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PUNSNYECKUME OCHOBBbI OMNMTO3NEKTPOHUKA. YyebHo-meTOoaM4eckoe nocobue ans
CTYOEHTOB C KpaTKOW Teopuen, npumepamMmu pelleHnsa TUMOoBbIX 3adayvy M 3agadamu angd
camMoCToATEeNbHOro pewenus. - Tomck: TYCYP, 2011. - 112 c.

[aHHoe yyebHO-meToau4eckoe nocobue ABNAETCA HEOTbEMMEMOW YacTbi) KOM-
nnekta y4ebHO-MeToaN4YECKOro nporpammMmHoro obecneveHms kypca « dusmyeckme OCHOBbI
ONTO3MNEKTPOHUKNY .

B nocobun nogpobHO paccMOTpeHbl NPMMEPDLI PELLEHUS 3adady Mo BCEM pasgenam
AAHHOro Kypca, U3noXeHHbIM B y4ebHOM nocobun, a Takke npvBedeHbl BapuaHTbl 3aga-
HUM NO KaXaoMmy pasgeny kKypca B konuyectBe no 20 3agay Ans KOHTPOSbHbIX paboT u
CaMOCTOATENBHOrO pelweHnd. B koHue nocobus npuBeaeHbl CrnpaBOYHble MaTepuansl No
napameTpam Hanbonee Mcnonb3yemblxX NOMyNPOBOAHUKOBbLIX MaTepuanosB, Heobxoanmble
Ansa peweHns 3agad. lNepen Havyanom Kaxaoro pasgena gaHo KpaTKoe U3NoXeHue Teo-
puvn No Tem Bonpocam U B TOM ob6beme, KoTopble HeobxoaMMbl ANst AaNbHENLLEro peLle-
HWUS 3agad. B aToM TeopeTnyeckoM maTepuane Takke npuBefeHbl JONONHUTENbHbIE -
3M4eckne napameTpbl U MaTeMaTUYeCKMe BblpaKeHUs, pacLumpsowmMe npeacraBsneHme no
AAHHOMY BOMpPOCY M KOTOpble NOTPebyloTca ANs BblUMCNEHUA TpebyemblX (PU3ndecKkmnx
NPOLIECCOB U SABNEHWNI, NCMONb3YEMbIX ANs1 CO3A4aHNS NPMOOPOB ONTOINEKTPOHUKN.

Mocobue Gynet NonesHo CTyaeHTamM OYHO-3a04YHOW M 3a04HOM POpM OBy4yeHus, nc-
NbITbIBAOLWMM TPYOHOCTM B OCBOEHMM Kypca « PUanyeckme OCHOBbI OMTO3NEKTPOHMKMY, a
Takke CTydeHTaMm, usyvawowmm 6nuskve no HanpasfneHWo OUCUMMAMHBL (PU3NYECKOrO
npocuns.
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1. BBEOEHUE

JlanHoe yueOHO-METOIMUECKOe MOCOOue BKIIIOYAET B ceOsl MaTepua-
JIbI, HEOOXOIUMBIE JJIsI OPTaHU3AIMU CTYJICHTAMU CaMOCTOSITeNIbHOU pabo-
Thl 10 U3YYEHUIO TUCIMIUIUHBI C MCMOJIb30BAHUEM KOMIIBIOTEPHBIX 00Y-
YaMX, MOJCIUPYIONMX U KOHTPOJUpPYHOMKX nporpamM. OHO Takxe
OyJeT MOJE3HO CTyJeHTaM OYHOM (POpMBbI 00yUEHHUS TIPU OCBOECHUU TE€OpEe-
TUYECKOU U MPAKTUYECKON YacTer Kypca «PU3N4YECKUE OCHOBBI OITOAJIEK-
TPOHUKN.

[Ipu ouHol Gopme 00ydeHUs aHHBIM Kypc HM3ydaeTCsi B TECUCHUE
yeTrBepToro cemecrtpa. [1o okoHYaHNM U3ydeHUs: AUCHUIUIMHBI COAETCS 3a-
yeT. B mponecce 0CBOCHUS TUCUUIUIMHBI BBITIOTHSIETCS IBE KOHTPOIbHBIX
paboTHI U YeThIpE Ta0OPATOPHBIX PaOOTHI.

[lepBasi KOHTpOJIbHAS PabOTa BHIMOJIHAETCS 110 TEMaM:

* AJIEMEHTHI 30HHOM TEOPUH TBEPJIOTO TENIA U TOKOIIPOTECKAHUE;

* B3aNMOJICUCTBUE ONTHUYECKOTO U3JIYUYECHUS C TBEPJbIMHU TeJa-
MU;

($OTORNEKTPUUECKHUE SIBJICHUS B TTOJTYTIPOBOIHUKAX U
MOJIYTIPOBOJIHUKOBBIX MTPUOOpax;

Bropass koHTpoJibHas paboTa 4ETBEPTOrO0 CEMECTpa HalpaBieHa
Ha POBEPKY 3HAHMM MO CIEAYIONIUM BOIIPOCaM:
* (IyKTyallMOHHBIE NPOLIECCHI B TOJTYTIPOBOIHUKAX;
YMUCCHUOHHBIE CBOMCTBA TBEPBIX TEJI;
KUJIKUE KPUCTAIIBI B ONITORJIEKTPOHUKE.

*

*

B npouecce n3ydyeHus IUCHUIUIMHBI 3aIJIAHUPOBAHO TAKXKE BBITIOJIHE-
HUE CIEeAYIOINX Ja00paTOPHBIX paboOT:

1. UccnenoBanue CBOMCTB P-N mepexojia B ONTOAIEKTPOHHBIX MPUOO-
pax (MoJeIMpoBaHUE HA KOMITbIOTEPE).

2. HUccnenoBanue ¢GHOTONPOBOJUMOCTH TOJYNPOBOJIHUKOB (M3MEPEHUS
Ha Ja00paTOPHOU YCTAaHOBKE).

3. UccnenoBanue myMOBBIX CBOMCTB MOTYNPOBOJIHUKOB (M3MEPEHUS Ha
71a00paTOPHON YCTAaHOBKE).

4. OnpeneneHue MUPUHBI 3aMPEIICHHON 30HBI HOJYIPOBOJHUKA METO-
JIOM WHXXEKIIMM HEOCHOBHBIX HOCHUTENEH 3apsga (u3mepeHus Ha J1abopa-
TOPHOM yCTaHOBKE).

IIpu HanmucaHuM Kak y4eOHOro ImocoOus K Kypcy, TaK M JaHHOTO



y4e0HO-METOAUYECKOI0 MOCOOMS aBTOpP CTPEMUIICSA K IOJIpOOHOMY H3JI0-
KEHUIO (PU3NYECKON CTOPOHBI 00CYKIAEMOr0 SIBJICHUS WM TIpoliecca, 4To
B psijie CIydaeB clieJlaHo B yIiepO mMaTeMaTtudeckomy omucanuto. [locmen-
HEe MOXKET OBbITh BOCIIOJIHEHO M3YUYEHHUEM JOCTYIHBIX MOHOTpaduit o ¢hu-
3UKE TBEPJOTO Teja, TCOPHUU IOIYNMPOBOIHUKOB. ABTOP TaKKe YACISI
0co00e BHUMAaHUE SICHOCTH W TOJHOTE H3JIOXKEHUS (U3UYECKUX CTOPOH
00CYyXIaeMOTO SIBJICHHS, KOTOPhIE B MMEIONTUXCS BY30BCKUX y4YEOHHMKAX
100 M3J0KEHBI HEIOCTATOYHO SICHO, IMOO OTCYTCTBYIOT COBCEM. JTO Ka-
CaeTCsl ONMMCAHMS B3aUMOJICHCTBHUS KBAaHTAa CBETa C aTOMOM B KpHCTaLIE,
OTMKCaHUs MOCJIEA0BATEIHHO BO3HUKAIOIIUX OPUEHTAIMOHHBIX () PEKTOB B
KUJIKAX KpUCTAIIaX B IIMPOKOM JIMAIIa30HE HANIPSHKECHUHN U T.1I.

B Hauane xaxxmoro pasjenia MpUBOIUTCS OMUCAHWE OOIIEeH KapTHHBI
SIBJICHUS C YKa3aHUEM XapaKTePUCTUYECKHUX €ro MmapaMeTpoB U 3aBUCHMO-
cTeil. 3aTeM JaeTcs AeTalbHOE OMUCaHue (PU3HMKU SIBJICHUS U €ro peayin3a-
IIMs B BUJIC TBEPAOTEIBLHOTO MpUOOpa.

2. UENb NPENOAOABAHUA OAUCLUUMIIUHDI

Lenbro U3Yy4YEHUs JUCUUTIIIUHBI «Dusznyeckue OCHOBBI
ONTORJIEKTPOHUKN» SIBISETCA O3HAKOMIICHHE CTYJICHTOB C OCHOBHBIMU
¢u3nyecKUMHU TpUHOUNAMUA (YKIIMOHUPOBAHMUS 0a30BBIX 3JIEMEHTOB
COBPEMEHHON  ONTOPJEKTPOHWKH, a TakKkKe C HMX OCHOBHBIMHU
XapaKkTEpUCTUKaMU U TTapaMeTpamHu.

B pesynbTaTe u3ydeHust 3TOl JUCUUILIUHBI CTYAEHTHI JOJKHBI 3HAThH
Y YMETh UCIOJIb30BATh B PEIICHUH NMPAKTUYECKUX 3a/1a4:

1. OCHOBHBIE TIOJIOKEHUS 30HHOU TEOPUU TBEPAOTrO TEIa;

2. TOKONPOTEKaHWEe B MOJYNPOBOJHUKOBBIX NpUOOpax Kak IO

apeiipoBoMy, Tak U AUPHY3MOHHOMY MEXaHU3MaM;

3. IOMUHUPYIOIIME MEXaHU3Mbl  B3aUMOJCHCTBUS  ONTUYECKOTO
U3ITyYECHUS C TBEPABIMU TEJIAMU;

4. pusnueckue CcBOWCTBa (HOTOMPOBOAMOCTH, PA3IUYHBIX THUIIOB
doTod/1C, NOPUHIUNBI  PabOTBl  (POTONPUEMHBIX  3JIEMEHTOB,
U3IyYalOUMX JHOJOB M JIA3€pOB, KUIAKOKPUCTALIUYECKHUX
npuOOPOB U YCTPOMUCTB;

5. MeEXaHU3Mbl  (DOPMUPOBAHUS  PA3NUYHBIX  TUIOB  LIYMOB
MOJIYTPOBOJHUKOBBIX ~ MPUOOPOB, yMETh  PacCUUTHIBATh  HX
BEJIMYMHY U ONPEAEIISATh CIEKTPAJIbHBIE CBOMCTBA.



Hap;my C OTHUM CTYACHTHLI TaKKC JOJIZKHBI BUJICTHh U IIOHUMATh IICPCIICKTH-
Bbl PAa3BUTHA TBGpI[OTGJIBHOfI SJICKTPOHUKH, CBA3AHHLIC C IIPHUMCHCHHCM
HOBBIX MaTCPpHUaJIOB U TGXHOHOFHﬁ, a TaAKXKE€ HOBBIX (I)I/I3I/IIIGCKI/IX SIBJICHUH B
TBCPAbIX TCIAX IJIA HCJ’ICFI CO3aHUs HOBBIX TBCPAOTCIIbHBIX HpH60pOB.

3. CTPYKTYPA U COOEPXAHUE OUCLUUNIINHDbI
3.1. HauMeHoBaHMeE TeM, UX COIEPKAHUE

Tema 1. BBegenue. OCHOBHBIC MTPEJINMOCHUIKA MOABICHHUS ONTOAJIEK-
TPOHHKH, €€ MECTO CPEAU POJACTBEHHBIX HAYYHO-TEXHUYECKUX HaIpPaBJIC-
HUM: AJEKTPOHUKU, MUKPOIIEKTPOHUKU, ONTUKU. OCOOEHHOCTH MOAX0/1a
Y MPEUMYIIECTBA ONTOICKTPOHUKHU IIPU PEIICHUU 33Ja4 TEICKOMMYHHU-
Kalui, THPOPMATUKH, BEIYUCITUTEILHON TeXHUKUA. O0JacTh MPUMEHECHUS
MpUOOPOB U YCTPOUCTB ONTOAICKTPOHUKH.

Tema 2. JjieMeHTbI 30HHOW TEOPUHU TBEPABIX TeJ. DJIECKTPOIPO-
BOJTHOCTh KPHUCTAJJIOB U TOMNBITKH €€ OOBACHEHHUS KJIACCUUYECKOM JIICK-
TPOHHON Teopuel. 30HHAs CTPYKTypa, OOpa3oBaHHWE 30H M3 aTOMHBIX
ypoBHE: Mojiens 3ommepdensaa u moaens bioxa. [lonsTre 30HBI MPOBO-
JMMOCTH, BAJICHTHOM 30HBI U 3aMPEIIEHHON 30HBI, UX CBA3b C aTOMapHbIM
MIPEJICTABIICHUEM O CTPOCHUU KPUCTAUIMYECKUX TEI.

ITonsATne KBa3uMMIyJibCa BJIEKTPOHA. PacmpenenieHue 3JIeKTpOHOB B
MIPOCTPAHCTBE KBAa3WHUMITYJIbCOB. JlOJMHBI 3HEpruM M 30HA bpHInTIOdHA.
[JIOTHOCTH COCTOSIHUM, KOHUEHTPALlMM HOCUTENIE B 30Hax. Pacmopenere-
Hue Pepmu-/{upaka yactul no sHepruu. I1oJI0KUTENBHBIE MOABUKHBIC
YaCTULBI: TOHATHUE O JIBIPKE, €€ DHEPreTUUYECKOE MOJIOKECHUE B 30HHOU
JIAarpamMMe U B MPOCTPAHCTBE KBA3UHUMITYJIbCOB.

JIBU>KEHHE 3IIEKTPOHOB U JIBIPOK B KPUCTAIUIE IMOJ IEMCTBUEM DJICK-
TPUYECKOTO TOJsA. BI0XOBCKOE MpENCTaBICHUE AJIEKTPOHA W JIBIPKH, Ha-
KJIOH 30H B DHEPreTUYECKON AuarpammMe noJaynpoBOJAHUKA. TyHHEIUPOBA-
HUE€ YaCTHIl Yepe3 NMOTeHIUAIbHBIN O0apbep. [Ipoboit 3unepa.

Tema 3. BzaumoaeicTBHe ONTHYECKOT0 U3JIyYCHUS € TBEPAbIMH
TesiaMu. OCHOBHBIE TTApaMETPbl U XAPAKTEPUCTUKUA B3aUMOJICUCTBUS H3-
JYy4YEeHUS C BEHIECTBOM: KOA(PGUIIMEHTH TMOTJOMICHUS W OTPaKECHUS,
CIIEKTpHI TOTJIOIIEHUS U OTpakeHus. 3akoH byrepa - Jlambepra. deHoMe-
HOJIOTUYECKOE olpesesieHne KodpduimeHTa morjaomeHus. Tumsl Mexa-
HU3MOB TMOTJIONICHUS U3NydYeHus. Ou3nuecKkue SIBJICHUSI TMPU Pa3IUUHbIX
THUIIAX MOTJIONICHUS U3TYUYEHUs: COOCTBEHHOE M IPUMECHOE TOTJIOIICHUE B



MOJYIIPOBOJAHUKAX, TPSIMBIE W HEIPSIMbIC IEPEXOJbl, IOTJIOINICHHUE
CBOOOTHBIMH HOCHUTEIISIMH, PEMIETOYHOE TIOTJIONeHue. BHYTpHU30HHBIE
TIEPEXO/IBI.

Tema 4. ®oT03jIeKTPUYECKHE SIBJCHUSA B MOJYINPOBOAHUKAX U
MOJIyNIPOBOJHUKOBBLIX Npudopax. OCHOBHbBIE MapaMeTpPhl, XapaKTEpH-
3YIOIIME M3MEHEHUE COCTOSHHE BEIIECTBA IMPHU IMOIJIOMICHUU W3JITYYCHHUS:
BpEMEHA peJIaKCallii KOHIICHTPAIIMi HEPaBHOBECHBIX HOCHUTENIECH 3apsja,
KBaHTOBBIN BbIXOJ] BHyTpeHHEro gororddexra. Kunetnka koHIEeHTpaIui
HEpPAaBHOBECHBIX HocuTened 3apsga. CoOcTBeHHass W IpUMECHas
(GhOTOMPOBOIUMOCTH MOTYIPOBOHUKOB, MPSMbIE U HEMPSIMBIE TIEPEXO/IbI,
BpeMs penakcanuu (GOTONMPOBOIUMOCTH, KOIPHUIIMEHT yCuJIeHUsT (PoTo-
MPOBOJUMOCTH.

Ponb HEOCHOBHBIX HOCHUTENEH 3apsaa B popmupoBanun GotodrPpdex-
ToB. ®otorac [Jembepa. O6bemuas dotodac. DoToMarHuTHBIA A PeEeKT
HockoBa-Kukouna. KBazuyposau depMu. IIE€KTPOHHO-IIBIPOYHBIE TIEpe-
xonpl. bapeepnas  ¢dorosmc. DortommomHbi  pexxum. JlaBUHHOE
Pa3MHOXKEHHE HOCUTENIEH B Mepexoje: ero puanueckoe oObsiCHEHUE, Ma-
paMeTphl U XapakTepucTuku. DPheKkT GOTOHHOTO JABICHUS HA HOCUTEIH
3apsana. UnCieHHbIe OLIEHKM BEJIMYMH Pa3IMYHbIX (HOTOIP(HEKTOB U UX
OBICTPOJICUCTBHUS B TIOJIYIIPOBOIHUKAX.

Tema 5. @aykryauMoHHbIEe Npouecchl B MOJYINPOBOAHUKAX U
MOJIYIIPOBOJAHUKOBBIX NPUOOpax. OCHOBHBIE NOHATUA TEOPUU LIYMOB!
BUJIbI IIYMOB U MX (PU3WYECKUE MPUYUUHBI, AUCHEPCHUS U paclpeieieHus
IUIOTHOCTU BEPOATHOCTEN. OCHOBHBIE BHIBI PACIPEICIICHUS IIJIOTHOCTH
BEPOSITHOCTHU CIy4ailHOTO Tpoiiecca. ABTOKOPPEISIMOHHAA (PYHKIIUS CITY-
yaiiHOU BenuuuHbl. Meton ®ypbe, CIEeKTpaibHAsA IJIOTHOCTH BEPOSATHO-
ctu. Merton JlamkeBena. PaccMoTpenue TemioBoro, ApoOOBOro, reHepa-
IUOHHO-PEKOMOMHAIIMOHHOTO U M30BITOYHOTO IIYMOB. YHCIIEHHBIE OLICH-
KU IIIYMOB B MOJTYNPOBOAHUKOBBIX (hOTOPE3UCTOPAX.

Tema 6. IMuccusi U3JydyeHus U3 TBepAbIX TeJ. M3mydarenbHbie
MpOLECChl B MOJYNPOBOAHUKAX. OmpeaeneHusi pa3iuyHbIX THUIOB
JIOMUHECHICHIIMU. M3mydyaTenpHasi criocoOHOCTh. BHYTpEHHSISI 1 BHEIIHSIA
KBaHTOBBIC d(PHEKTUBHOCTH TIpoIlecca reHepauu u3nydeHus. CreKkTp u3-
JYYEHUS U €r0 B3aUMOCBS3b CO CIIEKTPOM MOTJIONICHUS u3nydeHus. CaBur
Opanka-KopgoHa crnekrtpa wusnydeHus. Mex30HHas H3JydyaresbHas
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pekomOuHaius. CBsi3b BPEMEHH M3JIy4aTeIbHOM PEKOMOMHAIIMY B 00bEME
MOJIYTIPOBOJIHUKA C YPOBHEM €TI0 JIETUPOBAHUS.

CrnoHTaHHOE U BBIHYKJICHHOE M3JTyYEHUE aTOMa, CBSA3b MEXIY HUMHU.
Kputepun BO3HMKHOBEHHWS JA3€pPHOTO W3IY4YEHUS B TBEPJIbIX TeEJax.
du3nyeckre TMPOIECcChl B IMOJYNPOBOJHUKOBBIX Jiazepax. [Ipuniun
PabOoTHl MHKEKITMOHHBIX Ja3epOB Ha P-n MEPEX0/1axX, CBETOIUOIOB.

Tema 7. Kuakue KPHUCTALIBI B ONTOIeKTPOHUKe. OCOOCHHOCTH
CBOMCTB JKMJIKUX KpucTauioB. Kiaccudukamus KUAKUX KPUCTAILIOB.
OcHoBHbIE (hU3UUECKHE CBOMCTBA U CTPYKTYypa HEMATUKOB, XOJIECTEPUKOB,
CMEKTHKOB. [lapamMeTpbl, XakTepHU3yHOIMe CTPYKTYPHOE COCTOSIHUE
KUJIKOrO0 Kpuctauia. OpHEHTAlMOHHBIE CBOMCTBA HEMATUKOB: MEPEXO/I
Openepukca, nomensl Kanmyctuna-BuibsiMca, ITMHaMU4YeCKOE pacCesHUE
ceeta. OnTUYECKHME CBOWCTBA HEMATHMKOB M XOJIECTEPUKOB. IPdekT
“roctp-x03siuH”’.  [IpyHUOMOBI  ynpaBlieHUWs  CBOWCTBAMH  KUIKHUX
KpuCTaUIOB. [IprMEHEHHE KUAKUX KPUCTALUIOB B ONTORJICKTPOHUKE:
YCTPOMCTBO W  HOPUHUUI ~ PabdOThl  ONTHYECKUX  TPAHCIAPAHTOB,
MOJYJISITOPOB, YCTPONUCTB OTOOpaXKeHUsI H(PopMaIuu 1 T.1.

Tema 8. IlepcmekTuBbI  pa3sBUTHUHA  ONTOICKTPOHHMKH.
Pacummpenne  kpyra  (Qu3nuecKUxX — SABJIEHUW,  HUCIOJIb3YEMBIX B
ONTOAJIEKTPOHUKE: HU3KOTEMIIEpaTypHas CBEPXITPOBOAMMOCTb,
JIBYMEpPHBIE KBAHTOBBIE CHUCTEMbI, CBEPXPEIIETKHA, CUHEPIETUYECKUE
ABJICHUA. PacmuMpeHue  4uciia  MarepualioB,  HCIIOJIb3YEMbIX B
ONITODJIEKTPOHUKE:  TE€TEPOCTPYKTYPbI,  IOJYINPOBOIAHUKU  CJIOKHOTO
COCTAaBa.

3.2 Tembl 1yl CAaMOCTOATEIbHOU PA0OTHI

Jlnst Gosiee raryOOKOro MOHMMAHMS M YCIIEIIHOTO PELIEHUs 3aJaHuid
KOHTPOJIbHOU paboThl Ne 1 1o peKOMEHIOBAHHOM JHMTEpaType LEIec000-
Pa3HO CaMOCTOSATEIBbHO NOATOTOBUTH CIAEAYIOIINE BOIPOCHI:
- 3aBUCUMOCTbH TOJIOKE€HUSI YpOBHS DepMH OT KOHIUEHTPALMU NMPUMECH U
TEMIIEpaTypbl MOJTYNPOBOJHUKA (MCTOYHUK Ne 5 U3 clHCcKa pEeKOMEHJ0-
BAHHOM JINTEPATYPHI);
- OaprepHast eMKOCTh P-N nepexoaa (ucrtounuku Nel u Ne 5 u3 cnmcka pe-
KOMEHJIOBAHHOU JTUTEpaTyphl);
- TOJBWXXHOCTh U KO3 duimeHT aud@y3un HEpaBHOBECHBIX HOCHUTENEH
3apsiaa (McTOYHUK No 5 U3 ciucka peKOMEHAOBAHHOW JINTEPATYPHI).

11



JI71g TIOHMMaHKs U YCHEUHOr0 PELICHUs 3aJaHuid KOHTPOJIbHOM pa-
60TbI Ne 2 11e11ecoo0pa3Ho caMOCTOSITEIbHO TOATOTOBUTD CJIEIYIONINE BO-
MPOCHL:

- TIOJIHBIN ITyM TMOJYNPOBOAHUKOBOTO Mpubopa (McTouHUK Ne 6 13 criucka
PEKOMEHIOBAHHOM JIUTEPATYyPHhl).

4. CMUCOK PEKOMEHOYEMOW NUTEPATYPbI

1. IO.1. EnudanoB. ®usznueckre 0OCHOBbI MUKPOIJIEKTPOHUKU. M., Bric-
mas mkoja, 1971.- 388c.

2. U.K.Bepemarun, JI.A.Kocsuenko, C.M.KokuH. Bseaenue B
ONTORJIEKTPOHUKY. M., Bricmias mkona. - 1991. - 189 c.

3. FO.P. Hocos. Onrosnekrponuka. M., Panuo u cBsa3e. - 1989. - 350 c.

1. C.A.Iluxun, JI.M.baunos. Kuakue kpucramisl. M., Hayka, 1982, —
207c.

2. C.A. ®punpuxos, C.M. MoBuH. ®u3nuecKkre OCHOBBI JIEKTPOHHOMN
texHuku. M., Beiciiasg mxona. 1982, — 607 c.; K.B. Illanumosa.
®u3uka noJynpoBOogHUKOB. M., DHeprus. 1976. — 416 c.

3. Ban nep 3un. llymel. Mictounuku, onucanue, uamepenus: [lepeBoa ¢
anrin. — M.: Cos. paaguo, 1973. — 226 c.
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5. «<QNEMEHTbl 30HHOW TEOPUM TBEPObIX TE»
5.1. KPATKOE WU3INOXEHWE TEOPUA

Oowgue eonpocwl. 1151 00bSICHEHUS STIEKTPUUECKUX CBOMCTB KPUCTAJI-
JMYECKUX TBEPJIBIX TEJl UCHOJB3YIOT 30HHYIO quarpamMmy. OHa mpejcTaB-
JsieT co00¥ 3aBUCUMOCTh DHEPTUU DAJIEKTPOHA B KPUCTAJUIE OT KOOPIUHA-
ThI, OTCUUTHIBAEMOM OT OJIHOM M3 MOBEPXHOCTEU Tea. 30HHBIN CIIEKTP MO-
JYIIPOBOJHUKOB U JAUDJIEKTPUKOB COCTOUT M3 MOJOC Pa3pelICHHBIX U 3a-
MPEIICHHBIX 3HAYCHUN YHEPrUU, KOTOPHIE MOXKET NMPUHUMATH BAJICHTHBIN
AJIEKTPOH B KPHUCTaJUIe MPU BHEIIHUX BO3AeHCTBUAX. OMHAKO NIl OOJb-
IIMHCTBA IMPAKTUYECKHUX 3a]1a4, XAPAKTEPU3YIOLIUXCSA OTHOCUTEIILHO Clia-
ObIMM BHEIIHUMHU BO3JIECUCTBHUSIMU (OCBEILICHUE, MPHUIIOKECHHUE DIICKTpUYE-
CKOr'0 TOJisI), JTOCTaTOYHO OTPAHUYUTh CBOE PACCMOTPEHHUE H3YUYECHHUEM
TOJIBKO TOBEAEHUS DJIEKTPOHA TOJIBKO B JBYX ONU3JIEXKANIUX 30HAX: IO-
cleaHEeN 30HE€ HEBO30YKICHHBIX COCTOSHUN BAJECHTHBIX DJICKTPOHOB U
NepBOM 30HE BO30YXKICHHBIX, HA3bIBAEMbIX BAJIEHTHOH 30HOM U 30HOI
NMPOBOJIUMOCTH, COOTBETCTBEHHO. B BaJIECHTHOM 30HE MOT'YT NEpEMEIIaTh-
Csl IIBIPKH, CO3/1aBasi AbIPOYHYIO MPOBOAUMOCTH IMOJYIIPOBOJHUKA, 4 B Ba-
JICHTHOW 30HE — JJIEKTPOHBI, KOTOPHIE CO3HAIOT JJIEKTPOHHYIO MPOBOJIM-
MOCTb. BepXHUli ypOBEHBb BaJICHTHOW 30HBI U HUKHUM YPOBEHD 30HbI

30Ha MPOBOJAUMOCTH

—————————— E; 3ampeleHHas 30Ha

BanenTHasg 30Ha
Puc. 1

IPOBOJIMMOCTH 0003HAYaroT Kak Eyu Ec,

COOTBETCTBEHHO. OJHEPIreTHYECKUM 3a30p
MEKIy STUMH YPOBHSIMHU AE,, Ha3bIBACMBIN 3alpellleHHOH 30HO0i, BKIIO-
4aeT B ceOsl SHEPreTUUYECKHUE COCTOSHMS C SHEPrusiMH E M3 JMana3oHa
Ec >E; >Ey, B KOTOPBIX 3JIEKTPOH HAXOIWUTHCSA He MOxeT. CepenuHy 3a-
IpeIIeHHOM 30HbI 0003HAYAIOT KakK E;. PucyHok 1 mosicHsieT Cka3zaHHOE.

Hauano orcuera 3Hepruu 3JEeKTpOHA U JIBIPKA OOBIYHO COBMEMIAIOT C
MOTOJIKOM BaJIEHTHOM 30HBL: E, =0. IIpu 3TOM 3HEPrUs 3NEKTPOHA OTCUHU-
TBIBAETCS BBEPX, a DHEPIUA AbIPKU — BHU3. B paBHOBECHBIX yCIOBUAX Ka-
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Kaasa dJacTuga CTPEMHUTCA 3aHATH TAKOC COCTOSHHC, B KOTOM €C SHCPIHUA
MHWHHUMAJIbHA. 3Han/IT, OHEPIrCTUYCCKU BbII'OAHBIC COCTOAHUA OJIA DJICKTPO-
HOB U IBIPOK HAXOAATCA BOIN3H Ey U E;.

Yposenv @epmu. OnHako B peasibHBIX KPHUCTALUIAX B 3alPEIICHHOU
30HE MOT'YT HaXOJWUTbCA YPOBHHU Pa3pElICHHBIX dHEpPruu. X mnossieHue
CBSI3aHO C HAJIMYKMEM B TMOJYINPOBOJHUKE PA3IMUHBIX MpUMeced U (Win)
CTPYKTYPHBIX Ae(eKToB. [Ipu nx 3HAUUTENBHONU KOHIEHTPAIMK OHU OIpe-
NS0T KOHIIEHTPALMIO CBOOOAHBIX HOCUTENEH 3apsia B 30HAX paspe-
IIEHHBIX JHEPruil. [JI1 OLEHKM 3amOJIHEHUS DJIEKTPOHAMU COCTOSHUSA C
SHEpPruer E B YCIOBUSIX TEPMOJMHAMHUYECKOTO PABHOBECHUS HEOOXOIUMO
noJyib30Batbes Gpynkuuert Gepmu-/upaka:

1

f(E) = .
1+ exp(E _Fj

(5.1)

KT

Jannas GyHKIMS ompenensieT BEpoITHOCTh f(E) HaXxoXKaeHUs dJIeKTpOHA
Ha YpOBHE C 3Hepruer E, ecium M3BECTHO 3HEPreTUYECKOE IMOJIOKECHUE
ypoBHs @epmu F. 3aech k =1.38 10723 Jlx/rpan — noctosinHast boibil-
MaHa, T —a0COJIIOTHAsI TEMIIepaTypa KpHCTalla B KeJbBUHAX. BenuuuHa
f(E) MOXET NpUHUMATh 3HAYCHUS, Jiexkanue B nuana3one ot 0 go 1. 3Ha-
uenre f€ =0 COOTBETCTBYET CIIyYar0 MOJHOW MOHU3AIUM COCTOSIHUS C
SHEprueu E : JaHHOE >HEPreTUYECKOE COCTOSIHHUE, CYIIECTBOBAHHE KOTO-
poro 00yCIIOBIIEHO, HAIIPUMEP, HAJTMYUEM B TOITYTIPOBOJIHUKE TPUMECHBIX
aToMOB (Meb xKeje30, pochop, 60p U T.4. B KPEMHHUH ), COOTBETCTBYET Ta-
KOMY COCTOSIHHIO aTOMOB IIPUMECH, MPU KOTOPOM Ha €ro BaJ€HTHBIX 000-
JIOYKaX OTCYTCTBYET OJIMH WJIM HECKOJIbKO BAJICHTHBIX AJIEKTpOHOB. Ciy-
vaii ke f€ =1 Ha QU3MYECKOM YPOBHE O3HAYAET NMPHMCYTCTBHE Ha Ba-
JICHTHBIX O0O0OJI0YKaX aTOMOB BCEX BAJICHTHBIX JJIEKTPOHOB. YPOBEHH
depMU — TUMOTETUYECKUN (MBICJIEHHBIN) YPOBEHb B 30HHOW JUarpaMme
KpUCTaJlJIa, PeajJbHO €ro Helb3sd OOHApYXHUTh HPSAMbIMH MeTomamu. OH
ONPENEIACTCA KaK HEKOE PHEPTETUUECKOE COCTOSTHUE B IMOJIYIIPOBOJIHUKE,
BEPOSITHOCTH 3aMOJIHEHUSI KOTOPOrO AJIEKTPOHAMH M AbIpKamMu paBHbI 0.5.
Cnenyer otMeTuth, uto (yHKIUA BUAa (5.1) oueHb OBICTPO U3MEHSIETCS
BOJMM3M TOYKU E =F: OTCTyNmMB MO SHEPTrUM OT STOrO0 PaBEHCTBA Ha
€ - 3 RT BBepX wiv BHM3, QYHKIIHS 3aII0JHEHNUS TIPUMET 3HAUECHUS PABHBIE
HYJII0 WA €IUHUIE C TOYHOCTHIO 10 5%. PU3NYECKH ATO O3HAYAET, YTO
npu f € =1 BCe COCTOSHMS, Jexkamue Huke ypoBHs ®epmu Ha €+ 3 RT,

14



TOJIHOCTHIO 3aIOJHEHBI YJIEKTpOHAMK; B ciydae f€ =0 Bce coCTOsHUS,
HaxoJsiuecs Boiuie ypoBHs ®epmu Ha €@ = 3 RT, MONHOCTBIO JIHIIEHBI
AJICKTPOHOB 32 CUET UX BO30YKEHUS TEIUIOBBIMHU KOJICOAHUSIMU PEIIETKH.

BeposATHOCTD 3amoJIHEHUSI YPOBHS C SHEPIrUEN E ABIPKAMU ONpenae-
JISI€TCSI CIIEAYIOIIUM 00pa3oM:

exp(E—Fj
1-f€ = KT

/_1+exp(E_F).
kT

(5.2)

Kak »xe Ha mpakTuKe MoJib30BaThbcs BhIpaxkeHueM (5.1)? IlpoaeMoHCT-
pUpPYEM 3TO HA MPOCTEHIIEM MpUMEpe: MyCTh U3BECTHO, UYTO B MOJYIPO-
BOJTHUKE UMEETCA NPUMECH JOHOPHOIO TUIA ¢ KOHUEeHTparmen Ny . Torna,
3Hasl TOJIOKeHHE YpoBHS Depmu, MOXKHO paccuUTaTh, CKOJBKO aTOMOB
npuMecH OyAeT B 3THX YCIOBHUSX HCHOHHM30BaHO (MM IPYTUMHU CIIOBAMH,
CKOJIBKO DJICKTPOHOB HaXOJUTCS HAa IPUMECHOM YPOBHE):

Ant = Nd fe:

Jpyras yacth aTOMOB IIpUMeCcH OyJeT MOHU30BaHA, MOTEPSIB C BHEIIHEH
00OJIOYKH BAJICHTHBIN 3JIEKTPOH, KOTOPBINA YHJET B 30HY NMPOBOJIUMOCTH.
CietoBaTenbHO, B 30HE MPOBOJUMOCTH MOSIBUTCS IOTIOJHUTEIIBHOE KOJIU-
YECTBO 3JIEKTPOHOB (YWl C MPUMECHOTO YPOBHSA, OHU MEPEUUIN B MEK-
aTOMHOE MPOCTPAHCTBO), PABHOE

An =Ny —An; =Ny (—fej.

B cBoro ouepenp nosoxenue ypoBHss @epMu B OTYIIPOBOJHUKE OIpeE-
NesieTcsl KOHIIEHTpalued cBOOOHBIX HOcuTenen 3apsiga. Eciaum umeercs
MOJIYIIPOBOJHUK N - TUIIA HIPOBOJAUMOCTH C KOHLIEHTPAIUEH BJIEKTPOHOB B
30HE MPOBOJUMOCTH N, TO ypoBeHb Depmu pacroliokeH ot Ey, Ha pac-

CTOSAHUHU, OIIPCACIIICMOM BBIPAKCHUCM !

%

3 m n;

F=Ej+ kT In —P KT -In| 1. (5.3)
mp No

31ech TMEPBOE CllaraéMoe PaBHO CEpPEIMHE 3alpelieHHOW 30HbI, BTOPOE

cllaraeMo€ YYUTHIBAeT paziuuyue B 3(Q(PEKTUBHBIX Maccax AbIPOK m; 151

AJIEKTPOHOB M/, U TOJBKO TPEThe ciiaraemoe (5.3) OTBETCTBEHHO 3a BIIMS-

HUE Ha MOJOXXKeHUE YpoBHA DepMU KOHIUEHTPAIMU CBOOOJHBIX DJIEKTPO-
HOB. Kak crnenyer u3 Boipaxkenus (5.3), B COOCTBEHHOM MOJYIIPOBOJHUKE
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(ng = pg = N; - KOHIIEHTpAITUsI HOCUTENEH 3apsiaa B COOCTBEHHOM TIOIYIIPO-
BOJTHUKE) MOJ0KEHUE YPOBHS PepMu Fj MOXKHO BBIYUCIUTH C MOMOIIBIO
BBIpAKEHUSI

x
Fiin+%kT-|n m—g . (54)
Mp
O6buHO 3¢ (exTHBHAs Macca JbIPOK MpeBbimaeT dQPEKTUBHYIO MacCy
AJIEKTPOHOB U MOTOMY, COTJIaCHO BbIpaxeHuwo (5.4), ypoBeHb depmu B
COOCTBEHHOM MOJYIPOBOIHUKE JIEKUT BBILIE CEPEANHBI 3aIPEILICHHOMN 30-
Hbl E; . OnHako npessilieHne F; Haj Ej 0ObIYHO HEBEIHKO.

Kak cnenyer u3 BeipaxkeHus (5.3), B 3JIEKTPOHHOM IOJIYITPOBOJHUKE
ypoBeHb DepMU JIEKUT B BEPXHEHN MOJOBUHE 3aMPEIICHHON 30HbI, IPUYEM
OH TeM OJIM>KE K JIHY 30HBI IPOBOJUMOCTU Ec , 4eEM BBIIIE KOHIIEHTPALUS
AJIEKTPOHOB. B moNynmpoBOAHMKAX p- TUIMA MNPOBOAUMOCTH MOJOKEHUE
ypoBHsS DepMU ONpeaeHseTCs CAEAYIOIMMNM 00pa3oM:

*

m .
F—E; +>KT -In e +kT-In[n—'J, (5.5)
4 mp Po

IZI€ Pg - KOHUEHTpALMs ABIPOK B BAJICHTHOU 30HE.

3aMeThM, YTO IPUBEIACHHBIC BBIIIE BBIPAKECHUS AAIOT IOJIOKECHUE
ypoBHsI DepMu B JHKOYJIIAX.

B ycnoBusX TEpMOIMHAMHAYECKOTO PABHOBECHS MEXIY PABHOBECHBIMU
KOHIIEHTPALUSMU 3JIEKTPOHOB Ny U JIBIPOK P B 30HAX CYLIECTBYET CBSA3b,

onpeacisicMas CacayromuM COOTHOIICHUCM
2
No -Po =N . (5.6)

371ech nj - COOCTBEHHAs] KOHIEHTPAIIMSI HOCUTENEH 3apsijia B MOJIYIPOBO/I-
Huke. CooTHoleHue (5.6) sABISIETCS BaXKHBIM B TEOPUH MOJYITPOBOTHUKOB.
[To »TOM MpuYMHE NpoaHaIU3UPyEM €To MoapoOHEe.

Coomnouwienue konyenmpauyuii. Ilyctb nMeercss COOCTBEHHBIM IOJTY-
MPOBOJTHUK, Y KOTOPOTO YMCIIO JBIPOK PABHO YHCITY 3JIE€KTPOHOB. J[0OaBMM Te-
1eph HEKOTOPOE KOJUYECTBO JOHOPHBIX aTOMOB. UHMCIIO 3JIEKTPOHOB MPH 3TOM
JOJIKHO BO3PACTH, HO, coryacHo (5.6), €Clu YuCIO0 3JIEKTPOHOB PAcTET, YHUCIIO
JBIPOK JIOJDKHO YMEHBINAThCS, TaK KaK MX MPOMU3BECHNE MOCTOSIHHO. Ha nepBbIii
B3TJIS 9TO KaKEeTCs CTpaHHBIM. MOKHO OBLTO OBl 0KHIATh, YTO YHUCIIO JIEKTPO-
HOB, TEpEIeANINX B pe3yIbTaTe TEIIOBOTO BO30YKICHHUS U3 BAJICHTHON 30HBI B
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30HY TPOBOJUMOCTH (M, CIEIOBATEIbHO, YKMCIO BOZHUKIIUX IBIPOK), 3aBHCHUT
TOJBKO OT TEMIIEPATYPhl U HA HETO HE BIMACT HAIMYKME JOHOPHBIX aroMoB. Ho
3TO He Tak. [Ipu yBeIMYeHNU KOHUEHTPAUK JOHOPOB YKCIIO AIIEKTPOHOB B 30HE
IPOBOAMMOCTH BO3PACTAET, OJHAKO KOJMUYECTBO AIIEKTPOHOB, MEPEUICIINX Ye-
pe3 3aIpeIieHHYI0 30HY, YMEHBIIAETCs (HE TOJIbKO B OTHOCUTEILHOM, HO U B a0-
COJIFOTHOM BbIpaxkeHun). [louemy 310 mpoucxoaut?

C kaueCTBEHHOW TOYKH 3PEHUSI OTBET HA ATOT BOMPOC MOKHO MOJTY4UTh, 00-
PATUBIIMCh K KOHUENIUH «JUHAMHYECKOTO PABHOBECUS». JTO O3HAYAET, YTO
3JIEKTPOHHO-/IBIPOYHBIE TAPbl HEMPEPHIBHO BO3HUKAIOT U AHHUTWIUPYIOT, MPHU-
4eM PaBHOBECUE UMEET MECTO B TOM CIIy4ae, KOrJJa CKOPOCTh UX T€HEpAILU PaB-
Ha CKOPOCTH aHHUTWISLIUY (TOCTIeIHEE SBJICHUE Yallle Ha3bIBaloT "'pexoMOnHA-
uuei').

Pa3yMHO npeArnonoxuTh, 4TO 3JIEKTPOHY U JBIPKE JIETUE HAUTH JPYT Apyra
TOra, Korjaa ux MHOro. [103ToMy CKOpOCTh PEKOMOMHAIIMKM JIOJKHA OBITH MPO-
HOPIHOHATbHA KOHLEHTPAMAM JIBIPOK U 3JIEKTPOHOB. [ COOCTBEHHOTr0  M0-
JIYIIPOBOJIHUKA MOXHO 3alucaTh

Ri=a-ni2,gi=a-ni2 (57)

re a - HeKui Kod(Q(HUIHEHT NPONOPIUOHANBHOCTH, Rj, gj - CKOPOCTH pEKOM-
OMHAIMY U TeHEepaly HOCUTEINEH 3apsia B COOCTBEHHOM MOJIYIPOBOTHUKE, CO-
OTBETCTBEHHO.

BriosiHe ecTeCTBEHHO 0KUJIATh, YTO MPH J00aBICHUU HEOONBIIOTO KOJHMYECT-
Ba MPUMECU HM CKOPOCTh T€HEpaluH, HU KOAQ(UIMEHT NPONOPLUHOHATBHOCTH
He u3MeHsTcs. [loaToMy U1 MPUMECHOTO MOJYNPOBOIHKMKA, HAIPUMED, N-THIIA,
BBIPAKECHUE

9n :a'niz (5.8)

HO-TIPEKHEMY OCTAETCS CIIPABEIUBBIM.
CkopocTh peKOMOHMHAIIMM, OJHAKO, JOJKHA 3aBUCETh OT MCTHHHBIX KOHIICH-
TpalUid JIEKTPOHOB U JIBIPOK, TAK YTO

Rhp=a-n-p. (5.9)
[IpupasuuBas (5.8) u (5.9), momyvaem MCKOMOE COOTHOIIICHUE
ni2 =np, (5.10)

Takum 00pa3oM, eciau KOHIIEHTpalus SJEKTPOHOB HAYMHAET IMPEBBIIIATH
KOHIICHTPAIIUI0 B COOCTBEHHOM TOJIYIPOBOJIHUKE, TO KOHIICHTPAITUS JbI-
POK JOJKHA CTaTh MEHbBIIIE, YeM B COOCTBEHHOM MOJYyIIPOBOJHUKE, YTOOBI
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CKOPOCTh PEKOMOUHAIIUU AJIEKTPOHHO-ABIPOYHBIX Map OCTAaBAIACh MOCTO-
SHHOM Y PaBHOU CKOPOCTU MX TEPMUUYECKOU IT'€HEPALINH.

