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PA3JIEJ 8.3.
®HN3NKA TBEPJIOTO TEJIA

8.3.1. JJIEMEHTBI KPUCTAJUIOT PAOUN
OcHoBHbIe GpopMyJibl
«— MonsipHbIii 00bEeM KpHCTaILIA

rae M — MoJsipHast Macca BEIIEeCTBa,

p — IUIOTHOCTh KPHUCTAILIA.

Ob6vem V anemeHTapHOM sIUEHKN B KPUCTAIUIAX:
a) npu KyOuueckoil CHHroHun V= a’;

y 3 5
0) Mpu rekcaroHajJbHOW CHHTOHUU } = Ea

37ech a U ¢ — mapamMeTphl peLIeTKH.
Ecnu nns rekcaroHanpbHOHN peIleTKH MPUHATh TEOPETUUECKOE 3HA-
YeHUe

c:\/ga,To V=+2a .

— Yucno Zm SJIEMCHTAPHbBIX AYCCK B OAHOM MOJIC KPUCTAJLJIa

Zm:V—'” WIIN Zm:kNA ,
V n

rae k — YuciIo OJMHAKOBBIX aTOMOB B XUMHUECKOH (opmyne coemmne-
HUs (HarpuMmep, B Kpuctajuie AgBT YnCIIO OJMHAKOBBIX aTOMOB Ag HITH
Br B xumudeckoii popmyisie coefMHEHHs paBHO €ANHUIIE);

N, — nocrositHHass ABOraapo;

11 — YUCJIO OIUHAKOBBIX aTOMOB, MPUXOASIIIUXCS HA AJIE€MEHTAPHYIO
SIUYCHKY.



Ha puc. 8.3.1 mnpencrasnena
crpykrypa NaCl, aHaIOTWYHYIO
CTPYKTYPy HMEIOT COEIUHEHHS
KBr, AgBr, MnO u np.

Uucno Z sneMeHTapHbIX siue-

€K B equHUIe 0ObeMa KpucTaia
7
Vm
WK B 001IeM ciryuae
7=okNs
nM’

Il KPHUCTAJUIA, COCTOSIIEro U3
OJIMHAKOBBIX aTOMOB (k = 1),

Puc. 8.3.1 z=pNa,
nM
— IMapameTp a KyOU4eCcKO# permeTku
a=3 M .
kpN ,
Paccrosinue d Mexxay coCeIHUMHU aTOMaMU B KyOMUECKOH perueTKe:

. a
— TPaHEIEHTPUPOBAHHON d = ——;

\/5 5
NS
— B 00BbEMHO LIEHTPUPOBAHHON d = 76! :

i)

f / — Jns 0603HaUYEHUS y3-
7 JIOB, HaIpaBJE€HUN U IIOC-
W KOCTEH B PELIEeTKE BBOISATCS

/\ 2 /A CTIeIHAIbHBIE HHIEKCHI.
D~ /q i 7] Hunekcrol }13.]'IOB 3aMu-
/J" ey CBIBAIOT B JBOMHBIX KBal-
e g  PaTHBIX ckobkax [[mnp]]
(puc. 8.3.2). na orpuua-
ﬂm] a1 TEeNbHBIX UHAEKCOB Haj Oy-
KBOW CTaBUTCSI 3HAK MUHYC,

X HarpuMep 1 .

Puc. 8.3.2



— MHpekchl HanpaBlieHUN 3aMUCBIBAIOTCS B OJMHAPHBIX KBAJpaT-
HBbIX CKOOKax [mnp]. HIekc HampaBieHHUs COBIANAET C MHACKCOM Y3-
Jla, 9epe3 KOTOPBIM MPOXOAUT MpsiMasi, €CJIU 3Ta MpsiMasi OTHOBPEMEHHO
MPOXOIUT U uepe3 Hadano koopauHat [[000]] (puc. 8.3.2).

HUnnexcel HampaBieHUsl 3aJal0T HE OJHY MPSMYIO B KpUCTaJUIE, a
CEeMENCTBO MapaljIeNIbHbIX NPsSIMbIX. MI3MeHeHHe BCeX MHAEKCOB Ha 00-
paTHbIE 1O 3HAKY [MAp] O3HAYaeT TO K€ CaMO€ HaIpaBJIEHHUE B KpHU-
cTajie.

— Ilepyon WAEHTHUYHOCTH BAOJbL NPSIMOM, 3aJaHHOW HWHAEKCAMU
[mnp], B KyOM4eckol perieTke BIPaskaeTcst COOTHOIIEHUEM

[=a\m* +n’ +p*,
r7ie @ — napameTp peleTKU.

— VYrox ¢ Mexay npsiMbIMU [mmp1] U [mahps] B KyOudeckoit pe-
HIeTKe BeIpakaeTcs: GopMysoi
mlm2 +nln2 +plp2

2 2 2 2 2 2
\/ml +n; + p; \/mz +n; +p;
— Munexce! miockocTy (MHAEGKCH Muiepa) 3auChIBatlOTCs B KPYT-

cos(9) =

BIX cKobGKax (hkl). I3MeHeHue BCex MHIeKcoB Ha obpaTaele (hkl) ot-

BEYAET TOMY K€ CEMENCTBY IIOCKOCTEM.

Hnpexcsl Muepa CBSi3aHbI ¢ MUHHMAJIbHBIMH OTPE3KaMH, OTCE-
Kae€MbIMHU TUIOCKOCTBIO 11a OCSX KOOPIMHAT.

— JI7s1 HaXOXKAEHUSI OTPE3KOB CIIENyeT B3ATb OOpaTHbIE BETUYHHBI
uHnekcoB Musnepa (1/h; 1/k; 1/]) n npuBecTH UX K HAUMEHBLIEMY Lie-
JIOMY, KPaTHOMY K&KAOMY M3 MOJy4YeHHbIX uyncen. [loayueHHble 3HaUE-
HUSl U €CTh HAaUMEHBIINE OTPE3KH, OTCEKaeMble IMIOCKOCThIO (hkl) Ha
OCSIX KOOPJMHAT.

Ecnu n3BecTHBI OTpPE3KH, OTCEKaeMble Ha OCAX KOOPIAMHAT, TO HH-
neKchl Muiepa HaxomsATCsl aHAIOTHYHBIM myTeM (cM. mpumep 4). UH-
aekcbl Muiepa MpONOpLUUOHAIBHBI HANPABISIFOIUM KOCHHYCaM BEK-
TOpa HOPMaJH K AaHHOH mockocth. [loatomy mHIEKCs Musutepa s
HEKOTOPOrO CEMENCTBA MIIOCKOCTEN COBMANAKOT C MHIAEKCAMM HaIpas-
JEHUH HOPMAJTH K STHUM IIJIOCKOCTSIM.

— Vroa mexay miockoctsimu (hikilh) n (hakyly) onpenensiercs us
bopmybl

hh, +kk,+11,

NN RN

CosS



a MeXay NnpsiMoii [mnp] u mockocToo (hkl) — u3 hopmybl
hm+kn+Ip

R+ k41 \/mz +n’+p’

cosp = ». [https://library.samdu.uz]

8.3.1.1. llpumepsl pemienus 3aaa4
Huxe mpuBeneHbl npuMepsl pelieHus] TUHITHYHbBIX 3a1a4.
Ipumep 1. «Onpenenuts YUCIO A Y3JIOB, NPUXOISIINUXCS HA OJHY
3JIEMEHTAPHYIO STYEHKY B TPAHELIEHTPHUPOBAHHON KyOMYECKOH pelIeTKe.
24 Pewenune. Boinenum sie-
’ MEHTAPHYIO SYEHKy B KyOmue-
ckoil pemerke (puc.8.3.3) u
P OInpenenuM, CKOJbKHM COCen-
HUM D3JIEMEHTapHBIM siYelKaM
MPUHAIJICKUT TOT WU HUHOU
-1 y3€Jl BBIACJIECHHOW syeiiku. B

v -
é&x f
|

A
-/
WL / 9TOH siueiike WMEITCS Y3JIb

b % aByx TUMNOB: A (Haxonsuecs

PV 7~ B BepumHax ky6a) u B (Haxo-

] IsIuecs Ha rpaHsx Kyba B

X / TOYKE IepeceuyeHus auaroHa-
Puc. 8.3.3 neii).

V3en A TpUHAANEKUT OIHOBPEMEHHO BOCBMH 3JIEMEHTAPHBIM

sueiikam. CrenoBaTenbHO, B NAHHYIO SUEHKY y3enl A BXOIUT C JoJei

1/8. Y3en B BXOOUT OJHOBPEMEHHO TOJIBKO B ABE SIMEUKH W, CIIEIOBa-
TEJIbHO, B JAHHYIO siUeHKy y3ei B BxomuT ¢ nonei 1/2. Ecnu ydecTs,
YTO YHCIIO Y3JIOB TUNA A B siueiike paBHO BOCBMH, a YHCJIO Y3JIOB THIA B
PaBHO IIECTH, T.€. YHCIy IpaHeH, TO 00Iee YUCIIO Y3JIOB, MPUXOIAIINX-
Csl Ha OJIHY 3JIEMEHTAPHYIO A4EHKY B IPAaHELIEHTPUPOBAHHOMN PELIETKE,

n=(1/8) 8+ (1/2)6 =1+ 3 =4 y3na.

Tak kak 4YKCIIO Y3JI0B PaBHO YUCIy aTOMOB, TO B COOTBETCTBYIOLIEH
CTPYKTYpE Ha DJJIEMEHTApHYIO S4eilKy NPUXOAUTCA 4YeTbIpe aToMay.
[https://library. samdu.uz]

/ -—
z

«IIpumep 2. Onpenenuth mapaMeTp d PEUIETKH U PaccTosiHue d
MeXay OMKaHIIMMU COCEIHUMH aTOMaMH KpHUCTaJula KaibLus (pe-
IIeTKa T'PaHELEHTPUPOBAaHHAsE KyOudeckol CHHroHuu). IIIOTHOCTBE p
KPHCTAJIA Kaibiust paBHa 1,55-10° kr/m’.



Pemenne. Ilapamerp a kyOudeckol pemIETKH CBSI3aH C 00BEMOM

o o 3 o
3JIEeMEHTapHOU sAueliku cooTHoueHueM V=a . C apyroil CTOPOHBI,
0o0BeM 3JIEMEHTapHOH STYeHKH paBeH OTHOLICHUIO MOJIIPHOTO o0beMa K

V
YHCIIy 3JE€MEHTapHBIX siUe€eK B OJHOM MoJjie kpucramia: }J = . Ilpu-
m

paBHSAB IIpaBble YaCTU MPUBEIEHHBIX BbIpaXkeHU A5 } Hailnem

a = (1)

. M
Mounsipablii 00beM Kanmbust V| = —, T1e p — INIOTHOCTD KaJIbLUS,
p

M — ero MOJIApHasa Macca. Yucao SJIEMCHTAPHBIX AYCEK B OAHOM MOJIC

i€ 71 — YICIIO aTOMOB, IPUXOASIINXCS Ha OTHY STYEHKY.
IToncrasus B popmyny (1) npuseneHHbIe BbIpXKEHUS A Vo U Z,y,
MOJIY9UM

PN, .
Otcrona
. nM
PN, .
[ToncraBum 3HaueHus BenwuuH 1, M, p u Ny B popmyny (2), yuu-
ThIBas, 4TO 7 = 4 (cM. mpenpinyuii npumep). [Iponussenst BEIYUCIEHUS,

MOJTy4YUM
a= 556 om.

o=

2)

Paccrosinue d mexay OnmkaiimmMu
COCEAHMMHU AaTOMaMH HAaXOIUTCS U3
NPOCTBIX T'€OMETPUYECKUX COooOpake-
HUM, SICHBIX U3 puc. 8.3.4:

a
d=—.
V2
IloncraBus B 3TO BBIpaX€HUE Hal-

IEHHOE paHee 3HAYeHHE «, TMONIyYHM
d =393 nm». [https://library.samdu.uz]

Puc. 8.3.4



«IIpumep 3. Hanucate MHAEKCHI HANpaBJIEHUS MPSIMOH, MPOXOns-
mreit uepes y3ibl [[100]] u [[001]] kyOudeckol MPUMHTUBHOHN PEIIETKU.

Pemenne. DTy 33124y MOXKHO PELINTH ABYMs, CIIOCOOAMH.

1-it cnoco6. N300pa3uM KyOUYeCcKyl0 MPUMUTHUBHYIO SUEHKY, OT-
MeTUM Ha Hel y37bl ¢ unaekcamu [[100]] u [[001]] u npoBenem uepes
3TH y3JblI IpsMyIO (puc. 8.3.5, a)

Puc. 8.3.5

Ecnu 6b1 mpsimast mpoxoaunia uepe3 Havajo KOOPIWHAT, TO WHACK-
CBbI €€ HAIpaBJICHUsI COBMaAaTu Obl C MHACKCAMH y3J1a, ONIKANIIero K
HaJyaJly KOOPAUHAT, Yepe3 KOTOPbI MPOXOIUT MpsiMasi.

3amaHHas mpsiMasi HE MPOXOIUT uepe3 Havdano koopauHat. Ho 3to-
ro MOXXHO IOCTHUTHYTh, IEPEHECS HA4aJl0 KOOPAUHAT B OJIUH U3 Y3JIOB,

yepe3 KOTOPbIe MPOXOAUT MpsiMast.

Ecnu nepenectn Havano koopauHat B y3en [[100]] (puc. 8.3.5, 0),
TO y3€J, JeKallui Ha TOHW ke MpsSMON M OMKaiImuii K BRIOpaHHOMY
Havajy KoopauHat, Oyaer umeth unaekcel [[101]], a uckomoe Hampas-
JIeHHE B 3TOM ClIydae OnpesennTes naaexcamu [101].

Ecnmu xe w©Hauano koopauHat mnepeHectd B y3zen [[001]]
(puc. 8.3.5, 8), TO COOTBETCTBEHHO WHIEKCHI MCKOMOIO HAIPaBJICHUS

Oymyt [101]. Wrtak, MHOEKCH MCKOMOTO HATIPABJIEHHS B KPUCTAILIE
[101] mmm [101].

2-1i cnoco6. He Bcerna ObIBaeT JIETKO OTMPEACNTUTD, KAK U3MEHSITCS
WHJIEKCHI Y3JIOB MPU MepeHoce Hauyana koopaunatr. I[losTomy paccMoTt-
PUM AHAJTUTHYECKUN METOJ PELICHUSI.

