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Teopernveckn u SKCIEPUMEHTATIBLHO IOKA3aHA BO3MOXKHOCTDH PE30HAHCHOTO OOPAIIEHNsT BOJIHOBOTO (OPOHTA

cBeTa B BO30YXKJIEHHON MOIYIIPOBOIHUKOBOH cpesie. Ha suurakcnanbubix miienkax ZnO mpu KOMHATHON TeM-

rmepaTrype u HAKadKe a30THBIM JIa3epPOM ODHAPYXKEHO WHIYIIMPOBAHHOE OOpAIleHHEe BOJIHOBOTO (DPOHTA CBETA

B MHMPAKPACHOI 00JIACTH CHEKTPa I SHEPTUH (DOTOHOB, PABHOI MOJIOBUHE SHEPTUU M3JIYIATETHHON PEKOM-

OMHAIMK TIOJISIPUTOHOB. VccaemoBaHbl 3aBUCUMOCTH MHTEHCUBHOCTH CUT'HAJIA OOpaIleHus BOJHOBOIO (DPOHTA

OT YHEPTHUH MATAIONET0 (POTOHA U MHTEHCUBHOCTH JIA3€PHOM HAKAYUKU.
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1. BBenenue. B 1no1yipoBoJHIKOBBIX MaTepuajiax
CYIIECTBYIOT JjI HEKOTOPBIX YACTOT PAJMO M OITUIE-
CKOI'0 JIualia30Ha cCOOCTBEHHbIE PE30HAHCHBIE KOJIEOaHMS
(rm1a3MOHBI, (POHOHBI, SKCUTOHBL U T.JI.), IPUBOISIINE K
PE30HAHCHOMY KOJIEOAHWIO MOJISAPU3AINN KPUCTAJIINYIE-
CKOM peIeTKN U BOSHUKHOBEHHUIO OCOOBIX COCTOSTHHUI Ma-
TepuaJia 1ol OOIUM Ha3BAHMEM — IOJISIPUTOHBI. Xapak-
Tep JUCIEPCUOHHBIX KPUBBIX YaCTOTAa~BOJHOBOI BEKTOD
JJTS 9TUX KBA3UIACTHI] JAET BHICOKYIO JIOKAJIBHYIO IIJIOT-
HOCTBb COCTOSIHUN B TOYKAaX C HYJIEBBIM BOJIHOBBIM BEK-
TOPOM [IJIsi PE3OHAHCHBIX YacTOT. VIMEHHO IOJISIPUTOHBI
00yCJIABJIMBAIOT TIEJIBIN PsiJ MHTEPECHBIX JJIsi ITPAKTHU-
YECKOI0 IIPUMEHEHSI CBOUCTB IIOJIyITPOBOJHUKOB, TAKIX
Kak KoMOuHarmoHHoe paccesiiue csera (KPC), ontuye-
CKOE€ TIOTJIOIIEHNE, JIIOMIUHECIIEHIIAST U PE30HAHCHOE 00-
pallleHne BOJHOBOrO GpoHTa cBeTa. B jgaHHOl pabore
MBI OyJIeM HCCJIeI0BaTh IKCUTOHHBIE COCTOSIHUS B IIIH-
POKO30HHOM MaTepuaJje — OKCHJIE IIMHKA, MMEIOIIe pe-
30HaHC B duosieroBoit obiactu crekrpa 380-400 um. B
9TOM IOJIYIIPOBOIHUKE SHEPIHS CBI3U SKCUTOHA, UMEET
PeKOpIHO BbICOKOe 3Havenue 60m3B [1], uro mossosis-
€T IIOJIy9aTh BBICOKUE IIJIOTHOCTH IAHHBIX [TOJIIPUTOHOB
[Ipu HeDOJIBIION MHTEHCUBHOCTH OINTHYECKON HAKAUKU
[IpU KOMHATHON Temreparype. st Apyrux coeiutHe-
uuil (nanpumep, GaN) Tpebyercs co3laHue KBAHTOBO-
Pa3MepHBIX CTPYKTYP, YTOOBI MIOJIYYUTH BHICOKHUE IILJIOT-
HOCTU SKCHUTOHOB B Pa3JIMYHBIX JIUAIIA30HAX CIIEKTPA.
ITpu sTOM CHIEKTpAIbHOE TIOJIOKEHNE SKCUTOHHBIX PE30-
HAHCOB MOXKHO MEHSITh HE TOJBKO XUMHYIECKAM COCTa-

De-mail: gran@iptm.ru

IIucema B 2KOTP Tom 118 Bpm.1-2 2023

23

BOM, HO M N€OMETPUYECKHM Pa3MEPOM KBAHTOBBIX sIM,
HUTel WM TOdYeK. Biaromaps BbICOKOM 3D hEKTUBHO-
CTH M3JIy4YaTebHON pekoMmOuHamnuu B 1eHkax ZnQO B
psijie paboT HADJIIOIAIACH CTUMYJINPOBAHHAST JIIOMITHEC-
neHIus B yubrpaduoserosoit obimactu 390-400 aM mpu
BO30Y2KJeHUU a30THBIM JiazepoM [2,3]. B arom ciayuae
[IPOUCXO/IUIIO YCUJIEHHE CBETA IIPHU U3JIy4YaTebHON pe-
KOMOWHAIINY SKCUTOHOB WJIH JIEKTPOH-IBIPOYIHOM TLI1a3-
Mol (DIII) B criibHO BO3OY2KIEHHOM OKCHJIE IIMHKA [IPU
MOIIIHOM JIa3€PHOM UMITYJIbCHOM BO30Y K IEHUH.

