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YCIIEXH ®H3HYECKHX HAYK

TUTAHAT BAPI_/IH — HOBBLIY CEFHETO@JI‘EKTPMK
A. B. Pocanos

I. BBEAEHHUE

TIepBHil M3 H3BECTHHX CEIHETOSJIEKTPUKOR — CaMa CErHETORA COJb —
Suwa HA NPOTAMKEHAH Heckoabkux jer (B 1930—1934 rr.) meranvHo u3y-
gen B pa6orax Y, B. Kypuarosa u ero corpyannkos! B Pusuxo-Texsu-
‘weckom muctutyre Axanemmn Hayx CCCP. Iocae sroro, B 1938 r.,
TOABHAMCH COOOuIeHns 2 06 OCHAPYMEHHH CETHETO3NEKTPUYCCKHX CBOHCTB
y ¢ocdaros u apcenaros kamns; KH,PO,, KD,PO, n KH;AsO,, Onnako
¥ STHX BeIECTB CETHETO3JEKTPHUYECKHE csoﬁcrsa HMEIOT MeCTG TOJbKO
np# BechMa HH3KUX Temmeparypax (mmxe — 151° C maa KH,PO, u nnxe
—122°C nms KH,AsQ,), 470 nenaeT HEBO3MOXHLIM MX IPaKTHYECKOE IpH-
menenue, [TepBhill IPAKTHYECKH BAXKHBIA CErHETO3/1eKTPHK — THTAHAT GapUsi—-—
61 orkphiT B 1944 1. B Pusnueckom muctatyte MM, I1. H. JleGenesa
Axagemun Hayx CCCP B. M. Byaom u V. M, F'onbaman »* mpu uccaeno-
BAHUH JHJEKTPUYECKMX CBOHCTB THTAHATOB METANIOR BTOPOH Tpyminl
fIepHOIMYECKOH CHCTEMH . 37eMeHTOB Menneneesa,

B stux paborax® Onulo - IOKasaHO, YTO nmanempmecxaﬁ npoOHHIIAe-

| MOCTE THTAHATOB IIENOYHO-3EMEbHBIX METalI0B HEpPBOH IOATDYINH,
KDHCTAATH3YIOMUXCH B PEUIETKH THMA TEPOBCKMAT, HMeeT OO/bUIHE MO
CPaBHEHUIO ¢ JAPYTHUMM THMaMH PemiéTOK 3HAYGHUA W PACTET NpU yBeJH-
YEHHH, PARUYCa MWEN0YHO-8EMENBHOTO HOHA.

3HayeHus AHSAEKTPUUECKOHl TPOHHIAEMOCTH pa3HH‘{HbIX TUTAHATOR
nipusesens B Taba. L.

Pesxoe ysequueHye JUAIEKTPHUSCKOH NPOHMIAEMOCTH THTaHaTa Gapud
TI0  CPABHEHMIO ¢ ADYMHMH THTAHATAMH THNA TEPOBCKAT TOTKA IKe
5. M. Bya cBg3an ¢ TeM OOGCTOATENLCTBOM, YTO THTAHAT Gapus  ABASETCH
SOMHCTREHHHM MNEPOBCKATOM, Y KOTODOI0 DacCTOfHME MEXAYy HWOHAMH
THTAHA U KUCAOpOAa OoJblie CYMMH HX pPasnycos 1m0 [ OAbACMUTY
(rabn. II).

- XapakrepHas 3aBHCHMOCTh JHIMEKTPUUECCKOH NMPOHHUASMOCTH OT TeM-
“RepaTyphl M HaJAMYMe AHIEKTPHYECKOro THCTepesnca nossoanau b, M. Byay
OTHECTH TUTAHAT O6apHf K HOBOMY BHAY CETHETODIEKTPHKOB, JTH ACCIHCHO-

1 voH, r. XXXVII, b, ¢
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BaHHA, KOTOpHE NOAPO6HO OyAyT PacCMOTpPERH HHKe, GHLAN NPOBEACHH Ha
[OOMHKPHCTANIHYECKNX 06pasuax THTaHATA 6apud, MOTyYaeMEX 0 eOHYHOM
KepaMmuyeckolt Texnonoruu. s nopomkoo6pasunix BaCO, u TiQ,, Bzatux’
B CTEXHOMETPHYECKOM OTHOLIEHUH, COOTBETCTBYIOIEM METATHTaHATY 62pus,

Ta6auna I

, . } o Tun Jnsnextpuye-
Hoxz- Ulg;%m;oe?:x:nb KPHCTAMIHIECKOH {CKas IEPOHHRAe-
rpyuna : pemérTxu MOCTh

I Bepunnni — 70 ‘
Kaapiuit. Ieporckut 115 ¥

Crponuuit > i 155 4

bBapuii » >1000 &

II . Marnu#t Wasmenur 17 B
Ilnuk — 30

Kapmuit : Wabmenut 62 T;

i

Hoche THIATEJbHOTO NMEPEMEIINBAHHS NPECCOBAINCH AMCKH, KOTODHIE 3aTEM
of6MuUranucy B IVIATHHOBOH W/IH CHJNTOBOH IieyH TIPH TEMOEParype, KO-
nebmomefica, B 3aBHCHUMOCTH OT COCT4Ba W KOJMYecTBa INpHMeceH, OF
1370 z5 1450°C. Tlpu oToM OHUIO BHSCHEHO S, uTO npuMecH HIpawT

Tabaunna IF

Paamep: pe6-| Paccroaune| Cymma pa- F
. pa slieMeH-| MEWAY IBYCOB - &
Tnjanar TapHOTO vonamu Ti | #onos Ti
KyGa n O unO 3
- {
Turamar wagasnus- , . . 3,80 1,90‘ i 1,96
» CTPOHIHUS . . . 3,89 - 1,95 1,96
» Gapui . . . . . 3,97 1,99 1,96 !
4

BeCbMa CYUIECTBEHHYIO DOJb. VIMEHHO, TIDH H3TOTOBAECHHH OODasuoOR H3
XMMUYECKH YHMCTHX WCXOAHHX TPOXYKTOB Ghula OOHAapyXeHd MoORuGM-~
Kamps TMTaHara Oapus, He 06JafaoOWias CErHETO3JEKTPHYECKHMH CBOH--
CTBAMH, ' :

" Pentrenorpaguueckoe mnccaenoBaHue, BunoanenHoe A, H. Jlsmunodl,
Hano a8 3TOH MOZMUKAUMM CTPYKTYDY, ONH3KYIO K pOMOOSApHYeCcKOH,.
c ocsaMu = b=c==4,04 A n yraom, 6mmsxum k 90°, dta moguduxanus BaTiO,
HMeJia AUBJIEeKTPUYECKYI0 IIPOHHIAEMOCTh OK0JO 50 M BCe CBOMCTBE HOP-
Ma/AbHbLIMH M GIMSKMMH K ADYI'HM KepamMuKam 3Toro Twna. Ilpu no6asaenm
MalbX mpEMecedl K MCXONHHIM YHCTHIM mpoxykram (29 AlLOg nam 1%,



THTAHAT BAPHSA — HOBBI CETHETOSJEKTPHK 463

StCO; mo Becy) HOAYHaiCAd CETHETORIEKTPHUUECKHH MaTepuak, a peHT-
TEHOBCKHN aHami3, nposeiénnuit B. II. ByTysoBwiM, nan mpu KOMHATHOH
TeMIepaType TeTParoHanbHyIo CTPYKTYpY ¢ oCaMH ¢ =b=3,98 A n ¢=
=4,02A. _ —

Turanar OGapusd, NOJyYeHHHI ©3 TEXHMYECKMX MaTepHaloB, BCeria
SIBAAACA CerHeTO3/IEKTPHYECKUM M 00Jajal TpPE KOMHATHOHR TeMreparype
TETPArOHAJbHOH CTPYKTYPOH, YTO, OYEBHAHO, CBAZaHO C HAJTHUHEM B HEM
JOCTATOYHOTO KOJHMYECTBA €CTECTBEHHHIX TpHMECEH.

Takum oGpasom, poab mpmMeced, KdK clelyeT M3 9THX paboT, 8aK/io-
4aeTcd, OYEBHAHO, B TOM, YTO Hanuude HX OOYCAOBIHBAET KDHCTA/N3a-
U0 TUTaHata Gapud B pemETKY THNA TIEPOBCKHT, C -NMEPEXONOM K KOTO-
polt M CBABAHHI €r0 CETHETOJNEKTpUUECKHE CBOHCTBa. Maioe KOANYeCTBO
HeoOXOAMMEIX NIpHMecell TOBOPHT O KaTaluTHYECKOM XapakTepe ux ned-
CTBWS, TaK KaK JJs WCKAXKEHHs DPEmETKH DPABHOMEDHBIM BHEJIpEHHEM
npuMecelt Mo BceMy 00DBEMYy MX ABHO HEHLOCTATORHO.

Bcxope mocie onybanxosanus pa6or b. M. Byna u ero corpyiHukoB
Hauaau MOSBJIATBCA # Jpyrue paGoTH, MOCBALIEHHHE KCCAELOBAHMIO THTA~
Hara Oapwsd.

E. Meray? MeTOZOM DEHITEHOBCKOrO aHA/IHW3a [OKa3ajla H3MEHEeHHe
KkpucTanimieckol crpykryps BaTiO, B Touke mepexoga (touxa Kiopm).
Ona noxazana, uro THTaHat OapuA HMMeeT MpPH TeEMIeparype BH-
me 120°C unmeadnHylo KyGHYeCKyI0 DeMIETKY Thna mepoBckur, Ilpm tem-
neparype 20°C pemstka BaTiO, sBisercs TeTparcHaIbHOR C OTHOIIE-

¢ “ ;
HueM - oceit - = 1,0101 (e& vacro euwi® Ha3LIBAOT B MHOCTPAHHOM AuTe-

parype — nceBpoky6uueckot), Cam mepexon, npoucxongmufi npu 120°C,.
3aK/M0YaeTCs B I'OMOFEHHOM DACIIMPEHHH BAOJB OLHOHM M3 oceil, KoTopad
M CTaHOBHUTCS NOJSPHON OCBIO €, ¥ CHATHH BAOAb JBYX APYrux ocei. JuHbt
oceil MEHSIOTCS HENPepHBHO C TeMmepaTypoH, Xora u HeawmHedno, TaK
KaK HM3MeHeHHs CTanOBATCH GoJsee GHICTPHIMH BOMu3H Touku Kiopu. OnHako
XOTsl NJAHHH OCell MEHAIOTCS HENpeprBHO, Koadduunent auHefiHOrO pac-
IIMPEHUS MMEET DASPHB B TOYKE NEepexoia M pasHble 3HAKH IJ8 HANpaB-
Nenddl BEOAL NOJAAPHOH OCM W TepNeHAUKyJAspHO K He#t. Ha pme. 1
OPUBENEHH KpUBLIC H3MEHEHMS OJAMH OcCelt djeMeHTapHOM AueHku B 3aBH-
CHMOCTH OT TeMmeparyphl, no zaHasiM E. Meray.

Takum o6pasoM, atu pabornt E. Meray sBW/IHCH HelOCpeACTBEHHbIM
9KCNEPUMEHTA/IBHBIM JOKA3aTEeNLCTBOM Haluuusg B THTaHarte Gapus (aso-
BOTO Iepexola BTOpPOro pojAa, Ha OCHOBAHMY NPENCTABIGHHA O KOTOPOM
“B. JI. TunaGyprom OEuia noCTpoeHa TEOPHSA CErHETOJIEKTPHUECKHX HBJE-
HE# (CM. TeoperHuecKu#i 0630p).

E. Meray ykasana Ha o6HapymeHHOE €i0 COCYIIECTBOBAHHE KyOuue-
CKO#t ¥ TeTparoHanbHO¥ (a3 B NPONOPUHUM, BABHCALIEH OT TeMIOEPATypH,
B MHTEPBAJIE TEMIEDPATYD B HECKOJbKO TpaayCcOB BO/IM3H TOUKM Mepexoia.
IT10 cocyiiecTBoBagMe OBIO €10 OGBICHEHO KaK Pe3yabTar HAIHYHS
MECTHBIX = HANPSKEHUH, KOTOPHIE MOTYT YCKOpATh WM . 3aMennaTh
TePEXO/H, B 3aBUCHMOCTH OT HX HanpaBjeHHd, B OTHEIbHHIX 00/aCTaX

1*
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qonnxpﬂcrannmecxoro 00pas0BaHmsl BBHAY HESHAYMTENbHOH ~ DasHAUM
BHEPTUH -060UX COCTOAHKI B ITOM HHTEpBAajle TEMIEpaTyp.
~ HHTrepec K 3TOMYy HOBOMY CETHETOEKTPHKY CTHMYJIMDOBAN MOHCKHM
BO3MOMHOCTH TIONYUEHHs €ro B BHAS MOHOKPHCTaN/ia,
CoOrnacHo HECKONbKO OTPHBOYHBIM M HEMOJNHBIM JaHHHIM, HMEIOUIUMCH
B JMTEpAaType, KPUCTALIb THTaHaTa Gapust MOTYT OHITb BHIPAINEHH H3
pacteopa BaCO; u TiO, B
2090 pacmiasaennom  BaCl,, Jlas
' JIyYLIEro POCTa KPHCTALIOB
PEKOMeHIyeTcss CO3IaTh 3a-
\ y metubi#i n36eitox BaCO;,. Tak
\ _ Hanpumep, comacHo HaunGonee
IOJIHOMY penenty 8 aBTOp yII0-
Tpebasa wa ompua Moms BaCl,
okono 0,53 moasi BaCO, wu
0,26 mona TiO, (mau Ha 50 2
BaCl, .25 2 BaCO; mgh 2
T102) Ilpu arom GOJIMHI/Ie
Tpe6OBaHNA TNPeLBABIAIOTCH K
pexuMy oxaamaenus. Pacrias

4020

IRELAREAR AR RRRL 7_III<IIY<III

Y _ ~ | no sTo#i Texwomorum oOXaax-
"~ panca ot 1200°C xo -npwm-
" -6usutensro 800°C B Teue-

HUE HECKOJBKMX 4YacoB (OKO-
L, .4l .y, | ‘0 8). Hexoropsie 3aTpymHe-
) 100 150 g HHUS BOSHHKAWOT € NoadopoM
Temnepamypa, °C Tarae#.. TIpHMeHsANHCh THIVIH
U3 YHCTOH IJATHHH M U3 rpa-
Pyxc.l Vsmeneane paus,ocef urxydﬂqecxo- ¢dura, npuu€M Bech NpoHecc
ro KopHs u3 o06béma SlleMeHTAPHON suelixn MpOM3BOMMIACH B arTMocdepe
B 3aBHCAMOCTH OT TEMHOEPATYPHL. :
asotra. B .cayuae mniaTtuHO-

BHIX THIVIEHi HEKOTOpPOE KONMYECTBO TIUIATHHBI PACTBOPAJOCE ‘B pACMIIaBe
¥ nonaganao B kpucrani. Kpucramnr npuobperan mpH  3TOM OKPACKY
OT CBeTVIONENTOHA 10 KDPAaCHO-KOpDMYHEBON, MHTEHCHBHOCTL 'KOTODO#
morJa OblTh yMeHblleHa nporpesom npu 200°C B TeueHme HeCKOJBKHX
MaCOB,

IIpu nomajaHnyM 3HAYUTEABHHIX KOJUUECTB IVIATHHBI OOpPA30BHIBANUCH
HECETHeTOIEKTpHYeckne  Moandukamun BaTiO; rexcarowanpHOH . uau
MOHOKJIMHHOHM CHCTEMBI.

