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IpaXkAaHCKOM 3aIlUThl Y KpauHbl, XapbKOB

AHAJIN3 PE3YJIbTATOB NCCJEJIOBAHUI MATHUTHBIX 1
OIITUNYECKUX CBOUCTB HUTEBUJIHBIX KPUCTAJIJIOB

B marepuasie craTbu B pamMKax MPOAOJDKEHHs BBIMOJHEHHs JIUTEPATypHOro 0030pa pacCMOTPEHbI
pe3ysbTaThl MPOBENECHHBIX MCCIECJOBAHWN MArHUTHBIX W ONTHYECKUX CBOMCTB DPA3JUYHBIX TPy
HUTEBUJHBIX KPUCTAJUIOB, MPOAHAIU3UPOBAHA 3aBUCHUMOCTb MX MATrHUTHBIX CBOMCTB, KakK OT
TIOBEPXHOCTHOTO, TaK U OT OOBEMHOrO COBEPIIEHCTBA, NETANM3UPOBaHa mpobiema HakoruteHust F-
LIEHTPOB B HUTEBUAHBIX KPUCTAJUIAX MO AE€HCTBUEM HOHU3UPYIOLIETO U3y YECHHUS.

KaroueBble cjioBa: HUTEBHUIHbIE KPUCTAJIbI, ONTHUYECKHE CBONCTBA, MarHUTHbIE CBOMCTBA,
JEOMHUHECLEHIHS, eppOMArHUTHBIN PE30HAHC, MATHUTHAS CTPYKTypa.

BBenenue. [IpoBenennbiii ananu3 myOnukaiuii [ 1-35] nokaszan, 4To Mo COCTOSIHUIO
Ha okoH4yaHue 20 Beka padOT, CHEUUAIBHO TMOCBSIICHHBIX W3YUCHHIO MArHUTHBIX H
ONTHYECKUX CBOWCTB HUTEBUIHBIX METAUTMUECKUX (M APYTHX ) KPUCTAUIOB OBLIIO HE TaK
MHOI0, TMPHUYEM OCHOBHAs Macca W3 HUX HHOCTPAHHOTO TPOUCXOXKICHUS ¢
TPYAHOJAOCTYTIHA.

Ecnu Opath ucrouHuku, Hanmpumep, 0ojiee COBPEMEHHOTO Xapaktepa, TO B [1]
aBTOPaMU PACCMOTPEHBI TEPCICKTUBHBIC HAMPABJICHUS HMCIOJIb30BAHUSA «BHUCKEPOBY
UMEHHO C YYE€TOM BJIMSIHUSI X XaPAKTEPUCTUK HA PA3BUTHE KOHKPETHBIX HAIMPABJICHUM
HAyYHBIX UCCJICIOBAHUM, B TOM UHCJI€ B 00JACTH ONTHUKH.

