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4ACTb BTOPAji

npoBoAHHK~,

nOnynpOBOAHHKH

H MArHHTHbiE MATEPHAnbl

rI1ABA CE.D.bMA51

npOBoAHHKOBblE MATEP~Anbl

7·1. KnACCHCDHKAl.VUl H OCHOBHblE CBOACTBA

npOBOAHHKOBblX MATEPHAnOB

I(JlaCCHtP1H{au,MSI. B KatIeCTBe npoBoAHHKOB 3JleKTpHtIeCKOrO TOKa MoryT 6bITb HCnOJIb30BaHbI KaK TBepAble Te.TJa, T3K H }KH,LI,KOCTH, 3 IlpH COOTBeTCTBYKHIUIX yCJIOBIHIX H ra3hL Ba}J{Hei1II1HMH np3KTHlJeCKI1 npHMeHHeMbIMH B 3JleKTpOTeXHHKe TBepJJ.bIMH npOBOL(HHKOBbIMH MaTepHa-

JI3Ml1 HBJIHIOTCH MemaJlAbl H HX CtlllQ8bl.

vb MeTaJIJIHQeCKHX npOBOJJ.HHKOBbIX M3TepH3JIOB MoryT 6bITb BbI)J.e-

JIeHbI MemaAJlbl 8blCOKOU npo8oi)uMocmu, rrMelOUI.rre y,lI.eJIbHOe conpOTHBJIeHHe p np" HOpMaJIbHOH TeMnepaType He 60JIee 0,05 MKOM'M, Il CnAa8lJl 8blCOKOZO conpOmU8/leHUJl, IlMeIOlIJ,He p npIl HOPM3lIbHOH TeMilepaType He MeHee 0,3 MKOM'M. MeTaJIJIbI BbICOKOH npOBO.LJ.HMOCTH HCnOJIb3YIOTCH )J,JIH npOBO.LJ.OB, TOKOnpoBO,lI.HII.I.HX )KIlJI K36eJleH, 06MOTOK 3JIeKTpHtIe-

CKHX MalllHH H TpaHcepopMaTopOB H T. n. MeTaJIJIbI H CnJI3BbI BhICOKoro COnpOTI1BJIeHHH npHMeHHIOTcH .uJIH H3rOTOBJIeHHH pe3HcTopOB, 3JIeKTpOHarpeB3TeJIbHbIX npI160pOB, HI1TeiI JIaMn HaKavTJI1BaHI1H n T. n.

OC06hIH I1HTepeC npe.ucTaBJIHIOT co6oIi 06JIa.uaIOUI.ne Qpe3BblQaHHO MaJIbIM y.ueJIbHhIM conpOTHBJIeHHeM npH BeCblVW HI13KlIX (KpHoreHHbIX)








TeMnepaTypax MaTepHa.nbI -C(]epXnpOeOOflUKU H KpUOnpOeOaflUKU; OlIH

	6YJI.yT
	paCCMOTpeHbI HIDKe.
	 

	K )KH.ll.KHM npOBO,UHHK3M
	OTHOCHTCH p3CnJIaBJIeHHble MeT3JIJIhI II p33-

	JIHqHhle
	3JIeKTpOJIllTbI. .IlJIH 60JIbWHHCTBa MeTaJIJIOB TeMnepaTypa



nJI3BJIeHIHI BbICOI{a (CM. Ta6JI. 7-1, B KOTOpOH npHBe,UeHbI npII6JIH3HTellbHble 3HaqeHHH BalKHeHWHX epH3HQeCKHX napaMeTpoB MeTalIJIOB, npenCTaBJIHIOllI.HX HHTepec ,J,JIH 3JIeKTpOTexHHKH); TOJIbKO pTyTb, HMelO- m.aH TeMnepaTypy nJ'IaBJIeHHfI OKOJIO MHHYC 39°C, MO)KeT 6bITb HCnOJlb30BaR3 B KaQeCTBe )KH,ll.KOrO MeTaJ'IJIHqeCKOrO npOBO)lHHKa npH HOpMaJIbHOH TeMnepaType . .Ilpyrl1e MeTaJIJIbl HBJIflIOTCfI )KH)J,KHMH npOBO,lJ,HHJ{3MH

npH nOBhlweHHblX TeMnepaTypax.

MexaHHsM npOXO)K,lI.eHHH TOKa B MeT3JIJIaX - K3K B TBep,lI.OM, TaK H

B Il{H)lKOM COCTOHHHH - o6yCJlOB.;leH ,lI.BH)KeHHeM (,rr,peJrepoM) cBo6oJ(HblX 9~TIeKTpOHoB no,L( B03,lJ,eHCTBHeM 3JIeKTpHQeCKOrO nOJIfI; n03ToMY MeTaJIJJbI

H33bIBaIOT npo8oofluKaMu C !jJleKlnpOflflou 3JleKmpOnpo8oofLOcmblO HJHI npo8oi)fluKa/l1U nepe020 pooa. nP0800fluKalvlu emop020 pooa, HJUI !jlleKtnpo-

	JlUmaMU,
	fIBJIHIOTC5l paCTBopbl (B qaCTHOCTH, BO,lI.Hble) KHCJIOT, me.TIoqeif

	11 co.nell.
	Dpoxo)Kll,eHHe TOKa qepe3 3TH Bell~eCTBa CBH33HO C nepeHOCO\l



BMeCTe C 3JIeKTpHQeCKHI\1H 3apH,lJ,a:\Hr HOHOB B COOTBeTCTBHII C 3aKOH3\lH <D3pa,lJ.efI, BCJle,lJ.CTBHe qero COCTaB 3JIeKTpo.rnna nOCTeneHHO H3~1eB51-

erCH, 3 H3 3Jlel<Tp0.lI.aX BbI.rr.eJIfIlOTCfI npO,L(yKTbI 3JIeKTpOJIH33. I10HHble

KpHCTa.HJlbI B paCnJI3BJIeHHOM COCTOHHllH T3KlKe HBJIHIOTCH npOBO,lJ.-

	HHK3MH BToporo pO,U3. npHl'vIepOM MoryT CJIY)KHTb
	COvlHHble saK3.1J(·lJ-

	Hhle BaHHbI
	C
	3JleKTpOHarpeBOlvr.
	 

