











CKOPOYEHHSA TA YMOBHI ITO3HAKH

Z, —cheKTHBHICTL TEPMOCICKTPHYHOTO MaTEpiany,

C,,C, — Bi/IHOCHE TEMIOBE HABAHTAKEHHA MEPIIOTO 1 IPYTOTO KacKasliB,

T, — Temreparypa TEIonoriIHHayoro 3naio rnepioro Kackauy,

¥ — TEPMOEGJIEKTPHYHA MOTYKHICTh TEPMOEJIEMEHTY,

W, W, — noTyKHICTh NOrIMHAHHA TIEPILIOTO 1 APYTOro Kackalis,

Ag — HOMIHAIbHA IHTEHCHBHICTh BiIMOB,

0,, 0, — pinHocHui nepenan Temneparyp B kackanax TEILL

Ky, Ky, — KoediuieHTH 3HaUyIMOCT] 3 ypaxyBaHHAM BIUTHHY 3HHAKCHHX TeMrepa-
TYp
AT

R,, R, — enexkrpuuHuii onip rulok TEPMOEIEMEHTIB B KACKA1aX,

AT, ., —MakcHMallbHUii niepenaj temneparyp B kackanax TETI,

mux | ?

B,, B, —BiaHocHmii pobounii ctpym B kackagax TEII,

I I — MAaKCHMaJIBHHH poDOUHii CTPYM B Kackajax,

max | Y “max2
e — koediuienT TepmoEPC rinok TepMoeneMeHTy,
Ny, N3 — KUTLKICTh TEPMOEIIEMEHTIR Y niepiuomy 1 apyromy kackaaax TEII,
P)t) — BiporijnicTe Oe3riaAMOBHOT poboTH,
() — BEIHYMHA TEMJI0BOTO HABAHTAXKEHHA,
Qo — xonoxonpoaykTuBHicTs TEII,
R — eNeKxTpHYHHAIT OMIp TJI0K TEPMOEJIEMEHTY,
AT — nepenazn remneparyp B kackagax TEII,
A(t) — IHTEHCHBHICTE BIJIMOR,
@ — eNIeKTPONPOBIIHICTE TJIOK TEPMOEIEMEHTY,
PEA - panioeneKTpoHHa anaparypa,
C3TP — cucteMa 3a0e3nedcHHA TETUIOBHX PEKIMIB,
TEIT — TtepMoeeKTpHYHHH NepeTroproBay.



BCTYII

[TiABMIIEHHA CKNATHOCTI OYAb-AKMX CKIATHHX CHCTEM, A0 JKMX HaIeKaTh
iH(OopMariiHi CHCTEMH, TIOJIATAE B MiABHINEHH] HAMIHHOCTI IXHIX CKIIAI0BHX 1 CH-
ctem 3abesneveHHs TerniaoBux pexumiB. [lpu ¢yHkuionyBanHi iHhopMalliiHuX
CHCTEM BHKOPHCTOBYETECS eJeMeHTHa Da3a 1 npHCTpoi 13 3a-BIJIOMO BIIOMHMM I1a-
CMOPTHUMH MOKa3HUKaMH HamiiHocTi. ITin yac (yHKIIOHYBAHHS anapaTypH Cili-
JIHO 13 cHeTeMamu 3a0esredyeHHs TeIIOBHX PeakHMIB HEODXIIHO KOHTPOIIOBATH
KPUTHYHI APAMETPH PO30CEPEIKEHHX TEIUIOHABAHTAKECHHX €/IEMEHTIB, MPOBOIH-
TH 00pOOIEeHHSs, YXBAIIOBATH PILISHHA B PeallbHOMY Haci Ta KepyBaTH CHCTEMOKO
3abesneueHns. Po3pobka uux nuraHe sBignosigac nyHkry PHO4 *“3acrocoByBaru
Cy4acHi MeTOIH MATEeMAaTHYHOIO Ta KOMII'HOTEPHOr0 MOJENKBaHHS 1 OyLyBaTH
eeKTHBHI AJITOPHTMH VI YHCEIILHOTO JIOCHLDKEHHS Ta PO3B A3aHHs [PHKJIAIHHX
sagau’” Cranpapry cneniansHocTi 122 KoM oTepHi HayKy.

Cucremn 3a0e3nedyeHHs TEIUIOBHX PEXKHMIB JOCHTHL CKIIAJHA CKJIAN0BA iH-
(hopmatiiHUX CHCTEM, Y AKHX BUKOPHCTOBYIOTECS PI3HI CHCTEMH OXONIO/KEHHS Ta
HarpiBaHHs, NPHYOMY HaMCKIAAHIIIHM MPOLECOM € OXOJIOKEHHS TEIIOHABAHTA-
JKeHux enemenTis. TepmoeneKTpHuHnil criocid HaiieeKTHBHIMIMH Y iana3oHl Te-
mrepaTyp Bin 140K go 350K. Cdepa BukopucTanHs: MIKPOIIPOLECOpHa TEXHIKa,
kBanToBa ontuka, HBU-texuika, masepHa Texuika, iHpadepBoHi npuiiMadi Ta BH-
[POMIHIOBAYI, JKEPEa eHepril Ta NepeTBOPIOBANLHI eleMEHTH, TepMOCIeKTPHYHI
[PUCTPOT OXOJIOKEHHS/HATPIBY Jal0Th 3MOTY PEryJIIOBATH BEIHUHHY 1 HAMPAMOK
TEIUIOBOIO MOTOKY 3aBJISKH MPOCTii 3MiHI BEIHYHHH 1 HAPSAMKY PoOOHOro cIpy-
my. OCHOBHI nepeBard TEPMOCIEKTPHYHOTO ¢noco0y OXOI0DKEHHS Mepe] 1HIH-
MH [OMMTat0Th Y BUCOKIN HaAIHHOCTI Ta MaUX radapuTHHX pO3Mipax TepMoeex-
TPHYHHUX [PHCTPOIB, ¥ NPOCTOTI KepyBauus Ta meuakomii. LI nepesarn 3a cBocio
CYITIO € HACIIAKOM TBEPAOTUILHOT IPUPOIN TAKMX OXOI0KYBAYiB, TODTO BIACYT-

HICTIO PYXOMMX HaCTUH, piauH ado rasis, 110 NepeKayyIoThCs.
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ITin wyac noOya10BH BUCOKOHAMIHHNX CIEKTPOHHHX KOMIUIEKCIB 13 CHCTEMA-
MH 3a0€3MeHeHHS TCIIOBHX PEKHMIB, 110 BHKOPHCTOBYIOTH TEPMOCIHCKTPHYHHI
crnocid OXOJIOKEHHSA/HAIPIBAHHA, OJHICK 3 KIOHOBHX NpobiieM ¢ HEOoOXiAHICTh
OLHIOBAHHSA Ta MPOIHO3YBAHHSA MOKA3ZHUKIB HAAIHMHOCTI TEPMOCIEKTPUYHHX MpH-
CTPOIB, & TAKOXK BU3HAYCHHSA LUIAXIB IX MIJABHILCHHS,

TenpeHuis 1o MiHIATIOpPH3ALIT SK €IEMEHTIB 1 CKIaJ0BUX YACTHH eIeKTPOH-
HOI anaparypH, Tak 1 TePMOCICKTPUHHHUX MOAY/B poduTh OLALLI TOCTPOIO Mpo-
OneMy MiABHIIEHHS SKOCTI BUXIIHUX TEPMOEICKTPUYHUX MaTepiamiB | BJOCKOHA-
neHHs TexHosor supodbuuursa Moayuis. [Ipu npoMmy B paMkax npuitisToi Moaesi
3'ABNSETHCA MOXKIMBICTE OKPECHHTH MIJX0AH | METOIM PO3B'A3aHHS TIPAKTHYHMX
3aBjaHb MO0 3a0e3neyeHHs 3a/1aHoro piBHA HAAIMHOCTI Mij yac nody10BH Tep-

MOEIEKTPHYHHX OXON0KYBa4YiB | HAMITHTH HUIAXH HOTO MiIBHIIIEHHA.
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1 CUCTEMA 3ABE3INEYEHHSA TEILVTOBHX PEXKHMIB AK CKJIA-
JOBA IHOOPMAILIMHUX CUCTEM

Brnme Tenaa Ha HamiiHicTs iHGOpMaiiHIX cCHCTEM

MdyukmionyBands GopToBuX iH(POPMAILIHHHX CHCTEM MMOB'A3aHE 3 BHILICH-
HAM TeIId, OCKIIBKH B cydacHHX 3acofax oOpoOkn panux 30-90% cnokuBanOl
SHEprii MepeTBOPIOEThCA HA HATPIBAHHA AK camoi eneMeHTHoi 0a3u, Tak 1 HaBKO-
THITHEOTO cepenopunia. [Tpun npomy HeoOXiIHO BpaxoByBaTH, 110 HAIHHICTE Ha-
MiBIPOBIIHHKOBHX BHpOOIB ICTOTHO 3alIeKHTH Bill TeMIEpaTypH, OCKUIBKH He-
CTIHKICTh CHCTEMH BIIIMOBITHO /10 3ak0HY AppeHiyca 30inbiyeThes mpulaH3HO B
2 pasH npH 3pOCTaHHI TEMIEpPaTypH Ha 10°C. [Tpy NiABMILEHH] TEMIIEPATYpH Bij
20"C no 80"C iuTeHcHBHICTS BIIMOB 3pOCTaE y: eIeKTPOHHO-BUIPIMHHX NPHIIA/IIB
y 1.,5-2 pa3u; pesucTopiB y 2-3 pasu; HaMIBNPOBIAHHUKIB ¥ 3-4 pasu; MIKPOCXeM y
6-10 pasis [1].

[Ipn nocarHeHHI NESKMX KPUTHYHUX 3HAYeHb (JUIS KPEMHIEBHX CIEKTPOH-
HHX KOMIIOHeHTiB mprémisHo 85°C) npauesqaTricTs BHPOGIB MOYMITHBA TIIBKH 3a
YMOBH TIPHMYCOBOTO OXOJIO/GKEHHS anapatypH. 3 OrJiay Ha CKIHYEHHICTh €NeKT-
PHYHOTO OMOpPY, HASBHICTEL MEPeXiJIHAX MPOoIeciB Mij Yac NnepeMHKaHkL eleMeHTIR
npodiieMa TEIIOBOT HAAIHHOCTI ENEKTPOHHOI anaparypH € (DYHIAMEeHTAIbHOK).
[TigBHILEHHs LIIBLHOCTI MOHTAXKY €IeKTPOHHMX KOMIIOHEHTIB 1 KOHLEeHTpallis
EHEPTii, 1Mo BHALIAETECA 200 MOTTHHAETECA KPHTHUYHHMH €IeMeHTAMH, JIHIIE T10-
CHITIOIOTH 1110 mpodiaemy [2].

Po3pisusioTs TpH BHAK NEpeHeceH s ¢Heprii: TeIUlonpoBiAHICTL, KOHBEKLI1S,
TEIIOBE BHIPOMIHIOBAHHA. TennonpoBiIHICT: — MONCKYIIAPHE NCPCHCCCHHS TEI-
JOTH B CYUUIBHOMY CepeloBHIIl 3a PaxyHOK pizHuul temreparyp. Konsekuis —
[IPOLIEC NMEPEHECEHHA TEIUIOTH IMi/] Yac¢ NEPEMIIICHHS MAKPOCKOIMYHUX 00'eMIB pi-
muHA abo rasy 3 o0nacTi NiIBMIIEHOT TeMIlEpaTypu B 00J1acTh 3HMIKEHOI TemIlepa-
TYPH. AKILO OpH ULOMY [EPEHECCHHA TEIUla NOoB'A3aHe 3 NepeHeceHHAM PEHOBHHH

1 CYIPOBOPKYETHCS TEIIONPOBLAHICTIO, BIH HA3MBAECTHCS KOHBEKTHBHHM TEILIOO-
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Ominom. TerioBe BHIIPOMIHIOBAHHA — IPOLEC NEPEHECEHHS 32 PaXYHOK eHeprii

EJIEKTPO-MArHiTHOIO BUIIPOMIHIOBAHHS.

Cucremn 3a0e31CHCHHS TCIUIOBUX PCXKHUMIB PALIOCICKTPOHHOT anaparypu
MOKJIHKAHI 3HU3UTH TEMIEpaTypy KOMIIOHEHTIB /10 piBHs NMPHIHHATHOT HAIHHOCTI
thyukuionysanus enementis, CHUCTEMH OXOJIOUKCHHS MMOAUIAIOTE HA MOBITPAHI,
PLAMHHI, KOHIYKTOPHI Ta KOMOIHOBaHI, 1 IXHE BUKOPUCTAHHSA 3QJCKHUTL BLI HE0O-
X1HOT HLUTBHOCT] TETUIOBOTO MOTOKY., SAKHH CIIif| BIIBECTH BlJ| TCIJIOHABAHTAKCHO-
ro o0'exra:

10 10 Br/v® — PUPOIHE MTOBITPSHE OXOJIOIKEHHSA;

110 1000 BT/M" — noBiTpsAHE IPHMYCOBE OXONOIKCHH;

110 50000 Br/m’ — PLAMHHE OXOJI0/KEeHHS;

monaa 50000 Bt/mM® — BHTApHi CHCTEMH 0XOJOKEHHA.

binbuicTs pagloeneKTpOHHUX CHCTEM MA€ MOBITPAHE OXOJIOKEHHS! BHACII-
A0K MPOCTOTH peamizauii, npoTe IHTEHCHBHICTE TeNsonepeaadi npu npupoIHOMY
OXOJIO/UKEHH1 BKpaii HepHcoka. ¥ Tabn.. 1.1 npeacTarneHo IHTEHCHMBHOCTI TEIMJIO-
nepejadl 3a pi3HuxX crocobIB 0X0no/pKeHHs [3], 3 AKUX BUIUIMBAE, 110 PIIHHHE TA

cbamne OXONOJKCHHA Jac CYTTEROD BHIITHH E{]JEKT, MpoTE 3HAYHO CKTajHile 3a mo-

BITpsiHE.
Tabn. 1.1
[HTEHCHBHOCTI TeTUIoNepeaayi 3a PisHUX Cnoco01B OXOTOKEHHS
No | Koetpimient
n/n Cnoci6 Tersionepeayi Terionepenayi
Br/M'K
1 | Ilpuposna KOHBEKIIs | BUTIOMIPYBAHHS 2-10
2 | [IpumycoBa KOHBEKIIS B TIOBITPI | n1apax 10-100
3 | [Ipuponua KoHBeKUis B OJIT TA IHIIKX PIAHHAX 200-300
4 | [lpumycopa KOHBEKLIS B OJIT T IHIIMX plLAMHAX | 3001000
5 | IlpupoaHa KOHBEKIIIS YV BOII | 200-300
6 | [IpumycoBa KOHBEKLIA Y BOII 10003000
7 | Kuninns pianau 500-45000 |
8 | KpanensHa KoHAEHCALIA napy | 40000-120000 l
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BukopucTanHs TEILIOHOCIS B PESKUMI KHIITHHS NPU3BEIIO JI0 CTBOPEHHS BH-
MapHUX CUCTEM OXOJO/DKCHHs, M0 3a0e3neuyloTh 1ie OUIbILY, HIK Y PLINHHHX
CHCTEMAX, IHTEHCHBHICTL Teronepeaadi. Bpaxosyors 1ie o1y 03HaKy Juis Kiia-
cudikanii cnocobiB A1l XOI0M0areHTy 110 BiAHOWEHHIO 10 HArpiTOl 30HN arnapary:
nosepxuesl ta 00'emui. [lo noBepxHeBUX HANEKaTh CNOCOOM OXOJIOIKEHHS, 110
3a0e3reuyoTh 3HIMAHHSA TeIia 3 MOBepXHI Koxyxa ado Harpitol 30Hu. [o 00'em-
HHX CITOCOOIB OXOJIOMKEHHA HAICKATHL CHCTEMH, 1110 3a0e3neuyiors 3HIMAaHHS H
aKyMYISLII0 Teruia B 00'eM1 HArpiToOi 30HH anapara.

B ocHoBy knacu(ikaiii CHCTEM 0XOJIOPKEHHA NMOKIaAeHo (i3HuHMi cTaH
XOJ0M0areHTy, MO aKyMyJII0€ TEMa0. 3a 1€ 03HAKOK PO3PI3HAIOTH: TMOBITPAHI
NPHPOHL Ta IPUMYCOBI (ra30B1), PLINHHI, BUNAPHI, KOHAYKTHBHI (TBepAOTUIBHI) 1
KOMOTHOBaHI CHCTEMH OXONO/GKEHHH.

Ha sxicts ¢yHKulOHYBaHHSN CcHCTEMH 3a0€3[CYCHHA TEIUIOBUX PEXKUMIB
BIUTHBAKOTE 00'€EM PO3CIIOBAHHS Temna Vi, moTykHICT: W), 0 po3CiroeTheA, 10MmY-
CTHMa TeMmIepaTypa Ha MOBEpPXHI eneMeHTa i abo fonycTuma TemmepaTypa HaBKO-
THIIHBOTO CEPEOBHIIE, PEKOMEHA0BAH] KOe(IIeHTH HABAHTAKEHHS 30 MOTYHHI-
cTio K, MOKa3sHUKH HaAlHHOCTI, §; — muioma tenaosoro oominy. [lpn upomy ax

KpUTEpiil 3anponoHOBaHO BUKOPUCTOBYBATH KOMILIEKC Ui HAilbIIbI TeroHasa-

H}i 'Kﬂf

HTAKEHOro enemenra max(f = T

) [4], wo crnpuse BCTAHOBJIEHHIO 3a 3a1a-

o

HUM 0DCATOM Ta eHepreTHKOIO TerU1OBHAIEHHS] BUMOT JIOCSTHEHHS 33/1aH0r0 piB-
HA HagiiHocTi yHknionysaHHsa. Cripoba eMIpHIHOTO NOMYKY NPUHHATHOTO Ba-
plaHTa KOHCTPYKILI CTae eKOHOMIYHO HEBHIIPABIAHOIO,

3 ornaay Ha PI3HOMAHITHICTE TeOMETPii eNeKTPOHHUX KOMITOHEHTIB, MIih-
HOCTI TXHBOI'O PO3MOALTY, BIAMIHHOCTI TEIUIOBHILICHL ad0 MOrjiMHaHb Teria 3a
OCHOBY TPHIIMAETLCS cepefiis nopepxHesa ado o0'eMHa Temmeparypa Harpitol
30HW [ BCiX esneMeHTiB. O4YeBHIHO, 110 3a MOBHICTIO PIBHOMIPHOIO 00'€eMHOTO
TENJIOBM/IIEHHS Pajlioe/IeKTPOHHOT anapaTtypy cepeins Temrneparypa € iHgopma-
THBHOIO 03HAKOIO LLOTO [IPOCTOPY, @ KUILKICTH eHeprii, HeodXiiHol 118 cKutaHHs

Ha,JIHILIKOBOI'O TEIUIA /10 3a/1aH01 TEMIIEPATYPH, MIHIMaJIBHA.
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1.2 ViaraasHeHa TemioBa Mmojeds indopmaniiina cucremMu

Tennoea mMomens cknajHoi CHCTEMH ABIAE cOOOK TPHUILIAPOBY CTPYKTYPY,
110 MICTHThL HArpiTy 30HY, 130J4111iHY 30HY i 000IOHKY, KA Aaia 3MOry CTROPUTH
AHATITHUHHUE anapaT Uid po3paxyHKY CepeHiX MOBepXHeBHX Temmepatyp [5].
[TorepxHA HArpiTOl 30HK Ta KOXKYX PO3IJIAIAETHCA, SK i30METPHYHI MOBEPXHI i3
CEpPeIHBOIO TIOBEPXHEBOIO TEMITEPATYPOIO fx TA f;, OJAHAK MOJIEIb HE A€ 3MOTH J0-
CITIKYBATH 00'€EMHE TEMTEpaTypHE MOJIe HArpiTOT 30HH, XapakTepHe J1d cyqacHol
MIKpO-eJieMeHTHOI Dasu. TernionpoBijiHi BIACTHBOCTI €JEeMEHTapHOTO OCepeKy I
CHCTEMH 3arajloM MOKYTh 3MIHIOBATHCA B TPbOX OCHOBHHMX HAlpAMKax ocei cu-
metpii cucremu Av Ay A=, ToOTO OTpUMAHE TINO CIiZ PO3IIISIATH SK AHI3OTPOIIHE 34
TCIAONPOBIIHICTIO B3I0BXK TOJIOBHUX OCEH CHMETPII.

SKIo cucTeMa rnpusHaueHa Uig TpuBanoro QyHKIIOHYBAHHSA, TOOTO TeMIIe-
parypa B Harpitiii 30u1 0OMEKCHA 32 PAXYHOK CTOKIB 3 MHTOMON) MOTYKHICTIO
Ofx, v, z, & ©) 3 HarpiTOi 30HW 3 MUTOMOK MOTYKRHICTIO Oy (8, K, 7). AKIIO0 Mae Mi-
ClIE TOTOKHICTh, TO B CTATIOMY PEHKHMI

W=0 npu () < < (1.1)
OTPUMAEMO MOBHICTIO 30aIaHCoBaHy (11€aJIbHY 3 MOy TeI000MIHY) CHCTEMY,
y AKii meperpiBaHHa | BHKIHKaHE HHM 3HHMKEHHS TOKa3HHWKIB HadliiHocTi Oyne
BukI04YeHo [6]. fxmo supas (1.1) BUKOHYETHCS MICIA BUXOMLY HA CTAIMI PEKUM
uepes vac 7., Micid BBIMKHEHHS anapatypH

W=>Q; O0<t<1ycr: (1.2)

W=Q; tyer<t< ™, (1.3)
TO €JIEMEHTH HArpiToi 30HH HAKOMHYYIOTH [IEBHY YaCTHHY TCIUIOBOI eHeprii, 1o

NpcacTaB/IAIOTRCH IHT crpajiom

AT = [[(W — Q)dVdr

a .
[0 CHIPHYMHSEC 3MIHY TEeMIepaTypu B Pi3HHX Toukax amapata. CHCTEMH, y SIKHX
BHKOHYIOTBCA yMOBH (1.1-1.3), € cTifikuM# 3 NOrsAay TEmioo0MiHY 1 3JaTHI 10

TpuBasioro ta OaratopasoBoro (yHkuioHyBaHHs. Taka MOCTAaHOBKA 3ajadi [ae
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3MOI'Y M11JI HAaC CHHTE3y CHCTEMH PO3IJSIaTH CHCTEMY, IO CKIaJA€Thes 3 pazioe-
NAEKTPOHHOT CHCTEMH Ta CHCTEMH 3a0e3reveHHs 1i TeIUIOBHX PEIKUMIB.
HudepeHuiansbe piBHAHHS TEILIONPOBIIHOCTI /118 KBA310IHOPIAHOTO aHI30-
TPOITHOTO TBEPJAOro Tula 3 pkepenamu W ta ob'emuumu (), 1 nosepxueBHMH O,
CTOKAMH TENI0BOT CHEpril, rpaHHYHI T4 MOYATKOBI YMOBH 3aMHIIYTHCH B TAKOMY

BUIIs I [6]:

?Q = the-[}igmdQ] T
or ¢y cy ¢y, (1.4)
0
- i_:Q-—1 5 — QS
on : (1,5)
0(x,7,20)=0_ (1.6)
O(x,3,2.7) = (%, 7,2,7) 1, (1.7)

ne c(x,y,z) — MATOMA TeIJIOEMHICTb, JIK/M- epad ;

¥(x,v,2) — IWIILHICTD, KI/ M

N — HAINpsiM HOPMaJll 10 MOBEPXHI HArPITOI 30HU;

{ — TeMIIEPATYPA HABKOMHIIIHEOTO cepenoBuia, 'C.