Komnencuposannwvie nonynpogoonuxu. 1'0BOpsi 0 JErUPOBaHUU MOJY-
IIPOBOJTHMKOB, HEOOXOMMO yKa3aTh Ha OJHO BAXKHOE VISl MPAKTUYECKOTO
NPUMEHEHUsI ero CcBOMCTBO. [Ipu BhIpaliMBaHUM MOJYIPOBOAHUKOB HE
yAaeTCs MOJHOCTHIO UCKITFOYUTH IPOHUKHOBEHHUE B HETO HEKOHTPOJIUPYE-
MBIX MPUMECEH, a TaKkKe U30€KaTh MOABJICHUS B €0 00bEME CTPYKTYPHBIX
nedexToB. Te u 1pyrue MOTYT MPOSBUTH Ce0s1 KaK HEKOHTPOJIUpyeMas Jie-
rupymoias npuMmechk. Kak ciencrBue OOJBIIMHCTBO BBIPAIIMBAEMbBIX T10-
JTYTPOBOJHUKOB UMEIOT 0 JICTHPOBAHUS
N -TUI TPOBOAMMOCTH. bosiee Toro, mpu E
U3TOTOBJICHUHT TOJNYIIPOBOJHUKOBEIX ~d——— @———-@O-—- _(n)
puOOPOB HA UCXOTHOMN MOTYIPOBOIHU- E— —|— —| — F -
KOBOH MOJIOKKE C 3aJaHHOH KOHIEH- E o o= F
Tpaluen JIETUPYIOIIEH MNpUMECH MONy- —a
4A0T 0GIACTH MPOTHBOTOTOKHOTO THIIA TR TGS TTTTTTITTITIAT EV
(M3rOTOBJIICHHE pP—N TIEPEXOJ0B, OX-

PaHHBIX KOJICII U T.I1.). Pyuc. 2

JInst cMeHBI THTA MPOBOAUMOCTH TOJYMPOBOJHUKA JIU KAaKOW-TO €ro
00JIaCTH MPUMEHSIOT OINEpPalui0 KOMIIEHCHPOBAHUS WIH TNepPeKOMIIeH-
CHPOBAHUA TOIYNPOBOAHUKA. Ee CyTh CBOAMTCS K TOMY, YTO B yKa3aH-
HYI0 00J1acTh IMOJYMPOBOIHUKA JOKAJILHO BBOJIST B HY)KHOM KOJIMYECTBE
JIETUPYIOINIYI0 MPUMECh MPOTHUBOIOJIOKHOTO THMA: IJIs TOJTY4YeHHUs, Ha-
npuMep, Ha TOJYNPOBOJAHUKE N — THUMA O0JIACTH P —THIA BBOJIST aKIICTI-

L EC

TOPHYIO NMPUMECh. PUCYHOK 2 MOSICHAET CKa3aHHOE. 3]1€Ch F("). nonoxe-
HUEe ypoBHs PepMH B HUCXOJHOM MOJYNPOBOAUKE N —THUIIA C JOHOPHOU
IpuMechro Ey, a F(P) - nonoxenne ypoBHs Depmu nocie BBEICHUS B I10-
JyIPOBOJHUK KOMIIEHCUPYIOLIEW aKLENTOPHOM IPUMECH C YPOBHEM Ej.
E; —cepeanHa 3ampenieHHON 30HBI, pa3ieiifrolas ee Ha BEPXHIOK 4acThb
(1711 TOHOPHBIX TpUMeEced) U HUWXKHIOW (71 akuenTopHsix). Ha puc. 2
BEPTUKAIBHBIMU CTPEJIKAMU IIOKa3aHbl TAKXKeE MEPEXOAbl JJIECKTPOHOB HA
cTaauu GOPMHUPOBAHUS 3aAPSTOBOTO COCTOSHUS IOHOPHOM M aKIIENTOPHOMN
IIPUMECH B KOMIIECHCUPOBAHHOM IOJIYIIPOBOJHUKE.

KonuenTpauuo BBOAUMON KOMIIEHCUPYIOLIEH ITPUMECH PACCUUTHIBAIOT
UCXOJId M3 CIEAYIOIMX COOOpa)XEHUM: MOcie €€ BBEICHUS HeoOxoauma
Takasi KOHIIEHTPAILMS JbIPOK, YTOOBI OHA MPEBBICKIIA KOHIIEHTPALIUIO 3JIEK-
TPOHOB B MCXOJIHOM MOJYIPOBOJHUKE Ha BEJIIMYMHY TPEOYEeMOW KOHLIECH-
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TpaLMU JBIPOK B OKOHYATEIIBHOM COCTOSIHUU IMOJIYIIPOBOJHUKA. Tak, eciu
HCXOOHas KOHILICHTPALUs 3JIEKTPOHOB COCTaBIsAIa Ng = 2.5 1014 em 3 , TO
JUISL TIOJTYYEHUST P-00JaCTU ¢ KOHIEHTPAIIUEN JBIPOK Py = 4.8-10* cm~3
HEO0OXOMMO BBECTH aKIENTOPHYIO MPUMECh (ITPU YCIOBUM TOJIHON €€ HO-
HU3allMHU) C KOHIEHTpauue N5, paBHOU 4.8.10% +25.101% =7.3.1014
(cMm™2). B obmemM ciydae, Korma TpeOyercs ydecTh YPOBHH HOHH3ALHH
JIOHOPHOW ¥ AKIENTOPHOM NMPUMECH KOHLEHTPALUUs BOJIMMOW KOMEHCH-
PYIOLIEN MPUMECH IOJKHA YAOBIECTBOPATH CIEAYIOLIEMY YCIOBHIO: €€

M30BITOK HaJ JIOHOPHOM MPUMECHIO JOJDKEH 00€CIIeUUTh TPEOYyEeMYI0 KOH-
IIEHTPAIHIO IBIPOK B BAJCHTHON 30HE. MaTeMaTHIECKH 3TO YCIOBUE MOK-

HO 3aI1MCaTb TakK:
)
KT N

Pk =Na I—ffa:—no =Ng -

1+exp(E"i‘<_FFJ
c _p : (5.11)
~Ng exp| 22— |-N
_Na d/eXp( KT ) d
E,-F
1 —a
+exp( T j

rae E, —pHepreTuyeckoe MOJIOKEHHE BBOJMMOWM aKIENTOPHOW MPUMECH,
F —nosio’)keHue ypoBHsS DdepMu B KOHEUHOM COCTOSTHUM (TIOCJI€ KOMIIEHCa-
uuun). [Tpu BeiBoAE BeipakeHus (5.11) yuTeHo, 4TO B JIPOYHOM MOIYTIPO-
BOJIHUKE YpOoBeHb DepMHU HAXOIUTCS B HUIXKHEW IMOJIOBHUHE 3alpeiieHHON
30HBI ¥ IOTOMY JIF000# YPOBEHb B BEPXHEH MOJIOBUHE 3allPEIICHHON 30HbI
OyJleT MOJHOCTHbIO MOHW30BAH BCETAa U MIPH JIFOOBIX YCIIOBUSIX.

Toxonepenoc 6 noaynpogoonuxax. B nomynpoBoJHUKAX MOJHBIA TOK
cjiaraeTcsi U3 JIByX COCTaBJISIOMIMX: Jpei(OBOro Toka, BOSHUKAIOIIETO 3a
CYET JIECUCTBUS HAa MOJYNPOBOJHUK BHEIIHETO JJICKTPUUYECKOTO TOJS, U
nu(pby3MOHHOTO TOKA, MPUYUHOU TOSABJICHUS KOTOPOTO SIBISETCS HEpaB-
HOMEPHOCTh pacrpee/eHnus] KOHIIEHTPaluil HOCUTEeNIeH 3apsiia B o0beme
MOJIYyITPOBOIHUKA.

JlpeiioBbIii TOK (WM TOK IPOBOJUMOCTH) 4, NPEICTABIAET COOOM

CyMMY TOKOB, BO3HUKAIOIIMX B 30HE MPOBOJMMOCTH U B BAJECHTHOMN 30HE
3a cueT peroBOro IBUKEHUSI CBOOOJHBIX 3JEKTPOHOB U JABIPOK 3a CUET
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KYJIOHOBCKOTO B3aMMOJICHCTBHS MX 3apsia C BHCIIHHM MOCTOSHHBIM JICK-
Tpuaecknm noseM - jP u joP, cooTBETCTBEHHO:

jop = I + g (5.12)
Kaxnpiit u3 npeitoBbIXx TOKOB BhIpakeHUs (5.12) MOMUMHSETCS 3aKOHY
OmMa, corinacHO KOTOPOMY TOK PaBEH MTPOU3BEICHHIO JIEKTPOIPOBOIHOCTH
Ha BEJIMYMHY IPUIOKEHHOIO IOCTOSHHOIO JJIEKTPUYECKOrO IONIA &j':
j =0 -&y. CnenoBarenpHO, 10 BeIpaxkeHuUto (5.12) nmeem

jap = 0pég +0pEp -

DIEeKTPONPOBOJAHOCTH MOIYNPOBOJIHUKA IO JIEKTPOHAM U IO JbIPKaM MO-
T'yT OBITh HAWJEHBI U3 PACCMOTPEHHUS TEPEHOCA 3apsijia B COOTBETCTBYIO-
el 30HE pa3pelICHHBIX 3HAYECHWM SHepruu (CM. ydeOHOe IMocoOue o
Kypcy @uznueckrue oCHOBBI onTodiekTpoHuku. 2011, rmasa 1). Ilpu stom
HEO0OXOUMO Y4YECTh, YTO CBOOOJHBIA HOCHUTEIb 3apsjia B TBEP/IOM Telie (B
OTJINYME OT BAKYyMHOW CHCTEMBbI) IIPU CBOEM JIBUKEHHUHM HCIIBITHIBACT
MHOTOYHCJICHHBIE CTOJIKHOBEHHUS C Je(EKTaMU PEIIETKH U MOTOMY TaKoe
JIBIDKECHUE MOXKET OBITh OIMKUCAHO BBEJICHHEM YCPEIHEHHON CKOPOCTH
IpeiihOBOrO IBIKEHHS JIEKTPOHOB U JBIPOK Yepe3 BBEICHHUE B PACCMOT-
pEHHE MOJBIKHOCTEN 3JIEKTPOHOB 44, U IBIPOK . [IOABIKHOCTH HOCH-

TeJel 3apsiaa cinabo 3aBUCAT OT BHELIHUX YCJIOBHM M MOTYT CUMTATbCS
KOHCTaHTaMHM BEILIECTBA. B uTore noyiHast npoBOAMMOCTD MOJYIIPOBOJHUKA
OIpeAeIAeTCS KOHIIEHTPAUsIMU CBOOOIHBIX AIEKTPOHOB Ny U JABIPOK Py U

HUX NOJABUKXHOCTSIMU.
o =QunNg +dupPo- (5.13)

DJIEKTPUYECKUI TOK B MOTYNPOBOJHUKAX MOYKET BO3HUKHYTH HE TOJIb-
KO M3-3a JEUCTBUS DJIEKTPUYECKOTO IOJSA, HO U 332 CUET HEPABHOMEPHOT'O
pacrnpeziesieHHs] KOHLICHTPAIMK CBOOOJHBIX HOCUTENEH 3apsia B MOTyIpO-
BogHuke. Ecinum mMmeercs rpaaueHT KOHUEHTpAUWW 3JEKTPOHOB M (MJIN)
IBIPOK, TO U3 MECT C BHICOKOW KOHLIEHTpallUei CBOOOHbIC HOCUTENN YCT-
peMATCs B MECTa, I/I€ UX KOHUEHTpalus MEHbUIE (Ha TO OHU CBOOOJHBIC
HOCHUTEJIH, YTO MOTYT CBOOOJHO IMepeMeliaTbesi B MpocTpancTse). Bo3Hu-
KAIOIIUM MPU 3TOM TOK Ha3bIBACTCA AU(PPY3MOHHBIM, T.K. IPUUYUHA BO3-
HUKHOBEHUS JBWKEeHUS — AudPy3ust Hocutenen 3apsiga. Benuuuna aud-
(Gy3UOHHOTO TOKAa MPOMOPIMOHANIbEHA FPAJAMEHTY KOHIIEHTPALMK CBOOO/I-
HBIX HOcWUTeneu 3apsana. B ogHomepHOM ciydae aud(y3HMOHHBIE TOKHU
AJIEKTPOHOB M JIBIPOK PABHBI, COOTBETCTBEHHO
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(Ougp) _ Ay 9N (Qup) _ p
jn ) =abn = Jp 7" =dDp =, (5.14)

KT KT
rae D, = r tns Dp = — py — KodbduimeHTsl 1 Py3un 37IEKTPOHOB U
JILIPOK, COOTBETCTBEHHO. [10CKONBKY OHM SIBJISIFOTCS KOHCTAaHTaMH BeIlle-

CTBa, TO, 3Hasl TPAJAUEHTHI KOHLICHTpAIUM, 1O BhIpakeHUsIM (9.14) MOKHO
HAWTH BeUYUHBI TU(P(Y3MOHHBIX TOKOB.

5.2. NIPUMEPbI PEWLEHUA 3A0AY NO BbIYUCIIEHUIO
30HHOIo CHNEKTPA NonynPoBOAHUKA U TOKOMEPEHOCY

[Ipu pemenun 3amad paszaenia HEOOXOIUMO IOJIB30BATHCS CIPABOY-
HBIMHU JIAaHHBIMU TIO YHCJICHHBIM 3HAYCHHSIM IapaMeTPOB IMOTYIPOBOTHH-
KOB Pa3IMYHOr0 (PM3UKO-XHUMHUYIECKOTO COCTaBa. JTH JaHHBIC COOpaHBI B
KOHIIE Y4€OHO-METOIMUYECKOT0 TTOCOOMUSI.

3aodaua 1. Beraucnuth nojioxxeHue ypoBHa @epMu B KPEMHUH OTHO-
CUTEIIbHO TOTOJIKA BAJIEHTHOW 30HBI, €CIIA WU3BECTHO, YTO JAHHBIN KPHU-

cTaJul Haxonutcs npu temneparype T =300 K U cOaepKUT 1.4-10*2 aro-
MoB ¢ocdopa B 1 em’. [Ipu pemiennn yyectb, yTo atoMbl ochopa aaroT
DHEPIreTUUYECKUNA YPOBEHb JOHOPHOTO THUIIA, KOTOPBIN JIEKHUT B 3aIIPEIICH-
HOW 30HE MPAKTUYECKHU TOYHO IO THY 30HBI TPOBOAUMOCTH.

Pewenue. I[J'IH ONPCACIICHUA DHCPICTUICCKOI'O ITOJIOKCHUA YPOBHA

depmu B 33JIaHHBIX YCIOBUSIX HEOOXOIMMO BOCIIOJB30BATHCS BBIPAKCHU-
eM (5.3):

my :
F=E + KT In| 2 —kT-In(n—'j.
4 m?
n

31ech paBHOBECHAsI KOHIICHTPAITUS n, 3aaeTCsl JOHOPHON MPUMECHIO:

Er —F
Nd'eXp( iT j

EC—FJ'

no=Ng ¢-f€c =

1+ exp( T

Ctporo roBopsi, iMe€eM TPAHCIIEHICHTHOE YPABHEHUE OTHOCUTEILHO F
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F =E; +%kT -In[%] —kT -In(n—iJ — kT -In(1+ exp(F ;_:_EC j], (5.15)

mn, Ng

KOTOPO€ MOKHO PEIIUTh NPUOTUKEHHBIM METOJOM, eciu F —E- < 3KT.
DTO 03HAYAET, YTO €CJIM JIOHOPHBIA YPOBEHb HAXOJMTCS BBIIIE YPOBHS
®epmu Ha euHUIIBL KT , TO OH MOJHOCTHIO HOHM30BaH. Toraa moclienaHee
ciaraeMoe B BhIpakeHUU (5.15) MOXKHO pa3yioxKUTh B P MO MajaoMmy Ma-

paMeTpy

F-Ec F-Ec ~ 1
Inl1+e ~e e 3 x—=0.05
(JrXp( KT D Xp( KT j<Xp(’20

M YBHUIETh, YTO B PACCMATPUBAEMOM ciiydae IN€+ S MOXKHO C BBICOKOM
CTENEHBIO TOYHOCTH CUMTATh paBHBIM N, 4T0 MaeT Hynb. B pesynbrare

MPUXOJNM K CIENYIOIIEMY BBIPAXKECHUIO IS MTOJ0KEHNUS YpOoBHA Depmu B
JIETUPOBAHHOM MOJYIPOBOHUKE:

me :
F o~ +SKT -In| 2 | kT -in DL |,
4 m; Ny

Eciau cuutath monoxxkeHue ypoBHsi depMu B 3JEKTPOHOBOJIbTaX (3B), TO
3TO BBIPAXKEHUE CIIEAYET PA3ICIIUTh HA 3apsij JIEKTPOHA:

Frg+s .m(mp]_ all -m[”—ij, (5.16)

q m, ) @ Ng

rae E; - 3a1aHo yKe B 2JIEKTPOHOBOJIbTaX. [1oicTaHOBKA YHMCIIEHHBIX 3HA-
yeHui B (5.16) maer

3 1.38-10723.300 . (0.16) 1.38-10723.300 . (1.4-101°
F~056+—- 19 -In — 19 -In 3 ~
4 1.6-10~ 0.19 1.6-10~ 1.4-10
3 1.38.-1072%.300 . (0.16) 1.38-10723.300 . (1.4.10%°
~0.56 +—- 19 -In — 19 -In 3 |®
4 1.6-10" 0.19 1.6-10" 1.4-10

=0.56 +1.9-1072 -In(%) +0.078 -In (O:z 0.56-0.019-0.15+0.078-2.3 ~

~0.56-0.003+0.18=0.74 .
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W3 npoBeneHHOro pacuera cieayeT BaXKHbIN BBIBOJ: U3MEHEHHUE IO-
noxenue ypoBHsa depMmu 3a cuet paznuuusa 3PPEKTUBHBIX MacC HOCUTEIEH
3apsila OKa3bIBACTCsl MPEHEOPEKUMO MaJbIM 1O CPABHEHUIO C JPYTUMU
cinaraeMbiMid B (5.16) 1 mMO3TOMY HEBa)XXHO: KaKHe€ pacCMaTpUBaTh JJICK-
TPOHBI U JBIPKU (JIETKUE WIIM TSDKEINIbIE) — Pe3ynbTaT OyJIeT MPaKTUYCCKU
OJIUH W TOT >Ke. Takas cuTyanusi XxapakTepHa JJisl MOJABISAIOMIETO 0O0Jb-
IMIMHCTBA MPAKTHYECKH BaXXHBIX cliydaeB. [loaToMy mpu paccMOTpeHHUH
KPEMHHEBBIX 00pa3IoB OyJieM OTOpachIBaTh 3TO CJIaraeéMoe B BBIPAXKEHUU
JUIS TIOJI0KEHUS YPOBHS Depmu.

Jlanee, OyYEHHBIN pe3ybTaT MOATBEPKAAET CACIaHHOE MPEAIoo-
KEeHHUE: ypoBeHb DepMH HAXOIUTCA HUXKE YPOBHS JTOHOPHOW NMPUMECH Ha
paccrossuuu B Ec —Ey —F =Ec -F =1.12-0.74 =0.38 5B, 4r0o 3Hauu-
TEIBHO OOJIbIIIE HECKOJIBKUX eMUHUIL KT .

Takum o6pazom, ypoBeHb depMu B KPEMHHUH MPU HAJTUYUHU B HEM J10-

HOPHOM NPUMECHU C KOHLIEHTpALen 1.4-10%3 em PAacCMoJIOKEH B BEPXHEU
IIOJIOBUHE 3aIIPEIICHHON 30HbI HA pacCTosiHuu F ~ 0.74 5B, oTCUMTaHHOM
OT MOTOJIKA BaJICHTHOM 30HBI.

3adaua 2. Onpenenutsh MOJOXKEHUE JTOHOPHOrO ypoBHS Eq4 (B 3iiek-
TPOHO-BOJIBTAX) OTHOCUTEIBHO MOTOJIKA BaJIEHTHOM 30HBI E\, B KpeMHHe-
BOM TOJIYITPOBOJHUKOBOM 0Opa3le, €ClId U3BECTHO, YTO KOHIIEHTPALUS
CBOOOJIHBIX 3JIEKTPOHOB B HEM paBHa Ng = 6.6-10'% CM_3, a KOHIICHTpa-
L[S BBEACHHON JOHOPHOM Ipumechu Ny —9.0-101% cm 37

Pewenue. 110ckONbKYy 10 YCIOBUIO 3aJa4d 3aJjaHa PABHOBECHAsl KOH-

LEHTpauus 3JIEKTPOHOB, TO TEM CaMbIM 3aJIaHO NOJIOXKEHHUE YpoBHS PepMmu
B 3aIPELIEHHON 30HE NOJyIPOBOJHUKA

my :
F =+ KT -In| P —kT-In(n—'j.
4 mp, No

OTO MOJ0XKEHUE onpeaACIACTCA OTHOCUTCIIBHO ITOTOJIKA BaJICHTHOU 30HBI, a
B IICPCBOJAC SHCPTHUHU B IJICKTPOHO-BOJIBTBI 9TO BBIPAKCHUC ITPUMCET BU:

F(9B) = E;(9B) + > X1 .jn| 0 —k—T.ln(ﬂj. (5.17)
49 |m| a \ng
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Tenepp MOXKHO BOCIOJIB30BATHCS TEM, YTO NPHU 3aJAHHOM KOHUEHTPALIUU
AJIEKTPOHOB M3BECTHA TAKXKE KOHUEHTpPAUUYs ITOHOPHOM NPUMECH, CBS3b
MEXK]ly KOTOphIMU ycTaHaBiuBaetcs: Gpynkuuert depmu-Jlupaka:
Ng -exp(EOI ~ Fj

KT
Ed—Fj’

ng =Ng €~f €4 = (5.18)

1te
+Xp(kT

I7i¢ BCE BEIMYMHBI U3BECTHBI KPOME DHEPTHH MOHHU3AIMN JTIOHOPHOM IPHU-
Mecu Egq. Paspemias Beipaxenue (5.18) otHocurensHo Ey , moaydnm

Eq =F +KkTIn| "0

WM B eAUHHUIIaX 2B

E, (9B) = F(aB) + 1 In{ o } | (5.19)
q Ng —ng
3nech nmosoxkeHue ypopHs @epmu onpeensiercs BoipaxkenueM (5.17).
Takum oOpa3om, COBMECTHOE HCIIOJIb30BaHME BbIpakeHwil (5.17) m
(5.19) mo3BoJIIET HAUTH SHEPTETUICCKOE MOJIOKEHNE JOHOPHOTO YPOBHS B
YUCJIEHHOM BBIPAKEHHHU. BOCHOJIB30BaBIINCh CHPABOYHBIMH JTAHHBIMU

AE
3HaueHus 11 E;(aB) = Tg =112/2~0,56 3B, >3pPeKTUBHBIX MACC AJICK-

TPOHOB U JBIPOK, & TAK)KE COOCTBEHHON KOHIIEHTPAI[MXM HOCUTENEH 3apsiia

-3

B KPEMHUU N = 1.4-10'° cm 3, u3 Boipaxenus (5.17) Haiigem:

F(aB) = E (aB) + > KT -|n[m'°]— KT -|n[ﬂ] ~
4 q

*
mp, q No

3 1.38-10723.300 , (0.16) 1.38-10723.300 , (1.4-10%°
~0.56 +—- 9 - 19 -In 7 |®
4  16-10° 0.19 1.6-10" 6.6-10
3 1.38-10723.300 ., (0.16) 1.38-10°2%.300 . (1.4-10%°
~0.56 +—- 15 -In - 15 -In 13 |®
4 1.6-10 0.19 1.6-10 1.4-10
3 1.38-10723.300 . (0.16) 1.38-10723.300 . (1.4-10%0
~0.56 +—- 19 -In — 19 -In 7 |®
4 1.6-10~ 0.19 1.6-10 6.6-10
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=0.56+1.9-1072 -In(%j+0.10-ln 4.71 ~0.56-0.019:-0.15+0.10 1.6 »

~0.56 —0.003 +0.16 ~ 0.72 (3B).
Takum o00pa3om, OTBET Ha TOCTABJICHHBIM B 3ajade BOIPOC TaKOB:
Eq—Ey =0.72 3B.

3adaua 3. Kaxkoit 1omKHa OBITh KOHIIEHTPALIMS aKIIENTOPHON MPUMECH,
BBOJMMOMN B OoOpasel] KpeMHHUS N —THUMNa C KOHIICHTpAalUeW 3JIEKTPOHOB

No =2.4.10%0 cm 3 U TIOJIyYCHUS P —TUMNA C KOHIEHTPALMEW IbIPOK

Po = 2.8-10 " cMm 3, ecim DHEPTETUYECKUN YPOBEHb BBOJUMOM aKLEHTOP-
HOW TNpUMECH E, yIalmeH OT MOTOJKAa BAJECHTHOM 30HBI HAa PACCTOSIHUE

E,—E, =0,12 aB?

Pewenue. 1lociie BBeneHUs akIENTOPHOW NPUMECH YPOBEHb JOHOPHOM
MPUMECH OKAXKETCSI 3HAUUTENILHO BbIlIE (00JIee YeM Ha HECKOJBbKO €IMHUI]
KT ) ypoBust depMu U MOTOMY OYICT MOJIHOCTHIO MOHM30BaH. [leficTBU-
TEJIbHO, KBAaHT KOJICOAHUS PEIICTKU B €AUHUIIAX JICKTPOHO-BOJBT COCTAB-
JSET

kT 1.38-107%%.300 4.14

q 1.6-1071° 1.6
[TosToMy 3ampenieHHas 30Ha KPEMHUS B €IMHUIIAX KBAHTOB TEIUIOBBIX KO-
Je0aHui PelIeTKU COCTABIISIET

AE
9 | /[KT)_112 152 433,
q q 2.59

CrnetoBaTeNbHO, BEPXHSISL M HYDKHSIS TTOJIOBUHBI 3aMPEIIEHHON 30HbI, B KO-
TOPBIX PACIOJararTcsl JOHOPHBIE M AKIENTOPHBIC YPOBHU JICTUPYIOIIUX
pUMeCei, COOTBETCTBEHHO, BEJIMKH O CPAaBHEHUIO C 00JIACTHIO IMepe3a-
PSAIKU TPUMECHOTO YPOBHS

1072 =2.59-107% (3B).

AE=Q—6;%F.

DTta 00JaCcTh 3HAYUTEIBHO MEHBIIIE YKa3aHHBIX BBINIE 00JacTe pacmoio-
YKCHUS IPUMECHBIX YPOBHEM.
KoHuieHTpaiusi cBOOOJIHBIX ABIPOK Py B BAJIEHTHOW 30HE MOJYMPOBO/I-

HHUKA PaBHA PA3HOCTH KOHIECHTPALMKA MOHU30BAHHBIX AKIIENITOPOB M KOH-
LEHTpaIlUK JOHOPOB:

Po :Na'fea}Nd’ (5.20)
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rac (1)YHKHI/I$I 3aIllOJIHCHUA DJICKTPOHAMM AKICIITOPHOI'O YPOBHA CCTh

~ 1
f -
€ 1+exp| 2= F j
Pk
N3 Beipaxkenus (5.20) HalileM KOHIEHTPAIIMIO aKIENTOPHON MPUMECH:
N = ©g +Ng {1+ exp(ET(_FFﬂ. (5.21)

3nech MoJaoXkeHne ypoBHS PepMu F OTHOCHUTEIBHO ITOTOJIKA BaJCHTHOU
30HBI OIIPEICIIACTCS yIKe U3BECTHBIM 00pa3oM (cM. (5.17)):

F-E my
—V:Ei(35)+§kT-|n 5 KT In(n j ,(3B).
q 4 q m, q Po

[lepenumem BeipakeHue (5.21) B cremyroniemM BUJE, YBS3aB MOJOKEHUE
aleNITOPHOI0 YPOBHSI C TIOTOJIKOM BAJICHTHOM 30HBI:

N, = €0 +Ng > {1+exp(Ea_Fﬂ:

KT

€,-Ey ~€-E/ )]
=€ +Ny {1+ exp( T ﬂ

NI B TAKOM BHJIC:

Na = ©g +Ng - [1+exp(€a_EV —€-E ﬂ:

KT
o]
~ KT
=€ +Ng |1+
exp(F —Evj
kKT

OKOHYATEJILHO:

_ exp(ea_EV 3 quj_
Na = €0 +Ng |1+ i
(G—Ev/ q j
exp -
q kKT

(5.22)

TCHCPB moACTaBUM HYHUCJIICHHBLIC 3HAYCHUA B IAHHOC BBIPAKCHUC!
Ea-Ey g 012

- 102 = 4.63,
q kT 2.59
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FoEy _Ei-By . m)
KT kKT Po

Jlanee, moACTaBUB 3TH 3HAYEHUSI B BhIpaxkeHUe (5.22), MOIyIuM:

Ng = €0 +Ng 3|1+ X €.63_ _
n (Gi -Ev_ ¢ j
7exp .
Po q KT
— €0 +Ng |1+ — eXp:;;?’/ = @0 +Ng >|1+ n?Xp @63 |_
Ni. ( : .102j 1 exp@1.6
_ 0 +Ng 3|1+ P (1.63 -216 | _ 00+ Ny :{1+ Po expnldr17.0/} _
- [
i Po
<16l 2.8-10%7 17 ; 2
=€@.4+28.010 I+ ———509 ¢17 |~3.0-10 I+2-1O exp €17 _
1.4-10 i
Boruncius exp €17 = % 10 _5, HalieM

A ~
N, ~3.0-1017 (+2.107 /228 .105 #3.0-10'7 ¢+0.88 »5.6-1017 cm 3.

Takum 00pa3oM, KOHIIEHTpaIlUsl KOMIICHCUPYIOIIEH MPUMECH C 3ajlaH-

HBIM SHCPIreTUICCKUM ITOJIOKCHHUCM HOJIKHA COCTABJIATH 5.6 '1017 CM_S.

3adaua 4. PaccuntaTh yAEIbHYIO 3JIEKTPONPOBOJHOCTh KPUCTAILIA Tep-
MaHHMs TIPY KOMHATHOM TeMIIepaType, €ClId U3BECTHO, YTO YPOBEHD €T0 Jie-

TUPOBAHUSA TOHOPHOM IPUMECHIO COCTABIIAET Ny =2 - 10%° v,

Pewienue. B oOmiem ciiydae 3J€KTPOINPOBOIHOCTh KpPHUCTAJIA TOTY-
IIPOBOJIHMKA 00€CTIeUNBAETCS IBMXKEHUEM 3JIEKTPOHOB U ABIPOK. [loaToMy
OHa COCTOWUT W3 JBYX CJlaraeMbIX: AJICKTPOHHOM KOMITOHEHTHI JJIEKTPO-
IPOBOJHOCTH M JBIPOYHOH, YTO C HCIOJb30BaHueM BbIpaxkeHus (5.10)

MOXHO 3aIIucCaTh B BU/IC
n2
O = QunN + 0P = qupn +qup 7‘ : (5.23)
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[ToHass KOHIIEHTpAIKS AJICKTPOHOB B 30HE ITPOBOAUMOCTH PaBHA KOHIICH-
Tpaluu JOHOpHOU mpumecH. [losToMy, mpeanoraras MoJHYIO HOHU3AIHIO
JOHOPHOM IIPUMECH, MOYKHO 3aITHCaTh:

n= Nd .
Torma ’nekTponpoBOHOCTh KpHcTajia repManus (5.23) OyaeT paBHa:
n2
o =qupNg +0xp ﬁ : (5.24)

[ToactaBuB u3 Ilpunoxenus 1 B BeipaxkeHue (5.24) yucieHHbIC 3HAUCHUS
MOJABUKHOCTEH 2JIEKTPOHOB U JILIPOK B T€PMAHUU, TTOTYUHM:

03 24:24-10%° ) _

o=16-10"12/39.10%.20-101° +19.1 e
20-10

N N
= . O —+ < L4 - . ~ . ,0 - —

16-10719¢s8.1018 +19.24.12.10% 516 10719 ¢g.1018 7
~125-101=12.

I/ITaK, BHGKTpOHPOBOI[HOCTB I/ICCJ'IeI[yeMOFO KpI/ICTaJ'IJ'Ia FepMaHI/IH paBHa
1,2 Omtem™,

3aoaua 5. Yepes obOpazell apceHua rajuivs, JISTUPOBAHHBINA TOHOP-
HOU IIPUMECBHIO KOHLIEHTpauuen 14 .101° cm™, IIPOTEKACT TOK BEJIUINHOIO
1073 A. Pasmepsr o6pasua €Q31x031x10 cM® . 3a Kakoe BpEMS JJIEKTPO-
HBI MpoJeTarT 3TOT obOpazen? CuuTarh, YTO TOK TE€UET BIOJIbL OOJbIIEH
CTOPOHBI KPUCTAJLIA.

Pewienue. UtoObl HaliTH BpeMs MPOJIETA AJIEKTPOHAMHU 00pa3lia, He-
00X0MMO 3HATh CKOPOCTH Apeiida ANeKTPOHOB - vy, T.K. JJIMHA 00pa3La

HN3BCCTHA.

t=— . (5.25)

Un

CKOpOCTb 2JIEKTPOHOB MOKET OBITh HalicHa Yepe3 UX MOJIBUKHOCTD:

pn =20 (5.26)

g

I7Ie & - BeJIMUMHA DJICKTPUUECKOTO T0JIs, MPUJIOKEHHOTO K KpucTamny. Ee
MOYKHO OIPENEIUTh U3 3akoHa Oma:

j=0-E. (5.27)
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3Ha‘-II/IT, HCKOMasa HEU3BCCTHaAA 6YH€T BBIYUCJIATBHCA 110 BBIPAKCHUIO!

L_ L Lo

On  Hn-& Hn-i

[1JI0THOCTH TOKA MOKHO HAaMTH IO M3BECTHOMY 3HAYEHMIO TOKA Yepe3 00-

pasen | u momany obpasna S = €31x0,31 =101 cm?:

-
s
OKOHYATENBPHOE BBIPAKEHUE JJIsI OMPEACIICHUS BPEMEHU IIpOJIeTa DJICK-
TpoHaMu oOpasiia Oyier
2

L-c-S L-S n.
= = q| #nNg + pp = | (5.28)
tn-l -l Ng

t

[ToncraBuB n3 [IpunokeHHs: YUCIICHHBIE 3HAYEHUS MMAPAMETPOB apCEHUIA
rajuIus, MOJy4YuM:

-~  10-1071
t€ = 3 3
80-10° -10

\
_20-1021(12.10%8 +7,0.10% 5224-1073

02 14:14-101° )

16-1071°180.10%.14-101° +50.1 iy
14-10

WTak, OTBET Ha MOCTABJICHHBIA BOIMPOC TAKOB: JICKTPOH MPOJETUT 0Opa-
3€11 3a 22 MUJUITMCEKYH/IBI.

3aoaua 6. PaccuntaTh BETUYUHY IUIOTHOCTH MOJHOTO TU(DPY3nOHHOTO
TOKa (3JIEKTPOHOB U JIBIPOK) B KPEMHHEBOM 00pasiie Mpu KOMHATHOU TEM-
Ieparype, €CIM U3BECTHO, YTO YPOBEHB €T0 JIETUPOBAHUS TOHOPHOU MPHU-

015 -3

MeChI0 cocTaBiIsIeT Ny =2-1 CM ~, a 3aBUCUMOCTHU KOHLEHTpaLUuu

SJICKTPOHOB M ABIPOK OT KOOPAUHATBI OIIMCBIBAIOTCS BHIPAKCHUAMM:

no() =Ng & fan(x-a)2,
2 ]
n. .
P00 | 1|0 |opx-0)2

3mech ap, ap. @, b - HEKHUE NOCTOSHHBIC BETMYHHBL.
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Pewienue. IlnotHocTh mosHOTO aU(POY3HOHHOTO TOKA MPEIACTABIISICT
pasHoCTh MU PY3HOHHBIX TOKOB 3JIEKTPOHOB M JBIPOK, MOCKOJIBKY IMpHU
OJIMHAKOBOM HAMpPABJICHUHU JBHKCHUS MEPEHOCATCS 3aps/ibl MPOTUBOIIO-
JIO’)KHBIX 3HAKOB

: : : on 0
jOu) _ Jr(]auqb) _ JI(Dauqb) - qD, 2 -qD, P

OX ox

JIns manpHEMIMMX pacdeToB HEOOXOAWMO HAMTH T'PagUEHTHI KOHIIEHTpA-
UM DJIEKTPOHOB U JIBIPOK, YTO CEMYAC CHACIIAEM:

2_::: (Id -exp[an(X—a)zl =Ng (2an(x_a)exp[an(X—a)2}

= 2ap(x-a)-n&;

5 /

2
- ﬁ -explap(x—b) _ ﬁ (Zap(x—b)explap(x—b) =
X

= —20p(x-b) - p&_
CremoBaTelIbHO, BRIPAKEHHUE VIS ITOJTHOM INIOTHOCTH TOKa OY/ICT:
j(0ued) _ 2qap(x —b) - p(x) - 2qa, (x —a) -n(x). (5.29)

JlaHHOE BBIpaXKCHHUE SIBISETCS OTBETOM Ha ITOCTABJICHHBIA B 3ajade BO-
poc.
5.3. BAPUAHTbI 3ALAHUA NO BbIYUCIIEHUIO

30HHOIO0 CNEKTPA NMonynrPoOBOAHUKA U TOKOMNMEPEHOCY
K KOHTPONIbHON PABOTE Ne 1

[Tpu pemenun 3amad pasjesia HEOOXOIMMO TOJIB30BATHCS CIPABOY-
HBIMHU JJAaHHBIMU TIO YHCJICHHBIM 3HAYCHUSIM TapaMeTpPOB MOTYTPOBOTHU-
KOB Pa3IMYHOTO (PM3UKO-XUMHUYECKOTO COCTaBa. JTHU JaHHBIC COOpaHBI B
KOHIIE Y4€OHO-METOIMUYECKOr0 OCOOHs.

1. Onpenennre monoxeHre ypoBHS PepMH OTHOCHTEIHLHO IOTOJIKA Ba-
JICHTHOM 30HBI B KPEMHHEBOM IIOJYIIPOBOTHUKE P - THIIA U KOHIICHTpPA-
I[HI0 HEOCHOBHBIX HOCHTEJCH, €CIIM HM3BECTHO, YTO KOHIIEHTPALHS aK-
LENITOPHOI MPUMECH B HEM paBHa N, =106 cm™.

2. Onpenenure mnosioxkeHue ypoBHs DepMH OTHOCUTENIBHO MOTOJIKA Ba-
JIEHTHOM 30HBI B KDEMHHUEBOM I1OJYIIPOBOJIHUKE N - TUIIA U KOHILICHTPA-
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I[UI0 HEOCHOBHBIX HOCHUTEJICH, €CJIU M3BECTHO, YTO KOHIICHTpALMs J0-
HOPHOM IPHMECH B HeM paBHa Ny =10 cm™,

. Omnpenenure Moa0KeHHE ypOoBHSI PepMH OTHOCHTEIBHO CEPEAMHBI 3a-
HPEIICHHON 30HbI B TEPMaHUEBOM TOJYIPOBOTHUKE [ - THIIA U KOHIICH-
TPALMI0O HEOCHOBHBIX HOCHUTENICH, €CIM HM3BECTHO, YTO KOHIICHTPAIIUs
AKLENITOPHOI MPUMECH B HEM paBHa N, =10V cM™,

. Onpenenure nonoxenne ypoBHd DepMHU OTHOCUTEIBHO MOTOJIKA Ba-
JICHTHOM 30HBI B TIOJYIIPOBOJHUKOBOM 00pa3lie GaAs P - TUIA U KOH-
LHEHTPAIMI0 HEOCHOBHBIX HOCHUTEJEH, €CJIM M3BECTHO, YTO KOHIICHTpa-

LMs] aKLENITOPHOW IPUMECHU B HEM paBHA N = 10%° em,

. OnpenenuTtes MNOJIOKEHHE AKUENTOPHOrO YpOoBHS E, (B 3JIEKTpOHO-
BOJIbTAaX) OTHOCHUTEJILHO MOTOJKA BAJICHTHON 30HBI Ey, B KPEMHHUEBOM
MOJIYITPOBOTHUKOBOM 00paslie p —THUIA, €CIM M3BECTHO, UYTO KOHIICH-
014 c -3

Tpauusi CBOOOJHBIX JBIPOK B HEM paBHA Py =6.6-1 M ~, a KOHIICH-

Tpauus akuenTopHou mpumecu Ny =9.0 101 em3?

. OnpenenuTy TMOJIOKEHUE JOHOPHOTO YypoBHS Eg (B 3JIEKTpOHO-
BOJIbTaX) OTHOCUTEIBHO MOTOJIKA BAJICHTHOM 30HBI Ey, B repMaHHEBOM
MOJIYITPOBOJIHUKOBOM 00pa3lie N —THIA, €CJId U3BECTHO, YTO KOHIICH-
Tpalusi CBOOOJIHBIX 3JEKTPOHOB B HEM paBHa N -5.6-10% CM_S, a

KOHLEHTpaus JOHOPHOM IpuMechu Ny = 8.8 101 em3?

. OnpenenuTts NOJOKEHUE JOHOPHOTO YPOBHS E4 (B 3JIEKTPOHO-BOJIHTAX)
OTHOCHUTEJILHO MOTOJIKa BAJICHTHOM 30HBI E\, B apCEHU-TAJUIMEBOM I10-
JYIPOBOJAHUKOBOM OOpasle N —THUIMla, €CIM MU3BECTHO, YTO KOHIIEHTpa-

Mg CBOOOJHBIX 3JIEKTPOHOB B HEM paBHA N :1.6-1012 CM_B, a KOH-

012

LEeHTpaLus JOHOpHOU npuMecu Ny =3.2-1 cM3?

Onpenenuth MOJIOKEHHUE AKLIENTOPHOTO YpOBHSA E, (B 3JIEKTPOHO-
BOJIbTaX) OTHOCHUTENIBHO IIOTOJIKA BAJEHTHOW 30HBI Ey, B apceHun-
raJJIMEBOM HOJYIPOBOAHUKOBOM 00Opaslie p —THIA, €CJIU U3BECTHO, UTO

KOHIICHTpAIMs CBOOOJHBIX JBIPOK B HEM paBHa pPo =3.6 -1012 CM_3, a

012

KOHLEHTpAMs aKLENTOPHOU npuMecu Ny =9.6-1 cM 37

. Onpenenuts NOJOKEHUE JOHOPHOTO YPOBHS E4 (B 3JIEKTPOHO-BOJIHTAX)
OTHOCHUTEJILHO MOTOJIKA BaJECHTHOM 30HBI Eyy B repMaHUEBOM MOJYIIPO-
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BOJHHUKOBOM 06pasue N —TuUiia, €CJInu U3BCCTHO, YTO KOHIOCHTPALIHUA CBO-

OOJHBIX JBIPOK B HEM paBHa pg = 2.6.10%3 CM_3, a KOHIICHTpaIus 10-

013

HOpHOU npuMecu Ny =7.7-10"° cm =39

10. Kakoii momkHa OBITH KOHIICHTpAIIUS KOMIICHCUPYIOMIEH aKIIenTOPHOM
npuMecH, BBOJUMOUM B 00paszel] apceHuJa rajuiks N —TUlla ¢ KOHICH-
TpalMend JJIEKTPOHOB N =2.4.10% cm 3 JUIA TIOJIyY€HHUSI P —THIIA C

KOHLIEHTpAalMen IbIPpOK pg = 2.8 10 em3

, €CJIM DHEPreTUUYECKUN YPO-
BEHb BBOJMMOM aKIENTOPHOU NTPUMECH E, ynaneH OoT mOTOJIKA BAJIEHT-
HOM 30HBI Ha paccTosiHuE E, —E, =0,12 3B?

11. Kakoit nomxHa OBITH KOHIEHTPAIMS KOMIICHCHUPYIOIIEH JOHOPHOM

IpUMECH, BBOJMMOW B 0Opaszell apCeHHaa rajuids p —TUIA ¢ KOHIEH-

012

Tpaluen IbIpoK pg =2.4-1 CM -3 JUISA TIOJIyYE€HHUS N —THUIIA ¢ KOHIECH-

TpaLen 3JIEKTPOHOB N =2.8-108 cm 3, ecim SHEPreTUYECKUU YPO-
BEHb BBOJUMOU JOHOPHOM NpuMecu Ey yIajeH OT MOTOJIKa BaJEHTHON
30HBI Ha paccTosHue Ey —E, =135 3B?

