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MOJAEJIMPOBAHUE TEPMOSJIEKTPUYECKOI'O
MUKPOT'EHEPATOPA C KATAJIMTUYECKUM NCTOYHUKOM
TEIIJIA HA TA3OBOM TOIUIMBE

B pabome npeocmasnenvl pesynvmamol uc-
C1e008AHULL MUKPO2EHepamopa ¢ Kamaiu-
MUYECKUM UCHOYHUKOM MeNnia Ha 2a3080M
monnuse. [Ipednoscena mooens Mukpozeme-
pamopa co 6CmpeuHol nodayetl pea2enmos
Ha Kamanuzamop.

B cBsI3W ¢ MHTEHCUBHBIM Pa3BUTHEM MHUKpPOJHEpre-
THKH ¥ POCTOM ITOTPEOHOCTH B TOPTATUBHBIX SIEKTPOH-
HBIX YCTPONCTBAX JUIsl CHCTEM TEICMETPHUH, HaBUT AN,
METEOPOIOTHYECKUX CTAHIUN U MasKOB, pabOTAIOIINX
MPOJOJKUTENIEHOE BPEMsI B aBTOHOMHOM PEXHUME, BO3-
HHUKaeT HeOOXOIUMOCTh ITOVCKAa KOMIAKTHBIX U JIEIIIe-
BBIX MCTOYHWKOB TIUTAHUSI C BHICOKOH yIENBHON dHEp-
THell U MPOJOIDKUTEIBHBIM pecypcoM paboTel. Tepmo-
MEKTPUUYECKHUE HCTOUHHKH MOTYT PacCMaTpPUBAThCS KaK
aJIbTepPHATHBA XUMUYECKHM UCTOYHHKAM TOKA.

[pomecc cropanust OpraHUIECKOTO TOIUTMBA B MUK-
poreHeparopax 3aBHCHT OT UX SHEPTeTHYCCKHUX U TeM-
MepaTypHBIX XapaKTePUCTHUK, a TAKXKE OT KHHETHIECKUX
U Ta30lMHAMUYECKUX YCJIOBHH CTAaOUIBHOTO TOPEHHS
torutuBa. [lorepu Teria B MUKPOUCTOYHUKAX TIPHBOISAT
k ymenbmieHuto KI1/1 repmoreneparopa u TpeOyroT nc-
MOTB30BaHUS d(P(PEKTUBHBIX METOIOB ISl CHIDKCHHUS
TEIUIOBBIX MOTeph. CIOKHOCTH 3aa4u 00yCIIOBIMBACT
AKTyaJIbHOCTh IPUMEHEHNUS KOMITBIOTEPHOTO MOJIEIIHPO-
BaHUS MPU pa3paboTKe HOBBIX TEPMOBIEKTPUUECKUX
MUKPOYCTPOMCTB C KATAIHUTUYCCKAMU HCTOYHHKAMHU
TerIa, IPEBPAIIAIONINX YHEPTHIO OPTaHHIESCKOTO TOTI-
JIMBA B HIICKTPHUCCKYIO YHEPTHIO.

B oOmem Buze A pacyera TEPMOAICKTPUUECKUX
rereparopoB (TII') NpuUMEHSIOT YUCIEHHBIE METO/bI
(HamprMep, METOJIBI ITOCIEAOBATEIBHBIX IIPHOIIDKCHUH,
CPEIHUX MapaMeTPOB) C UCTIOIB30BaHUEM KOMITBIOTEP-
HBIX TPOTPaMM, KOTOPBIE TTO3BOJIIIOT PEHIaTh 3aJadu
ONTHUMANBHOTO YNPABICHUS TEPMOIIEKTPUUCCKUMHU
npoueccamu [1], paccunThiBaTh psia KOHCTpyKiuid TOI
[2] n onpenensTs parpioHaNbHBIE PEXKUMBI UX PaOOTHI
[3]. Uucnennoe MmomenupoBaHuE IIIOCKOTO TEPMOITIEK-
TPUUYECKOTO MUKpOTreHeparopa [4] BBIIIOIHEHO METO-
JIOM KOHEYHBIX 00BEMOB C LEIbI0 MPOTHO3UPOBAHMUS
ONTUMAJIbHBIX TAPAMETPOB TEPMOIIEKTPHUECKOTO YC-
TpoiictBa Ha ocHoBe Si-Ge u Bi,Te; u pacuera npo-
IIECCOB DIICKTPO- F TEILIONIEPEHOCa ITPHU JTMHSHHOM TPH-
ONMVKEeHNH.

MopennpoBaHue KaTaTUTHUECKON Peakiiy B TPyO-
Kax peakTopa HeOONbIIOTro Auamerpa [5] u ompenerne-

HUE I'paHull 3aTyXaHus Ul AByMEPHOU MOJIETH MUKpPO-
HMCTOYHHKA C TOBTOPHOM UUPKYJSALKUEN TeTuia mpoBeae-
HO aBTOpaMu paboTHI [6] PU YCIIOBUHM COBMECTHOM TI0-
Jlau¥l TOTLJIMBA M BO3AyXa Ha Karanu3arop. Pe3ynbrarsl
MOJISJIMPOBAHUS TaKMX MUKPOTEHEPAaTOPOB HE BCeET/a
COIIACYIOTCS € DKCIIEPUMEHTAIbHBIMU TaHHBIMHU H3-3a
TOTO, YTO HE YUYUTBIBAIOTCS BCE TEIJIOBBIE IIOTEPH C I10-
BEPXHOCTH UCTOYHHUKA TEIUIA.

Hcnonp3oBanue KaTamuTHUCCKUX AU(DPY3HOHHBIX
HCTOYHHKOB TEIJIa B COCTaBE MUKPOT'€HEPATOPOB MI03BO-
JISET PeLIUThb psil Mpo0iieM TerI0BOM perynsiuuu, aBTo-
HOMHOH ¥ HaJEXKHOHW paboTHl TeHeparopa B IIMPOKOM
nuana3zoHe pacxoga ToruiuBa [7]. OgHako pe3ynabTarhl
WCCIICZIOBAaHUI TaKUX TEHEPaTOPOB B IUTEpaType Mpak-
TUYECKHU HE OTPAXKEHBI.

