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TepmoesekTpuuHi moayJi IlejbThe mMiaBUIIEHOT HAXIHHOCTI

Bioxpume axyionepne mosapucmeo "Keapy",
eyn. I'onosna, 246, m. Yepnisyii, 58032
E-mail: kvarz@chv.ukrpack.net

Pospobiieno tepmoenekrpuyni Momyni  [lenmbThe migBumeHoi HaniiiHOocTi. [lokpamieHHs HaaiHICHUX
XapaKTepHCTHK JOCSTHYTO 3a PaxyHOK MAeKUIbKOX (akTopiB. Bukopucranusam tBepmoro posumHy Bi-Te-Se-Sb
niamerpom 28-35 MM Ta JoBkuHOIO 10 300 MM, SIKHH XapaKTepU3YE€ThCS IiJBHIIECHOI0 MEXaHIYHOIO MIIHICTIO.
Texnonoriero anTuaMQy3ifiHNX Wapis, aaresifina MilHICTh AKMX CKJIajae BEIMYUHY G, > 80 MIla, o, = 100 MIla
npu T =300 K. Meranizaniero KepaMiuHUX IJIACTHH 32 JOMOMOIOI ICEBAOCIUIABY MOJIOACH-Miab. 3HAUCHHS
napaMeTpiB po3poOJCHUX TEPMOENEKTPUYHHX MOJYJIB HE 3MIHIOIOTHCS MICIs BIUIMBY I'PaHMYHUX TEMIIEPaTyp B
nianmasoni Big 213 K no 333 K, enexrpuynoro HaBantaxxeHHs B uukiignomy (1500 romuH) Ta B HemepepBHOMY
(2000 romun) pexumax, Aii MEXaHiYHUX Ta KIIMaTUYHUX (BaKTopiB.

KirouoBi cjioBa: TepMoeleKTpuKa, MOIyJb, TBEpAUN PO3UMH, aAre3is, HaXilHICTh, KpHCTali3alis, GoTpmo-

YTBOPIOBAY..

Cmamms nocmynuna 0o pedakyii’ 15.06.2002; npuiinama 0o opyxy 23.08.2002

TepmoenekTpuyHi e(peKkTH MarTh LIMPOKE BUKO-
pucTaHHsi y cydacHid TexHiui. OZHUM 3 HUX € e(eKT
[enbThe. Ha #ioro ocHOBI CTBOPEHO HU3KY YHi(iKOBaHUX
TepMoeneKTpuaHuX MoayiiB (TEM) mist 0XoJomKeHHS
Ta TepMocralimizamii pI3HOM@HITHUX CHCTEM Ta
MIPHUCTPOIB PadioeIEKTPOHHOI ammaparypu [1-3].

BupoOHHIITBO  HOBITHIX  3pa3KiB  €IEKTPOHHOI
TEXHIKHA IIOB'I3aHO 3 IIJBUILEHHSIM BUMOI 10 1 Hami-
HocTi. BoHM CTOCYIOTBCSl yChOTO KOMIUIEKCY MPUIIAMiB, B
tomy guciai i TEM Ilensthe. 3a 3BHuai, Taki Tepmo-
OXOJIOJKyBadi BHUT'OTOBIISIOTECS 13 KPUCTATIB Ha OCHOBI
TBEPAMX DPO3UMHIB TEIYpUAY BICMYTY, SIKi OTPHMYIOTh
BEpTHKaJIbHUM MeronoM bpimkmena [4]. Li TEM
JIO3BOJISIIOTH  OTPUMYBATH TI€pENajid TEMIIEpaTyp [0
120 K B 3a)1e)KHOCTI BiJ KiJIbKOCTI KacKaaiB (BiJl OJHOTO
JO I'ATH) Ta cHoXxuToi mortyxHocti (Bix 0,25 Bt no
150 Br).

TeopernuHi JmOCTiKEHHS TOKa3amu [5-7], 1m0
TEXHOJIOTiYHI Ta eKCIUTyaTalliifHi MeXaHi4Hi HampyKe-
HHS, SKi BHHHKalOTh B KOHCTpyKmisx TEM mpu
ICHyIOUMX  TEXHOJOTIYHMX  pO3KHIAaxX  MHapaMeTpiB
KpHCTAJIIB Ta T€OMETPUYHUX PO3MIpax p- Ta n- TiIOK y
BUIAJKy MaKCHMAaJbHOTO IEpemnaay TeMIepaTryp, AOCs-
ratoTh 3HaueHb 60-80 % BiJ MakCHMabHO MOXIIHBOTO.
e 3ymoBioe HeBenukuii 3amac (20-40 %) mexaHiuHOT
MIIHOCTI 1 301blIy€ HMOBIPHICTH BIIIMOB TakuX IpH-
JIAJIiB.

