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MNPUTOTOBJIEHUE TOHKHUX IJIEHOK TmTe
U UX ONITUYECKHUE, DJIEKTPOPU3INUYECKUE U MEXAHUYECKUE CBOMCTBA

3. xadya, H. Typkanse, A. 'uruHenmBujin
I py3unckuti mexnuyeckuil yHueepcumen,
Henapmamenm undiceneprou pusuxu,
Tounucu, I pysus
[Toctynuna B pepaxuuto 29.12.2017

Pa3paboTaHa TeXHOIOTHS MPUTOTOBICHHUSI TOHKUX KpUCTAITMYECKHX TuIEHOK TmTe meTomoM Baky-
YMHO-TEPMHUECKOTO MCIIAPCHUS U3 JIByX HE3aBUCHUMBIX UCTOUHUKOB — Tm u Te. [Ipu koMHaTHOM
Temmeparype B oonactu sHepruu potoHoB 0,6—3,9 3B u3MepeH CHeKTp MOMIONEHUS IIPUTOTOBJICH-
HBIX TUIEHOK. BEISIBJICHO, YUTO CIIEKTP MOTJIOMICHUS UMEET CIIOKHBIN XapaKTep ¢ YeTHIPhMS MaKCUMY-
mamu. B temmeparyproit obimacta 95-500 K nccnenoBana TemmneparypHas 3aBUCUMOCTE YICITEHOTO
3JIEKTPOCONPOTUBRIICHUS, TOCTOSTHHHOUN Xoia u Tepmo-IJIC. TTokazaHo, 4TO COITIACHO U3MEPEHUSIM
MOCTOSHHON XOJIa MIEHKU UMEIOT N-TUIl MPOBOJUMOCTH, a COINIACHO U3MepeHusaM TepMo-IC —
p-TUI TPOBOAUMOCTH. METOMIOM MOJHOTO HCTUPAHUS W3MEPEHA OTHOCHUTEIIbHAs MEXaHHUYECKas
MPOYHOCTH MIEHOK U YCTAHOBICHO, YTO OTHOCUTEIbHAS MEXaHUYECKasl MPOYHOCTD IIEHOK 3aBUCHUT
OT MaTepuaa MOIOKKH.

KuioueBble cjioBa: Tynus TEILTYypUI, TEPMUUECKOE UCIIApEHHUE, TUIEHKA, ONTHYECKOE MOTJIOICHUE,

JIEKTPOCOMPOTHUBIIEHHE, TOCTOSIHHAsA Xoiu1a, TepMo-O/IC, MexaHnueckas IpOUYHOCTb.

NPUT'OTYBAHHSA TOHKHUX IJIIBOK TmTe
11X ONTUYHI, EJEKTPO®I3UYHI TA MEXAHIYHI BTACTAUBOCTI
3. xalya, H. Typkanse, A. I'irineimsii

Po3po0inieHo TeXHOJOri0 MPUTOTyBaHHS TOHKUX KPHCTANIYHHUX IUTiBOK TmTe MeTomoM BakyyMHO-
TEPMIYHOTO BUIIAPOBYBAHHS 3 JBOX He3aleKHUX Jpkepen — Tm i Te. Ilpu kiMHaTHIN TemmepaTypi
B obmacTi eneprii ¢potoHiB 0,6-3,9 eB BUMipsSHO clIeKTp MOITMHAHHS BUTOTOBJICHHX IUTiBOK. BusB-
JICHO, 1110 CTIEKTP MOIIMHAHHS Ma€ CKJIaJHUHN XapaKkTep 3 HOTUpMa MaKCUMyMaMu. Y TeMIeparypHii
obnacti 95-500 K mocmimkeHa TemmeparypHa 3al€kKHICTh MUTOMOTO €JIEKTPOOIOpY, MOCTHHOT
Xoma i repmo-EPC. Tlokaszano, 1o BiAMOBIAHO J0 BUMIpiB MOCTiHHOT Xoja IUIIBKH MarTh N-TUI
MIPOBIAHOCTI, & BiAMOBIAHO 10 BUMIipiB TepMo-EPC — p-tun nmposigHocTi. MeTooM NOBHOTO CTH-
paHHS BHMipsiHa BiJIHOCHA MEXaHIYHA MIIHICTh IUIIBOK 1 BCTAHOBJICHO, IO BIJHOCHA MEXaHiuHA
MILHICTh IUTIBOK 3aJICKUTh BiJl MaTepially Imi{KJIaKH.

KirouoBi ciaoBa: Tymiro Tenypua, TepMiuHE BHIIAPOBYBaHHS, IUTIBKA, ONTUYHE MOIIMHAHHS,
eJIeKTpOooIip, mocTiitHa Xona, TepMo-EPC, MexaHiuHa MilTHICTb.

