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Kupum

Vxys xymnanmana ¢u3nKaHEHr (DU3MKABHH SNEKTPOHHKA Ae0
aranyBuH OymEmura terumnu Gymran 6ab3w 6up Macananap Kapad
4HKUIraH., OU3HKaBHIT AEKTPOHUKAHUHT Y3W KyHuzard TYpT Oyaumra
OynmuHanu: OGHPHHYHCH SNEKTPOHNAD Ba HOHNAPHHHT  YMYMHIl
XyCYCUATIADUHE  YpraHyBYn OYmuM, MKKHHYUCH  3apsjUlaHraH
3appavallapHUHr BakyyMJArd 9MeKTp Ba MArHUT MaiJoHIapuaark
XapaKaTHHH YpranyBuH Oymuam, YUHHYHCH 3apsaaIaHTan
3appayanapHUHr Tasnap OWIaH y3apo TabCHPNAIMIUHHH YPraHyBYH
OYnHM Ba HHXOAT KATTHK KHCM EKH CYIOKTHKIAPHAHT CHPTHIA 3PKHMH
SNEKTPOHJIAPHHHT  TYIUMINK  HATIOKACHOA  COMp  OYnamuras
JKapadHIapHy, SIIEKTPOHJIAP BA HOHNAPHWHI KATTHK KHCM CHPTUra
kemub TyIIMIOHTa JO3ArA KeTaguraH MKKHIAMYH — 3apsnaHras
3appajanapHUHr 103ara KeMIUM kapaéHIapuHU YpraHyBuH TYPTHHYK
OymuM. OHr CYHITH GYIMM SMHCCHOH 3MEKTPOHHKA Aed aranamd Ba Y
KATTHK ’KHCMIIAPHEHT 3]IEKTPOH Ha3apHsCcH OHITaH GOFTHK,

Xo3upru BakTaa SJIEKTPOHIAP Ba MOHJIAP 3MHCCHACH aManuéraa
KEeHT KYIIaHWIMOKa. Yiap acocuaa 3¢ hexTHB KaToxIap, SHePruAHHHT
TEPMOINEKTPOH  YarapTupruunapn, ¢OTo Ba HKKHIAMYH SJIEKTPOH
Ky4a THPHTHYUIAP, SIEKTPOH BA ABTOIEKTPOH (TYHENb) MAKPOCKOMIAP
Ba Goumrkamap urymap skymanacuuaHmup.Vimdy kypc KaTTHK KHCM
CHPTH/A SMHCCHOH XORMCANIAPHH YpraHuira GaruuiaHras,

Tarcus KumHHASTraH YKYB KYnTaHMA (QUAUKAHUHT YIIOY COXACH
Oyiinua GoumaHrny ManTyMOTNapHH €puTHO Gepazu. Ymby VKyB
KYJIIaHMa  YHHBEPCUTETIAPHHHT  CHPT  XONHCATApHHM  Ypraxa
Oommagrran (hH3KKa MyTaxaccHCNMTH Tanabanapu, MarucTpiapH Ba
(u3nkaBuii EKTPOHMKA coxacuma (AONMAT IOPUTAETraH HIMMH
XouMIap yuyH oinany 6yagm neran yMumIaMus.



LBo6. SMUCCHA TYPJIAPH. TEPMORJIEKTPOH SMHACCHA
§1.1, QnexTpoHIAp Ba MOHJIAP IMHCCHACH TYPJIapH

Arap KaTTHK XMCMIAH TAamKapHAa Kyd MaiJOHIapH MaBxyx
OYnmaca, y Xonaa sneKTPORHMHT noTermuan sHeprusack U(r) dasorHHT
uXTHéprit HyRTacHaa 6P XMN Ba HoIra TeHr Oynamu. By Xonna KaTTHK
KHCMJIGH TAIKADHAA TUHY TYpraH 3NeKTPOHHMHI TYN4 9HEepruscH
Er XaM xyanu IIyHAai HONra TeHr 6ynand, Arap )KHCMIAH TalIKapHaa
Gupop anexTpon xapakarnanaérran Gynca, GyHpail SMEKTPOHHHHT THIA
SHepruacH EpXap moum MycOar xmcobnanaan. Jemak, TAwKH Kyd
Mai{lonnapy MamKys OYIMAraH Xonaa BMEKTPOHHHHT OHEPrHiICH
Er 2 0. Kartuk xucm wumja aca, mmyHfait XONaTiap MaBxyaxH, Gyrza
MEKTPOHHMHT 3HEpruacH Ey Mycbar xaM Maudmii Xam GyauuH