Henbro naHHON palOTHI SBISETCA MOJAECIUPOBAHUE
TEPMOAJIEKTPUUECKOT0 MUKpPOIe€HepaTopa ¢ KaTajluTH-
4ecKUM A (PYy3UOHHBIM HCTOYHUKOM TEIUIA C YIETOM
€ro DHEPreTUYECKUX, TEMIIEPATYPHBIX U KOHCTPYKTHB-
HBIX TIApaMeTPOB JJ1s1 oBbIeHHs () heKTUBHOCTH TIpe-
00pa30BaHUs TEIIOBOM YHEPTUU B ANEKTPHUUECKYIO.

dusuyeckasi MojieJib TEPMOIIEKTPHYECKOT0
MHKPOreHepaTopa ¢ KaTaIuTHYeCKHM
HUCTOYHHKOM Terlia

OcHoBHas 3ajjaya Ha Ha4aJbHOW CTaMM MPOEKTH-
POBaHUS TEPMOTI€HEPATOpPa COCTOUT B PELICHUHU ypaB-
HEHHS YHEPTETHUCCKOTO OallaHCa M OIPEICSIICHIH HC-
XOAHBIX MapameTpoB TOI' ¢ yueTom TepmoaiexTpuyec-
KHX CBOMCTB IMOIYTIPOBOTHUKOBOTO MaTepHaia, UCTIONb-
30BaHHOTO B TepMmoaiekTpuueckoii Oatapee (TIB), u
TEeMIEepaTypHbIX OrpaHUYCHUH Ui JeTalleil KOHCTPYK-
LIUH YCTPOMCTBA.

[ moctpoeHust (PU3NUECKOM MOACTH MHKPOTCHE-
paropa HE0OXOUMO OMpPEAENIUTh KOJIMYECTBO TeIlja,
MOJIBOAMMOTO 1 0TBoANMOTro ot TOB, u paboune Temre-
parypsl KaTaJUTHYECKOI'0 UCTOYHHKA TeIlIa Ha Fa30BOM
ToruBe. B manHoi paboTe pacder mpoBEICH IS HC-
TouHuKa auamerpoM 10 MM u BbicoTO# 13 MM (00BEM
karaiausaropa | M), Ipu 5TOM yuTeHbI HOTEPH TeIIa ¢
TOPIIOB KaTaJUTHUYECKOTO UCTOYHHKA Terjia KOHBEKIIHU-
eil U U3Iy4YeHHEM, TEINIOOOMEH KaTaJUTHYECKOrO UC-
TOYHHKA TEIUIa ¢ TepMOIpeoOpa3oBaTeieM U IOTePH
TEIUIa ¢ IPOIYyKTaMU CrOpaHUsL.

TpaauIMOHHO B KaTAJIMTHYECKUX MHUKpOKaMepax
CTOpaHUs MCIIONB3YIOT COBMECTHYIO M0/1auy TOTLTUBA
BO3/lyXa Ha Karanu3arop. OCHOBHbIE €€ HEIOCTaTKH —
HEOOXO0IMMOCTb MCIOJIb30BAaHUS JIOTOJIHUTENbHBIX yC-
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Puc. 1. ®u3ndeckast MOeIh TEPMOAIIEKTPHUIESCKOTO MUKpPOTEHEepaTopa (¢ — BEPTUKAIBHOE CEUCHHE, O — TOPHU30HTATBHOE
CEUueHHe):
1 — KaranuTHYeCKUi UCTOYHHK Teruia; 2 — TOPsIUuii paauaTop; 3 — TepModJIeKTpuieckas Oarapesi; 4 — XOJOIHbIH pagnaTop; 5 — BHe-
LIHSS HArpy3Ka; 6 — TEIIoBasi U30JISLMs; 7/ — ra30MoABOAsIIas TPyOKa

TPOUCTB AJ1s IOATOTOBKH TOINIMBHO-BO3yILIHON CMECH,
’KECTKHUE TPEOOBaHUS K COOIOICHUIO €€ CTEXHOMETPHUH,
HECTAOMIBHOCTH MPOLIEcca TOPEHUSI TIPH OTKJIOHEHUH
OT CTEXHOMETPHYECKOTo cocTasa 3Toit cmecH. Juddy-
3MOHHbIE KaTAIIMTUYECKUE UCTOYHUKU TEIUIa ¢ BCTpey-
HOW Iojayeil TOIIMBa M BO3[yXa Ha KaTaJlu3aTop JIu-
LIEHbl 9TUX HENOCTAaTKOB. B Takux MCTOYHMKaxX Terula
TOIIMBO TOCTYHAeT Ha KaTajJu3aTop IOJ JaBICHHUEM,
BO3JlyX — C IIPOTUBOIOJIOKHON CTOPOHBI IIyTEM €CTe-
CTBEHHOW 1M dy3nu. DTH UCTOUHUKN HA/IEKHBI, 00ec-
TICYMBAIOT ABTOHOMHYIO paboTy B IIMPOKOM JHAaIa30He
pacxozia TOIJIMBA, a TAKKE IPU HAPYLIEHUN CTEXUOMET-
PHUYECKOTO COOTHOIICHUS TOTUTUBO/BO3/IYX.
dusnyeckas MOJEIb MUKPOTEHEPaTOpa ¢ KaTaIuTH-
YECKUM MCTOYHHUKOM TeIljla MpuBeieHa Ha puc. 1.

