Moayau JiemeHToB IleabThe

HanmeHoBaHue Dt, C Vmax Qmax Amax Mabaputel | TonwwmHa
TEC1-12704 67 15,4 40 4 40x40 ~4
TEC1-12705 67 15,4 41 ) 40x40 ~4
TEC1-12706 65 15,4 51,4 6 40x40 ~4
TEC1-12708 66 15,4 68.8 8 40x40 ~4
TEC1-12712 60 15,4 12 40x40 ~4
TEC1-12712 63 15,4 106,7 12 50x50 ~4
TEC1-12712 65 15,2 113 12 62x62 ~4

JJIEMEHTBI IEJIBTBE

IddexT [leabTbe U TEPMOIIEKTPUUECKUH MOLYJIb.

B ocHOBe paboThI TEPMOAIIEKTPUUECKOTO OXJIAXKAAIOLIETO MOYJIIS JISKUT 3PPEKT, OTKPHITHINA (PPAHILY3CKUM
gacoBmukoM JKanom IlenbTre, KoTOpHIil B 1834 1. 00HAPYXHII, YTO IPU MPOTEKAHUH IIOCTOSTHHOTO
3JIEKTPUUYECKOTO TOKA B LIENH, COCTOALIECH U3 Pa3HOPOIHBIX IPOBOJAHUKOB, B MECTaX KOHTAKTOB (CHAasIX)
IIPOBOJAHMKOB IOTJIOIIAETCS WM BBIIESETCS, B 3aBUCUMOCTH OT HampaBJieHUs TOKa, Teruio. [Ipu atom
KOJIMYECTBO 3TOM TEIUIOTHI IIPONOPLUOHAIBHO TOKY, IPOXOIALIEMY Yepe3 KOHTAaKT IIPOBOJHHUKOB
(Puc.1).Haun6onee cuibHo 3¢ ekt [lenpThe mposBisieTcs Ha KOHTAKTaX MOJIYIIPOBOJHUKOB C PA3IMYHBIM THIIOM
IPOBOIUMOCTH (p- Wi n-). O0bsicHeHue 3¢pdexra [lenpThe 3aKmouaeTcs BO B3aUMOIEHCTBUH JIEKTPOHOB
IPOBOAMMOCTH, 3aMEIJIMBIIMXCS WK YCKOPUBIIMXCS B KOHTAKTHOM ITOTEHILIMAJIE P-N IEPEX0/a, C TEIJIOBBIMU
KOJICOAHUSIMU aTOMOB B MAacCUBE MOJIYIIPOBOJHMKA. B pe3ynbrarte, B 3aBUCUMOCTH OT HAaIIPABJICHUS ABHIKEHHUS
AJIEKTPOHOB U, COOTBETCTBEHHO, TOKa, porucxoaut Harpes (Th) win oxnaxaenue (T.) ydacTka noiaynpoBOJHHKA,
HEMOCPEJCTBEHHO MPUMBIKAIOIIETO K CMato (p-n WM N-p MEPEXOy).
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Puc.1 Cxema neiicrBusi 3¢ dexra Ileabrne.
Dddexr lenbThe NeKUT B OCHOBE pabOThI TepModiekTpudeckoro Moayist (TOM). Enunnunsiv anementrom TOM
SIBJIIETCSl TEpMOIIapa, COCTOsIAasl U3 OJHOI0 IPOBOIHUKA (BETKH) P-TUIIA U OJHOTO MPOBOJAHMKA n-Tuna. [Ipu
MOCTIeI0BATEIbHOM COEIMHEHUH HECKOJBKUX TaKUX TepMmornap Temiora (Q.), moriomnaemMas Ha KOHTaKTe TUIa n-p,
BbIIETIsIeTCS] Ha KOHTakTe THNa p-n (Qyp). TepMoanexkTpruueckuii MoayIb MPpeACTaBIseT cCOO0M COBOKYITHOCTh TaKUX
TepMornap, 0ObIYHO COETMHEHHBIX MEXIy 000 Mmociea0BaTeNIbHO O TOKY M MapajlIeNIbHO M0 MOTOKY TeIUIa.
Tepmonapbl moMenalTCst MEXAY ABYX Kepamuueckux ruiactul (Puc.2). Berku HanauBaroTcs Ha MeIHbIE
