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INNabopaTtopHaa paboTta Ne 1

MeToAabl N3MepeHnA TOJILLNHDbI
TOHKUX NMNEeHOK

Ilenv pabombr — O03HAKOMIICHUE C METOJAMHU W3MEPEHHS TOJIIIAHBI
IJICHOYHBIX CTPYKTYpP M TUIYOWHBI 3ajieranus P-N mnepexoaoB npu auddy-
3MOHHBIX TIPOIIeCcCax.

KpaTkasa Teopus paboTtbl

Baxknoe mMecTo mpu npou3BoICTBE UHTErpaibHbIX MUKpocxeM (MIMC)
3aHUMAET KOHTPOJIb TOJIIMHBI SMUTAKCUAIBHBIX CIIOEB W TIyOHHBI 3alie-
ranus P-n nepexoqioB auddy3nonusix odnacteid. Haubonbinee npumeHe-
Hue npu usrotoBienn UMC Haxonsatr nuddy3uoHHbIE 00J1aCTH TIIyOU-
HOM | - 20 MKM U snUTakCUalibHbIE CI0u ToamuHou 1 - 30 MxM. TpyaHO-
CTU U3MEPEHUsI TaKUX CPABHUTEIBHO MAJIbIX TOJIIUMH 3aKJIIOYaloTCs HE
TOJBKO B MX pa3dMepax, HO U B TOM, YTO YaCTO HEOOXOJIUMO MPOU3BECTU
M3MEPEHUE TOJIIMHBI CJIOS B CIOKHOM CTPYKTYpE, COCTOAILIEH U3 He-
CKOJIBKUX CJIO€B (JIUAJIEKTPUYECKOTO, AMUTAKCUAIBHOTO, MOJTYyIPOBOIHU-
KOBOT'O H T.1.).

JIns u3MepeHus TONIIMHBI SMUTAKCUATIBHBIX CJIO€B U TIIyOUHBI TU(-
(Gy3UOHHBIX 00JacTel B HACTOsIIEE BpeMsl pa3padoTaH psiJi METO/IOB, KO-
TOpBIE MOKHO pa3eiIuTh Ha paspyluaronme u Hepaspymawomme. K pasz-
pyuarwum METoAaM OTHOCSTCA METOJIbl Kocoro (mpsMoro) nuiuda, 1u-
auHapuyeckoro  nummda  (peaKo - NpUMEHSIeMOro M 31eCh  HE
paccMaTpuBaeMoro), chepruieckoro nuida u MeTo 1 U3BMEPEHHUS TOJIITUHBI
o pa3Mepam Je(PEeKTOB YIMaKOBKU C MPUMEHEHUEM CEJIEKTUBHOTO TpaBJie-
HUSL U OOBIYHOTO MUKpPOCKOTA. B mpakTrke Hanuim HauOoOJbIIEe pPacipo-
CTpPaHEHUE METObI KOCO20 U chepuueckoco waugos.

Memoo kocozo winuga

Merton kocoro num@a COCTOUT B TOM, YTO IIJIACTUHY B KOHTPOJIHpYE-
MOM o0jacTu conutugoBbIBaiOT moj HeOoapmuM yriaom « (0,5 - 5°), kak
MOKa3aHo Ha pucyHke 1.



Puc. 1. Kocoti winug nonynpoooHuxko8ot niacmumbl
(cnpasa). Cnesa — npsamou wiaug

N3rotoBieHHbIN NI}, €CIU CIIOUW TPYJHOPA3IUUYUMBI, OKPAIIMBAIOT
ClieMalIbHBIMU TpaBuTesiIMU. [locie okpammBaHus U3MEPSIOT JTUHEHBIC
pasmepsl |; u |, cooTBeTcTBYIOMMX Cl0EB NITU(GOBAHHON IMOBEPXHOCTH B
HarpapjeHUU NUIM(A C MTOMOIIBI0 U3MEPUTEIILHOTO MUKpockomna. Tommu-
HBI CJIOEB ONPEAEISAIOTCS BRIPAKECHUSIMU

d, =l;sine; d,=1,sine (1)

B cnydae 10oCTaTOYHO TOJCTBIX IUICHOK TOJIIMHA HUX MOXET OBITh
ompezeseHa MeToJioM mpsamoro nuinda (cMm. puc. 1), Korga u3mMepuTeb-
HBIM MHUKPOCKOIIOM HETIOCPEJICTBCHHO U3MEPSIOTCS BenunHbl d; u d,. W3-
rOTOBJICHUE TIpsAMoOTro nuiuda Oojee mpocroe, 4eM Kocoro numda, HO U
OHO TpeOyeT IOCTaTOYHO MHOI'0 BPEMEHU Ha aOpa3MBHYIO WUJIU IJIEKTPO-
XUMHUYECKYIO MOJMPOBKY ISl TOTYUYEHUSI KOHTPACTHOM TPAHULIBI.

Kocoit nmmg oOBYHO M3roOTaBIMBACTCS MEXaHUYECKHM CIIOCOOOM -
nUIM(OBKON U MOJMPOBKOM aiMa3zHbIMU mactaMu. [Ipu 3ToM nmomydarorcs
IJIOCKHE MOBEPXHOCTU C yriioM ckoca A0 1°. OpgHako Nmpu H3MEPEHUU
TOJIIIUHBI TOHKUX SMHUTAKCUAIbHBIX ClIOeB (MeHee 1 MKM) BO3HHMKAET He-
00X0JIMMOCTh M3TrOTABJIMBATh NUITU(BI C YIJIoM ckoca MeHee 1°. Jlns sToit
IEJIU MpeasiaraeTcsl yaI00HbIN cmoco0 XMMUYECKOTO TPaBJICHUs, CXeMa KO-
TOPOTO MOKa3aHa Ha PUCYHKE 2.

Y CTpoMCTBO COCTOUT M3 HUWKHEH eMKOCTH 1, nepkarens 2 ¢ oopas-
11oM 3, BEpXHEW eMKOoCcTH 4 W TPYyOKM 5, COCNUHSIONICH JIBE €MKOCTH, U
BO3JYIIIHOTO Hacoca 6, B KAYeCTBE KOTOPOrO CIYKHT PE3WHOBas Tpylla.
HaxxatueM rpymm TpyOKa 3amoyiHSIETCSl TpaBUTENIEM U3 cocyna 4, mocie
ATOTO HAYMHAETCS MPOU3BOJHLHOE PABHOMEPHOE HAIOJHEHHE eMKOCTU 1
TpaBuTelneM U3 eMKOCTU 4. [Ipy HaNMONHEHWH €MKOCTH TPaBUTEIEM pPa3-
JMYHBIE YYaCTKHA 00pa3lia Mo €ro BBICOTE TPaBATCS pa3HOE BpEMsi, B pe-
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3yJbTaTEe YEro yroji cKoca MmojaydyaemMoro nuinda 3aBUCUT OT COOTHOIICHUS
CKOPOCTH TpAaBJICHUSA WM HAIMOJIHEHHS e€MKOCTH 1 TpaBurteinem. CKOpPOCTh
TPABIICHUSL OMNPENEIIETCA COCTAaBOM TpaBUTENsA. CKOPOCTh HANOJHEHUS
BApbUPYETCSI W3MEHEHUEM OTHOIIEHUS IUIOIIAJM CEYEHHS] €MKOCTH 1 K
MONIEPEYHOMY CEUEHHUIO COCTMHUTEIHHON TPYOKHU.
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Puc. 2. Yempouicmeo ona uzeomosnenus kocoeo winuga xumuue-
CKUM mpaegnenuem: 1 - HUMCHSSL eMKocmb, 2 - 0epicamesb;
3 - obpaszey, 4 - epxussn emkocmon, 5 - mpyoxa;
6 - 8030ywHbLL Hacoc

VYros HakJIOHA MOJly4aeMoro nuiMda OoIeHUBAETCS MO COOTHOIICHHUIO
tga = VTS/STP\/ZgH, rae V7 — CKOpoCTh TPABJICHUS; S — IUIOMIAb CEUCHUS
HIDKHETO COCyaa; Syp — IUIONIAAb CEUYCHHS TPYOKH; § — YCKOPEHHE CBO-
O0oHOTO MazeHus; H — pa3HOCTh BBICOT HaYaIbHBIX YPOBHEH TpaBUTEIICH
B BEPXHEM W HIXKHEM cOCyJax. BbICOKas paBHOMEpPHOCTb CKOPOCTH Ha-
MOJIHEHUSI HUXKHETO COCyJa TPaBUTEISl OOECIEUMBAET POBHYIO IOBEPX-
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HOCTh HUIM(pa U JTUHEHHOCTh ero npoduis. B 3ToM OTHOIIEHUU ONMUCaH-
HBII cIOCO0 M3rOTOBJIEHUS KOCOTro HuiMda MMEET MPEeUMYyIIECTBa Mepen
AHAJIOTUYHBIMU METOJIAMU, B KOTOPBIX UCTOJIB3YETCA MPUHIUIT MEXAHUYE-
CKOI'0 MOrpy>KeHusi oopas3iia B TpaButesb. ONUCaHHBIN cOCOO MO3BOJISET
MoJIy4aTh KOChIE IUIU(BI C YIIOM CKOCa JO HECKOJBKUX MHUHYT U JaXe
CEKYyH].

Memoo cghepuueckozo wauga

[IpumeneHnne Metojia Kocoro nuirda CTAaHOBUTCS 3aTPyAHUTEIbHBIM,
KOTrJla HEOOXOAMMO TOIYyYUTh HHPOpMAIIHIO 00 OJHOPOIHOCTH TOJIITUHBI
MO TUIOIIAJAM AIUTAKCHAIBHON CTPYKTYphl. Jlis sToM menu Hambosee
yA0OHO TPUMEHATh chepruueckuid U@, KOTOPbIA MOJy4Yus Haubosee
IIUPOKOE PACTIPOCTPAHEHUE 1T U3MEPECHUS TOJIIMHBI CJIOEB U TIyOUHBI
3ayieradus P-n mepexoaoB npu aud@y3noHHbIX mporeccax. [Ipu u3roros-
neHuu cepudeckoro nuiMda B KauecTBe pabouero HHCTPYMEHTA UCIIOJIb-
3y10T MeTayutndeckuit map auamerpom 30 — 150 mm. C moMortpio mapa u
a0pa3uBHOW CYCII€H3MU U3 aJIMa3HOW MacThl M YaCOBOTO Macja M3rOTOB-
JS0T chepruuecKkyro JyHKY. CrenualibHbBIMU OKPAIIMBAIOIINMU PAacTBOpa-
MU KOHTPACTUPYIOT OKPACKy U3MEPSEMBIX CJI0€B. MUKPOCKOIIOM H3MeEpsi-
10T auametp D; nynku u nuamerp D, BIucaHHON KOHIEHTPUYECKOM OK-
PY>KHOCTH, COOTBETCTBYIOIIUI IpaHUIIC pa3jiesia KOHTPOJIUPYEMOTO CIIOs C
nocienywmum ciaoeM (puc. 3). IIpu uzBectHom auamerpe D miapa Toii-
[IMHA KOHTPOJIHUPYEMOTO CIIOSI BBIYUCIISIETCS 110 hopmyJie

d= (D, *- D, / 4D. (2)

Ha npakTtuke nojb3yroTcsi Ta0auliaMmu, MO3BOJISIONIMMU 110 U3MEPEH-
HOMY 3HadyeHHI0 D, HaliTH coOTBeTCTBYIOIIEe 3HaYeHue O (Ipu MOCTOSH-
Heix D u D;). Meton cdepudeckoro nuuda npuMEeHUM JJii KOHTPOJIS
cioeB TosmuHOM Oosee 0,1 MKM ¢ pa3HBIM TUIOM 3JIEKTPOIPOBOIHOCTU
WU C KOHIIEHTpAIMEH JICTUPYIOIIEH MpUMecH, OTIMYaloIIeics: 6ojiee 4eM
Ha MOPSIIO0K.
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Puc. 3. Cpepuueckuii winugh nnacmunsl ¢ nienkou moawunot d

Omneparus «OKpalIuBaHUsS» TPHU ONPEeTICHUN TIIyOUHBI 3aJIeTaHUs
P-N TIepexoa0B MPOU3ZBOAUTCS CIEIYIONUM 00pa3oM. Heckombko Karmemb
OKPAIIIMBAIOIIETO TPABHUTEIS MUTIETKOW HAHOCHUTCS HAa MecTo mutuda. Jls
KpeMHUsl yaille Bcero ucmnosnizyercs pactsop 100 u. HF + 0,1+0,5 u.
HNO3, ipu aeficTBUHM KOTOPOTO KPEMHHM p-THUIMA TEMHEET OOJbIe, 4YeM
MaTtepuas N-tuma. J[Jis repMaHus UCMOJIb3yeTcsl KOHIICHTPUPOBAHHAS T1e-
pekuchk H,O,. {15 okpammBaHus CIIOEB SIUTAKCUATIBHBIX CTPYKTYP apce-
HUJa TaJUTAsI UCTIOB3YIOT OKUCTIeHue B pazoaBieHHOM pactBope HNO;.

