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[TosnmepHble TJIEHKH HAXOAAT IIHPOKOE MPHUMEHEHHEe B KauecTBe 3JeK-
TPOU3OJIALHOHHBIX MATEPHAJOB TIPH U3TOTOBJEHHH Pa3HOOGPA3HBIX JIEKTPO-
TeXHHUECKHX H3JeJTHH U KOHCTPYKUHH. TIpH 3TOM B KaXK ZOM KOHKDETHOM CJy-
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Puc. 1. 3aBHCHMOCTb TENmJOBOTO PaCIiPEHNs

(Al) u xo3dpdHunHeHTa TENIOBOIO PaCIIHPEHUA

(n) TieHKH nonusTHIeHTepedTanara (/1aB-

caH) OT TeMuepaTypol (B monepeyHOM Hampas-

neHnn), | — a3 2 — Al (B HCXOXHOM COCTOf-

nnn); 3 —o,; 4—Al (mpr noBTOpHOM Ha-
TpeBaHUH)
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yae paboTa NJEHKH HMEeT HEKO-
Tophle creuuduueckHe ocobeH-
HOCTH, T. €. TJIEHKH HCIBITbIBA-
10T pa3HoOOpasHble MexaHHuyec-
K¥e, 3JEeKTPHUYECKHEe H TellJIOBble
sognedcTBua. Bo Bcex KOHCT-
DYKUHSIX TOJHMepHass TJEHK&
paGoraer. TnpH  TOBLIIIEHHBIX
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Puc. 2. Usmenenne Al u a ;B 3aBHCHMOC-

TH OT TeMIlepaTyphl NOJH3THIeHTepedTa
Ta (B OpPOXOABLHOM HampaBjaeHuH): 1 —
2 — Al — HCXOZHOE  COCTOSHHE; 3 —

Jia-
o 75
@ ns

4 — Al —noejge 24 uacoB CTapeHHda TIpHU
140°C; 5 — a;; 6 — Al — mocne 240 gacos

crapenus npu 140°C



TemIlepaTypax B KOHTaKTe ¢ NPOBOJHHKAMH H 3JIEKTPOH3OJSALMHOHHBIMH Ma-
TepHaJaMHd, KOTOpble HMEIT pas/uyHble KO3Q(HUHEHTH TENJOBOTO PaCHIi-
penusi (KTP). B cBfisu ¢ 3TuM B IJIeHKax JOTOJHHUTEJIbHO MOrYT BO3HHKATb
3HAYUTENbHBIe BHYTPECHHHE HANpSKeHHs, CONPOBOXKIAIOIIHeCH B psje CJay-
yaes fedopMalUsMH H NOBPCKAEHHAMH B BHAE TpeliuH. B 3TOH CBA3H HC-
cleloBaHHe TENJOBOTrO paclIHpeHHd IJIEHOK HMeeT OmpejJe/eHHOe NpPaKTH-
yecKoe 3HaueHHe. ,

B nannoit paGote u3ydasach IJIEHKa C JHHEHHBIM W NIPAaCTPaHCTBEHHBIM
cTpoeHneM MoJiekya. B, xauecTBe oObeKkTa HCC/eJOBAaHUS HCIOJAb30BAHK!
MiIeHKd JlaBCaH, 3MaJbIlJIeHKH Ha 5
ochoBe Jaka BuHuduexc (BJI-931), %2 s
noauapupamugsoro (I13-955), no-
ansdupounanopatioro  ([13-958) /"\

u nosuspupuoro (F-35). : : f s

TenJsoBoe pacimHpenne H3yda- 5{

J0Ch ¢ MOMOLUIbI0 JHAATOMETPHYEC-
koro Meroga. CyllecTByIOIHe KOH- . > 5
CTPYKUHH KBapUEBHX [HJAATOMET- - £ /x o
poB [1, 2] He MO3BOJIIOT C HOCTA- 4 5/' X”;\ d ;&
TOYHOM CTeNeHbl0 TOUHOCTH (PHKCH- R >-’-<‘.§
pOBaTh TEINIOBOE pacluHpeHHe Ije- P /-,/ﬂj*‘.;\,/ﬁ./i’;

