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MPUTOTOBJEHUE TOHKHUX IMJIEHOK TmTe
U UX ONITUYECKHUE, JJIEKTPOPU3NUYECKUE U MEXAHUYECKHUE CBOVCTBA

3. Ixa0ya, H. Typkanse, A. ' nrunenmsu/in
I py3uHckutl mexnudeckuil ynusepcumem,
Jlenapmamenm unsiceneproil husuxu,
Tounucu, I pysus
[Toctynuia B penakuuio 29.12.2017

Pa3paboTana TeXHOIOTUS MPUTOTOBIECHUS TOHKUX KpUcCTauInyeckux mié¢Hok TmTe meTonom Baky-
YMHO-TEPMHUUYECKOI0 MCIIAPEHUS U3 ABYX HE3aBUCUMBIX UCTOUHMKOB — Tm u Te. IIpu xomHaTHOM
Temrieparype B obnactu sHepruu potoroB 0,6—3,9 3B m3MepeH CHeKTp MOIONICHUS IPUTOTOBIICH-
HBIX IUIEHOK. BBISIBIEHO, UTO CIIEKTP MOIVIOIIEHUS UMEET CI0KHBIA XapakTep ¢ YEThIPbMS MAaKCHUMY-
Mamu. B Temmieparypnoit oomactu 95-500 K uccienoBana temreparypHasi 3aBUCHMOCTh yACITEHOTO
AJIEKTPOCOTPOTUBIICHHSI, TOCTOSHHHOM Xomta 1 TepMo-IJIC. [TokazaHo, 9TO COTITacCHO U3MEPCHHUAM
MOCTOSIHHOHM XoJ1a IIEHKH UMEIOT #-TUI IPOBOIUMOCTH, a COITIACHO n3MepeHusM Tepmo-C —
p-TUI TIPOBOAMMOCTH. METOZOM TOJIHOTO HCTHPaHUS HM3MEPEeHa OTHOCHUTENbHAas MEXaHHYeCKas
MIPOYHOCTb MJIEHOK U YCTAHOBJIEHO, YTO OTHOCHUTEJIbHAS MEXaHUYECKasl IPOYHOCTD MIEHOK 3aBUCUT
0T MaTepHasa MOAJIOKKH.

KuaroueBble cioBa: Tyaus TeIypHl, TEPMUUYECKOE HCIIApEHUE, TNIEHKA, ONITHYECKOE MOMIOLIEHHE,

SJICKTPOCOIIPOTUBJICHUEC, TOCTOSAHHA XOJ'IJ'Ia, TepMo—BI[C, MCXaHUYCCKasA MPOIYHOCTE.

HNPUT'OTYBAHHSA TOHKHUX IVIIBOK TmTe
I IX ONTUYHI, EJEKTPO®I3UYHI TA MEXAHIYHI BJACTUBOCTI
3. Ixaodya, H. Typkanse, A. l'irineimBiri

Po3po6ieHo TeXHOIOTiI0 MPUTOTYBAaHHS TOHKUX KPHCTaNi4HUX IITiBoK TmTe MeTomoM BakyymMHO-
TEPMIYHOTO BHITAPOBYBAHHS 3 ABOX He3aslexHuX pkepen — Tm i Te. Ilpu kimHaTHIN Temmeparypi
B obunacTi eneprii ¢otoni 0,6-3,9 eB BUMIpSHO CHIEKTp NOMIMHAHHS BUTOTOBJICHUX ITIBOK. BusiB-
JICHO, 1110 CTIEKTP MOIIMHAHHS Ma€ CKIaIHUH XapakTep 3 YOTUPMa MaKCUMyMaMu. Y TeMIlepaTypHiit
obnacti 95-500 K mocmimkeHa TemreparypHa 3alIe)KHICTh MUTOMOTO EJIEKTPOOIIOpY, MOCTHHOL
Xoma i repmo-EPC. Tloka3zaHo, 110 BiJMOBIHO JI0 BUMIPIB MOCTIiHOI X0Jia TUTIBKK MarOTh A-THII
NPOBIAHOCTI, @ BIAMOBIIHO 10 BUMipiB TepMO-EPC — p-Tumn nposigHocti. MeTogoM MOBHOTO CTH-
paHHsI BUMIpsiHa BiTHOCHa MEXaHIYHA MIIHICTh ILTIBOK i BCTAHOBJICHO, IO BIJIHOCHA MEXaHIYHA
MIIHICTb IJTIBOK 3QJICXKHUTh BiJl MaTepially IiJKIa KU,

Konrwuosi ciaoBa: Tymito Tenypuza, TepMidyHE BUIAPOBYBAaHHS, IUTIBKA, ONTHYHE IOTTMHAHHS,
esieKkTpoorip, noctiitna Xona, repmo-EPC, MexaniuHa MilHICTb.