Humeppepenyuonnutiit Memoo usmepenus moaujunsl Ri1eHoK

PaccMoTpeHHbIe pa3pylIalonIe METOJbl KOHTPOJS MPEeanoiararoT
UCIOJIb30BaHKE JTUOO KOHTPOJIBHBIX MOJIyJIe Ha paboyux IMIacTUHAX, JU-
00 creruanbHbIX MJIACTUH-CIYTHUKOB (KOHTPOJBHBIX IJIACTHUH), 00pabda-
THIBAEMBIX BMECTE€ C Pa0OUYMMM IUIACTUHAMHU M CIIYXallUX TOJBKO JIJIst
KOHTpoJis1. OnpesiesieHne KayecTBa NapTUU IUIACTUH M0 OJHON-ABYM ILIa-
CTUHAM-CITyTHUKAaM MOXET OBbITh HEJJOCTOBEPHBIM. JKelaTteabHO U3MEPSITh
aneKTpou3nUecKkre mapameTpsl (MMOBEPXHOCTHOE U YJIEIBHOE COMPOTHB-
JIEHWE SMUTAaKCHAIBLHOTO Cjios U AU dY3MOHHBIX 00JacTeil) HEMOCPEeICT-
BEHHO Ha pa0ouux IUlacTUHaX. B Hacrosiee BpeMs HCHOJB3YIOT METOJ]
KOHTPOJIS TIapaMeTPOB AMUTAKCUAIBHBIX CIOE€B U AUDPY3UOHHBIX 00JIac-
TE C TIOMOIIBIO TECTOBBIX (KOHTPOJBHBIX) stueek. PazpaboTaHbl HAOOPbI
TECTOBBIX fA4YeeK, com3mepuMbix ¢ pazmepamu UMC. Kaxnas tectoBas
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s4yeliKa MpeJCTaBIsIeT co00 HabOP 3JIEMEHTOB, C MOMOIILI0O KOTOPBIX OII-
peAeSIIOT KaKOH-I1100 mapamerp.

Hepazpyiatoiire MeToibl KOHTPOJISI TOJIIMHBI OCHOBAHBI HA ONTHYE-
CKHUX SIBJIEHUAX B TOHKHUX IUIEHKaX. K HAM OTHOCATCS METOJbI AJUIUIICO-
meTpuu, uarepdepennnn MK-uznydenus, unrepdepeHiny BUIUMOTO U3-
nyuenus, WK-cnektpomerpuu, Qypbe-CIEKTPOMETPUU, MHOTOJIYYEBOU
uHTep(PEepeHIInM, a TaK’Ke METOJIbl U3MEPEHHUS TOJIIMHBI 10 pa3Mepam Jie-
(dbeKkTOB ymakoBKH 0e€3 CEJIEeKTMBHOrO TpaBlieHHs. B kaudecTBe mpumepa
pPacCMOTPUM METOJIbl OMPEACIICHUSI TOJIIMHBI TOHKUX IJIEHOK Ha OCHOBE
ABJICHUS! UHTEP(EPEHIIMHU B BUIUMON 00JIACTH CHEKTpa.

[IpuHnunranbHas cxeMa HanboJiee pacmpoOCTPAHEHHOTO JBYXIy4eBO-
ro uarepdepometpa (MaTepPepomerpa JInHHNKA) MOKa3aHA HA PUCYHKE 4.
CBeT OT UCTOUHHMKA S, PO s yepe3 KoHaeHcop C, MajgaeT Ha HAKJIOHHYIO
MJIOCKOMAPAIIICTBHYI0 CBETOACTUTEIBbHYIO (MTOTYyIPO3payHyI0) TUIACTUHY
AB. Yacte myuka, npouas yepes IUIaCTUHY, OTPAX)aeTrcs OT 3TAJIOHHOTO
3epkana M,, Bo3Bpamaercs K IUIACTHHE, OTPa)Xaercs OT HEE U paclpo-
CTpaHsETCS BJIOJb ONTUYECKON OCU CUCTeMBI. [[pyras yacTe Iy4ka, oTpa-
3UBIIKCH OT TIacTUHb AB, monagaetr Ha 00BEeKT Mj, OTpakaeTcsi OT HETO
U TaKXe€ pacHpOCTPaHAETCS BAOJb OCH CUCTEMBbI. DTH JIydd HUHTEpdepu-
pYyIOT B hoKaIbHOU MIOCKOCTH OKYJisipa O. Pa3HOCTh X0/1a yBEIMUMBAETCSA
OT LIEHTpA MOJIsl 3PEHUS K €r0 KpasiM U MOCIEI0BATEIbHO NPOXOJUT Yepe3
snHauenus 0, A/2, A, 3/2, 24 u 1.1. Tam, rae pasHocts xoma A =mA (m —
1[E€JI0€ YKCII0), HAOIIOMAI0TCs CBETbIE MOJIOCHI, TaM, rae A=(2m+1)4/2, -
TeMHble. Hanune BBICTYNOB U BIAJAWH HA NMOBEPXHOCTH, MPUBOJSAIINX K
MOSIBJICHUIO JIOTOJHUTENIBHOM PAa3HOCTH XOJa, BBI3BIBAET HCKPUBIICHUE
UHTEPPEPEHIIMOHHBIX ToJIoc. IIpu BbIcOTE cTymeHu A/2 pa3HOCTH X01a
Jy4deil B IByX BETBSIX MHTEepdepomMeTpa U3MeHsieTcsl Ha A u uHTepepeH-
[MOHHAS KapTUHA CMEIIAETCA Ha OJHY MoJjiocy. HanMmeHbiias BbIcOTa He-
POBHOCTH, KOTOpasi MOKET ObITh OOHapykeHa W M3MEpPEHa C IMOMOIIbIO
BBIITYCKAE€MbIX POCCUMCKOW MPOMBIILICHHOCTHIO JBYXJIYYEBBIX HUHTEpQE-
peHIIMOHHBIX MUKpockornoB (MUUN-4, MNUN-10), cooTBETCTBYeT H3THOY
noinocel 0,1 wuHTEpBasia MeEXay MojJocaMM M JJi1 OeIoro cBeTa
(Aep= 0,55 Mxm) paBHa 0,1x0,55/2 = 0,03 mxm (300 A).

[Topsimok mM3MepeHus: TOJIIMHBI IJIEHKH cienyromui. Ha moBepxHo-
CTH CJIOS JIEJIAIOT LApaUHy OCTPBIM MPEIMETOM JI0 MOJJI0KKUA WU U3TO-
TaBJIMBAIOT YETKYIO CTYNEHbKY, PaBHYIO TOJIIUHE TUieHKU. [Ipu HaOmI0-
JeHUU B UHTEPHEPECHITMOHHBIH MUKPOCKOT B MECTE CTYNEHbKH UHTEpdEe-
PEHIIMOHHBIE JTUHUM OyNyT UCKPUBIATHCS. Ecnyu M3MepuTh BEIMYUHY, HA
KOTOPYIO CMEILACTCS JIMHUSA U PACCTOSIHUE MEXAY MHTEPPEPEHIIMOHHBIMU
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M0JI0CaMHU, TO C MOMOIIBI0 padbounux (HOPMYT MOXKHO OIPEACTUTh HCKO-
MY10 BeauuuHy d:

d = (Ax/x)*(1/2), (3)

rae /x - CABUT LIEHTPAJbHOM MOJOCHI (B OTHOCHUTEIBHBIX €IUHUIIAX), X -
PACCTOSTHUE MEXY COCEIHUMH HHTEep(PEpPEHIIMOHHBIMU IOJ0CaMH (B OT-
HOCHUTEJIbHBIX €IUHUIIAX ), A - JUIMHA BOJIHBI CEPEAUHBI BUIUMOTO CIIEKTpA.
Muxkpockonn MUM-4 no3BossieT onpeaeanTsh TOMMKUHBI IieHOK oT 0,03 1o
1 mxMm, mukpockon MUHU-11 ot 0,005 MM 10 1 MkMm.
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Puc. 4. OnmuquKa}z cxema
08yxIyues020 unmepgepomempa Jlunnuxa

Jlpyroii pasHOBUIHOCTHI0 HMHTEP(PEPEHIIMOHHOTO METOJA H3MEPEHUS
TOJIIUHBI TOHKUX IUICHOK SIBJISETCS LIBETOBOM METOJI, KOTOPBIH IIHPOKO
UCIIOJIb3YETCS ISl OIPENEICHUS TOJIIMHBI TEPMHUYECKH BBIPAILIEHHOIO
cnos SiO, nuau ciost SigNy4 Ha Si. OCHOBBI 3TOr0 METOJja U3y4YaliCh Ha 3-M
Kypce IIPH BBIIIOJIHEHUH JJA00PATOPHBIX Pa0d0T «MeToAbl KOHTPOJIS B TEX-
Hojoruu UMCy.



Mopsaok BbINONTHEHMA PaboThI

1. O3nakomuthbes ¢ Mukpockonamu MBC-11 u OI'MD. TIpuBectu ux
B pabouee COCTOSTHUE COTJIACHO TEXHUYECKUM OTTUCAHUSIM.

2. YcraHoBuTh IleHy jneneHusi mukpockorna MbBC-11. Onpenenuthb
TOJIIIUHBI MPEITIOKEHHBIX MPETO/IaBaTeNIeM IIJIEHOK METOAaMH MPSMOTO U
KOCOTro IUtHQOB.

3. Metoaom mapoBoro mnuda mpu nomoiu Mukpockormna OI'M3 on-
penenuTh TIyOuHY 3ajieraHus P-N mepexo/oB B KpeMHHH. OnpenenuTb
THUIT TPOBOJAUMOCTH KaxA0u MU Py3roHHON 00JaCTH U UCXOJHOTO KPEM-
HUSL.

Jlumepamypa

1. Usmepenuss U KOHTPOJb B MHUKpodjekTpoHuke /Ilox pen.
A.A. Cazonosa. M.: Beicmas mikoJja, 1984. 367 c.

2. bepesun A.C., Mouankuna O.P. TexHosorus u KOHCTpYHpPOBaHUE
uHrerpanbubix MukpocxeM / Ilon pen. W.II. Crenanenko. M.: Paguo u
CBs3b, 1983. 232 c.

3. barasun B.b., Konnenoii F0.A., ®enoposuu 10.B., U3mepenue na-
pPaMETPOB MOJYIIPOBOAHUKOBBIX MATEPUAIIOB U CTPYKTYp. M.: Pamno wu
CBsI3b, 1985. 264 c.

NNabopaTopHasa paboTa Ne 2

NMpoBOAMMOCTL AMCNEPruPOBaHHbIX
MeTanm4yecKux nreHoK

Ienv pabomwt - N13ydeHUE OCHOBHBIX 3aKOHOMEPHOCTEU AJIEKTPONIPO-
BOJIHOCTH JUCHEPTUPOBAHHBIX METAJUIMYECKUX IUIEHOK NP H3MEHCHUU
ANEKTPUYECKOTO MOJISI U TEMIIEPATYPHI.

KpaTkasa Teopus paboTtbl

N3BecTHO, 4TO B 3aBUCHUMOCTH OT CTaJUU POCTA IJIEHKA MOXET OBbITh
OCTPOBKOBOW (AUCIEPTUPOBAHHOM), MOPUCTON (CTPYKTypa C KaHaJlaMH)
WM crtomrHou. Kaxknas u3 mepeurcieHHbIX CTaaui XapaKTepu3yeTcsl UH-
IUBUTYaTbHBIMU 3JEKTPUYECKUMHU CBOMCTBAMH, KOTOpBIE CIEAYET pac-
CMaTpuBaTh OTHAEIBHO. B maHHON pabore OyayT M3y4eHBl OCOOCHHOCTH
ANEKTPUICCKHUX XaPAKTEPUCTUK OCTPOBKOBBIX METAITMUECKUX IUICHOK.
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JlucneprupoBaHHbie TJICHKH (HOPMUPYIOTCA U3 HEOOJBIIUX OCTPOB-
KOB MaTepHalia, KOTOpble (PU3MUECKU HE CBA3aHHBI ApPYyr c npyroM. Kax
CJIEJCTBUE 3TOrO JJIEKTPONPOBOJHOCTh OCTPOBKOBBIX IIJIEHOK HAa MHOTO
MOPSIZIKOB BEJIMYMHBI MEHBIIIE, 4YeM Y 00bEeMHOro Marepuaina. [1onHoil He-
O’KHMJIAaHHOCTBIO 0Ka3aJ0Ch TO, YTO €CJIM METaJUIbl B 00bEMHOM M CILIOLI-
HOM IIJICHOYHOM COCTOSIHUM 00JIaJIat0T MOJOXKUTEIbHBIM TeMIIEPATyPHBIM
ko3¢ duruentom conpotusiienus (TKC), To B qucneprupoBaHHBIX TIJICH-
kax TKC oTpunareneH. YCTaHOBJIEHO, YTO 3JIEKTPONPOBOJHOCTh OCTPOB-
KOBBIX IUICHOK 3KCHOHEHIMAIBHO 3aBUCUT OT BEJIUYUHBI OOpPaTHON TEM-
MepaTypbl, CBUAETEILCTBYSI TEM CAMbIM O TOM, YTO MEXaHU3M IPOBOJIU-
MOCTH MOKHO TEPMHUYECKH aKTUBUPOBATD.

HeTunuyHbeM I METAJJIOB SBUJICA TaKXke€ TOT (DAKT, YTO DJIEKTPO-
MPOBOJIHOCTh OCTPOBKOBBIX IIJIEHOK HOCUT OMUYECKHH XapaKTeP TOJBKO B
00J1acTH cNadbIX AJEKTPUUECKUX MOJIeH (0 HECKOJIBKUX COTeH BonbT Ha
CAHTUMETP), CTAHOBSICh B 00JI€€ CUIIbHBIX MOJIIX HEJIMHEHHOM.

