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ITPOI'HO3MPOBAHUE ITOKA3ATEJIEM HAJTEXXHOCTH
JABY XKACKAJ/IHOI'O TEPMOOJJIEKTPUYECKOI'O
OXJTAKIAAIOHMIEI'O YCTPOUCTBA B PEXXUME AT

IIpeonosicena mooenv 83aumMoces3u noKasa-
meneil HA0EHCHOCIU U OCHOBHBIX SHAUUMBIX
napamempos 0gyxkackaonozo TOY 3aoan-
HOU KOHCMPYKYUU C NOCIe008AMeNbHbIM
INEKMPUUECKUM COCOUHEHUEM KACKAOO8.

OpHuM U3 Haubonee MpUEeMIIEMbIX CIIOCOO0B obec-
MEYEHUS TEMJIOBOTO PEXHMMa HJIEMEHTOB U COCTaBHBIX
yacteil POA sBiseTCs TEPMORIIEKTPHUUECKUH, K YUCTY
OCHOBHBIX MPEUMYIIECTB KOTOPOTO CJIEAYET OTHECTH
MIPUMEPHOE COOTBETCTBUE MOKa3aTeNell HaleXKHOCTH U
MaccorabapUTHBIX XapaKTePUCTUK TEPMODIIEKTPHUECKO-
ro yctpoiictBa (TY) 1 21eMEHTOB IEKTPOHUKH.

Hcnons3oBanue TOY B POA mo3BonsieT MOBBICUTD
HAJIKHOCTH ammaparypsl 3a c4eT 00ecTeueH sl TerIo-
BBIX PEKHMOB TEPMO3aBHCHUMBIX 3JIEMEHTOB.

[Tpu pemennu psaga NpakKTUYECKUX 3aj1a4 M0 JJOCTH-
JKEeHUIO HU3KUX TEMIIEPATyp MOXKHO UCTIONB30BaTh TaKOH
TEPMODJIEKTPUUYECKUI cIOCO0 OXITaXKIeHHUs KaK KacKa-
JUPOBaHHE TEPMOAIEMEHTOB [1].

B psne ciaydyaeB npoeKTHPOBAHUS TEPMOIJICKTPHYE-
CKUX OXJIQXKJAIOIIUX YCTPOUCTB i1t POA B pacnopsike-
HUU pa3paboTyrKa UMEIOTCS KOHKPETHBIE KOHCTPYKITHH
kackagHbIX TOY (¢ ompeaeneHHbIM KOJTUYECTBOM Tep-
MO3JIEMEHTOB B KacKajax, FreoMeTpueil BeTBel Tepmo-
3IIEMEHTOB U T. [1.) TM00 CTaHIapTHBIE MOIYJIH, HA OCHO-
BE€ KOTOPBIX coOMparoTcs Kackaguoie TOY.

[Tpu moctpoenun xackaaueix TOY, B mepByro oue-
pelnb, BO3HUKAeT HEOOXOJMMOCTh OLIEHKH MOKa3aTemnei
UX HAJIeKHOCTH, a TAKKe MAaKCUMaJIbHO JOCTHKUMOTO
YPOBHSI OXJIaXKICHHS [TPU BapUAIMK COOTHOIIEHHUS KOJIHU-
YecTBa TEPMOIJIEMEHTOB B CMEKHBIX KacKaJgaxX U yCIio-
BUH (PYHKIIMOHUPOBAHUSL.

[Ipumenenue aByxkackaaubix TOY no3BoisieT obec-
MeYUTh 00JIee HU3KYIO TeMIIEPaTypy OXJIKISHHS dJIe-
MEHTOB AJIEKTPOHUKH [0 CPABHEHHUIO C OTHOKACKAIHBIM
BapUaHTOM.

[Ipu onpeaenenny nokazaTesel HaAeKHOCTH KaCKa-
Horo TDVY, a HUMEHHO MHTEHCHUBHOCTH OTKA30B A JI0O
BEPOSTHOCTH 0€30TKa3HOI paboTHI P, oJIaraeM, 4to BCe
sneMeHThl TOY, B TOM 4Hclie W KacKaJpbl, COSAUHEHBI
NEKTPUUECKHU TMOCIEI0BAaTENbHO, U BBIXOJ U3 CTPOA
TF000T0 TepMOdJIEMEHTa (BETBH) IIPHBOIUT K BEIXOAY M3
CTpPOsl MOAYJIS, Kackajia U ycTpoiicTsa B 1eioM. CoObl-
THS, 3aKJIIOYAIOLIUECS B BBIXOAE TEPMOIJIEMEHTOB U3
CTpOsi, IPUHUMAIOTCS HE3aBUCUMBIMU [2, 3].

