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SIpum yTKa3ruu Moaaanap Ba ysap acocuaa rainépnanaéTran
ac60b1ap Ba KypuiMaiap T060pa KeHr Ky/1amaa Ky/L1aHuIMOK-
na. Bynunr acocuit cababaapu spum §TKasrmMy MoaAasapHUHT
axoinG Xoccanapuaup: SPUM  YTKasruuAap TYPAM TawWKu
TabCUp/Apra JKyAa Cesrup, y/iap 3aMuHMIa MuLial uMKapH-
naérran acGoGNapHUMHT YnuamAaapy, XaXMH KHYWK, MLIALT
MyauaTi KaTTa Ba 6axapajurad Xu3Mmatiapu AoMpacu XKyaa
kedr. Ly 6unan 6up BakTAa ynap Typam 3apbrapra umgam-
JMAND.

Slpum  JTKasruwiap Ky/A1aHMagrraH coxXa XO3Mp TOMM.-
maiizn. BunoGapuu, sipum yTkasruu Moapanap sa ac6061apHu
TAAKUK ITULL, YJIaPHHHT UMKOHUATIaDUHH keurav“n‘upnuj xamaa
SIHTH XOCCANapWHM Kamid Ku/WII Macaiajiapy XO3Kpru 3aMOH
dannma MyXum YpuH TyTaau.

Vabexkucronaa spuM  yTKasruunap ¢u3m(acu coxacuaa
WIMMIi-aMa/Iuii TAIKMKOT Huiapu Oaunap AKaJEeMMACH UHCTH- |
TyTAapuia, WYHUHTAEK, OJMi VKyB topTaapu saGopatopusi-
Jlapujia 1oKOpH CaBUs/a, YHYMJIW Ba Xajaanl OJ|M6 GOPM.HMOKJG.
Pecny6/mkaMn3/ia D1€KTPOHMKA CaHOATH aHYa PMBOXKJAHTAH
Ba KeJaXak[a siHa XaM PUBOXJIAHamW, Ae6 yMMI Kunamu3.
By caHOAT yuyH 10KOPU MAJaKajlW MyTaXaCCHCIapHM YHHBEp-
cureriap Ba TexHuka oMl YKyB IOpPTIApM  eTHLITHPHG
Gepaau. TanaGanap, acnmpaHTiap Ba &ul  MyTaxaccuc/iap
nxTvépuaa spumM YTKasruuwiap dusnkacy 6yitnua yabek twanga
€3unran  3aMOHaBWi OpWIMHAn KyinaHma ertumMaimu. Ly
KaMUMMKHA TYIMpULI MaKcaauaa 6u3 y3umusuuur TOWKeHT
JlaBiatT yHWBEPCHTETH SIPMM YTKAas3rMusiap Ba AMBJIeKTPHKIAp
dusukacu kadenpacumaru xamaa AHAMKOH JlaBiaT yumBep-
cuTeTMAArW Kyn WMAIMK Taxpubara acocnaHuG Tysnaraum
ywly Ky/iaHMaHM TakIuM KHIMOKIaMH3.

AnbarTa, HUCOaTaH KMYMK XaXKMIM KUTOGAA spuM YTKas-
ruuiap GU3MKacHAeK KaTTa COXaHMHT Gapua HyHaimuLiapuim
Gatacdcun 6aén Kuum MymkuH amac. Bos yctura, 6y coxanuHr
aiipum 6yaumnapyu Gyitnua Kyitanmanap €on st MM Gom-
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KATTUK XMCMJIAPHUHI TY3WIMIIM BA BAB3H
MYXHM XOCCAJIAPH

KaTtuk KucMmaap Ty3waumiwu, TapkuGu, yiapHu TalKua
ITraH 3appajiapy OpacHar¥ y3apo TabCcup Ky4J1apH, MEXaHuK,
QMIeKTP, MarHMT, ONTHK Ba 6OUIKA XOCCAnapH KUXaTHAAH
Typau rypyxjiapra Gyiumsagum. Macanan, S71eKTp Xoccanapu
6yitnua KaTTHK XXUCMAAp AXIUK YTKasruyaap (MeTaniap), spum
yTkasruunap (Gy aramann kymm6 €3ca xam 6y1amn  (myann.)
LMBAEKTPUKIAP FYPYXIAPHHN TalKua Kusaam. Maruur xocca-
Jlapy JKMXAaTHIAH 3Ca AMaMarHuT, MapamarHut, dpeppoMarHur,
anTudeppomariuT Ba eppuraap 1e6 aTasagMraH KaTTHK
JKUCMJIAD TYPAApH MaBXyil.

By 6061a KaTTHK XUCM1aPHUHT SIPUM YTKasrudnap pusnka-
cunn Gaén Kwiniuga 3apyp Oyiaaguran ymymuit Ba ailpum
MYXMM XOCCajapu XaMmla ynapuyu - Tascudainuran acocuit
TymyHYanap TYFPUCHIA MABAYMOT Gepunajm.

KaTTuk XuCMap ylapHM TalIKWI KWIraH 3appajapHUHT
Koftamm Taptuéura acocaann6 Kpucrana Ba amopd KHCM-
nap rypyxnapura axpanagd. AMopd XuCMaapHu (MacanaH,
WHIIAHKA) TAWKWI KHIraH aTomnap (MOHJap, MojeKyJajap)
HUMHI XOi/TANIIMAA KaTbuit Gup TapTub ityx. Bynnan yrapuunr
azanapuuy  yIrapTMpuMILAa,  (MacanaH, CyIOKJTaHWIIA)
KATBUI YTHLI HyKTasapu (CyOKIaHMIU Temriepatypanapu)
MaBXy1 Oyamacaurn xem6 umkamu: amopd xuemsap Gup
XOJIaT/IaH MKKMHYM XOIaTra y3/yKcH3 YT Typamn. AMMO Kpuc-
Tala KUCMJADHM TAalIKMA KMATaH atoM (MOH, MosekyJa)
J1ap XKOWIAIMILMAA MyailsiH TapTHO MaBXKyA: MabayMm iy Hanuul-
J1ap/ia Xap KaHuai WKKU KyUIHA aToM opanuen oup xui. Iynnar
YUYH XaM KPUCTA//l XOATAATH KATTHK KUCMIAPHUHT (a3zanapu
y3rapuuiv (CYIOKNaHMLI, KOTHII Ba X0Ka30) KaThuid MyalsH
TemnepaTypa Ba Gocumiapaa coaup 6yraam.

Kyitnna Kpucrainap TYEpucuia oOupmyHua GatapCuapok
TanuwmuG yrunagu.

1- §. Kpucraan nawxapacu
MyT/iak HOMb TeMmmepaTypaja KpucTal aTOMJIAPUHMHT
(MacanaH, YHM TaWIKWI KWJIYBYM Xap KaHzai 3appaiap)HWHT
Mapkasaapu Oup-6upu Gwran TyTawTupuica, (a3oBuii maH-
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1- pacw. 2- pacm.

Kapa Xocwa1 OYnamu, yHWu KPUCTANL NAHXKAPACH AeAMAamu
(1- pacm). [leMaK, KpUCTa/lapia aToMAAPHUHT XKOMIALIMIIKA
Gazosuil 1aBpHilIMK (EKM TPAHCAALMOH CHMMETPUsA) XOCCAaCH-~
ra ara.

Xap kaunaii KpucTaanga Gup TekMCanKaa €T™MAraH yuta aco-
cuit #ynammm (Gour #yHanMwnap) 6yaaau: Oy WyHasuuuiapaa
6up Xua Ypunaard (SKBMBAJIEHT Ba3UATAArM) KYWHM aToMiap
(vonnap, Mosekynanap) opacuparm Macodanap a;, az, as
BeKTOpAIap opkay Gearmianazm. UeKcH3 KPUCTain naHxapa-
CHMHM Xap OMp «; BeKTOp iyHajIMMAa yjapra Kappaam Mmaco-
cdara CH/UKUTHII KPUCTA/LT MAHXapacH Ba3UATHHHU Y3rapTup-

maiian. IWynunr yuys a; (i =1, 2, 3...) BekTop.ap acocuil Eku
MaCwTab BeKTOPAAD EKA TPAHCAAYUOH 0aspadp AeANNafu.

Uy yura a;, BeKTOpAap yCTUra KypuaraH napajiesienunes
9HI KMYMK KaTaK (3/7eMeHTap sveiika) aeiuiaam (2- pacm).
PaBwauky, OyHgail OHr KMUMK KaTakHMHr Xaxmu Vo
=a [Eg 33] oynaan. Kpucraan nauwxapacuia aTOMIapHHUHT
MapKa3/iapu KOWJalTan HyKTanap—ry2yHaap, yiiap opacuaaru
coxa-—ryeyHaapapo coxa ned atanaam.

Xap kanmai Mypakka® ¢a3oBuii Damxapa cousa naH-
xapanapaan (Bpase mnaHxapanapupaad) TyswiraH Oymaau.
Bpaee mamKapaiapu reoMeTPUK XXKMXaTAaH MYMKuH Oyaran
couaa nawxapaiap 6yaub, ynapuuur conn 14 Ta.

Hnean xpuctanaumHr acocuii xoccacn—@asoja aromaap-
HUHT JaBpuii KOMJalWMmMaan Kyiugarn MyHocabar keaub
YMKAM: arap 4eKCU3 KpMCTasmt

A =n1d + -+ nads (L1

BEKTOp Kajap Kyumpuica, y y3-y3ura moc Tywaaw, Oyuga
n—GyTyn connap.




[image: image8.jpg]Papwanky, KoopauHatanap QyHkumacu 6yaran Gapua
(M3MK  KAaTTAIMKAAp KPUCTANl WYMAA Y4 JI4OBIM AaBpHi

yskuus  Gynagu. Byuna 7 Ba r+a, BekTOpnap Gunan
BerunaHaaurad KpUCTaUIZAr HyKTanapaa Maskyp KaTTasmk-
nap Gup xun Kwitmatra sra Gynaam. Llywunr ydayn, macanas,

V(r) 27eKTPOCTATMK TNOTEHLUMAJHMHI JABPUHAJINK  LIAPTH
Gynpait 6yaaam:

V(r) = V(5 +an). (1.2)

By yu jnuomin gampwit dynkumsnu @ypse KaTopura &G,
6abau Omp anmawtupuunap Gaxapuirawaas KeWuH, VHW

VG =X v, o' (1.3)
"

Kypunuwiaa ugonanamw MymkuH, (1.2) waprau (1.3) ndonara
TaTOMK 5TMG, BEKTOPHM AHMKMALI WAPTUHM TONAMU3:

b ay=2ag\, b dr—=2mgs, b ay—2ng,, (1.4)
6yuna g, g», g3 — OyryH connap. By (1.4) wapraap acocuaa
b BEKTOpP Kyvimparu

b= b= gibi+ g:bs +giba (1.5)

Kypuuuizaa udouaanaan. By epaa b 52 Ba Emapuu

la.
Vo

o Lol (g6

Va

laal
2n A by
KypuHUILAA TaHna6 oaMm Kepak.
XakukataH,

55 {arap[q&kﬁinca.o

(L7

aibi=

arap i=k 6ynca, 2
Arap nanxapa a; BEKTOpJIAp acocnpaa Tysuiran 6ynca, Synnai
naHAapa ryFpu namkapa aeinnanm sa a BEKTOD TYFpuU nanxa-
pa eexropu ne6 oputhaaan. AKcunva, Z;U BekTOp/ap acochaa
TY3WJraH NaHxapa reckapu nawxapa ﬂﬁﬁu.’laﬂ“ Ba bﬂ BEKTOD

TecKapu nankapa éeKtopu ne6 wputwiann. Yuta BeKTOpHAH
N Acajarad napaejenunea TeCKapu MNaHKApPaHUHD 3HI KHUUK
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Teckapn maHXapa TYLWYHYaCHHHHI TaTOMKMTAa MHCOJ
cndatuna Bperr-Jlay> KoHyHMHMHT Ternuuiv ndopacuin Kei-
TrpamMu3. MamiyMKu, KPUCTall MaHXapa DEHTreH Hyprapu
yuyH AudpPaKiMoH Nanxapa sasudacunu Gaxapasu (pewTres
Hyp/apu ). TYJAKMH Y3YHJIMIM KPUCTa/Ul TaHXapacHHUHT 4

nouMuiicn TapTubuma 6ynamu).

Kpucranira k TynuH sekTopn Guna aHUKNaHanuras
peHTreH Hypnapu Tymagrtran 6yscuu. By xonaa uHrepdepet-
LMOH MaKCHMymJap WapTH Kyduaard KypueUILAA 6ynaau:

;—b_g 4 () =0. (1.8)

2-§. Kpucraziiap CHMMETPHSCH Ba TH3UMJIAPH

KucMuuur CHMMETPUACKH anMamTupuiuiap éxn  cum-
MeTpusi amannapu faeiunaiuran MyalsiH YpUH anMaiuTH-
PUILIIAD HATUXACHAA JKUCMHUHT ¥3-3u Ounan ycrma-ycr
TYUWMILH, I5HA OJIAMHIY BA3MATHHY OJIMLI XOCCANApHHU uboaa-
naviau. Byuna nedopmauusnap 6yamacanry kepak. CummeTpus
a/MaWTUPHULIAPUTa KYHHAArWAap KUpamn:

1) xucmevHr Gapua HyKTajapuHu Myaiisin Macodara
napanien Kyaupuur (TPaHCIAms) ;

2) o>kucmuuHr Gupop VK atpodupa Myaita Gypuakka
Gypuauy;

3) TeKMC/AMKAA aKCIaHMLL;

4) uHBEpCHMA KM HYKTala aKC/AaHMLL;

5) GyHnait anMAITHPUILIADHMHT TYpPIH K§lumanapu.

Xap Kauait XUCMHHMHI CHMMeTPHSCHHU (DaKaT aKC/IaHMIL
amautapu épamuarnHa TaBcnda MyMKHH.

XKucmra HucGaTaH CHMMETPMK  KOMJalraH  MyailsiH
“TEOMETPMK ~HYKTaJap, TYFPM YM3MKIAp Ba TEKUCIMKIAp
JKMCMHHHT CUMMETPHA BJIeMEHT/IapH (CMMMeTPUs MapKas,
CHUMMETPUSA TEKMCAMTH Ba X0Ka3o) aeinnagn. JKucMHUMHD
Gapua CHMMeTPHs 31€MeHTNapU TYNIAMU CHMMeTpHs Typy-
XHHU TaWKW/JA Kuaagu.

Mypakkab KpHCTa/Ul NaHKapacMHM TAWKWI 3TraH IHT
Comla MaHXapanap Y3MHUHT CcUMMeTpusicn Guaan  Goiu-
Kanapupad (apk KumMum MyMkuH. Mypakka6 nawxkapana
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[image: image10.jpg]CHMMMETPUSTHUHT STHTU TYPJaph — BUHTCMMOH YK Ba KY3ryCUMOH
CHPTAHMLI TEKMCIATH OYJNIM MYMKHH.

Kpucrann naHxapaHMHr TY3WJIMILA YHUHT M30TPOTIMK Ba
aHU30TPONMHK XoccasnapuHu Tako3o Kunaam: M30TpONUsA
KPMCTALIHMHD Xap OMp nyktacupa OGapuwa  ityranmmnapna
Gu3nk  xoccanapy OMp Xun OGYIMUUIMIMHM, aHU3OTpONHs
aca Typau HyHaiMIIapaa KPUCTaJTHHHT XO0ccasapu Typanya
6yMuMrHEYM Gnatupam.

Conpa naHxapasiap CUMMETPUSCH 7 Ta KpUCTail TU3NMra
(cunronusra) Gyausamn. Acaua, KPUCTaMT TH3MMAApra
axpatuur Bpase namxapacu (reoMeTpuK MyMKHH Ofnran
comaa nawkapanap 14 ta) sra 6yarax Typau taptubamn Gypu-
JMUI CMMMETPMS YKJIApPUHMHI COHM Oyitnua OGaxapnnaau.
®a3o0sMii MaHXapa CUMMETPUSCH [MaHXapa acocuil mapan-
JIe/IeNUNeIMHUHT CUMMETPUACH GUIaH Xamma BakT XaM Moc
TymaBepMailin. AMMO, rekcaroHasi naHxapagan Gowika xap
Kanfail coiia nanKapaias 6apya CMMMETpW3 dJeMeHTIapura
ara 63’mraﬂ napazuneaenuneisu a)xpa'm6 O MYMKHH.
ByHpait napannenendneiapHuHr dHr Kuuuru Bpase napan-
sienenunedu nediunanm, ynap 6 xua kypueuwra sra. Byrapra
rekcaroHaj naHxapa Kymuica, JOKOpHAa adTuiaraH 7 Ta
acoCHil KPUCTa/LT TU3MMAAPU Xocus Gynamu.

Kyitnaa 6y KpucTann T3nMaaputn Kuckaua rascudraimus.

KyOuk Taum. By tusumra yu xun nawkapa: comua (P),
XaXmuit Mapkasnawran (/), éknama mapkasnawran (F) Ky6ux
maHXapanap Kupaau. Sroua asosnit napamerp — Bpase
KyOM KMPPACHHUHI @ y3YHIMTHAMD.

TerparoHas €ku KBaapaTvk TM3uM. Bpagse napasnenenunenn
acocu kBagpaT 6¥aran TyFpu mpmamaamp. By TH3umra conga
(P) Ba xaxmnit Mapkasnawrad (/) naHxapaiap Kapaiu.
TeTparoHa/l NMaHXapaHWHT MKKMTAa mapameTpu Oop: KBaapaT
acoCH KMDPACHHUHT @ Y3YHJIMIM, NapajjiefenurnelHutr ¢
Gananpmrn.

FekcaroHan T™3uM. By Tu3nMuMHT acocuHm MyHTa3am
OATH KNPpaju Mpu3Ma TAWKUI KHJau. YHUHr acocuii napa-
MeTpJiapy — TMpU3Ma acoCcu TOMOHWHWHI 4 y3YHJIMIH Ba NMpus-
MaHMHr ¢ GanaHanMrnoas uGopar.

PomGoapuk TH3nM. Bpape napaisesenunenu pomGoaap
wakara ara. By TM3NMHuHr sroma mamxapacu €knapu Gup
Xua pomGnapiad u6OpaT CoATa NMaHXApagup. YHUHT MKKHM
napameTpu Gop: POMG KMPPAaCHHMHI' ¢ y3YHJIUrW Ba KMppanap
opacuparu « Gypuax.

PoMGuk Ba opToroHan Tusum. Bpase napaienenunenu TYF-
pu Gypuakan 6YaMG, YHUHr yyTa KuiMati—a, b, ¢ Kupparapu-
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[image: image11.jpg]HMHT Y3yHIMKAaPU NAaHAKAPaHUHT napameTpaapy 6yau6 xuamar
kunaan. By misumaa Bpase nmanxapacmHMHP 4 Xuam: copia
(P), xaxmuit mapkasnawrau (/), éknama mapkasnawran (F)
Ba acocnapu Mapkasnaurran (C) mawKapanap MaBxyaL.

Mouokaud  TH3uM. Bpase napasmtenenvnefn-—Tyrpu
nmapasuiefienunen. YHUHI acocH NapajienorpamMmiaH uéopat
6y1aau. Monokaun nawkapanuur 4 ta napamerpu Gop: Bpase
napasiie/ienine/in KUpPanapuHuEr a, b, ¢ y3yHIMKIapu Ba yaap-
JlaH MKKMTacH opacuaaru Gypuak.

TpukauH TH3IUM. By Tu3umHuMHr naxxapanapu akar
copna (P) nanxapanapanp. Bpase napaaienenunenn nxtnépuit
wakaga Oyamimn  MymkuH.  TlanXxapawudr napamerpaapu:
Bpase napasnnesenunean KUPpasapuHuHr a, b, ¢ y3yHaukaapu
Ba ysnap opacuparu o, 8, y Oypuakaap.

Musiep WHIeKcaapu

ATOMIApHHMHT KPUCTaN NanXapajaarn BasusaTHHY aHUKam
yuyH Kpucrasiorpaduk KoopauHaTanap Tulumuaad goiiga-
naunnanu. Koopamnatasap Goww cudartiia naHxapaHuHr
6up Tyrynu, KoopauHatanap VKaapu cucdaTma dca Terdunu
Bpase napasiefenuneny (dHI KWYMK KaTaK) KMPpaJIapuHHHT
#¥uanuuiapu oamdann. Bpase napasiesenunesHUHT KUppa-
Jlapu KOOpIMHATa YKJIapn HyHaiMmaa y3yHIMK Gupadkiapu
ned kabys wunmmapu. [ynpail kuan6. Xap Xua KoopouHaTa
YKAapu yHaauuLIapuaa y3yHank Gnpankaapu Typanua Synamm.
Kpucrasn aToMAapWHHHT MapKaiiapuwiaH yITaH TeKHCIUMK
Kpucrani  rexucauew  gedwnamu. Tyrywaapaars - atomnap
MapKasnapuaan YTram YM3NK TyeYHrap 4u3uru Jednnanv.

KPMCTH./L/[I!&FM TEKHUCANKHMHT Ba3UATHHU Mldﬂ/lffp UHAIeKC~
napu (hkl) ne6 aranapurad yuta pakam Genrnaaiigu. Yaap

L 1
Y] 7
AT %
=4
‘7
/ 3
a Z, (700)
3- pacm.




[image: image12.jpg]Kyitnnarnya anukanagn. Conna Ky6 naHxapasuur diemeHTap
sYedKacUHM (DHP KUYMK KaTaruhu) Kapawnuk (3- pacm).

VHuHF Kuppansapu (acocui sektopaap) ai, ds, a3 Byacun.
Kpucranagary OMpOp TEKMCIMKHM  KOOPAMHATA  yKJapuua
$181, Sply, $303 KecMmanap Kecrad 6yacun, GyHaa, s, Sz, S5 —
1

1
ByTyH cOHMap, — l— nucbathn €3u6, ymymuit maxpaxra
5

KeJTHpaMn3 Ba Maxpa;xﬂu Tawnab wbopamns, cypariapia
Tawkua 6yaran OyTyH COHapHUHT yMymuii 6§ayBuncn Giaca,
utyHra 6yau6, yura GyTyH COH HUCOATMHA, sbHu A:k il Ha
XOcHa Kuiamns. Ly coHaap KpuCTanAmarn TeKHUCIUKHUHI
Munsiep vHAEKCTapy JefiMnanM Ba YHWHT BasMATHHM aHMK-
naitan (hkl). Macanan, KyGHUHE EKTapuaaH YTraH TEKMCANKIAp
(100), (010), (001), (100), (010), (001) xypunumnapsa
GearnnaHagu. 1 Gearn MasKkyp TEKMCAMK TErMILTM YKHHUHL
MaHduit TOMOHUIAH KecHO YTratwiuruuu Kypeataau. 3- 6 pacm-
naru Tekucauk (100), 3- ¢ pacmaaru aca (111) kypuHuwmaa
Bearnaananm.

TyryHnap UM3MEHHUHC WYHAIMIOMHM yMyMuit GyayBunce
Gy/imMaraH yuTa IHMP KMUHK 4, U, @ COHJap opKam Gearua-
Hagu. Kyitnaarn u:v:w nucbar maskyp iyHaauwm Gyiiuua
#iyHa/TaH BEKTOPHMHT G, (2, Q3 YKAap GyitMua Tawikua sTys-
upnapu HucSatura Tewr 6ynama. Macanad, 3- pacvpa  ay
VKHuHr i#ynaamum (100) «ypunyga Geiarniasanm.

3-§. Kpucrajiapna aTomaap, HOHJIap Ba MoOJCKYJajiap
opacunarn ¥3apo Tabeup Kyunapu

Kpucramna aromaap, Mowrap Ba MOJIEKyJ1aapHH 6up-6u-
pura myctaxkam Gor1a6 TypyBum kyuwrap TaGmartura Kapa®
KpHMCTa/Il KATTMK XMCMIAp Kyiinaarm typiapra OynuHamu:

1) arom (romeokyTtouit) 6ornanuium KpucTaiiap;

2) noH (reTepokyTOmMil) GOFIAHULLIA KpUCTasIap;

3) meraan GornanMWIM KpUCTaniap;

4) MoneKyasp GOFNaHALLIM KpUCTALIAp; #

5) BoaOpOA OOFIAHMILIM KPUCTALNAD.

3.1. AToM (ToMeoKyTOWii) GOFaHMLIIM KpuCTaliap.
ATOM GOFJaHMUITM KPHCTA1ap NAHKaPaCHHUHT TYTyHIapuaa
GMpOp MOLJIAHAHr aToMIapu Jkoinawras Gynaam. Bywmait
KpHMCTa/1apaa MKKM KYLIHN aTOM opacha Gup AKydT ymymaam-
raH BAaJEHT D/IEKTPOHIApP Masxys 6yiuum okubaTuiga romeo-
KyTOuit (Eku KOBaneHT) KUMEBM GOFmanuum xocua oyaaau.

ByHaait KpucTansapra 3JeKTPOHWKA CaHOATHAA HP Ky




[image: image13.jpg]2 &

4- pacm.

Ky/1auuiaéTran sipuM YTKA3TM4 — KPEMHHH KPUCTaAH MUCOJ
6yna onagn. KpeMuuit aTomMmpa TYpTTa BaneHT a7eKTPOH
Gop. Kpucrannima xap Gup KpeMHWil aTOMMHMHT TYpTTa SHP
SKMH KylHucu Oyiagu. Yiap Tetpasap yssapupa, Maskyp
aTOM 9Ca TeTPAadNPHMHI MapKasupa kofiiaiiran Gysaam.
By natxapa onMoc nasxapacu Gunan aiinan Oup xua 6ynamm
(4-a, 6 pacm). Kpemunit KpucTanuga xap Oup atom ¥3uHuHD
TYPTTa KYIIHUCK OWIaH TYPTTA BANEHT JAEKTPOHU BOCMTACHAA
Gornanran 6ynanu, GyHAA Xap MKKM KYILIHK aTOMHUHT GnTTafan
BaJIEHT BJMEKTPOHM yJiap OpacHaa yMyMHit UKKH BJEKTPOHIH
(KoBajieHT) DOFNAHMUIHMHI ACOCHIA KBAHT MeXaHMKaCHAard
aJMalWMHMLI  §3ap0  TabCUpH Eku  anMawuHum  ddbdektn
éranu. ATOM GOFMAHMILIA KpHMCTainapia aToMIapapo Ko-
BaJeHT GORIaHMWHUHT MyXMM XyCYCHSTIapH: YHUHT iyHaran
(anu3oTpon) GYAuwnMrK Ba TYHMHraH GYaumIMrM, sbHM Oy
60?}13“““12[3 WKKWTaJaH OPTUK J/IEKTPOH KaTHailla 0JMacauru
xoccanapunup. By Gornanuiu caGabam KaTTMK SKMcmaapaa
KaTTa MyCTaxKaMJuK XOCUa 63"53»’1'&

3.2, Mon Gornamuuum kpucraanap. Bywpait kpucrangap
MaHkKapacu TYryHIapuaa WOHAap Xoinawmrax G6yiaagu, Gyuma
Kapama-Kapuid MIIOpald MOH/Aap Opacuaru JIeKTPOCTATHK
§3apo TOPTMUIMI Kyun OUDP XHJ MLIOPANM HOHJIAp opacuaaru
MTapUILMLI KYUniaH KyqJiupok Oyamm.

Maskyp kpucrannapra ow Ty3n NaCl kpucramm mucon
6yna omaan. Yuuwr xocun 6ymuumpa xap 6up Na aromu
y3ummur Oupruna Basient ssektponnnu Cl atomura Gepanm:
Na aromm mycbar (Na't) wowra, C| atomu oca manduit
(C17) wowura aitnanamm. By (Na' sa Cl™) uonnap naxapana
nasGaTma-HaBGaT xolinawran (5- pacm). Yiap opacuna
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[image: image14.jpg]DNEKTPOCTATHK TOPTH LML

qu,m};“ MaBxya 6)”}?nnumw- @ @ @ e

M pasBuwamup. AmMo Oy

Kyuwiap siroHa Ky4ysiap aMac.

"]);'HKMF.' KapaMﬂ-l{apLLll;I no- @ @ @ @

paau vowsap Gup-6Gupura

TOpTMAMG, eTapau  aapa-

JKajla sKMHIalralMaa yaap- @ @ @ @

HWHT D/1eKTPOH KOGUMKIapn

6up-Gupura kupuwa Gour- S-patys

saiiam, Oy aca uly KOGMK/IAp Opachja KBaHT TabMAaT/IN UTapu-

WM Ky4lapy naiao Kuiagd. [leMak, wy TOPTMWMUI Ba

MTApUIIMLI Ky4iapu GUpPraiukia MOH GOFJaHMILIM KPUCTALT

MOHIapMHN Gup-Oupy SIKMHMAA MaxKaM TyTHG Typamu.
Kpucraanina wmaskyp uoH arpopmaard Kapama-Kapiuu

HWIOpaIM 3HF SAKHH MOHIAp COMM R KOOPOUHAYUOW COH

neinamu. YHUHT KMUAMATH Kapama-kapluu MILOpamM uoHmap

paauycaapu mucbatura Gormkaup. NaCl kpucranu xoamaa Gy

Nat

o 0
pAmMyCap 7y, = 0,98 A » rom== 1814, ——=0,54. Byn-
Cl

JlaH KOOPIMHALMOH CON k=6 6ymuuurn kenm6 unkamm. Buuo-
6apun, NaCl kpuctanmga xap 6up non aTpodmaa Kapama-Kap-
uM Mwopanu 6 Ta IMr AKMH KYwHu uon xoinawrad. CsCl
Kpucraam  yuyHn k=8 Gyaap okan. Hownap paamyciapu
HMCcGaTH (KOOPAMHALIMOH COHMHMHI KMIAMATH) MOH KpHCTa/ap
MaHKapacy Kaicu Typra MaHcys GY/IMLLIMIMHNA TaK030 KUAIH.
Iynnait kum6, NaCl kpucraan  conma ky6 nawskapara ora,
CsCl aca xaxmuit mapkasmawraH kyb nawxapara draimup.
3.3. Meraan Gornanmunn Kpucramsap. Li, Na, K, Cu,
Ag, Fe, Ni Ba Gourkanap cuurapu Metainap Gup Karop maxcyc
xoccanapra 9ra. YjapHMHr Xammacuga HucGartaH KaTTa
QJIEKTP YTKA3YBYAHIMK, EPYFIMKHH IOTHLI KOGMIUSATH, IOKOPK
Aaparkajarv TulacTMKJIMK Ba XO0Ka30 xoccazsapy MaBxyil.
Bupunun mapra [pyne takaud KMAraH METAITHMHT COANA
TacasBypu (keitMHpoK JlOpeHU spaTraH KJacCHUK 3MEKTPOH
Ha3apusi) MeTaNIapHUHr OGMPMyHYa Maxcyc —XoCCanapuHu
AXWwM TywyHtMpuG Gepa onamu. By Tacassypra acocan, Gut-
TafaH 3JEKTPOHMAAH aXpPajiraH aroMjap—myc6ar Hownap —
KpHCTa/Ul naHxapa TyryWlapuaa O koijamirad, yjaapaad
axpanran («pPKHH») BNEKTPOHJIAD HMOHIAD MaHXapaCHHUHI
nunaa xapakat Kuaub jopagu. Bynmai kpucrajnapra satpuit
KPUCTaIMHM MUCON Knub kypcatnmn mymkud. Harpuit (Na)
ATOMMHMHT OWTTa BAfEHT JJeKTPOHM OymG, Gyumadé aTom-
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[image: image15.jpg]NapaH KpPUCTall XOocun Oyanumaa Oy BajieHT SaeKTPoOHIAp
§3 aTomaapuiaH axpanud, ynapau mycbar uonsnapra ainaHTu-
pagu Ra y31apu MaHxkapa MYMAA «9PKMH» XapaKaT Kuiamu
(TepMOANHAMUK MyBO3aHAT waponTuaa Oy xapakar taptubens
uecHKaMK xapakatu Gyaaam) . Metamuia «9pKUH»> I1EKTPOHIAp
COHM YHWHI XaKMUIATH aToMJap COHura TeHr. Meraamaaru
«OPKMH> 2EKTPOHAAp COHM GOWKA TypAaarM Kpucrajiaphard-
HaH Kyaa Ky Mapra Katra., «IpKMH» I/IEKTPOHIAp IJEeKTp:
MailIOH TabCUPWAA OBMIEKTP TOKWAA WWTUPOK ITAa ONAiM,
GuHOGapUH, METATAPHIMKT IHT AXIIN YTKA3rHuap Gy muumru-
MM TaKo30 Kuaaau. Myc6ar moMAap nawxapacH Xaxmuia
TEKUC TAKCMMJAHTAH <«IPKUH> BJIEKTPOHIAP MycTaxkam Gor-
JIAHMLIHK TAbMUWIAHAM. .

IlyHn TabK¥adall KepakKW, METAMIAPHWHF  KJIACCHK
HA3APMSICH YIAPHAHT afipuM HO3UK XOCCANapUHK TYLIYHTHpPA
oaMaitau. YMyMaH, KaTTHK KUCMIADHMHT, XyCyCcaH, MeTasiap-
HUHI KBAHT HA3apUACMIMHA YJapAa Ky3aTHIAMTaH Xoauca-
JMapHM  KOHMWKapJM Jlapaxala paBlan Tywyntupub Gepan
Ba GMP KaHua SHIM XOUMCaJapHUHr Kawd KWIMHMILMGG 0aM6
Keaau.

3.4. Mosekyasp Gornanumam kpucrauiap. Bynaait kpucra-
Jap naHxapacu TyryHaapuia MoJjekyianap xoinaumran 6yaa-
au. Mabaym caGabnapra kypa KOBajeHT HOHAAPAPO TOPTHLIALL
Kywiapu Xampa Merasnapra Xoc Gormammmi Masxys Gyna
OAMaiIMran Xoanapaa KpUCTALTHU TalWKUA KUATaH MOJieKyaa-
jap opackaa OynajpuraH HucOaTaH yHYa Kywm Gynmarau
¥3apo Tabcup ynapHu nawkapa TyryHaapuga ywaad ty-
panu.

Monexynanapapo y4 xua §3apo tabcup — Bawu-gep-Baansc
KyuJapd MaBXya OYJInMiiy MymKHH.

1. Arap Ma3kyp MOMIaHMHI MOJeKyaanapu KyTomm Gynca
(3n1eKTPUK 1unosnap 6§sca), AMMOATADP OpacHIar# dAeKTpPoO-
CTaTHK ¥3apo  TabCUP MOJeKyJajapHu ‘Myaiisin  TapTubaa

- KoinawTupuiura uHTUAAAK. Bywaaii §3apo Tabcup opuenra-
YUOH ¥3apo Tawvcup Aeviniami. AMMO  MOJEKyJanapHuHr
MCCHKJMK  XaPaKaTH yJapHUHT TapTHOAM O KoAjawmummra
Tabenp Kunaam. OkuBataa MOJEKy;sp AMNOANAp TepMOM-
HAMWK MYBO3aHaT 11apoMTMAAa KPHCTaMl XaXMuAa Typanua
WyHanran 6ynanu. TemnepaTypa opTHiumM GuaaH OpHEHTALHOH
§3apo Tabeup Kamasau.

2. Bab3u MojAanapHMHr KyTOCM3 MOJEKylanapu Taurku
QNIEKTP MalIOHWHMHT TabCHpHA KyTONAHMIIM MyMKMH, OyHaa
MOJeKya/lap HHAYKUMOH (Tabeup okubaTnaa) aMeKTp MOMEHT-
ra sra Gynamu. Bysnait Monekyranap — aumosniap xam y3apo
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[image: image16.jpg]Tabcupiaaany. MHIyKumuoH §3apo Tabenp dHeprusicu remMnepa-
Typara GormK amac.

3. Heittpan Monekynanap Gup-Gupura eTapauua SKMH
Kofinawrannaa (aMMo 371eKTpoHnap Kobukiapu Gup-Gnpura
KMPHUIMAaraHu LIapOMTHIIA) , yap OPacH/1a Ce3nIapiu gapaxa-
JlaTM anMalyMHyB §3apo TabCHp Kyuaapu Maiao 6ymmum Mym-
KHMH (AMCTIEPCHOH §¥3apo Tabcup). -

XaKuKaTaH XaM, MONeKYIsp Kpucraiiapia 6up BaKTaa
Xap yuaia y3apo Tabcup HaMoEH Gynuuwm MymkuH. BaH-iep-
Baanbe Kyurapu oieKTpoctaTMk Kyunapra HucGatam Kyaa
KHCKa Macodanapa §3 TabcHpUHN KYpeataan. DAeKTpocTaTHK
Kyu.1ap 3apsiaaap npdCHLlal"M macodanuHr KBagpaThra Teckapn
nponopuyonan (f ~r~2). Bau-nep-Baanbc Kyunapu oca r ~ra
MPOMOPUMOHA PaBUILA Y3rapaau.

HOKopua aittuAraHIapaal MOJeKyIAp Y3apo Tabeup erap-
JMua macT Temnepatypalapia MaBXyd OyiMmi  MyMKHH,
ZieraH Xysoca Kemd yMKkaau. MosieKyasip KpucTainapra resi,
aprod, KPUATOH, KCEHOH KpucTasnapu mucos Oyaamm. Kyn
oprannk Moaanap (mapacduH 3aHKupJapu, €F KUCJI0Tanapw)
MOJIEKYNIAP KPUCTAAIAP XOCH KMALM,

3.5. Bonopon GofnaHuuum Kpucramiap. Bywpait kpuctan-
Jnapra My3 Ba LIakap KpHUCTantapu mucon 6y1a osajau.

MKk mosekysia opatuaa GoFraHui Boxopon atomu épaa-
muma xocua 63anmm Mymkud, OyHaa Bogopoa atomu Oup
Mojekyna Ounad (MacanaH, TMAPOKCHA OPKAmM) KMMEBHMIA
GornlaHranu Xo/11a OMp BaKTAa GOWIKA MOJEKYIAHHHT KHCJIO-
pon atomm GumnaH y3apo Tabcuprawaan. BogopoauuHr Gy
a70XyAa axaMHATH YHUHE TY3WIULIMA2H KC}IM6 YMKaau. VTWI-
HUHT SirOHA DeKTPOHUHK Gupop Gornanuwra Gepran BOAOPOL
aTOMM NPOTOHHUHT ¥3uman wbopar 6yimé Konaau. TipoTon
aca Gowlka MoJekylaHu KyT6na, y OwiaH MOH—AHNONb
Gornannum Xxocun Kuia onaau. By Gornammim kyunapu. anda
KarTa GY/IMLIN MYMKHMH, YyHKW KHYMK NPOTOH MaHGuii MOHra
(Moneky1aHMHT MaH(Mit KyTOUra) JKyaa IKUH KeUWH MyMKIH.
Wynnait kuamb, NpoTon MKKM atom (Mosekysa) opacuia
TypraHua y MKKaza MOJeKylaHu KyTOnaitam, ynapun Gup-
Gupy Ounan Gornaiian.

Bosopot opKanm GOFIaHMI OPraHWK MOAMANAap KPHCTas-
Japuma Kyn yupaioW, YyHKM Bogopoa GOFnaHMILIM GUpHKMa-
Jiap noJMMepaauiMuira UHTHAMUI Xoccacura ara.

# Bogopox opkann GOFJIaHMW CYB MOJEKY/I1a1api OpacHuarn
¥3apo TABCUPHMHI MYXUM IIAK/IMAMP, y CYB Ba My3HUHI
axoiinb (pu3uk xoccanapunuur cadabuamp.

IWyun aiiTu6 M kepakku, y & Oy Typ OGomiannu
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[image: image17.jpg]Xeu KaHfail KpUCTalJ1a MyTHak fKKAa XO0JA#a MaBxyn 6yia
onMaiiaM. AMMO, KpUCTasl 3appanapn opackaa y & Oy Gos-
nanMu acocuit GyammaMrn Mymkun. FOKopuna Keatmpuirad
Gornanuy Typrapu Gyiuya KPUCTAASAPHUHT IyDPYyXAAHAIUMHKA
XYAAM WY MabHOAA TYUIYHMUI JO3MM.

4-§. Kpucrannapun yerupuin. Mommopdusm

Mopapanuur KpucTawn Gyamaran xonaraan (ras, CyoKanK)
KPHCTaJL1 XoaaTtra YTHIl JKapaéHu Kpucraitanuu neinnanu.
Arap 6y yruw Gupunun typ dasasuii yTuw 6ynca, y xonma
MCCHKJIMK axKpanamu. Byngait uccukaMK kpucrairanuus suiu-
Dpun uccukaueu Aernaanm.

Spum yTKasruy Ba MeTaLl KpPUCTa/alapHM oauuiga Gup
Heya TeXHOJIOTMK yCyJuiap Ky/1aHujiaau.

SlpuM YTKa3rMYHUHD KPEMHUH KPUCTa/apUHK ¥CTUPULILA
doitganannnaguran  G6as3u Gup MyxuMm ycyanapu yctaaa
KuCKaua TyxTab yramu3. JlacTnab TO3a KPEMHMItHM YHUHT
GupukManapuian axpatd oauw kepak. Bynunr 6up Hewa
ycyanapu MaBxym.

Kpemuuit terpaxsiopuan SiCl, HM 10Kopu TemnepaTypana
pyX épaamuia TUKJIAI #YaM GUIaH yHAAH aHua TO3a KPeMHMit
aXpatil oMW MyMKHMH:

SiCl(ra3) 4-2Zn (ra3) —Si(kartuk) +2ZnCly(ras).
Kpemuwit terpaxsopumu  SiCl; um Bonopoa épaamupa
THKJAIl OJIMHTH yCyira wucGaTan siHa XaM To3a KpeMHMil

O WMKOHKHYM Gepaau.
By peakums 1050° — 1100°C ga amanra ommpunaau:

SiCls+2Ho—~Si4-4HCI.

Tpuxnopeunan SiHCl; wn Bomopon &pmamuna Tukiam
yeyau xam wkopu temnepatypaga (1000 — 1100°C) keuamu:
SiHCI3+Hoe Si43HCL.

To3a KpPeMHMii ONMIUHUHT sHA OUD YCYJIM — YHM CHJIAH
SiHy nan oamwanp:

SiH;—Si+2H..

By napuananuut xapaéuu 600 — 700°C na erapau gapaxa-
/la Te3poK Ba TYIapoK comnp Gynaam. :

Kpemnuit onmuisuAr Homua ycyau xam MaBxya 6yu0,
Gynna Kyiinparn OMpMKMI /Ba napyalaHWI peaKuUMANApu
103 Gepaau:
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[image: image18.jpg]Si4-2lpzSils.

1100 — 1200°C TemnepaTypama peakiusi MyBO3aHaTH TO3a
KPeMHHIf 2)XPa/IMIIU TOMOHUTA OFalu.

HOxopuna raBcupranrad KpeMHMAHM aXpaTw6 osmmx
yCyJUIapu eTap/u 1apaXagaru To3aqukeu Gepa oimaiin, yHIa
KYTHaH-KyN Ba XWIMa-XW/ KHDHIIMAsap KoJiajM.

Erapiu gapaxafaru TO3a/JMKKAa IPHMUIMUI yUyH KDPEMHHI
KpUCTA/UIM3aLMsUIall yCy/ulapy €pramuaa tosananaau. Yiap-
[@H 3HN KYIT KyAaHaXHraHaapy POpH30HTAal Ba BEPTHKAJ 30Ha-
BMil CYIONTMPHLI XaMAa CYIOKAMKAAH TOPTHG O/ ycy/uiapw-
nup. KpeMHnitHu acocaH KBapllaH fica/iral vauuLiapaa (Tirens
@KM KaliuKyanapaa) CyONTHUPUJIafiv, TUIEJICH3 BEPTHKAJ 30Ha-
BUIt CYIOATHpMI ycynu alHMKca AXWHM HaTuxa Gepagn. By
ycya acocuaa GMp MOJIAHMHE CYIOK Ba KaTTHK XoJaTiapuaa ér
Mozanap (KMPULIMA/AAP) HUHD IPYBYAHAMIH Xap XU/ GyaHul-
mry ETamu

Ertapiuua To3a7aHTaH KPeMHMIHUHD MOKOKDHCTal/JapHHH
O/MUIA BHT KYN Ky/IAHWJAauraH ycy/sap — CYIOKMKAaH
TOpTHG O/, YOXPANBCKMIt Ba TUTENCH3 30HABUH CYHOJITMPHLL
ycyanapuaup. BupMHuUM ycyiaa MAMIIAArM KPEMHMEA CYIOK-
JIMrHra KapMoK Ba3HacHHM Gaxapauran KDEMHHI KPHCTA/LI-
4acH TeKKM3WIAjH, CYHT YHHM aitlaHTupuO, I0KOpMra myaisH
Tesaukaa kyTapuaaay. CYIOIMaHMHF KapMOK KpHCTauIyara
WJIaLITaH KMCMM KAapMOK Ouiian 6up BakTia KyTapwuaa Gopanu,
cylonmManaH 10Kopuaa cosub, Kkpuctawianub jca Gopamn.*

KpucTaniapun JCTHPHMIIHMHT SMUTaKCMANM ycy/iapu Xam
MaBxya. By ycyanap ra3 éku cyioK X0naTAarM MOIJIAHH Tarjimk
JKMCMJIAp yCTHTa MOHOKDHCTAJl €KM MOJMKPHUCTALT KATIaM
KypuHMWMAA yTKasnmzaH ubopar.

TMonumopdusm xomucacH. KaTTuK OKMCMJIADHMHT KyI-_
YMJIMIM Xap XuJ TemnepaTypa Ba Gocumaa TypryH 6yana ona-
[MraH WKKM Xamjia yHIaH OPTMK KPHCTaln TY3W/MINa ora
6y Mymxun, Bysnaii xomuca nonumopgusm neimnanm.
V KeHr Tapka/raH XOAUCAIMP: KNME MOLAATAPHUHT SPMUCHIAH
OPTHKpOFMIA TOAMMOPGU3M HUCGAaTaR KHUMK TeMIlepaTypa
opanukiapuaa Hamoén O6yaumu MabayM. Etapiuua KkaTTa
TemnepaTypa Ba 0OCHM OpaJuMKJapuaa Xap KaHaail Mof-
Aaja nosMMOpGbM3M MaBXyA GYaMmM Kepak, meraH Xysocara
Kenunau. Tlomamopguamra Epkun mucon Gynagmran moama
Kanaimaup. Y MKKM XWJ KpUCTaal Ty3wIMiuga MaBxyn 6yna

4 PTG s

* A VL. Beaien 5a 6. <Merannyprus, WHGTX METATIOD H DEMEHTADHAIX

noaynposomumKoBs, M., «MeTantyprusy Hainpuéta, 19 |

2—19 .





[image: image19.jpg]onamu: opamit MeTasn—oK Kazaim 13,3+C nan okopuna
TypryH 6ynaan (B — Kanaiin), Maskyp TeMnepaTypanaH nacTaa
KyJ paHr (Tyccus) Kasaiu (o — Kanaiu) Typryd Gymamu. OK
Kasail KPUCTAJMHMHI MAaHKAPacH XaxMuil Mapkasiawrad
TeTparoHaj MaHxapaaup, Kyl padr (Tyccus) Kanaiu nas-
Kapacy 3ca OMOCHMKMTa yXwau, GyHia KOBajeHT GOFTaHMIL
MaBXyA, Y ApUM YTKasTMulMK Xoccacura sra. Moc pasuuina
f Ba o — kajainuuEr spwmkaaps 7,3r/cm’ Ba 5,8 r/cm’.
Kanainuuar xaxmu B ¢asagan a  asara ymwaa (mo-
numopdu3M yTumima) 259 ra opraau Ba o — Kajaitmpad
sicasran 6yioM emupnuG ketamu. By xomuca coByk Tywranaa
103 Gepazu. ByHnail xonucara «kanaitn BaGocH» HOMM GepuraH.

SIXaMT Gup KpUCTann Tyswamuwra ara GyaraH kpucTamiap
Monokpuctarrap pevmnamn. Bowkaua aiitranga, yaap 6up
KPUCTa/LT A0HAAMD. AJIOXM/IA WAPOUT/A YIaPHH YCTUPHII MyM-
KMHJIMCH TYFPUCHAA I0KOPHMJA alTUIIM. AMMO, aMaJia yupaii-
JMraH KPUCTa/ll JXKUCMJIAp, Macajad, MeTaniap, 6up-Gupura
émumrad Xyaa Ky COHMArd Maiia KpucTanl AoHAauanapaaH
nBopar noamkpuctariap 6yaau.

5- §. CyioK Kpucraanap. AMopd Xucmaap

CyioK Kpucrtannap opamvk (mesamopd) dasanap 630,
AHM3OTPOMUs (KPUCTALIAPra XOC) BA OKyBUAHIMK (CYIOKIMK-
sapra xoc) xoccacura ara. CyloK KpUCTajlap MyaisiH Temre-
patypanap opaiMFuaa MaBXya 0ynaiM, yHIaH mact temnepa-
TYypazapia TYJa TapTMRiaHraH KaTTMK KpUCTaiara ainasaim,
I0KOpHAA 3Ca M30Tpon cylokauk 6yramgn. Cylok KpucTasmiap-
HUHT MOJIeKyJajlapu 4y3uK miakira ora 6ym6, yrap opacuaa
MaBxkys Oynamuran Eunama GOFMaHMIINAD MOJIEKYJaNapHH
napajinen HyHaaTHPajH, YekKanaMa GOFaHMINAD 5Ca YAapHA
3aH)XHUPCUMOH )KOFIJIBIHTMPBIJ.M,

CYIOK KPHCTA/UIaDHHHT HEMATHK, CMEKTHK BA XOJeCTepUK
TYp/apu MaBxXym.

1. HemaTuK (1OHOHYa: «HeMa» — HIl) CYIOK KpUCTalapia
MoJleKyaanap ykiapu Oup-Gupura napamnen iyHaira, JekuH
MOJIeKynanapHuHr y3u Oup-Ompwra nucGaTad uxTvépmit pa-
BAILZA CWKMraH Gyjaagn, Moadana MOJeKyJlanap YHW3WKIap
6yitna6 xoinawraH, onTMK yKkaapu Ourra Ba MycGat. He-
MAaTWKJapra 971eKTp BAa MarHMT MaiJOHNap Tabcup Kypcarta
omagm. Macanan, OkMW AYHaiMwWMra THK GyaraH Kyucus
MarHWT MaiiloH TabCHPMAA HEMATMK CYIOK KPMUCTalal mapa-
230KCHAHM3O0JHNHT KOBYLIOK/MIH Ky4IM apaxaia y3rapamd.
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[image: image20.jpg]2. CMEKTHK (JOHOHYAa «CMerma» — COBYH) CYIOK KpHMCTaj-
sapna Monekynanap dakar y3apo mapajnen #yHairad GyauG-
ruHa KO/Mait, Gajku GMp MOJeKyja KajuHAMrMaa siCCH Kar-
amap XOCWs Kuaaau. MacanaH, COBYH MyardHMHI Tamku
pa MYKM CHDT/IapH CMeKTHK KaTiamiapua uGopat. Cupr
KaT/IaMJIRPUIATH COBYH MOJIEKYJIaIaDHHMHT §3ap0 TOPTHILMILIK
ny(aKHUHT 6apKapOP/IUTK yUyH 3apyp Gyran cupTHit TapaHr-
JIMKHUA XOCHJI KHJ1aJaH.

3. XOJeCTepHK CyIOK KPUCTainap HOMMHUHI Keand du-
xuwmra ca6ab, Ttapkubupa Xonectepun 6yaran  Gupukma-
NAapHUHT CYIOK KpHCTa/aT da3alapuHu XOCUJ KHJIMLIHAUP.
X0J€eCTePUK/IAp apanail — CMEKTHK, HEMATHK TYpOarud Ty3u-
sumra ara. Bynpaii kpucrasuiapaa Monekynanap CMEKTHKIap-
Jarujiek napajien KarJamjap Taulkui KUIaaM, aMMo Xap 6up
KaT1amia MOJIeKysanap VKIapW, KaTiamra HeMaTHK Xodu-
Jaruiexk rnapanrenimp. XOJICCTEPMKJIEIP ONTUK  JKMXATAaH
6up YKaM Ba MaHGMil, YYHKM MOJeKy/ajap YKIapu ONTHK
ykKa TMK Oynaau. Bynmail kpuctananap EpyraMKHMHT KyT6.1a-
HUW TeKMCIMMMHM Oypa onamu. YMyMmaH, XojecTepukiap
Gapua Mab/lyM MOIZIa1ap OPACHIA SHT IOKOPH ONTHK (Pa0/IMK-
Ka aragup*.

AMopd KUCMIap ATOMJAPUHMHT JKOWIALIMIINAA KATbHI
(y30k) Taptmé 6yamacaurn xakmma G06HMHr GouraHuwmma
aiitn6 yruran aau. Yaap §3 Tysuamumm GyiMua CylOKMMK-
Jlapra SIKMH XaMIa JXyfa KaTTa KOBYLIOKJIWKKA dra Gyiraw
yTa coBuran cyioKmukaap e6 Kapaca xam 6ynaam. Amopd
JKACMJIAPHUHT TYSWIMILM IOKOPM [apaxajga rOMOTeH Ba OMp
JKMHCIM Ofnau, BAXONAHKH, XaKNUKNH KPUCTA/IAPHUHT (UMK
X0CCaNapH YHAArW HYKCOH TypJapH Ba KOHLEHTPaUMsCUTa
Gor/MK paBuIza Kyn MapTa y3rapu® KeTHIM MyMKMH. AMopd
MO/LIa/IapDHMHT ailpuM Xoccanapu (KaTTHKJINK, MyCTaXKaMinK,
KUMEBMIH GapaOLLIMK) KPUCTALT MOAAANAaPHUKMAAH IOKOPH
Gy Mymkun. Keitunru naspaa sipum yTkasruy xoccasapu-
ra sra 6yiran amopd MoAAajsapra KM3WKMLI Kyuaitau, yJapHi
TaKMK KWW Ba yjiapaaH amania oiitanandin Gopacuaa
KEHr Ky/lamaa uiuuiap 0jub GopuaMokma**.

*T. C Xnauwos, A. T. Xyuaxya. Jexwm no dusnke
Thepaoro Tena «Mocksa yuBepcuTeTH Haw-TH, 1988, 102—106- Ger.
** Ywa kurob, 101—102- Ger.
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KPUCTAJUI MAHXAPACH ATOMIJIAPH (MOHJIAPH)
TEBPAHULLJIAPH

By 606aa kpucTann naHxapacH aTOMIapUHUHT TeGpaHuii-
apu TyFpucHia (GUKp 10pUTUO, ONMKraH HAaTHXKAJaPHU HOHIAp
Ba MOJIEKy/ianap TeGPaHULLIAPUTA XaM TaTOMK KUJIaMH3.

6- § Bup yivoBaM (YM3MFHI1) NaHKapada aTOMJAPHUHT
TeGpaHULLIApH BA TYIKMHIAPH

KpuCTaL1 naHKapacHBMHT aTOMJIapu MYTJIaK HOJb TeMrie-
paTypazjaH I0KOpM TemnepaTypasiapia y3 MyBO3aHAT BasusT-
napu atpoduna ysnykcus Tebpann6 typamu. By TeGpannm-
JIADHM YPraHMLIHKM DHI COAJA XO//IaH, ’bHU YM3UFHMI MaHXapa
XOMHM Ypramvmpan Gowtaran Mabkyn By xonma Gapua
aTOMJIApHMHT MapKa3/apy MyBO3aHaT BasMATHAA Gup-Gupuaan
6Mp XWA y30KAMKAAa OMp uM3MK yCTMA@ JKoiamras, nae6
dapa3 KumHaan (6P CHMIM TOPHM KY3 OJJMIa KEJTHPHHT).

6.1. BMp X1 aTOMJIap/iaH TY3HJIraH YeKCH3 YM3HPUi MaHKa-
pa. 6- pacmaa GMp XM aTOM/IApAAH TY3WJIraH YeKCH3 UM3HFUit
NaHXXapaHNHT y4 aTOMM TacBupJaHrad. By xonga 6u3s caxar
KYUIHM aTOMJIap OpacMiard §3apo TabCUPHM XMcobra onamus
B KBA3W/IACTHK TabCup, Ae6 dapas kumamus (6y rapMOHMK
TakpuGHn Gunpupann). Ksasmanactuk Kyd KoddduuueHTuHr
B 6unan Genrunaiimus. By capa3znapra acocan, n — aromra
(n—1) — aTOMHMHT TabCUP KYYMHH

fra—1=—B(Un—ttn—1), (6.1)
n — atomra (n+1) — aTOMMHMHT TAbCUP KyYMHM
fo na1=—B(tn—thny1) (6.2)

KypuHumna udoganacak, n — atoMra WKKM KYUIHU aTomaap
TOMOHMJAAH TabCMP OSTadTraH HATHXKaBMM Kyy Kyiuaarura
Tenr 6ynam:

Jo=—BQRUn—tly—y—tns)). (6.3)
n ne1
O—O&—
e <
u, Uy .
6- pacs.




[image: image22.jpg]ATOMNapHUHT maccacu m 6ynca, y Xonma n — aTOMHMHI
XapakaT TeHrIaMacu

Mt =B 2 — 1 — 1) (6.4)

KkypuHuwra sra Gynagu. KBasusnaCcTMK Kyd Tabcupuia By-
KYAra Kelagurad XapakaT TapMOHMK XapakaT Gyiuuinra
MabiyM (MacanaH, MaTeMaTHK MAasTHK XapakaTMHM OCra
onuurt). [leMak, Ma3Kyp NaHKapaja aToM/Iap rapMOHMK Te6-
paHMa XapakaT Kuiag, Oy TeOpanmwnap sca nawxapa
6yitua (TOPHM ICMaHr!) rapMOHMK TYIKMHIAp KYPUHMILMIA
Tapkanagn. LyHuHr yuyn (6.4) TeHrnama euMMMHH, SHHU
MXTHEPHH N — BTOMHHMHT CH/DKMIIMHA

Ug=Agtaan—s - (6.5)

TapMOHMK TYAKMH KypuHuumMaa udoganalmr MYMKHH, 6yHza
A — ammautypna, ¢=21/A — TYIKMH COH, A — TYJKHH Y3yH-
JIMTH, @ — TaHXapa AOMMHMIACH (MKKM KYILIHW aTOMHMHT MYBO-
3aHaTAard OpayuEK), w — TeGpaHWIL TaKPOPHIAIMIM.

Arap (6.5) nu (6.4) ra xyinaca, yuaa o Ba ¢ KaTTaaukaap
opacuuard GOFMAaHMIUHM  MbOmaNaIMras  XapaKTEPUCTHK
TeHrNaMa Kenl YMKamn. YHUHT ednmu

W= |sin '7_2“

=wn|sin f'_.[ (6.6)

6ynaau, Gynua wn=2y/p/m.

Arap (6.5) mynocabarna ¢ mu ¢’'=¢"(2n/a)g (6ynna
g— Syryn coH) Gunan aamawTHpuica, y Xonaa 6y Mynocabat
¥3 KYpMHMUIMAA KOJAIW, SBHU

U (g (271/ @) g) =Aduin—oD ganm = Agtan—ud —y,(q) .

HlyHuHrgex,

@ (g"+ 2a/a) g) =wn| sm(" +ng) |=wnl|sin(ga/2) |=
20(q).

Hemak, u, Xamaa »(q) HMHT KMAMATIAPU § HAHI KuﬁMa-r-
napura Kapad gaBpmit paBuwaa y3rapu6 Gopamu. l.LIyHunr
YUYH XaM ©(g) GOFMaHMWIHM 271/Q KEHIVIMKAArM § HUHD KHif-
MaTsiapn MXTMEpMIl opanuFuaa Kypu6 umkmm kucos. By
acocuit opanux cudatuaa

—a/a<q<n/a 6.7)
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OpaJMKHM TawIaw MyMKuH. Kynuumuk xonnapaa Oy opaiuk-
muar sipmu (0<{g<{n/a) OunaH YeKIAHWLI MYMKHMH, YyHKH
®(q) dyskumsa cummeTpuk y3rapamu (7- pacm).

(6.6) mau « HMHT JHF KATTA Ba DHI KMYMK KVIMMa‘UlameM
aHMKIA6 0N OCOH: —

O =0 (0)=0, 0, =0 (T/@) =0 (6.8

Pasuiankn, g=0rai =oco, g=n/arak =2aMoc Keiaan.

MakpocKOIMMK KpUCTa/Iap Ayaa Kym, aMmo y/iap uexsu
COHi aTomsapaan ubopaT. KpUCTaTHMHT Yerapasapu mas-
JKYIUIMTMHN Xucobra ojtmacank Makcapuaa Bopu — Kapman
IMKTMKAUK  (4aBPUAJMK) WApTH KUpWTWIaaW. ByHuHr yuyH
Kkarra ( CcoHmarM arom/ap KyAa KaTTa panyciv ainaHa
Gyitua Gup-Oupnpan a macodaga xoitnawran ae6 capas
KunmHam. Y Xonga

Unta=Un (6.9)

6y MUMIUHY NaiKam Kuitne amac. (6.9) UMKIMKIMK LiapT
Ba (6.5) udonanan exp (4igaG)=1 6yamum 3apypauru
keanb uukaun. Byngaw ¢=(2n/a) (g/G), Gynna g — GyTyn
coH. DHam (6.7) nosga ypuura Kyiugard ésunamu:

—G/2<q<+G/2. (6.10)

Hemak, (i SpKMHAMK Japaxackra ara OyaraH atomiap
UEKJIM 3aHXMPU YuyH ¢ TYAKuH coH (6.7) opaiukpa yarapud,
G va kuitMaT Kabyn Kunamu. UlyHu TabKumiaw Kepakk,
HaTvKaBuit uomanapaa G coH MWITHPOK dTMANIM.

TeGpaHUUNAPHUHT © TaKpOPHilaMKaap OFiiMua 3M4IMrHHM
TonaimMK. ¢ KaH §--dq raya opanMkka w AaH w-+do opammkK
Moc kesaaau. FOkopunaru (6.6) udopanan

do=ayB/m|cosS [dg. - (6.11)
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[image: image24.jpg]Ammo, dg=(27/aG)dg, Gysnarn dg Ma3kyp TaKpOPHILIMK
opaiuFuaa TeGpanuul CoHu Oynaau. w(g) HMHr Xap MKKaia
(—n/a), 0 Ba 0, (1/a) Tapmorn Xucobra ouHca, KapaiaéTtran
OpasMKAaru TeGpaHMLLIAP COHM Kyiinparnua Gynamu:

do (6.12)

G __dv
dz=2dg=" costaq/2) |’

ByHaaH TaKpOPMINMK OMP/IMK OpajMfM YuyH KyHumaruHu
onamu3:

dz/dw=2G/n {oh—o’. (6.13)

Slna 6up Myxum MyHocabaTHM Kapa® uuMkaiiuk. Daac-
THK/AMK Ha3apusACHAaH MabJyMKHM, KaTTHK CTEPXKeHIa TOByu
Tapkammui Te3auru FOHr mopyan E Ba mopna 3uuavru d
opkann udomanaHagy: Ui= VEn Jd. AtomnapHumr uusMruit
MaHXxapa Xoau yuyH d=m/a.

o =|fa n=1|/|ti—ttni/a|=pa

6ynanm. Llemal(.

vw=VE, [d=ayB/m . (6.14)
Kenmb unMKanu.

Knuuk g nap éku y3yH TYKuHAap coxacu yuyH [(ag/2)=
=(an/L) 1] toxopugarn (6.6) udonagan Ky#uarn Hatu-
Ka Kenmb unKazm:

w=2yB/m-qa/2=uveq. (6.15)
BuHOGapuH, Ma3Kyp coxaga w Ba g opacuia TYFpH MPONOp-
uMoHa/LMK (comma) MyHocabat Gop.

@azauii  Te3nnK. Typyxuit Te3nuk. Te6paHumIHAHT ©
TaKPOPUAIMTK TYJIKHH COHra GOFAMK G¥aransa, AbHM TYAKUH-
Jlap AMCIepcHsAcH MaBXysa GyaraHga, MOHOXPOMAaTHK TYJIKMH-
HUHT (pa3acu TapKaJMily Te3JUTMHA (g, a3zaBuil Te3TMKHN)
Ba TY/IKMH TYPYXM TapKaiuii Te3Auruuu (U rypyXuit Tes-
JMKHH) GMp-Oupupan bapk kuinuw n03nm. Mawiymkn, ynap

v, =w/|q| Ba o, =|?

. | ndbonanappan Tomunamu. KOkopu-
paru (6.6) myHocaGarra acocaH:
0:un|sin(%)/("7") s (6.16)
vr=vn[cos(a—zq)| (6.17)

Kenu unKkauu.
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[image: image25.jpg]8- pac.

Vayu tynakunnap coxacupa, (6.15) ra mysoduk,
v, =1, =vq. (6.18)

(6.16) Ba (6.17) Gornanuuuiap 8- pacmia TacBUpJaHraH.
6.2. KKV X1 ATOMaH TY3MJITaH YeKCH3 YM3MFUA NaHxapa.
DHIM JIEMEHTAp sYefKacH MKKH aTOMJaH Ty3W/iraH Mypak-
kabpok maWkapaga BYXKyAra KenaauraH TeGpaHMILIapHU
Kapailmk. 9- pacMia Mypakkab unsurnil nanxapa TyTyHiapu
TacBupiakrad. «X» Gearunap ' MaccamM OMpHHUM  XMA
n’—1, n’, 0’41 aTomMnapHEMHr MyBO3aHATAarM Ba3UATIAPUHH,
«/» Genrnnap aca m’ MaccanM UKKUHYM XM aTOMAAPHUHD My-
BO3aHATHATH Ba3WATIApHHM Kypcatagu. By Xonma xam xap
6Mp ATOM Y3UHUHT IHT AKMH UKKM KYIIHUCKH GUNAHIMHA KBA3U-
anacTMK §3apo Tabcupiawanu, 1e6 dapas KuimHagun. Maskyp
(n’) aTomumHr yurmaru (n”) KyweucH Guiax y3apo Taneup
Ky goumuiicu By Gunas, yauur (n’) wangaru (n'—1) Kyw-
Hucy Gunan ¥3apo TabCHpP Kyun Soummiicuum fo Gunan Genru-
naimvk. (Bynpait nanxapanu dakar MKKHM XWJ aToMJapriHa
sMac, Gasku opaimk Macodacu xap xua Gjaras Gup xmn
aTomNap XaM TAaUKWI KWIHUIM, MyMKuH.) By nmamxapasuur
noummiich (@) MKKM DHT SIKMH JKOMJalmran Gup Xua aTomnap
(6up Xua BaswsiTAArW aromaap) opacuaard macodara TeHr.
n’ Ba n” aTomaap CWLKMIUWHM, MOC paBuiuja i) Ba uy
6unan Gesruna, woKopuaa aittuaranmap acocupa, m’ Ba m”

. " '

7 n " %1 '
- *

L
+

9- pacs.

%




[image: image26.jpg]MaccaiM aToOMJAp YYYH XapaKaT TeHIJaMaJapuHH Ty3aMus:

=B (1t — ) — B (uh— 0~ 1) (6.19)

= — B (U — ) B (Ui — 1) (6.20)
By TeHrJamMasapHMHT €yMMJIapU FapMOHMK TYJIKMHIAD Kypu-
HUWMIa Gyramn:

ury=A’expli(gan—ol)] (6.21)
uj=A"explitgan—o)]. (6.22)

By (6.21) Ba (6.22) eunmnapau (6.19).8a (6.20) Tenrna-
Masapra Moc pasuuna Kyin6, A’ Ba AA” KoMmekc ammu-
TyHanap ydyH OMp KMHCIM YM3UFWii TeHramanap CHCTeMa-
CHHHM XOCHJ KMJIaMH3:

[w?— Brtbey gry [ Btbee™™) g0 g (6.23)
p m

[ﬁ\+,2:e‘““]A/+ [o?— B.;}sqmnzo (6.24)

By TeHrnamanap cucremacu euumra sra 6ymmm yuyn A’

Ba A” ommmparv Kynafitupysumnapnau Ty3W/IraH aHWUKJIOBYK
HOATA TeHr G6ymMmM Kepak:

or=Pth b b pep(iag) (6.25)
m m'

=0
BitPacxpliaq) o Pitps

" P

By auuk/10Bun ounb uMkmica, o’ ra HACGAaTaH KBAaPAT TEHT-
J1aMa KennG YMKaau. YHUHD euuMaapu

T of=(1/2)o}{1—y T—y7sin’ (ag/2) }, (6.26)
ol=(1/2) i1+ T—y7sin’ (ag/2) }, (6.27)

Gynna

of = (BB (n'm)

2 BB’ m”
oo 3 =16

L(Bi+B2) (m"+m")]*

Hemak, o Ba ¢ karranuknap (6.26) ‘Ba (6.27) mucnepcus
KOHyHnapn Gunan y3apo Gormawram xonma (6.21) sa (6.22)
eynmiap (6.19) Ba (6.20) TeHriamanapsu KaHOaTJIaHTHpPau.

(6.28)
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[image: image27.jpg]HUILIAP TapMOFH Jeiinnamn,
AKYCTHK  Tapmok O=0,, (¢=0)=0 pan Gownanug

9=n/a na_raxpopmitnuk YauuuHr sHr karra o w(/a)=
= (wo/2)] 1—yY1—y*  «uiimarura dpuwamu. Ourukasuit
TapMoK dca g=0 pga Y3HHMHr BHr Kkarra TaKpopuitmru

Won (0) =wo man Gownauug, g=u/a ha Yaummur kuwumk rag-
POpHIlIHIUra, sbHK ©on (/@) = (w0/2) Vl+l/1‘,v? ra apu-
wamm. Oemax,

© ,(0)=wi>n o/ >0, @/a)>w0,, (0)=0. (6.29)

Yy Takunnap (>q) coxacuaa

L 1
, R—a vag~gq;
g (630)
s 2
Wy Dort ~mn(l——z— q).
&on SlHa Gup KuamKk matmxa

wyku, y's£1 Gjaranga

(doy, /dg)n/a =
=(dw,,/dq)n/

0 (6.31)
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[image: image28.jpg]Arap y’<<l (sabuu m's=m” éu Pi#Ps) 6ynca, Tebpa-
Huw TapMokJapu 10 - a pacMuaruaex TacBupraHaiu.

Arap m’=m"=m Ba pi=p>=p, avun y’=1 6y.1ca, onauu-
M OMp XWX aTOMIApAAH TY3WAraH COAAa UM3MFMA namXapa
xonura Kaiitamusz (10- 6 pacm).

AKYCTHK Ba ONTHK TapMOKZAaru TeGpaHMLLIapHU Taxaus
KuamG, Gab3y MyXuM XyJI0Canap UMKapamus.

(6.21), (6.22) Ba (6.23) udoganapaaH UKKM KyUIHH aToM
CH/UKMILIAPH HUCOATUHU XOCHJ KMIaMM3!
u'n A" __pitBeexp (—iga)

Ve AT (BiAbp—mat

a) pacTaal y3yH Tyuakuuaap (A=o0, g=2n/i=0) xomHu
Kapab umkaitimk. By xoama exp(—iga)=1, o, (0)=0,
(0)=wy aKaHAMrMHUM dbTMGOPra 04MO,

(unfum) yo =15 (Unfu) oy =m”[m'. (6.33)

Ymby ndomanapian KypuHuwmya, TeGpahuuuiap akycTHKa-
BUil TADMOFMHUHI YEKCM3 Y3yH TYIKMHUAA ATOMIAP CUHXPOH
(oup xun (asajga) XapakaT Kwiaaum Ba Xap Oup maiTia
uh=u;| Oynagn. AMMO TeOpaHMILIAD ONTMK TAPMOFHHMHI
UeKCH3 Y3yH TYIKWHMAA KYWUHM ATOMJAp KapaMa-Kapum
¢aszana TeGpanaaM, yNapHMHr Macca MapKa3W XapakaTcus
Konamu (m'up+m"u;f=0). BUPUHUM XOJN IMACTHK aKYCTHK
TYAKMHIAD TAPKATMILA XOJIWra MOC Kenan. VIKKWHUM Hatd-
Kany GyHnahh TyHIYHTMDHII MYMKHMH: arap KpMCTall Xap Xui
MILIOpA/M MOHNAPAAH TALWIKUJ TomraH 6yica, sneMeHTap siveii-
KaHWHP Kapama-Kapiiy MIopadyd WOHM 3NEeKTP [MIOHWHT
¥3u Gynamm, voHNap AKMHIAaWTaHaa €Kku Oup-Gupupan ysok-
JIAIraHa AMTION JNEKTP MOMEHT yarapu6 Typamu. ¥srapysuan
MOMEHTIM UK Oy Xo/1a HHGPAKUIML HYPIAHKUIHK 0T/
Ba uMKapagd. JeMaK, WKKMHYA TapMOK ONTHMK )KMXATAaH
daonaup Ba Mana wy cababpan yHra ONTHK TapMOK 1ed
HoM GepuraH.
6) KuCKa TYJIKMHIAP XOMHM Kapa® unKaiamk:

A=2q, g=2n/h=n/a.
By xonna exp(—iag)=exp(—in)=—1,

a\_wo ey g
(g

6ysian.

(6.32)

(1)0“
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[image: image29.jpg]By udonanapia oo HMHT KuiiMaTuAas (oiinasanub, cyHrpa
ynapuu HasGaTma-HaBbaT (6.33) nmcGatra Kiicax, Kyitugars
nbonanapHn XOCHI KuIaMu3:

M'n (Bi—p2) / (Br4-Ba)

W mtm Bips

L Wit L L L i 6.34
e [li [T (m'+m”)’} (o8

ByHla 10KOpHiar¥ WIIopa aKyCTHK TapMOKKa, MAacTKH wuiopa
3Ca ONMTHMK TapMOKKa MOC Kemamd.

Arap B=P2, ammo m’=m" 6§nca, m’<<m” xonga akycTMx
TapMOK yuyH u,=0, u;z=0, m’>>m" Xonpma ONTMK TapMoK
yuyn up=0, ui==0.

Ilemak, 9Hr Kucka A=2a TYJKMHIA aKyCTHK TapMoKIa
eHrus1 m’ aToMaap Ky3ranamac, oFup m” atomnap sca TeGpanu6
Typagu. OnTUK TapMoKaa Oynunr Teckapucu 6namm.

Arap Bi>P2, ammo m’=m” Gynca, Kyiimaarm HaTHXa
Kemm6 uMKamm:

(6.35)

Ui i
(;7 Dk (;;-, don =

BunoGapun, Gynaa oHr KUCKa TYIKMH COXacuaa aTomsap-
HUHT aKYCTHK TeOpaHuuLIapu GupHai pas3anm CHHXPOH, yiap-
HAHD ONTMK TeGpawMuuiapu ¢a3anapn 5ca Kapama-Kapum
6ynamm.

Bus Oy koiina COmna uM3MFMii MaHXKapa ydyyH HopMan
KOODAMHATA/Iap KUPHTHIMIIM TYFPHCHIA KMCKaua TyXTal jyra-
MH3.

Kpucraumunr 191a TeGpannuiap sHeprusicu 6apua o Tak-
popuilukiap (€ku ¢ nap) OyiitMua KamaHraH TOTeHLMa
Ba KMHETMK DHEPrHA/ap WHFMHAMCHAAH ubopar.

VYmymaH afiTranaa, Xap OWp aTOMHMHr TeGpaHMILIApH
alpuM rapMOHMK TeSpaHuLLIap HUFMHAMCHAAH ubopaT 6yranm.
IleMak, YHMHT CH/DKMUIM YMyMHi Xonja

Uy=E Ageiwmn—un | Agse-itsm—on —1/ /G {a,e"
‘ +age ") ! (6.36)

Kypunuwna ugogananamm, oynza a,=y G A" ot g% sca
@, Ta KylIMa KOMIJIEKC KaTTaluK*.
G arompan u60paT aToMNAp 3aHXMPUHUHT KHHETUK DHEp-

*A. U. Aucenbm. Boeicnue B TeOpHIO NOYNPOBOMHKKOB. M.
«Hayka» waw-Tw, 1978 & 130—133, 584—586- Getnap.
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[image: image30.jpg]ruscy EK——Z u, notesuman oueprusich E,= ﬂ><

)(2 (un—u.._\) Tyna sHeprusicu aca E=FEx +E 6y1ann

T
Batacdenn xucobaapra TyXTaMacaH, T§1a SHEPrUSHMHT OXHP-
v MpORACHHH KENTHPAMH3:

1 1 B
E=2 (o Pig motsd). (637

By wndomanarn ‘P, Ba X, KatTamMknap a, sa aj nap Ounan
Kyitnparnya Gornanran:

X, =a,+a% P.,:"'i_‘" (a,—a). (6.38)

X, Hopman KoopauHatanap Ba P, uu X, ra Kymuma um-
nyJabcap Aedunanm.