DKCHEPUMEHTAIBHBIE UCCIIEA0BAHUS, BHIIOJTHEHHBIE HA OCTPOBKOBBIX
MJICHKaX Pa3IuyHbIX MAaTEPUAIIOB, MTOKA3alu, YTO COMPOTUBJICHHUE TIJICHOK
B 3aBUCHMOCTH OT TEMIIEPATYpPbl XOPOLIO ONMUCHIBACTCS IPU IMOMOIIU
yYpPaBHEHUM

R=A, T%x exp(@/ koT), (1)

rae Ag, au @ - TOCTOSIHHBIE JIJIs1 KOHKPETHOM TuieHkHu. Hekoropsie rpadu-
yeckue 3apucumoctr R(1/T) npuBenensl Ha pucyHkax 1 u 2.

finamuka
£=0,183 26
_,g (—
-1+ \\\0,2‘3\?‘
(1338
-12

0,518

log npefadurocmru
yﬂ SRS ERLE T VL LB FUT, EHNL

; “13F g3 9,553
1 | L L
0 2 W 00032 00036  GO040

¥ -f
7 apad

Puc. 1. 3asucumocmo conpomuesne-  Puc. 2. 3asucumocms npo8oou-

HUS OM meMnepamypul npepoleu- MOCmU om memnepamypbl nia-
CMbIX NJIEHOK Mpex Pa3IUyHbIX Me-  MUHOBbIX NAEHOK NPU PA3IUYHOU
mannos MoauuHe
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Jl71st 0ObsSICHEHUSI TTOJTYYEHHBIX SKCIIEPUMEHTAIBHBIX PE3YJIbTATOB Obl-
JI TIPEIIIOAKEHBI HECKOJIBKO PA3JIMYHBIX MEXAHU3MOB IIPOBOJIMMOCTH JUC-
MEPrUPOBAHHBIX TUJICHOK, KXKJBIM U3 KOTOPBIX MOXKET padoTaTh MpPH OIl-
PEIEJICHHBIX YCIOBUAX. B OCHOBY pacCMOTPEHHUs MOJIOKEHO, YTO DJIEK-
TPOHBI MPOBOAUMOCTH 0€3 TMPUIIOKEHHUS BJIECKTPUUYECKOTO TMOJISI MOTYT
HaXOJUTHCS TOJIBKO B M30JMPOBAHHBIX OCTPOBKaX. Ka) i1 OCTPOBOK OT-
JEJEH OT APYroro BaKyYyMHBIM ITPOMEXKYTKOM. B 3TOM ciydae oCTpOBKHU
paccMaTpUBAIOTCS B BUJIE MOTCHIMAIBHBIX SIM, PA3JCIIEHHBIX MOTCHIUAIb
HbIMU Oapbepamu. [Ipu HaNOKEHUM BHEITHETO JIEKTPUUYECKOTO OIS PU
ONIPEIEIICHHBIX YCIOBUAX BO3MOKEH MEPEHOC AIIEKTPOHOB OT OAHOIO OCT-
pPOBKa K Ipyromy. PaccMoTpuM HEKOTOPBIE U3 ITUX MEXAHU3MOB — TEPMO-
AIEKTPOHHYIO SMMCCHIO, TYHHEJIIMPOBAaHWE YEpE3 BAKyyMHBIM 3a30p U
TYHHEJINPOBAHUE YEPE3 JIOBYIIKU JUIJIEKTPUUECKOU MOIITOKKH.

Ilepenoc nocpedocmeom mepmorieKmpoHHOU IMUCCUU

Hcropuuecku 3T0 ObUT IEPBBIM MEXAHU3M, BBIIBUHYTHIN 171 00BsICHE-
HUS SBJICHUS TIEpEHOCA TOKAa MEXIy ocTpoBKamMu. [IpoxokaeHue 3aeKTpu-
YECKOro TOKa B JUCHEPIUPOBAHHON IUICHKE B JAaHHOM CIIy4ae€ CBSI3aHO C
MIPEOJI0JICHUEM DJICKTPOHAMU MOTEHIMAIBHBIX 0apbepoB. [lockobKy sHEp-
I'Usl aKTUBAIMK, HaOJto1aemMas B Cliydae MPOBOJUMOCTH TaKUX TUICHOK, Ha-
MHOT'O MEHbIIIE€ pabOThl BBIXOAA DJIEKTPOHA W3 COOTBETCTBYIOIIUX METall-
JIOB B MAaCCHUBHOM COCTOSIHUM (Hampumep, s Pt padota Beixona 5,3 3B),
HE00XO0IMMO OBLIO JAOMYCTUTh, YTO UMEET MECTO OJTHO U3 YCIOBHUM:

- 0oJiee HU3KUW Oapbhep aKTUBALUU O0YCIIOBIICH HAJIOKEHHUEM JIPYT Ha
Jpyra MOJSPU3AIMOHHBIX CUJIOBBIX MOTEHIIMAJIOB JBYX OCTPOBKOB, IMOYTHU
MIPUMBIKAIOIINX OJUH K IPyTOMY;

- HeOoJIbIIasi YacTU4YKa 001agacT Oosiee HU3KOU pabOTOM BBIXO/a, YEM
MAaCCHBHBIN 00pa3zelr;

- (hopma HeOOIBIION YacTUUKU OOYCIOBIMBAET MOHWKEHHYIO paboTy
BBIXO/1A.

MunnowMm [ 1] ObII0 TTOKa3aHO, YTO Oapbep MEXKIY YaCTUIIAMH OepeTcs
MEHBIIMM, 4eM paboTa BBIXOA MAacCHBHOrO o0pasua Ha Bemuunay °/d,
00YCJIOBJICHHYIO TOJISIPU3AIMOHHBIMU CUJIaMH, TJ¢ ¥ - QYHKIUA pa3zmepa
OCTPOBKOB M paccTostHus d Mexxay HUMH. OKOHUYATEIbHOC BRIPAXKCHUE IS
yACIbHON MPOBOJUMOCTH UMEET BUJL:

o= (BqTd/ ko) x exp ( - (¢- y9°/d) / koT), (2)

rae B — koHcTaHTa, xapakTepHas I KaKI0W MJICHKHY;
¢ - BHEIIIHsISL padoTa BbIX0/1a U3 MeTalia.
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Ilepenoc nocpeocmeom mynnenuposanusn uepe3 pa3peuieHHvle Co-
CMOAHUA

N3BecTHO, YTO B OCTPOBKAX HAHOMETPOBBIX Pa3MEPOB SHEPreTHYE-
CKMM CIIEKTp JJICKTPOHOB KBaHTyeTcsa. OOOCHOBBIBasi CBOIO MOJIETb,
XaptMaH [1] npuHEMaeT BO BHUIMaHHE TaKO¢ KBAHTOBAHHUE B YACTHUIIC Ma-
JBIX pa3MepoB. [lemaercs mpeanonokeHue, YTo JJisk TOro, 4ToObl MepeHe-
CTH 3aps]l MEXKy IBYMsI OCTPOBKAMH MOCPEACTBOM TYHHEJIUPOBAHUS, 1BA
DHEPreTUYECKUX YPOBHS, MEXKJIY KOTOPBIMU TYHHEIUPYET HIEKTPOH,
JIOJDKHBI MepecekaThes. Takoe MepeKphITUe CTAHOBUTCS HAaWOOJIEe BEPO-
ATHBIM, €CJIM UMEETCsl OOoJIbIlasi IMIMPUHA DHEPTETHYECKUX YpOBHEH. Jlo-
MyCKAETCs, YTO IIMPUHA SHEPTETUIECCKOTO YPOBHSI B YaCTHUIIE OTIPECseT-
Cs BPEMEHEM JKHM3HM 3JIEKTPOHA Ha 3ToM B ypoBHe. [llupuna N-ypoBHs
PABHOBECHOI'O COCTOSIHUSI HOCHUTENCW 3apsila COCTaBJISICT, UCXOAd W3
MPUHIIAIA HEOIPEICICHHOCTH,

SE, ~(h¥/a) x (2E,/ m)"?x P(E,), 3)

r7c & — JUHEeWHBIN pa3Mep OJHOM CTOPOHBI Kyba; E,, — sHeprust ypoBHs N;
M — Macca 3JEKTPOoHA.
BepostHocts TyHHenupoBanus P(E,) w3 ypoBHs E, BbeIpakaercs

dbopmynoit
P(Ey) ~ exp [(-2/h) /{2m [U(X)-E,]}"* dx], (4)

IJIc MHTETPUPOBAHKUE HJET OT X; 110 Xp; U(X) — BeicOoTa Oaphepa mpH pac-
CTOSIHUM X MEXAY OCTPOBKaMHM; X3 U Xp — BEJIMYMHBI X, IIPU KOTOPBIX
E,=U(X).

[TockonbKy Majla BEPOSATHOCTh TYHHEJIMPOBAHUSA OT JHEPTETUUYECKUX
YPOBHEW, KOTOpPbIE HU3KU MO CPABHEHUIO C BBICOTOHN Oapbepa, TO HMIMpPUHA
ATOr0 YpOBHSI — HEOOJIbILIAS, U CIEJOBATEIbHO, €CTh OCHOBAHUS MPEIIO-
JaraTh, 4YTO OH HE MEPEKPBIBAECTCS C COOTBETCTBYIOIIMM YPOBHEM BO BTO-
poM octpoBke. [[oaToMy mponecc TYHHEIUPOBAHUS HE MOXKET MPOTEKATh.
OpnHako, ecnu AIEKTPOH TYHHENIHpPYETCa B 00Jiee BBICOKHI YPOBEHb (OT
KOTOPOr'0 BEPOSTHOCTh TYHHEIUPOBAHUS OOJIbIIE U, CIEAOBATENBHO, YPO-
BEHb — LIMPOKHUIA), TO B ATOM CIIy4ae MMEETCs Topa3/io 0oJiblllas CTENEHb
BEPOSITHOCTH, YTO 3HEPreTUYECKUE YPOBHU JABYX OCTPOBKOB OynyT mepe-
KpbIBAaTbCs. ODHEprusi, HeoOXoAaumas sl aKTUBUPOBAHUSA BJEKTPOHA C
ypoBHs ®PepMu B NEPBbIA BO30YXICHHBI ypOBEHb, MPUHUMAETCS KaK
SHEPTHs aKTHBALWU, TpeOyemas sl 00ecriedeHus: MPOBOAUMOCTH B 3TON
Mozenu. OKOHYATEIBbHOE BBIPAKECHUE ISl yACIBHON ITPOBOJMMOCTH UME-
€T BU/L:
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o = op exp (-4E,/ kT), (5)
rIe
AE,=E+1- E,. (6)

Bausanue noonoxxcku na nepenoc 3apaoa nocpeocmeom HyHHeEU-
poeanus
B sToit Momenu, npemioxkenHord XumioM [1], momyckaercs, 4yTo au-
ANEKTPUYECKAs MOJJIOKKA UMEET OOJIbIIOE KOJIMYECTBO JIOBYIIEK B IPO-
MEXKYTKE MEXY 30HOM MPOBOJUMOCTH U BAIICHTHOM 30HOM, Y 3JICKTPOHBI
CKOpe€ TYHHETUPYIOT B 3TH JOBYIIKH, YEM MEPECKAKUBAIOT C OCTPOBKA Ha
OCTPOBOK. JHEPIrusi aKTHBa-
MK, HeoOXxogumasl i1 oOec-

oanuua Ne4YeHUss MPOBOJAUMOCTH B

E\—_\\}\—}\—}}\ 3/5/7’6/ v DTOU MOJEIU SBISIETCS DHEP-

= | pabadkrmocmu ruei, TpedyemMoil nJisg aKTUBH-

—p— POBAHMs >JIEKTPOHA U3 JIOBYII-

. — KA B JIOBYIIKY, 00Jamaroiieun

. 7/// *%A 7 }Af Oonee BBI}(I)OKIzM DHEpreTUye-

—— CKUM YpOBHEM B MOJJIOKKE
//_::___ (puc. 3).

/—__—__—__:_:_: /é’/_ pariLa Eciu B omucanHoM mpu-

é\\\\N 30%/(:?”/””0” Mepe npu ypoBHe depmu Jo-

ByIIIKA OTCYTCTBYET, TO IpO-

1ECC TYHHEJIMPOBAHUS TOJKEH

Puc. 3. Mooenv mynnenuposarnus IPOTEKaTh OT OCTPOBKAa | B

C yuemom ausAHUSA NOOTIOICKU NOBYIIKY A, PacrioiokeHHYIO

HKe ypoBHs Depmu. OnHaKoO,

MOCKOJIBKY TYHHEJIMPOBAaHUE OT A B OCTPOBOK 2 HEBO3MOXHO BCJIEICTBUE

OTCYTCTBHSI B HEM BAaKaHTHBIX COCTOSIHUM, TO JIEKTPOH JIOJIKEH TEPMHUYE-

CKM aKTUBUPOBATHCS B JOBYIIKY B (Bbimie ypoBHs depmu), u3 KoTopoi

TENEepb OH MOXET TYHHEIUPOBATH B OCTPOBOK 2. SICHO, YTO 3a CYET ATOTO

MEXaHM3Ma MPOIIECC TYHHEIUPOBAHUS MOXKET MPOTEKaTh Ha OOJBIIUX
pPacCTOSIHUSAX.

Ucxons u3 pusndeckoil mpupoasl MPUBEACHHBIX MEXaHU3MOB IPOBO-
JUMOCTH JTUCTIEPTUPOBAHHBIX TIJICHOK MOHSTHO, YTO OHHU JIOJKHBI UMETh
MECTO MpPHU OMPEAECICHHBIX BEIUYMHAX PA3MEPOB YACTHI] I' U PACCTOSTHUAX
Mexay HumH d. Tak, TYHHETUPOBAHHE MEKIY Pa3peIICHHBIMUA COCTOSHUS-
mu niposiBisieTcss ipu I < 25 A m d < 20 A. TepM0od3JIeKTpOHHAST SMUCCHS
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SBIIICTCS. OCHOBHBIM MexaHuM3MOM mepeHoca mpu 0>20-40A wu

r<150 A, a TyHHEIMpPOBaHUE C TOMOIIBIO TMOIOKKH TpeodiagaeT mpu
r>150Aud>40A.

Mopsaok BbINONTHEHUA PaboThI

1. Tlpyu KOMHATHOM TeMIIEpaType MPOUZBECTH HU3MEPEHUSI BOJBT-
AMIIEPHOM XapaKTEPUCTUKU METAJJIMYECKOM AUCTIEPTUPOBAHHOW IUICHKHU
cepeopa. [t aTOro codpaTh CAEAYIONYIO CXEMY:

1 - 6ok muranus (b5-50);
1 2 — wmukpoamnepmetp (B7-
22A); 3 — oOpasen IJICHKH,
BMOHTUPOBAaHHBII B  TEPMO-
cTaT. Xapakmepucmuka uccie-
0yemol njaeHKu: OCTPOBKOBas
2 3 ' IJIEHKa cepedpa Ha MOBEPXHO-
CTH cTekya. [‘eomerpuueckue
pa3Mephl: IMUpPHUHA — 2 MM,
nniHa — 3 mM. [laiika mpose-
JIeHa  HU3KOTEMIIEpaTypHbIM
PUIIOEM U TIOBBIIICHHE TemmepaTyphl Boilie 80°C HexomycTuMO.

