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1. KPUCTAJIVIMHECKAS PEIHETKA

1.1. OcHoBHBIE POPMYIIBI
— m — M am ) nam
p V VSJ[.}I'-{. .

31ech P - INIOTHOCTH BEUIECTBA;
M - Macca BENIeCTBA,

V - 00b€M BelecTBa;
M - Mmacca aToMa;

a

n - CpeaHee 4YHCIO aTOMOB,

am

NpUXOAAICCCad Ha KaXAYyro

AIIEMEHTAPHYIO STYENKY KPUCTAILIA;
Vi - 00BEM PIIEeMEHTapHOM STYCHKU.

1.2. [Ipumep pemienus 3aiauu

ITnotHOoCTh KpucTamia amomuuus 1pu  temneparype t=20"°C  pasua
p=27-10° K%/l 5. Kpucramn wuMeer KyOHUYECKYI0 TpaHEIICHTPUPOBAHHYIO

AIIEMEHTAPHYIO A4eiiKy. HaliiuTe MOCTOSHHYIO KPUCTAIIIMYECKON PEIETKH.
Pemienue. BeipakeHue J1sl INIOTHOCTH BEIIECTBA UMEET BUJL

p V V3Jl.ﬂlt. |

Yutem, 4To AJIA KyOMUECKOW I'paHEUEHTPUPOBAHHON 3JIEMEHTAPHOU SUYEHKU

3
n, =4, aV =a. Kpome Toro, ompenemus mo Tabmuune MeHzneneesa

a

MOJISIpHYIO Maccy amomunus M, ,
M Al
M, = ,rne N, - uncio ABorazpo.

am

BBIPA3UM 4epe3 HEE Maccy aroma:

A
[Toacrasnsist BCE B popMyity JIsl IJIOTHOCTH, U BhIpaxasi U3 He€ MOCTOSTHHYIO

KPUCTAUTMYCCKOHN PEIICTKH, MTOJTyIUM
. 1078 . 0
M =3 of 1-30 4 TR 41-10"u=41A

N,-p 6,02-10¢-2,7-10 '

1.3. 3agauu 111 CaMOCTOSITEIBHOTO PEIICHUS

1.3.1. IInorHocts Kpucramia meau npu Temneparype t=20"C pasna
p=8,96-10° K%d 5. Kpucramr wnmeer KyOMYECKyH0 TIPaHELECHTPHUPOBAHHYIO

AJIEMEHTAPHYIO A4EeUKYy. HalliuTe MOCTOSIHHYIO KPUCTATUIMYECKOW PELIECTKH.



1.3.2. Ucnonb3ys panHble 3amauu 1.3.1. HaliauTe paccTOSIHHE MEXIY
OMKANIIIMMU aTOMaMH MEIH.

1.3.3. Hcnonp3ys nmanHeie 3amaun 1.3.1. HaWiguTre oOBEM OMHOTO MOJIS
BEIIECTBA.

1.3.4. Hcnonp3ys paHHble 3agaun 1.3.1. HAWAUTE 4YHCIO aTOMOB,
PACIOJIOKCHHBIX Hamboyiee OJIM3KO K KaKIOMYy U3 HHUX (YHCIO OJIMKaHIIMX
coceliell KaKJI0To aToMa).

1.3.5. TlmotHOCTh KpucTamia MonmbdaeHa npu temmeparype 1 =20°C pasua
(0]
p=10,2-10° K%vz ;. [IlocrostHHast ero KybOudeckoit pemretku a =314 A.

Onpenenute, K KaKOMy THIY OTHOCHTCS CTPYKTypa KPUCTAIIMYECKOM PEIIeTKU
MoiMOJieHa: K  TPUMUTHUBHBIM, K  OOBEMOLICHTPUPOBAHHBIM  WIU K
I'PaHEIIEHTPUPOBAHHBIM.

1.3.6. Ucnonb3ys mpanabie 3amauu 1.3.5. HaliAuTe pacCTOSHHE MEXIY
OJIMKaH MU aTOMAMH KPUCTAJIMYECKON PEeLIETKH.

1.3.7. Wcnonp3ys paHHble 3amadyu 1.3.5. HaiiauTe OOBEM OTHOTO MOJIS
BEIIECTBA.

1.3.8. Hcnonp3yss manHble 3agaud 1.3.5. HaWgUTE 4YHCIO aTOMOB,
PaCIIOJIOKEHHBIX HamboJiee OJIM3KO K KaKJIOMY M3 HHUX (YHCIIO OJIMKalImx
COCEEH KaXKIOro aToMa).

1.3.9. Hcnonp3ys nannbele 3aaa4u 1.3.5. HaliauTe IMHYy pedpa KyOHMIecKoro

obpasia monubaeHa maccoit M =1 xe.

2. KOJIEBAHUS B OJHOMEPHOM LIEITOYKE C OJIJMHAKOBBIMU
ATOMAMHI 1 C ATOMAMU [IBYX COPTOB

2.1. OcHoBHBIE POPMYJIBI

4B

. ka
O=x= M—Sln ?,me «t»apu K >0, a «»mnpu k <0.

am

c M,
V33: _’rllep}luH: ’C:B.a'
leuH a

. ka
sin —

2 ka
vV, =V, , V=V _COS—.
ka P 2
2
g, =ho, p,= ik .
3nech ( - HIUKJIMYECKasi YaCTOTa aKyCTHUYECKMX KOoJeOaHUIl aTOMOB,
B - k03hOHUIHEHT TPOMOPHUOHATBLHOCTH MEXIY KBa3sHyNpyrou

CPIJ'IOﬁ, I[GI\/'ICTBYIOH_IGI\/’I Ha aToM IMLICIMOYKU CO CTOPOHBI COCCAHCTO aromMa, Hu
CMCIICHUEM aTOMa OTHOCHTCIIBHO COCCAHECIO aTOMA,



k,K - BomHOBOE 4mMCII0, BOIHOBOM BEKTOD;
a - paBHOBECHOE PACCTOSIHUE MEXKIY aTOMaMH IIETIOYKHY;
P, - THHEHHAs [NIOTHOCTH [EMIOYKH aTOMOB;

V_ - CKOPOCTbh 3ByKa (CKOPOCTh YIPYIHX BOJIH IIPU MaibiX K );

36

V,,V,, - ha3oBas 1 rpyNIoBasi CKOPOCTH YIPYTUX BOJIH;

€41 P, - PHEPTHS M UMITYJIBC (POHOHA.