	Bce ra3bI
	H
	napbI, B TO:\t tIllC.TIe IT napbI MeTaJ1JI0I3, npII HH3KIIX n3-

	npH lKeHHOCTfIX
	3.TIeKTpIPiECKoro nOJIH He HBJIHIOTCH
	npOBO,lI,HHKaMII. On-



HaRo, eCJIH H3np5Dl<eHHOCTb nOJHI npeB30itn.eT HeKOTopoe KpHT1I4eCKoe 3H3qeHHe, 06eCneqHBaIOmee HaQ3JIO y,lI,3pHOH H <pOTOHOH1l3aUHH, TO ra3

MO)KeT craTb npOBO,lI,HHKOM C 3JIeKTpOHHOH H HOHHOH 3JIeKTpOnpOBO,lI,- HOCTblO. CJUlbHO HOHH3HpOBaHHbII~I ras npE paBeHCTBe tIHCJIa 3JleKTpO-

HOB QHc.ny nOJIO}I{HTe.HhHbIX HOHOB B eJl.HHHue 06beMa npe.rr.CTaBJI5:leT C060H oco6ylO npOBO,lI.HmyIO cpe,lly, HOC51myIO Ha3BaHHe n.l1QS.Mbt.

3J1eKTpOnpOEOAHOCTb MeTaJJJlOB. 06mHe npejl,CTaBJIeHIHI 0 CTpoeHlHI MeTa.HJIHQeCKHX npOBO,lI,HHKOB H 0 30HHOM TeopHH 3JIeKTporipOBO,lI,HOCTH TBep,lI,hIX Te.H 6bI.HH ,UaHbI B § B-1.

KJIaCCH4ecK3H 9JIeKTpOHH851 TeopHH MeTaJIJIOB npe,lI,CT3BJIHeT TBep-

.nbIM npOBO,lI,HHK B BH,L(e CHCTeMbI, COCTOHIll,ei-i H3 Y3JIOB KPHCT3JIJIl-fI-IeCROH

HOHHOH pemeTKH, BHyTpH KOTOpOH H3XO,lI,HTCH 3JIeKTpOHHbIH ra3 113 KOJIJIeKTHBH3HPOB8HHbIX (cB060,ll.HbIX) 3JIeKTpOHOB. B CB060,lJ,HOe COCTOR-

H11e OT K3)K.rr.oro aTOM3 MeT3JIJI3 nepeXO,lJ,HT OT o.nHoro ,lJ.0 )J.ByX 3JIeKTpOHOB. K 3JIeKTpOHHOMY r83Y npHMeH5IJIHCb npe.nCTaBJIeHH5I H 3aKOHbI CT8TlICTHKH 06blQHbIX r330B. npH H3yqeHHH X30THtIeCKOrO (TenJIOBoro)

JJ H3np3BJIeHHOrO no,lJ. ,lJ.eikTBHeM CH.HbI 3JIeKTpHQeCKOrO nOJIfI ,lI.BH)KeHHfI

3JJeKTpOHOB 6bIJI BbIBe,L(eH 3aROH OM3. DPH CTOJIKHOBeHHHX 3JIeKTpOHOB

C Y3JIal\1H KPHCT8JIJIlIlJeCKOH peweTRH 3HeprHH, HaKOnJIeHH3f1 npH yCKOpeHHH 3JIeKTpOHOB B 3JIeKTpHQeCKOM nOJIe, nepe,l{aeTCfI MeT3JIJIHtIeCKOH

	OCHOBe npOBOJUIH R3, BCJ1e,lI.CTBHe Qero OH
	H3rpeBaeTCH. P8CCMOTpeHHe

	:noro Bonpoca npHB€JIO
	K BbIBO,lJ.y 38KOHa ,ll*OYJIH -J1enua. TaKHM

	oupa30M, :weKTpOHH3H
	TeopHfI M€TaJIJIOB
	,lI,3JI8 B03MO:IKHOCTb 3H3JIHTH-
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rJIaBHeH lIme ycpe,l.l.HeHHWe

		MeTaJIJI
	TeMnepaTypa
	TeMnepaTypa
	flJIOTHOCTb,
	Mr/M3

		nJIaBJIeHlUI.
	°C
	KuneHUH, °C

		 
	 
	 



	PTyTb
	Hg .
	 
	-38,9
	357
	13,60

	Ue3MH Cs .
	 
	28,5
	700
	1,87

	faJIJTHI1
	 
	Ga
	 
	29,7
	2070
	5,91

	Ka.rrHl'f K .
	 
	63,7
	775
	0,87

	HaTpHI';'i
	 
	Na
	 
	97,8
	883
	0,97

	HH;l,I1H
	In. .
	156,0
	2075
	7,28

	JI 11TH!'! L i .
	 
	 
	 
	 
	 
	186,0
	1220
	0,53

	a.nOEO Sn ..
	 
	 
	 
	 
	232,0
	2260
	7,31 *

	Ka,Ll,MHt'l Cd
	 
	 
	 
	 
	 
	321,0
	767
	8,65

	Clnmell
	 
	Pb
	 
	 
	 
	 
	 
	 
	327,0
	1620
	11,40

	l1,HHK
	2n
	 
	 
	 
	 
	 
	 
	420,0
	907
	7,14

	MarHHH Mg
	 
	 
	 
	 
	 
	651,0
	1103
	1,74

	A~11OMIHJHiI
	Ai
	 
	 
	 
	 
	657,0
	1800
	2,70

	BapHll
	Sa . .
	 
	 
	 
	 
	710,0
	1637
	3,50

	Cep€6po Ag .
	 
	 
	 
	 
	961,0
	1950
	10,50

	30::0:0
	Au
	 
	 
	 
	 
	 
	 
	1063,0
	2600
	19,30

	MeJlb
	Cu
	B
	e
	 
	 
	 
	 
	1083,0
	2300
	8,94

	 
	 

	vcp H.'!.UHl
	1284,0
	2500
	1,85

	1:'
	 
	 
	0
	 
	 
	 
	 
	 
	 
	 
	 

	HHK(\n b
	 
	N j
	 
	 
	 
	1455,0
	2900
	8,90

	 
	 

	Ko62Jibl Co .
	 
	 
	1492,0
	2900
	8,71

	)Ke.lc30 Fe
	 
	 
	 
	 
	1535,0
	3000
	7,87

	I1a.l/13;U1Il
	Pd
	 
	 
	1554,0
	2200
	12,10

	T1l13H
	Ti
	 
	 
	 
	 
	1725,0
	2800
	4,50

	XpOM
	Cr, ..
	 
	 
	1850,0
	2430
	7,10

	n.13l11i:a Pi .
	 
	 
	1770,0
	4240
	21,40

	ToplJii
	 
	Th ..
	 