Hammumewm B o0mem Buae ypaBHEHUE NPSMOM, MPOXOISIIEH uepes
JIB€ TOYKU B MPOCTPAHCTBE, C UHIAEKCAMHU y3JIOB [[nimp1]] u [[mmipi]]:



Xxom _y—nm _ Z2— D

m,—m_ n,—n_ p,—p

Bennuunel, cTosiimue B 3HAMEHATENE, MPOMOPLUOHAIBHBI HAPaB-
JSTFOIUM KOCcHHycaM TipsiMmoi. Ho Tak kak 3TU BEJIMUYMHBI [EJTOYUCIICH-
HBI, TO OHU U OYAYT SIBNIATHCS UHACKCAMU HAMPABJICHHUSI.

IToncraBuB B 3HaMeHaTeNb BhIpaskeHus (1) 3HaYSHUSI HUHASKCOB Y3-
goBm =1, m=0,p1=0um=0,m=0, p;=1, nonyuum:

my—m=0-1=-1;

m-m=0-0=0;

pP2—pP1= 1-0=1.

Takum 06pasoM, MCKOMBbIE WHAEKCHI HampasineHus [101]».
[https://library. samdu.uz]

«IIpumep 4. Hanmncats nHaexcsl Musepa ans MiIOCKOCTH, COAEP-
karen y3iel ¢ uaaekcamu [[200]], [[010]] u [[001]]. PemeTka kyOuue-
CKasl, IPUMUTHUBHASL.

Pemenne. Bo3MosxHBI 1Ba crioco0a perieHuns 3a1adu.

1-ii cnoco6 PUMEHUM B TeX CITy4asiX, KOrJa y3JIbl, IpUHAIJIekKa-
IIH1Ee TUIOCKOCTH, JIEKAT OJHOBPEMEHHO U Ha OCSIX KOOPAMHAT (T.€. W3-

BECTHBI OTPE3KH, OTCEKACMBIC TINIOCKOCTBIO Ha OCAX KOOpI[I/IHaT).
¥4

B nanHOM ciydae y3ibl, NpHU-

([0o1] HaJUIeKaIUe IJIOCKOCTH, JIeKaT Ha

OCSIX KOOPIMHAT, U OTPe3KU (B €Iu-

HUI[AX MMOCTOSTHHOM pEIIeTKH), OTCe-

—s KaeMble Ha OCSX KOOPAHHAT 3TOMH

llora)] Y HMIOCKOCTBIO, COOTBETCTBEHHO OyayT
2,1, 1 (puc. 8.3.6).

Z [zog)
Puc. 8.3.6
B cootBercTBHM ¢ OOIIMM MPABHUIJIOM HAXOXKACHUS WHIEKCOB MuJ-

1
JI€pa Hanvuiem O6paTHbIe 3HAUCHUA, TNOJYYCHHBIX YHUCCIT 5'—'—

3 3 l
MPUBEJEM UX K HAUMEHBLIEMY LIEJIOMY KPaTHOMY 3THX uucen. s 5To-
ro YMHOXUM 4Hcya Ha ABa. llonydeHHass COBOKYNHOCTb 3HAYEHUH, 3a-

KJIIFOUEHHAsl B KPYIJIble CKOOKH, U €CTh UCKOMbIe MHAEeKCcH Muiepa (1,
2,2).

10



2-11 cnoco6 (aHamuTHUECKUil) 0coOOeHHO ymoOeH Torma, Korma H3-
BECTHBIE y3JIbI HE JIe)KaT HAa OCAX KOOPAHMHAT. JTOT CIocod sIBISETCS
oOIIMM U IPUMEHUM BO BCEX CITyUasiX.

H3BecTHO, uTO MHIAEKCH Mujepa paBHbI HAUMEHBIIUM LIeJIOUYHC-
JEHHbIM KO3((uLIMeHTaM TpU MEepeMEHHBIX B YPaBHEHUU IUIOCKOCTH.
ITosToMy pemeHue 3afadu MO ONMPENENECHUI0 UHAEKCOB Muinepa CBo-
JUTCS], TIO CYIIECTBY, K OTBICKAHUIO YPaBHEHUS MJIOCKOCTH.

VYpaBHeHHE IJIOCKOCTH, MPOXOAsIIel uepe3 TPU TOUKU C KOOpAU-
Hatamu [[mimp1]], [[mamp:2]], [[m3mps]], maercs omnpepenurenem
TPEThEro nopsiaka

X—m y—n z—p

m, —nyny, —n, p,— py| =0

my —ny iy —ny ps — P,

B wamem cayuae: m; =2, m=0, p1=0, my=0, m=1, p=0,

m3=0, n3=0, p3 =0. [loacrasss 3HaUeHUSI UHAEKCOB y3JIOB B ONpee-
JIUTEIb, MOJTYUYUM

x-2y-0z-0 x-2 y z
0-21-00-0/=0 wmm -2 1 0/=0.
0-20-01-0 -2 0 1

Pa3ioxum 3TOT OnmpenenuTens Mo 3JIeMEeHTaM NePBOH CTPOKH:
1 o -2 0 |21
x—2 -y +z =
0 1 -2 1 -2 0
PackpbiBasi onpeneauTens BTOPOro mopsiaka, moaydum (x—2)(+1)—
VI(E2)+z(+2) =0, mmn x + 2y + 2z = 2.
Boinuca koauiineHTs TP X, Y, Z U 3aKJIOYUB UX B KPYTJIbIE
CKOOKH, TIOJIy4rM HHIEKChI Mujuiepa
(1,2,2).
DTH 3HAYEHUS] MHACKCOB, KaK U CJIEAOBAJIO OKHUIATh, COBIMATAIOT CO
3HAYEHUSIMH, TIOJYYeHHBIMU MEepBbIM criocobomy. [http://pandia.ru]

0.

8.3.1.2. 3agauu A cCAMOCTOSITEILHOIO PeleHus!

DnemeHTapHas syeiika. [lapamerpsl pemerku

49.1. «CKOJbKO aTOMOB NPUXOAUTCS Ha OIHY BJIEMEHTAPHYIO sTUeii-
Ky 1) mpUMHUTHBHOHN perieTkn KyOM4eCKOH CHHIOHWH, 2) OOBEMHO-
LEHTPUPOBAHHON PELIETKH POMOWYECKOH CHHTOHMH; 3) IpaHEleHTPH-

11



POBAaHHON peIIeTKH KyOu4deckoi CHHroHuu, 4) 0a30oLeHTPHUpPOBAHHOM
peLeTKn poMOMYECKOW CUHTOHHUM, 5) MPUMUTHUBHON PEIIETKH IeKcaro-
HAJIbHOW CHMHTOHHH, 0) T€KCAarOHAJIbHOW CTPYKTYPBI C TUIOTHOH YITAKOB-
KOM.

49.2. OnpenenuTs YHCIO 3JIEMEHTAPHBIX SYEEK KpPUCTAIa 00be-
momM V=1m" 1) xnopucroro muesus (pemerka OOBEMHO-
LEHTPUPOBAHHAsI KyON4eCKOH CHHIOHUN);, 2) MeaH (pelieTka rpaHereH-
TPUPOBaHHAs KyOMYECKOH CHHIOHMH), 3) KOOaJIbTa, MMEIOIIEro rekca-
TOHAJIBHYIO CTPYKTYPY C IUIOTHOHN YIAKOBKOM.

49.3. Haiftu mioTHOCTH p Kpuctayiia HeoHa (mpu 20°K), ecnu u3-
BECTHO, YTO peEIIeTKAa TPaHCLEHTPUPOBAHHAS KyOHMUECKOW CHHTOHHH.
IlocrosiHHAs a peleTku npu TOM ke TeMmneparype pasHa 0,452 Hm.

49 4. Haiitu njOTHOCTH p KpPUCTAUIa CTPOHLMS, €CIU H3BECTHO,
YTO pelleTKa TIPAaHEHeHTPUPOBAaHHAs KyOWYeCKON CHHTOHHMH, a pac-
CTOsIHUE d MEXAY OMDKANIIUMHI COCETHIMH aToMaMu paBHO 0,43 HM.

49.5. Onpenenuth OTHOCUTENBHYIO aTOMHYIO Maccy A, KpucTaia,
€CIIH W3BECTHO, YTO pacCTOsiHME d MEeXAy OmmKaHuMU COCETHUMH
aromamu paBHO 0,304 HM. Pemerka oObeMHOLIGHTpUPOBAHHAs KyOuye-
ckoi cuHronuu. IInotHocTe p KpucTanna pasHa 534 K/,

49.6. HaiiTin OCTOSIHHYIO ( PEIIeTKU U paccTosiHue d Mexny Omu-
KAMIIUMHU COCEOHMMM aTOMaMU KpucTamia: 1) amoMuHus (peleTka
rpaHelleHTPUPOBaHHAsE KyOU4eCKOH CHHTOHHHM), 2) BoJbhpaMa (perier-
Ka 00OBEMHO-LIEHTPUPOBaHHAsL KyOUUeCKOH CHHIOHHH).

49.7. Ucnonp3yss METOJ yIIAKOBKH IIAPOB, HAWTH OTHOILUEHHUE c/d
NapamMeTpoB B T'eKCArOHAJIBHON pPEIIEeTKE C IUIOTHEHIIEH YMNaKOBKOM.
VYkazaTb NpUUMHBI OTKJIOHEHMsI 3TOH BEJIMYMHBI B peajbHOM KpHCTaslIe
OT BBIUUCJIEHHOTO.

49.8. Onpenenutb MOCTOSHHOE d U ¢ PELIETKH KPUCTaJJIa MarHus,
KOTOPBII MpencTaBisieT cOOOH reKCaroHaJIbHYIO CTPYKTYPY € IUIOTHOH
yHnakoBKkOH. IIJIOTHOCTE p  KPUCTAUIMYECKOTO  MarHus  paBHA
1,74:10° xr/m’.

49.9. BeMUCIUTD MOCTOSHHYIO (I PEIIETKH KpHCTaia Oepusuius,
KOTOPBII MpencTaBisieT cOOOH reKCaroHaJIbHYIO CTPYKTYPY € IUIOTHOH
ynakoskol. Ilapamerp a pemerku pasen 0,359 uMm. IlnotHOCTE p KpH-
cramna Gepumms passa 1,82-10° kr/v’.

49.10. HaiiTi muoTHOCTh p KpHUCTA/UIa Tenusi (Mpu TemrepaTtype
T = 2°K), KOTOpBIif IPEACTABIISIET COOOM TeKCArOHANBHYIO CTPYKTYPY C
MJIOTHON ynakoBko#l. IlocTtosiHHAs a pemieTku, onpenenaeHHas Npu TON

12



xKe TeMnepatype, pasHa 0,357 umy». [http://pandia.ru]

HNHaexcsl y3710B, HAIPABJIEHHH H IJIOCKOCTEH
3

2 e

e

49.11. Onpenenuts
o1 HHJICKCHI Y3JI0B, OTMeE-
YEeHHbIX Ha puc. 8.3.7
— 7 oyksamu 4, B, C, D.
>y

|
|
e

jr

S AN EIEAN
N
!

|
(
|
|
L

Puc. 8.3.7

49.12. Hanucate MHAEKCHI HANPABJICHUS MPSIMON, NMPOXOASALIEH B
KyOM4ecKOl pelneTke uepe3 Hadajo KOOPAWHAT U Y3l C KPHCTaJIo-
rpadUYecCKUMHU UHAEKCaMH, B IBYX ciydasx: 1) [[242]]; 2) [[112]].

a ]
/ z4 J z /ﬁ/\Z 49 13. Haititu
\

/
J/V4 X WHAEKCHI Ha-

pd ‘ N TIpaBJIEHAH

: npsiMbIX AB,
iy -y > y CD, KL, uso-

AL——" / Opa’KeHHBIX Ha

7 3 y puc. 8.3.8, a, 6,
X X 6.

Puc. 8.3.8

49.14. «HanucaTb MHOEKCBHI HANpaBJIEHUs MNPSMOH, MPOXOAAIIEH
Yyepes [1Ba y3Ja ¢ KpUCTauIorpaguuecKuMi HHAEKCaMU (B IBYyX CIyda-
sx): 1) [[123]] w [[321]]; 2) [[121]] m [[201]].

49.15. Beruucnuth nepuon / MAEHTUIHOCTH BIOJb npsiMoi [111] B
pemerke kpucraua NaCl, ecnu TJIOTHOCTb p KpPUCTAJIa paBHA
2,17-10° xr/m’.

49.16. BeraucnuTh yroa ¢ Mexay ABYMs HaNpaBJICHUSAMU B KyOu-
YEeCKOH pelIeTKe KPUCTAIa, KOTOPBIe 3aJaHbl KPUCTAIIIOTpadUIeCcKh-
mu uagexcamu [110] u [111].
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&
N

5 z4 g

T

Z y ~, 49.17. Hanucarp
>~y ) 4

uHAeKcbl Mue-
pa IuIsl TIOCKO-
CTel B IPUMUTHUB-
HOM KyOn4eckoi
peteTke, u3o00pa-
JKEHHBIX Ha
puc. 83.9,a...e.

&y
ol

2

Puc. 8.3.9
49.18. TlnockocTh mpoxoauT uepes y3mel [[100]], [[010]],

[[001]] xybuueckoii pemerku. Hanmucats nHaexcel Munnepa mis Toit

MJIOCKOCTH.

49.19. CucreMa MmaOCKOCTEH B MPUMHTHBHON KyOMUYECKOH perneTke
3amaHa wHAeKkcamu Muiepa (221). Haiitu HauMeHbLINE OTPE3KH, OT-
CeKaeMble IJIOCKOCTBIO Ha OCSAX KOOPAHMHAT, U M300pasuTh 3Ty ILIOC-
KOCTb IpapuuecKu.

49.20. HanpaBieHne HOPMaIN K HEKOTOPOH IUIOCKOCTH B KyOmue-
CKOM pemierke 3agaHo unnaekcamu [110]. Hanmucate nnaexcer Munnepa
IUIsL 3TOM IUIOCKOCTH M YKa3aTbh HAaMMEHBbLINE OTPE3KH, OTCEKaeMble
MJIOCKOCTBI) Ha OCSIX.

49.21. Hanucatp unaexkcel Mujiepa s IJIOCKOCTEH, COnaepkKa-
X y3JIbI ¢ KPUCTAIUIOTpAPUUECKUMH HHACKCAMH, B ABYX ciydasx: 1)

[[111]], [[112]], [[101]];2) [[111]], [[010]], [[1 11]]. Haiitu orpes-

KM, OTCEKaeMbl€ STUMU IIJIOCKOCTSIMHU Ha OCAX KOOPJAWHAT.

