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BBEIXEHHE

HenocpencrBennoe npeoGpa3oBaHue TeNJOBOH 3HepruH B
aJleKTpHUeCKyl0 0e3 TNpHMeHeHHsl COBPEMEHHBIX Te€HepaTopoOB,
TTOABHIKHBIE YACTH KOTOPBIX CPABHHUTENBHO CJIOXKHBI B H3rOTOB-
JIEHHH H CHalUHBaloTCs B padore, uMeJio Obl 3nayHTe/bHblE TIpe-
UMYLIEeCTBA.

Eue B 1822 r. 3eefek oOHapy»kuj, 4TO €CJH Harpesarthb
OJHMH Cnaif 3aMKHYTOH LEelH, COCTaBJeHHOH W3 ABYX pas/HYHBIX
METa/JIOB, TO 3TO BLI3OBET OTKJOHEHHE PACHOJIOXEeHHOI NoGJHH-
30CTH MarHuTHOR crpesku (¢ur. 1). SlBneHue 3710, HasBaHHOe
BIOCAEACTBHH TepPMO3JeKTpPHUYECKHM 3(p¢eKTOoM,
BBIIBHraJiy cHauyaja B KadeCTBe I0Kasa-

TEJAbCTBA BO3MOXKHOCTH HEMOCPEeACTBERHO- (1T~ =F]
ro nepexofia TenJoBOH 3HEpPruH B Mar-
HUTHYI0O H B TIOATBEPIKIEHHe MNpeAnoJo-
J)KeHHd, OyITO MoJle 3eMHOr0 MarHeTH3Ma

BhI3bIBaeTcss JeiicTBuem ByJkaHos. Onna-
KO BCKOpe OblIO AOKa3aHOo, 4YTO B LENH
¢ur. 1, HaswBaemMoli TepMomapoi, &

MIpH HarpeBaHHH OJHOFO H3 ee CHAaeB NpPoO-
TeKaeT cJalblil 3JIEKTPHUECKHH TOK, Mar- &ur. 1. OrrJoHeHue

HHTHOE TI0Ji€ KOTOPOTO H OTKJIOHSieT ~ MAarHHTHOH  CTpeskH,
pacnonoxexHoit BOAu-

CTpPeJIKY. 3H  OT Tepmonapel,
¥Yxe B 1831 . npu omeITax MO H3YY€-  onuy u3 cuzes KoTopoit
HHIO 3JIEKTPOJIH3a B KauecTBe HCTOYHHKA Harpet.

TOKa Gbila MPHMEHEeHa YCTAaHOBKA, B KOTO-
pofl 3. 4. c. moJyyajach 3a CueT HarpeBa ClaeB TepMOMap H3
MJIaTHHOBBIX M JKeJe3HbiX NMPOBOAHHMKOB. B Teuenne BrOpOi#l Mo-
JIOBHHBI MPOLWIOr0 BeKa OblJl CKOHCTPYHPOBAH LeJbI psan Tep-
MO3JIEKTPHUECKHX T'€HEPATOPOB, OCHOBAHHLIX HAa TOM JKe siBJie-
HHH, HO C HCHOJb30BaHHeM APYIHX MaTepHalIoB,
Tepmo3sekTpHYeCKHe IeHepaTopbl NPHMEHAJHCh B KaueCTBe
HCTOYHHKOB MHTaHHsl NpH J1aCOpaTOPHbIX HCCIEAOBAHHUSAX, OLHA-
KO JleJaJIHCh IOMNBITKH NPHMEHNATh HX TaKXXe H NI OPYFHX Iie-
neii. Tak, Hanpumep, B «[loutoBo-TenerpagHom JKypHaljie» 3a
1899 r. 6bwia momelleHa 3aMeTKa, B KOTOpOH FOBOPHJIOCH 00
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HCOOJb30BAHHH AJS NHTAHHA ABYX MaJOMOIUHKX |6-CBEYHHIX
3JIEKTPHYECKHX JlaMNIOYEK, TEPMO3JEKTPHUYECKOrO TeHepaTopa,
fipeacTapsBIIero Co60fA Meyb C ABOHHBIMH CTEHKaMH, B Mpo-
CTPAaHCTBE MEXAy KOTOPBIMH pa3Mellasioch O60JplIoe  YHTJO
TepMonap H3 HHMKeJS H CIJlaBa CyppMbl ¢ LHHKOM. HaunGosee
M3BECTHBIM TEPMO3JIEKTPHYECKUM TFeHepaTopoM TOro nepHoaa
fB/IA€TCsl paboTasulas Ha rase Gartapes [tosnbxepa, BhmycKas-
IIafCH NPOMBILINVIEHHOCTSIO M MCHOJb30BABLIAACH A 3apANKH
aKKymysaTopoB (cM. ¢ur. 12 ua crp. 37).

Besencrere oueHp HHM3KOrO K. 0. . BCeX CyLIECTBOBABLINX
TOraa KOHCTPYKUMil TEPMO3JIeKTPHYECKHX reHepatopos (amecs-
Thle JIO/IM TIPOLEHTa) HHTepec K HUM ocyabel], KaK TOJIbKO OhIH
H300peTeHbl HMEBIIHME 3HayMTesNbHO OoJiee BLICOKMH K. M. [
3JIEKTPOAHHAMUYECKHe [EHepaTophbl, KOTOpble M HCIHOJb3YIOTCS
C Hayasa BeKa A0 HaCTOALIero BpeMeHH B yCTaHOBKAax AJIS TO-
JyueHus 3JeKTpHueckoll suepruy u3 Temiosoil. Kosdduimenr
NOJE3HOr0 JAEHCTBHA COBPEMEHHBIX KpPYMHLIX 3JIEKTPOCTaHUHH
nocruraer 20—30%, a y cambix He3¢h(EKTHBHBIX MaJOMOLEHBIX
yCTaHOBOK cocTassifier npuMepHo 5% . Hackonbke 3koHOMuyHee
TaKlie YCTAaHOBKH TEpPMO3JIEKTPHYECKHX IeHepaTOpoB, BHIHO H3
TOro, 4TO MO pacyeTy, npousseneHHoMmy B 1922 r., croumocrts
37IEKTPO3Hepruu B ropogax Esponkl 6ulsia 8 37 pas HuMKe CTOH-
MOCTH KOJIHYEeCTBa rasa, KOTopoe HeoGXOAuMO BbIO Cxeyb JJis
HOJTydeHHs! TAKOTO 2Ke KOJIHYEeCTBa 3JEKTPOIHEPriuH pH MOMOLIH
TEPMO3JIEKTPHYECKOro reHepatopa, uMmesuiero K. m. a. 0,5%.

Jlenasich MONBITKY NMPHMEHEHHs] TEPMOIJIEKTPHYECKHX reHe-
paTopoB MJIST HCNOJb30BaHHS GECcrnosie3HO TepsIOILErocs Tela
OTXOAAILIMX Ta30B B Pa3/HYHBIX NPOMBILUIEHHBIX YCTZHOBKAX,
O[HAKO OHHM He [aJli CyUEeCcTBEHHbIX pe3ynbraros. Cudrasocs,
YTO TePMO3JIEKTPHYECKHE TeHepaTopbt Lie/ecoo6pasHo pHMe-
HATb JHUIb B KAYeCTBE MAJIGMOIUHBIX HCTOYHHKOB MHTAHHA MpPH
HEKOTOpbIX JadopaTopHbIX HccaenosaHuax. OcoGeHHO npHBJe-
Kajla BHHMaHHe HIes MHCMOJb30BaTh TepMonaphl AJs npespa-
LieHHs! SHepriH COJTHEWHBIX Jyueil B aJexkTpuyeckyio. B 1910 r.
6bl10 [aXke OPraHM30BaHO JJI8 3TOH UesJH aKiMOoHepHOe oflue-
CTBO, HO HHKaKHX TEeXHHYECKHX HaHHHIX O COOTBeTCTBYIOlleil
ycraHopke onyO/HKOBaHO Tak 4 He Oblio. Hackoneko mado-
3 (PeKTHBHBIMA OKa3bIBaJHCh TO[LA TEPMO3JEKTpHYECKHe IeHe-
paTophl, HCMOJB30BaBIIHE COJHEYHYIO 3HEPTHio, BHAHO H3 3KC-
NepUMEeHTaJbHEIX [aHHbIX, onyGaukoBaHHbix B 1922 r.: rene-
paTtop, cocrasierHbifi H3 105 MeIHO-KOHCTaHTaHOBBLIX TepMONap,
33 CYeT NOMVIOLIEHHS COJNHEUHBIX Jyuell, NaJaBlUINX HA OJAOLLAAb
105 c¢u?%, [paBan B 1NOJA€HL COJIHEYHOro JHA He Oolee
0,00061 61, npuyem ero K. n. A. cocrasnsi okoyo 0,008%. ITo-
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HSTHO, YTO MPaKTHYECKOI'0 3HAYEHHs TAKUe IeHepaTophl HMEeTh
HE MOTJIH.

C passuTHeM paJHOTEXHHKH MHTEPEC K TEPMOAJIEKTPHYECKHM
redepatopam pospoc. Mx cTpemmince necnosib3oBats B KayecTse
HCTOYHHKOB NUTAHMA AJ11 PALHONPHEMHHUKOB B HEINEKTPH(DHILIH-
poBaHHEIX MecTHOCTAX. B 1928 r. 8 craTbe, nomelleHHof B ra-
sere «bennora», Tl. O. Yeyur coobulan o paBore coGpaHHOro
HM TEPMO3JIEKTPHUECKOrO FeHepaTopa Ha JKese30-HHKEIHHOBBIX,
TepMonapax, HCTOYHHKOM Temda J/Is KOTOPOro C/JYXKHJa Kepo-
cuHoBasi ocseturenbHas Jamna., B 1937 r. A. I. Hsaxzeuko
B CTaThe, NOMeLLeHHol B ypHaJe «Pannodponr», Ne 13, peko-
MeHJI0BaJl CXOAHOTC THNA KOHCTPYKIHIO B KAuecTse paguoJioGH-
TEJBLCKOTO TEPMO3JIEKTPUYECKOro reHepatopa [JJst NMTaHUS lle-
neji Hakaja paglonpHeMHHUKE. )

Hosste cnnapbl, pa3paGoraHHbe B NOC/EAyIOlliee BpeMs H
OKaszasiudecs OoJiee YAOOHBIMH N1 HCOIOJAB30BaHHA B KayecTse
MaTepHasOB [JI TEPMO3JEKTPHYECKHX IeHepaTopos, NO3BOJH-
JI4 €034aTb obpas3lbl reHeparopos, pabOTABLIMX HAa KHIAKOM
ronyuse. Bec 3THX reneparopos cocrasiassn okoJio 1 ke Ha BatT
noJsiesHoifl MOLLHOCTH NPY K. M. A. NOPSiAKa HeCcAThIX gojefi mpo-
uexra. Bo BpeMs BTopoil MHPOBOK BOMiHBI TaKHe TEPMO3JEKTpHU-
yecKHe TeHepaTopPbl HCNCJb30BAJINCh B Kayecrse MEPeHOCHOro,
GecluyMHOro H Ha[leXXHOro HCTOYHHKA NHTAHHs BOEHHLIX pa-
JHOYCTAHOBOK.

B sureparype coofulajiocs TakkKe 0 CO3naHUH reHepaTOpoB,
oraasasumnx go 300 67 npu Hanpsaxenun 12 6 u 06 ycTaHOBKe,
napapwell 1o 90 6, oxHako npH K. n. 1. nopagka 0,2%.

B nocniennee BpeMsi CHOBa BO3HHK BOMPOC O BO3MOXHOCTH
HENOCPEACTBEHHO NpPeo6pa3oBLIBaTh TEMJOBYIO SHEPTHIO B J€K-
TPHUECKYIO B NPOMBILIEHHBIX Maclitabax, Tak K4k  yCnexH
¢$hH3MKH [03BOHIN NEepeliTH K TEOpEeTHYECKH 060CHOBAHHOM pas3-
paboTKe HOBBIX, Gosiee 3¢(¢eKTHBHLIX MAaTEpHa/OB ANS TEPMO-
37IeKTPHYECKHX reHeparopos. TakuMp MaTepHajiamMp SIBJASIIOTCA
HEKOTOphle CIJiasb! M MOJYNPOBOAHHKH, MPHMEHEHHe KOTOPLIX
a0 BO3MOXKHOCTb TO/JYYHTbL ONbiTHHIE ©0pasubl TepMmMonap
C K. 0. f. 80 5—7%. Ha ocHoBe npuMeHeHHsT TaKHX HOBBIX Tep-
Momnap Hallla NPOMBIILIIEHHOCTL BLIyCKaeT Tenepb TepMO3JeK-
Tpuyeckue reneparopsl Tuna TI'K-3, nmpenna3nayeHHde ang nu-
TaHus psAfa 6aTapelHblX MPHEMHHKOB 3a CYeT TelJla, OTHaBae-
moro 20-nuueiiHoB KepoCHHOBOH OCBeTHTENbHON J1aMnoil.

B cBsI3u ¢ nosiBneHueM HOBBIX BBICOKO3(QEKTHBHBIX TE€PMO-
nap CHOBA BO3HUK MHTEPEC K BO3MOXHOCTH IPAMOTO Npespalle-
HHUA C X TMOMOUIBIO COJHEYHOH 3SHEPrHH B SJIEKTPHUECKYIO.
OJKcrepUMeHTaNbHLIE TeHepaTop, CO3AaHHbIi B mocsefHHe ro-
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Jbl, naBaj 33 CYeT MONJIOLIEHHs COJIHEYHHIX Jiyuefl, ManaBUIHX
Ha nomans 360 cm?, no 0,175 er nosesnofi MOLIHOCTH, MpHYeM
ero K. m. n. cocrasias 0,59%.

1. TEPMO3JIEKTPHYECKHA 3®®PEKT

TepmoanexTpuueckuit sddhekr o6bACHSETCH CIEAYIOUHM 06-
pasoM: mnpu HarpesanHH ONHOrO KOHHA CTEPXHS H3 MeTasJa
HIH TMOJYNPOBOAHHKA, MEKAY ero ropsiyiM M XOJIOAHbIM KOH-
HaMH BO3HHKaeT Pa3HOCTh MOTEHIKAJOB, BeJHYHMHA KOTODOH H
8HaK MOTyT OblTb pasyuynbl. OyeBHOHO, YTO, COEJHHHB [iBa NpO-
BO/IHHKA, H3rOTOBJEHHBIX H3 PA3HBIX MATEPHAJIOB, B 3aMKHYTYIO
llellb # HarpeBasi TOUKY CO€IHHEHHsI MPO-
BOAHHKOB, 006pa3symolux TepMonapy
(¢ur. 2), monyyum B venwn 3. 4. c. (Tep-
MO-3. 1. C.), ONpefessieMyl0 pasHOCTAMH
NOTEHIHANOB, BO3HHKAOMIHX B HCNOJIb-
3yeMblX TPOBOAHHMKAX NPH HX HepaBHO-
MEpHOM Harpese.

Ecau, kak nokazano Ha ¢ur. 2, pas-

HOCTh MOTEHLHAJIOB MeXAY TOpsYHM H

XOJONHBIM KOHUAMH MPOBOJIHHKA 7y CO-

®ur. 2. Tepmonapa ms CTAB/ISET 2 m8, a IPOBOAHHKA ro=—=—3 M8,

IBYX nposoasmkos.  TO TEPMO-3. 4. C. B LlenH Tepmonapnt 6y-

Jetr 6/~2—{—3) =35 ue. Tok, BhI3LIBaAE-

MBI efo, 6yAeT poTeKath 8 HAlpABJIEHHH, YKa3aHHOM CTPeJIKOH.

B ciayuae xe, ecny pasHOCTb MOTEHUHAJAOB AJI NPOBOMHHKA 7y

cocrarnsier | M8, a IS NpoBoAHHMKa rp 4 M8, TepMo-3. O. C.

6yner e,~1-—4 =—3 M8 u TOK, BbI3BaHHBI{ €l0, Gyner Mpo-
TeKaTk B o6paTHOM HanpaBJ/eHHH,

BkaioueHHe B 1€ TepMOMapsl KakKHX-THO0 NMPOBOAHHKOB,
HanpuMmep TMpPOBCACB, KOTOPBLIMHA MPHCOEAMHEH TajlbBAHOMETP,
He OyAeT OKa3blBaTh BJAHSHHMS HA TEPMO-3. A. C., €CJIH TOYKH HX
MpPHCOEIHHEHHs] HMEIOT OJIHHAKOBYIO TeMmIleparypy; MpearnoJa-
raercst, uto 06a COENHHUTENBHBIX MPOBOAA CAENaHbl H3 OJHOTO
H TOTO XKe MarepHaJa.

TepMo-3. n. c., BO3HHKalollasi B TepMmonape, 3aBHCHT He
TOJILKO OT PA3HOCTH TeMIepaTyp ropsiuero H XOJOAHOTO CIlaeB
TepMONaphl, HO OGHYHO H OT aBCOJIIOTHOTO 3HAYEHHS STHX TeM-
ntepatyp. JlaHHele, MoJyueHHble HA OCHOBAHHH MHOTCUHCJIEHHBIX
H3MepeHH TepMO-3. H. C., pa3JHYHBIX TepMmornap, ymxoOHo npel-
CTaBUTh B BHAEe TabJUHH, B KOTOPOil MpPHBOIATCS 3HAYEHHS
TEpMO-3. A. C., Pa3BHBaeMOIl PA3JIHYHBIMH MATEPHAJNAMH B KOM-
6MHALMH C KaKUM-HHOYOb OIHHM H TEM e MaTepHaloM
(ratn. 1),




Tabanua 1
TepMo-9, [, €. pa3jMYHEIX TepMonap

TepMo-3. . €. npH L, =0(° C, u&
. %C Maatuna- | Mnatuna- | [aaruna- | (natudae- | (aatuda- | NaaTuse-
XpoMeab anoMens Meub Keneso | KoHCTaHTaM | Mauranuu
0 0 0 0 0 0 0

100 +2.81 | —1,29 | 40,76 | 41,80 | —3,51 | 40,61
200 45,96 | —2.17 | 41,83 | 43,54 | —7,45 | 41,55
300 4932 | —2,89 | 43,15 | +4.85 | —I11,71 | 4277
400 —+12,75 —3,64 | +4,68 45,88 —16,19 4,925
500 16,21 | —4.43 | 46,41 | 46,79 | —20.79 | 45,95
600 19,62 | —5,28 | +8,34 +7,80 —25,47 +7,84

700 22,96 | —6,18 | +10,49 | 49.12 | —30,18 —

800 26,23 | —7,08 | 412,84 | 410,86 | —34,86 —

900 29,41 —7,95 | +15,41 | 12,84 —39,45 —_

1000 | 32,52 | —8,79 | +18.20 | +14,30 | —43.92 —

B kayecTee Takoro ofulero s BCeX TepMonap JHAaHHOH
TabJHIE MaTepHaja, Ha3blBAEMOro HOPMAaJbHEIM 3JIEKTPOAOM,
NPHHATO 6paTh XHMHYECKH YHCTYIO MuaTHHY. B Taba. 1, cocras-
JIeHHOH HMEHHC TakKHM o0pa3oM, TpPHBeAEHH 3HaueHHSI TEPMO-
3. . C. HGKOTOPbIX META/JIOB H CIVIABOB, NMPHMEHSAEMLIX B 3JieK-
TpOTeXHHKe, B KOMOHHAIMH € YHCTOH NJATHHOA NpH TeMnepa-
Type XOJIOBHOrO cnas fr, pPaBHOi HyJio, H Pa3JIHYHBIX TeMIepa-
Typax ropsiuero crnas {,.