B [2] komiekTHBOM aBTOPOB PACCMOTPEHBI BOMPOCHI TEXHOJOTHH 00pabOTKH
HUTEBUAHBIX KPHUCTALJIOB, BO3MOXXHOCTH CO3JaHUS OMOCOBMECTHUMBIX MaTEPHAJIOB, a
TaKXK€  MCCJICAOBAHbl  ONTUYECKHWE CBOWCTBA HUTEBUJIHBIX  KPHUCTAUIOB  Kak
HaHoMaTepuasioB. B mucceprammonHoii padore [3] yuensim Homepu M. mocraTounHo
yTIIyOJICHHO paccMaTpHUBAIOTCA (PU3WUECKHE CBOWCTBA MOHOKPHUCTA/UIOB M OCOOCHHOE
BHHUMaHHE YACICHO ONTHYECKUM cBoMcTBaM. B pabote [4] mocrarouHo yriyOlieHHO
00roBapUBAJINCh BOMPOCHI, CBA3AHHBIE C OCOOCHHOCTSIMU ONTHYECKUX CHEKTPOB
HEKOTOPBIX HUTEBUJHBIX HAHOKPUCTAJUIOB, a B pabore [5] MmO CXO0XHUM rpymnmnam
HUTEBUJHBIX KPUCTAUIOB OOCYXJAJIUCh BOMPOCH, B TOM YHUCJIE U PeE3yJIbTaTOB
MPOBEACHHBIX ONTUYECKUX UCCIICA0BAHMI HAHOBOJIOKOH KPUCTALIOB SnO;.
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Heasr padorbl. llenpro manHONH padOTHl €CTh MPOJAOJIKCHHE BBITTOJTHEHUS
JIUTEpaTypHOro 0030pa Mo mpodIeMe UCCIICI0BAHUS MATHUTHBIX U ONITHUYECKUX CBOMCTB
HEKOTOPBIX TPYMNIl HUTEBUIHBIX KPUCTALUIOB. B pesynbTare mnpoBeneHHOro o0030pa
0000IIIeHBI BBIBOABI IO MPOBEACHHBIM HMCCICAOBAHUSAM MATrHUTHBIX M ONTHUYECKHX
CBOMCTB Pa3JIMUHBIX TPYIMN HUTECBUJHBIX KPHCTAJLIOB, PACCMOTPEHA XapaKTEPHUCTHKA
3aBUCHUMOCTH WX MarHUTHBIX CBOMCTB, KaK OT MOBEPXHOCTHOTO, TaK M OT UX 0OBEMHOI0
COBEPIIICHCTBA, JACTAILHO 00CYXACHBI BOIPOCH HAKOILICHHUS F-IIEHTPOB B HUTEBHIHBIX
KPUCTAIJIaX MO/ BO3JACHCTBUEM HOHUZUPYIOIIETO U3JTyYEHHUS.

CymecTBywoniue mnpeacTaBJeHUsT 0 MATHHUTHBIX M ONTHYECKHX CBOICTBax
HUTEBHIHBIX KPHCTAJUIOB M HX 00cy:KaeHne. MHOrme MarHMTHBIE CBOWCTBA
HUTEBUJIHBIX KPUCTAIIOB SBJISIOTCS CTPYKTYPHO-UYBCTBUTEIBHBIMHA WU CHJIIBHO 3aBUCAT
KaK OT TOBEPXHOCTHOTO, TaK W OT OOBEMHOTO COBEPIIEHCTBA TOTO WX HHOTO
kpuctasia. I1oaToMy OXXuaaTh TPOSBICHUSA OCOOBIX MAarHUTHBIX CBOMCTB HUTEBHIHBIX
KPUCTAIJIOB BMOJIHE €CTECTBEHHO.

WN3yyeHne  MarHUTHBIX  CBOMCTB ~ HUTEBUIHBIX  KPHUCTAUIOB  MHOTHMH
HCCIICIOBATEIAMH  TIPOBOAUIOCH TPEUMYIIECTBEHHO Ha Jkene3e [6—18]. I maBHBIM
METOJIOM BBISIBIICHUSA JOMEHOB CIIY>KHJI METOJ MAarHUTHBIX MOPOIIKOB, MO3BOJISIONTHN
0OHApY>KMBaTh HE TOJBKO JOMEHHYIO CTPYKTYPY, HO W JBH)KCHHE CTEHOK JIOMEHOB.
HawnbGonee Tonkne HUTEBHAHBIE KPUCTALTH ( < 2 MK) MOTYT OBITh MOHOJTOMEHHBIMH.

BennunHa BHEIIHEr0 IE€PEeMarHWYMBAIOIIETO TOJISA, MPH KOTOPOM IIPOHMCXOJIUT
3apO’KICHAE HOBOTO JIOMEHA B (heppOMArHeTHKE, TaK Ha3bIBacMasi KOIPIUTHUBHAS CHJIA
YyBCTBUTEJIbHA K COBEPIICHCTBY Marepuajia. B 4ucTOM XKejne3e KOIPUUTHUBHAA CUJIA
00biyHO JiekuT B mpenenax ot 0,01 mo 1 5. Teoperuueckas ke BeIUYMHA TIPHU
temneparype mioc 25° C pasua 560 5 [19].

