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Tun ypoka: KOMOMHUPOBAHHBIN YPOK

Tema ypoka:
DJIeKTPUYECKAs IPOBOAMMOCTH PA3JIHYHBIX BEIIECTB. JJIEKTPOHHASI IPOBOAUMOCTh
METAJIJIOB
Lenu ypoka:
Ilpeomemnuie:

- Pa3vACHUMb QU3ULECKYIO NPUPOOY INIEKMPULECKOU NPOBOOUMOCIU eUjeCME ¢ MOYKU 3DeHUs
91eKMPOHHOU MeopuuU.
Pazeuearowan.
- paseumue J102UecK020 MblUIeHUS, CMEeKaIKU, hopmuposanue unmepeca K uuiecKkomy
9KCNepumMeHmy;
- AKMuBU3aYUs MEOPYECKO20 MbIULIEHUS YUAWUXCsl, YMeHUe AHAIU3UPO8amy, 0elamb
8b16000L.
Bocnumuiearowan:
- gocnumambs unmepec K Qusuxe 0 NO3HABAEMOCIU MUPA U 00EKMUBHOCMU HAWUX
SHAHUL O HeM.
Jeamenvnocmnasn:
- hopmuposarue y cmy0eHmos cnocoOHocmell K CamMoCmosmebHOMY NOCMPOEHUIO HOBbIX
Ccnoco608 Oelicmeusi Ha 0CHO8e Memooa pepheKCUBHOU CAMOOPSAHUAYUU.
Oopazoeamenvhan:
- pacuiupenue NOHAMUUHOU 6a3bl NO Y4eOHOMY npeomMemy 3a cuem GKIIOYEHUS 8 Hee HOBbIX
91eMEeHMO8.

3aoanue:

O3nakomumuvcs ¢ mekcmom no meme 3auamus. Hanucamo 6 mempaou
Kpamxuy Koncnekm. Omeemumov HA KOHMPOJIbHbLE 80NPOCHL,
orcenamenvho 6 npoepamme \Word.,

Iliian koHcekTa:

1) DaexkTpuyecKuii TOK B pa3JIMYHBIX Cperax

2) MoaynpoBoaHUKH

3) DJieKTpOHHAsI IPOBOAMMOCTH METAJIJIOB

4) DKcnepuMeHTAIbLHOE 10KA3aTeJbCTBO CYLIECTBOBAHUSI CBOOOHBIX 3JIEKTPOHOB B
MeTaJlIax

5) JBM:KeHHeE 3JIEKTPOHOB B MeTAJLJIaxX




DJIeKTPUYECKUI TOK B Pa3JIMYHbIX cpeaax

Kax oeusicymca snekmponvl 6 Mmemaniuyeckom npogooHuKe, koe0d 68 HEM Hem
NeKMPULecKo20 nous?

B orcyrcTBME 3J1eKTPUYECKOIO MOJIA NPOUCXOAUT OecnopsiiouHOe [BHMKEHHE
3JIEKTPOHOB, KOTOPOE He SIBJISIETCS JJIEKTPUYECKUM TOKOM.

Kax uzmensemcsa Osudicenue 2371eKmMpoHO8, Ko20a K MemMalludecKoMy HNpOBOOHUKY
NPUKIAObIBAOmM HanpsiceHue?

Iloa neiicTBHEM, MPUJIOKEHHOT0 K METAJIMYECKOMY MPOBOJAHHUKY 3JIeKTPUUYECKOT0
NoJisi, B HéM BO3HHKAeT HANpPaBJIEHHOEe [BH:K€HHE IJIEKTPOHOB — 3JIEKTPHYeCKHil
TOK.

DNEKTPUYECKHU TOK MPOBOAAT TBEPIBIC, XKHUJIKHE W ra3000pa3Hbie Tena. UeM 3TH MPOBOAHHUKU
OTJIMYAIOTCS IPYT OT Apyra?

MBI NO3HAKOMMIIUCH C QJICKTPHYCCKHUM TOKOM B MCTAJNIMYCCKHUX ITPOBOAHHUKAX U C
YCTaHOBHeHHOﬁ OKCIICPUMCHTAJIBHO BOHBT-aMHepHOI‘/‘I XapaKTCpHCTHKOﬁ OTUX IIPOBOIAHUKOB —

saxonom Oma. (1= E)

Hap;my C MCTaJllIaMU XOPOIIMMHU ITPOBOJHHMKaMHU, T. €. BCHICCTBAMU C OOJIBIIINM KOJIHYECTBOM
CBO6OI{HI)IX 3apsAKCHHBIX 4aCTUIL, ABJIAIOTCA BOAHBIC PACTBOPLI WJIM PACILIABBI 3JICKTPOJIIMTOB U
MOHW30BAaHHBIN ra3 — mja3sMa. OTH IMPOBOAHUKH HIUPOKO UCTIOJIB3YIHOTCA B TCXHUKC.