	 
	1850,0
	3500
	11,50

	llypKor:li{1
	Zf
	 
	 
	1860,0
	4900
	6,50

	HPlJ Jill 1':
	 
	Ir
	 
	.
	 
	 
	2350,0
	4800
	22,50

	HHo(HIi
	 
	Nb .
	 
	 
	2410,0
	3300
	8,57

	MOJI HOfleH
	Ala
	 
	 
	2620,0
	3700
	10,20

	TaiH8./l
	 
	Ta
	 
	 
	 
	 
	2850,0
	4200
	16,70

	PeB llf1
	 
	Pc
	 
	 
	 
	 
	3180,0
	 
	20,50

	80,;] lAl\!~'~l
	HI'
	 
	 
	3380,0
	5500
	19,30

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	* B reKCarOH2Jll.>IlOii
	B-MOJ~HepHKaUHH.
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



qeCKH OIIHcaTb H 06'bHCHHTb Haii,neHHbIe paHee 3KCnepHMeHTaJlbHbIM nyTclvl OCHOBHble 3aKOHbI 3JleKTpOnpOBo,nHOCTH H nOTepb 3JIeKTpHQeCKOH

3HeprHH B MeTaJIJlax. OKa3a.lloCb B03MO}l{HbIM TaKLKe 06'bHCHHTbH CBH3b Me)Kny 3~TIeKTpOnpOBO.LlHOCTbIO H TenJIOnpOBo,nHOCTbIO MeTaJIJIOB [eM.

<pOpMyJIy (7-7) J. KpoMe Taro, HeKOTopble OnbIThI no,nTBep.LlHJIII rnnoTe3Y

06 3JleKTpOHHOM ra3e B MeTaJlJIaX, a HMeHHO:

1. npH )l,JIHTeJIbHOM nponycKaHHH 3JIeKTpHQeCKOrO TOKa Qepe3 [(enb, cocTo5ImYio H3 OJI,HHX MeTaJIJHIQeCKHX npOBO)1.HHKOB, He Ha6JllOAaeTCH

	npOIIHKHOBeHHH
	aTOMOB o,nHoro MeTaJIJIa
	B ,npyroii,

	2. IlpH HarpeBe IvleTaJIJIOB ,no BbICOKHX TeMrrepaTyp CKOpOCTb TenJ10-

	Boro ,nBHMeHHH
	CBo6ojl,HbIX 3JleKTpOHoB
	YBeJII1QHBaeTCH, II HaH60JIee
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	~T,n.eJ1l-, H 351
	 
	 
	 
	.
	 
	TK JlHHefiHOrO
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	y,lJ,f,llbHO-
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	~1.n.eJJbflOe
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	TenJI0CM-
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	COnpOTH-
	 

	 
	 
	KoeTh,
	 
	 
	TenJJOl1pOPOX\HO-
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	I-!II ell H 51
	X
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	I
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	')')
	 
	 
	 
	 
	 

	 
	I
	218
	 
	 
	 
	168
	4,4
	 
	 
	 
	 
	0,055
	 
	 
	 
	46
	 
	 
	 
	4,5

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



6bICTpble lIS HHX Mory! BbIJIeTaTb 113 MeTaJIJIa, npeOAOJIeBa51 CHJIbI nOBepXHOeTHOrO nOTeHUHanbHOrO 6apbepa.

3. B MOMeHT neO)lUI,lI,aHHOll OCTaHOBKH 6bICTpO )l,BHraBWerOCH opo.. BOAHHKa npOHCXOj(HT CMeIll,eI-Hre 3JIeKTpOHHoro ra3a no saKoHy HHepUHR

B HanpaBJICHHH Ll.BHiKeHIHL Ctvleill,eHHe 3JIeKTpOHoB npHBOLl.HT K nOHB-

JIeHHfO pa3HocTH nOTeHunaJIOB lIa KOHuax 3aTOpMO)I<eHHOrO npOBO,ltHHKa, if C'rpe.nKa nOII.KJIWqaer.,roro K HHM H3MepuTeJ1bHoro npn60pa OTK.nOIHI" eTCH no 1I1E:3JIe.

4. HCCJIenyH nOBeneHHe MeTaJlJIHqeCKHX npOBO)l,HHKOB B MarHHTHOM nOJIe, YCT3H0I3HJlH, qTO BCJIe)l,CTBHe HCKpUB,JIeHHH TpaeKTOpJHI 9JIeJ\TpoHOB B MeTaJJ.TIIiqeCKOH nJIaCTHHI(e, nOMemeHHofI B nOnepeqHOe Mafl-UiTHoe
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PRe. 1-1. 3aBRcRMoCTb 9Hepnm 9JIeKTpOHHoro ra3a OT rep· MOAllHaMHqecKoH TeMTIepaTypM






																		
	 
	 
	 
	 
	 
	 
	nOJle,
	nOHBJISIeTCSI nOnepeqHaH a,Uc H H3MeHHeTCSI

	 
	 
	 
	 
	 
	 
	9J1eKTpHqeCKOe
	COnpOTHBJleHHe npOBO~HHK3.
	 

	 
	 
	 
	 
	 
	 
	O,LI,H3KO BbIHBHJIHCb H npOTHBOpeqHH HeKOTOpbIX

	 
	 
	 
	 
	 
	 
	BbIBO,J,OB
	TeopHH
	C
	OnbITHbIMH ,naHHbIMH. OHYl CO-

	 
	 
	 
	 
	 
	 
	CTOHJIH B paCXO}Kll.eHHH TeMnepaTypHoH saBHCHMO-

	 
	 
	 
	 
	 
	 
	CTH y.D,eJIbHOrO COnpOTHBJIeHIHI, Ha6JIIO,UaeMOii H3

	 
	 
	 
	T
	 
	OObITe
	H
	BbITeKalOill,eii
	H3
	OOJIO)KeHHH TeOpHU; B

	 
	 
	 
	 
	HeCOOTBeTCTBHH
	TeOpeTlIIieCKlI
	IlOJIY4eHHbIX
	3Ha-

	 
	 
	 
	 
	-
	 
	 
	 

	o
	 
	 
	 
	4eHHil
	Ten.noe\lKOCTH rvreTaJIJ10B OrIbITHbIM .D,aHHbIM.

