ITEM PART Number DIMENSIONS
Th=30°C OnvHaXWnpuHaXTonwmHa
Imax ATmax Vmax Qmax mm
A °C Vv w
Q-7113 TEC1-00703 33 266 0.82 1.60 10x10x3
Q-7114 TEC1-00706 6 266 2.83 9.60 10x10x4
Q-7116 TEC1-00712 12 266 0.82 5.60 10x10x3
Q-7123 TEC1-03103 33 266 3.66 7.20 15x15x4
Q-7126 TEC1-03104 4.0 266 3.66 7.30 15x15x3
Q-7142 TEC1-03105 5.0 >66 3.66 10.30 15x15x3
Q-7143 TEC1-07103 33 >66 8.40 16.40 15x15x6
Q-7120 TEC1-01706 6.0 >66 2.83 9.60 15x15x4
Q-13902 TEC1-12703 33 >67 15.00 29.30 30x30x3,5
Q-4423 TEC1-12704 4.0 >67 15.00 30.00 40x40x4
Q-4431 TEC1-12705 5.0 >67 15.00 42.50 40x40x4
Q-4434 TEC1-12706 6.0 267 15.00 51.40 40x40x4
Q-13483 TEC1-12707 7.0 >66 15.00 60.00 40x40x4
Q-4440 TEC1-12708 8.0 >66 15.00 68.90 40x40x4
Q-8167 TEC1-12710 10.0 >66 15.00 85.00 40x40x4
Q-7219 TEC1-16112 12 >66 16.00 137.00 45x45x3
Q-7215 TEC1-16106 6.0 >66 16.00 77,3 45x45x4
Q-7214 TEC1-16103 33 >66 16.00 37,7 45x45x5
Q-4424 TEC1-12712 12.0 >66 15.00 106.00 50x50x4
Q-4313 TEC1-12712 12.0 266 15.00 113.00 62x62x4
Q-8166 TEC1-12715 15.0 266 15.00 127.00 40x40x4

SJIEMEHTDI IEJIBTBE

¢ dexT [leabThe M TEPMOTEKTPHUECKHI MOTYJIb.

B ocHOBE pabOTHI TEPMOAITEKTPHIECKOTO OXJIAXKAAFOIIET0 MOTYJIS TEKUT 3PDEKT, OTKPBITHIA (paHITy3ckuM dacopiukoM XKarom IlensThe,
KOTOpEIH B 1834 1. 06HApy’KKJI, YTO NIPU MPOTEKAHUH TIOCTOSIHHOTO 3JIEKTPHYECKOTO TOKA B IIENH, COCTOSIIEH 13 Pa3HOPOIHEIX IIPOBOTHUKOB, B
MecTax KOHTAKTOB (CMasxX) NPOBOJHMKOB MOTJIOMIACTCS MM BBIICIACTCS, B 3aBUCMMOCTH OT HalpaBJIeHHs ToKa, Temo. [Ipu 3ToM KonuyecTBo
3TOIf TETLIOTHI MPOTIOPIIMOHANIEHO TOKY, IPOXOJISAIIEMY depe3 KOHTaKT rmpooaaukoB (Puc.1).Hanbomnee cunpro a¢ddext INenbThe mposBusercst
Ha KOHTAaKTax IOJYIPOBOAHUKOB C Pa3INYHBIM THIIOM MPOBOJUMOCTH (p- min n-). O6bsacHenne 3¢ dexra IlenbThe 3aKimouaeTcs Bo
B3aUMOJICHCTBUH 3JIEKTPOHOB NPOBOJUMOCTH, 3aMEIJIMBIINXCS MM YCKOPUBIIMXCS B KOHTAKTHOM MOTEHIMAJIE P-N MEPEX0/a, C TEMIOBbIMH
KOJIe6aHNSIMH aTOMOB B MAacCHBE TTOJTYIIPOBOIHMKA. B pe3ynbrare, B 3aBUCHMOCTH OT HANPABIICHNUS IBUKEHHS 3JIEKTPOHOB M, COOTBETCTBEHHO,
ToKa, mpoucxoauT Harpes (Th) nim oxnaxaeHue (T¢) ydacTka MOTyNPOBOJHHKA, HETOCPEACTBEHHO PUMBIKAIOIIETO K CIIato (P-n WM n-p

Mepexonay).
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Puc.1 Cxema aeiicrBus 3¢pdexra IeabTbe.



