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HcrapaiaHraH. Iy cababaan 6yjica KepaK SHepniHHHHr THKjiaHHiu
xapaKTepnaarH 3axnpacHHHHr qerapajiaHMaraH Typjiapn~aH (jjoftnanaHHuira
KH3HKMU1 KecKHH opraS SopanTH. Arapaa aapo 3HepreTHKacHHHHr xaMMa
Macajiajiapn ysjiaaiTHpHjmG ojiHHca Ba Kyeui paanauHacH 3HeprHacHflan
caMapajiw (J)OHflajiaHmMiiHH (@>aH xan KHJica, Epaa SHeprna MyaMMOCHHH
hhcohhht 6araMOM y3H ynyH chh6 ojiaflH. By hkkh 3HepreTMK MyaMMO 6hph
HKKHHHHCH 6HJiaH y3BHH 60FJIHK. Xap HKKajia 3HeprH» MyaMMOCHHH HHCOH
Maiid4)aaTjiapnra XH3MaT KHjif[HpHuiaa caMapajiH Bocm-a 6yjin6,
(HOTONpHEMHHKJTap XH3M3T KHJiaflH. Maca”™aH, reHeparop THrmaam
(J)OTOnpneMMMK_.iap (4)0TO03JieicrpHK reHepaTop) Kygui Ba s/ipo HypxianHuiHHH
TyrpHflan-TyFpH sjieicrp 3neprHacHra aftnaHrapH®6 6epaflH. O/mhh
4>0TonpHeMHHKJiap sea aapo (gkh napananaHHui) chhtec3h Ba Kyeui
paZinauHacHHH sjieicrp sneprHsiCHra aH/ianTHpmu, yHH HcretMOJiwHra y3aTHiu
Ba (j)OHflanaHHui wapaeHHaara 6ouiKapHui, Ha3opaT Ba yjinoB th3mmmhhhf
acocHH KypmiMacH 6yjiHO xn3MaT KuriaaH.

flapo peaKUHacH BaKTHaa a*pajm6 HHKaaHraH yjiKaH SHeprna aacrjia6,
hcchkfihk 3HeprH»CH KypHHHuiH/ia 6yJin6, Typ6MHanap epaaMHaa MexaHMK
3Hepr nara, yHflaH cyHr sjieicrp aHeprHHCHra aitnaHaaH. OoTOTepMOreHepaTop
epaaMHaa sea aapo SHeprnacH 6eBocnra sjieicrp 3HeprH«cnra aRjianaaH. By
MacajiaHHHr MyxaHflwcjiHK, TexnojiorHK Ba xaB<j)CH3JiHK 6njiaH 6o0fjihk
MyaMMOJiapHHHHr onHMJiap Ba MyxaHancjiap TOMOHHaaH hkmh  KejiarcaKna
enHMH Tonnnca, Epaa SHeprHa MyaMMOCH 6aTaMOM xaji khjihh3sjjh.

3neprHHHHHr aHa Sup «TyraHMac» rypn Kyern SHepraacH aeaHK.
X,Hco6jiaiujiap KypcaTHUiima Ep CHpTHra TymaeTraH Kyeui SHepraacHHHHr
0,1% hh saeicrp SHeprHfICHra aitnaHTHpn6, yHaan 5% jih <BE>HK 6HjiaH
(j>ofiaanaHraHHMH3fla xaM 6y SHeprna xo03Hp miijia6 MHRapHjiaSTraH xaMMa

SHeprraaaH 40 MapoTa6a Karra 6yjiaaH. Kyern 3HeprMacnaaH
(JiOHaajiaHHUiHHHr HOKyjiaH TOMOHjiapnaaH 6npH, yHHHr ep CHprara TymaeTraH
KHCMHHHHr  SHepreTHK  3HMjiHrHHHHr atyaa O3JTHrHjwp. |Illy 6oHcaan

HypjraHHuUiHH Ka6yji KHJiaaHraH (jioilaanH cwpTHMHr KmcH Kaira 6yiiHiiin
KepaK. MacanaH, 20 kBt KyBBaT 6epaaHran KySm 6aTape»JiapHHHHTr «<J)ofiAaJiH»
K)3acHHHHr MaflaoHH 10-20m2 6yjiaflH.

OoTOSHepreTHKa 6HJiaH uiyFyajianyBHHjiap Kyeui paflHaunacHHHHr
KyBBaTHHH Ba yHHHr cneKTpan TapKH6 6yRHMa TaKCHMjiaHHUiHHH 6MjiHuuiapH
KepaK. Ep uiapoHTH.ua Kyeui snoop craHUHaaapHHHur KyBBara KeHa-KyHay3ra,
HHJiHHHr MaBcyMJiapnra KapaS aTMOccjjepaHHur xap xhji xoaHcanapHra 6ofjihk
paBHUiga y3JiyKCH3 y3rapH6 Typaan. LLlIy ca6aojin Kyeui HypjiaHHUUHHHHr
xaKHKHfi cneKTpaji HHTeHCHBjiHrHHHHr y3rapHm KOHyHHara erapjiH MypaKKa6
xapaicrep,na 6yjiaan. Kyeiu SaTapeajiapHHH jiOHHxajiamaa Kyeui aoHMHflcHaan
4>oflaajiaHHjiaflH. y Kyeui sjieMeHTHHHHr 1lcm2 K)3acHra rymagTraH HypjiaHHui

KyBBara 6hjkih yjinaHH6, y Wc =0,139™ ra TeHr. Ep uiapoHTHaa 6y
av

KHHMaTHHHr ypTaia mhkaophhh 0,08 Bt/cm2 aeo ojiHHaan. Kyeui sjieicrp
CTaHUHJinapHflaH ojiHiiaaHraH 3jieicrp sneprHfICHHum TaHHapxH oajihh sjieicrp
CTaHUH)ijiap Hinjia6 HHKKaH SHeprnacHHUHr iiapxnaan aHna k>oPh. LLIly



60HCAan KySiu Saxapeajiapu MaHoa cwcfiarH.aa acocaH kocmhk KeMa Ba

Hyjiflom~ap~a  HiariaxHJiIMOKAa. I0riKa napaanap 4>H3HKacH hiitchchb
pHBOJiaHMiiH SnjiaH, KamaMjiap Tatiep.iam ftyjm 6iuiaH Kyeui sjieMenxjiapn
acauiHHHr Ha3apHH Ba 3KcnepnMemaJT acocnapn apaxHJiflH. Arapaa apHM
yTK3arHH ionKa (1 nena MHKpoMeTp)
3jieMeHTJiapHHHHr OHK  Jiapn

xieMeHTjiapHaeK KkhjthhhS ojiHHca,

napflanapHflaH TaHepjianran Kyern
MOHOKpMcranJiapaaH xaBepjiaHran Kyeiu
ionKa napflann 6axapeajiapHHHHr miuia6
HHKapraH sjreKxp 3Heprnacnnniir xaimapxH xaM aTOM Skh hccmicihk sjieKxp
cxaHnnajiapn,na Hiimao MHKapH;iaerraH sjieicrp 3neprn>icnra

aKHHJiauiaflH.
EyHra roima napaajm Kyeui

3.neMeiixjiapHHH xaiiepjiaui xexHOJiornacHHH
raKOMHJUiaiirrHpHiu, kvciu 6axapeajrapHHHHr jioiiHxacHHH
MyKaMMajiJiauiTHpHiu Rvjih 6ttnaH jpHumjiaflH. ApceHHfl
MOHOKpHCTaJiJdi HaB.iapHflan xaniMK Kkhjih6,
3nHTaKCHaji

raJUiHHHHHr ap30H
yiinm ionKa napaanapHHHHr
KarjiaMjiapHflaH (j)OHflajiaHM6 acanraH Kyeui 3JieMeHTjiapHHNNr
aKaiieMHK >K.H. AjitjjcpoB jia6opaxopHacn,na Taflepjianran HaMyHanapn 30%

OMK Sanaa HiujiauiH aMajiaa HcGoTjianran. Eyi-waft Ba my Ka6w Kkvcui

3JfieMeHTJiapHHH Huuia6 HHKapwO Ba yjiapuvi xcxhhk TOMOHjiaH coana khjih6,

HKTHCOfIHfi /KMxaiTiaH fOKopw caMapa 6HJiaH HUJjiaiiflHran aaparcara

eTKa3HJica, y.xapuHHr sneKxp SHepraacH eKHjin-iziaH ojiHHaexraH SHepraaaaH
ap30Hra xyiuMiiiH iuy6xacM3flnp. OoxosjieKxpHK fiyji 6wiaH sjieKxp sHepmacH
HUiJiaS HHKapHiura ayneHHHr Kyn MaMJiaKaxjiapHfla 3yp kh3hkhlu 6mraH hjimhh

Ta"KHKOT HUiJdiapH o0jihS 6opHjiMOKaa. Mhhh Kyeui SJieKxp cxamiHHJiapH

acanMOK”a. Yjiap sjieicrp xapMOKiiapHHH ei Ka3nuj Honyjiaft 6yjiraH xcoHJiapaa
aBXOHOM paBHixifla MuiJiaxmianxH.

5lkhh Kejiawaiyia hhcohmhx aHtaHaBHH SHeprna MaiiSajiapura oyjiraH
My\[o>KjXHKJiapHAaii KyryjiaflH.
pHBO”"jiaHHO, Epaara xaex

Kyeui Ba aapo 3jierp03neprexHKacH

ynyn KepaK GyjiaaHran Sliexxp

SHepraacH
3XXHc>KjiapHHH xyjia y3 xaiAiHHOxwa ojiaziH.

"

TeHepaxop XHnHAarH cj)oxonpHeMHHKJiapHHHr acocnft BaKHJIH Ao>H-

KaTJiaMJiap xHCo6jiaHaflH. AOH-KaxjiaMjiapaaH 60l1lm «J)oxonpneMHHKjiapHHHr

xycycwaxjiapn HHcGaxan axuiH ypranH.iraii liei'mm MyMKHH. AOi I-

KaTJiaMJiapaa xann *aBoonHn xoriMaran MyaMMo;iap Kyn. MacanaH, AOH hh

ojihuj xexHOJiornacHfla, (J)H3HKacnaa Ba aManHH xaabHKnapra 6ofjihk

coxanap”~a Ha3ap«H Ba aManHH HJiMHH-xeKUinpHUi HUiJiapH o0jih6 SopHUira
xyrpH KCJiaflM.

AOH ra 6armiiJiaHran Kyn MaH6anapaa aHOMaji iokoph

JoxoKyMjiaHHiujiap xochji oyjimuHHH KaraaM xonojioi HacH 6nnaH ooF.iana/iH.

ByHflaB KaxnaMjiap ojihuj xexnojiorHacH yxa HO3HK MypaKKa6é acapaeH

6yjiH6, xap 6np Moaaa ynyH y3Hra xoc uiapx-iuapoHiJiapHw Tajia6 KHJia"H.

TexHOjrorHHHH 6ouiKapniuHHHr xexHHK xoMGHJiapH MyKaMMajr yprannjiHujH

KepaK-AMopi}) apHM  yxKa3rnM ionKa KaxjiaMiiapHAa xaM AcPH-schtber
Ky3axHJiraH. nojiMKpucxajiii KaxnaMjiapaarH A OH na3apnacH 6HJiaH aMop]|
Kax~aMJiapaa Kysaxiuiran 6ai3H HaxHwajiapHH MyxjiaKO xyiijyiiTHpiio
6y~MafiflH. ByHAafl xojinap/ia aMopt}) KaxjiaMJiapHHHTr yswra Xoc
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XycycHHTJiapHHH xnco6ra ojihui KepaK 6yJiaaH. A<I>H hhht
xapaKTepHCTHKanapH KynjiH ajieicrp Ba MarHHT MaRaoHjiapw TatcHpnaa
y3rapafln. By y3rapHuinapHHHr Ty6 moxhhthhm ohhiu KepaK. Kyr6jiaHraH
epyrjiHKjaa AOH-KaTJiaMxiapaa yTa FaHpH-Ta6nnH xoancajiap KysaTHJiaan. By
xo/mcajrapuHiir na3apHH acocjiapHHH, 3M3jihh KyjmaHHiujiapHra 6ofjihk
4)H3HKaBHH-TeXHHKaBHii TOMOHJiapHHH TOIIHIII J103HM.

AOH-KaTJiaMjrapaa epyrjiHK TaicwpHfla yTa KwopH 4>0TOKyHjiaHHmM ~104
B Ba MarHHT MafiaoHHaa (J)OTOMarHHT KygjiaHHiu nafiao 6yjiaaH. ByaapaaH
aiuajiHH MaKcawiapzia (JioftganaHHJica yTa ce3rap smru yaioB Ba Ha3opaT
HiuaapHaa KyJuiaHHjiHiuH MyMKHH 6yJiraH ac6o6jiapHH spaTHiu MyMKHH. By
ac6o6jiapHHHr 4>H3HKaBHi* acocjiapHHH, tcxhhk JioflHxajiapHra 6ofjihk
Ha3apnfl, aManvift eHHMJiapHH Hanauj jio3hm.

AOH-KaniaMJiapaai'H TaoHMfi Ba paaHaiiHOH 3CKHpHuiHHHr (aerpaaauna)
yMyMHH KOHyHHSTJiapHHH TonwG, yjiapHH aManHH MaKcaaaapaa xnco6ra ojihui
KepaK Syaaaii.

MoHorpaijmaaaH HHxcenep-TexHHK xoaHMJiap, Tana6anap, ojihh Ba ypTa
MaKTaS yKHTyBMH Ba yKyBMHJiapH Ba KeHr KHToSxoanap OMMacH (J)OHflanaHHuiH
MyMKHH.

MoHorpa<jmara MyajurvKfuiapuHHr K~n Hunnap aaBOMwaa renepaTop
THnHflarH (JtoTonpweMHHKjiap ycTHfla ojih6 6opraH hjimhh H3Ji3HHLUJiapH
HaraacanapH acoc khjih6 ojihhraH.

yfijiaftMH3KH, khto6 Kyn cohjih TanaGajiapHH Ba hjimhh TexHMKaiiuli
X0 HMjiapHH H>KOfIHfi H3JiaHHLUJiapra yHflaftaH.

MoHorpacjtHH Kyae3MacnHH ywi6, y3JiapHHHHr KHMMaTjiH 4>mkp 1ua
Myjioxa3ajiapH GwijiaH MOHOrpatjjHHHHHr CH<j)araHH axuiHjismra (jepnui
gpaaMJiapH ynyH aKaaeMHK P.A. MyMHHOBra, npotfieccop P. Pacyjtom 11
npo4>eccop H.A. CyjiTOHOBra MyaiuiHtJuiap y 3JiaP HHHHr uimmmmm
T3ui3KKypjiapHHH SHjiaHpaanjiap.

Ma3Kyp MOHOrp3(j)H5i J?36eK THJinaa Ghphhmh MapTa non 3thjui(lii aiuiHi m
ca6ba6jin yHH 6at3H KaMMHJiHKJiapaaH xoaw ae6 6yaMaftan, ajtOarrn.
MoHorpatjiHHHH axuiHjraui HCTarHaa 6epnaaanraH (jiHKp Ba MyjioxaiajiapitM
MyanaH(j)jiap MaMHYHHHT SwuaH KaSyji KHjiaaHaap.

MyajuiH”iaap



<J>0TO3JiCKTpHK reHepaTopjiap Ba 3HeprHH MyaMMOcH

Khluhjihk waMHsiTH pHBoachana SopmuH Ghjihh yHHHr SHepraara TanaGn
opxHO 6opa,aH. Mhcoh (jDaojiMTHHHur xaMMa coxa/iapi-ma atins-iKca, ajieiop

SHepraara 6ynraH sxthShc yTa toKopiwip. Mkthcoahm pHBOWJiaiiraH

MaMJiaKaTJiap™a xap yH fiMiixia sjicktp 3Hepn« Hiiuia6 HHKapwui hkkh Ilwapxa
opTHiiiH Ky3aTHJIMOKHa. 3JieKTp SHeprHacHHHHr
SJieKTp CTaHunajTapHfla HiujiaS HMKapunaAH.
KyppacH”a lerapanaHraH. Iy ca6a6flaH

acocHH khcmh hcemkjihk
Ekhjifh 3axHpanapn sea ep

sHepraaHHHr Hoam>aHaBHH
rypnapHaan caMaparw 4>0OHAajianHiiiHHnr hjimhh, TexHHKaBHH BOCHTanapmiM

Hiii.'ilao MHKHiii ycxHAa AVHeiiHHr eTaKHH ojihm Ba Myxaiiancjiapn TaAKHKOT
HLUJiapHHH o0jih6 GopMOKjiaJdiap. TepMoaapo Ba Kyeui snepreiHKacH xap xhji
jiOHHxaJdiapuHMHr tcxhhk, hktmcojjhm Ba 3KonornK KypcaTKH'uiapH TaxnHji
KHITHHMOKaa.

d>H3HKAap MaHa sjijihk fuuijiaH yTn6/inKM, TepMoaApo peaKUHfICHHH
yjiKaH 3HeprH»CHHH tmhmjihk, (JjapoBOHJIHK flyiiHfla, oaaMjiap sxruevKH ynyH
XH3MaT KH.iaHpmui a xapaKaT kh.ihhih. Ehi-hji aZipojiapHHHr Kynin.iMiiiH roacH
TauiKapHAaH tcaparaiifla yHMa khhhh 3Mac Macanara yxuwiwi. JleKHH, 6y
MyaMMO TapaKKHeTHHHr 3iir khhhh HAMHft-TexHHKaBMH MyaMMOiiapMxiaH 6npw
6yjiH6, yHH xan khjihiihijih 0AaM30AHHHr 3iieprnara 6yliraH 3xthS>khhh y 3Hji-
KecHji 6aTaMOM enn6 KyaflH.

X,03HprH KVHjia Huura6 MHKapHJTaeTiaH sjieicrp 3HepniacHHHHr 40% flaH
WKOopHCH aTOM sjieKTp CTaimHHJiapH (A3C) ynyuiHra TyrpH xejiaAH. By A3C
jiapHfla hhiJdiao MtfKapHJiaenaH 3Jieifrp sneprHscw orap paflwarrHB sjieMCHTiiap
SApocHHHHr napMajiaHHiIUH xwcooura xochji 6yjiaflH. TepMoaApo peaxuHacH
em ha HflpojiapHHHr KyiiiHJimiiHra acocnaHaAH. EyHHHr ynyH 3nr KyjiafiH ornp

boaopofl-fleHTephh aApolJiapHHHHr cnme3HAnNp.

MacajiaH, 1 a cyBAarw
Aefh-epHfi

cHHTesHAa axcpann6é gHKKaH 3Hepraa 350 a 6eH3HH eHranwarn
3Hepraara TeHr KynAHAHp. “"Apo CHHTe3H epAa boaopoa 6oM6acH nopxjiauiMAa
aManra oiiiHpHJiraH. Bynaati 60lllxaprniMafiAMraH TepMoaApo peaKUHHCHH
6ouiKapwiaAnraH khjihlu KepaK. TepMoaApo peaKUHacn BaKTMAa chhtcs
KHAHHaAHraH MOAAa 6wp nena yH, 103 MMAJIMOHJia6 TeMnepaTyparana
KH3AHPHAHUIH KepaK. EyHAafi xapopaTAa chihji aTOMJiapHMur HApojiapn
uiyHflafi Ka-rra TeanHK oAaAHKH, HaTH*aAa TyKHauiyB BaKTiwa ynap 6np-
GHpHAaH KOMMafi, aKCHHMa KyuiHAw6 Kexaan. LUy SviJian 6wpra xap Kanaaii
MOAAa oyHAafi yjikaH TeMnepaTypaAa iuia3Ma xonaTnra yTaAH. AroMlJiap
3AeKTpoH Ko6HKJiapHHH KyKOTH6, Myc6aT 3apaAAH aApo Ba sneKrpoHjiap
apaiaiiiMacHAaH H6opaT 6ynn6 KOAaAH. I0koph TeMnepaiypaiiH nAa3MaHH
«yuiAa6é Typnui» ynyH KyMAH MarHHT MaftAOHH xochji  KHjiaAnran
«TOKAMAK» THnHAarH KypwjiMa acanaAH. Y TauiKH KypHHHiiiHAaH Ba
Hiiiilaui npHHUHriH 6yiiHHa yAKaH TpaHC(j)opMaTopHH scjiaxaAH. YHHiir
GnpAaMmi ypaMAapn 3JieKrp MaH6acHra yjiaHH6, hkkhhhh ypaMAapw topoha
KypHHHUIHAarn 6epn BaKyyM xaMepa SmiaH vKHX03JianaAM. KaMepa boaopoa
eKH yHHHr ofhp H30TOnAapH 6hji3h TyAAHpHAaAH. BHpjiaMMH ypaMJiapAaH

yTraH y3rapyB4an tok, KaMepaAa ytopM<uin MaHAOH xochji khasah. ~ ra3HH
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HOHJiauiTHpaflH. yHjjaH yrraH Karra tok (100 MHHrjia6 aMnep) ra3HH ruia3via
xojiaTra yi Ka3n6, K>KopH TeMnepaTypajiaprana (80 m/ih. rpaayc) KH3anpaaH.
HKKanaMHH TOKHHHr KynjiH R-ynaanaHr MarHHT ManaouM una3MeHH KaMepa
fleBopjiapHra aKHHJiaiuTHpMaH yHHHr MapKa3H”a TopoHa yicH 6yftna6,
«iHypcHMOH» khjih6 yuuia6 TypaflH. EyHaafi 3KcnepHMCHTaji KypmiMariap

TeMnepaTypacH 80 mjih. rpaaycra hkhh, 3hhjihih 105 ia>Pa SyjiraH rumMa
av

XOCHiji khjin6, yHH 0,1 ccKyHA bskt yuiJdiaG Typnui hmkohhhh oepan.
«TOKAMAK?» peaKTop/iH TepMoaapo sjieicrp  cTaHUHHJiapHHHHr
3KcnepMMeHTaji  jiofiHxanapH acocnaa xaKHKHH caHoaT BapnaHTjiapHHH
jioHHxanaiuTHpHiu ynyH KaMepaaarw ra3 6np ceKyHaaa Kkh3h6, njiaB3Ma
XOJiaxnra khphuuh Ba TepMoaapo poKHMH”a KaMHaa 5-10 MHHyT Shhuih KepaK.
MKKHHHH”aH SyHaan KyMJiH MarHHT MafiaoHH xochji KHJiHiura captj)jiaHraH
3HeprHaaaH, peaicrop Hiijnao HHKapaaHraH 3neprna Karra 6yjiHiun ynyn MarHHT
MaiijnoHHHH yTa y iKa3yBHamiMK Snjian HiunafiaHraH Fajixaioiap xochji khjihluh
KepaK. TepMOHflpo peaKUHaCHHH <j)H3HK /KHxaraaH HaMOHHiu khjihiii yqyii
6yaaaH MarHHT CHCTCMacn (TOKAMAK-15) aTOM sHepiHacn HHCTHTyraaa
KypHJiraH. HaBSaTflaiH Macana TepMoaapo 3JieKTpocTaHUHacHHH apaTHmM.
LUyHH xaM yHyTMacjiHK KepaKKH, 6y ycyji 6njian cwiHHaeTraH 3Hepn« xo3HpMa
HHc6aTaH KHMMarra ryiua.au. Yhh ap30HjiauiTHpHiu fiyjuiapHHH H3iiaai KepaK
6yjiaflH. By coxaaa «TOKAMAK» aa nna3Ma Ba yTa yTKa3yB4an
CHCTeMacHHHHr TaSnaTH nyKyp ypraHHjiMOKaa. TepMoaapo peaKTopn xann
Huijiam apa(j)acHfla, jickhh yHHHr «TOKAMAK» yTa yrKa3yBMaH MarHHT
cHCTeMacHAaH c()OHaajiaHH6 HuijiaRanraH, hhth 3jieiopo3Hepi hh
reHepaTopjiapHHHHT jioftHxajiapn Hiiuia6 HHKHJIMOKfla. Y Ta yTKa3yBgaH Manim
CHCTeMacHHHHr MafiaoHHaaii nacT TeMneparypariH (2500°C) ruia3Ma yTKam'icii,
njia3BMa TapKH6MaarH HOHJiap KyqjiH MarHHT MaiiaoHMaa a*pajiH6, yma moi
khjihS >KOHJiaiUTnpHjiraH sjieKTpoanapra TymaflH. 3jieicrp lopHTybmh Ky>i
xochji KHjiaflH. MarHHT MafiaoHHaan Karra TeajiHKaa yTaSrraii luiaiMa
3apaanapH sjieicrpofljiapra Tyuin6, yjirypHiun ynyH MarHHT MafiaoiiH J/ra Kyuin
6yjiHuiH KepaK. EyHaaft ripnuuHnaa HiujiaHaHraH reHepaTopjiapiin MP/1,-
reHepaTopjiap ae6 K>pnTwiaaH. MarHHT MaflaociiH KaHanHHHHr kcchmh 6np
Hena KBaapaT MeTp, ysyHjmni sea 10 m 6yaraH Mrfl-rencpaiop 500 MBi
KyBBaT HuiJia6 HHKapaaH. YHHHr ManflOHH 1010 )Koyjib SHcpiHaHH ~3Haa
fiHFHUIH MyMKHH. SHepreTHKa TH3HMHaa xann TepMoaapo pcaicropaapH Ba
Mr,fl-reHepaTopjiapH HuidiaTHJiraHMna HyK, jickhh Tawpn6a narn*anapHHHHr
KypcaTHUinga skhh KejiawaKaa yjiap 3HepreTHKa TapMOKjiapwra i-juia khph6
KejiaflH. 3K0JiOraH HyKTan-Ha3apaaH HHcoHHaT y3 3XTH6>KHra KepaK 6yjraanraH
xaMMa sjieicrp SHeprHacHHH aapo 3nepreTHKacHflan ojiojiMaitoH. IllnaHeTa
xapopaTHHH CTa6na caioiaui, a30H Ko6nFHHHHr 6y3HJIHUJHHH Ba ep
aTMOC(j)epaCH, MyXHTHHHHr H()JIOCJiaHHUJHHH OJIflIHHH OJIHUI KepaK. MyHKH,
epaarH xaeT toKopnaarn skojtothk (Jjaicropaap 6anaH aHHKjiaHaan. XarroKH ep
xapopaTHHH 1°C ra KyTapHJiHuiH, yHaa KaTacTpo<J)HK ysrapHixijiapra ojih6
KeaHiiiH MyKappap. LIJy OoHcaaH, aapo 3HepreTHKacH SHJian 6np KaTopaa
HoaHtaHaBHH, «3kojioihk TO3a» sHepraa MaH6anapH xncoojianraH Kyeui, cyB
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Ba luaMOJi 3HepraacnAaH (jjoflflanaHHiiiHHHr Ta/wiKOT HiujiapHHH oaho 6opHiu
KepaK.
flyHeHHHTr Kyn MaMJiaKaraapHfla

Kyeui SHepreTHKacHAaH SAeicrp
3HeprHHCH

ojihui ycTHfla ojiHMjiap hjimhh H3JianHiiiJiap ojih6 6opmuMOKAa.
HaTH"ajiap acyaa hxiuh. Byjiap xawAa 6aTa<j)CHA TyxTanumK. 3 hah sAceierp
3HeprHSICH HCTCbMOAHHAapH XaKHAa (j)HKp K)pHTaMH3. HIICOHAap y3JiapHHHHT

3XTHeacnapH ynyH KaHflaw SHeprna Hunia$sS HHKapMacHHJiap, yHAaH

4>oftAanaHHUiI acapaeHHAa 0XMp-0KH6aT, 6y SHeprnfljiap hcchkjihk KypHHmuHaa

Epra Ba yHHHTr aTMOc~epacHra y3arMJiaAH. HaTH*aaa ep xapopara
KyTapHAaAH. ByHHHr oaahhh oahui MaKcaAnaa 3Heprna hCTei>mojimhjiaphhnnr
xaM sKOAorHK vKHxaTAan KyJian jioflHxnapnnH wui.nao MHKHjiMOKAa. Ep, cyB Ba
xaBo TpaHcnopTHAa HuuiarajiaeTraH ABMraTennapHHHr xaMMacHAa an;iaHyBlih
Ba Ky3rajiMac KHCMAap MaB/KVA. Uly OHJiaH 6 npra yAapHHHr KynmuiHrH He$Tb
MaxcyjiOTAapHHHHr chhuih xnco6nra HiunaiiAH. CeKHH-acTa TpaHcnopTAa
3:ieKTpoABnraTeji.TiapAan 4 HAanaHHiura xaw yranMOKAa. By epAa xaM yTa

Ka-rra sjierrpoMarHHT CTaTop, poTop th3hmh caKjiaHn6 KOjiaBepaflH. TaOHHHKH,

craTopAaH, poTopAaH tok yraAH, hcchkjihk awpanaAH, afiAanyBMH KHCMJiap

HuiKajiaHHiiiH HaTHwacHAa xaM y3 HaB6aTOAa aHa hcchkjihk aacpanaAH sa
X0Ka30. AfiJiaHyB'iH KHCMiiapHH KaMaHTHpniu, sAeicrpoMarHHT cncTeManapAarH
>Koyjib hcchkjihk a>KpajTHiuHHNn KaMafiTHpHui

ynyH hhth ABmaTennap
oHaacHHH

apaTHiu, yjiapAa Kynjin MarHHT MafiAOH xochji khjihui ynyn 5Ta
yTKa3yBliaii yTKa3rHHJiapAaH (JjofiAadiaHHiura yrnui KepaK SyJiaAH.

By MyaMMOAapHH ennui ynyH Kyn AOHHxanap raKJinc[> 3TKJiraH.
FHAAHpaKCH3 noe3AJdiap apaTHm fi*"AHAarH jiofinxanap MoaejuiapH xaM hamhh-
TexHHKaBHH acHxaTAaH xaKHKaTra skhh 6ynrann onnaH hkthcoahh TOMOHAaH
y 3HHH OKjiaMaRAH. MacajiaH, Tomck noAHTexHHKa HHCTHTYyTH npo”~eccopn B.l 1
BeflH6epr TaioiHcJ) sTran MarHHT TyHHeA moacah xaM AHKKaTra casoBop. yHra

acocaH «TyHHeji Tpy6a» hmha3 TeMHp nnaTtJiopMa 6up 3jiempoMarnHTAaH

hkkhhhh  3jieKTpoMarHHTra Rapa6é HuiKanaHHmcH3 ynuuiH KepaK.. yTa

yTKa3yBnaH sjieicrpoMarHHT (KpHorexHHKa) epAaMHAa HiunafiAHraH AoviHxa'ia
noe3A (BaroH) ra sneicrpoMarHHT /KOH;iaunnpMJiH6, cyioK reAHti OHAaH
coByTHAaAH. XapaKaT BaKTHAa noesAaarn KyHAH MarHHT m3haohh anioMHHAaH
Hcaiiran penbCJiapAa yiopManH TOKJiap xocha khjih6é, yHHHr Myhannum (JleHU
KOHAacnra Kypa) noe3AAarH MarHHT MafiAOHHra TecKapH ftyHajiraHnn™ ynyH,
noe3AHH peAbCAaH MawiyM oanaHAJiHKKa KyTapaAH. rioe3AHH xapaKarra
KejnnpHin ynyH, yHHHHH pcjibc-MHsmciH abvirarcji xh3M3t KHAaAH. ByHAan

SAeKTpoABHraTeAHHHr CTaropn Ba3H(J)acHHH ftyA, noe3A 3ca poTop Ba3H<j>acHHH
yTaHAH. PoTopHHHr aftnaHMa

xapaKaTH HArapHAaHMa xapaKaTH OHAaH
anMauiaAH. ByHAaR ABHraTeji

huihhh TabMHHAaiu ynyH fiyAra >nyAa Kyn
JhTttByBHaH «crepweH» Aap acoHAauiTHpHin KepaK. YjiapHH Maxcyc Aacrryp

acocHAa tok 6nnaH TaiMHHjia6 Typnui 3apyp 6yAaAH. BaroH-noe3AAarn fra
yTKaayBMaH FajrraK vtyAHAara tok 6HAaH topthah6 xapaKaTra KeAaAH. MyjiAarn
tok HJirapHnao, y3H 6nAaH noe3AHH eTaiaia6 xapaKaTAanTHpaAH. YTa
yTKaByBiaH MarHHTHHHr hhavkuhdch 1 Ta 6yAraHAa Kyrapnui Kymh 6np MeTp
KBaApaTra 4-105H ra exaAH. By Kyn aBrooyc uiHHacnAarii 6ociiMra reur Sochm
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xochji KMiiafl[H. Y hh 2-3 6apo6ap opTTHpmii MyMKHH. «MarHHT 6cthk» aa
xapaKaTliaHyBHH TpaHcnopT HpaTHiu 6yflnna KeHr hiu ojth6 6opHjwriTH. Xap
xhji jioMHxanap xap TOMOHliaMa hkthcol/ihh, tcxhhk Ba 6ouiKa wHxaTJiapH
6yHniia Taxjimi KmiHHMOKaa. ilnoHHa MyxanziHCliapH » khh KejiaacaKaa Tokho
Ba OcaKa opacnaarH 500 km Maco”aia yTa yTKa3yBHaH awieHOHa epaaMn.ua
hiujiobhh «MaraHT Scthk» aa xapaKarnaHyB'JH BaroH-noe3fl[HH miira
TyuiHpHiura xapaKaT KHIJiHiiiMOK/ia. ByH/ia Kyn 6yRjia6 MarHHT ryJiKHHH Monn6,
y3H 6miaH BaroH-noesflHH eraKliaH/iH. Pe3HHa rmiaHpaicnap cp/iaMnaa
T)?XTaTHUI, K>prH3H6 K)6opHIU (caMOlieTJiapHHHr KyHHUIH Ba yMHLUHaarn Kaéw)
aManra ouiHpHjiaan. 3jieKTpoMarHHT KyHJiap noe3£Hn pejibcaaH KyrapaaH Ba
yHra 500 KM/coaT Te3JliHK 6epaan. ABHauHS Ba TeMHp fiyji TpaHcnoprnaa
3pnujHjiraH 10TyKnap yrKa3yBganjinK KyjuiaHmiraH «BaroH-noe3a» aa
yHFyHJiaiiiTHpHJiaflH. HaTHwaaa Karra Te3JiHK, xap KaHaafi 06-xaBoaa hiiiohhjih
Ba Kyn k> KyTapa onaanraH TpaHcnpoT TypH HpamnaaH. CyB octh
xpancnopTH/ia M rfl reHepaTopjiapHHH /iBmaTeji peacHMHaa mujiaTHJia/iHrau
noHHxacHHH TaKJiH") KHJiMOMa. By JiofiHxaaa aeH n« cyBH huihh 5KHCM 6yjin6,
y opKanH tok yraaH. YTa yiKa3yBHan cojieHona MarHHT MaiiaoHH 6anaH
Ta-bCHpjiauiH6 cyB octh KeMacHHH xapaKaTra KejrrHpaaH. AiinaHyBHH khcmch3
UIOBKHHCH3 HiunaHUHraH HXHaM MF/1 ABHraTejiH cyB octh KeMacHHH
xapaKaTra KejiTHpyBiH MauiHHa 6yjin6 HiujiafiflH. Kocmhk KeManapaa Ba
nnaHeTanapapo aBTOMaraK craHUHanapaa njia3Ma aBHraTCJiH y3Hra xoc
KyliliaHHiu ojihuih MyMKHH. By fIBHraren y3Hra xoc nna3Ma «nyuiKa» ch 6yjin6,
yHHHr nna3Ma «6yaaK» napii 100 KM/ceKyHa Te3JiHK 6n.nan othjih6 mhkhujh
HaTHHcacHfla kocmhk paKeTa yKaaH 100 6apo6ap Karra peaKTHB TeanHK ojih6
xapaKaT KMiia.iw. Ep TopTMiumn MaiiaoHHaaH hhkhS ojiraimaH cyHr njia3Ma
aBHraTenH 6w/ian xap KaHflaw Karra kocmhk KeMaHH xapaKaTra KejiTupmu
MyMKHH. ByHaaH TauiKapn y *yaa Kyn Ba3H(})anapHH 6aacapHiuH MyMKHH.
Koemhk mapoHTHaa iokoph aapaacaaarH paanannoH MyxHT MaBHtya, yHaaii
KeMaHH xhmos khjihui BOCHTacH CHcjjaTH*a KymiH MarHHT MaBaoHHaaH
<JoftflajiaHHiu MyMKHH (nyHKH rma3Ma ABHraTejiHaa KymiH MarHHT Mafiaoim
MaBwya). By fIBMraTejuiapHHHr sjieKTp MaH6acH cH(j)aTHaa KOCMOcaa
(9)0T03ieKTpnK reHepaTopnap XH3MaT Knaaan.

Y3HaaH tok yTKa3yBMH xap KaHaaft CHCTeMa aTpoilwaa MarHHT MaftaoiiH
xochji 6yjiaaH. By MarHHT MawaoHH Ta6HHftKkH y3HHH xochji KHliraH tokjih
yi'KasiHMra lahcup khji8ah. Tokjih yTK33rHH MarHHT MaftaoHHHr uiy
yTKa3rH'iHHHi  y3Hra Tabcnpw oahhh uiapoHTaa cesmiMaHaH. MyHKH,
aneicrpoMarHHT KypmiManapnaarH yTK&3rnM KHCMlJiapHHHHr xap Snpnra laicnp
arafiTraH KynjiapHHHr HyHariHiuH y3rana 6ylJiH6, yjiapHHHr TeHr Tatcnp
aryBHHCH HOlira aftjianHLUH 6kh cHcreMara Tatcnp 3TyBHH 6ouiKa icynaap
(rpaBHTauna, 3JiacrHKjiHK, HiuKajiaHHiu Ba xoKa30) 6naaH MyB03aHamamyBH
MyMKHH. LUy ca6a6jin xapaKar oaanH uiapowraa ce3HJiMaflaH. Arap
SlieicrpoMarHHT cHcreMaaarn «xycycHH AMnep KymiapH» hh TeHr Tatcnp
3TyBHHCHHH noiira aBjiaHMaRaHraH jioHnxanapHHHHr tcxhhk eMHMjiapH
TonHjica, xaMaa yjiapnn MyB03aHaTJiOBMH Kvnjiap xaMMacHHHHr rabCHpH



MHHHMan MHMopra KeimipHjica, xap KaHAaH sjieicrpoMarHHT CHCTeMa,

y3HHHHr xycycHH MarHHT MaftflOHH TaicHpHfla xapanaTra KejmuiH mymkhh.

Ep,ia, ep ocTHfla, cyB”a, cyB odnaa Ba xaBO/ia, xaMiia KOCMOC«a

xapaKaTJiaHyBMH khhhk eKH Karra «<KCMa» jiapHHHr HoaiiiaHaBHH sHepraajiap
6nnaH HuuiaKflHraH aurn jioHHxanapHHHHr xaMMacHAa, yra yTKa3yBHan MarHHT
CHCTeMajiapHHH KyjiJiaui TatcJiHt)) KHJiHHaflH. ZlcMaK, oyjiapm-iHr xaMMacH.ua
(«MarHHT 6cthk» 'laZia xapaKaTjianyBHH noe3A, MF/J-ABHraTeji 6wiaH huijiobhh
cyB octh KeMacH, njia3Ma peaKTHB ABHraTejuiH kocmhk KeMauap Ba 6ouiKanap)
KyMJiH MarHHT MafiAOHHHHur xapaKanaHTHpyBiH yTa Karra KynjiapH naHao

SyjiaflH. TexHHK ewHMH ronvuino, 6y KyMJiapaan (J)OMflanaHHiii

HMKOHHHTJiapHHH 6epaAwan jTOHHxanap apaTMJica, hh™ xmiflarH xap KaHAaH
0S-xaBojia xaB(J)CH3 xapaKawaHa ojiaanraH, iuobkhhchs (aftilaHybhh FHJiflnpakK,
nappaKJiap, TypoHHaiiapcn3) HimiafiflHraH, yTa huiohhjih, MauiHHanap onjiacH
sipaTH.naflH. ByHflaH MauiHHaiiapHHiir

ep, xaso Ba kocmhk luapOHTHjra
HuiJdiaHfl[HraH Typjiapn y-iyn

sneKTp 3neprHacHHHHiI MaH6acw cH”aTHfla,
K~NiuHMMa khjih6 4)0T° 3JleKTPHK renepaTopnapM”~aH ("oTOiipHeMHHK)
(boflaajiaHHiu mvmkhn. Kocmhk KCMajiap ep aTMOcc|>epacHAaH MHKapHJiraHflaH
cyHr Tyxia paBKiuAa (eKH KHCMaH) $oToaneKTpHK renepaTopnap anepraacH
XMCo6nra HuiJiauuiapH xaM MyMKHH.

Epaa K>paflHraH khhhk TpaHcnopT BOCHTacH xwcosé jiaHraH aBTOMOOHJUiap

hkhh KejimaKfla Tyjia 3.neKTpoMo6 HJiJiapra y3 ypHHHH 6yuiara6 e epHiuH KepaK.

ByHHHr ynyH 6 HpHHHHAaH, (JjoTOSJieirrpHK reHepaTopjiapHHHr (})OHnaiiH hui

KO3$(J>HueHTH I0KopH 6YyjiH6 , TexHHK *HxaTH Kyjiaii, coana xexHOJiorHsi OHJian

OJiHHaAHran Ba K)Kopn hkthcoahh caMapa OHjian HuuiafiAHiaH TypnapHHH

apaTHiu J103HM. X,03Hpra mapoHTfla 6 yHHHr Tyjia hjimhh acocjiapn MaBwyA
6yjiHe, (JiaKai MyxaHAHCJIHK enHMJiapHHH toiiho aManra oumpHui

KepaK
6yjiaAH. HKKHHMHwaH, yTa yTKasrHM

cHCTeManapHHHr KiKopH
TeMnepaTypanap.ua HimiaH o0Jia3nran tcxhhk Kynafi TypnapwHH toiiho,
yTKa3yBH3H MarHHTjiap apaTHiu KepaK. YiuaHaa aBTOMo6HJi cHCTeMaciira
Y3MHHHr xycycHH MarHHT MafiAOHHAa xapaKaraaHa ojiaanraH KyuiHM”a
MexaHHKa >Ko iiAauiTHpHe, anrn

yTa

3jieKTpoMos HJi apaTHiu MyMKHH 6 yjiafin.
ABToMo6 HJUiapHH TyJdiacma afuiaHMa KHCMJiapHCHS Kkhjihiu,

yiiMHr Kyn
(byHKunajiapHHM Merapana6 Kyajin.

LUyHHur ynyn aBTo Mo 6 HJifla rnjiAHpaK,
MOTOP TH3HMH camiaHaAH. 3neKTpOMOTOp 6njian 6HpranHK«a, HaB6aTJiamH6

huijiobhh, y3 MarHHT MaflAOHAa xapaKaTra KejiaAHraH aneicrpoMarHHT CHCTeMa
k5?hhah6, y 3jieicrpoMoé HJi ofhpjihfhhh 5-10% ra Kynan™paAn xonoc.

OoTonpHfiMHHKJiapHHHr acocHH napaMeTp
Ba xapaKTepHCTHKaJiapa

cboTonpHeMHHKJiap TaiiepjiauiAa apHM yTKa3rHHJiapHHNr

(boToce3rHpjiHrNHH TeKuiHpwui 3apyp.

51pHM yxKa3rn4JiapAaH TafiepjianraH xap 6np (*OTonpiiSMifUKHMHr

xoccanapHHH Ba KaficH coxana KV-njiaHHUHUj MerapacHHH KypcaiyBMH KaTop
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napaMerp Ba xapaKTepHCTHKanapH MaBJKya. Byjiapra 4>0TOnpHeMHHKnnnr
HHTerpan ce3rapjiHrH Ba cneicrpan xapaKTepHCTHKacH KHpnS, 6yjiap y3
HaB6aTnaa apHM yTKa3rHHHHHr <J)0TOce3rHpj>HrHra 6orjiHKflnp. OaaTfla
4>0TcmpHeMHHitnap (On) ynyn ce3rnpnHK TyuiyHHacHHH hkkh xnn Mat>Ho;ia
(MOHOxpOMaTHK Ba HHTerpan) 4>OHflanaHnnanH. HHTerpan cesrapjiHK neraH/ia
on TOKHHHHr (mA) epyrjiHK Man6acHflaH TymaeTraH Hypjiaiimu OKHMHra (jim)
HHcGaTH 6«naH ynnaHaziHraH KarranHK ryuiyHHiiaziM. EouiKana ainraHfla On
HHHr HHTerpan cesrnpjiHrH Zico TeMnepaTypacH 2840°K Syjiran BonbtjjpaM
CHMnH naMnaaaH HHKacTraH epyfJiHKHHHr cneicrpan COCTaBH.ua moc KenraH xap
6hP TynKHH y3yiuiHi Hia moc 6ynraH epyrnHK 3HeprnHCHHH On ra TymaeTraH
GwpjiHK ORHMHra xyrpH KenraH KiicKa ynaHHiu TOKHra avminajivt. By KarraZihk
On HHHr MatJiyM MaH6ararHHa HHc6aran cn<}al KypcaTKHHM 6ynH6, yHflaH
(J)OH,iajiaHH6 ON HHHr ooiuka epyrnHK ManSacH TatcwpHfla KaH/iaii HmnauiHHH
6axona6 6ynMafiflH. KpeMHHfinH on nap ynyH y 4-9 mA/jim 6ynca,
repMaHHMflaH  acanranjiapH  ynyH 15-25 mA/tim  Tap™6nAa 6fsia,w.
MoHoxpoMaTHK ce3rnpnHK /leraH/ia (J)ototok KHHMaTHHHHr HypnaHHuiHHHr
epyrnHK 3HeprnHcnra HHc6aTHHHIin 3hhk 6hP tyjtkhh y3ynjinrHra moc KenyBHH
KHHMaTH (mA/mBHt) SwnaH aiiHKnaiiaflHraH KaiTanHK TymyHHnaUH.
MoHoxpoMaTHK ce3rnpnHK On HHHr MawiyM MoHoxpoMaTHK HypnaHHmM
6epaaHran MaH6a TabCHpH”a Huidiam caMapaaopnnraHH xapaKTepnafiflH.
OoTonpHeMHHKJiapxia cc3rHpjiHK 6nnaH Sup Karopaa ce3rapnHK ocTOHacH
(nerapacH) aeraw KairanHK xaM HUinaTHnanH. Y On nap ce3a oiraZiHran
MHHHMari epyrnHK SHeprnacH 6nnaH 6ornHK 6ynH6, y KaH'ianHK 03 6ynca
ce3rapnHK ocroHacH mynwa K>KopH, O n CH”aTnn xHcoSnanaaH. X,ap xvm apHM
yTKa3[HHiiapaaH TanepnanraH On napHHHr 6epHnraH MoHoxpoMaTHK
HypnaHHmra HHc6aTaH ce3rapnHrH xap xwi 6ynanH. LOyHHHr ynyH y On
napHHHr acocnft xapaKTepHCTHKanapunaH SnpH 6ynw6 xnco6nana,UH. ByHH
6HNHLU o n HHHr Kaficn coxajia Kynam MyMKHnnnrnHH aHHKjiaHAH.
OoTonpHeMHHKHH xapa«Tepnain ynyH 6Hrra TynKHH y3yHJiHiHra moc KenraH
cneicrpan ce3rapnHrHHH  6mjihlxi eTapnn 6ynMaflflH. YHHHr cneicrpan
xapaKTepHCTHKacHHH, hihh TynKHH y 3yHJiHKnapH 6yHHnNa cneicrpan
ce3rHpnHrHHH 6huhhi  3apypflHp. OoTonpHeMHHicnapHHHr MoHoxpoMaTHK
ce3iHpnHrH 6HnaH TynKHH y3ynnHrH opacwaarH 6ornaHHiu, ynapHHur cneKTpan
xapaKTepHCTHKacHHH  H”oaanaitnH. Pean  cJtoronpHeMHHKnap ynyH 6y
KOHYHHMTHH KyHHaai HHa H(j)o/i.anam mymkhh.

A =(@-R)QPQN.
b @-R)QPq

Eyaaa (Jjototok; e - A TynKHH y3yanHrHra moc KenyBHH 3Hepraa; R -
4>0TonpHeMHHK cHpTHjaH epyrnHKHHHr KafiTHUi KO3()(])HijeHTH; Q- Tynnam

KO3({)(I)HneHTH; p- KBaHT hhkhujh; N - 6npjiHK 3HeprH5ira moc KenyBHH
(1)OTOHNnap COHH.
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By coxaaa acyaa Kyn Ta>Kpn6aiiap KHAHiiran, 6yjiapaaH

repMaiiHH Ba
KpeMHHH O n Jiapra TermnjiH cneicrpan

xapaicrepHCTHKajiapfla MaKCHMadJi

ce3rHp;iHK repMaimft O n jiap.ua 1,5 mkm m, KpeMHHH O il jiapjia 0,8 mkm

Ky3arnjia/Zin. TyjiKHH y3yHjmrHHmir 1,7 mkm KHHMarHaaii 6ouiJra6é repMaHHft

O il jiapra, Imkm AaH 6ouuia6 KpeMHHH on napaa ce3rapjiHKHHHr kcckhh

By KHHManiap moc paBHLUiia repMaHHH Ba
KpeMHHHJiap ynyH TyjiKHH y3yHAHKjiapHHHHr kh3hjt gerapajiapnra moc KCJiaan.
CneKTpan xapaKrepuciHKaHHur KypuHHiiiHra iothjihiu KO3<j>4)HUeHTHHHHr
TyjiKHH y3yHjinrHra oorjimoiHrH xaM Ta'bcnp KHriajiH. By 6orjiaHHiu on p-n
yTMUiaaH TaiiiKapniiarn

KaMaiimii coxacH 6oiunaHafin.

cox,a (6a3a) HHHr KaAHHJiIHrHHH Ba yniiarn

acocHH
6yjiMaraH tok TaujyBMHJiapHHHHr aH(j)<j)y3Hoii

y3yHJinrnHH yirapTHpaan.
HaTHaca.ua cneKTHpan xapaKTepHCTHKaflarH MaKCHMyMHH chjthchthui MyMKHH.
OoTonpHeMHHKJiapflarH 6y xycycnaT onTpoH >KV(iTJiapH TaHJiaiuaa >Kyaa kvji
Kejia®H. 1O0KopHflara xyjiocanap KHCKa ynaHHUi tokh

OHJiaH epyuiHK
HHTeHCHBimrH MH3HKJ1IH 60FJiaHraH

xoaaa ypmi-in 6yJin6, yMyMHH xoiifla
<|)ototok 6HJian HHTeHCHBJIHK opacHflarH 60FJ13HHUJ MypaKKa6 xapaKTcpaa
6yjiaaH. EpyrjTHK OH aa ajicKipoH-reuiHK

vKyfjyniapH xochji KHJiH6rHHa
KOlJiMacaaH, 6ajiKH 6ouikKa

napaMerpjiapHH xaM y3rapTHpH§ io6opa.au.
HaTHMcaaa peKOMOHHauna opraflH, yTHiu KapuiHJiHrH KaMaaflH Ba X0Ka30.

TeMnepaTypaHHHr nacafiHiiiH 6wiaH ce3rMpjiHKHHHr ‘lerapacn KHCKa
TyjiKHH tomoh cnjivKHH.an. ByHra ca6a6 TeMnepaTypa nacaHHUiH 6HJiaH apHM
yTKa3rHHJiapaa MaH KHJiHHraH 30Ha sucpreruK KenrAHrn opTaan. By
KOHyHHHTHH

Af = &E(0)-aT

KypHHHiu.ua e3Hiu MyMKHH. By epaa, AE'(0)- a6cojnoT hoji TeMnepaxypaxiarn
30Ha KeHrjiHrH, a - y3rapMac coh. KpeMHHH ynyn

A£(0)=1,21 3B, a =36-10"
v

y Xojiaa
Ae{t)=(l,21- 3,6m0'4rpazfl T) 3B
6yjia.au.

ByHaan TauiKapH, iokoph TeMnepaTypaAap.ua 3apafIJiap aKTHBauHHCH
(Jjohoh fOTHLIH opKanH to3 6epca, nacr TeMnepaTypajiapfla <J>ohoh HHKapmu
6 HiaH GyjrafIH. LliyHHHr ynyn, 6hphhhh xojifla (Jiotoh SHeprHHcn AE flaH
(Jjohoh 3HeprHHCH Kaaap KaM 6yjica, aKTHBauwa 6yjiaBepafIH, hkkhhhh xojiaa
aca 3apaanap aKTHBaiwacH ynyH <J>otoh 3HeeracH &E£am (J>0HOHHHHr

3HeprHHCHra TeHr GyjiraH MHKaopAa Karra 6yjiHuiH KepaK. XapopaT KyTapmica

flpHM yTKa3rHMJiapAa MaH KHJiHHraH 30Ha KenranrH (A£) KHCKapaAH.

HaTHwaaa ajieicrpoH-TeuiHicnH wyijjraap xochji khahui ynyn KaMpoK 3Heer»AH

(j))OTOHAap KepaK oyaaAH. Y xo/ijia OR Jiapra Tyiiiaerraii epyrahk
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TyJiKHHJiapHHHHr jothjihju Herapacw cneKTpHHHr y3yH xyjiKHiuiw coxacHra
Kapa6 chjdkhhah. TeMnepaTypaHHHHr y3rapmiiH epyrnHK okhmhhhhf apHM
yrKa3rii'ira iothjihuih KO034>4>HueHTHHH Ba yHra Knpnui

MyKypJiHrHHH xaM
y3rap™paMH. X,apopar KyTapiwca iothjihui

K03(})4>HueHTH opraQ 4>0TOHJiap
cnpTra hkmh coxajiapaa k>hjth6 kojuiah, HtHH <})OTOHjiapHHHr apHM yxKajni'i
xa*Mnra khphui HyKypjiHra KaMaswH. \apopaxHHHr nacaftHiuH 6njiaH apHM

y-iKasiHw MaTepwajiHra epyFjiHKHHHr iothjihuih KO03(j>4>HueHTH KawiafiHfi,

()OTOHJTap HyKyppoK coxanapra khph6 6opaan.

BojibT-aMnep xapaKTepwcTHKajiap
O il ra KytiHJiraH KyMJianmu Smian y opnadiH yTa&rraH tok opacHAaixi
60FAaHHiii, on HHHr BOAbr-aMnep xapaKTepHCTHKacH (B AX) Ae6 lopHTHjiaAH.
OnHHHr 4>»ToBoJTbTaHK Ba (Jjotoahoa pcJKHMJiapHflarH huihhh Saxojiaui
MaxcaAHAa yHH epm-MacAaH nopoHFH xojiaxAa BAX ch ojiHHaAH. By BAX
epHTHjiraH xojraTAarn Oil HHHr BAX CHAaH (jjapx Kkhjisah. on hh
gpHTHJiraHAa yhhhr BA X ch y-irapno Kcxa.ui. | cucpaxop THnHAarH On (O )i )
jiapAa epHTHjiMaraH xojiaT ynyH B AX hh KyftHAarH KypHHHiuAa e3Hiu MyMKHH.

I=L £L\-\
CxXPl AKT)

6y epAa /- On opKanh yraerraH tok; TyHHHHiu tokh; A-p-n yTHiura

6ofahk napaMeTp. A napaMexp 1-3 axpo(J)HAa 6yjiaAn, L, sea 10 -10 A/cm

nerapaAa y3rapaAH. TYyHHHHiu tokh <t>n TafiepjiaHraH apuM yxKa3rHHia 6ofjihk

6ynaAH. MacanaH, CaAs OH jiapHAa A=2, la=10 J-10 10— r ht>hh, Ha3apHH

MatJiyMOTJiapra moc KejiaAH.

OoToaneirrpHK reHepaTop.napuHHr (0 3 r) hujhh napaMeTpnapHra canT
peacHMH KynjiaHHuiH U,,, khckb ynaHHui tokh 1% Ba MaKCHMaji KyBBaT ynyit
OHK jiapw KHpaAH.

_NT, (U X r WS
U,,=-——-- In-T-+1 =— ~r~ =u
g U J 1+ R"
By epAa S- 03r HHHr HHTerpaji ce3rHpJiH™, W-  epyrjiHK okhmh

3HCprHHCHHHHr KyBBaTH. EpyFJIHK OKHMHHHHr KHHKHHa KHHMaTJiapHAa

r » Rn6yjin6, /',=sw HH3HKITH 6ornaHHuira aiiJiaHaAH.

O oro3JickKXpHK reHepaTop HCTCbMOJiHHra ocpacrran MakKCHMan KyBBaT

() BAX nerapajiaé TypraH TypT6ypnaKHHHr Kmcnra coh acnxaTHAaH Teur
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6yj,ajin. HHc6aTHH <D3r hhhf BAX chhh TyjiAHpHUI kos”™ huchth fle6

JOpHTHJiaflH.

Carrr pexHM KyMJiaHHuin (f/,) H”oaacHflarH (/0) TyfiHHuui tokh

TeMneparypa opTHUiIH 6mian yjrapaun. lllyHra 6ofjwk paBHiuaa U,, xaM

y 3rapa;in. TeMnepaTypa opTHUiH OHJian IM HHHr KHHMaTH hh3hkjih opTca, cam

KynjiaHHiu MH3HKJIIH KaMaaflH. Jickhh, canr KyMJiaHHiuHHHr y3rapniiin /,, ra

hhc63T3h jKaaaiipOK 6yjiaflH. TymnHin tokh p-n vthiu Ha3apHHCHra acocaH,
epyi JIWK oyjiMaraH xojiar/iai'H N Ba P coxanap opKaim acocHii 6yjiMaraH tok
TauiyBHHJiapHHHr  «nc{)(])y3BHHCH opKanH aHmcnanaaH. Ha3apnara acocaH
TyHHHHUi tokh KHHMaTH wyaa khhhk (1010 A/cm ) 6yjiH6, KynxiaHHiura Gofjihk
6y;iMaHAN. o n jiapaa Ky3axHJiraH 3KcnepHMeHTan 6oFjiaHHUiJiap.ua 6y naiapHii

xyjiocanap aHHK 6a>KapHJiaan. Arap pP-n yTHiiiHMiir x3>kmhh 3apaanap coxacw/ia
3apHfljiapHHHr reHepauHOH MapKaanapH
opTHUinra ca6a6 6yjia,W.

reHepauHOH tok 3hhjih™hh

6yjica, vyjisp TecKapn tokhhhf
TecKapH TOKHHHr 6y KymnMla opraiuH 6y

aumciafiAH. FeHepauHOH tokhhui’ KHHMaTH

xaacMHH  3apsn coxacHHHHr KanHHJiHrara nponopuHonan 6yjia«H Ba
reHepauHOH MapKasjiapwmr  SHepreTHK

xo0jisth Ba TeMnepaTypaHHHr
(J)yHKUHHCH XHCo6jiana/iH.

Hiwnyjitc Ba nacTOTa xapaKTepHCTHKaaapn

OoTonpHeMHMKJiap Xap xhji KypniiManapra MyjiwaruiaO acanaaH.

Yijiap
6y KypH.nMajiap,n,a y3nra xoc (J)yhkumoh&ji

Ba3H(])ajiapHH OaacapaflH. EyHnaii
cxeManapaa On nap CTaraK xaM/ia .ziHHaMMK pewHMJiapaa Huuiauin mymkhh.
OoTonpHeMHHKiiap HMnyjibc pc>KHMHfla hiujiobhh cxeMa” Ba KypHJiManap.ua
HuuiaTHJiraHfla ynapHHHr hhcpuhohjihihhh Ba O ft Humafi

ojiaflman KpHTHK
nacTOTanapHH 6HJiHuira TyFpw Kejiaan.

EyHHHr ynyH yjiapHHHr HMnyjibc Ba
HacroTaBHH xapaKTepHCTHKanapHHH t3akhkot khjihhsah.

on ra TyuiH6, yH/ia MatJiyM CHrHan xochji
6yfiHHa Yy3raPHiu KOHynnaTH Ollhhht

EpyrjiHK HMnyjibCH
KHJiaun. By CHrHanHHHr saxr
HMnyjibc xap3KTepHCTHK3CH ae
K)pHTHJi34H. Oaaraa 6y xapaKTepHCTHKaHH ojihui ynyH O il hh -ryrpH 6ypH3iuiH

gpyrjiHK HMnyjibCH (TyurapmmflH) 6HJiaH gpnmnaflH. 3:ieKTpoH-xeiiiHK

YTHUU1H TysHJiHUira sra 6yJir3H O il Jiapra xyjiKHH yjyHJinrHHHHr M3KCHMyMH

X = 0,91 mkm GyjiraH GaAs cBCTOfIHOfIHHHHr TyrpH6ypHaKJiH epyrnHK HMnyjibCH
TaicHp STraHfla yjiapHHHr hhkhuias, HMnyjibc uiaKJUi3HHui MexaHH3MHHHHTr
IOKOpH Ba n3CT H3CTOT3JH KHCMJiapHHH

xapaKTCpjlIOBHH HKKHT3 COX3CH
Ky3aTHjiaflH.

EyHflaft TyjiKHH y3yHJiIHKK3 3ra
Jthui on HHHr X3>KMHH 3apafl
3apaflJiap

(A =0,091 mkm) HypjiaHHiu p-n
coxacnaa xaM, KOJUieKTop coxacHfla xaM
reHepauna KHjiaan, jieKHH 6y cox&napaarH 3apaflJiapHHHr KynHiu
wapaSHH TypjiHna 6yjiajin. HMnyjibCHHHr K)KopH h3ctot3jih khcmhhh
X3paKTcpjiOBHH, CHraajiHH Te3 ycyBHH khcmhhh tok TauiyBHHJiapHHHr xidkmhh

3apafljiap coxaciuan <cyMH6 y bskth aHHiyiaHfIH. KyfiH qacroTann khcm

17



3ca KOJineicropaarH an(j)(J)ySHOH acapaeH 6mraH Sofjihk. OoTOBOjibTaHK pe>KHM
BaKTHfla xaatMHfi 3apa/uiap coxacw khhhk 6yjiraHjinrH ygqyn HypaaHHiu acocaH
Koaaeicropaa iothjih6é, HMnyatcHHHr KyTapHuiHJiHuiH Ba nacaHHiu BaKTJiapn
acocan AHcj)(})y3HH 6«aaH aumuiaHaan. By KHHMaTjiap eTapjiH soKopn 6yJin6,
KapiunJiHrH Karra Si m O n .napaa 300-500 hc ra eraaH. By O il HHHr epyrjiHK
ce3aanraH (jjofiaajiH K)3acHHH MaftaouM aca 5mm26yaaan.

OoTonpHeMHHK cHHycoRzjan MoayjuiaiuraH gpyrjiHK CHmann 6HJiaH
epnTHjuan.ua, yHaa xochji 6yjiraH cHTHan aMruiHTyaacH 6anaH HacTOTa
opacHflara SorjiaHHUi On HHHr nacTOTa xaparrepHCTHKacH 6yjiaaH. Macrora
xapaKTepncTHKacH epaaMHaa xaM O n HHHr MHcpuHOHJiHrnnH aHHK.nana.aH. LUy
6HJiaH 6npra nacTOTa xapaKTepMCTHKacH O il Hiujiafi oaaawraH kphthk
MacroTaHH xaM aHHigiamra hmkoh oepaan. Macrora xapaKTepHCTHKacHHHHr
4>opMacn Ba kphthk Macrora OH HHHr Ty3HJiHiunra Ba yHHHr napaMeTpjiapwra,
win pe*HMJiapHra Ba MoayaaauiraH HypjiaHHiu MaHGacHHHHr napaMeTpjiapHra
60i JiHK. TepMaHHtt, KpeMHHfiiiaH jicajiraH 6ai>3H OFT jiapaa kphthk nacTOTa 6np
Hena 10-100 T Fu ra eraaH.

CDOTOBOJIbT

K)Kopn KynaaHHiuaH annaparypanapHH (MacanaH, 3JieKTpon-onraK
y3rapTHprHHJiap, aaeicrpocTaTHK KyHaHTHpruMJiap) TabMHHJiaui MaKcaanua
cyHT>HH (Ta6HHfl) epyrjiHK 6njiaH huijiobhh yuna Karra 6yjiMaraH KHHKHiia
epyrjiHK ce3yBHH MaKaoHjiH MHKpo<j>OToreHepaTopaapaaH hhfh6, Tatiepjiana.au.
«O0TOBOaT)T» TapKHSnra KHpyBHH aaeMeirraap 6np iiena MHHr aona 031
aapaaH H6opaT 6yjimiiH MyMKHH. YaapHMur cohh HwaaTHJiHiu jkohh Ba Tana6
KHJiHHaeTraH KyHjiaHHUiHHHr ~ HOMHHaji KHfiMarara 6ofjihk paBHuiaa
eraHJiaHaaH. MacanaH, 1 cm2 <}>OHaanH MafiaoHH 6yjiran 4>otobojiT)T MaTpwuara
250 Tara hkhh MHKpoi})OToreHepaTopjiap (M Or) wofiaaiuaaH. Canoai
MHKficHaa 3 cm2 K)3anH 1000 aaH opraK M Or 3ra Syjiran «4>0TOBoa'bT» Jiap
Huiaa6 MHKapHiu iiyjira KyflHJiran. 3KcnepnMenT HaTHwaaapw KypcaTHiiiHna
HypjiaHHiu KyBaTH 3nganrn 10kBt/m2SyaraHaa «<j)OTOBO.m>T» JiapHHHr tokh Ba
KyBBaTH epHTHaraiuiHK 6HjiaH (xoHa xapoparaaa) hh3hiuih 6orjiaHHLLi/ui
SyjiraH.

3 Hr hxuih aoRnxajiaHraH «(J)otobojii.t» nap 1000 hm an MOHoxpoMaTHK
epyrjiHK 6njiaH epHraaraHaa yHHHr OHK 40% ra eTraH. ByHaaft «<J>OTOBOjrbT»
aap BAX HHHr IOKopn Harpy3Kann KHCMaapnaa xaM khckb TyrauiyBra hkhh
coxanapaa iokoph KynaaHHiiiHH TatMHHJiaRan. Y JiapHHHr TomiapH 6HaaH
epHTHaraHaHK opacnaarn mh3hkuh 6orjianHiu 0,1-100 Bt/cm2 napaa
cawiaHaan. By hh3hioth 6oraaHHUiHHHr HypjiaHHiu KyBBaTHHHHr KeHr
anana30HJiapHaa caKJiaHHo KoanujH, «40T0BOai>T» hh iokoph
HHTeHCHBaHKaarH KynjianHiu oKHMaapHHHHTr SHeprMCHHH yjiHamaa
(j)OHaanaHHmM MyMKHHanrHHH KypcaTaaw. CaHoaT MHKScnaa Huuia6
HHKapHaa&rraH <«J)OTOBOabT» aap paano, ao3HMerpHK Ba KyHaanHK TypMymaa
Miu.naTHJiaaHraH annapaTypanapaa Kyji.nasiHjiMOKaa.
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OoTonpaeMHHK epyrjiHK ce3yBMii KonflencaTop cn(JiaTH;ia

renepaTop THnHAaiH <t>n Jiapaa (03 1) HypjiaHHiu 3neprnHCHHH sjieKTp
CHrHanjiapHra afijiaHTHpHiu Ba3H<})acHHH acocaH apHM yTKa3rHHjiH sjieKTpoH-
TeuiHK yTHiujiap oawapaAH. MauiyMKH, jjieKTpon-TeiiiHK ynimjiapHra
KynjiaHHUI 6epHJica, yHHHr chfhmh yarapaan. FeHepaTop THrwAarH <t>H Jiapaa
p-n yTHuuiap epHTWiraH/ia yJiapaa KygjiaHHiu xochji 6yjiH6, 6y (IxyrokyMJiaHHiiJ
p-n yTHiujiapHHHr chfhmhhh y3raprapaaH. Owihh p-n yrniujiapra Kyiinjiraii
TauikKH KygjiaHHiu BaamJiaciiHH  Oiil Jiapaa  epyrjiHK  TatcnpHfla
reHepauHXJianraH ()OTOKyHJiaHHUI 6a>Kapaa.M. fleMaK> jiapHHHr p-n
yTHuiJdiapH cHFHMJiapHHH epyrjiHK rabcupHaa y3rap™pHiu mymkhh. EyHflafi
On jiapiiH y3rapyB>iaH chfhmjih Koiiaencaropjiap CH<J)aTHfla pajjno3JieKipon
KypHJiMajiapaa HUinaTHUi mymkhh. EyHflafi apHM yiKa3rnluin epymviKKa ce3rnp
CHFHMIiapHH (JjOTOBapHKan cwfiaTHAa 6np BakKXaa Gnrra acooGiiHHi y3H.ua hkkh
Ba3H<})aHH HtHH epyrjiHK 3HeprwicHHH sjieKTp cHFHannapHra aR.iaiiTHpHO, 6y
CHrHanJdiapHH napaMeTpHK KynaHTHpHiu Bait¢)acHHH xaM aManra ouiHpHui
MyMKHH. ByHHur ynyH napaMeTpHK KynpHK cxeMacn hhfhjih6, yHHHr 6Hrra
ejmacHra (JioTOBapuKan cwfiaTHAa hiujiobhh <t>3r yjiaHaan. y 3rapyBliaH
epyrjiHK KynpHK ejiKacnaarH <J>3r p-n yroiuH chfhmhhh y3rapTMpH6, 6y
y3rapHUi napaMeTpHK KynaHTHprHHHHHrr MMKHiiiima yHra moc cnrHan xochji
KHJiHHAIH. 4>0T03JieKTPHK reHepaTopjiapaa p-n yrHUiJiap yTa kcckhh Gyjiaan.
LLly ca6a6jiH yHHHr chfhmh Ba ()OTOKyHJiaHHiii opacnflarH GoFJiaHHiu FOKopn
.napawaaa ho4H3hkjih kohyhhsithh oepa.an. OO0TOBapHKan chfhmh 6nnan
y3raPMac KyHJiaHHUi opacHflam C{u) ooFlJiaHiiui KyfinflarMHa 6yJia/iH:

Uk- 3JieKTpoH-TeuiHKJiH yiHiu epHTHJiMaraH xoji ynyH noTeHunan TycHK
6anaHfljiHrH.

OoTOBapHKanjiap TOByui TyJiKHHJiapHAan yjibTpa TOByui HacTOTacHrana
opanHKfla Hmnafi oJiaaw. OoTOBapHKan epHTHJiMaraH xojiaa yHHHr rosa
SkipjiHrHra moc KejiyBMH chfhmh C(0) KpeMHHHjiH <t>3r Jiap ynyH - 0,027-0,030
mk4>/cm2 GaAs jih <U3r Jiap ynyH - 0,038-0,050 mkb/cm2 Tap™6nAa 6yAaflH.
OoTOBapHKanjiapHHHr acocHH xapaKTepHCTHKanapHflaH 6hPh Syjino” gpyrjiHK
OKHMHHHHr 6npjiHK 5?3rapHuiHra moc KejiyBMH chfhmhhhhf hhc6hh yarapnuiH
XHCOO-fiaHaAH. Yhh $ 0TOBapHKanHHHr epyuiHKHH ce3yBnaHJiHK KO03<j>(>HueHTH

ae6 ropHTHJia/iH. KpewnHHAaH acanran 0 3 r jiap ynyH 6y KOB<t><I>HueHT 5,7—

apceHHA rajijiHftjiap.ua 240-— ra eTanH.
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tDOTONpiieMHHKJiapHHII 3(J3)(J)eKT'HBJIHrHra 3JieKTpt)H Ba TeiUHK
yTKiuyBHsmjiHK coxaJdiapn”arH eT 3JieivieHTjiap aTOMjiapiiHHHTr
TaKCHMJiaHHUIHHH Tai.CHpH

flpHM yTKa3rHH CHpTHra epyrjiHK Tymca, yHHHr TaiCHpHjia xochji
oyjiaeTraH sjieicrpoH-TeuiHK wy4>TJiapH, HypjiaHHiuHHHr lomnaeTraH
HyKyp/mrara 6ofjthk paBHiuaa CHpTnan xap xhji nyKypjiHitnapaa
(Macocjianapaa) reHepauMHjiaHaan. MacajiaH, (O n cnpTHra) kpcmhhhjih OHf
CHpTra KHCRa TfjiKHH y3yHJiM'H,aarH HypjiaHHiu Tyuica, y cnpTra hkhh ionKa
KaTjiaMaaiHHa KyntnaaH, 6ouiKaHa aiiTraHaa, xaacMra KnpMafian. AKCHima,
y3yH TyjiKHHjiH HypjiaHHiu <t>n HHHr nyKyppoK KHCMwana KHPaan. TyjiKHH
y3yH,THi Hra Gofjihk paBHiuaa HypjiaHHiu xaacMHfl iapnn coxacHHHHr n 6kh p
KHCMJiapima (othjihS KoaaaH.

OoTonpngMHHK Kabyji KHJiaeTraH HypjiaHHiu xochji KHJiraH xaMMa
3JieicrpoH wycjmiapvi P-N yimu MaftaoHHaa asKpanraH 6yJica Ba y TauiKH
3aH)KHpaa tok xochji KHJiHiuaa HuiTHpoK 3Tranjia tok 6yHHHa y3rapTHpHiu
3(J)(JeKTHBjiHrH  MaKCHMaji KHHMaTra BpniuaAH. HypjiaHHiuHHHr  apHM
yTKa3rHnra khPhuih stjxJieKTHBJiHrH Tyiuiaui KO3(jx}>HueHTH GnjiaH
xapaKTepjiaHafl[H. y coh >KnxaTHjjaH P—N yTHiuaa aacpaTHJiran tok TaiuyBWHjiap
(/,,) coHHHHHr (jjoronpHeMHHKKa TyuiagTraH <})OTOHJiap coHHra HHc6aTHra

TeHr 6yjiH6, KyflnaarH H<})oaa opKann aHHKjiaHaan:

6y epaa N - »pnM yTKa3rHnra KHpraH cjioxoHjiap cohh, q- sjieicrpoH 3apaaH,
/,, - KHCKa TyrauiyB tokh.

EyHaa KO3({)4)HueHTHHHr KBaHT mhkhujh 6npra TeHr aeiiHjin6, atHH sipuM
yTKa3rHHra KHpraH 6Hrra $otoh 6mTa sjieicrpoH-TeuiHK >Ky<J)THHH nafiao
KHJiaaH. Byn/iati TaxMHH (Jjotoh 3neprnsicnHHHr AE <hv <2AE uiapTHH
KaHoaTJiaHTHpaanraH khHMaTJiapwaa aManra ouiaan. Maeaa (})0OTOnpHeMHHKJiap
ynyH Tyruiaui KO3(J}(j)HHeHTH (Q ) xycycHH iothjihiu coxacHHHHr apHM yTKagin'i
ce3aanraH TyjiKHH yayHJiHKjiapHaa 6npra TeHr 6yjiaflH. Pean ac6o6jiapaa 6y
KO3(J)(J)HUHeHT xap jiohm SnpaaH khhhk 6yjiaaH. MyHKH, aManaa O n Jiapaa
HypjiaHHiu Ty(J)afinH xochji 6yjiraH tok TaiuyBHHjiapHHHHr xaMMacH xaM p-n
yTHUira eTH6 GopMaH y3apo peKOM6HHauHii HarawacHaa, MaH KHJiHHraH 30Haaa
HcoilnaiuraH ex aTOMjiapHHHr  3HepreTHK  carx/iapn MapKaajiapnaara
iilyKOTHiiidiap Ty<}afijiH KaMaaan. By ityKOTHiujiap (JiOTonpHSMHHKjiapHHHr
Ty3HjiHuiHra, p-n coxajiapHHHr reoMCTpitacH Ba 6y coxaaapaarn eT
aTOMjiapHHHr TaKCMMJiaHHiu KOHuenTpauHacH GnaaH 6ofjihk.
ft>oTonpneMHHKHHHr p-n Ty3HaHuiHaa 6y St aTOM.xap tckhc TaKCHMJianran (6np
>khhcjih) GyjiHuiH xaM, hotckhc TaKCHMJianraH 6y-iMixin xaM MyMKHH. Arap
cJ)OTONpngMHHKHHHTF ju xaMaa n coxajiapiiaa eT arovuiap KoimeinpanHacH reKHc

20



TascHMJiaHraH 6yjica, epyrjiHK TatcpHfla Bywyara KCJiran tok TauiyeMMjiap
(jjakar AH$(}>y3HH wapaeHH HaTHVKacHAa
())OTOiipHeMHMKJiapfla p-n  y™m MaH/ioHnzia (jjakaT sjieicrpoH-TemHicriH
yTHiujiaH tok Tamybmhjiaphhhnr moc paBHuiaa y3yHJinKJiapn (Zn,
Zb Ba Z) TeHr Skh yjiapAaii khhhk 6ynraH MacocjiajiapAa ienepauH5LTanran
3apaflJiaprHHa ajKpanaAH. 3jieicrpoH-TeuiHKJiH yimiiflan y30KpoK Macoc”ana
reHepaiuiHJiaHiaH 3JieicrpOH-TeuiHK >Ky(J)TiiapHHmir yTHiu MaHAOHHia cth6
kcjihiu 3-bTHMOJUIHH khhhk 6yJinG, yjiap TauiKH :iaiivkHp.xa moc paeHiufla 03pOK
tok xochji KHjiaan. Tynjiaui KO3c])(])nunenTH xaM sneKTpoH (0,,) xaM tcuihkjlh
(Q )xauiKHji sTVB'iH.napaan n6opar oydJia;in:

xapaKarjianaAH. EyHAafi

Q=Q*+Qf-

Tyruiaiu K034>(})HueHTJiapH cneKrpjiapHHHr KHCKa

TyjiKHiuiH
coxanapHAa™

KaMaftmiiH xaxcMHH Ba cup f pckom6hhaiitnich 6miaH 6ofjihk
KyKOTHixijiap xncooMia coxinp 6yjiaaH. Tynnaui KO03$4>HueHTJiapn rpa(])HKJiapn
MaKCHMyMJiH 6yjin6, yiwaH yTraH/ian cyHr y3yH TyjiKHHAH coxanapAa
(J>OTOHjiapHHHr iothjihuih cycafin6, yjiap apnM yTKa3rHIJHHHr nyKypp°K
KHCMJiapHra I0THJiMaw Knpw6 6o0pa,in. HarawaAa 6y coxanap yliyn iothjihiii
KO3J)()HneHTH caeicrpHHHr y3yH tyjikhhjih coxacHAa nacafimuH KV3aTHjiaAH.
IlliyHH ajioxHAa Tax>KMfljiaui jio3hmkh, ionKa 6a3anH (JiOTOnpHeMHHKJiapAa,
6a3aHHHr KeHrjiHiH (w) acocHH SyjiMaraH tok TainyB'iHJiapiiHHr AHfIxJjyiHOU
RyAHAaH (Z) aHMa khhhk (w/ Z « 1) 6yjiraH xoJiJiapAa 4>oronpHeMHHKHHHr
Tynjiaui KO3(})<j)HUneHTH (Q ) 6np acHHCJiH TaKCHMJiaHHUJ ynyH aw, sw/D Ba wZ
napaMeTpnapHHHr (jjyHKiuwcn xHco6jiaHaAH. D - AH(>(})y3HSi KO3(JIx})HLiHeHTH,
a- IOTHJIHUL KO3()(J)HUeHTH, s- peKOM6MIiaUH51 Te3JIHra. sw/D Ba wZ
napaiweTpjiap cnpT Ba xavKMHH pcKOMOHHauMfl oHJiaH 6ofjihk fiyKOTHiujiapHH
xapaKTepJiafiAH.

