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CyuacHi TepMOEJIEeMEHTH, sIKi CKJIaJaroThCs 3 JIBOX
TUIOK p- 1 I-TUIY MPOBiTHOCTI, 3apEKOMEHIYBaIH ceOe 3
Halikpamoro Ooky. TepmoeneMeHT — II€ KOMIIAKTHa
KOHCTPYKIISA, B SKi TUIKM PO3TAIIOBaHI IMapaielbHO
OJTHa OJTHIH 1 3’€/IHAHI KOMYTAIIHHO MKHOI0. JleTanbHO
BHUBUYCHI TEPMOEIEKTPHUYHI MPOIECH, IO MPOTIKAIOTh B
TepMOETIEMEHTAX. Pozpobiena TEXHOJIOT s
BUTOTOBJICHHSI MarepialliB T'JIOK Ta IHIIMX eJIEeMEHTIB, a
TaKO0XX TEXHOJIOT1s ix 300pku [1].

Opnak, gekonu ~ OyBae  HEOOXIHO  TUIKH
po3TalryBaTH He MapajieibHO OJlHA O/HIH, a B JIIHIIO — 1ie
TepmoesieMeHT 3 O0okoBuM TerutoooMiHoM (TBT). Taka
KOHCTPYKIiI MOXKE MaTdh JedKi IiepeBard. 30Kpema,
Bifmamae HEOOXiTHICTh y BHUKOPHCTAHHI KOMYTaIlilHOI
mmHA. Tpeba 3a3HaYUTH, OI0 MPH IHOMY 3MIHIOIOTHCA
(bisuyHi MpoIEeCH, SKI MPOTIKAIOTH B TEPMOCIEMEHTI.
ToMmy BHHHMKa€e HEOOXiTHICTH y CTBOPEHHI BiANOBiIHOT
Teopii, o 1 3po0IeHo B AaHil POOOTi.

Cxema naBantaxeHoro TBT mogana Ha puc. 1.
laku 1 1 2 BUroToBJeHI 3 PI3HUX Marepiaiis,

y
ba  |p

pO3TalIoOBaHi B3/IOBXK OCi X; a1 ¢ — IOBXKUHH TiIIOK, b —
BrcoTd. Po3Mip B3IOBX OCi z TO3HAa4YeHO uepe3 h.
BBaxkaeTbcs, 10 MaTepiany TUTOK 130TPOIHI 1 OAHOPIIHI,
3 HE3WISKHUMH BiJl TeMIIEpaTypd KiHETHIYHUMH
koedimientamu. [TOTIK Tema rycTHMHOK ( MOCTYNae Ha
BepxHio rTpaHb (y=Db) TBT, wHwkusa rpaup (y=0)
aniabaTHYHO 130JIbOBaHA BiJl 30BHIIIHBOTO CEPEIOBHIIA.
Topmi X=-c 1 X=a 3HAXOIATHCSI B IJCATHLHOMY
TCIJIOBOMY i CJICKTPUIHOMY KOHTAKTaxX 3 TEPMOCTATOM
npu temneparypi T,. Tepmocrar BHIOTOBICHHH 3
MaTepiary 3 BHCOKAMH 3HAUCHHSIMH €IEKTPO- i
TEIUIOTIPOBIMHOCTEH  (HampwkiIax, Mimi), TaKk IO
3a0e3MedyIoThC YMOBH IIOCTIHHOCTI TeMIepaTypu Ha
TOPLIBOBUX TIpaHAX, @ TaKOX yMOBAa OJHOBHMIPHOTO
pO3MOAiTy eneKTpHYHOro cTpyMmy. OcTaHHE HAOIMKEHHS
3aCTOCOBYBAJIOCH, HAIIPUKIIA, B mparsix [2,3].