12. Kakoii momxHa OBITH KOHIIEHTpAIUs KOMIICHCUPYIOIIEH JTOHOPHOM
npuMecH, BBOAUMON B oOpaszell KpeMHHUs p —THUIla C KOHIIEHTpaIluein
IBIPOK P =1.4-10Y eMm ™3 o MOJYYEHUs] N —THUIIA C KOHLIEHTpaLUEn
DJIEKTPOHOB N -2.8.10% CM_S, €CJIA PHEPreTUYECKUU YPOBEHb BBO-
OAMOM JOHOPHOU NMpUMeECH Eq4 yaajeH OT mOTOJIKa BaJICHTHOW 30HBI Ha
paccrosinue Eqy —E, =10 aB?

13. Kakoii nomxkHa OBITh KOHIEHTpAIUsi KOMIIEHCUPYIOIIEH JIOHOPHOM
IpUMECH, BBOJUMOM B 00pa3zell repMaHusi p —THUIA C KOHUEHTpalUen
IBIPOK Pg :2.7-1014 CM_3 JUTA TIOJIYYE€HHUSI N —TUIa ¢ KOHICHTPAIUEH
DJICKTPOHOB Ng -4.8.10% CM_3, €CJIA DHEPreTUYECKU YPOBEHBb BBO-
OVMMOU TOHOPHOU IPUMECH Ey ynajieH OT MOTOJIKA BAJIEHTHOW 30HBI Ha
paccrosinue Ey —E, =0,60 aB?

14. O6pa3zen apceHua TauIus COACPKUT JOHOPHYIO IMPHUMECh C KOHIICH-
Tpammei Ny =2-10"%cM™. OnpeenuTh yaeIbHYIO IEKTPOIPOBOIHOCTD

U TUI IPOBOJMMOCTH MOJIYNPOBOAHMKA. Kakoil TomkHA ObITh KOHLIECH-
Tpalusi JOHOPOB, UYTOOBI yHeNbHAasl 3JIEKTPONPOBOJHOCTH PABHAIACH

6,2-1072 OmL -M1?
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15. OOpa3zer repMaHusi COAEPAKUT aAKIENTOPHYIO TPUMECH C KOHIIEHTpaIU-
el Ng =2.10% e, OnpenenuTts yACAbHYIO 3JCKTPONPOBOJIHOCTh H
TUIl MPOBOJMMOCTH TOJYyImpoBoaHMKA. Kakoil qoiKHAa OBITH KOHIICH-

Tpamusi JOHOPOB, YTOOBI yjA€lbHAs 3JICKTPOIPOBOIHOCTH PABHSIIACH
COOCTBEHHOMY 3HAYEHUIO?

16. [Ipeti¢oBbIii TOK MIOTHOCTHIO 1073 A/cm? Teuer gepe3 oOpaszelr rep-
MaHHs N-THUMA TPOBOJAUMOCTH C yACIbHBIM CONPOTHBIEHHEM 5 OM-CM.

3a Kakoe BpeMs AIEKTPOHBI U ABIPKHA NPOUILYT PaCCTOSTHUE 5 11073 cm?

17. dpeiidoBblil TOK IJIOTHOCTHIO 0,1 A/cm? Teder yepe3 oopaselrl KpeMHUs
p-TUIAa MPOBOJUMOCTH C YAEIbHBIM compoTuBieHuemM 0,55 Owm-cM. 3a
KaKO€ BPEMs DJIEKTPOHBI U JBIPKH MIPOMIYT PACCTOSHUE 5-10 72 CM?

18. PaccuuTaTh BEIWYMHY IJIOTHOCTH MOJHOrO AUG(PY3UOHHOTO TOKa
(2JIEKTPOHOB M JIBIPOK) B KPEMHUEBOM 00pa3lie NMpU KOMHATHON TeMIie-
patype, €clid M3BECTHO, 3aBUCHUMOCTH KOHIIEHTpAIIMil 3JEKTPOHOB U
IBIPOK OT KOOPANHATHI OMUCHIBAIOTCS BBIPAKEHUSIMMU:

2
No(X) = Ny -exp{—i(x —5)}/x, Po(X) = n -exp{—i(x —2)}/x :
2 Ny 5
19. PaccuutaTh BEJMYMHY IUJIOTHOCTH MOJHOTO JIU(PY3HOHHOTO TOKA
(3JIEKTPOHOB U JIBIPOK) B KPEMHHEBOM 00pa3iie Mpu KOMHATHOW TeMIle-
paType, €clii M3BECTHO, 3aBUCUMOCTH KOHUEHTpAlUi 3JEKTPOHOB H
IOBIPOK OT KOOPJAMHATHI ONMUCHIBAIOTCS BBIPAKECHUSIMU:

1 2 n-2
No(X) = Ny oexp{——(x—S) } Po(X)=| — |..
2 Ny
20. Paccuurtarh BEIMYMHY IUIOTHOCTH MOJHOTO IU(PHY3UOHHOTO TOKa
(2JIEKTPOHOB M JIBIPOK) B KPEMHHEBOM 00pa3lie MpU KOMHATHON TeMIie-
paType, €clii M3BECTHO, 3aBUCUMOCTH KOHIUEHTpAlUi 3JIEKTPOHOB H
IOBIPOK OT KOOPJAMHATHI ONUCHIBAIOTCS BBIPAKECHUSIMU:

2

00~ Noi Po) | 1 -exp[—%(x—az}..
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6. <B3BAUMOOEUCTBUE OMNTUYECKOIro U3NYyYEHUA
C TBEPObIMU TEJIAMW»

6.1. KPATKOE U3INOXEHMWE TEOPUU

[Ipn pacupocTpaHEHHUU 3JICKTPOMArHUTHOTO H3IYYCHHS B TBEPJIOM
TeJie MHTEHCHBHOCTh H3JIYYE€HHS MOHOTOHHO yMeHbImaeTcs. Ecim mapa-
METpPBI TBEPJIOTO TEJIa MOCTOSHHBI IO KOOPJIAUHATE X, BAOJIb KOTOPOU pac-
IIPOCTPAHSACTCS U3IYyUYCHHS, TO YMCHBIIICHHEC HMHTEHCHBHOCTH 110 MEpe y/1a-
JEHUS OT OCBEIaeMOM IIOBEPXHOCTH TOJAYMHSETCS 3aKkoHy byrepa-
Jlambepra:

(X)=lg(~R Sexp€a-x . (6.1)

3necy R- Oe3pa3MepHas BEIWYMHA, UMEHYyeMas KO03((PUIHeHTOM OTpa-
JKeHUSl U3TyYeHUS OT MOBEPXHOCTH TBEPAOTO TeNa, «- KOADPHUIIUEHT mo-
ryoieHus u3nydeHusi. OH UMeeT pa3MepHOCTh OOPATHOM JIJIMHBI, U TTOTO-
My BBOJSAT €LI€ OAWUH MapaMeTp, XapaKTEPU3YIOIIMK B3aUMOICUCTBUAE HU3-
Jy4YEHUSI C TBEPABIM TEJIOM — AJMHY CBOOOAHOI0 nmpodera (poTroHa:

lp =Ya. (6.2)

Ona paBHa cpelHEMY PacCTOSHHIO, KOTOPOE MPOXOAUT (POTOH B TBEPAOM
TeJIe 10 MOMEHTa CBOETO MOTJIoNIeH!s. YnucaeHHbIe 3HAUeHUS JITTUHBI CBO-
O0omHOro mpobera ¢GoTOHA COCTABISIOT €IMHHUIIBI U JOJU MHUKPOHA, YTO
yKa3bIBaET HA JTJOMUHHUPYIOIIYIO POJIb MPUIIOBEPXHOCTHOTO CJIOS B MPOIIEC-
CE TIOTJIOIICHMS U3 TyUCHHSI.

PaccmoTpenue MOrJomeHnss Ha OCHOBE KBAaHTOBOW TEOPUU CBETA
IPUBOIUT K CIACAYIOIMIEMY BBIPAXKEHHUIO JJIs1 KO3(PDHUIIMESHTA ITOTJIONIESHHS

a=0c-N, (6.3)

I'7Ic o - BEPOSITHOCTH IMOTJIOMEHNUS (DOTOHA OJWHOYHBIM IIEHTPOM, HMEIO-
Imast pa3MEpPHOCTH IUTOMaau; N - KOHIICHTpAIIUs [ICHTPOB ITOTJIOMICHMS.

M3 Bcex BO3MOKHBIX MEXaHHU3MOB TIOTJIOIICHUS U3JIYUCHUS TBEPIBIM
TeJIOM HamOoJIee BaKHBIC IS TPAKTHICCKOTO MPUMEHEHHUSI CICAYET BBIJIC-
JUTh COOCTBEHHOE ITOTJIONIECHNE, TPUMECHOE TTOTJIONICHNE U TTOTJIONICHUE
Ha CBOOOIHBIX HOCUTEISAX 3apsiia.

1. CoOGcTBeHHOE TOTJIONMICHNE HAOMI0AaeTCA NP TMaJeHUM Ha TI0JY-
MIPOBOJHUK U3IIYUSHHUS C DHEPTHEH KBaHTa OOJIbIIe MTUPHUHBI 3alpeIIeHHON
30HBI:

ho > AEg. (6.4)
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OTOT TUN TOTJIOUIEHUS] JOMUHUPYET B 00JIACTM KOPOTKHUX JJIUH BOJIH,
MEHBIINX Ay
i = —— - (6.5)
P AR,

2. IIpuMecHOE MOTIONIEHUE BO3HUKAET, KOTJa SHEPTHs IMAJAr0IIEero Ha
MOJIYNIPOBOJHUK (DOTOHA JOCTATOUHA JJIsl IEPEBOJIA SJICKTPOHA U3 BAJICHT-
HOW 30HBI HA YPOBEHb MPUMECH — CIIy4ai akKIenTOpHOU mpumecH (AEg)
WM HAaoOOpOT: ¢ IMPUMECH B 30HY IMPOBOJUMOCTH — CIy4ail JOHOPHOM
npuMecH (AEy ). OTH yCIOBUS MOYKHO 3allMCATh TaK:

_ hc
" AEga

(6.6)

H€O6XO)_II/IMBIM YCJI0BUEM Ha6J'IIOI[€HI/IH INPUMCCHOT'O IMOIIOIICHUS ABJIACT-
Ci HaCTHU4YHasg MOHU3alUA IIPUMCCHOI'O YPOBHSA, YTO AOCTUIACTCA IIPH I10-
HUKCHHBIX TEMIICPATYpax IOJYIIPOBOJHUKA. HOCKOHBKY IIPUMCCHOC I10-
TJIOMICHHUEC TAaKXC BO3MOXKHO B o0JracTu KOPOTKHUX IOJIMH BOJIH, I'IC JOMU-
HHUPYCT coOCTBEHHOE MorjiomeHnue, TO BTOPbLIM YCIIOBUCM Ha6J'HOI[€HI/I$I
IMPUMCCHOI'O ITOTJIOIICHUA ABJIACTCA OTCYTCTBHUC COOCTBEHHOI'O ITOTJIOLIC-
nusg. HanbGoiee MpOCTO 3TO MOXHO HOCTUYb, €CJIM HCIIOJIB30BATH HU3JIydC-

HHU€ C JIMHOW BOJIHBI A W3 Janasona A,, > A > A, . YUuTbIBas T0O 00-

CTOATENHCTBO, YTO KOHIIEHTPAIMs MPUMECEH B MOJYNPOBOJHHUKE Ha TIO-
PSAIKKA HUKE KOHILIEHTPAMU COOCTBEHHBIX aTOMOB, COTJIACHO BBIPAKEHUIO
(6.3) k03h(PUIIMEHT TPUMECHOTO TMOIJIOLIEHUSI « B PeaJbHBIX MOJIYNPO-
BOJHHMKAX OKAa3bIBAETCA Ha HECKOJIBKO MOPAJKOB HIDKE KO3 (UIIMEHTa
cobcTBeHHOro moruomeHus. CrnenoBarenbHO, MOTJIOUICHUE W3JIyYeHUs
NPUMECHBIMA aTOMaMH M MOHAMHU IPOUCXOJUT B CJIO€ MOJYyHpPOBOIHHUKA
TOJIITUHOM /IO COTEH MUKPOH.

6.2. MIPUMEPbI PELWLEHUA 3AOAY MO OMNPEAEJNIEHUIO
NMAPAMETPOB B3AMMOOEWUCTBUA U3NYYEHUA C
nonynpoBOAHNKAMU

[Ipu pemenun 3amad pasjiesia HEOOXOAUMO TIOJIB30BATHCS CIPABOY-
HBIMHU JTAaHHBIMHU TIO YHCJICHHBIM 3HAYCHUSIM TMapaMeTPOB MOTYIPOBOTHU-
KOB Pa3IMYHOTO (PM3UKO-XUMHUYECKOTO COCTaBa. JTHU JaHHBIE COOpaHBI B
KOHIIE Y4€OHO-METOIMYE€CKOr0 OCOOHS.

35



3aoaua 1. Kakas qoiis oT majaronie cCBETOBOM MHTEHCUBHOCTH I10-
IJIOHIACTCS B CJIOC MOJYIPOBOJIHHMKA MEKIY KOOPAUHATAMH X,=10"°CM 110
X, =2-107°CM, OTCUMTAHHBIMH OT OCBEIIIAEMO MOBEPXHOCTH, €CIIU U3BECT-
HO, YTO JJIMHA CBOOOAHOro mpobera ()OTOHA COCTABISACT 108 M?

Pewenue. 3a OCHOBY pemICHHS 3aJjladyd BO3bMEM 3aKOH byrepa —
JlambGepTa, COTJIaCHO KOTOPOMY MHTEHCHUBHOCTb ONTHYECKOTO U3ITyYCHUS
Ha PacCTOSHUU X OT OCBEIIAeMOM MOBEPXHOCTH | €  YMEHBIIIAETCS C POC-
TOM TJIyOMHBI 110 SKCTIOHEHIIMATIHLHOMY 3aKOHY:

1€ CR3lgep€ax, (6.7)

rae R - KOd(pPUIMEHT OTpakeHUsI U3Iy4YEHHUs OT MOBEPXHOCTH, a « - KO-
3 PUIUEHT MOTJOIIEHUS, KOTOPBIN M0 BEIMYUHE OOPATHO MPOMOPIIMOHA-

JIEH JUIMHE CBOOOIHOTO 1podera poToHa /-
1
lp

94

3HA4YUT, B TOUKE X{= 10~° cM mHTEHCHBHOCTB CBeTa OyJzieT paBHa
~ -
| ((1f lO exp(—axl/.

DTa 107 UHTEHCUBHOCTH OT MAJAIOIIETO Ha MOJYIPOBOJIHUK WU3ITyYEHHUS,
IIPOW/IS CJIOW BELIECTBA JI0 TOUKHU X =2- 10~ CM, YMEHBIIUTCA 10

- _
|((2)——|OeXp(—a’X2;
CJIe10BaTEIBHO, B CIIOE TOJIIMHON €, —X; MOTJIOTHTCS HHTCHCHBHOCTB
~ ~ ~ ~ -
A€ —x =1€1 1€ =loexp€axy sloexp € axy
WJIM B OTHOCHTEJIBHBIX €IUHHIAX
Al &> — X - ~
2 A expax; —expaxy .
lo
[ToxcTaBiIsAs YMCICHHbBIE 3HAYCHUS B CAHTHMETPAX, OIYUHM:
Al €y — Xq
2-X1__,

~ B

6 6 6 -6 _
- xp (108 .10 ;e><p(10 2:107° =
1 1 1 1

exp exp@. 27 7.3 N

-

—exp€l-exp €2 = 0,23

OTBeT Ha MOCTaBJIEHHBIN B 3aJja4e BOIPOC TAaKOB: B YKa3aHHOM CJIO€ TO-
TIOTUTCS TPUMEPHO 23% OT majaroel MHTEHCUBHOCTH.
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3aoaua 2. OnpenenuTb BEPOSTHOCTD MOTJIOMICHUS (POTOHOB BHUIUMO-
ro ONTUYECKOIO0 M3JIYUYECHHS] B MOJIYINPOBOJHUKOBOM KPEMHHUHM, €CJIU M3-
BECTHO, 4TO 99% majaromnieii CBETOBOW MOIIHOCTH ITOTJIOMIACTCS B CJIOE

TONHHOM 107° cM.

Pewenue. 3a OCHOBY pemieHHs 3aJjadyd BO3bMEM 3aKOH byrepa —
JlamOepTa, COTJIaCHO KOTOPOMY MHTEHCUBHOCTH ONTHYECKOTO HU3Ty4YCHUS
Ha PAacCTOSHUU X OT OCBEIAEMOM MOBEPXHOCTH | € yMEHBbIIAeTCs ¢ poc-
TOM TJTyOUHBI 110 SKCITOHEHIIMAILHOMY 3aKOHY U PaBHA!

1€ > C(-R lgexp Coax .

31ech Mo ycioBUIO 3amauu koddduimeHT otpaxkeHus R =0. M3BecTHO,
910 KOA(G(UIIMEHT TOTIOMICHUS « OMPEACNISIeTCS BEPOSTHOCTBHIO IMOTJIO-
meHus1 OTOHA ¢ OTIEIBHBIM IIEHTPOM M KOHIICHTPAITUEH MOTIONMIAOIINX
LHCHTPOB N :

a=0c-N. (6.8)

CrnenoBaTenbHO, MO YCIOBHUIO 33/1a4M MPOLEHT OCTATOYHONW HMHTEHCHUBHO-
CTH Ha TIyOHWHE Xq =10""cM paBen 1%. ITostomy u3 3akoHa byrepa -
JlamOepTa umeeM

II&/Z exp € oN - xg =0.01.
0

OTCIOI{a HaXOIUM HCU3BCCTHYIO BCIIMUHNHY

o=-

- N -
L hoor=-—t in(02;—2 ne. (69
N - Xg N - Xg N - X, }

Tak kak MorioieHue U3Iy4eHUs! OCYIIECTBISETCA B COOCTBEHHOM MOJ0Ce
JUIMH BOJIH (clly4all COOCTBEHHOI'O MOTJIOUIEHHUS), TO KOHLEHTpPAIUS IO-

romaromux HEHTPOB paBHA KOHHOCHTPpAIWKU aATOMOB KPCMHUA. CoracHo

TaOJIMYHBIM JAaHHBIM N =5 .10%2 CM -3

XOJUM:

, TO3TOMY U3 BbIpakeHus (6.9) Ha-

= 25 5m1¢}3ur”-23:92¢048mﬂ.
5.10“ .10~ S

I/ITaK, OTBCT HA IIOCTABJICHHYIO 3a/la4y TAaKOB: BCPOATHOCTH ITIOIJIOLIC-

(o)

HUs POTOHA aTOMAaMH KpEMHHUS paBHa 9.2 - 10718 ¢cm?.
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3aodaua 3. OnpenenuTb MOITHOCTh ONTUYECKOTO0 M3JIYUYCHHUS Ha TIIY-
OouHe Xq = 10~%cM 0T OCBelaeMOii TIOBEPXHOCTH TTOMYIPOBOLHHUKA, SCIIH
W3BECTHO, YTO NPH MaJCHUU HA MOBEPXHOCTh 1 BT cBeTa Ha paccTosiHumn
x; =21-10"% cm mormormnocs 85% OT mpornenuiell B IONYIPOBOJHHK
MOIIHOCTH.

Pewenue. Kak v B nipeapiaylierd 3ajjad€ BOCIIOJIb3YEMCS 3aKOHOM

byrepa — JlamOepTa njis MOIIHOCTH JUIsl ABYX TIyOWH morjonieHus. Tpe-
OyemMasi MOIIIHOCTh MOXET OBITh HaiieHa 1o Gopmyiie:

P& > (R :Pyexp€axg

rie R=0 Pyp=1 Br. [lnga onpeneneHus MOIIHOCTH Ha TIIyOuHE

Xg = 10"%cM HEOOGXOAMMO BBHIUUCINTH KOID(HIUHEHT MOTIOMICHHS, YTO
TaKXe MOXHO CJENaTh, UCNOJb3Ys 3aKoH byrepa — JlamOepra:

P& >=Poexp€axy

az—iln P((l )
X1 \ Po

Torna uckomasi BenuunHa OyJieT paBHa

OTtcroaa noyryymm:

P&y =Py exp 20 (ln[man : (6.10)
X1 Po
[ToncTaHOBKA YHUCIICHHBIX 3HAaYEHUM B BhipaxkeHue (6.10) maet
1 1 o
P& >1exp€lInQ.15 -exp @1 €19 > expr i 181072 Bm.

OTBeT Ha IMOCTaBJICHHBI BOIPOC TAKOB: Ha TIyOMHE 10 *cM MoII-
HOCTb OIITUYECKOI'0 U3JIyYEeHHU paBHA 18 .1072 Br.

3adaua 4. HaiiTu KOHUEHTPALMIO TPUMECHBIX LIEHTPOB, Ha KOTOPBIX
IPOUCXOIUT TOIJIOLIEHHE MH(PAKPACHOTO H3IYYEHHS C JJIMHON BOJIHBI

10.6 mxm B kpuctaiie GaAs mImHOM 1074 CM, €CJIM M3BECTHO, YTO Ha €ro

nnuHe noriaoTuinock 50% manaroiiel MOIHOCTH, a MPU KOHIIEHTPAIUU B

MTOJIYIIPOBOJHUKE TTOTJIOMIAOIINX LIEHTPOB TOM )K€ MpUpobl 18 1072 e’
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JTMHA CBOOOHOTO Ipodera (oToHa yKa3aHHOM JIJIMHBI BOJHBI COCTABIISIET
100 cm.

Peuwenue. HenzBecTHYIO KOHIIEHTPALMIO IIEHTPOB IMOTJIOMEHUS (o-
TOHOB HaiiJieM U3 3aKoHa byrepa — Jlamoepra:

1€ =lgexp€ax =lgexpCoN-L .

OTtcrona HaXOIUM:

-1 (1) 1 lg
N_G-Lln(lo _o-Lln(l(_ '

B JAaHHOM BBIPAKCHUU JII OTBICKAHWS KOHLCHTpPALIUN HpI/IMGCGﬁ HCHU3-
BE€CTHOM BEIMYMHOM SIBJISIETCS CEUYCHME 3axBaTa MMHU (1)0TOHOB. 3aiimeMcs
TCIICPb €TI0 OIPCACICHUCM. N3 yCi10oBusg 3adadynud HU3BCCTHO, YTO IIPH

N =Ng =10*? cm™ mamHa cBoGogHOrO TpoGera GoToHa paBHA / ¢ =100

cMm. Ilo ompenenennio oHa paBHa oOpaTHOMY 3HAYEHHIO KO dUIIMEHTA
MOTJIOIIEHUSI:

11
04

JT—
d) G-No

CHGI{OB&TGJ’IBHO, CCUCHHC 3aXBaTa OTCIOJa 6YI[€T paBHO
1

oc=—.
¢ -No

OxoHYaTeILHO BBIPAKCHUC MJI OTBICKAHHA KOHIOCHTPAUHUNW IPUMCCHBIX
HCHTPOB IPUMET BU/IL.

N = Ng %’bm[l'% . (6.11)

[TomcTaHOBKA YMCICHHBIX 3HaY€HUN B BhIpakeHue (6.11) maeT ciaemnyroriee
3HAYCHUE OTHICKMBAEMOU BEJINYNHEL:

N ~1012.10%2.0.7 =7-10% cm?.
Takum 00pa3oM, OKOHYATEIBHBI OTBET Ha IOCTABJICHHBIN B 3aj1aue

BOINPOC TAKOB: KOHIICHTPALMSI TPUMECHBIX IIEHTPOB B IMOJIYIIPOBOJHUKE,
MOTJIOMIAOIINX M3JIy4eHHWE ¢ JJIMHOM BOJHBI 10.6 MKM, cOCTaBiIseT

7-101% eon®,
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6.3. BAPUAHTbI 3AOAHWIA MO ONPEQENEHUIO
NMAPAMETPOB B3AMMOOEWUCTBUA U3NYYEHUA
C nonynepoBOAHUKAMU

K KOHTPONbHON PABOTE Ne 1

. Kakas nons or mamaronier CBETOBOM MHTCHCUBHOCTH IOTJIOIIACTCS B
CJI0€ TOJYIPOBOJHHUKA OT OCBENIAeMO MOBEPXHOCTH (X =0) 10 TOYKHU
X1= 2 .10"%cM, eciit m3BecTHO, UTO MIMHA CBOGOLHOTO Mpobera (poToHA

cocTaBisieT 10°° oM , a KO3(hUIMEHT OTPAKEHHS OT OCBEIIAEMOH T10-
BEpXHOCTH paBeH (.27

. Kakag nong ot magaromeil CBETOBOW MHTECHCUBHOCTH ITOTJIONIAETCS B
CJIO€ TIOJIYTIPOBOJIHMKA OT OCBEIAa€MOM MOBEPXHOCTH (x =0) J0 TOUKHU
X1=2- 107> CM, €CJIM U3BECTHO, UTO JIJIMHA CBOOOAHOI0 IIpodera poToHa

coctasisier 107° oM , a KO9DPHUUMEHT OTPaXKEHHMS OT OCBEIIAEMOH T10-
BEpXHOCTH paBeH (.37

. Kakas nons ot magaroiieil CBETOBOM MHTEHCHBHOCTH IOIJIOIIAETCS B
CJI0€ TOJIYTIPOBOJIHMKA OT OCBEIIAEMOM MOBEPXHOCTH (x =0) 0 TOYKHU
X1=2- 104 cM, eciti H3BECTHO, YTO [UIMHA CBOOOXHOrO mpodera (poToHa

cocrasisier 10°° cM , a KOI(QPHUHEHT OTPAXKEHHST OT OCBEIAEMON ITO-
BepxHOCTH paBeH (.47

. Kakasg mong ot magaroiieil CBETOBOM MHTEHCUBHOCTH IOTJIOIIAETCS B
CJIO€ MOJYHPOBOJHUKA OT OCBEIIAEMON MOBEPXHOCTU (x =0) 10 TOUYKU

X1=3- 10_6CM, €CJIM U3BECTHO, UTO JIJTMHA CBOOOAHOTO npobera poroHa

cocraBisier 2-107% cM , a KOO(QUIMEHT OTpakKeHHs OT OCBEIAEMOil
MOBEPXHOCTHU paBeH (.57

. Kakas mons ot magaroiieil CBETOBOM WHTEHCHBHOCTH IOIJIONIAETCS B
CJI0€ MOJYIPOBOJHUKA OT OCBEMIAEMOM MOBEPXHOCTH (X = 0) 10 TOUKHU

Xx1=5 .10"%¢M, eciit m3BecTHO, UTO MTHHA cBOGOHOTO TIpobera GoToHa

cocraBiser 2-107° cm, a KO3 (PUIIUEHT OTpakKE€HHUS OT OCBEIIAeMOit
noBepxHocTu paseH 0.67

. Kakas monsg ot mamaroiier CBETOBOW WHTEHCHUBHOCTH IOTJIOIIAETCS B
CJI0€ TMOJYIPOBOAHHMKA MCKAY KOOpAWHATAMU  X1= 10_5 CM 10

X2 =2-1O_50M, OTCYUTAHHBIMU OT OCBEIIAEMOW IIOBEPXHOCTH, €CIIH

M3BECTHO, YTO IJIHHA CBOGOXHOrO mpoGera (oroHa cocrasiusier 107°
cM?
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. Kakas monsg ot majmaromier CBETOBOW MHTEHCHBHOCTH ITOTJIONIAETCS B
CJIO€ IIOIYIPOBOJHHKA MEXKAY KOOpPAHMHATAMHU  Xq1= 10~%cm 110
X2 =2-10_50M, OTCUYATAHHBIMHA OT OCBELIAEMON ITOBEPXHOCTH, €CIIH
M3BECTHO, YTO JUTMHA CBOOOJHOTrO mpobera ¢oroHa cocrapmsier 107°
cM?

. Kakas nmonsg ot majmaromie CBETOBOW MHTEHCHUBHOCTH IOTJIONIAETCS B
CJIO€ MOJIYIPOBOAHHKA MEXKAY KOOpAWHATAMU Xq1= 2.10 %cm 110

X2 =2-10_SCM, OTCUYATAHHBIMU OT OCBEIIAEMON ITOBEPXHOCTH, ECIIH

U3BECTHO, 4YTO KOA(DPUIIMEHT MOTJIOMICHUS U3JIyYEHUsI COCTABIISIET 109
cM™ , a KOO HUIUEHT OTPAsKEHHSI OT OCBEI[AEMOI TOBEPXHOCTH MOIY-
MpOBOJHKKA paBeH 0.2 ?

. Kakasg MOIIHOCTh CBETa MOTJIOMIAETCS B CJIOE MOJIYIPOBOJHUKA MEXKIY
KOOpANHAaTaMu X1=5-1O_6CM 0 X :2-10_50M, OTCUUTAHHBIMU OT
OCBEIIAEMOW TMOBEPXHOCTH, €CJIM WM3BECTHO, YTO MAAArolas Ha IOJy-
IIPOBOJIHUK MOIIHOCTH CBETA paBHA 2.1073 BT, xoaddunment morio-

IICHUS U3JIYYCHUSI COCTABISACT 3 :10% em?, a kodhdumHeHT OTpaXKeHHs
CBETa OT OCBEIIAEMOI TTOBEPXHOCTHU MOTYNPOBOAHUKA paBeH 0.17

10. Kakas MOMIIHOCTB CBCTA NOIIOMIACTCS B CJIOC IMOJTYIIPOBOJAHHUKA MCKIY

KOOpAWHATAMU X1{= 10~ cM 10 Xo = 2.107° CM, OTCYHTAHHBIMH OT OC-
BEIIIAEMOU ITOBEPXHOCTHU, €CIIM U3BECTHO, YTO I1AJAK0IIAs HA IIOIyIpO-
BOJHHK MOIIIHOCTH CBETA paBHA 8 1072 BT, k03 punneHT nornoumeHus

WU3JIy4YCHUS COCTaBIISICT 2.10° CM'l, a K03 (PUIMEHT OTpakeHHUs CBETa
OT OCBEIIAeMOM MOBEPXHOCTH MOJTYIIPOBOIHUKA paBeH 0.57

11. OnpenenuTh a0OCOMIOTHOE 3HAYEHHE MOIIHOCTH ONTHUYECKOTO HU3Jyde-

HUA Ha MIyOMHE X = 10~ %cm or OCBEIIIAEMON TTOBEPXHOCTHU MOJYIIPO-

BOJTHHKA, €CJIM M3BECTHO, YTO IIPHU ITAJICHUU HA ITOBECPXHOCTH 10~3 Br
CBE€Ta HAa PACCTOSTHUU Xq = 2,1-10_5 CM IIOTJIOTWJIOCH 95% OT Opolle-

el B MOJYyNIPOBOJHUK CBETOBOM MOIIHOCTH, a KOIG(UIIMEHT OTpaxe-
HUS CBETA OT OCBELIAEMOW [TOBEPXHOCTH IOJIYIIPOBOAHUKA paBeH 0.15 .

12. OnpenenuTh aOCOMIOTHOE 3HAYCHUE MOIITHOCTH ONTHYECKOTO M3JIyde-

HUSl Ha TIyOWHE X = 2.10"%cm ot OCBEIIAEMON TTOBEPXHOCTH TONY-

MIPOBOJHUKA, €CIIU HU3BECTHO, UTO MpPH IIaJICHUU HA MOBEPXHOCTh 1073
BT cBera Ha paccTosHUU Xq = 4,2-107° cM TOTIOTHIOCH 90% OT I1PO-
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HmIeAIIeH B MOTyIPOBOJHUK CBETOBOW MOIIHOCTH, a KO3(PHUIIMEHT OT-
paXX€HUs CBETA OT OCBENIAEMOM MOBEPXHOCTH IOJYIIPOBOJIHUKA PABEH
0.35.

13. Onpenenuts abCOMIOTHOE 3HAYEHHUE MOITHOCTH ONTHUYECKOTO U3ITyde-
HUSl Ha TIyOMHE X = 2.10"°cMm ot OCBEIIAEMOW ITOBEPXHOCTH TONIY-

IIPOBOJHUKA, €CJIU U3BECTHO, YTO IPH ITaJICHUU HA IOBECPXHOCTh 1073
BT cBera Ha paccTosHUM Xq = 4,2-107°CM TIOTJIOTHIOCH 70% OT Ipo-
Hieeld B MOJYyNPOBOJHUK CBETOBOM MOIIHOCTH, a KO3(PPUIHUEHT OT-
PaXEHHs OT OCBELIAEMOU IIOBEPXHOCTH paseH 0.1.

14. OnpenenuTs I0JI0 MaIa0Niel MOITHOCTH ONTHYECKOTO U3TyYeHUS Ha
rIIyOuHe Xg =2 .107°¢cM 0T OCBeIaeMoit IIOBEPXHOCTH NOJIYIIPOBOIHU-

Ka, €CJIM HU3BCCTHO, YTO Ha PACCTOSHHUH X1=8-10_5CM IHOTJI0THUIIOCH

60% OT MPONIEAINICH B MOJIYIIPOBOAHUK CBETOBOM MOIIHOCTH, a KO-
(GUIMEHT OTpaXKEHHUS OT OCBEIIAaeMOI TOBEpXHOCTU paBeH 0.25.

15. OnpenenuTs 00 NMaJaroIIeld MOIIHOCTH ONTUYECKOTO U3JIYYEHHUS Ha
ryOuHe Xg =3 .10~%cMm ot OCBEIIAEMON IMOBEPXHOCTH IMOJYIPOBOIHU-

Ka, €CJIM HU3BECTHO, YTO Ha PACCTOSIHUU X1=6-1O_5CM HOTJIOTHJIOCH

50% OT MPOIIEIIEH B MOJYIMPOBOJHUK CBETOBOW MOIITHOCTH, a KO3(-
(UILIMEHT OTPpaXKEHHUS OT OCBEIIAEMOM MOBEPXHOCTH paBeH 0.5.

16. HaiiTu KOHIIEHTpAIIMIO MPUMECHBIX IIEHTPOB, HA KOTOPBIX MPOUCXOIUT
MOTJIONIeHUE MH(pPaAKpaCHOTO U3NydeHUs B Kpuctamwie GaAs mimHon
L=0.5 CM, €CJIH U3BECTHO, YTO HA €r0 JJIMHE NOTJIOTUIIOCH 50% MaJaro-
€A MOIIHOCTH, 4 NMPHU KOHUEHTPAUU B MOJIYIPOBOJIHUKE MMOTIIOMIAK0-

013

IUX IIEHTPOB TOM XK€ MpUpoabl 1 cM™ uIMHA CBOGOIHOIO npooera

dboToHa coctapyser 10 cm.

17. HaliTh KOHLIEHTpAUIO MPUMECHBIX LIEHTPOB, HA KOTOPBIX MTPOUCXOIUT
NOTJIOIIEHUE MH(PAKPACHOTO U3JIYyYEHUSI B KPUCTAJUIE MOJTYHPOBOIHH-
ka GaAsS mMHOM L=1 cM, €Cliid U3BECTHO, YTO Ha €ro JJIMHE MOTJIOTH-
JIOCh 90% MPOLIEANIEH B MOJIYNPOBOJHUK MOIIHOCTH, a IPU KOHIICH-
TpalUHU B IOJYIPOBOJHUKE MOTIIOMIAOIIMX LIEHTPOB TOM K€ IMPUPOIBI

18-10 2¢cm™ JUTMHA CBOOOJHOTO TpobOera ¢oToHA YKAa3aHHOU JTHHBI
BOJIHBI COCTaBsieT 80 cv. KodpdHUIHMEHT oTpakeHUS H3TyYCHHS OT
MOBEPXHOCTH MMOTYIIPOBOAHNKA IPUHSATH PaBHBIM 0.25.
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18. HaiiTu KOHIIEHTpAIMIO MPUMECHBIX IIEHTPOB, Ha KOTOPBIX TPOUCXOIUT
MOTJIONICHUE UH(pPAKpPACHOTO U3NIydeHUst B kpuctamie GaAs mimHoin
L =0.35 cM, eciiid U3BECTHO, YTO HA €r0 JJIMHE MOTJIOTUIOCHE 99% IIPO-
HIeeld B MOJYNPOBOJHUK MOITHOCTH, a MPU KOHIEHTPAIMU B IMOTY-

POBOHHKE TTOTIIOMAOIINX [IEHTPOB Toit ke mpupoasl 10t em™ mmna
cBoOOJIHOrO IpoOera (OTOHA YKa3aHHOM JJIMHBI BOJIHBI COCTAaBIISET

100 cm. KoadduimeHt oTpakeHus U3ITYyUYCHHUS OT TOBEPXHOCTHU TOJTY-
IIPOBOJIHUKA IIPUHSATH paBHbIM 0.5.

19. HaliTn KOHIIEHTpAIUIO IPUMECHBIX IIEHTPOB, HA KOTOPBIX MPOUCXOIUT
HOrJIONICHHE HMH(PAKpaCHOIO H3JIy4YeHHS B KpHCTauie Sl IIHHOM
L =0.25 cM, eciid U3BECTHO, UTO HA €ro JJIUHE NOrJIoTIIOCh 80% 1po-
HIEJIICH B MOJYIPOBOJHUK MOIIHOCTH, @ IPU KOHUECHTPALMU B IOJY-

MPOBOHHKE MOTJIOIAIOIINX HEHTPOB Toi xe mpupoxsl 100 cm™ mmna
cBOOOHOTO TpoOera (oToHa yKa3aHHOW MJIUHBI BOJHBI COCTaBIISIET

10 cm. KoaduiiueHT oTpakeHuss U3Iy4YeHUS OT MOBEPXHOCTH IOJTY-
IIPOBOJTHHUKA IIPUHATH paBHbIM 0.1.

20. HailTu KOHIIEHTpAIMIO MPUMECHBIX IIEHTPOB, HA KOTOPBIX MPOUCXOAUT
MOTJIONIEHNEe MH(PPAKPaCHOTO U3IyYeHHs C JTMHOK BOJHBI 10.6 MKM B

kpuctamie GaAs nauHON 1074 CM, €CJIM U3BECTHO, UTO HA €ro IJIHHE
MOTJIOTWIOCH 10% TAaJaroIed MOIIHOCTH, a IPU KOHILIEHTPALUU B I10-

JyIPOBOJIHUKE MOTJIOMIAIOIIUX I[IEHTPOB TOM K€ MPUPOIbI 10%cm® TUTH-
Ha CBOOOJHOIO Mmpobera poToHa yKa3aHHOW JJIMHBI BOJIHBI COCTABIISIET

200 cm. KoadduuueHT oTpakeHusl U3IyYeHHs] OT TOBEPXHOCTH TOTY-
IIPOBOJHUKA MIPUHATHL paBHBIM 0.33.
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7. «<OOTOIJNNEKTPUHECKUE ABJIEHUA
B NMNONynrPOBOAHUKAX»

7.1. KPATKOE U3INOXEHUWE TEOPUU

Domonpoeooumocms. ONHO U3 OCHOBHBIX (DOTOAIEKTPUUYECKUX SIB-
JICHUW B MOJYNPOBOJHHUKAX, KOTOPOE (PU3MUECKU OYEHb MPO3PAYHO U KO-
TOPOE IIMPOKO HKCMOJB3YIOT B HAYYHBIX MCCIEIOBAHUSAX M TEXHHYECKHUX
MPUIOKEHUAX — 3TO (HOTONPOBOAUMOCTh. [1o7 POTONMPOBOAMMOCTBIO TO-
HUMAETCS MU3MEHEHUE MPOBOJUMOCTH IMOJYIPOBOAHUKA, BHI3BAHHOE JECH-
CTBHEM TAJIAIOIIET0 ONTHUYECKOro u3nydyeHus. [lomynpoBOIHUK, UCTIONb-
3yEeMbIi ISl PETUCTPALM ONTUYECKOT0 U3JIYYEHHUS 32 CUET BO3ZHUKHOBE-
HUS B HEM (HOTOTPOBOIUMOCTHU, Ha3bIBAIOT hoTOpe3ucTopom. M3zmeHnenue
MPOBOJUMOCTH MOXKET PETUCTPUPOBATHCA MPHU MPUIOKEHUU K POTOpE3U-
CTOpPY KakK IMOCTOSIHHOTO HAmNpsHKEHUs, TaK U MepeMeHHoro. B cooTBeTcT-
BUM C 3TUM PaA3JIMYAOT POTOMPOBOAUMOCTD Ha MOCTOSHHOM TOKE U Ha Tie-
pemeHHoM. [lepBhiil TUIT (POTOMPOBOAUMOCTH MOAPOOHO PACCMOTPEH B
yueOHOoM 1ocobuu aBTopa: JaswiioB B.H. ®uszndeckrie 0CHOBBI ONTOAJICK-
tpouuku. Tomck, TMI] 0. — 2011. — 135c.

dusnyeckas TpUIMHA BOSHUKHOBEHUST (hOTOMPOBOJUMOCTH MOTYIIPO-
BOJIHUKA Ac OJIHA: U3MEHEHHE (BO3pAacCTaHUE) KOHIIEHTPALUH CBOOOIHBIX

HOCHUTENIEH 3apsiga An, Ap B pa3pelI€HHbIX 30HAX SHEPTrUM 3a CUET MOTJIO-

MCHUS MMaaaromero U3J1y4CHU:. (DOTOHpOBOI[I/IMOCTB CAUHNYHOI'O o0BeMa
MMOJYIIPOBOJAHHKA OITMCBIBACTCA CIACAYIOIIUM BBIPAKCHUCM:

Ao = Qup - AN+ Qup - Ap, (7.1)

TIC fn, Mp - TOJABMIKHOCTH 3JIEKTPOHOB U IBIPOK COOTBETCTBEHHO; AN, Ap

- U3MEHEHUS KOHIEHTpalHUil CBOOOJHBIX HOCUTENEH 3apsiga B 30Hax. Mx
MOKHO HAWTH, PEIIMB KUHETUUYECKUE YPABHEHUS, ONMCHIBAIOIINE U3MEHE-
HUSI KOHLEHTpPALMK HOCUTEJEH 3apsifa B 30HAX 3a CYET UX IFEHEpalU U
PEKOMOMHAIINH:

0 An An 0 A A
—gp - SPog, 2P (7.2)

ot Tn ot Tp
rae gn=7-a-1€, gp =n-a-1€_ - CKOPOCTH TEHEPAINH HEPABHOBECHBIX

AJIEKTPOHOB U JIBIPOK 3a CUET MOIJIOMICHUS HU3JyYCHUS MWHTCHCHUBHOCTBIO
| € . Ecniu cunrtarh, 4T0O MHTEHCUBHOCTh HAJAIOLIETO ONTHYECKOTO H3IIY-

YEHUS MOJYJIMPOBaHa 110 TAPMOHMYECKOMY 3aKOHY (TakK, U3JIy4EeHHE JIaMII
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HaKaJIMBAaHUS MOJYJIMPOBAHO IO aMIUIUTYI€ 4acTOTOM 2x50 =100 Iy ), TO
MOKHO 3aIMCaTh:

gn =goep et , gp =goexp ot . (7.3)

Pa3zyMHO cuMTaTh, 4TO U3MEHEHUSI KOHIICHTPAILUM HOCUTEJICHU 3apsaaa TaK-
K€ MOAUUHSAIOTCA TapMOHUYECKOMY 3aKOHY W3MEHEHHUS BO BPEMEHHU Ha
TOH K€ 4acTOTE, U MOATOMY OyJleM OTHICKMBATh pelieHus ypaBHeHuit (7.2)
B BUJIE

An = Ang -exp dat , App, = Apg - exp ot . (7.4)

[ToncraBuB Beipakenus (7.3) u (7.4) B ypaBHeHus (7.2), MOKHO HaWTH,
YTO MaKCHMaJIbHbIC U3MEHECHUSI KOHILICHTPAIIUN HOCUTENCH 3apsia 3aBUCST
OT YaCTOThl MOJYJISIIUA CBETOBOI'O MTOTOKA:

AN _ Y% '™ A _go—.%. (7.5)

0_1+ia)-rn’

Onnako (GU3UYECKUN CMBICT W3MEHEHHUS KOHIICHTPAIUM HMEIOT TOJbKO
peanbHble YacTH BhIpakeHUM (7.5). OTbICKUBAs UX, OJYUUM:

9o " 7n 90 7p
An, = , App = : (7.6)
0 1+ 0? -T% 0 1+ 0? -z'g

Boipaxenus (7.6) moka3bIBalOT, YTO aMIUIUTYIbl U3MEHEHUW KOHILIEHTpA-
WA HOCUTENEN B 30HAX 3aBUCIT OT COOTHOLICHUS YaCTOThI MOAYJIALIUU
CBETOBOI'O MOTOKAa M BPEMEHM KU3HHU HocuTenen. Eciim yactora Moys-

MK Hu3Kas (@-7p <<1, ©-7p <<1), TO U3MECHEHHUs KOHIIEHTPAIUHi MaKCH-

MaJIbHBI U PaBHBI
HY HY
Ang'" =9go-7n, APy =00 Tp- (7.7)

Ha BbICOKOM yacTOoTe (@-7h >>1 @-7p >>1) M3MEHEHHS KOHIICHTPAIMH

YMCHBIIAKOTCA C POCTOM HaCTOTbI:

T T

anBY - J07"n By _do Tp (7.8)
0 2 2 0 2 2
0] 'Tn (0} 'Tp
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YacToTa, Ha KOTOpOW HAYMHAETCS CHAJ[ aAMIUIMTYJbl W30BITOYHBIX
KOHIIGHTpAllUi HOCUTENIeH 3apsiga, OompenesseTrcs U3 yclioBus (B OOJb-
IIMHCTBE ~ NPAKTHYCCKH  BAXKHBIX  CIy4aeB  7p =7p, OOO3HAYMM

Tn1p = Tn = Tp)

a)o . Tn,p = 1 (7.9)
Y HAa3bIBAETCS YaCTOTOM cpe3a:

og=—". (710)

Ha »toit yactore AMIUIATY da HepaBHOBGCHOﬁ KOHIOCHTpAIWNU YMCHbIIACT-
Csi 110 CPABHCHUIO C MAKCHUMAJIbBHBIM 3HAYCHHUCM B JIBA pa3d.