[Tpn upomy npumyckaeTbed, o remnohizndni koediuientu C, A, ¥ y iana-
30HI poOOYHX TEMMEpaTyp HAMIBNPOBIAHHKIB MPAKTHYHO HE 3anekaTh Bl TEMITE-
paTypH, a 3anexHoCT] A Bl KOOPAHHAT aHI30TPONHI B3J0BK OCHOBHHUX oceii X, Y,
Z | HOpMAITBbHI 10 NOBEPXOHD I'PpaHeil HarpiTol 30HKU. 3 oOMeKeHb

Q(_Y._L’,Z,@,r} = Q:J + “‘?UB; Q—*' = K@, {18)

ne ¢ — ob'eMHHH TemnepaTypHHH KoeillIEHT MoTy:kHOoCTI abo Tennoodminy, K —
KoeitieHT TErI000MIHY Hepe3 WUINHY Bl HArPITOI 30HH [0 KOKYXa, 3 SIKHX BH-
MIMBae, 1o 06'eMHi ¢TokH Tenmna O poznoaineHa piBHOMIPHO 3a BCiM 06'eMOM 30-
HHW HarpiBy, a MOBEPXHEBI CTOKH 3@ MOBEPXHEH JIHIHHO 3pOCTalTh 31 3pOCTAHHAM
TEMIEPATYPH €/1eMEeHTIB 1 NOBepXHI HarpiTol 3oHu. Po3noin jpkepen 1 cKkuaHHs

TeMn/a B 3aMporoHOBaHIH MOJIEI NOAA0ThCA Y BHTIIAMI:

o0 kS 2 6‘(124_2 5'Q+a o0 +W(x,y.z)_

E_C}' s 5.1" 2 E‘Jf] 7 522 C.'j" i ('}" {19)
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a BIIBEJACHHA TeIUIa 3/iiicHIOETLCS abo 3 NoBepXHi Kokyxa, abo Desnocepeinbo 3
MOBEPXHI HAPITOT 30HH HLIAXOM MPHPOIHOT KOHBEKLIT, BUMYILIEHOT KOHBEKIIT ra-
3y a0 PIAMHH TA HIIUMH MOBEPXHCBUMH CHCTEMAMU 0X0nokeHHs. Posp'azanus
LOTO PIBHSHHS [U1 JOBUTBHOTO 3aKOHY 3MIHH TEMIEpPATypH MpeacTaBise cepiio-
3H1 MATEMATHHHI TPYAHOLLL 1 3BOANTBCA 10 PO3B'SI3aHHA HEKOPEKTHUX OaratoBu-
MIPHHX 33724 TeIUIONpoBiAHOCTI. BOHO MOMXKINBE TUILKH 15 ACAKHX OKPEeMHX BH-
Na/IKiB, HAMPHKIIA, 3a BIJICYTHOCTI NOBEPXHEBHX CTOKIB €HEPril Ta PIBHOMIPHOTO
posnoauty mKepen 1 00'eMHHX CTOKIB €HEPrii, 110 3anexarh Bi Temneparypu: O,
=0 k=k=k=0 Wy z) =W, Opx y z) = (0. llpakrudna peanisauis Bij-
MOBIIAE€ BUMAAKY, KOIMH HarpiTi 30HH IHTEHCHBHO OXOIOUKYIOTBCS HITAXOM DIiB-
HOMIPHOIO [POYBAHHS OBITPA 400 NPOrOHY PLAMHH TaK, 1110 KOHBEKTHBHUM B1J1-
BEIEHHAM TETIa Yepe3 KOXKyX anaparta MOKHa 3HEXTYBATH.,

Jlis po3e'szaHHs 3aralbHOI 3a7adl CHMHTE3y anaparypH 13 3aJaHuM TeIuio-
BHM PEKMMOM HEOOXITHO 3a7aTH AOMYCTHMI MEXKI 3MIHM napaMeTpiB CHHTe3Y,
To0TO 0OMexKeHb Ha KoxeH napametp. lle mpusBoauTh 10 HeoOXiAHOCTI poO3B'sA-
JaHHA MPAMHX 33144 TEIUIOMPORIAHOCTI. 3a 3a1aHuX 00MeXKeHb Ha NapaMeTp an-
roput™ TennogiznuHoro cuHresy PEA 3a zonycTHMO0 TemmepaTypor MoKHa
OTPHUMATH HA OCHOBI po3B's3aHHA 3BOPOTHOI 3aaul Ternonposignocti. CyuacHuii
MaTeMaTHYHHI anapaT HE Aa€ 3MOTH OTPUMAaTH aHaJITHYIHHH pO3B'A30K IHTErpa-
NMBHOTO PIBHAHHA 3BOPOTHOT 33124l TErUIONPOBIIHOCTI 33 JOBUIBHOTO 3aKOHY 3Mi-
HH JOMYCTHMOT TeMIepaTypH 3a 00'eMOM eNeKTPOHHOT anapaTypH.

Jlas cTanioHapHOro pexuMy 3anporoHOBaHO METOIAMKY MPOCKTYBaHHA 3a
CepeHLOl0 TemIepaTypoio. BoHa BKIlOYae: BU3HAUEHHS MOBEPXHEBOI TEMIEpaTy-
PH Harpitoi 30HM, 3aBJAHHS HEOOXIIHOT MPOCTOPOBO-YACOBOT 3MIHH TEMIIEPaTyp-
HOTO MO, FPAaHHYHUX OOMEKEHb HA KOXKEH rapamerp, Po3paxyHOK KiTbKICHMX
3Ha4YeHb MapaMeTpiB CHHTE3Y, Mo 3a0e3nedaTe HEOOXIAHY TMPOCTOPOBO-YACOBY
3MIHY TEMIIEPATYPHOIO TIOJIS.

BiaxuneHHs Bil pIBHOMIPHOTO PO3NOJALTY TEMIOBHX DKEPENT YCepeaHHi
aHa/I30BaHoOro 00'eMy NPH3BOANTE M0 He0OXIIHOCTI 30UIBIIEHHS €Heprii 0X0J0-

JGKEHHSA, OCKITBKH A5 TOCATHEHHA TEMIIEPATYPH MEPEBAHTAXKEHHX €JIEMEHTIR TMO-
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TpibHo Ounbine edeprii. 1o Ginbiie MakcHUMaabHa TEMIEpaTypa TeIUIOHABAHTAKE-
HOTO €IeMEHTa BIAPI3HACTLCS BlJ CEPEIHLO0D'EMHOT, TO 3HAYYLIIIA PISHUL MIK
ONTUMI30BaHUM (PIBHOMIpHUI po3noain) sapiantom i peansuum. [lepeBuinenus
TeMIEepaTypu TerJOHABAHTAKEHHX CIIEMEHTIB BULIIE 32 CepelHbO0D cMHY TTPH3BO-
AMTH JI0 MOTIPUICHHA NOKA3HUKIB HAAIHHOCTI MO0 HOMIHAIBHHX [OKA3HUKIB
@JIEMEHTIB 1, IK HAC/IL0K, yCl€T IH(popMaLiifHOT CUCTEMHM 3araaoMm.

OnHuM 13 MOMKINBHX BaplaHTIB PO3B'A3aHHA 331441 3HHMKEHHS HEPIBHOMIP-
HOCTI TEIUIOBUIZICHHS B KOHTPOILOBAaHOMY 00'emi € 3a0e3neueHHs TEIIOHaBaH-
TAKCHUX CJIEMEHTIB pafiaTopaMu BIAMNOBIAHOT [LIOLL, O PO3CIHOIOTL T, Ha-
OnmkalouM TXHIO TOBEPXHEBY TeMmepaTypy Ao cepeaneood'emuoi [7]. Onnak,
BBE/ICHHS PajllaTopiB BILIMBAE HA 301IbLICHHS MACOBHX | raDapUTHUX XapaKTepuc-
THK pafioeleKTPOHHHX CHCTEM, 1O 0CODMMBO KPHTHHHO /715 DOPTOBOT anapaTypH.
Bumoru 10 nokasHuKIB HagliiHOCTI DOPTOBOI anapaTypH NOCTIHHO 3pOCTal0Th 0/1-
HOYACHO 31 301MbIEHHAM TUTOMOI HITBHOCTI BHALTCHHA TEMIA eNeMEHTaMH CHC-
TEMH Ta 3MCHIICHHSM MacoradapuMTHHX NapamMeTpiB, 110 MepelyBae y B3aEMHOMY
MNPOTHPIYYI T CKIAIA€ HAYKOBY 1 NPUKIIAHY npodiemy.

[lepemkomaoo 3MeHIeHHA rabapyuTIB | MIJBHIICHHA HAAIHOCTI CHCTEMH €
SHAYTHOHY MipCllD sabesneveHHs HE()ﬁKiﬂH{}TD TEMNIOBOTIO PEXHMY, AKHH 3Q/1€KHTh
BiJl TEMJOBUX XapaKTePHCTHK €JIEMEHTIB, KOHCTPYKUIIHOTO PO3MoAlIy €leMEeHT-
HO1 Da3n, cuctemu 3ade3nedeHHs TENIOBOIO PEXKHUMY. 3 OISy Ha HH3BKY TerJio-
NPOBIAHICTE MOBITPA, Nia wac BHOOPY cHcTEeMH 3a0e3MeyeHHs TETUIOBHX PEIKHMIB
OB 1IOCTORIPHY NMEpPBUHHY THQOPMALLIIO Jal0Th TEMIIEPATYPH KOPITYCIB €JIeMeH-
TiB, @ HE CEPE/IHA TEMIEpaTypa CEPe/IOBHINA KOHTPOILOBAHOTO 00'eMY.

BigxuneHHs Bil PIBHOMIPHOTO PO3IONUTY TEIUIOBUX [DKEpell ycepelnHi
aHaTi30BaHOr0 00'€eMy MPH3BOANTE A0 HEOOX1IHOCTI 301MBIIEHHS] eHeprii 0Xoo-
IGKCHHA, OCKIUTLKH 7151 JOCATHEHHA TEMIIEpaTypH MEPEeBaHTAKEHHX CIIEMEHTIB T10-
TpibHO Ounbie edeprii. [1lo OUible MaKCHMalIbHA TEMIIEpATYpa TEILUIOHABAHTANE-
HOTO €1eMEHTA BIJIPI3HAETHCA BiJl CEPEIHBOOD'EMHOT, TO 3HAUYIIINIA PI3HHIA MK
ONTHMI30BAHUM (PIBHOMIPHMI PO3MOALIT) BapianToM 1 peaibHuM. [lepesuienHs

TEMNEPATYPH TETNIOHABAHTAMEHHUX ENeMEHTIB BHIIIEC 34 CEpE)IHhDOﬁlEMH}' MpH3IBO-
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JMTH JI0 MOrIPIICHHS [TOKA3HMKIB HAaAlMHOCT] MOA0 HOMIHANLHUX MOKA3HHUKIB
EJIEMEHTIB 1, IK HAC/II0K, yC1€T iH(opMaliiiHol CHCTEMH 3araaom.

OnHMUM 13 MOKIMBHX BAPIAHTIB PO3B'S3aHHA 33141 3HHKCHHS HEPIBHOMIP-
HOCTI TEIUIOBHILIEHHS B KOHTPOILOBaHOMY 00'eMi € 3abesrnedyeHHs TersioHaBaH-
TAKCHHUX CICMCHTIB PAIlaTOpaMy BiAMOBIAHOL IUIOLLL, IO PO3CIIOIOTH TEIUIO, HA-
Ompkarou IXHIO MOBEPXHEBY TeMIOepaTypy A0 cepeaHeoo0'eMHOl. OpHak, BBe-
JCHHS PAA1aTOPIB BILUTHBAE HA 30UILLICHHS MAacOBHX 1 rabapHTHHX XapakTepUCTHK
PaalOENeKTPOHHUX CHCTEM, [0 0CODIHMBO KPUTHYHO st OOPTOBOI anapatypu [8].
BuMoru 10 MoKasHUKIB HaIiiiHOCTI OOPTOBOI anapaTypH MOCTIHHO 3pOCTAIOThL O/1-
HOYACHO 31 30LTBIIEHHAM MMTOMOI HILTBHOCTI BHIJICHHS TETLUTA eJIEMEHTaMH CHC-
TEMH T4 3MEHIISHHSIM MacOoradapHTHUX NapamMeTpis, 1O 1nepedyBac y BIaEMHOMY
MPOTUPIYYI Ta CKJIAa€ HAYKOBY 1 IPHKIAIHY npoduemy.

[lepemkonoo 3MeHIIeHHA rabapuTiB 1 MIABMILCHHA HAAIHHOCTI CHCTEMH €
JHAYHOKI MIpoK0 3abe3meueHHs HeoOXITHOTO Termororo pexumy [8], akuii 3ame-
AKWUTh BIJI TCIMIORMX XapaKTEPUCTHK E€JIEMEHTIB, KOHCTPYKIIIIHOINO pO3MoiIy eine-
MEHTHOI 0a3H, CHCTeMH 3a0e3MeHEHHS TeIUIOBOTO PekHMY. 3 Orusay Ha HHU3bKY
TEMIOTPOBIHICTE MOBITPA, M Yac BHOOPY cHCTeMH 3abe3neyeHHs TErIOBUX pe-
AHUMIB OiBII JTOCTOBIPHY NMEpPBHHHY 1HQOPMALID Jal0Th TEMIEPATYPH KOPHYCIB
CJIEMEHTIB, @ HE CepPe/IHA TEMMEpaTypa Cepel0BHILA KOHTPOIILOBAHOIO 00'eMy.

BupiBHIOBAHHA TENJIONPORBIJHOCTI HATPITOT 30HN MOKIIHBE 3aBIAKU 3aCTO-
CYBAHHIO BHCOKO TEMIONMPOBIIHHX 3aMOBHIOBAYIB, 34 AKOI 30HA CTA€ 130TPOMHONIO
3a TEIUIONPOBUIHICTIO! Ay = Ay = 4. = Ay, TOOTO 3a0BOIBHATHME MIHIMIZALIO
napamerpa aHizorponHocTi F,; = 1. Ban3ekuii 10 11boro edext oTpHMYIOTH ¥ pasi
BHKOPHCTAHHA METAICBUX TEIJIOCTOKIB YV TIAHAPHHUX CTPYKTYpax, 32 AKMX TAKOX
MAa€ MiCLle aHI30TPOIIs 33 TeIUIONPOBLIHICTIO A, = Ay = Ay # 42, @ Fu=l.

[Tpn BBeseHH! 0D'eMHHX TEMIIEPATYPO 3AICHKHHX CTOKIB, MOTYKHICTh AKHX
ICTOTHO TEPeBHIIYE MOTYKHICTL MOBEPXHEBHX CTOKIB, AJITOPUTM CHHTE3Y 33 MaK-
CHMAILHOIO CTALIOHAPHOIO TEMIEPATYPOI) BHPAKACTLCS PIBHAHHAM 3B'S3KY, L0
Ma€e BHIJISL:

F, £l (1.10)
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Fo =7
' Vq,.’ (1.11)

ne Py — cymapHa NOTYKHICTh JKepen Tenaa; ¥ — of'em HarpiToi 30HH; ¢, - 00'eM-
HUH TemneparypHuit KoeimeHT MoTYKHOCTI abo s PIIHHHHX | TA30BHX CHCTEM
OXOmNouKeHHS 00'eMHMI KoeillleHT TernnoodMiny. 11 oTpuMaHHa ONTHMAaTbHUX
KOHCTPYKLIH TENJIOHABAHTAKEHO! PaTIOSNSKTPOHHOI anapaTypH, fKi 03BOJSIOThH
BUKOPUCTOBYBATH B CXEMaX €IEMEHTH 3 MAKCHMAIIBHOK CIIOKHMBAHOIO MOTYAKHIC-
TIO 34 33JaHOT0 MaKCHMAaJIBHOrO MeperpiBy, HeoOXIAHO MIHIMI3ZYBATH mapaMeTpH
cuHTE3y F; y Mexax oOMeKeHb, HAKJIAJAEHNX Ha KOKHHH napamMerp TEXHIYHUM 3a-
BIAHHAM Ha po3poliieHHs anapara.

HaiBammBiiow yMOBOIO 3acTOCYBAHHA CHCTEM 3a0€3reHCHHS TEIITOBHUX
PEKUMIB PAJIOCIEKTPOHHOT alaparypy € eKCIulyaraliiHi XapakTepHCTHKH: Maca,
raGapuTi, BiOpauiiini, y1apHi, TeMepaTypHi, BOJAOrIcHI, IHHAMIYHI, JHHAMIYHI Ta
HamiiHicTh. LluM ymoBam HaiiGliblie 3a10BONBHAIOTE TEPMOCIEKTPHYHI CHCTEMH
3a0esnedents TEIUIOBHX PEKUMIB, SIKi MepeBeplIyIOTE iHII 38 BCiMa MOKA3HMHKa-
MU, KPIM KOC(ILIEHTa KOPHCHOT 111.

Ha nicTaBi HaBeI€HOI'0 aHali3y MOJKHA 3pOOMTH BUCHOBOK:

| cepennnood'emMua TeMneparypa MOMKE CIYryBaTH ONOpHHM 0aszsucoM s
CHCTEM 3a0e3MeHCHHS TEIIOBUX PEKHMIB 13 JOCHTH PIBHOMIPHHM PO3TALIYBAHHAM
JpKepent 1 HU3LKOIO IPOCTOPOBOIO aHI30TPOINIECID TEMJIONPOBIIHOCTI;

2 a0 CHUCTEM 13 TCHIOHABAHTAXKCHUMM CICMCHTAMM, IO PI3KO BIAPI3HA-
[OTLCS Bijl (DOHOBOTO TeMIepaTypHOTo 1o, i 0OMeKeHHAMN 3a MacoradapHTHH-

MH XapaKTEPHCTHKAMH MPOAHANIZ0BAHI MTIIXOAH HETIPHITHATHI,
1.3 HapiiinicTHo-opicHTOBane NMpoeKTYBAHHA cHCTEM 3a0e3nedenns

[Tin wac npoexTyBanHs cydacHHX OOpTOBHX 1H(QOPMALIITHHX CHCTEM Bpaxo-
BYIOTHCH HACTYITHI PEKUMH EKCIUTYATallll: eeKTPHYHHE, TeIUIOBHH, MeXaHiuHMi,
a po3poOHHKH CTHKAIOTLCSA 3 CEPHO3HUMH MpodiieMaMu, OCHOBHI 3 AKHX:

- 301/IBLIEHHS BUMOT 10 HAJIHHOCTI IIPH MOCHICHHT YMOB €KCIUTyaTaItii;
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- 3HWKCHHA MacorabapuTHHX MapamMeTpiB NpH OJHOYACHOMY 301bIICHH]

KUILKOCTI BHKOHYBAHHUX (QYHKIIII;

- 3MCHILICHHS TCPMIHIB OHOBJICHHS 1 BIANOBIIHO HEOOXIIHICTE CKOPOUYYBATH
TEPMIHH IPOEKTYBAHHS HOBUX BHPOOIB.

Hanpukinii erany cXEMOTEXHIHHOTO MPOCKTYBAHHS BHHHUKAIOThH 3aBIaHHS
YTOUHEHHS HOMIHAIBHUX 3HAYCHB MAPAMETPIB eIeKTPOHABAHTAXKEHO! anapaTtypu,
CHHTE3Y JIONYCKIB Ha mapamMeTpu ta BHOOPY CHACKTPHYHHUX HABAHTAKYBAILHHUX Pe-
JKUMIB €IEMEHTIE, AK1 3a0e31euyl0Th 3ajaHy HaJIiHICTE 34 PAITOBUMH T4 fapamMe-
TPHYHUMH BIIMOBaMHU, AKi MOKHA ONTHMAILHO PO3B'A3ATH IHIIC B Pa3i CUCTEMHO-
ro MIZXOTY A0 PO3BR'A3aHHA, TOOTO 3 ypaxyBaHHAM elNeKTPHYHOr0, TETUIOBOTO, Me-
XaHIYHOI'O Ta IHIIHX PeXXUMIB eteMenTIB. OJlHAK HA eTani CXeMOTeXHIYHOIO 1poe-
KTYBaHHA He BIJIOMI TEMUIOBHH | MEXaHIYHHH PEKHMH TEIUIOHABAHTAKEHHX elle-
MEHTIB, TOMY HeoOxigHo noOyayBatu €auHy IH(QOpPMALIHY MOJAEHbL (MacTHHA
«eNMeKTPOHHOTO MakeTa» [9]) onTHMATLHOTO HAZIHHOrO eNneMeHTa, B AKIil B AKOCTI
3MIHHHX OyIyTh MapaMeTpH TelJIOHABAHTAKEHHWX EJIEMEHTIB | MapaMeTph KOHC-
Tpykuii. g Mojens Mae BHKOPHCTOBYBATHUCS HA CTHKY CXEMOTEXHIYHOIO Ta KOHC-
TPYKTOPCHKOTO €TamniB MPOeKTYBAHHA, TOMY IO TiJ1 9aC CHHTE3Y KOHCTPYKILT Tpe-
0a xoua O OPICHTOBHO 3HATH TEIUIOBHI 1 MEXaHIMHHI PelKHMH, AKI HeODXITHO 3a-
OesneunTH 474 HaAlHOTO (DYHKITIOHYBaHHS anapaTypH, | BUIMOBLIHO BHOpaTH abo
CHMHTE3YBaTH MPOEKTHI pilleHHs, 110 3abe3nedyroTh TXHIO peanizailiio 3a MiHIMa-
MBHHX BHTPAT HA KOMIUICKTYBATBHI €IIEMEHTH.