Takoe pacxoxaeHue OOBACHACTCS JIOKAJIbHBIM  BO3PACTAHUEM  BEIUYUHBI
MArHATHOTO TIOJII HA MOBEPXHOCTHHIX Jedekrax. OTO NTPHUBOTUT B HTOTe K
HEOTHOPOIHOMY 3apOXKIACHUIO JOMEHOB U 3HAUUTEIBHOMY CHUIXKEHHIO KOIPIUTUBHOMN
cunbl. ®paniysckue wuccnenosarenu Jle-bnya u I'paxam B 1959  rony
SKCIEPUMEHTAJIbHO MOKA3aJid, YTO ACHCTBUTEIIBHO 3aPOXKACHUE JOMEHOB UMEET MECTO
y TIOBEPXHOCTHBIX AC(PEKTOB, BO3HUKIINX B KPUCTAUIE B MPOIECCE POCTA WIH
HMCKYCCTBEHHO BBEJICHHBIX.

BennunHa KOSPUUTHBHOM CHJIBI HETIOCTOSHHA BJIOJIb JUTMHBI 00pa3iia U U3MEHIETCS
IpW Harpese 00pasiia, COMPOBOKIAIOIIEMCS U3MEHEHHEM ero (OpPMBI, a Takke TOCIe
€ro XUMMHUYECKOH MOJUPOBKU. KOAPIUTHBHAS CHJ1a CHHYKAETCS C YBEIMUCHUEM TOJIIIIHHBI
oOpa3na. B TOJCTBIX HUTEBUJIHBIX KPUCTAJJIaX OHA HE OTJIMYAETCA OT KOIPIUTUBHOMU
CUJIbI OOBIYHBIX MaTepuajaoB. MakcumajabHasd H3MEpPEHHas BEIHMYHMHA KPUTHUECKOIO
noJIst JUIsl 3aPOXKACHUS JIOMEHA B COBEPIICHHOM yYacTKE MOHOJAOMEHHOTO HUTEBHUIHOTO
KpHUCTajula okazajach paBHOM 504 », uro tonpko Ha 10 % HmXKe TeOpeTHUECKOU
BEJIMUMHBI, UTO OBLIO YKa3aHo TeM ke Jle- biya.

CTpyKTypHO-UYBCTBUTEIIbHBIM  CBOMCTBOM  SBJIAETCA  TaKXke  CKOPOCTh
NEPEMEILICHUST CTEHOK JOMEHOB. HM3-3a B3auMMOACHCTBUS € HEOJHOPOJHOCTAMH
MPOUCXOJUT TOPMOKCHHE JBMI)KCHHS CTCHOK JOMEHOB. B OOBIUHBIX KpHCTaIax
JOMEHBI TIEPEMEIIAFOTCS CO CKOPOCTHIO, HE TpeBbImatoteii 0,5 kM/cexk.

B muteBnanbix kpuctamax Fe, mo ganHsiM onste-Taku [le-baya, oHa gocturaer
50 km/cek. Jle-binya moapoOHO M3YUHII BIHMSHUE PA3IHMYHBIX (PaKTOPOB HA CKOPOCTH
nepeMenieHus [oMeHoB. Mccnenosarenb faHHOW mpodseMbl DoBjep U ap. 0OHAPYKUITH

155 Bicnux HTY “XIII». 2014. Ne40(1083)



Ha HATEBHJIHBIX KpucTauiax 3hdexT Bausans GopMbl MOBEPXHOCTH HA YCTOWYHUBOCTH
JIOMEHHOU CTPYKTYPHI.