N3 Boipaxkenus (7.10) caeayeT BaKHBIM BBIBOJ: U3MEPSIS DKCIIEPUMEH-
TQJIbHO 3aBHCUMOCTH AMIUIMTYJl KOHILIEHTPAM HEPABHOBECHBIX HOCHUTE-
JIeN 3apsaa OT YaCTOThl MOJYJISIHUNA CBETOBOT'O IMOTOKA, MOXKHO IT0 YaCTOTE
cpe3a OINpPENEIUTh BPEMS KU3HU HEPABHOBECHBIX HOCHUTENEHU 3apsaa. To-
rJ1a Ha HU3KOW 4acTOTE MOJYJISIINM, 3HAsl 3HAYCHUSI BPEMEH JKU3HU HEPaB-
HOBECHBIX JJICKTPOHOB U JIBIPOK 7p 1, IO BRIPAXKEHUSAM (7.7) MOKHO HAUTH

CKOpPOCTbh UX F€Hepallu, a U3 He€ BEIYMCIUTh KBAaHTOBYIO 3(D(PEKTUBHOCTh
MOJYIPOBOJIHUKA, €CIM M3BECTHO 3HAYEHWE WHTCHCHUBHOCTH MAJIAIOIIETO
V3JTy4YCHUS.

CrocoboM, aHAJIOTUYHBIM PACCMOTPEHHOMY BBIIIE, MOKHO HAWTH 3a-
KOH M3MEHEHUS BEIUMYMHBI (POTONMPOBOJUMOCTA Ao OT YAaCTOThI MOZYJIfA-
WA CBETOBOI'O MOTOKA U MOJYYHUTh CIEAYIOLIEE BbIPAKCHUE:

ZQ(In"'/lpjg’Tqbn

Ao >

, (7.11)

1+ o °Tc2bn

\
rne g =7-a- €—R :lg - CKOPOCTh T€HEPAIUHU AIEKTPOHHO-ABIPOYHBIX AP
B IOJyTIPOBOAHMKE 3a CUET TOIJIOICHUS MAJaroIIero U3Iy4YeHUs, a Tgp-

BpeMs pertakcarnuu (OTOMPOBOIUMOCTH (SN ~ &p)

Hn 0N +pip =P pin +ptp (pn + Hp)-Tnp

ﬂn‘5n+'up'5p ,un+,Up HnTp + HpTn
Tn p T Tp

T = (7.12)
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N3 Beipaxkenus (7.11) cneayet, 4To (HOTONPOBOAUMOCTH MOTYIPOBOAHUKA
Ha HU3KHX YaCTOTaX MOAYJISIMU OCTAETCS MOCTOSIHHOM BEJIMYMHOM, a Ha
BBICOKMX YMEHBIIIAETCS MPOMOPIIMOHATIBHO KBAIPATy YaCTOThl MOAYJIALIMU
NaJarolero OnNTU4YecKoro usnydeHus. [Ipm 3ToM cymiecTByeT 4acrora
cpe3a GoTONpPoOBOAMMOCTH, ONpeIesieMas Kak BeJInuMHa, oOpaTHas Bpe-
MEHH pesakcaiuu GoTornpoBOAUMOCTH

1
wg=—".

Td)n

[Ipu sKCIEpUMEHTAIbHOM OIPEICICHUH BPEMEHHU peiakcaluu (OTOIpo-
BOAMMOCTH 110 HalICHHOM JINHEWHOMN 4acToTe cpe3a fy Ui CUCTEMBI e11-

HHIT CHu HCITI0JIB3YCTCA BBIPAKCHUC!

Takum 00pazoM, uccienys cBoiicTBa (GOTOMIPOBOAUMOCTU, MOXKHO IO
MIPUBEJICHHBIM BBIIIC BBIPAKCHUSM BBIYHCINTL (DYHIaMEHTAJIbHBIC TTapa-
METPBI IMOTYIPOBOTHUKOBOTO MaTepHaa.

Domosonvmauueckue IQpgexkmpl. B psnge NpakKTUIECKUX NPUIIOKE-
HUM (HoTO3PHEKTOB B MOITYNPOBOJHUKAX HEJOCTATKOM Ha MYTH HUCHOJb-
30BaHUS (POTOMPOBOJUMOCTHU SIBJIAETCS HEOOXOIUMOCTh MOIKIIOK-YEHUS
K (oTope3ucTopy MOCTOSTHHO JEUCTBYIOIIETO HCTOYHHMKA MOCTOSIHHOTO
HanpspbkeHus. bosee Toro, npoTeKaHue MOCTOSHHOTO TOKa Yepes3 MOIYIIPO-
BOJHUK YXYJIIAE€T €ro IIyMOBBIE CBOWCTBa — IIyM (hoTope3ucropa mpu
IIPOTEKAHUU 10 HEMY TOKa yBenumuuBaercsa. [lo 3tum nmpuumHam mnpen-
CTaBJsIOT UHTEpec (PoTor(h(PexThl B MOIYNPOBOJHUKE, KOTAAa B OTCYTCT-
BUM MCTOYHUKA IOCTOSIHHOTO HAIIPSDKEHUS B M3MEPUTEIBHOW LENH OCBE-
IICHUE MPUBOIUT K TMOSABJICHUIO HAa €ro Topuax (HOTOHAMPSKEHUS — Ha-
IIPSKEHMS, BBI3BAHHOT'O OCBEILICHUEM.

- @omoroc Jlembepa. Ov3MYecKn cCaMbIM MPOCTHIM (POTOBOJIBTAU-
yeckuM 3(pPeKToM B MOJYIPOBOJHUKAX sBisieTcs: poTodac Jembepa. Ona
BO3HHMKAET B MOJYIPOBOJHHUKOBBIX 00pa3lax, UMEKOIINX TEMHOBYIO MPO-
BOJUMOCTh 0(, KOTJIa Ha OJIHY W3 €ro MOBEPXHOCTEH MaJeT U3IIyYeHUe
MOIIHOCTBIO P55 U3 COOCTBEHHOM MOJIOCHI OTJIONIEHUS. Pa3nuune B CKo-
poctsix aud@dy3un HEpaBHOBECHBIX SJEKTPOHOB U JIBIPOK MPUBOIUT K UX
IPOCTPAHCTBEHHOMY pa3J/IeJICHUI0. Pe3yslbTaToM 3TOro pasJeneHus sBIs-
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eTcsi 00pa30BaHUE BJIEKTPUUYECKOTO JTUIIOJS, COCTABIEHHOIO U3 HEPaBHO-
BECHBIX JJIEKTPOHOB C OJHOM CTOPOHBI, U HEPABHOBECHBIX JBIPOK — C APY-
rou. Ilo 3ToM npuyMHE B HANIPABJICHUU, NEPIICHAUKYISPHOM OCBEIIAEMOU
IIOBEPXHOCTH, BO3HUKAET BHYTPEHHEE JJIEKTPUUECKOE MOJIE, KOTOPOE Ha
TopLax o0pasua (QUKCUPYETCS KaK HEKas Pa3HOCTh AJIEKTPOCTATUUYECKUX
ITOTEHLIUAJIOB.

AHQJIUTUYECKOE BBIPaKEHUE, MO3BOJIAIONIEE OLCHUTH BEJIUYUHY (o-
To3c Jlembepa, moaydeHo B yueOHOM mocoouu (cM. YyeOHoe mocodue mo
Kypcy «®DPHU3UYECKUE OCHOBBI OMNTOAIEKTpOHHKH». Tomck: TYCYP. —
2011, ctp. 75-77) u ipu paBEHCTBE I'PAIUEHTOB HEPABHOBECHBIX AIEKTPO-
HOB U JIBIPOK B CIIy4ae «TOJICTBIX» MOJIYIIPOBOJTHUKOB UMEET BUI:

V,&eM6 = aq_o ()p —Dn ;Ap(O) - (7.13)

KoHIeHTpalus paBHOBECHBIX ABIPOK (OHA MPEAIOJIaracTcsi paBHOM KOH-
IIEHTPAIIMN HEPABHOBECHBIX AJICKTPOHOB) OMPEACISICTCS TapaMeTpaMu I10-
JTYMPOBOJHUKA W BEIWYMHOM ITaIafOIei MOITHOCTH HM3Iy4eHUs (CM. BBI-
paxenue (7.6)):

9-7p

1+a)2-2'2

Ap =

B cBo10 ouepenb CKOPOCTh FEHEPAIIMKA HEPABHOBECHBIX HOCUTENICH 3apsa
HaXOJUTCA CIEIYIOMNM 00pa3oM:

‘Pnaal_
“hv S

3nech R —k03pOUIMEHT OTpa)k€HHUs CBETOBOM MOIIHOCTU OT MOBEPX-
HOCTH TOJYNPOBOJHUKA, « —KOIQ(UIMEHT TMOIVIOMEHN HW3JIyYeHus,
n —KBAaHTOBBIA BBIXOJ BHYTpeHHETO (oTo3PdeKTa, T.€. KOJUYECTBO JICK-
TPOHO-ABIPOYHBIX Map, 00pa3yrOIIMXCs MPHU MOTJIOMIEHHH OJHOrO0 KBaHTa
cBera ¢ sHeprued hv. OOBIYHO 3TOT MapaMeTp MPUHUMAETCS M0 BEJIUYU-
HE OJIN3KHUM K €JUHULIE.

g=no¢-R

B urtore xoHeuHoe BeipaxkeHue s ¢poTtodac embOepa mpu ocBelieHUH
MOJYIPOBOTHUKA MOIYJUPOBAHHBIM HA YACTOTE @ W3IYYECHHEM 3aTaHHOU

MOIIHOCTH P,?a 5 OyzeT uMeTh BHI:

~ Tp

0

. q Prao 1

Vew6 = g ()p —Dn )mﬂa(l— R)ﬁ—ig- (7.14)
P
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3aMeTuM, 4TO OBICTPOJCHCTBHE 3TOUM (POTO3JIC OmNpeaensieTcss 00beMHBIM
BPEMEHEM JKU3HU DJIEKTPOHOB U JIBIPOK 7y, Tp M B PEAIbHBIX IOJYIpPO-

BOJIHMKAaX OKa3bIBA€TCSl JOBOJIBLHO Majoil BeIMYuHOM (10 10 8¢ ).

- OQovemnan ¢pomodoc. I1ot Bua (HOTOAC OOHAPYKUBACTCSI B 0OHEM-
HBIX MMOJYTPOBOIHUKOBBIX 00pa3liax ¢ HEOAHOPOTHOCTIMU KOHIICHTPAITUU
JETUPYIONIEH MPUMECH WA CTPYKTYPHBIX A€HEKTOB, T.€. UMEIOIINX Tpa-
JMEHT TEMHOBOTO compoTtuBieHus. Kak mokazaHo B yueOHOM mocoOuw,
BeNMYMHA 00bEMHOM POTOSIC ONpeNeAeTC CASTYIONTUM BhIPaKECHUEM:

v 9
X Jo
riae N —o01ee KOJIU4eCcTBO HEPAaBHOBECHBIX 3JICKTPOHHO-IBIPOYHBIX TIap,

CO3aHHBIX OITHYCCKUM H3JIIYYCHHUCM. 9Ty BCIIMYHUHY MOKHO BbLIYHCIINTDH
I1o CJICAYHOIICMY BBIPAKCHUIO.

N =nal - R‘Pnad °__.
- he 1+ wzrg

A

[ToaTOMy OKOHYATENBHOE BBIPAKEHHUE JISl BHIYUCICHUS 00BEMHON (POTO-
37C OyAET CIEeNYIOIINM:

3 7 P
Vo = gL% (poj 5 nad~R >0 (7.15)

OX Jo 1+ wzrg ho

A

Kak u B mpeapiayiieM ciydae, MHEpIUUOHHOCTh 00bEMHON (POTOIIC OTI-
penensercss BpeMEHEM KU3HU HEPAaBHOBECHOMW AJIEKTPOHHO-JIBIPOYHON Ma-
pbl B 00beME MOJYNPOBOJHUKA U NMOTOMY MHEPUHOHHOCTH SIBIAETCS JO-
BOJIbHO MaJIOM BEJIMYUHON.

- bapvepnaa ¢pomoszoc. Hanbosnee mupoKo UCIOIB3YyEMbIN U 3HAYHN-
MBIU 110 BeJIMUUHE (POTOBOJNIbTAMYECKUN 3(PPEKT HAOII0JaeTCsl TPU OCBE-
meHuu P-N nepexona. Bo3Hukaromas npu 3TOM 3JICKTPOABMKYIAs CUJia
Ha3bIBaeTCs OapbepHoOil (GOTOIC.

OCHOBHOW XapaKTEpUCTUKOMN P-N mEpPExoa, ONPEACIISIONIEH KadyecT-
BO €r0 HM3TOTOBJICHHS W BO3MOXHOCTb HCIOJIb30BAHUS B DJICKTPOHHBIX
npubopax, sBISIETCS  BoJIbT-aMmIiepHas Xxapakrepuctuka (BAX). Ona
NpeJCTaBIIeT COOOW 3aBUCHUMOCTh OMHYECKOTO TOKa |, MPOTEKAFOIIETO
yepe3 P-N mepexojl, OT BEJIUYUHBI MTOCTOSHHOTO HampsbKeHust V' Ha HeM.
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W3-3a Hanuuusa MOTEHUMAIBLHOrO Oapbhepa Ha TpaHHUle pasznena pP- u N-
oOnacTell mepexoja, JaHHAs XapaKTEPUCTHUKA OKa3bIBAETCSI HECHMMET-
PUYHOM OTHOCHUTENIPHO 3HaKa MPHKJIAAbIBAEMOTO HampspkeHus. Tak, eciu
K N-00JIaCTH TPWJIOKHUThH MOJOKUTEIbHBIM MOTEHIIMAT OTHOCUTEIBHO IO0-
TeHIMana P-00iacTu (ciiyyaid 0OpaTHBIX WX 3alOPHBIX HAMPSHKEHUMN), TO
BbICOTa Oapbepa, pa3AesifolIero 3T O0JacTH, YBEIUYHUTCS U, CJIEAO0Ba-
TEJbHO, MPOTEKAHUE TOKA OCHOBHBIX HOCUTEJICH uepe3 nepexo]| Oyier uc-
KIto4ueHo. B aToM ciyuae yepe3 p-N mepexoj mpoTekaer Tok lg, oopaszo-

BaHHBI HEOCHOBHBIMH HOCHUTEISIMHU 3apsja N- U P-o0iacTed, ajis KOTo-
PBIX KOHTAKTHOE JJIEKTPUYECKOE T0JIe CITIOCOOCTBYET MEPEHOCY: DIIEKTPO-
HOB M3 P-007aCTH B N-00J1aCTh M ABIPOK M3 N-00J1aCTH B P-00J1aCTh.

Ecnu e k N-00;1acTH MPHIOKUTH OTPUIIATEIBHBIN MTOTEHIIUAN OTHO-
CUTENIBHO TMOTEHIIHAaa P-001acTy (Caydaid IpSMbIX WM OTIHPAOIINX Ha-
NPSIKEHUI), TO BbICOTA Oapbepa, pa3Aeiisitollero 3T 00JacTH, YMEHBIIIUT-
Csl W, CJIEI0BaTEeNIbHO, Yepe3 mepexo OyJaeT Tedb TOK OCHOBHBIX HOCHTE-
neil. YuuTteiBas OOJIbIIMAaHOBCKHUI 3aKOH pacHpeesICHHs YacTHUIl IO dHEep-
TUSM: KOJIMYECTBO YaCTHIl, UMEIOIIUX DYHEPTHUIO BBIIIE BBICOTHI MOTEHIIU-
aIbHOTO 0aphepa, SKCIOHCHITMAIBHO YBEIMUYUBACTCS C YMEHBIIIEHUEM BbI-
COTBI ATOTO Oapbepa, MOKHO TOJYYHTh BeIpakeHue st BAX p-n mepexo-

Ja B CJIeI[yIOHICM BHUJIC.
ool
KT ), (7.16)

rae '0 - Bennunna oOpaTHOro Toka pP-n nepexonaa. Kak yka3slBaJIOCh BBIILIE
(bu3MYEeCKON NMPUYMHON €ro MOSIBJICHUS SIBISETCS TOK HEOCHOBHBIX HOCH-
TeJel, KOTOphle JTMOO FeHEepUpYIOTCA B Mpeaenax P-N mepexona mnpumec-
HbIMU aTOMaMH ¥ MOHaMH (110 3TOM MPUYMHE €T0 HA3bIBAIOT FeHepalMOH-
HO-PEeKOMOMHAIMOHHBIM TOKOM), JIN0O 3a cueT nuddy3un HEOCHOBHBIE
HOCHUTEJH 3apsjia u3 N- u P-o0JacTel MOCTaBIISIIOTCA K MEPEXoay, Iie Mo/I-
XBaTbIBAIOTCS M Pa3ACISIIOTCSA AJIEKTPUUYECKUM TOJeM P-N mepexona (ero
Ha3bIBaIOT AU Gy3noHHBIM TOKOM). BennunHa oOpaTHOTO TOKa — BaxK-
HBIM [apaMeTp, ONPEAEISAIONMA MHOTHE BJIEKTPUUECKHUE CBOWCTBA IEpe-
xo/1a. MareMaTu4eckoe BBIPAKECHHE JIsl ONpPENENIEHUs 00paTHOro TOKa
nepexojia B ciiyyae JOMUHUPOBaHUS JU(DPY3MOHHOTO MEXAHU3MA MTOCTaB-
KM HEOCHOBHBIX HOCHUTEJIEH 3apsiia TaKOBO:
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kT . bo? [ 1 1
5 +
4 d«€+b° onlp opln _ (7.14)

3aech S- muomanae nepexonaa; b= u, / Hp - OTHOIICHHUE IIOJBHKHOCTEH

3JIEKTPOHOB U JBIPOK; o; - COOCTBEHHAs 3JIEKTPONPOBOAHOCTh MaTepHalia
MEpexolia; oy, 0= YAEIbHas JIEKTPONPOBOJHOCTE N- U P — obnacteit p-n

nepexona; Ly, L, - mubdy3noHHas JuiMHa 9JIEKTPOHOB U JBIPOK COOTBET-
CTBEHHO.

OpHako Ha MPaKTHUKE 4aCTO OCHOBHBIM MEXAaHU3MOM IMOCTaBKM HEOCHOB-
HBIX HOCUTENEH 3apsia, a 3HAYUT, OCHOBHBIM MEXaHU3MOM (POPMHUPOBAHUS
oOpaTHOroO TOKa P-N mepexoja sIBIACTCS UX TeHepalus NIPUMECHBIMHU CO-
CTOSIHUSIMHU, HaXOJSIIMMUCS B 3alpElICHHON 30HE MOJYyNpOBOJHUKA. B
ATOM CJIydae TOBOPST O reHepairmoHHO-pekoMOuHanmoHHoMm (I'P) oOpart-
HOM TOKe mepexoa. st 3Toro ciaydasi BeIM4MHa 0OpaTHOrO TOKA BbIYKC-
JISI€TCSI C TIOMOIIBIO BRIPAKECHUS

lo :qnisi.
Tp-n

3necs W - mmpuHa o0JacTh P-N mepexoaa, N, - KOHLEHTPALKs HOCUTENEH
3apsijia B COOCTBEHHOM MOJYIIPOBOJHKUKE (KOHCTAHTA MaTepuaia), a 7, p, -

BpeMs pelIaKcaluu HocuTenel 3apsima B HeM. OcTanbHble 0003HAYCHUS
OOIIIETTPUHSITHIE.

JlpyruM Ba)KHBIM TMapaMeTPOM, XapaKTEPU3YIOIIUM KadeCTBO Iepe-
X0/, SIBIISIETCs ero nuddepeHumaibHoe CONPOTUBIIEHHE, 0003HAaYaeMOe
Kak Ry. ®u3nyecku OHO MPEACTABISET COOOM CONMPOTUBIICEHUE AJIEMEHTA,

OKa3bIBAEMOE MM IPOTEKAHUIO CJIA00r0 MEPEMEHHOTO TOKA. YUHTHIBAS TO,
4TO cjJab0€e MEePEMEHHOE HaIPSHKEHUE YacTO HCIONb3YETCS B PaguOdJIeK-
TPOHHBIX LIETNSAX B KAUECTBE CUTHAIIBHOIO, BBEACHUE TU(DPPepeHINaTbHOTO
COIIPOTUBIIEHUS] OKAa3bIBAETCA BO MHOIMX CIIy4YasiX JOMUHHUPYIOLIUM IS
OLICHKHM BO3MOXHOCTEH HCHIOJIb30BAHUA JAHHOIO JJIEMEHTAa B TOM WU
MHOM 3JIeKTprUYecKo enu. Maremarnueckoe onpenenenue nuddepeHin-
aJb-HOI'0 COIPOTUBJICHUS DJIEMEHTA, HAXOAALIEroCs NP IOCTOSIHHOM Ha-

NpsDKEHUH V =V, TAKOBO
ouU
Ry=|—1| . 7.15
d ( 5 LO (7.15)
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DU3NYECKU €TO MOKHO U3MEPUTH, €CIIM HAPAAY C MOCTOSHHBIM HAIp s-
XKEHUEM V, K UCCIEAYEMOMY JJIEMEHTY MPUIOKUTh MAJOE NMEPEMEHHOE

HANPSHKEHUE AMIIUTYA0M AU 4acTOTOM f M perucTpupoBaTh BEIMYUHY
MPOTEKAIOIIETO YEPE3 JIEMEHT TOKa Al Ha 3TOHU ke yacTore. Torma co-

TJJACHO ONPENEICHUIO COPOTUBIIEHHS MO 3aKOHY OMa HauaeM:

N AU
Ry Vo 77 (7.16)

SAcHo, uTo BennurHa AudPHepeHInaTIbHOTO COMPOTUBICHUS 3aBUCUT KaK
OT 4aCTOThI, HA KOTOPOU OHO U3MEPSAETCS, TAK U OT BEIMYUHBI ITIOCTOS H-
HOI'O HAaMNpsDKEHUs, MPUIIOKEHHOTO K 3jieMeHTy. M3 Beipaxkenus (7.16)
TaKXe CIeAYET pasaudue Mexay nuddepeHnanbHbIM COPOTUBICHUEM
p-N mepexoja U COMPOTUBJIECHUEM, U3MEPSAEMbIM HA MOCTOSHHOM TOKE:
OHU Pa3HATCS TaK K€, KaK OTJIMYaeTCs Mpou3BoaHAsA (YHKIIUH, BBHIYHC-
JICHHAs B 33JaHHOM TOYKE, OT CPEIHEro 3HAYEHUs TaHTeHCa yrIja Ha-
KJIOHA 3TOW ()YHKIIMM B TOM K€ TOUYKE - B HAIlIEM clly4yae: MpU 3aJaHHOM
MMOCTOSTHHOM HAIpPSI)KEHUU Ha MEPEXO/IE.

[Tonb3ysice BeipaxkenueMm i1 BAX nepexona (7.13), moaBepruy-
TOr0 OJHOBPEMEHHOMY JEUCTBHUIO MPOM3BOJILHOTO MOCTOSHHOIO U Ma-
JIOTO TMIEPEMEHHOTO HAMNPSHKEHUS, HETPYAHO ONPENEIUTh ero nuddepeH-
AAJIbHOE CONPOTUBIICHUE:

1

et )

8 U ]V :VO

1

{{lelolel)

-1
q q¥o +U) KT qvoj
= | BLEDL S N —— _
kT O(GXp( kT dlg P kT

MOCKOJTBKY 00BIYHO Vo|>>U — 0, T.K. aMIIUTy/a MEPEMEHHOTO TECTO-

BOI'0 CHUTHAJIa CYUTAETCA OECKOHEYHO Majou BeanuynHOW. OKOHYATEIbHO

MEEM:
KT

- \Y/
Rq ¢ e exp(_‘l_TO) . (7.17)
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N3 naHHOTO BBIPAXKEHUS CIEIYET, 4TO BeJuduHa IudPepeHnaiIbHOTO
CONPOTHUBJICHUSI PE3KO YMEHBINAETCS B OOJIACTH MPSMBIX CMEIICHUU
(MOOKUTENBHBIX HAMPSHKEHUH, OTKpbIBalOMMUX mepexoa). OHO Makcu-
MaiibHO B Touke V =0 B. B o6nactu e oOpaTHBIX CMEIICHUM JaHHOE
BBIPAXKEHUE HEJECUCTBUTEIHLHO BBUJY TOTO, YTO HMCXOJHOE BBIPAXKECHUE
ninsg BAX p-n mepexona He JaeT SKCHOHEHIIMATILHON 3aBUCUMOCTH TOKa
B 3TOl 0oOnacTu HampspkeHui. [loaToMy 11 3amuparomnx HanpsHKeHUN
nuddepeHraibHOe COMPOTUBJIECHUE OOBIYHO BbluMciseTcs mo (7.17),
korma Vg =0:

Ry =K (7.18)

alo
Takum o6pa3zom, BenumuyuHa IUPEHEPEHITUATEHOTO COMPOTUBICHUS
p-N mepexo/ia mMpu BHIOPAHHOM 3HAYEHUM TMOCTOSHHOTO HAIpPSKEHUS Ha
HEM VO OHpGI[CHSIGTCH B HepBYIO O‘ICp@I{B 3HAUYCHUCM O6paTHOFO TOKa, a

TaK>X€ BEIINYNHOU IMPUITOKCHHOTO K IICPCXOoay IMMOCTOSHHOI'O HAIIPAXKCHUA.

CrenyromuM BaXXHBIM TapaMETPOM, XapaKTEPU3YIOIIUM dJIEKTpUYe-
CKHE CBOMCTBa P-N mepexopa, siisercs ero auddepeHiuanpHas eMKOCTh
C. ®u3nuecky 3Ta €eMKOCTh 0Opa3zoBaHa N- U P- obOJacTsIMu (MX MOXKHO
paccMaTpuBaTh Kak OOKJIAJIKH IUIOCKOTO KOHJEHCATOpa), pa3ieICHHBIMH -
CJI0€M TOJIMHON W , B KOTOPOM MPOBOJIUMOCThH paBHAa COOCTBEHHOM (€ro
MOXHO paccMaTpvBaTh KaK CJIOW JUAJIEKTPUKA MEXKIYy OOKIagKaMu KOH-
JeHcaTopa). OTa EMKOCTh Ha3bIBaeTCsl DapbepHoOii. Bennunna 6aprepHoOi
€MKOCTH €IMHUYHOW TIJIOIIAAN ONPEACIseTCS KOHIICHTPAIUIMHU JOHOPHOM
Ng ¥ akuentopHod N, MpuUMecsiMH B N- U P- 00JaCTIX COOTBETCTBEHHO,

BBICOTOM MOTEHIMAIHHOTO Oapbepa Ha rpaHUIle paszjesa obsiacTeil pa3Ho-
ro THIIA TPOBOJIUMOCTH (g, & TAKIKE BEIMYMHON HAIIPSKEHUS Ha MEPEXO0IE
V , CMEMIAIOIIETO ero B MpsiMOM (ITPOBO/IAIIEM) I OOPATHOM (3aIIOPHOM)
HaInpaBJICHUU:

c_f% _ gegg - NgNg . (7.19)
W 2(05 —V)Nd +Na

3/1eCch pa3HOCTh MOTEHIIMAIOB MEXAY N- U P-00JacTIMH Tepexoja OIpe-
JeJII€T BBICOTY IMOTEHIIMAJIBHOTO Oapbepa MEXay 00JIaCTAMH Iepexojaa U
OTPEACISIETCS CIEIYIOMMNM 00pa3oM:
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q n

Kak u BCsikuii 35IEKTPOHHBIN MpUOOp, B KOTOPOM UMEETCS IEPEHOC HO-
cuTenel 3apsia yepe3 00JacTh UX perucTpaimu, P-N nepexo I0JnKeH o0a-
JIaTb HEKOTOPOW MHEPLUMOHHOCTHIO MO OTHOUIEHHUIO K BHEIIHEMY BO3JCHCT-
BHUIO. JTO O3HAYAET, YTO MPHU IOJAYE HA HETO IMEPEMEHHOIO HAIPSIKEHUS
PA3IMYHON YaCTOTHI P-N MEPEXO MOXKET HE YCIETh OTPEArupoOBaTh HA HETO,
€CJIM YaCTOTa HANPSKEHUS BBICOKA U ITPEBBIIIAET HEKOTOPBIA XapAKTEPUCTH-
YECKUW TapamMeTp, ONpPEACIeMbI MmapaMeTpaMu P-N mepexoa, Wik ycCIie-
BaTh, €CJIM YACTOTa BHEIIHETO BO3JICUCTBUSA MAJIA. DTUM XapaKTEPUCTUYE-
CKUM IIapaMEeTPOM SIBJIETCSA BpeMs Iepe3apsaIKi ero eMKocTu C. I uc-
CJICJTOBAHUSI YaCTOTHBIX CBOMCTB P-N Mepexojia €ro HeoO0X0AUMO BKJIFOUYHTH B
MPAMOM WJIM 3allOPHOM HAIPABICHUH W IPUIOKUTH CUHYCOUJAIbHBIN
CUTHAJI C MAJIOW aMILIUTYJ0M, OOBIYHO HE MPEBBIIIAIONICH HAIMPSIKEHUE
IIOCTOSTHHOT'O CMELIEeHUs Ha nepexone. M3MeHss 4acTtoTy CUHYCOMIAIbHO-
ro CUTHajla OT MEHBIIIET0 3HAYEHHUs K OOJIbIIIeMY, C TTOMOIIbIO KBaJpaTH-
HOI'O JIETEKTOpa OINpENEeAeTCs aMIUIMTY1a [IEPEMEHHOr0 HanpsokeHus U, ,
CHUMAaeMOI'0 C COIPOTHUBIICHUS HArpy3ku R,,. M3 momyyeHHON 4acTOTHOMN

3apucuMocTH U, f ompenensercs 4actora, Ha KOTOPOM NaJcHUE Iepe-

MEHHOTO HalpsKEHUsT Ha CONPOTUBICHUU HArpy3Kd YMEHBIIUTCS B
V2=1.41- pa3za 10 CpaBHEHUIO C €r0 3HAYEHHEM Ha HM3KHX 4acTOTaX, Ha-
npumep, Ha yactore 10 I'm. Yactora, Ha KOTOpOW aMIUIATYJIa CUHYCOU-
JAJBbHOTO HANPSKEHWSI YMEHBIIAETCS B YKa3aHHOE YHCIIO Pa3, Ha3bIBAETCSA
4acToToi cpesa - fy. 13 HalineHHOro TakumM 00pa3oM 3HAYEHUS YaCTOTHI

Cpe3a OIpeIeIAI0T BpEeMSs pelakcaluy 3apsija B mepexo/ie:
Tpon =7 (7.20)
cp
Ecnu yactoTa uamepeHa B repuax, To Beipaxenue (7.20) naet 3HaueHUE
BpeMs peJaKcallii B CEKyHax.
C npyro#t cTOpOHBI, MOCKOJBKY Mepe3apsiaka eMKOCTH C P-N mepe-

x0Jla (U3UYECKU OCYUIECTBIIsIeTCA 4depe3 ero auddepeHnuaibHoe CO-
NpPOTUBJIEHHE Ry TO BpeMs MEpe3apsAliIKu MOXKET ObITh HalJEHO U3 BBI-
]

paXKEeHMs:
7p-n =CxRy. (7.21)
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CrnenoBaTenbHO, €CIIM U3BECTHBI 3HAYEHUSI EMKOCTU U JuddepeHiaibHo-
r0 CONPOTHUBJIEHUS NEPEXO0IA, TO UMEETCA BO3MOKHOCTh BEIYMCIUTH BpEMS
nepe3apsaku U CPaBHUTH €ro ¢ KCIEPUMEHTAILHO HAMJCHHBIM 3HAYEHU-
€M BpEMEHU peaKkcaluu P-N nepexoaa.

C ¢uznueckoil TOYKM 3pEHUSI BpeMs peJlakcalluM Iepexoga paBHO
BPEMEHH KU3HU HEPABHOBECHBIX HOCHUTEIIEU 3apsAna B P-n mepexone. Ilo
€ro BEJIMYMHE MOXXHO ONpPECIUTh, HAPUMEDP, HHEPIIMOHHOCTHh (hOTOTPU-
€MHOTO YCTPOKCTBa Ha OCHOBE OapbepHO# (HOTO3AC P-N mepexoa.

Bennunna 6apbepHoit (hOTODIC P-N mepexoaa Ha HU3KOM 4acTOTe IpHU
HaMpsHKEHUU Ha mepexojie Vg <0 ompenensiercs CIeIyIOlUM BhIPpayKeHU-

CM.

i

Up-n =k—T|n 1+ d)m]z KT gpm (7.22)
q lo q-lg

TJI€ MPEANONAraeTcs, uTo lg >> igm. 3Ha4eHne POTOTOKA Ha YaCTOTE H3-

Mepenusi 6aprepHoit (GoT0D/IC @ MOXKET ObITh HAMIEHO CIETYIOMMUM 00-
paszom

: P, Th-n
iy (0)=qna - 1-R —189 L : (7.23)
om hv 1+ a)zrg_n

T.€. 3TO TOK, 0Opa30BaHHbI HEPABHOBECHBIMU HOCUTEISIMHU 3apsiga Mpu
100%-HOM TOTJIOLIEHUH B MOJYINPOBOJHUKE ONTHYECKOW MOIIHOCTH
€—R P55 38€ch Ppa5 - MOIIHOCTH MAJAOLIEr0 ONTHYECKOIO H3JIyde-
HUS 4acTOTOW v, R - KO3(Q(UIMEHT OTPaKEHUs CBETA OT MOBEPXHOCTH
MOJIYIIPOBOJAHUKA, & - KOA((UIIMEHT MOIJIOIIEHUS CBETa B MOJYIPOBOI-
HUKe. [Ipr 3TOM MOIIHOCTH ONTHYECKOI0 HM3JIyYEHHs MOAYJIHWPOBAHA IIO
rapMOHUYECKOMY 3aKOHY:

Po5(®) =P%5 1+sin(at) .

HaHOMHI/IM, 4TO MOHIIHOCTBb OIITHYCCKOI'O H3JIYUYCHHUA HAXOAUTCA IIYTCM
YMHOXCHHA MTHTCHCUBHOCTHU CBCTA HA INIOIIalb OCBCIIACMOI'O Y4aCTKaA.

Bpewms krM3HM HEPAaBHOBECHBIX HOCHUTEIIEH 3apsijia B P-N — mepexone
OTJINYAETCS OT €ro 0OBEMHOTO 3HAUCHUS 7 =7p =7 Ha BEJIMYMHY, Olpe-

JesIeMYI0 BBICOTOM Oaphepa, pa3iessroniero pP- u N- o0JacTu:
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Tpn =7 €XP [%} : (7.24)

Bo3pacranue BpeMeHU KU3HU OOYCJIOBICHO IPOCTPAHCTBEHHBIM pa3jielie-
HUEM HEPAaBHOBECHBIX HOCUTEIEH 3apsijia MOJEM NEPEXoa, a 3HAUNUT U 3a-
TPYJAHEHUEM UX PEKOMOUHAIIMH, YTO U MPUBOAUT K YBEIMUYCHUIO BPEMEHU
YKU3HU AJIEKTPOHHO-JIBIPOYHBIX AP COTIACHO BhIpaXXEHUIO (7.24).

7.2. MIPUMEPbI PEWWEHUA 3A0AY NO OMNPEAENEHUIO
NMAPAMETPOB ®OTOJJIEKTPUYECKUX SIPDPEKTOB
B NMONyNnPOBOAHUKAX

3aoaua 1. Onpenennts BeIUUMHY (POTONPOBOIUMOCTH KPEMHUEBOTO
~ a3
oOpasua pazmepamu {x1x5 CM” mpH €ro OCBELICHUU ONTHYECKUM U3IY-

YEeHUEM MOTOKOM g =102 keaHm/(cM? -¢) W3 COOCTBEHHOM MOJIOCHI TIO-

IIOIICHUA B IIPCAIIOJOKCHHUHU, YTO KBAHTOBAs B(bfl)eKTI/IBHOCTI) ITOIJIOLIC-

HUS U3Iy4YEHUs NOJyNpOBOAHUKA paBHa 7 =0.5, KO3 PUIMEHT moriomie-

HHUA U3JIYUCHUA COCTABJLICT & = 106 CM_l, d 94aCTOoTa MOAYJIALIMHU CBCTOBO-

TO [OTOKA FAPMOHHUYECKUM CHTHAIOM COocTaBisieT f =10° [y.
Cuurarh, 4TO OCBELICHUE TPOBOAUTCS C MIMPOKOI CTOPOHBI 00OpasIia,
a PETUCTPUPYIOIINE KOHTAKTHI MPUTASTHBI K Y3KUM TOPIIAM.

Pewienue. B nanHON 3amadye HEOOXOAUMO OIPENCIUTh W3MEHEHUE
MIPOBOJIMMOCTH BCEro o0Opaslia Mol ACHCTBUEM ONTHYECKOTO M3Iy4YeHHs, a
HE €IMHUYHOT0 00beMa, KaK 3TO PAaCCMOTPEHO B Kypce Jiekiuid. [losTomy
BBIpAa3UM U3MEHEHHE MPOBOJUMOCTH BCEro oOpasiia, €CJIM U3BECTHO U3Me-
HEHHE yAeIbHOU MpoBoauMOCTH. IlycTh paccMaTpuBaeMblii oOpaser; uMme-
€T JUIMHY L B HampaBJICHUW MPOTEKaHUs TOKA W IUIOMIaAh OMUYECKHUX KOH-
TaKTOB K 00pa3ily S | yJeJIbHYIO MPOBOJIUMOCTh o . Eciiu npu ocBerieHnu
yaeJibHasi TPOBOJAMMOCTh HM3MEHSETCS HA BEIMYUMHY Ao, TO U3MEHECHUE
MIPOBOJUMOCTH BCEro o0pasiia OyaeT paBHO

AG :Aa.% (7.25)

VIMEHHO 3TO BBIpaXEHHUE ONPEAEISIET NCKOMYIO HEU3BECTHYIO BEJIMUMHY, B
KOTOPOM H3MEHEHHE YACIbHOM MPOBOAMMOCTH €CTh yieibHas (HOTOMPO-
BoauMocTh. [locnenanss BenuuunHa ompenesnsercs Bbipaxkenuem (7.11), B
KOTOPOM HEHU3BECTHBIMU BEJIIMYMHAMH SABJISIOTCS CKOPOCTh F'€HEPAIUU HE-
PAaBHOBECHBIX 3JIEKTPOHOB M JBIPOK, @ TaKXKe€ BpeMs penakcauuu (oTo-
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IPOBOAUMOCTH. Vicmonb3yem BbIpaKeHUe NIl BBIUMUCICHUS BPEMEHHU pe-
nakcauu GOTOMPOBOTUMOCTH:

B KOTOPOM BCE€ BEJIMYMHBI SIBJISIOTCA crpaBOYHbIMU (cM. [IpunoxkeHue k
JaHHOMY Yy4eOHO-MeToaudeckoMy Iocoduro). IlojacTaBuB crnpaBOYHBIC
3HAYEHMS MOJABMXKHOCTEH JJIEKTPOHOB U JIBIPOK, & TAKKE BPEMEH MX KU3-

HU (7 =7p = 10-3¢ ), MOJIYYUM:

N -3
+ 4Tn 7T + 10
T = (ln Hp_tn-Tp _ (1n Hp _10-3¢
HnTp + HpTn Hn + Hp

Crenyromum 1aroMm ONPENEIUM CKOPOCTh T€HEpPAlMU HEPAaBHOBECHBIX
HOCHUTEJICH 3apsija ¢ ydeToM Kod(duumeHTa oTpakKeHUs UHTECHCUBHOCTHU
V3JIy4YE€HUS OT NOBEPXHOCTH KPEMHHUS

2
R _(n —1)2 [VEsi -1
n+1 &g +1 '
IlogcTanoBka B JaHHOE BBIpaXKCHUE 3HAYEHHUS OTHOCHTENIBHOW M-

ANIEKTPUUECKON MPOHUIIAEMOCTH KPEMHUS JIaeT CIEIYIONIee 3HaUCHUE KO-
apuLIeHTa OTpAKEHUS

2
(V1171 ~(3'4_1J2—(ﬁ)2~025
V11.7 +1 3.4+1 4.4 S

CKopoCTh reHepalud HEPaBHOBECHBIX HOCHUTENEH 3apslia - YHCIO HJIEK-
TPOHHO-ABIPOYHBIX Map, T€HEPUPYEMbIX CBETOM B €IMHUILY BPEMEHHU B
CIMHUYHOM 00BhEME, paBHA

g=n-a- 1-R -15=0.5-10°.0.25.10'%? ~1.2.10' nap/c.

Tenepsp Haitnem HOTOMPOBOIUMOCTh €AMHUYHOTO 00BEMA

O iy 9 Tp,  1.6-107° 1450+480 -1.2-10'7.107°

Ao
1+ 0° 15, 1+47%.109.107°

16-1.2-0.2:10°-10* 0.35-10*

~ -09-10 " ~1.10" om t.emL
1+4.10-10% 4.10°
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371ech MaKCHMMaJIbHOE 3HA4YCHUE (I)OTOHpOBOIII/IMOCTI/I, JOCTHUTaCMOC Ha

HU3KOM YacCTOTE MOIYJISIIMU, PAaBHO 0.35.10°% OM_:LCM_:L, 4TO BHUIHO IIO

3HAYEHUIO YUCIUTENA BbIpakeHUs. OTIIMYHBIN OT €IMHUIBI 3HAMEHATEIb
YKa3bIBaCT HA TMPOSBJICHUE HWHEPIUOHHOCTH MOJympoBOoAHUKA. Peskoe
CHUKEHHUE 3HaYeHUs (POTOMPOBOAMMOCTH Ha 3aIaHHOW YaCTOTE CBSI3aHO C
BBICOKOM 4aCTOTON MOJYJISIIUM U3TydeHUs! (CM. 3HAMEHATEIb BBIPAKCHUS )
II0 CPABHEHMIO C YACTOTOM Cpe3a.

DOTONPOBOIUMOCTh 00pa3ia OyJeT onpeaeaiaThes yAeabHOU (HoTo-
MIPOBOJIMMOCTBIO U pazMepaMu 00pasiia COrIacCHO BhIpaxeHuto (7.25)

AG=Ac->=1.107. 22108 omL.
L 5
Takum o0Opa3om, OTBET Ha MOCTABJICHHBIA BOIMPOC TaKOB: (HOTOIMPO-
BOJMMOCTb KPEMHHEBOTO oOpasia pazMepamMu €x1x 5: cm® IIpu OCBEIlIC-
HUHU BBICOYACTOTHO-MOAYJIMPOBAHHBIM H3JIYYEHUEM C IIMPOKON CTOPOHBI
o6pasua pasua 2-10°° Om L.

3aoaua 2. Onpeaenuts BeauununHy ¢oTtodac embOepa, BOZHUKAIOIIEH

B KpEMHHEBOM o0Opasiie pazmepamu 1.5-2.0-10 M

012

C KOHLEHTpalLuen

NOHOpHOU IpuMmecH Ny =2.4-1 cm > IIpU OCBEIIEHUH 00pasiia co CTO-
POHBI Y3KOT'0 TOpIla, €CJIM U3BECTHO, YTO MAaJarolias CBETOBAas MOIIHOCTH
BeaMunHON 2.0-107°Bm IIPOMOAYJIHUPOBAHA IO AMIUIUTyJE Ha 4YacTOTe
2500 [y . N3nydyeHue umeeT IMHY BOJHBI A =1.0 MKM U JICKUT B MOJIOCE
COOCTBEHHOTO MOTJIOMICHHUSI.