2. Ha ucrounuke nutanust b5-50 BeictaButh «1 B», «15 MA», ipudop
JOJKEH paboTaTh B pekuUMe cTaOuiau3aiuu Hamnpsbkenus. [lokazanust Ha-
MpsOKEHUs] CHUMATh Ha nanenn b5-50. 3MeHssa HanpsikeHue Ha HCTOYHU-
ke uepe3 1 B no 19 B, uzmepurs MusmmamMnepMeTpoM BEIMUUHY TOKA Ye-
pe3 obpasell.

3. [TocTpouTh BOJBT-aMIIEPHYIO XapaKTEPUCTUKY, MPOAHATU3UPOBATH
3akoH u3MeHeHms | = f(U), olleHUTh BEeIWMYHMHY 3JEKTPUUYCCKOTO IO B
TIJICHKE.

4. B untepBayie Temreparyp oT komHaTHOU 10 80°C u3yuuTh 3aBUCH-
MOCTBh COIIPOTHBIJICHUSA 00pa3ia oT Temieparypsl R(T), mis gero mojacoe-
JUHUTH TEPMOCTAT K UCTOYHHUKY MUTAHUSA «Arar». 3HAYCHUSIM HampsixKe-
Hus 8 — 15 B yepe3 1 B cooTBeTCTBYIOT TemIiiepaTypbl B uHTEpBaie 37 -
78°C ¢ nmpumepHbiM 11aroM 5°C. VM3aMepeHue CoOmpoTUBICHUS] TTPOBOIUTH
npudopom B7-35.

5. Hoctpourts 3aBucumocts R(T) B koopauuarax InR = f(10%/T), oue-
HUTh SHEpPruro akTuBanuu. CpaBHUTH €€ C pabOTON BBIXOAA DJICKTPOHOB
u3 cepedpa.
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6. [IpoBecTn aHanmM3 MOIYUYEHHBIX B paboTe pe3ynbTaToB, cPopMyIn-
pPOBaTh BBIBOJIBI MO paboTe.

Jumepamypa

1. Texnosorust ToHKHUX IieHOK (crpaBounuk) /Ilox pen. JI. Maii-
ceiuta u P. I'menra. M.: Cos. Paguno, 1977. T. 2. 268 c.

2. Yompa K.JI. Dnextpuyeckue sBICHUS B TOHKHUX TUieHKax. M.: Mup,
1972. 434 c.

JNlabopaTtopHaa padboTta Ne 3

U3mepeHUue anekTpodpunanyeckmnx
napameTpoB Pe3UCTUBHbLIX NNEHOK

Ilenv pabomer — uccneoBaHUE ANEKTPOPUINUECKUX CBONCTB pe3U-
CTUBHBIX IIJICHOK, MOJYYEHHBIX METOJOM BaKyyMHOI'O HAIbLJICHUS METall-
JIOB, UX CILJIABOB U METOJIOM TpadapeTHOM MeyaTH.

KpaTkaa Teopus paboThbl

Conpomuenenue cnosn
DJIEKTPUYECKOE COMPOTUBICHUE YYacTKa IUICHKA TMPSIMOYTOJbHOU
reoMeTpuu (puc. 1) MOKHO BBIPAa3UTh paBEHCTBOM:

R=p-L/d-b, (1)
rac p - yacJibHOC COIMPOTUBIICHHUC MAaTCpHajla IIJICHKH. Ecnn L:b, TOTr 4
R= p/ d = RS ) (2)
d
b
L

Puc. 1. Dnemenm nienxu npsimoy2onvHou gpopmol

T.C. COIMPOTHUBJIICHUC OJHOI'O KBaJpaTa IINICHKH HC 3aBUCHT OT pa3MCpOB
KBaJpara, a TOJIbKO OT BCIMYHUHBI YACIbHOI'O COIIPOTUBJICHUA U TOJIIWHEI.
Beanunna RS Ha3bIBACTCA YACIIbHBIM ITOBCPXHOCTHBIM COIIPOTHUBIICHUCM
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IUICHKHW U BbIpaxkaeTcst B Omax Ha kBaapat (Om/[]). DTa BenMYnHA UMEET
OOJIBIIIOE 3HAYEHHUE U IIMPOKO MCIOJIB3YETCS JI CPaBHEHUS AJIEKTpUYe-
CKOro compoTuBieHus 1ieHoK. [Ipu ucnonb3zoBanun BenuuuHbl Rs (op-
MyJia IS 3JEKTPUUYECKOTO CONMPOTUBIICHUS TUIeHKH (1) 3anmuiercs B BUAE:

R:RSXL/b:RSXN, (3)

rac N — gaucno KBaApaToB 110 JTMNHHUH TOKaA.

Takum oOpazom, AJig CO3aHUS TUICHOUYHOT'O PE3UCTOPa ONpeIeNICHHO-
ro HOMUHaJIa B MUKPOCXEME MOXHO BapbUPOBATh KaK MaTEpHUATIOM pPE3U-
ctopa (Rs), Tak 1 4KCIIOM KBaJpaToB pe3uctopa. Hekoropsie KOHCTPYKIIUU
MJICHOYHBIX COMPOTUBIICHUM MPUBEACHBI Ha pUCyHKe 2. Huciao kBajapaToB
JUIs1 PE3UCTOPOB CJIOKHOU (DOPMBI BBIUMCIISIETCS IO CIEIUATIBHBIM (POpMY-
JaM, KOTOpbI€ CBE/ICHBI Ha JTOTIOJIHUTEJILHOW KapTOUuKe K JaHHOU padoTe.

T RS

oI
I

Puc. 2. 'eomempus nienounvix conpomueieHu.
1 - pesucmuenas nienxa, 2 - nieHoyHbvle MEMALIUYECKUE KOHMAKMbI

BaxxHoll xapaKTepUCTUKON TIJICHOYHBIX PE3UCTOPOB SIBISETCS TaKXKE
temnepatypubii ko3pduunent conpotuieHuss (TKC) ag, koTopblil xa-
paKkTepu3yeT 0OpaTUMbIE U3BMEHEHHUS CONMPOTUBJICHUS B JUAIa30HE TEMIIE-
paTyp U B KOHEYHOM HUTOT€ MO3BOJIAET OIEHUTh CTAOMJIBHOCTH PabOTHI
CXEMBI TIPU Pa3JIMUHBIX TEMIEpaTypax.

ar=[(R2-R1) /Ry IxX[1/ (T, - Ty)], (4)

rae R; u Ry — conpoTuBIeHUs JICHOYHBIX 00Pa3IoB MpH Temmeparypax I
u T, (T, > Ty), coorBeTcTBeHHO. VI3 hopMyIibl (4) BBITEKAET, YTO JIS W3-
MEpPEHHUS aR 3HaAaHHUE T€OMETPUM 00pa3ia HeoOI3aTeIbHO.



Toukonnenounvie pe3aucmopol

Ecnu eme HENaBHO TOHKOIUIEHOYHBIE PE3HCTOPHI MCIOJIb30BAINCH
IJIAaBHBIM 00pa30M MPU U3TOTOBJICHUU TMOPUAHBIX MHUKPOCXEM, TO 3a IO-
CII€AHUE TOJbl OHW BCE IIMPE HAYMHAIOT MPUMEHSTHCA B MPOU3BOJICTBE
MOHOJIUTHBIX HHTErpaibHbiX cxeM (MC) mo coBMEIIEHHOW TEXHOJIOTHH.
3ameHa 1 Py3MOHHBIX PE3UCTOPOB HA TOHKOTUICHOYHBIE AACT LEIbIN PsiI
MPEUMYIIECTB: HU3KUM TEMIIEPATYpHBIA KOADPUIIUEHT COMPOTUBICHUS,
HU3KYI0 Tapa3uTHYI0 €MKOCTb, 00JIe€ BBICOKYIO PaTUAIMOHHYIO CTOM-
KOCTbh, 00JIe€ BRICOKYIO TOUHOCTh HOMUHAJIA U JIp.

Marepuanbl, UCMOJb3yeMble MPU HU3TOTOBJICHUU PE3UCTUBHBIX ILjIC-
HOK, JIOJDKHBI 00€CIeUrBaTh BO3MOYKHOCTD MOJYYEHUS IITUPOKOTO Juaria-
30Ha CTAOMJIBLHBIX BO BpemeHU pe3uctopoB ¢ Hu3kuM TKC, obnanars Xo-
pOILIEN aAre3nuen, BBICOKOM KOPPO3UOHHOW CTOMKOCTBIO U YCTOMYMBOCTHIO
K JUIMTEILHOMY BO3JICCTBUIO TMOBBIIMICHHBIX TemmepaTyp. [Ipu ocaxie-
HUM MaTepuajia Ha MOJIOXKKE JOJLKHBI 00pa30BBIBATHCS TOHKHUE, YETKHUE
JIUHUM CJI0KHOM KOH(UTYypaIllUK ¢ XOPOIIEH MOBTOPSIEMOCTbIO PUCYHKA OT
oOpa3siia k 0opasiy.

Pe3ncTrBHBIE TIIIEHKH Yallle BCETO UMEIOT MEJIKO3EPHUCTYHO TUCIIEpPC-
HYIO CTpyKTypy. Hanuuue nucnepCHOCTH B CTPYKTYPE IUIEHOK MO3BOJISIET
B TMIEPBOM MPUOIMKECHUN PACCMATPUBATh UX AJIEKTPOCONPOTUBIICHUE KaK
CyMMapHO€ CONPOTUBJICHUE OTACIBHBIX TPAHYI U 0apbepOB MEXKITY HUMH,
MIPU 3TOM XapakTep OOIIETO CONMPOTUBIICHUS ONPECIISICT BEIUUUHY U 3HAK
TKC. Tak, manpumep, eciiv mpeoOiagaroniiM SBISETCS COMPOTUBIICHUE
CaMHX 3€PEH, TO MPOBOAUMOCTD IUICHKA UMEET METAILUTMYECKUN XapaKTep
u TKC Oyznet nosioxutenbHbiM. C Ipyroil CTOPOHBI, €CJIM COMPOTUBIICHUE
O00YCJIOBJICHO TPOXOXKJICHUEM OJJIEKTPOHOB Yepe3 MPOMEXYTKH MEXKIY
3epHaMH (4TO OOBIYHO MMEET MECTO MPU Majol TOJIIWHE TUICHKH), TO
MPOBOJMMOCTh OYJIET UMETh MOJIYIIPOBOJHUKOBBIN Xapaktep, U TKC, co-
OTBETCTBEHHO, Oy/I€T OTPUIIATEIbHBIM.

[Ipu uzrotonennu MC Bo3HUKAaeT HEOOXOAMMOCTH PAa3MECTUTH Ha
CPaBHUTEIHLHO HEOOIBIION TUIOMIAM KPUCTAITIa BHICOKOOMHBIE PE3UCTO-
pBI, UMEIOIIME COMPOTUBICHUE 10 HECKONIbKUX MOM, 4TO MOXKET OBbITh
JOCTUTHYTO TOJIbKO B TOM ClTydae, €CJIM MaTepual pe3uctopa Oyaer oba-
nath Rs ~(10 — 20) kOm/[]. B monomutHbIX MC 17151 U3rOTOBIICHUS pPE3H-
CTOPOB MCHOJIB3YIOTCSI B OCHOBHOM HUXPOM M TaHTaJ. [Ipu W3rorosiieHnn
ruopuanbix MC ucnonb3yercsi 3HaYUTENbHO Oo0Jiee MUpPOKasi HOMEHKJIA-
Typa MaT€pUaloB i1 TOHKOIUIEHOYHBIX PE3UCTOPOB. Marepuanbl, Huc-
MOJIb3YEeMbI€ JIJIs MOJY4YEHUsI PE3UCTUBHBIX ICHOK, MOKHO Pa3/Ie/iuTh Ha
4 rpynmbl: 1) 4ucThie MEeTaJUbL; 2) CIJIaBbl; 3) KEPMETHI; 4) COCTMHEHUSI.
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B kauectBe HU3KOOMHBIX IUIEHOK ¢ Rs oT 10 1m0 300 Om/[ ] ucmomnb3y-
I0TCSl TUIGHKH XpOoMa, HUXpoma M TaHTana. [lojsydeHue TUIeHOK Xpoma ¢
BOCIPOU3BOJIUMBIMU  3JIEKTPOPU3NUECKUMHU CBONCTBAMU HECKOJIBKO 3a-
TPYAHEHO €ro CIIOCOOHOCTHIO OOpa30BBIBATh COCAMHEHUS (OCOOEHHO
OKHCHBIE) MPU B3aUMOJACHCTBUM C OCTATOYHBIMHU ra3aMu B MPOLIECCE HC-
MapeHUs] U OCAXKJCHUS. 3HAUUTEIBHO 00Jiee CTAOMIIbHBIMU XapaKTEPUCTHU-
KaMu 00J1a1al0T PE3UCTOPHI Ha OCHOBE XpoMOHUKeneBoro ciiasa (20% Cr
u 80% Ni). Pesucropsl Ha ocHOBe TanTana ¢ Rg =100 Om/[], oOnamast BbI-
COKOW CTaOWJILHOCTBIO, JIETKO BBIJIEPKUBAIOT HArpy3ky j10 10 Br/cm’. U3
MHOToKkoMIIoHeHTHOro ciutaBa (74% Ni, 20% Cr, 3% Fe u 3% Al) nony-
yatoT mieHku ¢ Rg 10 400 Om/[]. [IpuMepHO Takoe ke pPs UMEIOT PE3UCTO-
pbl, H3roToBiIeHHbIe M3 ciuiaBa MJIT — 3M (45% Si, 17% Cr, 14% Fe u
24% W).