IcHyroua cepiliHa TEXHOJOTiS KPHCTAIB TBEPIUX
po3unHiB Ha ocHOBI Bi-Te-Se-Sb no3Bomnsie orpumyBaTn
nume 6J09HI MaTepianu Manoro aiametpy (7-12 mm) [7],
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SKi MalTh IMOPIBHSHO HU3bKYy MEXaHIYHy MILHICTh
(rpaHryHa MINHICTP Ha BHIHH Oy = 35 — 42 Mlla,
TpaHWYHA MIIHICTh Ha CTUCKAHHA O¢c = 26 — 29 Mlla npu
T =300 K). Lle B cBOIO 4epry, Mpu3BOIUTH 10 HU3HKOTO
KOC(IIIEHTY BUKOPUCTAHHS MaTepialy Ta HEraTUBHO
BILUIMBAE Ha HaJiiHICTh poboTH 3ramanux TEM.

JUIs iIBUIIICHHST TEXHOJIOTIYHOCTI, a came Koediri-
€HTYy BHKOPHCTaHHS Marepially Ta IPOLEHTY BHXOAY
SKICHUX IPUCTPOIB, PO3pOOJIEHO TEXHOJOTII0 BHPOILY-
BaHHS KPHUCTATIB TBEPAUX PO3UHHIB HA OCHOBI TEIYPHLIY
BicMyTy [8—10]. [JocmimHi 3pa3kd KpHCTANIB MICHA
CHHTE3Y BUXIJIHUX KOMIIOHEHTIB BIAMOBIIHOTO CKIamy
OTPUMYBAJIUCh BUIO3MIHEHHM BEPTHKAJIBHUM METOIOM
bpimkmena. [Ipu 11bOMy BUKOPUCTOBYBAIUCS CIIEIialbHI
¢dopmoyTBOproBaui  GpoHTY KpHCTaizalii, 3anporo-
HoBaHi B [11], moompaupboBaHi IUisi KOHKPETHHX YMOB
KpUcTamizamii. 3aBIsfKA iM TiJ 4Yac BHPOIIYBaHHS
3a0e3neuyeTbcs CTAOLIBHICTh TEPMOIMHAMIYHOTO CTaHY
po3IIaBy Ta HEOOXiJHE T€OMETPHUYHE pO3TaIlyBaHHS
¢ponty kpuctanizauii. Konrposns temmneparypu Ta Bing-
MOBITHOTO PO3TaIlyBaHHS (POPMOYTBOpIOBAaYA 3IIHCHIO-
€TBCS CJICKTPOHHOIO CHCTEMOK0 CIIOCTEPEKEHHS, sKa
MOPIBHIOE pealibHI MapaMeTpyd 3 ETAJOHHUMH Ta Ja€
BIZMOBIIHI KOMaHIM Ha KOPEKLII PEeXHMIB BHPOIILY-
BaHHS.

Takuii miaxin [JO3BOJNMB OTPUMYBaTH OJHOPINHI
KPHCTaJM TBEPIUX PO3YMHIB HA OCHOBI TEIypUay
BicMyTy noBxuHOWO a0 300 MM Ta giamerpom 28 —
35 MM, sKi BIANOBIIAIOTH HEOOXITHOMY PO3MOALTY
Oomounoi crpyktypu [9], mo Beme A0 3pOCTaHHA
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MEXaHIYHOI MIIHOCTI Ta MiIBUIIYyE KOeQillieHT
BUKOpHCTaHHS Marepiany. TepmoernekrpuuHa a0o0poT-
HiCTh (Z) 3pa3KiB, OTPUMaHHUX 32 II€I0 TEXHOJIOTIELO,
cxazgae 3,2-10°K" qis marepiany p-tumy nposigHocti
ta 3,0-10°K' gns wmartepiamy n-tumy, a rpaHudHa

MilHICTh Ha BHrMH oy =83 —99 MIla, rpanuyna

373 K. Ha puc. | npexncTtaBieHo BUIIIAL MiIHOTO HIapy
(2), HaHeceHOro Ha KepaMiuyHi IUIACTHMHH 3 MOJIO-
JneHoBuUM TOKpUTTsM (1). Jlnst 3py4HOCTI MiArOTOBKU
uuTidy ABI KepamiuHi MIACTHHU CKIAJIEHO OJIHA JIO OJIHOT
MIJIHUMH [IapaMH, IPU YOMY OJIHA 3 HUX JI0 Bianaiy (5),
Jpyra micist Heoro (4). Bumipu aaresiiiHoi MilHOCTI Ha
po3puB,  sIKi