[Tpn Brazanomy teruioBomy pexxumi ThT teruoBumit
MOTIK 1 PO3MOJIN TeMIieparypu B Horo o0’emi OynyTh
nBoBuMipHEMH. OTXKe, 33/1a4a Mepil 3a BCe MOIAraTUMe
Y 3HaXOJUKEHHI PO3NOAITY TEMIIEPaTypH.

| g

0

@

q=0 0

q=0 a X

Puc. 1. [Ipunnunosa cxema HaBaHTaxeHoro THT.
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I. Po3snoain remneparypu re Y, =p,j/%; p,K,—  muromi  omip i
TEIUTOMPOBIIHICTD, 1 — HOMEP TIIKH.
VY3aranbHeHE pIBHSHHS  TEIUIONPOBIAHOCTI  Mae I'panuuHi yMOBH
BUTJIST
2 2
8E+a£i+yi:0, (1.1
ox oy
K, hb) , (1.2)
oy
JT. (x,0
M0 _, (1.3)
oy
T(-ey)=T,, T(ay)=T, (1.4)
oT, (0,y ) oT,(0,y .
—K éx ) +oyjT, (0: Y) =K za(x ) +a, )T, (O’Y)’ (1.5)
T,(0,y)=T,(0,y), (1.6)

Ie O, — TepMoepc, j — T'yCTHHa cTpymy (puc. 1)

2

(X2 _y2)+AiX+Bi —%+ Z(Ameﬁ“X + Bin675“x)0056ny,

L) =35

ne o, =nn/b, A,,B,,A, ,B, —
iaTerpyBanHa. Po3p’s30k (1.7) 3amoBONBHSAE PIBHSIHHA
(1.1), a Takox rpanmani ymoBu (1.2) i (1.3). IlocTiitai

MOCTIiHI

in >

2x,b

q
2%,b

(y2 -a’ ) -A,c+B, —%yza2

jm{qu(

K
=—K2[A2 +if2n'(0
n=l
B, +——
2

= )

1

5l

B, +—1—
2

0

A+ 1 (0)cosd,y

n=1

n=1

D, + ZDn cosd,y

n=1

D, -‘r-ZDn cosd,y

n=l

f.

ne Aa=a, -0, f,(x)=A,e" +B, e™

— KxoedinieHTH po3kiaxy (yHKIIT y2 B psag Dyp’e 3a
D, =(2/3)b’. A},A,,B,,B, -

JIOBUIBHI KOHCTaHTH, TOMY iX MOXHa 00paTH Oy/1b-sIKUM
yuHOM. O6epeMo iX 3 yMOB

KOCHHYCaMH,
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D, + ZDn cosd,y

)

Po3B’s130k piBHsHHS (1.1) mogamo y BUTIISIII

0

(1.7)

n=l1

interpysannst A,,B,, A, ,B, 3Haiinemo 3 rpanuuHHX

in®

yMmoB (1.4)-(1.6), sxi IogaMo B SBHOMY BHUTJIAI

(}’2 _Cz)_Alc + B, _%,chz + ifln (_C)COSSHY =T,
n=1

+ ifn (a)osd,y=T,

n=l1
)cosd, yj ,

+ ifm (0)cosd,y =

n=1

+ ifzh (O)cos 5.,

n=1

+B, + ifln (0)cosd,y

n=1

}

. D, =((=1)" ~1)4b*/(mn)’
—k,B, + Aocj(ﬁDo + Blj =—K,A,,



B

1

+—31 p,=B,+—1 D
2K b

q 2 15
T,=——(D,—-a" |]-A,c+B,——y.a",
1 2%, ( 0 ) 2 2 272

o * 2i,b

q ) 1 ) 3 IKUX OJCPIKUMO
T,=——(D,-c")-Ac+B, ——y,c’,
0 2K1b( 0 ) 1 1 2Y1

1 1 1
A =-B,—-T,——y,c+
et e ZYl 2x,cb

A2=—1B1+1T0+lyza— ! [Do—ﬁaz}

(0,-¢),

a a 2 2x,ab K,
D, x, —x
B2 — Bl + q 0 ™2 1 ,
2K, K,
1 2 a qD, . .
B, = (aK1 +cK, )T0 +E(p1c + pza)] ac+ %ac(a + c) - (aK1 +cK, — Aogac) /(aK1 +cK, — Aoqac).
K1
3 ypaxyBaHHSM 3HalJCHUX BHpa3iB rPaHUYHI YMOBU Sa 5a q
1101aMO Y BUIJIS A, ™ +B, e + b D, =0,
q Kz
A, e +B, e +——D, =0,
Kb

