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Beryn

TepmoenexkTpuuHi MaTtepianu (TE)
XapaKTePU3yIOThCSl HACTYITHUMH —apaMeTpamH, II0
BU3HAYAIOTh ix eexTUBHICTD MPaKTHYHOTO
BuUKOpHcTaHHS [1, 2]: THUTOMHUI eJIEKTPUYHUEA Orip
([r]=0Omxu) abo MTUTOMAa EJIEKTPOIPOBII-

. e 1 . 4,0 ..
HiCTB gs ==, [S ] =Om ' xem 'z, xoedinieHT Tepmo-
r o

E.P.C. ([a] = BXK'l) ,  Koe]ilieHT  TEerIoNpOoBiIHO-

cTi ([C] =Bmxu* XK'l) , TepMOeNeKTpUYHa J06pOT-
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. a’ _a’ o) .
HicTb ¢Z = — = ——, [Z] = K", Gesposmipna Tepmo-
é rc Cc "]
CIICKTPUYHA  JTOOPOTHICTH (ZT) . 3ayBaxxumo, IO

TepMOEJIEKTpUYHI MaTepiann ans akux Z » 3407° K,
ZT »1 BBaXalOTbCS TEXHOJIOTIYHO OMNpPABAAHUMH Y
3aJ]aHOMY 1HTEpBajJi TemIepaTyp. Marouu 1e Ha yBasi,
MIUTAHHS TI0B' 13aHi 13 METPOJIOTIEI0 TEPMOECIEKTPUIHHUX
MapameTpiB € JOCTaTHBO BaKJIMBUMH.

Y miteparypi OmMCaHO PI3HOMAHITHI METOIU
BHUMipIOBaHHS TEPMOCTEKTPHIHUX rapamerpiB
HAIMBIPOBIIHUKIB. BiNbIICTE 3 HHUX TPHUCBIYEHI

BUMIpPIOBAaHHIO TEIUIONPOBITHOCTI. B OCHOBHOMY e
pisHoBuau mopiBHsIbHOTO [1] Ta abcomrorHoro [2,3]
MerofiiB. barato aBTOpiB HaMaraeTbcs y3aralbHUTH I
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Mmeroau [4,5], oaHAK, MUTaHHS IOIIYKY ONTHMAaIbHOI'O
METOAY BUMIPIOBaHHS TEILTOMPOBITHOCTI, a 3BIJICH 1 BCIiX
peutu MapamMeTpiB, JUTSt HAITIBIPOBI THUKOBHUX
MaTepiaJiB y IIMPOKOMY IHTEpBaJli  TEMIIEpaTyp,
3QIIMIIAETHCS BIIKPUTHM. Y TIEPIIY Yepry Ie OB’ sI3aHO 3

TAM, 1[I0 TPH BHUMIPIOBAHHI I[IMX XapaKTEPUCTHK
HEOOXiHO  BpaxoByBaTH 0arato YHHHUKIB, SKi
BIUIMBAIOTh Ha KiHIEBHHA pe3yapraT. Kpim  TOrO,
HEOOXITHO MaTH METOH, SKHH OW JaBaB B OIHOMY
EKCIICPUMEHTI  BECh  CIEKTP  TEPMOCICKTPHYHHX
XapaKTEPUCTHK.

Oco0nuBOi yBarm 3aciayroBye TaK 3BaHUM METOJ
Xapmana [6], sgkuil Ja€ MOXKIHBICTD 3AiHCHIOBATH
BUMIDIOBAaHHS ~ TEPMOCNIEKTPUYHHX  IAapaMeTpiB B
intepani Ttemmeparyp Big 100K o350 K. s
3a0e3MeueHHsT BHMIpIOBaHb y INUPOKOMY iHTepBai
TEMIIepaTyp BiH BUMarae neBHoi MoauQikarii.

Hamu 3anponoHOBaHO KOHCTPYKIIT BUMipOBaJIbHUX
KOMIpPOK, a TaKOX JOJaTKOBI KpIOT€HHa cUCcTeMa Ta
¢oHOBa  mi4, sAKi  3a0e3MeYylOTh  BHUMIipPIOBaHHS
TEPMOEJIEKTPUYHHUX MapaMeTpiB y HIMPOKOMY iHTepBai
temmepatyp (77-1000 K).

|. EnemeHnTn Teopii

Judepenuiansha repmo-E.P.C. BU3HaYaeThCs 3riqHO
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m,— maca eIIEKTPOHIB 1 AipoK; M), m,— PYXJIUBOCTI