s Hac 0coOBIii MHTEpeC BBIZBIBAET TAKOEe HeJIH-
HellHOe sIBJIEHHWE, KaK ODOpalleHne BOJHOBOTO (hbpoHTa
(OB®) cBeroBoit BoHBEI B BO30YKJICHHOM cpeje [4-6].
[TockoJIbKY B 9TOM CJIy4ae MaJaiomas BOJIHA BCET A OT-
paxKaeTcst B CTpOro 0OpaTHOM HaIlPABJIEHUH, HE3ABUCH-
MO OT yIJIa MaJeHus Ha MOBEPXHOCTH 00pa3iia BOZHUKA~
€T BO3MOXKHOCTh CO3JaHUsI yCTPOMCTB & JIAlITUBHOI OII-
TUKY J1jIs (DOKYCUPOBKHU OOPAIIEHHON U yCUJIEHHOI BOJI-
HBI HA MOJCBEYEHHbIE OOBEKTHI. Takas cucreMa MOXKET
camonactpanBaTbcsd 1 OB® Moxker UCHpaB/IsTh MCKa-
JKEHUsl, BBI3BAHHBIE YCUJIMBAIOIIEH CPeJIOil Wiim onTude-
CKUMU 3JIEMEHTaMU B JIA3€PHOM pe3oHaTope. B mepBoix
srciepuMenTax [6] mo OB® ucrosb30BaI0Ch TPEXBOJI-
HOBOE CMeIlleHne B CpeJlaX C Kybudeckoill HeJIMHENWHO-
crbio (1) ¥ MOITHOCTH HAKAYKH JBYX BCTPEUHBIX BOJH
nopsaka 1.6 x 107 Br/cM?, a MOIIHOCTH OTPasKeHHOI
BOJIHBI COCTaBJIsLIa mpuMepHo 2 - 1072 or MomHOCTH
TpeTheil CUrHAIBLHON BOJIHBI (KOI(DMUIMEHT OTparKeHUsI
cpenpl). 13-3a aroro nepsoie 3epraia OB® umenu 6071b-
Mot 00beM, MaJIbIil KOIMDMUIMEHT OTpaxKeHusl U ObI-
JI He MPUMEHUMBI JjIsl JIOBOJIbHO MUHUATIOPHBIX I10-
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JIYIIPOBOJIHUKOBBIX Jia3epoB. B pabore [7] reopermye-
CKU U 9KCIIEPUMEHTAJIBHO [T0Ka3aHa BO3SMOXKHOCTh PE30-
naucHoro OB® B B0o30y»KJI€HHO! IOy TPOBOJHIUKOBOM
cpejsie. Ha sturakcnanbabix mwienkax ZnO mpu Hakadke
a30THBIM JIa3€POM OBLIO OOHAPYZKEHO OOPAIEHIE CBETA
JyIst SHeprun (POTOHOB, PABHOI ITOJIOBUHE SHEPTIUH U3JIY-
JaTeJIbHON PEKOMOMHAIINNA CBOOOIHBIX SKCUTOHOB. DbI-
JIO TIpeJIoKeHO oObsicHenue manuoro 3ddexra OBO:
KBa/I[pATUYHOE B3aMMOJIEHICTBHE CBETOBBIX M IKCUTOH-
HBIX 3JIEKTPOMATHUTHBLIX KOJIeOaHUil B BO3OYIKIEHHOI
HOJIyIPOBOIHUKOBOI cpene. Panee [8] Teopernuecku u
9KCIIEpUMEHTAJIbHO ObLiIa [T0Ka3aHa BO3MOYXKHOCTh HEPe-
30HAHCHOI'O OOpAIEHUsI CBETOBOTO BOJHOBOIO (DPOHTA
(OB®) B BO30Y2KIEHHON 110JIyIIPOBOJHUKOBOI cpejie —
Ha nopomke ZnO Opu KOMHATHOW TeMIIEpaType W Ha-
Ka4yKe UMILYJIbCHBIM a30THBIM Jia3epoM. Biiepsbie oOHa-
DPy?KeHO oOpallleHre CBeTa MPU CTYIEHIATOM BPEMEH-
HOM HU3MEHEHUH JINIJIEKTPUIECKON TPOHUIIAEMOCTH CPe-
Jbl BO BpeMms 1epexoia Morra. VccienoBanbl 3aBucu-
Moctu mHTeHcuBHOCTH curHaga OB® or yria ero pe-
ructparuu. [Ipenoxkeno obbsicuenne adbdekra: B3an-
MOJIEIiCTBIE CBETOBBIX U 3JIEKTPOH-BIPOYHBIX ILIa3MEH-
HBIX KOJIeDAHUIl B II0JIyIIPOBOJIHUKOBOI Cpeje BO Bpe-
Msl U3MEHEHUsI MOJIIPU3AIUHI OJIYIIPOBOIHUKOBOM Cpe-
JIbl TI0JT AefiCTBAeM MOIIHON ONTUYECKOl HAKAUYKU.

WHuTepecHo moapobHee uccienoBaTh 3MEdeKT pe3o-
nancHoro OB® npu HHTEHCUBHOM OIITUYIECKOM BO30Y K-
JIEHUU B IUIEHKAX OKCHJIA IIMHKA B 3aBUCUMOCTU OT WH-
TEHCUBHOCTH HaKadKu. IIpy 3TOM IIPOUCXOIUT MPOIECC
BCErO JINIIb ABYXBOJHOBOI'O CMEIIEHUsT 3JIEKTPOMATHAT-
HBIX KOJIe0aHMii, BEPOATHOCTH KOTOPOTO JOBOJIHHO BEJIU-
K& B HEIEHTPOCUMMETPHUYHBIX JIEKTPOOITUIECKHUX I10-
JIYIIPOBOJIHUKOBBIX MaTepuaJjiax TUIa OKCHJa IWHKa. B
9TOM CJIydYae [PU KOMHATHON TeMIIepaType IPOUCXO-
gur OB® Ha 1MOJISIPUTOHHOIN BOJIHE C HYJIEBBIM BOJIHO-
BBIM BEKTOPOM, OOYCJIOBJICHHOM 0Opa3oBaHueM CBOOOI-
HBIX 9KCUTOHOB myinm pekoMoOmHanumeit I/ B ToHKOM
cioe nopsaka 100 am. enapio mammHOM PabOTHI ABJISET-
cst mccaeoBanre 3hpdeKTOB PE30HAHCHOTO OOPAIEHUS
BOJIHOBOTO (DPOHTA CBETA HA IOJISIPUTOHAX PA3HOTO THU-
na B mieakax ZnO B 3aBUCUMOCTHU OT 3Hepruu (hbOTOHA
[AJAOIIETO CBETa, TUIIA IOJISIPUTOHA U OT MHTEHCUBHO-
cTU BO3OYKIAIONIEr0O yIbTPaduoJIeTOBOrO J1a3epa.

2. Teopus. Beipaxkenue mis nonsgpusanuu P mosry-
[IPOBOJIHUKOBOI CpeJbl IIPU BO3IEHCTBUU 3JIEKTPOMAr-
HUTHBIX Kojiebauuit F1 u Fo ¢ nByMsl pa3HbIMH YaCTO-
Tam# ) ¥ w MOYKHO 3allUCATh B TEH30pHOM BHjE [7]:

P = Xi;Ej + X5 B Be + X3 B Er By + ..., (1)

rje CyMMHPOBAHHUE B IIPABOl YaCTH UJET IO BCEM OJIU-
HakoBbIM mHzekcaM (j,k,1 = 1,2,3) mwin Tpem cocras-
JISIFOIIUM CyMMAaPHOTO 3JIGKTPHIECKOrO TI0JId, a X1, X2 U