IIPOBOASAIINE TUIOMIAAKH (IIMHKH ), KOTOPBIE KPENATCS K CIELMAIbHON TEIUIONPOBOASAIIEN KEpaMUKe, HAIIPUMED,
13 OKCHA amoMuHUA. KonndecTBo TepMonap MOXKET BapbUPOBATHCS B IIUPOKUX MPEAENax - OT HECKOIbKHUX
€AMHUIL 10 HECKOJBKUX COTEH, UTO MO3BOJISIET co3/1aBaTh TOM ¢ XOJ0IUIbHON MOIIHOCTBIO OT ACCATHIX JOJeH
BaTTa /10 coTeH BaTT. Hanbombiiel TepmosiekTpuieckoi 3¢ (HheKTUBHOCTHIO CPEIU MPOMBIIIIEHHO UCTIOIb3YEeMbIX
11 m3rotopieHus TOM MaTepuanoB 06aiaeT TEeUTypH BUCMYTa, B KOTOPBIH I MOTy4eHUsT HEOOXO0IMMOTO
THUIIA ¥ TTApaMETPOB MPOBOIUMOCTH JOOABISIOT CHEMAbHbIE TPUCAIKU, HATIPUMED, CEJIEH U CYPbMY.
TpaauumoHHO CTOPOHA, K KOTOPOH KPETSATCS MPOBOAA, TopsAYasi U OHa M300paXkaeTcsi CHU3Y.
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Puc.2 Tak Bpirasaar moaysu IleabTbe.
[Ipu npoxoxenun yepe3 TOM MOCTOSIHHOTO 3JIEKTPUYECKOT0 TOKAa BOZHUKAET pa3HOCTh Temiiepatyp (AT =Ty, -
T.) MeXIy €ro CTOpOHaMHU: OJIHA IJIaCTHHA (XOJIOAHAS) OXJIaKIaeTcs, a Apyras (ropsyas) HarpeBaercs. [lo cytu
aneMeHT llenbThe sBnseTcs cBOeOpa3HBIM TEIUIOBLIM HacocoM. [pu ncnons3oBanuu Moyis [lenbTbe
HeoOxouMo obecrednTh 3QPEKTUBHBIN OTBOJ TEILJIA C €r0 ropsiuell CTOPOHBI, HAIPUMEp, C TOMOIIIBIO
BO3YIIHOTO paJiiaTopa WA BOISHOTO TEINIOOOMEHHHUKA (BO00JI0KA). 3/1eCh HA/IO YY€CTh, YTO OTBOJIUTH
MIPHUIETCS HE TOJBKO "TlepekauynBaeMyo" TEIUIOTY, HO U Jo0aBisiemyto (mpumepHo 50%) camum moaynem. Eciou
MO//ICPKUBATH TEMIIEPATYPy TOPSUYEH CTOPOHBI MOYJIsl HA YPOBHE TEMIIEPATYpPhl OKPYKAIOIIEH Cpeibl, TO Ha
XOJIOJTHOM CTOPOHE MO>KHO MOJTYYUTh TEMIIEpPaTypy, KOTopast OyJeT Ha JecATKU rpagycoB Hike. B TOM pasHocTth
TEMIIEPATyp MOXKET JOCTUTATh 74 Tpaj Ha OJHOM Kackaje. MoayIb SBIseTCsS 0OpaTHMBIM, T.€. IIPU CMCHE
MOJISIPHOCTU MTOCTOSIHHOTO TOKA ropsiuasi U X0JIOAHAS MIACTUHBI MEHSAIOTCS MecTaMu. MOKHO UCII0JIb30BaTh
MOJYJIb B PEKUME TEPMOLUKIMPOBAHUS: YEPEAOBATH PEKUM OXJIAXKICHHUS C PEKMMOM HarpeBa ¢ MOMOIIIBIO
nepekirouarens. Kak yxe oTMeuanoch, CTENeHb OXJIaXICHUsI IPONOPLUHUOHAIbHA BEIMYUHE TOKA, IPOXOISAILIErO
gepe3 TOM, 4To MO3BOJISET MPU HEOOXOAMMOCTH IUIABHO PETYIIHPOBATH TEMIIEPATYPY OXJIKIAEMOT0 00BEKTa,
MIPUYEM C BBICOKOM TOUHOCTHIO. BHEITHUI BUJ pa3IMUHbIX TUIIOB OJHOKAckaaHoro TOM npencrasnen Ha Puc.3.