€NIEKTPOHIB 1 JipoK; & — XIMIYHMI TOTEHHian BUTbHHX
3apsIiB;, €— 3apsa eICKTPOHA; | — EJICKTPOCTATHYHHIMA

noreHuian;, K, —crana bonsumana; T —TepMonuHamMiuHa

TEMIIEpaTypa, eg— CHEPI'1A HIMPUHU 3360pOHeHOI 30HH,
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h= > — crana Ilnanka.

v
mudepentiansaa Tepmo-E.P.C. (a )

BUITIAIKY BJIACHOI'O HaHiBHpOBiI[HI/IKa

T g o+ T)"* A
_k fnm c2+In ( prml:oT) +- pm,§2+In (33 pto ) :y' (4)
e nm,+ pn%f é nh P g ph ’43

3BijicK BHIHO, IIO BKJIA/IH, SIKI BHOCATHCS B TEPMO-
E.P.C. enexrpoHamu 1 JipkamH, MarOTh IPOTHIIEKHI
3Haku. lle os3nawae, mo Ttepmo-E.P.C. BmacHoro
HAITIBIIPOBIIHMKA MEHIIIA HiXK IOMIIIKOBOTO.

Maroun Ha yBa3i, MO TEPMOCICKTPUYHI SIBHIIA
TIOB’ sI3aHi 13 EHEPri€lo, sSKa MePEHOCUTHCS ENEKTPOHAMH 1

JIipKaMu KoeQillieHT TeIUIONpOBITHOCTI C  MOXKHA
TIPE/ICTABUTH
2
2K T 2)KT N €, + 4k, T
c =nm, s +pm, kT ,_OMPT, (g % ) .(5)
e e nm, + pm, er

[Ipu 3Mimaniii TPOBIAHOCTI, MOPS 3 TEIUIOM, SIKE
MEPEHOCUTBCS ~ eNICKTPOHAMH 1 JipKaMH, 4YacTuHa
TEIUIONPOBITHOCTI OOYMOBJIEHA E€JIEKTPOHHO-IiPKOBUMH
mapamMu, Tak 3BaHOK0 OIMOISIPHOI0 AU y3ier0

2
nm, pm, (eg +4k0T)
nm, + pm, er
[epenaua Temia 3a1HCHIOETBCS B ILOMY BHITQJIKY 3a
paxyHOK  BUIUIEHHS eHeprii 1mpu  pekomOiHamii
CICKTPOHIB 1  JIPOK Yy  XOJNOOHIA  JUISHII
HAIBOPOBIHUKA, J¢ I1X pIBHOBa)KHA KOHIICHTPAIIiS
HIWKYa, HDK B HArpiTid dacTuHi. SIKIO KOHIleHTpaii i
PYXJIMBOCTI ISl €JIEKTPOHIB 1 AIPOK OJHOTO IOPSIIKY, a
€, ? kT, TO TeIUIONPOBIAHICT sKa OOYMOBIEHA

(6)
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TEIIONPOBITHOCTI €JIEKTPOHIB 1 JiPOK.

KpiM TemionpoBiaHOCTI, TOB'sA3aHOI 13 BUIBHUMU
HOCISIMH, HEOOXITHO BpPaxOBYBaTH 1 BHECOK KPUCTAIIUYHOT
IpaTKu C, . v HAITiBIIPOBITHMKAX 4acTo

TEIUTONPOBIHICTh KPHUCTANi4HOi TpaTkd C, TOro X

MOPSAAKY, IO 1 TEIUIONPOBIIHICT, sKa O0O0yMOBJIEHA
€JIEKTPOHAMU YU JIIPKaMH.
Koeginientn Ttepmo-E.P.C. i
cniBBigHOmEeHHsAM ToMcoHa
P =aT. (7
BoHO MOXe BUKOPHCTOBYBaTHCS Uil OOYMCIEHHS
OHOTO 13 TEPMOENEKTPUYHUX KOe]ilieHTIB uepe3
iHIMHA. Y BUNAIKy JJOMIIIKOBOI'O HAIliBIPOBITHHUKA,
TOOTO SIKIIO € HOCIT CTPyMY TUIBKH OJJHOTO 3HAKY

IlenbThEe 1IOB’ A3aH1

2k T - 2KkT
p o KT-X 2T
e e

BpaxoByroun Te, 1moOS =€NM, OTPUMAEMO 3aKOH
Binemana-®pania

2k0T ,
°- =220y ©
s enm eg
BiH  moB'A3ye  TemIONpOBIOHICTH ( c ) 3
€JICKTPOIPOBITHICTIO (s ) .
Kpim  Toro, BaXJIUBOIO  XapaKTEPUCTHKOIO