Uro6b! onpenennTs TepMo-3. A. C. TepMOTIaphl, COCTaB/IeHHOHR
H3 KakHX-HHOyZAb HBYX NpHBefeHHeIx B Tabsa. | marepHasos,
NPH HEKOTOpOH 3alaHHOH TeMnepaTtype HX ropsiyero crnas H
TeMIlepaType XOJIGRHOrO clasl, paBHOil HyJIo, CJelyer B3fiTh
Pa3HOCTh TepMO- 3. A. C., YKA3aHHEIX B TabJiHlle JJIsT 3THX Ma-
TEpHAaJIOB, pasBHBaeMBIX HMH NpH 3aJaHHOH Temmneparype rops-
yero crnas B KOMOHHAIHH € HOPMaJIbHBIM 3JIEKTPOIOM.

Tak, HanpuMmep, MOXXHO HallTH, YTC MpH TeMIepaType rops-
yero cnas £{,==300°C u xononuworo ¢,==0°C Tepmonapa
Meab — MaHranul nacr 3,15—2,77 = 0,38 ms, a TtepMonapa
MAaHTaHHH — KOHCTaHTaH TMpH Tex e Temnepatypax Jaact
2,77 —(—11,71)== 14,48 ms.

Ecmm tpebyercs ompenesnnTs, KaKyio TepMo-3. A. C. AacT
TepMonapa, XOJONHEI! KOHell KOTOpOH HMeeT TeMmmeparypy, oT-
JIMYHYIO OT HYJIsl, TO CJleAyeT HafTH, KakHe TepMO-3. A. C. OHa
JAacT TpH TeMIepaTtype XOJCOAHOTO Cchas, PAaBHOH HYJIO, H TeM-
nepatypax ropsiyero cnasi, paBHBIX AeHCTBHTEJNbHBIM TeMIepa-
TypaM €e ropsiuero ¥ XOJ0QHOIO CN&eB, U B3sATh PA3HOCTE MOK-

T



Oy ToJydYeHHBIMM 3HaueHMsiMH. Tak, Hanpumep, TepMonapa
MaHraHuH — KOHCTAHTaH TIpH TeMnepaType Topsiuero crasi
300° C u xonomnoro 100°C nmact 14,48 —[0,61 — (—3,51)] =
= 10,36 ms.

JpyruM, GoJee HarJsiaHBIM CIOCOGOM H306paXKEHHST Tex e
JaHHbIX O TEPMO-3. A. C., Pa3BHBAEMBIX Pa3NHYHBIMH TepMola-
pamH, SBJSIETCs NOCTPOSHHE TaK Ha3blBAEMbIX KPHBBIX «TepMO-
9JIEKTPHYECKOH CIOCOOHOCTH® Pas3/JHYHBIX MATEPHANOB,
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Qur. 3. Kpurne TepMoanekTpHueckod
CNOCOGHOCTH Pa3yIHYHEX MaTepHasnos.

Ha ¢wur. 3 npuBefeHyl Takve KpHBBIC, IOCTPOEHHble AJISl
psina MaTepHaJioB HA OCHOBAHHH AAHHBIX, MDHBOAHMBIX MHO-
ruMu aBTopaMd. KpHBble 3TH, NPAaKTHYECKH NPEACTaBJsIONHEe
coboil HaK/CHHbIE NpAMble, CTPOSITCA TaK, YTO TepMO-3. .. C.,
pasBHBaeMasi TepMoNapoll, COCTaBJEHHOH M3 KaKHX-HUOyAb
JBYX MaTepHAllOB, ONpeAessieTcs, KaK IJOoalb, 3aK/I0YeHHas
MeXJy OTpe3KaMH KPHBBIX TEPMO3JEKTPHUECKOH CcNoCOGHOCTH
3THX MAaTePHaJiOB M TNMEePNeHAHKY/spaMH, BOCCTAHOBJEHHLIMH K
OCH TeMIepaTyp B TOYKaX, COOTBETCTBYIOLIHX TeMneparypam ro-
psiverc M XOJOAHOro Claes TePMONaphL.

INonwsysicb rpagpukom ¢ur. 3, MOXKHO, Hanpumep, HaHTH,
YTQ TepmMo-3. /I, C. TEePMOMApH 2Keje30—KOHCTAHTaH NpH



TemnepaType Harperoro cnas f,==450°C u xososmnoro t, =
=>50°C pasna nnomaan ABCD:

ey =na. ABCD = A2 HEEL 450 _50)—55.400=

=22 000 mrs, nnu 22 ms.

Kpusble TepMOa1eKTpHYECKOH CrTOCOGHOCTH HEKOTOPLIX Mare-
pHuajioB nepecekaioTcss Mexay cobofi. Eciu oHH mepeceKkaiorcs
(dpur. 3) npu Temneparype, Jexalleil MeXAY TeMIepaTypamis
ropsiyerc U XoJOAHOro cra-

€B TePMOMNaphl, cOCTaBieH- *[¢ )

HOH H3 JaHHBIX MaTepHa- ¢ A

JIOB, TO TEPMO-3. A. C., pas- =7

pUBacMas rtepmonapos, Oy- 5 7 /ré/m
|

AeT paBHa pAa3HOCTH MJO- T L

wagei, 3aKJIOUEHHBIX MEH- 4

W nx nepeceacnns n mo- 2| | A AL

cie nHee. Hampumep, 3. . c. L -

TePMONAphl 30JI0TO—XKejie- o it o

30 OpH TeMmneparypax 275 N J r

n 50°C pasma pasHoctH ., ~ ¢

momaneit APQ u MNQ, 7 o 00 w0 400 S8

TaK 4YTO TIDH YB&JIMYEHUH  ur. 4. KpuBble H3MEHEHHS TepMO-

TeéMIepaTyphl rOpsiyeroc 3. A. €. B 3aBHCHMOCTH OT TeMIePaTypH

cnasi Boille 160°C Tepmo- ropsverc cnas NpuH TeMnepatype Xo-
9. 1. C. 3TO#l Tepmonapkl Gy-  TOAHOrO °“3”T2p,fon§;‘ * pasuunnx
oer yMeHbI.HaTbCﬁ. TaKoe 1 — maatHRa—Meab; 2 — MJIaTHHA — JXKEJIe30;

siBJleHHe HaOgaionaercs Y 3 — menb—mxeneso.
meJioro psifa Tepmonap.

Ha ¢ur. 4 npeacrasiens KpHBble U3MEHEHHs TEPMO-3, A. C.
Tpex TepMmolap B 3aBHCHMOCTH OT H3MEHEeHHsl TeMIIepaTyphl HX
ropsiyero cras NpH Temmnepatype XoJoaHoro cnasi, pasuoii 0° C.
H3 rpaduka BHAHO, YTO y TepMonapsl Meab — KeJe30 3. 4. C.
npu teMmneparype 540° C meHseT aHak. 310 sBJeHNe Ha3bIBaeT-
Ci HHBepcHell

C tepmoasniekrpuueckuM 3(deKkTomM TecHO CBsi3aH Mo CBOEH
npupone apgext Ilenvree. Ilporekanne 31eKTpHYECKOro TOKa
CONPOBOXKAAETCsl nepeHocom Tensa. Ecau nponycKath NOCTOSIH-
HBIH TOK OT BHELIHEro HCTOYHHKA yepes TepMmonapy (e Harpe-
Basi ee ClENHANbHO), TO TelJo OyneT NEePeHOCHTbCS OT OJHOTrO
H3 ee CrnaeB K JApyromy. TOK OT BHELIHero HCTOYHHKa, IIpoTe-
KaLHi yepe3 cllad B TOM 2Ke HaNpaBJeHHH, 94TO H TOK BO3HU-
KalomIkil, €CJH 3TOT cllafi HarpeBath, BbI3LIBAET OXJaxaeHHE
CTasi; TOK OT BHEUIHero HCTOYHHKE, NPOMNYINEHHEH] yepes TOT e
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crnait B MPCTHBONOJNOKHOM HarpaBJeHHH,
BEI30BET €ro JIOMOJIHUTEJNLHHIH HAarpes.
Ilpu paGore Tepmonapnl NpOTEKAKOLIHIT
No Heil TOK TaKxKe MepeHOCUT TEIVIO OT ee
Harpetoro crast K XoJoAHOMY.
OnelT, NO3BOTAUME 0CHAPYKUTH
dur. 5. Cxema onumra 2P¢ext IleabTee, cocTout B TOM, YTO NPH
KNS OGHAPYKeHls NPONYCKAHHKM TOKZ OT BHEIIHErc HCTOYHM-
spperra [lensToe. Ka uepe3 llenb, COCTABJEHHYIO, KAK 3TO
nokazaHo Ha ¢ur. 5, M3 ABYX OJHHAKO-
BBIX IIPOBOJHHMKOB f; M 2 M TPEThero NPOBOAHMKA f3 M3 APYro-
ro Marepuaja, TeMNepaTypsl Cnaes rils M r3fz OKa3blBAIOTCs He-
OJIHHAKOBbIMH,

S
el

2. KO3¢OHUHEHT NOJIE3HOro JAEHCTBHA TEPMOIAPLI

Jlasl olleHKH BO3MOXKHOCTeH, NPEe/JCTABJSEMBIX TEPMO3JIEK-
TPUYECKUM TeHEPaToOpoM, MpexKje BCero MHTEPECHO BHISICHUTH,
KakKoil K. II. . MOTyT HMeTh pa3jHyHele TepMOINaps B KayecTBe
npeoGpa3oBaTessl TEJIOBOH 3HEPrHH B 3JIEKTPUYECKYIO.

O6GosnauuM vyepe3 f, Temnepatrypy ropsiiero u uepes f
XOJIOJHOrO c¢riaeB TepMmoNapsl, BbIpakKeHHHE B rpajgycax
aBcoIOTHOH 1IKaJbl, & yepe3d e — cpegHee 3HAYyeHHE MpUpa-
uleHUst TepMo-3. A. €., pa3BuBaemMofl TepMonapoil npu mo-
BHILUEHUM TeMIepaTyps ee Tropsiuero cnas Ha [“C B uHTep-
‘Bajie OT t, 1o f,, BHIpaxeHHOE B BOJbTAX Ha rpaiyc; uepes
p; U py — YZHeJbHbl€ COTPOTHBJACHHUSI MaTEPHaJIOB, U3 KOTODBIX
COCTaBJEHBl TepMollapel, BLIPAXKEHHble B O MMZ[m; yepe3
%; H %, — YI€JbHble TEeNJONPOBOAHOCTH MATEPHAJOB TepMO-
napel, BHIDAXKEHHBIE B 8/ M/MmM2; yepe3 S H S, — IJollaau
ceyeHHs] TPOBOAHMKOB TepMonapbl, BLIPAXKEHHHE B MM
yepe3 [— JJIHHY INPOBOJHHKA TepMoNapbl, TIpHHHUMAEMYIO
ONMHAKOBOH Nns1 060HX NpPOBOJHHKOB M BHIDAXKEHHYIO B M;

yepe3 R — conpoTHBAeHue Harpysku B om. Torna conpoTus-
JleHHe TepMonaphbl

bl e

- S5 + Sq ’ (1)
a TemJoNpPOBOMHOCTh

oS %9 S

=np @

npuveM, Tak KaK yIenbHOE CONPOTHBJEHHE M TEMNNolPOBOJ-
HOCTh MaTepHaJsioB 3aBHCAT OT TeMOepaTypsl, KoTopas IpH
paGoTe TepMONapel CHJABHO H3MeHsieTcst 110 [JHHE [OoCJe[-
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He#t, To B popmynax (1) u (2) caeayer BCTaBiATh 3HAUEHUs
P1» P2, %) H ¥, COOTBETCTBywUlHME cCpejHell Temmepatype
NPOBOAHUKOB T€pPMONapbl, BIUUCJICHHOH N0 dopmyie

tz’_tx tz+tx

t=tx+ ) =9 . (3)
Tepymo-3. 1. c., pa3BuBaeMasi TepMonapoii:
e,=e(t,—1), 4)
TOK, NpoTeKawuuii B el TepMonaph:
r+R

M MOUIHOCTH, OTjaBaeMast IpH 3TOM Tepmonapoff B Ha-
rpy3Ky, BKJHOYEHHYIO BMECTO rajbBaHOMeTpa Ha ¢ur. 2;

ef R

Ilpu onnoM M ToOM e 3HayeHWW 3. A. C. e, HaHGOJbILAs

MOILIHOCTb B Harpy3ke BbljJieJnasieTcd, €CJAH COIIpOTHUBJICHHE

Harpysku R paBHO CONPOTHBJECHUIO TepMonapel r. MoOlHOCTH
sta 6yneT paBHa:

2
€f

Po——“?- (6)

IIpn stom B uenu tepmonapsl Gy/aeT pacxog0BaThHCH BABOE
60JplIas MOILHOCTH, MOJOBHHA KoTopodl Gyner 3aTpayu-
BaThCsl Ha HarpesaHue TepMoNnapsl:

e
2Py =5 .

CornacHo 3akoHaM TepMOAMHAMHKM Mpolecc npeo6pa3o-
BAHHUA TEMJa B 3JIEKTPHYECKYI0 3IHEPrHI0, CBA3aHHBIH C ero
NepeHocoM OT ropsiyero crnas, HMeowero Temneparypy f,,
K XOJIOAHOMY CIamo, HMelouleMy Temneparypy £,, HMeer

T,—T

K. I. 1., paBHBIl iT—i‘ rae temnepatypsl T BblpakeHbl B
2

rpagycax aGcooTHON 1IKajbl ¥ PaBHE COOTBETCTBYIOUIMM
TemnepatypaM B rpapycax Llenbcus 1°C + 273°. Cne-
AOBATENbHO, /5 MOJyYeHHsl 3JEKTPHYECKO# MowHOCTH 2P
B lend TepMonapsl B INOCJAEHIOID yepe3 Topsuud crail
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B €QUHULlY BPEMEHH NOJ/KHO MOCTYNATb KOJHUYECTBO TENJO-
BOH 3Hepruu, papHoe:

P.=——%— 2P, )

Kpome Ttoro, Tak xak npoBOIHHKH TepMonapn 06s1ajamoT
TenJONpOBOIHOCTHIO, uepe3 Hee Heu30eXHO NpOTeKaeT 3Ha-
4YyTeNbHOE KOJMYECTBO TeMJIOBOH 3Hepruu, He yuacTByome
B npouecce npeoGPa3oBaHusl TeNNOBOH SHEPrHH B 3J€KTpu-
YEeCKylo, UTO OCUYE€BHUJHO, TaK KaK 3TC TEenno IpPOTeKaeT H
yepe3 pa3OMKHYTYIO TepMonapy, B KOTOpoil HHUKakoro pac-
X013 3JMeKTPHUeCcKOH MOWHOCTH He mpoucxoaut. Koauue-
CTBO npoTekawlled TakuM o06Gpa3oM 3SHePruu onpejelserces
no ¢opmyJse

szx(tz—tx). 8)

KosdpuurveHr nosesnoro pneiicTBUS TepMOnapbl paBeH
OTHOILIEHUIO NOJIe3HOH 3JeKTpHUYeCKOH MOILHOCTH, BblAesIo-
uieficss B ee Harpyske, K KOJHUECTBY TeNJOBOH - SHEPruy,
nocrynampoueil B TepMollapy B eJHHHLY BpeMeHH uepes ee
ropsuud coai:

P,
= P, @)

U3 ¢opmya (6), (8) u (9) BHAHO, HUTO K. II. A. TepMmo-
napel TeM MeHbllle, ueMm OoJblie ee TemIoNpOBOAHOCTD,
a cnenosatesbho, P, u uyem 6oJblle ee CONPOTUBJEHHE,
T. €. 4yeM MeHbuie Py.

CyluecTByeT HEKOTOPOE HauBBITOAHCILIEe COOTHOUIEHHE
MeXJYy CeUeHHSAMH INIpPOBOJHUKOB TepMmonapel. OHO ompeze-

Jasierca GopMyJsioH
P Vf’_i_"ﬂ_ . (10)
K Sg Pa #y

Taxum obpa3oM, ecad 3ajaHbl TeMIepaTypbl TroOpsiuero
¥ XOJOJHOIO cnaeB Tepmomapsl {, u £, u BbHIGpaHW MmaTe-
.puHaibl ee NPOBOJHUKOB, TO MakCHMalbHBEIl K. II. 1. OHa
ZacT NpH coOJMONEeHUH ABYX yCJOBUi: paBeHCTBE CONPOTHB-
JIeHUS Harpy3KW R CONpOTHBJIEHWIO TepMonaphl r U HawBbl-
rojHeHieM COOTHOIUCHWH CeYUeHHil NPOBOAOB TepMOMapH s,
BuiOpaniom no ¢opmyae (10). Iloncrasnas B dopmyay (9)
3Havenusi Py, P, u P_u3 popmya (6), (7) u (8), a 3aTem
T, % H S, 7O (popMynaM (1), (2) u (10) moxHO noOJYUUTD
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dopmysy, ONpeAessiioHIYI0 MAKCHUMaJBHO BO3MOXHBIA Npu
YKa3aHHHX BHIIE YCJOBHSIX K. M. [. TEpMOMapnl B BHJE:

‘quaxc: Tz;Tx ) : ° (ll)
z 9 4(Vn * + |4 f2 %a)?
+ e:T
2
KaK BHAHO U3 3TOrO BbLIpaX<eHusa, Nare He 3aBUCHT OT AJHHBI

Tepmonaps! [ U ceueHUil ee NPOBOAHMKOB §; H Sy, KOTOpHE
TOJNBKO CBfI3aHbl MexJy coboit orHowenuem (10).

Cuutarb, YTO MakCHMajbHH K. I. A. TepMomapa Aaer
npu R =r, MOXHO JHIIb IPH YCNOBRHU, yTO P MHOI'0O MeHblle,
ueM P_(ecau P_611u3KO0 Mo BeJnuHHE K P, TO MaKCHMaJbHbIH

K. 0. 0. noayudtcas npd R>r). OaHako NpuU NMPaKkTHUECKH
NpUMEHSIEMBX B TepMOreHepaTOopax Temmepatypax f, v f, nad
BCEX W3BECTHBHIX B HacTosiee BpemMs Tepmonap P_ okasb-
BaeTCs BO MHOro pa3 MeHblie P, M NOTOMY AJS HHX
Briojiie npuroaHa ¢opmyna (11). Hackoavko Tounble pe-
3yJbTaTe NONyuawTcs Mno 3Toft opMyse, BHAHO H3 TOroO,
YTO BblUMCJIEHHOE N0 HEH 3HayeHue ,, ~ AJs TepMonaphl
XpoMeJib—KOHCTaHTaH Npu Temnepatypax £, =20°C u t,=
=320°C paeuserca 0,64°/, u npu ¢, =20°C u ¢,=530°C
paBusierca 0,96%, a nosyueHHble ONBITHLIM NYTEM 3HAuUEHUS
6ol coorercteenno 0,68 u 0,920/,

®dopmydia (11) nokasblBaeT, KakK 3aBUCUT MaKCHMAJbHBIH
K. I 1. TepMonapbl OT ee €, U 3HaUEHWH p H x MaTepuaJoB,

COCTaBJsIOINX TepMonapy, uTO NO3BOJIfeT CpaBHHBAaTh
DPHIOJHOCTL Ppa3AMUHBIX TepMonap [AJS NpPHMEHeHUs UX
B TepMO3JeKTPHUECKHX reHepaToOpax, a TakXe OGOCHOBAHHO
BHIOMpaTh MaTepuajbl 0Js1 COCTaBJeHUsl TakuX TepMomap.

3. KPATKHE ®HU3NYECKHE CBEREHHS
O PABOTE TEPMONAP

DJeKTPONPOBOAHOCTD, TEILIONPOBOJAHOCTE U BO3HHKAMILash B
MartepuaZe NPH €ro HarpeBe TEPMO-3. . C. TECHO CBS3aHBI CO
CTPYKTYpOil 3TOro MaTepualla H NOSTOMY O HEKOTOpOil cTenelH
1 Mexay coGoii. M3ayuenue sTHX cBf3efl npuBeJO K yCTaHOBJe-
HHIO Ba){HBIX KOJIMUECTBEHHBIX COOTHOLUEHHMHi, MO3BONAIOUINX
TEOPETHYECKH ONPENEJNUTh BO3MOXHOCTH NOJYUYeHHS BHICOKO-
3()(PEeKTUBHBIX TepMONap H3 Ppas/HYHBIX MaTepHasoOB.