Do dexr IlenbThe KUT B OCHOBE pabOThI TepMoiekTpudeckoro moayist (TOM). Enunuansiv anemerntom TOM siBisercs TepMornapa,
COCTOSII[asi U3 OHOTO MPOBOAHMKA (BETKH) P-TUIIA H OJHOTO IPOBOAHKKA N-Tumna. [Ipy mocie10BaTeIbHOM COSANHEHUH HECKOIBKUX TAKHX
tepmonap reroTa (Qc), IorsomaemMas Ha KOHTaKTe THIIa N-p, BblAesieTcs Ha KoHTakre Tuna p-n (Qn). TepMoaekTpraecKuii MoIyJIb
HPEICTaBISIET COOOH COBOKYMHOCTh TAKUX TEPMOIAp, OOBIYHO COSJMHEHHBIX MKy COOO0M MOC/IeJ0BATEIbHO 10 TOKY M MApaLIEIBHO 1O
MOTOKY Teruta. TepMonaphl IOMEIAITCS MEXITY ABYX KepaMHUdecKux ruiactuH (Puc.2). BeTku HarmanBaroTcsi Ha MEAHbIC POBOISIIME IIOAKA
(IIMHKHK ), KOTOPBIE KPEISTCs K CIIeNUAIbHON TeIUIONPOBOASIIEeH KepaMUKe, HallpHMep, U3 OKCHIa IFOMUHNS. KoandecTBo TepMonap MOXeT
BapbHPOBAThCS B IMMPOKHX TIPeJieNax - OT HECKOJIBKUX €IMHHUIL IO HECKOJIBKHX COTEH, 4TO II03BONIACT co3aaBaTh TOM ¢ XOI0MIIbHOM
MOIIHOCTBIO OT ACCATHIX J0JICH BaTTa 0 COTeH BarT. Hanbombiiei TepMoanekTpuueckoii 3 HeKTHBHOCTBIO CPEaN MPOMBILITICHHO
HCIIONB3YeMBIX JUIs n3rotoBieHuss TOM MarepnaioB 00JIamaeT TeIUypH]] BUCMYTa, B KOTOPBII JUIs IOTy4YeHHs] HEOOXOAUMOTO THIIA H
MapaMeTpoB IPOBOAUMOCTH J0OABIISIOT CHIELUANbHBIC IPHCAIKH, HAIIPUMED, CEJICH U CypbMy. TpaJHIIMOHHO CTOPOHA, K KOTOPOH KpersTes
MPOBOJA, TOpsiYast U OHa N300pPaXKaeTCst CHU3Y.
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Puc.2 Tak Boirusigat moayu [eabsthe.
TIpu npoxoxnenuu yepe3 TOM NOCTOSIHHOTO 3JIEKTPUYECKOT0 TOKa BO3HUKAET pa3HOCTh Temmepatyp (AT = Ty - T¢) M@Ky €ro CTOpoHaMHu:
OJIHA IUIACTUHA (XOJIOIHAs) OXJIAXKIAeTCs, a Apyras (ropsdas) HarpeBaeTcs. [1o cytu snement IlenbThe SBIseTCS CBOCOPA3HBIM TEIUIOBBIM
HacocoM. IIpu ucnonb3oBannu Moyt IlensThe HEOOX0MMMO 06eceunTsh 3G HEKTUBHBIH OTBOJ TEIUIa C ero ropsiyell CTOPOHBI, HAIIPUMeEp, C
TIOMOIIBIO BO3AYIIHOTO PaJnaTopa I BOJSHOTO TEIII000OMEHHUKA (BO100I0Ka). 31€Ch HA/IO Y4eCThb, YTO OTBOJUTH MIPUACTCS HE TOJIBKO
"mepexaynBaeMy0" TEILIOTY, HO U JoOaBsieMyto (mpumMepHO 50%) camuM MoxyneM. Eciu moaepkuBath TeMIiepatypy ropssieil CropoHbI
MOJYJIsl Ha yPOBHE TEMIIEPATYPhI OKPYIKAIOIIEH CpeJibl, TO Ha XOJIOAHOH CTOPOHE MOXKHO IOJIYYHTh TEMIIEpaTypy, KoTopas OyIeT Ha IeCATKA
rpaaycoB Hiwke. B TOM pa3HOCTh TeMIepaTyp MOXET JOCTUraTh 74 Tpaj Ha OZHOM Kackajae. Moayib SBisieTcs: 00paTUMbIM, T.€. IPH CMEHE
TIOJIIPHOCTH IIOCTOSIHHOTO TOKA TOpsTdasi ¥ XOJO{HAs! IUIACTUHEI MEHSIOTCS. MeCTaMu. MO)KHO HCIOJIb30BaTh MOJYJIb B peXKUMe
TEPMOLMKINPOBAHUS: YEPELOBaTh PEXKUM OXJIAKICHHS C PIKHMOM HarpeBa ¢ IMOMOIIBIO epekirodaTes. Kak yxe oTMeyanock, CTerneHb
OXJIXKIEHHS IPOIOPIUOHAIBHA BEIMINHE TOKA, IPOXoAsAIero yepe3 TOM, 4To mo3BomseT npu HeoOXOAUMOCTH IUIABHO PEryIHPOBATh
TeMIIepaTypy OXIaXKIaeMOro 00bEKTa, IPHYEM C BBICOKOH TOYHOCTHIO. BHENIHMI BU/ pa3IHYHBIX THIIOB OJHOKacKagHoro TOM mpencTaBiieH Ha
Puc.3.