Pewenue. /Ins naxoxnenusa dorosac lembepa HEOOX0AMMO BOC-

MOJIb30BaThCS BhIpaxkeHueM (8.14)

0
* ~q N Tp Prag 1
VﬂeM6 —gcp _Dn /1+ a)21-2 "70‘(1_ R) hV §1
p

B KOTOPOM JIsI HAXOKIACHUA (I)OTOB,HC HC A0CTACT 3HAHUA ITPOBOIUMOCTHU

MOJIYIPOBOJHUKA
2
oo = Ng +qu "
0 =AunNg NS
p Ng

Hcnonb3ys CripaBOYHBIE JAHHBIC JISI KDEMHUSI, HAWJIEM

58



00=16-10"19.1.45.10%.2.4.10'? +1.6.1071% . 4.8.102 . >
2.4-10

1.96-10%° ] .

~5.57.10"% +7.68-10° -(%) ~5.6-107% (oM~ t.em™)

Brruncianm OTIEIbHO MHOKHUTENb, XapaKTEPU3YIONIAM YaCTOTHBIE CBOMCT-
Ba goTodc JlemOepa, HCTIONB3YS CIPABOYHBIC JaHHBIC IJIsI KPEMHUS:

o 1073 ~ 1073 ~
1+ o’y 1+47%(25-10%)°.107° 1+4.9.86-6.25-10°-107°
-3
_ 10" 4010
1+ 246

DTOT pe3yJIbTAaT TOBOPUT O TOM, YTO PACCMATPUBAEMBIN CITy4yaid MOJYJIsI-

UMY U3NIydeHus st porodac JlemoOepa siBiasieTCss BBICOKOYACTOTHBIM.
OcTajioch OLEHUTHh MHOXHWTEIb, OMUCHIBAIOIIMN YPOBEHb WHIKECKIIUU

HEPABHOBECHBIX HOCHUTEJICH 3apsAla B PE3YJIbTATE OCBEIICHUS IOJIYIPO-

BOJIHMKA, UCIOJIB3Ys 3HAUCHU 17 =1, R =0.25 - B3ATO U3 NpEabIAYIICH 3a-
nadqu, 4 =1.0 MKM, ¢ = 3.1010 cm/c:

0 0

‘Pnad 1 ‘Pnad 1

7’]0(‘-_ R/Wg = 7’]0(‘-_ R/—Cg =
A
109
6.62.10-34 3.10 0.15-0.20

1.0-107%

-9 -3

-0.75-10° 2.0-10 _ 1510 ° 559007,

6.62-3-0.03-10°20 0.6.10~20

HpOI/ISBe)IH MpeaABAPUTCIbHBIC BBIYUCIICHUSA, TCIICPb PACCUHHUTACM BCIMYU-
Hy dotorac Jlembepa:
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_00 q (‘p Hn

~
/

. 1.38-107%%.300

56.10"%
_5.52

P L u(1-R
5 N

0

* ~ T P 1
VﬂeM6 = f—o()p —Dn )—pz no(l-R)— == 120

1+ ? p hv s
0
)Pnaal
hv S

€80 - 1450 34.107°.25.10% =

: 2221017 €970 31012 ~ 1072 B.

Takum o6pazom, BenuunHa Gotodac Jlembepa mpu 3aJaHHBIX YCIOBU-

ax cocrasut 10 MB.

3adaua 3. Onpenenutb BEIMUYUHY OOBEMHOM (OTO3]C B KpeMHUE-

BOM 0bpasiie pasMepamu €@-b-c =€.5-1.5-5.0 JcM>, OCBeIlae-MOro co

CTOPOHBI HIMPOKOTO TOPIA B TOUKE X =2.5 CM MOILYyIUPOBAHHBIM B BUIE

CgeT

b

I_

Puc. 5

Y3KOW TOJIOCKH W3JIYyYE€HUS IIUPHU-
HOM d=1 MM C JIMHOW BOJHBI
A=1.0 MKM U mamaromnie MOIIHOC-
TBIO P,_?aa 1.9.10710 Bm, ecnu us-
BECTHO, YTO KOOpPJWHATHAS 3aBUCHU-
MOCTb TEMHOBOI'O CONPOTHBIICHUS

o0Opasiia BAOJIb €r0 JJIMHHON CTOPO-
HBI OITMCBHIBACTCS BEIPAKEHUEM

P& po-ep kixg -

3nece pg :102 Om-cm, Xq —-10% cm. CunraTh, YTO IIOJIOCKA CBETA Ha-

IIPaBJICHA MEPIIEHAUKYJIISIPHO OCH X , HAPABJIECHHOW BIOJIb JJIMHOWU CTOPO-
HBI C. ['eoMeTpust 00pasia u ycioBUs OCBEIICHUS IPUBEIEHBI Ha puUC. 5.

Peuwienue. BeipaxxeHue aJisi onpeiesieHns 00beMHOM POTOd/IC UMEET

cienyromuit Buf (8.15):

v, _d I_2 (5/)0
OX

oqu

)

T P
% na€-R ”ia (8.16)
=251+w p hI
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371ecCh oA IUIOMAAbI0 S =a-b MOHMMAaeTCs IUIOIAlb MONEPEYHOTO CeUe-
Hus oOpasua. [loaTomy mepBbIii COMHOXUTENb BhipaxkeHus (8.16) Oyner
paBeH

2
S X Jy—os a-d{\q X0 X0))yo s

1.6-10719(1.38.10723 . 300 3 (102 2.5
_ 54801077 || = exp| ——— | |=
1.5-1.5 1.6-10" 10 2.5-10

-2
_199 10_3( 10 ]z8.8-10_3 .4.0-1072=3.5.107°,

2.25 2.5.exp(10™%)

Teneps paccMOTpHUM YaCTOTHBIN MHOXKHTENb BhIpaxkeHus (8.16). Ilpu mo-
KaJIbHOM OCBCIIICHUH ITOTYIPOBOJHUKA 00JaCTh, YIACTBYIOIIAsS B (hOPMHU-
poBanuu (¢GoTodaAc, u3-3a AUPEGY3MOHHOTO pacTEeKaHUs HEPaBHOBECHBIX
HOCHUTEJICH 3apsia OKa3bIBAeTCs OOJIbIIE 00JaCTH OCBEIICHUS Ha BEJIMYU-
Hy 2L, . B kpemHuu

. _23 .
- k_Tﬂp o 2\/1.38 10 19300 480.10-3 _
\ g 1.6-10"

~2.6.1072.0.48 ~1.2-10"L cm.

Takum o0pa3zoM, peasibHOE MNPOCTPAHCTBEHHOE pa3peuieHne 00bEeMHOM
dbotosrsic Oyaer coctaBiaaTh modTu 3.5 Mm. J[j1s1 TOro 4toObl UMETH IMPO-
CTPAHCTBEHHOE pa3pelieHne HEOJHOPOJHOCTH COMPOTHUBIICHHUS, OIpere-
JSIEMOE pa3MepaMy ONTUYECKON MOJIOCKU, HE00X0UMO, 4TOObI U Py3u-
OHHOE€ pacTeKaHHE HEPaBHOBECHBIX HOCUTENEH 3apsja 3a Mpeieibl OCBe-
HIEHHON 00JacTu ObLIO Obl 3HAYUTEIHHO MEHBIIE PA3MEPOB OCBEIICHHOMN
ob0nactu. B paccmaTpuBaeMbIxX yCIOBHUSX 3TO O3HAYaeT, 4To JudPpy3noH-
Has JJIMHA JIBIPOK J10JKHA ObITh, Harpumep, B 100 pa3 mensbiie 1 mm. s
ATOTO HAJ0 BBIOPATH CTOJb BBICOKYIO YAaCTOTY MOAYJS-IIUU H3Ty4YCHUS,
yTOOBI TU(PhYy3MOHHAS JJTMHA JIBIPOK HA YACTOTE @

- T
Lp © = kT pp——, Lp€ x<107" cm
g 1+ o1y

cocTaBisUIa OBl eQMHMIBEI MUKPOH. IIpn wacrore moxyisimuun 108 My sto
TpeOOoBaHUE peaTnu3yeTcs.

61



Torma yacTOTHBIN MHOXKHUTENb BeIpakeHUs (8.16) naet ciaeayroliee uc-
JICHHOE 3HAYCHUE

T 1073 B 1073 ~
1+0°rf 1+47%(10°)%.107° 1+4.9.86-10%2.107°
-3
__ 10 ~~25.10711
1+39.4-10

MHuoxutenb BoipaxeHus (8.16), oTBevaronuii 3a YpOBeHb WHXKEKIIMU He-

PABHOBECHBIX HOCHUTEJICH 3apsijia B MOJYIIPOBOIHUK, OYIeT paBeH
0 0

P P
7]&‘.— R/M = ;/la‘_— R/M —
hV hE
A
-10
_1.106¢-0.25 2010 =
a4 3-10
6.62-10 —
1.0-10
-10 —4
~0.75.106 2910 == 1.5-10 5 =0.75-10".
6.62-3-10 1.99.10
Torna BennunHa 00beMHOM (PoTOIC OyACT paBHA
* T
S OX Jx=2.51+ 0Ty hj

~35.102.25.101.0.75.10° ~0.65 B .

Takum oOpaszom, BenrurHa 00BEMHOM (DOTO3/IC B BEIOPAHHBIX YCIOBU-
X COCTaBJIIET IPUMEPHO 650 MB .

3aoaua 4. OnpenenuTs BEIUUYUHY OapbepHOU (DOTO3AC KPEMHUEBOTO
pP-N mepexona IIomaap S =4 :10"%cm? IIPA €r0 OCBEIIEHUU MOAYJIUPO-
BaHHBIM Ha yacToTe 107 U W3JYYEHUEM C JJIMHOU BOJIHBI A =0.64 MKM u
MOIIHOCTBIO Pprag =10710 Bm, ecim kBanTOBast 3((heKTHBHOCT TOTIO-
1neHus paBHa 7 =1.0, a 3Ha4YCHUsI KOHLEHTPALMKA aKUenTopHou N5 U 10o-
HOPHOU Ny IpuMecH B 00JIACTSX OJJMHAKOBBI U PABHBI 2.10%¢cm™3. Cun-

TaTh, YTO OOpaTHBIN TOK mepexoja cosnaetrcss Aub(Py3noOHHBIM MEXaHH3-
MOM IOCTaBKU HEPABHOBECHBIX HOCUTENIEH 3apsija.
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Peuwienue. VICXOIHBIM BBIpOXEHHUEM ISl OMPEACIICHUST OapbepHOU
$h0oTO3AC CIIy>KUT BhIpakeHue (8.22)

. KT ipm)| KT .
Vo_n =—In 1+ ~ ‘i ,
P g ( lo J q-lg bm

B KOTOPOM HEM3BECTHBIMH BEJIMYMHAMHU SIBJISIIOTCS OOpaTHBIN TOK g U o-

TOTOK igpm. Haiinem ux.
Benuuuna ¢oTtoToka mpu MOAYJSIIUK U3JIYyYCHUS HA MPOU3BOJIBLHOMN
4acTOTE @ MOJKET ObITh HalJIeHA U3 BBIPAYKECHUS

. Tp—n P

1+ w"tp_n /hE ,
A

a O6p21THBIfI TOK |y MOXKET OBITH BEIYHMCIIEH I10 BBIPAKCHHUIO

kT . ba® (1 1
IO = S i + ’
4 d«&+b° onlp opln

B KOTOPOM BCE€ BEJIMYMHBI MOTYT OBITh OINpPEACICHBI, UCXO U3 TaOIM4-
HBIX JaHHBIX. CHayanga omnpeaeauM dJICKTPOHHYIO U JBIPOYHYIO IIPOBOJIH-
MOCTH MOJYITPOBOAHUKOBOTO 00pa3ia:

on =Qunnp =1.6-1071%.1450 .2.101° ~3.2.1.4.10 1 = 0.45 Omtem™.
op =qupPp =1.6-1071°.480.2.10"° ~3.2.4.8.1072 = 0.15 Om Tom %,

Jlanee BeluMcIuUM IIMHBL U Py3un HOCUTENEH 3apsiaa:

1450 -107° =

LT _\/1.38-10‘23-300
" Nag 1.6-1071°

~2.6.1072.1.45 ~1.9-10° cm.

480-1073 =

KT \/1.38 11023 .300

L = —IL[ T =
P PP 1.6.10719

~2.6.102.0.48 ~1.2-10 cm.

Crtonb BbICOKME 3HaUCHUS UTUH AU y3Un HOCUTENEH 3apsiia B KPEMHUU
SABJIAIOTCS CIEICTBUEM BBICOKMX 3HAYEHUU BPEMEH JKU3HU HEPABHOBECHBIX
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HocuTelien 3apsaa. Mcnonb3ys naHHble, puBeAeHHbIE B [IpuiioxkeHuu k
JTAHHOMY TTOCOOHI0, HAHIEeM:

kT . bo? [ 1 1
|0 = S = + =
d ¢+b*{onkp opln

\
kT . €nlu N 1 1
=S pél(‘””‘pﬂia[ L LJ:
q (“‘ﬂn/ﬂp/ Ontp Ophn
-23
_1.38-10 1:()3’»004_10_2 3?
1.6-10" (3%

2
(6-10719(1450 + 480)-1.4-101° .

_ 10 10
045.19 0.15-1.2)

2 23 62
=2.6-107-4-10 E(.6.1.93-1.4.10 ,-€1.7+55.6 >

2
~1.95.102.€3.10°.67.3-24.10"1 A
Tenepb MOKHO BBIUUCIUTH OapbepHYIO POTOIIC:

* KT %p-n  qna€-R :Ppag _

V ~
p-n 2 2
4 1+t hE.|0
A
_ KT . Tp-n ) niod— R:’ Prao
hc 1+ a)zrg_n lo

Ourypupyomuii B BeIpaXXeHUU sl O0apbepHOil PoTosac kodhdUIMeHT
OTPaXE€HMS CBETA OT IIOBEPXHOCTH MOJIYIIPOBOJHUKA PABEH:

Y e

“n+1 egi +1)  \(V11.7+1) (4.4

JI71s1 BBIYMCIIEHUS YaCTOTHOTO MHOXKHUTEJS HEOOXOIUMO 3HATh BPEMS JKH3-
HU HEPAaBHOBECHBIX HOCUTEJICH 3apsifa B P-N — mepexo/ie

Tp_n = C . Rd .
Bennunny nuddepeHnuanbHOro COnpoTUBIEHUS P-N — iepexoaa

Havinem u3 BeipaxeHus
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kT 1.36-1023.300
do 1.6-10%.2.4.1071

Ry = =1.1-10° Om.

JuddepennmanpHas eMKOCTB P-N - TTepexoa IIOMAAI0 S ompeaesieTCs
BBIpaKEHHEM

c_8%g_g deeg - NgNg .
W 2(05—V/Nd +Na

35eCch @ —Pa3HOCTh MOTEHUHUATIOB MEXAYy N- U P-00JacTAMU Mepexoja

OMpECIISIET BBICOTY MOTEHIIMAILHOTO Oapbepa MEXIy 00JacTsIMH Mepexo-
71a ¥ OTIpeIeTIeTCs CACAYIOIIMM 00pa3oM:

kT [NgN, | 1.38-1072%.300 2.10°
=5z " 5 2N o [T

q n; 1.6-10 1.4-10
=5.2:107%In 1.4-10° =5.2-1072 In(1.4) +5-In(10) =

P6

=5.2-102 0.33+5-2.3) =5.2-1072-11.8 =0.61 B.

Tenepp Haiiem eMKOCTb P-N — nepexoga nmpu V =0

C:S qggo - NdNa —
2€5 -V _ Ng +Ng

-19 -14 15 -31
:4.10_2\/1.6-10 11.7-8.85-10 2.10 :4.10_2\/1.66-10 1015
2.0.61 1.22

~4.1072.1.2.108=4.8.10710 o
3HAYUT, BpeMsl )KU3HU HEPABHOBECHBIX HOCUTENEH 3apsija OyIeT paBHO

7pn =C-Rq =4.8-1071°.1.1.10° =53.107 c.

CrnenoBarenbHO, YaCTOTHBIM MHOXHUTENh OapbepHOU (OTOR/C HA YACTOTE
104 ry 6yner pasex

To-n 5.3.1071 - 5.3.107% -
2 2 a -3 8 -2

_ 53101 53.107

- -~ - ~4.8.1079.
1+1107 -10%  1.1.10
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Torma mojacTaBisisi HAWACHHBIC YMCIICHHBIE 3HAYCHUS, HAWUJEM BEIIMYUHY
OapbrepHOit (HOTOA/C B BRIOPAHHBIX YCIOBHUSAX:

. 1.38-10723.300 9 1-0.64-107%.10%.0.75.10710
Vp-n = 34 10 48107 11 -
6.62-10°4.3.10 2.4.10
=21 -8
_ 4110 24-4.8-10‘9-2'4'—1011:0.21-103-4.8-10‘9-103=
19.9-10" 2.4.10

~1.0-10"2 =0.001 B.

Takum 00pa3om, OTBET Ha MOCTABJICHHBIA BOIIPOC OYJIET TaKUM: MPU

YKa3aHHBIX YCJIOBUSAX OCBEIIECHUS KPEMHHEBOIO P-N mepexoja Ha HEM
nosIBUTCA (POTO3/IC BEIMUMHOM 0KoJo 1 MB.

l.

7.3. BAPUAHTbI 3AOAHUA NO ONPEAENEHUIO
NMAPAMETPOB ®OTOJJIEKTPUHECKUX IPDEKTOB
B NonynPoBOgHUKAX
K KOHTPONIbHOWU PABOTE Ne 1

OnpenenuTs BEIMYUHY yAETbHON (OTOMPOBOIUMOCTH KPEMHHUEBOIO
oOpasia mpu €ro OCBEIICHUH ONTHYECKUM H3TyUYEHHEM MOIIHOCTHIO
Prao = 10™8 Bm u3 cOGCTBEHHOIT TOIOCH MOTTOMICHHS B IIPEIII0JIO-

KCHHNHU, YTO KBAHTOBAs 3(1)(1)€KTI/IBHOCTI> MMOTJIOMCHUA HU3JIYUCHUA I10-

JyNpOBOJHUKA paBHA 77 = 0.9, KO3)PUUMEHT NOTIOUIEHUS U3TyYCHHUS

COCTAaBJACT « = 106 CM_l, 4 9aCTOTa MOAyJisIIrun CBETOBOI'O IMTOTOKa

rapMOHMYECKHM CHTHAIOM cocTaBmseT f =102 [y. OcBemaemas

oAb oOpasua cocrabisieT S = 0.5 cm?.

2. OnpenenuTts BEJIMUKUHY YI€IbHON (DOTONMPOBOUMOCTH FEPMAHUEBOTO

oOpasiia mpu ero OCBEIICHUH ONTHYECKUM H3TyUYCHHEM MOIIHOCTHIO
Prnao =1071% Bm u3 coGCTBEHHOI IMOIOCH! TIOTVIONICHNUS B IIpeaIIo-

JOXKCHHNH, YTO KBAHTOBAasd 3(1)(1)€KTI/IBHOCTI) IMOTJIOCHUA H3JIYUCHUA

MOJTYTIPOBOJIHMKA paBHA 77 = 0.9, KOA(POUIMEHT MOTTIOMICHUS U3ITy4e-
HHUS COCTABIIACT o = 10 CM_l, a yacToTa MOAYJISIIUU CBETOBOIO IIO-

TOKa TapMOHHYECKUM CHUTHAJIOM COCTaBISAECT f =102 y. OcBemae-

Mas TIomaap oopasia coctaBisieT S = 0.25 cm? .
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3. Onpenenuth BEIWYUHY YACIBHON (POTOMPOBOJIUMOCTH aAPCEHU-
raJyIMeBoro odpasla NpHu €ro OCBEIICHUH ONTHYECKUM H3IIyYeHHEM
MOIIHOCTBIO  Pp59 =1071% Bm wu3 coGcrBeHHO# MOTOCHI MOrJIomie-

HHA B IIPCAINIOJIOKCHHUH, YTO KBAHTOBAI 3(1)(I)CKTI/IBHOCTI> ITOTJIOIICHU A

U3ITy4YCHUS MOJYNPOBOHKKA paBHA 77 =0.9, Koa(ppuiMeHT normoiie-

HUS U3JIyYECHUS COCTABIIICT o = 106 CM_l, a JacToTa MOAYJISLIU CBE-

TOBOI'O IIOTOKA T'apMOHHYECKHM CHUTHAJIOM COCTaBJISET f=10° I U .

Ocgelaemas miomaas o0pasiia cocTaBisgeT S =5.5 cm?.

4. OnpenenuTs BEIUMYHMHY (POTOMPOBOJMMOCTA KPEMHHEBOTO oOpasia
pasmepamu €x1x10 cm® IIpU €ro OCBCIICHUU ONTHYCCKUM H3JIy4ec-
HHEM ITIOTOKOM KBaHTOB lg =10%2 KeaHm/(CM2 :C) U3 COOCTBEHHOI

ITOJIOCHI IMOINIOIICHUA B IIPCAIIOJIOKCHHUH, YTO KBAHTOBAsA Bq)(beKTI/IB-

HOCTbH TOTJIOIICHUS M3JIY4YECHUs MOJYIPOBOJHUKA paBHA 7 =1.0, KO-

3O GUIIMEHT TOTJIOMIEHUS] U3TYYCHUS COCTABISCT o = 4.10° CM_l, a

YacToTa MOAYJISALIMUA CBETOBOI'O IOTOKAa TapMOHHUYECKUM CHUTHAJIOM
cocraBiser f :103 ry.

Cuurath, 4TO OCBEILEHHUE MPOBOJIUTCS C Y3KOM CTOPOHBI 00pasia, a
PETUCTPUPYIOIINE KOHTAKTHI IPUIASTHBI K IITUPOKUM TOPIIAM.

5. Onpenenuts BeTUYUHY (HOTOMPOBOIUMOCTH I'E€pMAaHUEBOr0 oOpasiia
pasmepamu €x1x5_ cm® IIpU €ro OCBEUICHUU ONITUYCCKUM U3JIyUCHU-
€M IIOTOKOM KBaHTOB lg =10%? kearm /(CM2 -C) U3 COOCTBEHHOM IO-

JIOCBI TIOIVIOHICHUA B MPCAIIOJIOKCHHH, YTO KBAHTOBAA B(I)CI)GKTI/IB-

HOCTbH TOTJIOIICHUSI U3JIYYECHUS MOJYIPOBOJHUKA paBHA 7 =1.0, KO-

3O PUIHUEHT TOTJIOMIEHHS] M3JIYYEHHS] COCTaBISIET o = 2.10% cvL, a

4acToTa MOAYJALMU CBETOBOTO IOTOKA TAPMOHUYECKHM CUTHAJIOM
coctasnsier f =10° y.

CuuTaTh, 4YTO OCBEIICHUE ITPOBOJIUTCS C Y3KOM CTOPOHBI 0Opa3Iia, a
PETUCTPUPYIOMINE KOHTAKTHI IPHUIIAHBI K IIUPOKUM TOPIIaM.

6. OnpenenuTh BeMUUYUHY (OTOTTPOBOAUMOCTU apCEHUI-TATUTUEBOTO 00-
pasua pasmepamu €Q.5x1x10 cm® IIpU €ro OCBEHICHUU ONTUYCCKUM

V3JIYYEHUEM IIOTOKOM KBAaHTOB g -10%° K68HITI/(CM2 -C) U3 coOcCT-
BEHHOM MOJIOCHI TIOTJIOIIEHUS B MPEATNOJIOKESHUH, YTO KBaHTOBAs (-
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(EKTUBHOCTb IIOTJIOIICHUS M3JIyYCeHHS IIOJYNPOBOJHUKA paBHA
n=0.9, Ko3pOUIMEHT TOIVIOMICHUS U3JIYYEHUS]  COCTaBJISCT

a =5-10° CM_l, a JacToTa MOZAYJIAINN CBETOBOT'O IIOTOKA IapMOHHU-

YeCKMM CHTHAIOM cocTasser f =10° [ U.
CuuTarh, YTO OCBELICHHE MPOBOJUTCS C IITUPOKOM CTOPOHBI 00-
pasua, a peruCTpUPYIOIME KOHTAKTHI PUHAsHbI K Y3KUM TOPILIAM.

. Onpenenutb BeNMUYMHY (POTONMPOBOIUMOCTH KPEMHHEBOTO oOpasia
pasmepamu €x1x5 CM° TIpU €ro OCBEHICHUH OTNITHYECKUM HM3JTyYeHH-

€M IIOTOKOM KBaHTOB g -10%? kearm /(CM2 .C) U3 COOCTBEHHOM IO-

JIOCHI TIOTJIONICHUSI B TPEIIOJIOKEHUH, 4TO KBaHTOBas 3(h(eKTuB-

HOCTbH TOTJIONICHUSI M3JIYYCHUSI TOJIYNPOBOJHMKA paBHA 77 = 0.5, KO-

3O PUIIMEHT TOTJIOMICHUSI M3JIy4YCHUSI COCTaBIACT « =10% cv?, a

YacToTa MOAYJISIIMUA CBETOBOIO MOTOKA TapPMOHUYECKUM CHUTHAJIOM
cocrassieT f =10° I Y.

CuuTath, YTO OCBELICHHE MPOBOIUTCS C IITUPOKOM CTOPOHBI 00-
pasua, a perucCTpUPYIOIME KOHTAKTHI IPUNASHBI K Y3KUM TOPLIAM.

. Onpenenuth BenuuuHy Gotodsc lemOepa, BO3ZHUKAIOIIEH B KpeM-
HUEBOM oOpasiie pasmepamu 1.5-2.0-10 MMe c KOHLICHTpAMEN

0% em3mpu ocBemennn o6pasua ¢

NOHOpHOU InpuMecu Ng =2.4-1
TOpLa, €CJIM U3BECTHO, YTO ITaJarolias CBETOBAas MOIIHOCTH BEIUYU-
Hoit 1.5-1079Bm IIpOMOJYJIHUpPOBaHA IO aMIUIMTyJ€ Ha YacTOTe
500 [uy. V3nyyeHue JICKUT B MOJOCE COOCTBEHHOTO TOTIJIOMICHUS U

MMEET IJIMHY BOJHEI A =1.0 MKM.

. Onpenenuts BenmuuuHy (otodnc [lembepa, Bo3HMKaOIIEH B repma-

HHEBOM oOpasie pasmepamu €.5-10-2.0 v

015

C KOHLEHTpALMEN J10-
HOpHOU nipuMecu Ny =4.6-1 cm Ipy OCBEIEHUU o0pasiia ¢ Top-
11a, €CJIM U3BECTHO, YTO I1aJar0lIasi CBETOBAsl MOIIHOCTh BEJIMYUHOU

2.0-107°Bm IIPOMOAYJIMPOBaHa 110 aMIUIUTy1e Ha yacTtoTe 2500 [y .
N3nydyenue J€XUT B MOJOCE COOCTBEHHOTO MOTJIOIICHUS U UMEET

JUTHHY BOJIHBI A =1.6 MKM.
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10. Onpenenuts BeauuuHy ¢dotodc JlemOepa, Bo3HUKaIOIIEH B apce-

HUJI-TANIHEBOM 00Opasie pasmepamu {.5- 2.0-10:/\/11\//3 C KOHIIEHTpa-

oem 3 pu ocBernennn 06pas-

e JOHOPHOM npumecu Ng =2.4-1
I1a ¢ TOpIa, €CIU M3BECTHO, YTO MaJarolias CBETOBAasI MOIIHOCTHL Be-
nmuanHoi 1.5-107°Bm IIPOMOAYJIHUPOBAHA 10 aMIUIUTYAC HA 4aCTOTE
5000 [y. V3mydeHne JISKHUT B TOJIOCE COOCTBEHHOTO TOTJIOMIEHUS U

MMEET JUIMHY BOJIHBI A = 0.6 MKM.

11. Onpenenuts Benuuuny ¢otodc emOepa, Bo3HUKAIONIECH B repma-

HHEBOM 06pasiie pasmepamu €.5-10-2.0 Jmm®

015

C KOHLIEHTPALUEN J10-
HOpHOU npuMecu Ny =4.6-1 oM IIPU OCBEIIIEHUH 00pa3iia ¢ Top-
114, €CJIU M3BECTHO, YTO MAJAIOIIAs CBETOBAS MOIIHOCTHh BEJIMYWHOU

2.5.107°Bm IIPOMOYIMPOBaHA IO aMIUIUTyA€e Ha 4yactore 200 [y .
N3nydeHne JeXUT B MOJIOCE COOCTBEHHOTO MOIJIOIICHHUS U HMMEET
JUTMHY BOJIHBI A =1.8 MKM.

12. Onpenenuts BenuuuHy ¢Gotodac JlemOepa, BO3HUKAIOIICH B apce-

HUJ-TaJUIMEBOM oOpasie pazmepamu 1.5-2.0-10 MM ¢ KOHIICHTpPA-

UEN TOHOPHOM mpuMecHu Ny = 2.4.10 M3 MIpU OCBEIICHUU 00pa3-
I[a ¢ TOpLA, €CJIIM U3BECTHO, YTO ITaJarolias CBETOBasi MOIIHOCTE Be-
nmunHoi 6.5-10710Bm IIPOMOIYINPOBaHa M0 aMINIMTYJ€ Ha 9aCTOTE
50 kly. V3nydeHue JEXUT B MOJOCE COOCTBEHHOTO MOTJIOMIEHUS U

MMEET IJIMHY BOJHBI A =0.45 MKM.

13. OnpeaenuTs BEIUIMHY 00bEMHON (POTOZ/IC B TepMaHUEBOM 00pasiie
pasmepamu € -b- c::(.5-3.5-5.ojcm3, OCBEIIAEMOT0 U3JIyUYE€HHUEM B
BUJIE Y3KOHW MOJOCKHA KUPUHOU d =1 MM CO CTOPOHBI IIUPOKOTO TOP-
1a B TOYKe X =1.5 CM MOIYyJIUPOBAHHBIM IO aMIUIUTYIEC U C JJIUHOU
BOJIHBI A =1.5 MKM U magaroiie MOMIHOCTBIO PI_?aa ~-29.10711 Bm,
€CJIM U3BECTHO, YTO KOOpJMHATHAsl 3aBUCUMOCTh TEMHOBOI'O COIPO-

TUBJICHUSI 00pasiia BJOJb €ro JJIMHHOW CTOPOHBI OMHCHIBAETCS BbI-
paxeHHEeM

p& > po-exp kixg .
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3nech pg =10"2 Om-cm, Xg=10% cm. Cumtats, uTO TOIOCKA CBETA

HAITPABJICHA MEPIICHIUKYJISIPHO OCHA X , HAIIPABJICHHOM BAOJb JJIMHOU
CTOPOHBI C (CM. pHC. K 3a7a4e 3).

14. Onpenennth BeIWYMHY O0O0BEMHOM (POTOSJC B apCEHWI-TAJUIMEBOM
obpasue pasmepamu €-b-c =€.5- 3.5-5.0:cm3, OCBEIIAEMOTI0 U3ITy-
YEHHEM B BUJE Y3KOU MOJIOCKHA IMUPUHOU d =1 MM CO CTOPOHBI IIU-
POKOro TOpla B TOYKE X =1.2 cM MOIYJIUPOBAHHBIM IO aMIUIUTYIE U
C JJUHOW BOJMHBEI A=05 MkvM ©W Tmlagamomeil  MOIIMHOCTBIO

Plg)aa =3.9.1071 Bm, ecan W3BECTHO, YTO KOOpPAWHATHas 3aBUCH-

MOCTb TCMHOBOI'O COIIPOTHUBJICHUA 06pa311a BAOJIb €TI0 ,Z[HHHHOﬁ CTO-
POHBI OITMCBIBACTCA BBIPAKCHHUCM

p& > po-exp kixg .
31€ech pg =1071 Om-cMm, Xg =10° cm. CunrTaTh, 4TO MOJOCKA CBETA

HalpasJieHa MEPIEHANKYIISIPHO OCH X , HAIIPaBICHHON BIOJIb IITUHON
CTOPOHBI ¢ (cM. pHc. K 3agaue 3).

15. Onpeaenuts BEIMYMHY 00bEMHOM (POTO3/IC B TEpPMAHUEBOM 00paslie
pasmepamu €-b-c =€.5-3.5-5.0 JcM°, OCBEI[AEMOr0 H3/IydCHHEM B
BUJIC Y3KOM MOJOCKH MMPUHOM d =0.1 MM CO CTOPOHBI IIUPOKOTO
TOpIa B TOUKE X =0.5 CM MOIYyJIUPOBAHHBIM 10 AMIUIUTYE U C JJIU-
HOU BOJIHBI A=1.5 MKM u najarouiei MOIIIHOCTBIO

Plg)aa -20.107 Bm, ecim U3BECTHO, YTO KOOpAWHATHAs 3aBUCHU-

MOCTb TCMHOBOI'O COIIPOTHUBJICHUA 06pa3ua BAOJIb €TI0 I[J'II/IHHOﬁ CTO-
POHBI OITMCBIBACTCS BBIPAKCHUCM

p& > po-exp kixg .
3nech pg -=1073 Om-cm, X0 =10* cm. CuuTaTh, 4TO MOJIOCKA CBETA

HaIMpaBJIEHA MEPICHAUKYISAPHO OCU X , HAITPABJICHHOW BJIOJIb JJIMHOU
CTOpPOHHKI C (CM. pHC. K 3a1a4e 3).

16. Onpenenuts BeIuuuHy 0apbepHOil (HOTO3AC KPEMHUEBOTO P-N mepe-
X0Ja IUIoaablo S = 4-10_201\//2 IIPU €0 OCBELICHUHN MOAYJIUPOBaH-
HBIM Ha 4YacToTe 4-103 [y W3IIydeHUEM C JJIMHOM BOJIHBI

A =0.55 MKM U MOIIHOCTBIO Pp55 =107° Bm, ecnu kBaHTOBas 3(¢-
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(EeKTUBHOCTH MOTJIONIEHUS paBHa 7 =0.9, a 3HAaYEHUS KOHI[CHTPAIIUi
aKIEeNTOPHON N, U IOHOPHOU Ny MpUMECH B 00JACTSIX OJIMHAKOBHI U
PaBHBI 2.101%cm~3 . Cunrars, uto oOpaTHBIN TOK MEpexoja co3-

naercs b Py3MOHHBIM MEXaHHU3MOM ITOCTaBKM HEPABHOBECHBIX HO-
CUTEJIEN 3apsia.

17. OnpenenuTh BeIUUYUHY OaphepHOUl (HOTO3AC T€pMAHUEBOTO P-N Tie-
pexoda miomanblo S = 4-10"2cm? IIpU €T0 OCBCUICHUU MOIYJIHUPO-
BaHHBIM Ha uactoTe 103 Iy U3JIy4EHUEM C JUIMHOM BOJIHBI
A=0.64 MKM U MOIIHOCTBIO Py59 =10710 Bm, eciu kKBaHTOBas d(-
(eKTUBHOCTH MOTJIONICHUs paBHA N = 0.9, a 3HAaYCHUSI KOHIICHTpAIUi
akuenTopHod Ny U IOHOpHOU Ny MpuMecH B 00JACTAX OJMHAKOBBI U
paBHBI 2 10%¢em 3. Cuurath, 4TO OOpaTHBIA TOK MIEPEX0/aa CO3/AacT-
cst T Py3nOHHBIM MEXAaHHW3MOM TOCTABKU HEPABHOBECHBIX HOCHTE-
JIer 3apsna.

18. Onpenenuth BEAMUUHY OapbepHON (POTO3/IC APCEHUI-TATUIMEBOTO P-
N mepexoa IIoaap0 S = 4-10"%cm? IIpA €T0 OCBEIICHUU H3JIyYe-
HUEM C JUIMHOW  BOJIHBI A =0.64 MKm U MOIIHOCTBIO
Prao = 1078 Bm, eciu kBaHTOBas 3()PEKTUBHOCTH MOTJIOLICHUS PaB-
Ha 7 =1.0, a 3HAYEHUS KOHLECHTPAUUN aKUENTOPHOU Ny U JOHOPHOU

014

Ng MpUMecH B 00JaCTIX OJUHAKOBBI U PABHBI 2 -1 cvm™3 . Cunrats,

qTo 06paTHBIﬁ TOK IIEpCXoda CO34acTCsA I[I/I(b(by3I/IOHHBIM MCXaHMN3-
MOM INIOCTAaBKHN HCPABHOBCCHLIX HOCHUTEIeH 3apsaa.

19. Onpenenuts BeauuuHy O0apbepHOl (HOTORAC KPEMHUEBOTO P-N mepe-
X0Ja IUIOIAAbI0 S = 4-10%cm? IIPU €r0 OCBELICHUHN MOAYJIUPOBaH-
HeIM Ha uacrtore 4-10° I U W3IYYEHUEM C JUIMHOW BOJIHBI
A=0.45 MKM ¥ MOIIHOCTBIO P53 =1071° Bm, ecu xBanToBas -
(EeKTUBHOCTh TOIJIONIEHUsT paBHa 77 =0.75, a 3HAYEHUS] KOHLIEHTpa-
UMW aKIENTOPHON MpPUMECH B 001acTAX paBHA Ny = 2.1013 cvw 3, a
JOHOpPHOM Tpumecu Ny = 2.10%® cm~3. Cuurars, uro OoOpaTHBINA TOK

nepexojaa cosnaercs audhy3MoOHHBIM MEXaHU3MOM MOCTaBKH HEpaB-
HOBECHBIX HOCHUTEJICH 3apsijia.
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20. OnpenenuTh BeIMYUMHY OapbepHOM (HhOTOD/IC T€pMaHUEBOrO P-N me-
pexoaa IUIom@agbl S =5.103cm? IIpA €ro OCBEUIEHUU MOIYIUPO-
BaHHBIM Ha uacrtore 2-10° [ Y W3IY4YEHHEM C [UIMHOW BOJIHBI

A=0.55 MkM W MOIIHOCTBIO P59 =10710 Bm, ecnu KBaHTOBas 3(-

(EeKTUBHOCTh MOTJIONIEHUS paBHa 1) =1.0, a 3HaYEHUs KOHIICHTPAIIU

aKIENTOPHOM MpUMECH B 001acTsAX paBHa Ny =2.10® CM_S, a Jio-

HOpPHOM IpumecH Ny =1.10'% cvw3. Cumrars, uro 00OpaTHBIA TOK

nepexoja cosnaercs AuPpEGy3MOHHBIM MEXaHU3MOM TOCTAaBKU HEpaB-
HOBECHBIX HOCHUTEJICH 3apsija.

8. «PJNTYKTYALUUOHHBIE MNMPOLECCHI
B NMONYNPOBOAOHUKAX»

8.1. KPATKOE U3NOXEHWE TEOPUU

[IIyMBbI ONITORJIEKTPOHHBIX MPUOOPOB MO CBOCH MPHUPOJIE MOKHO pas-
JIEJTUTh Ha JIBE OOJIBIIINE TPYIIIIHI:

- IIIyMBbI, CBSI3aHHBIE C (DIYKTyalMeld MmapaMmeTpoB CBETOBOI'O MOTOKA
(MOIIIHOCTH, MOJISIPU3AIIMK, YaCTOThI), BBI3BAHHOW KOPMYCKYJISIPHON TpH-
pOaOil cBeTa U OCOOCHHOCTSIMH €r0 PAacHpOCTPAHEHHS IO ONTHYECKOMY
TPaKTy ONTORJEKTPOHHOTO MPUOOPA;

- IIIyMbl, CBSI3aHHBIE C MPEOOpPa30BAHUEM CHUTHAJIA B TBEPAOTEIHHOMN
4acTu Mprubopa (B MOTYNPOBOJIHUKE WA TUDJICKTPUKE).

IlepBbIii TUIT LIYMOB OINpEAEHAETCS KBAHTOBOW IPUPOJOM CBETAa, a
TaK)K€ TEXHOJOIMEW M3rOTOBJIEHUS OINTHYECKOIO TPAaKTa U IMOTOMY OH
OOBIYHO TPEHEOPEKUMO Majl MO CPAaBHEHHUIO C IIyMaMH, BbI3BaHHBIMU
TBEPJAOTENBHBIM IPEOOpa30BaHUEM ONTHYECKOro curHana. I[lostomy B
CBOEM JAIBHEWUIIEM PACCMOTPEHUM OrPAaHUYMMCS LIYMaMH, BO3HHUKAIO-
IIMMU B TIOJIYIIPOBOJHUKAX HA CTaAUM MPE0oOpa30BaHUs ONTHUYECKOTO CHUT-
Haja B DJIEKTPUUECKUN WM 3JEKTPUUECKOTrO CUTHAJIa OAHOU (OpMBI B
ANEKTPUUECKUN IPYyTroil (OPMBI.

Ilpupooa uiymoe. Bee 1ryMbl 1o cBoer (hU3nUeCKOr Ipupoae UMEIOT
IIPUYAHOMN CIIyYalHBINA XapaKTep ABUKECHUS 3apPsKEHHBIX YAaCTHUL B TBEP-
ZIOM TeJIe, UX CIIy4YalHOE€ POXICHHUE WM YHUYTOKEHUE, a TAKKE CITydau-
HbIE MOMEHTBI BXOXEHUSI- BBIXOA AJIEKTPOHOB U NIbIpoK. Hanbonee Bax-
HbIE JJISI IPAKTUYECKUX MPUMEHEHHUM IIYMBI B TBEPABIX TEJIAX TAKOBBI:

- TETUJIOBOM 1IyM;
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- IpoOOBOH IIyM;
- TEHEpalMOHHO-PEKOMOMHAIIMOHHBIN IIyM;
- U30BITOYHBIN IIYM.