Bosee roapo6Ho 06 3artux Momudmukaumax OyLeT CKa3aHO HHXKe,

B cayuae ncnosnp3oBaHust rpaduTOBOTO THUIVIE KPHCTAMLIB TOJYYAIH
Tony6oBaTHl 11BeT, CBA3aHHHH C HaJMYMeM BOCCTAHOBJIEHHOTO TUTAHA.
Harpesaunem gpo 600—800°C B armocdepe KHCIOPOZA MOXKHO OHIIO
ofeciBeTUTh KpUCTaNI,

Cerseroa/ieKTpHYECKHE KPUCTAAIB TETPArOHANLHOH (nceBnoxyénqecxoﬁ)
MoxuduKauuy GBIIA HOMYYEHEl B BHAE KBaAPATHHIX IMIACTHHOK WU KyGu-

8
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¥OB, npudéM OHAO BEHIACHEHO, UTO. PH OTCYTCTBUH .CHEUHANBHBIX MPENO-
CTOPOXHOCTEH OHH COCTOST W3 ABOHHNMKOB®. JlBOHHMKOBaHWE 3aBUCHT
B CHIbHOK Mepe OT mHpuMeced W HanpsKeHuH, BO3AEUHCTBYIOMUX = HA
KpUCTaAd, W TPOMUCXoAuT 1o miockocTam (101) u (011). :

CornacHo opnHoft w3 mefasuux paGor!® mpu nomeiTKax Bﬂpacrmb
kpuctann BaTiO, us pacunasa B Na,CO; u K,CO,; B naarusorom
TUre TOAYYAlOTCS KPUCTANAH  eKCATOHANLHOH CYMMETPHH COCTaBd
Ba (Tiq,75P10,25) O3 ¢ mnornocteio 6,84 0,1 2 'cu®. Tlpu HCHOABL3OBAHUY _
pacnimasa BaCl, B mn/aTHHOBOM THIVIE HAPHAY C HCEBIOKYOHYECKUME
KPHCTAINAMHK TIOAYYaloTcs poMOuyeckne kpHcTamin cocrasa Ba,Ti,PtO,
¢ maotHocTeio 0,45 40,02 2/cu®. l, HaKoHel, MpH KOPYHIOBOM WU
rpaduTOBOM THIVMX TIOJAyYalOTCH HceBROKyOuueckme kxpHcTammn BaTiO,
¢ mioTHOCTEIO 6,0 2/c#®. Kak rexcaronanbhad, Tak ¥ poMOMdecKas Moju-
¢uKauud NOAyyawTCs nyTEM 3amedH vactd uosoB Tit* momamm Pi+4
u 00e HE HMMEIOT CErHEeTOZJeKTPHYECKHX CBOHcTB. [Tocnennee cBasbiBaercs
ABTOpPAMH C TeM OOCTOATEeJNbCTBOM, YTO OJarofaps MCKAXKEHHIO KPHCTald-
anorpadmyeckux siueek HOH Ti HaXONWTCA B PABHOBECHOM COCTORHHHA
CTaGUABHOTO 3AKPEIVIEHHS, B IPOTHBOIMOIOKHOCTE CIAYYal0 TeTParoHaIbHON
(cerdeToanexTpuyeckoit) MORWQUKAUMK, THAE €ro TONONKEHHE B UEHTpE
OKTa’Apa M3 HOHOB KHCJAOPOIA ABJIAETCHA HECTAOH/IBELIM M OH CMENIAeTcs
N0 HANPABACHUIO K OJHOMY W3 HOHOB KHC/IOPOAA.

II JVANEKTPUUECKUE CBOMCTBA. NOJUKPUCTAJIIMYECKUX
OBPA3UOB

Kak ywxe ynmomMuHajnoCp BB, aHOMaJbHHIE CBOHCTBA THMTaHaTa Gapus
OBIIM  OTKPHITHI W B OCHOBHOM HCCJENOBAHEL Ha MONHKPUCTALIHIECKAX
obpasuax. [Nocnenyomee nayueHue CBONCTB MOHOKDPHCTaMNIZ IOATBEPIHIO
BCe [aHHHE, TOJy4YeHHbBle Ha NOJHKPHCTAIIMYECKWX 00pasuax, W [ajio
CpaBHHUTENLHO MO HPHHUMIHKAJIBHO HOBOTO. KpoMe Toro, sKcrmepHMeHTH
Hd MOHOKDHCTA/NNAaX, BBHAY 3HAUMTELHOH 3arpA3HEHHOCTH MOCHEIHHUX,
yacTo nawT Oosaee TPyAHBE IA8 paclMGPOBKH De3YJAbTaTHl, ueM HA
ﬂonuxpncmnnnqecmx ofpasilax, ¥ TpeOyIOT [IONOJHUTEILHOH MPOBEPKH
H yTOUHEHH.

Beuny Bcero a10ro Me OyneM CIeXORATH HCTOPHUECKOMY XOAY
H HAuHeM OMNHCaHHe IH3VIEKTPHUYeCKUX CBOUCTB THTaHATA Oapus C AAHHBIX,
TOJYYEHHEIX HA NOJUKPHCTANIMYECKUX 06pa3uax.

Homukpucrainuyeckne o6pasubl NpeACTaBANIOT COGOH  KePAMHKY,
B KOTOPOK WMEIOTCH OTACILHLIE MUKPOKPUCTANMKY, XaOTHYECKH pacmo-
JIOXKEHHEIE ADYT OTHOCHTEALHO Lpyra, ¥ NPOCIOHKH CTeXAOBHAHON (hashl;

_TocjeHeR B XOPOIKX 06pasuax, MONYyUYEHHEIX NPH CPABHUTENLHO BHCOKOR
Temneparype crekanns (0xon0 1450° C), OTHOCHTEeNBHO HEMHOTO — 1—2%
o Becy.

Ilpu TemmepaType HHXe TOUKH Kxopﬂ H B OTCYTCTBUH OOJBIIHX BHebg
HUX IOJIeHi - HANPABJEHNs CHOHTAHHEIX JCKTPHUECKHX MOMEHTOR OTASIbHBIX
MHKDOKDHCTANIHKOB DACTIPENENeHE XaQTHUYECKH, C UM M CBA3aHO OTCYT=
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CTBHE CYyMMapHOro MOMeHTa o0pasua, Kax MB yBHIHM BIOCHCICTBHH,
TIOJ BJAMSHHEM AOCTATOUHO GOMBUIKX BHEIUHHX [OJeH CHOHTAHHBIE MOMEHTH
OTAENBHHX MHKDOKDHCTAIHKOB MOTYT MEHATb . CBOIO OpPMEHTAlMI0, YTO
MeHfleT CYMMApPHYI0 TOJIApH3auui0 o6pasia.

ITocne 3TUX HPEIBAPUTENHHEIX 3aMeHaHU nepeﬁneM K OIHCAHAIO
IM3AEKTPHYECKHX CBONMCTE MNOAMKPUCTAMIMYECKHX OOpasHOB THTAHATA
Hapws.

a) HusmexkrpuyeCKads HPOHHUNAEMOCTh B BaBUCHMOCTH
OT TEMMNEepAaTYypPH H HAMPAKEHHOCTH NOAH

ITuanexTpyuuecKas NpOHUIAEMOCTD, H3MEPEHHAR B MAIOM TTONIE (He CBBIIIE
30 g/c#) B 3aBHCHMOCTM OT TEMIEPATYpHl, NPEACTABJEHA, 1O NAHHBLIM
‘ B. M. Byna®, Ha puc. 2.

: | R 'Kak BHOHO M3 PUCYHKA, M3Me-
€ 1 : peHns GBUIM TIPOBENEHBl OT TeMIle-
£a00 % parypsl -~ 200°C nmo remmepary-

L pbl, Gau3KOH K aGCO/IOTHOMY HYITIO

' 4800 I ] ¥ TpeBHmIalOmEd ero MeHee uem
Ha 2 rpaayca. [lpum Temmeparype

o 0{ wupkoro reqaus (~ 2°K) nuanex-
. TpUYECKas IPOHHUIAEMOCTD HOMUKPHU-

i CTA/VIMYECKOFO  THTaHata  Gapus

2400 paeHa 100, B TBEPAOM BOAOpONE
3 & \:\ - (T=14°K) =114, B TtBépIOM

' N asore (T=60°K) £=165, a B
- L N x(mucom(. kuciopofe (7==90,9°K)
oot 1. e==250. Taxum oO6pasoM, y Tu-

0 2w am TR -TaHata Gapus TeMIepaTypHbi Kosd-
2 (DUIHEHT OUITeKTPUYECKOli IPOHH-

- 1 de
Puc, 2. 3aBucuMmocTs AUBNEKTpUUE maewoCTH — - <L B WATepBate OT

CKOfi MPpOHUNAEMOCTH, M3MEpPeHHOH B s aT
MaJgOM TOJE, OT TEMHEPaTyPHl. 2°K no 4,0°K cocraBiser OKOJIO
0,01 2pao—*.

ITpu xomuatHOM TeMmeparype -AHJIEKTPUUECKAA MPOHHIAEMOCTh MO/~
KPUCTA/THUECKOrO THTAHAaTa O0apus, WM3rOTOBMEHHOIO U3 TEXHUYECKH
YUCTBIX MAaTepuanoB, cocTaBiaser npubiausureasHo 1400, m ganee ordo-
CHTeJBHO Mano MeHAeTcs 10 —-40° C. Makcumym B 3TOM Cay4ae JIEXHT
npu 80° C, musiexTpuyeckas NPOHMUEEMOCTH B HEM & == 6600.

Jusnexrpudeckas MPOHMIAEMOCTh B NMUKE W NPH KOMHATHOH TeMIe-
parype, a4 TaKXxe NOJOMEHHE MAKCHMyMd, HECKOJBKO MEHSIOTCS B 3aBHCH-
MOCTH OT KOJMYeCTBA ¥ COCTaBa mNpuMecedt. B YACTHOCTH, MONOKEHHE
MakcuMyma MoxeT MeHAThCH 0T 80°C mo 120° C. Tak kak nusiekrpu- '
yecKas  NIPOHHIAEMOCTh IMOJHKPUCTANINYECKOro o6paslia onpemendercs
ETATHCTHYECKUM Daclpe/leleHHeM HAaNPaBJeHHH MOMAPHHIX Ocelt MHMKpO-
KPHUCTAJHKOB, a TUOCACNHEE MOMET HECKOABKO MEHNTHCH TPH . HPOXKONK-
JAeHAH LWKJa HarpepaHMe — OXJAXJIEHHe, TO BEJHYHHA JH3JeKTpH4elKOMh
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TIPOHUIIAEMOCTH BOIM3M mHKA KoaebGneTcs B npefenax—-+59% mnpu pas-
JIMYHBIX H3MEpEeHugX OJHOro H TOTO e o6pasua.

b. M. Byaou u JI. ®. BepeijaruneiM O6bi1a H3yYeHa B3aBHCHMOCTH
JHIASKTPUYECKOH DPOHUNAEMOCTH THTAaHaTa Oapusa oT Aawierus !, Brouro
4I0K&34HO, YTO € BO3PACTAET C NABJICHWEM, MPHYEM OTHOCHTETIBHOE BO3pd-
CTdHHE YMEHbINAETCA C yBeluueHWeM famieHus. B auwanasone ot 300
B0 2000 am oTHOCUTENbHOE H3MeHEHMe coctasasiao 10—5 cud[re.

C nomompio Mocta Ulepunra Ha wacrore 50 2y Oblia HM3yuyeHa 3aBH-
CHMOCTb IM3/JIeKTPHUYECKOH NPOHHIAEMOCTH THTaHaTa 6apus OT HANpMKEH-
#OCTH HOAY NpH pasHBX Temmeparypax ', Bruo mOKas3aHO, UTO mpu
SOMHATHOR TeMueparype AM3JEKTPHYECKAs MPOHUIAEMOCTb THTAHATA Gapud

£R
. £ J |\
5500
¢ B I
8600 0
/ Sz 550 ]l 3
‘ 3 Y
S0 i b WO \
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4000 / 1 2008 1 1\
2V 3500 i/ \
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2000 = L1707 i
2500~ A "\
(3 Jad
@ A
: g 4 8 2 ' 1500
- EA{ kb fom) 20 - 40 60 80 100 120 ¢°C
Pyuc. 3. JlnsnexrTpuueckas npo- Puc. 4. Jlusnextpuueckas MPOHHILAE-
HUI2EMOCTh B 33aBHCHMOCTH OT MOCTh B 3aBHCHMOCTH OT TEMIEDaTypH
‘HanpaXEHHOCTH MOJA TPH. Pas- IpH PasHBIX HANPAXEHHAX Ha o0pasue,

HBIX TeMOepaTypax (U3MepeHns
npu gacrore B 50 zy).

AI4BHO PAcTET C HANPMKEHHOCTBHIO MOJS BINIOTh JO MaKCHMyMa IIDM Ha-
- MpPKEHHOCTH TOJS B HECKOJbKO KW/IOBOJIBT HA CAHTHMETD, 34TeM Hame-
YaeTCd TEHICHLMA K YMEHbLIEHMIO, KOTOPYIO HAJEKO HeJb3s IPOCIHENHTh,
TaK KaKk HactynaeT npobo#i. Tako# e BHX 3aBHCHMOCTH HaGmoxaercs
® @pH TeMIneparype wuakoro xuciaopoza (npu — 183°C), 3a Tem mcxio-
MEHHeM, YTO 3[eCh B JNOCTYNHHX MONAX YMeHbUIeHHs € He Oblio oGHapy-
xeno, ONHAKO NPH BHICOKHX TeMIEpaTypax AUIEKTpUYECKad NpOHHIAe-
‘MOCTb He OOHapyXWBaeT 3aBHCHMOCTH OT HANPDKEHHOCTH MOJS BHIOTH
A0 HOCTYHHHX B 3KCHepuMeHTe moneit (oxono 6 xsfca). .
Pesynbrarsl aTux usMepeHui NpuBeldeHH Ha pHC. 3, BuTe Mower
S fACHee YKa3aHHA® OCOOEHHOCTh THTaHara OapHA BHAHA u3 pHC., 4,
H3 KOTOPOM INPHBEleHE Pe3y/ALTATH H3MEpeHHH MH3JIEKTPHUECKOH MpOHH-
AAEMOCTH B 3ABHCHMOCTH OT TEMNEPATYPH NPH DPAMHYHBIX HANDIKEHUAX,
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NPUTOKEHHHX K obpasuy (Tonmuna o6pasua Guina passa 1,2 ). Us
PHCYHKA BHEHO, YTO IM3JIEKTPHYECKAs HUPOHUUAEEMOCTE 34BHCHT OT HADDH~
HEHHOCTH TOJS TOJNBKO HHXe TOukH Kiopu (TEMHepaTypr MAKCHMYMa3 €},
a BHE €& OAMHAKOBA ANt BCEX TOJEH.