Puc.3 Tak BBITVISIAST MOAYJIN B 5KM3HH.

ATmax (rpan) - 3T0 MakcUMasbHasi Pa3HOCTh TEMIIEPATYpP MEXk/y CTOPOHAMH MOJLYJISL, JOCTUTaeMast IPH HACaIH3UPOBAHHbIX YCIOBHSAX: [PU
Temrneparype ropsiuero cnas Th, moaaepxuBaeMoit paBHo# 27 rpaja C (ydeHsle BEIOpai 3T0 3HAYCHUE TEMIIEPATYPhl IOTOMY, YTO B Ipajlycax 1o
mxaye KenpBuHa - 910 Kpyrinas mudpa B 300 rpaf), ¥ IpH HyJIEBOIT XOI0J0IPOU3BOAUTEIBHOCTH (X0NOAMIbHON MomHoCTH) (Qc=0), T.¢.,
SIKOOBI, Ha XOJIOJIHYIO CTOPOHY MOJYJISL HE MOCTYNaeT HUKAKOro Tema (TTy0oKkHil BakyyM, 4To-1iH). 3HaueHUE AT max 17151 OZHOKACKaJHOTO
MOJIYJISl 3aBUCHT TOJBKO OT 3(h(HPEKTUBHOCTU TEPMODIIEKTPUUECKOro BelecTBa. Hanpumep, MakcuMaibHasi pa3HOCTh TEMIIEPATYP IS OTACIBHBIX
9KCIIEPUMEHTAJIBHBIX 00pa3LoB Aocturaet 76 rpai. Jjisi MHOrokackaaHbiXx Moysei 3HaueHHUE AT nax 3aBHCHUT HE TOJBKO OT 3P HeKTHBHOCTH
BEIIECTBA, HO M OT YMCJIA KaCKaJI0B OXJKACHHUS U KOH(Urypanuy Moayseil. MakciuMaibHasi pa3HOCTh TEMIICPATyp UL IBYXKACKaIHBIX
MOJIyJICH TOBBIIICHHON MOILIIHOCTH cocTaBiisieT 83-87 rpaf, a A 4eThipeXKacKaJHbIX MoayJiei nocruraer 140 rpaa. Ho 31ech MHOrokackaiHble
MOJIYJIA HE PacCMaTPUBAIOTCS.