Bubip HapaHTa)KyBaJibHUX PE/KHMIB €JIEMEHTIB Ha €Tamnl CXeMOTEXHIYHOTO
NPOEKTYBaHHA (KOe(illleHT eTeKTPHUHOTO HABAHTAKEHHS | TeMIepaTypa 30BHIlll-
HBLOT CEpe/in) MPOBOIATL IHTYITHBHO HAa OCHOBI JIOCBIIY PO3POOHHKA 3 MOAABILIOI
MepPeBIPKOK) IMijl Yac po3paxyHKY TEMIOBOTO PeXxHMY H YTOUHEHOr0 pO3paxyHKy
HaAiHOCTI, 10 HE € ONTHMAILHHM, TOMY 110 HE BPaXxOBYIOTh ONTHMAJILEHOTO TO-
€IHAHHS EIEKTPHYHOIO HABAHTAXKYBAJILHOIO PEKUMY €JIEeMEHTIB Ta HOro Teruio-
BOIO PEXHMY 3 MOTNAAY BapTOCTi HAbOpy eNeMEHTH Ta BapTocTi 3abe3neucHHA

HOro TEIJIOBOIo PEHHMY.
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VY 3aCTOCOBYBAHMX METOAMKAX [POEKTYBAHHA CUHTE3 JONYCKIB HA rapaMe-
TPH CIEMEHTIB MOKE 311HCHIOBATHCS 3 YPAXyBaHHAM 3aJ1€KHOCTI BAPTOCTI eleMe-
HTIB BiJl JOMYCKY Ha HOro napamerp, OJHaK NpH LbOMY HC BPAXOBYETHCH CTATUC-
THYHNUIT XapakTep PO3KKIY MapaMeTpiB eleMeHTIB Ta BUXIJHOI XapaKTepUCTHKH.

Pospaxynox Hagiinocti Ha erani CXEMOTEXHIHHOIO NPOCKTYBAHHS 31iic-
HIOKOTh TUIBKHM 32 panTOBMMH BIAMOBAMH, TOMY IO PO3paxyHOK HAJIIHHOCTI 3a na-
paMCeTpHYHUMH BiﬂMGBﬁMH MOHA 3pﬂﬁHTH JHIIC 38 YMOBH 3HAHHA TCTLIOBHUX pc-
KHMIB CJIEMEHTIB, TOOTO TUIBKH 3@ YTOMHEHOIO PO3PAXYHKY HaAIHHOCTI MICHA
[IPOSKTYBAHHA KOHCTPYKILT.

Bubip cucTemn oxonopkeHHS Ta i mapamMeTpiB vy 3aCTOCOBYBAHHX METOIH-
KaxX 3AACHIOWTE De3 ypaxyBaHHS ONTHMAILHOIO MOEIHAHHA eeKTPHYHHX 1 Tel-
NOBHUX HABAHTAXKYBAILHUX PEXHMIB €TEMEHTIB 3 MOrMsay MIHIMATBEHOI BapTOCTI
CHCTCMHM OXOJ/IOIMCHHA Ta HHGDP}’ €JIEMEHTIB l'l.l,.l_"ll gyac sadesnedeHHs SH,EI,HH(J-I- Ha-
AIITHOCTI eNeMEeHTIB 34 PANTOBHUMH | MOCTYMOBHUMH BIAMOBAMH.

ITin wac mpoekTyBRaHHA KOHCTPYKIi Ta BuOOpy 3aco0iB 3aXUCTY €JIEMEHTIR
BIJ] 30BHIIIHIX MEXAHIUHHX BIUTHBIB 31HCHIOTE HEABTOMATH3IOBAHHI 1 HEONTH-
MaTkHHH CHHTE3 KOHCTPYKINI Ta CHCTEMM BIOpOYAapHOI 130141111, 110 He 3abesmne-
HYEe ONTHMAIBHOTO MnocIHAHHA TXHIX ﬂ,HHﬂMi‘[HHX XdPpaKTEPHCTHK, pH.LliDHEiHBHDF{]
MOHTaXy BIOpoi3onaTOpiB | BUOOPY IXHIX MapaMeTpis.

EdexTHRHICTE €leMeHTIB 3HAYHOK MIPOK 3aJIeKHTh Bia il HamaiiiHocTi. Jlo-
CBIJ eKCrUTyaTanil eneMeHTIB MoKasye, 10 HAAIHHICTE He 3aBXKIH BIIMOBIAAE CY-
YACHHM BHMOIaM, TOMY aKkTyalbHHM 3aBJaHHAM € po3podKa METOMIB, IO JarTh
3Mory 3abe3neunTH HaliHICTh eeMeHTIB anapaTypH Ha eTanax NnpoeKTYBaHHS.

Ilns 3abe3nedeHHs HEOOXIIHOTO TEMIIEPATYPHOTO PEKHMY 3aCTOCOBYIOTHCA
PI3HI BHIM OXONOKEHHS SK anaparypu B IIIOMY, TakKi OKpeMHX eneMeHTiB. Ter-
NIOBI PEKIMH CIEKTPOHHOI anaparypH B 3HAYHOI Mipi BH3HAYaIOThL HaMiHICTD 1i
poboTH. MiKpoMIHIaTIOpH3ALLIS [PHCTPOIB EJIEKTPOHIKH NPH3BEIA 0 HEODXIAHOC-
Ti 11e OLIbIle 3BEPTATH YBATY HA TEIJIOBI PEKHMH anapatypH. Y ci eleMeHTH, 110

BXO/ATE JI0 CKJIaAY €JeKTPOHHOT anaparypu, MalTh MPALIOBATH Y HOPMAILHOMY
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TernjioBoMy pekumi. Ternnosui peskuM eJeKTPOHHOT allapaTypH BBakKAETHLCH HOP-
MAaILHHM, AKILIO BUKOHYIOTLCS [IBI YMOBH:

1. TemnepaTypa eleKTPOHHHX CICMEHTIB B YMOBAX CKCILTYATALI] 3HAXOIUTb-
Csi B Mepekax Jliana3ony TeMIeparyp, kil J0MycTHM [ JAHOTO eJeMeHTa;

2. TeMmnepaTypa eNeKTPOHHOTO CIEMEHTa MOBUMHHA 3a0e3neunTn foro podoty
3 3a1aHO0T HATIHICTIO!

3. Bubip HOMIHATBHUX 3HAYCHL NAPAMETPIB CACMCHTIB, 4 TAKOXK J0NYCKIB Ha
HHUX BIUIHBAE HAa HAIHHICTL anaparypH;

4, 1o napaMeTpHYHHX BiMOB, IIPH [LOMY 3MEHUIYETLCA 10JIE AONYCKY Bap-
TOCTI €EKTPOHHOI anapaTypH CyTTEBO 3POCTAE;

5. BuOlp ONTHMAILHUX JOIYCKIB | HOMIHAJILHUX 3HAYEHDL MAPAMETPIB €JIeKT-
POHHOT anapaTypH rapaHTye pobOTOCHPOMOKHICTL €IeKTPOHHOI anaparypu rpH
HAsABHOCTI TEXHOJIOITYHUX PO3KH/IIB [APaMETPIB 1 BIUIMBIB 30BHIIIHIX (PAKTOPIB, a
TAKOXK JOZBOJAE 3BECTH 0 MIHIMYMY HHCIIO MApaMeTpis, LIe PEryIiThed 1 ene-
MEHTIB 11 MiJICTPOHKH;

6. y 3a/1aul CHHTE3Y JIONMYCKIB 3a/1aHA CTPYKTYPA CXEMH, HOMIHAILHI rapame-
TPH €NEKTPOHHMX E€JIEMEHTIB 1 JIOMYCKN Ha BHXIIHI XapakTEepPHCTHKH, 4 HEODXIAHO
3HAHTH JIOTYCKU HA MapaMeTpy eJeMeHTIB, sIKl 3a0e3neuyoTh 3HAXO/KeHH. BUX1-
JHHAX XapakTepHCTHK B TOMI JAOMYCKY Ha HUX Y TEPMIH 3a/IaHOTO Yacy eKcIuyara-
1117 aD0 0 MOMEHTY MIJICTPOHKY CXEMM, SKILO Y Hel € eIeMEHTH MiJICTPOHKH;

7. sapava Bubopy abo yTOUHEHHSA HOMIHATBHHMX 3HAYCHB MAPAMETPIB CIeKT-
POHHMX EIIEMEHTIB CXeMH eJIEKTPOHHOI anapaTypH b JI0 3aJaHOr0 CTATHCTHYHOTO
napaMeTpHYHOTO CHHTE3Y, KOJHM 3aJjaHi CTPYKTYpa eNeKTPUUHOI CXeMH, J0IMYCTH-
Mi MEJKI1 MapaMeTpiB eJIeMEeHTIB, NapaMeTpH MPOLIEeCy CTapiHHA SIEMEHTIB, Bapiawlii
TEMMEPATYPH, a TAKOK HeoOXiHI 3HAUEHHS BHXIJIHHX XapaKTepHCTHK 1 JOTYCKH
Ha HAX. HeoOxinHi 3HAITH HOMIHATLHI 3HAYCHHA MapaMETPIB eIeMEHTIB abo yTO-
YHHTH X Y IUIEX MABMILEHHS HAMIHHOCTI anapaTypH 1o napaMerpiyHiM BiJMo-
BaM:

8. B pe3yJbTaTl BILIMBY eKcrulyaTauiinux Qaxropis i crapiuns EPI sinOysa-

€THCH HECHMETPHUHA 3MiHA i1 BUXIIHOT XapakTepHCcTHKH y OIK BepXHBOTO ab0 HU-



22

AKHBOTO JOTYCKY HA HEl, 1 NpH JAOCATHEHHI HOT0 HACTae IMapaMeTpudHH (nocTy-
[NOBHH) BIMOBA.

0. iCHYHOH1 METOIM CHHTE3Y JMOIYCKIB 1 PIBHAHHS JOMYCKIB IPHITYCKAKTh CH-
METPHYHE BIAXWICHHSA BUXIJHOI XapaKTepHCTHKH 1 JOMYCKIB Ha [MapaMeTpH Bil IX
HOMIHAJILHUX 3HAYCHb, BHACIIOK H4OT0 3HAYCHHA JONMYCKIB HA MAPAMETPH BUXO-
ISITh 3aHHIKEHUMH, 110 TPU3BOANTE A0 30UILILEHHS BAPTOCTI €1EMEHTIB.

[Tpuniun eheKTHBHOIO MOMIYKY ONTHMAILHOTO MPOCKTHOTO PIICHHS [PH
MPOCKTYBAHHI EJICKTPOHHOI alapaTrypy MoJsrae B TOMY, L0 AK KpHTEpid BHOOpY
ONTHMAJILHOTO TPOEKTHOrO PIllICHHS BUKOPHCTOBYETLCS CITIBBIIHOLICHHSA Bap-
TICTE — €()eKTHBHICTE, AKE Mae OYTH MIHIMAIBHHM, /1A HOro BUOIp YeproBoro on-
TUMI30BaHOIO NAPAMETPA MPOBOAUTLCA 3a MIHIMAILHUM 3HAYEHHAM MOJYJA Bij-
HOILIEHHA a0COMITHHX KoedilieHTIB mapaMeTpiB. PIMHOI YYTIHBOCTI BapTOCTI
CJIEKTPOHHOI anaparypH 10 BIAHOCHMX KOe(ILIEHTIB napaMeTpu4HOl 4yTIHBOCTI
IMIHM ©(EKTHBHOCTI 3MiHM napametpa. [lix 3MIHHUM mapaMeTpoM po3yMIKOThCH
3aCTOCYBAHHS PE3EPBHOIO eaeMeHTa abo By3/a, XapakTepucTHkn 3acobir 3abesmne-
YEHHS TEMIOBUX PEKHMIB eIeMEeHTIB (BeHTHIISTOPH, pafiaTopH, TeruioBl tpydu,
eneMeHTH l[lensT’e, 3MIHA KOEIUIEHTIR €AEKTPHYHONO HaBaHTAKEHHA €ICMEHTIB
33 PaxyHOK 3aCTOCYBAHHA MNOTYIKHILIMX/MAJONOTYKHUX EIeMEHTIB, NnapaMmerpH
cHcTEMH BIOpOyZIapoI30aALlii, MEeXaHIuHI XapakTePHCTHKH HECYHOl KOHCTPYKIUT

EJIEKTPOHHOT anapaTrypu.
1.4 MeToan ynpasaiHHs CHCTeMO10 3a0e3le4eH s TeII0BUX peKuMiB

OCKIIBKH OAHUM 3 OCHOBHHMX KpHTEpIiB ehekTHBHOCTI OYAbL-SKOr0 TeXHO-
NOTIMHOTO TIPOLeCy € HOro eHeproeeKTHBHICTB, TO MPAPOIHIM € J10JaBaHHA Pi3-
HAX PElMPKYIALIHHMX TMOTOKIB 3 METOI0 MakcHMI3allil pekynepari Terna 3 ojHiei
CTOPOHH, & 3 IHIIOT — YCKIAJAHCHHA CTPYKTYPH CaMHX TEXHONOTIYHHX arperaris.

YeknaiHeHHs CTPYKTYPH TEXHOJIOTTYHUX MPOLECIB MPU3BOAUTH JI0 TOIO, 1110
YCTAHOBKH CTAKOTh 3aBETHKMMH YH HAJATO CKI4IHMMH A8 PO3B’43KY 3a7adi mpoe-

KTYBAHHA CHCTEMH aBTOMATHYHOTIO KCDYBAHHA 3BHYAHHUM YMHOM,
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Jnst po3poOku CHCTEMH aBTOMATHYHOIO KEpyBaHHS ACLEHTPAII30BaHOI
CTPYKTYPH CKJIAJHHMH TEXHOJOTTYHHMH 00 €KTaMH 3a1a4a BUHOOPY KaHaIiB Kepy-
BAHHS 3 MIHIMYMOM IHECPEXPCCHUX BIUIMBIB CTA€ KPHTHYHO BAKIMBOK 3 OJHIET
CTOPOHH, & 3 IHIIOIO TAKOIO, L0 HE MOKE OYTH pO3B’s3aHa B 3HA4HIH KIJILKOCTI
BUIAJIKIB 38 AOMOMOTOK) «310POBOTO TIIY3IY».

Onnoeumipaumu un SISO (Single Input Single Output) 06’ ekTamu B Teopii
ABTOMATHYHOIO KEPYBaHHS HA3HBAIOTH IHQOPMALIHHI CHCTEMH, AKI MalOTh OUH
BX1/1, SIKHIT BIUTHBAE HA 3HAYEHHS OJHOTO BHXO/Y, 3HAUYCHHS SIKOrO JOCIIIKYEThCS.

ABCTparylouuck Bijl KOHKPETHOTO TEXHOJOMYHOIO HAMOBHEHHS OTPUMAEMO
iHpopmaniiiay SISO-cucteMy KepyBaHHA, AKa Mae OJMH BXLUI, OJMH BHXIJ, OJTHE
30ypeHHs, OfHe 3aBAaHHS 1 OAHH peryisrtop. Ajie jUis NOBHOIO NEpPeTBOPeHHs
cucTeMH B iH(popMmaliiiHy Tpeba 3aMIHMTH TEXHONOTIMHMIL anapar ioro iHpopma-
WiHHOK Moaewio. Moaens Tex NOBHHHA MATH OJMH BXIJ 1 OaMH BHX1A. Takum
YHHOM, cHCTEeMA € IHdopMALIIHOK, TOMY 10 HIH NMepefarTeesa CHrHamm, iHpop-
MYHOUM YK 3MIHKOWOYH (PI3NYHI MOTOKH, a HE BJACHE caMi MOTOKH.

Haiinpocrimmmu € Mozesnt, skl ONUCYIOTHCH JTIHIHHUME JAu(epeHiitHuMu
4H PI3HAIIEBUMH PIBHAHHAMM, UM iX MepeTROpeHHAM 3a Jlannacom, ke mae Ha3Ry
nepeaarounol ¢pyukuii [10].

Perynarop wHaszuBaiors ineansHum [ll/1-perynaTopom, fAkmo kepyrouHii

EBILIHE U PETYAATOPA OMUCYETRCH BHPA30M:

u(t)=K () + K, fe(t)-dt+ K, ‘f‘;{!’l

i

(1.12)
dopmMyna € 3py4HOI TOMY, 110 JI00HIT KOe(pIIi€HT MOKHA MPU3HAYHTHA PiB-
HUM HYITIO | Ofep:KaTH BCIO CYKYTHICTB MPOCTIMHX peryisaropis, Tooto I1, 1, ITI,
ILJ1 1. T. . peryasTopH.
Agne 3 iHIoro 6oky us Gopmyna He € JIyixKe 3pYyUHOR JUIS 3aCTOCYBAHHS TO-
MY, 1110 BCl KOe(hillIEHTH MatOTh Pi3HY PO3MIpHICTE. TOMY peryiaTopu 4acto pea-
M3yKThH Ha 0a3i Tak 3BaHOI CTaHJAApPTHOI (popMynH, sSiKa, 3 BUKOPHUCTAHHAM TepeT-

BOPCHHA Jlannaca, Mae BHrAL
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1
R(S) =K- ]+T—+Ir';_f -8
9 , (1.13)
ae K — nponopuiiiamii koediuieHT (po3mipHHii),
T, — mocTiiiHa IHTerpyBaHHa (po3MIpHICT 4acy);
T;— nocriiiHa audyepeHuitoBaHHs (PO3MIPHICTE Yacy).

OckiftbKn uncTe AR(epeniiloBanHsA € He3AilicCHeHnM, peaiabHa opmy-
aa ITJI-peryasitopa Mae BHIJIAA:

R(s)=K-| 1+——+ L
s 0.1.T,-5+1

(1.14)
JLna OoniHKK AKOCTI NepexiIHUX MPOILECIB BUHKOPHCTOBYIOTHCA KPUTEPIT sty
THMIR: IPAMI, IHTETPaNkHI,YaCTOTHI.
Haiibinbi BOKIHBUMH MPAMHMH MOKA3HUKAMH € MOAVIb MAKCHMATBHOTO

Bigxuienns |y,,.| Ta uac kepysauns T,. Cepea 4aCTOTHHX IOKA3HHKIB SKOCTI BH-

OepemMo (PYHKLIIO YYTIHROCTI, KA BH3HAYAETHCS B BHTJISI:

Mr:maxl - l. I
|P(;-m)-C(,.r-{ﬂ)+1[1 (1.15)

ae P(s), ((s) — nepenarouni (ynkuii 00’ekTa KepyBaHHs i peryisropa, o —
KPYroBa 4acTota, j — YSIBHA OJUHHLLS,

3uaueHHs (PYHKLI] Yy TIHBOCTI M sa3puuaii sHaxoauTees B gianasone 1.2
— 2.0 1a € nokazuukom GanaHcy MK pobacTHICTIO (MEHILE 3HAYEeHHs) 1 HIBHIKIC-
TIO nepexignoro npotecy (Ouibine 3uadens). [Mo 3uavyenHo GyHKUIT 9y TIHBOCTI

MOKHA OLIIHUTH 3a11aC CTANOCTI 33 aMILIITY1010 1 (hazoio:

M
e ey = 2aresin y J M =max
g M\. -+.. I ';p ’ [ Z;M‘ (i)

ae P(s), C(s) — nepenarouni (pyHkuil 06’ ekra KepyBaHHS 1 peryisaropa, @ —

! |
P(j-®)-C(j-w) +1|

W

(1.16)

KPyroBa 4actoTa, | — VABHA OIHHHILA.
Buauenus (yukuii uyrnusocri M| 3a3suuaii 3uaxoauTeed B gianasoune 1.2

— 2.0 1a € nokazHukoM danaHcy Mix poOACTHICTHIO (MEHIIC JHAYCHHA) 1 LIBMIKIC-



25

TIO NepexifHoro npoiecy (ouibine 3nadents). [To 3HavyeHHo GyHKLIT 9y TIMBOCTI

MOIKHA OLITHHTH 3arac CTajocTi 3a aMIuiTy 1010 1 (azoio:

M ) [ )
e Wit S >2 | .

3a pe3ylibTaTaMH MOJCTIOBAHHA MOMKHA Rpl}ﬁld*['l*] ll&CT}*’H!If BHCHOBKH!

(1.17)

, 7, § e
. Jlns BiAHOLICHHS T <3 BCl METOAM CHHTE3Y € PE3yIbTATHBHHMHU.
2]

. T =
Tomy mae cenc ananisysatn Metoam npu %/ =3,

2. 3a yacoM KepyBaHHA HATIpIII pPe3yabLTATH J1ae KnacHuHHii Metos Llurie-
pa-Hikonbscona. Kpim toro, nmorani pesyiabtatd aawots metonn [IMC-PID i Koen-
Kyna (CC).

3. 3a yacToTHMM mokasHMkoM M mHaiiripmi pesynerati jgae meTon Koen-
Kyna (CC). Iumi Metonu 6UIb0I — MEHII pe3y/ibTaTHRHI.

4. 3a iHTerpanbHUM nokasHukoM ISED waiiripui pe3yasTaTH 1aiTh METOIH

Linrnepa-Hikosibcona ta IMC-PID.

[l

5. Takum upHOM, npH /7 <3 MOKHA BHKOPMCTOBYBATH Maiiwe mro0uii
L4

MeTojl CHHTe3y, abo perenbHO migbdupaTh MmeTton, 0asylouHch Ha pesylbTarax,

2 T .
npuseaeHnx B tadml. flpu 77 2 3 He cuniy BukopucToBYBaTH Metoam Llnrnepa-
(4]

Hikonscona, Koen-Kyna (CC) ta IMC-PID.

6. Possutok crpykryp SISO cucrem Hie B IBOX OCHOBHHX HalpsiMKax —
thopMyBaHHs HAraTOKOHTYPHUX CHCTEM Ta BUMIPIOBaHHS 30ypeHs.

T [MpescTaBHUKOM TIEPIIOr0 HATIPAMKY € TaK 3BaHa KackKajHa cHCTeMa.
B niit SISO 06’ext po3dMBaeThes HA JIB1 MOCIIIOBHO 3’€/IHAHI YACTHHH — MEHIII
iHepiiiny i Ol iHepiiitHy. CXxema cHCTEMH KepyBaHHs TokasaHa na puc. 1.1,
CriouaTKy HaJlATOBYETHCS peryisitop Py BHYTPILIHBOrO KOHTYPY (HANPHKIAI Me-

TogoMm Matiab), a notiM — 30BHILIHIT KOHTYP Ps.
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{5+ (1084 1)

1305+ )35+ 1)

W

Pucynok 1.1 — CTpykTypHa cXema KacKajHOl CHCTEMH KepyBaHHS

[MpeacTaBHUKOM JPYTOTo HANPAMKY € CHCTEMA 3 BUMIPIOBAHHAM 30ypeHb,

gKa MmokaszaHa Ha puc. 1.2.