6) ﬂﬂanexrpnqecxaﬂ HpOHI/IIlaeMOCTb B BABUCHUMOCTW
OT YacTOTH

Uawmepenuss B. M. Byna® nusnexrpuueckofi npoMMNAeMOCTH THTaHATE
Gapys B 3aBUCHMOCTM OT JJMBH BOJHHE BiIoTh 10 2 # u I1. HoBocuan<
uesa ¥ A. Xogakopa!? ma nauHax poam B 109, 58 n 16 # moxasanu,
70 B STMX ANMHAX BOMH NHSJEKTPUYCCKAS NPOHMIACMOCT NPAKTMYECK
He 3aBUCHT OT yacrorhl. Mamepenwe

B’ I. Y. Mawal® Ha. ajune BOAHH B
Ja0g ’P's ( 1 20 cx nokasajno, WTO THTAHAT Gapus
\ | COXpaHsieT el npu sTOH LMMHE BOM~

L000 \‘ HEl GOMBIIOE B3HAUEHHE MUINEKTPHYeE-
L CKO#. npouunaemMoctu, Heboabume e&

: USMEHEHHS MOriW He OHLITH TIPH STOM

2000 A \ 3aMeYEeHbl, TAK KaK IO JCAOBHAM SKC-
. ) nepuMenTa (oGpasewu B BHIE IIApHKa)

’ X\ \_’ UCCefOBaHHble OOpaslbl He MOId®

2008 TTN g "OHITh M3MepeHH Ha HHUBKUX YacTOTaX.
ol ’,./"j \i B camoe mnocarenHee Bpems MOABH-

, o nace pa6otal* mo MCCAEMOBAHUIO Mi~

1000 i SJEKTPUYECKHX CBOWCTB TuTaHata Ga-
m pra Ba yactote B 9450 Men (oxono

s 8 N AN 3 c#) m ma uacrotre B 24000 Mey,

0 4c 60 &0 #7120 40 16010 Ha arTHX 4acTOTaX HACTYMAET YKe 3HaA-
g - ‘uuTenbHas nucmepcua. FEcnn Apm ya-
Puc. 5. Jeficreutensnas u muu- CTOT€ B 1,5 Meu nmanexrpuyeckas
Mad WACTH JHSJEXTPHUeCKkoil npo- MPOHHUAEMOCTh OOpasloOB, HCCAEHO=
HUUAEMOCTH TuTaHAaTa Gapud B paunwix B pabore, OHJA NPH KOMHAT-
SaBUCHMOCTH 0T = TEMIEPATYDPH  pop reymeparype 1500, To na 9450 Mau
(tgd =¢”[e’): 1) ¢ upu uwacTOoTE B
1,5 Moy, 2) ¢ npn wacrore & 9450 OHA Obina yxe 300, a na 24 000 May—
le; 3) ¢” npi uwactoTe B 9450 Mey, 126.. COOTBeTCTBeHHO tgd wensacsa,
4) ¢” upu uacrore B 1,5 Mey. B 33aBMCHMOCTH OT 4acToTH, or 0,015
zo 0,53 u 0,59. Ilpu uacrore B
9450 Mey 6bla CHAT TeMnepaTyprxﬁ XOH HM3JIeKTPUYeCKOH NpPOHHU-
HaeMOCTH ¥ TAHreHca yriaa IUIIEKTPUYECKUX NOTEPh, NPENCTaRIEHHBIH
Ha pu¢, B BMecTe C pesyiabTatoM usmepenu# na 1,5 Mey nnsi cpasnenug..

B) ODusnexrTpuyecknhh rtucrepesuc u 3godextH
nocnenefdcTBus

Jusnextpuuecknit THCTEPe3nC THTaHaTa Gapus BUepBHe Obir obna-
py®eH Ha TOMHKpHCTALIHYeckux obpasuax B, M. Byrom . C nomougpio
K4TOQHOTO ocuﬂnﬂorpadpa 1o HM3BECTHOM CXxeme, r[pI/IBEILéHHOﬁ Ha puc. 6,
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Ha6.di0aanacy CBA3h MEXAY MPHOBEHHBIM 3HAYEHHEM TMOJAPH3AUHH H NpH-
JOXKEHHBIM HanpskeHueM. IloxyuyenHbie IpY  PAa3/MUHEIX TeMIEpATypax.
OCHMAAOrPAMMEL NpHBefieHH HA PuC, 7. ORM MOKASHIBAIOT, 4TO AHMS/IEK-
TPUYECKHWA THCTEPESHC IIPOABJIACTCH B THTAHATE Gapus TOAbKO HmKe
Toukn Kiwopu (80°C), T. e. Tam ke, rae oGHAPYXHBAETCS Pe3Kas 3aBH-
CAMOCTL AWYJNEKTPUYECKOH INIPOHHLACMOCTH OT HaNpAWEHHOCTH TOJA.
Onraxo B MadblX NMOJSX JH3AEKTpUYECKasd NPOHHIAEMOCTh TUTaHATa OapHs
u HKe Toukd KiOpH JHHEHHO 3aBMCHT OT HanpsKEHHOCTH moas®, 3xech
HaGMIOACTCA NOMHAN AHANOTHS C MATHATHRIM IOBeJeHHeM ¢eppomarHe-
TaKOB. TOYHO TaK e, QHAJOIWYHO CAyualo ¢eppoMArHETHKOB, Ohiia
U3Mepena TaK HA3HBAEMas «PeBePCUBHA» MU3/1eKTPUYEeCKAs IPOHHIAEMOCTb,
T. €. JV3JEKTPHUecKast TPOHH-

1[aeMOCTh, H3MEpPEHHAdA B MaJAOM -
‘TIEPEMCHHOM 110Ji€ B 3aBHMCUMOCTH %

OT OIHOBPEMEHHO NPHIOMKEHHOTO
80/BIOr0 NOCTOAHAOTO MOJA.,

Buiio uafneno %, yro pemep-
CHBHASl ' IUDJIEKTPHUECKAs MpO-
HHIAEMOCTb HE 3aBHCHT OT Ha-
NpsKBHHOCTH OIS PUBYIOMIETO
TNOCTOAHHOTO YOS NpH Temre-
parypax, 3HauMTeJhHO MpEBH-
wapmyx. Touky Kiopn u npm
HMBKHX TEMIepATypax (~_ 1830), Puc. 6. Cxema nas HaGMOICHHS NHIACK~
apu KOMHATHOH# ke TEMHepaTy- TPUMECKOTO THUCTEPE3HCa B cememanew
pe DpeBepCHBHAA JAMIIEKTpHYE- TpuKax. )
CKag DOPOHHULIAEMOCTh MOHMKANACH C  YBSAWYCHHEM TOCTOSHHOTO MO/g~
pusywomero noad. A. DBperresmiem® Gpii0  MOBTOpEHO  OCUMAIOTDA~
thugeckoe MCCAENOBAHME - IUDJEKTPHUECKMX CBOHCTE THTaHara Gapud.
B 3TuX HMCCAeNOBAHUSX OMNPEAENANACh AMIIEKTPUUECKAA TMPOHUNAEMOCTD.
IO HAKJOHY neTelh THCTEPE3UCa HPH 3Hadewnmd noas E =0, T. e. mpy
NIEPEeCeYeHnH JIeTEH OCH ODIMHAT, M JH3JEKTPUUECKME NOTEPH N0 NJIO-
ulaan NeTaM rucrepesuca. B pafoTte Ouiaum HafiieHbi, KpoMe DE3KOre
MaKCUMyMa JUIJeKTpUueCKOH npoHuuaemoctu npu 120°C, em@ asa
MEHBIINX, pacrnonoxesHHx npu — 70° C u-} 10° C. OngospemerHo moay-
yeHHas KPHBAsS TAaHTEHCA YIVid AMSIEKTDMUECKHMX MOTEphb CMEIeHd OTHO=
CATENBHO KPuBOH IMINEKTPUIECKOH NPOHHIIAEMOCTH TaK, 4TO MaKCHMyMaM &
COOTBETCTBYIOT MunumMyMmbl ig 8. Bennunmun 060MX MagHX MAKCUMYMOB:
€ BABHCAT OT HANPMKEHHOCTH IIONS, -OpHYEM MaxcumyM npu — 70° C.
NOABARETCA TOABKO HPH HAaUPMKEHHOCTAX  noad, OOAbMIHX — yem
200 sfcam.

AgToOp CBA3HIBAET HAMHYKE STHX MAKCHMYMOB C H3/IOMAMK B KPUBOH Tep-
Muyeckoro . pacmmpenss npu 120, 10 m — 55°C, o6HapymeRHbIMI
B NpefumiecTByomux paborax. CornacHo naunmm BpeTTeBuas Bce Makcu-
MYMbl UMEKT TeHAECHUMIO CMEIIAThCA B CTOPOHY GOJICE HUSKHUX TEMMIEPATYp:
IpY BO3DACTAHMM HANDPMKEHHOCTY TOJ4, NPHUEM TEMIEpaTypa MaKCH-

=
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MyMa CBAI3aHZ C HAUDTKEHHOCTHIO HOMH IMOMPHUECKOH QopmylnocH BuAa

. F = Eo.e"b Tvar(c_

31ech HEOBXONHMO OTOBODPHTHCH, YTO XOTH 3TO HCCAELOBAHHE H HMMEET
HEKOTODBIfl HHTEPEC, BCE e H3MEPEHHAT IO CMOCO0Y aBTOpA MH3MEKTPH-
YeCKas TPOHMIACMOCTH MMEET TOJNbKO YC/AOBHBIE Xapakrep, Ileficreu-
' ' TEJIbHO, OHAa TIPeACTa-
BageT coboft nudde-
PEHUHANBHYIO  IHIIEK-
TPUYECKYI0 TIPOHUUAe-
MOCTh, ONpelelSHHyI0
B HEKOTOpOH# = TOYKe
netau  (mpu  E = 0).
To, uTo BHIOpaHa HMeH-
HO 3Ta TOYK4, HHKAK
He cOanmkaer 3To 3Ha-
YeHHE ANSIeKTPHYECKOHR
OPOHHMIAEMOCTH C JOM-~
ACKTPUYECKOH IIPOHH-
L,A€MOCTBIO B MAJIBIX 110~
19X, TAK Kak H4Js 3To-
ro Hy#HO Obl/IO OB M3-
MEPATh €& 3THM CIIOCO-
60M IO Taxk HasbBae-
MOH HeBCTBEHHOH Kpu~
* BOA TNETIM THCTEPe3Hca
(umymest us Hyns).
"Pa6ora Pobeprca !
MOCBAMIEHA  M3YUYeHUIO
IM3JEKTPUYECKOH 1po-.
HUILaeMOCTH, H3Mepse-
MOH Ha BHICOKOYACTOT-
HOM MaJIOM HaNpsKeHUH
B 3aBHCHMOCTH OT BeJlH=
YUHBI OJHOBPEMEHHO
TIPHJI0KEHHOTO TIOCTOSH -
HOTO CMEINAIoONero Ha-
- ’ npsKenus, T. €. TOMy,
Puc. 7. OcuuanorpaMMbl meTelb THCTEpPesHca yto B padote B. M, By-

TATaHaTa_ Oapus IpH _TeMieparypax — 183°C, 112 GBIIO HA3BAHO PeBep-
26,8°C, 738°C u 1155°C n nHanpsxkEHHOCTH cHBHOR  IMSAEKTpHIC-

nona E=25 xsfcnu. ,
CKOH MPOHUIAEMOCTHIO.
B ormmuue or paGorst B. M. Byna, rze pepepcuBHAA IUSICKTDH-
YecKay MPOHHLAEMOCTh HCCAENOBANACH B LIHPOKOM TEMOEPATYPHOM HHTEP-

sane, Po6eprc uayuan eé Toapko BO6AW3W Touku Kiopu (Mo 06e CTOPOHH
OT Heé), rle 3a CYET ApKO BHIpAXEHHOHN HeJHHeHHOCTH pEBEPCUBHAA
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HH3TEKTPUYECKan MPOHHUAEMOCTD CHIBHO 34BHCHT OT BeMHYHHBI CMEIIaio-
{Iero TOCTONHHOTO Hampsuedusl. [lOCTy/aMpys Haguuue HeJAHHeHHOCTH,
BHIpAXenHol I HecerderoasiekTpudeckoil obnactu (Beime Touky Kiopu)
8 BHAe mMpocTo# opMynab! -
E=uD -} 8D3, 1)
tae D — Ou3/eKTPUYECKOe CMEIeHHe, W BBOAS JNH3JAEKTPHUECKYIO NPO-
HULAEMOCTb NpH M0G0 HANPMKEHHOCTH MOCTOSHHONO CMEHIAIOMIErO MO

dan : ! =
SIZE ¥ NepPBOHAYANBHYIO JHUJMCKTPHUYECKYIO IIDpOHHIAEMOCTb IIpH OT-

CYTCTBUH cMewialouwero mond ¢, = l/a, ypashenme (1) nerko mpeoGpa-
30BaTh K CHAEAyIOIEMy BHAY:

ElE= (3 —1)"(3+2). @

Ey=4 (a/3)%f~%. (3)

CornacHo ypasHeHno (2) £, ecTp HANPAMEHHOCTH CMELAIOMIETO MOCTO-

SIHHOTO TIOJISI, TIPH KOTOPOH AHM3JEKTPUYECKAs TMPOHULAEMOCTb CHHWAETCH
1
A0 TOJOBHHH CBOEH IePBOHAYANBHOR BEMTHMYMHEL (a’ =5 51)~ Pemias

rae

ypasuenne (3) OTHOCHTETbHO B:
_ 16 8 16
=T
MOMHO MOJyYHTb 3HAUSHHS J B 3ABHCHMOCTH OT TeMIlepaTypu. Ypashe-
ane (1) Geio pacnpoctpanéno PoGeprcoM M HA CeTHETORAEKTPHUYECKHR
MATEpBAN TeMOepaTyp, 4To, XOTS H He COBCEM CTPOTO, ¥3-32 HAJIOWEHHHd
HEeJMHEHHOTO Opoliecca NepeopueHTaluu obnacreli, Aa8T, TeM He MeHee,
. fIPABUJIBHEIE 3HAYEHHA MOJK, HEOOXOMUMOTO /I8 MOHMKEHHA &' 10 MOMOBHHEL
 €BOEl NepBOHAYaNBLHOH BeINYHHEL