B nacrosinee BpeMsi TepMO-3. 4. C., 3JIeKTPOIPOBOLHOCTB
H TeIUIONpPOBOAHOCTh TBEPALIX Tell OODBACHANTCA CHEAYIOUHM
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ofpasom. B Merannax BafleHTHEIE 3JEKTPOHE! MOTYT CBOGOAHO
nepemeilarecs Hanofobue Mosekya B rase. [lpu uarpesanuu
O/IHOr0 H3 KOHLIOB METAJUIHYCCKOTO CTEPIKHS 3TH CBOGOIHHE
3/IEKTPOHBI B HArpeToOM KOHue NpHOOperyT GOJbliue CKOPOCTH,
YeM 3JIeKTPOHBI B XOJIOJHOM KOHLE, H BCJIENCTBHE 3TOro GyAyT
nepexoIuTh K nocyentemy B 0OJblileM yucse, yeM B 00paTHOM
nanpas.’iesiu. TakuM o6pa3oM, Ha XOJOAHOM KOHIIE CTEPIKHS
KOHIIEHTPALUs 9JEKTPOHOB, a C1eJ0BATEJbHO, U OTPHIATEbHbIH
3aps1 OyIyT MOBBILIATLCS, IOKA CO31AHHOE OTPHIIATEJNBHEIM 3a-
PSIAOM 3JIEKTPHUYECKOE TI0Jle He OKaXKeTCsl NOCTaTOYHO GOJIBILHM
JJ1st TOro, 4toObl NIPOTHBONEHCTBOBATL JaJbHefllIeMy yBelnye-
HUIO Pa3HOCTH KOHLEHTpalMil.

Kpome cBOGOAHBIX 31EKTPOHOB, B M€Tajjlax HMeercs GOJb-
HI0€ KOJIHYECTBO 3JIEKTPOHOB, KOTOPHE He MOTYT TaK Jerko
nepemeriarbcsi. KBaHTOBOR MeXaHHKOH YCTA4HOBJIEHO, 4YTO B OT-
JENBHOM aToMe KarKAOro 3J1eMEHTa 3JI€KTPOHBL MOTYT HaXOJHUTh-
Csl JIHIUb B HEKOTOPEIX ONpEeJeHHBIX COCTOSHHSAX, XapaKTepH-
3yeMBIX 3allacOM IHEPTHH 3JIEKTPOHA, HJIH, Kak TrOBOPAT, 3aHH-
MaTb OTNpeNIeJICHHEIE SHePreTHYECKHE YPOBHH, MPHYEM HA OJHOM
SHEPreTHYeCKOM yPOBHE MOJKET OJHOBPEMEHHO HAXOIHTbCS HE
GoJiee ABYX 3.J€KTPOHOB.

Takum o6pasoM, ¢ 3aHHMaeMOro HM YPOBHSl 3JIEKTPOH MO-
KeT TIePeXONHTh JIHLIb Ha TAKOH ypoBeHb, Ha KOTOPDOM B JaH-
HEIf MOMEHT HaXOLHTCS MeHee OBYX 3JIGKTPOHOB, [IpHUYeM AIJI%
TOro, 4TOOBl Mepexol OCYIIECTBHJICS, 3JEKTPOH HOMMEH MOody-
YUTh OT BIHEIIHEr0 MCTOYHHKA (NpH mepexole na GoJee BBICC-
Kuil ypoBeHb) WK OTAATh €aM (TpH TNepexone Ha Gosee HH3KHE
yPOBEHb) KOJHMYECTBO JHEPrHH, paBHOe Pa3HOCTH 3IHEPruii co-
OTBETCTBYIOILHX yDPOBHEIl.

TIpu o6benuHeHHH N OJMHAKOBBIX aTOMOB B KpPHCTaATIYe-
CKYIO pellleTKy BMECTO KaJIOro M3 SHEPreTHYeCKHX ypOBHEH
oTHeJbHOr0 aroma ofpasyercs n ypOBHEH, oueHbp MaJso OTJH-
TAONHXCH N0 HEPIHH OT 3TOro YPOBHs. BajleHTHEe 3JEKTPOHHE
B MeTajllax MOryT JIerKo NepeMeliaTbCsi 6iarofapsi ToMy, YTO
B 4TOMax MeTaj1a Ha COOTBETCTBYIOLHX SHEPreTHYECKHX YPOR-
HSIX MMEeTCsi JIHLIb TIO OJHOMY 3JIEKTPOHY M NOTOMY TPH 06Db-
€/IMHERNH 71 TAKHX aTOMOB IOJy4aercs 7 CBOGONHBLIX MeCT Ha
pasJinyHBIX YPOBHSIX, BEeCbMa OJH3KHX MO XapaKTepU3yloweh
MX 3HEPrHU. DJIEKTPOHBI, HaXOASIUHECs B aTOMe BELIeCTBAa IO
JIBa Ha OTHOM YPOBHe, NpH OOBEIHHEHHH aTOMOB B KpHCTasLil-
YeCKyIo pelleTKy He MOTyT TaK JIErKO IePeMellaThCs, TaK Kak
BCe OMH3KHE K 3aHIMAaEeMOMY HMH YPOBHH 3aNOJIHENDLl; ITPC HUX
FOBODST, YTO OIH HAXOASTCH B 30HE 3alOJHEHHBIX YPOBHefi.

Ecan B Tene HeT cBOOONHBIX 3JIEKTPOHOB, T. €. B HeM BCe
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3J7IEKTPOHBI HAXOAATCH B 30HAX 3aNOJHEHHBIX YPOBHei, TO TAKOe
TEJIO0 fIBJIIETCS M30JIATOPOM, HE HPOBOASIIHM 3JEKTPHYECKOro
TOKa. Eciln 9Heprus TemnsoBoro ABHKEHHS 3JEKTPOHA B faHUOM
MarepHaje NOCTAaTOYHO BEJIHKA, YTOOH 3aMETHOE YHEJO HX Tie-
pelnio U3 34roJIHeHHBIX 30H B 30HY CBOGOAHOrO COCTOSIHHSI, TO
TaKoH Marepuasy Ha3eIBAIOT MNOJYNPOBOAHHKOM.

Taxum ofpasoM, Martepuaj, SBIASIOLIMIICS H30IATOPOM MpH
6oJlee HM3KOH TeMIeparype, NPH MOBLILEHUH TOCIeAHEH MOXKET
CTAHOBHTLCS MOJYNPOBOIHUKOM. B nprpone He GelBaer miaeab-
HO YUCTHIX KPHCTAJIOB; B HHMX BCErAa OKaswlBaercs Gosiblice
HJIH MeHbllee KoluyectBo npuMmecefi. AToMBI 3THX mnpumec2i
MOTYT HME€Th CBOOOIHEIE 3JEKTPOHBI HJIH 3aXBATHIBATH 3JEKTPO-
HH M3 aToMOB, 06pa3ylomux pelieTky Kpucrajia. Takuwe 3a-
XBayeHHHIE 3JIEKTPOHH OCBOGOXKAal0T 3aHHMAaBIUIHECST HMH pa-
Hee MeCTa Ha 3HepreTHYeCKHX YPOBHHX, TaK YTO B 3aTOJHEHHBIX
30Hax 06pasyloTCs TaK Ha3klBaeMble «ABPKu». [IpH narpeBaHuH
OIHOI'O KOHIIA CTEPXHH U3 IMOJIYIPOBOAHHKA, NMPHMECH B KOTO-
pOM 3aXBATBHIBAIOT SJIEKTPOHBI, ABIPKH, KaK NOKA3LIBAET OIILIT,
BeayT cebst MOAOGHO 3JEKTPOHAM, KaK Obl HMEKILHUM TOJ0XKH-
TeAbHHH 3apsil. VIX KOHUEHTpanHsi y Harperoro KoHUA TIOHH-
JKAEeTCs, & Y XOJOOHOrC YBEJIHUHBAETCS, M XOJOAHBIH KOHEI]
OKAa3bIBAETCS 3apPSIKEHHBIM MOJIOXKHTENBHO OTHOCHTEJLHO Harpe-
toro. Ilepemelenne ABIPOK NMPOHCXOAHMT B CYLIHOCTH 3a CyeT
3aNOAHEHHsT HX 3JEKTPOHAMHY, NEPEXONSIIHMH ¢ JPYTUX rHepre-
THYECKHX YPOBHeil, Ha KOTODBIX IIPH 3TOM OCBOGOKAAKOTCS Me-
cTa, T. €. 06pa3yloTcsi HOBble NHDPKH. B moJynpoBOAHHKAaX, B
KOTOPBIX 3a cyer TIpHMeceil HMeIoTCs CBOGOIHbIE 3JEKTPOHEHI,
TEPMO-3. 1. C. BO3HHKaeT TaKHM e o6pa3oM, KAK H B Me-
TaJsIax.

DJIEKTPOTIPOBOTHOCTE B METaJJlaXx OOGBACHSETCS NepemeLie-
HMeM Noj AeHCTBHEM 3JEKTPHYECKOro NOJsi CBOGOLHEIX 3J€K-
TPOHOR, @ B TIOJYIIPOBOAHHKAX MOXeT ObITh ofycJOBJEHA mepe-
MellleHHeM KaK CBOGOAHBIX 3JIEKTPOHOB, TaK H ABIpoK. Bo BTO-
pOM CIyyae ee Ha3HBAKT ABIPOYHON, a B MepeoM 3JeK-
TPOHHOI [POBOAHMOCTDBIO.

TenionpoBoANOCTL CBsi3aHa KaK ¢ Nepepadeil tenna cBoboa-
HEIMM 3JIEKTPOHAMH, NOBEJIE€HHE KOTODHX MOXOXKe Ha MOBEJEHHE
MOJIeKYJ rasa, Tak H C nepejgayefl TEMJIOBOro NBHIKEHHS OT OM-
HOro y3Jla KPUCTAJIMYeCKOl pelIeTKH K ADYroMy B BHAE KoJe-
GaHMi aTOMOB H MOJIEKYJ, 3aHHMAIOLHMX 3TH Y3JBL

Tak Kak OT KOHUEHTPaUHH CBOGONHEIX 3JEKTPOHOB M HX
[BHIKENHS] 3aBUCAT KaK 3JEKTPONPOBOLHOCTh, TAK H TEIJIONpO-
BOIHOCTb (HE CBA3aHHAS C KONMeOAHMSIMH MOJIEKyJs B y3Jax KpH-
CTaJIJINYeCKOH pelIeTKH), TO 3TH BeJHYHHBl CBSI3aHBl MEXAY
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coGofi. Jlasi MHOTHX MeTaJIOB, TEIJIONPOBOJHOCTL KOTOPHIX
MpakTHYECKH 32BHCHT TOJMBKO OT IBHXKEHHsi 3JIEKTPOHOB, CBSi3b
3ta 6BUIa YXKe JaBHO 0OHapyXKeHa ONBITHbIM MyTeM H dopmyaa,
ee BbipaXKalolllasi, H3BECTHA, KaK 3akoH Bunemana-Ppaniua:

pr=2,45-10"°T. (12)

Brocnencteun  kosdduiment 2,45- 108 61 BHUHCTEH
TaKXe HCXO[s U3 TeopeTHyecKHx coobpaxkenud. Jlast mosynpo-
BOJHHKOB 3TOT KO3Gh(}HIHMEHT HMEET HECKOJBKO HHYIO BEJIHYH-

HY H IJI1 HHX CBfI3b MEXKIYy TEMJONIPOBOAHOCTBIO H 3JEKTPO-
NpOBOAHOCTBIO HUMEET BHJL

px»=1,5-10"87 -+ %0,

rae x,—HesaBHcs{maﬂ OT TeMNepaTypbl BeJIUdHHaA, XapaKTe-

pH3yiollas TeMJoNPOBOJHOCTE, CBS3aHHYIO € KoJieGaHHsIMH
Yy3JI0B KpHCTAJ/IHYECKON pelleTKH.

4. MATEPHAJIbI TEPMOIIAP AJ1I TEPMO3JEKTPHUYECKHX
FEHEPATOPOB

YxKe B TeyeHHe HECKOJBKHX JIECATKOB JIET TEpMOMAaphbl NIH-
pOKO TIpHMEHSIIOTCA B MpHOopax JJIs H3MEpEHHs TeMmnepaTyphi,
TOKa, MHTEHCHBHOCTH COJIHeYHOi panuanud. B Hacrosiiee Bpe-
Ml XOpOLIO0 H3BECTHHI CBOHCTBa 1eJjoro psila Tepmornap. Heko-
TOpble THIIL TEPMOMap CTaHJapTH30BAHLI H BHIMYCKAKOTCH NPO-
MbIUUJIEHHOCTBIO. BOJIBIIHHCTBO M3 HHX COCTaBJIeHO U3 MeTaJlJloB
WJIH HX CIUIaBOB, SIBJISIOIINXCSl MPOBOIHHKAMH (2KeJjle3o0, Menlb,
IJaTHHA, KOHCTAHTaH u Jp.}.

B ta6n. 2 npuBeneHsl (pH3HYeCKHe XapaKTEpHCTHKH MaTe-
puajioB TepMonap. CoBeplleHHO OYEBHIHO, YTO NpPH KOHCTPYH-
pPOBaHHH TEPMO3IJIEKTPHYECKHX I'eHEPaTOPOB He MOTYT ObIThb HC-
MO/Mb30BAHLl H3MepHTE/bHElE TEPMOMaphl, B COCTAB KOTOPBIX
BXOJIAT TaKHe AOPOroCTOsIHe MeTaslIbl, KaK IJIaTHHA WJIH 30-
Joto. KpoMe Toro, Heo6X01HMO BBEISICHHTh, KAKOH K. . Jl. MOXKET
aTh Ta WM HHas TepMollapa, 4YTO OOLIYHO HE MpeaCTaBJsfeTcs
CyILI€CTBEHHBIM [IpH HCIOJb30BAHHH HX B H3MEDHTEJbHbIX [pPH-
6opax.

Tak kak npousBejeHHe yaeJbHOl TenJonpoBOAHOCTH Ha
yaesbpHoe COMpPOTHBIEHHE 1Js1 GOJIbIIMHCTBA MeTaJsjIoB H HX
CMJIaBOB PaBHAETCH WJH BecbMa GJIH3KO K BeJIHYHHE, olipene-
asemoii ¢opmysoit (12), To nis Hux, Gepst 3HaYECHHE P H %,

16



61% - - — | — |¢80'0{6S0°0] 66 | €0I |[Z‘901|G‘gTI| 98°9 * vt cEEEY]
0S¥ 1 09z 1 0001 | 6.°'0| 9,'0f €20 L'Of €3 | 03 81 (g'SI L'8 * v dranody
089 - - - - — |g00‘'0| — — {g‘o1 |¢e'8I ‘9 © vt cewaddp
- - - g5'0| 81'0] #1'0f T1'0| — - L 69 v13 © 0 vnHLer[]
ggp 1 0011 0001 | — £'0] 3'0| gl'0| 2'99| 28 gs | 69 | g8 Tt audiey
0801 003 05€ 660°0| 1200} ¥g0‘0|210'0| €28 | 68| #¥88| 168 6°8 © e+ s qUay
016 - - ge'o) 1g'0) 10| 120 — | — 9% 44 v'8 * *  HHHBJHEW
066 1 008 009 6v'0| 6v‘0| 6¥'0) 6v°0| ¥& | 0OF 92 | &3 6'8 ‘ * HRLHBIOHOY
00¥ 1 008 009 Se°0( gg'0| L1'0f 1°0f 9€ | &b 0S 89 8‘L © o+ ogalrd
- - - - | = |- g1y — | — [2'9 |98 8'6 © 0 adnong
059 - - — | — |#v0'0|zE0‘0| 0.3 | 0€5 | 603  Li6I| 1'% * * QUHRROILY
oSk 1 093 1 0001 - - — ge‘o| — - -] - q‘8 * o qUINOIrY
sAuve sanes
.:mmmwmsh ommmmmmwmg MMMNW_WM D 0008 | D 0005 [ D000l | Do 0 |Do00E | D002 | Dol | O o0 ,.uw% ventosen
-9doumnaL Do €dAL ®i W w0 01+ Do ghiiwog *aion  |FHIITL

-edunWa L sEHaravadl]

‘QRHILEHLOdLOD JOHIMIY L&

~vogoduoruas EBHAKIWL

7 BMHKOQ®R]

denondal dorendalen BELIHOHD JUHIIRHEHD

17

2 A. C. Beprwreftn



COOTBETCTBYWILHE CpEeAHEMY 3HAYEHHIO TeMIepaTypbl Tepmo-

t, 4t
nap _L%L, dopmyay (1l) MOXHO mpeacTaBHTL B BHAE:
T,—T, 1
Tomawe ™= — T, ° 196-108 7, § 7," (13)
2+T-—T—

2

Kak BuAHO H3 mocJenHero BhIpaKeHHs, K. II. . MeTaJ-
JIHYECKUX TepMoNap pacTeT C pPOCTOM TemmepaTypbl T,
OpHako BCJIEACTBHE CPAaBHHTEJIbHO HeGOJbLINX 3HaueHHl
Tepmo-3. A. ¢. (nuxke 80 mxg na 1°C) Merannueckux TepMo-
nap X X. f. fA. He npeswuyaer |—2°/ npu 3HaueHUsX TeMIle-

patypn! T,, He NpeBOCXOAAWIMX HaWGOJBLIYIO TeMIIEpaTypy,
IIpH KOTOpOH 3TH TepMoNapbl MOLYT AJAHTENLHO paboTaTe.

B rex cayyasx, Korga TenJionpoBOLHOCT, MeTajla OKasHl-
BaeTcsi Oosblle, yem 370 Creayer u3 ¢opmyan {12), 1. e. 3a-
MeTHbIM OGpa3oM CKaskBaeTCsi BJHSIHHe TEIVIONPOBOHOCTH,
O6YCJ/IOBJICHHON /IBHIXEHHEM Y3JI0B KDHCTAJAJHYEeCKOl pelleTKH,
noTok Gecrone3Ho NpoTeKalolllero MO TepMmollape TemJja BO3pa-
CTaeT U ee K. II. I. yMeHblIaeTca. HecMoTpa Ha HH3KWi K. 1. 4.,
TepMoONapbl XpOMeJb — KOHCTAHTaH, 2eJle30 — KOHCTaHTaH H
Me/[b — KOHCTAHTaH MPHMEHSNUCh B TEPMO3JIEKTPHYECKHX Te-
HepaTopax. BernefcTBHe AOCTYNHOCTH H GJarolpHSTHBIX TE€XHO-
JIOTHYECKHX XapaKTepHCTHK (IIPOYHOCTB, JIEFKOCTh COEAMHEHHs
crnaes) BXOOAUIHX B HX COCTaB MaTepuajop HMEHHO TaKoro
THIOA TepMollapbl MOryT OhiTh IpUMeHEHbl H B HaCTosilliee Bpe-
Ms1 paaHoJobuTesNeM, coGHpAIOUIUM TepMO3JEKTPHYECKU re-
Heparop.

OueBHAHO, 4TO AJA NOJydYeHHus Gosee BLICOKHMX K. IL A. Tep-
MO3JIEKTPHYECKOro reHepaTopa B HEM [OJKHBl INPHMEHATbCA
TepMollapel, Aalolile TepMo-3. A. C., npesocxoasuyw 100 mxe
una 1°C. Martepyanom AJns TaKHX TepMoNap MOTYT CJYXHTb
npexie BCEro pasjHyHbBle CIJIaBBl CYpbMbl, BHCMYTa, CeJeHa,
TeJulypuss H KpeMmuus. IlpaxkTuyeckuil HHTepec B HacToOfllee
BpeMsl NpelCTaBJsIoT CIIJaBbl HUHKa € CYypbMOH H BHCMyTa €
CypeMoOii.