—_—m

Wy is)

Winls)

—————{ Wyls)

-

P(s)

™

W, (s}

L

It

s R

Pucynok 1.2 — CTpykTypHa cXemMa CHCTEMH 3 BHMIPIOBAHHAM 30ypeHb

Ha cxemi puc. 1.2 mokazasi Tpu 30ypenHs. JIBa 3 HUX € HEBHMIPIOBAHHMH,

a 01HO fp — € BumipioBanuM, Toai oOpasmm Wp(s)=W(s) MokHa KOMIIEHCY-

BATH ALK 1IbOro 30ypPeHHA.
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2 MOJEJIb TEPMOEJEKTPHYHOTI'O OXOJIOZKYBAYA

2.1 BuxkoHaBunii oprad cHcTemMH 3a0e3neveHHs TeMI0BHX PeXKUMIB

Masi rabaputu | Maca, BIACYTHICTh PYXOMHX €JIEMEHTIB, HEe3aleHKHICThb I1a-
paMeTpiB BiJl IPOCTOPOBOTO MOJOKEHHA, HU3bKA IHEPLIAHICTS, BIICYTHICTL BiDpa-
i 1 myMy npd podoTi, HA3bKA IHEepLiHHICTL, MOXKINBICTL PeBepCcHBHOI poOOTH,
BIJICYTHICTE €KOMOTIYHO MIKIAIHBHX BHKH/IB NpH PYHHYBAHHI — JAJEKO HE MOB-
HUH nepellik NMO3UTHRHHUX XapaKTePHCTHK TEePMOENIEKTPHYHMX OXOII0KYBAYiB.
BenbMu 3HauyLMii 1 Takuii (hakTop sAK IHTCHCHBHICTEL BiIMOB 1 TPUBAIICTL Oe3Bi/I-
MOBHOT poboTH, o nepesuutye 10 poxis, ICTOTHO BHI MOKA3HHKH BIAMOBOCTIH-
KOCTI B MOPIBHAHHI 3 KOMITPECIHHUMHU X010 IHIbHHMN Matmuuamu [11].

ObnacTl BUKOPHCTAHHA TCPMOCICKTPHUHUX IPUCTPOIB JIYIKE WIMPOKI: Biil-
CbKOBA T2 KOCMIYHA TEXHIKA, MEAMHMHE 1 KPIOI'CHHE YCTATKYBAaHHS, aBTOMODLICOY-
AYBAHHA, KOMI'KOTEPHA Ta Jla3epHa TEeXHIKA, XOMOAUILHHKHA, KOoHauuionepn [12].
TepmoenexTpuynl MOAYI MalOTh BEJIMYE3HMIT PUHOK 30yTy. 00CAr KOO CTAHO-
BHTE MUIBLAP/IM JONAPIB, a HOro po3MNUPEeHHS CTPUMYETLCS HEJIONIKAMI CydacHHX
TEPMOCICKTPHYHUX [TPHCTPOIB 1, B EPIIY HEPry, HH3LKOK X0J040NPOIYKTHBHIC-
TH0 — (mpubau3HO B 2-3 pasu Hkue KoMmnpeciiinux mamms) [ 13].

@OruyHui npuHUKHI podoTH TepMoeliemMenTa nojsirae B edexri Ilenwt’e —
TEPMOCICKTPHUYHOMY ABHILI, IIPU AKOMY BiA0YBAcThCs BUALICHHA ab0 noriMHaHHs
TEnaa MpH MPOXOUKEHHI IeKTPHYHOTO CTPYMY B MICHI CNAaKw JBOX PI3HOPIIHHX
HPOBIIHUKIB,

Tepmoenexrpuunnii npuctpiii oxonomxenus (TEIT) agnse cobow TrRepaoTi-
NTLHHH €NeKTPOHHHI KOMIIOHEHT, 110 CKJIaJacThCA 3 HalllBIPORIAHHKOBUX EIIeMEH-

TIB p—1 n— Tame, o0'cHAHUX MONAPHO MIAHHMH KOMYTYIOUMMH [IHHAMH B €1H-

HUI TOCHIIOBHHIA eNeKTPHYHMI JTaHIIOr, PO3TAIIOBAHMIA MiXK KepaMidHUMHK [Jiac-
THHAMH. /719 BUTOTOBNEHHA HAIIBIPOBITHHKOBHX TEPMOEICKTPHYHHX €JIEMEHTIB
B OLIBIIOCTI BUINANKIB BHKOPUCTOBYIOTH CIUIABH TEJUIYPHIIB I CEJIEHHIIIB BICMYTY 1
cypmu. Kepamiuni niactunu TETT, 10 SKMX KpINISTECS BUXOH, HAZHBAIOTHCS X0-

noxauM 1 rapsaum enektponamu TEIT (puc. 2.1) [14].
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Ockinbkn oaunm 3 ocHoBHMX nepesar TEIT € MOAAMBICTS 3HIMAHHS TEILIO-
BUX NOTOKIB 3 manux riout, TETl nosunni matn miniMansii posmipu. Cydacui
TEXHOIONT A03BOJNSAIOTE OTPHMATH MIKPOMOIYI PO3MIPOM OJHHHIL MiliMeTpa
[pH JiHIAEKX po3Mipax TepmoenemenTie 0,15 — 0,20 mm. st cyqacHHX JaTduKiB
LBLOTO BUSIBIBIETLCS HEAOCTATHRO, TOMY Texuonoriyuuit possutok TEIT npoxonuts

3a IBOMA HanpsaMKamu: o0'eMHi 1 Tonko ruriskosi TEIT.

XONOAOHAR CTOPOHA

NONYNPOBOAHMK
pTHMA : - MPOBOAHMK
NonynPOBOOHWK i (MELB)
nTHNA — Lsonatop
(KEPAMWKA)

Pucynok 2.1 — TepmoenekTpuaHuil OX0N0IKYBaIBHHI IPUCTPIi

TonkonnBKoBa TEXHOIOIA 3[CIICBIOE MACOBE BUPOOHULUTRO, A€ BUTpAaLll
3a radapuTaMH, Macolo, JTHHAMIYHAMH XapaKTePUCTHKAMH. 3riJHO NOPIBHAILHOMY
anam3y xapaxtepuctuk TEIL, surotoBnenux no o0'eMHlil 1 TOHKOIUTIBKOBI# TeX-
HOJIOTisSIM aBTOPOM poOISTHCS Taki BHCHOBKH [ 15]:

1. OcHoBHOIO NMPODIEMO0 TOHKOILTIBKOBHX OXOJIO/KYBA'IB € HH3BKA e(EeKTH-
BHICTh TEPMOEJICKTPHYHOIO Marepiaty, o He 3abe3rneuye OTPHUMAHHS BEJIMKHX
MepenaiiB TeMIepaTyp;

2. Touxonmgkosi TEI kpami g 3asaaus, Je NOTPIOHO BIABEICHHS Tl 3
MAJI0T IO, a71e He BUCYBAKTHLCS KOPCTKI BUMOIH JI0 ICTOTHOIO OXO0I0KEHHS;

3. na OinsimocTi cyvacHux 3actocyBadb 00'emul TEIT matoTs nepeBaru nepen

TOHKOILTI BKOBUMH OXOMOKYBaAYdMH.
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BianosiaHo jgo puc. 1.1 MOKHA BHAUIMTH HACTYIIHI CKIaM0Bi, o Oe3noce-

pelHBO BIUIMBAIOTHL Ha Xonoponpoaykrusuicts TEIL: srparu terna 3a paxymuox
TEIIONPOBIIHOCTI TEPMOCIEMEHTIB, TEILUIOBHIT OMIP KepaMiuHUX [UIACTHH XO/I0/1-
HOTO 1 raps4oro eJleKTpo/iB, TeIUIONPOBIAHICTE MICIb KPIIUICHHS TePMOEIEMEHTIB
110 EJIEKTPOIIB, ehEKTHBHICTE TCPMOCICKTPHYHOTO MaTepiay.

TennonpoBiAHICTL €AEMEHTIB BH3ZHAYAETHCA BUKOPUCTOBYBAHMM MaTepia-
M10M 31 CBO€IO TCIUIOMPOBLIHICTIO 1 IUIOMICIO MONEPEHHOTO 3pI3Y TEPMOCICMEHTA,
M0 3HAXOANTL BIIOOPAKEHHS B JOBIAKOBIH JiTEpaTypl MO TEPMOCICKTPHYHHM
OXOJIOKYIOUHM [pUCTpoAM. TeruloBuil omip MiCUb KPIIUIEHHS TEPMOCICMEHTIB
710 eNEKTPO/IIR BITHOCHTHCA 0 TEXHONOTIMHOI 3aj1avi, 1 Mae Takok Ge3rnocepente
BijgHOWeHHA A0 Biamosoctiikocti TEI, sika oDdymoBiaena BiAPMBOM MICLUbL Kpin-
NEeHHS | BIUTMBOM PI3HHII TEMIOBHX PO3LIMPEHB MaTepiany TepMOeneMeHTa 1 Xo-
MOAHOTO 1 rapsavoro enexkTpoais. TennoBui onip XoaoAHOro 1 rapsaioro eaeKTpo-
aiB € DIOKYIUHM (PAKTOPOM TIOIIHPEHHA TEMIOBOT XBHIII BiJ TePMOCIEMEHTIB 10
CTOKHMBAYIB X0JIOAY (TENa0 HARAHTAKEHOMY €NEMEHTY) 1 Temza (pasiaTopa).
OCKIJIBKH TEIIOMPOBIIHICTE KePaMiKM IOCHTh HM3bKa (B MEXKAX OJMHMIIL), TeIU10-
Bl BTPATH Ha KepaMIYHHMX ENEKTPOAax J0CATalTh 3HAYHUX Benu4uH. Po3pobneHi
TEII 3 enrekTpoiaMy Ha OCHOBI ATIOMIHIIO, MAKOTH XOIOAONPOAYKTHBHICTE Ha 15 —
30% BHIIE B MOPIBHAHHI 3 KEPaMIYHHMH MOYIAMH, B MEPUIY YEPry 3a paxyHoK
OB BUCOKOT TerUIONpoBiiHOCTI amoMiHii (0iie Hik B 100 pasis), a Takox
3HHKEHHA TEIUIOBHX BTPAT MPH 3HIMAHHI TeNaa 3 TeIIONpoBOIIB,

Onniero 3 npodnem, mo ycknaaswowTe possutok TEI, € Takox 1 gocuts
BHCOKa BapTicTh CKIAJOBHX MaTtepianie TepmoenemenTie Te, Bi, Sb, Se. Tak, Bap-
TICTh OOPOOKH MUIACTHHH Tenypuiy BicMyTy posMipom 10x10x1 MM cranoButs $
1400-1600, a HamisnpoBiAHKUKOROTO KpemHio Ha 2014 pik ve nepesuurye 400 $,
10 00YMOBIICHO MOIIHPEHICTIO KPEMHITO B 3¢MHIil KOpi, OCBOEHHMH TEXHOJIOTiAMH
iforo orpumanus 1 00po0ku. TpoBoasiTees podOTH 110 3aMiHI IIMX MaTepiaiiB Ha
KpeMHiii, AKi Mokas3ami MOpiBHAHHI PE3YyJIbTATH XapakTepHcTHK cTaHaapTHux TETT

1 OTPUMAHHX HA KPeMHIi.
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3HAYEeHHs ed)ETI{THBHDCTi CYHACHHX NMPOMHCIOBO BHKOPHCTOBYBAHHX TEPMO-

CJIIEKTPHYHHX MaTeplanis npeacrasieHl Ha puc. 2.2 [16].

Zxw0’

Pucynok 2.2 — I'paik 3aneKHOCT] TEPMOEICKTPUUHOT e(peKTUBHOCTI BIj TeMIle-

PaTYpH AJ1A PI3HEX TEPMOECICKTPHYHHX MaTepiaip

2.2. MaremarH4Ha MoJ1e/1b TEPMOCIECKTPHUYHOT O OXOI0IKYBAYA

MareMaTHUHA MOJEIb TEPMOCIEKTPHYHOI'O MPHCTPOHD OXOJIOLKEHHHA ﬁ}",ﬁ,}“-

€THCA HA OCHOBI 3aKOHY 30epekenHa eHeprii [17].

KinbKicTh TEIIOTH, 10 BHAISETHCS rapayumM craem () , Oifblue TernjioTH,

AKY TTOTIIHHAC XOMOAHHI crail O, , Ha BEIMYHHY BHTPAT P elNeKTpoCHeprii

Q=P+0, 2.1)

Ha 3ailicHeHHa poGOTH 10 NepeHeCeHHIO 3aps/IliB BHTPAYAEThLCS eHepris P :

A=Q -0, =ell —eTl=e (T -T)) (2.2)

ne e — koedinicat audepentiiinoi TepmoEPC TepmoenekTpiuuHoro matepiany;

I — cuna cTpymy.
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XonoauinbHui KoedilleHT BUZHAYAETHCS BUPA3OM
Q,'L' i ET’;] i T
A ENT -T) T -T,

(2.3)

Pobora tepmoerieMenTa noB's3aHa 3 He3BOPOTHUMHU BTPATaAMU: JKOYIIEBUMH
BTPATAMH [TPH MPOTIKAHHI CTPYMY MO MPOBLIHHKAX TEPMOEICMEHTA 1 38 PaXxyHOK
TETUIONPOBIIHOCTI CTOBIMYMKIB TepMOeTeMeHTIB. JKOylIeBO TEemnno BH3HAYAETHCH

BHDA3ZOM

0. =IR (2.4)

3

ne R — omip rinok TepMoeleMenTa, a TeroTa, 1o MepeTikae Bij rapayoro craro
710 XOJIOJIHOTO, TPE/ICTABIAETHCA Y BH/II

Qﬂl :Z{I}_T"], {2-5}
ne ¥ — KoeIUIeHT TeNIOMPOBIIHOCT] TI0K TEPMOCIEMEHTE, TOI XOI010NPOIYK-
THBHICTb TEPMOEJIEMEHTA HAOKUpae BUIY

Q,=eT,I-05R-AT -T,)

(2.6)
XonoauasHul Koe(IIeHT 10pIBHIOE
o eT, I -05I"R- ¢(T.~T,)
> I'R+el(T -T,) 2.7
MAKCHMAJIbHE 3HAYCHHS KOTPOTO JOCATA€THC TIPH CTPYMI
e(T -T,)

= i

RL1+05Z(T -T,)-1] (25)

Xonoaunenuii KoediienT 3anexuts BiA pisuuni temneparyp (I, —-T,),
CTBOPIOBAHOT TEPMOEJIEKTPHYHHM MPHCTPOEM, 1 BEMUMHHH Z, 110 XapaKTepH3ye
BJIACTHBOCTI TEPMOEIEKTPHKA:

;€0
> 2 (2.9)
ae T — abcomoTHa TeMneparypa;
e — xoeiment TepmoEPC marepiany;

0 — HOTO ENeKTPOITPOBIIHICTE;
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¥ — TEIUIONPOBIAHICTD.

Xonoauneunii koediieHT nparHe 10 CBOro MaKCHMAIBHOIO 3HAYCHHA &

ax

npu Z —»co. ToMy OCHOBHMM 3aBJaHHAM TEPMOCJICKTPHUHOIO MATEPIaNOBE/ICHHS
€ NiABHIEHHS e(eKTHBHOCT] BUKOPHCTOBYBAHUX TEPMOEIIeKTPHUHHX MaTepiais,

[Ipobnema monArae B TOMy, 10 OJHOYACHO 3 BHCOKMMH 3HAY€HHAMH Tep-
mMOEPC 1 enexTponpoBIAHOCT] TEPMOCICKTPUUHUI MaTeplall MOBHHEH MaTH HU3b-
KY TETUTONPOBIAHICTE, 10 3HAXOAMTLCA B NPOTHPIYHi 3 3akoHoM XareHa-PybeHca,
AKHI CTBEPDKYE, L0 YUM BHIIC CIEKTPOIPOBIIHICTL, THM BHIIE 1 TEILIONPOBia-
HICTH Martepiany. TeronpoBiAHICTE HAMIBNPOBIIHMKA BKIIIOYAE CKIAI0BI: rpaTua-
CTY 1 ENCKTPOHHY. IO OMHCYIOTh MOIIHPEHHA Tenja (oHOHaMM | €NeKTPOHAMH
NPOBIIHOCTI BIAMOBIAHO, MI0 BUMArae Mouryky IIgXy BHPILIEHHS 1iel mpodieMn
3a I0MTOMOTOK) HAHOCTPYKTYPOBAHNX TEPMOCIEKTPHIHIX MaTepiais.

OHUM 3 TaKKX pillleHb CTAJI0 CTROPEHHS CTPYKTYPH, 110 CKIAaeThes 3 ua-
CTHHOK HAMIBIPOBIAHUKOBHX MAaTepialiB, MPHUOMY i YACTHHKH MOB'A3aHI MDK
cobo0 (I3HYHUMH KOHTAKTaMH, JiaMeTp SKMX MEHINE Jlamerpa yacTuHokK. [loka-
3aHO, IO TEPMOENeKTPHYHA J0OPOTHICTH CTPYKTYPH MOXE B Ki/bKa paziB nepe-
BHILLYBATH TEPMOCICKTPHYHY A0OPOTHICTh CYILUTBHOTO TEPMOCICKTPHIHOIO MaTe-
piany 3a paxyHOK TYHETHBAHHS eJeKTPOHIB BiJl YACTKH JI0 YACTKH Yepe3 BaKyyMHI
3a30pH, MpHaerai 1o izHuHoro KoHTakTy. [lpH 30iNBIICHH] TepPMOCIEKTPHYHOL
100pOTHOCTI HATIIBNPOBIIHWKOBOT CTPYKTYPH B 2 — 4 pa3sd TepMOeIeKTPHYHI CHE-
TEMH OXOMOMKEHHSA CTATH KOHKYPEHTHHMH 10 BiJIHOIIEHHIO 0 KOMIpPECiitHuX
cHcTeM oxonomkenns [ 18].

B [19] npexcrasneni pe3yibTaTd MepcriekTHBHAX METO/iB CTBOPEHHS HAHO-
CTPYKTYD TEPMOCIEKTPHYHNX HAMBIPOBIIHUKOBHX MaTtepianis. [lokasano, mo 3a
PaxXyHOK Mepexoay Bijl OJHOPIIHKUX 00'€MHUX MaTepiaiiB 0 HAHOPO3IMIPHHUX 100-
POTHICTL MOKE OYTH 30LIbLICHA B I'ETCPOCIITAKCIHHUX CTPYKTYpax B 2.3 pazH 1 B
90 pasiB B KpeMHIEBUX HAHONPOBONOYKAX.

BiaMoBocTiHKICTE € HalBAKIUBIMIOW {HTErPALIiHON XapakTepUCTHKOD
TEIJIOHABAHTAKEHHX CHUCTEM 1, B MEPILY Yepry €JIeMEHTIB, 1110 MPaliol0Th B €KCT-

peMaJbLHHUX YMOBAX KCIUIyaTallii, ToMy BaXI/IMBOIO € YB'A3Ka MOKA3ZHMKIB BiAMO-
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BOCTIAKOCTI TEPMOEICKTPHYHUX OXOJIOMKYBa4iB 3 iX KOHCTPYKTHBHHMH Ta €KC-
ryataiifHi MU NOKA3HHKAMH.

[Tpu nodynosl MateMaTH4HOT MOJEII 3B'A3KY NOKA3HHKIB BIAMOBOCTIHKOCTI
TEI1 BakaroTh, M0 BCI TEPMOCIEMEHTH TEPMOEICKTPHYHOIO MOIYJIS, B TOMY HH-
CIll 1 KACKA/IM TEPMOCIEKTPHYHOTO OXOJI0MAKYBAILHOTO HPUCTPOIO 3'¢AHAHI NOCII-
NOBHO, NMOJIT BBAKAKTLCS HE3AJIEKHUMI, 4 BUXIT 3 1y Oy1b-aKOro TepMoenemMe-
HTA MPH3BONTD 10 BUCHOBKY [IPHCTPOIO B LILITOMY.

3 orzsay Ha Te, 1O HaiOIIbLII MIHPOKE PO3NOBCIOIKEHHS B TCOPIT Ta Mpak-
THI HATIAHOCTI 3HAHIIOB EKCIOHEHIIANBLHHI PO3MOJii, 0COBIHUBICTIO SKOIO €
CTATICTh IHTEHCHBHOCTI BIIMOB A =const [17]. Ha uiit nepemymori mobynorasi Bei
Al0ul CTAHAAPTH, 1O BH3HAYAIOTL 3arajibHl BUMOIM L0J0 HAAIHHOCTI 1 MEeTOAIB
BHTMIPOOYBaHHSA, a TAKOMXK TEXHIYHI YMOBH Ha HamiBNPOBLTHHKORI MPHIAAH Ta IHTE-
rpajibHI CXEMH.

[Tpn * =const jivopipricTh Ge3BiaMOBHOT poboTH P(f) ToB's3anHa 3 iHTeH-
CHBHICTIO BLAMOB 3aJICHKHICTIO

P()=exp - fa(l)m}expt—m_

(2.10)

Jlist ymoB# Mt)<o.l BHKOPHCTOBYIOTH CHPOLLIEHHI BHpa3 s P (t) PO3K-
napmH Bupas (1.10) B cTeneHeBHid paj | B3ABIIN [IBA MEPIIAX WICHA PO3IKIATAHHS
=1+t wil

, (2.11)
IMOBIPHICTb HACTAHHSA BIIMOBH:
Q(t)=1-P(t)=1-exp(- 1 r)! (2.12)
MIUIBHICTH IMOBIPHOCT] BIJIMOB:
t(l) }—-le:{p{ wt)
. (2.13)

CEpeiHE HanpanBanHA 10 Bi,ﬁ,MOBH:

=

t=P(t)dt = [exp (- A tKlt = —
0 0 A (2.14)
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OcobnuBICTh PO3NOALIE CBIAYUTE 1IPO T€, 110 BOHH MOKYTh OyTH 3aCTOCO-
BaHi 10 BUPOOIB, AKMM MPAKTHYHO HE BIACTHBA CYTTEBA 3MIHA MapaMerpiB uepes
[IPOLIECH CTAPIHHA 1 3HOCY, 110 BIANOBINAE PO3IIIAHYTIH 3a1a4il aHAI3Y BIAMOBOC-
TIAKOCTI TEPMOECNIEKTPHYHHX OXOJIO/DKYBAYIB, JUIA SIKUX XapakTepHi panToBi Bijl-
MOBH.,

[Ipu noctiitHOMY 3HA4YEeHH] IHTEHCHBHOCT] BIIMOB 1 TPHBAIMX YMOB CIOCTe-
pEIKEHHs! PO3MOALT OMUCYETLCA CKCMTOHCHIIAILHHM 3aKOHOM, OCKLIBKH TepMOere-
KTPUYHI TPUCTPOI BIAHOCATHCS 10 HEBIIHOBIIOBAHUX BHPOOIB, IHTEHCHBHICTE Bi-
AMOB MOJYJIsL MOJKHA 3aIIHCaTH Y BUAL

h=2hn; (2.15)
ae A, — IHTCHCUBHICThL BIAMOBH /-I'0 TEPMOEIEMEHTA;

n; — KUIbKICTh TEPMOCIEMEHTIB.

Tak sik TepMoOeIeMEeHTH B MOJYIN 3BHYAHHO OJIHAKOBI 1O FeOMETPUYHHUM i
(h13uHHUM napaMeTpaM, TO IHTEHCUBHICTL BIAMOB MOAYJIA HPUAMAE BU:

A=k (2.16)

ne A, — IHTEHCHBHICTH BiJIMOB OJIHOTO TePMOEIEMEHTa;

n, — KUILKICTb TEPMOCIEMEHTIE.