M3 nonyyeHHBIX 3KCHEPHMEHTANBHBIX NAHHLIX CIELOBANO, 4TO K03ddu-
4MenT B, ompenendIOmMHi HeMMHEHHOCTh 3aBUCHMOCTY NOJAPHSALME OT IO,
fIOCTOAHEH B IIMPOKOM WHTepBaje TeMHeparyp mo o0e CTOPOHBI OT TOYKH
Kwopn, K romy ke peaysnprarty, XOTs HONYYEHHOMY M HHBIM METOIOM,
fIpUIEA aBTOP HACTOALIero. 0630pa B CBOEM MCCHeNOBAaHHHM AWJICKTPHYE-
CKOr0 THCTepesnca, NPOBENEHHOM C IeJbI0 JIOJNYYEHHS TeMIepaTypHOro
X0Ha CHOHTAHHOH nonsipusanyy 18,

ABpTopom e ObM OOHADYXEHB BechbMa CBoeoOpasHbie 3(deKTH mHO-
cleneficTenn '8, xapakrepHbie 4 NONUKPHCTAMIMIECKHX 00Da3OB THTAHATE
Oapud. Ecam na obpasen - nozars Buepshle nHeGoasumioe mone (5 x8lcxu),
. TO NeTis FHCTepesHca HMeeT BepeTeHooOpasnyio ¢opMy, Koropad B aHa-

JIOTHYHOM Cayuae (peppOMarHeTnKoB Haspaercs durypo#t Penes. Ilpu nans-
HefleM NOBLINIEHHH Hanpskenus GUTyprl BCE 6oJiee n 6osee NpuOIHKAOTCS
K THMMYHON WeTie TuCTepesuca. ECau e cHOBA MoAath Ha o6pasel TO ke
Majgoe noie B b xa8jem, HO Hepe3 HEKOTOpOE BPeMs HOCHKE MPHIAOKEHHA
Bonpuroro noas (B 25 xg[ca), TO nmonydyeHuasw urypa 6yReT UMETh POpMY
aleTaH  rucTepesyca. Ilpn STOM pe3KO BO3pACTAOT TaKHE XapaKTepUCTHKH

—3p—2
e Eq?,
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HemM, K4k olratounas fo/AspHsduyd, KOSPUUTHBHAN CHJIA W THCTEpesuc-
Hple HoTepu. BsaumHoe pacnonoweHne NeTens MPH PASIHUHBIX HAOPAKEH~
HOCTAX MO/ TOXE MEHSETCH B CaAydde NPeNINecTBYIOLIEro MPUIOKEHUE
BHICOKOTO HANPAMEHHs: €CAM B TepBOM CJydae KORIB BCEX TeTedk
0GpasyioT CBOIO COOCTBEHHYIO KPHBYIO, TO BO BTODOM CAy4de BCE OHH a0~
)arcd - Ha caMyio Gonpmiyilo u3 nerens (puc. 8). DTo sBneHMe umeer
ype3pHiyaluo Soabrioe:
BpeMH PeTAKCAUNH, eClu
ITOT TEPMHH TPHMEHHM
B 9T0M CAYYae, TaK Kax
IAS NOAYYERHA TepBuy-
HOM KapTHHH HeoGXo-
IMMa BBIJEPKKZ B He-
CKOJIBKO CYTOK ToCie
TIDHIOKERUS  BBICOKOTO-
Hanpsmxkenns. Heo6xo-
IUMO OrOBOPHTHCH, YTO-
peub HVIA © TPUIOKe-
HEM TIeDEMEHHOrO Ha~
NPAKEHHSA, B ACHONAPH~
3AUHA TYTEM MEICHHO-
O NOHIDKSHHA EPEMEeH -
HOPG  HAlpAXeHHA Ao-
HyJAA HE YCTPAHACT 3T0~
ro asnenud. Ilpuumnba
€Tr0, OYEBHAHO, 3aK/IO=
4aeTcas B TOM, 4TO JUIH:

Pue, 8. Hocnegosawenwme (bororpaq)nn ne- TIOBOPOTA MOAIPHOH OCm:
Texas rucrepesuca (addexr nocnenemTBM) Ha 90° HYXHO, Kak B3~
npu temueparype B 24° C, HANPMKEHHOCTH HO- . pornn yo OHITOB ¢

g E =25 xé/cu u BPEMEHH BHIACPKKH MEXKLY

chiMkavn B 10 MHHYT. MOHOKDHCTAMAAMH  (CM.

: RIDKE}, JOBOABHO BHAYHw-
TelbHOE NOJe, W JE30DHEHTAUHS NOCJAE 9TOrC HWAET BeChbMa MeAJeHHO.,

OTCioNa $CHO, YTO NpH BOBLEHCTEMH GOMBIIOTO MEePEMEHHOTO MO
GONBINMHCTRBO MONAPHEIX OCEHl OPHEHTHPYETCH B- TVIOCKOCTH NDHAOKEHHS
noAs, W STA AHM3OTPONHA OCTAETCH U ‘MOCie erc cuatus. Iloaromy mpu
MOCTEAYIOUIEM NPUIOKEHHH MANOTo NOJAS NOANpH3ANMA WAET Jerde, TaK
Kak mopopoTs Ha 90° yie OCYLIeCTBASHHL.

K sromy e KA4CCy ABJIeHHR NpHHAIIEKUT oﬁuapymem{mﬂ amopom‘
1be303QPEKT HOMIPH3ORAHABX NOAMKPHCTAMNHYSCKYY 0O0pasloB THTAHATa:
Gapug, ¢ xoropom mojapobsee OymeT CKasaHO HHXKe,

r) Cnodrtannad HOAApH3ANKA

B ynomauyrtoit eeimte paGore. A, Pxanora!® mposefend uccaenopaHue:
TeMIepaTypHOr0 XOJa CHOOHTAHHOM nOAspusaiwmu. IIpH 3TOM BIIEpBHIe
yuTeHA HeMMHERHOCTh WHIYUMPOBAHHOH Monspusanuu B6Mau TOuKH Kiopu.
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Bo BceX MpeARyUIMX MCCAENOBAHMAX CIOHTAHHOH TMONAPUBAUMK Das-
JHYHHX. CETHETO3/IEKTPUKOB NPeAnonaraiock, 9T0 HHAYUUPOBAHHAH [OJA-
pusauysg AUHEHHO 34BUCHT OT .TOJS, M HeJHHeHHOCTb IOJHOH HOASpH3aLUH
‘OnpefenseTcd TONBKO HEJMHEHHOCTBIO MPOIECcca PeOpUeHTAUWH obaacTed.
OuHaK0 W3 PACCMOTPEHmsI yDABHEHHS CBA3M NOAAPH3ANMH U T1OJAS BHe
O0MACTH CHOHTAHHON MONAPH3AUH:

E=2aP} 28P%,

JIETKO YBHAETh, YTO BGAu3HM touxd Kiopw HeMMHEHHOCTh OCHOBHOH mOAA-
PU3ALMK JO/KHA BHICTYHATH B CPABHATE/NBHO HeGonbminx nodasx. [leficrsu-
TeJBHO, coraacHo teopun B, JI. I'uns6ypra (cM, Teopertuteckuii 0630p) k0ad-
duuvent & >0npu T >0, a< 0 npn T<O u ag = 0. Taxum oGpasom
86au3u toykH Kiopu (T==0), rze o mand, kyOuueckuit uied CTAHOBHTCH
CPABHUMBIM C NWHEHHHIM W B OTHOCHTENbHO HeGOMLILUX MOAAX.

Heo0xoaumo oTMeTHTH, 4TO 9TO fABACHHE, NPUHUUOWAMBHO HMeEKLee
MECTO BO BCEX CETHETOIJIEKTPHKAX, OCOGEHHO CHIbHO BHIDAKEHO B THTa-
Hate Oapus B TOM CMBICAe, YTO 3Hech HeJMHERHOCTh MHAYUUPOBAHHOH
TONIpU3aUNY DACOPOCTPAHEHA Ha 3HauMTeAbHO Oosnee MMPOKMH TeMiepa-
TYDHLIHL HATEPBAN. 3TO CBA3aHO C TeM OOCTOSTENLCTBOM, 4TO 06G/IacTh
PE3KOro pocTa & ¢ TemMmepaTypo#i (¥, CJAeZOBATENLHO, MaiblX 3HAYEHuH
K03(dunuenTa o, 06paTHO NPONMOPIUMOHANLHOTO ) B THTaHaTe Gapus pac-
fipocrpaneHa Ha 50—60° C, Torma Kak B CerHeToBOH coiM OHA pacHpo-
crpadena na 5—7°C, a B KH,PO, —na 10—15°C,

baarogapa sToMy npeHeOpexenne HeNHHEHHOCTBIO HHAYLMPOBAH-
HOf TONAPHM3ANMK KaK J/st CerHeTOBOR cond, tak u mns KH,PO, me BHO-
CHNI0 OueHb CYUIeCTBEHHHX OMMOOK M, BO BCHKOM CJyyae, He MPHBOAH-
JI0 K KOHEYHLIM 3HAYeHHSM CMHOHTAHHOM MOJAPH3alMA M BHINE TOYKK
Kwopy, kak 3910 moayuwioch B pabore XyasMal? ¢ MOHOKPHUCTAAIOM
BaTiO,. ' ,

B paGore asropal® Gnuo moxasame, 4TO KaK Bolmie TOYKM Kiopw, Tak
¥ HWKe €€, MPU 3HAYHTEJBHOM OT Hed yHAaJeHHH, WHIYHVMPOBAHHAS - 1IOJsI-
pusaumd, BIIOTh A0 JOCTYIHEX B S3KCHEPHMEHTE HOJdel, ocTaéred AuHeHHOM
¢yuxuues Moaw, a OCHOBHAA .JAMAIEKTPHYECKAS NPOHHIIEMOCTE IOCTOAHHOM, -
Taxum o6pasom, Braaum Or TOuKM KiOpH, HIe e, CIOHTAHHAA TOAAPH-
3aNHd MOXeT OHITh [IOAYYeHa IPOCTHIM BLIYMTAHHEM JAHHEHHON HHAYHHPO-
BAHHOH MONAPU3ALNHU

. g—1
P = E
3 MOMHOH. :

HenmueAHOCTS e MHIYUMPOBAHHON IONAPH3ALMH MMEET MECTO TOJBKO
86/M3M TOUKH KiopH, MPUGIUSMTENbHO B TOM Xe MHTEpRANE TEMIEDATYD,
8 KOTODOM OCHOBHas JU/IEKTPHUYECKAd NPOHHUAEMOCTh HMeEeT pPesKuit
MAKCHMYM.

Tak xax sra ofaacth Temneparyp pacHpocTpaHeHa B CIyuae THTaHATa
Gapus Ha 50—60°, TO moMyYenHe YACTM TEMMEPATYPHOTO XOJA CTOHTAH-
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HOA nongpusauuu BGJAUSM TOYKH KiOpH CTaHOBHTCA BecbMa 3aTpylHu-
TEeNbHLIM, . :

Ota TpyAHOCTH GHa 06OfiZeHa TeM, Y4TO C HOMOWIBI0 (BOPMYIT -TeopUR
$asoBOro mepexona B CErHeTOIEKTPHKAX YHA/NOCh CBA3aTb TEMNEPATyphi
nmo oGe CTOPOHBI OT TOYkH KIiOpH, NPH KOTOPHX HeJNHHeHHAs WHAYUHDPO- .
BaHHAA WOJSpU3AlMA OAMHaKoBa. Kak M3BecTHO, MpH TeMIeparypax Bee
TOUKH KiopH CIOHTaHHAs noJApusalusi OTCYTCTBYET, H H3MepseTcs Heno-
CPEACTBEHHO HeMHeHHas HHAYIHPOBAHHAS NONPHU3ALHS; TEMIIEPATYPY HUMe
Touky Kiopu, KOTOpPOH COOTBETCTBYET TO e 3HAUEHHe HeJMHEHHOH MHAy-
.IHPOBaHHOH MOJAPH3AlUNMY, MBI MOXeM HalTH BHYHCAenHeM. [losTomMy Ha-

‘ XOXIEHHE CIIOHTAHHOH MO-
J:-IO‘{%’.',_ ‘ - JAPR3ANMH CBOINTCA U B
6 ‘YK43aHHOM cJIy4Yae K Mpo-
‘CTOMY . BBHIYHTAHHIO HHIY-
I o 1 TN ’ LIHPOBAHHOH  TOJAPHBALHH
f U3 NOAHOH. ITOT MeETOX -
pacyéra CoBepIIEHHO CTPOr
4 ' TOJMBKO JJIi MOHOKpHCTAJI-
’ , Ja, WIN Jdwe TOYHee—IJIf
% OonHON o06aacTH MOHOKpH-
J cTania. _

B o6cyxnaemolt padore
OpeaMeTOM MCCIeA0BaHHA
SIBHJINCH MONUKpHCTAN/InYE=-
v . | ckue o6pasust BaTiO,. Ox-
7 » HAKO B CHJIBHOM TOJE Ta-
]\ KHe 00paslbl MOryT OHITh

! IMOJIFIPH30BaHH IO COCTOA~
HMS ~ HaCHILEHHS, KOraa

pOCT cCyMMapHOR noaspusa-

Puc. 9. TeuueparypHad 3aBHCHMOCTb Crowram- i OCYUIECTBATCTCH TO/b-
HOM MO PU3AIKH TTOAMKDHCTANINIECKUX 00pag- KO 32 CUET POCTA HHIyLM-
0B THTaHATa GapHs. ' pOBaHHOH  NOJAPH3ALHH.

[Ipu 3TOM BEKTOp CINOH-
TAaHHOH MOJIPUBALNH KAKIOI0 MUKDOKPHCTAJIHKA NO/KEH ObITh HampaBleH
no ocu Ky6a, Gamxaliiiell K HalnpaB/JIeHHIO BHEHIHErO IO, °
* HauGoaswmmit yroan MexAy mojeM H. Garxaifimre# ocbio kKy6a pased
npubiusuTeasHo 55°, OH COOTBETCTBYET CIAYHYalo, KOrja IoJe HANpPABJIEHO
mo auaronanu ky6a. ECIn MUKPOKPHCTANIMKM pACIpeleeHBl XA0THYECKU
W MOASpu30BaHb MO O/xafillel OCH K HanmpaBleHHIO IOJf, TO MaKCH-
‘MaJIbHO® 3HAYeHHe CyMMapHOH CIIOHTAHHON MNONAPU3EANHH Praxe =2 0,8 Py,
rae P, - CIOHTaHHAA HOJSPUBALMA MOHOKPHCTAN/IA.