NpoOBOAMINCHL Ha ycraHoBui MP-50

-2

Puc. 1. Burmsig MigHOrO 1mapy, HaHECEHOI'O Ha KepaMiuHi IUIACTUHH 3 MOJi0AEHOBUM
HOKPUTTSM. | — map kepamiku; 2 — map Miji; 3 — Maxka po3ily MiX Iapamu Mifi; 4 —
rpaHMIs IIapiB Miai Ta Kepamiku (3pa3oK BiAnajieHuil); 5 - rpaHuus InapiB Miai ta

KepaMikH (3pa3oK He BiJIajIeHui).

MIIHICTh HA CTUCKaHHS G = 56 — 62 MIla mpu 300 K.
[MixBuIIeHa SIKICTH PO3POOICHUX KPUCTAJIB TBEPIUX
PO3YMHIB HAa OCHOBI TEJIypuay BICMyTy IpHBeENa 10
crBopeHHss TEM Oijiblil BUCOKOTO PiBHS HaIIHOCTI, HIXK
icHytoui cepiiiHi 3pasku. HaniiiHicTh 3rajjaHux Tepmo-
CJIEKTPUYHHUX MOJYJIB J0CATajgach TaKoX 1 TEXHOJIOTid-
HUMH OCOOJIMBOCTSIMH BUTOTOBJIEHHS P- Ta N-TLIOK
MOJIYJIIB 1 TETUIOEIEKTPOKOMYTYIOUHX IIEPEXOIiB.
Mertanizanis KepaMidYHUX TUIACTHH 3IIHCHIOETHCS 32
JIOTIOMOT'OI0 TICEBAOCILIAaBY MOdiOaeH-Minb [12 — 14]. Ha
MepIIOMY €Tali Ha MiATOTOBJICHY IMMOBEPXHIO IUIACTHHH
HAaHOCUTHCS PIBHOMIPHHNA HIap MOJiIOJEHOMapraHIEBOi
mactu TOBIKHOW 30 — 60 MKM, SKHH CYIOIUTBCA Yy
BIAMOBIHINM Kamepi. BraneHHs 1bOTO LIapy B Kepamiky
npoBoAATh y KoBnakoBiii meui OKB-8083 B azorHO-
BOJHEBIN cymimi npu Temneparypi 1650 K Ha mpotsisi
40 xewmH. Ha npyromy erami Ll IUIaCTUHA PO3MIly-
€Thes B ycTaHoBI “TlepyH”, B siKili METOZIOM JI€TOHAITIH-
HOTO HANMWICHHS HAHOCHUTBCA IIAp Mial HEOOXiqHOT
toBumnuu (0,06 — 0,3 Mmm). BHacnigok Toro, mo Temmepa-
Typa IIaBJICHHS Mili CYTTEBO HIXKYa 3a TEMIEparypy
ITOBHOTO 3MOYYBaHHS MONiO/EHYy APYTHH eTan BIIao-
BaHHS TIPOBOAWTHCS B JeKimbka cranmiid. [Ipm Takomy
BEJICHHI TIPOIECY 3a0e3MeUyeThCsl IIOBHE BCMOKTYBaHHS
Mizi Ta ii mepepo3nozin B 00’emMi MoJibaeHy Ta Kepami-
KH, 3aBIIKH YOMY CTBODIOETHCS OZHOpiAHA CTPYKTYypa
[14]. lnst HemomyeHHsS] pO3pPHBIB Ta KOPOOJEHHS, sKi
3YMOBIIOIOTHCSA ~ TEMIIEPATYPHUMH  HAMpPYXCHHIMH,
3arOTOBKM MOBUIBHO OXOJIO/PKYIOThCS IO TEMIIEpaTypu

MOKa3aiu, U0 MIIHICTh 34YEIUICHHs HIapy Miji 3 Kepami-
KOO 3HaxX0oIuUThCs B Mexax 150 — 170 MIIa.