MymxuH Ey < 0,

Acocuit yirrorunmaran Xomatna (T = 0) KaTTHK KHCMHHHT
SMEKTPOHNAD  CHCTEMACHIA JNEKTPOHMAp  Ey, SHEPrHANH  KYHH
SHEpreTHK carxnapaan To sHepruAcH Egra TeHr (Ey)max SHEPrHAId
Catxnmapraya oroinammmm  Mymxkee Ba Oymma Eg < 0. Xyaou
mynunrpex  E,, xaM JOMMO HonpgaH KMuMk, ByHzail XonaraapAad
MaBkyx GYnran snexTpoap METALTHE TAULTA0 YMKHO KeTa onmMaiIn.
Hemak, T = 0 waponTaa notenuuan sHeprusnapu U(r) = 0 Gynrad
$asona QNICKTPOHIAPHUAT 3MHCCHATA AydOp OYmdIn OXTHMOJTHTH
HOMra Tenr, M(MCMHM TAWIKHI 3TYBYH 3NEKTPOHTAPHHHT AipHMIApH
OyHnait IAPOUTNAPAA META/IHH Tawmnad YHKHO KeTHO, aneKkTpoHIap
SMHCCHACHIW MIITHPOK 9TA OJNMIIA YUYH OJIEKTPOHNAPHHYHFOTHLL
Maxeanua ynapra Gupop-Gup #yn Grnan kyuumua AE sHepris Geprur
Kepax, By Gepunaguran KYumMMua SHEPris, HMEKTPOHNAPHAHI METAIl
MUMIarR oueprusmapura kywmnrasa ymymuit E, + AE  smepras
MyeBar Gynutn kepak (1.pacy, I ¥ruwm). DMuccusHuHr Oy TypHHH
SMHTTED 3jieKTpoRNnapHHH AGCTIAGKH YHFOTHIN GHIAH 103 Gepamurad
SMHCCHA  nieG  araifmus, Hactnabku yitroruin Ounan  GopaguraH
3¥HCCHS{HHH1‘ XaM TYpiH KYpHHHLLTApH MaBxkya. By smuccus TypnapH
YHFOTHI SHEpruanapn MaHOanapuHMHr Tabmath JKxMXaTAaH (apK



xunanu. Bar3n Xomnappa Gy sHeprus 6up Heua Mauba ( s’HHH OHp Heda
MEXaHH3MIAP OPKATH COAUp OYnany) opKau OepriIHmyE MyMKHH.

Epo=q EPE€ TTTTICTT

o T Y
RE|= it
E<0 S
<€,
)
0 *
1.1.Pacm.

ONEeKTPOHNAp SMHCCHSCHHE AACTNAOKH YHFOTHIMLITAPCH3 XaM
aManra OWHPHII MYMKHH, XaKHKaTaH XaM, arapia KaTTHK KHCM
TAWIKAPACHIA, SHHH YHHHT' CHPTHTA SKHH JKOMIapaa SMeKTPOHIapHH
KaTTHK JKHCM YerapacufaH TOPTHO OmyBYH Kyd MAaHJOHH MABXYX
Oynca, y Xonua aNeKTPOHHAHT MOTEHLMAN YHEPrHsACH CHPTHA Macoda
oprummA  Omnan  kamaktuG Gopasepamu. MacanaH, arapia CHpTTa
KYUNaHTaHNUry & GYnran snexrp MalifoHu kyHunran Gynca, y xonaa
CHPTAAH X Macodana MeKTPOHHMHT MOTEHuMan 3Heprusic U(x) =
Uy —eex ra renr 6Ynanu, Gy epna Uy — KATTHK JKHCM HerapacHzg,
AbHA X = 0 Macodamarn noTeHuman sHeprus. By MOTEHUHATHA HONTA
TeHr ne6 xucobnam MymknH Ba wy cababnu U(x) = —eeX TEHITIHKHHA
onamua, KarTHk jskHCM cHpTHIA Kyu MaiiaoHnapy Masxys 6ynra xonaa
dasormur X > x*,Ep = U(x) = —eex" OYnaram xucMuma, SHHH
9NEKTPOH Y3 XONMaTHHM CAKTAIM MyMKHH OYNrad TYna B3HEprus
KUCMIAH Tawkapuaa Mau(uit 6ynmamw, Ba Xycycan Kyimparn E, =
Eyo < Ey xuitmarnapan kabyn xunumn Mymxud. Ey = E,q sReprusnu
BIEKTPOHJIAP XapaKaTIAHHIIN MyMKHH GYnran ymoy coxarap U(x) >
Eyo norenuman TYcuk Ounan axpatunraH Gynca XaM  KBaHT
MEXaHUKaCH TacaBBypIApHra MOC pAaBHINAE OSJIEKTPOHHHHI KarTTHK
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XKHCMIAH (hazora TyHeqmamuum opkanu YTumE MyMkEH (2.Pacm, 2

Yram).