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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BBEJIEHUE

Coenunenus peakozemMensHbIX MeTasios (P3M)
¢ snemMeHTaMu VI rpynnel nepuoandeckoin
CHCTEMBI NPUBJIEKAIOT BHUMAaHHUE UCCIIE0BATe-
JIeii CBOMMH UHTEPECHBIMU (PU3NIECCKUMHU CBOM-
crBamu [1—4]. Ho He Bce coeiMHEHUs TAaKOTO
COCTaBa UCCIEAOBAHBI JOCTATOYHO MOJHO. DTO
0COOEHHO KacaeTcsi TOHKUX TIEHOK. M3BecTHO,
YTO YaCTO CBOKMCTBA TOHKUX IJIEHOK OTJINYAIOT-
Csl OT CBOMCTB 00bEMHOT0 MaTepuaa, Io3ToMy
pa3paboTKa TEXHOJIOTUM MPUTOTOBICHUS TOH-
KUX IUIEHOK XaiabKoreHnaoB P3M u uzyuyenue
X CBOMCTB SBJISIETCS MHTEPECHOM 3aaadei.
K TakuM Manon3ydyeHHbIM COEIMHEHUSIM OTHO-
CUTCS MOHOTEUTYpuJ Tyiaus. B nanHoit pado-
Te pa3paboTaHa TEXHOJOTHUS TPUTOTOBICHUS
TOHKHMX KpuUcTaminueckux miéHok TmTe na
Pa3IUYHBIX MOJI0XKKAX, U3MEPEH CHEKTP MO~
TJIOIICHUS, UCCIICIOBAHBI AIEKTPOPU3UIECKIE
1 MEXaHUYECKHE CBOWCTBA MPUTOTOBIEHHBIX
IUIEHOK.

IKCIIEPUMEHTAJIBHBIE IAHHBIE
[Tonukpucramnnueckue niaéuku TmTe Tomn-
uHoM 0,6—1,9 MKM AJIMHOM 9 MM U IIUPUHOMN
5 MM IPUTOTOBJICHBI METOJIOM BaKyyMHO-TEP-
MHYECKOTO UCTIAPEHHUs U3 JBYX HE3aBHUCUMBIX
nctouHukoB Tm u Te. McnapeHue KOMIIOHEH-
TOB TIPOBOJIMJIM JKOYJIEBBIMU MUCTIAPUTEIISIMHU.
B nmponecce HanbieHUsT TEeMIepaTyphl UcTa-
puteneid Tm u Te cOOTBETCTBEHHO PaBHSUINCH
~1195 £ 10 K u ~790 + 10 K. Paccrosnus
ot ucnapureneid Tm u Te 10 MOAIOXKKH COO-
TBETCTBEHHO ObLIU paBHBI ~50 MM U ~40 MM.
VYron HakioHa ocu ucnapurens Tm no oTHO-
HICHUIO K HOPMAJIU MOBEPXHOCTHU MOJJI0KKHI
coctoBiysin ~30°, a aist Te ~ 35°. CkopocTh
HaTIBIIeHNs TUIEHOK Oblua paBHa ~40—45 A/c.
B pa3Hbix skcnepuMeHTax TeMmneparypy mo-
JIUIOKKU MeHsnu B mpegenax 780-1150 K.
B kadecTBe MCXOMHBIX MAaTEPUATOB CITYKHITH
Tynuii Mapku TmM-1 (cymmapHBIM comepxka-
HHEM KOHTpoiupyeMbix npumemceii La, Ce, Nd
<0,2 %, Fe<0,01 %, Ca<0,01 %, Cu<0,01%
Ta < 0,02 % u Temutyp mapku T-cH ¢ congepxa-
HueM tesurypa 99,999 %.

B kauecTBe MOIJIOXKEK HMCIOJIb30BaIU
MJIACTUHBI TPSAMOYTOIBHON (GOPMBI ¢ pa3zMe-
pamu 15 x 5 x 1 MM U3 curtajia, MHOKpPHC-
TaJTMYECKOro KpeMHus u candupa. Da3zoBblit
COCTaB U KPUCTAJUTUYHOCTH TJIEHOK OIPEIEIISLITN