2.2. [Ipumep pemienus 3a1auu

NmeeTcst 1mienovyka aTOMOB aJTIOMHHMS, PACHOJIOKEHHBIX Ha PaBHOBECHOM
pacctosuun @ =0,40 uwm. Cuuras, dYro0 CKOPOCTH 3ByKa B IIEITOYKE

3 ~ ~
v,, =3,0-10 ]% , HaWIUTe MaKCHUMaJbHYI0 4YacTOTy KOJICOaHMH aTOMOB

OCIIOYKH.
PemeHue. BOCHOHBSYCMCH BBIPAKCHUCM IJIA I_[I/IKJII/I‘-IGCKOﬁ 9aCTOTHI YIIPYTHUX
KoJICOaHUI aTOMOB OCIIOYKH

o=t [—sin—.
M 2

. . ka
YyTtem, 4TO MakCUMyM 3TON (PYHKIIMU JOCTUTaercs mpu SiN ? =1. Kpome

TOT0, C TOMOUIBIO BBIPAKEHUIN

V36 = am ’ Cc= B a
a
[oJIy4aem
2 3
0,y = AR 4\/5“ = 2 L 250 1(_)9 =15-10" Pay.
M a® a 04010 c

2.3. 3agauu 111 CaMOCTOSITEIbHOTO PEIICHUs

2.3.1. HMmeercs 1emnoyka aTOMOB MEJU, PACIOJIOKEHHBIX Ha PaBHOBECHOM
paccrosauu a = 0,36 #m. Yucno atomos B nenouke pano N =10*. Cuwmras, uro

3 )
CKOpOCTh 3ByKa B Iienouke V,, =3-10 f% , HAlJNTE MAaKCUMAJIBHYIO 4acTOTY

KosJeOaHHnii aTOMOB IICITOYKH.

2.3.2. Wcnonw3ys paHHble 3amaud  2.3.1., HalauTe MaKCUMAJIBHYIO H
MUHUMAJIbHYIO BEJIUYMHY (ha30BOM M TPYNIOBOM CKOPOCTH YMNPYTHUX BOJIH,
PacpOCTPaHSIOMIMXCS IO IIEMOYKE aTOMOB.

2.3.3. Hcnonw3ysa naHnble 3aaauu 2.3.1., HaluTe MaKCUMAJIbHYIO SHEPTHUIO
(hOHOHOB ¥ UX MAaKCUMAaJIbHBIN UMITYJIbC.



2.3.4. Vicnonw3ys naHHble 3aaauu 2.3.1., HaliquTe MIOTHOCTD Pa3pelICHHbBIX
cocTOsIHUH ()OHOHOB B K-TIpocTpaHCTBE.

2.3.5. Hcnonw3ysa nansable 3agaud 2.3.1., Haiiaute (pa3oBYHO U TPYIIIOBYIO
CKOpPOCTH BOJIH, JUITMHA BOJHBI KOTOPHIX a) B 10 pa3 GoJpllie MUHIMAIBHOM; 0) B 2
pa3a 60JIbIlle MUHUMAJIBHOH IJTUHBI BOJIHBI.

2.3.6." Llenouka COCTOMT M3 YEpPEAYIOLIMXCS aTOMOB JABYX COPTOB HATpHs
(Na) u xsopa (Cl), pacnonoxxeHHBIX Ha OIUHAKOBOM PACCTOSHHMHU APYT OT APyra,

(6]
pasioMm a=2,82A. JlokaxkuTe, YTO 3aBUCUMOCTh LHKIHYECKON YaCTOTEHI
KoJjiebanuit atoMoB OT BoaHOBOro uncia ®(K) mMeer 1Be BETBU — aKyCTHYECKYIO

U ONITUYECKYIO.
2.3.7. Ucnionb3ys naHHbIe 3a1a4u 2.3.6. oNpeneanTe MaKCUMAIbHYIO YacTOTY
aKyCTUYECKUX U ONTUYECKUX KoyeOaHUI, NPHUHSB CKOPOCTh 3ByKa paBHOM

v33:4-1o3f%.

2.3.8. Hcnonw3ys pnaHHble 3amaud 2.3.6. ompeAenuTe MHUHUMAIbHYIO
4acTOTy ONTHYECKUX KOJICOAHW aTOMOB IIEMOYKH.

2.3.9. Ucnionb3ys  manHble 3amaun  2.3.6.  ompeAeNuTe  AHUara3oHBI
pa3pelIeHHbIX U 3aIPELICHHBIX SHEPTU K0JIeOaHUI aTOMOB LIETIOYKH.

3. TEIUIOEMKOCTb KPHMCTAJIJIOB

3.1. OcHoBHBIE POPMYIIBI

hw
0, =—2
° K
o, =k,v=v-/6nr’.
1
)= ho, '
exp( 'j—l
KT
o —En4R T
5 0,
Qg =3R
ho 1
<E>_ 2 ho
exp| — |1
"
30’V
dN(w) = P do

3aecy 0 - Temmeparypa Jlebas;



®, - NUKIUYCCKasA YaCTOTa ]_—[668}1 (MaKCI/IMaHBHa}I qaCToTa

KOJIeOaHUM aTOMOB IIETIOYKH );
K - mocrossHHast Bonpimana;
K, - BomHOBOE umcCIO0 Jlebas;

V - CKOpPOCTb 3ByKa B KPHUCTAJIJIC,
N - KOHICHTpALMs aTOMOB B KpUCTAJIJIC,

<ni> - cpefHee YUCiIo (POHOHOB € YACTOTOW , Ipu Temmeparype T

(pacnpenenenue [Lnanka).
C,p, - MOJsIpHas TEIUIOEMKOCTb KPHCTAIJIMYECKOH PpEIIeTKH IpH

. 3y.
noctosiHHOM 00béMe V 1ipu Temnepatype T << 0, mo teopunu [ebas (3akon T °);
C, ;- - MOIJSIpHAs TEIUIOEMKOCTh KPHCTANIMYCCKOW PELICTKH IPH

MOCTOSTHHOM 00b&Me 110 Teopuu Jlrononra-I1Tu;
R - yHuBepcanbHas ra3oBas OCTOSIHHAS,

<E> - CpeIHssl SHEPIrHsl KBAHTOBOTO TAPMOHUYECKOT0 OCHMIUISITOPA C

y4€TOM DHEPTUU HYJIEBBIX KOJICOaHU;
dN(®) - 4Kco KBaHTOBBIX COCTOSAHUI (OHOHA B AMAIA30HE YAaCTOT

oT ® 10 ®+ d® ¢ y4ETOM TPEX BO3MOKHBIX HAMPABICHU HOJIAPU3ALIUH.
3.2. Tlpumep pemieHus 3aaaqu

Onpenenute Temneparypy Jlebas mig Kpuctaima ¢ OPUMUTHBHOM
KyOWUYecKol »3JieMEeHTapHOW s4YeiKoW M3 OJMHAKOBBIX aTOMOB. KOHIIEHTparus

24 -3
aromoB N =10""Cyx . CkopocTH pacnpoCTpaHeHHs POIOIBHBIX M IOMEPEUHBIX
BOJIH B KPHCTAJUI€ TIPUHSTH OJMHAKOBBIMH U PAaBHBIMH V = 1,3’0% :