1

K15n (Aln _Bln)+Aa][%Dn +Aln +Bln] = _K25n (AZn _BZH)’
1

E,i 254 8
4D, +A,+B,=—1_D, +A,, +B,,. A, =——tmg?e __d_p g
2x,b 2%,b L, 2%,b
Ile cucrema 4YOTHUPHOX JIHIKHUX anreOpaiyHUX E, E,,
PIBHSIHB, 3 SIKOT 3HaleMo KOHCTaHTH B, = L B, :L_’
A, ,B ,A, B, : B "
In In 211]E 2n ne
A, =——nee__d_p e,
L, 2k,b
8 -3¢ c A(X K c -28,a
E,= q—“Dn (e o g )—ﬁDn —L ™ x(l—e 20 )+
2b 2k,b K,
K,0 . - 6a
LS LN P -k, (1+626“ ),
2x,b K,
E,, = -4 D, (K16n —Aocj)eS"° + 4 D, (K26ne"5"° —Aaj) (l —625“°)+
2x,b 2%,b
q 1- 65"0 1- 6—5.,3 28,¢ : 28,¢
+—D, - |:K18n (1+e " )+Aog(l—e " )],
2b K, K,
L, =18, (1= ) (1= )+ [ 8, (1= )+ Aaij(1- ) [(1-e7).
OrTxe, PO3IIIIHY TUH HABaHTaXCHUM TBT TemrepaTypu. BiH Moke mpauioBaTH SK B PEKHMI
XapaKTePU3YETHCS JIBOBHMIPHUM PO3MOALTIOM reHepanii eJeKTPUYHOi eHeprii (ToIi cuiaa CTpyMy, IO
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npoTikae B 30BHilIHBOMY omopi R_, ckmagative

e
I=jbh), Tak i B pexumi oxonomkenns (tomi I — me
cHia CTPyMy, LIO CTBOPIOETHCA B  XOJOAMIBLHUKY
30BHIMIHIM JHKEPEIIOM).

II. Koediuient kopucuoi aii TBT

OcHoBHOIO xapaktepuctukoro TBT y Bunaaky
rereparopa € koedimienT xkopucHoi aii (KK/I)
q (a + c) h-Q,
n= ; 2.1
q (d +c )

ne q(atc)h — remo,mo nocrynae B TBT Ha BepxHIO

rpasb, a Q, — Temwno, IO CTIKAE B TEPMOCTAT. 3HAIOYH
PO3IOIIT TeMIIEpaTypy, MOXKHA IMipaxyBaTH

b b
Q =-hfq"(xy)| dy+hfq(x.y)dy.
0 0

ne -
I (xy)
box

BuxoHaBImM MaTeMaTH4YHI IEPETBOPEHHS, OJEPKIMO

q == +aiTi(X’Y)'

Q, = q(a+c)h+Aaj£%D0 + BI]bh+(p1c+p2a)j2bh—Aoch0bh.
1

Jani, cxopucraBmuch Bupasamu 111 B, 1 (2.1),

n:q(a+c)

JIe BpPaXxoBaHO, 1[0 CTPYM T€Y€ y BiJ’€MHOMY HANpPSIMKY
oci X (puc. 1), OCKUIBKHU 11e TeHepaTop. 3 LbOro BHUPa3y
BUJHO, L0 BEJIWYMHA 1] BU3HAYAETBCSI B OCHOBHOMY

yieHoM ((at+c)/2b. Tomy toBumnHa TBT Mmae Oytn
MaJIolo, a (—BEIHKHM. [Mpunycrumo, 110