Taxum 06pa3oM, HOMHKpHCTANIHYeCKHe -00pasubl, [OABEPrHYTHE BO3-
NeHCTBHIO CWIBLHOTO TOJs, B AH3JIEKTPHYECKOM OTHOUIEHHH GJIM3KA K MOHO-
KPUCTAJUIY H, C/IeOBATEALHO, K HAM MOXET OHTh NPUMEHEH PaCCMOTPEHHHIH
Bhille pacydtr. TemneparypHe# XOA CNOHTAHHOM NOJSPH3AIMH, HOMyHeBHbI}

!
O 020 30 40 350 60 70 &7 90 100 117 wzge
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TAKMM MeTOZOM A7 06pasuoB ¢ Touko#t Kiopn npm 123°C, mpusengn
Ha puc. 9. s
Ha puc. 10 npuBencHa B3aBUCHMOCThL KBajspartd CIIOHTAHHOH TOJAApH-
3alMW OT TemnepaTypsl. V3 pHCyHKa BHAHO, 4TO B COTJaCHU® C TeOpHeH
KBAlpaT CTOHTAHHOH TOJSPH3ANMH 3aBMCHT JIHHEAHO OT TeMIepaTyphi B 10~
BOJIBHO WIMPOKO# o6GaacTh BGAM3M TOuKH KiopH. :

n) AHoManus yAenbHOH TEenAOEMKOCTH

KaK M3BECTHO, AHOMaNHA YIAEAbHOH TEMIVIOEMKOCTH CErHETOS/EKTDHKOR:
86au3u TOuKH Kiopu Bnepshie Hab/I0Janach Ha CErHETOBOH COMM I1. 1. Ko-
6exo 20, Tlpeamosoxe-

HHE O HANMYMM CKAYKa /7 Rt
TEIOEMKOCTH OBHIAO Bbi- (f )

MOKCUMYM
CKa3aHO HA OCHOBE Ipel- i
CTABJEHHA O TOM, UTO  f L
paspyllesde . CIOHTaH- \\
HOH MO/PH3aLMY B TOU- 4 ! : »
ke Kiopu IOMKHO GHTH \
CBA3aHO C NIOTJOIICHHEM gl
pem&TKol RO6aBOUHOrO
Tenna, ITH coobpaxme-

HHSl JIOVMHOCTBIO TIOA- o \

TBEPAMINCL KaK B CJy- \

Yyae CerHETOBOH couw, a6 ‘

TaK W B clyd4ae cer- : ‘\ F

HeTosneKkTpHKoB  Thma %0 \

KH,PO,, KH,As0,. , \

Ckauok ylHenvho#l tenm- &4

JIO8MKOCTH B CIy4ae TH- _ \

ranara Gapus® ObL1 H3- 47 )

MepeH 10 NPeJIOKEHHIO \ '

Bb. M. Byaa B Uncruty- g2 :

te o6uielt U Heopranv- -

ueckott xXumun Axane- gy

muu Hayxk CCCP B. A.

CoxonoBHM. : R{ 7
Ha puc, 11 npusene- g7 g 48 085 48 085 A o

H4 3aBMCHMOCTb TEIIO- .

EMKOCTM M IUMBIEKTPHU- - Puc. 10. TemneparypHas 3aBHCHMOCTD KBajpara

yeckoll MPOHMIAEMOCTH CTHOHTAHAON IOAAPU3ANKH.

OT TeMOepaTypH. ;
MakcuMyML OGeHX KPHBHX JexaT Opu oanofi temmeparype (80° C—
touka Kiopyu Aasi s1ux OGpAsIOB). '
Jo6aBoudoe Temio ObIO TIPY ATOM Ha#JeHO PaBHLIM

Q= [ (¢, ¢p0) 4T = 0,039 xasz.

4 15”
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Hccnenopanve TeMnepaTypHOro Xofa YAEAbHOH = TemIOEMKOCTH GHLIO
miposefeno Takwe XunmesaeM 2!, HO BBHAY HENOCTATOYHOH TIIATENbHOCTH
BKCIEPUMEHTA HHKAKOIO CKAyKa TeIOSMKOCTH MM OGHADYXEHO He ObhuIO,

. : ' C nmpyro#t - cropousl, -Xopsya,

wan ; . Momnep ¥ Pywuman 22 g cpoém

“Zo i v, §  MCCENOBaHWH TeMNepaTypHOH 3a-

Q1165 % , §507 -BHCHMOCTH TeMIOEMKOCTH TIOJH-

‘ ,' Il | /6] KPHCTA/IMYECKUX 06pA3LOB TH-

g s | % A - 4sgg TAHATA Gapuil WSMEDHIH CKAUOK

N N TEMIOEMKOCTH BG/IM3H TOUKH Kio-

! 1 DM, BelMYHHZ KOTOPOTO Ohiaa

Bfi4s -“ < 0 oyeHp 6aM3KA K OJYYEHHOH
' \'\ B. A. Coxonosuim,

an3 /i \ 2800 Ha ocHoBanmn  (opMyH,

1 . npennoxensoit B. JI, Tuns6yp-

lZf/Zi.”’ A N wop  ToM (cM. TeoperHueckmit 06"30p),

. , 10 CKAuKy yAEAbHOH TElIOEMKO-

o115 CTY H TeMliepaTypHomy Koa(ihu-

40 60 80 100 120 uoT LHEHTY IUIIEKTPUUECKOH TpoHK~
] ‘ naemoct B, M, Bysnom Guiia one-
Pyuc. 11, 3aBUCHMOCTb TEHIOSMKOCTH M HeHA CHOHTAHHAS noagpusanus ®,
JHA3NEKTPHYECKOR IPOHUIAEMOCTH OT Tpn 66°C crouTaHuas mo-
TEeMIIePaTyPHL.

' Jasgpusauyst 6nlna  HafiieHa pas-
HOi 6,6-10-5 gys/cs?, uro HaxomUTCH B XOPOMIEM COIVIACHH C BeJH-
WHHOH, ONMpeneN&HHONW NpH IOMOIIH H3MEPEeHHs MEeTeNs THCTepesuca,

e) Msomopdube cMmecu tTutanata Gapus

M. Epemees u B. Kypuaror 2? nokasanu, uTo ¢MeCH CerHeTOBOH co-
JIH. ¢ H30MOPQHBIMH el BeUleCTBAMM  HBJAIOTCA CETHETOIEKTPHKAMH
TIPH  He CAMIIKOM OOABIIOM TpPOHEHTE HECerHETOIEKTPUYECKOH KOM-
TIOHEHTHI.

Touno Tak e, B cnyyae tTuranata Gapus, noGaBIeHUE K HEMY H30MOpD(D-
HbIX BeIEeCTB, Kak nokasan A, K. HWMmxdenw, cuxsuraer Todky Kiopu
B ‘06nacTh 60nee HU3KUX TEMNEPATYp M yMeHbIIAeT Bennqnﬂy IUSJEKTPH-
TEeCKOH NPOHHUAEMOCTH B IIHKE.

HsomophHble cMecH OGHADYKMBAIOT ABJIEHHE THCTEPE3NCd, NPUUEM TIpH
‘0OJ/ILIINX KOJNYECTBAX HECErHETONEKTPHUUECKOH KOMIOHEHTH KaK cama
BelMUHHA MOAAPU3ALAY, TAK U CTElNeHb HEAHHEHHOCTH OKa3HIBAETCHA 3HAUH-
“Te/IbHO MEHBIE; YeM Y O@HOCO TuraHara Gapus.

Xors nob6aBnenue K TUTAHATY Gapusi HW30MOPQHBIX BEIIECTB TOHMKAET
€0 CerHEeTO/JEeKTpUYeCKHe CBOMCTBA, 3TO OKAa3biBaeTCsd HHOTAA NPAKTHYe-
CKH . 1e/1ecO06pasHbM, TdK KAK OJHOBPEMEHHO TIGHMIKAETCS TaHMEHC YIaa
JMINEKTPUYECKHX TOTePh ¥ MOSBAAETCH BO3MOMXKHOCTH YIPaB/AaTh MOJNOKE-
HHeM ToukH Kiopu. OcobeHHO uenecoo6pa3ubm 9TO  MOKET OKAa3aThCA
412 CBEPXBBICOKHX YACTOTAX.
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Tax, nanpumep, mpu uwactoTe 9450 Mey Marepuan, cOCTOSUME U3
56% BaTiOz; n 44% SrTiO,; npr KOMHATHOM Temmneparype HmeeT & =760
u tgd =0, 02“ H MOXET HMETh 3Haqmeanny IEHHOCTb /I MHKPOBOJ-
"HOBO#t TEXHHKHU.

111, JU3JEKTPYUYECKME CBOVICTBA MOHOKPUCTAJIJIOB

Hecmotpst Ha TO, 4TOG aHOMANLHHIE CBO#CTBA THTaHTa Oapus OGbIM
BechbMa NOAPOGHO M3YYEHH Ha MOMUKPHCTAIHYECKHX 06Pa3uax, M3yueHHe
CBOMCTB MOHOKPHCTa/IOB 6e3yCNOBHO uMeeT Oonbmioit HHTepec, Kak 6y~
IeT BHAHO M3 HajbHeHllero, MCCeIOBaHHE  MOHOKPUCTA/NMIOB ' TIO3BOJAET
HEIOCPENCTBEHHO BHAETh CTPYKTYpY o6aactefl (aoMeHOB), HcCIENoBatTh
AHK3OTPONKIO JIM3INEKTPHUYECKOH INPOHHUAEMOCTH H JAQOMOJHHTE YHCTO
9IEKTPHYECKHUE METONBI KCC/e[OBAHUS ONTHYECKHMH. ' :

Kak yxe ykasnlpaioch, BCe De3ysibTaThl, ONMCAHHHE HUXKe, MOJYYeHH
Ha MOHOKPHCTAIAX, CTENeHb YHCTOTH KOTOPHX, OYEBUIHO, He OUEHb BE-
muka, TlosToMy GONBMIMHCTBO STHX DESYJALTATOR HE MOMKET NPETEHI0BATH
HA COBEPUICHHYIO AOCTOBEPHOCTh, 4 HEKOTOPHIE W3 HHX, HANPUMED, TOUTH
MOJIHOE OTCYTCTBHE MHKA JIUIEKTPHUSCKOH IIPOHWIAEMOCTH B HANpPAaB-
JeHHM CHOHTAHHOH mnongpusauum & BOamsn Touxu Kiopu, ¥ pasnnude
3HaueHnN TUSMEKTPHYECKHX MPOHHMIAEMOCTeH ¢y K e, BHue ToYkH Kio-
PH, rle aHH3OTPONMA MHCUe3aeT, BEISBIBAIOT BecbMa OGOMBIIOE COMHEHHE.

Hayuenne cBOHCTB MOHOKPHCTA/UIOB THTaHATa Oapud HA4aTO TOJBKO
B CamMoe MOCHejHee BPEMA U Pe3yAbTATH ero IOKHEL PacCMATPUBATHCH
KaK BecbMa npeiBapuTenbHble, TPeOYIOINHMe 3HAYHTENBHOH A0PaGOTKH
U IPOBEPKH,

a) PasGuenue Ha ob6nactu (AomMeHn)

Tpu u3y4eHNH MOHOKDWCTAJIOB OKa3anoCh 2%, yTo OHH, KAK U ApyTHE
CETHETO3MEKTPUKY, paséuThl Ha oO0macTd. (TAaK Ha3bIBAEMEIE JTOMEHHI)
€ DA3MUYHBIME HATIPABICHHSMH NOJAPHON OCH, COBHANAOIEH C BEKTOPOM
CUOHTAaHHON Tmoaspusaumu. I[lpuunmHa pasGuenns Ha o6nacTd sicHa u3
MPOCTHX BHEPreTHUECKHX COOODPAMEHHH, TaK KaK B 3TOM ClydYde KpH-
CTaN KaK IeJoe He WMeeT SHeKTPUYSCKOrC MOMEHTA M, C/EN0BATENEHO,
He C034aéT mons BOKpYr ceba, OKazanoch, YIo B Ciayuyae KDPUCTANIOB TH-
TaHara 63pus 2TO pa3bHeHMe HA OGJACTH MOKHO HENMOCPEICTBEHHO BUIETH
TG AMHUSAM CHAHHOCTH STHUX OONaCTel, KOTOpHE H3-3a USMEHEHUs ABOHHO-
TO JIYUSNPENOMACHNA B HAOPMKEHHOM MOTPAHWUHOM CJI0€ BOCHPHHHMANT-
Ci B NOMSAPK3OBAHHOM CBETE KAK TEMHBEIE MOJOCKHM HZ IOBEPXHOCTH KpH=
cramna. Ilomockn stu HaGmomamuch IBYX BUJOB! HAYIIHE NAPAIEILHO
rpaHaM KpPHCTaJlAa ¥ DAclHONOXEHHBe NMON YyrioM B 45° K sTuM rpansm.

B kpuctannax ky6udeckolfi BHemiHeR orpaHku o6a BUIA IIOJOCOK
MOXKHO ObLIO HAOMIOZATb Ha OJHOH TpPaHH, B KPHUCTALIAX e B BHIE
NIACTHHKE OOBUHO GOMbIIAsg NMOBEPXHOCTL OKABHIBANACH MOKPHITOH MOIOC-
“KaMM, PACHOJOXKEHHBIMH TIOX 45° K Tpauim, a Majibe 6OKOBbIe NOBEPXHO~
<TH — TIOJIOCKAMH, NapaNIc/IbHBIMH TPAHIM,
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Ilpn marpeBanuu._KpucTalia OO TeMiepaTyps Bhille Togku Kiopu o6a
- BHZA TOJIOCOK HCYe3aloT, H KPHCTANI CTAHOBHTCH COBEPIIEHHO - MPO3pay-
HBEIM M H30TpomubM. HaoGopoT, NMpu OX/MaXAeHHM KPHUCTAIA IOCIE OPO-
XOMJeHUs TOukM Kiopu OHH CHOBa TOABJIAIOTCE H o00wWlas KapTHHA HX
pacnpeniesienys XOTd M He TOYHO BOCIODOM3BOJAMTCS, HO TIPUGIH3UTENbHO
CTaHOBHTCHA TPENKHEH, o

TIps MOHMKEHUW TEMOEpaTypH BOMU3H BTOPUUHOIO MAAOTQ MAKCHMYy-
Ma e IpU Temmeparype Okoao 5°C MensieTcs He CErHETO3JEKTPHYECKOE
COCTOsIHHE, .4 TIOJIOXKEHHE TOJAPHOH ocu — oHa CaMONPOHU3BOILHO  TIOBO-
paumBaeTcs Ha 90°,

Ipu Temneparype B6ausu — 70° C 310T 3ddeKT, N0 MHEHHIO aBTO-
poB, uacTHuHO oGpamaercsd. VI3MeHeHHd KApTUHB DaclpeleseHust IOJO-
COK MOXHO JOCTHUbL ¥ IPHIOKEHHEM 3JIEK~

"'\\ A Tpuueckoro noasd. Ecan HaG/M0AaTh KpUCTaNE
/ B HampaBJjieHHH, IepIeHAUKYIAPDHOM K INpH-
JMOMEHHOMY TOMW, TO O0NACTH, NOKPHTHE
1oJocKaMi Hoj yraom 45°, pactyT 3a cudr
HENOKPHTHX HMH, 4 OPH JZOCTATOUHO CHJIb~
HOM II0Jie [MOJOCKHM HCYe3aloT, B KPHCTalI
CTAaHOBWTCS NPO3payHHM. [Ipu sTOM Habo-
JeHHEe B MOJSDH3OBaHHOM CBeTe .HaéT Kap-
THHY OJIHOOCEBOI'0 KPHCTa/Ia, HaGII0/1aeMOro
AIEPIIEHINKYASPHO K ONTHUECKON OCH.