	 
	 
	 
	 
	 
	 
	Ha6J1fO)l.aeMaH
	Tenn:oeMKOCTb
	MeTaJIJIOB
	MeHbwe

	TeopenILIeCKOH
	11
	TaKOBa,
	KaK 6yJJ,TO 3JleKTpOHHbIH ras He norJIO-

	lUaeT
	TenJ10Ty
	 
	OpH
	HarpeBe
	lVleTaJIJIHLIeCKOro npo'Bo,n;HliKa. 3TH
	npo-

	THBopetHISI y)1,a,TIOCb
	npeOlI.OJIeTb,
	paCCMaTpHBaH
	HeKOTopble
	nOJIO)Ke-

	HHH
	C rIOaHUHrI
	KBaHToBoII
	MexaHHKIL
	B
	OTJIH4He OT KJlaCCH4eCKOH

	3JIeKTpO~HOH
	TeopIUI B
	KBaHTOBofI
	MexaHHKe
	npHHHMaeTCSI,
	4TO

	3JIeKTpOHHMH
	ra3
	B
	MeTaJIJIaX
	npH
	06WLIHWX
	TeMrrep3Typax HaXO)l.HTcH

	B COCTOHHHH BblpOIK,ll,eHHH.
	B
	3TOM
	COCTOHHHH 3HepnUI 3JlelnpOHHoro



ra3a nOtlTH He aaBHCIIT OT Te:.mepaTypbI, Kal\ 3TO nOKa3aHO Ha pHC. 7-1,

T. e. TerrJIOBOe ,nBlf)f(eHHe nOLITII He H3\IeHHeT 3Hepnno 3.TleKTpOHOB.

Do:::noMy Ha HarpeB 3JleKTpOHHoro ra3a TeOJIOTa He aaTpaLIHBaeTCH, LITO

II 06Hapy)KIIBaeTCH OpH H3MepeHHH TeOJIOeMKOCTH MeTaJI.JIOB. B COCTOHHue, aHaJIOrrrLIHOe 06bILIHbIM ra3a:'1, 3lfeKTpOHHbIH raa oprrXO)l.HT OpIC TeMnepaType nOpH)l.Ka TbICHLI KeJlbBHHOB. fIpe.n;CTaBJIHH MeT3JIJI K3K

cHcTeMy, B KOTOpOfl rrOJIO>KIITe.rIbHble HOHbI CKpenJIHIOTCH rrocpe,n;CTBOM

CBo60JI,HO ,ll,BIDKYlUI1XCH 3JleKTpOHOB, JIerKO rrOHHTb np HpO)l.y Bcex OC-

HOBHbIX CBOHCTB MeTaJIJIOB: OJIaCTHtIHOCTH, KOBKOCTH, xoporneil Ten,TIO·

							
	npOBO,ll,HOCTH
	II BhICOKOH
	9JICKTpOnpOBO)l.HOCTIL
	 
	 
	 

	CnOHCTBa
	npOBOJl,HHKOB. K Ba>KHeI1lliHM
	napaMeTpaM, xapaKTeplf-

	3ylOW"1M CBOHCTBa rrpOBO)l.HHKOBbIX MaTepUaJIOB, OTHOCHTCH:
	1) YlJ,eJIbH3H

	rrpOBO,II.HMOCTb "y IVIB o6paTHaH eH BeJIIItIHHa -
	YJI.eJ1bHoe COOpOTHBJIeHHe

	p, 2) TeMrrepaTypHblH K09¢¢HUHeHT y,LI,eJIbHOrO
	COOpOTilBJIeHHH
	TKp

	IfJIH up, 3)
	K03¢lPH1J,HeI-H TeflJIOnpOBOJ1,HOCTH
	YTI
	4) KOHTaRTHaH
	pa3-

	HOCTb rrOTeHUlIa.rIOB H
	Teplvl03J1eKTp0JJ,BluKymaH
	CHJIa
	(TepMo-31lC),



5) pa60ra BbIXO)l.a 3JIeKTpOHOB H3 MeTa/IlIa, 6) rrpelI,e,T{ rrpoLIHocTH OpH

											
	pacTHlKeHlIH O"p H OTHOCHTeJlbHOe y,LJ)HIHeHHe
	nepeJ1,
	pa3pbIBOM
	111/1.

	Y ,II. e JI b
	H 3 H
	n p
	0 B
	0 ,II. II
	M 0 C T
	b
	11
	Y J1, e II b Hoe C o-

	n pOT H B JI
	e H 11 e
	0
	p 0
	B 0 .LI.
	H H K 0
	B.
	CBH3b
	nJIOTHOCTH
	TOKa J



(B al\lnepaX Ha KBaJ1,paTHbIH MeTp) H HanpSDKeHHOCTH 3JIeKTpHQeCKOrO rrOJIH (S BOJIbTaX Ha MeTp) B OpOBO)l.HHKe ,ll,aeTCSI 113BeCTHOH: epOpMyJIOI1:

	J = yB
	(7-1)



(,II.Hq)q)epeHlLHaJIbHaH epopMa 3aKOHa OM3); 3,QeCb y (B CI1MeHCaX Ha MeTp) napaMeTp npoBOjI,HHKOBOro MaTepHaJIa, Ha3bIBaeMbIH ero yoeAbl-lOu, npo-

800u.AtOCfnblO; B COOTBeTCTBHH C 33KOHOM OM3 l' MeT3JVIHLIeCKHX npoBo.n;~

HHKOB He 3aBHCHT aT HanpflJKeHHOCTH 3.F1eKTpHLIeCKoro nOJIH E npH 113MeHeHI111 nOCJIejI,HeH: B BeCbMa llIHpOKHX npe.n;e.rrax. BeJIHql1Ha p = 111'"
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06paTuaH y)l,e.rIbHOH npOBO,lI,HMOCTH If Ha3hIBaeMaH yneJlbHhIM conpo-

	THBJleHHeM, ):1)151 HMelOmerO
	COnpOTHBJleHHe R npOBO)I,HHKa
	AJlllHOiil

	c nOCTOHHHhIM nOnepelJHbIM
	CelJeHUeM S BbIlJHCJlHeTCH no
	<PopMyJIe

	 
	p = RS/l.
	(7-2)



Y,ll,eJlhHOe conpOTHBJIeHHe H3MepHeTcH B oM-MeTpax. nJ1H H3MepeHHH p npOBO)I,HHKOBNX MaTepHaJIOB pa3peulaeTcH nOJIh30BaTbCH BHecHcTeMHoA e)l,HHHUeH OM'MM 2 /M; OlJeBH)l.HO, lJTO npOBOJIOKa H3 MaTepHaJIa )l.JIHHOM

1 M C nOnepelJHbIM CelJeHHeM 1 MM2 HMeeT conpOTIIBJIeHHe B OMax, lJMeJIeHHO paBHO p MaTepHaJIa B OM'MM2 /M. BMeCTO e,ll,HIUIUhI OM'MM2/M npe)I,nOlJTHTeJIbHO npHMeHHTb paBHyIO eli no pa3Mepy e,lI,HHIfUY eM

MKOM • M. CBH3h Me:tK)l,y Ha3BaHHbIMH e)l,HHHuaMH y)l.eJIbHOrO conpoTHBJIeHHH:

I OM'M= 106 MKOM'M= 106 OM·MM2/M.