PREPARATION OF TmTe THIN FILMS
AND THEIR OPTICAL, ELECTROPHYSICAL AND MECHANICAL PROPERTIES
Z. Jabua, N. Turkadze, A. Gigineishvili

A processes has been developed for grown of thin crystalline films by thermal evaporation using Tm
and Te separate sources. At room temperature the optical spectra of absorption have been studied
at photon energy 0.6-3.9 eV. Temperature defendences of specific resistance, Hall constants and
thermo-EMF are measured in temperature area 95-500 K. It is shown that according to measurements
of a constant of Hall of a film have conductivity n-type, and according to measurements a termo-
EMF — conductivity p-type. The method of complete abrasion measured the relative mechanical
durability of films. Researches showed that the relative mechanical durability of films depends on
substrate material.

Keywords: thulium telluride, thermal evaporation, film, optical absorption, electrical resistance,
Hall constant, thermo-EMF, mechanical durability.
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3. IUKABYA, H. TYPKAJI3E, A. THTHHEUIIBAJIN

BBEJIEHUE

CoenuHeHus peko3eMeNnbHbIX MeTaiuioB (P3M)
¢ aneMmeHTaMu VI rpynnel nepuoandeckoin
CUCTEMBI IIPUBJIEKAIOT BHUMAHUE UCCIIEA0BATE-
Jeil CBOMMH MHTEPECHBIMU (PU3NUECKUMH CBOM-
ctBamu [1-4]. Ho He Bce coenMHEHUs] TAaKOTO
COCTaBa UCCIEA0BAHBI JOCTATOYHO MOJIHO. DTO
0COOCHHO KacaeTcs TOHKKX INIEHOK. MI3BeCTHO,
YTO YaCTO CBOMCTBA TOHKUX TUVIEHOK OTINYAIOT-
Csl OT CBOMCTB 0ObEMHOT0 MaTepuaia, H03TOMY
pa3paboTKa TEeXHOJIOTHH MPUTOTOBIICHHSI TOH-
KUX IUIEHOK XaJbKoreHua0B P3M u uzyuenue
WX CBOWCTB SIBJISIETCS UHTEPECHOM 3a7ayeil.
K TakuM Masion3y4eHHBIM COEIMHEHUSIM OTHO-
CUTCSI MOHOTEILTYpH Tyaus. B manHo# pabo-
Te pa3paboTaHa TEXHOJIOTHUS MPUTOTOBICHUS
TOHKHMX KpHUCTaumueckux II€Hok TmTe Ha
Pa3JIUYHBIX MOJJI0XKKAX, U3BMEPEH CHEKTp I0-
TJIOIEHUSI, UCCIIEAOBAHBI AIEKTPO(U3NIECKIE
U MEXaHUYECKUE CBOMCTBA MPUTOTOBICHHBIX
IJIEHOK.

IKCIIEPUMEHTAJIBHBIE JAHHBIE
[Tonukpucrannunueckue mieHku TmTe Tom-
o 0,6—1,9 MkM uiMHON 9 MM M IIMPUHON
5 MM NPUTOTOBIIEHBI METOJIOM BaKyyMHO-TEp-
MHYECKOTO UCTIAPEHUSI U3 IBYX HE3aBUCHUMBIX
ncrouyHukoB Tm u Te. McnapeHne KOMIOHEH-
TOB TIPOBOJIMIIM JKOYJIE€BBIMU HUCIIAPUTEIISIMU.
B nponecce HanplieHHs TeMIepaTypbl UcHa-
puteneid Tm u Te cOOTBETCTBEHHO PaBHSIUCH
~1195 =+ 10 K u ~790 £ 10 K. PaccrosiHus
ot ucnapureneid Tm u Te 10 MOAI0XKKH COO-
TBETCTBEHHO ObLIM paBHBI ~50 MM U ~40 MM.
VYron HakioHaA ocH ucnaputenss Tm 1o oTHO-
IIEHUI0 K HOPMaJIU MOBEPXHOCTH MOIJIOKKHU
cocroBisan ~30°, a nusa Te ~ 35°. Ckopocth
HanblIeHNs TIEHOK ObL1a paBHa ~40—45 AJc.
B pa3HbIX 3KcnepuMeHTax TeMneparypy no-
JUIOKKH MeHsin B npenenax 780—-1150 K.
B kadecTBe MCXOJIHBIX MaTepHUaIoOB CIYXKUIU
Tynui Mapku TmM-1 (cyMMapHbIM copepika-
HUEM KOHTponmpyeMbix mpumemceit La, Ce, Nd
<0,2 %, Fe<0,01 %,Ca<0,01 %, Cu<0,01 %
Ta < 0,02 % u Temutyp mapku T-cH ¢ cogepka-
HueM temrypa 99,999 %.