Jnst oTpuMaHHs 3alaHOl KOMYyTalifHOT TOMOJIOTii
TEIUIOCJIEKTPOIIEPEXOIB  BHKOPUCTOBYBABCSI ~ METOJ
dotomitorpadii i3 HACTYIMHHUM TpPaBJICHHIM ILIACTUHH
TpaBHMKOM ckianxy: 60 mac. % asornHoi, 30 mac. %
ruaBukoBoi ta 10 mac. % ouroBoi kucnor. Ilicis nporo
IUTACTUHH OOJTYKYIOThCS. Y 3B'I3KY 3 BUCOKOIO MIIHICTIO
KEepaMiK{ pO3AUIEHHS IUIACTHH Ha TEIUIONEPEXoan
MEBHOTO PO3MIpy Ta Yy BIONOBIZHOCTI 3 3alaHUM
MAIOHKOM  KOMYTallii IPOBOAMJIOCHE  MEXaHIYHHM
crnocobom. Jlns 1Mx 1iield po3polsieHa crieriaibHa
OCHACTKA, sIKa JIO3BOJISIE 3/IMICHIOBATH PI3aHHS KepaMiku
aJIMa3HUMU JUCKaMM 3 TOYHICTIO 0,3 MM.

Y Bunagxky TEM, po3paxoBaHux Ha poOOTy B
YMOBax IpPOTIKaHHS Yepe3 HUX BEJIMKHUX CTPYyMiB (TIOHA/
3 A), 10 KOMyTaliifHUX JAUISHOK, SIKI OOIYXYIOThCS
CIUIaBOM  OJIOBO-BICMYT-CypMa, TpPHEIHYIOTECS —MijIHI
IUIACTHHH  BIJMOBIAHOI TOBIIMHK. Taka KOHCTPYKIIis
TerIonepexoaiB 3a0e3rneuye MiHIMaJIbHI TEIUIOBI BTPATH
TEM.

B  pesympraTi KOMIUIEKCHHX  JTOCTIIKCHb
CTBOpPEHA TEXHOJOTIS aHTHIU(PY3IHHUX, TEPMOCTIHKUX
HU3bKOOMHHX LIaPIB, SIKI XapaKTePU3YIOThCS BHCOKHUMH

anre3iiHUMu  xapakrepuctukamu. Lls  TexHonoris
CKJIaZIa€ThCs 3 HACTYNHUX onepariit [15]:
— TOomnepeAHe BiIOpaKyBaHHS  TEPMOCICKTPUYHHX

TUIACTHH Ta BiJ0Ip MO 3HAYSHHIO TEPMOECIEKTPUYHOT
JIOOPOTHOCTI Z;
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— CNIEKTpPOXiMiYHE TpaBICHHA IOBEPXHI TepMO-
eNeKTPUYHUX IDIacTUH (TycThHa CTpymy 1,5 —
2 MA/MM?;

(hikcarito p- Ta N-TIOK BITHOCHO TEIUIOMEPEXOMdiB Ta iX
NPUTHCKAHHSL Y MPOLEC] PO3IUIABICHHS IPHIIOK IS
3a0e3rneueHHs HaIIHUX CIIaiB.

ITocnigoBHE €IEKTPOXIMIYHE TpPAaBJICHHS MOBEPXHI

Taoauns 1

YmoBu BunpoOyBanbs TEM Ha JOBro TpUBaIicCTh

T cepenosuia, K

Yac BunpoOyBaHb, TOI.

KinbkicTs HUKIIB

293 +2 500 3000

333+2 500 3000

213+2 500 3000
— XimiuHe ocamkeHHs Imapi Hikemo () =10- TUTACTHHU, XIMIYHE OCA/KCHHS IUTIBKY HIKEIIO, CIICKTPO-
12 MkMm); XiMiuHe OCa/UKEHHS IUIBKM Miii, Biiman Ta OOIyxy-
—  eleKTpoxiMiuHe ocamkeHHs wwapy migi (J,=8 — BaHHS JIO3BOJIWJIM CTBOPUTH aHTHAM(]Y3iifHI mepexinHi
10 MKMm); mapyd p- Ta N-TUIOK, BEJIMYMHA EJIEKTPUYHOIO OIOpY

— TEpMIYHUH BiANAJT TEPMOEIEKTPUYHUX IUIACTUH
(T=575K, Ha mpoTs3i OAHOTO Yacy B BOAHEBOMY
CepeIOBUIIIi);

— oO;y)XyBaHHSA BIATIOBIZHAM TIPHUIOEM (B 3alieK-
HOCTI BiZl p000Y0i TeMItepaTypn);

— TPOMDKHHA KOHTPOJb TEPMOCICKTPHYHOI JOOpOT-
HOCTI Z IJIaCTHH;