Jemak, Onp yn4oRIM (UM3MFMI) KPUCTaJUI aTOMJIApH IHT
yMyMuii 6yaraH XapakaTIapuHMHr Ty1a £ oHeprusicu HOpMan
TeOpaHUULIAP SHEPTHANAPU HHFUHINCH Tap3HIa TACBMP/IAHULIM
MYMKHH.

7-§. Y4 yn4oBaM MypaKka®G KpucTann naHiapacu
aTOMJAPMHUHT TeGpaHnLLIapH y

Xap 6up snemenTap siueiikacuga (9Hr KMUMK KaTaruaa) i
MaccanM S Ta TypaM atoM Gysran yu YoM MypakkaG maw-
KapaHu Kapal umkaiiimk. Byupait mamkapama acocmit coxa
cudaruaa Ga,; BeKTOp (KMPpa)Jiap acockaa Tysuaran V xaxm-
M mapautenenunefHn GukpaH axpatub onaitnmk. Bywma

—(Ga\[Gay, Gas))=G¥ai[a3as))=G*Vo=NVo.  (1.0)

N — acocuii coxaziaru onementap siueitkasiap conu, G — xarra
coH, Vo — siemMeHTap siuelika XaKMW. ACOCHI COXaH# axpa-
™6 omMuan MaKcas, aTOMAAPHHHT JaBpHit )xommmnumuu
caKknall 9KaHJMCMHM 6-§ na aitTWaraH >au.

K - xun aTOMHWHr 11 — 3/eMeHTap sdeiikajgarn MyBo3a-
HAT BaSHATHHM

Th=d, +r* (1.1)

BEKTOp aHuKJIaimy, ae6 xMcchnaan Ywa atomuunr Myso-
3QHAT BASUATMAAH CHIKALINHA U opkaam Gesrnnacax, yHuHr
yura Ul tamkan atysuwnapn Gynamu.
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[image: image31.jpg]KpucrauHuar axpatn6 osuHran acocuit coxacuuuur £,
notenunan sneprusicu 3SN Ta uk, CHLKHILLIAD yHKUHMACH
Gynamu, y cunkumaap 6yamaranaa (6apua wf, =0 Gyararnna)
E, our xnuuk (vunuman) E,(0) knitmatra ora. £, dyukuus-
HM OHT KMYMK KMAMaTH (MHMHMUMYMM) SIKWHMAA Uy, Oyitnya
KaTopra éiuaanu:

GE;
nn'kk'af ﬁu,mﬁu

Ev=E0)+ (2%t

Yottha + l

3 En
Xn/%”kk'k”ugn ( S o, Jooo “nuuk o, +

gy _ '

OHr knunk E,(0) moTeHUMan dHePTMSHM HOJra TeHr Ae6
onca xam 6ynamm: E,(0)=0. Munumymaa Gapua xocunanap-

0E,

XaM Hosra Ter: ( 0.

he
Kyituparnua Gearunamnap Kuputamus:

&L &
L) =Ty, <Tk,—7 w00 =Tapy-
4UkAUE, aUkdU Kudu K,

JHemak,

Eom L Z TaUt U v Y TgURUEUG T+
"2 nkktap W kR aBy B
(7.2a)

E, éimnmachna uf, Uy, KBAJADATMK Xajsap Ba MOC HMFHH-
AM7ap TapDMOHMK XapaKaTra Teruiuiu, KeWMHrH HWFMHAMIap
rapMoHuk Gy;imMaras xapakatra oM.

Maskyp y4 §ayosnu rapmonuk TeGpaHMULIapHUTMHA Ypra-
Hunagurad 6yaca, (7.2a) aa dakaT KBapaTMK XaAtapHu ¥3
MuMra ONraH WMFMHAMIAD KOALMpPHIAny, Golkanapy aca Taw-~
na6 o6opunamun:

E=t X
2 nmkkap

Tﬂ@u,';nuf’l,'ﬁ . (7.26)

By X0a aTOMJAPHUKT XapakaT TeHr/amajiapy
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[image: image32.jpg](o . p
Millya= i Y Tttty (7.3)
kypunnwaa 6ymagm, Gynma n=1, 2,...,; k=1, 2, ...,

a=1x, Y, z. By nudepenuuan tenrnamanap cucremacuga 3SN
Tenrnama Gynaau, ammo yaapaan 3 S Tacuruna (6up anemenTap
AYeHKajarn aToMJiap XapakaTMra TEerMULTMCMIMHA) Xap XuJa
6ynamm, uynkn OGapua anementap sueiikanap GOup-Gmpura
yxmwauw. (7.3) TEHrJIaMaHWHT €YMMHU FaDMOHUK TY/IKMH upora-
cupan ubopart:

uba =Aq)expli(gar—ot)). (7.4)

By udonana E HU E’:E-{—b; ra aaMawTupuica, sHa (7.4) ra
yxwam ndoaa kenmb unkapu:

G+ By Y=t I@E—00] by _ g [i(a =] _
=uto(q),

YYHKM eXp ([E,.Zg )=1 (1-§ ra xapaur) . Bynnan E Ba q‘:}-}—&;
BEKTOpJIapura MOC KeJlaAuraH xoJsartaap 6HP XHn 6?}[3).114, AeraH
Xynocara Kenamus. Xymau Oup yauomnm nankapa Xoamma
KuJIMHraHuaex, Oy xonma xam d,=d; Ba I;g =E, OHI KHMYHMK
KuHMaTaapra Moc KeJraH ; HMHT ¥3rapuil opaiuFu GuiaH

qeKAAHMI MyMKHH: ¢'d=(q +b)a=qa:+2n.

Hemak, Gmp xui1 X01aTAap TAKPOPAAHAAMIaH §a, KymaiTMa-
HUHI )“f:arapuul OpaJUFUHUHT KEHIJIMI'H 27 ra TeHr. By OpaJIMK-
HHU

—a<gan (i=1,23) (1.5)

KypunMwiga é3ca Gynamm. (7.5) opammkiaap yura, yaap ¢
TYAKMH BeKTOp (hazocuua KaHZAHIMD XaXXMHH aHUKJIHAW.
(7.5) wm Gupunyy gearupusma Bpunmosn 3omacu dedunadu.
Comna ky6GMK manxapa ydyH 6upuHum BpuianiosH 30HacH
(2n/a) xuppanu ky6 Gynamu, yuuur xaxmu Vi =(2x/a)%.
Bomka Xap KaHmaii KpuCTa/ll MaHXapacw Y4yH XaM
Vo =(Qn)*/Vo, 6ynma Vo— maskyp nauxapa oiementap
sAveiikack xaxmu. OAMOC naHkapacura sra GyiraH KpemHUi
(Si) yayn Gupunun BpusmosH 3omack 14 éxm waka Gynaam.

Arap (7.4) eunmmnapum (7.3) TeHrnamanapra Kyiuica,
y/1apAaH aMIUIATYanap yayH 3S Ta Gup XKMHCIM TeHIIamanap
cucreMacu Xocua Oynamu. By cumcrema mabHOIM euMmiapra
3ra GY/MIIMHKHT WaPTH, aMILIATYa/1ap OJIIWAATH KyNaiTyBun-
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[image: image33.jpg]J1apAaH Ty3WIraH AHUKIOBYM (HETEPMHMHAHT) Hoara Teur Gy-
THMILUMIMARD®

’2 (DA — 08, Bp JAY (7.6)
/
| DG~ 00, dug| =0, .7
Gynma
Ty () exp [ig (@ —a).  (7.8)

By epna (7.7) aumuron-m 3S karopauaup. Buobapus,
YHW 04K UMKKanAa u) ra nucGarau 3S Aapaxaln Xapakrepuc,
TUK TeHrIama Xocun 8nama. Ymymuii xonaa, 6y TeHrnama o’
yuyn 3S Ta Xap xua eynmnap Gepaan (j==1, 2, ..., 3S), yaap
TeGpannutapuuHr 3S Ta TAPMOFMHU AHNKJIANALM. Arap wig)
HUHI 3S 1a HJIIN3UHA GMP JKHHCIM TEHIJIaMaJjap cucremacu
(7.6) ra Kyiicax, A, ammmrynanap yays 3S Ta eunum omHau.

By macananu Garadcmn TaxAma KHIMILNa TYXTaJIMAciAaH,
6u3 Oy epaa KapanaéTrad yu yINOBNu naHxapa TeGpanuitapu
CHEKTPUHMHI MYXHM XOCCaJapu Ba XyCYCHATJIapuHu GagH
KAnamma,
1. Xapakrepuctuk TeHrnamauuur 3S eunmura 3S Ta
Y % e B38) Te6paumuuap TapMOFH TYFpPU KeJaju.
Macanau, anemenTap adeiikaga 1 atom 6yaca (S==1), yura
aKycTUKaBuii TapMOK MaBXys Oynaau. Arap snemedTap sueii-
xaja 2 atom Gyaca (S==2), 6y xonna xammacu 6ywmb 6 ta
TapMOK, y/lapuaH 3 Tacu  aKyCTUKAaBuil TApMOK, sHa 3 Tack
2Ca ONTHKABMIA TapMOK Oynanu Ba XoKaso.

2. ® TaKPOPHIJIMK Xap KaHAai TapMOKIa ¢ TYJIKHH BEKTOP-
HuHr KydT dynKumMsicuanp:

ol —q)=0q). (7.8a)

3. Xap Gup Tebpanmuniap Tapmoru yuyH Bpuamiosn soma-
cnma o(g)=eonst cupTaap yrrasuw MyMKuH. Yaap 6up Takpo-
puitiukan €kn Gup SHeprusan cuptaap (6Up TakpOpMILIMK
€KUM M309HEPreTHK CHPTAAp) AeHWIaIu.

4. wi(q) dynkumsnap aaspuit yHKIMSAIAPAMD:

oG +b )=w(q). (1.9)

* A. V. AHCESBMHMHT ONMH ICTAHUBH KMTOGH, 33— 145,
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[image: image34.jpg]UJJ‘M)

ga;=-7% o 9a,=% A

11- pacw.

5. ¥Oxopuaaru (7.8) waprt Gup TAaKpOPMIIMKIM CHPTAAp-
HMHr ¢ - a30ary MHBEPCHA MapKash €KM CHMMETpus map-
ka3u Oynagn (11- pacm).

6. Yy jnuoeim ((pa3oBHit) KpucTam Xoauaa Xam Boph-
Kapman maBpuitimk wapTHHH

~5 bg =g (@b+gsbatgibs) @10

kypunuuga ndonananagu. By xonna g; HMHr KuiiMaTH N=Q}
Ta 6yn6, yrap

(7.11)

OpasMK/a Xo#nalmraH.
7. Tynxuu Bextopu aszocunuur dV,=dq.dq,dq. kuumk
Xaxmuua Gop Oymmu MymkuH Gyaran TeGpaHumIap COHH
G 14
dz=dgidg.dgi=(5- VVedq.dg,dg.= i Ve (7.12)
By udonann Gapua ¢ Gyiinua muterpamtab, xap 6up Tap-

MOK yuyH Tyna tebpanumnap coun (2;=N) Hu Xocua Kumum
MyMKHH.

8. Onaua Gup §140BAM maHkapa yuyH E3unraHupek, y4
JAUOBM KPUCTALNHUHT TeGPaHMILIAD SHEPrUACHHN

E=Zig Pt p M@y a1

Kypunnmiga udoaanam Mymxun, Bynna 3SN mycrakua uusi-
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[image: image35.jpg]FHil TApMOHMK TeOpaHrMy (OCUMNATOP) HURT Q; yMymsamrax

HOpMaJ KOOpAWHATasapH, P,(L;) g%-{—G,(q) aca ynapra
]

Kymma umMnyiabenapuanp. (7.13) ngona KpUCTaniHUHT HCCHK-
JIMK Xapakartu SHepruscuun noanaiian.

8- 8 MoHonnap. KpucTasis KaTTHK JKHCMIAPHUHT
HCCHKIMK CHFMH

KBaHT MeXaHWKaHMHI acocui KOMAacura MyBo(dMK, Kpuc-
Tani NaHKapacu AaTOMIAPUHMHT TeGPaHMIL/ADH OHEPruscH
XaMm KBaHT/IaHran Gynaam (¢ HMHT, GMHOGAPUH, w, HUHD XaM
KMIAMATIAPU AMCKPET (Y3YK) CHEKTPHHM TAUIKMJ OTAju: Maca-
JiaH, @ TAKPOPUIIMKKA 3ra HOpPMasn TeGpaHMILIap dHePrusicu
hwy, 2hwg, 3hwg, ..., nho, KuiiMaTaapra sra GyaumM MyMm-
kuu. Epyrauknm dorownap ae6 atanaauran, ho sHeprus Ba
hw/c amnynbera sra 6yaraH 3appaiap Tyaack (oxumu) ae6
Kapaul MyMKuH G6§/1rann Kabu, KPUCTA/I @HXKAPACHHHHD HOP-
Man TeGpaHuiiapn TYMJIaAMMHM Xam OHr KHUMK 20); dHEprs
Ba Moc /i§ KBas3uMMIy/Jbcra sra OyiraH KBa3uzappajap —
dounonnap (roHonua GOHOH — TOBYII 3appack AEMaKIup) rasu
cudatuaa Kapam MyMKUH. By $UKpHU OMAMHAALITUPHIN MaK-
canmMia Kyiuparuua Mysioxasa lopuTaiiimk. Bupop rapmokaaru
TYPIM W, W2, ... , (), TAKPOPUIAMKAM TeOpaHMLIIApHHHT
BHI KMYMK dHeprusuiapu hoy, ho,, ..., ho, 6ynagn. Maskyp
TAaKPOPUIMKAN TeOPaHALLIAD JHEPIMANADU LY OHI KHUMK
MHKIOpJapra Kappanu 6yamum jg03um:

nhoy, nehos, ..., 0, ho,.
By SHEeprus/apHMHr TapMoKgaru Gapua TakpopwinMkiap

Gyitnda  AMPMHANCH TAPMOK TeOpAHMILLIADAHUHT  yMyMui
aHeprusicunn Gepamu:

Eimnghontnshont ... +n, ko, | @1
6y udomanaru ny, ns, ..., n, COHAAP — MOC PaBAWIAA ),
@2 ... 9, Ta TaKpOpHAIMKTHM OHOHAAPHART  COHMAUP.
BYTYH KPUCTA/THUKT TeOPAHMLLIADH TYAa DHepTHscH
=% k. 82)
i

By (8.1) udoganarn n, na ..., n, ¢oHOHNAp COHM
KaHaait anuKkiaHagn? @OHOHAAp crMHra sra GyiMaraH KBa-
3usappanapmup. Ulynusr yuyn ynap (¢orounap cuurapu)
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[image: image36.jpg]Bose-JiiHIITEAH KBaHT CTaTUCTMKacura OyiicyHaan. Ywuaas,
TEPMOMHAMIK ~ MYBO3AHAT WAPOMTUAA, MYailsH TaKpOpHid-
aMKM oHOHMApK. Ypraya coHM Kyinaarnm Ilnauk TakcMMOT
PYHKUMSACHIAH AHMKJIAHWIUK Keaub YMKau:

hog
n=1/[e* —1]. (8.3)

LlyHu aiTuiu Kepakky, HucGaray nact TemmepaTypasiapia
(hwg>kT) GoHoHNap coun GMpAaH KMUMK, SHHH MA3Kyp o
TeOGpaHHLLIIADHUHT MaBXYA OY/IMII 3XTHMOAM KMUAK. AMMO,
uucGatan 1oKopu Temnepatypanapaa (ho,<kT) donowrap
CoHM OMpAaH aHya KaTTa, IbHM Ma3Kyp o, TeOpaHMILIapHHHT
6Y/Mm OXTUMOSM Ba dHeprusicu Karra Oymamu. TaGuuiiku,
Gapua TeMmmepaTypanapa MyaisiH TakpOPHItIMK OpasmFMaa
aKycTHKaBuil TeGpaHuILIap (aKyCTUKABUH (DOHOHIAP) MaBXYi
6ynaau, uyHku Oy Tapmokiap w,=0 maH Goumutanagd. AMMO,
onTukasuii TeGpanui (onTukasuit hoHOH)aap dakat Gnpop
Myaiisin TemnepatypajaH fokopupa (kT>>ha" ©yrrannia)
maBxXyn Gynamn, uynku Oy tapmokaap (o7 )20 1aH OKOpH
TaKpOpHiMKAapra ora.

@oronnap dHeprus Guan Gupra MOC XakuKMil MMMYJIbCra
XaM ora (EpYFJIMKHMHT IOTMIMIIM Ba GOCMMM XOAMcALapHHM
acaaHr!), yrap y3MHM maiino KuaraH ManGanapAaH axpasnd,
y/IapiaH TamKapuaa MyCTaku/ paBMuiza Mapxyj Gyaa onamum
Ba XKyJa Kyn xoaucanapHuur cabaGuucn 6ynanm. QoHoRNapHH
aca KkBasu3appa €6 aTaiMIIMHMHT MyxXMM Goucu wyku, Oy
TYIIyHuYa KPUCTa/L1 NaHXKaPaCWHUHT aTpodra TapKaimanaurasn
TebpannuTapunn TaBcudaam yyyH KApuTHAamu, GunoGapHH,
(OHOHTAp KPUCTa/L NaHXapacH TalKapucuaa 6y/1a onamaiiu,
(OHOHNAD WUMNYJIBCHHMHD  KBA3MAMMOYJbC Aedwnnum, Gy
KBA3MUMIY/IbCIAD AHFUHANCHHMHT HOMra TEHr Gyanuiarnanp
(dononnapuunr Gocum Gepa oamacarumMp).

@oHOH/IAp TYFPUCHMIATM TACaBBYD KPUCTAaLl MaHKapacu
TeGpannuLIapMHN TaAKWKIAMAQ, YJAPHWHT COLAA 3appaiap
(MacanaH, KpUCTa/l MYMZA XapaKaTaaHa&TraH 3JeKTPOH/ap,
doTonnap) 6uraH y3apo TabCUPHHM Ypranuiaa bU3MK Ba Ma-
TeMaTHK XMXATAaH Kynaiimk Oepanu, Mypakka® xomucanaphi
SIKKOJ1 MAPOK KMJIMLL Ba TACBMP/IAL MMKOHHHYU Gepanu. Llyugait
Kumb, KpUCTaan Nawkapacu OWIaH d1eKTpoH Gupop haw,
OHEPrUsiHW MaHxapara Gepuiun €KM YHIAH OJIMILM MYMKHH.
Bynaa anextpon 6up (osonnu (hw, dHeprusum) unkapan €xu
101aM ne6 aiiTmaagn. AnGatra, SMEKTPOH MKKM Ba YHIAH Ky
GOHOHHM OTHIIM EKM UMKAPUIUM MyMKMH (Kyn oHOHIM
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[image: image37.jpg]kapaéunap), ammo Oy Bokeanap Oup (oHOH OTMI EKkM un-
Kapuwira HucOaTaH anva Kam IXTUMOAIM Gynagm.

DHAM KPUCTAN] MaHXapacH aTOMJAPMHMHI TeGparHLLIapH
(MCCHK/IMK XapakaTH) TaK030CHAA KPHCTA/UT KAaTTHK XHCM-
JNaPHUHN UCCHKJIMK CHFUMH YCTHIA TYXTalaMH3.

TemriepaTypa JIraprasuaa KaTTUK JKUCMJIADHUHT XaKMHi
KeHraiWiM KMUWK, LIYHMHD YuyH yarapmac GOCMM wwiapouTi-
[lard MCCUKIMK CMFUMHA C, OWMJaH y3rapMac Xaxm INapOMTH-
Jlary MCCHK/IMK CHFMMM Cy opacuiark GapK Xam kuuuk 6ynaau
(xoHa Temnepartypacuja ¢, 6unau ¢, opacuparu dapk 3—5%
arpoduaa).

Bup rpaMMOseKyna MMKIOPAATH KPHCTAJUTHUHT HCCHKINK
CUFUMUHW XMCO6)IB;IJIHK<

Kpucrann nankapacMHMHI aToOMapyu XapakaTHHH Kiac-
CMK MeXaHHKa KOHyHaapura Gyiicynamm, ne6 dapas kuicak, 6y
XO/1a SHEPIrHAHMHT ODKMHIMK Japaxajapu GyiMua Tekuc
TaKCMM/IAHALIM KOWAACHTa acOcaH TeGpaHMa XapaKaTHMHI Gup
IPKUHMK fapaxacHra ypraua

E=E +E =LKT+LKT=KT
L finor 2 2

9Heprus TYFpH Kesnaau. ['paMMosieKyiazaru aTomaap conn Apa-
ragpo conu N, ra Tenr. Xap 6up arom yuta Tebpanma xapa-
KaT IPKMHIMK fapaxacura ora, GUHOGApPUH, KaMu DPKUHAMK
napaxanapyu couu 3N, ra Tenr,

pammosiekysiia MUKAOPAArH KpUCTAIHUHT ByTYH TeGpanma
XapakaTH 9Hepruscu:

N, E\=3N, K;T=3RT, (8.4)

Gyuna R=KyN, — ynusepcan ras nonmuitcu.

[y sueprusiuuur 7 TemnepaTypa Gyiuua xocHnack Kpuc-
TAJHMHT  TPAMMOJEKYASP MCCHKAMK CuFMMM C, Hu anuk-
snanau:

C, =dE/dT+3R~6 xan/rpax-Momb. (8.5)

By ndosanan Kyitnparu xynoca keaub umkagm.

Xap KaHaait KPUCTAUT KATTHK KUCMHUHI PPAMMONEKYIAD
MCCHKIMK CHFUMM TeMnepaTypara GOF/MK dmac Ba Takpuban
6 xan/rpag-moab ra teur (Hosour—TITh KOHYHH).

KatTuk KHCMIAp HCCHKIMK CHFUMMHH TIaCT TeMreparypa-
Jlap COXacHma TaakuK KwmHrasaa, [ionour—ITtn KOHYHuIaH
ueTjaHMuULIap CcOAMp OYAMULTMIK — TeMMiepaTypa naca#ras
capu C, HuHr kamaiuG Goprumrun Ba Xyaa macT Temnepa-
Typanapa YHWHT HOJTA MHTMIMG GOPUILMIA AHMKJAHTAH.
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[image: image38.jpg]DHIM KBAHT MEXAaHWKA 3aMUHMIA I NCCHKIMK CHFUMMHM
xucoGnab ronaitauk. MM Kpuetann sHeprusich nogacuun
AHMKJAWARH Gouwaimms.,

Kpucranigaru Awg sueprusiiy poxonnap conu (8.3) Iliauk
nbonacnaan aHMKIaHaan, GUHOOAPHH, YJIAPHAHL DHEPIHACH
(w, TaKPOPHAIMKAM TeOPAHULLIAD DHEPrUACH)

= hwy, hw,

(Y o R kT

(8.6)

B L2

6ynanm, Oyunarn —— xkywunysun T==0 G6yaranga Xam MasKyxn

6ynanuraun Te6pauruqum(r KOJIIMK, DHEpruscy.
Bapua Tebpauum tapmokaapu Gfiiuua (8.6) aueprusiap
ANFUIICA, KPUCTAUTHUHD TY1a JHEPrUsACH Xocui Oymaam:
3

E—Egg 2 X Mos

florill T 3.7

6ynna Eo= thq,/Z GupuHYN AMFUHIY 3 Ta AKYCTHK TAPMOK-

nap Teﬁpaﬂmumapuuuur Jueprusic G¥m6, UKKUHUM HAUFHHAN
5¢a, 3S —3Ta ONTMK  TAPMOKJAp TeGpaHMILIAPH SHEPrMsi-
cHaup.

OnTuk TapMoKiap o, Takpopummm q ra cycT GOFnaHraH,
LIYHUHT Y4YH Xap GMp TAPMOK yuyH GUTTa TAKPOPMIAIMK MaBXK YL
ne6 xucoGnanamm:

LTI LT 8.8

Yo nuwkT_| e RN ]

Gynna N — Tebpanuuwiap conu.

AKYCTMK TapMOKnap OyiiMua OiMHAAMIaH AMFUHAMHM
MHTErpai OWiaH aiMAWTHPUII MyMKWH. By Makcamma o,
w+dw opamukaaru TeGpanuiIap COHMHM g(w)dw® OpKaau
Genrunaiimus. Y Xo/ma akycTMK TapMoKJaapiaru (ynapHuHr
Gurracu Gyiinama TeGpaHuiinapra, KOJAraH MKKMTAack KyHaa-
nanr teGpanuunapra Ternwananp!) TeGpauniIap dHEprUscy
Kyiupary Kypuuuiiaa Gynamn:

B =§ &, —Evgrdo= §2°  gewrdw 8.9
5

0 phulKiT

Xucobnamnap g(w) yuyn Kyiugaru ndomara ommb xenaau
g(w)=3Ve'/2n%03, (8.10)
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[image: image39.jpg]Oynpa  V — KPUCTal acoCHii COXaCHHMHI XaXMH, Ug—
AKYCTUK TYJIKMHIAPHUHT KENTUPHATAH Te3IUru. AKYCTHK Tap-
MOKHHUHI' JHI' KaTTa Takpopm}inum Wy HA 6apua AKyCTHK
Tefpannmnap couuhudr 3N ra TeHr GYIMULIMIH wApTMHAH
aHuMKNAaHaan:

3V Frgorco s HBY ey
0ng)d(uv27_ § ordo= Yok _3v, .11
Oynian
L
o= ) Ba gu= (8.12)
oNieMeHTap AYEHKA XaXKMH, §, — TYJKMH COHMHUHI

OHP KaTTa KMMMari.

AKYCTMK TeOPaHMULIADHUHI OHI KaTTa TaKpopHiauru
©;, OPKaTu KATTHK JKUCMHHHI XapaKTEPHUCTUK TeMIepaTypacH
([lebait remmepaTypacn) aHuKIaHamM:

(8.13)

Ontuk Tapmokuuur [eGait Temnepatypach
@ —h0?/ Ko

6ynann. Duau (8.7) wdopamarn Gupumuu wnrunMEM (8.9)
uuTecpan Guaan amvautupu6 sa (8.8), (8.10) udonanapnn
obrTuBopra onub, KPUCTANTHUHE TeOpaHu (LapH TY1a SHeprus-
CHHM Kyinaardua €3ut ogamns:

: 3Vh wde
Eotam "S T {8.72)
e l:n+NK I{SVAI\(;T xdx 2‘9 TE 8.76)

2R e

TSR

WUkKku werapapuil XoJja — IOKOPM TemmepaTypanap Ba
nacT Temrepatypanap coxaiapuia (8.76) mdonaHu Taxama
KHIaMu3,

IOxopn Temnepatypanap coxacupa (KoT=>hw., Fhoy)
(8.76) ma x<l, O/T<1, wynunr yuyn exp(x)—Ix
Altx—Il=ux
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[image: image40.jpg]HOxopunarunapra kypa, exp(0./T) —1x0,/T.
E=E+NKiT{(3438—3}=E+3SNK.T (8.78)

Arap anemenrap sueitkagarn SN Ta atomnap conunn ABa-
ragpo conu Gnaad Gearwnacak, sbHM GUpP rPaMMOJib MOAAAHN
Kapacak, YHUHT TyJia dHepruscu Kyiuparnua Gynamu:

E=E\43N, KiT=E+3RT. @®.70

Hemak, 1oKopu Temnepatypasap ([leGaii TemnepaTypana

I0KOPH) COXACHIa MOJIAD MCCHKIMK CHFUMH
C, =dE/dT=3R 8.14)
Tiononr—TItn KoHynura GyiicyHap aKa.

DHIM nacT TemnepaTypasap coXacuuM, sitbhu [leGait Temme-
paTypacuiaH MacTAark COXaja MCCUK/IMK CUFUMUHU KYpaiInK:
Oy coxama (KoT<<h®., hO.) ontnk teGpawnmnap yiroria-
MaraH 6¥/1a/11, y1ap KPACTALTHUHP TeGpaHuiLIap JHeprusicura
XMCca KyuwMaitin, Oy oHeprusi pakaT aKyCTMK TapMoKJIap
JHEPrusAcuaaH TalKWJI Tonaau:

E=Evt 5t (KiD) S‘ L 872

TENe
By xonga x>>1 Ba (8.71) naru mHTerpan takpuban Xu-
coBnanamu:

foae (o (8.15)

(s e

JlemaK, eTap/iuua Mact TemMnepaTypaiap COXacupa:

3a'NKoT* 2
E=Eo+ - —E”+" V(KT)

(8.16)

6yunan

& ~T (8.17)

leGaii Temnepatypacuaas nact TeMnepaTypanapia Kpuc-
Ta/Jl KATTHK JXKHUCMJIADHUHI UCCUK/IUK CUFUMU T ra nponop-
uMoHas, GMHOBAapuH, TeMnepaTypa nacaiiran capu Ly KOHYH
Gyitmua kamaiinb Gopapu sa 7—0 ma C, —0.
Typan xpucrantap yuyn [Hebait TeMneparypacu Typanuya
6ynamm.
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[image: image41.jpg]1 BOB

HUAEAJTT KPUCTAJUIAPIA 3APSIJ TAIUYBYWJIAP SHEPIMAJIAPH
CMEKTPH

9-§. MacanaHuHr yMyMuil KyHUIMLGL.
AnpaGaTuk GHp 21eKTPOHIM TakpuOwit Hasapusi

Xap KaHpai KaTTHK XHCM XKy/la Kym aToM/iapaaH Tamikua
TonraH 6ysaan. ATOMJApHMHI AApONApH Wiean KpucTaiina
MYHTa3aM NaHxapa Talikua Kuiaau. By myBosanat sasusr-
napu atpoduaa atomnap tebpauub Typamgu. Hemak, KaTTHK
JKMCM KT 3appa/iu CHCTeMaiup. YHUHI CTALMOHAp X0/1aT/apy
TlpeauHrep TeHrIaMacHuM eund TonMIamm:

Av=ww. ©.1)
GyHnaru
IR Y S
¥ I {—*M/ V”/ +V(n R (9.2)

OMepaTopHH MasKyp CHCTeMa (KPHCTa/L1)HUHE T§aa OHeprus
onepatopu €KM XaMMJITOHMaH Jefmnaau. Y Moc paBuuiza,
DJIEKTPOHNIAP Ba AAPOAPHUHI KMHETHK DHEPTUSICH OlepaTop-
JlapupaaH Ba ynap opacuparu y3apo Tabeup V(r, R) notenupman
SHEPrUACHIAH )KamnaHran Oynagu. IloTennman SHeprusiHu
Ky#uaaraya €3uml MyMKHH:

3 o
£_3 & 93)
W,

V(,ﬁ):Z&e

1<k g

Yuby udonanapna m — anexTpoH maccacu; M, sca /-
SAOPOHMHT Maccacy; r; Ba R, nap 3eKTPOHHHHT Ba J SIPOHMHT
panuyc-sekTopaapu; R, , r,., 1, — SAponap Ba /MEKTPOHAAD
opacuparu TeruuuM Mmacodanap, 2, — /- AAPOHMHT aToM
Homepy; W — KpUCTA/LTHUHD Ty1a XyCyCHil DHeprusicu,

W= (ri, ra ...; R, Ry ) 9.4)

3appasiapHUHT TYAKMH DYHKUMACHIMD.

Acimpa (9.1) TeHrnamaHMHP €YMMM KaTTMK JKMCM XOcca-
napura Ternuum Gapua caBoinapra KaTbuit kaso§ Gepuum
MYMKHH 974, AMMO, KaTTuK xucMHuar | cm® xaxwmuma 1022
MaH OPTMK aToM (3appajlapHMHT YMyMHH COHM YHJIaH Xam
Kyn) 6ynamm. By osca, W T91KuH GyHKUMs ywaHuya COH 4aMa-
cumarn y3rapysumnapra Gornk Oynaau, Aemakaup. Bynpait

40




[image: image42.jpg]TEHIJIAMaHM Ba YHUHI €YMMHUHU XaTTO éBVlﬁ YHKMLI amanja
MyMKuH amac. Cununkiab oimG Gopuiran TagkuKoT/Iap Ha-
Tvxacuaa Lpeansrep TeHr1aMaCMHUHE YMYMUI 2aHWK €4YHMVHN
TOTIMIINA YPUHHUIIHUHT 3apypaTtH WYKAMTMHM, eTapinya acoc-
MaHraH TaKpuOMH XucoGiaw KaTTMK XUCMHMHT Gapua My-
XMM  XOCCANapuHM TYIIYHTHPHIUM MYMKUHJMTHHM KYpCaThH.
IlpeanHrep TEHIIAMACHHM EUYMIIHMHT TaKpUOMit  ycyauHu
apuabaTHk €ku GUP SNEKTPOHIM SKMHIAWMIL 1e6 HOMJIAHTaH.
V KaTTUK JKMCMJIapia S7eKTPOH/IAPHMHI SHEPTHs 30HATapH
Haszapusicura acoc Gysras.

AnuaGaTvK SIKMHIaumMm. Slaponap Maccacu  dNEKTPOH
MaccacuiaH Kyn MapTa Katra Oyarawnuru yuyH siAponapHu
(naHxapa TyryHnapuaa) Kysraamac pe6 xucobnauca, (9.2)

XaMMJTOH — ONepaTopuaa (7h’/2)lzv,f, /M, kjmmiysun

(AAPO/IAp KHHETHK DHEPTHsACH ONepaTopu)Hu Tausal 1GopH
MyMKHH. ¥V X0/Aa Ky3raiamac siiponap MaWIoHMIA Xapakat-
JIAHAETraH 3JIEKTPOHAAp cHcTeMacH ¢ (r, R) TYKuH QyHKuMs-
cu Kyinparn Ilpenunrep Tenrsamacura Gyiicynaam:

—-% VIV, R Yg=E,, 9.5)

Gynna £ — 51€KTPOHIAD CMCTEMACHHUHT XyCYCHi SHEPIHACH.
DHAM ANPOJAP XapakaTvHu Xucobra onum makcaguma OyTyH
KPHCTAJLTHHHT TYJAKHUH YHKUMACHHA

Y(r, )= WR) -¢(r, B (9.6)

Kypuuuwaa ueonanaiimuz (D (R) — sgponap cucremacu
TyNKMH GyHkuuscu). Arap (9.6) wu (9.1) ra Kyimnca Ba
(9.5) udona 3mu6opra OJIMHCA, KyMMard TEeHrJama XOCHT
6ynamu:

(-2 Zve, /M +E®R) © —wo ©.0

By TeHrnama saponap TusumuuuEr £ (R) morenuman aHep-
TUSIM  3JIEKTPOHJIAD  THU3WMHU MBﬁﬂOH“ﬂa XapaxkaTJaHraHd
XO/MIa CTALMOHAp XOJaTiapHM aHukaab Gepagmranm Illpe-
aunHrep Tewraamacuaup. FOxopnaa 6aéH KMIMHTaH TakpuOuit
yeyn aduabarux sKuraquiius 0etunaou.

Bup anekTpoHan skuHaawmul. FOkopuaary (9.5) Tenrnama
3/IEKTPOH/IAP TH3UMH, SAbHU KYI 3appaju TH3UM XOJaTaapvHu
aHMKJIALl TYFpUCMIAry Macananu udopa kuaaau. Bynnait Tenr-
NlamMaHM eudil KMHMHIMIMHM 10Kopupaa aiTuarad and. Kyn
2neKTpoH (KYT 3appa)jiap MacanacMHu OMp B/IeKTPOHHMHT
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[image: image43.jpg]XOMaTIapUHM AHMKJIALl Macaiacura adNaHTHPULIHUHL TaKpu-
6uit ycyom wuwia® uukuaran. By yeyn Xaprpu—@ox ycyau
AedMnaau.

(9.5) TenramMaga afpuM  3IEKTPOHJAPHUHT  KMHETHK
DHEprUsi ONePATOPNAPHHN GUP-CUPUIAH QXKPAaTHLI MYMKHMH,
ammo V(r, R) norenuman sheprus ymymuiiaup. Xaprpn —
@ok ycyau Kyimaarupad uGopar. DaeKTPOHIApPHHHI §3apo
TabCHPU [OTEHUMAN OSHEPrUACHMHM Xap OMp JeKTPOHHWHI
KOsraH 6apua deKTPOH/IAPHUHT KaHIAWIAD YpTayasamTupui-
ran Maitgonnnaru V. (r) noTenuuan sHeprust 6uian anmam-
Tvpunagd. ByHuait Kuiranga 31eKTPOHJIAp TH3MMM XaMHUJITO-
HUaHU

N
i} =2 ﬁ KypuHMLIZa, OMD JJEKTPOH TU3MMM 3ca

» s =
ﬁ,qw=—2—m ViHV a4V, (rd 9.8)
Kypunnmaa é3unaam, Oynma V/(r;) Maskyp 21eKTPOHHMHT
Anposap MailzoHuaard, Vm (r) aca Konrau Gapua onek-
TPOHAap MaWJOHMHArH MOTeHUMan sHepruscumup. 1y iycun-
na (9.5) TeHrnama aipuM INEKTPOHIAP YUyH &3unraf Tewr-
siamanapra axpanub keraau:

Eigpi 9.9)

By reHrnamaza ¢ — OMp SJMEKTPOHHMHT TYJIKMH (DYHKLMSCH,
E; — ynuur xycycuit sseprusicu. Ymby Llpenuurep rtenria-
MACHHH €uns, JJEKTPOH OHEPrUs/apH CHEKTPUHM AHUKIAUL
MymkuH. Xamma ran aHmu V, (r.) nu annkiampaa Gynamu.
.ByHuHr our sixwy Gaxapum ycyimuu assan XapTpu Hiad
uvKKaH, Keitun B. A. @ok 6y ycyimu Myxum paapaxapa
TakomutawTupras. By yeyn xakuaa Gatadeun mabiymoTHR
(4,196—206 6) naH OMMIIHU TABCHA KHIaMM3.

i

10- §. [aspuit 31eKTP MakIOHIa INEKTPOH Xapakatn

Kpucrannap cummertpusicn V, e (r') notenuman maitaon-
HUHI XaM KPMCTa/Ul AaBpHIIAIHra ora GYMIIMIMHM Tako3o
KMJ1au. DNeKTPOHHUHT TYAKMH (yHKUMsACKH cudaTuaa Kydnaa-
T BroX DyHKUMSACH OJIMHMINN MYMKMH:
V() =U, (Frexp(ke ), (10.1)

GyHgarM K — OJEKTPOHHMHT TYIKMH BEKTOPU, AMILIATYAA
U.7) 5ca KOOPAMHATAHUHT 1aBPHit (DYHKUMACUAND:

U. ('+ay) =U. ) (10.2)
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[image: image44.jpg]Il Gobmaru (7.10) wudogara yxXuwawi, 3AeKTPOH TYAKMH
BEKTOPUHN

=8 b +E .42 (10.3)

Kypuuumga udomanam Mymkun. [lemax, x BEKTOP G*® ra
KBa3MIUCKpeT KuiMaTaap Kabyn kmiamu. By (10.3) udona
Bopn—Kapman aBpuiiiMK waptuaas KeJaTMpub uvkapuiagy,
KPUCTaJ1IHWHI aCOCHIH COXacH cHpaTiia YHUHI XaXMMIA (g,
Gas, Gay kuppamm napaanenenunes axpatn6 onmuagm, Ga;
BEKTOP Kajap CW/UKUWI TYJIKMH (QyHKIMS KMAMATHHM y3rap-
THpMaiM, y X012 K HUHT DUM3UK KHXATAAH TypJu KuiMar-
Jnapu

—n<ka, < nli=1, 2, 3) (10.4)
coxana €raam. Arap (10.3) uu (10.4) ra xyiicak,
—G/2<g<G/2 (10.5)

TeHrcuamkaap onuuaau. HOxopuparn (10.4) xypunuwmaa
TAacBUpJIAHraH y4yTa TEHICHU3/IMK K — q)a'SOHB Kaunaﬁuup
Xa)XMHM aHUKJaimu. YHH 6upunyu (keatupuama) Bpuanosn
3onacu peivaanu. Xap Kaujail Typraru kpuctamn yuyH Bpua-
MOaH 30HacHHUHT Xaxmu (2m)°/Vo 6ynagm (7- § ra Kapaur).

B0X (DYHKLMACHHH D1eKTPOH yuyH Tyaunran Illpeamurep
TeHr;iamacura, abuu (9.9) Kyicak,

VAV =E, W, (10.6)

Tenrnama xocun 6yaamu. By eppa V(r)zV(r>,\+V3w ra,
sAbHM Gapya aTOM SAPOAAPM Ba KOraH 3M€KTPOHIAPHMHI
AaBpUH  MAHJOHMIA JJEKTPOHHMHI TMOTEHUWan _SHEPrHACH
IKaHIMruHM 9cratamus. Arap (10.6) um €Xp(ikr) ra kuc-
KapTupcak, Kyiuaara xocun 6ynamm:

72—"v +V(r)b (x VE =& ‘_,.’U; (10.7)

IpKuH anekTpoH yuyn V(7' ) =0 Ba U, — yarapMac, wysusr
yiuyH (/M — DPKMH DJEKTPOH Maccach):

E, =h"/2m (10.8)

6ynann. Iugu (10.7) TeHMIAMAHW €YUl YYYH DNEKTPOHHMHT
naspuii aneKTp Makgongarn V(r) noteHuMas IHEprusich
KaHjai auuK Kypuummaa Gyammamrunm Gwmim kepak. dap-
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[image: image45.jpg]BOKe, (10.7) Tenrnama AaBPUIt SNIEKTP MaHZOHHUHT V() Typam
Xycycnit xosnapu (6up ynuosau Maliounap, Kyucus sa Kyuam
Gornanmm XOJIIapH) yuyH eumsraw,

11- §. Bup yauosm ZlaBpuit NoTeHuMan xoau.
Kpounr — Mennn mozneau

Kponur—Iennn Mojemra  MyBodmk, aromnap  6up
YM3MK 6Yitna6 AaBpuit XKoinawmran, Byuna anekrpon YuyH
6up xun, HaBbaTrauryBuM TyFpu Gypuakau notenuman TYCHK-
J1ap MaBXyx. TYCHKHUHr KeHrnmru 4, aTOM 3/1eKTPOH yuyu
XOCHJI KWJITaH TOTeHINAN HYKYDIMKHUHE KEHITUTH b Ba TYCuK-
HUKr Ganaummrn Vi 6§ncun (12- pacm). By xonna kpucran
NaHXapaCHHUH JoUMHIiCH C=a+b 6ynanm, DNeKTPOHHUHT
Gynpait naspuii Maltlongaru aneprusicn £ TYCUK Gananminru-
AaH Knumk, seun E<<V, Gynamm. Wynn tabkuniaé yruw
KEpaKkKH, KBaHT MeXaHHKacH 6yitnua 3/1IEKTPOH By TYcHKIapaan
TYHHENL yrum (cupKuw) Hyau Gunan yTHG KeTaam Ba wmy
iycunna 6y 6up yauosmm KpucTaan 6yiina6 xapakarnama
onagu. By xonpa S7IeKTpoH yuyH Ilpeaunrep Tenraamacu
Kyiunaruya 6ynamu:

.
2N E—vyy=o, ar.n

(1L.1) renrnama TIOTEHUMATHUHT YYKYP COXACH Ba MOTeH-
UMAJIHHHT TJCHK COXacH yuyH, mMoc PaBuLIAa, Kyiuaaru kypu-
HHIIapAa E3unamu:

diy,
dx?

+ Ky =0, (11.1a)

£

NS

-6 o a a+p

12- pacm.




[image: image46.jpg]s/ dX’=0"ps, (11.16)
6ynapnaru

R, g =BT (), a1.2)

Moreuuman 4ykyp coxach 0<x<<a yuyx (ll1.la) HuHr
eunmMu

Yi(x)=Aei** 4 Be~ixx, (11.3)

MOTeHUMan TYCHK coxach —bh<x<<0 yuyn (11.16) Huur
eynMn

o (x) =Ce® - De (11.4)

Kypuuumzaa Gynam.
Kpucrann nanxapacHHVHr AaBpvilurd Tydaiim:

PxAC) = (x), (11.5)

6ynma ¢=x«C. HOkopumaru (11.4) Ba (11.5) udomanapman
(11.5) ndomann a<<x<c coxa yuyH Kyimgarmua &3um Mym-
KHH? .

P(x)=e[Ce"* 4Pt ] (11.6)

A, B, C, D pouwmwiiiapuu TONMII yuyH 3apyp Oyaran
waptaap (11.1), (11.4) Ba (11.5) euumaap Ba y.iapHMHT
XOCHTanapy YMymuil uerapanapaa  y3nykcus  OyaMuwmMra
wapTaapuavup.

X=0 uerapajaru wapriapaas:

A+4+B=C+D (11.7)

ix(A—B)=0(C—D) (11.8)
TeHrjlaMaziap, X=a verapajgard wapriapaaH 3ca:

Aere 4 Be~irt = (Ce™" 4 De®) (11.9)

ix(Aex —Be=x ) =0 (Ce™®—De")  (11.10)

Tenrnamanap keau6 umkagu. Ymby (11.7) — (11.10) Tenr-
JNamajnap cucTemacu Omp KmHcam cuctemamvp. Jemak, A, B,
C, D poumuitnap onauaary KynanTyBInIapAaH TY3HAraH aHHK-
JI0BUM (JeTepMHHAHT) HoAra TeHr Gysranmarusa Gy cucTema
MabHOJM eynmra ara 6¥1aan. By aHMKI0BUMHM OYMG UMKMITAH-
na ywby Tenrnama kenu® umkamu:

coska chBb+

0P—K .
= sinkashBb=cosg. (11.11)
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[image: image47.jpg]By epaa K Ba © xarraamkmap (11.2) ¢opmynara Guroan
2neKTpoHHMHT E aHeprusicu opkanM MonanaHranaMrd Ty-
caim ¢ ra Typam Kkwitmatnap Gepu6, E(¢) dyHKumsnm,
A'bHU  JJIEKTPOH DJHEPIUsilapi CNeKTPUHA TONHWIL MYMKMH.
Ammo, (11.11) Hu eunmwr mMypakkal, y Takpubuit xucobaaim-
napru TanaG kwiaam. JlexuH, afipuv uerapaBuit Xoama Kyna
AKKOJI HAaTHXXajaap OMMII MyMKMH. By Xosima moteHuman Ty-
cuk Kaauwmmry b wu Homra (b—0) Ba ywuHr GanaHmauru
Vo nn yekens (Vo—oo) ra untuaTMpamMu3, ammo b Vo kymaitma
¥eKJM AOUMMI KaTtaquk Oymb Konaau, ne6 xmcobnaitmms,
AbHH

4n’mabV,/h*=P=const ., (11.12)

b—0 Ba V)—oo uerapasuit Xonaa
ch@b—1, shBb—~0 (11.13)

6ynamn. Ammo, (11.11) pmarn sinka onauparu kynadtysun
HOJIra MHTUAMaHAM. XaKuKaTaH,

o 02—« o shOb . b8 P
shob=lim 0= —=lim— =—. (11.14)
3'0 26x b b pp 26 K@
00 Voroo

Onmu (11.11) Tenrnama coama KypuUHHIUNa KeJauu:
cos;ca+£; sinka=cosq. (11.15)
13- pacmpa (11.15) uusr eummu rpacmk ycyama TacBup-

smanrad. PacMmad KypuHMG Typranumek, COS¢ wuHr +1 mau
—1 rava opanukaaru KMAMaTJIapHUTUHA OJMILIATH Tydaitam,

INEVALNATENIY
AR

13- pacw.

D

R
5

d
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[image: image48.jpg]cakaT ury opanaukia xoinamran coxanap (11.15) eunmiapun
¥3 uuura onaau (UM3MKJIAHraH cOXajiap), MasKyp OpaiuMKAaH
TawKapugaru coxaiapaa (11.15) Huur eunmnapu Gyimanian.

IWMyHpait kuan®, k Huwr, Gunobapus, £ HUHD KuitMaTiapu-
HUHC MyaiisiH OpaJuKJapu pyxcaT aTwiran Gyau6, yaap
opacujaru coxanap Takukianran Gynap skau. Jemak, Kponnr-
Tlennn MojenMra acocianrad 6up yauoBau AaBpuil noTeHumMan
MailOHMa XapaKaT/IaHAETraH JJeKTPOHHWHI JHEeprusiapu
CTEKTPU PYXCaT ITH/raH Ba TaKWKJIAHraH coxanap (3oHanap)
nan ubopar Gynauu.

Bab3u uerapasuit Xomrapaa (11.11) Tenrnama Kaupait
HaTUXanap GepuLLIUrMHM KYpaiank.

1) P—oco. By X0J1 9/€KTPOHJIAPHUHI §3 aToMapu Gunau
Kyuan GoFnaHranu Xonura TYrpu Kesnagu. By xoama k=0 na:

sim
coska=1, T4 =]

Bunobapuy, (11.11) naru F(ka) oynkuus k yxka xyaa
ik tywamu. Lyspait kuau6, pyxcaT 3TW/raH eKTPOHIAp
SHEPrUsIapy CoXa (30Ha)iapu TOp, TAaKMK/JaHTaH 30HAnap
aca keHr 6ynagu. By X0/ sikka aTom Xonura SIKMHOMP (yHIa
AMCKpeT catxaap Oynamm);

2) P—0. By X0a 5]€KTPOHNAPHMHT §3 ATOMJIADH KyuCH3
GOF/IaHraHN XOZMTa TY¥PU KeJamu. Arap P—0,

COSKa=Ccosq (11.16)

6ynagm Ba Xeu KaHAall TaKMKJIaHTaH coxanap 6yamaitan; 6y
XO0a MeTajnparu OPKHH 3/IEKTPOHIAP rasy X0JMra AKWUH Kesanu;

3) P>1. Byuaga P karrta, aMmo uekcu3 smac. By opannk
xoaaup. 13- pacMaaH KYpHHWLIMYA, k HHHI DyXCaT 3TW/raH
KuiiMaTaapu nm ra yanaad €upamanu. YiapHu

ka=nn+98 (11.17)
KyprHuLLIa €3Um MyMKAH, 6yHaa 1 — coxa (30Ha) TapTHOHHM
Genrunosun OytyH cod (n==1, +2, ..), § — Gupran ku-
YUK COH.

DHIM 2MeKTPOHHUHT N coXajarn (3oHajaru) E, sHepruscu
Ey=An+(—1)"Bucosp (11.18)

kypunuwaa nogananaam, Gynza

_knt o2 At 2

A”*B—mfl* 48 F)' Bnmgﬁ- (11.19)
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[image: image49.jpg]12- §. KpucTaiiaa 31€KTPOHJIAap JHEPIUsi CNeKTPHHK
AHMKJALIA MKKH MYXHM TaKpUOMI AKHHIAWMIL

12.1. Kyucu3 GOFJlaHMII KBa3MIPKHUH JIEKTPOH HA3apHSCH.
E(x) 60FNaHMLIEM yMYMUii X0/11a TONHMLL MYXHM Macana 636,
y wy KyHraua euymnmarad. Y éku Oy Typaaru KaTTHK JKUCM-
JIaPHAHT TYpAM (M3MK XOCCANapUHM Ypranuuiga Gup Heua
Takpubuit ycyamap Kyanawmnaan. Illynapaas mkkuTa  oHr
MyXuM ycysinn kypcatu6 yramus. Bynapman Gupn — Kyucus
GOFNAHMII TAKPUOMHWHT HOJIMHYM SMKMHJAWMIIM cudaTtuaa
9PKMH ONEKTPOH XOJAaTH OJIMHAAM, KPUCTAUIHMHI AABPUit
QIEKTP MaMIOHK OPKMH O/IEKTPOHHMHI KMHETUK DHEpIMscUra
HUCGaTaH KMUMK OJraH MoTeHuMan JHEpIus XOCH KUIaau-
rau ranaéu ne6 xucoGnanaau. llpeanurep TeHrnamacy acocuaa
KeTMa-keT GaxapunajuraH OMPUHUM, MKKMHYM, ... TaKpubuit
xuco61|ap OKHGBTMHB DJIEKTPOHHMHI KPUCTAIN KAaTTUK JKUCM-
Jaru OHeprusnapu CoekTpM wudomacura KenuHaau. IpKHH
SMeKTPOHHMHT oHeprusich £ (x)=h’k’/2m. Arap Kuumk
naspuit notenuuan V(r) Huar @Gypbe Katopu

V=2 Vexplith,)] (12.1)
&#0

6yaca ((1.3) udonara xapaur), y xo/iaa Maskyp Takpubuit
XUCOG YCy/IM O/IEKTPOH SHEPrHAIapH YuyH

2

2 v, (122)

2m

ndonaun Gepany. Jlemak, 31eKTpoH sneprusicn 2|V, | ra Tenr
6ynran yauauura sra 6ynagu (pyxcaT ITWAraH dHeprusuiap
30Hanapu Gup-6upnaan Takuknanran 2 |V, | opainkaap Gunan
axpairan!). By xonma, (12.2) man K¥punuG TypraHugex,
SHEPruA/Aap CHeKTPU [esp/iM napaGona KypUHMIUMra Bramup.
By ycysn MeTaalapHUHT XOCCanapvHM TeKIWIMpMUIAa Ba KaTTa
DHEPrMSSIM  3apALIM  3appajlapHUHC KaTTHK JKUCM  OpKaau
JTHIWMHA TaAKMKJAWAA aHua (oianM HaTHXanap Gepamm.

12.2. Ky4am Gornanum (KBa3u GOFIMK 3N1EKTPOH Ha3apust).
Arap 3/IEKTPOMHWHI OHEpPrusIapM CHEKTPUEM Xwucobnauina
HOJIMHYM SKMHTALMII CHATHAA DJEKTPOHHWHT SIKKA aTOM-
Jlar¥ XOJIaTH OJIMHCA BAa KPUCTA/THUHT AaBpHil 9/1€KTp MaoH!
oca ranaén 1e6 Kapajica, y Xoa KBasu GORIMK S71€KTPOH
HazapuACMHA sipaTa onamu3. AWpum atomnap Oup-Gupura
AKMHAAWNKG, KPUCTA/WI MAaHXKapacu XOCHA Kuna Oowmiarasu-
7la y7apaarv NeKTPOHNAPHWHT AMCKpeT (aXXpUM) DHeprusja-
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[image: image50.jpg]DMHHHT CaTX/lapu napyananu®, sHeprusiap 30Hanapra ailnana
Gopaam. Coana ky6uk namxapa yuyw Llpepmurep TeHrna-
macu 6y ycyana eunsica, SJEKTPOH/IAp XyCYCHil SHeprusiapn

E (k) =Eu+C+2A (cosk.a+cosk,a+cosk.a) (12.3)

ndonara kenamu. Bynma Eo— AKKa aTOMJard OJIEKTPOH
oHeprusich, C — y3apo Tabeup aoummiicn, A — KYIIHA TYryH-
JlapjarM aTOMap SMEKTPOHIAPHHHHT aIMALIMHYB y3apO TabCH-
punHM xucobra osajuran kynaitrysun. By ncbopaman Kyimsarn
xyJocanap Keau6 unkagu:’

1. Kpucraan namxapacu xocun Gyirasuia, aToMIapHHHT
§3apo  TabCHPU OKMGATHAA SKKA ATOMIATH OJEKTPOHHMHI
E, catxu C xarTramuk Kamap cwikuitan. Cwokuw ifyHa-
vy C HMHT MImOpacura GOrIMK.

2. SIKKka aToMjaru 3JeKTPOHHUHT DHEPrMsi CatXu ypHMra
KPHCTa/Ul NAHXAPaaa 3/eKTPOH IHEPrUsIAPH 30HACH MAaBXKYL
6ynann. DieKTpOHHUHT E SHeprusicu k TYJIKMH BEKTOPU TalUKMI
oTyBuM/IApHra AaBpUA GormK Gynaam.

3. coskia=-+| 6yarannma, (12.3) ndopauuur karra sa
KMYHK KMiiMaTiapu Kyituparuua 6ynanm:

E . =E.+C+64, (12.4)

‘Maxe

E,,. =E.+C—6A. (12.5)

JeMak, copyia Ky6uK naHKapa yuyH 3/eKTPOH SHeprusiapu
30HaCH KEHIJIUTH

E,. —E,, =124 (12.6)

Maxc.

6y1aaun.

13- §. Unean kpucTainia 3M€KTPOHJAp SHEPrusiIapH
CMIeKTPH TYFPUCHIA YMYMHMid XyJOCanap

Typ/ KYPUHHIIZArM NaBpHi dJ€KTP MaWZOHIAp X0//1apu
(6Mp y40BAM KywiM, Kydcn3 GOFaHHMIN X0J/1apH Ba X0Ka3o)
yuys (10.7) Ilpemuurep TeHrnamacund aguabatvx Gup anext-
POH/IM TaKpubAa (AKMHNAIIMINAA) e4uin Ba KBAHT MeXaHMKa
KOHyH/JIapH aCOCHA IODMTHJAJMIaH yMyMHMiA MyJoxasanap
SMEKTPOH DHEPrUSICUHMHI XaMMa KUNMATIAPH XaM pyxcar
oTMATay KuiMaTiap GynaBepmaciuruHM Kypcaragu. By eunm-
nap OupmyHua xycycusitaapra sra. Kyiimpga wy Xxakaaru
Xynogcanaphu 6aén Kuaamus.

1. JTaBpuit MaifioHAa 3/IEKTPOHHHHI SHEPIUSIAPH CIIEKTPH
PyXCaT STMJIraH Ba TAKWKJIAHIaH SHEPTMs 30HANADHAA AXpai-
ran Gynagm. 14- pacmga avomsnap Oup-Oupura sKumIALIUMG

4—19 ]




[image: image51.jpg]14- pacw.

KPMCTAJUI XOCH/I KUJTaHK/a alpUM-aiipum DHeprus caTx/1apian
DHeprus 30HANApU Maiao GYaMum KypcaTuaras.

PyxcaT 3TUJIraH 30Ha HW4YM[A JJIEKTPOHHUHT 3IHEPTrUsAcH
y3/yKcu3 y3rapagu, €6 Xuco6auI MyMKHMH, YyHKM Xap Gup
30Ha WYMAA DHEPrUsl CaTXJIapM Xyda 3uu Xoinauirad (30Ha-
JlaTH CaTXJIap COHM KPHMCTA/UIJAr¥ atoMaap COHMra SKMH Gy-
nagu). 30HAHMHT TapTMGM OPTraH Capu PyXCAaT OTHITaH
DHEPrHsi. 30HAIAPH KeHraiinb, TaKUKJIAHraH 30HaJap Topaint
Gopaau.

Bab3u Xo/1apAa pyxcaTr JTWAraH 30HajlapiaH MKKUTacu
Gup-Gupu ycTMra KUCMaH TYLIMUIM XaM MYMKHH.

2. TYAKMH BEKTOpAAp, AbHA K Ba K=K+ b g J1ap TacBup-
naiiuran Xonataap 6up-6upura yxwamaup. Bysaan aekTpos-
HUHT MXTHEPUA N-30HAJarM DHEPrMACHM [JABpUid Y3rapuULIMTH
Kemb uMKagm: o ~ .
Eq(k+by)=En(x). (13.1)

3. Dnektpon oueprusicu E Tynkun sextop k HMHr Xybr
byukumsicn 6ynamm:

En(k)=En(—K), (13.2)
sibin E, aneprus nopacura k HMHr XKy®dT gapakanapuruna
Kupaau. N

4. Tyakuu BexTop (k) (asacuma dAEKTPOUHUHI IHEPrHsi-
cu E, (k) akcTpeman KuitMatiapra ar2. £, (k) HUHF MyTaak
KaTTa (MakCMMyM) KMAMaTH Ma3Kyp dHeprus 30HaCHHUHT FOKO-
pUrM uerapacuHu (WMNUHK), MYTIAK KUUMK KuiimaTé oca
30HAHNHT MAacTKW Yerapacuun (TyOMHM) aHMKIAdmn.

Hlyun TabKMANAll KepPaKKW, Ma3sKyp 30Haga Oup Heua
MaKCHMYM Ba MMHMMyMAap Oyauumuiuru, aiipum Kpuctaanap-
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[image: image52.jpg]15- pacw.

HAHD JHEprus 30Hajapuaa dKCTpemymnap Gup Heua Kappa
aithuran 6§auwm MymMKnH. Macanau, raamit apcennan (GaAs)
KPHCTaJIMHMHT IOKOPUTrM (§TKa3yBYaH/IMK) “30HACMAA MKKMTA
MusuMyM Gop. KpeMHuil KpUCTaiMHMHT MyaitsiH  (BasieHT)
30HAcM/ia YU KAppa aifHUraH MakCMMyM MaBXyI.

5. TyAKMH BEKTOD KMHMATJIapHHWHT IUyHZail coxajapu
MaBXyaKkH, 0y COXanapa O/IeKTPOHIAP JHEPrUsCH Y3NYKCH3
y3rapagu, ynapHMHT uyerapacuaa oca ysuiapm: Oy coxaiap
Bpunnosn 3onarapu neimnagu. Bupunuu Bpmuuoau 30HacH
(10.4)__ndona Ounan anuknianagn,— 2n<<kK" ", <<—m Ba
+n<<ka;<<+271 TeHICH3AMKIAp 3Ca WKKMHYM BpuiniosH
30HACHHW aHMKJaiaM Ba xokaszo (15- pacm).

6. Kpucraan xocun GyaMimumMaa aToMAAru 31eKTPOH dHep-
TMACH CATXapUIaH XOCHA GY/raH MKKM dHeprus 30Hacu Gup-
GupUra TYIWIMIIM XOANAapM XaM MabiyM. Byura Gepusimit
KpUCTanM Mucon 6yna onamu.

14- §. 34)¢emeacca. Kosaknap

DIeKTPOHIAPHIHT PyXCaT ITU/IraH IHEPrusAiapu 30Hanapu-
na E (k) dyHKUMAHMHE IKCTPEMYMIapy AKWHJIApHAa KaTopra
&itmir MymKuH. Macanah, 1 30Ha y4yH:

s +_E( 1z, ke — ki) (kﬁ—k‘m
(k9 Okiok, ko + ... (14, 1)

5|




[image: image53.jpg]6ynamm, 6ynna a=1,23 pa =123
By é&ituamapa [ XOcHnamm  xamnap 6yamacuru
‘Tabunii, YYHKM  3KCTpeMympa YyJAap wonra Temr, Hkxunuy

Ey (ky) — AKCTpeMymaaru dHeprus, Gomka 10KOpH TapTHGan
Xocunanm  xapnap Kyna  KMYUKIMry Tydaim  xucobra
O/MHMaliay. .

Arap TecKapu sdpekTns macca TEH30pH

1 1 0"
— = ) (14.2)

My B ooy By

TYWYHYacH kupuruica, (14.1) udona COAAAPOK KYpuuumIra
Kesaju:

E,(kq) = E, (ko) +2ﬁ ‘; m;km (14.1a)

My

Tensopuu yura Gony VKKa kearupum amamt (14.1a) ugo-
HaHn sHa Xam cozulanau.l'mpanu:

5 - by
Bl =B k) + § Kot

yuys (1038) ubona Gunan TakKoc1acak, m, nuur Macca
MabHOCHra sra OKaHIUTHHY naitKaitmus, aMMo, yMymuii Xonza,
KPHCTaiHMAT Xap Gup Gom yxura yauuuur m, Maccacu Tyrpu

M= (;-7) (025/0/65)7;0

OHr cogma Xo/aa (u3orpon KpHCTawt) yyana Maccanap
GupRait 6ymum MYMKHH!

1 IE
nu:nw:zn;:m*: h—’( W)Eo' (14.3)

By epnaru m* — CKansAp addekTHB Mmacca nedunamu. By
XOJIXa SNEKTPOHHHHT SHeprusicy, KBasMMMNysbcH Ba HbloTon-
HMHI UKKMHYY  KOHYHH KYpuHMUM Kyitngaruua 6ynanu:

ExB) = 102G — Fo)*/2m%] + By, (14.4)

p=h(k —ky) =m*s, - (14.5)
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[image: image54.jpg]F = m*(d3 /dt) =d P/dl. (14.6)

DHeprus, 30HaCHHUHI MAaCTKH qérapacuua (My171aK MUHUMYM-
na) E(/e)2 HUHI MKKHHYM XOCHMAdCH Myc6ar, sSibHM im*==
=(/H0 E/sz)-};u>0- By tymyhapau natmxkagup. 3oma-

2
HMHI JOKODHTHM uyerapacupa b3ca, (s—kf—) P <0, stbHM m*<<0
)

6ynagu. AMMo Gy FanaTu XYJOCAHM TYLIyHMLI KUIAMH 3Mac.
DIEKTPOH KPUCTA/UT MUMAATH KY4H MaiI0H TabCHPHAA TAIIKKM
MaiJIOH TabCHUpH WyHANIMLUIMra Kapuin #ypanran Tesnanmmra
ara 6yna onaau. Kyinpoxaa 30Ha mmnuma Maccacu m,——m#
B2 3apAn +-e Gyaran KBasu3appa (KOBak) TYMIYHUAaCcH KMpU-
THJICA, MA3Kyp FaJaTHIMK Gaprapad GY/IMULIMIMHM Kypamua.
Tax/ NN COAaNATHPUIN MaKcamuaa Gab3an E(}E“) =0 Ba
ko=0, 1e6 dapas kumHamu. N

Odoextns macca tyurynuacu E (k) ByHKUMA SKCTpeMyM-
Jlapy SIKMHMZA KaTopra AMuan KeauG uMKKammru sa Guuo-
Gapun, Oy Tymynua (bakaT 30Hajap yerapaiapu SKHHWIArMHA
KYJIaHUIM MYMKMHJIHTUHN TabKUATAAMAS,

A\
15- §. Metannap. Sipum yTKasruunap. JIMdIEKTpUKIAp

ByniaH oiuHrM naparpadapaa KpUCTA/LT KATTHK KHCM-
Japaa 3MeKTPOHAAPHUHT SHEPIHS 30HANAPU XOCH OYaMIIIMIH-
HM KYPAMK. DHIN 3HEPrus 30HANAPUHHHI JJIEKTPOHAAP Ouian
TYNAMPUITAHINIY MACA/IaIaph OUIaH TAHMIIAMA3, JYHKH 0KO-
PUrM SHeprus 30HaJapUHUHT (BAJISHT CATXJapAaH manuo 6yi-
raH 30HAJIAPHUHT) Kal aapaxaja TY/AMpHrad KM TYIaupui-
MaramMry KpUCTaJUTHUHT 1eKTp XOccanapy Oyitnua kaicu ry-
pyXra — MeTajapra (AXmu yTKa3ruunapra), spuM yTKazrau-
napra €KW JAMANEKTPUKIApra MaHcy6 G¥nuwuruuu aHuknad
Gepamn. YMyMmaH, dHeprusi 30HacH JJIEKTPOHAAp Ounan Tyaa
TYAAMPUIIraH, yana TYNAMpUAras ku GyTyHNai TYIIMpHaMaran
6yMImE MyMKUH.

Arap oHeprMsi 30HaCH TyAa TyaaMpuiraH (GornaHran
aeKTpOHAap 30Hach) 6yica, Gy Xoiua yHEarM dJeKTpoRiap
BMeKTp TOKMAa KaTHawa onMaiiau. Cab6abu wmyku, Oy 3oHannur
xap OMp caTxuaa OMp XWa KuiiMaTiM TeadnMkka dra Gymran
MKKHM 3JIEKTPOH KapaMa-Kapiy WyHanuuija Xapakat Kuaaju.
Tokaa KaTHAWITHPUL yuyH OyHgai Ky(hTaapHu axpaTuni—
YMapHUHr GUp KMCMHHM [OKOpUI# Gy caTxsapra Kjrapuu
(3HEPrUACUHM OWMPHIN) BA, DHP MYXUMH, INEKTPOHIAPHUHI
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[image: image55.jpg]Te3MK MYHAIMILMHKM 5]eKTP MaigoHra Moc pasuuiaa Gypuui,
AbHU YNADHUHT HYHAJITAH XAapaKaTUHW BYXKYAra KenTupuu
_Kepak. AMMO, Ty/a TYynaMpHiraH 3oHaga 6yuwr caTxiap My,
DNIEKTPOHJIAD HKKUTajgaH y3 caTxaapuia Kapama-KapLim
XapakaT Kuauwja aasom dtaau. Lyuunr yyyH ynap Tokaa
KaTHawa onmanau.

Arap sHeprusi 30HacM uana TYAAMpWAraH Gyaca, yHu
YTrazyeyanauk 3onacu gefinnaau. By Xonna yHaaru 3neKTpoH-
Jlap TOKAA KaTHAIUA OJ1a/iM, yAap 3PKUH DJeKTPOHAAp AeHnnanm.
Cababyu wyku, OyHaall 30HAHMHT OKODUTM KucMMIa Oyuw
catxiap Gop, nactku carxaapaa Xydr-oxkydT okodnamran
3JIEKTPOHNADP B/IEKTP MaiOH TabCHPUAA Te3aiumb, oKopurk
6yl caTxapra KyTapuaaan, Te3AMKAapM HYHATMIIN DTEKTp
Maiiionra moc Gypuiamn. HaTuxasa 3oHajard a/eKTpoHIap-
HMHT HYHANTaH XapaKaTtH, AbHU 3JIeKTP TOKM BYXKY/Ara Kesiauu.

Tyaampuiaran 3oHa OKopucnaa 6y 3ona 6Gynaau. Arap
KaHgainp Tawkn Tabcup okubatuna Oy 30Hara TYAIMPHATaH
30HaJ@H 3J1eKTPOHIAp YTca, Oy MKKM 30Ha XaM 4ana TYJAnpH-
raH 63116 KoNaAM Ba D1EKTP MAIOHM XOCHT KM/IMHraHIa TOKKa
¥3 XHCCanapUHU KyILamu.

VIKK# MyXWHM XOJIHH KYPUG 4MKailIMK.

1. Yana Tyaampuaran BajieHT 30oHa Xoau. Harpwii (Na)
Kpuctasnuuu - onaiwmk. Hatpuit  Mennesnees  kaagsaamaa
11- ypunna typaam, yuuur atomuaa 11 anektpou 6op. YrapHuur
10 racy (IMay/M KOHyHHra acOCaH) UKKUTAZaH 5 Ta CATXHH TY/1a
orajuiarad, 11- BajgeHT 37eKTPOH XOWJAWIraH BAJEeHT caTX
vana ryapupuaran. Hatpuit 1 sanentau saement. Tyna Tyagu-
punran GeTa MUYKM CaTXJ/IapAaH HaTpHil KpUCTaiuma XOCHI
©yaran oHeprusi 30HANAPY XaM TAa TYIAMPUATAH, AaMMO BaJIeHT
caTXAaH [aigo GyaraH 30HaHMHr ApMM TYAZMpHATaH Gynamn
(16- pacm). Xap KaHmaid Temmepatypajga TYaa TYAAUPUArAH
30HaNApaark 31eKTPOHJApP 2/IEKTP TOKM YTKasuija KaTHawa
O/IMaiIM, aMMO ADMH TYJIIMPUATAH 30HAHMHT (YTKAa3yBYAHINK

—o——o—
—o—o0— _
== ===
—0—0—
3 B
16- pacm.




[image: image56.jpg]30HACHHMHI) DJEKTPOHJIApU TOKJAAa KaTHAWIA ONafW, UYHKH
yJIapHA O/IEKTP Mai[OH Te3NATHPUILM Ba- IOKOPH 6yw carx-
napra  (Te3MK  AyHA/JMWUHM  XaM  y3rapTpraH - Xonaa)
JTKA3MUWIM MYMKUH, By 30Haja O/1EKTPOHJAPHMHI TapTHOIK
XapakaTu ByXyara kena onaau. Hatpuit kpuctanm merann
6310, TOKHM sXum yTKazagurad Monna. [emak, I0KOPUrH 30-
HACK OMeKTPOHJAp OMNaH SPMUCUraua (uana) TYILAUPHITaH
MojIanap  MeTann xoccaiapra ora Gynagu. By 3onaparnm
27eKTPOHAAP OPKHH J/EKTPOHAAP XaM AeHUJajM, YJapHAHT
coHu KPHMCTAMJIHM  TAWKWJA KWIraH aToMJiap .COHMra TeHD
(1 c™® ma taxmuuan 10* 1a atpocmpa). By con temmepaty-
para Gornuk smac. Mertaanap — sXWM JTKAIWLAAD XHCOO-
JNaHaaM.

2. Tyna TyNAMPHIraH BaJieHT 30Ha X0aH. Kpemuuii kpucra-
muau onaimk. Kpemuuit (Si) Mengenees xaupanuaa 14-
ypuHaa Typaau. BuHoGapyH, yHMHr sikka aTtomupa 14 Ta
271eKTpoH 63116, 10 Tacn MycTaxkam MukM KOGMK1a 5 Ta caTx-
HU TYAOMpraH, KOJraH 4 Tacy MKKMTAa BAJEHT CaTXHM TY-
Ja Tyaamprad. By carxsapuas KpeMuu# KpucTanupa naino
6yaran BaleHT 30Hanap MyTIaK HOMb TéMreparypaza Tya-
aupuaras 6ynann (16-a pacm). Jdemak, (T=0 K xa) 6y
30HajlapAark JJIeKTPOHJAp JJMEeKTP TOKM YTKasuulga KaT-
Halia 0JIMaiM, TbHA KPeMHMIA Oy X013 Y3MHM AMDIEKTPHK
(usonsTop) Kabu TyTagu. BajeHT 30HagaH lOKOpMiaru
30Ha (yTKasyBuaHadk 30Hacu) 6ym-Gyw 6ynamm (16-6 pacm).

Bu3. Oyngan KefiMH MKKM BaJIeHT 30HACHOAH MNACTKH
BaJIeHT 30Ha O/[ATIa KPeMHuil Kpucranmaa cogup Oynagnrau
XOmMcanapra Xed KaHAail Tabcup Kuamaiimu, ned apas
KUIamus3.

AMMO, MYTJaK HOJb TeMrepaTypanaH IOKOpH Xap Kaumai
TEMrepaTypaja BaJeHT 30Ha. dIEKTPOHAAPHIaH OMp KuCMH,
MCCHK/IMK XapaKaTH 3HEePTrHsACH XHCOSMPa, TakHK/AaHraH 30Ha
KeHrauru neb atanrad £, SHepruAnd TYCUKHH eHrnG, 0Kopu
30Hara, ALHA (JTKA3YBYAHIMK) 30HacHra yTub oarad Gynaaum
(16-6 pacm). By XoaMcanu SKKOJ TacaBByp KW/IMII YUyH
YHH CYIOK/IUK MOJIEKY.1alapUHUHT GyFanMinra yXmaruim Mym-
KHWH. 3"1‘-[" BaJIEHT 30Ha Xam, y’TKE3yB“BHﬂHK 30HAaCH Xam vana
TyARMpUATaH 30Hanap 6yanu. Yiapaaru 51eKTPOHAAp INeKTp
MaiiIoHn Tabeupuaa 6aHa 6yaMaraH OKOPM caTXJapra yTHLM
(9HeprusiciHu Ba Te3IIMK HYHAMMIINHY Y3rapTUPUIUM), SbHM
TOK YTKas¥uga KaTHawmmu Mymkud. Kucmas tyamupuaran
JTKAa3yBUAHIMK 30HACHIATU 3/EKTPOHNAPHNA DPKMH DIEKTPOH-
Nap €Ky JTKA3YBYAHJIMK DJIEKTPOHApPH AeHunany.
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[image: image57.jpg]BajleHT 30HalarW Kopakjap. VYTkasyBuaHiMk 30HAcMra
$T16 KeTraH 3AEKTPOH/IAP BAJEHT 30HAHUHI IOKOPUTU derapacy
AKWHMZATK  caTXapHM GYw Kommpamu. Anbarra, onekTp
MaioH TabCHPHAA MACTPOK CaTX/Iapaaru d/eKTpounap 6y
6yw carxaapra yTuG oMM MYMKMH. Arap BaJEHT 30Hafard
9/eKTpoH drasnamaran (6y) XonaTHH -+ e 3apsUM KBasu-
3appa (KoBak) 7ae6 Kapanica, BAaJeHT 30Haja JNEKTPOWIAD
XapakaTW ypHura YyHra Kapama-Kapwwu Gyaran KoBaksap
XapaKaTHHW TEeKWIMPAL MabKYJL.

Hemak,. T>>0K na KpeMHWi KPACTAIW BJEKTP YTKa3ys-
YaHINKKA 9ra 6YNaau, yHd §TKa3yBUaHANK 30HACUAArd (IPKUH)
D/IEKTPOHJIAP Ba BAJEHT 30Hafard (OpKUH) KOBAKIap aManra
owupany. DPKHUH IIEKTPOHIAD BAa IPKUH KOBAKIADHUHD
MUKIOPH, GMHOGApUH, S/EKTP JTKa3yBYAHMK TAKMKJIAHraH
30naunHr £, KeRrmrura Gormk 6ynanu. Xap xun Kpucrannap-
fa E, unnr Kwitvata Typamua 6¥namu. Spum yrkasruunappa
E<2 3B, nuanextpuksiapaa aca y 2 3B pax katra 6jnagu, ne6
uamanasamu. UlyHunr yuyH spuM  JTKasruuiapia BaJesT
30HalaH YTKA3YBUAHIMK 30HACUra Ce3U/I1apan MUKIOP/A INEKT-
pounap ytu6 onamu. Temneparypa kyrapuna Gopram capu
6y yTuuwiap Kynasau, PKWH 3NEKTPOHNAD BA KOBAKIap KOH-
UEeHTPALMACH (3MwinrK) Kyda Te3 owmb Gopaam, Gunobapun,
APHM  YTKasTMYHUHI 3JEKTP YTKa3yBUYAH/IUIM TeMIeparypa
opruim Gunan Xyaa Te3 OpragM (COMMUWITHPMA KaplIMIUTH
Kamasiam).