Touno Tak e nph HaGMIOACHHMH Yepes
MOMYTIPO3pautble  3IAEKTPOIH NAPAUIENLEG
TPUIOKEHHOMY  TIOJNIO He3aWTPHXOBAHHLIE
0o61acTH PAaCTyT 33 CYET HOKPHITHIX MO0~
Puc. 12. Cxemarwueckoe CKaMd HOX yraoM 45°) nosBASOTCS OKpa-
‘uzo0paxende  paslueHds  yueHHBE MOMOCH NAPAIENBHO TPAHAM KPH-
KpuCIaniiad ua AOMCHB W B2~ cranna  a §pu 3HAUMTENBHOM T107€ KpH-
npaBJacHus CIIOHTAHHBIX MO- ) .

MEHTOB JIOMEHOB. (CTal TeMHeeT 10 NOsBIEHHS HEHTPaAbHOIo:

OJIHOOCEBOTO KpecTa, IOKa3LBAIOMEro, 4To:

onTHYecKad OCh HapaselbHa HanpaplenuIo HAGAIONEHHS M, CJAEHOBATENb- -
HO, NPUJIOKEHHOMY MOJIO0.

Taxum obpasom, B 3Toff paboTe INOKA3HEAETCS, 4YTO ONTHYECKAA OCh.
KpucTanna (unM o6aaCTH) COBMAZaeT C HATpPABIEHHEM CIOHTAHHOH MOJ-
pH3alMKM M MOXeT OHTbL INOBEPHYTA ACCTATOUHO CHJABHEIM TIOJIEM Kak
Ha 90°,. tak u Ha 180° Ilosmocku moxm yriom 45° K rpaHaM KpUCTAIas
(mnockocru 101) aBagleTCH MIOCKOCTAMH  CABOGHHOCTH oOaacTeit KpH-
CTax1a ¢ pPAa3/JHYHBIMH HampaB/leHUsiMH CIICHTAHHOTO MOMEHTa,

Camu cnonTangble MOMEHTH (HJIH HOAAPHEIE OCI/I) obnacrteit pacnoso-
WEeHH INapajaelnbHO rpaHaM ky6a M NEPNeHAMKYASPHH - APYr HAPYry
B cocemHux oOGnacTax, pasneJéHHHIX NOJOCKON, unymel nox yriom 45°
K rpausam ky6a. OO6uias kKapTHHA pACIpefe/IeHHS NOJOCOK W HalmpapieHHH
CTNOHTAHHBIX MOMEHTOB IpuBelieHa HA puc. 12, 3aumcTBOBaHHOM u3 25,
O6nacty ORHOTO HANpPABJAEHHS CIOHTAHHOH NONAPUSALLY - HeoOf3aTe bHO
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NPOXOAAT 4Yepe3 BeCh KPHUCTANA, 4
MOTYT 3aKIOYATLCA TOJNBKO B YACTH
ero. B sTOM Caydae MOJIOCKM IO

45° 3aMBIKAIOTCI B BEPETEH00G6-
pasHble GopMB, K300paxKEHHHE HA
puc. 12,

6) HuaaexkrpHieckad
NPOHULAEMOCTS

Jusnextpuyeckas — IpoHHLAe-
MOCTb MOHOKDHCTA//1a OKasbIBAaeTCs

CYUIECTBEHHO DA3AMUHOH TPH H3Me-

peHMH e B HaNpaBJeHHH, IEpIeH-
IAKYNIPHOM H NapaniebHOM Hoadp-
HOM# ocu. MmenHo, B epBOM caydae
OHa OKa3HIBACTCS 3HAUHTENLHO 6O0/b-
miefl, yem BO BTOpOM. Temmeparyp-
Has 3aBHCHMOCTR IHIMEKTPHYECKOH
OpPOHMIAEMOCTH TaKXKe pas/iuyHa B
oboux caywasx 2, kak 310 BUAHO
nHa puc, 13. 3Aech noaspHas ocCh
copnanaer ¢ oceio 2 (001). Kax yxe
VKashIBalOCh, OTCYTCTBHE TeMIlepa-
TYPHOTO MaKCHMyMa B TOuke Kiopu
IVl Iu3/AeKTPHYECKOH npoHnLaeMo-
crtd e (BIONB OCH 2) H pasiduue
3HaUeHMil e M &) BHINE TOUKH
Kiopu, rie aHM30TPOMAM COTJIACHO
PEHTreHOBCKMM JaHHEIM HET, Ka-
WYTCH COBEPUICHHO HeOG BACHUMBIMU
M, OYEBHIHO, CBA3aHB' C GOJABIIOH
3arpASHEHHOCTBI0 KPUCTA/LIA IPHU-
MECSIMH,

ITpuBoauMble KPHBHIE  HMEIOT
TOMLKO Ka4deCTBEHHHIM XapaxTep,
TaK KaK, KpOMe 3arpsasHéHHOCTH,
B KPHCTaJlIe he COBCEM BbLIO yCTpa-
HEHO pasfuenue na o6nacTh, u TOMb-
Ko OGonpUMHCTBO oOnacTeli KpH-
cranjpa HUMeno CBOH oJsiApHbIE OCH
OpDHEHTHPOBAHHBIME  BIOJAL  OCH
z (001), B onuoit ms pabor 26 miaa
KPUCTANNA, COCTOSMINEro H3 Onuoh
obnactd, ObLIO HAWAEHO, YTO

S_L=2'105, a 5|] = 3.102.
2*
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Puc. 12. Temmeparyphad 3aBHCHMOCTD

IUIEKTPUIECKOH NTPOHHIAeMOCTH MO-

Hokpucrtania BaTiOg zis tpéx xpm-
cTamLIorpaduUeCKdx HAUpPABACHAH,
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BecbMa HarnfamHO aHH3OTPOINMS IHIMEKTPHYECKOH MPOHHIAEMOCTH Ghid
TIPONEMOHCTPHPOBAHA C/IeAYIOWHM onniToM 25, TIpu KOMHATHOH temmepa-
TYpé Ha KPHCTall HaK/JAABIBANOCH MAJIOE HEPEMEHHOE II0JE B HAlpaBie-
HUM, NEpPNEHAAKYNAPHOM K MONAPHOH OCH, W H3MEPANAch IMINEKTpUYE-
CKafl NPOHUUAEMOCTh & (puc, 14). 3aTem B TOM Ke BaOpaBIeHUM Ha-
KJI4BIBANIOCH 10GABOYHOE MOCTOAHNOE Tosie, TIpn HOCTeNeHHOM yBenudeHry
9TOTO NOCTOAHHOTO TIOJg BCE Oonbliee UYMCIO 0GJacTelt MEHSIO OpHeHTA-
LU0 CBOMX MONAPHHIX oOcedt (W, C/IeJOBATENHHO, HAMPABNEHHME CHOHTAH-
HOoro momenta) Ha 90° B nmodomedue, KOTA4 NOAAPHAT OCH CTAHOBUTCS
NAPAMIENbHON MPUIOKEHHOMY MOMK. IJTOMY CHOCOGCTBYET, KAK BULHO
u3 puc, 13, nocrenenHoe YMCHBLIEHHE JHIJIEKTPHYECKOH HPOHHMIAEMOCTH
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Pue. 14, Vismenenune AH3ICKTPHUECKONR NPOHHLIAESMOCTH,

H3MepaeMOH B MaJXOM NEPeMeHHOM NGeHe, C POCTOM Ha-

HpH)KéHHOCTK HOCTOAHHOTO [0, HpI/IJIO}KEHHOTO B Ha-

npaBJieHHd, COBNAJAIIIEM. ¢ HANpaBAedAeM NepeMeH-
HOTO IOJd. .

10 3HaveHus ¢ okono 600 (mpw mone E =0), 4TO COOTBETCTBYET IO/~
HOMY MOBOPOTy BCex obGaacteft Ha 90°. Ecum, Gajee, HAYaTh YMCHBIUATH
HAUPSEHHOCTD NOCTOAHHOTO IIOJf, 4 3aTeM H3MEHHTb ero Hanpas/eHHe,
TO IIPH 3TOM MCHAETCH TOJNBKC 3HAaK NOJSIPHON oCH (OHA TOBOPAYMBALTICH
#a 180°), a He e€ yroa c¢ moiem. Ecim mpn sToM mpoMTH Bech  IHKI
H3MeHeHUl{ HATpAKEHHOCTH IOJf, ' TO BENIMYMHHL ITOASPU3ANMM U 3aBHUCH-
MOCTH OT TIOJI JARYT THUCTEPE3UCHYIO MEeTMO0, a AHVIEKTPHYecKas NPOHH-
LAeMCCTb, H3MEPEHHdd B MAJIOM IEPEMEHHOM TI0Jie; HAJMOXeHHOM Ha mo-
CTOSIHHOE, — JMAAEKTPHYECKYI) NPOHUHIAeMOCTh B DA3HBHIX TOYKAX TeTsd.

B camoe nocriemnee BpeMs NOSBHIACH PaboTa?’ O H3YUEHHIO AHSJIEK-
TPHYECKOR aHM3OTPONMH MOHOKDHCTA/A/a THTaHata Gapus, COCTOSILIETO M3
OIHOM 065acTH W, NOBUIMMOMY, 3HAuMTeabHO Gonee ymcroro. Coriacho
THM JAHHBIM Pa3NHuke MEXAY [IUINEKTPHYECKHMH NPOHMUAEMOCTAMH
&) ¥ &) BHAUHTEALHO MeHbIUe, YeM OLUTO MOJNYYEHO ' paHblile, WX OTHO-
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menHe pasHstercss npuGmusmrensuo- 20:1. Tak, nanpumep, mpn 20°C
e; =2 4000, a ej = 200. TemmepaTypHas 3aBUCHMOCTb AJsA OOEHX JH3JIEK-
TPHYECKHX TPOHANAEMOCTE wuMeeT pe3kull MakcumyM B Touke Kiwopw,
v Boime Touku Kiopu o6e AUS/ACKTPHUYECKHE IMPOHMIAEMOCTH &) M gj
UMEIOT ONMHAKOBHE 3HAYeHHS. DTH JAaHHHE, TakuMm 00pasoM, ropasio
AyYLie COBNAZAIOT C TEOPETHYECKHMMH INPEACTARICHMAMH W JAHHBIMH, IO~
Iy4YeHHHIMH DEHTTCHOBCKHM aHATH3OM.

B) AusneKTpHUYECKHUHN TuCcTepe3uC W CNOHTAaHHAdA
nondpusanud ‘

- Donee HAraajmo rMCTEpeSHCHBIE NETAXR MOTYT OBITH MPOAEMOHCTPHPO~
BaHbl C TIOMOLIBIO OMHCAHHOX BHINE CXeMBl, OCHUYHO HCNOJAb3YyeMOH J/d
TakuX Ha6aofenuil. I'HcTepesucHHE NETAR MO-
HOKDHCTa/AAa THTAHaTa OapHa MCCAEAOBAINCDH
3THM (CHOCOGOM MHOTMMH aBTOpaMu. B Heko-
TOPHX paboTax 3TH HCCACIOBAHNA HMENTH TONb-
KO KAueCTBEHHHH XapakKTep, C Iebi0 NOKA3aTh 4
HajWyue NETeNb THCTEDe3HCa H H3MEHEHHE HX
BHIA B 3aBHCAMOCTHM OT TeMNepaTypH, B 4acT-
HOCTH, WCYE3HOBEHHE NpPH TeMIepaType BhHILIE
toukn Kiopu. B ogno#t m3 rtaxmx paGor!® yna-
7I0Ch CHATH HECKOIBKO MNeTelb FHCTepesnca s
MOHOKDHCTANJA, COCTOSLIErO #3 MaJOTO 4HCAd

ob6pacteft, Ha Beresx nax/a0oHA nerenb OTYET- \
JAHBO BHAHE! CTYEHBKH, COOTBETCTBYIOLIHE ITEpe- :
OpHeHTAUuM oAHOH KpynHOW o6mactu, HiIM '
Haxe BCH WETIA CBOMMTCA K ONHOMY BHE3AMHO- ﬂ
My ckauky (puc. 13).

B paGore Xynemal® musnekTpuuyeckufi ru-
CTEPESHC B NEPEMEHHOM IToJe 4actoThl. 50 2y
usy4ancda ¢ IeJbl0 M3MepeHHs CNOHTAHHOH mo-
ndpusanmy THTaHata Gapus U e€ 3aBHCHMOCTH
OT Temmeparyphl. CHOHTaHHAA MOJSPU3ALMA TIPK
9TOM TOAyYanack SKCTPANOJAHPOBAHHEM BeTBeH
HACHILIEHNA II€Telb FHCTEPE3HCA, KOTAA MOXK- ' g
HO CYHTaTh, YTO BCe O00JACTM OPHEHTHPOBAHE
110 NOJI0, HA BHAYeHHe IO, PABHOE HYJIO.
Mo pmaunpim Xysnma, CHOHTAHHAA TIOAAPMBALHS 3
IpY KOMHATHOH TeMIlepaType COCTaBJseT IJf =
MoHOKpHCTama 16-10~6 xysfcu®. TIo ADYIUM  pyc. 15, [Meran ructepe-
RAHHBIM 25, oHa okom0 12-10—% xysfcm?. Pas- suca MomOKkpucTamia ¢
NWYKE, OYEBHAHO, ONpEJENAeTCd pPASAMUHOH  MambiM WHCIoM oGracTed
CTENEHBIO YHCTOTH KpHCTaana. Ilpu nosbimie- (nomenOB).