X3 — JUHEHHAsS, KBaJAPATHIHAS U KyOWdIecKas OITHYIe-
CKasl BOCIPUUMYUBOCTD CPEJIBI, MIPEJICTABIISIIONIAs B 00~
IeM CJIy4ae TEeH30pa BTOPOIO, TPETHErO M YeTBEPTOrOo
panros, coorsercrBerHo. Ocranosumcs B (1) Gosee mo-
JPOOHO HA WIEHe ¢ KBAIPATUIHON ONTUIECKOI BOCIPH-
UMYHUBOCTHIO, XapaKTEPHOM JJisi KPUCTAJJIOB C OTCYT-
CTBHEM IIEHTPA CUMMETPUH B KPUCTAJLITICCKON PeIeT-
K€ ¥ OTBETCTBEHHOM 38 T€HEPAIIIO BTOPOi TADMOHUKH 1
9JIEKTPOONITUIECKOH 3 deKT B MaTepuasie (MMEIOIUM B
ZnO ¢ pemeTKoil reKCAroHaAJILHOIO BIOPITUTA 3HAUNTE b~
Hyto Besmauny [7]). s yuporueHus BBIKJIAJI0K HOJIO-
JKUM, 9TO BEKTOP moJistpusaiuu P u 06a 571eKTpruiecKnx
noyist B u Fo HampaBJjieHbl BJIOJIb OCH POCTa KPUCTAJI-
Jla, COBIaJaoIeil ¢ ochio Z mpocrpancTtBa. CBeroBas
BOJIHA JIBUZKETCS B HAIIPABJIECHUH OCH X W UMEET BUJL:
E5 = {E3 exp(—iwt + ikz) + E3; exp(iwt — ikz)}. Ilpu
9TOM BTOPOE 3JIEKTPOMATHUTHOE KOJIEOAHNE B TOJIYIIPO-
BOJIHUKE COOTBETCTBYET Ha KPUBOH JUCIEPCUH TOJISPHU-
TOHA TOYKE SKCUTOHA B COCTOSIHUU IOKOsl (BOJIHOBOI
Bekrop K = 0) u umeer By By = {Ejgexp(—iQdt) +
E5, exp(iQt) }. Torna Bropoit unen B ypasuerun (1) 6y-
JIeT UMeThb BUI:

X2(Br + Bo)(Er + Ey) = 2 E1 By + X*ET + X°E3. (2)

OcranoBuMcs moapobHee Ha IMEPBOM CJIAraeMOM B IIpa-
BOit YacTu (2) U pacHuIIeM ero B IPEJIOI0KEeHNH, 9TO
4acTOTa CBETOBOI BOJIHBI paBHA MOJIOBUHE 3KCATOHHOI
9acToTHhI, T.e. w = /2.

2X2F1 By = 2x*{ E19Fao exp(—i3wt + ikx) +
+ Ei0E5, exp(—iwt — ikx) + K.C.}, (3)

rae K.C. obosHavaeT KOMILIEKCHO CONPSI?KEHHBIE YJIe-
HBI K IIE€PBBIM JBYM cyaraeMbiM B (3). Beipaxenue (3)
JIJISI TIOJIAPU3AIAN TIOJIYIIPOBOIHUKA, JA€T JIBE JIEKTPO-
MAarHATHBIX BOJIHBI, HO TIEpBas U3 HUX HE yKJIAJIbIBAET-
cs Ha, KPHUBYIO JUCIEPCUIO KpucTajuia. Torjga Kak BTO-
past mpecTaBisieT cob0il 0OPAIIEHHYIO CBETOBYIO BOJIHY,
JBUKYIILYIOCS HABCTPEUy HaJjatorieit — Ky He 3aBUCUMO
OT yIJia TaJIeHUs CBETa Ha IMMOBEPXHOCTH IOJIYIIPOBOJI-
HUKa. Fle MHTeHCUBHOCTD MPOIOPIMOHAJIHHA HHTEHCHB-
HOCTHU TAJIAIONIEN BOJHBI, MHTEHCUBHOCTH SKCUTOHHBIX
KOJIe0aHU W KBaJpPATUIHON HEJIUHENHON OITHUYeCKOit
BOCIIPUUMYUBOCTU Cpeibl. Ecau BO30YKIaTh SKCUTOHBI
yIbTPADUOTETOBBIM a30THBIM HUMITYJILCHBIM JIA3€POM B
ZnO, riaybuHA IOIJIONMIEHUsI KOTOPOI'O COCTABJISIET II0-
psaaka 0.1-0.2 MKM, TO JIETKO MOJIYYUTH YCJIOBUSA OOJIb-
X uHTeHcuBHoCTel Hakadku st OB® B TOHKOM ITpu-
ITOBEPXHOCTHOM CJIO€ TIOJTYITPOBOTHUKA.

Beimme MbI paccMaTpuBasu BTOPOH KBAIPATUIHBIH
[I0 TIOJIIO WIEH B BBIPaKEHUU IS TOJIIPU3AINI Cpe-
apl (1), HO HOJIAPUTOH XapaKTePeH TeM, 4TO JaeT U3-
MEHEHUE TOJIIPU3AINA U B TIEPBOM JIMHEHHOM {JICHE 3a
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CUeT Pe30HAHCHON PACKATKH IOASPHU3yeMOCTH X' B 9K-
CUTOHHOH 00JacTH (MM 3a CYeT M3MEHEHUsl HACEJIeH-
HOCTH 3JIeKTPOHHBIX YPOBHEH B MOJIyIpoBogHuKe). [Ipn
9TOM BPEMEHHAS 3aBUCHMOCTH HOJIAPU3YEMOCTH HMEET
s X' = X0 + {x'texp(—iQt) + x 1 exp(i2t)}, rae
x'° — mocrosanHas BesnmumHa. OCTAaHOBHMCS IIOJPOGHEE
Ha [EPBOM cJiaraeMoM B npasoil wacru (1) u pacnuiiem
€ro B IIPEIIOJIOXKEHIH, YTO 9aCTOTa CBETOBOM BOJIHBI Fa

paBHa TIOJOBUHE SKCUTOHHON 9acTOTHI, T.€. w = 1/2.
1p 10 11 , .
X E2 = x""FE2+ {x " Eg exp(—i3wt + ikx) +

+ X" B3y exp(—iwt — ikx) + K.C.}. (4)

