HU3BECTHUA
TOMCKOTO OPAEHA TPYIOBOTO KPACHOI'O 3HAMEHM TMOJIMTEXHHUECKOTG-
Tom 91 UHCTUTYTA nmenu C. M. KMPOBA 1956 r.

0 CBONCTBAX MOHHbBIX NUIJIEKTPUKOB
A. A. BOPOBBEB

Jautenbroe BpeMs B KayecTBe JIHOJIEKTPHKOB NPHMEHSJMCH HPHPO/HHE
Marepuajbl, BHOHpaeMble TaaBHHM 00pa3oM MO COOGPaKeHHAM HX BHCOKOH
MEXdHHYECKOH NPOUYHOCTH H MaJO# 3aeKTponpoBoAHoCTH. C HOBHUIEHHEM pa-
6ouero HampsKEHHst YCTAHOBOK H TNPHMEHEHHEM INEePEeMEHHOrO TOKA BO3HUKJA
HeOOXOIHMOCTh YUHTHBATD 3JACKTPHUYECKYIO NPOYHOCTL M JAMAJIEKTPUUECKHE FO-
TepH H304LHH. B yCTAHOBKAX 3JEKTPHYECKOTO TOKA WIHPOKOE INpPHMEHeHHe
I8 H30JA0HH H TENJOOTBOAA NOJYYUIO TPAHCPOPMATOPHOE MaCa0. 3aTeMm
6Ll OTKPHTH (eHONbHO-(OpMaibJerHAHEEe CMOAH, 6akeanT. [loayuman pa-
CIpOCTpaHeHne JAKAPOBAHHAA OyMara ¥ TKaHHM, IpeCccoBaHHHEe u3genud. boab-
OIOH ycnex HMeja 300HHT.

B nacTosimiee BpeMmsi JOCTHrHYTH H3BECTHHIE YCIexH B pa3paGoOTKe H30.5-
IHH H3 NJaCTHYECKHX MacC, KEPAMHYECKHX MaTepHaJoB H Ap.

CaoxHHEE YCJAOBHA CAYXKOB 3/JEKTPHUECKOH H30JAUHMH B 3J€KTPOTEXHHYe-
CKHX M pPaJHOTEXHUUYECKHX YCTAHOBKAX TPeOYIOT HAJHUYHA Y JHIJIEKTPHKOB
OJHOBPEMEHHO BHCOKOH MEXaHHYeCKOH, TepDMHUYECKOHR H 3/eKTPHYECKOlH npou-
HOCTH, MaJBlX JM3JEKTPHUYECKHX NOTEPb H IIP.

HepocraTouno BHCOKHe (H3HueckHe CBOACTBa TBEpPAHX JH3/IEKTDHKOB 3a-
crapasf0T OpaTh OoJbLIME 32MaCH NPOYHOCTH B KOHCTPYKLHH, YAOPOXAWT
nageausa. [/ yMeHbIIEHHS HArpeBaHHA IH3JEKTPHKOB NPHXOAHTCH YCTpaH-
BaTh CHEeLHAJbHEE OXJakJawllhe ycTpoicTBa. Bece 3To ycioxkHAET u ymopo-
XaeT anmapaTypy. Y/Ay4ylleHHe CBOHCTB TBEpPAHX JHIJEKTPHKOB TNPHBEIET
K YMEHbHIICHHIO pPasMepoB H3Je/HH, yICHEBICHHIO HX M NOBHIUEHHIO KayecTBa.
Pa3pa6oTka HOBHX BHAOB [AH3JEKTPHKOB JAOJXHA IPOHM3BOAHTHLCA HA OCHOBE
JOCTHXKEHH XHMUH, (GH3HKH H TEXHOJOIHH HM3rOTOBJEHHS MAaTePHAJOB.

Kaaccuueckas Teopus HOHHHX peHIETOK NPAaKTHYECKH YJOBJAETBOPHUTENBLHO-
pemusa BOOPOC O HEKOTOPHX CBOKCTBaX KPHCTAI/IOB, MPABHJIBHO YKa3aB
OCHOBHHE 33KOHOME@DHOCTH, @ B OTAEJbHHX C/JAy4asX ONpelesiHB U YHC/JEHHHE:
3HaYeHus, XapakTepH3yOHHe CBOHCTBA.

K umcay Takux CBOKCTB, TeOpHs KOTOpHIX JaHa BopHoM, Kapmanom ® ap.,
MOXKHO OTHECTH BE/JMYHHY KO3(Q(@HIHeHTa BCECTOPOHHEro CXKAaTHA, CKOPOCTh
3BYKa, IOJSAPH3YeMOCTb M IH3JEKTPHUECKHH KO3((HUHEHT, CNEKTp COGCTBEH-
HHX KoseGaHHA HOHOB M HeKOTOpnie npyrue. Manoxenne kaaccHYeCKoi TeopHH.
HEHapyIIEHHHX MOHHHWX pPEHmeEeTOK MpPepCTaBJeHO B H3BECTHHX MOHOrpausax.
Bopua u lennepr-Meifiepa, 1. M. ®penkens u np.

KBaHTOBas TeopHsa OGDBIACHHAA NPHPOLY TOMEOIOJAPHOR CBSI3H, YTOYHHJA
(GOpMYJIH TEOPHH HOHHHX pEIIeTOK, NO3BOJHJA Y/AYYLWIHTH TEOPHIO TENJ0eM-
KOCTH HOHHBIX CTPYKTYP H Ip.

HecmoTpss Ha H3BECTHHE YCOEXH TEOPETHYECKOIrO ONHCAaHHA HEeKOTOPHX
CBOMCTB HOHHHX KPHCTaJJIOB, IIOKA HET €JMHOH TeopuH, oOBACHAWIIEH TepMH-
yecKHe, MeXaHHUYeCKHe, ONTHYECKHe E 3/]eKTpHUeCKHe CBOHCTBA TBEPAOro TeJa.

Bosiee uan MeHee yJOBJETBOPHTE/NABHO TEOPETHYECKH OOBACHAIOTCA CBOM-
CTBa TBepPAOro TeJja, HE CBs3aHHHE C HapyLIeHHEM ero CHAOMWHOCTH. B na-
CTOsIHIEE BpEMs HeT IPHHATOH TEOpHH, YAOBJACTBOPHTENBHO OODBACHIIOMEH
MEXAaHHYECKOE paspyilleHHe KPHCTA/JAa B NO3BOJAAIOMEH BHIYHCIATB €ro Ipod-
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" HOCTb, HEeT TeOpPHH IIJMAaB/JeHHA H TEODHHM 3JIEKTPHUECKOTO IMpo6os TBePAHX
JM3JEKTPHKOB. DOJBIIOE YHCAO H3BECTHHIY TEOPHH MEXaHHYECKOH NPOYHOCTH,
NJaBJAEHHsT UJIH TEOPHH 3/eKTPHUeCKOro mpo6os CBHAETEJBCTBYET O TOM, 4TO
HH OZlHA M3 HHX HE MOXeT MPeTeHJ0BaTh HAa YIOBJETBOpPHTE/1bHOE OObACHEHUE
pa3bupaeMoro B 3TOH TEODHH ABJEHHA.

[Tocrennne JeCATHJIETHA BHHMAaHHe HCCAeJOBATeMEH OHJAO IPHBJACUYECHO
K M3YUYEHHIO HAPYMIEHHHX CTPYKTYP H CHNJABOB. B 3TO# 06JaCTH ZOCTHLHYTHI
BecbMa 60JblIHe YCHEXH, OJYueHH HOBHE MaTepHaJH, HMellHe HeOOXOIH-
MHe AJ8 NPaKTHKH CBOHCTBA. YkaxeMm yclexu B 00J&CTH NOJYNPOBOAHHKOB
¥ Npu6OPOB ¢ HX MPHMEHEHHEM, MATHHTHHIX CI/I4BOB, XaPONPOYHBIX MATEPHAJIOB,
CEerHeTO3JIEKTPHKOB ¥ AD. ¥ CMeXH B M3YUEHHH HAPYLUIEHHHX CTPYKTYp HPHBEJIH
K ocaabueHH0 paboT MO H3YUEHHIO HCXOJHOH HeHapymeHHOH cTpPyKTypH. [lo-
cJAeAHUM MPH3HAHHHM TEOpPeTHUEeCKHM JIOCTHXEHHEM BCe elle SBJIAeTCHA 30H-
Has TeOpHS 3JeKTPUUECKHX M OITHUECKHX CBOHCTB, NPENJOXKEeHHas CBHIIE
nBajuatH JeT TOMY Hasanx.