B BAaKYYMHBIX 3JICKTPOHHBIX HpI/I60an SHGKTpI/I‘leCKI/Iﬁ TOK 06pa3y10T ITOTOKH 3JICKTPOHOB.

Mertannnueckre NMPOBOJHUKH HAaXOJAT caMO€ HIMPOKOE MPUMEHEHHUE B
nepefaye dJIEKTPOIHEPTrUM OT HCTOYHUKOB TOKAa K IMOTPEOUTEISIM.
Kpome Toro, 3Tu mpoBOJHUKH HCIIOJIB3YIOTCS B AJIEKTPOABHUTATENSIX U
reHeparopax, 3JIeKTpOHarpeBaTesIbHbIX MPHOOpax u T. 1.

IHonynpoBoaHuku

Kpome nposoonukos u ousnekmpuxos (BEeCTB €O CPaBHUTEIBHO HEOOJBIIMM KOJINYECTBOM
CBOOOIHBIX 3apsKEHHBIX YAaCTHUIl), IMEETCS IPyMIa BEIIeCTB, MPOBOAUMOCTh KOTOPBIX 3aHUMAET
IIPOMEXKYTOUHOE IMOJIOXKEHUE MEXJy NPOBOJHUKAMU M JUANEKTPUKAMU. OTH BEIECTBAa HE
HACTOJIBKO XOPOIIO MPOBOMAAT 3JIEKTPUUYECTBO, YTOOBI UX Ha3BaTh MPOBOJHUKAMU, HO U HE
HACTOJBKO IUIOXO, YTOObI MX OTHECTH K JudjekTpukaMm. Ilostomy oOHM mosnydmsan
HA3BaHUE NOJYNPOBOOHUKOS.

Hoinroe BpeMsi MOTYNPOBOAHUKYA HE UTPAJU 3aMETHOM MPAKTUYECKOH ponu. B anekrpoTexHuke
U PaIUOTEXHUKE TMPUMEHSIN WCKIIOYUATEIFHO pa3IMYHbIE TMPOBOAHUKA U JTUIJICKTPHKH.
[TonoskeHre CyIIECTBEHHO H3MEHWIOCh, KOT/Ia CHauana Oblia Mpeacka3daHa TEeOPEeTUYECKH, a
3areM OOHapy)XeHa M M3ydeHa JIErKOOCYIIECTBUMAs BO3MOKHOCTh YIPAaBJICHUSI SJIEKTPUUECKON
MPOBOJIMMOCTBIO MOJTYTIPOBOAHUKOB.

Emé pa3 momuepkHéM, YTO HET YHUBEPCAIBHOTO HOCHTENS TOKa. B Tabiuie mnpuBeneHbI
HOCHUTEJIA TOKA B Pa3JINYHBIX Cpeaax.



Cpena Hocurean toka
Merann Crobogubie 3J€KTPOHBI
DJIeKTPOJIHT [lonoxATenbHEIE ¥ OTPHIATEIbHBIE HOHLI
Taz HoHEl W 27K TPOHBL
Bakyym SNeKTPOHLI
Moaynposoasux CeoBoanEle 2JIEKTPOHBI M ABIPKH

DJIEeKTPOHHASI MPOBOIMMOCTH METAJLTIOB

HaunéMm ¢ MeTaumMueckux IpOBOJHUKOB. BoabpT-amIiepHas XapakTepUCTUKA 3TUX IIPOBOJHUKOB
HaM M3BECTHA, HO [TIOKa HUYETO HE FOBOPUIIOCH O €€ OOBSICHEHUH C TOUKU 3pEHHsI MOJIEKYJIIPHO-
KUHETUYECKON TEOPHH.

Baxno
HocurensMu cBOOOTHBIX 3apsIOB B METAJUIAX SIBIISTIOTCS 3JICKTPOHBI. VX KOHIICHTpAIUs BEeIUKa
— nopsiaka 10 28 1/m83.

OTH 3JCKTPOHBI YYAaCTBYIOT B OECIOPSIOYHOM TEIUIOBOM JBWkeHHH. [lox jmelicTBueM
JIEKTPUICCKOTO TIOJS OHM HAYMHAIOT MEPEMENIaThCs YIOPSIOYCHHO CO CPEAHEH CKOPOCTHIO
opsIIKa 10 m/c.