Boipaxenue (4) i IOJISIPU3AIUE IIOJLYIPOBOAHUKA
yKe JlaeT TPHU JIEKTPOMATHUTHBIX BOJIHBI, HO BTOpast
U3 HUX HE YKJIAJbIBAETCS Ha KPHUBYIO JIUCIEPCUI0 KPU-
crajia. Torma Kak TpeThs IMIpeJCcTaBiisgeT coboit obpa-
[IEHHYI0 CBETOBYIO BOJIHY, JBIIKYIILYIOCS HA BCTPEUY
najaoneit — Fo He 3aBUCHMO OT yIvia IaJeHUsl CBEeTa
HA IOBEPXHOCTH MOJIyIPOBOAHUKA. e MHTEeHCHBHOCTH
[IPOITOPIINOHAIbHA MHTEHCUBHOCTH AIAIONIEHl BOJTHBI 1
BJIMSIHUIO TIOJIIPUTOHHBIX KOJIeOaHU HA JIMHEHHYIO OIl-
THYECKYIO BOCHPHMMYUBOCTH Cpejibl. B aToM cirydae
mveeM aHanor KPC [9] Ha cobcTBeHHBIX KOIeOaHUIX —
[OJISIPUTOHAX Cpefbl. Tora Kak B CIydae KBaJIpaTHd-
HOIt mostsipusyemoctu (3) obpalienne BOJIHOBOrO (GPOHTA
SBJISIETCST AHAJIOTOM [TaPAMETPUIECKON NeHepAIN CBETA
(TIT'C). MO2KHO [IPE/IIOJIOKUTD, YTO BTOPON MEXaHU3M
pesonancuaoro OB® — anasor KPC (4) maer Gosblryio
MHTEHCUBHOCTH OOPAIIEHHOIO CBETa, OCOOEHHO, JIJIsT Ma-
TEPUAJIOB € MEHTPOM CHMMETPUU B KPUCTAJIHIECKON
pemerke. Ho naxke OB® na KBaapaTudHO M0/Isipusy-
emocTu GoJiblie 110 uHTeHCHBHOCTH OObIYHOM [IT'C u3-
za maamaus 100 % dazosoro cuaxpoHu3Ma 06pamenHoi
BOJIHBI JJIs1 JIFODOTO MaTepuaJja U n3-3a OOJIBIIOoN III0T-
HOCTH JIOKAJIbHBIX COCTOSTHUI (POTOHOB JJIsT TIOJISIPUTOH-
HOU BOJIHBL.

3. 9kcnepumeHT. B pabore UCII0JIH30BAJINACH TIJIEH-
ku 7ZnO, HaneceHHble Ha camdup OCHOBHON OPHEHTa-
mu (0001) MEeTOOM 3JIEKTPOHHO-JIy9eBOrO BBICOKOBA-
KyyMHOro HamnblieHus Ha ycranoBke L-560 (Leubold
Haereus). Tosmmuna mieHok cocrasisiia 0.5 Mxm. Ilien-
ki ZnO mMesn BBICOKOE KPHUCTAJIIMIECKOEe KAdeCTBO C
OCBIO pOCTa, NEPIEHIUKYJIspHON nosepxunoctu [7]. B
CHEKTpe WX JIIOMHHECIEHIINU DU KOMHATHOI TeMIile-
paTrype IIpeBAJMPOBAJI MUK IKCUTOHHOTO CBEYEHUS C
makcumyMmoM 3.2235B. Crekrpsr oToroMuHeceHumn
(®JI) WIEHOK WCCIEI0BAIUCH TIPH BO30YXKJIEHUH VM-
IIyJIbCHBIM a30THBIM JasepoMm JII'M-505 ¢ miurenbHO-
cThio uMIitysibca 10 He, muKOBO#l MomHOCTRIO 15 KBT 1
mymHON BoJtHbI 337.1 HM. CxeMa yCTaHOBKH, MUCIOJIB30-
BaHHOHN JIJIsI U3MEPEHUsI CUTHAJIA OOPAIIEHUs] BOJTHOBO-
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ro ¢ponra u PJI HA mIEeHKAX OKCHIA MUHKA TOIPOO-
HO onmcaHa B paborax [7,8]. 3mech BaxKHO OTMETHUTH,
YTO TAJAoas Ha oOpaser] CBeTOBasl BOJIHA ObLIa OT
samnbl HakaguBanusa “Hapsa-100”, 3anuransoit nctod-
HUKOM IIOCTOSTHHOTO TOKAa, W TIaJaja Ha o0pazer oI
yrjioM 0oJiee 45 rpajiycoB, 9TOOBI T€OMETPUYIECKN OTPa-
JKEHHBIN CBET He MOIIaIaJl B PETUCTPUPYIOIMUIT MOHOXPO-
marop M/IP-6. Ceer jtlamMibl HAKAJMBAHUS MOCJIE IIPO-
XOKJIEHUsI Yepe3 CBETOCUJIbHBIN MoHOXpomaTop M/IP-
12 ObLI HenpepbIBHBIM BO BPEMEHU U UMEJI CIEKTPAJIb-
HyI0 mojymupuny He xyxke 4uM. Cucrema permcrpa-
U CHEKTpa ObLIa HACTPOEHA HA YACTOTY BO30YIKJAI0-
mero Jiazepa JII'M-505 u cocTosiyia u3 yCuauTe s mepe-
MeHHBIX curHAI0B “Unipan-237” ¢ BBIX0IOM Ha KOMITBIO-
rep. Obpaser; OKCHa MMUHKA HAXOUJICS IPU KOMHATHO
TeMIleparype U ObLJI COPHEHTUPOBAH TaK, YTOOBI DJIEK-
TPOMAarHUTHBIE KOJIeOAHNUS JIA3€PHON M CBETOBOH BOJI-
HBI IMEJIU COCTABJISIONIIE BI0Jb OCH POCTA ILJIEHKH. J]a-
3epHBIil JIy4d (POKYCHPOBAJICS Ha IOBEPXHOCTH IIJIEHKH B
naTHO JuaMeTpoM MeHee 100 MKM, 9TO MO3BOJISAIO TO-
JIy9aTh MaKCAMAJbHYIO IJIOTHOCTH MOIITHOCTH HAaKad-
ku nopsizika 108 Br/cm?. Comenienue cBeToBOrO 1 Jia-
3€pHOro MATHA Ha 06pa3ie KOHTPOJIHPOBAJIOCH € TIOMO-
B0 ONITHYECKOTO MUKPOCKOIa. B KauecTBe paciienure-
JIsI CBETA UCIIOJIb30BaJjIach OObIYHASI KBAPIEBasl ILJIACTH-
Ha. [Ipu perucrpaiuu ClieKTpoB 0OpPAIEHHOI'O CUTHAJIA
U JTFOMUHECTICHIINY TIJIEHKH UCIIOIh30BAJINCH CBETOMDUIIb-
mper 2KC-12 u C3C-23 cooTBeTCTBEHHO, JIS YIAJICHUS
[Iapa3UTHBIX CUTHAJIOB BTOPOIO MOPSJIKA JBOWHOIO MO-
noxpomaropa MJIP-6 B peructpupyemMbix CIeKTpax.