JmosexTpuksiapaa TakWK/JaHrah 3osa anya ker (£, anua
kartra) Gyarasmmrn caGabim SpKUH DJIEXTPOHJIAP Ba KOBaKJap
Aespay Oyamaiinu. [JuasekTpuk TOK YTKa3Maimu.

Slpum  yTKasruunapaa IPKUH IJIEKTPOHIAP Ba KOBAKIAp
oflaTIa MeTaIapAaruaaH Ky Aapaxana 03, yIaPHUHT dJeKTP
yTkasyBuaHIMIM Xam Wy papaxaga kam. AMMo, spuM jTKa3s-
rMuapAarra Kapum pasuuia, TeMneparypa opti@ Gopranga
METaJapHUKT YTKa3yBYaHIMIM Kamasau (KapLIMIUIM opra-
M), YYHKH METa/UlapJari OPKWH DEKTPOHIAD 3MWIMIH KAaTTa
Ba TemmepaTypara GOFJIMK 9Mac, JEKMH TEMIepaTypa OmraH
Capu ynapHMHT XapakaTyaHIury kamaiiuG Gopaau.

KaTTHK JKUCMJIADHUHr KBAHT (DU3MKACH DIEKTPOHAAp
OHEPrMs 30HANAPH HA3APMACH 3aMUHMIA METAl, APUM
JTKa3TMY  BA  [MINIEKTPUKNAPHUHT onekTp (Ba  Gomka)
XOccanapiHH PaBLWIAH TYWYHTAPHO Gepaau.
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[image: image58.jpg]“a
16- §. Bab3u Gup spUM YTKa3rMUIapHUHT dHeprus
30HaNapH TY3HJHILM

Tepmamnii  (Ge) Ba «kpemuwii (Si) spum  yTKasruu
KPHMCTa/IaPK OJIMOCHMKMIA yXiiauwl nakxapara ara: Xap Oup
atom atpoduaa 4 Ta XyaaM WYHAAH aToM DHM AKUH HKOHauI-
ran Gy;mG, MasKyp aToM TETPASAPHMHI MapKasu, TYpTTa
KYUWHAAAPA BCa TeTPadAp y4Iaphaa JKOHIaiuraH.

Kpemnumit KpucTaiMHMEr  JTKasyBuauamk 3oHacuaa [100])
iiyHammiapaa 6 Ta cummeTpuk skoiiamran E (k) aneprus
MMHHMyMJIapn Gop TepMmaHuit KPUCTATUHUHT  YTKA3YBUAHIUMK
sonacupa [111] iyHaamuinapaa Bpnnmosﬂ 30HacH yerapacuaa
8 Ta CMMMETPUK MMHMMyMJIAp XoinamraH. By MHHIMYMIZD

KypcaTuiran yuapunnr Iz;é 0 HyKTanapuaa Typaay. P

MMITY.JTbC Gunan k TY/KMH BEKTOpU opacuaaru P = h & MYHOCa-
Gatmau ¢oigananud, ky=0 ne6 xucobnal (caHoxk Gowmmu
MUHAMYM HykTacura Kyuupu6), (14.16) ndonann kyiimnarnya
E3MIT MyMKHH:

E(PY=P}/2m+Pyj2mat P3j2ms.  (16.1)

© AMMO, KpeMHW/ Ba repMaEuina Oup Xua SHeprusmM

(E(p) = const) cupraap aitnamvm smwmncounuaan mopart,
Gynna kpemumiiga [100] #iHanvm SIMNCOMAHMKT CUMMETPUS
yku Gynamm, ynn 6yinama Uynarum peldimnagm, yHra THK
6yaran ukku iyHamam kynoarane dynaruw peimnagu. Kyu-
JanaHr MyHaqMuiapra Moc m; Ba m, maccanap 6up-Gupura
TeHr: n1) = my == my (KyHmanasr mMacca), 6yitnama itysamm-
Haru my, Macca Gyinama macca peinnanu.

TepManuiifa GMp X1 SHEPTHAIM iTaHHULL S/UTUIICOMAMHUHT
cummerpus Yku [111] ityuamm 6ynaam.

Hemak, Si sa Ge yuyw (16.1) Kyiiuparn kypurumza
€3unanm:

oy P+ P
E(p) =202 4 o L (16.2)
Kpemuuit Ba repmanuituunr sanent somacuma E (k)

SHEPrUAHMHI Y4 Kappa aiuuran makcumymn (k =0 pa)
MaBXYA. E(k) QYHKUMSHUHT MKKM TapMOFMA JHEPrUA Ba
TYAKUH BeKTOP opacumark Gornammums

Euath) == "2 (A VFRTTL asd)
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[image: image59.jpg]Kypuuuwaa 6ynagn, Gysna mo — 9PKHUH BNEKTPOH MACCACH,
A, B, C — ynyamcn3 poumuiinap. By Xosiga BaneHT 30Hajard _
KOBaKHMHI MacCaci MKKW KuilMarra ara Gynamm:

o me
— VB FC5 Ay VBECYs

Yuwy wnconanapias KypuuuG Typramupex, mp >y
6ynann. LlynuHr yuyH 1- TADMOKHMHT M, Maccan KOBaKAapH
OFUp Ko6aKaap, 2- TApDMOKHUKHA 3Ca eHeUl KOBAKAAp NeHnIaam.

VuHHUH TAPMOKHU .

My =

(16.4)

E(F) = — B~ EF 4. (16.5)

2my

KOHYHUAT TaBcudnaiam, Gynnarn £y, — cnun—opburan yzapo
TAbCUP' OKUOATHIA YUMHUW TApMOK OGOHUTAHMIIMHMHD macT
cnmxuuv. By Tapmokaa addextns macca m, = mo/A 6ynaam.
LuxroTpon pegonanc xomucacn Taxpubanappan A, B, C-
JIAPHUHT KMHMAT/Iap¥ aHUKJIAHTaH,
Ge Ba Si ga 27eKTPOH Xamila KOBaKNApHMHT ddderTHB
Maccanapu.

1- xansan

Spum yrxastm | A B C [l ™ /g m“/mm,,/mm,/”ﬂ

—
Tepmanuit 13 8.9 | 103 | 1.58 0.082 | 0.34 | 0.04 0.077'

Kpemuuii 4 1.6 33 | 098 0.19 0.52 { 0.16 0,24"

AllIgV Typ GuHAp ApUM YTKasrAWIAppA YTKA3YBUAHJIUK
Ba BaNEHT 30HANAPUHMHI OUP XW/I SHEDIUATM CHPTIAPUHU
coepacumon cuptiap aeb xucobnam MymkuH, spHn Oy xonma
ynap Kyiiuparn. Kypunniaa 6ysamm:

242
Bt =E@) — 2L, (16.6)
2mt
By epaa mi HMHT OHEprusra MabiyM Aapaxaia GOFIMK
Gynuy.{mnr‘x?uu aitTn® yruw 3apyp.
AMBY 1yp spum yrxasruu 6upuxmanapna “snekTpowtap
Ba KoBakJapHUHT dddektus Maccanapu (300K)

58




[image: image60.jpg]£ )

4

17- pacm.

2- xanBan

Spum yrxasrmg InSb | InAs | InP | CaSb | CaAs | CaP | AlSD

8 my 0012 | 0.025 | 0.077 | 0047 | 007 | 034 | 030

3/ mo 05 | 03 | 02 | 039 | o5 | o5 | 04

Kyn sipum yrkasruu spuctasnapaa E (k) dysHkupsHuar
y'n(azysqammk 30Hacujari MHMHHMyMJIapy Ba BAJICHT 30Ha-
CHIard MakCHMyMIapu Kk HMHP Xap XWwi KuiiMatiapura Moc
kenaau. Hlynpait 6y MM MEM KpEMHUIA B4 repMaHuit MACOITH-
na Kypauk. Byuaail MOCIMK KPUCTA/LTADHUHI ONTHMK XOCCasa-
PMHM aHMKIaWAa MyXum ypus TyTaam (17- pacm).

1V BOF

XAKHKHA KPUCTAJUJIAPIATA HYKCOHIIAP

Onaunry 6o6na Kapa6 YMKU/IraH SHEPIMs 30HANADH TY3U-
smmmra sra 6yAraH Ba ysiapiaa d/eKTPOHJIAp YTKa3yBYaHTUK
30HACMra BaJEHT 30HACUAH yTajguraH spUM YTKasruuiap
xycycuil apum yrxaseuuwsap newnnaau. Bynpait spum yTkas-
ryyiapaa S’TKa3yB'{2H}["K 30HAcCMarn DJJIEKTPOHJIAPHUHI Ba
BaJEHT 30HA/IATH KOBAKIADHMHI D/EKTP MaWIOH TabCuphaa -
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[image: image61.jpg]6Mp BaKTAArM XapaKkaTHIAH XOCWJ GyJaanraH dneKTp YTKasys-
YaHIMK XYCYCULl DNEKTP YTKAZYSUAHAUK NEWnIafu.

111 6ofna kypuaran KpucTawn Waeas KPUCTaLl DM, S’bHU
yHoa atomnap (MOHJap, MOJeKyJanap) KaTbuil Taptubma
kofinawras, 1e6 (apas KUIMHraH. AMMO XaKuKuil KpucTaswt
namxapacuaa GupMyHYa HyKCOHAap (aedeKTaap) masxys 6y-
napp. Ynap atomiap KOMMAMMWIMAArK KATbUil TapTHOHUHT
6ysuammmra Ba, 6MHOGApUH, DNEKTPOHAp DHEPIUs CHEKTPH-
HMHD 30HaBMA TY3WIMIIMAA Y3rapuuuiap naigo 6yaummra
cabaGuu Gynamm.

Arap KpUCTalIgaru HyKCOHAap MUKIOPH KuuMk Gynca, Gy
XO/a ynap Gup-GupuAan aHua y30K/a Koilnaurau sa oup-6upu
GunaH y3apo Tabcupralnmaitauran 6yaaan. Bysgait Hykcosnap
Maxannui (nOKannaHrad) Hykcownap neiwmnamu. Kpucramn-
naru uuku maiaon V = Vo - V/ kypusnuina taceMprasuiimn
MyMKHH, OyHparn Vo — ugean KpucTaut noTeHumMan dyHKuus-
cu, V’ aca (akaT HyKCOH SIKMHMAA HOMJAH (apK KWIaJauran
Kyumaysun, [lysunr yayn ¢akar my coxagary 31eKTpoHIap-
HUHI DHEprus Xonariapu yarapaau. By oca, umean somanap
TY3M/IMIUNTA KYIIMMYa PABULIAA MAXALAUL IHEPIUS XOAATIADU
naino 6yimumra onu6 kenapu. Maxanit X0J1aTaap COHU
HYKCOHJIap COHMra TeHT €KW (arap HYKCOH OunaH Gup Heua
xonar Gornmk 6ynca) yHpa kappaau Mapra OpTHK Oynamu.
HyKCoH SIKMHMATH Maxa/umii Xonat- ¢
JlapEa TypraH 3J1eKTpoHnap (3oHa-
BUM) 2/EKTP JTKA3yBUAHIMKAA KaT-
HauIMaiau  (yJapHMHT  cakpama
JTKA3YBUAHIMK/A KATHALIMLIA XO/H-
Hu Oy epma Kapamaitmus). [lemak,
HYKCOHNAPHUHL  3/IeKTPOHARD
YUYH XOCHJI KWJITaH SHepeus cary-

a
EC N Eﬂ —_
f ——————
f—— ————
£ &
& ' &
. 18- pacm.




[image: image62.jpg]aapu  ApuUM yTKa:il'"Ll KPUCTA/JMHUHT TaKUK/JIaHraH 30Hacupa
Xo#namraH 6yuin Kepak.

Arap ynap ¥TKasyBuaHAMK 30HacM TyOura sKMH XKOii-
nawrad  6ynca (18- pacm), Oymmait caTxgaru  97€KTPOH
Mmyaiissh Ey 9HeprusiHM MCCMKIMK XapakaTupad (éku Gouka
manbazau) onca, JTKasyByaHIMK 3oHacura yTu6 onamm. Yrka-
3YBYAHJIMK 30HACHTa 3JIeKTPOHap Gepa OnajMraH HyKCOHJIap
Joxoprap peitnnany.

Arap HYKCOHJIap XOCHJ KH/raH CaTxX/iap BaJ€HT 30Ha IIMMH
AKuHMAA xoinawran Gyica (18- 6 pacm), 6y Xonma BajneHT
30Hafaru >1eKTpoH Myaiisin £, oHeprus osca, Maskyp catxra
yTMO ONAIM, HATHXKAJA BaJEHT 30Hala 3Ca KOBAK XOCH]
6y MyMKuH. BasienT 30HafaH d1eKTPOHAapHU Kabya Kuaa
O/1aJiiraH HYKCOHJIAD aKyentopaap neinnamu.

Bu3 kypub yTraH yTKasyBYawIMK 30HACH Ba -BANEHT 30HA
SAKUHMIATH CaTXJap Caé3 carxaap Aevnady, aMMO TaKMKJaH-
TaH 30HaHMHT YPTa KUCMH/A CATX/Iap XOCHJ KHITYBYHM HYKCOHIap
XaM XKyaa Kyn yupaian. TakKMKIaHraH 30HAHMHT YPTa KMCMAIA
JKOMNAMIaH Ba 30HAara KM 30HAJaH JJIEKTPOH YTHE OnMIM
KarTa dHeprus Tana® KWIyBuM caTXJap 4yKkyp carxaap peviu-
najy.

XaMm fOHOp/MK, XaM aKuenTopauk Basucacuuu yrai
onafMraH caTX/J1ap XaMm MaBXYJKM, yiap amgorep carxnap
nmevmnaan (18- pacm). )

Arap KpuCTajnzaru HyKCOHJap MMKIOpM KaTta Gfuca,
KYWHY HYKCOHJIAp aHua SIKMH XKOWjIawraH sa ynrap opacupa
§3apo TabcHp MaBXyHL 0F.1aau, Gy 3¢a HYKCOH/IAp XOCHJ KHITaH
CaTXJapHMHI TApyajaHAIlM BAa KUPMIIMA CaTXIap 30HACH
xXocua 6ymmummra 016 kenmim MymxuH. By 3onagaru xomatnap
SHAW aHpnM (Maxalamil) HYKCOHJapra Terwiuiv -amac, 6axu
KPUCTAJIIaTH  HyKCOHJIapHMHT Gapuacura Termuvin  6yam6
KOmajm.

By yMyMuit Myn0Xa3aiap/iaH KeiluH Kyiuaa HyKCOHJIapHUHT
alpuM  TYpJapH, YJapHMHr TabMaTM Ba Xoccanapu OwiaH
TaHAIAMU3,

17- §. Kpucrannapaary HyKCOHJapHUHI TypJiapH

TeoMeTpMK HYKTau Hasapjad HYKCOHJAp  HyKTaBuii,
UN3WFHH, ACCH XaXMHH Ba CUPTHIl HyKCOMJAp TypyXJapura
aXpaTHAAmm.

HyKTaBuit HyKCOHJIapra reoMeTpuK Vayamyiapu aToMm
ynuamnapn rtaprbupa GYAraH  KPUCTAAN  [AHXKAPACUHMHI
HYKCOHJIapH, XYMJIaiat, aTOMIap Tauial KeTran TyryHiapn —
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[image: image63.jpg]Bakancusiiap (6¥m ypuHiap) Ba TYFyHIap opacura Xxoisnamm6
ofiran aTomnap, KpACTa/ul CUpTMra €mummb KoaraH (agcop6-
UMSIAHraH) aToMAap, ajloXuaa Xoinaurad Ba 2—3 atomaap-
[aH TAWKUA TonraH GupukMmanap mucon Gynamu. Kupuuwma
aToMAapU XaM uly ‘Typra KMpaju.

Bakancusiuuur xocun 6yauw aweprusicu 1 5B uamacuna,
KPHCTa/LIIa TEPMOJIMHAMUK MYBO3aHAT IIAPOUTHAA XAMMA BAKT
BaKaHCHsiNAD MaBXyx Oysagu. ATOM 3 TyryHuian KeTuG
TyryHnap opacura Xoittawmb onran xosga BakaHcusi Gunan
TYryHnapapo atom XydrtH ByXyara kenamu. Yuu @penkenv
Hykconu €xu Dpenxens Kypru geidnnamu, Aromnap naHwxapa
TYTYHIapHHU Tamial eTray, KPUCTALI CHPTHTA YMKMO AHrM
KaT/JaM TAWKWI Kuanu MyMknH. TTanxapanusr 6ym Koaran
TYTYHM XOCH/ KWITAH HYKCOH LIOTTKU HYKCOHU Hedunajmm.
VIOHIapAaH TaliKui TONTaH KPUCTALIADAA AHWOH Ba KaTHOH
BAKAHCUSIAPH TEHT* MHKIOPAA XOCHI Gyzla/m Ynapuu xam
ILIOTTKM HYKCOHJIApH AeiManu.

Arap OMp BAKaHCWSHMHI XOCWJ KwiMmi oueprusicn E.
6yaca, N Tyrynnapgan xocua Gyira n. BakaHCUSHHHI TepMoO-
AMHAMMK MYBO3aHAaT IUAPOMTHIATH COHM KYHMJaruua aHmuk-
nawanu: )

.= Nexp(—E,/kT). any

Xap KaHpail TemriepaTypaja Ba KPUCTA/UIA BaKaHCWANAD
maBxyn 6ynamm xamaa noum Getaptud xyunb typamu. Mkkuta
BaKaHcHs GMprawub Gueaxancus AeWNTaIuran HyKCOH XOCH
KMJMIIA MYMKHH. Y4Ta Ba YHIaH OPTHK BAaKaHCHANAP yiOLIMa-
napu (kracrepnap) Xocwsi Gyavium MymkuH. Bakancusi xocun
6ymimm sHeprusich Kyn kpuctaiapaa 1 2B arpoduna 6yramu.

FOKopu TemnepaTypasapaa GakapHiaaMraH Ku3gUpUll Ba
KeiWHr¥ GOCKMUa YMHUKTUDPHII ORMUBATUAR YMYMAH TEPMOHYK-
connap peb aTanaanrau HyKCOH/1ap Naino Syammm Ekn Gopaaph
WYK KMAMHAIK (KamaiTnpuaniun) Mymkud. Xycycad, Gyunait
UMHMKTHPUIL KYUMMYa BAaKAHCHANAD NaWA0 KUAMWM XaMm
mymkun (19- pacm).

Tyryunapapo >KoWjamraH aToM/JapHH XOCHJ  KH/IMII
BHEPrUsCH BAKAHCHSHWKMIAH aHYa KaTTd, IWIYHWHT Y4yH

0000 00000 .....
o0 e - -0 .@ L
0000 o000 o LB )

. 19- pacw.
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[image: image64.jpg]YIapHUHT KOHIEHTPALMACH KNYnK 6Y1amu. Tyrywriap opacumarn
aTomaap xam 6apkapop Xyd11ap Ba AMPUKPOK YIOMAGp XOCKHI
KWIMLIA MYMKWH, Tyryimap opacujary aToM Ba BaKaHCUsA
3IKCHTOH XY(DTH TAUWIKWJI KHJIA OJIaH.

BakaHcHsIap KDUCTAawl MYMIa KYuuG IOpUIIM MYMKHH,
BAKAHCUAHMHI KJUMIUA KapmM WyHA/IMWIAA ATOMHUHT Oup
TYTyHAAH KYUIHM TyTyHra yTHIIMAnMp, abhu anddysus xomuca-
cummp. By Kkyuuw amanra owmMwmM yuyH Gupop mMoTeHUMan
TYCHKHU EHPMIN 3apyp, aHa Wy MOTEHIMAN TYCHK 3HEPrusi-
CH  GaKaHcusHune Kyqyuwiy (MUTPALUsA) DHEPrUACH IeHH-
nagu.

Tyrynnapapo atomjap XOCW/ KWIHMII DHEPrUsicn Ba yjap-
HUHI KYMMLI DHEPTHACH TYIIYHYaNapu Xam MaBKyi.

Bu3 wKopuza Myaisu TePMOAMHAMUK MYBO3aHAT ILAPOU-
TMaa MaBXyj OynaguraH (MyuO3aHaT) HYKTaBuil HYKCOHJIap
TYFpUCHIA TarMPIUK.

DHIM TAWIKM TabCHP/IAp HATHXXACHIA BY)KYAra Ke/aaura
HOMYBO32HATHIt HYKTaBUil HyKCOHJIAp XaKuAa TYXTaamb yramus.

KpucTa/iiapHMHI YMHUKTUPHIN )XKapagHuaa OpTHKYA HYyK-
COHnap Xocua GynMum MymkMH. Macanas, 10KOpH Temmepa-
Typaja TYprah KpUCTajIHM T€3 COBUTIaHAa, yia Temnepaty-
pajiary MyBO3aHATHMH HYKCOH/IAp KOJMG KeTagn («AxjiaTmia-
IM»), YJAapHUHT GMp KNCMM TacaiTHpW/IraH TemrepaTypaja
opTuKya (HOMyBO3aHaTWil) HyKCOHaap 6ynamm. Opataa, TyryH-
Jilap opacHJary aTOMJIADHMHI' KOHLEHTPAaUMACH KUYUK, MUrpa-
UMt (KyUMII) OHEPIMSICH XaM BAKAHCHAHWKWAAH ~KHUHK
6yranu ca6abau UMHMKTMPMLI yCyau GMIaH OPTMKYA TYryH-
JIapapo aTomsap XOCHJI KMJMIL JIesipin MYMKMH oMac. AMMO,
6yHAaH KPEMHM# KPUCTAIM HCTHCHOAUP, YHAA BaKaHCHs XOCUI
6y SHeprusicu TYryHjap OpacMpar¥ aTOMHUKMZAH KatTa,
UIYHMHT Y4YyH KPEMHMH . KPHCTA/UIADUHM ONJMIA  YCTUDHII
CypbaTHa TYryHIapapo aToOMJap «AXJIaTHjaiu».

Kpucrannapuu erapimua KaTTa 3HePrMs/M DJEKTPOHJAD,
npotownap Ba Gowka 3appanap Gunan 60MEaPAMMOH KMIMH-
ranga Oy 3appaiap TyryHiapaarn aTomjapHu ypuG umkapu,
yiapHu xocun Gynamurad BakaHCMsapaH aWda y3okjam-
THpuG (6Mp Heua atomsapapo Macodara) GOPHIIM MYMKHH.
Haruxazna 6apkapop PpeHKesb HYKCOH/IAPH BY)KYAra KeJaju.
ByHpait HykconnapHu xocun Kwmiw (Gycarasuit) sHeprusicu
onataa 20—40 5B yvamacupna Gyrapu. Iporonnap, HeiTpoHaap,
a- 3appajap sa Gowka ofup 3appanap Gunan GomGapaumon
KWraHaa, yaap naHxapa aromsapura GepagMra SHeprus
GycaraBuii oHeprusilan ojaTAa anua karrazup. By Xoutapma
TyryHfaH ypub umkapuiras GUpMHUM aToM siHa OOLIKA aTOM-
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fapHu Y3 TYryHnapuaaH ypub uukapajgu (TOKM YHWHT OJITaH
aHeprusicu GycaraBuil dHeprusi Kajap KamairyHua).

Kpucraninapaarn MyXuM  HYKCOHJAapHUHT Gup XHAH—
Oy uM3mFMit HYKCOH OY/IMAII YerapaBuii ANCIOKaLMsLIaDILUD.
Vnap KkpucTasnaphu yeTupum Ba Munos Gepumia naiao
6ynann. Yura Tabpud GepumpaH OMIMH KyMMZAru Mysnoxa-
3anap Owian Tanvuamu3. YMmyman adiTranpa, uverapasuii
(YM3NFWI) OMCIOKALMAHA KPUCTA/UT TIAH)XAPACWra OpTHKuA
kupub Koaran (€ku erMmMaill Ko/raH) aTOMJAp TEKUCIUIH
ne6, xy3 onaura KenTupuu Mymxus (20- 6 pacmra Kapar).
Coppa Ky6 MaHKapacu aToM/ap TEeKMCIUTH KUCMUHM Kapaii-
Mu3. VHoa namkapa TYryHIapuAaH yTran Gepk KOHTYp
AcaitMu3. 20- @ pacMa KOHTYp HYKCOHCH3 KpHCTaLT yayH, 20- 6
pacMja KOHTYP HYKCOHM KDHCTain ydyH sicanrad. Kebwuwrn
xonga Bioprepc koutypu A’A axpamiwra sra. Hedopmauus
Tydaim A’ A axpanuu supm pedopMmaLMsIaHMaraH Kpuc-
TaIArk (g aToMIapapo macodara tenr amac. Iy A’A kecma
6yitnua iynanran b Bekrop Blopzepc eextopu pmeimnanu.
Broprepc KOHTYpH HOAaH (apk KWAaauraH axpajuuma dra
Oyaran maHkapa YM3MFAN HYKCOHM OuCAOKauus NeWnIajy.
JIncIoKaums YM3UFMra THK G§aran (pacMja 4u3Ma TeKHCIMIUra
TMK WyHasran sa Tapsga Genrmnanran) /| GupAMK BeKTOp
Gunan b Bioprepc BekTopn Gnp-Oupura GORIMK, yJap opKasm
yTraH TEKMCHMK OUCHOKAYUSHUHZ —CUPNAHULL  TeKUCAUU
neiunagd. Ma3kyp aTOMHMHD BHI SKWH KYIUHWIap COHu Gup
KuiMaTI¥ anukiaHMaiauran Ba 2—3 atomsapapo macodaua
AnamMeTpau coxa ducroxayusi adpocu ReRuIanu.

Kpucranina tawku Kyuaap TabCHPUAA AHCNOKAUMA XOCUA
KWJMW yuyH capdbianuuii 3apyp Gyaran sHeprus AMCIOKALMA
oHepeusicu femnagu. XucobiawnapHuHr Kypcatuummua, Gy
oneprus b’ ra npomopunonan (b — Bioprepc BeKTOpH Kuii-
MatH).
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[image: image66.jpg]Sna LWIYHUCH MYXUMKH, AUCTOKaumsaap TepMOZHHAMMK
MyBO3aHAaTAar¥ Kpucraanga Oyimaiian, Golwukaua aiitramna,
y/1ap HOMyBO3aHaTHil HYKCOHJapANp. AMMO, yrapuu Gaprapad
KM yuyH (XaTTo IOKOpM TeMmrepartypanapaa) KaTTa BakT
Tana® STMAAAM, WYHWHr yuyH Oy HYKCOHJIAp AMC/IOKaums
KYu/aHAULIApY Mai[OHWAA MyBO3aHATHil TAKCMMJAHTaH, ge6
XMcofam MyMKHH.

Hucnokauusinap Oup-Gupn Gunan Ba Gowka HyKcownap
Gunan Y3apo TabCUPAWMUIA MYMKUH. .

TopTuamin okubaTvaa AMCAOKaUMsAAAp aTpoduaa KUpUIIMa
aromnapa GysyT XOCHI GYIMWN, XYCYCHit HYKTaBUA HYKCOH-
J1ap AMCTIOKAUMANAPAA IOTHAMIIM MyMKUH, Kupuuma atomaap
JMCOKAUMs AAposapura Ty KoaraHua KMMEBMI §3apo
TABCUP Kyurapu HamMoéH Gynamu.

SlpuM yTKasruusapaa AMCIOKAUMANATM aKUENTOp CaTXia-
PHHM DJIEKTPOHJIAD TYJAMPULIM JMCJIOKAUMALA YHHHT Y3YyH-
Mru GyitMua MKKM aToM OpajuFMaa GMp SIEKTPOH 3apAmu-
raua 3apsi naiao KMAMIM MYMKHH.

[(uc.noxau,unnap KpHCTaLT nuuaa Ky'll/llll" MYMKHH. VHuur
TeMIA  AepOPMALMATIOBYM  KyuiaHura  GorMK - Gyaam.
HyKrasuit HyKCOHap Ba AMCIOKAUMAIAD MIACTHK AeOpMALst
XOAMCANapUHK 103ara KeJATHpagu. YJapHMHI yiOMJapu aca,
SIXJMTJMKHM Oy3uiu Mapkassnapura aiiasagu, Oyiap myaiisu
WapOMTAA YCYBUM nap3iapra aijlanany, KPUCTaNN HaMy HAaCUH!
Gy3uwra onn6 Kenamu.

KpucTannapaa AMCIOKAUMSHWHT MKKM XWJ TYDPH. MaBXy[L
Gymummn mymkun. Arap Bioprepc sexropu b Ba (  BexTop
§3apo nepnenauxkyasp 6yaca, Gyupai_ancaokaumst weeapasui
nucnokaumst feiimnamy. Jlekun b Ba { BeKTOpJIAPHUHT Y3apo
KOHIAUMIWY Xap X AyHammmpoa 6ymmmu Mymkuu. JKymna-
na, b omai ¥3apo mapasuies WyHaJIMIIAA XKOWJairaH 6ynca,
6yHpuait HyKCOH napmacumor (BAHTCUMOH) JHCAOKayus Nein-
Jiagu.

Slccu  HYKCOMZMAp, sSIbHM TEKHCIMK OVitnya IXoisaura
HYKCOHJIap XKYMJIaCHra MOJMKPUCTal MOLIANapaa KpHeTaui-
4ajiap opacMjary yerapajap, KPUCTAJUIHMHI CUPTH Ba Gowika-
nap Kupamu.

Macasian, KPUCTa/UTHUAT CUPTH/IA aTOM (MOH)./1ap MyHTa3aM
Koitnawran xonga Xam Oy CHPTZA aTOMJIAPHMHT MyHTa3aM
JKOHNAWMILY y3uATaHIMrM OKMbaTHAA YHU HYKCOH 166 XMCo6-
Jlall Kepak, yHaa anektponnap yuyw Tamm carxnapu neb
aTajafuraH SHEPrUs Xo/ataapu MaBKya Oyiagu. Xakukuit
X0JiAa 9Ca CMpTra €nuwral, cypwirad €r 3appanap Ba cUpT-
HUHM TY3WIMIUM HOMYHTa3aMm Oyarammru okubatnpa yHia
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[image: image67.jpg]SMEKTPOHAAP YYYH XW/IMA-XWJ XOAaTAap BYXYyAra Kenamu.

XaxXmuil HyKCOHNIap KPMCTaAd XaXMuAa JKOWjalurad Bsa
TeOMeTpUK ynuamaapra ora Gyiran iMpHK HyKconnap — Gynap
JKyMJacHra €nuK Ba OuMK FOBakjap, mapinap sa €r asanap
XOCH/ KWJIraH coXanap kupamu. Foaknap sa gapanap Kanpai
GY/MULTAIMEN Ky3 OJAMra KeATMpMW yHYa Kuitmh smac: ET
(pasasnap j€raHaa KPUCTAUTHUHE aCOCHH MOAAACH TAalUKHIT KA~
ran naHxapaja Gouwka moga cykuamacu (asacu) TywyHu-
Jnagu. MacanaH, KpeMHMH KDUCTaau NMaHXapacuua KpeMHMii-
HUHT 6OWKa DJleMeHT/Iap GuaaH OMpHKumMman Xocua Gyarau
Gupukma asanapu, XycycaH, CWIMUMIUIAp, aHa uIyHaai
HYKCOHJIapAup.

18- §. HomyBo3aHaTHih HYKCOHJAp Ba PaHrIOpAMK
MapKa3napu

TepMOAMHAMKK MYBO3aHaT WAPOMTMIA KPUCTAINIA MaB-
KyH Oynanuran HYKCOHIAp MY603aHaTul HYKCOHAp Aein-
napu. Tauku Tapcupiap oKMGaTHIa TYPM XWIIATH HOMYSO-
3aHaTUIL HYKCONAGP XOCHI Gynamm.

HoMyBosaHatvit  HyKcoHnap Gocum ocTHAa  BYXyAra
Kemu MyMKuH. Bocum Tabeupria KpucTasHUHT HUKH SHEp-
CUSCH, DHTPOTMACH Ba XaXMH §3rapajd, SIHIM HYKCOHIap
XocH 6Y1aaM XaMaa KpUCTajul SHPW XOaTra yTamu.

Bocumra akaT HWMpMK HYKCOHJIAp, AHM NpPELUTINTAT-
nap cearmp OyiMmmM  anukaakran, Macanas, KpeMHWitHa
1—10 x6ap opanurumard Tawku Gocumua r = 10-¢ — [,5%
X107° cm ynyamam HykcoHnap Gop Gyaub, ymap Kpemmuid'
MOHOKDHCTA/IM  XOCCAJIaPXIa MyXWM TabCHP K¥pcaTvumun
Taxpuba Tacaukiaran.

sipuM yTkasrny mopmanap Ba acGobsap xoccasnapu Gap-
KapOp/IMIMHM OLIMPHUII MAKCAAMIA Y/IAapra IOKOPH SHEprusLiu
3appanap Ba HypJaHHULIap TAbCAPUHM YPraHWII 3apypatu
naiigo 6ynau. By coxagaru tagkukotaap exubatuza spum
yTKasruu1ap (DUNKACHHUHD Maxcyc Oy/MMM, SbHU SpUM
JTKa3rMUIaPHHHN PajMauMoH (U3MKAcH OYIMMM WaK/IaHAM
Ba 6y HyHaIMWIAArM WAMMA MWD KeHD Kynramza AaBoM
ATTMPUIMOKAA.

FOKopupa HOMyBO3aHATHit HYKTaBWit HYKCOHJIAp Xocwi
Gymin TYFPUCHAA Tanupranja KaTTa SHEprusiM 3appajap
Gunan GOMOAPAMMOH KW/TaHRa KPMCTaan NaHXapach TYryH-
Japujard  aTomnap Koiimpan Okuaampub  106opunapn, Gy

" xonuca atomra «Gycarasmii sueprus» 1e6 artamasuraH dHep-
rMsgau Kam 6yimaran oHeprus Gepuiranjarnha 103 Gepuiun
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[image: image68.jpg]MYMKMHIMTH aiTuirad 3au. By dukp kBaHT/IapH 10KOpH 3Hep-
rusim Gynagmrad - Hypaap OWaH HYPJAAHTUPHIL XOJMra
xam gaxagopaup. Kpucrannma «Byjcarasnit sHeprusi» Kuiima-
THHM ATOMHUHI GOFJaHWIL JHEPrHsICH AHMKJANIM.

dpum  yTKasruunapAa paaMalMoH HYKCOH/JAPHUHI Tab-
CHpYaH XOCCaNapy ylapHUHE JJIEKTP YTKa3yBUAHIUIH B 3aPsAK
TalyBUMNAp PEKOMOMHALMSACH CypbaTv OwiaH GOFImMK. Bus
6y epaa y - HyPAQHUIUHMHI KPEMHMI XOCCalapura TabCHpHUra
oug 6ab3u GUp MabAYMOTHM KeaTupamu3.. KpeMHuAHMHD
nactnab  conmwTmpMa  Kapwmamrk 20 gas 10° Om-cm
raua 63,116, y HHKeIb, KOGANbT EKM MaHraH GUNaH JerupIaHraH,
n-&u p-Typ yTKasyBuaHAMKKa ora Oyaran.  Taxpuba-
JIaPHUHT KYPCATHIIMYA, HUKE/Ib KUDUTHTAH KDEMHMIA KPUCTaIN
HaMyHa/1apy 3JIeKTP XO0CCajapH aH4a IOKOPHM HypJIaHHMIU 103a-
curava G6apkapop cakianagu. Bomka Kupummanapaan gpapkian
paBUlla HUKEJIb aTOMJIAPDMHWHD AHYAa KUCMHU 3/IEKTP XUXaTAaH
Ho(ha0s1 XonaTaapaa Gy1aau, aMMO yAAPHUHT YIOMAApH pagua-
UMOH HYKCOHNAp TYynjlaHaauraH Mapkasmap (maiHoBnap)
Basupacunu GaXxapaju  Ba HyPJAHMII TabCHPUHM OKOPH
A03a7apraya MyBo3aHatial TypaaW, neG TyuyHTHpHIAaU.

MeTann, OM3/EKTPHK Ba SIpUM YTKA3ruy KaTiamaapuaaH
ubopat y4 kamiamau MJAS Ty3um TpansucTop Basudasapuun
Gaxapagd. AHa LIy Ty3UMHM HeWTPOHJAp OKMMHM OuiaH
HYP/IAHTMPraHa AWDJIEKTPUK KATJaMuia CTAaTWK 3apsyl Tyr-
naﬂuﬁ, KaTyiamJlap opacMparu yerapajard Te3 XoJatiaap 3uu-
murM OpTanM, OKMGaTaa Wy verapajaru XapaéHnap TessMru
omap kaH. Hatmxanma MIS TysuM xoccanapu y3rapamM.
ByHpait Ty3MMHM Y - KBaHT/Iap OMMaH HypAaraHaa KpeMHMit
KAaTIaMUa SNEKTPOHIApP YUyH SIHTH XOJaTJap XOCHA Oyamwm
AHMKJIaHraH.

PaHriopivk  Mmapkasnapu. Babau Typ KpucTasiapaa,
MacasiaH, MOHWIApaH TY3WiraH KPUCTA/IapAa dJeKTPOH KM
KOBAaK/IapHM y3ura OMprawrTupuG ofraH HyKCOHAAp MyaisiH
SHeprus CheKTpura osra Oynajgu Ba 3apsifi TaimlyBUMHMHT
YHEArM XOJaTiap opacupa yTuuuiapura GORIMK paBuuiza
HYD/AHHILHYA J0THIIN Ba HYPJIAHWII YMKAPHLIW MyMKHH. ByHnait
6upukyBnap panzdopaux mapkazaapu neG atanran. Macana,
MOHJIApAaH Ty3WIraH KpUCTa//la aHMOH ¥3 TYTYHWHM Tawaad
KetraH Oyica, xocun 6yaran BakaHcus mycbaT 3apsmam
6ynaam, Oy oca 1eKTPOHHM ywwia® onumra Moiui Gynamu.
AHMOH BakaHcust Gunan anektpon F mapkas neG arasysun
PaHrIOPJMK MAapKa3WHM TalWKui 3Tagd. KaTHOH BaKaHCHACH
manduit 3apapam 6yin6, koBakuM ymnaG onmwra MOAMI.
By xyopr V|, mapkas ne6 araysuM paHTAODJIMK MapKasu
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[image: image69.jpg]6ynagm. F mapkas BOJOPOJ aTOMWIA yXIALI KBAHT TH3UM
XOCHI Kuaau, GMHOGADMH, BOZOPOJ ATOMHHMKHMIA yXwWau
aHeprusap crektpura ora Gynamu. Bus 6y epna mucon Tapu-
Kacuga aitu6 YTram MapKassap SHP COQJA PAHrHOPJMK
Mapkasnapuaup. Mypakka6 TapkuGau Ba Mypakka® cnekTpim
MAapKa3/iapHUHT GUp KaHuacu MaBKyi.

ApuM  §TKa3rMuiapHu To3ajallaH KeHMH Koaraw ér
MO/Ja aToMiapH, yHra Mab/yM mMakcaaia KUpUTHIraH 60!.IJKa
MO/UIa aTOMJApH, TeXHOJNOrMs kapaéHuia GenxTnép Kupub
KOJIraH aTOMJIap XaM KpHCTall MaHXapa HyKcoHiapu Gyraam,
UYHKM ynap acocuii atomznap ypuura €ku TYryHaap opacuia
Koitramwud 0146, ylowManap Tawkua Kuaub, mamxapa Aas-
puitnrun Gysamn.

V BOB
APUM VTKA3IHUYJIAPAA KUPHILIMAJIAP

Kpucrann nawxapacugaru €r aTomnap (kupuinmanap)
nauXapa HyKCOHJIapH )XyMJacMra KMpafW, aMMO KDHCTaswl
Xoccamap (XycycaH, 9/eKTp XOCCaJap)Hu aHMKJamja yaap-
HUHI aXaMMsATM HUXOATAa MyXuMm Oyarawiurn caGabunan
KMpHLIMAJap TYFPUCHMAATH DHI 3apypuil MabjiyMOT/IapHM aJio-
xuaa 6o0na GalH KMl MabKyIaMp.

Kupuiumanap = §3uHMHr TyTran ypHu Ba OGaxapaaurad
Basuganapura Kapab Gup Heua Typnapra OynuHamM.

Kupuiima aromnap KpucTaan nadkapacmiga €Kd TYTyH-
napaars acocuii aromsiap ypuura Ytupub omamm  (6ypait
KUpHMIIMAZNap KaMu JpunGocap xarrvuy >purma pevnnagm),
€KW ynap naHXapa TyryHiapu opacura Koinawmb osaan
(6yunait KMpULIMATIAD KAMU CYKUMLLL KATTUE IPUTMA fefnIa-
mu). By MKKM XO/IHM WKKW OMHJI—TEOMETPUK Ba JNEKTPO-
KHMEBMI OMMIIAp  aHMKJAAAM. S?pnuéocap KHpHIIManap
XOCHl OV/MIM yuyH KMpuLIMA aToM paJMyCHHUHT acochi
arom pamuycuuaH ¢dapku 15% maH owmMacauru Kepak. SHa
GMp mapT WyKH, aCOCHIl Ba KUPALIMA ATOMJIAP d1eKTPOKUMEBHIL
JKMXATAaH ¥Xwam GYIuim 3apyp, aTOMHUHT CHPTKM (BajieHT)
KOOMFMIArH 3/1eKTPOHIAD COHM aCOCUI CHPTKH KOGHFM 2J1eKT-
pOHMAapM COHMra TeHr €ku siknd (4-1) 6yuum kepak.

CyKu/MII KMDHIUMAapu XOCH GYMILM yuyyH KupHiiMa
aToOM pajiMyCHMHUHI aCOCHI aToM paauycura wucbaru 0,59 nan
Kuunk 6yamium kepak. Mukaopuii wapriaap taxpuba #iau
6unan TONMWATaH LIAPTIapANP.
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[image: image70.jpg]Xap 6Mp kupuummMa aTomM ¥3M TypraH JKoi atpoduna
NaHXapa AaBpuiMIMHM Oysagm Ba OMEKTPOH (KOBaK) yuyH
MaxXaiMil CaTXIap XOCW Kuamu, 6y caTx/iap KupuuiManap
BMWIMIH YHYA KaTTa Oy/IMaraHaa, TakMKJIaHTaH 30Haza KO-
nawrad 6ynanu.

AnGarrta, sipum YTkasruu mopaga Kynm Gockuuam To3a-
JIalaH KeHnH KUpUmManap (KOJAMK KMPHUIMANap)Hu aHWUK-
a6 O/MII MYXMM MLAMD, aMMO JHI MYXMUMU — MyaisiH
MakcaaHM Ha3zapaa TyTM6 TeruuuMua TaHAaHraH 6ouika
JJIEMEHT aTOMJIAPUHM UCTaJiIraH MUKAopaa (MMKOHUST yerapa-
cHMa) Ma3Kyp SipUM §TKasruura KMpUTHIDAMP. AHa 1y macana
Y31aIWTMPUO OMIMHIAHAAH CYHITMHA SIPUM YTKa3rMuiap aneKTpo-
HUKACH Te3 DHBOX/JAHA COWLIAraHMIMHA TabKuanad v
J103UM.

19- §. sipum yTKasruunapra KMpULIMAMAP KHPHTHIL
yeyanap =

SlpuM §TKasruwiapra KMpuiIMasap KUpMTHII #yam Guaad
YJIAPHUHT NEKTP yTKaaquaHnnruHu Ba GowKa XoccaslapuHu
yaraprupuin MymkuH. Byunar Oup ueua yeyanapu nuLiab
YMKMJITaH..

SIpUM  JTKa3ruy MOHOKPHCTAIMHM CYIOAMANapAaH . XOC
KMMII KapaéHuaa Cyloamara MCTaaraH KMpHILIMa MoajaiapHi
kuputniagd. Bywna MOHOKPHCTA/UT XaXMHIA KMpUIIMAjap-
HUHI' TEKUC ’I'BI\CMMJKSHMIHMHM Ta'hM“HﬂaVl)lWTaH qopanap amas-
ra owMpuIanu.

Bu3 Gy epiia 2/1eKTPOHNKA CAHOATU/A KEHT KYI1aHUauraH
KMPULIMA/ap KMPHTHIL yCy/IIapi TYFPUCKHIA KUCKAua MabyMOT
Gepamu3.

Dudpbysus ycymu Onian KMpHMIIMANap KAPUTHLI YCYJH.
By ycynma maxcyc uavimuiapra spuM  §TKastMd  KpUACTalH,
y Gunan Gupra KMpUTUIAAMraH MOAAAHMHT MabJyM MHMKAOPH
Xam xo#nanagu. Cyur mmbdysns neunaa oKopu (KpUCTann
9pUILl TEMIEpaTypacujaH macT) TeMMepaTyparaua KW3aMpH-
JnagM, KepuiiMa Mopaa OyFnaHagM Ba  YHUHT  aTOMJIApH
Kpucram uunra auddysusnanud kupa Gopaan. By kupuimma
aTomnap, I0KOPHAA aTWJITaH WApOuTra Kapab, & aromiapaas
6ywab Koaran Tyrynnapra €ku TYTyHAap opacura Koitiammne
onamu. Macanan, kpemumiira ocdopuu taxmunan 1200°C
TemnepaTypaza Auddy3uAIAHALM, YYHKH KPEMHUAHNHT dPUI
TemnepaTypack Taxmunan 1410°C 6yarananru yuyH y y3uHunr
KaTTMK XOJMaTHMHH CakJaiuM, aMMO HCCUKIMK XapaKaTu
KyualiMIUMAGH BakaHCUsIap Kynaiu6 keramm, ocop Ba

69




[image: image71.jpg]KpeMHHMII aToMapu paguycaapy 6up-Gupura AKuH Gyaranamru
yuys ¢ochop aTomaapu KpeMHHE KPUCTamu TyryHjaapura
KoiauuG, YpUHGOCap KUPUIIMA XOCH KUIa[H.

Juddysus xapaéHuaa KpUCTaI HUHAZ KHPULIMA 3TOMIAD
Takcumoti DMK KOHYHIAPUAAH Keaub dukapuran auddysus
TEHIIAMACUHM edulll OpKaau anukinawamu. Arap N(x,)) mud-
(ysnsnaHyBuM MOAJA ATOMJApH 3WWIMIH, [ yrapHWhr
auddysus  koadduumentn  Gynca, muddysusnasaérran
(Gup iynammiaa) Moasa oKuMu

—p2¥ (19.1)
ox
6ynamm.

VIKKMHUM TOMOHIAH, MOMIAHMHI MYaisiH XaXMAArd 3ud-
JIMIM §3rapuuiM YHUHT Wy XaXMra Kupaérran (€xku uukaérran)
OKUMHMra TeHr Gyiuim 3apyp:

N al,

&N (19.2)
1y nkkn udona ®uk KoHyHumup. Arap anddysus koaddu-
uuentn D Hu gommuit ge6 xucobnamca, y xoama (19.2) ra
(19.1) uu K¥itnG, andbdy3us TEHrTAMACHHM XOCHJI KUIAMMU3:

2
N ) N(,;, N . (19.3)
. ot ox
Arap KMpulMa aToMiapu MaHGamHM uyekcu3s (mouMuit)
Jecak, S'bHY KpUCTAT CUPTUAA KUPULIMA - SUYJIMTYA Nw HA
yarapmac (Ng=const) ne6 xucobiacak, (19.3) TeHrnamanuur
eunmu

N=Ngeric (19.4)

x
2v/b1
KypunuinAa Gynanu. By Xoaga Kpucrawn cupTH sSKMHAZNA
KMpuLIMa 6M1aH TY/iMHraH IonKa Katiam xocus 6ynaan. HOnka
KaT/IaMary 3uIMKHH UMKOHM GOpHYa 2HD KATTa KMAMG 0nu-
namu. By audpdysus Kapaénuumer SocKuuM Kupumwimd Kupu-
Tuw peinnann. Juddy3uoH COXaHM y3usi-KeCHs MaK/LUIaHTH-
pUII y4yH TAIIKApMAaH KMPUIIMA KMpWTHw Gaprapad Kuau-
nuG; KpucTaniara kupud Gyaran KupumiMa (JOKOPU TeMmiepaty—
paja) KaiTa TakcMMAaHMWIra Ay4op KuanmHagu (By Gockuu
Kupuwmany xaudaw peiimnapm). By Gockud uekM KMpHIMA
manGannan anddysus xoaura moc Keaamu. By xonaa auddy-
3US TEHIJIAMAaCHMHUHT euuMM Kyiinaaruua Gynaau:

N(x )= ./;Qm expl— .;57‘12’ L (19.5)
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[image: image72.jpg]o
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21- pacw.

6ynna Q — sermpaamn 103acH, sbHU Gupunun aucdysus Goc-
KHYMA KMPUTH/ITAH KMPUIIMA MUKIOPK. By nkku Gockuunarm
KMPHIIMA 3UUIMTHHUHT TAKCUMOTH 21- g, 6, pacMaa Kypcatn-
rad. WKKuHuM GOCKMYIA KMPUIUMA TAKCMMOTHM aHU3 TEKHC-
nawajm. Sipum yTKasruu acGoGaap canoaTMaa Tekuc  (TaHap)
TeXHOMOTMANA XYM Wy MKKW Gockmumm aubdysns ycyam
Ky/TaRAAa u. : -
Hounap Knputvin ycyiu. JlacTiaG KMPUTHAGMIaH KMPHIL-
Ma aTOMJIapM MOHJAIITHPUIAM, CYHrpa Oy MOHIapHM KaTTa
KywiaHumum (GUp Heya KMIOBOJBT 4aMacuaa) 31eKTp MaigoH-
Aa TE3NAHTMPWIAM, IWYHIA yJiap KPUCTALT MJacTHHACHra
kupuG onaaMran Gynajn (KPHCTAAIra KUPraH MOHIAp 3UYJIUIA
TaKCUMOTH 22- pacMiia TacBupsiaHra). IliacTvHa 5ca XOHa

N,cr?

P

Il

i

10"
]ﬂﬂ

70

7|




[image: image73.jpg]TeMmmepaTypacuia €Ki yHIaH Gup 03 I0KOPUPOK TemrepaTypana
Ty™n6 Typuwiagm. By ycyn, MOHIap TOKMHM Ba HypJauml Bak-
THHH Ha30paT KWJIMLL 3Basura, Kupurunaé'rrau KUpHUILIMaHK
aHMK XamJa TaKpopJaHyBYM MHKJOpAA KHPHTHIU, HOHIAPHUHI
KUDMLI UyKypJIMCMHM TalivHaam Ba Gowka OMp Kanua adsan-
MKNapra MMKOH Gepaau.

KHpHIIMAHVHT MOHIApU SPUM YTKa3ruy KpUCTAIM NaH-
Kapacura kupa Oopu6, 3 aueprusicunn Hyxora Sopamm, Oy
UYKOTUW MKKW K§puHuiuga amasra omamu. Kuputuiran mou
KPHCTA/IT TMaHXapacu TYryHMgard artomra ypuinb, yuu y3
JKOMuAAH TYryHnap opacura KyunmpuG, QpeHKeNb HYKCOHMHM
XOCHJT KMJIMLLIH, K}“ﬂmpunrau arom, arap MOHJaH KaTTa dHep-
s os1ca, siHa O0IKa aTOMJIapHU Y3 TYryHUAAH yPUO YMKapHIIK
MymKuH. Bynaa#t xon s#0posuil (2.1actux) TyKHAWUWIAp X0nu
neinnu0, MOHMMHT #yimpa Tyswmwu Gyswiran coxanap —
knactepaap (¥auamu (5—10)-10~7 cm) ByxKyara. kexapu.
VoH/Iap OKMUMU eTapmua KaTta 6yarannaa Kiactepiap Kyum-
AMwnG, MAaKpPOCKOMMK amopd coXajap XOCHJ KHIULIM XaMm
MYMKHH.

VIKKMHYM X0/i/1a MOH KPUCTa/T aTOMJIAPUHUHI JJIEKTPOH-
slapu GunaH y3apo TabCHPJALIAAN BA Y3 DHEPrUSCUHU aTOM-
napun voxnaw €xu ranaénnauira capbnaitn. By Xon anext-
ponaap ounan (HOIAACTUK) TYKHAWUWAGD NEHANAIN.

Wonnapuy Kuputuin xapaéauny Tascudaaianran acocui
KaTTaAuKIap Kyiuarnaapaas nbopar:

1) arap voHHMHr 3apsgu ¢ Oysica, yauur V kyuaraHum
Tabcupuaa oarad suepruacn E=qU;

2) MOHMAPHUHT MOHAAHWIL Kappacu: 1, 2, 3, , Gynn
Ba MOHHMHI aToM Maccacunu, macanaH, 'He?" Kypnuuuma
ndopananaan, sphu 6y Gearn 2 Kappa MOHAaHraH reamit
aToOMK AeMakaup;

3) arap nonaap Toxku 3uwmru / 6jaca, y xonsa [ Bakrtha
uamynannar 1 e’ 103u opkam 1 ¢ na Q=/-{ MUKIODP HOH KM~
puTwiagyu, ana wy Q KaTTanuk wypaaw dosacu pednnagu.

VlounapuuHr Kangail TYKHAWMIIAAPW YCTYH Oyauuuimra
monumur £ oHeprusic Ba Z, aToM Homepura Gormk. Hucbatan
KMUMKPOK £ 9Heprusin Ba KaTTapoK Z; aTOM HOMEpJM HOHJIAp
acocaH sApPOBMil TYKHawMLIApra Aydy Kenamu, £ sxeprusicu
KaTTapok Ba Z, atom HOMEPH KMUMKPOK Oyaradl uoiap
9Ca AcocaH HNeKTPOHNAP Ouian TYKHAIALM.

Te3naHTUPUAraH UOHIAPHU KPUCTA/IApra KUPUTUIL TYPau
HYKCOHNapHu (TYryHJIap oOpacujaru aTomJiap, BaKaHCHsIap
Ba YNapHMHI YIOWIMAjapW, BAaKAHCUS — KMPUIIMA aTOMU
6upaammMacy, IMCIOKAUMsIAp Ba GOIKaNapHH) ByXyAra Kei-
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[image: image74.jpg]THPHULIA MYyMKMH. BYHHMHT ycTHra Maskyp HyKCOHJIADHMHI 3Uu-
nmru katTa 6yim6 KeTramma cuUpTMiA KaTaamaa - KpUCTas
TY3WMWMHUAT  Oy3uauum  (amopdaanum) coaup 6yuinm
MYMKHH,

Tyswmwn Gy3uaraH cupTvil Katiamaapaa siHa Kaiita
KPUCTA/LL TYSWINLIMHYA TKJIALI YYyH MyaisiH TeMrepatypanap-
1a MyaiisiH BaKT jaBoMuja Kuaaupub typunamu (6y xapaéu
HYKCOHAapHu Kyudupuw — AYK Kuanw geidnnamm) . Tepmanuii-
na 400—500°C na, kpemuuiina 600—700°C na amopdnanran
(6ysunran) cuptvil Kataam Kalita kpuctassianagu. Kuputun-
raH KMpHIUMAa aTOMJIapW TETMLIIN XKOWNapHM 9raanad onaam,
JJIEKTP JKMXaATAaH aKTUBNALIA/M Ba yaap TEKUC TaKCMMIAHaIH.

DMUTAKCUSE YCYJN. «ITMMTakcus» atamacu OyHZaH SpUM
acpaaH XaMm OJIMH MOHOKDUCTA/I TAaTMK YCTHIA MOHOKPUC-
Tall MONNAHM MabiyM HYHaIMIIAA JCTUPMIL JKapa&HUHK
Gesrunaim yuyH KMPUTHAraH (OHOHYA: «dMM»— YCTMra, «TaK-
cne» — TapTMéM YpHATMII AeMaKaup).

_«Tarauk — jcaétran kpucraun pasacu» TU3MUMULA Y3apo
TabCHp Tabuaty G¥iinua SMMTAKCUS KapaEHUHUHT A6TOINUTAK~
cus  (rOMOIMMTAKCHS), 2eTePANUTAKCUS, XeMOINUTAKCUS,

_ peoraxcus 1e6 atananuran Typaapu 60p. ABTOSNMTAaKCHsA Tar-
MK Ba YCTMpWJIAAMraH Katiam afiHaH OMp Xua MOAmajaH
nGopatr xonparu skapaéuamp. TeTeposnmurakcus TarMK Ba
yeTMpusaaMraH Katiam TYpaM MOAJanapaaH ubopar XoaHM
Gunampann. By MKkM xapaéuia TamMK Ba YCTUPMJIAZMIaH
Kat/iaM MOAjanapu §3apo KUMEBMil TabcupiamManan. AMMO,
XEMOIMUTAKCUAA AHTH KPUCTALT ¢333CV] KaT/aMH TarjJMKHUHI
yHra keaw6 Tywaérran (macriabku daszacuzan) moana Guiau
KUMEBMIA Y3apo Tabcupu aBasura Xocua Oysnagn. Peorakcus
Kapa€HuJa TarJMKHUHT TY3WJIMION ycaauraH Kpucrtaan dasa-
CH TY3MIMIIMAAH (apK KMAULWM MYMKHH.

Tawku MaubafaH TarjMKKa YTKA3MAAAUraH MOLIAHHHT
pacTnabku KumEpMit Tapkubura Kapa® TYFpu Ba HOTYFpH
Kapa€unap MaBXya.

T§rpu xapaéiirap BaKTHAA MOJJIA TarJMKKa OpajMK peak-
umsaapens etné Gopaau. HoTyrpn xapaéuiap BakTuaa Moana
Man6ajan TarIMKKa eTMG KeAryHuya KMMEBMI y3rapuiura ayu
Keslaju.
© VYrkasunaguran MopjaHMHr pacTiabku  arperaT Xo/naTH
Oyinya anurakcuan kapaéniap 4 Typra axpaTuiamm:

a3 — Tpancnopr (6yF (paszann) snurakcus Xoauaa yTka-
3unapnran Mozaa aactiab ras (6yF) xonatnpa 6ynanu sa ury
Xonataa y Tarjiukka etn& Gopaau. MacanaH, KpeMHUIHM Snu-
Takcuanai )Kapaél-mna TarMK KOMJIAIraH coxara cuiaH
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[image: image75.jpg]SiCl, 6yr xommpa Bomopon rasu oxumu oamb kesamm. Lily
coxana cunaH MapuajiaHanyM Ba yHmaH kpemuwit Si axpamud,
TarJMKKa yTHpaau.

Cywx gazadan snurakcus xumaw (JTKasuw) xonupa yr-
Kasu1azuraH Moaza Aactiab cyiok (cyionma) Xonataa 6ynamm.

Byr — cyloxauk — kpuctaan (Tarmuk) tusumuda  anu-
TAKCUA KWJIULI Xonuaa yTKajquanuraH moaaa y'iMH"HI‘ aact-
nabku Gyr (ra3) XoNaTUAAH OPAIMKIATH CYIOK XONATHUHE (0NKa
napHacu OpKanu YTnd, TarJukKa yTUpau.
~ AitTMO yTWIranIapaaH Tawkapu sHa KaTTuK gazadan snu-
TaKCuA yCynu XaM MaBXyd. BYHMHT MHMCOM MOHOKpHCTA/I
cupruga, I Typ ¢dasasuit T XMcoGMra WMIACHMOH MOA-
Ji@HWHT KPUCTAJUIAHWIIMAND. DNMTAKCHS JKAPAEHMIA NCTaNraH
KMDUIUMaHK YCTUPHIAETran KaTiaMra KuprusuG Gopunamu.

SipuM yTKasrMuia MoHap GunaH Jernpiamr (KMpUIIMaHH
MOHIAP KYPUHMIUMAA KMPUTHIN) YCYMM GWIAH KUPUIIMAHWHD
anpdysus ycynmnu OMpranmkaa Kyataml Xam MyMKuH. By
paduayuon — parbariantupunean Judy3ust XOpUcacH Keaus
uMkuwiMra 0mB Kenapu. Macana, ADUM YTKASTUUHM eHrun
3appanap (mpoToHIap, Hempounap) éku _DTIEKTp KUXATAAH
daonmac snementrap monmapu (N LAt N Ba XO0Ka30)
Gunay 60MOApAMMOH KWTaHAa XOCH 6y:|almran HYKCOHJIap
KHDAIIMa aTOMJApu HMOHAapH AudY3usICHMHM aHua Kyuai-
THpamM.

Baés KWIMHIaH KHDHIIMA KHDUTHLI YCY/UIADHHUHI Xap
GvpH y3uHMHT ad3a/MKIAPY Ba KAMYMIMKIApUTa ora. AMasuit
MacananapHu Xaja Kuauwaa Oy KuxaTHu anéawa sbTHOOpra
D}WII.UI'R Tprld KeJajau.

20-§. Ca€3 caTxjap XOCHJ KWAYBYM KMpHILIManap

Onpuurn 60612 XaKMKHMil KPUCTA/UIIArM HYKCOHIAp Miean
KpUCTaanjaru dieKTpPOHAap DHEePrudNapuHUHT 3OHaBl/il7l CIeKT-
pUra Kymumya IHeprus XONaTJapu XOCUJ KUAMULIATH TYFpU-
cuna ranupuiran oM. Kpuctaan mawxkapacura KMpHG osraH
KHPHMILIMAJIap XaM uean KPUCTaaI NaHKapack KaTbuil AaBpuii-
amrvHM Gy3yBUM HYKCOHNApaMp Ba yJap XaM d/eKTPOHIap
yuyH ¥3ura XOC BHeprusiBuit xonartnap xocun xunagu. By
X0s1aT/ap, KUPUIIMaaap 3M4IHIHM XKyaa KaTTa Oyamaran Xonna,
Maxainui X0aataap Gynanu, AbHA yIap KUPUUIMA aTOM (WoH)
nap AKMHMIArM MaxaJauid Koilapia ypumnawraw 6yiamm,
3MEKTPOHIAD IJHEPTUsAAAPU 3OHANAPH TacCBUPUAA MaXa Ui
XONaTaap caTXapu TAaKMKJIAHNaH 30HA MUMIAA XKOWIAWITHDU-
nagu. Bynuur caGau omamit: Maxamiuii caTXaard 3neKTPOH
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[image: image76.jpg]GOENaHraH SMeKTPOH G§1n6, yHM 3PKUH 271eKTpOHra ainaHTu-
puir (JTKa3yBUAHIMK 30HACHTa YTKA3Wml) yuyH EKM BajeHT
30Haary 2JeKTPOHHN Maxa /MK CaTXra yTKa3um yuyH MyahsiH
3Heprus Kepak 0yaau. Arap KHpULIMa XOCHJ KHIPaH MaXasumit
caTX yTKasyBuaHJIMK EKN BaJIeHT 30HacMra SIKMH XKOHauraH
6yaca, Gynpait catx caés carx Aeimnaau (Kyn xonrapaa caés
caTXAaH pyXxcaT 3TMAraH 30Ma uerapacuraua Gynran macoda
TAKMKJAHTaH 30Ha KEHMIMTMAAH aHuya MapTa KMuuk Gynamn).
TakuKJaHraH 30HaHMHT YpTa KMCMUIArd Maxamil caTxaap
uyKyp carxaap pe6 artanapu. Bab3u Kupummanap caés caTx-
nap Xocu1 Kuica, Gowkasapu 3ca, 4yKyp caTxiap naimo
KWMLK MYMKHH,

Caés carxjiap XOCW/I KMJIaJMraH KMpUiIMaiap 3pKuH 3apsaa
TawysuMaap (3PKHH SJIEKTPOH/IAP BA SPKUH KOBAKIAP) MHKIO-
PHHY OLUIMPHII UMKOHWHHM SIpAaTHMO, APUM YTKA3rMYHUHT JJIEKTP
YTKasypuanaMrunM OeBocuTa y3rapTupumm Mymxun. Uykyp
caTxjap naMmo KMIafMraH KMpULIMajnap 3ca sipuM JTKasruy--
HUHT GupMyHua Gowka xoccasapura Gesocuta éku GuisocuTa
TabCHp 3Taav Ba KYN axoinG XoamcanapHit KeaTMpU6 unKa-
pagu. -

DHAM JEKTPOHIAPHUHT M€ KPHCTALIIATK SHePrusiapy -
CHEKTpUra KMpMILIMa aToMJap KaHAai y3rapuuuiap maimo Ku-
JIMLINHA MHUCOLIApAA KYpn6 uMKaiauk.

OHr KYN Ky/TaHKAAMraH KPEMHUH KPUCTAJUIMHE OJaiJInK.

- MabyMKH, KpeMHMI TanXapacuaa Xxap Oup atomuuHr 4 Ta
3Hr SIKMH KYWHACH 6V, ynap Gunau 4 BaseHT 3J€KTPOHU BO-
chTacuia KoBaseHT Gorsamrad. Kpemuuil nawxapacMHuHD
TeKUCMK/Aru WapT/u paBuuia KYpunuwm 23- a-pacMaa Tac-
BMpJaHraH. Arap wy Tawxapara 5 BaJeHTIN JAEMEHT aTOMH
(macanaH, ¢ocdop) KMpUTMICAR, Y XONMA KUPHIIMZ aTOM
naHxapa TYTyHMJa KpeMHMH aTOMM YpHMra JKOHiainamn
(23- 6 pacM). YHHHT 4 BaseHT 2JeKTPOHH 4 KYIUHM KpeMHMi

- atomnapn 6uiaH  KoBajieHT GOFNAHMIUHM  TabMHUHIANAN,
5- anexTpoH oca, ¥3 aTomn 6unan Kyycus Gornannmpa Gynamm:
Bynuur ca6abu kupuma (pocdop) aToM KpUCTAwT MUALa &
JMONIEKTPUK  IOMMMIIM  QUDJIEKTPUK MYXMTAA TypPramiur
okubatMaa S- BaseHT d1eKTpoH Guman pocdop aToMu sAAPOCH

23- pacwm.
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[image: image77.jpg]opacuiaru y3apo TabCHP KYYMHMHT (3PKMH aTomjarura Huc-
~ Garan) & MapTa Kamain® ketuwmmmp. By aca 5- BaneHT anexT-
POHHMHT ¥3 aToMuiaH axpanaub keTvmuu (YTKa3yBYaHAMK 30-
nacura ytiuG onvum) yuy 3apyp Es dHeprusHmur (3pKuH
aromparura nucGartaH) aHua KaM OYIMIIMHM TaK030 KHJIAM.
By OHeprusi KMPHIIMaHMHr WOHMAll SHeprusich 1e6 Xxam
artanagu. Yuu 6axonaim yuyH KUPUIIMAa aToM BOZOPOACHMOH
aTom ne6 kapanamy. Lly cdhapasra acocas, Ze 3apsyim sapora
5- BaJIeHT 3/IEKTPOHHMHI GOFN@HMII DHEPrVsCH SPKMH aTOMAA
moe' 2
Ei= o (20.1)

Gynap oanm. AMMO, € AWBNEKTPMK MyXuTia Oy HoHM3aumMs
OHEpruscu

m*e'Z?
2he?
6ynagn. By mdopanapna mo — PKUH INEKTPOH MAaccac,
m* — KpuCTasIar 31eKTPOHHUHT 3dexTns maccacu. (20.1)

Ba (20.2) ndopanapnaH KyMMIardHu XOCHJI KUJIaMU3:

Ej=E- 1. (20.3)
& my

Kpemumii yuyn ex11; m*/mo — Guppan Kuumk. Bornaxuwu
sueprusicu E; onataa 10—15 3B yamacupa, femak, E, yHman
I037apya MapTa KMUYMK Ba 3B HMHT yjiymuiapu TtapTubuga
6ynagn. XakukaraH xa, Gocop aToMm 5- BaJEHT 21EKTPOHN
¥3 aToMugaH 3pkuH GJ1MO KeTHUIM yuyH XOHa TeMmepaTypa-
CHMparM yprava MCCHMKJIMK JHepruscu etapammup. BunoGapu,
EJ TaKMKJaHraH 3o0Haja )"f‘rka3ysuammk 30Hacura SIKMH
Koiijarn caés catx oHeprusicuump. By caés catxaard 9/1eKTpOH
E; aneprusi om0 yTkasyBuaHIMK 30Hacura yTuG Kerca (IpKMH
2/1eKTPOH 66 onca), docdop aTomn mycbar mowra aiina-
Hajau. VTKB3YB‘-I8HJKMK 30HacUra 3J/eKTPOH Gepa onaguras
KMPHIUMa aTOMK QOHOp, Y XOCWA Kwira E, sHeprusiiu caTx
donop carx peinnapu. Etapiuua Mukaopaa QOHOP KMPHIIMA
KMPUTWIraH (Ba YTKa3yBUAHINK DJIEKTPOHJIAPH TO3a KPUCTALT-
jarupan kyn 6yaraH) sipUM YTKA3rMu 34€KTPOH YTKA3YGUAH-
UKW EKM KMCKAva, M- TYp spum yrkazeud pevimnamu (24-a
pacM). @ocdop KHpHUIUManH KPEMHHI aHa UWIyHAAl sApuMm
JTKa3rUUaup.

Arap KpeMHMI KpuCTaImra Gop (B) aTomnapu, KupuTiica,
y/nap KpeMHMH aTOMJApH YpHMra Tyrywiapra Xoinamu6
onazu (23- 6 pacm). Bop (B) atomu yu BaneHTan G6yaranauru
caGabunan yHMHr 4 KyLWIHM KPEeMHMH aTOMH OWIaH TYPFyH

Eym—

(20.2)
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24- pacm. ey B

KOBAJIEHT GOFMARMII XOCH KHMMUIA
YuyH OMp O]eKTpOH eTMIIMAMAM.
By oaaekTponun Gop (B) aromu
KPEMHMH aTomiapu opacuparu
GornanMuzan  (BaJieHT  30HajaH)
TOpTME oMM MYMKHH. ByRHHD
" yuyH yHua karta Gynmarau E, oHeprus kepak 6ynamm. Ongunri
xongaru mynoxasanap E, yuys xam (20.3) ra yxmaw udogaun
Gepagn. L, sHeprusi XaM XOHa TeMIepaTypacHiaru ypraua
MCCHKMK 3Heprusicn kT TapTuGnmapup, Oy caTx BajeHT 30Ha
SIKWHMAA KoWiawraH. BaseHT 30Hajaru 37eKTPOHHM y3ura
6upnkTnpu6 onammrad, GuHOGapuH, Oy 30HaZA KOBaK XOCHI
KWJIaAuraH KWPUIUMa aKyenTop, y Xocun Kuarau L, oHeprusim
caTx akyenrop carx pewnnaan. Etapam MuKmopma akuentop
KHDHILIMA KHPHTH/ITAH Ba BAJICHT 30HA/Ia T0O33 KPUCTaLiIaruaaH
KN KoBakjgapu Gy.iran spuM YTKAsruu KOGAK YTKAZYGHAHJUK
&Ku KMCKaua, p- Typ apum yriaseun peiimnagu (24- 6 pacm).
Bop (B) kupuiuMain KpeMHHi aHa Wy HIa# APUM JTKAa3THUAUP.
Arap spMM JTKa3ruura XaMm JOHOP KMPULIMA, Xam aKuen-
TOp KMPWIIMAa KMPHTMJIraH Gy.ica, JOHOp CaTXJapAaru a7eKT-
POHJAp aKUenTop caTx/apra yTanu. JOHOPIAPHMHI 3MWIMTH
Ny, akuenropnapuuku N, 6yncun. Arap Ny>>N, 6yaca (nact
TeMnepaTypaiapaa), 6apya akuenTop X0/naTAapHHU dNEKTPOH-
Jlap TY/IMPagyM Ba [JOHOP CATX/IapAa yJap uly MUKZOpAA Ka-
Masi, APUM YTKA3PUUHMHT DNEKTPOH YTKA3YBYAHIUIH KaMaitnG
ketagn. Arap N;<<N, 6ynca, akuentop carxiap KHCMaH
TYMMPUAMO, YNADHWET BaNeHT 30HAJAH  NEKTPOHAAPHU
TOPTMG 01U MMKOHMATH Kamasiiu. Bynnait spum yTKasruysap
KOMneNCUpaaHzan spum yrkazeuwaap neiinnapn (24-6 pacm).
Komnencupnanum caés Ba uykyp caTxiap mMaBxya Gyaranuaa
xam comup Gynamu.
Arap anekTpounap ManGau GyAraH AOHOp KupuMAnap
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Ouian OMp BAaKTAAa MaBXKyA Oyaran akuentop Kupummanap
3uuAMKIapu Oup-Oupura Xyma skuH Gyica, y' xouma Kywau
Komnencupaaus 103 6epanyn Ba APUM YTKAITUUHAHT YTKA3yBYaH-
Mru 6up Heva Taprudra Kamaiub keTmmm MymKuH (25- pacm).

I0KopHia aiTUIraH MYJIOXA3a/12p KMPHIIMA ATOMIAPHHIHD
3UWIMIY yHUa KaTTa GyiMarau Ba GyHaa KYIIHM KHPHILIMA aTOM-
nap Gup-GupuaaH eTapinua y30Kaa GYaran (y/IapHUHI 371eKT-
poOHJIapH TYJKMH (QYHKLWMsAapy Gup-Ompu ycrtura Tywmaian-
ra) Xo/UIapra TernuuMaup. AMMO, KUPHIIMA ATOM/IAP 3UUTUTH
eTapauua kaTTa 6ynca, IOKOPMAATH WAPTIap 6aXapuIMacIura,
KYIUHA KHPULIMA aTOMJIAP 3MEKTPOHapH KoGukaapu Gup-6upu-
ra TYTAUMLIH, SBHA yJIap ¥3apo TabCHPJALUNALLINTA MYMKHH,
6y aca OKMG&TAE KMpUIIMa XOCHJI KM/rMaH caTX/IapHMHC map-
uanauu®, S1EKTPOHNAD YUYH DHEPIUs KUPUIULMAGULl 30HACUNU
BYXKYAra KeATupagu. XucoGnapHUHE KypcaTuiunua, KMpUIMa-
HUHT 3UUIHIH ;

¢ NeR22-10M(E L0 (20.4)
my e
Gyarangan Gouwna® KupuiMaBuii 30Ha maiio 657na Gownaii-
mu. MacanaH, n — kpemuuit yuyn Npx~10'° em™

Kupuiumanap swaury erapimua Karra Gysrawna kupuum-
MaBuii 30Ha KeHraiuG, YTKasyBYaHMK EKM BAJIEHT 30HA Ouian
TyTammb xeragu.

Kupuiumasuit SHeprusAiap 30HaCH XOCUJI KMNaMraH MHK-
AOpAA KMPHLIMA KMPUTHITAH SPUM YTKA3rvy Kyuau Je2upram-
ean apum yrkaseuu fednnamu. Y & n- typ, ku p- Typ anektp
JTKA3yBYAHIMKKA dra Gysamu.

- § YyKyp caTXJap XOCWJ KHNYBYH KMpHLIMAiap

SIpuM §TKA3rMura KMPUTMJAAWIaH KMPULIMAJApHAHT Kym-
UHHTM TaKHKJIAHraH 30HAHWHT YPTa KMCMMAA, YTKAa3yBuaHIMK
30HACK BA BANEHT 30HA/AH Y30Ka S1EKTPOHAP YUYH IHEPrUS
caTx/1apu xocun kunaan. By catxnap uykyp carxaap peiivnann.
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[image: image80.jpg]YyKyp carxjap € JOHOPJHK, & aKUENTOP/IMK Xoccanapura sra
6ynanu. Babsu kupumMmanap OGMp Heua caTXIap XOCHJT KWLM,
ynapuuur 6upnapu goxop 6y.1ca, 6omKasapy akuentop Gyaumm
MyMkuH. Bysnaih kupumimanap amgorep xupuwmarap peinna-
an. UyKyp CaTXHMHI KaHmad xoccara ara 6YMMIIMrK, YHHHT
Ba3uATH KHPHUIMA2 ATOMUHMHI 3apAJMil XOJaTHra Ba YHHWHI
2/1eKTPp MaHOUIATUTHHAAT aCOCHI aTOMHUKMAAH KaTTa € KHUHK
6ynMumMrira GoFMKAMp. MasKyp KMpHLIMA/IaDHUHT aTOMJIapH
dakar TyryHnapaa smac, 6aiKu TYryHaap opacMia Xam JKoi-
NawmMG ONMIUM MYMKMH. YJapHUHT Myaiisin GMp KMCMU BIEKTP
xuxataau ¢aon Gynca, Gowka KMCMU 3Ca DIEKTP KUXATAAH
Hoaon Oynamu.