Qmax (BT) - X01010IPON3BOAUTENBHOCT NPH TOKE [=Ima 11 pasHocTn Temneparyp AT = Ty - T = 0, T.e. canTaeM, 4To BCsI TEIUIOTA,
MOCTYIAIOIIAs HA XOJIOJHYI0 CTOPOHY MOJYJII MTHOBEHHO U 0€3 MoTeph NMepeKayrBacTCsl Ha ropsA4yro, IPUYEM TeMIIepaTypa ropsiueii CTOpOHbI
Th nogepxuBaercst pasHoit 27 rpaj C. BenudanHa Qmax TPaIUIHOHHO OMPEICIIASTCS KaK MAaKCHMAaJIbHas, HO B&KHO OTMETHUTh, YTO HA CAMOM
Jiesie 3Ta XOJIOIMIIbHAS MOLIHOCTD HE SIBJISIETCSI MAKCUMaJIbHOM. J[es10 B TOM, YTO BeJIMUUHA Qmax OTIPEENIeTCs PU TOKE Inax, KOTOPBIIL siBIISETCS
ONTHMAJILHBIM JUI MAKCUMAJIBHOM, a He I HyJIEBOM pa3sHOCTH TemiepaTyp. [Ipu Toke HeCKOIbKO O0JIbIIEeM Imax M TIPH COXPaHEHUH HYJIEBO
Pa3HOCTH TEMIIEPATYpP BO3MOXHO IOJIyYCHUE XOJIOA0NPOU3BOAUTEILHOCTH, 00JIbIICH Qmax TPUMEpHO Ha 6 Y.

Unax (B) - 3T0 HarpsikeHHe, COOTBETCTBYIOLIEE TOKY Imax U pasHocTH TeMnepatyp AT max

Imax (A) - 3TO TOK, IPH KOTOPOM J0CTHraeTcs pasHocTh Temieparyp AT max.

Yro Takoe COP? COP (Coefficient Of Performance) - 370 OTHOLIEHHE XOJIOMIEHOH MOITHOCTH MOYJIS K SJIEKTPUYECKOM, ITOTpebIIsieMoit
MOJyJIEM, M XapaKTePU3yeT SKOHOMHUYHOCTb IIPOTEKAIOINX IPOLECCOB, T.€. cBoeOpasHblit aHanor K.IT./1. I1pu 3ananHoM 3HayeHun Toka COP



HPAKTUYECKH JINHEHHO 3aBUCUT OT PA3HOCTH TEMIIEPATyp U MPH O0Jiee MEHBIIMX PA3HOCTAX TEMIIEPATyp OH BbIlIe. JlJIs TepPMO3IEKTPHYECKHUX
ycrpoiicte COP B cpennem coctasiset 0.3-0.5, 4o HIKe 3HAYSHUI XOJIOAMIBHOrO KO3 duUIMeHTa KOMITPECCHOHHBIX MaliH. HecMoTps Ha
OTCTaBaHUE 110 XOJOJMIEHOMY KO3()(HIMEHTY, BO MHOTHX CIIydasX IPUMEHEHHE TEPMOIIEKTPUISCKUX MOyJIeil sSBIsieTcst GoJiee BEITOJHBIM, a B
psze CIy4aeB M €IMHCTBEHHO BO3MOXKHBIM. boliee Toro, TeopeTnyecku npu HyJIeBO# pa3HOCTH TEMIIEPATyP U HPU MANIBIX TOKAX XOJIOMIbHBINA
ko dunmeHt B npenene ctpeMurcs k beckoneynoctu! Ha npakTuke 3T0 03HayaeT, 4To, €CJIM HE0OX0AMMO UMETH MTOBBILICHHYIO
9KOHOMHYHOCTB YCTPOMCTBA, TO IPEAIIOUYTHTEIbHEN NCIIONIB30BaTh OOJIbIIee KOJIMYECTBO MOAYJIEH U MUTaTh X MEHBIINM HAIPSHKEHHEM
(TOKOM).