He ocnabasis BHUMaHUS K pa3paboTKe BONPOCOB TEOPHH HAapYIIEHHHX
CTPYKTYp, CAeLYyeT 3aHAThCA pa3pabOTKOH €IMHOH TEOPHH CBOHCTB HeHApYyUIeH-
HbIX CTPYKTYP.

CylecTBEeHHNM HEAOCTATKOM B TEOPETHYECKHX HCC/AEIOBAHHAX NPEAHIY-
ero nepuoza B 00/1aCTH TBEpPAOrO TeJd SABJANACH Pa3pabOTKa TEOPUH OT-
JeJbHBIX CBOHCTB BHE CBH3M JAPYr ¢ ApyroM. Takue CBOHCTBA TBEpPAOrO TeJa,
KaK 9/JeKTPOHHAA H HOHHA 3JE€KTPONPOBOJHOCTb, AHAI/JIEKTPHUYECKHE IOTEpH,
npoboil, n1udpdysua u camoauddysnda u np.,, Booblie 3aHUMAJH OTJeJbHOE IIO-
JOXeHHe H OHJH BHE KPyra BOIIPOCOB, KOTODHE OTHOCH/IHCh K TEOPHH TBEp-
noro rtena. He OO H HeT HeOOXOAMMOH CBA3H MEXAY YYeHHIMH, pa3pabaThl-
BAIOMWHMH BONPOCH MEXaHHUECKOH H 3JEKTpHUeCKOH IPOYHOCTH TBEepAHIX TeJa.
Hesnanue gocTHXeHHH B OAHOI 00JaCTH Hayku paboTaomuMU B Ipyrof 3a-
JeP¥HUBaeT PAa3BHTHE HAYKH.

3HauHTe/bHBIE MATEPHAJ/bl, HAKOIVIEHHBIE NPH H3YUYEHHH DA3THUHBLIX CBOHCTB
TBEpAbIX T€J, HE CONOCTaB/JeHH MeXAy coboil. B kuurax npo¢g. B. II. KysHe-
uosa no ¢u3MKe TBEPAOro Tesa coOpaH OOWIMPHBIE MaTepHaJ TOJLKO MO Me-
XAHHYECKHM CBOHCTBAM KPHCTaJJIOB.

ComnocTaBieHHe Pa3iHYHHIX CBOHCTB JHM3/JEKTPUKOB H YCTAHOBJEHHE MEXIY
HHUMH 3dKOHOMEPHBIX CBf3eH NO 3KCHEPHMEHTAJIbHBIM H TEOPETHYECKHM JAHHHM
ABASETCA HEOOXOMHMEIM 3TamOM /s JajJbHeldllero pasBHTHSA U pa3pabOTKH
IHIAEKTPHKOB C 34JaHHHIMH CBOHCTBaMH.

B nmpeasnaraemoit paboTe chesaHa NONHTKA pPacCMOTPETh CBA3b MEKAY
pa3avyHbIMH CBOHCTBAMH HMOHHBIX KpHCTaAn0B. B KayecTBe XapakTepHCTHKH,
CBfI3AHHOH CO BCEMH CBOHCTBAMH HOHHBIX KPHCTaJJ0B, BbIOpaHa BeJHYHHA 3Hep-
I'HH KPHCTAJJHYECKOM peIneTKH.

Teopusa KPHCTAMIUYECKOR peNIeTKH YCTAHABJAMBAET 3aKOHOMEPHYIO CBSA3b
3HEPrHH PEIIeTKH C HEeKOTOPHIMH MEXaHHYE€CKHMH, ONTHYECKHMH H TepMHYec-
KHMH XapakTepPHUCTHKAMH [OH3JeKTPHKOB. B Teopuu bopHa He paccMaTpuBaeTcs
siBJI€HHE 3JeKTPOHHOH, HOHHOMR 3/eKTPONpPOBORHOCTH K JH(Ddy3un B audIeKTpH-
Kax, JIH3MeKTPUYECKHX IOTepPb, 3AEKTPUUYECKOro M TemIoBoro mpobos H Jpy-
rie CBOACTBA KPHCTANIOB. JTH 3J€KTPHYECKHE CBOHCTBA AHIJIEKTPHKOB H3yua-
JHUCh OTHEAbHO OT MEXaHHYeCKHX, ONTHYECKHX, TEPMHUYECKHX, XHMHYECKHX
CBOHCTB M BHE CBfI3H C JPYrUMH CBOHCTBAMH JH3JEKTPUKOB. TeOpHH, 0ODBsC-
HAIOIME BIEKTPHURCKAE CBOHWCTBA AU3JACKTPUKOB, NPOHECCH 3JEKTPONPOBOAHO-
cTH u ocobeHHo npobos, paspaGarTHBaduCch B caaboii CBA3u ¢ obmiei Teopuei

- KPHCTANJIHYECKOH pemIeTKH. Mexay TeM, OueBHJHO, YTO KaKHe Obl CBOHACTBA
KPHCTA/L1a HE PACCMATPHBAJHCh, OHH, KaK CBOHCTBA EAMHOrO LEJOr0, JOJXKHH
SHTh CBA3AHH JAPYr C ADYTOM.

Hsmenenne OAHHX CBOHCTB TBEDAHX TeJ BJAeUeT H3MEHeHHE APYTHX, Ha-
NPEMEpP, HarpeBaHHe TeJa BH3bIBaeT YBeJHUEHHE HOHHOM 3/J1eKTPOIpPOBOAHOCTH,
JAM3JIEKTPUUECKHX IOTEpb H Ap.
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Jlpyrue cBo#cTBa TBEPAOTO TeJd, HE O0YyCJIOBAHBAsA NPAMO HEMOCPEACTBCH-
HO ApPYT ApYyra, H3MEHIOTCA OJHOBPEMEHHO BCJEJACTBHE TOIO, YTO H3MEHSAETCH
MpHUYKHA, BAHAlOIAs Ha oba cBoficTBa. CBOIICTBAa TBEPAOrO TeJa ONPeneasioTCs
JHeprueil B3aHMOACHCTBHS MEXJY €ro 4YacTHIAMH M CBOHCTBAMH 00pasyloulNX
ero 4gacTall. [1o/b3ysiChk 3KCHEPHMEHTAJbHBIMH JAHHBIMH, MH INPOCACAMJH, KAK
W3MEHSIOTCA CBOMCTBA TBEpPAOrO Te/Ja NPH HU3MEeHEeHHH €ro cocrtasa. [lpumecu
MHOPOAHBIX YacCTHU M HAPYINEHHs CTPYKTYPhl KPUCTAAAa H3MEHSIOT €r0 CBOKCTBA
¥ 06yC/IOB/MBAIOT BO3HHKHOBEHHE HOBHIX CBOHCTB, HE NPHCYIUHX YHCTOMY He-
HapylLIeHHOMY KpHCTaaay, Hanpumep, JIOMHHECUEHIHs, CBOHCTBO KPHCTAJ//0B
¢ F-uenrpamu u Ap.

Jlas TEOPHH TBEPAOIO T4 M HPAKTHKH INPEACTABJAET HHTEPEeC yCTaHOB-
JEHHE 3aKOHOMEPHOTO H3MEHEHHs CBOHCTB B 3aBHCHMOCTH OT COCTaBa M CTPYK-
TYpPH TBEpPAOro Tesa. [Ipn COBPeMEHHHX CAOKHHX YC/IOBHSIX HCIOJAb30BaHHA
TBEPAHX AUIJAEKTPUKOB NMPAKTHYCCKH TMPEACTAB/AACT HHTEPEC, KAK MPOHCXOIHUT
OZHOBPEMEHHO H3MEHEHHe MHOTHX CBOHCTB JMANEKTPHKA, €CJd H3IMEeHAITCH
YCJAOBHS, B KOTOPHX OH HaxoxHTCA. [IpakTHUeCcKH HHTEPeCcHO, KOHTPOIHPYs
HU3MEHEHHe OJHOH H/JIM HECKOJBKHX XAapaKTepHCTHK JHAAEeKTPHKA 3HATh, KaK
H3MEHAIOTCS M ApyrHe. B cB3H € 3THM IPOBENEHH COMNOCTABJEHHS H3MEHEeHUst
PasHEIX CBOHUCTB JAMAJIEKTPHKOB IIPH BO3AEHCTBHH HEKOTOPHX (PaKkTopOB.