Yykyp carxnap sipuM YTKasruuiapaa 3/eKTPOHIAp yTHIu~
napu Gunan GOFIMK XKyaa Kym Ba XWIMa-XWa JKapaéuiapaa
MYXUM YpPUH TyTajM, yJap SpuM yTKasruuiap acocuaa Taiép-
nauran ac606NAPHUAT UL UMKOHMSTIAPURA aRUKAAAIN. UyKyp
Ba caé3 caTx/iap XOCHJ KMJaJMraH KHpHILIMAaJapHUHT ¥3apo
MyHocabaT  Macananapu, KMPUIIMAJADHHHT  HYKCOHJap
6nnaH y3apo Tabcupu Myammosapu (aH xXamaa TexXHUKana
9Hr 1013ap6 MyamMMonap XucobaaHaau.

DHAM YyKYp CATXJApHMHI KenG UMKMIIM BA aXaMUATH
TYFpUcHaa §ab3u MabAYMOTNAPHH AUTHG JTamus.

SlpuM VYTKa3rMuJapHMHT TaKMKJaHraH 30HACHMAA BJIEKTPOH-
J1ap yuyH SHEPTMA YYKYP CaTX/apu XOCW/ KUIyBuM MauGanap
6ym6, MyaitsiH X0CCa/M KMPHLIMAJIAP, KHDPUIIMA aTOMJIapHUHT
MaHXapaHuHr OOMKA HYKCOWIapn OuiaH ~Gupnammanapy,
afHMKCA KPUCTALIJATM KUCIOPOA Ba yrsiepos xapGo Guiaw
HYKCOHJIADHUHI KyUIMa/apH, PagMauMOH HYKCOHJAp, TepMO-
HYKCOHJIap Ba y/NapHMHT OMpJamMaiapu XucobraHagu. -

SpuM yTKA3rMunap JAEKTPOHMKACH CAHOATHHMHI acOCHit
xomamécn GYIMMLL KPeMHHMIa, YyKYp CAaTXJap XOCHJ Kuia-
nuraH  yHna® KupuMIIManap SAXWM  YPraHuATaH., YJapHUHD
Bab3unapu TYFPUCHIArY MAbAYMOTAAp 3- KaaBaima KeaTu-
pusras.

3-xansan
KpeMHHIiIa KMPHIIMAJap XOCHN KWIraH JHEPIHs CaTXaapH

Kupuuma | Mentencen |Jnepran covxnapn, oB Ty o xecumn
| xaasamaa

rvpyxn omop axuenrop nextpon | xomax

yayu yayn

Caés  carynag
P V| E—0045 = = o
B it — E,+0,045 _ -
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[image: image81.jpg]Knpuuiva |Mewacicen |dnepran cavxiapn, 3B TyTu6 ommm xecunn
maamaaia =
by romop axentop anextpon | xomax
yayn yayn
As V| E—0049 = — ot
Sh V| E—0,039 - s —
Al i il E+0057 — =
In I — E,+0,16 - —
Li 1 E—0,033 — -
[Mykyp  carxnap
Cu 0| EA4024 = -
—r— | == E 4049 -
Au 1 E. 40,35 s S .
—r— — E—0,54 —
Zn ] = E4031 s
—— = E—~0,55 -
Mn VI | E—053 gl —
Ni Vil | E—03 . s
s - E4025 - 2
. < —0,40 - -
Fe VI | E,+040 — —
— E.+053 -
Pd Vil = E,40,34 —
. E—0,18 =
L 50,28 i —

MacaiaH, KpeMHUAra KHPUTMITaH OXTHHIYTYpT (S) atomu Ba-
kancusn (V) 6unan Gupnaum6, S+ V kommieke naiino kunaam,
y 3ca E,—0,5 5B aueprusim uyKyp caTX XOCHJ KHJaip.

Kucnoponuuur Bakaucusi 6unan Gupnamysn O+V (A—
Mapka3) kpemuuitna E.— 0,16 3B oHeprusuin caTX Xocui
Ku1aam, .

TepMOUULIOBAAH KeifUH KpeMHUiiia Gup Heua 4yKyp carx-
nap naino Gyammm Ba Gab3unapUHMHT FOHMG GyMwWM Ky-
3aTHAAnA.

UyKyp CaTX/apHMHI SHEPrUsCHHW OWJIMIIIAH TAWIKapH,
YNAPHUHT 5/IEKTPOH BA KOBAK YuyH YW1l OJHMII KeCHMIapuHM
XaM GuMu Kepax.

SlpuMm yTKasrmunapaark 4ykyp ca-rx;lap KaHpa# Basuda-
napHu 6axapaau?

Viap pekomOuHalys Mapkasiapu Ba MWLM CATXJIapy
6ym6 xusmar Kuamiwm Mymkus. Toknu-Pua-Caa pekomGuna-
LM HA3APHACHAA APUM YTKA3THUHWHI TAKMK/IAHraH 30HACHIA
YYKYp CaTXJI1 peKOMOUHAIIMA Mapkassiapy (Ty30Knap) MaBxyin,
ned dapa3 KuaMHamH.

UYykyp caTx/ap onTuK Ba HOTOINEKTPUK XOAWCAIApAa MY-
xuM Basupanapuu Gaxapaau. MacanaH, ynap EPYFIMKHK
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[image: image82.jpg]KUPMILIMABMI 0THIN, SBHU (POTOYTKA3YBUAHIMK XOAMCACHIA
Machbysn YpMH TYTaaM Xamia sIpUM YTKasrad acGobiapHuHr
MUK MYMKHMH GY/IraH cOXalapHi aHUKJIAILAA KTl KUXaTAaH
Xan Kuiysuu omua Gynamu. Sua 6Mp KaHua axoitnb xoamca-
JIaPHUHT COAMp 6YMIuN XaMm, acocaH, sipUM YTKa3rMuari uykyp
caTxsiapra GOFTMKAUD.

UyKyp caTX/1apHM aHUKJIALUHMHT GUp Heua yCy/liapn Mas-
Kyl MacanaH, €pyFIMKHM IOTULI CNEKTPUHM YPraHULU yCy.J,
TYHHEJI CLIEKTPOCKOMUACH, CHFUM CMEKTPOCKOMUACH, dIEKTPOH-
napaMarHAT pe3oHaHC ycyjiapu Ba Gowkanap.

slpum yTKasruugard caés caTxjap Ba 4yKyp caTxjiap opa-
cuzaru y3apo MyHocabatiap, yap GuaaH Typiu HYKCOHNApHUHD
¥3apo TabCMpM Macananapu spuM YTKasruuiapHuHr au sa
TEXHWKaJa TaJAKMK KWJIMHMIIM Ba Ky/UIAHAIMIA MYyXuUM OF/1-
ramu yuyH Oy MacanaapHM M3uWJUIMK OW/aH YPrauuul KeHr
Kynamaa o6 Gopuamokaa.

=

VIBOB

SIPUM YTKA3THYJIAP/IA JIEKTPOHJIAP BA KOBAKJIAP
CTATUCTUKACH

By 606pa yTkasypyaHIMK 30HALarM (IPKMH) DIEKTPOHIAP
Ba BaJICHT 30HA/IaTH SPKUH KOBAKJIAPHUHT 3UUIMIH 2HUKIaHAH
XamJia ylapHUHT GUp KaHua KaTTaMKIapra GOFIa UM Tax g
KHJIMHA[H.

22- §. PyxcaT 3TMAraH JHeprus 30Hajapuia KBaHT
XoNatiap TaKCMMOTH

Ksant (asoBuii syeitka. By — Gnp kBauT xosaTra TYFpH
kesrad (a3o (Xosar)aap XaXKMHAMD. YHM KyHHaarn Myjioxa-
3ajap acocuaa auukiaimus. Kpucrawn maHxapacu yHuHr a
Aoumumiicura Kappaan 6yaran L kuppaau ky6aan ubopar 6y.1-
cuH. By Xosa 31eKTPOHHUHT TYAKMH PyHKUMsCH

W (F)=Ur(EF =Ui(x, y, eistutia  (22.1)
KypuHMmAa Mdoaananub, YHMHT AaBPUILIMK WAPTH

Ui (x, y, 2) exp [i(kx+koy+h-2)=Ur(x+L; y+L,
z+L)exp [ikx+L)+ik(y+ L)+ ik(z+4-L)] (22.2)

6ynaau. By WwapTHHHN KaHOATIAHMWIKM yuyH

Mg o 2ng, g 2
K= TR K.= 7 (22.3)
6—19 81




[image: image83.jpg]MyHocabatnap ypuhnn Gynmum xepak. Bywga go gy g, —
6yTyH connap. By comnapuuur GuTTa yuImK g. g, g KMitMa-
Tura Gurra kBaur Xonar (K., K, K. napuuHr Outra ywmk
KMIAMATH, SIbHU K BEKTOPHUHT GUTTa KMiMaTH) TYFPM KeJamu.
Xakukatas, Ag.=l, Ag,=l, Ag.=1 6yranaa, 6y yuwmx
Kuiimartra Moc 6yaran

(MkAk,AR)=(2/L)? (22.4)

KaTTaqMK GMp KBaHT XONaTra TYFPH KeraH TYJIKMH BEKTOp
(asocH XaXKMMHM OMIHMpaH.

AMMo, p.=hk,, p,=hk,, p.=hk, sxanmruau bTHGOpra
osncak, y xonna

(ApApyAp.) - L= (2ah) *=h* (22.5)

KaTTaquK [ HMMIYJbCHMHT OMTTa KuilMaTMra TYFpH Kearan
Xonatnap daszocu xaxwmu 6ynagu. Mawa wy 7° karramuk
Keéant ¢pasosuii auelixa neimnaan. Arap xonatnap $asocMHuHr
UXTHEPHIA XaXMUHU 0ub, yHN 1* ra 6ynuHca, wy Xaxmgaru
KBaHT X0JaT/1ap COHM Xocun 6ynaau. Byunan keimn L*=1 cm®
ne6 onamms,
3oHaza KBAHT XOJaTiap 3WYIMIM. DJIEKTPOH OSHEPrHACH
Gunan yHMHr uMnyiabcH opacumarn Gormamum E=p?/2m*
Kkypunuwaa 6yncun. By xon uzotpon Kpuctanan yuyH 63au6,
OMp XM DHEPTUSIN CHMPT Dy, Py, P- KOOPAMHaTanap dazocuaa
" cdepa (wap cupr), £ Ba p KOOpAMHATANAP TEKMUCAMTHAA 3¢a,
napa6ona 6ynaau. Ly xonma umnymbenap cdasocupa p Ba
p+dp papuycau cdepanap umsamuz (26- pacm). Yaap opa-
cuparu ChepUK KATIAMHAHT XaXMA

dp.dp,dp.=4np’dp : T Q26)

T
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[image: image84.jpg]6ynaju. DNEKTPOHHUHT CIIMHM MKKH XHJI ﬁy“anumra sra 6y-
vuumruEn abTuGopra onnb, (22.6) udomanu h* ra Gyncak,
Iy KaTAaMIard XoJaTaap COHM KenuG uMKajm:

gl dy “"" 9 — g(p)dp. 227
JHeprus Ba uMnyJIbc opacuparu E=p’/2m* Gornaunuaan

oiipanann6, (22.7) udoaa ypHura KyHMAArMHA XOCHA KHJIa-
MuU3:

4a(2)" VE dE=g(EXE, @28
Gynaarn

g(By=an(y’ VE. @29

By udonaHu KeATHPHG UMKADHILLA IJEKTPOH DHEPTHACH
Xucobu yTkasyBuawimMK soHach Tybupan Gomutamamn (E.=0)
ne6 xabyn kumnran. Arap E.5£0 6yaca, y xonma

gn(E):‘in(sz Y VE—E, (22.9)

6y/6, yHU YTKA3yBUAHIMK 30HACHJA I1EKTPOHIAPHUHZ KEAHT
Xoaaraapu 3uuiuzu JeHnain.

Xy ury #ycuHia BaJeHT 30HACHAA KOBAKJAPHMHT KBAHT
xXonataapu suannru g,(E7) yuyn

g Ey—an(L }1e YE dE” @210

uoganu onamu3s. ByH/a KoBaKHMHT 3HepruscH £’ BaseHT 30Ha
IIMIIKWAAH nacTra TOMOH xuco6’|(mmnrau‘

DNEeKTPOHAAP Ba KOBAKJIAPHUHT IHeprusnap Gyinua Tak-
CHMOTH. DJIeKTPOHJIAP APUM CIIMHAM 3appanap 6Yaratimru yuys
ynap ®epmu — Jlupak CTaTHCTMKAcura OyiicyHaan, sbHHM
anextponnunr T remneparypana E aHeprusium xonataa 6ymmm
IXTUMOJUIMIMHA yGy

fo(E, T)= [l+expE L

(2.11)

@epmu TakcumoTH dyHKumAcH uonanaiay, Oywmarn F —
COMIITMDMA TEPMOAWHAMMK TOTEHUMAJ, OJIEKTPOKMMEBHI
norenunan ékn Mepmu catxu kabu Homnap GunaH aTaaran
CTaTHCTHKA MapaMeTpu. YHM TeKWHUPUNAETraH HaMYyHaHUHI
DJIEKTPOHEHTPAJLINK 1LIAPTH aCOCHAA Tonunann Vrkasysuanmk
30HacHaaru sneKkTporiap 3uumurk (1 cM® paru conm) erapanua
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[image: image85.jpg]Kam 6§1raHja d1eKTPOHJIAp rasvHM Cuiipak (aiiHMMaraH) ras
ned kapam mymxus. By xonna exp(—F/kT)>1 ne6 xucobnam
mymkud. Llynunr yuyn @epmu Takcumotd, sbuM (22.11)
ndona

[o(E, T)==exp (

KYpUHHALITrA KeJaay. By 3ca KIaCCHK Q)vlzuxaﬂunr Makceenn-
BosbuMaH TakCMMOTU (bYHKUHACHIUD.

E

)=C(F) exp(A (22.11a)

23- §. 3oHanapaa dpKMH 2JeKTPOHJAP Ba 3PKMH
KOBAaKJap 3U4IUMM (KOHLEHTPaumnsicn)

?TKﬂ:inanﬂ"K 30Hacuaa E DHEPrus CaTXu AKWHMAA KHY-
kuha dE dHeprMs OpAalMFMAArM 9PKMH OJIEKTPOHIAPHUHT
xonarnap conn g(E) dE 6ynapm. Iy sHeprus XonaT/iapHHUHT
xap 6upuaa anexTpoHHuHr 6yaum axtumosamurn [olE, T) 6y-
s Mabaym. [emak, dE dHeprus opanurnia 3/eKTpoHAAp
coun fo(E, T) gE)dE. By udonapan GyTyH yTKasyBuaHIMK
30Hack Gyiinua osMHraH WHTErpan ywly 30HaJary deKTPOH-
NApHUHT MYBO3AHATUA 3UMIATMHU Gepamu:

no=Sfo(E. T)guE)E. 23.1)

Vuu Xucobnalia WHTErpPaJHWHT MACTKW YerapaBuil dHep-
TMSCH YYyH YTKA3yBUAHINK 3OHACHHMHI TyOMHM CaHOK Gown
(E=0) ne6 onamus. Dueprus kuitmaTn owran capu fo( E) byHk-
uys Te3 kamaitn6 Gopumamrn (23.11) mas kypuuuG TypuGam.
Bunobapus, E Huur KaTTa KMiiMaTaapuuuur (22.1) ra Kywagm-
TaH XMCCACH XKY/a Knuuk 6§1aau. IyHuHr yuyH Ma3kyp uHTer-
PaJIHUHT IOKOPUTM YerapacuHi Yekcus (oo) ae6 oscak Gymamu.

Hemak, (22.9) sa (22.11) nmapuu (23.1) ra Kjicax

. E .
=4y S 14 dE (23.2)
0 exp( T )+

kenmb uukamu. Yura x=FE/kT Ba F*=F/kT ynuamcus xat-
TanMKIapHn kupuTH6, (23.2) mdoaanu xyiuparuya €3ub osa-
MU3:

Zm,,/zT] »S ' frdx

ny=4 _
Lt P 1 Hexp—F7)

(23.2a)

Sina

$hT T s
N(,:z(z"+’j“_)w,' m‘/k(,n): Fin&%) (23.3)
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[image: image86.jpg]Gesnruiauiap KMPUTCaK, y Xouia
ny=N.D,, (F*) (23.26)

ne6 &suw MymkuH. By epaa V. mu xonaTrapuunr dddexTns
auumrn, @, (F*) un oca @epmu untezpanu [ed atanamd.

Xynan v.uyunan Ay GMAaH BaJIEHT 30HAATM KOBAKJIAPHUHT
o MyBO3aHATWIl 3UUJMIUHHHT WONACHHU XOCHA  KWJIHII
MyMKHH, Ma3Kkyp aHeprus caTXuia 3/eKTPOHHUHI GYIMaciuK
SXTUMOJLIUIH, SBHUA KOBaKHWHI OY.IMII DXTUMOJUIATH Kyiinaa-
ruua Gynamm:

ol B, TY=1—fo(E, T)= [H»cxp(F};F )17 @4

By udonana £ sueprus yTkasyBuaHiMK 30HacH Ty6m (£.=0)
nau bouwiab xucob xummHamu. TakMKIaHraH 30Ha KEHNTMTH
E, ne6 Gemwunawanu. Banewt 30Haza Xam 37eKTPOHHHHD
JHEpPrusCH I0KOpPHra TOMOH ycuG Gopaau. Bynusr Teckapucuya,
KOBAKHMHI OHEpPrUACH 30HA WLIMMMAAH NAacTra TOMOH Ycub
6Oopanu, WYHUHT YYyH KOBAK HEPTMACH CAHOFMHHM BAJICHT
30Ha mMnuaan 6owta nacTra TOMOH AaBoM 3TTHpamu3. FOKo-
pugarn  27- pacmaan  Kypunuumua, E=—E, E’ 6yu6,
6ynaa £’ — KOBAaKHMHT BAJIEHT 30HA LUMIMAAH XMcoGAaHraH
aueprusicuamp. Jlemax,

fonE. Ty=fon(E", T)=[1expEEEDy)

DHIM BaJeHT 30HAJAru KOBAKJIAD IHEPTHs XOJAATJIapH 3ud-
MM

'3

B WE =422y . VEdE (23.6)

KYPUHALIUIE E3MUUIA MyM- )
KHH.

Banenr 3o0Hagaru Ko-
BaKJapHUHT  MYBO3aHATHI £=0
uwmruan (23.1)  udona [ C
CHUHrapH, Ky#uaari uHTerpan
opxanu ubonanaHamu:

o
™

Po= Sion( Vg EVME. T
" (23.7)
(23.5) Ba (23.6) ndopanap-
Hu (23.7) wuuHrerpanra Kyu-
cax, 27- pacm.
Po=N, D, (—E3—F*)
(23.8)
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[image: image87.jpg]xocun Gynamu, 6y epna E% = E,/kT, F*=F/kT,

Nv:l(z":ii Yo, W, (—Ei-FY—

x'dx '
SrtimTe C=EM @

@epmu unrerpawnapu O, HuHr TaKpuOuii KnitMaTIapUHAHT
kampamu MaBkya. Kyiiuaa Gu3 MyXuM uMKKHM XOMHM K§pub
YMKaMU3,

Aiinumaran sipum YTKasrnu, Vr1kasysuanauk somacuaar
QJIEKTPOHJIAP 3UYWINTH Ba BaJICHT 30HA/aru KOBaKJap 3W4WIMIHA
eTapauua Kuumk Gysica (cuiipak 3/IeKTPOHIAp Ba KOBaKjJap
ra3n), GyHmail sipUM YTKa3TMUHW, KUCKaua, AUHUMAZAH SPUM
yrKaseuu neiinnanu. ¥ KJacCHK CTaTMCTUKAra OYiCyHaad, sbHI
3/IEKTPOHIAp Ba KOBAKJIADHWHT SHeprusi Xosnatnapu Oyitnua
TaKCMMOTMHM MakcBesr — BOJH:L(MHH TAKCHMOT KOHYHH TaB-
cudnainy. AAHMMAraHIMK IapTH

exp(—F/kT)>1 (23.10)
kypunumpa 6§16, 6y xonna F DepMu caTxu TaKMKIaHraH
30Ha Hunpa 6ynapm. Bynpait xonna @epmu unTerpawIapu cou-

Janamand, YyHKM yJapHMHT Maxpaxutaru 1 coHuHu Tainab
1w6opwiam. Y Xona KyWufary HaTiKara Kelramus:

Dy, (F*)=exp(F*)=exp(F/kT). D, (—Et—F*)=

=exp[—(Eg+F)/kT]. (23.11)

Memak,
ny=N.exp(F/kT) (23.12)
po=N.exp[—(E;+F)/kT] (23.13)

6ynanu.

LLIyHHCH KH3UKKH, allHUMaraH spuM JTKasrMuaa MyBo3aHa-
THH 3WWIMKIAD KYMaWTMacH XycycHit sIpUM YTKasruujaru
3aPAM TAWYBYMIAD 3UUTMTHHAHT KBAJPATHrA TEHT:

nopa=ni. (23.14)

AVHMraH ApUM YTKa3ruy. DIEKTPOHNAp KK KOBAKIAp 3uy-
JIMIM eTapanua KaTTa OyiraH spuM YTKasrud ainuean apum
yTrazeuy feitunamy. Acocuil 3apsaa TalyBUMAp DEKTPOHAAD
6ysran (n-Typ) SApUM YTKA3rMYAa SPKMH DNEKTPOHIAP Fa3UHMHI
ainMranmvk waptu F MepMu CaTXMHUHT JTKA3yBYAH/INK 30Ha-
cuga GYAMULTUrHAKMD, ABHA

exp(—F/kT)<1 éku F>0. (23.15)
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[image: image88.jpg]Byupait spum yTKasruuga SPKMH JJIEKTPOHJIAp 3MUJIMIH
KaTTa, aMMO BaJeHT 30HAjarM KOBAK/Jap 3WWIMLM HUCGaTan
anya kaM 6ynaau. Yuu aiinuzan n-typ apum yriaseuu nefin-
Jniann.

Acocui 3apsj TalyBYMIap KOBaKIap Gynrau (p-Typ) sipum
YTKa3rMua SPKMH KOBAKJIAp ra3MHWHT aiiHWramwiMK wapti F
QEPMM CaTXUHUHI' BaJIeHT 30Hacupa 6ym||.u:mmnup, SABHA

exp[(Ez+F)/kT]<1 Ba F<—E,. (23.16)

ByHpait AipuM yTKa3ruufa 3pKMH KOBAKJIAp 3MUJIMTU KaTTa,
amMMmo i’TKBSyB'{BH}IMK 30HacKAA JJIEKTPOHJApD 3HYJINTH HHC-
GaTan anua Kam Oynanu. YHu aunuzan p- Typ apum yrxazeuu
pAevinnanu.

To3a ApuM JTKasruuwiapaa MyBO3aHAT WAPOMTHAA Xap
KaHaai TeMmmepaTtypaja XaM O3JIEKTPOHJIAp ra3vHHHL, Xam
KOBAK/Iap a3uHMHN GUp BAKTAa AHHMTaH OYIMILIAIA MyMKMH
amac,

AMMoO, HOMyBO3aHaTHii wapouTaa (kaTTa TOK YTKasu6
TYpUIranja, Kywin EpMTHIMINAA) 3PKUH 3JIEKTPOHIAPHUHT Ba
IPKHH KOBAK/IAPHHHI KaTTa 3MUAMKIApH XOCH Gyauum MyM-
KHH,

SlHa WyHW aliTMII KEPAaKKW, aifHMLI JapakKacMHWHT OpTHE
Gopuiun GuIaH KUPUIIMANAPHUHE APUM CATX/1APH NApyananuo,
2/IEKTPORNAP YUYH KMPHIIMaBMii Xonatnap 30HacH maitno 6y-
JMIIM Ba YHWUHT pyXcaT 3TWJIraH 3Heprus 30Hanapu GMJIaH
TyTammG, CYHrpa yiap YCTMra KOMIAHVIIM XaM MYMKHH.

DeKTPOH TypAW aiHMraH SpUM y'rxasmu yuyH @epmu
wnterpanm O HM TakpnOWit XucoGnaw Kyitmparn uconamm
Gepagu:

==

_(F/kTY!: (23.17)
n

3

Bynpan @epmu catxu F Hu ny opkaau udpoganamr xam MyMm-
kun. IOKopupa xeaTMphiraw Mysoxaszanap Ba Oaxapuiarad
Xucobnamiapaa cpepuk SHeprus 30Hanapura sra GyJran uzo-
TPOM APUM YTKA3ruuIap Ha3apaa TyTUATaH DIU. AMMO, SHEPrust
30Hanapu chepuk Gyamaran 6aban Xonapaa KKOPHAA OJMH-
rad udonanap y3 wWakIMHU caxsaiau. Macanau, annmncouaan
30HaNap, AbHA

(23.18)
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[image: image89.jpg]xoum yuyH m¥ addektns macca ypuura (23.2a), (23.3) ndo-
nanappa

mpg=v (mimams)" (23.19)

KypuHumaarn a¢dekTne mMaccaHu €3Mm Kepak, Xo010C. ByH-
[ard vV — SKBUBAJNEHT MUWHMUMYMJAp COHM, /m¥; Macca Xoaar-
nap 3udaueuHuUne IhgexTus maccacu peiAnnamu.

24- §. Xycycwii spuM YTKa3ruuiapaa JJeKTPoH
Ba KOBaKJap 3M4IMIH

MyBo3aHaT wapouTHa Xap KaHaai sipuM YTKasruy d1eKTp
JKMXaTAaH HeWTpan Oyavwn kepak, sibHM Gapuya mycGar 3a-
psmtap iinrusgucn Gapua manduil 3apsanap AMEMHAMCUra
TeHr 6yauum no3um. ByHu anexrp nedrpaiauk wapru gefinna-
AW Ba YHUHI acocuMia TYy3WJiraH TeHr1amajaH @epMM caTxu
anukaaHaa. F uudr  owkop udomacunum  (23.26) Ba
(23.8) mynocaGaTnapra Kyiub, ajexTpoHnap Ba KoBakIap
3UWIMIKM YUYH y3ui-kecna udoganap Xocua KWIMHALH.

Xycycuit spum yTKasrud Xomu yuyH F @epMu CaTXMHK
aunKaaimk. Xycycuil spum yrkazeuu, Oy aramaHuHr aca
MabHOCHAA, Xey KaHgail €r Kupuuima atomnap Gyimaras,
SABHU TO3a SPUM YTKA3TMUAMpP. AMMO, XyCycuii yTKasyBuaH-
JMK TYHIYHYACH sIHaJa KeHrpoK MabHOra asraaup. Byxu xyiuma
Kypamus.

Xycycuit sipiM yTKa3r¥uia MyaiisiH Temrnepatypaja Ba-
JIEHT 30HaJaH YTKA3YBUAH/MK 30HACHIa KaHYa JIEKTPOH §TnG
onraH Oysica, BaleHT 30Haja YluaHua KoBak Xocusn Oyiam.
Hemak, Gy X0/aa 9J1eKTp HelTPaiIuK WwapTu

—enp+epi=0 Ro=puy=n; (24.1)

xypunuwfia 6ynagu. By waprra kypa,
NeDy, (FO=N, O, [(—E—F)/kT]. (242)

By tenrniamvasan F @epmu CaTX¥ aHMKJIaHaiM. YMyMW# Xoua-
na F uuer dynkumsicn 6yaran temnepatypa T HUHD KuitmaT-
napu Takpuban Tomunagu. AMMO, aMaija IOKOpPM Temnepa-
Typanap coxXacujia XaM XyCycuit ipuM yTKa3ruyjiap aiBuMaraHn
6ynaau, seum Depmu  dyHkumscuum Makcsean-Boabuman
TAKCUMOTHra anMmawTupu®, sibHu exp (—F/kT)>1 pe6 xu-
coGnal, ny Ba py nap yuyn (23.12) sa (23.13) udonanap
onuuaan. By Xosza asekTp HeWTpammk waptu

Neexp(—F/kTY=N, exp|(—E,—F) [kT)] (24.3)
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[image: image90.jpg]F(1)

o T 28- pacm.
6ynaau, Gynaan
' exp(F/kTY =N, [Neexp(—Eg/2kT)  (24.4)
€k
ﬁ% + 3 kTIn(mg/mp) (24.5)

kenub unkagu. By ndoganu (23.12) sa (23.13) nd)oua)lapra
KYiicaK, KyWMIarMHin XOCHUJ KHJIaMM3:

ny=py=ni= NN, exp (—E,/2hT) =2 2V IR y'r ¢
X exp(—Eg/2kT). (24.6)

Ulynpaii kw6, (24.5) Ba (24.6) mbopanapaan myxum
Xynocanap keqm6 aukamu.

1) Xycycuit spum yrkasruuga F(T) @epmu caTxu MyT-
nak Homb (T=0K) Tremneparypajga TakuMKJIaHraH 30HAHMHT
KoK ypracupa éramm (F(0)=—E,/2). Temmeparypa [=0K
nas kyrapunran capu F(T) & tokopura kyrapunamu (arap
[m#/ m# >1 6yaca) éku nacas Gopaam (arap [mp/mi]<<1
6yaca). By aittunrannap 28- pacmaa TacupiaHraH.

2) Xycycuil sipuM yTKasruyaa OpPKUH 3EKTPOHIAp Ba
KOBAKJIap 3UWIMTM 7, TAKMKJAHraH 3oHa Kewrauru £, ra sa
T Temnepatypara kywi Gornanrad. Bup xun Temnepatypasaru
MKKM SpUM YTKA3rMuaaH Kaiicu Onpu yuyn £, xkuumk Gysca,
$wa spuM YTKasruu yuyH n;, karra 6ynagu. Temmeparypa
optu6 Gopran capu n; 3MYAMK SKCIOHeHLnan optu& Gopamu,
ABHM XYCYCHAl SPUM YTKA3ruu[a 3apsa TAUyBUMJIAp SHUINTH
TemnepaTypara Xyaa ce3rup. Yuuur n;(T) GORIaHMII un3HFM
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[image: image91.jpg]In(my)

\
oA ’”’/r 29 pacm.
(29- pacm) ormammruman Eg; HM aHMKIall MyMKuH. YHM Ta-
KHKJIGHTaH 30HAHUHT TePMUK KeHeaueu neannaau. Xakukaras

xam, (24.6) udonanan ln(m)=_E,z/2kT+‘7ln(N,Nv)

kean6 umkagn. By epma In(N, No) ~In 7% sunr temnepa-
Typa T ra Gornanmwm HucGartau cyct, ynu apbtubopra onmacak,
In(n)=[(T) Gornammmm, pacMaa KypcaTMiraHiex, TYFpu
un3uK KypuHummaa Oynamu. Yupan E,—2kiga mu annkna6
OJIMII MYMKHMH.

Illynu ailTin Kepakky, TeMmepaTypa OpTraH capu Ta-
KMKJIaHraH 30Ha £, KeHrMra xam ysrapagu. Macanau, rep-
mannit (Ge) xpucrammpa Eo(T)=E,(0)—4-10~* T myno-
cabar ypunau Oynanm. Bomka xpucrannap yuyn T oaguparu
KynaiTyBINHHHD KMAMATH Xap xua 6ynaam.

3) Onpunrn (23.14) myHocabar xap Kaupail aiiHMMarad
SPUM JTKA3rMY YUyH TYFPUAMP.

25- §. Maxaumii caTxsapiar¥ 3apsj TallyBYMJap 3UMJIMIH.
Kupuiumany aifHUMaraH sipUM YTKa3ruuja 3JeKTPOHJap
Ba KOBAKJap 3UWIMMH

Ouu ApUM JrKasruura N, 3UWIMKIM JOHOP aToMJap Ba
Na 3MumMKIM aKuenTop atomaap KUPUTHITaH XOJHM Kapa®
umukaimk. By Xonna fpuM §TKASTMYHMHT XaXMm Oupnmrupa,
moc pasuuga, N, Ba N, snwmkan ponop E, oHeprusan sa
akuentop £, SHEPrMA/IM CATXAap MaBxyd Oynamu. Yaap &
HeiiTpan Xonataa €ku Gup (--¢) 3apamm xonataa Gynamm
ne6 xucoGnaiimus. Maskyp xoanapaa @epmn yHKUMSCH
Ky#ujaard KypUHHILWIAPDHA OIaIH.
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[image: image92.jpg]MoHop caTX/ia SJAeKTPOHHUHT 6yaui dXTUMOAAMTH
Fra=[1+4 (/) exp [(—Es—F) [RT11 7!, (25.1)

KOBAKHHUHT GY/MII (dMEKTPOHHMHT GY/IMACINK) OXTHMOJLIMIM

fra=[142exp (F+E,) [kT1 " (25.2)

Kypumiga 6yaann.
AKLENTOp CaTXJ[a 5Ca 3MeKTPOHHUHT GYaMIm 3XTUMOLIMIH

Fra= [14-2exp (Ea—E—F) /kT1 ", (25.3)
KOBAKHMHI GY/IMILI DXTHMOLTAIH
foa= U+ /) exp(Eg-F—E) [RTI™ (25.4)

6ynapu. By udonanapparn E, Ba E, — Moc pasMuwia KoHOp
Ba aKUENTOP aTOMJIAPHHUHI MOHJIAHULI JHEPTUsCH.

[Monop Ba akuenTop caTx1apAaru dNeKTPOKIAp Ba KOBAKIAp
3UWIMTH YYyH Ky#Huzpary udoganap Xocwl KuJimHaau:

ta=[nulNa, Pa=[naNu, ne=[wulNe, Pe=fpaNa. (25.5)

By raiiéprapnMkiapian Cyur KUPUIIMAaK SPUM YTKA3rHYAA
OPKMH 3apAj TaulyBYMAAp 3UUIHTMHM AHMKIAMW MAacanaciHu
€UMLIra KMPHIIAMM3.

. Xam akuenTopnap, XaMm [0HOPJAap MaBXya GOyaran spum
YTKa3 Uy yuyH J1eKTp HEHTPa/UMK WwapTu Kyinparnua Gynaam:

o+ Nu= Po+Na. (25.6)

Dactnab 6u3 Gup Typ KMpULIMANHK, Macanas, dOHOP KUpULU-
manu (Ng#0, N,=0) spum yrxaseuu XoqumHun Kapab uu-
Kaimk. Byngail spum yTKasruuja YTKasyBYAHAMK 30HacHiaru
o 9eKTPoHIAp MaHbUH 3aPAAHH, BANEHT 30Hajar# Po KOBaK-
JIap Xamaa BAeKTPOHN/IAH aXpairan Py AoHop nownapu mycGar
3aps/HM TAWIKWI OTajy, SABHU OJIEKTP HEWTPaLIMK 1apTH

no=po-+Pa (25.7)
Ekn .
no=n?/no+Ps (25.7a)
Kypunuuina Gynamu. By tenrnama (F/kT).ra unc6atan ky6
TenrnaMa Oyau6, yHunr ymymmit eunmu AyK. Lymunr yuys
(25.7) udogaHMHr YerapaBuil XONIApAATH €YMMIAPHHE OTULL
Ba TaXJIWJ KAMUI MaKCaara MyBOGDHKAMP.

1. Macrt Temneparypanap coxacuua (25.7) TeHriamMaHMHr
eunmu. Etapimua nact temnepatypaga E,<&Eg Gyaranmru
caGabunan yTKa3yBYaHIMK 30HACHra AOHOP aTOMJIApAaH yTraH
2/IEKTPOHIAD COHM YHIa BaJIeHT 30HaJaH JTraH dJEKTPOHIap
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[image: image93.jpg]COHMAAH (BaJEHT 30HajarM KOBaKJap COHMAAH) Ky mMapra
opmHK 6ysiaam, GuHOGapuH, po<no, P« Ba (25.7) ndosa
ypuura

=Py (25.8)

ne6 €smm MymkuH. Arap ny Ba Py 3MuAMKJapHMHT 10KOpHIa
aHuKaaHras uponanapunu (25.8) ra K¥itu6, yum eucak, xyituaa-
TMHU TOMaMU3:

& - Ny Eqy_ _Ed
‘XP(F/kT)—T(V1+S(N/)exp(“) Dexp(—z5). (25.9)

By udonaun norapupmaad, Oepmu carxu F HuHr ndomacu
OJMHAAH.

BasenT 30Hajarm Kosaknap xucofra osnmmmaran Gy mact
TeMmepaTypanap COXacMHM WKKM KHCMra axpatul Texum-
pamu3.

a) 8(Ny/Ne)exp(Ey/kT)>>1 Tenrcusnux 6Gaxapunaguran
opamk T'=0 pau Gownanaam, Syuna No/N. Ba exp (E./kT)
KYyNaiTyBUM/Iap KaTTa KMAMATapra sra 6y muumMraay naikan
ocoH. By opaimk yuyn (25.9) udona Kyimaaru KypuHHIIHH
osanuy:

exp(F/RT) >~ Y Nu/2N, exp(—Ea/2kT) (25.10)
Byunau ®epmu catxu yuyH Kyitugaru mdoga kenmb umkanu:
F=(kT/2)In(N4/2N) —Eq/2 (25.11)

By ndona (30- pacm)HuHr acocupa YTKa3yBYAHIMK 30HACH-
[ary SNEKTPOHJIAD 3UUIMTHHM aHuKaml Mymkud (31- pacwm):

no=VNalNe/2exp(—Eq/2kT) (25.12)

bfz

& frprSNg—— ——
| F(

[ T 30- pacm.
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[image: image94.jpg]In(n,) #

7 31- pacm.
7
HOxopunaru (25.11) udopara acocan, T=0K nxa ®epmu
catxu F(0)=—FE,/2 Basusataa Gynagu, Temnepatypa opTa

Gopran capu, mactiab Nu/2No>1, sbru In(N./2No)>0
Gyaranna Mepwm caTxu iokopura kyrapuna Gopaaw, cyHrpa
N wanr 7% kaGu optu6 Gopnum okubatvaa sorapudMHMAr
Kuiivaty kamas Gopamw, Hatwxaga F @epmu catxu Gupop
T=T,, Temneparypama >Hr KarTa Kuilmatra OpuumG, CyHr
nacasi Goumamm Ny=2N, 6ynrauaa, sva F=—E,/2 6ynann,
keitmn Ny<<2N. Gyaryuwua F uuur nacaitn® TakuknaHras
30Ha j’{p'racura AKAHIAIMIUN JaBOM JTalu.

Arap (25.12) wndogann Taxama KWiICaK, YTKa3yBUaHIMK
D/IEKTPOHIAPHHHMHT 71) 3UUTMTH TEMIIEPATYPaHUHT KYPCaTKUWIH
dyHKUuACK GFaMmuamrn KYpusnb Typuban. demax, ny 3MUIMK
T opruwm Guian xyna Tes opTG Gopamm.

6) 8(Ny/Noyexp(Eq/kT) <1 tenrcnzamk Gaxapuiaauran
Temnepatypaiap opamruaa (25.9) udona copaa Kypumuiira
Kenazju:

exp(F/kT)=Ny/N.,. (25.13)
Bynn no=Nexp (F/kT) ndopara kyiicak,
np=N,=const (25.14)

HaTHKa Xocua Gynaam.

Oxupru (25.13) Ba (25.14) ndoganapnas Kyiumars MyxXum
xynoca xeqmb uymkaan. Maskyp Temmiepatypasap coxacuia
kT>E,, 6apya gosop atomnap GMUTTazaH 3JeKTPOHMHU yTKa-
3yBUaHIMK 30Hacura Gepu®, y3napu vownap 6yauG Kosamu
(xvpulIManap TY1a HOHJALUITaH), AaMMO BaJIeHT 30HalaH yTKa-
3YBUAH/IMK 30HACKTA JTraH DAEKTPOH/IAPHUHT HUCOHI COHM ahua
kam 6ynamu. Hemak, 6y Xonga yTKa3yBYaHIHK 3/eKTPOHIApH
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[image: image95.jpg]flo 3MYMIM [1OHOPAAp 3uunurura TeHr (no=N,) yarapmac
KuiimMatra sra 6ynazu.

Depmu catxu F 6y coxana T optran capu macaiinmpaa
AABOM aTagM.

2. YOKopu Temnepatypasap coxacuga (25.7a) renrnama-
HUHI eynumu, KHPHH.IME uouopnap}mur 'r)"ula MOHJIAaHUII Tem-
fiepatypacunn £4=*kT, wapraan AHMKIAW MYMKUH. Llysnur
Yayu T>T, (okopm) TEMINEpATypanap coxacumn Taxmn
Kunamus. By xoina P =N, 6ynamm Ba (25.7) TEHIIaMaHHHE
CYUMHU Kyiuparu KypuHua Oynamu:

mo=2 -+ TF Gy o, (25.15)

By xonna
exp(F/kT):év—/;; U+ VT4 @ N7, (25.16)

Hkku uerapasuii xonza (25.15) Ba (25.16) ubonanapuu
TaXJMA Kunamus,

a) Qni/ Ny <1, ABHU  B/IeKTPOHAApHUHT ni  Xycycmii
3nymrn N, KUPHIIMAap 3uumuruman anga KHUMK 6¥cun,
BunoGapun,

no=Ng; exp(F/kT)=N,/N, . (25.17)

By onuun KYpuiran xosra TYFpU Kenaam.
6) Qu/Ny)*>1, ABHM  37eKTPOHMapHHHD N Xycycmit
3udsrn N, KUPHIIMAap suunnrupan KaTTa 6§acuu. Anbarra,

no=n, (25.18)
exp(F/kTY=n;/N, (25.19)

Iy keituuru 0KOpHn Temnepatypaiap coxacumumr 6Gourtany-
i n=N, wapraan 6axonaca Xam 6ynaau.

Hemaxk, Qni/Ny) <1 TEHICH3NIMK  6axapunaguran Xon-
Jlapaa n-Typ spum jrxasruy yarapmac ng=N, JNIEKTPOHTAp
SHUJMIH MaBXya 6yiran YTKasyByanmkKa ara, (2n/N,)*>1
6yaran xomga aca, ng=Py=n, 6ynamu, sbHn YTKasruuga
ICKTPORNAD Ba KOBAKAAD 3Musmry XYMM Kupummanap 6y-
Maran T03a spum }“r-rkaarmnarmxex 6ynann. By xonma ku-
puwWManap suau ny pa P, SUWIMKIAD KuiiMaTira cesuapm
XHCC, KJWMAlaK, aMMO ynaprumy MOHNApH XapakaTuyaHauk-
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32- pacw.

HHHr KMiiMaTHra tabcup kypcatnun myMkud. LlyHu Tabkua-
nau JO3MMKH, I0KOPMAATMAEK XMCODialLapHu p- TYyp APUM
JTKA3ruy yyyH XaM TaKpopJam MYMKHH.

DHAM MKKaJa TYPAAarn KMpUIIManap MapXyn Gymrad spum
yTKasruuuu Kapab unkaitmk, svhn N0, No5£0 (32- pacm)
6yacun Ba N, >N, pe6 xucobmaimk. By xomma T=0K na
6apua aKuenTop caTxJap, AOHOPJIAp XMCOGUra, d/eKTPOHIAP
6unan Tyaran (akuenTop atomsap Maxduilt nownapra ainaH-
rau), noHop carxnapuunr Ny—N, KncMuga 21eKTpoHsiap Gop
Ba P;=NJ=N, xncmMm aca Myc6ar 3apsinaHras Gyramu.
@epM# CATXM TAaKMK/JAHraH 30HaHMHI SIDMHCHMIAH IOKOpUAa
KoMnawmanm.,

Arap T>0K 6yica, A0HOp caTxjapaaru d/eKTpoHaap-
HMHr GMp KMCMM VTKa3yBUaHIMK 30Hacura YTu6 osra,
LIYHUHTAEK aKUENTOP CATXJIapPHUHT TYAAMPHUITaHIUIY, 3raprat
Ba BaJIEHT 30HAja KOBAKjiap maiao Oyiram G6ymamu. By xon
YUyH 3/IeKTpOHeHTpa/MK wapt (25.6) udopa kypunummpa
6yamum Kepak.

Myrnak HoMb TemmepaTypa (T=0K) ra énpawran mact
TemnepaTypanap coxacuaa no—0, po—~0 ae6 xucobnacak,

Na—Na=na=Na[14 (1/2)exp [ (—Eq—F) /kT} 1" (25.20)
6ynagu. Byngan @epMu caTx aHMKJIaHAIM!

F=*E‘,+lenNAz";—ﬁ" . (2521)

By udonanan doinananus, yTKkasyBuaHIMK DIEKTPOHIAPHHHHT
BUWIMTHHA aHUK/Iall MYMKHH:
(Na—N) N,

ne= T'GXD( Eq/kT) (25.22)
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[image: image97.jpg]Ulynpait xwmb, Kyiuaarm Xysnocanapra Kenamus. Arap
T=0K 6ynca, F=—E, Gynaam, womnaw 3Hepruscum aca
E, ra Tenr 6ynu6 xonagn. Baxonanku, dakat noHOp KMpuui-
manapu 6ysran spum yTkasruuna Gepmu carxu — E,/2 6y1ap
4.

HucGaran nact Ba ypra TemriepaTypanap COXacuaa BaleHT
30Hajark KosakaapHu abtuGopra onmacak, Py=0 ne6 dapaz
Kusicak, 6y X011 9/eKTp HeWTPaLIMK LapTHHU

no+No=N,—ny
Ekn
no+Na=Ny/ 1142exp [(E4+F) /kT1) (25.23)

KypuHMwaa Tacsupaaimus. Arap ng=N.exp (F/kT) axanmru-
HM OBTHOOPra O/ICaK, Ma3Kyp TEHITAMAHWHI KyiMZArH euu-
MHHU  TOTAMH3:

XD GE) = [2(Na— N [Nl /(11425 exp L) 1+

+{n+z%“ exp(Ea/kT) 1 +8(Na—No) N ' exp(E/kT)}
(25.24)

dnan 8(Na—No) N7 'exp(E,/kT)>1 6ymran uerapasuit
Xosinu Kapaiymk. Bynna

exp(F/kT) =V (Na—No) [2Ncexp (—Lq/2kT)  (25.25)
=y (Na—Na) Ne/2 exp(—E,/2kT) (25.26)

By udopanapaa N,=0 ne6 xucoGrauca, yrap (25.10) sa
(25.12) wdonanap Gunan Gup kypummwna 6ymagu. Ny=>N,
. 6yaranpa, N, akuenTopiapHuHr 60p 6YaMmM erapiMua mact
Temnepatypajga F Mepmu CaTXu Ba3UsNTH Ba MOH/IALN SHEPIHsA-
cnra Tancup Kypcatamm, Aeran xyjocara Kefamu3. Ypra Ba
IOKOpH TemmepaTypajiap coxachza 5ca (JOKopM paapaxaja
KOMrieHcupanuum xomu Gynman mycracuo), Fg Ba no KaTta-
JMKMAPHUHE TemilepaTypara GOFMK KMAMAT/IApH Xy r-
TYp sIpUM YTKasruugarupex 6ynamu.
Bynpait xucobnamwnapuu N <N, xon yuyn xam TaBcHp-
JIaHraH 'rap’ruG}J.a TaKpop/aw MyMKHUH.
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[image: image98.jpg]26- §. Kyn 3apanau kupvmmaiap Maexya Oyaran sipum
VTKasrM4apia 3apsi TaWYBYMAp CTATUCTHKACK

Bup kaTop Xoisapaa sSipUM JTKa3ruuia Xap Xusa 3apamim
xosaTaa Gyna onaguraH KMpMIIMA aTOMAAp MaBXya Gyauumv
MYMKHH. YJ1ap O/IeKTPOHNApP YUYH TAKMKJIAHraH 3oHaza oup
Heya DHEeprus caTXjapu maiao kKunagv. Byupait kupummanap
Kyn 3apadau Kupuwmarap einaand.

AKCAPHAT XOJIapAa KYMl 3apsiLil KNPHLIMAJAp aKuenTop-
nap Gynagu. Yaapra repmanmiiza ontmH (Au) Ba Kymyw
(Ag), kpemnuitaa pyx (Zn), raammit apcennauaa muc (Cu)
KUpHIIManapu mMucon 6yiamu.

VIKKM BajIGHT/IM aKLENTOp Ba caé3 [OHOp KUpHIIManapra
9ra GyraH p- Typ ApuM YTKAa3rMuHM Kapaitmus. 33- a pacMua
Ma3Kyp aKUenTop 3JHeprus CaTXJapu TacBMUpiaHrad. Arap
ukkana £, +F, a £ 4 E, oneprusi caTxiapuu Xam 31€KTPOH-
snap Gami Kuamaradw 6yaca, 6y akuentop weiltpan xonataa
(®epmu catxu E, +E, sueprns caTx Oniad BajeHT 30Ha
wMnu opacua Jxownawrad) 6yramu. Axkuentop Gup xappa
HOHaWraH Gyamum yuyn (DepMu CaTXM YHMHI MKKA CATXM
opacnpa (33-6 pacM), WKKM Kappa MoWjawran Gyamium
yuyHoca, £, +E. 3Heprus caTXHUHT 10KOpUCHa Gy amuwn 3apyp
(33- 6 pacm). Bu3 10KOpHa TeMMepaTypaHu Ba Caés caTXau
KUPHILMAIAp 3MWIMIHHK Y3rapTvpuw #yau Gunan F @epmu
CaTXMHM KEH OpaJMKAa Y3rapTUpHIl MYMKWHJIMTMHU KYpraH
DMK,

—m—
EVH.‘},————— _——t = — ]
—— =
Et+E———+— — + — — —
Ev a J 8
Bazenm 3o

33- pacw.
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[image: image99.jpg]AKUENTOpPHUHT HelWTpan atomaapu snumrnan N' 1e6,
6up 3apsnan wonnapu 3numruun N~ ge6 Ba MKKM Kappa
3apAmM MoHnapu suwuauruan N~ ne6 Gearusacak, y xosia
AKUENTOPNAPHUHT YMyMHI 3UWIMTH

N=N"+N"+N— (26.1)

Gynamu, Arap Ty/1a MOHTaHraH Caé3 TOHOP KMPHIIMA 3HUWIHTUHK
Ny=NI ne6 oncak, y Xonma maskyp p-Typ JTKasruy yuyu
D/IeKTP HEMTPa/IUK apTH

Pyt Ny=N*+N= (26.2)

Kypuumpa ésmnagn. Byuman kefiun E, =0 pge6 onamus,
S'bHA DHEPrMsl CaHOFMHW BAJEHT 30HA LIMMMAaH Gownaimus.

CratucTvk GU3MKaJaH MKKM XO0JaTra MOC KeIraH 3uy-
Aukap Hucbatu

F 6.3
W [N =(gi/gnespEy, S
F—E;

(NT/N)=(g2/g)exp( o

6yammmru mabaym. Bynpa go=1; ¢\ Ba g; aap Moc pasuiga
cratMcTMK  BasHaap; [E, — akuemtopra Gup  31eKTpoHHH,
E; — MKKM >NeKTpOHHW OMPMKTMPMII YuyYH Kepak Oysrau
JHeprua. DM (26.2) HuM Kyiiuaarvua €3amus:

F—E;
kT

F—E,

Pot+-Ny=Ngiexp( o

). (26.2a)

) 2N (g2/g)exp(

Kyitnparu Gearnnawnap Kuputamus:
- ! E E
Pi=gN,exp(— k—'r). Py=gsN, exp(— k_;), (26.4)

Po=N,exp(—) (26.5)

By xXonna anektp HeitrpamiMk waprt Kyiuparuua 6yaamu:
Pot-Ny=N"(P,/P)) +2N (Py/ Po). (26.26)

Arap (26.1) Ba (26.3) mdonanapgan poiinanancak, (26.26)
nboga ypuura KyHnaard TEHMIAMaHW XOCUA KuAamns:
PiPE(P AN +Po(PiPyrA-NPi— NPy +
+NaP\Pa—NP P,=0. (26.28)
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[image: image100.jpg]y}l‘laMC"Z KaTTajJukJap

Py/Ny=x, P\[Ns=x, Ps/Ny=xs, N/Ni=a (26.6)
opka/m (26.2B) TeHrnramaHM KadTagaH Kydupgaruua €3amua:
KA (1xy) 2 (01 X 10— axy) +x1 X —2ax, =0 (26.21)
By ky6 TeHrnamMaHuHr ymymuit eunmu ityk. LIyuunr yuyH yuu
MyXUM 4erapaBuii XOJUIapAa TaxJMa Kuaamus: x=Py/N,<1,

X< 1, x2< 1 6yaran xonHu Kapa6 uukaiink. By xonaa (26.21)
TeHrjama

F—xi(a—1)x— 2a—1) x;x,=0 (26.7)
KBajpaT TeHrnama cudatuaa eunnamu:

x=ﬁ‘Lz'ﬂ 1+ V14871, (26.8)

Gyngarn d=x2/x;; y=(2a—1)/(a—1)% (26.9)
Xamma sakt 8<C1, nexkwmn a>>1 6yiranpa y<l, nexuu
(a—1) <1 6ynranna aca y>1 Gynapmn.
Arap y<1, span N>N, 6yica, (26.8) ndopamm eunm
x=(a—Dx
Eku
Py=L(N/N.) — U giexp(—2) (26.10)

KYPHHMILIHA OJlafiH.

Arap y>>1, abun (N—Ng) <Ny 6ynran xonma (6y Axum
KOMINEHCHPJIaHIaH APUM §TKa3ruy xommamp) 6, kymaiirmacu-
HMHT KMAMaTHra Kapal, euuM MKKM TapMOKKa aXpasiaju:

1) 8:>16¥nca, x=y/(2a—1)x.x; (26.11)
€xu
AN—N, E\+E;
Py= ‘4N, —otr
" A AT

2) §,<1 6ynca,
2 N—N, 3
x=(a—1)x, &mu P"=T N‘gxexp(—f—‘r ) (26.12)

By epaa (26.11) eyum IoKOpH TeMmeparypaiap coxacura,
(26.12) eunm (26.10) eunmra aitHan yXmau Ba nact Temnepa-
Typanap coxacura Tyspu Kenanu. Depmu caTxu GupuHYM X0s11a
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[image: image101.jpg]E+E;, | kT g182Na
2 G, (26.13)
MKKMHYM X0a7aa aca
Ny
F=E+kTIn—"— 26.14
25 n(Nde)g\ ¢ !

Gynanu. Jdemak, keiiuurn xona F @epmu carxn £, sHeprus
caTxaaH 10KOpHIa Ba akuentop Oup 3apsamn xonarma (N,>
>(N—N,g) 6yramu. Onaunrn xonpa aca, ®epmu caTxu
E, sneprus catx arpodmna Gynamu.

Etapiuua 1OKODH TeMNepaTypaiapia, amMO Xaiu Xy-
cycuit yTKasyBYaHIMKKA dpHiuMiIMaraH Xonza depmu caTxu
EQ JHeprus caTXaaH oKopuaa Ba Gapua akuenropjap HMKKH
Kappa 3apsamm 6ynu6 kosran 6ynagn. By xonma ywly udoga
Keaub uMKaam:

Py=N—N,. (26.15)
IOKopraa Gaxapuiran xucobnauLiapun UKKH Kappa 3apsii-
JlaHa 0/laJMraH A0HOPAAD Ba Caé3 CaTX/IM aKUENTOpIap MaBxyL

6yaran ApUM JTKA3rMY XONM y4YH TAKpOpaH Gakapui KMAUH
amac.

27- §. fiHa Gowka Gab3n XoNnapaa 3apsn TairyBYMIap
CTATUCTHKACH

1. Amcpotep kupHumanap GyiraH sipum YTKasruuga 3apsig
TAWYBYNJAp 3UWIMIU. AWDUM KUDMIIMAnap ipUM yTKa3ruuia
Xam mosop (E4), xam akuentop (£,) caTxjiap XOCW/ KWUIAILN
MYMKMH. By X0n1a 91€KTp HEHTpaJUMK ILapTH

no—Po=Ni—Ng 7.1)

KypunnIa Ba amdoTep KNPHIIMAHUHT TYJ1a 3UMNTH Y3rapmac
6ynanu:

N Nf=N=const. (27.2)

AmboTep KMpMIIMa JOHOp XOJaTAaH akLenTop Xoaarra
BA aKCUHYA JTHIIM MYMKMH, TePMONMHAMMK MYBO3AHAT wa-
pontnaa Oy peakuus (YTHILIAp) AOUMMACH

D, — DY

K= ) exp(— 27.3)

Tap3aa ugomanakaan. By xosga akuentop Ba [OHOp X0saT-
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[image: image102.jpg]Jlapaard KMpMHiMaiap 3v4IMKJIapUHUHIT HMC63T" Kyﬁunamqa
6ynaan:

(N/NT)Y =K, (ny/n)* (27.4)

Byuna @ sa () moc paBMmiza, aKuenTop Ba AOHOPHUHT
apkuH dHepruscu. IOkopumarn (27.2) —(27.4) udonanapnan
oitganann6, (27.1) TeHIIaMa eYUMUHU XOCHJ KHJIAMM3:

N (my— Py) S tml )" | (27.5)

1=k (no/n)”

Vmyman, (27.5) eYMMHMHT TaXIMIM MYPAKKa®. AMMO «UMHHMK-
THpPUI» (HAMYHAHM IOKODW TEMIepaTypajaH XOHa Temnepa-
Typacuraua Te3 COBMTHLI) Xomucacu Aeb atanauuran xapa€H
épaaMupa AOHOpJAp Ba aKUENTOPNAp 3uuaurn (GapKuun A0u-
MUl TYyTHO TYpPUUI MYMKHH:

n—Po=n,. (21.6)
V xonga (27.1) Ky#uparu KYpMHULIHM ON1aju:
NF=Ni+n,. 1.7
Mabaymku, noPo=n? apm. Wynnnr yuyH no—Po=nr
o= (1, /AR (27.8)

keau6 uwukamm. Duam (27.8) mu (27.5) ra kyiicak, Ky#nuparu
HATUXKAHU XOCHJI KWJIaMu3:
N, LG9 L )+ Vo 'l )

1= (/) Ly [0+ YA+, /017 (27.9)

Amorep KApUIIMA 3UUMMTM KWUMK, AbEH (n, /n) <1
ne6 capas kunaizmk. By xycycuit xona

N=n, 115 (27.10)

Kesm6 unkazy. Arap k<1 ne6 dapas kuacak (nacr T sapaa)
N=n, 6ynamn.

Awmdotep kupuima 3uuiury katta 6yaca, N opruum 6unan
Ay HMXOAT V3WHMHI SHr katra (1, ) . Kuiimatura
apuwaan. By xon (27.9) udoma maxpaxu Hoara aimaHrau-
na pyii Sepanu. By mapraan KyWuzard waTHxara Keiamua:

)y =1/ Vii— Vi), (27.11)

Mact Temneparypanapua, sibhn k< 1 6yaranaa

101




[image: image103.jpg](G —r Q@1.12)

compna MyHocabar kenub uMKaaM.

TOKopuaa aHMKIAHTaH /i, HUHT TETHULIM KUAMATJIAPUHA
(27.8) ra kyiunca, 9pKMH 3apa] TaLIyBUMJIAD 3HYIMTMHHAHI
udopanapn xocun Gynamu.

2. Bakaucusnapu 6yaran spum YTKA3ruua 3apsijl Taulysum-
Nlap CTATMCTMKACH TYFPUCHIA KHCKaua TyxTannb yramus. Arap
ApuM yrkasrmunpa N, 3udnukka ora Gyaran £y oueprus catx-
m 6up BaneHTIM goHopsiap Ba N, suumukaun E, dHeprus catx-
M GMp BaZeHTIM aKUeNTOp BakaucHsnap Gysca, y xomma
3/eKTp HeWTpa/UIMK wWapTH Kyiuparnya Gymapu:

ng—Py=NI—Ng (27.13)

By TeHIVIAMAHUHT e4UMM XaM [AOHOpJap, XaM akuenropnap
MaBXyn OynraH ApUM YTKa3rMy YuyH ONMHraH euum Kabn
Gynanu. Arap akienTop BAKAHCWS WKKW OJIEKTPOHHM Oup-
nawTvpnl onamuras Gysica, AHA IOKOPHAA Kapad uMKwIrau
X0Jra Keslamu3.

3. Spum yTKasrmuga akuentop cudaTMAATH IUCIOKA-
uMsaapaaH Tawikapu, siHa ca€3 JOHOpJap Ba aklenropsiap
xam 6op ne6 ¢apas KMmaiIMK. YJapHUHT 3UUYIMTH, MOC
pasumina, N, , Ny sa N, 6yacuH. By X011 51eKTp HEMTPainnK
wapTd Kyituaaruua 6ynaau:

At Notn N, =P+N7, 27.14)

Bynaa n, - MCIOKAUMSHAWT GWp/IMK Y3YHIMTMAAZ ymiat
OJIMHFAH D/IEKTPOHIAP COHU,

Bynnan kedmn P=0 pe6 onamus, ABHK 7 - TYP ApUM
YTKa3rMuUHK Kapafimu3. [luciokauusnap IMEKTPOHIAp YuyH
TaKMKJIAaHraH 30Hajza Myaﬁﬂﬂ OpasMK/ia caTx/lap XOCHJl KuJ1aau
(aMcnoKaumoH 30Ha; 34- pacm). ABBaJIO 1, HU TomMG onMHAmM,
YHHHD

1, =n, ©—N.exp(—5Ey (217.15)

Kypuunmpga udonganaHuwn
o anukaanran. By epaa N, ucno-
Kauusiap 30HaCHAAr# XoJat-
apHUHT  O(hEeKTHB  3UUIUTH,
E, — Ma3kyp 30Ha Ty6n aHep-
ruscu.  Oumu  (27.15) nHu
£, (27.14) ra kyiwm6, ongun kypub

yranran ycyn Ounan  yHMHr
34- pacw. EUNMMHN OJMLI MYMKWH.
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[image: image104.jpg]KprcTaniaa Mypakka® HYKCOHIap, HYKTaBHil HYKCOHJap
6upnKmanapu, CHPTHI Ba XaXXMuii HYKCOHNAp Ba X0Ka30
MaBXKyx GyaraH Xo/slapia d1eKTp HeHTPAUIMK TEeHTaMACHHH
euMIl aHua KMiiMH, amMMo aiipum XOJIap ajabuérua Taxaun
KuanHran[9].

Kyunmu nerupranrau (aituuran) xpucraanapaa @epmu —
[upak cratucTukacuaaH oRganaHuIl 3apyp Ba LWIYHUHT Y4yH
XaM ONIeKTP HeHTPa/IMK TEHIIAMACHHW eUWIl aH4a MypaKKad
6ynanu.

Slua WyHW AWTMII MYMKWHKH, KPMCTa/sIapHu SAPOBHI
3appanap €ku sasep Hypaapn Guian GomGapaMMOH KuiraHga
SHIM KUMEBHIA JIEMEHT/IAD XOCHA GF/1azn Xamuaa TYpaM HyK-
COHJAp Ba yJIapHUHT GHPUKManapy naiigo 6ynauu. Kpucraiiam
AedpopMaUMsAIALl TAKMKIAHFAH 30HA KEHTIMTMHA Ba 30Ha-
JIapAaru d1eKTPOHNAPHUHT TAKCUMOTHHM y3rapTupaau. Ma3kyp
cababnap, anbaTra spuMM yTKasruuza 3apsii  TAuUlyBuMAap
3uMrd Ba GOWKA MYXMM KAaTTA/MKJIApHMHT  KuiimaTira
TabCUp KypcaTaau.

VII BOB
SPUM YTKA3STMYIAPAA KYYMI XOAUCAJIAPU

28- §. BOJbUMAHHMHT KMHETHK TeHrJ1aMacu

TepMoaMHAMUK MYBO3AaHAT XOMATHAA TYPraH IpKHH 3/eK-
TpOHAap Ba KOBAKJap ra3iapu 3WuIMKIapuHu anukiaw, F
@epMu CaTXMHH TOMMII MacajianapuHu onamurn Gobma Ky-
pu6 yramk. Maskyp XonaTaa 3/1eKTPOHJIAPHUHT DHEpPrusiiap
6yitnua Takcumotn Mepmit GyHKIMACK OpKaIM uponananam:

foen = [t 4+ 2= 28.1)

(28.1) oaxtumommit dyukums 6yan6, y T teneparypaga E
DHEPrUsAJIM X0J1aTAd 3JIEKTPOHHWHI 6;’«'["]11 IXTUMOJLIUIAAMD.
Erapiv nmapaxaga cuitpak aWHMMarad 9JeKTPOHJAp rasn
xosmaa (28.1) xywmparu Makcsenn— BonbliMan TakcMMOTH
KYPHHULLIMHA OJIafH:

fue, Ty =exp 5. (28.2)
TepMOIMHAMMK ~ MYBO3aHAaT XOJATMIATH  BJEKTPOHIAp

TYyIiamMu (ra3M) HMHP XOCCAapH YHIArH y3apo TabCup Mexa-
Hu3Mura GOFMK 6yiMaiin.
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[image: image105.jpg]KpHCTangaru 51€KTPOHIAPra JJEKTP MAailoH, MarHuT
MalioH, Temneparypanap (apku rpagMenTd Ba ~ Gowka
TAWIKKH Ky4lap TabCHp KMJraHWa MYBO3aHATCH3 XoaaT Gap-
KapopsiaHain, 3PKUH JCKTPOHJAPHUHT MYHAIraH Xapakatn
Bykyara xenagn. TawkM Kyusap Tabcupuiaa 3MeKTPOHAAD,
KOBakJap XapakaTu Gunan GoraMk  Gyaram  Xxomucanap
Kyuuw xoducanapu (& KUHETHK XOaMcanap, KU KMHEeTHK
addextnap) apeiimnanu. Tawku kyurap goummit Gyaranuaa
BYXKyAra keiaauran Ba, GunoGapus, Baktra Goravk Oyimaran
KYUHII XOAMCANapH cTayuoHap xoducaaap nednnaam (Macanas,
y3rapmac TOK, ysnaphu udoaanaiiguran GpU3MK KaTTanmkaap
Xam, Tabumii, Bakrra GorMK Gy.amaitan). HomysosaHaTi
JKapaénnap 6¥IMHID KYunII Xoaucaapy ynap coanp 6yraétran
MOAjajark y3apo Tabcup Typ/Iapura, OM3HMHI XOJAd, YTKA-
3YBYAH/MK ODKMH OJIEKTPOHJAPHMHT KDUCTAl1 NAaHXapacu
TeGpannuLIapu EKM TYPIM HYKCOHNapu OwsiaH §3apo TabcHp-
JAWNIMra MyXUM fapaxana Gormk 6ynaau.

HomyBo3anaTuil Xo0/1aTjar¥ 3EKTPOH/JIAPHUHI XO/aT]ap
Oyitnua TaKCMMOTUHUHT (DYHKLMACH MYyBO3aHATHH XOJIAaTAATH
Takeumor [o(L, 1) dyukumsicnnan dapk kuramu. Homyeosa-
HATUI TAKCUMOT PYHKYUACUHH AHUKIAW — Kyuuw x00ucaid-
PU HA3APUACUHUNZ acOCUll macaracudup. ¥, ymymui xoadd,
9ACKTPOHHUMZ ¢ KOODAMHATACUra, K TYJKAH BEKTOPUra’
Ba ! Bakrra GOFMK Oymran [(r, k, ) QyHkums 6yumm
Kepak. DJNEKTPOHNAPHUHI  Ma3Kyp XoJartiap Oyinua
TAKCMMOTH  (PYHKUMACHHMHI TVia XOCHJIAacH Ky#uzaaruua
6y1amm:

Ay Fofy— Oy ordr af dE
il == & af dk :
ﬁ(y ) ‘”+a7dl +a,§d1 (28.3)
Bynua dr .5 — 2/CEKTPOHHMHT  TE3/MIH, F = h(dk /dD)

dr I
yMyMIalura Ky4 (y TALIK{ Ba MYKM KyuJ1apHu XucoGra onamm)
6ynann. Cratuctuk duszukagarn mabaym Jnysuan teopema-

cura mysodmk, 6y Tyaa Xocuna nosara teur: df/dt = 0.

of

Arap %‘ =V, Ba Vef @Kanmruun bTUGOPra oscak,
or

(28.3) ndona
[ L F
— E_uvrf) e (F, V) (28.4)
KYPUHHMIIra Keaaau.
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[image: image106.jpg]Bynparu

Fo,=F+F,
6ym6, F — rtamku xyaHu, F, — uuku Kyusn Genrwnaiimu.
MKy Kyd 2/IeKTDOHHIHT ¥3 XapaKkaTy iyInaa KpUCTaUl nanxa-
pacu TeGpaHMILIapU BA HYKCOMJIApy OMjiaH TYKHAIIMILIADHHM

udogananu.
HOkopumaru (28.4) Tenrnamana

L G (28.5)

Ay —

G =
KYIIMIYBYM TYKHALIMILIAD OKMOATHAA [ TAKCHMOT (yHKUMA-
CHMHMHT y3rapuiunHu TaBcHnaimm:

9 =& [y
~d =G VD + -V @8.6)
KYUIMJTyBuM 9Ca, TAIUKM Kywiap (Temnepatypa Ba 3W4IMKIap
(apk/apn) TaBCAPW HATMXKACHAA | TAKCHMOT (DYHKUMACHHHHT
y3rapuwueyM Tascudaaiu.

Hemak, [ TakcuMoT QYHKUMACHMHMHI TyJa §3rapuiim

o 5 — (2 L

GV =Gt G (28.42)
6ynm6, TawKu Kyuwiap Ba TYKHaWMuuiap TabCHpuia 03 Oe-
pajura y3rapuimiap WMFMHIMCMAAH MOOpAT.

Craumnonap xonaraa %: 0 Ba

of iy
éh, + éh,=o. 28.7)

BunOGapuH, TAlIKM Kywiap Ba TYKHAIUMULIAD TabCHUPH OMp-
OupuHM MyBO3aHaT/IafaM (CTALMOHAp X0/aT Kapop TONraHaaH
Ke#uH).

Tawku Kyd cudaTuia DAeKTp Ba MACHAT Mai/IOHJapu
Gymum MymkuH; Gy X0/ 3/7€KTPOHTa TabCHP KWJIYBUH Kyd

F=—e(§ + [0B]} (28.8)

KypuHuwga Gynamm, Oynua E — 2JIeKTp MaHIOH Ky4JaH-
rauury, B — MarHMT MaiioH WHAYKUMACH.
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[image: image107.jpg]29-§. 3apan TawyBYMJAPHMHr KPHMCTa/l faHXapacuiark
TYKHAWKILIapH. BObUMAH KMHETHK TEHIIaMaCHHHHT
KYJIaHMLE cOXacH

DHAM DJEKTPOHNAPHUHI XonaTiap Oyituya Takcumoru [
QYHKUMACKTA TABCUPUHA Kapal uukamus.

Bus Kyifimaa Maskyp TyKHaWMILIapHM 37acTMK  1e6
xuco61aimMu3, GyHaa SMEKTPOHHUHT TE3MUrH (T§AKUH BEKTOPH)
akaT y3 HyHAIMIIMHK Y3rapTUpaid, aMMO KMAMAaTHHK Caknab
Konmamm.

Bupop k TyskuH BekTOpra (ChepuK 30HATM  APAM
yTKasrmupa v=hk /m* 6ynagn) sra 6y.AraH 21eKTPOHIAPHMHT

k _ sextopuunr knunk dk.dk,dk.-=d’k xaxmuparn comu
f(k, r, 1) d*k/4n’ Gynamu. Byuparn d*k/4s* kuank d’k xaxm-
1lary 3J1eKTPOHIAp SHePTHA XOMaTIapUHUHY conn, | (R, 7, 1) aca,
MaBJYMKH, 1y XO/aTJapHUHT Xap_ 6upuaa a/1eKTPOHHUHT GF-
MU 3XTUMOIMIHAND. By coH k — anekTpoHnap kpucrant
MaHXAPACUHUHT TeOGpaHMIIIApK €KW HYKCOHJApu OWaH TYK-
HAIUMIIMAAH KEeHHH yTapHUHr K TYJAKMH  BEKTOPMHMHT
k' ra y3rapuimn (Te3nMK AYHANMMMHAAT Y3rapuim) okubaTnia
Kamasy, aMMO y KaHAAWaup k' TY/IKMH BEKTOPJIM DIEKTPOH-
JAPHUHr TYKHalMwaapn okubatvpa k  TYIKMH  BekKTOpAM
6ymub koanmmu Tycaiim opragu. Iy ukku Typ yarapui
bapK1 HATHXKABUI{ Y3rapuiiHu Gepamu. o
Opatna, W (k, k') opkamm TykHammmraua R _Oyaran
B/IEKTPOH TY/IKMH BeKTODHHMHT TYKHAIAWAAH CYHTr k' 6yan6
Kot oxrumosurn, W (R, k) opkanm aca, akcMHYa XOLM-
caHuHr (K'— k) #yHaiMmpa Y3rapumn SXTUMONIMTH  Gei-
runanagy. By Xonna df BakT opanmed 37eKTPOHIAD COHMHMHT
TYKHAIMILIAD OKMGaTHaa KamaluiMHK )

GE 702 wE, B dndw, 9.0
4n®
Wy BaKT OPAJMFMA 3JIEKTPOHJAP COHMHWHI OPTULUMHU
St 7o Lo w@E, banaw 29.2)

uHTerpaiiap uboaasanan. -
By uHTerpasnap aiupMmacu k TYJIKHH BEKTOPJH 3/IEKTPOH-
Nlap COHMHMHI HaTMXAaBMiA y3rapuiunHu Gepaau:

dkdt S{E, 7, 0 WER — G, T WE B L1
(29.3)
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[image: image108.jpg]T§/KUH BEKTOPHHMHT £ — (ha3o BUPMK XaxMua GMPIMK
BaKTAa 103 GepaguraH Y3rapuiuM TaKCHMMOT yHKLMSCHHHHD
TYKHammMuUiap okubatnaa yrapuur Tesnurn Gynamu:

. g B
ALy, =S4, 70w By —

e e "
— [y r )W (R, R} = -
4
Jlemax, BosibliMaH KMHETUK TeHrIaMack unrerpoauddepen-
uMan TeHraamapup. AMmo, 6M3 Kyimga (29.4) uHTerpanHu
uHTerpancus udoga GuraH aIMAWTAPUI  HUMKOHWATHHH,
6uHobaprH, BosibUMaH KMHETHK TeHrjaMacuuuur anddbepeH-
UMa TEHrIamara aitaHTMPHO OMII MYMKWHIATMHY KYPaMus,
Mysosanar wapoutnga (29.4) upTerpan Hoara, TeHr

(29.4)

Gyanmm paBwan, 6yuna f(k', 7, 1) = f(k,r, 1) = [i(E(k)) Ba
Mas3Kyp MHTerpaj ocTaar¥ uoaa HOAra TeHr GYIMULIMIMAAH
WK, k) = Wk, k) (29.5)

TeHrMK Keau® uwmkaau. Bywn tacdbcwmit MysosaHaT wapTu
aeitmnanu. Cranmonap xonataa sa (29.5) TEHTMKHU 9BTUGOPra
onm6, Kyiuparunm é3amus:

B s o b
=SWw@E B @D — G DT 206

4n*

Arap Kyunap TabCMpM OJIEKTPOHJIAD Ta3u XOJNATHUHU
MyBO3aHAT XOJATHIaH O3TMHA y3raprupamu ne6 xncobiacak
(baxonamuiap 6y TaXMMH aHYa KEHI COXajga TYrpu Oyamumi-
JIMTMHM TacAMKIaMaW), HOMYBO3aHATHI TAKCHMMOT (DYHKLMS-
CUHHA

[k, 7)) =fo(E) + ik, 1) =
9fo
oE

KypunMmaa udonanam MyMKMH. JHIM Macana [, HM Eku
X (E) nu Tonumpan ubopar Gynaan. Arap (29.7) mm (29.6) ra
K¥y#cak,

Ay =S W& B s k7 — i)

=fo(E) — (X(EYE) (29.7)

ZE(29.8)

4’

&xu

(29.9)
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[image: image109.jpg]xenm6 uukamu. By epaa X Bexrop £ BekTop Guiam Gup xumn
fiyHanran Ba ONEKTPOH TYyKHammMm oxuGatuga 6 = (k) k)
6ypuakka ofraH ae6 dapas xumuran. Y xoaaa

l—,—#—(E)k' = -—xkl = k_cos() = cosf
PG Xk

DHOM TYKHAWMII OKMOaTHAaa k wanr K ra (éxu K’ muer
k ra) aitnaunm axTuMOTMrMHK § Gypyakka oFMuI (COUMMMII)
SXTUMOJLITNIY OMIAH a/IMAIITHPAMH3:

W, By d:_k = W(0)dQ. (29.10)
™

Bynma W (8)dQ — onekTpoHHMHr TyKHAUMm ~OKMGaTMaa
dQ ¢pazosuit Gypuak nunma 0 Gypyakka OFMI  SXTHMOJIAIUHM
ndoganaiian. [lemak, lokopuiarn Mynoxasanappan (29.9)
udona

=11 § W) d—cost)a  29.92)
(2)
Kypunuiura kenamd. Kyinaarn GenrunaiiHd KUpUTaMns:
§W©) (1—cos0)do = 1/. (29.11)
@)
V xonaa (29.9a) udona sna XaM coafanaimmanm:
Ay I _i=h
== ; (29.96)

T T

Ulyngai KumG, TYKHALIMILIAD MHTETPATMHE HHTETPajICH3
noogara anmammvpn®, BoabuMaH KMHETHK TEHrJaMacHHM
AauddepeHunan TeHraMara aiTaHTMPHG O/MHAaLN.