KDthjihui Ko 3 (D(ljMLieHTNn KaTTa 6yjiraH xojinapAa CHpT
peKOMOHHaLiH5icHHHHTr laiiCHpH KyijmpoKcc3HJia,un. riapaMcrpnap aw » 1 Ba
sw/D»\ 6yjiraH xoJiJiapAa Tynjiaui KO3(}>4>HueHTH peKOM6HHauHH Te3jiHrma
TecKapw nponopuHOHaji MyHanHiiiAa KaMaHAH. Sup mchhcah 6a3ara sra 6yJiraH
4»0TOnpHeMHHKJiapAa KHCKa ryjiKiiHjiap coxacHAa ioKopn Tynjiaui
ko3<]>4)HUHeHTMra spwuiHui aHna khhhh. EnpHHHHAaH, MafiAa sxieKTpoH-
TeuiHKJiH yTHiujiap Taiiepjiaiu khhhh, HKKHH4HAaH, cnpT Ba xavKMHii
peKOM6HHHUHHra 6ofjihk fiykOTnuuiap Kaira 6yjiaAH. MacaiiaH, AH(j)<t>y3HOH
4)0TOnpHeMHHKJiap ynyH 6a3a KeHrjiHra h = 05mkm oyjiranAa /1= 0,4mkm ah
TyAKHWiap ynyH Tyiuiaui kos*™huchth Q =01 6ynaAH.

OoTonpHCMHHKP-N crpyicTypacH 6hp >khhcjih 6yjiMacAaH yHHiir n Bap
coxaldiapHAarn 8a apanauiMa hotckhc TaKCHMJianraH 6yjica, xaTio OMpi HHa p
coxaAarHHa hotckhc TaKCHMAaHHiu Ky33THAca xaM yHAa

kohiicinpaniiM
rpaAHeHTH BV/KyAra KejiaAH.

By xojiaT hmkh sneKTp MafiAOHHHHr xochji



6yjimuHra ca6a6 6ynam. By MaflflOH KHHMaTH KOHueHTpauHa rpaflHetrrara
nponopuHOHan 6yjiH6, Kyftn/iarH4a H oflanaHaflH.

KT 1 dN(x)

q N(x) dx

6y epfla N(X)- aKuenropjiap KOHueHrpauHscn; - X HyKTaaarH frr

aTOMnap KOHnenTpauHdCH rpaAHen™.

By MafifloH tok TauiyBHHJiapHHHr p-n yrHui tomoh Fiynanran
fIH(])4)y3HOH xapaKaTHHH Te3;iauiTHpa,a,H. HaTroKaaa p-n yrnui Mafi/ZiOHH/ia
EDKpanaeTraH sapn&nap cohh Kynafin6é TynJiaiu Ko3<}t>HneHTHHnnr 6np jkhhcjih
xonaTra HHc6aTaH opTHUinra ca6a6 oyjiajw. Ba3acn.ua hhkh 3JieKTP Man/ioiiHia
6yjiraH (jiOTonpneMUHK:iiap zipew}) (J)OTOiipHeMHHKJiap fle6 fopHTH.iajiH. ByHAan

(|>0TONnpHeMHHKHHHr p-run SasacHflarH aKuemopjiapiiHHr raKCHMor

KOHYHHHTHHH 3KCnOHCHUHaJl XapaKTepfla ACHHU1 MyMKHHI
N = Vvexp(-/?x),

6y ep«a A',- CHpTflara aKueiiTopjiap KOimeHTpauHscH; p- aohmhh

3Kcno HeHT3 HHHr srpHJimwHH xapaicrepjioBHH KaTTajiHK 6yjiH6, y aw, swiD aa
pw napaMeipjiapHHr (jiyHKUHHCH xHco6jiaHaflH, w-p 6a3aHHHr KanHHJiHra, D,-
cboTonpHgMHHK  6a3acnflarn  sjieicrpoHJiapHHr

KO3<|><J>nuneH™.
yjinaMCH3 napaMCTp fiw 6a3acn,uarH

sjieiop MaSflIOHHHH KarrainrHHH
xapaKTepjiafiAH. Y Tyruiam KO3(J)()nueHTHHH ycHiunra ca6a6 GyjiaflH. Bhpok,
aw HHHr yHHa Kaira 6yjmaraH KHHMaTJiapHfla HHKapnra nyKyppoK KHpyBHH
y 3y H TyjiKHHjiap ynyH p- KaTJiaM thhhk 6yJiH6 KOJiaflH Ba p- KarjiaMflaH yjiap
rorHJiMaft y™ 6 KeTajiH. Harawaaa 6a3ana acocHH 6ynMaraH tok TauiyBHHjiap
acyaa KaM reHepauwuiaHaaH. Illy ca6a6aaH hhkh MaHAOHHHHr rynjiau.
KO3()4)HUHeHTHpa TabCHpH ce3HiiapjiH 6yjiMaftAH. OoTonpneMHHK Ky>uin

(OTHjiaflHran KMCKa ryjiKHHiiap 6nJiaH epHTHJiraH (aw napaMeipHH Kana

KHiiMaTJiapHfla) xojwa 4>0TOHJiapHHHr KapHHH6 KynnmiHK khcmh 6a3aHHHr p-
coxacnna k>thjihé KOJigjm. UlyHra moc paBHm.ua acocHii
rauiyBHHJiap KOHuempauHHCH xaM p-

Tynjiaui KO03<}>4>nueHTHra TatcnpH

6yjiMaraH tok
coxaaa opTaflH. Mhkh MaHfIOHHMHi

KynjinpoK 6yJiaOH. Cnpr
peKOMSHHaUHaCHHHHP KOHUeHTpaUHHCH OPTHUIH 6HJ13H (sw/D yCHUIH 6HJ13H)

Tynjiaui Ko 3 (J)J)HueHTH  xaM KaMaa 6ouinafwH. EpyrjiHK  TabCHpniia

reHepauHfljiaraH acyaa Kyn TauiyBHHjiap (sapsmnap) sjieicrpoH-TeiuHKjiH yrauira

cthé KejiMan peKOMSHHauHHra ynpafiAH. tfbHH «<w» napaMCTphhht eTapjin

Ka-rra KHHMaTJiapHna KapHHH6 xaMMa <J)OTOHJiap CHpxnarH KaraaMfla iothjihe,
CHpT peKOMsé HHanHsicnra ynpaKflH. HaTHacaaa TauiKH saHWHpaa

(Jjototok
XOCHJI 6”NJiMaHflH. Hhkh 3jieKTp MaftaoHHHHHr eTapjiH Karra (Pw»1 0)

Ba cupr
peKOMSHHamiacHHHHr Tesjiura khhhk 6yjiraH«a <ipeH(]) (jxrvoiipHeMHi-tKJiap

ynyH KHCKa xyjikhh coxacHaa rynjiaui KOJ(})(})imeHTHHHHr Haaapnii wnx.aTH.aaii
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mvmkmh 6vJitaH MerapaBMH KHHMaxwra spHUJHLii MyMKHH. By anSarra Apeft<>
iJWTOnpiieMMMKHHHr »

SHSSTSSo.0iir3pH u«6 Gyi.MaHAH. 5!1?™

apaTHiu TexHOJiOFHHCHHHHr HJirop TavKpHoanapura acocaH Jie™ P*

VTKa3rHH KaTJdiaMH”a St 'iJieMeur aroMJiapHHHHr Payee TaKCMMOTHra p
(0. Xo"HueH™ (Z»,

CHpraarH (NO) Ba eupxAa.i nyKyppoK rcoiiJ.au.nu. Maco<t>acH (X) Ka6Hj.apra

6ofahk xaTOJiapHH *HCo6ra OJ.rd.. xojma). Y xoj,fla GyHAaft Oil

imp**m™
3iieKTp MaHfIOHH H(J)OflaCH
KT
qm2Dt
KypHHHiufla 6yjiaflH. Matiuon , MacofcanHHr oprMuiH 6HAaH « n
ChPt HKHHMAa HOJira atoHaAM Ba p-n yxnu. a * ™ 3 «J 3HHH"r
maKChmymnra spHUiI“H. ChPt

peKOMOHHau”cH  reidJiHrH HOina TeH
6yjraflHraH Ba exapjra Karra sjieicrp MafiAOHAapHAa, MaHAOHHHHr x Maco”
60 FIHK paBHiufla HH3HKI1H ysrapaAHraH Xx0AJdiapn ynyH Ty nJia

K03 (4)HueHTHHNn xnco6AaraHAa yHHHr KHHMaxn 6npra aKHiiJiama~L

Z m ™ ea wMyau ycyj.jr.apH SpaaMHAa

khdhthui h\ah 6nAan ojiHHraH (j)oTo npneMHHKjiap ywyn (apajiaiuMajiapHHH
Taycc TaKCHMOTHAa) sjieKxp MafiAOHHHHr xyruiaiu NaaapHi.
Ta-bCHpHHH 6ax,oiiaui MaKcaAHAa 0jih6é 6opnjiran xaHcpH6an p P
MatAVMOTJiap oH.ian moc kcjihuihhh KypcaxaAH. JlempnaHraH, KaxJiaMAa
, N Z Z T PU TaK»»o™
jiamiarH ryruiaiii  Ko3<M>HUHeHXJiapHHH coAHurrapHiu HaTHwracHfla
ZCHMOTAHTN yHHHr KHBMaTH K>KOPH 3KaHJMrHHH *
BvHAaft TaKCHMorra apHiiiHui HaxH*acHAa 0,5 mkm x~akhhah Hypj.aHHU.Hfla

xaMMa 3aps5AJ.ap peKOMOHHauuara y”~paMaH t?j.hk p-n Y™iura cth6» ™
Tyruiam k o ~ h ~ h

»p x»n KO,y ™

aye

» h
Supra swHjiaiuauH. OoxonpHeNO”.HHnr ~erHpjmHra

axoMJiapHHHHr hkkh no Fo Haj.H
KOHueHTpauHHJiIH MKKHTa cox,aA£iH n6opaT y

™P™a, TaXMHHaH 1,2 MKM
*OftjiauiraH xo.niuipfla xa« ® n Jiapaa Tjiuiaui

KaTJiaMHAa apa—
vnn yhh

K<»i>c|>KU«e»™™Hr erapn

optut . ™ F “r"™ P «**=n“m ®n -manHr |J (LRTT
,n 3M ,, " herd ONT»p™ ,-y« >P»» B5TKa3rHH Xa*»™ a™ aco»»
SviiMaraH tok

TauiyBMHJiapHHHr AH<Wy3HOH nyjiHHHur y3yHJiHrHH

opnHpHU. KepaK SynaAH. Cne.crpHHHr 1,06 mkm ah
KA"HUHeHTHHHHr KKOPH KHMMaXHra 3pHU.HU. yiyn <DO nap "

P ™
AH4>4)y3HOH flyjiH y3yHJ.HFH K)Kopn MaxepHajuiapAaH oah

» P yr

KapuiMJinrn khmhk SyjiraH p sa n Kaxjrawnap opacHra KapujMAHTH erapj.H
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Karra GyjiraH KeHr (k3jthh) KamaM i acoHjiauiajiH. Arap 6ynaafi CTpyicrypara

TauiKH sjieicrp MaftflOHH K\MMjiMaca, KaraaMaa ajieicrp MafiflOHH erapjiH
6yjiMaraHH ynyH 3apSr (reHepaunajiaHraH) Jiap 6y KamaMzia (J)aKaT
fIH@)4)y3HH XMCoGwra xapaKarjianaflH. ByHaaft crpyicrypaHHHr i- KaniaMiina

wW4>4>y3HJi  fiyjiHHHHr  y3yHJiHrHHHHr  KHVHKJIHHH, peKOMOHHauHa TeannrHHHHr
I0KopHJiHrH ~ XHCobHra (Z<d) rynnauj KoscjxJwuHeHTH khhhk Byjia/iH.
OoTonpuSMHHK p-i-n— CTpyicrypacHra TecKapH ftyHanHiima erapjiH Karra
KynjiaHHui KVMHjica, reHepauHajianraH 3apa,onap KynjiH MafiaoH TatcnpHaa
(KynjiaHHUi acocaH i- KaTJiaMra Tyuiaan). i- KaniaM/ia peKOMSmmunsira
ynpauira ynrypMaft yHaaH ryeKH «ynH6» yraaH. Y xoxi*a p-i-n- crpyicrypajm <t>n
HHHr Tynjiaui kos~huhchth Q = I-exp(-ad) H)0/(aaan ToruuiaflH. By epaa d-
i- KaxjiaMHHHr KanHHJinrn. d =\/a oyxiraiwa rcHepauHSJianran 3apa,TJiapiiMnr
AeapjiH xaMMacn TyruiaHaan.

OoTonpneMHHKJiapHHHr $H3HKaBHii xoccajiapii

OoTonpHeMHHKJiap (<t>ri) acocaH apnMyTKa3rnH (flY) Moaaanapaan
acanauH. EpymHK TatcHpHAa flY jiapHHHr xap xhji xapairrepHCTHKa Ba
napaMCTpnapH yarapa”H. 4>n jiap 51Y jiapaarH 6y ysrapHiujiapnH sjiCKip
CHtHa/iJiapHra afijiaHTHpHG 6epazw. Ol jiapaara 6y *apagH Karrak
>KHCMjiapHHHr  30Ha Ha3apnacHra  acocjiaHH6 lyuiynTHpHjrajiH. 30Ha
H33apHacHHHHr KHCKana, co/manauiraH MOflejiHHH KyfinaarHHa H”oaanam
MyMKHH.

51pHMyTK33rnH aTOMJiapHHHHr BajieHT 3JieKTpoHJiapH yMyMHfi
X,nco6jiaHn6, yjiapHHHr uiy THn,narH aTOMjiapHHHr HKHHH.ua nafiAO 6yJinm
3XTHMOJiJiHrH 6up xhji aefimu mymkhh. Kpncrajui naHwapa sjreicrp Man/jonH
aaBpHftjiHTHflaH sjieKTpoHJiap HCTanraH sHeprnanH Kaoyn KHUojiMaMflH.

BaneHT sjiefcrpoHJTap KaGyji KHJiaHHian xaMMa SHeprwajiapHHHHr
3HepreTMK caTxnapH TyruiaHH6 (snepraara Kapa6é MawiyM TapTH6aa nacT/ian
KJKopHra Kapa6 woHJiauiHuiH HarawacHjia) sHeprerwK 30HanapHn xochji
KHJiaaH. By 30HanapHH BaneHT 30Ha ae6 lopHmnaaH.

YMyMaH, KaTTHK >KHCMJiap/ia sjieicrp yTKa3yBHaHjiHKiia huithpok jtvb'ih
3JieKTpomiap BaneHTJiHK sjieicrpoHJiapflHp. MyHKH, 3HepreraK cxeMa”arn sin
oxwprH TyjianpHjiraH eKH kmcm3h TyjuiHpwiraH 3HepreTHK 30Hajiarii
3JieicrpoHjiap BaneHTJiHK sjieicrpoHJiapflHp. LLiy ca6a6jiH, apnM yTKa3rHHJiap.ua
aScojitoT hoji (T =0) TeMneparypaaa oxnprH TyjwnpHjiraH SHepreTHK 30hh
BaneHTJiHK 30Hacn 6yjiH6, KefiHHTH 6yiu 30HaHH sea yTKajyBMaHJiHK 30Hacn acC>
jopHTHjiaan. BaneHT Ba yTKa3yBHaanHK 30HanapH MaH KHJiHHraH (sjieicrpoH
ynyH raKHKJianraH) 30Ha 6HJiaH nerapanaHraH 6yjiaaH. By 30Ha SHepreroK
caTxnapnra moc KejiaanraH sHeprwajiapHH KpHCTaanaa sjieicrpoH Ka6yji
KHjiMafiflH. MaH KHjiHHran 30Ha KeHrjinrn oaaraa AE>kT 6yjiaan.

/JeMaK, (KBaHT MexaHHKacHflaH kcjih6 hhkh6, Flayjin npHHunnnra
acocaH) Kpnctan_iap;ia sjieicrpoHJiap Kanra raKCHM.riaHUG, nacT 3nepicTHK

24



30HaAaH GouidiaG I0Kopn SHepreTHK 30Hara Kapaf) sjieicrpoHJiap 6mian -ryjia
6opap 3K3H.

llacT 3HepreTHK 30Hanap sueKTpoHlJiap 6HJiaH TyjiraH 6yjin6, MailiyM
sneprexHK 30HagaH 6o0injia6 sea ioKopnaaiH 30Hanap SyryHlJian 6yw GyxiHUiH
eKH RHCMan TynraH oyjiHiim MyMKHH.

3o0HajiapAara sJieKTpoH.iapiiHHr TaKCHMJiaHHUIH Ba MaH KHJiHHraH
30HanapHHHr KeHmHrara Kapa6, KarrHK *HCMJiap Merajui, apHM yTKa3rHH Ba
AHSJieKTpHKJiapra a'/icparnjiafin.

MeTajinap.ua oxnprn TyjiflnpHJiraH 30Ha onjian TyjiAnpn.iMaraH (6yui)
SHepreTHK 30Ha 6Hp-6HpH 6HJiaH TyTaiUHO KeTHLUH, 6HpH HKKHHHHCHHHHF
ycTHra TyuiHuiHiu MyMKHH. li\tf,iau TauiKapH SJieicrpoHJiap 6hji3h 6aH)j\ 6ynraH
IOKopmn 30Ha 6yTyHJiaK TyjiraH 6yji\iaH, SajikH KHCMaH TynraH 6yjimuH
MyMKHH. BaneHT 30Ha (j)aKkarrHHa a6co.moT hojt (7'=0) TCMtieparypaaa
3JieKTpoHJTap OMiiaH TyjiraH 6yjiH6, VTKa3yBiiaHjinK 30Hacn' 3ca oyiynjiaH 6yui
Syna”M. tOKoph remneparypaitap;ta 3ca BaneHT 30nacH.ua sjieKipoujtap OHJiai)
6aHfl KHJiHHMaraH SHcpreiHK caTXjtap, ytK33ybhaHjihk 30HacHfla 3ca, 6aH.il
KHJiHHraH 3HepreTHK caixnap Mas>Ky/i oyjiaan.

BynaaH Kypnuafl[HKH, TeMnepaTypa nacatmG oopmiiH 6mian
yTKa3rHMJiapHHHr sjietcrp yTtvadyBMaiuiHrn KaMaKné,
aKHHJiauinS KOJia<H. 1-0

apHM
roolJiHTopjiapra
ra jikhh tcmncpaTypaaapaa sea apHM yTKa3rHM
AH3JieKTpHKKa aitnaHaflH.

BaneHT 30Haxiarvt sjrefcrpoariap 3JieKTp yTKa3yBHaHJiHK/ia hiuthpok

3THU1H ynyH yjiapra KyiuH\ma sneprnH 6epn6 (~A£) yTKasyB'taHjiHK 30HacHi a
yTKa3Hiu KepakK.

Bajiem 30HaaarH 3jieKTponjiap ~TKa3yBHaHJiHK 30HacHra yTw6 KeTHUiH
SnnaH Taiujiaé KeTraH 6ym ypnii xapana-r Kuna ojihujh MyMKHH. By 6ym ypwn

KpHCTajidiapAa MycSaT 3apjiara sra 6yjiraH 3appa Kaén xapanai khjtho KyHH6

ropa ojiaflH. BaneHT 30HaaarH sjreicrpoHJiap 6njiaH 6aHa KHJiHHMaraH 6y 6yiu
ypmuiap «TeuiHK» nap ilCHMJuum. TeuiHKJiapHHHr xapakKaTH 3ap5WH MHKAop
5KHx,aTHaaH 3jieKTpcmjiapHHHr 3apaanra Tenr 6yjiraH Myc6aT sapaxiHHHr
xapaKarara SKBHBajieHT/iHp. lliyHHHi' ynyH TeiuHKJiap 3neKTpoHJiap Ka6n
sjieicrp yTKa3yBManjiHKfla hluthpok 3Taj;in. YMyMaH, Teujwioiap xaM
3jieKTpoHJiap Ka6éw KBaHT 3appa 6vjih6, 3JieKTpoHJiap sra 6yJiran xaMMa

xycycHHTjiapra sra. MacanaH, ciihhh + — KHRMamapHH Kaé6yji khjih6, <t>epMH-

“npaK TaKCHMOTHra 6yficyHEWH. TeuiHKHHHTr

3apa,HH Mycé6aT sjietcrpon
3apsiflHra Mwyiop >KHxaTHjiaH TeHr,

jieKHH Maccacn 3lJierrpoH MaccacHaati
Kaira 6yJiraHJiHrH ynyH xapaKarwaHjiHrH khmhk 6y.na.au.

TapKH6naa ct sjicmcht aTOMJiapH 6yjiMaraH TO03a apHM yTKa3rHHiiapfla
J/TKasyBHaHJiIHKHM acocan yTKa3yBMaHjiHK 30HacHaarH sjieicrpoHJiap Ba BajieHT
30HaaarH TeiuHKJiap xochji khjiewh. ByHaafl spHM yTKa3rmjiap xycycHfi
yTKa3yB4aHjiHKjiH apHM yTKa3rnM ,ne6 topMTnjiaan. Yliapaa yTKa3yBnaHJiHK
30HacHflarH sjieKTpoHiiap cohh BaneHT 30iiaaarn Temmcnap coHHra TeHr
6yjiaflH (1-pacM).
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1-pacM. JfpUM yT K asTW jm p/iaTeufflK jlapH H H r xochji 652Jinmn.

APhm yxKasnw MoanaracHra ex oneMem axoMJiapH apaJianiTHpHjica

(KHpHTHJica), apanauiMa axoMJiapH KpHcxaiui naHwapa aTOMJiapn ypHHiw

sranjiauiH Skh yjiapHHHr opacwra atOHJiaiuiro ojih6, apHM yTKasran SHepreTHK
30Hanap cxewacHHH  ysrapxHpaw.

Arap apajiauiMa  aTOMJiapHHHHi
KOHueHTpatiHHCH 1024 m

flan Karra 6y™aca, sonanap cxewacvwa anxap™
ysrapnui 6yiiMaHflH, jieKkHH KyuiHMHa 3HepreTHK caxxnap nafiflo 6yjiaflH. By

caTxjiap xawwacH Man KHJiHHraH 30Haaa 6hP xhji 3HeprexHK caxxHH xochji

ApanauiMa aroMJiapH xochji KHJiraH KyuiHMHa 3HeprexHK caxxnap *phm
vxKaarm *h 3hk xoccajiapnaa KaxTaysrapnmnapra o0jih6 kcjihuih MyMKHH.

ByhAaH xauiKapH apHM yTKa3rnM KpHcrarui naHwapacHra KHpHXHjiran ex
apanauiMa axoMJiapHHHHr sneprexnK caxxnapn Man KHJiHHraH souaaa Ma”yw
KOHyHHax 6miaH yKOHnauJdcWH. MacanaH, kpcmhhh (y aaBpHH cncxeMaHHHr 4-
rpynnacHra xeramjiH 3JieMeHT) *pHM yxKa3phhhhhhr naHVKapacHia 5-rpynna
JjieMeHTiiapHHHHr aTOMJiapn~aH apanauiMa cH”axnaa KHpHTHJica, apajiauiMa
axoMJiapH KpeMHHH MaH KHJiHHraH soHacHHHHr yxKaayBHaHJiHK 30HacH xarnra
»KHH acoKfla sHeprexHK caxxnH xochji KHJiaan.

ApajiauiMa axoMJiapHHHHr
SHeprexHK caxxnapH yxKasyBManjiHK

soHacnra »khh rcoHJiauiraHH ynyH
yjiapaara 3Jie.crpoHJiap «03rHHa 3HeprH5i» 0jihS yxKanyBnaHJWK soHacura Jtho

onHUJJiapH MyMKHH. YHflaH cyHr apajiauiMa aTOMJiapn xapanaxcHS Myc6ax
HOHra afoiaHaflH Ba sjieKxp yxxaayBHanjiHKAa huixhPok sxojiMafcWJiap. bab3H
apanauiMa aTOMJiapHHHHr 3JieicrpoHJiapH yxKasyBnamiHK soHacnra rcyaa hkhh
caTxnapHHH yB xeMneparypacHflaeK Tauuia6 xyna yxKasyBMaHJiHK soHacHra
Vxh6 odiraH 6yjiaflnjiap. HaTHrcaaa BaneHx 30HaaarH xeuiHicnapHHHr coHHflaii

yxKasyBiaHJiHK soHacHAara sjieicrpoHJiapHHHr cohh 103 MHHrjiapna MapTa

OPTH6 KexHUIH MyMKHH. Illy ca6a6j!H 6yHflaft spHM yxKa3rHMjiapfla
YXKasyBHaHJiHKHH cjjaicax sjieKxpoHiiap xochji khjih6, yuapHH sjieicxpoHjiH hPhm

yxKa3rHMJiap, apajiauiManapHii 3ca xwnop.iap aeb axaiu o/iax 6yjiraH (_-pacM).
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3-pacM. AKueiixopjiH sipiiM
2-paCM. fIOHOPJIH apHM P HMH:H";HP" ﬂ;’l)("
YTKa3rHVHHHr 3Hepre THK yTHasr " orepre
cxeMacH.
cxeMacH.

Arapaa 3JieMeHTJiap flaepHfi cHcreMacHAarn 4-rpynna sjieMenra
KpeMHHH) naHwapacHra 3-rpynna sjieMeirrMHHHiI aTOMJiapH/ian
xochji KHJiraii 3HepreTHK caTXjiap sHepreniK
cxeMaaa MaH KHJiHHraH 30Ha«a BaneHT 30HaHHHr toKopucHra hkhh *OHaa
KyuiHMHa caTX/iap xochji KHJiajiH. By KyuiHMna caTXJiap BaJieHT 30Hara myHflaH

(MacajiaH,

apajiauiMa
cHcbanw KHpHTHJica, yjiap

6eMajion yro6 ojiHimiapH mymkhh.

ApanauiMa aroMJiapHHHHr KyuiHMna caTXjiapnra BaneHT soHa”an yrraH
3JieicrpoHJiap yTKa3yBiiaHJiHKXia HiurapoK 3tm3h,hh. Jickhh BaneHT 3onaaa yjiap
KOJUwpraH TeuiHKJiap xaparaTJianaflH Ba sjierrp yTKasyBnaHJiHKAa huithPok
3TaflH. JipHM 5?TKa3rag MaH KHJiHHraH 30HacHfla, Bajiem 30HaHHHr k)koPh

KHCMHra hkhh acoiifla KyiiiHMMa 3HepreTHK caTXHH xochji

KHJiaflHraH
apajiauiManapHH aKuerrropjiap,

3JieKTP yTKaayBManjiHrMiiH BaJdieHT aona/iarn
TeuiHKJiap xochji KHJiajiHraH hPhm yTKasrHMjiapiiH TeuiHKjiH apHM yTKasnmjiap
ne6 aTana”H (3-pacM).

ApanauiMajiapHHHr KOHueHTPauH?ICH 10 m" iwh Karra 6y.ica, yjiapHHHTr
3HepreTHK carx/iapH napHajiaHH6 3uepreTHK aoHaHH xochji

KHJiaflH. byn.na
AGHopjiap aoHop aoHajiapn xochji khjimh

Ba yTKa'iybmaHjihk soHacHra
kvuihjihS KeTaflH. AKuerrropjiap 30HacH BaJdieHT 30Hara KyuiHjiajiH. HaTH/Kana

MaH KHIJiHHraH 30Ha KenrjiiirH KaMaaAH. EyHAafi apHM yTK33rHHJiapHH

«afiHHran» xoJiaTra yrraH aeRHJiHo, yjiapaarn sjieicrpoH Ba TeuiHKJiap d>epMH-
JIHpaK raKCHMOTHra wroar stoah. %hm

yTKasrHMJiapaarn 3JieKTPOH Ba
TeuiHKJiapHHHr KOHueHTpaunncH 1024 M

nan op™6 KeTMaca, yjiapra
MaKCBeJui-BojituMaH TaKCHMOTH Ky~JianHJiaaH. By t3KChmothh OepMH-AwpaK

TaKCHMOTHHHHr xycycHH xojih ae6 Kapaui mymkhh.

KarrHK >KHCMJiapaa ojieKTpoHJiapunur icnaccHK aa KBaHT
MexaHHKacHaara tskchmot kohvHMHTjiapn on.iau TynapoK tbhhuimok ynyH
Maxcyc MaH6anapra MypovKaax 3tmok KepaK [61-67].
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Sdhm yncasrimap/ia KysaranaflHraH synraHa Acanapmrar

MOXHS5.THHH 6HJIMOK ylyH 3neKTpOHnapHHHF 3HeprHJUiap SyHHHa TaKCHMOT
d>yHKU,H5UiaP HHH 6hjmih KepaK 6yjiaflH.

(p\
%hm yTKasranra rymran epyrnHK KsairrjiapH 3HeprH*CHHHHF (P )

MawiyM khecmh (pr) KawxaflH. BhP khcmh (Pa) hPhm yxKaarHM X™ «a

iothjihG kojihui MyMKHH. EpyrjiHKHHHr MawiyM KHCMH ynaaH 5THO KerauiH
( N)MyMKHH. Y X,0J1fla

R-Bi1 Ba B
p’ P P
HHcSaraap moc paBHiuaa KaftrraH,

K>ranraH Ba y™6 KerraH 3Hepnw
KMCMjiapMia ryrpn KenaflH. SHepnwHHHr caKnannui

KonyHHra acocaH xap
KaHaaft TynKHH y3yH-iimnaarn epyrjiHK ynyH

R P 2 g
P P P

MyH°caé”aT ypHHNnH 6 J ~ ~ ra 10THJiraH gpyrjiHK SHeprHHCH MaH wuiHHraH 30Ha

KeHrjiHrara moc KenyBHH anepr”~ra (A£)

reHr 6kh ynaaH Karra 6ynraH
Tnnap™a BaneHT aonaaaH (Ba

apanaumanap anepreTHK
VTKa3yB'iaHjinK aonacnra aneKipoHJiapHHHr yrnuiH

apanaiiiManap 3HepreTHK caxxnapura)
Te* P B%yara * «* ..
oDTHUinra ca6a6

caTxjiapwflaH)
(eKH BaneHT *>Han*H
HaTHacacnaa xapaKaxMan snccrpoH Ba
By 3ca hPhm y T ™

Synaan. flpHM yTKaarHHnapHHHr
4>0HflajiaHH6 3Hr coaaa (j.oTonpneMHHK

~rKa3vBiaHNnHKHHHr y3rapHUiHra

6y xycycHSTRnaH
(«M1) nap acanafl® Spm'Mnraima
acocnaHHG  HiunaHflHraH Oon
JoTopeancTopnap (OP) ckh <j>OTOKapiUMnHK (OK) aap Axav>

BvHflaH OP napHHHr acocHfi xapaKTepHCTHKacH HHTerpan cesrnpnHrH 6ynu6 y
w  Z OKHMHHHHr JOTpm™

Jiap

to . on raP,™ r »H ,r

,3rapHW
aapawacHHH 6HnflHPaflH. OP napra epyrnHK TyuiMaran BaCT™ ™

TWHyYH
epyrjiHK TymraHfla oprazui. TOKHHHr 6y oprrHpMacH 4>ototok ae6 K>PHTHJiaflH.

S T z Z epyrjiHK iJjnWHnapm™ «3a onm *ycyc»™ , y«p H »«r
cneKrpadi cejnipnHrH kShjimh. ®P »P yy " y* P ™MHraH era an p

“miapH M W ,Hr k,,hk Hpyws okhmh »apa*aCH X.M
mvxhmjihp By KairajiHK «6ycara» ce3mpjiHKflHp.

T hmLa3rm,H ®n nap»«r W « Kjm ™ »r, - " P
(n-p- yrHui) yraiu xoccanapwra acocnaHraHfl[Hp. p-n- yTHiu hPhm
ELE,,™»™M»HHP 6HP rypaaH hkkhhhh rypr, ifn~raH
yHHHr Gup TOMO»H» (»e Turn jfmyn‘ia.i.'iHK acocaH 3ji6KTpoHjiap raco6Hia
fivnca. hkkhhhh TOMOHHfla (p- tho) sea TeuiHKnap XHCO6nra 6ynaaH.

H ™ ™ a M»cy, ycyjinap 6h» ,, ~ Jthu, xoc™ m h h "
Arap n-p- yxHuuiH hPhm yTKasrHHra epyrnHK ryuica,

n-p- yTHiuaa coanp
SynaaHraH *apaeHnap XHCo6Hra epynum sneicrp cnrHajTHra annaHaflH. By



acoc.ua mujiafiiiHiaH O il napitn (J)OTOfIHOfljiap (O.H,) fle6 lopHTHjiaZiH. O fl
JiapHHHr hui 4»acjiHHTH epyrjiHK TaixHpHaa n-p- $?thujJiapHHHr BOJibT-aMnep
xapaKrepwcTHKa (B A X) jiapHHHHr y3rapmiiHra acocjiaHraH (4-pacM).

co)

MpHM yTKaarHHJiapflarH aneKrpoH-TeuiHKHH yraiiiJiapHHHr Hcyaa Kyn
arcoHH6 xycycHHTjiapH 6ysm6, yjiap acocHfla xap xhji O il Jiap acanaflH
(MacanaH, (j)OTOTpaH3HCTOpjiap, 4>o0TorapHCTopjiap, <})OTOBapHKan.'iap. Kyeuj
3neMeHTjiapn Ba 6ouiKaJiap).
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C>0T03JieKTp HjpHTYyBHH KyH

flpHM yK33rHHHHHr CHpTHra SpyrjiHK okhmh Tymeca, yuia CHpTra akhh
acowjiapfla KyuiHMwa 3apaa TaiuyBHunap nafiao 6yjiaaH. By KymH.vma 3apaa/iap
cHpTaan apHM yTKa3rnn HHKapHCHra tomoh KHpmura xapaKaT KHJiaaH. ByHHHr
HaTJDKacHfla cnpTaa Ba apHM yTKa3i'HM HMKapuciiaa sjieicrpoHeHTpajiJiHK
6y3njraan. 5IpnM yTKasrH'iaapaa hotgkhc epHTHJiHiu HaTHwacviaa xochji
oyaaflHraH 3Jieicrp Mafiaon xawvrnfi sjieKTp ropHTyBHH icyqgn (3fOK), /JeMSep
3K)K ch aeo topHTHJiaan. fleM6ep 3iOK cwpTaarH 3apaa TamyBHHJiap
KOHueHTpauHHCHra 6ofjihk 6yan6, ynapmmr sjieKTpoH Ba TeuiHKjiapHHHHr
xapaKaTMaimHrH Tenr 6yjiMacjinrH luapTflHp.

fleM6ep (Jjoto 3KDK ch <})OToaH<}H}>y3HOH 3<]>(J>eKT HaTM>KacH 6yjin6, y
gpHTHiiraH Ba epHTHJiMaraH cnpTjiap opacnaarn noTenuHajuiap <}>apKHra TeHr.
EpyrjiHK 4>aKaT apHM yTKa3rm cwpra HKHHHaa 3apsia TawyBHunap xochji
KHjiaflH. Yjiap 3apaa rauiyBMHJiapuHHr KOHuempauHJIiCM 03 6yjiraH xa>KMra
fin"4>y3HSJiaHaaH. SjieicrpoH Ba TeuiHKJiapHHHr xapaKaTManjiHTH xap xhjuth™
Ty4>ai5jiH  an(){>y3n5i wapaennaa apHM yTKa3rHHHHHr TypiiH coxanapnaa
KOHueHTpaiiHSHHHr rpaaMenTHHH By>Kyara KejiTHpa.nn. <J)oto 310K hhhf xochji

fiyjiHLUHHHHr acocHfl ca6a6'iHCH aHa mynaaaHp. X,aKnna+taaH xaM apHM

yTKa3rHH CHpTHra SpyrjiHK Tymca, yHaa sapaa TauiyBHHjiapHHHr TaKCHMora
6y3HJiaaH. Haraxcaaa KOHuempanHa rpaaHemM Byacyura Kejiaan. Arap
fipHTHJiraH cnpT ojiflwvaa Myc6aT 3apaanap meh”™ hh 3apaara HHc6aTaH Kynaflca,
6y coxaaa MycSaT, apHM yTKasrHHHHHr yuia CHpTHaan HHKapw coxacH 3ca
MaH<|)HH sapaadiaHHo KOJiaan. By sea apHM yTKa3rMMaa xaacMHfi sneicrp
MaBaoHH By>Kyar a KejTrapaaH. flpHM yTKa3rngjiapaa 6hp tckhc epHTmiMacjiHK
HaTHJKacHaa xochji 6yjiaanraH x3*mhh sjieirrp MafiaoHH KejiTHpnS
MHKapaaHraH 4>oto 3!0K fleMSep 310K CHflHp. Y hmht khhm3th apHM
yTKa3rHHHHHr napaMerpjiapn 6HJiaH 60ofjihk. 5ipHM yTKa3i HMaarn Tyjia tok
sjieiapoH Ba TeuiHKJiapHHHr aH(j)(]}y3HOH xaMaa MaRaoH TabcnpHaa™ xochji
oyjiaanraH «apeft(J)» TOKJiapnaan H6opar 6ynaaH. Bnp yJIMOBJTH xoa ynyH Tyjia
tok H”oaacHHH e3aMM3:

j=d (un+upP)E+D ,,~-D p°

By H({(OflaHH TauiKH 3aH*Hp ohhk (y = 0) 6yjtraH xoji ynyH e3H6, E ra
HHc6aTaH encaK, KyfiHaara H(J>oaa xochji 6yjiaan:
dn dp
L KT "" dx~Up dx
g unmnp+upmp

dn dp
<>oto 3KDK nhh sea e= "Edx aaH ronaMH3. Xycycnfl xoaaa p =n,

Olican,
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Gynflan

q n\

SyHfla W Ba «2 lJiap apHM yrcasrHHHHHr

epHTHJiraH Ba epHTHJiMaraH
TOMOHJiapH™arH sapha TauiyBHHJiapHHHr

KOHuemrpauHHCH. By M(t>0Aa/iaH
KvpHHafl[HKH, ¢)OTO 3HDK XOCHJI 6y.nmim ynyH sneKrpon Ba TeuiHKjiapHHHr

xapaKaTHaHJIMTH 6HP-6HPHra TeHr 6yjiMacnnrH KepaK. Arap eP > ™

TaiCHpHfla 4>aK3T 6np xhji THnaarn sapsA TauiyBHHjiap xochji oyjica, 3KJR
H*OAacH coAaanauiHS KyHHAarn KypHHHuiHH ojiaAH:

kT, n,
e=— In—=.
q n
OoTonpHeMHHKJiapHHHT HHTerpan ce3rnpxiHrn Ba cneKTpan

xapaKTepHCTHKacH yHHHr kbhch coxaaa KyAldiaHHAMi.ii nerapacHHH KypcaraAH.

Bynap y3 HaB6aTHAa apHM yTKa3niHHHHr (])0TOcc3iHpAHrH 6unaH oofamk.

cesrHpAWH «k», KHCKa TyrainyB tokh
epyFAHK OKHMH <D OHJiaH 6ofahk,

OoTopHgMHHKHMHr HHTerpan

OoTonpHgMHHKHHHTr «R*»

KeTMa-KeT KapiunAnrn 6yAH6, y p n
yrHUiHHHr («, )

Ba uiyHT KapuinAHKAapnra (R]J KaparaHAa erapAH khhhk
6yjiraH xoAAapAa

HH3HKAH 60orA3HHiu 6a*apnnaAH. TauiKH KapuiHAHK yAaiiHuiH OHJiaH epyrnHK

HHTeHCHBAHrHHHHr ycHuinra 6ornHK paBHiuaa hh3hkah 6oiAaHHUiIHHHI

6y3HJIHUIH K)'3aTMJIH6, TauiKH KapiUHAHKHHHr poAH opTa oopaAH.
flpHM yTKa3rHHHHHr p-n- yTHiiiAapHAa xochji SyAaAHraH (pOTO JtUK

(boTOBOAbTaHK 3(})4)eKTHHHr HanracacH 6yAH6, apHM yTKa3mHJiapHHHr 6hp

>khhcah jiernpjiaHMaraH coxanapHAa era ynapuHHr xap xha THiuiapn

KOHTaicrHfla 3apaAAapHHnNr epyrnHK TabCHpHAa awpanHiuHflaH KenHb HHKaflH.
flpnM \TKa3rHHAapAa KaHAafiAHp fiyA OHJiaH p-n- yrauuiap (noTeHuwaji

TycHKnap) xochji KHAHHran 6ynca, epyn.HK hPhm yrKasrHnaa iothjihuih

HanwKacHAa 3AeicrpoH-TeiuHK *y4>TnapH xocha 6ynaAH. By wytprnap P~n~

yTHinra hkhh 6opraHAa MaftAOH TahCHpHAa awpaAaflH. Xocha fcynraH



5Ky4>TJiapHHHr cohh apHM yTKaarm HMKapucHra Kapa6é 3KcnoneHUHan KaMaHH6
6opajiH.

3jieKTpoH-TeuiHK  /fey(QTH  p-n- 5>THuifla  a”paJdiHin HaTHacacwfla
3jieKTpoHJiap/j-cox,ara,TeaiHKJiap3cap-coxara yTn6, TynjiaHa 6ouwattAH. By
/KapaeHJiap p-n- yrauma <})0T0-3K)K HHHr xocun 6yjiHiUHra ojih6 KejiaflH. Arap
TauiKH 3aHWHpra ynacaK, 6epK 3an*Hp,aaH tok yTa 6ouuiaHflH (5-pacM).

lil*

AhMMCTIMK -

5-paCM. ®0TOBOJIbTaHK 3(])}>eKT MexaHH3MH.

TypryH xojiaxaa p-n- yTHiii opKann yraflHraH yMyMHH tok HOJira TeHr
6yjiH6, «BeHTHJi» pe*HM ynyn <j)OTO 310K HcjiOAacHHH KVHH/iarima e3Hiu
MyMKHH:

Y= 7 {4

YMyMHH xojina, p-n- yraui GwpopTa TauiKH 3aH*Hpra yjiaiiH6, 3aH»cnp
6epK 6ynca, 6y xoji ynyH n-p- jt-hlujih 4>0T0anOfl yMyMHH TeHrjraMacn ypHHJiw
6yjiH6,

6y H(j)OflaflaH saimnpHHHr oepK oyjiraii xoJiarara TyrpH KejiyBmt 3KDK

HtJioflacHHH KejrnipMO ‘iHKapiiJia.au.



MarHHT MaftflOHH,aa >KoftjiaiiiraH hphm yTKa3rH>uiapfla
4>0T03jieKTpOMarHHT 3(i(J)eKT BywyAra Kcna/W- By xoji.ua epyrjiHK Ta'bcnpnzia
TyrmraH 3apafljiap KOHueHTpauHHCHUHiir y3rapmuH MarHHT MaRuoHHHHiIir
TatcHpufla aMajira ouiaAH.

Xojui r])OTO 3K)K xaMAa A3>M 310K jiap c|K)T03JieKTpoManiMT 'xjKjieKTH
HaTH5KaCHflHp.

EpyrjiHK 3HeprH«CHHH TyrpHAaH-Tyrpn sjieKip 3neprnflcwa
anjiaHTHpyBHH  <J)OTOAaTHHKJiapHHHr xaMMacH ioKopH;ia 6aeH KHJiHHraH
3()(j)eKTjiap acocH/ia HuuiaHflIH.

HpnM yTKajrHMjiH oiipiiKMaJdiap
<t>0TONpH8MHHKJiap (<t>n) acocaH hphm yTKa3rwM OHpHKMauapflan
acanaAH. HpnM yTKa3inq xapaKTepnAarn xycycnaTHH y3Hfla
MywaccaMAauiTHpraH hkkh Ba yHAaH opraK 3JieMeHTJiapHHHi Maxcyc
apanauiMacH hphm yTKa3rnM GupHKManap (flYB) ae6 [opHTHJiaaH. MacanaH,
AMBv THiiHAarH 51YB. Yjiap yinum Ba 6euiHHHH rpynna 3JieMeHTJiapHHHHr
OwpHKMacH XHCoojiaHajjH. By ran 51YB jiapnmir thiihk BaKHJinapH apceHHA
rajiAHH (GaAs), (JOCO)HA rajuiHH (GaPt, hhahh 4>oc<J)ha Ba 6ouiKanap. flpHM
yTKa3rH4 acGoGjiap acauiAa HHa A1 BWVI ranAara iTYE JiapAaH xaM KeHr
("OHAanaHHjiaAH. Yjiapra mhcoji khjihe, TejijiypHA k3amhh (CdTe), KaAMHfi
cejieH (CdSe) Ba 6onikaJiapHH KejrrHpHiu m>mkhh (ZnSe, ZnS, HgTe).

Am Bv THtiHAarH AYE jiapAa KpHcrajui naHHcapa Ty3HJiHiiiH TyrpH
xeTpasAp (uhhkoboh 6jiecK) CTpyKTypafla GyJiaAH.
flaBpHH CMCTeMaHHHr TypTHHMH rpynnacHAarH apHM yTKasrHHJiapra

MaHcyo 3JieMeHTJiapHHHr aTOMJiapn KpHcxajiji naHwapa (KF1) Aa KOBaneHT

6orjiaHniuAa GyjiaflH. JleKHH xap xhji rpynna sjreMemrjiapHAaH TauiKHJi TonraH
51YB aarH aTOMJiap opacHAa hoh xapaKTepAara KymiH oorjiaHHLU By'/Kyara
KejiaAH. ByHra ca6a6 Gy sneMeHTJiapnMHr aioM.napHHH TauiKH sneKTpoii
KoSHKjiapHAarH sneKTpOHjiap coHHHHHr xap xHiijmrH 6yJica KepaK.

liyHH xaM TatKHAJiaui KepaKKH, A1l Bv ran AYE Jiapfla hoh
xapaicrepAarH 6orjiaHHui A LBlv THn 51YB JiapAaH KyirmpoK 6yjia,an. Xap 6np
JiyB jiapAa MOjisp MaccaHHHr oprauiH onjian aTOMjiapHHHr yJi'iaMJiapw xaM
opTHUIH Ky3aTHJiaAH. ByHHHr Hara*acHAa naH*apa aohmhhch opTn6,
6orjiaHHUj sHeprHHCHHH KaMafirapaAH. TaSHHHKH, fI*B HHHr 6yHAan c/~Hr
TaKHKjraHraH 30HacH KCHrjiHiH opTaAH. ArapAa ilY B Jiapflarw sjieMeHTJiapHHur
MOJiap MaccacH 6np xhji 6yjica (Am Bv Ba”™All BIV Jiapfla) hoh GorjiaHHui
Ky~aHHS, yHHHr sneprnsiCH opraAH. By sea 5lYE napHHHr apnui xapoparaHHHr
Ba TaKHKJiaHraH 30Hacn KeHrjinniuHHr opthiahra 0jihG KexiaAH (6-pacM).
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6-pacM. >IpnM yTKasriR 6npnKManapnnnr aprnii xapoparH Ba TaKHKjiam aH 30Hacii
KCHrjiHrHHHHr MOJiap Maccara 6ofjihkjmk kohvhh3ith.

yTKa3yBHEHjiHK 30HacHHHHr Ty6H.ua t"jikhh cohh K=0 SyjiraH «pnM
yTK33rHMJiap (51Y) xycycHH j?TKa3yBMaHJiHKKa 3ra 6yJTaan. By xycycmrrra sra
3MacjiapH xaMMacH apanauiManw .MYE 6km ex 3jieMeHTjiap KHpHTHJiraH MY Jiap
rpynnacHra KHpaflH. Xycycnfi yTKa3yBHannnK (X Y) ra sra 6yjiraH 51YB napaa
sjieKTpomiap xapaKaTMaHnwrH K)KopH 6yJiaan. XY ra sra 6yjiraH apceHHfl
ranjiHH 51YB m sneicrpoHJiap xapanaTMaHJiHrM xaKiiKaTaH xaM iokophjih™
Ky3aTHJiraH. J1YE jiap TapKH6imarH 3/ieMeHTJiap cohhhh y3rapTHpH6, KepaKJiH
t7jikhh y3ymiHK 6epaanraH kjkoph (])0TO3JieKTpHK xycycHHTJiapra sra 6yjiraH
Kyn TapKHGjiH AYE jiap ojihui TexHOJionwcH Hiujia6 MHKMiiraH. Kyn TapKH6nH
5tYE napaarH sjieMeHTjrap aTOMjrapHHHHI 6npHKHiu acapaenHUHH 6ouiKapHiii



ityjiH 6njiaHKn flOHMHHCHHH HCTaraH ‘ierapaaa y3raprapH6, 30Ha ty 3hjihuihhh
KepaioiH KypHHHiura KeJTTHpmu MyMKHH.

By 3ca BLYE aarH sneMeinJiapiin xanjiaw 6hjieih HCTajiraH MakKcaajxa

HuiJTaTHiu MyMKHH 6yjiran On jiap Ba 6ouiKa MY ac6o6jiapHH acauwa

HUiJiaTHJiaaHraH hhfh run/iara MOflaauap chh<Jdwhh apaTHiu MyMKHHJiHrHHH
KypcaraflH.

Aiwopij) MoaaaJdiap

KpHCTanjiapfla aroM Ba MOJieKynanap yHHHr
MatJiyM TapTH6 on/iari jKOM.iaiuraH 6yJiaan.
aMopt®

yHwana vyjiliaMJiapn,ia
BynflaB TapTH6jiH >KoitnauiHui
MOAflajiapjia oyjiMaSiiH. Amop4) wcwtajiap cytox Ba ra3 x.ojiaxH,aarn
MOflaaHH Te3 coByTHUi hvjih 6nxian ojihhewh. AMoptj)

MOZwanapHH Hiujia6
HHKapmu TexHOJiorHHCH HHcGaTaH coaaa,

TaHHapxn sea an'ta ap30H/inp.
Awopc)) mo/uiarrap.ua aTOM Ba MOjieKyjiajiapiiHHr TapTH6cH3 >KOHJiaiuraHjiHra
ca6a6jiH ynapuarH sjieicrpoH caTXjiap cTpyKTypacH xaM

KpHcxajui 51y
jlapuHKHaaH (fiapK KnnauM.

By (>apK vyii'ra Karra dyjiMaraHJiHrH ca6a6jin
3HepreTHK 30HanapH 6Hp-6npHra yxuiaflflH. OaKaT apajiauiMa aroMjiapura moc
KejiyBHH (xiOKadi) caTxnap GruiaH (JjapKJiailauH. Amop4> RY Jiap opacH.ua
ojiHMJiap (j))HKpHHH y3Hra acajiS yrraH marepnan aMop(j) KpeMHHHanp. Y KeHr
K)thjihui cneKTpHra sra 6yjiraHjiHra Ba ap30HJTH™ ynyH Kyeui oaxapeHliapn
(KB) acaiuaa KyJUiaHHJiaflH. Amop4> KpeMHHH jokoph 4»oto yTKa3yBgaHJiHKKa
3ra SyjiraHJiHrw ynyH 3jieicrp0<)0TOrpa())HHaa HumaTHjm.un. ByHHHr ynyH
MeTajiji njiacTHHKa ycTHra iiMop(j)) KpeMHHHHHHr KMiKa KaTJiaMM xochji
KHJiHHaaH. 3jieKTp MaHaoim 6epHJica njiacTHHKa MaHtJ)hh, KpeMHHH KaxJia.viH
Myc6aT sapafljraiiHO KOliaaH. By CTpyioypara epyrjiHK Tyuica, 3JeKxpoh-Ternhk
M<y()TjiapHHH  xochji KHJiaan. yjiap crrpyKTypaHHHr epyniHK  TymraH
5KO0jiapnaarH 3apaaJdiapHH HeflTpanJiafiaH.

OjiTHHryrypT, cejieH Ba Tejuiyp xajibKoreHHflnapHaaH ojiHHraH aMopcji
»y jiap KOMMyrauHOH 3aH*Hpjiapaa xoTHpa SJieMeHTJiapwaa KyJiJanhjimOKjia.
Xo3Hpaa aMop(J) rcTepoyTHUIJiH cTpyKTypanap KeHr ypranuriMOKna (xhmhhbhh
Ty3HJiHuiH 6yHH4a (J)apK KHJiyBMM HKKHTa 51Y MaTepnan KOHTaKTH reTepoyTHiu
ae6 lopwTHJiaaH. FeTepoyxmujiap CHCTeMacHHH reTepocrpyicrypa ae6 aTam
oaaT 6yjiraH). MyriKH, ynapaaH BHaeo TexHHKaaa 4)OHflajiaHHiu mymkhh.
MacanaH, ceneH, MHuibaK Ba Tejuiyp 5IS'E cHHHHr aMop(J) MarepHanHaan
y3aTyBVMH TejieBH3HOH TpyGKajiapHHHr sjieicrpoH
HHUJOHJiapH (caTHKOH) Hcajiajw.

AMopi}) MarHHT MaTepnaiiliap xaM KeHr KyjxnaHHiujiapra 3ra. MexaHHK
MycraxKaMjihrn Ba roKopn MarHHT KHpnryBMaHIJiHKKa 3rannrn TycimfijiH Maxcyc
riyjiaTjrapHH Ba nepMajuiofl MaTepnalinapHH ypiiH.ua HUiJiarHUMOKjia. KaaM nfl,
Ko6anbT 6HpHKManapHHHHr ionKa KaTliaMliapHHH

aoMeHJiapnaarH xoTHpa sjieMeHTHfla HuuiaTHiu mymkhh.

.xacTann Ka6yji khjin bmu

uhjihhaphk  MarHHT



AHCiuieii HHMa?

3X.M jiapwra MabJiyMOTaapHH (ckh axoopoTjiapiiH) KHpnTHuiaa eKH
yHnaH MawiyMOTjiapHH oaHiuaa Kyn xoaaapaa Ky3HMH3 epaaMHaa (Skh khphui
opraHH BOCHTacHaa) 6y Ba3H<j)aHH 6aacapaMH3.

Kypwui epjiaMMaa MaKnyMOTjiapnn y3aauiTHpHiiira (Kaoyn khjihuira,
HapoK 3THuira) hmkoh 6epyBHH KypwJiMa ancnjieH ae6 lopnTHjiaaH. y 3 XM
6HNaH o.naM ypracnaarH MatJiyMOT ajiMaiuwii acapaeHHaarH acocHH Bocm-ain
Kypoji 6ynn6 xH3Max Knaaaw.

yjiap toKopn Te3KOpjiHK OHliaH TacBHoHMHr curaa Ba Te3 wapoK
KHjiHHHUiHHH Ta'bMHHJiaiuaapH KepaK. MatnyMOTaap HCTaaraH KypHHHUiaa
H(boaanaHHiuH Ba enihji anrHjianniiiH 3apyp. flHcnae&iapHH Hmaaraiu Kyaafi,
hujohmjih GyaHUJH oMjraii 6Hpra 3X.M 6hji3h ocaaM opacwaa 3(P<J)eKTne
MyjioKOTHH Ta-bMHHJiauiH KepaK. By Taaa6aapHn <}>aKaT 3/ieKTpoHHKarHHa
aMaara ouiHpMafi, 3prOHOMHK TeKiunpHuiaap (khuihhhhf hui koGmjihhth 6waan
60fjihk (JiakTopaap) xaM 0oaH6 6opHiu 3apyp 6yaaac.

Muiaaui npHHUHNH 6yHn'ia aHcnaeanap sktmb Ba naccHB 6yaaan. A kthb
flIHCiuteHaapaa epyrawK cohhui

xap xhji <JH3hk xoawcaap acocnaa aMaara
omaaH.

FlaccHB awcnaeftaap TauiKH epyrjiHK MaH6acHHHHr HypaaHHiiiHHH
y3jiapHaaH yTKa3Hiu Ba Kamapniu xnco6Hra HuiaawaH.

A kthb aHcnaefljiapra juoMHHecuem aHcruieflaap Ba epyraHK anoan
MaTpHuaaapHHH MHeoa KHaHiu MyMKHH (7-pacM).

7-pacM. SjieKipo.iKiMHHecueHT .aHcruieii. 1-uinuua njiacTHHKa; 2-ma(j)(j)0<j) 3JiCKrpo;i, 3
AK-jjieKipHK (Si3N 4); 4-aicrnB KaTjiaM; 5-flH3JieKrpHK(Y20 3); 6- Mwcrpo/i(A ()

naccHB aHciuiefiJiap acocaH cyiOK KpHCTaaaapaaH acann6, *yaa KHHKMHa
tok Ba KyHJiaHHiiinapaa HiuaaftaH. YjmaMaapHHH wyaa KHMKHHa Ba chtmji
KHamu MyMKMHanrH Ty<J)aflaH, yaap MHKpoKanbKyaaTopaapaa, coaTaapaa KeHr
KyaaaHHJiaaH (8-pacM).

naccHB aHcnaefiaapHHHr saeKrpoxpoM TypH xaM MaBacya™ oyano,
yaapHHHr hiuh saerrpoxMMHsiBHH peaKUHJiaapaa huihh Moaaaaa 6yaaanraH

KatiTyBHaH acapaenaapra acocaaHraH. By aHcnaeftaapaa TacBHpHHHr aHHKjiwH
Ky3aTHiu KyHaaHUiHra 6ofjihk 6yjiMaflflH.
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8adMV1 flaccHB fiHcruiefi: a—epynjiHKHHHr iothjihui; 6-epyrliHKHHHr KaftTHUH

CyiOK KpHCTaJiJiap

CyioK KpHCTadidiap (CK) K)KopH,n,a )c.larrannmmllxlick,

sjieicrpoH
TexHHKaHHHr =y.ua Kyri

coxajiapn.aa HiujiarmiaZiH. CK jiap OKyiswaHiiHKaa
cyioKjiHKjiapHH acjiaTca, MOjieKyjiajiapwHHHI MawiyM reoMeTpna GyiiHHa
TapTn6jin woftnauiHiiiH KaiTHK vkmcm
Ty3MJiHUIHHH Kypcara™H.

Ba-b3H Mojwa.iap CK Jiapra xoc xycycMHTjrapuM MawiyM xapopai
opajiHFHfla HaMoeH KHJiaan. EynaaK CK MO/majiap TepMOTpon CK aeo
iopnTHJia.au. CK Jiapra xoc xycycMTjiap 6ai>3n Moaaanapaa spHTMa xojiaTnaa
HaMoeH ov-Ta/tM. byii.ian Mo;uia.iap jmoTpon CK Jico aTajiaaH. Xpswprana
ypraHHJiraH CK MoaaajiapHH yn Typra avKparmu MyMKHH (9-pacM).

(1QK) jiapnarw Kpncxajiji nanvKapa

9-pacM. CyKiK KpHCTannapaa MOjiexyjiajiapHHHr jKOHjiawyBH: a-HCMaiHK CK; 6—emcktmk
CK; B-xojiecrcpHK CK.

BHpHHHH Typra HeMarwcnap ZicmhjihG, yjiapHHHr  Ty3MjiMUJHXia
(CTpyicrypacH) xapaicrepjiH tomohh uiyH/iaKH, MOJieKyjiajiapHHHHr Macca
MapKaajiapH HXTnepHH (TapTn6cn3) acoHjiauiaflu, jickhh xaMMa Mojieicyjiajiap
Surra yK MynajiHLUHfla TopTH.nran 6y.ia;in.



Hkkhhhh -ryp CK jiapaa MoaeKyaaaap 6np yK 6ywia6é TopmnHiiiH 6naaH
gHpra yjiapHHHr Macca MapnaajiapH aHHK 6np TeKHCJiHKKa TernuuiH 6yjiaaw.
MojieKyjianapHHHr yma TeKHCJimtna acofiaaniHiiiHra KeacaK HXTHepHH oyaaan.
ByiwaH CK Typnra cMeKTHKJiap ae6 lopHraaaaH.

Ymhhhh Typ CK aa MoaeKyaaaap napaaeaa TeKHcaHKaapaa woHJiauiaaH
Ba yma TeKHCJiHKKa MabayM yK 6yiinab TopraaraH 6yaaan. Hup napaaeaa
xeKHCJiHKaaH HKKHHHHCHra yTHiuHAa yKJiapw ysapo 6hP xhji BypnakKa
6ypHJiraH Gyaaan. ByHaafi CK Jiap xoJiecTepuKjiap aeb aTanajiH. CK jiapHHHr
M OJieKyjianapn oflaraa ysyHHOK UHjih NAP uiaitnaapHAa oyjiHO. yjinaM Jiapw KaMH
6HJiaH 1,3-1,4HM (13-14A°)6yjiauH.

CK jiapaa Ky3aTMJia,nHraH acocufi xycycnaT yjiapHHHr (MoaeKyaaaapH)
CTpyKTypacH TauiKH Taicup na™*acnaa Tea Ba eHraa ysrapaaw. ™ Ha 5”P
a>KOHH6 xycycHHTH CTpyicrypaCHaarH TapraSaHaHK 6miaH Gofjihk; 6vjih6, 6y
xycyciiflT 3JieKTp, MarHHT Baohthk antmTponMHH KejiTHpno MHKapaaH.

By hkkh y3nra xoc xHCJia™ TycjjaH.iH CK ()H3hk xycyciiHTjiapHHH KaM
SHeprwa cap<})aab, khhhk 3Jiekxp KyqJdiaHHiiiJiapaa ysraprapHiu MyMKHHjin™
caba6HaaH yjiapHH oiithk y3rapTHprHMJiapfla KVJiaaHHJiaaH.

CK jiap y3wra TymaeTraH epyrjiHKHHHr KyrSjiaHHLUHHH y3rapHiuHra

Gofjihk paBHiuaa paHr y3rapTHpyBMH nnaHKaropjiapaa, CK aw
CHCTeManapHaa KyaaaHHaaan. CK Jiap

gpyraHKHHHr KaftTHiiiH Ba

aHcnaeft
~oiiaaaaHHaraH HHHHKaTopaapaa

coHHanuiHaaH $ofiaaaaHH6, 3%oRh6

acoooaap
acaaraH (MHKpoKaabKyaaTopaap,

coaTaap, aBTOMoGHJiaapHHHr acbob
naHeaaapii, CTepeoKyMaHTHprHMHHHT qerapaaoB4H 6aoKaapH Ba x-0.)-

C>0TOTpaH3HCTOp

OoTorpaHSHCTop (OT) aap n-p-n eKH p-n-p CTpyinypaaa acaaaan.

Oototokhh oaaHH TpaH3HCTopaap Ka6u KyHanrapaaH. 3MMrrep yTHmnra
T~rpH, Koaaeicrop yTnuiHra sea TecKapH fiyHajimiiaa KynaanHiu KyHH.iaaH.
Ba3ara KynaaHHiu SepHaMaflan. HypaaHHiu Tai.cHpwaa xocHa 6yaraH
saeicrpoH-TeuiHK ;*y({rrjlapHHHHr TeuiHiaiapH 6a3aaa HnrRiiaan. SaeirrpoHaap
3MHTTep eKH KoaaeKTopra yTaan. Ba3aaarH Myc6aT noTeHUHaaHHHr opTHUiH
3MHiTepaaH saeicrpoHaapHHHr 6a3ara KHpmiinra (HHHceKUHa) oaw6 Keaaan.
HaTHacaaa, (Jjototok opraaH. KynaHTHpHiu, kos~huhchth 10-10 ra TeHr
6yaraH repMaHHH Ba KpeMHHH/iaH acaaraH OT aap xap xna saeicrpoH
KypmiMajiapaa HimiaTHaMOKaa (10-pacM). By OT aap oaaxaa (6hP ncqa yH)
KHjiorepuaapaa HiuaafiaH. Huihh lacToracH iokoph 6yaraH OT aap acaiu ynyH

KaHaa 3<J¢>KTaH OT aapaaH 4)OHaaiiaHnnMOKaa. Toaaan oiithk aaoKa

CHCTeMacnaa OT aap 6waaH 6HpraaHKaa 6wp KaTopaa iokoph y3aTyBHaiuiHK
KoGnaHaTHra 3ra 6yaraH «aaBHH» “oToanoanap xaM HiuaaTHaaaH (1 1-pacM).



10-paCM. <)OTOTpaH3HCTOPHHHr Ty31tHHIUH Ba HULJiaill lipHHIXHNH (a).
<t>0TOTpaH3HCTop acocuaa Hparmiran orrrconeKTpoH KyprniManap (6)
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<DOTOTHpPHCTOp
THpHCTopjiap TypTra Ba yiiaaH opthk 3jieKTpoH-TeuiHK yTHimrapflaH
n6opaT CTpyKTypajm 6yjin6, y3n6-yjiaui Ba3n4>acnHH 6aacapyBHNn sjicmcht
cM(@)aTHjia HiunaTHJiafl[H. TnpncTopHMHr hhkh KaTJiaMJiapnra KyMnaHHui
6epHJica sjieicrp 3aroKMpnra tok yjiaHHLUHHH TaiMHHJiauiH My MKnn.
<t>OTOTHpHCTOp  CTpyKTypaCH  THpHCTOpHHKHfleK  6yjia.aH.  BojlbT-aMriep
xapaKTepHCTHKanapH xaM 6 hp xhji 6yliH6, y gpyrjiHK TatcHpH”a rnura Tyma/iH.
O/iaraa 6y ac606 6ouiKapniiyBHH epyrjiHK okhmh Tai>CMpmia muirao. Kaira
TOKJIH SJieKTp 3aH5KHpjiapHHH OOUIKapHIUAa KyJiaHJIHK Tyr/IHpajIH.

Yhhhf Te3KopjinrH K>Kopn 6y.Tn6, gpyrjiHK TyuimiiH SmiaH 1 mkc
aTpo(])Hfla Hiura tviuhiiih MyMKHH. LUy ca6a6jin 3X.M jiapnfla, xoTHpa
sjieMeHTJiapHfla nuuiaTHJia*n. Ehfhhhhhf ojiZihhh ojiHiuaa KyjiJiaHHnaiiHraH
sjieicrpoH  KypHJiMajiapHHHr acocHft 3JieMenTH (aaTHHrH) cn<j)aTHfla xaM
HuiJiaTHJia"H (12-pacM).

/
12-pacM. 00TOTHpHcropHHHr Ty3MJiHiun Ba BOJibT-aMnep xapaKTepHCTHKacH. a>-

<t>0TOTHpHCTOp cxeMacHflarH Ba J, yrHUJJiapra KyFinnran xyrpH

KynjiaHHui, J2 yTHW.ua TecKapH KynjiaHHiu xochji khjiewh. d)oTOTnpncTop
3aH>KnpHnan tok yTMaftaH. Arap J, yTHiura epyrjiHK Tymca, sjieicrpoH-TeiiiHK
VKycJiTJdiapM xochji 6yxiH6, yjiap yTHiii MaHAOHHaa awpajiajiH. H aTHwaiia, J2
yTHuiaara TecKapw yjiaHHiu, lyrpHCHra anMauiaflH. Tok (jjOTOTnpncTopfla
opra6, 3aH5KHpHHHTr yjiaiiHui Ba3HaTHra yrmiiHra ca6a6 SyjiajiH.

EpyrjiHK OKHMHHHHr opTHUiIH 6HJiaH HUira TyuiHpHui KynjiaHHiiiH KaMaa
6opa™H. EpyrjiHK ryuiHuiH 6HJiaH ac606 onpaaHHra nuira TyuiaflH, jickhh
epyrnHK TyxTaTHjiraHfla ac606 hlumm xonaTfla KOJiaBepa.nn. OoTornpcTopHH
epyrnHK TyuiMaraH Ba3H5n7iarH xojiaTHra KaMTapMUi ynyH KyHjianHuiiiH
KaMaHTHpyBHH KyuJHMMa 3aH3KHp KyJwaHHjiaflH. Y3rapyBgaH tok
3aHWHDpjiapH«a yjiapra sxth&k KOJiMaflaH.

OOTOTHpHCTOpjiapHHHr CoiUKapHJiyBHH gpyrjiHK MaH”aCH CH(jaTHfla
apceHHa-ranJiHiuiH epyrjiHK flnoanapH Ba jia3epjiapH KyJuiaHHJiafl[H. By
MaKcaaaa oaantt nyrnaHMa naMnajiapaan <J)OHflanaHca xaM oyjiajiH. X °3HPrH
BaKTfla xap xhji MaKcajyiapjia HUUiaTHJiyBHH (JtoTOTHpucropjiH onTpoHJiapHHHr
6030pH HaKKOH.
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OOTOTHPHCTOPjTM  <J)OTOlipHeMHHKJiap 3JieKTp 3aH)KHpHHarH KyBBaTHH
6omKapHUi 6HJiaH Supra MaH(j)HH KapmwiHKAH epyrjiHK flHoanapHAarn
HypnaHHiuHH xaM 6ouiKapa onaflH. EyHAaft ac6o6jiapnH oiithk rpHrrep,
gpyrjiHK KynaHTHpurMH Ba HH({)pa kh3HJ1 (HK,)-HypjiaHHiiiHH KypHHaflHraii
Hypra afwanTHpyBHH ({lyHKUHOHaji aneMeHT cncfiaTHAa xaM HuiaaTHiu MyMKHH.

OOTOflaTMHKJiap

OoTOflaTHHKJiap ep/jaMHAa epyrjiHK KaiTanHKJiapH
KaTTajwKjiapHra aH.iamHpHJiaAH. ABjiaHTHpHmM  wapaeHHAa xap xhji
3(J)(j>eKTJiapflaH (])oiiAadiaHunaflM. By jcjHjieKTiiap MY JiapAa gpyrjiHK TatCHpHAa
sneicTpoH Ba TeuiHKJiapHHHr xocha SyjiHiuH OHJian Sofjihk 6yjica,

sneKip

Kyn
XOAAapAa 3JicktP cnrnajiAapn Bywyara KeAHuiHra ca6a6 6ynaAH. HyHKH
epyrAHK rai»CHpiijia MV :iap.ia xocil'i 6y ia,-inraH >.ncKipon Ba TeuiHKJiapHHHr
TauiKH 3aH>Knp opKanH y ™ ull> aneicrp yAMOB acSoSnapn opKann KaHA
KHAHHaaH. OotoAam hiciaphhni mu (ImcwiHHTH acocaH KyfiHAarn 3(]i(jjeKT.napra
Sofjihk:

1. <D)T03lieKTpOH 3VHOCHH (TBUIKH <>OTOI(3<g>eKT);

2. Hhkh <])0T03c|)(eici (<I>oro 3K)K, (3)0TOyTKa3yBMaHIiHK);

3. O otoxhmhsibhh peaKUHHliap;

4. TiHp03lieKTpHK 3())(J)eKT.

Xo3Hprn BaKTAa 6y acjxjjeKTJiap 6HAaH 6np KaTopAa napaMeTpHK 3<})<}>eKT,

fI5K03e<J)COH 30 (lieKTAapH HH(j)Pa kh3ha Hypnap AeTeKTopjiapHAa
(J)OHflajiaHHAMOKaa.
mninSm
ny 500 t
500
A -as ~\
m 400 /
J (-os \
A \ 20 -
_0| 1(D s
6,5 m v y) VHH m Ofi US ﬂ76)US'09 W V**h
a

13—pacM. K}CXEM*HHﬂaHacanraH ckto.iaTHtiKininr cneicrpan xapaKTepHcrHKacH. a-&r
aTOMlJiap KiipHTHJiMaran; 6—apanauiMa aTOMJiapn MaB*yfl.
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14-pacM. repMaHHilaaH scajiraH <})OTOAaTHHK cneKTpan xapaKTepHCTHKacH. 1 mem
$0TO0Mard4HK; 2~peaji (})OTO,ziaTHHK.

Oiithk aaTHHKJiapHHHr acocHH xapaKTepHCTHKacH cneicrpan

cesrHpjiHraflHp. MarepHajuiapHHur ce3rnpjinrn epyrjiHK TyjiKkHH yayHJinrnra
6ofjink (13, 14-pacvuiap). llly caSaSjin, (jroToaamMK ynyH MaTepnan Tanjiaiuaa
aHHK  TyjiKHH y3yHlinrH 6ejirnnanaflH. O0T03Jiei<TpnK  3<M>eK™P
dtOHflanaHHnraHAa yjiapHHHr ce3rHpjinrH MO/matiHHr 30Ha Ty3HJIHWH SnjiaH
aHHKjiaHafl[H. nHpo3lieicrpnK  3(jx}>eKTJiap SmiaH HuuiaHraHaa ce3rapjiHK
>jerapacH KeHraww, Haniacazia Karra TyjiKHH coxajiapnua naM Huuiaui hmkohh
TyrHliafl[H. OoroflaTMHKlJiap ynyH MyxwM xapaKTepHCTHKanapflaH 6npn Htura
TyuiHpmu TesKopjiHrHfIHp. OoTOBOIJibTaHK 3%$4>eKTnap 6hjidh HUiJiaKflHraH
dioToaaTMHKliapfla 6y KypcaTKHH iokoph 6ynafin. EyHaaii (JjOToaaTHHicnap
ceKyHflIHHHr MH;jiJiHOHjiaH 6np Ba yHjian khcke BaKT yjiyiujiapnaa Hiura
TyiUHIIH MyMKHH. By COXaAa JiaBHH tOTOflIHOjmapHH «MyTJ10K» HHepTCM3
Hefinhi MyMKHH. OoToaaTHHKJiap ynyH ocroHa ce3rapjiHK xaM MyxHMaHp. Y
d)OTOflaTHHK cnrHan xochji KHiiraHaaH cynrrw (3>ofiflanH cnrHanHKHr MyMKHH
(flyji KvidHliajiHraH) 6yJiraH aapaacacHHH (j)OHflacH3 cHraanra HHc6am opKanH
aHHKnaHSWH. OcroHa ce3rHpJiHK 4>0ToaaTHHKliap HMHaa (JjoToajieicrpoH
KyMaiiTHprHMJiapaa K)KopH 13,14-pacM.

<D0TOjiaTMHKJiapHHHr Maxcyc Typjiapn epaaMn.ua paHrHH xaM a>xpaTHiii
Ba yjiapHHHr TyjiKHH y 3y miHKJiapMHH anHKjiam MyMKHH.

Eynaafi paHr OToaaTMmkjiaphhhhr 3Hr coaaacn KyfinaarHMa HiiiJiaftaH.
EHTTa KpeMHHH njiacTHHKacHra cneicrpaji xapaKTepHCTHKacH xap xhji 6yjiran
(boToanoa sKOHJiaiHTHpHJia4 H. By njiacTHHa 3JieKTp 3aH*HpHra yaaHraHaa tok
Kygn Ba HyHanHuira oofjihk paBHiuaa paHr awpaTaaH.

Hkkh yjinaMjui
cboToaaTMHKjrap KeHr

KyjuiaHHiura 3ra 6yJiH6 , hcch cupraapaa
epHTHJiraHJiIHKHH aHaj 'H3 khjihui 6HjiaH scch TacBHpjiapHH ypraHHiu hmkohhhh
fippanH 3apHflnH SoFJiaHHUi acocHaa mujiafiaHraH KarrHK jkhcmjih TacBHp
y3rapTHprHMj iap epaaMHaa ysaTyBMM TejieBH3HOH Tpy6Kanap
aJiMauiTHpHJiIMOiwa. YjiapHHHr yjinaMJiapH khhhk 6ynraHJiHrnaaH KaM sHeprH*
capd)JiaftflH. TaHHapxH nacT 6yJiHiiiH 6HJiaH 6Hpra,
KarraflHp. By ac6o6jiap HH”pa kh3hji
CM(})aTnaa reojiorHK KHanpvBaa.

Huuiaui MyzwaTJiapM
(TacBHp) Hypjiap 40TOaaTiHKjiapn

MeaHunnaaa Ba MeTepojiorMK Ky3aTHUijiapjui
Ky JiJiaHHJi MOKaa.



3apHa SorjiaiiHiujiH ac6o6jiap

5IpHM yTKa3rHM mvrna xochji KHjiHnraH noTeHunaji ypanapaa epyrjiHK
rabCHpH”a xyrHjiran 3apaflJiap TynjiaHaflH. By »pnM yTKa3rnMjiapra xauiKH
MaiwoH 3/ieKxp KynjiaHHUiIH KyHHjrca, yjiapHHHr noTennnan ypaiiapn y3 mami
Ba KypHHHiiiHHH y3raprapaflH. HaTHacaaa, noxeHUHaji ypajiapaarw TyruiaHraH
3apaajiap apHM yxKasixm cupra oyfi.iaS xapafcaT KHJiHiura Maw6yp 6ynazin.
rioTeHUHaji ypanapuHHr y3rapraH rnaitii Ba KypwHHiujiapH 3apaanapHHHr
cwpTra 4hkh6é xapaKaT KnjinuiMra hmkohmat aparaan. Byniiaii xoAHcanapra
acocjiaHraH ac6o6jrap cnn(j)n sapaa 6orjiaHHinjiH ac6o6jiap fleo K>pnmna,HH
(n3C) (15-pacM).