PEHTT€HOBCKUM U 3JIEKTPOHOTpaPUUECKUMU
MeToJaMH. PEeHTTeHOTpaMMbl CHUMAIUCh Ha
ycraHoBke /IPOH-4 npu CuKo uznyuyenun
C HUKEJIEBBIM (PUIBTPOM B peXUME HETpe-
PBIBHOM 3armucu co ckopocThio 0,5—1 rpaa/MuH.
W nenTudukaiuo noaIy4YeHHbIX pEHTTEHOTpaMM
MPOBOAMIIM TyTEM UX CPABHEHUS C IITPUXU-
arpaMMamu, IMOCTPOCHHBIMU Ha OCHOBE PEHT-
reHoauQpakTorpaMmMm 00bEMHBIX KPUCTAIIOB
TmTe. DnekTpoHOrpaMMBbl CHUMAJIA Ha yCTa-
HOBKe Mapku YOMB-100K «Ha oTpaxeHue»,
npu yckopsronieM Hamnpspbkeruu (75—-100) kB.
[ToBepXHOCTH MPUTOTOBICHHBIX IJIEHOK CHIMA-
JI1 BO BTOPUYHBIX PEHTTEHOBCKHUX JIydax (ycTa-
HoBka Camebax-Microbeam). CocraB miuéHok
OTIPEIeIISIIA PEHTTE€HOBCKUM MHUKPO30HI0BBIM
AHAJIM30M Ha TOM K€ YCTAHOBKE C UCIOIb30Ba-
Huem OBM PDP-11/73. Meronom Osxe-cniek-
TpomeTpun Ha yctanoBke LAS-200 dupmbr
«Riber» omnpenensnu cocTaB MIEHOK MO TOJIIIN-
He. CrnexTpalbHasi 3aBUCUMOCTD MOTJIOUIEHUS
B oOnactu sHepruu Goronos 0,6-3,9 3B uccie-
noBaHa Ha ycraHoBke KCBY-2.

B o6nactu remneparyp 95-500 K uzmepenst
TeMIlepaTypHble 3aBUCUMOCTH YAEIbHOTO
AIEKTPOCONPOTUBIIEHUS, MOCTOSIHHON XoJu1a
u Tepmo-OJIC. Bee uamepenus npoBoAUIN Ha
OJTHOU U TOM ke cepuu ogHO(a3HBIX MIEHOK
TOJIMMUHON 1,5 MKM, HAHECEHHBIX Ha CUTAJLIO-
BYIO MOJJIOKKY. YIEJIbHOE 3JIEKTPUYECKOe CO-
MPOTUBIICHUE U3MEPSUIN KOMIEHCAIMOHHBIM
METOOM, IMOCTOSIHHY0 XO0Jj1a — MPU MOCTO-
SHHOM MarHUTHOM I10JI€ Hamps»KEHHOCThIO
16-10° A/m, a Tepmo-3/1C — aOCOMOTHBIM Me-
tonoM ¢ nomnpabkoi Ha DJIC meau. TouHoCTH
M3MEPEHUs YIEIbHOTO 3JIEKTPOCONPOTUBICHUS
u Tepmo-IJIC Obuta He xyxe 3—4 %, a TOCTOsIH-
HoMl Xoyma — 8-10 %.

B mocnennee Bpems Ooiblioe BHUMA-
HUE yIensieTcsd M3yUYEHHUI0 MeXaHUuYec-
KUX CBOMCTB TOHKHUX IINIEHOK COECIHUHCHUU
peIKO3eMeNbHBIX AJIEMEHTOB, DTO BBI3BAHO
TEM, UTO YacTO IUIEHKH, UMEIOLLINE UHTEPECHbIE
ANEKTPUYECKUE, ONITUYECKUE U APYTUE CBOM-
CcTBa, 00Jalal0OT HU3KUMHU MEXaHHUYECKHUMH
CBOMCTBAaMH, YTO 3HAUUTEIbHO OIPaHUYHUBACT
UX MPAKTUYECKOE NPUMEHEHHUE B PA3IMUHBIX
npubopax. CymecTByOT MHOTHE CIOCOOBI
M3YUYECHUSI MEXaHUYECKUX CBOMCTB IIIEHOK. U3
HUX HaMU BBIOpaH METO] MOJHOTO UCTUPAHUS
[5]. CymHocTh MeToaa (puc. 1) 3akimoyaercs
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B TOM, YTO O MEXaHUYECKON MPOYHOCTHU TUIEHKU
U O CTETIeHH €& MPUWINMAHUS K MOAJIOKKE MOKHO
CYAUTH IO TOH paboTe, KOTOPYIO HYXHO 3a-
TPAaTUTh JJIs TOTO, YTOOBI MOJHOCTBIO CTE-
peTh MIEHKY C MOBEPXHOCTH MOMIOXKKH.
Ha uccnenyemyrwo nnéuky (2) omupaet-
cs cTepkeHb (6), Ha HUKHEM KOHIIE KOTOPO-
ro 3aKkperyiéH pabouunii MaTepuan — KyCOK
3aMILIY C HAHECEHHOM Ha Hee aJIMa3HOW MacToM.
Ha crepxeHp knanércs rpy3 onpeneinéHHOro
Beca. COOTBETCTBYIOIIUM MexaHu3zMoMm (7, 8)
CTep:KeHb MPUBOAAT B MOCTYINATEIbHOE JIBU-
xKeHue B3aa U Brepén. Harpyska Ha nmiuéHky
nondupaeTcss TakuM oOpa3zoM, 4TO camas
HENpouHas MIEHKA CTUPAETCA C MOATOXK-
KU I0CJI€ HECKOJIbKHMX AECATKOB IPOXOXK-
JNeHUN Harpy3ku (Ipu yBEIUYEHUHU 4HcCia
IIPOXOKICHUH OIIMOKA SKCIIEPUMEHTA YBEINYH-
Baercsi). Takum 0Opa3oMm, MPOYHOCTH IUIEHKH TIPU
MOCTOSIHHONW Harpy3ke NMpakTHUYECKU U3Me-
pseTCs 4YMCIOM IPOXOXKIEHUH, KOTOpBIE
TpeOyroTCs I MOJHOIO UCTUPAHUS MIEHKU
¢ no/noxKu. [lockonbKy A omucaHHON Me-
TOAUKHU pelarmuM (akTopoM sBIsSeTCS
TOJIIVHA IVIEHKHU, BCE UCCIIEAYEMbIE HAMHY IUIEHKU
MMEeJH OIMHAKOBYIO TonuHy — 0,9 MKM, a Ha-
rpy3Ka Takxe Oblla OJMHAKOBAsi U COCTaBIIsIA
230 r. ToyHOCTH U3MEPEHUSI OTHOCUTEIBHON Me-
XaHM4YeCKOH MpoyHOCTH cocTaiseT 10—12 %.