[ImeHKr KepMEeTOB MPEACTABIAIOT COOON COBOKYMHOCTh METAJIOB M
TUAJIEKTPUKOB M COCTOAT M3 JIBYX TBEPJbIX (a3, 0JHa U3 KOTOPBIX — JIH-
ANIEKTPUK, YBEJIIMUMBACT YICIbHOE COMMPOTUBIICHUE, 00BOIAKMBAsI YaCTHUIIBI
Metaia. K kepmeram, moaydnBIIUM HanOOJIbIlIee TPUMEHEHUE, OTHOCHT-
Csl, HAIlpUMeEp, CUCTEMA «XPOM - MOHOOKUCH KpeMHHUs». BenuunHa yaenb-
HOT'O COMPOTHUBJICHUS, TEMIEPATyPHOTO KOAd(PUIIMEHTA CONIPOTUBICHUS U
XapaKTePUCTUKU CTAOMIIBHOCTH 3aBUCHUT OT COCTaBa MOPOIIKA KepMeTa U
ycioBuid (hopMupoBaHus MiIeHKU. C yBETUUYEHHUEM COJIEPKAHUS MOHOOKH-
CH KPEMHHS B COCTaBE IJIEHKH «XPOM - MOHOOKHUCH KpeMHHs» oT 10 1o
60% BenMYMHA YIENBHOTO CONPOTHBICHHS MeHsercs or 10° mo 10°
OM-cMm. BenuunHa TemmepaTypHoro koddg@uimeHta CONpPOTUBICHUS OT
-60°C no 145°C kepMETHBIX IJIEHOK CUCTEMBI «XPOM - MOHOOKHChH KpEM-
HUS» U3MEHSETCS B Ipejesiax +140-10° rpaz['1 B 3aBMCUMOCTH OT COCTaBa
U YACIBHOTO MOBEPXHOCTHOI'O COMPOTHUBJIEHUS. KepMeTHbIE Pe3UCTOpbI
MMEIOT HE3HAUYUTEJIbHOE U3MEHEHHUE COMPOTUBIICHUS TIPU UCTIBITAHUSAX TI0]T
Harpyskoi 0,125 Bt u noBeimenHoit temmneparype 125°C; 3a 2 000 u pa-
0O0ThI U3MEHEHHUE COMPOTUBJICHUS COCTaBsieT MeHee 2%0.

Pe3ucTUBHBIMM TIJIEHKAMH, TPEACTABISIIOMIMMU COOOM COEIMHEHUS,
ABJISIFOTCSI, HAIPUMeEp, IUICHKU HUTpUJA TaHTajda. Pe3ucTopbl HaA OCHOBE
HUTpHUJIa TaHTaJa UMEIOT XOPOUIUE JICKTPUUECKUE U DKCILTyaTAIMOHHBIE
xapakTepucTuku. [Ipu ncnbiTanusax noxa Harpyskou 0,5 Br/cM® B TedeHue
170 g uzmeHenue conpoTunieHus coctaBuio MeHee 0,1%; mocie ucneita-
HUM 32 370 e Bpems npu 100%-HOM OTHOCUTEIHLHON BIAXKHOCTU U TEM-
nepatype 70°C conpoTuBiieHne u3MeHuiIoch Menee yeM Ha 0,5%. Heko-
TOpBIE MapaMeTPbl TOHKOIUJICHOYHBIX PE3UCTOPOB MPUBEACHBI B Ta0uIe 1.
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Tabonura 1

Mamepuaﬂbl MOHKONJIEHOYHbBIX pe3UcCmopoes

Haumenosanue mamepuana | Ilosepxnocmmoe co- TemnepamypHulii KO3gh-

npomuenenue, Om/[] | puyuenm conpomueneHus,
epao’™

Bonbdhpam (4-5)-10° 10°-10"

TanTan (0,8 -1)-10° 10° - 10

Xpom 60 — 400 10*-5.10"

Turan 60 — 100 5.10*-10°

Monu6ien 50 2-:10

Hukers 40 5.10°°

3051070 0,5-50 5-10°°

CmiaB Huxpom (80% Hukens

1 20% xpoma) 50 — 300 5.10° -5-10"

Cruias MJIT — 3M 500 510"

CmiaB cepebpa U TUIATHHBI

(40% cepebpa) 10° 10" -10?

MerannokepamMuueckue

IUIeHKH (CiaB MoHookwucH | 5-10° — 5-10° 5.10°®

KPEMHUS ¥ XpOMa)

Toacmonnenounsie peaucmopul
B kadecTBe pPE3UCTHBHBIX MATEPUAIOB TOJCTOILUICHOYHBIX CXEM H
TMOPUJIHBIX CXEM NPUMEHSIOTCS PE3UCTUBHBIE KOMIIO3UIMHU, MO3BOJISIO-
IIMe CO3/1aBaTh IJIEHKU METOJ0M TpadapeTHOUW medaTu C yJEIbHbIM IO-

BEpXHOCTHBIM comnpoTtusiaeHueM 20 — 5000 Om/[ .

Pe3uctuBHBIC MACThl MPEACTABIISIIOT COOOM CMECh MEIKOU3MEIbUCH-
HbIX (ME€HEee 5 MKM) MOPOIIKOB OJIArOPOJHBIX METAUIOB WJIA OKHCJIOB,
CTEKJISTHHOW (pUTTHI (MOpoLIKa cTekia ¢ pazMmepoM vactull 10 — 30 Mxm),
OpPraHWYEeCKOr0 HAIMOJIHUTENS U pacTBopuTes. [locie HaHeceHus pUCyHKa
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pEe3UCTOpa Ha MOBEPXHOCTHU MOJIOKKU U3 KEPAMHUKHU MPOBOJUTCS BXKHUTa-
HUE B TI€YH, B pe3yJIbTaTe KOTOPOTO 00pa3yeTcsi CTPYKTypa B BUJE CMECU
CTEeKJIa C METAJUTMYECKUMHU YaCTUIIAMH.

Pe3ucTuBHBIEC MACThI COJEPKAT TE KE METAILIBI, KOTOPhIE UCTIOIB3YIOT
JUTsl TIPUTOTOBJICHUS] MPOBOJSIIUX MACT, TOJBKO B JAPYrOM MPOIEHTHOM
OTHOIIIEHUM: YMEHBIIIACTCS JOJISI METAJUIMUECKUX YaCTHI] U YBEIUIHBACT-
cst oyt pputThl. Tak, mpoBosIIas acTa Ha OCHOBE «IMallaaus — ceped-
pa» comepxkut: Pd — 55%; Ag — 30%; dbputter — 15%; pe3uctusnas Pd —
12%; dputter — 73 — 84%; Ag — 12%. OyHKIMOHAIBHBIM 3JIEMEHTOM pe-
3UCTUBHBIX MACT MOTYT OBITh OKUCIBI METAJUIOB: MAJIJIAMsI, TN, PyTe-
HUs. ISl MOTydeHusT XOpOIIMX TeMIIEPAaTyPHBIX XapaKTePUCTHK, HU3KOTO
YPOBHS IITYMOB U BBICOKOM CTAOMJIBHOCTH BO BPEMEHH MCIOJIB3YIOT COCTa-
BbI HA OCHOBE «IAJIaIUIA — CEpeOpOy» WM «IUJIATHHA — OKUChH TaJIHS.

BenuurHa temneparypHOTro Ko3(ppuIHUEeHTa CONMPOTUBIECHUS TOJICTO-
IUICHOYHBIX PE3UCTOPOB U3MEHSETCS B 3aBUCMMOCTH OT COCTaBa MacT OT
+8 10 —12:10™ rpax™. HesaluieHHbIe Pe3HCTOPBI MEHSIIOT COIPOTHBIIC-
HUE€ TI0CJIE HWCHBITAHUWA HA BIAroyctroruduBocTh (98% oTHOCHTENbHAs
BlaxxHOCTh, 40°C B Teuenue 30 cyt.) B mpenenax +5%. M3MmeHneHue co-
MPOTHUBJICHUSI TIOCJI€ UCIBITAHUNM HA TEPMOLMKIUPOBaHUE (5 LUKIOB MpHU
- 60 + +85°C) cocrasnser £2,5%.

Mopsaok BbINOMHEHUA PaboThbl

1. Mukpockoriom MMUP-12 wu3mepuTh TEOMETPUYECKUE pa3zMephl
MPEIOKECHHBIX TOHKOIUICHOYHBIX M TOJICTOTIJIEHOYHBIX TECTOBBIX H3ME-
PUTENBHBIX CTPYKTYP. OLIEHUTh YHCIIO KBAJIPATOB.

2. Ilpn KOMHaATHOW TemmepaType MpU IMOMOIIH OMMETpa H3MEPHUTh
BEJIMYUHBI AJICKTPUYECKOTO CONMPOTUBIICHUS TECTOBBIX CTPYKTYP C Pa3HbIM
YuCIOM KBaApaToB. ONpenenuTh yAEIbHOE MOBEPXHOCTHOE COMPOTHUBIIEC-
Hue. [IpoBecTu craTucTUYECKy0 00pabOTKy pe3yIbTaTOB.

3. CHATh 3aBHCHUMOCTH COINPOTHUBJICHUS TUICHOYHBIX PE3UCTOPOB OT
temriepatypsl B uatepBaie 20 — 100°C, crabunusupys 5-6 3HaUeHHUI TeM-
nepatypsl. Jis AOCTHXKEHUS U CcTaOMIM3aluu TpeOyeMoil TeMIlepaTyphl
MPUMEHSETCS TEPMOCTAT C PE3UCTHUBHBIM HATPEBATEIBHBIM 3JIEMEHTOM.
IIutanune TepmocTara NPOU3BOAUTCS OT UICTOYHUKA MATAHUS «AraTy. 3Ha-
yeHusaAM Hanpspkenud 9, 11, 13, 14, 15 B coOTBETCTBYIOT TeMIiepaTyphl B
parione 53, 68, 84, 93, 100°C.

4, Paccuutath TKC TOHKOIJIEHOYHBIX W TOJICTOIJICHOYHBIX PE3UCTO-
pOB.

5. [IpoBecTn aHAIN3 MOTYYEHHBIX PE3YJIbTATOB.
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JNlabopaTopHasa paboTta Ne 4

UccnepnoBaHne eMKOCTHbLIX CBOUCTB
AVN3JIEeKTPUYECKUX NIIeHOK

Ienv padbomel - n3y4eHNUE SIICKTPUUECCKUX CBOMCTB JUAJICKTPUUCCKUX
IJICHOK, U3MEPEHHE MapaMeTPOB TOHKOIUICHOYHBIX M TOJICTOTIJIEHOYHBIX
KOHJICHCATOPOB M HCCJIEJOBAHUE MX TEMIEPATYPHBIX M YAaCTOTHBIX 3aBU-
CHMOCTEH.

KpaTkasa Teopus paboTtbl

Ilnenounvie kKonoencamopuol

[i1eHOYHBIN KOHAEHCATOP SIBJISICTCS OJHUM M3 OCHOBHBIX MACCHUBHBIX
AJIEMEHTOB MHTErpajibHOM cxeMbl. OH MpeaCTaBIsieT COO0N TPEXCIOUHYIO
CTPYKTYPY MeETaJUl — JIHUAJIEKTPUK - MeTaul (puc. la), HaHECEHHYIO Ha
M30JISIIUOHHYIO TIOJUIOKKY. MHOTOCIOMHBIN KOHAEHCATOP C OOJIBIINM
YUCJIOM OOKJIaJIOK MPEACTaBIseT COOOM MapauiebHOE BKJIIOYEHHE HeE-
CKOJIbKHMX INICHOYHBIX KOHJICHCATOPOB (puc. 16).

OcHOBHBIE TapaMeTPbI KOHAEHCATOPA:

1. EMxocts (C) — BenmuunHa, XapaKTepHU3Yolas CIOCOOHOCTh KOH-
JIEHCATOpa 3aracarb W COXPaHATh JJIEKTPUYECKYH0 SHEpPruro. EMKOCTh
IIJIOCKOTO MHOT'OCJIOMHOTO KOHAEHCATOPa PaBHA

C=0,00885 x & x (N - 1) x §/d, n®, (1)

r7€ € — AUAJICKTPUUECKAsi TPOHUIIAEMOCTh JUAJIEKTPHUKA;
N — xoandecTBO 00KIAIOK, IIT.,
S — mIomaar BEpXHEW 0OKIaaKH, MMZ;
d — ToIIMHA IEHKH TU3JICKTPUKA, MM.
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Puc. 1. Cmpyxkmypa npocmoeo (a) u mnococnotinozo (6) konoencamopa

2. Y,HGHBHEIH emkocts (C — €MKOCTb, paclpcaciCcHHass Ha OIpcEac-
0
JICHHOM KBaJpaTc IMMOBCPXHOCTHU

C,y=C/S, nd/MmMM. (2)

3. TanreHc yria AU3JICKTpUUYECKUX moTeph (tg J) — BenuuuHa, oopat-
Has qoOpotHOoCcTH KoHAeHcatopa Q (tg 0 = 1/Q). Tak kak B maeaaIbHOM
KOHJIEHCATOpE Yroj ciBura (a3 Mex;y BEKTOpaMH TOKa M HalpsHKEHUs
¢ =90°, To, cienoBareybHO, akTUBHasA MOIIHOCTL P, =U | cos ¢ = 0. B
pearbHOM KOHJIEHCATOPE ¢ =|= 90°, u moaTOMY Pa=|= 0. B aTom cityuae nipu-
MEHSIETCS yToJ 0, JOTOJHSIIOMUN yro ¢ 10 90°, KOTOphI Ha3bIBAETCS yT-
JIOM MmoTephb. TaHreHC yriia moTephb tg o0 mpeacraBisieT coOO00N OTHOIIEHHE
AKTUBHOW MOIIIHOCTHU MOTEPh P, K MOTHON peakTUBHOW MOIIHOCTH, 3ara-
CEHHOU B KOHJIEHCATOPE.