TEPMOCTICKTPUYHUX SIBHI] € TaK 3BaHUN Koe(DilieHT
Tomcona (t T), SIKMA BU3HAYa€ TIPOICCH BHUIIJICHHS
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(mornunanus) Temwia (temio Tomcona). Bin moB’ s3anuit

i3 IHIIAMM ~ TEPMOEJIEKTPUYHHUMU  MapaMeTpaMu
CITiBBITHOIIIEHHAM
d 6 da
t, =740 rda ©)
dT&T g dT

Il. KoncTpykuii BUMiproBaJIbHUX
KOMIipOK /IJIs1 BUMipIOBAHHS
TEePMOEJEKTPUYHHUX NTapaMeTpiB

Bukiazena Buiie Teopisi BHKOPHCTOBYETHCS Y
poboti [8], sxky MoxHa MOAM(IKyBaTH 3a pPaxyHOK
BUKOpHCTaHHS (GoHOBOI meui (puc. 1), 110 BUKOHYE POITH
TEIUIOBOTO ~ OXOPOHHOrO  KoHTypa. lle  mo3Bomsie
BUKOHYBAaTH BUMIipIOBaHHS TEPMOENIEKTPUIHUX
mapaMeTpiB y WIMPOKOMY aiama3oHi Ttemmepatyp (77-
1000K) Tta 3abesmeunTH IUIABHE  PETYIIOBAHHS
TEMIIEpaTypH 3pasKa.

7

Puc. 1. Komipka /it BAMIpIOBaHb TEPMOECIIEKTPHYHUX
rapameTpiB HaIliBIPOBITHUKOBUX MartepiaiiB: 1, 2 —
JIBa 3pa3Kd OJHOTO TUITY MPOBIAHOCTI 3 1IEHTUMHUMHU
pO3MipaMHu 1 BJACTUBOCTSIMU, 3 — TEpPMOCTaTH4HA
OCHOBa, 4 — KOMyTyloua MeTajliyHa IUIacTHHA, S5 —
¢oHOBa miu, 6 — HacKpi3HUII OTBip, 7 — TepMoIapu
XpOMEITb-aJTFOMEb.

Juns  3a0e3nieyeHHs  BHMIpIOBaHb ~ OCHOBHHUX
TEPMOCIECKTPUIHNUX  TapaMerpiB  komipka  (puc. 1)
BHUKOPHCTOBYETHCS B IBOX cHUcTeMax. [Jisi BUMIpIOBaHb B
miamasoni  (77-500) K koMmipka NpHEAHYETHCA 10
KpiorenHoi cuctemu (puc. 2). Jlias BuUMIpIOBaHb B
miamazoni  (300-1000) K xomipka Bix €QHYEThCS Bin
KpiOreHHOi CHCTeMH 1 TOMIIIAEThCS TIMiJ KOBIAK
BaKyyMHOTO yHiBepcajbHOro nocra tuny BYII-4.

BumiproBansHa komipka (puc. 1,2) ckiagaerbes i3
JIBOX LWIIHAPUYHUX 3pa3kiB 1 i 2 opHOro THIY
TIPOBiTHOCTI 3 IICHTUYHUMHA po3MipaMu i
BJIACTUBOCTSIMH, TEPMOCTAaTHYHOI OCHOBH 3 (3 SIKOIO
3pa3Ku MalOTh XOPOIIHi TEIIOBHI KOHTAKT), METaJIi 4HOT
miactuan 4 (SKka KOMYTye BEpXHi KiHII 3pa3KiB),
¢donoBoi meui 5 (ms mmaBHoro HarpiBy Big 77 K 1o
1000K). B TepMmocTraTW4Hii OCHOBI  3pOOJEHHI
HackpizHuid oTBip 6, MmO 3abe3medye BakyyM TIpU
BUMIDIOBAaHHSX Y JIBOX TeMIEpaTypHUX pexumax. s
KOHTpOJIIO TeMmriepaTypu (oHOBOi mewi 1 3paska
BUKOPHCTOBYIOTHCS TEPMOIIAPH XPOMEIb-aTIOMENb 7.
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[11.MeTonnka BUMipioBaHb
TEePMOEJIEKTPUYHHUX NTapaMeTpiB