BKCHepI/IMeHTaJIbHOE A0Ka3aTeJbCTBO CYHICCTBOBAHMUSA CBOOOIHBIX 3JICKTPOHOB B
MeTaJJj1ax

OKCHepUMEHTAIbHOE JIOKA3aTeNbCTBO TOTO, YTO MPOBOAMMOCTH METaNIOB OO0YCJIOBIEHA
JBIKCHUEM CBOOOJHBIX 3JIEKTPOHOB, OBLIO JAaHO B ombiTax MannenpintamMa u [lamanexcu
(1913), Crroapra u Tonmena (1916). Cxema 3TUX OMBITOB TaKOBA.

Puc. 16.1

Ha karymky HaMarsIBarOT MPOBOJIOKY, KOHIIBI KOTOPOM MPUIAUBAIOT K JIBYyM METAJUIMYECKUM
JIMCKaM, H30JIMPOBAaHHBIM Jpyr ot apyra (puc. 16.1). K KOHImaM JIWCKOB TMpW TTOMOIIU
CKOJIB3AIIMX KOHTAKTOB IMOJKIIOYAIOT TAIbBAHOMETP.



Karymky npuBogsT B ObICTpoe BpalleHHe, a 3aTeM pe3Ko ocTaHaBiuBaioT. [locie peskoit
OCTQHOBKM KAaTyHUIKM CBOOOJHBIE 3apsDKEHHBIE YAacTHULbl HEKOTOPOE BpEMs JIBHXKYTCS
OTHOCHUTEJIbHO IPOBOJHUKA II0 HWHEPUMM, U, CJIEIOBATEIbHO, B KaTyIIKE BO3HHUKAET
JIEKTpUUECKUil TOK. TOK CyllecTByeT HE3HauUTEIbHOE BpeMs, TaK KakK M3-3a COIPOTHUBIICHMS
IIPOBOJHMKA 3apsDKEHHBIE YacTULIBI TOPMO3STCS M YHOPSAOYEHHOE JBUKEHHME YacCTHIL,
oOpasyroliee TOK, IpeKpaIaeTcs.

HampaBnenue Toka B 3TOM OIMBITE TOBOPHUT O TOM, YTO OH CO3AETCS IBHIKCHUEM OTPHIIATEIIBHO
3apsDKEHHBIX 4YacTull. llepeHocHMBI TpH 3TOM 3apsii MPOMOPIMOHAJIEH OTHOILIEHHUIO 3apsjia
YaCcTHII, CO3/IAIOIINX TOK, K UX Macce, T. €. |q)/m. [loatomy, usmepssi 3apsi, NpoXoIsaiiuid yepes
rajbBaHOMETp 3a BpEeMs CYIIECTBOBAHMS TOKa B IIEMU, YJAJIOCh ONPEIEIUTh 3TO OTHOIICHHE.
OHO oka3zanoch paBHbIM 1,8 * 10 K/kr. Dra BeaWumMHA COBMAAaia C OTHOIICHHEM 3apsaa
AJIEKTPOHA K €0 Macce e/m, HalICHHBIM paHee U3 APYTUX OIBITOB.

I[BI/DKCHI/IB 3JICEKTPOHOB B M€E€TAJLJI€

CBO6OI[HBI€ QJICKTPOHBI B MCTAJUIC ABUIKXYTCA XaOTUYHO. HpI/I INOAKIIFOYCHUU IIPOBOJHHUKA K
HCTOYHHKY TOKa B HEM co3gaéTcs SJICKTPHUYCCKOC IMOJIC, U HAa 3JICKTPOHbI HAYNHACT IIGIZCTBOBaTb