I'enepatop comepKUT KaTaJTUTHYECKUN HCTOYHHUK
Temra [ uImuHAprYeckor (GopMbl U TepmoOarapero 3
13 MaTepuaia Ha OCHOBE BizTe3. OTBoOJ TEIUIa OT XO-
noHbIX criaeB TOb ocymiecTBisieTcs: paaunaropom 4 3a
CYET €CTECTBEHHOM KOHBEKIMK Bo3yxa. Ha puc. 1 T, —
Temneparypa ropsaero cnas TOb; T, — remnepary-
pa xonoaHoro cnas TOb; T o — TeMmreparypa nosepx-
HOCTH HCTOYHHKA TeTUIa; T, — Temneparypa OKpyxaro-
el cpelsbl.

IToctpoenne Quzndeckoi MOAETH MHKPOTCHEPATO-
pa MPOBOANIIOCH ITyTEM COTTIACOBAHUS CUCTEMBI TEILIO-
o0MeHa, KOHCTPYKTHBHBIX XapaKTEPHCTHK, CKOPOCTH
XUMHYECKON peaky OKHUCICHUS TOIUIMBA U CBOMCTB
TEPMOAIICKTPHUUECKUX OaTapeil ¢ yuyeToM TeMIeparyp-
HOM 3aBUCUMOCTH TEPMORJIEKTPUUYECKUX CBOICTB MaTe-
puana TOBb. Temneparypa criaeB Bcex TEpPMOIJIEMEHTOB
TOb Ha ropsiueil cTOpoHe MPUHSATA OAMHAKOBOM, IO-
CKOJIbKY Majible pa3Mepsl TOI' 00yciioBIMBaroT He3Ha-
YUTEJIbHbIE U3MEHEHUs TEIUIOBOrO MOTOKa BJIOJIb Tel-
JIOKOHTAKTHBIX IOBEPXHOCTEN. DTO IONYLIEHUE IPUHS-

TO W JJIs CIIaeB XOJIOJIHOM cTopoHbI. VccienoBanue mo-
JIJIA TeHepaTopa M pacyeT ero XapakTepUCTHUK MPOBO-
JIATA KOMITBIOTEPHBIMH METOIaMH.

CucreMa ypaBHEHHUH TEIIOBOTO OaaHca TaKoro Tep-
MODXJIEKTPUIECKOTO MUKPOTEHEPATOpa C yI€TOM CKOPO-
CTH peaKIIfH, KoTopas MPOTEKaeT Ha TOBEPXHOCTH Ka-
TaJM3aTopa, v MOITHOTHI OKUCIICHHS TOTITUBA UMEET CJie-
JIYIOIIHN BUA:

Q=Q+Q+Q+G+Q (1)
leq_Qe- (2)
Q=P+Q, (3)
:a(TQ—TH)Q’ @
w

Q=4(%-T) S (5)

Q=g gg(g ~100)+ )\’ + g (100- 1;)) m+
+(mg+mg)( T - T (6)

rae Q — o0mias TeIIoBasi MOIMHOCTh HCTOYHUKA TEIUIa, KOTopast
OIpe/ENsIeTCst MOTHOTOH OKMCIICHHS TOIINBA Ha KaTallH-
3aTOpe U CKOPOCTHIO PEAKIINN;
Q') — Temno, KOTOpoe NEPEIacTCs OT UCTOYHHMKA TEIIa ropsye-
My PafiHaTopy KOHBEKIHUEil U U3TyUeHHEeM;
0, — nosesHoe Temio (Temo, kKoTopoe nocrynaet k TOB);
Q, — TeIIo, OTBOAMMOE C MOMOIIBIO XOJIOHOTO pajuaropa B
OKPY’KaIOIILYIO CPELy;
Q, — ToTepH TeIIa ¢ NPOIYKTaMH PEaKIHL;
Q',, Q") — motepu Temna ¢ OOKOBBIX MOBEPXHOCTEH KaTanusaropa
KOHBEKIHEH U H3IydeHHEM;
Q; — TOTepH TeIlla Ha MMEMEHTAX KOHCTPYKIIMH HCTOUHHUKA TeTlIa;
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Q¢ — TOTEpH TEMIa ¢ IOBEPXHOCTH 3JIEMEHTOB KOHCTPYK-
LKA MUKPOTEHEPATOpa Yepe3 TEIIOBYIO H30JISIIHIO;

P — snexTpuyeckas MOUTHOCTB, TeHepupyemas TOb;

a — k03((UIKEHT KOHBEKTUBHOTO TEIIIOOOMEHA B IPO-
MEKYTKE MEX/y HUCTOUHHKOM TEIUIa U TOPSIYUM pa-
JIATOPOM;

W — CKOPOCTb PEaKIMH F'OPEHHs TOILINBA;

a' — k03 PUINEHT KOHBEKTHBHOIO TEIIO0OMEHA T10BEp-
XHOCTH KaTajJu3aropa ¢ ra30BbIM [IOTOKOM;

S, — miomaas NOBEPXHOCTH KaTallM3aTopa, Ha KOTOPOH
MPOUCXOAUT XUMUYECKas peaKIus;
S  — ILIOMANIb TEIIO0T/at0MIei O0KOBOI TOBEPXHOCTH Ka-
TAJIUTUYECKOTO UCTOYHUKA TEILIA;
T, — TemmepaTypa ra30Boro noToka B KaHajlax Karannsa-
TOpA;
T b — TemIeparypa B 00beMe KaTaau3aTopa,
gy~ PACXOJL TOILINBA;
€y €y €y €3 — COOTBETCTBEHHO TEMIOEMKOCTh Bo3ayxa, CO,, Bozis-
HOTO Hapa, BOJBI;
A’ — yIenbHas TEIIoTa apo0OPa3oBaHus BOJIBL;
my, m, — K03 PHUIHUEHTBI, ONPEICISIIOIINE COOTBETCTBEHHO
maccosble joau CO, u H,O, xotopeie 00pasyiorcs
[IPU CTOPAaHHUHU CANHHUIIBI MACChI TOILIHBA;
my— k03 PuMEeHT 15 ONpe/esieHns MacChl BO3yXa.

