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ITpMnO)l(eHMe MeTO,na aHMM3a qyBCTBMTenhHOCTM K paCqeTY

TepM03neKTpMqeCKMX KOH,nMUMOHepOB

J(-p meXH. HayK A. E. CYJIIIH
C/JFYII HHH npoMblUllleHHou U MOpCKOUMeiJu/,(uHbl

196143, CaHKm-IIemep6YP2, np. JOPUJl Fa2apuHa, 67

The method of definition of optimum characteristics of the thermoelectric conditioner based on the analysis of
sensitivity of system to the indignations is considered. The example of search of the optimum decision for the
concrete device including the thermoelectric heat exchanger and the fan is resulted.
Keywords: thermoelectric conditioner, sensitivity analysis, heat exchange surface.
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06beKT I1CCJIe)],OBaHlUl )],aHHoH pa60ThI - Tep-

M03JIeKTpWleCKI1H BO)],OB03)],ylllHhIH TerrJIoo6-

MeHHI1K. fpaHl1uaMI1 paCCMaTpl1BaeMOH CI1CTeMhI

51BJI5IIOTC5I 3JIeKTpOBeHTI1JI5ITOP TaHreHUl1aJIhHOrO

Tl1rra 11 B03)],YlIlHa51 ':IaCTh TeqJIoo6MeHHl1Ka, rrpe)],-

CTaBJI5IIOIUa51C060H pa)],l1aTOp C rrJIOCKI1MI1 pe6paMI1

(Pl1c. 1). COCTaBJIeHhI Tpl1 MaTeMaTI1':1eCKl1e Mo)],e-

JIl1, Orrl1CbIBalOIUl1e rrpoueCChI B )],aHHoH CI1CTeMe

TerrJIoo6MeHa:

- MaTeMaTI1':1eCKa51 Mo)],eJIb rrpoueccOB TerrJIO-

rrepe)],a':ll1 B IUeJIeBhIX KaHaJIaX TerrJIoo6MeHHI1Ka;

- MaTeMaTl1':1eCKa51 Mo)],eJIh a3po)],l1HaMI1':1eC-

KI1X xapaKTepl1CTl1K BeHTl1JI5ITOpa 11 TerrJIoo6MeH-

HI1Ka;

- MaTeMaTI1':1eCKa51 Mo)],eJIb rrpoueCCOB rrepe-

Hoca TerrJIOThI B TepM03JIeKTpl1QeCKOM MO)],yJIe.

B Ka':leCTBe xapaKTepl1CTI1':1eCKI1X Kpl1Tepl1eB

BbI6paHbl K03<P<PI1Ul1eHT rrpeo6pa30BaHI151 COP,

3KCepreTI1':1eCKI1H KIlL( ll3KC 11 OTHOCI1TeJIhHhIH

3KCepreTI1':1eCKI1H KIlL( llOTH'

AHaJII13 3<p<peKTI1BHOCTI1 rrpoeKTHhIX pellle-

HI1H ope6peHHblx TerrJIoo6MeHHhIX rroBepxHocTeH

TepM03JIeKTpl1':1eCKOrO B03)],yxOOXJIa)],l1TeJI5I rrpOBO-

)],I1JIC5IC l1CrrOJIb30BaHI1eM MeTo)],a aHaJIl13a ':IyBCTBI1-

TeJIbHOCTl1 [1]. QYBcTBI1TeJIbHOCTb CI1CTeMhI - 3TO

CBOHCTBO 113MeH5ITh xapaKTepl1CTI1KI1 <PYHKUI10-

Hl1pOBaHI151 CI1CTeMhI rro)], BJII151Hl1eM 113MeHeHl1H

co6cTBeHHblx rrapaMeTpoB 11 BHelIlHl1X B03MYIUalO-

IUI1X B03)],eHCTBI1H. AHaJI113 BhIIlOJIH5IJIC5I rrpl1 <pI1K-

Cl1pOBaHHoM 3Ha':leHl1l1 3KCeprl111 Ha Bxo)],e B CI1C-

3J1eKTpOBel-lTl1JI5lT()p
TaHreHInlaJIbHOro
nma

TepM03J1eKTP~eCKHM
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TeMy. B HalIleM CJIyqae rro)],6l1paJIl1Ch TaKl1e rrapa-

MeTpbI 3HeprOrrl1TaHI151 CI1CTeMbI «TepM03JIeKTpl1-

':IeCKI1H 6JIOK-3JIeKTpOBeHTI1JI5ITOp», rrpl1 KOTOpbIX

ee 3HeprorrOTpe6JIeHI1e OCTaBaJIOCb rrOCT05lHHbIM

rrpl1 113MeHeHI111 reOMeTpl1':1eCKI1X xapaKTepl1CTI1K

11MaTepl1aJIa TerrJIoo6MeHHOH rrOBepXHOCTI1.

