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) H3YYEHHE JUHAMHYECKHX CBOHCTB
TEPMO3JIEKTPUHYECKHUX NETEKTOPOB MOIXEJIHPOBAHHEM
HCTOYHHKOB TEIJIA 3¢ PEKTOM NEJDbBTbBE

E. M. BEJIOB, A. H. KY3HEILOB

(TTpencTaBneHa HayuHbIM CeMHHApOM (uauKo-TEXHHUECKOro Qaky/anTera)

'IIHHaMHLIeCKHe CBOHCTBA He dPpMHPOBAHHDIX TEPMOJICKTPHUCCKHX He€-
TEKTOPOB AamiIpOKCHMHPYET I’IHepIJ,I/IOHHOE 3BEHO IIEpBOTO MOpAAKa, TO €CTh
peaKkuusa I[eTEKTOpa Ha EIIPIHOBpeMeHHbIH CKAYOK HMHTEHCHBHOCTH 3JEKTpO-
MAarHHTHOTO I/ISJIy‘IeHPIH ONMUCHIBAETCH 3KCIOHEHIIHAJbHOK (pYHKI_lI/IeI/I H3MEHC-

HHS TEPMO3/IC BO- BpEMEHH .
E(r) = E,exp (—p), (M

roe E,— remepupyemasi TepMO3JC B HauaJbHbIA II€PHOM;

[ — MOCTOSIHHAA, XapaKTepu3yoollasi IHHAMHYEeCKHe CBOHACTBA.
ManoHHepUHOHHEIE  BBICOKOUYBCTBHTEJbHLIE  TEPMOJIEKTPHUECKHE  Jie-
TEeKTOPHl MPEACTABJSAIOT cOO0H TepMobaTaper C NOCAeAOBATEJbHEIM BKJIOYE-
HHEM N1 TepMO3JIEeMEHTOB.

Ecan tepmMobarapeio 3aMKHYTb HAa BHEIWIHMH MCTOUHHK HanpshKeHHA
[IOCTOAHHOTO TOKa, To AeficTBue 3¢¢dekra IlesbThe nposBasieTcd B YCTaHO-
BJICHHH OIpe[eJIeHHOrO IpajHeHTa TeMIepaTypbl MeXKIY «TOpSYHMH» H «XO-
JIOAHBIMH» CHasiMH, YTQ 3KBHBAJIEHTHO AEHCTBHIO HAa TEPMOJEKTPHUECKHUIl
leTEKTOP 3JIeKTPOMATHHTHOIO H3JIyYeHHs.. ITepexkmiouns Tepmo6atapeo Ha
H3MepHTeanbm npuGop, MOKHO 3aQHKCHPOBATH BPEMEHHOE H3MEHEHHE Te-
HepHPYeMOll TEepPMO3/C, BBI3BAHHOE OxJaxiaenuem tepMmobaraped. Teoperu-
YeCKOe JI0Ka3aTeJbCTBO 3KCIIOHEHUHAJbHOCTH 3TOH 3aBHCHMOCTH OyJeT C/ay-
JKUTh 000CHOBAaHMEM BO3MOXKHOCTH HCHOJIb30BAHHUSI TipeJiaraeMoii MeTOLHKI
JJIst U3YUeHHs] NMHAMHUYECKHUX CBOUCTB TEPMO3JEKTPUUECKHX NEeTEKTOPOB.

Martepuas TepMO3JeKTpoldoB (I) U cmaeB (k) XapakTepHu3yIOT:

Ai, Ax — KO3QPUEIUEHTHI TEIJIONPOBOLHOCTH;

Ci, Cr— yIeJbHbE TeNJOeMKOCTH;

pi, Pr — YJeJbHble CONPOTHBJIEHNS;

Yi, Y& — NJOTHOCTH;

€ — yJleJbHasi TEPMO3AC Napbl COOTBETCTBEHHO.

[Ipenmosaraercss He3aBHCHMOCTb 3THX MapaMeTpPoOB, a Takxe Koapgu-
{HEHTOB TEeMJOOTIAUYH C noaepxnomeu TEPMOIJIEKTPOJNOB «; U CHaeB ai OT
TeMIepaTyphl.

['eomeTpuueckue pasMepsl TePMO3AEKTPOOB () i cnaer (x): b, b,
wupuHa, 8;, o8, — toaumwmna, l; [, — pauHa, pr u p,, fi u fx—nepnlxqup
H 0JOAAb NOHEPEeYHOTO CeYeHHUs, COOTBETCTBEHHO, §i, §,— IIOTHOCTH
TEIJIOBBIIEIeHHST HA CAMHUUY [JHHBI TPH NPONYCKAHHH TOKA NOJIOrPeBa
yepe3 Tepmobaraper.