[MocTpoeHne exHHON TEOpHHM TBEPAOro Tesa BoOOIe M AH3JEKTPUKOB B
YACTHOCTH BO3MOXHO, €CJH 332 OCHOBY OVAYT HNPHUHATH OPOCThHie OOuIHe CBOH-
cTBa 3THX Tesa, HeckoabKO MNPOCTHX OCHOBHBIX CBOHCTB AM3MEKTPUKOB, MOJO-
MEHHHX B OCHOBY HX O0LUIeH TEOPHH, NOJ/KHBL OTPAXaTh CYUIHOCTb #BJEHHIL.
‘OuyeBHIHO, YTO TEPMOJHHAMHUYECKHE CBOHCTBA TeJ ABJAAKTCA HauboJee OOLUMU.

dusuueckas CTPYKTYpa peasbHbIX KPHCTAMJIOB H HX COCTAB NPAKTHIECKH
Bcerga 6oJiee HJAeH MeHee OTKJAOHSITCH OT HjeaqbHbIX. [IpakTHueckue puaiaex-
TPUKH YACTO MPEACTABAHIOT COOOH CJAOXKHBIE XHMHYECKHE COCIHHEHHST WJAH
TBEpJble PACTBOPH ABYX HJAH HECKOJbKHX KOMIIOHEHTOB. B arofi cBA3u mpus-
JIeKaJ0 BHHMAHHE HCCAENOBAHUE HApPYIIEHHBIX CTPYKTYpP, BJHsHUE NPHMECeH
H JnedeKTOB PEeIIeTKH Ha cBoHCTBAa KpHCTa/A10B. CBOHCTBA KPHCTAAJOB C MIpH-
MecsIMA H JedeKTaMHd peUIeTKH, a TaKyKe JABYXKOMIIOHEHTHBIX TBepPABIX DaCTBO-
pOB HAMM PACCMOTPEHH B CBA3H C 3HEPrHEH 3aKPeIVICHHA YacTHL B 3THX KpH-
CTaAJaX. DTO NO3BOJHUAO YCTAHOBHThH ONPENEeJNCHHBIE CBSA3H MEXJY CBOHCTBaMH
HapYUIEHHHX CTPYKTyp H TBEpPAHX pacTBOPOB H 3HEPrHEHd CBSA3H MeXJy ua-
CTHLAMH.

OTcyTCcTBHE TEOPHH MOUVNEKTPHYECKHX CIJIABOB, HEH3YYEHHOCTb CBOMCTB
TBEPAHX pAaCTBOPOB SABJAAETCA NPENATCTBHEM B pa3pab0TKe JUAJIEKTPUKOB,
COCTOALIHX U3 MHOTHX KOMMOHEHT, B BHOOpe 3THX KOMHOOHeHT. Hekotopbie
COOTHOIIEHUsI MeXJy CBOHCTBAMH KPHCTaJJOB TBEpPALIX PACTBOPOB M HX Mexa-
HUYECKHX CMecel, ONHCaHHHE B 3TOH paboTe, NMOACKAXKYT HANpPaBJEHHE B pas-
paboTKe HOBHX AHUB/JEKTPHKOB.

Jlisg onucaHHs 2JeKTPOHHBIX I[POLUECCOB B KDHCTAJL/IaX KBAHTOBash Mexa-
HUKA gaja 30HHYIO TEOPHIO TBepAOro tesa. B Hacrosmee BpeMs yCTaHOB/EHH
TpaHHLBE NPHMEHEHHS 3TOM TEOPHH H €€ NPHHIMIHAJbHEE HeAOCTaTKH. OAHHM
M3 NPHHIHNHAJBHLIX HEJLOCTATKOB 30HHOH TEOpHH aBJAseTCs 3aMeHa 3afadd o
IPOBEIEHHH MHOTHX 3JEKTPOHOB B KDHCTAMJIC 33jayell O NOBEACHHH OXHOTrO
a/JeKTpoHa. B 30HHOH Teopuu paccMaTpHBAeTCS NMOBeLEeHHe OJHOTO SJAEKTPOHa
B [EPHOAMYECKOM NOTEHUHAJbHOM TMOJe, Y4eT B3auMOJAEHCTBUA KAKAOTO OT-
JeMbHOIO 3JEKTPOHA CO BCEMH OCTaJbHHIMHU IPOH3BOAHTCH HPHOIMKEHHO My-
TeM BBeJeHHd BHewHero sg¢eKTUBHOTO MoJsA. B 3TOM TaK HA3BIBAEMOM ,,Cd-
MOCOTIJIACOBAHHOM IMOJIe“ 3/1EKTPOH JBHMKETCS HE3aBHCHMO OT OCTa/bHBIX. ,Ca-
MOCOT/1aCOBaHHOE MOJe JAOJ/IKHO BHPAXKAThH B3aHMONEHCTBHE pacCMaTpPHBAaeMOro
3JEKTPOHA C COBOKYIHHM 3apsJOM BCeX OCTAJbHHX 3JeKTPOHOB, B TOM YHCJE
U C COOCTBEHHEIM 3apsJOM.

30oHHAsA TEOpHH YUHTHBaeT Ae(deKTH W NPUMECH B peabHEX KPHCTaAIaxX
NyTeM BBeJeHUs AOUIQJHHTENBHEIX AHCKPETHHX YpOBHEH HEOLHOPOAHOCTEHd B
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3HepPreTHYeCKOM CIIeKTPE KPHCTAI0B. JIOKa/bHBIE YPOBHM HEOAHODPOXHOCTE I
00yC/IOBAMBAIOT BCE OCOOEHHOCTH INOJYNPOBOJHHKOB K IH3JEKTPHUECKHX KpPH-
CTaJJIOB. .

&, ®. BoapkeHTWITEHH CYHUTAET, YTO ORHOJECKTPOHHOE ONHCAHHE, JaBae-
MO€e 30HHO# Teopuell, MoxeT OHTb NpPHEMJEMO B psAAE CJAyYaeB MO OTHOIIe-
HHI0O K 3JEKTpPOHaM, NepeOpOLIEHHHM B 30HY NpPoBOAHMOCTH. TouHo Tax e
H B TeX Xe IpefeadX MOXET ONHCHIBAaThCA NOBeAEeHHEe JHPOK B HOPMAJbHOI
3oHe. Takum 006pa3oM, 30HHAsA TEOPHA MOXKET ONHCHBATHL BO30YXKIEHHHE CO-
CTOAHHA CHCTEMBl, HO B €€ pPaMKax HeJb3d ONHCaTh HOPMAaJbHOE COCTOSHHE,
XapaKTepH3yIIIEeCs OTCYTCTBHEM SJIEKTPOHOB B 30HE NPOBOAMMOCTH M OTCYT-
CTBHEM [BIPOK B HOPMAJBHOH 30HE.

B 3oHHO#l Teopuu B3aUMOZENCTBHE 3/JeKTPOHOB NMPOBOAYMOCTH C Koseba-
HUSIMM PEIIEeTKH PAacCMATPHBAeTCAd KAaK Majoe BO3MyIleHue. DTO siBJAsSeTCsa ApY-
THM NPHHIHINHAJIBHHIM HELOCTATKOM TEOPHH, TAK KaK B JNEHCTBUTEJALHOCTH A5
60JPMHHCTBA KPHCT2JJ0B B3aUMOJEfiCTBHE OKAa3hBaeTcs G6OJLIIHM.

DJEKTpOHAM, [ABHXKVIIHMCA B PEILIeTKe, CONYTCTBYET MMH CAMHMH CO31a-
BaeMas JAM3/JIEKTPHUECKas NOJAPH3auMA MOHHOrO KpHCTaaia. Bosnukawomas npu
3TOM JOKaJbHAas IN0JAPH3aIHA CBA32HA CO CMEIIeHHEM HOHOB M 06Jajaer Huep-
nueil. OHa HEe MOXeT CJAeJOBATH 3d CPABHUTENBHO OHICTPO ABHKYIIHAMCH 3/icK-
TPOHOM H O0Opasyer AJs 3JEKTPOHA NOTeHLHMaJbHYIO AMy. [y6uHa 3To# no-
TEHLUHAaAbHOA sAMH A1 OOJbIIHHCTBA KpHcTamaoB nopaaka 0,6—1 g8, B ueit
OyAyT CYWECTBOBATb AHMCKDETHBHIE 3HePreTHUeCKHe YPOBHM ajekTpoHa. Taxue
COCTOSIHMA 3JIEKTPOHA B KPHCTa/Je C NOJAPU3AIMOHHOM NOTEHIHAABHON AMOIi,
B KOTOPOH JIOKanu30BaH 371eKTPOH, Obin C. M. Ilekapom Ha3BaHH MOASpOHAMH.