Pemenue. Beipaxkenue 11 remneparypsl Jledast umeeT Bua
ho
0, =—">
K

- =k, v=v-36nm*.
-34 3
Torxa 0, = —v-3/6n 1054 1071310 3 /6 11077 — 387k

1,38-107%

YuteMm, uTo

3.3. 3amauu A1 CaMOCTOSITEIBHOTO PEIICHUS

3.3.1. Onpenenute Temmepatypy Jebas st kKpucramia ¢ TPUMHUTHBHOMN
KyOMYEeCKON DJIEMEHTApHOW SYEWKOW W3 OJWHAKOBBIX aToMOB. KoHIeHTparms

30 -3
aromoB N =107 ", CkopocT pactpocTpaHeHHs MPOIOJBHBIX W MOMEPEUHBIX

3
BOJIH B KPMCTAILI€ IIPUHATH OJMHAKOBBIMH U paBHbivu V = 2,6 -10 f% :



3.3.2. OmeHnTEe CKOPOCTH PACHPOCTPAHEHUS AKyCTHYECKUX KoJieOaHUU B
allOMUHUM, JebaeBckasg Temneparypa koroporo 6, =396K. IlnoTtHOCTH

KpUCTaIa amoMuEus 1pH Temneparype t = 20°C pasna p = 2,7-10° K%d 3 -

3.3.3. OueHnte MaKCHUMaJIbHOE 3HAYCHHUE SHEPTHH U UMITYyJIbca (OHOHA B
Mmenu, aebdaeBckas Temneparypa koropoil 8, = 330K . [lnoTHOCTH KpucTauia Meau

npu Temneparype t = 20°C pasna p = 8,96 -10° K%w 3.

3.3.4. 3aBucutr 1M cpegHee YUCIO (POHOHOB <ni> OTIPEICTICHHOW YaCTOTHI

®,, BO30OY)XACHHBIX IIpU TeMmepaType | B HEKOTOpOM oOpasue KpHcTajula, OT
yucita atomoB N atoro obpasia?

3.3.5. Kakoe komnuectBO (DOHOHOB <nm> MAaKCUMAaJIbHOW  YaCTOTHI
BO30y)KmaeTcs B cpeaHeM B Kpucramre npu temmepatrype | =400K, ecnm
nebaeBckas Temiieparypa kpucramia 6, = 200K ?

3.3.6. Haiigure MakcHUMalbHYl0 4acToTy @, KoJIcOaHMH aToMOB B
KpHCTaIe kefe3a, ecnu npu temmneparype I = 20K ero yaenbHas TEIIOEMKOCTD

c=2,1 M—[o{lc JlebaeBckas Temnepatypa kpucramia 6, =470K .
2 .

3.3.7. Tlpu HarpeBaHHU KpUCTAJIAa MEIH Maccod M = 252 OT TeMImepaTypbl
T, =10K no temmneparypsr T, =20K emy ObLIO COOOLICHO KOJHUYECTBO TEILIa
Q =0,8/[otc. Haiinute Temneparypy debas 0, Meau, cuuTasi, YTO BBIIOIHSICTCS
HepaBeHCTBO O, >>T,,T,.

3.3.8. Ompenenure temory Q, HEOOXOAUMYIO Il HArpeBaHWs KpUCTaJLIa
NaCl maccoit m= 202z or temneparypst T, = 2K mo temneparypsl T, =4K .
JlebaeBckas Temneparypa kpucramia 6, =320K .

3.3.9. JlebaeBckas Temmeparypa kpuctamia ceuniia 0 = 95K . Haiiaure npu
temrneparype | =5K OTHOIIEHHE TEMIOEMKOCTH CBHHIA K TEIUIOEMKOCTH,
JlaBaeMou 3akoHOM Jlrononra u [1tu.

3.3.10. Apron npu atMochepHOM JIaBIICHUW 3aTBEPJICBACT MPHU TeMIIepaType
T =84K. Temneparypa /[ebast mis aprona 6, =92K. DKCHepUMEHTAIBHO

ycTaHOBiIeHO, 4ro mnpu [, =4K MoisipHas TEIUIOEMKOCTh aproHa paBHA

Lo
¢, =0174 —/———. Onmnpeznenure MOJSIPHYIO TEIUIOEGMKOCTh aproHa IpH
Mmonv- K

temnepatype 1, = 2K .

3.3.11. OquHakoBbIE MacChl CBHHIIA M KPEMHHS OXJaXTAlOTCS  OT
temmeparypel I, =20K nmo T, =4,2K. OueHure OTHOLUICHHE MAcC KHUAKOTO
reNsi, HeOOXOIUMBIC TSl OXJIAXKICHHSI CBHHIIA M KPEMHHSI, €CIM M3BECTHBI HMX
nebaesckue TeMneparypel 0, =95K u 0, = 645K .

DPb



3.3.12. Beiuucnure cpeaHee 3HAYCHHE OHEPrHUM HYJIEBBIX KOJICOaHHIA,
OpUXOZsIIeecss Ha OJUH OCHWIUIATOp Kpuctaiia B Monenu [ebas, ecnu
nebaeBckas TeMIeparypa KpucTajiia paBHa 6, .

3.3.13. Beruucaute cpegHee 3HaUCHUE YHEPTUU HYJIEBBIX KOJICOAHUN OJTHOTO
rpaMMa Meau, nedaeBckas Temreparypa koropoit 6, = 330K .

3.3.14. OnieHuTEe SHEPrUI0 HYJEBBIX KOJIEOAHWI OJHOTO MOJISI AJTIOMUHHS,
IIOCTOSIHHASL KPMCTAJIMYECKOM pemeTku koroporo pasHa a = 0,4nm, a cKOpoCTh

. KM
paclpocTpaHeHUs] ~ aKyCTHYeCKUX  Konebanuiik V=4—. VYuecTh, H4TO
c

JIIEMEHTapHas sYeiika aIOMUHUS KyOndeckasi TpaHelleHTPUPOBaHHas!.
4.  DOJIEKTPOHBI B METAJIUTAX

4.1. OcHoBHbIE (HOPMYIIBI

_ v (2mEY
= 3% AP '
1

P=

exp Ek_l_EF +1

3nece Np - 49mciO pa3nUYHBIX KBAaHTOBBIX COCTOSHHH OJJIGKTPOHA B

nuara3one sHepruii ot 0 1o E;

V - 00béM KpHcTaa;

M - Macca dJIeKTpOHa.

P - BeposITHOCTD 3alOHEHHUS SJIEKTPOHOM COCTOSIHUSA ¢ dHepruen E
npy TeMIlepaType Kpuctamia | W 3HaYeHUW SHepruu depMu 3JIEKTPOHHOTO Tasa
E. (pacnpenenenue depmu-/upaka).

