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1 N\CCNEOOBAHUE 3NEKTPUYECKUX CBOUCTB
NMPOBOAHUKOBbLIX MATEPUAINOB

1.1 Lenb paboThbi:

a) ONPENICNICHUE YACIBHOTO COMPOTHBJICHUS IPOBOJIHUKOBBIX
MaTepHUajoB U €ro 3aBUCUMOCTH OT TEMIIEPATYPHI;

0) BBIYMCIICHUE TEMIIEPATYpHOro KO3 pulMeHTa yAEIbHOIO CO-
IIPOTHUBIICHUS.

1.2 KpaTKkne cBegeHus U3 Teopum

IIpoBogHMKaMM Ha3bIBAIOT BEIIECTBA, OCHOBHBIM JJIEKTpUYE-
CKMM CBOMCTBOM KOTOPBIX SIBJISIETCSI BBICOKASl AJIEKTPOIPOBOIHOCT,
T.€. CIIOCOOHOCTbH XOPOIIIO MPOBOJUTD JICKTPUUECKUIN TOK.

IIpoBOTHMKOBBIE MAaTEpHUAIBI MOAPABACIAIOTCS HA JBE TPYIIIIBL:
METAJUIbI BBICOKOW TPOBOAUMOCTH; CIIJIABbI BBICOKOT'O COTPOTHUBJICHUS.

IlepBas rpynma HMCHOJAB3YETCS JIs W3TOTOBJIEHHS MPOBOJIOB,
KU, kKabenel, 0OMOTOK JIEKTPUYECKUX MAIIMH U TPaHCPOPMATOPOB,
BTOpAs TpyIIa sl U3rOTOBJIEHUS] PE3UCTOPOB, HUTEH JIAaMIT HaKalu-
BaHUS, CIIUpAJICH HarpeBaTeIbHBIX MPUOOPOB, TEPMOIIAP U T.II.

OCHOBHBIE CBOMCTBA ITPOBOJHHUKOBBIX MATEPUATIOB XapaKTe-
PU3YIOTCS BEJIMYMHOM yIEIBHOTO COMPOTUBIIEHUS 0 U TEMIIEPATYPHBIM
KOA(DPUITUEHTOM YIETBHOTO AIEKTPUUECKOTO COMPOTUBIICHUS Olp.

Ha mpakTuke BHauajae OLIEHMBAIOT IMOJHOE COMPOTHUBIIEHUE 00-
pasua R. [lanee paccunTbiBaeTCsl 3HAaUEHUE P

p:R-%, (1.1)

7-d?

rie S — IUIoIaab CeYeHUs MpoBOaHUKA (S = IJIs1 TIPOBOJIOKH

auameTpoM d );

| — mmHA mpoBoIHMKA.

TemnepaTypHblli KO3(QGUIHEHT YICILHOTO CONPOTHBICHUS B
y3KOM MHTEpBajIe TEMIIEPATyp ONPEICIACTCS BEIPAKCHHEM:

_1.4p

24 :
L p AT

(1.2)



DIEKTPONPOBOJAHOCTh METAJVIOB 3aBUCHUT OT COBEPIICHCTBA
KPUCTAJUIMYECKON PEIICTKH: YeM MEHbIe AS(HEKTOB MMEET KPHUCTal-
JUYeCKasl pelieTKa, TEM BBIIIE 3JECKTPOIPOBOAHOCTh. IloaToMy uu-
CThI€ METaJUIbl 00J1a/1al0T HAMMEHBIINMHU 3HAYCHUSIMHU YIEJIBbHOTO CO-
MIPOTUBJICHHUS, @& CONIPOTHUBJICHUE CIUIABOB BCET/Ia BBIIIE COMPOTHUBIIC-
HUM METAUIMYECKUX KOMIIOHEHTOB, BXOSIINX B UX COCTaB.

CruiaBoM HasbIBaeTCsl MEXaHUYECKasl MIIM XUMHUYECKas CMECh HE
MEHee ABYX METAJUIOB. B criaBax, COCTOSIIMX M3 JIBYX MJIM HECKOJIb-
KX METaJlJIOB, KPUCTAUIMYECKas peIlIeTKa MMEET HEINPaBUIbHYIO
dbopMy H3-3a BHEJIPEHUSI HOHOB OJTHOTO METAIa B KPUCTAIIMYECKYIO
pEIIEeTKY APYroro, BCIAEACTBUE ITOTO yACIbHOE COMPOTHUBIICHUE CILIa-
BOB OOJIBIIIE 110 CPABHEHHUIO C YHCTHIMU METaJIJIaMHU.

VYBenuueHue TemMneparypbl He IPUBOJUT K POCTY KOHIIEHTPALIUU
AJIEKTPOHOB N, HO YBEJIWYMBAECT aMIUIMTYJbl KOJICOAHUM 3aKperieH-
HBbIX MOHOB. [10 TOM MpUYMHE YBEIMUMBACTCS BEPOSITHOCTh CTOJIKHO-
BEHUSI DJICKTPOHOB C HOHAMH, T.€. CHIDKAETCSA JUIMHA CBOOOHOTO
mpobera ¥ BO3pacTacT yAeIbHOE COMPOTHBIICHHE.