4. PesyabTraTthl M X o0cyxxkaenme. Ha pucymn-
ke 1 moKa3aHbI CIIEKTPBI CUTHAJIA 0O paIleHrsT BOJTHOBOIO
dponTa 06pasnos ZnO B KpacHO# 061aCTH CITIEKTPa IPH
MOIITHOCTH MUMITYJIbCHOM ONTUYECKON HAKAYKHA a30THOTO
naszepa 70 kBr/cM? u auist pasHoit sHeprun (hboTOHOB Ta-
JIAOIIEro HempepbiBHOrO cBeta oT 1.753B (puc. 1, kpu-
Bag 1) no 1.425B (puc. 1, xpusag 12). B srom ciayuae
repeJ| perucTpupyommmM Moroxpomaropom M/IP-6 cra-
suuicst uadpakpacusiii (UK) ceerodunasrp KC-15, koro-
PBIl He IPOITyCKaJ HE TOJBKO PACCEAHHBIN CBET Ja3epa
337.1HM, HO W CUTHAJ JIOMHUHecHeHIuH IieHku ZnO.
DTO J1eJ1aJI0Ch JJIsl 3ape3aHUsi BOSMOXKHOI'O B MOHOXPO-
MaTOpe BTOPOIO MOPsIKA JIMHAW JIIOMUHeCTIeHtun. Mbl
BUINM, ITO IIPX CBETOBOH TTOICBETKE C SHEprueii (OoToHA
1.755B (puc. 1, kpusasi 1) B KpacHOH 00JIACTH CIIEKTPA
OTCYTCTBYeT KaKoii-ubo obparennsiii curaaj. OmgHako
pu npubJMmKeHnn dHeprund (POTOHA K IMOJIOBUHE KCH-
ToHHOH 3.22/2 = 1.61 5B nosieisiercst y3kuii muk obpa-
IIIEHHON CBETOBOI BOJIHBI, SHEPreTUYECKOE II0JIO2KEHUE
KOTOPOT'O COBIIAIAET C SHEPIHUeil IaIaiomX Ha o0pas3err
doronos. MeTom perucrpaliuu CUTHAJIA TOBOPUT TAK¥Ke
O TOM, YTO OH, B OTJIAYME OT IAJAOIINEl BOJIHBI, MMe-
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Puc. 1. CuekTpsl curnasa obpaliieHnsi BOJIHOBOIO (bpOH-
Ta mieHkn ZnO B KpacHOi 06JIacTH CIEKTpa MPH SHEPTHH
doronoB majatoriero ceera, 3B: 1 — 1.75, 2 — 1.72, § —
1.70, 4 — 1.67, 5—-1.65, 6 — 1.63, 7 - 1.61, 8 — 1.57, 9 —
1.53, 10— 1.49, 11 -1.46 u 12— 1.42. IlHTeHCUBHOCTH BO3-
6y 2K JAIoIIero a3oTHoro Jyasepa: 70 kBr/ em?. T =300K

€T HMMILYJIbCHBIIl XapakKTep ¢ 4acTOTON BO30YKIAOIIe-
ro Jiazepa. CuekrpaJjbHas mojrymupuna curaajga OB®
COBHIA/IACT C IIMPUHON MAJIAIONIE CBETOBOII BOJIHBI, a
MHTEHCUBHOCTH OOPAIEHHON BOJIHBI 3aBUCHT OT €€ CIIeK-
TPAJILHOIO TIOJIOXKEHUSI.

Ha pucynke 2 npencrasienst cunexktpor PJI mre-
HOK IIPY PA3JIMYIHBIX UHTEHCHBHOCTSX BO30Y2K/IAIOIIETO
a30THOIO Jiazepa. BUIHO, 9TO IIPU MAaJIBIX ILJIOTHOCTSIX
mornocTu Bosbyxaenust 70 KBr/cm? (kpusas 1) 8 OJI
wieHoK ZnO mpeBajupyeT MmoJjioca CBODOOIHBIX IKCUTO-
HOB, MAKCHUMYM KOTOPOIl HE3HAYUTEJIbHO CIIBUIAETCS B
JJIMHHOBOJTHOBYIO CTOPOHY OT 3.223B ¢ yBesmdenuem
MOIITHOCTY HAKAYKY HA TPU HOPSIKA BEJUINHBI. XapaK-
Tep 3aBUCUMOCTH ILIOIIAIHN 10/l KPUBOIl CBEYEHMS U IITH-
PUHBI SKCUTOHHON JIMHUU JIIOMUHECIEHITUN Ha ITOJIYBbI-
COTe OT UHTEHCUBHOCTH JIA3€PHOTO BO30Y K I€HUsT CBUIE-
TEJIbCTBYIOT O ee CIIOHTAHHOM XapakTepe. [asee ¢ mMor-
Hoctu Hakadku Gosiee 22 MBr/cm? (kpuast 2) B criex-
tpe @JI mosiBisiercs JMHUS CTUMYJIMPOBAHHON JIFOMU-
HecleHnuu ¢ MakcuMmyMoM 3.18 9B (rak nasbiBaemas P-
10J10¢a), 00YCJIOBJICHHAA PACCEAHUEM JBYX CBOOOIHBIX
9JIEKTPOHOB € mM3JjlydeHneM oxHoro us Hux [10]. B ciy-
Jae CTUMYJIUPOBAHHON JIIOMUHECIIEHIINA POCT ILJIOIIAIN
OBLJI CBEPXJIMHEIHBIM C SIBHO BBIPAXKEHHBIM IIOPOTOBBIM
3HAYEHMEM, & [MUPUHA JIMHUUA, HA0OOPOT, YMEHbIIAIACh
IS HAIIOPOTOBBIX IIOTHOCTEN MotHOCTH. [Ipu naTEH-
cusHoCcTsIX BO3Oyxerust 70 MBt/cm? (puc. 2, Kpubas
3) B JIIOMUHECHEHIUN IOSABIAETCS N-IIUK C MaKCHAMY-
MoM 3.125B, cBaABaHHBIN CO CTUMYJUPOBAHHON PEKOM-
ounarnmeit /11 okcuna nmuaka. Temeps 0IHOBPEMEHHO
C HMMILYJIbCHBIM BO30Y2KJIEHHEM a30THBIM JIa3epOM Ha-
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Puc. 2. Cuexrpot @JI mwirenok ZnO npu pas3imaHbIX HHTEH-
CHBHOCTSIX BO30Y>KIAIOMEro a30THOro ja3epa: 70 KBr/ om?