Puc.3 Tak BoITJIAAAT MOAYJIM B KU3HH.
Jst JIyq1ero nNOHUMaHusl MPaKTHYecKoro npuMeHenusi TOM npu oxyaskaeHHH npoueccopa
BCe-TAKHU HY’KHO YSICHUTh KOe-KaKyI0 TeOPUIO  MOYUTATh BOT 3Ty cTaThio Nel.

AT max (TPag) - 3T0 MaKcUMaibHasi Pa3HOCTb TEMIIEPATYP MEXAY CTOPOHAMHU MOJYJISA, AOCTUTaeMas ITpU
WJICATM3APOBAHHBIX YCIIOBHSX: IIPU TEMIIepaType ropsdero cnas Ty, moanep:xuBaemoint pasHou 27 rpan C
(ydeHble BBIOpaIM 3TO 3HAUEHUE TeMIepaTyphbl IOTOMY, UTO B Ipagycax mno mkane KenbBuHa - 310 Kpyrias uudpa
B 300 rpan), ¥ IpH HYJIEBOK XOJI0JONPOU3BOIUTENBHOCTH (X0NM0AMIbHON MolHOCTH) (Qc=0), T.€., AK0OBI, Ha
XOJIOAHYIO CTOPOHY MOJYJIS HE MOCTYMAaeT HUKAKOro Teria (r1y0oKuil BakyyM, 4To-1H). 3HaueHUE AT,y 11
OJIHOKACKaJTHOTO MOAYJISL 3aBUCHUT TOJIBKO OT 3(h(PeKTUBHOCTH TEPMOIJIEKTPHUECKOro BemecTBa. Hampumep,
MaKCUMaJlbHasi pa3HOCTh TEMIEPaTyp Ul OTJACIBHBIX SKCIIEPUMEHTATBbHBIX 00pa31oB gocTuraet 76 rpaxa. s
MHOT'OKAaCKaHbIX Moy el 3HaueHue AT nax 3aBUCUT HE TONBKO OT 3 PEKTUBHOCTH BEIIECTBA, HO U OT YUCIIA
KaCKaJI0B OXJIAXKICHUS U KOHGUTypalu Motyei. MakcuMaibHas pa3sHOCTh TeMIepaTyp AJIs ABYXKacKaHBIX
MOJTYJIEN MOBBIIIEHHON MOITHOCTH cOCTaBsieT 83-87 rpaj, a Juis YeThIpeXKacKaaHbIX Moyseil focturaet 140
rpazn. Ho 31ech MHOTOKacKaiHblE MOAYJIHM HE PACCMAaTPUBAIOTCSI.