Puc. 1.

Cxema
OTHOCHUTEIIBHOH MEXaHHYECKOW IPOYHOCTH IUIEHOK
METOZOM ITOJTHOTO MUCTHUPAHMS: | — MaccuBHAS IUINTA;
2 — uccnenyemas miuéHka; 3 — cToiika; 4 — IpyKUHA;
5 — gmmck; 6 — cTepkKeHb; 7 — DJICKTPOIBHUTATENb;
8 — DIeKTpUYECKHE IIyMaNbla; 9 — OJIOK IEKTPOIHTA-
HUS

YCTAHOBKHU i1 HCCIICAOBAaHUA

PE3YJIBTATBI 1 UX OBCYKJIEHHUE

OneITHI MOKA3aiI4, YTO ONTUMAJIBHON TEMIIEpPa-
Typo# noanoxku seiserca 1100 K. Ilpu tem-
neparypax HUKe ONTUMaIbHOW BEPXHUE CIIOU
IIEHOK COJEPIKAIU METAJUIMYECKUE BKIIIOYE-
Hus B Buje aromoB Tyaus. [Ipu Temneparypax
Boimie 1100 K mnéuku Oblnu nByX(pa3HbIMH:
MIOBEPXHOCTHBIE CJIOU MpeACTaBsIn (asy co-
craa Tm,Te,, a mwxnue cobctBenno — TmTe.
Tonbko npu Temneparype nognoxku 1100 K
wiéHku Ob1M ogHO(a3zHbpIMu coctaBa TmTe.
CoracHo TaHHBIM PEHTTeHOaU(ppaKOMEeTpH-
YECKOr0 aHaJIN3a MIEHKU UMEIU KPUCTAIIIN-
yecKkyto cTpykrypy tumna NaCl ¢ mapameTpom
peméTku a = 6,03 A, uto xopormo cornacyercs
C JINTEPATYPHBIMU JTaHHBIMU JJI1 0OBbEMHBIX
o6pasnoB TmTe [6]. CornacHo TaHHBIM PEHT-
F€HOBCKOI0 MUKpOaHaJIM3a MJIEHKHU COJIEp-
skat 50,1 £0,2 at. % Tm u 49,1 +£ 0,2 ar. % Te
Y 110 CHUMKaM IOBEPXHOCTHU IUIEHKH, CHATBIX
BO BTOPUYHBIX PEHTTEHOBCKMX Jydax, Tm
u Te pacnpeneneHsl JOCTaTOYHO PaBHOMEPHO.
Oxe-crieKTpalbHbIN aHAIU3 MOKa3aj, YTo CO-
CTaB IUICHOK I10 TOJILIMHE B IIpeeiaX OMINOKU
sKciepuMeHTa (+ 3 ar. %) He U3MEHSETCA.