DHIM T HMHT MAabHOCMHM AHMKIAWMK. Bakruuur (=0
MaiiTMaa TawkK Kyunap Gaprapad KMaMHraH GOyjacHH, AbHA
(0]/01)u==0 6ym6 woncun. By xonma (29.4a) «yitmmaru
KYPHHUIIHYA ONajau:

of __ _f—h

= i (29.12)

By TeHramMauMHr eummu Kyiugarnya Gynamu:
f=lo=(—Jo)ivexp (=) . (29.13)

By udonanan rtawku kyuwrap Gaprapad 6yaranpan keiiun
t=rt Bakr yrtrad, [—f, aiiupma e=2,738... mapra kamaiuwm
kypuHanv. Bympgai BakT T HM penakcauMs (HOMYBO3AaHATHI
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[image: image110.jpg]XOJMIATAAH MYBO3aHATHI XOJAaTra Ba aKCHHYA JTHMIN) BaKTH
AefMaaM Ba YHUHT KMAMATH D/IEKTPOHHMHI MKKM TYKHALMIIL
opacuza dPKMH I0rypULL BaKTH TapTMOMAAND, YYHKH IOKOPHIa
aWTMIraH JTMID JKapaéHu TYKHAWMILIAD OpPKajlW amanira
owaan. DpKHH OTYpHLI HYTHEM [=0T KypunHmaa udonanaca
xam Gynagu. YMymaH aitranaa, t=1(k), aMMo Kyn xosnapaa
© pesakcaums BakTH £ oneprusiuur nsorpon t(E) dyHkuuscn
6ynanu ne6 Kapam MyMKHH.

IOkopuparn (29.7) tenrnamara (29.6), (29.8), (29.96)
udonanapum Kyicak, CralMoHap Xoa yuyH BosbuMaH KMHETHK
TEHITAMACMHMHT OLIKOP KYPHHHIIK XOCH 6Ynamu:

@D £ @+ 15BI gl = — L

(29.14)

T

Kpucraan yuyH TYKHAWMLLIAD WHTEIPain ypHATA
S Wk, E)E) —fG )}=~Li’”-— (1;{ ) (29.15)
i

AuFnHaM é3unaau, ammo Oy WMFMHAM, aiipuM XoJ1apaa, siHa
UHTErpasjra MM&I.UTVIPM6 OJIMHHIUK MYMKHH.

BosbliMaH KHMHETUK TEHIJIAMACH Y3INYKCU3  Y3rapyBuan
KaTTaiwKkiapuu 3 wunra oirad aumddepenuman TeHriama
6yranamru cababuian KBAHT MEXaHWKA KOHYHHATIAPH MyXMM
6yaran xo/lapaa Kyananuna onmadimn. Jlemak, yHMHr Kyn-
JIAHWII  COXAcH MyaiisiH mapTiap Ouas  uerapaiaHraH.

KBaHT MEXaHMKAHWHT HOAHMK/IKKIAP KOHYHUIaK Bonbuman
KMHETUK TAHIVIAMACH KY/JaHa ONMUIMHMHT OMp WwapTH Keamb
unkagu. VHra Kypa, I/EKTPOHHMHT OPKUH IOrypuin Hyam
l=ut yunur pe-Bpoitnb TYAKMH y3ywmrn h=h/p (6yuga
p — MEKTPOH MMIYJIbCH) [aH KAaTTa GyiraHia, SbHH

1> (29.16)

6ysnranvna BonbumaH KMHeTHK TeHrnamacupan (oiiananum
MYMKHH.

VIKKMHYM mapr uwyH#aH uGOpaTKH, MarHMT MAaMIOHHMHI
3aps/L TAYBYMIAP SHEPrUSCH CTIEKTPUra KBAaHT/ALl TabCHPH
Kuunk 6yaranna BosbumaH kuHeTHK TeHrnaMacuaal goiinana-
HWII MYMKMH. By mapruusr udonacu

(ehB/m*)<<kT (29.17)

Kypunumaa 6ynaom.
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[image: image111.jpg]30- §. 3apan TawlyBYMNAPHMHI KPHCTa NaHXapacu
TeGpanuwiapn Gunan TYKHAWMILIAPH

Arap KpUCTaJl aHXxXapacu MyTaak aaspuit Gyaranuaa aam,
YHUHT WYMIATH D/IeKTP MailoH XaM MyTiaK Aaspuit 6ynap
anu. ByHnai MaiioHa 3/1eKTPOH TYKHAIMIICH3 (COUMIMIICHS)
XapakaT Kuaras Oynap saM. AMMO, XaKMKMIl KpucTawiza
ANeKTP MalIoH Aaspuitiuru Typiw cababnapra xypa Gup-
Mynua Gysunanu. Macanau, TeGpanaétraH atomaap ¥3
MYBO3aHaT BAa3MATHAAH CHDKWIAMM, OWHOBGAPMH, yjapHUHT
KaTbuit TapTMONa Koinamumy Oysunaau. Typan €T Mopnanap
aTomnapu Ba GOUIKA HYKCOHIAp XaM KpUCTaLlia AaBpuit
aNekTp Maiios Oysunmmmura caGabuum Oysaam. Kpucrann
J@Bpuit Maiilonn Gy3uaraH KoAnapaa JIeKTPOH TYKHALIMIIra
aysop Oymaam. Kpucraan paspwitiurunu  Gysysum Typawm
cababnap ojekTpoHnap XapakaTura (pesaKcauus BaKTHra
Ba XapakaTYyaHIMrura) Typjuda TabCcup KypcaTajiu.

Bu3 Kyiiniga 91€KTPOHAAPHMHT OWP Heua TYp HYKCOHAAap
OMiaH TYKHAMWIMAK Kapab uukamus. [lactiab, sapsa raurys-
UMJIAPHWHT KPHCTA/Ul MaHXapacu aTomiIapu TeGpaHuLLIapu
6uian TYKHAIMLUUIAPUHK Kapauan Gouiaimus.

Kpucraan nawxapa aToMJapu rapMoHMK TeGpaHuuLIapu-
HUHI aMIIMTYacH KYLWHM aTomiap opaiuruaad (maHxapa
aoumuiicnan) aHya kuumk Oynamn. [lyHunr yuyn sapsa Ta-
WYBYMHMHT TAHXapa TeGpaHNIIAPHIaH COUMTMLIN Macanac-
HH KBAHT MEXaHMKAHWHT FaIaéH/iap HAa3apHACH acocHia eunus
mMymkuH. ByHaa 3apsa TamlyBuM MOTEHLMAn IHEPrUSCHHMHT
nawxapa TeGpamuuuiapu okubatuaa yarapumm  (ranaéu
MOTEHUMA/IM) KYPUHMIIMHKM aHMKIAll MyMKMH. Macanas,
aToMm GOFTaHMLLIM KPUCTALIap yuyH Oy moTenuman cudartuaa

TV =V() = VG +i) = —V (vid) (30.1)

KaTTaJIMK 0JIMHAJH, 6ynﬂa 4 — mnaxXKapa aTOMUHUHT CHJDKMILN.

VTKasyBuaHAMK JEKTPOHM KPUCTaN MaHXapacy 6uian
§3ap0 TabCMpAALIraHaa, y OWIaH JHEPTHs Ba MMMYJbC ajaMa-
IWMHAAK. DJEKTPOH NMaHxapagaH Oup (DOHOHHHMHI JHEPTHSCH
ho(g) Hu Ba MMIYAbLCH Iui Hu onmmm (oo ToTHIM) EKM
naHXapara yiaHua SHeprust Ba MMIy1be Gepuiun (OHOH YmMKa-
puim) MyMKUH. Bynaa ¢ — (pOHOHHMHI TYIKMH BEKTOPH.

DNeKTPOHHMHI TyKHawmwraua osueprusicuun E(k) sa
WMIyJIbCHHM . /iR OpKaaW, TYKHAWMUWIAH KEHMHIUAADHHY
sca E(k) hk’ opkanm Genrmnacak, Oy Kapagn yuyH dHeprus
BAa MMIyIbCHMHI ~CaK/JaHMLI KOHYHIapu Kyiinaarmua wugo-
AanaHagu.
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[image: image112.jpg]DoHOH OTUIMIIM 103 Geprad TYKHAIUMII XONWAa
F=k4q, EGY = E(F) + ho(g), (30.2)

(POHOH YMKApWITaH TYKHAWMII XO/MHAa Oca

E—q, E() = E(k) —ho(g) (30.3)

6ynaan. By xonnapaa E BekTOp/Y (DOHOHIAp COHW, MOC
paBuuia, KyWuaaruya yarapanu:
Ny=N,— 1, Ny=N,+1 (30.4)

Morenumanuuur udomacu (30.1) gan doitgananu6, KBaHT
YTHLWIAp HA3apUSICH 3aMMHMAA DEKTPOHHMHI KPUCTA/LT MaH-
Kapacu TeGpaHMLLIApUaA counmG, k TYIKUH BEKTOPUHHHY
yarapuwn oxrumonuru W (&', k) Tonunanu. Y pOHOH 0TI~

M Xonuaa

WHE, §) = o(@NSIEE + ) — ER)—ho@]. (30.5)

@OHOH YMKAPHIMIIM XO0NMAa
Wo(k,g) =
=0(¢)(N;+DOILE (E—q) —E®)+ho(g)] (30.6)

KypuHnwIapaa 6ynamu. Bynna o (q) = (4n/9N) (c%¢*/Mw(g));

Ny, — Tnauk  popmynacuaan aHuknanysBum OHOHNAp CO-

HuHM, N — acocuii coxamaru aTomnap COHWHM, & yHKUMSE —

CakJIaHMI  KOHYHnapusu udonanaiam. DnekTpon Ounan

nanxapa TeGPAHMULIADWHMHT  ¥3ap0  TabCHP MHTErpaju
Kyinparnda 6ynamu:

2 2

= _"_g |vue|*d*Vy & —h—,

5 2ma’

i (30.7)
Bynga a — mawxapa poummiicu, Vo — asementap sueitka
Xaxmu, M — yHjaru xaMMa aToMIapHUHT MaccacH, iy — Box
dysxumsicn  kymaitysumcu. Arap ax~10"* cm, ajekTpoH
Maccacu mA107'r 6yaca, Cx~5 aB 6yaam.

1. AKycTuk TeOpanuuuiap GuiaH 3apsi TawuryBYMJIAPHUHT
TYKHAIMIIAPK.  DJeKTPOHHMHT  dHeprusicuuu £ (k) =
=h*k*/2m* k§puunua Ba Y3YH TYIKHHIK aKycTHK (poHOHNap
(uryHza# POHOHNAP OPKAJIN 3/IEKTPOHAAP KPUCTAILT TAHXKAPACH
6unan y3apo Tabcupaawaaun) sHeprusicuin E(9)=ho(q)=
=hvoq Kypunmwaa ndomanaitMus (vo — TOBYII TE3NMIH).
Maskyp X0/1aa CakjIaHMIl KOHYHJIapu KyiAugard KypuHMInga
6ynanu:
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[image: image113.jpg]WD #e g 308
o = et 0 (308

K=k +q. (30.9)

By udomanapaaru «+» umopa GOHOH IOTHIIMIIM, «—» HLIOPA
(DOHOH YMKAPWIMIIN XOJ/Iapura Ternuanaup. Baxonaw wyhu
KYpcaTajukn, 51aCTMK TYKHAWMIIAA DJNEKTPOH ONAJMIaH
(€xu Gepanuran) sHeprus, AbHU (POHOH SHEPIHACH INEKTPOH-
HUHT facTi1abku dHeprusicnian kuuuk 6ynamm (hvog < kT).
Iynnnr yuyn (30.8) udonanaru hveg uu Tamnab o6opub
Kyﬂldllal‘“ MyHGCaﬁaTHH onamMus:

g=-£2kc0sO . (30.10)

ByHaaH oanieKTpoH kaq GyaraH GOHOHMApHM oTamM EKu
4YMKapajiu feraH Xysocara Kesnamus. Byupai c¢osomnap aca
TeOpaHNIL TAPMOFMHUHI Y3YH TYJAKMHAM (KMYKK ¢ an) Gow-
JIaHFMY KMCMMIa TAaTykaM 63namn.

DIeKTpOH JHeprusicura HucbataH (POHOH IHEPrUACHHM
3'b'm60pra oJimacak,

SIE(E+£q)—E(®) =12 5 (L +cos0) (30.11)
Why 2k
6ynamn.

Onauurn 29- § garm (29.15) udonann Kyimparuua €3u6
O/ MYMKHH:

qx
7 Ve +

L_Zw@, By a—kH)=— Zw* g
2 < g

+ ZW G D (30.12)
q

BUpHHUM MMFUHAM, PaBIIAHKY, DOHOH IOTH/IMIIM, UKKHHYM
WMFMHAM 5Ca, POHQH YMKAPHIMIIM JKapaéHiapuuu ndoganaii-
au. DOHOHHMHT ¢ BeKTOpH 6FilMua onMHAZMraH HUFMHIM
q — da3o G¥inya cepux xoopauHatanap 6yiuua mHrTerpa-
Jaul GuaH aJMamTHPAANM:

Qoo

» 20
EZ—»(%;S S ¢’dg § sin&)d(-)"Sd\p 5

e
35- pacMpaH KypuHaIWKH,

cosa=cosBcosf+-sinBsinfcosy. (30.13)
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[image: image114.jpg]Jlexnn, g,=qcosa, k.=kcosp. §
Suam (30.12) m:bona

1 14

T hk S zquSsmOdO)(

20

X Sdrp{m(q) Nyb (L 4cos@) %t
¢ 2% cosp

cosa

— w(q) (N.,+l)6(— —cosé))

(30.14) 35- pacm.

KypuHHMI onajgu. AWpuM Xucobialwiap HaTHXKacu Kyiuparuua

6ynapu:
m

et gg—2mcos® 30.15)
Poosp
ks
—§ 2nc0s08 (4 tcose)sin@uO=+2. (30.16)
0

Arap (30.16) uu (30.14) ra xyimnca

0(q) 2N,+1) ¢*dg (30.17)

keam6 unkagm. ho(q) =hvog< kT 6yarann yuyn
hung

Ny=le* —1]~'

— ~N+1>1 (30.18)
hu

6ynamn. Dumu (30.18) Hu (30.17) ra kyin6, 0<{qg<<2k opa-
JMKAA MHTerpajiamEM Gakapcak, pesakcauus BaKTH YUYH

T
=== T_ (30.19)

ndonann Tonamus, Gynaa
S S (3020)

* 4 Voim*kT Vame ™
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[image: image115.jpg]By Xonga 3eKTPOHHUHT 3PKUH IOTYPHIL WK
l=vt=1 h /m (30.21)

Nlemak, akycTvk Te6paHuma 3/1eKTPOHAADP COYMIMILN
MyXUM GleraH XO0/Aa peslakcauus BaKTH DHeprusira GORIMK,
spin T~E~"% ammo apkun 1orypuw #yau aHeprusira GOFIMK
amac.

2. OnTuk TebpaHMULIapIa 3apsl TAWIyBYATADHHHI CO-
MK, Y TKa3ysuaHIMK 3MeKTpoHU (KOBarM) WOHIapHaH Ty-
3uTaH  KPMCTaLiapia akycTHK TebpaHuuLtapra HucGaTan
onTHK TeGpaHMILIap GuiaH aHua Kywin Tabcupaawagu. Byu-
Jail KpucTaaiapaa onTMK TebGpaHuuuiap BakTHAa Xap Oup
aneMeHTap sueiikaja y3rapyBuaH 3JIEKTp AMNOMIAp Maiao
6ynanm, ynap GunaH 5eKTPOH (KOBak) KyuwiM Tabcupaa-
waan, Oynaa onTMK OHOHAAp 10TWAAAM EKM UMKADUNATH.
By xapaéuiap Gunan GoruK pasnmiza 103 Gepaguran £ <= k'
yTMuUIap (3apsj TallyBYM/Iap COYMJIMLIM) HHMHD DXTHMOJUINTH
Kyituparuya 6ynamu:

WE, By =o0@ ! BIEGE=)) —EdE) +
a1
+ho(9)], (30.22)
6ynpara
w(@)=4' 0./ ¢ e*, (30.23)

* — IMONIEKTPHMK CMHTAMPYBUAHIMK HUcOMiA Kodaddrumen-
TH. OnTUK (DOHOWIAPHMHI . TaKPOPUWJIMLH § TYJIKWH 'COH
y3rapuim GuiaH xam y3rapaiu, IUYHWHT YUyH YHW §3rapmac
71e6 ML MYMKUH. -

DHEPrUAHMHI CaKJaHMIIMHN udopanaiauran

“ 208 L Ne 25,2
Ll PE tho (30.24)

TeHINIaMaAaH MKKK €YMM TOomMaanu:
S—
qi=—hcos®+ yk*cos’0+ g8,

(30.25)
Gr=kcosO+ k%cosTO— gh.

Bynna
0= 2 (k, §), gt=2m*w./h.

Bupynun eunM (OHOH IOTHMILMIA, MKKWHYMCH 3Ca, (POHOH
UMKAPUAMLIMIA MOC Kenagu.
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[image: image116.jpg]a) IOkopu temnepartypanap (kT>>hw. éku k>qo) co-
XacuHu Kapab unkaitnnk. By xo/1a poHOH I0THII Ba uMKapuiIa
XaM  Gnin=0, QGmax=2k, Oynpau rtawkapu N,—=kT/ho>>1.

FOkopuparu (30.17) wmurerpan octnparu o(g) ypHura
(30.23) udpopa 6Gyitmua wo(g) HM KYAMH3, MHTErPATHM XU-
c06.126, ywby HaTMKaHW OnamMm3:

1 e =

T=W—m. o (30.26)

1

By udopaman t~E® T~' 6ynanu peran xymoca xenm6 uu-
Kagu. DpKuH 0rypum Hynm

e E

l=pr="5" =
PR T (30.27)
Arap a71eKTPOHHMHI ypraua SHeprusicu & % koT axan-
svTuRM obTHOOpra oncak, | == 3h%"/m’e’ Gynamu, svun

ypraua SpKMH IOTYpHLI HY/IM TeMrepatypara OOFIMK dMac.

6) DHaM MacT TemnepaTypajap coxacuaa OnTuk TeGpaHui-
nap 6unaH 9n1eKTPOH (KOBAK)HMHT KaHAAW ¥3apo Tabcupaa-
MWK Macanacura Tyxrajiamus. By xonaa ¢onounap aHeprus-
CH DNEKTPOHJIAPHMHT ypTaua SHEpPrusicuiaH Katra, svhu kT <
& o, PaBIaHKM, 3/IEKTPOH JHEPruACH (DOHOH UMKApUIUra
eTapaM aMac, 3EKTPOH (POHOH OTHIM MYMKHMH, GHHOOapuH,
BJIEKTPOHHMHI TYKHAlIMIA d/acTMK Oyamaiian. Ammo Gy
X041a XaM MyaiisiH XucoGsiam ycynu €paammaa T peJakca-
uMs BAKTMHM KMDUTHII MYMKHMH: MacT TemilepaTypasiapia
2/1eKTPOH (OHOH [OTHIIM MyMKMH, 6yuga y kT ra HucGartan
KaTTa 7 ®w. 3Heprusra sra Oynamu Ba Hesp/in aHa ywaumai
3Heprusiiu (POHOHHM YMKAPalM, JEKMH YHHHI Xapakar HyHa-
JMmm y3rapagu. %

Tervman xucobnamnap opkaiu Gy Xongaru pejakcamus
BaKTH yuyH Ky#inmaru udona kearupub uumxapuaras

_ 3 hetexp(hol/RT)
= T (30.28)

31- §. 3apsAn TaWIyBYMNAPHWUHT KMPULIMANAP WOHNAPHIA,
HeiiTpan aTomMnapia Ba OOLIKA HYKCOHJIapHa COMMIIMIIM

Kpucrannaa Kupummanap MOHAap Ba HeiTpan aTtomaap
KYpvHULWMAA GYIMIIA MYMKUH,

1. KnpuimMa WOHIApWAa DAEKTPOH COUMJIMIUMHK KJIACCHK
MeXaHWKa HyKTau Ha3apujian TeKmmpamua. Bynaa wownap
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[image: image117.jpg]36- pacw.

KpMCTa/n XaXmu GfiiMua Tekuc TakcumiaHran Ba Xap Gup
MOHHUM e HyKTaBuil 3apsa ne6 ¢dapas kunamus. Knpuumma
MOHHMHI TOPTHIIA OKMOATMAA U TE3JUKJIM DJIEKTPOH Y3UHWHT
TYFPH UM3MKJIM HYIMAH OFaftu Ba y runepbona 6yimua xa-
pakarnaHaan (36- pacM). DJIeKTPOHHUHT MOHIa HUcBaTaH co-
uMIMWraya GyaraH XapakaT MYHAIMIIMHM «MJIDKaz Macoga»
ne6 atanaguran b kaTranmk anukiaign. «Mynxan macodar
HUHD KarTajuri U TeMKIM ONEKTPOHHMHT MOH MaigoHMna
oru (counnnm) Gypuarm © ra Goramk,

GLD

DnekTponsap nv OKuMuHMHr dQ casosuit Gypuak nunpa
© Gypuakka oFuwran KucMu 0(0)dQ kaTTanmk 6uaaH aHuK-
n1auu6, dughpepenyuan couunuw Kecumu peinnagu. «Myaxan
macodaruunr db xenraukaarn 256 | db| komyc Tacmack 6¥iiu-
4a MOHra TYmaéTtraH aekTpoHnap dO Gypuakka ormmaan. By
KaTTammkaap, sbuu db Ba dO opacuparu myHocabat

0(0)dQ=0(0)2nsinOdO=2nb |db | (31.2)

KypunmMuga 6y1aam. FOxopumaru (31.1) ucdonanau |db | ronn-
naju:

i a0
blea . 2, 313
ldb] 2e*mu? sin® (9/2) 1
Oxuprn  (31.2) Ba (31.3) wudopanapsan aubdepeniman
COYMJIMI KeCHUMM TOonMIaaun:
& 2 1
2e*my”  sin'(8/2)
DIEKTPOHHMHT HOH TabChpuaa © GypuaKka OFHII BXTHMO/I-
Jmru

a(O)=( (31.4)
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[image: image118.jpg]=N, = = (. ynme
W(®) =7 v0(8) =nwo ()= (Zm“,) T 31.5)

6ynann. Bynpa n; — couypunm muonnap suwurd, (31.5) un
1/t uune udpogacura Kyicak, Kyiupara Hatuxka Xocun 6ynamu:

= w(©) (1—cos®)d0=2an0( 42— )?x
2muter

51 58) sinod6
X sin(8/2)

UHTerpamHuHr  10KOpHM  yerapacu (=7 6Yauuuuru
paBlliaH; y JEKTPOHHMHI WOHra ypwmg opKara KaiTuiimn
(b=0) ra moc kenagu. [acTku uerapa ©  — Hu anHuKIawaa
Kyiujgarn mynoxasanan ¢oigaranamns. MKku KymHM MOH
opacugark mMacoda di=1/ ﬁ (vonnap Ky® mamwxapa Tam-
KWJI KHITaH) . DIeKTPOH Ma3Kyp HoHAaH d; MacodaHWHT SpMH-
curaua Gyiaran «Mymxan macoda» curava, sbHu b =di/2
raua ywby MOH TabcMpHIa G§71amM Ba counauw Gypuaru sca
oHr kuuuk (O, ) Oyaamu. Arap b>>d;/2 6yaca, anexTpon
Ma3Kyp HOH TAbCHPHIAH YMKHO, KYIIHM MOH TabeHpuia 6yanu.
Hemak, b, ra Moc ©=06,  Gypuak (31.6) udbomanaru nu-
TerpafiHMHT MAcTKM uerapacn ae6 KaGyn KuamHagn. YHuHD
KuiiMaty Kyituparu udoganaH aHUKIaHaau:

(31.6)

tgr (Ominy — #*me’ 31
cg( ) T (3L.7)

uan (31.6) pmaru meterparmm =6 Ba O=06, =nu ue-

max

rapanapaa xucobnacak, T yuyn KyAuTarM ucomaHW onamus:

S8 (i n+(;”,”',,) y (318)

By ndonana cexun y3rapamuran sorapupMuk Kymaitmasu
xucobra oruHMaca,

T~ A (31.9)

Kenmb umkamm.

PaBwanku, 2/1eKTPOHIAp (Ba KOBAaK/ap) HUHI KUPHIIMA
MOHJIADHJAH COYMIMIIM eTap/iMya TacT TeMnepaTypanapaa
(yAapHUHD ypTaua Te3MKNapu KMuuK GynraHuna) sa wowrtap
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[image: image119.jpg]3MMrM 7; KaTTa GYAraHmga MyXuM OYIMIUIMIMEA  KyTHII
MYMKHH.

2. Kupumma HeifTpan aToM/iapuia 3JeKTPOHIAP COUMJIM-
IIMHU CEKMH XAPaKaTJaHyBuM d/IeKTPOHIAPHUHT £¥ TUIJIEKTPUK
CHHTIMPYBUAHJIMKIM MYXMTra )XoiJamraH BOZODPOA aTOMHAA
counnmum 16 Kapamr Mymkun. Xucobnawnap 6y counnmui
TypU yuyH KyMUIard pesiakcauus BaKTHHM Gepamu:

mre 1
4 W 20N

6ynna No — HeiTpan aToMaap 3uuIMry.

3. 3apsa TalyBUMJADHUHT AMC/IOKAUMANAPAA COUMIHMUIM-
HHUHTI UKKHM TYyPU MaBXya. BMDMH“H X0J11a 1UCIoKaunsa AKUHU-
A2 Xocnn OYagMraH 9acTMK KywiaHumiap Aedopmauus
ByXyara kearupaan. Ly xoitnapaa s1eKTposiap TyKHaIIMLIra
Jyd Kesiaqn — Couniaam. MKKMHUM XOJI1a repMaHmii Ba Kpem-
Huil KaGu APUM YTKA3rUWIApAA AMCIOKALMSIAPHMHD aKuen-
TOP/IMK XQCCACH MyXMM Gyiajm. n- Typ KpMCTaiiapaa AMCIIO-
KauWst Mandmi 3apAmm Gynagm Ba QMCIOKAUMS UH3MFH
D/IEKTPOH/IAPHA KYU/M apaxaja coyaju. Arap JMCIOKALMSHM
R pamuycm uusmemit Mauuit 3apsan 1e6 Ba yHu MycaT Xax-
Muit 3apsn ypab onraH ge6 xucobaacak, 21EKTPOH COUMMMIIM-
HuHr auddepeHIman Kecumu

0(0)=Rsin(0/2), (3L.11)
pentakcauysi BaKTH

(31.10)

© 3 1
T

6ynamu. ByHma 0 — 3/MeKTPOHHMHT Te3nury, N, — mucno-
Kauusiap 3u4aMrd. By coumsmun Typu XaM nact Temmepatypa-
nap coxacuga Ba N, karra 6yirannpa myxum Gyramu.

4. 3apsg TallyBYMJIAPHHUHT BAKAHCHSAIAPAA COYMJIMIUMHM
TEKIIMPraHIa BaKaHCHAHM WOHIAMTAaH KMpUIIMA fe6 Kapaun
MYMKHMH. By X0/ KHMDHIIMa HMOHIApuIa COYMJMII XOJHra
Yxwaw 6jnam.

Arap BakaHcus 3apsacu3 6ysica, 6y xoama y V=A8(r)
COuyBUM MOTeHUWan OwiaH TasCHGbIaHAIM Ba peraKcauns
BakTHHHHT Hdonacu

(31.12)

nid E

2

m* Y 2mokT AN, &) (31.13)

6ynamu. Bynaa N, — BakaHCUsUIAp 3MUIMTH.
5. DJIeKTPOHJADHWHI 3JEKTPOHJapAa EKM KoBakiapaa
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[image: image120.jpg]coumsmMuM (yJapHMHT §3apo TYKHAWMuM) (Y 3apsa Tauys-
UMJADHMHT SIPUM  JTKAsrMuIarW 3MWIMCKM  eTapiMya  KaTTa
6yaranupa Myxum Gyaumm MyMKAH. By counmavm TypuHM
KUpHMILIMA HOHJIApUAA COYMJIMILIA IaKJIaH yxula'mt.u MYMKHUH-
nait Tylonagu. AMMo OyHma MyxXuM Gup bapKHM TabKMAAALL
3apyp. DJIEKTPOH-3/IeKTPOH, BJIEKTPOH-KOBAK Ba KOBAK-KOBAaK
TYKHAIINILIAD SPUM FTKA3rMy XaKMHUAA KYdJd dNIeKTp MaliioH
MaBxyn 6ynramuaa axamusTaM, YyHKM Oy wapoutaa 3apsanm
TamyBynuaap Maﬁaounan 0JIF'aH DHEPTUAHU KPUCTAN] NaHxapa-
cura Gepub yarypmaitau, y3apo TyKHawmumsiap okubaTuaa
6y OHEPrUsHMHI KWCMM 3apsii TAIUYBUMJAPHUHT ¥3uma Ko-
Nlaju, yJIapHUHT yprada oHepruscu [ MaHKapa Temmepatypa-
cura moc KeayBuu (3/2)kT, sHeprusaan xarrapok Gymamm.
By xonna aaekTpounap Kusuran (yaapuusr I. TeMrepatypach
namxapa To TemnepaTypacumas I0KOpH) Jeinnagu. Mana wy
scaTMaHu abTubopra omb, 6y xon yuys (31.8) udopmanan
dolaananun MyMKHH.

6. Bup BakTAa Gup Heua COUMJMLI TYPH TabCHpP KUIA&TraH
XO/1a 3apAN TAlyBYUJIADHUHT alPUM TYpIArd COMYBUM Map-
Kasznap OWiaH TYKHAWMW OSXTUMOMMKIapH W, Kywnmo,
J/IEKTPOHHMHI LIy MAapKasjapHUHr Oupu Guwnan TykHAUMO
KOJIMIL 3XTUMOJITTUTUHH 6epanu:

Wk, )= Wik, k). (31.14)

Bunobapus,

DIERCIRE)]

T

3 R

L3 wEE = b Wik B
= :

6ynamm, AbHU yMymuil pelakcalusi BAKTUHMHI TecKapu KHii-
MaTH afipuM MapKaajiapia COYWIMIUNA TerulUIM peslakcalus
BaKTJIapH TECKAapH - KUAMATIADWHMHT HUFUHAMCMIa TEHTIMP.

HOxopuparu (31.11) udoaa acocupa xaM wyHAalh HaTMXKa
YHKaIH:

W)= 2w,(0),

L=§ w© a—coseraa—=

@

= ziW,((-))(l—cosG)) o= 21
@ i

Slna uwiyHn TabKMAal YTMII KepaKkM, alpUM COYMAMLI
Typ/Iapu y4yH T HUHI 9Heprusra Gornanumm Typiuua. YHu
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[image: image121.jpg]Ky#uaara yMyMuii KypUHHINAA TacBUPJIaHAIN:
T=1.E (31.16)

Bu3 1oKkopuza OMp HeuTa TYKHAmMW (COUMIMII) Typ-
napunu Kypub YTAMK. AMMO KDMCTA/LIAA Heda Typ HYK-
cOHAap MaBXyd 6ysna onca, Yiiawya Typ TYKHalMILIap Xam
maBxya 6ynagn. Bus sca amanga kym yupa® TypamuraH TyK-
HAWMUUIAPHA Kapad quiIuK.

32- §. BosiblIMaH KMHETHMK TEHIJIaMAaCHHUHI eYHJIHILN

CrauuoHap Xoa (Tauiky Kywiap BakT 6yiiuda Varapmac
6yaran Xon1) yuyH uMKapuaras

OVl —L G4+ 0B Vi =—LE (2014
[ ()

KMHeTHK TEHIIAMAHW e4nG, 3apsj TaulyBUMIADHUHT XONaTiap
Gyitnua [(k, r) HOMYBOZaHATH#l TAKCUMOT (YHKUMUSCH TO-
MUIA[M, YHUHT aCOCHMA 3CA D/IEKTP Ba IHEPrUA OKMMIAPH
ndoganapunu aHnKnab, Gapua KUHETMK XORMCANapHU XH-
conaw MyMKuH.

Maskyp TeHriamaHu ewdmaa Kyduparw dapas sa wapr-
napHu Kabyn Kuiamus:

a) cdepuk CHMMETPHK SHeprusi 30HACHHHM KapanMus:

E=E(k)=h"k*|2m*, (32.1)

6) TakCUMOT (bYHKUMACHHA
[, PY=[o(E) 411 Ghy D =B =L (EVE)  (32.2)

KypuHMIUZA onamu3; OyHpar¥ MyBO3aHaTMH X0/1aT TaKCUMOT
ynkuuscu fo(E) Depmn dyHKUUACHIMD;

B) MyBO3aHaTMil XOJAaTAAH YeT/IAHWI KMUMK fe0, ABHM
|F1]|<fo neb xnco61ab, (29.14) rtenriamanuur Gaban Xam-
napupa f(k, r) mu fo(E, T) ra anmaumrrnpamus:

F—E

Vi~ Vo=t (EE i vy (323)

¢ Ve Vifo zhv ”'" . (32.4)

AMMoO B MarHuT MaiOH WHAYKLMACH WINTHPOK KMAraH Xaaaa
fi #n Tamna6 06opum MymkuH aMac. LLyHUHr yuyH
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[image: image122.jpg]19, Bl Vaf= (5 B1 (Vafot vof0) = [6B10 2+ [9B] v 4l

6ynagu. Jlexun (v [0B1)=0 6yarann yuyn 6y udoma com-
nanawaau:

[0B] Vif=[vB] ka\——— [Btig (32.5)

By xucoGnamnap acocuza (29.14) KMHETHK TeHIJIaMaHu x(E)
ra nuc6aran €3u6 onamus (anexTpownap yuyH x,(E)):

- e h (E
1(E)= nmn{

) _%[Eﬂ”l ), (32.6)

6y epaa n Gearnm Gapua KaTTaAMKAAP 3MEKTPOHAAPra TErHuI-
1M, () — 37eKTp MallloH NOTeHUManu, GuHOGapuH, & =— V ¢;

Ywby (32.6)  Bektop TemrnamajaH X.(E) rommnaam,
wy 6mnan f(k, r) TakCUMOT (DYHKUMACHHM aHMKJIAm Ma-
Caslack BNIeKTPOHIAp YuyH eunsirad Gynamu.

BaneHT 30Hajaru KoBaKkjap YYyH XaM INyHra yxiamr
TeHr/JIaMa OJMHajaW; OyHuHr yuyH (32.6) Tenrnamaza n—p,
Mp—>My, To—>Tp, F>—E;—F, —e—~e E—E’ anmamrupn-
nap Kwmm Kugos. Hatuxana

() ==t (EN L {E TEAIVT— v (F—eq)+
+7181pl} (32.7)

kenn6 uukagy. Bus (32.6) Ba (32.7) TeHrIIamMaJapHMHT euMul
hepnoTaapir  TYXTaNMaclaH,  yJIapHUHI  @YMMJIADUHM
KeJTupamus:

Gt (Lot (BL ot BR(BLD B

= 1 (B.B)° (28
7, (Lo (BL,1B,+- 83 (BL,) B)

m, 1+ (B,B8)° 2:9)

VT4 v(f—eq), po=eta/m,, (32.10)

~.

+ _E4EAF .
n=% VT— V(F—eq), By=ety/m, (32.11)
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[image: image123.jpg]Arap Y. Ba X, napuunr Gy ncopanapuaa T, Ba T, JAPHUHT
onauH xuco61a6 TonMaraH KMiAMartiapu Kyitunca, cyurpa %,
BaXy napum [, =—(Xk) (0fo/GE) ndopara kyicak, f=fo+f
HOMYBO3aHaTHii TAKCHMOT BYHKLMACH TAMOMUJA AHMKIAHTaH
Gynaan.

33-§. DnexTp OKMMM (3NEKTPOHJAp Ba KOBaKJap TOKIaph
3UIMrK). DHEPrUs OKVMH

1. TyaxuH BekTOp (ha3OCHHMHI Kk HYKTAaCH AKMHHIATH
d*h=dk dkydks KwuMK Xaxmura Ba KoopamHATanap aso-
cHHMHT Oupamk Xaxwmura dk/4x commarm xonatrap TyFpu
kenaau. By XosaTnapHMHr Xap OMpMAA  9JIEKTPOHJAPHMHD
6ynmium sxTuMosMrd [(k, r) GyAranaMrM yuayH yrapaaru
anektponnap coun dn=f(k, r )d*k/4n® ra teuramp. By osexT-
POH/IAPHUHT Xap 6upM v ,==Tik /m, Teanuk Gnran XapakaTiaHa-
an. BunoGapun, Gy 271eKTPOHIAPHUHT OKUMM

dl =0, dn=0.f(k, 1) d*k/4x® (33.1)

6ynagu. By upogaHn SMeKTPOHHMHI —e 3apsiaura KymaiTu-
puiICca, Ma3Kyp XaXXMuajard dJeKTPOH/IAD TOKWHWHT 3UWIHTH
KeauG unKamu:

dj y=—edl ,=—e0,[(k, T)d*k/4x®  (33.2)

By udopanv 30HaarM 3NEKTPOHIAPHUHT Gapua Te3MK-
napn  (TyAKMH BekTOpaapu) G6yiiMya MHTerpaanacak (xam-
J1acak), YTKAa3yBYaHJIMK 30HACHIArM 3/IEKTPOHIAP TOKMHMHT
Tyna 3numru ndopacu xocua 6ynamm:

[o=—e§ui &, Fydk/4n (33.3)
Arap [=f[o+[i oKanuHu sbTHGOpra oncax,
T im0 o Eydk /4 oSy G, Tr Pk /4, (33.38)

Bupuruu unrerpan ocruparu [o(E)=[o(k?) bynkuus k uunr
Kydr yskumsacH, v.fo(£) sca Tok ynkuuscu Gynagm.
Ilysusr yuyH k HuHr (v Huer) Gapua cuMMMeTpuk MycGaT
Ba MaHbHMi KuitMaTiapu Gfiwua onunaguran Oy uHTerpan
Ho/ra TeHr 6ynamn. JleMak, TOK 3MWIMIH [ TAKCMMOT (byHKUMs-
CHHMHT Kywiap TabCUpnHM wdopanaiauran i HOMyBosa-
HaTMil KYIMMYA XaJu OPKa/M aHMKIaHam:

- s . T

F=—e§ o) E=2 (0GR (3.4

4n* 4n’mn
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[image: image124.jpg]By epia X, uu KyT6 yku cudatuma o6, Maskyp uuTer-
paiHM KyTO6 KOOpAMHATanapnaa €3ub oM MyMKHMH:

7ok O 4
A HOL (33.42)
Dumn A= (m,/eh) x» Gearmam KnpuTub, aitnumaran

SPHM YTKA3TH4 yuyH

oy _awrn _E ' 45
oE _(ann)“”kTexP( W) (335

6ymummuy Hasappa TyTMO xampa x=FE/kT yiuamcus omep-
rust kupuTH6, (33.4a) udonanu

_n 4 T
=t sﬁOane xdx (33.6)

KYPHHUIIra KEJTUPHIl MYyMKMH,

5 A O
<ir>= Xte
3R [S "

‘dx L (33.7)

ypraua xuitmar Gesrmcu (33.6) KYPHHMINMHM COAfANAITH-
panu:

(33.6a)

Xyagu wy #yn GunaH BaneHT 30HAjarM KOBAKJap TOKM
3UWIMCH YUYH

i::eﬁ; iy (33.8)

= <a>

y -
udoanapHu XOCH/I KHIVHAIH.
AitHuMaraH sipuM yTKasruuna TYsaa TOK 3HUIMIUI

e .
J=intir=" <xt>+2E <up> (33.9)
my my

Aituvran (Ky4in JerMpaHraH) fipuM §TKa3ruugarm TOK
suwmrudn xucobnampa (33.4) kabu udomanapman doitna-
JlaHMuI 3apyp.
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[image: image125.jpg]2. Tawku Kydiap TabCHPHIA J/IEKTPOHJAp Ba KOBAKJap
OKMMHM Maiao 6yjiraHnaa 3apaj TalyBuMiap y3u Guran Gupra
JHEePrusiHn Xam Tam“ﬁﬂ", ABHA 3JIEKTP OKUMU Bunan ﬁﬂp
BAaKTJa DHEPrUA OKHMU XaM Xocua Gynazu.

Tesaurn v, OyAraH S/1eKTPOHHMHI KMHETHK SHEPrUsCH
Exuwn =E 6ynca, yanur ¢ =— V¢ 3/eKTp MalfilOHAaru notex-
unan suepruacu £, =—eq@ Oyramu. [eMak, 3NeKTPOHHUHT
Tyna sHeprusicu E—eq ra Teur, yuu (33.1) wndonara xynai-
TMPCAK, Wy SMEKTPOHAAP Tawnb GopadTran IHEPrUsi OKMUMH-
HUHr udonacu xocna Gynamm:

AW = (E—eq) 0 udn=(E—eq)[ (&, ) 0.d°k/4x®  (33.10)
(33.10) uonanm Gapua Tesmukaap Oyitmua wmHTerpamnad,
SHEPIUAHMHI T§1a OKHMMHM ONaMHM3:
Vo= SE—eq) [ (B, 15 k)4
Myso3anar xonathu TaBcudiaianras fo TakCHMOT yHK-
LUACH OKAMIApra XMCCa KYIUMAHIM, UWIYHUHT yYyH
W= § (E—eq) 19, F)0.d’k/ 42" (331D
FOKopMnaru MyJioxasajapiy BaJeHT 30HAJarM KOBaK/iap

Y4yH Takpopiaacak, yJaap TanméTran JHEeprus OKUMHHHMHI
UPOJACHHH XOCH/I KHJIAMHU3: .

Wy (B Epteq PG, £)5,d% 4 (33.12)

JleMak, 5/eKTPOHAD BAa KOBAKAAD XapaKaTMIAH XOCH

Gynaanran TyNa SHEPrUs OKMMM Kyingarnya 6yiuim pasmas

W =W.+W, (33.13)

1Oxopuna xocwn kuimdran udopanapaa fi Hu ** BexTOp
(YHKUMA ODKA/M AIMALITHPUII MyMKHH.

Bu3 GyH/aH KeHuH SHN MYXUM KYYHIL XOLUCATADHHA TAX/THIL
KHJIaMHU3.

34- §. Cepux 30HamM (M30TPON) aHUMAraH APUM
VTKa3rHMUNapHUHT JJIEKTP YTKa3yBYaHANUCH

0KopHaa X, Ba i, yuyH Xocu1 kuamuuran (32.8) sa (32.9)
uponanapaa VT=B=0 neb xucobnaitmus pa X*=— (m/eh)x
Genrunamway sbTHGopra onamus. By xoana

<I>=<t>E, <US=<1,>¢ (34.1)

6ynagm. BunoGapuH, Tyna TOK 3uuiMru  (SMEKTP OKUMHM)
ndonacu
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[image: image126.jpg]2 5 &
<t,.>+%y <t,>]e =0¢ (34.2)

KYpMHMIIEN On1ajM, OyHia ypraya penakcauusi BaKTH

ol I
<t>—m[Sr(x)e 2 dy, (34.3)

v

BMEKTP JTKa3yBUAHINK

2

n e’p
—, <r.,>+; <t,>=en p.t-epu, (34.4)
»

6ynaan. DnexTp YTKA3yBuaHIMK TapKkubGuaaru

pp=2= lu_ﬂﬁ (34.5)

o my

KaTTaJIMKJIapHU, MOC PaBHILAQ, 31eKTPOHAAPHUHZ 6A KOBAKAAD-
HUHZ Xapakar4yanaueu ﬂeﬁﬂﬂaﬂﬂ.

Arap pesakcauus BaKTMHMHI OHEPIMsAra GOFJaHWLINHM
=1’ kypuummaa (Synma x==FE/kT) Tacsupnacax, y Kyituaa-
ruua Gynaum:

W CLYTC 4. (34.6)

3apsi TAallyBYNIADHWHT PeJaKCalMsi BaKTH T, YMyMaH
aliTranjia, ylapHUHr SHepruscu Ba | Temmepatypacura GoF-
MK 9KaHaMryu Gusra Mabiaym. 3apsi TallyBYMIAp SHeprusi-

<>

CMHMHT ypraua KuitmMaTh <E>:%kT 6ynrann cababpan

ypraua penakcauus BakTM <IT>> Ba XapaKkaTYaHIMK |, Ky-
nvHYa TemrepaTypa | HMHT KaHZAiaup [apaacura mpomop-
umonan 6ynaau. By GOFnaHuMw XajaBajina TaCBMpJAHraH.

XKazsax

Counmu Typn )~

Axycrix Tebpanumnap T

Onruk TeGpanmmnap -

(1okopn T nap coxaci)

Onmik TeBpatiumnap )

(nact T nap coxac) exp (o' [KT)

Kupumma nornapn T

Mucnoxaunsrap 712
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[image: image127.jpg]né; DJEKTP  YTKA3YBUAHIUKHHHT
Temmneparypara GoriaHuIIM 3a-
P TAWIYBYMJIADHMHI 7 Ba p
B 3MUMKIAPY, [, BA |1, XapaKaT-
YaHIMKJIapy oOpKaau udoaa-
JaHagu.
Xycycuit  sipum  yTKasruy
YUYH, MabIyMKH, n n; Ba

or=en; (a+pp) (34.7)

Ammo, n;~T*?exp(—Eg/

2kT),  (pat-py) —T° 6yarau-

Jurd Tydainm xycycuit sipum

a 7 YTKa3TMUHMHT O; BMeKTp yTKa-
syByanmrn T Ttemneparypara,

37- pacu. acocaH, Kypcatkmuau  (yHK-

uns exp(—Eg/2kT) opkamm

Gornanran (37- pacm), uynku Gy kynaiitysun 72" xau kypa
Te3 y3rapaiu. AKYCTMK TeGpaHMILIapia COYMIMIL XOIMAA

(s=—%) I0KOpMAA aliTWIraH XyJoca aHuK Oaxapuiaud.

- Knprumamu sipum yrrasruuna o(T) GOraaHMuHMHD yura
KHCMHM MaBXya Oynamm. By KMCMJIapra yura Temmepatypa
opanuFu TYFpu Kenaam (38- pacm). Jur mact ‘TeMmrepaTypajaan
Gouwra6 To KMpHIIMA aTOMAAapH MOHNAWMG GymamuraH Tem-
neparyparaya yJapHUHI WOHJIAUIMIIN [JaBOM 3ITajy, ABHU /-
TYp sIPUM §TKasruyga moHopaap ¥3 9/IEKTPOHNIAPHHU YTKA3YB-
YaHMK 30Hackra ToGOpa Kympox ysatm6 Gopamm, p- Typ
APUM JTKA3TUU/IA aKUENTOpIap BajeHT 30HafaH QMEKTPOHIAPHH
y3ura GMprawTMpUG OIMIIHM AABOM BTTHpamM, 6y opamkpa
€y, & Gy 3omajarM saps; TamyBuMIap 3WWTMH, 6uHoBapuy,
ins,





[image: image128.jpg]2/IeKTp yTKasyBuawmk owa Gopamn (38- pacm, 1). By yara-
pvw exp(—E;/3kT) xoHyn Gyitnua 103 Gepanu.

Yrkasysuanmk o (T) Y3rapuIMHUHN MKKHHYM KACMHAA
KMpHIIMA Tyaa uonnawras, ny=~Nq éku po=N, 6ynamu, sbhu
30HajarM 3apsj TAWYBUMNAD 3WWIMIM §3rapMac Konamu,
o(T) wmuur ysrapumm p(T) tydaitm coamp Gynamm, arap
T owraH capu p oumb Gopca, ¢ xam 6upo3 owa Gopanu, |
kamas Gopca, 6 xam kamastu (38- pacM, 2). BaneHt 30nafaH
JTKa3yBUAHNMK 30HAcCMra yTaéTraH 3JeKTPOHJAp 3UUIMrM
(6uHobapun, BaneHT 30Hafa Mailgo 6ynaéTran KoBakAap 3ud-
JIMTH) KMPMLIMAsap XOCH/ KMJraH 3PKMH 3apsj TaulyBuuiap
3UYMrMra eTUUIraH Ba yHAAH IOKOpM Temrmeparypajiapaa
Xycycu#t JTKasyBuaHIMK coxacu MaBxys 6y1amm (38- pacwm, 3).
By kucmpa o=o;~exp(—E,;/2kT) KOHyHusT ypummu Gj-
Jlagu.

35- §. Cihepuk 30HanM aiiMMMaraH sipuM yTKasruyiapaa
rajibBaHOMAarHUT Xoaucanap

MarHuT MaiiloHura XXoWnamral fApUM YTKasruuaaH TOK
yraéTranna 103 GepaguraH XOAMCAaNap 2aibGAHOMAZHUT X00u-
canap pewnnamu. Yaap Xoan xoducacu Ba MazZHUT Kapuiuauk
x0ducacudan wbopar. Xap KaHal KywIaHTaHIMKIM MarHuT
MailoH Y4YyH rajJbBaHOMAarHUT XOAMCANap HAa3apUACHHH sipa-
TMIN MYyMKMH. AMMO OyHIa Xocusn GyaguraH KMHeTHK KaTTa-
nukaap copaa GpyHkumusap opkamm udonananmainn. Lyruar
YY4yH MKKM DHF MyXWM uYerapaBuil XOJ — Kyucu3 Ba KyuIu
MarHMuT MaloHJap XOMJapuHM Kapab uMKMII MaKcaara My-
BOGHUK.

BakyyMaa 9/IeKTPOH MarHAT MAHIOHAZ B MHAYKuns BeK-
TopH iiynammn atpodmna o=eB/m* rakpopuitux 6unan
amlaﬂa;m.

‘Ywby ©¢ UMKIOTPOH TaKpOPHMILIAIM -AeinaunG, y aitnanum
naspu Guna §3apo GORMK:

2 2am*
T.= - (35.1)

Boiwka TOMOHAAH, KPHCTAa/LIIA B/1EKTPOH TYKHALMIINAPra
AyY KenMO TYPAJH, YHMHT UKKM KETMa-KeT TYKHAIIMLI opacuza
YpTaua opKkMH fOrypum BakTH <<t>> Gynamu:

352)

Erapivya kuuuk Madimonnapaa 7. gasp T penakcaums
BaKTHA@H KaTTa Gj1aan, GuHOBapHH, 1eKTPOH GUp TYKHawHMw-
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[image: image129.jpg]NaH KeWMHrM TYKHAIIMLIra4ya B wmarnur Maiiion atpoduaa
Tyna aitnauu6 yarypa onmaiinun, Ganku wy aiinasa éim 6yinua
XapakaT/iaHafu. [leMak, KMYMK MarHWT MaiOHIap WwapTH

<1><«T, ékn pBk1 (35.3)

Kypunnmzaa 6ynamu.

Erapauua karra maiigonnapaa I Aasp T pesakcauus Bak- ,
THaH KHuMK 6ynaam, GuHOGApHH, SNEKTPOH GUP TYKHAIIMIUAAH
MKKMHYM TyKHammMwraya B maraut Mmaiigon atpodupa Gup
Heya MapTa Ty/1a aiiaHuG yarypa onagu (yHMHr Ry 4y3HIraH
crmpans wakampa 6ynaam). Jemak, KaTTa MarHuT MailloHaap
wapTu

<t>>T, ékn pB>1 (35.4)

Kypunumzaa Gynanu.

FanpBaHOMAarHuT XOAucanlapMHd H30TEpMUK Ba anuaﬁa'mk
WapOMTIapAa TEKIMPHIL MyMKMH. Bu3 Kyitnaa 6y xoaucanapuu
nsotepmuk  ( VI'=0 6yaran) wapontaa Kapa6 uMKamus.

VT=0, ¢ | B 6ynran xonna:
o WEEBIBD o(Be]) (35.5)
1+(BB) 7 1+(p,BY

Arap B MaruuT MaioH MHAYKUMA BEKTOPH yKu Oyiina6
iyHanran 6ysca, £ BeKTOp Xy TeKMCIMKAA ETraH Gyramu.
V xonpa (35.5) mdonanapum Tok 3uunuru udpopacura Kyin6,
YHUHP TAUIKWJ OTYBYMJIADHHU AHUKIARMU3:

. (35.6)
N j=azetare, (35.7)
ByHpa
ne* T P& 5
[ N BN A
! mn<1+(ﬁ”5)* m,< i (35.8)
2
2t @B ' _Pe eB )
T i 1+(B:B) " m, (m,, ) 1+(B,B)

DHaM a#pUM raibBaHOMArHWUT XOAMCA/JapHW YpraHullra Ku-
pHILaMK3.

Xoan xoaucacu. Arap j TOK yTa€TraH sipuM YTKa3rMuHH
TOKKa TepreHAMKYsp Oynran MarHut MaiijjoHra >XoWsiaHca,
6y Xo/ja TOK Ba MAarHMT MailoH MyHA/IMILIApUra KyHIaniaur
(y) iyHanMmma S1EKTP MAZOH BYXyara Kenaau:

e,=Rj.Bz. . (35.10)




[image: image130.jpg]Bynnaru R xoadduument

Z Xoan doumuticu peinna-
oM. YHu 1oKopugaru My-
HocabataapnaH  ¢oiina-
Nanub  aHMKJA  KHIMH
e amac. Xoan xoaucacu-
+ HUHT KennG uukum caba-
J 61 — B maruuT maitgon-
+ + + HMHP  TOK HyHandmnaa
+ + + (éku yHra Kapmm iyHa-
x JMWAa)  Xapakatjaa-
HaéTraH 3apsaj Tamys-
39- pacm. 4yuaapra KyHAanaur

#AyHanumpaa  OFAMPYBYHM

Tabcupu — JIOpeHIl KYUHHHMHT TabcHpuaup. Bus kapaérran

wapontpa Oy kys F,=e[vB], xkjpunnmpaa ubonananamm.
By xyu Tabcupu HaTMXKacuMia sSipUM  YTKA3THUHMHT MKKH
€n Eknapn  (39- pacM) Kapama-KapilM HUIOpaM 3apsia-
namu. Taiino Gyaran e, anextp Maitnon JIopeHL Kyuu Tab-
CHMPHHM MYyBO3aHaT/Iaiau.

Xoan xomucach WapouTH j=j. Ba j,==0 Gyaranauru yuyH
(35.6), (35.7) Ba (35.10) ndopanapnan

R=—ay/(al+a})B (35.11)
OYMILIMTY aHUKaHa K.

a) Kkyucus wmaruut Mmaiimon (BB<1) xonmma a,, a: Ba
ay/(ai+a3) nucbatvuu B HUHD GUPMHUM AApaXAcCHTaua aHMK-
7mKaa oncak, R yuyu Kyitmgaru udoaa xocun Gynamm:

___l(ne*/mh)<vi>—<pe/mp<tp> (35.12)
e[(ne/ma)<v.>-+(pe/mp)<t,>F" .
Arap sipum yTkasrnu n-typ (p=0) 6yaca,

R=R”=——”‘ (A=1--2). (35.13)
Spum yrkasruu p-typ (n=0) 6yaca,
R=Rp:+:—; (A=1+2) (35.14)

6ynann.

By ndonanapaan ukku Myxum xynoca kenub dukau:

1. Xoan poumuiicu uwopacu acocuit 3apsif TaiuyBuMAap
Muopacura Moc Tymaad, OuHoGapuH, Xosut XomucacuaaH
APUM §TKasruulark acocuii 3aps/ TalyBUMIAp WIIOPACHHH,
ABHU APUM JTKA3THY TYDHHM AHWKJIAII MYMKHH.
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[image: image131.jpg]2. Xosn AOMMMICH KMDUIIMAJIW ApUM YTKAa3rMujary 3apsm
TawyBunnap (n €xu p) 3UUIMrMra TECKapu NpPONOPLUOHAI
Gornauran, sSILHA TaxpubagaH aHukaaHran Xowt goumuiicu
KMHAMaTH OpKaauM 3apsj TaWyBYWIap SUWIMTHHM aHWKJIaw
MYMKHH. By OHI copa Ba MLIOHWIM yCYNaup.

FOxopuparu (35.12) ndopara acocaH, ApUM JTKa3rUUHUHD
YTKa3yBYaHIMK TYPH y3rapuinn xapaéuuaa (nZp KOHBEPCHS
xoanapuga) R Xoan poummitcu R—=0 naun yTub, §3 mwopacunu
y3rapTupagu:

a) KyucH3 MarsuT Maiiaonnap ydyn Xoan Gypuaru O, Ty-
UIYHYacH KMPHUTHJIAIW:

_ <t’>
1g0,~0,= o= \;\ = eB. (35.15)

MabiymMKH, A-TYp APUM YTKa3rMy yuyH T,=e€p.. Bynu
(35.13) wndopnara xyiicax,

IR0 —An—ps (35.13)

keamb umkamu. By epma p um apeiid xapakatyanauk, . Xoan
Xapaxaruauaux meAnnamm;

6) xywm Maraut maiigon (BB=>1) xonupa a Ba a; ndo-
nacupa (BB)* ra nucbaran 1 Tawna6 wbopuram:

ai—_=[nm,.<:7>+pm"<:—>]gl1 (35.16)
B 3

as=(n—p)e/B. (35.17)
Arap n==p 6ynca (35.16) Ba (35.17) wudonanapnau

(%)(l 6y mmMruEn anukaam ocoH. LyHMHr yuyH Xam

6y xonaa Xosn mponmuiicu Kyituaarnua Gynamu:

P ol 0 1 gy
(al+ad)B a:B e(n—p) (3318
Xycycuit sipuM §TKa3ruu n=p=r; XOJHM aJ0OXuia Kapauu

kepax. Byuuur yuyn a, Ba (a{+a3)B xarranmxaapuu 1/B° raua
anvKkaMKaa oMW 03um. By xonnma a;>>a» Ba

e Ml i 2 2
az e ['"”<:i > mn<'3 >]. (35.19)
Bunobapn,
s 1 1
e 2 i [m§<7>—mi <z>1
e . us WV Pt IR S
R (ai+ad)B &B en,

mp<t>tm, <]
E & (35.20)




[image: image132.jpg]Arap 37eKTPOH Ba KOBaK OMp Xus1 3aiinxa coumica,

<lt> 1 1—=b
ks TS/t em 145 @521

6yuna
b=p./pp.

IOxopnna unkapuaras ngojanapgaH Kyd4wid Mardut Maii-
nonsa Xosun goumuiick B MarHuT Maiiion wHayKumMschra Gor-
sk Gynmaii Komaau (TyiMHamM), aMMO APHM YTKasTMUHMHI
¥3 mapamerpnapu (7, P, W, Wp, Ta, T, 1ap) ra GORIMK 6y1a1M
JleraH Xyjocara Kejamu3.

MarHuT KaplMIMK XOMCacH. Arap TOKJIM SIDUM §3KasTHu-
HU TOKKa MepNeHMKyIsp yHanrad B MarHuT Mai[oHra Xom-
nawrtupuica, 6y Xo1a ApUM YTKa3TMUHUHE 31€KTP KapuIMINTH
optau. By xonucanunr ca6abu — MarHMT MallOHMHMHT 3apsl
TaulyBYMIapra GYAraH OFMUITUPHIU TabCHPHIMP.

Opatia, 6y XOAMCAHM P COMMIITHPMA KAPUIMJIHKHMHL
Ap/p uucOnit y3rapumm opkamm udopanaHagn. Y3yH, amMMo
yHYa KMitMH Gy/IMaraH  XMcOG/AMLIADHWHI  HATHXKAJAPUHH
KeJATUpaMH3.

a) Kyucus marsut maiinounap (nB<1) xommpa cosmmmi-
TMPMa KaplUMJIWKHMHT HUCOMit y3rapuium xyiuparnua Gynaam:

Ap _ PB)—pO) _ B nely S
PO PO (R ismm<mz—<n>
HE Y [<t,> <ni>—<u>HE (L P> <>+

mjy mam,’my
+<§ ) <> <u>. (35.22)

JIOHOp KMPHIIMaJH n-Typ APHM yTkasrma yuyH (p=0) Gy
udona Kyiupary KypUHULIHEA ONaju:

AP (eB | <U> <> — <>
POy mn <>t

Ymymuit (35.22) ucdoganan p-Typ spuM YTKA3ruy Ba Xycycuit
SAPUM JTKA3TMY YuyH Xam TErMIUIM MyHocabaTiapHu YnKkapu6
omviu MyMkuH. Maskyp udopanapnaH kypuuub TypraHuge,
KYYCH3 MariuT Maloujiapia 3/1eKTP KapIUWJIMKHAHT HHCOMi
yarapuum B® ra nponopumonan 6ynaaun. Wywuur yays B aunr
Xap MKKM Kapama-Kapwu iyHamdwmaa xam Gupgait 6yaaau.

6) Kywm wmaramr maiigonnap (pB>1) xonmpa comuum-
THPMa KApIUIMAMKHMHT HUCOWMI Y3rapuim

(35.22a)
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[image: image133.jpg]Ap __ga olnma<o, >+pmy<t, >1
PO Fn—py
6§naam, n- Typ sipum yrkasrua (p=0) yuyw Oy udpona comna-
Jlawann:

—1 (3523)

e (35.23a)
pO) ™ )

Yw6y (35.23) ndopanan KypuHULIMYA, KYUYIH MaTHUT Maii-
JOHNA APUM YTKA3rdu 3JIEKTP KApLIMJIMIMHUHC HUCOMH §3ra-
puwM  (MarHMT KapLIMMK) MarTHAT MaiJoH KaTTaturura
(B ra) Gorimk 3Mac, AbHM y TyiuHran Gymaam.

R AMMo, Xxycycuii ApUM YTKasruu n==p=n; Xoiuaa G Ba
(al+a3) xarraimknapn 1/B° raua aHuMkIMkga Xucobaau
3apyp. Bysnait Takpubuii xucobnampa Ky#ugarn HaTHXa O/n-
Hajm:

i=(eB)z (/my<t>4(1/m)<t,> |
p(O) M [T >+ my<1 [,

JleMak, XycycHit sipum YTKa3ruy I/IEKTP KapUWIMTHHWHT
KyWIM MaruuT Maiigonna ysrapuwm B’ ra mponopumosammmp.

(35.24)

36- §. AitHumaraH sipuM JTKasruynapua TEPMOIJEKTPHK
xommcanap

1. TepMod/ieKTp I1OpUTYBYM Kyd (Tepmo DIOK). Slpum
¥TKa3ruu HaMyHacHJa TeMmmepatypa rpaaueHTH VT maBxyn
Gyarannna VT 6¥inal 3apsia TauysumMaap OKUMM aiio 6yna-
. OumK 271€KTp 3aHXUPHUA CTALMOHAD XOIATAa XaMMa HyKTa-
Jlapjia TOK 3MUIMTH HOJra TeHr. AMMO HaMyHa 6yiinab anextp
MaiiloH Xocun Gynaau, y xap 6up nykrana V71 rtemnepatypa
rpaMeHTMra NPOMOPLUMOHAN Ba 3apAIap OKMMUIa Kapama-
KapiM Ba TEHr OKMM maipo kunaau. By okum xocwn xuaran
2/1EKTP MaiijI0H TEPMOSIEKTP MaitnioH, y Onian Gormk IHOK mm
repmo JIOK peivnann.

Merannapaa SpPKMH JJEKTPOHJIAp 3MWIMIM XaM, amajaa
yAapHUHE JpTaua SHEPPUACH Xam TeMIepaTypara GORmMK aMac.
Tlly caGa6pan merannapaa tepmo DIOK sipum jTkasruusiapaa-
THAAH aHya KWYMK, YYHKH KEﬁMHl‘MﬂaP}la 3apsa Tauysunsiap
WUAMIM B YJADHMHT ypTaua IHEPruscM Temmeparypara
MyXMM 1apaxana GOFMKAnp.

Slpum yrkasruuparu Tepvo JHOK  nu §ayam yuyH yHra
MeTann KOHTAKT/Jap Kuawil 3apyp Oynam. Ammo, Gymaa
MeTA/I-pUM YTKA3Muu Yerapaiapuia KOHTAaKT NOTeHUuasiap
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[image: image134.jpg]o Ar 8 A
aitnpmacn MaBxys 6y.1m6, Oy afiupmanap XaMm (sipum yTKasruy-
na F=F(T) Gynrauaurn tydaitnu) remneparypara GOFIMK.
BrH0GapHH, META/UI-SIPUM YTKA3rMY-METa L1 TH3UMHUHMHT TEPMO
DKOK u yiuavranga spum yrkasruugard tepmo IHOK ra
KyWMMYa sHA TYp/IM TeMINepaTypaiu WKKM KOHTAaKTard
noTeHUMaNIap aitupMmaiapu (apku Xam Xucobra Kupamm.
By 40- pacmMpaa kjpcaTniraH. Y HIaru a CHHUK YH3HK () 9NIEKTPO-
cratuk noteHumanunur OA Ba BC MeTasn KaTaamiaapu sa
AB sipum yTKasruu KaTaamuuan wGopar TM3MMAa Kaeaait
OymuuMrney Kypeatamm. SIpuM YTKasrnu Xaxuuaa §— (¢
MOTEeHUMA/LIAD aiMPMAcH MaBXyd, amMMmo yayarny ac6ob
Vi—V; — norenumannap aiupmacun Kypcatragu. Tepmo
DIOK HuHr Xap MKKH (xaxmpuaru Ba KOHTHK’I‘HBPE,B]‘“) Taw-
KWJI OTYBYHJIADHHM XMCODra 0JMLI yuyH

40- pacm.

I

e

YMYMJIALUraH TEPMOD/IEKTP MAHI0H KyUIAHMaHIMrH KMPUTHO,

yuun A nad B raua (spun T\ pan T raua) muterpasuiab, yiuaHa-

awrad V, — V., notenuuannap atMpMacHu Xucobaam MyMKIH.

Temnepatypa rpaanenTn x yku Oyiina6 ityuanran ne6 dapas
KHUACaK,

=u\T {36.1)

Ta T
Vi Vo= $Epax = Sey varae = Sanar - @6.2)
; ; :

6ynann. By epma «(T) xarranmk Jugpepenyuan IOK
Heinaa.

Iemak, macana wy o (7) xaTTanMkHu aHuKiawiaH ubopar.
Byuuar yuyn B =0, yT =0, yF=0 mapouraa Tyna
TOK 3WWIMIM W(OLACHHU ToMMil 3apyp. By Xoama Kyiuzaru
HATHUXKAHU ONamMH3:
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[image: image135.jpg]=t ENT 4y C—g, (36.3)

N iy g
xt= 1, (—EHEtF

vievE— ok (36.4)
:

el

Onguu Gaén stuarau Kouaa'6yﬁuqa‘x.’ﬁ Ba iﬁ JapHUHT
6y ndbonanapunm yprauanab, ynaphu |, Ba j, 1apuusr udonana-
pura Kyitué ywby udonarapin Xocws1 KAIaMus:

j,l=/z(';|,((;(g,,~k£r) w4 ¥ (}{ifq‘}, (36.3)

fr=pend =5 @+ B 9T+ v E-py Ged

ByHpa gy=<t,x>/<1,>, g,,=<r,,x <>

Arap j=j,+ j, TY7a TOK IUWIMIMHM HOMra TEHINACAK
(j =0 ne6 om®, a(7) HuHr udbogacHHN aHUKIAHMMS:

_V(Fle—p_ Kk Ny —
ah == (runlgntln I
—pp,,[thHJ 0Dy (36.7)

Ywby wudomagan yura Xycycuit Xom: n-Typ, pP-TYp Ba
XYCycuil sipuM §TKa3ruunap yuyH aiipum udoganapHu XOCHa
KMJMII KMAMH 9Mac.

VYwmyman, (36.7) udogaxad, XycycHii spuM JTKa3THUHUHT
muddepenuman repmMo DHOK ¥ KUPHULIMAIH APUM YTKA3rMu-
HUKMAAH KHYMK 6Yanmanra Kypunn6 typuban.

2. Wccnmkamk  yTkasyBuawauk. [lesbThe Xoaucacu. by
XoaucaiapHu Yprauuill yuyH Tyj1a dHeprust OKUMM TeHIrJamacu-
nmau (poiganaHamus, Mabaymku, y Kyduparuya udonanaHaam
(33- 6 ra kapaur):

< . . ’ o

V=W, + W= § 1 e @, St § e Bt

o
~

eq) vp — 36.8
+eg) vp s (36.8)
Byuna snektponnap asepruscu E yrkasysuannuk 3omacu
Ty6Maan, KoBaknap oSHeprusicH £’ BaZeHT 30Ha WMMMAAH
6ouna6 xucoGnananu. TOK 3uunuru TeHriamacuiad doitna-

nann6 Ba GMpMyHua y3yH, aMMo cogza Xucobnap Gaxapud,
(36.8) TeHrnamaHM KyJai KYPUHHINTA KeJTHPHJIAN:
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[image: image136.jpg]W=(o—5)f +0f +ayr. (36.82)

Bynaa
2 G 2
w="T A L 4 cmenn (Eit2gT)) (36.9)
e e o el
M=aT — TenbTbe KOIDDUUMEHTH, (36.10)
A =2 Sz sux) (36.1)
<> <u> <>

By epaa, comjaMMK YuyH, g,=g,=g=<Tx>/<T1> pned
OJIMHraH.

Oxopumary  (36.8a) TeursamagaH KypvHMILKMYA, TOK
6yamaranaa (j =(), aMMO TeMIepaTypa TPaJHEHTH MaBXy.d
Gy/IraHMia OHeprUs OKUMK

W(=0)=—nyT (36.12)

3apsAj  TallyBuMiap XapakaTM BOCMTacMaa  y3aTWAagTraH
MCCHKJIMK dHeprusicu okumuaup. Ly cababxan X Hu an1eKTpoOH-
KOBAaK WCCUKIUK YTKAZYGHAHIUSU KOIPPUUUEHTU NeHnTanH.
SIpuM YTKa3rMYHWHT TH/1a MCCUKJIMK JTKAa3yBUaHIUH KPUCTAIT
namxapacH ((poHOHAP) MCCHKIMK JTKA3yBUHIUTU X, Guian
QJIEKTPOH Ba KOBaKJIap MWCCUKJIHK yTKaByB“laHﬂﬂTl’l A HMHI
AuFMHAMCHIAH ubopaTaup:

R, =y + (36.13)

900

Oxkopunaru [1 un [leavrve Koappuyuentu neinnany,
(36.10) wucdopanu TomcoHHMHr Gupunum MyHocabatn se6
aranran.

Ouau  IlenbTbe  XO-
JAMCACHHY  TeKWMPalIuK,
Byuuur yuyn (36.8a)
MGbOTAHMHT  Xap HKKH
TOMOHMAAH  [MBEPreHUus
onamus. Bus  crauuonap
XOZMCANapHH TaXJMA K-
naérrammns yuyn do W=
==dwj =0 Gynragu. By
xonza.

do(—2 VI)=
= (VI+V (Fle—g)). (36.14)

By Tenrnamanu Tox yTM6

Sy

41- pacw.
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[image: image137.jpg]TypraH MKKM SIDUM JTKasruu (8K sipUHM YTKasruu-meTasni)
gerapackra (KOHTakTura) TaTéuk arcak (41- pacm),

— () 42,2, — (n—11) (36.15)
an an

ucbouacmm XOCHN KHMJIaMH3, YHUHI' 4Yanm TOMOHM KOHTakT
CHPTUTA KeNaETraH Ba YHAAH KeTAETraH MCCUKINK OKMMIIAPK
aliupmacu 6ynaan. BuHOGapuH, yur TomomM, Aphu W =
(IT—IT1,) KOHTaKTAAa axKpajiaguran (ékM  10TMTAagUTAR)
ucenkmk (IMeabTee Wecnkanru) vy ndonpanainam. Spum yrras-
ruy Gunax MeTaJlJl KOHTaKTH Kapa/JiraHaa MeTaJJTHUHT MesbThe
K03(PULMEHTHHN HA3APra OJMAca XaM Oyianm.

MIKK# Typim YTKa3rny KOHTaKTMAAH TOK yTMO Typranaa wy
KOMAA MCCHKAMK axpanui €ku loTuamngan uGopar Gy
xomuca [enbThe yoducacu pe6 aranra.

3. ToMcoH Xxomucacu. By Xoaucanu TexmMpuul YUyH TOK
3uwmury uboaacuan

[=0a v (Fle—¢)+0M (N T/T) (36.16)

Kypuuuwaa é3u6 oamsanu. Byupan v (F/e—¢) Hu anukia6,
(36.14) Tenrnamara KysaMu3:

do (=2 VT)=*/0+] (NOI4+0y T/T)=
=047, (G V) (36.17)

Byupnaru /'2/0 SPUM JTKasruuHUHr Gupauk xaxmuaa 1 ¢ na
axpanaguran JKoyas uccnkanruin udopanaion, v (jV 7)
Kkyumaysun Tomcon uccusauu neitnnann Ba T TOMCOH k03D~
duumenTunMBr ndomacu Kyiuaarnua 6y1|a1;m.

_pd (N du
=14 (h=T 2. (36.18)

By udona TOMCOHHMHI MKKMHYM MyHOCA0aTi 1eb 10pUTHAALM.

Hemak, Temmepatypa rpammentn N T masxya 6yncan
SIPUM YTKAa3TMUJaH TOK yTKasu/ca. (42- pacM), YHUHT XaKMU-
na, Xoysb uccukamrugan rawkapu, (j V 7) HMHr nulopacura
Kapab uccnkmk axpanaiu ékn lorunagu. By xoanca Tomcon
Xoducacu [eran HOM OJIraH.

vr#0

~4

42- pacw.
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[image: image138.jpg]VYuana TepMOd/IEKTP XOAMCAJAPHMHT KHHETHK Kodddu-
umentaapu 6yamuw o, I7 sa 7, nap (36.10) sa (36.18) myHo-
cabariap opkasu Oup-6upu GnnaH GornaraH.

Tepmo KK xojucacuaaH MCCHKIMK SHEPrusiCMHu OeBo-
CUTa 3JIEKTP DHEPrUsicMra aiIaHTUpUILAA, Yauaul MULUIAPUAAE,
cdan Ba TexHuKaza KeHr ¢oijasaHMAMOKIA. SpUM YTKasruu-
napuuur Tepmo DIOK u merannapauar Tepmo KK mpan
Ky Mapra opTHK. LLIyHMHr yuyH sipuMm §TKasruusap acocuja
TaitépslaHraH TepMOdIEMEHTIIAP, TepMoGaTapesiap Ba TepMore-
HepaTop/ap KeHr Ky/UTaHWIMOKIA.

TMenbThe XOAMCACH/AH COBUTHMIL EKM MCHTHLI MaKcajiapu-
na doitaanannaaan. By xoauca xam MertaniapaaH Kypa sipum
JTKasruuiapaa aHya Kyuwaup.

37- §. Cdepux 30HaIM alHKWMaraH sipuM yTKasruunapiaa
TePMOMAarHUT XOIHcanap

Temnepatypa rCpagMeHTH MaBXyn OyjaraH §TKasrHUHK
MarHuT Maiilonra XKoil1alTHPHATaHaa 03 6epaanuraH KHHETUK
Xomucanap repmomazHut xoducarap neinnanu. Jactiabku
TeMmnepaTypa IpajMeHTH ifyHamumra nncbartan Gy xomucanap
Kyumanadr éku Gyitrama 6y 1MmM MyMKMH.

TepMOMarHUT XOAUCANAPHUA XMCOB1all 3IEKTP Ba SHEPrus
OKMMJIAPUHWHI' TeHrJamanapyu acocuia Gaxapuiaau. Maruut
Maiinod Z YKu AyHa/MWKMAa, DJeKTP MaiOHM Ba Temmepa-
Typa TpajMEHTH WyHa/Muuiapu Xy TeKMCauMkaa  €Taau
ne6 dapas kuaamus. By xompa (32.8) Ba (32.9) ndonanapna
(B L,) ==0 6yaaau. llly udonanapun << X* > Ba << X*>
udonaapura aiIaHTUPHG,

- . ;=
Tone oy~ Ba jn=%<"'5>
B

"y

TOK 3UWINKJIADMHM AHUKIAHMU3.
CyHrpa SHeprust OKMMMHMHT 6y Xonzard udoxazapuHu
TONamus:

W= § E—eq) (—20) cizhy 5,28

:q;,,~.-f;"_;z7'<xi:>; (x=E/kT), 37.1)

_ N
V= S E+EAep (-2 Gprhs,Ei=
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[image: image139.jpg]=gh+ L RT<x'Tt>:  (=E'/kD). (312)
3
Buz Oy epaa y3yH, aMMo yHua KWiWH GyIMarad xucod-
namwnapud  KenTMpmaguk. Xamma Genruiauuiap oca  OAMH
M3OXTAHraH.
By xo/11a Ty/1a SHEPrus OKUMM Kyiuaaruua Oymamm:

W= W, Wy=9] —ekT L <xAt>—L2 <xXp>]. (31.3)
n

DHAM TEPMOMArHMT XOAMCATapHu TabpudaaitMus.