C. B. Ta61uKOB CuHTaeT, YTO CHEKTP MOJSPOHOB UMeeT 30HHHI XapakTep
He3aBHCHMO OT TOTO, fIBJfETCA JH CBA3b C MOJIIPU3ANHOHHBIMH KO/eOaHHIMH
pelIeTKH CHJABHOH WaM caaboii. B mesoM chmekTp moaspoHOB NmpeacTaB/sieT psiji
Y3KHX 30H, PaCMnOJOXKeHHHX HAa HeKOTOPOM pAacCTOSHHH APYr OT Apyra. Bos-
MOXHO, YTO, HAYHHasA C HEKOTOPOro MecTa, 30HH OyAyT MepeKpHBATBCS APYT
C Apyrom.

C nmoMOmBIO TEOPHH IOJAAPOHOB, TAaK € KaK M 30HHOH TeOopHH, OMHCH-
BAIOTCA € M3BECTHOH TOUHOCTBIO 3/EKTPOHHBIE SIBJAEHHA B KPHCTANJHYECKHX
JUBJEKTPHKAX M NOJAYNPOBOIHHMKAX: 3/A€KTPONPOBOJAHOCTb, (POTONPOBOAHMOCTD,
JIOMHHECIeHIUA, NpoBoH H AP. DTH TEOPHM HE pACCMaTPHBAIOT HOHHHIX MPO-
I1leCCOB M CBSI3H 3JEKTPOHHHX H HOHHEIX INIPOLECCOB MeXAY Co6Oii.

CoBpeMEeHHHE KBAHTOBHE TEOPHH OMHCHBAIOT Pa3feJbHO 3JEKTPOHHHE H
HOHHHE nOpoueccH B KPHUCTaMJax. B CBA3KH € 3TUM BO3HHKAIOT TPYAHOCTH B
OMHCaHMH [OPOUECCOB, KOTOPHIE, BO3MOXHO, HAYHHAIOTCS KAaK 3JeKTPOHHHIE,
a 3dKAHYHBAIOTCSl KAK TPEHMYUIeCTBEHHO HMOHHHE INPOLeCCH. YKaxeM Ha fB-
JeHHe 3JeKTpPHYeCcKoro mnpo6osi TBEePABIX JHAJEKTPHKOB, KOTOPOE B MEPBOH
CTaJHH CBSI3aHO C BHCOKOBOJBTHOH 3J€KTPOHHOH NPOBOAUMOCTBHIO, 2 3aKaHYH-
Ba€TCH Ppa3pylIeHHEM HOHHOH CTPYKTYDBI IM3JAEKTPUKA, pa3pHBOM CBS3eil
MexXAy HOHamH. PasgenpHOE paccMOTpPEHHE 3JEKTPOHHOH HauvalbHOM CTaJMH
npobos ¥ KOHe4YHOH cTtagud npo0osi, paspuBa CBA3eH MEXJIY HOHAMH He gaer
BO3MOXHOCTH OIIHCaTh HBJEHHE 3JEKTPUYECKOro Npobos NOJHOCTBIO, YCTaHO-
BHTH TEOPETHYECKH CBfA3b 3JEKTPHYECKOH INPOYHOCTH C COCTABOM H CTPYKTY-
POl JAHU3JCKTPHUKA.

HMayyenne CBOMCTB HOHHHIX KPHCTAJJOB M 33aBUCHMOCTH HX OT COCTaBa H
CTPYKTYPH MPEICTaBAsdeT MNPAaKTHUECKUH HHTEpec M/ ONHCAHHS HeopraHuye-
CKMX JH3JEeKTPHKOB B0OOImEe u OCOOGEHHO KepaMmuueckux. Peryaupys cocras
KepaMuuecko# Macco ¥ 06paloTKy, MOXKHO MOJY4aTh MaTepHaJH pastuyHoH
(DHU3HYECKOH CTPYKTYDPH. DJeKTPOKEPAMHYECKHe MATepHaldbl B 3aBUCHMOCTH OT
HX COCTaBa H CTPYKTYPH HMEIOT PpasjJHuYHHE MEeXaHHYeCKHe, TepMHYeCKHe H
3JeKTPUUEeCKHe CBORCTBA. 3aKOHOMEPHOCTH, ONpeAe AIIIHe CB3b MeX 1y Co-
CTaBOM, CTPYKTYpO#l H CBOHCTBAMH KepaMMYECKHX MaTEpPHAJIOB, HE H3YUYEHHL

176



JJIeKTpOKepaMH4eCKHe MaTepuaJel TPeACTaBAfI0T MHOTOGa3Hyl0 CHCTEMY,
BK/AIOYAIOMYI0 KpPHCTANJHYeCKYIo, aMOpdHYyH H rasoByio (nopwm) dasu. Co-
CTaB, CTPOEHHE H KOJIHYECTBEHHBIE COOTHOWIEHHS (a3 CJAOXKHO ONperessdsoT
CBOHCTBA 3JEKTPOKEPAMHUECKHX MaTepHasoB.

Kpuctaaaunueckass ¢asa Bo MHorom omnpejenser ¢GuU3nueckHe CBOHCTBA
3JEKTPOKEPAMHUECKHX MAaTePHaa0B. ITO BH3bLIBAET OOJbIIOH NPAKTHYECKHH
MHTEepeC K H3YYEHHIO CBOHCTB HOHHHX KpHucTa/loB, Kpucraanuwueckas ¢asa
npeacrasaser coboi XHUMHYECKHE COCAMHEHMS WJIH TBEPAHE PACTBOPH KOMHO-
HEHTOB, BXOJSIUHX B COCTAB 3JEKTPOKEpAMHUECKHX MaTepHa/oOB,

HcxnounTeNbHO BHICOKHE JHAIEKTPHUECKHE CBOICTBA 00HAPYKEeHH Y Kepamiu-
YeCKHX MaTepHa/oB, N0JAYYeHHHX Ha OCHOBe mnuHean 6aaropoaunoit (MgOALQ,),
¢dopcrepura (2 MgOSi0,), nepuxsasa (MgO), neposckura (CaOTiO,) KIHHOIHCTA-
tura (MgOSiO,) n ap.

M3yuyenne CBOHCTB HOHHHX KDHCTaNI0B MOJHKHO NOMOYb B NOHUMAHHH
OCHOBHHX CBOHCTB 3JEKTPOKE€PAMHUECKHUX JAH3JEKTPHKOB, CBSA3H MEXAY COCTa-
BOM M CBOHCTBAMH HOHHHX H3OJHpPYIOIHX MaTepuasoB M Jarb HayuHuie 06o-
CHOBaHUA AJs BHOOpA HX COCTaBa ¥ 0GPAOOTKH.

TBepaoe tes0 npeacraBageT C060H KBAHTOMEXAHHYECKYIO CHCTEMY MHOTHX
CHJABHO B3aUMOJEHCTBYIOIMHUX Mexay coboi uyactuu. [To 3Toi npuuyuHe yacTRIIHL
B TBEPAOM TeJe B 3HAYHTEJNBHOH Mepe YTPAUHBAIOT CBOH HHAMBHUAYaJbHHE
CBOWCTBA ¥ BMECTe€ € TeM CHCTeMa 4acCTHI, NOJYy4YaeT HOBHE KOJJIEKTHBHHE
CBOHCTBA, XapakTepu3ymouHe TBepAoe Teno. B TO ke BpeMss OCHOBHHE CBOfi-
CTBa TBEPAOTO TeJa OIPeIeJAITCA €ro XHUMHYECKHM COCTABOM, (PU3AUECKOIH
CTPYKTYPOH M BHELIHHMH YCJOBHAMH.

JHeprus B3aUMOLEHCTBUS MKy uYacTHHAMH, 00pa3yloIUMH TBEPIAOE TeJ0,
OT KOTOpPOH 3aBHCAT ero ¢u3nyeckKkue CBOHCTBA, ONIPEAEAAETCH HOJOXKEHHEM
3/EMEHTOB—KOMIIOHEHT, BXOAALINX B coenuHeHue, B tabauue L. K. MeHae-
JaeeBa. ‘

[IpencTaBisieT uMHTEpeC MCCA€J0BATb 3aBHCHMOCTb (DH3HUYECKHX CBOHCTB
NPOCTEHIIHX HOHHHX NH3JEKTPHKOB OT IIOJIOXKEHHS KOMIIOHEHT B TabJanue
II. . MenpgeneeBa, uX aToMHOro Beca H HOMepa. Cpsa3p MeKIY 4aCTHUIAMH
B KpHCTaJJax Haubojsee MNOJHO BHPAXaeTCA BEJIHYHHOH 3HEPruH, KOTOPYIO
3e00XOJHMO 3aTpaTUTh AJA TOrO, UTOOB PAa3BECTH HOHB Ha OECKOHEeYHO 6O0Jb-
1oe paccTosaue APYr OT Apyra. DTa BeJWYHHa Ha3HBaeTCs HEpPruefl Kpu-
CTAMMHYECKOH pelIeTKH.