L(JI5I paCQeTOB B Ka':leCTBe rrOCT05lHHhIX rrapa-

MeTpOB rrpl1HI1MaJIl1Cb:

- MapKa BeHTI1JI5ITOpa:

«Ecofit» 4TGL25 100x200R TlO-18;

- 111l1pl1Ha <pPOHTaJIbHOrO Ce':leHI151 TerrJIoo6-

MeHHI1Ka: 230 MM;

- )],JIl1Ha TerrJIoo6MeHHI1Ka: 185 MM;

- MapKa 11':II1CJIOMO)],yJIeH:

«Meleor» CP 1.4-127-06L, 40 lilT.;

- TeMrrepaTypa B03)],yxa Ha Bxo)],e B TerrJIoo6-

MeHHI1K: 25°C.

B Ka':leCTBe rrepeMeHHbIX rrapaMeTpOB rrpl1HI1-

MaJIl1Cb:

TOJIIUI1Ha pe6pa <\;
Me:>Kpe6epHoe paCCT05lHl1e () ;M.p
BblCOTa <pPOHTaJIbHOrO Ce':leHl151 h;
TeMrrepaTypa OXJIa)l()],alOIUeH BO)],bI;

MaTepl1aJI pe6pa.

Ilo pe3YJIbTaTaM Bbl':lI1CJIeHl1H rrOCTpoeHbI rpa-

<pI1KI1 3aBI1CI1MOCTeH XOJIo)],orrp0I13BO)],l1TeJIbHOCTl1,

K03<P<PI1Ul1eHTa rrpeo6pa30BaHI151 3Heprl111 3Kcep-

reTI1':1eCKOrO KIlL( 11 OTHOCI1TeJIbHOrO 3KCepreTI1-

':IeCKOrO KIlL( OT pa3JII1':1HbIX Bapl1aHTOB reOMeTpl1l1

KaHaJIa (Pl1c. 2-5).
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Puc. 2. 3a8ucUMocmbxoflooonpou3800UmeJIbHOCmU U K03rjxjJUu,ueH-

ma npe06pG308aHUfl 3Hep2uu om mOflUl,uHbl pe6pa
(MamepUGfl pe6pa - GflIOMUHUU, meMnepamypa 800bl 35°C,

h = 70MM, bMP =2MM)
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PUC. 4. 3a8ucuMocmb xOflooonpoU38ooumeflbHocmu U K03rjJrjJUU,U-
eHma npe06pG308aHUfl 3Hep2UU om MeJICpe6epHo2o paCCmOJlHUfl

(MamepUGfl pe6pa - Meob, meMnepamypa 800bl 25°C,
h = 70MM, b

p
= O,3MM)

Ha rpacj;H1:KaxrrpHBeLJ:eHbI pe3YJIbTaTbI aHaJIH3a

qYBCTBHTeJIhHOCTHpaCCMaTpHBaeMOM: TepM03JIeKT-

pHqeCKOM:CHCTeMbI K H3MeHeHHIO rrapaMeTpOB Terr-

JI006MeHHOM: rrOBepXHOCTH.

HaH60JIbIllee 3HaqeHHe K03<PcPHIJ;HeHTa rrpe-

06pa30BaHH5I 3HeprHH Ha6JIIOLJ:aeTC5IrrpH TOJIIIIHHe

pe6pa 0,3-0,5 MM B CJIyqae rrpHMeHeHH5I aJIIOMH-

HH5I H 0,3 MM B CJIyqae rrpHMeHeHH5I MeLJ:H.MaKCH-

MaJIhHa5I XOJIOLJ:OrrpOH3BOLJ:HTeJIbHOCTbB 060HX Ba-

pHaHTax Ha6JIIOLJ:aeTC5IrrpH TOJIIIIHHe pe6pa 0,3 MM.

3KCepreTHqeCKHM: KIILJ: paCTeT LJ:OTOJIIIIHHhI pe6pa

0,7 MM LJ:aJIeerrpaKTHqeCKH He H3MeH5I5ICb. OTHO-

CHTeJIbHbIM:3KcepreTHqeCKHM: KIILJ: HMeeT MaKCH-

MaJIhHOe 3HaqeHHe rrpH TOJIIIIHHe pe6pa 0,3 MM.