49.22. CucreMa MIOCKOCTEH NMPUMHUTHUBHOM KyOHMYECKOH pelIeTKH
3amana uaaekcamu (111). Onpenenuts paccTosiHue d MEXNY COCEOHU-
MH IUIOCKOCTSIMH, €CJIM MapaMeTp a peueTku paseH 0,3 HM.

49.23. OmpenenuTh mapaMeTp d NPUMUTHBHON KyOHUYECKOH pe-
IIETKH, €CIH MEXKIUIOCKOCTHOE PAcCTOSIHUE d AJsl CUCTEMbI TUIOCKO-
CTel, 3aaHHbIX HHAeKcaMu Miepa (212) npu peHTTeHOCTPYKTYPHOM
U3MEPEHUH, 0Ka3a10ch paBHbIM 0,12 HM.

49.24. Tpu cucTeMsbl IJIOCKOCTEH B MPUMUTHBHON KyOU4YeCcKOH pe-
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nieTke 3amaHbl nHAekcamu Musuiepa: a) (111); 6) (110); B) (100). Vka-
3aTh, JAJIS1 KAKOW CHUCTEMbI MEXIUIOCKOCTHBIE PAaCCTOSTHUS d MUHUMAJIb-
Hbl U JUIsl KakOM CHUCTeMbl — MakCUMalbHbl. OmpenenuTb OTHOLIEHUs
MEXKTUTOCKOCTHBIX PacCcTOSTHUM di11 : di1o : digo.

49.25. BeIYHCIUTD YyroJl (0 MEXYy HOPMAJISIMH K TUIOCKOCTSIM (B Ky-
Oudeckol perrerke), 3a1aHHbIX nHAeKcaMu Muyutepa (111) u (111).

49.26. /e TIOCKOCTH B KyOMUYECKOH pelIeTKe 3a1aHbl MHASKCAMU
Munnepa (010) u (011). OnpenenuTs yroa ¢ MEXIy MIOCKOCTSIMH.

49.27. B xyOuueckoil pelieTke HarpapJieHHE NPsSMOI 3aaHO WH-
nexcamu [011]. OnpenenuTs yrosn ¢ Mexay 3TOH NpsMON U IUIOCKO-
crero (111).

49.28. OnpenenuTh B KyOMYECKOH PeIIeTKe YroJl (¢ MEKAY NpsMOi
[111] u mockocteio (111).

49.29. TlnockocTh B KyOMYECKOW pelleTke 3aJaHa HHIEKCAMHU
Mumnepa (011), nanpasnenue npsimoi —unaekcamu [111]. Ompene-
JMTH YTOJI ¢ MEKAY MPSIMOH U IIIOCKOCTHIOY. [http://pandia.ru]

8.3.2. TEILIOBBIE CBOMCTBA

OcHoBHbIe GpopMyJibl

— «MonsipHasi BHYTPEHHSS 3HEPTUS XUMUYECKH MPOCTHIX (COCTOSA-
IIUX U3 OJWHAKOBBIX ATOMOB) TBEPABIX TeJl B KJIIACCHUECKOH TEOPUH Te-
TUIOEMKOCTH BbIpaXkaeTcs: opMynoi

Un=3RIT,
rrae R — MosisipHast ra3oBasi OCTOSIHHAS,

7' — TepMoIMHaAMUYECKasl TEMITEPATypa.

— TemnoemkocTs C cucTeMBbI (Tea) MPU MOCTOSTHHOM O0BEME OIl-
penenseTcst Kak MPOM3BOIHAS OT BHyTpeHHel sHeprun U/ mo Temmepa-
Type, T.€.

c-4

dr

— 3akoH [rononra u Iltn. Monspras TernoeMkocTs (', XUMHYECKH
MPOCTBIX TBEPIBIX TEJ

Cn=3R

— 3akoH Heilimana-Konna. MonsipHasi TENMJIOEMKOCTb XUMUYECKU
CJIOJKHBIX T€J (COCTOSIIINX U3 PA3JIMYHBIX AaTOMOB)

Cn=n3R,
rae 7 — odlIee YUCIIo YaCTHII B XUMUYECKOH (popMysie CoennHEHMs.
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— CpenHee 3HaueHUe SHEPrun <&> KBAHTOBOI'O OCLUJLIATOPA, NMPU-
XOJSIIIEHCs] Ha OJHY CTENeHb CBOOObI, B KBAHTOBOH TEOpUN DHUHINTEH-
Ha BBIpaXkaercs GopMysioi

ho

il
exp| — |—1

kT
TJIe €9 — HyJIeBast SHEPTHSL, €= /,hwm;

h — nocrosinHast [1nanka;

® — KpyroBasi 4acToTta KoJiebaHul OCIMILIATOPA,

k — mocrosiHHast bonbLMaHa;

7' — TepMoIMHaAMUYECKasl TEMITEPATypa.

— MousipHass BHyTpEHHsIs1 SHEPrUsl KPUCTAJUIA B KBAHTOBOW TEOPUH
TEIUIOEMKOCTH DHHIITEHHA onpenensercs o Gopmyie

U,=U, +3R 67]5
exp(eEj -1
T
rae U, = 3/2R0r — MoJsipHast HyJieBast SHEPTHsl 110 DHHIITEHHY;
Or = hw/k — xapakTepucTiyuecKas TeMiepaTypa JUHIITEHHa.

— MounsipHas TEnIOEMKOCTb KPUCTAJIA B KBAHTOBOH TEOPUU TEll-
JIOEMKOCTH DHWHINTEHHA

exp[eE j
, Or
C, = 3R[6—Ej 3

e .
E
- _1
exp( j

ITpn Hu3KUX Temmneparypax (7<<0g)
C,= 3R6—Eexp —O :
T T

— YacToTHBIN CrieKTp KoJleOaHNUH B KBAHTOBOI TEOPHH TEIIIOEMKO-
ctu [ebas 3amaercs ¢pyHKueld pacnpenenenus 4actoT g(w). Yucno dZ
COOCTBEHHBIX HACTOT TeJIa, MPUXOISIIUXCS Ha HHTEPBAJ YaCTOT OT ® A0
Odm, onpenensieTcs BbIpaKeHUEM

dzZ = g(w)dv.

JIis TpeXMEepHOTo KpUCTAlIa coaep Kamero N aToMoB,

d7Z = ggN o’do,
o

max

<E>=¢g,+
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I7I€ Mmax — MAKCIMAJIbHAST YaCTOTA, OTPAHMYHMBAOIIAS CIIEKTP Koseba-
HUH.

— Oneprus U TBepHoro Tena cBsi3aHa C CpefHeil sHepruen <e>
KBaHTOBOTO OCIIMILISITOpPA U (DYHKIUEH pacrpeneaeHus: 4acToT g(m) co-
OTHOIICHUEM

U= [<e>g@)do.
0

— MossipHasi BHYTpeHHsIst SHeprusi kpucraiua mo Jlebaro
3%
T 3
U —U +3RT| | | X
0, ) o exp(x)—1

2

m0

9
rne U, , = gRG , — MOJISIpHAs! HyJIeBasl 3Heprust kpucrauia no Jlebato,

ho
0, = kmax — XapakTepucTuieckas remmeparypa Jebdas.

— MousipHast TeTIIOEMKOCTb, Kpuctasuia rno Jlebaro

39 36D
T 3 I
C =3r 12 | X dx r

0, ) 7| exp(x)—1 exp(ezf’j—l

IIpenenbubliii 3akon [leGas. B oOmact HU3KHX TeMIepaTyp
(T<<06p) (cumratpb mus pemenus 3anad T<<Op, ecnmu T/0p<0,1) nocnen-
Hss1 popMyJia IPUHUMAET BUA

3
D

— Dueprus € GoHoHa ((POHOH — KBA3UYACTHULIA, SIBISIOIMASCS KBaH-
TOM TOJISI KOJIEOaHMH KPUCTAIIMUECKON PEIeTKH) CBsA3aHa C KPYroBOM
4acTOTOH ® KOJeOaHMH KJIACCUYECKOH BOJHBI COOTHOLIIEHHEM

e = ho.

— KBazunmnynbsc poHoHa

_ 2nh
-

— Ckopocte (pOHOHA SIBISIETCS TPYMIIOBOM CKOPOCTBIO 3BYKOBBIX

BOJIH B KPHCTAJLJIE
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IIpn mManbIx 3HAYEHUAX SHEPTUU (POHOHA AUCTIEPCHEH BOJIH MOXKHO
npeHeOpeyb U TOTa rpynmoBas 1 (a3oBasi CKOPOCTH COBIAIYT:

€
u=v=—,

p
CkopocTtr nmponodbHbIX (V) U NOMEPeYHBIX (V;) BOJH B KPHCTAJIIE
OTIpeNeNSI0OTCS 1O hopMyIaM

v, =

Vv, =

rae I u G — MOZyJIM COOTBETCTBEHHO NMPOJOJBHON M MOMEPEYHON YII-
pyrocru.
YcpenHeHHOe 3HaYE€HUE CKOPOCTH 3BYKa V CBSI3aHO € V; U V; COOT-
HOILIIEHUEM
3 2 1

3 -
1

viov oy

— 3akoH @ypee. KonmmuectBo Temnothl d(), mepeHECEeHHOE uepes
MOBEPXHOCTD IUIOLIABIO S, MEePIEeHANKYIAPHYIO HAMPABICHUIO TEILIO-
BOT'O MOTOKA, 32 BpeMs df, paBHO

dQ = —kaa:x—TSdt,
r7ie A — TeIIONMPOBOIHOCTD,

dT/dx — rpagrieHT TeMIepaTyphl.

3HaK MHHYC B (pOpPMyJie MMOKA3bIBAET, YTO HAMPABICHHE TEILIOBOTO
MOTOKA MPOTUBOIMOJIOKHO BEKTOPY FPaJueHTa TEMIIePaTyPhbl.

— TenonpoBogHOCTH A, TerIOeMKOCTb (, pacCUNTAHHAS Ha €AH-
HHULY 00bema, CKOPOCTb V 3ByKa (YCPEIHEHHOE 3HAUCHHE) U CPedHss
nuHa ¢cBoOoaHOTO Mpodera A POHOHOB CBsI3aHBI COOTHOLIIEHUEM

A =VCvA.

— OTHOCUTENIbHOE U3MEHEHHNE YaCTOThI, O0YCIOBIEHHOE 3P PeKTOM
Homnnepa,

Ao = XCOS(S) (mpm v<<c),
o c
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r7ie ¥ — CKOPOCTb aTOMa,;
€ — CKOPOCTb PAaCPOCTPAHEHHUS SJICKTPOMATHUTHOTO U3 Ty4YCHUS,
3§ — yron Mexmy BEKTOPOM V M HampaBjieHHeM HabOmroneHuit (oT
aToMa K HaOJIOIaTeNo).
— DHeprus OTHAYH spa MPU UCITyCKAaHUU raMMa-(PpOoTOHA

(fo)*
R=——+—,
2mc
rae Ao — sHeprus ramMmma-(poToHa;
Mg — Macca saapa.
— EcTecTBeHHAs IIMPUHA CIIEKTPAJIbHON JIMHUU

ot
T

r7e T — CpeaHee BpeMsl JKU3HH siipa (aToMa) B BO30OYKIEHHOM COCTOSI-
HUH.

— Cuna f(x), BO3Bpamaromas 4acTUIly B TMOJIOKEHUE PABHOBECHS
NP AHFAPMOHUYECKIX KOJIEOaHUSIX, OTIPEAEIISETCS BhIPAKSHIEM

Sx) = —Px +yx?,
rae B — ko3pPunHeHT rapMOHUYHOCTH, CBS3aHHBIH C PaBHOBECHBIM
PacCTOSIHMEM 7o MEXKIY aTOMaMH KPHUCTala U MOJYJIEM NPOIOJIbHON
yOPYrocTy /2 COOTHOIIEHUEM

B =rol;

Y — KO3 PUIMEHT aHTaPMOHUYHOCTH, XaPaKTEPH3YIOMUN acuUM-
METPUIO KOJIEOAHUH aTOMOB B TBEPIOM TeJe, JJISl OLEHKHU 10 TOPSIIKY
BEJIMYUH MOKHO MTPHUHSTH

S B
2r,

— Koagpunuent muHelHOrO pacivpenus, o ONMpeaeIeHHIO,
1 dl

o=——".
1 dr

Teoperudecku OoH BbIpaxkaercst yepe3 koadduiuents f u v dop-
MYJION
YK 1 %

WUIA IPUOSTMIKEHHO oL = ————,
27”0 7 7”02[32
rne k — nocrosinHas bonbumanay. [https:/library.samdu.uz]

o=

8.3.2.1. llpumep pemenus 3agaqd
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Hpumep. «Omnpenenuts kKonmu4decTBO TEIIOTH AQ), HeoOXoamMoe
s HarpeBaHust kpuctamia NaCl maccoii m =20 r Ha AT = 2°K, B nBYX
CJIy4asiX, €CJIM HarpeBaHue MPONCXOOUT OT TeMnepatypsl: 1) 71 =0p; 2)
T, = 2°K. Xapaxrepucruueckyro temneparypy Jebas 6p nns NaCl npu-
HATH paBHOH 320°K.

Pemenne. KomuuecTBo Terunorsl AQ), MOJBOIUMOE ISl HATPEBAHUS
Te€Ja OT TEMIIEPATYPHI T A0 T2, MOKET OBITh BBIYUCIEHO N0 (opMmyIie

Ty
AQ = [ Ca, (1)
]
rae C — TeTI0eMKOCTb Tea (CHCTEMBI).
TernmoeMKOCTh TeNa CBsi3aHa ¢ MOJISIPHOH TeroéMkocThio (', CO-
OTHOILICHHUEM

c-Lc
M

T7e 1 — Macca Tena,
M — MossipHas macca.
IToncrasus 310 BeIpaxkerue C B popmyny (1), moayuum

m
AQ = j C dr . 2)

B obmem cnyuae C,, ecTh QyHKIHS TeMIepaTyphl, TOSTOMY 3a 3HAK
UHTErpasa ee BbIHOCUTDb Helib3si. OHAKO B MEPBOM Cllydae U3MEHEHHEM
TEIMIOEMKOCTH IO CPAaBHEHUIO C €€ 3HaueHWeM mpu Temmeparype 1’
MOYKHO TpeHeOpeub 1 CYUTAThb ee Ha BCceM uHTepBaiie Temmeparyp AT
nocrostaHoM u paBHoit C,,(77). Beuay atoro ¢opmyna (2) npumer BUA

AQ = %CM(TI)AT. 3)

Monsiprasi temoémkocte Cp(71) B Teopuu [ebas BbIpaxaercs
dbopmynoit

5 1

7Y % xidx 367
C,(1)=3R12 1| [S= =
O,) 1 -1 & .

e’ —

20



Sp

I3 1 .3
dx dx
B mepBom ciyuae mpu 7 =0 uHTErpan I )i :I )i =0,225
e -1 e —1
(cMm. Tabn. 2) u, cienoBaTeNbHO,
Cn=2.87R.
IMoncrassist 310 3HaueHue C,, B popmyny (3),momyaum
m
AQ =287—RAT . 4
Q Y, 4

[Ipoussens Berumcaerne no dopmye (4), moxyIum

AQ =16,3 [Tx.