http://www.zip-2002.ru/?z=html&separ=181/

Qmax (BT) - X0J1010PON3BOIUTEILHOCTD TIPH TOKE [=I1.x 11 paznocTu Temneparyp AT =Ty, - T, = 0, T.e. cuuTaem,
9TO BCS TETIOTA, MOCTYMAIOMIAsi HA XOJOJHYIO CTOPOHY MOAYJISl MTHOBEHHO U 0€3 TIOTeph NMepeKaynBacTcs Ha
ropsiuyro, IpUYeM TeMIiepaTypa ropsiueii croponsl Th monnepskuBaetcst paBHoit 27 rpan C. Benmnunna
QmaxTPAAUIIMOHHO OMPEENSIETCS KaK MaKCUMAaJIbHAsI, HO BaXXHO OTMETUTD, YTO HAa CAMOM JIeJI€ 3Ta XOJOAUIIbHAS
MOIIHOCTb HE SIBIISICTCSI MAKCUMAJIbHOM. J{e0 B TOM, 4TO BeIUYMHA Qmax OMPEENAeTCs IPU TOKE Iiyax, KOTOPBIN
SIBJISIETCS] ONITUMAJIBHBIM TSI MAKCUMAJIBHOM, a HE JIJIsl HYJIEBOU pa3HOCTH Temnepatyp. [Ipu Toke HeCKOJIbKO
00mb1IeM Iyax M IPU COXpaHEHUH HYJIEBOI Pa3HOCTH TEMIIEPAaTyp BO3ZMOXKHO MOJTy4EeHUE
XO0JIOAOIIPOU3BOUTEIBHOCTH, 00JbIIEH Qax TPUMEPHO HA 6 Y0.

Unmax (B) - 3T0 HanpsbkeHue, COOTBETCTBYIONIEE TOKY Iiax U pasHOCTH TeMnepatyp AT max

Imax (A) - 3TO TOK, IIpA KOTOPOM JOCTHUTACTCA Pa3HOCThL Temiepatryp AT max.

Yrto Takoe COP? COP (Coefficient Of Performance) - 3T0 OTHOIIIEHHE XOJIOIUILHON MOIITHOCTH MOJTIYJISI K
AIEKTPUUECKO, MOTPeOIIIeMON MOAYJIEM, U XapaKTepU3yeT SIKOHOMUYHOCTh MPOTEKAIOIIUX MPOIIECCOB, T.€.
cBoeOpaznsiii ananor K.IL.JI. I1pu 3anannom 3nauennn Toka COP mpakTHYeCKH TMHEHHO 3aBUCHUT OT Pa3HOCTH
TEMIIEPATyp U Ipu 00JIee MEHBIINX PA3HOCTSIX TEMIIEPATyp OH BhIe. J[s TepModnekTpudeckux ycrporicts COP
B cpenHeM cocrasiseT 0.3-0.5, uTo HuKe 3HAUEHUN XOJIO0JMIBHOTO KO3 PUIIMEeHTa KOMIPECCUOHHBIX MAILIUH.
Hecmotpst Ha oTCTaBaHME MO XOJIOAMIEHOMY KOA(PHHUIIUEHTY, BO MHOTHX CITydasx MPUMEHEHUE
TEPMOIJIEKTPUUYECKUX MOAYJIEH ABIseTCS O0siee BHITOJHBIM, a B psJIe CIy4aeB U €IMHCTBEHHO BO3MOXHBIM. boiee
TOTO, TEOPETUUCCKH MPU HYJICBOM PA3HOCTH TEMIIEPATYP U IMPU MAIIBIX TOKaX XOJOIUIBHBIA KOI(PHUITUCHT B
npenese crpeMuTcs K 0eckoHeuHocTu! Ha mpakTuke 3To 03HaYaeT, 4To, €Clii HE00XOJUMO UMETh MOBBIIICHHYIO
SKOHOMUYHOCTh YCTPOUCTBA, TO MIPEANOYTUTEIBHEN UCTIOIB30BaTh O0JIBIIEE KOJTUYECTBO MOJIYJIEH U MUTATh UX
MEHBIIIUM HaNpPsKEHUEM (TOKOM).