Tak kak xaxapii kackag TOY paboraer B pa3nnd-
HBIX TEMIICPaTyPHBIX YCIOBUSX [4], 3TO HEOOXOIMMO Y-

TBHIBATh IPH OIICHKE [TOKa3aTeNeil HajexHocTh. [loaTtomy
IIeJIBI0 HAacTosIIeH paboThl OblJla OIIEHKA TIOKa3aTesei
HAJCKHOCTHU ABYXKackagHoro TOY 3a1aHHON KOHCTPYK-
IIUH B PSKUME MaKCHUMAIBHOTO TIeperajia TeMIIePaTyphl
AT .«

CoOTHOIIEHHE IS OLIEHKHU IT0Ka3aTeIeil HaIeKHOCTH
JIByXKackaaHoro TOVY MOKHO MpeicTaBUTh B BUJIC CYyM-
MBI TIOKa3aTelel Hale)KHOCTH KayK/I0I0 KacKaa.

C yuerom [5], ans N-kackagHoro TOY MoxHO 3a-
ncaTh (hopMyiTy U1 CyMMapHOH HHTEHCUBHOCTH OTKa-
30B )\Z B BUJIIE

n(@ +C)(B + Q)

A N )
Sroy Lk, (1)
)\0 i=1 (1+ AT| max ) )2
T,
OTKyJa JJIsl AByXKackagHoro TOVY 3anumiem
nB(©,+C)(B+ e )
As _ To
F AT, ey +
)\O (l+ 1max 91)2
To
n,B2(@, + C)(B,+ Mm@ )2
T
* AT - sz ! (2)
(1+ 2max ez )2
7_]_
1

rj1e A — HOMMHAJIbHAs! HHTEHCHBHOCTB OTKa30B (=310~ 1/u);
HHJIEKCHI |, 2 — COOTBETCTBYIOT «XOJIOAHOMY» H «TOPSTEMY» KacKaziam;
7 — KOJIMYIECTBO TEPMOBIIEMEHTOB;

B — oTHOCHTENbHBIH pabouuit Tok, B=I/I|

I x — MaKCUMalbHbIH pabounii TOK;
0— OTHOCHTEITBHEIH Ieperajl TeMIepaTyphl, O=AT/AT,
AT, . — MaKkCHUMaJbHBIN NEpenas TeMIEPaTyphbl B KACKA/IE;
C— oTHOCHTENIbHAS TEIUIOBAs HArpy3Ka KacKaja,
-9 _ QW
;

C, =
2 12 2

My ey M2 maRz
0, — TemnoBas HATPY3Ka;

R — IIeKTpHYECKOE COMPOTHBIICHNUE BETBH TEPMOIIEMEHTA;
W, — MOWIHOCTb NOTPEOJIEHUS «XOJIOIHOTO» KacKa/a;
T,,— Temneparypa TEIIONONIOIAIOLIETO CTIast;

T, — NMpOMeXKyTouHas TeMIIEpaTypa MEkKILy Kackaiamu;
kp— K03 QUUMEHT, yIUTHIBAIOIIHI BIIMSHUE IOHUKEHHOT

TeMIepaTypsbl.
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Benmuuna mpomexyToYHOM TeMIiepaTypsl 7, 3aBUCHT
oT pexxuMma padoTel TDY, OTHOIIEHUS KOIUYECTBA TEP-
MO3JIEMEHTOB B Kackajax U T. A.

g pacueta OCHOBHBIX IapaMeTPOB, BXOASALIUX B
BhIpakeHHe (2), C y4eTOM TeMIIepaTypHON 3aBUCUMOCTH
HEOOXO0IMMO OTIPEICIUTD PacIpeielieHue TeMIIEPaTyphbl
o KackajaM. B Tom cirydae, xorja koHCTpyKIust TOY
3a/laHa, He0OXOAMMO, B MEPBYIO O4Yepe/ib, OMPEIIEIUTh
€€ OXJIaKJAIoI1e BO3MOKHOCTH.

PaccMmoTpuM pexuM MakCHUMaJIbHOTO Nepernaja TeM-
nepatypel AT nByxkackaaHoro TOV u ompenenum
€ro MakCHMaJIbHbIE OXJIKIAIOIINE BO3MOKHOCTH.