Ewe B npounioMm BeKke B TEPMO3JIEKTPHYECKHX TeHeparopax
NpHMEHAJH CYypbMy H ee clnasbl. 3a nocJjejtee Bpems Obliu
pa3paboTaHbl CINaBEl CyPbMBL € BUCMYTOM H CYPbMbl C IIHHKOM,.
colleprKallli€ He3HayHTesbHble IPHMECU /IPYTHX 3JIEMEHTOB H
[03BOJIAIIOLIME COCTABIATh TepMONapH, TEPMO-3. HA. C. KOTOpPHIX
npespiuiaer nHoraa 300 mxke Ha 1°C.

B Ta6s. 3 npHBeneHb! JaHHble TPeX NpaKTHYeCKH HanboJee
LeHHBIX cljiaBop Taxkoro THna. Crnuiap npuMepHo H3 9 BECOBBIX
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yacTefi BucMyTa v 1 yacTu CypeMbl 0603HAueH «BHCMYT-HCyphb-
Ma», cOOrBeTCTBEHHO CI1ae Y3 J BecoBBIX yacreli BHcMyTa H
1 gacru cmecH CypeMBI ¢ 0JIOBOM O0O3HauyeH <«BHCMYT -+ Cypb-
Ma -~ 0J0BO», @ CILJIaB, COCTaBJIeHHBIl [0 BeCy NPHMEPHO U3
%/5 cyppMbl H /3 IMHKa ¢ He3HAYHTEJNBLHBIMH NPHMECSIMH OJIOBA,
cepeGpa H BHCMYTa, 0003HAYeH «CypPbMa -}~ IIHHK».

Tabanua 3
dusnyecKkne CBONCTBa HOBHIX MarepHalOR TepMonap
;’; YaeasHan Tensonpo- | Yaesasnoe conpo- | 4 &9
:E& BOIOHNOCTH THBJeHHe, e -
MaTepuant as 1. mjmm?-°C. 1070 OM- MMM ] :E
s . 2
=Y = au
> 8 60°c|1100(:]220°c eooc]iiooc]220°c &g
Buemyr4eypema . L[ 9,5 4,11 4,4 — 2 12,2 — 270
BucMyT-cypomat
OJOBO . . . .. .|9,4] 4, 5,4 — 12,35/ 2,4 — —
CyppMa-}umHk . . .| 6,8 | 2,1 1,81 1,719 22 | 24 —

B ta6n. 4 npHeeneHsl faHHble TepMoOlap, COCTaBJEHHBIX C
HCIIOJIb30BaHHEM 3THX cruiapoB. IIpuMeneHHe MX OrpaHHYeHO
CPABHHUTEJbHO HH3KHMH TOYKAMH IJIaBJeHHs BXOIAUWMX B HHX
37€EMEHTOB, He I03BOJFIOLHMH NPHMEHATh HX NpPH TeMIepary-
pax ropsiyero crnasi, npepocxeisiux 250—400° C. Kpome Toro,
OHH [OBOJIBHO XPYIKA (CIJaB BHCMYT -} cypbMa JierKo JOMaer-
csl IpH ceueHHH, MeHblleM 0,2 cm?, a cniaB cypbMa -+ OUHK,—
metbniem 0,8 cx?). Ontako, Kak BUAHO U3 TabJ. 5, 3TH HOBBIE
CIJIaBbl NO3BOJISAIOT HNOJYYHTh JaXke NPH OTHOCHTENBHO HH3KHUX
TeMllepaTypax 3HayHTeJBHO OOJbiLHE K. II. 1., Y4eM H3MEPUTEJIb-
Hble TepMollapel.

[IpenBapuresipHble MCOLITAHUS MOKAa3adH, YTO, KpoMe clJia-
BOB IIHHKa, CypbMbl H BHCMYTa, HEKOTOphle ApYyrHe MoJyInpo-
BOIHHKOBBE MaTepHaJbl TaKkxXe MOLYT IIPEACTaBIATL HHTEpeC
C TOYKH 3peHHsl HX HCIOJABL30BaHHS B TePMO3/IEKTPHYECKHX le-
nepatopax. [ NOJYNPOBOAHHMKOB XapaKTepHO IIOHIXKEHHE
yAeJdbHOFO CONMPOTHBJIERHS NpH BO3PACTAHHM TeMIlepaTyphl, of-
HAKO MPH 3TOM OOBLIYHO MOHHXKAETCS ¥ TePMO-3. J. C., TaK 41O
K. II. /l. COCTABJIEHHBIX U3 HHX TepMonap ¢ Bo3pacTaHueM pa6o-
yuxX TeMIeparyp CHajyala yBeJMYHBaeTCs, a 3aTeM HauWHaer
NOHUKAThCs. [10MyNPOBONKKKH B YHCTOM BHAe NPH KOMHATHOH
TeMlepaType WMET YIelbHOe CONDOTHBJAEHHe, OJH3Koe K
yIEJbHOMY COIPOTHBJEHHIO H30JASTOPOB, HO HeOOJbIIHE KOMH-
yecTBa MpuMecell CHHKAKT €r0 B HEKOTOPBIX clyyasix B 10°—
105 pas. Kostpdunuenr nosessoro AeHcTeHa TepMonapsl, co-
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cTaB/eHHOfl M3 CEPHHCTOTO CBHHIIA H CIJIABa LHHK -} cypbMa
npu pasnoctn temnepatyp 400° C, paspuBawoliell TeEpMO-3. 1. C.
300—400 mxs una 1°C, Momer Obte nopsinka 109%. Onnako
Jaxce B YCJIOBHsIX Ja6OpaTOPHHIX HCMBITaHHIl OT Hee yaalloch
NMOJIYYUTH K. M. A. BCcero Jums 7%, TaKk Kak He yaaaoch B O0-
CTaTOYHOH CTeleHH CHH3HTB MepexojHOe CONpOTHBJAEHHe rops-
yero crnas.

Ta6bnuna 4

Tepmo-9, A. C. TEPMONAp U3 HOBLIX MaTepHaJIOB B 3aBHCHMOCTH
oT t, npu £, =20° C

Tepmonapu 100 , 200 ‘ 420

Tepmo-3. a.c¢. e, u8

(BucmyT+ cypsMatonoso)—(BucMyT+Heypema) 10,6 23,4 —
(CypbMa-}UHHK) — KOHCTAHTAH . . « o . . 16,8 40,5 96
(CypbMa 4 UHHK) — (BUCMYT-+cypbMa) . . . . 19,2 48,9 —
(Tennyp+-cypbMma) — (BHCMYTJ-CypbMa) . . . 65 130 —

Ta6bauuna 5

MakcuMaiNbHLI K. N, A. B NPONICHTaX pa3JMYHLIX TE€pMonap B 3a-
BUCHMOCTH OT f, npH 1, =20° C

L, . °C
TepMonapu 120 I 220 ] 420 | 620

Kos¢duiuneHT nonesnoro AeficTBua, 9

Xpomenb — KOHCTaHTaH . . . . 0,16 0,37 0,83 1,22
JKeneso — KoucTaHtad . . . .| 0,22 0,33 0,59 0,87
Meab — KOHCTAHTAH . . . . . 0,11 0,3 0,54 —_
(CypbMa-1MHK) — KOHCTaHTaH 1,25 2,75 5,7 —
(Cypbma-t-umek) — (BHCMYT+

~+ecypoeMa) .. .. .. ... 1,55 3,65 — —

Iloucku Gosee s3dQeKTHBHBIX MaTepHasloB MOKa eile He na-
JIH XKeJaeMbiX pe3ysbTaToB. Bee u3secTHble MaTepHalsl TepMO-
nap, passusaomue 400—500 mxs va 1°C, npuronssle nns pa-
GoTol npu Temnepatypax nopsinka 700—900° C, o6HapyKuBaioT
HACTOJLKO CHJILHOE OTK/OHeHHe oT 3akoHa Bupemauna-®pasua,
YTO MO3BOJSIOT MOJYYHTh K. M. J. BCEro JIMILUbL HECKOJBKO MPO-
IIEHTOB.
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5. OBUIHE CBEAEHHA O TEPMO3JEKTPHYECKOM
FEHEPATOPE

Tepmosnexrpuyeckuii resepaTop COCTOHT M3 GJOKa TepMo-
Nap, JEKTpHYeCKH COENHHEHHBIX MeX1y coGol, HarpeBaTe.s,
ofecneynBaoliero NPHIOK Telja K HX [OpsiuHM CNasiM, W CH-
CTeMbl OXJakieHusi HX XOJOAHBIX cnaeB. CxeMaTHYECKH
YCTPOICTBO TEpMO3JEKTPHUECKOro reHepaTopa H3oOpaiKeHo Ha
¢ur. 6.

Yycao TepMollap B FeHepaTope CTpeMsiTCst OpaTh BO3MOMHO
MeHbLINM. COe[HHsisi HX BCe NOCJe10BaTelbHO. bosbiuoe uucao
COEMHEHHBIX  TNapaJJlelbHO-[0Cae0Ba-

TeJlbHO TEPMONAp HeXeaTeJlbHO H3-3a 4
yBeJIHUeHUsl YHCIa Claes, YCJIOXKHsioLle- 7
ro c6OpKy resepaTopa M yMEHbLUAIOLEro
HanexHocTs ero paborel. OpHako 0pH
HCNOMB30BaHHK [€HepaTopa [ilst HECKOJIb-
KHX Pa3fHuyHbIX BUAOB paboTel HHOCAA

1

1F

npelycMaTpHBaeTcs fepekJiouerne rpyni
TepMoOnap NapasLiefbsHo ApYr APYry.
TepmosnekTpuueckusl reHepaTop
0of6blyHO paboTaeT B OBYX OCHOBHBIX pe-
XKHMax: Ha NOCTOSIHHYIO [0 BeJHYHHE 8K-
THBHYIO HaIPY3KY M B KauecTBe HCTOYHH-
Ka NHTaHUs NPH 3apsilke aKKyMYJSTOp-

L

>4

@ur. 6. Cxematuveckoe

usobpaxenne ycrpoli-

CTB2 TEPMOIIEKTpHYE-
CKOro reHepaTopa.

TIT — Tepmonapu; K—Me.

TaNJBYeCKKe Kpbiba, NpH-
KpenneHHne K Tepmona-
paM OJR yBeJHYEHHS NJ0-
LAAH OXJaXKAeHHS  HX
XOJIOAHHX KOHUOB.

Heix Gatapeli. O6Lmi K. 1. 0. TepMO3JeK-
TPHYECKOTO TeHepaTopa, [OHHMaeMbid,
KakK OTHOLUElle TOJYyYeHHOH NOoJIe3HOH
MOLIHOCTH K KOJIHUECTBY TeNJOBOH 3IHep-
[HH, BBIOEIANLMIENCS B €IMHHIly BpeMeHH B pe3yJjbTaTe Cropa-
HUSI TOIJHBA, MOKHO INpeJCTABUTL B BHJE:

Moo = 1", (14)
rie 7,— Ko3(Q¢ulUHeHT, NOKa3HBaOWIKA, KaKas 4acThb Bbije-
JIHBUIEHCS TIPH FOPEHHH TEeIJIOBOH SHEPruH NPOXOAHT
yepes TepMollapsl;

7 —K. 0. . 670Ka TepMmomnap, IpeACTaBJsIOLINE co60H
OTHOLIEHHE NOJyYeHHOH 1oJie3HOR MOLLHOCTH K KOJIH-
YeCTBY TeIJIOBOR 3HepruH, npoxoisilelt B e AHHHLY

BpeMEHH 4epe3 TepMonaphl.
YcaoBusi, NpH KOTOPHIX 7, JOCTHTaeT CBOEro MaKcHuMalkb-
HOIL'O 3HAYEHHS ('qm“), 6bl1m paccmoTpensl B § 2. Ecum, xak

3TO HME€EeT MEeCTO B COBPEMEHHBIX TEPMO3JIEKTPHYECKHX reHe-
paTtopax, JHUb He3HayHTeJbHad YacTb TeNAOBON 3SHEpPTHH,
nporekawoouiedl yepes Tepmonapsl, npeofpasyercs B SJ€KTpH-
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YECKYIO, TO 7, NPAaKTHYECKH HE 3aBMCHT OT 3JEKTPHUYECKOH
CXeMbl COeIHHEHNS! TEPMONAp H Harpy3KH, TaK Kak B OCHOBHOM
onpejeNsieTCs He3aBUCSHIMM OT NOCHeAHHX MOTOKOM TerJa
yepes TepMoNnaphl, 06YCJAOBIHBAEMBIM HX TENJONPOBO HOCTHIO.

6. PABOTA TEPMO3NEKTPHYECKOro rEHEPATOPA
HA NMOCTOAHHYIO AKTHBHYIO HATPY3KY

Ha ¢ur. 7 nokaszara cxema BKJIOYEHHSI TepMOSJEKTpHYE-
CKOTO TFeHepaTtopa Ha NOCTONIHHYI0 MO BeJIMYHHE AKTHBHYIO Ha-
rpysxy. AKTHBHOH Harpy3xofl, ajis NIUTaHHUs KOTOPOH HCMOJb-
3yeTcs TEPMO3JIEKTPHUECKHIl TeliepaTop, 0ObIYHO SIBJSIOTCA LenH
Hakaja JaMn WK nepsuHuyHasg o6Morka BuGponpeobpasoBaTeds.
Ilpn 3ToM 3ajaHHBEIM OKa3bIBAGTCH HE TOJAbKO CONPOTHBJEHHE
R, Ho n mougrocts P, KOTOpast [OJXKHA B Hell pacxoaOBaThCH,
a ciaefoBaTesibHO HanpsikenHe U Ha Harpyske W ToK I, mporte-
Katolluit yepes Hee. Heo6xoaumoe unciao K tepmonap, kaxaas
M3 KOTOpHIX HMEET BHYTpEHHEe COTPOTHBJEHHE r U Pa3BHBAET
TEPMO-3. A. C. €,, HETPYAHO MOJCYHTATh, HCXOAS M3 BhHIpAXKEHHS
JuUist ToKa I, nanucanHoro ajs cxembl ¢ur. 7:

[t
7 T RAKr’

OoTKy4
I K=-1R___U_ ()

e,—lr e, —1Ir

(15)

N3 c¢opmyant (16) BuaHo, uTO ueM

MEHbUIE BHYTDEeHHee CONPOTHBJEHHE Tep-

Pur.7.Cxema BKIO-  Monap, TEM MeHblee YHCJO uX TpefyeTcs
YeHHsA TEPMOSJIEK-~ » ;

TphtecKoro renepa. A% TIONYHCHWS 33JaHHOH MOLLHOCTH, a

TOpa Ra akTueryi TaKXe, YTO TepMonapel, HMewue 7>

Rarpyary R >¥ , BoOOllE HE MOTYT ObITb HCNOJB30-
BaHbl B fgaHHOM cJjyyae. K3 Toro xe Bhipaxenus creayet,
YTO NP NMUTEHHH LEenel HaKaja YHCJO HEODXOAMMEBIX TEpMO-
nap GyxeT 3aBuceTh OT BbIGOpA CXeMBl COEAHHEHUs HHUTEH
HaKalla, KOTOpas OmpejiefifeT 3HAUYEHHE CONPOTHBJEHHS Ha-
rpysku R. [lnsa pannooOHTeNsi NPAKTHHYECKH MOXKeT OKa-
3aThCl HHTEDECHBIM BBISICHUTh, KaK BBHIFOJHEE COENHHHTH
Mexay cobGofi K TroTOBBIX TepMonap AJi1 NUTaHUSA oMnpeje-
JNEHHOH Harpys3KH, HanpHMep NpH HCMOJbL30BAHMH TepMmomnap,
NPUMEHSBILHXCS paHee [JIf NHTAHHS APYroH HarpyskH.
TepMosnekTpuyeckdil reHepaTop, pacCUHTaHHBIA AJiA MHTAa-
HUA NOCTOsHHOH Harpysku no ¢opmyne (16), ue Oyger,
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BOOSIIEe TOBUPH, OTAaBaTh B oTy Harpysky HaHGOJBLIYIO
NOJIe3HYy0 MOUIHOCTb, KOTOPYIO MOXKHO MOJYYHTh OT HEro.
Ecnn K TepMmonap, nuranou(MX aKTHBHYIO Harpysky R, coenu-

HETe B N napajnensHX Tpynn mo M= g TepMonap, coenu-

HEeHHbIX NOCJIENOBATEJBHO B KaXXAOH, TO TOK, NMPOTEKaIOULHH
gepe3 Harpysky, GyAeT:
Me, e, e
I= Mr— R r T NR r° (7)
R+ w+w *ktw
O6o3nauum uepe3 N, TO 3HayeHHe, NPH KOTOPOM 3HaMe-

HATeJb NOCJEIHEro BHIpaXieunst OYAET HUMETb HAHMEHbIuEe
3HaueHHe, 4 TOK 4epe3 Harpy3Ky HauboJbluee:

No= /% (18)

Henonesys ¢opmyar (17) u (18), HaxoauM, yTO MaKCHMalp-
Hasi MOU[HOCTb, KOTOPYK MOXHO TojyuuTe oT K Tepmonap,
6ynet:

e“R Ke}
NyR L\:) :Tr’ (19)
( KT N

P0=12R=

OTKYJla BH/JHO, YTO BEJHYHHA MAKCHUMAaJILHOH [OJIE3HOH MOLl-
HOCTH Py, KOTOPYI0 MOXKHO NOJNYYHTH OT TEPMO3JIEKTPUUYECKOr 0
reHeparopa, He 3aBHCHT OT Ha-
rpyskd, ecau ToJbko Ng no-
JIV4aeTCsl  paBHBIM  HEJIOMY
YHUCJTY.

Ha ¢ur. 8 nokasana cxema t:___':l l_—__—;]
BK/IIOUEHHS] TepMO3JIeKTpHue- B B0
CKOTO Tenepatopa, paboraro- ; N 1
I(ero Ha MEPBHUYHYIO OOMOTKY f 3 f l

BuGponpeobpasoratens. [ene-
patop AJds Takoil HarpyskH
MOXHO ¢ JOCTAaTOYHOM TOY-
HOCTBIO PaCCUMTaTh NG (PopMy-  @wur. 8. Cxema BKIIOUEHHS TEPMO-
JlaM AJSl TIOCTOSIHHOH aKTHB-  SJIEKTPHHECKOro renepatopa npau
Hofl Harpysku. TOk B wenw nuTanud  BubponpeobpasopaTeis.
NepBUYHOH OOMOTKH BHOpO-

npeo6pasoBaTe/li W HamnpskeHHEe, KOTOpOE  [OJKHO HAa
Hefl mamaTte AJg TOTO, 4yTOOH B LENH BTOPHUHOH OGMOTKH TIO-
Jydaqauch TpefyeMmbie HanpskeHWe U TOK, 3aBHCAT OT KOH-
CTPYKLMH BHOpPOTIpeoGpasoBareds H YKasblBaiolcss KaK ero Tex-
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HHYecKHe XapakrepHcTHKH. Tak, nHanpumep, subponpeobpasosa-
tesb Tena BII-1 naer Bo BTOpuuHoll wenu tok 10—12 ma upn
Hanpsxenud 110 8, notpebass B nepsuynoll uenu 0,33 @ npu
6 6. Koad¢puunent nonesnoro peficteusi BuGponpeoSpasosaTesst
OGhIYHO JIeXKHT B npeaenax 40—609.

MpuMep 1. CKOAbKO Kee30-KOHCTAHTAHOBLIX TepMonap AnuHof 5 cx
C CeyeHHeM KeJe3HOro upoBoaHuka 0,75 M2 K KOHCTaHTasoBoro 1 mm3,
paboTraiollHX npH TeMnepatype ropsyero cnas 340°C u xoJoaHoro
cnas 50° C, noTpebyercs N8 0OHTaHHs HUTefi HaKaja NATH JaMn, HMeK-
MUX HanpsakeHHe Haxana 1,2 6, u3 kotopelX TPR norpebasior no 0,075 a,
oana 005 a u ewe oaua 0,025 a?

[No naunbiM Taby. | (unTepnionsunedl) HaAXOAKM TepMO-3. A. C. XKeJe30-
KOHCTaHTaHOBOH Tepmounaph € = 18,76—2,7 = 16,06 m6. Tlo dopmyane (3)
olipeaessieM CPeAHIO0 TEMNEpaTypy TepMonaphl

340 4 50
t= ~g—— == 200° C.