15-pacM. 3apa« 6ofjiaHHiunH ac6o6napHHHr Hiunaui npHHumm.
a-(l) KOHTaKTra KyHHjiraH iokoph Mandjwft kv'dkihhili labcnptvta noTeminan
ypajja «TemnK» nap TynnaHajm;
6-(2) KOHxaKTraKyfinjiran ioKopH MaiKj>nfi KyMjiannui noTeHimaji ypaHHHr yma
TOMOHra KapaS MyKypnaiuHiiiHra ojihé Kena™H. HaTHacaaa «TeuiHK» jiap yma TOMOHi a
y™ 6 ojiajui;
B-noTCHUHaji ypaHHHr Kon(])MiypaunHCn y'srapaan, sn>nn /iacTJia6KH xojiaTra y'ianH.
By wapaen KafiTa/iaH TaKpopnanaflH. TaKpopjiaHmu ,aaBpnna 3apaa KciMa-Kex
cmjiwhS BaKT 6yinrea y3rapyBMH cwHajniH 6epaan.

TacBHpHH ysrapyBMaH ajieicrp cnrHajiwra aftnaHTHpyBHH BaicyyM
ac6o6jiapAa TacBHp xap 6np ajiMauinui t3kth opariMFHZia xaacMHIi 3ap»A
KypHHHinnna cawiaHaflH. BHjiHKOHjiap nafiao 6yjiHUiH 6miaH TacBHpHH
xoTHpaaa caKjiOBHH ce3nip aneMeHTHH Ba3M(f>acnHn KarrHK hchecm y3 Kyjmra
ojiflH. JleKHH, TacBHpHH KypHHa/wraH 3Kpaima Tmcjiaiu Ba3H4)aciiHM xaMOH
3jieicrpOH Hyp oa>Kapap

3apaa SoFjiaHMUjjiH ac6o6nap KyjuiannjiraH/ia TacBHpHH xoTHpa.ua
caKJiOBmi Ba yHM 3Kpaniia THicnatii Ba3nc}ajiapn onxxa ce3rnp apHM yiKa3ni4
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KaiTHK ajieMeHTHfla 6awapHaaan- ByHflaB ac6o6jiap acyaa Kyn hhco6hh

CH”aTJiapra sra. YjiapHH khhhk yaaaMaapaa acaui mymkhh. IIIy ca6a6jiH KaM
3HeprHfl capclijiaiiflH. TacBHpjiapHHHr aHHiyiHrH op rajin. KpaflHK TacBHp ae6
aTajryBHH 4>ofiaacH3 cHraajuiap fiyKoaaaH.

Byhflan ac6o6jiap Ty3HJiHiiiH MON- cTpyKTypaan awoalJiapHH scnaTaaH.
ByHflaii anoara TecKapn KyHSJiHiuaa KynasHHin KyfiHJica, spKMH 3apaanapra
TancHK QyxiraH KaTJiaM (n-Si) xochji 6yaaan. flpHM yTK33rHH cnpTHaa 3Pkhh
xapaKaTJiaHyBHH 33paaaap 6yjiMaHflH. By KaTJiaM noTenunaa ypa (XHco6aann6)
Ba3Hcj)acMHH yTa6, epyrjiHK Tatcvipnaa TyrHJiraH acocnfi 6ynMaraH tok
TamyBHHjiapHH y3naa Tynaaui xycycHsnwa sra. BouiKapyBHH ajieicrpoaaapra
yn cj)a3ain KynjiaHHui CHraanH 6epnaH6, 33paanapHH y3aTHiu (yTKa3Hm)
/KapaeHH aManra oiuMpH.naziH. flacxjiaS, no'renuHaa ypaaapaa 1 KOHTaicrflarH
MaH”HH noTCHiiMan TaiCHpnas TeiuHKJiap Tynjiaiiaan.

Arap 2 KOHTaKTra Kaira msh”ihh noTCHUnaa KynHJica, 6y KOHTaKT
TOMOHaa noTeHUHaji ypa MyKypjiauiH6, yma TOMOHra TeuiHKriap KyMii.iii.
lloTeHUHM ypa uiaicnH y3arapaflH. YHaaH cynr kchhuth aaBpnii y3rapHiu
6ouidiaHaflH. Xap onp a3BpHH TaKpopaaHHiii wapaeiinaa 3apaanap KeiMa-Ker

Ba 6y y3rapHm BaKT 6vhhm3 y3rapyB4n cHinan CH”aTHfla napc>K
3THJIZAH.

CwpT - KaHan THiiaarH 3apaa GoraaHHUiaH acoooaapaa noxeHUMai
ypanap acocaH apHM yTKa3rHt! cwpTHaa xochji 6yar3HJiHrH ynyH apHM
yTKa3THIi CHpTHflarH aeidxJ"KT-Tap HyKOTHjiHiiiH KepaK. Akc xojifla 3apaflJiap 6y
ae<t><}>eKTaap MafiaoHHaa TaMOMaH HyKOJiHuiH (HeftTpari

xojiaira ythujh)
MyMKHH. BynaaH KyryjiHiii

Mancsanaa nynyp KaHaaan 3apaa 6oraaHnuian
ac6o6aap KeHr KyaaaHHaMOKaa, nyHKH yaapaa 3apaaaapnmir KyMHiiiH apmi

yTKa3rHH cupTHaa 3Mac HHKapncnaa (xawMnaa) coaHp 6yaaan. Arapaa

epHTHaHiu Ba yHHHr Kafia KHamu 6np Baicraa KeMea 3apaflJiap KynHiiiH KaTop
6yftlia6 K)3 6epaan. EpHTHJiHiu Ba yHHHr Kafta sthjihiiih BaKT 6yMM'ia
a*paTnaraH (xap xhji Banr aaKHKaaapnaa) 6yaca, 3apraaap KyuHiiiH Kaap
6”"HHMa k>3 GepaflH. By ranaarn ac6o6aap TeaeBH3HOH Tpy6Kaaapaarnna 3Mac.
xoTHpa Kkyvpvijima'iaphaa, cHrHanaapHH KaviTa Hiiuiani
KyaaannaMOKaa 15-pacM.

cncTeMaaapnaa xaM

Kyern 3JieMeHTJiapH

Hhcohhhthhhf 3Hr MyxHM Ba aojnapo MyaMMoaapnaaH 6iipn wyac
KaTTa MHKflopaarH KyeiuaaH KeaaSTraH nypaaHmu SHeprHacHaaH MaKCHMaji
xaMaa caMapaJdiH (“"OHflananHUi M3canacHanp. Ky6ui HypaaHHiiiHHHHr khckii
TyjiKHHan khecmh, acocaH Ep aTMOc4)epacnaa K)THaH6 Koaaan. Ep cHprara )cn
y3yH TyaKHHaH khcmh era6 KeaaaH.

K”~em 3HeprHacnaaH (JioflaaaaHHiiiHHHr acyaa xaM Kyn ycyjuiapw MaB*ya
6yan6, SyaapaaH 3Hr c3Map3Jincn yHHHr HypaaHHiu SHeprnacHHH TyrpHaan
TyrpH 3aeicrp 3neprHacHra aftaaiiTHpHG HuiaaTHiuaHp. ByHaaft Ba3H(j)aHH apHM
)TK33rHHaH Kyeud saeMeHTH 635KapaaH. BouiKa ycyaasprs HHc6aTan Kycm

3aeMeHTa3pHHHHr HypaaHHiu 3HeprnacHHH saeKTp 3Heprnacm.i
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aHJiaHTHpHiuflarn 4>ofuia.'in  huj KoscjxJiHUHeHTH (cDHK) ihi KaTxa 6yjiraH
KypmiMa \Hco6jianaziH. Kyeui sjieMeHXJiapw reHepaTop xnnn;jaiM
(J)0TO3jreMeHTjTap (()0T03.neKTpnK reiiepaxop) 3iir Kyn rapi<a.nraH BaKH.XH 6yJin6,
KeHr KyjidiaHH-'iHiura sra. .HpHM yTKa3i hmjih Kyeui jjieMenxjiapimH vie Kip

TapKHSwWHH  OMJiHiii MacanaHHHr acocHH xOMOHjiapH.uan owpH 6yJin6é
xnco6:iafia;u-i. ILIyHHHr ynyn Kyeui suemchtjiapmhh xaiiepjiauiAa Kyeui
cneKTpHHHHr KaftctH KHCMMijjan (JwRuanaHHiu iOKopu caMapa 6epnuiMiiM Gmijihiu
yiyn Kyem sjicmchih TaiicpnaHa;uiran apiiM yTKa3rHH MaTepHajiHHHHr oiithk
Ba sjicKxp xycycHSTJiapHHH OHjiHUj 3apyp 6yjiaaH.

LUy OHJiaH 6Hpra Kyeui nypjiaHHUiHHHur cneKTpan TapKHDiwrn tyjikhii
y3yHjiMKJiapn 6ynn4a SHepnia raKCHMOTHHH 6nJiran xoji.ua apMM yxKaani'i
MaTepHann TaHJia6 ojiHiiaflH. >lpuM yTKa3rHH MarepHajiHiiHiir Kyem sjicmchth
acaui yliyn 3apyp 6ynraH xycycHaraapHHHHr KynHiuinrH yma MaxepnajiHMHr
MaH KHJiHHraH 30iiacn Kem jihih (AE) 6miaH 6ofjihk.

MaiJiyMKH, 3JieKTpOH-TeUIHK >Ky(»THHH XOCHJI KHJIHU1 yiyn SHeprHHCH
AE ra TeHr eKH ynflan KaTra 6ynraH (Jjotoh iothjihiuh KepaK, ht.hh:

hv>AE,

6yH.ua AE /iaH khhhk siieprnaldiH <j)OTOHJiap Baneux 30naflan \TKa3yBMaHJihk
30iiacHra 3jieKTpoH ‘iHKapa onMafiaH. fleivraK, raKHiuianraH 30HacH Kenninrn Ba
HypjiaHHiu TapKHOH,aarH (f)JOTOHJiap aHepraacn KHHMarjiapHHH MaKca/na
MyBo<J)HK xaHJiaui nai HvKacii.ua (}J)oxoHHHHr opxHK'ia 3iieprn>icn HccHKJiHKKa
aHjiaHiiuiura §kh HypjiaHHUi cneKTpHHHHr MatjiyM KHCMHra ryrpn KCJiyBMH
3HepniHHHHr 6eKopra capcj) 6yjiHuiH ojiah o.nnnaan. Kyem sjieMenrHflarn
KHCKa yjiaHHUi tokhhh

KypHHHUinna e3caK 6yjia.xH. ByH/ia ii,. (L\E)- sneprnacH hv>AE xapTn6H,xa
6yjiran Kyeui sjieweHXHnnnr 6hpjihk io3acHra BaKT 6HpjiHrn.ua iymaexraH
()OTOHJiap cohhhh 6n_n,inpajin. HypnaHHUiHHHr KaHTHUi, iothuhiu Ba
peKOM6iiHauHH Ty({)aHJiH hykojihiuhhh x,nco6ra ojiMacaK, KHCKa yjiaHMu tokh

A y=-Wi (AE) -

KypHHHiii,na oy.Ta;in. ByH/iaH Kypniia;iHKH, KHCKa yjiaHHUi tokh SHeprnacH,
hv > AE rapmé6.ua 6yjiraH $oxonjiap 3HeprnacHra 6ofjihk 6yJiap 3Kan. aE HHHr
opTHUJH 6HJiaH (a£) KaMaa 6opaun, /icMaK jKy x,aM KaMaa,an.

3hah canT Hiujiaui pokmmhhh xatuiao (Jioto 3K)K HHHr AE ra KaHflaw
6oFJiaHraHHHH Kypn6 HHKaMH3. CajiT Huuiaui KyMJiaHHUIH (<J)oto 310K)

KyfiHflarnna HcJioaananaflH: ’

45



EpHTHIJiHiu acyua khhhk SyjiMaca, — -» 1neb5 ojica 6yjia,HH, y xojiaa
Js

a s

N
6yHfla tvhhhhlii tokh js=j0 KI KypHHHUiHfla 6yjia.nn. LUyHHHr vmvh

AE KT  y«w
V=-—-+— In=-

< < h

YiiiGy H<j)oaaHHHHHr TaxjiHjinra acocaH Kyem 3JieMeHTHAaH ojiHHa/mraH
KyBBaT MauryM aE m MaKCHMyMra apniuaflH. fleMaic, aE Kyem 3lieMeHXHHHHr
OMK ra xabcnp KunyBHH napaMexpjiapAaH 6npMAHp.

Kyem 3jieMeHTjiapH xynnaHH6, Kyem 6arapesuiapH (Kyem sjieKxp
cranuHsuiapH) acajiafH. Y.napHMHr <I>MK 6HjiaH Kyem sjieMeHXH aca’iran stpHM
yTKa3rHM  MaTepnajiHHHHr MaH KHJiHHraH 30HacH KeHrjiHrH opacHflaiH
6orjiaHHmflaH <})OHflanaHH6, Kyeui 3JieMenTH acaiu yiyH 3Hr Kynafi 6yjiran
apHM yTKa3rMHjiapHHHr 30Ha KenniHrH NE=11 15bB (khjim6 TaHjiaHHiUH
MyMKHH) opajiHFHfla 6yjiHmH aHHiyiaHraH.

Iy 6HJliaH 6Hpra KyeiuaaH KejiaeTraH HypjiapHmir Ep cnpima
TymaerraH KHCMura Tyrpii KejiyBHM aHepraacHHHHr 90% ash Kyiin
KypHHa/inraH Hypjiap coxacnra xyrpH Kejiajm.

Ep cHpTHHHHr 6hphhk K)3acnra TymagTraH Kyem paAHaiuiacHHHHr
aKTHBJiHra Ba cneKTpan TapKH6n yHHHr aTMoc”~epaaarH gaHr, cyB 6yrjiapH, ra3
MOjienyjianapH Ba xoKa30Jiap,aa lomnHiiiHra Sofjihk 6ynaaH. ATMOctJiepa
acocaH yjTbTpa6HHa(j)ma cneicrpHH KaMaHTnpa”H. Arap aTMOctfiepaHHHr 6yHAatt
TatcHpjiapHHH XHCo6ra ojiMacaK, eKH yHH xnco6ra ojiMacjiHK Aapaaca.ua khhhk
AecaK, GaAs Ba CdTe MaTepHaiuiapH Kyem sjieMeHTjiapH xaRepjiaiu ynyH shf
hxuih apHM yTKa3rHHJiap 6y;iajiH. JleKHH axMOCiJtepaHHHr ratcnpH opxHuiH
6HJiaH Byjiapra KaparaHAa Si acjwanpoK 6yjin6 KOjra/iH. KpeMimfiaaH Kyem
6aTapeajiapHHH Taftepjiam TexHOJiornacH axmn ypraHHJiraH, yHHHr EpaarH
3axwpacH eTapjiH Kyn 6yjiraRnHrn ynyn Kyem 6aTapeajiapH Si apHM
yTKa3rHHHflaH TafiepjiaHanH. <I>aKax xaKHKJiaHraH 30Hacn xaM/ia ioxhjihiii
KO3(J)(J)HUHeHTHHHrHHa xncoSra ojiraHfla, Si Kyem SaTapea.iapH ynyH KyuaH
MaxepHaji xHco6jiaHMafiAH. Illy 6HJiaH 6npra Taiiepjiam xexHOJioraacH
KHfiHHJIHrH  xy<J)aHjiH yHHHr TaHHapxn yTa KHMMarra xyuiaflH. AfiHHKca
MOHOKpHCTarui KpeMHHiwH acanraH Kyem sjieMeHXJiapima <t>HK IOKopw (16%)
6yjmiiiHra KapaMac#aH Hiiuia6 HHKapwm khhm3th yTa iokoph. MoHOKpHCTann
Si HH ~CTHpHUI TeXHOJIOrHaCHHH TaKOMHJUiamTHpHmM HyjlH 6«JiaH T3HHapXHH
Ka.MaHTHpHmra KapaxnjiraH hjimhh xaaKHKoxjiap 0jih6 6opHjiMOKfla. KeflHHra
naimiapiia awoptj) KpeMHHHflaH Kyem sjieMeHTjrapH Tafiepjiamra KaTTa straSop
oepHJianTM. mvhkh yHH 6HpHHHHflaH ap30H Tar“HKjiapra (Macanan. mmuara)
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ycTHpHLU, yTKa3Hin MyMKHH 6ynca, lickhhMn.uni MOHOKpncTajui Si ra 1lucoinhii
xaHHapxH aHna nacr.

TaHepjiam tcxhojioi msich co/ica ua rnyHra oouihk paBHiuaa TaHHapxH
xaM nacT SyJiraH, xaMiia KySm cneicrpaji coxacwua kjtmui KO03tj)()HHHeHTM yTa
iOKopn MaTepHajinapflaH KySm 3/ieMeHTJiapn acaiura anoxnaa 3t>th6op
6epHjiMOK«@. CuXS Ba CdS jiapHHHHr TapKn6énra KHpyBMH xhmhsbhh
sjieMeHTJiapHHHr Ta6nwi 3axHpacn eTapjiH Kyn 6yjiii6,
yTKa3rnMnapHHHr xaM MaH 3THJiran 3O0Hacii, cneKTpaji

6y «pnM
coxacH Kyeui
sneMeHTjiapii acam yiyn KyJiaii oyvii;uurnniiutii 0JiHMJiap HjirapRuaH 6y
MaTepwajuiapra (1 954 Him) 3T>™6op oepminan. Ha3apHH xHCo6jiauuiapHHHi
KypcaTHniHHa, umu-LUi 6yjiapziaH acajiraH Kyeui 3JieMeHTjiapiiHHHr OH K 15 /o0
ra eTHUiH MyMKHH.

5lpHM yrKasiH'ijiap Ka;iHH 6ynca, gpyrjiHK y3H TymaerraH chpthhhi’
ionKa KaTJiaMn;ia I0TiuirauM ynyH yHHHr cnpxaaH eTapjiH HMKapnga yKOHiiaiuran
KaTjiaMjiapw <})OToaKTHB oyjiMaii/iH. ByHH xwco6ra ojih6, kvchi sjieMeHTJiapn
Taftepjiaiiifla apiiM v iKairnHJiapHHiii ronna nap/iaJiapHflan xaM c|>oK/iajianH.na/jn.
By TexHOJdiorna 6HJiaH Kyeui 3JieMeHTJiapH o.nnuj/ia apHM yTKairHM
MaTcpnadiHflaH eTapjiH Kyn Te*a6 kojihui hmkohh TyntnaflH. iOnica napaanH
KySui 3JieMeHrJiapn ojihuj TexHOJioraacH hxiuh ypraHHJiraH. IOnKa napnajiap
Maxcyc TarjiHKjiapra ojiHiiaHH. TarjiHitnap iOKOpn TeMnepaTypajiapra HH.iiaM.iM,
aAre3HHCH, wexaiiHK xycycHsmiapH sxuih Ba I0KOpH /ih3jicktphkmitk
Ko6njiHHTHra 3ra 6yJiraH MaTepnaruiapjiaH iai-icp-kihu.im. Kyeui sjieMenTJiapn
KaHaafi MaTepnanflaH lafiepjraiiHiiiHra Kapa6, TaniHKjiap TaHjiaiia,un. MacanaH,
Cu2S Ba CdS jiap'ian ionKa napaajiH Kyem 3;ieMeirrn iaHepjiaui/ia ujnma Ba
nojiwaMHA TarjiHKJiapaaH (}>ofui.anaHHjia,HH.

Kyeui oneMciruiapuHH acam tcxhojioihhch, yjiapHHHr Ty3HJiHniH Ba yHra
KHpyBMH XHMHHBHH 3JieMeHTJiap, MOiliia Ba finpHKMajiap XHJIMa-XHJI 6yJIH6,
SHprHHa khto6 6njiaH yjiap xaKHfla TyjiHK Ma'bJiyMOi 6epnui hmkohhhth HyK-

Kyeui 3JieMeHTJiapn VTa MypaKKa6 KypuldiManap Karopura KMpa;ut.
MaKcafl[HMH3, fOKopii ca\tapa/iop.Tnk 6HJiaH muihobmu Ba Karra OHK 6epa/iMran
Kyem 3neMeHTJiapHHH apa'inm fiyjiH/iarH /Ky/ia Kyn cohjih OMHJijiap,uaH Sur
acocHHJiapn xaKH.ua (jiHKp k>phthlu Ba raxjnui KMJiiim/iaH H6opaT.

Kyem sjieMCHT.iapii (carapouapH) reHepaTop TMiuuani <t>n Jiap 6yjiné,
Kyem HypiiHH Tyrpniiaii-Tyrpn sjieKrp sHeprnacHra aitnaHTHpnS 6epHiu yiy h
xii3MaT KHliafl[H. 3hr o/uuifi Kyem sjieMeiiTH (K 3) acaiu yhvii n-p- yTHUiJiH
apiiM y rKkasrMMra omhk koht3kt khjihuj kh<])09 (16-pacM).

K3 ra siieprnHCH MaH KHJiHHraH 30Ha KCHrjinrn;ian Karra jneprnHJin
epyrjiHK KBaHTH Tyiiica. y 3jieicrpoH-TeuJHK >Ky(f)TJdiapiiHH xochji KMJia TH. yjiap
MOTeiiuHan TycHK Maiiaomwa a>i<pajin6, N- Ba pP- coxadiap tomoh xapaKaT
KHJiaflH. Hani>Kajia N- coxa.aa sJieKTpomiap. p- coxajja TemMKJiap TynjiaHH®6,
sneKrp Man/iOHii xochji 6yjiHUiHra ca6a6 oyJiaZin. K3 3-ieKrp 3cnpni5icn
MaHoacwra afijianaaH. Yhh rauiRH ncTCT,MOJT{nra yjiaHca ynzian tok y raflH. K3
jiapH~aH Kyeui oai'apca.napH (KB) TysHjiafiH. KB Jiapn >Kyzia Kyn coHnarn K3
napnaaH Ty3njiraH 6yjm6, Karra KyBBaT ojihuj y'lyn KHJiHHaflH. ByHjiaH
erauiKapH epyrjiHK TaiCHpHjia «TyniJiraH» sjieKTpon TemHK wy(]nJiapH
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PcKMo6nnannsira ynpaMacflaH TVJiacH'ia noTeHuwan TycmoiapHra era6 6opHiiiH
KcnaK. BvHHHr wvh K,E JiapHfla HiimarajiaflHraH apHM yTKasrHHJiapAara tok
TauiyBHHJiapHHHr  aiuam BaKinapn ioKopH, MaTepHanjiapflara  capT
peKOMSHHauHacHHHHr TC3Jinrn khmhk eyjiHUM 3apyp. Arap/ia 6h3 4>aKal MaH
KHJiHHraH 30HacHra, wthjihiu Ko~ mweHTH Ba Ep xyppacHfla Kyn
TapKanraHJiHrHra 3t>th6oP SepcaK KpeMiiviH 3Jiemehtmhmhr xoawpaa kcot
K7juiaHRnaeTraHJiHrHHHHT acji ca6a6MHH 6hjim6 onaMH3. Hnc6aTaH TaHHapx

P-run n-lun.

16-pacM. Kyem sjieMeHTJiapHHHHr 3HeprerHK carxjiapw ,waipaMMacn na TysmimiiH.

nacT GyjiraH 6ouiKa MaTepHajuiapaaH (GaAs, AlsGa,.xAs, Jnb, CdTe, CdS Ba
ATl Bv A"BV] xaM K3 JiapH acaui ycrnua ojiHM/iap hjimhh H3JiaHHUiMo Kaa
rsi 611 flpHM VTKa3rnM cupTHra TyrnraH epynrnKHHiir

acocHH khcmh,
ch ™ h 2-3 mkm JH KarnaMfla iothjiswh. Ojm m O

«cam ynyn 250-300 mkm
jih apHM yTKa3rH4 nnacTHHKanapH 0JiHHa,iH. K3 JiapHiia HuinaTHJiaAHran apHM
VTKa3rwii MaTepnajuiapHM Tewaw (hkthcoa khjihui) MaKcarHfla ionKa KaTJiaMjih
K3 Jiapw acauira ajioxH«a 3ira6op 6epiuiMOKHa. Mhc cyjiw]|»HWi Ba KaflMHH
cyjibd)HflnapH rerepocTpyicrypajiapH acocn«a sparHJiaerraHjon”a KaTJiaMjih

K3 jiapHHHHr <t>MK 10% erraHJinrn MawiyM [51,61]. Amop<J> KpeMHHH ronKa

KaTJiaMnapHfla iothjihui kosiJx*huhchth MOHOKpHcrajrjiapHra Kapanutua 6np

IUy SmiaH 6HPra aMop4> KpeMHHH.ua epynuiK acocaH
yYHHHr CHpTHAarH 1,5-2 mkm jih tonKa KaTJiaMfla k>thjihuihhh xnco6ra OJicakK,

Heia vh 6apo6ap opim

VHnaH ronxa KjrrnaMmi K3 Jiapn acarn 6MJiaH KHMMa”~axo MaTepnajiflaH 100-

150 MapTa KaMpoK captdwiaHHUiHra 3pHiuaMH3. By 3ca ys HaB6arana

TaHHapxhhht xaM moc pamun.ua KaMaHHumra ojih6 KejiaflH. AMOptj) KpeMHHH
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ionKa K,aTjiaMjiapH acocM;ja apaTHjiran K,3 jiapn.ua canT peatHM KyuiaHMiiiH 1,1
B, KHCKa TVTaiuyB tokh 15-20 mA/cm” ra crajjH. Bvjiap/iaH K\;pnna,THKn, aMopij)
KpeMHHHHHHr ionKa KaTjiaM.'iapHflaH aCaiiraH K 3 Jiapnna <DHK 6eManoji 10%
ra 6opaan. AmoPc) KpeMHHH K.B Hcaui ynyii hcthkoojijih MaTepnari
XHcoojiaHaiin.
KyfinflarHJiapra aiiTnoop 6epHiu KepaK: 1) nojiHKpncrajiji MHKpo Ty3HJiHiiira 3ra
6yjiraH ionKa napna-iapnn ojihiu TexiiojioriiacH qyKvp ypraiincl y.iapHHui
MMKponapaMeTpjiapHHHHr napaa Ty3HJiHWHra Tai>cHPHHH aHmcnaw; 2)
ziHCJioKanHfl, BaKaHCMH Ka6n /leijx*eKTJiapn 6yji\iaraH, HVKyp 3HepreTHK
caTx”apaa /KoiidiamraH er ajieMeHTjiapH 6yjiMaraH IOKOpn CKC|)aTJin ionKa
nap/iajiap/iaH (JjoroaK'niB i03acH Karra MaHiioiuiH ovjiho,
MHKpoKpHCTajumajiapH HHpiiK 6y-iiaHjiapHHH ojihuj; 3) foriKa nojiHKpHCTarui
napaflajiapnmir MHKpoKpHCTanji flOHananapH RnpuKpoK 6yjica, yiiaaH
TafiepjiaHaaHraH Kyeui iwieMCHTjiapH/iarH KHci<a yjiaHHUi (hiijmh tokh) tokh
Karra oyjino, y Kyeui xieMCHTHHHiir OMK ra TyTpH/jan-iyrpH raiiCHp KHJiaaw.
IHHTyHHHr yiyH nojiHKpHCTajui napjiajiap/iaiH MHKpoKpHCTanji flOHanaJiapHKHr
y3apo KyuiHH 6yjiraH neiapa coxanapH Ta6HaTHHH nyKyp ypraHHiu KepaK.
MyiiKH 6y coxanap noTeHUHaji TycHiyiap Ba3H<j)acHHH yTa6, napaajiapaaiH
KyuiHH MHKpoKpHCTanji AOHananap «acy(J)TH» y3Hra xoc p-n- yniiu BaiHtfiacHHii
6a>Kapa, TH. HaTHHcaua, MyKaMMan TexHOJiorun 6RnaH TaHepjiaman
nojiHKpHCTanji «Phm yTKa'ii HM nap/jajiapn onp nelia 103 MHjjjiHOHjia6 3JieMeHTap
Kyeui 3JieMeHTJiapnHH y3 HHHra ojiraH «yjiKaH» Kyeui 6aTapeajiapnHH xochji
KiiJiaflii. Byn/iaii «cynep Kyeui 6aTapea» jrapuHH apaTMiu TexiioiiornacHHii
Huidia6 miiKimnimu (})m3hko-xhmh}ibhh i])yH/iaMCHTciji acocjiapHHH Huuiao
MHKHU1 3apyp; 4) Kyem 6aTapeajiapn y3JiapHra TymagTraH epyrjiHK
3HeprnacHHHHr Mab.’iyM KHCMHHHniHa sjieKrp )HeprnacHra afijiaiiTHpaaH.
Kojiraii epyrjiHK sncprHacn 4>oftflacH3 HYKOTHuuiapra KeTaflH. MacanaH,
KaiiTHUi, KiTHjiMaH yTii6 kcthui Ba (])otjD3kiiib 6yjiMaraH iothjihui Ka6HJiapra
capcjjjraHaflH. BynJian rauiKapH » Phm yTKa'irngra KrrH.iraH (JjOTOHjiap xochji
KHJiiaH ‘')jieKipoH-reiiiHK /Ky(j)rjiaphhhhr xaM hmkh iiyKOTHiiuiapH xaM
Ky3aTHJiajiH. MacanaH, peKOM6HHaiiHOH fiyKOTHiujiap hlhh tok omiaH Gofjihk,
30Ha HMii.iai !i yTHUiJiap 61i-iah 6ofjihk flyKOTHUjjiap, aiHH KynjiaHHiii SiuiaH
anoKaaop nyKOTHiiuiap Ba \OKa30.

Byii.aaR sHeprua fiyKOTHUIiJiapiiHH xuco6ra  o.na.fjHraH, yJiapini
MHHHMyMra KCJiTHpnuj hmkohhhh SepauHian Kyeui Sarapea.iapH

jioiiHxajiapHHH  HiiiJia6 hhkhui 6aT>3HJiapH xaKiiua KHCKana MatJiyMOT
KeJTTHpaMH3.

A mop4) KpeMHHHHHHr Kyni'Hua MOfIHM"HKauHajiapH (a-Si:H, a-Si:Ge:Hj
ITI>-a-Si:H Ba Sn b2-t/-Si:H ) MaB>Ky,n. IOKopn KynjiaHHUi Ba KyBBaTjin Kyeui
GaTapeajiapw ojihui yiyn awopcji KpeMHHHHHHr Kyeui SJieMeiruiapHHn KeTMa-
KeT y.iao Kyem 6aTapeaJdiapnHniii KacKaa cncTeMacHHH xochji khjihiu MyMKHH.
ByH/iaH KacKtm cHCTeMajiapHHHr acocHH KaMHHJiHIH yjiapjja KHCKa yjiaHHUi
tokh khhhk 6yjiH6, CHCTeMara  KHpyBMH Kyeui 3jieMeHTJiapHHHHr
HOMHHajiJiapHHH SapKapopJiHrH axiuH ypramuiMaraH. Yjiap xaKH/ia
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Ma-bJiyMOTJiap 03. EpyrjiHK Kaoyji KHJiafl[Hran cwpTHHHHr 103a MafeoHH KaiTa
SyjrraH 3MOp4) KpeMHHH MOAH~HKanHHJiapHflaH acanraH

roKopH caMapanw
Kygni 6aTapeajiapH apaTHiu ynyH sjieMeimispAa

coanp 6yjiacTran
acapaeHJiapHH nyKyp ypraHHiu Ba VJiaP 5kiJiaH MaTePHa+ xycycHHTjiapH
opacHflara SorjiaHiiui KOHynHjrrnapMHH aHHigiaui KepaK. By HyHajTHiu.ua ojihO
6opHJiraH Ta”KHKOTJiap HaTHacacwAa ronKa napAaldiapHAaH K)KopH caMapajiH
Kyem 6axapeHJiapH apaTHiu MyMKHH 6ynraH apHM yTKa3rMM MarepHaiuiap
chhi})h aHHiyiaHAH. ByHAaH MSTepnajuisp KaropHaa KyHHuarnjiapHu ajioxHiia
KejiTHpniu MyMKHH
KCjiTMpH.iraH):

p-Zn4sh3 (1,2), Cd4Sh3 (1,25), P-Znb(l,33), CdSiAs2 (1,55), ZnSiAs,
(1,75), Bi2S, (1,3), Sh53(1,7), PbSnSeX(1,05) Ba WSe2(1,35).

3HcpiHHHMnNr  ajieMeHTJiap HHHAara fiyKOTmuJdiapHHH KaMaHTMpmu
MaKcaAHAa, Kyeui oaxapouiapHHHiir KacKajt™ cwcTeMajiapHAa MaH sranraH
30H3CM KeiirjimH 6vmaH cj>apK khjivbmh xap xhji apHM yTKa3rHH.nap;iaii
4>oiiAanaHHAaAH. KacxaA CHCTeMaAarw KeTMa-KeT yAaHran Kyn coHAam xap
xhji  cneicrpjiapra  MyjiaojuiaHraH spHM  yTKa“rvw

(KaBCJiapaa MaH 3THJiraH 30Hajiap KeHtjiHrn 3-B JiapAa

napAanapn Kyem
cneicrpMHHHr icynpoK khcmhhh ioth6 ojihuihh TatMHHJiaO SepaflH. KacKaAra

KHpyBMH 3neMeHTjiap cohh Ba yuapHHiir MaH 3THJiraH 30Hacii KeHmMrnHH
TyFpn TaHAa6, toKopn <DHK ah Kyeui GarapeajiapH ojihiu mymkhh (Macanan,
OMK 30% AaH IOKopn 6y;iraH).

EyHAafi Kyem 6aTapeajrapnHH 3M3J1A3 acaiiniHHr hkkh xha ycyjiHnn
t3kjih(J) khjthui MyMKHH (17,18-pacMJiap).

17-pacM. Maxcyc (jmjibrpjiM Kyem 6aTapesuiapn.



fagmajU<UMT*p(i&u

— <on.Aajua.

Pd- 777777777// //////////—TinX.

A a-sh W
Mo —T

18 paCM. Kyn KaraaMJiH Kyeui f)arapesuapn.

Hhdhhhh vcyjiaa. ctipTH ofinacHMOH KHjiHHraH Kyn

conxiam
sjieMCHTjiapaan TauiKH.n Tonran

Maxcyc (ImjibTp KyJdiaaHMjiaaH. (tnuibipra
Tyuiran epyrjiHK aaciajiapra 6yjinmi6é Keiaaii. Xap onp epyrjmK aacxacM
cneKrpHra Kapao, Kyem oarapeaeH TapKHOiinarn y3Hra moc sjieMeHxra
wyHajiTHpHjiaaH.

Mkkhhhh vcyjiaa MaH KWAMHraH joHacH KeHrjiHra x,ap xhji 6\;Jiran apHM
yKTa’sru'i maiephaiijiaphhmitj napaanapH ycxMa-ycx khjihe >rcoHliauiTHp»Jia,au-
ByHflati Kyn KaTJiaMJiH Kyem 3JieMeHTTT,iani apHM yTKaaraH napaaajiapn
myHaafi *oilnamaflHKH, yHHHr ycTKH cnpriiaa KeHr 30H3jth Maiepnaii
/KOHJiaiiianH. YH/iaH KeiimiiH apHM yrKa:irnli lonKa napaaiiapw MaH STHJiraH
30Hacii Kenrjinrnra Kapa6 (KamMaftnm Tapra6Hfla) >Koiijiaoia;in. EpyrjiHK
TymaeTraH cupxaaii Somjiaranaa f)iipnH'iii GyjiraH 3jieMeHx/ia KaTTa SHeprHJUiH
<j)OTOHaap kithjihS KOJiaan. KpJiraH khcmh hkkhhhh sJieMeirrra yxaai-i. Y xaM
cneKrpHra moc KejiraH SHeprnajin (i)OTOHJiapm-i iotho, y3H ynyn «eT» OyjiraH
(j))OTOHJiapHH KeJdirycn KaniaMra yTKa3H6 io6opa.un. LUy TapHKa xap 6np KaTJdiaM
y3nra moc cheicrpaji iapKH6aarn cJjotohhh Kabya khjihe, kojii aHJiapn KeJirycw
KauraMia yra6 KeraBepaan.6yHaaii jioHnxa Kyeui cneKxpi-marH HypjiaiiHimiHHr
KynpoK KHCMHaaH “‘oRaajiaHMUi hmkohhhh 6epa.au. lily xnco6Hra OHK
opTaaH. BynaaR Kyem 6axape5iJiapnHMni vm saeMemjiM KacKaaw yLi\H
KVHHaarH apHM yiKajr hm MaTepnajuiapH KaTopHHH TamiHc)) khjihiu MyMKHH:

CulnSe2 (1,1 38) - AgInS2 (1,9 3B) - CdS (2,4 3B)

6y
MaTepnanaapHHHr KpncTajui

naii>Kapa napaMerpaapM hkhh 6yjin6. yaap
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opacHAarn (JmpK 1% flan ouiMaftAH. Ey.waK y i sJieMenTJiH Kacxaa yiyn OHK

\acKafljiH cxeManapHH mohojiht yMyMHH 6a3a acocnaa apaTHiu xaM
mymkhh. ByHflafi wieMeHTJiapapo

xycyciwrjiapiwWH KenHO hhkh6
CTpyKxypajiapHH acaui
ouiHpmiiHHHr  KyJiafi

yjmHHiimp cxpyKTypaHHHr hhkh
aMajira onmpunaflH. Mohojikt
xexHononucH anna MypaKKaG 6yjm6, yaw aMajira
ycyjuiapH Toratnca caMapanH Kyem 6arapemapH
apaTHiufla Myxhm KajiaM 6ynaflH. CaMapaflopjmra rowpH 6ymaH, rarra OHK
6njiaH HiujiaRfl[HraH Kyeui 3JieMeHTJiaPH aparHin fiyjiHflara yuiéy (JjyHAaMeHTaji

mrannHKOTJiapHHHr MyxaHAHCJIHK e-iHMJiapHHH Tonnuiaa wsnaHmunap o0jih6
60pHJIMOKaa. y36eKHCTOH mapoHTH/ia

KacKaa

xaM 6y hjimhh HSjianHiiuiapHH
<}>aojuiauiTHpHU) 3apyp. Kyn KaTJiaMJiH 6aTaPeHJiaPHHHr xap _6np:

ea mohojiht Kygiu 3jieMcmJiapHHNHr caMapaflop.nHrmiH, <DHK hh jierapjram
(6a30BHH sipHM yTKa3rHMra eT 3J.eMeHT aTOMHHH khphthiu) nyjiH 6hji3H
opTTHpHin?y 3*MeHTH KeHr aoHajiH MaTepnajijiaH <}>oitaajiaHH6 acanraH
XOJiaTJiap”a, 6y hPhm yTKasrnnra eT 3JieMenT aTOMJiapn ™ P «™ ca’' ~
aTOMJiap MaH KHJiHHraH 30HaAa KyuiHMna 3HepreTHK caTXjiap xochji KHJiaflH. By

caTXJiapra moc KenyBHH cneKTpaarw <J>OTOHjiap iothjihS KoOJiaflH. HaTH"aaa

Kyem DJieweHTura TymaeTraH cneKipHHiir KynpoK khcmh iothjihé, sjieicrp
DiiepraacH xochji khjihhbah. Man KHJiHHraH 30HacH«arH sneprerHK carxnap
CGHHHHHr OPTHUIH Ghjieh Kyem MeMMTTHHHHr OHK
6orjiaHNnmHH 6mra p-n-
nerapaBHH OHK

xaM opraflM/ By
yTHiium Kyem sneMemH ynyH KyjuiaS, ynn
hh XHCo6jia6 Ba xHco6j.am HaTH>KaJiaPHHH

rpatpHK
KypHHHmMaa H(J)o/iajiaui MyMKHH (19-pacM).

19-pacM. Kyem 3-icMeHTjiapnHHiir OHK eay acajiraH m ow raKHoanraH sonacn
KenrjmrH opaciwarH 6ofJiaHnm.

A<DH 3JieKTpH SHJiaH TaHHUIHUIHH HCTaHCH3MH?

MHCOiuiapHHHTr Slieicrp 6Hj.au 6hPhhhh TaHHiuyBH xaKHfla e>kohh6 kh3hk
acbcoHanap 6op. KypvK comiih KopoHi n woftaa TapoK 6hji3h Tapacanrns GaisaH
Mafiaa yinyHJiap mhwwh Ba cannum iHpciuuiaraH obo3 3umTHJiafl[H. Ammo 6y
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KyncH3 Ba 6e03o0p yliKymiap aaxuiaTJTH Ba KyqjiH auiHHHHHr KOH-KapaOum
6yjica, apaHr auiHTHJiapiiH HHpcHJiJiaui obo3h KarrMK MOMOKajianpoKHHur
KapHHHOUIHfIHp.

KHuiHJiap 6yHflak xoancajiapiiH KaaHM-KaaHM 3aMOHlJiapaa naHKaiuraH.
}JKyH rmnaMa 6miaH HiuKanraH K3xpa6oHHHr noxoji aouanapHHK, nap Ba
6ouiKa eHrwi HapcanapHH TopTa 6oiujiauiH spaMH3aaH ama ojwhh anniyiaHraH

FpeK /IOHHLUMaiijuiapH Kaxpa6oHHHr 6y xoccacaHH yHaa Maxcyc «pyXx»
6op.mirH.aaH ae6 MTOxnaraH.

ByH/iaH TaxMHHaH yq MHHr hhjih3 MynaaaaM FpeuHaaa Oajiec aeran
4>hjioco(J) auiaraH. Yhhuf kh3h SyjiraH. By KHi em 6yjica xaM *yH HurMpHUJHM
6HjiraH 3KaH. OracH KH3Hra *yH HHrHpwiu ynyH (Jjhhhkhhjihk ycTanap acaraH
Kaxpa6o yp'iyK hhi.om khjihoah. Kyunap/iati 6hP KyHM k«3 ypnyKHn cyBra
TyuiHpnS iooopH6aw; cyBaaH ojiraHnaaH cyHr ypnyiyiarH cyB TOMHwiapHHH
arHHflarH acyH kmhhmhhhhi* 6wp MCKKacw 6HJiaH apTa 6ouuia6aH, apTn6
6yjiraHnaan kchhh ypgyKKa wyH TonajiapH ennuiH6 KOJiraHHHH naHKaSaw.
YpgyK xann x7ji 6yjica KepaK ae6 yftjiao, yHH auazia KarrHKpoK nuiKajia6aii,
a(Jd)cycKii )KyH TOJdianapn ypnyKKa Gairap enHuiM6aw. By xoflwca chhmkob KH3ra
rajiaTH KypHHH6fIH, oracHaaH jorypH6 60pH6, 6y rapofiH6 xoancaHMHi
ca6abnHH atmiS 6epmiiHn cypaSan. <I>anec kh3hhhht aihraHJiapHHH 3ihhth6,
xafipaTfla kojiho/im Ba HHHaKaM (jjHiiococj) SyuranH yqyii kh3hhhht
KHJiraHHHHHr aapxoji TaKpopjiaojjH Ba xoaHcanH TeKumpa 6ouuia6,an.
TavKpn6aaa kh3hhhht afirraH (jjHKpjiapH TacawiyiaHHGaH. By BOKeaaaH kcMhh
Oajiec K,axpa6oaaH acanraH 6ouiKa ypnyK, aonpa Ba raexjrapHH xaM wyH 6mji3h
HuiKana6é Kypran axaH, Haraaca TaKpopji3HH6aH. Kaxpa6o rpema cy3 6ynw6,
«3JieKTpoH» aeraH MatnoHM 6HJiaHpaaH. SneKrp aeraH hom xaM ana inyHaan
kcjihé HMKKaH. KefiHHHajiHK uiHLua, ojiTHHryrypT, cMOJia, npo6Ka, HnaK Ba
KynraHa Moaaajiapaa, MacanaH, KanpoH TOJiacHaa xaM Kaxpa6oxiarH xoccanap
6opjinrn  Mai>jiyM 6yJiaH. MeTajuiapHH, Sfoh pe3HHaHH KanpoH ra3JTaMa
epaaMHfla 6wp GeManoji ajieicrp/iaiu MyMKHH. ByHHHr yqyH KanpoH ra3JiaMa
6Hjian Hena ypwui 6kh HiuKaui kh(])oh.

LUynaan khjih6, >SKMCMjiapHHHr sjieKTpjiauHiu cabaon - HiuKajiaHHiu ae6
aHTHIIHUIH vKyaa TyrpH 3K3H. }JKncMJiap HiiiKaliaHH6 sjieicrpjiaHraHaa yjiapaa
KaHaafl xoawcajiap pyft 6epaan? By caBOJiHHHr mbo Sbhh aTOM Garpnaan
TonacH3. Xo3Hpaa aaeicrpHH «Kynra ypraTHiura» Myaccap 6yjrnnaH; 3hc«h,
3JieKTp Kaira 4»onaa KejiTnpMOKaa. 3neKTp SKepmacH oliHiiiHHHr acyaa Kyn
ycyjuiapH aManHgrra awlJiaHaH. MexaHHK 3HeprHsaaH, HccwiyiHKaaH Ba
epyraHKaan saeicrp 3Heprnacn ojihuj hhcohhht yqgyH oaaTaara $aoaH»T 6ynn6
KOJiaH.

EpyrjiHKaaH saeicrp ojihuj xaxnaa 6Hpo3 4>HKP topHTafciHK. Hhcohhht
OJianaa MaB»cya 6yaraH ep octh Ba ep ycTHaara 6KHJHH-3HepreTHK
3anacnapaaH Terca6-Tepra6 (JjoflaajianHUjrHHa 3Mac, 6anKH >3mhhthh
«abaaHM» 3Heprna 6HJiaH Tai>MHHJia6 TypyBHH cHMac aneprua ManSajiapHHH
KHaupn6 Tonniu Ba hhcoh H3MHra 6epHiu B33M<J)3CH 6op. KejiawaKaaiH
aneprnara 6ynran 3xthc>khh KOHanpa oaaanraH acocwR MaH6a — caxoBaTJin

Kyeuj 3Heprnacuanp. Kyetu conacTran 3neprHannHr MHajiiionaan onp



6yjiarnnaH xaM KaivipoFH Epra cth6 Kejiaan. K)3aKH Kapauwa 6y *yfla 03ra
~xuiaiiflH. Ammo ep K)3Hra era6 KejiaanraH epyrjiHK 3HeprHHCHHHHr yMyMHH
MHiyiopH XHCo6jia6 HHKHJica, yHHHr >Kyfla Kyn 'jKaHJiHrH MatJiyM oyjiayH. By
MHKUop Ep,aarn xaMMa sjieicrp cTaHUHHJiap.ua Hiuna6
3HepiH5ij(aH 32 MHHr Mapra Kyrmwp.

KaHH sham Kyeui HypnapH 3Hepraacn ajieicrp sHeprnacH 6yJiH6, CHMjrap
opKajiH io6opHjica!

0O0TO3JieMeHTHHHr Kami}) sthjthuih Kyem

HHKapmiaerraH

HypniiH sjieKTpra
afijiaHTHpHMHHHr hhth HCTHK60;uiapHHH ohh6 6epxiH. LLly caoaoiiH HHeoHJiap
Kafl[HMflaH Kyemra yHHHr gpyFjiHrn/iaH sjieicrp ojiHiura hhthjih6 suuamraii. By
coxaua OHprntMMjiapflaH 6yjiH6, <J)OTO3<j)c)eKTHH KamcJ) nuldiraH (1879 Rhji)
HeMHC (j>H3HTH F. TepuHHHr nmnapH /iHKKaTra ca30BOpanp. (<DoT03<J)<J)eKT -
epyrjiHK TabCHptw MeTajui cupTHaaH sjieicrpoHJiap hhkhiiihahp. By TauiKH
<POTO3(>()eKT. HmKH (})OTO3(])4)eKT - KaTTHK JKHCMJiap epyFJTHK TaiCHpH”"a
aTOMJiapHAarn  3JieKTpoHJiapnHHr -jHepreTHK  xojiaTJiapn 6y«HHa Kafrra
TaKCHMJiaHHLUHfIHp). <t>0TO3<J)(J>eKTHH 1888 HHJIfla SvipHHMH 6yjlH6 pyc 4>H3HrH
A.F. CTOJieroB CHHHHKJia6 ypraHflH.

KeliHHManHK (jKnoscpcjjeKTHH apHM yTKa3niM MaTepnaiuiapfla ypranHiu
HaTH*acHaa <J>0TOKapiuHJiHKJiap, (jDOTO"Hozurap, 4)0T03JieMeHTJiaP Ba Somsa
K)3Jia6 3aMOHaBHH, epyrjiHK 6HjiaH HixuiaflflHraH ac606 Ba KypnjiManap Hcanan.

<t)oro3JieMCHT KHHKHHa sueKTp cTaHUHH 6y.nn6, epyrjiHK 3HeprracHiiH
3Jieicrp 3HeprHflcnra aitnaHTHpH6 6epaflH. X°3npaa HmjTaTHjiaeTraH (kocmhk
KeMajrapaa, Ryjiflom~apaa Ba 6omKanapaa) (JjorosjieMeHTjiapaan nGopai
cTaHUHHJiapHHHr KyBBaTH yHiajiHK Karra 3Mac. Oa6pHKa Ba 3aBoajiapMMni,
KHmMJIOK xyxcajiHrH Ba TypMyiu 3XTHS>KJiapHMH3 ynyH Kama sjieicrp 3Heprnacn
KepaK 6ynca, ymaHMa ajieicrp 3HeprH»CHHH Kyeui HypjiapnaaH ojih6 6epa
ojiaflHraH KyBBaTJiH CTaHuna Bya<y,ara KejiTHpmica snepiHa MyaMMOCH xaii
enJiraH 6yjiap 3flH.

HjrrapH SyHHHr mjiovkH fiyKaeK KypHHapan. Ooto3.iiemehtjiap”~a 3Jieicrp
SHepraacHra aRjiaHTHpHjiaaHran Hyp sHepiMHCHHHur canMOFH xcyaa KaM;
SyHHHr ycTHra, 6ouiKa jkhaahh KHHHHMHJIHKJiap xaM 6o0p. JleKHH kchhui h
BaKTfla KpeMHHHjiH Ba SomKa apHM yTKa3rHHJiapflan <$0To03JieMeHT sicajuin
KaTTajinrH xaB<}>CH3 ycTapa nnnorHHa KenaaHraH KpeMHHH njiacTHHKanap/iaii
Ty3HJiraH Ba yMyMHH cbtxh a.afyTap caTxnaaH omMaRflm aH 6aTapeajrap Kyem
Hypn SnjiaH gpHTHjiraHaa KynMa paaHoripneMHUKjrap ynyH eTapjiH sjieKTp tokh
6epaflH. LilyHflaR <})0TO3JieMeHTJiap KyruiaS HiiuiaS HHKapHJica KopaKyM
nyjiHHHHr  MHHr 6np khcmhhh my <9oT°aneMeHT),aP 6HJiaH Konjiafi,
MaMJiaKaTHMH3HHHr 3HepreTHK 3XTHeacnapHHH ryjia KOHanpnm Ba sjieicrp
CTaHUHSuiapH.ua KyMiip 6HJiaH He<j)Tb, ra3 SKHmaaH BO3 kchh6 skojioihk
HHKHpo3ra xaM MaiJdiyM MHKaopaa MeK KyHHJiraH 6yjiapan.

ByiOK HCTHiyioji 6y aacoKn6 HCTHKG6ojira my6xacH3 Karra Ryji OMa/in Ba
yHH « skhh» KejiaacaKKa afijiaHTHpaflH.

KpeMHHHJIH (J)0T03JieMeHTjiapflaH H6opaT «HepenHua» GnnaH £nnjiran
tom yfiHH coByKflaH Ba gMFHpaaH caKjiamH on”an 6np xaTopaa, gneicrp flaBMOJi,
BJieKTp njiiiTKa, cyB KaHna'ini). xojioamihHHK, paanonpneMHtiK, TeJieBHiopia
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xaM tok Tepa onam. Byiwaft nepennua: <})OT03JieMeHTJiH tom Knuina 6hhohh
HCHTCa, capaTOHfla coByraflH. AKKyMyjimopzian (JioHflajiaHnnca,
ajieicrp aHepraHCHflaH Kenaro-Kynziys x,ap KaH/aaii
MyMKHH.

ByH~”afl sjieicrp MaH6anapH Ep cyH-bHH KyjmoiujiapH ynyH *yaa Kyjiaft.
Kocmhk KeMajiapra ypnarajiraH (JioTOOjieicrp cTaHunajiap (Kyeui 6arapesiJiapH)
acyaa {J)aBKyJUiofla wapoHT/ia hjimhh TajiKHKOTJiap ojiuS SopHiu ynyH 6apna
aBTOMaTHK (Ba HoaBTOMaTHK) ac6o6jiapHH tok 6HJiaH T&bMHHJiafiZiH. Kyeui

KyeuuiHHi
06-xaBoaa c”oftaajiaHHiu

sjieicrp cTaHUHajiapH Huuia6 ‘iHKapaju-iraH «epyrjiHK tokh» jikhh opafla ajieicrp

3HeprHsicH xochji KHjimuHHur 3Hr oahhh Ba ap30H ycyjw 6yra6 KOJiaAH.
O0TO3(J)(])eKTHH tonKa apuM yTKa'irH'i

3ij)()eKTHHHr o~HJiHuiHra 0jih6 Keji*M.

1946 HHJifla CTapKeBHH, Cochobckhh Ba CHMncoHJiap
ce3yBHH apuM yiKa?in'i

KauiaMJiapra ypraHHui AOH-

epyrjiHKHH
KaTJiaMjiapHH Tanepjiaiu acapaeHH.ua epHTHJiraH
KaTjiaMJiapaa K)KopH KyuianHui xochji 6yjiHuiH MyMKHHJiHrHHH ceiHumn.
Bynaaii ionKa KaTnaMJiap BaKyyMjia 250°C aTpo(j)HAa KH3/inpHJiraH
TarjiHKKa GyrjiamnraH KypromHH cyiibtJiHxiHHH ~"TKa3Hui PiyJiH 6njraH TarJiHKKa
OJiHHraH. KyHJiaHHUi xaM 6epn6 KyiiHJiraH 3flH. ByHfla epHTHJiraH KaTJiaM/ia
xochji oyjiraH ()jOTOKy'MJiaHHUi 2 BojibT 6yjiraH. MpuM yTKa3rHi MaTepHajiHHHr
TaKHKjiaHraH 30HacH KeHrjiHTH AEt= 0,4 sB skshhhh xnco6ra ojicaK, 2 B acyaa
IOKopn aHOMaji KyMJiaHHiu XHCo6jiana™H. ~vhkh, MaBwya na3apnsira acocaH

epyrjiHK TatcHpHfla xochji 6yJia.nnraH 4)OTOKyHJiaHHmM MHKflopn TaKHKHJianran

30Ha KeHrjiHra 6hjmh ierapajiaHraH 6yJiaflH (aww, V,h<— TapTH6Hfla

6yjiHUIH uiapT).
ABTopjiapHHHr (J)HKpnMa, TarjiHKKa KyfiHJiraH KyiJdiaHHiu MaH<j)HH Ba
Myc6aT 3apaanapHH ajKpaTaaH. HaTHwaaa

KpHCTanjiap nerapacH/ia
opHenTauHajianraH notchunaii Tycniyiap

xochji 6ynaa,H. By xyciixjiap
KHCJiopofl HoiidiapHHHHTr nyiiHJiraH KyMJiaHHiu uyHanHuiH GyKjrao
ﬂH<|>4>y3H5JiaHHUJH HaTH»cacHfla co/inp GyjrafIH Ba MainyM mhkjiop
(j)OTOKyHjiaHHuUi XOCHJI KHJiaaH. By (])HKpJiapHHHr xaKHKaTra KaHnajiHK skhh ckh
y30KjiHrHHH 6h3 KejirycH/ja aftTaMH3.

EpHTHiu HaraHcacHfla I0OKopH KynjiaHHUi 6epyBHH KauiaMJiapra kh3hkhui
1958 hhji MaTéyoTfla sunoh KHJiHHraH rieHcaK Ba r QlibzuuTefiHJiapHHHr [1]
HuiJiapHaaH cyHr aB* ojihh. Ynap y3 HuiJiapuaa TejuiypHfl KaflMHH
MaTepnajiHaaH TaftepjiaHraH KaTjiaMJiapaa yfl TeMnepaTypacHAa TaxMHHaH K)3,
cyioK a30T TeMnepalypacHaa sea MHHr BOJibT (f>OTOKyHJiaHHUi
MyMKHHJiHrHHH KypcaTflHJiap.

AKaaeMHK 3.H. A~”hpobhm HuinapnaaH [2] cynr 6y aHOMan
(N0 T03JieKTpHK xoaHca A<t>H-3(J)$eKT /ie6 iopHTHJia GouuiaHfIH. (By 3(j)(j)eKTUH
6h3 KejirycHna KHCKana A<t>H Jie6 iopHTaMH3). By 3(])<J)eKTHH ypraHHiu, apHM
yTKa3rHHjiap (J)H3HKacH ynyH, KOJiaBepca ioKopn (JjoroKyHJiaHHiu ojih6, yHH
aManHH MaKca/ylap/ia MiiKposjieKTpoHUKa,

ojihui

oriTOSjieicrpohhKaHhhi



pHBOKJiaHHIUH ywyH XH3M3T KHJWHpHUI
MacajiacHfIHp.

FleHcaK Ba rojibfliiiTeftHJiap (OKopn KynjiaHHiiiHHHr xochji 65>jihujhhh
wy.ua Kyn p-n yTHimiapmiHr rariKa KaBamaptiHH TaHepjiaiu acapaeiiHjia xochji
6yjiHiuH Ba ynapHHHr KeTMa-KeT wofiJiauiH6 yjiKaH conaaih
MHKp0(J)0T03JieMeHTJiapflaH (p-n Ba N-p yTHuijiapaaH) n6opaT 4>0T06aTapes
xochji khjihiuh 6énjiaH TymyHTHpnuiflH. JleKHH 6y MO.ae.ji HHMa ca6a6«aH pP-n Ba
N-p yTHiiiJiapaarH <j)OTOKyMJiaHHiil.nap 6np-6HpHHH HyKOTHuiMafi/iH
caBOJiraTyna 2caBo6 6epa onMaraH.

1911 hhjih yma “aBpuHHi

3T>TH6opra JIOHHR, Uiy KyHHHHr

jreran

3Hr hhphk 4>H3HKJiapH 34 emjiM AjibOepT
3HUJTeHHHH npyccHH aKafleMHHCHHHHr xaKHKHH ab30JiHrwra cafijiaiu ynyn
TaBCHH 3THUIAH. TaBCHSHOMazia, KyfiHflarHJiap xaM e3HJiraH sah:

«YMyMaH,
aftTHUI MyMKHHKH, 3aMOHaBHH (J)H3HKaHHHr A.

3HUITCHH CajIMOKJIH XHCCa
KyuiMaraH 6npopia MyaMMOCH fiyK. Arap aftpHM H3JiaHHUiJiap, MacanaH, yHHHr

gpyniHK KBaHTH xaKHflarn rHnoTe3acH MaKca”ra ojih6 KejiMaraH 6”7Jica, 6yHH
yHHHr aftén ae6 GnjiMacjiHK KepaK, MynKH hhth roHJiap mirapn cypKnran.ua,
aftHHKca 3hhk 4)anjiap 6yHHia TaBaKKan KHJiMacjiHK mymkhh 3Mac».

A<t>H yra noe6 xo/wcajiap KaTopHra khph6, yHra MaHcy6 6yjiraH
a*OHH6 xycycHHT Ba xHCJiaTJdiapHH aMajiHH MakKcaaJdiapra ByHanTHpHiiwarH
HJirapH cypHJiajiHran $HKp Ba jioKHxaJiap.ua xanaa A<DH hhkh aynecHHH
OHHiuflarn TaxMHH Ba hjimhh (J)apa3jiapaa MatJiyM flapaacaaa TaBaKKanjihk
KHjiHHramiHth xaM hxuih Haraacajiap 6epsH.

AOH acab ojinhinh HCTacaHrii3
A<DH-KaTJiaMJiap acocaH BaKyyMua MaTepnanHM TepMHK nyji

6yrjiaTHJiH6 oJinnajiH.
BaKyyMJiH KypHJtMaHH ojiuhh

SmiaH

<J>opBaKyyM Ba flH<})4>y3HOH Hacocjiap
SHjiaH hhfhui MyMKHH eKH TaiiSp KypHJiManap,uaH 4>0HflajiaHHin xaM KyJian.

IOnKa KaTJiaMJiapHH TaHepjiaw.ua fIH(j)4)y3HOH nacocaan er
MOJieKyjianapH KaraaM TaRepJiaHaeTraH KaMepara KHpMacjiHrw KepaK. MyHKH
6yH,uafi MOJieKyjiajiap KonjiaHaeTraH chpthh 3raiuia6, AOH-KaTJiaM cn”arara
TabCHp  khjihuih MyMKHH. Ef MOJieKyjianapHHHHr  huihh KaMepara
KHpMacjiHrHHH  TabMHHJiam ynyH er KaHTapran HUiJdiaTHin MaKcaura
MyBO(j)HKaHp.

BaKyyM KaMepauam cnfipaiaiaHHiu aapaacacHHH sxuiHJiaui yiyH «a30TjiH
TyTKHHJiap» HumaTHJiauH. ByHAan iyTKHHjiap cyioK a30T ep/iaMH/ia coByra$S
TypHjiaaH. TyTKHM er KafiTaprHH 6HJiaH 6npra fIH()()y3HOH HacocHHHr iokoph
KHCMHra ypnaTHjiajiH. Yjiap cyB, 6r 6yFliapHHH y3H.ua TyTH6 KOJiaun. ByHHHr
XHCo6Hra huihh xaacM.ua «T03ajiHK» Ba cHHpaioiaHHUi aapawacn opTaun. Eab3H
MarepnaJduiapaaH AOH O0JiHUi.ua yTa toKopn CHfipaiuiaHHui Tana6é khjihh3ah
A10” mm chmo6 yc.).

Bynflafi xojuiap.ua Maxcyc iokoph BaKyyM thtbh Hacocjiapii HuiJdiaTHJiaan.

BaKyyM.ua TepMHK yTKag3iiui fiyjiH HHc6aTaH Kyjiafi, uiynHHr ynyH Karra
W3ajiap.ua xaM foriKa KaTJiaMJiap ojihuj hmkohh Sop. OjiHHraH KamaMJiap



TattepjiaHHuiHra moc xon.ua aMoptf), nojiHKpHCTajui Ty3HJiHUiJiapra 3ra GyjiHiuH
MyMKHH. Xap Kanflaft lonna apHM yxKa3rHH KamaMJiap ojihui ko5u A<I>H-
KaTJiaMJiap ojiniu,na xaM aHHK onraM&n pe>KHM Tonmu aapKOp. ByHHHr ynyH
Tawpn6a Hyjw 6mian xap Sup MaTepnan ynyH 6yFjiaTHin Te3Jinrn, TarjiHK
TeMnepaTypacH, huihh xaiKMnarn 6ochm, CyFJianaeTraH MaTepwajiHHHr
MOJieKyjiHp OKHMHHHHr TarjiHKKa TyuiHLU Gypnarn KaSu napaMCTpjiap
TaHjranHuiH KepaK. XaP onp Marcpnajman A<t>H Taiiepnam TexnojiorHsicHAa
y3Hra xoc TOMOHJiapH 6yjia/iM. MacanaH, 6ai.3n MaTepnaJTJiapflaH AOH
TaHepnauufla, 6yrjiaTHUi wapaenvwa eT apajiauiMajiap apanamTHpHiu KepaK
oyjiaan. BaMHuapHHH GyrjiaTHG, Taftepjiafi ojiHHranaan cyHr BaKyyMAa ckh
Gnpop ra3 MyxHTn.ua TepMHK huijiob 6epniu Tana6é KHJiHiiajiH. UlyHflan khjih6,
MyawHH MaTepwan xycycHHTJiapHaan KCJIH6 hhkhG, yjiapHHHr xap 6hph ynyH
TexHOJiorHK wapaeH TaHJianajH. OnTHMan TexHonormc napaMerpjiapaan 03rnna
neTra hhkhiu KaBaTJiap.ua AOH HHHr mvtjuiko iiyKO-iHiunia ca6a6 6yjiaAH.
Acochh napaMerpjrap KaTopnra TafiSpjiaHraH KaBaTJiapHHHr KaJiHHJiHrm (d)
xaM KHpa~H. KyftnaarH scaflBan/ia 6ab3H MaTepnaidiap ynyH onTHMan

TexHQjiorHK riapaMeTpjiap KeJiTHpHjiraH:

>IpHMyTKa3rHM Bochm TarjiHK EyFjiannu K_,aTji-aM
MaTepnan P, Top. TeMnepaTypacH Gypwa™ KaiMHjmrH
T°C d, MKM
CdTe 10'5 250 30° 1
Si 10'6 300-500 45° 0,1-3
Ge 10'4 200 40° 0,5-0,1
Ga As 10'5 50-100 45° 0,2
GaP 10 80 60° 0,1
PbsS 10" 250 45° 1-0,1
Sb2Se3 104 200 40° 1,5-2

TarjiHK CHtJiaTHAa K)3acH CHJUiHKJiaHraH 6Hp tkhhcjih uinrna njiacTHHKa
HiujiaTHJianH. A<J>H KynjiaHHui KHHMaTH TarjiHK Typnra xaM Gofjihk. Bab3H
MaTepnanjiap ynyH io3acH ciuuiHKJiaHraH 4>ap(J)op eKH uHTan njiacTHHKanap xaM
HuiJdiaraiu MyMKHH. MaTepnaJUiapHH 6yFjiaTHin ynyH Maxcyc ajiioMHHHH Skh
GepHJiHH OKCH/iHflaH TaiiepjiaHraH 6yFJiaTi HMJiap HuuiaTHJiaAH.

PacMjiapzia TarjiHKKa hPhm yrKa3FH4 MaTepnajiHH yTKa3Hiu wapaenH (a),
KaTjiaMHHHr yMyMHH KypHHHUIH (6) Ba TypjiH MarepHajuiapHHHr Maiifla
GyjiaKHanapHHH KeTMa-KeT ahckpct 6yrjiaTHui ycyjiH (b) 6MJian Kyn KaaaTJiH
KaTjiaMjiap Tanepjiain KypHJiMacn Kypcawjiran.

MaTepnajiHH 6yrjiaHTHpH6 TarjiHKKa yTKa3Hiu anoxn”~a KaMepara aManra
oiunpHJiaflH. ByHAaw KaMepara ionKa KaTJiaM xochji khjihui TyrpHflaH-TyrpH
6yFJiaTHiu, fIHCKpcT 6yrjiaTHiu (noprjiaui GiuiaH SyrjiaTHiu), GHp Hena
MaH6acaH AHcnepc 6yFiiaTHUIi 6iuiaH aManra ouihphjihuih MyMKHH.

n



20-pacM. 10nKa spiiM yTKa3mH KaraaMJiap ojihui Kypi-uiMacn

AOH-KaTJiaM xochji KHJiHHagTraH lariiHK HMKapnaaH 6kh TauiKapnaaH
hchthjihiuh MyMKHH. Arap KypHaMaaa hmkohhht 6yjica, TauiKapHaaH
KH3fl[HpHui MabKynpoKAHp. ByHfla 6hphhhha3h HHKapnflarH onepauHaaap
KaMasiAH, hkkhhhiwh neMKaaan 6npop Koafl[HK MOzmaHHHr racoflH "Mfi ynnui
3XTHMOJiJiHrH KyKOJiaAH. ByHHHr ynyH AHaMeTpn khhhkpok 6yaraH KajmoK
HiujiaTHUi KepaK SyaaaH. By 3ca TauiKapHaan MaKcaara MyBo<j)HK TeMneparypa
6epnui ynyH hmkohhst Gepaan.

Ma-bliyMKH, ionKa KaTjiaMjiap Tanepaaiuaa jokoph BaKyyM xochji
Khjihhh6, xcyaa 03 KoaaHK ra3 MoaeKyaaaapH xoaryHHa cypn6 oaHHaaw Ba
acapagH 6epK xa*Maa oan6 6opHaazw. AHa uiyHaafi BaKyyinaa TepMHK ftya
6nliaH yTKa3HuiHH yw KHCMra 6yaHui MyMKHH: a) GyFaaTrHHaaH MaTepHanHHHr
aTOMliap okhmhhm xochh khjihui; 6) 6y okhmhhhf TaraHK tomoh yHHUIn; b)
TaraHiyia KOHaeHcauHaaaiiHW. X,03HprH nafiTaa 6npHKMajin apHM yTKa3iHH
MaTepHanaapaaH ojiHHraH ronKa KaTaaMaapaa CcrcxHOMeTpHHHH caiyiauira
KapaTHaraH 6up newarexHoaomK Mero.onap msb'/Kva:
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a) npuM yTKa3rHH CHpmcMacmiHHr xaivuwa KOivinoHeiiTjiapHHH
aiiencpc SyrjiaTHUi ckii yn TeivinepaTvpa MeToan |3];

6) MypaKKa6 npwvi 5TKa3rnM MaTepnajiHH ancKpeT («nopTjiaiujiH»)
CyfJiaTHiii [3J;

b) 6ymanrnpn6 yTKa3HjTHiu >KapaeHH/ia KauiaviHH (ceKim ynryBHH
KOMiioiieHT 6njian) 6om hthiu.

Bh3 ioKopHfla  KypraH Merofljiap AOH Tawepjiaiu yiiyn Kynafi Ba
CTexHOMCTpHK TapKHSHH caKjiatura hmkoh Sepa/w. Kyn KOMnoHeHTJiH
MarepHanjiapAaH AOH Tafiepjiaui acyna khhhh. MynKii x,ap Slip KOMnoHCHT
ywyn anoxnua 6yrjiaTrmi KHJiHuira, TeMnepaTypa laHJiaiu Ba MaH6ajiap hhfhiu
3apyp 6yjiaaH. By 3ca an4a MypaKica6 Macana. KyriHHMa AOH TaKepjiain
>KapaenH Kaiicn MarepHaji yiyn, Kauflati Meroa TaHlJiauiHH Kypcara6 6epaa,H.
Xap onp AOH ojiHHa”HraH MO/manHHr xycycHHTJiapHflaH KejiH6 hhkh6,
BaKyyMfla MOflgaHH SyniaTTHMjrapuHHr jiofiHxajiapH xaM XHJiMa-XHJi 6ylJiHiun
Ta6HHH 6np x.oaHcanHp.

3 jieMCHTap apHM yKTasni'uiapuM (Si, Ge, Te, Se, Cd Ba 6oiuKajiap)
6yrjiaTHiufla 3JieKTpon KH3anpHiu ycynmiH KyJiJdiaw x,aw MyMKHH. By vycyjT
6njiaH SyrjiaTHiuaa HiujiaTHJiaflIMraH 6yrjiaTrHHjiapHHHr 6ai3n jioflHX,anapH 21-
pacM”a KejTTHpHjn aH [45].

*ISK>

21-pacM. a- roMMHjan SymaHHui; 6 Ky3rajiMac aHO/um oyiJiarmg: b- finrnjiran 3jieKTpon

Hypn 6HJiaH 6yrjiaTTHM; - 3rpn HH3wtnn xieirrpoH nypii 6nnaH Qyrjiamui;



1 6 23, 33- KaroflJiap; 2, 3- tomhh, tomnm coxacn; 5- ano;i; 8- ByrjiaTHjiaaMraH MaTepHaji,
9- THi gjii. B<h ByFJiarrmH, 26,41-KymiaHHin ManCajiapn; 34- jm”~parMa; 35- jjieinpoMarHHT
tjjoKyc.ioB'in CHCTeMa; 43,45,46- MarHHTJiap; 48- cyB 6hji3h coByrom cHcreMacH [45],

CaHTHMeTpaa 100000 reHepaxop

AOH tornyi apHM yTKa3nm KaxnaMH xa>KMHZia epyrjiHK TatcnpHAa

3apH/uiapnHHr KaiiTa TaKCHMjiaHHiuH HaTHScacn SKaHJinrH XO03npaa Kyn
TaJKpn6anap acocnua TacAHicnaHraH. EpyrnHK TaicHpnaa AOH-KarjiaMfla
Tyrmiafl[HraH 3apa&napHHHr KafiTa TaKCHMjiaHHiuH Bywyara KenTHpaflnraH
(jjOTOKyMjiaHMuiHHHr MexaHM3MH yn /Kapaen 6njiaH Gofjihk 6y.THiun mymkhh.

BnpmiMHAaH, 3apstfl TauiyBMHjiapHMHrp-n yTMiuaa aacpamiuiH.

MKKHHMHflan, xap XHJI xapaKaTHaHJiHKKa  3ra 6yjuaH
TauiyBHHJiapHHHTr fIH})<{>y3H5iCH (fleiviSep 3c|)ct>eKTH).

yHHHMHAan, ypHauiraH caTXjiapaa xaacMHH 3apaflJiapHHHr xochji
GyjIHUIH. OXHprH MO/KJTHHHr y3H 4)0TOaH()()y3HSI eKH (])OTOBOJIbTaHK 3(><I>eKT
HaTHwacH xaM 6yJinuin mymkhh.

MatJiyMKH K>KopH aHOMan (>OTOKyHJiaHHUi (AOH) 6epa/iHraH apHM
yTKa3rnH KaTJiaivuiapn 6yFJiaTHJiaeTran Maiepnaji Mojieicyjiap okhmh TarjiHKKa
KHHJia6 (oypnaK ocraaa) TymraHflanwHa

3apsw

xochji  6yjiHuiH TawpnGafla
TacflHKnanraH. Xap KanaaH ionKa nojiHKpHCTajui KaTjiaMJiapHH MaiJiyM TapTH6
6wjiaH woHJiaujraH KpHCTaiuiHTJiap «KaTopn» aaH nSopaT ae6 Kapaui mymkhh.
By KpHCTajijiHTJiap opacH/ja opajiHK yrnui KaraaMH Bywyara Kejino, yHra Pura
xanKapo an/KyManH 1955 hhji «<KOHTaKTHH» [4] homhhh SepraH.

j~eMaK, spHM yTKa3rHH rorika KaxnaMJiapn hkthb khcmh (KpHCTaiuiHTJiap)
<J)OTOce3rHp o6jiacTJiapaaH n6opaT 6yjin6, 6y o6jiacTJiap 6Hp-6HpHflaH Y3aP °
apKHH 3apaa TauiyBHHjiap 6HjiaH

aHHp6ouuiaiura xanaKHT 6epyBHH
KaTjiaMHanap

(«KOHTaKTHH») 6njiaH aacpaTHJiraH. By KaTJiaMnanap Karra
KapUIHIIHKJIH gKH KHHHK KapUIHIJIHKJIH SyJIHUIH MyMKHH. By KaTJiaMHaJiapHHIir
Ba3H4)acH myKH, vyjiap KyuiHH mHKpoKpHCTajuiHTJiap Kornum™
yjiapaarn 3apaa TauiyBHHJiapHHHr
TycKHHITHK  KHJiaaH. Xap 6hp

opKann
KOHueHTpauHHCHHHHr  TeHrjiauiHuinra

MHKpoKpHCTajiHHTJiapHH sea anoxHaa
MHKpo~oToreHepaTop ae6 xnco6jiaui mymkhh. K)Kopnaa 6a6H KHJiHHraH
AOH-KaTJiaMHHHr MoaejiH fleM6ep MoaejuiH AOH aeo lopHTHJiaaH. YHaa
Byacyara KejiyBHH (J)OTOKyHjiaHHixi KarrajiHrH:

r =NK tz!Inl+ ~ L
g 6+1 1+AS,

~opMyjta 6njiaH H(j)oaajiaHaaH. Moaen jioftHxacHHHHr hh3M3ch 22-pacMaa
KypcaTHjiraH.
By epaa SO -

KaTJiaMHHHr epHTHJiMaraH nairraarH yTKa3yBHaHJiHrH, AS,
Ba A<5, i-hhhnh

(]>0T03JieMeHT yHJiapnaarH (J)OToyTKa3yBHaHJIHK, b-p i j , N-
MHKpoo6jiacTjiap cohh.
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22-pacM. SjieirrpoH-TeuiHK Jthiiuih (a) Ba 23-pacM. «YcTyHCHMOH>
fleMgepjra (6) A*H-KauiaM jiapmmr KpHCTaji.Tigjiap inawinaarH
MOixennapH. AOH-MOflejijjapH.

22,6-pacMfla p-n yrauuiH MOfleji jiofiHxacH H”OA-ianraH. By Moaejifla
KyMJiaHHIin Sup TypaarH yTHiujiapaa (MacajiaH, p-n) xochji oynraH ajieMeirrap
()OTOKyHJiaHHiii.napHHHr kyuihjihuih Harawacn 6yJiH6, hkkhhmh Typaani
yTHuuiap (n-p) 6y naHr/ja epHTmiMaraH 6y.naan.
MHKpo p-n yTHuiJiH MOflftiiJiH AOH-KaT.iaMAa xochji 6yjraflHran
(jioTOKynjiaHHiii KaTTajinrH

(2

4>o0pMyjiaaaH TonHJinuiH MyMKHH. By epfla J,u Ba Js i- hhh p-n yiHUiflarH

TyHHHHiu tokh Ba (Jiototok. (1) Ba (2) (JiopMyjiajiap onp xhji xapaKTepjiH
SyjiraHH ynyH, TaacpHGaaaH oJiHHraH Kyn~HJiHK 4>aicTJiap AOH hh Byacyjira

KejiTHpyBMH 3JieMeHTap >KapaeHjiap moxhhthhh avKpaxno 6epa ojiMawnw.
JO~B, A8-B, JssRq Ba AS R aKaHJliHrHHH ~ (B- epyraHK

HHTeHCHBJinrM, RO- SpHTHJiMaraH KaT/iaM KapuiHJiHra) Ha3apaa TyrcaK, xaM
4>0T0fIH(})4)y3Ha MOAejiH/ia, xaM ({IOTOBQOIJibTaHK Moaelifla yuiQy KOHyHHsrr -ryrpH

t/y



*(M_r (havaT KaTra KapmnjiHKJiH KaTjiaMJiapaarHna By*yflra

acoHjiauiraH yTHiunapaa ByacyAra »enawira K y sHeflKaliapflarH

T™ ™ aHH5' KHJioBontTJiap
6y, Hm« ynyH *y»a «y" «™ “'» B «“»™MpP MHOT-™ ™* <p-y

yHM™ MHKpOKpilCTalJUIHTI13p C0,™ ,

Sr» ,C “r»a.jtS hT X U -.** A2

-T s
= = f e s w 5 3 f s =
KunyBHH reHepaTopjiapAHp.