Benvunna Q' onpenensercs Gpopmynoii [8]:

Q=a(l,-T,)$+£0,HT - #H S (7)
1
g (8)
1,808 40
& F. O

e S, — IUIOIIa/Ib TOBEPXHOCTH TOPSIETO PaIMaTOPa;

O, — TMOCTOSIHHASL Credana—bosnbimana;

€' — IpuBeJCHHAs CTEIICHb YEPHOTHI JUIS Cllydas, Korja rops-
YU painaTop IMOJHOCTHIO OXBATHIBACT KATATTUTHIECKHIN HC-
TOYHHK Teria [8];

€, — CTeneHb YEPHOTHI TIOBEPXHOCTH KaTAIUTHYECKOTO HCTOY-
HUKa TeIUIa U TOBEPXHOCTHU TOPSYEro pajnuaropa, COOTBET-
CTBCHHO.

Pacuer kor(punmeHTa KOHBEKTUBHOTO TEILIO00OME-
Ha a B MIPOMEXKYTKE MEXKIY UCTOYHUKOM TEIUIA U TOPSI-
YUM paJHaTOPOM MPOBeE/eH 1Mo Gpopmyie [8, 9]:

a=NuM/d',

rae Nu — kpurepuii Hycensra;
A — TEIJIONPOBOJHOCTH 'a30BON CMECH MPU CPEAHEN TemITe-
parype T'=(T, ot T,))/2 B IpOMEKYTKE;
d' — DKBUBAJCHTHBIH UAMETp IPOMEKYTKA.

€

pu ycnosuu GrPr<10? (Gr, Pr — xpurepuu I'pac-
roda u [IpaHaTist, COOTBETCTBEHHO) Iepeiada Tera oT
Ta30BOIl CMECH K TEIIONPHEMHOM MOBEPXHOCTH TOpS-
9ero pajinaTtopa OCyIECTBISAETCS TEIIONPOBOIHOCTHIO
(Nu=1) u xapakrepusyeTcs SKBUBAJICHTHBIM KO3 H-
IIMEHTOM TEIJIONPOBOAHOCTH A =A/d".

Temno Q,, OTBOAMMOE OT XOJIOHOTO pajMaropa B
OKPY’KaroIIyIo Cpeny:

Q=a(T-T) S (9)

rae a” — K03 (OUIMEHT KOHBEKTHBHOIO TEIUIOOOMEHA XOJIOIHOTO
paauaTopa ¢ OKpysKarollel cpenoii;
S~ TUIOIIA/b TEMIOOT/[AroNIeH TTIOBEPXHOCTH XOJIOHOIO pa-
JaTopa.

[ToTepu Terua ¢ MPOAYKTaMu peakiuu ropenus Qs:

M O +T, O 0
Q= 02— 1003+ + ¢,(100- ) gm+
, gf%czm 5 0 & o)ﬁr@
T, +T, _0 (10)
+ + O-— - b
(mg %%)D 5 B[E

U
[Torepu Terua Q' , ¢ BEPXHETO TOPIIA HCTOYHHMKA TEI-
na [9]:

" _ 4 _
Q=a(THh-T)S+e0,( B - 1) $
a,=Nul/d

rae aT— KOSq)(i)HIIHeHT KOHBEKTHBHOI'O TEIJIOOOMEHA Ipu OTBEAC-
HHU TEIJIa OT BEPXHEIro TOpLa NCTOYHHUKA TCIlIA;
ST— JI0IIA b TOPLIA.

Nu = 0,702(GrPr)%2;
d — muameTp Topua;

(11)

[TpunsiTo [9], 9TO TIOTEPH TETIa C HUKHETO TOPIIA
0', cocrasnsror 0,50,

[Torepu Temna Q5 ¢ MOBEPXHOCTH KOHCTPYKTUBHBIX
9IIEMEHTOB UCTOYHHUKA TerlIa:

A
81| t (TQ - TO)’

t
TIe St, )‘z’ lt — IUIOIIAJb CEYEHHUs, TEIUIONIPOBOIHOCTD
Marepuala u JUIMHa ra30MoABOASsIIEH TpyOKH, COOTBET-
CTBCHHO.

HOTepI/I Teia Q6 C MIOBEPXHOCTH IJIEMEHTOB KOHCT-

pykuuu TOI yepes TEIIOBYIO H3OJSALUIO:

A
Q= ITS (TH -T )’
1
11e A, — TEIUIONPOBOHOCTD H3OMALMOHHOTO MaTEpHaa;
S, — IIomAb TOBEPXHOCTH TOPUETO PaNATOPa, KOTopas He
3aHsiATa TepMOBJIeKTpI/I‘IeCKI/IMI/I MOILyJI}IMI/I;
L, — TOIIMHA CIIOS TETION30MALIH.

Qs = (12)

(13)

Pemenne cucremsl ypaBaenuit (1)—(6), HaiiieHHOE
C TIOMOUIbIO KOMITBIOTEPHOM IPOrpaMMBbl, HUCIOJIb3YI0-
meit pecypesl makera Mathcad 11, mo3Bonmto omnpene-
JIUTH TeMIiepaTypsl 7 o T o T @ T, T);u ckopoCTh peak-
LMY OKUCJIEHUs TOIUIMBA Ha Karaiauzarope w. Ha ocHo-
BE TAKOTO PEIICHUS] PACCUUTAHBI OCHOBHBIE dHEPreTH-
YECKHE XapaKTEePUCTHUKU MUKpOTeHeparopa.