Ep0=q ESE,00E

£c0

€, <E,

0"

1.2.Pacm.

By xomua SNIEKTPOHNAP 3MHCCHACH comup 6ynuwun  y4yH
RacTnabku yitrorumm wapT sMac. Xy[LIH UIyHIai XOIMHH KATTHK AKHACM
CHPTH AKHHUA KyIOH MOTEHUHANT JPACHHH XOCHN KMTyBuH MycOar HOH
TYPTaH Jia XaM KysaTHmn MyMKWH, Gy MOTEHIMAT ypara XaM KaTTHK
KHCM BITeRTpORTapH TyReatmm opkamy YT MymkuH(3, Pacy). By
1_'yp MArH - snekTpomnap  oMuccusicura  AacTiabku  yHFOTHIHLICHS
O0panuran smucens ne6 fopuTHIamd, Ban3H Xommapma 3MHCCHSHHHT
Xap MKKana Mexannamman olinananuin MyMKHH,

Hactnab, xuckawa pactnabru yitFoTHIMIm Gmman GopagHraH
SMHCCHS TypiapHKy caHat Framus,

1.TepmoateKTpoH IMHCCHS,

mHCMETZiquu IOKOpH TeMIepaTypanaprada KH3JHPHIraH KaTTHK
PTHAR  oneKTpoHNApHHHr MyBO3aHATAM y4u® UHKHII
;?‘t:f)z:lua TePMOSiIenpor{ oMHccHa XoaucacH (TDD) aeiiunaan.
i PHHHT yHFOTHNHI 3HeprAscH MaHOau 6y Xonfa HCCHKIHK
6up Rchl:mct)(inax-xsum. T > 0 oynrasna 3nckrpomapnzmr Ma},nyM
Tﬂﬁcﬂpnamni:mmn NaHkapa HCCHKIHK TeOpaHumnapu OunaH y3apo
HaTHXXaCHNAIOKOpH 3HEPTEeTHK carxjapra YAKa ONaiH.



Dueprusnapn Ey > 0. 6Ynran snekTpoHNap KarTHK XKUCMHH Taumnad

YHKUO KETHIIH MyMKHH.
% |
Z Z
7277 7

1.3.Pacm.

TepMOSNEKTPOH SMUCCHS XORKCACH | TYHHHHII TOKH KATTAIUTH ounan
XapakrepnaHany. Hazapuit Yprasammnap Jp TYHHHAIN TOKAHHAT
Ky#rjarayua aHHKIaHHITHHA KYpeaTau:

<] e
Jr = AoDT?exp [~ %] = 4y(1 — R)T?exp [—% (1.1)

Gy epma Ap — Gapua aMurTepmap yuyH Oup Xun Gynram yHuBepcan
noumuiimuk  (3ommepdensy aoummiich), Ag— moTeHmMan TYCHK

wadhodnura, R-— KATTHK JKHCM-BAKYYM yerapacuaaH
SNEKTPOHNAPHUHr  Ypraua Kakirmm  xoddduuuentn, e@ = E; —
SMHTTEPAAH  SMEKTPOHJIAPHWHT  YMKMWI  MmH, T —  OMHTTEp
TEeMIepaTypacH.

2. ©0T03/1eKTPOH IMHCCHS.