Bo Bropom ciyuae (7<<0p) Haxoxknerune AQ oOnerdaercs TeM, 4TO
MOXHO BOCIIOJIb30BaThCS MPENeNbHBIM 3akoHOM Jlebast, B cornacuu c
KOTOPBIM TEIIOEMKOCTh IPOMOPLHUOHATbHA KyOy aOCONOTHOI Temrie-
patypel. B 3TOM cilyyae TemIoeMKOCTh CHIIBHO M3MEHSIETCS B IIpeaesax
3aJaHHOTO UHTEPBAJIa TEMIIEPATYP U €€ HeJIb3s BHIHOCUTbD 32 3HAK MHTe-

rpajia B popmye (2).
Hcnonb3ys BeIpaXeHHE NpeAeabHOro 3akona Jlebast
4 3 4 T, +AT
C, = 12w o L , moyuum AQ = lz—nﬂé ITSdT
5 0, 5 Mo, ;
BBINOIHIM HHTErPUPOBAHUE:
4 4 4
AQZIZTC ﬁi; (7, +AT) _T_Z. 5)
5 M6, 4 4
C yuerom toro, uro 7, + AT =27, Beipaxkenue (5) mpuMeT BHJ
4 R T4
AQ:3LE—315T24 WITH AQ:9n4ﬂ -
M 6 M 6,

IToncrasus B mocienHiow0 GopmMyny 3HaUYeHUs BeNW4uH 7T, m, M, R,

Twu GD H, TPOU3BEAA BEIYHUCIICHUSA, TTOJTYIUM
AQ = 1,22 m/Tx». [https://library. samdu.uz]

8.3.2.2. 3apauu A caMOCTOSITEILHOIO PeleHus!
Knaccuueckasi Teopusi TenJa0éMKOCTH
50.1. «BpMUCIUTL yAENbHBIE TEIUIOEMKOCTH C KPHUCTAUIOB aJko-
MUHHSI 1 MEITU TI0 KJTACCHUECKOH TEOPHH TETIOEMKOCTH.
50.2. Ilonp3ysich KJIACCUYECKOH TEOPHUEH, BBIYUCIUTH YIEIbHBIC
teroemkoctu ¢ kpuctauioB NaCl u CaCl,.
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50.3. Beruucautpe no KjaacCUYECKON TEOPUHU TEIIOEMKOCTH TEIUIO-
émkocth C kpuctamia Gpomuna amomusns A/Brs o6vemom V=1 .
TII0THOCT p KpHCTAITa GpoMuIa amoMuEus pasra 3,01-10° kr/m’.

50.4. Onpenenute n3meHenue AU BHyTpeHHeN SHEPTUU KpUCTaia
HUKeJs nmpu HarpeBaHuu ero ot /= 0°C po 1, =300°C. Macca m kpu-
crayna paBHa 20 1. TerumoémMkocTh C BBIYUCITHTS.

50.5. BeiBectu dopmyIty aisi CpeaHed S3HEPTUN <€> KJIACCHYECKOTO
JIMHENHOro rapMOHUUYECKOT0 OCLUJUIATOPA MPU TEIJIOBOM PaBHOBECHH.
Brruucnuts 3Hauenune <e> npu 1'= 300°K.

50.6. Onpenenuts sHeprur0 U u teruoeMkoctb ' CUCTEMBI, CO-
crosmeit u3 N = 10> KIacCcHuecknx TPEXMEPHBIX HE3ABUCHMBIX TapMO-
Hu4eckux ocumisitopos. Temnepatypa 7'= 300°K.

VYkazanue. Hcnonp3oBaTh pe3yapTaT pewmeHud 3amadn S50.5».
[https://library. samdu.uz]

Teopus TenyioémrocTu JiHIITENHA

50.7. «Omnpenenuts: 1) CpeqHIOI SHEPTHIO <€> JTUHEWHOTO OIHO-
MEPHOTO KBAaHTOBOTO OCLIJUIATOpa, TMpu Temmeparype 1 =0g
(0 = 200°K); 2) suepruro U cuctemsr, coctosmeii u3 N = 10% ksanro-
BbIX TPEXMEPHBIX HE3aBHUCUMBIX OCLMIISTOPOB, IpPHU TeMIlepaType
7'=0g =300°K).

50.8. HaiiTu wactoty v koyiebaHuil aTOMOB cepedpa Mo Teopuu Te-
MIOEMKOCTH ODWHINTEHHA, €CJIU XapaKTepucTHUeckas TeMreparypa Ox
cepeOpa pasHa 165°K.

50.9. Bo Ck0IBKO pa3 U3MEHUTCS CPEHsIS SHEPTUsl <€> KBAHTOBOTO
OCLMJUIATOPA, MPUXOISINASACST HAa OJHY CTENEHb CBOOOIBI, TPU TOBBI-
IeHUU TeMrepatypsl ot 71 = 0x/2 no 7, =657 YuecTb HyJIeBYIO SHep-
THIO.

50.10. OnpenenuTh OTHOIIEHUE <€>/<E€r> CpeIHEH dHEpruil KBaH-
TOBOI'O OCLWJUIATOPA K CPEAHEH SHEPruu TEIJIOBOIO ABWXKEHHUS MOJe-
KyJI HJI€aJIbHOTO ra3a npu temneparype 7' = 6.

50.11. Mcnonb3yst KBAHTOBYIO TEOPHIO TEIJIOEMKOCTH DWHIITENHA,
BBIUUCIUTDL U3MeHeHue AU/, MOJSIpHON BHYTpEHHEH SHepruil Kpucra-
na nipu HarpeBaHuu ero Ha A7 = 2°K ot Temneparypst I'= 0x /2.

50.12. Ilonp3ysich Teopueil TEMIOEMKOCTH ODWHIITEHHaA, ompene-
IuTh usMeHeHnue AU, MONSpHON BHYTpPEHHEH SHEpPruM KpucTauia npu
HarpeBaHuu ero ot HyJs Ao 77 = 0,10z XapakTepucTHUECKyO TeMIle-
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parypy Op DHHmITeliHa nNpuHATH Ui naHHOro Kpucramna paBHOU
300°K.

50.13. OnpenenuTh OTHOCHTEIBHYIO TIOTPEIIHOCTh, KOTOpasi Oyner
NOMYINEHA, €CJIA TP BBIYUCICHUH TEIIOeMKOCTH (' BMECTO 3HAYCHHS,
naBaeMoro teopueil DitHmnrelHa (rpu T = Of), BOCHOMB30BATHCS 3HA-
YEHHEM, JaBaeMbIM 3akOHOM ltosonra u lltu.

50.14. Bpruucaute mo TeOpuU DWHINTEHHA MOJSIPHYIO HYJIEBYIO
sHepruro U, KpUCTaJula IMHKA. XapakTepucTudeckas TeMmeparypa Or
st uuHKa pasHa 230°Ky. [https://library.samdu.uz]

Teopus Tenyioémroctu Jdedas

50.15. «PaccmaTtpuBasi B 1e0aeBCKOM MPHOIIKEHUN TBEPIOE TEJIO
KaK CUCTEMY M3 NPOAOJBHBIX U MOMEPEYHBIX CTOSIMUX BOJIH YCTAHOBHTD
(YHKIUIO pacrpenejaeHus: 4acToT g(®) Ui KpUcTajia ¢ TPeXMEpHOU
KPHUCTAJUTHUECKOH pemerkoil. [Ipu BbIBOAE MPUHATH, YTO YHCIO COOCT-
BEHHBIX KoJiebaHmii Z orpaHu4eHo u paBHO 3N (N — 4muCIO aTOMOB B
paccMaTpuBaeMoM O0beMe).

50.16. 3nas GpyHKUMIO pacrpeneneHus 4actoT g(m)=— o’ g

max
TPEXMEPHOH KPHUCTAIIIMUECKON PEIIETKU, BBIBECTH (POPMYITY ISl SHEP-
MM KPUCTAJUIA, CoAeprKamero uucio N (paBHOE IMOCTOSIHHONH ABoran-
pPO) aTOMOB.
50.17. Hcnonb3yst (opMyny SHEPTUH TPEXMEPHOTO KpHCTaLIa
0p/T 3
T X N
U, =3RT(—) I R MOJIyYUTh BBIPAXKEHUE JJIs1 MOJISIPHOH Terl-
D 0 o
JIOEMKOCTH.
50.18. MognsipHas  TEIJIOEMKOCTb  TPEXMEPHOIO  KpPUCTAJ-

0p/T 3
na C,=3R0121/6,) | X dx —3(66135;1/ i)
0

x ]. Haitu npenenbHOE
e -1 e
BbIPQ&KEHUE MOJISIPHON TEIJIOEMKOCTH TPU HU3KUX TeMIepaTypax
(A<<Bp).

50.19. Beraucnaute nmo Teopuu Jlebast MOJSIPHYIO HYJIEBYIO SHEPTHIO
Uno Xpuctaiia Memu. XapakTepuUCTHYecKas TeMmreparypa Op menu
pasHa 320°K.

50.20. OmnpenenuTs MAKCUMAIBHYEO YaCTOTY (max COOCTBEHHBIX
kosebaHuil B KpucTaie 3010Ta no teopun [lebas. Xapakrepucrude-
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ckas remrieparypa 6p pasaa 180°K.

50.21. BeraucnuTh MakCUMAJIBHYIO YacTOTY Omax Jelasi, ecnu u3-
BECTHO, 4YTO MOJIsipHas TeroeMkocTs C, cepedbpa npu 7= 20°K pasHa
1,7 x/(monb-K).

50.22. Halitu otHoweHue usMeHeHuss AU, BHyTpeHHEW SHepruu
KpHCTaJIa IPU HarpeBaHuu ero oT Hyis 1o /' = 0,10p x HyneBoii sHep-
ruit Uy. Cunrars 7<<0p.

50.23. Tlonb3ysice Teopueil Teroemkoctu Jlebast, onpenenuts us-
MeHeHue AU, MONSpHON BHYTpPEHHEH 3Hepruil Kpucrajuia Mpu Harpe-
BaHUU ero oT Hyns 10 /' = 0,16p. XapakTepuCTUYECKYIO TeMIepaTypy
Op Hebas mpusATh 111 JaHHOTO KpucTtaywia pasHoi 300 °K. Cuurartb
1<<0p.

50.24. Vcnonb3yst KBaHTOBYIO TEOPHIO TeruioeMKocTu Jlebast, BbI-
yucauTe usMeHenue AU, MOJSpPHON BHYTpEHHEH 3Hepruu Kpucrasia
npu HarpeBanuu ero Ha A7 = 2°K ot temnepatypsl 7 = 0p/2.

50.25. Ilpu HarpeBanwmii cepedpa maccoit or m=10r ot 77 = 10°K
no T, =20°K 6suto momseneno AQ = 0,71 Jlxx Temnotel. Onpenenutsb
XapaKTepuCTHUecKkyro Temmepatypy Op J[lebas cepebpa. Cuwmrath
1<<0p.

50.26. OnpenenuTb OTHOCHTENBLHYIO TIOTPEIIHOCTh, KOTOpasi Oyner
JOMYIEeHA MPU BBIUUCIEHUHN TEIUIOEMKOCTH KPUCTaJlla, €CIM BMECTO
3HaueHus1, naBaemoro Teopueil [ebas (mpu 7'=0p), BOCIONB30BATHCS
3HaYCHHUEM, AaBaeMbIM 3aKOHOM lrosonra u [Itu.

50.27. Haittu oTHOIIeHUE O5/0p XapaKTePUCTHUECKUX TEMITEPaTyp
Ditniireiina u Jlebas.

VYkazanue. Mcnonb3oBaTh BbIpaKeHUs! 1JIs1 HYJEBbIX SHEPTUH, BbI-
YHCIICHHBIX 10 TEOpHsiM DHHIITeHHA 1 Jlebast.

50.28. PaccmarpuBasi B Ae0aeBCKOM MPHOIIKEHUN TBEPIOE TEJIO
KaK CUCTEMY M3 IPOIOJBHBIX U MOMEPEUHBbIX CTOSYUX BOJH, YCTAHO-
BUTH (PYHKIIUIO pacrpenesieHre 4acToT () AN KpUCTaia ¢ JIByXMep-
HOM pemeTkod (T.e. ISl KPUCTAJUIa, COCTOSILIEr0 U3 HEB3aMMOJIEHCT-
ByrOIuX cioes). [Ipu BeIBOE MPHUHATH, YTO YHCIO COOCTBEHHBIX KOJIE-
OaHuii orpaHudeHo U paBHO 3N (N — 4HCIO aTOMOB B paccMaTrpHBac-
MOM 00BEME).

50.29. 3Has QpyHKIUIO pacmpeneneHus 4actoT g(o)= © ans

3
max

KpHCTaJIa C ABYXMEPHOH peIieTKOH, BbIBECTH (POpMyIy At BHYTPEH-
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Hell sHepruii U kpucrania, conepskamiero N (paBHOE MOCTOSIHHOW ABO-
rajgpo) aTOMOB.

50.30. ITonyuuTh BBIp@XXEHHE IJIsI MOJSIPHOHW TeroeMKOCTH (,
UCTIONB3YS POpPMyITy Ul MOJISIPHOHM BHYTPEHHEH SHEPruH KpHCTaia ¢

T Op/T de
aByxMmepHoi pemerkoit: U, =3RT 2(6_) exx e

D o
50.31. MoussipHas TEMIOEMKOCTb KPUCTaJjla C IBYXMEPHON peuieT-
GTTﬁdx 36, /1),
. ex _1 eeD/Tl —l :
Haiitu npenenbHOE BBIPAXKEHHE MOJISIPHON TEIUIOEMKOCTH KPUCTasLIa
pyu HU3KUX Temmeparypax (7<<0p).

50.32. Bpruucnute MosspHyo BuyTpenHtoro sHepruto U, kpu-
CTaJIJIOB C IBYXMEPHO! peLIeTKOM, eCiIu XapakTepucTuieckas Temrepa-
Typa Op ebas pasHa 350°K.