Kakoii ncTOYHMK NUTAHUS HE00X0IMMO UCIO0Ib30BATH AJ1s1 MoayJei? [l paboThl MOyt HEOOXO0IMMO,
9YTOOBI Yepe3 Hero MpoTeKal MOCTOSAHHBIN TOK. [lynbcaliy mocTOSHHOTO TOKA HEe JA0JDKHBI peBbimath 5 %. Ecnu
YpOBEHb MyJIbCalluii OyIET BBIIIE, MOYJIb, KOHEUHO, HE "yMpeT", HO ero nmapaMeTpsl OyayT xyxke. [locTosHHbIH
TOK MOKET OBITh CO3/IaH KaK HCTOYHUKOM TOKa, TaK U UICTOYHUKOM HAIPsLKEHUS, HO MOCIIEIHIE UCIONb3YIOTCS
0osee mUpoKo. MICTOYHUK TOKA CTPEMUTCS TIOIICPKUBATH IIOCTOSTHCTBO 33JaHHON CHJIBI TOKA, UCTOYHHK
HaMpPSKEHUs- COOTBETCTBEHHO HampsbkeHus. [logaBaeMoe Ha MOy b HAMPsHKEHUE TOMKHO BHIOMPATHCS UCXOS
Y3 MaKCUMAaJIbHOTO HarpsikeHUst MOAYIS Up.x U BBIOPAaHHOTO pekuMa padoThl (MAKCUMAIBHOM XOJIOAMIBHON
MOIIHOCTH UJIM MAKCUMAJILHOTO XOJIOAUIBHOTO KO3 duirenTta). MakcuManbHBINA TOK (MOIIIHOCTH) HCTOYHUKA
JTOJKEH BBIOMPATHCSI HCXOS U3 BEIMYMHBI HAPSHKEHUSI U COMTPOTUBIICHHS] MOIYJIS IEpeMeHHOMY TOKy. Criemyer
OTMETHUTH, UTO paboyasi BEMUYMHA TOKA B CTAIIMOHAPHOM PEXHME MOXKET OBITH MEHBIIIE CBOETO MEPBOHAYATIHLHOTO
3HaueHus npumepHo Ha 20-35 %, mockonbKy Omaronaps 3¢ dexty 3eebeka BeTMUnHa TOKA 3aBUCUT OT Pa3HOCTH
TEeMIIeparyp.

Kakoe HanpsizkeHue cjieyeT noaaBaTh Ha TepModJieKTpuiYeckuii MmoayJn? [logaBaemMoe Ha MOy
HamnpspKeHUE ONpeieNisieTesl KOMYecTBOM ap BeTBel B Moayne. Hanbonee pacnpoctpaneHHbIMU siBIIsiFOTCS 127 -
MapHbIe MOYJIY, BETUYMHA MAaKCUMAJILHOT'O HAIIPSKEHUS JUTsl KOTOPBIX cocTaBisieT mpuMmepHo 16 B. Ha atu
MOJyJIH OOBIYHO MOJaeTcs HanpsbkeHue nutanus 12 B, 1. e. nmpumepHo 75 % oT BenuuuHbl Uy,.x. Takoii BEIOOD
HaIpsDKEHUS MMUTAHUS B OOJIBIIIMHCTBE CIIYYaeB SIBJISETCS ONTUMATIBLHBIM H IMO3BOJISIET 00ECIIEYHTh, C OJHOU
CTOPOHBI, TOCTATOYHYIO MOIIIHOCTh OXJIAXACHUS, a C JPYTOM CTOPOHBI, JOCTATOUHYIO SKOHOMUYHOCTh
(xonoaunpHeIN K03 dunreHT). [Ipu noBeIIeHNN HanpsKeHUs NUTaHus 6osee 12 B yBennueHue X0noauiIbHON
MOIIHOCTH OyJeT cadbIM, a MOoTpedsieMast MOIIIHOCTh Oy/IeT pe3Ko yBeauuuBatbes. [Ipu nmoHmkeHnn
HaIpsHKEHUS MUTaHUS S)KOHOMUYHOCTH OYIET pacTH, XOJOAMIbHASI MOIITHOCTH OYAET YMEHBINATHCS, HO JIMHEHHO,
YTO OUYeHb YJOOHO ISl OPraHU3alliy TUIABHOTO PETYIUPOBaHUs TeMIepaTyphl. i Moaylel ¢ YuciaoM map
BETBEH OTIUYHBIM OT 127, HAMPSHKEHUE MOXKHO BBIOMPATh TIO TOMY K€ IPUHIIUITY, - YTOOBI OHO COCTaBIsLIO 75 %
0T Upax, HO TIPY 3TOM HEOOXOJMMO YUUTHIBATH OCOOEHHOCTH KOHKPETHOTO YCTPOUCTBA, TIPEXkKAE BCETO, YCIOBUS
TEIJIO0TBO/IA C TOPSYEH CTOPOHBI, 1 BO3MOKHOCTH UCTOYHUKOB MTUTAHUS.