B nuteBuaHbix kpuctauiax Fe mpu nepeMarHUYMBaHWUU JOMEHBI MPOAOJINKAIN
CYIIIECTBOBATh y BEPIIHMHBI KPUCTAIA JaKe B MOJsAx HampsbkeHHocThio 6000 », koraa
CUUTAJIOCh, UTO KPUCTAJLJT HACKIIIICH.

Takue ydacTkd CIIy’KaT 3apoJblIIIaMyd HOBBIX JIOMEHOB MPHU NMEPEMAarHUYMBAHUU U
TaK ke, KaK ¥ Ae(PEKThI MOBEPXHOCTH, CHIKAIOT KOIPIIUTUBHYIO CHITY.

B wureBuaHbpix kpuctauiax Co JAOMEHHYKD MAarHUTHYKO CTPYKTYpYy H3ydaiu
yuensie Karep u ap. [20, 21]. Ouu oOHapy X uiu, 94TO 3aBUCUMOCTb IIIUPUHBI JOMEHA OT
TONMIIAHBL 00pasna MOMUMHACTCS CTCNCHHOMY 3aKOHY /3, @ HE '/, Kak 3TO
MPEACKA3bIBACT TCOPUSL.

HureBuanbie KpucTauibl B CHJIy pAla WX OCOOCHHOCTEH, TakMX Kak Majioe
KOJIMYECTBO Ae(PEKTOB, MAJTbIC Pa3MEPhl, MAJIbIC BUXPEBHIE TOKA B HYHEITHUX YCIIOBHAIX
CTaJ TakKuM OOBEKTOM, B KOTOPOM YJAJIOCh HAOMIOJATh Aake ciadble AUaMarHUTHBIE
a¢pdexTer. K Takum sBrieHmsM oTHOCHTCS, Hanpumep, dhdext Xaaza-Ban AnbdeHa —
NEPUOANYECKOE  WM3MEHCHHME  MArHUTHOW  BOCHPUMMYUBOCTH C  W3MEHEHUEM
HaMpsDKEHHOCTH  MArHUTHOTO — TOJiA,  HAOMIoJaroieecss TOJBKO TMPU  HU3KUX
TeMIepaTypax, Korja OHO HE€ MACKUPYETCs APYTUMH 00Jie€ CUIIbHBIMA MarHUTHBIMU
s dexramu.

Yuensiii [[Iéabepr B [22] mepeiMm HaOmoman >¢dexr Xaaza-saH Amnbdena Ha
HUTEBUIHBIX KpucTaymiax Cu. Dddexr Opu1 00HApYkeH Ha o0pas3iax TOJBKO OJHOU
opueHTUpoBKH < 111 >,

B 1963 rony yuenbimu Anzaepconom u ['ongom [23] BrnepBbie HAOMIOAAICA STOT
3¢pdexr Ha deppoMarHUTHOM MaTEpPHaNE, HWCIOIL3YS MPH TOM B KadyecTBE OOBEKTa
HUTEBUAHBIC KpucTauibl Fe opuenrtaiuu < 110 >, U3mepenus npoBoaunuck npu 1-2° K
UMITyJIbCHBIM METOJOM B YCJIOBHUSIX PE30HAHCA B moJie HampsikeHHocThio 200 kre.
[TepuoauyHOCTh KOJEOAHWM MArHUTHOW BOCHPUUMYUBOCTA HE TOYHO COBIAJajga C
U3MEHEHUEM MArHUTHOTO MOJIA.