50.33. PaccmarpuBasi B Ae0aeBCKOM TPHOJIKEHUN TBEPIOE TEJIO
KaK CUCTEMY M3 NPOIOJBHBIX U MOMEPEUHBbIX CTOSYUX BOJH, YCTAHO-
BUTh (PYHKLHUIO pacrpeneseHus: 4acToT g(®) s Kpucrajia ¢ OJHO-
MEPHOH pemeTkoH (T.e. I KPUCTaIa, aTOMbI KOTOPOTO 00pasyroT Iie-
M, HE B3aUMOZEWCTBYyIOIINE ApPYyr ¢ apyrom). [Ipu BbIBOIE NMPHUHATD,
YTO YHUCJIO COOCTBEHHBIX KojeOaHuii Z orpaHudeHo u pasHO 3N (N -
YHCJIO aTOMOB B pacCMaTpUBaeMOM O0BEME).

50.34. 3nas pynkumro pacnpeneneHust 4acToT g(®) = 3N/ Omax IS
KpPUCTaJlJIa ¢ OJJHOMEPHOH PeIieTKoM, BhiBeCTH (GOpPMYITy AJIsT BHYTPEH-
Hell dHepruil Kpucrajia, coaep:kamero yucio N (paBHOE MOCTOSIHHON
ABOTraapo) aTOMOB.

50.35. IlonyunTts BbIpaKEHUE AJII MOJISIPHOH TEMJIOEMKOCTH, HC-
noJse3ysl popMmyny IUIsI MOJSIPHOW BHYTPEHHEH >HEpPruil KpuUcTajuia ¢

OJHOMEPHOH PELIETKOMN:
0p/T

I xdx
—.
, e —1
50.36. MoussipHasi TEMIOEMKOCTh KPUCTAJ1a ¢ ONHOMEPHOU perieT-

0,/T

P oxde 3 T

ko# BeIpakaercst popmyrnont C, =3R[2(7,/6,) J' f _ (eeD?Tl/ 11)].
. _ _

Kkoii Bepaxaercst popmynoii C, =3R[6(1;/6,)

U =3RT(--)
6,

e"—1 e

Haiitu npenenbHOE BBIPAXKEHHE MOJISIPHON TEIUIOEMKOCTH KPHUCTasIa
pyu HU3KUX Temmeparypax (7<<0p).
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50.37. BpIuUCAUTD MOJISIPHYIO HYJIEBYIO SHEPTUIO Upmax KpUCTAJLNIA C
OTHOMEPHOH PEeIIeTKOH, eCliu XapakTepucTUdeckas Temreparypa Op
Hebast paHa 300°K». [https://library.samdu.uz]

TennonpoBoaHOCTH HeMeTALI0B. DOHOHBI.

50.38 «Bopna npu temneparype #; = 0°C nokpeiTa clioeM JbJa TOJ-
muHo# /= 50 cm. Temneparypa #; Bo3ayxa pasHa 30°C. Omnpenenutb
KOJINYECTBO TEIUIOTHI (J, epeaaHHoe BOJOH 3a BpeMs T = | 4 yepes mo-
BEPXHOCTb JIba MIOmaasio S = 1 M. TemIonpoBOgHOCTS A Ibaa paBHA
2,2 Br/(m'’K).

50.39. Kakas momHOoCTh N TpeOyercs Ayt TOro 4ToObl MOAAEPKHU-
BaTh Temrepatypy 71 = 100°C B TepmocTare, miomanb S NOBEPXHOCTH
KOTOpOro paBHa 1,5 M” ¢ TONIIMHOHN / W30JUPYIOIIEro CJOs, PaBHOU
2 cM u BHeuIHssA Temmneparypa f = 20°C?

50.40. Haiitu sHepruto € poHOHA, COOTBETCTBYIOLIETO MaKCUMAJIb-
HOHM 4acTOTe Mmax Jlebasi, ecu xapakTepucTudeckas Temreparypa Op
Hebast paBHa 250°K.

50.41. Onpenenuth KBa3UUMNYJIbC P (POHOHA, COOTBETCTBYIOIIETO
4acTOTe O = 0,1 Wmax. YCpPEOHEHHAsI CKOPOCTDh V 3ByKa B KPUCTAJIJIE PaB-
Ha 1380 m/c, xapakrepuctuueckas Ttemmeparypa Op Jlebas paBHa
100°K. Jlucniepcueii 3ByKOBBIX BOJIH B KPHCTAJLIE IPeHEOpeUb.

50.42. Jlnuna BOMHBI A (HOHOHA, COOTBETCTBYIOLIETO YaCTOTE
® = 0,010max, paBHa 52 uM. IIpenebperas qucnepcueii 3ByKOBbIX BOJIH,
OTPENeNIUTh XapPaKTePUCTUIECKYIO0 Temnepatypy Op Mebas, ecmu yc-
penHeHHasi CKOPOCTh V 3ByKa B KpHcTajuie pasHa 4,8 km/c.

50.43. BI4ucauTh YCPEAHEHHYIO CKOPOCTh V (DOHOHOB (CKOPOCTH
3ByKa) B cepebpe. Monynu npononpHOR /£ u monepedHoit (G ympyro-
CTEl, a TaK)Ke IUIOTHOCTD p cepedpa CUNTaTh H3BECTHBIMH.

50.44. Xapakrepuctuueckas temneparypa 0p Jebas mist Bombgpa-
ma paBHa 310°K. OmpenenuTps IIMHY BOJHBI A (POHOHOB, COOTBETCT-
BYIOIIHX 4acTOTe V = 0,1Vpay. YCPETHEHHYIO CKOPOCTh 3BYKa B BOJIb(-
pame BBIMUCTUTD. Jlucriepcuei BOTH B KpUCTaLIe MpeHeOpeyb.

50.45. Tlepuwon d pemerkn OOHOMEPHOrO KpucTaia (KpUcTasia,
aTOMBI KOTOPOTro 00pa3yroT LeTH, He B3aUMOJIEHCTBYIOIINE APYT C IPY-
rom) paseH 0,3 HM. OmnpenenuTs MaKCUMAJIbHYIO SHEPTHIO Emax (POHO-
HOB, PAaCHPOCTPAHSIOIUXCS BAOJb 3TOM LENOYKH aTOMOB. Y CPEIHEH-
Hasi CKOPOCTb V 3ByKa B KPUCTAJUIEC PaBHA 5 KM/C.

50.46. OnpenenuTh yCPpEAHEHHYIO CKOPOCTh V 3ByKa B KPUCTAJLIE,
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XapakTepucTiueckas temmeparypa O koroporo pasHa 300°K. Mex-
aTOMHOE paccTosiHue d B KpucTayuie paBHo 0,25 HM.

50.47. Beraucaute cpenHow IuHy </> cBodoanoro mpobera ¢o-
HOHOB B kBapie SiO, mpu HEKOTOPOU TeMIleparype, €CIu MPU TOH Ke
TEeMIepaType TeronpoBoaHocTh A=13 B1/(Mm'K), momsipHas Teroem-
koctb (=44 JIx/(monpy'K) u ycpemHeHHass CKOPOCTb V 3ByKa paBHA
5 km/c. TInoTHOCTS p KBapua pasHa 2,65-10° kr/m’,

50.48. Haiitu oTHOIEHNe cpenHelt muHbl </> cBoboaHOrO mpobe-
ra )OHOHOB K mapameTpy d peUIeTKH NPU KOMHATHOH TeMIiepatype B
kpuctayie NaC/, eciiu TerIonpoBOIHOCTb A MPH TOH K€ TeMIepaType
pasHa 71 Bt/(m'K). TeroeMKoCTh BBIUHCIUTEH MO 3akoHy Hefimana-
Komma. OTHOCHTEIBHBIE aTOMHBIE MAacChl: An, =23, Ac; = 35,5; mnoT-
HOCTb p KpucTaimia pasHa 2,17-10° kr/M’. YCpemHeHHYR CKOPOCTh V
3BYKa MPHUHATH PABHOMH 5 KM/C.

50.49. Beruucanth (GOHOHHOE NABJICHUE p B CBUHIIE MPU TEMITepa-
type 7'=42,5°K. Xapakrepucrudeckas remrneparypa 6p [ebas cBuHma
pasHa 85°K.

50.50. Onpenenuts (GOHOHHOE AABJICHHUE P B MEAU MPU TEMIIEPaTy-
pe 7'=0p, ecmu Op = 320°K». [https://library.samdu.uz]

dpdext Méccoayrpa

50.51. «Mcxons U3 3akOHOB COXPAHEHUsI SHEPTUU U UMITYJIbCA MIPU
UCTIyCKaHUH (POTOHA ABIIKYIIMMCS aTOMOM, MOJYYUTb (POPMYJy IOTI-
JIEPOBCKOTO CMeIeHnst A®/® I HEPEIATUBUCTCKOTO CITyvast.

50.52. Beraucautb 3Hepruro K, KOTOPYIO NMPHOOpETaeT aToM BCIe-
CTBHE OTHA4H, B TPeX Ciy4asx: 1) mpW HU3My4eHUU B BHIUMOH 4acTH
cnekrpa (A =500 HM); 2) Ipu PEHTTEHOBCKOM u3ny4eHui (A = 0,5 HM);
3) mpu ramma-msayuesnn (A= 5-107 um). Maccy m, aToma BO BCex
ClIy4asix CUATaTh OJUHAKOBOU U paBHOH 100 a.e. M.

50.53. YmupeHue CneKTpaJbHOW JIMHUM M3JIYYeHHs aToMa o0y-
cnoyieHo 3¢ dexrom Jlomnepa W COOTHOMIEHHEM HEOTPEASIEHHOCTEH.
Kpowme Toro, BcieacTsue oTAadd aToMa MPOMCXOAUT CMEIIEHUE CIIeK-
TpanbHOHN JuHUU. OLEHUTH Ui aToMa BOAOPOAA OTHOCUTEIbHbIE U3Me-
HeHust (AMA) IUTMHBI BOJIHBI U3JIy4€HUs, OOYCIIOBJICHHBIE KOKAOH U3
Tpex npuuuH. CpenHIO CKOPOCTb <V> TEIUIOBOIO JBMIKEHHUS aToma
NPUHATH PaBHOH 3 KM/C, BpeMs T JKU3HU atoMa B BO30YXXIEHHOM CO-
crosiHuu — 10 HC, sHepruro € u3aydeHunt aroma — 10 3B.
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50.54. Tlpu ucnyckannu y ¢GoToHa CBOOOIHBIM SIAPOM MPOUCXOIUT
CMeIleHNe U YIINPEHHE CIEKTPaJbHON JIMHUK. YIIUpeHue o0ycioBIe-
HO 3¢ dexTom [lomepa U COOTHOLIEHHEM HEONPEAEIeHHOCTEH, a CMe-
meHne — siBIeHneM oTaadn. OUeHHTb [ aapa ~ Fe OTHOCHTEIbHBIE
u3MeHeHust (AMA) 4acTOThl M3Ny4eHUs, OOYCIOBJIEHHbIE KaKIOH W3
Tpex npuuuH. Ilpu pacuérax NpUHATH CPENHIOID CKOPOCTb <V> sifpa
(oOycoBIEHHYIO TEIJIOBBIM ABIDKeHHEeM) paBHOH 300 m/c, Bpems T
KHU3HHU Siipa B BO30YXIeHHOM cocTosiHnH — 100 HC U 3HEpruro &, ram-
Ma-U3JIy4eHHs paBHON 15 x3B.

50.55. Haiiti sHepruto AE Bo30ykaeHus: cBOOOAHOTO MOKOMBILE-
rocs siApa Macchl Mg, KOTOPYIO OHU MPHOOPETAET B PE3yJIbTATE 3aXBaTa
ramMMa-(pOTOHA C SHEPTHEH €.

50.56. CroGoxroe sapo K mcnycruno ramma-poToH ¢ 3Heprueii
g, = 30 x3B. Onpenenuts oTHOCUTENbHOE cMelieHne AMA creKkTpaib-
HOM MHUY, 00YCIOBIEHHOE OTAaYeH spa.

50.57. Anpo zZn ¢ sHepruei Bo3Oyxaenus AF =93 k3B nepemo
B OCHOBHOE€ COCTOSIHHE, UCIYCTUB ramma-¢potoH. Haiftu oTHOCHTEND-
HOe u3MeHeHne Ag,/e, 3Hepruii raMMa-(QOTOHA, BO3HUKAIOLIIEE BCIECT-
BHE OTJIA4YH CBOOOHOTO sIIIpa.

50.58. Dueprus cBsizu [icp aTOMa, HAXOISIIETOCA B y3Jie KPUCTaJI-
Ju4eckod pewmerky, cocrasiasger 203B. Macca my aroma pasHa
80 a.e.m. Ompenenuts MUHUMAJIBHYIO 3HEPTHIO €, raMMa-(pOTOHA, IpU
UCIYCKAHMHM KOTOPOTO aTOM BCJEIACTBHE OTIA4YM MOXKET OBITh BBIPBAH
U3 y3J1a PEeIleTKH.

50.59. DuHeprus Bo3Oyxnenust AE sgpa — Ir paBHa 129 x3B. Ilpu
KaKOH CKOPOCTH v CONMMKEHUS] HCTOYHHUKA M TIOTJIOTHTENS (COAepIKalux
cBoGonHsIe sipa ' Ir) MoxHO BeencTsre sbdexra Jlomiepa CKOMIICH-
CHpPOBaTh CIBUT TOJIOC MOTJIOMEHUS W HUCIYCKaHUs, OOYCIOBIEHHBIX
oTmauen saep?

50.60. VicToyHUK U MOTJIOTUTENb COAEPKAT CBOOOMHBIE siipa BKr.
Oueprus Bo30yxneHust AE snep paBHa 9,3 k3B. OnpenenuTs CKOpPOCTh
v cONMMKEHUST UCTOYHUKA U TIOTJIOTHTEJSL, IPH KOTOPOH OyAeT mpoucxo-
IUTh PE30HAHCHOE MOTJIOIeHNEe raMmMa-(hOTOoHa.