EnexTpnuHa cxema BUMiprOBaHb MOKa3aHa Ha puc.3.
BumiproBaHHs ITPOBOMATH y JIBA €TAIN: TP MOCTIHHOMY
i 3MminHOMy cTpymax [8]. Y nmepmioMmy BUMaaKy

MPOMYCKAIOTh  MOCTIHHWNA  CTpyM  d4epe3  3pas3oK
& A6
157 =0,5—+. Ha 3pa3ky BCTaHOBIIOEThCA IIEpemna
8 g
temriepatyp DT . 3HiwkeHHss Hampyr ¢ikcyoTs 3a
momoMororo  BomeTMerpiB V1, V2, V3 (puc.3).
RGN
A { M
[ Bakyym
N,
(pinkuit)
ﬂ %Pog’ emMu
. /
7 :
L X
)7
2 1 .
4 T,

Puc. 2. BumiproBanbHa KOMipKa y KpiOreHHIH cucremi
(mo3HaveHHs Ti K, 1O i Ha puc.1).

[Mapamerpu Kin B [ObOMY BHIIQJKY IIOB' s3aHi
CHiBBi/IHOIIEHHMHU:
U, =IR+aDT,
U, =aDT, (20)
U,=U,-U,=1R
geU,, U,, U, — cmamgm nHampyr, B; | — mocriitanii

ctpyM, A; R— enextpuunmii omip 3paszka, Om; a —
tepmo-E.P.C., B/K.

PiBHsHHSA OanaHCy TeIla Ha XOJOIHOMY KiHIII
3paska (KOHTAKTi) Ma€ BUTJIST

cS

alT =2==DT. (11)

Tyr © — koedinieHT Terutonposianocti, Br/(cm K); | —
BHCOTA 3pa3Ka, cM; S— IUIOIIA IIONEPEeYHOro mepepisy
3paska, M.

I3 (10) maemo:

aDT =U, - IR,

pr=%"1R (12)
a

R=Ds.

I
I3 (11) ta BpaxyBauusiM (12) oTpuMaemo, 1o
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Puc. 3. Enextpuyna cxema Uil BUMIPIOBaHHS
TEPMOEJIEKTPUYHHUX MapaMeTPiB HaIMiBIPOBITHUKOBHX
Mmarepianie (mo3HauenHs 1, 2, 4 Bianosinarots puc.l)
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:2|_S

(U,- IR). (13
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OCKIJIBKHS =—, I _S Toni Bupas
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(13) nepeTBOPUMO Y BUTIISA
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a’m _, I1
¢ ~ R
RS

(U,- IR),
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1
ZT=2—(U.- IR
IR(Ul )

12
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ZT = 2% -

§IR
5

@, 40

eU3 9

VY npyromy BHNaaKy HpOITYCKarOTh 3MiHHUH CTPYM

_q A
§1=8

(14)

ZT =2

" yepes 3pa3ku 11 2 10 3HUKHEHHS Tepernaay
TemIiepaTyp Ha HuX. BigcytHicte DT KOHTpOIIOIOTH 3a
sHukHeHHsIM TepMo-E.P.C. Ha 3pa3ky 2 3a J0IOMOIoo
BonbTMeTpa V2.

VY cramioHapHOMY CTaHi Ha XOJIOAHOMY KOHTAKTi

BHUKOHYETHCSl YMOBa TEIJIOBOI'O OaaHCy
alT :%%Z(R1 +R,) =R,

abo
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iR a6 IR _aho U,

:Q_+ — :Q_+ —3 (15)
IT &lgT &lg
KoegimieHT TemnonpoBimHOCTI  BU3HAYAIOTH 13
CHiBBI/IHOIICHHS
2,
a’s
c= (16)
4

V. loxu0ku ekciepuMeHTy NpU
BUMIPIOBAHHI TEPMOEJICKTPUIHHX
napamMeTpiB

[Ilo6 BuKOHATH OLIHKY TOXWOOK BHMIipIOBAHB,
HEOOXiHO  BUPA3UTH  OCHOBHI  TEPMOEIEKTPUYHI
rapameTpy uepe3 BeJTHMYHHH, 110 BUMIPIOIOTHCS.

3

I U
Bpaxoytouw, 1o S :E Ta R =|— MaEeMo

S
Il
U,S
I3 Bupaszis (15) i (16) MOKHa CTBEpIKYBAaTH, IO
(a)ra

(17)

MOXUOKH 00YHUCIICHHS tepmo-E.P.C.

