €. COCpedoTaunBa-
€TCSI IPEUMYILIECTBEHHO B TPAHMYHOM CJI0€ TOJIIIMHOM
HECKOJIbKO HaHOMETpOB [1]. Beiwre T, HU4TO He MOXeT
MPETSITCTBOBATD MEXKITOJOCTHBIM PEaKIIUSIM Pa3TUIHbIX
CepoCoaePKAIINX YaCTUI] M BHIPABHUBAHUIO OKUCIIH-
TeJIbHBIX COCTOSIHMIA cepbl, HUXe T, cuctema Oyner Ha-
XOIUTHCS B BEIHYKICHHOM PaBHOBECHU, U TAKOE COCTO-
STHIE MOKET COXPaHSIThCS KaK YTOITHO JOJITO BBUIY He-
TIOABVKHOCTH KPYITHBIX ITOJIOCTHBIX KJIACTEPOB M OTCYT-
CTBHIO MIOHHOTO OOMEHA MEXXIY ITOTOCTSIMU.

[IpencraBneHHBIN CITOCOO TaeT BOSMOXKHOCTB OIle-
HUTB ycJioBUs oopa3oBanuss HTM-na3yputos, B KOTO-
PBIX COOTHOIIIEHWE BOCCTAHOBJICHHON M OKMCJICHHOM
Cepbl MOXET BapbUPOBATh B JOCTATOUHO IIUPOKUX Mpe-
nesax. JlaHHbIe TaOJMIIbI YKa3bIBAlOT HA 3HAUUTEIbHbIC
Bapuanuu Red/Ox-uHIEKCOB Mpu UX 00pa30BaHUU, KO-
topsie ipu 550 °C oTBevaroT BapuauusiM (byTUTUBHOC-
teit O, u SO, 10 3 MOPSIKOB BEIUYMHBI. DTO MOATBEPXK-
JlaeT cKazaHHoe Bhilie o popmupoBaHun HTM-nazypu-
Ta B pe3yJibTaTe 3BOJIOLUUU CUJIBHO HEPAaBHOBECHOI,
TICCUTIATUBHOM CUCTEMBI TIPY YYACTUH TTEPUOTNICCKOM
(BOJTHOBOI1) OKMCIIMTEIbHO-BOCCTAHOBUTEILHOM peak-
LI CEPBI, BOBMOXKHO, peaKIIN BOCCTAHOBJICHUS CYIIb-
(at-uoHa. C gpyroii cropoHsl, akT coxpaHeHuss HTM
B KpHCTaJlJIaX CBUAETEILCTBYET O TOM, YTO OHU HE IO/~
Beprajimch Bo3aeicTBUIO Temrepartyp Boiiie ~550 °C B
TeUeHHUeE CKOJIbKO-HUOYIb 3HAUMMOTO B T€0JIOTMYeCKOM
Maciutabe BpeMEHU.
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CratucTika npaso- ¥ JIEBOBPALLAIOLLErO KBapLa

IO. A. Tkauesn
Wnuctutyt reonornu Komu HII YpO PAH, CeIkTBEIBKap

CyliiecTBOBaHUE ABYX SHAHTUOMOPGhHbBIX MOAUDU-
KalMii KBaplia U UX CIOCOOHOCTh BpalllaTh MJIOCKOCTh
MOJISIPU3alIMK CBETa cpa3y MPUBJIEKIIU K ce0e BHUMaHUe
uccaenosateneit [1, 3, 7].

Axkanemuk H. I1. FOmkwH [7] paccMaTpuBai Bot-
POC O CUMMETPHUHU B IPUPOJIE B TECHOM CBSI3U C MIPOUC-
XOXJI€HUEM XU3HU U MOAIEPXUBAI MHTEPEC K ITOM
teme. [1pemnaraemoe uccaenoBaHue MPOBEAEHO I10 €ro
WHULMATUBE U TIPU €r0 MOAAEPKKE.