HaH60JIhIllee 3HaqeHHe K03<P<PHIJ;HeHTa rrpe-

06pa30BaHH5I 3HeprHH Ha6JIIOLJ:aeTC5I rrpH TOJI-

IIIHHe pe6pa 0,3 MM B CJIyqae rreperraLJ:a TeMrrepa-

Typ cpeLJ:Ha BXOLJ:eOT 10 K LJ:O-10 K H 0,2-0,3MM

rrpH 0 K. MaKCHMaJIhHa5I xOJIOLJ:OrrpOH3BOLJ:HTeJIb-

HOCTb BO Bcex BapHaHTax Ha6JIIOLJ:aeTC5IrrpH TOJI-

IIIHHe pe6pa 0,3 MM. 3KcepreTHQeCKHM: KIILJ: paCTeT

LJ:OTOJIIIIHHhI pe6pa 0,7 MM H rrOCJIe 3Toro rrpaKTH-

QeCKH He H3MeH5IeTC5I. OTHOCHTeJIhHhIM: 3Kcepre-

THQeCKHM: KIILJ: HMeeT MaKCHMaJIbHOe 3HaQeHHe

rrpH TOJIIIIHHe pe6pa 0,3 MM.

HaH60JIhIllee 3HaqeHHe K03<P<PHIJ;HeHTa rrpe-

06pa30BaHH5I 3HeprHH Ha6JIIOLJ:aeTC5IrrpH TOJIIIIHHe
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PUC. 3. 3a8UCUMocmb xOflooonpoU38ooumeflbHocmu U K03rjJrjJUU,U-
eHma npeo6pa308aHuJI 3Hep2UU om mOflUl,UHbl pe6pa

(MamepUGfl pe6pa - Meob, meMnepamypa 800bl 35°C,
h = 70MM, b =2MM)
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PUC. 5. 3a8ucuMocmb xOflooonpoU3800UmeJIbHOCmU U K03rjJrjJUU,U-
eHma npe06pG308aHUfl3Hep2uu om 6blcombl pe6pa

(MamepUGfl pe6pa - Meob, meMnepamypa 800bl 25°C,
b =O,5MM, b =2MM)

p M.p

pe6pa 0,2-0,3 MM B CJIyqae Me)Kpe6epHoro paCCTO-

5IHH5I 2 MM H 0,3-0,6 MM B CJIyqae Me)Kpe6epHoro

paCCT05IHH5I 3 MM. MaKCHMaJIbHa5I XOJIOLJ:OrrpOH3-

BOLJ:HTeJIhHOCTbHa6JIIOLJ:aeTC5Irrpl1 TOJIIIIHHe pe6pa

0,3 MM B CJIyqae Me)l(pe6epHoro paCCT05IHH5I 2 MM

H rrpH TOJIIIIHHe pe6pa 0,4 MM B CJIyqae Me)Kpe6ep-

HOro paCCT05IHH5I 3 MM. 3KCepreTl1QeCKHH KIILI:
paCTeT LJ:OTOJIIIIHHbI pe6pa 0,7 MM rrOCJIeQero B CJIy-

Qae Me)Kpe6epHoro paCCT05IHH5I 2 MM rrpaKTHQeCKH

He H3MeH5IeTC5I, a B CJIyqae Me)Kpe6epHoro paCCT05I-

HH5I 3 MM I1MeeT rreperraLJ:bI. OTHOCHTeJIbHbIM:3Kcep-

reTHQeCKHM: KIILJ: HMeeT MaKCI1MaJIbHOe 3HaQeHHe

rrpH TOJIIIIHHe pe6pa 0,3 MM B CJIyqae Me)Kpe6epHo-

ro paCCT05IHH5I 2 MM H rrpH TOJIIIIHHe pe6pa 0,4 MM

B CJIyqae Me)Kpe6epHoro paCCT05IHH5I3 MM.