(1); 22 MBr/cm? (2) m 70 MBr/cev? (8). T = 300K

IpaBUM Ha 0Opa3el] HeIPEPBIBHBIN MO BpEeMEHU CBETO-
BOIl TOTOK M3 WHMPAKPACHON CIEKTPAJbHON 00JacTh
¢ dbuxcupoBannoit sueprueit ¢porona or 1.5 mo 1.73B8,
PABHOI1 ITOJIOBUHE SHEPTUU U3JIyIaTebHOU PeKOMONHA~
mur DIl wiam sKkcuTOHa B OKCHIE IWHKA. B MOMEHT
JIA3ePHOTr0 UMITYJIbCA BO3HUKAET OOPAIEHIe BOJHOBOTO
dpoHTa HETPEPHIBHOM MIOICBETKHU HA ITOJIIPUTOHHBIX KO-
Jiebanusix mwieHKn (puc. 3). Mbl BUaUM, 9TO IIpU Pa3HOIL
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Puc. 3. UnrencuBrocts Mmakcumyma curaata OB nenok
ZnO B 3aBUCUMOCTH OT SHepru# (POTOHA IAJAIOIIETO CBe-
Ta JJIsl PA3/IMYHON MOIIHOCTH BO30Y’KIAIOIIEr0 a30THOIO
nmazepa: 7T0xBr/cm® (1); 22MBr/em® (2) u 70 MBr/cm?
(3. T=300K

MOIITHOCTU a30THOTO Jia3epa oOpaIleHHbI CBETOBOH CUT-
HAJI, TIOBTOPSIOIIUI CIIEKTP HAIAIOIIEr0 HEIPEPHIBHOTO
cBera, npucyrcrByer He s Beex UK mmuna Bosn. Op-
HaKO, TIpU TpudamKenun sueprun ¢dotoHa kK 1.613B,

TTucema B 2K9T®  Tom 118 2023

BbII. 1 —2



3aBHCHMOCTH PE30HAHCHOTO ODpAaIeHnsT BOJTHOBOTO (PpPOHTA CBETa HA MOJISPHTOHAX. . . 27

PaBHOI ITOJIOBUHE SHEPIUHA PEKOMOMHAIINNA IKCUTOHA,
MHTEHCUBHOCTH OOPAIEHHON BOJIHBI PE3KO BO3paCTaeT.
Mero, perucTpanyy CUrfajia TOBOPUT O TOM, 9TO B OT-
JIMYAU OT TAMAIONIEl BOJIHBI OOpAIlleHHAs] MMEET M-
IIyJICHBII XapaKTep C YaCTOTON BO30YKIAIOIIEro jJa3e-
pa. CuekrpaJibHas noJymupuna curiajga OB® cosma-
JaeT ¢ MUPUHON MaJaloeil CBeTOBOU BOJIHbBI, 4 UHTEH-
CHUBHOCTD BOJIHBI 3aBUCHT OT €€ CHEKTPAJIHHOTO IOJIOZKe-
HUs ¥ MOIITHOCTH BO30Y2K/IaI0ero a3oTHOro jga3epa. Ha
PUCYHKe 3 IOCTPOEHBI 3aBUCUMOCTYA MHTEHCUBHOCTHU 00-
PAIIEHHO BOJHBI B MAKCHMYyM€ OT €r0 CIIEKTPAJILHOTO
oJjioXkenusi. BujiHo, uro, kKak u Ha puc. 1, curaajg OB®
“MeeT MaKCUMAJIbHYI0 HHTEHCUBHOCTD IIPU SHEPIUU I1a-
nmaromux poToHoB 1.61 9B, mouTn cosmamaroreit ¢ moJto-
BUHOI dHeprun SkcuToHHOro mukKa OJI s MurIMAID-
HBIX MOIITHOCTeH az0THOTO Masepa 70 KBt /cm?. TIpmyenm,
Ha KpHUBO# 2 pHUC.3 MOJIOKEHNEe MAKCHMyMa CHUTHAJA
OB® naxomurcst yxe npu suepruu 1.59 3B, pasnoii mo-
JIOBUHE 9Heprun P-110J10ChI B CIIEKTPaX JIFOMUHECIIEHIIAN
IS T€X YK€ MOIIHOCTEN ONTUIEeCKOrO BO30Y K IeHUs Jia-
zepa 22 MBt/cM?. [l MaKCHMATbHOM MOITHOCTH a30T-
noro jtazepa 70 MBT/cm? (puc. 3, kpusas §) xapakrep-
HO mosiBjieHre Broporo nuka OB® B 1IMHHOBOJIHOBOIA
obstacTu ¢ sueprueit porona 1.56 3B, anasoruaHoe MOSAB-
JieHnto nuka pekoMmbunanuu DJIII ¢ sueprueit 3.12 5B Ha
kpusoit JI (puc. 2, kpusast 3). Ha pucynke 3 mocrpo-
€Hbl 3aBUCAMOCTU WHTEHCHUBHOCTU ODPAIEHHON BOJIHBI
B MaKCHMyMe €€ CIIEKTPAJILHOIO ITOJIOXKEHUs I Pa3-
HBIX MOIIHOCTEl a30THOIO Jiazepa. BUJIHO, YTO CUTr'HAJ
OB® umeer Tpu MaKCUMyMa WHTEHCUBHOCTH C SHEPIHU-
eit dboronos 1.61, 1.59 u 1.565B g mormaOCTH J1a3€pa
70kBt/cm?, 22 MBr/cm? u 70 MBt/em? (puc. 3, xpu-
Bble 1, 21 &, COOTBETCTBEHHO) [P YHEPIUHU A IAIOIINX
GbOTOHOB, COBIAIAIONICH C TIOJOBUHON YHEPIUU IIMKOB
PEKOMOUHAINY OJUHOYHBIX S9KCUTOHOB, PACCESTHHBIX K-
cutoHoB u DIl B okcuzge nuaka. VMIMeHHO peKoMOUHA-
[Hsl TAHHOTO THWIIA MOJISPUTOHOB IIPEBAJMPYET B CIEK-
Tpax ®JI maeHoK OKCHIa IMUHKA I JAHHBIX MOIITHO-
creit a3oTHOrO Jiazepa (puc. 2).

B namewm ciygae npoucxoaut pesonancaoe OB® na
9JIEKTPO-MATHUTHBIX KOJIEOAHUSX B3AMMOJIEHCTBYIOIIIX
skcuToHOB 1 /I, 0bjiamaromux HyJIEBBIM BOJHOBBIM
BeKTOpOoM. OTMETHUM, YTO COIVIACHO IIPUBEIECHHLIM B [7]
TEOPETUIECKUM BBIKJIAJIKAM JJISI CPEJl ¢ KBAaIPATUIHOM
OIITUYECKON HEJIMHEHHOCTHIO MOXKET BO3HHKATH Pe30-
HaHCHOe oOpallleHue BOJIHOBOTO (DPOHTA IIPU IHEPIUU
dOTOHOB MaIAIOIIEr0 CBeTa, PABHON MOJIOBUHE SHEPIUU
9JIEKTPO-MArHUTHBIX KOJIEOAHUIT-ITOJISTPUTOHOB B Cpejie
C HYJIEBBIM BOJIHOBBIM BEKTOPOM (SKCHUTOHBI, ILIA3MO-
Hbl, (DOHOHbI UJIM IPUMECHbIe cocTosHus). IIpu arom,
WHTEHCUBHOCTH PE30HAHCHON OOPAIEHHON BOJIHBI IIPO-
[MOPIMOHAIbHA UHTEHCUBHOCTHU I18IAI0IIEero CBeTa U WH-
IMucbma B 2K9TD