Puc. 4 Coopka: npoueccop, I[leabThbe, Kyaep.

[IpuHnMnUanTbEHAs BO3MOKHOCTD IPUMEHEHHUS 371eMEeHTOB [lenbThe A1 0XJIaKIeHUSI MOLTHBIX KOMIIOHEHTOB
AJIEKTPOHUKHU U3BECTHA JI0BOJIbHO J1aBHO. C pOCTOM €IMHUYHON MOIIIHOCTH JIEKTPOHHBIX KOMIIOHEHTOB B
MOCIIEHHE TOJIbI U, CIIEIOBATEIBHO, YBEIMYCHHEM KOJTMYECTBA BhIICISIONIETOCs TeIia 3aa4a OXIaKICHHMS,
HaIpuMep, MpoIEeccopoB B KommbioTepax (Puc. 4), mpuodperaer Bce Bo3pacraroiee 3HaueHue. Kyiepsl
paccuuTaHbl Ha “CIIOKOMHYIO” IITaTHYIO paboTy mpoueccopoB. OqHako Bce Ooblee KOINYECTBO IPaxkaaH XOTAT
“pazorsarp”’ cBoe ‘“keine30” u TyT 0e3 aneMeHToB [lenbThe BO MHOTHX cliydasix He 000iTHCh. B mociieqaee Bpems
MHOTHE BCE Yalle MOoCMaTPUBAIOT U B CTOPOHY JKUJKOCTHOTO (BOASHOr0) oxJiaxaeHus. Ho u 3neck
TEPMODJICKTPUYCCKHE MOIYJIN MOTYT CYIIECTBEHHO IMoMoub “overclockers”. Hu oguH, naxe caMblii
HABOPOUYCHHBIH KyJep, Aake C MOMOIIBIO "BOASHKU" B IPUHIIUIIE HE MPUOIU3UT TEMIIepaTypy Ha Mpoieccope K
TeMIIEpaType OKPYKAIOILIEH CPeIbl.

Haub6onee “xomoBsie” Tunbl Moynei IlenbTbe- 3T0 cTaHIapTHBIE OJHOKACKAAHBIE MOTYIU MaKCUMAIbHON
MOIIHOCTHIO /10 65 BT (12 B) 1 172 Bt (24 B). O6G03Ha4ueHHs MOAYJICH B CKOOKaX pacin(pOBBIBAIOTCS
CJIEAYIOIIMM CIIOCOOOM: IEPBOE YHCIIO-ITO KOJUYECTBO TEPMOIIAP B MOJIYJI€; BTOPOE- ATO IIUPHUHA CTOPOH BETKU B
MM; TPETbe-3TO BbicOTa BeTKU B MM. Hanpumep, TB-127-1,4-1,5. Umeercs BBUIY MOAYIb, KOTOPBIM COCTOUT U3
127 map TepMO3JIEKTPUUECKUX BETOK, pa3mepbl KOTopbix 1,4x1,4x1,5 mM. Pa3zmepsl monyneit 40x40 MM, ToammHa
0k0J10 4 MM. T.K. TETJIOBBIJIEIIEHHE TPOLIECCOPOB CTpEeMUTENBHO pacTeT (AMD), 6osee BBICOKUM CIPOCOM OyayT
MOJIb30BaThes Moaynu 48x48 mm. Moaynu 3arepMeTU3upoBaHbl, TOBEPXHOCTh KEPAMUKH 3allaudoBaHa 10 25
MUKPOH, OJTHAKO MPUMEHEHHE TePMOTNIACThI 00s13aTenbHO. [IpumasHel uepHslii (-) 1 KpacHbI (+) mpoBoa. Ecin
“MHMHYC” Jep>KaTh B JIEBOM pyKe, a “IUItoc” B MpaBOi MPOBOJIaMH K cebe, TO CBepXy Oy/AeT X0JI0/IHasi CTOPOHA, a
CHU3Y- ropsidasl.