Ha nepBbIX mopax mosjayyeHue HaaeKHOM cTaTuc-
TUKU pacIpoCTpaHeHUsI SHAHTUOMOP(HBIX pa3HOBU/I -
HOCTei KBaplia ObLIO OrpaHUYeHO TeM, YTO MaTepuaioM
JUJIS aHAJIM3a MOTJIM CITY>KUTh TOJIBKO XOPOIIIO OTpaHeH -
Hble KPUCTAJIBl WJIM TIJTACTUHKU U3 HUX, BhIpE3aHHbIE
MepNeHaAUKYJISIpHO ocH Tipu3Mbl. C BBOAOM B OOMXO[,
(henopoBckoro cronuka Aea10 CylueCTBEHHO YIPOCTU-
Joch. nud nnm otaeapbHOE 3€pHO YCTAaHABIMBAETCS
MEXIy MOJIyIIapUsIMU CTOJIMKA, OPUEHTUPYETCS ONTH -
YeCcKOi oChlo KpUcTasula BAOJb ONTUYECKOM OCU MUK-
pockorna. [Tpu BIBUHYTBIX OJISIpPU3aTOPE U aHAJIU3aTO-
pe BpallleHUeM MoJisipu3aTopa 36pHO CTAaBUTCS Ha Mora-
canue. HuKou npu aToM 0Ka3blBalOTCSl HE CTPOTO CKpe-
1eHHbIMU. OTiInyue yria rnoracanus ot 90e ykasbiBaeT
Ha yroJl MOBOPOTa IJIOCKOCTH TMOJISIpU3ALUU KBapLEM.
Jna KBaplia OH MOCTOSIHEH M 3aBUCUT JJISI BUAMMOTO
CBeTa TOJIbKO OT TOJIIIUHBI 1irda uau 3epHa. Uccie-
Jyst UMMEPCUOHHBIN MpernapaT ¢ COTHel 3epeH Ha (e-
JIOPOBCKOM CTOJIUKE, MOXKHO SKCITPECCHO HabMpaTh He-
00XonuMblii 00beM JaHHBIX. B nanbHelilemM auarnoc-
THUKa JIEBOTO Y MTPABOro BpallleHUSI TOMOJHUIINCh, B Ya-
CTHOCTH JIJISI MUKPOKPUCTAJJIOB KAOJIMHUTA, (PUKCALIU-
eii DHAaHTMOMOP(MHBIX (PUTYp TpaBieHUs [6].

®usrkaM 1 KprcTaurorpadaM M3BeCTHO, YTO Bpa-
1LIeHME TIJIOCKOCTHY MOJISIpU3alMM BbI3BAaHO HAJTMYMEM B
KPUCTALIMYECKON pellieTKe BUHTOBBIX CTPYKTYp B pac-
MOJIOXKEHUM aTOMOB WJIM UX IpyIin. B kBaplie TakoBbIMU
SIBJISIIOTCS KPEMHEKUCJIOPOHbBIE TETPA3APhl — «KUPMU-
4K», U3 KOTOPBIX MOCTpoeH MuHepai [7, §8]. B HexxuBoii
NIPUPOJe KpOMe KBaplia CyIECTBYET LEbIii psil Bpalia-
IOLIMX MUHEPAJIOB, CPpeN KOTOPBIX 0CO0O0 OTMETUM Ka-
OJIMHUT, KakK IIMPOKO PaclpOCTPAHEHHBINA B 36MHOM
KOp€, 1 TICOMUT, C KPUCTAJLIM3ALUE KOTOPOTO U3 BOJI-
HBIX PACTBOPOB MOXKHO 3KCIIEPUMEHTUPOBATH ITPU KOM -
HaTHOW Temriepatype [4, 5].

BUHTOBBIE CTPYKTYpHI CYLIECTBYIOT HE TOJBKO Ha
YPOBHE KPUCTAIINYECKON pelIeTKr, HO U Ha YPOBHE
OT/IeJIbHBIX MOJIEKYJI, €CJIM OHU JOCTAaTOYHO CJOXKHBI.
TaxkoBbI MOJIEKYJIBI cCaxapa, KOHLIEHTpaLUI0 KOTOPOTO B
BOJIHBIX pacTBOpaXx OIMpPeAeIsIIOT IO MPONOPLUUOHATBHO-
MY YTJ1y BpallleHUs TUIOCKOCTH ToJisspu3auuu. B otiaum-
yye OT MUHEPAJIOB HEXMBOM MPUPOJBI, BpalllaloIInX
KaXXIIblii U BITPaBO, 1 BJIEBO MPUMEPHO B PaBHBIX MPO-
MOPIMSIX, BCE CO3JaHHbIE XXM3HbIO BpalllalOlI1e BELIE-

CTBa BpalllaloT TOJbKO B OHY CTOPOHY, CBOIO [IJIST KaX-
JIOr0 OPraHMYeCcKOro BelecTBa. BHavyane Takoe noso-
>KEHUE BbI3bIBACT yAUBICHUE, KaXeTCs MapagoKcaib-
HbIM, HO TIPOCTbIE€ PACCYXIEHMST YOEXKAAl0T, YTO TaK
JIOJIKHO OBITh, YTO MHAYE HY 3aPOXKIECHUE XXU3HU, HU €€
CyI1IECTBOBaHUE ObLTM Obl HEBO3MOXKHHBI.