Kakoii HCTOYHMK UTAHUS HEOOXO0AMMO MCII0JIB30BaTh st MoayJieii? [ paboThl MOy st HEOOXOIMMO, YTOOBI Yepe3 HEr0 MPOTEeKa
TIOCTOSIHHBIH TOK. Ilynbcary MOCTOSIHHOTO TOKa He OJDKHBI IPeBHIIaTh 5 %. Eciu ypoBeHs Iynbcanuii OyaeT BbIle, MOIYib, KOHEYHO, He
"ympet", HO ero napamerpsl OyayT Xysxe. IIocTOSHHBINA TOK MOXKET ObITh CO3/1aH KaK MCTOYHHKOM TOKA, TAK M ICTOYHUKOM HANpPSDKEHUs, HO
MOCTIE/IHIE UCIIOJIB3YIOTCS 60JIee MIMPOKO. VICTOUHIK TOKA CTPEMUTCS TOAACP/KUBATH TOCTOSHCTBO 3aJaHHON CHIIBI TOKA, HCTOYHHK
HaIpsDKEHHsI- COOTBETCTBEHHO HanpspkeHus1. [lofaBaeMoe Ha MOIy/Ib HANPSDKEHHE JOJDKHO BBIOMPATHCS HCXOIS M3 MAKCUMAIIBHOTO
HanpspkeHUst MOAYJIS Unax M BRIOPAHHOTO pexuMa padoThl (MaKCUMaIbHOW XOJI0AMIBHOW MOIIHOCTH WJIM MAaKCUMaJIbHOTO XOJIOAMILHOTO

ko3 dunmenrta). MakcuManbHbIil TOK (MOIIHOCTB) HCTOYHMKA JOJDKEH BBHIOMPATHCS UCXO/s M3 BEIMUMHBI HANPSHKEHUS M COIPOTHBIICHHS
MOZYJIS IIEPEeMEHHOMY TOKY. CllelyeT OTMeTHUTh, 4TO pabodasi BeIMINHA TOKA B CTAIIHOHAPHOM PEKHME MOXKET ObITh MEHBIIIE CBOETO
NepBOHAYAIBHOrO 3HaYeHUs npuMepHo Ha 20-35 %, mockonbky Onarogaps sddekry 3ecOeka BeIM4MHA TOKA 3aBUCHT OT Pa3HOCTH TEMIIEPATyp.
Kakoe HanpsixkeHue clieyeT IOlaBaTh Ha TePMOdJIeKTpHUYecKnii Moxyb? [TonaBaemMoe Ha MOIYJIb HANPSDKEHHUE OLPEACISICTCS
KOJIMYECTBOM I1ap BeTBeil B Moxyie. Hanbonee pacnpocTpaHeHHBIME SBISIOTCS 127-mapHble MOLYIIH, BEIMYMHA MAKCUMAJILHOTO HAIPSDKEHHS
JULsL KOTOPBIX cOCTaBIIsIeT NpuMepHo 16 B. Ha ot Momynu 0ObI4HO MojaeTcs HanpsbkeHue nutanus 12 B, 1. e. mpumepHo 75 % 0T BeIHYHHBI
Unmax. Taxoii BBIOOp HATIPSKEHUS IMTaHKS B GOBIIMHCTBE CIy4acB SBISIETCS ONTHMAIBHBIM U TI03BOJISIET 00ECIICUHTh, C OJHOM CTOPOHHI,
JIOCTaTOYHYIO MOIIHOCTh OXJIXIEHHS, a C APYToil CTOPOHBI, JOCTATOYHYIO SKOHOMHYHOCTD (XOJIOJHIBHEIN Koo dunuent). Ilpn nossimennu
HanpspKeHust nutanus 6osee 12 B yBennueHne XonoJuibHOW MOITHOCTH OyeT cilabbIM, a moTpediisemMas MOLHOCTb OyAeT Pe3Ko
yBenu4uBathest. [Ipy MOHIKEHNH HANPSHKCHHS TUTAHUSI SKOHOMUYHOCTH OyIET PaCTH, XOIOAMWIbHAS MOIHOCTh OyIET YMEHBIIATHCS, HO
JMHEHHO, 4TO 0YeHb yJ0OHO I OpraHU3aI[HHU [UIABHOTO PETYJIHPOBAHMS TeMIIepaTyphl. [lyst MOIyJIel ¢ YHCIIOM Hap BeTBeil OTIMYHBIM OT 127,
HAaIpPsDKEHHE MOXKHO BBIOUPATh IO TOMY K€ IIPUHIIMILY, - YTOOBI OHO cOCTaBIIIO 75 % OT Upay, HO IPH 3TOM HEOOXOIHMO yUHTHIBATh
0COOEHHOCTH KOHKPETHOTO yCTPOICTBA, MPEXKIE BCETO, YCIOBHS TEINIOOTBO/A C FOPSYEH CTOPOHBI, 1 BOSMOKHOCTH HCTOYHHKOB [TUTAHUS.