[Ipn BUBOII 3B'SI3KY IHTCHCHBHOCTI BIJIMOB 3 KUILKICTIO T€PMOEJICMEHTIB,
pPEeKHMOM POOOTH, YMOB eKcruryartalil 1a ()yHKIIOHAIBHOIO MPH3HAYCHHA BUKO-
PHCTOBYIOTh TAKI MPHITYIICHHS:

— BIJIMOBH TEpPMOEIIEMEHTIB ParnToBi;

— IHTEHCHBHICTh BIJIMOB OKPEMHX TEPMOCIICMEHTIB HE 3a1¢KHTh Bl Hacy;

— BIJIMOB2 Oyjlb-KOI'O TEpMOEeMEeHTa MPU3BONTEL [0 BIAMOBH MOIYJs

abo TEIT;

— YaC [0 BIAMOBHU PO3NOIUICHUIA 10 EKCIOHEHTHOMY 3aKOHY.

[aTencusnicTe BiaMoB TEIT Moxe OyTn npeacrasnena y Bual:

A= A“'rmr'.-KpH'rHﬁ"?H , (2.17)
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ae A, — HOMiHAJIBHE 3HAYEHHS IHTEHCHBHOCTI BiIMOB OJIHOTO TepMOee-
MEHTa,

N — KUILKICTbH TEPMOEIEMEHTIB, KL}

K, — xoediuieHT peKuMYy, XapaKTepH3ye 3alcKHICTh HamifiHocTi BupobiB
Bi,[l, B].,E[HCICHHX BEJIHYHH EJIEKTPH"IHUF{J T4 TEIUIOBOTO HABAHTAMEHHS, HEPE-
nany remmeparyp AT 10 iX MAKCHMATLHHX 3HAYCHBL TA BHKOPHCTOBYIOTHLCH
JJ1sL OLIIHKYM 3HAYEHL 1HTEHCHBHOCTI BizmoB aiiouoi anaparypu. dns TEII
KOe(hiIieHT MOKHA 3amHCcaTH Y BHJII BIHOMIEHHA 3Ha4YeHb poOo4ol HanpyTH,
CTPYMY, XOJIOJIOTIPOJYKTHBHOCTI, TIEpernaiy TeMIepaTtyp Jo iX rpaHudHOro
JOIYCTUMOIO 3HAYECHHA,

K, — xoedillieHT excruryaTauii, SKuii BpaxoBye 3aJCHKHICTh IHTCHCHBHOCTI
BIJIMOB €JIEMEHTIB BiJl YMOB eKCILIyaTalii:

K

» — koeilieHT, O 3aMexuTh Bl (YHKIIOHANBHOIO NPU3HAYEHHS (3a-

3Budail npuitmaroTe K, =1).

B [17] posrisinyTo Moens 3a1esH0CT] ToKasHUKiB BiamosocTiiikoeti TEIT

Bin 3nauymnx mapaMerpie (I, Q,, AT). Tak ax nependauyBana MOJCIb AKICHO

OIMUCYe ABHIILA, AKI CHDCTEPiFﬂP@ThCﬂ Ha HP&KTHIIL TO MOXKHA BBKATH, IO IHam0-

HUMH PEXKHMAMH JIJIS TEPMOEIEKTPHYHUX MPUCTPOIB OYYTh PEKUMH, NPH SKHX

peani3yroThes 00OMEKEHHA M0 CTPYMY, Hanpys3i, nepenajy TeMneparyp i Xoro/01-

POAYKTHBHOCTI. BHKOPHCTOBYIOYM CITIBBITHOLIEHHS KOe(]illiEHT PEXKHMY MOKHA

JalMHCaTH B HACTYITHOMY BH/IL:

K,. = K”Kf!{@“f{rw 1 (2.18)
B+ ﬂ';r‘m:n 9
.U 7
' Uu:m.\ '|-+-ﬂ
L, . (2.19)
g, =L
|

R 3 (2.20)
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Q, 2B-B*-0

K,

Qo =
Qﬂnm 1-6 2 (22])
AT
Ky =0= AT

(2.22)
B — BigHOCHHH po6ounit CTPYM, &idk. 00.;

AT, — MakcHMalbLHHIT nepenan temmeparyp, K;

AT=T-T, — pobouuii nepenaa temueparyp, K;

LT, _ TeMITEPaTYpH BIAMOBITHO TEMJIOMONTHHAKYOTO | TENJIOBHALISIOMOTO

crnais, K

0 _ BITHOCHHIT TIepena TeMIepaTyp, sidi. od.
BukoHaBLIM BiANOBIAHI MJICTAHOBKH, OTPHMYEMO BAJKJIMBE CITIBBIIHOLLICH-
He, fKe Onucye QYHKUIOHAILHY 3a/eKHICTh IHTEHCHBHOCTI BIMOB A Bij| 3HAYY-

mmx mapamerpis TEILL [17]:

Bols- Ez—afs '““J
A Ky

s (1-8)[ 1+ ”.1.“.%.]
' Ty

(2.23)
2.3 BniiHB eHEepreTHYHUX XapakTePHCTHK HA NOKAZHHKH HaaiiinocTi

Tak, pesynerat aHam3sy Moell 3B'M3KY NOKA3HUKIB HAAIMHOCTI JIBOKacKa-
axoro TEII 3 BiZHOCHMM TeIUIOBHM HaBaHTAKEHHAM (puc. 2.3) MOKa3yOTh, 110 3
POCTOM HAaBaHTAKEHHA MPH PI3HMX 3HAYEHHAX BIIHOIUEHHS KUIBKOCTI Tepmoene-
MEHTIB JI0 KacKajliB MpH Pi3HUX TeMrepaTypax mokasye xapakTep 3MiHH BIIHOCHO]

IHTEHCHBHOCTI BiAMOB | 19].
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Lo d0 b |

AT-R0K AT=T0K AT-HK

Pucynoxk 2.3 — 3anexkHICTb IHTEHCHBHOCTI BIAMOB 4, 2-x kackaaHoro TEII

Bi,.[!, BIJIHOCHOTO TEMJIOBOTO HABAHTAKEHHS

3 npeacTaBneHUX PE3yIbTATIB BUXOIAMTE, 1110 3 POCTOM TEILUIOBOIO HABAHTA-
KEHHA TPH 3a[aHOMY Nepenaii TeMrepaTyp iHTeHCHBHICTE BIJIMOB JIBOKACKaJIHUX
TEII pisuux KOHCTPYKUIH 3011bLIYETBCH, 8, OTHE, 3MCHIIYETLCH HMOBIPHICTD iX
Oe3sigmoBHOI pobotu. JaHuii NOKa3HUK € 3HAYYILHM ITPH [POEKTYBaHHI BHPOOIB 1
B 3HAYHIA MIPI BU3HAYAE BLAMOBOCTIHKICTD NPH CKCIUTYATALIL.

TepmoenexTpuyni 3ac00H OXON0IMEHHS, MPUHLIAN 1T SKHUX 3aCHOBaHHIi Ha
edexti [lensT’e, B 1aHMil Yac BIIHOCATHECS A0 HAHOUTBII BIAMOBO CTIHKHX 3ac00iB
3a0€3MeUCHHS TCIUIOBUX PEKUMIB PAJI0CICKTPOHHOT anapatypu, 1 0coblIuBo 1
TeNIOHABAHTAIKEHUX €/IEMEHTIB KPHTHUHHX CHCTEM B CHJIY Takux ocobimBocteii
TEIl six mani radbapHTH, HEYYTIHBICTE /10 MPOCTOPOBOTO MOJOKEHHA OXONOIKY-
Baua, Maja nocTiifHa "acy, NpocTora yrnpasiiHud, PO3BHTOK TepMOeneKTpHUHHX
OXOMNOJUKYBaYiB B JaHMiH Hac iije 3a ABoMa HanpaMKaMu: 00'eMHI | TianapHi Tep-
moenekTpudHl npuctpoi. [Ipuuomy ob'eMHI MarOTh Kpalll MOKA3HUKH NPAKTHYHO
34 BCIMA napaMerpaMu, Xoua MepereKTHBa, 103a BCIKHM CYMHIBOM, 33 TUICHAPHH-

MH TIPHCTPOSAMH, OCHOBHOI MEpeBarol AKHX € Mani rabapuTHi po3Mipu, 1o jJo-
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3gosstoTh BOyaoBysatu TEIT Gesnocepe/iHb0 B KOHCTPYKLITIO TEIIOHABAHTAKEHO-
ro eNeMeHTa.

Ha nokaszuukn sigmosocriiikoeri TEIT snnusarors yMOBH 1 pexHME €KC-
mryarauii BUpoOy, TeIIoBe HaBaHTAKEHHS, CTPYMOBI PEHKHUMH, B pas MiZBHILY-
10T IHTCHCHBHICTH BIJIMOB Y MOPIBHAHHI 3 [TACTIOPTHHMH YMOBAMH. XApPaKTCPHC-

TiKamu pexxumis pobotu TEIL € [17]:

1. Q,.  —MakcHMaibHOI XOJOA0NPOLYKTHBHOCTI;

2, [%}m — MAaKCHMMAJIbHOT XONOJONPOAYKTHBHOCTI IPH 381aHOMY CTPYyMI;
3. (Tr‘,—’lnm — MaKCUMAIBHOI'O XONOAWILHOTO Koe(ileHTa;

4, A,.— MIHIMAJTBHOT IHTEHCHBHOCTI BIIMOB.

i

Mopaeni, 10 3B'A3YIOTE IHTEHCHBHICTL BIIMOB 3 €IEKTPUUHHM 1 TEIJIOBHM
HAaBAHTAKEHHAM, YMOBaMHM ekcrutyatauii, QyHKIIOHANBHOIO NMPpH3HAYeHHs, 103B0-
NAI0TH MPOrHO3YBATH NMOKa3HHKH BiamosoctiikocTi TETT Ha cranii ix npoekTy-
BAHHA, 110 € BOKIMBUM 3aco00M Ui BHPILICHHA (PyHAaMEHTalbHOI nipobiemu
CTBOPEHHS BIZIMOBOCTIHKMX CHCTEM, 10 CKIAJAKThCH 3 EIEMEHTIB 3 0OMeXKEeHO
BIZIMOBOCTIHKICTRIO.

OnueuM 3 ICTOTHHX 00OMEKeHb TEPMOSTEKTPHYHHMX OXOJOUKYIUHX TMpH-
CTPOIB € HH3EKA XO0J0J0MPOAYKTHBHICTh, AKA HHKYE KOMIPEeCiHHUX cHeTeM B 2-3
pa3H, TOMY 3Ha4YHI 3YCH/UIA IHCTUTYTIB | (iipM BHTpavalOTbCA HA MOAOTAHHSA LIET
nepelKkoay, To0To Ha po3poOKy TEPMOENEKTPHYHUX MaTepianiB 3 MiJIBHIIEHOI
e(heKTHBHICTIO, 110 JAO3BOJHIO O CTBOPHTH TEPMOEIEKTPHYHI OXOIOMKYBAYl KOH-
KYPEHTHI KoMIpeciifHnM. PasoM 3 THM, ICTOTHHX JIOCATHEHD B ITapaMeTpax TepMo-
CJIEKTPHYHHUX MaTepiaiiB 11 YMOB CepiHHOIO MPOMHECIOBOr0 BUPOOHHIITRA B Ja-
HHH Yac He JIOCATHYTO 1 yeepelHeHa e)eKTHBHICTh MaTepialy 3HaX0QUThCd Ha pi-
BHi Zy = 2,4-107°, I/K, npu temneparypromy nepenaai AT = 65 K.

TepmoenexkTpuunnii Matepian, 3 skoro BurotosneHi tepmoenement B TETL,
BHKOHYE HE TUILKH (PYHKLIIO NEepeTBOPEHHs eJIEKTPHYHOT eHepril 3 TeIUIoBY, a ii €

HECYHOIO KOHL’Tp}fKuiEIﬂ OXOTOIYBAYd. ]_lt‘; O3Ha44ac, 1o 1IpH l'lp{JC-KT}'BHl-]l{i 0OxX0-
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NOKYBaYa HEOOXIJIHO BPAXOBYBATH TAKOXK 1 TaKi MOKA3ZHMKH MEXaHIYHOI Haiii-

Hocti BupoOH sk BiOpauiiny 1 ygapHy MIMHICTb, XIMIYHY aKTHBHICTB B3a€MO/IIl
MATEPIAY 3 HABKOIIMILIHIM CEPEAOBHILEM, TEXHOMOTTYHICTL npH 00pobui 1 naiiti,
3JaTHICTL BHTPUMYBATH Taki TEpMIYHI yJapH SK TepMI4HE PO3LIMPEHHS 1 CTHC-
HeHHs, mulit Temneparypul aedopmaunii. Kokna 3 uux npobnem € 3naudyniono
npu koHctpytoBanHl TEI, gesxi 3 HUX 3HAXOAATHCA B CYNEPEUHOCTI OJHA 3 O1-
not. Hanpuxnaa, 3uMKeHHs! TENIONPOBUIHOCTI TEPMOEIEMEHTA 32 PAXYHOK Mij1-
BHIICHHS BHCOTH CTOBITMMKA 3HAXOAWTHCS B MPOTHPIMUI 3 MEXAHIYHOK MILHICTIO
TEIL, 3pocranus nepenany TeMmreparyp Mae Hac KoM MIJABUILICHHS TeMITepaTyp-
HUX jgedopmaltiii | moripiieHHs aare3ifHUX BIacCTHBOCTEN NMasHUX 3'€/IHAHB 1 T.IL.

CrIIaaHICTh MONArac B TOMY, L0 NOJIMIeHHS OyAb-IKOro HokasHuka (ma-
pametpa) B TEIl apToMaTH4HO NPU3BOIANTE 0 3MIHH 3HAYYLIOCTI 1HIIHX, MPHYO-
MYy, 1HO/1 B HesiBHOMY Burisijl. [lokazoBum B gaHOMYy acnekTl € PHKIA] Iepexo-
ay Bia 00'eMunx oxonomkysadie 10 nnanapuux TEIL BukopucroByroun oaHi it Ti
K BHXIJHI MaTepianu OTPHMYIOTh OJHO3HAYHO Tipili MOKA3HWKH IO XOJ00MpOo-
JAYKTHBHOCTI, OCKUIBKH OL1bI 3HAMUMY POJib NOUHHAKTE HAJABATH TEIUIONPOBIJI-
HICTh TEPMOEACKTPUYIHHX €/IEMEHTIB 1 KOHTAKTHI OMOpPH.

30BCIM HE OMPalbOBAHO MUTAHHA BIUIMBY e(peKTHBHOCTI BUXIJJHOTO TepMoe-
AEKTPHYHOTO MaTepially Ha TOKa3HHUKH BIJIMOBOCTIHKOCTI TEPMOEIEKTPHYHOIO
OXOJI0JUKYBaua, PO3IIAHYTI TUIBKH aCNeKTH 11 BIUIMBY HAa XOJ0JA0NPOAYKTHRHICTh.
BasknuBicTh HBOro ACTIEKTY AOCIIKEHHA MONATAe B TOMY, IO MiABHINEHHA edek-
TUBHOCTI BUXIJHOTO TEPMOCICKTPUYHOTO MaTepialy MpH BUKOpPHCTaHHI 30anaHco-
BAHOTO MO MEXaHIYHWM, TEXHOJIOTTYHHM | TEPMOIUIACTHYHHM BIACTHBOCTSM MaTe-
piay J03BOJIAE MMIIBHALIATH 3HAYYIL SHEPreTHYHI 1 mapaMeTpy BIJIMOBOCTIHKOCTI
MPUCTPOIO O€3 KO JUIf IHIIHX MOKA3HUKIB.

3aTHIIaeThCA BIAKPHTHM THTAHHA KOHTPOJIO CTaHy TEPMOCICKTPHUHOTO
OX0JIOUKYBAJILHOTO [IPHCTPORO B NIPOLECT eKCIUIyaTallil, OCKUILKH HAaBITL HaHpeTe-
NBHIIIE MPOSKTYBAHHSA HE B 3MO31 BpaxyBaTH TOBEAIHKY BHpOOY NpH peaibHHX
yMOBax ekcruiyaraiii. HassHicTe 00'ekTHBHOT 1H(GOpMAIT LI0/10 CTAHY BIIMOBOC-

TIHKOCTI BUpOOY 1a€ MOKIHBICTE BXKHTH aJeKBATHUX 3aX0/iB CTOCOBHO TEMJIOHA-
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BAHTAXEHOT CHCTCMH, NONepeIzKanydn pﬂl’lTDBHﬁ PO3BHTOK HECEIHKI.LiO!-[DBﬂ]{DT CH-

Tyatii.
2.4 ImnyascHo-nepioAnYHuil peskum poboTH

OnapM 13 HANPUAHATHINMX croco0iB 3a0e3neyeH s TEMI0BOr0 PEKHMY
EJIEMEHTIR 1 CK/JIAJIOBUX YACTHH PaJiOeIeKTPOHHOI anapaTtypi € TepMoeleKTpry-
Huii [4], aK HadeheKTUBHIIIMH Y IHUPOKOMY AlanasoHi pododux TeMneparyp Bijg
140K mo 350K. TepmoenekTpu4Hi NPHCTPOI JAI0Th 3MOTY KepyBaTH BEIHYHHOIO
TEIJIOBOIO MOTOKY 3a PaXyHOK NPOCTOl 3MIHHM BEIHYHHK polouoro ctpymy. Kpim
TOTO, TEPMOCIEKTPHYHI MTPHCTPOI MaIOTh YHIKJILHY 0COOIMBICTE (DYHKUIOHYBaH-
HA B PEXHMI OXOJIO/UKEHHS — HAIPIBY 34 PAXYHOK 3MIHH HAnpsMKy pododoro
ctpymy. OCHOBHI nepeBardt TEPMOCHCKTPHHHOIO CHoco0y OXONOMKCHHS MEpeL
IHILUMH [OJSATal0Th Y BHCOKIA HailitHOCTI Ta Mainux rabapurHux posmipax TEIIL,
[IPOCTOTI KepyBaHHA Ta wWBHAKOMIL LI mepesarn 3a CBOEI CYTTIO € HACHIIKOM
TBEPAOTINLHOI MPHPOIN TAKHX OXOJIOIAKYBAYIB.

JUts po3B'a3aHHs HU3KH 3aB/aHb 13 BUIBECHHS TEIUIOBOI MOTYXKHOCTI HeoD-
X1AHO 3a0e3nmeunTH TPAaHCHOPTYBAHHA TEIUIOBOIO MOTOKY BIA JUKEpena Temia a0
pagiaTopa MOBITPAHOTO OXOJODKEHHH Ha BIICTAHB, 10 BH3HAYAETHCH KOMIIOHY-
BAHHAM CJICMCHTIB 1 CKIAJOBMX YACTHH anaparypH, NPHUCTPOIB OXOIOIMEHHA B
Onowi yepes cnewianbHi NpUCTPOl — rHYUKI Ternosl Tpyou. Tennosa Tpyda sBise
co0010 repMeTHYHHIH BHIAPHO-KOHICHCATOPHHUI NMPHCTPIiL, y AKOMY nepeaada Te-
[UIOBOIO MOTOKY 3abe3edyerses 3a paxyHOK MEPEHECCHHS MAPOI) NPHXOBaHOL
TEIIOTH NapoOyTBOPEHHS TEIUIOHOCIA, 4 UHPKYJsLis TeruioHocis 3adesnedyerses
JI€I0 KanuISpHUX CHII. 30HH TIJIBEJICHHA | BIJBCICHHA TETUIOBOTO MOTOKY B THYY-
Kii TensioBiii TpyOi 3'€IHaHI THYYKNM eJ1eMEeHTOM — CHIBL(MOHOM.

Huni Tennosi TpyOH BHKOPHCTOBYIOTE Y By3/ax 1 010Kax paaloeneKTPOHHOL
anapatypu 3 eleMeHTaMy MiABMIIEHOT NOTYKHOCTI. [X ed)eKTHBHO BHKOPHCTORY-
BATH B THX BHINaakax, komu [20]:

— JKepesnio Ternia (eniemeHT ado rpyna eleMeHTIB) 3HAXO0/IAThCA Ha BIACTaHI

BiJ1 MICIIA, JIe MOYKHA 3a0e3MeunTH Termo3HIMaHH;
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— HEOOXIHO MIABUIIMTH KOMIIAKTHICTb 1 3HH3UTH MAcO-EHEPreTHYHI Xapak-
repuctuku C3TP 1 Becworo supody.

Cnizn 3a3Ha4i Ty, 1O Opu BUKOpHCTaHHI Teruorol Tpyon (TT) masuutyerbes
eQEeKTUBHICTb AK AKTHBHOI, TaK 1 NACHBHOI CHCTEM OXOJIOKEHHsS. Y LbOMY pasi
sukopuctanusa TT gae 3MOry NoOMNUMTH KOMIOHYBAHHS 1 3MCHIINTH Macorada-
PHUTHI XapPAKTEPUCTHKH BHPOOY, MOMIMIIMTH TEILUIO3HIMAHHS (BlABEACHUIH Bl BH-
poOy TerioBuil NOTIK), 3IMEHIIMTH BApTICTL BUPOOY 1 MIJABHILMTH NOKA3HHUKH Ha-
aiitocti. Haniitricrs TT moikHa BU3HAYMTH 9K BIACTHBICTH 30epiraT B 4aci 3Ha-
YEHHS TEPMIYHOIrO OIopy, Wo xapakrepusye snartuicts TT nepenasaru TennoBUii
MOTIK BiJl €MEMEHTIB €NEKTPOHHOI anapaTypH /0 TeTUIOBIIBEIEHHA (paaiaTopa,
HeCY4O0T KOHCTPYKLIT, OXOM0ZKYBAILHOT PIAHHH, ITOBITPS JOBKULIL TOLLO).

Jna BinBeneHHA TEIUIOBOI MOTYKHOCTI BiJI TEIUIOHABAHTAXKEHHX ETEMEHTIB,
Mo NpalpolTh ¥ KOPOTKOYACHHX {].I.H}Uli"l[-i[rlx) ]}(.‘H(PIMEIX, MOM¥HA BHKOPHCTOBYBA-
TH PEHOBHHH, 110 MIABIATECA — TEPMOAKYMYIATOPH, AKI JO3BOIAIOTH Y PAAL Mpak-
THYHHX BHNAJKIR OTPHMATH BUTPAIl B Macl i po3Mipax TeIJIORIZBOIB (paaiaTopis
cyuinsHomeraneenx) [8]. Tak sk po3mipu i Maca CyUINIBHOMETAIEBUX PajiaTopie
PO3paxoBYEThCA BHXOAAYH 3 YMOBH JIOCATHCHHA CTAIIOHAPHOTO PEXHMY Hesalle-
AHO BiJL yacy poOoTH B LMK, Po3Mip Ta Maca HaNOBHEHHUX PaIiaTOPIB pO3paxo-
BY€TBCA BHXOJAYM 3 HECTAIIOHAPHOTO PEKHMY 3 YpaxyBaHHAM TETIOEMHOCTI Ta
TEeMJOTH TUIaBIeHHs po0ouMX PedyoRMH (HANPHKNAJ A30THOKMCIWI HIKellk), 110
3HAXOAMTHLCA B €MHOCTI HAMOBHEHOTO paaiaTopa.