INo naufniM Tabn. 2 npuHHMaeM yaeJbHOE CONDOTHBJEHWE XKeJe3a
upa 200°C paBuniM 0,25 oM - MM2/% B  COUPOTHBJEHHE KOHCTaHTaHa
0,5 om-mm2 M.

o ¢opmyrne (1) HaxoaUM COUPOTHBIIEHHE TEPMONAPHI

0,25 0,5
r= (T,??)_ + T) 0,05 == 0,04 om.

Tok, noTpebaseMuifi BCeMH JaMNaMH 0PH HX fNapajje’bHOM BKJHOUC! IH,
cocraeut 3-0,075 4 0,05+ 0,026 =03 a.
ITo ¢opmyne (16) naxonnm:

K =5516—0.3- 0,04 = 300-

[lpy napasnesbHOM COeNHHEHWH ABYX JaMi, MNOTpebasIOlHX [0
0,075 a, ¥ nocJefoBaTeNbHO € HHEMH TpeX OCTaJbHBLIX Jamir, TOXKeE CO-
eIMHEHHBX MeXAay cobGofi napannesnsHo, U =1,2-2=24 6; I =0,075-2 4
4+ 0,075 + 0,05 4 0,025 = 0,15 @ 1 no ¢opmyae (16)

24
K= G5o16—015 0,04

U, nakoHel, npH nocCle0BaTeJbHOM COeJMHEHHW Tpex JaMii, iorpes-

asomux no 0,075 g, ¥ napananesbHOTO cOeAHHEHHA ABYX OCTAJbHLIX JaMll

U=124=4886 I=0075a

= 240.

B
48
K = 5616 —0,075-0.04

TaknM o6pa3oM, NHTzZHHE HAKaNOB YKa3aHHbIX JIaMNl [IPH HAIBLITOR-
nefiurefi CXeMe HX BKJIIOUeHHH MOXHO oOOecrueynThb NPK [OMOLIH TeHepa-
TOpa, cocTaBneHHoro W3 240 TepMonap. MakcuManbHassh MOWHOCTh, KO-
TOPYIO MOXHO MOJIYUHTh OT TaKOro TeHepaTopa, ONpeAeJHTCs 00 dop-
myne (19):

= 369.

240.0,0163
Po="3.002

7. €. IPH NHTAHEX YKa3aHHBIX Jamn, OoTpebasioutnx 0,36 em, renepaTop
GyneT paboraTh IOYTH € oNTHMalpbHOR Harpyskofl.

2

== 0,384 em,



7. PABOTA TEPMO3JIEKTPHYECKOrO TEHEPATOPA
B KAYECTBE HCTOYHHKA NMHTAHHUS
NPH 3APANKE AKKYMVJISITOPA

INpe ucnonbzoBanuy TepMO3JEKTPHUECKOTO reHepaTtopa s
3apAAKH aKKyMYJsiTOpa CXEMa ero BKAYeHHs 6yleT HMeTh
BHJ, HzoOpaxenHufl HA ¢ur. 9. B stom ciyyae 3amaHBBIM fB-
JISIeTCsl TONBKO HAMpsiXK€HHE, PAa3BHBaeMOe reHepaTopoM, KOTO-
poe M0JXKHO 1IPEBHILATh Hamnps-

KeHre ua 3aXHUMax 3apsaXkKeH- | [ ]
HOIO akkKymyJsiTopa. Bennunny

3apaNIOr0 TOKa JKeJaTeJbHO Mo- ] ] =
JYUHTh BO3MOMHO GoOJibiuedl, H  S— [; ui
MOTOMY, €CJAH TepMOdjdeKTpHue- e =3 -
ckuil reHepaTop npefHasHayaeT- ] & d —g
cfl KaK nnsl paGoTel Ha MOCTOSIH- 1 |

HYIO AKTHBHYIO HATPY3Ky, TaK H @ur. 9. CxeMa BKJIOUEHHS Tep-
AN 3APSLIKH aKKYMY.4TOpa, BO3- Mos.‘ner.npnqecxoro redepartopa
HMKaer BOMNPOC O HAHUBLIroJHed- 1A 33PANKH aKKYMYJSTOp2.
iefl cxeme coefrHenus obpasylo-

LIMX ero TepMonap B 3Tom pexume paGorel. OueBHOHO, YTO 3a-
PSAHBIE TOK, NOCHIIaeMblil TeHepaTopoM, coctosiuium M3 N na-
pansensiblx Tpynn no M tepmonap B KaxaoH, B aKKyMYJsTOD,
Hanpsikenue Ha Kotopom U u BHyTpeHHee CONPOTHBIIEHHE KOTO-
poro r a Synert:

Me,—U N (Me,—U)

Mr T Mr
NT17a

[= (20)

TaK KaK BeJHYWHOHR r, (He NpeBOCXOAsuedl COTHIX poneh
. Mr

OMa) 10 CPaBHEHUIO C BEJIHYUHOMH i (umerolefi opAACK OMa),

MOXHO MpeHe6peus.
Hau6osbiiee 3HaueHme 3apsiAHOrO TOKa IMOJY4YHTCS MpH

My=" @1)
H
__k _ Ke
No= 3 =35 (22)

rne M, u- N, —Hauserofueiiliee yuc/a0 rpynm H TepMmonap
B rpynme.

M3 dopmyn (20)—(22) maxomuM, YTO MaKCHManbHBIHA

sapsafHbll TOK, KOTOPHIH MOXKeT ObITh MOJIyYeH OT JaHHOTO
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repMO3JIeKT PHUECKOTO reHepaTopa 3a CUeT BhIGOpa HauBHIIOf-
Heilmiell cxeMbl €ro BKJIOUEHHN, GyHeT:

Ke?

I,= Tr (23)

npuyeM, MOILHOCTb, OTHAaBae€Mas B aKKyMYyJATOp, COCTaBHT:
Ke?

P,= = - 24)

Ilpn ssavennsix No, He paBHBIX LeNOMYy YHCIy, YHCJO Napad-
JIeJIbHBIX Ipynn crleayer 6paTh paBHBIM GAmXKaHUIEMY LeIOMY
qHCTYy.

B mnponecce 3apsaku akkymyndtopa HampsDKeHHe Ha ero
3aXKHMax H3MeHfleTCs B HeKOTOphbIX mnpenenax. Ilpm  pacuere
TEPMO3JIEKTPHYECKOr0 reHepatopa B (POpPMYJibl clleiyer Mpo-
CTaBJsITb 3Ha4yenue U, KOTopO€e AepXXHTCsT Ha 34XXHMaxX akgy-
MyJIITOP& B Te€YeHHe HanOONbUIEro NPOMeXYTKa BPEMEHH.

Npumep 2, Onpeneants cxeMy BkJwueHuss 168 xpoMesb-KOHCTaH-
TAHOBLIX TEpMONap, pPa3BURAIOIUNX Kax[as TepMo-3. n. ¢ 0,0356 6 u
HMeWHKX conpoTHpieHHe 0,01 ox npy HCNONL3OBAHHM HX [JIA 3apAJKH

AKKYMVYJSITOpa, COraCHO 3apsifilHiblM KPHBBIM KOTOPOre GOABWIYID 4YacTb
ppeMenn sapsiaku U = 1,55 s.

INoactasnss nprBeleHHLE Bhlle AaHHe B Gopmyay (22), noayuaem:
168-0,0356
0= 21,55

Bui6upaeM N =2, M = 84. 3apsanuiit Tok npu 37ToM no dopmyae (20)
6yaer:

=1,9.

/ 2 (84-0,0356 — 1,55)
= 84.0,01

=3,43 a,

B TO BpEMSi KaK MNpH BKJIOYEHHHM BCeX TepPMONap NOCNeJO0BaTelbHO OH
paBHsiics Gbl
I 168-0,0356 — 1,55 959
= = a.
168-0,01 ’

Takum o6pasoM, BLIGOp NpaBHIBHOR CXeMEl BKJIIOYGHHS NO3BONAET
NOBHICUTb 3apAAHbiéi TOK Oonee ueM Ha 30% O CPAaBHEHHIO C TOKOM,
NONYYaKLWUMCs TPH NOCJEeA0BaTebHOM BRJIIGUEHHH TepMonap.

8. TEINIOBOH PE)XHM TEPMOJAJIEKTPHUECKOI'O TEHEPATOPA

[MosbuaTe 3HauYeHHs KO3(QPUUHEHTA 7, T. €. yBEJHUHBATD
JIOJII0 TenJa, BBIAEJSIOIErocst NpH rOPeHHH, MPOTEKAaULYIo
gepe3 TepMoNaps, MOXKHO HE TOJIbKO yBeJHYUBas YHCJIO TEPMO-
nap, Ho Tak¥Xe MyTeM cOoTBeTcTBYIOU[eIr0 BhIGOpa reoMer pH-
YeCKHX pa3MepoB nociensux. B § 2 npu BeBOge dopmyud,
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onpefeiIONIAX K. M. A. TepPMonapsl w H MAKCHMAaJbHYIO MOLLL-
HOCTb, OTAABaeMYIO l€HepaTOpOM, TEMINEpaTypLl cnaes £, U £,
fpHHMMAJHCh 3afaHHbIMK. B aelicTBHTENBHOCTH TEMNEpaTyphl
3TH 33BHCAT OT TeMNepaTtyp TopsuHX ra3os, 00O peBalollHX
ropsiye crnap TepMonap #, H OT TeMmepaTypw BO3AyXa HJH
JKHIAKOCTH, ofrekawmell HX XoJnoowole craup f,, a TaKixke
MaTEpHAJOB H TFeOMETpHUYECKHX pa3MepoB TepMonap, MJo-
mand, noaBepraloulefcs HarpeBaHHIO Yy TOpsAYNX Cnaes, H
MJIOIAH KPBLILEB OXJaNIEHHS.

B rTepMO3neKTpHYECKHX TeHepaTopax C K. M. A. MOpslKa
HeCKOJBbKHX NPOLEHTOB NOTOK TefJsa, 06ycJlOBJeHHHH TenJo-
npoBoAHOCTBIO Tepmonap P, no menbwell Mepe B 6 pas
TpEBOCXOJHT KOJHYECTBO TemJa P_, y4yaCTBYIOUlEro B mpo-
uecce npeo6pa3oBaHusl TEIJIOBOH 3HEPrHH B 3JIEKTDHYECKYIO,
H MOTOMY MOCJE€AHHM TIPH OpPHEHTHPOBOYHBLIX IOACYETax
MOXHO MpeHebpeyb.

[Tyt noroka tenna P MOXHO npeacTaBHTb cefe B BHAE
MOCNEeA0BAaTENLHOTO COE/IHHEHHS TPeX TEMJOBLIX COMPOTHB-

JIEHHH: nepBoro — Ipu fiepexope TernJsaa OT ras3oB K rops-

a,s,

1
ueMy KOHILly TepMoNaphl, BTOPOro — —IpH Mepexofe Tenna

o 1
Mo CaMOH TepMOMNape U TPeThero —a——S—'—HpH epexone remnda
x°x

OT XOJIOAHOTO KOHIA TepMOMnapbl B OKPYXAWILYK Ccpeay.
3mece s, M S —IUIOIIAAH CONMPHKOCHOBEHHl TOpAYEro H
XOJIOAHOTO craeB TepMollap ¢ Harpesatolieil ¥ oxJsaxpawourei
cpenaMH, BHpaXeHnble B muM2, @, H @, — COOTBETCTBYIOLINE
Ko3bQHUHEHTE! TenJonepenauu, npeactasisioline coboll Ko-
JIHYeCTBO TeNnJIoBol 3Hepruu B ém, nporekawuiel yepes 1 mu?
TOBEPXHOCTH [IpH Pa3HOCTH TeMmepatyp 3TOH NOBEPXHOCTH
u okpyxamwueit cpeasl B 1°C, a x— TeNnJonpoBOAHOCTb
TepMOnapel, onpejensemas 1o ¢dopmyae (2).

Ha 3t# TeruioBrle conpoTHBIEHHs Bo3AeHCTByeT pa3HOCTD
Temnepatyp # —#,. [logoGHO 3JeKTpHUECKHM HanpsiXKeHHSIM
B Lleny nepefajbl TeMnepaTyp Ha OT AeJIbHBIX yuacTKax OyAyT
OpH 3TOM pacnpegessiTbCsl NPOMOPIHOHANLHO TENJOBBIM
COIIPOTHBJIEHHSIM 3THX YYacTKOB H, CJeHOBaTeJbHO,

iy —t 1 ty—t,
R s i nt et
7+a2s2+axsx l+§T
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rae [ — ANMHA TPOBOJHWKA TEPMOMNapH, NpHHMMaeMas OJH-
HAKOBOH AJis 06OMX MPOBOLHMKOB;

S, — CeueHue OJHOTO H3 HHX (BBIGPAHHOIO INPOHM3BOJbLHO)

i~ () e

Kosddunuuent § BeejeH TOJBKO aas Gosee KpaTkofl sanncu
¢opmya.

He BuBons dopMynbl afig nolHoro K. n. JA. TepMo3Jek-
TPHUECKOrO FEeHepaTopa 7z, = %1, PACCMOTPHM NMPaKTHUECKH

BAXKHYIO 3aBHCHMOCTb MAKCHMAaJNbHOH MOIIHOCTH, OT 1aBaeMoll
FeHepaToOpOM, OT COOTHOLIEHHS FeOMeTpHuecKHX pa3MepoB
TepMonap, KPblIb€B OXJAXKAEHHS W MJACTHH Y TOPAUNX Craes,
C YYeTOM TOr0, 4YTO 3aJaHHBIMH SBJSIOTCS TEMIeP.TYPhI
FOpAYHX Tas0B ¢} M OXJaXAAKWLlero Bo3AyXa HIH BOAW fy.
Gopmyna (19) naer BesuuuHy HauGonbied MOJe3HOH MoLL-
HOCTH, KOTOPYIO MOXHO NOJYYHTL OT TePMO3JIeKTPHUECKOro
reHepaTopa, COCTABJEHHOTO H3 TepMonap, pas’BHBaIOUIMX
TEpMO-3. M. C. €, H HMEIOUHX conpoTusieHne . HMamenss
COOTHOLIeHHe MeXAY JUIHHOH MPOBOAHUKOB TepPMONap M HX
CeuyeHHeM, MOXHO B H3BECTHHIX MNpeaenax U3MeHHTb e, B r
TepMonap, a clefoBaTesbHO, B MOMHOCTh, KOTOPYIO MOXeT
oTAaBaTh resepatop. ITa MOIIHOCTb, KakK BHAHO M3 (hop-
mysn (19) 6ynet TeM Gonbie, uem GoJiblile €, 1 YeM MeHbIle 7.

B ceow ouepenn e, Tem Gonblle, yem GoJiblie pasHOCTb
TeMIepaTyp ropayero u XoJOAHOr o cnaes TepMonaps {,—i¢,,
Kak 510 BnaHo u3 Gopmyasl (4). Ilpn 3anarHbIX TeMnepa-
TYpax /) 1 {; M NNOMALAX KPbJIbeB OXJaXKaeHHs S, 1 NJIacTHH
y TOpAuMX KOHUOB TepMomap s, pasHocTb f,—¢ (25), a cJje-
NOBATEJILHO, H BENHUUHA e, 6ynyr Tem GoJblue, yeMm Gosblle

OTHOIICHWE IOJHHDBl IIPOBOAHHUKOB TepMonaphl K HX CEUeHHaM,
nprHueM IO Mepe YyBeJHUYEeHHs 3TOrCO OTHOLICHUSA e, cHauaJa

pacteT GHICTpO, a 3aTeM Bce MefJjeHHee W MenJeHHee. Tak
KaK, C [pyrofi CTOpOHH, NpH yBelNHYeHHUH OTHOLIEHHS AJMHBI
MpOBOAHUKOB TepMONaphn K HX CeuYyeHHsIM YyBeJiduHBaercs
CONpOTHBJNEHHE TepMONap, TO, OUEBHAHO, MOJIKHO cCylle-
CTBOBaTh HaMBHIOJHelllllee COOTHOLIEHWEe MeXAy AJHHON H
CeyeHHeM MNpPOBOAHHKOB, NPH KOTOPOM TEepMO3JIeKTpHUECKHH
reHepaTop MoXeT OTAABATH HAKOOJbIIYID MOLIHOCTb.
Hausnropueiiee cooTHowenue AJHHS [1POBOAHHKOB
TepMoOnap K HX CeueHHsM, NPH KOTOPOM BeanuuHa Py, onpe-

a8

H




naensiemasi dopmysoft (19), 6yner nMerb HanGoJibiuee 3Haye-
HHe, OlpefelisieTcs YCJOBHEM

1
IMoacranoska (27) B (25) nMokasuBaer, YTO MPH BHINOJHEHHH
3TOFO yCJIOBHA PAa3HOCTh TEMNEPATyp Craes TepMONape pasHa
MOJIOBHHE DA3HOCTH TEMINepaTyp OOTEKAUHX HX TOpSYHX
H XOJIOJHHX T[a30B.

N3 dopmyn (26) u (27) BUAHO, YTO NpPH yBeNHUEHHH IJIO-
wanell KpblibeB H MJACTHH S, H S, YMEHbIIAETCs BeJIMUKHA
HaMBHIrOAHEAINEro OTHOWEeHHs MJHHW K CedeHHIO. Tak Kak
NpH 3TOM YMEHbIIATCS COTNPOTHBJEHHE TepMOnape, a pas-
HOCTDb TeMIepaTyp Ha ee KOHLAX, a CJeOBaTEeNbLHO, ! €, OCTa-
HYTCSl NPEXHUMH, TO OT Hee MOXHO OyAeT NMOJYYHTE COOT-
BETCTBEHHO OOJbBLIYIO MOJE3HYI0 MOIIHOCTD.

Bo Bcex npHBeneHHBIX Bhille COOGpaKeHHSIX Mpeanosara-
Jocb, YTO TeMIepaTypbl rasoB #, W {, 3a4aHE HE3aBHCHMO
OT TOTO, KakKoBa TeIIONPOBOAHOCTh Tepmonapul. [Ilpn
NOCTATOYHO GOJBIUEX MJIOLIAAAX S, B S, HAUBHIIOAHEALINMH

OKAXYTCsl corjacHo ychosHio (27) pasmepbl TepMomaphi,
COOTBETCTBYIOLLHE HACTOJBKO GOJBLION ee TerIonpoBol-
HOCTH, 4YTO MOTOK Telua uepe3 TepMonapy OyneT 3aMeTHO
NOHHKATE TEMNEpPaTypy #; M NOBHWATL f,. Takoil BmGop
pasMepoB TEPMONApP MOXET IIPHBECTH yXKe He K yBeHUeHHIO,
a K YMEHbLIEHHIO OTaaBaeMoll elo nojie3HoH MOLIHOCTH.

Ecnm kak ropsude, TAK M XOJOAHBE CHad TepMONap
HaXOAfATCA B ONMHAKOBOH cpefie (ra3oobpa3Hoil R XKUAKOIL),
TO C AOCTATOYHO AN8 pacueTa TOUHOCTHIO MOXKHO NPHHUMATD
a,=a,—a. llpn Temneparype Bozayxa okojo 20°C u Tem-

nepatType OxJaKaaluux kpbiibeB mopaaka 50°C stor ko3d-
GHUMEeHT TenJjonepenaun a cocrasiser npaMepHo 20—+
40-10-¢ ¢m mm2°C. Kosdduunestsl Tenjonepenaun a aas
Tekyiulell Bonbl kKoJebmorcs B npepenax ot 230-107% po
2300.10-¢ gmiun2°C,

Ilas ysenuueHus nuollaAN Harpepa ropsiunie KOHILE TepMO-
nap MOXHO YTOJIUATh, YAJIHHATL WK NPHKPENJISTh K HUM ILia-
CTHHBI H3 MeTajlla ¢ BHICOKOH TemJonpoBoAHOCTbI0. KoHiu npo-
BOAHUKOB TePMOMNapPhl MOXHO NPH 3TOM He COEAHHATH MEXIY,
co60ii HeNOCPeACTBEHHQ, €C/AH MeTaJl NJACTHHBI ABASETCR TaK-
¥e xopouwum mposonHukoM. Kak yxe rosopuiiock B § 1, Tpe-
THH MeTanj, BKJIOYEHHBII B TE€pPMONApy TaK, YTO MeCTa ero
COEJNHEHUsI C POBOAHMKAMH TE€PMONAPH HAXONATCA [pPH ORH-
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HAaKOBO#l Temneparype, He Gyler BAMATL Ha TEPMO-3. M. C. Tep-
MOMaphl.