B oTcyTcTBME OpraHMYecKOro M1pa a) BeposiTHO-
CTU BCTpeUYU (CTOJKHOBEHMSI) HYXKHBIX IJISI IPABOTo 1
JIEBOrO BUHTA IPYIIIT aTOMOB OIMHAKOBbI HE3aBUCHMO OT
TOT0, TOCTaBJISIETCS JIM MaTeprall 1Sl XMMUYECKOM pe-
aKLWUW WY KpycTauusauuu nuddysueii, KOHBEKLIHUe,
CWJIOM TSIKECTU MJIM KaKUMU-JIMOO0 APYTUMU (hU3NYEC-
KUMM cuIaMu, 0) CIydaitHbli BBIOOD HATlpaBIeHUST BUH-
Ta CTPOTO COXpaHsIeTCs B Mpeesiax pacTyIlero 3epHa u
HUKAaK He BJUsET Ha U3MEHEHNE CUTYalluU B TTOCJIEAYIO-
II1€ MOMEHTBI BDEMEHU B OKPYXKAIOIIIUX 3€pHAX, B) 3a-
POAMBIIMIACS BUHT IPU CBOEM POCTE UCIOJb3YET OM-
HaKOBbIE CTPOUTEJIbHBIE €IMHUIIBI HE3ABUCHUMO OT TOT'O
MpaBbIii OH WK JIEBbIi, CIe10BaTEIbHO OH HE 00€IHSIET
1 He oboraiaer cpeny KaKuMu JIMOO CTPOUTETbHBIMU
aJIeMEHTaMU, T) 3apOJAMBIIUIACS BUHT «HACIEIyeTCs»
TOJILKO B ITpeieaX OMHOTO MOHOKPUCTALIMYECKOTO 3ep-
Ha. DTU 0011IMe pacCyKIeHUsI, KAKUMU Obl OYEBUIHbI-
MM OHM He€ KazaJlUCh, TPeOYIOT 3KCHEPUMEHTAIBHOIO
MOATBEPKIEHUS Y BBICOKOTOYHOM MPOBEPKU CTATUCTU -
4eCKoii runotesel P, = P, 4TO BBIMOJHUTE HE MPO-
CTO 13-32 HEM30EXKHBIX IOKATbHBIX aHOMaIUIA. Jlaee Mbl
OINUUIEM CTATUCTUYECKYIO TPOLEAYPY UCKITIOUEHUSI Ta-
KUX aHOMAaJIUH.

B oprannyeckom MUpe 1o 3aKOHAM HACJIeICTBEH-
HOCTU HamnpapJeHUE BpallleHUsI MHOTOUYMCIEHHBIX BUH-
TOB MepenaeTcsl He TOJbKO MPSIMOMY HACIeAHUKY, HO
pacmnpocTpaHsieTCsl Ha BECh XKMBOTHbBIN U paCTUTEIbHbBII
MUDp, o0ecrneuynBasl B3aMMHYIO TTO€JaeMOCTh B Oecuuc-
JICHHBIX 3aMKHYTBIX MTUIIEBBIX LIeMoukax. Be1oop, ObITH
JIM KaKOMY-JT100 OpraHM4eCcKoMY BellleCTBY ITpaBO- WIU
JIEBOBpALIAIOLINM, MPUPOJIA COBEPIIAET €AMHCTBEHHBII
pa3 CIIOHTaHHO C PaBHOI BepOsITHOCTHIO. B yxxe «3ary-
HICHHOW» XXU3HU HaMpaBJeHUE BPALEHUS B OUePEIHOM
BEIIECTBE OpraHU3Ma OIpeessIeTcs] OMHO3HAYHO Tpe-
NBIAYIIUMM CTAIUSIMA CUHTE3a BELIECTB IO 3aKOHAM
CTEpeoXuMUU. BepossTHO, MOMBITKY MPUPObI 3aITyCTUTD
JKM3Hb ObLTM MHOTOUYMCJIEHHBI C pa3HbIMU HAIIPABJICHU -
SIMM «TI€pBOHAYaJIbHOTO» BUHTA. HeT HUKaKkux ocHOBa-
HUI mojaraTh, YTO KaKOK-1100 BpalllalolInii MUHEpa
MOT ChITPaTh B BLIOOpE HaNpaBIeHUs BpallleHUsI Hauaslb-
HOTO BMHTA OPraHUYEeCKOro MUpa pelIaolyto poJib Mo
CJIEYIOLIMM COOOPAKEHUSIM.