B kauecTBe MOIN0XEK UCHOJb30BATHU
IJIACTUHBI IPSAMOYTOJIbHOU (OopMBI € pa3me-
pamu 15 X 5 x 1 MM U3 cuTajia, MHOKpPHC-
TaJUIMYECKOTO KpeMHus U carndupa. Pa3oBbiid
COCTaB U KPUCTAJUIMYHOCTD TIIEHOK ONPEAETISLITI

PEHTTE€HOBCKUM U 3JEKTPOHOTpadruueCKUMU
MeToAaMH. PeHTreHorpaMMbl CHUMAJIUCh Ha
ycranoBke JJPOH-4 npu CuKa uznyuenuu
C HUKEJIeBbIM (QUIBTPOM B peXUME Hempe-
PBIBHOI 3amucu co ckopocThio 0,5—1 rpaa/mMuH.
NnerTnukauro morydeHHbIX PEHTICHOTPaMM
MIPOBOAMIIM ITYTEM UX CPABHEHUS C IUTPUXIU-
arpaMMamu, MOCTPOCHHBIMU Ha OCHOBE PEHT-
reHOIU(PpaKTOrpaMM 00BEMHBIX KPUCTAJIIOB
TmTe. DaeKTpOHOrpaMMbl CHUMAJIM Ha yCTa-
HOBKe Mapku YOMB-100K «Ha orpaxeHue»,
pu yckopsitouieM Hanpsikenuu (75—-100) kB.
[ToBepXHOCTB MPUTOTOBIEHHBIX IJIEHOK CHUMA-
JIM BO BTOPUYHBIX PEHTT€HOBCKHUX JIy4ax (ycra-
HoBka Camebax-Microbeam). CocTaB mi€HoK
ONpEeENsiii PEHTTEHOBCKUM MHUKPO30HOBBIM
aHAJIM30M Ha TOM € YCTAHOBKE C MCIIOJIb30Ba-
"Huem DOBM PDP-11/73. Metonom Oxe-CIiek-
TpomeTpun Ha yctaHoBke LAS-200 ¢pupmsbl
«Ribery omnpenensiu coCTaB MIEHOK 1O TOJIIIH-
He. CnekTpasibHasi 3aBUCUMOCTb MOMIOIIEHUS
B obnactu 3uepruu ¢poronos 0,6-3,9 3B uccne-
noBaHa Ha ycraHoBke KCBY-2.

B o6nactu remmepatyp 95-500 K uzmepensr
TeMIIepaTypHble 3aBUCUMOCTH YAEIbHOTO
3JIEKTPOCONPOTUBIICHUS, TOCTOSSHHON XoJ1a
u Tepmo-J1C. Bece usmepenus npoBoauiau Ha
OJTHOH M TOM ke cepuu OAHO(]a3HBIX MIEHOK
TOJIIUHON 1,5 MKM, HAHECEHHBIX Ha CHUTAIIO0-
BYIO IIOJIJIOKKY. YIEJIBHOE IEKTPUUECKOE CO-
MPOTUBJICHUE U3MEPSIIN KOMIIEHCAIMOHHBIM
METO/IOM, MOCTOSIHHYIO0 XO0JIa — IMPU MOCTO-
SIHHOM MAarHUTHOM II0JI€ HAalpPsI)KEHHOCTHIO
16-10° A/m, a Tepmo-3J1C — aOCONMOTHBIM Me-
tonoM ¢ nonpaBkoi Ha DJIC meau. TouHocTh
M3MEPEHUS YIIEIbHOIO 3JIEKTPOCONPOTHBIICHUS
u repmo-IJ1C Obna He xyxe 3—4 %, a TOCTOsIH-
Hout Xomna — 8—10 %.