JI1s1 GONBIIMHCTBA YKCTHIX META/UIOB B JHMAIa3oHE TeMIEpaTyp
OT KOMHATHOW /0 TeMIlepaTyphl IUIABJICHUS CIpaBeIivBa JUHEHHAs
3aBUCUMOCTbD YAEIBHOTO COMPOTUBIICHUS OT TEMIIEpaTypPhl.

Tak Kak ¢ pocTOM TeMmIlepaTyphbl HAOII0Ia€TCsl POCT YACITBHOIO
COMPOTHUBJICHUS] METAJUIOB U CILJIABOB, BEJIMYMHA TEMIIEPATYPHOTO KO-
adduIMeHTa yJIeIbHOTO CONPOTHUBIICHUS ) OOJIbIIE HYJIS, MPUYEM
JUISl METAJIJIOB OHA BBIIIE, Y€M JIJIs CIIaBOB. boiiee Toro, aJisi HEKOTO-
PBIX CIUIaBOB BEJIWYMHA p MOXET MPUOOpETaTh HEOOJBIIIOE OTPHUIIA-
TeJIbHOE 3Ha4YeHHE (T.€. C POCTOM TEMIIepaTypbl CHUXKAETCA p). ITO
OOBSICHAETCSI TEM, UTO B HEKOTOPHIX CIUIaBaX MPHU MOBBIIICHUU TEM-
nepaTypbl BO3MOKHO BO3paCTaHUE KOHIICHTPAIIUH DJIEKTPOHOB.

1.3 MNMopsapok npoBeaeHUs padoThl

DKCHEPUMEHTAJIbHASL YCTAHOBKA COCTOUT W3 TE€YH, TEPMOMETPA,
0o0pa3loB MPOBOJHUKOBBIX MATEPHUATIOB. OJIEKTPUUYECKOE COMPO-
TUBJIEHHE U3MepAeTca oMMeTpoM. [IpoBOHUK, TOMENIEHHBIN B TI€Yb,
CIENyEeT MOAKIIOUYNTh K BXOJIHBIM 32)KUMAM OMMETpPa U 3aMEPUTH €r0
COINIPOTHBJIEHWE B 3aIaHHOM JMaIa3oHe Temneparyp. Mccimemyembii
oOpaszell BBIMOJIHEH B BHUJIE€ MPOBOJIOKU, TUAMETP U JJIMHA KOTOPOH
V3BECTHBI.



B xozae paboTel HEOOXOAMMO BBINOJIHUTH CIAEAYIOIINE JEHCTBHUS:

1.3.1 3aduxcupoBaTh JIMHY U AUAMETP METAITTUYECKON MPOBO-
JOKH.

1.3.2 BkiIrouuTh OMMETpP W 3allucaTh €ro IMoKazaHus. ITO CO-
IPOTUBJICHUE TIPOBOJIOKH MPpU KoMHaTHOM Temnepatype 20 °C.

1.3.3 BxitouuTh HarpeB neun U (GUKCUPOBAThH B TAOJIMIIE 3HAUE-
HUSI COMPOTUBJICHUS MPU MOBBIIMICHUHU TEMIIEPATYPhl BHYTPHU €YU HA
KaXJIbIe 5 rpagycoB.

1.3.4 IIponomxkate s3xcnepumenT a0 220 °C.

1.3.5 BBeIKJIIOYHTH T1I€Yb U OMMETP.

1.3.6 IlockosbKy paboTa BBINOJHAETCS B KOMIBIOTEPHOM BapH-
aHTe, TO MepPe]l 3aKPHITUEM MPOTPAMMBI CJIETYET COXPAHUTH PE3yJIbTa-
ThI B (haitne. [logpodbHee o padoTe ¢ mporpaMMoi MOKHO TTOCMOTPETH
B [lomoms — CnpaBka no paodore.

DKCHEPUMEHT 3aKOHYEH M TeIeph Heo0XoauMo o0padboTaTh ero
pEe3yIbTaTHI.

1.3.7 3arpy3uth nannbie u3 (aiiiaa B Excel mon MathCAD. O6-
paTuTe BHUMaHUE, YTO PE3yJIbTaThl 3amucaHbl B (aill B TEKCTOBOM
dbopmare. PaccuuraTh sl KaxK0l TeMIepaTypbl 3HAaUEHUE YIETbHO-
ro conpotuBieHus mo ¢opmyne 1.1.

1.3.8 Tloctpouth rpaduk 3aBUCUMOCTH YAEIBHOTO COMPOTUBIIC-
HUS OT TeMriepatypsl (B EXcel Tun guarpamMmbl BEIOpATh 00S13aTEIIBHO
«toueuHbli»). [locTpouTh Ha TOM ke rpaduke JMHUIO TPEHIA, T.€.
IPSIMYIO 110 METOJy HaMMEHbBIINX KBajapatoB. B Excel mist sToro BbI-
JETUTh AKCIEPUMEHTATbHYIO 3aBUCUMOCTh U TPU HaXKaTHUU IPaABOU
KHOMKH MBIIIH BbIOpAaTh NYHKT «J[00aBUTH JIMHUIO TpeHAa». Tun Jm-
HUU TPEHJIa — JIMHEWHBIN, MapaMeTpbl — «IOKa3bIBaTh YpaBHEHUE
Ha quarpammey. JIMHus TpeHja CTPOUTCS ISl TOTO, YTOOBI CBECTH K
MUHUMYMY TOTPEIIHOCTH IKCIEPUMEHTA.