B otanune oT obpazoBaHUs (CUHTE3a) MPOCTHIX
BEIIIECTB HEOPTraHUYECKOTO MUPa B 00pa30BaHUU Opra-
HUYECKUX BEIIECTB, COCTOSIINX U3 KPYITHBIX CTOXHBIX
MOJIEKYJI, POJIb IHEPTETUYECKOro OaiaHca 00pa3yoLIuX-
CsI BEILIECTB YMEHBIIIAETCS U YBEJIMUMBAETCS POJIb 00Jb-
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1€l UJIM MeHbILIeil BEepOSITHOCTU CIIOHTAHHOM BCTpeun
HEOOXOIMUMBIX TPy aTOMOB. [105TOMY Cl10KHBIE BELIe-
CTBa 00pa3yI0TCs MPEUMYIIECTBEHHO B HECKOJIBKO CTa-
WA, M Ha KaXXI0¥ cTaguy o0ecreuynBaeTCsl MaKCHUMallb-
Hasl BEPOSITHOCTb BCTPEUYM HYXKHBIX (PparMeHTOB KOHEY -
HO MosTeKyJbl. O4eBUIHO, YTO 3P HEKTUBHBIM CIIOCO-
O0M cOOpPKHM MOJIEKYJIbI SIBJISIETCSI TOTOBBIN Tpadaper,
1mabaoH. Cpady BO3HUKAET BONIPOC, KAKOU pA3MepHOCIU
wabaon Haubonee s¢pghexkmusen. OTBET Hajga cama Ipupo-
nma — nquHelHbIn. TakuMm nradmonoM gsisgercss JHK —
JIMHENHas CTPYKTYpa U3 IByX HUTEl, OOBUTBIX IPYT BOK-
PYT Ipyra U COeIMHEHHBIX IPYT C APYTOM IepeMbluKa-
MU Hamoao0ue 3aCTeXKU-MOJHUU. B Hy>)KHbIE MOMEH -
Thl BPEMEHU MOJIHUSI «pacCTeTUBaeTCs» U MOcaenoBa-
TEJIbHO OCHOGAHUE 32 OCHOBAHUEM «IIPOUYUTBHIBACTCS» C
JIOCTaBKOM K HUM KOMIUIEMEHTaPHbIX OCHO8AHULI U 00-
pazoBaHueM nByx mosiekya JJHK — mo onHoit Ha Kax-
ot HUTH. JImHeltHoCTh Tpadapera HaOJI01aeTCSI OUEHb
4acTO — KaK CTPOYKHU B KHUTE, KAK HAMAarHWYeHHbIE
JNIOMEHbl B MAarHUTOMOHHOM JIeHTe, KaK JTOPOXKM Ha
KOMITBIOTEPHBIX IMCKax 1 nuckerax. Orot JIHK-nuneri-
HbIl TpadapeT — riaBHbIA, OH 00ecrieYyrMBaeT €NMHCTBO
BCEro OpraHM4eckoro Mupa. 3a HuUM B pabOTy BCTyIaeT
npyroii Tpadapet, Toxe uHeliHbli — PHK, obecrieun-
BalOLLIMIi CUHTE3 OEJIKOB U T. JI.