4. Dnexrpuyeckas NMpo4HocTh (E,,, B/MM) — BenuuuHa, XapakTepu-
3yIOIIas JIEKTPUUYECKOE TOJIE, TPU KOTOPOM MPOUCXOUT MPOOON KOH/ICH-

caTtopa:
E,,=U,,/d, B/MMm (3)
rae U,, — npoOuBHOE HANIPSHKEHHUE,

B; d — TonmuHa MICHKHA JUAJICKTPHUKA, MM.

5. Temnepatypusbiii  ko3dduiment emkoct KonjeHcatopa (TKE,
-1
rpaj ) - BEJIMUMHA, XapaKTePHU3yollas H3MCHCHHE €MKOCTH KOHJICHCATO-
pa pu U3MEHEHUH TEMIIEPATYPhI OKpYyk aromeu cpeapl Ha 1°C:
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TKE = (C; - Cy)/ ((t1-ty) * Cy), (4)

riae {y — nepBoHavanbHask TEMIEpaTypa;
t; — KOoHeuHas TeMrepaTypa npu HarpeBe;
Co— 3HaYCHHUE EMKOCTH TIpH tp;
C, — 3Ha"YeHHE eMKOCTH TpH {;.
TKE B nepBoM nNpuOIMKEHUHA MOKHO MPEICTaBUTH (HOPMYIIOi

TKE = a,.+ 2a,,— a,, (5)

T7I€ 0, — TeMIIepaTypHbIH KO3(POHUITMESHT TUAICKTPUUISCKON TTOCTOSHHOM;

o, — TeMIepaTypHbId KOA()PUIIMEHT JTUHEWHOTO pPaCIIUPEHUs] MaTe-
puaja oO0KJIaI0K;

0,y — TEMIIEPATyPHBIN KOADPUIIMEHT JTUHEHHOTO pACIIUPEHUS JUJICK-
TpHUKA.

B cityyae TOHKOIJIEHOYHBIX KOHACHCATOPOB, BBUJY aJI'€3UU IJICHOK C
MOJIOKKOM, JTUHEWHOE pacIIMpeHrue OOKIaJO0K OyAeT OMpenensThCs JIv-
HEWHBIM pacHIupeHUEM MaTepHalia MOJJI0XKKH, TOATOMY B (hopMyJie BMe-
CTO 0., MOKHO 3aIlucaTh 0, T1ae o, — KOd(POUIIMEHT TUHEHHOTO paciiupe-
HUS MaTepuasa noioxkku. Torga

TKE =a,+ 2a, - a,. (6)

N3MeHeHne eMKOCTH TIPU BO3ACHCTBUN TeMIIEpaTyphl, TJIaBHBIM 00pa-
30M, OIPEACISAETCS TEMIEPATYPHOU 3aBHUCHUMOCTBIO JIUAJIEKTPUUYECKOU
npoHunaeMoctu (o). Ilpu aTtom BennurHa TKE MoOeT ObITh KakK ITOJI0MKH-
TEJIbHOW, TaK U OTPULIATEIHOM.

Jluanekmpuueckue mamepuaivl 0131 MOHKONIEHOYHBIX U MOJICHO-
NJ1eHOYHBIX KOHOEHCAmMOpPOo8

[IpurogHOCTH TUAJIEKTPUUYECKOTO MaTepuaia JJisi U3TOTOBICHUS KOH-
JIEHCATOPHBIX CTPYKTYpP HHTETPAIbHBIX CXEM OIPEAENISIETCS BO3MOKHO-
CTBIO TIOJTYYCHHMS 3aJaHHBIX DJICKTPUUECKUX M IKCIUTyaTal[MOHHBIX XapaK-
TepucTuk. [loaTOMy npu BeIOOpE AUIIEKTPUKA U METOJOB MOJYUYEHHUS JTU-
ANEKTPUUECKON TMJICHKHM HEOOXOJAMMO YYUTHIBATH CIEAyIOIHE TpeOoBa-
HUS: BBICOKYIO BOCHPOM3BOJMMOCTH CBOWCTB; HU3KHE IUDJICKTPUUYCCKHUE
MOTEPH; BBICOKYIO MPOOUBHYIO MPOYHOCTH; BHICOKYIO JTUAJIEKTPUYECKYIO
MPOHUIIAEMOCTh, XOPOIIYI0 TEMIEPATypPHYIO CTaOMJIBHOCTh M XHMUYE-
CKYI0 CTOMKOCTh MPU SKCIUTyaTallul; MUHUMAJIbHYIO THTPOCKONMYHOCTD;
TeMnepaTypHbii koddduuuent nuHeitHoro pacumupenus (TKJIP), 6mm3-
kui K TKJIP MomioXKu 1 METAUIMYECKUX TIJICHOK; U JIP.
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Br16op MaTepuaia MmiaeHKH ONpeaeisieTcsl TakKe BO3MOKHOCTBIO KOH-
TPOJI XapaKTEPUCTUK IUICHOK B TPOLIECCE TOJIYYEHHUs, YTO CBSI3aHO C
TPYAHOCTBHIO TOJCTPOMKH KOHJEHCATOPOB Iocie u3rotoBieHus. Kena-
TEJIbHO, YTOOBI TeMIlepaTypa wucmapeHus audiekTpuka Owumia 1000 —
1 800°C, Tak kak OoJiee HU3Kasi TEMIIEpaTypa CBUJIETENbCTBYET O BBICOKOM
MOJBUKHOCTH aTOMOB, YTO MOKET CTaTh IPUYUHON OTKa3a KOHJEHCATOPA,
a pu OoJiee BBICOKMX TeMrepaTypax MCHapeHUsl BOZHUKAIOT TPYAHOCTH
CO3JaHUsI UCITAPUTEIICH.

CkBO3Hasi MOPUCTOCTh JUAJIEKTPUYECKON TUICHKU MPUBOJIUT K BO3-
HUKHOBEHHUIO B KOHJIEHCATOPHBIX CTPYKTypaX KOPOTKUX 3aMbIKaHUU U
npoboeB. CxopocTh Auddy3un aTOMOB METaJlJIa 1O MTOBEPXHOCTH HAMHO-
ro 0oJibllie, 4eM B 00BbEME JIUAJICKTPUKA, TOATOMY HamOOJiee BEPOSITHBIM
MECTOM 00pa30BaHUs «MOCTHKOB MPOBOJAMMOCTH» sABjsieTcs mopa. CopO-
IS BJArd ¥ ra30B MHOT/IA MPUBOJUT K YBEIMYCHUIO TTPOBOJUMOCTH, UYTO
MOXET SIBUTHCS MCTOYHHUKOM TEIJIOBOTO MPO0Os, a IPU BHICOKUX HAIpsi-
KEHHOCTSIX DJIEKTPUUECKOTO TOJISI AJIEKTPUUECKasi MPOYHOCTh KOHICHCA-
TOpPOB OyJEeT OrpaHM4YeHa BO3MOXKHOCTHIO Mpo00s raza B nmopax. [losiBie-
HUE MEXAHWYECKUX HAINPSIKEHUM B JIUDIICKTPUUYECKUX CIIOSX O0yClIaBIv-
BAaC€TCS KaK TEXHOJOTMYECKUMU YCIOBUSIMU (OpMHUpPOBaAHUS, TaK U
ornnuneM TKIJIP miieHKH, MOUIOKKA M TMPOBOJHUKOBBIX IUIEHOK. bOJib-
M€ MEXaHUYECKHE HANPSIKEHUS B IJICHKAX C TEUCHUEM BPEMEHU MPHUBO-
JST K HEOJHOPOJHOCTH COCTaBa, pacTpeCKUBaHUIO, IienyiieHuto. [Ipak-
THKa MOKa3ajia, YTO YKa3aHHBIM TPeOOBaHUAM YIOBJIETBOPSIET OrpaHUYCH-
HOE YUCJIO MAaTEpPUAJIOB.

Hawnbosnee mmpoko B TOHKOIUICHOYHBIX CXE€MaX HCIOJIb3YIOTCS TICH-
Ka MOHOOKHCH KpemHHs SiO (¢ =5- 6), KoTopas CyOIMMHpYETCS TpH
temneparype 1100 - 1 300°C. Ha cBoiicTBa mosy4aembIx IuieHOK SiO
CUJIbHO BJIMSIFOT T€XHOJIOTMYECKHUE YyCIOBUs TMoaydeHus. [lnoxas Bocmnpo-
M3BOJMMOCTh XapaKTePUCTHK IUICHOK SIO 0OBSICHICTCS HATUYHEM B HUX
TaKUX COeIMHEHHMH KpemHMs, Kak SIO;, Si,O3, HMMEONUX pa3IudyHbe
ANEKTPOPU3UUECKUE XapaKTEPUCTUKHU. KOHTpOJIb KauecTBa IJICHOK I0-
3BOJISET MOJIyYaTh KOHICHCATOPHI ¢ yAEIbHOM eMKkocTbio 1o 10* nd/em” ¢
yAOBJIETBOPUTEIBHBIMU JIEKTPODU3NUECKUMU XapakTepuctukamu. OqHa-
KO OCTaeTCs IOCTATOYHO BBICOKOW BEPOSITHOCTH CIIOHTAHHOT'O TMOSBJICHUS
KOPOTKHUX 3aMbIKaHUW, OCOOCHHO, B YCJIOBHUSIX TMOBBIIICHHON BJIaKHOCTH.
[Tnenku SiO, B orTiauume ot 1wieHOK SIO MMEIOT MEHbIEE 3HAUCHUC JIH-
DIIEKTPUYECKON IMPOHHUIIAEMOCTH (¢ =4) U 0oJiee BBICOKYIO DJJICKTpHYE-
CKyI0 IPOYHOCTB. JJoGPOTHOCTD KOHIeHcaTopos gocruraer 10° - 10°. He-
nocratkoM SiO, sBisieTcst BeIcOKass Temriepatypa ucnaperus (~1700°C).
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[Tnenxu SiO; B OCHOBHOM HCIIOJIB3YIOTCS JJIS IMOJIYYCHUS KOHICHCATOPOB,
paboTaromMX MPH MOBBIIICHHBIX TEMIEpaTypax.

Ha npakrtuke gyacto npumeHsoT mwieHku Al,Oz u Ta,Os, monyyaeMblie
anonupoBanueM ImieHok Al u Ta. IIpeumymiectBom 1mieHoK Ta,Os sBIIs-
IOTCSA WX BBICOKas JIUAJICKTpUUYECKash MPOHULIAEMOCTh (& = 25) U BO3MOXK-
HOCTb MOJIyY€HHUsI OOJBIINX ylelbHbIX eMkocTel (0,2 MKCD/CMZ). OnHako
YaCTOTHBIM Juana3oH 3Tux sneMeHToB Heeauk (0,1 — 1 MI') BcieacTBue
BBICOKOTO COITPOTUBIICHHS HM)KHEH TaHTAJIOBOM OOKIIAIKH.

[TpocroTy Hanecenus miieHoK Al m mporiecca aHOAMPOBAHUS HCITOJIb-
3YIOT NP MOJIYYeHUH KOHAeHcaTopoB ¢ aumdiekrpukoM Al,Oz. Hecmorps
Ha HEOOJBIIYIO BEIWYUHY OTHOCHUTEIBHON IUAJEKTPUYCCKOW MPOHHIAC-
MoctH (¢ =8 - 9), muenku Al,O3; UMEIOT BBICOKYIO BOCIPOHM3BOIUMOCTD U
CTaOMIBLHOCTh. B 3TOM ciydae MpoOBOIHUKHU, OOKIAJKA KOHJEHCATOPOB U
TUAJIEKTPUYECKHUE TUICHKM M3TOTaBJIMBAIOT OOBIYHO HA OCHOBE OJHOTO U
Toro ke marepuana (Al).

B mnocrnennee BpeMs IIMPOKO PacHpOCTPaHEHBI JUAICKTPUUECKHE
MJICHKW HAa OCHOBE OKCHIHBIX CTEKOJ (OOpOCHIMKATHBIC, aJIFOMOCHIIUKAT-
HbIe U Ap.). OHKU HauOoJee MIOTHO yAOBJIETBOPSAIOT TPEOOBAHUSAM, MIPEIb-
SABJISIEMBIM K MaTepHaly AUIICKTPUUECKUX TUICHOK. [Ipu 3TOM moBBIIIaeT-
Csl BEPOSITHOCTh (hOPMUPOBAHUS OCCIIOPUCTON TUAJIEKTPUUECKOMN TIJICHKH,
JOTYCKAETCSI TEPMOOTKUT MEXaHMYECKUX HAIpPSHKEHUH, 3aJIeYMBAHUE JIe-
(GeKTOB MICHKH TIPHU JEKTPOTPEHUPOBKE M3TOTOBJICHHBIX KOHICHCATOPOB.
ITyTem moabopa UCXOTHOTO COCTaBa CTEKOJ MOKHO B IIMPOKHUX TMpejesiax
U TJIABHO M3MEHATH UX JJIEKTPUYECKUE, MEXAHWUYECKUE U TEIJIOBBIE Xa-
paKTEepUCTUKHU. Tak, MEKTpUUECKasi MPOUYHOCTh OOJIBIITMHCTBA U3BECTHBIX
crekon Boime 10° B/cM, OTHOCHTENBbHAS OUBJIEKTPUYECKass MPOHUIIAe-
MOCTb COCTaBJISIET 4 - 8, TAHTEHC Yyria JUAJICKTPUUYECKUX MOTEPh COCTaB-
sser (0,7 - 3)2107%, TKJIP = (50 - 200)=107 rpan™.