'uHana30H 3HalJeHHH Y,lI,eJlbHOrO conpOTHBJIeHHH p MeTaJIJIHtIeCKHX npOBo,UHHKOB (npn HOpMaJIbHOH TeMnepaType) .n.OBOJIhHO .y30K: OT 0,016

,ll,,,1H cepe6pa II )1,0 npHMepHo 10 ~H~O!\I' M ,LI,JIH llieJIe30XpOMOaJIIOl\IHHMeBhIX CnJIaBOB, T. e. OH 3aHHMaeT Bcero TpH nopH,lI,Ka. 3nalJeHHH YJleJIbHoro conpOTHBJIeHHH p HeKoTopbIX MeTaJIJIOB npI-lBe,lI,eHbI B Ta6Jl. 7-1.

Y,ll.eJIbHaH npOBO)I,HMOCTb MeTaJIJIHtIeCKHX npoBO)l,HIIKOB corJIaCHO KJIaCCHlJeCKOH TeopHH MeTaJIJIOB MO:tKeT 6bITb Bblpa:tKeHa cJIe)l,yJOllJ,JIM 06pa30M:

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	(7-3)

	r.n,e
	e -
	3apH,U 3.7IeKTp0l1a;
	flo -
	IIHC.TIO
	CBo60,ll,HbIX 3.TIeKTpOHoB
	B e)l,H-

	HHue o6beMa MeT3JIJIa;
	'A
	-
	Cpe,lI,HHH ,Il,JIHHa cB06o,Il,HOrO
	npo6era
	3.1JeKT-

	pOHa Melli,ll,Y ,ll.ByMH cOY,Il,apeHIU1MH C
	Y3JIaMH
	peweTKH;
	nz -
	Macca

	.9JIeKTpOHa;
	VT - CpenH5IH
	CKOpOCTb TenJIOBOrO
	,Il,BHllieHHH
	cB06oilHoro

	3JIeKTpOH3
	B l\leTa.TJJ1e.
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	npeo6pa30BaHHe BblpallieHHH (7-3) Ha OCHOBe nOJIOllieHHH KBauToBoH

	MexaHHKH
	npHBO,lI,HT
	K
	¢opMy.Tle
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	l'=
	2/3
	 
	 
	 
	 
	(7-4)

	 
	 
	 
	 
	 
	 
	Kno "A,
	 
	 
	 

	rJ1.e
	K -
	lJHCJleHHbIH
	K03¢qmUHeH'r;
	OCTaJlbHbIe
	0603HaQeHH5I-

	npe)J{HHe.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	nJlH
	pa3JIHlJHNX MeTaJIJlOB CKOpOCTH
	XaOTHtIeCKOrO
	TenJIOBOrO ,lI,BH-



JKeHHH 3JIeKTpOHOB V T (npH onpe,Il,eJleHBOH TeMnepaType) npHMepHO O)].M- HaKOBhI. He3HalJHTeJIbHO pa3JlHtIaIOTCH TaK:tKe H KOHueHTpaUHH CBo60,llHbIX 3JIeKTpOHOB no (HanpHMep, ,lI,JlH MeJJ.H H HHKeJI51 3TO pa3JIHlJHe MeHbllle

10 %). 003TOMY 3HaQeHHe y.n.eJIbHOH npoBoAHMOCTH 'Y (HJIl1 y.n.eJIbHoro conpOTHBJIeHH51 p) B OCHOBHOM 3aBHCHT OT cpe,Il,HeA JJ.JIHHN cBo6o,LI,HOro np06era 3JIeKTpOHoB B ,lI,aHHOM npOBOll,HHKe 'A, KOTOpa5I, B CBOIO 04epe,llh, onpe,Il,eJI51eTCH CTPYKTypOH npOBO)lHHKOBOro MaTepnaJIa. Bce llHCThIe MeTaJIJIW C HaH60JIee npaBHJIbHOH KpHCTaJIJIHtIeCKOH peweTKoH xapaKTepH3YJOTCH HanMeHbllllIMH 3HalJeHlIHMH Y,lI,eJIbHOrO conpOTMBJIeHHH; nplIMecH, liCKa)J{aH peweTJ{y, npHBo,UHT K yBeJIHtIeHHIO p. K TaKoMy )He BbIBO,lI,y MO:tKHO npHHTH, HCXO.II.H JI3 BOJIHOBOH npHpO,lI,bI SJIeKTpoHoB.

P8cceHHHe 3.TJeKTpOHHbIX BOJIH npOHCXO)l.HT H8 .n.e¢eKTax KPHCT8JIJIH'lecKoff pellleTKH, KOTopble COH3MepHMbI C paCCTOHHHeM OKOJlO lJeTBepTH
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PI1C. 7-2. 3aBHcHMoCTb y.zr.eJlbHOrO corrpo· THBJIeHI1SI p Me)I.H OT TeMrrepaTypbI

CKallOK CoOTBeTcTByeT TeMnepaType nJIaBJIeHHH

Me,n.H 1083°C

2l,JIIIHbI 3JIeKTpOHHOH BOJIHbI. HapyrneHI15I MeHbWHX pa3MepOB He BbI3hI-

BaIOT 33MeTHoro paCCeSII-IH5I BOJIH.

B MeTaJIJIHqeCKOM npOBO)I,HHKe, f,L~e

	JJ,JIHHa
	BOJIHbI 3JIeKTpOHa
	OKO.T!O

	0,5 HM,
	MHKpO,ll,e¢eKTbI
	C032l,aIOT



3HaLJHTeJIbHOe pacceHHue, YMeHbwa- lOll~ee n02l,BHiKHOCTb 3JIeKTpOHoB, II, CJIenOBaTeJIbHO, rrpHBO]J,HT K pOCTy

P LVIaTepHaJIa.