1. Bownanrmy V =0T /0x TemnepaTypa rpaiueHTH
6yaran, Tokcu3 YTKasrmywn KyHpanawr (B=B.) maruut
MaliloHra KoiaHranna yHaa 0¢/0y >neKTp MaiiioH naino
6ynaan. By xomuca Hepuer-3truneceaysen kyndarane X00uca-
cu Oetiunadu. Ynune 103 Gepuw wapraapu: j—j,~ YV ,T=0.
Hactnabkn 0T /0x=y.T rpaguent iyHanumm 6yinaG o3
GepalTraH 3apsi/ TalUyBYMAAPHUHT 1uddy3HOH Ba Apeid OKUM-
Jlapira MarHWT Maitl0HN TabCHP KUKG, yiapHy KYHAaaHr Ka-
pama-Kapum iyHamumaa oranpann. OkMMIApHUHT Oy KyHpa-
MaHr TauIKKJI DTYBUNIAPH 1ACTIA6 TeHr Gyamaliau, oknGaTaa Oy
GhapKHM MYBO3aHATIOBYM 3JIEKTP MAalAOH BYXyAra Kenaju.

2. Boumawrnu 0T/dx=V ,T remmepartypa rpapveHTH
6ysiran TOKCM3 YTKasrMuHM KyHaanadr (B=PB.) maruut maii-
nmoHra skownaurauma, 07/Jdy Temnepatypa rpagMeHTM Naiao
6ynamn. By xommca Pueu-Jledwok kyndaranz xoducacu
neiwntann. YeuHr 103 Gepuwn wapraapu: [,=j,= W, ,=0.
Tok iyx Oyarann cababrm JTKA3TMUHMHT UCCHK YUMIaH COBYK
yuMra TOMOH Ba KapaMa-KapluM #yHajulujga 3apsil Tauys-
YMTAPHMHT  OUp-Gupura TeHr OKMMIAapM MaBXyx Oynamn.
Bup okumaary 3apsas  TaulyBUMIAP IHEPIMCU  IOKOPUPOK
(y1ap WMCCUKPOK), MKKMHYM OKMMAAruJIapHAKH — IAcTPOK,
(ynap coBykpok) Gynamu. MarHut MaiZoH yrapHu Kapama-
KapuiM KyWianaur €kJiapra OFIMPAJM: <«MCCHKPOK» 3apsi
TauyBUMAGPHUHT Gup EKKA, «COBYKPOK» J1apu 5¢a, Kapama-
Kapwi €kka OFramnurn okubatupa V ,T==07/0y rpaauen-
Tu BYXyara keaagn. By sca W,=0 6yanmwurusu tanmun-
Janian.

3. 0T /0y=0 wapoutaa Gomnanruu 7 /dx rpaguent 6¥aran
TOKCH3 §TKa3ruuHn Kyhpanaur (B==B.) MarHuT MaiijloHra
KOWIaHTaHna YHUHI UCCHKIUK yTKaE}yB‘{BHJ}Ml‘M X i3rapa}:m.
By xoauca Madxu-Puzu-Jlediox 6yirama xoducacu genunaum.

. aT
YHUHr 03 Oepul wapTiapu: [x=iy=35- = 0. Temnepatypa
TPaiMEHTH MYHA/IMIIMAA Ba YHra Kapiuyd MyHaJ UIIAA DHeprus
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[image: image140.jpg](MCCHK/IMK) TAUMETTAH «HMCCHK» Ba <COBYK» 3apsAiM 3ap-
panapHM MarHMT MaioH OFAMpW6 TypummM okuGaTupa
(3T/dx y3rapmac) MarHMT maiioH #ykaurugarura nucbaran
KaMpOK dHeprus (MCCMKIMK) y3aTwiaau. By aca, uccuKank
YTKa3yBUAHIMKHA KaMaWTUpaau.
4. Bownansuu 07 /dx rpaguent 6§aran TOKCH3 YTKa3ruuHn
B==B. Maru4T MaiifloHra >XOWIAWTHPraHia yHAArd TEPMO
3I0K y3rapagu. By xommca Hepucr-Irruneceaysen 6yiaama
x0ducacu peiwnagn. YHuHr 103 Gepuin wWwapraapu: j.==j,—
V ,T=0. Marsut Mai#lOHHUHC OFAMPYBUM Tabcupn £, TepMo-
2/1eKTP MaiAOHHUAr Y3rapuiumra onud kenanm, €, =u{dT/dx)
6yaranaurn yuyw «(T) y3rapran 6ynamn.

DHAM  KYAMAA  2ab6AHO-TepMOMACZHUT —Xoducanap ned
aTanyBuM MKK¥ XOAMCaHM TabpubiaiMns.

5. Vsrapmac j=j. Tok yTMb Typran §rTKasruunu KyH-
nanasr (B=B,) MarHuT MaiiI0Hra XOWIaWITHPraHaa YHAA TOK
WyHanMumaa temnepatypa rpamvedtu 67/d0x maipo 6Yaamm.
By xomuca Hepncr 6yinama xoducacu nennnagu. YHHHT 103
Gepuw wapraapu— ;=0T /6y=W,=0 61m6, maruut mMaiizox
TaBCHPUIA HCCHKPOK» BA «COBYKPOK» 3aPAX TaUIYBUHIAPHUHT
okumnapu yarapaau, Oy Tycainm 0T/0x rpaauent naiimo
6ynann.

6. Varapmac j=j TOK §TM6 Typran yTKasrMuHM KyHAaIaHr
(B=B.) marnuT maiiionra xolinanranpa kysnanaur 0T/d6y
rpagueHT maigo 6ysmmm Mymkun. By xommca Itrumneceaysen
Kyuda/mue yoducacu peinsaan. YHUHF 103 Gepuil wapTiapu—
j=W,=0T/dx=0. By xomnca cababuuy TyLYHTHPHIL KHAMH
omac. Xonn Mainou, yprava pasumja, JIopeHu KydMHH
MYBO3AHAT/IANIM, AMMO <«HCCHKPOK» BAa <COBYKPOK» 3apsiit
TawyBUMNApHM KapaMma-Kapliu €Kjapra OFaupaau, oxubaria
6T/ dy rpaguent naitpo 6ynaam.

IOKopuaary wapouTiapra AHa €pyFIMK TabCHPH KymMica,
oroTepMomMaruuT xoaucasnap cuHdm kesmod unkaau. Koxopuna-
ru 1-, 4- Ba 6-xomucanapuuur 103 Gepuum yuyn W nccukank
OKMMHUIa Xey KaHjaait wapt kyiiunmaitam, Gunobapus, yrapxu
GakaT TOK 3UUWIMIM TaLIKWJ JTyBuMiIapu udoparapu acocuaa
XucoGnaur MyMKHH. AMMO, 2-, 3- Ba 4-XOmMcalapH4 5Ca TOK
3UYWINTM  Ba OJHeprusi OKMMHM TEeHrJaamajaapu 6v|pra/mkna
KapaJuum Kepax.

BupnHun nasGataa n- Typ ApUM §TKasrud yuys l-, Ba 4-
Xoaucanaphu Kypub unkamus. By xonna

oV Em )b VT —a, v U(ff~q1) —byV,T,  (37.4)
2
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[image: image141.jpg]= Ve~ bV T—a1 ¥, —P+0 VT (B9
:

Bynna g
P S S Be _
T ST eBmat T P me S T eBlmy?
b, E
Er—Soe P (=
e e e eB
TeEmy P m @) <trwsm

(37.6)

HepHcr-IrTHHICray3eH KyHpananr xomucacu. By xopu-

caumur jy=j,= V,T=0 waprrapura acocan, (37.4) sa (37.5)
TEHr/1aMaJjiapiaH €, HW TOnmamu3:

o= vy(é fq) =Rt gy N BV (31D

ai+ab
Bynnarn Heprer mowmuiicn

N, =ttt L (37.8)

Kyucus (etB/m,< 1) MarHuT Mmaiizonaa

N, ke <o , (37.9)
¢ ma
KywIM Maiionga aca,
N oah e (b Xy (37.10)
¢ eB? T T

Kypunumiapaa Gynanu.

Hepucr-3TTHHICrayzen Oyiinama Xomucacu. By xomuca
103 Bepagnran j=j,= V,T=0 waprrapra acocan, (37.4) sa
(37.5) Teurnamanappan y ,(F/e—q) Hu uukapub TauuiaiMns,
V xonna

_IVeFle—g) ) _aibitasb,
a(B) L—A—m At (37.11)

Marnur maition iykaurnaa a;==by=0 6ynaum, GunoGapuH,

aB=0)=a (@ =(b/an,_, =222y (@112
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[image: image142.jpg]Kyucn3 (etmy'B<1) maruur maiizonga, B® rava ammk-
ukaa, repmo DOK HuHr 3rapuim Kyiinparuua Gynamm:

Aa:é & B<t><r><u>+

F<r><r> <> —<r>i<rir>—
— <S> <> (37.13)

Arap T aHeprusira 60FmK 6yamaca, Au=0 6ynamu.
Kyum (etm;'B>1) maruuT Maiigonaa

Ao, —of0fme gl S5 (37.14)
o e 2 <t>

TyiuHuwra (B HuHr KuitMaTura Gorauk Gysmait) ora G6yiapm
Ba T oHeprvsaTa GOFMK GyiMarama xam Aa Honra TeHr 6y.1-
Maiu.

Mamkn-Purn-Jle oK XonncacH. j,=j,= V ,T=0 wapriap-
un Ba W.=—xV,T askawmrnin obTMbopra 06, 31eKTp
Ba dHEPrusi OKUMMU TeHI/1aMaJJapuIaH MareuT Maﬁnmma MCCHUK-
MK JTKa3yBYaHJINK YUyH

R(By=nu(t+5/2)e” 'k T[1—a.(uB)?] (37.15)

ndoganu xocut kunammus. Bywpa t=t1¢E’ ne6 ommb, kyucus
MarkuT MaiifloH ydyH TerWiuM yprauajsawsiap Gaxapuiras.
By epaa a. koadduumeHT T HUHT ByHKUMSICHAND. PaBliaHku,

Ax(B)=p(0) —(B) =np (1+5/2) e~ 'K*T (uB)*  (37.16)

IOkopupa TabpudaaHran GOLIKa XOAMCAJAPHUHT XMCOG-
JIAUUTapH KYN KO ONafy, aMMO >KMAAMHA KUAMHYMIMKIApra
ara amac.

38- §. Aiinvran cpepuK 30HaIM APUM YTKasrMujapia Kyuuu
Xonucanapu

By xonpa fo(E) Takcumor dynkunsich Depmu QYHKLHMACK
wWakaMaa oauHanu. Arap

<ir—z7 2 {ir ) (—Z_"’ )2 %dx (38.1)
; x

Genrmnam  kupuruwica (6ympa zo==Fo/kT, x=E/kT), Tok
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[image: image143.jpg]SHWMIK onaun Kypuaran KypuHuuina 6ynanu (n-1yp spum
YTKazruy YuyH)

- 2 - )
P=E <> (38.2)
Kywma aitnnm xonp MeTajnapra xam xoc Gynann.

L. Saexrp YTKasysuammx VI=B=( WapouT acocuaa
(38.2) ubonanan xocun KMJIMHamiran

= "
P=E<rsg (38.3)
my
udonazan AHUKJIaHagu:
2
o=" 1 (38.4)
m,

Arap penakcaums pagry OHeprus  napaxachra Gormuk
WaKIHa, AbHM T=qF" wakina Genruaanca,

2y2m, &
o=2V2m. &
s

3
w2
a(kT) 2 (r+’/.>>rnw (2) (38.5)

6ynanu, 6yHna Deyr(2) Depmu HHTerpamy, z=F/pT
Yauamcens Depmu carxu dHepruscu,
Ky aitauran SAIpUM YTKasruy YuyH

=" (Fu) (38.6)
o

Byunaru F, — Temnepatypa =K 6yarannary Depmu carxp,
2. Auddepenyan Tepmo DIOK YUYH Kyituparu uboaa
onuHazu:

kG452 04,02 e
¢T3 0 4T, )

ARHUI GYiinya MKKUHYHM TaKpnGpa (38.7) Hbona Kyiinza-
TH KypuHUIra Kesntupunamu:

(38.7)

a? 3k kT
=3 (r+7)<?) (F) (38.7a)

Byupan xypunumma, MeTannap yyyn (aithumaran ApUM
YTkasruura HHCGaTan) MYXHM napaxana uumk 6ynann,
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[image: image144.jpg]uyyHkn optikua kT/F) KynaityBau KuuknmHa (XOHA TeMmrle-
patypacuaa y 5-10 % uamacupa) 6ynamu.
3. VCCHKIMK YTKa3yBYaHIHK KOI(PDUIHMEHTH yuyH
2 2 2
X=M S>> < (38.8)
. <v>

npona xocun 6yramu. Kywin aitHvuw WwaponTu yuyH

= BT o (Fy) (38.9)
3 my

Oxopuparu (38.4) sa (38.8) wudonanappan Buneman-
®@panu Konynn x/0=LT kenn6 unkaam, Gynna

)2 Sr><c <> (38.10)

<t>?

4. Xonn XoaucacM Ba MarHMT KapiUMJIMKHA Kapaiink.
Xonn AOMMMICH BAa COMMINTMDMA KapLIWAMKHUAHD HUCOMi
¥3rapumy Kyycu3 MarHuT MaiioHaa

2 0 3 P
_ <w>Z L, VP _ (B jr<r><t> i 38.11)
<> en’ pO) m, <>
Ky4IM MarHuT Maingonga
=1, e _ A (38.12)
R

KypuHuuLIapaa 6yaaau. By ndonasapuuur KypuHUILIYM altHUMa-
raH 7- TYp APHUM JTKAa3rMy YuyH ONIMH XOCHJ KMIMHraH uco-
nmanapaad dapk KujMaiam.
5. HepHCT-DTTHHICray3eH KyHAaNaHr XOLMCACUHM aitHMraH
ApUM YTKaaruuga xucobnam Kyiuparu ndopanapru Gepamu.
Kyucns maruut maiinonaa

P 1 o 2
k<> <7r ><uc> (38.13)
e <>

N,

>

Kywiu MarHuT Maiiaosia

N n? km,  (RT

O R YA

(38.14)

By epuma (38.13) ucdona (38.9) ucomara aitHaH yxwawaup,
ammo (38.14) ndonana, (38.10) udoaanan dapkiu pasawia,
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[image: image145.jpg]kT/F. xynaiitysuu Gop 6ynub, y aituuran spum yTkasruuaa
KYWIM MarHMT Ma#iloHjia Ma3Kyp XOAuCa adHuMaram spuM
yTkasruuparura Huc6atan anya 3aud OYaMULMrMEM KYpca-
Taau.

By § maru mdopanap aitHUMaraH sIpUM YTKA3ruy yuyH
unkapwiran ugojanapra wakraw yxmaw Gyaca-na, ammo
6ynapaa ypravanamnap Gepmu QYHKUMSCHHUHT YMYMHit Ky~
PUHHMILMAArM XOCMIACH KM YHMHT TakpuOuii ncogacu opkamm
Gaxapunanu.

39- §. KpeMmHuii Typuhnarn aHM30TPOn SpMM yTKasruuwiapaa
KyuMl xonucanapu

Bu3z Gyuraua cdepuk 30HanM (M30TPOM) spUM YTKa3z-
ruwiapaa 103 GepajuraH Kyuuw XOAMCAIapuHN Kapal YMKauK.

MabayMKH, KPeMHMHHMHr yTKasyBuauauk 3sonacu [100]
WyHasMnuiapaa 6 Ta CHMMMETPHK JKOMMAWITaH JHEPrUsA MH-
HUMYMJIADMIA 3ra, yIap aTpoMaa TeHr DHEPIUANM CUPTIAp
AMOCONMIAap KYpUHULIMAA OYnagu. DNeKTPOHNAPHMHT Oup
IMNCOMAAAH YTHIIM HWUCOATaH KamuaH-kam GYyiraHu yuyH
6Up JITUNCOMAra TETMUUIM dNEKTPOH TYKHAUIMWI (COMMIMLI)
KellMH XaM siHa Wy OJMNCOMAra TErMILIMIMYa Konaau ned
xucobnam Mymknd. By Xonma 6apua TeHr XyKyKau /M-
COMITap XOCHA KMITaH TOKJAp MYCTaKMJ KyliMaiu.

KpeMmuuiina yTKa3yBuaH/IMK B/IEKTPOHM JHEPrHsCH Kyilu-
narvua nopananaan:

: ik B
LSS I
2 m mi

E: (39.1)

Arap w.=(h/ Y2m.)k. Gearnmam kuputmica, y xoasa
DJIEKTPOHHHHI JHEPrHsCH

E=0i+ i+ w3, (39.2)
Te3/IMru

V=V 2/ maw. (39.3)
Kypunumaa mdonanasaam. JHau n- Typaard KpeMHHira
¢ (/M E B Vi =—(~F) [t(E) (394

BonbuMaH KMHETHK TEHTJIaMaCHHM TATOMKIALI MYMKMH.

1. DsexTp yTkasyBuawmMKHu Tekumpuuwaa  [=B=0
ne6 onmuam, 6y xonna (39.4) TeHrnama Ky#umaru KypuHMwIa
6ynaam:
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[image: image146.jpg]% € Vif=f—Fo (39.5
HoMmyBo3aHaTuil TaKCUMOT (HYHKUHACUHA

=t e =fo+ 2 %% (39.6)
2

KypuHuwia uznanagn. Ymby (39.6) udogauu (39.5) Tenrna-
Mara Kyitnb, TaKCMMOT (DYHKUMSHMHT TAIUKMJI 9TyBYMIAPUHK
Tonamus:

”.m»=ﬂ%f v, (39.7)
Byﬂﬂa i— BJUMMNICOMA XOCHJI KWJITaH TOK 3UWINIH Kyv“mnarvma
6ynamu:
[I=—eXfo=¢2 5\ (—ofo/0E). (39.8)
o) i
VHUHr TaLIKWI 3TYBYHCH
[0="Z 2 t(—0fo/ OE) vavpey=30ll ¢, (39.9)
Bynaa “r '
Ufi'=€2(§r(—din/0f)v“v,\ (39.10)

KaTTalMK 3JIeKTP YTKa3yBYAHIMK TEH3OPMHHMHI TAIIKWI OTYB-
yucu 6y, 4P Gyrrampa ol =0 6ymamu. BunoGapus,
olll  Tewsop smeprms osmnmMmcouau Gomw yKiapupa AMaroHan
TeH3opamp. [lemax,

0= S1(—0fof 0E) 2= 2 S 1(E) (—afo/OE)E (3911)
o m 3 g
r3mmncomla.'| JHEPrusA 30HACHAA XOJaTjap 3UYJIMIH

5 _
; tmmm)? /g (39.12)

g(E)=

HOkopuparn  (39.11) udopnanaru AMEMHAAY MHTErpaara
alNaHTMpPCaK, YHM KyHuaaruua €3uil MyMKUH:

2 ;r(E)(—ﬁfn/ﬁE)E=% T (E) g (E) (— 8]/ IE) EdE=
@ 7

=n<r>, (39.13)
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[image: image147.jpg]Gynna n'') — Gup SANMNCOMIM SMEKTPOHAApP 3uuaurk. Buko-
GapuH, YTKa3yBu4aHIMK TEH30DH

(39.14)

Gynazn.
Tyna 21eKTP YTKA3yBUAHIMK TEH3OPU TYFpHU Bypuakau
KOOpAMHaTaJap CHCTeMacuja Kyiujaruua Gynaam:

Gru=2o," (39.15)
Kpemuuiina 6apua :;ueprun anunconanapu Gour ykaapu

KOOpAMHaTa ykaapura Moc Tymaan. [lemax, (39.14) sa (39.15)
udonanapaan

o= c,._z—-’< >+4”L< >~- (1, (39.16)

6yunarn n=n"",

s L 4y, (39.17)

1
m 3 muyomy

my — Gyinama, M, — KyHA@JIaHr maccanap.
V'rxaaynqamuxuuur (39.16) wdopacnaa xapakaTuaHIMK
Kyitnparura Tedr 6ynaau:

L=t (39.18)

Kpemunii a1ekTp yTKazysuanauru Chepuk 30HamM nFuM
YTKa3rMuHUKMAeK Wwakiaa €3wnajy, aMMO KPEeMHMI LA 2/1eKT-
ponnap xapakatuasiurk (3.17) wucdopagaH aHMKIaHaAMTaH
m’ apdexTns Macca opkasm ubonaraHaau.

2. KpeMuniiza Kyucn3 MarHut Maitaosaa Xosmn XoancacuHu
kypaitauk. By Xonaa 6up anmncona yuyH yHusr 6ow yKiapuaa
TaKCMMOT (yHKLMACK ywly KypuHuwaa 6yramu:

f=lo+ 2 A%+ 2 file,B, (39.19)

By éitnamana fi\°) onaun uukapuirau 6yam6, y (39.7) ndonana
kentupuaran. Jumu macana f[.'') un aumknawnan u6opat.
Arap (39.19) TtakcumoT dyHkuuscunu (39.4) Tenrnamara
K¥iicak, n3naHaétraH ndoaaHH TOMamMus:

= (-2 25,%114. (39.20)

m,
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[image: image148.jpg]ByHaaru 8,.. TeH30p Kyitnmaru myHocabarra Gyiicynamu:
2 8uvavaBy=[0B], (39.21)

TakcUMOT (DYHKUMACHHHHT f,.V Jlap MIITHPOK 3TraH (mar-
HUT MailoH B KarHaWraH) TaWKWI 3TyBYMAapu OGunan
60rMK (i — anaMncouara Teruiuan) Tok (X0t TOKH) 3MuMri

= 2 ofhee,Be (39.22)

6ynanu, Gynparn 3- Taptuéan TeHsop

()

i B

mamy

—e*n > (39.23)

X0/ TOKM 3UYIHTMHHHT TaLLKHI ATYBYUCH
=~ Zi&"ﬁ? GmBuBFnE Bubruy (39.24)

ndonara sra 6yamb, n — ckaasp, S,y — XamMma BaKTAaru-
nex, Kpounekep Gesarmcu. Ymby (39.24) ndonanu yura Taum-
Kua aTyBuMcu Oyitnua inrm®, Kyiugaru BexkTop HdoaaHM
XOCUJI KHJIaMU3:

jz=nle B, (39.25)
Byunarn
v]:7é’an<1'7>i2 5 (39.26)
miy
L ic+8 1
w3 b, +"—l£l (39.27)

Tyna TOK 3U4IMrM YTKA3YBYAHIMK TOKM o Ba 14 Xonn
TOKM 3MWIMKJIApU WHFMHAMCHIAH ubopat:

[ =0 4nle Bl (39.28)

By ndonanan doitnananué (j=j.; j,=0, B=B. wapoutaa),
Xo1 JOUMHICHHA aHMKIA0 O MYMKHH:

oM <U> i(m’ )2

B B? <=7 en m’ (3229)

3. Kyucu3 MarHMT MaiJOHZa MarHWT KaplUuMIMK XOIM-
cacunm Xucobnawm xakuaa Tyxraam6 yramus. By xonza xuco6-
naw B* rava anukimkaa Gaxapunamu. TakcumoT dyrKumsch

f=fo+ ”Z iLm)S,A—I»I"Z ﬂ.'\,"e,.Bv—f»ugf,‘U,”E,‘Ban (39.30)
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[image: image149.jpg]Kypunnza Kuanpunau. By epra 19 ga f" napuu assan

Tonranmu3, DumM macana [U'°) mu Tonmuwaan nGopatr Gymam.
Summ (39.30) ncoganu (39.4) KMHETHK TeHrs:amara KysMu3,
6ab3u xucobnauwtap GaxapuiaraHjan cyHr

1Y =—et Dpalle 2o (39.31)
nona ommuamu. TakcMMOT (PYHKUMACHHMHT Gepaguran Gy
KYMMYa TOK 3UUIMTH (i~ JUTMICONTHNKH)

1= ZofueuB.B, (39.32)

W

Kypunmina Gynamw. Bynmmaru 0y, — 4- TapHGam  Tensop
6ym6, yunur 81 Ta Tamkua atyBuMcH Gop,

ol =e'n<t’> M)y, (39.33)
Bynparu

! 1
2« mamamy,

1
[aus—Buiot Buyadonn). (39.34)

TakcuMOT bYHKUNACHHAHT "% kyummuack Tok 3MuMrura
Ba B ra nponopuyonan 6yirad sima OMp TamKMA OTYBUM
Kyutagu. Xuco6ammap HaTuKacuaa TOK 3MUIMIM YUyH Kyin-
nary uboga OJMHraH:

J=0¢ +nle Bl +uB% - (39.35)

By wnbonanan e uu Tanwna® onuuagn. Maruur maiton
2 yxu Gyitnua Ba TOK Kyun X ¥Ku Gyitnua iyHasran ae6 xucod-
naiivns. Hatuxana

AP _ pBY—PO) _ i/ —e_ aB?
oo =M 4 (39.36)
Bynpa
i €N (39.37)
o

udoaa onmHaaM.

TaxpubagaH @ HM TONWWI Ba YHWHI HA3apuil KuiAMaTh
GuiaH TaKKOC/IaI MyMKHH. N

4. Inddepenumnan JIOK nu anuknawaa B=0 e omnanu.
Arap (36.7) ucdonana m, a¢pdextus macca (y N, rapknGuna)
ypuura

my= (/"i/ﬂu)%
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[image: image150.jpg]addexkTnB Maccauu Kyiunca, tepmo DHOK HuHr Kpemumit
yuyH uofacH ONUHALU.

5. p- Typ KpeMHMiiIa KYuMII XOAMCANapUHH TeKIIMpraHjia
YHWHI BaJICHT 30HAaCMAa OFUP Ba €HI'UJI KOBaxJjap TapMoK/Iapu
Gopauru obTMEODPra OAMHALM (YNAPHMHT 3MWIMKAAPH D1, P2

Ba Maccanapu My, my). By Xonga xucobraumnap . Kysiumard
HaTMxanapHu Gepaau:
o=epiupi—epaup, (39.38)
1 <t>+C Ch<rp> (39.39)
ep [<tn=>+CiCo<r>]? o

Ap 9% sltad _x idad s
PO 16 (B [l+€,u‘a - Tm‘) 1 (39.40)

6y udonanapaa

=ps =M a2
ci=p2/p, €2 R (39.41)

Ywby (39.38) — (39.40) udonasapuuHr KypcaTuiinya, p-
Typ KpeMHuit Xo/maa xam o, R Ba AP/P(0) KaTTanMKnapHUHD
acocuit  YHKUMOHan OOFTaHMULIAPM — CaKJaHafM, amMMo
COHMIT KynaidTyBuMiap WM3OTPON SIPUM YTKA3rW4 XOJMaru-
napaan aHya GhapK KMAMMKE MyMKHH.

40- §. EpyFimKHUHT SpUM §TKa3THWiapna ioTHIMLIN

Slpum yTkasruy Moananap EpYFIMK TabCHpUra JKy[a ce3rup
6y1anm, uyHKM yrapaa OTHIraH (yMyMaH aiTraHaa aaexkTpo-
Mar{uT Hyp/aHWil) DHePrMsCH BBA3Ura 3apsi TalyBYMIAp
3UWIMMY BAa XapakaTYaH/IUI¥ aHya y3rapuwm,  GupMyHua
axoitu6 xoaucanap 103 GepumM MyMKuH, AHa Wy Xoaucaaap
3aMMHMAA KyAa Kyn ac6obaap, Mypakkab Kypuimanap Tanép-
JlaHany, ynap ¢daH Ba TeXHUKAHWHT, CAHOATHWUHI TYp/M COXa-
Jlapuja Ba MHCOHJAPHMHT KYHAAIMK TYPMYLIMAA KEHD Ky/iau-
Mokza. Yy KuTOOHMHT Myainudiapn MIITUPOKNAA €3UraH
«Spum %-rkazmqnapna hOTOINEKTPUK XOAMCanap» Ky/uiaHMa-
cuna («¥Y36ekucton» vam-tu. 1994 i1.) Gy xoaucaap etapanya
6aracpenn Gaén Kuamuran. Lllynusr yuys 6us 6y epaa yaapra
Ternuu Gab3u GMp MyXMM MabAYMOTJIADHM KuCKaua Gaéh
KWJIHL GVUIaH YeKJIaHaMuU3,

Mopna cupTura TymaérraH épyFIMKHUHT, yMyMaH aiTraHia,
6Mp KMCMM KailTagu, GHp KMCMM I0TWJIaaM Ba sina GUp KMCMU
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[image: image151.jpg]JTME KeTMIIM MYMKMH. Bu3HM EDYFIMKHMHT MOAmaza IOTH-
NaETraH KUCMU KU3UKTUPanu. EpyrIukHUHT MOJAAE IOTAMMIIK
Kyiiuparu Byrep — JlamGepr koHyHura Gyitcynanu:

J(x)=1(0)exp (—ax), (40.1)

Gynpa /(x) — épyrauk TywaéTran MofAa CUPTMEAH X Macoda
uukapuaary épyemuk okiumu (1 cm? cupr osura 1 ¢ aa Tywaér-
raH épyeank sHepruscu), /(0) — cuprra Tymaérran pyramk
OKWMH, & — MOJJAHMHI EPYFIMKHM 0TI KO3 PHLMEHTH.
By KOHyHHM MOHOXPOMATHK EpYFIMK X0.maa fiw) DHEprusiim
GboTonNap OKUMU OpKaan ndomanam xaMm MyMKHHI

q(x) =q(0)exp(—oNx), (40.2)

Oynaa g(0) Ba ¢(x) — mosua CHpTMFa TYwaéTiaH Ba CHpT-
nan x Macoda uukapura eTné Gopaétran GoTOHNAp OKUMAAPH,
N — ioTyBuM MapKasNapHMHT Xa)XMHil 3MWIHIHM, 0 — OTYBYU
MapKasHMHT d(PMEKTHB KECHMA.

Papiuanky,

I(x)=hwg(x), a=0cN (40.3)

Llynn TabKuaiaml Kepakkd, o IOTHI KOIDMDHULNEHTH
Xap Gup MommanuHr y3ura xoc 6yauw Guaan Gupra siHa Epyr-
MK (POTOH) TAKPOPUIAIMIH  Ta XaMm GOFMMKIMP.

Ilynunr yayn o(w) GOFAAHAMIHM AHMKJIAIN MyXMM Maca-
nanapHuer Gupupup. Typan oTumMw Xomnapu yayH a(o)
HUHT KypuHAmM Typauuaanp. Epyrmik peranpa 6us anextpo-
MarHWT HYPJaHWLIHUHT Ky3ra KypuHaguran Ba KypuHManam-
raH COXaJiapuHyu Haszapaa TyTamus.

EpyeukHanr GUp Heya IOTMAMII XOMTApUHW KapaG yraii-
JINK. .
1. Epyramknnnr xycycnit €ku acocuit lotuammm — Gynza
HOTUAraH @DTDH SHEprusicn XMCO6MI‘3 DJIEKTPOHHUHI BAJICHT
30HaiaH YTKa3yBYAHAMK 30HACHra §TMO oamwM (30Hanapapo
yrum) (43- pacm, 1) comup Gjnagu. Oxkubaraa Gutra jTKa-
3YBYAH/IMK 9JEKTPOHM Ba OMTTa KOBAaK (S/1EKTPOH — KOBAK
Kkyd) xocun 6ynamm. Bynpait lotwmw 103 Gepuwm yuyn
¢0T0il DHEPIUsACH APUM y’TKaZ{Y‘M‘{HMHT TAKMKJIAHMaH 30HACU
KeHMIMIWAAH kaTra Oyamorn 3apyp: fiw>=E, Kpemuuiiga
XYCYCHM OTHJIMII  3JEKTPOMAarHAT —HYPJAHMIIHMHT  Ky3ra
KypUHaguraH Ba XaTToO WHDPAKMIMA COXarapuaa Kys3aTd-
namm, uywkn E,~—1 5B ra (6y KpemuuiiHMKMra siKun),
@10 Ty (éku Ax1,2 MKM) T§rpu Kesaam, Oy aca undpa-
KM3UI coXauup.

2. EpyFIMKHMHr KUDHIIMANAp TOMOHMIAH OTHIMIM —

150




[image: image152.jpg]R E—— .

3

43 pacw.

6yHma jotwiran (OTOH 3Ba3sura DJNEKTPOHHMHT KUPUILIMA
aTOMMAAH YTKAa3yBYAHAMK 30HACHTA EKM BAJEHT 30HAJAH KH-
pHimMa caTxura yTuiwu copup 6ynamu (43- pacwm, 2). Bynpait
IOTWIMII 03 GepUiM yuyH (DOTOH SHEPrUSICH KMPHMIUMAHWHT
E: voHnaHu dHePrusicuaaH KaTTapok 6ymuum sapyp: ho= Ei
By aHeprus TakukIaHraH 30Ha KeHraurupad kuunk (E<<Ej,
xarro E<E,), 6unobapun, 6y otuaum undpakusun  (AK)
coXaxa 103 GepuiM MyMKHH. 3aps TallyBUMIap XOCHA KHJ-
Mali/iuras KWpPUIIMaBHil IOTHIMIL Xam Gop.

3. EpyrauMKHM 3DKMH 3apsill TaluyBYWJap IOTHIUM — EPYF-
JIMK TYIKMHU D/IEKTP MaillOHW TabCHPuAA 3apsA TAaulyBYMIap
maxGOypan Tebpanamn, Oy XOAuCa S7eKTPOMAarHMT HypraHMIL
BHEPrUscH IOTUAMIIM Basura 103 Gepamu (43- pacw, 3).

4. EpyriMKHMHr KpUCTann nakapacu TeGpaHuuLIapu To-
MOHWIIaH IOTHINI — GyHIa EPYFINK dHeprHsACH JBa3ura NaH-
Kapa TeGpanmuuiapu (MyBO3aHaTHii TeGpaHumiapra  Ky-
MMYa paBUIIa) YAFOTHIAIH.

5. DKCHTOH IOTHIMIN — GyH/a EDYFIMK OHEPIUSCH XHMCO-
Gura y3apo GOFIAHraH 3/1EKTPOH — KOBaK XydTh (ranTenn)
xocun Oynamm (43- pacm, 4).

6. EpyFIMKHMHT 30HaNap MYMIA IOTWIMILM — 30HAJIapu
MYpaKkad TY3WIMIra 9ra 6yiraH SpUM YTKA3rMusapaa dNeKT-
poH (KoBak) iOTMAraH (OTOH IHeprusick Xucobura Maskyp
30Ha Munaa Gup XomatHaH OKOPUPOK GOWKa XonaTra yTau.

7. EpyFmMKHM 31eKTpOH — KOBAK ILTa3MacH IOTHLIM —
6y xoamucaaa 97eKTPOHIAp Ba KOBakiap Tynnamuaan uGopar
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[image: image153.jpg]niasMa y3 JHEprusi CHeKTPUra Moc EpYFIMKHH IOTajW, Ky-
wuMya niasmasmii TeSpanuwaap naino Gynaam.

Bu3s jokopuna EpyFIMK JOTHIMWIMHMHT DHT Ky yupaii-
JuraH, MyxaM Oup Heua XOanapunM KYpnG JTamk. AMMO,
KpucTatapaa EpyraMKHU I0TYBUH KYN Mapkassap (HyKcoHaap)
MaBXya.

1lyHu TabKuanaG YTHII KepakkW, OTUIUII CIEKTPH aco-
CHii MOZa aTOMJAPH XO/IATMHM y3rapTupaguran 6apua oMu/-
napra  (remneparypara, Jlerupiau japaxacura, 6Gocumra,
MarHuT, 9JI€KTP Maionaapra Ba XoKkazoaapra) 60rauK 6yaum.

41- §. Apum JTKasTMWIapaa OTOINEKTPUK XOXMcAnap.
@OTOYTKA3yBYAHINK  ~

Arap EpyrMK IOTHIMWHM OKMOAaTMAA 3apAA TAlyBUMIAp
3UUIMTH, XaPAKATYaH/INIA Y3rapca, ApUM YTKA3THUHUHT KT
yTKasyBuanamru (kapumanrk) xam yarapamn. Iy xommnca
doTope3ucTHB XonKCa kM MUKM (DOTODNEKTPHK XOAMCA AeitH-
Janu.

Epyrank jotusmwn oxubaThaa SpKMH 2J1EKTPOH/Ap Ba KO-
BaKJap 3MWINMKJAApu y3rapran Gyncuu:

n=ng+An, p=po+Ap (41.4)

Byhina fg, Po— MOC DaBMIIAA, 3/EKTPOH BAa KOBAK/TAPHMHI
MyBO3aHAT XONATHArW 3uW4aMKAapu, An. Ap — Epyramk Xocus
KWIraH Kywmmua spuaukaap. Opatna €putunaérran moaaa-
napoa  3apaj  TalyBYMIAPHMHT  XapaKaTuaHIMTH  Jespin
y3rapmaitu.

EputunaéTran spuM yTKasruuHUHD 51eKTP JTKA3YBUAHIUTH
sHAM Kylugarnua Gynanm:

o= no+An)+epy(po+Apy=0o+a,. (41.5)

Bynma oq — épuTH GyaMaraHgarn (KOPOHFMIArH) I1eKTp
JTKA3YBUARIUK,

0, = el An4-ep,Ap (41.6)

EPYFANK TAbCUPHIAH MAaio Gyaran KymuMua YTKa3yBuaHIuK
(bOTOYTKAZYBUAHIHK) .

Epyruk otwimmmn okuGatuaa kyummua  (HOMyBO3aHa-
THi) 3apsA TawyBUMIAp MAiao0 OYaMumMHM MUKIOpaH Gaxonaut
yUyH reHepauusi Te3JUrK TyWyHuacH Kuputuramu. ¥V xyiupa-
ruua udonananagu:

Go=1aq1, Gp=mpq. (41.7)
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[image: image154.jpg]By udonanapaaru v, n, Kéanr wuxuwnap peinnud, ynap
HOTHATAH 6m"ra @()TOH XOCHJI KW/IF'aH 3PKUH 3JIEKTPOH Ba KOBaK-
nap cowMuM Guimpau; ¢, — Oupauk xaxmma 1 ¢ BakTaa
1otnirau doronnap coun; G,, G, MOC pasuiia, BAEKTPOHAAD
Ba KOBaKJIap reHepauusicH Te3Juru — 6MPIIHK Xaxmaa lg na
naigo GyAraH KywuMua dIeKTPOHIAD Ba KOBAK/ap COHH.

AMMO TeHepalMsi )KapaéHWra Kapama-KapuiM )XapagH —
pexomOunayus XapaéHu xam MaBxys 6ynamu. PekomMOuHauus
JTKa3yBuAHIMK 3OHACHIArH DJIEKTPOHHMHI KOBakK OuiaH siHa
Kywnmmuanp. Macanas, yTKasyBuaHIMK 30HAcCHIArTH JMEKT-
POH BajleHT 30HAJarM YPUHra yTaaum Aeisnk, OyHIa a71eKTPoH
GuJaH KOBaKHMHI peKOMOMHaumsicn (Kywmmum) 103 Gepaan.
PaBiuaHku, PeKOMOMHALMA XapaéHu okubatmga OGurragan
JTKa3yBYAHIMK OJIEKTPOHM Ba KOBAaK (3/JIEKTPOH — KOBak
KydTH) YK Gynamu. ¢

Bupauk xaxmaa 1 ¢ na pekomMOuHauusinanaéTrad dsek-
TPOWIap Ba KOBAK/ap COHM — PeKOMOWHALMS Te3nury Kyinaa-
ruda Oynann:

—n=f _An 5 __p=p _Ap
Rumee il (41.8)

ByHaa T,, T, — 2/EKTPOH Ba KOBAKHWHI' ALIALI BAKTH.

Eputvw Gownanranian MabayM BakT yTray (arap €pyrIMK
OKAMU A0MMUIt GYJica) 3NeKTPOWIAp Ba KOBAaKJIAPHMHL Kyma-
AuwmM TyxTaitaM, GyHaa cTauMoHap xosaT Gapkapop TonamM,
SABHU TeHepauMs Ba PeKOMOMHalMs Te3nMKIapn Oup-Gupura
Tedr 6ymbd Konanm:

G,=R,, Gy=R,. (41.9)
Xycyeuit IOTHIMLL X0aUAa
G,=G,=R.=R,. (41.9a)

HOxopuparu (41.7) — (41.9) udonanapaan 3/eKTpoHAap Ba
KOBaK/JapHUHI OPTHKYa CTaLMOHAap 3WWIMKJIApU AHUKJIAHAAW:

A=l tu, Apen=mpalTp. (41.10)
Byuga / — épyrnuk okumu (poToHNap OKMMH).
Jlemak, cTaumonap (hOTOJTKAa3yBUAHIMK
o = e(NaTutln + MpTomp)e) 411D

KypUHHIAQ HDONATAHUILA MYMKHH.

PexomOunauus xapaéuu 6up Hewa kypunmma cogup Gy-
Jaau.

1) . 3oHanapapo pekomOuHauus. By xomna yTKasypuaHamk
2/IeKTPOHM OeBOCHTa BAJIEHT 30HajarM KOBaK Gunam Kyuwm-

153




[image: image155.jpg]anv, TAKMKA2HTaH 30Ha £, aHeprusicura TeHr 6yran SHeprus
épyrmk kBaHTH cudatuga HypiaHaav (HYpHaHHMILIA PEKOM-
GuHauust) Exkv KPUCTaAN MaHXKapacura yzaTunaau, GoHoHrap
yiirotunagn (Hypsanuwcns pekomGunaums). PekomGunauus
Te3MTM KyiMaarnMua Tonuiaau. TepMOIMHAMMK MYBO3aHAT
LIAPONTHAA HYPTAHMULIA PEKOMOMHALMS TE3JMIH CeHepaunst
TEe3/MTHra TeHT Ba 7y, Py 3MUIMKIAP,a NIPONOPUMOHaN 6ynau:

Ry=Go=y,nopy=y, ni. (41.12)
Eputumim  (vrxexkuust) wapouTHAA 3Ca HOMYBO3aHATHIA

3apsAj TaUlyBYNIAPHUHT DeKOMOWHAUMs Teaiuru Kyituparnua
Oynanu:

R, (rnp—rnopo)—="2=" R @1.13)

nt
Vuwby (41.8) Ba (41.13) udonanapnan

niAn

==t (41.14)
kem6 unkamm. Bywra (41.4) un xyiicax,
2
e (41.15)
 no=l potaAp
An

3onanapapo pexkombunanmusiga An=Ap 6jnamm, GunoGapu,

Lol . (41.152)
Ro no+po+An :

Gynagu. Xucobrawwnap y, yuyH

W (} av'de
Y = Sexp(ho/kT)—1 (L16)

HaTMXanu Gepaau, Bynaa ¢ — EpyRIMK Te3MMrM, n — HucOHit
CHHAMPMIL KYPCATKHYH.
Kyuens Epumwmmm coxacuna (Ap=An<(no+po)

=1/, (no+po), (41.17)

ABHA SJIEKTPOH BA KOBAKHMHI AIALI BAKTH HOMYBO3aHATHIT
An 3uunukka Ba, GuHoGapun, Eputramura GruK amac. Bynman
R~An 6ymmumry xamaa (41.10) ra acocaw, An~J, sbun
o, ,N‘, Gynuuanry keam6 unkamn. Byun vusurul pexombunayus
Aennnanm.

Kyunu épurunmur coxacuaa (Ap=An>(no+py))

=1/, An, R=An/t=y, (An)’ (41.18)

TH=Ty=T==




[image: image156.jpg]6ynamu. Bynn Keadparux pexombunayus neimnamu, Gymma
(41.10) ucponara acocan, Ao~ I, awbun e VI 6yamm-
Jmru Keamb uMKagM. YMymaH aiTraHna, ¢oTOYTKa3yBUAHIMK
0, ~1, 6y|ma O xypcarruy 1 gan kuumk, 1 ra Tenr éku 1 gan
ka'r'ra KHHMATIapHN OJIMIIA MYMKHUH.

2) 3ownanapapo 3apOmii pexombuHauus (Oxe — peKoOM-
Guuaums) .

By pekoMOMHAUMsANA yuTa 3apsj TAlllyBUM MIITUPOK STaj:
pexoMOUHALMSIAaHAAMIAH DIEKTPOH — KOBak XydTH Ba Oynaa
axpaTWiaMral OHEPrMsiHM ¥3ura omagurad (¥3 3oHacuga
KOJIauraH) 37eKTpoH €k KoBaK. OpTHKYa dHeprusi 30Hajaru
6owKa 21eKTpOHra Gepuiira X0J1a dEKTPOH — KOBAK XKybTH
peKoMOuHalUMs Tesauru r, 6Yaca, opTukua 3Heprus Gouika
KOBAKKa GepU/IraH X0/11a 3/IEKTPOH — KOBaK JXKy(dTH pekoMbu-
Hauus Tesnuru r, 6yica, yaap Kyimzarn Kypunumpaa Gynagm:

Fn==Yunn®p,  rp=yppnp®. (41.19)
Tyna pexoMOUHALUSA Te3nUru
r=ratr, (41.20)

6§namn. Xucobnauwtap 6y pekoMOMHALHS TypH,XOTMAa AWIALI
BaKTH yuyH
2unt

S S—— 41.21
(ro4po-+An) [rg+An+p(po+An)] ¢ )

udonanu 6epanu, Gyuma t=="/2rwpo, B=rponto/rmopo.

Kyucus EpUTuaMI (KMYUK MHXEKLUUA) [apaxacu Wapou-
Tama (An<<no. po) LA BaKTH

=t (41.21a)
(no+po) (ro+Ppo)
Kypunuwaa 6§10, y
n-1yp (n0>po) APUM YTKA3THY yuyH: -
To=2t:n/ nf. (41.216)
p-1yp (16K po) APUM YTKA3ITUY yuyH: .
- To=2uni/ppi (41.218)

Gynanu. By ndomanapaan neruprantan spim y'rka:mnulapna
coaup Gynaauran 3apomit peKOMOHHALMA aCOCHI 3apsijL TAllyB-
uunap Mysosaua'mu 3UYJIMIM KBaApaTMra TeCKapu rponopuxo-
Han 6yna)1u &ku (ni=nopo 6ynranm caGabmm) wHoacocit Ba
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[image: image157.jpg]acocuii 3apsil TawlyBYWIap 3MWIMKIApM HucGatura mporop-
wmoHan Gyaaam.

Kyunm éputnin (KaTTa MHKEKUMS) JapaxacH ILapouTuia
(An>>ng, py) swam pakTi Kyiinsarnua 6ynann:

oo L
=2 o (41.21r)
éku, opataa B<<1 Gysrawmmru Tydaitam,
T = 2t{n:/An)’ (41.210)

Kypunumita ndonanasamm.
KBsauT Mexannka acocuia Gaxapuarad Xuco6 y, yuyH Kyin-
naru ndonann Gepaau:
3
02 mret kT /2
m R W
Gynaa W’,z(%) E, — 3Heprusi 30Ha/apu TY3WJIMIIMra GOFIHK

v, NeN exp(—Eet¥o, (41.22)

napamerp.

Yuiby (41.22) ndonasan KypuHummua, 3apouit pexomou-
HauMs XoJMaa fAulal BakTH Temneparypara Ba TakKMK/JIaHraH
30Ha kenrmrn (£;) ra 6ok Xamaa GyHaai Apum yTKasrud-
napna 3apOuii pekoMGUHAUMS CypbaTH KaTTa GysIau.

3). BHp 3apsimM Maxaiimii MapKassiap opkaim Gyranura
pekomOunaums (Llokm — Pun wasapusicn). TakuKiaHran
30Ha/1a XOWIALIraH SHEPrus CaTXaapu (Maxa/wmii Mapkasiap)
OpKaJ/iM COMMp OyJ1ajuran peKOMOMHALMS SHr Myxumamp. Bus
6y epna Gup 3apsanm 6yna onaguran pekoMGMHAUMS MapKas-
JIapUHMHE OGP XMJMHM Kapa® uMKamus.

Kyiinparn 44- pacvpa N, 3uuavkka sra Gyaran £, catxm
Maxait Mapkasap OpKaiM pexOMOMHALMAa MyMKHH 6§.1-
raH 3JeKTPOH (KOBAaK) YTHILIAp TaCBUPMAHIaH.

£

EM——f——l

Ey, 44 pacw.
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[image: image158.jpg]Arap E, caTxaa 51eKTPOHHMHT GYJMII SXTUMOJUIMIMHM [,
6unaH erunacak, yHMHT TepMOZMHAMMK MYBO3aHAT X0JaTH-
nark uonacu Kyingarnua (E£.—=0 ne6 xucobnaimus) Gynamn:

for = (41.23)
expl

) +1

DJIEKTPOHJIAPHAHT YTKAa3yBYaHIWK 30Hacuaau E, catxra (1)
§TMILIADK CypBATH yNAPHUHT 30Hajaru n 3uunurura, £, catx-
napuuur Gaun Gyamarauw N,(1—f,) xucmura mponopuuonan
6ynaam:

d
—ED=vmn N =), (41.24)
6yHpa Y, — 3/eKTPOHHUHT £, caTxaa ywnasui KodhduumeH-
TH, 21eKTpoHIapHuHr £, caTXiaH sHa JTKA3yBYAH/MK 30HA-

cura (3) yTvmM cypbath Wy caTxaru anektpownap [N, 3uu-
JMrMTa MponopIMoNan Gynamu:

d
CYs=Pf Ny (4125)
i
Gynna B, — Maskyp yruim KoadbduLmMeHTH.
PaBmﬂHKM, y‘rkaaynqawmk 30Hacuaaru SJICKTPOHJIGP 3U4-
JIMTMHMHD y3rapumm Kyiumarnua 6yiamn:

—8— (@) — = 1 A=) nN —BfiN.. (4126)

MyBo3aHaT wapourTuaa

Yar (1 -for)roNi=Rafo N,
Gyaranmruaan sa (41.23) ucdonagan doitnananuo,
—= ep (=2 (41.27)
Br=vaNcexp ()

OKAHIMIUHKH AHMKTANMU3 Ba B,=Y,n, Gearunaw kupuramus,
¥ X0a KYHW/IarM HaTHXara KeJlammus:

& NI —fn—mif). (41.262)

Xyapu wyHagait iya Gunan 2 sa 4 yrMuuiap oxkuGaTuia
BaJIEHT 30HA/IaTM KOBAKJIAD 3UWIMTMHHHT Y3TaPHUIMHM TONAMU3:

—2 — Nl —pi1— ), (41.28)
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[image: image159.jpg]Oy epmaru . ; .
© pr=Noexp((Ei—Eg)/kT). (41.29)

YOxkopunarn (41.26a) Ba (41.28)‘n(bunanapnu TEHTAIAITH-
pub, [ HM Tonmamus:

3 Yarti+Vpp1
= e (41.30)
. i Valn4+n)+vp+p1)
Arap (41.30) nu (41.26a) ra kyiicak,
vaglap—mp) (41.266)
Va(n+-m)+y(p+p1)

KeuG uMKagu. ByHIaH HOMyBO3aHATHi 3apsi TamyBYwiap
AWAW BAKTHHA aHUKIAHMH3:

_An U mebman LpetpitAn (4131)

An VoNi notpo+An © v.Ni nodpotAn &

dt

By ncofaHu OMMWIAa 1p)=nj=nopo KAHIATH XHUcobra
omuuraH. Arap t0=1/v,N;, T.=1/y,N, Genrnnausap xupu-
Tunca, (41.31) udona kyimmarn coama KypuHMIIra KeJauu:

ng4-rm+An pot+pi+An
ATATO0 | o JOTRIEAR
& na+pot+-An + o no+pot-An
By udonauuur yerapasuit Xo/Iapia Kauaah Gy MumMrnun
KYpaiuk.
Arap épuTHin (MHXeKIMs) Japaxach knuuk (An<no+po)
6¥.1ca,

(41.31a)

I

TN potp (41.32)
no+po not+po

6ynammn. Jemak, 6y X041/1a AWAw JaBPH HOMYBO3AHATHI TalIyB-
unap 3uuMrura GOFJIMK 3Mac, 9JIEKTPOH Ba KOBAKJIAp MYBO-
3aHAaTWAl 3MYIMKIApHra, pexoMmOuHauma Mapkasu E, catxu
BasusTHIa 60rMK (45- pacmaa T (F) 6orrann TacBUpaaHran) .

Arap éputnt (MHXeKumMA) napaxacu katra (An>no, pn)
6ynca,

T=Tp0

T, R Tpot-Teo = ity (41.33)
TNy
6ynanu. Bynnan kypuun6 TypuOAMKM, SIawm BaKTH SEKTPOH-
ap Ba KOBAKJap 3WuiMrMra GOFJMK DMac, y pexomOuHaius
mapkasaapuHusr Mukpopu (N) Ba xoccanapura (.. vp) Gof-
nuk, 6¥napu, xonoc.
IlyHpait Knaub, pexoMOHHALWMS Typiapu 3apsifi TaulyB4H-
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JIaDHUHT fAIAUT BAKTHHH TailMHIaW opkaiu (oToyTKa3ysyaH-
nuk Ba Gowka Gapua (OTORNEKTPUK XoOAMUCAnapra TabCUp
Kypcaraau.

Dembep xomucacu. Epyeank spum §Txasruy mukapucura
kupu6 Gopran capy yHuHr aHeprust okumu (40.1) KoHyH Gyiinua
Kkamain® Gopaau. [lemak, reHepaumsi Te3JIUrM XaMm XyAAu iy
pasuizia yarapa Gopasu:

G(x)=G(0)exp(—ax). (41.34)

3apsin TauyBUMTAPHMHT HOTEKUC TEHepauMsiCH YJIapHUHD
ApUM YTKa3ruy nukapucnra Auddysusrauummra omb kenaau.
Jlexkuu dnekTpoH Ba KOBakHWHT M dysus koddduumeHTIapH
xap xun, Llynudr yuyd naiigo Oyaran 3apsa Taiuysuniap
dazona Gup-6upuaan axpanagm: ojaTAa KarTapok XapaKaT-
YAaHIWKKAa Bra OyaraH JJeKTPOHap EPWTMAMAraH cupTra
oguHPOK eTu6 Gopaau, okubGataa Gy cupr maudmit 3apsina-
Hagu, épuTMATaH CUpT aca MycGart sapsanaHamM, EpUTWITAH
CHpTHaH EpuUTMNIMaraH CMpTra HyHaaraH BJeKTp MalaoH
naitgo 6ynagn. By MaitioH sJeKTpOHAapHM TOPMO3Nab, KoBak-
napHu TeanawTupub, yrapuuur anddgy3von okumaapu bap-
KWHM MyBo3aHaTiaiiau. Mana wy xomnca Jembep xoducacu,
naiino 6yaran snextp maitnon Jembep maidon, y Gunan GOFIUK
noteHumawiap asmpmacnnu  Jembep DIOK w  peitnnagn
(46- pacm).

MabiyMKH, DeKTP MalIOH Ba 3HUIMKJIAD TPAJMEHTH
MaBXyJ 6yaraHaa sipuM JTKa3ruufark TOK UKKM TalKnJ 3TYB-
uugan nbopar Gynaau:
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[image: image161.jpg]i “” H b Y reuane +eDign. (41.35)
Vo=eupe —eD,vp. (41.36)

+ + + BUPHHYHM TAIUKMA OTYB-
yunapun dpetigp (Om) roxu,
+ -+ AKKHHUMIApHHH  ugpdy-
+ 3uon tokaap aeinnamu. D,
D, — anextponnap Ba Ko-
Baknapuuur auddysus Ko-
apduumnentnapn  6§1u6,
- ws ynap p, Ba W, Xapakardau-
JMKnap  Gunad - Kyituparu
- — — DitHWTeAH MyHocabatu
opkam Gornauran:

d D, =%y,
e

D, = ”_[ W (41.37)

46- pacm. DHAM TYAa TOK 3MWIMrK

ngonacu Kyitugaruva Gynaau:
T =e(npatpup)e =e(Du¥n—D,vp). (41.38)

Xycycu#t oTwamin  Xoimga An=Ap, OyHmaH Tamkapu
yn=Vp ne6 xucoGraiiMms (xBasuHeHTpasMK waprh!),
D/ Dy=./ npy=>b Genru kupurammns. ¥ xoaaa x #yHanumaaru
TOK

d
/—e(nu,.—f—pp,,)zﬁ»vD,.(b-l)d—: (41.39)
Kypunumga ésunapm. Arap j=0 1e6 dapas xuicak, demGep
9/1€EKTP MaiIOHMHMHT MOACHHN TONAMA3:
o, = Il KTdn
T batp e dx’

D
BEpunaérran sa éputMmarad cUpTIap OpacHAar Hembep
noTeuumannap aitupmacu (Jembep DIOK u)

(41.40)

p
Cu—p 1w
v, =154 US e (41.41)

Xycycuit sipum YTKasruy yuyH n=p, Gunobapu,

bl )
V,,_H_‘ - In s (41.41a)
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Ymyman, Kyucus épurunran xonna (An, Ap<<po, no):

L LI
btle bnatp

DOTO3/IEKTP IOPUTYBYM K4, YMyMaH, 6Mp XuHC/IH 6Y/iMa-
ran ApMM YTKa3TMd XaXMHAA XaXMuii 3apsa Ba y Onan Gog-
MK 6yaraH onekTp Maipon G6ymaan. Bydra p- Typ Ba n- TYp
SIpUM YTKA3rMuIap TyTaLIraH Yerapajgaru p—n- YTAI KaTIaMu
Mucon Oymagn. By p—n-yTMin  xamiamupza  n- COXamaH
p- coxara iynanran p—n ONEKTP MaWNOH  ByXKyara
kenanu. Buz Oy epaa 6y KaTramHuHr Xoccanapuhu Gatacbenn
Tax;ma KuAMacnaaH axkat yHn €putrampa copup Gynamuran
6up xomucanu aiTG yramu3s (47- pacm).

Arap p—n- yTuI Ba yHra EHJoWraH coxaap EpuTHMG,
2/IEKTPOH — KOBaK XY(DTIapH XOCW KWIWHCA, p—n- JTHi-
Jlark € p—n MaiiOH TabCUPUAA pP- COXaJa Ba YTHUIU KaTIamu-
1@ XocuJ1 GysraH 9/1€KTPOHIap n- CoXara yTaau, KoBakiap aca,
TeCKapu HyHaiMuyia yragu, ABHU P—H- JTULIHUHT JJIEKTP
MaiiIOHH TeHepaLMANAHraH BJIEKTPOH — KOBaK KyQriapHu
axparagn. Okubaraa €, . MaiIOHHWHr y3u Kawgaimup €,
Kajap y3rapamu. Bysu €pyrmk Tabcupupa p—n yTMILAA €
maiiion Ba y Guaan Gormk V, doro DIOK xocun 63nun ue%
aiTuaanu.

®otomaruut xoauca (Kukoun — Hockos xoaucacu). Arap
KYUnM I0TMTAMTaH EPYEIMK OWiaH EPUTHITAH SPUM YTKa3ruy-
HM KYHZAJaHD MarHUT MaiJoHra XOWIamTupuica, EpyFIMK
OKMMMIKa XaM, MarHuT MaiifloHra Xam MeprneHAuKyasp 6yaran
YuMHUM #yHAaIMILAA ONEKTP MaiAoHM maiigo O¥namm. Uy
xoauca Kuxoun — Hockoe nomunu onran (48- pacm).

CrauuoHap wapouTaa GOTOMArHUT XOAMCA KMHETHUK TEHr-

v, (41.416)

1—19 ’ 161
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nama acocwaa TascudpanMu MyMKuH. ByHia o/ekTp, Maruut
maiigonnapn Ba MepMH caTX¥ rpajiMeHTH Xucobra onMHAAM.
By XomncaHW JpraHuia UKKM XL WApouT ©OyIMIIM MYMKHH:
KMCKa TyTallMil Ba WKKMHYM KHCKa TyTaliuil.

By xoauca yyyH TOK 3HYIHTHHHHD nomacu Kyimparnya
oynanm:

7 =(Coge + (ZeDava—eDy¥p) +
A+ [(Sue0ad — Se(Duts Vo—DyiiaVr))B (41.42)

«Kucka TyTammin mapouTHaa
— % = o, (41.43)
Kuprimasuil yTka3yBuawmMK cOXacuaa, Macana, n- 1yp ApuM

§TKasrMuza HOAcOCMi 3apAM TaulyBuMnap (xoBakiap) yTKa-
3yBUAHIMIM IBTMOOPra OIMHMACA,

D, Vi

- B(p—tn)- (41.44)

Arap 3numk An=An(0)exp(—x/L) KonyH GYitnua yarapca
(6ynpa L=Dt — nucdysnoH ysynmk), y xona
o bl

(R
GOFTAHMIIHA aXPAaTUIN MyMKMH. Jlemax, Kvikoun — Hockos
XOIMCACHHY §PraHulll slall BAKTA T HM @HMKJIAII AMKOHMHH

(41.45)

€y
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[image: image164.jpg]Gepann. Uly xomucara acocianub Tait€pnawran T- meTpaap
107" — 1071 ¢ yamacuia KWMUMK . SlIAW BAKTMHA aHWKJIAUITA
MYJKaIaHTaH.

42- §. TeH30KapWHJIMK X0AMCacH

SIpuM §TKa3ruy 3/1eKTP KapIIMAMIMHUHT AedopMaLusIoBun
Ky4 TabCHPUAA Y3rapullin TeH30KAPUUIUK X00UCACU IeHHIATN.
Bup/uk 103ra Tyrpu Kearan gedopMaumMsoBud Kyd Gocum
(xyunanum) aednmMinn XaM MabiayM. Byunai kyd tabcupuaa
aromsapapo macodanap ysrapagu, Oy oca spUM YTKasTHy
napaMeTpJapUHUHT ¥3rapuiuura oJub Kesiaiu: KPUCTALTHMHL
Gow ﬁyua.rmuulapmla TAKMKJIAHI'aH JHEPrusi 30HaCH KEHIJINTH,
KPMCTaJUl MaH)XApacH TeGpAHMULIAPH CTIEKTPH, 3apsil Taillys-
uMAAD 3MWINTH, YIAPHUHT XapaKaTyaHMr¥ Ba OOwKa mapa-
MeTpiap yarapaau, OKMGaTaa JAeKTP KapMIMK Y3rapamu,
XyCyCaH, 30TPON KapIIWIHK aHM3OTPON KAaTTa/lMKKa aiiau-
U MYMKHWH.

By xomucann 6axosam yyyH Maxcyc KaTTaluK/Iap KUPUTHI-
raH. +

—prp 42.1)
(=p)p¥’ -
Hucbar Gunan AaHMKJIaHaJuraH ' KaTTaNUuK — TEeH30KAPUUIUK
Gyiinama koadpduyuentu EKu KyuraHuw Gyauda Ten3oceseup-
quk peimnapu. Byuna pf, p” — pedopmauus iykauruaa sa
Gop/Mrna Kyd4IaHMI HYHAIMIIMAATH COMMUITUPMA KapPILMIAK.
VMymaH aiiTrauma, 1. TEH30KApLIMIMK TeH30opu cudarnia
ucdomanaHaam Ba y spuM yTKa3ruy HAaMyHacH YKUHMHT KPUCTANT
yK1apura HUCOATaH #yHaNMIIMra GOFIMKAMD.
Hepopmauus  Gyiinua TeHsoce3rnpavk  KoappuuMeHTH
Heiunanuras

T

Se=mn.E® (422)

KaTTAIMK KHPUTHII XaM MyMKuH, OyHpa E*° — FOHr momy/u.
SlpuM  YTKa3TMUTApHAHI  TEH30CE3TMpJMrM  MeTasliap-
HUKMJAH yHNnapua Ba lo3japya MapTa OpTuK. MacanaH,
py=0,1 OM:CM KapWWIMKIN p- TYp KPeMHHUid yayH S, TaXMH-
HaH 125 ra TeHr Ba MeTaal CMM TeH30MeTpiapHukuiaH 60

Mapra OpTHK.
Xaxmuit (xap TomMOHaMa) Kucuaui aedopMauuaCHia
A—A,

e D¢

26TE®’

(42.3)

Byuna A, — TErMULUTM 30HAJAap YerapaCMHMHT CHJDKMIIA
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[image: image165.jpg]6ym6, A.—A. afiupMa TaKUKTAHFAH 30HA KEHTJMIHHMHT
Y3rapuLmMamnp. °

- kpemuuit [100] yK Gyiivua Gup TOMOMIaMa uy3UIraH-
na (kW KMCH/ITaHIA) YHUHT JTKA3yBIaHAUK 30HACHIATH MUHH-
MyMJIap WKW §3rapamd, yiap opacMia IJeKTPOHIap Kaita
TakCMMJIaHaAW, aMMO JJIEKTPOHJIaPHUHT yMyMMﬁ BUYUTUTH
JOMMHUH Konaau:

g
Y a9=0 (42.4)
-
Ba
—4Any=2An, : (42.5)

6ynamn. Bynpa 2An,—[100] iyHamumpary MAHMMymIapaa,
4An; — Gy #yHasMmra KyHEanaHr AYHANMLUIZATM MUHAMYM-
Napia NeKTPOHNAP 3UWIMIMHUHT Y3rapumu. Y TKasyBuaHIMK-
HMAD X Ba y MyHAIMILAA Y3rapumu Kyiugarvua Gynagu:

Av=—eAny(u) — 2H3) =
=—<r>24m (- —2) (42.6)

Avy=A80:=—e?<<t>bn; (‘ — 1y @

iy

Jlekun Jia n- xpemunitnm [110] yK iiynanmmmaa xucunranpa

Av=A0,=—20"An, <t> (ml— ——) (42.8)
i

Avz=—4e*<t>An(. ——) (42.9)

my

- Arap maskyp kpucranau [111] itynammmaa kucuaca, xamma
MMHMMyMJIap TEHT XyKYKJIM KOJaju, TeH30KapUIMIMK Ky3a-
THJMACIUrA Kepak. Xakukataa 3apsn TALIYBUAAP SHLIHTH
Yarapuum xucobunan y Gop 6¥nanm.

P- KPEMHMila TEeH30KApUMIMK XOMMCACHHMHT cababu —
ann30Tpon aeopMaiysa TabCUPUIA BAJIEHT 30HANATM AWHMUI-
HUHT YK GY/IMILM, SHHU €HrU/ BA OFUD KOBAKJAp TAPMOK/IApH
GOWMHUHT §3ap0 CHIKMWMAND. Bynuur oxubatvaa TapMok-
Jlappiard KoBakJap 3WuJUrM y3rapanu:

AP, = —AP,p, HaTHXAAA 3EKTP YTKA3YBYAHIHK Yarapayu:

(MGl o AP F Moo APpp)=eAP, X (42.10)
XPp.ewe = Mp.0r)
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[image: image166.jpg]Hemak, 6y X0n4a 3/1eKTP YTKA3yBUAHINK 3rapumiv eHrun
Ba OFUP KOBAK/JAPHWHI XapaKaT4aHIMKJIapn (bapkura GOFMK.

By xo#ga KeATHPUIraH MabAyMoTHU cudaTiit MasMyHaa
OKAHJIUTHHM Ha3apia TYTMOK JO3WM, YyHKM TEH3O0KapLIMJINK
XO/IMCAcH I0KOPHA aiiTuiraH GUp Heua mapameTp y3rapuimuan
Kennb uMKaiu. YJIADHMHI XaMMachHu XucoGra onnum anya
Mypakkab macanaamp.

Xo3upru 3aMoH (baHM Ba TEXHMKACHAA TEH3OKAPLIWIMK
(TeH30pe3UCTUB) XOAMCACH acocuia TaiépiaHaéTray KynruHa
camapasu TEH3OMETpiap XKyla KHYuK AedopMaLusIapHi

* JAMala, CHIKMIL, MOMEHTJAp, Kyuaap, GOcHMIapH4Hr ces-
rup yruarnuaapu cudatuaa, Hucbaran karra gedopmaumsiap-
HM §auamga Ba XOKa30 MaKcamlapaa KeHr KYJUTaHWIMOKAA.

43-§. Kyuau a/eKTp MaiiioHuaa sipuM yTKasruuiapaard
Ky4MIl XomMcanapu

Kyunn baeKTp MalIoHMAa O/IEKTPOH/IAD WKKM KeTMa-
KeT TYKHAUMII OPacu/ia MailoHJaH OJiraH DHEPTUAHU TYKHA-
WMLl BakTUAa KpUCTa/LI TMaHXapacura TaMoMujia 6Cpﬂ6
YATYPMACHIU MYMKUH. BY JHEPrUAHUHT KOJIFAH KUCMU BJIEKT-
poHIap opacuia y3apo TaKCMMIaHMD, yJIapHMHT TapTubCcmM3
XapakaT IHEPrHsCHHM OIMPAJM, ypTaua OHEPrUsi OpPTAIH,
SABHN' 21eKTPOHIapHUHT T, TemnepaTypacu nawxapa | Temne-
patypacupan 10kopu 6yu6 omaam (T.>>T). Byugail anektpon-
Jnap Kusuean daeKTponsap pevnnaan. By xomma anektpownap-
HUHP SHeprusiapu Gyitmua TakcumoTH [y yHKUMACH Xam
2/1eKTp Maiiionnra GoFMK paBuiima y3raprau Gynamm.

Kyuan s/1ekTp MaiIOHHMHI TabCUPH SPMM YTKA3rMUAaH
yraérran Tok 6unaH KyunaHum (8K KydwlaHTaHIMK) opacuia
uusnruit Goranmmnan (OM KOHYHMAAH) dYeTNAHMIITA OJHO
KeJagn, ABHU j=—=0¢ TOK 3MWIMrd MPOJACHIATH G 3IMEKTDP

“'JTKa3yBYaHAMK 2/eKTp Mailgonura Gornuk 6ynamm: o=0(g)
ékn a=0(V). Kupnumanu sipum yTKasruy yuys c==en, dKaH-
JMIMHM BC/IacaK, O HWHT Y3rapuim 3apsil TawyBuMIap 3uu-
JIMTM 7L HUWHT €KM XapaKaTHYaHIMK |1, HMHT EKYM Xap MKKanacu-
HMHI §3rapuuid opKaau comup Gyramu.

XapakaT4aHIUKHUNT 37EKTp Maiigonura Gornmk GYmau-
smrd. Kywin asiextp Maiiionn MaBxyz 6yarannza aeKTponaap
acocan aKycTHK TeGpauuuuiapaa counnaéTrad XoJia Xapakar-
vawmk p~e”’%, GunoGapun, yrkasysuanmk o=o(0)/ VE,
TOK 3MuaMr# [~ /& OGy1amu. AMMO & MA#IOH Kyd/laHramIuK

katranawra (7. owraH) capu ONTHK TeGpaHMLLIApAA dMEKT-
»
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POHJIADHUHT  COMMMAUIN Gow ypun onagw, (Gymma p~e ',

o~e "', j~&' KOnyHuaT amanna 6ynanu), abuu Apeitd Te3UK
nonMmii Y6, ToK 3uwIMry TYRMHraH KuitmaTra spuinazm. Fep-
Manuiiia yTKasuwarad TaxpubamapHuur Kypcatuiuua, Om
konyru ([~¢) 10° B/cm rava Gaxapunamn, j~ )¢ GoF-
nanum 102 — 10* B/cm Kyunadrawauk coxacuua, [~e’ Gor-
naunm Takpuban 10° B/cM Ba 10KOPM KYWNaHTaHIMK coXachaa
KysaTuiaau (49- pacm).

3apsL TalYBYMIAD JMWIHTHHMHD KYUIH 91eKTp Maiouna
§3rapuim Gup Heua cabab oknbaTMAA COAMP GYIMIIM MYMKMH.

Tepmoanektp voAnanuw (ITyn, — @penkesnb xoaucacu).
KlelH JNEKTP MaipoHnaa KMPUIIMA aTOMJIADHUHI HOHJAAHULI
SHEPIMACH KaMasiau, OKHBaT1a YTKa3yBYAHIMK 30HACHA DIIeKT-
POHJIAp 3UWIMLM OPTajM. Arap Kywid /eKTp Mailaon Gjama-
TAHAA MA3KyD KOHLEHTPALWS M- Ty APMM YTKas3rnuaa (Kupwi-
Ma Xa/u T§Aa MoHAaHub 6yimaran wapontaa)i=A~ exp(—-%
6ysicun. Kyun maitzonaa nonnanmi sneprusicn E=FE} — AE,
6ymb Konapm, OyHaa AE, — MOMIAHMII OHEPIMSCHHMHI Ka-
maiinmn. 5. M. Dpenxenp Oyun xucobsab Tonran:

t

AE=2e Vé_

&
OyHaa € — oneKTp MaiOH KywlauraHuru, €y 3ca HMCOmii
JMBJIEKTPHK ZOMMHIA. 3uuauK
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2kT

KOHyH Oyituua y3rapaam.

DNEKTPOCTATUK  HOH-
srawmw (Hltapx Ba 3unep
xomucanapu) . Hltapk xo-
AMCACH KydIu € MAHIOHAA
pyxcaTt OTWAraH JHeprus
30HANIAPUHUHT  KeHTaim-
M Ba TaKUK/aHraH 30-
HaHUHI TOpaitMwmgan nGopar xoamca 6y1ub, 6y XaM IpKUH
B/IEKTPOHIAD Ba KOBAKJIADHUHT 3UYTUIMHM OLIMPHIUTa OJMG
xenagu. Ammo, 6y xomuca 10° B/cM nau 1okopu Maiinoniapia
cesunapau Gynanu.

3unep a¢ddexTn (TYHHenb XOAMCA) IMEKTPOHNAPHMHT TO-
TEeHUMAN TYCUKAAH cu3ub yTumaan nGopat KBaHT X0aucaamp.
Arap 2/eKTPOHJIAp YYyH TOTEHLUMa TYCHMK MaBXyx 0j.ica-io,
YHMHI MKKM Tapaduia dHepruscH GUP Xua pyXcaT/iaHraH Xo-
natiap 6Gop 6yica, y Xo/a SJEKTPOH Myasill IXTHMOJLIMK
©unan TYCMKHWHT Oup TapaduaaH MKKMH4M Tapadmra cu3wb
(TyHHesb) YTHIIM MYMKKH. Kyuau 31eKTp MaiiloHu/a eKTpoH-
HUHD € ¢, MOTeHLMan dHepruscn y3rapu6 Gopaam (50- pacm),
JHeprus 30Hanapu orvwagy. Byuia BaneHT 30Hajaru dneKT-
POH X0/1aTHra YTKA3yBYAH/IMK 30HACHAA NIy DHEPIUAMM XOsaT
pynapa keanb Konaau, GyHma 2aeKTpoH .

Y 50- pacw. X

3

D=Dnexp[—§?‘ﬁ—" E;

] (43.1)

SXTUMO/LIUK OWJIAH TAKMK/IAHIaH 30HajaH cu3nb yramu. Kyu-
M4 JIeTMpAaHraH  sipuM  YTKasruygard  p—r- YTHUA  TOK
MyaiisiH KyulaHMIIraya acocaH TyHHeAb TOK Oymagm (TyH-
HeMb MOAap).