Ha puc. 2 npeacraBieH THIUYHBIN CIIEKTP
MOITIOIIEHUS TUNIEHOK MOHOTEJLTypHUAa TYJIHs,
CHATBIM IPU KOMHATHOM Temrieparype. 13 pu-
CYHKa BHJIHO, YTO CIIEKTP UMEET YEThIPE XOPO-
110 BBIPAXKEHHBIX MAKCUMyMa ¢ 3Hepruen 1,25;
2,15;2,76 u 3,51 3B.
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Puc. 2. Cnexrp nomomenns mnénku TmTe

CxeMa 30HHOTO CTPOCHUS MOHOTEJITYpH-
Ja TyJaus He u3BecTHa. Ecim Bocmonb3yeMcs
METOJMKON, MPUMEHEHHOU B pabore [7] ans
aHaJIn3a MOHOXAJIbKOTEHHUI0B camMapusi, KOTO-
pasi OCHOBBIBAETCSI HA CXeMe, pa3paboTaHHOU
Mertdeccenem [8] ans MOHOXaIbKOTEHUAA €B-
porusi, U CHEKTPOM MOTJIOIICHUS KPUCTAIIIOB
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CaF, n SrCl, B XoTOpbIE B Ka4€CTBE MPUMECH
BBEJIEH JBYXBAJICHTHBIN HOH camapus [9, 10],
MOXKHO MPEINOJI0KUTD, YTO Kpail MOIJIOIIEHUS
Y TIEPBBI MAKCUMYM CBSI3aHBI C TIEpeXoaoM 4f
AIEKTPOHOB B HUIKHIOIO TOJI30HY Sd(tzg), KO-
TOpas UMeeT JBa MaKCUMyMa IUIOTHOCTH CO-
CTOSIHUS, & T10JI0Ca C MAKCUMYMOM dHEpTHu F,
CBSI3aHA C [IEPEXO/I0M IEKTPOHOB Ha BEPXHIOIO
MOJ30HY Sd(eg), KOTOpasi, B CBOIO O4Yepe/b,
MMEET TaK)Xe JIBa MAKCUMyMa IMJIOTHOCTU CO-
CTOSIHUI M3-3a CITUH-OPOUTATBHOTO PACCEUCHUSI.
CymiecTByeT HHasi HHTEPIIPETAITUS CIIEKTpa T0-
routenuss SmX [11]. ITonHbIN raMmunbToHUaH
JUTSE BO30Y>KIEHHOTO COCTOSTHUSI IBYXBAJICHTHO-
ro noHa camapus 4f°5d 3anuceiBaeTcs Tak: H =
H(O) + Hyy (d) + Hoo(D) + Hoo(f) + Hoofe d) +
H.(d)+ H(), tne H, H,,, H., B ramuib-
TOHHMAHE 0003HAYaOT COOTBETCTBEHHO BKJIA]]
nap B3aMMOJICHCTBS KPUCTAJITUYECKOTO OIS,
AIIEKTPOCTATUUYECKOTO OTTATKUBAHUS U CIIUH-
opOuTanpHOTO B3aumojeicTBus. Ecnu npene-
Opeub MOCIEAHUMU TPEMS YJICHAMU, B IEPBOM
MPUOTMKEHUN TAK)KE€ MOXKHO TIpeHeOpeyph uiie-
HOM H . (f) MOCKOJIBKY CIMH-OpOUTAsIbHAS CBS3b
fonexrponoB cnaba [11]. KynoHoBckoe B3anmo-
JEHCTBUE YaCTUIHO OOBSICHSICT MepEPOKICHUE
4f° KyJIOHOBCKOTO B3aMMOJICHCTBUS, CO3/1aBast
cekcteThl °H, °F, °P. Ha puc. 3. npuBeacHa
CXeMa pacroiIOKEeHUs IHEPreTUYECKUX YPOBHEHN
JIByXBaJICHTHOTO MOHA CaMapusi B MOHOXaJIbKO-
reHUJax caMapusl.

4F(°p)5d(ty,)

4F(F)5d(e,)

4F(H)5d(e,)

4F(F)5d(t,)

4F(CH)5d(t,)

4F(F)

Puc. 3. Cxema pacmonoeHusi SHEPreTHIeCKUX YPOBHEH
HoHa Sm™? B MOHOXaJIbKOTCHH/IaX

YyutbeiBas BCE€ 3TO CHEKTPHI NOIJIOIMICHUS
TmTe MOXXHO UHTEPIIPETUPOBATH CIEAYIOIIU-
MU 3JIEKTPOHHBIMU [€PEX0IaMH U3 OCHOBHOTO