50.61. MIcTOYHUK M MOTJIOTUTENb COAEpPKAT sApa 61Dy. DHeprus
BO3Oyknernss AFE  spmep pasHa 26 k3B, mnepuon momypacmana
Ty, =28 He. Ilpu kKakOl MUHUMABHON CKOPOCTH Viax CONMMKEHUS HC-
TOYHHKA W TIOTJIOTUTENS HapymaeTrcss MEccOay>pOBCKOE MOTJIOIICHHE
ramma-portona?
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50.62. Tlpu ckopoctH L CONMKEHUS MCTOYHUKA M TOTIOTUTENS
(comepxammx cBoGonHsie sapa ' Er, pasHoit 10 Mm/c, Hapymaercs
MéccOayIpOBCKOe MOTJomeHne raMMa-(poToHa ¢ sHeprueit &, = 98 k3B.
OueHNUTh MO 3TUM HAHHBIM CpenHEee BpeMs T KU3HH BO30Y>KAEHHBIX
saep g,

50.63. Vctounuk ramMMa-(pOTOHOB PACIOJIOKEH HaJl AETEKTOPOM-
noryotureneM Ha pacctossHuM /= 20 M. C Kako#l CKOPOCTBIO ¥ HEOOXO-
VMO TIepEeMeINaTh BBEPX UCTOYHHK, YTOOBI B MECTE PACIIOJIOKEHUS Je-
TEeKTOpa OBUIO TOJHOCTBIO CKOMIIEHCHPOBAHO H3MEHEHHE SHEPTHH
raMMa-(pOTOHOB, OOYCJIOBJIEHHOE WX TPABHUTALIMOHHBIM B3aUMOJEHCT-
BueM ¢ 3emyieii?» [https://library.samdu.uz]

TensioBoe pacmupenye TBepPabIX TeJ

50.64. «Haiitu ko3 punmrent odbeMHOTo paciupenus [ ais aHu-
30TPOMHOTO KpUCTAIA, KO3()(PHUIMEHThI JTUHEHHOTO paCIIMPEHUu KO-
TOPOro IO TPeM B3aI/IMHO HepHeHI[I/IKy.]'IﬂprIM HaIlpaBJICHUsIM COCTaB-
msrot oy = 1,25-10°K ™ 0 = 1,01:10°K ™ a3 = 1,5-10 K .

50.65. BbILII/IC.]'II/ITb MAaKCUMAJIbHYIO CUJY ['ma, BO3BPAIIAOIIYIO
aTOM TBEPAOTO Tejla B TOJIOXKEHHE PABHOBECHS], €Ciu KO3((UIIUEHT
rapmMonndyHoctn =50 H/M, a ko3(pPuUIHEHT aHrapMOHUYHOCTH
v =500 ITla.

50.66. Onpenenuts cuiy /' (COOTBETCTBYIOIIYI0 MaKCHMAJIbHOMY
CMEIEHHI0), BO3BPAINAOIIYI0 aTOM B TOJIOXKEHHUE PABHOBECHS, €CIIU
aMIUTUTYAa TEIUIOBBIX KOJeOaHuH cocTaBisieT S % OT CpPeaHero Mex-
aTOMHOTO pacCTOsIHUsA NpPU AaHHON Temmnepatype. IIpu pacuerax nmpu-
HATh Ko3¢¢umenT rapmonndnoctu B = 50 H/m, koaddunment anrap-
MoHnyHoctn vy = 500ITla, cpenHee MexXaTOMHOE  PacCTOsTHUE
ro=10,4 Em.

50.67. KakoBo makcumanbHOoe usMeHeHue Allp,x MOTeHLUAIbHON
SHEPruu aTOMOB B KPUCTAJNIMYECKON peLIéTKe TBEPAOro Tena Mpu rap-
MOHHUYECKHX KOJEOaHMAX, €CIIM aMIUINTYya TEIUIOBBIX KoJieOaHUi co-
craBisieT S5 % OT CpemHero MexaToMHOro paccrostHusi? CpenHee pac-
CTOSIHME 7, MEXKAYy aromMamu npussaTh paBHbM 0,3 Hm, monyne FOHnra
£ =100 ITIa.

50.68. Iloka3atpb, 4TO €ClIU CMEIIEHHUE YAaCTUL] B KPUCTAIIMYECKOMN
pelIeTKe TBEPAOro Tena noguuHsercs 3akony I'yka /(x) = —fx, To Ten-
JIOBO€ PacLIMpPEHHE OTCYTCTBYET.

50.69. Onpenenntb K03()HULHUEHT TAPMOHUYHOCTH 3 B ypPaBHEHUH
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KOJIe0aHUH YacTUI] TBEPAOTO TeJa, €CIM PABHOBECHOE PACCTOSTHHUE 7y
Mexay JyacTuiiamu pasHo 0,3 HM, moayib FOura £ = 200 I'Tla.

50.70. Ouenuts TepMHUUECKHI KO3PPUIHMEHT pacuiupeHus  TBep-
JOTO TeJla, cuuTasi, 4To KO3(pGUIMEHT aHrapMOHHYHOCTH Y = [/(2/r)).
IIpu ouenke npunATh: Moaynb FOura £ = 100 I'Tla, mexxaTomMHOE pac-
crosinue ro = 0,3 HM.

50.71. Beraucnutb Ko3(pPUIHEHT aHTAPMOHIMYHOCTH Y JUTS JKEeNe3a,
€CIIM  TEeMIIepaTypHbId  KO3(pPHULMEHT JUHEHHOro  pacIIupEeHUs
o= 1,2-1075K71 MeXaTOMHOE paccrosiaue 7o = 0,25 umM, moayap FOura
£ =200TITIa.

50.72. OnpenenuThb, HA CKOJIBKO MPOLIEHTOB U3MEHUTCSI MEKAaTOM-
HO€ pacCTOsiHWE B TBepIOM Teje (rmpu HarpeBaHuu ero ao / = 400°K)
M0 CPaBHEHUIO C PABHOBECHBIM PacCTOsiHUEM 7o = 0,3 HM, OTBEUAIOILIUM
MUHUMyMY TIOT€HUHanbHOW »Hepruu. llpm pacuérax npUHATH
v = B/(2/ry), momyne FOnra £ = 10 I'Tla.

50.73. OueHnuTh TEPMHUUECKUI KO(PPHUIHEHT paCIIUPEHUs o TBEp-
noro Tena, oOycinoBjIeHHOTO (OHOHHBIM mdaBieHueM (B oOnacTu
7<<6p). llpum ouLeHKe MNPHUHATH IUIOTHOCTh P KPUCTAJUIA PABHOM
10* kr/v, moayib FOura /= 100 I'Tla, oTHOCHUTEIPHYIO aTOMHYIO Mac-
cy A, = 60». [https://library.samdu.uz]

2

8.3.3. DJIEKTPHUECKUE U MATHUTHBIE CBOICTBA
TBEP/JBIX TEJI
OcHoBHbIe GopMyJibl, HCIIOJIb3YyeMble PH PelleHuH 32124
«JIeKTPOHBI B MeTaJl1e (M0 KBAHTOBOH CTATHCTHKE)
— Pacnpenenenne @epmu 1o 3HEPrUsSIM IJIsi CBOOOIHBIX 3JIEKTPO-
HOB B METaJlJIe:

—mpuT #0
1 (2mY"” g'’de
dn(e)=—|—+ ;
2n\ Ak e—¢€,;
)
kT
—mpuT=0
l 2m 3/2
dn(e)=—| = | €’de (npu e<e)),
(e) 2752[712} (Tp 1)

rae dn(e) — KOHLEHTPAHs SIEKTPOHOB, SHEPTHsI KOTOPBIX 3aKII0OUEHA B
UHTEpBaJIC 3HAUEHUH OT € 110 £+dE;

30



M ¥ € — Macca U SHEePTHUs 3JIEKTPOHA,
€7 — ypoBeHs (wu sHeprusi) Pepmu.

— Yposenb @epmu B metasuie ripu 7= 0
2

h 2 2/3
e, =—@@3nn)"".
P 2m( )

— Temnepatypa 7xp BbIpOXKIEHUS

2mh’ o
Tip = LN [http://sibsiu.ru]
Km
IHonynposoanukn

— «YaenbHas MPOBOJUMOCTb COOCTBEHHBIX TOJYMPOBOTHUKOB

Y = en(by+ by),
e e — 3apsi SJIEKTPOHA,

1 — KOHLIEHTpALUsI HOCUTEJIeH 3apsia (3JIEKTPOHOB U JILIPOK),

b, 11 b, — IOABIXHOCTH 3JIEKTPOHOB U ABIPOK.

Hanpsixkenne Uy Ha rpansx oOpasna npu 3¢dexre Xomra

U = RHB ]l,
rae Ry — Iocrosuuas Xoina;

B — wHayKus MarHUTHOTO TIOJIS,

/ — mupuHa MIaCTHHBI,

J — IIIOTHOCTD TOKA.

— IocrosinHast Xosia AJisi MOJYyIPOBOAHUKOB THIIA ajMas3a, Kpem-
HUSI, TePMaHUs U 1p., 00JaaroIuX HOCUTEISIMU 3apsiia OHOTO BUa (1

u p),

R

H

_3n 1
8 en’
r7ie # — KOHIIEHTpaIus HocuTenel 3apsinay. [http://sibsiu.ru]

MAarHuTHBIH pe30HAHC
— «MarHuTHbBIM MOMEHT s7pa

W, =guyI(+1),

rae g — siaepHsiii pakrop Jlanne (g-dpakrop);
WUN— SIIEPHBIA MarHETOH,
k= ehl(2m,);
n, — Macca MPOTOHA;
I — ciMHOBOE KBAHTOBOE YHCIIO siyipa (CIUH SIAPA).
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CBs13b MArHUTHOI'O MOMEHTA AApa ¢ MOMEHTOM UMITYJIbCa Fj Aapa

wr =I5,
r7ie Y — THPOMarHUTHOE OTHOWEHHE (Y = gua'h) u

T =nI( +1).

Ilpum. MarHUTHBIM MOMEHTOM SIZIpa HA3bIBAIOT TAK)KE MAaKCHMAJIb-
HOE 3HA4Y€HHE MPOEKLUM MArHUTHOIO MOMEHTA sipa Ha HaIpaBJICHUMN
BEKTOPAa MAarHUTHON MHAYKLHUHU BHEITHETO TMOJISL, T.€. [ = UWmax= ZUNL

— IIpoekunsi MAarHUTHOTO MOMEHTA SiAPa Ha HAMPaBJICHUE BEKTOPA
MarHUTHOM UHAYKLWI BHEIIHETO MOJIS

Wz = gUN,
r7i€ M — CIUHOBOE MAarHUTHOE KBAHTOBOE YUCHO sinpa, my =1, -1, ..., —
I

— Kpyrosast vactora ¢ mepeMEeHHOT0 MarHUTHOTO TOJIsS, MPU KO-
TOPOU MPOUCXOIUT PE30OHAHCHOE MOTJIOLIEHUE SHEPTHUH,

0o = 7B,
rne By - MarHWTHas WHAYKLIHA BHEIIHErO MOCTOSHHOTO MAarHUTHOTO
TIOJIS.

— OTHOIIEHHUE 3aCENeHHOCTEN YHEPTeTUUECKUX YPOBHEH (B OTCYT-
CTBHE BBICOKOYACTOTHOTO TOJIST)

7E27E1
N2 — kT
NS
1
rre Ny — 3acen€HHOCTb SHEPreTUIeCKOro ypoBHs F1;
N, — 3aceleHHOCTb D3HEPreTUYECKOro YpOBHA [o;, Fr>Eyp».
[http://sibsiu.ru]

8.3.3.1. llpumepsnl pemienus 3aaa4

Hpumep 1. «Kycokx meramna odvéma } =20 CM® HAXOXHUTCS npu
temneparype 7 =0. Onpenenuts uncino AN cBOOOIHBIX 3JIEKTPOHOB,
UMITYJIbChl KOTOPBIX OTJIMYAIOTCS OT MAKCUMAJIbHOIO UMITYJIBCA Pmax HE
6onee ueM Ha 0, 1 pmax. DHEprust epmu g7 = 5 3B.

Pemenune. {51 Toro utoObl YCTAaHOBHUTH pacmpereneHrue cBoOOa-
HBIX 3JIEKTPOHOB B MeTajule IO UMITYJIbCaM, BOCIIOJIb3YEMCs pacipenie-
neaneM @epmu 11 CBOOOIHBIX 3JIEKTPOHOB mpu 7' = O:

dn(e) = ! [Z_mj e'’de . (1)

2t \ A
Taxk kak dn(e) ecTb YUCIIO 3JIEKTPOHOB B €UHUIIE OOBEMa, SHEPTUU
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KOTOPBIX 3aKJIIOUEHbI B MHTEpBaJe 3HAYEeHUil OT € 10 etde (e<gj), TO
OHO JIOJDKHO OBITh PABHO YHCIY 3JEKTPOHOB di(p) B enuHuIe oObeMa,
3aKJIIOYEHHBIX B MHTEPBAJIC 3HAUEHUI UMITyJIbCa OT p 10 pdp, T.€.
dn(p) = dn(e). (2)
IIpu sTOoM AOMKHO COONMIOAATHCS Cienayroiee ycioBue. JlaHHOM
9HEPTUU € COOTBETCTBYET OMPEAETIEHHBIN UMITYIIbC P(&f = p*(2m)) v un-
TepBaJly SHEPTHil de OTBEHaeT COOTBETCTBYIOIIUN €My HHTEPBAJ HUM-

ImoaACTaBMM B

2

MyJbCOB dp[dg = £a’pj. 3amerus, uro &' = p/(2m)"?
m

NpPaByIO 4acTh paBeHCTBA (2) BMecTo dh(e) Boipaxenue (1) ¢ 3amMeHoi €
Ha p M de Ha dp B COOTBETCTBUU C NIOJYYEHHBIMH COOTHOIIECHUSIMH, T.€.

l 2m 3/2 p p
dn(p) = 2| 52 172 —dp.
2n°\ A (2m)"~ m
[Tocne cokpaleHui moJy4rnM HCKOMOE pacIipenieieHne CBOOOHBIX
3JIEKTPOHOB B MeTaJljle Mo uMImyabcaMm rnpu 7' = O:

1
dn(p) = ﬁp%fp :

Uncno 37IeKTPOHOB B eAMHHUIE 00BbeMa, MMITYJIbChl KOTOPBIX 3a-
KJIFOUEHBI B UHTEPBAIE OT Pmax—0, |Pmax A0 Pmax, HAWAEM HHTEIPUPOBA-

HHUEM B COOTBETCTBYHOIIUX IMIPCACIIAX:
2

Prmax
[pdp=

0,9 Prax

An =

Pac[1-(0,9)]

1
n’h? 3n'h’

12001
3
_ 0271 pr
3n° R
Y4uTBIBast, YTO MAKCHUMAJbHBI MMITYyJbC PMax M MaKCHMAaJIbHAs
SHEPrusl € JIEKTPOHOB U MeTaiute (npu 7' = 0) CBsA3aHbI COOTHOIIEHUEM

2 .
P max = 2mey, HalnéMm uckomoe 4nucio AN cBOOOIHBIX 3JIEKTPOHOB B
MeTaJe:

0271
AN::;TCThS(Zme)S/ZV
501851
0271( 2me, "
AN ==
3nt \ A’
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IloncraBuB 3HAYEHUS BEIMYNH T, M1, €7, h 1} 1 mpon3Bens BeIYHC-
nerust (53B= 810" Jx), nonmyunm AN = 2,9-10° SJIEKTPOHOBY.
[http://sibsiu.ru]

Hpumep 2. OOpazen wu3
repMaHusl #-TUMA B BUAE TUTa-
ctunbl mmmHOM L =10cM u
MIUPUHON / = 3 MM MOMEIIEH B
OHOPOJAHOE MAarHUTHOE I0JIe
(B=0,1 Tn) nepneHOUKYJISAP-
HO JIMHUSIM MAarHUTHOH WH-
aykuuu (puc. 8.3.10).