Ha ¢ur. 10 nokasano coenuHerne npoOBOJHHKOB TEpMOMNapHI,
OpHMeHsBlIeHCS B OAHOM H3 THIOB TEPMO3JEKTPHYECKHX reHe-
patopoB. 3Jeck NPOBCAHMKH, COCTABJSIOIIHE TepMOnapy, BHI-
MIONHeHB B BHAE TPYOOK, COENHHEHHBIX Mexay co6oit 1maiGoil
U3 TPETbEro MeTasJia, BHYTPH KOTOPHIX TOPHT ras.
MoxHO Takxe ucnosb30BaTh OOUIyK nJsd psiaad
TEepMONAap MJACTHHY, HO B 3TOM CJyuae Mexay
HEI0 H TepMOHapaMH JOJKHEl GHITH MOMeIleHbl
| H30NSIHUOHHbIE NPOKJIAAKH AJis TOTO, 4TOOH! Topsi-
yue craW TepMomap He OKa3asiuCh 3aMKHYTHIMH
Mexay coboil 3JieKTpHUECKH.

Temnepatypa {; s pasiHuYHBIX THIOB rope-
JIOK MOKeT KojnebaTtbcs B mpejelax NMpPHMEPHO OT
300 no 1200° C.

JlI8 NOBBIUEHHS OXJIaX/AE€HUR K XOJCAHBIM
CMasiM MOXHO TPHKPEIUIATh 3HAYHTE/r{O 661b-
1IHe MeTaJJIM4ecKHe NJACTHHBI, 4YeM K rOpsuHM,

Qur. 10, TAK KaK B ITOM Cllydyae He MPHXOAMTCS CUHTATH-

Tepmonapa, Cf C HEOGXONHMOCTBIO pasmellaTh BCe ropsiune
cocraBfieHHas CMAaH HO BO3MOXKHOCTH GAHXe K HCTOYHHKY Tell-
u3 ABYX Tpy0 ja, [Ipukpensiennble K XOJIOAHBIM CllasiM MJacTi-
(*g}’,’;‘:;g 2 HBl M3 MeTajla ¢ XOpOLUel TernJonpoBOAHOCTBIO
pepxpell us (2MOMHMHUIT WIH mMenpb), HasblBaeMble KpLLIbSMH,
HeitangbGepa), JIOMACTAMH HAM pebpamy, B3HAYHTENIbHO YCHJH-
COEAUHEHHBIX gaJOT OXJIaXKAEeHHEe OKPYKAaKIUHM HX BO3JyXOM

e TyTeM KompeKumu. Bonsinoe oxMaxjenue BecbMa

BHYTPH s(ppexTunHo Onarojgaps BBICOKOMY Koa(pdunuen-

KoTopoli Ty TemJofepefayH, KOTOPHIY NMpu 3TOM nosy4aeT-

rOpuT ras. cg, OJHAKO YCTPOHCTBO €ro CBA32HO C PAAOM

TpYAHOCTEH.

Tennosolt pexum TEPMO3JEKTPHYECKOTO TeHeparopa, npea-
Ha3HA4YEHHOro AJIS Npeo6pa3cBaHHs 3HEPTHH COJAHEYHBIX Jyyelt
B 3JIEKTPHYECKYIO, HMEET HEKOTOpble OCOOEHHOCTH.

Ilpexcpe BCero B 3TOM cay4ae 3a71aHHOHA SBJSAETCS HE TEM-
nepatypa f; ropsuyerc cnasi, a NOTOK 3Hepru# A, , nagarouui
Ha MeTaNJMyecKylo NJacTHHY, COEAHHEHHYI0 C TOPSUHM CHaeM.
Takne nnacTuibl OGHIYHO Pa3MeIlAlOT B MJIOCKOM 3aCTeKJIEHHOM
silKKe, Ha3plsaeMOM KOJneKTopoM. [lotok 3sneprun passer-
BJSIETCA HA JBAa, NMEPBLIH U3 KOTOPHIX Gyaer MpPOTeKaTp mMo Tep-
Monape, a 3aTeM 4Yepe3 OXJaXKAawlllhe Kpblibf, a BTOpOil
(BK/IIOYESA TErJIOBYIO IHEPrHIO, YXOASLIYIO 3a cyeT HH(ppaKpac-
HOTO M3/YyYeHHSl C IIOBEPXHOCTH MeTAJJIHYECKMx IUIACTHH) ue-
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pe3s BO3fyx B sILIHKE KOJJEKTOpPa H CreHKy nocjensero. Oue-
BHIIHO, YTO TEMNJIONPOBOAHOCTE TEPMONAp BHIFOAHO YMEHBLIATD,
TaK KaK OpH 3TOM JOJIKHE! OYAYyT BO3pacrarb pasHOCTb TeMile-
patyp HX ropsiuero M XOJIOfHOrC cnaes {,—f,, a CJe1OBa-
TEJBHO, ¥ K. n. A. M. O4HaKo 1o mepe yMEHbUICHHS TEeIJIONpo-
BOJHOCTH Te€pMONap BCe MEHbIIas N0Js TelJIOBON SHEPrHH cOJ-
HEYHBIX Jyyel, MafalOmMX Ha TMJACTHHBH, OyJer MNpoOXOoHTh
yepes TEpMONaph, a He 4epes CTeHKH KosJekropa. JT1ol Ro-
Jel 7, , BbIPaXeHHOIH B NPOLEHTaX OT KOJIHYECTBa COJIHEYHOII
3HEPrHH, najamlielt Ha Koanektop, onpepesiercs 3¢bdeKTus-
HOCTB KOJIJIEKTOpa.

O6umii k. n. 4. reHepatopa v, PaBeH MPOH3BENEHHIO
3¢ppeKTHBHOCTH KOJIJIEKTOpa 7, Ha K. 0. A. TepMOnap 7.
Taxum 006pa3oM, npH upe3MepHOM yMeEHLIIEHHH TelJOHpOo-
BOAHOCTH Te€pMoOnap K. 1. . reHepaTopa HayHeT NOHUKATLCS,
TaKk KakK XOTHf K. I. 4. NpeoGpasoBaHusi TENJOBOH IHEPrHH
B 3JEeKTDHUeCKyl B TepMonapax OyjneT HeCKOJbKC BO3pa-
€TaTh, HO 3aTO MOTOK TENJOBOH SHEPrHH yepe3 HHUX DE3KO
COKPaTHTCSl 3a CHeT yBeJHUEeHHs MNOTOKa Temja 4Yepes
CTEHKH KOJLIeKTOopa.

Baxknoe 3nayeHHe HMeeT NpaBUJbHBIE BHIGOp Criocoba 3a-
cTekseHust Kosyektopa. CTeKJO mnponycKaer sHOHMblE JYy4H
Jyuille, yeM HH(paKpacHble JIy4H, KOTOpble H3JAy4YaeT Harperas
MeTaJUIMyecKas MJacTHHa, OTAaBas, TaKUM 06pa3oM, 3HAYHTEb-
HYIO YacTb Majalolleill Ha Hee HEPrHH CONHeYHbIX Jyueil. Uem
Gonblle c/I0eB cTeKJa, TeM MeHble H3 KOJieKropa yHaer 3Hep-
rHH ¢ HHOPAKPACHBIME Jy4aMH, HO TeéM MeHbIle nonajger B Hero
H COJIHEYHBIX JyueH, TaK KaK MOCJCAHHE YacTHUHO OTPaXalrcs
OT Ka)J0ro C/1051 CTeK/1a, YaCTHYHO INOTJIOLIAIOTCH HMH.

IKCHepHMEHTaAbHO YCTaHOBJIEHO, YTO HAHJYYIlHe pe3yJib-
TaTHl NOJYyY2I0TCSH NMpH HCNOJb3CB2HHH ABYX CJIO€B OGLIYHOTO
CTeKsla C BO3AYIUHBIM NPOMEXYTKOM Mexay HMMu B 1,2 —
1,5 cx nnm uyernipex cJI0eB CHELMAaJbHOTO CTeKJa, cjabee
OTpaxallLlerc BHAHMMbIE COJHEYHBle JYy4YH, DacnOJOXKeHHEIX
C TaKHMH Xe INpoMexyTkaMmu. O(GEeKTHBHOCTE KOJIIEK-
TOpa 7, BO BTOPOM cJyyae BhllUe (CIJIOWHasi Kpueasi 2),
KaK 3TO BHAHO u3 KpusbiX Ha ¢ur. 11, rae nokaszana 3asu-
CcHMOCTb 3(P(PEeKTHBHOCTH KOJJIEKTOpa OT PAa3HOCTH TeMIe-
patypel BHYTPH KOJIIEKTOpA, T. €. NPAKTHYECKH OT {, H TeM-

nepaTypsl OKPYXaIOIero BO3AyXa fp, OTHHYaOULENCs OT f,

va 10—20°C.
Ha Ttofi xe ¢urype npHBeleHE KpuBble H3MEHeHHS
obwero K. M. A. 7., reHepaTopa, NnpeoGpasyiomero coJ-
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HeUHYIO SHEprHIO B 3JeKTpHYEeCKylo B 3aBHCHMOCTHR OT TOH Xe
pasHOCTH Temnepatyp f,—/f,. M3 3TuX KpuBbIX BHAHO,
KaK OOWuH K. M. X. 70, CHayaja pacTeT C yBeNHYEHHEM
pasHoCTH f,—1{,, a 3aTeM HAauHHaeT NajgaTh, HECMOTPS

Ha yBeJHYeH#e Da3HOCTH TEMNepaTyp, & CJeAOBATENbHO
K. 0. A. TepMonap.

Tipumep 3. Hafith TeMmnepatypu £, u £, ropsyero H XOJOAHOTO
CnaeB )KeJe30-KOHCTAHTAHOBOR T€PMONaphl NuMHOR =5 ca, ¢ ceueHKeM
MEeJIe3HOT O NPOBOJHKKA $;=2 MM2 U KOHCTaHTAHOBOTO S, = 5'5 Mu?, cHal-

HEHHORH OXJI3XKMAIIKM KPhiJIOM

T 7% momane0 s, = 600 xx? » naac-
70 N ‘\ 0  THHOR Y ropsiero cCras nJo-
7 \ Wanbo s, =540 MmMm3, ecum
46 ,, w\ 20 Temnepgl'ypa ropsiyHX rasoB
/, \ £,=>530°C, a Tem.epaTypa BOS3-
Ny~ \ Ayxa y  xonuduoro kouua
g6 7 < T & 1,=20°
ol
/ \ \\ “1 CpaBruTb € TeMnepaTypan
go}— \ " o0 I, ¥ I, NONYYAalOWHMHCR TpH
’t f>\ \\’ 7n \ TeX JXe YCJAOBHRX H pasMepax
a2/ \ 37,,5,4\ \ P MeJtHO-KOHCTaHTaHOBOM Tep-
7 \ \ Mornapbl.
/ t-t, |% \ L Tak xak Temmepatypm f,
¥ 7] 700 =0 200 ¥ {, Crnaes TepMOnaphl Hems-

BECTHI, TO CPE/IHION0 TEMMNepaTy-
1L CHMOC ek-
Qur. 11. Kpuesie 3apucumoct s¢gex py TepMonaph OnpefensieM O

THBHOCTH KOJIEKTOPa Y|, M K. 1L JI. TeD-  cdopmyne (3), nonctaenss B
MOSJEKTPHUECKOrO reHepaTopa Y,z ~ Hee BMECTO t,ut, tiniy

HCTOJb3YIOUIETO COJHEYHYIO SHEPTHIO:

— 530 + 20
B 3aBHCHMOCTH OT f, — fo. fe 2+ — o75°C.
§ — KOANEKTOp SBCTeKNeH aBYyMA cJosimB
©OOBIYHOTO CTEeK 8; 2 — KONNEeKTOP 3acTeKJeRr
YeTHPbLMA CNOANMH CRELHANLHOI'D CTEKNA. . Haxonmum no Ttaba 2 aonn

275° C TennonpoBOAHOCTH Xe-

nesa x, =31.10-8 u KoHCTaHTaHA x,=33-10—6. Tennosoe conporus-
aenue TepMonapn (o6paTHoe ee TemJIONPOBOAHOCTH) Oynert:

1 { 0,05-10-6
% S %t Sgxg  2-3142,5-33

== 346.

MpuupMas kos(hHINEHAT Tenaonepenayn g, nexawlwii B npejesax
20— 40.10-6, papustiM 25-10-%, HaxoAHM TennOBbie CONPOTHBAEHHA Ha
rpaHKllaX MexJAy TrOPSYHMH ra3aMH R [JaCTHHOR y ropsuero cmas

1 108 1
35 =3 540.-.80 d MY BO3JLYXOM M KPHUJIbAMH OXJaMIEHUA Z- Sa
100
= 25600 = 0"
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IMoapaysck noOnyueHHHIMA 3HANEHUAMH JJsi ONpefeNleHHs nepenana
TEMIepaTyp MeXJY BO3AYXOM H KDHJABSAMH OXJaXIEeHHS, HAXOIHM TeM-
neparypy nocneasux:

(530 — 20)-67 .
=80 316 4 67 -+ 20=87°C.
IMoacrasasa ux B ¢popmyny (25), onpenensiomyi0 pasHOCTL TeMMNepaTyp
TOPAYEr0 H XOJOZHOTO CHaeB, H ROGaBIAs TeMIeparypy XOJOAHOTO
cnas f,, HaXoAMM TEeMNEPaTypy TFOPAYEro cnas:
(530 — 20) 346 .
= 801 346 1 67 T SR=HT°C.

Ilna npoeepkn onpefendM CpeiHIO TeMiepaTypy NpPOBOOHHKKOB Tep-
Monaphl, NoACTaBAsAs B opMyny (3) nalifieHRbIe 3HAYeHHs [, W I

447 1-87
t = T+ = 97°C,

410 eecbMa ONH3KO K HaflleHHOMYy paHee OpHEHTHPOBOUHO 3HATEHHIO
275° C.

B cnyvae Menno-KOHCTaHTaHoBO#R TepMonapn, 6eps TenaoNpoBOAHOCTH
Meu npet 275°C no tabn. 2 x; = 375-10-8, naxomum TemnnoBoe COMpo-
THBJICHHE TEPMOMAPHI:

L _ 005100
2.375 + 2,5-33
1
on(y,na npH npe)xrmx 3Hauelusax as H F HaxXoOOoHM
(530 — 20)67 86°
* =80 f 6067 1 20=186°C

(530 —20) 60 e
=50y 60 67 1 186=330°C.
[Moayyennble pe3ynbTaThl pacyeTa NOKa3uBalT, YTO H3-3a Gonbuioff
TeNJAONPOBOAHOCTH Meflll €€ CeyeHHe CrelyeT 6paTh BeCbMa ManbiM BO

n3beikanie Pe3kOro CHHIKEHHS Mepenana TeMneparyp Ha KOHIAX TepMo-
napwl.

9. BbIBOP KOHCTPYKTHBHBIX PABMEPOB
TEPMOJ3JIEKTPHYECKOIO TrEHEPATOPA

[MpakTuyeckn npH KOHCTPYHPOBAaHHH TEPMO3JEKTpHYe-
CKOrO reHepaTtopa ropsiude cnau tepmornap oGBIYHO pacmo-
JaraloTcsi B OUPaHHYEHHOM NpPOCTpPaHCTBe BOJH3H MJIaMeHH
ropefikg HarpesaTtens. Bce Temnso, yHOCHMOe TOPAYHMH
rasaMs U3 3TOro NpOCTPAHCTBA, TepsieTcs GecrnoJjiesHo.

[TosToMy reomerpryeckue pasmepsl TepMomap cJjeayeT
BHIOHPaThb TakK, uTobn ofecneyuTb BO3MOXKHO GOJABIIYIO
oTaauy NoJe3HOH MOWMHOCTH P, xaXkg0H #3 Tepmolap, Aaxe

3 A. C. Bepriurefin 33



32 cueT CHHMXKEHHSl WX K. M. A. 7. [ljs 3TOro AOJIKHO yHO-
BjeTBopsTbCsl ycqosie (27). CooTHoUIeHHEe MEXAY § H 8,
NpH 3TOM cJeAyeT BHOUDATb HAHMBHIPOAHEHUIHM € TOUYKH
3peHusi noBbLiUeHHs M no ¢opmyne (10).

Papu ynof6cTea Kpensienus tepmonap 8 6jioke u ofecrne-
4eHuss AOCTAaTOYHOH TOJILIHB TENJOU30JSIHOHHEX T1pOKJa-
AOK, OTAeJAIOIIHX HArpesaTesb OT OKPY2Kaioliero BO3LyXa,
AJIHHY Tepmonap [ Hesb3s BHOHpaTh CJanuikoMm maJgioii. Beibop
ceueHHH NPOBOAHWKOB TepMOMNapel § H S, ONpeneJsercs
HeOoOXOANMOCTbIO OGeCreuHTh AOCTATOYHYI0 MEeXaHHYECKYIo
NpPOYHOCTb TEpMOomaphl.

Inowanu s, u s, onpenensoTcss Npu NOMOIH HOPMYJ
(27) u (26), npuueMm obwbuHO S, yno6HO BHIGHpPaTHL GoJbile,
YeM §, TaK KaK Kpblibsl OXJIaXKAEHHs pPacroJiaraiorcs 3Ha-

YHTEJIBHO CBOGONHEe, YeM MJACTHHE FOPSAYHX CNaeB.
O6uiuit Bec KOHCTDYKLHH OMNpejelisieTcsl mo ¢opmyJe

W =K (sil7,+ salt. + 0,5s,dy,-+ 0,55 d,7,), (28)

TAe Y| H Y, — YAeJbHEH Bec MaTepHaJOB NPOBOAHHKOB, 06pa-
3YIOILHX TepPMOTNaphl;
Y, ¥ Y, — yAeJIbHblli BeC MaTEepHAJIOB MJIACTHHH Y FOPSUHX
CraesB TePMONapbl H KPBUIbEB OXJIAXKAEHHS;
d, v d -—ToJULKHA NJACTHHB Y FOPSYHX CNaeB H TOJILHHA
KPBLJIbEB.

Crnenyer uMeTb B BHAY, YTO TEpPMO-3. A. C,, p H %
HCTIONb3YEMBIX MAaTEepHAJOB MOLYT [OBOJIBHO 3HAUHTEJbHO
OTKJIOHATHCA OT 3HAyeHuil, B3ATBHIX U3 TabJHIl H CNpaBoy-
HukoB (Ha 10—20%), npuuem aJs1 CNUIABOB 3TH OTKJIOHEHHS
MOryT GuiTh elge Bblle. OfHAKO HeT HeOOXOAHMOCTH OYeHb
TOYHO [pPHAEPXHBAaTbLCSl HAMBHIOJHelillero COOTHOLUEHHs
ceueHHR §; H S,, TaK Kak oTKJoHeHme Ha 10 —20°/  or pac-
yeTHOrO BBI3OBET ellle OYeHb cJafoe TNOHWXKEHHE K. M. J.
Ecsn Hauunath ¢ Bb6Opa pasMepoB, ONpeAeJISOIHX fS,,
TOo OwnGKa MpH BHIUHCJIEHUH HAHBHIroAHeHWeH AJHHBI T€pPMO-
nap [ = Bs,, MOTylllas BO3HHKHYTb H3-33 HEJOCTATOYHOH omnpe-
JleJIeHHOCTH BeJHYHHBL @ H, CJeJO0BaTeNbHO, f, cJlabo CKa3hbl-
BaeTcs HA BeJHYNHE OTAABaeMOH MOJie3HOH MOILHOCTH,
no kKpaiinefi Mepe noka sTa owHOKa He BBIXOAHMT 3a Tpe-
nensl —50%, -+ 1009/,.