4.2. Tlpumep penieHus 3a1a4u

Onpenenure 00 CBOOOJHBIX DSJCKTPOHOB B METAJIE TIPH TeMIEpaTrype

1 3

T =0K, sueprus E KOTOpBIX 3aKJIIOYEHA B AUANA30HE OT > E., . 10 Z E.o

Peuiennie. YuCno 3JIEKTPOHOB, AHEPIHsl KOTOPBIX JEKUT B JUANA30HE OT

E = % E.. moE, = % E. ... PaBHO
_V (2mE, )%V (2mE,)”
3n’\ 3n’\ A’ '

O01ee unciao cBOOOAHBIX JIEKTPOHOB B METaIe

AN,



V (2mE_ )"

= 3t A
CrnenoBaTenbHO, 1071 CBOOOJHBIX JJIEKTPOHOB, SHEpPrus FE  KOTOPBIX
1 3
3aKJII0YEeHA B IMANla30HE OT > E.. 10 Z Emax , paBHa
%1V
AN, (3)2 (1Y%
E=—-| —-|=| =03.
N 4 2

4.3. 3amauu 111 CaMOCTOSITEIBHOTO PEIICHUS

4.3.1. Beipazute CpeaHIO KHUHETHYECKYI0 DHEPTrHUIO <E> CBOOOTHBIX

3JIEKTPOHOB B METaJUIe Yepe3 MX MaKCUMAIbHYI0O KHHETHYeCKyro sHepruio E
npu temneparype 1 =0K.
4.3.2. Beipazute cpeaHIO CKOPOCTh <V> CBOOOJTHBIX AJIEKTPOHOB B METAJLJIE

Yyepe3 UX MaKCUMAJIbHYI0 cKopocTh V. . mipu Temmieparype T = 0K .
4.3.3. Omnpenenure 1010 CBOOOAHBIX DJIEKTPOHOB B MeETAIE MpH

temrieparype I =0K, sHepruss £ KOTOpBIX 3aKJII0OYCHA B JHAIa30HE OT > E. .

no E

max*
4.3.4. Haiinure OTHOCHUTEIIBHOE YHCIIO CBOOOIHBIX 3JIEKTPOHOB B MeETAaJIC
npu temreparype I = 0K, sneprust kotopsix E oTiamyaetcs ot sHepruun depmu

E. ne 6onee uem Ha 1 = 2%.

4.3.5. Omnpenenure sHepruto Pepmu L. cBOOOJHBIX 3JIEKTPOHOB IIpH
temneparype T = 0K, eciu ux xonnenrpamus N = 2,5-10% 47,

4.3.6. KaxkoBo 3HaueHue sHepruu @epmu E. y 3JIEKTPOHOB IIPOBOJUMOCTU

AByxBasieHTHOH Memu npu Temmneparype | = 0K . IInoTHOCTH MeaW NPHHATH
Ke
) 3
pasnoit p=28,96-10" —..
M
4.3.7. Haiigure 4muciao CBOOOIHBIX BJICKTPOHOB, MPHUXOMASAIINXCSA HA OJIUH
aroMm Hatpusi npu Temneparype | =0K, ecnu 3Hauenwe sueprum Depmu
. K2
E._ =3,075B. TInoTHOCTH HAaTpus IpHHATH paBHoii p = 0,97 -10° — -
M
4.3.8. OneHure MUHUMAIbHYIO JIEOpPOMIEBCKYIO UIMHY BOJHBI CBOOOIHBIX
3JICKTPOHOB B Metaute mpu Temmneparype | =0K, momaras, 4ro wmeramn

COOACPXKUT IIO ABa CBO60,21HBIX OJICKTPOHAa Ha aToM, a €ro KpHCTAJJIMYCCKas
0

peleTKa SBIIeTCs MPUMUTHBHON KyOuueckoi ¢ mepuogoM a =4 A .



4.3.9. Haitnure 3aBucuMocth mupunsl uHTepBana AE Mexny cocemnnmu
YPOBHSIMU SHEPIUM CBOGOIHBIX SJIEKTPOHOB B MeTauie oT sHepruum E . Uro
nponsoiinér ¢ mutepsanoM AE npu ypennmuennu 06néma meramna V' B 3 paza?

4.3.10. Boruuciute untepsan AE mexny cocemmumu ypoBHsmu sHeprun

CBOOOIHBIX DJICKTPOHOB B MeTauie npu Temmepatype | =0K BOaM3u ypoBHS

-3 .
U 00BEM

depMu, eClIM KOHIEHTPAIHsA CBOGOIHBIX 3nMekTpoHOB N =2-10% M
metammia V =107 2.

4.3.11. Onpenenute YUCiIo EKTPOHHBIX cocTostHuit AG B enunuie 00béMa
MeTalia, SHeprust KOTOPBIX JIeXHUT B uHTepBaie ot E, =0,328 no E, =0,455.

4.3.12. Yemy paBHa BEpOSTHOCTh TOT'O, YTO B COCTOSIHMM C DHEPTUEH, paBHOM
sueprun ®epmu E, (0), Oyner HaxoauTbest CBOGOHBIN IEKTPOH?

4.3.13. KakoBa BepOSTHOCTh TOTO, YTO TIPH KOMHATHOW TeMIIepaType
(KT =0,0255B) onektpon B MeTaule 3aliMET COCTOSHHUE, JeXallee Ha
AE, =01»B Bome u Ha AE,=015B Hmwke ypoBHs sHepruu Depmu
E. =503B?

4.3.14. Beraucnute TEIUIOEMKOCTh OJEKTPOHOB MPOBOJUMOCTH €IUHUIIBI
00béma Meau mpu Temieparype | =10K cuwras, 9T0 KOHIIEHTPAIUS 3JICKTPOHOB
paBHa YMCIy aTOMOB eIMHUIIbI 00bEMa 1 sHeprust Depmu £, = 7,008.

4.3.15. Haitnure 11 cepebpa, jgebaeBckass —TemIiieparypa KOTOPOTO
0,=210K wu oneprus ®epmu £E. =5,59B, OTHOIIEHHE TEMIOEMKOCTH
AJIGKTPOHHOTO T'a3a K TEIIOEMKOCTH KPUCTAITMYECKON PEIISTKH TPU TEMIIepaType

T =300K.
5.  DJIEKTPOHBI B ITIOJIYITPOBOJJHUKAX

5.1. OcHoBHBIE HOPMYIIBI

3
nTAEll

2= 2| exp| | -

n, T, 2k \T, T,

m

£ =EetB  Sirp ™
2 4

*
n

*

3nech N,N, - KOHICHTpalus DJJICKTPOHOB B 30HC IIPOBOJUMOCTH IIpU
TeMIieparypax MnoynpoBoaHUKa ., T, COOTBETCTBEHHO;

E, - mvpuHa 3anpeienHoli 30Hbl IOIyPOBOIHAKA;

E,, E. - oHeprus siexTpoHa, HaXOASAIIEroCs Ha MOTOJIKE BaJCHTHOM
30HBI U Ha JIHE 30HBI IPOBOAMMOCTH COOTBETCTBEHHO;
E. - snHeprus, cooTBeTcTBYIOIIAs ypoBHIO Depmu;

m;, M’ - 5 HeKTUBHBIE MACCHI IBIPKU U 3JIEKTPOHA COOTBETCTBEHHO.