VYpaBHeHHE JUHUM TPEHJIa MO3BOJISECT BBIUYKCIUTH TEMIIEpaTyp-
HbI KOA(PUIIMEHT yAEIBHOIO CONPOTHBICHUA. Beap yucioBoi ko-

. Ap
s urireHT nepea X 3TO HAKIIOH MPSAMOM, T.6. ——, U €CIIN Pa3JeIuTh
A
€ro Ha p, IOIYYUM op (cMoTpute dopmyy 1.2).
1.3.9 Pe3ynbrarsl u3MepeHuil U BBIYUCICHUN 0QOPMUTH B BUJC
TaOJIALIBI.



T,°C R, Om 0, MKOM-M ap, K1

1.3.10 Onpenenuth MaTepuan UCCIEAyeMOro oOpaslia 1Mo pac-
CUMTAHHBIM 3HAUYECHUSAM p U p. llapaMeTpbl METAVIOB U CIUIABOB
npuBeneHsl B [Ipunoxenun 3.

1.3.11 OdgopmuTts otuet no padore. [Ipumep otuera mpuBeIcH B
[Tpunoxenuu 1.

ITocTpoeHue rpadukoB U BCE pacyeThl IIPOU3BOANTH HA KOMIIb-
roTepe ¢ moMolblo nporpamm Excel i MathCAD.




2 UICCNEQOBAHUE TEMMEPATYPHOW
3ABUCUMOCTU NPOBOAMMOCTU TBEPAbIX
AN3INEKTPUKOB

2.1 Uenb paboThbl:

a) ONpeJIeJICHUE 3aBUCUMOCTHU COMPOTUBJICHUS JUIIECKTPUKOB OT
TEMIIEPATYpPHIL;
0) ompenesieHre SHEPTUY aKTUBALIMK TPOBOIUMOCTH.

2.2 KpaTkue cBefeHNs U3 Teopumn

Bce nuanextpudeckue MaTepuasibl OpU MPUIIOKEHUU MOCTOSH-
HOTO HAMNpsKEHUsI MPOIMYCKAIT HEKOTOPHIM, OOBIYHO BEChMa HE3Ha-
YUTEIbHBIA, TOK TPOBOAUMOCTH, OOYCIIOBIICHHBIN HANPABJICHHBIM I1€-
peMelleHreM CBOOOHBIX HOCUTENEH 3JIEKTpUYecKoro 3apsiaa. B 3a-
BUCUMOCTH OT THUIIA HOCUTENEH 3apANOB B IUAIICKTPUKAX MOXKET
HaOII01aThCA AIIEKTPOHHAS WJIM HOHHAS AJIEKTPONPOBOJIHOCTD.

VY nenpHas TpOBOAUMOCTD ¥ PaBHa:

Y =eny,
rae N — KOHLEHTpalus CBOOOIHBIX HOCUTENEH 3apsa;

L — TOJABWKHOCTb 3apSIKEHHBIX YACTHUI[ B HAIIPABJICHUH MOJIS.

B TexHHKe 4acTO MCMONB3YIOT BEJIUYHUHY, OOPATHYIO YIIEJIbHOM
MIPOBOJIMMOCTH, — YJEIIBHOE COMPOTHUBIICHUE P.

1 S
_Z, p=R2
P 7,p h,

rae S — IUIoNaab MOMEPEYHOTO CEUCHUS TUAIEKTPUKA, 0 KOTOPOMY
poTeKaeT TOK (0OBIYHO paBHA IUIOIIAM MEHBILIETO 3JIEKTPOAA);

h — TonmuHa TUANEKTPUKA (PACCTOSHUE MEKITY dJICKTPOIAMH).

DIIEKTPONPOBOAHOCTh TBEPHBIX TENl O00YCIOBJICHA KaK MEpPEIBU-
YKEHHEM HOHOB CaMOT0O JUAJICKTPUKA, TaK U MOHOB CIIy4alHBIX MPU-
Meceil, a y HEKOTOPbIX MaTepHalioB MOXET ObITh BbI3BaHA HAJIUYUEM
CBOOOJHBIX AJIEKTPOHOB.

[ToaBUKHOCTH 3JIGKTPOHOB HAa MHOTO TOPSAKOB OOJIBIIE, YeM
MOJBUKHOCTh MOHOB. B HOKCHIe TUTaHA, HAIPUMED, MTOJBUKHOCTD
5JIEKTPOHOB cocTaBisgeT mpumepHo 1074 m?%/(B-c), Torma kak Io-
JIBUKHOCTh HOHOB B aJIFOMOCHJIMKATHONW KEepaMUKE BCETO JIHWIIb



1013—1071% m?/(B-c). CnemoBarenbHO, B TUIIIEKTPUKE C DJIEKTPOHHON
5JIEKTPOIPOBOAHOCTEIO KOHIEHTpamuK »1eKkTpoHoB B 109—10%2 pas
MEHbILE, YeM KOHIEHTpAIMsi HOCUTENel B JUDJIEKTPUKE C MOHHOM
3JIEKTPONIPOBOAHOCTBIO, IPH OJMHAKOBOM 3apse HOCHTENEH M OIM-
HAKOBOM 3HAUYEHUH YIEIbHOI NPOBOJAUMOCTH.