[lepenan TemmepaTypsl Ha AByXKackKagHoMm TOY
MOJKHO 3aIlucarh B BUJE

AT =AT, +AT,=AT,,,0,+AT,.0 » (3)

[Tpu 5TOM 1OJIKHBI BBITIOJIHATHCS CIEAYIOLIUE YCIIO-
BUS (DYHKIIMOHHPOBAHUS KackagHoro TOY:

a) XOJIOJOMPOU3BOAUTEIBHOCTD ONPENEIACTCS «XO-
JIOJHBIM» KacKaJoM M, CJIEJ0BATECIbHO, MOXKHO 3alli-
cathb CIIE/lyIoNIEee BhIpaxkeHue s O, :
0,=2B,- B - —; (4)

nlZ R

0) 2IeKTpUYECKH MOCIEI0BATEIbHOE COCTUHEHUE

KacKaJoB IIPEIoaraeT paBeHCTBO TOKOB B KacKaJlax:

Blllmax =B (5)
B) YCJIOBHE TEIJIOBOT'O CONPSIKEHUSI KACKaZ0B MOXK-
HO 3amucaTh ¢ yuetoMm [4] B BUje

Imax

2I 2ma>;

lmaxR][2 B (l+ A-I-%max e ]) + Bi - e ]]
L= 0 (6)
I , 12 max
2max B l @J
2max 2max

Toraa u3 (3) mOIyYUM cIeyIoIIee COOTHOIICHUE JUIS
o0mIero nepenasa TeMIepaTypbl B 3aBUCMMOCTH OT B :

AT = a(ZA-Emax-I-ATZmaxQ_ g1(A Tlmax+ h T ma)<+

3
+ ATZmax 1maxC A TZmaxd (7)
— 1 2ATlmax
e a= )
y T
nz 2max Rz
nl Ilmax
0 2 0
b :I'l:F‘_A-I-J.ma><+2+VIlmaxE
y|:| TO 2max [J
zDA-rlmaX QO +y Ilmax%
VD To nlllmax 1 l2max O
d=%,
Y
d(AT)
s yCJ10BU W =0 MMOJIYYHM BBIPAXXCHUEC IJIsA

ONPEJIENIEHHs ONITMMAIIBHOTO OTHOCHTENIBHOTO TOKa B,
00ecTeunBaroOIIero MakCUMalbHBIN TIepernaji TeMIepaTy-
peL AT:

3BLZAT2 max@ ™ 2 Bl(A Timax® 1) T2ma>) +2A Timadt
+AT,,.,C=0. (8)
OcranbHble TapaMeTpbl TOY BeIMuUCIIseM 110 (hopMyTiam
|
B, =B " )

[Tomyuennoe 3HaveHne O, MO3BOIAET ONPEAEUTD NPO-
MEKYTOUHYIO TEMIIEPATypy 1’| U3 BHIPOKEHUS

2max

> 0,52,
a3arem T, U3 COOTHOLICHHS
) :LToz, ()
0,527,
TI€ Z,, Z, — TEPMOSJIEKTPHIECKast 3PPEKTUBHOCTH MO-

JUyJIeH.

Tounbie 3nadenust 7, u 7| MOXKHO HOJYYHUTD IyTEM
MOCTICIOBATEILHBIX PUOIMKCHUN ¢ YIeTOM TeMIlepa-
TYPHBIX 3aBUCHMOCTEH MTapaMeTPOB.

Pesynbrarhl pacueToB OCHOBHBIX MTaPaMETPOB JIBYX-
kackannoro TOY, paboraroutero B pexume AT, Juist
Pa3JIMYHOTO COOTHONICHUS KOJIMYECTBA TEPMOIIICMEH-
TOB B KackaJiax MpUBeJIcHBI B Tabauue. PacyeTsl npo-
Boqumuck npu 7=300 K, 0,=0, //s=10 (/, s — cooTseT-
CTBEHHO JUIMHA U IJIOMIA/b CEYEHHS BETBH), 71,=9

PacueTsl mokazanu, 4To C yMEHbBIIIEHHEM OTHOIICHUS
KOJIMYECTBA TEPMOIIIEMEHTOB B KacKasax n,/n, yBenu-
uuBarorcs sHauenns AT, B, B,, ©,, ©,, a Benmuuuna
MIPOMEXKYTOYHOM Temreparypbl yMeHbInaetcs. C yMeHb-
IIEHUEM OTHOIIEHHUS 71,/11, yBEIUIUBACTCSA M MHTEHCHUB-
HOCTb OTKa30B, IPUYEM HauuHas ¢ n,/n,<0,2 nabmrona-
eTCs ee pe3Koe BO3paCTaHHUe.

[IpuBeieHHBIE 3aBUCUMOCTH ITO3BOJISIFOT OIICHUTH Be-
JUYMHY UHTEHCUBHOCTH OTKa30B JIOOOH KOHCTPYKIUH
JByxKackagHoro TOVY mpu 3aJaHHOM KOJIUYECTBE TEp-
MODJIEMEHTOB 71, U 11, B pexume AT, .