Puc. 8.3.10

IIpu Hanpsbxenun U = 250 B, npuiokeHHOM K KOHLIAM IJIACTUHBI,
BO3HUKAET XOJUIOBCKas pa3HocTh noteHuuanos Uy = 8,8 MB. Ompene-
auTh: 1) mocrostHAy0 Xoia Ry, 2) KOHUEHTPALHIO /1, HOCUTENEH TOKa.
VY neiapHYI0 IPOBOIUMOCTD Y T€PMaHUs MPUHATE paBHOH 80 cM/M.

Pemenue. 1. IIpu nomMemennn nosynpoBOJHUKA B MATHUTHOE TO-
Je, KaK MOKa3aHO Ha PHCYHKE, HOCHTENIH TOKa (B MOJYNPOBOIHUKE H-
TUTIA 3TO 3JIEKTPOHBI), TEPEMELIArOIUecs MO IeHCTBUEM MPHIIOKEH-
HOM K HEMY pa3HOCTH MOoTeHIuanoB U/, OynyT OTKIOHATHCS B MONEped-
HOM HalpaBJIEHUU. JTO OTKJIOHEHUE, BbI3BaHHOE cuioil JlopeHua, npu-
BEAET K (HAKOIUICHHIO» 3apsia Ha OOKOBBIX MOBEPXHOCTAX 00pasua,
IPUYEM CO37aBaeMOe B Pe3ysbTaTe 3TOro HanpspkeHue Uy (XOMIoBCKast
Pa3HOCTh MOTEHINAJIOB) AEHCTBUEM CBOMM OyIeT ypaBHOBEIINBAThH CH-
ay Jlopenna. XomIoBckas pa3HOCTb MOTEHLMAIOB ONPENEISIETCS COOT-
HOILLIEHHEM
U, =R, Bjl >R, = UH.L

Bjl

(1)

IInoTHOCTE TOKa j HaliieM, BOCHOJb30BaBLIMCH 3aKOHOM Oma B
mddeperunansHOit opme:

Jj =vE, rne I — HanpspKeHHOCTH MOJIst B 00pasie.

Cuwnras none B oOpaslie OMHOPOIHBIM, MOXKHO Hanucathb F = U/L u
TOorga

j=vyUIL.
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IToxcTaBUB TIIOTHOCT TOKA B BeIpaskeHHe (1) moayuum
_ U,L @)
T BN
Bripasum Bce Benmmumbbl B emunHunax CHU (Uy = 8,8-1073 B,
L=01wm B=0,1Tn, U=250B, y=80Cwm/m, /= 6:107 M) U TPOU3-
BE/IEM BBIUNCIICHUS:
_ 88:107-0,1
70,1-250-80-6-10°°
2. KOHLEHTpaLuo # HOCUTENIEH TOKa B MOJYIMPOBOJHHUKE OAHOIO
Tina (B HameM Cjydae AM-THIA) MOXKHO HAWTH W3 COOTHOLIEHHS
3n 1 .
R, = ——, rne e- anemeHTapHslii 3apsaa. Orcroga n = :
en 8RR, e
IIpoussens BBIYUCIECHHUS, TOIYYUM 1 = 107 3J'I€KTpOHOB/M3.

=733-10" m’/Kn

Hpumep 3. Obpazen U3 BEwIECTBA, CONEPIKAINEIO YKBHUBAJICHTHBIE
sapa (MPOTOHBI), HAXOIUTCS B OJHOPOIHOM BHEITHEM MAarHUTHOM IOJIe
(B=1Tn). Onpenenutd: 1) OTHOCUTEIBHYIO Pa3HOCTb 3aCEJICHHOCTEH
SHEepreTudeckux ypoBHell npu temneparype /'= 300°K; 2) gacToTy Ao,
IPU KOTOPOH OyeT MPOUCXOANTD SIIEPHBII MAarHUTHBIN PE30HAHC. JK-
PAHUPYIOIIMM ACWCTBUEM 3JIEKTPOHHBIX OOOJIOUEK M COCEOHHX sIep
npeHeOpeys.

Pemenne. 1. B marHuTHOM mosie siapa mpUOOPETAIOT MOTOJHU-
TEJIbHYIO SHEPTHUIO, ONPEAeNseMYyI0 COOTHOLIEHHEM

E= —},lzB, (1)
rze |z — IpOeKLMsi MAarHUTHOTO MOMEHTA siipa Ha HalpaBJI€eHUE BEKTO-
pa B (oc OZ).

[Ipoekunst MAarHUTHOTO MOMEHTA SiApa BhIpaXkaeTcst GopMyIIoi

Ky = ghymy,
rae g — sanepHeiid daxrop Jlanne,

Ly — SIAEPHBIA MAarHeTOH,

P11 — CIIMHOBOE MAarHUTHOE KBAHTOBOE YHCIIO sIIpa.

IToxcraBuBs 310 BBIpaXKeHHe B popmyny (1), momyuum

E=-gu,Bm,.
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Ny / CnuHOBOE MarHMTHOE

EZ mr =- -2- KBAHTOBOEC YHCJIO My HpPO-
f TOHa MOXET TNPHHUMATh

(E 2=ty QﬂNB) TONBKO  1BA  3HAYEHUS:

my=+% 51 my=—"
(puc. 8.3.11). 3HaueHne
Ny 4 my=+% COOTBETCTBYET
Eq mr=+3 HUKHEMY DHEPTETHIECKOMY
(i=-F gupB) PO
Puc. 8.3.11 e 2)

3HaueHue m;=—'2 COOTBETCTBYET BEPXHEMY OSHEPreTUUECKOMY
YPOBHIO

Ly = —%guNB : 3)

B oTrcyTcTBHE MarHMTHOTO MOJIST YUCIO SiA€P C MPOTHUBOIMOJIOKHO
HATPaBJICHHbIMH CIIMHAMU OJWHAKOBO U paBHO N/2 (3meck N — oOree
qucino saep). B MarHUTHOM o€ TPOMCXOIWT IepepacrpeneieHne
siiep Mo SHepreTudeckuM ypoBHsAM. Ha HukHel ypoBHe ¢ sHepruei £
Oynmer HaxOAUThLCS OOJbIIE sAep, YeM Ha BepXHeM c sHeprueit F,. Huc-
7o simep N (3aceeHHOCTh JAHHOTO YPOBHS), HAXOMSALIUXCS Ha HIJKHEM
SHEPreTUYECKOM YpPOBHE [], MOKET OBITh BBIYHCIEHO MO (opmyiie
bonbumana:

N & N a2
N =—e wuwm N=—e? &,
2 2
COOTBETCTBEHHO MOXKHO HAMTU U YHCIO siep N,, HAXOIAIINXCS Ha
BEPXHEM HSHEPT€TUYECKOM YPOBHE:
E N Lot
N,=—e" wm N,=—e?
2 2
Tax xak 1/2gunB<<kT (370 Oyner moka3aHo HHKE), TO MOYKHO BOC-
TOJIb30BAThCs TPUOJIMKEHHBIMU PABEHCTBAMU € ~ = [-x u € = 1+x, ecnu
x<<1. Torma
N 1 B N 1 B
N o~—|1+— guN win N,~— l——gN
2 kT 2 kT

Pasnoctb AN 3aCEJIEHHOCTU HHEPreTHYeCKUX YpPOBHEM Halném,
BBIUUTAsI U3 IEPBOTO MPUOIIKEHHOTO PABEHCTBA BTOPOE
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1 B
AN =N, —-N,=— —. 4
1Ny = S8y (4)
Paznenus AN Ha N, HOJIydUM OTHOCHUTENBHYIO Pa3HOCTb 3aCEJICH-

HOCTEH SHEPreTUUECKUX YPOBHEM:

AN 1 B

N2
Bripasum Bce Benmuuunbl B eqununax CH: g = 5,58 (ans npotoHa),
wy=5,0510% Am, B=1Tun k= 1,3810"7 /K, 7 =300K.
IToxcraBum 3TH 3Ha4eHUs B Gopmyny (4) U IPOU3BENEM BBIYHCIIE-
HUM:
AN 558:505-107 -1
N  2-138-10%-300
[TonyueHHBIN pe3yNbTaT OMpPAaBABIBACT HAIIE IOMYyLIEHHE, YTO

=3,4-10°.

1 gu, B <<kT.
2 kT

2. Iloa nelicTBHEM BJEKTPOMArHUTHOTO M3JIy4YEHHs], YrjioBas 4ac-
TOTa KOTOPOTo

Mo = (El — Ez)/h, (5)
OyAyT MPOUCXOIUTH IMEPEXOAbl MEXAY YpPOBHSAMH >Hepruu £y un B,
IIpUYEM 3JIEKTPOMArHUTHOE M3JIyu€HUE BbI3bIBaeT nepexonnsl £i— /15 u
E>— E; c paBHOU BEPOSATHOCTBHIO MPU YCIOBUH OAWHAKOBOH 3acCeNeHHO-
CTH HHEPreTUYeCKUX ypoBHeH. Tak Kak HIKHHUI YPOBEHb UMeeT OOJIb-
LIVIO 3aCEJIEHHOCTb, YeM BEPXHUIL, TO Mepexobl C MOIJIOIIEHUEM dIIeK-
TPOMAarHUTHOTO u3iny4ueHus (E;— £;) OyayT MpOUCXOAUTH Halle, 49eM C
uznydeHueM (E>— E;). DT0 U ecTh pe30HAHCHOE MOTJIOLIEHHE 3JIEKTPO-
MAarHUTHOTO W3JydeHusi, OOYCJOBJIEHHOE SAEPHBIM MAarHeTH3MOM
(AIMP).

IToncrasus B (5) BbIpaskeHue st sHepruil £ u F; cornacHo (2) u
(3) 1, 3aMeHUB YTIIOBYIO HYACTOTY () HA YaCTOTY Vo(Wo2TA), HAWOEM pe-
30HAHCHYIO YaCTOTY Vo ISl BHEITHETO MarHUTHOTO 1oJisi B (B peasibHbIX
oOpa3max MarHuTHOE moJsie B, NefCTBYOWEH Ha AApO, OTIMYAETCS OT
BHELIHEro MOCTOSIHHOIO NMoJIst By Ha BenuuuHy B mons, coznaBaeMoro B
MECTH HaXOXKICHHS spa 3JIEKTPOHAMH M SIAPAMH BCE MOJIEKYJT o0pas-
11a, B TOM YMCJIE€ U TOW, K KOTOPOH NPHUHAMJICKUT AaHHOE apo. B ycno-
BUSIX TAHHOM 3a/1a4u 1oJieM B Mbl ipeHeOperaem):
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Vv, =81 b
° Yonn
HOI[CTaBI/IM B 3TO Bpra>KeHI/Ie YUCJIOBBIC 3HAUCHUA (I)I/ISI/ILIGCKI/IX
BCIMYHMH U npomBeneM BbILII/IC.]'IeHI/IﬂI
Vo=5,585,0510"%
558:505-107-1

v, = =427-10" Tu=4257 MI'1.
" 2314.105-10 % B B

8.3.3.2. 3apauu A caMOCTOSITEILHOIO PelIeHus!

JaekTponsbl B MeTaie. Pacnpenenenue ®epmu-/{upaka

51.1. «Onpenenuth KOHLEHTPALMIO /1 CBOOOAHBIX 3JIEKTPOHOB B
Mmetanne npu temmneparype /' = 0°K. Duepruro @epmMu & NpUHATH paB-
Hol 1 3B.

51.2. OnpenenuTh OTHOWIEHWE KOHLEHTPALMIO #1/H; CBOOOIHBIX
3JIEKTPOHOB Ipu /'=0 B JUTUM U LI€3UM, €CIU U3BECTHO, YTO YPOBHHU
®epMH B 3THX METaUlax COOTBETCTBEHHO paBHBI £f1 = 4,72 3B,
€2 = 1,53 sB.

51.3. Onpenenuth 4nCIO CBOOOIHBIX 3JIEKTPOHOB, KOTOPOE MPUXO-
IOUTCSI HA OAUH aToM HaTpus npu temneparype /'= 0°K. Yposenb ®ep-
mu &7 11 Hatpus pasen 3,1 3B. IlnotHocTs p HaTpus pasHa 970 KI/M

51.4. Bo ckoibko pa3 4HCIO CBOOOMHBIX 3JIEKTPOHOB, MPHUXOIS-
IIUXCS Ha OMH aToM Metaiuia npu /' = 0, OoJble B aTFOMHHUH, Y€M B
Menu, eciu ypoBHH DepMH COOTBETCTBEHHO paBHbI £f1 = 11,7 3B,
€2 = 7,0 sB?

51.5. OmnpenenuTb BEpOSATHOCTb TOTO, UTO 3JEKTPOH B MeTajule
3aliMeT DHEpreTHueckoe COCTOsIHME, HaxoJjdlleecsi B MHTepBae
Ag = 0,05 3B Huxe yposHs @epMu U Bblllie ypoBHA Pepmu, s ABYX
temnepatyp: 1) 71 =290°K; 2) 7, = 58°K.

51.6. BeiuucauTh CPEeaHIOK KUHETUYECKYIO SHEPTHIO <E€> 3JIEKTPO-
HOB B Mertauie npu Ttemmneparype /' =0°K, eciau yposenp Pepmu
gr =73B.

51.7. Metann naxonutcs npu temneparype /'= 0°K. Onpenenurts,
BO CKOJIBKO Pa3 4HCJIO 3JISKTPOHOB C KMHETHYECKOH dHeprueil ot &;/2
10 &; OOJIbIIE YHCIIA 3JIEKTPOHOB C dHeprueil ot 0 10 £4/2.