7 . 6

e
2¢7° 73 g/> 4
4f°(°F)5d(e,). B untepBane remuneparyp
95-500 K u3ydeHbl TemmepaTypHble 3a-
BUCHUMOCTH MOCTOAHHON XoJjia, yaeJlbHO-
o 3JIEKTPOCONPOTUBIEHUS U TepMo-DJ[C
(puc. 4-6). Bce usMepeHuss mpoBeIeHbI HA
OJIHUX W T€ XK€ 0AHO(a3HBIX MIEHKAX COCTa-
Ba TmTe, mpuroToBIeHHBIX Ha canUPOBOI
noanoxke. [loctossnHas Xoiia u3MepeHa Ha
MOCTOSTHHOM 3JIEKTPUUYECKOM TOKE U IPH T0-
CTOSTHHOM MarHWTHOM T10JI€ HaIPSIKEHHOCTHIO
20000 Dpcren, a yaeabHOE 3IEKTPOCONPO-
TUBJIEHUE — KOMIIEHCAIIHOHHBIM METOJIOM.
Tepmo-2JIC uzmepena abCOMOTHBIM METOIOM
¢ BHeceHueM nomnpaBku Ha TepMo-I/[C meau.
TouHOCTh M3MEPEHUs MOCTOSIHHHONW XoJuia
Opiia He MeHbme 8—10 %, yaenbHOTO
anekTpoconpTuierus — 4-5 %, a Tepmo-
OC — 5-6 %.

OnbITH MOKAa3aju, YTO 3HAK MOCTOSHHOM
XoJta COOTBETCTBYET /-TUITY MIPOBOJUMOCTHU U
€e BeJIMUMHA C TEMIIEPATypPOil HE U3MEHSIETCS
(puc. 4), 4TO TOBOPHUT O TOM, YTO C U3MEHEHHEM

r

2k

1t - ™ .
e P et yne g ®, 0 %% s e

R, 1073, cM®/Kyn
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Puc. 4. 3aBucuMOCTh NOCTOSHHOI X0JUIa OT TEMIEPaTypel
wiéHku TmTe

100 200 300 400 500 T,K

Puc. 5. 3aBUCHMOCTb YHEIBHOTO JIEKTPOCOIPOTHUBICHUS
oT TemMIeparypsl IEHkn TmTe

a, MKkB/K
N

L ......'..'couo .

500 T,K

0 100 200 300 400

Puc. 6. 3aBucumocts Tepmo-3JIC OT Temmeparypsl IIEHKH
TmTe
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TeMIIepaTypbl KOHIEHTPaUHs 3JIEKTPOHOB
He u3MeHsercsa. 13 puc. 5 BUIHO, 4TO yaems-
HOE€ JJIEKTPOCONPOTUBIIEHUE C TEMIIEPATy-
pOM IMOYTH JIMHEHHO yBenu4yuBaeTcsa. Be€ ato
CBUJETEIBCTBYET O TOM, UYTO IIPA ONMHCAHUHU
TPEXBAJICHTHBIX TEJTYPUIOB MOXKET OBITh HC-
II0JI30BaHa MOZEJIb OTHOBAJICHTHOIO METAJLIa.

Tepmo-OJ1C nnénoxk TmTe umeer mno-
JOKUTEJNbHBIA 3HAK U €€ 3aBUCUMOCTBH OT
TeMIEepaTypbl HOCUT CIIOXKHBIM XapakTep
(puc. 6).

Ha ocHOBe n3MepeHHBIX JaHHBIX MTOCTOSH-
HOU XO0Jl1a U YAEIBbHOIO 31IEKTPOCOIIPOTUBIICHUS
BBIYUCIIEHBI TEMIIEPATYPHbIE 3aBUCUMOCTH
KOHIICHTPALlUN U MOJBUKHOCTHU AJIEKTPOHOB

(puc. 7, 8).
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Puc. 7. 3aBUCHMMOCTb KOHIIEHTPALIUK JICKTPOHOB OT TeMIIe-
parypsl wiéHku TmTe
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Puc. 8. 3aBHCHMOCTD TIOIBIKHOCTH JIEKTPOHOB OT TEMIIE-
paryps! éHku TmTe

Kak BUJHO M3 PUCYHKOB, KOHLIEHTpaLUs
AJIEKTPOHOB cOCTaBisieT mopsigka 1022 cm?
M OHA MOYTH HE M3MEHSETCS, a TIOJBUKHOCTh
HJIEKTPOHOB C yBEJIMYEHHEM TeMIepaTypsl
YMEHBIIIAeTCsl.

Tepmo-3/IC ¢ yBennueHueM TeMIepaTyphl
CHayvaJia yBEJIUYMBACTCS, a TIOTOM YMEHBIIIA-
eTcs, Kak OblJIO OTMEYEHO BbILIE, U UMEET
MOJIOXKUTEJIbHBIN 3HAK.