KaTTHK KHCM CHPTHHH 8pyFIHK Hyplapu OHIaH HyPRaHTHPHLI
HATHXKACHAM  ONeKTPOHIAPHWHT  yYHO  YMKMIT  XOXHMCACHTa
toroanexrpon smuccus (PID) xozucacn aeiunamu. By Xonma KaTTHR
JKUCMAA AMEKTPOHNAPHH YMFOTHLI 3HEPrusAcH MaHOau 3NeKTPOMAarHHT
TYNKWHNAp OSHeprusick (kenub Tymaérrad (OTOHNAp SHEPIUACH)
xucobnanangy. PorosMuccus xomucack Ypraya GurTa (OTOH Kemud



TYIIraH/a axpanubd YHKaguray aNeKTPOHIAp COHUIa TEHT OYIIraH KBaHT
YHKWLIK Y OWiaH XapaKTepiaHamy.
3. HKKHIIaM4H 3J1eKTPOH SMHUCCHS.
KaTTHK XHCM CHPTHHM 3nexTpoHnap OunaH 6oMO6apAMMOH KHTHII
KapaéHuAa SNEKTPOHNAPHUHT CHPTAAH YuYMO UHKHIIHTa MKKHIaMYH
9MEKTPOH 3MHCCHA Xopucacu geimmamu (MU3D). By yunb unmkamuran
3NMEKTPOHNAPra MKKMIaM4M dyeKTpoHnap Aedunazd. Kartuk skucmaa
SNEKTPORNAPHH YHFOTHIMINN dHepruscd Manbau Oy OGupnamum xenud
TYIIA$TraH HNeKTPOHNAPHUHI KHHETHK 9SHeprusapH Xucolnawanm,
WKKBnaMuu BJIEKTPOH SMHCCHA XOAMCACH GHPOP BAaKT HYHAA JKHCMIaH
YHKAGTTaH S5NEKTPOHTAp COHWHHMHT XY[AAW LIy BAaKT HUHIA SKHCM
CHPTHTa TYLIAYTTaH 3EKTPOHNAP COHMra HHCOATH OHIaH AHHKIAHYBYH
MUKTEMYM  DJIEKTPOH 3MHCCHS  ko3dduuMeHTH o Gunax
XapakTeplaHaju.
4, KnHeTHK HOH-3/1EKTPOH 3MHCCHS,

KarTux sucM cHpTH HoHNap Gunad GoMOapaHpoBKa KHIIMHIAaHAA
CHPTHAH 9JIEKTPOHNAPHHHT YYHO HUMKHII XOAWCACHTa KMHETHK HOH-
SMEKTPOH IMHCCHACK Aeitunanu. By Xonza sKueMaari meKTpOHIapHHHT
YHFOTHITHII SHEPrHACH MaHOAH CHpTra Kenud TywadTraH HOHJIAPHUHT
KHHETHK BHEprusnapu xucobnanann. KHHETHK HOH-3JIEKTPOH IMHCCHS
xomucach Xam xyamu MDD xommcacm kaGu dMUTTHpPIAHAETraH
SMIEKTPOHNIAP TOKHHUHT KeNHO TyaTraH WMOHNap TOKMra HucHarn
OHNaH AHMKIAHYBUH KMHETHK HOH-3EKTPOH 3MHCCHS KO3((UUHEHTH
¥ OHMIaH XapaxTepnaHaH,

5. MoTeHUNAN HOH-3/TEKTPOH SMHCCHs (MoTeHuMan y3ub o).

IoTeHuMAN HOH-2MEKTPOH IMHCCHA XoAMCACHAA ()a3OHHHT CHPTTa
AKUH KoUnapaa Myc6arT HOHHM sxolnamTupuin HatHxkacuaa U(r) < 0
Oynran coxanap XocHn Kununazd. Bynpait xocun Gynran Kynow
MOTEHUHAN Ypanapuia SMeKTPOHNap 3HeprusIapHHUHT MyMKHH Gynran
KuHMaTnapu MaHui Xam OYnumm Mymkud, Tamkn MaifZoH MasKyx
6ynran Xongarura KaparaHzia
Ei1)Epp Bz v v v o o0 o BHEPTHATADHRAET  MaHGWH  KMiMaTiapH

AucKpeT Gynuimn MyMkuH, KaTTHK >kHcM Ba HOHNApHH WyHaal TaHmam
MyMKHHKH, OyH1a
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HOHTard Ej sHeprusmu 5Hr KyWM OSpKMH CATXJIapH  KHCMIArH
9NeKTpoHnap Ounan Ganz GynraH carxjapgaH nacTaa skoWnmawamd. Y
XOnna KaTTHK XHCMAard E,, SHeprusnm 3NeKTpOH >XHCMIAH TYHEN
athdexTH opkank moreHuuan ypamaru E,y < By, MyMKkHH Ba Y epaa
HOHEM HeHtpannaiimn (3.PacM, 1- yruawm) Jlekun Oynnmal YTHin
SMEKTPOHHMHI JKHCMAArH BA MOHAArd OHEPTHst CaTXH OPACHAArn
Ey1 — Eyy bapkka TeHr sHeprus axpanuum Ounas copup 6ynamu. By
3HEprua GOMTARFHY SHEPrHACH GYiran GOIMKA dITEKTPOHra OepHIIMIIK
(oxe-xapadH, 2-yTHm) EKH EpYFIMK KBAHTH IAKAMZA &xpanad
YHKHIIK MYMKHH, MKKHHYHA JKapaéHHAHT SXTHMOIITHTH AYAd KHUHK.
6. ABTO3/IEKTPOH 3MHCCHS.