MmcpocKonaa apaHr KypHHaflHraH

KpHcraJiJiHaHHHr Karra huih

Tar™«,a 6yr,™ «S»« 6™ [ Ka™ ~ C i S T r
“Trw ™ »7  Br»p-6rp™ » ko— HI,
AN oL *y g*™ » X .§ ™ ™ 7
AexeKTop epAaMHAa Kynmmu mYmkhh. By >cy.. Komaicr
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HO3KBHNOTeHUNaJi;iHrHHHHr Ta-bCiipHaan KyTnjinm yiyn ysrapyB'ian MarHHT
MaiiflOHHfla yTKa3miran Xonn 3(})(})ckthhh yjmaiu ycyjmra yxmao aMarira
ouiHpHnaaH. HwcGaTaH Karra A<t>H-KyHJiaHHiii Qwim 6np BaKT.ua KarnaMflarH
()OTOMarHHT KynjiaHHUIHH yjigqauiZia Kyjiait ycyjiHH TaHJiam MaKcaanfla waB>Kyji
ycyjmap TaxjiHIT khjiho MHKHJiraH. TaxJiHJi acocH.ua 4>0TOMarHHT aHOMan
KyHJiaHHiuHH yjiMaiu ynyH MyJDKanJianraH KypmiMa jioftHxacH (sjieicrp
cxeMacH) Huuia6 MHKHJiraH. KypHJiMa~arH MarHHT KyTOJiapn opacHuan-i
Maco({)aHH y3rapTHpHui yiyn Maxcyc MocnaMa flpamnraH. YHHHr epaaMH”"a
MarHHT MaiijjOH KygjiaHraHJiHrHHH (hhtivkuhuch) sjrcKrpoMarHHi rainarHflai H
tokhh y3rapTnpMac/iaH MaiJiyM Herapa.ua 6011l KapHuiHHHr (y3rapTHpHuUiHHHT)
KMNHHMMa HMKOHHHTH TyFHJIfIH.

24-pacM. 1-sjieicrpoMariHT; 2-A<tH-KaTjiaM; 3-0H -24 epyr;iHK MaHoan,

OoTOMarnHT KyHJiaHHiuHH yjmauiiiHHr 24-pacMuarw cxeMacH/ia aohmhh
MarHHT MaflaoHH Ba aohmhh gpyrjiHK HHTCHCHBjiHrH Kyji:iaHHHH6, 6y MaBJKya
ycyjuiap HMHua 3Hr KyJdiaHHanp. EyH.ua KaTJiaM KapiumiHra 6HJiaH KHpHin
KapuiHjiHniHH Mocjiaui ocoh 6ynraH 3jieKTpoMCTp;iapziaH (jjoituanaHHiu
MyMKHH.

OoxoMarHHT Ba (JjOTOsjieicipHK KyMjianHiijjiap 6HprajiHKua xochji
Syjiraim yqyH 4>0T03JieicrpHK KyVJiaHHUUHH TauikKH MaH6a KvHXiaHMUIH 6HJiaH
MyB03aHaTJia6, yHaan cyHr (JJOTOMarHHT KyiwWiaHMiu vyiji'iaHaun. A<t>H-
KaTJiaMJiapHua yjiHanran <{)OTOMarHHT Kyuiatmiii KHHVETH afipiiM (HaMyHa)
KaTJiaMJiap™a 100 BoJibTra™a eTraH. By jKyaa Karra wiHMaTunp. MyHKH, 6np

63



whhcjih HPHM ynaoniuiap Ba pP-n yTHiujiapAa oaarfla 4>oxoMarHHx
1 10 mkB/3 TapTHGHAa 6yjimiiH aHHKJianraH. HD.H. PaBHH HJirapH cypraH
IOHCHrm Tocan 3ipOH-TemHKAH y ™ P COHHHH OpTT,PM ca,

13<~¢” 1 mkb=,0*
6}Jiaa». AOHHOTianJiapw *a 6y «"B»P

6> p «m»
oDTaxiH AOH - MHKpoKpHCTajiJiHKJiapHHHr

b xoc"j'
Jh mhjmhoh rnpra
6y yJITKaH $0TOMarH
KYMjiaHHLLUiapH hhfh xHnAarn cc3rnpjiMrH wyaa iokoPh yJinoB a0606™ 2"
onT03JiekTDOH Ha30paT KypHHMajiapH acauira HMKOHHHXJiap onaAH. ByH«a

alT a S r T ala 6r TexHnic jionnxajiapH xaKHAa

«y ttr»
ByHAaft j,OHHxanaPAarH HHwenepmK

lh tZzah.

ewwvw Yy*p«WH
(khhhhhhjthk) MyaMMOJiap KaJiHTH hkhh Ke~aKua ys *aBo6win TOnaziH.

A<I>H HHHr i.ieKTp Mo;igjin

A O | I-KaTJiaMJiapHHHr W Kyn xapaKxepncxHKadiapH T a”~p ~a
vnraHHJiraH Ta*pn6a HaxHacanapH xap xhji MOOTaaaH xanepjiaHraH AOH
Ta6naxHHM aHHKjianira hmkoh SepaAH. TawpnSaiiapAa ojihhran HarraapHH

3ca Ma-bJiyM 4>h3hk moacji AonpacHaaxaxjnui khahh3Ah.
00TOBOjibxaHK MexaHH3Mra 3ra
xanaKTeoHcxHKa

_ Mneo
KaxjiaMJiapfla P
(BAX) JiapiiHHr hh3hwih oyjinuiHra ca6a6 uiyKH,

10 B/cm xapxHOAai'H sjremp MaiiAOHJiapH mcHpHaa »
1 *2 ™ P-n ~xHUiJiap cohh Kyn W nunH W H

Z h k~Abhh Kyi—

Keroa-Ker
(~105), xap 6npP ynunm
~-0,01 B 6y™6, «~m/, B »h khhhk B6yj,aflH.
«DOTOAHd.«J)y3HOH Ta6HaTJiH AOH-KaTJiaMJiapaa BAX HHHr hhshkjih 6y™ui

mapxAHp, KaxjiaM KaP™ rH HH Hr KHftMaxn 3ca .okoPh KaPuiHJ,HKJ,H opannK

6HJUH epHXHUJ eypnarH o p «™

i<p) rpa(J)HrHAarH muopanHHr ysrapHiu, JftrapMacjiwrara Kapa6,
IrHZa”apAa xochj, 67?JiaAHra,,

fiorAaHHui v

d>oxoKyHj,aHHu, *<nw**y3H o«

fieDHiu MYMKHH. OjihhraH xa>kPH6a HaTHwajiapHra [2, 6, 9, 23] acocJianHO

afiTHUJ MyMKHHKH CdTe Ba Sb2Se3 KOxnuiMMapHfla AOH Ta5™ ™

e
acocjiaHHS TyuiyHTHPHjiaflH, nyHKH 6y MOAAajiapAan scajiraH J

nuioDacHHH caKJiaviAU. KpeMHHH, apceHMA rajuwH KaoH MoaaanapaaH ncanraH

gyHH r,, .. (,,) SoFjiaHHU! rpa<|,Hrcmar.. Huiopammr jarapm iiHW 6khh6 ojimn
ZI1*m A®H-Ka,«H-»r p-n Ba N-p

xaacMnaH n6opaT Ahshk mojuhihhh 3KBHBalieHx cxeMa (25-PacM)
S | p H

(BAX)

6hji3h
AOH-KaxAaMjrapHHHr BOj~xaMnep xapaKTepHCTHKaJiapHHHHr

AopMy.nacHHH xonwuira hmkoh xyrmiaAH. By skbhbsjicht cxeMaHH

4.0torw yM ", ™ M O *» m
2o0c JleKim ujvhh

iav:,irau, Kep.KK,,. A-1.H



4>M3hk MoaejiHHH TakK/iMM 3th6, yHHHr yiyH aHajiHTHK H(})Ofla (KOHYHHHT)
TonHiuaa, TaauaHraH MyKoSnji 3jicktp cxeMacnaa Act>H-3(J)(j)eKTHHHr y 3nra xoc
TOMOHirapn, 3KcnepnMeHTaji Ba Ha3apHft Ta”"KHKOiJiap/iaH ojiHHraH acy”a Kyn
coiwara naTH>Kajiap xwcoGra ojinnraH. A<J>H-3(})([>ckthh wyfla Kyn npnivi
yTKa3rHH MoaaanapHHHr ionKa KaTJiaMJiapn/ia ypraHHUi HaraacacHfla uiy Hapca
aCH 6yjiflHKH, ionKa (j>oToce3rHp apHM yTKa3rMM KaTJiaMJiap xaacMHHHHr Kyn
khcmhhh ()OTOBOJibTanK >KHxai/xaH aKTHB 6yjiMaraH KaTJiaM TawKHJi KHJiap
)Kail. K,aTJiaMIIH OMHK CHpTH TOMOHHaaH Ba IlIHUia TarjIHK TOMOHHflail 6mp
BaKTiiHiir J23MMa cphth6 ojiwuraH jiiOKc-B0OJibT xapaKTepHCTHKanapHH (J1BX)
KaiJdiaMHHiir (jrnKar o'ihk cHpTH”an 6kh KaTjiaMHHHr (f>aKar uiwuia TarjiHKKa
J/TMpiaH TOMOHH/ian 6phth6 ojiHnran J1BX Jiapra KHScjiaui naTn>Kacnaa 6y
hjimhH xyjioca Ta>Kpn6afla Hc6oTJiaHraH. Mvkoohji tJ)0T03JieKTpnK cxcMa/jarn
i])OTOuiyHT ac6 aranraH 3aH3Knp TapMOFH xaM J1BX Jiap TaxJiMJiHHHHr
ilaTHMcacH CH<j)aTHfla MO”eji MyKo6nji cxeMacnra KHpmHJiran. A<I>H moacjihuh
TaHJiauiaa  4>OHaanaHHJiran xynocajiapnH A<t>H-3(])<j)eKTHn ypraHHinra
6arHinjiaHran 6ouiKa sKcnepHMeHxnap xaM ra m TacaniciafwH. Ta6HHHKH,
KaTJiaMHH O'IHK CHpT TOMOHHflaHIHHa epHTMJliaH/ia (JtOTOLUYHTHHIH TatCHpH
yH'iajiHK Karra oyjiMaR/iH, qynKH epyfjiHKHHiir acocHH khcmh CHpira skhh
vKOM:iaiuran «J)OTOBOJibTaHK aKTHB KaxnaMAa iothjihG  KOJiarjH. AOH-
KaTJiaMHHHr ok Ba MOHOxpOMaraK epyrjiHKjiapaa TeKUiHpHJiraH cneicrpajT
KOHyHHaTJiap oyiiH Tyjia ‘rac/jHKjiaH/iH.

ByHAaft 3KBHBaneHT cxeMa ynyH KyiiHflarH TeHrjiaManap CHcreMacHHH
I iHIl MyMKHIC

V =(/,/7<, +V1)-(J 2R2+V 2),

(4)
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25-pacM. AOH KaTjiavuiapHHHiir 3«BHBaienr cxeMacH.

By TeHrjiaMatiap cncTeMacHHH e3wii,aa, AOH-KaxnaM Harpy3Kara 3Mac,
KyMjiaHHiii MaH6acH V ra ynaHraH aeo xwcoSjiaHraH 6ynn6, p-n yTrnura
MycSaT KyHJiaHHiu (TyrpH fiyHajiHiu), n-p yTHUira MaHJ)HH KyMJianmu (TecKapH
fiyHajiHiu) KyfiHJiraH oyjiaaw. 3xieKTpoH yTKa3yB4aHjiHKjiH {ri) Ba TeuiHK
5?TKa3yBHaHjiHKJiH (b) coxaiiapiiHiir KeHniHKJiapH erapjiH Kjrika 6yjica, (3MHTrep
Ba KonneKTopxiap) p-n Ba N-p yrmuiiap opacH”a HHweKuviH Ty~afijiH 3apaanap
ajiMauiHHyYBH coanp 6yjiaflH.

3KBHBaneHT cxeMaaa 6y 6orjiaHHiu aJi tok reHeparopH 6miaH
Kypcara~raH. 3jieKTpoH-TeuiHKnH yTHiujiapHHHr acyaa Kyn coimara (~105
KeTMa-Ker yjiaHraH KaTOpHHH xochji KunyBHM AOH CTpyioypaaa x,ap 6np,
3MHTrep, HKKMTa KOJiJieKTOp opacwfla acoHJiamraH 3K3hhhh XHCo6ra ojicak,
a=a,tap fle6 e3Hui MyMKHH. Ojih6 yTHUi KO034icJ)MuneHTH (a) O nan 1 rana

KHHMaraap opanHFHHH Ka6yji khjihuih MyMKHH. Y xojiaa @ =1 6ynranaa
(W<L) sjieicrpoH-TeiiiHK yTHiunapHHHr KBa3HHettTpaji o6jiacTjiapH Kenr/mra
(W) tok TauiyBHHJiapHHHr fIH(])<}>y3HOH fiyjiH ysyHjiHrnflaH (L) khhhk, a=o0
6yjiraH.ua sea Kana (W>L) eyjia.au. =oB- 4)0TOBOJIbTaHK 3J)4)eKT
3KBHBajieHT tok reHepaTopn, (B-epyrjiwc nnTencnBJiHrn), =J,,- {V, J17?>)-

Tyrpw Ba TecKapH yjiaHraH p-n yTHujjiap.uarM Totuiap, fiv,- xap 6np sjieicrpoH-
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TeuiHK ~thin HHHTr aKTHB KHCMHra napajiejui yjiaHraH xa»CMHHHr

KapmiiJiHrHflHp, — =— +VB (j)OTOuiyHT aca KaTAaM xawMHHH H(j)OAaJiaiiAH.

MoaeJiHHHr MyK,06njr ()0T03JieKTp cxeinacHflaH KypHHaflHKM, Jw>J9l (eKH
j,In >y, 1) oyjica, TauikH 3aHS5KHpaa (j)oioroK HOJira TeHr 6yjiMafiAM. Pean
CTpyKrypajiapZia 6y (])aKT, n-p Ythui, p-n yTHuuiap coacHjia KonaaH, jieran
(JMKpHH GnjiflHpajiH. By A4>H-KaTjiaMJiapHHHr TarjiHKKa KHJUiaraG yTKa3Hiij
HarawacHflHp. (OKopHiia KejiTHpHJiraH (4) TeHrjiaManap CHCTeMacHHH eHHuma
®02KQs ~ = 5 = a, RI—R2~R, Jsia ~Js: Ki~Jo. —

ae6 xnco6jiaHaan.

ByH/iaH coAKaJiauiTHpHiu, N-p yTHUijiapHHHr xaMMacn 6np xhji yxuiaiu
AeraH MaiHOHH OHTflHpaaii. UlyHAaft khjin6, A<t>H-KaTJiaM MOAejiHHHHr

MyKo6HJi (])0T03JieKTp cxeMacn ynyH e3miran TeHrjiaManap CHCTeMacHHH cthS,
BAX ynyH KyHHflarH H*OAaHH xochji KHJiaMHs:

J= 1+(1-a)eA (5)

A<DH-KaTjiaMHHHr BAX ch ynyH TOnHJiraH ym6y HtjioflanH yMyMHH
xoji/Zia TaxjiHn khjihui anna MypaKKaG Macana 6yjin6, aMajinii MaKcaanap yiyH
(JjoflAajiaHHLUfla HOKyJiafuiHKAapHH KejroipH6 MHKapaan. EepmiraH H<j)OAa (5)
iih rujiKMK KHJiHuiaa xycycHH xojuiapaaH, nerapaBHH (xoJdiaTjiap) uiapTJiapAaH
(t>oH;ianaHHui yHH ~praHHuiHH eHrHJiJiauiTHpaAH. 5IpnM yKTa3rHHjiapHHHr ionKa
KnniHMjiapHAa AOH-3(J><}>eKTHH ypraHHui (nojiHKpHCTajui KaTJiaMJiap/iarH) ~"Ta
KJlii naniaMJiH (CMC) cTpyicrypajiap Ha3apMCHra ojih6é Kejiap 3K3H. By
coxajiai M ;jacrjia6KH Ha3apHH TaflKHKOuiapfla acocaH 3-4 3jieicrpoH-TeuiHK
Jamiuiap KaropjiapH KypnQ MHKHJtraH 6yjica, N-p-N- yTHiiuiapHHHr yra Kyn
coHAarn THiHMJiapHHHHr (CMC) pean MoaejuiapH ynyH sea yMyMufi xojiaa
K$>pn6 MHKHJiMaraH. "Ta Kyn coHAara n-p-n yTHuuiap TH3HMH coxacn/ia ojih6
6opnjiaAHraH Ha3apnft TaAKHKOTJiap apHM yTKa3rHHjiap ())H3HKacH.aa >KaBo6MHnN
KyrafiTraH wyaa K~n MyaMMOJiapHH ofiAHHJiauiTHpaAH. Cynep Kyn KaTjraMjm
CHCTeManapHHHr 6np jkhhcah coAaanauiTHpHJiraH MOACJiJiapH ynyH sea 6ab3H
6np Ha3apHfi TaAKHKOTJiap ojih6é Gopmiran [4,10].

A<DH cneKk TpjiapH xaKH/ja
AOH cneKrpjiapnra wyAa Kyn aBTopjiap y3 HuiJdiapHHH 6aFHuiJiaraH [2].
Si, CdTe, Ge, Se, Sbh2XSe3, Cd, GaP Ba 6ouika xajibKoreiiHA BHpHKManap AOH -
KaTOaMAapHAarH ([JOTOKyMJiannui cneicrpjiapHHH ypraHHiu HaTHwanapH uiyHH
KypcaTaAHKH, AOH xycyctiM iothjhiiij colacn;iarn epyrjiHK TaiCHpnAa nafiAO
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SyJia™H. Typjiw Moaaanap ywyn KejiTHpmiraH cnetapan xapaKTepHCTHK&FiapAaH
KypHHafl[HKH, cneicrpaji 6oFJiaHHiiiJiap H n/ia (JjOTOKysjiaHHiujrap y3 HiuopacHHH
y3rapTHpraH 60FjiaHHuuiap xaM 6op. Illy Hapca xaM MawiyM 6yjiAHKH,
Huiopa ajTMainHiu HyicracHHHHi a6uHcca ~Knuara ypHH KaTjiawjiapHH ojihiu
wapaeHHflarn tcxhojiofhk riapaMCTpjiapra xaM 6ofjihk 3K3h. Cneicrpaji
60FjraHHiu xapaicrepHHH Taxjimi khjih6, AOH TaénaTM xaKma MatjiyMOT ojihiu
MyMKHH 3KaH. fleMaK, cneKTpan TaKCHMJiaHHiiira Kapa6, AOH xochji
6yjiHUIHHHHr sjieMeHTap acapagHjiapn xaKH/ia c)HKp k>»hthiu MyMKHH. AOH -
KaTjiaMjiapHH KHCKa Ba y3yH TyjiKHmiH epyrjiHK 6miaH epHTHG KypaiuiHK.

SoFjiaHHiiiflaH KypHHafl[HKH, KHCKa TyjiKHHjiap coxacH”an y3yH
tyjikhhjih epyrjiHK coxacnra VTraHHMH3,aa, 4>0TOKy4JiaHHin y3 HiuopacHHH
y3rapTHpHiiiH Ky3arariAH. p-n yram Moaejwra acocaH 6yHH KyMH/iarnua
TaxJiHji khjihui MyMKHH. MawiyMKH, p-n jTHiujiap KaTopHAa, KaraaM caprara
»khh jKofijiapaa 6np xhji yTHuinap (MacajiaH, p-n yrHiu) acofuiamca, cnpTAan
MyKyppoKAa mkkhh>ih thii yTHiiuiap (MacanaH, n-p yTHiu) acoHJiamaaH. Khcks
TyjiKHHjiap acocaH KaxnaMHHHr cnpTHra hkhh coxanapaa iothjihQ KOJiaan.
Y3yH TyjiKHHjiap acocaH KaTjiaMHHHr lyKyppoK KHCMjiapnraga KHpHS 6opa
ojiaflH. EyHH 3i>TH6opra ojicaK, epyrjiHK y3yH TyjiKHHjiap coxacnra yrraiiAa
KaTjiaMHHHr nyKyppoK acoftnapHfla acofijiaiuran {n-p ) yTHiujiap Human
SouijiaitflH Ba yjiapHH aKTHBjiauiHiiiH HaraacacH cneKTpH/iarn Hiuopa
ajiMammiiHra ca6a6 oyjiaaH.

AOH-KaTjiaMJiapuHHr  <j)OTOfIH(j)(j)y3BHOH MoaejiHfla (JiOTOKyuiaHHin
cneicrpHAarH MinopaHHHr ajiMauiHiuH anoMaji-yeMSep 3(j)(J)eKTn xHco6nra
coAHp Syjia™H [11]. Arap A<t>H /],CM6cp-3<j)(])eiciH xHCo6Hra coanp Gyjia&rraH
6yjica, y xojiaa <j>aKaT tok TaiuyBHHJiap reHepagHHCHrHHa 3Mac, 6anKH
yjiapHHHr KOHueHrpauHSCH xaM MyxHM axaMHsnra sra.

MauiyMKH, HopMan /JeMSep-stjxjieKTHAa opTHK”a tok TamyBHHJiap
SpHTHjiran cnpT aKHHHfla naftAO 6yJiH6, sjieicrpoH Ba TeiuHKJiap
xapaKaTHaHJiHrHHHHTr (jjapKH HaTHacacHAa, 6y cnpT SHwaa Huiopacn, KaMpoK
xapaKaTnaHJiHKKa 3ra 6yjtraH tok TaiuyBMHJiapra moc 6yjiran xaacMHH 3apsa
xochji S7*jiaaH. EnpoK, HHc6aTaH KaMpoK WTHJiyBHH (y3yH TynKHHjin epyrjiHK)
epyrjiHK 6njiaH epmHjiraHfla tok TauryBiMjiap KaTjiaMjiapaa aespjTH 6np
TeKHCAa Byacyara KejiaAH, naTH”aaa cHpTflarn peKOM6HHagHa Te3jiHrn acyaa
Karra SyjiraHaa (JiOTOTamyBMHjiapHHHr KaTJiaM HMKapucHAarH KonueHTpaunacH
epHTHjia&rraH cHpTaarara KaparaHAa opTHK 6yjiaaH. By xojiaa, <J)oro3JieKTpoH
Ba c])OTOTeiuHKJiapHHHr fIH(J)(j)y3HOH okhmh TyuiagTraH epyrjiHKKa KapaMa-
KapuiH HyHajiHiuAa 6yjiaaH (epHmnaSTraH cnpT 3apsaHHHHr HiuopacH,
xapaKaTHaHJWH opTHKpoK tok TauiyBMHJiapHHKH 6HnaH moc KejiaAH). /leMaK,
epHTHJia&rraH cnpTAarn peKOM6HHauH» Te3JiHrn Karra 6yAiaHAa
(HOTOKyMjiaHHmM y3yH TyAKHHJiH epyrjiHK SnnaH SpHTHJiraHAarHAaH SouiKana
6yjiaAH.

KHCKa TyjiKHHAapra yTHJiraHAa 3ca iothjihui KO3(j))HUHeHTH opTHiUH
HaTH>KacHAa 3jieKTpoH-TeiiiHK acy(J)TJiapH (JiaKaT epHTHnaCTraH CHprra hkhh
>KOHJiapAa Byacyara KeiiajH, ounojistp  AHcj)<j)y3HH okhmh HyHajinum
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CHpTjiapziai M peKOM&HHauHa Te3JiHKJiapHra 6ofjihk oyriMaii Kpna/Zin Ba y3yH
TyJiKHHJiH epyrjiHK TatCHpHAarw cjjoxoKyHjiaHHuiuHMr 6ypnakK AnarpaMMacH«a
Hiuopa y3rapHiuH KepaK. Akchhmo, (})OTOBOJibTaHK MexaHH3Mra sra 6yjiraH
(j)OTOK>NiJiaHHUiiiHHr 6ypliaK flIHarpaMMacmia xen KaauaH TyjiKHH y3yH;mrn,ia
Hiuopa y3rapMacnmH KepaK. fleMaK, ano\ian JJ,eM6ep 3t4heK™ Ba P~n
yTHiujiapfla Ky3arauaAHraH (JtoTOKyMJianMiu  HiuopacHHHur y3rapMacjiHK
MyaMMOCHHH KHCKa TynKHHJiap coxacHiia AOH criesnpHHH ypraHHui 6miaH Xaji
KHJIHHafIH.

XyAAH uiy ftyji 6nnan ypTa xynKHHjiap coxacHja (JjoroMarnHT acJxpeKT
KHCKa TyTauiyB tokh cneKTpHflarn
TyUiyHTHpHUI MyMKHH [12].

Oototok cneKrpH (J,t(X)) X HHHr

muopaHHHr  ajiMauiHHyBHHH  xaM

xci KaHflafl KUHMamapHfla y3
HUiopacHHH anMauiTHpMaHfIH. CneKTpHHHr da >1 6ynraH,aa ~ X HHHr ycHiuw

6HJiaH i,, HHHr MaKCHMyMra hhthjihiuh Ky3aTMJia;in. ad <1 6yuraH coxanapaa

3ca 4>o0totok KaMaflHiuH Ky3aTHJianH. Ba J ™ X ) cneicrpjiapH moiiKJiapH,

peKOMSnnauHS Te3JiHK.napHHHHr xap KaHaafi KUMMaTjiapiiaa kcihjihui

ejrpwjiHrHHH a(X) xaKpopjiafiaH.
AOH-K,aTiiaMJiap cneicrpHra

Karra 3jieKxp MailuoHJiapHHHHr Ba
hcchkjihkhhht xap xhji

Tax»cnpjiapHHH  ypraHHui HaxHwacnaa KaraaM
Ty3H;miuH, TapKMOH xaw aa KyuiHMMa MaMyMOTjiap ojihuj MyMKHH. lily OHJiaH
6npra sjieicrp MaRaoiiH KaxnaM MoaaacHHHHr <j>yHflaMeHTaJi iothjihui
nerapacHHH xaM CHjmHxaau. Cneiopan 60FJiaHHiu arpHJinrnHHHr maiuiHHH

ce3HJiapjiH ysrapTHpaaH. By ysrapHinaapHH aacop6uHOH outhk <pa30BHH

TaxnwJi MaKcaflnaa xaM ~oRaajiaHHui MyMKHH. By coxaaa acaBo6HHH KyraeTraH

Ha3apHH Ba aMajinfi MyaMMOJiap xan KMJiHHca, Mru ac6o6uap, Moaaa

TyiHJIHIUH TapKHB6HHH ypraHHIUHHHF 3()(J)eKTHB ycyjmapHHH HpaTHUI OHJiaH

6np KaTopaa A®H-34><t>eKT <)H3HKacH ywyii xaM anra, yxa MyxHM
MivwiyMOTJiapra sra 6yjuiHaaH.
A<t>H-KaxaaMJiap cneicrpjiapH

Kyrbjianran epyFJiHK.ua  xaaKHK
KHJiHiuBHfla

KyTHJiMaraH HanoKanapra

0jih6 KeJiwuiH MyMKHH. KamaM
iyiHAHiiiHHHiir onTHK aHH30Tp0nnacnra

60fjih k xoflHcanap Kyr6jiaHraH

CpyuiHKjia yHHiir cneKTpjiapHHH ypraHHui >Kapaennaa aHHKpoK KypHHaan. By

HaTH>KaiiapHHHr aMarwa $o«aajiaHHUi HMKOHH«TjiapHHH aHHKjiao

ojihuj
MyMKHH. Byjiap xawaa, Gara”CHJi, KeHrpoK ajioxnaa 4>HKp KefiHHpoK
6epHJiaiiH. Ba-b3M AOH-KaTJiaMJiapHHHr innnK cneicrpajj 6oFJiaHHLUJiapH 26-
pacM/ja KejiTwpMJiraH. 1lly 6HJian Snpra 6at3H AOH-KaTJiaMJiapHHHr cneKTpan
60FJiaHHUjjiapHHHNr (JjopManapu,
Sofjihk ByjiraH napaMeipjiapra
MyMKHH. Ba-b3H

KaxnaMJiapHH ojihuj TexHOJiorwacH 6mian

Kapao xaM 6np-6HpHaan 4>apK khjihujh

MoaaanapHHHr AOH-KaTJiaMJiapHHH

cneicrpan
xapaKTepHCTHKanapHfla 3ca

4)0OTOKyMJiaHHUi MuiopacHHHHTr y3raPHiuH

MyMKHH. MypaKKab npHM y TKa3rH4
KOTHUiMajiapHflaH TaKepjiaHraH AO>H-KaTJiaMnapaa TexHOJiorna >KapaeHHaa

(HHBepcHACH) hh Ky3aTHUi

KOTHuiMara KupraH 3JieMeHTJiapHHHr cTexHOMeTpHK HHcBaTHHHHT y3rapHuiH
Lototok cneKTpwHH xaM y-ji apTHpauM.
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26-pacM. AOB-KaTjiaMJiapHHHr thhhk cneKip.napn(a): Tejuiypaa KaiiMiiiiHMiir yv xhji
KfiTjiaMH yi\h A<t] GiiCKrp;iapH(D); KaMVhii 6h:ihii 0oiiHTH.irai! 'iC,i.i\pn;i iviMii (CdTe)
KarrjiaMJiapma (Jiototokhhhi y3rapniuH(B): 1-ohhk CMpuiaii epHTHJiraHfla, 2-TarjiHK
TOMOHaaH epyrjiHK Tymrama.

TejuiypHfl KaAMHH"a (CdTe) A€>H ynyti KaflIMHH McaBoSrapfinp

A<t>H ojihiu TexHOJiorHHCHflarH aacTjiabicH HHTHJiHtanap KynHHJinrH
KaTra KyHJiaHMiu ojihiu 6wiaH 6ofjihnk. Bvhhhi hkkh xhji ca6aén 6op:
6HpHiiMn/iaH AOH-KaTjiaMjiapHH aMajiHH Taa6nFH iokoph KyHjiaiiHuiHH KanAaR
Ba KaficH acoiiaa HWJiaTHiu MacanacH, HKKHHMHjiaH yHHHr <j)H3HKacnflMp. LLly
ca6a6jiH Kyn aBTOpJiap caHTHMerpjiap/ia KHJIOBOJibTJiap ojimura xapanaT
KHJiHiuran. Xosnprana AOH oiiHHraH MO/manapHHHr HMHjia caHTHMeTp/ia
HHc6axaH Karra KyMjiaHHUi 6epaanraH CdTe (10 kB), yHaaH kchhhfh ypHH”a
Sb2Se3 By MoaaajiapaaH cwiHHraH AOH-KaTJiaMJiap xoHa TeMnepaTypacH.ua
6np Hcia KHJioBOJibT KyMjiaHHUi 6epa onaziH. Eai3H MoanadiapaaH oiiHHraH
AOH-KaTJiaMJiap coByTanca, oaahh uiapoHxaarH (JiOTOKyHJiaHHiii 6np nena
TapTH6ra oprauiH MyMKHH. JleKHH coByTHiu ynyn K5?uiHMMa 3HeprHa Ba
Kypwiiuanap KepaK. By 3ca HimiaTHiiiAa HOKyjian.Fihk Tyr*HpaaH. KHJiOBOJibTJiap
6epaflHraH AOH-xaTjiaMjiap ojih6, aManHH MaKcaimap.ua HimiaTHiura KM3HKKaH
KynrHHa aBTopjiap CdTe Ba Sb2Se3 ra Mypoacaar Kuna
<J>0OTOKyHJiaHHiu  KaTTanHrH AOH-KamaMHHHr ojihiu
KynrHHa napaMeTpnap 6HjiaH 6ofjihk. Lily Gnjian 6wpra Ta>Kpi-iBa
HaTH”"ajiapHHHHr KypcaTHiuHna A<t>H-KaTJiaM rafiepjiaiiaflHraH

BouuiauiAH.
TexHOJiornacH/iarH

Moaaa
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CTpyKTypacH 6miaH xaM 6ofjihk. MacajiaH, CdTe MOflflacHflaH AOH-KaTiiaM
TaHepiraiu wapagHHfla KarjiaMflara CTexnoMeipnK TapKHOIim Cd BaTe HucSaTH
y3rapTHpHUIH MyMKHH.

lily Kyji 6HJiaH KaTjiaMHHHr 4>0T03JieKTpHK (VAM) xycyciMTJiapnHii

TaMOMaH y3rapTHpH6 K)6opnm MyMKHH. CdTe fla ojih6 SopwiraH ra/Kpnoajiap

myHH KypcaraaHKH, KDKopH (KHJiOBOJibTJiap) KynjiaHHiu 6epaflHran AOH -

KaTJiaMJiapHHHr xaMMacw KyjipaHr (xnpa> Tycra KHpaflH. By sea KaTJiaMfla Cd
KOHiieHTpauHHCH opTHK >KaHjivirHnti Kvpeara;in. Cd AOH-naTjiaMJiapH
TapKH§Hfla Te KOHuenTpauHHCHHHHr opthiuh 6wiaH KaTJiaM Hji™poKjiaHn6,
KopaMTHp-*nrappanr Tycra KHpaflH. TapKHOH Cd ra 6oh CdTe AOH-
KaTJiaMJiapw ojihui yqyH hkkh MaH6ajiH 6yr.JiaTrnHJiap HLUJiaTHJia.an. ByHjiaR
MaH6aHHHr 6npHflan Cd hkkhhhHCHflaH sea CdTe ymipujiaflH. Cd ra 6oh
CdTe AOH-KTaldiaMJiapufla n-n - yTHuuiap, CTexnoMeTpHK TapKHOH/iaiH CdTe
A OH-KamaMJiapn«a sea p- p'- TMiiHflarH yrouidiap xochji 6yjinum TaxMHH
KHJiHHaAH. By yTHiiidiap anSarra KaTJiaM CHpTHflaH xap xhji nyKypjiHKXia
)KOHJiauiaflH. KHiijiaTiiG GyrjiaTHUi ca6a6jin xochji Gyjiran KpHCTajumajiapHHHr
«ycTYHCHMOH» vKOHJianiyBH xap xhji 'lyKyp-iHKfla woRjiauiraH sneKTpoH-TeuiHK
yTHuuiapHHiir aHH30TporiHK gpHTHJiHiiiHra ca6a6 Byjiajin. UJyHH xaM
TabKHAnaiu KepaKKH, hkkhhhh MaH6a epflaMnzia KHpHTRjiagTraH Cd KpHCTanji
naHwapa TyryiiJiapHflani 6yw woHJiapHH 3ranJiaii/in Ba naHVKapaHH TapTHO6ra
cojiajiH. By 3ca noreHUHan TycmyiapHHiir KapaMa-KapuiH TOMOHTra
ajiMauiTHpMUIH MyMKHH. CdTe HHHr ra Cd 6oh AOH-KaxnaMJiapHHH ojih6, 1
cm y3yHJiHKjiara KaxnaMHfla 10 kB ra skhh ~oTOKynjiaHHrn OJiHiura spnuiHJiflH.
ByHjiafi A<J>H-KaTJiaM KajiHHUHmM 1,5 mkm 6yjin6, yjiap ujHiua TarjiHKKa 40°
6ypiaK ocTHfla 6yrjiaTn6 OJiHHraH. KaflMiwra Soft CdTe AOH-KauiaMJiapH
Hera ~Ta iokoph (KHJiOBOJibTJiap) (JiOTOKyHjiaHHiu 6epHuiH Macanacn KejirycH
HJiIMHH-TeKiuHpHiujiap MaB3ycH 6yJiaflH. MatJiyMKH, AOH-KaTjiaMflarHHa 3Mac,
yMyMaH ionKa KaTJiaMjiapaa cTexHOMerpHHHHHr caKjiaHHiu caKjiaHMacjiHrnra,
Kapa6, yjiapHHHr Kynnwa 3Jieicrpo4>H3HK, 4>0T03JieicrpHK xycycHHTjiapn
3?3rap«6 KeTHiUH Ta6HMiiflHp. By coxafla 3JieKTpoHorpa(J)HK Ba MHKpocKONnHK
TeKuiHpnuidJiap ojihS 6opnui KepakK.

3jieKTpoH-MHKpocKon.ua ojih6 6opHJiraH TeKiuHpHiujiap [13]
KpHCTaiiJiHTJiap opHeHTaunacH MOJieKyjiap OoKHMHHHr 6yrJiaTHuiaarH
fiyHaJiHLUHra 60FJiHKJiHrH, KpHCTajuiHTjiap cohh Ba yjinaMjiapn xaKHflarmia
MatJiyMOT 6epnui 6HJiaH neiciiaHMOKaa [6],

KpHcrajuiHTJiapHHHr AOH-KaraaM 6yiijiab mh3hkjih 3HMJiHrnHH
opTTHpHiu hJjih 6njiaH xaM 4>0TOKyHJiaHHiu KairajiHrHHH oprrnpHUi MyMKHH.

Tafigp OJiHHraH CdTe AOH-KaraaMJiapH Cd 6miaH 6ohhthiu MaKcaflHfla
xaBOCH 104-10"5 Top BaKyyMrana CHfipaKJiaiuTHpHJiraH KBapu aMnyjiara CdTe
KafIMHH 6yFJiapHHHHr iokoph 6ochmhhh TatMiiHJiamuHraH TeMnepaTypaJiapaa
KafIMHH aTOMJiapn CdTe KaTJiaMHra fIn([x})y3n>lJiaHaflH (KHpaflH).
AH(j)4»y3HHJiaHraH Kafl[MHH aTOMJiapn CdTe
opajiHKjiapHra >KOHJiauJH6, 6eManoji
MyMKHH. Bymmr

HaTHwayjia,
KaTjiaMHjiaiH KpncTajumajiap
KaTJiaM  6yfijiab MHrpauMstjiaHHuiH
naTM/Kacmia oyjica KepaK oah3H KaTJiaMJiapuHHs sjick rp
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jTKaayBHaHJiHrH Ba AOH KynjiaHHUIH kcckhh opthuih Ky3a™jifin. Bai>3H
A OH -KaTjiaMjiapra sea Ka/iMHfl 6yrmia huuiob 6epHJiraHaaH cyHr xarro
aacTJiabKH  <j)OTOKyHJiaHHui  xaM RyKOJiran. Ka”*MHii 6yFHfla CdTe
KaTJiaMJiapmiH TepMHK huuiob 6epmu >KapaeHHjia 6ouiKapHJiajiMraH Ba
6owKapn6 SyjiMaftflHraH wapagHjiap coanp 6yjiaa,n. KpHCTajuiHTJiap opacnaa
aH(()4)y3H!i Ty(J)aHjiH MHrpauHHuaHyBMH KajjMHH aTOMJiapn KaraaM CHpTHflaii
xap xhji HyKypjiHKjiapaa acOiinauiyBHH noTeHUHaji Tycniyiap (p-n 6kh n-p
yTHui) TononoraacHra Taicup khjih6. 40TOaKTHB P~n yTHUIJlaPHHHr
6aT>3HJiapHHH HO(])0T0OaKTMB xonaTra yxKa3ajiH. HaraHcaaa, 4)OTOKyMJiaiiHui
KaMa«fln. MHrpauHsuianyBMU KafIMHH aTOMJiapn naTJiaMaara Hoc|)0TOaKTHR p-n
yTHuuiapHH (JioToaKTHB khjim6, kyhhuih xaM MyMKHH. By xoji 103 oepranjia
(JioroKVHjiaHHUJHHHr opthuih Ky3aTHJiafl[H. KaTjiaM yTKaayB'ianjiHruHHin
(~1/R) y3rapHiuHHH xaM ioK;opH,aarH fiyji GujiaH H30xjiaui MyMKHH. KyuraHa
KaTJiaMiiapaa Cd Syrnaa TepMHK HUjjioBjjaH cyHr KapuiHjiHKHHHr opTHiim
Ky3amnraH. Cd 6yrn,na TepMHK HiiuioBjiaH hhkk&h KaTjiaMJiapunur juokc-
BOJibT xapairrepHCTHKajiapHjia <}>OTOKyHiiaHmiiimHr >Kyfla Te3 TyfiHHHmra
hhkhuih KysaTHJiajiH. Oototok cneKTpH xaM y3rapaan.

/leMakK, kewmhh 6yrHaa HuuiOB/iaH HHKKaH KaTjiaMJiapaarH
KpHCTajuiHTJiap opacH”arH noTeHUHaji Tycniyiap xapatcrepH aacTJia6KH
XxojiarxiaH KecKHH  y3rapn6 KeTajin. ByHra KauMHH aTOMJiapHHHHr
KpncTajiJiHTJiapapo MHrpaunacH ca6a6 6yjiHiiM KepakK.

KafIMHHra 6ott KajiMHH Tejuiyp A OH -KaraaMjiapn/ra aHOMan OM 3 hh
TeiouHpHui  HaTMvKajiapHHHur KypcarauiHHa, 6y KaTJiaMJiap.ua aHOMajr
(JJOTOKyMJiaHHUI Gnjian 6np KaTop/ja, KaTjiaMjiapjiarn aHOMan (JjoroMarHHT
KyHJiaHHUijiapH oaaHH AOH-KarjraMJiapra HHc6aTaH 2,3 MapTa opTramiHru
Ky3aTHjiraH. KaaMHHra 6o0oh AOH-KarnaMjiap ojihui TexHOJionuicHHH
MyKaMMajuiauiTHpHiu narawacHfla KaraaMJiapAarn <j)OTOBOJibTaHK xcHxaxuaH,
aiHH 4)0TOaKTHB  xapaKTepaarn 3JieicrpoH-TeuiHK  yTHuuiapw cohhhh
TexHOJiorHK fiyji 6wiaH 6ouiKapHui MyMKHH oyjiajiH. KaflIMHHra 6ofl CdTe
AOH-KaTJiaMJiapHHHHr xaMMacnaa (OH3 TeKiunpraH) aHOMan OM 3 th
Ky33THjijiH. KaziMHH TejuiypaaH TafiepjiaHraH AOH-KaTJiaMJiapHHHr xaMMacnaa
xaM aHOMan OM 3 th Ky33thjimbhjih. By xojiaT xaM AOH-KaTjiaMJiapHH
rafiepjiaiu Texnojiornacnra xaM 6ofjihk. MawiyMKH, k30mhh Tejuiyp AOH -
KaTjiaMjiapH”a hmkh 4>0TO03jieKTper (xauiKH KyrfwiOBHH aneicrp MafiflOHHcm)
aHOMajiHscH Ky3aTHJiafl[H. By xoaHcara KaaMHfi Tejuiyp KaTjiaMJiapHHHHr
KaaMHH 6HJiaH 6ohhthjihui aapa>KacHHHHr ratCHpH ypranHjiflH. MauiyM
6yjifIHKH, KaziMHtt Tejuiypra KHpHTHJiagTraH KyuiHMMa KajMHH aTOMJiapHHHHr
MauiyM KHHMaTnapnraMa <j)0T03JieKTpeT 3<|)<j)eicrHHHr KyHattHuiH Ky3aTHJiaflH.
KyuiHMMa KafIMHH aTOMJiapHHHHr MaiijiyM KHHMaTHnaH 6ouuia6 <j)0T03JieicrpeT
3(j)(J)eKTHHHr cycaftHUIH Ky3aTHJiH6, k~uihmmb k3/imhh aTOMJiapHHHHr eTapjiH
Karra (yra 6ofiHTHJiraH xojiaraapfla) KHHMaTjiapnaa <j>0T03JieKTper a””"eicr
TaMOMaH hykojih6é KeTaaH. By xojiot ionKa (1,5 mkm aaH khmhk
KanHHjiHKJiapaa) KauiaMJiapaa Te3 coanp 6yjiajiH. OoTOJieKTpeT KyMjiaHHUiH
OHJiau KyiUHMMa Ka;jMnit aTOMJiapHHHHr KOnucHTpauHacH opacHaarn
BoFJiaHnuiHH xapaKrepn KyiirHiia reKiuHpHJiraH HaMynariap.ria, aacraao
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KyuiHMHa KaflIMHH aTOMjiapH opthuih 6HJiaH tjioTosjieicrpeT KynjiaHHui x,aM
MOHOTOH OpTH6, «M3KCHMyM» ra 3pHUiaflH. YHflaH CyHrrH KaflMHH
aTOMjiapHHHHr oprauiH (j)0T03JieKTpeT KyHjiaHHiiiHHHr mohotoh opTHumra
3Mac, SajiKH <J)0TO3JiCKTpeT KyHjiaHHiiiHHHr mohotoh KaMafinuiHra ca6a6
6yjiafln. By xoflHcaiiHiir MexaHH3MH th/ikhk khjihiiihh TanaS 3Ta«H.

A3>H-KaTJiaMJiap coByTHJica yHHHr (JjoroKyHJiaHHiiiH opTa/iH

A<I>l1-Kar.iaMia hcchkjihkhhht Ta~CHpniin TeKuiHpHWfla KamaMJiap
coByTHjiraHfla (-75°C) yjiapflara KynrHHa «<nacCHB» rioTCHunaji rycHKjiap (abHH
p-n yTHUI) 4)0TOaKTI1B XOJiaTra yTa.au, fleran hjimhh TaxMHH acoc khjihs
OJiHHfIH. By TaxMHHJiapHH acocjiaiu MaKcaflHfla KynrHHa AOH-KaniaM.napaa
TeMiieparypara 6ofjihk yjinauuiap ojthG 60pHJifl[H [2], By yimamnap K>KopH,aarn
TaXMHHJiapHH TaCflHKJiaflH.

AOH-KaTjiaMflara TeMnepaTypaHHHr nacaRHiiiH 6HJiaH KaTJiaMjiapHHHTr
4>0TOKyHJiaHHUIH Ba KapuiHjTHrH opTap 3KaH. TeMnepaTypara 6ofjihk
yjiwaujjiapfla acocaH KAoh (T), ~L('1) Ba R (T) xapaKTepHCTHKauap
TCKIIHpHJIfIH. KaTJISMJiap XaBOCH 10"2 MM  llgycT.a.ia CHHpaKJiaiXITHpHJiraH
Maxcyc naMepa (Kpnocra'r) Jiapra wofuiauiTHpHJIifl[H. ByHflaft KaMepanap
TeMnepaTypanH yjmauuiapra Myjw<ajina6 Maxcyc acanraH 6yjm6, KarnaMra xap
xhji TCMiiepaTypa, SpyrjiHK 6epHiu HMKOHHaTH 60p.

27-pacMfla yjmaui HaTHxeanapn CdTe Ba GaAs AOH-KaTJiaMJiapn vy li>H
KejiTHpHJiraH. PacMflarn Jkt(T) xapaKTepHCTHKaflaH KypHnaaHKn CdTe
KaTJiaMJiapHflara KHCKa TyrauiyB tokh TeMnepaTypara KapHHH6 Gofjihk, 3Mac
3keh. K,aTjraMfla xochji 6yjiaeTraH (JIOTOKyHJiaHHiii 6miaH KaTJiaM
KapuiHjiHrHHHHr TeMnepaTypara 6orjiaHHuUiH 6np-6HpHra acyfla yxuiaHflH.

r anjiHH apceHHfIH xaTjiaMjiapHflarn TeMnepaTypanH 6or.naHHiujmp
xapaicrepH TejuiypHfl KaaMHHflarH Ky3aTHjrran 6o0oFJiaHHimiapra TaMOMaH
j/xmaMaftflwraH TOMOHJiapH xaM 6op. Macanan, TeMneparypa nacaftHiiiH 6HJiaH
KHCKa TyrauiyB tokh sKcnoHeHuaaji paBHuifla KaMaaflH. OoroKyHJiaHHiii
TeMneparypa 6HJiaH SKcriOHeHLinan 6orjiaHraH 3Mac. K,aTjiaM KapuiHJiHrH
TeMnepaTypara (fiaicaT 300-250°K opajiHKflarHHa 3KcnoHCHUHa.n 6orjiaHHUi
6epaflH.

Sb2Se3 AOH-KaTjiaMjiapHflara TeMnepaTypaBHH 60FJiaHHiu.nap
xapaicrepH TejuiypHfl KaflMHHra yxiua6 KeTaflH. JleKHH, xanbKoreHHflnapfla,
repMaHHH Ba KpeMHHH KarjiaMJiapnaarn TeMnepaTypaBHH SorjiaHHiujiap ranjiHH
apceHHfIH xapaKTepHCTHKaJiapHHH  TaKpopjiaKflH. TeKiiiHpHJiraH A<E>H-
KaraaMJiap KapHHH6 xaMMacHfla Va®h(T) Ba R(T) Ba 6oFJiaHHUiJiap xapaicrepH
6Hp-6npHra moc kcjihuih [3] VAU=f(B, R) (J)opMyjiaflaH kcjih6é HHKaflH. By 3ca
AOH-KaTjiaMflapfla 6HpnaMHH *apa8H <}ototok  reHepaunacH 6ynH6,
(J)OTOKyHJiaHHUI 3Ca <}>OTOTOKHHHr *OKOpH HMKH Kapill[HJIHKJIH (-10 Om)
(jjOTorenepaTopflaH yTHUIHHH HaraacacH 3KaHJinrnHH KypcaTa/iH.
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27-pacM. A<t>H-Kai7iaMJiap;iarn V ach, J*.t. 8a R JiapHHHr
TeMneparypaBHH 5of Jiaiiniiuiapn: a- CdTe Ba 6- GaAs.

Top xakHKJianraH aonajin «Phm yxKasrun KKa KkuTJiaMJiapaa xona

xapopaw anowaji (])OTOKyMjiannul Ba
KyHiiaHHiujiapH ywyMan os

TeMrieparypacHaarH

(wacajian, KyprouiHH cyjib<}mAH ynyH A £-0,4 3b
xochji Kunran aHOMajr K>Kopn <}>oxoKyHJiaHHiiiH ~2 B SyjiraH) 6yjiaAH. ByHnaw
KaTJiaMjiap cvk>k asox xapopaxHra™ coBM XHjica, aHOMaji roKopH
(boTOKyuiaHHUiH 6up HenayH MHHr BOJibiraMaKyxapmiHinH KysarnjiraH. CyroK

330t TeMnepaTypariapH«a AOH-KaxjiaMJiapuHHTr

cneiapHHH ypraHHiu,
KviUHMHa qyKyp xaAKHKOXxjiap o0.ih6 6opHui

KepaKimraHH Kypcara.au. MyHKH,

M aB*y« HasapHsuiap acocHAa ryiiiyHXHpn6 6yjiMaHfInraH

WflHcanap,
KOHyHHaxjiap Ky3amAns6,

yiyH AOH-
KaxjiaM JiapaarH xeMnepaxypaBHM xoAncajiapHH HynyppoK xaAKHK khjthui KepaK
Law . MaunyMKH, top 30Haj,H

30HacHAarH apajiauiMa

yjiapHHHr MexaHH3MHHH anHKjiaui

hPhm yxKaara”apHHHr xaKH«naHraH

axownapH canyiapH yB
KOJiraH 6yjraAH. By 6yui

vxaAH.

xapopaxnziaeK HOHJiauinS

caxxnap nacx xapopamapfla 4>oxoaKXHB xo0Jiaxra
<1>0T03neicrpHK KyHJiaHHiu xochji khjihui

wapaennaa KaxnaiuaAH. y
axoMJiapHHHT

xHccacwra Tyrpw KenyBMH yjiyui

™ eKTP A
xapaKxepHCTHKajiapHHHr ysyn xynKHH coxacHAa «ayM »

cn(J)axnAa KypHHHUIiH
KepaK (MOAAa cneicrpn CHHrapn).
JleKHH, aHOMan 4>orojie>cxpHK,

(jioxoMaranx KynjiaHHiii
WJiaAHraH lon”a »Phm

reHepauH*

yxKaarHM KaxJiaMJiapHmr aKcapmmwa, cneicrpaji

xapaKxepHCTHKajiapHHHr ex apajwuiMa axoMJiapHra x e n m

ysyH xyjiKHH
coxacHAara khcmh Kyn xojuiapAa KyaaxHimaftAH. ByHAaH AOH-KaxjiaM K>nKa
napAaJdiapHAa ex apajiauiMa axoMJiapH KMpHTHJiMaran AeraH xyjiocara Kejmiu
MyMKHH. y MyMaH OJiraHAa, 6y Hra yxiuaui xojiaxjiap,

nacr xeMnepaxypanapAa,
KynrHHa A O H -3<}Kj)eKX Ky3aTHJiaAnraH

ionna apwM yxKa3nm napAaldiapwfla
KysaxHJiaAH. By HaxHwanap xaM nynyp xaAKHKOT khjihuihh Tanab yram.
MvpaKKa6 hPhm ymurHH

6 HpHKManap«AaH
Ka™aMJiapAa

xaftepjiaHraH ACPH -

<j)OTOKyHJiaHHUiHHHTr foKopn Maii(j)MH xeMnepaxypaBHH
K03*d)HUHeHXH (MTK),

KHCKa xyxauiyB xokhhhhf 3ca khhhk MTK hhhf
KysaxHJin yjiapaan k)koPh cearnp”~KKa ara SyjiraH, nacx xapopaxfla hiuhobhh
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reHepaTop THnmani (J)OTOiipHeMHHKJiap (I TO IT) acam MyMKHHJiHrHHH
KypcaiaflH. ByH/jaH apHM yTKa3rHH 6HpjiaiuManapflaH oJiHHraH AOH -
KaTJdiaMJiap nacr TCMnepaTypanapaa (~77°K) KyncH3 epyniHKJiapHH (~106
Bt-cm'2 x,aM ce3a ojiaan. Yaapaan 10-20 kB (JiOTOKyHjiaHHin 6epaflHran FTOFI
jiap acaui MyMKHH.

OxHprw naMTjiapaa KaaMHfi, chmo6 Ba Tejuiyp apajiaiuMacHaan
TafiepjiatiraH (KCT) KaTJiaMJiapHHHr 4>0T03neKxpiiK xycycHHTJiapH KeHr
ypraHHJiMOFyia. By apajiauiMa yMyMaH Top 30HajiH Marepnaa 6yJiH6, nacT
xemriepatypanapAa HiiuiafiflH. YHAaii oiiHHraH n o n JiapHHHr aacTJia6KH
HaMyHajiapH sxihh HarajKaaap 6cpmun KyraaMOKaa. YjiapHHHr ronra
KaTJiaMJiapn epHTHaranaa (nacT xapopax”a) KHJIOBOJibTJiap 6epHiim 6HJiaH 6np
Karopaa xapKnénAai H 3jieMeHTjiapHHHr HHc6aTHHHHr 6np 03 y3rapHUJH xaM
cneKTpan coxacHHH 6ouiKa coxajiapra Karra y3rapnui 6waaH vxh6 KerauiHra
ca6a6 oyaaan (1 mkm aaH 20 mkm rana). By y3 HaBOaraaa KeHr cneKTpan
coxaaap.ua (KypHHMac Ba KypHHaaHraH Hypjiap) Hiujiaiu Ko6émiHHTnra 3ra
6éyjiraH o/mhh Ba ITO Il aparnni hmkohhhthhh oepaan. JleKHH, (CdHg)Te
KOTHuiMajiapHjiarH TeMnepaTypaBHH 60i.iaHHLU.napnHHi xaoHaTMaani
aHHKMacjimoiap nyKyppoK xaaKtfKOxaapiiH Tana6 3xaan. UlyHra Sofjihk
paBHiaaa (Cdllg)Te KOTHUiMacnaa xap Aohm acyaa Kyn coHaani Ae<})4>eKTAap
Ba yjiap 6naaH 6ofjthk apanauiMa axoMaapn MaBwy/i. YaapHHHr Ta6HaTH KaM
ypranHjitaH. KaflMHH, chmo6 Ba Tejuiyp apanauiMacHHH Taftepjiauiaa,
TexHoaornara 6o0fjihk paBmiiaa, 6ax.3H HaMyHanap Tejuiyp SHJiaH 6oHHTnnraH,
6ai>3HJiapHfla sea xap aoHM chmod aTOMJiapHHHHr eTHLUMacjinrH Ky3aTHJiajiH.
Chmo6 aTOMJiapHHHHr eTHuiMacjiHrH aKuenxop carxnapH xochji KHijica,
yjiapHHHr nanwapa TyryHjiapH opacwra khph6 kojihuih aoHop carxaapHii
Bywyara KeaTHpaaH. fleMaK, (CdHg)Te KOTHiuMaaapnaa xap aohm >Kyaa Kyn
coHUarw uyK'raBHfi aetJxjieicTJiap MaBvxya 6yJiH6, yjiap nnnaa acocHHcn
TyryHjiap opacnra woHJiauiraH chmo6 aroMJiapH xHcoSaaHaaH. YjiapHHHTr
KOHueHTpagHHCH eTapjiH Karra 6yjin6 (10181019 cm3) TaKHKjiaHraH 30Haaa
ajioxHfla “30HaMa” xochji KHJiaan. BaKaHCHMOH Ba TyryHJiapapo aTOMJiapHHHr
6yHflaB soHacn BaneHT eKH ~TKaayBMaHJIHK 30Hacnra TyTauiH6 KeTaan. By
xojiaTHH ypraHHiu (CdHg)Te Kar.naMaapnaarn Ky3aTHjiraH aHHKMacjiHKjiapra
OHfIHHJIIHK KHpHTHIUH KepaK.

MexaHHK KynjiaHHuijiapiiH A<t>H Kafifl khjisAh

Karra MexaHHK KynaaHHiuaap SpaaMHaa KarrHK »o0iCMjiapHHHr (J)M3hk
xycycHHTaapn xaswaa MawiyMOT onnui MyMKHH. AOH-KaraaMaap 6aFHiiuiaraH
Huiaapaa acocaH HjfaroiMui ae“opMauHfICH KyaaaHHaraH [2], MyHKH, X03nprn
naiiTaa KarrHK >KncMnapaarn ojin6 6opHaaeTraH raaKHKOT HiiuiapHaa
KyjuiaHHaa&rraH rHapocraxHK khchui ycyaiiHM lonxa apHM yTK33rHH A<DH-
KaTaaMJiapH ynyH Kynaa6 6yaMafiaH.

A O H-KaraaMJiapaa MexaHHK KynaaHHiuaap xocHa khjihui Ba yHHHr
AOH-crpyKiypara Ba yHHHr TypaH xapaKTepiicxMKaaapHra TabcnpHHH bhhk



SaxoJiam MUKcamm AOH-naBarJiapiro noJiHMep  xarjtHKJiapra ojihlu
TCXHOJionwcH HuiJiab mhkhjiah. 3jiacTHK Ae4>opMauHHCH flapaacacH k)koPh
gyni'aH nojiHMep TarjiHKJiapHHHr AOH-KaTJiaMJiap 6hji3h a”reiwacH eTapjiH
aaparcaaa axiim GyjiraHJiHrH y<iyH wexauHK KygjiaHHUiJiapHH TaniHKnaH
saTJiaMra ySaTHiu hmkohhhh GepafIH.

TarjiHK cn4)aTnna wyxia MycxaxKaM, uccHKjiHKKa mwauim oyjiran
nojiH3THjieH Tepod)TajraT ionKa jieHTanapHnaH HiunaTHJiflH.

A®H-KBTjiBMHHHr fle4.0pMauHOH xapaKTepHCTHKanapuHH Kanfl khjihiu

MaRcafliifla oM hh MHKpoMexpHK bhhtwih (JroKflaJiaHHAAH. By

Biurrra
SnamxHpHuraH xocnnanap epflaMHfla ~ h uih h

10 mkm rana a ™ K
ewiftH XHCO6ra ojihuj MyMKHH. KaxAaMAa xocha 6yjiaerraH 4>oxotok KHCKa
-wxauiyB pe>KHMHAa ym m m .

28-pacMAa AOH-KaxjiaMHHHr fl*opMauHOH
xapaKTepHCTHKanapw

60FJiaRHiii rpa"HKAapn Kypcarwinm.
CdTe naSbh2Se3 AOH-KaxjiaMJiapHAaJ M t) SorjiaHHUi MZ/i opruuiH 6njiaB

MOHOTOH paBHiiifla KavraMMUJH KysanuizwH. GaAs KaTJiaMJiap ynyH sea

y
6orjiaHHMi Ka6aPHK (flacraae ycaau,

cyur KaMafiHui 6ouuiaHaflH) uiaKJira
yxazw. TarcpnSajiap acocan M/( hhhp 5% nerapacHW vrKaiHJiran. AOH -
KaTJiaM aeBopMauHHCHra aohP TaacpuSa HaxHHcajiapHHH (jjoroBCJibxaHK (p-n
Vxhlu) Ba *0XO0flH(j)4)y3HOH MexaHH3MJiap HyKTaH-HaaapuaaH Tax,inn KHJiafijiHK.
BvHHHr VMVH CdTe Ba Sb25e3 AOH-KaxjiaMnapHUHr 4>h3hk MOAeJUiapnra
Mypo*aax KUJiHHaAH. Moflejira ahkk3t 6hji3h KapacaK, MacajiaH, p-n- yxHuinap
KCTMa-KCT 3an/KHPn  MyaHAraHAa, kphcrajijiht.iap opacunarn coxanap
(KOHxaKTHH) Kaputhumth opxn6 6opaAH, 6yHHHf HaTH M a ~opMaun,
(M /1) opxHLUH 6HJian (J)OTOTOK KaMaftn6 6opHum KepaK. CdTe KarjiaMjiapHAa

AecbopMauHGH xapaKrepHCtHKajiap (/KT(A€/f))

xapaKxepn 6omwwa 6yAHuin
KepaK. 3jieMeHTap

(fcoTOKynAaHHUiJiap KaraaM 6yftjia6 KyuiHJiHuiH ynyH
MHKpo<})0TO3JieMeHTnap <KpncraJuinTjiap) opacHAa akKXHB SymiaraH coxanap
6Vjihuih KepaK. By coxadiap xaM hkkh

KyuiHH MHKpo<t>oro3JieMeHTjiap
opaeHAara nerapaAa 3Pkhh 3apaA

xauiyBMHJiap KonueuxpauHajiapMHUHr
TCHrnauiHuiHra xaxiaKur 6epyBin aacpaxyBHH KaxnaM 6ymé6,

xaM 6ajuiacr
KaDIUHJIHK 6yjlH6 XH3M&T

KaxnaM uy3HJiraHAa 6y coxaldiap xaM My3HJiaAH Ba 6yHAa hkkh xhji

x0AHca 103 6epaAH. Bhphhhha3h aKXHB coxalJiap opacHAarw <opKHH»

3apaA
TauiyBHHJiap KOHueHTpauHSijiapHHHHr

TCHrjiauiHuiHra xajiakHT  6epyBMH
JUKpaTyBHH KaTJiaM KapiUHAHrH OpxaAH. BKPHHMH 3<j)<J)eKX HKKHHHHCHAaH

OPXHK eynraHAa myshahui opthuih GHJian <})oxotok mohotoh paBHUiAa oPth6
LaAH MKKHTa KyuiHH aKTHB coxaJdiap opacHAa xok xauiyBHHJiapHHHr

auMauiHuiH xyxxaraM, hkkhhhh xoAHca 6ajuiacT KapiuHAHKHHHr oPxhiuh

acocHH pen 5>HHa6 KonaflH. By xoji nysHJiHiu oPthiuh 6njiaH ~oxoroKHHHTr

KaMaftHUJHra ojih6 KejiaAH. GaAs KaxjiaMJiapHAarH " otoxokhhhf My3HJiHUira
SoFAaHHUIHHH H(J)OAaJiOBHH rpa<}))MKHH [2], uiy HKKaAa xoAHcaHHHr SnprajinKAa
aMan khjihiuh HaTH>i<acn Ae6 M30X-iam MyMKHH.
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28-pacM. Kjickji TyraiuyB xoKHHHHr AOH-KarjiaM HyiH.isniuti a
6ofjihkjink rpa™HTH (IKT(AZQY-
a) KajiMHH TejuiypHflH yliyn; 6) rajuHtii apceHHfIH vhvh, (xap 6np Maxepnali.naH
HKKHTanaH HaMyHa y*tyn rpaijiHK KejiTHpHJiraH).

AOH-KaTJiaMjiapHHHr ~ecfiopMaunoH xapaKTepHCTHKanapHHHHr TaSnaTH

KaijiaMJiapaa xochji 6ynaaHraH aHOMan roKopn ("OTOKyHJianHmMnHHr
(JOTOBOJibTaMK  (n-p-  yxnui), 4>0TojiH(()(J)y3noH MexaHH3MJiapH HyicraH-
Ha3apwflan xaxjimi khjihhuh. JleKHH, oyiwaH xaxjin.ii xoflHcanapuHHr Ty6
moxhjithhh  TyjiHK  TyuiyHTHpH6 6epa ojiMattflH. By  jietjiopMauwoH
XOflHcanapHHur xakKHKHft mox,hsthhh 6hjihui yiyH, MexaHHK KyMJiaHHiunap
BaKTMfla 30HajiapaarH y3rapmii.nap moxhhthhh ohjihuj KepakK Syjiaan. MyHKH,
,ue4>opMaunfl TaKHK”~anraH 30Ha KeHMMrnHH y3raprapaflH. KynrHHa AO>H-
3())(§)eKT Ky3aTHnaAnraH MOanajiapHHHr xaKHKjianraH 30HacH#a St 3jieMeHTJiap
6kh CTpyKTypaBHH 3JieMeHTJiapnHHr KOHueHTpamwcM eTapjiH Ka-rra 6Byjiran
xojinapHfla xochji 6yjiafinraH KyuiHMMa «30Hana» Jiapn xaM 6yjraHH. By
«30Hana» nap ae”opManHajiaHHuiH HaniKacHfla, xanw 4>aHra Ma-bJiyM
6yjiMaran aHOMajiHsmap Ba yHra 6ofjihk xo/incajiap Ky3aTHJiHiuH mymkhh.
MacanaH, apHM yTKa3rHH nojiyMeTanji xonaTra >*th6 kojihllih Ba aKCHHMa
xoflwca xaM Ky3aTHjiHiuH mymkhh.
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A<DIl $ 0TO3JieKTpeT xojian a KHpajni

A<t>H-KaTJiaMhhhr jiiokc-bojii>x  xapairrepHCTHKaJiapHHH  xeKuiHpHmM
wapaeHH.ua my Hapca MauiyM 65>whkh, Sawn AO>H-KaxJiaMJiaPHHHr (Si, Ge

ap») ™okc-,0L xapaKrepHCTHKaJdiapH KOcpAHHara

6oi>,TOH
By KaT.iaM.'iap.na 0.1-0.5 B M C .iato,

Ky~aHBIiB
6Vjihh KopoHFHfla my HaMyHanapHH KOHTaKTJiapHHI)—/I ohhk caKJia6,6np muvm
*a» 06, K,— }3raPpw»,™3 1® ,™ , Baw«. 6,
KaTJiaMJiapHH 100°C nwa KH3H.aHpanrawia xaM 6y KyHJianHiu HyKOiwaraH. By
™ e ™ a HHm KaxnaMHH kh* xojiua y x ™ acapaeHHAa Kyx6M,BHH
MaiinoHCH3 Bywyflra KejiaAH. By 3JieicrpeT (V,,,) KymiaHHmM muopacH KauiaMAa
S S L h i MOC — xaM, ynra KapaMa-KapuiH xaM
6?jihuih MyMKHH. Eawn KaTJiaMJiapaa V Ag,,=0 6?JiHuiHra KapaMan V M HOJiaaH

$aPiy,O o S e HKKTpCT,,HHr Byw a Knuiiw acocnn Pojihh «Mafifla>> cax”iap
6awapaflH. Ta6HH»KH «Maftfla» caxxnapaa cjrdkaT acocHH GyjiMaa
TamyBMHJiap 4>a0JiHHTM Kapajiaan. MynxH acocnM Ta”EHH.iapyyHHyKyp
carxnap yiapra moc 30HajiapflaH erapjm y3oK *OHJiamraHjmrH

caTxwra HHCoaian) ca6a6nH yjiapHHHTr aicrHBJivirH acyaa nacT 6yjiaAH.
X~*mmh sapwnapHHHr nyw

(d>ePMH

«MaK*a» cax”ap tomohmwh yuuiab
KoiiHHraH acocHfl ByjiMaraH (HOMyBOsaHaxjm) TamyBHmiapn ionKa KaBaxjiapaa

ojiHHraH (j)0T03JieKTpeTjiapflarH KyrfJiaroiui Ba pejiakcauHH ynyH

«Maftfla» caxxnapua * OHJiaiun6 ojiraH xok xauiyBimiap Bywyflra KemnpraH
I"hT™ pe™ H axaGHaxn, 40x03;,eKrperp o » n 6*maH 6hPahP
MVHHHr VAVH MHKPO p-n VTHM.H A® H -«™ ap A a KyxBjIOBHH MaHUOHCH3

KeiiyBMH ™ ™ 4,0T03J.eKTpeX XHHHHH KyTHU! "MKHH
d)0T03JieKTPeTHH)ir naHflo ByjiHiu *apaenn KyRwaarH oocKHHJiapAaH H6opax.

1) 3PKHH XOK xamyBHHJiapHHHr AH3JieKTpHK eKH K)KOPH KaP UIHJIHKJIH aPHM
VxK~rHMjiapaarii renepauHHCH; 2) ™ Poh Ba xemnKJiapHHar c”~obhh
{Jjihhhuih; 3) (J)a30BHfi ByjiHiiran xok xauiyBHHJiapHHHr exapjiH nyKyp JiOKaji

CaTwl rpHM* KHHHH rcapaenjiap xauiKH ~Krop-gpyriiHK Ba
MafiflOHH TabCHPHfla coahP 6yiica, yMHHHHCH 3ca Kax;iaMAa «Mafifla»

oo T C < J ) 0TO03aeKxper sa Kyx6jioBH—
MafinoH 6HJiaH 6npranHKiia xaicnp sxraHAa Byasyara KejiHiiiH mymkhh.

myHHHrueK xauiKH MaftuoHCHa (jmaT i-pyrjiHK XHCoSnra Byw a
- X' m v » h. Ketan, » —_

HHKH p-n yrauiJdiap MafiflOHH 6a5<apanH. p-n yxwrnjiH crpyKxypaaa (AO H) 103 Ba
:Z P.o N ixH6H .ar, "OTOKy— Bap N T n A Z
6vliraH 6y roKopn KynjiaHHui Kyi*JioBMH Maw/ioH 6ynajiH. «<KKa p-n 5™

cxpyKTypaaa <.0TOicyMJiaHHmM BOJibXHHHr y~ymJiapnflaH ouiMaHflH. AOH-
S i 100 MHHHiae, P-n yxnmjiap KexMa-Ker ynanraH 3aHKHPH Xoch,

6yjiH6, yjiap/iain -weMemap ()' = kT/q) KywanHuump HHFHaH6 yjiKaH ManflOH
XOCHJI KHUHUJH MyMKHH.



A<E>H-KaTJiaMJiapflarn <j)0T03JieKTpeT xojiHcacma GaFmimaHraii rnxuiap
K$n 3Mac. KaflMHH Tejurypn/in Ba Sb2Se3 MoananapHflarH 4>0T03JieicrpHK
XOJiaTHH [14] Hiuaa ypraHHJirau. OoToaJdieKrpeTJiapHHHr Ha3aPHacH [2,15]
HiunapAa y3 bkchhh TonraH. By Huildiap.ua KypcaTHjiHuiHHa 4)0T03JTeKTpeT
xonaraap KaflMHH 6njian 6ofiHTHJiraH CdTe, cejieHra 6oHHTHJiraH Sb2Se3
AOH-KaraaMJiapfla Ba KyMyui, mhc (owiaH jierapjiaHraH) aTOMJiapn
KHpHTHJiran CdTe KaBaraapn/ia Ky3aTHjia/w. ByHflaft tcxhojiofhji SwiaH
apaTHJiraH <J)oto3jieKiperaap/ia TauiKH 3JtcktP MaRaoHM HimiaTHJiMaH
KyT6jiaHHuira apHuiHJiaflH. YjiapHHHr 4)OTOKyT6;iauHiiJHnn 3jieirrpo,unapHHHHr
yjianMaraH xoJiaTH.ua, xaM.ua KHCKa TyTauiTupHJiraH xonaT.ua aMaura ouiHprnu
MyMKHH. ByHHHr ynyH (])0T03JieKTpeT KaraaM >'jihob ac6o6Hra yjiaHaflH. CyHr
hhtchchbjihfh TaxMHHaH 8-10'2Bt/cm2 6yJiraH epyrjiHK 6HJiaH Sup Hena MwiyT
flaBOMHfla cPhth;ih6 TypmiaAH. EPhthjihui HamJKacHaa 1 cm y3yHJTHK.ua 500 B
ra hkhh AOH xochji 6yjiaaH. Ephthujhh TyxTaTraiwaH cyHr onp nena ceKynu
AOH-KaTJiaM sjieicrpoflJiapH (yijiapn) KHCKaTyTauiTHpHjwG TypHJiajjH Ba AO H
HHHr TaMOMaH RyKOJiHiimra spHuiHJiaaH. Y n/ian cynr KaraaM »Ha y111015
ac6o6Hra yjiana/iH. Ac606 (j)0T03JieKTpeT xojraTra -ryrpn Kenybhh kojuihk
KyHJiaHHuiHH Kafia KHJiafl[H. OO0TO03JieicrpeT xojiaT KyMJiaHHUIH ceKHH-acTa
opth6, 2-3 MHuyT Baicr opajiHFH.ua t*mhhhui KHHMarara spHinaaH. Bynaa
yjmamaH  <)0i03JicKTpeT  KyHJiaHHiu 90-100 B ra eTraH. ByHflaft
(J)oro3JieKTpeTJiapflaH 0OnTO03JieKTpOHHKa.ua SouiKapHJiyBHH xoTHpa
3jieMein.napH.ua 4)OHjiajiaHHuj MyMKHH. EyHuafi xoTHpa 3JicMenTH Ba3Hcj)acHiin
yM  KauiaMJiH 4)0TO3JiCKTper KaraaMH-TarjiHK-Kana KapuiHJiHioiH hPhm
ATKa3rHH cTpyicrypacH 6awapajiH. 29-pacMfla yn KaraaMJiH (l0T03JieKTper
jioftHxacH KejiTHpHjiraH. Y naa, 1-epyrjwK okhmh, 2-KaflMHH SnjiaH 6oHHTnriraH
TenjiypHfl KauMHH AOH-KaraaMH, 3-AH3JieKTpHK KaraaM, 4-Kaira KapuiHUHKjiH
npHM yTKa3rn4 KpHCTaJiJiH.

29-pacM. Y m KaTJiaMJiH (JxmmeKTpeT jioHHxacw.

AOH-KaraaM jiapua TauiKH KyrGjiOBHH sjieicrp MaRuoHHCH3
Ky33THJiaflHraH (J)OT03JieKTPHK stjxjieirr hhth THnaarH 3JieicrpeT xojist 6yjiH6,6y
3(0)(J)eKT  Ha3apHHCHHH  AimpOBHH 3.H. p HBO>KJiaHTHpraH [2]. AOH
Ky3amnafl[HraH xaMMa apHM yxKa3rnM MaTepuajijiapua xaM, yjiapHHHr aHOMaji
3%(})eKT Ky3aTHJiauHraH ionKa napuajiapH.ua xaM aHin (J)0T03JieKTpHK xojiaTHH
Byacyara KejiTHpyBHH *apaeH hxujh ypraHHJiMaraH. By coxanarn HuiJiap
afIaGngaap.ua wyaa KaM cpHTHJiran.
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By anra d)0T03JieKTPHK 3<M>eicr 6yjiH6, yHHHr HiuJiauiH ynya ynra

Ta6viHH epyrjiHKHHHr KyMCHsrima okhmh TyuiH6 Typca kh~7osjihk k w

|
EpyrjiHK x,HCo6nra ysnaa (oflawfi

SJieKrperjiapfla HmjianurawiraH rauikKH

("oTOSJieiap MafiAOH KyHjiaHraHAHra xocha
KHJ1H6, 3JieMCHTHH sjieicrpeT xojiaxra khphtoah.

k?t5jiobhh 3/iekKxp waHfIOHnN)

fleMaK, AOH-KaTJiaMA3P
acocHfla acajiaanraH ajiexrper 3jieMeHTJiapn aBTOHOM
m3haohhch3  HuuraHAH. Uly ca6a6j,H yjiap

oimmeirrpoH xoxnpa
KYDHJTMajrapHfla KeHr 4>0HAaJiaHHJiHUIH iuy6xacn3AHDp.

A<DH-KaxjiaM epHTHJiHiuH Snnan sjreKxpocxaTHK hhaykuhh XHCo6nra
hphm VTKaarHH KyxSnaHWH. EpyrjiHK onmraHAaH cyHr KaTxa KapuiHJiHKJiH
apHM frKaarHHAa HHAyKUHHJiaHraH KynjiaHHin peJiaxcauHHOH exapjiH y3oK b3kt
aaBOM sxajin.

AOH HHHr eaKT aohmhhch hhms?

AOH KHHexHKacnra 6orjiHK Ma-bJiyMOXJiapHH [2, 16] cmhmhkjuio

ypraHHJica, uiyHra hiuohh xochji KHJiHHca 6yJianHKH, xaMMa Himiapaa A
S penaKcaHHOH acapaeiuiap 6hP TOMOHJiaMa ypramuiraH. akK
fIOHMHHJiHKJiapHHHiir MatnocHHH eHHiufla AOH HHHr yxa coManauixHpHnra

MoaejiJiapHAan Ba naaapuH Ma-bJiyMOXJiapfla [16] t3KPh6hh xHco6jiapA

4* [UiaCoXjiamxHpHJlraH MOflejiaa pcnaKcauHHHHHr hkkhx3 BaicrH xawwa

d,HKp icpHXHJiaAH. YjiapHHHr 6hPhhhhch (Jtototokuhht xycycHH pejiaKcaunscu
BaicrH 6vjih6, yHH A<DH hh Bywyara KejrrHpyBiH $H3HK wapaeHJiapHMiit
HHepuHajuiHrHHH xapaKTepjioBHH napawexp xaM aeca Syjiaw.