HMH TeMIEpaTypel CHOHTAHHAS MOJAIPH3aHUA, COTNACHO [AHHBIM XyJab-
Ma, TNouTH He MenseTcs n0 110°C, a saTeM HAYMHAET MAjATh C TeM-
neparypoit. TemnmepaTypHBI! XOA CHOHTAHHOH NOAApH3ALMM BOJIMSH TOYKH
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Kiopn He Mor ObiThb IIOJyu4eH STHM METOJOM JOCTATOYHO HAAEK-
HO, TaKk Kak B 3TOH pabore He YYUTBIBAA4Ch HENHHEHHOCTb HHAY-
uupoBanHo#f monmpusanum BGawsw Toukm Kiwopm (cm. Bmime). B cBsu3u
C THM TFHCTEpesHC HMeeT MeCTO B HEKOTOPOM MHTepBaje - TeMilepatryp -
M BBIIE TOoukH KIOpH, H aBTopy MNOPHUXOIUTCA NIPHBAEKAThL HHUKAK He
HOZKPETVIEHHOE 9KCIEPHMEHTANBHO IIPEICTABIEHHE O J/OXHOM TrHCTepe-
auce -npu TeMnepaTyan soinie 100° C u3-3a HenMHEHHOCTH MPOBOAUMO-
CTH, IJd TOTO YTOGH H30exaTh aOCYPAHOro BHIBOJA O HAMUYHH CIOH-
TaHHoﬁ HO/ApU3aLHH M Bbllie TOukd Kiopw,

r) AHoManus Tenno&MKOCTH BOAM3H Touku Kopwu

Henasro Goimu mpousBeeHH M3MEPEHUA YAEAbHON TEIMOEMKOCTH MOHO-
kpucranna 8, I[loGaBounoe Temio, MOACYATAHHOS MO CKAYKY TermIoEM-
KOCTH, ObII0 dalfiieHo paBHHIM

Q= [cy dT=0,2 xase="47 xas|Ho1s,

T, €, NPUOGIH3UTENbHO B TNATh pa3 Gosbllle, yeM y NOMUKpHCTanid. As-
TOPEl 00pabaThiBaloT CBOM Pe3Y/LTATH C TOYKH BPEHMS] TEOPUHM BHYTpeH-

£

248

R R T BT R PO

Puc. 16. 3aBHCHUMOCTH IIOKA3aTEIs IPEIOMAE-
HYS MOHOKPHCTANIAa THTAHATA GapHs OT TeMIie-
© patypsl B6Jmsn Touxu Kiopu.

Hero mons F=E -} fP u noacuuTHBaOT -hakTop BHyTpeHHero nons Jlo-
peHTUa f IO COOTHOLIEHHIO

1 .
-Q—f'Pg,

rie P, — crourauHad [OAFpHU3AluA, KOTOpad HOMKHA - OHITb ONpeReleHa
He3aBHCHMBIM. MeTofoM. Mcnonsays peayabTathl XyJbMa IJd CIIOHTAHHOH
NOMAPHSALNH, ABTOpH HAXOAAT 118 K09bdUUHEHTA BHYTPEHHErO IOJA
suaueHus f=0,044, KOTOpOe XOPOWIO COTJacyeTcd CO: 3HAYEHHEM 3TOro
we xo3dduuuenta, roJACYHTANHEIM NO 3akoHy Kropu-Beficca anad ausiex-
TPUYECKOH MpOHHUAaeMOCTH BOAH3H TOUKH Kiopu:

= o = 0,049,

rme @ — remneparypa Kwopu (393° C) u C — nocronunas Kiopu (8000° Q).
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AJI) MTokasaredb NpEedOMAEHHS H 3JEKTPONDOBOXHOCTD

Wcxoas B3 TOro, YTO NHJEKTPHUYSCKas NPOHHUAEMOCTh €, H3MepeHHad
#ia HEKOTOpOH 4YacToTe, IO/MKHA JewaTh MEHAY KBaAPAaTOM IIOKa3aTend
TIPENOMICHH H CTaTHYECKOH IH31eXTPHUECKOH NPOHHIAEMOCTHIO:

nt e << e,

a Takme H3 TOro (akra, 4To KaK &, TaK M & HMEIOT Pe3KHe MHKH BOIH3H
Touxu Kiopu, MO®HO OBUIO OXHIATh

7I0Z06GHOTO . JKe TeMIepaTypHOro Xoxa In8aloewr’

| JI9 ToKasaTead npeowieHHs. Jled- ‘

CTBUTENbHO, OKa3anxocs?®, 410 3aBH- m"i

CHMOCTb 110Ka3aTessi NMPENOMIEHHS OT -2
TeMmepatyps nMeeT MaxchmyM B Tow- U [
ke Kiopu (puc. 16). C mpyro# cro- 17°F
POHBI, MOXKHO OXHIATh, UTO SHEPTHA ~
aKkTuBalMu £, ompenensiomas TeMime- ’0_5_
PATYDHYIO 3aBHCHMOCTb 3MeKTPOnpo- 7
BOJAHOCTH MO popMyne _ ‘70%_—
- L 7
s=A(T)-e ¥T, lr
1%
JomKkHa wu3MeHaTthca B Toyke Kiopu, /[7-9—
€ NPOMCXOAUT H3MEHEHHE THIA pe- !
ETKH. 1 :

CooTBeTCTRYyIOW AR K CIEPHMEHT b~
Had KpHBasg NOATBEPXIAeT, Kak GyITo , _
6ur, 9TH coofpawenus (puc. 17). Puc. 17. 3asucumocts Morapudma

CornacHo nanbiy Epeveesa n Kyp- ~ 37XIPONPOBOABOLIN = MOROKDH:
4atoBa?® smeprua aktupawun £ miie O ot OT OUPATHOR TEMICpATypRL
Toukd Kiopn passa 1,75 eV, B6auzu
ke Toukn KiopH sueprus -axrtupaiuumu ymembimaerca no E==1,15 eV, a
3aTeM CHOBAa BO3DACTder.

Aunanoruydsle  pesyabTaThl  GbuIM  NoayueHsl B JIHEIPOMETPOBCKOM
yrusepcutere E. B. CunakoBoiM®’ Ha NOMHKPHCTANMMYECKHX o06pasuax
BaTiO;. Onmaxo, Tak kak momOGHBe e U3/IOMbl B KpHBOH Jorapudma
3JeKTPONPOBOAHOCTH B '31BHCHMOCTH OT O0OpaTHOH TeMmeparypol Ououtd
monyyensl UM ¥ A o6pasuos CaTiO,, BeTiO, ZnTiO; u MgTiO,, ne umero-

~duHx ¢asoBOTO mepexoda ¥ He 006/aNalOULIMX CErHeTO3IeKTPHIeCKHMH
CBOHCTBAMH, TO NOABJICHME H3/IOMA KPUBOH ABTOD CBA3AM C B/MIHHEM IpPH-
Meced, ) ;

TloBUAMMOMY, B Ciy4ae MOHOKDHCTAN/IA KOJIMYECTBO TNpHMeceH siB-
JIAETCH TAKXKE JOBOJIBHO BHAYHTE/JBHBIM H BIHAHHE MX HA TEMIEPATYDHYIO
BABHCHMOCTb  3/IEKTPOIIPOBOAHOCTH  TpeGyeT  AONOJIHHTENBHOTO  M3Y-
JeHuUsl. .
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1V, IIbE303¢® PEKT TUTAHATA BAPUSI
a) ITresosddexT MmoHOKDpHCTAANE

HecMOTps . Ha OTHOCHTENBHO GONBWIOE KOMKYECTBO PAGOT, MOCBAUEH-
HHX CBOHCTEaM MOHOKpncrtantos BaTiO,, MOJHEIX KO/MHYECTBEHHHX A2H-
HBIX O Nbe303(QeKTe MOHOKDHCTA/IOB IO CHX NOp Hurge He omny6au-
xoBano. CoOcTBeHHAN 4ACTOTA DPe30HAHCA NBE30dASKTPHUECKY BOsGYXnae-
MOl naacTHHKM u3 MoHoKpucramna BaTiO, umeer ABa peskux MHHHMyMa
npn 0601X HHXHHX MaKCHMyMax nnsnempmecxoﬁ npouuuaeMoctd (-5

—70°C)?%, uTo CBHIETENbCTBYET, O MHEHMIO aBTOPOB, O HAIMUHE
HEKOEro Tiepexona Npu 3TuX Temmeparypax. C apyro#i CTOpomb, TIpH
nonxone k Touke KIOpH He 3aMETHO HHKAKOIO yMEHBINEHHS PE30HAHCHOMH
4aCcTOTH, HO B Camofi Touke Kwopn e ycranosute BOOOWIE HeNb3h, Tak
4TO, COrMJ4CHO B3THM HCCAEIOBAaHMSM, KPHCTaAI CKAaYKOM [EPeXORMT
B HENIbE3OJEKTPHUECKOE COCTOsSHHE 2°, :

ITpu NONMHITKAX KOAMYECTBEHHON OLEHKM Ibhe303(deKTa MOHOKPHCTAM-
Ja CephE3HOH moMexofl ABAsgercs pasbueHUWe KPHCTANIA HA OOJACTH Das=
JAHYHOTO HAMpaBjleHHs CIOHTAaHHOH MOADHU3aLEH, BCJEICTBHE YETO pe-
3yAbTATH HE MOIYT OBITh OJZHOSHAYHE, a NpPEACTaBAdI0T cOGOH Cymepiio-
3ULMI0 KBAAPATHUHOTO H JuHefiHoro neezosdiexra ?®, Cormacwo Toil xe
pabore moay/ib AHHEHHOro mbe3osddexTa B HaMpasAeHHH MOJSPHOR OcH,
no kpaitHe#l Mepe, Ha OIHH nopsmox fosbllle  AHOMANBHOIO MOAYAA dp,
cerneToBOil conu,

6) NoesoodPerT NMoAIpPH3OBAHHHEXK
ODONUKPDHCTAANHYEeCKHX 006pasuos

INomukprucTaninueckue 06pasel B HOPMAIbHOM COCTOSHHH He HMEIT
mbe303gdexra, uTo CBA3AHO C XaOTHUUYECKHM paclpene/IeHHEM IOAAPHEIX,
ocell OTAEAbHHX KPHCTAIHKOB B ofpasue. Ilbesoaddext noaspusosan-
HbIX 00pasuok Gh/1 0OHapyseH BIOEepBHE 4BTODOM HactoAmero o063opa
IpH HMCCHENOBAHKE IM3MEKTPHYECKOTO THCTEPe3nca M. ABMeHHH mocnenefi-
cTpus 18,

B mnepBhix 9KCNepUMEHTAX HaAHuHEe Nbe303ddexTa KOHCTaTHPOBANOCH
110 MaKCHMyMaM B YaCTOTHOM XOJe HOTeph H XapaKTeDHOMY XOJLy &MKOCTH
BO/M3M CO6CTBeHHOR 4acTOTH pesonanca o00pasuoB. KoauuecrseHHblE H3-
Mepends neezosdderTa B AUHAMHUECKOM pexuMe MPOUSBOAWINCH BIO-,
CHeACTBHH HEMOCPEACTBEHHO II0 YaCTOTHOH 3aBHCHMOCTH ToKa Yepes
obpasei,

Kpowme atero, Gulnu NpousBelleHbl W U3Mepeuus nseszoaddexra B cra-
THYECKOM pexXHMe HCIHTaHU#l MOCPeJCTBOM H3MEpeHHs 3apsda, BO3HH-
Kamouiero Ha ofpasie NPH ero CXaTHH,

B stHxX umccaenosanpsix ObIO NOKA3aHO 3%, yro HbeBOMO,T.ly.TIb ToagpH-.
30B2HHBIX OGPA3LOB 3aBUCUT KAK MO BEIHYMHE, TaK H IO CTabUJIBHOCT
BO BpeMEHH, OT HAUPSIKEHHOCTH M JJIHTENbHOCTH INIPUIOKEHHS TIOASPH-.
BYIOUWIETO. IO, BesmuuHa nbe3OMOAYAd NajaeT MOC/Ae YAANCHHR NOASpU-
3YIOLIEro nojs JOOBOJALHO OBICTPO B NlepBble AHH, a 34aTeM MelJIeHHO,
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npubaukach K CraGuibHOR BenuuuHe, cocrtapagiomielt ot 50 10 80% ot
MepBOHAYAILHON, B 33BHCHMOCTH OT TeXHOJIOTHH H3rOTOBJCHHS M COCTaB&
06pasuos. ‘

[Tocne STOro IMepBOHAYANBHOTO MANCHHS BeJHYHHA NbE30MOLYIS
OCTa8TC HEM3MEHHOH, YTO Ha6MIONaNOCh B TeUeHHe NPOMEKYTKA BpeMe-
HY, IPEBHINAKLIET0 Tof. BennyuHa NMbE3OMOLYNA MOCTHraeT HAaCHIEHHUS,
a 3aBMCHMOCTD OT BPEMEHH HMeeT TOJBKO YTO OIMCAHHBI XapakKTep mocie
N0sIpH3aNKU TI0/IeM HAnpsiKEHHOCTH B 20 — 25 xg/cM B TeueHue daca,

B) CraTHuecxue UCMH-
TaHKWA NBE303JE€eMeHTOB

d-10%an cm ed

on

o
[TonyueHHble BLIIEOMKCAH- Dbpasey 472

HEM METOJOM CHHTeTHYeCKHe &4
NbE303JIEMEHTHl UCHBITHBAMNCh
W B CTATHYECKOM pexume, &
Crarnyeckue MCOBITAaHHS 33-
KJIIOYaJuCh B H3MEpEeHHH 3a- 20
pAa, BO3HMKAIOIETO HA 00-
Knankax -ofpasia mnpu Mexa- g _ 3
HHAYECKOM ero cxkaTuu. Beuio {
II0K43aHO, YTO 3HAYCHHH TTbE30- ;¢ ,
MOZy/s TaKMX 0oOpasuoB M[pH ' !
|
|

me—tgey

=
o*

/’./

4000

PP

CKATHM B HAMPABJIEHUH Mpel- ,
IIeCTBYIOLeH MOMgpH3aLMM H
B NepHeHANKY/ISpHOM Hanpas-

JleHHN PasINIAIoTCs Mexay co-

Goti (B OGOMX Cayuasx H3Me- !

paICcs 3apsi Ha OOKJaAKax B '