TeoperHueckye W 3SKCIepUMEHTaJbHHE HCC/AEJ0BAHMS IOKa3LIBAIOT, YTO
OCHOBHBIE CBOHMCTB@ KpHCTaJAJ0B HOHHBIX COEIHHEHHH CBA3aHH C BEJHYHHOH
SHEpruH pemleTKH.

C ymenpmieHHeM o06beMa H MOJAPH3YEMOCTH MOJEKYJ BO3pacTAE€T HHep-
rHsl pelieTKH HOHHBIX CO€LHHEHHH, KPHCTaAJH3YIOLMXCA B PELIeTKY THIA Ka-
MeHHOH coaH, (JIOOPHTA, XJOPHUCTOTO 1e3Hs, BIOPLUHTA, IIHHKOBOH OOMAaHKH
(puc. 1, 2). MosexkyaspHas pedpakius yMEHbLINACTCS C BO3PACTAHHEM 3IHEPTHH
pemeTky (puc. 3).

Jas mesoYHO-TaNoOUIHBIX KPHCTAMJIOB IPH HEH3MEHHOM MeTalle 3JeK-
TPOHHASE COCTABAAIOINAS JH3JEKTPHUECKOro koad@uuueHTa Bo3pacTaeT ¢ yBe-
JHYEHHEM NOJAPH3YeMOCTH TaJOHAa H YMeHblIeRWeM BSHEePTrHH pelIeTKH
(puc. 4, 5).

ITo nauuwmm B. M. CapacdanoBa, 3ameuieHue Marius KaJbLHEM, CTPOH-
UHeM W T. A. B THTAHATaX CONPOBOXKJAAETCS BO3pacTaHHeM JIUAJIEKTPHUECKOro
xoadbuuuenTa. YxKa3zanHHOe 3aMmeleHHe MeTaJJO0B BTOPOH TPYNMH CONPOBOXK-
JaeTcsl yMeHbIIeHHeM 3HeprHM 3aKpelJeHHs 4YacTHIl B pemeTke (puc. 6)

du3snueckue gBJeHH B KpPHUCTaJlax, onpejenaseMble YOPYTHMH KoJaeba-
HUSIMH HOHOB, CBS3aHK C 3HEprued peuieTkd. TenJoeMKOCTb, pPacCUMTaHHAA HA
rpaMMaTOM JJs COeJHHEHHHd MeTall0B TNepBoil W BTOPOH rpynn ¢ BO3pacTta-
HHeM 3HepruH pelleTKH yMenbmmaetcs (puc. 7, 8). Temneparypa naasJeHHus KpH-
CTaJ/J0B ILI€NOYHO-TAJORAHHX COJeH C YBEJHYEHUEM 3HEePrHH DeIIeTKH BO3pa-

12 Has. TIIH, 1. 91, 177
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craeT {puc. 9, 10). IxcnepAMeHTa/bHHE TaHOHE NOKA3HBAOIT, YTO C YBeJHUE-
HHEM 3HEPrHH pelIeTKH COeAHHEHHH MeTaJJoB MepBOil H BTQPOMH rpynH Bo3pa-
CTA€T 4acToTa COOCTBEHHHIX Ko/e6aHHii HOHHOB pemrerxu (puc. 11).

* Vs coequHEHHH METANIOB NepBOA U BTOPOH CPYNNH, KPHCTA/LIH3YIOMHUXCA
B pElIeTKY THOA KaMEeHHOH COJH, INOTJalleHHs CBeTa B HH(pakpacHOMH, BUIu-
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Puc. 3. 3aBHcHMOCTb MEXAY cyMMOH pedpakuun auHoHa Ra
W pedpakuuu Kathowa Rp M sHeprun pewreTkM Ind KpHCTama0B
LIENOYHO-FAJOUAHBIX CONEH.

MOH M YABTPauOIETOBOA 4YaCTAX CHEKTPa 3aKOHOMEPHO CBA3AHIO C sHEprued
KpHCTaJaHuecKkodl peweTkH, Hauano, kpalli H MAaKCHMyMH HOJIOC MNOTJAILeHHA

CMeIanTcs B KODPOTKOBOJHOBYIO YaCTh CIIEKTPa C yBe/HYEHHEM sHEprHH pe-
ety (puc. 12, 13).
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Puc. 4. 3aBUCHMOCTD 31eKTPOHHOM COCTABAAOMIEH oo
OT NOJAPH3YEMOCTH FalOHA3 a m HPH 7 = 5893

B

[ToBepXxHOCTHAsE SHEPTHA CYIIECTBEHHO BJHSACT Ha TeueHHe MHOTHX MPO-
11eCCOB, MPOHUCXOAAINKX MNPH KOHTAKTE MABYX TEJ, B WaCTHOCTH sBJAEHHE obpa-
30BaHHA H Pa3pylLICHHs NMOBEPXHOCTH, Audpdy3uu u np. (puc. 14).

Ilo cBoeit (PU3HKO-XHMHYECKOH NPHPOAE NOBEPXHOCTHAS 3HEPTHsA NPEeLCTaB-
JIAeT NpOoABJEHHE CHJ/I B3AUMOJNEHCTBHS MEXJY yaCTHIAMH M XHMHAYECKOH CBA3H
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Mexay HuMH. [TosTOMY 9Heprusi KPHCTAAJNHYECKON PpEIIETKH H MOBEPXHOCTHAS
SHEPrusi Teja B BaKyyMe CBsasaHbl JAPYr C APYroM. YBeJndeHHe yAeabHOH no-

BEPXHOQCTHOH 3HEPrHA NPOHCXOAHUT OJHOBPEMEHHO C BO3paCcTaHUEM

pewetkn (puc. 15).
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Puc. 5. 3aBUCHMOCTb €oo OT JHEPrUM peLIET- Puc. 6. lismeneune lg = npn 3aMmeleHuw

KH 1Af COelHHEHHH  MeTaiNoB nepBOH KaTHOHA B THUTAHATaX METalJOB BTOPOH rpyn-

Fpynnel tabaunbl MeuneneeBa ¢ pelleTKOMH net Tabamunl  Meungeneesa. [loctpoeno mo

tna NaCl. ) naunnim B. M. Capadanosa.

A. B. ToaBuHckasg cpenana yaaunyio

MONMLITKY CBA3aTh IOBEPXHOCTHOE

CONPOTHBJIEHHE TBEPALIX JAHB/EKTPHKOB C BEJIMUHMHOH NOBEPXHOCTHOH 3HEPrHH.
Bricoxoe 3HaueHHe 3HEPTHH DEINETKH H MOBEPXHOCTHOH 3HEPruM HOHHHIX
coejuHeHHH 00yC/I0B/JHBAIOT CMAYHBAEMOCTh M 3HAYHTEJbHOE YBEAHUEHHE HX

180

33019

gﬂ?&'

Q\

% a20

QQ o0

N
23

3

Tenmoemrocms 8
) ' (%S Y 5-3
S & 3 8

5
N

280

8

__1(7 Nad|

R8T \@L
2

xeeo\|

A

\\

N

60 65 10 15 50 85 30 45 N0

28
THEPEUS PEWEMAY  rgpa vonol
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Cp OT 2HEPrHHM pelIeTKM LJAA COCIMHEHMH MeTan-
M0B  NEepBOH rpynnnl tabauns MeHgjeneesa ¢ pe-
werko# tuna NaCl.



IOBEPXHOCTHOH IPOBOXHMOCTH. JTHM CaMbiM CHHXAIOTCA B OOUIEM BHICOKHE

3/eKTpHYEeCKHe CBOACTBA JHASJEKTPHKOB. BEICOKHM NMOBEPXHOCTHHIM CONPOTHB-

JenHeM -00/144a€T AaJIOMHHOKCHZE, TMJaBJeHHH KBapU-—BeIleCTBa, HMEIoLiue
* CTPYKTYPY CpPEAHIOI MEX Ay BellecTBaMH C HOHHOH W aTOMHOH CBf3blO.
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Puc. 8. 3aBHCUMOCTH TEMIOEMKOCTH OT 3IHEPTHH
pelieTkH Jas# COSIHHEHHH SMemMEHTOB 2 TPYIiHIbi
tabanusl Menjeneera.