— pOo3pi3aHHS IUIACTHH Ha P- 1 N-TIIKH,

— yKJIaaka p- 1 n- TUIOK 3 TeIUIOEJIeKTPOKOMYTallii-
HUMHU IUIACTUHAMHM B OCHACTKY Ui 30UpaHHs
MOJTYJIiB;

— KOMyTalis p- i n- FUIOK 3 TEIUIOEIEKTPOKOMYTallii-
HUMH TJIACTHHAMU;

— yuabTpa3BykoBa npomuBka TEM;

— BakyyMmHe obesraxxyBanHsA TEM;

— TepMoenekTpoTpenyBaHHs TEM;

— KOHTpOJIb Ta BinOpakyBanus TEM;

— nakyBaHHs TEM.

[MpakTyHO 30MpaHHS MOAYJIB 3BOAUTHCA [0
IpoLecy OJHOYACHOI KOMYyTalii TEepMOENEMEHTIB 1
TEIUIONEPEXO/IiB Y BIAMOBIAHOCTI 1O 3aJaHOl CXEMH

3
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Puc. 2. 30BHIMHIA BUMIAN TEPMOEICKTPUIHOL
IUIACTUHM 3 HAHECCHUMH MIapamMH. |- TepMmo-
eNIEKTPUYHHUN Matepian, 2 — anTuaudy31iHHuUi map

HIKeI0, 3 — map MPUIIOKO.

AKUX CKIIAJAE: Tp = 2,6-10° Om/eM?, 1, = 1,9-10° Om/em?
npu T =300 K. AxresiiiHa MiIHICTh KX MIAPIB CKJIaaa€
BeIMUMHYy G, =80-85MIla, o, =>100MlIla npu
T=300K. 3i 3HmKEHHIM TeMIlepaTypH BEIMYMHHU
MepexiJIHOro Onopy MajalTh, a iX ajaresiliHa MIlHICTh
3poctae [16]. Ha puc.2 HaBeACHO CTPYKTypy TepMO-
eJ'IeKTpl/I'-IHO.I. IJIaCTUHU 3 HAHECECHUMU LIapaMu.

Hapiitnicts  po3pobnennx TEM [17,18] B waci

Tadauus 2

JaHi npo BUMiproBaHHs napameTpy-kputepist npuaataocti TEM (AT)
JIO Ta Micyst BUNPOOYBaHb HA JIOBrOTPUBAJIICTE.

Ne BupoOy 1 2 3 4 5 6 7 8 9 10
Jlo mnnpoGysans AT, K | 43 | 44 | 40 |43 [ 43 |42 |43 |41 |42 |43
Hic“% io(ozggi‘;‘ I?T’ Kilws a4 |40 |43 |43 |41 |43 |42 |42 |43
Hie iogggig‘){ b I B T T R P R I I N N -
Hie io(%gig‘){ b I B T T P R I I I N I e
Hiens 1:0‘()392052“)1151 Klas |44 a0 | a3 |23 |22 |2 |6 |4 |5
Hicn"T 23(()3;305214)1411 Klus |4 |20 |43 |43 |42 |43 |41 |41 |43

3'eqHaHHsA TepMoeneMeHTiB. HalOiabil TeXHOIOTTYHHM
JUISl TAKOTO POJY MPHUCTPOIB € METOJI MalKH B MasIbHUX
BaHHaX 13 3aCTOCYBaHHSIM OCHACTKH, sKa 3a0esrneuye
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nepeBipsiiach BUPOOYBAHHSMH Ha JIOBrOTPUBAIICTb, SIKI
CKJIaJaIUCh 3 BUIPOOYBaHHS B IMKIIYHOMY pEXuMi, a
miCIsl HOTO — B HENepepBHOMY pexuMi. JlocnipKkeHHo
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HagidHOCTI Oymo migmaHo 100 3paskiB, BimiOpaHUX
METOAOM BHIIQAKOBOrO Binmbopy 3 1500 mr. cepiifHmX
BUPOOIB.

BunpoOyBaHHs Ha JOBrOTPHBAIICTh B LUKIIYHOMY
peXMMi pOOOTH TPOBOIWIIOCH 33 TAKOI METOJIUKOIO:
10 XBUJIMH BKJIIOYEHO, 5 XBWJIMH BUKJIIOUEHO. BunpoOy-
BaHHsS NPOBOJAWIMCh B KaMmepi Telia Ta XOJOAY
AJ167.0002.00.00. Temmneparypa OTOYYIOUOTO CEpEIO-
BUIA MiJ 4ac BHUIpPOOYBaHb Ta YMOBH BHIIPOOYBaHb
HaBeJeHi B Tabaumi 1.