IMpumep 4. PaccyntaTe TepMO3JEKTPHUECKHH reHepaToOp Ha keJe3o-
KOHCTA@HTaHOBbBIX Tepmonapax JJst TIRTaHRA npneMHm{a, n0'rpe6.nmomero no

uensiM Hakana 0 52 @ npn 1 ¢ u no anoaueiM vensm 11 xa npu 90 6. B Kaue-
CTBE HCTOYHHKA TeMJa HCNoJab30BaTh KEePOCHHOBYIO naMmny, RoTpebisio-
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myr ¢=70 2 KepoCMHa B 4Yac, € TEIUVIOTBODHON CMNOCOBHOCTbIO Q =

== 11.500 em«[«2, npuruMas, uTO OHa JaeT TEMIepaTypy BOJNH3H OiaaMeHH
300 — 400° C.

OpHenTHPOBOYHO nNpHHMMaeM £, —f, = 200° C u cpenHee 3HaueHHe
TepMO-3. J. €. BJS JKeJe30-KOHCTAHTaHOBO Tepmonaps 55-10-6 am,°C.

[ns OpHEHTHPOBOUHOrO OfIpelle/iCHHs CpenHell TeMiepaTypsl MaTe-
pHaNOB TepMonapsl MpHMEM TeMneparypy ee xononHoro cnas f, =40° C.
Toraa, Tak xak Bouue 6nlo npunsto f, —f, paBuem 200°C, cpeamss
TeMnepaTypa no ¢opmyne (3) 6yaer

200
t =40+—2-= 140° C.
Beps H3 T1a6n. 2 py, pg %o B 29, COOTBETCTBYIOLIME TPHOaH3uTEnbHO 140° C,

W yuHTHIB2f, YTO TeMIepaTypa ropsiHX CnaeB B rpapycax a6comoTHol
wKane pabra 273 + 40 + 200 = 500° C, naxomum no ¢opmyae (11):

200 1
==, = 0,339%.
Nwake = 500 4(V0,22.42 + V0,49-29p 0.33%
2+ 552.10-6-500

O6b1uno v, neXkuT Mexay 10—30%; TaknMm 00pasoM, oT renepatopa
MOMHO NOJIYYHTb

Q-9 qpe = 11500-0,07-0,0033 (0,1 - 0,3) == 0 28 < 0,84 em.

Cliel0BaTEIbHO, HAKaJ MOXKHO TIHTaTh HEMOCPELCTBEHHO OT FeHepaTopa,
aHOAHBIE e UeNH MOXKIO MHTATh JHIbL OT AKKYMYJATOPOB, [peABaph-
TEALHO 3apHKacMbiX OT TEPMO3JEKTPHUECKOrO TeHeparopa.

ITpunumas, 4TO Asf 3apAJKH aKKyMyJsiTOpa TreHepaTop MAOJKeH
pasBrBaTh nanpsikerue 22 g, m onpenetss no ¢opmyse (4) TepmMo-3. A. C.
onHolt TepMonapsl £; = 55-10-6.200 = 0,011 6, HaXOAKM, 4TO OH HOJIKEH

22
COCTOATD ¥3 57 =200 tepmonap. C »pVroft CTOpOHbI, T€HEPATOp AOA-

MeH NHTAaTbh UeNH Hakaja ¥ NOTOMYy corsacHo ¢opmyne (16) noaxho
OBITh: *
1
200=gorT—052r°

OTKyJa CJeLyeT, 4TO CONPOTHBICHHE KaMKAOH M3 TepMOnap AOCNAKHO OhITh:

0,011 — 0,005
r=—"—gg —=00I20x.

Hanpnironnefimzee cooTHouweHune ceyeHNfl NPOBOAHHKOB TepMOIaphI
cornacto ¢opmyae (10) 6yner:

s, = |/ 90222 o5
K 0,49 - 42
IToaeaysace ¢opmyncht (1), HaXOANM, 4TO
l r 0,012

p
o ten gps 1049
, :
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Ecnu npunath Temnepatypy Bosayxa f, mopsaka 10—15°C u TeM-
nepatypy ropsyux rasos f; okono 400°C, To npH coOMOAEHHH yCJIOBHS
(27) n BuOOpPe COOTHOWEHST MEXKAY [MOINAAbLI0 NMAACTHH H KPhUJIbeB
Sx == 6s,, NOAYYHM Ha KOHUAX TePMOnap NPHMEPHO TE TEMMEpaTyphl
t,=240°C n {,=40° C, xoTOopsic 6bIMH NPHHSTH OPHEHTHPOBOUHO B Ha-
yaje pacuera.

Ilpruse a = 25-10-6 u3 ycnoeus (27), nepenHcassoro B BHAE:

1 1 1y !
's;=§=(zxsn+xg)-(§;+6—32)-;=

1 2,43
5,25-10-6 — "5, *

2z

={42.0,55 4 29) 10-6-1,17
nosyqaeM:
S ="g013 = 187 mm2,

OTKyaa
Sy =06s,=6-187 =1 122 um.

[NpusnaMan anudy TepMonap paBHON 4 cM, HaxOgHM:

Sg = 0.04 =3,1 umu2:
2 0,013 '

§1= S") Sq = 0,55'3,1 = 1,7 mm3.

anHIIMaﬂ, YTO NAACTHHBL Yy TOPAYHX CMaeB H KPHbfl CAeAaHH H3

mead rtomuHHOH B 1 mM, maxoguMm no dQopmyse (28) o6umit Bec KOH-
CTPYKLHH:

W =200(1,7-0,04-7.8-3,1-0,04-8,9 4 0,5-187-0,001.8,9 -}
~-+0,5-1122.0001-89)=1490 2 =15 re.

ITpr 3apsAke OT TAKOTo TEPMOIJEKPHUECKOrO reHepaTopa ieOuHbX
aKKyMYJATOPOB HA 1,4 6, HMEIOIHX B MpOuUECCE 3aPAAKH HANpPKEHHe
1,5 8, 3apaisuit TOK

22—15

I'=356-0012 =02 ¢a
H oTJaBaeMas l'IpH STOM MOIUHOCTH

P=0,29-15=0,44 sm.

[Npu nuTaHuH aHOAHHIX ueneil yepe3d BHOponpeoGpasoBaTesb € K. M. d.
0,55 ona o6ecnevesusa | yaca paGoTel NpHeMHHK2 O6yner TpeboBaThes
0,011-90
m:0*5§=4 yac. paboTe reHepaTopa Ha aKKyMYJsTOP.

10. JIABOPATOPHBIE TEPMOJ3JEKTPHYECKHE
TEHEPATOPHI

M3 TepMO3/7€KTPHUECKUX TeHepaTopoB Hauala XX B. Hau-
Goablylo H3BECTHOCTb MpHOOpENa Tak HasbBaeMas Gartapes
Fonbxepa (¢ur. 12). Coctasnsiomne ee 66 Tepmonap ykpere-
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Hbl B 1BA psifa Ha wwH(epHoil NNacTHHe W 3JeKTPHUYECKH COeH-
HeHbl MeXjy coboil nocnenosaTesbHO; Kaxjaas U3 HHUX [ped-
cTaBfsier coboii HHKeNeByio TPyGOYKYy, SIBJSIOLIYIOCH OAHOBpE-
MEHHO OJHHUM H3 NPOBOAHHKOB TEPMONApPLI U Ta30BOil TOPEJKOH,

s

14.7./"

H!

@ur. 13. TepMoatekTpHYeCKHl reHepaTop AN 3apafAKH
aKKYMynfTOPOB.

Harpesawoweil ropsiuuit cnaii Tepmonapel. Y BepXHero KoHua
Tpy6OUKH, TAe TOPHUT Ta3, K Heil MPHKpenJieH BTOpOil NpOBOAHHK
TepMonapel H3 CIJ1aBa IHMHKA € CypbmoH. Mexay coGo#t Tepmo-
napsl COeJHHEHB LIHPOKHMMH MEIHBIMH IJIaCTHHKaMH, KOTOpbIe
OHOBPEMEHHO CJYKaT KPHUIbSIMH OxJaxaeHds. ['eneparop pas-
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BHUBaeT 3. O. C. OKOJO 4 8, eTO BHYTPEHHee CONPOTHBJIEHHe CO-
crasasier 0,65 oxm. Pacxoy rasa npu HopManabHO# patore 170—
200 2 B yac, npHueM oOWMi K. M. A. NOJAyYaeTcs nopsiaka 0,5—
0,6%. Hauna Garapeu 540 mm, umpuna 165 mm u BvicoTa
160 mm, Bec =~ 14 ke,

Ha ¢ur. 13 nokasan BHelIHHMil BHA APYTOTO TEPMOSJIEKTpH-
YecKoro reHeparopa AJiA 3apsiiKH AKKyMYJSTOpPHbIX Oartapeil.
B Hem mpHMeHeHHl >KeJIe30-KOHCTAHTAHOBBIE TEPMOMNAaphl, Topsi-
YyHe CIad KOTCPHIX UMEKOT ClenHasdbHble TOKPHTHS AJs 3&LIHTHL
OT BO3AEHCTBHA BHICOKO TeMneparypel. DTH chay BBEAEHH B
TasoByIO FOpeJKy ¥ pacnosloNKeHEL B BUAe ABYX Kogel. [enepa-
TOp passHBaeT 3. A. ¢. 3,5 8. BuyTpenHee conporuBienue reke-
paropa paBuo 2 ox. Ilpu pacxopme rasa okono 650 a4 B uac
redepatop umeer K. n. A. okoic 0,049%.

11. PALDHOMOBUTENbCKHHA TEPMOAJEKTPUYECKHM
TEHEPATOP

B Ne 13 xypunana «Paagvodpout» 3a 1937 r. 6buic nome-
[IeHO ONHCZHHE KOHCTPYKIKH pPaiHOJICOHTeNbCKOro TepMo-
9JIEKTPHYECKOro reHeparopa, paccydTaHHOro Ha HCNOAb3OBaHHE
TeI18, OTAaBa€MOr0 OCBETUTEJIBHOMH
KePOCHHOBOI JaMNioil U NpeaHasHayeH-
% g Horo AJsl MUTauusl Uenu Hakana pa-
JHONpHEMHUKA.

I1a ¢ur. 14 npuBeseHo cxemaruue-
! CKoe H3oOpajkeHue 3TOTO TeHeparopa,
CKOHCTPYHPOBAHHOTO B BHAE MONOJIIH-
TeJibHOrO abaXkypa, HajeBaeMoro Ha
namny. I'eHeparop COCTOMT U3 psina
KPyroB H30JsILHOHHOTO MaTepuaja, B
KayecTBeé KOTOPDOTG  DEKOMEHAyeTcsl
6paTh IJIOTHLIH acGecToBblil KapToH. B
9THX Kpyrax naesaioTcsi BHIPe3bl IJisl
BO3JYyLIHOTC OXJaxjaeHus, Mecra co-
e[MHEHHS] MaTepHasoB, OOpPa3yloUlHX

dur. 14. Cxemaruyeckoe

6 5 TepMonaphl (}Keneso — KOHCTaHTaH
:ﬁﬁbﬁiz(f: x;(ép[;{a(g;{;n;gpﬁ: WIM Meob — KOHCTAHTAH), TUlATeJIbHO
YeCKOro reHeparopa. CBapHBAIOTCsI MMM CNAaHBalOTCsi MENbIO

Wi cepebpom.

[oBepxHOCTb TOPSIYHX CNaeB AJisl JIYWILero Jy4enorioueHis
peKoMeHayeTCsl NOKpHIBaTh KOmOTbio. [Jlisi oGecreveHHs BO3-
MOKHO JIYUILEro OXJ1aXK/eHHsI XOMOAHBIX KOHIOB TepMonap aba-
Xyp K Jamne JleaeTcsl Takxke H3 ac0ecToBOro KapToHa H pac-
foJaraeTcss IO TEPMOTEHEpaTopoM, uyToObl TMPEROXPAHHTE XO-

38



JoIHBE criaH oT ofTekaHWs HuX TenabiM BosgyxoM. Cawmu
XOJIONHBIE CNaW AOJAHB ObITh He Kopoue 2—3 cm. PasHocTb
TeMnepatyp MeXAy TOPSuUMMH M XOJOMHBIMH crnasMy Oy1aeT
KOHEYHO 3aBHCEThb OT THMA HCMOJAb3YeMOii KepOCHHOBOK J1aMIbl
H YCJIOBHIl OXJI2)KAEHHsI XOJOJHbIX crnaeB. OpHEHTHPOBOYHO €ee
MOJKHO cuHTaTth nopsjaka 200° C.

Pasnocte TeMmepatyp ropsiyero M XOJORHOro crnaee u 3g-
(eKTHBHOCTb TeHepaTopa MOXKHO MNOBLICHTb, CHa0JHB KaK rops-
yie, TaK M XOJOJAHBIC KOHIbLI TePMONap MJIACTHHAMH H KpbLIbs-
MM COOTBETCTBYIOILEH NJOLlafH.

12. COBPEMEHHLIE TEPMO3JIEKTPHYECKHE TEHEPATOPHI

Ha ¢wr. 15 npuseien BHeIIHHiI BHJ TEPMO3.1€KTPHYECKOTO
reseparopa Ha O 87T BBIXOAHOIl MOLIHOCTH, HCMOJb30BABLIETOCs
JUisi NHT@HHS pajHoannapatypbl B BOMCKaX afibsiHCa BO BTOPOH
mupoBoii BoilHe. On coctoHr u3 168 xpo-
M€JIb-KOHCT2HTAHOBEIX TEPMOMNap, 3akJio-
YEHHBIX B TEMNJIOH30JIHPYIOLLYIO KEPAMHKY.
Jlns HarpeBa TOpSiYMX CNAaeB B HEM MpH-
MeHsiercsi GecliyMHasi 6eH3HHOBasi roped-
Ka, paboraiilas Ha BBICOKOOKTaHOBOM
6ensuile. B 370l ropenke npenycMoTpeHo
CrelHasbHOe YCTPOMCTBO, peryJupyolnee
JlaBJIeHHe BO3/]yXa, HMEIOTCS CMECHTEJIb-
Has KaMmepa M MroJib4aThlif KpaH jas no-
nayy pacnblieHHoro OeH3HHa, a TaKxkKe
oflMi KpaH, 3anupalowyii nogayy ro-
piouero. Temneparypa Bo3ayxa y ropsi-
yuX crnaes mosepKuBaercs okono 725° C,
NpHYEM XOJOAHbIE CNAH OKa3bIBAIOTCS
HarpetbiMu o 93°C, Tak Kak oxJakna-
I0TCS1 TOJILKO HAPYXKHBIM BO3AyXoM. Ile-  ®nr. 15. Tepmosnek-
penan TeMnepatyp MexJay TOPSAYHMH H  TPHUeCKMil rexepaTop
XOJIOZIHBIMH CNasiMM OKasblBacTcsi mopsig- AMA  MHI2HA TmopTa-
ka 400° C. I'enepatop MoxeT skcmayath- oo gapﬁu'oannapa-
POBaThCsl B ABYX PEKHMaX.

1. lns nuTaHMs MOPTAaTHBHOTO PagHOOGOPYAOBaHHs yepes
BUGponpeobpasoBaTesb, AJ1si YETO BCE TEPMONApPHE! COEAUHSIOTCS
nocJie/oBaTe/bHo. BHyTpeHHee cONpOTHBJIEHHE TEPMO3JIEKTPH-
YEeCKOro reHepaTropa B 9TOM cJydyae cocTasisier oKojo 1,75 om.
I'enepatop oTaaer Tok B 2 @, npHyem HanpsKeHue Ha €ro Bbi-
xone paBHsieTcs 2,5 6.

2. [lns 3apsina ABYXBOJIBTHBIX MOPTATHBHBIX KHCJOTHBIX aK-
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KyMyJISiTOPOB, JJisi 4€ro TepMmonapbl BKJAIOYAKOTCH ABYMs Ha-
pa/sesbHBIMH TPyNIaMHy 1o 84 tepmonapsl Kaxnaas.

3aMeHa TepMoIlap MOXeT MoTpeGOBaThCs 10 HCTEYEHHH MpH-
mepHo 2000 yac. paBoThl yCTaHOBKH. ['eHepaTop MoOxeT He-
npepLiBHO pabotaTh oKojio 8 wac., pacxoays 3,8 s GeHsuna.
Kosdduuuent nonesnoro neiicrusi reneparopa 0,2%. Bec ycra-
HOBKU OKono & 2.

HaunGosiee coBpemeHHBIM THIOM TEEMO3JEKTPHYECKOro reHe-
paTopa, NpeqHa3HaYeHHOro [J1sl IHTaHHSI paHONPHEMHHKOB, siB-
JIieTCS BBIIIyCKaeMblli Halled [POMBILLJIEHHOCTBIO TIeHepaTop
Tr'K-3 (TepmosneKTpHuecKHH reHepaTop KepPOCHHOBBIH, Tpex-
BaTTHHIN). OH paccyHTar Ha nuTaHHe GaTapeHHbIX MPHEMHHKOB
«Ponnda-47», «<Pogusa-52», «HMckpaw, b-2, «Tyqaa». ITapamer-
PHl Lenell NHTAHUS 3THX NPHEMHMKOB NPHBEAEHE! B TabJ. 6.

Ta6auua 6
TMapaMeTpH Heneil NMHUTAaHRA HEKOTOPHIX 6aTapeiHBIX

NpHE MHUKOB
Haxaa AHOR
HanpsikeuHe
NpuemHrK. Hanpskeune, | Tok, | Hanpsikenue, | Tok, | CMEULCHHS,
[ a 8 ra &
JPonuHa-47* . . .| 2+10% 0,50 | 120+10%, 8 —
LPonuHa-52¢ . . . 1—1,4 0,52 | 90+10% 11 9+10%
LJHckpa“, . . .. 1—1,4 0,30 | 90+10% 11 9+10%
b2 ....... 1—1,4 0,30 | S0+10% 1 —

Tepmoanektpuueckuii reHepatop TI'K-3 coctout u3 Harpe-
BaTessl, CJYXKaUero OJHOBPEMEHHO H OCBETHTENbHBIM HpHOO-
pomM, Gjoka TepMonap H BHOponpeofpasopaTefs, npeobpasyio-
LIEr0 HH3KOe HampspKeHHe, pa3BHBaeMOe TePMO3JIEKTPHUECKUM
reHepaTopoM, B HaMpsiKeHHe, JOCTATOYHO BBHICOKOE I MITAHHS
AHOAHBIX H CETOYHLIX Lleneil paxHONPHEMHHKA.