3ap6uit vonnam. VTKasyBuaHAMK ONEKTPOHJAPH KyusH
2/IEKTP MaiZoHa eTapJuya KaTTa SHeprus KaMmrapul, BaseHt
30HagarM KM KMpUIIMAa aTomsapunard (GOFnaHraH) aaekT-
poHNapHM 3ap6 OMNaH JTKA3yBYAHIMK 30HACHTA YTKA3UILK
MYMKWH, OKMGaTAa IPKHH 3apsij TAaulyBYMWIADHUHT 1 3WUIMIH
opragu. = .
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[image: image169.jpg]£ i DsiekTp MaiIoH eTap-
nmya katrta Gynranga Ba
ApUM yTKa3l"M‘| KaJuH
Byararaa 3apbuit Monaam
, T0B6opa Ky4aitnd, Kyukn-
CHMOH >kapa€ura ainna-
Huuwm Mymxas. Hly xonn-
€a acocuaa Maxcyc amoa-
Jap  Ba  TpaH3uCTOpAAp
 — Taiépranany.
[ 433 38 l‘guu xommucacu. Kyu-
¥ v paeKTp MaiiioHnapuia
£, k Gabsnm  ApuM  yTKa3rHu-
Jlapia TOKHMHI'  IOKOpH
51- pacm. Takpopuitankan  teGpa-
HULLIAPK Ky3aTwiagu. By
xomuca T'aHH Xomucacu HOMHMHM OArad Ba y gactiad rammit
apcenuan (Ga As). na kysatuarad. Ga As HUHD JTKa3yBUaHINK
30HACMIA MKKMTA MUHUMYM Gop (S1- pacm). By mMuuumymrap
SIKMBMIA D/IEKTPOHHMHT 3(pdekTns Maccanapu, Gunodapus,
XapakaTdaHJMKIapu Xap xua Oynamu. Kyucus asektp w
JOHJAPNIA DIEKTPOHIAP MACTKM MHHMUMYM SIKMHMAArd XO0s1at-
napaa Typamu. AMMO, Kywiu Maionna aueprusicu £=0,35 5B
[OTEHLMAN TYCHKHN EHIWINTA eTapai Gynnb KOJNraH dMeKTpoH-
JIap IOKOPMIM MMHHMYM cOXacura 4mku® onamu. BunoGapum,
§TKa3yBYAHIMK DJEKTPOHNAPH Iy MKKH MHHAMYM Opachia
Takcumnanagn. n—Ga As acocuparw amomaas TOK yrramua,
ofiaTAa yHuHr MaHpuii KyTOn (KaTom) SIKMHMKAATM TOPTUHA
KaTJamaa Kyuwiu Maiiaod xocun Gynanm, 6y Koiiaa o1eKTpoH-
Jlap NMacTKM MMHMMYMIaH IOKOPMTM MHHHMyMra yTand, yaap-
HMHI' XapakaTyaH/MId KaMas/iy Ba TOK XaM Kamasiiu. Ammo, 6y
Kyu4iM MaiiloH COXACH aHOAra TOMOH Myaisd Te3amk Guman
cnsxn6 Gopub, aHoara eTrau y ityKonaan, AHa HaMyHa y3yRJIMTH
6yiuua € maiion optu6 Gopagu Ba Tok Kynmasau. Mabnym
BAKT JTrau, KaToa SIKMHM[@ SIHA Ky4Iu MaWIOHIM Kat/iam
xocun 6ym6, Tok sma kamasu. By xapaéd aaspuit Takpop-
nauu®, Tok TeGpannNapUHK ByXKyAra Kentupagu. By xomuca
Hpeid Te3IMK Uy MCCHKIMK XapaKaTH Te3Turn o, ~107 em/c
ra rakkocaaHapau Gyaranuna Kysatunamw. Yuby xomuca aco-
cupa 109 T TaKPOPMIANMIIM KATTa KyBBATAHM TeGpannuiap
reHepaTOpAapu ACanTaH.
®panu-Keaaum xoancacn. Kyunn maitnonna copup 6yna-
auran Gy XOAuMCa pyXcaT OTHATAaH 30Ha YETHMHHHT CH/DKMILH-
nan ubopar. XucoGnawnapaan Oy CHIKMII yuyH
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nosa Xocun KumHraH, By Xonuca EpyeanK IOTHIMIIN CTIEKTPU
uerapacMHMHr AE MMKIOP Kafap CHKHIIMAA HAaMOEH 6ynamm.

IOKopuza 6aén KuanHraH Xoaucanapian 6owka siHa Kyuam
a/eKTp Maigonuaa coaup Gynamuran 6up KaHua xoamcanap
MabIYM.

44- § Kyuiu Ba KBaHTJOBYM MarHUT MaiJloHJapuia sIpUM
YTKasruunapaarn Xomucanap

TanpBOMAarHuT Xoaucanap Guian TaHUIUTAHUMU3ZA KYuCH3
Ba KyW1M MarHAT MailoHIapu TYFpucuaa ranupn6 yTran aauk.
DHIM KYYM MAarHuT MaiiioHnapaa 03 Gepaguran sHa 6abau
6up Xoancanapuu Kapa® unKamus.

IMKI0TpOH pe3oHaHc Xommcac. By xoamca . Kaaccuk
¢u3mKa HyKran Hazapuaa Kyuan ae6 xucoGrauran (uB>>1) sa
KBAHTJIaHMW ObTMOOPra OJMHMANANTaH MArTHAT MaiIoHMIa
103 Gepaan. YHuHr Kuckaua Gaénn mana Gynpait.

Maruut MaitloH 9JIEKTPOH XapaKaTUHUHI yHra THK Taill-
KU oTyBuMcHra Tabcup Kypcatagu. Ly caGabau anekrpon-
HUHI MarHuT MaioHra THK TEKMCIMKIArW XapakaTuHW Kapa-
cak, y MarHuT MaiiJioH aTpoduiaa

r=m*v, [eB=uv. [oc (44.1)

paauycan aitnana Gyiuua xapakaT kunagu. By epga o=
=e¢B/m* yukaorpon wacrora peitunaau. Uly Gunan Gup Bakr-
@ ODJeKTPOH MarHMT MaijgoH HYHaIMmuMaa wWirapuiaiMa
XapakaTHHM XaM [aBOM ITTUPaIn.

Arap kyunn B MarwnT MaioHarM SpuM §TKasrMuiaH
==, TAKPOPMIIMKIM 3IEKTPOMATHUT HypJIaHWW YTa€Trad
Gynca, HypraHWII SHePrMsICH XMCOOMra D/IEKTDOH Tesiallanu,
GunoGapyy, HypiaHMIl Kyuiu AapaXaja oTuaanu. Ana iy
XOMMCA YUKNOTPOH Pe3oManc Aeitunamu. YHUHT 103 Gepuin
wapraapu

uB>1 Ba o=u0,. (44.2)

Bupunun waptaan w.=eB/m*>>1/1 ékn o, 7>>1 Gyamumrua
KeMG YMKajHM, MKKMHYK MapTAaH 3ca, ckansap ¢ dekTuB mac-
CaHu TOMWII MYMKWH: .

m*=eB/w. (44.3)

DIMNCONAAN DHEPTUsA 30HANADH XOIMAa /iy, Mz M3 Mac-
casapHu aHUKJIALl YYYH KYuld IOTH/IMOI Ky3aTHIaQuraH yurta
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[image: image171.jpg]@i, 2, (3 HYPJaHMW TaKPOPHANMKIADH TONWIAmW, yiaap
anwkmanaéTran maccanap GuiaH Kyfwzarnya GOFnaHraH:

eB

© L Wo=
1= HRCEE
mams Vmims

(44.4)

eB
5 W=
Vim,

PaBmanku, 6y yu TeHIIMKAAH My, My, M3 MaccalapHu
aHuK1ab oI KuitMH smac.

KBaHTOBYH MarHuT Maiilonna 103 Gepanuran xonmcanap.
. . JNlanpay (1930) 3pkuH 27EKTPOHNAPHUHT MArHMT Maw-
JOHMJATM XAapakaTHHU KBAHT MEXaHWKa HyKTau Hasapujiad
GMPHHUM MapTa TaaKMK KU1, Y GUp JKMHCIM MarHuT Mmai-
IOHJ@ DMEKTPOHHUHT DHEPIHsi- CMIEKTPH Y3yK-y3yK (RMCKpeT)
GY/IMIUITATHHA, SBHY >/eKTPOHHHUHI MArHHT MAaWIOHWNa. THK
Gysran  TekucaMKkAaru aiiawa GyiiMua XapakaTH KsaHT/a-
HALLIMARN  Kypcataau. OJMHraH CHEKTP acoCMAa 3pKHMH
OJIEKTPOH Ta3WHMHT AMAMATHUT Kabyl KMjyBuaHIMIM Xuco®-
JIAHTAH BA YHUHT TIapamMarHuT KaOy1.KuiyBuawimmkuuur 1/3
KMCMHUIa TEHIJIMCH TacOMKIaHraH.

Keiivur  TagKMKOTTIap 3/EKTPOH  XapaKaTMHUHT  Kyuyam
MarHWT MaioHJa KBaHTJAHWIIM MeTaJlap Ba SIpUM YTKa3-
rU4IAPHAHE Gapya KMHETMK XOCCAaNapura TabCHP KMIMIMMHHM
KypcaTan.

DddextuB maccacu m* Gynran sneKTpoHHWHr B=B,
MarHuT MaiaoHAaru Xapakati Xxoiu ydyn Ilpesunrep Tewr-
NaMacHHu euns, JNIEKTPOHHKHF OHeprus CHeKTpu udosack
OJMHrau:

EQV. k)= QN+ DB+ e

Gynma w*=(m/m*)y, va p, — Bop marnetomn, N=0, 1, 2,3
KBaHT cOH. By wdopamary GUpPMHYM Xaf MarHuT Makgoura
THK Xl TEKHC/MKIA KBaHTNAHraH DHEPrus.

Oueprasck E gaH kMuMK GyIraH KBauT XoJaTiap COHU
Ky#ugarura TeHr:

2(5;=L"’;fﬁ% V;[E—(ZN—FI)MB]"Q (44.6)

V=1 cv’ xaxmaarn xonatiap suuanru aca,

i s X
1 S B~ N D W*BI 2 44

3

K¥punninna ndoaanananm.
Arap jprada HCCHKIMK XapakaTHHHHr dHeprusich kT ukkn
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[image: image172.jpg]KBAHT CaTX opacujaru 2u*B JHeprusBuMil OpaiMKAaH KaTTa
6ynca, abpun kT>>2p*B  6yiaca, KBaHTIaHMIIHM XUCOGra
O/IMACMK Ba 30HA MYMIA DJEKTPOH OJHEPIMACH Y3IYKCH3
yarapaau ne6 xucobnaw mymkun. Ake xonpa (kKT<2u*B
©yaraupa), SAeKTPOH SHEPIUACH  KBAHT/IAHHIUK apTbopra
onunnmy 3apyp. byuaait Mau}.munap KGaHT064U MATQOHIAD
neitmaanu.

Bus z #yHanuum B marsur Maiigonna xoittamran Ba
B/IEKTP MAVIOHH 9Ca, XY TEKNCAMKAA GFiran GUp XUHCH n- TyP
APUM YTKA3rMuHM Kapab unkaitmk. By Xoaa TOK 3uumKaapu-
HWHI TAWIKAJ STYBUMIAPH Kyiuaaruua ndojanraHamu:

Je= Oty —Oyess =00ty + O ity (44.8)

Gynna 0.=ui, 0,=a; (37-§ ra Kapamr).

0 wapouraa Kyuam maiigoHna

ne® 1 en

(P iy Il
T (44.9)
Kpaut mexauukama xam my ndopaman odipananunanu
Ba y Kywm MaM}lOH YUYH OJMHraH. «
O __(1
L |
Oy @2 \’rB <
MyHOCa0aT KBaHTJIOBYM MAarHMT Maii[OHZA XaM 3 Ky4uHH
cakJaim.
By ndoaanaru o, HUHr Hasapuit udopacu TomMATaH:

Bfo(EY) | (2

Gt 2 [ ED 44.10

= { OF, 1 ( )
Gyuna W, , — 371€KTPOHHMHT X0naT/iapapo yrau :ainumo_:muru,
Xo=-—hky/eB — MaruuT OCUMJIATOP BA3UATH KOOpAMHA-

Tacu.
Maruur MaifoHgarv ApUM YTKA3TMYHWHD  COJIKITHPMA
Kaplmank udopacu Kyliuparuya 6yiamn:

— _On o Oxr N
p(B) = e e (44.11)

3apsan  TaumlyBuMnap Kywid aiHMraH Xo/iha, SpHH —
(8fi/dE)=0(F—E) Gynranga (44 7) udonanan

g, (E)eo Z (44.12)

2N+I)u'ﬂ

MyHocabar kennb unkaam.
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JXB 52 pacw.

ByHnaan KypuHMIIMYa, MarHMUT MaigoH KMiAMaTH ¥3rapu6,
F @epmu catxunu xap ran xecu6 yrrampa (uamu3 octuparu
udona ronra TeHr Gyaranna) xonatap swuanrn g, (E), 6uto-
GapuH, 0, XaM KeckuH opTu6 xeraau. By xomuca B mumr ya-
rapuuiM xapaénuaa aaspuit Takpopaasaau (52- pacm), anekTp
YTKasyBuaHAMK O« HUHr (p(B) HuHr Xam) KuiiMarTiapu
Tebpannb Typamu. VHUHT f1aBpu

AN BH@N+ D AB=0 - (44.13)
wapTaad auuknanaaM. Bynna AN=1 ne6 xucobiacak,
AB 1 eh
2 —a =2 | (4414

Kem® unkamu Ba 6y AB HMHP 1aBpHHM aHMKIANIN.

B. JI. Typesuu sa 0. A. ®upcos (1964)
Hasapwii pasuiifa P(B) HuHr TeGpanMiLM SAHIW TYPUHHM (Mar-
HUTOOH TeGpannuiby) Gawopar Kuauwran sgu. By Xomnca
KBaHTJIOBYM MATHAT MAWZOH/A S/EKTPOHJAPHUHT ONTUK ho-
HOHIAP (TaKpOPMIlIMIM w)) Guian §3apo TabCHPU MWaAPOMTHIA
conup 6yamb, yHuHr gaBpuHM

A(1/B)=e¢/m*wo (44.15)

ndopa aunkab Gepaam.

Ulynuuraek, Gowka Gnp Heua Kyuuul XOAWCANapUHM
KBaHT/IOBYM MaArHUT Maﬂuouna TEKIIUPHLL SIHIY HaTuxXanap
Gepnu. By naparpadma Kapajras MarHAT MaiIoHiapia dHaM
KWHETMK TeHTIamMa spaMaciurs Ba Xucobiauuiap KBauT
MeXaHuKa . yCy/UIapd acocMa GaXapuimiuM  3apypIMrdHu
acaaramus. -
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[image: image174.jpg]VIII BOB.
APHM YTKA3IUY MOJIAJIAP

Slpum  JTKasrMuIMK Xoccanapura ora Gyirad kysa Kyn
MOAJaNap aHWKJaHraH. Yiap Y3MHMHD TY3WIMIIK Ba XoOcca-
siapura Kapa6 GuMp KaHya rypyxaapra axpaTiiaii.

Tysunumu Gyitnua MOHOKpUCTAAN (SXAMT GHP KpucTasa
6ysraH) sipuM YTKasruunap, Kyga KYm MOHOKPHCTA JOHA-
JnapaaHd TawKu1 TONTaH MOAWKPUCTAA1 SAPUM  YTKasrnusiap,
KPHCTasl Ty3winmra sra GyamaraH amopd sipum §TKasruy-
JIap XaMaa CyIOK APUM yTKasruunap cuHprapu MaBxya.

KuméBuii Tapkubu 6yitnua snemeHTap sipuM yTKasruuiap,
APUM YTKA3rMuIMK XOCCanapura ora 6ysirad Gupukmanap Ba
HOMMMEp SPUM §TKAsrMuIap rypyx;aapu 6op.

®@u3nk xoccanapu- Gyitvua sApuUM YTKa3ruu MoasanapHu
6up Heua Typnapra GysmHamm.

Bynaan onauuru 606napaa 6aéH KWIMHFaH spAM yTKa3-
rMWIapra TerdUuIA MabJyMOT MOHOKPHCTaMI KYpHHMILATH
moazanapra oua san. Kpucrasnapuunr ty3umiy, Oy Ty3uami-
Hu TaBCHGDAOBYM KATTANMKIAD, MAAN BA XaKUKHit KpUCTANLIap-
Aa DJJIEKTPOHJMAp DHEPrUsUIapUHUHI  30HajapM, HYKCOHAap
Ba KHUDWIIMAiap, 3JeKTPOHJAp Ba KOBAKJIap CTATHCTHKACH
Xamjia KyuMil XOAHCanapy MOHOKDUCTA/IapHN Ha3apaa TyTHO
6aéH KuAMHAM. DHAM SIpUM YTKasrMunap GOWKa rypyxJapu
GMIaH TaHMLIAMH3.

45- §. MoaukpucTaan ApUM YTRasruyaap

XKyma Kynm COHIArM MOHOKDHMCTas1 JAOHA/japu Gupramma-
cuiaH uGOpaT MOIANAP NOAUKPUCTAIap ReRMnamn. Yiapiaa
[OHa/Iap §YaMM KaTTa OpajMKAarsd KuiiMat/apra ara, HyHan-
TaHJIMrM  TypJvMuya Ba [OHajlap opacuaa Maxcyc uerapajiap
MaBxKyu Gynamu.

TIOMKPHCTALIAPHU KPUCTA/LTAHHIL, NOAuMOpd yarapumi-
Jap KapaéHnapu Ba KPUCTaWl KYKYHJapMHM JKMIICHAll Ha-
THXKACKIA XOCHJI KWJIMIO MYMKHH.

Onatna, MyailsiH IIApPOMTHM Hasapaa TyTuO, MOIMKPHC-
Tl APUM  YTKASTUUNADHMHL DJEKTP  YTKa3yBYAHIMTHHHM
MOHOKPUCTaMN YUyH APATHIraH SHEPTUs 30HaNapu Ha3apuscH
(30Hanap MexaHusmu) acocuia TaBcud KuaMHagH. AMMO,
6yna KPUCTaL1 MaHKapacura Xoc AaBpuilTuk dakar aipum
KPHCTA/UTYa/lap WYMIarWHa MaBxys Gyamuumrn absmmbopra
ommuagn. By xonpa onamH GaéH  KWIMHraH D/eKTPOHIap
CTAaTUCTUKACH KY/IAHUWIM XaM MYMKHH. DNeKTp JTkasyBuyaH-
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[image: image175.jpg]JMKHMHD GOLIKA MEXaHU3MH XaM MaBXYA. Arap moJuKpucras-
napaa KupUWMAanap 3uumMrM karra Gyica, TakUKIaHras 30-
Hajia Gup-Gupura KymHu Ba siKMH CaTX/Iap OpacHaa PeKTPOH
(KOBaK) YTHLLIAp CONMp GYmium MyMKHH. DeKTpoH (KOBaK)
NAPHUAT GUP MAXAJLIUI CATXIAH UKKHHIMCHTE JTUIIA YAIAPHUHE
2IEKTP YTKA3yBUAHJMK/IA MIITAPOK ITHUWIM AeMakanp. Bynupait
JMIeKTp YTKA3yBUAHAMK MyalisH wmapoutaa (Mmacanad, 30-
najapiaru OJIeKTPOH (KOBaK) YTKA3yBUaH/IMK XyAa KMUMK
Gyianuray erapaMua macT Temneparypanapaa) acocuit 6y-
numy MyMKuH. Bysjgail anexTp yTKasyBUaHAMK cakpamd - yr-
Ka3yeuanaux peimnaps.

D/IeKTPOHHMHT GHp Maxanmit caTxuan Gourkacura YTaum
IXTUMOJUTHIHY N

20E+E,

P=vj(R)exp(— S

) (45.1)
Kypuunwaa udogananagy, Oysparn v — (OHOHHMHT Takpo-
puiianry, R — maxawimii catxsiap opacuparu macoda, f(R) —
«TyHe/ulaHMul»  KymaiTyBunmcu, AE — Ma3kyp  HMKku carx
aueprusinapu  apku, £, — maxaamit carx arpodmpa By-
JKYAra KeJaraH KyTGNaHWIL DHeprusicu. .

Arap KupulIMa CaTXMHMHI dHeprusich £ Oysica, y xonpa

f(R)=exp(—2R (45.2)
Kyr6nanui sHeprusicHHuHr ndonacu
Ep=L ji (45.3)

6ym0, Gynaa ro — XonaTHIHR pajguycu, £ Ba & — CTATHK
Ba TOKOPH_YacTOTaNy AMIJIEKTpUK Aoumuidnap. Typau cakpari-
napra f(R) Ba AE Xap Xun GyAMum MyMKMH, WIYHMHT YuyH
cakpama yTka3yBuaHamk Gapua cakpauuiap 6yitnua yprauasam--
THpUAraH  Karraamkaup.  [lacT Temiepatypajiapaa  KMuMK
AE nu cakpawiap amanra owaay, GunoGapuH, Temmepatypa
nacaftraH capu YTKa3yBYAHIMK aKTHBJAIl OJHEPIMACH XaMm
Kamas Gopaau.

Bawan Momnanapaa, XycycaH, MOHAH KpHCTaliapia Mma-
XaJumil  (IoKasIlaHraH) 2/eKTPoH arpodujia NaHxapa Kywin
pasuiia Kyronananu, Myaiisin WIApOUTAA DJIEKTPOH Ba YHUHF
aTpoduuarn KyrTnaHum xonatu GUpraiukaa XapakaTiaHau.
By GupaammMa noaspon peG aranran. IMact temoepatypaja
MONSPOH XapakaTH aKTHBJIAWl DJHEPrHsACHra OOFIMK dMac.
FOKopH TemnepaTypaa MOAAPOH XapaKaTH MCCHKIMK XapakaTH
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[image: image176.jpg]JHEpPrusacu x"COG"rﬂ KeJlagurad cakpauiap Kyp"""muﬂa

TacaBByp KWIMHaaW. By Xo/ia XapakaTuyaHimk

s &, 454
exp(—= .

kT p( 26T )

Ba 2JIEKTP YTKAa3yBYAHINK

o _vena® B
oemenp="om exp( - ) (45.5)

Kypunniuga ncbonananamy, GyHia a — cakpaw y3yHIMIU.

®epputaap Ba Gab3u Gup Gouka OKCMA MopLanapaa
cakpama 27eKTp YTKa3yBUaHIUK 3EKTPOHIAPHUHT GMp KMME-
BUI DJEMEHTHHMHI - Xap XM/ BAJEHTINM WMOHJApN OpacHaa
cakpauwiapu KYpuHMmMAa amanra owamd. Macanad, Temup
voHnapn murnpok kuiraw FeO sa Fe,O; okcnmnapua temnp,
Moc paeuuiia, 2 Ba 3 BajeHTM Oynaam. Mkkana okcumnap
XaM UIUTUPOK OTraH GHPMKM‘AJIBPIJ.Z UKKH BaJEHTIY TEMUD
(Fe*") nomop 6¥:u6, yHaan >/eKTpOH yu BajeHT/M TemMupra
(Fe’*) ra yraan. Hukenw, manran, kobaibr Ba Gowmka osie-
MEHT/Iap HOH/IapH XaM y3rapysuaH BajeHT/y OJnaiu.

3apsai TallyBuMjap pyXcaT STWraH 30Hanapa XapakaT-
JIaHraHMaa XaMm, Cakpama yTKasyBYaHIMK XOJMAA XaM JJIeKTp
§TKa3yBUAHIMK TEMIIePaTyPaHMHI SKCTIOHEHIMAn (yHKUMACH
6ynaam. -

TMonukprcTaiIapra MUCO KuAub OKCHp, mapaanap, Cysib-
dupnap (CdS), cenennpnap (CdSe) Ba XOKa30HM KenATHpHIT
MYMKHH.

46- §. Avopd spum §TKasruunap

FOnonua amorphos cy3u WaK/ICK3 feraH MabHOHH Oepaiu.
Kpucrannapaan gapim pasuma amopd Moaanapaa aromiap
KOMnawMmmaa katbuit TaptG Gyamaiiam (OyHu Gouwkaua
Kb y30K raprub WYk neinnamm). Ammo, amopd XoJat-
farn MOUIaNapia KyuiHu atomsap (MOHAap, MoJekyJanap)
Mocsamub xKoinamran 6ynagu. Byuu axun taprué meinnaam.
Macoda opTviM Guias Ma3Kyp Mocraurys KamaitnG Gopamm
Ba Oup Heua mnaHxapa goMMMilcH uamacupary macodana
SIKMH TapTnG HyKosmaam.

SIKuH TapTMO CYIOKJIMK/IApAa XaM MaBXy[, JIEKHH yJapaa
KYIuHM 3appajap opacuaa aaMawuhum 03 OepuG Typamm,
6y Bca KOBYWOK/MK ounuy Guaan Kuitnnnawamy. [ysusr
yu4yH XaM aMopd XonaTHM Kyma IOKOPHM KOBYIUIOKJIMKKA 3ra
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[image: image177.jpg]6yaran yra cosuran cyloknmk ae6 kapaca 6ynaau. Macanas,
KBapUHMHI KPUCTAIMHM 3PUTHG Ba CYHrpa yHM Te3 COBYTHG,
amopd Xo/aTAarM KBapl WMIA XOCH/ KWJIMIL MyMKHMH. SIpUM
§TKasrnunap QUINKACH BA TEXHUKACKIA -APUM JTKAITUYIUK
xoccanapura ara 6y.ran amopd xonaraaru mMoasanap (amMopd
APUM  JTKA3ruuiap) coXacn puBOXJIAaHMG Oopaérran coxa-
nappaH 6ynMG xucobnanamm.

AMopd AipuM YTKa3ruunap cMH@Ura KoBajleHT GoFnaHuuN
mozaanap (amopd XosaTaarm KpemHuil, repmanuit Ba 6.),
XanabkoreHua wHMmanap (macanas, Asy, Cesn, Beyy, Teys)
Ba oxena wmwanap (macanan, Vi0s—Py0s) kupagm. .

3oHanap Ha3apUACUHHHT YMYMHUIt TacaBBypiapu (yTkasys-
YAHJIMK 30HACH, BAJICHT 30HACH, TAKMKJIAHIaH 30Ha Ba XOKa30)
amopd XonaT yuyH, MyaisiH MabHOAA TATOMKAAHNLIM MYMKHH.
AMMO, Ky4nu JervpjlaHrad fipuM YTKasruwiapiaruiek, Tta-
KMK/IAHraH 30HAHMHI  «XOJaTjap S3HUWIMCHHUHT  AymJapu»
MaBxya 6yaazm.

TyiKMH BeKTOp Ba AMCHEpCHsi KOHyHu Ownan Goramk
6yaran TymyHyanap (TYFpu Ba HOTYFpHM YTHILIAp BAa XOKa30)
HH amopd spuM yTKasruunapra kyanaé 6yamaitau.

.Vrkasypuawtuk 3omacm TyBuzaH I10Kopuza Ba BasieHT
30HAa WHNK MACTUAA DJIEKTPOHIAP YUYH AOKALIaHMAraH (Koa-
JIEKTMBNAIITaH) X0J4aT/ap MaBXyf 0yau6, TaKMKIAHIaH 30-
Haa MaXajJMil CaTXJIApHMHT KBa3Wy3/JyKCH3 CrieKTpH Gop
©ynann. .

Macanan, amopd Apum yTKasruy — mmia yuys (S, Se, Te
napumnr P, As, Sb, Bi, Ge, Si, Sn nap 6unan typsau 6upuk-
Masnapu — XaJbKOr€HWANIAp yuyH) Kydumaru cxema Takiud
Kuaudrag (53-a, 6, ¢ pacMm): TAKMKJIAHraH 30HAKArM Maxai-
JIMl XO/MAaTAap YTKa3yBUAH/IKK Ba BAJEHT 30HAJAP «AyMJapu»
nan nGopart, yerapasuii XonaTiap KoHUeHTpauusc N, Maxan-
Jnit XONMaTNAp COXAaCHHM HOMAXAMIMI XO/MaT/ap COXalapuaan
axpartu6 Typamn (Oy uerapanap £. Ba E. Tapuxkacuma Genrm-
nanran). N<CN, Gjaran coxaja 3apsUlapHMHT KYuulM Ma-
Xa/umil Xonataap Gyinua cakpama Kyuuil TAPUKAacHaa amasra
owanu, Oy COXaja XapakaTuawiuk Kuukuxa Oyaub, ypraua
HOAb aTpoduma 6ynam. Yuuur ncopacu (45.4) ra yxwa6
Keraau: -

e pa R AE
W E?R\ exp(QT—;T), (46.1)

OyHga % — cakpama YT OTHAAAMraH (€KM uMKapuia-
aurad) OHOHHUHT TYAKMH y3yHnuru, Gowka Genrmmawmap
aca, IOKOpHaarujai.
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[image: image178.jpg]0 g F & £ .
& 53- pacm.

Erap/Mua 10KOpH TeMIlepaTypasiapaa HoMaXasuiuit caTxap-
ra sra 6yaran (pyxcaT otuiran) 3oHamapmarn (N>N.)
3apsA TallyBuUMiap KY4YMIUM DJIEKTP YTKa3yBYaHIMKHM aHMK-
naitju:

a~exp[—Ei/2kT].

AmMo, Temnepatypa nacaiu®, xaupaimup =71, naH KMuMK
6116 Ko/IraHa BIeKTHOHAAP MaXa/ini Larx;mpra §TH6 onagu
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[image: image179.jpg]Ba OMEKTP YTKA3yBYAHAMKHM, acOCaH, cakpama yruuuiap
AHUKJAMIM, YHUHD TeMnepaTypara GOFaHHMIiM

o~exp[—(T/T,)'"*1 (46.2)

Kypuuumpa Oynamw, Gywmaru T, wu Morr remneparypacu
neimnamy. Ty — daowawTupuil  YTKa3yBUAHIMIUAAH CaK-
pama JTKa3yBUAHANK XOUra YTHIN TeMiepaTypacuaup.

OnTuk Ba (HOTOINEKTPUK XOCCAIAPHM TAXJIAI KWIMLWAA
amopd sipum YTrasruuaaphu ukku (A Ba B) Typra axpartuiamm.

A typra mancy6 6yaran amopd spum yTkasruunapaa
EpYFIMK IOTMAMIIMHMHT KECKMH yerapacu 6op, Oynna ho~FL;,
OunoGapun, Gy Xon cod KPUCTAaMn spUM §TKA3rnuIapaarura
yxwaw. B Typra maticy6 amopd Apum yTKasruurapia aca,
EpyrMK  OTMIAWMEMET aymu (86 KetraH derapacu)
Ky3aTWlafM, YHM XONaTiap S3MWIMTMHMHP JlyMu OWiau
6ornab Tymyurupunaan, 6yuna ho<<E, dpotonnap xam 10t~
Jlanu, DSJIEKTPOHAAp BAJEHT 30HAa AyMMAAH S’TKBSyB‘laHﬂMK
30mna pymura yramu. By Typaarm amopd spum yTkasruaiap-
HUHI XYAgu ¥3uaa MoOTT YTMmm owkop Gynamu.

IllyuucH KM3UKKH, aMoOpd SpuM JTKA3rMUIapHUHL Xap
UKKH Typuaa XaMm KupuiumMasiap yH‘iB axamuaTIv dMac, aMmmMo
yhaphu Taiiépnam ycymm amopd sipuM YTKasrmuiap: xocca-
napura  MyXMM TabcMp KypcaTaau. BunoGapuH, kpuctamn
TY3UIMUIMAArH HYKCOHJIAD Ma3Kyp XOCCANapHW WaKiiadTH-
pMILAa KaTTa XUCCa KYMamu.

MctncHo TapuKacuiaa BOAOpOx Ownan  TYHMHTHpUITAH
amopd KpeMHMIHM KypcaTMmi MymKuH, OyHaa BOROPOLAAH
Ma3Kyp ™mOajJa XOCCaJlapuHM  aHUKAAWAa Q)oﬁnanaunﬂal.lu.

Xakukuii  amopd ApUM - yTKasruunapa  6up-Gupuaan
(apkiaHyBYM MaxalMil CcoXaiap MaeKya Oynagd, ynap
opacupa axpanuiu uerapanapu Gop 6yimb, 6y xoitnapma
3apsA OralllyBupiap YuyH NOTEHUMAn DHEprus . TYCHKAapn
xocut Gymamu. By tycukiaap merasn — Apum §TKasruu ue-
rapacuparuaex IIOTTKM Tycukaapu, yMyMaH aiTraHja, daek-
TPOH-KOBaK YTUILIADH KYPHHUIIMAA HAMOEH OJMIIN MYMKHH.
Bab3n amopd napaazapua ¢Homan oToKyuaaHuur XOmMCacu
Kysatmirad: SboS; €ku ShySe; napmasmit KarTramnapnia
100B wamacupa doro IHOK naiigo kuamxrau.

AMmopd sApuM jTKasrmunap Kpucrastapaa‘Gyimaran Gabsu
xoccanapra ara. Bywra kaiita ynamum xomucacu mucon 6y-
namm: amopd spUM JTKasrvuma d2NeKTp MaMJOHM XOCHT KH-
JIMHraHga YHMHT 5/eKTp yTKa3yBuaHIMrnm Oup Heua TapTnO
Kajap Kyww ysrapumy MyMmkuH. By yarapuim Kakitysuan sa
Kya Te3 103 Gepagu. Kaiita ymaumuur — kam yTKasyBuaH-
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[image: image180.jpg]JMKIaH KaTTa YTKA3yBUAHIMKKA BA AKCHHYA YTHW BaKTH
10 — 107" ¢ uvamacupa Gynamn. By' aitruarannap amopd
APUM YTKAITUUIADHUHT aMasia MYXHM K¥JLTaHMULTapH MMKO-
HusiTiapn GopaurupaH panonat Gepauu.

Iuiacumon sApuM  yTKasruunap. Byupaii moanasapuusr
KaTTa rypyXu erapauua yprauu® umkuiran. Yiaapra maHcyG
6y/ran oHr Kyn YpraHMAraH MOMNANAD XanbKOIeHM] LIMILa-
napaup. YIapHUHT acoCMil TALIKWJ OTYBUMIAPU DIEMEHTIap
[aBpuil T3UMUHAHT V1 TypyXura KMpyBuM OATHHIYrypT (S),
cenen (Se) Ba teanyp (Te) 6y:m6, 6y onementiap Gouka
MeTannap Ounan OMPUKMO, XaJbKOTEHW[ ILMILANAP XOCHJ
Kuajm.

Ma3skyp MOAJaNapHUHT 2IEKTP ¥TKa3yBYaHJIMTH 3IEKTPOH-
nap xapakatn GuaaH GOFIMK, yj1ap KaTTa (POTOYTKa3yBuaH-
JIMKKA 3Ta Ba MH(PaKU3WI EPYFIMKHU AXWIM YTKA3amu. Xaab-
KOFEHMIl IUMUIATADHUHT 3JIEKTP Ba (DOTOYTKA3YBUAHIMIHHM
KEHI OpajMKia Y3rapTMPHIl MAKCajuja YJapHUHI Tapkuon
y3rapTupunaay Ba GOMWIKA DJIEMEHTIAP KYIIMMYA KMPUTWIAH.

XanbKOTeHNI WAMIACHHUHT COMMILTHPMA DJIEKTp YTKA3yB-
qanury 107" —10-7 Om~' cm ~! opamukaaru kuiimaraapra
ora 6ynanu, EpYFIMKHMHT TYJAKWMH y3yHamrn A, =0,6—1,25

MKM OJJranuza Makcuman (OTOCE3THp/IMKKA DPHILA/IH.

47- §. CyoK XonaTmaru ApHM yTKasruwiap

ABBaJIO WIYHN TabKMIAIL KEPakKA, sipUM YTKasruuiap
SPUTHITAHHMIA Y/iaDHUHT KPUCTA/ NTaHKapacu 6yznaaau. Moa-
[a KarTdK XoJgaTAaaH CYOK Xoaartra S’Tl"aHnﬂ YHUHT APUM
?rkaxm‘umk XOCCAaCHMHMHI  KOJMLI-KOJIMaCaAUIrMHHA KAMEBHIT
Goranum TAOMATH aHMKAMaM.

Arap spum JkapaéHuia, AbHA KOBajeHT GornaHuwiap’
Y3WIaéTraHnza, 30HANAPHArH JIEKTPOH/IAD AHA Y3 aToMIapH
aTpoduaa kofnamca, Oy Xonga MOMLA SPUM YTKA3THUIMK
XOCCacHHu Cakaaimu. AnGaTTa, yHIHT 3/1eKTp YTKa3yBUYaHIMIH
KpUCTa/UIHMKMAaH apK Kulamu, aMmMo Temneparypara Gor-
JIAHUII KOHYHH CaKJIaHaiu.

Arap pMm Kapa€HWIa 30HAJAMU HJEKTPOHIAD yMYM-
sawrannua  (MaXaaamiinanimaran xonga) Kosca, Oy Xosna
cylosma MeTasiaru Gomtanumra ora G6ymapu, GunHoGapHH
YHUHF JTKa3yBUAHIMIMIMHI TeMmuepaTypara GOFIaHWIIN Me-
Ta/THUKK Kabu Gynamu.

OnMoc  KpuCTanw Tyswiuwmra sra Gyaran  momianap
(repmanuii, KpeMHMi) Cyloaranuaa ¥3 ApUM  YTKA3THWIMK
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[image: image181.jpg]xoccanapunn #ykotaan. Temnyp, cenen, kyn cyibdumiap sa
MeTaaJap OKCHAIAPH 3Ca ¥3 APHUM YTKA3rHWIMK XOCCanapyuHu
caknaiay. .

Mnucosnra Teanypru onn6 Kapailmk. By MoganuHr Kpucta-
JiM reKcaroHan mnawKapara ara, yHAa aTomsiap 38“)!(“[)’15-
Nap KYpUHMLUMAA JKOWIaHTaH. 3aHXKMpuaHM TAIIKWUI KWUATAH
aToMJIap OpacMaa KOBAajeHT OGOFNaHMUI MaBXy, 3aHXHMp-
uamap opacupa aca Bau-nep-Baanbc y3apo Tancup Gop. dpuun
Temnepatypacusan nactaa (7<500°C) temniepaTypa opTHuIM
©OuiaH KpUCTani XOATAAr¥ TEe/yPHHHT DeKTpP YyTKasys-
yawrn opté Gopaau. Dpul TemrepaTypacuiaH yTMimia
JIEKTP JTKA3YBUAHIMK CAKpa® KyTapuiajin, sHa TeMmmepa-
TYPaHMHI OPTMLIM JaBOM DTrania y own® Gopasepaau. Tan-
KMKOTJIAPHUHI KypcaTMIIMYa, 9pUil BAKTMAA AacTiab Kyucus
Bau-gep-Baanbc GofaHMINADK y3WAALM, aMMO  3AHKMP-
yanap KYpUHMIIKMAA AKAH TapTHOLa JKOWALIMIN CaKJaHalM.
Tennypun 1000°C ra skuH TeMnepaTtyparada WCHTIaHia
aTOMAAp 3aHKUD/IAPU Y3WAAIH, JHAH YHUHT CYIOKIMTM ApUM
JTKA3rMUMMK XOCCACHHU UYKOTaIM.

Tennypuuur Xonn k03hUUAEHTHHURT TeMIepaTypara
GOFNaHMWIMHKA TEKIIMPraHia XaM dpuil KapaéHuaa Oy Koad-
(PUUMEHTHMHT KECKMH KaMainG KeTvmiy Ba KM3AMPHII AaBOM
STTMPUATAHAA y sIHA XaM KaMmas GOpWInM Kys3aTwiraH. Dpui
HYKTaCMHMHT Xap WKKM Tapapmaa Xoan Koadduumentn R
HUHI Mmopack MycGaT (6y KOBAaK YTKa3yBUaHIMKHH Ounu-
paau). Ammo, 575°C sikmhmpa R HMHr Mwopacn Mauduit
6ynu6 xonamu. Hemak, Gy coxaja Teinyp apaiaml 3aeKTp
JTKazyBuaHIMKKa ora Gynaam.

Cenen Xam 3puraHiaH CcyHr MyailsH TeMneparyparaya
APAM §TKA3THWIMK XoccacuHu caknaiiau. Tearyp Xompax
¢apkan papuuiga, dpUl HYKTacHIa CEJEHHHHT J/1eKTp YT-
Ka3yBYaH/IMTH CaKpab Kamasiay, aMMO TEMIEPATYPAHMHI siHA
optu6 Gopuium Gnran y optn6 Gopaau.

Oputuaran amomuhui antumonnan AlSh Humr saextp
VTKasyBUAH/MTH XaM TeMmmepatypa GujaH OMpraimkaa 03poK
optu6 Gopuwn anukaanran. Jleknn ZnTe Ba CdTe cywk
X0JaTAa XaM §3 SApUM YTKa3TMUWIMK XOCCalapuHH cakjaap
3KaH. Byugait mojuianap rypyxura siha Gup KaHua MoafiatapHu
wywam mymxun (HgSe, HgTe, SbyCls, Te — Se korumma-
nap Ba Gowkanap).
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[image: image182.jpg]48- §. OpraHuK spuM YTKasruwiap

Opranuk (MosnMMep) MOAfanap Opacuia sApUM YTKasruu-
MK Xoccanapura sra Oyarad €K GMPOP TALIKM TabCMP OKH-
GaTuia wyHaall xoccanapra sra 6y1m6 KOJMaguran Moajanap
xam Gop.

Opranuk fApuM  §TKasruunap MoJekysaanapuaa Kylima
BOFaHMWIAp TM3MMKM MaBXyA. Bywnaii Gornauumnap tvsu-
MHMAA YMyMJAIUraH Ji- 3//eKTPOHIAPHN GUPOP TabCHp OpPKaIu
yitrotnu  (dpaonnawtupuun) okuGatMaa OpraHMK  Moadana
XapaKkaTuaH 3apsijl TallyBuMJIap ByXyiara Kesajau.

Moaumep sipuM  yTxa3ruuiapia 3apsj  TaulyBuAIapHWA
BYXYAra KeJTUPULI Y4yH Kepak Oymran E; sueprusi Gup 3ap-
. para TYFpM KejaauraH yprauya UCCHKJIUK XapaKaTH DHEPrusicu
kT uyamacuia GVAMIUM MYMKUH.

Opranuk sipum YTKa3ruulap KaTopura OpraHuk Gyéxnap,
apomaTnk («xywbyi») GMpUKMamap, Kywma GOFMAHMULIM MO
smmepnap Ba Gab3u Oup Tabumit nurmenraap (xsopodui,
f — KapoTWH Ba 6.) KMpajaW, yJap MeHOKpMCTaaiap, Moju-
Kpucrainap €xku amopd XoraTaaru KyKyHJaap Ba mapaasiap
KYPUHMIIMAE OYMINM MYMKUH.

By MoajajiapHMHI COJMIUTHPMA KapLIMJIMIM XOHa TeM-
nepatypacuia 10® Om-cM nmaH (HadrasnH, aHTpaues), TO
107 Om cm rada (MOH pajMKaaIM Ty3nap) Kuimatiapra ora
6ynamn. Karta Kapwuiukiu OPraHuK SpUM YTKasruunapaa
bOTOYTKA3yBYAHTIMK ceswnapav apaxana oynanm.

Opranuk sipuM yTKasruunapga Oup MyHua axoitn6é xo-
qucanap Kysatwarad. Yiapaan 6ab3u OUp MyXumaapu Kyitu-
narunapaan ubopar:

— EpyFIuMK IOTMIMIUM MoJeKysanapuu yiirotaan, 6y aca
@peiKeb IKCUTOHIAPU KYPUHUIIMAA KPUCTALT MYMAA KFun
wopa onanu;

— EpyFIMK TabCHMPUIA XapakaTyaH 3apsii  TalyBuMIap
IKCHTOHJAPHUHT OYAMHMIIN EKM  MOJIEKYJIANAPHHHT  HOWIa-
HUWM OKMbaTMaa xocua Gynaau;

— 6y Momnanapoa YTKA3yBYAaHAMK 30HAcHM. Xyaa Top
(0,1 3B) o6Vaub, 3apsAJl TAUYBYNTADHUHT XapaKaTuaHIMrH,
oparnma, kuuuk (~1 cm”/B.c);

~— 9NIEKTP YTKAa3YBYAHIMK 3apAj TAUIyBYNIAPHHHT 30HA-
sapga kyuMwmM Owian OMp kaTopaa maxamumit  Xonataap
Oyitnua cakpama Kyuumul i§aapu OpKaJju amanra Ouamd.

Bab3u OPraHMK SPUM JTKA3rM4 KPUCTA/Iap aHM3OTPOI
TyswiMmra ora, OYHEAH OJEKTP Ba ONTMK XOCCAJapHUHI
XaM  aHM30TPON OY/IMULIMTH, ABHM TYpIM -AyHAIMWIADAA
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[image: image183.jpg]Xap Xu1 GYIMIIMIK Kemb YMKanM, yrapHu KBasuGupyuaman
§TKasrManap ne6 Kapam MyMKHH.

Opranuk sSpUM YTKa3ruuIap MHUKPOIJIEKTPOHMKAna Epye-
MK cesaguran mMopjanap. cuatmuaa Kystanumagu. Oprapuk
APUM  YTKASMMWIADHN TajKMK Kuauul, aifiuukca Guomornk
opraim3maap TYKMManapuia 103 0epaauraH SHePrUSHUHD
AWIaHMIUN Ba KYYMPHAMIIM Ounan OOFIMK KapaéHaapHH
TYWyHUG oM yuyH Kyaa Xam myxumanp. Banau Gup opra-
HUK SPUM JTKA3rMuIap Keslaxakaa KDUTHK TemIeparypacy
10KOpY  Gyaran  yTayTKasruwiap BYXKYAra KeJNTHDHIN MaK-
CANMAa XM3MAT KMMMUIM MYMKHMH.

49- §. Kumésnit Ty3uwmim Gyiinya sipuM yTKasrud Moaganap
rypyxjaapu :

JnemeHTap ApuM YTKasruunap. By rypyxra kpemumii (Si),
repmanuit (Ge), teanyp (Te), cenen (Se) sa onmoc (C)
KUpajgu.

Oapuurv Gobnapfa kpeMumit Ba repMaHwii TyFpucHia
mabiymoTiaap Gepuiran aan. Mabiaymku, 6y MoAnanap oaMoc
naHKapacura yxiiaur naHxapara ara. YJapHUHT 371eKTPOHAAp
YY4YH DYXCAT ITHArAH OHEPrUsi 30HAJAPH TY3WIMuIM Ouian
TAHWWIraHMU3.  Yjap siemeHtTaap jgaspuii tusumupa [V ry-
pyxra mancyb 6ynmb, aTomnap opacuia‘ KOBajieHT GOFraHuu1
mapxyn. Kpemuwitra 111 rypyx saementaapn (B, In, Ae)
aTOMJ2PUEM KMPUTHO, YHIATH KOBAKJap 3WUINTMHW OLIMpWLI,
SbHM P- TYP YTKA3yBYAHIMK XOCWI KMIMUI MYMKMH, arap V.
CYPYX S/EMEHTIApU aTOMJApU KUPUTUIICA, KPEMHUHAA IPKUK
2NEKTPOHIAD 3WWIMITM KYNasau, s’bHA y 7- TYp YTKA3yBUaH-
JMKKa ara Oynapn.

Cenen 8a TeATyp AaBpuit TH3MMHUHT VI Fypyxu anemeHT-
napugan  xucobnanagu. Cened Gnp Heua Ty3wawmira ora.
CleK CeJieH COBUTHJITAHAa aMopL’p KM UWHMIAaCHMOH KaTTHK
Xosatra yruum MymkuH. Celied TYp/IM OPUTManapiaH KpuCTai-
JMAMMIWAA KATOP KPUCTA/LI MaHxapanapra ara 6yiamn. Dpuum
_TemmepatypacuaaH nactaa atMocdepa Gocumuaa ceseHHUHD
TEPMOIMHAMUK KUXATHaH 0apKapop KPUCTALIMK WIAKIM Tex-
caronaz nasxapanu KyJpanr ceiexaup. Tesnyp gaxart Kpuc-
Ta//l TU3UMHIa — rekcaroHa’ mnaHxapara oara. TaK“KJlaHraH
3oHaHnHr KeHrmru Se  (rekc.) yuyw ~1,8 9B, Te yuyn
~0,35 3B. lekcaronan cejeH XxamMMa BaKT p- Typ YTKa3yBuaH-
JIMKKa 9ra: YH/a aKIenTop X0CCa i HyKCOHap MaBxy/ 0y.1am.
XoHa Temmepatypacuia S€ HMHT COJMIUTMPMA KaplUMINCK
10— 10" Om-cm, xyma To3a cenemnmku 10'> Om-cm ra
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[image: image184.jpg]CTKA3MIMUIM  MYMKMH, OyHZa CesleH AWDNEKTPMKKA SKMH
6ynanu.

Tennyp,” cesiennan (apkau pasumiga, cyscu3 sApuM YT
Kasruanp. XoHa TemnepaTypacuaa TO3a Te/LIYp Xycycui
VTKasyBuawimMk coxaga Oysnagu, OyHa YHMHT CONMIITMpMA
Kapungtury 0,29-—0,59 OMm-cm ra TeHr.

Bunap Gupukmanapjgas uGopaT spuM  yTKasruwiap. By
rypyxra Jkyma Ky Momlanap KUpamM, ysiap dJeMeHTiap
A@BPMit  TH3UMMHMHD UKKM Xap XuJ TYPYXH DIeMeHTAApU-
HUHT aTOMJIApUIaH Ty3uaraH Gynamd.

Haspuit Tusumunnr 111 rypyxu asementaapn (Al, Ga, In)
6unan V fypyx anementnapu (P, As, Sbh) Gupnkmanapy —
A BY 6upukmanapaa 111 rypyX aToMu 3 Ta BajeHT 51eKTPOH~
ra, V TypyX atoMu 5 Ta BajeHT 3JeKTpoHra ora. BunoGapuw,
i aromra ypraua 4 Ta BajeHT 37eKTPOH Tyepn Kenagu. AMBY
KPHCTA/UIap/ia KOBAJEHT OOfaHMi acocuit 6yimb xonmait,
Ganku KucMaH wonnu Gornanum xam Gop Oynaau. Mawa
wyHnait sipuM yTKasruunap Bakunapu — InSb, InP, InAs,
Gagh, GaP, GaAs, AISb, AIP, AlAs BvprKManapanp.

‘i Ba VI rypyX aneMeHT/iapuiaH TamKua TOMraH OMPHK-
manapaa Xxam | atomra 4 Ta BajeHT JNEKTPOH TYFpH Kenaju,
ammo Gynapiaa nownn Gorauuiu Kyuan 6¥naau. Bywnail sipum
yrkasruunap — ZnS, CdS.- HgSe, ZnSe, ZnTe Ba xokaso.

IV Ba VI rypyx snemeHtiapy xam Oupuku®, sipum yr-
Ka3ruy xoccaiv MOAja XOCHJ Kujaa oJiaju. y::apna 1 atomra
5 TajaH BaJeHT 2JeKTPOH TYFpu Kenamu. Byumait spum yr-
kasrmunapra PbS, PbSe, PbTe Ba xokazo kupamu. Ynap
undpakuznn (MK) sypnarvumbu xabyn kuarmuiapu cuda-
Tuna mabaymanp. Takuknanran 3ona kewrmen PbTe, PbSe
Ba PbS yuys moc pasumna 0,32. 0,29 sa 0,41 2B.

VI rypvx 6uian I—V rypyX aeMeHTiapu OupukMazapu
opacuza SpuM YTKaszruunap Kym. AHYa ypraHuwiarad pa amania
kysuiannnaérraunapura mucoanap CuyO tyrpunarnunap Ba
Bi,Te: TepModnemenTaapaup. .

VI rypyx onementrapuuuur yrysuu wmervasnap (Fe, Ni
Ba X0Ka30) OwnaH GupMKManapuia MoHIM GOFNaHMII YCTYH
Typanu. Kynnapy maripT spuM  YTKastHuilap Xxoccasapura
ara. TemfiepaTypa Ba GOCMM V3rapranuma Oab3ujJapuHUHT
(Vy0y, Fe:Os, NiS Ba X0Kka30) spuM yTKasruugaH meTassi-
ra ainaHuuy Ky3aTwiraH.

Vpraua 1 atomra 4 Ta BaJeHTAMK INEKTPOH Tyrpu Ke-
JIMILIMTY TaCaBBYPU SIHTH ApPUM yTKa3l‘l/l’-l MOAJANAp KUAMPHIL-
Ja yHyMJiM camapasnap ﬁep):m, SABHU Y4 DJIEMEHTAAH TAWKKA
Tonran katta 6up rypyx — A" B'' CV sipum yTkasruu Moaaanap
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[image: image185.jpg]omnuau. Bynapra HgPS,, CdP:Si, ZnSnP, CdGaAs; Ba
X0Kas3o/ap Mucont Gynanu.

XO03npru  BaKkiza TYPT ONEMEHT AaTOMIApMIAH TapkuG
TOMraH sApMM JTKA3ray OMPUKMAJAp XaMm XOCHMA KWJIMHIAH.

lOkopuna 6aéH KMAMHraHJAapaaH KYPUHALMKK, XO3MPrH
3aMOH (paHM Ba CaHOATH MXTHEPH/A XKYJAA KYI APUM YTKA3rU4
xoccanu Monganap 6op, yaap acocmpa xunma-xui sasuda-
napuu Gaxapaguran ac6o61ap Xampa Kypuamanap Mitad
unkapuamoxaa. 1y 6unan Gup BakTaa, sSIHFM SPUM §TKasrmy
Mojajaasziap XOCWJ KWJIMIL  Ba KBLII¢ KW/JIMHraHwJIapuHu 2ca
sIHa Xam 4YKyppoK ypl‘ﬂHMl.l.l MuIapy aBOM 3TTUPHIMOKAA.

X BOB
SPUM ¥ TKASTMYWIAPHUHI MATHUT XOCCAJIAPH

MabayMky, §3 MarHuT Xoccanapu 6yiituua OuamazeeTux,
napamazneruk Ba QeppoMazHeTuxX MOAAnap rypyxJiapu
MaBXyH.

Tawkn H MarHUT MaiioH#A JKoWjawrad xap KaHAau
JKMCMA KYLIMMYa MarHMT MaigoH Byxyara kesnamu. Hatu-
JKaBuil MarsuT Mainonnuar B=H+- ' kyunaHrawiuru maznur
UHOYKKUSA 6eKTOpU Aeitnamu. MarHeTUKHMHT GUDIMK XaXMu

. Maznuraanuw eexropu M=XH xupuruica,

B =H +daM= (1445ix) T =pH

Gornannw ypuwm 6ynamu. Bympa X — Maruut Kabyruanuk,
L — MarHuT CHHIZMPYBYAHJIHK.

Arap maskyp mopaa yuyw X<<Q &éku p<<l Gjnca, yun
Ouamaenerux peiwnaam, X>>0 éxu p>>1 mwapraapHu KaHo-
aTIaHTUPafuraH MOAAA napamaenerui 6ynajm. ®eppoMarte-
TKK MOJAAap yYdyH p>>1 6yiub, yHWHr MarHuT Maiiaon
Kywianrawmry H ra GOFnaHMUUMTM Y3ura XOcaup.

Mopanapsusr 3appaiapial Ty3UIMIIA HYKTaW Ha3apuiau
MOJLIAHUHT MarHUT X0CCaNap MarHAT MOMEHTHHHT DJIeMeHTZD
TaulyBuMIapMHUHT GUp-GMpy GMmaH Ba TAlUKM MarHMT MaiaoH
Gunan §3apo TabCHPH OPKAH AHMKIAHAIW.

‘MarHuT MOMEHTHHHT JJIEMEHTap TallyBYMIapy — dJIeK-
TPOHNAP, aTOM-5POJapH, NPOTOHAAP Ba HEHTPOMIADAND.

AMMO, SIDOHMHI HATHXXABUH MarHMT MOMEHTH DJIEKTPOH-
HUHI MarHAT MOMEHTHAaH OMp Heua TapTmOra KMuMKIMp Ba
IUYHAHT YYyH MOMJAJIAPHWHI MarHUT MOMEHTH 9bTHbopra
oMHMaRIN.
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[image: image186.jpg]50- §. ATomMzaru 31eKTPOHHUHI MAarHUT MOMEHTH.
JuaMarHeTusm

Myaiisin opbura (cMpTMOK) G¥itnua aitnlanaéTraH 21eKTPOH
OpOUTa/ MMIY/IbC MOMEHTHIA Ba YHIA MOC MarHHT MOMEHTH-
ra sra 6ynamn. Bynn Bop Takaud Kuarad Bogopos aromu
MOJIe/IM MUCOJIMIA KYPHUII MyMKHH (54- pacm).

Slapo atpopupa Bop opburtanapupan Gupn GFinab v
TakpOpUMK Guian aitnaHaéTraH dMeKTPOH [=ev poupasuii
TOK XOCHJ KM/aau. By TOKHMHI MarHuT MOMEHTH (2.1€KTPOH-
HUMZ OPOUTAN MAZHUT MOMEHTU)

Pg=1S=evS, (50.1)

096
Oynpa S — 2€KTPOH OPOUTACHHMHT [03H.

BopHUHT GupHHuM KOMACH GJiinya 3EKTPOHHMHT Ma3kyp
OpOMTanarM MeXaHMK MOMEHTH, ibHU HMIYJIbC MOMEHTH fi
ra kappanu 6ym6,

Lo
Byuaa m — 27eKTpOH MaccacH, v — Teaauru, r — Bop opu-
TAaCHHMHI paauycu, n — Gytyn con (1, 2, 3, ..). Mexauuk
MOMeHTH# 6oiIKada XaM udoaanan MyMKuH: .

Lo =mur=mor’=2ar'mv=2mvS (50.3)

Vwby (50.2) Ba (50.3) udomanapman S=nfi/2mv Ha
ToniG, (50.1) udoaara kyiicak, . .

=mur=nh. (50.2)

ek (50.4)

54- pacw. .
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[image: image187.jpg]Keamb uMkaau. DieKTpoH OupMHuM opbura Gyinab xapakaT
kuaraHuaa (n==1) yHMHI MArHUT MOMEHTH
.

eh
s =2, (50.5)

6ynanu Ba yuu Bop mazheTonu pewwnamm (P, =927X
X107 XK/ Tn). :

MarHuT MOMEHTHMHT Mexauuk MomeHTra Hucbamn [,
eupomaznut Hucbar pednnanu:

= (50.6)

TeMUp LMAMHPHH §3 JKu aTPOpUAA altIanTpuIm OKMOaTH-
13 YHWHI MarHMTIaHALIMA Ba AKCHIYA, TEMUD HUIMHAPAAH TOK
YTKa3raHaa YHUHC Oypuanwm (opOuran MMIyJbCc MOMEHTHMra
sra 0yam6 komvu) 103 GepuluMgaH MOOpAT TMPOMATHUT
raxpubanapaa yruaHran rapoMarHuT Hucoar (50.6) uponana-
rugaH 2 mapra karta GyimG uukan. By HaTHXaHM TyuryHTH-
PMII yuyH 3JEKTPOH §3 §KM arpodnia aiianumm 6unan GOrmK
MarHMT Ba MexaHuk (CNMH) MOMeHTsiapra ara Oynamu xampa
YI@PHUHT HUCGATMHM CTIMH THPOMArHAT HHCGAT

I

o = 2 (50.7)

2e6 xucoframra TYFpM Kenam.

Maskyp copfa MMCOJIIA AUAMATHETU3M XOAMCACUHU Tyury-
HMO O/ML OCOH. 55-pacMaa KypHHHuIMYA, BIEKTPOH Ba AXPO
- opacnparu  anektpoctatuk  (Kyjaon) §y3apo rtabcup Kyum

v

(7

™

©

B

55- pacw.
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[image: image188.jpg]F (4 DMEKTPOHHM © Gypuakuii TaKpOpHlIMK GunaH ainaHTH-
pamn: 5% .

F, =ma’r. (50.8)

Tawku // MarsuT MaiIOH XOCHJI KM/IMHIaHAa 3NeKTPOHra
Qlopeuu xyun F, == evH Tabcup Kwnamm Ba y, F,  Kyura Kapama-
Kapum i#yHanran 6ynaam. UKku KyusuHr aiimpmacu Gypuakuit
TaKPOPUIIMKHM Aw Kagap y3raprupaum:

mr(o-+Aw)*=F, —evH

Exku

mrw’+2mrodw+mr(Aw)*=F,—evH,

Gynna mro’=F, , v=ro oKkamwMrMEM >bTHGOPra OsCaK,
Aw< o aeb xucobnacak, IOKOPHIATW TEHIJMKAAH :
H

2m ik

A= (50.9)
MyHocabar keqm6 umkagu. By XomMcaHu wymmail TaiKuH
Kuauur MyMKuH. Bepk TOKka (31eKTpoHHMHr opGuta Gyitiab
. XapaKaTHjiaH X0CH.a1 6y/iraH TOKKa) MarHMT Maitfonuza xybr
Kyd TabCHp Kuaub, seKTponuunr H maiinon atpoduma ait-
nlaHMa  XapaKaTMHM XOCWI KMJaau, YHMHr Oypuak Tes-
Jmru

w, = eH/2m (50.10)

ucponara sra 6ynamn. By xapakar oKkuGaTHEA 31EKTPOHRHHID
opbutan maruuT MoMmeHTH AP ra Ba YHMHr OpGMTan TOKM
A‘Iw‘5 ra ysrapaau:

(50.11)

el .
MiP= Dl =G

Arap atomaa ( 21eKTpoH O0yJica, yJapHMHT opburanapn
r; G¥sica, aTOMHUHI MArHUT MaiiIOHM TabCUPHAA XOCU Oaran
(WHAYKUMATAHTAH) MarHuT MOMEHTH

2
GG (50.12)
LY

kypunmmpga wudonanasany; i — DJEKTPOHHUHI 2 ¥KMOaH
(koopauuaTa GowmM aToM sapocuia, z yKku aca H ra mapannen
KM/MG OMMHTaH) Y30KIMIMHMHT Ypraua KBagpaTd. ¥ pravanam-
TAPUATZH HUFMHIANA
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[image: image189.jpg](50.13)

~dn

6ynamn. Bynpa Fz—uex'rpounapnunr SAPOJIAH  Y30K/IUTH
§ypravya kBajpaTy.
Hemax,
2y 72 . @
AP/ =220 g (50.12)
6m
6ymm6, 1 cm® moamanumur MHAYKUMSANAHraH (nuaMsruu‘r) Mo-
MeHTH

AP=pAP—— &7
6m

H (50.14)

ndoga opkanm anukmanagu, 6ymna ng — 1 cM® parm atom-
nap conn. By wudopanam KypunMiunua, MHAYKUMSIAHTAH
MarHuT MOMEHT TalK¥ MarHuT MaligoHra Kapama-Kapuu
iynanran 6ynagn. BunoGapus, aToMapaark J1eKTPOHAAPHMHD
opbutanap Gyiinua XapakaTira TauiKu MarHMT Maif[OH TabCH-
pUIa ByXyara Ke/faauraH Oy MOMEHT 'JAMAMArHMT MOMEHT
6y:1m6, 6y xoauca acocuit YpuH TyTazMraH Momianap Auamar-
HeTMK Moananap Oynaam.

HOkopunaru (50.14) udponanan AMaMarHuT KaGy/1uawIMKHu
AUMKAAII MYMKHH:

Yy —AWET
6m

Wynpait kwmb, auamarseTdam Gapua moamanapra Xoc
Gynanu. AMMO, OyHnan GowKa MarHuT XOAMCAIAPU XaM Gopku,
YJaPHUHT Kaiich Oupu ycTyH Gyiica, yuia XOAMCE MOMaHMAT
MAarHAT XOCCaIapuHu aHMKIaiam.

(50.15)

51- §. TMapamarHeTH3m

Arap atoM €K MOJeKY/1a TAlIKM MATHMT Maitaon Gyamara- *
HUA@ XaM Y3MHMHP MarHuT MOMeHTura sra Gysca, 6y xosza *
atoM (EkM Mosieky/a) Y3MHM KWYMK MAarHuTyajail TyTauH.
TalwKu MarHMT MaiJOHHMHI MaiA0 KWIMHWILK MarHuryanap-
HMHD MaifoH WyHaimwura OypUAMIUMHM TaK030 KWJIafu.
AMMO, MCCHKJIMK XAaPaKaTH MarHMTYANADHUHT TapTnGan iijHa-
nvumne Gy3né Typagu. By ukku Kapama-kapmm Tabcupaap
okubaTHAa aToM (€KUM MOJIEKYN1a) Iap MarHHT MOMEHT/IAPHHHHT
iiynanumnap 6yiuua Kaupaiiaup takcumorn keand KA.

Arap 6Mp aTOMHUHI MArHUT MOMEHTHHH P, D.e6 1 cm® naru
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[image: image190.jpg]aTomstap CoHMHM n, Kie® Genpunacak, y xonaa 1 cM® xaxmuuur -
MarHuT MOMEHTH (MAarHWT/IaHuIl BEKTOPH)

(L.

udosa opkanu anuknanagu. By xonma napamarHuT Kabys-
YaH/IMK .

aiPi 1 __C
3% T T

X — (51.2)

kypusmuaa Gymagu. By epma C — Kiopu moumuiicu. Ymby
(51.2) ndopanaru Gornaunw Kropu KOMyHu neinnagu.

VTKa3yBuaHIMK ONEKTDOHJADUTA MATHWT — MaitOHHMHI
TabCUPH HT MyXMM MacasajnapiaH 6upu 6116 xucobnanazn.
Tauiku MarHMT MaioH YTKa3yBYAHANK (DPKMH) I/IEKTPOH-
Jlapvra MKKM XuJ1 TabCcup Kypcataau. BUpuHumaaH, Maruur Mai-
JIOH OPKHH OBJIEKTPOHJIADHMHI XapakaT WyJauHM OSrpunaijiu,
yJ1apHM BUHTCMMOH 4M3MK O¥iinab xapakaTaanumra max6yp
Kunaan. By gmamarnut xoamca (Jlangay AuamarHeTM3Mmu)
6ynaan. VIKKMHYMZAH, CTIMH MarHWT MOMeHTMra ora Gyaran
Xap 6uMp 2/€KTPOHra MaTHMT MaiIOH HYHANTHPYBYM TabCHP
Ky'pCaTa}J". YYHKH KDHCTa/L1ard 3PKHH 3apsaj TalyBunuaap
KBAaHT TM3MMHM Tawkua1 Kenagu, Pepmu—[IMpak CTaTMCTH-
Kacura GyﬁCyHaﬂ.M Ba 3JIEKTPOH/IAP CMMH MAarHMT MOMEHTHTa
Tlayu KoHyHura GyicyHum Tanabu Kyitnraau.

Bup caTx[a TYpraH WKKM DJIEeKTPOHHUHI CITMHJIApH aHTH-
mapasnes, - AbHM  GUP-GupnHM  Komnencaunsnaiau. Tawkn
Maiii0H naiIo KUJINHIaHAA CIIMH MarHUT MOMEHTH H ra mapan-

nen GyaraH NEKTPOHHUHT MOTEHLMas dHeprusck crimud H ra
auTunapasien GyAraHHuMKuaaH KaM. BuHoGapuH, GupuHuM
971eKTpoH Gapkapop Xonatia GynamM. DNeKTPOHIAp THIUMHU
6apkapop XonaTaa OyavmM  yuyH aHTHNAapauien CMHIM
3/MeKTPOHAAp COMH MarHMUT MOMEHT/IapH arfapuinG, yaap
10KODH 9HEPIUs XOJIAT/IAPUra YHKMO ONUIIM Kepak.

TKA3yBYAHJIMK 3/MEKTDOHIAPUHMHT NApaMarHut Kalys-
YaHIUTH

i (51.3)

nboga opkanu anukiaHagu. By epga F — @epmm caTxu.
Merannapaa F Ba n TemnepaTypara aeapim GOFIMK amac.
LUyHUHT YYYH XaM X,; TeMnepaTypara Kyucus Gorsmk 6yaamm.
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[image: image191.jpg]SlpuM yTKasruwiapia aNeKTPOHNAp 3UWINTH 11 TeMIieparypa
oprran ‘capu opTG OOpaay Ba LIYHMHT Y4YH YJIApHMHI napa-
MarHuT KaGy/l4aHaMrn TemmepaTtypara Kywu gapaxaga 6oe-
nauran Gynamu.

52- §. @eppomarHeTuam TabuaT

DeppoMarHeTMK MOJJanap Kywisw MAarHuT Xxoccanapura
ara Gyaran mopnanap 6ynamn. Ynapruur acocuit xoccanapu
Kyluaarunapian ubopar.

1. MeppoMarHeTUKJIAPHUHT [ MArHUT CHHDAMPYBYAHIATH
TaWKU MardMT MaitgoH KydyiaHrawiurura GoRMK  Gynamm
(56- pacm).

2. QeppomarHeTMKJap KOJAMK MarHeTM3Mmra ara Gynanu,
AbHY yJ1ap TAlIK¥ MarHUT MaiZoHu GysMaraHga Xam Mardur-
naHraH Xxoznatia 6yna onaan. KoaauK MarkeTM3m MarHuT
rucTepesyc oxuGatuamp (57- pacm).

M
2400 |-——
800 .
0w 2 0 4w 50 H 56- pac,
; %
|
|
|
I

57- pacm.




[image: image192.jpg]3. Temup, HUKeb Ba KOOGaNbT (PepPOMArHUT XOCCagapura
ara 6ynaan. Kropu uykracu ne6 atanaguran T Temnepatypanan
10Kopuaa deppoMarHeTK napamarHeTMKKa aiiaHuG Konaau Ba
YHHHT MarHuT KaGyJuanauru

¢

(52.1)

T—T: (4

KonyHra 6¥iicynann (Kiopu-Beiicc konynw). Macanan, temup
yuys Kiopu nykracu 770°C 6ynamu.

FOkopuna a6 yrramumusgek (50-§), rMPOMAarHAT TaX-
pubanap deppomMarHeTHKIapAa MarHe TMSMHUHT acocuii cababu
crME OyMuuMraEn Tacaukaarad. BunoGapun, deppomarne-
THKJIADHAHD MATHAT MOMEHTMHM JJIEKTPOHJAD CTIMH MAarkuT
MOMEHT/IapUHMHI 6aTapTu6 MYHA/NraHIMrK aHUKAANIM.

AHUKPOFYH, (DepPOMArHETU3M MaBXy/L OY MINMIMHUHT 3a-
pypwii mwapTi (eppoMarHeTMK aToMJIapUAa 3JEKTPOHIAPHUHT
6Mp-OupHHM KOMNEHCUPAAMaNIMTaH CIIHH MarHUT MOMEHTJIapH
6op 6ymuumruaup. Macanan, TeMup aTOMMAA TYPTTa KOMIIEH-
CvpJlaHMaral ChvH Gyﬂﬂﬂﬂ.

@eppomarHeTusM Gbaka™ KPHCTall KHCMIAPHA HAMOEH
OYIMULTTMAAH YHUHT WMKOHMATH Kyiuaaru Kowaa Owian
AHMKJIaHaTM: KPUCTAILI IAHXKAPa JOUMUACH d HIHT KOMTIEHCHD-
J1aHMaraH CrMHIM 3€KTPOH opGuTack auametpu 2R ra nucbatn
1,5 nau optuk Gy xepak, sbHU

(d/2R)>1,5. (52.2)

T1. Beiic (1907) cdapasura kjpa, ¢peppOMarHnT KpucTamn
KyHa Ky, aMMd MHKPOCKOINMK yuamiapra ara GyaraH KMuMK
coXanap — IOMeHAapiaH Taukui Ttomrad. Xap Oup gomen
coxacuna Gapua aleMeHTap MarHeTMKJap (aTomnap MarHuT
MomeHTapu) Oup Xun iynanran. JloMeH TyiitMHram Karra
MarHuT MOMEHTHMra 3ra, JIEKHH aﬁpuM AOMEH/Iap MarHuT Mo-
MeHT/IapU Xap Xui iiyHanaran. OKMOaTAa TAWIKM MarHuT Maii-
aoun Oyamarannga (eppoMarHeTMKHWHI TYa MArHMT MO-
MEHTH HOJIra TEHr GYMIM XaM MYMKHH.

MoajanapHHHE MATHAT XOCCa1apn TabnaTnHyk hakaT KBaHT
MexaHukacu ounG Gepau. Yura kypa, cuoutad (y3-y3upamn)
MarHUT/IAHAII XOJIATHHWHT BYXKYAra Ke/MIIMAA aJIMAIlMHYB
¥3apo Tabcupy %as KuayB4M oMui 6ynaan. Xakukaras, (52.2)
wapT 6aXapuirasna ajJMamMHyB BHEPrUsCH YI4OBM GY/Munr
anMalmMHyB WHTerpa u MycOar S§nam, Gy xonna y3apo Tabcup-
JalyBYN JNEKTPOHNAP CAMHIAPMHUHT Mapajien #HyHaammu
MabKy/IpOK, sbHM JOMewnap MaBxya. [Hemak, deppomar-
HUT X0JaT ypuHaM 6ynanu. . :
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[image: image193.jpg]JlomerrapHuHr un3nenit yauamaapn 1072 — 107" cm rap-
THOaa 6yaMuAra KapamaciaH, yJaapHM M#KpPOCKONAa kypum
MYMKMH,

TaGuataa autudeppomarneTukiap e araran Mopzanap
XaMm Masxy/l 3KaHJIUru Haaapuu 6au.|opa1' KWJIMHraHaan LyHl‘
(JI. [1. Jlangay, 1933), 6ynpait Mmopaanap taxpuba iyau 6uran
anvknanrad (Busser, Cksaitp, T3e; 1938 it.).

Macanan, MnO, MnS, NiCr, Cr,0;, VO, sa Gomka xyn
6upukmanap aHTudePPOMArHeTUK MOMJANAp JKYMIACHIAHLMP.

Bup-Oupura KUpHMraH, TYAMHMIUNAya CIOHTAH MArHMT-
JMIAHTaH MKKM MaHXKapaHu TacasByp KMJaiavK. Arap namxa-
PaNapHUHI CrOHTaH MarHWTJaHWIIA Kapama-Kapuwu Ba yiap-
HMHT MarHuT MOMeHTIapy Gupnaii 6yaca, By T3UM anTHEPPO-
MarHeTMK GOYnajy, YHMHD HATUXKAaBUA MA{IOHM HOMra TeHr
Gynamu. Arap KMpMITaH TAHXKapasap MarHUT MOMEHTIapH
6up-Gupura Tenr Oynmaca, OyHuail momma eppomaznerux
&ku eppur peitmnagu. Temnp okcuam Fe;Oz Ba 6up ékn Gup
Heua Metann M oxcnanpan wbopar kornmmanap (M, Fe, O.)
depputaap 6ynanu.

53- §. sipum YTKa3ruy MOAJANAPHMHT MArHUT XOCCanapu

Opamit ApMM YTKA3rUWIAp ANAMArHETHKIAD OYIa/HM, y1apHu
HOMArHUT sipUM YTKasruuiap ae6 xucobaaitvus. Ammo, GyHuait
sApuM §TKasruunapaa y é Oy cababuaH mapamMarHeTH3M BYKyI-
Ta KeJuuiM MyMKHWH, S'bHY 3PKWUH 3JIEKTPOHNAp Ba KOBaKjap.
KHDHIIMA aTOMJIAPH, TYPIH HYKTaBHIl HYKCOHAAD BA yJIADHUHI
TYNIaMIapu MaxaLMii MariuT MOMEHTJapra sra Oyamum
MYMKHH.

Arap MarHuT MOMEHT/Iap KMYHK BA YHU BYKY/ra KeTupyBun
ca6abnap kam 6ysca, 6y xonia yaap opacuja TYFPH KNMEBMI
Gornanum (6eBocHTa anMamMHys) GyaMalian, Gankn 3pKuH
DJIeKTPOHJAp BOCHTAcCHAA ajq0Ka (GuBOCHTA aJMAalMHYB)
amasra OLIMILY MYMKHH.

Besocuta aaMaumHys 6yamaran Ba GMIBOCHTA aIMAIUMHYB
3ca 3and 6yAraH 4oxaa OKOPKUAA aNTHUArAH MarHUT MOMEHTIAP ,
TapTuGNaHMaitaM, ApUM  YTKaTMUNAp HOMArHuT Oynaga.

ATomnapuaa 3neKTpoHJapHuHr d — &y [ — kobuxnapu
TYAMarad KupUiIMajiapy Oyimaran Eéxu leapHlel" MMKI0PH
kam Gyaran AV (Si, Ge), A" B"' (CdS, CdSe, CaTe) rypunaru
KPMCTa/JIap HOMATHWT SPUM YTKasruunapra Mucon Oyiamm.

Bab3u fpUM  yTKasruunapaa aromiapuHusr  d — &ku
[ — KoOMK/IapM T§/IMAraH KHPUILIMAJADHUHT IPYBUAHIUIY aHYA
‘karra. Bywaa# kpucranapra mucon Pb,_, MnTe, Pb,_, Fe,
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[image: image194.jpg]Te 6§2m6 (Mn Ba Fe atomnapuuunr Maskyp Ko6ukaapu tya-
MaraH), y1apaa x 6up Heua dousnn Taukua atagm (Mn Ba Fe
aromsapu Xuccacu erapamua katta). By xonma Mn ékm Fe
aToM/Japu §3apo Ky4aum TabCHMpiallagM, Xyda Kyn MariuT
MOMEHT/IapHU OMpJaWITUPraH MarHUT KaacTepaap (MHIIW34a,
a cluster — sappasnap yoOMH, Typyxu IeMakaup) naiigo Gyna-
nu. Macanan, Pby_, Te ga x=5-10"?% Gyaranpa, 6up eua
MWHT/IApraya TeMUD aTOM/IADWAAH TapkMOJaHraH Kiacrepaap
KysaTunaau. Byuna ¢eppoMarseTMKIMK Ba aHTH(eppoMarHe-
TMKJIMK XOAMCANapu HAMOEH GYMuyM MYMKHH.