B mocnennee Bpems 6onblioe BHUMa-
HUE yJensieTcs M3YUYEHHID MEXaHUYecC-
KHX CBOMCTB TOHKHUX MJIEHOK COEIUHEHUU
pPENKO3EMENIbHBIX 3JIEMEHTOB, DTO BBI3BAHO
TEM, UTO 4acTO IUIEHKH, UMEIOLLINE UHTEPECHbIE
AIEKTPUUYECKHUE, ONTUYECKUE U JPYTUE CBOM-
CTBa, 001aJal0T HU3KUMU MEXaHUYECKUMU
CBOWMCTBAaMHM, YTO 3HAUUTEJIBHO OIPAHUYMBAET
HX MPAKTUUYECKOE MPUMEHEHUE B PA3JIUUHBIX
npubopax. CymecTByIOT MHOTHE CITOCOOBI
HU3y4YEeHUs MEXaHUYECKUX CBOMCTB IIIEHOK. M3
HUX HaMU BBIOpAH METO/I MOJTHOTO UCTUPAHUS
[5]. Cymuocth MeTona (puc. 1) 3akmrouaercs
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B TOM, 4YTO O MEXaHUYECKON IIPOYHOCTH IUIEHKU
Y O CTENEHU €€ MPWIMIAHNSA K IOIJI0KKE MOXKHO
CYIUTH MO TOHM padoTe, KOTOPYIO HYXHO 3a-
TPAaTUTh JJIsI TOrO, YTOOBI MOJTHOCTHIO CTe-
peTh MIEHKY C MOBEPXHOCTHU IMOAJIOKKH.
Ha uccnenyemyro mninéuky (2) omupaer-
csl CTep>KeHb (6), Ha HUYKHEM KOHIlE KOTOpO-
ro 3akperiéH paboyuil marepuas — KyCOK
3aMILIY C HAHECEHHON Ha Hee aJIMa3HOW IacTOM.
Ha crepxenp xianércs rpys onpenes€HHOro
Beca. COOTBETCTBYIOIIMM MeXaHU3MoM (7, 8)
CTepKEeHb MPUBOAT B MOCTYMATeIbHOE JABU-
J)KeHue B3al U Buepén. Harpyska Ha miuéHky
noadupaeTcss TakuM oOpa3zoM, 4TO camas
HEIpOYHas IUIEHKA CTHUPAETCSA C MOAIOXK-
KU T0CJI€ HECKOJIBKHUX JECITKOB IMPOXOXK-
JEeHUHN Harpys3ku (IpU YBEJIUWYEHUHU YHCIA
HPOXOXKICHNH OIMOKA SKCIIEPUMEHTA YBEIUUH-
BaeTcsl). Takum 006pa3zom, MPOYHOCTD IIEHKH MPU
IIOCTOSSHHOW Harpy3ke NpaKTUYEeCKU HU3Me-
psEeTCS 4YMCIOM HPOXOXKIEHHH, KOTOpPBIE
TpeOyIOTCS JUIsl MOJIHOTO UCTUPAHUS TUIEHKU
¢ noMI0KKHU. [IOCKONBKY U1l OIMCAHHON Me-
TOAMKHU pelarmuM (GakTopoM sBIsSETCS
TOJIIVHA IUIEHKH, BCE UCCIIEyEMbIE HAMU ILUIEHKU
MMENH OlMHaKoBYto TommuuHy — 0,9 MxM, a Ha-
rpy3Ka Takxe OblIa OIMHAKOBas U COCTABIISIIA
230 r. ToyHOCTh U3MEPEHUS OTHOCUTEILHOU Me-
XaHU4YeCKOM MpoyHoCTH cocTasisieT 10—12 %.

Puc. 1.

Cxema
OTHOCHTEIBHOM MEXaHWYECKOH MPOYHOCTH IUIEHOK
METOJIOM TIOTHOTO MCTHpaHWs: | — MacCHBHAs TUINTA;
2 — uccnenyemas Ii€HKa; 3 — cToiika; 4 — npyxuHa,
5 — pmuck; 6 — crepkeHb; 7 — D3JEKTPOABHUIaTEelNb;
8 — aJeKTpUYecKre IIymaibiia; 9 — OJIOK IEKTPOIHTA-
HHUS

YCTAHOBKHU  JJIA  HCCIICAOBAaHUA

PE3VYJIBTATBI U UX OBCYXJIEHUE

OnpITHI TOKA3aJM, YTO ONTUMAJILHOU TEMIIEPA-
Typoit noanoxku ssasgercs 1100 K. Ilpu tem-
reparypax HUXKe ONTUMAJIbHOW BEpXHUE CIIOU
IIJIEHOK COJIEpIKAIN METAIIINYECKUE BKIIIOUE-
HUs B Buje atoMoB Tynus. [Ipu temneparypax
Boie 1100 K mnénku 0putn AByX(a3HBIMU:
MIOBEPXHOCTHBIE CIIOM MPEACTaBIsLHN a3y co-
crasa Tm,Te,, a HIOKHHE cooctBenno — TmTe.
Tonwsko pu Temneparype nomioxku 1100 K
niaéHKM OblTM ogHoda3HbIMu cocTaBa TmTe.
CornacHO JaHHBIM PEHTTeHOAU(PpPaKOMETPHU-
YECKOT0 aHAJIM3a MUIEHKU UMENIM KPUCTaJIu-
yeckyto cTpykTypy tuna NaCl ¢ mapamerpom
peméTku a = 6,03 A, uto xopomo cornacyercs
C IUTEpaTypPHbIMU JaHHBIMU 151 00bEMHBIX
obpasmoB TmTe [6]. CornacHo TaHHBIM PEHT-
F€HOBCKOT0 MHUKpOaHaJiN3a MJIEHKHU COJAep-
xkar 50,1 £0,2 ar. % Tm n 49,1 £0,2 at. % Te
U 110 CHUMKaM IOBEPXHOCTH IUIEHKHU, CHATBIX
BO BTOPUYHBIX PEHTI€HOBCKUX Jydax, Tm
u Te pacnpenenieHbl 10CTATOYHO PABHOMEPHO.
Oxe-creKkTpajabHbIN aHAIU3 [T0Ka3aj, YTO CO-
CTaB IUJICHOK 110 TOJIIIMHE B MpeesaX OUINOKU
JKCTepuUMeHTa (+ 3 aT. %) He u3MeHseTcs.