Mkkhhhhch
KaxjiaMHHHr yMyMHH chfhmh Ba Harpy3kKa chfhmh,

Kama KapuHJiH”ap
opkbjih 3apawiaHH.il (eKH paspaflnaHHUi) wapaeHJiapn 6njiaH 6ofjihk (RC-

naPaMAOH KHHexHKacHHH ypraHHLUflarn coaaaiiaiuTHpHJiraH Moaejwa [16]
(boxoKyMjiaHHUI opacHflarw 6ofa3Hhui
Ta»pH BanapHHHr [2] KypcaxHuiHH
KaTJiaMjiapHHHr Kynjiapnaa B»104 jik aan 6ouiJ.ab hhshkhh 60oFJiaHHUJ

GouiJiaiwH. HKKHHHHA3H 4>ototok ycHUIHHH »roHa tO pejiaKcaura BaKTHH

6HJian gpyrjiHK hhxchchbjihfh (B)
V Aoh(B) HH3HKIIH aeb xncob6jiaHafin.

xapaicrepjiaHAH fle6 Kapajiaan. JleKHH [16] M KenTHpHJiraH moacjihh xax”~Hj.
khjihiu uiyHH KypcaTaflHKH, KHCKa xyxauiyBra »khh

xoaaxjiapAa Va*h(B)
6oFJiaHHuUi HH3HWIH 6oFJiaHHiura

»KHH BynaAH. llyHHHTr

yiyn A4>H-
KaxJiaMJiapHHnr KapuivumrH *yaa Karra 6ynrwmm

(R> 10 Om) ca6abwn
BaKT aohmhhchhh KtKopnfla KejrrapHJiraH
$oraroKHHHTr xycycHfi (t,) pejiakcaunn BaicrH B3 RC ra Gofjihk sapawiaHH

xawpnbaAa xoniuiraH AOH

(Da3P«AJiaHHUI) BaKTJiapHAaH H6opaT aefiHiu MyMKHH.

Xap 6wp KaiAaMHHHr ysnra xoc xycycHSTAapwra Kapa6,

xycycnn
penaKcauHH Ba”apn T~Ap~ranapAan MauiyM

HiuopaHHHr ysrapnui

xaM ysrapaAH. MacajiaH,
6vaahkh, (Jjototok cneicrpHAa J,,,iX) yarapMacJiHrara

Kapab xaM KaTjiaMJiapnuHi t, .aapii (Jiapk mnam. TexHOAOrHK wapacH
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napaweTpjiapHHHHr AOH-KaTjiaMiin xapaicrepAOBHH KarranHKiiapra TaicHpHHH
ypi aHHUiaaH ojiHHraH TaacpH6anap HanracajiapH KypcaTHUiHnha KaraaM xochji

KMjiHiufla, MOneKyjiap okhmhhht ynnui Te3JiHrn (y KauiaMHH ycTHpHiu

Te3Jinrnra moc KenaflH) opraujH ovuiaH tO HHHr KaMamiuiH Ky3amnraH.
MaB*yA AOH KHHeTHKacH xaKHflai M MatJiyMOTJiap KHCKa TyxamyB pe>KHMma
KapaiiiJiHAHp, 6y epaa acocHft ehhivtobhh BaKT Ba3Mi])acHHNn (J>ototokhmhi*
xycycml pejiakcanHHCH Ba«rn tO, stjHh MHKpo p-n JhrHiu.iapaarH SupjiaMMH

4>ototok pejraKcauHHCHra ooitimk BaKT 6aacapaaH.

AO|I 1-KaTJiaM KHHeTHKacHHH canT iopnui peacHMHaa aHHigiam ynyH

Maxcyc yjmaiu cxeMacH HHFHJiaan. Bvnaa 30,a-pacMaa M(})OAajianraH 6jiok-
cxeMaaaH (])OMaaaaHMjiflH. yjmaiu KacKaaan cxeMa [17] aa HHmnran KaToa
KaPhaprn>i epaaMM.ua 6a*apmn an. CxeMaaara R, =10" Om KapiuHJiHK cajiT

topmn pejKHMHHH TaT>MHHJia6 6epaan, Rm=5 10' Om KapmwiHrH 3ca AOH -

KaraaMHHHr VTKa3yBliaHanrn TaijCHpHaaH Karoa KaMxapriiH KHpurn 3aH>KMpnHH
aacpaTnui Ba3H(fracHHH Gaacapaaw. EpyraHK MaH6acn 6yan6 OH-24 gpmrHH
xH3MaT K,MjiraH.

n on aapHH HMiiyjibcaw pe>KHMaa KaHflaii HirniamnHH ojuwuaan
6ejirnjraui yiyH yjiapHHHr cam Ba KMCKa TyramyB pe*nMaapnaai H KHHerHK
xapaKTepwcTHKanapHHH 6Hawn KepaK 6yjiaan. TafiSpaaHraH KypnjiMa cajrr
pcxcHMHM Ta-bMHuaao yHra KHpnTHaran 3jieivieHTaap yjiHOB KypHiiMacnaarn
6aoiaiapHHHr Tyaa Mocaamno HiujiauiH ynyH 5KaBo6 GepaanraH KaTTariHKJiapaa
raiiJiaHaaH. 4-6aoKaarn C,, Ba R<c 3JieMenraapn Kafia Kn;iyB4n ocunjuiorpafj)
KHpHiu 3an*Hpn 6mian Karoa TaKpopjiarnn ojiokhhh (3) MOCJiauiH6 muaauiHHH
TaiiMHHiiaHAH. KypHJiMaHHHr xaMMa 6jioicnapH TauiKH OTeicrp Ba MarHHT
MafiaoHJiapHHHr TaTjCHpnaaH xhmoh ko6hfh 6wiaH TaiMHHaaHraH. MexaHHK
MoayflHTop Ba CH-24 THnnaaru epyranK Man6aH (1-6.io0k)
HMnyabCHHHHr Il-chmoh onTHK maioiaa

AaBOMHaa Tyum6 TypuuiHHH TabMHHJiaflflH.

epyraHK
KaTaatvira xap aohm TaacpnSa

30,a-pacM. AOH KHHeTHKacHHH canT lopHiu pejkHMHua ypraHHinra Myji/KauiaHraH
KypMjiMaiiHiir 6.noK-cxeMacH: 1- MexaHHK MoaymiTopH OH-24 BaAOH-KaTnaM, 2-
KyMJiaHHUi SyjirHHH; 3- Karoa TaKpopjiari-rai; 4-ocuH.uiorpa(J>



st+200

30,6-pacM. 30,a-pacMiiarn 3-6jioKHHHr tJihk upmmnriHaji cxeMacw (cxeMa TauikKH
MaHflOHJiap/iaH xhmoh 3KpaHHra >ia).

3jieKTp MaH/toHH BOJibT-aMnep xapaKiepHCTHKa

Ba cncKTpHM yirapTHpa”~H

A<DH MOflejTHHH 3KBHBajicHT

cxeMa [9] SHJiaH anMauiTHpHJIMS
XMCobjiaHraH  (5)

n~oaaHH TeKiuHpnui
rpa”HKJiapn aH”auflH .

naxHrcacHaa yHnur xap Xxm

inaKJUiapwarH By nasapnH rpa”“map 31l-pacwaa

TaCBHfHa3apHH fiyji 6mm AOH-KaxaaMHH MyKoBHJi cxeMa  6njiaH
HaxuvKacuaa TonnaraH (5) aH~

SyjiraHAHrH yiyH yHHHr xycycuH xojuapuHii Kypn6 HHK3MH3. AO>H-KaxJiaM
epiiTHjiMaraH Baicraa (B=0) yuiby

AOH-KaxjiaMHHur BAX CHHHHr

ajiMciLHTHpwS XHCoSjiaui

an-.a ctywajiauHuw. Epm*™araH
rpa<}>HK KypHHHuuiapHHH 31l-pacMaa
HHHr 6hPhhmh srpHJiHrn "OfIfiJiHHHr
3jieKTp0H-TeiiiuK yxHLUjiap KaxopHaara KyuiHH N-pP-N- yTHiujiap opacuaa”™apo
Tafccwp OyjiMaraH (« =0) aa,

TacBHpjiaHraH. rp a”~ara BAX

xaM/ia N-p- yxHiuaapHHHr CHJiKyB (RYy ®)

<j)OTOaKTHB 6yjiMaraH xavKMMHHHi  napajinea
KapiuHJiMrH ( Rm= ® ) xHcobra cawHMaraH xoji yiyH HH3WiraH. Arap 3JietcrpoH-
xeuiHK VTHUijiap yaapo

KapuiHJiHrH Ba KaxaaMHHHTr

sapaa ajiMauimu xycycHaxwra 3ra 6yjica, n-p-n-

Kaxopnaa TpaH3HCxop 3(lidieKTH Byrcyara neaaaH, ysapo Tabctip mimm&an

(a =1). KaxjiaMaaru N-p-n- yTHiujiapHHHr y3apo Ta-bCHpn MaB*ya O6yjiH6,
KaxjiaM 6np * hhcjih, Bhp yjmMJW (* ST=«; «,,=®) fle5 Kapajiea, BAX
rpad)HKaa 2-KypHHHiuaa 6yaaan. 3aeKTpoH-xeuiHK yxnuiaapaa y3apo sapaa

anMauiyBH MaBwya (o =1) 6y ™ 6, peaji xoaaxaapaa yHpafiawraH KaxnaM xa*MH
6nnaH 6Gofjihk uiyHT (RM* «) KapuinjiHKHH XHCobra ojwuran, jiekMH xap 6hp

MHKpo N-p- yxHUiJiapiiHHi «cn,nKyB» KapmnaiirH («, -») «yK aeb xaxnua



KHJiHHraHAaBAX rpa”~n. y.rapno, (3) KypHHHIUHH M af

TaxnHJi khahui ana Mypakkab 6ym5, yHH ypranmnaa pean a~ h ™

m
momijih  MyKo6HJT cxeMacnra

coAaaJiamrapHumap thhthjihG Xxycyc™
xojinaDHH kvPh6 HHRHiura xyrpn KeAaaH. AOH-rarnaM Moaemmm Surra
MHKOO «-P VTnuiHHHr KeHrjiHFH (W ) acocHH oyi.Maran tok TaiuyBHMJiapHMHr

'S 'Z w v w W ™ K (»m<*> 6J,.ra,.

SoSapa. 3apJWiap a™ .™ «y.H *>0OTCacH ™ »p

y'lumjiypHvi'if

napai in («,,) » ®Wy«g * ™
uiyHT

S5ma"3” *
(K,,,) KapiuHjinrHHH xncoGra ojiHHMaca Hasapwfl XHco6jiaHraH (5) BAA

HHHr aHanHTHK H(J)OflacH KyftHflarH KyPnnnuira KennS KO.nanH:

J=Jdsexp(2g/mT)(F-3Ji)-Js-

0)

YHHHr FPa4»HrH 31-pacMflarH hkkhhhh 3rpH hhshkhh h(@0A *w h . 25-
pacMAarH yiiMimn 3rPH hhshk w <L xoAaT yny.. « =),/?,=» Aeb6
MOAeJira moc KejiaAH. D P |

Ha3aPHH BAX aara 6HpHH4H 3rpn MH3HK yAyH, Rm , =
uiapTJiap 6Ga*aPHAraHAa TyrpH 6yjiaAH, huhh n-p-n- KaTOPHfla™® " 'f
yTHiiiAapHMHr », P- coxanapH y3apo sapw — HHyBH coanp kham
nacMHHHI 6HDHHHH  3rpH HH3HFHHH WJtOflaJIOBHH XOJiaTia Ty p
A N> > L=« Ba «yi=») xycycHft xoahh 6omKa aBTopaap
TOMOHHAaH xaM ypraHHAHG, 6y xycycnfi xoAarra (yra CO® a“ T~ ™ Z

JKHHCJIH, 6hpP yAHaMAH MOAeA) aH3AHTHK H*OAa XaMJ O™ ™

Huiaa HHweKUHOH TOKAapHHHF poahhh
H(J)OAaHM TonHiuraH,

~

*yaa 03 aeb y

N T{v-jRy\__
,r Kl

"1+ (- a, - a,,)exPnb%r( - JRr)

(2)

dn L_ J«T« Ke
6y epaa, ift, =M+ W, R, n

Bv Huiaapaa [4,10] KeJiTHpHAraH (1) sa (2)

H~oaaAapHH Act)H
KaTAaMHHHF MOBeAH W

h XHco6na6

CHthaTHAa T8XJIHA K,HAH6 T011h6 OAHUI MyMKHH. fleMaK, AOH-KaTAaMHH
(N-10' c»J) »6o0pa, 6,P — , »ac,

woaeAH, jh>hh pean CMC crpyicrypanapHH ryAapoK HroaaAaHfIH.
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31-pacM. Tejuiypna KaaMHii AOH-Kar.iaMiiHHr epumnviaraH
B;uo;iarn (B=0) BAX na3apnii rpa”™HWiapH.

Ha3apHH BAX aa Ky3aTHJiraH rpaiJmK ynacTKajiapHHH TaacpnSaAa Torwiu
MaKcaflHaa CdTe Ba Sb25c3 AOH-Kax.naM.iapn SJieicrp MaHAOHHHHHr KeHr

HHxepeajiHfla xeKiiiHpHJiflH. Ta>KPHB6aAa xonnniaH (BAX) Haxmapm m

(0AAHft mapowTAa t 20 s
ByjiraHAa) 0-103 B/cm rana aneicrp MaHAOHJiapHAa Om KOHyHHAaH HeTJianHin

KysaTHJiwaHAH. Bab3H MOAAaiiapaa (Sb25€3 Om hhhf hhshkhh BorjiaHHLLiHflan

HCTAaHHUi apTapoK (5-102 B/cm) BouiJiaHaAH. TeKuiHpnuuiap KypcaxaAHKH,

KVDHHaflHKH, 3KcnepHMeHXcLX BAX Aa

nacx xeMnepaxypa”apAa epHTHJiramiHK O flaH 310s ak opajnmwi yarapraHAa

xaM KJKopHAa Ky3aTHJiraH Om HHHr hhsmkah 6oFJiaHHiiiH caKjiaHiaH.

J(V)
KOHYHHSTTHHHr SyHAafi

HH3HKJIH xapaicrepH R..6HJ13H 60FJiaHH6, xap 6hp

mhkpo- yTHuiAapra 6y coxaAa <0,5B xyywma tyrpH KejiaAH. ByHAafl

KVHJiaHHIIIAS B AX HHHr HH3HK/IHrH 6y3HJIMaHAH.
KyMAaHHLUHHHr KejirycH

opTiiujiiapHfla Om HHHr hhshktih
6orjiaHHiujiapHAaH nexra hhrhui

6ouuiaHno, shfh hhshkhh 6yAMaraH BAX
KHCMH 6ouiJiaHaAH. By KHCMAa KyMJianHUi opthuih 6njian tok xcspoK opTaAH.
TOKHHHr yCHUIHHH 3ca J = pv"(n = 1,4) H4)OAa 6HJI3H e3HUlI MyMKHH. EpHTHUI
S5njiaH BAX TyrpHJiaHa 6ouuiatiAn Ba epyrjiHK HHTeHCHBJiHrHHHHr MaxjiyM
KHhmaxiiaphAaH 6ouina6 6orjiaHHW TyrpH HH3HKKa afuiaiiaflH. JleKHH,
3KcnepHMeHTaA BAX HHHr BHpopTacHAa xaM TOKHHHr HHSHiyiHAaH TeapoK
ycyBHH KHCMHAan cyHr TOKHHHr ycmiiH ceKHunauiHB, TyHHHHiu TapMornra
yryBHM khcmh KysaTHAMaAH. HaaapnK BAX HHHr arpmiHKJiapH p-n ynmuiap
KaTopH opacHAa y3apo tok TauiyBHHJiap anMauiyBH MaBwyA, »t>hh p-n yTHimiap
y3apo TabCHp anoKacH 6op (« =1) AeraH xyAOcara acocJiaHnS kcathphG
MHKapHAraH. HaaapHH B AX JiapAa KysaxnjiraH tokhhhf rea ycyBHH khcmhAaH
cynrrn ceKHH TyfiwHHiura HHKybhh khcmh y3apo p-n

VTHiimap KaTopHAarn
KylliHM yTHLUJiapHHUr Tai>CHpH (& = 1) HHHr H3TH>KaCHAHp.
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fleMaic, pean p-n- yraiiiJiH AO Il cTpyKTypajiapaa p-n Jiap KaiopHaarH

KyuiHH p-n coxanap opacnaa tok rawyB'iHjiap alJiMamyBH ftyK, »t>hh p-n

yTHiujiap opacnaa ysapo ra'bcnp 6yjiMaftaH (a = 0).

By 3KcnepHMeHTflaH Kenho hhkK3h xyaocaHH (j)OTOMarHHT yniaiujiapaaH
ojiHnraH [2,12] HaTHwanap Tyjia TacanKjiaRaH, ht,hh jwcjjcJmHsi y3yhjihfh
SHrra yTHLUHHHr KenrJiHrnxiaH khhhk (w>1,),
acoHJiauiraH yTHiujiap 6orjiaHMaraH 6y.iaan.
a=0, B=0, V<0 Ba

6y xojiaa y3apo nyuiHH
JleKHH, Ha3aPHH [5] Hcjioaann
xonjiap ynyii coaaanauiTHpHJica,
3KcnePHMeHT HaTHwanapHHH H(j)0AaJiOB>tH J x pv" (6y epaa « > 1) SoFJiaHHuira

\Y

KejiHUIHMH3 MyMKHHJiHrura huiohm xochji KHJiaMH3 (  (Y) = , Ki~P~n

JTTHLUHH HIVHTJIOB'm IKipiUIJIC.1 VjiaHiaH KapiUHfIHK B33H(jaCHHH 6a>Kapaan).

EpMTHJiMaraH xojiar ynyH e3HjiraH Jvn« J, (<) mapT yTMiujiapuHHr

epytJiHKHH ce3MaiiaH, aeftnuira acoc Byna ojiMafiaH. MynKH, KaTJiaM eTapjiH
gpHTHJiHiiiH 6miaH p-n  yTHiujiapHHHr an(j)4>epeHUHa.T  KapiiiHUHKJiapH,
yTMmjiaphhht uiyHTH xHcoBjianran napajuieji (RyT) KapuJHJiHKJiapaaii khhhk
6y:in6 KOJia.nn. By xo0ji AO H sc”ieicr Maii*yjiJinrHHH TaiMHHJiaHaH.

Ha3aPHH MatJiyMOTJiapra [5] acocaH p-n Ba n-p MHKpo yTHiujiap yiapo
6oFjianraH (« =1) xoaaa TOKHHHr MH3nicnnrHaaH Te3poK (./~pvn; n>1)
ycHUinaaH cyHr HHa hkkhhhh HH3HKJIH 6oFJiaHHin (J(V)) khcmh 6oimiaHHiiiH
KepaK 3flH. JleKHH, xapaKTepHCTHKaHHHr 6y khcmh TaacpHSaaa Ky3aTHJiMaaw.

llaaapHH MauiyMOTJiap SnjiaH TavKpnoa HaTHwaaapHHHHr khg&chh
aiiajiit3n [9] Hiuaa Tyjia KejiTHpujiraH. By epaa myHH TaiKHaaaiu KepaKkm,
KynrHHa Sb2S5e3 Ba apHMaan Kyn CdTe KaBaTJiapHHHHr BAX aapnaa SJieicrp
MaRaoHH (4-5)-104 B/cm opajiHFHaa 6yjiraHaa MantjiHH KapuiHJiHKJiH coxa
Ky3aTHJiaaH. By KHHKHHa MaH~HH KapuiHJiHKJiH coxa MaB>KyanHrHHH H33aP HH
MaijJiyMOTJiap [4] Tyjia TacaHKjiafiaH.

EpHTHJiraHaa iokoph aHOMan (jiOTOKyMJiaHHUi GepMaiianraH ( VAtn= 0)
gpHM yTKa3rHH CdTe Ba Sbh2ZSe3HHHr TeKUiHpHJiran xaMMa kbjihh (~4 mkm) Ba
lonxa (~1mkm) KaraaMJiapaaa 2-105 B/cm MafiaoHJiapaa xaM J(V)
6orjiaHHIUHHHTr hhshkjihjihth caKjiaHraH.

BonbTaMnep xapaKTepHCTHKaaara TOKHHHr 6eKapop (MantJiHti KapuiHJiHK
Ky3aTHJiaaHraH khcmh) ynacTKacHaaH cyHr KaTJiaM KapiuHJiHrn an TapraSra
nacaftran (ht>hh, (10'7—4-10'90m). 5

Peaji K&n 3jieKTP OH-TeuinK yTHiujiap cHcreMacHaaH (1 cm aa 10 aoHa)
uSopar crpyKTypajiapaa xap 6np p-n yTHiujiap MatJiyM MHKaopaa 6Hp-6HpnaaH
4>apK  KHJiHiiiH KepaK. lily ca6a6jin AOH-KarnaM KariHHjiHrH (0,5-2mkm),
3aeicrpoflnap opacnaarn Maco”aHHHr (1-5 mm) ysrapmiiH SHJiaH xaM B A X aa
Ky3arHJiaaHraH 3KcnepHMeHTan (j(v) hh3hkjih ycnui,

(n>1) 6mian Ba
TOKHHHr 6eKapop KHHMaTJiH

(MaH)HH KapuiHJiHK Ky3aTHJiaaHraH khcm)
ynacTKa”apH MObJiyM MHKaopaa y3 Ky3aTHJiaaHraH nerapaBHfi *oftjiaPHHH
y3raprnpHiiiH xaM MyMKHH 3Kan. MaiJiyM uiapOHTaa AO H -KaTjiamhhhr
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32-pacM. B=0 6ynraH xo* Y~'hwcncpHMemw BAX rpa*nn..

o t, t / Cd ra 6oHHI
MatnyM napaMerpjiapH lyiuiaMHfla (a , , HHr y3rapmun 6HJiaH

CHMOH KypHHHUJJiapH AOH 6epy”™

X sb s AOH-KaTJiaMJiapHHHTr
xapaKTepHCTHKanapHH acocaH xoBHpia Cd ie » d2
BAXjiapHflaKyaaTHUiraapHUiIHJiflH. cneicrpHHH  ypraHHui,
flp,,,, JTKBn.1 z ; ,,,6 SepaiH- Xycycit
., 0,, mapHHHr «a» 3H»prm™ tomohm.h
(OTHjiHUira coxacM (]>yH» ~ n«a KaiJiaMJiapfla BaneHT Ba
ojiHHraH neKKajiapHHH TeKiuHpH n hkhh aHHiyiamra hmkoh
yTKa3yB4aHJiHK 30HajiapH opacHfl geKKacnra moc oiithk
SepaAH. KDthjihui m U ronox
yTHinnap xapaicrepHHH en ™K

3 S HIWieimi KecKHH oPth6, 10310
KITHJiHiuHHHr MeK”apHfla roT ™

elna]] coxacHHunr
cml KHHMaTJiapra e-raflH. lily ca6a6n Syjwo, yHH 6axa4»cnji
neKKa KHCMJapM MypaKKaS ., KaTjiaMJiapaa TeKiunpHJiraHfla
ypraiiHUi ronKa, ~ ™

H™ rH @yszemW IOTHJimuHHHr neicka
SepHiuH KepaK"' / 5 KOJiraH er

3JeMemjiapHHHTr
uiaKJinaHHUiHfla M O~ara khPh6 KOJira
aTOMJiapHHH ypHH *3M My*HM W A IW n «

sxuih HaTHwa
coxanapHHHHTr

* c(>xaJiapHHHHTr

XycyCHSTJiapHHH
<DyHflaMeHTaJi

cneicrpHHH Karra aneKrp MafiflOHJiapnaa



tVjikhh TOMOH GHNSHUIH KyaarmiraH. AOH-KaTJiaMJiapHMHr KapuinnHrH (~
Om) eTapiiH Karra 6yjiranjinra,aaH HHc6aTaH khhhk KymiaHHiunH HBH-1
ManSacHflan 4>OHflanaHHJIfIH. Ymauuiap CdTe Ba Sb2e3 Jiapra C<P,IW
acOoojiapHfla ojih6 6ophjiah.

yjraui McapaeHHfla KaTJiaMJiap TeMnepaTypacn Ha3opaT khjihhzih.
TeMneparypa ~arapHiiwa 5°C mu iokoph ycHin Ky3aTHJiMa.au. TeMnepaTypara
60fjihk 34>4>eicrjiap TatCHpHHH x,HCo6ra ojmacjiMK MyMKHH. 1uyHH TatKHAnaui
KepaKKH, MOHOKpHcrajuiapaa [19] cneicrpHHHr yayn tn/jikhh coxacnra
chjivkhwh HHcSaraH Karra 3JieKrp (E>104B/cm) Maii.aon.iapAa Sou”anca, *onKa
KarjiaMJiapaa sprapoK (AOH-KarjiaM) ~5103 B/cm MafaoHJiapHfla chhwhui
GoiunaHraH.
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33-pacM AcDH-KaTJiaMHHHr Kynjih Meicrp MaiiAOHii TatcnpHflarn cneKTpH Cae(X.».
CiieKTpflarH 1 3rp« mhshk KaTiiaMraE~5K)4 B/cm MeKip Maftaora SepHJiraiwaomnna.

Kejibfl[HLU HaaapHHCHra  acocaH (JiyHjiaMeiiTaji
eoxacHHMHr Tyrpn yrHiujiapH ynyH Ka-rra
chjdkhuih  Kyjarajiaiw. By
KOnyHHHT SanaH H”oflanain mymkhh:

jothjihui nerapa
30Ha-30Ha

3Jieicrp  MaHfIOH
chjukhuhh KyHHiiarn

Ky>qiaHraHJiHicnapHfla



10thjihlu cneKTpH nerapacn KypwHaaHran HypJiap coxacn.na eTraH

Mo~ ajiap ynyH cneicrpHHHr nerapa coxacHHHur sjierrp MafiflOHJiap TabCHpH/Zia
chjdkhiuh sjieicrp MaKflOH KynjiaHraHJiHrH E « 105 b/cm, m*=m» 10 2 SyjiraH
x,0ji ynyH 6np Hena 103 aHrcTpeM TapTnSn/ia SyJinuiH aHMKjiaHraH. By HaTHma
Ha3apHH XHCoSjiapaaH Karra c3apK KWiMacjiHr hhh 3KcnepnMeHT HanuKajiapH
KypcaTflH.

fleMaK, AOH-KaTJiaMJiapfla cneicrpjiapra KaTra ajieicrp Mai-woHnapHHHHTr
Ta-bCHpHHH ypraHHui MaKcaflHna ojih6 6oijiraH Ta*pH 6a HaTHHcanapH Ha3apHH

Mai>jiyMOTiiapra moc kcjihiuhhh KypcaTa®M. MacanaH, TejuxypHfl

Ka/iMHMaa
yTKa3HJiraH Ta>KpnBajiap,aa

nerapacH Ma&woH
tomoh -120 A° rana

4>yH,aaMeHTajr iothjihiii
ratcHpHfla ktomji tvjikhh coxacn cHjramraHJiHrH
Kv3aTHJiraH.

ADH-KaraaMJiapAa Opanu-Kejifejiwii

3(J)(lieKTHHM aHHK  cesHW
MaKcaanna KeHr 3oh3jih

(1+2 sB) MarepHajuiapaaH roriKa nap/map ojihuj
KepaK SynaflH. MyiiKH yjiap.ua kjthjihuj 4erapacnHHHr hhc6hh chjdkhiiih yHHa
khhhk SyJiMaiiAH.

AOH-napAanap reHepaTop THnHflara aHOMan @0TO0npiieMHMKJiapHHHr

thhhk BaKHJiH 6yjiM6, yjiap cneicrpaji nerapa coxacHHHHr sJieKrp MaftflOH

TabCHpHjia cHJiJKHiuitaa xaM aHOMan Hariiwa KypcaraflH (33-pacM).

rpa<J)HKflarn 1- srpn mh3hk oxwhh uiapoHTfla MaiiflOHCH3 xojrar yliyn oyjica, 2-

3rpH  4H3HK 3ca ionKa AOH-napaara E-5-104 B/cm sjieKTp MaHfIOH

Ky'uiaHranjiHrH 6epnnraH xojiarra TyrpH KejiaflH.

Bouisa npHM yTKa3rHH MaTepnajinapflaH TaftepjiaHran AOH-nap.aajiap.aa

Karra sjienxp MaftflOHJiapH~a cneicrpaji xapaicrepHCTHKajiapHH reKuiHpHiu

HaraacacHfla cypbMa cejieH apanauiMacHfla xaMaa Ka”“MHH,

chmo6, xejuiyp
(KPT)

KOTHiuManapHHHHr AOH KyaaTHHanHraH napaanapHAa xaM OpaHn-
KejibfIMui 34>4>eKTHHHHr Ky3aTHJiHiun aHHKjiaHraH.

Oiithk ycyji Ohjish SouiKapHJiaanraH
TpaHC(J)op.MaTop

3jieicrpoTexHHKa, sjieicrpoHHKafla

KyJuiaHHJianHraH Kynrwia
KypHJiManapjia HHflyKTHB GorjiaHMUijiH

cHCTeMajiap HUiJiaTHJiaaH. Bynaan

KypHjiManapaa SorjiaHHUi MarHHT MafmoiiH opKajw aManra ouiHpnjia.an.

BorjiaHHUiHHHTr 6ynaaK TypHfla KyuiHH woKJiauiraH HHjjykthb xapaicrepaarH
cxeMa 3JieMeHTjiapw MarHHT MafiflOHH opKanii 6oraaHH6, Gwp BaKTHHHTr y 3Hfla

6np HeHTa HHflyxrHB CHCTeMajiap ysapo anoKacw coflHp 6yjiHiun MyMKHH.
EyH/iaH Kyn xap TOMOHJiaMa anoxa Baicmaa, (jjoftnanH xaw/ia (J)otiflacn3
sjieicrpoMarHHT cwrHajuiap Byacyara Kejiaaw. Oofiflacra cHrHannap KypHJiMa

Huiwra xajiakHT BepaflH. OoicacH3 cnraanJiapHH acocHH cHraanaaH

aacpaTHUira, sjieKTpoMaraHT ajioKaaara cncreMajiapaa xap aohm xaM 3phuih6

Sy.nMaHflH lily caoaojiH anoKaHHHr hhth Hflean, (ct)OHjjacH3) «St» cumajuiapHH

yTKa3MaftflHraH, Kaiira SouiKa cncreM Jiapra yaarniuAaH xojih Syjiran
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TypjrapHHH H3Jiaui KepaK. By H3JiaHHuiiiap HaraHcacH -
acocHH 3JieMeHTH orrrpoH 6yjino, yHHHr
6 0 FJiaHHIUJIH OHTpOHflHp. KaTTHK

onTosjieicrpoHHKaHHHr
sht coAHa TypH TyrpH onTHK
*HCMJiap 3JieKTPOHHKaCH KOHyHHSITJiapH
AowpacHfla KapajiraHfla y3 xycycna™ 6HJian aneKTpoMarHHT GofJiaiiHuira sra
TpaHC(J)opMaTopHH 3CJiaryBHH, jickhh onTHK ajioKa 6wiaH huijiobhh, a-bHH

hhkhui Ba KHpHLU.rja sjieicrp anoKacH 6yjiraH KynjiaHHui KarrajiHrHHH

V3rapTnpHUjra xn3MaT KHJiybhh oiithk Tpanc”opMaTopHH apaTHiu mvmkhh
3Mac [46].

TVfPh ajiOKanH onrpoHiia KynjiaHHiuHH y3arHui 0eBOCHTa khP hui

KyMJiaHHiuH hhkhui saHwnpHra hhkh anoKanap opKajw io6opHiu SnjiaH 3Mac,

QaJikH pejie nPHHUnnn acocHfla aManra ouiafln. Khphui 3aH>KHpHra

6epHjiagTraH (<MT) yTKasyB'iaii.irn HHH ohthk anoKa KaHajiH opKajiH epyrnHK
6HJiaH 6omKapHnaeTraH peocTaT (“oTOKapuiHJiHK O K) Ra6H y3rapTnpa,aH. LUy
ca6a6iiH HKKHJiaMHH 3aH5KHPaa (cwrHan) eTapnH KynjiaHHui ojihiu® ynyH
onTpoHHHHF hhkhui 3an>KHPHfla aBTOHOM 3JieKTP MaH6acH aji6arra GyjimuH
KepaK (34-pacM).

KyHJiaHHUIHH OHpHHMH 33H>KHpAaH HKKHHHH 3aH>KHpra ONnTHK Hyjl
OPK3J1H ysaraui BasH”acHHH AO Il acocH«a huijiobhh Tyrpn ompoiiAa ohihPhui
MyMKHH. ByHflaK orrrpoH KyHJiaHHiuHHHr oirrosJieinpoH TpaHCfJtopMaTopn
(03T) xncobjiaHH6, 6yHAa sjieKTpoMarum TpaHC(>op\iaTopflarH (3M T)
OnpjiaMHH Ba HKKHJiaMHM HHflyKTHB ypaivuiap opacHflarn BAeKTpoMarHHT

ComaiiHiu BaaH”acHHH epyrjiHK ahoah coiaeTraH Hyp 6awapaAH. Hyp opKann
6orjianraH  6hPhhmh  Ba  hkkhjidmhh 03T samnipjiapii ($otoh
ijicKTpoHeHTpajuiHrH TytjiaHjiH) MyrjioK sJieicrp anoKara sra 3Mac.

03T «a 3MT «a Ky3aTHJiaaHraH HKKHJiaMHH ypaM MarHHT MafiAOHHHHHr

6ijiaMHH ~paMia hhaykthb caiibnH TatcHpH Ky3aTHJiMaHfIH.

34-pacM. Tyrpn oiithk ajiOKanH ompoii cxeMacH:
1- epyrjiHK siioah (C/1), 2- oaanft (JioTonpHeMHHK.



35-pacM. A<t>H acocwia »ca.'iran COT 3Jieicrp cxeMacm
1- epyrjiHK anoflH (Cfl), 2 -Ad>H KawaM.

Ily ca6a6jiH 03T m 6HpnaM4H saHacnp HKKHJiaMHH samrapflaH Xyna
3jieKTPOH30JiamiaJdiaHraH (aJdieKtp BoF.aH.ui MyxAOK W N ™ »raH, 6y"
EyHflaB onTHK (03T) TpaHC(])opMaTop 3JieKxp cxeMacn 35-p

M(j)°AadiaHraH. gpAaMH/ia HH)KeKUHOH Hyp conyBHH epynmK ahoah (Cfl)
,YPH TaT>cnpHAa AOH-KaTJiaM 100-1000 B Kyi— xocma k— MyMKHH.
neMaK,6yHAaHO3TjiapTpaHc4)0OpMauHJiKO3il)4>HUHeHTH (*-(/«/f/k>

k =100 -1000 6yjiran KynaRxHpyBHH xpaHcfropMaxop
uiYHHHrneK mhkhiu 3aH>KnpMfla KynjiaHHui xochji ByjiHUiH By ePAa (031 A )
E »hw ™ » ajiOKa

6a»p,»™ ) on™
| Z 0?Ka»» khphu, KvV— <

(C# r. 6ep» »™ »»
TDaHcdiopMauHHJiaui HaxHwacHAa xochji ByjiaAH. EyHAaH 03T napaa »Kop
OHK ni 3PHIUHUI aCOCHfi MaKCaA 3M3C. 03T HHHr HKKHJiaMHH 3aH*HPHAa
Ay ™ H3aroKHp 3JieKTp MaH6aHra MyXX0* swac, nyHKH, AO>H-

KaxjiaM reHepaxop xnnHAara (JioronpHeMHHK BasncdJmcHHH yxaHAH. Ohthk
rnSsoS ru ) -J

y,yH xasHHita W affreraB  xo .»
6epaar»mi reHepa™,” ™ « a
cDFI-AOH-KaxjiaMJiap oyimuiH KepaK. SKcnepHMenxaJi xoJiAa 03T hh apaTHiu
yny, k>*oph KyBBaxL — uhoh °
KypHHaAHran HypJiap

»kOph «y—

fahk ahoa (C® — i.epa,
coxacHAa HUUiaHAHran 03T Jiap apaxHiu yny
Sje~B GaP, GaAs, GaAsJV, Ba Ga.AlI*"As hh™ kuhoh fepyFAHK (Cfl

AHOAnapHAaH (JioHAanaHHiii MyMKHH. By CA Jiap 6nnaH cne p

B6oFAaHaAHraH, jcbHH yjiap MHKapran Spyfa HKJiapHH ceawmraH

P
rM p Zz KepaK. EyHAaH FeHepaxop  xrniHAa H— aH AOH -
(boxonpHeMHHKJiapHH xafiepAaw xexHononwcH Huuiab HHKHJiraH

a ®n nanHHHr cneicrpaji KHHexHK xapaKTepHCXHKajiapw moc
kLJLapHHK H3¥»aill Ha,™ Ma CdT.-CaP » Sb.Sft-GaA, ompoH

acy~xjiapn 03T ynyH moc 3k3hjihfh aHHWiaHAH.



600 800 1000 %,m

36-pacM. GaP Ba GaAs epyrjiHK aHojjiapuiimii HypjiaHHiu CdTe Ba Sbh2Se3
xaMfla A<t>H-K,aTjiaMj[iipnMHr ~oTOKyiJiaHHUi cneicrpjiapH.

Ky’ijiaHHixiHHNnr  oniosjieicrpoH Tpanc”opMaropn ynyH
Tnnnflar-n (boTonpHeMHHK cH”amfla CdTe Ba Sb2Se3 aaH

tonKa AOH-KaxjiaM TaKepjiaHflH.

reHepaTOp

Ixl mm yjinaMJiH
ByHAafi AOH-KaTJiaMJiapHHHr cneKTpw
ranjiHR apceHHWi Ba rajuiHH <J)OC<}HAh epyrjiHK anojiapH HypjiaHHiu cneicrpH
6HJiaH 6wpra 36-pacMfla KypcaTHJiraH.

OnToajieicrpoH  TpaHC(])OpMaTOpHHHr  peaji Hiudiam  uiapoHTHH
TaiMHHJiaui yiyH AOH-<J>0OTOiipHeMHHKHHHr caiT KyHJiaHHiiiHHH HMnyjibCJiH
pe>KHMfla aHHKJiam aapyp. A O H ~eicr KHHexHKacHra aoHP
16, 20) MawiyMorjiap KHCKa TyramyB p e ™
oimy»jieirrpoH TpaHC$opMaTOpHHH KaHflan
HUiJiamH cxeManHHTr pejiaKcauHOH BaKTH

X ar»a
H.uiapflarH (2,

fla
KyMJiaHHUiHHHr

tc3jihk

fiHJiaH 6ofjihk. By epaa Ba Ad>H-KaTjiaMnnnr KapinjinrH Rm Ba CKXchfhmh R,,
bu C- Harpy3icaHHHr KapiuHJiHra Ba chfhmh.
AOH-KarnaMjiap KHHeTHKacHHH cam pewHM.ua TeKUiHpHiu

yny
KejiTHDH/iraH bnoK-cxeMa Gy«HHa HHFHJiraH KypmiMaaan

<JioHAaxiaHHJiaan.
BepwiraH cxeMa 6yftnMa yTKa3HjiraH HMnyjibOiH caldiT pe*HMfla aacrjia&KH

TeKuiHpwiu HaTH)KajiapH (2,21) waflBaiwa KejiTHpunraH.

91



vKaffBaji

EpyFJiHK CdTe j SbSe3 EpyFJIHK CdTe Sb2Se3
MaiiGan MaH6aw

EpmrHH EpyrjiHK

OH-24 ahoah

V aoh, B 65 60 15 10 V.vDib B 40 45 15 10
t[-102¢c 1 2 3 1 t;-io2c 1 5 1 1

>KaflBajiaa KejTTHpRiiraH Mat.iyMOTjiapnHHi epyrjiHK flHoama rernuuin
HaTHHcajiapwra 37-pacMAarn nypmiMa epaaMHaa sphuihjiah, yHAara T5-6A -
epyFAMK AHOAHra Fl-chmoh KynjiaHHUi HMnyjibCH 6epaanraH reHepaTop.

flacTJiabKH apaTHJiraH 03 T HHHr HKKHTa thuh: Y-18A epyuiMK ahoah
AOH-KaTjiaM CdTe *y<}>TH Ba Y-15 epyFJiHK ahoah A<t>H-KaTjiaM Sb2Se3
wy(J)TH aoiiH.xacH 38-pacMAa, TauiKH KypuHHUiIH sea 39-pacMAa TacBHpaaiiran.

OnTOBJieKTpOH TpaHC” opiviaTopAa epyrjiHK ahoah Ba AOH-KaraaMHH
MexaHHK 6hphkthphu] 3-6 THrmarH snoKCHA cMOJiacH epAaMHaa GaacapHJiAn.
By cMoaa epyFjiHKHHur KypHHaaMran Ba hkhh nn4>paKH3Hji Hypaap coxacw
ynyH thhhk KHco6aaHaaH.

rs-6A

37-pacM. KvMJiaHHiuHHHr oinojiicKipon TpaHC<j>opMaTopHHH CHHarn cxeMacH.
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TIT!

39-pacM. KyM.iaiimiiHHFir ornrojieiCTpoH TpaHC(JtopMaTopHHH
TauiKH KypHHHIUH.

MexaHHK xycycHKTH acyaa MycTaxicaM, Kopnyccro epyrjiHK ahoah AOH-
KaTjiaMHHHr «4>ofi.nanH» cnpinra hkhh 5KOHJTauiTHpH6, yjiapHHHr moc khphui
Ba MHKHiu yTKa3rHH cHMJiapw 6HJiaH >Knxo3Jianaan Ba JioHHxa Tyjtacuga
CMOJiara 6othphjth6, yHHHr H'IHria KOJmHpmiaau.

Byiifla O3T Kopnycn Ba3H@achHH cMOJia 6a>Kapn6, y MycTaxKaM,
MexaHHK ypmiHiijjiapra HH"aMJiH, hemjihk Ba TauikKH TeMneparypaBHH
TatcwpjrapaaH E/I Ba AOH-naTJiaMHH caiyiaflflH. Kopnyc CH(j)a™,aa cMojiaHHHr
HUIJiaTHJIHIUH O3 T HHHr XH3MaT MyaaaTHHH, TaBHHHKH OpTTHpafIH.

IOKOpnflarn  TaKJiHtj)) imiaerraH 03T HHHr iofinxacn (jlaKar
KygjiaHHUIHH KynafirapyBHH oiithk TpaHctjiopMarop Ba3H(jacHfla HiujiaTmiaflH.
ByH/iaH TamKapH 03T aa ajieicrpoMarHHT TpaHC(])opMaTopaarH KaTJiaM
epyrjiHKaaH 03yKa o0jih6 hlhjiobhh reHepaTop TmmaarH (fioTonpHeMHHK
CH(j)aTHaa Ky.n.naHHJiMOKaa Ba axuih ypraHHJWH. JleKHH, AOH-KaniaM yra Kyn
coHflara 6np khhcjih 3Mac p-n yTHuuiap (CMC-crpyicrypa) cHcreMacH £kh xap
xhji yTKa3yBMaHJiHKKa ara SyjiraH coxaldiap KeTMa-KeuiHrHHHHr MypaKKaS
TapKH6HHH y3H«a MyjKaccaMjiaiUTHpraH onraK aHH3aTpon [22] KypHJiMaJdinrHHH
XHco6ra ojxcaK, AOH HHHr Kyn xycycHHT Ba «xyHap» jiapn xann hxuih
ypraHHjiHuiH KepaK. ymaH.ua onToaneicrpoHHKaHHHr xaMMa Tana6jiapHra
*aBoQ 6epyBHH 03T apaTHiu HMKOHHSTHra 3ra 6yjiaMH3. FloJiHKpHCTaJui apHM
yTKa3raH KaTjiaMjiapHHHr jhra Kyn conaara y3apo SoraaHraH pP-n yTHuuiap
cHCTeMacH ae6 KapannniH [4,10] naTHwacHfla SyHaan MypaKKa6é (CMC)
CHCTeManapHHHr 6ar,3H xycyciiaTJiapH ohh6 SepunaH [69,70].

>KyMjiaaaH, SyHaan cHCTeMa (MacanaH AOH) jiap gpyrjiHKKa, MarHHT
MafiflOHHra wyaa ce3rwp 6yJiH6, yjiKaH TpaH3HCTop 3<j>4>eKTH 66pyBHH
tj)0OTOTpaH3HCTOp Ba KOJiaBepca TexHOJiorHaHMHr pHBO>tcnaHH6,
MyKaMMaruiaHHuiH HaTH*acHaa p-n yTHLmiH yjiKaH KyBBaT HypjiaHTnpyBMH
epyrjiHK unoaH (Efl) 6yjin6 xH3MaT Kkhjimuih mymkhh. JOKopnaarHjiapra
acocjiaHw6, aaaHJi afnmii MyMKHHKH, HKKHTa AOH-KaraaMHHHr Bhph epyrnHK
MaHBacn, hkkhhhhch aca renepaTop THnHaarn Ofl Ba3H(j)acnHM oa%apHB, yjiap
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6MpranHnna 03T HHHr MyKaMMaji jiohhwchhh BepHiUH sea aManra ouihuih
mymkhh oyjiraH peajmHKfIHp.

ByHaafl MyKaMMaji 03T jiapHHHr hkkh xhji jioftnxacHHH raBCm khjihui

MyMKHH: 6hPhiimhch, epyrjiHK O6HiiaH 6ouiKaPHJiHG, hhkhui 3aH*Hpnaa

KyHJiaHHU] XOCHJI KHJiaflH, 6y jioHiixaHHiir khPhiuh ohthk Hyp opKaJin oymm.
By jiottHxaHHHr t3xmhhhh pevKacHHM KyfiHAai H 6jiOK-cxeMa opKaJin oepniu
MyMKHH.

40-pacM EM -(l) A(DH-KaTjiaM ce3a oJiaaHraH epyniHK ly.nKHHH coMajwraH MaH6a (jia3ep,
epyrjiHKHHHr hhjkckuhoh M om Ba 6omKa epyrjmic MaHGajiapn 6yjtmiiH mymkhh); 2-
cpyfflHK cona oJia/utraH CM C-crpyicrypa; 3- (2) fla.i cHKaerraH epyrnHK HypHHH Kab6yji
khjih6 KyMjianHUira aitnaHTHpyBHH AOH-KaxjiaM.

MKKHHHHCHfla khphui 3JieiopHK ftyji 6HJiaH ByjiH6, By jiofiHxafla xaM
HKKHTa eKH ynTa Maxcyc A<t>H-KaTJiaMflaii 4)OHflaJiaHHiu mymkhh. Mkkhhmh
BapnaHT 03T HHHr TaxMHHHH jioflHxacH Kyn 6ockhhjih 6yjiH6, yHHHr 6im a
Sockhhh (6jtokh) HHHr

coMaiiaiurapHJiraH JioflHxacH
TacBHpjiaHraH. By

41-pacMfla
jioBnxaHH pHBoauiaHropHG (TexHOJioraaHH
TaKOMHJiJiaiiiTHpHiii 6H.JiaH) MOHOJIHT Kyn 6ockhhjih oirro3JieKTpoH KynjiaHHui

KyHanTHprHHjiapHHHHr hhih thhhhh apaTHiu mymkhh. YjiapHHHTr

VKHxaTHjiaH yHna Karra 6yjiMacjiHra MHKposjieicrpoH
HuuiaTHiu hmkohhhthhh 6GepaAH.

jiapHHHr M C Jiapw epaaMnaa

cxeManapaa (M )
ByHflafi mohojiht Kyn 6ockhhjih 03T
KynjiaHHUiHH 6up Hena mhjuihoh MapTa
KyHaHTHpHIU hmkohhhth 6op.
0>0TOJiHTorpa(J)HK Piyji 6HJiaH uiHuia TarjiHKKa Maxcyc <j>opMaaarH thhhk
epyrjiHK cesMafiflHraH Sn02 KOwrakKT KaTJiaMJiapH ojihhh6, yHHHr ycTHra
MaiJWM TexHOJiorna acocHfla AOH-KaxnaMJiap HaB6aT 6HJiaH yTKa3HJia/iH.

OxHpra KaTJiaM ycraaaH ma)d>o<J> 3-6 CMOJiacH KonjiaHaan.

ByHfla acocaH
KOHTaKTjiap

reoMerpwacH MyaMMOCH Ba xap 6np 6ockhh KyHjiaHHiUHHH
aacpaTHiu anna MyuiKyji MacanaflHp. Yhh xan khjihiu ynyH xap 6np oockhhhh

ajKparyBHH jmsjieicrpHK KarjiaMHH ynca3MW»ni xexHOJioraaHH MyKaMMaji

ypraHHtu KepaK. Bnp 60ckhhjih A<t>H KyHafiraprHH sjieMenrH: 1,2- A<PH-
KaTJiaMJiap V k khPhhi KynjiaHHuiH, GouuiaHFHH MaH6a G6epaflH, V,- hhkhui
KyHJiaHHiuH, HCTe'bMOJiHHra 6epHJiafIH.

Bhphhhh jiOHHxa onTHK cHrHaji Kabyji khjih6, ynn 3JieKTp cnrnanra
aftjiaHTnpaflH. OpajiHK 6jioiaiapfla onTHK KynaHTHprHH CH(J)aTHfla 1 Ba 2 AOH -
KaTJiaMJiap ep.uaMH.aa HHFHJiraH 6jiok xh3M3t khjibah. By 6jiOK*a Ky=>ianran
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oriTHK CHrHali 2 Ba 3 AOH-KaxnaMJiap epaaMHfla irarHJiraH 6nokKfla 3JieKTP

cnrnajira afiaanajiM. Ej.oxnap cohhhh oPtth Ph6, KyMaHTnpn.ii

K03<|>4)HUHeHTHHH 6hP HeMa MHHr, XaTTO MHJUIHOHra eTKa3HUI MyMKHHJiHrHHH
KiKopHfla KVpcaTraii sahk.
Mkkhhhh jioHHxanH MyKaMMajiauiTHpH6, yHHHr hmkohhht gerapanapHHH

KeHrattTHpHiu mymkhh, MacajiaH, khPhui 3Jieicrp cHrHanjiapHHH KyMaRTnpniu

(03T), cneicrpaji TaPKn6HHH y3rapTHpHui (O3H) Ba MatJiyM noTeHUHan

4>0pMaaa Moayjuiaui (OM) Kabn Ba3n(])ajiapHn SaacapyBMH KypnjiMajiap acaui
MVMKHH.

MaHa uiy Ryiuiap 6njiaH aHOMan 3<|)j>eKT GepyBHH ionKa KaraaMJiap
(AOH) HHHr HHKH HMKOHHHTJiapHHH HUira COJIHUI MyMKHH. By aM3JIHH

jiOHHxaJdiapHH (Ba SouiKajiapnH) peajuiHKKa afijiaHHiuH ynyH AOH

ojihui
TexHOJiorHHCHHH mvKaM majijiauiTHpmui 6opacHAara hjimhK H3JiaHHIUJiapHH
MyKypJiaiuTHpHuj 3apyp xaM/ia AOH (J)H3HKacn MyaMMOJiapHHH xap TOMOnnaMa

Ha3apHH Ba 3KcnepHMeHTan ypraHHiHKepaK oyjiaflH.

41-pacM. (a)-onT03.neKipOH KyHaiiTHprHHHHHi Girrra 6jiokh,
(f>)-rarjiKKnarn S!1O 2 KOHTaKTJiapHHHHr *OHjiamnui reoMerptMCH.

AOH-x hlickt MarHHT MaftflOHHHH yjinamra Ba
npHM yTK33rHH ionKa KaTJiaMJiapHHHHr xapaKTepHCTHK

napaMeTpjiapHHH aHHK”auira hmkoh SepaflH

AOH-KaTJiaMJiapaa AOM3-34>4>eKTHHHr KyaaiHjiHiiiH [23] 6y coxaaara
Ha3apHH [12, 24] Ba 3KcnepHMeHTaji Huuiap KyjraMHHHHr KeHraftHiuHra ca6a6

6yjifilH. By coxaaarw HimiapHHHr Tax/iHjiH [2, 5] myHH KypcaTflHKM,

3KcnepHMeHTaa ojihhhih iiaTH*ajiap Ha3apH»ra M33MyH Ba MHKAopaH *y «a

moc Kejiaan. lily ca6a6jm cojwa gerapaBHH AOM3 Ba AOH  3<j<>ekT

Hd)oaanaPHflaH 4>OHflanaHH6, K)nKa nPhm yTKaarai KaniaMJiapHra Ba hPhm

ATKa3rHH MOAnajiapura TerHiuxiH xapaKTepHCTHK napaMeTpjiapHH aumaiaiii

MyMKHH [2, 25]. Lily MakKcaana CdTe Ba SbZXe3 AOH-KaBaTjiapn.ua
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$0OTOMarHHT yunaiujiap 0jih6 60PHJiflH. AOM3 HHHr KHCKa TyTauiyB (k.t.)
tokh 6HJiaH epyrjiHKHHHr TyjiKHH yayHJiHra opacnaarH cneicrpaji 6oFjiaHHiu
(ja,,Ha3apHaaa KypcamnraHimeK Ta*pH6afla hkkh xhji ranflarH cneicrp

KypHHHiiiHfla Ky3aTMJifln: JAMM mohotoh y3rapafln Ba HiuopaHH aohmhh

caKjiafiflH; j Awa y3rapnuunfla homohotohjihk Ky3aTHJiaaH, jtckhh Hiuopa

y3rapaan. Bhphhhh THnflara cneKTpan 6orjiaHHiii (JAM ,0-)) 42-pacM.ua

KejTTHpHJiraH.

YMyMaH A<t>H-3({)()eKTHH ypraHMUfla aHOMan K)KopH (JioTOKyHJiaHHiii,
KHCKa TyramyB (k-t.) TOKJiapHHHr epyrjiHK t~jikhh y3yHJinrara 6oFJianHiu
xapaicrepH, 6y 3cj>4)eicr cHpnapHHH aMajiM&na KyJdiJdiam wyjuiapHHNn oHHiura
gpaaM 6epa/iH.

AOH-KaTJiaMJiapaa Surn aHOMan <})OTOMarHHT 3<J)({ieKTHHMHr (AO M 3)
Ky3aTHJiHuiH Ba yHHHr Ha3aP HHCHHHHr pHBO/KjianTHpHJIHUJH 6wiaH 6y coxa.ua
AHrH HMKOHHaTJiap oHHJiflH. By 3@i})eKT (AO M 3) Ha3apHSCH Ba aHOMaji
4>0TOKyMJiannui, (J)OTOMarHHT KHCKa TyramyB  TOKJiapHHHHr

cneicrpari
6orjiaHHUijiapH.aaH <}>ofiflajiaHH6, AOH-KarjiaMJiapHHHr

Ba yjiapHH acauifla
HLUJiaTHJiaawran apHM yTlca3rHM MOflflanapHHHr KynrHHa MHKpo
napaMerpjiapHHH aHHKnam mymkhh. MarHHT MaiinoiiH TaicnpHfla aHOMan
I0Kopn <})OTOMarHHT KyHJiaHHMHHHr xochji khjihhhuih sea, A<t>H Ba AOHM

3<jxj>eKTJdiap epaaMHxia MarHHT MafiaoHHHH ypraHHin, yHHHr HnayKUHacHHH

6eBOCHTa aHwcnaui Ba Kyncns MarHHT MaSflOHHHH  TaxjiHJi  khjihiu

MyMKHHJiHrHHH  KypcaTflH. 42-pacM”a xap xhji KanHnjiHK/iarH TejuiypHfl
KaflIMHH AOH-KaTJiaMnapwfla «J>oroMarHHT KHCKa TyramyB tokhhhht cneicrpaji
6orjiaHHiwiapH (KaTJiaM cnpT TOMOHHflaH epnTHJiraHflarH 42,a-pacM Ba 42,6-
pacMHHHr |-6oFJiaHHmMH; KaTJiaM TarjiHK TOMOHflaH epHmnraH xoji ynyH,
42,6-pacMflarH 2, 3-6orjiaHHiujiap (nyHKTHp HH3HK 6wjiaH epyrjiHKHHHr
IOTHjinm cneicrpH KypcaTimraH) TacBHpjiaHraH.
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42-pacM. Xap xm, Ka.,H,HKflarH enamyp.m k® mhAA®H-Ka™ ap™ a
mmarnvB tokhhmiii cneKTpaji fioma.mumapH: KaxnaM cHpr tomohiuku. epr»nulanaarH
(a-pacM Ba 6-pacMflam 1-3ipn ™ h k) Ba TarjmK TOMOiuan epuTH.iraii/ia
(6-pacMiiara 2,3-irpu nnsHKiiap). riyHKTHp hhshk Bwiaa epynmxHHH.
k)thjihui cncicrpH TacBHpjiaHraH.

AOH-KaTJiaMHHHF ohhk chPth opnuiH epHTH.nraH.iia onHHraH xaMMa

cneicrpaji 60Fj.aHHiu;iap mohotoh KaMaftHiu xapaicrepHfla 6yjin6, <j>OTOTOKfla

Hiuopa ajiMauiyBH KyaanuiMaJUw. cneKTpaji BoFjiaHHuuiap» *HCKa

TVJiKHHJiap coxacH/ia ~ototokhhhf cckhh KaMaHHiu coxacH 6yjiH6, y a(X.)
cneicrpaji GorjiaHHui xapaicrepnra moc KejiajiH. VayH T yraap coxacnhaa
a d« 1 luapr 6arapnJiH6, cHpraarH PeKOM6HHauH5 reuiHrHHHHr » P W W

KHMMaraapnaa cneKTpH kjthjihui cneKTpH a(X) hh TaKpopjianflH. By

3KcnepHMeHT3Ji (Jiaicr, xaMMa TeKuiHpunraH HaMyHanapaa KaTJiaMHHHr ohhk
CHpTH”arH peKOMGHHauHH Te3JinrHflaH khhhk 3KaHJiHraHH Tac/iHioiaHA

TaacpH6a HariuKanapHra acocjiaHH6, iuyHH Ta-bKHanam

KaTJiaMHH OHHK chpth TOMOHHflaH epHTHJiraHflarH xochji Gy~ yfiHH
AOM3 34>4>eKTJiapHHHr cneicrpaji 6oFJiaHHuuiapH 6np-6HpHra Ty.ia®"MO
KejiwaHflH. TeKiunpHJiraH (100 aaH oprHK naMyna TeKinnpnuraH) xaMMaCdle

ea Sh2Se3 naMVHa.iapH.ia KaraaM ohhk chPt tomohwh epnTHJiraiuia tvjikh
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y3yHjinrH opthuih ftyHamiuHfla $OTOMarHHT tok KHHMara mohotoh KaMaaflH.
CdTe Ba Sb2Se3 HaMyHajiapnaa mohotoh KaMaHmu t~jikhh y3yH/iHrHHHHr
hkhh HH(j)paKH3Hji coxajiapHraiia (~1,1mkm) Hy3HJiraH GynaflH. Bynaafi xojihh
IOTHJIHLU  KO3(j)<|)HUHeHTH KaMaHHUJHra MOC paBHIUfla (})0T03JieKTpOHJiap
yfiFOHHUIHHHHr KaMaHHUIH 6HJiaH H30XJlaiu MyMKHH.

CdTe HaMyHanapnna o;iho 60PHJiraH Ta*pH6ajiap.iiaH, xyjioca khhhiu
MyMKHHKH, (JjOTOMai'HHT TOKHHHr (K.T.) KHCKa TyjIRHHJIH epyrjiHK 6HJiaH
KaraaM TOMOH~”aH epurraHjiarH khhm3th xymn luyHflafi MOHOxpOMaTHK
epyrjiHK 6njiaH KaTJiaMhh TamHK TOMOimaH epmraHAani KHHMaTHaaH eTapjiH
Karra 6y.iaan. fleMaK, Sc< ST uiapTrHHa 6a*apnjiH6 KOJiMafi Se<D/L xaM
ypHHjiH 6yjiaflH. OxHprH TeHrcH3JiHKjiapHHHr 6a>KapHJiHiuH TeKiuHpmiagTraH
KaTJiaMJiapHHHr xapaicrepHCTHK riapaMeTpjiapHHH aHHKjianiAa Ha3apHH [2,5]
4>opMyjiajiapaaH (jiofmanaHHiu hmkohhhh Sepa”H.

K,auiaM ohhk cnpTH TOMOHHAaH epwTHJiraHAa epyrjiHKHHHr KHCKa
TyjiKHH coxaCH ynyH $OTOMarHHT 3$<{)eKT yqyH KHCKa TyTauiyB (k.t.) tokh
ynyH:

-w , - -gtifiLB 6
ey (6)

~opMyjia ypHHjiH 6yjiaflH. By (jjopMyjiaziaH (JjOMZiajiannS, Faycc-awnep
6orjiaHHIUHHHr khhjihi'h acocn.ua «/</,» KynaHTManH aHHiyiaiu MyMKHH.

JfAu.,(X) MaKCHMyMHra Tyrpn KejiyBHH HyKTa yui6y Mynoca6aTflaH [12]
TONHJIHUIH MyMKHH:

amx= V/A> YWawD = 212d ~ ~

6y H()OflaHH xHco6ra ojih6,

j max
YAOM3 1. A B (8)

Hcjro/ia.iaH, «//Z2,>» hh aHHigia6 ojihui MyMKHH.
/iL Ba fulL2 jiapHH 6HJiraH xojiaa // Ba L iuyjiap 6HJiaH 6HPra ,RHKj)4>y3H5i

f en
KO3(})4>HLIHeHTH D = pMT/gq Ba TOK TaiUyBHHJiapHHHr Hiuaui BaKTHHH 1 T= — =

xaM aHHKJia6 OJIHIU MyMKHH.
EpyrjiHKHHHr KHCKa tyjikhhjih khcmh 6wiaH KaTjiaMHHHr ohhk chpth
opKadin epHTHjiraiiaa (J)OTOMarHHT KynjiaHHuiHHHr

~m ,=2kT/qx-vNB 9)
TyHHHHiu KHHMaTHHH (9) HfJ)Ofla  6HJiaH TOlHJia/IH. TayCC-BOJIbT
xapaKTepHCTHKaHHHr KHaJdiHrnaaH (f)OH/iajianH6 «///V» KynafiTMaHH xaM tohh6

ojihui mymkhh. By KynaHTMajiaH /j hh OHJiran xojiaa AOH-oaiapesuiani
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MHKP04x0T03JieMeHTjiaP COHH N HH Tonum mymkhh 6 y W
6orjiaHHMHHHr Tyrpn hh3hk,to khcmh 6op, yHHHr Kw mrw $
V AOm -A) cneKTpaji SorJiaHHiiiHHur KHCKa t"jikhh coxacnaa ~ L sa N Jiapnn
6HJiraH Xojwa

4 NKT etlOL

(10)
K0 'n g -h

4»opMyjianaH [7] Kax.aaM epHTHJiMaraH xo0j, ynyH ryhhhhiii tokh Js KHHMaTHHH

te""fm Z Z Z r cm cHpniaaH Ba ™ , tomow,.,,
peKOMOHHauHH Te3JiMKJiapHHH xaM 6axona.il. XaMMa 6»3 TeKiuHpran Cdre
Sb2se3 AOH- KaiJiaMJiapn yiyn Sc< D/L Tenm H K yPhhjih.
AeMaK, Sc mhkaop yarapnuiM 6y vwma JAW Ba ~@M3

X P
v3rapHUJHra Taicnp 3TMacJiHra KepakK. WyHHHr ynyH AOH Ba AOMJ
cneCTpan xapaiaepHCTHKajiapHflaH 4>OMflaJiaHn6, chPt peKOMOHHaunn Te3*
r r « a Y SynMa”H AOH-KaTJiaM TanwK tomoh”~h ePH TH ™ a
AoTOMarHHT TOKHHHHr cneKTpmia (JA* W ) Hiuopa ariMamyBH KysarvuiaflH.
Huiopa auMauiyB HyKracH vmyh X=~7 , y ~ =0 6~ h . TaniHK opK~™n
epHTHJiraHfla S,=5, Ba S2=sC<l MyHOcaSam* Ga*aPH;— H xncoGra
ojicaK, * =«, jihihhh BnjiraH xoiwa [5] K y « ™ <>oPMyjiaAaH cOHAanaHHG6.

s, +-Ir- 1) _ 7rit+a) Ml (11)

AOH-KaTnaMHHHr tstahk TOMOHflarn®  CHP™ fla

DeKOM6HHaUHH Te3JIHrH S HH XHCO6jiain MyMKHH SyjiaflH.
t7 2 * ~

6yjiaflHraH

ycyji 6H,aH AOH-KaraaM MHKponapaMexp.apHHH

aHHKJiaiu ynvH TejuiypHji KaaMHfl Ba sbxe3 nm

ysyHJiHru w
zzJ1l -0"n1

Ba KeHrjiHrw /=37 mm 6y,raH»
X,Hco6jiaui  HaxHHtacHfla:
t=510"2c, D -75cm2c

XxaH ep«
N =3 104 3ji/cm, Jj 300 cm c, ’
Jiap tohhjwh. Saycc-eojibT Ba

faycc-aMnep
xapaicrepHCTHKaJdiapH vM>in(B)

Ba °KA U« ~8 1° HKfla
epyrjiHKaa Ba MOuoxpoMaxHK (A = 400hm, /,=» 10 kb3ht/cm c) py
//W . Hiuopa — aanran
afiTraHHMH3flek X= 752 hm ra’ «-= 2 10C; rc 7 =8.10" KBaOT/cM2 .c,

/,,=1,3 10'6KBaHT/cM2 ¢ Ba

s = 700rc, B 3k
iy =o0s3b), X

400 hm ByjiraHfla t5?Bhhhui tokh Js=4-10 yr o>
Beirmn $aro3J.eMeHT KMCKa TyrauiyB tokhmh erapnH Karra
6?jih6, 6y 3ca jHOKC-BOJibT xapaKrepHCXHKaHHHr hhbhwih SyjinuiHH

TaijMUHJiaftAH (43-pacM).



vw o (A

43-pacM. AHOMan (JjOTOMarHHT KyHJianHiu BHiiaH epynmK HHTeHCHBjmrH opacn;Uirn
Sorjiawmi: (1)- ok, (2)- MOHOxpOMaTHK Cpyr;iHK;iap,aa.

KaTjiaMHHHr TarjiHK TOMOH”arH cnpT/jarn peKOM6HHauHH Te3JinrH S.,,
KanHHJiHra d = 0,46 mkm oynraii KaTJdiaMJiapHHHr A cijmsW cneicrpaji
6oFJiaHHiunfla miiopa ariMauiaanraH xapaKTepncTHKacnra acocaH X= 660 hm Ba
al =0,22, ad=2 6yjiran KHHMaTJiap ynyH KymjiraH HaTHVKaiiH 6epan: sibHH
ST= 1,6D/L = 2 mlo6cnve ByjiMb6, S1> D/L>SC TeHrcH3JiHKHHKaHoarjianTHpaaH.

(OKopHjiaiH aHHiyiaHraH tok TamyBHiuiapnHHTr 3(j»j)eKTOB
xapaKaTMaHJiHrH (n10), n(/0) oorjiaHHUJHnNnur TyfiHHraH xojiaTM  ynyH
aHMKJianraH 6ij6, HaMyHaHHHr epnTHjiraH xoJiaraflara xapKaTgaHjinrnra
(-100 cm2/B-c) moc KejiaAH. <J>otoxojui 6yfiH‘»ia TonnnraH [26] N HHHr
KHHMaraapn xaM ()OTOMarHHT yJ>'«Lanap,aan TonnjiraH KHHMaTjiapra moc
KejiaAH.

fOKopnaarn ycyji aniati Tonnjiran tok TauiyBMHJiapHHHr aiuaui BaKTH
(x) (t-3-1012 c), HMnyjibCJin (j)OTOKy3FaTmu flyjin 6njiaH AOH-3<})cj>eKT
4>0totokh KHHeiHKacHflan [20] TonnjiraH amain BakKTH t0O uaH 4-5 TapTnbra
KHHHK 3KaHJIHTH MabJiyM gyjl/IH.

HMnyjibcjjH Ky3raTHui 6HJiaH <])OTOTOKHHHr cyHHiuH/ian Tormjiran Baicr
t0=10“7-10"~c «Maflfla» nyKyp caTxnapra 6ofjink 6yjin6, yjiapaa
Ky3aTnjia,wraH acapaSHjiap <}>ototok cyHHiu BaKTHra Tatcnp KHJia®H. TypryH
xojiaTjiapaa (B - const) 3ca «Mafwa» nyKyp caTxnapra 6ofjihk 3<)<j>cKTJiap
xapaKTepHCTHK BaKTJiapra Tatcnp KHJiMafiflH [27].

Cneicrpan 6o0FJiaiiHuuiap 6yflHna Sb2Se3 AOH-KaTJiaMjiapH ynyH
MHKponapaMerpjiap aHmoiaHraiwa [25] /,=106KBaHT/cM2 ¢, w= 0,8 cm,
fi= 3kPc khjih6 ojihhh6, Kyim/iara HaTH>KajiapHH oepaH: J" M= 4-1013A
fIH<j)(j)yBHS y3yHJiHrn £ = 10scm, fIH(})4)y3H5i KO3(})(j)HUHeHTH D = 0,3cmZBc,
3apsa TamyBHHJiapHHHr amam BaKTH t=410~"c Ba xapaKaTnaHjiHk
fi=12cmvBe.

AeMaK, A<t>H-3({»(J)eKT Ba yHra Sofjihk aHOMan <})OTOMarHHT 3(J)([>eKTH
epaaMH/ia AOH-KaxnaM Moanacnaarn 3apa/uiapHHHr (tok TamyBHHJiapHHHTr)
xapaKaTHaHJinrnHn, suiaui BaicrHHH, nufyfyysm KoacjxjwuneHTHHH, fiw]Ht)y3HOH
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fiyji yayHjmrHHH Ba kmci« xyramyB tokhhhhf KHHMaraapHHH coaaa MaxeMaTHK
H”oaajiap epaaMHfla ocoHrHHa ammam wyMKHH sKaH.

AHOMaji <])OTOMarHHT 3(J)4>eKTM KHCKa TyrauiyB tokhhhht
KUHMaTH TyHHHHiu tokh KHHMaTH/iaH erapjm khhhk 3KaHHHrH 43-pacMflarH
AfOKC-BOJibT xapaKTepHCTHKaHHHr HH3HKHH cox,acnra MOC KCJlia/iH.

wtTHnraH

y
Ha3apHH xyaocanapaa aimuiraH 4™KpjiapHH TacamyiaiiflH.

BaeH KHJiHHran MHKponapaMerpjiapHH aHHKnauiHHNr 6y MeToaHKacHHH
KtfjijiaS TejuiypHfl k<wmhh Ba xaJdibKoreHHanapHHHr thiihk saKmin cypbMa,
cejieH KOTHiiiManapHflaH

TanepjianraH AOH-0tm ynyH xaM
MHKponapaMCTpnap,

xapaKTepncTHK KarrajiHKnap aHHigiaHfIH y
MeTOflIHKaHH A(DMH 3(t4>KTH KysaTHJiaawraH Souira MoananapHHur A<t>

KaTjiaM napH YNYH xam KyJi-naui MyMKHH .

vuur
AHOMan cboTOMarHHT b~k th acocaH Ad>H 3<jxj)eicrHHHHr p

MexaHH3MH 6miaH iokoph 4)OTOKyuianHiu Ba $OTOMarHHT KyHJiaHHiu xoch

KHJiaaHraH K>nKa KaTJiaMJiapnaa Ky3aTHjia/in. Bynaan KaTjmMJ.apHHHrTHnHK

BaKHJiH KaflIMHH reajiyp Ba cypbMa, cejieH KornmMacH 3Ka™
\ O3npaa KafIMHH, chmob sa Tejuiyp KOTHiuMajiapHaan

n

(KPT) xaw AW
KaxjiaMJiap ojihiu MyMKHHJiHra anHKjiaHraH [44, ]. By K™ mMafla" °™

A OH-KaTjiaMjiapfla xaM aHOMan k>koPh ~OTOKyHJiaHHiuHHHr XocHJ. 6yWu,
MexaHH3MH <}))OTOBOJibTaHK (p-N- vthuj) xapaKTepnaaAHp. BynH XHcobra OJicak

s L, ,L> «, Tejuiyp (CdHg)Te, A<t>H-K~ap™ . w» aHO.m
(hoTtoMarHHT KyMJiaHHiu XOCHJI 6yjIHIIIH MyMKHH.
BH3 TeKUiHpraH [2, 25] AOH-KaxjiaMJiapaa iJwrroManwr

GHJian MarHHT ManaoH HHayKUHHCH (ckh KyHJiaHrawmni H) opacHflarn

GoFjianHui V a«, (B ) wyaa Karra MaKaoHJiapraga (-10 Tc) hhshkjih 6yjira
aBHb

(12)
Kedm' TRqg+1/¢,0 Hga;NkT +y)B

§KH TYyHHHHIH pe»xHMH ynyH e3HJiraH

Lh. M 1 (13)
1- SkT qy a

(bopMyjianapra ryaa moc Kejiaan. Bynaan hhshkjih 6oraaHHUinap aHOMan

AOTOMarHHT KyJaHHUiIHHHr ama iokoph KHfiMaraapn [25] Xojui 37

r a
cojiHUirapHJiraHaa ce3rHpnnrH anna

iokoph 6yJiraH MarHHT
VJIIHOB4H ac6o06jiap apaTHiu hmkohhhthhh aparaaw.
ByHaaft MarHHT m3haohhhh yjihobhh ac6o6napaa HuuiaTHJiaanr

P
VKnunn K>nKa KaTJdiaMjiapHHHf aHOMaji

<J)OTOMarHHT KynaauHiuH 6w w»

o - ™ - )

» ™

MatoHH »W «UH«c» t

Ta*PH6raa W P SPMHU. »P>P- Uan,Hi
x ~ p — ap* PBXI khhhk n
MafiaoHJiapHaa CHHHHicna6,

xap xhjt  epyra
TeKuiHpnaaH. Ta>Kpn6a

khhhk
ilaTM>KanapH KypcaTHiuima 3BX

jiapHHH
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MarHHT MafiflOHJiap (Kyiicn3) coxacnra moc Kejiafl[Hran KHCMJiapnaa mh3hkjih
6ofjiaHHuiflaH xew Kanaafi geTjiaHHIn Ky3aTHJiMaflH (44-pacM).

BynaaH Kypnua.riHKH AOMH-3<jx}>eKTH epaaMH”a HiujiaftijHraH MarHHT
MaHfIOH yjinaniHJiapH (AaTMHKJiap) ymaiu aHHKjiHru Ba ce3rapjiHrH Kyn MarHHT
MaKflOHjiapHfla xaM KiKopH ByjiaaH.

AOH-KaTJiaMJiapHHHr 3B X JiapHHHr (44,a, 44,6-pacMjiap) rpa(})HKJiapn
KyncH3 (0-23 k3) MarHHT MaH,noHjiapH,aaH 6ouuiao, xap xhji epyrjiHK
HHTeHCHBJiIHKJiapHfla  yjlHaHfIH.  SpcTCfl-BOJibT  6orjiaHHUuiapHHHr 44 ,a-
pacMaara I-rpa(j)HK 8-104 jik gpHTHjiraiwWHKaa 2-rpatJ)HK sea 7-103 jik
epHTHjiiaHHHK/ia, 3-rpa<)HK sea 6-103 jik epHTHjiraHjiHKaa y.manraH. 44,6-
pacM”arH 4,5-i pacj)HKJiap 105jik ephthjiramihKjiapaa yjinaHraH.

44-pacMjiapaara 3B X jiap acocaH Sb2Se3 apHM yTKaaran MoaaacHflaH
TaiiepjiaHraH ionKa (1+2 mkm) AOH-KaTjiavuiap ynyH KejiTHpnjiraH. Tejuiypwa
KajjMHfi AOH-KaTjiaMJiapHHHur anoMan (JioTOMarHHT KyuiaiiHiii oepa”HraH
KaTjiaMjiapH aaaoHexnapaa hxuih epHTHJiraH [2].

n ® Vui, 8

44-pacM. CdTe (a) SbZe3 Ba AOH-Kar.iaMiiap ynyH V om(H) 6or;iaHnin:
|- B=8-104jik; 2-7-103jik; 3-6103jik; 4,5-105jik.

>Kyaa Kyn coHflara p-n jtthuijih KaTJiaMJiap TH3HJiMacHfla {IOTOMarHHT
KyHJiaHHiiiHHHr KywaSnuiH Ba yHHHr acocnaa MarHHT MafiflOHHHHHr ce3rap
aaTHHi H HpaTHiu FoacHHH K).M. PaBHM [7] TOMOHH"aH HjirapH cypunraH. A<t>H-
KaTJiaMjiapHHHr wyaa KHMKHHa xa*Mn/ia 3Kyaa Kyn ccm,narH n- p- yTHuuiap
(~105 cm aa) 6opjiHrHHH 3tTH60pra ojicaK, K3.H.PaBHM fohchhh aMajira
OUIHpHUI HMKOHH TyFHJttflH.

A«DH-KaTJiaM acocnna spaTHJiraH OM3-,aaTHHKHHHr 6hphhhh acocHH
acjBanjiHra yHfla TauiKH 3.]ieicrp MaHB6acH Ba3H<f>acHHN SpyrnHK oawapaan. By
KyBiu epyrjiHFH luapoHTH/ia KaTTa HMKOHHaTjiap cma~H. JlroKC-BOJibT
xapaicrepHCTHKa Te3.ua TyHHHHiura HHKaan (44-pacM). By xycycHST
apaTHJiaflaraH aaTMHKHHHr TauiKH epyrjiHK HHTeHCHBjmrHHHHr TeSpaHHUuiapn
6HJian yjinauina Ky3aTHJiaziHran xaTOJimaiapHflaH KyTHJiTHpaflH.