B 1964 romy wuccnenoarensmu Jlrobopcku u Mopenok [24] B omblTax 1o
HAMArHUYMBAHUIO HUTEBUJHBIX KpucTauioB Fe u cmaBoB Fe — Co Obu10 mokazaHo,
YTO 3aBUCHUMOCTh KOJPLMUTUBHOW CHWJIbI, OCTAaTOYHOW MArHUTHOM HWHAYKIUH U
TUCTEPE3Uca OT TOJIIHUHBI OOPa3lOB MPU XAOTHUYECKOM HUX PACIOJIOKECHUU XOPOIIO
COBIIAJIACT C PACUETHBIMU JAHHBIMU JJI1 BUXPEBOU MOJAEIH B KpucTtayyiax ToHbine 1000
A. Dtu paHHBIE JamM B TO BpeMs MEPBOE JKCIEPUMEHTATHLHOE MOATBEPKICHHE
CYIIECTBOBAHMS BUXPEBOI0 HAMAarHWYMBAHUS, O KOTOPOM TOBOPHJIOCH MCKITFOUMTEIHHO
B TEOPUHU.

Ha sureBmanbix kpucramuiax Fe tommmaoi ot 40 no 400 MK Tpex pa3iHyHBIX
opueHTHpOoBOK < 100 >, < 110 >, <111 > nccneposarensaimu AicuaoM u KolbMeHOM B
[25] uccnenoBanock BAMSHUE MAarHUTHOTO TOJISL HA AJIEKTPONPOBOAHOCTD. [lonyueHHbIe
UMHU PE3YJIbTAaThl CBUACTEILCTBOBAIIA O HE3AMKHYTHIX OBEPXHOCTIX Depmu.

Ha nureBuanbix kpuctrajiax Fe yuensimu Poabemnom [26, 27] u @paiitom [28], a
Ha Co — Opaiitom [29] m Cumanexkom [30] wuccnemoBanuch OCOOCHHOCTH
(beppOMarHUTHOTO W MAarHWUTHOTO SACPHOTO pe3oHaHca. VM3BecTHO, 4YTO MMpHHA
PE30HAHCHBIX JIMHUI YYBCTBUTEJIbHA K OOBEMHOMY M MOBEPXHOCTHOMY COBEPIICHCTBY
oOpa3na. Bo Bcex ykazaHHbIX padoTaX yCTAHOBJIEHO, UTO IIMPHUHA PE3OHAHCHBIX JIMHUMI
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CYIIECTBEHHBIX 3314, K KOTOPBIM MOYHO OTHECTH:

1. Pa3paboTky TEXHOIOTHW TOJYYCHHS HHUTCBUIAHBIX KPUCTAILIOB C 3aJaHHBIMH
XapaKTePUCTUKAMU HAa OCHOBE METO/a ra30BOr0 TPAHCIOPTA.

2. VYcraHoBieHHWE 3aKOHOMEPHOCTEH pocTa HHUTCBHUAHBIX W JPYrux Gopm
KPUCTAIIJIOB.

3. N3yueHne 3aBUCUMOCTH MOP(}OIOTHH W ONTHYECKUX CBOWCTB HWUTEBHIHBIX
KPUCTAJIOB OT YCJIOBHH MX TTOYUCHUS.

4. VYcTaHOBJICHWE CTPYKTYPHI JIOKQJIM30BAHHBIX AJICKTPOHHBIX  COCTOSHHM
OTZICITBHBIX TPYIT HUTEBUIHBIX KPUCTAJLIOB.

5. OnTuMu3anuio TEXHOJOTHYECKHX IMapaMeTPOB CHHTE3a I TOJIYUYEHUS
HUTEBUTHBIX KPUCTAJUIOB C 33IaHHBIMU XapaKTEPUCTUKAMHU.

6. CHuHTE3 HUTEBUIHBIX KPUCTAJJIOB U T€TEPOCTPYKTYP HA UX OCHOBE.

7. UccnenoBanne 0cOOCHHOCTEH POCTA HUTEBUAHBIX OKCHIHBIX TIOJYTPOBOTHHUKOB
U TETEPOCTPYKTYP HA UX OCHOBE.

8. MccnenoBanne ONTHYECKUX CBOWCTB HUTEBHIHBIX KPHUCTAJUIOB B CPAaBHCHHUH C
JIPYTUMU KPUCTALTAYECKAMHA (POPMaMH.
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