€JICKTPOMPOBITHOCTI (S) 3aJIeKaTh, B OCHOBHOMY, Bif

MOXMOOK BHUMIPIOBAJIBHUX MPWIATIB Ta IOXHUOOK
BUMIpPIOBaHHS TE€OMETPUYHHUX pO3MIpiB 3pa3kiB. Bonu
cknagaots 6mau3pko 0,5 % mpu BuMipIOBaHHI HaIpyrH,
cTpymMy uHM Temneparypu Ta 1-2 % mnpu BUMiproBaHHI
TreOMETPUYHUX pPO3MipiB. lle o3Hadae, mo koedillieHT

tepmo-E.P.C. (a)Ta MUTOMA EJICKTPOIIPOBITHICTh (S)

MOXYTb OyTH BU3Ha4eHi 3 TouHicTiO 3-4 %.
[Mincrasnsroun (14), (15) ta (17) B (16) orpumaemo

U
> TS _aJ, 0
29 -1
eU3 7]
3 (14) ta (18) BuaHO, IIO IS OIHKKA MTOXHOKH
TEPMOETIEKTPUIHOI JI0OOpOTHOCTI (Z) Ta

TEIUTONPOBIIHOCTI (C) HEOOXIHO OIIHUTH TOYHICTh

Benuuunan f —Emg—l - 1O
eU3 !Zl
AHaJti3 Mmokasye, mo
D
E £2 Vs . (29
f aDT

Onianmo BenmunHy DT i3 piBHSHHS TemIOBOro
Oamancy (11). Bpaxyemo, 10 cepeaHe 3HAYECHHS
koedimienta Tepmo-E.P.C. s TepmoenekTpuuHHX

HAITBIIPOBIIHUKIB  TIOPSIIKY (200- 400) MKBIK
. . Bm
cepenHe 3HaYeHHS TerwtonpopigHocti — 0,02 ,
cm

TEOMETPUYHI PO3MIPH BHUMIPIOBAIBHUX 3pasKiB, SIK
MpaBwio, ckiamawTts | »1lcm, S» 0,2cM?, a CTpyM
I »0,1A. Tomi,3a T=77K maemo DT »0,2K , a 3a
T=900K — DT »2,5K.

[lincraBuBimm orpuMani mani amst DI 1 moxuOky
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BuMmiproBanHst DU, »1mkB B (19) Maemo, mio

E%[>>(o,5, 5)%.

I3 BpaxyBaumusm (14) i (18) me o3Hauae, 110

TEepMOENIEKTPUYHA  JTOOPOTHICTh (Z) Moxe OyTu

BH3HA4YCHA 3 TOYHICTIO 70 55 %, a TemIonpoBiaHICTH
(C) — 110 12,5%.

BucHoBkn

1. 3anponoHoBaHO MoaM(ikoBaHHI MeTox XapMaHa
JUIE BUMIDIOBaHHS OCHOBHHX TEPMOEIEKTPUIHHX
rapameTpiB  HAMIBIPOBIJIHMKOBUX MaTepiajiB Yy
HIMPOKOMY Temiepatypaomy intepani (77-1000) K.

2. OcoOnuBICTIO METOAY € BUKOPHCTaHHS (POHOBOI Iedi
i3 MOXIIMBOCTSIMH Ii TO€JHAHHS Yy KpIOTEHHIH Ta
BaKyyMHIl cUCTEMaXx.

3. IlpencraBmeHa Teopis METOOy Ta  METOIUKA
MIPOBEICHHS BUMIpPIOBaHb, 3p00JICHA OIIHKA MTOXUOOK.

Poboma ¢hinancyemovcs MOH Yxpainu ([epocasnuii
peecmpayiiunui Homep 0109U007537, nomep oozosopy
J13/507-2009 ma 0110U000144).

@Dpeik J.M. — 3acinyXeHUH Jisld HAayKH 1 TEXHIKH
VYkpaiHu, ZOKTOp XIMIYHHX HayK, MpOodecop, TUPEKTOp
@®i3uK0-XIMIYHOrO  IHCTHTYTY, 3aBigyBad Kadenpu
(i3uKH 1 XiMiT TBEpOro Tia,

Juxyn H.I. — acuipaHr;

3anyxnak P.I. — xaumunat Gi3uKo-MaTeMaTHYHUX HAYK,
JIOLIEHT,

Tanywax M.O. — noxtop (i3UKO-MaTeMaTUYHUX HAYK,
HPOPEKTOD;

Tepneupkuit A.1. — xaHgupat Qi3UKO-MaTEeMaTHIHUX
HayK.
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