3abe3neveHHA BHCOKOrO PIBHA HAAlifHOCTI €JEKTPOHHOro obinajHaHHA He-
po3pHBHO now's3ane 3 BukopuctanHam C3TP 11 eneMeHTIB | CKIaZ0BHX YacTHH, a
NIIBUILEHHS HAIIAHOCTI OVIb-AKHX CKJIAIHHX CHCTEM MOJArae B MIABUIICHHI Ha-
aiifHocTi iX ckmagoBux. I yac QyHKIIIOHYBAHHS eNeKTPOHHOI anapatypu 1a ii
cknanoBoi gacTHHH — C3TP HeoOXiIHO BINCTEKYBATH (KOHTPOMIOBATH) KPHTHIHI
napaMerpl po3noAiIeHUX TEILUIOHABAHTAKEHUX elleMEeHTIB, o0pobisTH iX, yXBa-
NIOBATH pillIEHHA B pealbHOMY uaci Ta kepysatu enemeHTamu C3TP. [lonaTkosu-
MH 3aco0amH YIpaBIiHHA, XapakTepHCTHKaMH 1 nokasuukamu HazgiiiHocti TEII e

(hizuuHI mapaMeTpu MartepiaiiB TepMOeIeMEHTIR, BEeJWYHHAa pobouoro crpymy,
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HAlpyrd KUBICHHA, YMOBH TEIUIOOOMIHY, 3B'A3KY TEIUIOBIABIAHOTO pajiaTopa i3
CEPEIOBHIIIEM.

Texuonoriuni npodiaeMn BUTOTOBICHHS € THIIOBUMH [UIS [IAHAPHOT Ta rid-
PHIHOT HATIBIPOBIIHUKOBOI TEXHIKM 1 CYTTEBO BILUIMBAIOThL HA MOKA3HUKH Haiii-
HOCTI TEPMOCICKTPUYHUX OXOJIOKYBATBHUX NPUCTPOIB. OCHOBHHUIT BILIMB MAlOTh
HEOJAHOPIAHICTh CKIAAY BHXIIHMX MaTeplaiaiB 1 cTaOLm3alis TeXHOJIOTIMHHX pe-
JKUMIB.

Excninnyarauia sisnge cobor0 HaliMeHII BH3HA4ECHHH (AKTOP BIUIMBY HA MO-
KA3HMKH HAMIHHOCTI, OCKUILKM 3a3[aNeriih HEMOMKIHBO IepeffauuTH CTYNiHb
BIUTHBY B KOKHOMY KOHKPETHOMY BHMAIKY TPOABY KMMATHYHHX, MEXaHIYHHX,
@IeKTPOMArHITHUX T4 IHIIMX BILUIMBIB. YMOBH BHKOPHCTAHHS TEPMOEICKTPUYHHX
cucTem 3ade3nedeHHs TEMUIOBHX PEKHMIB HACTUIRKA PI3HOMAaHITHI, UI0 BKpai
CKJIQIHO 1X BpaxXyBaTH II1]] 4aC NPOCKTYBAHHS,

[TpuHUMIOM po3B'A3aHHA LWIET CYTIEPEYHOCTI MOKe OYTH Mpouec ynpapniHHA
iHTerpaJbHUMH MOKa3HMKAMHM TEPMOCICKTPHYHHX OXOJIO/KYBAYiR V Tpoleci exc-
IyaTarii, mo notpedye npoBeeHHs JAOCTIKEHb 3B'A3KY MOKA3HHKA YITPABITHHS
3 IHHAMIMHHMH XapakTepUCTHKaMH Ta MOKasHUKaMH HaaliiHocTi, JlnHaMmivHl Xa-
[J'dKTEpI‘ICTl‘lKl’[ Bl{pBﬁ BAKIIHB] ]:'Ii,[[, YAaC BKIOYMEHHA TEFIMUE!J'IEKTT]H‘IHHX OXOMOOHY~
BaviB y 3BOPOTHIH 3B'A30K CHCTEMH perymoBaHHa iHpopMauliHOI CHCTEMH, OCKI-
NbKH BH3HAYAWTh CTIHKICTE ynpaenidas. [TokazHHKM HadiiiHOCTI BU3HAYAIOTHCS |
BIJl KITBKOCTI KacKAIIB TEPMOEICKTPHUHHX OXONOMKYBAYIB, 110 Tependavae He-
OOXIJIHICTE MPOBE/ICHHA BUIMTOBIIHHX A0CIIKEHb.

Takum YHHOM, Mijg 4ac moOYIO0BH BHCOKOHAMIHHWUX PajiOTEXHIYHHX KOM-
miekcis i3 C3TP oadiel 3 KIWOYOBHX Mpod/ieM € HeoDXIIHICTh OLIHIOBAHHA Ta
MPOTrHO3YBaHHA NMoKazHKUKIB HaaliHocTi TEIT | BH3HAUEHHS MISXIB IX MiIBHILIEH-
aa. [IpH mpoMy B pamMKax TPHITHATOT MOAETI 3'ABIAETHCS MOKIHBICTE OKPECITHTH
MIIX0AH Ta METONM PO3B'A3aHHA [PAKTHYHMX 3aBJaHb 3 YIPABIIHHA [OKA3HHKIB
Hamiiinocti TEII B cuctemax C3TP 3anaHoi koHCTpYKIi.

TepmoeneKTPHYHHH OXO0JIOIKYBAY MOMHA BIJHECTH 10 00'€KTIB, 110 [MOBHI-

CTHO YNPaRIAOTLCA, OCKUILKW ICHYE TakWii BIJAMB, BU3HAYEHWI HA CKIHYEHHOMY
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IHTEpBaI Yacy, SKuil nepeBoinTh HOro 3 OyAbL-SKOrO MOYATKOBOIO CTaHy B Oy/b-
AKUH KIHIEBHIT cTaH y pobo4oMy Jlana3oHi 3MiHH poBOUYHX CTPYMIB.
Mg noOynoeu e)eKTHBHOT TEPMOCICKTPHYHOT cHCTeMu 3a0e3neueHHs Ten-
NIOBUX PEKHMIB €/IEKTPOHHOL anapatypu Heooxiano [17]:
~ pospobnenns marematuyanol mogeni C3TP wa ocuosi TEIN nia ouiniosan-
HS BIUIMBY YMOB Teniao00OMIHY TEILIOBIABIAHOIO paaiatopa 13 cepegoBHINEM Ha
OCHOBHI MapPaMETPH, NOKA3HUKH HAAIHHOCTI, AMHAMIMHI TA CHEPreTHYHI XapakTe-
puctuxn TEII 3a 3apanoro temnepaTtypHOTo piBHA OXONOUKEHHS I, TETJIOBOTO
HaBaHTaKEHHA (), TEMMepaTypH cepenoBuia 7., reoMeTpii rilok TepMoenemMeH-

TiB (BIIHOWIEHHS Y ) /UL PI3HAX CTPYMOBHX PEKMMiB pOOOTH,

Y pamkax uiei Mojeni HeoOX1IHO JOCIINTH MOAJIUBICTD:

SMEHUIEHHA Eéi-Tbl{,{EHHH
— BLIHOCHOT IHTEHCHBHOCTI BiZIMOB Afdg ; | — xomoamIBHOTO xoedpinieHTa £ ;
BENTHYHHE POGOYOTO CTPYMY /[ : — HmosipHOCTI Be3siMoBHOL podoTi P
~ KiZILKOCTi BUTpaueHoi eHeprii V ; — naginug Hanpyru U.
— 4acy BHXO0Y Ha CTALlOHAPHHI peaum poboTH 7 ;

00'e1HY 04010 JIAHKOK KOMILUIEKCHOT CHCTEMH TIepeayl TeIIOBHX MOTOKIB €
CHCTEMA YTIPaBIIHHSA B3a€MOTIOR'SA3aHHMH PO3NOAUTEHHMH 00'€KTaMH K CKJIa10Ba
TEPMOEIEKTPHYHOI CHCTEMH 3aDe3rneueHHA TeIJIOBHX PEKAMIB, Y 3araibHOMY BH-
MaJiKy TaKa cucTeMa Mae 3a0e3meydTi pyX BHXOLY CHCTEMH JI0 [TeBHOTO 3HAYECHHS,
He3Ba)karouM Ha BIUIMBORI 30ypexHd. Jlna noGynosu OaraToBMMIpHOTO peryasropa
3a3BHYAii BHKOPHCTOBYIOTEH ABA MPHHLIMITH: TPHHIIKAI MMOALTY Ta NPHHIIAI BHYTPI-
mHiX Mogeneid. [IpuHIrn noaury rpyHTYETHCS HAa TOMY, 110 DaratoBUMIpHMIA pe-
[YJISTOP CKIANACTHCH 3 PEryJsSTOpa CTaHy 1 CrocTepirada cTany, npuyoMy o0HaBI
YaCTHHH CHHTE3YIOTBCA HesalexHo. Peryistop crany oOuHCIOE Mporec yrpas-
MHHA, BUKOPHCTOBYIOUH BEKTOP CTAHY CHCTEMH, CIIOCTEPiray OLIHIOE HeIOCTYII-
HUIl I8 BUMIPIOBAHL BEKTOP CTAHY 3@ BUMIPAHHMH 3HAYCHHAMH BXOJY 1 BUXOAY
cuctemu. [IpuHIMI BHYTPILLIHIX MOJAENECH BHKOPUCTOBYETHCA JUIS BBEICHHS 3a-

BaanHg 1 GpiabTpanii 30ypeHs 3a MeTOA0M IHBEPCHOT KOMIICHCALIL.
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[Tig wac pozpobiieHHs DAraTOBUMIPHHX CHCTEM BHKOPHCTOBYIOTH TAKOXK 3a-
raTbHOCHCTEMHHH MPUHLIMI — MPHHIMIT KPUXKOCTI, SKHI Aae 3Mory copmyiiosa-
TH BUMOI'H CTBOPIOBAHOT cHcTeMU yripasiniHus. [Ipunimn KpuxkocTi CBIIYUTL PO
TE, IO YUM AKICHIIII NMepexijHi NpoLuecH Mac 3abe3IeunTH CTBOPIOBAHMI peryis-
TOP, THM TOHHIIIE Mac OYTH BIIOMA BUXIHA MOJC/L. 3 OIUIA/1Y HA MOAIHBI BIIXH-
MIEHHS BUXOAY CHCTEMH 33 HEKOHTPOILOBAHMX 30BHILIHIX BIUIMBIB 3HAUHA yBara
MPUINAETBCA npuHMny pobactHocTti, ToOTO 3aaTHOCTI 30epiraTH CTIKICTL 3a
HE3IHAMHUX BIJIXWICHL BiJ cTabLILHOIO CTany.

BaskmuBuM  pemUMOM  TEIUIOHABAHTAKEHOT araparypu € IMIYIbCHO-
MEPIOMYHII PekHUM, KOIH aKTHBHE (DYHKIIIOHYBAHHA CHCTEMH 3MIHIOEThCH Ha
1epio/] 3MeHIIeHHS ad0 BIAK/IHOUYEHHS HABAHTAMKEHHS, 10 XapaKTepHO /I8 MacHB-
HHUX CHCTEM JIOKallIiIHOTO CMOCTePEeKEHHA 3a CTAHOM HABKOMHIIHBOTO CepeloBH-
ma. TennoxnaBaHTaKeH! €1EMEHTH 1 BIANOBIIHO TEPMOEIEKTPHYHI OXOJIOIKYBaHl
JHAXOAATLCA MPH PIZHUX PIBHAX HABAHTAKCHHA, 4 MOKAHHMKM HATIHHOCTI 3ane-
&aTh Bl poOouoro cTpymy. 3'sABAAE€THCA MOTEHIIATbHA MOKINABICTh YNPABIAHHS

MOKA3HUKAMM HAAIHHOCTI npu podOTI B IMITYILCHO-TEPIOJHUHOTO PEKUMI.



45
3 YIPABJITHHS IOKA3ZHUKAMM HAJIIMHOCTI TEI ITPH

EKCILTYATAILUT
3.1 llocTanoBKa 3a7a4i yNpapainusg NOKa3HHKAMH HAXiHHOCTI

3abe3nedyeHHs TeII0BOIO pPEHHMY TCMNNOHABAHTAMEHOTD CJIEMEHTA NEpCl-
Davae Biadip HATMLIKY TEIUIa [0 PiBHS, JOCTATHLOIO U1 JOCSTHEHHS HOro He-
00X1IHOTO PIBHS HAAIMHOCTL. 3aeKHO BIJT pO3B'A3YBAHMX 3aBAaHL NCPENnaj] TeM-
neparyp Mixk ob'ekroM 1 HaBkonuiuHiM cepenosuiem (7-T7,) moxe Oyrn pocar-
HYTHI TTACHBHO TETUIONPOBIAHICTIO ad0 aKTHBHO — TeHepalieto xonomy. Jpyrui
[X1, 10 OUIbLIE BIAMNOBLIAE 3aB/AHHIO VIIPABIIHHS, MOXKE OYTH peani3oBaHHil
Ha TEPMOCICKTPHYHHX OXojomkyBadax. [Ipu usomy HalBaIMBILIHMH XapakTe-
PHCTHKaAMH KepYBaHHs € 4ac 3ali3HIOBaHHs, MOCTiiiHA Yacy i nepenapaibia QpvHK-
L.

SAxkmo abcTparyBaTucs BiJl KOHKPETHOIO 3aBJaHHs, OTPUMYEMO iH(DOpMa-
uiitny SISO-cucremy KepyBaHHS, SKa Mae OJMH BX1J 1 OQMH BHX1A, 1 00YpeHHs,
OJIHE 3aBJAHHs i 0JMH perysTop. 3a nassHocTi mojeni ob'exra cuctema sabesne-
YEHHS TEIUIOBUX PEKHMIB 3aMIHIOETHCH 1H(POPMALITHHOI MOJIEILIIO, KO Iepe-
NAIOThC CUIHAIM, 4 He BiacHe cami notokd. lxeansuuit [1J-perynarop onucy-

EThCH EnpaBGM:
t
u(ry=Ke(t)+ K Je(t)dt + K4 E%{ﬂ
0 @ 3.1)

Je U — ynpaBniHHA, € — CHIHAT PO3YTOKEHHA.
Ecnu B nepBoM npHOMIGKEHNH OXIAMHTEMb MPEACTABHTE MOIEILIO HHEPIIH-

OHHOT'O 3BEHA TEPROTO NMOPAIKEA C 3alla3/ikIBaHHEM
ko e—l'._“S
-+ :

kl

Wy =

TO MOKIIMBE JOCTUIKEHHA AKOCTI TMEPEXIIHHX TMPOLIECIB CHCTEMH KEPYBaHHA TEr-
nosumMH pexxumamu. [Tpouenypa cuHTe3y perysitopa Ja€ 3MOTry 3HaiTH KOMIIPO-
MiC MisK pODACTHICTIO 1 IIBHAKICTH MEPEXIIHUX MPOLECIB AK 3a 30ypeHHAM, Tax i

3d 3aBIAHHAM,
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OnHak ULOMY Ma€e repeayBari po3podJeHH HAAIHHO-OPIEHTOBAHOT MOJIEIT

TEPMOEIEKTPHYHOIO 0X0JI0/UKYBaya Ta il anais.
3.2 Mojean 0X0J01KYBa4Ya, OPicHTOBAHA HA YHPABIASHHA HAXIHHICTIO

[Tin wac nodymosn Hamiiiiux C3TP ogHieo 3 KIHOY0BHX Npobdiem € HeoO-
XiJIHICTh OLIHKH TA NPOTrHO3YBaHHS MOKa3HUKIB Hajalinocti TEIL, a Takok nomyk
HUIAXIB IXHBOI'O [TI/IBULICHHS Ta YIIPABAIHHA B PEATLHOMY Hacl.

[lin wac QyskuionyBaHHs cTpykTypn ol'exra, mo cknagaerses 3 TEIT i
TEPMOBIIBIAHOTO pajiaTopa 3 NPUMYCOBUM [MOBITPAHHM OXOJIOUKCHHSM, AKUI
3aCTOCOBYIOTH JUJIsl BIIBEJICHHS TEIUIOBOT MOTYKHOCTI B HABKOIMIIHE CCPEIOBHILC,
MOZKHA BUKOPUCTOBYBATH PI3HI PemHMH poDOTH BeHTHISTOPA (BUTpara MNOBITPS
G =Var). 31 spoctadnsm BuTpary nositps U BeHTHIATOPOM 30UILLIYETHCS IBH-
JIKICTh MOTOKY NMosiTpsa V' B 5KHBOMY Tlepepis3i TEMUIOBIABIIHOIO pajiaTopa 3ajaHoi
KOHCTPYKIIIT, [1I0 NPH3BOJATE 0 3pOCTAHHS KoedillcHTa Ternosiiagi « . [le nae
3MOry 3MEHIIMTH nepenaid temneparypu (7' —7,.) 3a 3a1aH0l KOHCTPYKLIT TEILI0-
BIZIBIZTHOTO pamiaTopa.

[To6ynoBy Mosieni posrasaemo B nporeci excrumyaranil TEIT B xapakTepro-
MY PERKHMI MakCHMalbHOT xonoonpoaykrusiocti 3a (77 —17.) = 10K. lle oznauae,
[0 33J2H0 KITBKICTH TEPMOEIEMEHTIB, TEMIIEPATYPHE OXOJI0KEHHS, TEMI0BEe Ha-
BaHTaKEHHA, TEOMETPIIO T'JIOK TEPMOEIEMEHTIR (BIHOIIEHHA), NJIOULY MOBEPXHI
pajiaTopa B Aiana3oHi 3MiHKM TEMITEpaTypH Cepe1oBHIILA.

PosrngHeMo BILTHB YMOB TETUIO0OMIHY TETNIOBIIBIIHOTO pajiaTopa i3 cepe-
NOBUILEM HA OCHOBHI 3HAYVINI MapamMeTpH, MNOKasHUKH HAAIHHOCTI, AMHAMIYHI Ta
eHEepreTHYHI XapakTepUCTHKH oHoKackaaHoro TETL

Jlis po3paxyHKY OCHOBHHX [1apamMeTpiB. MOKa3HUKIB HAMIAHOCTI, JTHHAMIKH
pospaxyHky (yukiionysanas ogHo kackaguux TEIl Bukopucraemo HacTyiui
criBeiHOWeHAA [17]:

Y
12« Rg 2By - By —©)

max K

M=

. (3.3)
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ne @Qp — 3HAUEHHS TEnJIOBOro HaBaHTakeHHA, BT, abo noTY:KHOCTI pO3CiSHHA

00 eKTa OXOJOIKEHHSI;

' 3
K

Imax = — MAKCUMAILHHH pobouuii cTpym, A;

€x — ycepeaHeHe 3HadeHAA KoediieaTy TepMoEPC rinkm TepMoeneMeHTy y KiH-
i npouecy oxonopxenns, B/K;

T{] — TeMIICpaTypa TCrJIonorjinHao4voro 3ram, K.

/ :
Rg = — eNeKTPHYHMI OMip TUIKA TEPMOENEMEHTY Y KiHII MpOIecy 0Xolo-

oS
okeHHA, OM;
[ ta S — ginmosizno, BHCOTA i MI0OmA MOTIEPETHOTO MEPETHHY TIAKH TepMoenemMe-

HTY;

Ok — yCepelHeHe 3HaYeHHS eJIeKTPOIPOBIIHOCTI I'JIKH TepMoeneMenTy, Cm/em:
By =1/l 4 x — BIAHOCHHI po0OURil CTPYM Y KIHII HPOLIECY OXOJI0KEHHS ;
I — penunna po6ouoro ctpymy, A;

T-Ty

@=—=10
"}'Tmax

- BIIIHOCHHIT Iiepenaj TeMreparyp;
T — remmnepaTtypa TeILIOBHALIAIOUOTO 3120, K;

Alpax =05z TUE — MakCHMaJLHHII nepenas temnepatyp, K;

z — YCEpeJHEHE 3HAYUCHHSA NMEePBHHHUX TEPMOCICKTPHHYHHX MaTepialiB ¥y MOy,
/K.

[Torykuicts normuanas TEI wy mMoxHa BH3HAYWTH 3 BHpasy [18]:

Wi =212 xRy By (By + max g
h (3.4)
Mazninus nanpyrn Ug
Ug = ¥x _
I (3.5)

XonogunsHui KoediuieHT £ MOKHA BUIHAYUTH 3 BUPA3Y
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-2 |
W, (3.6)
BignocHa IHTCHCHBHICTDL BIIMOB %0 MOKHA BU3HAYHTH 3 CITIBBIAHOLLICHHS
[20]
2
3 [BK +L?;nax @J
2[; —nB2(@ +¢) 0 . &y
; 2
(I + AMmax. E}}
Tp (3.7)
o :
JIe € =——=—— — BIJIHOCHE TEIMJIOBE HABAHTAXKEHHA,
1

A9=3-10"1/h — HoMmiHamBEHa IHTEHCHBHICTS BiIMOB,
K7 —3naawymiit koedinienT sHmxeHnx remneparyp [17].

Biporinuicts 6e3piamosnoi poborin P TEIT MokHa BU3HAYMTH 3 BUPa3y:
P =exp[-At], (3.8)
ne t=10"h — 3a3uaueHnii pecype.
bopmyna a1d BH3HAYEHHA 4acy BHXOAY Ha CTAUIOHAPHHH pexHM pobOTH
T moxHa npegcraBuTi y Burisit [20]:
mocq + e mic;

o i i 2BH(2—BH)
’ 2
nK(1+ 28y Mmaxy - eBy — Bg —©
fo , (3.9)

e y= "fizmx ulu .
Lax kK
moeo— AO0OYTOK MAacH Ha TEIIOEMHICTL 00 €KTY OXOJIO/DKEHHA. Y HaLoMmy
Bunajgky — 0 (06’exT BigcyTHii);

LMiCi — cymapHa BeJMYMHA J0OYTKY TETIOEMHOCTI | MacH CKIagoBHX
i

KOHCTPYKTUBHHX 1 TexHosoriunux enementis (KTE) Ha tennonoriunaiouomMy wa-

Pl MOJLYITHO TIPH 3a/1aHOMY %

Iunexke H ospauae nouarkosuii moment yacy. Inneke K o3magae kimie-
BHIl MOMEHT Yacy.
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/
- e —
R, (3.10)
ey T
— EH — MAKCHMAalbHUIE pobounii CTPYM HA NOYATKY MPOLECY OXO-

noJuAeH A, A.
3a YMOBHM PIBHOCTI CTPYMIB Ha TTOYATKY 1 KiHILI MPOLECY OXOJ0KeHHS

I=Bglmax k =BHImax H (3.11)

[Maxinus sanpyra U wa TEIT MoxHa 3anucaTi y BUTIIAII

AT,
= anmMRk(B+%®)_ (3.12)

]
KinbkicTs 3agadoi eHeprii NV MOHa 3anMcaTi Y BUTIIA CIIBBIIHOMICHHS:
N=Wt (3.13)

HeoOxiiHy TennoBiBIIHY CIPOMOMKHICTD pajiaTopa @ MoxKHA TpeacTa-
BHTH Y BHTTIAIIL:

=, (3.14)
Q= Oy + W — rennonposianicts TEIL, Br,

T.— Temneparypa cepeoruia, K.