Ha puc. 2 npeacTaBieH THIUYHBINA CHIEKTP
MONIOLIEHUS MIIEHOK MOHOTEJUTYpUIA TYJIHS,
CHATBIN IIPU KOMHATHOH Temmeparype. 13 pu-
CYHKa BHUJIHO, YTO CIIEKTP UMEET YEThIPE XOPO-
110 BBIPAXKEHHBIX MAKCUMyMa ¢ sHepruen 1,25;
2,15;2,76 u 3,51 »B.

L} L T L
9,6 E, -
T = ......"s
o . =
7 7,2 F EZ .'. ..-.0..
5 Wi
© 48} E, s % -
H, ..‘ :
o .= 3 .
2al FAY, !
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1 2 3 4
hwasB —>

Puc. 2. Cnexrp mormommiennst iéHkn TmTe

Cxema 30HHOTO CTPOCHHUS MOHOTEIUIYpH-
1a Tynaus He u3BecTHa. Eciam Bocmoabizyemcs
METOAUKOU, MPUMEHEHHOU B paboTe [7] mans
aHaJIn3a MOHOXaJbKOT€HUIOB CaMapHsi, KOTO-
pasi OCHOBBIBAeTCSl Ha cxeme, pazpaboTaHHOM
MetdecceneMm [8] asg MOHOXaJIbKOTE€HUA €B-
pOIUst, ¥ CHEKTPOM TOIJIONICHNS KPUCTAIIIOB
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3. IUKABYA, H. TYPKAJI3E, A. THTHHEUIIBAJIN

CaF, n SrCl, B KOTOpBIE B KaUECTBE NPUMECH
BBEJEH JIBYXBAJICHTHBIN HOH camapus [9, 10],
MOYKHO TTPEIIOIOKNTh, YTO Kpail TOTJIOMICHHUS
U TICPBBI MAKCUMYM CBSI3aHbI € TiepexonoM 4f
JJIEKTPOHOB B HUKHIOIO MOA30HY Sd(tzg), KO-
TOpast UMEET JIBa MAKCUMyMa IMJIOTHOCTH CO-
CTOSIHMS, & T10J10Ca C MAKCUMYMOM SHepruu E,
CBsI3aHa C [IEPEXO/IOM IEKTPOHOB Ha BEPXHIOIO
MOJI30HY Sd(eg), KOTOpas, B CBOIO O4Yepe/b,
UMeEEeT TaK)Xe JBa MaKCUMYyMa IJIOTHOCTH CO-
CTOSIHUM M3-32 CIMH-OPOUTAIBHOTO PACCEUEHHS.
CymiecTByeT MHasi HHTEPIPETAIHS CIIEKTpa I10-
miomeHus SmX [11]. [TonHbIid raMUIbTOHHAH
U151 BO3OYKIEHHOTO COCTOSIHUS JIByXBaJICHTHO-
ro nona camapus 4°5d 3anuceiBaercs tak: H =
H(0) + H (d) + H, (f) + H () + H, (f, d) +
H. @) +H.®,meH_, H , H., Bramuis-
TOHHMAHE 0003HAYalOT COOTBETCTBEHHO BKJIAJ(
rap B3aUMOJCHCTBS KPUCTAJUITMYECKOTO OIS,
JIEKTPOCTATUUYECKOTO OTTAJIKMUBAHUS U CIIHH-
opbuTanpHOTO B3aumojencTeus. Eciu npene-
Opeub MOCIEAHUMH TPEMs YICHAMH, B TIEPBOM
NpUOTMKEHUH TaKKe MOXKHO IIpeHeOpeys ue-
nom H_ (f) mockonbky crimn-opOutasbHas CBs3b
f anexrponoB ciaba [11]. KyiaoHoBckoe B3anMo-
JIeiCTBUE YaCTUYHO OOBSICHSET MEPEepPOKICHHUE
45 KyTOHOBCKOTO B3aMMOJICHCTBHUS, CO3/1aBast
cekcreThl °H, °F, °P. Ha puc. 3. npuBenena
CXeMa PACHOJIOKEHUS SHEPTETUUECKUX YPOBHEH
JIBYXBaJICHTHOTO MIOHA CaMapusi B MOHOXaJIbKO-
TeHHJIaX caMmapusl.