[Micns HampaIfoBaHHA B IUKIIYHOMY pexumi TEM
MPOXOAWIA BHUIIPOOYBAaHHS B HEMEPEPBHOMY PEKHUMI.
Temmeparypa orouyrodoro cepemoumma (293 £2)K na

MaJbHUX KIIMAaTHYHUX YMOBaX HE MeHIIe | TOJuHH.
Jlani BUMIpIOBaHb HaBEICHO B TAOHII 2.

Sk BUOHO 3 OTPHMAaHUX J[aHUX, 3HAYCHHA Iapa-
MeTpiB TEM He 3MiHIOIOTBCS TICIS BIUIHMBY TPAaHUYIHUX
Temmepatyp B aianaszoni 213 — 333 K, a Takox B pe3yJib-
TaTi BIUIUBY CJICKTPUYHOIO HABAHTAKCHHS B I[UKIIiY-
HOMy pexuMi Ha mpotsasi 1500 rogua ta 2000 roguH B
HerepepBHOMY pexumMi. Ilpu KoOHTpomi 30BHINIHBOTO
BUTJISITy MEXaHIYHUX ITOPYLIEHb HE CIIOCTEPIrajoch.

Po3poGsieni TEM Takox DOCHiIKYBaINCh Ha CTiH-
KiCTB JI0 MEXaHIYHHX Ta KIIIMaTHIHUX (HAKTOPIB.

30kpemMa Ha CTIHKICTP [0 MEXaHIYHUX (aKTOPiB
BUNPOOYBaHHS MPOBOIMINCH 332 TAaKMMH BIUIMBAIOUYUMU

npotszi 10000 roauH. (axTopamu: BIOPOCTIHKICTE; BiOPOMIIIHICTB;
Tabauus 3
MexaHi4Hi Ta KI1iMaTh4Hi (akTOpH Ha CTIMKICTh 10 sIKKX BUnpoOoByBauck TEOQ

HaiiMenyBanHs Hopmu
BIUIMBAOYOro (hakTopy, OJIU- |-KaCK. 2-KACK. AoKacK. Pexxumu
HUI[ BUMIPIOBaHHS TEM TEM TEM
1. BibpocrilikicTh
Jiama3on gacror, I'l 10-2000 OnTnMaaIbHAN
[IpuckopenHs, g 15 ) ) PEKUM
2. BibpowminHicTs
JHiama3on gacror, ' 5-2000 1-300 1-100 /
[TpuckopenHs, g 15 12 3 P
3. baraTtopa3osi yaapu 10000 1000 2000
[Ipuckopenns, g 75 12 15 /
Tpus. immyiscy, Mc. 6 6 2-5 P
4. OnHOpPa3oBi yaapu 3 3
IIpuckopenss, g 150 100

S - H/p
TpuBanicTh IMIyJIBCY, MC. 3 3
5. JliHiiiHi HaBaHTAXXCHHS
IIpuckopenns, g 50 10 ) .
Yac, xBu. 10 10 P
6. 3MiHa TEeMIIepaTyp 5 nuKiIiB 5 mUKITiB 5 muKITiB
Makcumanbha, K 343 3730 323 y
Minimabha, K 213 213 223 P
7. TligBumeHa TteMmmepaTypa
cepenosuia, K 358 353 342 OnTuManbHAN
Yac BUTPUMKH, TOAVHH 1 1 1 poboumii
8. TloHmwxkeHa Temmeparypa
cepenosutia, K 223 213 213 OnTumanbHAN
Yac BUTPUMKH, TOAVHH 1 1 1 poboumii
9 . KoMIiekcHUH BIUTUB 3 nuKm
TgMnepaTypa cepenos., K 373 OnTuMATLHH
Bib6pauis, ' 50 - - N

N pobouwnii

3araJIbHUi Yac, XBUJIMH 15
10.IToxmxeHni SMM.pT.CT. | SMM.pT.CT. 10 MM
aTMoc(epHU THCK pT.CT. OnTtumanbHUi
Yac BUTPUMKH, C 10 10 30 poboumii

[lapameTpu-kpuTepii mpuaatHocTi (mepemang TeMm-
nepatyp (AT) KOHTPOIIOBAIUCS B MHUKIIYHOMY PEXKHMIi
yepe3 koxHi 500 roguH BUNpPOOyBaHb, B  Hele-
pepBHOMY — uepe3 koxHi 1000 roquH Ha yCTaHOBII
AJ160140.000.00. Tlepen BuMipIOBaHHSIM IapameTpiB-
kputepiiB npunatHocti TEM ButpumyBaiuce B HOp-

Oararopa3oBi yJaapu; OJHOPa30Bi yIapu; JiHIHHI HaBaH-
Ta)KEHHSI.