HyxHo otmetuth, uto Tepmo-3/1C saBus-
€TCsl CaMbIM YyBCTBUTEJIbHBIM KHHETUYECKUM
napaMeTpoM 3JIEKTPUUYECKUX CBOICTB MaTepu-
ana. Kak u3BecTHO, /Ui OTHO30HHBIX METAJIIIOB

C OJIHMM THUIIOM HOcHUTelel 3apsaa Tepmo-I1C
MOYKHO 3aIucaTh TaK:

_nzkgT 61’76(8)
 3e o€

o
e=t

IJe e — 3apsija dJeKTpoHa, 7 — abcomtoTHas
TeMIlepaTypa, 6 — JJIEKTPOIMPOBOJHOCTE.
W3 Teopum M3BECTHO, YTO JJIsl BHIYUCICHUS
ANEKTPONPOBOAHOCTH HYKHO 3HATh Xapak-
Tep U3MEHHSA G (€) B 3aBUCUMOCTH OT I10JIO-
keHus ypoHs Depmu, mocie 3Toro cieayer
BBIUHCIIUTH MPOU3BOIHYIO G (€) 10 € /Ui € =
rae { — ¢uxTuBHbIN ypoBeHb Pepmu. B aTom
cllydyae BeJIMYMUHA G (€) 3aBUCHUT KaK OT M3-
MEHEHHUs 3HaKa HOCUTeNel 3apsjaa, Tak U OT
JUTMHBI CBOOOAHOTO Mpobera B 3aBUCUMOCTH OT
KBa3MHUMITYJIbCA!

kg, [ 8lnh SInS
o= +
3e o¢ o€

2

et

rae S — mionaas nosepxuoctu depmu.

Taxum o6paszom, Tepmo-I/IC sBnsieTcs cym-
MOM JIByX YJICHOB: IIEPBbIM U3 HUX 3aBUCUT OT
paccestHusl HOCUTENeH 3apsiaa, a BTOPOH — OT
0COOEHHOCTH CTpOeHHUs 30HbI bpuimosna. Kom-
OuHaIMs 3TUX JIBYX (PaKTOPOB OIpEeNsieT 3HaK
HocuTenen 3apsaa. 3BectHo, uyto Tepmo-2/1C
TaKUX OJIHOBAJICHTHBIX METAJUIOB, KAKUMH SIBJISI-
torest Cu, Ag, Au 1 Ap. UMeeT NOJOKUTETbHBII
3HaK, B TO BpeMsl KaK IIOCTOsIHHAs X0Jlj1a UMEET
oTpulaTeNbHbIN 3HaK [7]. Takoit xe s ekt Ha-
omomaercs u aisg TbS [12].

C npyroii ctopoHsl, B padore [13] ormeueHo,
YTO | JJII MOJIENIA CBOOOTHBIX 3JICKTPOHOB A(€)
MOKET UMETh OTPUIIATEIbHBIA 3HAK B YJIEHE

olnh
o¢

Taxum 00pa3oM, MOXKHO 3aKJIFOUHUTh, YTO OBE-
JieHne TpéxBajaeHTHOro nona P3M B MoHOXasb-
KOT€HMJIaX HE MTPOTUBOPEUUT MOJIEIIN, IPUHSITOMN
JIJIS OJTHOBAJICHTHBIX METAJLIOB.

B Tabn. 1 npuBeneHs! pe3ysbTaThl HCCIIEIO-
BaHUS OTHOCHUTEILHOW MEXaHUYECKOH MPOYHOC-
1 méaok TmTe.

Kak BugHo u3 Ta0a. 1, OTHOCHTEILHAS MeE-
XaHWYECKask MPOYHOCTH IJIEHOK, HATBUICHHBIX
Ha CUTAJUIOBOUW W camdupoOBOM MOIOKKAX,
B Ipelaeiax OMHOKU JKCHEepHMEHTA

, WIHM TIOJIOKUTENbHBINA 3HAaK TepMo-[C.
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Tabmumna 1