Brewsuii Bun TI'K-3 usoGpaxen wa ¢ur. 16. Harpesare-
Jiem cayxut 20-JHHelHass KepOCHHOBAs JiaMIla ¢ YKOPOYEHHBIM
crek/JoM, BHYTpb 3TOro crek.1a, HEMOCPEACTBEHHO Hapn Maame-
HeM JiaMIbl, BXOAHT HHXKHSISI YacTb TeILIONepenaTuvKa, HMero-
mero GopMy MHOTOTDAHHOR NPH3MBI, Ha GOKOBOJ MOBEPXHOCTH
KOTOpOi#i, TaM, I'Ié OHA Y€ BBICTYNaeT Haj CTEKJIOM, PacIoJio-
)enbl 60Kk TepMonap. B TensonepenaTiuke HMeeTCss He-
CKOJIBKO NPOAOJBHBEIX KaHAJO0B, NO KOTOPLIM TFOpsiuHe rasbl Mpo-
TEeKaloT OT IJIaMEHH K BHITSXKHOH TpyOe, pacloJoxeHHOH Hal
HarpeBatejeM. TakuM ofpa3oMm, TepMonapbl HarpeBalTCs He
TOJIBKO 3a CYET JIYYEHCITyCKaHHsI TJIaMeHH JIaMIlbl, HO H NyTeM
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KOHBeKUHH. K BHeLIHHM moBepxHOCTsiM 6/0KOB TepMomnap mpH-
}Kato 14 MeTa’aNHueCKHX KPBLILEB,

Tepmonapul coenunensl B aBe Garaped. OnHa M3 HHX, mpea-
Ha3HayeHHasi AJif [MTaHUs LeneHd Hakaja, AaeT HanpsiKeHHe
2 8 npu Toke 0,5 @ W HMeeT AOMOJHHTENbHLIi OTBOM, MO3BO-
JIAIOIHHA CHHMaTb ¢ Hee Hanpsbkenue 1,2 8 npu Toke 0,36 a.
Hpyrass npennasHayeHa Juisi NHTaHHsi AHOLHBIX nereil yepes
BuOponpeo6pa3uBaTelb H jaeT Ha-
npsxeHue 2 8 npu tToke 2 a. Bub-
ponpeoGpa3oBaresb 3aKII0UeH B OT-
AEJNbHbIE KOXKYX, B BepXxHeid 4acTH s
KOTOpPOro CMOHTHPOBaHbl H3MepH- :

TeNbHLIl KOHTPOJbHLLL mpHOop Anf

KOHTPOJISI HaKaja JIaMIl pajHOTpH-

©MHHKOB H CHIHaJIbHasg JiaMIoyka )

JJISi NpPOBepKH TOTOBHOCTH TepMo- /
3NEKTPHYECKOTO TeHepaTtopa K pa-
6ote. BricoTa TepMO3IEKTPHYECKOTO
reHeparopa BMecTeé C YCTPOHCTBOM
jns noasewmnBanus 1000 mm, nua-
merp 300 mm, Bec 8 k2. EMKocThb
aamnsl 0,75 2. Pacxon kepocuHa
B yac 60—70 2. O6wwmii k. n. Aa.
reHepatopa, NpPHHHMAas Tena0TBOp-
HYIO CrocoGHOCTD KepocliHa
11 000—12 000 67 -uac/ke, paseH
0,6 = 0,75%.

HanbHeHuM yCOBEPIIEHCTBOBA-  ur, 16. TepMosiekTphae-
HHEM TepMO3JIeKTPHUYCCKOro reHepa- ckull renepatop TIK-3.
topa TI'K-3 sBnsiercs HOBLIH Tep-

Mosnektporenepatop TOT'K-2-2, mpemHasHaueHHBIT giisi mHTa-
HHsi GarapeiiHbix npuemHHKoB «Ponuua-47», «Ponuua-52» H
«Hckpa».

B otnuuke ot tepmosanekrporeneparopa TI'K-3 HoBwiii Tep-
MO3JIeKTpHYeCKHil reHepaTop He Hy»aaercsi B BHOponpeoGpa3o-
Barene. OH COCTOHT H3 ABYX TepmoOaTapeli, H3 KOTOpHIX OJHA
CITYXHMT 0J51 NHTaHus ueneil nakana, a apyrasi (BbICOKOBOJIBT-
Hasl)— AJs HenoCpefCTBeHHOrO MHTAHHS AHOOHBIX M CETOYHBIX
ueneii NMpHEMHHKa.

Harpysounnie xapakrepuctuku TIOI'K-2-2 npuBeleHn B
tabua. 7.

Tak xe kak H B TepmoanekTtporeHepatope TI'K-3, Tepmo-
roJioBKa HOBOIO TeHepatopa HaleBaeTcsi Ha 20-7HHeilnnylo Kepo-
ciHoBylo Jamny «MonHus», KOTOpasi H3dy4aembiM €0 TEmJIoM
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TaGnuna 7

Harpy3o4yHnie XapakTepHCTHKH TEpPMO3JNEKTPHUECHOTO
resepatopa TIrK-2-2

TepuobaTapes Hakana TepmobaTaies 8Hoia
HanpswxeHse, 8 Tok. xa Hanpsaxelue, 8 Tox, ma
1,4 180 150 5
1,2 300 120 7,5
1,0 420 100 9
0,8 540 80 11,5
0,6 650 60 13,5

HarpeeaeT cnaM TepMo6aTapeH W ONHOBPEMEHHO MOXKeET CJay-
KHTh AT OCBELIEHHS [IOMELLeHHS.

Hcnbitanns nokasasd, yTo BCAEACTBHE OTCYTCTBHS BHOGPO-
npeo6pa3oBaTtefisi YPOBEHb LIyMOB NMPHEMHHKA, IHTAIOLIETOCH OT
tepmoanekTporeneparopa TIIK-2-2, snaynrenpHo Huxe, ueM
OpH NMHTAaHMH 3TOrO XK€ NPHEMHHKa OT TEePMO3JEKTPUYECKOro
resepatopa TI'K-3.

B 1955 r. 3a pyGexoM 6bL1H pa3pa6oTadbl ABa THIIA TEPMO-
3JIEKTPHYECKHX eHepPaToOpOB € MOAOIPEBOM OT ra3oBOH roped-
k1. Kaxaniit renepatop cHaGxkaeTcs HeGOJBLUIMM CMEHHBIM Ga-
JIOHOM BecOM 4 Kz €O CXarbiM rasom (6yTaH), KOJHYECTBO
KOTOPOro NOCTAaTOYHO IJIS1 HelpephiBHOH paboThl reHepaTopa Ha
noJiHyto MolHocrs B tedenre 100 yac. TepmorenepaToprl nped-
Ha3Ha4yeHbl OJis [IHTAHHS wenefl Hakaia ¥ avoaa (uyepes BHOGPO-
npeo6pa3oBaTesib) palHOBEIATENbHbIX NPHEMHHKOB B He3JEK-
TpuUUUPOBAHHEIX DailoOHaX, a TakKe /s [HTaHHA Apyrof
NepeHOCHOl pagnoannaparypsl B SKCIEAHIHOHHEIX YCIOBHSIX.

OcobeHHOCTBI0 TepMoOOaTapeii 3THX TeHEPAaTOpPOB SABJISETCH
NMpPHMEHEHHE 2XKapPONPOYHBIX CTJIABOB, H3 KOTOPHIX COGpaHbl Tep-
monapsl. CocTap 3THX CMJIaBOB He ONyGJHKOBaH.

B kaxoll TepMonape B Ka4eCTBe NOJOKHTENBHOTO 3JAEKTPO-
Ia ncnodessyercs cniiag BTE (wmdp), Temneparypa nuapjeHus
gotoporo okoJqo 1400°C. '

OTpHuaTeJbHBII 371€KTPOJ TEPMOMNAphbl BBLIMOJHSETCH B TpeX
BapHaHTax. B nepBoM BapHAHTe OH H3TOTOBJEH H3 YHCTOIO HH-
keasi {(iundp NTE). Bo BTOpoM BapuaHTe OH cocTaBjeH H3
cnsnasa CTE ¢ temneparypo#t naasnenns 1 300° C. Dror cruias
npu Temneparype Kpactoro Kajeuust (900—1 000° C) naunnaet
OKHCASITBCH H NO3TOMy pabouast TeMrepaTypa TepMO3JleMeHTa
He no/xHa npesbiuats 700—750° C. B TpeTheM BapHaHTe OTpH-
uaTeJbHbLIH 3J€KTpos BhimoJHed u3 cmiaBa ATE, koropwiii no
CBOHM MexahH4eCKHM H (pu3HyecKuM cBOficTBaM GJH30K K CIIa-
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By BTE. Tepmonapa BTE-ATE moxer pa6oTaTh He OKHCJASACH
¥ HE Tepsis CBOefl MeXaHMUeCKOH IPOYHOCTH NpH HauOoJee Bbl-
COKHX TeMIepaTypax.

Tepmo-3. A. ¢. repMonap, COCTABJEHHHX H3 3THX CIIaBOB, KO-
qebaetcs ot 40 no 70 mxse na rpaayc. 3Hauenus TepMo-3. 1. C.
3TPIX6 Tegmonap AJS  pas/iMYHbIX TEMOEpaTyp MpHBEAEHBI
B 1abn. 8.

Ta6anua 8
TepMo-3. A. €. TEPMOINEMEHTOB MPH PAIMMHHHX TEMOEPATYpax

TeMneparypa, °C
Tepwmonapa o | 30 | s0 | 70 | 00 | 1eoo

8. A. C., M8

BTE-NTE 4,15 | 12,65 | 21,05 | 29,52 | 38,10 -
BTE-CTE 6,05 | 20,46 | 35,65 | 51,97 — -
BTE-ATE 4,10 | 12,21 | 20,64 | 29,14 | 33,31 41,31

KOHCTpYKTHBHG OIMH H3 TeHepaTOPOB BHIIOJHEH B BHAE
MeTalJu4eCKOl npsMoyronbHOfl paMKH pasmepamH 135
X 250 mm u3 yroskosoro Marepuana. [locpeaune pamky ykpen-
JeHa rasosasi TpyOka pauamerpoM 10 mm ¢ 36 OTBEpCTUAMH
InametpoM no 1,5 mm kaxaoe. Tpy6GKka Ha OZHOM KOHUE CHab-
KeHa naTpyOKoM 1718 NPHCOeJVHeHUs Wianra or 6a/oHa ¢ ra-
30M H KpaHOM AJIf peryJHpoBaHHs NPHTOKa rasa, Makcumanp-
Has TeMmIepaTypa Harpepa MNOJy4aeTcsi OPH BLICOTE MJaMEHH
B 1 cm. Ilpu M3MeHeHHH BLICOTHl NJIAMEHM MEHSIETCH CTENEHb
Harpepa W 3. 4. C. 6arapen.

Ha ocHoBHyl0o paMKy MOHTHpyeTCs BTOpas, B KOTOpoHl Ha
acbGecToBbiX MPOKJAAKax 3aKpemJieHbl TepMonapsl nepsoil 6ata-
pen. Tepmonapsl coGpaHbl B YyeThIpe KOHCTPYKTHBHBIX IPYINbl H
pacnoJsioeHbl Tak, yto oforpeBaeMble coaH HAXOASTCH BHYTPH
pPamMKH BAO/Ab AJHHHO OCeBOH JIMHMH, a OXJIAXK/IaeMbie KOHLbl—
no o6e cropoHH pamku. Korma pamka c 6arapeell KpelHTCH
Ha OCHOBHYIO paMKy, TO rasopas TpyOKa IPHXOAHTCS Kak pas
IIPOTHB Cllaep, MoaJexalix Harpesy. Bropas 6atapes renepa-
TOpa Ha TaKoi e paMKe, Kak H IepBas, MOHTHDYETCA HaA
nepsofl 6aTtapeeffi Tak, YTO PacCTOSiHHE MeXJy CnasMH oO6eHx
Garapeil cocTaBasier OKOJ0 3 Mat.

Kag yxe yNnoMHHaJOCh, BHUTYIIEHH IBA THIA TAKHX TePMO-
37€KTpOreHepaTopoB. IlepBEIil TUTI reHepaTopa COCTOHT H3 ABYX
6atapell no 60 Tepmonap B Kaxaoit. Kaxaas Tepmonapa H3ro-
TOBJIEHA M3 NOJOCOK AAMHOH 55, wmwmpHeo# 1,7 H TOMUMHHOH
0,5 mm. T1oMIOCKH pasHOMMEHHLIX CIJIABOB, COCTABJAIOMMUX TEp-
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MoTlapy, CBapeHsl BHAK/IaAKy Ha npoTsxenun 12 mm. Bec onnoil
napel paseu | 2. Bce 60 Tepmonap coepuuensr Mexay cobolt
TIOC/IEI0BATENBHO.

Harpes 6atapen npousBoautcsi JHGO ra30BOH  ropeskof
ONHCAHHOIO BHIIE THIA, JHOO CNELHAJbHON CIHPTOBOR ropedn-
koit. [lpu paboueil teMnepatype B 400°C kaxnanlil Tepmosde-
ment paer 0,03 8, a npu temneparype 200° C — oxkono 0,02 8.
[locne nByx muHyT nporpeBa Bcsi Gatapesa naer 2 a. lpu Toke
B 220 ma wanpsikenue 6arapeu naaaer ao 1,7 s.

Bropas Garapesi pacnosoxena naa neppoil. Ee cmam o6o-
rpesatorcsl ciabee, 4yeM y nepBofl, a NO3TOMY K MOIIHOCTB,
oT/laBaemasl €10, TOXKe MeHblle (BABOE),

Bropofi THn Tepmorenepatopa KOHCTPYKTHBHO M@JO OTJH-
YaeTCsl OT 1ePBOro; OH TOXe COCTOHT H3 nByx Oarapefi. Makcu-
MaJjbHas 3. A. C. 1epsoil Gatapeu 3TOrO rexweparopa paeua 4,8 6.
ITpu toke B 220 ma HanpspkeHHE HA €€ 3a)KHMax Majaer Mo
2,7 8. MakcuManbHas MoulHocTh Gatapeu 0.6 87.

Bec o6eux Garapeit (6es moacraexu) 150 e.

Ecnu cuibHO yMeHBIUHTb nofgavy rasza (NpH NOMOINH DeTy-
JUpPYIOUEro KpaHa), To MolmHocTe 6Gatapes napaer ao 0,4 er.
[1Ipu atom opnoro 6annona rasa {BecoM B 4 K2) xBaraer Ha
150 yac. pa6orth reseparopa.

13. TEPMO3JIEKTPHYECKHA TEHEPATOP
AJisi KUCNOJb30OBAHHSI COJIHEYHOR JHEPIHH

3a pyGexoM ObliM TPOBENEHBl HCIEITAHHA ONBITHOrO 06pa3ua
TEPMOJIEKTPHUECKOro reHeparopa JJjsi NpsSMOro HCHOJb30BAHHSA
cosHeyHoil sHeprun. O6uiufi BHA YCTAHOBKH M306paKeH Ha
dur. 17.

Ha ¢wur. 17,0 nokasaH BHA ClEpeay NJOCKOTO KOJJIEKTOpa,
VKpEIIEHHOr0 Ha HOXKaxX TaK, YTO ero MOXHO [OBOpayHBaTh,
yCTAHABNHBAs NEPNEHAMKYJSAPHO K COJHEYHbIM JyuaMm, a Ha
¢ur. 17,6 — BHA TOro e KOJIEKTOPA C3a[H, Tae pacromoxe-
HHl KPHJIbSI OX/JaXIEHHSI U3 JHCTOBOH MEJH, OIHOBPEMEHHO
cayXKaluue AJIs OC/IeI0BATEIbHOrO COeHHeHUS Bcex 25 TepMo-
nap, COCTaBJSIOLWHX TEHepaTop.

Boiin MenbiTaHbl TEPMONAPH TPEX PA3NHYHHX THOOB. Jlas
NOTJIOUIEHHS] CONHEYHBIX Jydyell K MX TOpPSiyHM Cnasm NpHKpen-
JSHCh 3a4yepHeHHble MeHble naacTurbl ToawHuof 0,5 M.
KonnekTtop 6bla 3aCTEKJNEH NBYMs CJOSIMH OOGBLIKHOBEHHOIO CTEK-
Ja. Jns TenJoH30ASIIHH B KOMJEKTOpE NPHMEHSNCH Marepuasn,
tennonposoarocTs  Kotoporo 0,05- 1078 a1 - m/an* °C. OcHoB-
Hble pa3Mepbl YCTaHOBKH H pe3ynbTaTthl, MOJYYEHHbIE NpDH ee
HCNBITaHHH, NpHBenens B Taba. 9.
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Kak Bunuo u3 KpuBHIX ¢ur. 11, npuMeHeHHeM ANs 3acTekK-
JIEHHS] KOJJIEKTODA 4YeThIpeX CJI0€B CelHalbHOro copTa CTek-
Jia, cnabo oTpaKawllero COMHEeuHble JIYYH, K. . 1. reHeparopa
C TepMONapaMH LHHK — CypbMa H BHCMYT—CYpPbMa MOXHO 10~
BectH 0 1,05%. Buian Takxke mpoHsseieHbl H3MEPEHHS C OJIHOIT

Gar. 17. TepMosnekTpHuecKkril reHepaTop AN HCNOJL3OBAHHA COJHEYHOR
SHEPIHH.

a —pHA cnepeiH; 6 — BHA C3aH.

Tepmonapoft (LHHK — CypbMa) — KOHCTAHTaH, Ha ropsiyuii cnam
KOTOpPOii OblJl HanpaBJieH NMYYOK CKOHIIEHTPHPOBAHHBIX COJIHEY-
HEIX Jyuefl, naomansio 116 mm?, coGpaHHBIX ¢ TMJOLIAAH, B
50 pa3 Gombluel. PasnocTb Temnepatyp ropsidiero ¥ XOoJOAHOrO
KOHLIOB Tepmonapbl pasHsiiace 247° C. Tepmonapa pasBHBada
TepMO-3, 4. c. 56- 102 g u OT Hee MOXKHO ObiIO MONMYYHTH IO
0.166 er nosesnolt MmommocTH. Koadduunenar nosesnoro ped-
cTBusi pocturan 3,35%.

SAKJIIOYEHHE

Jlo HacTosiero BpEMEHH TEePMO3/IEKTPHYECKHE TIeHepaTOpHl
HCMOJIb30BAJIHCh B KaYeCTBE HCTOYHHKA 3JEKTPHYECKOil 3HEpPrHH
B J1a60paTOPHSIX MJH 1M1 TIHTAaHHsI MaJOMOLIHOM paaWoanna-
patypel. Hoseflune AocTtHKeHHss B 06aacTtH pa3paGoOTKH cre-
HaJbHBIX, 6osee 3O (HEKTHBHBIX MAaTepHANOB sl TEPMONap yiKe
3HAYHTEJLHO PACIIHPHIIH BO3MOXKHOCTH NPHMEHEHHS] TEPMO3JIEK-
TPHYECKHX T€HepaTOPOB H MO3BOJISIOT OXHAATHL B HaJjibHefilieM,
YTO MOCJEeAHHE HafifyT elle psll HOBLIX NPHMEHEHHI.

Vike Ha OCHOBe CYLICCTBYIOLIHX MaTepHasioB paspabathiBa-
IOTCSl THMBl TEPMO3JEKTPHUYECKHX TeHepaToOpoB AMSA HCMOJb30-
BaHHsl COJMHEYHON 3HEPrHH B CJNAa60 3JEKTPH(pHIHPOBAHHBIX
pafioHax, pacnoJioXeHHbiX BOJH3H OT TPONHKOB H OTVIHYAIOLLHX-
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csl GOJIBIIHM GHCJOM COJIHEUHHIX AHell B rofy, a TaKkXe TepPMO-
3JIeKTPHYECKHe leHepaTopnl € MOJOrpeBoM aTOMHOil 3Hepruef.

Jlaneueiiliee nosbilleHde K. M. J. TepMONap 3a cuer pa3pa-
6oTkE ele Gojee 3¢hGdeKTHBHEIX MaTePHaJ0B LOJXKHO NPUBECTH
K IIMPOKOMY BHENPEHHIO TEPMO3JEKTPHYECKHX [EeHepaToOpOB B
KayecTBe HCTOYHHKOB 3/JEKTPHYECKOIl 3HEPIruH HeBOJbIIOH MO~
Hocti (mo 1 KeT), Kak To/ibKO BX OOui K. N. 1. 6yaeTr JoBeleH
no 5—7%.

LleHHOCTE TepMO3JIEKTPUYECKHX [eHEpaToOpOB B KauecTse HC-
TOUHHKOB MHTaHHS paJHOANNapatypsl, B OCOOEHHOCTH B He-
3/1eKTpHGHUHPOBAHHBIX palloHax 3HaYyHTeJbHO BO3PACTET B CBS-
34 ¢ BHEJpEHHEM MOJIYNPOBOIHHKOBHX TPHOAOB, NOTpebJIsIOWUX
3HAYATEJBHO MeHbllle 3HEDPIrHH, yeM 3aMeHsieMble HMH B Dpsje
CJyuaeB 3/IeKTPOHHEIE JIaMITHL.
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