N B citydae 3JIE€KTPOHHOW, M B Clly4yae MOHHOM IMPOBOJUMOCTH
YMCIIO HOCUTENEH 3apsAfia JKCIOHEHIHMAILHO BO3PACTAET C POCTOM
Temnepatyphbl. Clie[I0BaTeNbHO, U POCT yAEIbHON MPOBOAUMOCTH [H-
3J1eKTPUKA OT TeMIEpaTyphl OyaeT NPOUCXOAUTh 10 SKCIIOHEHIUANb-
HOMY 3aKOHY.

E
= A-exp| —— |. 2.1
/4 p = (2.1)

3necs K — mocrostnnas bonsiMana,

T — Temmnepatypa oOpasna B KenbpuHax,

A — k03¢ DUIMEHT, HE 3aBUCAIINI OT TEMIIEpaTypHlI,

E — B o0mieM cityyae Ha3bIBa€TCS YHEPTrUEH aKTUBAIUU U MO-
KET 3aBUCETh OT IIMPUHBI 3AMPELICHHON 30HBI JUAJIEKTPUKA WU OT
SHEPIrUU JUCCOLMUAIIUN UOHOB.

Jlorapudm BeipakeHus (2.1) mpeacTaBiseT ypaBHEHUE MPSIMON
nuHuK B KoopauHartax Iny u /T (pucysok 2.1).

In »

UT

Pucynok 0.1 — 3aBUCUMOCTb yACIHHON MPOBOIUMOCTH
TudNeKTprKa (B torapudmudeckom macmrade) ot 1/7

YtoObl yOEIUTHCSA B 3TOM, HaJ0 MPOJIOrapu(pmMupoBaTh JEBYIO U
MPaBYIO 4acTH BeIpakeHus (2.1).

_ina_E(L
Iny=InA k(Tj' (2.2)
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Ecnu Tenepb BBECTH HOBbIE 0003HAYCHHS:
1 E
=lny, x==, b=InA, K=—, 2.3
y=Iny T o (2.3)

TO MOJYYUM IPUBBIYHOE YPABHEHUE MPSAMON:
y = Kx+b. (2.4)

VYron HakiIoHa 3TOM MpsiMON K ocu abciuce, T.e. KodhPUIUEHT
K, onpenensieTcst 3HaUEHUEM SHEPTUH aKTUBALUHU E.

DHeprum axkTUBAIlUU TMPOBOJUMOCTH MOKHO OIPEACIUTh 10
HAKJIOHY 3aBUCUMOCTHU. Eciiy B 3JIEKTPONPOBOJHOCTH YYaCTBYIOT JIBa
BUJIa MIOHOB, HAIIpUMEP MPUMECHBIE U COOCTBEHHBIE, TO TEMIIEpaTyp-
Has 3aBUCHMOCTH In ¥ ot 1/T Oymer cocTosATh W3 OBYX MPSIMOJIHHCH-
HBIX YYaCTKOB.

2.3 NMopanok BbINOMHEHUA paboThbl

2.3.1 3aduxcupoBarh maTepuan oOpasiia U €ro pa3Mepbl: pac-
CTOSTHUE MEX]Y JJIEKTpoAaMu (TOJIIMHA 00pasiia) U IUIOMIAlb AJICK-
TPOJOB.

2.3.2 O0pazer; MOMECTUTh B T€Yb M PETUCTPUPOBATH KIUKOM
MbIH 10 KHOMNKE 3AIITMCATD 3HaueHrne cOnpOTUBICHUS U TEMIIEpa-
Typbl yepe3 kaxasie 10 rpaxycoB. HauansHOoe M KOHEUHOE 3HAUCHUE
TEeMIIepaTyphl 3aBUCUT OT MaTepuaia oOpasiia. 3akaHYMBaTh U3MEpe-
HUS CIIeIyeT MOCJe TOro, Kak TeMieparypa B Me4H MepecTaHeT u3Me-
HATHCS.

2.3.3 BeikmtounTh nmpuOopsl: TepaoMMeTp U Tedb. CoxpaHUTh
naHHble n3 Tabnuilel B (aitn kinkoM mo kHonike COXPAHUTD (mo-
TpOoOHOCTH B onucaHuu padoTsl Nel).

2.3.4 PaccuntaTh yIenpHYIO MPOBOAUMOCTH JJIS KaXKJAOTO 3Ha-
YCHUS TEMITEPATypPhI 110 hopMyIIe:

h

"R

2.3.5 3anoMHUTh IepPBhIE TPU CTOIOIA TAOJIHIIHI:

Tec | ROm |y ©Omm?| YLKT | Iny
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2.3.6 Paccuurath miis Kaxaoro uMmepenus 3Hadenus 1/7, rne
T'=1+ 273, a takxke In y. 3anonHUTH 1Ba MOCIEIHUX CTOJIOIIA.

2.3.7 Tloctpouth rpaduk 3aBUCHMOCTH Jjorapudma yJeabHOU
POBOAUMOCTH OT oOpaTHoi Temmepatypsl (1/T). Onpenaenuts Ha HEM
KOJIMYECTBO NPSIMOJIMHEUHBIX YYACTKOB.

2.3.8 Ilo Toukam, mpuHAaAJICKAIIUIM KaKI0MY y4acCTKY, ITOCTPO-
UTh MPSAMBIE IO METOIY HAUMEHBIIINX KBAJPaToOB, T.€. JUHUM TPEHJA.
OnpenenuTh U3 ypaBHEHUS JIMHUU TPEHJIa TAHTEHC YTjla HAKJIOHA, T.€.
ko3 uruent K.