HOK ToJaumuuoi 30—60 mx, mnosrto- Ing AN e 7 e
My OblJ BOCIPOH3BENEH H HCIOJb- [/

30BaH  yHHBepcaJbHBIH  mpubdop,

npensioxeHHnfl B pabdore [3].
TensoBoe pacuiHpeHHe n3yua- }/

JIOCh B MHTepBajie NOJOKHTEJIbHBIX -8

temneparyp or 20 mo 200°C npwm C.Ui

ckopocTd HarpeBa mnjenHku 0,5— 4

-12

—1 °/mun u dbuxrcupoBasoch c NO-
MOIIlbI0 MHKpockoma mapku MUP-
IM cueHOll aeneHHs WKaJbl 30 MK. e
[lneHKH 5MaJbJiaKOB H3rOTaBJHBA- *
JIUCh Ha TOJJOXKKaX MeTOJOM OKY-
HaHHu4. -26
Xapakrep TeNJOBOTO pacuUlH- ,
peHusl NJIeHKHU JHHEeHHOrO KPUCTaJd-  Puc. 3. Vismenenune Al U 0y B 3aBHCHMOCTH OT
JIUYeCKOoro noJuMepa (HOJIHaTH~ TEeMIIEpaTypbl IIJIEHOK 3MaJbJ/aka I12-958:
nentepedTanarta) npeicTaBieH Ha | — Un 2 — Al — mectpykTypuposamas
njieHka; 3 —oy; 4 — Al — cTpyKRTYpHpPOBaH-
puc. 1, 2. Jlns sKCIepUMEHTOB HC-  yag ngemka; 5—o; 6—Al —10 e npu
noJab30BauCh 06pasibl, Bhpe3aH- ' NOBTOPHOM  HCNIBITAHHH
Hble B JBYX INEePHEHIHKYJSPHBIX, B
NPOAOJHHOM H TONMepedyHOM, HanpaBaeHusx. Kak Buano u3 puc. 1, 2, B Ha-
YyaJibHBIA NEpHOA HarpeBaHus HaOMW0OAAeTCHd HE3HAauyHTeJbHOe pacluHpeHHe,
nepexojdilee B JaNbHelllleM B pe3Koe HeoOpaTHMoe cOoKpailenue. [IpH nos-
TOPHOM Harpesanuu g0 temnepatypsl 120—140° C Habaogaercs HEKOTOPOE
pacliupeHHe IJIEHKH, 2ateM INpu OoJsiee BHICOKHX TeMIlepaTypax COKpallle-
Hue. Takoe noBejeHNne MNJEHKH JAaBCAH BbLI3BAHO OPHEHTUPOBAHHBIM pachno-
JIOXKeHHeM MoJleKyJibl, BO3HHKAIOUIUM B IIpolecce H3rotoBjaeHus. lIpurynu-
TeJbHasl OPUEHTaUUsl XapaKTepu3yeTcs HepaBHOBECHBIM COCTOAHHEM CTPYK-
Typbl, KOTOpOe HCue3aeT B Ipoluecce peJakcauuud MoJekyna. Penmakcauus B
JIAHHOM CJlyuyae 3aTpPyAHSETCH KPHUCTAaJJIHMYeCKHUM CTPOeHWeM M TNJOTHOH yna-
KOBKON CTPYKTypbl. B CBfi3n Cc 3THM HepaBHOBECHOe HalpsAXKEHHOe COCTOf-
HHe HcuezaeT AHmb nocnae 240 yacoB TepMooOpaGOTKH NpPH TemIlepatype
140° C, HecMOTpPS Ha TO, UTO TeMIepaTypa CTEK/JIOBaHHS HAXOAUTCS B HHTEp-
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Bajse 67—81°C [4]. [lanHoe siBJeHMe clelyeT HMETh B BUAY [PH KOHCTPYH-
POBAHHH NA30BOH H3OJSALHH 3/JeKTPHUECKHX MalUHH, TIPH H3rOTOBJEHHH 00-
MOTOUHBIX HPOBOJOB C IIJIEHOUHON H30JIALiKell, KOrAa NnpuberatT K YiJOTHe-
HHI0 M30JSIUHH [MyTeM TepMoo6paloTKH, a TakxKe NPH H3YYEHHH CPOKa
cayx6pl OAUMEPHON H30JAALHH. F3MeHeHHe TeMmepaTypHOro KosgduiueH-
Ta paciuperus (a,) HMeeT GoJsee CJA0KHBI Xapakrep, H OH 4yBCTBHUTeJEH
K BHYTPEHHHM NepecTPOoHKaM W BHYTPEHHHUM HaNpsizKeHUsiM.