5.2. Ilpumep penieHus 3aaa4u

Onpenenute  3HaYeHUWE  dSHepruu  ypoBHS  dDepMu  COOCTBEHHOTO
nosiynpoBoauuka mnpu Temmeparype | =300K, ecau mmpunHa 3anperieHHOM
soubl mns mero E =0,70B, a orHomenne >(QQEeKTHBHBIX Macc JBIPOK H

AIEKTPOHOB paBHO 20.
Pemenne. DOneprus ypoBHs Pepmu [isi COOCTBEHHOI'O IOJIyIPOBOJIHUKA
paBHa

g, B tB S ™
" 2 4 m’

n
ITepBoe ciaraemoe 3TOro BBIPRXKEHHS DPABHO MOJYIIMPHHE 3aIlIPEILEHHON

1
30HBI E Eg. Tornma

*

m
E. = TE +kTh 2=
2 4 m

n

= %0,7 -1,6-107 + 21,38 -107%-300 - In 20 = 6,53-10 " /Joic = 0,40858

5.3. 3amaum 11 CaMOCTOSITENHHOTO PEIICHUS

5.3.1. Bo ckombko pa3 HM3MEHUTCA KOHIICHTpPALUS DJEKTPOHOB B 30HE
MIPOBOJMMOCTH OECIPUMECHOTO IOJYIPOBOJIHUKA, MIMPUHA 3ampPElICHHON 30HBI
xotoporo pasna E, = 0,358, npu nosbunenuu temnepatypsl ot T, =300K 1o

T, =310K? Otrnouienne 3(PQPEKTHBHBIX MacC IBIPOK M OIJIEKTPOHOB CUUTATh

paBHbIM 10.

5.3.2. Haiimure MUHUMAIBHYIO JHEPTUI0 OOpa30BaHUS Tapbl AIIEKTPOH-
JIbIpKa B OECIPUMECHOM TMOJIYIPOBOJHUKE, JUIsI KOTOPOTO KOHIICHTpAIUs
SJIEKTPOHOB B 30HE MPOBOJMMOCTH BO3pacTacT B T =D pa3 NPH YBEIUYCHHH

temmeparypsl o 1, =300K no T, =400K .
5.3.3. Omnpenmenure 3nadenne oHeprum Depmu E.  mma  InSb mpm

temrneparype | =300K, ecnum mmpHHA 3amnpeiieHHONM 30HBI IS HETO
E, =0,25B, a otHomenue 3pHEKTUBHBIX MACC JILIPOK U 3JIEKTPOHOB paBHO 20.

6. OJIEKTPUYECKHE CBOI\/)ICTBUA HOJIYIIPOBOJHUKOB, UX CBA3b C
MPUHOMU 3AIIPEIIEHHOU 30HbBI 1 SHEPTUEN AKTMBAILIMA
[MTPUMECHU

6.1. OcHoBHBIE (POPMYJIBI



3I[CCB Gcoﬁ,anuM - YACJIBHBIC JJICKTPOIIPOBOJHOCTHU IIOJIYIIPOBOAHHKA B

00J1acT COOCTBEHHOM U MPUMECHOH MPOBOMMOCTH TPH TeMIeparype | ;
AE, - sHeprus akTHBannK NPUMECHBIX aTOMOB HOJIYIIPOBOTHHKA.

6.2. [Ipumep pemieHus 3aaaquu

Ormpezennte, BO CKOJIBKO pa3 BO3PACTAaeT 3JEKTPONPOBOJHOCTh KPUCTAILIA
KpEeMHHUsI TIpH ero HarpeBanuu oT Temmeparypbl I, =2/3K no T, =283K, ecnu

IIMPHYHA 3aIPEIEHHOH 30HbI KpeMuus pasHa B =1155.

Penienne. 3aeKTpONpOBOAHOCTh COOCTBEHHOTO MOIYNPOBOIHHKA paBHA

ex E,
=0 —
o &XP 2kT

Torna OTHOIICHUE >IEKTPONPOBOIHOCTEH 11t Temmepatyp T, u T,

o, E. (1 1
—L=eXp| | = —=||=
c, 2k \ T, T,
11-16-10% ( 1 1

= exp — = ~ 2,3
2-1,38-107\ 273 283

6.3. 3amauym 11 CAaMOCTOSTEIBLHOTO PEIICHUS

e)

cob

6.3.1. Ilpu HarpeBaHMH KpHCTa/Ula KpeMHHs OT Temmeparypel I, =2/3K
no T, =283K ynenpHas 31IeKTPONPOBOAHOCTH BO3pacTaeT B 1 = 2,28 pa3a.
OrmpeesuTe MUPUHY 3aMPEIICHHON 30HBI KPEMHUSL.

6.3.2. Comporusnenne R, kpucramma PDS mpu temmeparype T, = 293K
paao 10°Om. Ompememute ero compotuBienme R, Tpu Temmeparype
T, =343K, ecnu mmpuna 3anpeutenHoit sonsl £, =0,628.

6.3.3. Ha pucynke wu300pakeHa DKCIIEpUMEHTaJbHAs 3aBUCHUMOCTh

o -1
3JICKTPOIPOBOTHOCTH G KPEMHHUsSI OT 00paTHOM Temmepatypbl T . Omnpexaenute
10 JIAHHOH 3aBUCHMOCTH IIMPHHY 3aNPEMICHHON 30HbI B kpemHusL.



Ao, OM M

10°-

(11 S ,

107 o ,

10" § . T10°K”
05 1,0 15

6.3.4. Ha pucynke mokazaH TpaduKk  3aBUCUMOCTH  Jorapudma

o -1
3IEKTPOnpoBoaHOCTH IN G or oOpartHON Temmeparypbl 1 = A HEKOTOPOIO
MOJIyIpOBOHUKA N-Tuma. HaliauTe ¢ moMormipio JaHHOTO Tpaduka HIUPHHY

3aIpPEIIeHHON 30HBI Eg MOJYIPOBOJHUKA M SHEPTUI0 AKTUBAILMU JOHOPHBIX

ypoBHreit AE,.

7. TIOABWXHOCTD, JPEU®OBAS CKOPOCTb HOCUTEJIEH 3APSIJIA

7.1. OcHOBHBIE (HOPMYJIBI

-

3nech | - BEKTOp IJIOTHOCTHU AJIEKTPUUECKOTO TOKA,

| - cuna Toka;
S - mnom@ank NOMEPEYHOro CEYSHMsI IPOBOIHUKA;
G - ylenbHas 3JIEKTPOIPOBOIHOCTb;

E - HanpsokeHHOCTD AIIEKTPUYECKOTO TIOJIS;
N, P - KOHLIEHTPALMH IEKTPOHOB U JABIPOK COOTBETCTBEHHO;

W,, 1, - TOABIKHOCTHU 3JIEKTPOHOB M JBIPOK;

V,, - Apeii(oBas cKopoCTh HOCUTENEH 3apsa.