JI71s1 monyd4eHus: AUAIEKTPUUECKUX TIEHOK TOJCTOIJIEHOYHBIX MUKPO-
CXEM MCIOIB3YIOT AMAIEKTPUUECKHUE TACThl, B COCTaB KOTOPBHIX BXOJUT
TUTAHAT Oapusl WX CTPOHIIMS, CTEKJIO W YaCTHIIBI CTEKJIOKepaMuku. 1o
TOJICTOTUICHOYHOM TEXHOJOTMU M3rOTaBJIMBAIOT KOHJEHCATOPbI, pabdo-
Taromnue Ha yactotax g0 1 I'Tu u B cxemax, Jyisi KOTOpbIX TpeOOBaHUS K
TOYHOCTH M3TOTOBJICHUS M DJICKTPUUECKUM XapaKTePUCTUKAM HEBBICOKHE.
[Ipu Tommuue TUieHKH audiekTpuka 25 — 30 MKM MOKHO TOJYYHUTh KOH-
nencatopsl eMkocThio 1 - 100 nd, BeIAEpkUBarOIINEe MPOOUBHOE HAIPsI-
xenue 150 B u umeronue Benuuuny tg o, pasuyio 0,02.
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Mopsaok BbINONTHEHMA PaboThI

1. IsMepuTh TeOMETpUUYECKHUE pa3Mepbl MHKpockoriom MIP-12
MPEAJIOKEHHBIX MIIEHOYHBIX KOHACHCATOPOB.

2. I3amMeputh €eMKOCTh KOHJIeHCaTOpoB mpubdopom E7-5A, onpenenutsb
YIEIbHYI0 €MKOCTh U IUAJIEKTPUUECKYIO TPOHUIIAEMOCTh JUAIEKTPHUKA.

3. [Ipu komuaTHO# TemnepaTrype kymerpoM E4-4 m3meputh 3aBucu-
MOCTb €MKOCTH | g 0 (100poTHOCTH Q) TECTOBOrO KOHIEHCATOpPA OT Yac-
TOTHI B ©HTEpBaje 1,5 — 1,9 MI'y marom 100 I 1.

4. CHATb 3aBUCHUMOCTh €MKOCTU U /g 0 MJIEHOYHOTO TECTOBOI'O KOH-
JIeHCaTOpa OT TeMmmeparypshl. Jisi 3TOro uCroiab30BaTh MUKPOTEPMOCTAT,
HarpeBaeMblil OT OJI0Ka MUTAHUS «DJIEKTpoHUKay. [Ipu nponyckanuu Toka
gyepe3 TepmoctaT 300 MA 100UThCs CTaOMIIBHOW TeMIepaTyphbl B UHTEpBa-
ne 55 - 60°C. Paccuurars Benmnuuny TKE. M3mepenust npoBOIUTh KyMET-
poMm E4-4 na vacrore 1,5 MI'.

5. [IpoBecT aHaNM3 MOJIYYEHHBIX PE3yJbTAaTOB. Pa3znenuTs ImieHod-
HBIE TUAJIEKTPUUECKUE MaTepUasbl HA KOHAEHCATOPHBIE U U30JIALIMOHHBIE.

Jlumepamypa

1. bymmunckuit N.I1., Mopo3zos I'.B. TexHosiorus ruOpuHbIX HHTE-
rpanpHbIX cxem CBY. M.: Beiciias mkona, 1980. 284 c.

2. YepnoOpoBkuH .. ®dusznueckue OCHOBBI MHUKPOIIEKTPOHUKH.
Kyiiosimes, 1983. 135 c.

3. TexHoyorust TOJACTHIX M TOHKUX TwieHOK /Ilom pen. A. Pelimana,
K. Poysa. M.: Mup, 1972. 315 c.

JNlabopaTopHaa paboTta Ne 5

N3mepeHne NoBepXHOCTHOro CONpPoOTUBIIEHUS
TOHKUX PE€3UCTUBHbIX NJIEHOK

Ilenv pabomel - 03HAKOMUTHCS C TEOPUECH YETHIPEX30HI0BOIO METOAA
M3MEPEHHS BEIIMYMHBI YyACIHPHOTO TOBEPXHOCTHOI'O COMIPOTHBJICHHS ps
TOHKHX TUICHOK, IIPOBECTH IKCIIEPUMEHTAIBHOE ONPEICIICHHE ps HA CepUHr
TOHKOTUICHOYHBIX 00pa3IoB.
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KpaTkasa Teopus paboTtbl

Co3gaHne MICHOYHBIX PE3UCTOPOB B THOPUIHBIX MHTEIPATbHBIX CXE-
Max TpeOyeT 3HaHHUS BEIMYMHBI ITOBEPXHOCTHOTO COMPOTHUBIICHUS TLIC-
HOYHOr0 Marepuaja. M3BeCTHO, YTO CONPOTHBIICHHE IJICHOYHOTO PE3H-
cTopa Nnpoctoit hopMbI orpeaensercs 1o Gopmyse

R=psN, (1)

T€E ps - MIOBEPXHOCTHOE CONIPOTUBIIEHHUE, 0% ;

N - ynucio kBagpaToB (ko3 durueHT Gopmsl), onpeaensieMoe Kak OT-
HOIIIEHUE JIJTMHBI PE3UCTOPA K €0 IIUPHUHE.

B TexHoJIOrMU MHTErpajibHBbIX CXE€M HEOOXOJIHMMO OCYIIECTBIATH IO-
CTOSIHHBIM KOHTPOJIb BEJIUYUHBI ps. CylIeCTByeT HECKOJIBKO METOJI0B, KO-
TOpBIE MO3BOJISIOT ATO caenath. IlepBoiii MeTon (J1abopaTopHas padoTa
Ne 3) ocHOBaH Ha M3MEpPEHMHM COMPOTUBIICHUS PE3UCTOPA, ONpPEICICHUU
Yyciia KBaJpaTOB U BBIUUCICHUH ps 110 dopmyiie (1). OgHako 3TOT METON
TpeOyeT HAIMYUSI TECTOBBIX PE3UCTUBHBIX IUIAT U HE MOXKET MPUMEHSETCS
B KauecTBE SKCIIPECC-METoJa B TEXHOJOTHYECKOM rmporuecce. Jpyras
rpymnna METOJA0B OCHOBAHA HA U3YYEHUHU BBICIIMX TAPMOHUK MPU MPOITYC-
KaHUU 4Yepe3 MUICHKY MEPEMEHHOTO 3JIEKTPUUYECKOTO CUTHAJNIA U SIBIISETCS
JIOCTATOYHO CJIOKHOM MO CBOEMY almnapaTHOMY MCIIOJHEHHIO.

Hawnbonee mmupoko pacnpoCTpaHEHHBIM METOJAOM Ha TEXHOJOTHYe-
CKUX JIMHUAX SIBIISETCSI CIIOCOO M3MEPEHUS pPs YETHIPEX30HJIOBBIM METO-
nom. OOmras Teopust 3Toro merona omucana B [1 - 3]. CTyaeHTh uMenu
BO3MOXHOCTb O3HAKOMUTHCSI C AKCIEPUMEHTAIbHOW 30HJI0BOM yCTaHOB-
KOM Ha 3-M Kypce MpH BBINOJHEHUU J1a0OPATOPHBIX padoT «MeTo/bl KOH-
TPOJISI B TEXHOJIOTUH MHTETPATbHBIX cxeM». B maHHON paboTe MCIOIb3y-
€TCS YaCTHBIN ciy4yail oOuiel (opmMyibl, OTHOCSIIUNCS K CUTyalluH, KOrJaa
ToJmuHaA oOpa3na d oYeHb Majia, a TEOMETPUUYCSCKHUE pa3Mephl B IIOCKO-
CTH TUJICHKU TIO CPAaBHEHMUIO C MEX30HIOBBIM pacCTOSIHHEM Beluku. [Ipu
ATUX YCIOBUSX (Qopmylia il U3MEPEHUS YAEIbHOIO CONPOTHBICHUS
IJIEHKU UMEET BU/I:

p=ndU/ITIn2=4,53dU/I, )

rae | — BenuunHa Toka, MPOTEKAIIEr0 Yepe3 KOHTAKThI 1 - 4,
U - mafeHue HanpsiKeHUs Ha y4acTKe MEXy 30HaMu 2 U 3.

HOCKOHBKY IMOBECPXHOCTHOC COIIPOTHUBJICHUC pg IO OIIPCACICHUIO CCTh
OTHOIICHHUC YACIBbHOI'O COIIPOTHUBIICHUSA IINICHKH ,0 K €€ TOJIINHE d
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PS=P/d, (3)

TO hopMyIIa sl OMPEACICHUS pPg 3AMUIICTCS B BUJIC
ps=453U/1. (4)

JIOCTOMHCTBOM JIaHHOTO METOJIa SIBJSIETCS TO, YTO B KOHEUHYIO (op-
MYyJly HE BXOJAT 3HAYEHHUSI TOJILIHUHBI IUIEHKU U MEX30HIOBBIX PACCTOSHUM.

Yemuvipex3onoosan ycmanosexa

B pabote ucnonniyercsa 30HA0Boe ycTpoiictBo C2080.1 ¢ deThipbMs
3oHAamu (puc. 1) ¢ mex3ouA0BEIM paccTossHreM 1 300 MkM. 30HABI U3TO-
TOBJICHBI M3 KapOwaa BosibpaMa ¢ AuaMeTpoM padodeit miomanku 20
MKM. DJIEKTPUYECKAsA CXEMa BKJIIOUYECHUS 30HAOBOM I'OJIOBKH MTPUBECHA HA
pucyHke 1. B xadecTBe HCTOYHHKA MMUTAHUS U U3MEPUTEIS BEIUYUHBI TO-
Ka ucrnoas3yetcs 0ok nutanus b5-50. B cnydae pa6oter b5-50 B pexxume
CTa0MIM3alMK TOKA, BEJIMYMHA TOKA C BBICOKOW TOYHOCTHIO COOTBETCTBY-
€T BBICTABJICHHOMY 3HaueHHIo | Ha maHenu npudopa. B kauecTBe nzmepu-
TNl HANPSHKEHUST UCoJib3yeTcs: g poBoit BoasT™MeTp BP-11 ¢ BXoaHbIM
conporusieHreM 10 kOm. [lepeknrouenre NOASIPHOCTH TOKA IPOU3BOINT-
cs Ha kieMmax Osoka b5-50.

]

Puc. 1. Cxema uzmepumenvrnozo ycmpotuicmea
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Mopsaok BbINONTHEHMA PaboThI

1. Bkmatounts npubopsl aiisg nporpesa (30 MuH). YCTaHOBUTH Ha Na-
Henu b5-50 nanpsbkenue 35B, Tok 1 MA. OTKIIOYHTH OJMH U3 IITEKEPOB
30H710BOM rojioBKH (1 unu 4) ot b5-50. UcTOYHMK TUTaHKUS B 3TOT MOMEHT
JOJIKEH HaXOAUTHCS B PEKUME CTAOUITM3AI[MU HAIPSKECHHUS.

2. [loMecTuTh TUIEHKY B HM3MEPUTEIIBHOE YCTPONCTBO. MeIeHHO
OIyCKasi TOJIOBKY, TOOMThCA KacaHUs IJIACTMACCOBOTO OOpPTHKAa MOBEPX-
HOCTH TUICHKH.

3. IloncoenuHuTh OTKIIOUECHHBIN ImTekep K b5-50. Mcrounuk mnura-
HUS JOJDKEH MEpPEeUTH B PEXKUM CTAOMIM3alMKM TOKa, YTO OyJeT 03HAYaTh,
YTO Yepe3 KOHTaKThI 1 - 4 uaet Tok 1 MA. Eciu (1ipyu u3MepeHrun BBICOKO-
OMHBIX 00pa3uoB) npudop b5-50 He neperien B pexxuM cTaOUIM3aIUN TO-
Ka, TO HEOOXOAMMO YBEJIMUUTh HaNpsKEHUE Ha nanenu a0 45 — 55 B.

4. U3meputh najeHue HanpsbkeHus Ha 3oH1ax 2 u 3. [loBToputh us-
MEpEHUS MPHU APYroil MOJIPHOCTH TOKA.

5. 3aHecTu pe3yJsibTaThl B TaOauIly. I3MepuTh NpesioKEHHBIN Mpe-
nojiaBaTesieM Habop 00pa3IloB.

Ne n.n. Ne oop. I mA U~ .B U*, B Ds

6. ChopMynupoBath BEIBOJbI IO padoTe.

Jumepamypa

1. baraeun B.b., Konnepoii F0.A., ®egoposuu 10.B., N3mepenue na-
paMeTpoB TOJYIPOBOJAHUKOBBIX MaTepUalioB U CTpyKTyp. M.: Paamo u
CBsI3b, 1985. 264 c.

2. [TaBnoB JL.II. Metoasl onpeneneHuss OCHOBHBIX IMapaMeTpOB MOJTY-
IPOBOJHUKOBBIX MaTepuaiioB. M.: Beicmas mkona, 1975. 206 c.

3. boukapesa JI.b., 3umun C.I1. ®u3uka mosynpoBOJHUKOB. SBJIEHUS
nepeHoca B TOHKUX TUIeHKaX: Yuel. mocooue. SApocnasis, 1985. C. 36 - 39.
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INlabopaTopHasa paboTa Ne 6

Knaccuyeckue pasmepHble 3P eKTbl
B TOHKUX NrieHKax. 3aBUCUMOCTb
yAeribHOro COnpoTUBIEHUA OT TONMWMUHDI

Ilens pabomot - N3yINTh TEOPETUUCCKUE OCHOBBI 3aBUCUMOCTH Yy 1€ITb-
HOTO COINPOTHUBJICHUS TOHKUX IUICHOK OT TOJIIUHBI, OCBOUTh METOAUKY
pacuera JUIMHBI CBOOOJHOIO Ipobera 3JIEKTPOHOB M Ko3(duIlmeHTa 3ep-
KaJIbHOCTH, TIPOU3BECTH IKCIIEPUMEHTAIbHBIE UCCIEAOBAHUS 3aBUCUMOCTH
IPOBOAMMOCTH OT TOJIIMHBI B pamkax Teopun Dykca - 3oHATEMMEpA.