Hal160JIhIllee 3HaQeHHe K03<P<PHIJ;HeHTarrpe-

06pa30BaHH5I 3HeprHH Ha6JIIOLJ:aeTC5IrrpH Me)l(pe-

6epHOM paCCT05IHHH 2,2 MM B CJIyqae TOJIIIIHHbI

pe6pa 0,3 MM H rrpH Me)Kpe6epHoM paCCT05IHHH

2,2-2,4 MM B CJIyqae TOJIIIIHHhI pe6pa 0,5 MM. MaK-

CHMaJIbHa5I XOJIOLJ:OrrpOH3BOLJ:HTeJIhHOCThHa6JIIO-

LJ:aeTC5I rrpH Me)l(pe6epHOM paCCT05IHHH 2,2 MM

B CJIyqae TOJIIIIHHbI pe6pa 0,3 MM H rrpH Me)Kpe6ep-

HOM paCCT05IHHH 2,3 MM B CJIyqae TOJIIIIHHbI pe6pa

0,5 MM. 3KcepreTHQeCKHM: KIILJ: y6bIBaeT rHrrep60-

JIHQeCKH. OTHOCHTeJIhHhIM: 3KcepreTHQeCKHM: KIILI:
HMeeT MaKCHMaJIhHOe 3HaQeHHe rrpH Me)l(pe6epHOM



paCCT05IHHH 2,2 MM B CJI)"Iae TOJIll.(HHbI pe6pa 0,3 MM

H rrpH Me)((pe6epHoM paCCT05IHHH 2,3 MM B CJI)"Iae

TOJIll.(HHbl pe6pa 0,5 MM.

K03<pq:mUHeHT rrpe06pa30BaHH5I 3HeprHH,

XOJIO)J,OrrpOH3BO)J,HTeJIbHOCTbH OTHOCHTeJIbHbIH

3KCepreTH':IeCKHH KIT,n: B03paCTaIOT BO BCeM pac-

CMOTpeHHOM )J,Harra30He BbICOT KaHaJIa H rrpH BbI-

COTeKaHaJIa 60JIee 150 MM MeH5IIOTC5IMaJIO. 3Kcep-

reTH':IeCKHH KIT,n: y6bIBaeT rrpaKTH':IeCKH paBHO-

MepHO BO BceM paCCMOTpeHHOM )J,Harra30He BhICOT

KaHaJIa.

I1cxo)J,5I H3 BblIIIerrpHBe)J,eHHoro aHaJIH3a, orr-

pe)J,eJI5IeM 06JIaCTb HaH60JIee 3<p<peKTI1BHOH reo-

MeTpHH TerrJIo06MeHHHKa )J,JI5I paccMaTpHBaeMoH

HaMH CHCTeMbI. HaH60JIee 3<p<peKTHBHoH 5IBJI5IeTC5I

TOJIll.(HHa pe6pa 0,3-0,4 MM, HO CJIe)J,yeT3aMeTI1Tb,

':ITOno TeXHOJIOrHHI13rOTOBJIeHH5I pe6ep MHHHMaJIb-

Ha5I TOJIll.(HHa COCTaBJI5IeT0,5 MM. ,n:JI5I TOJIll.(HHbI

pe6pa 0,5 MM HaH60JIee 3<p<peKTHBHo Me)((pe6epHoe

paCCT05IHHe 2,2-2,3 MM. ITOCKOJIbKY.rrpH 60JIhlIIHX

3Ha':leHH5IX BbICOThI KaHaJIa paCCMOTpeHHble xapaK-

TepHCTHKH TerrJIo06MeHHHKa MeH5IIOTC5I He3Ha':lH-

TeJIbHO, B ueJI5IX CHH)((eHH5I MeTaJIJIOeMKOCTH H ra-

6apHTOB KaHaJIa peKOMeH)J,yeTC5I OrpaHH':IHTh ero

BhICOTy)J,O 150 MM. ITo rrpH':IHHe Toro, ':ITOrrpH HH3-

KOM 3Ha':leHHH BbICOTbI KaHaJI HMeeT 60JIhIIIOe a3po-

)J,HHaMH':IeCKOecorrpOTHBJIeHHe, MaJIbIH pacxo)J, B03-

)J,yxa H, KaK CJIe)J,CTBHe,Hl13KHH K03<P<PI1UHeHTrrpe-

06pa30BaHH5I 3HeprHH, peKOMeH)J,yeTC5IOrpaHH':IHTb

MHHHMaJIbHYIO BbICOTYKaHaJIa BbICOTOHBbIXO)J,Horo

rraTpy6Ka BeHTHJI5ITOpa, paBHoti 70 MM.

1. KarjJapoe B. B., MetuaflK,UH B. II., FYPbe-

ea JI. B. OrrTHMH3aUH5I TerrJIo06MeHHblx rrpoueccoB
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