2.3.9 PaccuuraTh 2HEpruto akTuBaluu E, MOJIb3YsICh (GOpMyIoi

E
K= e [TommyyenHoe 3HayeHue B JPKOYISX IIEPEBECTU B JIIEKTPOHBOJIb-

THI, JUI YEr0 pas3aeauTh E Ha 3apsy snekTpoHa, pasHsii 1,6-1071° K.
2.3.10 OpopMuth OTHET B COOTBETCTBUU CcO cTaHmaptamu. Cre-
JaTh BBIBOJIBI: OMUCATh BUJI MOJYYCHHOW KPUBOM, MPUBECTU PACCUU-
TaHHOE 3HAYCHHUE PHEPTHH akTUBaIuu. Eciu Ha SKCIepuMEHTaabHON
3aBUCMMOCTH HAOJI0/IaeTCs JABa WM TPU MPSMOJIMHEHHBIX Yy4yacTka,
TO ¥ 3HAYEHUM SHEPTUU aKTUBALIUU CIICTyeT MPUBECTU JIBA WU TPH.

IToctpoeHue rpadukoB ¥ BCE pacyeThl IIPOU3BOANTH HA KOMIIb-
roTepe ¢ nmoMolbo nporpamm Excel uium MathCAD.

Jas cnpaBku:

Jlns Toro 4yToObl HaliTH ypaBHeHue npsmoi Y = KX+b, npose-
JIEHHOU 4Yepe3 AKCIEePUMEHTAIbHbIC TOYKH IO METOJY HAaMMEHBIINX
KBaJIpaToOB (JTMHUS TPEHA), HEOOXOIUMO:

e B EXxcel

HOCTPOUTH rpaduk 3aBUCUMOCTH Y OT X (B HamieM ciydae Iny ot
1/T) u, KIMKHYB IO BBIJCICHHON 3aBUCUMOCTH MPABOM KHOIIKOHM MBIIIIH,
BBIOpATh MyHKT «/[00aBUTH JTUHUIO TpeHaay». THIl JIMHUK TPEHJa — JIU-
HEWHBIN, MapaMETPbl — «IIOKa3blBaTh YPABHEHHWE HA JHArpaMMeE».
JluHust TpeHAa CTPOUTCS JJISI TOTO, YTOOBI CBECTHM K MHHUMYMY I1O-
IPEIIHOCTH IKCTIIEPUMEHTA;

e B MathCAD

BBECTH 3HAYCHUS KOOPJWHAT IKCIEPUMEHTATBHBIX TOUeK X U Y
B BUJIE BEKTOPOB (TAOIUIIBI TPOHYMEPOBAHHBIX 3JIEMEHTOB).

Oynknus k=slope(X,Y) Beraucnser koadpdumuent K , b= inter-
cept(X,Y) — cBoOoaHbIH uiieH b.
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3 TPEBOBAHUA K OPOPMITEHUNIO OTYHETOB
3.1 Oowme nonoxeHus

OTtyeT 1o nabopaTopHOM paboTe SBIAETCA OJHUM U3 BUJIOB TEX-
HUYECKOW JOKYMEHTAllMM U JOJDKEH YJIOBIETBOPATH TPEOOBAHUAM
CTaH/IapTOB.

OTtuyeT BhIMONHSAETCS Ha Oenol Oymare popmara A4 u J0JKEH
BKJIFOYATh:

® TUTYJIbHBIM JIUCT,

e 1ICJIb PabOTHI,

e OMHUCaHUE DKCIIEPUMEHTAIBHOW YCTAHOBKH M OCHOBHBIE pac-
4eTHBIC (POPMYIIHI,

® PE3ynbTaThl Pa0OTHI,

e BBHIBOJIBI.

Pa3aenpl 1omKHBI OBITH MPOHYMEPOBAHBI ApaOCKUMU U PaMH B
npejaenax Bcero otdera. [locne Homepa pazzaena craButcst Touka. Ho-
MEp U 3aroJIOBOK pasjiena MuIryTcs Ha ofHou ctpoke. [locie 3aro-
JIOBKA TOYKA HE CTaBUTCHI.

3.2 NMpaBuna opopmMmneHusa otTyeTa

[Tpumep oopmiieHUsE TUTYJIBHOTO JIUCTa MPUBEJEH Jaliee.

[{enb paboThl chopMyIpoBaHa B ONTMCAHUU K padoTe.

DKclepUMeHTalIbHAasE YCTAaHOBKA MOJKET OBbITh TOKa3zaHa OJIOK-
CXE€MOW, MPUHUMITHAIIBHON CXEMOW WJIA ONKCaHa CjioBamMu. B maHHOM
pazzene NpUBOAITCSA TOJBKO T€ POPMYIIbI, KOTOPhIE OYAYT UCIOIb30-
BaThCs MPU 00pabOTKE pe3yIbTATOB U3MEPECHUS.

3.3 AkcnepuMeHTaribHble pe3ynbTaTbl

B paszeine npuBoaATcs pe3ysibTaTbl SKCIEPUMEHTA U PACUETHI.