Tennogoit wiym. TemyioBoi 1ymM co3gaeTcs B pe3yjbTare OpOyHOB-
CKOT'O JBWKEHHS 3aAPSIKECHHBIX YAaCTUIl M CTOJIKHOBEHHUS MX C HEIOJBHK-
HBIMM MOHAMHU PEUIETKU TBEPJOTrO Tena. B pe3ynpTare 3Toro 3Heprus Ter-
JIOBOTO KOJIEOAHMS PELIETKU W DHEPTUs TEIJIOBOTO JIBHXKCHUS SJIEKTPOHOB
BBIPAaBHUBAIOTCS. [103TOMY BBIIEIAEMOE JIEKTPOHAMU MPU CTOJIKHOBEHU-
AX JDKOYJEBO TEIUIO MOAAECPKUBAET TEMIEPATYPY PELIETKU MOCTOSHHOM.
OJHaKO TEIIOBOE JBUKEHHE 3aPSKEHHBIX YaCTHUIl MOXKET pACCMATPUBATh-
Csl KaK pe3yibTaT JEUCTBUS Ha JJIMHE X CBOOOJHOrO Mpodera MUKPOUC-
TOYHHUKA HAMPSKECHUS: OT OJJHOTO CTOJIKHOBEHHS JI0 CJIEAYIOIIETO JCHCT-
BYET OJWH MHMKPOHWCTOYHHK CO CBOMMH ITapaMeTpaMu HANPSIKCHUS.
CKOJIBKO CTOJKHOBEHUW COBEPIIAECT JJIEKTPOH HA CBOEM JBUXKCHUU —
CTOJIBKO MUKPOHMCTOYHHUKOB HANPSKECHUS BBOAUTCS B PacCMOTpPEHHE. Slc-
HO, YTO YHUCJIO BBOJMMBIX MUKPOUCTOYHHUKOB OFPOMHO M MOTOMY aHaJHU-
3UPOBATh MTAPAMETPHI OTAEIBHOTO MUKPOUCTOYHHUKA HEBO3MOKHO. JHAUMT,
HYHO pacCMaTpUBATh OJIUH UCTOYHUK: 3TO HEKHI CyMMapHbIA UCTOYHUK,
TIEHUCTBYIOMNWNA Ha Bech oOpaserl. I[loaToMy ecin Ha KOHITAX IMOJIYIPOBOI-
HUKOBOT'O OOpasila perucTpUpOBaTh MEPEMEHHOE HaIpsSIKEHUE, KOTOPOe
OylleT OpeAcTaBiATh COOOW MIHOBEHHYI0 CYMMY HAmNpsDKEHUU OT BCEX
MHUKPOUCTOYHUKOB HA JJIMHE KPUCTAIIIA, TO OKAXKETCS, YTO ITO CyMMapHOE
HaIpsKEHUE U3MEHSIET CIIydyallHbIM 00pa3oM BO BPEMEHU CBOIO BEIIUYHMHY,
3HaK, a3y u yactory. Mi3aMeHeHus: mapaMeTpoB CYMMapHOTO HaIPsHKEHUS
OylyT OJJHO3HAYHO XapaKTepPU30BaTh TEIJIOBOE JBH)KEHUE AJIEKTPOHOB B
pelieTKe, a 3HA4YuT, TEMIIepaTypy MOIynpoBoJHHKA. COTIIaCHO Teopeme
HaitkBrcra, BOEpBbIE OMMCABIIETO ATOT THUI IIyMa, CPENHAS aMIUIUTYHa
TEIUIOBOTO IIyMa PE3UCTOpa BEJIMYMHOI R, M3MEpEeHHas C MOMOIIBIO
npudopa, UMEIOIIETO MOJ0CYy Npoyckanus Af | paBHa:

Ju? = JAKTR - Af . (8.1)
w mernii

B BbeIpaxenuu (8.1) Ha mepBBIA B3I KAKETCA YAUBUTEIBHBIM, UTO H3-
MEpSIEMBIM YPOBEHb IIyMa OINPEAEIACTCA MapaMEeTPAMU U3MEPUTEIBHOTO
npubdopa: moyiocoi ero nponyckanus. Ha camom niene HUYero yauBUTEINb-
HOTO 37€Ch HET. /[e0 B TOM, 4TO HA MPAKTHUKE LIIyMbI U3MEPSIOT C IIOMO-
IIbI0 TAaK HA3bIBAEMBIX CEJEKTHBHBIX HAHOBOJIbTMETPOB. OHU Ipen-
CTaBJISIIOT COOOM BOJIBTMETPHI, CIIOCOOHBIE PETUCTPUPOBATH OYEHb MaJble
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HaIpsDKEHUs (IO €IWHMII HAHOBOJBT - 10° B) M MMeEIolue OUYeHb Y3KYIO,
HO MEPECTPAMBAEMYIO OIEPATOPOM, IMOJIocy mnponyckanus. I[lociennee
JIOCTUTAETCAd YCTAaHOBKOM Ha BXOJIE HAHOBOJBTMETPA IEPECTPAUBAEMOTO
nosiocoBoro ¢uiabTpa. C MOMOIIBI0 TaKOro Iprdopa yaaeTcs: MpoaHaIu31-
pOBaTh 3aBUCUMOCTH AMIUIMTY/bI IIyMa, U3MEPEHHOW B MOJIOCE U3MEPH-
TeJIbHOTro Mpudopa paBHOM 1 ', oT YacTOTHI ero n3Mepenus. Takas 3aBU-
CUMOCTb HAa3bIBACTCS CHEKTPAJIBHOM IUVIOTHOCTHIO myma. C Touku 3pe-
HUS (PU3MYECKOW MHTEPNPETAIUU CIEKTPaIbHON TJIOTHOCTH IiyMa (M HE
TOJBKO IIYMa, HO U JETEPMUHHPOBAHHOI'O CUTHATa) MOBEJICHUE IIyMa BO
BCEH MOJIOCE MCCIEOBAHHBIX YACTOT MOXKHO OOBSCHUTH, MPEIANOI0XKUB,
YTO OH CO3/IA€TCA MHOYKECTBOM HCTOYHUKOB CHHYCOUJAIBHOIO MEPEMEH-
HOT'0 HANpPsDKEHUS. AMIUIMTYJa KaKA0TO UCTOYHHMKA, JEUCTBYIOIIErO Ha
CTPOro 3aJaHHOM 4acCTOTE, paBHA CHEKTPAJIBHOW IUIOTHOCTH ILuyma. Tak
BOT, TEIUIOBOM IIIYM OMHUCHIBAETCS OCCKOHEYHO OOJIBIIIMM YHUCIOM CHHY-
COMJAJIBHBIX NCTOYHUKOB MEPEMEHHOTO HAIPSIKEHUSI, aMIUIUTYAa KOTOPO-
r0 HE 3aBUCHUT OT YaCTOThI U paBHA

\/UZ (f) = V4KTR (8.2)

w merisn

T.€. TEIJIOBOM IIIYM HMMEET PaBHOMEPHYIO CIEKTPaJbHYIO IUIOTHOCTH: Ha
KakoW Obl YaCTOTE HE MPOBOJAWIOCH UBMEPEHHUE IIIyMa €r0 BEIMYMHA OyaAeT
MOCTOSIHHA. 3HAYMT, €CJIM YBEJIMYMBATH YHCIIO BKIIOYAEMbIX B U3MEPECHUE
CUHYCOUJATBHBIX MCTOYHUKOB IITyMa 3a CUET PACIIUPEHHS MOJIOCHI MPO-
MyCKaHWsl TpuOopa, TO aMIUIMTyJa IIyMa, €CTECTBEHHO, TaKXe JOJKHA
pactu. IMEHHO 3TO OOCTOATEIHCTBO OTPAKEHO TEM, UYTO B BBIPAKCHUU
(8.1) durypupyer mosioca MpOMyCKaHUS H3MEPUTEIBLHOIO MpUOOpa Af:
4yeM OHa 0OJIbIIIE, TEM OOJIbIIIE aMILIUTYAa U3MEPSIEMOT0 TEIJIOBOTO IIyMa.

Ecnu paccMmarpuBaeTcsi TETUIOBOW IIYM ABYXMOJIOCHUKA, UMEIOIIIETO
aKTUBHOE M PEAKTUBHOE KOMITOHCHTHI COIMPOTUBIICHUS, TO TEIUIOBOU ITyM
CO37a€TCS TOJHKO AKTUBHOM YACTHIO COMPOTHBJICHHUS JIBYXITOJFOCHUKA
Re € , ¥ TOTJla aMILTUTY/1a TEIUIOBOTO IIyMa OyJIeT paBHa

12 _
U2 =J4TRe€. (8.3)

Ecnu paccmaTpuBaemasi Lelb NPEACTAaBISET COOOM MOCIEN0BATEIBHO CO-
¢IMHCHHBIC aKTUBHBIC COMPOTHUBJICHUS Ry, Ry, ... , R,, TO IMOJHBIN IIIyM Ta-

KOU [EeNU B €AMHUYHOM IMOJIOCE YaCTOT OyAET UMETh CPEAHIOI aMILIATY-
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y, TIPEICTaBISIONIYI0 COO0M pe3ysbTaT CIOKEHUSI KBAJPATOB JUCTIEPCUI
TEIUIOBBIX IIIYMOB OT KaXJI0I'0 CONPOTHUBIJICHUS:

Iu?2 :\/UZ +U2 41U -
w mernrn w1 w 2 wn
— JAKTRy + 4KTR, +... + 4KTR,, = (8.4)

OTOT e pe3yJIbTaT MOKHO ObLIO ObI MOJYUYUTh, €CJIH CIOKUThH BCE MOCTE-
JOBATEIIbHO COEJAMHEHHbIC LIYMAIINE CONPOTHBJIEHHUS, a TOJBKO MOTOM
MOCYUTATh TETJIOBOM IIIyM MOJIHOT'O COMPOTUBJICHUS.

JIpooboeoit wiym. JIpoOOBOI 11IyM BO3HMKAET B PE3yJIbTaTe CIIy4aiHO-
ro XapakTepa U3MEHEHHS YKClia YaCTHI], IPOJICTAIOIINX 00JIaCTh UX PETH-
cTpauuu. TUNHYHBIA TPUMEP MOSIBJICHUS 3TOT0 BHJA IIyMa: BaKyyMHBIN
JIAOJI, C KaroJa KOTOPOr0 B KaXKIbIM MOMEHT BPEMEHHM BBUICTAIOT JJICK-
TpoHbl. BernenctBue pa3dpoca TEMIOBON 3HEPruu 3JIEKTPOHOB B KATOJIE,
npuoOpeTaeMol B pe3ysbTaTe UX CTOJKHOBEHHUS C PEIISTKOW Marepuasa
KaTo/Ja, B KaXKJIbIi MOMEHT BPEMEHH BBUIETAET Pa3HOE YUCIIO IJIEKTPOHOB.
B cpeaneM e 3a JOCTaTOYHO OOJIBIIOW MPOMEXYTOK BPEMEHU HUX YHUCIIO
MOCTOSIHHO W OMpeAeNsieTCS TeMIepaTypoil KaTojaa, BEIMYMHON padOThI
BBIXOJla U €ro Marepuaia. /[pyroi mnpuMep UCTOYHHUK APOOOBOrO IIyma:
MPOTEKAHUE MOCTOSIHHOTO TOKA YEPE3 CONMPOTUBIECHHE. fICHO, 4YTO IS
onucaHus APoOOBOro IIyMa JIy4Ille BBOJAUTh CIy4ailHbI UCTOYHUK TOKA, a
HE UCTOYHMK HAMPSKEHUsI, KaK 3TO ObUIO CIIeJIaHO JIJIsi TEeTUIOBOTO ITyMa.
Cpennsisi aMmmuTyaa JpoOOBOTo IIyMa, CO3/1aBA€MOr0 TOKOM BEIIMYUHOU
l, ¥ U3BMEPEHHAsl B MOJIOCE YaCTOT U3MEPUTEIHLHOIO nmpudopa Af omnpeze-

JSI€TCS CIEAYIOIIUM 00pa3oM:

12 =.2q-Ig - Af, (8.5)

w op

I7Ie q- 3apsj SJIeKTpoHA. AMIUTUTYAa HAMPSOKEHUS TOJHOTO ITyMa B €lIH-
HUYHOU MOJIOCE qaCTOT, CHUMACMOI'0 C AKTUBHOT'O COIIPOTUBJICHUA, I10 KO-
TOPOMY TEUET MOCTOSHHBINA TOK, OMPEEAeTCS TEIUIOBBIM IIIyMOM M IITY-
MOM, BbI3BAHHBIM IMAACHUCM HAIIPSKCHHUA Ha COIMPOTHUBIICHUUW IIPU IPOTC-
KaHUU 10 HEMY JpOOOBOTO IIyMa:

2 _ |2 2 2 _ 2 o
\/Uw_\/uwmenn+R . JAKTR+R2.2q-1g . (8.6)
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I'enepayuonno-pekomounayuoHusll wiym. ITOT BUJ IIIyMa Xapak-
TEPEH TOJIBKO JUIsl MOJYHNPOBOJAHUKOB, T/I€ 3a4acTYIO SBJISETCS JOMHUHU-
pytomum. I[Ipupoaa ero mpocra: 3a CUET TEILUIOBOW F'€HEPAIMU U CIIydail-
HOM pEeKOMOMHAIIMU B KaXJbIii MOMEHT BPEMEHU B 30HE MPOBOJAUMOCTH U
(WIKM) BaJICHTHOM 30HE MOSABISIOTCS HEPABHOBECHBIE HOCHUTENH 3apsija,
YUCJIO KOTOPBIX M3MEHSETCS BO BPEMEHM ClydailHbIM oOpa3om. Tak, Ha-
nmpuMep, B MEPBYIO CEKyHIy oOpaszoBanoch 100 3IEKTPOHOB U JBIPOK; BO
BTOPYIO CEKYHy ycTaHOBUJIOCH 120 map, B cneayronryro — 80 u 1.1. Takum
o0pa3oM, B CpeHEM B MOJYNPOBOAHUKE B KAXKAYIO CEKYHIY TMOSBIACTCS
100 »nekTpoHOB U AbIPOK. OJTHAKO OKOJIO 3TOr0 CPEIHEr0 3HAYECHUS BO3-
MOXXHBI (DITYKTyalldd 4YMClia 4acTHI[ — B HamleMm ciydae okojo 20 map.
MIMEHHO 3TO YMCJIO HEPABHOBECHBIX J3JIEKTPOHOB U JBIPOK MPHUBEAET K
CIIy4YailHOMY M3MEHEHUIO TPOBOAMMOCTHU MOJYIPOBOAHUKA, YTO MPHU MPO-
MyCKaHUU Y€pe3 HEro MOCTOSIHHOI'O TOKA BEJIMYMHOM |, CO37]aCT Ha KOHIIAX

MTOJYIPOBOTHUKA IIIYMOBOE HAIIPSKECHUE

Mrp Crlg - RC. (8.7)

8.2. MIPUMEPBbI PELLEHUA 3A0AY MO OMNPEOENEHUIO
NMAPAMETPOB ®NYKTYALMOHHBbIX NPOLIECCOB
B NMonynPoBOOHUKAX
3aoaua 1. Paccuntath aMIUIUTYAy TEIJIOBOTO IITyMa, BOSHUKAIOIIETO
Ha TIOCTOSTHHOM COMPOTHBJICHUH R =2-10° Om, HaxOJIAIIEMCS TPU TeMIIe-
paType T =300 K, €CJI 1oJI0ca IIPOITyCKaHUs BOJIBTMETPA, C MIOMOIIBIO KO-
TOPOTO MPOM3BOJINUTCS U3MEPEHHE, COCTABIISCT Af =10° Iy.

Pewenue. IT0 TUTINYHAS 33/1a4a HA UCTIOJIL30BaHUE TeopeMbl Halik-
BHUCTA: YPOBEHb IITYMOBOT'O HaIPsKEHHUS, 0Opa3yIoIIero Ha akTUBHOM CO-
MPOTUBJICHUH B 3aJIaHHOM IIOJIOCE YaCTOT, PABEH

u? = JAKTR - Af .

w merin

[ToncraBuB B JTaHHOE BBIPAXKEHUE YKUCIICHHBIE 3HAYEHUS AapaMeTPOB, I0-
JIYYUM:

Ju? _ JAKTR-Af =14-1.38-10"23 .300 . 2.108 . 108 =
w mernin

~/24.1.38.107° ~/3.4-102 ~1.8-1072 =18 mB.

76



Takum 00pa3oM, OTBET Ha MOCTABJICHHBIA BOMPOC TAKOB: aMILIATY/Ia
TEIUIOBOTO IIyMa Ha PE3UCTOPE paBHA |8 MUIIMBOJIBT.

3adaua 2. PaccunurtaTth HaNpsHKEHHE CYMMApHOTO IIyMa Ha 4acTOTe
f =1 ky RC- IIETH, COCTABICHHON M3 PE3UCTOPA BEIMUYNHON R =2-10° Om |
napauieIbHOW €My €MKOCTH C=5-10° n®, €ciu K IeNHu MPHIOKEHO IT0-
CTOSIHHOE HaIpspKEHUE BEJIMUMHOW V =2 B, a TeMrepaTypa OKpyXkKaroliei
cpeabl paBHa T =300 K.

Pewenue. B nanHoM 3a7a4€ NOJHBIM IIYM LIEMA CIAracTCs U3 TEILIO-
BOT'0 U IpoOOBOro nryma. Jpyras ocoOEHHOCTb 3a1aui: HAIMYUE EMKOCTH,
KOTOpas JeNaeT LIyM YacTOTHO-3aBUCUMBIM. [103TOMY 3a OCHOBY pacuera
cienyeT B3ATh BbIpakeHHe (8.6), B KOTOPOM BMECTO CONPOTHUBIEHUS R
CJIEYET B3ATh PEAIbHYIO YAaCTh UMIIEJAHCA LIECTIN:

\/UEJ:\/UZ +Re€2.12 = /4kTRe€ +Re€2.2q-1;.
w menrn w op

PeaJII)HYIO HaCTb UMIICAAaHCa LCIIM MOXHO HaﬁTH, HCIIOJIb3Ys BBIPAKCHHUC
HJil IMMapaJuICJIbHO COCAMHCHHBIX ITOCTOAHHOI'O COIMPOTUBJIICHUA U EMKOCTHU

1
R L — ~ . ™~
- joC R  R-€-joCR_  R-¢€-joCR __
R, 1 1+joCR  €+joCR €-joCR_ 14,2 CR2 8.7
joC 8.7)
R  oCR-R R . ot R

1+ 0? CR? 1+ 0? CR? 1+ 0%r% 1+ 0°r?

31ecy 0003Ha4YeHO: 7=CR - BpeMms mepe3apsaaku ienu. CienoBaTeiabHO,
pealnbHas 4acTh UMIIEJAHCa LIENU paBHA:

R

1+ a)zrz

Re€ = (8.8)

77



nogcTaBuM B BblpaXxeHue (8.6) HaMgeHHYIO peanbHYHO
YyacTb MMNegaHca M Hangem ypoBeHb LWyMa

> | 4kTR R? R lo-R

1+t R

1+ 0%t 1+t

(8.9)

IloacraBisiss YMCJI€eHHbIE 3HAYEHUSI KOHCTAHT U nmapamMmeTposB, 1oJjay-
YUM

— 5
JUZ, =\/ 2-10 -(4-1.38-10‘23 .300+2-1.6-1071° Lj ~

1+ 472108 .4.1010.25.10718 1+ 472

5
~ 210 1.7-10‘19+3.2-1o—1gi): 5.1073.10719 1.7+@)z
1+ 40 1+ 40 41

~2.9.1078 1+% ~30-10° B/ryt/?.

Takum 00pa3zoM, amIIuTyAa Iyma RC-I€NU HA 4acToTe 1 [y MpHU
JEWCTBUH MMOCTOSTHHOTO HAMPSHKEHUS paBHA OKOJIO 30 HB/IuyY'?.

3adaua 3. PaccunTaTh CIIEKTPAIbHYIO INIOTHOCTh CYMMApPHOTO IIyMa
repMaHueBOro (OTOAMOAAa HAa YacTOTe 10* My IpHM HAMPSHKEHUHW Ha HEM
Vo =0.1 B, UMEIOIIETO ILIOMAaah S=102cm® H INIOTHOCTH OOPAaTHOI'O TOKA
jo =10"°A/cm?. CunTaTh YpOBEHB JISTHPOBAHUS P- U N-00JacTel 0JMHAKO-
BBIM U PaBHBIM 2.4-10%cm 3.

Pewenue. Tlonupiii mym dotoamoma U, ; Ha 3aJaHHOM HaCTOTE —

ATO CHEKTpaJibHAA IUIOTHOCTH IfymMa. B paccmaTpuBaeMoMm cilydae OHa
CKJIQJIBIBACTCSI U3 CHEKTPAJIBHBIX MIOTHOCTEN TEIJIOBOIO IIIyMa €ro aKTUB-
HOM COCTaBIISIFOIICH MMIEAaHca U JPOoOOBOTo ITyMa TOKa, MPOTEKAIOIIETO
yepes  Iepexol 1¢ . Bo3MoxHOe  BIHMSHHE  T'e€HEpaIMOHHO-
PEKOMOMHAIIMOHHOTO IITyMa Ha TOJIHBIA MIyM (pOTOAMOa B OTOM 3a7a4e He
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paccMarpuBaeTcs. TakuM 00pa3oM, HCXOJTHOE BBIPAXKEHHUE ISl OThICKaHUS
CIEKTPaIbHOM MJIOTHOCTH MOJTHOTO ITyMa OyaeT

Uyt = \/ULZU o +u2 5005 (8.10)
[TockonbpKy 3aJaHHAs 4aCTOTAa U3MEPEHUN IIyMa MOXKET OKa3aTbCs BBILIEC
4acTOTHI Cpe3a P-N mepexo/ia, B BEIYMCICHHUSAX PEAIbHOM YacTH UMIIEIaHCa
dboTonnoa HEOOXOAMMO YUECTh IIIYHTUPYIOIIEE NEUCTBUE EMKOCTH Tepe-
X0/la C, KOTOpasi BKJIOYEHA MapaJieJbHO JU(dEepeHIIMaTIbHOMY COIMPO-
THUBJIEHHIO niepexona Ry . Ilonp3ysacek Teopemont HaiikBrcra u BeipaxeHHEM
JUTSL CTIEKTPAJIbHON TNTIOTHOCTH APOOOBOTO IIyMa TOKA | _, MPOTEKAIOIIETO
110 AKTUBHOM YaCTH UMIICJAHCA, HaMJICM:

U =\/4kT-Re¢:+I2 Re@® =
wi wopos” R | (8.11)

— J4kT -Re €@ +2q-1¢ > e € 2.

Hepecqu HapaﬂHGHBHOfI RC -1 B IIOCICAOBATCIBbHYIO IICTIb 1ACT UM-
IeaaHe

a1 -
s JoC _ Ry _ Rg (—\Ja)RdC/ -
Ry +-i 1+ joR4C €+ joR4C : €- joR4C _
JoC
Rg . Rg -oRy4C

= ~ | .
25 2~2 25 2~2
(+ 0] Rd C J (+ 0] Rd C J
HOZ-)TOMy peajibHasl 4aCThb UMIICaHCA p-n nepexona 6y21€T paBHaA

(8.12)

Taxkum oOpaszom, ompeaeneHue YPOBHs IMOJTHOTO Imyma (OTOAMOJA CBO-
JUTCS K OMPEEIICHUIO 10 BhIpXKEHUIO (8.12) akTUBHOM yacTu UMIIeIaHCca
1epexo/ia ¥ MOACTAaHOBKH €ro 3Ha4eHHUs B BeIpaxeHue (8.11).

[Ipexxne Bcero, HE0OX0AUMO HaTH nuddepeHInanTbHOEe CONPOTUB-
JIEHWEe W €MKOCTh Iepexoja. EMKocTh mepexoga C OMNpenenseTcss ero
IJIOIIA/IBIO S M TOJIIUHOM CJI0sS COOCTBEHHOUW TPOBOAMMOCTA W U MOXKET
OBITH HalJIeHa 1O BBIPAYKCHUIO O BhIpaykeHuto (7.19)

C=8°8OS:S\/ deGes0 NgNg | (8.13)

79



q n

TIE &g, - OTHOCHUTEIbHAS JUAJICKTPUUYECKAS MPOHUIIAEMOCTh T€pPMAHUA.
[ToncTaHOBKA YMCIEHHBIX 3HAUEHUHN B BbIpaxkeHus (8.13) npuBoauT K ciie-
OYIOLIEMY pe3yJIbTaTy:

0 1.38-1023.300 ln£2'4'1015 -2.4-1015] 1.38-4-.3.10"%1
6 = =

= In€0 =
1.6-10719 2.4.1018.2.4.1013 1.6-10°1°

—101.23~028B

c_g [9%cefo  NgNa _,,-2 1.6-10'° .16.8.85.10 2.4.10"
2@5 -V _ Ny +Ngy 2.-0.2-0.1" 2

:10_2\/1.6-1.6-8.85-1.2

10717 2107241.4.10716 ~1.2.10710 o

HuddepennmanbHoe CONPOTUBICHUE TIEPEX0ia B 00JIACTH TTOJIOKH-
TEJIbHBIX CMEIICHHUH ONPEEIAETCS BRIpaKECHUEM

Ry ¥ _~ %'GXP(— qk—TOj , (8.14)

IJI€ BCE BEJIWYMHBI TAOJMYHBIE WJU JIETKO BbIUMCIAIOTCS. [losTOoMy
MOYHO HAWTH BEIUYUHY Ry ¢, -

- 1.38-10723.300 1.6-10719.0.1
Rg ¥ _~ exp| -

1.6-1019.1076.1072 1.38-10~23.300
421072 (_1.6-1020

_ - 57 |=2.6-10° - exp € 3.8 =1.7-10° Owm.
1.6-10~ 4.2.10"

Tenepb, ucnonb3ys BeipaxkeHue (8.12), HailieM peaabHYIO YacTh UMIIE-
naHca (pOTOIHMOIA HA YacToTe 10* Iy
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5
Re € - 1.7-10 -

1+ 472 .108( 7 .1053(.2 -10—103
- 1.7-10° . 1710° B
1+40.108.2.9.100.1.4.102° 1+4.29.1.4-101
_1.7-10°

—6.5-10% Owm.

OnpenenuM BEJIWYHUHY TOCTOSIHHOTO TOKAa, TEKYIIEro 4epes P-n mepe-

XoAa.
- v . 1.6-1071°2 .01
¢ =1 -(exp(q—j—ljzlos- exp -1|=
0 kT 1.38-1023.300

-=107%.10 2 exp€.3 -1 -10%€7-1=27-10% A .

Tenepb MOKHO paccUUTaTh CHEKTPAIBHYIO INIOTHOCTH CYMMapHOIO IIyMa
dboTonnoa, moACTaBUB B BeIpakeHue (8.11) HaliieHHOE 3HAYECHUE aKTHUB-
HOW 4aCTHU UMIIEJIAHCa:

Uy ¢ :\/4kT-Re(Z/+Iw opos - K€ _ J4KT Re €@ +2q-1¢ > Re€ 2 =

P
~ \/4 11.38.10723.300.6.5-10% +2.1.6.1071%.2.7.1078 . € 5 104 =

~V4.1.4.3.65-10 17 +2.1.6-2.7-4.2.10°18 ~10.1.10 "6 +0.4.10716 =
~3.2.1078 B/ryt'?.

TakuMm 00pa3oM, OTBET Ha MOCTABJICHHBINA B 3TOM 3ajJa4ye BOMPOC Ta-
KOB: CIIEKTpajibHas IJIOTHOCTh CYMMapHOI'O IIyMa T'€pMaHHEBOro (hOoTO-
JIMO0JIa Ha YacToTe 10* My NpU HANPsHKEHUW HA HEM V =0.1 B COCTaBIISCT
3.2-10°8 B/ryY?.

8.3. BAPUAHTbI 3AOAHUU MO ONPEOENEHUIO
NAPAMETPOB ®JIYKTYALMUOHHbIX MPOLECCOB
B NMonynpPoBOAHUKAX
K KOHTPOJIbHON PABOTE Ne 2

1. Paccuurtarh amImMTyAy TEIUIOBOTO IIIyMa, BO3HHMKAIOIIETO HA IO-
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CTOSIHHOM COIIPOTHBJICHHHU R =2.6-10'" Om, HaxonsgImiemcs IMpH TEM-
neparype T =300 K, €Clld I0JIoca MPOIYCKaHHs BOJIBTMETpA, C I10-
MOIIEIO KOTOPOT'O MPOU3BOIUTCS U3MEPEHUE, COCTABIIIET Af =10° /.

PaccunTaTh CHEKTPaIbHYIO ILIOTHOCTH TEIUIOBOrO IIyMa, BO3HU-
KaIOIIETro Ha MOCTOSTHHOM COIPOTHBIICHUN R =9-10% Om, HaXOIAIICM-
Csl TIpU Temreparype T =400 K, €CJIM BOJIBTMETP, C TOMOIIBIO KOTO-
pOro MPOU3BOJIUTCS HM3MEPEHHE, HACTPOCH Ha PETHCTPAIMIO Iepe-
MEHHOT'O HaNpsOKCHUS 4acTOTOH f =10° Iy,

Paccuuratsh AMIUIMTY [y TCIJIOBOT'O IIyMa, BO3HHMKAKOIICIO Ha II0-
CTOSAHHOM COITPOTUBJICHHUHA R=2-10° Om, HaXoAAIEMCs IIPU TCMIIC-
patyp€ T =500 K, €ClIH II0JI0Ca IPOIIyCKaHHs] BOJIbTMETpaA, C IIOMO-
B0 KOTOPOT'O NPOU3BOAUTCS U3BMEPCHUE, COCTABIIACT Af = 108 ry.

Paccunrars BeIMUMHY aKTUBHOI'O COIPOTUBIICHUS, HAXOIALIETOCH
Ipu TeMmreparype T =300 K, €ClIM aMIUIMTyAa PErUCTPUPYEMOIrO Ha
HEM BOJIETMETPOM C IIOJIOCOM MPOIyCKaHust Af =10* [y, cocTaBisieT
1.7-10® B.

Paccunrtars BeIMYMHY aKTUBHOI'O COIPOTUBIICHUS, HAXOAALIETOCS
Ipy TeMmrieparype T =500 K, €ClIM aMIUIMTyAa PErUCTPUPYEMOIrO Ha
HEM BOJILTMETPOM C IOJIOCOM IPOMYCKaHMs Af =102 [y, COCTABIIAET
3.7-10° B.

Paccuurats Temneparypy, npd KOTOPOM HAXOAUTCSA ITPOBOJIOYHBIN
pe3UCTOp BENMYMHON 10° Om, eCiiM aMIUIMTY/Aa PETUCTPUPYEMOTO Ha
HEM BOJILTMETPOM C MOJIOCOM MIpomycKaHus Af =10% Iy, cocrasmser
8.7-10°% B.

Paccunrtars BeIMUMHY aKTUBHOI'O COIPOTHUBIIEHUS, HAXOIALIETOCS
npu TeMmreparype T =300 K, €CIM aMIUIMTyZa PErUCTPUPYEMOro Ha
HEM BOJIETMETPOM C IIOJIOCOM MPOIMyCKaHus Af =10% Iy, cOCTaBsIeT
45-107° B,

Paccunrars HamnpspkeHME CYMMApHOrO IIymMa B II0JIOCE YacCTOT
Af =107 My, W3MEPSEMOro Ha IOCTOSHHOM PE3HCTOPE BEIWYHMHOM
R=2-10° Om, €CJIM K PE3UCTOPY MPUIOKEHO IOCTOSHHOC HampsiKe-
HUE BEJIIMYMHOU V =15 B, a TEMIIEPATypa OKPYKAIOLIEH Cpelbl paBHA
T =300 K.

PaccuuTaTe HampsbkeHHME CyMMapHOTO IIymMa B TIOJIOCE YacTOT
Af =10° [y, W3MEpSAEMOro Ha IIOCTOSSHHOM PE3UCTOpPE BEIMIMHON
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R=9.1-10° Om, €CIH K PE3UCTOPY MPUIOKEHO MOCTOSHHOE HampsKe-
HUE€ BEJIMYMHOU V =1.5 B, a TEMIIEPATYPA OKPYKAIOIIEH CPEIBI PaBHA
T =290 K.

10. Paccuurtarth HampssKeHHE CYMMApHOTO IymMa B TIOJIOCE YacTOT
Af =10° [y, WU3MEPSEMOT0 Ha TIOCTOSHHOM pPE3UCTOPE BEIUYHHOM
R=5.1-10° Om, eclu K pe3nCTOpy MPUIIOKEHO TTOCTOSTHHOE HampsKe-
HUE€ BEJIMYMHOMN V =10 B, a TEMIIEPATYPA OKPYkKAOUIEHU CPENbl PaBHA
T =290 K.

11. PaccuuTarh HampsHKEHWE CYMMApHOTrO IIyMa Ha 4acToTe f =10 «y
RC- IIEMH, COCTABJIICHHON W3 pE3WCTOpa BEIMYMHOW R=5-10> OM U
napauieIbHOH eMy eMKOCTH C=2-10° n®, eciiu K MeNnd MPUIIOKESHO
NOCTOSIHHOE HaNpsKEHHE BEJIMYMHOW V =2 B, a TemIeparypa OKpy-
YKAIOIIEH cpeapl paBHA T =290 K.

12. PaccuurtaTh Hanmpss>KeHHE CYMMAapHOTO IITyMa Ha 4acToTe f =100 ky
RC- IIEMH, COCTABJIICHHON W3 pE3WCTOpa BEIMYMHOW R=2-10* Om U
napauieIbHOH eMy eMKOCTH C=5-10° n®, eciii K MeNd MPUIOKESHO
MIOCTOSTHHOE HAIPSHDKEHWE BEJIWYUHOU V =0.1 B, a TeMIeparypa OK-
py>Karolen cpensl paBHa T =310 K.

13. PaccumTtarh HampspKEHHE CYMMapHOTO IITyMa Ha 4YacToTe f =3 kly
RC- IICIH, COCTaBJICHHON M3 pe3HCTOpa BEIWYMHOH R =5.1-10* Om u
napajuIeIbHOH eMy eMKOCTH C =2.2-10° n®, eClIM K I MPUIOKEHO
MIOCTOSTHHOE HAIPSHKEHUE BEJIIMYMHOW V =10 B, a TEMIEparypa OKpy-
YKAIOIIEH Cpedbl paBHA T =290 K.

14. PaccuuTarh HanpspKeHWE CYMMAapHOIO IIyMa Ha 4acTtoTe f =20 ky
RC- IICTH, COCTABJICHHOW M3 PE3UCTOpa BEIMYUHOW R =5.1-10° Om U
napauieIbHON €My eMKOCTH C=2.2-10° n®, eciu K Ienu MPUII0KEHO
MOCTOSIHHOE HANPSIKEHUE BEIUYMHOM V =20 B, a TeMIieparypa OKpy-
YKAIOIIEH Cpeabl paBHa T =350 K.

15. PaccunTaTh CIEKTPAIBbHYIO INIOTHOCTH CYMMAapHOTO IIIyMa KpeMHHeE-
Boro (Qoromnoma Ha dYacToTre 10* My NpU HANPSHKCHWM Ha HEM
Vo =0.1 B, HMEIOIIEro IUIomaab S=102cm® U INIOTHOCTH OOPaTHOIO

TOKa j, =10"°A/cm?. CunTaTh YPOBHHU JICTHPOBAHHS P- U N-00JacTei
OJTMHAKOBBIMH U PAaBHBIMHU 2.4-10%cm 3.
16. PaccuntaTh CHEKTPaIbHYIO ITUIOTHOCTH CYMMapHOIO IIyMa TepMa-

HHEBOro (OTOAMOAA HA YACTOTe 10°/y MPH HANPSHKCHHM HAa HEM
Vo =0.2 B, HMEIOIIIEro IUIomaab S=10%cm® U INIOTHOCTh OOPaTHOIO
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TOKa j, =10"%A/cm?. CunTaTh YPOBHHU JICTHPOBAHHS P- U N-00JacTei

OJIMHAKOBBIMH W PaBHBIMH 2.0-10*cm3.

17. PaccuuTaTh CIEKTpaJbHYIO IUIOTHOCTh CYMMAapHOTIO IlIyMa apce-
HUA-TAJUTUEBOTO (POTOaMOMa Ha YacToTe 10% My IPH HAIPSHKCHUU Ha
HEM V, =0.3 B, UMCIOIICTO IUIOIIaab S=10"2cm? H IJIOTHOCTh 00OpaT-

HOIO TOKa j,=10"°A/cm?. CumMrTaTh YPOBHH JCTHPOBAHHS P- U N-

o0acteli OJMHAKOBBIMH W PaBHBIMH 1.4-103cm 3.

18. Paccumrarh CHEKTPaIbHYIO IIOTHOCTH CYMMApPHOTO IIIyMa KPEM-
HHEBOrO JHOJa Ha YacToTe 3-10° [y NpPH HAMPSDKEHHM HAa HEM
Vo =0.1 B, IMEIONIETO IO S = 6-10"2cM® U IUIOTHOCTH 00OPaTHOTO
TOKa jo=108A/cm?. CunTaTh YpOBHU JIETHPOBAHMS P- M N-00IacTei

OJIMHAKOBBIMH W PaBHBIMH 3.3-10%°cm3.

19. Paccunrath CIICKTPAJIBHYIO INIOTHOCTH CYMMAPHOI'O 11yMa repma-
HHUCBOI'O JHUOJa HAa YaCTOTC 10° [y TIpH HAIIPS>KCHUU Ha HEM V, =0 B,

MUMEIOIIETO IUIOMAah S=7.5-10%cM* U IUIOTHOCTH OOpPaTHOTO TOKa
jo=2-10""A/cm?. CunWTaTh YpPOBHHM JICTHPOBaHHS P- W N-o0jacTei

OJIMHAKOBBIMH U PaBHBIMH 2.4-10%cm 3.

20. PaccuurtaTh CHEKTpalibHYIO IJIOTHOCTH CYMMapHOI'O IIymMa apce-
HUJI-TAJUTMEBOTO JINOJa Ha YacToTe 10 My MpU HANPsSHKCHUH Ha HEM
Vo =0 B, UMEIOIIETO ILIOMAaah S=10"%cm® H INIOTHOCTh OOPAaTHOI'O TO-

Ka jo=4.5-10"%A/cm?. CunTaTh YPOBHHM JISTHPOBAHUS P- M N-00jacTe
OJTMHAKOBBIMH U PaBHBIMHU 8.5-10%°cm 3.
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9. «dMUCCUA ONTUHECKOIo UINYYHEHUA
N3 NonyrnPoOBOAHUKOB»

9.1. KPATKOE U3JTOXEHUE TEOPUA

[IpobGyiemy u3ydeHHS SMUCCUU U3IYUYECHUS! W3 TBEPJBIX TEI MOXKHO
paccMaTpuBaTh C JABYX MO3MIMN: MAKpPOCKOMWYECKOM M MHUKPOCKOIHUYE-
CKOH, pa3auyaromuxcsi 00beKTOM pacCMOTPEHHUS U3Ty4alOIINX CBOKCTB.

C Makpockonuueckoil no3uyuu N31yvaTelibHbIe CBOMCTBA TBEPIOTO
TeJla aHAJIM3UPYIOTCS KaK CBOMCTBA OJHOPOJHOrO KpHUCTaia. 3[€Ch s
YUCJICHHOW OIeHKH d(PHEKTUBHOCTH H3TydaTeIbHON CIIOCOOHOCTH BBOJST
nBa mapaMmerpa. [lepBpIll M3 HUX HA3bIBACTCA BHYTPEHHEll KBAHTOBOU
3pPpexkTBHOCTBIO 77. OH XapaKTepHU3yeT CIOCOOHOCTh ATOMOB MOIYMPO-
BOJTHUKA M3Jy4aTh (POTOHBI MPU PEKOMOMHAIIMH 3JIECKTPOHHO-IIBIPOYHBIX
1ap ¥ BBIYUCIISIETCS CJIEAYIOIIUM 00pa3oM:

1

] ] |
=7 (9.1)

1. 1 749
T Ty

T.€. 3TO MapamMeTp MPEBBIIEHUS] CIOCOOHOCTH T€HEPUPOBaATh (DOTOHBI HAJT
CIIOCOOHOCTBIO TOTO K€ BEIIECTBA Te€HEpPUPOBaTh (HPOHOHBI. UMCIEHHO OH
OTpENIETSET: CKOJIbKO reHepupyercsi (POTOHOB B pe3ysibTaTe peKOMOWHA-
MU OJTHOW Taphl «AJIEKTPOH-AbIpKa». Kak mokas3wpiBaeT pacueT (cM. m.6.2
VYuebHoro nocobus no xkypcy Jaswsino B.H. «®usnueckne oCHOBBI OINTO-
anekTpoHukm», Tomck, TYCVYP, 2011 r.), 115 MOBBILLICHUS] BHYTPEHHEHN
KBAHTOBOUW 3(D(PEKTUBHOCTH UCTOUYHHMKA OMTHUYECKOTO M3IYUYCHUS JJIsI €T0
U3TOTOBJICHUSI HEOOXOJMMO HCIOJIb30BaTh MOJYIMPOBOJHUKU C BBICOKHM
YPOBHEM JIETUPOBAHUSI.

Jns Toro 4toObl HAOMIOAATh SMHUCCHIO H3Iy4YE€HHS, HEOOXOJIUMO,
4TOOBI CreHepUpPOBaHHBIE (DOTOHBI BBHIIUIM U3 TOJTYIPOBOJIHUKA Yepe3 O/JI-
Hy U3 €r0 ITpaHel B OKpy»Karollee MpocTpancTBo. OQHAKO, pacIpOCTpaHs-
ACh B KPUCTAJUIE HA MYTH OT MECTA F'eHEPALUM K WU3JTyYarollel MOBEPXHO-
CTH, POTOHBI MOTYT OBITH MOTJIOLIECHBI IPYTUMU aTOMaMH, HAXOASITUMHUCS
B OCHOBHOM 3HEPre€TUYECKOM COCTOSIHHH. [103TOMY BBOJAT €Ille OJHMH Ma-
pameTp, Ha3blBacMblii BHeIIHeH KBAHTOBOH 3(P(PeKTHBHOCTHIO U 000-
3Ha4aeMbIi Kak ¢. OH MOKa3bIBAET J0JI0 CTEHEPUPOBAHHBIX B 00BEME IO-
JTYNPOBOJHUKA (POTOHOB, BBHIIIEAIINX YEPE3 €r0 MOBEPXHOCTH:
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l
f=—2_, 9:2)
14 o) + L
rae L — TodmmHa MoIynpoBOJHMKA B HAMPABICHUN HA M3yYarOIyIO ITO-
BEPXHOCTh; /¢, — JUIMHA CBOOOIHOTO Npodera (OTOHA B TOTYIPOBOIHUKE,

W3 aToro ompeneneHus BHIHO, YTO YCIOBHE JTOCTHIKCHHUS BBICOKOTO BBI-
X0J/1a CBETOBOTO M3IIYUSHHUSI 3aKIIOYACTCS B TOM, YTOOBI CTEHEPUPOBAHHBIC
(OTOHBI MOIJIM BBITH M3 MOJYIIPOBOJHHKA HE OYIy4H ITOTVIOIMICHHBIMHU
JPYTUMHU aTOMaMH Ha TyTH OT U3JIyYaroliero aroMa 0 MOBEepXHOCTH. s
ATOr0 HEO0OXOJMMO, YTOOBI JJIMHA CBOOOJHOro mpobOera ¢doToHa Oblia

OoJibIe TOMIMHBL 0Opasua: /g >> L.

KoHeuHo, 3TH [Ba MapaMeTpa HE Aal0T HUCUYCPIBIBAIONIUMN OTBET Ha
BOIPOC 00 3(PhHEeKTUBHOCTH M3ITyYaIOIIeH CIIOCOOHOCTH MOJYIPOBOIHUKA.
Kpome 3THX JIBYX mapaMeTpOB MOYKHO BBECTH €IIE HECKOJBKO, C TIOMO-
IIbI0 KOTOPBIX O0TOOPaKajoCch ObI BBIIOJHEHUE CIIe psAda YCIOBHUM, KOTO-
pbIe HEOOXOAMMO COOJIIOCTH JJISI TOBBIMIEHUS 3P (HEKTUBHOCTH HU3ITyUYCHHS
(HampuMep, yclIoBHS Ha KOA((HUIIMECHT OTpaKCHUS CBETa OT BHYTPCHHEH
IOBEPXHOCTH IMOJIYIPOBOIHKKA). HO 3TH 1Ba — OCHOBHEIE.

C Mukpockonuueckoil no3uyuu M3y4yarouye ciocOOHOCTH TBEPIO-
ro TeJla pacCMaTPUBAOTCS KaK PE3YJbTAT U3IYyUYEHUSI OTAECIbHBIX aTOMOB,
T.€. AaHAJIU3UPYIOTCS MEXaHW3Mbl T€HEPALUH W3JIyYCHUS OTIEJIBHBIM aToO-
MOM. [leTasbHBIN aHaIu3 MOKA3bIBAET, UTO MPU 3TOM MOAXOAE ABYMsS Ia-
paMeTpaMu, OINpeeHsSoIUMHA 3(P(PEKTUBHOCTh H3IIYYEHUS OTIAEIBHOTO
aToMa, SIBJISIFOTCSI BEPOATHOCTH CIIOHTAHHOTO - Ay; U MHAYLMPOBAHHOIO -
B,; mepexoaoB (cMm. 11.6.3 yuebHoro nmocoodus JlaBeimoa B.H. ®usznyeckue
OCHOBBI onToANeKTpoHUKU. Tomck, TYCVYP, 2011 r.). Ot napameTpsl o11-
PEIEISAIOTCSA IPUPOJOU aTOMA, €ro CTPYKTYPHOI'O COCTOSIHUSL B PELIETKE U
MOTOMY SIBIIAFOTCS KOHCTAHTOW IJI1 TaHHOTO BemlecTBa. ClienoBaTENbHO,
YUCJICHHBIC 3HAYEHUS ITUX NapaMETPOB MOKHO HAUTH B CIIPABOYHBIX Ma-
TepraJax.

JIns XapakTepUCTUKU HW3JIYy4YaTeIbHOM CIIOCOOHOCTH OINTHYECKOTO
U3JIy4EHUS! TBEPJAOTENBHOIO J1a3epa HEOOXOIUMO MPOBEPSATH BBIIIOIHEHUE
JIBYX YCJIOBHM:

- YCIIOBHE PE30HAHCA ONTHYECKOW BOJIHBI Ha JIMHE pe3oHaTopa L |

/1
== - L]
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rJ€ n - MoKa3aTesb MPEJIOMJICHHS BEIIECTBA, SBJISIONIETOCS AKTHB-
HBIM B JIa3epe, M - LEJI0€ YUCI0, MOKA3bIBAIOIIEE KOINYECTBO MOTY-
BOJIH OINTHUYECKOI0 M3JIYUYEHUS], YKJIAJbIBAIOIIMXCS HA JJIMHE KpHU-
CTaJIa;

- YCIIOBHUE 3HAUCHUSI KO3 (DUIIMEHTA YCUIICHUS] aKTUBHOT'O BEIlIECTBA
g, AOCTATOYHOTO ISl BOBHUKHOBEHHSI T€HEPAIUU, €CIU KPUCTAILI
MOMEIIEH B ONTHUYECKUM PE30HATOpP C 3epKajiaMu, KOIDPUIIUEHTHI

OTPaXKEHUS OT KOTOPHIX paBHbI Ry, R,, a KO3 UITMEHT MOTI0IMeHUs

ONTUYECKOTO M3JIYyYEHUs C T€HEPUPYEMOU JIMHOM BOJIHBI B AKTHB-
HOM BEILIECTBE JIa3epa PaABEH « !

1 -
—— R- . 4
g>ao oL an 2 (9 )

1 monydeHus TeHepauyd ONTHYECKOTO HM3JIYYECHUS IOIYyIPOBO/I-
HUKOBBIM JIa3€POM 3TO YCIOBUE CBOAUTCS K HEOOXOIUMOCTH 3a1aHUs
IIPOTEKAOIIET0 TOKA 4YE€pe3 OTKPBITBIA P-N  MEpPEXol] BEIUYHMHON
BBIIII€ TOPOTOBOTO TOKA.