BausiHue razoqMHAMHUYeCKHX YCJIOBHUH Mpolecca
CropaHusi TOIUIMBA HA XapPaKTePUCTUKHU
MHKpoOreHeparopa

B pesynbrare xumudeckon peakiiy CropaHus TOII-
JIMBA BBIACTSICTCS TEIUIO (), KOTMYECTBO KOTOPOTO OII-
penensiercs u3 (4). CKOpOCTh peakiiy FTOPEHUs TOTUTH-
Ba IIPH ATOM

a(Ty-T,) 8
w= AR )R
Yo
TIe ¢, — TEIIoBOH > deKT peakuuu.
Koa¢ppunuent kousekuuu a' onpenensercs hpopMy-
no# [10, c. 236], nony4eHHOH SMIUPUIECKUM ITyTeM

Nu=0,43R&7 P#? . (15)

(14)
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Kputepun Ilpanaris, I'pacroda onpenenstorcs ¢
y4eToM (U3UYECKUX CBOHCTB (KHHEMATHYECKOW U JTU-
HAMHYECKOH BI3KOCTH, TETFIOEMKOCTH, TETIONPOBOIHO-
CTH) Ta30BOM Cpelbl M 3aBUCUMOCTH JTHX CBOWCTB OT
TEMIIepaTypbl U KOHIIEHTPAIIMH KOMIIOHEHTOB CMECH, KO-
Topast 00pa3yeTcsl P CTOPAHUN OPTAaHUIECKOTO TOII-
muBa [11, 12].

3nauenue kpurepus PeliHonb/ca npu IBM>KEHUH Ta-
30BOT'0 TOIDIHABA YepPe3 CIION BOJOKHHUCTOM KaTaTUTHIeC-
KOIf HacaIku paccurtano no meroxy Kapmana [13] (kpu-
THUYECKOE 3HaueHHEe KpuTepus PeliHonbica, ompenens-
I0lIee N3MECHEHHE XapaKkTepa IBIDKCHUS C JJaMUHApHO-
ro Ha TypOyJIeHTHBINA, Re 720—40)

Koappuunent Maccoo6MeHa B B cioe karanu3zaro-
pa Ipu OIpeAeIeHHONH CKOPOCTH IMOAAYX TOILUIMBA OII-
penensiercs u3 [14]:

I
="
C pg
IZI€ C,, P, — TEMIOEMKOCTD M IJIOTHOCTH TOIUINBA, CO-
OTBETCTBEHHO.

KoahduimeHT KOHBEKTUBHOTO TEIIIOOOMEHa MEX-
Iy TTOBEPXHOCTBIO KaTaJH3aTopa U Ta30BBIM HOTOKOM
a' onpenensiercst u3 [10]:

(16)

. NuA

a = y 1
& (17)

d(;:“itﬂ, (18)

e A — K03 HUIMEHT TEIUIOMPOBOIHOCTH TOTUIHBA;
d', — oIpenensolIni pa3Mep;
0 b
€, — cBOOOIHBIH 00bEM KaTann3aTopa;
f— ymenbHast MOBEPXHOCTH KaTaIM3aTopa.

BI)Ipa)KeHI/Ie JJIsA onpezleneHI/m pa3H1/1u1>1 TeMHepa—
Typ ¢ yuetoM (15) momyueno mytem o6paboTku u 0600-
IIEHUS HKCIIEPUMEHTAIBHBIX TaHHbIX [11, c. 236]:

2,32nd)q,
AR PP (19

[Tnomans BHyTpEeHHEH IOBEPXHOCTH KaTaau3aropa,
Ha KOTOPOH MPOUCXOAUT XUMUYECKasi PeaKLus:

s = fou (20)
rae P, ¥ — IJIOTHOCTh U 00beM BOJOKHHCTOTO KaTallu-
3aTOpa, COOTBETCTBEHHO.

ITonHOTa OKMCIEHUS TOIUIMBA HA KaTalu3aTope, a
Tak)Ke TeMIepaTypHbIe U SHEPTeTUIECKUE XapaKTepu-
CTHKH MHUKPOTEHEPATOpa 3aBUCST OT KOJIMUYECTBCHHO-
I'0 COOTHOIIEHUS TOIIJIMBA U KUCIIOPO/Ia, IOCTYNAIOLIUX
Ha KaTaJIUTUYECKUM MCTOYHMK Tema. OnTumanbHOe
COOTHOIIIGHHE, a TaKKe KOIMIECTBO BO3AyXa (KUCIIO-
pola), KOTopoe MOCTyNaeT K Karajau3aTopy, Olpeaesns-
I0TCS FEOMETPUUECKUMHU ITapaMeTPaMu HCTOUYHUKA Tell-
J1a ¥ BO3AYLIHBIM IIPOMEXKYTKOM MEXKIY TEIIONpPUEM-
HOM MOBEPXHOCTHIO TOPAYETO paguaropa U U3JIydaro-
1iel MOBEPXHOCThIO NCTOUHUKA Teruia. [ToaTomy ObL10
IIPOBE/ICHO UCCIIEA0BaHUE 3aBUCUMOCTH OCHOBHBIX Xa-
PAaKTEpUCTUK MUKPOT€HEepaTopa OT LIMPHUHBI IpOMe-

Ty T, =

JKYTKa MEXAY KaTaIUTHUYECKUM HCTOYHUKOM Teria U
TOPSIYUM PaIUATOPOM.

CormacHO CyMMapHOMY YPaBHEHHIO XUMHUUECKOH pe-
AKIIMH [IPU COOTHOIICHUH TIporan/OyTaH, paBHOM 80/20,

C H,+5,30,=3,2C0,+4,2H,0+42352 il (21)

KOJINYECTBEHHOE COOTHOLIECHUE KHUCIOPO/TOTUIMBO
go/gf.=5,3/ 1 sBnsieTcs HEOOXOUMBIM YCIOBHEM TOJTHO-
I'O OKHUCJICHUS TOIINIMBHOM CMECCH.