[Tromwann monmepeyHOrO CeyeHUss TEPMOIJEKTPOLOB BHIOHpaeM u3 yc-
JIOBHSI MX HAUBLITOJHelillero cooTHoweHus |[1]
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oy /el | | 2
VE ]/P_zﬁ -‘()

C uesbi0 yNpOILeHHA MaTeMaTHYeCKHX BHIPaXKEHUH Or paHHYHMCS pac-
CMOTpPEHHEM caydast [; — oo U == ¢i;—2. [lOCAe\HEE PABEHCTBO, C YUETOM
CooTHouIeHuda (2), HMeeT MecTo, KOorjaa

Pihy = o (3)
PapenctBo (3) ¢ J0OCTAaTOYHOH TOYHOCTbIO BBINIOJAHAETCA LJA T€PMO3JIEKTPO-
JI0B, BBIMTOJHEHHBIX H3 XPOMEJs H aJloMeNs.
CrayuoHapHoe pacrnpejiejieHHe TeMIepaTypbl BAOJb TePpMO3JeKTPOLOB
{cnau paxomsiTcs B HauaNax KOOPAHHAT) JaeTcs PelIeHHEeM YPaBHEHHSA
Jlamnaca

2 .
T oy () — I, (0< < oo), (4)
ox! ke fi
rje
mp =P (1=1,09). (5)
. i fi
rpaHPHlbI xi—*OOPaSI[eJ'Iﬂ}OT Ka)KIIbH‘J[ TepMO9JIeKTpO,El Ha /ABa He3aBH-
CHUMBIX [1071yGeCKOHEUHBIX CTEDIKHS, MOITOMY JOMYCTHMO MpeanoJOXeHHe

T, (x;
Mlxd | _o. ()
6x,~
B kadyecTBe BTODPHLIX T'pPaHHYHBIX YCJAOBUH AN CTEPXHeH paccMaTpH
BaeM TemyaoBble GanaHch craeB (x; =0)

xi—>do

\

Qx+ Q)\ic'_ Qm'f"(”" l)x ch—= 0, (7)
e oTe (x;)
Q;c= q;( , le:)\ifi_t('x_" .
Py dx,- xi=0
Que =0, p Te(xi=0), Qu=elTi(x:=0), (k=1 2). (8)
Peulenne ypaBHeHHs (4) npu rpaHvuHbiX ycaoBuax (6), (7)
Ti(x:) = A+ Bexp (—m;x;), _ (9)
rae :
A=T, (10)
%P

— Qx'_'A[arcpr(lx—('—l)KEI] (11)
@ ——— .
) l/aipi}‘ifi+axpx[x_(— 1)K‘E[ ‘

Craunonapuoe pacnpefeseHHe TeMnepaTypbl BAOJIL TEPMO3JIeKTPOAOB
3aBHCHT OT HCIOJHEHHS CITaeB.

1. Koraa cnam usroToBJAOT CBApKO# TePMO3TEKTPOAOB BHAXJeCT, TO
pi >0 fez fi+ fo @ g:> g, TemnepaTyphoe noje HMEET MAKCHMYM
Ha TepMoagaextpoaax T,(x;—co) = A, a MHHUMYM — Ha cmasx T;(x; =
=0)=A+4B,

2. Korga- cnnau H3TOTOBJSIIOT CBapKOll TEPMO3JIEKTPOLOB BCTLIK, TO B Te-

nioBoM ©Ganance (7) MOXHO mnpeHebpeub cocraBasouHMI  Qx I Qax
B 3ToM cayyae TeMmepatypHoe moJie -

T? (x:) = A + Brexp (— m; x;), (12)
rae .
— )< el
Bl——_ (=D (13)
Vaipih fi — (— 1)<l
NMeeT 3KCHepHUMeHTa bHble TOUKH Ha cnasx (x; =0, i =1, 2).
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JlusaMHKa H3MeHEeHHs] TEMIEPATYPHOIO MOJs NOCJe BHKIIOUEHHs TOKa
NOAOrpeBa OHpPEAENseTCsl PEelIeHHeM HeCTalHOHapHBIX IHddepeHuraIbHbIX
YPaBHeHHUII TeNnJoNnpoOBOJHOCTH AJsi TEPMO3JEKTPOAOB