CrifikicTh 10 KIiMatu4HuX (HAKTOPIB BH3HAYAIACH
3a TaKMMH{ BIUTMBAIOYMMHU (aKkTopaMu: 3MiHa TeMIle-
patyp; MiJBUIICHA TeMIIepaTypa CEpelOBHUINA; 3HIKEHA
TeMIeparypa  CEpelOBUINE;,  KOMIUICKCHHH  BILUIHB
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TEeMIIepaTypy CEepelOBHINA Ta BiOpallii; 3HIDKEHHA aTMO-
chepHHii THCK.

KoHKpeTHI BeIMYMHN BIUIMBAIOYHMX KIIMaTHYHHX Ta
MeXaHiuYHHUX (DaKTOpiB HABEACHO y Tabmui 3.

Iepen nposenennsim BunpoOyBanb Ha TEM Oynu
BUMIpPSHI TEPMOEJIEKTPUYHI MapaMeTpH, sKi Micis 3aKiH-
YEeHHsSI KOMIUIEKCY BUIPOOYBaHb OyJIM BUMIpSIHI 3HOBY.
e Taki mapameTpu SIK: ONTHMAJIBHUNA CTPYM; HaJiHHS
HaIlpyry; Iepenaj TeMIepaTyp; TeMIieparypa rapsioro
CIIal0; XOJIOZ0YTBOPIOBAHICTh; CIIOXKHMBYA MOTYXKHICTb.

BumpobyBanust TEM IlenpTee Ha CTIHKICTH 10
MEXaHIYHHX Ta KiiMatndaux (akropiB (m. 1-8 ta 10
tabumi 3) mposomsatecs o I'OCT 20.57.406 (meTtoau
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Puc. 3. TemmneparypHa 3aJeXHICTh XOJOIHOTO
cnato 4-x kackagHoro TEM mpu temmeparypi

ortouyrouoro cepemosuma 293 K (1) Ta
333 K(2).
BUNPOOYBaHb BUPOOIB  E€NEKTPOHHOI  TEXHIKH) 3a

BIIIOBITHIMHA MeTOAaMH. JlaT4WK /il BHMIPIOBaHHS

1 roguHw, a micis BUnpoOyBaHb — HE MEHIIIE 2 TOIWH.
KoMmruiekcHuid  BIUIMB  MiIBHUIIEHOI TeMIEpaTypu
OTOYYIOUOTO Cepe/IOBHIIA Ta BIOPAI[IifHUX HABAHTAXKEHb
y 50 Ty (1. 9 Tabmwmi 3) mpOBOIUBCS HAa OJHOKACKAIHUX
TEM nuisixoM iX po3irpiBy y BHIIpoOyBaibHill OCHACTII
B Kamepi temia ta xonoxy A/157.0002.00.00. no 373 K
NepeHeCceHHsIM Horo Ha BiOpocTeHI 1 BHIPOOYBaHHSIM
npu 50 ' 3rigHo Tabmumi 1 Takux NUKIIB BUOYBAIOCH
3. Ilepen BumpoOyBaHHAMHU Ta IICIS HHOTO KOHTPOJIO-
eTbes 30BHIMHINA Burisin TEM Ta BUMiproeThCs miepemnan
TeMIepaTyp Ha HboMy. [licns BUIIpoOyBaHHA mapaMeTpu
KOHTPOJIIOIOTECS. HE paHillle, HiX 4epe3 TOANHY.
MexaHi4yHi Ta KIiMaTH4HI BUNPOOYBaHHS 3TiJHO 3
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Puc. 4. 3anexHICThP TeMIEpaTypd XOIOIHOTO
crmaro Bix cTpymy kuBieHHs npu 333 K st nBox-

kackajgHoro TEM.