OTHocuTeIbHAsA MeXaHH4YecKasi MPOYHOCTh MIéHKN TmTe

Yucao MPOXO0A0B JJisl MOJTHOI0 UCTUPAHUSA IJICHKH HA PA3JITHYHBIX MOAJIOKKAX

Monoxpncmnnlﬁecxnn Curani Candup
KpeMHHii
4247 68-76 7178

COBIIQ/IAIOT, @ OTHOCHUTEIbHASI MEXaHUUECKas
NPOYHOCTh MIEHOK, HANBIJIICHHBIX HAa MO-
HOKPUCTAJJIMYECKOW TOIOXKKE KPEMHUS,
HIDKE. DTOT (PaKT MOXKET OBITH CBSI3aH C TEM,
9T0 KO3((OULKUEHT TeIIOBOTO PACIIUPEHUS CU-
Tamia u candupa onmxke Kk kodhpunueHTy re-
rioBoro pacmupenust TmTe, a koapdunnreHT
TEIJIOBOTO pacHIMpPEHUs] MOHOKpHUCTAJ-
JUYECKOTO KPEMHHS PE3KO OTIHYAEeTCS OT
ko3 dunuenTa TENIOBOTO paCIIUPEHUS
TmTe, kak 310 BugHO U3 Taba. 2. Uem 60Ib-
11e pa3HOCTh KO3(PPHUIIMEHTOB TEIIOBOTO pac-
IUPEHUS MOJIOKKH U MIEHKHU, TeM OOoJbIee
MEXaHUYECKOE HAMpPsSKCHHUE BO3HUKAET
B IJIEHKE, YTO B KOHEYHOM CYETE YMEHbIIAET
MEXaHUYECKYI0 MPOYHOCTb.

DTO XOpOIIO COTJacyeTcsl ¢ JaHHBIMH,
MoJIydeHHbBIMU B pabore [16] ans miueHok
Tm,S, Ha mouIokKKax U3 MOHOKPHCTAITHIECKO-
rO KpEeMHHUSI, CUTaJuIa u carndupa.

3AK/IIOYEHUE

Pazpaborana MeTouKa CHHTE3a TOHKUX I10-
JUKPUCTAIIIMYECKUX IEHOK MOHOTEIUTYpUIa
TYJIMsI Ha PA3IMYHBIX MOJIOXKKaX (MOHOKpPHC-
TaJUIMYECKUIM KpeMHUI, cuTai, candup) me-
TOZAOM BaKyyMHO-TEPMUUECKOTO MUCIapeHUs
U3 JIByX HE3aBUCUMBIX UCTOYHUKOB — TYJIHS
u Temutypa. [Ipu Temmneparype 300 K B o6actu
sHepruu GotoHoB 0,6-3,9 3B u3mepeH cuexkTp
MOMJIOIIEHMSI IPUTOTOBJIEHHBIX MIIEHOK. [Toka-
3aHO, YTO CHEKTP MOMIOMICHUS UMEET YeThIpe
XOPOILIO BBISBICHHBIX Makcumyma. [Ipusene-
Ha BO3MOXHasl MHTEpIIpETaLus OJy4EeHHOTO
CIEKTpA.

B mupoko#t TemmepaTypHOoi obOmacTu
95-500 K u3mepeHsl TeMIlepaTypHbI€ 3aBU-
cuMocTHu kKodpdunuenra Xomna, yaeabHOTO
anekTpoconpotusieHus U TepMo-IC. O6Hapy-
KEHO, YTO COINIACHO U3MEPEHUSIM MOCTOSHHON
XoJs1a MIEHKU UMET n-TUI IPOBOAUMOCTH,

Tabmura 2
3HavyeHnst KO3(PpPUIMEHTOB TEMIOBOr0 paclIupeHus
Ko3dpunuent
Cpennee 3HaueHue
TenJ10Boro
Coennnenne JJISl TeMIIepaTypHOro Jluteparypa
pacmmpeHust
HHTepBaJa, K
a 10 rpax?!
TmTe 6,96 300-660 [14]
Kpemuuit 2,54 300-1050 [15]
Curann 4,1 298-573 [15]
Jletikocandup 8,1 298-573 [15]
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MPHTOTOBJIEHHE TOHKHX IVTEHOK TmTe H HX OIITHYECKHE, SJTEKTPO®H3HYECKHE H MEXAHHYECKHE CBOFCTBA

a cortacHo uaMepeHusim tepM-OJ{C — p-tun
NpoBOAMMOCTH. [IpuBOAUTCS OOBSICHEHUE
TAaKOTO0 pacXOXJE€HHUsS 1O aHaJllOTUU
c ogHoBaJieHTHhIMU MeTaninamu Cu, Ag, Au
u TbS.

MeTo10oM MOJTHOTO UCTUPAHUS U3MEpe-
Ha OTHOCHUTEJIbHAS MEXaHUYECKask IPOYHOCTh
mwiéHok. MccaenoBanus mokasaand, 4To OTHO-
CUTEJIbHAsA MEXaHU4YecKas MPOYHOCTh MIEHOK
3aBUCHUT OT MaTepualia MOJJI0KKU U yBEIUYU-
BA€TCs B CIEAYIOLIENH MOCIEI0BATEIbHOCTH:
MOHOKPHUCTAJUIMYECKAM KPEMHUN — CUTAIT —
candup. [IpuBoaUTCS BO3MOXKHBIN MEXaHU3M
TaKko! 3aBUCUMOCTHU.
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