Bce mutrocTpanny Ha3bIBarOTCS pUCyHKaMH. OHU HYMEPYIOTCS
IIOCJIEIOBATENIBHO B Ipezenax pasaena. Homep pucyHka cOCTOUT U3
HOMEpA paszielia U MOPsSAKOBOrO HOMEpa pUCYHKA, pa3/IeICHHbIX TOY-
koi. Hanpumep, Puc. 3.2 — BTOpOi1 pucyHok Tpetbero pazaena. [lpu
HEOOXOJUMOCTH PHUCYHKH CHA0XalOTCs MOACHUTEIbHBIMU JTaHHBIMU
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(HOAPUCYHOUHBIN TEKCT). PUCYHKH JOKHBI UMETh MaclITa0HYIO CET-
Ky. Ha ocsix yka3pIBaroTCs yCIOBHBIE 0003HAUYCHHS U Pa3MEPHOCTb.
Pa3zmep Touek Ha rpaduke q0keH ObITh B 3—4 pasza 0oJibliie
TOJIIIUHBI TUHUHU, KOTOPAs TI0 HUM TIPOBOJIUTCS.
udposoit maTepuan nmomemniaoT B BuAe Tadbmun. Kaxnas tal-
JUIa JO0JDKHA MMETh Ha3BaHue. Homep TabiMIbl COCTOMT M3 HOMEpa
paszesna v Mops,AKOBOI0 HOMepa TaOIHUIlbl, pa3IeICHHBIX TOUKOM.

3.4 BbiBOoAbI

CoJnepkaHue BbIBOJIOB 3aBUCHUT OT LI€JIA paOOTHl U MOXKET BKIIIO-
YaTh:

e OIKCAHHE XapaKTepa MOJYyYEHHBIX 3aBUCUMOCTEM,

* YHCIICHHBIC 3HAYECHUS PACCUNTAHHBIX [MAPAMETPOB,

e AHAJM3 TMOJYYEHHBIX PE3yJbTaTOB, OOBICHEHHWE MPUYUH pac-
XO0KJIEHHS TEOPUH U DKCIIEPUMEHTA,

e OOBSICHEHHE XapaKTepa MOJTYyYEHHBIX 3aBUCUMOCTEN Ha OCHO-
B€ (PU3MYECKUX MPEACTABICHUM.
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NMPUNOXXEHUE 1
NMpumep odhopmneHnsn otyerta no padbote Ne 1

MuHHCTEPCTBO HAYKH M BBICIIETO 00pa3oBaHus Poccutickoit deneparun

CDezLepaJILHoe rocyagapCTBCHHOC 6I-O,ZL}KCTHOC o6pa3013aTem,Hoe
YUpCKIACHUC BbICIICTO 06pa3OBaHI/I$I

TOMCKUI T'OCYJIAPCTBEHHBI YHUBEPCUTET CUCTEM
YITPABJIEHUSA U PAJJUOSJIEKTPOHUKU (TYCVYP)

Kadenpa nmpomeiniennoi snekrponuku (I11p2)

UCCJEJOBAHUE JEKTPUUECKHUX CBOUCTB
METAJIJIOB U CIIVTABOB

Otuer no J1abopaTopHOH padoTe
0 JUCIUIUIHNHE «MaTepraibl dJIEKTPOHHOU TEXHUKH

Breimomaunn
ctyaent Ceprees C.C.
rpymnmna

Tomck 201
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1 OEJIb PABOThI

OmnpeneneHue yaeapHOTO CONMPOTHUBICHUS TPOBOJIHUKOBBIX Ma-
TEPUAJIOB U €0 3aBUCHMOCTHU OT TeMIIEpaTyphl; BBIUHUCIECHUE TEMIIe-
paTypHOro k03¢ dUIMEHTa yASIbHOTO COMPOTUBIICHHUS.

2 OKCIIEPUMEHTAIJIbHAA YCTAHOBKA N PACUHETHBIE
OOPMVIJIbI

Jl1s mpoBeneHus dKCIIEpUMEHTa He0OX0AuMO cieayroliee 00o-
pyIOBaHUE: U3MEPUTEIbHBIN MPUOOP I (PUKCcAMK BEIUYUHBI CO-
MPOTUBJICHUS METAUIMYECKOTo oOpasna (omMMeTp); J1abopaTtopHas
neyb s o0ecreyeHusl paBHOMEPHOI0 HarpeBa oOpasiia B Juana3oHe
ot 20 no 220 C; TepmomeTp s GUKCAIMUA TeMIEpPaTyphl B HY>KHOM
JMara3oHe; UCClIeayeMblii oOpasel] B BUJE MPOBOJIOKH (HDUKCUPOBaH-
HOM JUTMHBI U AUaMeTpa.

VY nenpHOE COMPOTUBIIEHUE PACCUUTHIBACTCS 1O (hopMyIie:

S
p=R- 1’
rac R— COIMPOTUBIICHUC ITPOBOJIOKH,
S — myIoIaab CEYEHHsI POBOJIOKH;

| — muIMHA IPOBOJIOKH.
7-d?

S= JUTSI TIPOBOJIOKH iuaMeTpoM d.

TemnepatypHbli  KO3(Q(QUIMEHT YJEIBHOIO CONPOTUBICHUS
ONPENETACTCS BBIPAKCHUEM:

g L Ao
P p AT

3 OKCIIEPUMEHTAJIbHBIE PE3VYJIBTATDI

HccnenyeMplii oOpaszel] METaNIMYeCKOM MPOBOJIOKH HEH3BECT-
HOTO cocTaBa uMmeeT JMHYy 1 M u guametp 0,1 mwm.