Jlist onipesienieHus BEpOSITHOCTH 0€30TKa3HOM PadoThI
P nByxkackannoro TOVY Bocmonb3yeMcst U3BECTHBIM CO-
OTHOILIEHUEM, CBSI3aHHBIM C HHTEHCHBHOCTBIO OTKA30B U
pecypcowm t:

P =exp(Ast)= expEAanpt), (12)
TIe
B0, + G)(B + 2 ””a*@o
A
B: > AT 0 kT1+
)\Onl (l+ -I:I__maxel)Z
0
B3 (0, + C)(B, + 20 )
- ATy k- (13)
L+ = 2@,y
T

Ha pucynxke mipeicTaBieHbI 3aBUCHMOCTH HHTCHCHB-
HOCTH OTKa30B M BEPOSTHOCTH 0€30TKa3HOM pabOThI PH
pecypce =10* u nByxkackagHoro TDY 0T OTHOIIEHHUS
n,/n, 1S pa3IMYHOTO KONMYECTBA TEPMOIIEMEHTOB B
HepBOM KackKaJie.
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r.lll. )\ )\zv AT, }\Z
— - P 1 T K| Tomin K (C] (©) B B LA
n, Ay 10 1/a K 1 0 1 2 1 2 Agn,
1,0 1,067 32 0,99968 65,6 2787 2344 0,708 0,23 0,46 0,417 2,13 0,1185
0,67 3,3 9,91 0,999 76,3 269,7 223,7 0,824 0,35 0,58 0,54 2,58 0,367
0,50 6,89 20,68 0,9979 82,4 264,0 217,6 0,916 0,44 0,71 0,64 3,12 0,766
0,33 | 12,38 37,14 0,9963 88,4 255,4 211,6 0,947 | 0,581 0,77 0,71 3,31 1,375
0,20 | 27,48 82,25 0,9918 94,2 2483 205,8 0,984 0,72 0,87 0,8 3,7 3,05
0,10 | 66,67 200 0,98 98,4 2422 201,6 0,998 | 0,845 0,96 0,88 4,1 7,4
a As, 6) p
108 1/9
1
30 0,995
2
40
0,990 3
30
3
0,985
20 2
! 0,980
10 >
T T T = 0,975 T T T
0 0,2 0,4 0,6 n,/n, 0 0,2 0,4 0,6 0,8 n,/n,

3aBHCUMOCTh WHTCHCUBHOCTH OTKA30B (a) U BEPOSITHOCTH 0€30TKa3HOI paboThl (0) AByXKackaaHOro TOVY OT OTHOIIEHHS
KOJIMYECTBA TEPMOAJIEMEHTOB B Kackaaax rnpu 7=300 K, Q0=0, =10* u;
1—n=3;,2—n=9;3—n=27

371ech BH/HO, YTO HHTCHCHBHOCTD OTKA30B YBEIHUH-
BaeTCs, a BEPOSITHOCTh OE30TKa3HOH paboThl yMEHbIIIA-
€TCs TIPY YMEHBIIEHUH OTHOLIEHUS 1 /7., & TAKXKE C PO-
CTOM KOJIMYECTBA TEPMOIIEMECHTOB B «XOJIOIHOMY Kac-
Kaje.
kdd

Takxum 00pa3oM, IpeUIoKeHa U PaCCMOTPEHa MO-
JIeJIb B3aMMOCBSI3M TIOKa3aTelNeil HaJle)KHOCTH JIBYXKac-
kagHoro TDY 3a1aHHOM KOHCTPYKIMU C OCHOBHBIMH 3HA-
YUMBIMH ITApaMEeTPaMHU MIPH MOCICIOBATEILHOM JICKT-
PUYECKOM COCIMHEHHUH KacKaIoB. [1oryueHHbIe COOTHO-
IIEHNS TIO3BOJISIOT OLIEHUTH KaK OXJIAKIAFOIIIE BO3MOXK-
HOCTH, TaK ¥ [10Ka3aTeu HaJIeXKHOCTH (MHTEHCUBHOCTh
OTKa30B U BEPOATHOCTH O€30TKa3HOI paboTsl) TOY 3a-
JaHHON KOHCTPYKIMH, paboTatouiero B pexume AT,
C Y4eTOM OTHOIIEHHS KOJIMYECTBA TEPMOIIEMEHTOB B
KacKaJiax v TeMIepaTypHOI 3aBUCHMOCTH TapaMeTPOB.

[TpeoxkeHHBIN TTOAXOJ MO3BOJISIET TPOTHO3UPOBATH
TOKa3aTeNy HaIeXKHOCTH ABYyXKackagHoro TOY 3aman-
HOM KOHCTPYKIMM B Pa3INYHBIX YCIOBUAX IKCILTyaTa-

MU ¥ BECTU ONTHUMHU3UPOBAHHOE IPOEKTHpOBaHne POA
¢ ucrojab3oBanueM TOV.
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