TeMrrepaTypHwH K03¢¢HUHeHT y2l,eJIbHOrO

COlI pOT H B JI e H II 51 MeT a JI JI 0 B. 4HCJIO HocHTe.TIeH 3ap5IlL3 (KOH[~eHTpaUHH CB060,lJ,HbIX 3JIeKTpOHOB) B MeTaJIJIHLJeCKOl\1 npOB02l,HHKe

npH rrOBbIllleHHH TeMrrepaTypbI npaKTHqeCKH OCTaeTC5I HeI13MeHHbIM. OnHaKO BCJIenCTBHe yCHJIeHHH KOJIe6aHHH Y3JIOB KPHCT3JI.TIH4ecKoi'I perneTKH C pOCTOM TeMrrepaTypbI n05IBJIHeTCH Bce 60JlbWe H 60JIbWe npenHTcTBHii Ha nyTH HanpaB.TIeI-IHOro ,lI.BH}KeHIIH CB060,lJ,HbIX 3JIeKTpOHoB nOl( ,lJ,elkTBHeM 3JIeKTpIF-IeCKOrO rrOJIH, T. e. YMeHbwaeTCH Cpe2l,HHH ,lI.JIHHa CB060JlHOrO npo6era 3JIeKTpOHa A, YMeHbiliaeTcH nO.Il.BIDKHOCTb 3JleKTpOHOB H, KaK CJIe,LI,CTBHe, YMeHblliaeTCH yneJIbHaH npOBOl(HMOCTb MeTa.TJJIOB 11 B03 paCTaeT Y,lJ,eJIbHOe conpOTHBJIeHHe (p IIC. 7-2). I1HbIMH CJIOBaMH, TeMnepaTypHbIH K03epqmUHeHT (CM. CTp. 39) YlLeJIbHoro conpOTIIB.TleHHH MeT3JIJIOB (KeJIbBIIH B MHHYC nepnoH CTeneHH)

	 
	 
	1 dp
	(7-5)

	 
	TKp=cxp=p- dT

	nOJIOMHTeJIeH. CorJIaCHO BbIBO,lJ,aM 3JIeKTpOHHOH TeoplIH MeTaJIJIOB 3Ha4e-

	HI-HI C\> qHCTbIX MeTaJIJIOB
	B TBep,lJ,OM
	COCTOHHI1H lLOJI)KHbI
	6hITb 6JIH3KII

	!{ TeMI1epaTypHoMy K03ep<pHUHeHTY paCIlIHpeIHHI H,lJ,eaJIbHbIX
	ra30B, T. c.

	1/273 ~ 0,0037 K- l (CM.
	Ta6JI. 7-1;
	nOBbIllIeHHbIMH 3Ha4eHHHMI1 O:p



06.TI3AaIOT HeKoTopbIe MeTaJIJIbI, B TOM qHCJIe <peppOMarHHTHbIe MeTaJIJIbI - llieJIC30, HHKe.TIb II K06aJIbT). Opn 1I3MeHeHHH TeMrrepaTypbI B Y3KHX

	,lJ,Han330n3X
	Ha
	npaKTHKe
	,lI.OnycTHMa Kyco4Ho-.TIHHeI1HaH
	annpoKcH-

	MaUHH
	3aBHCHMOCTH
	P (T);
	B 3TOM CJIy4ae
	npUHHMaI:OT, qTO
	 

	 
	 
	 
	 
	 
	 
	P2
	=
	Pl
	[1 + up (T2 -
	T1) ],
	(7-6)

	r,lJ,e
	PI
	H P2
	-
	Y,lJ,e.TIbHbIe
	corrpOTHBJIeHHH
	npOBO,lJ,HHKOBOro
	MaTepHa.TJa

	npH
	TeMnepaTypax
	T1
	H
	T2
	COOTBeTCTBeHHO
	(npH 3TOM
	T2 > T1 );

	Up -
	TaK Ha3bIBaeMbIH
	cpeOHUU meMnepamypHblu K03¢¢Ul{ueHm ydeJlb-

	HOeO
	conpomU8AeHUfl
	)J,aHHoro
	MaTepUaJIa
	B JJ,uana30He TeMnepaTYP aT

	T1 ,lJ,O
	T2 •
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	H3MeHeHHe
	 
	 
	Y,lJ,eJIbHOrO
	 
	conpOTHBJIeHHH

	MeT a
	JI .n 0
	B
	n p
	H
	rr JI
	a B JI e H H H.
	I1pH
	rrepeXO,lJ,e H3 TBepJJ,oro



COCTOHHHH B lKH,lJ,KOe Y 60JIbIllHHCTBa MeTaJIJIOB Ha6JHO,1J.aeTCH yBeJIHtIeHHe YAeJIbHOrO corrpOTHBJIeHHH P, KaK 31'0 BHlLHO, HarrpHMep ,lI,JIH Me)l.H, U3 pHe. 7-2; O,lI,HaKO y HeKoTopbIX MeTaJIJIOB p npH llJIaBJIeHI1H YMeHbillaeTCH.
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	Ta6Jl!ll{G 7-2

	 
	 
	 
	 
	 
	M3MeHeHJfe y~eJIbHOrO conpOTHOReHlU(
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	HeKOTOp~X MeraJIJIOB
	npH
	nJIanneHHH
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	I
	I
	 
	 
	 
	 
	I
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	,
	 
	 
	 
	 
	 
	 

	 
	MeTClJJ,n
	Hg
	 
	ell
	 
	Au
	Zn
	 
	Sn
	I Ag
	I
	Al
	Na
	Ga
	 
	Bi
	 

	paU'IAR
	32,
	 
	2,4
	 
	2,28
	2,19
	 
	2,1
	 
	1,9
	 
	1,64
	1,45
	0,58
	 
	 
	043,
	 

	pTRep.Il
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	I
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	YAe~1bHoe conpoTH B,neHHe
	yBert HlHfBaeTCH
	np 11
	rlJIaBJIeHHH y
	Tex MeTa.n:-

	JIGB, y KOTOpbIX OpB nJI3SJIeUHH yseJIH4l1BaeTCH
	o6beM, T. e. yMeHhIlIa-

	eTCH
	nJIOTHOCTb; H,
	Hao6opOT,
	y MeTaJIJIOB l Y\1eHbUl31011\llX
	CBOH
	06b€:\i

	npM
	nJIaBJIeHHH, -raJIJI HH, BilcMyTa,
	Cypbl\lbI
	(aH3,nOrIltIHbIM epa30BoMY

	nepexony JIe.Q-Bona) P YMeHbwaeTCH (Ta6.n. 7-2).
	 