ToMm 118 Bpm. 1-2 2023

TEHCUBHOCTH CTOsTI€l BOJIHBI 9JIEKTPO-MATHUTHBIX KOJIe-
Ganuit mosstpuToHoB (3). VIHTepecHO OTMETHTD, UTO JJIs
cilydasi OKCHJIa IMHKA, B IIporecce obpazosanust D11,
nmeercst Takyke curnag OB® cBera B HEpe30HAHCHBIX
sunmoit n UK obiacrsax crexrpa [8]. IIpu sToM nHETEH-
CUBHOCTH CHTHAJIA HEPE30HAHCHOTO OOPAIEHMsT BOJHO-
BOT'0O (DPOHTA HA MOPSIJOK MEHbIIIE HHTEHCUBHOCTHU PE30-
nancHoro OB® u yBesmauBaeTcst ¢ yBeJMIeHUEM JJTU-
HBI BOJIHBI [13IAIOINETr0 HerpepbiBHOTo cBeta B K crek-
TPaJIbHYIO 06JIACTD.

OcranoBumcs 10/IpoOHEe Ha 3aBUCUMOCTU CHTHAJIA
pesonancaoro OB® ¢ sHeprueii poroHa B MaKCUMyMe
1.61, 1.59 u 1.56 9B oT MOIIHOCTH HAKAYKYU UMITYJIHCHO-
ro asoTHoro Jasepa (puc.4). Vcnoss3oBanne kaaubpo-
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Puc. 4. BaBucumocts nnrencunoctu curnaia @JI B max-
cumyme 3.225B (1); 3.183B (2) u 3.125B (3), a rakxe
curaasa Moxysupoanuoro OB® mienok ZnO juist suep-
ruu ¢orona orpaxkeHuoro ceera: 1.615B (4); 1.599B (5) u
1.569B (6) or uHTEHCHBHOCTH BO30Y?KIAIOIIETO a30THOIO
nazepa. T = 300K

BAHHBIX [TOTJIOTUTEJIEN CBETa MO3BOJINJIO HAM IOJIY9UTH
nabop mormrrocteit or 0.070 MBt/cm? o 70 MBT/cm?
yabrpaduoseroporo (Y®) Bosbyxkuenns mienok ZnO.
Buano, 9T0 HHTEHCHBHOCTH CUTHAJIA OOPAIIEHUS BOJIHO-
Boro ¢ponra ¢ sueprueit porona 1.61 3B (puc. 4, kpusas
/) pacrer mouTu JMHEHHO ¢ MHTEHCUBHOCTHIO Y@ Ha-
Ka4JKN BO BCEM JIHAIIA30HE M3MEPEHUNl aHAJOTUIHO PO-
CTy JIFOMWHECIIEHIIUU CBODOIHBIX SKCUTOHOB C SHEPIH-
eii dorona 3.223B (puc. 4, kpusas 1). Makcumym OBD
¢ sneprueii ¢pororos 1.595B nokaszbiBaeT HeJMHENHHBII
poct uHTeHcuBHOCTU (puC. 4, KpUBag J) g HAKAYKH
soime 2500 kBr/cm? anmasmormano pocty ®JI paccesn-
HBIX 9KCUTOHOB ¢ MakcumyMoMm 3.183B (puc.4, kpu-
Bas 2). Pocr xe curnana OB® ¢ makcumymom 1.569B
(puc. 4, kpuBas 6) HaUMHAECTCA ¢ OOJIBIIUX MOINHOCTEN
nakauku 22 MBt/cm? amanornuno poery ®JI D/II ¢
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makcumymom 3.125B (puc. 4, kpusas 3). Ilpu cromn
BBICOKOII MHTEHCUBHOCTY HAKAYKU ITPOUCXOUT IIEPEXOLL
MorTa B raze CBOOOIHBIX IKCHUTOHOB C 0Opa30BAHUEM
MHOKECTBa CBODOJIHBIX HOCHUTENEH 3apsia JIEKTPOHOB
u npipok (DII), uro BugHo 110 TpancdoOpMaIyMU CIIEK-
TPOB CBEYEHHUsI IJIEHOK (pHC. 2).

OTMeTHnM, 9TO COTJIACHO BHIIIE IIPUBEJIEHHBIM TEOPe-
THUYECKUM BBIKJIAIKAM JIJIsl CPeJl C KBaJIPATUIHOMN OITH-
IeCKON HEJMHEHHOCTHIO MOXKET BO3HHKATH OOpaIleHue
BOJIHOBOTO (bPOHTA IIPU dHEPruu (DOTOHOB IMMAJAIONIETO
CBeTa, PaBHOIl IIOJIOBUHE SHEPIUH IOJISTPUTOHHBIX KO-
sebanmit (3)—(4). IIpr 9TOM HHTEHCHBHOCTH OGpAIIEH-
HOW BOJTHBI TTPONOPIIUOHAJIbHA WHTEHCUBHOCTH T A0
IIEr0 CBETA U MHTEHCUBHOCTHU IIOJISIPUTOHHOM BOJIHBI. B
HAIEM CJIydae, WHTEHCUBHOCTDH MAJAI0NIero KpacHOTro
CBETA MPAKTUIECKU TIOCTOSIHHA B MCCJIETOBAHHOM CII€K-
TpasbHOM guana3one 1.4-1.73B. IlosToMy crekTpasib-
Hasl KpuBasi mHTeHcUBHOCTU curHaja OB® mosropsier
KpuByio sxcuTonuoit wim /I unrencusuocru (puc. 2,
KpUBBle [—3, COOTBETCTBEHHO), & CAM IIPOIECC HPOUC-
XOJIUT JIMIIb B MOMEHT OOJIBIION IIJIOTHOCTU IKCUTOHOB
B TOJIyIpOBOIHUKE. [TOCKOIbKY BpeMsl U3JLydaTesIbHON
PEKOMOMHAIINT SKCUTOHOB B mieHKax ZnO mpu KoMHAT-
HOIl TeMIlepaType COCTaBJIsleT MOPSIKA TUKOCEKYHT, TO
9KCUTOHHBIE KOJIEOAHUs CYIIECTBYIOT JIUIIb B MOMEHT
JIeficTBUsI JIA3ePHOTO UMITYJIbca Hakadku. Crie10BaTe b
Ho, OB® HOCHT TaKzKe UMITYJIbCHBINA XapaKTep, 4TO MO
TBEPKIAETCSI PErrCTpallieil TepeMEeHHOr0 CUrHaJa Ha
JacToTe Jia3epa B HAIUX UCC/IEIOBAHUSX. BBUIY sipKO
BBIPaYKEHHON CIIEKTPAJIbHON 3aBUCUMOCTH WHTEHCUBHO-
cTH TmKa obpalneHHoro curxasa (puc.3) oGHapyKeH-
HBIl HAMU TIPOIECC HE MOYKET ObITh pacCesiHueM Herpe-
PBIBHOT'O CBETA HA TOJUKPUCTAJUINIECKUX 3€PHAX TIJIeH-
ku ZnO, a CUrHAJI YMCTO FEOMETPUIECKOrO OTPaKeHMsI
cBeTa OT TIOBEPXHOCTH 00pasIia He MOMa Al B PEruCTPU-
PYIOIIYIO CHUCTEMY.