HANPABJIEHHH  TOJITPU3ALUH). /

WwmenHo,  oxasamoch, - uto 4

NbE30MOLYAb B HANPABACHHA : : o /
{

2000

NpeaiiecTBYOWEell noAspH3a-~ 6 B w—————
npe  (KOTOpHIA MOxeT OHTH /
Ha3BaH MoiyleM dy,) DaBeH ¢ :
ans o6pasloB. OXHOrO cOpTa S~ ;P/Cd ~
3,210~ au, cT1. ex., a nbeso- , |
MOAY/Jb B TEPHEHIUKYISPHOM '
Hanpas/ienny (MOXYJb dy,) Pa- ' . 1
Ben 1,4.10-% au. cr.ea.,re. 0 X 4 & W 20T
GoJiee yeM B JRa pasa MeHBIIE. .
Bra upeanpunsta mno- Puc. 18, Temnepatypubi#i xom nbesoMonyas
NEITKA H3YYEHHd TeMmepaTyp- X nnaﬂe}prn:;ecmoifl HPOHHHAEMOCTH, [ONY-~
HOTO X0 HbeSOMOlIyJIH dll. YEHHbIA CTATHYCCKUM METONOM.
Peaynrrare, modyueHHBE C OJHMM H3 OGPA3lOB, NPWBEAEeHH HA DHC. 18;
BMECTe C KDHEOH JMBJCKTPHUECKOH TNPOHMIAEMOCTH B 3ABHCHMOCTH OT
TeMIepaTypHl.
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) lIpesosnexrTpuyeckne konebGanusa 6PpyCcCKOB

HanBomee mpOCTO Ibe303MEKTPUUECKHE CBOHCTBA B AHHAMAYECKOM
pexuMe MOFyT OBITb W3YueHH HA JMHHHHIX TOHKHX M Y3KHX OpPYCKax,
B KOTOPHX BO30yxIeHH IPONOTbHBIE KoJeGaHus cxkatusd. [Ipu Halmexa-
‘uieM BHOOpe pasMepoB H Crmocoba sakperviedns 06pasua MOXHO H36exaTh
BO36Y:KIeHHs APYTHX THIIOB Ko/IeGaHMH M B3aUMONEHCTBHS MX C H3yyae-
MBIM, YTO MOXET WCKas3WTh pe3ynibTard, i BO30ymIeHWsd MPOLOALHBIX
Kone6aﬂm>l OpyCKH 3aKDPEmIANIUCh HOCpelll/IHe B CHEeUUaTBbHOM HOXEBOM
B3axHMe,

Kak wusBectHo, co6GceTBeHHAd pCSOHaHCHaSI YacTOTa TAKOro 6pycxa

onpegensercd dopuyaoh -
fr= QTVE/P =557,

rie [ — pauna Gpycka, F— monyas HOura, p — MIOTHOCTh, ¥ — CKOPOCTh
pacupocTpaHeHysi . MexaHnueckux KoseGanuii. Otcioma caeayer, - 4To
2fr! =v = const,

B namwux skcnepumentax Obiio HaliAeHO, YTO CKOPOCTH PacHpocTpa-
HeHHst KosebaHull COXpAaHAeTCd MOCTOAHHOH ¢ TOYHOCTBI 10 1Y% mpwu
V3MEHeHWH JNIUHBL GPYCKOB OT 25 M. A0 5 #u 1 pasHo#t 4,3.10° cu/cer.

[Ipy sHaueHMM IWIOTHOCTH p, paBuoit 6,2 g/cu®, somyms [Owura, no
TIO/NyUYeHHBIM daHHBIM, paseH 1,15-10'% dyn/cm?. :

Tak Kax H3MepeHHst > mpoMSBOAMINCH HA ofpasuax ¢ oOKmaxKaMu, TO
TO/Iy4eHHOe 3HAYEHHE COOTBETCTBYET MOLYJIO FOura B OTCYTCTBHU 3JIEK-.
Tpuyeckoro moas E,.

BeauuuHa nbe3osAeKTPUYECKOr0 MOALYJIA MOXKeT 6bITB MOACYNTAHA,
€CNU W3BECTHA PA3HOCTH YACTOT PE30HAHCA M AHTUPE3OHAHCA Af fa—
“— fr W IU3NEKTPUYECKads IPOHHUAEMOCTDh &

m Af

= . ¢
64012 - f??

YacTorsl pe3oHaHCA U AHTUPE3OHAHCA ONpeTeNsNuch N0 YaCTOTHOH 3asu-
CHMOCTH TOKA CKBO3b oOpasen, KpuBhle mas omHOro M3 o0pasmnoB Ipu-
Bedensl Ha puc. 19. Ias o6Gpasio, H3rOTOBIEHHLIX DA3IHYHBIMYM TEXHO-
JOTMYeCKUMHE METOJM4aMH ¥ PAa3/MYHOTO COCTAaBA, BEJMUYMHA - NMbE3OMOMYJIS
I/ TIPOJOJIbHEIX - KoneGaHuil dy, nexana mexay 2,5.10-6u 1,3.106 1.
CT. en,, Opuuyém pasbpoc 3Ha4YeHH# a7 PAMUYHBIX ©0OpA3LUOB OAHOTO
Tuna He mpesbiman 10%. MamepeHus B IMHAMHYECKOM DeXHME TOJLIHUH-
uoro addexra (Momyiaa dy;) Halo pe3yabTaTH, COBMAJAOLIHE C DPE3Y/Ib-
TATAMH CTATHUECKHX H3MEPEHu#, T. e, 4TO MOLYTb dy; == 2dyy.

KpoMe NpoZONbHBIX K TOJLIMHHHIX KOJIe6aHHil OpycKOB, mpexBapu-
TeAbHOMY MCCIef0BAHMIO OBLIM IOJABEPrHyTH padHaNsHEIE ~ KOJeOaHHA
JWMCKOB, B aTOM ciyuae Ibe30MOLYIb HMeeT HPOMEKYTOUHOe 3HAYEHHE
Mewny dy, U d,,, 4 NPOM3BeJeHNWE U3 YACTOTH pPe30HAHCA HA PanUycC
COXPaHsAeTCsd NOCTOSHHBIM.

M3 nomydYeHHBX pe3yJAbT4TOB BHAHO, UTO MCCaAeLyeMblli MaTepunan
MOKET C YCIIEXOM MCIIOJb3OBATLCT B IMbe30npeobpasoBarensX, YYBCTBH-
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TeJBHOCTh KOTOPHIX ONpeNeNseTcs mbhesoMoxaytem d. Takumu npeobpa-
30BATENAMH SABAAOTCH Mbe30TENCHOH U MbE3OrPOMKOrOBOPUTENb, KOTOPLIE
paGoTaT B peXUME KODOTKOTO 3amblkaund. Ilne3oMonyas Turamara
Gapua dy, (i Tem Oonee dy; = 2d;,) WHMEET TOT Xe MOPSIOK, YTO
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Puc. 19. Kpusas toxa wepes ofpasen B 3aBHCHMOCTH OT YACTOTH
BOAH3H COGCTBEHHOH 1acTOTH pe3oHaHca 06pasua.

¥ AHOMANBHBIR MORyaAb dy, CerHeroBofi conu u mnpumepHo B 100 pas
Gosbiie MORYIs KBapua. ‘ : R
JloGpOTHOCTD  MCCTIENOBAHHBIX MbE30OPE3OHATOPOR CHIBHO 3aBHCHT OT
METONA BaKpervieHnd. B yMOMAHYTHIX Bhllle HOXKEBBIX 32XHUMax XOGPOT-
HOCTh GDYCKOB NPH TPOZOIBHLIX KOMEGAHUAX COCTABaAna OKomo 300.
Bo BpeMst npoBexeHus 3THX HCCIeZOBAHUH HOfIBUJICH paAx pador, 1o-
CBAWEHHLIX HCCIETOBAHUIO Ib€303/IEKTPHYECKHX CBOHCTE MOMIPH30BAHHBIX
00DA3IOE MONKPUCTATIMYECKOTO THTAHATA -Gapus 3¢, Pesyabratet B oc=-
HOBHBIX YE€pPTAX COBHAAAIT C BBIHICONMUCAHHBIMH, 33 WCKAWYEHHEM MaJbIX
YMCTEHHBIX PACXOMICHHH 33 CUST HEKOTODHX  PABAMYAH TEXHOJOTHH H3-
TOTOBICHUS M CTENEHN YMCTOTH OGPasHOB. EANHCTBEHHBIM CYIIECTBEHHO
HOBEIM SABJCHHEM, YIIOMAHYTHIM B 3THX MCCJICTOBAHUAX, SIBAAETCH OTKPHITHE
KoneGaHui CIBUTA OOPA3LUOB NPU HANOWKEHUM BHICOKOYACTOTHOTO IIOJA
B HAanpaB/ieHuy, NEPNEHAUKYNIPHOM K- HAINPABACHUIO TNpeAWeCTBYIOUIEH
MOMAPH3AIHH. : '
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V. IPAKTUYECKOE MCMOJJb30BAHME AHOMAJIbHBIX
CBOWCTB TUTAHATA BAPUS

Bricokas muasmexTpuueckas NpPOHHUAEMOCTh THTaHATA O6apuda NpH
CPaBHUTEJNBHOM NPOCTOTE U JelIeBH3HE M3FOTOBJIEHHS KepaMHYeCKHX KOH=-
IEHCATOPOB M3 Hero AaeT OCHOBaHHE AA% WCHOMLIOBAHWA €ro B GHOKU-
POBOYHEIX MaJsiorabapuTHBHIX KOHAEHCAaTropax Gojapmux EMKoOCTeldl # BoobiIe
BO BCeX TeX CJyuaaX, Koria BaxHa Oonabilas EMKOCTb H HET WECTKHX.
TpeboBaHMit K TeMmepaTypHo#f CTAGHABHOCTU e&.

3nauntenbHO 6oJee HHTEPECHBIM SBJISETCH MCHOIb30BAHME TUTAHATA
Oapus Kak HejuHefHOro sjeMenta. Hawano Taxoro NpuMeHeHHd THUTAHATA.
6apust mosmoxua npod. B. I1. Bosoranx3?, KoTopeii mOCTpona ¢ €ro mo-
MOIEIO YMHOXWTENb 4acTOT, IIpHHLHUM AeHCTBHA STOTC YMHOXHTENs 34-
K/I049aeTcAd B TOM, YTO H3-3a HEJHHEHHOCTH 3aBHCHMOCTH &EMKOCTH KOH-
IeHcaTopa M3 THTaHara Gapus OT HampsSKeHHs TIPH MOJayYe Ha Hero
CHHYCOHIANBHOTO HANpMxeBHa TOK OyJeT COdepkaTh BHICHIME FAPMOHHKH,
KOTODHIe MOTYT OBbITh BHLIEJEHE.

‘Tax Kak HelMHeRHOCTh 3aBHCHMOCTH €MKOCTH OT HANpAMXeHHs COXpa-
HsleTCsl 0 BechbMa BHICOKMX wactoT (~ 107 2y), TO Tako# MeToz yMHO-
MEHHUS YaCTOT MOXeT ObITh IPHMEHEH B DaIMOTEXHHKE,

3aBUCHMOCTD  €MKOCTH KOHJEHCATOpa W3 TuWTaHata 0apus Ha BEHICO-
KO#l 4aCTOTe OT OJHOBDEMEHHO IPHJIOXKEHHOI'0 IMOCTOSHHOTO HANPKEeHHS
casura («peBepCHBHad IMIIEKTPHYECKad INIPOHHLAEMOCTB», CM. BHIHIE)
TI03BOJISET HCMONB30BATh 3TH KOHAEHCATODH. LIS TeHEePATOPOB MNepeMeHHOoM
yacToTH (TeqeBHIEHHS) M IS MOJYJSLHHA YacTOTHL.

Boabmo# npe3oaddekt noaspu3oBaHHBX 06pas3loB  THTanata Gapus
npu Xopouie# ero CTa0HIALHOCTH ¥ HE3aBHCHMOCTH OT TeMIepaTyphl
B IIMPOKOM HHTEpBaJe TeMIepaTyp, a Takwe ux OONbIIas MEXAaHWYeCKAsE
HNPOYHOCTD, IAIOT OCHOBAHHE NOJArarh, YTO TAKHe NbE30JIEMEHTH B CAMOM
Gauskom GynynieM HafiiyT HIHDPOKOE IpHMEHeHHe,

KpoMe yKa3aHHBIX [ONOXKHTEJBHHX KayeCTB CHHTETHYECKHX I1he30-
371eMEHTOB, Yy HHMX HMeeTcd emlé LeJnH pal NPeHMyHIeCTB HAall eCTeCTBEH-
HBIMH Ibe3OKpUCTaMIaMi. K wnCAy MX HaJZo OTHECTH TO OGCTOATENbCTBO;
YTO INBE30KOAEGAHHS DPasAMYHBIX THIOB H ¢ Ppa3JHYHbIMH MOAYJAsMH IO-
NY42I0TCS 3[1eCh: He PA3NHYHHIM OPHEHTHPOBAHHHIM BHINWIMBAHHEM NbE30-
pPesOBATOpa W3 KyCKa XPUCTANia, 3 3HAUKHTEALHO TPONIE — PAasAHYHEMW
HApaBleHHeM INPHJIOKEHHs I[EPEeMEHHOTO HAMPAMEeHH OTHOCHTENLHO:
HAMpPaBJIeHAs TOASPU3AUMH TIOCTOSHHBIM HanpsieHueM. IIpw sTOoM nerko
HONYUYATh IIbe30PE3OHATOPH TAKMX THIIOB KO/JeOaHHH, KOTOpHIE BOOGILE
HE MOryT OHTh M3TOTOBJEHH M3 ECTeCTBEHHBIX KPHCTA/LIOB (HATPHMED,
IUCKH, IAMHApPH, WAPH M 4acTH WIapa ¢ pajWalbHBIMK KO/TeGaHusMu),

[1be30anemMenTsl W3 TuTanata 0apud MOTYT OHTH C YCIEXOM NpuMe-
HEHB /5 W3TOTOBJEHHS Nbe30oTede(OHa M IIbe30TDOMKOTOBOPHTENS, HH-
AVKaropa AaBJeHHs, Nbe3oalanTtepa H T, M.

V3 npuBefgHHOTO daneko He HOJHOTO CIHMCKA BO3MOXHHIX NpUMEHeHHH
THTAHATA Gapusi CAEAYET, 4TO OH AO/MKeH HAATH WIMPOKOE IMPHMEHEHHE
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B CAMBIX DAS/MUHBIX OTDAC/AAX SIEKTPOHHOH TEXHHKHM M PaIHOTEXHUKH.
Ham mamercs, YTO HAIHK OTPACAEBBIC MHCTHTYTH JOJNHE IHPOKO pas-
BepHYTH paboTy MO KOHCTPYHPOBAHUIO PA3NMYHLIX KOHKPETHBIX BMIOR NPH-
6opoB ¥ 06OPYAOBAHUA Ha OCHOBE HCMOJNB30BAHKHA AHOMANBHHIX CBOHCTB
TuTanata Gapws, BhNepBble OTKPHITHIX M HCCAELOBaHHHX B Hailel CTpaHe.
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