e
KYyJIOHOBCKas cuia F = q E . [lox necTBHEM 3TOW CUJIbI AJIEKTPOHBI HAYMHAKOT JIBUTATHCS
HAaIllpaBJICHHO, T. €. HAa Xa0THUYHOC ABMWKXCHHC 3SJICKTPOHOB HAKJIAAbIBACTCA YIIOPAAOYCHHOC
T
JBHXCHHE C YCKOPCHHEM me. CKopocTb HaIpaBIEHHOI'O JBMKEHMSI YBEIMYMBACTCA B
TCUCHUEC HCKOTOPOI'0O BpEMCHHU to 10 TEX IIop, IIOKa HE HpOPI30ﬁ,I[éT CTOJIKHOBCHHUEC 3JICKTPOHOB C
MOHAaMHU KPUCTAJUIMYECKONU pem€TKU. IIpu 3TOM 2JIEKTPOHBI TEPSIIOT HAIlpaBICHUE JABUXKECHUS, a
34TCM OIIATb HAYMHAIOT JABUI'AaTbCA HAIIPABJICHHO. Takum O6pa30M, CKOpPOCTb HAIIpaBJICHHOI'O
ABVOKCHUA OJICKTpOHA M3MCHACTCA OT HYJIA OO0 HCEKOTOPOro MAaKCHUMAJIIbHOTO 3HAYCHUA,
paBHOT'O me B pe3yiabTare CpCAHAA CKOPOCTb YHOPAAOUCHHOI'O MABUKXCHUA 3JICKTPOHOB
2.E to
OKa3bIBACTCA paBHOﬁ Mg B , T. €. HpOHOpHHOHaHLHOﬁ HaHpH)KéHHOCTI/I QJICKTPHUYCCKOTO IMOJIA B
IMPOBOJHUKE: UV ~ E H, CJICAOBATCIIBHO, PAa3HOCTU INOTCHUIHWAJIOB HA KOHIAX IHIPOBOJAHHKA, TaK

E=Y
Kak !’ rue | — mmmna MIPOBOJHHKA.
Baxxno
Cuna Toka B IPOBOJIHUKE MPOMOPLHOHAIBHA CKOPOCTH YIOPSIIOYEHHOTO ABMXKEHUS YaCTHIL (CM.
nSAlv
= 900230 o ans. (15.2)
dopmyny  (15.2) At Al

[ToaTomMy MOXkEM cKa3aTh, YTO CHJIA TOKA IPONOPLUUOHAIBHA PA3HOCTH MOTEHIIMAIOB HAa KOHILIAX
npoBojgHuka: [ ~ U.

B stom cocrout kauvecmeennoe obvachenue 3axona Oma Ha OCHOBE 3JIEKTPOHHOW TeOpHUH
IIPOBOAMMOCTH METAJLIOB.

bt [locTponTh  yIOBIETBOPUTENBHYHO  KOJWYECTBEHHYIO
TEOPUI0 JBW)KCHHS JJIEKTPOHOB B METAJZIE HA OCHOBE 3aKOHOB
KJIACCUYECKOM MEXAHUKHM HEBO3MOXHO. Jleno B TOM, 4YTO YCIIOBUSA
JBHKECHHUSI DJIEKTPOHOB B METAJIJIE TAKOBBI, UTO KJIACCHYECKAasi MEXaHNUKA
HeloToHa HempuMeHUMa Al OMMCAHUS ITOTO JIBMXKEHUS. DTOT (akT



MMOATBCPIKAACT, Harrpumcep, 3aBUCUMOCTH COIIPOTUBJICHUA oT
temnepaTypbl. COrjlacCHO KJIACCUYECKON TEOpPUH METAJUIOB, B KOTOPOH
JBUKEHHE 3JIEKTPOHOB PACCMATPHUBAETCS HA OCHOBE BTOPOrO 3aKOHa

HbIOTOHAZ,  CONPOTHBIGHME HPOBOJHMKA  IIPOHOPLIHOHAIBHO VI
JKCIIEPUMEHT K€ IOKAa3bIBACT JIMHEHHYIO 3aBUCUMOCTD COIPOTUBIICHUS
OT TEMIIEPATYPHI.

KoHTpoJibHbIE BONIPOCHI:
1. YeM oTam4aroTCs MPOBOJHUKHU OT HOJYIIPOBOJHUKOB?

2. Karymika (cm. puc. 16.1),

QO

Puc. 16.1

Bpalgajacb I10 4acoBO CTPCIIKC, a 3aTeM ObLIa PE3KO 3aTOPMOIKCHA. KakoBo
HaIpaBJICHUEC SJICKTPUUCCKOI'O TOKAa B KATYIIIKE B MOMCHT TOpMO)KeHI/ISI?

3. Uto omnpenenser CKOpoCTb YIOPSJ0YEHHOIO IBUKEHHUS IIEKTPOHOB B MeTajlie?

4. Kakue YaCTHULIbI HAXOOATCA B y3J1aX KpHCTﬁJIJ'IH‘ICCKOfI peH_IéTKI/I MeTaja’?

Jlureparypa:

Msxumes I'. S. ®uzuka 10 knacc. Yuebnuk 11 o0ieo0pa3oBaTeabHbIX yUpexaeHUH. M.,
2010. §109 ymp. 1-2 §110 ymp. 1-2