TeopHsi KpHUCTaJJHYECKOH PEHIeTKH YCTaHABJMBAET CBA3b MeXIy Koappu-
AUEHTAMH W MOJIYJASIMH, XapaKTePH3YIOMIMMH YNpyrue cBoficTBa KpPHCTaa0B. 1o
TEOpPeTHYECKHM H SKCHEPHMEHTAJbHBIM JaHHEIM KO3((HUHEHT BCECTOPOHHErQ
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Puc. 9. 3asucumocts Temnepatyphl naaeresns B °C OT SHeprHM pe-
WETKH A ILEeXOYHO-TANCHIHBIX COCAMHEHHH ¢ peuwrerxoit Tuma NaCl.

CKaTUsl BO3PACTART C yBEeJHUEHHEM oSHeprud peuwerku (puc. 16). Tseprocts
KPHCTAJIJIOB PacTeT ¢ aueprueit pemerkd (puc. 17, 18). C yBeauuenHeM sHep-
THM pElIeTKH BO3DACTAIOT YHPYTHEe CBOHCTBA KPHCTAJNJOB, YMEHBLIAETCH HX
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CXKHMaeMocTb (puc. 19). Bospacraer conpOTHp/eHHe TEUEHHIO, MPOAABAHBAHHIO
9epes OTBEPCTHE H IIp.

Ilo sKCIePUMERTANBHHIM JaHHHM B, M, Fox6epra, Jledeapna, K. A, Bo-
AonsAHosa, [. M. Cxanasu, H. II. Boropoauukoro, A. [1. Haxozuosoii,
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Puc. 10. 3aBHcuMOCTS TEMTICPATYPHt NAABAEHHSA OT SHEPrHH
PELIETKH AN COCIHHEHHH, KPUCTANIUIYIOWHUXCA B pEeleTKe
tuna CsCl.

B. WM. Capadanosa u ap. CICLYET, YTO C YBE/JHYEHHEM 3HEPTHH 3aKpPEIJeHHS
HOHOB B pENIETKE YMEHBIIAIOTCA 3AEKTPONPOBOAHOCTD HOHHHX KPHCTANIOR
{puc. 20) wu npusaextpuueckue NOTEPH; 3JEKTPHYECKAA MNPOYHOCTL MOHHHEIX
KpHCTA1/108 BO3PACTAET C MOBHIICHHEM JHEDPLHH PeleTKH (puc, 21, 22, 23).
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Puc. 1. 3aBucumocts uacToTh COBCTBEHHNX KOJTeOanuii
HOHOB peme’r}(n oT aHeprnn PEUICTKH meJlO‘IHO~FaJIOPIJIHb]X
COeHHEeHHH,

C yBeJHYeHHEM SHEPTHH KPHCTANTHYECKOIL peuleTKky BO3pacTaeT TemIOTa
00pa30BAHHA COEJHHEHHS B TBEPLOM BHAE (prc. 24). Tenuaora o6pasopanus
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XHMHYECKOrO COeJIMHEHHSl B TBEPAOM BHJe, NPUBEACHHA® K IaHHOH TeMmepa-
Type (25°C) u namnessio 760 Mu, ups COOTBETCTBYIOIIHX HCXOJAHHX COCTOSi-
HHAX aTOMOB MNpeJCTAaBIfeT HEKOTOPYI0O MePy YCTOAUHBOCTH COEIHHEHHS.
CpaBHenHe yCTOHUMBOCTH COEJHHEHMH MO TemJore 06pa3oBanHus ABJAAETCH IO-
Ka3aTeJbHBIM TNPH CONOCTABJEHUH OAHHAKOBHX THIOB COEIHHEHHIH.
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Puc, 12. Dneprua KBaHTa NOIIOWEHHA CBETa B KPHUCTANNAX LENOYHO-Ta-
JIOHAHBIX CONEH M 3HEPrHd PelleTKA.
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Puc. 13. 3anncunocts 3HepruM KBaHTa Kpas

COGCTBEHHOTO MOTJOINEHHST W KBAHTA SHEPIHH

COOCTBEHHBIX KOJNeOAHHH PEIIeTKH OT 3HEepruu

PelleTKH AAd OKHCJOB MCTAlI0B 2 PPy, 3
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CyuecTBOBaHHe PA3NHYHBIX HOHHBIX COCIHHEeHHil W o6biacHeHue wX 60.1b-
el HAM MeHbIIeft YCTOHYHBOCTH CBS3BIBAIOT C BEJAHYUHOH H 3HAKOM TENJOTH
ofpa3oBaHus U3 CBOGOIHBIX 3AEMEHTOB.
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Puc. 14, 3asucuyocts Mexqly NMOBepXHOCTHOH 3nepruei
MHHEDAaAOB # HOMepOoM LiKaxbl Mooca.

OnuTHEE JaHHBE MOKA3LIBAIOT, YTO C YBEJHYEHHEM TemAoThl 06pa30BaHUA
BO3pﬂCTﬂET Su’IeKTpH‘IeCKaﬂ IIPOYHOCTb KPHCTaJAJOB HIeJIOYHO-TAaM0HAHBIX COJIEH
(puc. 25), yMEHBIWAOTCA UX 3JEKTPONPOBOJHOCTb M THAJIEKTPHYECKHE IOTEpPH
(puc. 26, 27). OxcmepUMeHTAbHHE XAPAKTEPUCTHKM MOHHHIX COeAMHeHHH, TOo-
JY4CHHBIE H3 PA3JIHYHHX H3MepPeHH, HAXQJATCS B 3aKOHOMEPHOH 3aBHCHMOCTH
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Puc. 15. 3aBHCHMOCTh MEXY Y/IelbHOH MOBEpPXHO-
CTHOM 3Hepruefl M 3Hepriel pelueTkH AJIs LieNOUHO-
ranoHIHLIX KPHCTANAOB.
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Puc. 16. 3aBHcuMocTs  KO3dipu-

LMEHTA BCECTOPOHHErO CWATHA OT

IHEPTHU PEWETKH KPHCTAMIOB ILle-
JNOYHO-TAJNOHIHBIX COCXHHEHHH.
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Puc. 17. 3aBUCHMOCTH TBep-

AoctH no Moocy ot 3Heprun

peHleTKH 1A  KPHCTANIOB

UIETOUHO-FANOHIHAX  COEJH-
HEeHUIH.
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Apyr OT Apyra, ompejensieMoHl TeOpHeH KPHCTAaJIHYECKOH pellleTKH. JKCnepH--
MEHTAJbHOE YCTZHOB/JE€HHE COOTBETCTBHA MEXAY pPAaslIHYHHMH XapaKTEpPHCTH--
KaMH HOHHBIX JHU3JEKTDHKOB SIBJAACTCA NOJIE3HBIM YTOYHEHHEM TEOPHH U HeoO--
XOLUMBIM 1Jsi ee Gosee AeTaJbHOM pa3paloTKH B JaJbHEHIIEM,.
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Puc. 2i. 3aBucumocts aorapupMa 34€KTPONPOBOJAHOCTH
npu { =600°C oT sHepPrHH peLIeTKH 14f IIENoUHO-raA0u-
HBX COCIHHEHHH.

Haxonuen HeKOTOpH# MaTépHal MO CBOMCTBAM HOHHHIX TBEPALX DACTBO--
pOB M H30MOpPGHHIX CMeceHd, NPeACTaBJIOIHI HAYUHBI H NPAKTHYECKHH WHTe-

pec AJs TEOPHH JIM3JIEKTPHKOB H JAIOWIHH OCHOBY 1] JaJbHEHIIHX HAYUHHIX.
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Puc. 22. 3aBHCHMOCTL 3J€KTPONPOBOIHOCTH (1g ¥)

npu temnepatype 500°C 0t sHeprHM pelIeTKH s

MOHOKPHCTAMIOB 1LMeX0uHOo-ranouanex coael. (Ilo-

CTPOEHO MO JAHHLIM HM3MEPEHHs1 SJeKTPONPOBOI-
noctu B. M. l'oxGepra.)