Puc. 4 Coopka: npoueccop, IlesbThbe, Kyaep.

IIpuHIMNIHIaNbEHAsS BO3MOXKHOCTS IPHIMEHEHHS 2JIeMeHTOB [lenbThe IS OXJTaKACHUSI MOIIHBIX KOMIOHEHTOB JJICKTPOHHKH U3BECTHA JJOBOJILHO
naBHO. C pOCTOM €IMHUYHOM MOIIHOCTH 3JIEKTPOHHBIX KOMIIOHEHTOB B IIOCJICAHHE I'O/IBI U, CIICIOBATEIBHO, YBEINUCHHEM KOINYECTBA
BBIZICIISIOIIETOCA TellIa 33aaua OXJIaXAeHNUs, HallpuMep, IpolieccopoB B KommnbloTepax (Puc. 4), npuobperaet Bce Bo3pacTaroliee 3HaUeHHeE.
Kyneps! paccunTaHb! Ha “CIIOKOHHYI0” MITATHYIO paboTy nponeccopoB. OHAKO Bce OONbIIee KOIHIECTBO IPaXK/JaH XOTAT “Ppa3orHaTh’ CBOE
“xene30” u TyT 6e3 aneMeHToB IlenbThe BO MHOTHX Clydasx He 00oiiTHCch. B mocienHee BpeMst MHOTHE Bee Yallle IOCMAaTPHBAIOT U B CTOPOHY
JKHJIKOCTHOTO (BOJSIHOTO) oxJiaxkAeHus. Ho 1 31ech TepMO3IeKTpHYecKrue MOAYJIM MOTYT CyIeCTBEHHO momMoub “overclockers”. Hu oaun, naxe
CaMBblif HABOPOUCHHBIH KyJIep, Jaxe ¢ IIOMOIIBIO "BOASHKN" B IPHHIUIIC HE IPUOIU3HUT TEMIIEpaTypy Ha IIpoleccope K TeMIepaType
OKpYKaroIeil cpesibl.

Hawubonee “xonoBbie” Tl Moayseit [lenbTbe- 3T0 CTaHIapTHBIC OJTHOKACKAAHBIC MOIYJIM MAaKCUMaIbHOW MOLIHOCTHIO 10 65 Bt (12 B) u 172
Br (24 B). O603HaueHus MOIyJIel B CKOOKaxX pacn(poBEIBAIOTCS CIIELYIONIMM CIIOCOO0OM: IIEPBOE YHUCIIO-OTO KOJIMISCTBO TEPMOIIAp B MOJYIIE;
BTOpOE- 3TO IIMPHHA CTOPOH BETKU B MM; TPEThE-3TO BhIcOTa BeTkH B MM. Hanpumep, TB-127-1,4-1,5. Mimeetcs BBHIY MOZYJIb, KOTOPBIi
coCTOMT U3 127 map TepMOdIEKTPUYECKHX BETOK, pazMepsl KoTopsixX 1,4x1,4x1,5 mMm. Pazmepsl Mmoayneii 40x40 mm, TommuHa okono 4 mM. T.k.
TEIUIOBBIICNICHHE MIPOL[ECCOPOB CTPEMUTENBHO pacTeT (AMD), 6oiee BBICOKHM CIIpOcOM OyIyT IOIb30BaThCs MoAy I 48x48 MmM. Moy
3arepMeTH3HPOBAHbI, TOBEPXHOCTh KEPAMUKH 3aLLIH(OBaHA 10 25 MUKPOH, OJJHAKO IPHUMEHEHHE TePMONACTEI 00s13aTeibHO. [IpunasHbl YepHbIi
(-) u xpacusiii (+) mpoBoza. Eciu “Munyc” neprkath B IEBOH pyKe, a “IUTIOC” B PaBOi MPOBOAAMH K cebe, TO CBepXy OyIeT XOJI0aHasi CTOPOHa, a
CHH3Y- ropsvasi.