PacueTsl mokaszanm, 4To COEpKaHUE KUCIOPOna B
BO3JYLIHOM cMecH (BO3AyXa M MPOIYKTOB PEaKiUu) B
MPOMEXKYTKE MEXTY KaTaTUTHIECKUM HCTOYHHKOM TeTI-
Ja ¥ TEIUIOTIPHEMHON MOBEPXHOCTEHIO TOPSIETO pajra-
Topa cocrasisieT §,8%. s pacuera 00bEMHOM CKOPO-
CTH BO3/YIIIHOM CMECH B TPOMEKYTKE OMpe/IesIeHa Cpe-
HSIsL JIMHEHHasi CKOPOCTh JBMIKEHHSI CMECH (), KOTOpast
sBiseTcst pyHKIMel cpenHeit TemMieparypsl cMec 1" 1
OTIPEENSICTCS] MMOCPEACTBOM PEIICHHS KBaJAPATHOTO
ypaBHenwus [15]:

¢, =o(T) + G T): (22)
Zih _ Aty
Cl - 2 d'ZE !

e g — YCKOPEHUE CUIIBI TKECTH;
V — KMHEMAaTH4eCcKasl BA3KOCTh BO3YIIHON CMeCH;
h — BbICOTa POMEXKYTKA;
& — rugpaBIMYECcKOe COMPOTHBICHHE MPOMEKYTKA;
A" — 03¢ uIMEHT, KOTOPBIH 3aBICHUT OT (OPMBI IpoMexyTKa [ 16];
d' — TUApaBIMYECKUM KBHUBAJICHTHBIH AHAMETP MPOMEKYTKA
(KOJBIIEBOTO KaHATA), KOTOPBIH PABHAETCS pasHOCTH R)—R,
(puc. 1, 6) [16].

Kpurepuii PeitHonbaca, XapakTepu3yIOLIUil COOTHO-
LIEHHE CHUJI MHEPLIUHU U CUJI BA3KOCTH B IOTOKE BO3IYII-
HOW CMECH B ITPOMEKYTKE MEXY KaTaIUTUUECKUM HC-
TOYHHKOM TeTlIa ¥ TeIUIONPUEMHON TOBEPXHOCTBIO TO-
pstuero paguaropa [13], onmpenensercst BbIpaKeHHEM:

I

Re= ﬂ

\Y

JIBIKeHME BO3AYIIHON CMECH B KaHaje HEOOIbIIO-
ro JIuaMeTpa XapakTepusyercs HeOOJIbIIMMU 3HAYECHH-
sIMM KpuTepHs PeliHonbica. PesxxuM nBrKeHMs onpene-
JSIeTCSI KaK JJAMHUHAPHBIH, a KoaQUIMeHT ruapapindec-
KOT'O COIPOTUBIIEHUS! HE 3aBUCUT OT IIEPOXOBATOCTH
kaHasa u paBeH £=A'/Re [16]. O6beMHast CKOPOCTH BO3-
JIIITHON CMECH B TPOMEKYTKE (KOJIbLIEBOM KaHaJse) pH
JAMMHApHOM JIBIXKeHUA onpexaernena u3 [13]:

R (U
Vi =o(T)mR? ﬁl DR2 Da

rje R, — pajuyc CeueHHs KaTaJlUTHYECKOTO MCTOUHUKA Teria
(puc. 1, 6);
R, — pajmyc ceqeHns TOpSIero pajguaropa.

(23)

(24)

YdauTeiBas 00EMHYIO CKOPOCTh W IUIOTHOCTBH BO3-
JIyIITHON CMECH B IPOMEKYTKE, HAWJIEH PAIIMOHATBHBIN
PACXOJ TONIMBHOM CMECH g, M KHCIIOPOA .. CootHo-
wenue 5,3g /g onpe;[ens{eT TEeMIIEPaTypy CMECH U KO-
JIIYECTBO Tenna 0, 00pa30BaHHOTO MIPHU CTOPAHUH TOII-
JIBA.
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Jlyist BRIOpaHHOM MOJIETIN MCCIIEIOBAHO BITUSTHHUE Be-
JIMYUHBI yJICHLHOﬁ TEIJIOBOU MOIIHOCTH UCTOYHHKA TCII-
Jla ¢ Ha TeMIIepaTypy ropsdei CTOpoHbl TepModaTapen
MHKpOT€HEepaTopa (¢ y4eToM TEILIOBOIO COIPOTUBIICHHUS
TOb) npu remmeparype xomoaHoM ctopoHsl TOb B mpe-
nenax ot 30 go 70°C. 3aBUCHMOCTBH TeMIepaTypsl To-
psueii ctoponbl TOb T, u Temmeparypbl KaraauTuye-
CKOl nosepxHoctu 7T 0 OT YAEIbHOM TEIIOBOM MOIIHOC-
TH UCTOYHHKA TEIUIa ¢ PUBE/IeHa HA pHC. 2.

Ty Ty |
°C
_,-'—"'_'_'__r
350 L
1 -
300 = —
2
e
250 T
200 | L | l
6 7 8 9 g, Br/em®

Puc. 2. 3aBUCHMOCTB TEMIIEPATyphl KATATUTHIESCKOH ITOBEPX-

Hoctu T, 0 (1) u Temmeparypbl Topseif CTOPOHbL T2b T, (2)

MHKPOTCHEPaTopa OT YACIbHO! TEIJIOBOH MOIHOCTH HCTOY-
Huka rera g npu 7,,=50°C

3aBUCUMOCTh OCHOBHBIX XapaKTEPUCTHK MHKpPOTe-
Heparopa OT TemIoBoro comnpotusicHuss TOb R ompe-
JieJieHa TP YCIOBHH CTEXMOMETPUYIECKOTO COOTHOIIIE-
HUS TOIJTMBO/BO3/YX W IMOJHOTO CTOPAaHHUsS TOIUIMBA Ha
KaTaau3aTope, C y4eTOM CONPOTHBIICHUS TETLTOW30IIsI-
LMY TEPMOAJIEMEHTOB U UX 3JEKTPUUECKOTO COIIPOTUB-
JICHUs1 KOMMYTAIMHU. 3aBUCUMOCTB dJIEKTPHUYECKOM MOIII-
HOCTU P, ynenbHON TEIIOBOM MOIIHOCTH HWCTOYHHKA
terna ¢, KI1Jl Mmukporeneparopa N OT TEIIOBOTO CO-
nportusienus TOb R npusenena na puc. 3.