Pe3ynbTaThl SKCIEpUMEHTA M PACUETHHIE JIAaHHBIC TPUBEJCHBI B
tadnure 3.1.
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Tabnuna 3.1 — DkcrnepuMeHTaIbHbIE U PACUETHBIE PE3YJIbTATHI

T,°C R, Om £, MKOM*M o, Tpag
20 12,6 0,0989 0,00404
30 12,8 0,1004 0,00398
40 13,5 0,1059 0,00377
50 13,8 0,1083 0,00369
60 14,4 0,1130 0,00354
70 14,9 0,1169 0,00342
80 15,3 0,1201 0,00333
90 15,9 0,1248 0,00320
100 16,4 0,1287 0,00311
110 16,7 0,1311 0,00305
120 17,2 0,1350 0,00296
130 17,9 0,1405 0,00285
140 18,4 0,1444 0,00277
150 18,7 0,1468 0,00272
160 19,2 0,1507 0,00265
170 19,6 0,1538 0,00260
180 20,2 0,1585 0,00252
190 20,8 0,1633 0,00245
200 21,3 0,1672 0,00239
210 21,7 0,1703 0,00235
220 22,3 0,1750 0,00228
0,2
0,18
0,16
0,14
s y = 0,0004x 4 0,0899
2 o012
d 0,1
& 0,08
g 0
0,06
0,04
0,02
0
0 50 100 150 200 25(

T,C
Pucynok 3.1 — 3aBHCUMOCTD y/I€JIbHOTO CONPOTUBIICHUSI OT TEMIIEPATYPbI
(TOUYKM) ¥ IMHUS TPEHAA (CTUIOLIHAS JIMHHUS)




17

0,00450

0,00400 *

L 3

1/rpan

0,00350 ®

- *
0,00300 o

0,00250 -

0,00200

0,00150

0,00100

TeMmn. koadduu. ya. conpot

0,00050

0,00000

0 50 100 150 200 250
T,C
Pucynok 3.2 — 3aBUCHMOCTH TeMIIEpaTypHOTo KO3 GUIIMEHTA yIeTEHOTO
CONIPOTHUBJIEHUS OT TEMIIEPATYPHI

4 BbIBO/IbI

4.1 YenbHOe CONpPOTUBIEHHE O0pa3lia JUHEHHO BO3pPACTAET
pu yBeIn4deHUH Temieparypsl ot 20 qo 220 C.

4.2 TemrnepatypHbiii KOA()PHUITUEHT YIETBHOTO COMPOTHUBIICHUS
YMEHBIIAETCS MPU YBEIUYEHUN TEMIIEPATYPHI B TOM K€ TUaIa30He.

4.3 IIpu temneparype 20 C yaenbHOe CONPOTHUBICHUE 00pa3lia
p = 0,0989 MxOm-M, TemnepaTypHbiii KO3(DUIUEHT yAEIbHOTO CO-
npotusnenus a, = 0,00404 rpag .

4.4 Marepuan oOpasiia — IUIaTUHA (CIIpaBOYHBIE JAHHBIE: p =
= 0,098 MxOm-M, @, = 0,0039 rpan?).
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NMPUNOXXEHUE 2
NMpumep odhopmneHnsn otyerta no pabote Ne 2

MuHHCTEPCTBO HAYKH M BBICIIETO 00pa3oBaHus Poccutickoit deneparun

CDezLepaJILHoe rocyagapCTBCHHOC 6I-O,ZL}KCTHOC o6pa3013aTem,Hoe
YUpCKIACHUC BbICIICTO 06pa3OBaHI/I$I

TOMCKUI TOCYJAPCTBEHHBIM YHUBEPCUTET CUCTEM
YITPABJIEHUSA U PAJJUOSJIEKTPOHUKU (TYCVYP)

Kadenpa nmpomeiniennoi snekrponuku (I11p2)

UCCJIEJOBAHUE TEMIIEPATYPHOHN 3ABUCUMOCTHU
HPOBOANMMOCTHU TBEPAbLIX IUDJIEKTPUKOB

Otuer no J1abopaTopHOH padoTe
0 JUCIUIUIHNHE «MaTepHraibl 3JIEKTPOHHOU TEXHUKH

Breimomaun
ctyneHt Ceprees C.C.
rpymnmna

Tomck 20
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1 LIEJIb PABOTDBI

OnpeneneHne 3aBUCUMOCTH CONMPOTHUBIICHUS JUAIEKTPUKOB OT
TEMIIEPATYPbl U ONPEAECICHUE SHEPTUHN aKTUBAIUHA TPOBOIUMOCTH.

2 OKCIIEPUMEHTAIJIbHAA YCTAHOBKA N PACUHETHBIE
OOPMVIJIbI

JI1s mpoBeieHUs dKCIEPUMEHTa HEOOXOUMO clieyroliee 000-
PYAOBaHUE: U3MEPUTEIIbHBIN MPUOOP, CIOCOOHBIA H3MEPSITH OYCHD
OOJIBIIIME BEJIMYUHBI CONPOTUBIICHUS AUAIEKTPUUECKOr0 0Opa3ia (Te-
paoMMmeTp); nabopaTopHas Iedb IJII OOCECICYCHUS PaBHOMEPHOTO
HarpeBa oOpasna BIioTh 10 500 C ; TepmomeTrp i GUKCAITUU TEM-
nepaTypsl B Hy>)KHOM JIMaNia3oHe; UCClielyeMblii oOpasel] B BUJIE Iia-
CTUHBI JUAJIEKTPUKA C HAHECECHHBIMU METALTUUYECKUMHU AJICKTPOJAMH.