4F(°p)5d(t,,)

4F(F)5d(e,)

4f(°*H)5d(e,)

4F(F)5d(t,,)

AP(°H)5d(t,,)

4F(F )

Puc. 3. Cxema pacrionoeHus] SHEPreTHIECKUX YpPOBHEH
roHa Sm*? B MOHOXaJTBKOTEHH IAX

VYuntsiBas BCE 3TO CHEKTPHI NONIOIECHUS
TmTe MOXHO MHTEPIIPETUPOBATH CIEAYIOLIU-
MH 3JIEKTPOHHBIMU IIEPEXOAAMHU U3 OCHOBHOTO

6(7 . 6(6

o R0
2¢7° 73 g/ T4
4f5(6F)5d(eg). B mHTepBase temmeparyp
95-500 K wu3yuyeHbl TemMmepaTypHbIEe 3a-
BUCHUMOCTHU MOCTOSIHHON Xoija, yIelbHO-
ro 3JeKTpoconpoTuBieHus u tepmo-3/1C
(puc. 4-6). Bce u3mepeHuss NpoBEACHBI Ha
OJTHUX U T€ XK€ OJHO(DA3HBIX IIIEHKAX COCTa-
Ba TmTe, mpuroToBiIeHHBIX Ha canupoBOi
nognoxke. [locrosuHas Xomnna u3mMepeHa Ha
MOCTOSIHHOM 3JIEKTPUUYECKOM TOKE U MpPHU MO-
CTOSTHHOM MAarHUTHOM IT0JI€ HAIIPSIKEHHOCTHIO
20000 DOpcren, a yaejabHOE BIEKTPOCOMPO-
TUBJIEHUE — KOMIIEHCAIIMOHHBIM METOJO0M.
Tepmo-3JIC n3mepena abCOIFOTHBIM METOIOM
C BHeceHueM nonpaBku Ha TepMo-IJIC mean.
TouHOCTH M3MEPEHHS NMOCTOSHHHOW XoJuia
Owvima He MeHbme 8—10 %, yaeabHOTO
anexrpoconprusieruss — 4-5 %, a Tepmo-
AC — 5-6 %.

OmnBITH TTOKA3aJIU, YTO 3HAK MOCTOSHHOU
XoJu1a COOTBETCTBYET N-TUITY IPOBOJAUMOCTH U
€€ BeJIMYMHA C TEMIIEPATypOl HE U3MEHSIETCs
(puc. 4), 4TO TOBOPUT O TOM, UTO C U3MEHEHUEM

S 2+t
<
=
o
S e -
9 ® e Tet e a e S ,e " s
Q:h L L 1 1 L
0 100 200 300 400 500 T,K

Puc. 4. 3aBucuMOCTb NOCTOSHHOI X0JUIa OT TEMIEPATyphl
mwiénku TmTe

1 L 1 i
100 200 300 400 500 T,K

Puc. 5. 3aBUCHMOCTB YIENBHOIO 3M1E€KTPOCONPOTUBICHUS
oT Temneparypsl miéHku TmTe

x
Q 2
=
S 1 0.0....o.. =
L . g ®
o 100 200 300 400 500 T,K

Puc. 6. 3aBucumocts TepMo-IJIC 0T TeMIepaTyphl TUIEHKH
TmTe
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TeMIepaTrypbl KOHIEHTpAIUsI 3JIEKTPOHOB
He u3MeHsercd. U3 puc. 5 BUAHO, 4TO yaeib-
HO€ 3JIEKTPOCOINPOTUBIEHUE C TEMIEpaTy-
pOM MOYTH JIMHENHO yBeauuuBaeTcs. Be€ ato
CBUJETEJIBCTBYET O TOM, YTO IPHU ONMCAHUU
TPEXBAJIEHTHBIX TEJUTYPUIOB MOKET OBbITh UC-
M0JIb30BaHa MOJIENb OJJHOBAJICHTHOTO METAaJlIa.

Tepmo-OJIC nnénox TmTe umeer no-
JOXUTENbHBIA 3HAK U €€ 3aBUCUMOCTbH OT
TeMIlepaTypbl HOCUT CJIOXHBIM XapakTep
(puc. 6).

Ha ocHoBe u3MepeHHbIX JaHHBIX MOCTOSH-
HoM X0Jj1a ¥ YISTBHOTO 3JIEKTPOCOTPOTUBIICHHUS
BBIYUCJIEHBl TEMIIEPATYyPHBIE 3aBUCUMOCTHU
KOHILIEHTPALMU U MNOABUKHOCTU 3JIEKTPOHOB
(puc. 7, 8).

'l
500 T,K

Puc. 7. 3aBUCUMOCTb KOHLIEHTPALMU IEKTPOHOB OT TEMIIE-
parypsl iénku TmTe

20+
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500 T K

Puc. 8. 3aBucuMOCTb MONBIYKHOCTH MEKTPOHOB OT TEMIIE-
parypsl éHku TmTe

Kak BUJIHO W3 pUCYHKOB, KOHIICHTPAIIHs
3JEKTPOHOB cocTaBiuseT mopsaka 10?2 cm2
Y OHA TIOYTH HE U3MEHSETCS, a TIOJIBIKHOCTh
AJEKTPOHOB C yBEJIMYEHUEM TeMIIepaTyphl
YMEHBIIIACTCS.