7.2. Ilpumep perieHus 3aaa4u



ITo IMPOBOJHUKY, H3IOTOBJICHHOMY W3 TPCXBAJICHTHOIO aJIHOMUHUA, C

2

wiomaznpio monepeynoro ceuenus S =0,2cm” wmmer 1ok | =1A. Ouenurte
CPEIHIO IPEH(POBYI0 CKOPOCTH JJEKTPOHOB B IIPOBOAHHUKE, €CIAM ILIOTHOCTH

K2

3

Mmetasia papaa p = 2,7 -10 —

M

Perenrie. BripaxkeHue UIs INIOTHOCTH DIIEKTPUYECKOTO TOKA MMEET BUJL:

-
\ﬂ=§=dﬂ-

C‘-II/ITaH, 4dTO B AJIIOMUHHNU HOCUTCIIIMU 3apsijia ABJIAIOTCA TOJIBKO 3JICKTPOHEIL,
AJI1 QJICKTPOIIPOBOAHOCTH 3alIMIIIEM

c=eny,.
YuauteiBasg, uto V, , = LLE |, nomyuaem
1 env, |
S v

rje N - KOHIEHTpaIus CBOOOIHBIX JIEKTPOHOB B METaJLIE.
[To 3amaHHOM MIOTHOCTH aJTFOMUHMS HANAEM KOHUECHTPAIUIO €0 aTOMOB:
m_Mam.NZMAI.nam szA

=—= =N
p V V NA am N

3mece M, - MomApHas Macca aTFOMUHUS;

N, -uuciao ABorazapo.
YuuthiBasi BaJCHTHOCTb AJTIOMUHMS, JUIsI KOHIIGHTPAllMU CBOOOJIHBIX
AJIEKTPOHOB IOJIYYUM
n=3n,.
B pesynbrare mosiyduM BbIpaxkeHue s ApeiihoBOM CKOPOCTH B BUJE:
v, [zt M
S-e-3:-p-N,
[ToxcraBmsist YMCIEHHBIE 3HAYCHUS, HAXOAUM
-3
‘vdp‘ - ” 1—.1927 £ 3 % = L7 107 W
0,2-107.1,6-10 " -3-2,7-10°-6,02 -10 ¢

7.3. 3amayu A1 CaMOCTOSITEILHOTO PEIICHUS

7.3.1. Tlo megHOMYy MPOBOJHUKY C IUIOMIAABIO IIOMEPEYHOTO CEUYEHUS
S =0,2cm® wumer Tok | =14. KakoBa cpemmsisi apeiipoBas CKOPOCTH vV,

AIIEKTPOHOB B MMPOBOJHUKE?
7.3.2. OTHOUIEHUE SJEKTPONPOBOJHOCTH cepedpa W MeAu MpU KOMHATHOMU

9 l"‘Ag
temreparype 1 =1,0625 . Berurcianre OTHOMICHNE MOBHKHOCTEH —— IS 9THX
“Cu



METaJUIOB, CUWTas, YTO HA KK aTOM MPUXOJUTCS MO OJHOMY CBOOOTHOMY
DIIEKTPOHY.
7.3.3. Bprumcnure Ipei(poByt0 CKOPOCTH 3NEKTPOHOB V, W JBIPOK V, B

repmanu G€  mpu  KOMHATHON  Temmeparype, €ClId  HampshKEHHOCTh

EKTPUIECKOTO TOJISI E =1000 % , MOIBHYKHOCTb JICKTPOHOB
2 2
= M — M
u, =038 é-c ¥ MOJIBHXHOCTE Jibipok W = 0,18 é-c'
8. DO®D®EKT XOJUIA

8.1. OcHOBHBIE (HOPMYJIBI

A
RHl = a .
Ny, — Pug
e(nu, + pu, f

3nec R,,, - moctostHHas Xoiia Uil KPUCTAUIOB, B KOTOPBIX HOCHTENISIMU

RH2:A

3apsijia SBJISIOTCS TOJIBKO DJICKTPOHBHI;
A - mocTosiHHAs, 3HAYEHHE KOTOPOU ONPECIIeTC BUIOM PACCEsTHHS
CBOOOJTHBIX HOCHTEJIEH 3apsa;
R,,, - mocrosiHHas Xojuia /Uil KPUCTAJUIOB, B KOTOPBIX HOCHTEISIMU

3apsiia SIBJISIFOTCSL KaK AJIEKTPOHBI, TaK U JBIPKHU.
8.2. [Ipumep pemieHus 3a1aun

Brruncnure noctosiHHyr0 XoJuia sl TPEXBAJIEHTHOTO AIFOMUHUS. MossipHas

Macca amromuans M = 27 € a TWIOTHOCTB P = 2,7 € .
9 3
MOJIb cm

Pemenue. HOCKOHBKy B AJIIOMUHHH HOCHUTCIIEIMU 3apsga SBJIIAIOTCA TOJILKO
QJICKTPOHELI, ITIOCTOAHHAA XoJia

A
R, =—.
H1 en
KoHIeHTpaius 3JeKTpOHOB B 3TOM BBIPAKCHUH PaBHA
n=3n,,.
3/1ech KOHIIEHTPALUIO ATOMOB MOKHO HalWTH € TOMOILBIO (POPMYJIbI
n,& = p.—NA_
M Al
[MToacrasss, monyuum (cuutaem A ~1):
A-M 1-27-10°°
Ry = = 19 3 = =30 107 M7 '
e-3-p-N, 16-10%.3.2,7-10%.6,02-10 K




8.3. 3agauu A caMOCTOSITENILHOTO PEIICHUS

8.3.1. BplumciuTe MOCTOSHHYIO XOjula JUIs OJHOBAJICHTHOW  MeEJu.

MossipHast macca meau 64 7 , a INIOTHOCTEL 8,96 7 3.
MOJIb M
8.3.2. Ilpu  KOMHATHOW  Temmeparype  yICIbHOE  COIMpPOTHUBJICHHUE
4
nosxynpoBoanuka p- tiuna p=9-10"Om- m. Onpenenure noctosHHyo Xouia
2

JUIS IAHHOTO MOJYNPOBOIHAKA, €CIIH TOJBMKHOCTH Jbipok p = 0,04 M é o

8.3.3. VYnenbHas 3JEKTPONPOBOAHOCTh apCEHHUAA WHAMS TMPH KOMHATHOM

3
11

temneparype G =4000m M, a nocrosiunas Xomwia R, =100 M %@ Cuwras,

YTO IPOBOJUMOCTh OOECHEUMBAETCS 3apsiilaMd OJHOTO 3HAaKa, OIpeNeNIuTe HUX
KOHIICHTPAIUIO U TIOJBUKHOCTb.
834. B  obOpasnme  repMaHusi C  TOJABMIKHOCTBIO  AJIEKTPOHOB

pn, =0,38 M%?-c ¥ MoaBMKHOCTL abipok W = 0,16 M%}-c apdexT Xosuia He

HaOmromaercs. OnpeaenuTe A JaHHOTO o0pa3iia OTHOIIEHHE TOKA DJIEKTPOHOB K
TOKY JIBIPOK.