AOM3-3ij)(j)eKT Ha3apH5iCH Ba 6h3hhht 3KcnepHMeHTJiapHMHS3jian Kejiné
lihkm6, IuyHH Ta-bKHflnauiHMHs MyMKHHKH, 6yH/iaii aaTHHKJiapHHHr yjinaiu
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H, rap «,, K»r

Sm3”C " k £ £
reMnepaxypaBHfl y3raPHm~ P ~ H A oorjianran. flaraHK acamwj
3MaC, HYHKH V A*M3 K)KOPH (~10'° Om)
HUinaxanaflHraH OHHHHHr ® M 3 -*nwn k>oPh O mah
6yjiraHJiHTH y~yH MarHHT ManMun
narpy3Kaaa HiunaHflIH. «.aH6acH MyaMMOCH npHHUHnuan

Arap Ma-bJiyM wapoHTAa a m »

6oow cneun**
axaMH»TJiH 6yJiMan AOH-KaroaMAar

~ MarHHT MaBAOHWHHur
acocJiapH (MacanaH, Mmmanop, aTra fIHHaMHK flHnaaoHJiHJiHra)
Y 6a*apnnraH KaTOA KaflTapmn
acocHHpo,yHHaca,AaTMHKHHMaxc~cxeM~"KKH *
SnjiaH MOCJiaUlTHpHUI

Tonoipad»H«cHHHyj!MaiuwaH*

ra« pM6a sapnaHTH
MyMKHH. FIETMHK

apaTHWH. TunnnarH hmhh waKCTHAa A®H-KaTJiaM Ba
OM 3 -aaTHHKHHHr6HPHH ™ THNHTI eflHra KHWHHa naMnOMKa
KaTOA  KafvraprHM  onjiaH  6HPra P KH epHTHiu 6yJiMaraHAa
«0»HAUrat, mxph N Z Z Z 2 £ “ acH «u»b 6C5IH
djoMjiajiaHHIismH. EpwryBM iKnwnajiaHHJiraH Ba my acocra KaTOjx
paAHOJiaMnaHHHr Hanan J

Hr MaH6acH cwcJliaTHAa (JioTowarHHT
KafrraprHM HUiAaHraH. KaroA KawraprH

RK 7-9 BOAbTMerpHHHr yHra
KaM ra™ ™

VvV I » KJIP— « -
MOC 3aH«HpHAaH ~OHAaJdiaHHJiraH. ®M3-AaTHHKHH

pacMfla KejiTHpHjiraH. HKKHHh h

MarHHT MaHAQH yimarHMH
KjwiaHHJiHe, 6yHHHr ynyH »khh
S o w (GaAs,P,-i)

innnAa onrroMieicrpoH ycyn

coxara Ce3rHP 3¢4>eKTHB epyraHK
"Zu-mrnm W * 6ha3h 6nprajiHKAa
» » o

5 k3, ™ SinraH

r r r 2 = n r

R * 10 3
MaHAOHJiapHHH xaM yjinaiu mymkhh GynaAH.

45-pacM. <I>M3 -fimHK wuikh »
MarHHT MafiaOHHHH"
1 *7

TN

HraH oirrosJieicrpoH
HTiM HH HPHM
— 7 1 I— '

Kyr A yTKasrHMHAaw
(4>0™ «-P» -H.P.T.P)

» ™ r —



2K aflBa.il

Ifs riapfla Flapfla KapuiRiiHrH, Om
HaMyna KanHHjiHrH, Rk'10 12 Rj-10"9 u*,B B
MKM

1 1,73 5 5 240 0,6
2 2,6 5 10 290 0,34
3 0,8 2 8 26 0,7
4 0,65 0,5 4 127 0,5
5 0,9 0,7 15 86 0,4
6 1,4 1 5 560 0,4
7 1,76 2 3 430 55
8 1,2 6 3,2 (0] . 75
9 0,8 2 6 327 62
10 0,75 3 6 0 60

3CJIATMA: )KaflBanflara RK- aHOMaji (JxyroKyuaiimn BepaflHraH TejuiypHfl
KaflIMHH napaacHUHHr gpHTHJiMaraH xojiaTflam KapuiHJiHrn. Rtp- napflaHHHr
SpHTHJiraH xojiaTflarn KapuiHJinrn, U®- aHOMaji 4>0TOKy«wiaHHiu, LUm- aHOMan
(HOTOMarHHT KyHJiaHHiu.

A<I>H-ionKa napjiajiapH/jarH (J)OTOinyH rjiapiiHHi <J)0OT03JieKTpmc

reHepaTop xapaKTepiiCTHKa.iapura | atcupw

lI0KopHfla 3CJiaTH6 yTTaHHMH3flek, 6H3 raicum}) 3TaerraH [2, 70] AOH -
MOflejiH Ba yHHHr 3KBHBaneHT cxeMacHfla 3JieicrpoH-TemHK yTHiujiap 6HJiaH 6np
KaTopfla «(|)OT0uinT>> fle6 aTanyBHH KamaM xaacMH xaM aHOMan k»rkoPh
(J)OTOKyMJITaHHiii Ba <})OTOMarHHT KynjiaHHuiJiapHHHr uiaKJinaHHiiiHfla MyxHM poji
yHHafiflH.

AOH Ba A <t>M3-3(j)c})eKTJiapHHHr KOHyHHsiT Ba xapaifrepHCTHKanapHHH
nyKyp TaxjiHJi khjihui acocHfla TaiuiHtj) STwiraii MOflejira acocaH AOH-KaxnaM
(j))OTOBQJibTaHK aKTHB x,HCobjiaHraH p-n Ba n-p- yTHiujiap TH3HMHflaH Ba yjiapHH
myHTJioBHH (JiOTOBOJibTaHK aKTHB 3Mac, jieKHH epyrjiHK Ce3yBHH
(4>0TOyTKa3yBMaH) «xa>KM» flaH H6opar.

MaHa my epyrjiHKHH ce3rap jickhh <j)OTOBOJibTaHK 3Mac x3>kmhh
$0TOiuyHT aeb arab 3KBHBajieHT cxeMafla ¥Rm= I/Rm +yB xaa KypiiHHmHfla
XHcoGra oJiHHraH.

ByHflati 3KBHBajieHT cxeMa ynyH Ty3HJiraH TeHrjiaMajiap chctcmhchhh
chh6 AOH Ba AOM 3 KynjiaHHiujiapH ynyH KVHHflara H(J)OflanapHH Tonrnu
MyMKHH:

v oo- 21 (7%
MH 1/f(+y,7.)+] R.+YS’
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abHB

(15)
Kt =yRj). +I/IS)-XRMyB

By »4 ,0w a, KHCKa Tyramy, pe*,MH (*

. ->0) ™M pH, H ToncaK, A®H
Ba AOM3-3$<}>eKT ynyH moc paBHiuaa

ByjiEWH. TyHHHHiu pe/KHMHaa sea:
vm"' =~Tm F ('

2NkTbHa 17)
n ~ aq+ NkTy '

LUyHaaK khjih6, (16) be (17) fcopMyjiaiiapra naaap concak, yjiapaarn

" (19)

® qa+ NkTy

- utvbuh AcDH-KaTJiaMHHHr * 0TOBOJibTaHK aKTHB

S « :|' = = N = = =
Jriokc' BUJ tvhhhhiu coxacnra gHKH6,
) Ty

oprauuiapH V AtH Ba V*m3
y3rapTHpManan. By xojiax ynvH, e3WiraH

GyJiMaraH, jickhh

.
KHHMaTJiapHAan 6ouuia6 (J.-a

pPYyFIMHK
HHTeHCHBJiHrHHHHr

KyhjiaHminnaphh
KedJirvcn

K KT Ba V -+IN-bH (19)

H(})Oflanap (16) sa (17) H<J>oziajiapra KnecAanraHna, yjiap
ra $apK khjthiuh annKjiaiwn

(»). By (ae) KarrajmK TyjiacHMa

a ™ rr , (17) =a 1.9)
6axanamnaH ojmhh 4 »™ “ ™PpP
d)OTOuiyHT POJ1IHHH aHHKnNa6 ojihui KepaK.

HaTH* acHiia uiy Hapca
AOH -344>eKTHH xap TOMOHJiaMa yprammi [@]] Hanatacaw W P

4><"0K>»TaHK

MatJiyM GyijiflIHKH, KaTjiaMHHHr *yaa Kyn khcmhhh (“otobojii,
aKTuu SyjiMaraH KaTJiaM TH3HMJiapn raujKVui KHJiaaH.
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A<t>H-KaTjiaMnap Kanhlljiurnhmhr jnonc-BOJibT xapaKTepHCTHKajiap
TyHHHHiu KHCMjiapiira TatCHpHHH ypraiiHiu Haraacacmia my Hapca MawiyM

SyJIflHKH,  KaJIHHJIHKHHHr OPTHUIH 6HJI3H (0,1 < d <2,5mkm)  JTJOKC-BOJIbT

xapaKTepHCTHKa (JIBX) JiapHHHr (V AHsa V«,M3 JiapHHHr HncSaTaH khhhkPok
KHHMai.iapM.’ia) iprapoK TyftHHHiura sphiiihuuh MaT>jiyM ov.iiui. K,ajiHHIiIHKHHHr
opthuih 6hji3h Ma'bJiyM Merapafla KaT/iaMHHHr <j)OTOiuyHTra Terminih khcmh
opTHO 6opHuiH TaSHHH 6Wp xojiakP- IUy Shjish Supra uiyHTJiH (se<l) Ba
myHTCH3 (cu 1) AOH-Mo.iejuiapmmr jiroKC-BOJibT xapaKTepHCTHKajiapHHHHTr
xaoHaTH 6hP xhji 6yjin6, (})aKaT uiy 6 HJiaH (JiapK khji3Ahkh, (JioTouiyHTJiK
Moaenaa JIBX HHHr tviihhhuim V aoh Ba V OM3 JiapHHHr HHc6aTaH khhhkpok
KHHMaTjiapvifla 103 6epaflw. Ta>KpH6a HaTHwanapiira acocaH KaTJiaMHH chpt
TOMOHH/ian Ba TarjiHK TOMOHH”aH 6np BaKTHHHr y3Hfla epHTHJiraH naftTAarn
JIBX HHiir TaxJiHJiH uiyHH KypcaTAHKH, MacanaH cmPt tomoha3h CdTe AOH-
KaTJiaMHHH epMTHiuna V =500 B TaniHK tomohash epnTHiii.ua sea VT7—100 B
KynjiaHHui xochji Gyjica, 6y HKKana KynjiaHHiu 6hP xhji Hinopara sra 6yjiran.ua,
onp naKraa \aM ohhk cnpivuiH Ba TarjiHK TOMOHAaH epHTHJica xochji 6yjiraH
HaTHwaBHH KyMJiaHHin 650 B SyjiiiuiH KepaK 3/im, jieKHH i a>KpH6a/ia 200-250 B
KynjiaHHui kvsarsuiaZiH. KyMJiaHHiiiHHHr 6y y3rapHum t36hhhkh, k3tji3mhh
4>aKaT cwpTH TOMOnnarHHa epHTM.iraHaa iuyHTHHHr TatcnpH yHHariHK K3TTa
6yjiMacaaH epyFjiHKHHur acocnii khcmh CHpTra hkhh acoHJiawran aKTHB
K3TJ13MA3 iothjih6, KyidiaHHiu Karra 6yjiaaH.

Uiy ca6a6jiH (16) Ba (17) (jjopMyjianapAara ae HHHr KHHMaTH (18)
4>0pMyjiara acocsH TonmiHiiiHAaH Kejin6 MHKaflH.

Ok sa MOHOxpoMarHK epyrjiHK GnjiaH AOH-KaTJiaMHH chpt tomoha3h
epwTHJiraHAarH JIBX jiapHH ypraHHui 6yiiHMa yrKa3miraH TaacpHSa
H3TH>K3JiapH 6y (J)HKpHH T3CAHKJ13HAH. TarjiHK TOMOHA3H gpyFJIHKHHHr
TyuiHuiH (JjoTouiyHTHH aKTHBJiauiTHpaAH Ba ByHHHr
(J)OTOiIuyHTHHHr  uiyHTJiaiu flapaacacH opTH6, HaTHxeaBHH KyMJiaHHiiiHHHr
ioKopH.ua KypcaTHJiraH KaMafimiiHra ca6a6 oyJiaAH. cDotouivht (<t[JJ) Ae6
3TanaOTraH K3TJiaM xaacMH hkkh xhji Ba3HJ)3HH 6a>KapaAH. Bhphhmha3h,
TarjiHK TOMOHHA3H 6pHTHJir3HAa y epyFJIHKHH KHCM3H IOTyBHH OIITHK (j)HJIbTp
6yjiH6 XH3M3T khji3ah, HKKHHMHA3H, y ByacyAra Kejiaerraii (jjOTOKyMJiaHMIUHH
nacaMTHpybmh mynT CHcliaTHAa Tatcvip KHJiaAH. TaacpnSanap 6y KaraaM k>koPh
c|poToyTKa3yB4aHJiHKKa ara 3KaHiiHrHHH TacAHKjiaran [2]. Illy ca6a6jiH, TarjiHK
TOMOHAaH epHTHUI BaKTHAa UiyHT.iaiU 3<j)(})eKTHHHHr TaiCHpH HHc6aTaH KyHJIH
6y.Mf6, y 4>0TOKyHJiaHHUi xochji 6yjiHiu sijicfieKTHAaH ycTymiHK khjinh6 KonaAH,
ae HHHr khhm3thhh [23] huia3 aumciaHraH

HaraacacHAa

«~10'ijadik Ba y~ 10 U1/0m. jik
KHMMaTjiap opKajiH (TaKpwoaH) 6orjiaui MyMKHH.

CdTe ynyH [2] 4>0To6aTapeaAarH 3jieMeHTJiap cohhhh 1 cm y3ymiHKA3rH
KaTJiaMfla 3v~5-10‘4aoh3 AecaK ae=0,21 6yji3AH. fleMax V A3+ 100 B 6ynraH.ua,
(JjOTOIUyHT yHH KaMafITHPH6 21 B khjih6 6epaAH.

Sb25e3 AOH-KaTjiaMJiap ynyH [25] N=105 AOHanHrnHH xHcoSra ojicaK,
ae=0,04. fleMakK, Sb25e3 AOH-KaT.naMJiapHAa (Jiotoujvht Tai,CHPn/ia 100 B
(jjOTOKynjiaHHUi 4 B oyJdiho kojimilih xaM MyMKMH.
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AO>H-KaTJiaMHHHr TarjiHK TOMOHiwaH HaTM*acHfla
4»0TOKyHaaHHiu

reHepauMCimaH uiyHTJiaui * KTBJ ~ ~
i0TOKVHJiaHHin

a
iiiyHTjraHHiu WCo6nra CHpwaH epHXHJiMaraHflarHra
CQJiHiuTHpraHfla 6np HenaxapTHora KaMafiHiumm $ aK™

o P HI\aTM
TvuiyHTHpHiu MyMKHH.

TejuiypHfl KaflMHH Ba SbZXe3 liap >
mJU aJw w ojiHHraH A4>H-Kaxj,aM ynyH JIBX JiapHHHr xhithk KypHHHuuiapn
46-pacMfla KypcaTHJiran.

yxluaul

46 nacM AOH-KaxjiaMH ynyn JIBX: 1- KaTjiaMHHHr ohhk ciipmaaH cpHTHjiranaara,
2- KaTJiaM rarJiHK TOMOHaan ep.miJ.raHjwrH; 3- kstmm 6«p Banraa omhk chPtha
Ba TarjiHK tmoh/mh epwrHJiraHftara, 4-

PacMAarH I-rpa<i>HK >on>va napAa (KaxjiaM) cnpxHAaH ePHXHjm6, oAHHran
xaDaKxepHCTHKaAHp. 2-rpa$nKHH oAHiiiAa KaxnaMHH TOMOHAaH epnxHAra
rs z , Z 7 J ePy ™ « 6,paa*™ ,« «pr= n
L k xoMDHAan xymHpujiraH. PacMAarH 4-rpa<i>HK K ~ Kap”~j'HrHH
gpyrAHK HHxehchbAHrwra Kapa6, KaHAaR yarapnmHHH » » (» « =
HHxeHCHBAHrHHHHr  -10*
KamiiHjmrHHHHr  kcckvih
ap ™

(o]

EpyrA
jik KHHMaxAapHrana vy

KaMaHHUiH KysaxHJiaAH. By cowwa Kaxji

eP™«.Mam< xo.armm KHfiMaTHra c— 7
sanr» Ka*aaram»r» K,3a™ .r»»-

J— ™ ’" O

Kap™ « "1° “fr "
nwa KawafiraH. HnxeHCHBJIHKHHHr KefiHHrH ycmunapHAa Kaxaaw KaP
rorfteL 03 KaMaftraH. By coxaaa JIBX AarH
TyfinHHiii

NOTOKyuiaHHiu y3HHHHr
KHfiwaxHra 3PHUiaAH. Byiwa epyrAHK mnmhxchchbjinrH xypx wap
opxraHAa Kaxjiaw KapmmmrH 1,5 wapxa KawanraH xonoc.

T
XaiibKOreHHA 6 nPHKMajiaPflaH xaflepjianraH KaxJiaMJtapHHHr akjkc bo*

xaDaKTenHCTHKanapH xoHa xeMiieparypacHAarH xapopaxAa B

6ymm. CyioK «3<yr re,,,ep, TypM apMar»
xapopaTJiapna :ivokc-bo,ii,t xapampiKiwaH.mr hbhmh
HHxeHCHBAHKHHHr

™

2-102 Bx/cm2 KHHMaxnapHrana cawiaHaAH.

Kk p a
»,pr« Kaa»» «. cypbMa,

cejieH CN— pnaa O0**6

60pHJiraH xaa<pH6anap acocHAa KejinmaH.
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Bat3H TeKiiiHpHjiraH MoaaanapHHHr AOH-KamaMJiapHaa (MacanaH, Se,
Si, Ce Ba SoiuKanap) yjiapaara 4)0TOyTKa3VB4aHjinKHHHr HHc6aTaH KHHHKJinrH
caSafijiH, <J)0TOiuyHTHHHr uiyHTjiaui 34>c[)eriHHHHr TatcwpH acyaa nacT 6ynaan.
Hly caSasjiH cfioToujyHT aeb arajiyBHH KarnaM xa>KMHHHnNr
4)oioyTKa3yBwanjiHrn HaraacacHaa (JjoTOKyMJiaHnuiHHHr riacaHHiu 3(})<})cktm
Ky3aTHJiMaHAH. Eat3H xojuiapaa sea 4>0TOKyHiiaHHmMHHHiI KaManHiiiH ypHHra
OpTHIUH XaM MyMKHH.

A«l>H ep.aaMH;ia epyrjiH K HM Hr HHieHCMBjiHrHHH

Saxojiaoi MYMKHH

AOH-KaTJiaMJiapaa fipyrjiHK hhtchchbjihth 6hji3h ()OTOKYyiijiaHHiii
opacHflarn 6oraaHHui 3(J)$eKTHHHr acocHft xapaKTepHCTHKajiapujiaH OHpn
XHcoojiaHaaH. JItoKC-BoubT xapaKTepHCTHKanapHH ypranHLiifla epyrjiHK okhmh
() HeHTpan CBeTo<j)HJibTpjiap epaaMHaa cycaBrapHJiHS, KygjraHHiu sea C-50, C-
96 THiiH/iani sjieicrpocTaTHK Bo/itTMerpjiap Ba B2-5 TMiiM.iani sjieicrpoMeTp
epaaMHaa yjina6 ojihhah.

47-pacMfla 6ab3n Moaaanap ynyH ojiHHraH JHOKc-BOJibT
xapaKTepHCTHKajiap KejrrapmiraH. By xapaKTepHCTHKajiap KpeMHHH, repMaHHH
Ba ranjiHH apceHHan ynyii ypraHwiraH (~35—104-50-104 jik)
epuTMjiranjihnmiapaa hhshkjih SoraaHHuiHH 6epraH. KaaMHH TejmypnaH Ba
cypbMa cejieHHfIH ynyH ojiHHraH jiJOKC-BOJibT xapaKrepHCTHKanapaarH aacTJiab
nacT epHTHjiranjiHKUH coxanapHfla (jjOTOKynjiaHHUi, ePHTHjiraiuiHKHHHr
ysrapHUiH SHJiaH HH3HKJIH opTaan. EpHTHJiraHJiIHKHHHr  2-104  jtk
KHfIMaTjiapnaaH 6ouuia6, gpm-HjiraHjiHK opthuih 6miaH (j)OTOKyMjiaHHui
6yTyHJiaM ysrapMafi KOJia/jH Ba TyfiHHMiura spmuaaH. repMaHHH, KpeMHHH Ba
apceHHA rajuiHfl AOH-KaTjiaMJiapnaaH 4>0HaanaHHO, gpyfjiHK HHTeHCHBUHNiIHH
aHHKJioBHH acbo6 (jwoKCMeTp) acaui MyMKHH. ByHHHr yqyH KpeMHMHaaH
3ij)<J)eKTHB K)3acH KaTrapoK khjihs, KaraaM acajiaaw. JlioKCMeTp jioHHxacHra
MyBo<|)HK Ka'rjiaMra Maxcyc 4iopMa.ua HHaHwaaH KOHTaicr KHjiHHaaH. Hhahh
BanyyMfla 6yrjiaraui flyjiii SnjiaH MacKa opKanw Taftep KpeMHHfi A<t>H-
KaTJiaMHHHHr TamiaHraH afOHjiapnra yTKa3HnaaH. YHaau cyHr Maxcyc npHnoft
epaaMHaa KOHTaKT CHMJiapH KaBiuapjiaHH6, Kopnycra MaxkKaMJiaHaaw. KoHTaicr

cHMjiapn KaBuiapjiaHraH woRjiap 6nprariHKAa A<DH-KaTJiaM TynacHHa anoKcna
CMojiacH SnjiaH KoruianaflM.
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S'O'i A

47-nacM AcDH-KarnaMJiapHHHTr jiiokc-bojii.t xapaKTepHCTHKanapH.
1-repMaln; 2- KpeMHHfi; 3

apcem”; 4-u w ri rennypMH.

AOH-KaTJiaM;

7- ynioB ac5o06ra SopajwraH cuMJiap, a- aapa*anaiii rpa<j>nrn.

C-50 C-96 THRHflarH BOJibTMeTpaaH yniOB ac6o6n cH”axnaa

4>oftAanaHHjiaaM. ByHHHr ynyn jiiOKCMerp epaaMHaa 47'pa® rH
nnv nan (o) d)OOflajiaHH6, 3JieicrpOCTaTHK BOJIbTMCTp UlKajiaCH
napaacanaHaAH. ByHAafi nioKCMCTpJiapHH miuianuniuiH Kynatt, *yAa

epHTHnraHJiHKjiapHH xaM yjiHam mymkhh” MxHaM k h j i h s o W
AOH-A.OKCMexp AOHHxacHHH y3raPTHPn6, HuuiarHiura moc khj.h6, ncab oahu,

uw



MyMKMH. ByHflafi jiioKCMeTpHH jiaSopaTOpHa iiiapoimma Ba niujia6 MUKapHiuaa
KyJiJdiani mymkhh.

KyiSjiaHiaH epyrjiHK”~a Ad>H-KaTjiaMJiapaa
KyiaTHjia”Hi aH xo/(nca.nap

MawiyMKH [2] AOH-KaTJiaMJiap aHimTponHK GyrjiaTHiu fly/m 6HjiaH
onHHaflH. By aHM3aTPonn5i KaTJiaMHH KyT6jiaHraH epyrjiHK 6HJiaH epHTHJiraH"a
HaMoSH 6yjiHiiiH KepakK.

KyT6jiaHraH epyniHKfla AOH-3(J3>(j)eKTHH  TeKiiiHpHmra 6arHmjiaHraH
AacTJiaoKH [2, 29] miuiapfla, acocaH Kyr6jiaHraH epyrjiHKHHHr aHOMan
cjjOTOKyHjianMin KaTrajiHrHra xabCHpn ypraHHjiraH.

By mujiapaa KejiTHpwiraH Kyr5jiaHraH epyr/iHK OHJian yTKa3HJiraH
aManHH TeKiuHpHuuiap rnyHH KypcaTflHKH, KpeMHHH Ba GaAs AOI I-
KaTjiaMjiapH,narH (J)OTOKyHJiaHHiu epyrjiHKHHHr KyT6jiaHHiu rekhcjimrnhwnr
KaraaM 3jieKTpozinapHHH TyrainTHpyBiH Tyrpn HH3HKKa HHcb6aTaH Ba3H»THra
acyaa x,aM bBofjihk BOyjia.nn. 49-pacM”a aHOMaji <j)OTOKyHJiaHHin 6njiaH
(ajieKTpofljiapHH TyrauiTHpyBMH Tyrpn hh3hk 6njian) Kyr6jiaHnui TeKHCJiHra
opacHaarH (a) 6ypnaK 6omHKJiHrnnn HiJjoflanoBHH «kyt6 anarpaMMa
KejiTHpMJiraH.

i-Gags f 2- £
49-pacM. OoTOKyHJiaHHuiHHHTr epyrjiHK 3jicrrp BeKTopH leKHC.™™ CmiaH KauiaM
3jieKTpoanapHHH 6npjiauroipyB4H Tyrpw hhmk opacuaaiu SypnaK (a) GofJiMKjmrH.

AOH-KaTJiaMjiapra KyrfwiaHraH epyrjiHKHHHr Ta-bCHpjiapHHK yprannui
HaTHJKacHfla Ba Kyr6 awarpaMMajiapHHH TajiKkHK  khjihih epaaMH”"a
KaTJiaMJiapiiHHr aHH3aTponHK ysrapHimiapH 6HJiaH 6orjiHK oiithk xoaHcajiapHH
MatJiyM ztapaacaaa Tallinn khjihin mymkhh. Ephthjihui 6ypnarH, tcaxnaMAarM
MHKpoKpHcrajiJiHajiapHHHr TaniHitna acoitnauiHiu KHHjiHrnra Sofjihk paBHinaa
4>0TOKyMjiaHHui Ba epyrjiHKHHHr KaTjiaM.ua iothjihui aapaacacHHHHr
y3rapHuiJdiapMHn xap xhji tyjikhh y3yHHHKjiapjia Ky3aTHiu mymkhh. By
y3rapHLUJiap MoaaanapHHHr KpHCTajuinajiapHHHHr KaTjiaMiiaa KonjiauiHiu
reoMerpHSCHHHHr y3ma \Noc;imnra 6orjiHK paBHiuaa TypjiH Mozmajlap/ian
ojiHHraH ionKa apHM yTKa3™'l A OH napflanapHaa rypjiHHa xapaKTep.ua
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eyjmum KepaK. tOuKa apHMyTKaarHH n a p .« fla KyrSjianraH epyrjiHK
~KaaHJiraHTaacpHSaJdiapeyxyjTocaHHTacfl[HKnaHfIH.
n KpeMHHH «a rajinHM apcemup.
KHHMaTH a=00 Skh a=90° fla

MaKCHMaJi
KaraaM.apnM V Ac, PRk

MacanaH, ~9-pacMfl n
KaTJiaMJiapHflara V adh hhhf MaKCHMyMH a

y3rapHiuH moc
NoTOKyuiaHHUIHHHT

KaTJiaMJiapflarn

amax ® ™ mHHHr MaKCHMyM Ba
paBHiuaa 50% Ba 30% hh TauikKHJi P « « . OoioKyMjiaHHuaiH KaMafe6
MHHHMVMiiapH opacHflarn 4>apK KaraaM kojihm,™ ™ KaMa OPxhujh
50Lh ByHAaH KypHHaMHKH, ajmuuuiapwi aH”axponM * ™ h k °Pthiuh
& , & « o« *>1»»y rePM»™ .a

K,araaMJiaP Hfla aHOMaji 4>oonyHJiaHHiu Karr*HiHra a yp
AM adrn MyMKHH, ~
Temcmm CdTe ea ScA K n

Se yHyH 3ca 10-
KaTTanHrwra TabCHpw yHna KarTa 3Mac. Cd A

EpnTMJiraii.ua aHOMan k)koPh 4>oTOKyHJiaHHiii xochji

yrnaarHM Knma

KaraaMJ.apn aHf aJ f 1HKfi TyH 6yHAaft
emrnHKKa KH»JiaTH6 TyuiHpHJiafln) HVJIH 6miaH ojiHHraHH vy vy
W T»Mnapr»a om-™ aHimrpo,™ w uiap

OmiikK aHHaaxponnHHH

“A " h'otwm

KysaxHiu MaKcawia /wn *
(J)OTOKyHHaHHUJ (V/~nw ) Ba iothjihui s(>.) cneKxpjiapH ¥ iaH
Lam Jpt—
cneicrpjiapH xap xhji KVT&iaHHuwa (C|JlI E Ba C.It ) p
G ""Kmm,,» TejuiypmiH
naH>Kapauap xochji 6ynafIH. finu,Ka

cneicrpjiapH

tmmhhkh A®H-Brrj»M cnetnpnapHHH xap xm
Cnnaui fijjivt 6njiaH TeKUIHpHUJ MyMKMH. TeKinHpH
L » » « Ba cyptMa
A"pamphc™ A2l 50- »
GoFJiaHHUiJiap TaoiiHH Ba KyrojiaHrd

KvrBjiaHHUi yHyH
s,a-nmaliapHHHHr KypcaxnwHHa yaapo nepncHAHKy p Kyr6 hhui
iothjihuj nerapacHHHHr cHIWCHiim KysaxHlJiran, (-120 A ). txc

.er]d, pM
CneKTpaji

n

M-pc™ »» M

*y
yMyH WTHJiHtu neKKacH A£ = 1,515 3B raxyrpw Kejiran.



1- EX.C
2-CUE

m-a, ., B.cn

50-pacM. KyrSjiaw an epyrjimcna (fioTOKyMjiaimm Ba ryjikKHH y3yHjmrH opacnnara
SorjiaHHiu. By epaa C- rekCOiOHaji KpHcrami ywi 6yjin5, GyrnairiMra tomoh HynajiraH
Beicrop MyiiajiHiiiHra moc Kejiaan. E- cpyrnuk anenrpoMarHHT tvjikhhhhhijii 'jjieKip mafi.nou
BeKTopH. 3- Ta6roiH epyrjuac.

aewV

51-pacM. KDthjihui KOjJ)(t)mtHeHIM ea TynKHH yjyHjiniH opacn;iam 6oFjiaHHLU.

MaiJiyMKH, [71] TejuiypHfl KafiIMHfi AO H-k3tjiaMJiapH/ia TyiuaerraH
epyrjiHKHHHr ftyHajinuiHra moc paBHuifla epyrjiHKHHHr aHH3aTpon cohhjihuih
Ky3aTnjiaAH.

KyT6jianraH epyrjiHKHHHr TejuiypHfl KaflMHHflan yrran khcmhhhht
HHTeHCHBJIHrH nOJiapOHfIHHHr E1C ekH C JE Xxo0JiaTJiapHfla MHHHMyMra
3pHiuca, E Ba C Beicropjiap opaCHaara 6ypnakKHHHr 45° KHHMaTHfla KaTJiaMflaii
yTraH epyrjiHK HHTeHCHBJIHIH MaKCHMyM KHfIMaT oxiaflH. By naTniKajiap AOH-
KaTjiaMfla xaM cnpT xaMfla xa>KMHH ammTponmi MaBwyfljiHrHHH KypcaTaflH.

Oo0TOKynjiaHHiu Ba iothjihuu KoacfxJwuHeHTJiapMHHHr cneicrpan
SorjiaHHiujiapHHH yjigaiu yqyti KajiHHJiHiH 0,5-1,5 mkm TapTM6Hflarn AOH-
KaraaMjiap TaftepjiaHflH. yjmaiii ac60o6H cn(J)aTHaa HCn-1 cneicrporpatjiH.
03Y-22, 0116/2, 0116/1 xaMfla JJiCKTpoMeTp/ian (JjOHflanaHHjifln. MCn-51
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ac6o6nHHHr 7000A° tyjikhh y3yHJiHKKa moc coxacn ynyn *«cneP ™

« K T y ** M <
KanHHJiHKAarH KaTJiaMjiaii yiraH epyrjiHK HHTeHCHB:inniHH
J2=/0(1-r)V “\

rf, KaJiMHjiHKiiai H KaTJiaMAan yrraHHHH

j2=j9l-r)le'xj-
flecaK, yjiapHMHI HHC6aTHHH OJIHO, iotvuihuj KO3(t)4>nueHTH

(nJt1d1

Hr ,ac, a»p, 6m ™ K—

5, M aii yjnauua miiJdianuniH Hanyna kbjihhjih™

Hr

—_ P-»

«it*™ b»»u, ko ,«— »(.> o p 7

Kenak MatnvMKH, TejuiypHfl KaflvHH (Cdie) A

cneicrpjiapfla Snrra KaTjiaMHHHr ~ a xaM W

(5 7 MKM) opthuih 6HJiaH cneKTp v«p) 3rpHJiIHFrHHHHr
KerkflH. ByHflaH kythjihuj ynyH KaTjiaMHHHr kJuihh 3HCH3 hkkh

y
3CJiaTraHHMH3fleK, KaTJdiaMra Tym a”™H
HHTeHCHBJIHKJiapHHHHr HHcSaTHHH Jj 5Q 51-
KaTJiaMflan KaftrapnujHra SonrnK

xhccehh ayKOTHiura

pacMJiapiaH KypHHaflHKH, aHOMan

P”"mh3. 50

ATOKYHjmHHW V  Ba Kmu.cui



KO3t[>(j)HiineHTH ae JiapHHHr KyTOjiaHran epyrjiHK KyT6jiannuI TeKHCJinrHHHHr
caiyiaHraH. AHOMan (})OTOKymiaHHUi (V) Ba iothjihiii KO03cjx}muHeHTH (as)
opacHfla KyT6jiaHraH gpyrjiHtma y3apo Moiiana yarapHiu Ky3a™naflH.

ILIyHH xaM x,Hco6ra ojihuj KepaK-KH, aHH3aTpon KpHCTajuiapflara Ka6H,
aHH3aTpon KarjiaM.nap,aa xaM (aftHHKca aHH3aTpon GyFjiaram ftyjiH 6iinaH
OJiHHraH sipuM yTKa3rnH KaTJiaMJiapnaa) epyixiHKHHur iothjihui xycycna™ (ae)
y3rana, hihh omjwH MypaKKa6 TapKHOJiH aHH3aTpon ionKa KaTjiaMJiapaa hcch
KyTOJianraH HypjiapuHHr onpH oyryHjiaH k>thjih6 KOJiaflH. By xoflwca aHOMan
moc xojiaTjiapHra (ELC Ba £]|C) TyrpH kcjivbomh MOnaH” y3iapnui
xapairrepHra ce3HjiapjiH Tatcnp KHJiMaHjiH. By xoji KyrojiaHHui (jiaxaT
KyH/iaJiaur TyjiKHHjiapra xoc xycyemrr rjKaHjiHrnnH SmifliipyBHH aHa 6np
aariHji Syjica KepaK.

llojiapoHflIHHHr ELC Ba £j|C xoJianiapH ynyH HKKHTa TyjiKHH
y3yn:iHiHaa yji'ianraH KyfiHflarH naiH>Kajiap cjiHKpHMHSHH rac/iHKjiatiflH.
MacanaH,

X= 700 mkm v'/v"=\,3; ®'/ae" = 1,75.

X= 760 mkm V'/y"=u3; s'/s" =154,

KenTHpwjiraH HaTiuKariapra moc KejiaanraH TyjiKHH y3yHJiHrwHH TaHjiaG,
yiua TyjiKHH”a yjmaHraH KyT6 fl[HarpaMMacH (V  SnjiaH a GorjiaHHiu)
HaTHHcanapH KyT6jiaHHui (jmicaT KyHflaiiaHr TyjiKkHHJiapaa Ky3aTHJiHiuHHH xaM
TacflHKnaitnH.

Kyr6jiaHHiUHHHr capanaiu TapTHOHra MyBO(])HK aHH3aTpon
KpncTanjiapaarH oriTHK yramjiap 3XTHMOJUiHrH xaM epyrjiHK TyjiKHH 3JieKTp
BeKTopn (E ) Ba KpHCTanjiHHHr 60iu onTHK ymiapn ( C) (KyT6Hfi yK) HHHr y3apo
Ba3H«THra 6ofjihr. ByHH XHCo6ra ojicaK, mhhhmbiji sHeprnajiH yTHtu r 7- [ f) (A -
yTHuj) E Ic KyT6jiaHHiu xonara ynyH pyxcaT 3THJiraH yTHiu xncoo;iaHa,iw.

Kncsa TyjiKHHJiap coxacnfla (jjOTOKynjiaHHiu cneiopH £ Ba c
BeKTopjiapHHHr y3apo Ba3H»THra yHHa 6ofjihk 3Mac. Y3yH TyjiKHH coxacnaa
(kh3hji nerapara hkhh *OHJiap,na) kjthjihuihhhf y3yH TyjiKHH nerapacH £ |C
6yjiraH xoJdiaT  y»iyH A-yTninjiap 6njiaH aHHicnaHanH. Y3yH TyjiKHHHHur
iothjihui nerapcH.ua MaKCHMyM Ba <}>OTOKyHJiaHHiu nerapacH £ Jjc xoJdiaT ynyH
OjiHHraH srpnjiHKAa E 1C xoJiaT 6orjiaHHiuHra H«6aTaH y3yH TyjikHH tomoh
CHJDKHraH SyjianH.

Kyr6jiaHHuira 6ofjihk paBHiuaa cneKTpHHHr 4)0T034)(teKT kh3hji
MerapacHHHHr y3yH TyjiKHH TOMOHra chjdkhiuh 100-200A0 Tap™ 6Haa 6yjiH6,
6y MoaaaHHHr 3HepreTHK AHarpaMMacnra moc Kejiaan.

E Ba c Beicropjiap opacnuarM oypnaKHH (a) y3JiyKCH3 ysrapTHpnS,
KaTjiaMHHHr epyrjiHKHH ce3Hiu ko6hjihhthhh 6axojiacakK, 6y 6oFjiaHHiu Manboc
KOHyHHaTHra 6yficyHa/in.



tOKopwarH KOHyHHMTJiap Sb25e3 A<J>H-KaxjiaM*apHHH Kjn&iaHraH

8P ™A H ™ 4 " rr 'epy— ce.rHp.HTH y,»Hr

,«0 »T p .-a HMKOHHtrTHHH w Kyj™ ™ japraK

6, « * ioro” ™M«HmM 6 »», « (E-C, 6yp,«K opacM .n,

3 L \ b .h. ™ Pan SorjiaHHiu 6y™«. B,6 °™ ™
<W ™ «

,S,H Ky~raHHU, 6,P»™ = aHHKJ10B4VI
3KVfla ce3rwp HHflHicaxop scaui MyMKHH [29].

vnanra sjieicrp
AOH-KaxjiaMflapwHHr ammxporiHK xycyCHarara acocaH, yjiapra 3»eKxp

Spyr,— e on™ _ »J»Hra

“L mu'»,r,m

S H

ftHrmiaflH.

52-pacM. TarnKH anrrp MatoOHH opK~H
53-paCM. OITTHK SoUlKapHJiyBMH WICK'ipa-OnTHK KypHJIMa.

KoUiKaDVBMH 3JieKXP MafifloHH Ba3H$acHHH AOH-KaxJiaMHH HHKH 3JieKTp

MftfiflOHH eJapHiuH xaM MyMKHH. EyHfla A ~ H-KaTOaMHH,, fcpH™ HgvHflaP53-
UJy ca6a6jin cncxeMa orrrmc 6ouiKapHJiyBHH KypHJiMara amiaHafl y
AT raTT — rpHaKXfla (53-pacM) Kax.aM

~pcax—
“alUOHH Brac ™

™ ko «
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6yjiHiuHAHp. By xycycwsT TytfjafijiH KyStu paflHamwcH mapoHTHaa 6kh Ta6HHH
epyrjiHKk  MABwyji  acofijiapaa sjkktp MaftflOHH xochji  khjihui ynyH
HuijiaTHjiaanraH aiioxHfla sneicrp MaHSacma sxtmSw KOJiMaRflH. Byn/iaH
KypmiManap 3Jieinp MaflAOHHHHHr acyaa KMHKnna ysrapum (Te6paHMiu)
JiapHHH XaM KaHfl KHIIHUIH MyMKHH.

BaMH KypHJiManap.aa 6HTra KarjiaMaaH (jjOH/iananmu HOKyjiaftjiHK
TyrflHpca, yHH 6apTapa<J) khjihuj mymkhh. 54-pacMfla HKKHTa napanjieji yjiaHraH
AOH-KaTJiaM”aH 4>ofUianaHHJiraH sjicktpooiithk cxcMa TaBcna KuJiHiiran.

54-pacM. flapajuieji AOI I-K;aTjiaMJin Mdnpo ornuK KypujmacH.

By KypHJiMaaaH 4)ofiflanaHHJiraHaa epyrjiHKHHHr Surra MaH6acH xaM
KyT6jianraH epyrjiHK xaM AOH ojihui ynyH mujiaTHJiaflH.

KypwjiMaHHHr HimiaTHJiHLU acoHHra Kapa6, KypmiMaaa 6wp Hena
KaxjiaMHH napajuieji HiujiaTHiura Tyrpn KejiaiiH. By xojiar KypanMa nuiHra
aHHKJIHK Ba Ta>Kpn6aHHHr cH”arnn khjihujhh TatMHujiauiH 6miaH 6Hpra yHH
6ouiKapniura KyJiafiiiHK lyraHpajiH.

Arap HuuiaTHjiaeTraH epyniHK MaHGajiapHUHHr cneicrpaji xaPKH6n moc
KejiH6 Ta*pH6a uiapTjiapwHH KaHoaTJiaHTHpca, y xojiaa 54-pacMflara cxeMa
6yfinda ftHFHjiraH KypHJiMaaa nojiapn3aTop Ba aHanraaTop KaHann ynvH
aHOMan k)koPh ({IOTOKyinaHHUi ojihiu GnjiaH 6HprHHa epyuiHK ManSacM/iaH
HKKHTa Hyp flacracH xochji khjih6, c}>OH.najiaHnui xypnjiMa jioHHxacHHH anna
coaaaJdiauiTHpaflH. PacMJiap”arn EM-gpyrjiHK MaH6an, fl-gpyrjiHK aacTacH
ojihuj ygyH HuidiaTHJiaaHraH /iHa”parMa, n- nojiapH3aTop ckm hhkoji
npn3MacuflaH acanraH KyrfijianraH epyrjiHK xochji KHJiyB'iH KypujiMa, A-
aHanH3aTop, hhkoji npH3MacHflaH H6opaT nojwpimTop 6yjiH6, <J>aKar yHHHr
KyifiJiaHHiii TeKHCJiHrH, noflapH3aTop Kyr6jiaHHiii TeKHCJiHrnra thk khjih6
3KOHjiauiTHpHjianH. nojuipH3aTop (Il1) Ba aHanH3aTop (A) jiap HKKanacH xaM
6np xhji hhkoji nproMacHnaH H6opaT 6yjw 6, 6a>KapauHraH Ba3ncjlacwra Kapa6,
6hph nojiapH3aTop, hkkhhhhch aHanH3arop ae6 lopHTHJiann.

AOH- epyrjiHK TaicnpHfla aHOMan IOKopn <}>OTOKy>iJiaHHiu SepyBHH
apHM yTCasralt™ ronna napaa, <t>3 yTa ce3nip (>0TO3JieMeHT, 3M-
sjieierpoMerp.
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AOH-KaTJiaMra KyflnnraH 3jieicrp MaftflOHH KaTrajmrH Ba RyHaJiHuimiH
uiyHflafi TaHiram mymkhukh, HaTHMcana KyT6jiaHHiu TeKHCJiHrwHH 90° ra x,aiw
6ypHiu hmkohh 6yjia,nn. AHanH3aTop (A) & Ba AOH-KaTnaMflan JhraH
epyrjiHK HHTeHCHBJIHrHHHHr aMnJIHTyaaBHH KHHMaTH KyTgjiaHHUI
TeKwcjiHrHHHHr 6ypHJiHiu 6ypMarMra 6ofjink. Arap aHanraaTop yprnira HypHH

HKKHJiaHTHPN6  CHHflHpyBMH  11JiaCTHHKa  yKOHJiaiUTHpHJICa yTa  Ce3THp

nojiapHCKon xochji 6yjia,a,H. YHHHr epaaMHfla KyT6jiaHraH epyrxiHKHH TaxjiHji
KHJiyBHH Ba yHH Of XIHpyBMH CHCTeMa apaTHUI MyMKHH [30].

YjibTpa TOBym epaaMH/ia AcDH-KarjiaMHHur aftHaH MabJiyM TaHJiaHraH
Hyifra (coxa) jTapHHHHr onTHK shmjihhihh y3rapTHpHiu MyMKHH. By xoflnca,
KaTjiaMHHHr yHaaii yTaeTraH KyT6jiaHraH Hyp ynyH fIH paKHHOH naHHcapa
Ba3H(j)acHHH Ga*apHUim a cabab GyJia/in. BynaaR KaTJiaw/iaH yxaerran epyrjiHK
flHApaKuna Ba chhhui Ty<J)aHJiH y3 ftynajiHuiHHH y3rapTnpaan. EyHjiafi
«naHwapa» ra TyuiaeTraH epyrjiHK TyuiHiii QypnarmiH y3raprapH6, 6hPhhhh
TapTH6jIH AH(})pakHHOH HypHH KyHJIH OFflHpHUira 3pHUIHUI MyMKHH.

ILIyHuavi fiyji 6njiaH 3(]K})eKTHB oranpyBMM Ba MOflyjisuHOH sjieicrpoonTHK
CHCTeManapHH apaTHiu mymkhh [31].

o/mnfi epyrjiHK ypHHra Jia3ep Korepem nypnAaH <j>oitaajiaHHiii xaM
MyMKHH, 6yH.ua Jia3ep HypjiapHHH oraHpyBHH acyaa

sijxjjeicraB Te3KOp
KypnjiManap xochji Byjia,UH [31].

AO>H ep”aMHfla iiapcajiapHHHr reoMeipwK yjinaMJiapw

xamifla MatJiyMOT ojihiu mymkhh

AOH-KaTJiaMJiap >Kyaa Kylicn3 gpyrjiHioiapHH xaM ce3a ojiaflH. Bynaafi
KyncH3 gpyrjiHKjiap Ad>H epziaMmia KygjiaHHiura aiuianaaH. YjiapHH o,hhhh
C-96, C-50 3JieicrpocTaTHK BOJibTMerpjiap epjiaMHZia ocoHrHHa Raita khjihiu
MyMKHH. AOH-KaTJiaMJiap HuidiaTHJiHiiiH 6njiaH opaiiHK KynaHTHpiHqgjiapra
3XthS>k KOJiMafiflH. MyHKH oriTHKo-aJieKTpHK cxeManapaa ojuihh epyrjiHK Ka6yji
KMjiyBHH (ct>ri) jiap HuuiaTHJiraHfla CHraan uiyHflaw 03 6yjiajwKH, xarro yTa
ce3rnp ynqoB ac6o6jiapH xaM Kafla KHJia ojiMawflH. LUy ca6a6jiH yjiapaarH
KyncH3 cHinajuiapHH OJWHH ac6o06jiap ce3a/iHraH .uapawara'ia CTKa3Hiu yqyH
ajifiarra tok Ba KyMJiaHHiu opanHK KygqafiTHprHiJiapH HinnaTHuira Ma*6yp
6yjiHHaAH. ByHflaH TauiKapn A<J>H-3JieMeiiTJiap

reHepaTop Tnrm.ua
HuidiaraHJiwrH ca6a6jiH, ojwhh Oil

JiapHHHr HiiiJdiaiiiHHH Tai>MHHJiaiinMraH
3jieicrp MaHGacH Ba3H<j>acHHH xaM (A O H) HHHr y 3H 6a>KapaflH.

A<rHKalliaMnapjian <JidiiflajiaHH6, ce3rmp HiiuiaTHUira Kylian caHoal
MHKeciifla TexHOJiorHK acapagHra Kyjuiaiii MyMKHH OyjiaanraH hhth ac6o6jiap
CHH<t>HHH apaTHiu MyMKHH [32, 33, 34],

nojiHMep MaTepHanjiap nmjia6 MMKapnui caHoaraaa gHFHHHHHr ojiuhhh
OJiHiura Kaira 3t>thBoP 6epHJiaflH. Illy MaKcama sjieicrp 6hji3h huijiobhh
yjiMOB, Ha3opaT Ba 6ouiKapyB acooojiapHiia, gpyrjiHKjiaH 03yKa ojiho huijiobhh

117



flaT'iHKjiapflan (AOH) “oHaajiaHHiu Kyrnnrau xaBtj)CM3 yjinoB
CHCTeManapHHH sparani hmkohhhh GepafIH.

Ha3opaT

CyHbHH Tojiajiap Himiab HHKapHui 3aBOflnapnaa nojiHMep ypaMjiapHHHHTr
KaxJiaMjiapHHHiir KaAHHAHrHHH Ha3opaT khjihuj ynyH epyiAHK ahoah (E fl) Ba
AOH-KaTjiaMflau noopax onxosjieKTpou cncxeMaHH Kyjijiaui MyMKHH. Xo3Hpaa
caHoax Hiujia6 HHKapaexraH atjxJieirrHB epyrjiHK AHOAnapHAan (jiOHAajianHm
ynyH CdTe AOH-KaxAaMAapHHHHr Jn, Cu, Al Ba Se Ka6n St 3JieMeHTJiap
khPmtham®6, Maxcyc rexHOjrorwH 6njian ojinnraH iHnjiapwaaH (})OHflajiaHHjiflM.
MyHKH, AOH-K,aTJiaMJiap epyrjiHK Ano/yiapH 6nnaH cneKTpaji MOCJiauiH6
yjiapHHHTr epyrjiHKjiapHHH xy.na KabByji khjihiijh ynyn AOH cneicrpHHH AOH

TafiepjiaiuAa HtiuiaxHjiaeryaH MOAAanapra er SAeMenmap khphthé

y3rapTHpHA3AH. TexuojiorHK Myji 6hjidh AOH 3(J)(j)eKXHBjinrnHn Ba cneicrpaji
xapaicrepHcxHKacHHH sxiuHJiaiu ycyjijiapii [32, 33,34] HuuiapAa 6axa4)CH.i 6asH
KHJiHHraH.

Yparnjiap KypHHHUiHAarH nojiHMep KaxjraMJiapHHHr KaJdiHHjiHioiapH xap
xhji 6yjiaAH. yjiapiiH TexHOjiorHK /KapaeHAa Ha30par khjihui
CH(])aTHHH HXUIHJiaHAH.

nojiHMep KaxjiaMJiap KajiHHAHioiapHHH Ha3opax KHjiyBiH Ba 5?jimobhh
onToajieicrpoH AaxiHKHHHI (jjyHKiiHOHaii cxeMacHAarn on (4) reHepaxop
xHNHAarH 4>oxonpH8MHHKHH KaTTa K33ajiM KeHr cneicrpaji coxanap y>iyH thhhk

Maxcy.'i0T

(iiiacJdjcljofj)) xHco6jiaHraH uinuia TaruHKjiapra xap xhji matcnaa Ba K)3anH khah6,
YyTK33HIU MyMKHH. YHAaH TaiHKapH (JIOTOnpHgMHHKHH kjihhchmoh khjih6,
XypjiH cneicrpan coxajiapHH Ra6yji khjivbhh »Phm yxKa3nm napaanapHflaH
H6opax khjihS acam xaM mymkhh. EyHAa On TapKHG6«ra khpybhh hPhm
5?icra3rHHAapHHHr anoxHAa napAaJdiapHHHHr cohh, uiakJiH, TapKwGn Ba TarjiHKAa
jKOHAauiHiu  reoMerpnsiCHHH yAHOB Ba Ha3opar TexHOJiorascHHHHr
xajia6AapHAaH kcah6é hhkh6 aManra ouiHpHiu mymkhh. ByiiAaH xauiKapn
KaxAaMJiap KajiHHJiHKJiapHHM Tanepjiam wapaeiiHAa y3rapTHpH6, KepaioiH
TexHOAorHaHH Ta|U|a6, aHOMaji (j)OTonpHCMHHK TapKn6HaarH cynep Kyn
KaxAaMAH (CMC) iy3HAMaHHHr 3AeKxpoH-TeuiHKjiH yxHuiAapn xapaKTepHHH
XaM y3rapTHpHui mymkhh (MacajiaH, reTepoyTHiu, p-i-n yTHiu Ba Xx.o0.Aap).
ByHAaii flyAAap 6miaH xafiepjiaHraH (])0TO3AeKxphk reHepaxopjiap (On)
Ha3opaxAarH oo’beKXAaH yxyBMH 6kh naRxyBWH MypaKKa6 epyfjiHK TapKH6nAan
4>oHflaAH cHraanAapHH KepaK 6yAraHaa yahob HuiAapHHH aManra omnpHiu
yqyH a>Kpaxn6 Ba KyHaHTHpH6 6epHiu ynyH KyAafi khah6 6epaAH. By xoAax
TaSHHHKH Ha3opaT yjiHOB KypHAMacHHHHr aHHKJIHK AapawacHHH opxxnpaAH.
ByHAaft AaxHHKnap epAaMHAa nojiHMep KaxAaMAap, cym>HH napM Ba AHHOAeyM
Ba uiyHra yxrnam MaxcyAOTjiapHH rafiepjiam acapaeHHAa xexiioAorMK AHHHHAa
6eBOCHxa xaB<j>cH3, K)KopH aHHKjiHKAa yAapHHHr KajiHHAHKAapHiiH Ha3opaT
KHAH1U MyMKHH.



0

55-pacM. PyjiOH KypuHniLin;jani xap xhji nojimiep Ba KaTJiaM Kypnnnuw;iarn
MaTepna_[jiapHHHr KajiwHJiw hhh aHmuioB4H KypmiMaHHHr cxeMacn.

55-pacM.ua nojiHMep KaraaMjiap KajinHIMKJiapHHH Ha3opax khjiybhh
0OnT03JieKTpOH AaTHHKHHHr (])yHKUMOHaji cxeMacn (a) Ba ep/iaMW HH3Manap (6
Ba b) KejiTHpmiraH. "

EpyrjiHK Man6aMflan (1) AOH-<j)0TOnpHeMHHK (4) tomoh ByHanran
epyrjiHK okhmh fiyjiHaa nojiHMep ypaMJiapn rcoiinauiaAH. Y epyniHKKa cesrnp
G>n HHHr (4) CHpTHfla coa xochji KHJiaflH. CoaHHHr 6anan/uiHrH nojiHMep
KaTjiaMHHHr KajiHHjiHrHra nponopuHOHan paBHiiifla y3rapaflH.

Y 3rapMac tc3jihk 6HJian afljiaiiyBMH Ban (3) nojiHMep KaTJiaMhh (2)
y3JiyKCH3 paBHUifla Hajopaxaani coxaaaH y™uiHH TaiMHHJiafiflH. ByHHHr
HaraacacHaa y3JiyKCH3 TexHOJiorak acapaeH jiaBOMnzia Ha3opaT aManra

omnpHJiaflH. MHBepTHpjioBHH KypHJiMa (5) cpjiaMiw ypaM Moaaacw KaJiHHJinrH
6HJ13H HHKHUI CHrHajiH (t/,) opacwxa T?FPH nponopuHOHaji 60FJiaHHUira
3pHUIHJiaflH.

KypmiMa xapaKTepHCTHKacHHH aHHKnaiu ynyH aBBaji 0 n

ra Tymaerra
epyrjiHK okhmh mhkjioph (0) 6HJiaH

nojiHMep KaTJiaM KanHHJiHra ( )
opacHjiarH 6orjiaHnuiHH xHcoGnaui KepaK. MaH6a epyrjiHK KyHH HyHanraHJiHK
AHarpaMMacH MawiyM 6yjicai HHa 6y xHCo6jiauiHH aManra oumpHiu MyMKHH.
EpyrjiHK flHOflnapH ynyH fiynajiraHJiHK AHarpaMMacH hhc6hK ewpjiHioiapfla

cnpaBOHHHKJiapfla KejiTHpHjiraH 6yjiaflH. Ey flnarpaMMaaaH “oiiaajiaHHO,

gpyFJiHK flHoanapH arpo<i>ra coHa&rraH epyrjiHKHHHr Tyjia okhmhhh O tra moc
TeHrjiaManap acocHfla aHHiyiaui mymkhh [35]:

D= (16)

6y epaa I- HypjiaHHiu Kynn; fi- 4>a30BHH 6ypnakK.

Ey HHTerpan (16) hh eHH6rHHa, HyHaldiranjiHK anarpaMMacura aHHK

(aocojiW T) Ma-bHO oepnuiHMHsS mymkhh. EpyrnnK flHOanapHHHHTr ryjia homhh3Ji
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epyrjiHK okhmh xamua cnpaBOMHHKJiapjian Ma-bJiyMOT ojihui MyMKHH. OH (4)
cnpTHra Tyiuaexran SpymHK okhmhhh xncoGjiam yliyH, yHHHr uiakKJiH Ba
yjiHaivuiapHHH 6hjihui 3apyp. Oil (4) epyrjiHK TyuiaAwraH chpthhh 6ajiamuinrM
B, KeHninrH A ra TeHr TyrpH TypT6ypnaK fle6, xHcoojiaiu mymkhh (55,B-pacM).
0O il HHHr BhP KHCMHi a gpyrjiHK TyiuaeTraH 6yJica uiyHra moc epyrjiHK okhmh
\aM y3rapanH. By okhmhh KyfiHiiarh (JopMyjia Bwian toiihiii mymkhh:

<D, = |/(Q)rfO. (17)

By ep”arH fi, - (})a30BHH 6ypnaK 6yjiH6, y acocn
H60par nnpaMHAa/wp. By nnpaMn;ja ynn (1)

(B-H)xA TypT6ypIiaK;ian

SpyrjiHK MaHBacHj.an (CJH)
oouiJianaflH. OaaoBMH oypnaK Q,, hh loiimiijia

C1,=G/R2 (18)

Hijioflauan (JiOH”ajiaHHiu mymkhh. R MapKaiH/ia SpyFJiHK ManSan erran c(j)epa
pa*MycH flecak, G 3ca Oy c~epaaan (B-H)xA Typn5yp'lakJiH nnpaMiiaa
avKparran cnpT k>3h. IlInpaMHAa ynw ccj)ePHK chpt Mapica3Hfla wonJiauiHS, acocn
3ca c”epHK cnpT.ua exa/w.

(18) H~oflEwaH  4>0HflanaHH6 (17) HmerpajiHH cnpT HHTerpanH
KyPHHHuiHfla Hcjio/iaram mymkhh:

1(x,y,z)dG. (19)

6y ep.ua I(X,y,z), /(Cl) ooFJianHUiHHHr TyrpH ByPHaKJiH X,y,Z KoopflHnarajiap
CHcreMacHfla HMroaauaHraH kyphhhuihahp.
CnpT HHTerpajiH (19) hh H HHHr anHK KHHMara ynyH chh6

0>, =f(B-H) 20y

50FJiaHHUiIHH Tonnui MyMKHH. H ra xap xhji KHfiMaTJiap 6epn6 6y 6oFJiaHHiuHH
ijwia xHcobnab ojihui mymkhh.

Kejirycw XHCoGjiaujjiap yHyH, <t>n (AOH-KaTjiaM) HHHr 3HepreTHK
xapaKTepHCTHKanapHHH 6h;ihiu KepaK. AOH-KaTjiaMHHHr JIBX

flacTJiab
HH3HKJIH cyiir TyHHHHIUI'a HHKaflH. BH3HHHr XHCob6jiaUlJiapaa (/13THMK HIllJiaui
pewHMH/ia) JIBX HHHr hh3hkjih KHCMHflaH (JjOHAananHJiajiM. 1IlyHHHr yqyH

AOH-KaTjiaM ~oroKyHJiaHHiiiH ynyH

60FjraHHUIHH e3a ojiaMH3. By epzia k- xapaKTepHCTHKaHHHr 3rpnjinrHflaH
XHCobjiaHaan.
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HHBepTHp;iOBHH (5) KypmiMa ynyH TCHnnaMaHH «H=u0-uva KypHHHinaa
63h6, (20) hh (21) ra KyficaK, AaTMHKHHHr hhkhui KynjiaHHUiIH ynyH KyiiHflarH

I(, —u, -kF(B-H) (22)

HQJ)OAaHH 63HUI MyMKHH. 3 h;ih flaTHHKHHHr ce3rHpjiHrHHH 6axojiaiura
KnpnuicaK 6ynafln. ypaMaani nojiHMep KauiaM KajmiuiHru h Ah Mrncflopra
oPtchh. y xojwa HHKHiuaarH cniHaji xaM moc paBHWAa Aw, MHKaopnra
opiaflH. flaTHHKHHHr cesrapjiHra:

g ~ kf(B- H)-k/(B- H - Ah)
Ah Ah Ah

55-pacMflara (6) HHSMa™an
AH = L/(i Ah (24)

H(J)OflaHH g3Hui MyMKHH. By epaa L- epyrjiHK MaHSacHflan O n rana Maccxjja, e,-
CpyrjiHK MaH6acHflaH ypaMjiap Barm J'KHrana 6yjiraH Macocfia.
f(B-H)*a(B-h) fle6 ajiMaUITHpHO Ba AH HHHr KHHKHHa

MHKflopjiHrHHH x,Hco6ra oncaK (23) H<j>o,ua coaaanauiH6 KyfiHaarH KypHHHiura
Kejiaan:

A_ka(B- H)~ka(B- H- AH) _kaAH _ L 2™\
Ah Ah ~ aT /

EyHAaH KypHHaaHKH, aaTHHKHHHr cesrMpjiHrH On (A<J>H-KaTJiaM)
3HepreTHK xapaKTepHcraKacHHHHr arpwiHrHra -ryrpH nponopuHOHan
(Sor/iaHraH. 1lly ca6a6jiH AOH-KaijiaMJiapHH <J3>n CH”araaa HuuiaTHui
JiaTHHKHHHr aCOCHH HUI KypcaTKHHHHH 6ejimnaHflH. flaTHHKHHHI'
ce3rHpjihthhh 7/./€, HHcBaTHH KynaHTHpHui KyjiH B6nnaH xaM opTrapHui
MyMKHH. JleKHH L  opajiHKHHHr opthuih (4) On aara epyrjiHK
HHTeHCHBJIHrHHHHr KaMaHHuiHra ca6a6 6fnaan. 1lly ca6a6jiH ce3rHpJiHKHH
L/t, ra 60fjihk ycHuUiHHH MauiyM MerapaaarHHa cjjOH/iajiaHHiii MyMKHH.

flaTHHK napaMeTpjiapHHH KyfiHZjarn KCTMa-KeTJiHKZia  XHCoSjiaiu
MaKcaara MyBO(})HK 6yjiaaH. BajiZiarw rt- hh ypaMHHHr HOMHHan KaiiHHjwrH,
yHHHr neTra hhkhuih Ba yjiHOB BajiHHHHr (3) awaMeTpH hh 6HJiraii xojiaa
opanHKHH aHHiyia6 ojihhewh. YaaaH c~ht gpyrjiHK aHOAHHHHr (1)
nacnopraflaH ojiHHraH MauiyMOTnap acocnua Ba <t>n (4) 3HeprerHK
xapaKTepHCTHKacHHHHr JIBX hhshkjih khcmh ynyH L opanHKHHHr 3Hr Kaira
khftManl tohh6 ojiHiiaaH. By opariHK, epyrjiHK uyjinaa ypaM (2) KaTJiaMjiapn
fivJiMaraH xojiaa AOH-KarjiaMUHW B xA K)3acnra Tymaerran epyrjiHK OKHMHra
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MOC Kejm6, JIBX HHHr mh3hkjih khcmh ynyH oiwWHaflH. Ljti HHc6axflaH
4)ofiaanaHH6, (24) H<j)0/ia epaaMHaa H,, Ba HmXHCo6jiaHajiH.

flaTHHK XxapaKTepHCTHKacHHH xHco6jiam toKopnaa Ke/iXHpHjiran. Arap
Snrra epyrjiHK AHOAHHHHr (1) KyBBaTH erapjin 6yjiMaca, 6hP HegacHHH
SHprajiHKfla HmjiaTca xaM 6yjiaAH. BHTra epyrjiHK ahoah ojihS, AOH-Ka-niaM
y3yHjinrHHH KairapoK khjih6 ojihui xaM MyMKHH.

KaraaM KypHHHiuHaa xafiepjiaHaaHran 6ai>3H 6hP cym,HH napM
KopxoHacH MaxcyjioTjiapn pm aH KypHHaAHraH epyrjiHicnapHH (0,4-0,8 mkm)
Ba »khh HH<j>paKH3HNn coxa epyruHKjiapHHH 6eManoA yxKa3aflH. EyHAaR
Maxcyjioraap KajiHHjiHraHH xexnojiorHK acapaeHAa Ha3opaT khjihui MaKcaAHAa
AOH 6HJiaH HujjianflHraH Kyfl[HAarn yji'iOB cxeMacHAaH 4>0HAaiiaHHM mymkhh.
CxeMaAa acocaH On Ba3H()acHAa Sb25e3 AaH xaHepnamaH AOH-
KaTJiaMjiapAaH, epyrjiHK MaH6acn khjihG, AJ1107B THnHAara epyrjiHK
AHoanapHAaH (})OHAajiaHHJiraH. Yjihob cxeMacn [36] HiuAa TaKJiH<]) KmiHHran
cxeMa acocHAa Kypn;iran.

Ha30paT KHIIHUI yJIIOB KypHJIMaCH.

56-pacMAa KejixHpHjiran cxeMaHHHr hum 6njiaH TaHHiuaMH3. M fll
epyrjiHK M3H6acHAaH HHKKan okhm KajiHH.nnrHHH yjinaHaAHraH KauiaM
KypHHHUiAam (JIM) MaxcyjioxjiaH y™®6, 6hP khcmh kjthjih6, Ky>icH3JiaHaAH Ba
On 1-AOH KaxAaMra TyiuaAH. KaxnaMAaH yraG KyHCH3JiaHraH epyrjiHK okhmh
Byrep-JlaM6epx KOHyHHaxHAaH TonnjiaflH:

(26)

k- KaraaM xycycHHTHAaH kcjihG MHKaAHraH KO3(j)({)HUHeHT, h- KaxjiaM
KanHHjiHrH.
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Hm gpyrjiHK MaH6acnaaH hhkkhh

<020 okhm TyrpH OIT2-AOH-
KaTnaMra TymaaH. Arap ®ni Ba

on2 AOH -KaTJiaMjiapziarh
4>0TOKyHJiaHHiuJiaPHHHr (t/AML Ba UAezm) epyrjiHK OKHMra 6orjiHK, iHniHH

XNco6ra ojih6, KyiiHflarM 6orjianMuuiaPHH e3Hiu MyMKHH:

u 27)
u (28)

a,, a, - AOH-KaT.naMnapra 6ofjihk KO3(|>4>HUHeHTJiap.

AOH—KaraaMJiap 6 njiaH opacwuarH
6orjiaHHiuHH MOCJiaiuTHpmii MaKca™Aa 3fieicrpoH cxeMaaa m i Ba nT2
flvojieKTpHK 3aTBOPJH nojieBottTpal—Bl—lCTopjiap Ky.nJiaHHjiran. YaapaaH gHKK.au
KyHJiaHHiu CC1l Ba CC2 KHscjiaw cxeMacHHHHr khPhiu 3an*HpjiapHra 6npMra

yjiaHa”HraH 3aHMCHP JiaP

6opaan. CCLl Ba CC2 HHHr 6yui KOJiraH khPhuj 3aHXHpjiapHra sKcnoncHiiH aji
KyHJiaHHiu reHepaTopHHHHTr (l’3H) LMn KyHJiaHHiuH ynaHaaH. By KyMJiaHHUi
y3raPHui KOHyHHHTH (29) (j)opMyjia 6HJiaH n(J)OflajiaHraH:

Urm =U Oexp(//T), (29)

- KyMJiaHHiiiHHHr flacmaSKH khhm3th; t- reHepaTop 3an/KHPHHMHr
BSKT flOHMHHCH.
K,Hecjiaui cxeMacw CC1 (O m KyMjiaHHuia) 4)OTOKyHjiaHHUJ OM)III oHjian
T3H cnrHaldiHHH 7/ BakKT OmiaH tJ)apioiab T2 TpHrrepHH y3HHHiir mhkhui
KyHJiaHHiiiH 6HJiaH Hiura TyiunpaaH. ijUW uiyHHHiaeK CC2 Knecnain cxeMacH
~a®h2 4>°TOKyHJiaHHiu 6njiaH 1 3 H HHHr cHrHajiHHH t, BaKT 6mtaH 4)apiyiaé T2
TpHrrepHH nuira TyuiHpann. IUyHaafi khjih6, BaKTHHHr Ba t, MOMeHTJiapn
yMyH xyKHflarH TCHmHKjiap ypHHjiH 6Jjiaan:
U, =U0exp(tJi), (30)
U,=U Oexpitzh). (31)

By H(j)oaajiaPflaH (J)OHflajianH6 T2 Tpwrrep uiaiuuiaHTHpraH At BaKT opanHFH
yqyH (y  -ryrpHTypT6ypMaKJiH  HMnybCHHHr

y3ymiMrHra xenr) yuiby
MyHoca6aTHH e3aMH3

(32)

EpyrjiHK fIHOflJiapn HA1 Ba Hfl2 JiapHHHr Harpy3Ka KapuiHJiHioiapHHH
(moc paBHiuaa /2 Ba R, pe3HCTopjiap) y3rapTHpHui H5uih 6iuiaH a<zm=a2t2,

TeHrjiHKKa 3P hiuhiu MyMKHH. y xojuia KyfiHflarH MyHOca6aT ypiiHJiH 6yJia.w.



At = kjz h.

fleMaK, hhrhui CHrHajiH x,nco6jiaHraH Tyrpn 6ypnaKJiH HMnyjitcHHHr
y3yHjiHrH Ha30paT KHjiHHacrraH KaTJiaM KaJiHHjinrH 6njiaH hh3hkjih 6omaHraH.
KaTJiaM KajiHHJiHrHHH TexHOjiorHK acapafiH ziaBOMHjia Ha3opaT KHJia/jHran
KypHJiMaHHHr 3jieKTP cxeMaciifla™ R. Ba Rt pe3ncTopjiap riTl Ba FIT2

Tpan3HCTopjiap,aarn (})OTOKyHjiaHHiujiapHHHr oPth6 KerMuiH/iaii caiyiaftaH.
TpaH3HCTopjiap ynyH KepaK 6yjiraH HOMHHan KyHjiaHHiiiHHHr aohmhh
caKJiaHHUIHHH Tai>MHHJiaHfIH.

nojiHMep ionKa KaTjiaMJiap KajiHHjiHrHHH Ha3opaT khjihui
KypHJiMacHHHHTr ajieKTp cxeMacHHH Hiujia6 HHKapHiu uiapom iw TCKiuHpHiu/Zia
KHecjiaui 3jieKTp 3aii>KHpn cH({)aTHaa (CC1 Ba CC2) K521CA3 rammani
MMKpocxeMajiaH, K155TB1 TpHrrep-MHKpocxe.MaaaH Ba 2FI305A ranaarH
M fln TpaH3HCTopaaH (})OHaanaHHJiraH.

KypHJiMa/ia HiunamnraH AOil (IxrronpHeMHHKJiapHH TauiKH
TatcHpjiapziaH (MexaHHK Tatcwp, HaMJiHKaaH, HccHKJiHKaaH Ba SouiKanap)
caKjiaui MaKcaanaa, AOH KaTJiaMJiap KOHTaKT yTKa3rHHJiapH 6HJiaH
6HPrajiHKfla 3noKcna CMOjiacH (3-6 ranaarH) HHHra JKoitnaiHTHpmiaH. By
CMQJia epyrjiHKHHHr KypMHaanraH Ba skhh HH(j)paKH3HJi HypjiapH ynyH
ma”n)(J)od)fIHp. Y MycraxKaM, MexaHHK ypHJinuuiapra HHaaMjiH, HaMjiHK Ba
TauiKH xapoparaHHr KyTapHJimujiapHflaH A<t>H-KaTjiaMHH xhmoh KHjiaaw.

flacrjiaSKH KypnjiMa ycroaa ojih6 6opHJiraH chhob HaTHacajiapHHHHr
K~rpCaTHIUHHa  A<I>H-*)OTOnpHgMHHK  JiapHHHr  HOI KO6MJIHHTH  OfIHHH
(IOTONnpHeMHHKJiapHHKHAaH ((])OTOKapilIRfIHK, (}JOTOAHOa, <j)OTOpaH3HCTOp Ba
SouiKanap) aHna roKopH/wp. AOH-cjioTonpHeMHHKJiap reHepaTop THnnaarH
TypHra khPh6, yjiap saH~Hpnra Ta-bMHRriOBHH SJieicrp MaH6acHHHHr Kepara
fiyk- Man6a Ba3H<jiacHHH gpyrjiHK raT>cnpHaa xochji ByjiraH aHOMaji k)koPh
(jJOTOKynjiaHHiii SawapajjH. IHIyHHHTr ynyH AOH-(J>0TonpHeMHHKJiap
cejrMpjiHrii xaM iokoph 6yJiraHjiHrH,aan my acocaa acanraH KypHJiMajiap xaM
ce3rHP SyjiajiH.

AOH acocn/ia Hparnjiraii xoTHpa aaeMeHTJiapw

AOH epaaMHaa apaTHjiaanraH ac6o6jiap.ua k>*oPh KapuiwiHioiH
MOCJiaiUTHpyBHH 3BeHO0Jiap, HHAHKaTOpjiap eyjlHUIH Tana6é KHJIHHaaH. X,03HprH
BaKTfla sjieicrp MafiaoHH TatcHpnaa 3apaanapHH ymjia6 KojiyBHH KyT6JiaHyBHH
aH3jieicrpHKjiap HiujiaTHjiraH MHOFI- xorapa 3jieMeHTJiapH KeHr Ba hhtchchb
TeKuiHpHjiMOKaa [37, 38, 39, 40], KyifijiaHyBHH amneKTpHK cH”araaa 6y
crpyKTypajiapaa KaflMHH hhtPha KaTJdiaMH Kenr (fioftaaJiaHmiaan. ByHflaK
XOTHpa  3JieMeHTJiapH MeTaJdlJI-HHTpHa-OKCHa-apHM yTKa3THH (MHON)
CHCTeMacHflaH H6opaT 650ih6, 6y CHCTeMa MauiyMOTjiapHH sjieicrp 3apaaJiapw
BOCHTacHfla 3CJia6 kojihui Ba KaiiTa (ftoHaanaHHiu (THioiaui) hmkohhhh 6epaflH.
By ac6o06jiapaa HuuiaTHJiaaHraH aHSJieicrpHKJiap sjieicrp MafiaoHHra HHaaMJiH,
fIH3JieKTpHK aoHMHHCH Karra Ba KeHr TeMnepaTypaaa yHHHr napaMeTpjiapH
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ivpi-yH 6~hujh KepaK. ByHflafi xycycHaxjiapHH ynap wyna Karra xarro £-10

B.CM'1  3JieKTp MafiAOHjiapHfla xaM cannauuiapH KepaK.

OTpyKTypajiapflarn AHSJieicrpHKjiap xojiaxn KanTyBMan xapaicxepfla yjlca™”~ M
E m KypHJIMaJdiapHHHP 8Hra HMKOHHIi.TJ.apH OHHJiaflH. fIH3JieKTpMK X0J13TH

X bhS | XTpaKrep oanum ynyn yHHHr Kaftxa apw ronu

xojiaxn By*y * »

A"TySTxycycnaxra KpeMHHH CHpTHra rasoxpancnopx ycyniwa °™ «raH
»MOP(@> HHTpHJI KpeMHHH Ba KpeMHHH HKKH OKCHfIH WHKa KaXJiaMJiaPH (S 3 4
“/"“Bywra?* KaxaaM.nap HwaaTH.nraH MHON-crpvKTypaJdiapHHur a*OHH6
xveycHfITJiapH 6op. flIn3JieKTPmcaa 6orjiaHH6 KOJ.ran sapaanapHHHr nmopacH
2 S 3 ecpmJmm 60omK«py»™ Ky*iji3HHUIHHHr K » « ks*>h
6HJI3H (HUiopa) KeJiHUJHra, KyMJiaHHiu aMnJinxyaacHra, KyMJiaHHiu <JJOPMaCH b
Sofjihk. 6y,ap 3Ka,,.