KaTTk JXHCM CHPTH SKMHHAA Kywid OHp OKMHCIH 3MeKTp
MaiTOHH XOCHN KHJIHHIaHIA 3MeKTporiap TyHen addexrn Tydadtmn
MeTamIHA Taunab yukHO KeTHm MyMkuH, By Xogrcara aBTO3NMeKTPOH
aMHCCHS XoaucacH ADD) neiunany.

TYFHpPpPOFH SNEKTPOHNAP KATTHK JKUCMAAH Y3HO ONHHAIH.
ABTOINEKTPOH SMHCCHS XOAHCACH Ky3aTHUIMLIM YUyH 3MHTTEpP CUPTHIA
OMeKTP MaMAOH KywlaHraHnurd our xamuaa &= 107B/eM” GYmuuwm
kepak. KarTHK MHCM CHPTHra SMEKTPOHIAPHH TOPTHO ONYBUH 3JIEKTP
MalIoHM KYMHIraHaa noTeHunan 6ycara MOTEHLUHAT TYCHKKA ainanany
BA TAUIKM IEKTP MalZOHM Kanyanuk kxarta GYaca moreHHMan TYCHK
LIyHYA TOP&IAH, SMEKTPOHJIAD MOTEHLMaNn TYCHUKAAH OCOHIHHA CH3HO
Yramu.

ABTODNIEKTPOH 3MHCCHA XaM XyIIM TEPMOIMHCCHS KaGH, TALIKH
9NeKTp Maigonura xywnn Gornmmk GYnrad TYMHHAID TOKH 3HMIHTH
GunaH Tascudranany.

7. Arom Kabu 3appayanap 3MHCCHSICH,

AtoM kabu 3appavayapra aToMnap, WOHNap Ba MOJEKyIanap
kupamu, Yy sappavanap KaTTHK JKHCM KH3JMPHITaHAA K| YJIapHHHT
cupru Oy Kabm 3appavanmap, omekTpoHmap Ba (GoTOHIAp Gunan
6oMOapIUMOH KHIHHIaHIA XYMIH SMEKTPOHIADP KabK KATTHK JHCMIAH
IMHCCHATa Ayvop OYmumu MyMkuH. By Ky3aTunagurad XoAaucanapaa
OMHCCHAra Yupalmuran 3appadanap Monekymanap, OGoMbGapaumMon
KHIMHAETTaH HUIIOH aTOMIAPH Ba HOHJAPH €KH HMINOH CHPTUra
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agcopbumanaHran MoAAa AaTOMIapd Ba HOHNApH, IIyHHHTAEK
GoMOapIHMOK KHTaéTraH 3appayanapHUAT YaNnapuaup.

HHmOH CcHpT KaTNaMUfaH HMIIOH AaToMH KM JacTimab
ancopbuuananras aroM kabu sappayanapHHHr ydub 4MKuO KeTHOm
(mecopOumMANAHKIIK) Y4yH ymap eTapimua dHeprusra ora Gymummtapw
kepak. By aueprus roxopuaa Gup Heda Maporaba TabKMANIAHTAaHHIEK,
aTOMNAPHH CHPTHA TYTHO TYPyBYH Kydnap TACHPHHHM EHTHII yYyH
eTapny 6Ymumy mapr,

§1.2, KaTTuk sxucmMaapa 31eKTpoHIapHUHT 3Heprus 6)iinya
TAKCHMOTH,

OMHCCHS TypnapuHHHT Xap OHPHHH AnoXHA-anoxuzaa Oaradcun
kYpub umMKMgaH aBan, Oy SMHCCHR TYPIAPHHHHT TEHITIAMATAPHHH
KenTupub YMKapuIIAa acocHii XucoOnaHanural KaTTHK KHCM 2JIEKTPOH
Ha3apusACH HEMEHTIapHHNA Kapab YHKaMH3,