8.3.5. Ilpu Habmogenuu > dexra Xomia B MArHUTHOM II0JI€ C WHIAYKITUEH
B =0,577 nomnepeuyHass HAPsKEHHOCTh JCKTPHUUECKOTO MOJS B OECIPUMECHOM

répMaHn oOKa3ajlaCb B T =10 pa3 MCHbLIIC HpOIIOJ'ILHOﬁ HaIIPSAKCHHOCTH

aneKkTpuueckoro nois. Haiiiure pa3HoCcTh MOABUAKHOCTEN 3JEKTPOHOB U JBIPOK B
JAHHOM TIOJTyTIPOBOJHUKE.

9. KOHTAKTHAS PABHOCTbB ITOTEHIIMAJIOB

9.1. OcHoBHBIE (POPMYJIBI

rp, = Er2=Ee
€
nnO pnO = ppOnpO = ni2'
3nece AQ,, - BHYTPEHHSSl KOHTAaKTHas pPa3HOCTb IOTCHIUAJIOB,

BO3HUKAIOMIasd MpH KOHTAKTE KPHUCTAIOB C Pa3JIMYHBIMU YPOBHSIMHU 3SHEPruu
depmu E;

Nyo» Py - KOHLUEHTpALMs DJJICKTPOHOB H JBIPOK B JOHOPHOM
MOJIyIIPOBOJHUKE;

PporNye - KOHOEHTpaLMsA IBIPOK M DJIEKTPOHOB B aKUCTITOPHOM
MIOJIyIIPOBOJHUKE;
n. - KOHIICHTpaLUs HOCHUTEJIEN 3apsaa COOCTBEHHOTO

ITOJTYTIPOBOHHUKA.

9.2. Ilpumep penieHus 3a1auu



MMerorcss gBa MeTaula € KOHIEHTPAUMSIMH CBOOOJHBIX OJIEKTPOHOB
22 -3 23 -3
n, =10%cm™ u n, =10"cm . OnpenennTe BHyTPEHHIOI KOHTAKTHYIO Pa3HOCTh

noreHuuainos Ag,
conpukocHoBenue npu Temneparype I = 0K . Kakoit u3 MetaimioB Oyner uMerh

0oJiee BBICOKHMI MOTEHIIUAI?
Pemenne. Bocnionbszyemcs dhopmyioin

Ao :E

KOHmM

BO3HUKAIOILYIO B PE3YyJIbTATE NMPUBEACHUN ITUX METAIIJIOB B

F2 EFl
e

3nech sHeprun depmu paBHBI

EFl(O) 37T n )/

EFZ(O):h—(SnZnZ)%.

2m
HOI[CTaBJI}ISI, HOJIqu/IM

JAY() = 375 [ % _ /]
romm 2m e y
Beruucngem

1.054 - 10-34 [ 2 ]
ro o (1107 )? —(1.10* )" |~ 6,28
Prom =5 91,10 .16. 10 @) ~(107)

Tockomsky E.,(0)>E_,(0), To Gomee Bbicokmii moTeHmman Gymer HMeTh
BTOPOM METaJLI.

9.3. 3amaum s CaMOCTOSITEIIBHOTO PEIICHUS

9.3.1. NmeroTcs aBa MeTayuia ¢ KOHIIGHTPAIUAMHU CBOOOJHBIX AJIIEKTPOHOB
_ 10 28 -3 _ 1 29 -3
= M~ u N, =107 n". Onpenennte BHYTPEHHIOI KOHTAaKTHYIO Pa3HOCTb

noTeHainoB  A@ BO3HUKAKOLIYI0 IMPU TPUBEICHUU ITUX METAIUIOB B

Konm 2

compukocuoBenue mpu Temmneparype | = 0K . Kakoit u3 mMetamioB Oymer umMerh
0oJee BRICOKHMI MOTEHITUAI?

9.3.2. Meramipl JUTHH W IUHK TMPUBOJATCS B CONPUKOCHOBEHUE IMIPHU
T =0K. Omnpenenure BO3HUKAIONIYI0 BHYTPCHHIOK KOHTAKTHYIO pa3HOCTb
NOTEHIMANIOB  AQ Kakoii w3 wMmeramioB OyIeT HMETh OoJiee BBICOKUU

Konm °
MOTEHIAAIT?
9.3.3. Pe3kwuii p-n-nepexoa Ha OCHOBE KPEMHHSI UMEET B ABIPOYHON 00JaCTH

ynenbhoe comporusnenue P, =0,0130m-cm, a B onexrponnoi obnactu

p, =44,50m-cm. Uemy paBHa KOHTaKTHas Pa3HOCTh MOTEHIMAJIOB TaKoro P-N-
nepexona npu temmeparype | = 300K ? IToaBUKHOCTH DIIEKTPOHOB U IBIPOK B



kpemHud paBHbl [ =1400 CM%?.C, u, =480 CMVB-C’ a KOHLEHTpALuUs

o 10 -3
cOOCTBEHHBIX HOcHUTeNel 3apsia cocrasister N, =1,6-10" cw™.

9.34. Vumuii BIUIaBISETCS B  KPHUCTAUI TepPMaHUA, COACPKAIIMMA

gis 4ImoMos

3
M

amomoe
1017 hidiiadtttdg

3
M

nepexojie, 00pa30BaHHOM YKa3aHHBIM BBIIIE CIIOCOOOM, €clii 00pa3elr] HaXOIUTCs
npu temmeparype | =300K . MoxHO cuuTath, 9YTO BCE MPUMECH MOHH30BaHbI.
KBagpaT KOHIIEHTpaIliu COOCTBEHHBIX HOCUTEIEH 3apsia B TepMaHUU NIPU JAHHOU

1

Mbllbska. [locine oxnaxaeHus oOpasla CIUIaB  COACPIKHUT

WHOMA. Breraucnure KOHTAaKTHYIO pPa3HOCTh NOTCHIMAJIOB Ha P-N-

Temnepatype pasen N’ =58-10"cu°.
10. TIIPSIMOE U OBPATHOE CMEIIEHHME p-n-ITIEPEXO/IA

10.1. OcHoBHBIE (HhOPMYITBI

fel)

K
C= YEUVS
+ A('PKOHIH
3neck | - cuma Toka, MpOTEKAIOIIEro yepe3 P-N-Mepexo/] Mpu TeMIepaType

T u nanpsoxenun V |
|, - cuita Toka HachIeHNS;

C - anekrpuueckas EMKOCTh P-N-TIepexoa;
K - mocrostHHBIH KO PHUIIHEHT.

10.2. IIpumep pemeHus 3a1aun

[Ipu temneparype T, =2/3K mnpsmoe HampspKeHHE, MPUIOKEHHOE K P-N-
nepexoxy, V =1B8. Bo CKOJIBKO pa3 M3MEHUTCS CHIIa TOKa 4Yepe3 Mepexojl IpH
Bo3pactanuu temnepatypsi 1o 1, = 300K .