9.2. MIPUMEPBbI PELLEHUA 3A0AY MO OMNPEOENEHUIO
NMAPAMETPOB 3MUCCUOHHBIX 3®®EKTOB
B NONYNPOBOOHUKAX
3aodaua 1. Onpenenuts napaMmeTp BHyTpEHHEN KBAaHTOBOU 3((PeKTUB-
HOCTHM F'€HEpalUd ONTUYECKOr0 U3ITYyYEHHs F€PMaHUEBOr0 00pa3La n-TH-
na  MPOBOAUMOCTH  C  KOHUEHTpauueWl  JIOHOPHOM  MIpHUMECH

Ng = 2.4.10%7 CM_S, Haxopsmerocs npu remmneparype T =300 K.

Pewienue. VicxonHbM BBIpOKEHHEM JJIA OMNPEACIICHUS IMapameTrpa
BHYTpPEHHEN KBAaHTOBOU 3(PHEKTUBHOCTH sABIsieTCs BhipaxeHue (9.1), B ko-
TOPOM HEHM3BECTHBIMU BEJIUYMHAMH SBIISIOTCS BPEMs JKU3HHM U3ITydaTelb-
HOM pEeKOMOUWHAIIMYU 7| U BPEMsl )KU3HU O€3U3TydaTeIbHON PEKOMOMHALINU

Tp .

n=—"1_ (9.5)

Tr +T|

Bpemst ®u3HU U3nyyaTeabHON PEKOMOUHAIIMY 3aBUCUT OT YPOBHS Jie-
TUPOBAaHUS [OJIYIIPOBOAHHUKA I10 3aKOHY:
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7| :rl(i)i. (9.6)

W3 TaGNMUYHBIX JAHHBIX W3BECTHO, YTO BPEMsl U3IIy4YaTeJIbHOM PeKOMOMHA-
UM B COOCTBEHHOM I'€pMaHUU COCTaBJISICT rl(') =0.6 c. [Toatomy o BHI-

paxenuto (9.6) Oynem UMETh:

- on. 541013
o~ 2N g2 24107y 5 q0-4c.

Ng 2.4.10%7

N3 cnpaBOYHBIX MAaTEpUAIIOB HAXOAWM, YTO BPEMS KW3HHU HEPABHO-
BECHBIX JJICKTPOHOB ¥ ABIPOK FEPMAHNN COCTABISIET BEMUMHY 7 =107°C.
DTO BpeMs ONPEAEIEHO KAK BpEMs KMU3HU HEPABHOBECHBIX HOCUTEIIEH 3a-
psana npu 0e3u3IydaTesIbHOM peKOMOWHAIIMYU 7, . 3HAUYUT, UHTEPECYIOUIUN

HAC TapaMmeTp BHYTPEHHEW KBaHTOBOW 3(()EKTUBHOCTH IpOIEcca H3TyUe-
HUS MOKET OBITh BBIUKMCIICH IO (hOpMYJIE:

n=—>—. (9.7)

[To3TOMY OKOHYATEIBHO UMEEM:

7 10> 01

71+7, 13.10°4 1.3

~7.7-1072. (9.8)

Takum oOpazom, OTBET Ha IMOCTABJICHHBIA B 3ajaye BOIPOC OyJIeT
TaKuM: MapaMeTp BHYTPEHHEH KBAaHTOBOU 3()(PEKTUBHOCTH T'€pMaHUEBOTO
oOpa3iia cocrapisieT 0.077 unu 7.7%.

3adaua 2. BpluucauTh NapaMeTp BHEUIHEW KBAaHTOBOU 3(PHEKTUBHO-
CTH KPEMHHUEBOr0 00paslia, M3roTOBJICHHOTO B BHUJE Ky0a M COAEpPIKAILETo

Nam =102 aTOMOB, €CJIM HM3Jy4eHHUE JICKUT B JHANa30HE COOCTBEHHOTO
ITOTJIOLIECHUS.

Pewenue. VicXxoqubIM BBIpRXKEHUEM MJIA OINpEAENCHUs] MapameTpa
BHEIIIHEW KBAaHTOBOM 3((EKTUBHOCTU CIYX HUT BhIpakeHue (9.2), B KOTO-
POM CTOSIT HEU3BECTHBIE BEJIMYUHBI JUTMHBI CBOOOAHOTO Tpodera (hOTOHOB
U pa3Mepa Kpucrtamia. X MOXHO OMpeaesuTh CISAYIOIUM 00pa3oM: 1o
OMPEICIICHUIO JJIMHA CBOOOIHOTO TTpodera (JOTOHOB SIBISETCS] BEIIMUYUHOM,
00paTHOM KOI(P(ULIMEHTY TOTIOMEHHUS U3NyUeHUs: /g =1/a. JInHehHbIE
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pasMephl KpHCTALIa MOKHO ONPENEIUTh U3 KOJIMYECTBA aTOMOB B 00pas-
ue: L=13N,, . CneposarensHo, moxyunm:

. Cep _ Vo _ 1 _
fp+L Var1Y N 140/ Nap
1 11

141087107 1401 1.1

Takum o6Gpa3zoM, OTBET Ha BOMPOC O BEIWYMHE MapameTpa BHEITHEH
KBaHTOBOU 2(P(heKTUBHOCTU OYJIeT TaKOB: BHEIIHSSA KBaHTOBask 3(hPEKTUB-
HOCTh 00pa3iia KpeMHHUS C 3aJaHHBIM YHCIIOM aTOMOB B HEM OyJET CO-
CTaBJISATh OKOJIO 90%.

3aodaua 3. Kakum nomkeH ObITh KOADPUIIUEHT YCUTICHUS U3TyICHUS
U3 00JIaCTH MPUMECHOTO TOTJomeHUusT (KO3()(PUIMEHT TMOTJIOMICHUS

a = 1030M_1) B TBEPJOM TeJI€ JIMHOM L = 25.10"°cm u TOpLIAMU B BUJE
OTpaXkaroIux 3epkaj, KOIQOUIMEHT OTpa)KeHUs] OJTHOTO M3 HUX R, =1,
€CJIM Y€pe3 BTOPOE 3€PKAJIO BHIBOJUTCS 5% FEHEPUPYEMOTO U3TyUCHUS.

Pewienue. Jta 3agaya MOXKET OBITh peIIeHa ¢ UCTOJIb30BAHUEM BBI-
paxenus (9.4) mpu U3BECTHBIX 3HAYEHUSIX KOA(PGUIIMEHTA MOTJIOMICHUS
U3IIYYEHUS o, 000UX KO3(PPUIIMEHTOB OTPAXKEHUS 3epKal Ry, R, U IJIMHBI
KpUCTaJlJIa B HAITPaBJICHUHU YCUJICHUS CBETA L :

1 -
>a-—I@®R> .
g oL 1~2_

N3 ycnoBus 3amauu clielyeT, 4To KO3(P(UIIMEHT OTpPa’KeHUSI CBETa
BTOPBIM 3epkaioM R, =0.95. Iloatomy ¢ ucnonb3oBanuem (Gopmys pas-

J0KeHUs JoraprudMa BOIU3U €AMHUYHOTO 3HAYEHUS apTyMEHTA MOJTYYHM:

g>10%-——1 _ngo9os=103-—1 _ing0o-005%
5 5
5.10" 5.10~
~103 -1 ——=—€0.05_ 10341 = 0.05=
5.10~ 5.10~

-103 +§-1o3 =2.103cm?!

Takum 00pa3zoM, KO3(P(UIIMEHT yCUJIEHUSI TBEPAOTO Tela JOJDKEH
6bITh Gostbiue 2-103cm ™t
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9.3. BAPUAHTbI 3A0AHUU MO ONPEOENEHUIO
NAPAMETPOB OMUCCUOHHbBIX 3DDPEKTOB
B I'IOJ'IYI'IFU’OBO.IJ,HVIKAX
K KOHTPOJIbHOU PABOTE Ne 2
. OnpenenuTh napaMeTp BHYTPEHHEH KBaHTOBOW 3(h(PEKTUBHOCTU Ie-
HEpaIllU¥ ONTHYECKOTO0 H3Iy4YCHUS KPEMHHUEBOTO 0Opasma n-THIa
IIPOBOJIUMOCTH v KOHLIEHTpaen JIOHOPHOM IIPUMECH

Ng =5.4- 10/ CM_3, Haxozd1erocs npu remmneparype T =300 K.

. Onpegenuth mapamMeTp BHYTPEHHEW KBAaHTOBOU 3((EKTUBHOCTHU Te-
HEpaluu ONTUYECKOrO0 M3JIYYEHHUs apeHUJI-TaJuIMeBOro oopasua
n-THAMNA IPOBOJAMUMOCTH C KOHIIEHTpPAIlMEWd JIOHOPHOU NPUMECH

Ng =6.4- 10%0cn3 , Haxoganierocs npu remuneparype T =300 K.

. Onpenenuth mapamMeTp BHYTPEHHEH KBaHTOBOW 3(PGHEKTUBHOCTH Te-
HEpaIMu ONTHYECKOTO U3IY4YeHHS KPEMHHUEBOTO oOpasia p-Tuma
OPOBOJIMMOCTH  C  KOHIIGHTpalMEXd  aKUenTOPHOM  MPUMECHU

N, =8.6 1016 CM_S, HaxozsIerocs npu remmeparype T =300 K.

. Onpenenute CyMMapHOE BPEMs KM3HU HEPABHOBECHBIX HOCHUTENIEH

3apsaa (hoTtoH + poHOH) B repMaHUEBOM 00paslie n —THUIIa IPOBOIH-

MOCTU C KOHIIEHTpaluenl JOHOPHOM mnpuMecu Ny =5.4.10" cm3,

Haxofmsmerocss npu temmneparype T =300 K, ecid HM3BECTHO, YTO
BHYTPEHHS KBAaHTOBAas 3(P(PEKTUBHOCTh T€HEPALIMU ONTHYECKOTO M3-
Jy4eHHUsl B 3TOM o0pa3lie coctaisier 0.68.

. Omnpenenutb cCyMMapHO€ BpeMsi *U3HU HEPABHOBECHBIX HOCUTEJEH
3apsana (poroH + POHOH) B KPEMHUEBOM 00pa3lie n-THUIA TPOBOJIH-

MOCTU C KOHIIEHTpaluenl JOHOPHOM mnpuMecu Ny =5.4.10 " cm 3,

Haxomsmerocss npu temmneparype T =300 K, ecid HU3BECTHO, YTO
BHYTPEHHS KBaHTOBAs 3(P(PEKTUBHOCTh T€HEPALIMU ONTHUYECKOTO M3-
Jy4eHHUsl B 3TOM oOpa3lie coctanisieT 0.88.

. OnpenenuTs BpeMs )KU3HU HEPABHOBECHBIX HOCUTEIIEH 3apslia C W3-

JydyeHneM (pOHOHA B KPEMHHEBOM OOpasiie n-THUIMa MPOBOIUMOCTH C

KOHLEHTPALMEW TOHOPHOU NpuMecH Ny = 5.4.10%7 CM_3, HaxoIiI1e-

roca npu rtemreparype T =300 K, ecan U3BECTHO, UTO BHYTPEHHSA
KBaHTOBass 3((PEKTUBHOCTh TE€HEPAIMU ONTHYECKOTO H3IIYyYEHUS B
3TOM 00pa3iie coctaBiser 0.88.
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7. OnpenenuTh BpeMs KU3HU HEPABHOBECHBIX HOCHUTENEH 3apsaa C U3-
JydeHueMm (poHOHA B apCeHUA-TAJUIMEBOM O0paslie n-THUIMa MPOBOAU-

MOCTH C KOHIIEHTpaluenl AOHOPHOM mnpuMecu Ny =5.4~1017CM_3,
Haxogdamerocss npu temmneparype T =300 K, ecinm H3BECTHO, YTO

BHYTPEHHsISl KBaHTOBasi 3()PEKTUBHOCTH T€HEPAIIMUA ONTUYECKOTO U3-
Jy4eHHUs B 3TOM oOpasiie coctaisier 0.12.

8. BbruucnuTh mapaMeTp BHEIIHEH KBaHTOBOW 3¢G(PEKTUBHOCTH
repMaHueBoro o0pasiia, U3roTOBJIEHHOrO B BUJE Ky0a U coaepikalle-
ro Ngm = 1029 aTOMOB, €CJIM M3JIyYEHHUE JIEKUT B JUana3oHe coOCT-
BEHHOI'O TIOTJIOLIEHUS.

9. BoluucauThs mapamMeTp BHEIIHEH KBAaHTOBOU 3()PEKTUBHOCTH ap-
CEHU-TAJUIMEBOIO0 00pa3la, U3roTOBJICHHOIO B BHUJIE KyOa U COAep-

kamero Ngm, :1022 aTOMOB, €CJIM HU3JIy4Y€HUE JICKUT B JUara3oHE
COOCTBEHHOTO TIOTJIOIIEHHUS.

10. BpumciauTh MmapamMeTrp BHEIIHEHM KBAaHTOBOM 3(PHEKTHBHOCTH
repMaHUEBOT0 00pasiia, M3TOTOBJICHHOTO B BUJIE Ky0a U cojieprKaiiie-

ro Ngm =104 aTOMOB, €CJIM H3JIy4YCHHC JICKUT B JAHAIla30HE MpU-

MECHOTO TOTJIOIIEHHUSI, XapaKTepU3yeMoro Ko3(OQPUIIMEHTOM MOTJI0-
menus o =1.0 -10%cm~ L.

11. Beruucnuth napamMerp BHEIIHEH KBAaHTOBOU 3(PHEKTUBHOCTHU ap-

CEHUI-TAJNIMEBOr0 o0pa3la, U3rOTOBJIEHHOIO B BUAE Kyba M couep-
kamero Nggp, = 1023
OPUMECHOTO TOIJIOLIEHUS, XapaKTEpPU3yeMOro Ko3(QQUUHUEHTOM I0-

IJIOMIEHUS o = 2.3 -lOZCM—l.

dTOMOB, C€CJIM H3JIYYCHHC JIC)KHUT B HHUAIIA30HC

12. BpluncauTh napamMeTp BHEIIHEW KBaHTOBOW »((eKTUBHOCTH
KPpEMHHCBOT'O 06pa3ua, HN3IrOTOBJICHHOI'O B BUJC KY63 H COACPKAIICTO
N, =10?' aTOMOB, €C/IM HU3IydeHHUE JICKHUT B AHAIa30HE IPUMECHOTO
MOTJIOUICHUS, XapaKTEepU3yemMoro Ko3(pPUIHEeHTOM MNOTJIONIECHUS
a=1.7-10%cm™ L,

13. BBIUHUCIUTH KOJTMYECTBO aTOMOB B T€pMaHUEBOM 00pasIle, U3ro-
TOBJICHHOM B BUJI€ Ky0a, €CJIM U3JIyYEHHE JICKUT B JUANa30HE MPU-

MECHOTO TOTJIOIIEHHUSI, XapaKTepPU3yeMoro Ko3(OQPUIIMEHTOM MOTJI0-

meHnst « =10°cm L, a mapamerp BHemHei KBaHTOBOH d(EKTHBHO-

CTHU DMUCCHUHU DTOT'0 U3ITYUYECHUS COCTaBIAeT Bennuununy & =0.79.
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14. BeIUMCIUTD KOJMYECTBO aTOMOB B apCEHUI-TAINIMEBOM 00pa3Ile,
M3TOTOBIICHHOM B BHJE KyOa, €Clii M3JIydeHHE JICKHUT B JHANA30HE

IMPHUMECHOI'O IOTJIOIISHMS, XapaKTepUu3yeMoro Kod3(pdUIMeHToM I1o-

riome-Hus « =2.4-10%cm™ L, a napaMeTp BHEIIHEW KBaHTOBOU 3(-

(EKTUBHOCTH HMHUCCHUU OTOTO W3JIYYEHUSI COCTABISET BEIUYUHY
£=0.86.

15. Kakum nomxeH ObITh KOAGDUIIMEHT YCUTICHUS U3TyYeHUS U3 00-
JACTU TPUMECHOTO ToryomeHuss (ko3 PUIMEeHT MOIIOMECHUS
a= 1.8-10301\/1_1) B TBEPJAOM TEJI€ UIMHOM L = 1.5-10°cm u TOpLa-
MU B BUJIC OTPAXaIOIIUX 3epKai, KOIPQPUIMEHT OTpakeHUs: OJHOTO
Ry =1, ecii yepe3 BTOPOE 3e€pKajo BEIBOAUTCA 15% reHepupyemMoro
U3ITyYEHUS.

16. OnpenenuTh 10JH0 BBIBOJAUMON W3 TBEPAOTEIBHOIO Jlazepa OIl-
TUYECKOTO U3ITy4YEHUs, €CJIM U3BECTHO, YTO Jia3ep FT€HEPUPYET CBET U3

COBCTBEHHOH MOI0CH Toromenust (« =7.5-10°cm™1), umeer mmny

L=0.5-10""cm, a rpaHH4HOE 3HAYCHHE KOO HIHCHTA yCUICHNS,

COOTBETCTBYIOIIICE HaYAJly T€Hepalu, paBHO g =1.5- 10%cm L.

17. OnpenenuTh 10JH0 BBIBOJAUMON W3 TBEPAOTEIBHOIO Jlazepa OIl-
TAYECKOTO U3JTYUYEHHUS], ECIIA U3BECTHO, YTO JIA3€p TEHEPUPYET CBET U3
IPUMECHOM MOJOCKHI norjiomeHus (a =7.5- 1020M_1), AMEET OINHY

L=2.5-10""cm, a rpaHHYHOC 3HAYCHHE KOO((HIMCHTA yCUICHNUS,

COOTBETCTBYIOIIICE HaYaJly T€Hepalu, paBHO g =1.5- 10%cm L.

18. Omnpenenuth k03(GUIIMEHT TOIJIONMICHUS TBEPAOTO Tejia, HC-
MOJIb3YEMOT'0 B KAYECTBE aKTUBHOT'O 3JIEMEHTA Jla3epa, €CIIM OH UMEET

mmHy L =0.5-10""cm, rpaHHYHOE 3HaYeHHE KOO(QHUIMEHTa yCUTe-

HUSI, COOTBETCTBYIOIIEC HaUally TeHepauu, paBHO g =1.5- 106CM_1, a

JI0JI1 BBIBOAMMOM Yepe3 3€pKaio SHEPTUU COCTABIAET 10%.

19. Onpenenuth KO3POUITMEHT MOTIOIIEHUS TBEPAOIO Teja, UCIOIb-
3yEMOr0 B Kauy€CTBE AKTHUBHOTO 3JIEMEHTA JIa3epa, €CIM OH HUMEET
mHy L =2.5-107°CM, TpaHHYHOE 3HaYeHHe KodbdUIHeHTa yCHITe-
HUsI, COOTBETCTBYIOIICE Haydally TeHEpALlUi, PaBHO ( = 2.5-1030M_1,

a J10JI1 BBIBOAMMOM Yepe3 3€pKajio SHEPTUU COCTABIAET 3.5%.

20. Onpenenuth KOAOPUIMEHT MOTIOIIECHUS TBEPAOTO Teja, UCTIOJIb-
3yeMOro B KayeCTBE aKTHUBHOI'O 3JIEMEHTa Ja3epa, €Clid OH HUMEET

mmHy L =2.5-10"%cm, rpannanoe 3HaueHue K0dhdUIECHTA yCHITe-
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HUsI, COOTBETCTBYIOIEE HaYaly IeHEepaluu, paBHO @ = 2.5.103¢cm 1,

a JI0JIs1 BBIBOJAMMOM 4€PE3 3€PKAIO IHEPTUU COCTABIISAECT 5%.
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10. GKUWOAKUE KPUCTAIJIbI B OMNTOJ3JIEKTPOHUKE»
10.1. KPATKOE WU3JTOXEHUE TEOPUA

XKunkre kpucTamibl — 3TO CHEU(UYSCKOE arperaTHoe COCTOSHHUE
HEKOTOPBIX OPTaHUYECKUX BEIIECTB, B KOTOPOM OHHM OJHOBPEMEHHO IPO-
SIBJISFOT CBOMCTBA JKMJIKOCTH W KpHcTauia. IIpW IUIaBICHHH KPHUCTAJLIBI
ITHX BEIIECTB 00Pa3yIOT KUIKOKPUCTATUIMYECKYIO (Pa3y, OTIIMUYAIONTYIOCS
OT OOBIYHBIX KHJIKOCTEH: OHA CYIIECTBYET B y3KOM TEMIIEPaTypHOM JIHa-
na3oHe, BHE KOTOPOT'0 MMEEM KPUCTAILI WIIH U30TPOIHYIO KUAKOCTh. O0sI-
3aTeJIbHBIM CBOMCTBOM YKUIKHUX KPHCTAUIOB SBJISCTCS HAJTUYHE TOPSJIKA B
IPOCTPAHCTBEHHOW OPUEHTAIIMH MOJICKYIL.

Bce u3BecTHBIC B HACTOSAIIEE BPEMS JKUIKHE KPUCTAILIBI COCTABJICHBI
U3 OJHOTO COpPTa MOJIEKYJ, KOTOpPhIE MMEIOT CTep)KHEoOpaszHyr (opmy
1100 BHJI BBITSHYTOM CIHMpaid. B 3aBHCHMOCTH OT XapaKTepa yHopsio-
YeHUS JJIMHHBIX OCEH MOJICKYJ B CJIO€ JKHJIKHE KPHCTAIUTBI Pa3AesaioT Ha
HEMATUKH, CMEKTHKH M XOJICCTEPUKH. PacCMOTpMM BHYTPEHHIOIO CTPYK-
Typy JKHJIKHX KPHUCTAJUIOB U MPOCTPAHCTBEHHOE PACIIONIOKEHUE UX MOJIe-
KYJL

Hemamuxku. bynem npeacTaBisTh ce0€ MOJICKYJIbl HEMAaTHUUECKOTO
KpHUCTaJla B BUJIE CTEPKHEH, T.K. OHU UMEIOT JJIMHY BO MHOTO pa3 00JIbIIe
ToMIUHEL. Toraa cTpykTypa HemMaTuka OyJeT MpeACTaBIsATh COOOU <OKHI-
KOCTh OJIMHAKOBO OPUEHTHUPOBAHHBIX CTEpxHEW» (cM. puc. 3, a, 6). B
TBEPJIOM COCTOSTHUH MOJICKYJIbI KpHCTAIIJIa CTPOTO OPUEHTHPOBAHKI B TIPO-
ctpanctBe (puc. 3, a). B xuakokpucrani- | | | | | | | | |
JUYECKOM COCTOSTHUM MOJIEKYJIbI pa3OpOCaHbl 10
KHUIKOMY KPUCTAJUTY XaOTHYECKH, OHH MOTYT Tie- LT @
peMemaThes MoJ| ASHCTBUEM TeMIepaTyphl B JIFO- EERRERER
Oyto cTopoHy. OTHOCUTEIBHBIN MOPSIOK CYIIECT-
BYET TOJILKO B OPHEHTAIIMH JIJTMHHBIX OCel MoJIe- \
KyJ1. DTH CTEP>KHU JIBIKYTCS XaOTHUECKHU B KHJI-
KOCTH, HO X MPEUMYIIECTBCHHAsI OPUCHTAIIHS HE |
usMensercs. Ilon nercrBueM teMmeparypbl OHU f 1.
COBEpIIAIOT YTJOBbIE KOJICOAHUS OTHOCUTEIIHHO
CPEJIHETO CBOCTO TMOJOKCHHS, aMILIHTY/a KOTO- | .\ N /
PBIX BO3pacTaeT Mpu MPUOIMKESHUH K TeMIIepaTy- T .
pe dazoBoro nepexoja (puc. 3, 6). ITocne Touku \\/’ \ \ \ RN
da3oBOro mepexoaa <CKUAKWM KPUCTALI — H30- f /\ " \\\ |
TPOMHAsS >KUAKOCTBY» OPUEHTAIMOHHOE YIIOPSI0-
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YeHHUE MOJIHOCTBIO Pa3pyIIacTCsl TEIUIOBBIM JBIKEHHEM MOJEKYI (pHC. 3,
8).

B OTHOIIIEHUH ONTHYECKUX CBONCTB HEMATHKHU BEAYT Ce0s KaK ONTH-
YEeCKH OJTHOOCHBIC KPHUCTAILTBI.

JIist XapaKTEPUCTHKH OPUEHTAIMOHHOTO ITOPSIIKA MOJIEKYJI KUIKOTO

KpUCTAJIJIa BBOJUTCA BEKTOpP €JUHUYHOM JUIMHBI N, Ha3bIBAEMbIN JUPEK-
TOPOM, HANpPaBJICHUE KOTOPOTO YKAa3bIBAECT HAMPABIECHUE MPEUMYIIECT-
BEHHOM OPHUEHTALMM JUIMHHBIX OCEeW MOJEeKyJ. OIHAKO 3TOM XapaKTepH-
CTUKW HEJAOCTATOYHO JJIs MOJIHOTO OINKCAHUS CTPYKTYPHOTO COCTOSTHHS
KUJKOTO KpucTaa. JelcTBUTENbHO, COBEpIIas TEIUIOBbIE KOJIeOaHUs
OTHOCHUTEJILHO HAMPaBJICHUS TUPEKTOPA, MOJIEKYJIBI MOT'YT OTKJIOHSITHCS OT
HEro Ha OOJIBIIMI WJIM MEHBIIMK YroJl B 3aBUCUMOCTH OT TeMIIEpaTypbl
KUJIKOTO KpucTamia. [ XxapakTepUCTUKU CPEIHETO OTKJIOHEHHUS MOJIe-
KyJl OT HalpaBJICHUSI TUPEKTOpa, BBOJAUTCS mapamerp nopsaka Q. 3Ha-
yeHue Q = 1 COOTBETCTBYET MOJHON OPUEHTAIIMU BCEX MOJIEKYJl HEMaTHKa
B HampaBJiieHuH Aupektopa, a Q = 0 — motHOMY OecropsIIKY B OpUEHTAIUU
MOJIeKyJ1. PAKTUYECKH MTapaMeTP MOPSAKA €CTh JUCIEPCUS CIyYaUHOU T1e-
PEMEHHOM — yIjia OTKIIOHEHHS OCEN MOJIEKYIL.

Cmexkmuku. B HUX CcTeNeHb YNOPSIAOYEHUS] MOJIEKYJ BBIIIE, YEM B
HEMAaTHKax: MOMHUMO OPHEHTALMOHHOW YIOPSIAOYEHHOCTH MOJEKYI, CY-
HIECTBYET YIOPSAIOYECHUE LIEHTPOB UX TSHKECTH. B pe3ylbTare CMEKTHUKHU
OpraHW30BaHbI B CIIOU, PACCTOSIHUA MEXKy KOTOPHIMU (PUKCUPOBaHbI. UTO
K€ KacaeTcsl pacIoiOKEHUs HEHTPOB TSAKECTH MOJIEKYJI B MPEAEIIaX OJTHO-
ro CJos, TO OHO XaOTUYHO, Kak B HemaTuke. [loaToMy 1 onucanus co-

CTOSIHUSI CMEKTHKA TAKXKE HCIIOJB3YIOTCS MOHATUS JUPEKTOpa N U mapa-
MeTpa nopsiaka Q.

OOmMM 111 BCEX CMEKTHKOB SIBISIETCA JOCTATOYHO CHIIBHOE B3aH-
MOJICIICTBHE MOJIEKYJ B Mpejenax BBIACICHHOTO CJIOS U cllaboe B3anMO-
NEHUCTBHE MEXy cioaMH. [103TOMy CIIOM JIETKO CKOJIB3AT APYr OTHOCH-
TEJIBHO JIpyra W Ha OIILyIb BCE CMEKTHUKH MbBLIONOJ00HBI (MBLUIO MO-
IPEUYECKU «CMETMay).

Xonecmepuku. OHU yCTpOEHBI 0OOJIe€ CIOKHO, YeM HEMATHUKH U
CMEKTUKH. JIOKaTbHO XOJIECTEPUUYECKUN KPUCTAT YCTPOEH TaK K€, KaKk U
HEMaTUK: B MajJoM O00BbEeME YIOPSJA0UYEHHE MOJICKYJ XOJeCTepHKa, KaK U
HEMaTHKa, MOKHO OXapaKTEePU30BaTh TUPEKTOPOM M MapaMeTpoM TMOpsiIKa
Q. Otnmune XojlecTeprKa OT HEMATHKA MPOSBISETCS B OOJBIINX, IO CpaB-
HEHHIO C MOJICKYJISIPHBIMU pa3MepaMH, MaciiTadax. T OTINYHNS CBI3aHbI
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C TeM, TO B HEM MOJIEKYJIbI 00Pa3yIOT TaK Ha3bIBAEMYIO XOJIECTEPUUYECKYIO
CIIUPAJIb. CYIIECTBYET TAKOE HAIPaBJICHUE, HA3bIBAEMOE XOJIeCTepu4e-
CKOM#l 0CBI0, BJIOJIb KOTOPOTO PETYJSAPHBIM 00pa30M U3MEHSAETCSI OPUCHTA-
uus AUpeKTopa. JupekTop NepneHIuKyIsIpeH 3TOM OCH M BpAILla€TCsl BO-
KpyT Hee.

¥Yron moBopoTa JIMHENHO CBSI3aH C PACCTOSIHUEM Z BIOJIb XOJIECTEPH-
yeckou ocu. PaccTosiHMe, HA KOTOPOM JIUPEKTOP MOBOPAYMBAETCS HA 360°,
HAa3bIBACTCS IATOM X0JIeCTEPUYECKOil CITUPAJIN.

OpueHTauuoHHble 3pheKTbl B XKUAKUX KpUCTansnax

Hemamuxku. Jlo cux mop pedsp nuia 00 0JHOJOMEHHOM 0o0pasIie He-
MaTHKa, B KOTOPOM OpPHUEHTAIlUs JTUPEKTOpPa OJMHAKOBA BO BCEX €r0 TOY-
Kax. B pealbHOCTH MOJIEKYJIbI ) KUIKOTO KPHUCTAJIa MOTYT U3MEHATH CBOKO
OPUEHTAIMIO TI0 MOBEPXHOCTHU CJIOS KUJAKOrO KPHCTala, a TAKXKE C €ro
TOJIMHOW, 00pa3ys 00JacTH OJWHAKOBOW OpPHEHTAIUM JJIMHHBIX OCEH
MOJIEKYJT KHUJKOTO KpHUCTauia. ITU 00JacTU Ha3bIBalOT JoMeHamu. Ilpu-
YHHBI MOSBICHUS JIOMEHOB 3aKJIIOYAIOTCS B CIIYYallHOM XapakTepe BHEUI-
HUX BO3JIEHCTBUM, CIIOCOOHBIX 3aJlaBaTh OpPUEHTAIMIO MOJIeKYd. [Ipenmy-
IIECTBECHHBIC OPUEHTAIIMM JUIMHHBIX OCEH MOJICKYJ B Pa3JIMYHBIX JOMEHAX
OOBIYHO HUKAK HE CBSI3aHBI MEXIY COOOM, TOITOMY OpPUEHTAIIMS TUPEKTO-
POB B pa3HbIX JOMEHaX XaoTu4yHa. YTOOBI cAeIaTh BCE MOJIEKYJIbI 5KUIKOTO
KpUCTaJJIa OPUECHTUPOBAHHBIMU OJIMHAKOBO (CHEIMAIMCTHI HA3BIBAIOT Ta-
KOM KPHUCTAT «OJHOJIOMEHHBIM»), HEOOXOAUMBI crenuaibHbie Mepbl. K
HUM OTHOCSITCSI JTIOOBIE CITOCOOBI, 3a/1al0IUe OPUEHTAIINIO JJTMHHBIX OCEH
MOJIEKYJI: MEXaHWYECKas MOJMPOBKA BHYTPEHHUX MOBEPXHOCTEH CTEKOJI,
MEXIy KOTOPBIMHU TOMEIIACTCS KUJIKUN KpHUCTALT, 00paboTKa OMOPHBIX
MMOBEPXHOCTEW ONTHUYECKUX SYEEK 3aJJaHUE OPHUEHTAIMA C IOMOIIBIO
BHEIITHUX AJICKTPUUECKUX WJIM MAarHUTHBIX MTOJIEH U T.J.

B mnpakthueckux u Ha-
______ === = = = YUYHBIX HCCICOOBAHHAX HC-
| BRR MOJB3YIOT  JIB€  OCHOBHBIX

OpHEHTAIlUK MOJIEKYJT HEMa-

1] TUKA: BJAOJIb MOBEPXHOCTH U
== [EPHEHIMKYJAPHO €. B co-

Z OTBETCTBHUU C 3TUM MCIIOJIb

Puc.4 3YIOT ABa TUIA KUAKOKPUC-TAUTMUYECKUX
sIYEEK, NTOKa3aHHbIX Ha pUC. 4. 31ech | — BEpXHsSA ONOpHAs  MOBEPXHOCTH
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SIUCUKH, 2 — HWDKHSSL OMOPHASI TOBEPXHOCTh, KOTOPBHIE OOBIYHO M3rOTABJIU-
BAIOT M3 IpO3padHoOro crekna. [lmeHka HeMarnka—3 NOMEIAeTCs: MEXIY
OMOPHBIMM MTOBEPXHOCTIMU. SUElKy, MOKa3aHHYI B JIEBOW 4acCTH pUC. 4,
HA3bIBAIOT IUIAHAPHOM, 4 MTOKA3aHHYI0 B MPABOM YAaCTU — IOMEOTPOITHOM.
JIns mostydeHusl IUIAaHAPHOW SYEWKH BHYTPEHHUE NOBEPXHOCTH CTEKOJL,
KOHTAaKTUPYIOIIME C KUAKUM KPHUCTAUIOM, MOJABEPrar0T MEXaHUYECKOU
nUIMQOBKE B OJTHOM HAMPABJICHUH, B PE3yJIbTaTE KOTOPOU HA MOBEPXHOCTH
CTEKJIa OCTAIOTCA MUKPOOOPO3abl. MOJIEKYJIbI HEMATHKA «JI0KATCS» B 3TU
00p0o3/bl, 00pa3ys CTPOro OPHUEHTHPOBAHHBIN MMOBEPXHOCTHBIM CIIOW He-
MAaTHKa IJIAHAPHOU CTPYKTYpPbl. BBUy IEUCTBUS CUIJI CBSI3U MOJIEKYJIbI CO-
CEJIHUX CJIOEB MEPEHUMAIOT OPUEHTALNIO TPAHUYHOTO CIIOs, MIEpeaaBas ee
B 00BEM JKUJIKOTO KpHUCTasuia. TernaoBoe IBHKEHUE MOJIEKYJ CTPEMHTCS
paspyLIUTh 3TOT MOPAAOK. [103TOMY CyllleCTBYEeT HEKOTOPOE PaCCTOSIHHUE,
IIPY YAAIEHUU HAa KOTOPOE OT IOBEPXHOCTU OPUEHTUPYIOLIEE JEUCTBUE
ONOPHOM TOBEPXHOCTHU M PA30OPUCHTUPYIOLIECE BIMUSHUE TEIJIOBOrO JIBU-
YKEHUSI YPaBHOBENIMBAIOT APYT Apyra. ITO PaCCTOSIHUE HA3bIBAETCS KOTe-
PEHTHOM JUIMHOM W JUISI THIIMYHBIX KUJKUX KPHUCTAIIOB COCTABIISIET BEJIH-
YUHY HECKOJIBKO MUKPOH. [Io3TOMY, €cinu TonmumHa ciosi HeMaTUKa HeBe-
JVMKa — 0 AECATKA MHUKPOH, TO Pa30pUEHTHUPYIOUIEE NEMCTBUE YNPYTHUX
CHWJI, TEIJIOBOTO JABUKEHHUS HECYUIECTBEHHO U BO BCEM OOBEME KUIKOTO
KpHUCTaJlJIa €r0 MOJIEKYJbl (HA PUCYHKE OHU MOKa3aHbl B BHUJIE€ KOPOTKUX
JUHUN MEXAY CTEKJIaMH) COPUEHTUPOBAHBI BJIOJIb TOBEPXHOCTU SUCHKH.
g monydeHusi TOMEOTPOITHON SYEUKU BHYTPEHHUE IMOBEPXHOCTH
CTEKOJ 00padaThIBalOT B CHEIUATBHOM XUMHUYECKOM COCTaBE — MOBEPXHO-
CTHO-aKTHUBHOM BeEIIECTBE. MOJIEKYJIbI 3TOTO BEMIECTBA TAKKE UMEKOT BbI-
TAHYTYI0 (opMy M Tpu 00pabOTKE OJAHUM KOHLIOM «IIPHUKJIEUBAIOTCS» K
00pabaTbIBa€MbIM MOBEPXHOCTSAM. MOJIEKYJIbI JKHAKOTO KpUCTAILIA BXOIST
B [IPOCTPAHCTBO MEXKAY MOJIEKYJIAMU ITOBEPXHOCTHO-AKTUBHOT'O BELECTBA,
OPUEHTHPYSCh MNEPNECHANKYIAPHO NOBEPXHOCTH sA4derku. Crexyromme
CJIOM MOJIEKYJI HEMATUKa, CTPEMSIICh MUHUMU3UPOBATH CBOIO MTOTEHIHATb-
HYIO DHEPIUIO [0 OTHOLICHUIO K MOJIEKYJaM COCEIHEro CJIOS XKUIAKOTO
KpUCTajlia, BBICTPAUBAKOTCS TAKXKE NMEPICHAUKYISPHO CTEKIIAM.

Ilepexoo ®peoepukca. [l TEXHUYECKUX NPUMEHEHUN KUIKUX
KPUCTAJJIOB BaKHOU SIBJISIETCS BO3MOYKHOCTh M3MEHSTHh OPUEHTALUIO MO-
JEKYJI TyTEM MOPUIOXKEHHUS, HapUMeEp, SJICKTPUUECKOrO IMOJisl, KOTOpOe
OOBIYHO MPUKIIAIBIBAIOT MEPHEHIUKYJIIPHO MOBEPXHOCTIM siueeK. BaxkHoi
O0COOEHHOCTBIO HEMATUKOB SIBJISIETCS PA3JIMUHOE 3HAYEHUE €T0 JUICKTPH-
YECKOW IPOHUIAEMOCTH €, U3MEPEHHOM BIOJIb OCEW MOJIEKYJ U MEPICH-
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TUKYJISIpHO UM. [103TOMY IpU MOMENIEHNH HEMaTUKa B MOCTOSIHHOE DJICK-
TPUYECKOE MOJIE W3-32 aHU30TPONUU JUAJIEKTPUYECKOW MPOHUIIAEMOCTHU
€ro MOJIEKYJIbI CTPEMSATCH OPHEHTHPOBATHCH TaK, YTOOBI HANpaBJIe-
HHMe 00JIbIIEr0 3HAYEHHUS € COBNAAAJIO C HANIPABJICHUEM MPUJI0KEHHO-
ro moJisi. 3HaUNUT, UCXO/HAsS TUIAHApHAsi CTPYKTypa HEMATHKa B DJICKTPU-
YECKOM TI0JIE MOXKET MEPEHTH B TOMEOTPOMHYIO WM HA000poT. DPdexT
U3MEHEHUSI CTPYKTYphl HEMATHKa BO BHEIIIHEM 3JICKTPUYECKOM MOJIe Ha-
3piBatoT mepexoygoM dpenepukca. OOmMKUM CBOWCTBOM I€PEOPHUCHTAITUN
HEMaTHKa Mo JCHCTBUEM BHEIIIHETO MOJIs SBJISICTCS €€ TOPOTOBbIA XapaK-
Tep: KaK TOJIbKO BEIIMYMHA SJIEKTPUYECKOTO MOJI JOCTUTHET KPUTHUYECKO-
ro 3HAYCHUS, BCE MOJICKYJIbl HEMATUKa MEHSIOT CBOIO OpueHTaIuto. Kpu-
TAYECKOE 3HAYEHUE DJIEKTPUUYECKOTO TMOJIsA, MPU KOTOPOM COBEPILIAETCS
nepexoa Openepuikca, BEIUUCISIETCS MO CAEAyIOMEeH Gpopmyiie:
(4K Y2
a2
rae d — TonmuHa ciost xkuaKoro kpuctaia; K — ero koaddurueHr ynpy-
roctd; Ag=g —& - aHU30TPONUS AMIICKTPUICCKOH IPOHHUIAEMOC-THU

KMJIKOTO KpHCTaIa. 31€Ch & — AUIIEKTPUUECKas IPOHULAEMOCTD JKUKO-
ro KpUCTaJula, KOTAA NOJISIPU3ALMsA CBETA MAPAJUICIBbHA ITUPEKTOPY, &£ —
JTVRJICKTPUYECKAs MPOHUIIAEMOCTD KHUJKOT0 KpUCTaJlIa, KOTAa MoJsapu3a-
USI CBETA NMEPIEHANUKYISIPHA AUPEKTOPY. M3 3TOro BBIpAXKEHUS CIIENYET,
YTO KPUTHUYECKOE HAIMPSKEHHUE, MPUKIAAbIBAEMOE K CIIOK0 HEMAaTHUKa JJIs
€ro NepeOprUEeHTALNH, HE 3aBUCUT OT €T0 TOJIIWHBI d !

V2
Vg = 7{%) | (10.1)
Ag

Briiie aToro 3HaueHus HAIIPAKCHUS Ha STYEMKE U3MECHCHUS CTPYKTY-
pbI 6BICTp0 AOCTUTAOT HACBIIICHUA: CCIIN IMPOAOJIKATh YBCIIMYHNBATL HaA-
MMPsAXKCHUC BBIIIC KPUTHUYCCKOT'O, TO 9TO HNPAKTUYCCKHU HC U3BMCHUT COCTO-
HHNEC HEMATHUKA.

OpueHTAIIMOHHOE JIEUCTBUE JIJIEKTPUUECKOTO MOJIsi BeluuuHou E
MPOSIBIIICTCS. Ha TPOTSHKEHUH JJICKTPUUECKON KOTEPEHTHOW JJIMHBI, OT-
CYUTBHIBAEMOU OT OIIOPHOU ITOBEPXHOCTH,

2
1( 4z YV
M =—| 22|,
Ag

= (10.2)
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[ToncraBuB B 3TO BBIPAXKEHUE TUNWYHBIE 3HAUCHUS: K = 10_6 OUH, Ae =3
u E =103 B/cm, monyuum, uto A ~10 mkm. CrienoBaTenbHO, UCTIONb3Ye-

MbI€ TJICHKH HEMaTHKa JOJOKHBI UMETh TOJIIIMHY MEHBIIE JIByX 3HAYCHUU
AJIEKTPUYECKOM KOTEPEHTHOW JUIMHBI, YTO COOTBETCTBYET BEJIWYMHE IIO-
psiaKa 1ecsiTKa MUKPOH.

Ecnn yBenmnuuBarh HamnpspKEeHHE Ha sderke Bbie nopora dpene-
pHUKca, TO BOJIM3U JecsITKa BOJILT CTPYKTypa HEMaTHKa MpeTepIieBacT clie-
TyIOIee CKauKo0oOpa3HOe M3MEHEHUE: BJIOJb MOBEPXHOCTH SUYCHKH 0Opa-
3YIOTCSI KPYTOBBIE MOTOKH MOJIEKYJI HEMAaTHKa, YTO POpMUPYET CTPYKTYPY
TUNA YHOPSAJIOYEHHOTO CJIOS BPAIIAIOIIMXCS LHUIMHAPOB. JTO TaK Ha3bI-
Baemble IoMeHbl KanmyctuHa-Bunbsamca. 11X BO3HUKHOBEHHE 00YCIOBICHO
MPOSIBJICHUEM HMOHHOM MPOBOAVWMOCTH JKHJKOTO KPUCTAJLIA B JIEKTpUYE-
CckoM T1oJie. M3-3a U3MEHEHHUsI OpUEHTALlMU MOJICKYJ B IIpeAeax JOMEHa
OH BBICTYIIAET KaK HEOJHOPOIHOCTH €.

JlanbHeWnee MOBBIICHUE HANPSIKEHUE HAa STYEUKE MPUBOJIUT K pas-
PYIIECHUIO TOMEHOB, TMOSBJICHUIO XaOTUYECKUX TYpOYJICHTHBIX TOTOKOB B
CJI0€ HEMaTuhkKa. B pe3ynpTraTre TaKOro COCTOSIHUSL CTPYKTYPhI KHJIKOTO
KpPUCTAJJIa OH PACCEMBACT IMAJAIOIIMKA HAa HErO CBET PaBHOMEPHO BO BCE
cTOpoHbI. [103TOMY HaHHOE COCTOSIHME HEMAaTHKAa Ha3bIBAIOT JIMHAMUYE-
CKHUM PACCESTHUEM CBETA, IPU KOTOPOM PaACCESHUE MAAAIOIIETO CBETA MPO-
HCXOJIUT BO BCEX HAIPABJICHMSAX, UTO 00JIETYaeT BU3yadIbHOE HAOJIOICHUE
M3MEHEHHOI'O COCTOSIHUSA JKUIKOTO KpUCTAILIA.

[lepeunciieHHBIE CTPYKTYPHBIE COCTOSIHUS HEMATHKA B JJIEKTpUYE-
CKOM T10JIE MOTYT OBITh MCIIOJIB30BaHbl B OMTORJICKTPOHUKE: I OTOOpa-
YKEHUSI U XpaHeHUs HMHOOpMaIUM, MpeoOpa3oBaHusl CBETOBBIX MOTOKOB U

T.1.