MOXKE

q(a+c)/(2b)>> AoyT, + %(plc +p,a)j’

BHKOHYBAaTHUChH LTSI TOCTATHHO ManuX j. Tofi, BBaKAIOUH
TaKOXK, 110

a+c :
q(2b ) >>(p,c+p,a)(ax, +ck, ),

onepxxumo aist KKJI
1 Aajac

Aojac

2 ax, +ck, + Aoac

Haseneni
HAIpPHKIA,

a=c=lcm, b=0,lcm, p,=p,=10"0Om-cMm,
K, =%, =10"Br/(cm-K), Aa=10"B/K,

BAOIE YMOBH BHUKOHYIOTHCH, SKIIO,

2
q=2Bt/cm".

ITpu upomy Tpeba MaTu Ha yBa3i, 11O BEJHYHHA |
oOMexeHa BEJIMYMHOI BHyTpimHbOro omnopy  TBT.
OIiHIMO MaKCUMAJILHO MOJXKJIMBE 3Ha4YeHHS j. J{yis poro
3aIUIIEMO

pijdx =d(p; +o,T;), (2.2)
Je W, —eJeKTpoXiMiuHuM mnoreHuian. PipHsanus (2.2)
BUIUIMBAE 3 y3arajibHeHOro 3akoHy Owma. [HTerpyroun
(2.2) mo X B MeXax Bil C 0 a 1 BpaXOBYIOUH, IO CIaJ]
HApyrd Ha TEPMOCIEMEHTI  CKIIQJIa€  BEIUYUHY
jR bh, onepxumo
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Aaﬁ{%—&)ﬁﬂo —%(p1c+ pza)jz} —(pc+pya)(ak, +ck, )i ¢/(ax, +ck, +Aojac),

(p1c+pza)j=—jRebh+Aoc(T1(0,y)—T0),
’ )zAa(Tl(o,y)—To) _ AaAT
Ny pc+p,a+R.bh  pc+pa+R.bh

[pu mpomy, sxmo toumaa b TBT HeBemmka, TO
MO’KHa BBa)KaTH, 1[0

AT =Const. IIpu R, =0 (xoporke 3amukanus TET)
j Oynme MakCHUMaIbHUM

i- Ao AT

" pe+pa

AT BH3HAYAETHCS BEMMYMHOK T'YCTHHH TEMIOBOTO
notoky q. Skmo AT ckmanae, nanpukian, 20K, To

=5A/cM’. Jlns yKkasaHWX BHINE MaTepiadbHHX i
KK

.]max
PO3MIPHHX  KOHCTAHT ISt
o/iep)Ky€eMo 3HaueHHsT 6 %.

TBT Moske mparoBat i B peXKUMi OXOJIOKEHHS. Y
pOMy BHUIMAAKy q(atc)h — X0IoIONpOIYKTHUBHICT. Y
peXHMi HYJIBOBOI XosomonponayktuBHocTi (q=0) Oyne
MaTH Miclie MAKCHMaIbHUI TIepernaj TeMIepaTypu

1+2ZT, -1
AT, =N ""20

max Z
ne Z — TtepMmoenekTpuuHa edextuBHicTh. Lleil Bupas
CIpaBeUIUBHH 1 U1l CTAaHapTHOTO TEPMOEIIEMEHTA.

PosrnsayTtuit TBT B pexxuMi reHepartii CTpyMy MoXke
OyTH BHKOPHCTaHW, HANPHUKIAL, B SKOCTi CIIEMEHTa
ABTOMATHKH.

B pexumi OXOJIOIKEHHS TBT MOJKHA
BUKOPHCTOBYBaTH, HANpHKIaA, MI1  OXOJOMKECHHS
CEHCOPIB TEIUIOBOTO BUIPOMiHIOBAHHS.

MaKCHUMAaJIbHOT'O
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A theory of load thermoelement with side heat exchange has been developed. The temperature distribution and
thermoelement efficienthy has been calculated, obtained results have been analised.
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