Tepmo-3/IC ¢ yBennueHueMm TemiepaTypbl
CHayvaJia yBEJIMYMBACTCS, & TIOTOM YMEHBIIIA-
€TCs, KaK OBIO OTMEUEHO BBINIE, U UMEET
MOJIOKUTEIIbHBIN 3HAK.

HyxHo ormMeTuts, uto tepmo-3/1C aBus-
€TCSl CAMbIM YyBCTBUTEIIBHBIM KHHETUYCCKUM
MapamMeTpoM IEKTPUICCKUX CBONCTB MaTepu-
ana. Kak u3BecTHO, /I OJTHO30HHBIX METAIIJIOB

C OJIHUM TUIIOM HOcuTenel 3apsaa Tepmo-3/1C
MOJKHO 3amKcarhb Tak:

OL_nzkgT 8lno(e)
 3e o€

&=t

r7ie € — 3apsj JIEKTpoHa, T — abCcooTHAs
TeMIlepaTrypa, 6 — 3JIEKTPONPOBOJIHOCTb.
W3 Teopuu M3BECTHO, YTO JJIsi BBIYUCICHUS
3JEKTPONPOBOJHOCTU HYXXHO 3HATh Xapak-
TE€p U3MEHUs G (€) B 3aBUCUMOCTHU OT IOJIO-
xeHus: ypoHsi Depmu, mocie 3Toro cieayer
BBIYHCIIUTH TIPOU3BOJHYIO G (€) 10 € st € = (,
rae { — ¢uxruBHbI ypoBeHbs Depmu. B aTom
ciydae BeJIM4YUHA G (£) 3aBUCUT KaK OT U3-
MEHEHHUs 3HaKa HOCHUTEJEeH 3apsaaa, Tak U OT
JUTMHBI CBOOOHOTO TIpo0era B 3aBUCIMOCTH OT
KBa3HHMITYJIbCA:

Koy {smx 8In8}
o= + ,
3e | o¢ de |

rae S — TUIoNa s NoBepxHocTu Depmu.

Taxum o6pazom, Tepmo-IJIC siBnsieTcs cym-
MO JIBYX YJIGHOB: MEPBbIN U3 HUX 3aBUCHUT OT
paccesiHus HOCUTENIEH 3apsa, a BTOpOd — OT
0COOCHHOCTH CTpOeHUs 30HbI bpuimosna. Kom-
OMHaIMs 9TUX ABYX (PaKTOPOB OIpPEEIseT 3HaK
Hocutenen 3apsaa. 3sectHo, uto Tepmo-I1C
TaKUX OIHOBAJICHTHBIX METAJUIOB, KAKUMH SIBJISI-
torest Cu, Ag, Au U Ip. UMEET MOJIOKUTENIbHBIN
3HAaK, B TO BpeMsI Kak IMOCTOsTHHAS XO0JJIa HMEET
OTpUIIaTeNbHbIN 3HaK [7]. Takoit ke a3dexT Ha-
omomaercs u g TbS [12].

C npyroii cropoHsl, B padote [ 13] ormeueHo,
YTO U JIJII MOJIETTH CBOOOTHBIX 3JICKTPOHOB A(€)
MOXET UMETh OTPHUIATEIbHBIN 3HAK B YJICHE

olni
o€

Takum 006pa3oM, MOXKHO 3aKIIFOYHTh, YTO TIOBE-
JeHue TpEXBaseHTHOTro noHa P3M B MoHOXaIb-
KOT€HHU/IaX HE MPOTUBOPEUUT MOJIEIH, IPUHATON
JUISL ONTHOBAJIEHTHBIX METAJIIOB.

B Tab6n. 1 mpuBeaeHs! pe3ynbTaThl UCCIEO0-
BaHUS OTHOCUTEIBHON MEXaHUYECKOM MPOYHOC-
Tn Iwi€HoK TmTe.

Kax BuaHo u3 Tabn. 1, oTHOCHTENILHAS Me-
XaHUYeCKask MPOYHOCTh MJIEHOK, HAIIBLUIEHHBIX
Ha CUTAJJIOBOU U candHupOBOIl MOMTOXKKAX,
B mpejaerax OMHUOKH DKCIEPHUMEHTA

, WM TIOJIOKUTENbHBIN 3HAK TepMo-IJ[C.
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Tabmmia 1