VY nenbHas IPOBOAUMOCTh PACCUUTHIBAETCS 110 (hopMyJIe:

_h
v R.S’
rae R — conmpoTuBieHHE AUINEKTPUKA,;

S — myomaak MMEKTPOJA;

h — TonmmMHA JUANIEKTPHUKA WM PACCTOSHUE MEXKTY JJICKTPO-
JTaMH.

JJ1st onipeiesieHyst SHEpPTUK akTUBaIMU E ucnosb3yercs Gopmyiia:

E=-K-Kk,
rne Kk — nocrosunas Boneimana (k = 1,38:10723 JIx-K),
K — koa3puunent nepen X B ypaBHEHHH JINHUU TPEHIA.

y = Kx+D.

3 OKCIIEPUMEHTAJIbHBIE PE3YJIBTATDI

OO6pazer; — AWAJIEKTpUUYECKas TUIACTHHA M3 MaTepuaja CTEeKJIO-
smanb. Tommunaa 1mM, momans snexrpoga 100 Mm?.

Pe3ynbTaThl SKCIEpUMEHTA U PACUETHHIE TAHHBIC NTPUBEICHBI B
tabnuue 3.1.



Tabnuna 3.1 — DkcnepuMeHTaIbHbIe U PACUETHBIC PE3YJIbTATHI

20

T oC R, Om % (Om-m) 1T, Kt Iny
20 3,0-108 3,333.10°% 0,003413 -21,8219
50 2,8-108 3,571.10°% 0,003096 -21,7529
100 2,0-108 5,321.10°% 0,002681 -21,4164
150 1,8-108 5,555.10%° 0,002364 -21,3111
200 1,3-108 7,692.10°% 0,002114 -20,9856
250 8,0-107 1,25-101° 0,001912 -20,5001
300 5,0-107 2,012.10° 0,001745 -20,0301
350 3,0-107 3,362-10°° 0,001605 -19,5193
400 1,0-107 1,027-10°8 0,001486 18,4207
450 3,0-10° 3,212-10°8 0,001383 -17,2167
470 1,0-10° 1,156-10°7 0,001346 -16,1181

1/T, 1/K

In v 0,0005 0,001 0,0015 0,002 0,0025 0,0 0,0035 0,004

-14

-16 u

-18 \

yE-9414,3 -4,0167.\
-20 \l .
s\
. \
.22 [Y—
y = -809,52x -

24

Pucynok 3.1 — DkcnepuMeHTanbHast 3aBUCUMOCTD IN y ot 1/7 (Toukn)
Y JIMHUU TPeHJA (CIUIOLIHAS JIMHMUS)

N3 ypaBHEHHS TMHUM TPEHIA:

K1=-809,52,

K2=-9414 3.
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CnenoBaTesibHO
=20
E1=809,52-1,38-107%° =1,11-10"" Jx = %313 =0,07 5B;
-19
E2=9414,3-1,38-102% =1,3-10° Ik = % 5B =0,81 3B.

4 BBIBOJIbI

4.1 YaenpHass NOPOBOAWMOCTb CTEKJIO3MAJd BO3pacTaeT IIpU
yBennueHuu temneparypst ot 20 1o 470 °C.

4.2 Y nenpHas npoBoaAuMOCTh cTeksoamanu rpu 7' = 20 °C paBHa
3,33-:1071% (Om-m) .

4.3. DHeprusi akTUBaIlMM B JMamna3oHe Temieparyp oT 20 1o
250 °C pasna 0,07 5B, B quanazone 300—470 °C paBna 0,81 5B.
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NMPUNOXEHUE 3
®dun3nyeckne CBOMCTBA YNCTbLIX METansioB 1 CNMaBoB

Meramn Tn,°C £, MKOM-M ap, x103 K
AJITOMUHUNI 660 0,0265 4,1
BOJIb(pam 3400 0,055 5,0

JKeJe30 1540 0,097 6,25

30JI0TO 1063 0,0225 3,95

KOOaJIbT 1500 0,064 6,0

MeJlb 1083 0,0168 4,33
MOJIHNOIEH 2620 0,05 4,33

HHUKEIb 1453 0,068 6,7

HHUOOUN 2500 0,15 3,9

0JIOBO 232 0,113 45

[UIaTHHA 1770 0,098 3,9

peHuit 3180 0,214 3,2

CBUHEI] 327 0,190 4,2

cepedpo 961 0,0150 4,1

TaHTAaJ 3000 0,124 3,8

TUTAH 1670 0,47 55

XpoM 1900 0,13 2,4
[IMHK 419 0,0592 4,1
MaHTaHUH — 0,42 5—-30
KOHCTaHTaH — 0,48 —(5—25)

HUXPOM — 1,0 100—200
ITpumeyanus:
0p — TeMIepaTypHbiii KO3 PUIIMEHT yAeIbHOTO COMPOTHUBIIC-

HUS;

ap, x107 K1 o3nauaer, uro BenuumHy, yKazaHHYIO B TaOuuIe,
caemyeT yMHO)uUTh Ha 1073 K1,

VY nensHOE conpoTtusnenue npuseaeHo mis 7' = 20 °C.