Xonecmepuku. Cnenyer 3aMETUTh, YTO IIar XOJIECTEPUUECKOU CITH-
P YyBCTBUTEJICH K JJIEKTPUYECKOMY IIOJIK0, MATHUTHOMY IIOJIO, TEMIIE-
parype, XUMUYECKUM MPUMECSAM HA MOBEPXHOCTHU XOJIECTEPUKA, PaIHallU-
OHHOMY M3JIYYCHHUIO U T.J.. IIPU IIPUI0KEHUU, HAIIPUMED, IIECKTPUUECKOTO
MOJIA [IAr CIUPaAId YBEJIWYMBAETCA C POCTOM BeIWUYMHBI nous. [Ipu npu-
OJIMKEHUH K HEKOTOPOMY ITOPOTOBOMY 3HAUYEHHUIO AJIECKTPUYECKOIO MOJIS
(0OBIYHO ATO MOJIE IOCTUTAETCS TIPU HAMPSHKEHUU B HECKOJIBKO BOJIBT) IIar
XOJIECTEPUUECKON CIIUPAIN PE3KO YBEIUYUBATHCS, a IPU MOPOTOBOM IMOJIE
BEJIMUNHOUN
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E (10.3)

22 ) (4K Y2
SESsS

2p0 Ag

CIIMpalib BooOI1Ie pacupsamisieTcs. IIpu 3ToM X0JIeCTepUK NEePexXoauT B He-
MaTHK. 3JIECh Py — LIAr XOJECTEPUUECKOW CIIUPAIA B OTCYTCTBHE BO3IEH-
cTtBUs. Ero 0OBIYHO BBIOMpAIOT B 00JIACTH JUIMH BOJIH BUIUMOTO HM3JIy4e-

HUS W, CJIEJAOBATEIbHO, B JACCATKU Pa3 MEHBIIE TOIIIUHBI CIOS KUIKOTO
kpucramna. Ilostomy 3naueHue Ep OKasbBacTCsh OOBIYHO OOJIbIIC, YeM

noJje, Heooxoaumoe s rnepexoaa Openepuxca. [Ipu npunoKeHun dJIeK-
TPUYECKOTO MOJIsI, KOT/AA 1ar COUpajlyd P HE NPEBBIMIAET Py HA HECKOJIBKO
IPOLEHTOB: P <1.05py BEIWYMHY IIara MOXHO OLIEHWUTh, BOCIOJIb30BaB-
HIMCh CJICAYIOIUM aNPOKCUMAIMOHHBIM BBIPAKECHUEM

4
Ewuiﬁij. (10.4)
o 32\z E

B psae mpakTudyeckux 3ajad HEOOXOJUMO PaCCUUTATh BEIMUUHY TpeOye-
MOTO JJIEKTPHUYECKOTO TOJIsA, HEOOXOAUMOTO JIJIsl MOJYyUYEeHHsS] TpeOyemMoro
3HaueHus mara cnupanu. Obpaimienue Boipaxenus (10.4) otTHocuTeapHO E
JaeT 3aBUCUMOCTb:

Ez3.432-(£— J (10.5)
Ep 7 Po

B ciydae, xorna B pe3ynbTare AEUCTBUS SJICKTPUUECKOTO TOJIS IIar XoJie-
CTEPUYECKON CHUpaIM H3MEHSETCS OT JECATH TMPOIEHTOB U BBIIIE
(p>1.05-pg), T.e. BOIM3U KPUTUICCKOTO 3HAYCHHS DIICKTPUICCKOTO TIOJIS

Ep, 3aBUCUMOCTD Iara CIIMpaJIrd pP OT IPUIOKCHHOI'O JJICKTPHUYICCKOI'O

nojia E oka3wIBaeTcsa pCBKOﬁ N OIIUCBIBACTCA C ITIOMOIIBIO BBIPAKCHU A

p 4 4Ep

~
~

oo 2In ——

(10.6)

Jlns pereHust 3a/1ad 3a4acTyr0 HEOOXOIUMO HAWTH BEIMYUHY TPUKIIAIbI-
BAEMOI0 3JIEKTPUUYECKOTO TOJS MO0 U3BECTHOMY 3HAYECHUIO P, YTO MOXKHO
caenaTth mpeodpazoBanueM BoipaxkeHus (10.6), BeIpa3uB E kak (QYHKIIUIO
oT p:
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4
Ez 1_Eexp%

(10.7)

Ecnu mponomkaTe yBEIMYMBATH HANPSIKEHUE HA TUIEHKE XOJIECTEPH-
Ka BBIIIC 3HAYCHUS, 33/IAf0LICTO KPUTHIECKOE Mojie Ey, TO panee MOXKHO

00OHAPYXHUTh T€ K€ CTPYKTYpPHBIC IpeoOpa3oBaHUs, O KOTOPHIX T'OBOPH-
JOCh Tpu OOCYXKICHWM CBOWMCTB HeMmaTuhka: jJgoMeHbl KamycTruHa-
Buneamca, nuHamudeckoe paccesiuie cBera. OQHAKO MOBEJICHUE XOJIECTE-
pHUKA B DJIEKTPUUYECKUX MOJISIX 3HAYMTEIIBHO CIIOKHEE HeMmaThka. Tak, 1u-
HAMHYECKOEe paccesHue oOnaaaeT d3PpdhexkToM nmaMsaTh: pacCerBaroIlee Co-
CTOSIHAE XOJIECTEPHKA, BOSHUKILIEE B PE3YIHTATE HAJIOKEHUS TOJIsA, COXpa-
HSIETCSl B TEUEHUE JJIMTEILHOTO BPEMEHHM IOCiE CHATUS mosi. Bpems ma-
MSITH, T.€. COXPAHEHHSI PACCEHUBAIOIIETO COCTOSIHHS, 3aBUCUT OT CBOWCTB
KOHKPETHOT'0 XO0JIECTEPUKA U MOXKET KOJIe0aThCsl OT MUHYT 10 HECKOJIBKUX
ner. HamokeHrne mepeMeHHOro 3JEKTPUYECKOTrO IOJIsi BO3BpAllaeT XOJie-
CTEpPUK B UCXOJHOE COCTOSTHHUE.

OnTnyeckme cBOMCTBA XUAOKUX KpUCTansos

JIns moOHMMAaHUS TIPUHIIMIIOB Pa0OThI ONTHYECKUX KUIKOKPHUCTAII-
JUYECKUX YE€EK HEOOXOMMO BCIIOMHUTH pa3/iell ONTHKU, B KOTOPOM pac-
CMaTpPUBAIOTCSI OCOOEHHOCTH TPOXOXKJICHUS Yepe3 ONTHUYECKH AKTUBHBIN
KPUCTAIUT JIMHEWHO TMOJIIPU30BAHHOTO M3JIYyYECHUS C 3aJaHHOM OPUEHTAIU-
€l MOoJISIpU3allii U HaMNpPaBICHUEM PACIPOCTPAHCHUSI U3JIYUYECHUS OTHOCH-
TEJIbHO ONTUYECKOW OCH KPHUCTAJUIA.

Hemamuxu. HemaTuk sABIAE€TCA ONTUYECKU OJHOOCHBIM KpPUCTAJI-
JIOM, OINTUYECKAasl OChb KOTOPOrO COBNAMAET C HAIPABICHUEM IUPEKTOPA.
[ToaToOMy omnTHYeCKHE CBOMCTBA IUIAHAPHOW U TOMEOTPOIHOU CTPYKTYP
pa3nuyHble. B s4yeiike ¢ TOMEOTPOITHOM CTPYKTYPOM CBET PacCIpOCTpaHs-
€TCsl BAOJIb ONITHYECKOI OCHU (BAOJb TUPEKTOPA), IOATOMY, KaK BO BCAKOM
OHOOCHOM KpHCTaJIe, B O3TOM CJIy4ae OINTHUYECKUE XaPAKTEPUCTUKHU
AYEUKU HE 3aBUCAT OT Iojspusanuu csera. Ilpu majgeHun ke cBera Ha
AYEUKY C TJIAHAPHOU CTPYKTYPOU MPOXOKIEHUE CBETA CKBO3b HEE 3ABUCUT
OT MOJISIpU3alMU NAJAIOLIEro CBeTa: 0€3 M3MEHEHHUs MOJISIpU3aluyd B HEH
pacpoCTPaHAETCA TOIBKO CBET, BEKTOP AJIEKTPUYECKOM MHIYKLIUU B KO-
TOPOM IEPIEHIUKYIISPEH JUPEKTOPY.
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Hcnonp3ys NOJSIpOUIHBIE IJIEHKH, HAHECEHHBIE HA OIOPHBIE IIO-
BEPXHOCTH, MOKHO CJI€JIaTh TOMEOTPOIIHYIO CTPYKTYPY HEPO3PAYHOM IS
CBETA, CKPECTUB BEPXHUM W HUWKHUW TOJSIPOUIBI B ONTUYECKON SYECHKE
(puc. 4). IInanapHas cTpyKkTypa Ipu TaKOM K€ MOJIOKEHUU MOJISIPOUIOB
IIPOIYCKAET CBET, €CIIM OPUEHTALMS IOJIPOMJIa HE COBNAJLACT C HAIPAB-
aeHueM aupekropa. Orcroja cieayer IPUHLMI, Ha OCHOBE KOTOPOIO C
MOMOIIBIO KUJKOKPUCTANIMYECKOW SIUEMKH MOYXHO OTOOpa)xaTb HHQOP-
MALMI0 — MMYTEM MPUKIIAIBIBAEMOT0 HANPSKECHUS NIEPEBOAUTH TUIAHAPHYIO
TEKCTYpY B TOMEOTPOINHYIO U 00paTHO. B miianapHo#l TeKCType HampaBJie-
HUE€ pacHpOCTPAHEHUs CBETA NEPHEHAUKYIIAPHO onThdeckor ocu. [Toaro-
My IIOKa3aTeNb MPEIOMIIEHUS CBETA PA3JIUYEH IS CBETA, INIOCKOCTD IMOJI-
pU3alMU KOTOPOrO NMEPIEHANKYIISIPHA HAPABICHUIO TUPEKTOPA B CIIOE, U
CBETA, MOJSpU3alUsd KOTOPOTO COAEPKUT 3TO HAIPABJICHUE. JHAK ONTHYE-
CKOW aHU30TPOMUU MOXKET OBITh KaK MOJOKUTEIbHBIM, TAK U OTPULIATENb-
HeIiM. B Hematuke ¢ Ae < 0 (a3oBas CKOpOCTh CBETa, MOJISTPU30BAHHOTO
NEPHEHAUKYIISIPHO HAMPABICHUIO TUPEKTOPA, OKA3BIBAETCS MEHbIIE (a3o-
BOW CKOPOCTH CBETA, MOJSPU30BAHHOTO B HaIpaBieHuu qupekropa. [lepe-
xox1 dpenepukca, B KOTOPOM IIPU OTCYTCTBUU MO HEMATHK ¢ Ag > 0, 00-
pa3yeT IUIaHAPHYIO TEKCTYPYy, @ IPU HAJOKEHUH MOJIA MNEPEXOIUT B TO-
MEOTPOITHYIO, PUHSITO HA3BIBaTh S-3PHEKTOM.

B B-a3¢dexTe B kauecTBe MCXOJHON OPUEHTALIUHU UCIOJIB3YETCS TO-
MEOTpOIIHAs, a IOJIE MEPEBOJUT €€ B IulaHapHyro. [[ns sToro tpebyercs
HEMAaTHK C OTPULIATEIIbHON quAJIeKTpuueckor annzorponuent Ae<0. s 7-
s dexTa ucxoaHasa TUIAHApHAS CTPYKTypa OepeTcsl 3aKpydeHHOU (OpHeH-
TaIMs MOJIEKYJI HA OXHOI MOBEPXHOCTH cocTtapisieT yroi 90° oTHOCHTEb-
HOUl OpUEHTAlMK Ha JPYrod B IJIOCKOCTU OMOPHOM moBepxHOCTH). [Ipu-
JIO’)KEHHOE T0JIe, KaKk M B ciydae S-d¢dekTa, MepeBOJUT IUIaHAPHYIO
CTPYKTYPY B TOMEOTPOIHYIO. B 3TOM cityyae MCIONB3YIOTCSI HEMATHKH C
MOJIOKUTENBHOM aHn3oTponueit Ag > 0.

Xonecmepuku. OTOT THUI KUJIKUX KPUCTAUIOB XapPaKTEPU3YETCs
CIIMPAJIbHBIM NTOBEICHUEM NUPEKTOPA BIOJb TOIIIUHBI CIIOSI XOJIECTEPUKA.
Ho ¢ uameHeHnemM HanpaBiIeHHS JUPEKTOPA UBMEHSAETCS TUAIICKTPUUECKAs
IpoHULIaeMOoCTh. 11oaTOMY, IO TONIIMHE KpUCTAIIIA 3HAYCHUE TUIICKTPHU-
YECKOM MPOHUIIAEMOCTH MEPHUOIUUECKU U3MEHSAETCS OT & — AUDJIEKTpUYe-
CKasi MTPOHUIIAEMOCTh KUJKOT0 KPHCTaIa, KOT/Ia MOJApU3aLHsl CBETA Ma-
pajuieNbHa JUPEKTOPY, IO & | — AUBJIEKTPUYECKAs] POHUIAEMOCTD KUJIKO-

ro KpUCTaJlla, KOrJaa NoJIsIpu3alns CBETa NEPICHAUKYIISIPHA TUPEKTOPY. B
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XOJIECTEPUKE MEPUOJOM CIIYKUT HE LIAr CIHUPaIU Pg, HA KOTOPOM JUPEK-
TOp cOBepIIAeT 000poT Ha 277, a Pg/2, TAK KAK OPUEHTALMHU JUPEKTOpPA N

M —N DKBUBAIEHTHBI, U MEPUOJ JTUIIEKTPUUYECKHX CBONCTB XOJECTEpHKA
OKAa3bIBAETCs BIBOE MEHBIIIE, YEM PACCTOSTHUE, HA KOTOPOM JUPEKTOP CO-
BEpIAeT MOJHBINA 000poT. [103TOMY OKa3bIBA€TCSI, YTO JUDIICKTPUUECKUE
CBOWCTBA XOJIECTEPUKA NEPUOJIUYHBIE BIOJIb XOJIECTEPUUECKON CIIUPA C
nepuogom d = pg/2. Ilo 37O nprYMHE ONTUYECKUE CBOWCTBA XOJECTEPH-
Ka B YKa3aHHOM HampaBJICHUU MOXKHO IMPEICTABUTH KaK PE3yIbTaT IEUCT-
BUSl YEPEAYIOUIMXCS CIOEB JIBYX THUIOB C PA3JWYHBIMU 3HAYCHUSIMU JU-
3JIEKTPUYECKON IIPOHULIAEMOCTH: & U & .

Ecnu Ha Takyro CTpyKTypy NOJ ONPEAEICHHBIM YIJIOM HaJeHUs Ma-
JaeT OenbIi CBET (T.€. M3JIyYEHUE C IUPOKUM AUANa30HOM 3HAYCHUMN JIJTUH
BOJIH), TO B OTPAXKEHHOM CBETE OyJeT MMeTh Nu(Ppakiys, MoTydyeHHas: OT
ONTUYECKOT0 M3Ty4YEHUS TOJIBKO OJIHOW JUIMHBI BOJHBI A U3 BceX. BHemHe
3TO OYyJIEeT BBHITJIAIETh KaK OKpac CJIOS XOJECTEPHUKA B IIBET AJIUHON A. Yc-
JOBUS TU(pakiu O€JIOro CBeTa Ha XOJECTEPUKE aHATIOTUYHBI YCIOBUSIM
HAOJIOZICHUSI XOPOIIO M3BECTHOM B KJIACCHYECKOW OMTHKE Mudpakiuu
Bynbsda-bpoarra:

) mA
2sing = —2, (12.8)
d
riae 6 - yroy majgeHus OEJIOro CBeTa Ha MOBEPXHOCTh IJICHKH XOJie-

CTEpUKA, OTCUUTHIBAEMBIM OT IMOBEPXHOCTH; M- LEJIO0E YHUCIO, MOKA3bI-
BarolIee MOPAIOK AUPPAKUUU; A- JJIMHA BOJIHBI JU(PParupoBaHHOTO CBE-
Ta; d- TOJIIMHA OJHOIO CJOS IUICHKH, COCTABJICHHOM W3 MHOI'MX CIJIOEB.
Jlns xonecrepukoB d = p/2. B onTuyeckux sueiikax oObIYHO MCIOJIb3YET-
csi u(paKkIMOHHOE OTpa)XeHue Nnpu 6 = /2, 4TO COOTBETCTBYET PacCHpo-
CTPAHEHUIO OTPAXKEHHOT'O CBETA B HANPABJICHUU, NEPIEHAUKYIAPHOM I1a-
JNAOLIEMY.

[ITar cnupanu xoaecTepruKa YyBCTBUTEIIEH K BHEIIIHUM BO3/ICHCTBUSIM.
Ero nerko m3MeHHWTbh, HarpeBas XOJIECTEPUK, MTOMENAst B AIIEKTPUUECKOE
WJIM MarHuTHOE 1oJe U T.4. OTCroJa ClIeAyeT OAUH U3 MPUHIUIIOB UCIIOb-
30BaHUS XOJECTEPUUYECKUX KPUCTAJUIOB B OINTOXJIEKTPOHUKE: IIJIABHOE U3-
MEHEHHUE B IIUPOKUX MPEAEax [BETA ONTUYECKON SUEHKU IPU U3MEHECHUU
BEJIMYMHBI BHEITHETO BO3JCUCTBUA.
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19.2. MIPUMEPbLI PELUEHUA 3A0AY MO OMNPEAEJNEHUIO
NAPAMETPOB XUOKOKPUCTAJUNTMYECKUX NMPUBOPOB

3aodaua 1. Onpenenuts BEIMYMHY MUHAMAJIBHOTO HANPSKEHUS, KO-
TOpO€ HEOOXOAMMO TPHUIOKUTH K CJIOK HEMAaTHKa JJis MOJy4YeHHS IMepe-
xona dpenepukca B HEM, €CJIM U3BECTHO, YTO BEJIMYMHA ONTHUYECKOW aHU-

30Tponuu Ag =4.2, a MoayJb yrpyroctu K =1.7 .107° JIVH.

Pewenue. J1ns peuieHust 5TOM  3a7la4yd BOCTIIOJIB3YEMCS  BbIPpAXKe-
Huem (10.1)

12
Ve = 75(%) .
Ag

bynem pemars 3agauy B cucteMe CI'CE, a momy4eHHbIN pe3yabTaT nepe-
BengeM B cuctemy CHU. IloacraHoBKa B JAHHOE BBIPAKEHHE YHMCIECHHBIX
3HAYCHUW MapaMeTpoB KUJKOIO KpUCTaula JAeT BEJIMYMHY HAIPKECHUS
nepexona Openepukca:

)
4.3.14-1.7-10 _314 21-4.10—6 _

Ve = 3.14\/
4.2 4.2

—3.14+/5.1-10 3 ~7.1.10"2 ed. CICE.

g nepeona equnani; CI'CE B cuctemy CU Bocmonb3yemcs MEpeBOIHBIM

ko3 urmentom: 1 B ~3-10"3 ed. CICE. [ToaTOMy OKOHYATENBLHOE 3HA-
YEHUE KPUTUYECKOTO 3HAYCHUS HANPSKECHUs, HAUMHAsA C KOTOPOro COBEP-

mraetcst nepexoq Opeaepukca, paBHO okoio 2.4 B.

3aoaua 2. Onpenenvuth BEIUYUHY BJICKTPUUECKOW KOTEPEHTHOU
JUTMHBI B HEMAaTHYECKOM KUJKOM KpucTtasie MBBA, umeroriero 3HaueHus
TUAJIEKTPUYECKOW MPOHUIIAEMOCTH TMEPNEHAUKYJISIPHO W MapaJIeIbHO

JUIMHHOM ocu €| =5.4, g =4.7 COOTBETCTBEHHO, KO3((DUIIMEHT yIpyTO-

et K =5-107° OUH, €CIIM K HEMATUKY IPUI0XKEHO IIEKTPUUYECKOE I10JIE
BeJMunHON E =3-101 ed. CICE .

Pewienue. [Ins peiieHust 3TOM 3a7auvl BOCMOJIb3YyEMCS BBIPAXKECHUEM

(10.2)
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1(4%)]/2
A==
E\ Ag

[TomcraBuM B 3TO BBIPAKEHHUE YMCIICHHBIE 3HAYCHUS IAPAMETPOB JKUIKOTO
KPUCTAIJIAa U BEJIUYMHY MPUIIOKEHHOTO 3JIEKTPUYECKOTO IOJsA, TOTAA IMO-
Jy4YUM:

~3.2.107% cm.

1 J4-3.14-5-1o—6 9.5.10°3
A _

3.101 0.7 3.101
Takum 00pa3om, OTBET Ha MOCTABJICHHBIA BOMPOC TAKOB: MPH 3aaH-
HOM DJJIEKTPUUYECKOM II0JI€ B HEMAaTUYECKOM >KHAKOM Kpuctaiuie MBBA
DJIEKTPUYECKasi KOTEPEHTHAs [UTMHA paBHA 3.2 MKM.

3aoaua 3. OnpenenuTh BEIUYUHY JIEKTPUYECKOTO IOJIS, IPU KOTO-
POM pachpsMIISIETCA XOJECTEPUUECKas Cupaib KUAKOTO0 KPUCTAJUIA, €ClIU
U3BECTHO, YTO BEJIMYMHA ONTHYECKOW aHU30TPONUU Ag = 4.2, mar XoJie-
CTEPUYECKON CHUpPaJIM B OTCYTCTBUHU DJIEKTPUUYECKOTO TOJISI COCTABJISII

Po =0.50 MKM, a MOAYyJb YIIPYTOCTH paBEH K = 1.7-107° qum.

Pewenue. J1ns peuieHust 5TOM  3a71a4M BOCIIOJIb3YEMCST BBIPAXKECHU-
eMm (10.3)

2 (47K W2
Ep=|— -(” j .

2p0 Ag

Pewras 3amauy B cucreme CI'CE, BbIpa3uM mar XoJeCTEPUYECKON CIMpain
B CAaHTUMETpPAX:

po =0.50-10"% =5.10"cm.

[TogcTaBMM B UCXOAHOE BblpaXXeHuUe napameTpbl xone-
CTepuKa, 1Torga rnonyydynm:

10
2.5.107°

IlepeBenemM noJrydeHHblil pe3yjabTat B cucremy CHU, pa3nesnns ero Ha

Ep ~ .J/5.1-10°2 =2.4.10% ed. CICE.

nepeBoaHou Ko3pPpuuuenr 3- 1073, B uTOre OTBET HA MOCTABJIEHHBIIi
BONPOC OyAeT 3ByUYaTh TAK: BEJIMYUHA PACTIPAMJISIIOIIEr0 X0JeCTepH-

YEeCKYI0 CITUPAJIb dJIEKTPUYECKOIo 1oJis paBHa 8- 10* B/cm.
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3aoaua 4. Onpenenuth BEIUYUHY DIEKTPUUYECKOTO IOJsA, KOTOPOE
HEOOXOMMO MPUIIOKUTHh K XOJIECTEPUUECKOMY KUJIKOMY KPUCTAILTY JUIs
TOTO, YTOOBI NIPHU MEPICHANKYJISIPHOM MaJCHUN OEJIOro CBeTa B OTPa’KEH-
HOM CBETE M3TOTOBJIEHHAs M3 HETO IJIEHKA CMEHWJIA CBOM I[BET C JKEIJITOTO
Ha KpacHbId. CUMTaTh, YTO BEJIMYMHA ONTUYECKOW aHU30TPONUU KPUCTAJI-

Ja Ag =4.2, a MOAYJIb YIIPYTOCTH paBeH K =1.7 .107° JIUH.

Pewenue. Kak ykazaHo B TEOPETMYECKOM YAaCTH JTAHHOIO pasiena
Oenblil cBeT AudparupyeT Ha MHOTHUX CJIOSX, 0Opa30BaHHBIX MHapaslicib-
HOU W NEPHEHINKYJIAPHOU OPUEHTALUEN TUPEKTOPA, U IMOTOMY IIPU NIEp-
MECHIUKYJISIPHOM TaJIEHUM CBETA TUJICHKA MPUOOPETAET LBET, JIMHA BOJIHBI
KoTOoporo yaosietrBopsieT ycioButo (10.8) npu 6 =x/2. CaenoBaTeiabHo,
JlaHHas 3aj7laya HampaBJieHa Ha OMPEIECICHHE IIara X0JeCTEPUIECKON CITH-
palii Ipyu AEMCTBUM BHEIIHETO JNEKTPUUYECKOTO noJist. 110 ycnoBuro 3anaun
VU3MEHEHHE 11ara CMpajii COOTBETCTBYET YCIOBUIO P >1.05 - pg. [ToaTomy

JUIsl pEIIEHUs BOCTIONIb3yeMcsl Bhipaxenuem (10.7):

4
Ez 1_}.exp ﬂ ,

2
rae Ep- anexTpuyueckoe moje, NOTHOCTBIO PACHpAMIIIONIee CIUpalb XO-
JICCTCPHUKA. B JAaHHOM BBIPAKCHHUH U3BCCTHBI BCC IIAPaMCTPhI, BXOIAIINUC B
€ro MmpaByIoO 4acTh: Pg = 0.55 MKM, 9TO COOTBETCTBYET JKEJITOMY LIBETY, U

p =0.64 MKM COOTBETCTBYET KpacHOMY LBeTy. lloacraBnsasa 3HaueHus wa-
ra Cupaliv 10 ACUCTBUSA MOJIS U NPU €r0 HAUTUYUH, TTOTYIUM

E 1 4.0.55 1 2.2 1 -
S a l-Teexp| 22 = 1-Teexp| S5 = 1-Z . exp 0.34 ~
Ep \/ 2 Xp(10-0.64) \/ 2 Xp(6.4j \/ 5 P 034

N 1_%.1_4 - /0.3 ~0.55.

B3sB u3 HpEI[LI}]yHIeﬁ 3a/1aY¥ SBHAYCHUEC KPUTHYICCKOI'O 3JICKTPHUYIC-

CKOro noJist E, ~8 .10% B/ CM, HalIeM TpedyeMoe JJIeKTPUuUYecKoe 1o-

Je:

E ~0.55-E, —0.55.8-10%* = 4.4-10% B/cm.

Takum 00pa3oM, OTBET Ha MOCTABJICHHBINA B 3aj]1aue BONPOC OyJIeT Ta-
KOB: JIJIT U3MEHEHHMS 1BETA TUICHKH XOJIECTEPHKA OT KEITOTO 10 KPACHOTO

106



HEOOXOJMMO TEPHEHIUKYISIPHO €€ MOBEPXHOCTH MPHUIOKHUTH AJICKTpUYE-
CKO€ II0JIE BEJIUUYNHOU 4.4.10% Blcm.

10.3. BAPUAHTbI 3A0AHUA NO OMPEOEJIEHUIO
NAPAMETPOB XUOKOKPUCTAJNIMMECKUX MNMPUBOPOB
K KOHTPOJIbHOU PABOTE Ne 2

1. OnpenenauTs BEIMYUHY MUHUMAJIBLHOTO HAMPSDKEHUS, KOTOPOE HEOO-
XOAUMO MPUIONKUTH K clor0 HemaTtuka MBBA nia nonydenus nepe-
xona dpeneprukca B HEM, €CIIM U3BECTHO, YTO BEJIMYUHBI TUIIEKTPU-
YECKOM NPOHUILIAEMOCTH JTOr0 BELIECTBA BJOJb OCU MOJIEKYJIBI U

NEPIEHAUKYJSIPHO €A Opu  TeMImeparype 229 C paBHBI
g =4.7, £, =54, COOTBETICTBEHHO, a MOAYyJIb  YIPYIOCTH

K =5.0.10"° JIUH.

2. OnpenenuTs BEIWYNHY MUHAUMAIBHOTO HAIPSDHKEHHS, KOTOPOE HE0O0-
XOAUMO TPUJIOKHUTh K CIIOK0 HemaTuka Mapku [TAA mis monydeHus
nepexona Openepukca B HEM, €CIA U3BECTHO, YTO BEIMYUHBI IU-
AJIEKTPUYECKOW MPOHULIAEMOCTH 3TOTO BELIECTBA BIOJIb OCH MOJIEKY-

Jbl W TEPHEHIUKYISAPHO €M IIpU TEMIIEpAType 120° C paBHBI
g =45 &, =4.8, COOTBETCTBEHHO, a MOAYyJIb  YIPYIOCTH

K=93-10"" JIHH.

3. OmpenenuTh BEIWYNHY MUHUMAIBHOTO HAIPSHKEHHS, KOTOpOE HE0O-
XOOUMO IMPUIIOKUTH K CJIOI0 HEMAaTHKa U IOJIYYEHUs IIEpexoa
Openeprukca B HEM, €CJIA U3BECTHO, YTO BEIIMYMHBI JTUIJICKTPUUECKON
IIPOHUIIAEMOCTH ATOr'0 BEILIECTBA BAOJIb OCU MOJIEKYJIBI U MEPIIEHIU-

KYJISIPDHO €U IpU TeMIIEpaType 279 C paBHEBI g =3.4, ¢ =4.9, co-

OTBETCTBEHHO, 2 MOAYJIb yrpyroctu K =7.8- 10~ uH.

4. OnpenenuTh BEIUYMHY MOJIYJIS YIPYTOCTH HEMAaTHKa, €CIIU U3BECT-
HO, YTO BEJIMYUHBI IUIEKTPUIECKON POHULIAEMOCTH ITOI'0 BELIECT-
Ba BJOJIb OCU MOJIEKYJIbl U NEPIEHAUKYISIPHO €U IIpU TeMIeparype

1439 C paBHBI g =5.7, €| =3.4, COOTBETCTBEHHO, a HANPSKECHUE

nepexona Openepukca B HEM cocTaBisaeT 1.4 B.

5. Kakyro onthueckyr sSUeiKy Ha OCHOBE IUICHKM HeMatnka MBBA
HEOOXOIMMO HMCIIOJB30BaTh ISl CO3JaHUs 3aTBOpPA ONTHUYECKOTrO U3-
nydeHus: Ha sddexkte Dpeaepukca, €CIM U3BECTHO, YTO MapaMeTPhl
BEIIECTBA TAKOBBI: BEJIMYMHBI JIUJICKTPUYECKON MPOHUIIAEMOCTH
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ATOrO BEILIECTBA BIOJb OCA MOJICKYJIbl U IIEPHEHAUKYIISIPHO €1 PABHBI
g =4.7, £, =54, COOTBETICTBEHHO, a MOAYyJIb  YIPYIOCTH

K=5.0-10"° muH. OnuimuTe KOHCTPYKIMIO (TJIaHApHAs WM TOMEO-
TPOMHAsA TOIIOJIOTUS, €CTh JIU MOJAPU3ATOPHI U OTPAKAIOIIME IUIEHKH,
UX PACIOJIOKEHUE) U pabOTy ATOM STUEHKHU.

Kakyio onTudeckyro siueiKy Ha OCHOBE IUICHKM HEMaThkKa HEo0Xo-
JMMO MCIIOJIb30BaTh ISl CO3JaHUs YCTPOMCTBA OTOOpa)KCHUs WH-
dbopmanmm Ha 3ddexte Dpeaepukca, €Ciau H3BECTHO, YTO MMaApaMETPhI
BEIIECTBA TAKOBBI: BEJIWYMHBI AUAJICKTPUYECKOW IPOHULIAEMOCTH
ATOr0 BELIECTBA BAOJIb OCH MOJIEKYJIBI U NIEPIIEHAUKYIJISIPHO €1 PABHBI
g =57, ¢, =44, COOTBETCTBEHHO, a MOZYJIb YIIPYTOCTH
K=73-10"" quH. OnummMTe KOHCTPYKLMIO (IJIaHApHAs WJIM TOMEO-
TPOMHAsA TOIOJIOTHUS, €CTh JIU MOJAPU3ATOPHI U OTPAXKAIOLINE TUICHKU,
UX PACIIOJIOKEHHE) U PA0OTY ATOM SUCHKHU.

OnpenenuTth BEIUYUHY AIEKTPUUYECKOW KOTEPEHTHOM JJIMHBI B HE-

MAaTHUYCCKOM KHUIAKOM KPHUCTAJLIC, UMCIOIICM 3HAUCHUA TUIJICKTPHUYC-
CKOM IMPOHUIACMOCTHU IICPIICHAUKYJIPHO W ITAPpAJIJICIIBHO I[J'IHHHOﬁ

ocu & =4.4, g =4.7, kodpdumeHT ynpyroctu K =3.1-107° oun,
eCIM K HEMaTUKYy TMPUIIOKEHO DJJICKTPUUECKOE II0JI€ BEITUYUHOM

E=2.8-10! ed. CICE.

OHpeIleJII/ITB B CI/I BCJ'II/ILII/IHy HpI/IJ'IO)KCHHOFO 3H€KTpH‘IeCKOl"O I10J141
K IINICHKC HEMATHYCCKOI'O KHUAKOI'O KpI/ICTaJ'IJ'Ia, HMMCHOIICM 3HAYCHUS
I[I/IBJICKTpHIIeCKOﬁ HpOHI/IHaeMOCTI/I HGpHCHI{I/IKy.TIHpHO n Hapaﬂﬂeﬂb-

HO JUIMHHOM ocu ¢ =4.4, g =4.7, xK03(PUIMEHT yHOpyroctu
K=3.1-10"° OUH , €CIIU B 3TOM ClIydae JJECKTPUUYECKass KOMepEHTHas

COCTaBIISIET 5.7 MKM.
OnpenenuTh BEIMYMHY aHU30TPOIHUH JUAIEKTPUUECKON MpOHUIAe-
MOCTH HEMaTHYECKOIr0 XHUIKOr0 KpUcTalia, UMEIIeM Kodpuiu-

C€HT ynpyroctu K = 4.3-1077 OUH, €CIIU TIPU NPUIIOKEHUU DIEKTPHU-
4eCKOro TOJIs BeTH4nHON E =2.8-101 ed. CICE DJIEKTPUYECKas KO-
FepeHTHas JJIMHA B ’TOM HEMATHUKE COCTaBIIIET 6.8 MKM.

10. OnpenenuTh BeTUYUHY aHU30TPOIHH JAUAJICKTPUUECKON MPOHUIIAE-

MOCTH HEMaTHYECKOIr0 XHUIKOr0 KpUcTalia, UMEIIeM Kodpuiiu-
C€HT ynpyroctu K = 2.3.107° OUH, €CTU TIPU NPUIO0KEHUU DIEKTPHU-
YECKOTO HAIPSHXKEHUS BEIWYMHOW V =2.8 B K IUIEHKE TOJIIMHOU
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d =10 mMKM DIIEKTpUYECKasi KOIepEHTHas JUIMHA B OTOM HEMAaTHKE

COCTaBJIAET 7.9 MKM.

11. OnpenenuTes BEIMYUHY SJICKTPUYECKOTO MOJIsSI, MPU KOTOPOM pac-
NPSIMIIAETCA XOJIECTEPUUECKAs CHUpalb XUIKOrO KpUCTalila, €CIIU
U3BECTHO, YTO BEJIMYHMHA €T0 ONTUYECKOM aHU30TPONUU Ag = 3.1, mar
XOJIECTEPUYECKOU CIUPAIIA B OTCYTCTBHM DJIEKTPUUECKOTO MO CO-
craBlsieT pPg=045 MKM, a MOAYJbL  YyIPYrOCTH  paBeH

K=9.4-10"" IOHUH.
12. Onpeaenuth mar xoJIECTEPUYECKOM CIUpaiu p TpPH JEHCTBUM Ha

IUICHKY XOJIECTEpPHUKA DIIEKTPUUYECKOro oyt E =3-10° ed. CICE,
€CJIM MU3BECTHO, YTO BEJIWYMHA €ro ONTUYECKOW aHU30TPOIUU
Ag =3.1, mwar XOJEeCTEPUUYECKON CHUPAIN B OTCYTCTBUHU DIICKTPUYE-
CKOI'0 MOy COCTaBJIsET Pg =0.45 MKM, MOAYJIb YIPYTOCTA paBEH

K =9.4-10"" aumn. Paccmartpusarh citydail CUJIBHBIX IOJIEH.

13. OnpeaenuTh BEJIUYMHY SJEKTPUUECKOTO MOJsl, MPU KOTOPOM pac-
IPSAMIIIETCS XOJeCTepUYecKas CHUPAIb JXKUAKOIO KpUCTajlla, €Clv
U3BECTHO, YTO BEJIWYMHA ONTHUYECKOW aHU30TpOnUMU Ag =1.9, wmar
XOJIECTEpUYECKON CIUpald B OTCYTCTBUM DIIEKTPUUECKOrO IO CO-
CrTaBlIslI  pg=0.42 MKM, a MOOyldb  YyHPYIOCTH  paBeH

K=6.4-10"° JIMH.
14. Onpenenuts mar XOJE€CTEPUUECKON CIUpaId P MpU JEUCTBUM Ha

IUICHKY XOJIECTEPUKA JJIEKTPUYECKOTro moid E = 2.7-10° ed. CICE,
€CJIM BEJIWYMHA ONTUYECKON aHU30TPONUH Ag = 3.1, mar XoJecTepu-
YECKOM CIHUPAIM B OTCYTCTBUHU JJIEKTPUYECKOTO IOJS COCTABJISET
pPo =0.45 MKM, MOAYJIL YIPYrocTH paBeH K =9.4~10_7I[I/IH. Pac-
CMaTPHUBATh CIIy4Yall CUIIbHBIX IOJIEH.

15. Onpenenuts BEIUUUHY JEKTPUIECKOTO OIS, KOTOPOE HEOOXO0IUMO
NPUJIOKUTh K XOJIECTEPHUYECKOMY KUIAKOMY KPHUCTALULy IJIs TOTO,
YTOOBI MPU MEPHEHIUKYISIPHOM MaJCHUN OEJIOr0 CBETa B OTPAXKEH-
HOM CBETE€ M3TrOTOBJICHHAS W3 HETO IUICHKA CMEHWJIA CBOW LIBET C CH-
Hero (muHa BoJHBL 0.40 MKM) B OTCYTCTBHUE DJIEKTPUUYECKOTO MOJIS

Ha KpacHbIN (JauHA BOJHBI 0.64 mkm). CuuTaTh, 4TO BEJIUYMHA OI-
TUYECKOM AHU30TPONUU KpHUCTALIA Ag =3.1, a MOIYJIb yIPYyrOCTH

paBeH K =6.4- 1070 qun. PaccmarpuBarte cityyald CUIIBHBIX ITOJIEN.
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16. OnpenenuTh Ha KaKyr BEJIMYMHY HEOOXOJUMO HU3MEHUThH TMPUIIO-
KEHHOE K IUJICHKE XOJIECTEPUKA IMOCTOSHHOE BJIEKTPUYECKOE IOJIE
JUIsl TOTO, YTOOBI MPU MEPNEHAUKYISIPHOM TaJeHUU OEoro CBETa B

OTpaX€HHOM CBETC M3IrOTOBJICHHASA M3 HETO IJICHKA C Py = 0.34 MKMm

CMEHMJIa CBOM IIBET C CMHEro (JyinHa BOJHBI 0.40 MKM) Ha KpaCHBIM

(nnmuHa BosiHbl 0.64 Mkm). CuuTarh, YTO BEIMYMHA ONTUYECKON aHU-
30TponnMu KpucTalula Ag=3.1, a MOAYIb YIPYIOCTH pPaBE€H

K =6.4-107° qun. PaccmarpuBarts cityyail CUIIBHBIX TTOJIEN.
17. OnpeaenuTh mar XoJIECTEPUUECKON crupaid p TMpy ACUCTBUM HA

INICHKY XOJIECTEPHUKA DJICKTPUYECKOro Mmojist E = 2.9-10° ed. CICE,
€CJIA BEJIMYMHA ONTUYECKOW aHU30TPOIIUU Ag = 2.7, IIar XOJECTEPHU-
YECKOW CHUPAIM B OTCYTCTBUU DJIIEKTPUYECKOrO IO COCTABJISCT
Po = 0.52 MKM, MOyJb YIIPYIroCcTH paBeH K =8.3 - 10~/ JUH.

18. Onpenenuts BEIUUMHY SJIEKTPUUECKOT0 MOJI, KOTOPOE HEOOXOAUMO
IIPUIIOKUTE K XOJIECTEPUUYECKOMY JKHUIKOMY KPHUCTAIULy IJIsI TOTO,
YTOOBI MIPU MEPINECHIUKYISIPHOM MaJeHUM OEJIOr0 CBETa B OTPAKEH-
HOM CBETE€ M3TrOTOBJICHHAS U3 HETrO IUIEHKA CMEHWJIA CBOM LBET C TO-

ny6oro (mrHa BOJNHBI 0.45 MKM) B OTCYTCTBHUE BJIEKTPUUECKOTO IO-

7 Ha 3eieHblid (ayuHa BoJIHBI 0.50 mkm). CuuTaTh, 4TO BEJIWYMHA
ONTUYECKOW AaHWU3O0TPOIUU KpUCTAIa Ag = 2.8, a MOAYJIb YIPYTOCTH
paBeH K =5.7 .107° JIVH.

19. OnpenenuTe Ha KaKyr BEJIWYUHY HEOOXOAUMO H3MEHUTH MPHUIIO-
JKEHHOE K IUUIEHKE XOJIECTEpPUKA MOCTOSHHOE JJIEKTPHUUYECKOE IT0JIE
JUIsl TOTO, YTOOBI MPU MEPHIEHAUKYISIPHOM MaJCHUU OEIOoro CBETa B

OTPaKEHHOM CBETC M3rOTOBJICHHAs U3 HETO IJIEHKAa C pg =0.25 MKM

CMEHWJIA CBOM LIBET € Toayooro (1ynmHa BoJIHbI 0.45 MKM ) Ha XKENThII
(nmuHa BonHBI 0.55 mkm). CunTaTh, YTO ONTHYECKYIO aHU30TPOIHUIO

Kpuctajuia Ag = 3.1, a MOAYJIb yIIpyroctu K = 6.4 - 107° JIUH.

20. OnpenenuTh Ha Kakyl BEIUYMHY HEOOXOAMMO W3MEHUTH MPUIIO-
KEHHOE K IUIEHKE XOJECTEPUKA MOCTOSIHHOE AJIEKTPUYECKOE MOJIE
IUTSl TOTO, YTOOBI MPHU MEPICHANKYJISIPHOM TNaJeHUU OeIoro cBeTa B

OTpa’X€HHOM CBETE MU3TOTOBJICHHAS M3 HETO INICHKA C Pg = 0.34 MKkm

CMEHIWJIa CBOM IBET C ¢uojeToBoro (aauHa BoiHBI 0.35 MKM) Ha

opaHXeBbIi (yHA BOJHBI 0.60 mMkm). CuuTarh, YTO ONTHYECKas
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aHU3O0TPOIIMA  KpUCTaLIa Ae =18, a MOAyJdb YIPYrOCTH
K=8.4-10"" IHUH.
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CITPABOYHBIE JJAHHBIE

IO ITOJYITPOBOJHUKOBBIM MATEPUAJIAM

IIPUJIOKEHHUE

[MapameTpbl MaTepuana ) ) Apcenun
Ne Kpemuuii Tepmanmii
rajms
1. | HOlupwuHa 3ampenieHHoN 30HbI IpH 1.12 0.66 14
T=300 K, »B
2. | Yucno atomos B 1 cm’ 5.10% 4.4-10% 2.2:10%
3. OTHOCHTENbHAS TUAIICKTPUIECKAs IIPOHUIIAEMOCTh 11.7 16.0 12.5
4. | CobcTBeHHas KOHIEHTpalms Hocutenen npu T=300 K, 1.4-10% 2.4-10% 1.4-10°
oM
5. | TlonBwxkHOCTh 351€eKTpOoHOB Npu T=300 K, 1450 3900 8000
eMi/M - ¢
6. | MomemkHOCTH MBIPOK mpi T=300 K, cM?/M - ¢ 480 1900 500
7. | Bpewmst KH3HH 3JIEKTPOHOB, C 107 10” 107
8. | Bpewms xu3HH ABIPOK, C 107 10° 10°®
9. | DddexruBHas Macca AmeKTpoHa, My 0.068
- TSDKEJIBIX DIIEKTPOHOB 0.97 1.58
- JIETKUX DJICKTPOHOB 0.19 0.082
10. | DddexTrBHAST Macca TBIPOK, My
- JIETKHX JBIPOK 0.16 0.04 0.12
- TSDKCIBIX JBIPOK 0.5 0.3 0.5
11. | Bpewms m3nmydatenbHOW peKOMOWHAIINH, C 1.54.10" 0.61 0.009
B COOCTBEHHOM IIOJYIIPOBOTHHKE
12. | CponcTBo K 21eKTpoHy, 3B 4.05 4.0 4.07
13. | Pa6ora BrIxona, 5B 4.8 4.4 4.7
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