3.3 Anani3z nagilinicTHO-opicHTOBAHOT MOei

Pesynbrarn pospaxyHKIB OCHOBHHX 3HAYYLIMX ApPAMETpIB, [OKA3HUKIB Ha-
AUHHOCTI, AMHAMIYHMX i eHepreTdHux xapaktepuctuk C3TP 3 Bukopucranusm
onHokackamaHoro TEIT B pemumi Qgpay TPH Bapiaiii YMOB TEIIO00MIHY 3 cepe-
JOBHMIIIEM TEMIOBIABLIHOTO pajiaTopy MpH 3aJaHoMy TEMIIEpaTypHOMY PIBHI OXO-
nomxenns 1y =260K, tennosomy naBantaxkenni Qp=2.0 W, reomerpii riziok tep-

f FT-T.=10K
MOEJIEMEHTIR /S =10, nnomi nosepxni pamiatopa F A:W s pi3-

HOI TemMmepaTypu cepenosuia I, Haseaeni B tabn.3.1.

31 3MenwmenusaM nepenany remueparyps (T — T,.) MiK TEILIOBIABIAHHM pa-

niatopom T i cepenosumem T, 3a 327aHOTO TeMIEPATYPHOTO PiBHA OOMEKEHHS
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I, =260K, Tennosoro HasantaxkenHs @o=2.0 W, reomMeTpii riok TepMoeIeMeHTIB

%g =10 1 3minu Temneparypu cepenosuima T, sig =290K no T,=320K y pexumi

Qomax 32 (T — T.)=10K:

Tabnuug 3.1

PesynbraTi po3paxyHKiB OCHOBHUX 3HAYYIIMX HApaMeTpis npu 7 =260K, %g =10
Q0=2.0 W B pexkumi Qgpa ipu (T — T )= 10K

L |[7-%]e | |7 |w |g v B |+ [~ |eF |24 |Wgld |p
i 108
n=157pes F=3T3sm’
0 | 050 |10 |50 |92 |022 |18 0127 [65 |60 |11 |30 [ 10 |16 |48 | 09952 |
70 |046 |081 |41 |62 [032 |15 65 |41 |11 |32 22 |72 |21 [09978
50 |043 [076 |38 |54 |037 |14 64 |35 |14 |40 |30 |54 |16 | 09984
290 30 |04z [072 |37 |49 [041 | 1.3 63 |31 |23 |60 |36 |44 |13 | 09987
70 [040 070 |35 |46 |044 |13 62 |29 |33 |90 |41 |39 |11 | 00988
0.0 | 038 | 066 | 33 |40 | 050 | 12 50 | 24 55 |20 |87 009991
H=105pes  F=490sm
10 062 |10 |50 | 126 | 016 |25 097 [90 [ 113 |14 [30 |10 |21 |63 | 09937
70 | 059 |082 |41 |86 |023 |21 90 |77 |15 |31 |21 |98 |29 | 09971
50 [056 |077 |38 |75 [027 |20 90 |66 |19 |39 |28 |75 |22 | 09978
P00 '35 (054 073 [36 |67 | 030 | 1.9 87 |59 |29 |60 |35 |60 |18 09982
30 |053 [070 |35 |63 [032 |18 86 |54 |41 |8 |41 |51 |15 | 0098
0.0 | 0.50 | 066 | 3.3 |56 | 036 | 1.7 84 |47 |- ~ |53 [40 |12 | 09988
11=308pes F=700sm"
10 074 |10 [49 [ 192 [0.10 | 3.9 [0.065 | 122 | 234 |21 |30 | 1.0 | 315 | 94 | 0.9906
70 | 070 | 080 | 40 | 128 | 016 | 3.2 124 | 159 | 21 |31 [23 [ 13.7 |41 | 09959
50 |088 [077 |38 | 117 [017 |31 121 | 142 |27 |39 |28 | 113 | 34 | 09966
P10 30 T 066 | 070 |35 | 100 | 020 | 29 123 | 123 |40 |57 |40 |79 |23 | 09976
20 |065 |068 |34 |96 |02 |28 122 | 117 | 58 |83 |44 |71 |21 |09979
00 |062 |065 |32 |86 [023 |27 | 2.1 | 104 55 |57 |17 | 09983
it=575pcs  F=1300sm’
10 086 | 10 | 486 | 370 | 005 [ 7.6 [0.035 | 166 | 616 |39 |30 | 1.0 |59 [I76 | 0.9826
70 |98 |082 |40 | 256 | 007 | 64 172 | 440 | 39 |3l |22 | 274 | & | 09918
50 | 080 |076 |37 | 222 | 009 | 60 175 | 388 | 48 |37 |29 | 205 | 61 | 09939
P20 39 (078 [0.71 |35 | 198 |0.10 | 57 174 | 385 |73 | 56 |37 | 161 | 48 | 09952
20 |077 [069 |34 | 187 [011 |53 174 | 326 |10 |80 |42 | 142 | 43 | 09957
00 | 074 | 065 |32 | 169 | 0.1 | 52 175 | 295 52 | 114 | 34 | 0.996

— 3MeHmyeThes BiiHocHuii mepenaz Temneparypu © (puc. 3.1) nua pisHoi

temneparypu T,. 31 3poctanusm temneparypn T, cepefoBuiia BiHOC-

uuii nepenan temneparypn © sGimburyerses npu ikcosanomy nepenasi

temnepatypu(l — T.);
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I 23 4 5678 9w oK
Pucynok 3.1 — 3anexHicTs BiIHOCHOTO mepenaay Temneparypu © komHoOkackaaHoro

TEI Bia nepenaay temneparyp (T — T,.) wis pizHoi Temneparypu cepenosuia 1, 3a

ymos Tp=260K, @o=2.0 W, /=10y pexumi Qomax 3a (T — T,) =10K

— 3MEHIIYETLCA BIAHOCHHH pobouui cTpyM B (puce. 3.2) and pisHoi Temme-
patypu cepegosuina T, 31 3pocTaHHIM TEMIIEPATYPH CEPEIOBHIEA BIIHO-

cHUil pobounii cTpym B 3anHIIAETECA MOCTIHHUM NpH (IKCOBAHOMY 3HA-
yenui (T — T, );

B

e i ! . —

o

L B e~

06 ——

ns —

DA — — i
s
[

1 |
| !
T 2 3 4 5 & 7 N % 10 T-Te, K

Pucynok 3.2 — 3anexnicts BignocHoro podogoro crpymy B ommoxackamnoro TEIT
Big nepenany temueparyp (T — T,.) mwis pisuol TeMneparypu cepenosumia 1. 3a yMOB

Th=260K, Qu=2.0 W, % =10y pexnmMi Qoumar 32 (T —T,) =10K

— 3MEHINYEThCA BeJIHUHHa podouoro ctpymy [ (puc. 3.3) ams pisHoi Teme-
patypu cepenosuiua T, 31 3pocTaHHsM Temneparypu cepenosuia T, po-
Oouuii  cTpymM [ 3MEHIIYEThCS HE3HA4yHO 3a (IKCOBAHOIO 3HAYEH-
Ha (T — Tg);
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Tc5 29 K
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£
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I I 3% 4 5 & 7T 8 %9 W T-Te. K

Pucynox 3.3 — 3anexuicts Benmuunnu podouoro ctpymy { onnokackasoro TETT

Bin nepenajay remnepatyp (T — T,) ans pizsoi Temnepatypu cepenosuma Io 3a

ymos 1p=260K, @p=2.0 W, %5- =10 y pesxumi Qpmeas 3a (T — T.)=10K

— KIUIBKICTE TEPMOSIEMEHTIB # (puc. 3.4) 3anMiaeThea MOCTIHHOI 11 pi3-
HOT Temneparypu cepenoBuia Te. 3i 3pocTaHHSM TEMIICPATYPH CEpesio-

prIna T, KinbKicTh TepmoenemeHTiB ! 36imbIyeTECA 38 (DIKCOBaHOTO Te-

penany TeMnepaTypH (=1p) :
n, pes

uil
Ir=310 K

ati

ik

m ' * | Juill K

2 o 4 3 & 1 0 2w Tlk

Pucynox 3.4 — 3anesHicTb KUIBKOCTI TepMOeIeMeHTIB n ojiHokackaaHoro TEIT Bix
nepenaay temneparyp (I' — T,.) ana pisHoi Temnepatyps cepenosuia T, 3a ymoB

Ty=260K, Qo=2.0 W, /,=10y pexcitmi Qomax 3a (T — To) =10K

— 301mBIIYETECA XON0AMIbHHI KoediienT £ (puc. 3.5) ans pizHoi Temme-
patypu cepenosuuia T. 3i 3pocTanHsm Temnepatypu cepenosuiia T, Xo-
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NOMWIBHHUN KOe(ILieHT £ 3MEHIIVEThCA 3a (hIKCOBAHOIO IEpernany TeM-
nepatypu (T — T,):

| Te-2m0%

W0k

| K

{ K

=T, b

I e I 4 ¥ & 7 K & A0

Pucynox 3.5 — 3anexuicTs XonoaunsHoro koedinienty £ onnokackaanoro TEIT

Bia nepenajny temneparyp (T — T.) [ns pizHoi Temnepatypu cepenoBuina I, 3a
ymos 1p=260K, Qo=2.0 W, %}1 =10 y pexumi Qomay 3a (T — T,.) =10K
— 3MeHIyeTbed naninng Hanpyru U (puc. 3.6) it pisHOl TeMIlepaTypH ce-

penoeumia T.. 3i 3pocTaHHAM TeMrepatypu cepeiopuina T 30iMbIIYETh-

ca namHHa Hanpyrd U npu  (ikcoBaHOoMy mnepenaal TeMiepary-
PH(T 7

Te=3MK

: INK
20 _____.._-—:-—_'"________"-P: 290 K

I 2345678910 ThK
Pucynok 3.6 — 3anexHicTb najiHag Hanpyru onHokackanHoro TETT Bia nepenay

temneparyp (T — T.) nnd pisHoi Temnepatypu cepenosunia T 3a ymos 1)=260K,

Qo=2.0 W, % =10 y pesxxumi Qoax 3a (T — T )=10K
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. Qo
— — XONOJONPOYKTUBHICTL HA OJUH eleMeHT — (puc. 3.7) 3anumaerses
n

HOCTIHHOO 118 Pi3HOT Temneparypu cepenosuiia T,. 31 3pocTanHsIM Te-

MIIEPATYPH CEPCIOBHIIA Tc IMCHIIYETHCA XOHOI[{}HPD,H}'WTHBHETI: Ha

Q.
OJIHH €JIeMEHT I’,

ul)
il
fEs=———- - — fr - 190 K
il +—7
e
B I ENTIN N
I il
oN
i ! I
n,m7
[T IDK

L] I

([N

0oy 1 | [ -] ! 11 1

naa

a0 !
|

i 2 & 4 5 6 7 ® % 10 g K

Pucynox 3.7 = 3ane;xHIcTb XONOAONPOAYKTHBHOCTI HA OJAMH €IIEMEHT Q% TEIT
Bij nepenaay remneparyp (T — T,) juis pisHoi TeMneparypu cepejopuma T, 3a

ymoe 1p=260K, Q=2.0 W, % =10 y peskumi Qoax 3a (T — T,.) =10K

— 4ac BUXOJY Ha CTauloHapHuil pexum podoru T (puc. 3.8) ans pizHoi TeMm-
nepaTypH cepeioBuina T, 3aIMIIAeThCA MPaKTHYHO mocTiitauM. 3i 3poc-
TaHHAM TeMIIepaTypu cepeloBHILa T, 361'HLUJ}’E'TIJCH Hac BHXOAY Ha CTa-

LioOHApHKIT pexuM podoTH T;
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Tc=310 K

31k

30 K

190 K

T-Te K

Pucyror 3 8 = 3aneHicTb HACY BUXO/LY HA CTALLIOHAPHMIT peskum T 0IHOKACKAHOTO
TEII sig nepenaay temmneparyp (I — T.) ans pisnoil Temneparypu cepeosuma 1, 3a

ymon Tp=260K, Q,=2.0 W, %FIO y pexumi Qomayx 3a (T — T, ) =10K

— 3MEHIIYETHCA KINBKICTH BHTpadeHoi eHeprii N (Puc. 3.9) nns pizHoi TeMm-

neparypu cepenoeuwia T, 31 3pocraHHsaM Temneparypu cepeaoruia T,

301NBIIYETHCS KINBKICTL BUTpaueHoi eHeprii npu (ikcoraHomy nepenasii

remneparypu (T — Tc);

N W-s

G0

S04

40N

0 =

200

100

L~

—

—

] _ -

3 4 5 6 7 8

9

10

|

et 290 K

Te =320 K

1 310K

300 K

TTe, K
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Pucynox 3.9 — 3ajexHicTh KUILKOCTI BUTpadeHoi eHeprii N ognokackaaHoro TETT

iz nepenany temneparyp(T — T,.) and pisHoi Temneparypu cepenosuma T, 3a

ymos Ty=260K, Qo=2.0 W, ¥¢=10y pesxi Qomax 3a (T — T,) =10K

7

— 3MEHINYETHCS BIAHOCHA IHTEHCHUBHICTE BIJMOB 40 (puc. 3.10) ansa pis-
HOI TeMriepatypu cepefoBuia T.. 3i 3pocTaHHSM TEMITIEPaTYpH cepeo-
ulia T, 30UIBIIYETHCA BiJIHOCHA THTEHCHBHICTE BIJIMOB 3a (hiKCOBAHOTO
nepenaxy remneparypu (T — T.);

— 30UIBIIYETRCH HMOBIpHICTE Oe3BiaMOBHOT pobotu P (puc. 3.11) ana pis-
HOT TemrepaTypu cepeiosuina T,.. 31 3poCTaHHSIM TEMIIEPATYPH CEpelLo-
Buia T, 3MeHmyeTses HMOBIPHICTE pobotn P 3a (iKCcOBaHOIO nepenamy

temneparypu (T — T,.);

Afdn

L To=32K

b I

Ik
AN

‘ RIS
|

[ 90K

1 2 3 4 5 & T 8 % I I-Te. K

- L] e ® * - i
Pucyno 3.10) — 3anexHicTh BIIIHOCHOT IHTEHCHBHOCTI BI/JIMOB /10 0/IHOKACKAHOTO
TEIN sig nepenaay temneparyp (T — T,) nas piznoi temneparypu cepenosumia T, 3a

ymos T)=260K, Qo=2.0 W, %.=10y pexumi Qoax 3a (T — T.) =10K
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0,505
3o K
0

i -

0,508

; :I 1 -I " ; T H L) T-Te, b
Pucynox 3.11 — 3anexuicts Biporizinocti 6e38iIMOBHOT poBoTH P 0JIHOKACKAIHO-

ro TEII eia nepenany temnepatyp (T — T,.) ana pizHoOi TeMOEpaTypH CepeIOBHILIA

T. 3a ymoB T3=260K, Qp=2.0 W, yg: 10 y peskuMi Qomax 3a (T — T, )=10K

— 30UbLIyeTHCS BiJHOLIEHHS iHTeHCHBHOCTI Biamoe 3a (T — T,.)=10K no
intencupHocTi BiMOB 3a (T — T.)=Var<l0K (puc. 3.12) Big nepenany
temneparypu (T — T.). 3i 3pocrannsm temneparypu cepeposuuia T Bij-

AT-T.=10K

BT i
iT_ T .=Var

HOLICHHA 34NHIIAECTHCH NPAKTHYHO ﬂDCTiﬁHHM:

e

1 2 % 4 5 6 7T B 9% 10 T-Te, K
-Te =19 K - Tc=320 K
Pucynor 3.12 — 3anexuicTs BIHOIIEHHS IHTeHCHBHOCTI BiaMoB A oaHOKacKaaHoOro

TEII six nepenaxy tremneparyp (T — T.) s pisHoi Temneparypu cepejiosuiia I 3a

ymor 13=260K, Q,=2.0 W, %5 =10 y pewumi Qumay 3a (T — T)=10K
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— 30UILIIYETLCA TEIUIOBIABIAHA 31ATHICTL pagiaTtopa ak (puc. 3.13) nna

pi3Hoi Temmeparypu cepenosuina T.. 31 3pocTaHHAM TemneparypH cepe-

nosuia T, 36i1bIIyeThes TeIUIoBiABiIHA 3naTHicTh pamiatopa @ 3a di-

KcoBaHoro nepenaay Temneparypu (T — T,.).

ol wih

1
LE ]

80 |

| Te=30K

Pucynor 3.13 — 3anexHicTs TCILIOBIABLIHOL clipoMoskHOCT pagiatopa aF TEII

Bia nepenaxny Temneparyp (T — T,.) and pizHol Temneparyps cepenosuiia T, 3a

ymor T5=260K, Qx=2.0 W, % =10 y pexumi Qymar 3a (T — T )=10K

3.4. ObrosopeHHs pe3ybTaTiB aHAII3Y

AHali3 pe3yiabTaTIB JOCHLKEHbL [OKA3aB, MO 31 3MEHIICHHAM [epenajuy
temneparyp (T —T.) Big (T — T.)=10K no (T — T.)=2K npu remneparypHOMY
pisni oxonomxenns 19 =260K, reriosomy napantaxenni Jp =2.0W, reomerpii
riJIOK TEPMOEIEMEHTIB %ﬂ =10 8 pexumi Qpmax :

IMEHIWUVEMBCAH?

BiAHOCHHIT mepenan Temnepatyp © :
gin © =050 10 © =0.40, Tobto na 20%  mpu T.=290K;
p

gin © =0.62 no © =0.53, 10670 Ha 14.5% npu T.=300K;



BIJT © =0.74 10 @ =0.65, Tobro Ha 12%  npn T.=310K;

gin © =0.86 10 © =0.77, 10610 Ha 10%  1pu T.=320K;
BIIHOCHHI pobounii ctpym B :

gist B=1.0 10 B=0.70, tobro na 30% npu T.=290K;

gig B=1.0 go B=0.70, to6ro na 30% npu T=300K;

i B=1.0 g0 B=0.68, 10010 na 32% npu T.=310K;

Big B=1.0 no B=0.69, To6To na 34% npu T.=320K;
BEJHYMHA poDOYOIo CTpyMy I,

in [ =5.0A no [ =3.5A, 10610 nHa 31% npu T,=290K;

i [ =5.0A no I =3.5A, to6ro na 30% npu T,=300K;

Bin [ =4.9A no [ =3.4A, 1o6To Ha 31% npu T.=310K;

gin [ =4.86A no I =3.54A, to610 na 30% npu T,=320K;
maninas nanpyra U

Bijg U =18V no U =1.3V, to610 Ha 28% npu T.=290K;

gig U =2.5V no U =1.8V, 10610 Ha 28% npu T,=300K;

Big U =3.9V no U =2.8V, Tob10 Ha 28% npu T.=310K;

Big U =7.6V no U =5.5V, 106710 Ha 27% npu T.=320K;
4AC BUXOJIY HA CTaioHapHHil pexum poboru T :

Bil T=6.5s go 7=6.25s, 100710 Ha 4.6% npn T.=290K;

Big T=9.0s no T7=8.6s, 10010 Ha 4.4% npn T.=300K;

Big T=12.8 no 7=12.2s, todto na 0.0% npuT,=310K;

Bijg T=16.65 no 7=17.5s, Tob610 Ha 5.4% npnT,=320K;
KiIBKICTh BHTpauenoi eneprii V :

Big N =60 Ws no N =29 Ws, To0t0 B 2.0 pa3u npu T.=290K:

Big N=113 Ws 1o N =54 Ws, to6ro B 2.1 pasu npu T.=300K;
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Big N =234 Ws no N =117 Ws, Tobto B 2.0 pazu npu T-=310K;

Big N =616 Ws 1o N =326 Ws, o610 B 1.9 pasu npu T.=320K;

. . . . i
BIJTHOCHA IHTCHCHBHICTE BUIIMORB KAﬂ :

BlJ1 A/ﬂﬁ =16.0 1o 4/49 =3.9, To6T0 B 4.1 pasu npu T.=290K;
Bin A/4) =21.0 no 4/4g =5.1, 10670 B 4.1 pazu npu T.=300K;
Big 4/4g =31.5 no 4/4y =7.1, 10670 B 4.4 pasu npu T.=310K;

in A/A4) =59 no 4/ =14.2, o610 B 4.2 pasn npn T.=320K;
NEOBUUVENBCSL:
XonoaHIsHui Koeditient £ :

Bia £=0.22 no £=0.44, tobro B 2.0 pazn npu T.=290K;

Big £=0.06 no E=0.22, Tobro B 2.0 pazu npu T .=300K;

Big £=0.10 no £=0.21, TobTo B 2.1 pazu npn T=310K;

Bia £=0.054 no £=0.11, Tobro B 2.04 pazn npu T.=320K;
TEIIOBIABIHA CIPOMOKHICTD pagiaTopa “F

Big af =1.1 WK no aF =3.3 W/K, Tobrtoe 3.0 pazu npu 7,=290K;

Bij aF =1.46 W/K no aF =4.15 W/K, to610 B 2.8 pasu npu 7,=300K;

Big e =2.1 W/K no «F =5.8 W/K, 10070 B 2.8 pasu npu 7,=310K;

Bl af =3.9 W/K 1o aF =3.3 W/K, T06GT0 B 10.4 pasu npu 1,=320K;
BiporiauicTs 6e3BiaMoBHOT podotn P

Bia P=0.9952 no P=0.9988 npu 7.=290K;

Big P=0.9937 no P=0.9985 npu T,=300K;

pig P=0.9906 no P=0.9979 nmpu T,=310K;

Bin P=0.9826 no P=0.9957 npu T.=320K.
Takum 4YMHOM, TOpPAZ 3 BLAOMHM METOAOM TMiaRMieHHs HamiiHocTi TEII

PO3TNAHYTA MOAJIHBICTD CHCTEMHOIO ITAX0LY A0 [MIBHILEHHA PIBHIB MOKA3HHKIB

najiinocti TETT B C3TP 3a1anoi KOHCTPYKIIT B IpoLeci eKcruryaTaiii.
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4 YIOPABJITHHSI HAJIIMHOCTIO ITPU IMPOEKTYBAHHI KTEI