51.8. DnexTpoHb! B MeTaie HaxoaATcs npu Temneparype /'= 0°K.
Haiitn orHocutensHoe uncio AN/N cBOOOIHBIX 3JIEKTPOHOB, KHHETHU-
YyecKast SHEPIHsl KOTOPBIX OTJIMYaeTcs oT sHepruii @epmu He Oosee yem
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Ha 2 %.

51.9. Ouenurp Temnepatypy 7xp BBIPOXKACHMS IJS Kajlus, €ClU
NPUHATD, YTO HA KKOBIH aTOM MPUXOAMTCS MO OJHOMY CBOOOITHOMY
3nexTpoHy. IINOTHOCTD p Kamust 860 Kr/m.

51.10. OnpenenuTh OTHOLIEHHUE KOHUEHTPALUHU Hmax IJIEKTPOHOB B
metaiute (pu 7' = 0°K), sHeprust KOTOPBIX OTIMYAETCA OT MaKCUMAaJlb-
HOH He Oojiee 4yeM Ha Ag, K KOHLUEHTPAUUHN Hpin SJIEKTPOHOB, YHEPTHUN
KOTOPBIX HE MPEBBILAOT 3HaueHus € = Ag; Ae npuHsTh paBHbIM 0,01&.

51.11. 3nas pacnpenenenue dn(e) SIEKTPOHOB B METAJLIE 1O SHEP-
TUsIM, YCTAaHOBUTH pacrpeneieHne dn(p) >JEKTPOHOB MO HMITYJILCAM.
Haiitu yactHblil ciydaiil pacnpenenenus npu T = 0°K.

51.12. Tlo ¢pyHkuuii pacnpeneneHus: dn(p) >IEKTPOHOB B MeTajlie
10 UMITYJIbCAM YCTAaHOBHTD pacrperneneHue dn(v) mo ckopoctsam: 1) mpu
moboit remnepatype 7 2) npu 7= 0°K.

51.13. OnpenenuTh MaKCUMaJIbHYI0 CKOPOCTb LMAX 3JEKTPOHOB B
metane npu 7= 0°K, ecnu ypoenb @epmu € = 5 3B.

51.14. BeIpa3utb CpPEemHIOK CKOPOCTb <V> 3JIEKTPOHOB B MeETajlIe
npu 7'=0°K dyepe3 MakCUMalbHYIO CKOPOCTb Uma.x. Bbrumcnurs <y>
1 MeTasna, yposeHb @epmiu € kotoporo nipu /'= 0°K paseHn 6 3B.

S51.15. Merann naxoautcs: nipu Temmneparype /' = 0°K. Omnpene-
JHUTb, BO CKOJIBKO Pa3 YHUCJIO 3JEKTPOHOB CO CKOPOCTAMHU OT Upay/2 10
Umax 60JbIIIE YHCIIA 3JIEKTPOHOB €O CKOPOCTAMU OT 0 110 Upax/2.

51.16. BbIpasuTb CpemHION KBaJPaTHUHYK CKOPOCTb <V’ >
3NeKTpoHOB B Metaiute npu 7 = 0°K depe3 MakCHMalbHYK CKOPOCTb
Umax 3ME€KTPOHOB. PYHKLUHUIO pacnpeneseHus 3JIEKTPOHOB IO CKOPO-
CTSM CUMTATh U3BECTHOM.

51.17. 3nas pacnpenesnenne dn(y) 3JIEKTPOHOB B METAJIE MO CKO-
poCTsM, BBIpa3UTh <1/v> depe3 MaKCHUMAJbHYIO CKOPOCTb Upax 3JIEK-
TpoHOB B Merajuie. Merann  Haxomutes mpu 1= 0°K».
[http://ww.lektsii.com]

Hoaynposoauuxu. Iddext Xoana

51.18. «Onpenenuts yposeHb Pepmu £ B COOCTBEHHOM IOJIYIIPO-
BOJHUKE, ecnu 3Heprusi Al aktusaunu pasHa 0,1 3B. 3a HyneBol ypo-
BEHb OTCYETAa KUHETHYECKOW JHEPTrHil 3JIEKTPOHOB MPUHATH HU3LIUNI
YPOBEHb 30HbI MPOBOUMOCTH.

51.19. CoOcTBeHHBIH MONYNPOBOAHUK (TepMaHuil) IMeeT NpU He-
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KOTOpOi1 TemnepaType yaenbHoe conpoTusieHue p = 0,48 Om-m. Omnpe-
OETUTh KOHLEHTPALUIO /1 HOCUTeNeH 3apsAaa, ey IOABIKHOCTHU b, u b,
3JIEKTPOHOB U JBIPOK COOTBETCTBEHHO pasHbI 0,36 1 0,16 M*/(B-c).

51.20. YnenpHas nNpoBOAUMOCTb Y KPEMHHUsSI C NPUMECAMH paBHA
112 Cm/m. Ompenenuts MOABIKHOCTD b, OBIPOK U UX KOHIEHTPALHIO
np, €CNU MOoCcTosiHHAs Xouna Ry = 3,66‘104M3/K.]'I. IIpunsaTe, uyTOo MOMY-
MPOBOJHHUK O0JIaIaeT TOJIBKO ABIPOYHON MPOBOJUMOCTBIO.

51.21. B repmanuii 4acTb aTOMOB 3aMELI€HA aTOMaMHU CypPbMBI.
PaccmaTtpuBas IOMOJHUTENBHBIN 3J1€KTPOH MPUMECHOTO aToMa MO MO-
nemu bopa, oueHuTh ero sHepruro F CBsi3u W pagmyc ¥ opouthl. Jlu-
3JIEKTPUYECKasl MPOHULIAEMOCTD € FeépMaHus paBHa 16.

51.22. IlonynpoBOOHMK B BHAE TOHKOW IUIACTHHBI IIUPUHON
/=1 cm u gnusoii L = 10 cM noMeIeH B OJJHOPOTHOE MAarHUTHOE TOJIe
¢ unaykuue B = 0,2 Tn. Bekrop MarHuTHOM MHAYKLUHU NMEPHNEHAUKY-
JSIPEH TUIOCKOCTH IIacTuHbl. K KOHLIaM macTuHBI (TI0 HarmpasJieHHo 1)
MPUIJIOKEHO MocTosiHHOe HanpsibkeHue U = 300B. OnpenenuTs X0JI0B-
CKYIO pa3HOCTb MoTeHuuaaoB Uy Ha rpaHsAX IMJIACTHUHBI, €CJIU MOCTOSH-
nast Xomna Ry = 0,1 m*/Ku, yaenbHOe conpotusyeHue p = 0,5 Omm.

51.23. Tonkas muacTvHA U3 KPEMHHS LIUPUHOHN / = 2 ¢M TOMelneHa
NEPNEeHIUKYISAPHO JUHUAM UHAYKLUHUH OJHOPOAHOIO MarHUTHOIO MOJIs
(B=0,5Tn). Ilpu mIOTHOCTH TOKa j =2 MKA/MM’, HAIPAaBICHHOTO
BJIOJIb IUTACTHHBI, XOJJIOBCKAas pa3HOCTb moTeHuuanos Uy okasanach
paBHoil 2,8 B. Ompenenutb KOHLEHTpPALUIO # HOCUTENEH 3apsaar.
[http://ww.lektsii.com]

MAarHuTHBIH pe30HAHC

51.24. «Onpenenutb rHPOMAarHUTHOE OTHOLIECHHUE Y 11 CBOOOIHO-
O 3JIEKTPOHA.

51.25. CBoOOnHBIA 3JEKTPOH HAXOMUTCS B MOCTOSTHHOM MAarHUT-
HOoM TioJie (Bo =1 Tm). Onpenenuts 4acToTy Vo MEPEMEHHOTO MArHHT-
HOTO MOJIsA, IPU KOTOPOH MPOUCXOIUT PE3OHAHCHOE MOTJIOLIEHUE 3HEep-
T'Hid JIEKTPOHOM (g-(pakTop st CBOOOTHOTO 3JIEKTPOHA PaBeH 2).

51.26. OnpenenuTb OTHOLIEHUE M577p/ Ok PE3OHAHCHOHN YaCTOTBI
3JIEKTPOHHOIO MapaMarHUTHOTO pe30HaHCa K LMKJIOTPOHHOW 4acToTe
(g-dakrop pasen 2,00232).

51.27. CrangapTHblE CIEKTPOMETPHI [T HAONOACHUS 3JIEKTPOH-
HOTO mapaMarHuTHoOro peszonanca (J11P) uMeroT Ha OTHOM M3 IHanas3o-
HOB (puKCcHpOBaHHYIO YacToTy Vo = 9,9 ITu. OmnpenenuTe MarHUTHYIO

40



UHAYKLHIO nosis By, Ipyu KOTOPOH MPOUCXOIUT PE30HAHCHOE MOIJIOIe-
HUE OSHEPrUH PaJUOvYacTOTHOTO TOJII CBOOOAHBIM  3JIEKTPOHOM
(g-dakrop paseH 2).

51.28. OnpenuiuTh THPOMAarHUTHOE OTHOILIEHHE Y AJIs1 CBOOOIHOTO
MPOTOHA.

51.29. CoOonHbII MPOTOH HAXOIUTCS B MOCTOSIHHOM MarHUTHOM
nosie (Bo =1 Tm). Onpenenuts 4acToTy Vo MEPEMEHHOTO MArHUTHOTO
MOJIs, MPU KOTOPOM IPOUCXOAUT PE30HAHCHOE MOTJIOLIEHUE SHEePruu
pOTOHOM (g-axTop paseH 5,58).

51.30. B onblTax MO W3y4€HHIO MAarHUTHBIM PE€30HAHCHBIM METO-
IOM MAarHUTHBIX CBOWUCTB aTOMOB 25Mg B OCHOBHOM COCTOSIHMH OOHAa-
PYKE€HO PE30HAHCHOE MOTJIOUIEHNE SHEPTUHU ITPU MAarHUTHOW MHAYKLIUU
By ons, pasroit 0,54 Tn, 1 9acTOTOMN Vy MEPEMEHHOTO MarHUTHOTO T10-
151, pasaO# 1,4 Mru. OnpenenuTs sinepHblid g-hakTop.

51.31. MeToOM MarHUTHOIO PE30HAHCA ONPENENSFOT MarHUTHBIN
MOMEHT HelpoHa. Pe3oHaHcHOe mornomeHne HaOMOAaeTcsi Ipu Mar-
HUTHOW MHAYKUUU By nofs, paBHoit 0,682 Ta, u yactoTe vy nepeMeHHO-
ro noJisA, pasHoH 19,9 MI'u. Beruucnuts sipepHblil g-hakTop U MarHuT-
HBIIl MOMEHT |y HEeHpoHa. M3B€CTHO, YTO HamnpaBiaeHUsl CIUHOBOIO Me-
XaHUYECKOro M MarHUTHOTO MOMEHTOB MPOTHUBOMNOJOXHBEL CHHUH Heil-
poHal="%.

51.32. Ina monexynsl HD, Haxonsimencs B OCHOBHOM COCTOSIHUM,
SIEPHBIA MArHUTHBIN pe3oHaHC Habmonaercs: 1) mist mpoToHa (I = ¥2) B
MOCTOSTHHOM MarHuTHOM mnoJsie (By = 94 mTn) npu gacrore vy epeMeH-
HOTO MAarHUTHOTO moJisi, paBHOH 4 MI'w; 2) ms netitoros (/= 1) coot-
BeTcTBeHHO mpu By = 0,37 Ta u wacrore vo = 2,42 MI'u. Onpenenutsb
0 3TUM AAHHBIM g-(DakTOp M MAarHUTHBIH MOMEHT |l, U [ly IPOTOHA H
NelTOHa (B eMUHULAX LLy).

51.33. Ilpu kakoii 4acTtoTe Vo MEPEeMEHHOro moJisi Oyner Habro-
natecst AMP snep p (I="; w =2,63uy), ecnu MarHUTHAsT UHAYKIUS
By mocrosinaoro nosist pasHa 2,35 Tna?» [http://ww.lektsii.com]
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pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TIepcoHATOM» (B 9-u wacTax). Yacts 8.1. @m3uka atoma. /Cocr.: B.U. CagonoB.
— Craxanos: ®I'BOY BO «JII'Y mm. B. Jansa».

20. Meroau4ecKkue yKa3aHus K MPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «DU3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TCpCoHAIoM» (B 9-m uactax). Yacte 8.2, DICMCHTH KBAHTOBOH MCXAHHKM.
/Cocrt.: B.U. Cagonos. — Craxanos: ®I'BOY BO «JII'Y mm. B. Jam», 2023. — 50 c.

21. MeToau4ecKkue yKa3aHUSA K MPAKTHYCCKUM 3aHATHAM MO JUCHHMIUIHHE «Du-
3WKa» AI9 CTYICHTOB HAmpaBlIeHWs moaroToBkH IIpodeccronansroe oOyueHHE (10
orpacisM), mpodum: «IKOHOMHKA H yIpaBicHUSY, «MH(DOpMALMOHHBIE TEXHOIOTHH
U CHCTEMBD», « DNEKTPOCHAOKEeHHE», «Be30MacHOCTh TEXHOIOTHIECCKUX MPOLECCOB U
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TIepcoHAmOM» (B 9-m uacTiax). Yacts 9. ®m3uka sapa. /Coct.: B.WU. CagoroB. —
Craxanos: ®I'BOY BO «JIT'Y um. B. damsa»
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YuebHoe u3manue

METOAUYECKHUE YKA3ZAHUA
K MPAKTHICCKAM 3aHATHAM IO JUCITHILTIHHC
«PHU3HUKA»

JUI CTYACHTOB HAIIPABICHUS MOATOTOBKA
IMpogeccronansHOE 00YICHHES (IO OTPACIIAM), POPIITH:

«DKOHOMHKA W yrpasicHue», «MH(POPMAaIHOHHBIE TEXHOIOTHH U CHCTEMBDY, «DEK-
TpocHAOXKEHHUE», «be30MacHOCTh TEXHOIOTHIECKUX MPOIIECCOB M IMIPOU3BOICTBEY,
«TopHoe memo. [ToazemHas pa3padoTKa MIACTOBBIX MECTOPOKICHUID, «[ OpHOS IeI0.
DIEeKTPOMEXaHIMIECKOE 000PYI0BAHHIE, ABTOMATH3ALIS TIPOLECCOB JOOBIMH MOJIC3HBIX
HCKOIIAEMBIX U pya», «['opHOe memo. Texaomormieckas 6€301MacHOCTh M TOPHOCIIAca-
TEABHOC Ao, «IIpodecCHOHATBHAS ICHXOIOTHDY, « Y MPABICHHUE TICPCOHATIOM» (B 9-
u yactax). Yacte 8.3. ®usuka TBEpAOro TeNa
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