XVevCHHTJiapH M An TpaiBHCTopjrapra yxmaHZW, JieKHH M
CTpyKTypaldiapaa, arn o™i xejiagxraH 3Jie,cxp HMnynbCJiapHHHF
k7t6h Ba T3bCHP KyJiaMHra 60,,hk XO0W a ac6o06HHHr

HaTHacaaa ac6o06jiap 6hP rypryH xoJiawH hkkhhmncnra yxaon.

y y N N
nH3JieKTDHKJiapHHHr nerapa coxacn HKHHHaa 3apa.ajiapHHHr y

Z Z 7 eN acapagHH h - 6,™

coxacHflaru KOMneHcaiuwianMaraH sapwiapn Stfu - & 02 *P

neranacHnarH hykyp caTX/iap/ia >KOHJiaiun6é KOJia™w. MHOu CTpy Typ

sl n S ft si) JiapHHHr jwsjieKrpHK Katw Haa 3ap»apH,»,
t'L s

?jieKjp ™ tao» mny.Ki.apM
gpnaMHflarHHa 3Mac, gpyrjiHK HMnynbCJiapH BOcnxacHfla xaM Byacyara KeJiHL..H
MyMKHH. Eynna MHON-CTpyrrypa epaaMHaa thhhk aJieicrpOAnap tomoh
TyuiHpHnraH gpyrjiHK TacBHpn g3H6 onHHaflH. KOJ1HmM

3ap»AnapHHHF  Kyr&.aHyBHH aHanccrpHKnapaa 60FJiam6 Korn
acapagHH aHHK aMnxiHTV/ianH K-yHjiaHH.ujiapaarHHacoaHp

n

n n n

nn3JieKTDHKiiapaa sapaflnapHHHr 6orjiaHHUi acapagHH aManra ouihuih y y
3(M 0 B KyMJiaHHiu KepaK 6yj,aan. EyHflafi KymHHin ynyn aH3iieK1pHKjH M
YTKa3rH4 HerapacHjiarH coxaaarn 6oFJiaHraH sapwnapHHHr cnpr ~hhjihf
0~(2-i-4)-10'6 K-cm-2 MHKaopra moc Kenaan. EoFJiaHraH 3apW cnpr shhjwh
fiv MHKnoora cthuih ygyH epyrjiHK 3.iepn«cK [10V-k-cm2 xapxH6fla SyJiHiun
-raaao 3THJiaaH. MarHHxo-onrHK Ba xepMonjiacrHK xorHpa

3HeprMH aHHan uiy *apaeH yuyn (100*1000) Mapra Kyn cap”aanaan. 3<Me*T

Z Z * TeMneparypacH Kyxapn”~H. SynapHH XHCo6Fa OJicaKk MHOR-
cTnvicrvDaj

iH xoxHpa sneMe.rraapHHHHr hcxhk6ojih IOKopHflHD,
crpy”~paaHXo B , H Mfln—x aH3HCToP) crpynxypa
cxeMa™H 57 pacM T rBHpna,raH. By cxpyKTypaHHHr fr m * ™

xhS WBHaH/nKKa ,m ~imu. KpeMHHfi naacxHHKacH ojiHHraH.
VHHHrMcxoK (H) BaCTOK (C) KOHTamiapH »KHHHfla p- thh yTKa3yBMaHJiHioiH
ywna Karra SyaMara.i coxadiap xochji KHJiHHraH 6yJiaAH-

KajiHHiiHru 15-50A0 6yaraH KpeMHHH hkkh okchah (Si0 2 vy



MHON-TpaH3HCTopnHHr acocwH 3JieMeHTH \Mco6jiamau Hmpn,u kpcmiihhhh
(S13N4) KpeMHHH HKKH OKCHfIHHHHr ycTHra 400-1500A° khjih6 ojimiafiH.
Hhtph/i KpeMHHH 6njian KpeMHHH OKCHfIH opacmiarn Hcrapaaa 3apa/uiapHH
yuiJiaG KOJiyBHH HyKyp 3HepreTHK caTjyiap 6yjiaflH. MHOn-TpaH3HCTopHHHr
3aTBopnra SouiKapyBHH KyMJiaHHiu OepHJiraH/ia 3apaanapHHnr SiO2 KaTJiaM
opKajiH TyHHen y™ 11H coai-ip Gyjiaan. By 3apaflnap MerapaaarH HyKyp
aHepreTHK carxjiap TOMOHHaan vyuuia6 kojihh3ah. Arap 6oiuKapyBMH
KyMJiaHHiu MHON-TpaH3HCTop sarBopura TecKapH Kyr6 6 nJiaH

(HjirapHiH
HyHajiHiiiHra TecKapn 6yJiraH fiyHajiHui)

xejica, 6y /Kapaen TCCKapw
HyHanHuijia coflnp oyjiaAH. MauiyMKH 3 XM JiapHHHr xornpa -jjieMCHTJiapHzia
oHira pa3pHWiIH xoTHpara ojihui wapaeiiH yMyH HKKHTa Typryn xoJiaTJiH
ajieMeHT KepaK. Yma 3Jicmcht BasHt“acwuH 6y ep.ua MHON-TpaH3Hcrrop
6aacapanH.

57-pacM. MHON-crpyKTypa cxeMacii.
H- HeroK, 3- 'laiBOp, C- ctok.

MHON-CTpyKTypaHH SouiKapyBHH KyMjiaHHUi aroJieicrpHKHH KyT6jiaui
MaKcaanaa HiiiJiaTHJiaflH. KyrGjiOBHH KyMJiaHHiu 40 B flaH khhhk SyjiMaoiHrH
KepaK. ByHflaH 03 KyHjianHuuiapjia MHOFI-aneMeHT 6np xojiaTjian hkkhhhh
xoJiaTrayTMaiUw. MHOnN-ajieMem- oazihh Mflri-TpaiBHCTop Kaén HiujiakflH 40
B aaH khhhk BOJibT.na CHFHajuiapHH &3h6 ojihui KaflTapHiu Kaén MyaMMOJiapHH
xan khjihui ynyH AOH-KaTJiaMJiapziaH (JjoHjiajiaHHjrraH. AOH - KaraaMJiap
epaaMHfla ompoH (03TH) »cajiH6, yHHHr HHKHiiiiwarH KynjiaHHuinh
KyT6jioBHH MafiaoH cn”aTHjia HUinaTHiu mymkhh. Eyitnafi onTpoHJiap [2, 21]
khphui aaHWHpHAarH epyrjiHK AHoanapHra (CA) H 1,5 B KynjiaHHui 6epH6,
hhkhui 3aHXHpHflarH AOH-KaTJiaMJiap ep.naMH.ua 40 B KynjiaHHui 6eManoji
ojihui  MyMKHH. By MaKcazma acajiran onTporaapra TauiKH sjieicrp
MaHSacHHHHr Kepara flyK- Y epyrjiHK jiHOflIHHHHr HypjiaHHUIHHH TyrpiwaH-
TyrpH KynnaHHuira aHJiaHTHpHG 6epann.
opTMafiflH.

AOH flaH  ()OHXiaJdiaHH6 acanraH VIHOFI-xoTupa
KypiiJiMacHHHHr hkkh xhji aapnaHTH Mas>Kyfl.

OnxpoH yjinaMjiapn IxImm aaH

sjieMeHTJiapn
BhPhhhh BapnaHTM/ia [6]



MHON-3JieMeHTHH Sou.Kapmu  3JieKxp CHmajuiapH gpjiaMHAa anumra

OIUHPE a a KypHjiwaaa hkkhxe

(03TH) onxpoH 6ynn6, yjiap MHON-
xpaH3HCxop aaxBopHra (3) yJiaHasH

(58-pacM). Kypama KHpHumraian«crp
CHrHajiJdiapHHHHr Myc6ax Kyx6n Knpranfla 6hPhhhh (58-pacM,l) oirrpoH

xymaflH. KHpHiura meh~hB Kyr6é 6ePHJiraHAa (58-pacw,2) hkkhhhh onxpon
nmnmm. 58-pacMAan KypHnafl[HKH, onxpoHJiapHHHr ~oxoKyHJian.mLaapH

KapaMa-Kapmw Hiuopajm, AeMaK xoxnpara ojihui Ba KaHxapmn wapaSiuiap
6m ra icypHJiMaaa aMajira ouiehh. OnxpoHJiapHHHr Ba MHON-TpanOTCTopHHH

khphui KapuiHJiHKJiapH 6HP-6HPHra hkhh SyjnaHJiMrH ca6a6™ KypHJiMaaa
KapuiHjiHKJiapHH MOCJiauiTHpyBHH 6jiok cxeMajiap yMyMaH HuiJianuiMEHAH.

58-pacM 3.TCKTP cHi H-dJLiapH Git'ian 6owKapn;ia;iniaH AOH acocwia aparmraH
MHOT-wmpa xtcmchth. 1-onrpoH, 2- ompoH, 3- MHON-TpaiBHerop.

Ahomsji pe)KHMAa huijiobhh
AoxonpHeMUHK Ba3H(j)acHHH
TAHC”opMaxopjiapHHHr (onxpoHI

$ox03JieKxpHK
eaacapyBHH

Ba onxpoH2) khPhu, ™ Pnra fepwnw
khhkhhe aMnjiHxyaajiH 3JieKxp CHraajjH epaaMHjw MHORN-xoxnpa 3JieMeHXH
MHOnN-xpaHaLopnapHHHr MHOK

renepaxopjiap
onxosJieKxpoH

be MHK Ty3Hjm=
acaldiraH xypjiapHflau xem 6y epfla

xompa  3JieMeHTJ.apHAE  3HeprH*  HHc6axaH,

coJiHiuxHPraHfla xncoSra ojiMacjiHK aapa”~aaa kem cap* 6yjiaflH.

“yin s s

Huira xyuiHuiH ynyu KepaK 6ynaanran apanwac SHeprHHHH OMnu
3BH)KHpjiap HCPo4>H XHCOSHfIEH XEM XyjlfIHPHUI MyMKHH" Jh>HH,
mapoHTflara te6hhh gpyrjiHK aiiepnucH xncoSnra xem huijieh

3jieMeHTHHHHr HiujiauiH ynyH oasm Ky3H ce3E ojiEflHraH MHHHMaJi epyrjiHK
OKHMH 6yjiHUiH KH4>0a KHITEAH. Illy caSaSaaH 6yHflafi xoxnpa 3jieMeHXJiaP HH
3Heprnxra 60fjihk 6yjiMaft Huijiaft oJiaaHran ebxohom xorapa

Kapaui MyMKHH, nyHKH, SyHjjaH KypHJiMajiapHHur Hh4>Pmeuh*jisphh esw
QIIHIWH B3 KHfrrapHUIH ynyH Maxcyc 3HeprH» MaH6acHHHHr KeparH hvk. Teohhh
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EpHTHJiraH 6kh cyHtHH epyFjiHKHHiir khuih Ky3n K~pa ojraanraH mhhhmbji
orhmh SpHTHJiraRHHi H 6yjiHuiH xoTHpa KypHJiMacHHHHr Hinra TymHiim ynyH
eTapjiH 6yaaan.

A4>H 6HnaH huijiobhh MHOri-xoTHpa DJieMeHTJiapMHHHr hkkhhhh
Bapnamn.Eia SouiKapHiii (JjyHKUHaciiHH oiithk cHraajuiap 6aacapaflH. EyHaa
HaB6aT 6nnaH epnranyBHH HKKHTa AOH-KamaM HiuaaTHJiaan. KypnjiMaHHHr
T~na cxeMacH 59-pacinaa KeaTHpmiraH. TexHoaorHHHH TaKOMHJiJiauiTHpHJiHiiiH
6HJiaH pacMfla KenTHpHJiran xoTHpa HHefiKkacHaan 6np Hena MHHr aoHacn 6hP
caHTHMerpra  jKOHJiauiHiiiH MyMKHH. 50-pacMaarH (1)- KyT6aaHyBHH
aHajieKTpHKjiH MHON-TpaH3HCTop (M- SijN~SiOrSiX (2, 3)- AOH-napaaflH
KaTjiaMJiapaaH acanraH (JjoroaneKTpoH reHepaTopjiap, (4, 5)- hhkhui
KypwiMajiapHra ynanaaHran ynjiap.

59-pacM. Oiithk GouiKapnJiyBHHAOH xoTHpa jmefikacH. 1- MHON-TpaH3Hcrop,
2- AOH-KaraaMnap, 4,5- hhkhui KypmiMajiapnra yjianaaHraH ynnap.

AOH-KaTjiaMjiapHHHr 6hph epHmnraHaa xoTHpara
coanp Cyjica, hkkhhhhch Sphthjihuih 6HJiaH xoTHpaaaH ojihui )Kapa6nH
eynaflH. Xorapa KypmiManapHaa AOH-KaTjiaMjrapiiflaH ~oftaanaHHJiranaa,
Kyr6jiOBHH K)KopH KyMjiaHHui MaH®6acnra sxthS/K KOJiMaflflH. ILly ca6a6jiH
xoTHpa KypHJiMacHHHHr 6hphhhh oriToojieicrpoH BapMaHTHaa xaM hkkhhhh

ojihui acapaeHH

onTHK 6ouiKapHjiyBHH BapnanTHAa KypHJiMa OFnpjinrn Ba yjinawjiapH kcckhh
KaMaflH6 MHKpoMHHHaTK)pH3auHsra flyji oHaan. Xorapa KypHJiMacHHHHr
(khphui) 6ouiKapHJiyBHH Ba xnco6ra ojiyBHH 3aH3KHpjiapn (hhkhui) opacnaarH
MaB>Kya sneierp 6oFJiaHHui Ty~afljiH By>Kyara KeaaanraH 4>ofiaacH3 KyuiHMHa
CHrHajuiap fiyKoaaan, nyHKH KHprnu Ba hhkhui opacnaarH oiithk 6oraaHHUIi
KynpnrH yaapHH aaeicrpHK acwxaTaaH Tyaa 6np-6npHaaH aacparaaH. flurn
xorapa 3jieMeHTHHHHr 6y a(j)3anaHKaaPH yHHHr 4>yHKUHOHaji HMKOHHaraapHHH
KenraHTHpaan.

By HMKOHMHTJiapaan 6HTracH 6y xorapa sjieMeHraaaH 3XM aapnaa
(JiOHaaJdiaHHJiraHaa, xoTHpaaa caiyiaui-ojiHui wapaeHjiapH SHeprHH captJuiaHMafl
aManra omaan. Uiy ca6a6an 6y xoTHpa sjieMeirmapn SHepraara 6oi'jihk
6yjiMafi HuiaaftaHraH shth ranaarn xorapa KypHaManapH aparaui hmkohhhh
oepan.
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AOH-napAadiapw Top 30Hann jipwM yTKa3rnn MaTepnajidiapiiaH

r«H6pjiaiiraH (jjoTogjieicrporeHepaTopjiap HH(|>paKH3HJi HypnaiiHiujiapHH xaM
MM OJiaAH [69]. MHOri-xorapa KypHJiMadiapHAa 6yHflaH AOH-napaflanap
HUMiamnraH oirroDJieicrpoH TpanccjjopMaxop.iap (JioHAanaHmica,

yjiap
K~"pHHMac nypnap 6HJiaH xaM mujiaH OJiaAwan xorapa imeHKanapHHH

xochji
Khjikah. ByHAafi 3AeMCHTjiapnM 6wp Batcr/ia KypHHaanraH Ba KypHHMaHAHraH
Hypjiap cox,anapnAa 6eManoji munaH/imaH khjihlii MyMKHH. EyiiHHr ynyH
KQOiMpa 3JieMeHTJiapH 3jieKTP cxe\iacnra xap xhji epyrjiHK TyJiKHHJiapHHH ce3a

QOJiiflHraH AOH-napaaldiap KaTjiaMH owiaH HuiJiafianraH onroajieKTpoH

ip<HC(J)OpMaTOpjiapHM yKOHJiaiUTHpHUI KH(j)0a. Om03JieKipOH TpaHC(])OpMaTOp

CMCTCMacHAarn oirrpoH >Ky(]rrilapHHHHr KepaioiHCHHH 6yHflafi yHHBepcan

MHON-xoTHpa KypnAMajiapMAa yHHHr cneKTpan

coxaciira KapaG Taana6
6epnui

Ba3M4>acHHH Maxcyc 3JieicrpoH KypwiMa aManra ouiHpaaH. XoTHpa

TfICMCHTJiapHHH KepaKCH3 3apapnH TauiKH (hhkh) MaHAOHnapaaH, xhmoh

KM/ihui 6nriaH 6wpra ct epyrjiHK ryjiKHHjiapHAan caiyiaiiflHraH xhmoh ko6hk-
iKpaiuiapn 6nnan TatMMnjiaw jio3hm. ByHHHr ynyH KepaKjin TynKHHJiapnH
Itabyji khjih6, KepaKcro epyFJiHK TyjiKHRnapHHH yuuia6é KOJiaanraH Maxcyc
<])MJibTpjiap cHCTeMacH 6njiaH xoTHpa KypHJiManapn >KHX03JianaflH.

By KypHjiMa MocKBaaaiH OH3HKa MyaMMOJiapH HTH Aa aMajiaa CHHa6
KypwjiAH Ba Hiujia6 HHKapHiura TaBCHa khjimhah.

CyioKJiHKJiapHHHr CHJ>aT
xapaKTepHCTHKajiapHHH aHHKJiam

AOH-KaTjiaM.napHMHr Ky4CH3 epyrjinicilapHH xaM ce3a ojihuih Ba yjiapmi
Karra 4>0TOKyMjiaHHUira afijiaHTnpn6 Sepniu koShjihhth, yHAaH xap xhji yjiHOB
ma na3opaT khjiybhh ac6o06jiap scauma (jSoitaajiaHHui MyMKHHJinrHHH KypcaTAH.
By xaKMAa 6h3 K>KopHAa i])HKp wpHTraH 3Ahk.

XyacajiHKaa Ba caHoaTAa HuinaTHJiaAuraH xap xhji
CM()aTHHH  6axojiauj ynyH  yjiapHHHr
napaMCTpAapHHH TexnojiorHK wapagHHH

cyioicnHKjiapHHHr
xap xhji xapaicrepHCTHKa”~ Ba

TyxTaTMacAaH TyrpHAaH-TyrpH
BHHKjiaui Ba Ha3opaT khjihuj nuuia6 MHKapniuaa MyxnM axaMHHTra sra. CyioK
MaxcyAOTAapHHHr cM<j)aTHHH aHHKnaiuAa thhhkjihk, xHpanHK Ba «jiohk3jmk»
Aapaacajiapn KaoH CHfjjar 6ejira;iapHHH 6axoJiaiura TyrpH KejiaAH. ByHHHr ynyH
rcyfla ce3rHP ac6o06jiap KepaK 6yjiaAH. AOH-KaTJiaM HiujiarnnaflHraH ac606 Ba

KypnjTMajiapAa Maxcyc 3JieKTp MaH6ajiapHra 3xth6)k KOJiMaRAH. AO H epyFJiHK
TKbcnpHAa, HuiAafiAH, yHHHr 3aH3KHpHAara huijiobhh ajieicrp KairajiHK
KynjiaHHui xHCO6A3HaAH. iliyHHHr ynyH AOH acocHAa apaTnnraH acoo6Jiapnn
«tokch3» Gihob Ba Ha3opaT cHCTeMacHra khphthiu MyMKHH. ByHAaK acoo6jiap
TCXHOJiorHK mapafiHjiapAa KynJiamuica, 3Jiei<Tp tokh 3an*Hpnra 6ofjihk Shfhh

hhkhui xaB<j)H ft*"KOTHJiaAH. ByHAaH TauiKapH AOH-KaTjiaMJiapHHHr yjinoB Ba

HB3opaT ac6o6jiapHfla nuiJiaTHui HarawacHAa  yjiapHHHTr jiofiHxacn

coananauiH6, HmAaTHui MyxmaTjiapw opTaAH. HaTH*ana TexHOJiorvtK
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wapaSHflara yjmoB Ba Ha30PaT HinjiapHHH aBTOMaTjiauiTHpHiii HMKOHHSTJiapH
OHHJiaflH.

X,ap xhjt cyiOKriHKjiapHHHr panraopjinrn, xHpajwrH Ba  THHHiyiHrH
AapavKacHHH Gaxojiain MaKcaflH”a HiujiaTHjiaaHran KypmiManap cxeManapn 60,
61-pacMjiapaa KypcarajiraH.

X,ap xhji cyroKjiHKjiapiiHHr paiirflopjiwH, xnPannrn Ba THHHiyiHrH Kaén
xycycnaTjiapH flapa*acKHn 6axojiaiu MaKcaaH”a HiujiaTHjiafl[HraH aHOMaji
(j)OTO3JieKTPoH reHepaTopjiap acocHAa ornmriciapoH Ha3opaT Ba Vjihob

KypHJiManapHHHHr HuuiaTHjiHin, TexHOJiorHK acapagHHra 6ofjihk paBHiiiaa

>Kyya Kyn BapHaHTJiapHHH KejiTHpnm MyMKHH. EynAafi
KypwjiMajiapHHHHr thfihk BaKHjra cH(J>aTHAa 60,
yHHBepcan yjmoB, Ha3opaT orrrcoJieKTpoH

NpHHUHNHHH TaxjiHJi

otiToa.ieKTpoH

61 -pacMjia KejiTHpmiraH
6jiOK-cxeMacHHH Himiaui
KHJiaMH3. CyioKjiHKJiapuHHr paHrAopjiHrHra KapaS xaM,
cn({iaT xapaKTepHCTHKajiapHHH 6axoJiam MyMKHH. Ha3opaTflarH
cyH3KjiHKJiap,!ljaH (yjiapHHHr KajiHHjiHKJiapHHH y3rapMac caKna6) yraSTraH xap
xhji tvjikhh y3yHJiHKJiapra moc cpyuiHK OKHMJiapn Mo/uia (cyioKjiHK, 3PHTMa,
MaxcyjioT) paHflopjiHrara Gofjihkjihfh aHHKjiaiiraH. 60-pacMAa KejiTMpHJiraH
SjiOK-cxeMaaai'H (1) HMnyjibCJliap reHeparop Huuia6 MMKapraH 11-chmoh
HMnyjibejlap, (2) TpwrrepHUHr KHpnuiHra oepHJiaflH. 11-chmoh HMrryjibc
Tai)CHpnaa Tpurrepaa aacpajiraH HMnyjibcnap HaB6ar 6HJian (3)- kh3hji Ba (4)-
suuhjj epyrjiHK fIHOAJiapHHH Hiura Tynmpn6, cneicrpHra moc HypjiaHHiu xochji
KHJia"H.

60-pacM. CyroKJiHKJiapHHur cn<J>aT xapaKTepHCTHKajiapHHH orrroajieKTpoH Kypn.iMacH.



61-pacM. CyHDKIiHKiapHHHr GHg>aT xapaKTepHCTHKajiapHHH 3TanoHra cojihuithph6
na3opaTl KHjina,iHran KypmiMa.

CyioKnHKJiapHHHr cncJjaT xapaKTepHCTHKajiapHHH amiKjiaiuaa Ba yjiapHH
TexHOJiorHK *apaen AaBOMHAa Ha3opaT khjihui yiyH KyjuiaHHjiaAHraH
KypHJiM3JiapHHHr K)KopnAa KVpcaTHjiraii (60, 61-pacMJiap) HKKana cxeMacH
Huinao HWKapHLU.ua cHHOBflan MyBac|)<)akH5)TjiH yTraH. Xhtoh Ba IpeuHima
yTKa3HjiraH «4>aH Ba TexHHKa K>TyKJiapn» Kypra3MacH/ia iiaMOHHiu khjihhh6
TaKflHpjiaHian. Xo3Hpaa 6y KypMiiMaHH KoiunbioTepra ynaui Ba yHHHr
Te3KopjiHrHHH OPtthPh6 aBTOMaTJiauiTHpHJiraH jiHHHSnapaa KyJiJiaui ycTn.ua
hjimhh H3JiaHHUiJdiap ojih6 SopHJiMOKfla. LLIyHH TatKHAJdiaui KepaKKH, arap
WKopHflara cxeMajiapra TyrpH ajieicrp anoKaJiH Ba xecxapH oiithk anoKara ara
SNJiraH (62-pacM) pereHepaTHB ompoH sneHKacHHH Ba HMnynbCJiH
0iJT03JieKTpOH KyMawTHprHM KHpHTHJica (63-pacM) KypHJiMaHHHr hmkohhhth
HHa opTaflH. 63-pacMflarn (1) epyrjiHK ahoah, (2) rencpaiop THnuAarn oaahh
Ckh aHOMaji pewttMAa hiujiobhh cjJOTonpHeMHHKjiap, (3) opanHK, 6ofjiobmh Skh
CHTHajuiapHH KynaHTHpyBHH KacicaAnap.

131



<r

63-pacM. KjiUHMMa HMnyjibCjin onroMeicrpoH KyiaHTHprH-um KypHJiMa.

Hasopax wuiHHtwHraH cyioigiHK,
6HII3H cojiHUJTHpHJiaflH. Macajian,
cyK)iyiMK gKH TeKuinpHjryBHM

aiinaH my cyioKjiHKHHiir otojiohh
xHpaJiHK aapawacHHM 6ax,0naiu ynyH,
apHTMajjaH HHxeHCHBJiHKKa sra 6yjiraH
gpyrjiHK AacTacHHH yneasafiJiHK. YHHHr MHTCHCHBxiHru cyroKJiHKjmH yTrawiaH
c?Hr J, rana KawaHflH. By xoji ynyH KaJdiopHMerpmHHHr acocHH KOHyHH -

Byrep-JlaMGepT-Bep KOHyHHHH Kyiuiacak, KyRn;iarn H<J)oflara 3pnuiaMH3.
3, = j Gio- (33)

By epaa J,- KomwarrpaiwwcH C, Kwmum™ d 6yjiraH cyKwnmwiH

KyMCH3JiaHH6 yTraH epyrjiHK hhtchchbjih™, J,,- cyrowiHKKa TymryHra Kaaap
Gyjiran hhtchchbjihk, e- TymagxraH epyrjlHK xyjikHH ysyHJiHrwra 3PHTMaaarH

3pHraH M O”a Ta6Haxnra ea yHHHr xcMnepaxypacura 6ofjihK kobMhuhcht.

3 PHXMa gKH cvK>KJiIHKHHHr xHpajiHK (eKH thhhkjthk) jiapa'/KacHHH

QaxoJiam ynyH KyRnjiarH HHc6axHH ojihiu KepaK.
T=L..=l12i%1=10-". (34)

an w

CyiOKjiHK KaxJiaMHHHHr 6hp-6hpjihk KaniiHjinrH (1 cm gkH 1m) Tyrpn

KejiyBMH THHHKJIHK (T) CyiOKJIHKHHHr yTKa3H6 K)6oPHU1 KO3" M“HTH

eyjiaflH. Ma-bJiyMKH, cyioKjiHKHHHr ohthk shhjihfh A Ba thhhkjihk T opacHfl
KynaaarH GorjianHui MaB/Kya:

D=tgT~ = (gJa/J, =c£d m (35)

(35) MVHOca6axaaH KypHHafl[HKH,

onTHK 3hhjihk Ba thhhkjihk y3apo
XyrpH nponopuHonaj. GorjiaHraH.

By SorjiaHHiu rpa(},HrH TyrpH hhshkhh
oepaxw (64, 6-pacM).
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64-pacM. CyioKJiHKJiapHHHTr oiithk s m ih m Ba thhhkjihi-hhh Ha3opaT KWiyBMH Kypii.iMaiiwiir
TauiKH KjfpHHHUIH (a), OOTHK 3HHJIHK Ba THHHKJ1HK OpaCHHarH 60FJiaHHIU (6).

rpa(t>HKjiaH (j)OHflajiaHH6
M =E-C-d SynaflH.

BagH KHJiHHraH  ycyjiHH
<b0TO3JieKTPHK KypHJiMaHH HHFHui

MynocaGaTHH 63hui mymkhh. fleMakK,

aMajira oiuhphiu ynyH 61-pacMjaara

KepaK. reiicpaTop (1) XOCHJI KHJiraH
chmoh HMnyjibCJiap xpHrrep (2) ra 6opafln. Tpnrrepfla awparan HMnyjibCJiap

xapaicrepHCTHKanapH, riapaMeTp;iapn 6iuiaH <}apKjiaHMaH«HiaH epyrjiHK

flIHOflnapw (3), (4) jiapra oepujiaflH. EpyrjiHK flHo/yiapHHHHr oKHMJiapH moc
paBHiuaa Hasopax KHjiHHaAnran 5 Ba sxajiOH 6 cyioiyiHK KaxjiaMJiapnaaH yxnb,
aftHaH yxuiarn khjihS TaHJianraH Ad>H-KaxjiaMjiap 7 Ba 8 ra TyuiaAH. 7 Ba 8
AOH-KaTJiaMJiapH 5 Ba 6 na3opaTOarH Ba 3xajiOH cytoKjiHKJiapaan yrraH
CpyrjiHK okhmhhh Meicxp cHraanHra aflJianTHpaflH. AOH-KaniaMJiap xochji
KHJiraH 4)0T03JieKTPHK cHraajuiap moc paBHiiiAa 9

Ba 10 y3rapyBMaH
pe3HCTopjiap

opKaJiH KypmiMaHHHr MHKHiuHaaiH yjiHOB ac6o6nra (11)

OepH/iaflH. . *

Ha3opaT KHJiHHaeTi an cyioKJiHK opKanH yTraH A, (shuhji) Ba X2 (kh3hjt)
tJ"Njikhh y3yHJinrnflarn epyrjiHK OKHMJiapH JlaM6epx-Eep KOHyHHra acocaH
TonnruwH:

<j)ll = (0jil;texp (-.K,rf), G>u = Oo;,jiexp(-~i +K2)d,

<UJ = 0>U2Jcexp(- K,</)exp(- K2). (36)

«l)opMyjiaaarH o,;i, epyrjiHK ahoah xochji KHJiraH oKHMJiap;

'I"ii- O;.'- Ha3opaiiiaru cvkikjihk opKann yTraH epyfjiHK OKHMJiapH,
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Kr I0THJIHUI KO3(J)<))HUHeHTH;

K 2- cyioKJIHK paHI'FIOpJIHrH 6miaH 60FJ1HK I0THIIHUI KO3<jx})HLIHeHTH,

OBi =«0.2 TeHrjiHKHH SnjiraH xojw KyftHAara MyHoca6araH ~ hiuhmhi

MyMKHH

<>0;,,exp(- g,rf) exp(Kid). (37)
N2 eXP ("Nt eXPy N27)
By MyHOcaSaTflaH KypmiaaHKH, cyiomiHK KaTJiaMh KajiHHJinrH aohmhh

caiyiaraHfla A, Ba X, xyJiKHH ysyHJiHKJiapura moc KejiyBHH epyrjiHK

OKHMJiapHHMHr (([);1/0;,) HHc6aTH HaaopaTAai H cyioiyiHK ckh 3PHTMaiinHr
panrflopjiHrHra nponopuHonan 6yna.au.
60-pacMjaarH KypnjiMa ycra,aa ojih6 6opHJiran aMalJiHH TeKiunpHiujiapra

acocjiaHHS, cyioKjiHK Ba 3pnTManapHHnr paHrnopjiHrHHH tcxhojiofhk

jKapagHfla aBTOMaTHK paBHUwa Ha3opaT k,hjivbhh KypiuiMa cxeMacHHH (61-
paCM) TaBCHH KHJIHIH MyMKHH. ABTOMaTHK H330paT KHJiyBHH 6y KypHJIMaaa
reHepaTop (1) HHHr cni'Hajuiapn Tpurrep ep/iaMH/ia naBoar 6HJiaH oji/ihh 3
(aumn) epyrjiHK fIHOflHra, yHflaH cyHr 4 (kh3hji)

fl[Hoara 6epnjiaaH.
HaaopaTflara

(5) cyioKJiHKaan yrraH OKHMnap 6 Ba 7 AOH-KaraaMJiapra
TymaflH. YjiapHHHTr sjieicrp CHraanjiapH 8 Ba9 pesHCTopjiap opKalJiH (10) yJiHOB
ac606Hra Kejia<H. By KypHJiMaHMiir TauiKH k?Phhhiuh 64-pacMfla KypcaTwiraH
[34],

OnNnTHK TacBHpHHHr noreHUH aji
pejlbe<J)HHH XOCHJI KHJ1HUI

TacBHpHH 3JieKTp cnrHanra, 3Jieicrp

cHriianHHH ohthk TacBHpra
aibiaHTHpyBHH  KypmiMajiapaa iokoph

KyiJiaHHUuiH TaumH  MaH6ajiap
HUUiaTHJiafl[H. KDkoph KyiJiaHHiu ojihiu ynyH Maxcyc 6jioioiap HiuJiaTHJiaflH.
TaGHHftKH, KyuiHMna KypnuMariap, sneprna hcpo<phhh KynaftTHpaan.
Ma-bJiyMKH, [2, 30] AOH-KaTJiaMJiap epHTHJiraHaa k)koPh aHOMaji
d)OTOKyHnaHHUi xochji KHJiraHJIHFH ca6a6jiH yjiap HiujianuiraH 3aHMCHpjiapfla

KyuiHMna aBTOHOM MaHSara 3XTHe* KOJiMaflan. 11JyHH xaM Ta-bKHajiaui

5koh3kh, A<t>H-KarjiaMJiapaa aHmaTporma [31] Ky3arajiaH. Ohthk TacBHpHHHr

noTeHUHan pejibe”HHH xochji KHJiHiuaa AOH-KarnaMJiH MaTpnuaaaH

(boiiaailaHHJica, my THnaarn MaBHcya sypHJiManap HXMaMJiamaaw. SHeprwa
Hcpod4>H KaMasflH. 3jieicrpoH Hyp aacracHHH resjiauirapyBHH iokoph KyMJiaHHiu
xochji KHJiyBHH KHCMra 3xth6hc KOJiMafiflH.

ONTHK TacBHpHH sjieKTp noTeHUHajijiH pejibe$ra atuiaHTHpyBMH

MaTpHliaJIH AOH-4)0TOnpHgMHHKHH Kyfl[HAarHHa JIOiiHXaJiailu MyMKHH. ByHHHr
ynyH 65-pacMfla TacBHpnaHraHHfleK [2] uiHuia (1) TarjiHK ojih6, yHra Maxcyc

Hyjuiap 6HjiaH MCTanji (2) CHMJiap KaBiuapjiaHnS KyfwjiaaH. By CHMJiapHHHr
ynjiapH TauiKH 3aH>KHpra SornaHHiu
CHPTHHHHr 6npHra

eMHpnui ycyjiH

HMKOiuwTHra sra. lilHiua TarjiHK
ionKa nuaTHHa kbtjibomh (3) yTKa3HJiaan. Xhmhhbhh

6HJiaH pac.uaa KypcaTHJiraHHaeK, lyKypnanap (4) xochji



KwiHHaaM. UlymiaH Hyji 6ha8h xochji KHjmnran MeTajui TOJdiann uiHiiia
ruiacTHHKaHHHr cwprara aHH3arpon 6yrjiaTHiu MyuH 6HjiaH (5) Mojieicyjiap
okhm loSopHJiaflH. Haraacaaa (6) 4>0TOBOjibTaHK ajieMeHTjiap CHCxeMacH/iaH
H6opaT MaTpnua KypHHHUiHaa AOH-KaxjiaM xochji 6yjiaaH (65,6-pacM). X,ocmi
6yjiraH AOH MaxpimaAarH xap 6np AOH 3JieMeHTHHHr 6HTTa KOHTaKTH
TarjiHKaarH rmarHHa KaxjiaMH 6wiaH yjiaHraH, hkkhhhh ynw sea uiHiua TarjiHK
HMHflarH MeTajui TOJianapra 6opn6 ynanaaH. AHOMan K>KopH (JioTOKyiAanHinjiH
epyrjiHKKa ce3rHP sjieMeHTnapaaH TauiKmi TonraH Maxpmia y3H.ua »cyfla Kyn
cohjih HH(j)opMamMHH 3J1TVBHH epyrjiHKHHHr aaiHHrH Ba3H$acHHH SaacapaAH.
EyHAaft MaTpHganap MaBa<yA MaTpHuanapaaii (TpaH3HCxopjiH, (Joxoahoaah,
(j))OTope3iicxoPJih) Ty6AaH (JrnpK khjih6, epyrjiHKHHHr MypaKKa6 cHTHanJiapHHH
Tj/rpuflaii TyrpH sjiexxp cHrnajuiapura aHJiaHTHpniu xycycnsTHra sra. LUyHHHr
yiyH yjiapra aaoxnaa Maxcyc rax.MHH.naiu SuoKjiapHHHHr Keparw tiyK- Xo3Hpaa
Huijia6 hh KHJiraH xexiiojiorHH 6n.iaH 6np caHTHMeTp KBaapax TarjiHK K>3acHAa
1Q5 <J)0TOaKTHB 3jieMeHTjiH MaTpnua ojihui
KJKopH aatpara ojihui Ko6mrHSTHra spmiiH.naAH.

EpHTHJiraHAa aHOMan iokoPh ({loroKyH.naHHiu xochji KHJiaxwraH ionKa
*Phm yTKa3rHii KarnaMJiapH acocwaa apamnraH (jioTOBOjitxaHK saeMeHTnapaaH
TauiKHji TonraH MarpHu,a «yjiKaH» BanyyM KaMepanH KHHecKoruiapHHHr ypHHHH
xkhh Keiia>KaKfla ojihuih ynyn TexHOJiorHHHH TaKOMHjiJiauiTHPHui KepaK
6yjiaAH. EpHTHJiraHAa aHOMan (j)0T03JieKTpHK, <J)OTOMarHHT, sjieKTpHK Ba
3jieKTpeT 3J)J)eKTJiap KV3aTHJiagjinraH apHM yrKa3rn'i ionKa noJiHKpHCTanu
napaaldiapu acyaa Kyn conaarn MHKpoKpHCxajuiHanap Ma>KMyacnhaaH H6opaT
6yjiaaH. By KpHCTanjmaiiapHHHr cnpT KaniaMH hhkh khcmhaaH sjieicrp
J?TKa3yBMaHJiHrH SyHHna Ty6AaH (J>apK KHJiaAH. By KpncTaiuiapHHHr opacwAarn
Merapaaa chpt xojiaxnap (Ba 6ouiKa myaa Kyn acapaenjiap) XHCo6nra xap xhji
uiaKJi Ba (jjopMaaara acoitnauiHiu xaM.ua xapaKTepn xHjiMa-xnji sjieKTpoH-TeiiiHK
Jh'Hiunap Byacyara kcjih6, yjiapHHHr cohh eTapAH Kyn (1cm napaa y3VHJinrH,ua
~105 aoHa) 6y;iaAH. HaTHacaaa ionKa napaa y3nra xoc cynep P-N yTHUiaap
CHcreMacHHH TauiKHa 3Taan (CM C). MauiyM, TexHOJioim acapagnaa MaTepnan
Typwra Sofahk paBHiuaa 6y p-n yTHuuiap reTepo yTHiimapHH 6ePHuiH xaM
MyMKHH. ByHaafi ionKa apHM yxKa3rnM napaanapHaa aHOMan WKopn
())OTOKyHJiaHHUJ, (J)OTOMarHHT KynjiaHHLU sa saeicrpeT KynjiaHHuiAap CMC
iltpilHHr KynaHTHpHiu 3(>(>eicTMaaH kcjihé HHKaan. By CMC-CTpyinypanap [70]
Karra K>3anapaa xochji khahhcb, y3Hra xoc yaxaH MaipHuaHH xochji KHJiaan.
By MaTpnua opKanH epyrjiHK cHraariH yTK33HAca, yHHHr saeicrp noTeHUHaji
«pwibe<J)HHH» xocun khjihluh MyMKHH (66, 67-pacMJiap). fIPHM
JKTMrHMaapHMHr romca napaanapHaaH acanaaHraH BHAHKOHjiap epaaMHaa
tWGSMpHH y3aTHiu sa xyaaH uiy flya 6haan acanraH KHHecKOiuiap epaaMHaa
Kftfiyji khjihui MyMKHH 6ynaAH.

TaioiHi}) KHAHHaerraH hPhm yTKa3rnn ionKa napaanH AOH-Maxpmja

MyMKHH. ByHHHr HaTHacacHAa

AoMmxbchhh 6ouiKa KypHHHuiaapaa xaM acaui MyMKHH. ByHHHr ynyH 65,6-
piKiMABrH oiithk TacBHpHH sjietcrp noxeHUHajuiM PeAbe(j)ra aitnaHTHpyBHH
MHipHuaHHHr Maxcyc TarAHrHHHHr uiaKJiHHH 53raPIHPI,UI KepakK.
MmpHiiaHMiii HuiAaTMJiHui acofiiira Kapao xarjiHKjiap jiofiHxacHHii iicxajiraH'ia



JfarapTHpHmM mymkhh. AOH-napaanapHH ojihui TexHOJiorHacHHH

pHBOTKJiaHTHpHS Ba uia(j«])o$ TarjiHioiap TaHepaauiHH axuin y3JiauiTHpH6, Karra
K)3ajiH AOH-napaanap ojihiura apHuiMOK, KepaK. IIHuia TarjiHKKa
KaBiuapjiaHraH MeTaiui KOHTaicr cHMJiapn (2) Ba uiwiua cnpTHra yTKa3Mjiran
njiaTHHa KaxnaMJiapH (3) reoMeTpHscHUH y3rapTHpH6, AOH-MaTpHuara Tajiaé

KHjiHHraH uiakJi Ba KypwHHiuHH 6epHui mymkhh. 65,a-pacMfla GyHflaR

MaTpHuanapHHHr  Tauiw KypHHHiujiapH Ba KecHMJiapw 65,6-pacMaa
H(J)OflananraH.

65-pacM. O itthk tscbhphh noreHUHanjiH penbecjira afljiaHTHpyBHH MaTpwia.
a- WKopHnan KypHHHiiiH, 6-KecHJiraHAai'H KypHHHuUiH.

TaftepjiaHraH TaraHKHHHr CHprara BaKyyM/ia TepMHK SyrjiaTHUi ycyjiH
6njiaH TaHjiaHraH apHM yi Ka3rHH MOjmaflaH AOH-K.aTJiaM yTKa3vuia,nH. AOH -
KaTJiaMHH ojiZiHHflaH Huuiafi MHKHJiraH Maxcyc AOH Tafigpjiaui TexHOJioraacH
acocH”a ojih6é 6opmia,nn [2,25]. .HpuM yTKasran MOJieKyjiap okhmh TarjiHK
CHprura TexHonorns Taiia6jiapnra

acocaH TaHjiaHraH KMJiHKaa
TyuiHpHJiraHJiwrH ca6a6jiH,

xap 6np nyKypMaHH eH CHpTHjja (6) anoxn.ua
(jjOTOKynjiaHHui 6epaaHraH sjicmcht xochji 6yjiaan. By aneMeHTHHHr 6np ynw
TarjiHKKa KaBiuapjiaHraH chm 6njiaH,

hkkhhhh ynn YMyMHH njiaTHHa 3
3JieicrpoaH OHJian OHp.naujraii

AOH-KaTjiaM/iwp. By MHKpO(j)0T03JieMeHTJiap
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CMCTeMacH MarpHua icypHHHiiiH/iarh  <])OTonpHeMHHKHH xochji  KHJiaflH.

TafiepjiaHraH <)0TOakKBTHB MarpnuanHHr epyniHKKa ce3rHP AOH KonjiaHraH
cwprHra oitthk TacBHp TyumpHJiraiifla KaBiuapjiaHraH chm sjieicrpowiapHHHr
y>iJiapnfla Tyiuaenan gpyrjiHK okhmhhhhf HHTeHCHBjmrHHHHr lakKCHMJiaHMui
KOHyHH«THra MOnaHj paBHiu.ua 3Jieicrp noTeHiwaji pejibecfw xochji bynajm.

ByHflaK AOH-MaTpwuanH (jjoTonpneMiiHK Tamkm 3JieKTP MaHoacm
MUJJiaiiJHAaH TauiKapw, <j)a30Bnii aacpaTa ojihui koShjihhth acy.ua ioKopH 6yjiHO,
yHH Hcauiaa MypaKKa6, HO3HK KypHJiwui TalJia6 KHiiauwaH sjreKrpon TexHHKa
i'BJia6 3THJIMafiflH.

ByHflaK AOII-MaTpHuajiap KeuavKaK/ia «yjiKaH» BaKyyiw KaMepajiH
yiaTHiu Ba Kaoyji khjihui ajieicrpoH Hyp Tpy6KajiapH ypHHHHHr 3rannaca a*ao
*MHC.

66-pacM. CMC - MaTpnuajioMHxacn(a), mvkoGiui cxeMacH(S).

67-pacM CMC-MaTpnuaHHHr TauikH KypHHHmMH(TawpH6aBapHaHTH). I-MarpHua(l cm ),2
TpaH3HCxopjiH Kajimjiap; 3-Kaxop e p m a eftHUi reHeparopH; 4-Kajip 6yuHHa
elOBVH reHeparop.
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OriT03JieKTpoHHKaaa Ky-riJiaHHJia®HraH JIH
onTpoHJiapHH HMKOHHHTJiapiiHH SaxoJdiaui

~AcanaanraH AOH jih onTpoHJiapHH onTosjieKTpomtKaHHHr Ma-bjryM
cox,acnaa ifiuJdiaiHinra TaBCHH khjihin ynyH yHHHr Te3KopjiHrn,
KyiJiamimn xaiaizia Ma-bJivwoT ojimu KepaK oyjiaan.
mwitnjxan epyrjiHKk WOW ((71) ra aa AOH-KauiaM
6ofjihk.

By naparpacjwa oiiToxieKTpon cxeManapaa KeHr
gocHm ranjiHH Ba apceimji

hhkhui
By KarrajiMKJiap Kyn
i.MKOHiwniapH 6wim

KyjiJiaiiHJiaerraii
rajuimiJiH epyrjiHK AHOflJiapHHHHr HMiiyjiboiH
pexcHM.ua HypjiaHHiii KyBBarmiH yjinaui HaTHwanapH 6nJiaH TaHHiiroipaMH3.
Taflep onTpoHJiapHH TeKiiiHpHiu, CHHarn ycyjmapHHH 6aeH Kii.iaMH3.

EpyFJiHK AWOA”™apHHH  viMnyjTbCJiH pe~cHM,na TeKLUHpHin ynyH
pacM”arn cxeMa HHFHJia/iM.

EpyFJiHK fIHOfIH JI-3 hhkhui jiaMnacHHHHr anofliira yjiaHaflH. YHra

KeTMa-Ker yjiaHraH R=10 Om KapuiHJiHK to k HMnyjibCH aMnjiHTyzxacHHh yjinam

ynyH XH3MaT KiuiaziH. JI-3 HHHr 3KpaH TypHflara noTennnajimi tckhc

y3rapTHpn6, aMnjHiry/ia 6oiiikapHJia'in. KypnjiMa MaKCHMaji tokh -0,8 A, 2-rlO
Fu jih y3aTHiu nacTOiacHxia 1 mc Ba 10 mc jih HMnyjibc 6epa;m. EpyFJiHK
flHoryiapH HMnyjibCJiH poKMMzia iniiJiaraHaa yjiap yTKaaHiuw mymkhh 6yjiraH
tok opTaflH. ByHra 6ofjihk paBiiuiZia. HypjiaHHiii epHTHJiraHJiHra xaM opthuih
KepaK. A<t>H-KaTJiaMaarn KyHJiaHMui epHmnraHjiHKKa 6orjniK.
HypjiaiiHui 3HepntacHHH, aHMKJiauuia HMny.ibC.in

pewuMjia
TepMOCTOJiQHKJiapflaH (jiOHflajiaHHO oyjiMafi.uH,

myhkh yjiapHHHr TCjKopjiHin
acyaa nacTJdinrn Ty<J)aHJiii HHepunoH 6yjia,mi. lily ca6a6jiH ojwiH,naH a6cojuoT
6npjiHKJiapfla flapawajia6 KyMnJiraii Te3KopjiHrH

iokoph cejieKTHB
{Jjo'ronpHeMHHKJiapztaH (I)OHAaJdiaHHS6, 3HeprnHHHHT

cneicrpaji  TaKCHMOTH
MonoxpoMaTop ep;tamhna'yjt (aHaj h.

MoHoxpoMaTop CFicJtaTHjia HKC-12 cneKTpoivierpiian
HypjiaHHuUiHH Ka6yji khjifhh cmj)aTH/ia 03Y-28
HLLiJiaTHJiraH. 03Y-28 MOHOxpOMaTOpHHHr hhkhui

(jjoHflajiaHiuiran.
(*OTO-yMHOWHTejib),

rapKHiunra fIKiin khjih6
* OHJiauiTHpnjiaflH. CD3Y-28 HHKHuiHflarH HypjiaHHiu O K-11 ocuilLuiorpacj.H

ep/iaviHaa Kaiw khjihhhG, yHHHr y3rapMac tokjih khphhih <t>3Y anoAH oniian
KaTOfl KaHTaprHH opKaJdin ooFiiaHajui.

138



6 HISE PH-30

68-pacM. EpyrjiHK ;uioa-iapnHn nMnym>c;in pc*nM;ia teKuiHpHiu cxeMacH.

KypniMaHH 0,9+2,3 dB aaH H6opar cneicrpaji coxaaa cneicrpan
ARpa”anaui ynyH riPK-4 chmo6 jiaMnacn 17-hh3hk™h HypjiaHHUiHaaH
(jjoftaajiaHHJiraH. A6 cojik>t 6npjiHiuiapaa, Barraapaa 3HepreraK aapa>Kanaw
MaKcaawaa CnClO-5 TwnHaara epyrjiHK vjimobmh 3TanoH jiaMna HuiJiaTHJian.
3HcpreTMK aapawanam ycyjin 6n.iaH TaHHurrapaMro. “Khcmmhht paHraopaHK
TCMnepaTypacH Tu. ra moc KediyBMH HypjiaHMimiHur cneKTpaji 3hmjihi'hhh (38)
(1)OpMyjia KypHHHuiHaa e3nui mymkhh.

PT(E)dE = rAT<I>(Y)dE,

(38)

6y cpaa r- KyapaHniHK kos~huhchxh, A,- a6coaioT (T) TeMnepaTypara
ftoraHK K034>4)HHMeHT>v (x) * yHMBepcan (JiynKUHH. x = E/ET ae6 oaHHaaw.

BoawjipaM ynyH 7, = 2360'K Ba r= 0,4 SKaHJiHrHHH x,HCo6ra 0jih6,
KyBwaarHHH xonaMH3,

Pr(E) « 24q>(X)_C_‘|_'(;|;_*_3_|:_)_:(3;/|r_ A )

HypaaHHiu 6yjiaexraH chpt kbhhm SO aecaK 6mPjihk 4>a30BHH 6ypnakKKa
moc KeayBHH cneicrpaji okhm

Ft(E) = PH{E)S O------ ===----- (40)
CTep m3B sCM
Canaan. SOHHHr aireKXHB KHftMaTHHH B aTu HHHr MawiyM khhm3th ynyn
(SpyraHK KyMHHH TonaMH3:
| =KSa\P,(EV(E)dE, (41)

130



6y epaa K- epyniHKKa Sofjihk skBHBaneux, V(E)- Kspmmuj ji pnjinrn.

V(E) @jyHKUHfl ygyn x,HCo6jiamra KyJiafi aHajiHTHK H<])OMa xonnjiMaraHH
ynyH (41) HHierpariHH cohjih ycyn 6hji3h ojihih KepaK. So HHHr xonnjiran
-KHHMaTHHH (40) ra KyfinS

CTE;goB (42)

Htj)Ojiara 3ra 6yJiaMH3. f\(E) (jiyiiKUMfl [41] aa KejixupujiraH jKa/iBanjiarH i/>(x)
(DynKuii« KUHMax.iapma acocnaHH6 xncooJiaHran. Arap.ua yjiHOB KypnjiMacn
KaHanHHHHr hhkhlijn/ia Kaiijj KHJTi-iHa.anran KananuK /,(£) Syjica, 03y HHHr
cneKxpan ccsy BHanjinrn/iarH Ba MOHOxpoMaTopHHHTr oiithk
yTKa3yBHaiuiHrHflarH hoxekmcjimkhh MyBO(J)HKjiauixnpyBHH KOStjxJwuHeHTHH
KyHHflarn Myiiocaoax/iaH amiKjiaHaAH.

K.-ili IAE) («)

Qr (jjaB30BHH oypnaK JiaMna reoMexpHacH Ba MOHOxpOMaxOp flapawanaHHiiiH

6MJian 6ofjihk, yHH

H@})OflaflaH xoiiHJia.UH. h- MOHOxpoMaxop khPhlii xmpkhiuh 6a.iaH,xjinrn, y
y3rapMac SyJdiaan, yma thpkhuj Kenraurn, c¢- nypjiannui SepyBHH iojiaZi.aH
KHpHLii xhpkhiuh xeKHCJiHrHrana Maco(j)a.

A Man/ia TeKiiiHpmii uiyHH KypcaxaflHKH, d < 0,03 cm oyjnaima
1,-d1 (45)

Myiiocaoax 6a>KapHjiajiH.
(44) MyHOca6aTHH XHCoora ojih6, KVHMiiaiH xeHniHKJiapHH e3a ojiaMH3:

KJI-d=K,n -d = ...-Kdttd. (46)

By xeHrjiHKJiapjiaH (J)OHAalJiaHH6 = KHHMax ynyH  Kt{E)
KO3<j)(J)HLiHeHXHHH v)KcnepHMcmaj[ aHHKnam hmkohh XxvTHjraZin.

3KcnepHMeHTan Hyji  6njiaH xonHjiraH K,.{E) HHHr KHHMaxH

ocuHJijiorpac]) 3KpaHH.ua 1 B kv'manlllllla moc KejiyBHH xaHjianraH 6hpjihk
ce3THpjiHKKa Kc.TiHpH.IHO, rpa(j)HK fiyji 6miaH reKHCJiaHa/in. Vnaaii cyHr
xonHjiraH KHHMar.iap/Zian 3nr KHHHrH Kd 6hPjihk CHcJliaxH.ua Ka6yji KHJiHHaziH.

Kojiran KiiitMax.nap yHra cojiminHpHJiaan. LLIyHHHr ynyH

Dp
(47)
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HaTHwanH eaa O0JiaMH3. Arap yji'iam naxHwacH BoJibxnapaa ojiHHca Ba

6yjica, Hyp— KyBBa™ ,HHr
(MCHOxpoMaxop khPhw THpKHiiiHra xyuiaexraH) KyitoarM ,, *o fla*aH

ToriHJiaflH:

rp "«H r cearHp~rH i
SLa™

‘48>

yjmui anetikacH epyrjiHK yrKasMafifinraH Kawepa 6y.™ 6, cneKxpoMexp
khphui THpKMiiiHra HHcbaxaH MycxawaM (ooF.iaHran) cosjianraH 6yjia/”
EpyrjiHK ioffiapMHHHr KaMepaaa.H xojiaxH ac606HHHr onxHK vkh
iaiuxHpHJiraH MOCJiauixnpyBMH  KypnJiMa

KeJITHP HJiaflH. EpyFJiHK fIHOfIJiapHHHHF ajiMaUlXHpHUIfla CO03JiaHiail B33HHT

A Z T u i XHPKHUIHHHHF TyrpH

epHTHJIHUIHHH xatMMH”aiu MaKCaflHfla
waxcyc Suma (KOJiJiHMHpywma,

Jinma KO 351) AaH (jionjraHjiraH.
KaMepaaarH xeMnepaxypa MHC-KOHCTaHTaH TepMonapacH 6HJiaH yjiianaflH.

X ne”™~H H y3raPMac yuuiaS xypnu. M a ~ a KaMepara hock

xaBO eKH cywK asox 6yFHHH xa«flab SepyBiH mhxth KOwnpeccopA
yJiMam Ha™ ,apHra Kypa *oc*w raj—
,»y PJiaHHUI XaCMaCH KOHXypHHHHr JP HM KeHFJIHFH (3HHHHHF *-HCH) -0 2 3B

anceHHil raJUiHHJiH 3<b<i>eicrHB awo”~.ap ynyn my mhkaoP -0,07 sB ra xenr

Ke,™rH »oc p,«
002 3B (rf=002cm) Baon,07 sB (<*= 0,05 cm) khjih6xaHJiaHfl[H. Xap 6HpaHOW
epyFJiHK HMnynwnapHHHHr.topMacH, tok HMnyjibCH 4>0PMacHra yMyMaH moc
KejiHO diaKax 4>poHxnapHfla khhhkPok 3rpHJiHK Ky3axnjiflH.

Hwnyjibc aaBOMHfla 6hPjihk 4>a30BHH SypiaKKa moc KejiyBHH
AHOfIHHHHr HypjiaHxnpraH 3Hepni>iCHHH

Xx h «J V cneKrpoMeTp

epyrjiH

0= {Q(E)dEll,,: f. J_((EArE)dE (49)

m J ¥

AopMyjiaaaH xHco6jiauinMH3 mymkhh. By epaa Q(e)-

epyrjiHK
HypjiaHHiu KyBBaTHHHHF cneicrpan xaKCHMjiaHHWH.

r,- HMnyjibc y3yHJiHrH,
epyFJiHK fIHOWHHHF KHP HU1 TlipKMLUHFa HHC6 aTaH HCORjiaiUHUI FeOMeTpHHCH
60FJ1IHK 4>a30BHft BypHaKHHHF 3()(>eKTHB KhKMOTH.

(48) H<j>oaaHH xncobra 0jih6, (49) hh KyHHflarm a fesa 0JiaMH3.



(50) nctro,aajjan, KjJjE) K(O3(Kl)nnneHr;iaH (JjoHflanaHNS coMHjiaenaii
epyrjiHK cneKTpHHHHTr rpa(j)nrn KypuldiaZiH. Yn/iaw cyHr rpat)inK :>rpn mh3hfh
ocTHflara MafiaoH annioianaaH. (50) H(j)Oflara 0,02 cm Ba
KMHMaTjiapHH KyfiM6, hiuhh (J)opMyjiaTonHjia,ri,H:

6jr2 cxepaa.

(51)

6y cp/ia 5 (50) iicljo/i.aHHNr nan TOMOiiM/iarn HiirerpajiiiHiir rpaij)HK ycyn
6HJiaH TonHJiraH khmmeth, y B-jB m  wij)o.uajiaiiraii, cci<yn;i:iap;ia
H(j)OflanaHraH HMnyjibCHHHr ywHJiurM, Z - yjinaui KaKTM/iarM KypnJiMaHwn
cesrHpjiHrH, y «lio.ntT» ;iap/ia SepHJiaan, d- crieKipoMeTp thpkhiiimhhhi
Kem'jiHrH, cainHMeTpjiap.xa SepujiaZiH. Yjmaiu ilaTHwanapH 71-74
pacMJiapaara rpac|>nK.iaPAa y3 akKCHHH TonraH [42]. 1pacjHKJiap xap xhji (1-
208 K, 2-273 K, 3-325 K) TCMriepaTypajiapfla ojimii an Harawajiapra acocjiainro
KypmiraH. 7l-pacM.ua Y-15 rnnjiarH cpyniHK ahoah ynyii nypjiaHHui KyBBara
be tok HMnyjifcCH aM[uiHT\',najiapH opacnAarn SouiaiiHLii 6epmiraH. By
pacMflara rpa()nKJiap.jan inyHH ShjihS ojihui MyMKHHKH, tcmiicparypa
KaMafiMuiH 6H.iau epyrjiHK ,uio,ui i\'j1) HCTCbMOJi KHJiaerraii, liypjiaHnuiHHHr
MaKCHMyMHra moc KejiyBiiH tok khhm3th opTaun. Macajiaii, reMiieparypa 325K
aaH 208 K ra KaMaiiran.ua Efl HHHr tokh hkkh iviapra oPTran. ToKHHHr
opTHiuiira Sofjihk xouAa E/I HypjiaHHuiwHHHr MaKCHMaii KyBiiain xaM 2-j
MapTa opTHDUH Ky3aTHJiaflH. IllyHH xaM Tai>Kn;Liaui KepaKKH, Ta/Kpnoa
yTKa3HJiraH tcm neparypanap.ua nypjianniu cncKipjiapiiZia cc3n.nap.iin
y3rapHUiJiap Ky3aTHJiMaraH (71, 6-pacM). Ojinnran HaTHSKajiap uiyHH
KypcaTafl[HKH, HMnyjibCJin pc>KH\i,ia i'Vi jiapn HiiiJdiaiHJiraima yjiapHHHr
HypjiaHHUiHra 6ofjihk KyBBax SapKapop poicHMjiarma HHc6aiaH 5-10 MapTa
opTHuin MyMKHH )kall U>oc(j)ii,i la.i.iiui.uni acajiraH I'/1 Jiapn HMnyjibCJiH
peacHMflani HypnaHHuiHHHr KyBBaTH 10'4 Bt ra spmuca 6y KHHMaT apcemifl
rajuiHHflaH jicajiravi E/I, .napn/ia (0,4A) 10' Bt ra erajin. KyBBaiiiHHr 6y
KiiHMaTjiapn Hcrapacn 3Mac yjiapnH sma opTiipiuu Mymkhh. E/J JiapHHHr
K)KopH,na KeJiTHpHJiran nypjianmiii KvBBaTJiapw AOH-KaxnaMJiapiiHMHr xano 1
mm2yjmaMJiapH/ia eTapjiH aHOMaji 10Kopn {Jjotokv‘uiaiiLii xochji KHJia ojiaaw.
AOH-KaTJiaMJiapHHHHTr HMnyjibCJiH pe>KHMflarn HMKOHHHTjiapHHH
oaxo.iaui yqyii AOH KHHeTHKacHHH ypraHMUijia HuuiaTiiJiraH cxeMa minina/w.
AOH acocufla Hpariuiraii omos.neKTpoH TpaHC(})opMaTopjiapHH (COT) Hiura

apoKJiHjiHrHHH CHiiauixa 69-pacMAarH cxcvui.'iani k\ pnji\ia iaH (jtoiiiuiHn.'ia.MH.
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69-pacM. OmroJdieKTpoH ‘ipanccjjopMarop.iapHii cnHam Kypn.™acn.

t-wtceK

)

70-pacM.
70-pacinra epaaMMH Mn:iMa.nap. A- onTpoHHHHr 3JieMeHTap cxeinacH,
B- TOK HMnyjlbCHHHHTr (jwpMacH.
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Ex4 Cafls

71-pacM. y-15 Timimani epyrjiHK fliioflHHiiHr Hypjiairaui KyBBani 6 wiaH tok
iimnyjibeiinhhf awnjiHTy”aBHH KmiMaxii opaciutani GoFjiaHum (apcennii rajuiiiM ynyH).



CHx Gafls

72-pacM. y-15 y-15 THiuwarH epyrjiHK flno;mnHHr HypjiaHHiii KyBBara 6 mian tok
HMnyjibCHHHHr aMii.miy/iaBHM khhmsth opacnaarH 5orjiaHHiu (a), HypjiaHHiii cneicropH (6)
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73-pacM. (t>oc<h)H/I rajuiHfi epyniHK ZiiioaMnmir HypjiaHum KyiiBaiH 6miaH tok HMnyjibCH
aMiuiHTyaaBHH KniiMain opacH/iaiH fioniaHHiii (Xap xhji Typrra HaMyHa ynyH).



74-pacM Ooc4>Ha raiumft epyrjim momnmw ny:mmm kybbsth 6m3H
KHHMiETHopacHnarHS o r - m  (a), Hyp— cneKropH (6).

1-reHepaTop T5-6 A, 2-aKKyMMyjisrop/iaH kbjiht (pejie Pn-4) opKaJdin Efl
hh xa-bMHHJiaui ojiokh, 3-Kynj.aHHUiHH aacpaTHiu 6jiokh, 4-Kaxoa wBrrapnm, 5-

oSSjfenpoH - ipanc.i.opMaTopjiapHH cwnao

KypH.uzia ~ m AOH
KHHerHKacHHH cajrr pe ™

a ypnwHuma K™JUiaHRnraH Rypw »»

acoc khjih6 oiiHHraH. MaaKyp KypwjiMa cxewacH ypHBepcan 6y™ 6 w»apHB
HMnyjibcnap Gepnu. 6>u»h 6HPra »KKa HMnyjibCjmp xaM 6epai ubwh. O
jiapHHHr TesKopjiHPH AOH-KarJiaMJiapHHHr Baicr (RC) aohmhhch » h
60RIHK. BaKT fIOHMHHCHHH opTTHpHUIHHHr X3P

ojihui TexHOJiorHJicHHH TaKOMHJUiauiTHpHUi 6HJI3H 6y acapafeHHH 6
hmkoh T\-rHjiafl[H. TexHOjiorHK fiyj!
ysrapxupiuu mvmkhh.

P
Shjibh xaw MawiyM aapaM RC hh
IOKopnaa Tai.KHri.naraHHMH3.ieK. BaicyyMaa MOzmaHii
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oyrJiaxHui wapagHH.ua MOJieKyjiap okhm xe3JinniHH oPtthPhui, RC HHHr

ysrapHuiHra ca6a6 6yjiaAH. Karra TesjiHWiapfla OJiHHraH AOH-KaxmMJiapHMur

KapuiHJiHKJiapH HHCoaraH khhhk 6yjiaflH. ByHHHr XHco6Hra (RC) xesicopjiHK

opxaflH. AOH-KaTJiaMJiapra £r apaiiawMajiapHHHr axoMnapmm khPhthui

6nnaH xaM Te3KOPJIHKHH ysrapTHpmu MyMKHH. Xo3npga AOH 03T Jiapw
k)koph xeiKopxuKfla HiiDiaiwHrau KypHJiManapjra KaxnaMHHHr KapnJiinnrHHHHr
KaTrajiHra (~10100m) ry~aftjiH KiwiaHHJiHtuH MerapajiaiiraH.

A OH KaTJiaMJiapHHHi BOJii»T-aMiiep
XapaKTCpHCTHKaCHflai H N-CHMOH y3HJ!HUI

AOH-KaxJiaMJiap MypaKKaS xy3n;inwra 3ra SyjiraHJinrH yiyH yjiapHHHTr
BOJibx-aMnep xapaKTepHCxHKajiapHHH (BAX) Hasapwfl fiyji 6iuiaH xnco6jia6
4HKap«iu anna khhhh wacajia. IUynHnr ynyn AOH
xapem-epHCXHKa (BAX) jiapHHH xoiihlu ynyH SKcnepHMeux Ba HaaapHH

xeKiiiHpHLU  Haxnacanapra cyaHraH Xojiaa  KaxjiaMJiapHHHr
apaxHJiaAH [2, 9, 70]. By

BOJibx-awnep

MoaejxiapH
MoaejuiapnH 3KBHBajieHx cxeMaxiap SnjiaH
n-p yrmuJiH AOH-KaxJiaMJiap yHyH BAX HHHr
HaaapHH HcjwacH xonnjiajiH.

ajiMauixHpHJIHS, p-n Ba

By H()0/xaHK yMyMHH KypHHHUiIH KVHHAarH'a
6yJiaflH:

- aB I- r- exp 4
Js ~ SR\I (52)
J=J- I+(I-a)exp/I

By (bopMyjia k3amhh xejuiyp A O H -KaxjiaMH y iy HMHKaPHJiraH [9] 6?jih6,
vhh 3JieKTPOH TeuiHK yxHiuJiH MexaHH3HMra 3ra 6yJiraH 6apna AOH-KaxJiaMJiap

KHpyBHH napaMerpJiap U », a, Js, B, a, y) MyaitaH AOH-KaxuaMHHHr

tvshjihuih Ba y3Hra xoc xycycHSx/iapn 6hji3h 6ofjihk. BatsH (SbZXe3
CdTe(Hg)) Ba uiynra yxiuam) MCXOaadiapHUHr AOH-KaxjiaMnapnaarH p-n-
(JjoxoaKXHB yTHiujiapHHHHr “cHJiKyB” KapuiHJiwrH yTa KaTra (£,-><»), ynn
XHCo6jiauuiapfla TyuiHPH6 kojwhPhiu

xaM MyMKHH, y Xxojiaa (52) H”oaa
KyflHflarH k~phhhujhhh ojiaau.

B g (L+a)aB +(1-a)"K- +1 expA

j =Js- [ e e (53)

1+ (1-a)exp/4
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EpyrjiHK HHTCHCHBJiHrHHHHr khhhk KHHMaxjiapufla epyfJiHKKa ce3nip
KaTjiaMHHHr “iuyHTJioBHH” xaacM KapuiHJiHrHHH (/?,,= 0) XHcoora ojiMacjiHK

MyMKHH’ J =Jsexp{(2q/NkT)(V-Rj)hJs (54)

1J

.- p =rco
oL-1,

i w>>L

23 — \X/<™ L

75-pacM. Tejijiypua k;vimhh ynyH TonnjiraH Haaapnfl B AX KypwHHiiuiapH.

ty

76-pacM. TejuiypHfl k* imhh AOH KaTJiaMJiapHHHr Taacpné aaa KV3aTHjiraii SorJiaHHWH.

OopMyjiajiapaarH (52, 53, 54) KaraaMJiap ryanjiHuiH Ba xycycHSTjiapH
OanaH 60rJiHK napaMerpjiapHHHr Kaéyn KMJiafliiraH KHtiMaTJiapHra KapaO A<P
KSTJiaM BAX CH TypjiH KypHHHimiapHH QJIHUIH MyMKHH. By napaMeTpJiapHHHr
nerapaBHH KHHMaraapH ynyH Ha3aPHH TonHJiraH B AX HHHr Ky PHHHiiiJiaPH 75-
pacMAa KejirnpHJiraH. AcbH-KamaMJiap BAX CHHHHr uiaiaidiapH KaTJiaM
yiVHJIHrH 6yfijia6 XKOfinauiraH 3jieKTpoH-TeuiHKJiH yTHUiJiapHHHr y3apo
Tii.cwpH 6HJiaH Sofjihk. AO lI-KaTJiaM/iarn ajieicrpoH-TeuiHKJiH yrawjiap
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(yjlapHM conn 1cm KaraaM y3yHJiHiMfla 100 MHHira hkhh 6yjiaflH), yaapo
TaT>cHp,na eyjiraima yjiapaa tok TamyBHHJiapHHHr (3ap»flJiap) anMauiyBH cowip
6yjin6, (j)opMyjiaaarn ojih6 yTHiu KO3(j)nuHeKTH « = 1 6yjiaflH. Arap.ua KaraaM
3JieKTpoH-TeiunKJin yrHU1JIaP opacufla y3apo

raijCHp 6yjiMaca yjiapHHHHTr
5npHflaH HKKHHHHCHra 3apdlJiap yTMafiflM,

jicMakK tok TaiuyBMHJiapHHHHr
anMauiyBH xaM co/wp 6yjiMaKfIn. Y xojifla (52) ynyH o0jih6 Jthui kos*"huhchth
a =0 6ynaHK. AOH-KaTJiaMUHHr TaHjiaHraH Mo;jedin ynyH TonmiraH BAX
H~JojjacHHH KejiTHPH6 HHKapHUifla Kiri.iaM/iai n sjieKeTpoH-TeuiHKjiH yniiujsiip

KaTopHflarn xap 6wp yTHUiHHiir napajuieji Kapumjinrn (R,,), KeTMa-KeT

KapuiHJiHrH ( 1t) KaTjiaMHHHr xaacMH Gnjian 6oijihk uiyHT KapuiHJiHK xhco6ia
ojiHHraH. Eynap xaMMacw B A X uiaioiHra TatcHp KwiaflH. 3jieKTpoH-TeuinKJiH

yramjiap KaTopiiaa Jteapo Tai>CHp MaBwyfl 6yjiH6,

yjiap opacnaa tok
TamyBHHJiapHHHr

6Hp-6HpHra yTHLU wapaeHH (rpamHCTop s”~eicm ) co/inp
SyjiaflH. Ey xojwa BAX aacTjia6 hh3hkhh, yHaan cyHr J~V",

(1 <n<2)
6orjiaHHui

moc KejiyBMH coxa Ba sma mtohkjih 6orjiaiiHuiZiaH nSopaT yHTa
KeTMa-KeT KejiyBHH ynacTKanap Ky3aTHJiHiun KepaK. K,aTjiaM/iarn xap 6wp
3JieicrpoH TeuiHKJiap yTHUiHHHr napaneji KapuiHJiHi M, KaniaM xa*MHra oohihk

iuyHT KapuiHJiHraHH xnco6ra ojiMacaK (R, ->«, Rm->°°) Ha3apwH BAXHHHr

KypHHHiuH 75-pacMflara 1, 2 srpHJiHKJiap KypHHHUJHfla 6yjiaiiH. Eywia 1
3rpHJiIHK y3apo TatcnpH fiyk {a=0) xojiaTra Tyrpn Kejica, 2 3ipnjinK y3apo
6ofjihk yTHiujiapra (/ 1) moc kcjuuih. K,aTJiaM xa>KMHra Sofjihk uiyHT (R,,,)
Tai>CHpHHH XHCoSra ojicaK a =1 6yjiran.ua, BAX yiiapaflH Ba 75-pacM.narH 3
srpnjiHK KypHHHLUHra KejiaflH.

BAX HHHr Ha3apHH ynacTKaJiapHHH TavKpnGaaa Ky3aTHui MakKcaflHfla
TejuiypHfl KaflMHH Ba cejieHHfl cypbMa A<t>H-KaTJiaMjiapnHMHr BAX jiapHHH
Kana sjieicrp MaftflOHJiapfla TeKiunpHJiaflH. Ta>KpH6afla Ky3aTHJiraH BAX fla
Ha3apHfi BAX flarw flacTjiabKH mhshkjih Ba J~V" (1 <n<2) 6orjiaHHiuHH
H(J)OflajlOBHH KHCMH Ky3aTHJiaflH. JleKHH, HKKHHHH J~ V" 60oFJiaHHUIflaH cyHr
Ky3aTHiu KepaK 6yjiraH hh3hkjih ynacTKa Ky3aTHjiMaflH.

TejuiypHfl KafIMHH KafIMHHra 6oh 6kh er apajraioManap KOHLieHTpauHHCM
iokoph Syjiran AOH-KaTJiaMJiapHfla Ba cypbMa cejieHHfIHHHr cypbMara 6 0R 6kh
St apanauiManap Kyn 6yjiran KaTJiaMJiapnaa BAX Jiap TeKiuHpHJiraHfla
hkkhhhh HH3HKIIH ynacTKa Ky3aTHJiHuiH jio3hm 6yjiraH KynjiaHHui GepwiraHfla
(~2 105 B/cm) TOKHHHr KecKHH KaMawHuiH Ky3aTHJiH6, BAX 77-pacMflara N -
CHMOH y3HJIHUI KypHHHUIHHH OJiaflH.



77-pacM. KanMiiftra 60HHTHNraH 6t apanamiwajiap KOHUeHTpauHacH
iOKopn 6ynraH KaxjiaMjiap BAX ch.

TaHcpH6a.ua ojiHHran AOH-KaxnaMJiap B A X Jiaptuia (77-pacM) ~500B/cm
3mKTp MaHflOHJiaprana BAX hh3hks/ih  Qynam. Ymau cynr MawflOH
KyMjiaHraHJiHru oprHWH 6HJiaH BAX fla J ~V' 60oFJiaHHUi 60iuj,aHaA~BAX
aara N- chmoh ysmmm KaTJiaMflarn apanauiMa carxjiapmiHHr sjieKTpoHJiap
6nnaH HOTeKHC TyJWHpHJiHUIHHHHr HaraacacH 6yjica KepaK. Arap 3JieKTpoH-

TCuiHKjiH yTHuuiap opacHjia HHaceKuna oyjiMaca (a:o) KaxnaM epHTHJiMaraHfla
BAX flam N-chmoh y3HJiHUiHH M:f(E) SorjiaHHiu SnnaH TymyHTHpmu
MVMKHH. KaTJiaMJiap epHTHJinuiH OHJiaH epyrjiHKHH Karra HHTeHCHBJiHKjiapHjia
BAX flare N -chmoh ysHjmuuiap fiyKOJiajw. XapaKrepHCTHKa TyrpmiaHaflH.

BAX HHHr 6hdhhhh xyrpH MH3MKIIH khcmh caKjiatiHO, KOJiraH KHCMJiapH TyrpH

HH3HKKa HKHHJiauiaflH. ByHH «0 » (jjaicropHHHr 3JieiopoH

KVHJiaHraHUHrHra 6ofjihk 6yjin6 kojihuih 6HJiaH TyiuyHTHpHJiaflH.
LUyHnafi Khjihé nasapnara

MaH«w0oH

acocaH KysaxHJiH.un
xapaKTepHCTHKaflarH «acTjiabKH mh3hkjihjink Ba yHflaH cyHrni
10KOpH MH3HKJIHIJIHK (J ~ V)

KepaK Syjiran

3J,eKTPOH-TeillHKJ.H ?™Wra MOC AOH

(W M
6njiaH TyuiyHTHpHJiaflHraH KaTjiaMJiap.ua 4>aKaT a O yiji
Ky3aTHJiaflH. TattpHoa-ja KyaarnnraH 76-pacMflarn 6orjiaHHui R, (v) Qmm
ryuiyHTHPHjianH. HasapnK BAX JiapHHHr a =1, «, =® Xxojiarra moc KejiyBMH

kyphhhuih Ta>KP H6afla Ky3aTHJiMauH.

Ba-b3H AG>H-naPflanaPHHHHr BOJibT-aMnep xapaifrepHCTHKanapHfl
CHMOH y3HJIHUI naHTHflaFH TOKHHHT KeCKHH KaMasHIUHHHHr
HyicracH 3jieKrpoflnap opacHflara Maco<J)a Ba KarjiaM KajtHHJinrHra
Ta*pii6adiapfla MauryM oynm. KaxjiaMra KyHHJiran MaHflon KyHjiaHHiuHHHHr
6 hP xhji e ynraH 3jieKTpojyiap opacnjiarM Maco<}>a 3 mm flan KaTra yjiraH K
(-1,5 mkm) napaa KaTJiaMJiapuflarH tokhhht kcckhh KaMafimiiH >6 kB Jiapwaa

60— U
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6ouiJiaHaflH. 3jieKTpojuiap opacHflara Maco<J>a 2 mm flan khhhk, KaJiHHJwr
-1MKM axpo(J)Hfla GyjiraH napfla KaTJiaMJiapHfla .OKiiH.ir ysHJiHuin 7-8 kB
napfla KaTJiaMHumir KapujHJinrH 10

6yjiraH) ysHJinuiflaH cyHr sea 107 Om 6ynu6 wwiraH.

KaTJiaMJiapHfla Karra SJieKTp

jiapfla 6oiiidJiaHn6, ysHJiHmrana

ByHflan AOH napfla
MafiflOH KyuiaHraHJiHioiapH TabcnpHfla
KyaaTHJiafl[Hran acapewiapHH TyjiHK HasapwB MexaHH'MH xaHya aHHK
ypraHHjrraHH fiyK.