KaTTik JECMIapHUHT KITACCHK 3JIEKTPOH HAa3apHACHIA 3EKTPOH
HXTHEPHH BAKT MOMEHTHAArH XONATH T's PafiHyc-BeKTop Ba Py HMITyJbC
OWnaH xapaKkTepnaHyBYH MoAmWE Hykra Ae6 Xucobmanamu. KarTHK
KHCMZATH BJIEKTPOHNAp CHCTeMacHra  3ca  kimaccuk bBonbumax
TAKCHMOTIA T4 GYHCyHATUran MOANUIH HYKTANap TYmiaMH, SibHH OHp
aToMi ra3 cudaruaa Kapanagu. Amanna OyHaai Kapaw 37¢KTPOHIap
Ba HOHIIAPHHHT pean XyCyCHATIApHra MOC KelMaiffid, YyHKH KITacCHK
HYKTaH Ha3@pjiaH Kapairauja OyHZall 3appayalapHUHr 8KCAPHAT
XOnnapaa HAMOEH GynanuraH TYIKMH XyCYCHATIapH yMyMaH Xucobra
ONMHHMANIH,

Bynpat xycyeustnapru T¥ma Xucobra onaguran Hazapus, Oy KBaHT
GusnkacH Hazapuscumup, KBaHT MexaHMKAcH MeKTpOHNAp Ba
HOHNapHUKT Oy XycycuaTnapuiu Ty1a TaBcupnad Sepa onaxH.

Keaur MexaHHkacHIa @IOXHIA ONMHIAH 3NEKTPOHHMHI XOJATH
W(r,t) tynkum ¢ymkuwsicH épaamuza mdomananagm  (é3nnann).
OnexTpor (asoma SMEKTPOR OYNYTHHM XOCHI KHIHMO, XymoH Oyib
Kyiunrannalf  kypunanm ne6 xucodnanaam. DasoHMHr  GHPOP



THyKTacHAa snekrpon Gynytn suwmury p W(r, t) Gynxuus ksagparura
TeHT Oynmanu:

p=Wr )P (rt) (12)

ONeKTPOHHHHI CTALMOHAP XONATA&pH YuyH TYa TYIKHH (QyHKIUICH
W, Kyiuaars KYpHHUIOIA S3UIATH:

W) = d(rdexp [~ 2By 13)

6y epma W, —amMmnurynaBuli ¢yskumanap Ba E, —3meKTpOHHUHT
sHepruanapy kuiiMaty IlIpexuHrep TeHrTaAMACH OPKATH aHHKTAHAH:

2
8—:5-1;A¢ +[E-UDY=0 a4

Oy epma U(r)—amexkTtpoH TypraH TaWKM Kyd MaHAOHHHH
XapakTepIOBYH TOTeHUHAN SHeprus 616, Xap Sup Kapad YAKHIaETraH
xon yuyH 6y dynxuus anoxuma Gepunaza.Y3-Yangan ym6y Mpeanrrep
TEHTaMacH ()aKAaTTHHA SNeKTPOHHHHT TYIKUH XyCYCHATIIAPHHHM aKc
STTHPAIH,

IIpeanHrep TeHrNAMACHHH €YMIN YUYH, AbHH BIEKTPOHHHHT Y 8KH
Gy wapouTIIapAark XONaTHHK AHAKNAW yuyH, ainan wy U(r) hysxuus
KYpuHHIIMEE Gunum kepak. Arapma U(r) ¢yHkmus Bakira OGOFITHK
6ymvaca, y XA 3MeKTPOH CTALUKOHAp XOMaTaa Masxyx 6ymann.

Karmuk sxucm 6y N;ta sgpo Ba Nyra dnexkTpoHmapaad mbopat
Mypakkab cucTeMa xucobnaHamu. Z TapTHO HOMEpNH 37E€MEHTIapaaH
TALIKHI Tonran kpucrannap yuyH No = ZN;. Bynnait cucTeMauusr Tyna
TynxaH QyHxunscn W Kyiingaruua 6ynanu:

Y=W(ry, 1y, 0.7 T Ry Ra, e Ry oo Ry, t) (1.5)
Oy epma 7y BA Ry MOC paBHLIIa 3TEKTPOHJIAP Ba MOHIAPHHHT PATHyC-
BexTopnapu. CraunoHap Xonariap y4yH:

¥,

2mi
— lpn (Tlr Lo YRITEN A YR TN’ ) R1' Rz, TR RS' e s RNi' t)x exp [—TEnt] (1.6)