OTi (%1, %) _ o0 Ti(xi %)

- le iy V 4
o Py vi T (%i, 7) (14)
'H JUI CNaes B COOTBETCTBHH C MX HCHOJHEHHEM:
Yo s A x
1 OT, (z) T, (5) + 4 ifi  OTi(x, 1) —0: (15)
ot Cy 0x; x;=0
0 )\' [ T
o, JMil) y o hft L) | _g (16)
o7 Cr 0x; x;=0
rae
=02l o DL bl (17)
Ci i citifi Cy

NPH HAuaJ bHOM pacmpenesieHHH TeMIeparyp, 3aAaHHOM ypaBHeHUsiMH (9—
11) naun (12), (13) B 3aBHCHMOCTH OT HCIIOJIHEHHS CMaeB, H TPaHUUHBIX
YCJAOBHAX

aT; (x; ) =0, (18)
0x; x>0
Ti(xi =0, 7) = T, (v). (19)
B ypaBHenusix (15) u (16) comuoxwureap ¢ paBer —1, O uau -+ 1,
ec/u QT‘—;J?—’E)— . GoJsblie, paBeH HJAH MeHbIE HYJA COOTBETCTBEHHO,
i *=

Pemenne necranuoHapoit 3apauun (14—19) BbimoaHeHO onepaTopHbLIM
MEeTOA0M, OCHOBAHHBIM Ha mpeo6pasoBanuax Jlanaaca. duddepenunanbube
ypasHenusi (14—16) n rpannunsie yciaosua (18), (19) B npeobpasoBaHusix
HMEIOT BUJ

30 (x;,5) s+ vi

2 2
0x; ai

B;:(x;, ) —-al—z [A+Beexp(—m;x)], (14a)
{

A + B ¥ ﬁ 095 (x,-, S) -

D = 40 , 15
() sS4V cu(s+ i) Ox;  |x=0 (15a)
03 (s) = DEBE WSt 98X 9) | (162)

s C.S 0x; x;=0
08; (xi, 5) —0, (18a)
dx; X;—>00

d 0;(x; =0, 5) = D, (5). (19a)

Pewienne ypasHerus (14a) HaxoaMM no H3BeCTHOH QyHZAMEHTaAbHOH
CHCTeMe pellieHHA OXHOpoaHOro And¢depeHunaspHOrO Y PpaBHEHHs, COOTBeT-
CTBYIOIEr0 A4HHOMY HEOJHODOAHOMY ypaBHeHHw [2]

0, (xi, §) = Sivg -+ %‘exp(—mi xi) + D (s) exp[—=; (s) x:], (146)
. i

rage + .
S Yi
at(s) = S (0)
1

D (s) — dyskuus napaMmeTpa S, mojJexanias olpele/eHHIo.
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B. pewenun (146) yuteHo rpaHMuHoe ycaoBue (18a) w v} = ai-mi.
Peiienne (146) nossoJsier onpeleants P, (s) u Py (s).

o A+Bx e )\;f,'m; | )\ifi'fli(s) D
el = S + V& [CKS(S+V3)BKTCK(S+V§‘2) )
@} (5) = AtB’% —q»[“f"’”i B+ k"ﬁ""s"(s) D°(s)]. (166)

c, St

], (156)

K

I'pannunoe ycaoBHe (19a) mcnoabsyem agas onpesenenus D(s) u D°(s).

9

D(s) = [A vl — Vi _B v%+¢>\zfzm.'c;£1],[1 ¢ hi fini (S) ]“’

(s+¥) (s+3¥) " s(s+D) ey (s +v2)
, | . Co(@n
0 (cy — L) }‘ifimiJ_[] o Pfimi () ]_1_ 99
Do) = | Ay B e (22)
[Moacranoska (21) u (22) B (156) u (166) maer
(DK(S):—A Cx(s+v12)+?)\iffﬂqi (S) Bxcxs—*_kw‘if‘;[nl(s)_mi] , (15B)
(s + vi) fei - Vi) dA; fimg (8) S (i (8 -+ Vi) YA fini (5)]
(DQ(S):A cx(S+V§)+(P)‘ifi71i(S) B;écxs"i-q);\ifi [7]1 (S)"_mi]. (lGB)
(s + 1) [ex s+ $hi fini(s) S [Ces + dhifimi(s)]
3neck UCnoOB30BaHO CBOACTBO U2 =1 npwu M0GOM 3HaKe w )
X x;=0

Taxkum oOpasom, pemenus (158) u (16B) ompenensilOT NHHAMHKY H3-
MEHeHHS TeMmnepaTtypnl ,ropsaunx‘ (k= 1) u ,X0J10AHBIX* (K = 2) cnaes.