HoHaauiTHpyBHH nypjianHiiitiapiiHiir ionKa
KaTJiaMJiapHHHIH' 4>0TO'JJICKTHpHK

xycycHHTJiapwra rabCHpw

Ep uiapoHTHfla, aTMOc”epaaa Ba yiiflaH TaiuKapHfla ~ huijiobhh

KypwiMajiapfla KyjmaHHJiafl[HraH » Phm yTKaaiHH ac6o06jiap aoh m hh paBHiufla

KyeuiflaH KeuyBMH HOHJiaunHpyBHH nypjianHW Taixnpn ocTHfla 6yjiafin. y
HypjiaHHiIin TapKMSnna Typjinga SHeprnanH xap xhji aappananap 6yjiH5, yJiapHH
apHM VTKa3rH4jiapHra Tabcnpn HaTH”acHfla HpHMATKa'irHM ac6o6napHHHHTr
KVnrnna xapaKrepHCTHKanapHHH, hui

napaMerpjiapHHH y3raprHPH6 rooopafin.
HOHJiauiTHpyBHH

pevKHMJiapmm  6eJirHJiOB4H acocwH

Uly ca6a6jiH xap xhji wapoHTJiapfla
HypjiaHHuuiapHHHTr rypjinsa

TapKn6jiapnHn K~JiaO,
apHMVTKasruMJiapHHHr xap

xhji xycycHsmiapHHH ypraHHiu

MyxHM Macajia
XHCoGjiaHaflH. MoHJiauirapyBHH

HypjiaHHiu (HH) HHHr KpHCTarui apHM
VTKa3rHMJiapraTaicnpn hxixih ypraHHJiraH.
XO03HprH 33MOH SJieifrpOHHKaCH y 3HHHHr HCTMKOOQOJIHfla

MHKposjieKTpoHHKa, onTosjieKTpoHHKa Ka6H ionKa Ka”aMjiap 4>H3HKacma

acocjianraH coxajrap Ma”™Myacnxia pHBOWJiaHMOKfla. 5IPhm yrcasrHH KMwa
KaTJiaMJiapn  3JieKTpoH ac6o06co3JiHKfla

KeHr  KyjuiaHHJiIMOKfla. K)nKa
KarjiaMjiapHHHTr

(JOTO3JieKTPHK xycycHsrrjiapnra HH JiapHHHr TaicnpH xaM
ypraHHJiran coxa xHco6jiaHaflH. KyRnfla KefiHHrn 15 hhji flaBOMHfla
MyajuiHd)jiapHHHr my coxaflara vuiMHH-TeKiiiHpHUi HiujiapHHHHr HarawajiapH
6aeH KHJiHHafl[H Ba 6ouiKa ojiHMjiapHHHr HUiJiapHHH hh™

TaacpnSajiH
HaTH*ajiaPHra acocjiaHH6 KHjiHHraH hjimhh Taxjinjuiap GepHJianH.

PeHreHT HypjiapHHHHr ionKa KaTliaMlJiap
jJ)OT 03JICKTHpHK XVCyCHSTJiapia TaBCHpH

PeHreHT HypnapHHH tyjikhh y3yHJinrn flHana30HH 5 108 flaH 10

m rana
opanHKfla STaflH. [Oflflyajiap

(Kyem cwHrapn) Ep aTMOc”epacHflaH yTa
ojiMafifl[HraH peHreHT HypjiapH conaflH. Kocmhk KeMajiapaarH ac6o6jiap 6y

Hypjiap TatcwpHfla GyJiaflH.

TejuiypHfl KaflMHH, cypbMa cejienHHJiapHHHr ionKa KaTJiaMJiapnra
pemreH HypjiapHHH Ta-bcupwHH B .f. UyKepMaH [53] ypraHran. y
MOflflanapHHHr ionKa KaTJiaMJiapn peHreHT hvPh 6HJiaH epHTHJiraHfla,

c)OTO3JieKTpHK  ce3nipjiHni  oiurami  Mai,JivM  6yjianH.  ByHflan roriKa



KamaMJiapra acocjiaHraH Aer-eKTopjiapHHHr HiiepuHOHJiHrH yHHa H>KopH 3Mac.
repMaHHH, KpeMHHH foima KaxnaMJiapHia peHTreH Hypjiapn TyumpHJiraHAa
A<t>H-34>(})eKT xochji 6yii'MaraH, jickhh yHHHr 6ouiKa xycycHHTJiapnHH
y3rapTHpraH. AOH-KaxnaMjiap ok epyrjiHK 6HJiaH epHTHIimS, uiy naHTHHur
y3Hfla peHreHT HypH Tatcup yrmpHJiraHfla (JioTOKyMJiaHHUiHHur KaMaiwuiH
ce3HJiraH. By KaMafiuui petm-eH HypHHHHr KaiTHKnnni Ba HHTeHCHBJiHrara
6ofjihk xojiaa Byacyara KejiaAH. AOH-KaAaMJiapAarn
KaraaMHHHr Kapuiminnira peHTreH nypHHHHr  xabCiipH 78-pacMfla
TacBHpjiaHraH. PacMAaii K"pHHaAHKH, AOH-KaxnaM peHreHT HypH
epHTHJiraHfla hhtchchbjihk opxnpHui dhmh
aohmhh GyjiraHAa) AOH-KyMJiaHHiu
Ky3aTHJiaAH. AHOMan

(JtoxoKyHJiaHHiu Ba

HJiaH
(ok epyrjiHK epHTMJiraiiJiHrH
Ba KaTjiaM KapumJinrH KaMaHHiuH
wKopn KyuiaHHiiiJiH forma 5ipnMyTKa3inH
KaTJiaMnapHHMHr peHreHT HyPH TatcHpHAa KapuianHKjiapHHHHr KaMaHHiuH
yjiapAara (})OTOKyHJiaHHuiHiiHr KaMaHnuinra ca6a6é 6ynaAH- MyHKW aHOMan
I0Kopn (J)OTOKyHnaHHUi ioKOpn KapuiHJiiiKjiH KaTjiaMiiapAa xochji SyJiaAH.

YKm=f(B,R).

By 4>opMyjia AOH 3J)4)eKXHH By>KyAra

KCjixHpyB'iH N sneMeHxap
yKapaenjiap MexaHH3HMH

(J)OX0AH4»4)y3HOH xapaicrepAa S~ Jica xaM,
(JioxoBonbTaHK xapaKTepaa Kenca xaM AOH 3<>4>eicr <J>aKaT iokoP h KapuiHJUucnH

KaxuaMjiapaa ByacyAra kcahuihhh KypcaxaAH.

EpHTRtiraHAa anoM”ji iokoPh (Jjoto KyMJiaHHiu 6epaAHraH ionKa hPhm

yTKa3rHH KaraaMiiapAa KyaaTHjiaAHraH xoancanapra Sofjihk acapaeanap y kh
6y Tlamawana xan KHJiHHraH 6yJicana, 6y coxaaa acaBoSuHH KyraeTraH
MyaMMoaap xajiH acyAa Kyn. LUy 6HJiaH Snpra apHM yxKasrHH ionKa
KaxjiaMAapn TapKii6nHn 6HJiHiuaa sjieKrpoHorpacJiHK Ba mhkpockotihk
TeKuiHpHuiJiap SmiaH 6hP KaTOPAa penrenT HypjiapHHHHr AOH-KarjiaMAapra
TabCHpHHH ypraHHuUiHHHr xaM point KarraAHp.

KyncH3 peHreHT Hypjiapn xaM AOH-KaxnaM 6epa6TraH Ky4JiaHHiiiHH,
yHHHr tokhhh, KapuiHAHru Ba 6ouiKa napaMeTpjiapHHH ce3HJiapjiH aapaacaaa
y3rapTHpHS io6opaAH. By ysrapnuiAapHH annKJiaui Ba yJiapHHHr xapaKxepHHH
JpraHHUi AOH- (J)H3HKacHflarH KynrHHa

MyaMMOJiapHHH  TyuiHHrapH
6epHuira epAaM 6epHuiH MyMKHH.



78-pacM. OoTOKyMJiaHHiu Ba KauiaM Kapmnjinrnnnnr
peHtreHT HypH HHTeHCHBJiHrara 6oFJimtiinrH (HKKHTa HaMyHa v'tvi: )

A<t>H-KaTjiaM KapiunJinrmin peHreHT HypjiaHHUiH Tai>cnpH,aa KaMafiHuiH,
A<t>H-KaTJiaMHHHr MHKpopHCTanjmajrap

KaTopn~aH HOopaTjiHra Onjian
60fjihk. By KpHCTarumajiap y3apo

anoxHJia xycycHHTJiw 6yjin6, yjiapHH
«koht3kthoh» KpMcrajumajiapapo KaTjiaMJiap 6orjia6 Typa”H. PeHreHT Hypiiapn
iokoph nacTOTajiH HypjiaHHuuiap KaTopwra khph6, (~10 Tu, 4,110 sB) yHHHr

(OTOHJiapH (hv=hcj'K) iontea KaTJiaiwra khPh6, yHHHr KpiicrajinajiapM

xycycHHTJiapHHH Ba yjiap opacn/ia >KOHJiauiraH opajuikK Kar'iaM (KOHTaKTHOH)
xycycHHTjiaPHH y3raPTMPa, ui. ByHHHr HaTH*acHfla oP3Jihk KaTJiaM KapuiHjinrH,
uiyHT neo aTajiyB'iH 4>0ToaicrHB KaTJiaM KapmmiHrH y3raPa<sH-

PeHreHT HypjiapHHH AOH-KaTJiaMJiapwra TaicHPHHH yPraHHui
MaKcazwaa aHOfIH mhcmh acajiran PeHreHT TPy6Kacn ojiHHaan (>.=154 A").
ByHflak PeHreHT TyPy6KacH ePflaMHfla hhtchcmbjihim O flaH 25 mk A

rana,
3HeprH»cH 25 flan 50 ksB rana oyjiran nypjiannm ojihiu MyMKHH.
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PeHreHT HypjiapHHH KyHCH3JiaHTHpHiu ymyh aniOMHHHHAaH acanraH
ruiacTHHKanap HUinamnflH. AOH 3(})(j)eKT KysamnraH xaMMa apMMyTKa3RM
ionKa KaxjiaMjiapvira (Ge, Si, CdTe, Sb2Sc3, GaP, A1, Bvl, AUIB v iHnaain
spHMATKa3rHH OHpHKMajiapHuan, PbS, PbSe, CdHgTe Ba oouiKajiap) peHreHT
HypjiapHHHHr TaiCHp xapaicrepH OHp-OHpHra yxuiafiAH. X,aMMa xaTJiaMJiapfla R
Ba V JiapHHHr KaMafiHuiH Ky3aTHjiaaH (BaKyyMAa xaM xaaoaarn yjriauuiap.ua
xaM).

yTKa3HJiraH TCKLUHpHiiLiap HaTHJKanapnra acocjiaHHS, Kynon peHreHT
HypjiapHHH wyaa aHHK Kaiiu KHJiyBMH ac6o6jiap jiofiHxacHHH TaBCHH khjihui
MyMKHH. ByHflaii acooCjiap peHreHT HypjiapHHHHr HHTeHCHBjinrHHH Kafiii
khjihui Anana30HH, ac606.ua KyuuaiiMuaanraH AOH-KaTjiaM Typura Ba
TanepjraHHUi  cHcjjaTH omian oofjihk. MacanaH, Ge MarepnanH ynyn
HHTeHCHBJIHKHH yjmatu AHanaiomi Si HHKura cojiMunnpraH,ua xeHrpoK oynauH.

3jieKTpOHJiap OKHMHHHHr TatCHpH

AOH-KaTJiaMJiapra 3JieKTpoHJiap OKHMHHHHr TatcnpHUH ypraHHui y'iyn,
sjieKTpoHJiapHHur sHeprnacH 0 aaH 6ouuia6é 140 KsB raia KHHMaiJiapHM 6epa
ojiaaHraH KypmiMajiapuaH (“OHaanaHnjiaAH. FepMaHHfi Ba KpeMHvmra
6aFHiujiaHraH [52] mujiapua AOH-KamaMJiapra sHeprnacH 10 ksB raia Syjiran
3jieicrpoHjiap okhmhhh TatcHpH ypraHHJIAH. Bynaa sjieicrpoHJiap okhmh
aacTacHHHHr shhjihth 1mkA/cm2 6yuran. By okhm KaTjiaM cnpTHra 45° 6ypliak
ocTHAa TyuiHpiidiraH (KaTuaMHH ojihui SypiarHra moc). 3jieKTpoHjrap
OKHMHHHHr KarnaM xycycMsnuapHra TaicHpnnn ypraHHuiAa xap xhji
reoMeTpHK yjmaMJiH Ba KaiiHHAHrH 0,1+2 mkm rana oyuraH AOH-
KaTJiaMJiapAaH cjjoHaanaHHuuH. TeKiiiHpHiu HarHacajiapHHHHr KypcaTHuiHHa
KpeMHHH KarjiaMJiapHra 3JieKTpoH HypjiaHHiu A0O3acH ~104 mk Kji/cm 6yuran 2
k3B 3HeprnaldiH sjieKrpoH okhm TyuiraHAa aHOMan (])OTOKyliJiaHVfui (AOH)
10+20% ra KaMawran. AOH-KaTJiaMHHHr KapuiHJiHra ce3HJiapjw y 3rapMaraH.
By KaTjiaMuap I0Kopn BaKyyMAa cawiaHca, BaKT ~thiuh OHJiaH
(HOTOKyMjiaHHUiHHHr THKJiaHHuiH Ky3aTHJiraH.

repMaHHH AcDH-KaTjiaMuapHAa IOKopHAara Ta>Kpn6a TaKpopjianran.ua
4>0TOKyiAaHHUiHHHHr HHc6aTaH KynpoK KaMaiiHiuH Ky3aTHjiAH. PepMaHHH
KaTJiaMJiapnaa xaM BaKyyMAa caKjiam HariDKacHAa KyHJiaHHuiHHHr THKriaiiHiiJH
Ky3aTHA3AH. SueicrpoHJiap AacTacH 3HepniacH opramH 6HJiaH ([jotoKyMJiaHHiu
6HJian owpra KapuiHJiIHK xaM KaMasAH. OoTOKyHjiaHHiuiiHHr KaMafiHui

flapajKacw opTaAH. By KaTJiaMJiap.ua BaKyyMAa caKjiaui 6njiaH KyHJiaHHuiHHHr

T5?Aa THKJiaHHuiH Ky3aTHJiMaHAH. K,aruaMjiap xaBOAa VvKOHJiaiJJTHpHJiraHAa

KyMJiaHHUIHH THKJiaHHuiH aXUIHJiaHHS, AaCTJiaGKH KHHMaTHra SKHHJiaUIHUIH
pp 6epraH. 3jieicrpoHjiap TabCHpuaa  (JjOTOKynuaHHUi Ba KaTJiaM
KftpUIHJIHKJiapHHHHr KaMaHHIUHHH K3TJ13M KpHCTajUlHajiapH OpaCHflarH OpaJiHK
okcha KaTjiaMHariapHHHHr eMnpnjiHiun SHjiaH TyuiyHTHpmica, xaBOAa yuapHH
cawiaraHAa <})OTOKyHjia!iMiii Ba KapumjiHKHHur THKJiaHHiiiHHH Kaftra okcha
K3TA3M XOCHJI OYUHLUH 6HJiaH TVIUVH'I HpHiiaUH.
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reHeparop THriHziarH (JioxonpHeMUHKJiapuHHr (O il) KynnHJiHra ynyH
KHHKHHa 3neprM5§jTH sjieicrpoHjiap (E~1007200 3B) okhmh 6njian KaniaMJiap
epvrm,iran;ui | Ba R jiapHHHr KaMaflmiiH Ba yjiapHHHr BaKyyMira THiuiaHHiuH
xapaicrepjiH xycycuaTflHp. Bapna 6h3 TeKiUHpran Ka'uiaMJiapfla 3jieicrpoH
OKHMHHKHr A03acH opTHUIH 6HJiaH V Ba R jiapHHHr /iacTJia6KH xojiamra
HypjiaHHiu ryxTaran;uin cyHrrn KafiTHUiH cycanraH. 3jiCKTpon.iap OHJian
HypjiaHTHpHJiraH CdTe, Sb2Se3 PbS, CdHgTe KaTJiaMliap xaBoaa cawianca V
Ba R jiapHHHr HypjiaHHiurana 6yjiraH KHHMaTjiapuHHHr THKJiaHHiiiH
TMTiamraH jieKHH Tyjia THKJiaHHiiiH 6y KaTjiaMJiap/ia Ky3arHJiMaraH.

MoHJiap okhmh 6njiaH Hyp”~ain npHiu

reHeparop THnHflarn OH jiapHH xap xhji 3JieMenTJiapHHiir (Li+ Na ,
Cs+, Ca+) HOHJiapn owian HypnaHTHpH6, 40T03.'ieKTpnK xycycnaTJiapHHHr
y3rapnuiH ypraHHJiflH. O il JiapHHHr napaMeTpjiapn, xapakKTepHCTHKajiapHHHHr
y3rapHiu laoHarti HOHJiap Typnra Gofjihk oy.imbc.uih, acocaH HypJiaHHiiiHHHr
3HepraacH xaMaa flosacHia 60ofjihk/ihfh anHKjianjiM. Hotidiap TabcnpHfla
4)OTOKyMITaHHiiiHHHr Ba O il KapiuHJinrHHHHr y 3rapHiiiH Ky3aTHJiflH.

MoHJiap 3iieprns(CH 3000 3B flaH khhhk 6yJiran coxanapfla kh3hk xoflHca
KaTJiaMjiapHHHHr KaJiHH coxanapHfla <J)OTOKyHJiaHHUiHHHr KaMafiHiuH, HHc6aTan
ionKa VvKOHJiaprwa () OTOKyHJiaHHUJHHHr ycHiiiH (y3rapHiiiH) Ky3aTHJiflH.
K,apuiHJiHK  xap HKtcana  xojifla KaMaftraH. MoHJiap  sHepraacHHHHTr
OpTTHPHJIHUIH 6njian KapiUHJIHKHHHr KeCKHH KaMaHHIIIH Ky3aTHJiaflH (2-3

MapTa ). By xojifla HypjiaHHiu flo3acH fl<50 mk Kyji/cM2 6yjiraH. HypjianMiu

flo3acHHH Karra (fI>100 mk Kyji/cM2) KHHMaTjiapaaa (J>OTOKyHjiaHHUiHHHr

KaTjiaMHHHr xaMMa woiuiapHfla iiyKOJiHuiH Ky3aTHjiH6, HypjiaHHiu OJWHraHflaH
cyHr, OfIflHft epyrjiHK 6njiaH epHTHJiranfla (J>0TOKy4JiaHHUi Ba R jiapHHHTr
THKJiaHHiiiH Ky3aTHJiMaraH. By xoji KauiaM TapKn6naa CTpyioypaBHH ysrapwui
coflup 6yjiraHjiHrHflaH aanojiaT 6epaflH. AHOMan pe>KHMfla huijiobhh (AOH)

reHepaTOp THriHflarn O n jiapfla (JtoTOKynjiaHHLU KaTJiaM KpHCTamiHTjiapHHHHr
MauiyM

reoMeTpHK Taptho Ohjuih tfcofijiauiHuu TonojiornacH 6HJiaH 6ofjihk.
KaTJiaM

ornp HOHJiap 6njiaH HypjiaHTHpnjiraHfla
opanapnra KHpaflH Ba KaTjiaMjiarn

TonoJiornacHHH y3rapTHpn6 io6opaflH.
(JjotoKyMJiaHHiu xochji 6yjiMafifln.

HOHjiap KpHCTaruiHKJiap
Mai>JiyM Taprn6jiH acoHJiaiuyB

Harnwafla aHOMaji iokoph
JleKHH HopMan (])OTOKyHJiaHHui naRao
OyjiaBepaaH. MoHJiap 6HJiaH HypjiaHTHpnui HaTH*acHfla aHOMan pexcHMfla
huijiobhh reHeparop THnHfla™ On flap (AOH)

oaaHfl, on pewHMiifla
HuiJiafiflH. By xojifla O il

Jiap iokoph Tomiapfla HuiJdiaui xycycnaTHHH ojiaflH.
MauiyMKH, aHOMan pe3KHMfla huuiobhh reHepaTop THnnaarH O n jiap iokoph

KHHKHHa Toicjiap (10‘8A ), Karra (-10 kB) KynnaHHUiJiap 6HJiaH huuiobhh

sjierrpoH 3aroKHpnapfla KyJduiaHHJiafl[H. Arap CHCTeMa hui flaBOMHfla Karra
tokjih pc>KHMAa. KaM KynjiaHHui 6hji3h Huuiaui Tanaé KmiHHca, yHHa Karra
6yjiMaraH HOHjiap okhmh SHJiaH HypjiaHTHpminG yHH HopMan

peacHMfla
huijiobhh reHepaTop ranHflara On

jiapra afijiaHTHpHui MyMKHH. ByHflaii
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KypmiManap onrosjieKTpoH cxeManapiiHHr acocHH
KHJIHWH Uiy6xaCH3flHp.

jjieMCHTH ByjiH6 xh3M&t

TaMMa HypjiaHHUiHHHr A<1>H ra TatcwpH

Oaahh KypHnaflnraH Hypjiap coxacHflarH epyrjiHK GmiaH epHTHnanwraH

reHepaTop TunHaarw Oil Jiapaa AOH 33=JeicT KyaaraiiaAH (MK-HypuaHHUI

coxacnfla xaM 6y 3()<})eKT Ky3THjiajinraH On Jiap 6op). Bynaaii ionKa KaTjiaM

KypwHHUiHflarH on JiapHH oaahh Ba raMMa Hypnap 6HJiaH 6hp BaKTAa

epHTMJIHO, oaahh Hypjiap HHTeHCHBJinrn y3rapmucH3 kojiahphjiho, raMMa Hyp

HHTeHCHBJiHrH y3rapTHpHJica, oaahh epyrjiHKKa 60ofjihk aHOMan iokoPh

$ 0TOKy4JiaHHUiIHHHI raMMa Hypjiap HHTCHCHBJiHrHra uponopgHOHan paBHWAa
y3rapmjin KysaTHjiraH. By xojjHca AOH Ky3a™najinraH xaMMa OH nap yiyH
xapaicrepjiH 6yjiH6, yMyMHH KOnyHHSTra sra. AOH KysaTHJiajiHiaH xap 6np
ionKa KaTjiaM MoaaacHra 6ofjthk paBHiufla 4)OTOKyMJiaHMUJHHHr y3rapmu
KynaMH Ba nponopuHOHajuiHKHHHr Ky3am™ui coxacn KenrjiMni Typjinwa
6yjiaflH. Bh3 ypram aH xaMMa reHepaTop THiiH,aarn aHOMan pe*HMfla hiujiobhh
On JdiapHHHr KynHHJiHraaa (CdTe, Sb2Se3 Ge, Si, PbS, CdHgTe) raMMa
HypjiaHHiu HHTCHCHBJTHrHHHHr OpTHUIH OHJiaH aHOMail (JjOTOKyMJiaHHIUUHHr
nponopuHOHan KaMaflnuiH Ky3aTHjiaflH. Ta*pH6anap xaBOfla, xoua
TeMnepaiypacH.ua o0jih6 oopHJiran. Yjmaui uiapoHTHna 6y KyJiafiJiMK, AOH -
xaTjraMJiap acocnfla sipaTHJiaanraH raMMa HypjiapHHH Kafta KHJiyBMH
KypHJiManap jioimxacHHH coAAaJiaiurapaAH. ByHflafl KypnjiMajiapAa Kyeui
paflHauHHCH luapoHTHfla aBTOHOM 3Heprna Manoacnra, Maxcyc BaKyyM
coByirHH ac6o6jiapHH Kyjinamra sxmgac flyK.

KypHJiMa JiofiHxacHHH MyKaMManJdiaiuTHpHui Ba reHepaTop THnHaarn

O n jiapHH ojihui TexHOJioruacH pHBO)KjiaHTHpHUI fiyJiH OHJiaH raMMa HypjiapnH
K3ha KHJyBMH 6yHAafi

HMKOHHHTH TyFHJiaflH.

ByHflaR raMMa Hypjiap aaTHHKjiapHaa aHOMan pexcHMzia hiujiobhh
reHepaTop ranHAara On

KypHJiManapHHHr yjmaiu nerapacHHH KenraflTHprnu

Ba HOHJiap okhmh TatCHpnaa nopMan pe“HMra
yTyBHH On JiapHH 6nprajiHKAa HuidiaTH6, KypmiMaHHHr
hmkohhst AaparacHHH KyrapHui MyMKHH.

lily ftyji

4)y HKUHOHajl

6HJiaH hhfh THnaarn 4>0T03JieicrpOH yjiHOB ac6o06jiapHHHHTr
Maxcyc chh4>hhh apaTHUi ynyH KyJiau hmkohhht TyrHJiaan.

TeHepaTop THnH/iarw caahh <J>ll (ITO O I1) jiapra
HOHjiauiTiipyBHH HypjiaHHiuJiapHHHr TatcnpH

TeHepaTop THniiAarn on
pejkHMAa huuiobhh On Jiap
pe>KHMAa hiujiobhh

JiapHH luaprriH paBHuma oaahh Ba aHOMan
rpynnajiapwra aacparaiH MyMKHH. AHOMan
ITOON Jiapra acocaH AOH-KaTJiaMJiap KHpaan. Bhs
IOKopHAa acocaH AOH-KaTjiaMjiap xaKHAa (Jmicp iophtahk. 3hah reHeparop
THHHAarH oaahh OH jiapra KHCKana TyxTanaMH3 Ba yjiapra HOHJiaixmipyBMii



HypjiaHHuuiapHHHr TatcupH HaTHwacnaa <Jio'iojjickipnK xycycHrmapuHHur
KaHAaH Y3rapHiiiH xawaa MawiyMOT 6epaMH3. rTOOri Jiapra xaMMa Ky~ ui
3jieMeHTJiaPH mhcoji 6yjiaflH. Viiapaa epyrjiHK TabCHpnaa xochji 6yjiaflHraH
KyMJiaHHiu xap 6np xpnMyTKa3rHM MoaaacHiiHHr TawiKjianraH 30HacH
KCHinHrHflan Karra 6 ~a ojiMaiiAH. Eyiwaii OH JiapHHHr «<hhkh» Kapm ™
khhhk 6yjiraHjinrn caSaojm KHCKa ryTauiyB tokh Karra 65>JiaflH. TTAOU
aapaa 3ca 6y tok «hhkh» KapuiHJIHK Karra 67JiraHJinrn ynyH wyaa khhhk
SyjiHO (=10 *° A),
y;iapHHiir KyuiaHHtxiHi HHa axaMHSuiH 65>jih6, tok KHfiMaTHra 3bTii5op MyK
6yjiraH aneKTpoH cxeManapaa KyjiJiaiiM.imiiHHu IOKopnaa KypAHK. IrO O |
3ca epyrjiHK 3neprmicHHH sjiccrp sneprHHCHra afijiaii

MaH6acn cH(j>aTHAa HimiaTHJiaaH. Bh3 jia6opaTopnH/ia KpeMHHH acocnua Ba

nNoAHKpHCTajiJi CdTe [54] acocHAa ionKa KaiJiaMJiH reTepo yTHuiAn Kyeui
3jieMeHTJiapM (HOOH) aca6,

aap

yaapra xap xhji HOHJiauiTHpyBHH
HypAaHHUiAapHHHr iai,cnpHHH ypraHAHK. XaMaa 6y TTOON Jiapra BaKyyM

uiapoHTHAa, xaBOAa KH3fl[HpwiiHHHr Ta-bcnpHHH tckiuhpahk. By TeKiiiHpHiu
HaTHJKJiapHHHHr KMCKana Ta(J)CHJIOTHHH kcjirnpaMM3 [55].

X,aBOfla Ba BaKyyM.na KH3HTHiuiiHHTr
TTO O Il JiapHHHr xycycHHTJiapuiaratcnpn

FTOON AapHHHr KynrHHa (j)OT03JleKTMpHK xycycHjrmapH vyjiapiiHHi

ra3Aap MyxHTHAa Ba BaKyyMAa khmhphiu oHJiaH kcckhh
V3rapn6, napaMCTpjiapn axmanaHHUiH, TypryH khhmamapra spmuHO kojihiuh

MyMKHH. ByHAa acocHH Ba3H(j)aHH nojiHKpHcraiui KaraaMJiapnH rauiKHJi khjiraH
KpHCTajiAHanap aaHKHpnaa™

xaBOAa, Xap xhji

opajiHK coxajiap (KOHTaKTHOQIii) ra khbahphui
>KapaeHHAa khPh6 KOJiaAHraH aKTHB er apaiiauiMa aTOMJiapHHHHr

KOHUeHTpaUHHCH yHHaBAH.

KaTJiaMjiapnH xaBoaa kh3ahphui viyjin 6HJiaH aTMOccjiepaaarn KHCJiopoa
aTOMJiapHHHHr I TOON JigpraTai,cnPHHH 6 hjih6 ojihui MyMKHH.

Bh3 TeKiunpraH (CdTe, Sb2Se3, Ge, PbS,
xaMMa THiwarH 1TOON Jiapun
(epHTHAMaraH xonaTAa

PbSe, Si, CdHgTe Ba x.k)
xaBOAa KH3Anpnjiranaa vyjiapHHHr RT
KapwHJinrn) KapuiHJiHrH opthuih KysaTHJiraH.
K.H3AHPHUI HaTHJKaCHAa (100°C Aa KH3AHpHJiran) <])OTOKyHAaHHIIJHMHr KCCKHH
KaMaflHiiiH KysaTHAaflH. TTOOnN JiapHH TesKopAHrnra XxaM kh3ahPhiu TaicHp
KHABAH. KH3AHPHUIHHHI-

aacTJiaoKH AaKHKajiapHaa NoOoON JiapHHHTr
TC3KopAHrH opraflH, AeKHii kchhhth AaKHKaJiapAa KaMaaAH. nacrpoK (<100°C)
TeMneparypajiapAa khsahphui KwopHaa
ceKHHJiauiTHpaAH.

PbS, PbSe acocHAa apaTHJiraH FTOON aapHH BaKyyM uiapoHTHAa
120°C TeMnepaTypaaa MatJiyM MyaaaT caKJia6, xaBora HHKapHJInG Ta6nHH
mapoHTAa Ma-wiyM BaKT AaBOMHAa yuina6

6aeH KHjiHHran *apaeHHH

rypHJica, «T HHHr KHHM3TH
aacTjiaOKH KHHMaTHAaH 4-5 MapTa oprraHAHmM KysarajiaaH. JleKHH KynJiaHHiii

y3HHHiir aacTAa6KH KHfiMaTHHHHr 15-20% ranarHHa THKAaHaan. |OKopn



TeMnepaTypanapAa (>120°C) kh3ahphui HanmcacHAa KaraavuiapAa TapKH6HH
Ba KpHCxanAHTAapHHHr xcoHjiaiuyBHAarH TonanorHK ysrapmunap coahp
6ynraHJiHra caoaSAH KynjiaHHUIHMHr T~Jia THKJiaHHuiH KysaTHAMaftAM.
TeKuiHpmuAa BaKyyMAa oyrjiaTHiu iiyJiH 6itnaH Ba xhmhhbhh fiyA 6nJiaH xap
Xwi TCXHojrorHK ycjiyGjiapHH Ky-i-nao ojimiraH KamaMAapAaH (})OHAajiaHH6
acajiraii ITOORN jiapAan 4>0HAajiaHHJiaAH. KoHTaicr Moaaacw CH(J)aTHAa Jn, Ag,
Au 3JieMeHTJiapHAaH Ba 6ai.3H xxojuiapAa «aKB3AaK» AaH (JtoftflanaHHAfIH.
Yahob xypHAMacH CH<|>alHAa caHoaT nuiAa6é HHKapraH K.54.410 (N9322)
emriHfla KypnAMa OH.ian SHprajiHKAa KFI-1 (X°386) KaTOA KafhaprHHflaH
(J)OMAagjiaHHAAN. XaMMa HaMyHanap yiyH yMyMHH xapaicrepAa SyjiraH yarapHtu
KOnynHJiTJdiapH /KaABajuiapAai H HaTHacanap opKann KeATHpHAraH (acauBan 1,2).

Ea.naim tof inapoHTHAa yE-HypjiaHHUiIHHHHTr O il jiap
xapaKTepHCTHKa.iapHra Tai>cnpHiiH ypraHHui

YB-HypAaHHiu TatcwpHHH TeKinHpHUi ynyH 70 Ta HaMyHa awpaTHO
ojihhah. YjiapAaH (xap 6np napTHHAaH HKKHTaAaH) Ma-bAyM khcmh
coAHuUiTHpHiu \'iyn caioiaHAH. Ko.iran khcmh hkkh oh xaBOAa caiyiaHraHAaH
cyHr 6anaHA to f uiapoHTHAa 6 oh tckihhphaah. Rt KapuiHAHrn Uc- KynAaHHinH
Ba KyHAaHHuiAap HypAaHTHpHAryHrana Ba Mai>AyM BaKT
HypnaHTHpHAraHAaH cynr yAnaS ojihhah. HypuaHTHpmu vKapaeHJiapH xap xha
TeMneparypanH uiaponTAapAa oah6 6ophaah. riacT TeMneparypajiH mapoHTAa
HypAaHTHpHAraH HaMyHanap, IOKopH TeMnepaTypanH (15°C AaH iokoph)

uiapoHTAa YB-Hyp 6ha3h HypjiaHTHpHAN6 yAnaHraHfla RT KapuiHAHrHHHHr

ce3HAapAH KaMafiraHAHrH Ky3aTHAAH. ByHra ca6a6, HHc6araH KiKopn

TeMnepaTypanH uiapoHTAa caKiianraHAa On AapuHHr TaénnM sckhphui
wapaeHAapH Te3AauiaAH. MyHKH, [OKopn TeMnepaiypanapAa apanauiMa
aTOMAapHHHHr AH4*4>3HOH wapaeanapn TesnaiuaAH. KaTAaM KpHCTanAHTJiapn
nerapa aTMOC(j)epa khcaopoah aTOMAapHHHHr hkkh TOMOHAaMa okhmh By*yAra
kcah6 (KaTAaM cnpTHAaH HHKapnra Ba KpwcTajuiHTAap

nerapacHAarH
KOHT3KTHOH opKaiiH iiyHanran oKHMAap), KaTAaM

napaMerpAapHHHHi
y 3rapHiiiH acocaH 6y AH<|)4>y3HOH oKHMAapHHHr HHcSanira 6ofahk oyAaflH.

YB-HypAaHHiu aTMOC(j>epa khcaopoah aTOMAapHHHHr KaTAaMHHHr chpt

TOMOHHA3H 6yAaAHraH AH{<j)y3HOH OKHMHHH OpTTHpw6, YHHHr

POAHHH
6hphhmh khahS

Ky»AH. ByHHHr HatH>KacHAa KpHcranAHTAapHHHr nerapa
coxanapHAa cnpT xoAaTAapHHHHr KOHuempauH»CH opTaAH.

YnHaui HaTHwajiapH waARaji Ba rpacjwKAapAa KeATHpHAraH. PbS
KaTAaMAapH ynyH aTMoc”epaAarn khcaopoa aTOMAapHHHHr TatcnpH

xapaicrepAHAHp. Khcjiopoa aTOMAapHHHHr KaTAaM TapKH6HAarH

KOHueHTpauHHCHHHHr  opthuih HHHr acocHH napaMerpAapHHHHr

y3rapHUiHra ca6a6 oyjiaAH. lily ca6a6AH KaTAaMAarH khcaopoa xapaicrepAHrH
KOHiieHTp3UH»CHHH Ha3opaT khjihui ON hiu pc>KHMH ynyH MyxHM axaMHATra
3ra.
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Banana tof uiapoHTHAa Kyeui HypH OHJiaH 40 coaT PbS KaTJiaMnapiiHH
HypjiaHTHpniu naTHMOCHfla KapuiHJiHK Ba KyHjiaHHiiiHHHr opTwun Ky33thjith.

Bnp Hena cyTKa xoHa TeMneparypacHaa yuidiao TypnaraHaa,
HypjiaHHiiixian xochji 6yjiraH ae(j)(t)eKTjiapiinHr TypryH - y3rapHiucH3 kojihuih
Mai>JiyM oyjiflH. HypjiaHTHpHiurana KaTjiaMJiap Kiicaopoara eTapjiH TyftHHiaH
oyjica, napaMerpjiapaarH HypjiaHHUi TaicHpnaarH y3rapHiujiap xHeoSra
ojiMacjiHK aapaxacHaa 03 6yaaan.

TeHepaTop iHiinjiarn ojwhh O il jiaprni 3JieKTpoHJiap,
npoTOHjiap okhmh Cmjuih HypjiaHrapHjiraiiaa GyjiaanraH
y3rapHiujiap

K,aTjiaMjiapHH HypjiaHTHpHin ynyH 4,410le; 4,4 1017, 4,4 1018 3jicm?2
AO3aaarn 3HeprnacH 135 toB saeicrpOH okhmh TanjianaaH. llpoTOHJiap acmcii
10", 1012 1013 pcm"2 3HepraacH 18 msB SyjiraH OKHMJiap ojihhah. EyHflafl
3jieicrpoHjiap, npoTOHJiap okhmh Tai>CHpHaa KaxaaMJiapaa xochji oyjiaanran
fle(j)()eKTJdiap TypryH xapaKTcpaa 6yjiH6, xoHa Te.viriepaTypacHaa 6hp Hena
cyTKa caKJiaHraH/ia xaM HyKOJiMaitflH. HHTerpaji OKHMJiap moc paBHiuaa
3jieKTpoHjiap Ba npoioiiriap ynyH 51016 3Jicm™ Ba 1013 pcM 2 6yjiraH KaaMHH
cejieH, KaflMHH Tejuiyp OH aapnfla HaMyHaHHHr (p) KapuimiHrw hhc6hh
ysrapHiiiHfla HypjiaHHiu AO0O3acHHHHr oprauiH 6njiaH TyHHHHIiiiH Ky3aTnnaAH.
ByHaan cyHrrH okhm A03acHHHHr opraiHH 6HJiaH KapuiHJiHK opthuih TyxTa6,
mohotoh KaMaHHUIH Ky3aTHJiaflH.

OKHMJiapHHHr Karra ao3aaapnaa HaMyHanapHfla (KaTJiaM, KpHCTajui
KypHHHUiaa) xap xhji xapaKTepaara ae4>4>eKTJlaP Wchji 6yjiH6, 6yHH tok
TauiyBHHJiapHHHr Baicr flIOHMHftcHHHHr KaMafiHiiiHflaH 6hjih6 ojihui MyMKHH.
Khhhk SHepnuuiH sjieKiponjiap 6iuiaH CdSe, CdTe, SbZXe3 jiap
HypjiaHTHpnjica, yHfla 6orjiaHraH Ba eTapjiH MHKaopaa Kyn awpajiran
OpeHKejib HeycjiTdiapH xochji Syjiap 3KaH. By a<y<j)TJiap 3ca HaMynaaarH
apanauiManap aTOMJiapn SnjiaH y3apo TabCHpjiauiH6 «6yui 3Kofi...aTOMH»
uiaicnHflarH owpuKMa HyKCOHjiap xochji KHJiaaH. SjieicrpoHjiap Ba upoToiuiap
SHjiaH HypjianTMpnjiran TTOOnN jiapfla 6yjiaflHraH paflnauHOH ae”cjieKTjiap,
HaMVHanapfla flerpaanaitHOH /KapaenjiapnH Te3JiauiTHpaflH.

fl.e(j)(§)eKT xochji 6yjiHiu mexaHM3Mhh h ypraHHiu MaKcaanfla
TeMnepaTypaBHH 6omaHHiiiHHHr acocnR  6ocKHHJiapH ynyH y3rapMac
TeMnepaTypaaa kh3ahph6 Kypmian, HarajKaaa flecjicjjem xochji 6yjinuin
HypjiaHHiu A0O3acnra mk3hkjih 6ofjiaHHiufla 3KaHJiHrn aHHKjiaHaflH. Kh3ahphih
aKTHBJiauiraH SHeprwa CdSe ynyH (0,3-0,04) 3B (0,6-0,04) sB hh TauiKHji
KHJIH6, HeHTpan «6yiu hcoh» HHHr «MHrpaiiH8CH» Ba «6yui jkoh» 6nnaH
apanauiMaHHHr 6HpHKMacnaaH TauiKun TonraH «MapKa3» HHHr aKTHBJiauiHui
3HeprnHCHra moc Kejiaan.

BouiKa iiaMyHaaap ynyH TeKuinpHiu Harawanapn waaBan Ba
rpatjjHKjiapaa yi aKCHHH TonraH. Macanan, 79-pacMaa npoTOnaap okhmh
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QHjiaH HvpuaHTHpHJiraH Ka. ™, KjroiawiapiraHr  ~OTOKVHAaHMUJH Ba

KapmHjmrHHMHr BaKxyTHiBH 6«uian ysrapmii KOHyHH*™ H”oAaJianraH.

79-pacM. ilpcTOHTiap 6nj,aH HypjiaHTiipHITraH kwhh KaraaMJiapHnnr (FTcWI)
(J)OTOKyMJiaHHiun Ba KapunuiHrHHHiir y3i apmiiH.

255 26 27 29
188 181 12,8
53,9 69,1 32,5
45 a7 51 56
68 7.2 7.4 7.4
106 96 48 34
47 47 46 46
63 7.6 8 7.8
55 55 53 47
22 23 24,2 25,6
26,9 265 24 22

140 143 132 106

55 56 57,5 58
36 31 28 23
91 70 73 63
23,8 248 T 28 27
18 20 21 17

g1t "9 [ 63 1o
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reHeparop THnnaar H <M1 Jiapra aakyyMfla

i 60 120 180
HaMyHa MHHyrjiap 10 20 30
Xa  |lapaMeTpjiap !
T=50°C N
24
KOm 14,5 18 22 24 24 2
17 14 14,1 13 15 14 ,
mkB ,
96 79 75 9 98 89
MKC
275 67 77 87 102 130 142
kOm y
mkB 95 w08 110 112 110 93 78
86,6 99 87 15 1
MKC X
KO 58 60 62 63 66 74 80
5 18 15 14
mkB 30 40 17 1180 s “
MKC 109 89,4 100 96 ,
T=100°C
KO m 128 18 21 225 20 27 597
1,6 74 8,2 7 6 35 .
e ) ’ 242 245
MKC 126 159 124 138 157
31 56 95 17 25 28 32
kOm )
26 23 2,5 2,7 3 238
e ’ \ 105 133
MKC 115 109 99  _96_ 101
24 25
KOm 18 20 21 22 23 24
mkB 23 1 5.4 31 2,3 : 17
MKC 116 107 109 134 145 147

K)Kopicarn jKaABEUuiapflarH (1-wanBaji,

2-waflBan) KejmipraH
Haxm ap PbS MarepnaanaaH acaiiran | W |

ynyw esHaraH. noaHKpHcrana
KaTJiaMJiap TapKH6naarn KHCaopoa mhifophhh yHHa Karra 6yjiMaraH (-50-70 )

reMneparypaaa BaicyyMaa Kn3anpn6 KaMaHrapHiij mymkhh.

FeHeparop wmaarH «>0TonHeMHHK (IT® n) aapHHHr
(PbS PbSe, GdTe Ba 6ouiKaliap)

MHicaopHHH y3raprnpH6 yjiapHHHr

KynnnaHrHaa
ionKa KaTliaM xapKHOnaarH KHcaopoa

napaMerpjiapHHH ysrap'rapmii mymkhh

3KaH* yj,bTpa6HHa4)uia nypJiapHHHr n o n

Jiapra ra”“cnpn HamatacHflft. Baw
ythuih 6miaH yHHHr

KynjiaHHixiH Ba jcapumaHrHHH y3rapHiuH Kymwa™
pacMaara rpa”“Kaapaa H”oaananraH. Yanauiaap ae«rH3 carwaaH 1750 m
SanaHaaHKaa ojiho SopHaraH.
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80-pacM. yji‘iam MyaaaTJiapura Kapa6 Kyw.iaumn Ba KapuiHjiHKHHHr ycD-Hypjiammi
Tabciipn;ia yjrapmuii. y3rapwujiap ryprra TTOn yiyn 6epn;iZin. YiiapjaH 6énrracn (2)
cojiHiuTHpnui ynyH caKjiaHran IT<M | hhhi xoHa TeMirepaTypacHjia y.ilianraH

KUHM&.iapH.wp-

coatnJi.cn>

81-pacM. 3neKTpouldiap SwiaH nypjiaHTHpiinran | TO n JiapHHHr
~JOTOKyHnaHHiiiH Ba KapmiuiiirHHHHr y~rapHinn
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82-pacM. ripoTOH 6wiaH HypnaHTHpHJiraH 1TcDI | JiapHHHr
()OTOKyHjiaHHUJH Ba KapuiHJiHHI HHH y3rapTiipniii.
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3waABaji

3jieKTpOHjiap Shjish Hyp.iaHTHpmaH naMynajiap ynyH traTHKajiap

Hypji. okhmh 4,4-1016 4,4-10i7 4.4-1018 HaiopaxnarH HaMyHa (HypjiaHTHpmiMaraH)
YiIHBMTSH nap™. 11861V llapnui 1186!-VI napnui 11861-VHI flap™ 11861-2
MKT R, u, Uq(mkB) Ri un UdmkB) Rt  UmmkB)  1MIB) Rt un UdmkB)
(uOu) (mkB) 12007410 (mOm) m (mkB) 1200/400  (mOm)  1200/400 12017401 (mOm) (mkB) 1200/400
1200/41*1 ; 12(10/400 12007401

6.04 0,250 jjiiP 1010/1370 0,350 . 3,8/6,0 840/1080 0,220 3,8/59 1130/1490 0,340 7,2/8,2 1100/1160
9.07 0,158 3,2/49  650/940 0,210 -2,874.3 550/800 0,135 2,9/4,2 580/865 0,270 3,7/6,6 630/850
11.08 0,300 2,9/4,2 620/880 0,360 ; 2,3/3,5 485/675 0,275 2,6/3,9 510/735 0,181 2,8/4,4 390/580
23.08 0,340 2,7/40 639/835 0,410 ;2,2/3,3 485/665 0,340 2,6/3,9 590/800 0,240 2,3/3,8 330/485
23.09 0,305 3,0/4,5 720/985 0,450 12,2/3,4 630/785 0,320 2,8/40 600/845 0,275 2,3/3,9 385/520
10.10 0,3/40 3,2/4,3 940/1300 0,440 I 615/869 0,360 2,8/3,9 850/1190 0,300 24/4,0 465/640
0,340 27742 605/815

4'XajiBaji
3jieKTpOH OKHMHHHr 3HepmHCH 13S KiB
yimanraH Hypji. okhm 4,4*101 HvpJi. okhm 4,4-1077 Hypfl. okhm 4,410I* Ha3opaxaarM HaiviyHa 1
Baicr
111 0,275 j 2,9/4,0 1650/885 i i 0,31 |26/36 |620/840 0,260 | 2,7/4,9 |370/580 |

X~MMa HaMyHanap y~yn okhm 3Heprn»CH 135 K3B ojiHHraH. Yjinaujjiap errH oh abbom 3th6, uiy Myaaat aaBOMHjia ctth
MapTa yjmaHH6 HypjiaHMiiiHHHr Baicr yTHuiM 6HjiaH y3 TaBCHpHHH caKJiauiM KyaaTHjiraH. 5y HaTvoKaJiap Ha3opaT”~arn HaMyHajwH
OAHHraH HatHacajiap 6miaH cojiHiiiTHpHjiraH.
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IOnKa napaaw (JxrropHeMHHKjiapra AOHp 6ai»3H MawiyMOTJiap

SjMHHMFapiiyoy SV Taiduiai  MiHp  HypjieH 3gnt
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o HAGH v
GBI ‘am
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CdS-n'-Cds:Jn
p+CuJnSe2Cu-p-CuJnSez-n-
CdS-n+Cds:Jn

Cu-p-Cud
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A>oTonpHEMHHKJiap ficaiiua HiluiaTHjiaflHraH 6ai3H apHM yncasnm™ap xakMlia MauiyMOTliap
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3

2500-3000

1100

cy6jiHMauHH

1800
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1975
>420

1850

1920
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7 8
Ta, W
Ta, W, HHTb
Ta, W, Mo
- T,>220°C
Tb*750°C
Ta, Mo, C
Mo, W, HHCKpeT
QyrjiaTunaflH
Mo, W ByrjiaTrHM;
HxKHTacH ynyn:
T,=225"C
Tb=H 50°C
(CuJnsSe2)
~200...450°C
ro,5 hm/c
HKKHT3 KSMepaJlH
6niTa SyFJiaiTHM:
T,=200...250°C
T1,=900...1050°C
r=1...2 mkm/mhh

rpa(J)HT, KBapu



O oto3JicktPhk renepaTopjiap onxosjieKrpoH cxewajiapwa

dtoTOtipneMHHKjiap cHijmTHfla XaM 3JieKxp MaH6acH 6yjm6, Kygm 6axapeMapn
cH*aTHAa xaM Ep mapoHTHaa Ba axMoccjiepaflan TaiUKapHaa miiuaTHJiaflHran
xap xhji KypHJiMa Ba kocmhk KCManap/ia KynJiamuiajiH. Ep axMOc”epacn acyaa
Kvn MHKjiopaarH kocmhk kcjiho MHKHiuHra 3ra eyjiran sappanajiapHH k>th6
KOJiaflH ULly caba6jin Ep mapoHTHfla nui.iaxHJiajiHraH

Ao xo 3JieKxpHK
renepaTOpnap (0 3 0, kocmhk <J>aio

mapoHTHfla HiujiagrraH 0 3 r Jiapra
HHc6aTaH pa/inauMOH TaicnpH KaMpoK yHpaiUw. Op6HTan cxaHUMMap.xa,
HYJiAOUiJdiapaa HiuJiaexraH 0 3 r

jiapHH kocmhk HypjiapHH xatcnpHnaH xhmoh
KHJ.HU1 MaKcamua,

paflnauMOH xa-bcupra HHflaMJiH
TaHJiaHaflH. Uiy 6HJiaH 6npra
KonJiaHaflH

apHMyxK~ArHHJiap
pajwauHOH xhmoh ko6hfh 6RnaH 03 T Jiap
KveuijiaH KCJiaexraH kocmhk HypjiapuHHTr

Kapmmo 97/0 hh
npoTOHJiap xaiuKMJi m HflpoJiapHflaH nSopax.

KOJiraH 3% rejiHH
3apsfldiaHran sappanajiap 0 3 r hhhf HpHMyxKasran KPHCrajui nan>Kapaciuarn

axoMJiap SHJian TyKHatiiH6, yun HOHJiaurrapaflH. HoHJiauixupyBHH sappananap
okhmhhhhp xaiZXwpvuxa 031' jiapaa pajwauHOH aec”eKXJiap xochji 6y.mo,
~apaeHJiapim xesuaiinnpHiu My MKHH. ByHHHr xHco6Hra 03 r
JiapHHHr choHAajiaHHiu MyjwaxH kcckhh KHCKapaiiH. UJy KaSH paanauHOH
TObCHpnapaaH xhmo* Khjihui yiyn 03r
TaflepjianraH Maxepnaji, P-n
TaHjiaHaflH. Xhmos KO6WH

aerpaaauHOH

jiap Maxcyc xhmoh Ko6h™ 03T
eKH /,-w-yrmjuiapHHHr xapaicrepHra
cmfcaxH/ia 3noKCHfl CMOJiacn,
canAnpjiap KYJmaHHJwnrH. Hkkhhhh xoMonaaii Kajiwn xhmo*

Kapa6
KBapu, mHiua

KObHKjiapH 0 3
jiapHHiir yJinaMJiapn Ba ofhpjihihhh optthPh6 io6opaflH. Haxnttaaa KyuiHM-ia

HepotJ) KynaaflM. By coxaaa xaM TaflIKHKOXxjiapiiH KyHaHXHpHUj KepaK.
A<I>H 4)0TOnpHeMHHK KyMJiaHHiu MaHSaca cH”aTH/ia

TeHepaTOp Tnnnjiarn ~oTOiipneMHHKjiapHHHr acyaa Kyn TypjiapH Sop.
yjiapaaH AOH cJiOTonpneMHHKjiap
reHepaTop mnHiiarH
KHJiaflwraH KynjianHUi

aHOMan peacHM.na HiulJdiaftfl[H. Ojwhh
()OTONpHeMHHKJiapra epyrjiHK xymca,
AOH-"oxonpneMHMK xaiiepJiaHraH
MexajiJiapHHHHr Man 3XHJiraH soHacn

yjiap xochji
apHMyTKasran
KeHrJWH 6HJiaH Herapajianrau

\v=— « A/-j 6yjia,xn. AOH-<})OXOnpHEMHHKJiap epyrjiHK xyinca, yjiap xochji

KHJiraH (JjoTOKyHJiaHHiu rcyaa Kaxra (~ «l0OJB/«0 apmfmam ionKa
napaacHHHHr 1cm yjyuJWHfla 6hP nena k» khjiobojii>x KynjiaHHUi xochji
KHJ1IHUJHHH OHJiaMH3.

tw ™

By 10KOPH KyHJiaHHiiiHHH MaH6a CH”axHfla HuuiarHui MyMKHH. JleKHH
AOH-napaajiapHHHr hhkh KapuiHJiHrH *yfla Karra (»1 0 ), rnyHHHr ynyn
yjiapHHHr KapaiHjmrH Karra 6yjiraH DjieKxp saHttHpwia HUJJiaxHJia/iH. ByHaan

3aH)KHpjiapHHHr hiuhh xoioiapH XHCo6ra oJiMacnHK aapaacaaa 03 6yjin6

(j ~10*°-10'WA) KypHJiMaHH huihhh TaiMHHJiauiaa tok xen KaHjjan poji

yHHaMaftfilH. ByHflafl KypnjiMajiapHHHr sjieicrpHK saH~HpjiapHHH tokchs

CHCTeMajiap ae6 topnTiuiajiH. «<Tok ci« cHCTeMajiap» M KypHJiMa hui pokhmhhh
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(JiaxaT KyHjiaHHiiiHHHr KHMMaTnrHna 6ejirHJiaHfIH. fleMaK, AOH-
<J)0TOnpHeMHHKJiap cajiT pe>KHM"a HiujiaSflH. CanT pewHMra MOCJiauii'aH
KypnjiMajiapHHHr  sjieicrp cxeMacHHHHr  K)Kopn  KynjiaHHimiH  MaH6acH
CH(J)aTHfla AOH-(})0TOnpngMHHKJiapHH HIUJiaTHUI MyMKHH. PaAMO3JICICipOHHKa,
MHKpoajieicrpoHHKaHHHr KynrHHa coxanapHaa SyHaafl KaTra KVH/iaHHiu
MaH6acHra 3xine* Karra. A<t>H-cj)0TOnpne,MHHK fipHTHJiranaa anoMaji iokoph
KynjiaHHui xochji KHjiafl[HraH,  40T03JieKTPHK reHepaTop  6yjiH6, y
apHMyTKa3rHMJiapHHHr yTa tonra nap/ianapHaan acajia®H (~1mkm). LUyHHiir
ynyH yH”aH TafiepjiaHa.zuiran ioKopn bojh>tjih MaH6anap xaM yTa HxnaM
6yjia/iH.

PaflHO3JieicrpOHHKaHHHTr KynrHHa coxanaprIa sjieicrpoMarHHT
HypjiaHHiu HHHr nacTOTacMHH Ba BaKTHh aohmhh yuuia6 rypHiu
(6apKapopjiHrHHH TabMHHJiaiu) MaKcaanaa aMMHaienn MOJieKyjiap
reHepaTopjiapaaH (])OHflajiaHHJia,,iH. MojieKynap reHeparopHHHr 3JieKTp
TabMHHOT Man6acHHHHr <j>a30Bnfi yjinaMJiapH Ba ofhpjihth eTapjiH Karra.
Man6a CH<j)aTH/ia aHOMan iokoph KyMJiaHHiu 6epa”maH A<t>H-
$0I'quHeMHHKjiapaaH acajiran KyMJiaHHiu 6aTepeajiapHflaH (JiOHjiaJiaHHiu
MyMKHH. MojieKyjiap reHepaTopHHHr huihhh Tai>MHHJTaui ynyH 6np Hena
KHjioBOJibTJiH b3kt SyftHHa 6apKapop Typafl[HraH (cTa6Hji) KyuiaHHUi MaH6acH
KepaK. MojieKynap reHepaTopjiapra KyMjiaHHUi MaHoan cntj)aTHfla A<t>H-
6aTapeajiapaaH  (JjoH"anaHHjica, sjieicrp TatMHHOTH ojiokhhhhi xcaMH
OFHpjlHrHHH 10-100 MapOTa6a KaMattTHpHIU MyMKHH.

51pHMyTKa3rHHjiapHHHr aHOMan iokoph (J)otoKyMJiaHHiu 6epa ojiaamaH
ionKa napaanapHflaH acanraH AOH-6aTapeajiap KyMJiaHHiu ManSacH cHcImTOaa
MocKBaaarn OKE M 3H HHHr Maxcyc jia6oparopHacH.ua CHHOBflaH yTKa3MJi.au.
Xo3Mprn KVHua aMMHaioiH MOJieKyjiap KBaHT reHepaTopjiapnaa KyMJiaHHiu
MaH6acH cH(j)aTHfla KyJuiaHmiMOKaa.

3jieicrpOH TexHHKa Hiu.iao HHKapHui caHoaraaa, aneicrpoH ac6o6jiap Ba
KypHlJiManap ynyH xap xhji .aerajuiap Ba Maxcyjioraap Huuia6 HHKapHJiaflH.
TexHOJiorHK *apaeHHHHr aBTOMaTjiauirapHJiraH jiHHHaJdiapHfla (cHcreMajiapH)
Htujia6 HHKapnui acapaSHHHHHr 6ai>3H STanjiapHHH Macoc{)a,naH Typw6 4>aKaT
epyrjiHK 6HJiaH 6ouiKapHmra Tyrpn KejiaAH. MyHKH, MarHHT, ajieKTp
6ouiKapyBH HUiliab MHKapHiu acapaeHHra moc KejiMafinH. Ey MakKcaaaa
3JieKTpoaflre3BHOH hiufoji Ba MaxKaMjioBMii, epyrjiHK 6HjiaH Maco”~a/ian Typn6
6ouiKapHjiafIHraH p060T KypHJiManapn HuiliaTHliaflH. 3jieicrpoaflre3HOH hiufoji
Ba MaxKaMliaiuHH gpyrjiHK Ta-bCHpHfla xochji 6yjiyBHH Karra y3rapMac (TypryH)
3jieKTp epaaMHaa 6a»cpHlianH. ByHHHr ynyH po6oTra eTapjiH ce3rHp A<t>H-
napaanap acofijiaurrHpHliaflH. Ad>H-()0TOnpHeMHHK epyrjiHKHH naSyji khijih6,
Karra KynjiaHHui (~105 B/cm) xochji KHlianu. Karra 3lieicrp MaiiflOH aare3HOH
KOHTaicraarH xap xhjt KarrHK cnpTliapHHHr anre3HOH xycycnaTHHH
KyHaiiTHpH6, huifoji Ba MaxKaMjiaHHUi acapagHHHH KynaHTHpaaH. By sea Te3
xapaKaTra KCliyBHH, aBTOHOM xapaKrepaa, 4>aKaT epyrjiHK 6HlJiaH Maco(j>aaaH
TatMHujiaHHS 3jieicrpoaflre3BHOH hiufojT Ba MaxKaMliauira acocjiaHH6 huijiobhh
pooorjiap TexHHKacH yiyn aurn KypHJiManap apaTHiu hmkohmsthhm Qepaan.
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EpyrjiHK  TyiuraHfla aHOMaa “~oTOKVMjiaHMn
WHMVTKasnwHHHr ionKa napaaaapnaan acaaaaHnm
(boTonpMeMHHKJiapHHHr xaMMacn

xochji KHJiaanran
reHeparop TmmaarH
g?%KaT Kaira KapunuiHKjiH narpysKaaa
HuiJiaiiaH. Xo3np™ Baoaa saeKTpoH KypmiManapaa arojietcrpnK]*™aMaH xap
xhji TpancH3iopjiap HiunaTHJianTH. MacajiaH, MAS!, MHOn, MOH, MHOK-
Tpan3ncxopjiapH. By TpaH3HCTopaapHHHr hui pokhmhhh TabMHHJiaiu ynyH

Karra KapuiHJIHKJIH (>107 Om) KyuiaHHUi ManoaiapH Kepan. A<PH-

cboTonpneMHHKjrap aroJieKTpHK KaraaMra 3ra 6yjiraH Maxcyc TpaH3HCTopan
sjieicrp cxeManapfla HuiaaTHaraiiaa epyrjiHK 6HJiaH 3btohom 6ouiK,apHiuHH,
iokoph KyMJiaHHiu MaHOacn poaHHH 6np BaKT.aa 6 mra apHMyTKasran napaacH
6a*apaaH. YHra epyranK xyuica Syrian. Y wKopn KyMJiaiimu 6epaanraH hhkh
KapiuHJiHra yTa Karra 6yaraH MaH6ara afiaaHaan.

rpa4)HTon”acr acocH/iarn hhth Kyeui

3JieKTp CyB HCHTrHHJiapH

MnaKHHJIHK canoaiHfla wyaa Kyn MHKaopaa hcchk; cyB HiiidiaTHJiaan.
Xo3HprH KOpxoHanap acocaH hcchk cyBHH ne<j)Tb Maxcyaora xHCO&Hra

oaHiuaaH. By KopxoHadiapra KHMMaTra TyuimuH 3hhk Macana. Hcchk cyBHH

ojiHiuaa 3Jiempaan Ba Kyeuiaan SnpraaHKaa (JjofiaaJiaHHUJHUHr KaTop

a>BaruinKJiapH 6op. By SHepraa MaHOajiapnaaH (J)OHaanaHHiu 6waaH 3KoaorHK
Macaaa xaa 6yjiaan, He>Tb MaxcyjioTjiapn hkthcoa KHJiHHaan.

By jiofiHxaHH Kopxonaaarw MaB>Kya cya hchthui cncTeMacH acocuaa
sipaTMJiaflH. Illy ca6a6an KyuiHMna MaQjiar KaM cap”aaHaaH. JleKHH saeicrp
TOKHHHHr CyB HCHTTHHJiapHHHHr Maxcyc TypaapHHH apaTHiu sapyp. HhxPom

acocnaarH TeHjuiap HiuaaTHiuaa HOKyaaft Ba KHMMaTra TyiuaaH.

yaapHH
rinacTMacca HHHCTHTyrH  oJiMMJiapH

6njiaH xaMKopaHKaa apaTHaraH
rpa*HxonaacT ni'-2 aaH acanraH yjieicrp HCHTiHMjiap 6naaH ariMauiTHpRnca
Ky3aaraH MaKcaara spnuJHiu MyMKHH.

nr-2 rpa4>HTonaacTaapH rpagiHT
KyuiHaraH

ifcypaH cMoaaaapn acocnaa aparaaaan. By 3H nap MexaHHK
Ta-bCHpaapra MHaaMaH, MyraaKo 3apapcH3, y30K BaKT HiuaaTca oyaaan. X,eH
KaHaafi xHMoa ko6hfhch3, lyFpHaan-ryrpH 6oaTaH 6HPHKMa 6naaH Korn-aw
khjih6é HiiiaaTca 6yaaan. Huiaa6 MHKapHUi Taaa6aaPHaaH KeaH6 hhkh6, xap

xiia uiaKaaa acaui MyMKHH. MiicTHTyTHMH3 oaHMaapH Nr-2 HHHr MexaHHK
hcchkjihk Ba 3aeKTp xapaKTepHCTHKaaapHHH

ypraHHiuraH. CaHoar
HacToracHaarH Ba ysrapviac

tok MaH6aaapHflaH TabMHHjiaHH6, 6eMaaoa
HimiafiaH.
Kyeui cys HCHTnwaapHHHHr Kyn rypaapn MaBatya, yaapaa TyrpHaaH-

tyrpH hchthui Ba yHaaH 4>0HaaaaHHiuaa Kyeui SHepraacHHH saeio-p

3HeprHacHra aKkaaHTHpHaMaHflH. TaBcna 3THaagTraH cyB hcht™m aofiHxacnaa,
acocHH sHeprna MaH6acH Kyem sHepraacH xHCo6aaHH6, y xosnprH HiuaaeTraH

ned)Tb MaxcyaoTaapH, ra3 ncHTrnH/iapHH TaMOMaH Hiuaa6 MHKapwiuaaH ojih5
TauiaaMafian. BhPok yjiap SHaan GnpraaHKaa HmaaTHiuHHHr 34>J>KTHB

hvjihhh Hasapaa xyraaH. By aoiiHxa onp naihnHHr ysnaa 3aeKTP rapMornflan
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<j)OHaajiaHHLU, Kyeui GarapesuiapHAaH saeicrp tokh ojihui xnco6nra xa.Mjia 6y
CHCTeManapHMHr  x,03iiprn  Skhjifh, HiiuiaTHiu 6HJiaH cyB HCHraanraH
KypHJiManapra yjiaHraH xonaa HaB6aTJiauiH6 HuuiauiHHH Ky3aa TyraflH. KaficH
CHCTeMa Hiura khphuihhh Maxcyc pejiejiap (hcchkjihk, tok Ba epyrjiHKKa
MocjiauiraH) 6oiJUKapaaH. Kyeui 6aTapeajiapn 6miaH oHprajiHKaa aKKyMVJisnop
CHCTeMacHflaH cjjoiiaajiaHHUJ MyMKHH, yjiap opTHK'ia 3jieiap 3HeprH5tCHNN
Hcpo(Jd) KHJiMawjiH, Tyiuiaiu hmkohhhh 6epH6, KepaK 6yjiranfla, yHaaH
(jiOHflajiaHMLU MyMKHH. Kyeui oarapeHjiapH/iaH Y3<t>A 3>TH Maxcyc CKB cnaa
apaTHjiaeTraH sjieMeirrjiapaaH (jjoHjiajianHuj xaM MyMKHH. KyeuiJdiw KyHJiapaa
ryjia  KySiu 3HeprHxcH cyB HCHTaaH. Arap reHepaTop  THnnjiarH
4>oronpHeMHHKJiapfla acanraH pejie tok eTapjiH 3Mac ae6 cyB TeMnepaTypacHHH
nacaftmuHHH Kypcarca aBTOMaraK KypHJiMa sjieicrp TapMOFHaaH SHeprna
OJiHiura MOCJiaMaHH yjiafiflH. TapMOK SHepraacn t3hchk nafmiapHfla BaKTHHna
Skhjifh cncTeMacHHH HuijiaTHiu xaM MyMKHH. Hcchk cyBHH aKKyMyjismna
khjihé, xaM SHepraaflaH hktmcoa khjihhhuih MyMKHH. Arap 6y ynTanHKKa
KyeuiHHHr hcchkjihk TatCHpHaaH (jjoMaajraHHiii cHCTeMacH xaM yjianca,
KySuuiH hcchk KyHjiapn KOJiraH CHCTeMaiiapHH Hiunaai h  TaHa<j)(J)yc
K™aHTHpHJiHUiH MyMKHH. Ey TypTTana sHepreraK MaH6a y3apo yMryHJiauiHO
HiujiauiH HaTHwacHfla KopxoHajiapjia siieprHsiaaH aH'ta hkthcoa khjihhhuih
aHHK. By jioiiHxaHH aBTOHOM xojiaa muJiaHawaH HHfIHBRuyaji yftjiap ynyH xaM
MocjiauiTHpHiu MyMKHH. ByHHHr ygyH jiouHxara Kyn y3rapTHpHiu khphthui
LuapT 3Mac. JlofiHxaiiHHr acocHft aapocn n r -2 rpa<j>HTonjiacT 3jieMeHTH 6yJiH6,
6Hp Baicraa sjieicrp TapMOFHra, Kyeui sjieMeiroira Ba yjiapHHHr pe3epB
cHCTeMacH (aKKyMyjiaTopjiapra) yjiaHraH 6yiaflH. CyB TapMOK sjieicrp TOKHaan
wcHTHJica nr-2 aapo tokhh yjiapjian ojiajjH. Arap cncTeMaaarH cyB Kyeui
HCHTrHMHra Skh Skhjifh Hem rHHHra yjiaHca 3HeprnaHH yjiapaaH ojiaaH. Hcchk
cyBHHHr huihh xa«M.n.a aftjiaHHiu >KapagHH aroHa 6yJiHO, yHH hchthui xap xhji
MaH6anapHHHr HaB6aTjiauiH6, yfiryn HuuiauiH acocHaa aManra ouia.au.
TypTTana MaHoaHHHr HaB6aTJiauiH6 HuuiauiHHH Tyjia aBTOMarjiauiTHpHiu
MyMKHH. Hcchk cvb xapopaTHHH nopMaaa yuuia6 Typnui yHyH, xapopaT
onTosJieicrpoH pejiejiapH KyfiHjiaan. Yjiap 6epraH MatjiyMOTjiap acocnaa
KOMnbroTep CHCTeMa huihhh 6ouiKapHiuH MyMKHH. CncreMaHH KOMnNbiOTepra
yjiaiu  MapKa3JiauiraH 6ouiKaPHuiHH Tai>MHHaa6, yHHHr paBOH,
HUiJiaiUHra hmkohhht aparaaH.

ynyMJin

n r-2 aaH acanraH hchtfhm Karra TOKjiapra xaM HHaaMJiH. ByHH xnco6ra
0jih6 nacr KynjiaHHUuiapaa xaM HuidiafiaHraH khjihui  MyMKHH. nNr-2
3JieMeHTaapHHHHr TapKHSHHH y3raprapn6, KapiuHJinrHHH (cojinuiTHpMa
KapuiHjiHrHHH) MaiJdiyM nerapaaa y3rapTHpHiu mymkhh. Kyeui 6aTepeajiapH
acocaH KaM KyHJiaroiui 6epaaH. 5-10 B KyuiaHHUi 6epaflHraH Kyem
3JieMeHTjiaPM ynyH tok HopMaaaH ouiMacjiHrn ynyH 1-3 Om jih nr-2
3neMeHTJiap Tafiepjiam KepaK Gyjiaan. By xojiaa tok TaxMHHaH 3-4 A
TapTH6Haa 6yjiH6, yrka3rHHHHHr opTHK”a kh3«6 KCTMacJiHrnHM TatMWHjiafiaH.
riP-2 sjieMCHTJiapHHH riapajuieji Skh KeTMa-Ker ynao xaM HCTanrau KapuiHJiHK
0jihS, nuidiaTca 6yjiaa«. TeKuinpHui HarawajiapH KypcaTiuunHa, cyBaa y30K
rypca xaM nr-2 ajieMeHT y3lIHHHr 3-neKTp, MexaHHK Ba xhmhhbiih
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xycycHHTJiapHHH y 3rapTHpMaHflH. 10koph TeMtiepaiypaxia KH3HTnnraHAaii c~ht
MypT GyjinS KOJiMaMflH. Chjikhhhiu BaypHJiHiiiJiapAaH MypT 3MacjiKrn Ty~ afijiH
« KypKMafiflH». Tafiep Nr-2 sjieMeHTjiapra 6nPoP maim 6epHiu KepaK 6yjica,

huuiob 6ePHin, TeuiHiu yHna khhhh 3Mac. Nr-2 aneMeHT yliyn Miusiarn.iaflHraH

MaxcyjiOTnap TaHHapxn k)koPh 3Mac, 6y MaxcyjioTjiapiiH Y36eKHCTOH

xyflyfIHflaw toiihiii hmkohhhth 60p. Taum6 KejmipHUi MyaMMOCHAaH" xojih.
BHira Nr-2 3jieMeHTH acaui ynyH yuna Kyn MaxcyjioT KeiwaHAH. YpTana
107-15 kBt jih 3JieMeHT scam ywyn 300-400 T MaxcyxioTJiap Kera.an xojioc. 83-
pacM/ia rpa(J)HTonjracT acociw aparajiraH yHHBepcaji ajierrp cyB
HCHTrHHJiapHHHHr 6jiok cxeMacn 6epnJiraH. Bjiok cxeMa acocaH yn KHCM/ian
H6opar. MaH6anap 6jiokh (MB), 6ouikapyB 6jiokh (BB), Hcre'bMOJiHHJiap 6jiokh
(HC). MaH®6ajiap 6ji0KHHHHr acocnh 8JieMewTH Kyeui SarepeHJiapH 6yjiH6, y
KySui sneprnHCHHH sjieKTp siieprnHCHra afi.iaHTHpno oepaAH. By SjroKfla »Ha
epjiaMHH MaH6anap xaM 6yjianw. EpAaMHH MaHOajiap cntJiaTHAa 6hphhmh
HaB6ar;ia rapwoK sjieKTp ManSanapH ojiHHaAH. MaHG6anap GiroKHra uiaMOJi
MHKposjieKTp CTaHUMHJiapH, He<})Tb MaxcyjiOTjiapw SHjian hiujiobhh sjieKTp
CTaHUHHHBJiap ea aKKyMyijiflTopiiap oarepea.iapH KHpaflH. By Manoa”apHHiir
KaficH KeTMa-KeTjiHKHa HuuiauiHHH MCTCbMo.iHHsuu tokh, KytJiat-iHmu.
cyBHHiir xapopara Ba cap(j) KwiaerraH sjieicrp KyBBaTHHH Ha30PaT KHJiyBMH
6ouiKapyB Sjiokh SenrHJiafiAH. BouiKapyB 6jioKH.ua penejiap cncTeMacH, xap
xhji TpaHC(j)opMaTopjiap, KOMMyxauMOH annapaTjiap Ba 6ouiKa HCTCbMOJiHH
6wjiaH MaH6anapHHHTr yfiryHJiaiiiHG HuuiauiHHH TaiMHRNOBHH KepaK oyjnaH/ia
HCTanraH MaH6aHH Hiura TyuiHpnui

ynyH XH3Mar KHjiaawraH MexaHHK Ba
sjieKTpoH CHCTeManap 6vJiaZin.

HcTetMOJiHMJiap CHCTeMacHHHHr acocHH
AAPOCH (M) Nr-1, Nr-2 rpa”MTonjiacT sneMeiimapH xnco6jiaHaAM. Yjiap cyB
GeMajioA khPh6 hhkh6 kcthui fiyjuiapH 6ynraH oepK HAHiura acoiuiauiTHpHJiraH
SyjiaAH. YHAaH hhkk3h hcchk cyB hchthui CHCTeMacwra Skh KepaK acofira

HuijiaTHiu ynyH to6opHjiaAH. Nr-2 aapoAau oPth6 KOJiraH 3neprna 3ca sjieicrp

HcrebMOJiMHuapHra Skh aKKyMyjiaTopjiapra yjiaHafl[H. 84-pacM.ua nr-2

3jieMeHTjraPHHHHr HKKa xonjia 8kh rpynnana6 HuijiaTHiu cxeMajiapM
KejiTHpnjiraH. HcTetMOJiIMH Tana6HAaH Kejin6 mmkh6é nNr-2 skh nr-1
3JieMeHTjiapHH KeTMa-KeT, napajijien Skh apajiaui yjia6 Myji/Kaji.aanraH
KyBBaTflarn Nr-2 hapochhh xochji KHJiHHaAH. Bjiok cxeMaAara (HC, MB)
HcrebMOJiHH Ba MaH6ajiap CHCTeMajiapn opacHAarn TyrpH Ba TecKapH ajioKatin
(3Jieicrp anoKa) TabMHRnaui yMyH xH3Mar KHJiaAH. P- pejienap cncTeMacH, TP-
xap xhji THnAarH TpaHC<})opMaTopjiap. B- pejiejiap, anoKa CHCTeManapw,
HCTebMOJiHHJiap Ba MaH8anap hiuhhh yMryHJiaiiiTHpHiii yLyH xH3MaT KHJiazivi

(3XM cncTeMacH 6yJiHUIH KepaK). nr—1, nr-2 sneMenTJiapHHur acocnH

aApocH 84—pacMAa TacBHpjiaHraH.
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pacM. Nr-2 3jieMeHTjiH yHHBepcan 3jieKTp cyB hchtithiihhhh[ 6jtok cxeiuacn.

84-pacM. 83-pacMiiarH 6jiok cxeMaHHHr aapocn (it) iacBnpn.



HJIOBAJIAP

MpiiM y rKa~rH'i.iapHHiii 4>mnKaBHii napaMCTp.iapH

Moaaanap | 4/ K Eg 3B u

(3pHUI) m2/eC m'/e-c

BjieMeHTap apHM
yiKajrHHjiap

XxS' 285 0,08 -0,2 -0.1
C (rpa™wT) 4273 <01

Sb 273 -0,12 R “
P(Kopa) -0,33 - 0,02 0,035
Te 725 0,35 0,17 0,12
Ce 1231 0,75 0,39 0,19
Si 1688 1,12 0,12 0,05
Se(KpncTanji) 495 - 1.2 - 0,0005
As 573 1.2 0,005 -

In 386,6 -1,3 -0,0025 _
P(KH3HJI) 15 N _

B -2573 -1,58 -0,0001 0,0025
P (capiiK) 317 2,1 - R
Si(aMop<J) - 2,3 -

S 386 -2.,4 - ]

C (03T™mOC) - 5,3 0,18 0,12



AsiTc
LoSb
IbTc
Ma,Sn
IThAfc
fcS
GiilCi
ItP
IMITri

JIA
PbSe
Pble
PbsS
C«Pb
CdvVsi
<SVAEN\
CijSb
CiiBi
C'dSh
Sb/,n
MaiGce
C'iSb

M tiSbj
Kisb
KSb
P»«Sn

HftAf
CHITF
QBk
BET
SW i

P.SI
uT «

b,
mSp
StiO.

ZaSt
AIP
. Kijn
Eas

P Br
KBr

NrTI

1228
796
943
1051
1288
962

1323
858

963

1215
1338
1190
1387
1383
994

1131

729
819
1388
998
1375
1501
1085
878
1395
1115
1553
1318
1333
2973
1505
1623
1193
1512
1873
-1773
2023
2323
825
1513
-1773
2248
2123
771
1004
1043
1073

MypakKa6 apHM yTKaimiJiap

0.17
0.18
0,2
0.2
10
1.2
12
13
0.25
0.3
0.35
0,55
0.6
0,6
-0.45
0,5
0,5
-0.55
0.55
0,55
0.6
0.65
-0.7
0.75
-0.8
0.8
0,9
0.9
-1,0
135
15
1.52
15
~15
18
19
2.2
2.2
2,2
-2.4
2,5
2,8
2.8
-3.0
3.2
3,7

6,6

7,6
7.8

171)

0.4
8
17
0.03

0.01

0,35
0.06
15

0.15
0.21
0.064

0.03
0,05

0.006
0.05

0.4
-0.01
0.025

0.07
0.15

0.02
0.15
0.08
0.08

0,035
0,035
0.01
0.1
0,007
0.008

0,04

0.01
0.015
0,001
0,010



I>ai.iii 4>H3HKHBHM KOHCTaHI’a]Iap (CH cncreMacn;ia )

3neKTpoH 3apafin, € 1,6—10‘]9!<
S.ieicipoHiiHin thhh xojiaxaam MaccacH, m 9,10810'31/«
EQJTbUMaH fIOHMHFICH , k 1,38-108 MC -zpaS'1
njiaHK fIOHMHIICH , h 6,62-103yc-ceK
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