L 2 e n%
e e 7 Br/em?
147 | P " 9.5 1,6
- -\.k% ,
142 o3 490 15
137 | v % 485 1,4

22 24 26 28 30 R,K/Br

Puc. 3. 3aBucumMocCTb AMEKTpUYECKOi MOLTHOCTH (/), yaenb-
HOM TeIUI0BOM MOIHOCTH HcTouHuKa Teruia (2), KITJ[ mukpo-
rereparopa (3) ot reruoBoro conporusieHus TOb

BuaHo, 4To MakcuMmanbHas 3JEKTpUYECKasl MOII-
HOCTb MUKpOTeHeparopa 152 MBT nocturaercs npu rer-
Jn0BOM conpoTtuBieHnun TOb R=24-26 K/BT, makcu-
manbHblit KIIJ] Mukporeneparopa 1,7% nocruraercs
npu TenaoBoM comporuBieHnn TOb R=28-30 K/BT.
TepMonnekTpudeckuii mpeoOpa3oBaTeib PaCCUUTHIBAIOT
JU1s moiry4yeHust MakcumasibHoro KITJI ninm makcumans-
HOI MOIIIHOCTH F€HepaTropa B 3aBUCUMOCTH OT KOHKPET-

HBIX 3aJ]a4 MPOEKTUpoBaHus. [IpencTaBieHHbIe BBIIIE
WCCJICOBAHUS TIPOBEACHBI ISl TEPMOIIEKTPUUECKOTO
Mmarepuaia ¢ remronpoBoaaoctsio A=0,014 Br/(cm'K).

[IpoBeneHHbIN aHAMN3 MPEATOKEHHOW MOJIETH TI0-
3BOJIMJI OTIPE/ICIIUTh PAIlMOHAIBHBIE KOHCTPYKTHBHBIC
XapaKTepUCTUKH MHUKporeHeparopa. Ero ontumusanms
MOXET JJOCTUTAThCs B Cllydae MPOBEICHHs MapaMeTpH-
YECKHUX aHAJIN30B, B YACTHOCTH C YUYE€TOM PE3yJIETaTOB
WCCIICOBAHHUH BIHSHUS Fa30IMHAMUYECKUX YCIOBHN 1
KHHETHKH TIPOIlecca KaTaIMTHYECKOTO CIKUTAHUS TOT-
TMBa Ha XapaKTEePUCTUKU MUKPOTEHEpaTopa.

Brusinne ckopoCTH XMMHUYECKON peakiMU OKUCIIe-
HUSI TOIUIMBA HA TEMIICPATYPHBIC XapaKTePUCTUKU HC-
TOYHHKA TEIUIa B COCTaBE T€HEpaTopa OMpPEIeNCHO B
3aBUCHMOCTH OT pacxojia Torisa (puc. 4). Buano, uro
3aBUCUMOCTD TEMIICPATYPbI KATAIUTUICCKOTO UCTOYHH-
Ka Terla OT pacxoja TOILUIMBA C YYETOM CKOPOCTH peak-
uuu (KpuBas 2), B OTIUYHE OT aHAJIOTUYHOW 3aBUCHUMO-
CTH TIpH TIOJTHOM CTOPaHWH TOTUTHBA (KpHBas /), ©UMeeT
MaKCHMYM TP pacxoie TOTUIHBa 0Koj10 0,7 I/d, TTOCKOITb-
Ky KaTaJIUTUYCCKUI MCTOYHUK TEIjIa UMEET BCPXHIOIO
TPaHUIy M0 PACXOy TOIUIMBA, MPEBBIIICHHE KOTOPOM
MIPUBOJIUT K YMEHBILIEHUIO CTENIEHH NPEBPaIeHUs TOM-
JIBA.

—1

TQ’ OC i 1 w,C
350 - A 0,153
300 / 3 40,15
250 - 0,147

0,5 0,6 0,7 g /4

Puc. 4. 3aBUCMMOCTB OT Pacxo/1a TOIJIMBA TEMIIEPATyPhI Kara-

JIUTHYIECKOTO MCTOYHUKA TEIUIA TIPU MOJIHOM CTOPAHHHU TOII-

nuBa (/) ¥ ¢ y4eTOM CKOPOCTH peakiui (2), a TAKIKEe CKOPOCTH
XUMUYeCcKoi peakiu (3)

PaccunTansl oCHOBHbBIE OHCPTCTUYCCKUC U TCIIJIOBBIC
XapaKTepUCTUKN MHUKpPOreHeparopa B 3aBUCUMOCTH OT
LIMPUHBI BO3IYIIHOTO MPOMEXKYTKA MEXIY KaTajluTH-
YECKUM MCTOYHHUKOM TeIlIa U TOPSYUM PajnaTopom (c
y4eToM TOTeph Temja Ha HarpeB M30bITKA BO3AyXa B
MIPOMEKYTKE), KOTOPBIE TIO3BOJISIOT OMPEICIUTh HE00-
XOIUMYIO IIUPUHY POMEXKYTKa B MUKPOT€HEPATOPE.

Jns monmyuenuss makcumanpHoro KITJ[ n makcu-
MaJbHOW AIIEKTPUYECKOW MOIIHOCTH B MUKpOT€Hepa-
TOPE 3a/JIaHHBIX PA3MEPOB PAIMOHAIBHBIM SBISETCS
IIPOMEXKYTOK OKOJIO 2,3 MM, KOTOPBIH IIO3BOJISAET JOC-
T4 dnekTpudeckoit momHoctu 150 MBt u KIIJQ
1,67% (gf=0,71 r/4) (puc. 5). [locnenyroniee yBenuye-
HUE IMUPUHBI IPOMEKYTKA 10 2,5 MM PUBOIMT K ITOTE-
pe OOMBIIOro KOJIMYECTBa TeMJIa Ha HarpeB U30bITKa BO3-
nyxa (5,3g o/gf>>1), 9TO, B CBOIO OUEPE/lb, TPUBOIUT K
CHIDKCHHIO AJIEKTpudeckoi MomHuocTu 10 140 MBT n
KIII mukporeneparopa a0 1,55%.
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P,MBT n, %
200 1,5
150 1,3
100 1,1

| 1 -
0,5 0,6 0,7 8 r/ga

Puc. 5. 3aBucumocts snekrpudeckoit momHoctu P (1, 2, 3) u

KIIX (4, 5, 6) Mukporeneparopa OT pacxoja TOILIMBA IIpU

UpUHE TpoMexyTka 2 MM (1, 4), 2,3 mm (2, 5), 2,5 mm (3, 6)
(T =50°C, R=28—30 K/Bt, A=0,014 B1/(cM'K))