OTHOcHUTe/IbHASE MeXaHU4YecKasi NPOYHOCTh IéHKu TmTe

Yucao IMPOXO0A0B AJIsl IMMOJHOI0 UCTHPAHHUSA IVICHKU HA PA3JIUMYIHBIX MMOAJI0KKaX

Monoxpnma.mgmecnmn CHuramLi Candmup
KpeMHHUI
42-47 68-76 7178

COBIIA/IAIOT, @ OTHOCHUTEIbHAsI MEXaHUYeCKas
MPOYHOCTh MIEHOK, HATIBIIIEHHBIX Ha MO-
HOKPHUCTAJJINYECKON MOJJIOKKE KPEMHUS,
HIKE. DTOT (PakT MOKET OBITh CBSI3aH C TEM,
YTO KO3 PHULIHEHT TEIUIOBOIO PACIIUPEHHUS CH-
Tama u candupa o6amxe K kKodhGuuenTy te-
moBoro pacmupenus TmTe, a koadpdunuent
TEMJIOBOT0 pAaCIIUPEHHUs] MOHOKpPHUCTA-
JUYECKOTO KPEMHHS PE3KO OTIMYAETCS OT
kod(pdunmeHTa TENJIOBOTO pacIIUPEHUS
TmTe, xak 3T0 BuaHO U3 Tabd. 2. Yem 00ib-
1€ Pa3HOCTh KO3(PPUIIUEHTOB TEMJIOBOTO pac-
IIUPEHUS TOUIOKKH U MIEHKHU, TeM OOJblee
MEXaHUYECKOE HaNpsAKEHUE BO3HUKAET
B IUIEHKE, YTO B KOHEYHOM CUETE YMEHBIIAET
MEXaHUUYECKYIO IPOYHOCTb.

DTO XOpOIIO COTJacyeTcsl ¢ JaHHBIMHU,
MOJIydeHHBIMH B pabote [16] mis mieHok
Tm,S, Ha moUIOkKKaX U3 MOHOKPHCTAILTHIECKO-
ro KpeMHHsI, CUTaJlIa U carndupa.

3AKVIIOYEHHUE

Pa3paborana MeTOJMKa CHHTE3a TOHKUX I10-
JUKPUCTAININYECKUX TUIEHOK MOHOTEIITypU/ia
TYJMsI Ha PA3IMYHBIX MOJJIOKKAX (MOHOKpPHC-
TaJUIMYECKUI KpeMHUH, cuTai, candup) me-
TOJOM BaKyyMHO-TEPMUUYECKOTO MCHapeHUs
U3 IByX HE3aBUCHUMBIX UCTOYHUKOB — TYJIHUS
u temutypa. [Ipu remneparype 300 K B obnactu
sHepruu potonos 0,6—3,9 3B usmepeH cnexrp
IIOMJIOLICHHS IPUTOTOBJICHHBIX UIEHOK. [loka-
3aHO, YTO CIEKTpP MONIOUIEHUS UMEET YEThIPE
XOpOIIIO BBISIBIEHHBIX MakcuMmyMa. [IpuBene-
Ha BO3MOXHas MHTEPIIpETalys IOJIyYEHHOTIO
CIEKTpA.

B mupoxko#i temmepatypHou obiacTu
95-500 K u3smepeHsl TeMnepaTypHble 3aBU-
cuMocTH Koddpduruenta Xomia, yaeabHOTO
anekTpoconpotusieHus U Tepmo-JIC. O6Hapy-
KEHO, YTO COIVIACHO U3MEPEHUSIM NOCTOSHHON
Xosna nia€HKU UMET N-TUI IPOBOJAUMOCTH,

Tabnuma 2
3HayeHus K03 PUUMEHTOB TENJIOBOI0 PACHIUPEHUsA
Koa¢ppunuent
CpenHee 3HaYeHUE
TEINJI0BOTO
Coenunenmne AJ1S TeMIepaTypHOro Jluteparypa
pacuImpenust
uHTepBaia, K
0 10 rpax’
TmTe 6,96 300-660 [14]
Kpemunit 2,54 300-1050 [15]
Curamn 4,1 298-573 [15]
Jletikocandup 8,1 298-573 [15]
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IMPUTOTOBJIEHHE TOHKHX IVIEHOK TmTe H HX OIITHYECKHE, JTEKTPODPH3HYECKHE H MEXAHHYECKHE CBOHCTBA

a coriacHo u3MepeHusM tepm-I1C — p-tun
npoBoaumocTu. [IpuBoautcs oObsicHEHHE
TAaKOTO pPAacCXOXJAEHUS MO AaHAJIOTHUHU
¢ onHoBajJeHTHbIMU MeTaiuiamu Cu, Ag, Au
u TbS.

MeToaoM MOJHOTO MCTUPAHUS U3MEpE-
Ha OTHOCHUTEJIbHAs MEXaHWYeCKas MPOYHOCTh
niaéHok. MccneqoBanus mokasaiau, YTO OTHO-
CHUTEJIbHAsA MEXaHUY€eCKas MPOYHOCTh MIEHOK
3aBUCHUT OT MaTepualia MOJI0KKN U yBEIUYU-
BA€TCS B CIEAYIOMIEN MOCIEI0BATEIbHOCTH:
MOHOKPHUCTAJUINYECKUI KPEMHUN — CHTAJUT —
candup. [IpuBoAUTCS BO3ZMOKHBIN MEXaHU3M
TaKOM 3aBHCHUMOCTH.
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