JacrocyBaHHs — KacKaJHuX  TepMmoenekTtpuunux  npucrpois  (KTEID)
3YMOBIICHO HE TUILKH HEeoOXIIHICTIO JOCATHEHHS MaKCHUMAalIbHO MOKIMBOTO PiBHS
OXOIIO/UKEHHA, a i MIABMIICHHAM GKOHOMIYHOCTI. Y HM3II BHOAIKIB MiA 4ac
MPOEKTYBAHHA B PO3NOPAIKEHHI pPO3pOOHMKAa € HH3Ka 00paHMX KOHCTPYKILH
KTEY, nobyaoeanux Ha ocHOBI yHi(ikosanux moaymis. HeoOxigHo BH3HAYMTH
MAKCHMAJIBHO MOJK/IHBY eHepreTudHy eqeKTHBHICTL 3a 3aJaHoro mnepenamy
TemMrepaTypi, BUOpaTH Takui ctpyMoBui pexum pobotu KTEY, axuit Binnosijias
Oun makcumymy eHepreruuHol epextusrocti KTEY 3ananol konctpyknil (pemum
Eoar). AKTyanbHICTh 3a0€3NCUCHHA MAKCHUMYMY EHEPreTM4HOl  eheKTHBHOCTI
JYMOBJIeHA  NOTpeDOoK  3HMKEHHA — MacorabGapUTHMX  MOKA3HUKIB  CHCTEM

jabdesneyeHHs TEILIOBHX pE}[{HMiB TEILIOHABAHTAKEHHUX CIIEMEHTIB,

4.1 Po3poOxa moaei 38 I3KY BUIHOIICHHSA IJIOK 3 MOKASHHKAMM Hali-

HOCTI

Host PO3B'A3aHHS [1OCTABIEHOTO 3aBJAHHA CKOpHUCTACMOCH
CHIBBIIHOWEHHAMH po3ainy 3. XonoJAonpoayKTHBHICTE (Jy NEplIioro Kackamy

npokackaaHoro KTEY MokHa 3anucati y BHIIISI

2

Oy =Ml RI(2B, — Bf —©)), (4.1)

A€ Inax) — MaKcUManbHUi pobounii ctpym, A, laa=e To/R;

1| — KUILKICTL TEPMOCIEMEHTIB Y NEPLIOMY KaCKali, 1IT.;

Ty — Temiieparypa TEILTONOIIHHAKHMOIO Cria nepiuoro kackay, K;

e, — koedinient TepMoEPC rinku TepmoeneMeHTIB nepuoro kackany, B/K:
R\ — eneKTpHIHHI OMip TUTKH TePMOCSIEMEHTY Mepiioro kackamy, Om;

B — BitHOCHMIT poOOUM CTPYM NEpIIoro Kackasuy, BiaH. oL, B\=I1 ;

| — BIIHOCHHWII Tiepenaa TeMmnepaTypH MNepuioro kackamy, BIIH. O,
01=(T-Tp) / AT paxis

T\ — npomikaa Temneparypa, K;

A Tinaxi — MAKCHMaJIbHUI nIEepenaz Temneparyp B kackazl, K.
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[MocniioBHE eNeKTpUYHE 3 €IHAHHA KACKa/liB BH3HAYAE PIBHICTL CTPYMIB B

Kackajiax, 1o MOKHA 3arHcaT Y B

[inaxt B1= lmaxz B2 (4.2)
ne B, — BIJIHOCHHIA poDOYHi CTPYM ApYroro Kackamy, BiAH. OJ1.,
Bo=T/ Lunz;
=€ Ty / Ry;

¢’ — xoedimient TepmoEPC rinku TepMoeneMenTiB apyroro kackany, B/K;

R, — enextpuunmii onip riiku TepMOEIEMEHTY ApPYroro kackany, Om.
Jaranpuuit nepenaa  temneparyp Ha apsoxackagunoMmy KTEID soxkma
3anucat y surnsm [21]:

A T=A T1+ A T2= A Tmax1¢ 1+ A Tmax202, (4.3)
ne A Ty — nepenan remneparyp y nepiiomy kackaal, K, A T1=T-Ty;
A T, — nepenan remneparyp y apyromy kackami, K, A T2=T-T,;
0, — BigHOCHMIT MEpera TeMIepaTyp y Apyromy kackaii, sigu. on., ¢ ,=(T-
T1) / AT max;
A Taxo — MAKCHMAIILHUI Tiepenaj TeMneparyp y apyromy xackazi, K.

VMOBY TEIIOBOIO CIONYYCHHS KACKa/liB MOKHA 3a1HcaTi y Burisial [22]:

— Ir:;aRIRE(z‘BE_B%_@I)

1, - ) | o ;
) I;mRIIiZB,[I+M®,]+B;—E),]
' 1,

0

n,

(4.4)
Je N2 — KiIbKICTh TEPMOEJIEMEHTIB Y JAPYyroMy Kackajl, IiT.

XonoguabHuil koedimieHT geokackaaHoro KTEY moiHa 3anucath y BUTIIsII

E.-\":E - Qﬂ :
+W, (4.5)
ae W1 — noTyxHICTL MOTIIMHAHHA MEpHoro kackamy, B,
W, =2nI. RB, [B, + ‘"‘\'?ﬂﬂ“ 0, ]
9 (4.6)

W1 — MOTYKHICTE MOMIMHAHHA JPYroro kackany, BT,
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W, = 2};2;'151“21?132 [ B, + ﬂT;mg e, J
|

(4.7)
Bukopucrosywun crissiHomeHus (1-7), xonoaunsuuid koedinient mMoxuHa

3anMcarT y BHF.I]H,H.i
2aB,b— aBEc + 2028]3 Al n) —da al
E.‘\":Z - TE] ﬂ"'?hma.'{z
2BA—2B/B+2B,]1 o
Tnax2 : (4.8)

Je
2

= ”E“rmaxl

midlt R

2 max2 2

R

¥

AT,

miax ] + Irrma,v.l .

!

b=
AT,

max 2 max2

c= '&T;mu] +2a ]+2‘Q‘Tmuxl + II:I'“I.‘H ;
AT, b

max2

mox 2

-

A:[‘ﬁTmﬂxl _!_HJ(H_'_ ‘{r:'laxl J_Zﬁ‘ﬁTmsxi jmaﬂ ‘ﬂflmﬂ AT _i_z[jmﬂxi ‘A‘Tmnxl jf‘“Tn'lmtl _a"ﬁ'?—[!m1
!

A Trnnx 2 |:'|a1.2 ?;J ‘Irm:ml Tl lljl':’r‘mzr.'tt:'. max 2 T[ A Tm:ax:! Tl‘:'
y .
Bz[ﬂ o Igmx] J[ ‘rm.'ur.l lH—‘%‘Tﬂmx;.‘ &mel +a ‘ﬁrmaxl J;
fmzuz "‘rmax 2 Ti A :r:nax 2 ?-E'r

,H,:ﬂf Imaxl &Tn‘u2+&Tma‘il :
I i T,

max 2

dyukiionanbia  3anekHicts E' o= (B;) Mae MakCHMyM 1% Pi3HHX
korcTpykuiit TEIL (/i) 1 mepenamax Temmeparyp A 7=60 K; 70 K; 80 K; 90 K
npu =300 K, n,=9, l./s,=l,/5,=10.

ITpu 3pocTanHi nepenaay Temneparyp A7 onTHManbHe 3HAYEHHS BITHOCHOTO
pobouoro crpymy B 3MIILYETHCS 1 CTOPOHY OLIBIIHX 3HAYEHb.

4.2 Ontumizosane npoextypanns KTEI

iE"Y —
3a  yMOBH igzﬁ OAEpPAKMMO  CHIBBLIHOLIEHHA JUIA  BH3HA4YE€HHA
iy

|

L]
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ONTHMAIILHOT BEIWYMHM BIAHOCHOTO pobouyoro crpymy B, gkuii BiAnorinae
. A - - .
MaxkcHuMymy XxonoawisHoro koedimenty £ TEIl sapanol xoncrpykimii (n/ns) 1

nepenany remneparyp A 7t

Bf[ﬁc—EuﬁmJ—45?[5&+:aﬂ%i]+ﬁﬁ[2M:+ﬂc o L ]-
\ TII !;J i 2 max 2 ﬂ‘Tmn.\E
apa AT [ AT Y _g

ﬁT‘ITI.‘D&: 15‘Tm:l.r.l

(4.9)
[Ipencragnene cmsBiaHoOwWeHHs (4.9) [103BONSE BH3HAMWTH BEIMUUHY
ONTUMAJILHOIO BiaHOocHOro podouoro crpymy Bl, saxuii 3abesnecuye MakCHMyM
xonoauneHoro koedimienty EN, npu 3anaHux 3HadeHHSX BiAHOIIEHHS nl/n2 i
nepenanie remneparyp A T.
[Torim BH3HAuaeMO BIJHOCHI NEpenajd TeMIEpaTypH B KacKajax 01162,
BHKOPHCTOBYHOYH MCTO [IOCILI0BHHX HAOIHIKEHD 3 YpaXyBaHHAM TCMHE’{)&T}’]JHDT

3AJICHHOCTI napaMeTpiB (J0CTaTHLO OHO-IABOX HAOIMIKCHB):

2
Blz a_'_'rg]ax[ _ZBI(ImaxE_G]_'_ AT

® max 2 't'maxZ ‘ﬁrmnxl
| = )
‘é"‘rmaxl +€T—2£EB|A?_1m“I
alTn'm..‘ci 0 {4 |[]:|
0,= AT ATuy g
&Tmaxl ‘&Tmaxl (4 | 1)

Ta xonogonpoaykrusHicTs Q01 3ananoi koncrpykuii (nl/n2) TETI B peacumi Emax
npu 3aganux A T,
YV Bignosianocti 1o [4.2, 4.3] ana asokackazsoro TEIL Benmmuuny BiIHOCHOT

IHTEHCHBHOCTI BIJIMOB MOKHA 3aITHCATH Y BHIJISI

4

Al ey @I] n,Bl(©, + C:][B: N ﬂT;ﬂ:c?a E}:]

[I'F ﬂ?;ﬂil-\: (_)!J
T 2

n B (0, +C=}{H| +
;S: = jl?l +

:‘\.- -
o [ l+ A'Fmilhl @I]
kS TI'}

=

(=]

7

(4.12)
ae 4, — HoMIHAIBHA IHTEHCHBHICTL BiaMoOB, |/rox;
C,, C, — BiJIHOCHE TEIIOBE HABAHTAKCHHA IMEPLIOTO 1 APYroro Kackasis,

BIJIH. O1.,
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CI = Q{li C, = Qﬂ +H/I

2 & 2
”1!maxlﬁl - ”2 max?.Rz :

K. K. e A o
n T~ koediUiEHT 3HAYYLIOCTI 3 ypaxyBaHHAM BIUIMHY MOHHKEHO]

TEMIIEPATypH.

OTpHMaHa aHaliTHYHA MOJEib 3ade3neuyye MOMKIMBICTh AHANIZY 3B'SM3KY
BITHOCHOT I1HTGHCHBHOCTI BIJIMOB 3 CHEPICTHYHUMH Ta KOHCTPYKTHBHHMH
MOKA3HUKAMM TEPMOCJIEKTPHYHOTO OXOJo[KYBadya B podoYOMY  iarasoHi

TeMreparyp (pyHKIIOHYBaHHA.
4.3 Ananis pesyabraris moaenwosanns KTEI

Pesynbratit  poO3paxyHKIiB  OCHOBHMX  HApaMerpiB  OjiepsKaHi s
lis=l/5,=10; T=300 K; A 7=60 K; 70 K; 80 K: 90 K: n,=9; n;/n,=1.0; 0,67; 0.5;
0,33; 0,2; 0,1 npu ycepeaHeHOMY 3Ha4YeHHI €PEKTUBHOCTI TEPMOENEKTPHUHHX
MOaYIiB  z, =2.5-107 1/K; 2,=3-10"" 1/u; t=10" u.
3i 3MEHIIeHHAM BiJHOIIEHHA my/n; TPH 3aJaHOMY 3HAYSHHI Tepenanmy
temneparyp A 7=60 K:
— BeIMYHHA NPOMIXKHOT TemnepaTyps 1| 3MeHInyeThes (puc. 4.1, nos. 1);
— BIIHOCHHI po0ouMii CTpyM MepLioro kackanay By spocrae (puc. 4.1, rmos.
2);

— BITHOCHHI po00YHii CTpYM Ipyroro kackany B, spocrae (puc. 4.1, nos. 3);

— BIZHOCHHIA epenaj TeMnepaTyp Mepiioro Kkackamy ¢ sMeHIyeThes (pUc.
4.1, nos. 4);

— BLIHOCHHMH nepenaja TeMnepatypu Apyroro kackany &, spocrac (puc, 4.1,
nos. 5);

— BenuyuHa pobodoro crpymy / 3pocrae (puc. 4.1, nos. 6):

— xonomuneHuii  koediuient TEIT mae abcomoTHHIE MakcHMyM [IpH

1n/n=0,44 (puc. 4.2, nos. 1):
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Pucynok 4.1 — 3ane;kHicTb NPOMbKHOI TemriepaTyp# T, BITHOCHUX po0ounX
CTpyMIB B i By, BITHOCHHX nepenaiis teMneparyp ¢ 1 0, B kackagax ta
BENTHYIHA po00Y0TO CTPYMY / IBOKACKATHHX TEPMOEICKTPHYHHX OXO0JI0/KYBaviB
B pexkumi E,,,, BiI BinHOmEeHH ny/n> ipu T=300 K; A 7=60 K: n,=9; (//s)=10: 1 —
T\ =flni/na); 2 — Bi=fim/n2); 3 — By=flmiina); 4 — 6 =Aniinz); 5 — € ,=fn/my); 6 -
=fln/n,)

— XOJIOJWIbHHIH Koe(illE€HT MepIIoro Kackaay &£ 3pocrtae (puc. 4.2, nos. 2),
a Ipyroro Kackamy & aMeHmyeTses (puc. 4.2, nos. 3);

— TOYKA MeperHHy rpadikip 3aKeKHOCTI XOJOMWILHHX KOC(DILIEHTIB
KACKAIIB £ 1 & BIINOBIAAE ny/n>=0,44 (puc. 4.2);

EE Co| e,
[T (B 10
(IREE IR e

[IREE T 44 LR

[INEE ¥kl
L2008
405
[IRELE IR

(IRETE 2]

[IRIEE 2

[INERE SEN

0l 02 o) 08 B b 07 0 09 14 ale

PucyHok 4.2 — 3aieskHiCTh 3araiIbHOTO X0JIOIHIBHOT0 KoeditienTy E 1 mo
Kackazam € 1 ta €2, xonoaonpoaykTHBHoCTI Qp; Ta C; ABOKACKAIHHX
TEPMOCIEKTPHYHUX OXO0JI0KYBa4IB B peskuml Emax Bia BigHomenss nl/n2 npu
T=300 K; A T=60 K; n1=9; (I/s)i=10: 1 — E=fin,/n1); 2 — € 1=t(n\/ny); 3 —
E2=f(n,/n2); 4 — Qu=t(ny/nz); 5 — C1=f(n,/ny)
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— XONOZONPOAYKTHBHICTE (O (puc. 4.2, nos. 4) ta ii BigHocHa BenuunHa C)

(puc. 4.2, no3. 5) 3011bIIYIOTHCS;

— CymMapHa BeJINYHHA IHTEHCHBHOCTI BIIMOB A, 3pocTae (puc. 4.3, nos. 3);

— IHTEHCHBHICTE BiJIMOB 1epiioro Ay 1 apyroro A; KackajiB Takowk 3pocTae

(pwuc. 4.3, nos. 1,2);

L 11
Lim
13
12

1il

L
G1 602 03 04 0.5 08 07 08 09 1.0 min

PucyHok 4.3 — 3anexkHicTh cyMapHOT iHTeHCHBHOCTI BigMoB ™ i koKHOrO
KackaayA; Ta A, JBOKaCKaJHUX TEPMOEIEKTPHUHHX IPUCTPOIB B pesknumi By, Bij

BigHOUIeHHs i1 /n-1pu T=300 K; A T=60 K; n1=9; (I/s)i=10, 4o=3-10-8 l/u: |1 —

Ay =f(nina); 2 — Aa=f(ny/nz); 3 — 2 =f(ny/ny)

— cyMapHa HMmoBipHicTE Oe3BiiMOBHOT pobotn P 3menuyerbes (puc. 4.4,

no3. 3);
— iimoBipHicTs Oe3BiaMoBHOT poboti nepioro (P1) i apyroro (P2) kackazis
aMeHLIyeThes (puc. 4.4, nos. 1,2).
31 3MEHIICHHsM BUIHOLICHHSI A,/ TPH 3aJaHOMy 3HA4YeHH! Nepenajuy
temnepatyp A T=70 K:
— BEJIHYHHA NPOMIKHOI Temrepatypu T smeHinyeThbes (puc. 4.5, nos. 1);

— BIAHOCHHMIT pobounii cTpym nepuioro kackany By i apyroro kackamy B2
3poctae (puc. 4.5, nos. 2,3);

— BIHOCHMIT nepenaj TeMieparyp nepuoro kackamay &, sMmentuyerscs (puc.
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4.5, nos. 4);
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Pucynox 4.4 — 3anexuicts cymaptoi iimMoBipHocTi 6e3Bi1MoBHOT poboTn P, 1
Mo KOXKHOMY Kackany P Ta P, IBOKAacKaaHHX TEPMOEIEKTPHYHHX OXOMOAKYRAYIB
PI3HHX KOHCTPYKIIH B PEKUMI Fy B BIAHOMEHHA 17,/n; ipn 7=300 K; A 7=60
K; m=9; (I/s)=10; 4¢=3-10" 1/u; =10" u: | — P\=fln,/n2); 2 — P=flny/ns); 3 —
P, =fn\/ny)

— BiIHOCHHI mepernaj TeMmrepaTyp Apyroro kackauy @, spocrtae (puc. 4.5,
nos. 5);
— BenmuuHA poboyoro cTpymy I 3pocrtae (puc. 4.5, mos. 6);

i |
L s

iy 1 [IR'E

s i LM 20

THI0T 5 A i i
i \\ £ ’;’,/-;TI: (]

=

PricyHok 4.5 — 3amexHICTh NPOMIKHOT Temrepatypu T, BIIHOCHUX poDoumX
crpymis B ta B,, BinHocHux nepenaais temneparyp ) ta 6, B kackaznax i
BEJIMUMHH pobodoro crpyMy I BoKackagHuX PoOOYHX OXO0JI0/KYBAYIB B PEIKHMI
Enax BiA BiHomenss ny/ny npu T=300 K; A T=70 K: n;=9; (I/s)i=10: 1 -
Ti=f(ni/ny); 2 — Bi=f(ni/n2); 3 — Ba=f(ny/my); 4 — 6 1=f(ni/ny); 5 — 0,=f(ny/na); 6 —
I=t{ny/m,)
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— XonogmibHui kKoedimienT E Mae Makcumym nipu n,/n>=0,37 (puc. 4.6, nos.

1);

— XonoAnIeHUI kKoedinienT nepuioro kackaay € 1 3pocrae (puc. 4.6, nos. 2),
a apyroro kackaay € 2 sMeHIyeThwes (puc. 4.6, nos. 3);

— XOIOJOMPOAYKTHBHICTE Oy (puc. 4.6, no3. 4) 1a ii BigHocHa Bennuuna C,
(puc. 4.6, 1103. 5) 3pOCTAKOTh,

0,004
LINEGE 3T
LN EY R
0,07 L7
LIANICE LTS
003 44,5
LRSI E]
0,03 k3
0,02 42

001 4]

PucyHOK 4.6 — 3aeKHICTh 3araJbHOr0 XOJM0AHILHOTO KoedilieHTy £ Ta no
KacKa/laM &£ Ta &£ », XOJIOAONMPOAYKTHBHOCTI Oy Ta € IBOKacKaIHUX
TEPMOCNEKTPUIHHX OXONIOKYBAYIB B PEXKHMI E,, BiJl BITHOIIEHHA 1;/115 NIPH
T=300 K; A T=70 K; n;=9; (I/s)=10: 1 — E=f{n\/n3); 2 — & =f(n/n3); 3 —
& 7=f(ni/n2); 4 — Qu=Alni/nz); 5 — Ci=flni/na)

~ CyMapHa Be/IH4HHA IHTEeHCHBHOCTEH BIIMOB A, 3pocTac (pHc. 4.7, nos. 3);

— IHTEHCHBHICTH BIiAMOB mepmoro A, Ta apyroro 4; KacKamiB Takox

3pocTtaoTs (puc. 4.7, nos. 1,2);

Pucynok 4.7 — 3anexHicTh CyMapHOT IHTEHCHBHOCTI BIIMOB Ay 1 KOJKHOTO

Kackany A, Ta Ay JABOKACKaJHOrO TEPMOEIEKTPHIHOIO OXOJIOIKYBAYa B PEKAMI
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Emax Bin signomenus ny/n, npu T=300 K; A T=70 K; n,=9; (1/8)i=10; 15=3-10-8
LAz 1 — A =f(n/ni); 2 — A;=f(n,/n7); 3 As—=F{(n,/n,)

— CyMapHa NMOTYKHICTE eHeprocnokupanHua W, 3pocrae, (puc. 4.7, nos. 4);
— cymapHa iMoBipHICTb Oe3BiAMOBHOI poOotH P, 3Menumyerbes (puc. 4.8,

nos. 3);
— iiMOBIpHICTL Oe3BiIMOBHOT podoTH mepmioro Py Ta Apyroro kackamy P
3MeHiyeTses (puc. 4.8, nos. 1,2).

Pucynok 4.8. 3anexsicte cyMapHoi HMOBIpHOCTI Oe3B1AMOBHOT poboTtu P, Ta
110 KOJKHOMY Kackajly okpeMo P ta P, 1BOKacKaJHHX TEPMOEIEKTPHYHHX

OXOJIOPKYBAYIB PI3HUX KOHCTPYKIIH B peskuMl Ly, B BIAHOIIEHHS 11/11; IPH
7=300 K; A T=70 K; m=9; (I/s)=10; 1,=3-10" l/u; =10" u: 1 - P,=fn\/n>); 2 -
Pa=fn/n2): 3 — P, =f(n\/n3)

3a 3MEHIICHHAM BUIHOWIEHHA nl/n2 npu 3aJ1aHOMy 3HAYEHHI nepenajay
temneparyp A T=80 K:
— BeIMMHHA NPOMIKHOT TeMnepatypH 1 3MeHyeTses (puc. 4.9, nos. 1);
— BIAHOCHMH poDOYMIT CTPYM MEPIIOro Kackamy ) Ta apyroro kackaay B
3poctae (puc. 4.9, nos. 2,3);
— BIIHOCHHIA Mepenaj TemMmnepaTyp nepiioro kackaay & sMeHIyeTbes (pHc.
4.5, no3. 4), a npyroro kackanay € ; 3poctae (puc. 4.9, nos. 5);
— BeJH4YHHA pobdodoro ctpymy I 3pocTae (puc. 4.9, nos. 6);
—  xonoaunbHuil koehiuient E mae makcumym rpu my/n,=0,23 (puc. 4.10,

no3. 1), mpH UBOMY XOJOAMIBHI KOe(DIIEHTH TepIloro Kackaay &, Ta

