MuHepainsl — Tea TpexMepHbie. O0beM UX KPUC-
TaJUTMYECKOM pellleTKU HeIOCTyIeH Kak TpadapeT 1
VKJIQAKW COCTaBHBIX YACTEW OPraHUYECKOW MOJIEKYJIBL.
JOCTYIHOI 11 3TOTO MOTIJIa Obl ObITh MOBEPXHOCTb KPH -
crajijia — IByXMepHblii Tpadaper. Ho 151 opranuyec-
KO >XM3HU, KaK 3TO O0IIEeU3BECTHO, OblLJI BEIOpaH JIM-
HelHbIi TpadapeT. [0BOPpUTH MO3TOMY O MATPULIE KU3-
HU HeBepHO. 2KM3Hb 3aJlaHa TMHENHbBIM TpadapeToM —
HUTbIO XXU3HU. Bpsia v 11s1 BOBHUKHOBEHMS IMHEMHO-
ro TpadapeTa noTpedoOBagIOCh yUacTUe MUHEPAJIOB.

H. I1. FOmkuHbIM ObLI TOJ00OpaH U IepeiaH aBTo-
py 00JIbLIOI HAOIIOAATEIbHbBII 1 SKCIIEPUMEHTAIbHBII
MaTepua 1o BCTPEYaeMOCTH IMPaBO- 1 JIEBOBPAIIIAIOIINX
Pa3HOBUIHOCTE! TAKMX MUHEPAJIOB KaK KBapll, KaoJIu-
HUT U 31ICOMUT. Ero MoxXHO moapasnenTh Ha TpU TPYII-
nibl. IlepBast u3 HUX, HAaMOOIbIIAS, TPEACTABIISIET PE3Y.JIb-
TaT NPUPOJHOTO MMHEPATOOOPA30BAHUS, B UUCTOM
BUJIE, 0€3 OCIIOXHSIOLIMX OCOOEHHOCTEN,, OTKJIOHSIOLIAX
BCTpeYaeMOCTb IpaBbIX U JIEBBIX (hopM oT 50 % [3, 7].

Bropas rpynna, Toxxe 3HaUMTEbHAS, TPEACTABISI-
€T co00i1 JIoKabHbIE aHOMAJIMU BCTPEYAEMOCTH, OObSIC-
HEHUI KOTOPBLIM HE HaiineHo [2].

TpeTtbs rpynna npencranisieT aHOMaIWUU MTPaBbIX U
JIeBBIX (DOPM C yOeaUTeTbHBIM OObSICHEHUEM UX TPUYM -
Hbl [ 1]. Peluatonee BnvsiHue Ha KpUCTAUIM3ALIMIO KBap-
11a B TUAPOTEPMAaTbHBIX TPUPOJHBIX CUCTEMAX U MPU
MCKYCCTBEHHOM BBIpAIlIMBAHWM B aBTOKJIaBaX OKa3bIBa-
€T 3aTpaBKa, SIBJSIoLIasics 111a0JOHOM LIS fajibHEeIe-
ro pocTa KakK Ha MJaCTUHYATbIX, 3aKPETUJIEHHbIX B aBTO-
KJIaBe, TaK M Ha TOYEUHBIX, HAXOISIMXCSI BO B3BEILIECH -
HOM COCTOSIHMM 3aTpaBKax.

Bo Bcex ciyyasix sHaHTHOMOpPGHAsT pa3HOBU/I-
HOCTb OIpeAeIsIeTCs TOJIbKO 3aTPaBKOM Y UCKJIIOYEHU I

U3 3TOro IpaBumia HeT. B paGote [1] onucaH ciyvai,
KOTa XUJbHBIN KPYMHOKPUCTALTMYECKUIA KBapII MO/~
BEPIcsl U3METbUYCHUIO TTPU TEKTOHUYECKUX MOJBUKKAX
U TIEPEKPUCTAIIU30BAJICS B MEJIKO3EPHUCTBIN «TPaHy-
JIMPOBAaHHBI» KBapIl, B KOTOPOM TIpaBOBpaIIaioIIe 1
JIeBOBpallamue ancaM0ou 3epeH 00pa3oBaJiv peuK-
THI TIpeKIe KPYIHBIX, a 3aTeM pa3MeTbueHHBIX MOHO-
KPUCTAJIIOB O€3 CYIIeCTBEHHOTO TIePeMEIIeHNS U TIepe-
MEIIUBaHUS Pa3apOOJICHHOM MEJIOYH.