Ecau moaHbie TeNJOeMKOCTH CNaeB OTJAHYAITCI MEXJy Co6oi He3Ha-
YHTENbHO, TOT/1A, NOJATAS Cx—1 == Cx=z = Cg, Vi, x=1 = Yi,x=2 = ¥y H HCIOAB3YH
(15B) u (16B), moayuyum

CyS A fi]ni (8) — my;
A, (5) = Py (5) — @, (5) — | B, — B | S LSl () —ml
s [eo (v§ 4 8) 4 U fimg (5)]
ADS (5) = DY (5) — D (s) = | By — By | LT Pufi[n () —mi]
S [coS + YN fine (s)]
Urto6bl nepefiTH OT H306pa’KeHHH K OPUTHHAJY, PA3JOKHM UHCAHTENb
M 3HaMmenareJb ypaBHenuy (23), (24) B pan MakJopeHa no creneHsMm S u

OrpaHHYHMCS TOJIBKO JHHEHHBIMH 4ieHamu pasJfoxeHusi [3]. B pesy.abrare
NOJYYHM

23)

(24)

1
AP, (s)=|B;,—B .
(s) =|B; —By| ST M (23a)
1
Adg (s) = |BY — By |- ,
(s) =|B} 21 ST M (24a)
rae
M= axpxlx+‘PVaipi)‘;\fi ’ (25)
CM+(-PO,5C;'“fi l/‘_fl
;P
.N\o — Vaipi "l' pi - . (26)
qJCK—f-O,-SCi 'Tifi l/_ft_fl
a; Pi
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Opurunan usobpaxenus (23a) u (24a) COOTBETCTBEHHO
AT, (x) = IBt—leexp(—*Mt), (236)
ATR () =|B? — B} | exp (— Myr). (246)

B onpeneneHHoM HHTepBajde TeMmepaTyp FeHepupyemasi Tepmobarapes
TePMO3AC NPONOPLHHAJLEHA TIPajHeHTy TeMIepaTyp MeXAy CHasiMH

E = n-=AT, (27)
MO3TOMY B JTAHHOM MHTepBa/le TeMmepatyp AWHAMHKA H3MEHEHHS TEPMO3C

IMocJe OTKJKYEHHA TOKAa MOHAOTrpeBa TepmoﬁaTapen B ¢Jay4dYa€ H3TOTOBJEHH
cnacB BHaX/IeCT

E () = ne| 31 — By exp (— M=) » (238B)
M B C/Iyyde H3TOTOBJIEHHUS Cl1aeB BCTHIK : .
E®(3) = nz| B} — BS|exp (— My7) (24B)

QOIMMUCHIBAIOTCA 3KCMOHEHIIHAMbHBIME (GYHKIUHAMH [IOL00OHO COOTHOUIEHHIO (1).

CaegoBaTenbHo, AHMHAMHYECKHE CBOHMCTBA TECPMO3JIEKTPHUECKHX JETeK-
‘TOPOB MOMKHO HCCJAENOBATh 1O IpeAtaraeMoil MeTOJAHKe, TaK KakK JTOKa3aHO
COOTBETCTBHE napameTpoB M u M napameTpy w. _

IlpakTuueckas peanM3alusi METOJHKH XapaKTePH3YeTCs CBOEH IpPOCTO-
to#1. TlepBoHauasbHo uepe3 TepmobaTapero IPOMYCKaeTcss TOK MNOJOTPeBa,
BCJEJCTBHE Yero Mexkay ChasgMH CO3jaercst rpagHeHT TeMmmnepatypsi. Ilepe-
KJI04aeM TepMOGaTapei0 ¢ HCTOYHHKA IMHTAHHA HAa H3MePHTEJbHBI npH6op
H PerucTpHpyeM H3MeHeHHe TeHepHpyeMoi TepMO3]AC BO BPEMEHH. O6pabor-
Ka JKCIEpPUMEHTAJbHBIX pe3YJbTATOB IMO3BOJSET ONpeJeJHTb noxKasareJsib
HHEPIHMH | (MOCTOSHHYIO BDEMEHH) HCHOJb3YEMOIrO TePMONIEKTPHYECKOrO

JeTeKTopa.
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