KpaTkaa Teopus paboThbl

ToHKME TIJIEHKU MO CBOEH MPUPOJIE MPEJCTABISAIOT CO00M 0OOBEKTHI C
pa3zHooOpa3HbIMU (U3WUYECKUMH CBOMCTBaMH, MpHYeM (PHU3UUIECKUE Xa-
PAKTEPUCTUKHU BELIECTBA B BUJE INICHKA U MOTYT CYIIECTBEHHO OTJINYaTh-
Cs OT CBOMCTB 3THX K€ MATEPUAJIOB B MACCUBHOM COCTOSIHUU. I3MeHeHue
(bU3UYECKUX CBOWCTB BEIIECTBA B IIJICHOYHOM COCTOSIHUI TTPOUCXOIUT IO/
BJIMSIHUEM JIByX OCHOBHBIX IpHU4YMH. [lepBasi mpyuurHa 3aKJIH0YAETCS B TOM,
YTO MNPU MOJYYEHHH TOHKUX IJICHOK MOXHO JOOUTHCS Pa3zHOOOpa3HOM
CTpYKTyphl. [Ipu BapbupoBaHUU YCIOBUN KOHJEHCAIIUU CTPYKTypa obOpa-
3YIOIIHUXCS TICHOK MOXET U3MEHATHCS OT MPEACTbHO HEYNOPSAI0UYCHHOTO
MEJIKOJIUCTIEPCHOTO COCTOSIHUS (TpaHYyJIMPOBAHHBIE CIIOM) 10 CTPYKTYPHI
COBEPIICHHOTO MOHOKPHUCTAIIMYECKOTO CJIOs (3MUTAKCUAJIbHBIC TIJICHKH).
[Ipr 3TOM BO3MOXHO TOJYY€HHE OCTPOBKOBOM, MOPUCTOM, amMopdHOI
CTPYKTYp, KaXKJas U3 KOTOPbIX 00ja1aeT cuelupuIecKuMu PU3ndecKuMu
CBOMCTBAMHU.

Jpyro#i mpuYMHON, MPUBOMSIICH K OTIMYHIO (PU3HMYECKUX CBOMCTB
TOHKHX TUIEHOK OT CBOKWCTB MAaCCUBHOTO BEUIECTBA, SIBIIACTCSA BIUSHAC Ma-
JIOCTHU €€ TOJIIIUHBI, YTO MPUBOAUT K BOSHUKHOBEHUIO pa3MepHBIX I Pek-
TOB. B yacTHOCTH, B 3JIEKTPONPOBOTHOCTH, TAIIbBAHOMArHUTHBIX U JPYTHUX
s ekTax mposBISIETCS KIACCUUECKUN pa3MepHBI 3(hPEKT, CBSI3aHHBIN C
OTPaHUYCHUEM JJIMHBI CBOOOHOTO TTpoOera JIEKTPOHOB TOJIIWHON TIJICH-
KH WIM TIPU COM3MEPUMOCTH TOJIIHUHBI IUICHKU paguyca OpOUT JIEKTPO-
HOB B MarHuTHOM mone. [Ipu nanpHeleM yMEHbIIEHUHN TOJIIIMHBI CI0EB
B OUYECHb TOHKHX IIJICHKA TPU HU3KHUX TEMIEPATYPaX MOXKET OKa3aThCs, YTO
TOJIIIMHA CTAHOBUTCS COM3MEPHUMOM C JJIMHOW BOJIHBI A¢ bpoiis. B atom
Cly4yae B TEPMOAVMHAMUYECKUX W KHMHETHYECKUX CBOMCTBAX JJIEKTPOHOB
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MPOSIBIISICTCS KBAHTOBBIM pa3sMepHbId 3G (PEeKT, TPUBOISIIINN K IIEJIOMY Psi-
oy crnenupruyecKuX KBAaHTOBBIX SIBIICHUM.

Teopusa ®@ykca-3onozeiimepa npPOCOOUMOCHU MOHKUX MeMAlIu
YecKuXx n1eHOK 6 3a6UCUMOCHU OM MOTUUHbBL

K kaTeropuu kjiaccuueckoro pazMepHoro 3pekra OTHOCUTCS ClIydai
WU3MEHEHUSI BEJIUYMHBI yIEIbHOTO COMPOTUBIICHHS IJIEHOK OT WX TOJIIIH-
HBI. Y CTAHOBJICHO, YTO TPAJUIIMOHHAS 3aKOHOMEPHOCTh, KOTJIa COPOTHUB-
JICHUE TUIEHKU 00pAaTHO MPOMOPIMOHATBHO TOJIIMHE IJICHOK CIIPaBeINBa
HE BO BCEX CIIydasx, a TOJHKO TOT]Ia, KOTAa TOJIIMHA TIJICHKU I0CTaTOYHO
Benuka. B 0osiee TOHKHMX CIIOSX BEIUYMHA YJEIbHOTO COMPOTHUBIICHUS OIl-
penensiercsi pasMepHbiMu 3ddektamu. BriepBbie Ha 3TOT (akT oOpaTui
BHUMaHue TomcoH B 1901 r. Teopust 351eKTpONPOBOJHOCTH TOHKHUX MeE-
TaJTMYECKUX TJICHOK (IUIACTHH) B YCIIOBUSX, KOTJIa CPEIHSS JJIMHA CBO-
001HOTO Mpo0era IICKTPOHOB |y com3MeprMa ¢ TONIUHOM 0, ToCTpoeHHAs
Py HMCIOJIb30BAHUM KMHETUUYECKOTO ypaBHEeHUs boibiiMaHa, mpeayioxkeHa
B 1938 r. dykcom, nopaborana B 1958 r. 3onareitMepomM U HOCUT Ha3Ba-
Hue teopun Dykca - 3onarerimepa. CorinacHO TEOpHUH, SJIEKTPOIPOBOI-
HOCTh IUIEHKHM O M 3JIEKTPONPOBOJHOCTH MAaCCHUBHOTO Marepuaia oOp B
ciyuae d/lp>1 cBsI3aHbI COOTHOLIEHUEM

olop=1-(3d/8ly), (1)
a B ciayuae d/lp<<1
olop=3dIn(lo/d) /4 1,. (2)
DOTH ypaBHEHHMS CIIPaBEIIMBHI TIpU TU(PGHY3HOM OTpaKEHUU DIICKTPO-
HOB OT TPaHMI] IJICHKU. ECIM ydecTh, 4TO 4acThb JIEKTPOHOB p YIPYro
OoTpakaeTcs OT IMOBEPXHOCTH, a ocTaibHbie (1-pP) pacceuBaroTcs quddys-
HO, TO opmydbl (1) u (2) npu nepexoae K BEIUUYUHE YACIBHOTO COMPO-

TUBJICHUS TIPUOOpETAIOT CIEAYIOMMN B (HapaMeTp p 4acTO Ha3bIBAIOT
napaMeTpoM 3€pKaIbHOCTH):

p/po= 1+ [30,(1-p)/8d],  dlly>1 3)

o/po=[4lo (1-p)] / [3 (1+p) d In(lp/d)],  d/lg<< 1. 4)
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CootHomieHue (3) mpuMeHUMO B IHUPOKO# oOnactu 3Hauenuit d/ly (ot
0,1 no mpenenbHO BbICOKHX). Teopusi dykca paccMaTpuUBaeT METAI CO
cepuyeckoil MOBEpXHOCThIO DepMU M M30TPOIHOM AJTMHONW CBOOOIHOTO
npobera. Kpome Toro oHa ocCHOBaHa Ha MPEANOI0XKEHUH, YTO KOIDPHUIn-
€HT 3€PKaJbHOCTH HE 3aBUCUT OT TPACKTOPHUM AJIEKTPOHOB U OJIMHAKOB
JUIs 00X MOBEPXHOCTEH.

Ha pucynke 1 mpuBeieHBl 3KCIIEpPUMEHTAIIBHBIC PE3yJIbTaThl 3aBUCH-
MOCTH yJIEIBLHOTO CONPOTHBICHHMS IIeHOK cepedpa (lg = 32 mxm) nipu 4,2
K oT TonamuHbl 1 TeOpeTHUeCKHue KPUBbIE, COOTBETCTBYIOIINE YPAaBHEHUSIM
(3) u (4) npu pa3aUYHBIX 3HaUYCHUSAX Kodbduimenta pP. M3 pucynka cie-
IYeT, 4TO KJIACCUYECKHUI pa3MepHbIid 3 (PEKT NpUBOAUT K 3HAUUTEILHOMY
BO3PACTAHMIO YJIETLHOTO COMPOTUBIICHHS (HA TIOPSIIOK) TP YMEHBIIICHUU
TOMMUHLL TIeHKH oT 12 000 o 1000 A, u uro B 1a nHOM KOHKPETHOM
ciydae 50% Bcex 3JIEKTPOHOB PACCEUBAIOTCS 3€PKAIbHO, a OCTAJIbHBIC -

niddy3Ho.

2, 108 Oy cM

d 10" A

Puc. 1. 3asucumocms yoenvrnoco conpomusnenus nieHox cepebpa
om moawunsl npu 4,2K. Touku - sxcnepumenmanvhvle pe3yibmamal,
JIUHUU — MeopemuyecKue 3a8UCUmMocmu

Memoouka onpeodenenusn OaUHBL CB0000H020 NPobdeza I1eKMPOHOB
u Ko3(pguuuenma 3epkaibvnocmu

CormocTaBiisis dKCIEpUMEHTaIbHbIe 3aBucuMocTd p(d) ¢ cooTHoIe-
HusMu (3) u (4), MOXKHO Ha TPaKTUKE OMpPEAeIUTh JJIUHY CBOOOJTHOTO
npooera 37eKTPoHOB |y 1 K03 PUIIHEHT 3epKaATBHOCTH p. ITO MOXKET OBITH

CIENaHO CIEAYIOIIUM 00pa3oMm.
B o6nactu d<<ly cootHomenue (4) MOKeT OBITh 3aIIMCAHO B BUJE:

Ipd=[3 (1+p) (Inlo - Ind)] / [4 (1-p) polo]. ()

33



CrnenoBatenbHo, BenmuuHa 1/ pd sBiisiercst nmuneiHON dynkiuei In(d)
I/pd=A-Blind, (6)
IpuIeM
A/B=lInly. (7)
Eciu noctpouts rpaduk 3aBucumoctu 1/od = f(In(d)), To Touka mepe-
CCUCHMS TIOJIYYCHHOM HPSAMOM ¢ OChIO aOCIMCC JaeT BO3MOKHOCTD OIpe/e-
muth lg. JetictBurensro, ecnu 1/pd =0, To A = B In (dg), u, ciegosaresn-
HO, Ha ocHoBaHMH (7) umeeM lg = dg. 3mech dy — ToMIIMHA [ICHKH, OMpee-
nasieMast B Touke nepeceuenus mpsamoit 1/od = f(In(d)) ¢ ockro abcuuce.
B o6mactu d> |y cooTHomenue (3) MOKHO mepenucaTh B BUIC:

pd=1[3(1-p) polo/ 8] +po d. (8)
B nannom ciyuae pd sBisercs auHeHOM QyHKIMEH d:
pd=C + Dd. (9)

Ecnu moctpouts rpadpudeckyio 3aBucumoctbh pd = f(d), To HakaoH »>TOM
3aBUCUMOCTH ITO3BOJIUT OIPEICITUTh yACIbHOES COMMPOTUBIICHUE fy. Kpome
Toro, 3Hasi BeyimuuHy C, OTCeKaeMyro NpsMOi Ha ocu opauHaT npu d=0,
MO>KHO Ha OCHOBaHUHM (8) OINpenenTh p, BOCIOJB30BABIIUCH YK€ Hal-
ICHHBIMU po U |y,

Mopsaok BbINONIHEHMA PaboThI

1. Huxe (cm. IlpunokeHue) mpUBOASATCS Pe3yiabTaThl SKCIEPHUMEH-
TaJdbHBIX UCCIEIOBAHUN 3aBUCUMOCTH YAEIBHOTO CONMPOTUBICHUS TOHKHUX
IJICHOK Pa3fIMYHBIX METAIOB OT UX TOJIIMHBI, B3AThIE U3 pabOT pa3iny-
HBIX aBTOPOB (3aganus A - T).

2. I1o ykazaHuto mpernojaBarelis NPOBEIUTE aHAIU3 OJHOTO U3 IMpe/-
JIO)KEHHBIX BapUaHTOB JaHHBIX. [[7s 3TOro mnocTpoiTe 3aBUCUMOCTHU
1/pd = f(In(d)), od = f(d), npoBeauTe pacdersl (eciv 3TO BO3MOXKHO) BEJIU-
yuH lg, oo, p. [Ipoananu3upyite moaydeHHbIC PE3yIbTaThL

3. ChopmynupyiiTe BEIBOIBI 1O padoTe.
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Hpunoxkenune k padore 6

Bapuanm A
Ilnenku 30J10Ta, HAHECEHHBIE HA CTEKJIO. TemIiiepaTypa HU3MEpEHUS
42 K.
d, A ol 10 Om cu d, A ol 10 Om cu
700 36,8 2200 17,1
850 32,4 2700 14,8
1000 28,5 3300 12,8
1100 26,9 3850 11,6
1400 22,8 4450 10,2
1800 19,3 6000 9,2
Bapuanm b
Inenku 3010Ta Ha cTekne. Temneparypa usmepenus: - 295 K.
d, A 0, 10° Om cu d, A 0, 10° Om cu
200 5,0 1000 2,5
260 3,4 1500 2,45
300 2,9 2000 2,4
350 2,7 3000 2,35
400 2,6 4000 2,3
Bapuanm B
Tounkue mieHku xpoma. Temmeparypa usmepenus - 295 K.
d, A ol 10 Om cm d, A ol 10 Om cm
110 620 610 45
230 86 680 44
310 61 790 43
390 58 950 42
490 47 1180 41
Bapuanm I
ToHKkME MOJUKPUCTALIMYECKUE UICHKU 30JI0Ta. TeMmmepaTypa u3Me-
eHus - 295 K.
d, A ol 10 Om cm d, A ol 10 Om cm
200 8,0 620 3,6
250 6,3 740 3,4
290 9,5 800 3,1
320 5,0 1200 2,9
370 4,5 2000 2,8
460 4,1
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