DTO yIUBUTEIbHOE SIBJICHUE TIPUBOINT K TOMY, UTO
pa3MelleHrne OMHOMMEHHO BpallaloIINX 3epeH Cpeau
IIPOTHBOITOJIOXKHO BPAIIAIOIINX ITepecTaéT ObITh CIyJali-
HbIM. PazobbeM uccaeayeMyto mioiaab Huirda, XXKuibl
WU APYTOro UCCJEAyeMOro o0beKTa Ha KBalpaTHbBIE
STYEHKU U TIOCTPOUM FMCTOrpaMMy YKCIIa TYeeK, CoIep-
xamwmx 0, 1, k, .. n3epeH B ssuetike. [1pu cayvyaitHom pas-
MEIIEHWH 3ePeH YaCTOTHI STYeeK OYIYT IMOAUMHSITHCS 3a-

kony Ilyaccona
% Nk
P(k)= e h
k!
rae P(k) — 4JacToThl sTueeK ¢ k 3epHaMU, A — CpelIHee
4H1CJI0 3epeH Ha sgueliky. Eciiv HabmoaeHHOe pacripene-
JIEHHUE siueeK He OyneT MoaUMHsThCs 3aKoHy [lyaccoHa,
TO 3Ta BBIOOPKA JOJKHA ObITh UCKJIIOUEHA KAaK aHOMaJTb-
Hasl U3 COBOKYITHOCTH, 110 KOTOPOI OyIeT MpOBEPSITHCS
TUNO0Te3a paBEHCTBA BEPOSITHOCTEM MOSIBJIEHUS TTPaBbIX
M JIEBBIX KBapLIEB.

OcBOOOXIEHWE TAaHHBIX OT JTIOKATbHBIX aHOMAU I
SHaHTUOMOpP(MU3Ma NMPeATOXKEHHBIM CITOCOOOM MO3BO-
JIUT YIYYIIUTh TOYHOCTh OLIEHKU BEPOSTHOCTEM MOSIB-
JIEHUsI TIpaBbIX U JIEBBIX KBaplEeB, OJHAKO OHO BPSI JIU
Oynet ucuepnbiBalolIuM. BbisicHeHME TTOKAa HEU3BECT-
HBIX HaM APYTUX TPUYMH JIOKAJTbHBIX aHOMAJIN1 HECOM-
HEHHO BBI3OBET K JKM3HU HOBBIE CTATUCTUYECKUE TECThI
(unbTpaliiy aHOMaJbHbIX TAHHbIX.

ITo ounilleHHBIM OT aHOMAJIWA JAHHBIM TMITOTE3a
0 PaBEHCTBE BEPOSITHOCTEH MOSIBJIEHUSI TPABbIX U JIEBBIX
(opM MoOXKeT ObITH JIETKO ITPOBEpeHAa OJHUM U3 U3BECT-
HBIX cIOCO00B. MbI BEIOEPEM TTPOCTEHMIINI U3 HUX: KOH-
TPOJIb IIpeIeIbHOM CpeIHEKBaAPAaTUUECKOI MOTPEITHO-
CTU OLIEHKM BEPOSITHOCTH IO HAOJIOJEHHBIM JaHHBIM
Oy Y UUTHIBAS BCEJICHCKUI XapaKTeP YTBEPXKICHUSI O
pasenctse P, = P, , npumem o, = 0.001. Tak kak B
OMHOMUAJILHOM pacmpeeIeHUH CpeHee KBaapaTuiec-
KO€ OTKJIOHEHUE G PaBHO

c=.pq/n,
Ilie p — BEPOSITHOCTDH MOSIBJIEHUS IPAaBOTO KBaplia,
q =1—p — BepOSITHOCTH IOSIBJICHUS JIEBOrO KBaplia,

n — 9KCiIo HabmoaeHuii. OTIpeie] UM # X paBeHCTBa
Jpg/n=05-05/n =0, =0.001,
orkyzna n = 0.5-10¢= 500 000.

Takum o6pa3oM, ocBOOOXIEHUE HAOIIOAEHHbBIX
TMAHHBIX OT aHOMAJIMI C TIOMOIIBIO TTPEITIOKEHHOTO Te-
CTa CIIyJ9aifHOTO pa3MeIIeHNsI 9HAHTUOMOP(MHBIX pa3HO-
BUIHOCTEM 3¢peH ITO3BOJISICT OLIEHUTh BEPOSITHOCTD TIpa-
BOT'O U JIEBOTO B IIpupoe ¢ TouHocThio £0.001 ¢ momo-
111b10 Bcero Jiuib B 0.5 MULIMOHA 0Opa31oB.

bl
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