HUccaenosanuss axkan. H. C. KypHakoBa M ero COTPYIHHKOB 1iO3BOJAIOT"
clenaTh BBIBOJ, YTO MeXaHHYeCKHe CBOHCTBA TBEDPJAMX HOHHBIX PacTBOPOB Xa-
pPaKTepR3YIOTCA TENJAOTOH, NOTJIOUEHHON NPH OGPAa30BAHUH TBEDAOIO PacTBODA.
UeM MeHbIIe Tem/1a NOrJOLEHO NPH 00pAa30BaHHHM TBEPAOTO COEIHMHEHHs, TEM:
OHO YCTOHUHBEe H MexanHuecku npouHee. HeycTtoiAuuseie TBepibe PacTBOPLE
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- CO BpeMeHeM pacnajgaioTca. CKOPOCTh MX pacmaja 3aBHCHT OT BHEIIHHX YCJIO-
BHH H, B NEPBYIO Oouepelb, OT TeMmepaTyphl. [Ipu pacnage TBepAHX PacTBOPOB

u IIpH6JlPI)K€HPIPI HX K COCTOAHHI0 MeXaHH4YeCKOl CMeCcH BHJALJASISTCHI = 4acThb
TEn/Jaa, 3anacenBHasd B CIL1aBe.
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Puc. 23. IsmeHenue JsorapudMa 3MeKTPONPOBOIHOCTU

THTAaHATOB METAAJN0OB BTOPOH rpynnsl t1abauupt Menge-

jeesa TIpH 3aMellleHHH MeTamioB (no aaHumm B, M. Ca-
padaHoBa).

Kpucraais TBepAHX PaCTBOPOB XaPaKTEPH3YIOTCS CBOHCTBEHHHIMH JaHHOMY
XHMHYECKOMY COCTABY COCJAHMHEHHS YacTOTOH OCTAaTOYHHX JydueH, onpexeneH-
HEIMH TIOJIOCAMH MOTJIOIIEHHS B yJbTpaduo/1eTOBOH H HHPpaKpPacCHOH uacTax
CHEKTPa, a IPH HAJHYHKM LEHTPOB OKPACKH, ONPEJECJCHHON NOJOCOH TOTIJA0IIe-
HHS B BHUIHMOH YACTH CIEXTPAa, KO3PPHUUHEHTOM NOTAQINEHHS,

Bce 310 mokaspiBaeT, YTO B TBEPAOM pACTBOPE CYMICCTBYET ejfHHas pe-
‘IIeTKa TBEPJAOro pacTBOpa.
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50

Puc. 24, 3aBHcHMOCTL TENIOTH O6pPAa30BaHHA OT IHEPrHH
PEIIETKH [IEA0YHO-TAJONAHBIX COEJHHEHHA B TBEPAOM
cocrosiuupu nmpu £ == 25°C u p =760 mm pm. cm.
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BesuunHa KBaHTA 9HEPrAH, COOTBETCTBYIOWAA MOJOXKEHHIO MAKCHMyMa 10-
JIOCH TNOCJIOWEHHss B BHIAHMOH HHQpakpacHO# H YJAbTPaHOJETOBOH YACTAX
ClexKTpa B 3aBHCHMOCTH OT XHMHYECKOrQ COCTaBa KPHCTANId H3MEHSeTCs JH-
He#Ho.
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Tennoma obpasobanus Kkan/moss

Puc. 25. 3aBHCHMOCTD 3JEKTPHUYECKOH NPOYHOCTH OT Te-
nAOTH  00pasoBaHH#  KPUCTAJIOB  LIEJOYHO-TaJOHMAHBIX
COeIMHEHUH.

E. K. 3apagosckasn, A, M, Tpy6aubiH u Apyrue noxasajaH, Y4TO 3/EKTpPHYE-
CKast IPOYHOCTH TBEPABIX PACTBOPOB YBENHYHBACTCA C YMEHbIIEHHEM KoJHye-
CTBa TEIIAa, MOTJIOLUIEHHOTO MPH KX 06pa3oBaHUH H yBeJHUYeHHEM YCTOHYHBOCTH .
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Puc. 26. 3aBucumoctp JorapudMa anexTponposoiHoctd  (Ig )
npu t = 600°C or tenaoTh 06pa’oBaHNs XHMMYECKOIO COenMHe-
HHE B TBEpIOM COCTOAHHH.

(¢pur. 28). A. H. Kucauna nokasana, 4To 2/eKTpHYecKas IPOYHOCTb, TBEPAOCTb
TBEPABIX PACTBOPOB NOBHIIAIOTCH [0 Mepe HX CTapeHHs.
[To n3mepenuam K. A. Bomomesrosa, M. A. Kpusosa, I'. Y. aaubunoi,
A. ITl. boposukosoit, b. H. bypraesa, JI. I'. Kopeukoro ¢ yMeHb.. HHeM ycTOii-
YHBOCTH TBEDAOrO pacTBOpAa BO3PACTAKT AHJIEKTPHYECKHE NMOTEPH .’ BJIEKTPO-
NPOBOJAHOCTB.
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-Puc. 27. 3aBHCHMOCTS IH3JIEKTPHYECKOro Ko3(hduunenta
OT TEMNOTH 06pa30BaHHA KPHCTAJMIOB INEAOYHO-TANOHAHBX
collefl B TBEPAOM COCTOSIHHH.
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Puc. 28. 3asucuMocTs snexTpHYecKoH NpOYHOCTH (Enp)
MHKPOTBEPAOCTH (/) U TenmIOTBl, HOrMOWEHHOH NpH 06-
Pa30BaHMH TBEPLOro pactbopa (), OT COCTaBa MOHOKpH-
cramnos cucremb KJ — KBr,
(ﬂocrgoeﬂo aBTepamu 1o anaveeiM A M, Tpy6uunina,
190 H. C. Kypnakosa, C. ®. XKemuyxnoro u Pombax.)



CBo#icTBa HOHHHX TBepJblX PacTBOPOB 3aMellleHHs] ONPEeARAAITCH TemnsIo-
TOW, MOTJIOLIEHHOR NpH 0O6Pa3OBaHHH, C KOTOPOH IPOCTO CBSI3aHbl MeXaHH4Ye-
CKde, TepMHYECKHe, ONTHYECKHE H 3JeKTPHUCCKHe CBOHCTBa KPHCTaJ/OB.
C yMeHbUIEHHEM 3HEDrHH, MOTJOILEHHON npH 06pa3oBanHH TBEPIOro PacTaopa,
YBEJHYHBACTCA €ro YCTOHUMBOCTb NMPOTHB pacnafd, BO3PACTAIOT I/JAEKTpHYECKas
NPOYHOCTh, TEMIEPATYpa N/ABJEHHS, yMeHBbIIAeTCH TBEPROCTb M JAP.

B Hacrosinee BpeMs NpH 3HaYHTeJAbHOH pa3paloTKe KJAACCHYECKOH H 30H-
HOH TEOpHH TBEPAOrO TeJa M HCUEPNAHHH HX pECYpPCOB BCE elle HE HMET
YZAOB/JETBOPHTEJIBHOTO (PH3HYECKOTO OINHCAHHUS BaXKHejlKe CBOHCTBA KpHCTAJ-
JIOB NpocTedmed ¢HU3HYeCcKOR CTPYKTYPH. MHOrouuc/ieHHBE TeOpHH NJaacTH-
yecko# J[AedOpManuM M MEXaHHUEeCKOTO pa3pylleHHs, NAaBJAEHHS, 3JEKTPHYe-
cKoro mpo6ost He OOBACHAKT OCHOBHBIX 3aKOHOMEPHOCTEH 3THUX sBJEHHHA, He
JAaT JOeTaJbHBIX YKa3aHH# O HANpaB/JEHHH MOHCKOB MATEPHAJIOB C JYYLIHMH
CBOHCTBAMH.

HccaenoBauds OLHHX CBOMCTB KPUCTAANOB (€3 CBA3W MX C NPYTHMH MpU-
BOAMJO MHOraa K OODBACHEHHIO OJHOrO ABJEHHS C MOMOLUIbIO APYroro, mpupoxa
KOTOpOoro Ttakxe Obljla He 5CHA, 4YTO HAGJK0JaJ]0Ch HA NpHMepe OObICHEHHs
3JEKTPHYECKOro npobog.