	 
	 
	 
	 
	 

	 
	Y JJ. e JI
	b Hoe
	C 0 11 pOT H B JI e H H e
	c n JI aBO B.
	 
	KaK



Y)Ke yKa3bIBaJIOCb, npHMeCH If HapyIlleHHH npaBHJ1bHOH CTpyKTypbI Me- T3Jl.lIOB yBeJII-ItHIBaIOT HX y)~eJlbHoe COnpOTIIBJICHHe. 3HaQUTeJ1blIOe B03-

paCTaHHe p Ha6JIfOllaeTCH npB cnJlaBJICHHH 11,BYX :v1eT3JI.lIOB B TOM C.lIyqae,

eC.1JH OHH o6pa3yIOT .npyr C JlpyroM TBepllbIH paCTBOp. 1'. e. npM OTBep- }K1leHHH COBMeCTHO KpUCTaJ1JUI3yIOTCH, If aTOMbI OjlHOrO MeTaJJJIa BXO).{5Ir

B KpHCTaJIJIHtIecKyIO pemeTKy Jlpyroro. 3aBHCHMOCTb YJleJIbHOrO corrpoTHBJIeHl.lH CrrJIaBa ,llBYX MeTaJ1JlOB, o6pa3yfOlllHx .upyr C JlpyrOYI tnBep-

	ablU pacnZ80p, OT H3:\!eHeHiHI CO,II,epX{aHHH
	 
	Ka,Knoro 113 HHX B rrpeJJ.eti1aX

	OT 0 AO 100 % npe,llCTaBJleHa Ha pHC. 7-3,
	 
	 
	a. KPIIB351
	p H"vreeT MaKcIIMY~"I,
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	PIle. 7-3. 3aBHcBMoCTH napaMeTpoB CITJ1<JnOB
	MeJ].b--HHKCJIb
	OT
	COCTaBa (n rrpOU;CHTaXi

	no M~cce): a - y.u.eJIbHOe
	conpOTHBJIeHHe p;
	6 -
	 
	 
	TeMnepcrrypHbIH K034>qmuueHT YJJ.eJf1.-



Horo conpOTMBJIeUMH (Xp; 8 - TepMo-3J1C no OTHOIlleHHlO K iKeJIe3Y npH pa3HOCTH TeM-

	nepaTyp
	crraeB
	815°C; e - K03<P1maHeHT TerrJIOnpOBOAHOCTH YT

	q BoronolTnnv.nn
	H. n
	B ITI'\.












COOTBeTcTByfOilUIH HeKoTopoMy OnpejLeJleHHOMY COOTHOmeHHlO !v1e}I<ny COJI,ep)J{aHHeM KOMnOHeHTOB B CIJ.113Be. 05bl4HO npB 3TOM Ha6,!Ho.uaeTCH Onpe)I,e.:1eHHaH 3aKOHOMepHOCTb H B H3MeHeHHH a p : OTHOCJITe,,"lbHO BblCORHMH 3HaqCHHHMH TeMnepaTypHoro K03¢¢HUHeHTa y~e~bHorO conpo-

	THBJIeHHH OOJla)I,aIOT
	QHCTble
	MeTaJIJIbl, a y cn~TJaBOB a p MeHbwe
	H )I,a)f{e

	MOllieT npao6penlTb HeOOJIblllHe OTpHuaTeJIbHble 3HaQeHIUI (pIle.
	7-3, 6).

	TaKoe H3MeHeHHe p
	H cx p OT
	CO)I,epMaHHH KOMnOHeHTOB Cn~TI3Ba MOMHO



061>51CHHTb TeM, QTO BCJIe)I,CTBHe 60JIee CJIOMHOH CTpyKTypbl CnJIaBa no cpaBHeHIIIO C QHCTblMH MeTa",1JIaMH ero yMe HeJIb351 paccMaTpHBarb KaK K1aCCHQeCKIIii MeraJIJI, T. e. H3MeHeHH:e y 1l,eJIbHOH npOB01l,H:MOCTH 'V

cnllaBa 06yCJIOB,TJHBaeTCH He TOJIbKO H3MeHeHHeM nO,lJ,BIDKHOCTH HOCHre-

JleH aapH,IJ,a, HO B HeKOTopbIX CvTIYQa5lX H QaCTllQHblM B03paCTaHHeM KOH-

	ueHTpaUHH HOCIlreJ1eH
	aapH,Ua npH nOBhlweHHH
	TeMneparypbI.
	CnJIaB,

	y KOToporo YMeHbweHHe nO)I,BHMHOCTH C pOCTOM TeMnepaTypbI KOMneHCH-

	pyeTcH B03paCT3HHeM
	KOHueHTpaUHH HOCHTeJIeH
	3apH,Ua, 6y..ueT
	HMeTb



ByJleBOii TeMnepaTypHbIH: K03<P¢HUHeHT y)I,eJIbHOrO COnpOrJfBJIeHHH.

Ha KpHBbIX 3aBlICHMOCTH y.ueJIbHOrO conpOTHBJIeHHH or COCTaBa .uJIH

HeKOTopbIX CHCTeM ,lI,BYX pa3JIHQHbIX MeTaJIJIOB MO)f<HO HaOJIIDJJ,aTb If BeCb~1a pe3KIIe OTKlIOHeHHH OT paCCMOTpeHHOI1 BbIIue 3~lEOHO:\lepHOCTH.

TaK, H. C. K.ypHaKoB yCTaHoBIUI, QTO B Tex CllYl-J351X, EorJ,Cl nplI onpe- )H~';leHHOM COOTHOLIlefIIIH :"Ie)!{;:ry KOMIIOHCIITaMll OHII 06p33ylOT )lpyr

C npyro;u 5113110 Bb1!)3iKeIHlble XHMHQeCKHe coe!UHleHII51 (I HfTep:\reTaJI.J1I1)lbI),

H3 KpHHbIX 33BHCH\WCTH P (a TaKMe II 0:) 01' COCT3Ba Ha6JIIO,Il3fOTCH H3.TJOMbI (pIfC. 7-4).Hcc.TIej~OBaI-nUIA. <P. I10qxpe nOKa33.1H, qTO MHOfHe

HHTepMeTaJI.1H}lhI HB.:l51fOTCH He BemeCTBalVHI C MeT3JI.1Ifl-IeCKHM xapaK- repO~\1 3JIeETponpOEOj,HOCTH, a 3JleK-

TpOHHbnnI nOJlynpOBC1.J,HHK8\lE.