Oy epna W, QyEKUMAHMHT ammnuTyna KucME Ba E, cHcrema Tyma
SHEPrUACHHWHT KuiMaTH 3appauanap cucremacs ydyH Ilpexunrep
TEHINIAMACH/IAH aHHKITAHAH

h? (1 1

B o (B B By ) o B B Bt B
+ {E % U(T1,7'2, worTsy o Ty 1R1:R2' o0 037 "'RS' AT RNl)}‘p

=0 (1‘7)

Gy epna As Ba Ay — s- snekrpon Ba k- MOHNAPHHHT KOOPAWHATANED
Gytiuda Jlannac oneparopnapu, U— 5ca CHCTEMBHMHI NOTEHIHAN
dynxuuscn, By moTemupan (yHKIES TAImKW MaiOHAA IMEKTPOH Ba
MOHJIAPHUHT TOTeHuMan (yHKuusnapd Urp HH, MOHNApPHUHT Onp-oupH
Gunan Y3apo Tascupu Uy, mu, anektpornapHUHT Sup-6rupH Guitan Y3apo
TabCHpH Uge BA amEKTPORNAPRUET HOHNAp Gunad Y3apo TabCHPIapH
dyrxumsnapu Uy, au 3 HUNTA ONATH, TBHH:
U=Up+ Uy + Ug + Upe (1.8)
Crcremanumr craunonap xomarnapu yuyH Ut Up UeeBa Use
dyrkuasnap Baxra Gornmmk amac. Arapfa (7) TEHIMAMAGHH CTHIT
UMKORHATH GYnranga spm, avim Gapua Tynkue Qymxuusapn ‘P Ba
Ey muur xapaxrepucrax xuitvarnaps, y Xonia craumoHap Xonariap
yayn W, Ba wy xonamapra Moc E, sHepruAnap KpUCTAII MaHAapa,
OMEKTPOH BA HOHIAPHWHT HHEPreTHK CHEKTPIAPH , WYHHHIJIEK KATTHR
KHCMIAPDHUKHT  Gomka TYpNH  XapakTepHCTHKATApPHHH  AHHKIAUI
HMKOHHHH Gepap sam, Ilynpait xunuG, KaTTHK KHCMJIApPHHHT
CTAUHOHAP XonmaTnapu TYFpucHaa Ta aXG0pOT ONHII Y4yH Xap oup
ATOXANA Kapanadtran ManiyM Xonariap yuyH U mOTEHIHAT OHEPrHHH
OLIKOpA paBulzia Tonum Ba (yrkuuanunr Oy kypunuum yuys (1.7)
TOHTIAMARM ewmmr tanaG kummags. By 3ca MareMaTHka HYKTan
HA3APUAAH eunb 6ynmaiinnran Mypaxkab Macana.
Kartug IHCMTAPHHHT 3aMOHABHI HA3APUACH TOTEHUHAT PYHKIHA
B3 TYNKHH  dyRKuMAcR  KYpUHMIITADHIA TETMIUIH  MACANAHH
CORNANAWTHPYRYY hapasnapra Tasuu6 mw kypamn. By epaa 6us 6y

bapasnap ng Ylap acocmparnm sKWHTAmAMITApHE Oatadcwn xapad
YHKMalMu3,



KaTTHK >XHCMIIapHHHT 3JIeKTPOH Ha3apHsACHHH ApaTHINAa Gupop
dE sHeprus HMHTepBanuia KaTTHK JKACMAA O3JEeKTPOHIApHHHI KaHYa
dN coHM KBAHT XONATIAPHAA ETHINMHA AHUKITAWKMA3 Kepak, Oomkava

mu

Kunub alTranza SNICKTPOHJIAPDHUHT 3HEPruf OyHH4Ya TaKCHMOTHHH
daN

TONHIIMMK3 Kepak. Ymby TakcumoTHu xapakrepnosun f(E) ==

QyHKUAS, OMPHHUMIAH XOMaTiap 3HUYIMCH TAKCHMOTH (DYHKUHACH

dz -
257 @ HKkuHungan £ oeprusmm  omexTpoHnap GuwiaH  KBaHT

XONaTIapHHHHT TYIAHPHIULI SXTHMOMTATH GHNAH aHAKIaHAIM!