CymecrByeT nBa HampasJeHHs B OObsCHeHHH (PU3HUECKHX MPOLECCOB NpH
1poboe au31eKTPHKOB. CTOPOHHUKH OJHOrO HANpaRICHHS NBITAIOTCA NOHATH
¥ OODBACHHUTb MPOOOH KakK sBJEHHE MJABJEeHHS, CTOPOHHHKH APYToro Hampas-
JIEHHS1 0OBACHAIOT NPOOOH KaK sIBJAEHHE MeXaHHYeCKOro paspylueHnd. Mexay
TEM HY T€ H HH JDYrHe HE IOCTAaBWJIHM nepel Cc060i BOIpoca, a HaCKOABKO
ACHOH NPEACTaBJAACTCA (H3HYECKAs KAPTHHA ILIABJAeHHS H MEXaHHYECKOTO pas-
pywenns., CrnopsamHue ydeHble MOJYAAHBO MCXOIHJH M3 IMPEACTaBJACHHS, UTO
SIBJIEHUS NJABJEHHA W MEXaHAYEeCKOro pa3pylueHHsd, NABHO H3yyaeMble (PU3H-
KOHW, JaBHO H3BECTHHIE YEJOBEYECTBY, MAOJKHB OLITh MOHATHH W HM3BECTHH
HAYKe B AeTatsXx. Mexay TeM oka3piBaeTCs, UTO SIBJAEHUS IIJIAB/AEHHS H MeXa-
HHYECKOro paspyllieHHs KPHCTAJJI0B NPENCTaBASIOTCA He MeHee, ecau He OoJjee,
(PH3HUEeCKH HCH3YUEeHHBIMH, ueM Ipobod.

Brniosane BO3MOMHO, 4TO sAB/JeHHe NPO6Os, KOTOPOE MOXHO M3ydyaThb C INO-
MO0 60Jee COBEPUICHHO{ anmapaTypsl ¥ MeTOAMKY, AACT HeOOXoxuMHe
MATEpPHAJBl JJ51 MOHHMAHUSA aTOMHCTHUECKOH KapTUHH NPOLECCOB NPH NAaBje-
HUH U MEX3HH4eCKOM pa3pyIleHHH TBePAHX TeJl.

TeopeTuueckoe pacCMOTpeHHe nJAaCTH4YeCcKOH pedopManun K MexaHuue-
CKOrO paspylleHHs, NJaB/AeHdsT HJIH 3IJCKTPUUECKOH MNPOYHOCTH MOXKeT OHITh
IPOBEAEHO TPeMs pa3IHUYHRMH OyTAMH. OguH M3 HHX COCTOHT B IOCTPOEHHH
¢deHoMeHOJOrHUeCKOH TeopuH fABJeHMs Ha OCHOBE O0OOILNEHHS ONALITHHX 3aKO-
HOB [/ MPOTEKAHHS MPOLECCOB B NPOCTEHUIMX Cayuasx. DTH 3aKOHH GopMy-
JUPYIOTCS MAaTEMATHUYECKH U 3aTeM JesaloTCsl NONbITKH peuweHus MoaAYYaomuxcs
ypaBHeHHH, MO3BOJSIOWUX IOPH pasJndYHHIX YCJAOBHSIX aHAJIH3HPOBATH NOBeje-
HHEe TBepiaelX Tesa B GoJee CJAOXKHHX Cayuasx. Bropoit nyTh, npubankaloLHi
HAC K pelleHHio npofJaeM CBOHCTB TBepPAHIX TeJ, HMeeT HEJIbI0 CO3JaHHe Teo-
pHH MeXaHH3Ma, AaTOMHBIX JIBHXXEHHH, CONPOBOXKJAIOWMX MJACTHYECKYO 1e-
dopmanuio, naasieHne Hau npoboi#. Onncanne MOJEKYJIAPHHIX JABHXKEHHH 1pH
niacTuyeckod aedopmaunuu, npo6oe HAXOAUTCA ellle B PAHHEH CTAJUH CBOEro
pasBuTHA. Tperbe HanpasieHHe B pa3paboTke TPONECCOB Pa3pyLIEHHST KPH-
CTaNN0B—TePMOAHHAMHYecKOe. MMeeTca TepMoIHHAMuUeCcKast TEOpPHA IIJIABAEHHS
(5. 1. Ppeuxenn), mexanuueckoro paspymenus (Peps), npobos (Ieanep).

[1pu paspenbHOM paccMOTPEHMM CBOWCTB JAMSJEKTPHKOB, 3Hasi, HapHUMeEP,
BEJHUYHHY 3JIEKTPUYECKOH MNPOYHOCTH, HHMUEro Heab3d CKa3ath O JPYTHX BaK-
HeHIIMX XaPaKTepPHUCTHKAX BelleCcTBa, TeMIepaType MJIAaBJeHHs HJH 3JeKTponpo-
BOJHOCTH. B COBpeMEHHOH TexHHKe TBepAble AHIJEKTPHKH HecyT KOMOHHUPO-
BaHHYI0 Harpysky. Heo6xonumo OBIBaeT OZHOBDEMEHHO OIEHHTh HECKOJbKO
CBOWCTB JAH3JEKTpUKaA. [IpOBeieHHBIE B 3TOM COOOGIIEHHH CONOCTABAEHHS CBOHCTB
KPHCTA/IHUECKHX MAHAJEKTPHKOB H YCTAHOBJEHHE HX 34BHCHMOCTH OT OAHOM
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XapaKTEePHCTHKH—3HEPTUH PEHICTKH BHI3BIBACT TAKXKe ONPEAeJeHHBIH HHTepec
JUIst TIOCTPOEHHA €AMHOH TeOpHH CBOHCTB HOHRBIX KPHCTAJIJOB.

Boicokue a/IeKTprueckHe CBOHCTBA KPHCTAAIOB C GOJBIION BeJIHUHHOU 3HEP-
HH peuleTKd MOTYT HalTH 00Jce LIHPOKOEe MPAKTHYECKOe NPHMEHEeHHE.

CoBpeMeHHast TEXHHMKA M03BOJsIET BbHIPANIABATHL KPHCTALIbl GOJALIION BETH-
YHHB M3 PacTBOPOB M pacmiaBos. OCBOEHA TeXHOJOTrUsl H3rOTOBJACHHS H3 pa-
CTBOPOB GOJBIIHX MOHOKPHCTANIOB CEIHETOBOH COJH, Kynopocos. M3 pacnaaBa
BHIPAILHBAIOT KPHCTAJIB IEJOYHO-TAMOHAHBIX coJedl, a takxe MgO, SrO, BaO,
A]2O3’ 5102 H Ap.

Bo3moxHo opranusoBath NPOMBILIJIEHHOE NPOM3BOALCTBO MOHOKPHCTANIOB.
VIMeloTcs ynayHble ONBITH H3TrOTOBJEHHSI IIyTeM NPecCOBAHMs B TOpsiueM CO-
CTOSIHEM B BaKyyMe KCpPaMHYeCKHX MATEPHaJO0B BECbMaA BHICOKOH OMHOPOTHO-
CTH, MO NJAOTHOCTH, NPHOJMXKAKIIEHCS K NJIOTHOCTH MOHOKDPHCTAJN/IOB.

YuuThiBasi BBICOKHE JHAJEKTPHUECKHE CBOHCTBA MOHOKPHCTA/JIOB, MOPA
pa3pabaToiBaTh NPOMBIILIEHHYIO TEXHOJOIHIO KX NOJAYUYCHHS KM BHEAPEHHUS KaK
OJIHOPOJAHBIX AMSJEKTPHKOB B MPAKTHUECKHE H3XENHS.

Hapymwenne npaBa/bHOCTH CTPYKTYDH KPHCTAI/HUECKOH peIleTKH HOHHHX
JAVIJEKTPHKOB THHA KAMEHHOH COJHM OJNHO3ApPAIHBIMH U JABY3apsIHLIMK HOHAMH
CONPOBOXIAETCA YBEJIHYEHHEM 3JEKTPOIPOBOAHOCTH, IHIMEKTPHYECKHX MOTEDD,
TBEPAOCTH, MEXaHHYECKOH IPOUYHOCTH, YMEHBHIEHHEM TeMIIepaTypH IJIaBJeHHS,
3JMEKTPHUECKOH NPOYHOCTH K MJAACTHUHOCTH, TO €CTh YXYyIIIeHueM IAU3JTeKTPHKA.
BosMoxHO, uTo B pemeTtkax ©OoJee CJIOXKHOTO THIA, HANpDHMEp, pyTHJIA MO
IpEMEPY C MeraaaaMu, JAe10 OyaerT o6CTOSTh HHEIM 006pa3’oM.

HyxHo BBOAUTBH NpHMECH, KOTOpHIC OBl YBEJHUUBAJIH CBS3b MEX 1y HOHaMI,
yMEHbIIA/IH 3apac CBOOOMHOH 3HEPruH, YBEJIHUHMBAJIH BHYTPEHHIOIO SHEPrHIO
¥ Ui CIIABOB SHTPONHIO CHCTEMBI.

CnsaBbl HOHHBIX JIH3JIEKTPHKOB, HX TBepJble PACTBOPbl MOTYT 1aTh H30JH-
pymouHe MaTepyHaabl ¢ XODOILINMH CBOMCTBAMH.
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