B mpouecce npoH3BOACTBA 3Ma/JHPOBAHHBIX IPOBOJOB OPHEHTHPOBAHHOE
10J10KeHHe MOJIEeKYJl IVIEHKOOOpa3yIoleil OCHOBE BOSHHKAET TPl HaHeceHH
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Puc. 4. 3aBucumocte Al u o ; ot Temneparty- Puc. 5. 3aBucumocrts Al M a, 0T Temnepa-

pHl [JeHKH 3Madibiaka 113-955: | — oy, 2— Typsl WIeHOK sMagdbaaka BJI-931: 1 —a,;

Al — HcxopHoe cocTosiHHe, 3 — otg; 4 — Al — 2 — Al — HcxonHoe  COCTOSIHHE, 3 - Oy

nocae 24 yacob crapenus npu 180°C; 5 — oy, 4 — Al —mnocne 24 wacoB CTapeHHHS TIpH

6 — Al —nocme 240 wacoB crapenua npu 180°C; 5—ay; 6 — Al —mocsie 72 uacos
180° C crapeHns npu 180°C

Jaka Ha npoBoja. Crabuau3allud TAaKOT'O COCTOSIHHSI CIOCOOCTBYeT 06paso-
BaHHE NPHCTEHHBIX CJ0€B Ha rpaHuie MetaJss — Jdak [6, 5], npouecc cTpyk-
TYPUPOBAHHS, a NE30PHEHTALHH — PeJIaKCALUOHHbIE TPOILeCCHl B HEPHO HClla-
peHHs pacTBOPHTENS W Hauasa NOAHKOHAeHcauwu. [Ipu AasjpHeHRIIHX TepMoO-
06paboTKax HEpPaBHOBECHOe COCTOSIHHE IIOCTEFEHHO yMEHbIIAeTCs, ypOBeHb
BHYTPEHHHX HaNpAMXKEHHH CHUXKAeTCH, UYeM M MOXXHO OOBACHHTb H3MeHeHHe
sesuunnbl nepenagos TKP = naasa naenoxk Jiaxa I19-958 (puc. 3), T12-955
(puc. 4) u BJI-931 (puc. 5). Beanuuna TKP npakrtuyecku AJsi Bcex 3MaJb-
IJIeHOK B HHTepBaJje Temmepatyp 20—200°C usmensiercs B mnpenenax (2-+
20.10-% 1/°C), uro npumMepHOo Ha oxuH mopsifok Bbiile TKP merananaos. Ta-
KOoe pas/iMuue TeMIepaTypHbIX KO3(h(HUHEHTOB paCIIHpPEHHs] MOXKET MpHBEC-
TH K BO3HHKHOBEHHIO 3HAuMTEe/IbHBIX BHYTPEHHHX HanpsiKenui. Benanunua
HanpsXeHHH B 5MaJ/IeBOH H30JAIHH IPOBOJOB M APYIUX H3JEAHHA MOXKeT oLe-
HHBATbCST B JOCTATOYHOH CTEMeHH TOYHOCTH [Jis 00JacTh ynpyrux pecdopma-
ILMI IDH HAJTHYMH 3aBUCHMOCTH a,=[(#° C) u monyas ynpyroctu E=f(i°C).
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