,ZIMBMBI'HVIT KPUCTaL] [aHXapacu N4YMaa MariuT XuxaTaan
TapTMGaaHraH coxanap GynaguraH ApiM JTKasrwu KpucTawiap
SPUMMAZHUT SPUM JTKA3euunap neinnanm.

Acocuii KpMCTaJsl NMaHXapacHHU TAMKH ITraH aromap
MAarHWT MOMEHT/IapHra 3ra Oy.iraH ApuM YTKa3ruy Kpucrasiap
MazHuT ApuUM YTKazzuuaap Oeiwnamd. Yaapra d — meran-
napuuur okewmiapu (NiO, Fe;O,) Ba esponmit aneMeHTH
xanpkorenumrapu (EuO, EuS, EuSe, FuTe) mucon Gjnamm.
MaruuT ApuM §TKazrdusapia MKKM XM aJMaluMHyB y3apo
Tabcup Oop. Bysap opkuH 3apsj TawyBuusap Ba MarHuT
MOMEHT/IM MOHJIADHMHT TY/IMaran KoGWKJapu Tapkuomaarn
GOFNaHraH 37EKTPOHNAP OpAacHAa Xamia TYamaraH KoGHKIap-
Jlary DJIEKTPOHIAPHUHT TU3MMHMHT TapTubiaHral coxacuaa
y3apo Tabcuprapuavp. ByHaa# monganapaa 30Hanap TM3NMH
Ba MOC acoCMii Xoccajap IIAK/VIaHMIINTA XYCyCuid MaHxa-
paBuil MarHeTM3M GeBOCHTA TAabCHp KypcaTamd.

DHAM HOMATHWT SPUM YTKA3TMUYIADHMHT MArHAT KalymuaH-
JIMTH XaKuia TYXTanamu3. Y yu TallKua STYBYMAAH ubopar:

X=X + X2+ ¥, (33.1)
GyHpa X| — KPUCTaJll NaHXXapPACUHMHT, X — 3apsi/L TallyBun-
NapHUHT, X3 — HYKCOHNAp (KMPHLIMA) JIADHUHT MarHuT Kabya-
uanaurn. OfaTaa ApUM JTKa3TMUHMHT IeTMpAaHMaran (KMpui-
MECM:{) MOHOKPHCTaIMHUHT Ta)xpu6ana )“!Jmam‘au MarHuT Ka-
Gy/IuaHIMTMEN  MAaHXKAPaHWHr Xi MarHMT KaOyruawnrn ae6
Xucobranau.

DpKMH 3apA/ TalIyBYMIADHMHT Xy MarHMT Kabylyaimru
Y2n MAPAMArHAT Ba X2y IUAMATHMT TALIKW OTYBYMAAD AMFUHAN-
CHIaR MOOpAT, aMMO OMPMHYM TALUKMJ 3TYBYM MKKHHUMCHLAH
KarTa, OMHOGADMH OSPKMH 3apAN TalmlyBYMAAD NAPAMATHUT
xoccara ara. Xucobnawnap Xp, HHHT Ky#huparu udogacuun
Gepaau:

Xou == AT'? exp (—Eg/2kT). (53.2)

(§3.2) nmaH KypuHWLIMYA, XAKMKAaTaH XaM ODKHH 3apaj
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[image: image195.jpg]TauyBuMnap 6uiad 6OFIMK X2, MarHUT KabyI4aHIMK Temnepa-
Typara KyuIM gapaxana GorsaHra.

DHAM TYPAM HYKCOHIAp MAa#]0 KUMAAuMraH X3 MarHut
Kaby/IuaHIMKHM Kapal uMKaiiuk.

Opaumit HOMAarHUT SIpUM YTKasruuiapaa aipum Kowrapaa
ypunnamrad (10Kaa1aHraH) MarHAT MOMEHT/IAp X3 TAUIKHMJ
ITYBYMHM aﬂmulaﬁun. KHpHI.LlMa aTromJiapy MarHuT MOMEHTUra
ora 6ymmum mymkun. Y3apo rabcuprammaiimuran caés go-
HOp/iap €KM aKUeNTOpJapHM MacT TeMIepaTypaiard — HOH-
JlaliMarad XOJIaT/ard MarHMT XOCCAJapHHH TymyHWG osmmr
OocoH. ByHma KupwiiMa aTOMHMHr MArHMT XOCCACHHU ODPTHK-
Ya JMIEKTPOHHMHI CIIMH MOMEHTH aHMKJIaiau. By xoina mna-
pamaruut Kabyauanamk Jlamxesed udogacu 6yitMua aHuk-
JlaHagu:

Xan ="—‘f',h L(a). (53.3)

Bynparu L(a) = ctha—1/a; a=p, H/kRT, ne—1 em® kupuu-
Majiaru OpTHKYA 3JIEKTPORJIAD COHH.

ByHpgaH Tamkapu, OPTMKYA 3JEKTPOH AMaMarHUT XOccara
xam sragup [(50.15) udonara xapawr.]

¥Oxopunaru (50.15) Ba (53.3) ndomanapaan KypuHummuya,
nactT Temnepatypanap COXacuaa, KMPHMIIMAnapapo TabCHp
MYKIMIMAA, MarHuT Kaby/JuaHwiMK Kamaiuui Ky3aTWIHLIH
Kepak.

Macanan, arap caés noHopaap y3apo TabCHpJAmazMTaH
Xonma (KMpUIIMaBMil 30Ha Xocwa Oyaran xonpa) Gyupait
JIOHOP/IaPHHHT NapaMarkuT Kabyryanaurn

Ko =g T & (53.4)

Gynagm, Gynma c=mpg(A/m*)*(1+a)~!, a=ny(Bm*%);
A Ba B — poumuit Mukzopaap.

X;p ra yrmm merawnapu (Fe Ba Gomkanap) kupuuMa
aTOMJIapU JHI KaTTa Xucca Kymwaa.

Maxa/umii MarHuT MOMEHT XOCH/ KHJIYBUMIAp KaTOpHAa
KHPMIIMa-KHPUIUMA, KMDHIIMA-BaKaHCUsi Ba OyHaaH Gomka
HyKCOHIap GupuKkManapu 6aumu MyMKuH. Macanas, KpeMHHIA-
Aa Masran Mn HMH Tyryniap opacuaa xoinamran Mng Tax-
JIMTHAArK TYPyXJIapu MarHMT MOMEHTIa sra 6ynaau.

54- §. Maruut MaitIOHIa pe3oHaHC XoImcanapu
DNeKTPOMArHWT Hyp/aHMIl KpUcTauira TymuG, yHuHr
nunra kupa Gopramma 6apya TakpopuiNMKIapAa HypraHMLI-

HMHT OTH/MWIM 103 Gepamu, amMmo MyaisiH TaKpOPHILIMK-
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[image: image196.jpg]Napaa OTWIMII OKYA2 Kywiu OYnagM, SbHM IOTMIWIIHMHD
KECKMH UyKKMCH ByXyara Kenaau. By xommca pesonamc
Xomucacu fe#innagn. Arap pe3OHaHC HypJAHMLIHWHT aToMiaap
SIPOJIADH CIMH MAarHMT MOMEHT/Iapu OWIaH §3apo TabcMpH
okubatuaa 103 Gepca, yHM AADPOBUH MATHHUT pe-
30Hauc (IMP) peitmnaan. lyHunraex, KpucTaan nanxa-
pacuzaary KupMILIMa aTOMJIADMHMHI 3JIEKTPOHAApH CIIMHK
6unaH HypraHMIl ¥3apo TABCHDJALIraHAA 103 Oepagura
PE30HAHCHH 3 1€ KTPOH-MaPaMAarHUT Pe30HAHC
(3I1P) ékm sneKkTpoH-cnuH pesonanc (ICP)
AeHUnanu.

Arap 2/eKTPOMATHAT HYPJAHHMII DHEPTMsCH IPKHH DJIeK-
Tpornap (éku kosaknap) ioraérrau 6ysica, Gynmaru pesoHaHc
YUKNOTPOH €M OUAMAZHUT pe3oHanc Ae6 aranaau.

CaHab yTHIran pe3oHaHCIAapiaH sHa OoMIKa Mypakkab
y3apo TabCMpEaH Ke/MG uMKamurad pesoHaHciap Xxam Gop.
AVipUM pe30HAHC XOAMCANapH YCTHAA TYXTajaMus.

Alnposuii MarHuT pesoHaHc (SIMP). Maruur Maitmonaa
ANPONADHUHT SHEPrUsi CATXJapu napuaiaHagy Ba saponap

YehH
N_/Ny = exp(_§> =exp (-2 (54.1)

KOHYHHAT acocMpa caTxjiap Oyitmua Ttakcumaadran Oynanu.
By epra N_ Ba N, — 0KOpMIM Ba MAcTKM caTx/apaaru

SAPONAD 3UWINTH.
Vi = gre/2Mc; (54.2)

g+ — AAPOHMHT g - ommim; M — nporon maccacu. [lapua-
JIaHWII caTX/iapu opacuaaru macodann AE ne6 Gearmnacak,
copgaa xosaa

AE =2y, H. (54.3)

Arap /1eKTPOMATHUT HyP/IAHMII KBAHTH SHEPrUsACH (YHUHD
HyHaNMLM TerMUUTMYA TaHAaHranaa) e = AE 6yaca, oTHamm
3Hr Kywm Gynaau. SIApOBMII MarHMT Pe3oHaHC Y. HY, GWHO-
Gapus gr OMMIHM (PAKTODHH) AHMKJIALI MMKOHHHH Gepazu.
Taxpubagad g HuHr Kuiimatn 2 — 10 opamukaa Gymaum
AHMK/IAHTAH.

Sinposmii KBaupynonb pesoHanc (SIKP). SIKP uu kapan-
ranga akaT sAPOHMHI KPHCTauiard Kypluosn Guias y3apo
MarHuT TabCHPU DbTHOOPra ONMHAAM. DJIEKTDP MaioHAap-
HUMHI SAPOHMHT HHAJITHPMITaHIMIUIa TAbCUPH XMCOOra OUH-
Maiinn. Arap sipo 3apSIMHMHI TaKCHMOTH CepHK CHMMETPHK
6ynmaca, Oynpait sAPO KBAajPyMoib ONMEKTP MOMEHTHra 3ra
6ynamm. KBampynonb 3neKTp MOMEHTHMHT ¥3apo TabCHp
DHEPIUSACH MABXY/L:
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[image: image197.jpg]_€q9Q —
B = YTy Bm*—IU+ D1, (54.4)

6yHga ¢ — SAAPO TYPraH JXKOWAA SNeKTP MaWIOH TPajNeHTH,
Q — SAPOHMHI KBaZpymnojb MOMEHTH, J— YHUHT  CIIHH
MOMEHTH, M — CIIMHHHHT 3JIEKTP MaWaoHM WyHaIMmMra
TIPOEKLHACH.

Taiky 10KOpH TaKPOPHAIUKAM MaioH |Am | 1 6yaran
caTx/ap Opacuia Pe3OHaHC YTMIIAp a0 KMiaaM, 10KOpH
TAKPOPHANNK/IM MaHIOH JHEPrUfCH IOTUNIAAM, S’bHU SAAPOBHI
KBaJIpyno/ip pE30HAHC XOMMCAcH commp Gynapm.

DNEKTPOH — NapamMarHUT Pe3OHaHC. DNEeKTPOHIAap CIMHK
AOMMMH MArHMT MaWJOHAAa MKKWTa CaTXra MapyalaHajM,
ynap opacuia yruuuiap WMKon Gop.

Marnut  Maiiion  WYKJIMrMaa 3neKTpoHiap  CIMHIapu
dazona TapTMbGen3 WYHAJIraH Ba WUFMHAM MarHUT MOMEHT
HOJra TeHr. Momga HamyHacy AOMMME MarHutT MadaoHra
KOWnalrasaa cnupaap maitaon 63inab éku maitaosra Kapum
#ynanran 6ynasu. CrMHHMHT MarsuT MaiiioHura napamnen
yHAIMIWKM SHEPrusl KMXATAAH aHTHNapasUiesl HYHAIMIITA HUC-
Garan Yurail Gynrawimry caGaGnv dneKTPOHAAp CrMHIApH-
HMH KyI KMCMHM MarHWT Maitgon 6yina6 iiynamran 6ynan.
OKuGaTAa MHAYKUMSANAHIAH MATHATAAHWIN BY)XYAra Kenajw,
MATHATJAHAII BEKTOPM MAarHAT MaitfoH Oyinab iiyHamran
Oynapu — [laynu mapamarseTusmu naipo 6ynamu. Kyummua
I0KOpM TaKPOPHMIUIMK/IH  Maii0H, Mya#isiH TaKpOPMIfMKIa,
MaliIoNra fapaiiesl COWHIM JNEKTPOHIAPHUA AHTUMApases
WYHAINILI XONATra yTKAa3aaH, AeMaK, I0KOPH TaKpOPUAIUKIIHA
IMEKTPOMArHUT MAMIOH DHEPIMACH KW IOTWJIAIM — DMeK-
TPOH — mapamarkuT pesoHanc (3IIP) xomucacn 103 Ge-
papu.

DMIP 103 Gepuiuy yuyH KpucTa/Lija CIMHAAPH XydTIaHMa-
raH dMeKTpOHnap OyimmM wapr. Macanan, Temup atomuna
Q/IEKTPOH/IAP WUKM KOOMFM TyMaraH Ba JKyQT/iaHMaraH
cnuunap Masxya. Bynnait atromnapaa 3TIP uy sixum Ky3aTuun
MYMKHH. Arap sipuM §TKasruy KpUCTajufa YTHII dJIeMEHTIapu
(Fe, Co, Ni) nuur a‘roMnapn masxyn 6yica, P ycymmpa
yaapuuur 10" — 10'? eM™ wamacuparu MUKZOpHHH aHHKTA6
O MYMKWH.

MarinT pe3OHaHC XOWMCAlapiaH siHa GHUDH ULWKJIOTPOH
(muamaruuT) pesoHasc xoaucacuanp. Kyuau Maraur Mangosu-
a DPKMH DJIEKTPOHJap €KW KOoBakjap MaigoH arpoduaa
aiinanMa xapakar (npeueccus) kunagu. Arap 6y xapakar
TaKpOpUMIUTH (UMKJIOTPOH TAaKPOPHIL/IMK) HAMyHaJaH yTKa-
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[image: image198.jpg]3UITaH 1EKTPOMATHAT HYp/IaHMII TAKPOPUITMIHIa TeHr Gyica,
Hyp/IaHHMII Ky4IM lapaxana oTuragu. By xoauca 6aradcuapok
44-§ na GaéH KWIMHraHaM.

XBOB
SAIPUM YTKA3MAY CHPTH BA KOHTAKTHIATH XOAUCAJIAP

®akjga TaiKMKIaHauran Ba  ac6o0CO3NMK - caHOaTHAA
doiinananuianMrad ApuM YTKa3rud MOAJANAp KUUHK yruam-
napra sra 6ynagu. By oca, sipum JTKasruy CHPTHHMHT SpUM
§TKA3TMyY HAMyHAIaPH XOCCANAaPUra TabCUPH MYXUM Gy miim-
PMHU TaK030 Kuiaau, ByHpaH ramikapu, spuM JTKa3ruuHWHT
MeTannap Ba AMDNEKTPHKIAp OMlaH KOHTAKTHAA XaMAa MKKA

. ApMM JTKA3CMYHWHI KOHTAKTMAA 103 Gepaguras Xoaucanap
ApMM  YTKasrmy acGoGIapHUHT XyCYCHSTIapHHW aHUKIaau.
Bu3 Kyinaa wy Macaja yCTHAA KucKada (UKD IOpHTaMM3.

55- §. sipuM yTKa3rMy cupTMAArM XoJartiap

Kpucrann CHPTHHMHT MaBXya OYIMIUIMCHHMHT J3U aTOM-
JIADHUHT [IaBPUH KOMMAMIMIMHUHT, GMHOGAPHH, MUKM MOTEH-
LMaJl AaBpuit MaiAOHHWHT Gy3ummumm (y3uaumu) AeMakiup.
ByHuHr oKMbaTMa KPUCTAA CHPTMAArH aToM/ap TYJaTHi-
MaraH KuMéBmii GoFnanuuLIapra ora GyiaaM, SbHU yap y3ura
3JIEKTPOHIAPHM OGMpAAIWTUPUE onMur (KaGysl KUJHMIL) UMKOHHS-
THra oramup. By oca, #ApAM YTKa3TMUHMHT TaKMKJIaHraH
30HACHIA MaXaJUTHi CaTXJiap BYXKYAra KeIMILTATMHY Guimpa-
4. DNIeKTpOHAap yuyH OyHpait cupTMit dHeprus caTxjiapu
Tamm catxyiapyu e6 HomaaHran (Oy caTxlap MaBXKY/UIMTHHH

58- pacm.
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[image: image199.jpg]anna 6upunum mapra akagemuk M. E. Tamm Takmd Kuran).
Arap KpucTana nauxapa noumuiicn 3-107% cm uamacuga
1e6 xucobacak, y3wiraH KMMEBHit Gornanuuwiap, 6unobapun,
Tamm carxnapu suwmrn 10'° cm—2 atpocdmma 6ynapu. By
carxJap MUKIOPM XaXMJar¥ caTxjap MHUKIODHra TaKKoC-
naHapay fapaxaja 63raHaa yIapHUHr TabCHpH KaTTa 0y1aau.
IOnka sipuM yTKasruu mapiasap XoJuAa aHa IuyHAaHmup.
TaMM caTxJIapH SPUM YTKA3THYHUHE CUPTH TON-To3a Oyranuma
MaBXys 6ymumm Kepak. AMMO XaKWKMii LIAPOMTAA CHPTAA
Xap XM HYKCOHJap MaBXya 63110, yaap xaM CHpT SKMHUZA
KPUCTa/UTHUHT TAKHKJIAHraH 30Hacuaa y’3 XO0JaTJIapUHHA BY XKy~
ra keaTupamu. CUDTHMHT TapkubyM Ba Ty3waMmmHM Oy3aguran
6y HyKCOHJIap — BaKaHCUAJIAP, €T MOJIaIaDHKHT CUPTTa EMMLI-
ran (ajcopbraHran) MOJeKy/najapu, aTOMJapH Ba HOHJIapH,
OKCHJL Mapanap Ba GoliKanapaup.

Apncop6uus (cupTra éNMIUMII) HUHP UKKM XWJIA MaB-
KyR: ¢usuxasuii docopbyus éa Kumésuii adcopbyus (xema-
copbyus). XaKuKaTaH XaM, KaTTHK XUCM G1iaH aToM (Moseky-
;1a) opacuia BYXXYAra KeJlauraH Ba afiCOpOLHIHM TaKO30 KH-
JyBuM Kyunap Tabuatn Xap Xuj1 6yammu MyMKuH. Arap Gy Kyu-
J1ap 3eKTPOCTAaTHK Kyuwiap, Bau-gep-saanbc kyunapu Gyica, 6y
xonzaru aacopbuus gusuxaeuii adcopbyus peimnanu. Arap
aacopbuys yuyH Machy/l Kyunap KHMEBHMi Tabuatan (aaMamu-
HUIL Typuaaru) Kyuwrap 6yaca, 6y xonma kumésuit aacopbums
TYFpUCHAA rall 1OpUTMAAIM. 58- pacMpaa aacopbuMs UM3UFH
Taceupsanran. CupT Guman apcopGeHT (CMpTra SKMH KearaH
3appa) opacuaary y3apo Tabcup 3Hepruscn MuHuMan (Ei.)
6yaranna apcopbunst Typryn 6ynaam. Kywmm aromnap opa-
cnparu macoda Xemacopbums xommpa usmkasuil agcop6-
UMs XONWjaruiaH aH4a KWYMK, Scmaﬂmu JHEeprusAcu aca
(usnkaBuit agcopéums xomma 0,01 — 0,1 3B, kumépmit
agcopbums xommaa 1 oB atpoduaa Gynamu.

XeMacopGUMSIHUHT MKKHM wakIM Gop: «3and» xemacopbums
Ba «MyCTaxkam» Xemacopbums. «3and» xemacopbums xoamna
kuMEBUIT (CMpTra) €nMiIraH 3appa 3/IeKTp XUXaTaaH HeWrtpasn
6ynann Ba 3appa GusiaH nawxapa opacuiard GOFIaHWII 3PKUH
3apsijl TAaIYBYM NIITUPOKMCH3 amasira omaau. «MycTaxkam» xe-
macopOums Xonmpa xemacopnadran (Enmwran) 3appa ¥3
AKMHMIA DPKWH DIEKTPOH EKM 3PKMH KOBaKHM ymu1ab Typamu.
Jlemax, Oynnaii GornaHMwza Ma3Kyp 3apsiil TalIyBYMJIapAaH
Gupn Karsamamu. Mucon yuyn ZnO Ba CusO kpucrawnapuna
O, Monekyna XemMacOPOUMACHHMHN WMKKW WAKJIMHM Kypums
mymkus: arap O, KHMCJIOPOZ MOJEKyJacH MaHXapajaH Gup
91€KTPOHHN TopTUG 01M6 O; MoHra aﬁ)lal-!ca, naHXapaja KoBak
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[image: image200.jpg]xocun Gynagm, yaap Gup-6upumu ymia6 typamu, Oz+et
(xoBak) xydru dnektponeirpasaup. By Xon «3and» apcop6-
unsra muconaup. «Mycraxkam» GornamMuLM Xemacopbuus
IWak/MAa 3ca, MAaHXapa MOHMAATH OUp SJEKTPOH E€Ku Gup
KOBaK OpKuWH G6yim6 keragm, Oynpa nawxapa MOHM Gunan
KUC/IOPOZL MOHH MyCTaXKaM aKUENTop OOFNAaHMII XOCHT
KU/Iaau.

56- §. 3apsil TAWIYBYMIAPHUHT CHPTHII peKOMOUHAUMSCH

VII 6oGuuur 41- § 1a GOTOYTKA3yBUAHAMK XOMUCACH OUIaH
TAHMIWMATAHAA APUM YTKA3MMY XaXKMuja 103 Gepaauran 3apsan
TalyBUMap TEHEPALMSACU Ba PEKOMOMHAUMA JKApAERTAPHHU
Tax/MJ KWIraH 3auK. DHAM CUDPTHMH XO0JaT/iap OpKaau pe-
KOMOMHALMSA KAPaEHUHU KYPUG uMKamu3. Arap spum JTKasruy
cupti GowKa XKucM Guiad TernumG Typmaca, y OpKaaM Tysia
ToK Hosra Tewr. Jlemak, 6y xoama

jm =i =052 = ju=— Ly (56.1)
e e

Gynna I, — cuptauur 1 e’ a | ¢ fa pekoMGMHALMsNaHABTTaH
3aps/ TallyBYMIAP COHH, j.| BA fp1 — CHPTra TMK MyHanumija
3/JIEKTPOH Ba KOBAaKJApHWHI TOK 3MWIMKJIApH.

MabyMK, PeKOMOUHAUMSHMHT MCCHKJINK TeHePALMACHIAH
apKu TOK Kyuu np — nopo aiiupMara nponopuuoHan Gynaam.
Xyaau wysra yxwaw /s yayH

Iy = — s (nsps — NsoPso) (56.2)

uconann &3um Mymxus, 6y udonana n, Ba ps — INEKTPOHAAD
Ba KOBAKJIAPHWHT CUDT AKHHWIATH 3UUIMTH, Mso BA Pso — YJIap-
HMHI MyBO3aHaTHi KMAMaTIapH, Ys — IPONOPLMOHAIINK
AouMHiCH.

PekoMOMHALMsA Te3ArW YHYAa KaTTa Oy/IMaramaa cupr
AKMHMAArKH COXaja 3apAl TALyBUMIAp 3UWIMIH XaXmaarn
BHWINK 6"11311 BO}IbuMaH TaKCHMOTH BOCHTacHAa Somaﬂran
ne6 xucobnawr MyMKHH,

XaxMIaru HOMyBO3aHATHii-Ba MYBO3aHATHil 3apAd TallyB-
YMMap 3WWIMKJAADHHM, MOC DaBULILA 7, ) BA Ny, Po OWIAH
Genrunacak, CUPT SIKMHMAA 30HAHMHT OIPUJAHMIUAHM (CHPTHI
noTeHUManHu) s opkanu Genrnna oncak, 6y xomza

nd = ng exp(—qs/kT), p=poexp(—qs/kT),  (56.3)
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[image: image201.jpg]ny=n exp(—qs/kT), ps= p exp(qs/kT) (56.4)

ne6 é3u MyMKHH.
Arap (56.3) Ba (56.4) wndonanapun (56.2) ra kyiicak,

ls =7y (np — ngpo). (56.5)

AMMO, n=ny+An, p==po+Ap kypunumga ndopasaHaau.
Ksasuueiitpasuk waptu Gakapuaca (An=Ap 6ynca) Ba
An<ng, py 6y1ca,

v=¥s (o4-po) (n—np) =sAn (56.6)

Bynnaru s=y.(no+po) KaTTamMK cupruti  pexombumayus
Te3/uy aedunan. -

DHaw wy § KaTTaJMKHU XMco61a6 Tonamus. SIpuM yTKas-
TU4 CUPTUAATH XOJAATAAPHUHT UKKW XWIM — Te3 6d CeKUH X0-
aaraapu MaBXyn. PekomOGMHaims kapaéuu Te3 XosaTiap
opkann amajra owamu. Ulysgaii caTxiap cuptaa yTKasys-
YawmK 30HacuiaH E, Kanap nmacTaa (TakMKIaHraH 30Hana)
Ba ynapuuur 3uuaurn N, 6yncus  (59- pacm). Xaxmaaru
Gup Maxaumii caTX OpKamM peKOMOMHAUMAHM Kapairanja
uukapuirai (41.26 6) udonanu 6y xonra xam TatéuK Kuauun
MYMKHH:

Noyyapan—pind) (56.7)
Vi (et ) Y2 (l'+Ps)

l=—

6y epaarut Vis, Y2 — SMeKTPOH Ba Kosakuumr L. catxra yuuia-
aum Koddduumentw 66, yuudr yauos Gupamru oM -c,

) (56.8)

/1‘=N.exp(——:}— ), p;:NuGXp(E

Arap (56.3) Ba (56.4) mynocabatnapru obTHbOpra oxcak,
o1t
%

=i r}n%

® 59- pacw.
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[image: image202.jpg]Novisvas (pn—pono)
Ii= 56.9
Yis[nexp (—qu/RT) 1]+ vas [pexp (gs/ kT) +pil { 2

kenm6 unkaam. Llynaaii kuan6, (56.6) Ba (56.9) ucbonanap-
[aH CHPTHIi PeKOMOUHALWMSA Te3NMru

potnu+An
a1 H{nexp(— g/ KT vepexn( )]

s=Nyiye

(56.10)

nona G¥itnua aHNKIaHNG, yHUHT §140B GupaMrn oM/ c Gynanu.
OpTnKya 3apsi TaulyBuniap COWM Kam Gyarauma, An Hu

Taua6 wo6opum MymkuH. Y xomga (56.10) ndopanan k;
pUHMG TypulMua, S KATTATMK (i CHPTAATM TOTEHLMAd T!
CMKKa Maxkam GorsiaHran.

57- §. Merann — sipuM YTKA3rU4 KOHTAKTH

Apum  yTkasrud MopaanappadH  doiganaHrasga - ynap
anbarra Gowka Mopsanap GuaaH TyTamraH xoaga (KOHTaKT-
sJawrai Xonja) 6ynagn. By Gomka mopsa mertaan €ku spam
YTKasruy Gyauum MymMKHH. SIpUM YTKA3rny AMaNeKTPUK Ouaan
Tyramras Oy/vIuM Ba afipuM XoJJapaa 3ca, JpATMAa EKu
QNEKTPOMT OWiIaH KOHTAKTA2 OYIMIM MyMKVH.

SIpUM JTKAIrMUHUHT METa/Ll OWaH TyTAlUraH XOIH MyXuM
Macanajiapaan GUPUIMP, YyHKU GyHNall KOHTAKTJIap B/eKTPOH
ac6obrap mwrab unMkapumiga KatTa ypuH TyTamu. Konrakt
(TyrammMm) KaTrammuga 103 GepaguraH axoiud Xoaucanap
WKKM MO/1/1a Yerapacu OpKajiu 3pKWH 3apsijl TallyBumiap ajiMa-
mmuunra  Gormkanp. Uy cababaan KoHTakTaarm Xomu-
canapHuHr caGaGMHu  YPraHMIHM MONIANAH ONEKTPOHIAp-
HMHI YMKMIMAM TEKWHMPHILAAH GomaitmMus.

Mousa Bakyym Gunan uerapanaHrad GyncuH. Mabaymku,
MOJlafaH SJEKTPOHHUHT BaKyyMra UMKMO KeTMUIMra Kapui-
JIMK KYpcaTajurad rotenuMal (OHEprusiBUi) TYCHK MaBXKYZ.
By TYCHKHWHI GanaHWIMHM 5EKTPOHHMHT CUDT OpKajm
Tawkapura uukub Keta onuwm  3apyp 6yaraH  oHeprus
aHuKJaigM. YHH wukuw wuu peinnanu.

Typ/u MOAAANAPAAH DJIEKTPOHNAPHAHT YMKHIL MK TYPIU
KuitmaTaapra ara Gynaau.

TepmOOUHAMUK HUKUW Uy YTKa3TUYHUHT DepMu caTxu-
naH BakyyM catxdraua Oyaray sHeprussuii Macodanu Oua-
nupanu. flHa GoImKa TAIKA YUKHMII WK 8KU INEKTPOH AKUHIUK
1e6 aranraH KaTTaiMK YTKA3TMUHMHT YTKAa3yBUaHJIMK 30HACH
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61- pacw.

Jard Mai#fIoH MOTEHUMAs SHEPrusicH (KOHTAaKT MOTeHUMawiap
afiupMacu) uMKMm uumapu aupmacura Tenr 6yau6 Konamu:

X _x, L (573)

W

Merann cupTMAa TYIUIaHraH 37eKTPOHAAp, GMHOGApUH,
KOHTAaKTAa XOCH/ GyAraH MaiiloH XaM YHWHI HuKapucura
JAesipav KupMaiiau. JleMak, Maskyp Mait/ioH sipuM JTKa3TMuHUHT
cupTHra SKMH KaTiamia xodnamrad Gymamm (61-a- pacm).

By KaTJIaMHHHI KeHIIMIMHM KOHTAKTAA , KOHTAKT MOTEH-
upannap aiupMac XOCH/I KMJMUI y4yH Ma3Kyp APUM YTKasruy-
AaH KaHya dNEKTPOHHM METa/Ul CHPTHra YTKA3Wll KepakIuru
aHuKakauM. YyHKH meTauira yTraH MEKTPOHJIAp SpUM §T-
Ka3TMUHMHT CHPT KATJIaMH/IaH KeTraH Ba 6y KaTiamaa KMpHIiMa
MOHapHaH MOOPaT XaXMuit 3apsi Ba y Onian GOF/MK D1eKTP
Maiigon xocun 6yaamu. By KaTiamaa a/1€KTpOH 3MWINMM Ka-
Mas/¥ Ba JHEPrusi 30HACH IOKOpUra drpuaHaju. EMHOGGPHH,
APUM JTKA3TUUHMHI XaXKMHUIATH M) BA CUPTUIATH N JIEKTPOH-
Jap 3MYIMTM OpacHaa

n=noexp(—q, /kT) (57.4)

Gornanui 6op.

ByHpail KaTIaMHMHI COMMUITMDMA KApLUIM/JNLKA KartTa Ba
YHU 6epKUTYSUU KATaam Redunany.

ArapX | <X, ©jsca, SbHM MeTAUTHHHI UMKMII WIIM APUM
JTKA3TMURNKMAGH KuuMK Gyica, y xonma I, >I Ba metamn
cupTH MycDaT 3apsjUiaHraH, APUM yTK33l"K‘i CHPT KaTIaMH
Manduii 3apsuiaHras 6ynagu. BunoGapus, spum jrTKasruu
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60- pacw.

TyOuaH BaKyyMm CaTXuraua XucoGiaHraH dHeprusisuii maco-
anu Gunmpany. YTKasrMu CHPTH ODKanM YMKAETTaH d/ieK-
TPOH/IAD OKMMHMHHM TEPMOJMHAMMK YMKMII ML aHUKIAHIH.
SlpuM §TKa3ruu CUPTHAAH, SHEPrUABHIl TYCHKHM eHrMO,
BAKyyMra UYMKaéTraH O5JIEKTPOHIAp OKMMH TEpPMOIJIEKTPOH
amMuCCHAHMHr ymby udonack Gunan aHUKIaHmH:

] 4um (kT)

ATy (X ), (57.1)

6yHna X, — ApAM YTKA3rWYHMHT TEPMOAMHAMUK YMKMIL WILK
(60- pacm).

Merainan BaKyyMmra YMKaéTraH 3/IeKTPOHJIAD OKMUMH YuyH
XaM myHra yxmam udonaHu €3a 0naMus:

4am (kT)* X,
L e exp( i ), (57.2)
6yuna X, — METa/UTHHHI TePMOIWHAMHMK WMKMII HILH.

Arap sipnM yTKa3ruy OWJaH MeTaUTHM TyTamTHUpUICa,
(57.1) udona GuraH aHMKIAHAIMIaH HIEKTPOH OKMMH SIPUM
yTkasruugan merasira, (57.2) udona GwiaH aHMKIAHaUraH
3JIEKTPOH OKMMM 3Ca MeTa/UlIaH UM yTKasruura yraan. Arap
X, <X, ne6 dapas xuicak, 6y xonma J, >/, 6ynagu, spHu
APUM YTKA3TMYIAH MeTasIra KyMpoK 3/eKTPOHAap yTaam Ba
MeTawl CMPTH MaHMHif, APUM YTKasTHY CUPTH dca Mycbar
3apsmiann6 Konamu. TMaitno 6yaran anektp maiinon J, Ba J
OKMMJIap (bapKWra TEHT. TECKapH OKMM XOCHI KW/ITYHYa JCH
Gopazm. DNEKTPOHNAD OKMMM MYBO3AHAT/IAUITAHAA KOHTaKT-
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[image: image205.jpg]CHPT KaTIaMuAa (MeTa/UiiaH yTraH SJIEKTPOWIAp Xwucobura)
DNIEKTPOHAAD 3UWINTH OPTM6 KeTaJM, DHeprusi 30HaCH nacTra
srpunaHaau (61- 6 pacm). Bysgalt KOHTaKT KaTJIAMMHMHI
COMIITUPMA KapUMWTW KuuMk Gynaam Ba yHn antubep-
KUTyeuu xKaraam Aenunaim.

BepxuTyBun KaTiaM/iu MeTall — SPHM YTKA3THY KOHTaKT-
Jlapy ¥3rapyBuaH TOKHM TYFpuarmdnapu 6yamb xusmar kuna
oJ1aau.

BepxuTyBuM KaTJaMHMHI MYyBO3aHAT WIAPOMTHAArM KEHT-
JMrHHH

. L=y (57.5)

X = Gaon,

ubona anuKmakIm.

Arap mry KomTakTra Myc6ar Kyr6m merawira, Manduit
KyTOu sipum yTKasruura ynauran mauGagan V Kywiandm
Gepuica, KOHTAKT MOTEHUMALIAp atMpMacH Kamaiuo,

=g, —eV (57.6)

6ynu6 komamu. BuHoGapuH, spuM YTKasrdugaH Metamira
TOMOH 3/IEKTPOHJAP YYYH NOTEHIMAN TYCHK nacasam, ury ijHa-
JMUIA BIEKTPOHAD OKMMM OPTHO KeTajy, MeTAa/UVIaH SpAM
S"TKBJFHWFB OMOH JJIEKTPOHJIZp OKMMM 3cCa, Wirapuruya
Konagn (Gy WyHAIMWKMAA 3IEKTPOHIAP YUyH NOTEHUMAN TYCUK
#YK). Arap >7eKTp 3aHXKMp €NnMK ©yaca, 37eKTPOHAAPHMHID
APUM JTKA3rMYlaH MeTaira TOMOH OPTHKYA OKMMM 3BA3Ura
KOHTAKT OpKa/1M TOK yTajau. Arap Gepuiras KywiaHuul OpTTH-
pub Oopuica, TOK Xyma Te3
J (xypcatkuumm yHkums 6yitn-
ua) oum6 Gopamu. By xosma
V>0 pme6 xucobnanagu, yHu
TYFPU KY4AGHUW, YHTA MOC Ke-
JIyBYM TOK KYYH 3Ca TYFPU TOK
neinnagu. FOxkopumarn (57.6)
uoaara acocaH, KOHTakT Gep-
Y KHTYBUH KaTJaMHHHT KEHTIMIH

2 XaM y3rapHilH, sS’BHU

(g, ~eV)

LWy=l7am

1"t 1

66 koMM Keanb umkamu.
62-pacm. - Hemak, V>0 6yaranga Gy
KaT/aM TOopasijii.
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[image: image206.jpg]HIyHMHr yayH p—f- YTHUTHUHAT YMyMU# KEHIJIMTH Ky#HH-
Aaruya:

e@p—nNatNay 172
(er?—N,_NT ) (58.2)

udona Gyitnua aHMKIaHAIA.

Kyiinaa p—n- JTMIWHMHT  acOCHii  XOCCanapuHM caHa®
yramua:

1. p—n-ymm p-Typ Ba N-TYp YTKasyBUaHIMKIApra
ora GyAraH MKKM COXAHMHI uerapacuia maigo Gynaguran
coxa (kamiam) mup. By coxamusr Gup Kucmu, ymymaH aift-
rauga, p- TYyp COXana, GOWIKa KHCMHM f- Typ coXaxa Erajm.

2. p—n- yTMI COXACWIAH XapaKaTuyaH 3JeKTPOHNap Ba
koBaknap ketn6 Konrawmry (anddysus Tydaitm) cababugau,
LYHIa KoiaraH Ky3ranmac akuentop (mandwmi) Ba  pOHOp
(myc6at) MoHAAp XaXMMii 3apsill XOCHJI KMJIamu.

3. p—n- coxamaru Xax-
Muit 3apsiL XucoGura anexTp
MaiifloH ByXXyara kenaau. By
SJIEKTP MAHIIOH 3/IEKTPOHIAp
Ba KOBAaKJapHuHT jucddy-
3MOH OKWUMMra Kapuim yiap-
HMHT  [peiid OKMMIAPMHHM
xocun Kuiagu. MysosaHat
wapoutuaa aubdysnon Ba
npeiid oKummap TeHr 6y-
nanu. Tok Kyuu HOMra Tewr
6ynanm.
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[image: image207.jpg]4. Tok/ja KaTHAWa OJIaMraH OPKKH 3apAanap p— n- yTuuaa
JKyAa KaM (p- Typ Ba /i- Typ COXajap XaXMUIaruaan MuHrAap-
ua mMapra kam) Oy/iagn. BuHOGAapHH, p—n- YTHILHAHT COAU-
Tupma Kapuuauzu xkyda xarta 6ynamm.

5. p—n- yTMupa JeKTp Maijon Onian Gormk Gyarau
noTeHuMas KOOpAWHATa (yHkuMsacu Oynanu. YHMHT p—n-
YTHLI yeTJapu OpacHmard KuiMariapuy aWMpMacH KOHTAKT
norenyuannap aiupmacu Ekw norenyuan Tycux Ganawparn
@p—n HA AHMKTAAAH.

6. DnexTp MaiaoH M- TYp cOXajaH p- Typ coxara TOMOH
iyHanranaura cabaGam p—n- yTAW A- TYP COXa DEKTPOH-
napu yuyr p-Typ coxara yTauira, p- Typ cOXa KOBaKIapu
yuyH n-Typ coxara yryuira Tycuk Gynamu (64-a pacm).

DHAM p—nN- JTHWIN TM3MMra Tauku ManGajaH KyuiaHum
Gepwiran 6yacuH. ByHaa p—n- YTHINHMHD Kapuiwiurd  p-
Typ Ba Nn- TYp COXaJapHWKHAaH an4a KkaTTa Oyarawmru ca-
6abam mesipau 6yTyH KywiaHuwl p— /- JTHII COXAacMra TYEpH
Kefamu. KywlaHWMIDHMHD MKKM AYHAIMWKM GYAMIIN MYMKMH.

Arap Tamlku KywlaHum manGamHuer mycbar Kyrow p-
Typ coxara, MaHui KyTéu n-Typ coxara ymaurds 6ysca
(ryrpu Kkyunawuwi, 64-6 pacMm), y BakTza p—ri- yTHmaa
XOCHJ Gy/raH 3/IeKTp MaitloH, S’bHA p- TYP COXadaH n- Typ
coxara WyHairaH MadioH p—r- YTHIUHWHT §3 MaiifoHura
Teckapy HyHairad Gymagu. BuHOGapuH, noTeHUMAan TYCHK
nacasny, n-Typ COXajaH p-TypP COXara 3/IeKTPOHJIAPHHHT,
p-TYp cOXajaH n- Typ coXxara KOBaKJapHUHI' OKMMH BYXYIl-
ra kenamu. By aca p- Typ coxajaH n- Typ coxara TOMOH.TOK
oka Gouuaitan, gemMakaup. By rox 1yrpu_rQK neiunanm.

Arap TamKu KywiaHuul MaHGaWRMur MycGar Kytou n-
Typ coxara, Maudwuit KyTOM p- Typ coxara yiaHca (Teckapu
Kywrauum), (64-6, pacm) y BakTAA® p—rf- YTYWAA XOCKHA
6yaran MaitioH n- Typ COXajaH p- Typ coxara ityranran Gymo.
p—n- YTUIMHAHY §3 MaHIOHW Ounad Oup Xua ityHanran 6y-
nagu. BuroGapus, Oy coxana maiiiod xaTTa 6yam6 xonamu
Ba nOTeHuMan TYcuk opragd. Hartuxaga n- Typ coxamam p-
TYp COXara o/IeKTPOHJIAPHUHT, - Typ COXajaH n- Typ coxara
KOBaKJIADHUHT OKHMM Kamasiny, TecKap iyHanMiiapaarn
OKMMJIap (yJap KWUMK) [JOMMHMIIMIMYA KOJNTAHM YUyH ri-
TYp COXajaH p- Typ CoXara HyHa/iraH KWuuK TOK OKHO Typauu.
Vuu reckapu Tox pednnamm.

Vhua karra Gyamaran Kyuiauunuiap (Toxnap) coxacuaa
Gaxapuiran Xucobiamiap OpKamM p— /- JTUUIHMHE BOJIbT-
aMmnep XapaKTepPHCTHKACH yuyH -
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kenTupu6 uukapuaran. Bywnaa D, D, — koBaksap Ba 31€KTpPOH-
napunHr andoysus kosdpduuventnapu; L, L. — ynapra re-
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[image: image209.jpg]coXajar#, M, — OJeKTPOHJAPHHUHT p- TYP cuxanaru MyBO3a-
HaATHI SUWIHKJIAPH.

Maskyp udonagan KypUHHO TypuluMua, TYFpH KyulaHHIL
(V>0) ky#imaranga p—n- yrawparn yraérran j Tok V Kyu-
NaHWm OpTraH capu IKCriohenuman (Te3) opTn6 Gopaan Ba
akcnnua, Teckapu Kywiannmm (V<<0) Gepmiranna, Tok Xyaa
cexun ycagu Ba exp(eV/kT) <1 6yambd Komrampa yauHuur
KMUMK TYHMHraH Kniimatura spumaay (65- pacm). Iy aitun-
rawiapaaH p—n- yTMUIHWHT TYFPHJAIl XOCCacH KeqnG un-
Kaau: )“lsrapynqaﬂ TOKKa MOC KeJraH )73rapyaqau KyWiaHH-
HWHT OMDWHYM SIDMM JABPHA@ p—N- YTUII TOKHH SAXWIM yTKA-
334, MKKHHYM SIPDUM AaBpuUia 3Ca, TOKHM EMOH yTKasaju,
oKkMbaTaa My/IbCIaHYBYM TYFPUJIAHTAH TOK XOCHJ KHMA.

Meraan — sipuM  §TKa3rMy KOHTAKTMAA OEPKMTYBUM Kar-

 naM BYXKyAra KelaraH XOMArWAeKk, p—f- YTHWIHM MycGar
NJaCTHHACH n- TYp COXa uyerapacuaa, MaHpuil nracTuHacu
p-TYp COXa uerapacMia XXOWJAlraH sCCH KOHAeHcaTop ael
Kapaul MyMKMH. VYHMHT KeHIJIMMM MyBO3aHaT IUIapouTuia
(58.2) udopga opkanM aHukIaHamM, TawKd V KywiaHuun
Gepuiranga y "
e(go—n—eV) NetNo 172
2(V) B Wl 4y (584)
Kypunuuia udonanasaam.

By xomma p—n- yramra Moc KeayBYM ACCH KOHAEHCA-

TOPHMHI 3apSIIMi CUFMMH Kyiuaarnua Gymamu:

Nl 1R (58.5).

Hemak, p—n- yTUIIHMHT 5/IEKTP CHFMMHM Taulki Kyuna-
Humra GorvMK, Wy acocsa 6up Kawua acGoGnap wmmab um-
KWIraH,

Bu3 joKkopuaa 6aéH KuaraH Myn0Xasanap Tauku Kyuna-
HHALWHHUHF JESPJM XaMMacH p—n- YTHIITA TYIIaJMTraH Kyuna-
HMILZIAp coXacura TervuumMamp.

Karra kywiannunap 6yiranga p—n- yraumira KywiaHui-
HUHr GMp KMCMM Tywajy, KOATaH KMCMM p- Ba n- coxanapra
tywaan. LIynnHr yuyH Xam Gu3 Kenrtuprav ndonanapiaru
KyuJaHUIHK HaKaT p—n- YTUIIHUAD Y3ura TyIraH KydiaHuol
ne6 Kapawmmms. Kepax.

By xonpa arap 6yTyH kywiauuw V ne6 Senrmnanca, p—rn-
yTuwra tywrad Kywiamum V, ,=V/A xuccaHu tawkwi Ku-
namu, Gyuna A — Guppan karra cow, (58.3) udopama kT
onampa A kynaitTyBun naitno Gynaam.
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[image: image210.jpg]. IyHgai Kuamb, p—n- YTULIHAHT F3rapyBYaH TOKHH TYFpU-
Jlal Ba 37IEKTP CHFMM Ba3ndacuuyu yTam xoccanapunad doii-
nanaHub, TypaM XM SPUM YTKasrMu JMOANap Ba Goluka
ac6oGnap (TyFpusaruusap, TEpMO3/eMEHTap, (HOTOIIEMEHT-
nap Ba XO0Ka30) scasraH, WKKMTa p—n- JTHIUIH  TU3MM
Tpan3ucTop Gynamm. Bup newa p—n- yTumam acGobnap xam
Gop.

MypakkaG 3/eKTPOHMKA KypWiMaiapuia, macanad, XM
JlapAa MILIATUIAMIaH MHKDOCXeMajapaa p—f- yTHILIAD Ba
MeTa-apumM S’TKBGI‘M‘! KOHTaKTJIap acocuit JNiEMEHTIap
XM3MaTHHU GaXxapaau.

59- §. leTepoyTHuIap

Takuk/1aHraH 30HaNapu KEHIJIMTM Xap Xua OyiraH MKKu
ADMM JTKa3rny uerapacia ByKYAra Kejlagurad yTHil Karia-
My zerepoyruw mewmnaau. Macanan, Ge — GaAs, GaAs —
GaP kouraktaapu rerepoytuuuiap 6ynaau. I'etepoyTuuuiapau
oMW ycy/nnapu XM uuLiab umkwirad, [eTepoyTuuuiap Kec-
KWH derapagu €KW CH/UIMK §3rapyBuaH uerapaju, CHMMeT-
PUK €KM HOCMMMETpUK Oymmum Mymkun. Keckun uerapamm
reTepoyTMILIAPHM TAWUKM JTraH MOJjAnap uerapacuia
TaKMKJaHraH 30Ha KEHIZHIM cakpam OuiaH (KecKuH) y3ra-
paju, CWUIMK Y3rapyBuyaH uerapaiu reTepoyTMILIapAa KaH-
nal‘/’mnp KatjiaM [JaBOMM/Ja TaKMKJAaHraH 30Ha KeHIJIMru y3>
rapu6 Gopamau (éapuson rerepoyrmuinap). 65-a pacmpa
p—n- uzorun eerepoyruw, 65-6 pacmua p-—f- GRUSOTUN
I"eTepOy’TMlﬂ TaCBUPJIAHraH. y}lﬂpHMHl" MKKaJacu XaM KECKWH
yrumwap Typura maHcy6 6yan6, uerapacupa yTkasyBYaHIMK
3onanapu AE. Banent 3onanapn AE, y3wmuwapwra oara.

T'eTepoyTHILIAPHMHT KY/UTaHHILK, rOMOYTHULIapaaH dapk-
M paBumia, TYpAM aMmaaMii Makcagiapaa doiijanaHuia-
auraH GMp KaTOp XOAMCANADHUHT K03 Gepnimra o6 Keram,
Macanas, rajuimit, apceHnii Ba aTIOMUHWI BIEMEHTIaph OMpPHK-
Macu acocuna reteposiasepiap wmna6 umkuiras, dysna Gup
XMJ, aMMO f- Ba p- TYP YTKa3yBYAHIMKIM MKKM KPUCTasI
opackza GomwiKa TOp TaKWUK/JAHIaH 30HAMM SAPUM YTKA3rMy
KaTiamu xocusi Kwanuras. Yprajaru xamiamma saps tamys-
4uIap 3UWIMTMHM KaTTa KWJIMIL OCOH Gynaau Ba Oy axoinG
Mazep Xoccacu HaMOEH GYmMIuMra MMKOH Gepaau.

TeTepoyTviuIaprarnia Xoc siHa GMP MYXUM XyCyCHSATHUHH
aifTn0 JTvm 3apyp. TeTepOyTUIIHUHI WKKM MOMJA yerapa-
cMa KpUCTa/LT TY3WIMIIM Y3rapaiy, OKuGaTaa y3uaraH Kumé-
Buit GOFMaHMILIAD makao -6ynamm, 6y oca my uerapaga
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[image: image211.jpg]DNIEKTPOHNAD YYYH SHepeus X0Mariapu XOCua Kumam. Y6y
CHMPTMH XO/MAaT/IapHUHF TreTepoyTMLLIapAa 03 OepaauraH
Kapaéunapaa TYTraH ypHu MyXumaup. I'eTepoyruun coxacu-
arM MaiJOHHMHT 1lIaKAnaHummaa, GuHobapuH, 6y TH3UM-
HUHI DJIEKTP CHFUMMHM aHMKJIawpja CHDTVIﬁ XoJaTnapaaru
3apsijl MUKIOPM Ce3MJIap/M Xucca KYWIMIIM MyMKnH. Maskyp
caTx/Iap OpKaJ¥ PEKOMOWHALMA KapaéHJapyu amajira OMWajiu.
Babau XoL1appa YIapHMHT Kyn GYiMmM Makcaara MyBodUK
amac. Xyaac, TeTepOyTHII uerapacMaarn CHPTHI caTxjiap
YHUHT XYCyCHAT/IapUHU Genrmnaiiimran MyXuM OMHJLIapIaH
6upn 6y:m6 xucobnanamm.

60- §. SlpuM YTKa3ru4JIapHUHT IOMKa Napiajapu Ba yJapHUHT
2NeKTPOMU3NK XOCCaNapH

Ma3kyp 6oGuunr Gowmaa aifruaranuzex, GpaH Ba TexHuKaaa
Ky/IaHWAMraH APUM YTKa3ruy MOjlaap HaMyHalapu aHda
0TKa Katjamiapaad ubopat 6ynagu. Bynna cupTaunr Tancnpu
Ba Gouika OMHIAp MyXuM axamustra sraaup. Hamyna erap-
svua onka 6yiranuga amanpa coiifasaHunanurad kM yp-
raHWjajiMrad 3j1eKTPOHJIap Ba KOBaK/Jap MIUTHUPOKMAArd Ka-
paénnap OyTyHnail SipUM §TKAa3TMMHMHT CUPTKHM KaTJamuaa
comup 0y1u6, yIapHUHT XaXMUil TAWKMA STYBIUCHHM AESAPIH
Hazapra onmaca XaM GOynaau. Illyapait xonma namyna yn-
uamu (hakar Oup MyHanMIAarMHa KMuMK Gynaam ne6 xmco6-
slauca (amanaa wyHaai 6ynaam xam), xucobnau macananapm
aHya coajanauiaiu.

Vpramwnanuran ApuM yTKasrMy MOAja cMpTMra yTKa-
3WJafMraH MeTajsiap €KW IUJIEKTPUK KAaTIaM/IapH XaM SpHM
JTKA3rMYHMHT CUPTHH KaT/IaMU XOCCA/JapUHM  Y3rapTHPHLIM
MYMKHH.

Xo3upru BakTAa ninab uukapunaérran ac6obaap sa Ty3us-
Manapia KaquHimMruaan GyitiamMa yauamiapu aHua KaTTa ronKa
KaTJam/aap Ba KOHTAKTAap KeHI MHMKECHA K/IaHUIMOKAA.
By aittunraunap sipuM JTKa3rMuIapHMHT I0TIKA KaT/amJjapuaa
Ba KyNn KaTiamjM TysuwiManapaa 103 OepaguraH jkapaéH-
JlapHU YPraHuin MyaMMOJIApWHHM SpUM YTKasruuwiap (busvka-
cuHMHr Maxcyc Oyiumu cucatMaa Kapa® UMKMIIHM Tako3o
Kujaau.

SlpuM YTKa3rMy KaTJIaMMHMHT KaJuH Eku 1onka ne6 Xxu-
cobnanuuwMiK aunKIa6 Gepaguran MyaisiH Maxcyc ynuamiaap
(y3yH/MK/Iap) KMPUTHIAM, yIapAaH SHT MyXUMIIApH Kyiuaari
TYPTTa y3yHIMKAUD:

1) HomyBo3aHaTHil 3apax Taurypumiap Auddy3ns y3yH-
wmrn Lo
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[image: image212.jpg]2) IKPAHTALIHUHT adpexrun ysyraurun L, ;

3) onekTpoH EKM KOBAKHMHI OSPKHH IOTYDHIN Y3YHIUIM
Lnips

4) KpMCTaLIa JMEKTPOH EKM KOBaK TYJIKWHU Y3YHIUrH
e

MacanaH, Xosa Temnepatypacuia repMaHuii €Ku KpeMHuit
KaGW spUM  JTKa3ruumap yuyH Ky#HIATH —TEHrCH3MKIap
YpuHAMaMp:

Lo Ly, Zlup>han (60.1)

Arap fpuM YTKa3ruu KaTJaMHHUHT KeHrauru d andoysus
y3yunurn Lo Gnnan takkocaanapam Gynca (d~Lo), y xonma
KAaTIaMHUHT XaXMUIard pekomOuuauusi Gunan Gup Baktaa
YHMHI CHPTMIArd PeKOMOMHALWMAHM SbTMOOpra OnMmI 3apyp.

d< Ly 6ynran xonnapaa HOMyBO3AaHATWil 3apsif TalLyBuu-
JapHUHr 9dEKTHB AWAL BAKTH T, Lo B2 adextn mbdy-
3us ysywmrd L, Mawa Gynnaii kypunauia 6ynamm:

kS =l +2, (60.2)

Ty 0 d

1 1 =2 23

,-ut (60.3)
GyHgarn s — cupTHit pekoM6unauun Teanuru, D — KYmKyr6uit

muddysus kosbduunentn.

Baxonamiap KypcaTUIHYa, MUUIMMETP YaMacHaary KaanH-
JMKAM aHua HamyHanap yuyH (60.2) Ba (60.3) udomanap
YHT TOMOHMAATM OMPMHYM Ba MKKMHYM Xajiap KuiiMatiaapu
Oup-Oupura siKMH, Aemak, pekoMOuHauusira HucOaTaH, caH-
THMETD KaJMHIMK/IM HAMyHajapHu KamH e, 10371apua éxu
§Haapua MMKPOMETp 4aMacMar¥ HaMyHaJapHu IomKa ne6
xucobnaca 6yramn.

Arap d~L, 6ysica, sbHM KaTJaM KaJWHIMIM SKpaHiau
addexTnn yzyﬂnwru Taptubuna Gysica, spum YTxasruu nap-
nmacuparu (lomnka KaTJh’iMIA,!Kal"VI) 3apsj TauyBunaap KOHLUEHT-
PalMsCH KaMH KATJIaMAar MyBO3aHaTHil KOHIEHTpPALMsAaH
dapk Kunaau. By xonma xatTo lonka KaTaamaard yTKasys-
YaHAMK TUMKM KaJWH KaT/aMAarMHHKUIa Kapama-kapum 6ymummn
MYMKHH.

KaT/aMHMHN KaJMHIMMM 3apsil TallyBuM/ap OPKUH KOTy-
puWl Y3YHIMrMra TakkocaaHapan (d~L,;,) 6yaran xonna
CcMpTAa 3apAA  TAUYBYANAD COUMIMINM XaXMAarM Ouwnad
Takkocsanapan 6yam6 konaau. Kpemunii Ba repmanuit yuyH
XoHa TeMnepaTypacuna, KMpHIIManap yHua Kyn 6yamaranma
Lup~107 °—10"% oM. KaTiamuuur Gyupail d KalMHIMTHHI
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[image: image213.jpg]napaaja 3apsj TallyBYMIAp COYMIMILMra HUcCOaTaH uerapa-
Buil fe6 xucobraml MyMKHH. Arap KatiaM KaJMHJUTM [e-
Bpoit T§aKuH y3yHanrm wamacuna (d ~Lw,) Gynca, 6y xonna
KBaHT ynyamauk addekt naingo Gynamm. Kpemuuit kpucra-
ampa [, ~100—200 A. Ammo 6yHpail KaJMHAMKZAard eTap-
JMya MyKaMMas KaTAaMmIap XOCH/ KWWl KMiAMH Macanamup.

SlpuM  yTKasruwiap I0fKa KaT/JaM/apvHW OJMIUHUHT Gup
Heya yCy/iuapd MaBXyd. AHY4a KN KyJulaHaJurad ycysuiap —
ra3 okumu €ppamua éku cylok ¢asagaH KaTaamaap YTKasuun
(onuTakcns)  ycyanapuamp. OHAM IONKa  APUM  YTKA3ruy
KaT/lam/apura TeruiLI X0Aucanap Xakuaa 6ab3u MabIYMOTHH
KeATHpamu3. Macanau, /- THIAATH (371€KTPOHIAP KOHLEHTpa-
wascn No>Po) sipum yTkasrmy W KaJMHAMKZArd _cupr
KaTIaMUHMHT onekTpuk curumu C opmataarn Co=goGs/ W
ndonanan d).apx Kusagu:

C.
C=—, 60.4.
“+no/ps E ¢ )

GyHaarM p; — KOBAK/IADHMHT CUDTIAr¥ KOHLEHTPAUUSCH.

ﬂpHM yrkasmqnuur IOMKa Mn/IacTUHKacHAa OKYBYM TOKJap-
HM Kapaiimk. Yekcus y3yH Ba Gup Texuc EpurMnaérran
- TATUTM SAPMM  JTKa3rud HamyHa MaBxya 6ysicun. By xosma
Tyna Tok smummrn [y cupTaarm kanan 6yiuua okaéTran
(/,s) Ba xaxmuit kaman Gyimua oxkaérran (/.) TOKMap 3uy-
JMKAapu AvEMHAMCMAAH ubopar Oyaamm. [, HM Kyimparuua
ndonanaca Gynaau:

Iys=ewysE.

—eD,, 2, C(60.5)
dx

Gynparu E. — CUPTKH KaTiampjaru SJeKTp MailIoH KywiaH-

FaHNTH, fps, Dps — 1y KaTramaa XapakatiawaéTrad KOBak-

J1ap XapakaTuar/urH, b dy3us KodadduunenTy.

dAP

lolwt1y=E.0,+e(Dn+Dy ) (60.6)

By udonanaru KaTTaniuKaap XaXMra TeruuUTMIMp.

Spum §TKasruunapaa Xamma BakT S/MIEKTPOH/Ap y4yyH Ta-
KMK/IAHraH 30Haja UyKyp CaTX/ap XOCHJ KMJIafuraH KMpHIi-
Manap €ku HyKCOHIap MaBXya Gynaam.

Arap uyKyp caTXJap KOHUEHTPALMSACH JIETHPJIOBYH KMPULI~-
Ma KOHLEHTPALUMSCHAAH aHua KMunK 6yica, yrapaard sapsiaHu
XMCOBra 0MacIMK MYMKHH, yaap PeKOMOUHALMA MapKasjapu
xuamMaTHHU 6axapn6, HOMYBO3aHATHIi 3apAM TalIYBYHIAPHUHT
Awam BaKTMHU aleJlaﬁ)m




[image: image214.jpg]Arap IOKOpMAArMHMHI aKcu GyJca, y XO/i1a Xaxmuil €nu-
WML XOAMCACH BY)XYAra KeNagu: HOMYBO3aHATHH XOJaTAa
UyKyp CcaTX/JapAa 9JeKTPOHJIAp KOHUEHTPALMSCH, YyJapaarn
3apsji MyXMM japaxana ysrapaau. Bynga#t spum yTKasruu-
JIADHMHT XaXMuil 3apsil coXacMia [03 GepajuraH HOMYBO3a-
HaTuil xapaénnap siHa XaM Mypakkab Gymaanm. Xaxmuit
émMwmMu  Xoaucac 103 Geprania CMpTMI  pekoMOMHALWMA
Te3qMrn Xam Gowkaua OynamM, yMymaH aiiTranpa, CHPTHi
KaTamaaru kapaéwiap uykyp caTxjaap Gopimuruaa Gowm-
Kaua Keuaju: 1ONKa KaTJaMJIapAary MOTeHLHUa]l TaKCHMOTH
KaJMH  KaTJiamaaruaaH — MypakkaOpoK, —peKOMOHHAUMOH
KapaéHnap xaMm OupmyHua y3raua 103 Gepamn.

Macanan, d<<L,. Xonma EputuiaérraH ionka Kataamuaa
CHPTHIi PeKOMOMHALMSA TE3THIH.

Yui¥ Nt (n+p) (60.7)
Yaln4n) +Yu(p+pm)

KypuHMWIa 6yimb, n Ba p — MOC paBWIIQ, SJEKTPOH Ba
KOBaK/IADHWHI OpPTUKYa KOHUeHTpauuscu (Ap=G, /v Ka6|q
1¢ dororox opkanu udomananamm, D¢ — nappamnsr 1 cm’
103acupary 1 ¢ garu reHepauusicu). DHAM sSipuM yTKasruuaap
KaTiamnapuaa 103 Gepajura KBAaHT XOAMCAanap XaKMaa KMC-
Kaua MabJjyMOT.

ABBAJIO [OMIKA KATJIAM/ATH 3apsL TallyBYMIAD SHEPrUATapH
cnekTpu KkBaHTiAaHamu. Buppait nermpnarran sa Ly, L, Ls
UMBMKMA  Yauamam  SIpUM YTKa3rMu IIAaCTMHAHM Kapaiiuk.
VMmymuit Xonaa, yuta Gom YK Oyitua iyHaiTMpuiras HamyHa
yuyH anekTponaapuuur E (k) sHepruscu

TN
L(k)—z(m +my +

(60.8)

m,

Kypunnuga  6ynamn;  ke=2mn /Ly, k
=2nn3/Ls; ni, ns, ny — GyTyn comaap.

Ouuu L ynuam erapanya kuuMk 1e6 dapas kunaimk. By
Xonaa, Rk« Ba k, KBa3My3nyKcM3 KOJMaiW, amMMo k. IMCKpET
6ynann; ki ky, k. nap dasocuma k. mMHT Xap Gup AMCKpeT
KuitMaTMra Gup TeKUCAMK TYFpU Kenagu. ByHpauw KeaHT map-
Aaja XoJaTJapHUHT 3JIEKTPOHJIAP TOMOHMAAH 3raJulaHuDI Tap-
THO-KOMAACH, 3apsAA  TAIYBYMIAD COUMTMILMHMHT MyXUM
XyCycHsIT/IapH, aHU3OTPONUAHMHI KBaHTIaHu >ddexrura
TabCUpH KeMG uMKamm.

IOnKa KBAaHT napjanapaa TebpaHMw  (OCHMIUIALMSA)
spdextaapu 03 Gepamu. Macanas, yTKasyBuawaMK 30HAcH
Tyéu E. ra uucbatan depmn catxu F MM TaitvHaM KuaMG
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[image: image215.jpg]OJIcaK Ba. MapAaHuHr L KaJMHIArMHM omupa Gopcak, KBaHT
3oHanap HaBGatu Gunaw F Hu kecu® Yramm, Gynma depmu
caTXuia X0natiap 3WunurM cakpab ysrapamu. Xonatiap 3uu-
JIMTUHUHT TeﬁpﬁHHLUVI CONMMWTHPMA KapIUMAMK, XapakaTyaHink,
Xonn addexTH, MarHUT KAPWMAMK Ba GOWKA KY4MIU XOMU-
canapy TeGpaHMULIaPHHU BYXYAra KeJTHPajH.

Ocuwuiaums aaspu:

AL=St . (60.9)
Vom.F

By Xonuca GMpHHUM MapTa BUCMYT NapAasapuia XocHI Ki-
auudrad. Yuaa m.=0,01m; [~1mm (4,2k), AL=400--500A°
Taxpubasuii Hatixa (60.9) mdomara F=0,02 5B ma moc
Kesanu.

Kanpnaii wapoutaa kBauT apeKTnapHu Ky3aTUIl MyMKUH?

ByHuHr yuyH

1. Ksaurnauran oneprus E, i1, E, dapku:

Ewir—E>h/t. (60.10)

2. DJIEKTPOKIADP Ta3WHMHT TEMNEPATypPach eTapinya KHUMK
6yMmn Kepak, SbHH:

5 Eq1r—E;>kT. : (60.11)

3. Mapaa kamuuury Gfiinua Gup KuHCAM Gy/MmM Kepak,
akc xonaa E, cnextp cysaimG kerran Gymamm.

4. KBauT/aHu 30HANAPHHUHT TYIAMPHITAHAADH COHK
yuTagaH kyn (amanma 3—5 Aas OPTHK) GyaMacauru Kepak.

Mucon. Cyiok remmit temneparypacuma kl=3,6-10"*
9B, gemak, AE=F,—E;=1—5-10""° 3B knuuk Gy.imaciuru
Kepak. o
Ammo T>h/AE nan 136,610 ¢. BuuoGapuu, m*=0,1

md 6yaranpa 1,2 w'/B-¢ KuitmaT-napaana KBaHTIaHALTa

© MOC KeJaaau.

Xo3upua KBAaHT YI4aMIMK dddeKTIapuHu sApum yTKa3-
PUWIAPHUHT MOHOKDMCTA/UI Tapiajapuia amaaui KS’nJlaHm:uu
Tyrpucupa Gupop (ukp aWTHI KuitMH. By KHTOGHMH]: Ky
€3macu Hampra TONMUIMPWITAHAAH KeduH SHIM ADUM YTKas-
MY MOJAA/IAp XaKu@ OM3ra-MabayMOT Gepysum Hawpiap emb
kesigm. Ly myHocaGat Gunan kMTOO OXMpHA@ KyWMAarunjapHu
KYmmb KYiAMwHN J103MM TOIIMK. By MabiyMOTHM acoCaH.
Mocksaauk npodeccop B. M. @ uc Ty aHuur «Hosble ma-
Tepuanbl (cocTosHMe Npobaemsl, mepcnektusst)» (Mockea,
«MUCHC», 1995) knTOOMIAH KENTUPAUK.

UKTMCOAMI DPHBOXJAHWII, XyCyCaH, CaHOaT Ba TEXHHKa-
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[image: image216.jpg]HUHD  PMBOXMAHMIM GyHAa KJAIaHMAQIMIaH MOLIA/apra
HuCGaTaH sHIM BAa SHMM TanaGnapuu Kysau, GowKaua aiTran-
A3, SHMM MOMIANapHM sDAaTMACAAH WKTHCOMMI pPHBOX/a-
HuIIHM PYEGra unkapud Gy.1Maitau, GMHOGAPHH, sHTM Moaza-
NAPHUA WIUIA0 MKMW JKAMMSAT OJAMAAMM 40A3ap6 Macanapmp.

XX acpHMHr GuPMHYM APMHZA SAPUM YTKA3TMY MOIJANap

nwnab unkapnw Ba  SpUM yTKasruum ac6obnap wuLiad
WMKAPHII a70XMa-aZoXuia MaBkyi omu. Yma Eéxum Gouwka
MOMJIaflaH  ApUM  JTKA3rMy KATJaMHHM TariMKKa YTKaszuin
© MMKOHMHM GepajuraH OJMUTAaKCHan YCYIIAPHMHI Maino 6y-
MWk GMprUHa TexHoMorMs Aaspacuja OyTyHaait raiiép p—n
TY3WIMa OMIU MiMEKM Gomiab Gepan. Xynau wy TexHoorus
PeTepOYTHULIAPHN XOCH KMIMII UMKOHWHM Gepau. Momnanap
Ba acOobnap wwna® umkapuin Kywwnimu. Oaumiap Typam
Tapknbaary sipuM YTKa3ruUNapHUHT Katbuil TapTubaa Aaspuit
TAKPOP/IaHYBUM KaTJamjlapuaaH uGopar Ty3WwIMaHW CHHTE3
KWIMIIHA Takaud aTannap, Gynaa MyTaako SIHMM MOAZA —
SAHTM DJEKTPUK Ba ONTHK Xoccanu acGo6 BYXKyAra Keauum
kepak. Bynnaii mopma 10KopM naHxapanum Mojja aeiusnand,
YHWHT 30Hajapuma 3apsaj TAUIYBYMIap slIaul BaKTH Ot
nawxapanm kpuctauaruaan 10'—106 mapra xarra 6yauum
KyTHJIau.

dna GyTyn Kenrurn Oyiinua ysrapysuan kumésnit Tap-
KMOMM APUM  JTKA3rMy DApJAcHMHM  (KaTJIaMMHM)  §CTHpHIL
Takand KujuHan. By «Bapusop» Kpuctannap Gup BaKTHMHT
y3upa acGobnap xammup. Typau KaTnamyanap —opacuaa
naigo GynagMrad  KBaHT uyKypJapaa oMeKTPOHIap Yasu
TynnaHamu, OyHaa OSJEKTPOHJAD KMPHILIMA MOHJApU OuJaH
TYKHAWIMACAaH XapakatiaHaau, ynap dakar gpoHonnap Gunan
TYKHaLIAM, X0J0C. Arap TemnepaTypa mact ca, (hoHOHNAp
cycT («Mmy3naraH») OynamM, a/eKTpoHAap XapaKaT‘laHJIMX‘M
Kyaa karra 6ynagu. Macanan, GaAs tarmknarn Al,Ga,_,As
rerepo-rymnmaua 77K nma 9/EKTPOHAP ~ XapaKaTyawIuru
(8—10) ™°/B-c kuiimarra opuazy, wy wapontaa GaAs
MoHOKpUcTaLa y (2—2,5) M*/B-c amm. .

XapakaTuaH/IMK KaHua KaTra Gyica, acGoGHUHD Te3kop-
JMCH HIyHYa JOKOPH Oyaajm, AbHU IOKOPHPOK YacToTalapia
uuail onaam.

Maka uy Maxcaaiapia amajira owmpuun YUyH Gup Heua
TEXHOJOTUK ycyJliap Hu.l./laG uMKWIraH Ba TaKOMMJINAUWTHPH-
naérup.

Kyn Katramm spun YTKasrad Ty3uIManaphu Taiiépaaw
yeyam — monexyasip-Hypuil anutakcus 1970 iuana amanra
oy, 1970 fin1apHMHT OXUPHAA factaab GaAs nuur, cyurpa
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[image: image217.jpg]Gomka A" BY Gupukmanap Ba XOKa30JapHMHT yTa IOnKa
KAT/IaMIapHHN XOCH/T KWTQUraH yCyJl MuLial MKMW,

dpum yTkasruu 3c6obnap wminab uuKapuiLLa yIapHUHT
cudaTH Ba JMLMOHWIMIMTU AACT/IAOKW NIaCTHHAHWHT Oup
KAHCAMIMIUra  GOFmMK. KpeMuuiiHMur aTomiapu HeHTpoH-
nap 6unaH §3apo Tabcuprauiray, SAPO peakuMsnapu okuba-
Tuaa, 6OUIKA dNEMEHTIap aTOMJApUra (LOHOP KM aKUenTop-
siapra) adnanaau, OyHHAa KPeMHMitHM OMp TeKMC Jjerupraiu
WUMKOHM maiino Gynamm. By ycyn tpancmyrayuon nezuprawt
ycynu fedunanM.

Sua 6up kemaxaru 60p coxa — Oy HypJAHHIIHWHT SPHM
yTkasruuyiap Guaan y3apo Tabcuprawwmwmanp. Jlasep Jerup-
s3I ycysnm — spUM JTKA3MHy KPUCTALIa €KUM YHHHT KUCMHAA
KHPHMIIIMAa MapKasiap XOCH KWIMIIAMP.

Jlazep nerupnawHuHr Gewrra ycyan Gop:

1. HamyHa CcMpPTMHM J1a3ep KW3MPHII TabCHpHAa ras
bazanan nerupiam.

2. @oTonu3 sa3ep JerMpiam Xam ras ¢asajas amanra
OWMpHUIALKU. k!

3. MnnanTauMoH Jlasep Jermpiaiija AacTaBBanl JieTHp-
JIOBYUM KUPULIMA MOH HMMILIAHTAUMs YCY/u GuiaH -KUpUTU-
JlajiM, CYHr Ja3ep KM3IUDWII JIETMp/aHraH Katiam cudaTuHun
AXIIMIAAIM Ba KYIIMMYA MaKAJIaHTUPALH.

4. KoHTaKT Katjamja J1a3ep Jerupam ycyau Ky/UlaHranaa
APHM JTKa3rM4 CHPTMra, Maxcyc paBMlIa, MOAAA YTKA3M-
JlajiM, YHMHT aTOMJApH KeWMH /a3ep KM3AMPraHaa spuMm
JTKa3ru4 WuMra MyaisH uyKyp/IMKKaya KApamu.

5. KupvmiManaphu nasep €paamMmia KMPHTHIIAA KOHTAaKT
coxacu cylontTupuiagu, keidus auddysus Ba MMIIAHTAUMS
amanra omaau. Iy ycyn Gunaun onmHran p—n Tysuwimanapaa
TYFPU TOKHMHI TeCKapu TOKKa HMcOaTaH (OTOCE3rMPAMKHMHT
CTIeKTPal XapaKTepUCTUKAcH GOMKa JIerupiaml ycysutapuaan
naszep €pAamMMAa KUPUIUMANAP KUPUTHII YCYMUHMHT YCTYH-
JMruHM K§peataau. .

Sua 6y epaa wysu Tabkuatam kepakku, VIII 606aa 6aén
KWIMHIaH ADUM JTKA3rM4 MOMLAJIAPHM TaKOMHMJLIAIITHDHLI,
yaapra TypaM KMpUMIManap Ky(TiapuHu KMPUTHO, y1apHUHT
§3apo TabCUPUHM Yprauuws, GOLIKA HYKCOHAAp TYTraH YPHHHK
Yprauuiy, TypIM TAlKM TabCUPIAPHMHI SPUM JTKA3rHY MOJA-
fanap XoccafapuHu y3rapTHPA  OJMIMHM TalAKMK KWJIALIL,
SIHTMIAH-HTM ADUM  YTKA3THY XOCCand OMpHKManap CHHTe3
KWW MULIAPH y37yKCH3 Ba TOGOpa KaTTa Kynamja RaBoMm
OTTMPHIMOKAA, AKMH KeJaXKaKaa sipuM JTKasruunapruur dan
Ba TEXHUKajAaru, XaMusT xaé'muarv[, DHEepreTUKazarun MaBpken
MycTaxkamaanud Gopumm wy6xacus!
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cysSomu
1 606. KaTTHK XHCMIAPHHHT TY3HJHUIH B2 Gl’h;n MYXHM XOCCanapH

1-§. Kpucramt mamxapacu

2-§. KpHCTanTap’ CRMMETpHACH Ba THSHMIApH L

3-§. Kpnerantapaa atowrap, uourap ua worexynanap op.ncmln-

M §3ap0 TABCHP Kywnaph . %

4§ Kpucrannapnu jerwpums. Tlommmopdusm

5-§. Cyiok wpucraniap. Amopd xHcwrap

11 606. KpHCTan nanXapach aToMrap (woniapk) TeGpanuuiiapn

6-§. Bup yauOR (wM3MFWA) NAHKapasa aTOMIAPHMHT TeGpa-
WMWADA BA  TYAKAHAZD . . .
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