B mpomexyTke mmpruHOM 2 MM CTEXHOMETPUIECKOE
COOTHOIIEHHE TOIUTMBO/KUCIOPO/ M TIOTHOE CTOpPAHUE
TOIUIMBA BO3MOXHBI NpHU pacxone Tomiausa 0,6 r/d.
VYrenpHasi TEIIOBasi MOIHOCTh MCTOYHHUKA TEIUIa MPU
5TOM JlocTHraeT 7,5 BT/cM?, uTo IpeionpeenseT yMeHb-
menue AexTpuaeckoit MomHoctH (124 MBT) m KIIJ{
mukporeneparopa (1,6%). BugHo, 9To ¢ yBennmueHneM
[IMPUHBI TPOMEKYTKA MAKCUMYM JICKTPHUYECKOM MOIII-
HoctH 1 KIIJ] Muxporeneparopa cmemaercs: B 001acTh
OoNBIIMX 3HAYCHUI pacxoa TOILIMBA U OOJNBIIHNX TEll-
JIOBBIX MOIITHOCTEH ncTouHmKa Teruia. [lnpunra Bo3mym-
HOTO ITPOMEKYTKA OKOJIO 2,3 MM TI03BOJIIET 00SCTICYNTh
Hanboree APpQeKTUBHBIN pabounii pexuM reHeparopa
IpH YCJIOBUHN CTCXUOMETPUICCKOTO COOTHOIICHU S TOII-
JIMBO/KUCIIOPOJT U TIOJIHOTO CTOPAHUS TOILTUBA.

C menpro onpeneneHus paHOHaTbHON KOHCTPYKIIU
KOHYCOBHJHOTO COTIIA MCCJICAOBAH MPOIECC BHIXO/A
BO3IYIIHOM cMecHu U3 ropsiuero paauaropa. C ydetom
00BEMHOTO pacxofa M HAmopa BO3LYILIHOM cMecH, KO-
TOpast IPOXOAUT CKBO3b COILIO HAPYXKY (B OKPYKAOIIYIO
cpemy), paccynTaH HeOOXOMUMBIH TUaMETP BBIXOTHOTO
otrBepcTust (7,3 MM) M BBICOTa KOHYCOBHJIHOTO COILIa
(7 MM) IpU IUPUHE TIPOMEXKYTKA B TOPSIEM ParaTope
2,3 MMm.

3ak/rouenue

[TocTpoeHa u uccienoBaHa pu3nIecKas MoJeIb Tep-
MOZJICKTPUYECKOTO MHKpPOTEHEpaTopa ¢ KaTalluTH4eC-
KHM HCTOYHHKOM Teruia. KOMITbIOTEpHBIMH METOJaMH
OTIpENIeICHbI PallMOHATIBHBIE TEIJIOBbIC, KHHETHYECKHE
Y Ta30[JMHAMHYECKHE XapaKTePUCTHKH, a TAK:Ke HEOO-
XOIUMBIE JIJISl TPOCKTUPOBAHUS KOHCTPYKTHUBHBIC TIapa-
METpBI TeHEepaTopa.

[IpemnoxkeH MeToa MOBBITICHUS 3PGEKTUBHOCTH
MHUKPOT€HepaTopa ¢ KaTAIMTHY€CKUM HCTOYHUKOM TeTl-
Jla TyTEM COIVIACOBAHUSA CHUCTEMbI TEINIOOOMEHa, KOH-
CTPYKTHUBHBIX XapaKTEPUCTUK U CBOWCTB TEPMOIJICKT-
puueckux 6arapeit. C yd4eToM CKOpOCTH XMMHUYECKOH pe-

AKIMH OKUCIICHHS TOIUIMBA M COOTHOIICHHUS TOIUTUBO/
BO3/YX, MOCTYMAIONINX Ha KaTajlu3aTop, OMpeesIeHbI
palrOHANTbHBINA BO3IYIIHBIN TPOMEKYTOK MEXKTY UCTOU-
HUKOM TeIlIa U TOPSIYUM PaTuaTopoM, pabouuii HHTep-
Bas pacxona Torumea — 0,6—0,8 T/4 1 BeJIMYMHA TeT-
JI0BO# Harpysku — 6—10 Br/cm?.

VYeranosnens! napamerpsl TOb U3 Marepuana Ha
ocnose Bi, Te, ju1st Mukporeneparopa B HHTEpBaJIE MOLII-
Hoctel 130—150 mBT. IlokazaHo, 4TO pU MCIIONIB30-
BaHUM TEPMODJIEKTPUYECKOIO MaTepuaia ¢ TeIIonpo-
BogHOCTHIO 0,014 BT/(cMK) MOXXKHO 0XKHIATh TOTyYe-
Hus KIIJI mukporeneparopa Ha ypoBHe 1,7%.

OxoHYAaTEILHBIC BBIBOJbI O JOCTUKUMBIX TTapaMeT-
pax MHKpOT€HEepaTopoB W ONTHMHU3ALUHU UX KOHCTPYK-
IIUH aBTOPBI HAMEPEHBI OITyOJIIKOBATh ITOCIIE DKCIICPH-
MEHTAJIbHOU IIPOBEPKHU MaKeTa, CIIPOEKTUPOBAHHOTO HA
OCHOBE UCCIJIEJOBAHHM, MPEJACTABICHHBIX B HACTOSIIICH
myONKaIuy.
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