dN dz
f(E)= E%I' e w(E) (1.9)

dz
d—5-=w(E) (YHKUHS CHCTEMAHH TALIKMI OTYBYH 3appavyanapHHHr

XyCYCHANapHra 6oFTHK,
KBanT MexeHuKacuaa altHuit 3appayanap cUCTEMAcH ylapHH 6up-

GupnxaH axpatd 6ymMacnuk npuHOANHra GYHCyHam®; CIHHH %2—’;- ra
TeHr GYnran 3appauanap ((epMHOHNAp), XYCYCaH SNEeKTPORIAp Yy Oy
npuHunngan [Taynu NpUHUKTH Kenud YHKAnH,

T = 0 K Temmeparypaja uXTHépuil 3appavanapHHET MyBO3aHATIIH
TAKCHMOTH TY/8 SHEPrHs MUHUMYMHra Mo¢ Kenani, @epMrOHNap yuyH
Oy wmapr Gmxapunaad, arapia (epMHOHIAP SHT KHYAK OSHEPIHAIH
SHEPIeTHK carxnapHu GyTkyn Tynaupuwran Gymca, Bynpa Xomamrap
conu Z 3appavanap conu N ra Tenr 6ynagu.

T> 0K Gynrasza MyBO3aHATIH XONAT SPKHH SHEPrHAra TEHI
Oymamu. MepMmuormap yuyH Oy mapr TYna OGakapumamW, arapia
w(E) sxruMommk Ky#ugarnra reur yca;

w(E) = (A% : (1.10)

6y epma Ej —cHCTeMaHWHT 3NeKTPOXHMHsABHE moTeHumann xaed
aTalmyBYM KATTATHK, YHM aKcapusr xonnapaa MepMu caTXH 3HEPruscH
ékn (depmn oHepruscH me6 XaM arawauM, sSHHA aGCOIOT HONb
Temneparypana, T = 0 K onexkrponnap onuuKd MyMKuH GYiras sHr
karTa 3Heprus. Teckapu Hwopa Ounan onueran 6y —E =y =

15



€( KaTTaTMKKA KYIHHYA YUKHALI MK XaM Xe0 IopHTHIagH. AKcapusT
Xomnapza (1.10) hopmynara @epmu Gpopmynacu xam Aebd IOpUTHITAIH.

(1.10) dopmynanm xucobra omras xomma (1.9) upoxaun:
KyHuzmaruya é3umaMus MyMKIH;

=L 1 dz

& —E,
dE exp [E—E'T—ﬂ]"'ldE
(L.11) dopmyna Gunan aHMKTEHYBUH HNEKTPOHNAPHHHT SHEPrHANAP
OYiuua rakeumornra depmm TakcumoTH peitmmamu. By TakcEmor
dopmynacunm OIIKOpa €3WIN YUyH CHCTEMAHHHI IIEKTPOXHMHABHI
NoTeruuany Ey Ba KBaHT XONATNAPHHHT TY/IIHPHITHII SXTHMOJITHKIIAPH

(1.11)

daz
a5 ¥ Onmumn MyxuM xucoGnanamu, CHCTEMAHHHT /IEKTPOXHMUSBHH

noreruuany £, kyiugara
-0
9Z e - N (112)
o dE
HODMannamTHpHIn ApTHAAH doiifanaHrad Xonja Xucobnawamd, Oy
epna N — cucreManard sMEKTPOHIAPHHHT T4 COHH.

OpKHH 3NIeKTPOHNAp SKWHIAIIHIIHAA 3MeKTPOHIAPHUHI SHEPrHi
OYfiuua TaKcMMOTHH BHHKNAMMH3, DPKHH SIEKTPOHIAP HA3BPHACH
SNEKTPOH/IAPHUAT TY/IKMH XYCyCHSTIApHHH Xucodra oirad Xonaa
KPUCTANNIAPHMHT (pA30BHit ABPHH TY3HIHLIMHH 9HTMOOPra OnMaimi.
By skumnaummpa W oHeprus wkanacuaan oiganauuum Kysai
Xucobnanany Ba OysEna MeTann TAWKAPHCHAA THHY  Typram
3MEKTPORHWHT SHEPTHACH HONIA TEHr 1e6 onuHamu. Yy SHepreTHK
UIKanaga a/eKTPOXHMUABHI MOTEHIMAN CaTXH OmiaH GenrHiaHagn Ba
By KapanadTtrad mkanana 3MEeKTPOHHHHI METAUIAAH e YHKHII HIIH

Wo =W, rarenr 6ynagu (1.4.pacm).