Tabnuuero 3 OyJi0 NPOBEINCHO 3 TO3UTUBHHUM peE3yJiib-
tatoM Juig ycix koHcTtpykuii TEM. Vei ocHoBHI

HaBaHT@XEHHS i Yac MEXaHIYHMX  BHUNPOOYBaHb TepMmoesiekTpuuHi napamerpu TEM micnst npoBeneHHs
Taoaunn 4
ITapameTpu po3podiernx TEM miaBuIieHo1 HaaiiHHOCTI
Tunu TEM
ITapametpn 1 xackang 1-0 2-x 4-x
(Manoctpym.) KacKaJH. KaCKaJ[H. KacKaJH.
1. OntumanbHuid cTpyM, A 0,5 1,2 1,2 1,2
2. laninus Hanpyru, B 0,5 0,2 2.5 5,0
3.Ilepenan temmneparyp AT,K 65 70 90 110
4. Temmeparypa rapsgoro crnaro, K 333 333 333 300
5. X01000yTBOPIOBaHICTH, BT 0,05 0,05 0,15 0,08
6. Crio>xuBYa MOTYKHICTh, BT 0,25 0,25 3,5 6
7. ITnoma Xo101HOTO OOKY, MM’ 2,8x2,8 2,8x2,8 4x9 3x8
8. Ilimoma rapsioro OOKy, MM 2,8x3,3 2,8x3 10x11 13x16
9. Bucora monyss, MM 2,6 2,6 6,4 12,8
10. Uncio kackaiB 1 1 2 4

3aKpilUIsIBC B KOHTPOJIBHIA Toull Ha muardopmi Bia-
MOBITHOTO BUIIPOOYBaJIbHOTO CTeHAY. llepem mpose-
IeHHAM KIMaTHYHUX BuUnpoOyBane TEM Butpm-
MYIOTBCS] B HOPMAJIBHHUX KJIIMaTUYHHX yMOBaX HE MEHIIIE
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BUIPOOYBaHb 3aJHMLIMINCH B MEXaX HOPM, BUMIPSHHX

10 royatky BuipoOyBans. Hopmu mapamerpis TEM, mo

MiTaBAIMCH BUMPOOYBAaHHSIM, HABEICHO B Ta0wIli 4.
JocmimKkeHo TakoXK — 3aNeXKHICTh  TeMIIepaTrypu



xonogHoro cmato TEM Big cTpyMy XWUBICHHA IIpH
TeMIepaTypax orodyrouoro cepemosuma 293 K Ta
333 K. PesynbraTn BUnpoOyBaHb HaBeIEeHO HA pHC. 3 — 6
JUTA pi3HUX KOHCTPYKIiH TEM.
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1500 romua Ta 2000 TOAWH B HEMEPEPBHOMY PEXHMI, Ta
IHITMX MEXaHIYHUX Ta KIIMaTHYHUX YMHHUKIB) TOTOXHI
TBepUKeHHAM [17] B wacTuHi, Ae MOBa ¥ae MO OIIHKY
B daci

HafgiiHOCTI TEPMOCTIEKTPUYHUX TEHEPATOPIB
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Puc. 5. 3anexHicTs TeMmepaTrypu XOJIOIHOTO CIaro
Bin ctpymy xuBieHHs mpu 333 K (1) Ta mpu 293 K
(2) mna omHokackagHoro TEM (MaiocTpymoBHit
BapiaHT).

Puc. 6. 3anexHicTb TemmepaTypud XOJIOJHOTO
cnaro Bix crpymy xmuBieHHs mpu 333 K (1) ta
npu 293 K (2) mns ogHokackagaoro TEM (3Bu-
YaifHWH BapiaHT).

Heo0ximHO 3ayBakKUTH, IO PE3yJIbTATH TOCIIIKCH-
HSl HaJIAHOCTI pO3POOJICHUX TEPMOCICKTPUYHUX MOJIY-

CKJIamHOI eJEeKTPUYHOI CcXeMHu. BenuvesHuil HOCBiA
aBTOpIB 3rafjaHoi poOOTHM B Taixy3i TEPMOEIEKTPUKU

MiBUINEHOT HAIIMHOCTI (BIUIMBY EJIEKTPUYHOTO JIO3BOJISIE BB)KATH PE3YJIbTaTH BUKOHAHMX JOCIHIIKEHb
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High-reliability thermoelectric Peltier modules have been developed. Reliability characteristics
improvement is achieved at the expense Bi-Te-Se-Sb solid solution 28 — 35 mm in diameter and up to 300
in length characterized up rated mechanical strength being a value of o, >80 MPa, c, > 100 MPa at
T=300K and by plating ceramic plates with a molybdenum-copper pseudo-alloy. TEM parameters
values do not change on ultimate temperature of 213-333 K effect at electric load in cyclic (1500 hours)
and continuous (2000 hours) modes. TEM developed resistively to mechanical and climatic factors
influence.
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