	3
	ECJIH me cn~aB nBVX MeTa~~OB

	 
	oJ

	 
	C03J1.aer
	pa3AeJIbHYlO KpHCTa.TJJIH3a-

	 

	 
	LI.HIO II cTpyKTypa aaCTbIBwero CllJI3-

	 
	Ba npe,IJ,cTaBJI5JeT C060H CMeCb KpH-

	 
	CTa,H,TJOB
	KaM)lOrO li3 KOMI10HeHTOB



(r. e. eCJIH 3TH MeTaJIJIbI He 06P33)'lOT
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	Pnc.
	7·4
	 
	 
	 
	 
	 
	Puc.
	7-5
	 
	 

	PMC.
	7-4.
	3£:iEECHMOCTb y;:r,e.lbllCl C
	CCnpOTlIB.ncmUI P CI1JlaBOB i!.HHK-MarHHH OT CC<~TaBa

	TOl.JK8
	1 ccolBeTC1ByeT
	l.JHCTOMY Mg;
	2 -
	cue)J,tlHeHlllo
	MgZn; 3 -
	Mg2Zn3; .; -
	.lIv1gZn 4 ; .5...,.

	 
	 
	 
	MgZn6;
	6 - 'iHCTOMy
	Zn
	 
	 
	 
	 
	 
	 

	PHC.
	7-5.
	3aBHCHMOCTb YAUlbHOii npOBO,l!J1MOCTH y cnJ1aBOB M€,1I.b-BOJlhtppa;"1 D1 COCTClBa











7-5).



Toepnoro paCTBopa H HCKameHHe KpHCT3JIJHfT-IeCKOII peweTKH KaiKlI.OrO KOMnOHeHTa He Ha6JIIO,naeTCH), TO yneJIbH3H npOBOlI.UMOCTb l' cnJIaBa M2H51eTCH C H3MeHeHHeM COCTaB3 npHO.JIH3HTeJIbHO JIHHeihIO, 1. e. OrIpe-

lleJIfleTCSI apWpMeTHqeCKHM npaBHJIOM CMelueHH51 (pHC.

Ten JI 0 n p 0 B 0 lI. HOC T b 1\1 eTa JI JI 0 B. 3a nepel{aqy Ten-

JIOTbI qepe3 MeTaJUI B OCHOBHOM OTBeTCTBeHHbl Te )Ke CBo6011,Hble 3.11eKTPOHhI, KOTopble onpeJl.eJHHOT H 3JIeKTpOnpOBOllHOCTb MeTalIJIOB B l1I1CJIO KOTOpbIX B eII,HHHue 06beMa MeT3JIJIa BeCbMa Becrt:HKO. n03TOMY, KaK npaBHJIO, K03epepHIlHeHT TenJIOnpOB01I.HOCTH I'T MeTa,f(.10B HaMBoro 60JIbWe, IfeM K03¢qJIIllHeHT TenJIOnpOBOl{HOCTH l{H3JIeKTpHKOB (C,\L Ta6JI. 5-1).

OQeBl1l{HO, qro npH npolfHx paBHblx yCJIOBIHI X, qeM 60.!JbUle yneJlbHaH

3,l1eKTpHtteCKaH npOBOlI.HMOCTb y MeTa.lI,:1a, Tei",! 60,lIbwe 1I,OJI>KeH OblTb If

ero K03<p<pnUHeHT Ten.llonpOBO.llHOCTJL J1erJco TaK>Ke BHlleTb, qTO OpB flOBhlIlleHHH TeMnepaTyphI, KOf Aa nO,ll,BIUKHOCTb 3.T1eKTpoHoB B MeT3.TJJIe II COOTBeTCTueHHO ero YJJ.eJIbHaH npoBo.n.HMOCTb Y YMeHbmaIOTcH, OTHome-

HHe K09ep¢IHuleHT3 Ten.TIOnpOBOlI.HOCTH M€T3.T!JI3 K ero yne,TIbHOfr npo· BOllHMOCTH 1''1'/1' llOJI)J{HO B03pacTaTh. A1aTeManIQeCKH 3TO BblpamaeTcH

	3aKOflOAl BudeAtaHa -C/Jpaflt{a -JI0 peul{a:
	 
	 
	 

	 
	 
	 
	 
	 
	YT/Y =
	LoT,
	 
	 
	(7-7)

	rIle
	T - rep\10IUIHaMHQeCKaH
	TeMnepaTypa,
	K; La -
	qHCJIO JlopeHua,
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	B q-JOP~\1Y.ny
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	3HaqeHHH
	nocToHHHO(I
	60JIhU:'i3Ha

	k =
	1, 38·10- 23
	lliK/K
	II
	33 PRna
	3.TJeKTpOHa
	e = 1,6·10- 19
	KJI, nOJIY-

	qaeM Lo = 2AS· 1O-R
	B~/K2.
	 
	 
	 
	 
	 
	 
	 

	 
	3aI\oH Bli.'le:.rana -'1lpaHua -JIOP€HLW BbITIOJIHHeTCH (B OOJlaCTH

	TeMnepaTyp. 6.11UI\]IX
	K
	HOPlVIaJIbHOIl
	Ii/IIi
	HeCKOJIbKO nOBblmeHHbIX)

	 
	 
	 
	 
	 
	 
	jUHI
	60,,1bWHHCTB3
	MeTaJI~10B (HC-
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K.TI10lIeHiH'. COCTaBc1HtOT Mapranea H

6epHJL11IIi). f1pC)BepH\1 cnpaneJJIH-

BOCTb 3Toro 33KOH3 IllIg Me;l}f l1pH
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	PW:.
	7-6.
	3amlcEMc~{:TH
	K034lqmuHcHToB TenJIOnpoBo,J,HCCTH
	'i'TMeTaJUIOB
	OT
	TepMO.I\li-

	 
	 
	 
	H8MH4eCKOH TCMnepaTypw
	 
	 
	 

	PRe.
	7-7.
	3aBECIL\;CCTH K03ep<pl1ulleHToB TeIIJIOnpoBO,1I.HOCTH
	I'Tcn.naBOB OT rernrOLI,llHa-

	 
	 
	 
	M[ltf('CKOH TeMneparypbI
	 
	 
	 

	J -
	Hep>K8BeIOllJ,a51 CTaJ1b;
	2 - 6epHJJ.'1IleJ3lHl OPOH38 (98 % no Macce Cu + 2 ~'j
	no
	Macce Be)
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