Pemenne. Crita ToKa 4epe3 P-N-rmepexo 1 paBHa

| =1, exp% -1

CnenmoBarteibpHO,



expev—l exp 16-107 1 -1
l, KT, B 1,38-107% . 273

—2
I

. ev) | 16-10™ -1
expl — |-1 exp s -1
KT 138-10% - 300

1

~ 45,6

10.3. 3apmaum 1151 CAMOCTOATEIBHOTO PEIICHUS

10.3.1. ITpu Temneparype T, =300K mnpsimoe HampspkeHHE, TPHIOKEHHOE K
p-n-miepexoay, V =2B. Bo CKOIBKO pa3 BO3PAcTET CHIIa TOKa 4Yepe3 IEPEXO,
eCJI OHU3HUTH Temreparypy jo 1, = 2/3K?

10.3.2. [Ipu  temneparype [ =300K compoTuBicHHne pP-N-miepexona,
Haxomsmerocss moj mnpsMeiM  Hanpsbkenuem V =1B, pasuo R, =100wm.

Onpenenure conporuBieHne R, mepexona npu oOpaTHOM HAPSHKCHUH.

10.3.3. OGHapyXeHO, YTO €Cld K pe3KoMy P-N-TIepexoay MPUIIOKUTH
nepeMeHHOe HanpspkeHue ¢ aMmuuTyaoil 0,58, To MakcuMalbHast JCKTPHUSCKAsT
EMKOCTb mepexosa paBHa 2n@. OnpeenuTe KOHTAKTHYIO Pa3HOCTh TOTCHIIHAIOB
U MUHHMaJbHOE 3HAUYCHHE EMKOCTH IMepexojia, eciu EMKOCTh NpU HYJIECBOM
cMmeneHnn paBaa 1n@.

Cnucoxk auTepaTypbl
l. 3amaun 10O KBAaHTOBOM MEXaHUKE, TEPMOJUHAMHUKE, CTAaTUCTUKE U
TBepAOMYy Teny: metoaudeckoe nocodbue / C.M.Bamykos, A.M.I[loropenbckuii. —
HoBocubupck: U3n-so HI'TY,1995. — 42c¢.
2. JIunu I1., Hukonaiinec A. 3agauu no ¢pusnueckoil snekrponnke. M.: 13-
BO «Mup»,1975. — 264c.



DeMeHT [InoTHOCTE
2/ e’
AroMuHUA 2,70
bapwuit 3,5
Baunamuii 6,0
Bonbdpam 19,3
Kenezo(a) 7,87
30110TO 19,32
Kanui 0,86
Kanpimi 1,55
JlanTan 6,15
Jutnii 0,53
Mens 8,96
MomnoaeH 10,2
Harpwii 0,97
Huxkens 8,90
Huo6wnit 8,57
[Mannagui 12,0
[ImaTtuna 21,45
PyOumii 1,53
CBuHel 11,34
Cepebpo 10,49
CrpoHIuit 2.6
TanTan 16,6
Xpom 7,19
Le3uit 1,9
Lepuii 6,9
[{upxonuit 6,5

ITPMJIOKEHUE

[110THOCTH HEKOTOPBIX d1eMeHTOB mpu Temiiepatype 20° C



OTBETHI

KpI/ICTaJ'IJ'II/ILICCKaH PCHICTKA

1.3.1. a=0,36um. 1.3.2. d = 256A 1.33.V  =714cm’. 1.3.4.n =12,

Mo ! coc

1.3.5. OLIK. 1.3.6. d =2,72 A.137. vV, =932cn’. 1.38.n, =8.
1.3.9. L=4,6¢cm.

Komebanus B OI[HOMCpHOfI HCTIOYKE C OIMHAKOBBIMH aTOMAaMHU U C aTOMAaMHU ABYX

COpPTOB
231. ©=167 104299 535 v, =1910°% v, =0,
C C
- =3.102.233. ¢, =18-10% o, p,. =9,2-10 222
C C
234. P=57-107-"-. 235 v, =29-10°" v, =296-10°",
pao’ c c
V,, =27-10°%, v, =21100%. 237 o, =18-10° pad,
C C C
O‘)onmuq = 219 .1013 p—aa . 238 O‘)onm.MuH. = 2’25 .1013 p—aa * 249
C C

= (0+1,9) 10 /Joic; (2,31 +3,06) - 102 [Tonc.
—(19 2,31)-10% Jorc.

30np

TemoéMKoCTh KpUCTAIIOB

331 0,=774K. 332 v=34.10°". 333. ¢, =45-107Joc;

Mmakc
c

p. =18.10%"M 335 (n)=154. 336. w, =61-10°2 337,
¢ c
0,=329K. 338, Q=123-10"/oc. 3.3.9. “rt ~0,01. 3.3.10.
Cr-n

c~2107 A% 3311 Mem _gp 331 <U>=geﬂk. 3.3.13.
monv- K m, 8

£=48,2/]nc.33.14. (U, ) =43-10° .



DNEeKTPOHBI B METAIIJIaX

431. (E)= 3 E.. 432 (v)= \EVW' 433. 2N 0,65, 434, 2N Z 0,03,
5 5 N N
435. E,~3WB. 436. E, ~111bB 437. 2 ~096. 438
n

am

A, ~6,4-10"°u. 439. ymensumres B 3 pasa. 4.3.10. AE=18-10"%5B.

M

43.11. AG~4-10°n°. 43.12. P= % 43.13. B ~0,02; P,~0,98. 43.14.

¢=15-10° 27 4315, Cume —47.10°,
m K c

peud.

SHGKTpOHBI B ITIOJYIIPOBOJHHKAX

531 2=127.532 E, =0315B.5.33. E, ~01698.
nl

QHGKTpH‘{CCKHG CBOMCTBa IIOJIYIIPOBOOIHHUKOB, UX CBA3b C HIHpHHOﬁ 3anpemeHHoﬁ
30HBI U 3Heereﬁ AKTHBAallUU IIPUMCCHU

6.31. E,~11B. 632. R=1770m. 633. E, ~D1B. 634 E, ~DB,
AE, ~0,069B.

[ToaBuAKHOCTD, IpeiioBasi CKOPOCTb HOCUTENEH 3apsiia

] Ha

731 v, =37-10°M/ 732 M—Cg=1,53. 733. v, =380/,
v, =180/

DddekT Xomna
811 R, =7410%a/ . 812 R, =3610°4/ . 813
2
N=625.10%u", p =4.10°Y g14a  ln_0a. 815
B-c I,
MZ

—p, =022

o — K, 2.0
KonTtaktHas Pa3HOCTb ITIOTCHIIMAJIOB

9.3.1. Ap, ~62B. 932. Ap, ~44B. 933. Ap, ~069B. 9.3.4.

Ao, ~0,31B.

[Ipsimoe 1 oOpaTHOE cMerieHue P-N-epexoa



10.3.1. |—2=2,1-103. 1032. R,~61-10"Om. 1033. A¢,, ~0,67B,
1

KOHm

C. ~076nd.