CxeMaTuIecKn BO3MOXKHBIE MPOIECCHI U3JTyIaTe b
HO¥1 pEKOMOUHAIIMHY [TOJIIPUTOHOB BO30Y 2K JIEHHOMN CPeJIbI
MeXK/Iy yPOBHsIMU 3j1eKTpoHa |1) u |0) npejcraBieHsr Ha
puc. 5. Ilpu srom o ocu X moka3aHO U3MEHEHHE BOJI-
HOBOTO BeKTOpa (hOTOHA WA JEKTPOHA, & 10 och Y —
n3Mmenenue Hepruun. Ha pucynke ba m300pazkeHa CTU-
mysmmpoBanHas DJI ¢ ucmyckanmem omHOro GporoHa U
doHoHA, HEOOXOIUMOTO [1JTsI BBHIITOJTHEHNS 3aKOHA, COXPa-
HeHusi UMILyJIbca. [JoCcKoJIbKY 2Heprusi (POHOHA JOBOJIb-
HO MaJia, TO u3Jjiydaercsa (POTOH ¢ dHeprueir hf), mouru
PaBHO{1 9HEPI'MU HJIEKTPOHHOIO IIePeXo/ia (IKCUTOHA UK
D/II, B Hamem ciay4dae). OHAKO, AHAJIOTMIHO ABYX(DO-
TOHHOMY IIOTJIOIIEHUIO B CPeJie MOXKET IPOMCXOIUTH U
nByxdoronnas crumyaupoBannas OJI ¢ ygactuem Bup-
TYaJIbHOTO YPOBHSI JHEPTUU, PACIOJIOKEHHOTO MEXKLy
yposusiMu 3siekTpora |1) u |0) (puc.5b). Eciau suep-

1) 1) Ly

ho
photon photonl photonl
hQ
ho
ho
phonon phonon2 phonon2 K
10) 10) 10) 0
(a) (b) (c)

Puc. 5. CxemMa 3JIeKTPOHHBIX MEPEXOIOB MEXKLy SHEPTeTH-
yeckuMu ypoBHsiME |1) u |0) HOISIPUTOHOB BO30Y2KJIEH-
HOI cpenbl ¢ m3rydeHueM (GPOTOHOB B IIPOIECCE OOBIMHOI
crumynuposantoii DJI (a), nByxdOTOHHON Hepe3oHAHC-
Hoit ®JI (b) u nByxdoronHoi pezonancuoit PJI (c)

ruu AByX (pOTOHOB HE PaBHBI, TO COXPAHEHUE BOJTHOBOIO
BEKTOpa He IIPOUCXOUT U TPeDyeTcs elle JOMOTHUTE b
HOe u3sydenne ¢ponoHa. Ipyroe meao npu pe3oHAHCHOM
1Byx(OTOHHOM 1Iporiecce (puc. 5¢), KOraa SHEPrUuH JIBYX
U3JIyIeHHBIX (POTOHOB PaBHBI hw = h/2 1 UX BOJHOBBIE
BEKTOPBI ITPOTUBOIIOJIOKHBL. 1orma y»Ke He Tpedyercs
JIOIIOJTHUTEIbHBIN (DOHOH J[JIs COXPAHEHUS UMITYJIbCA U
MMeeM BCero JIMIb JIBYXYaCTHUIHBIN IPOIECC C ropas-
J10 60JIbIIIEl BEPOSITHOCTHIO. BUJIHO BOSHUKHOBEHIE [1pU
9TOM, KpoMe (POTOHA, AHAJIOTUIHOTO CTUMYIUPYIOIIEMY,
elre U 00palleHHOro (POTOHA C ITOJIOBUHON SHEPTUH TIepe-
xoja (mossipuToHa), uro onucaxo dopmyioii (4). Bos-
OyKIeHHAs CpeJa IMOIpa3yMeBaeT KOJieDaHUe IMOJISTPH-
3yeMOCTH B JIMHEHHOM YJjIeHe C 9acTOTOi ) mosisspurona
(sxcurTonoB Mym D/III), npeBasupyOIEro IpHu JAHHOL
MHTEHCUBHOCTU HAKAIKHU.

5. 3akmaiodyenue. Takum oOpa3oM, TEOPETUIECKU
npesckasal (3)—(4) ¥ 9KCIEPHMEHTAIBHO HCCIIEI0BAH
porecc oOpaleHnsi BOJIHOBOTO (hPOHTA CBETOBOMN BOJI-
HBI, TAJIAIONIEN Ha TOBEPXHOCTD CUJILHO BO30YKIEHHON
az0oTHbIM JazepoM mwireHku ZnQO. Ilokazano, yro OB®
[IPOMCXOIUT IIPU SHEPrUsiX MAJAINUX (POTOHOB, PaB-
HBIX II0JIOBUHE SHEPIUH U3JIydaTe/IbHOI PEKOMOMHAIIUN
UPEBAJUPYIOIUX TOJAPUTOHOB (3KcuToHOB nyu D/IIT).
CiieioBaTe/IbHO, MOXKHO CKa3aTh, YTO B JAHHOM CJIydae
obpaliieHre BOJTHOBOIO (DPOHTA IIPOUCXOIUT HA IKCUTOH-
ubix uian DI cocTosiHUsIX MOJTYyIIPOBOIHUKOBOI TIIEH-
KU, PEBAIUPYIONNX I JTAHHONW MHTEHCUBHOCTU BO3-
OyxKzeHusi. Ecjiu y4uecTb, 4To Jla3epHOe U3JIydYeHue [pu
30HA-30HHOM BO30Y2KICHUHN MTOTJIOIIAETCS B CyOMUKPOH-
HoM (0.1 MKM) mOBepXHOCTHOM cJioe [8], TO JIerko mo-
JIYYUTH BBICOKYIO ILJIOTHOCTH 3KCUTOHOB IIPU HAKAUYKE
ITOJIY IIPOBOJIHUKA UMITYJIbCHBIM a30THBIM Jia3epoM. [1pu
9TOM, J1jIst OOPAIEHUsI CBeTa BO3MOXKHO HCIIOJIb30BAHIE
UMEHHO TOHKHUX ILIeHOK ZnQ, 06/1aJaommux BBICOKUM
KPUCTAJIIMYECKAM U JIIOMUHECIIEHTHBIM KadecTBOM. B
HAIIIEM CJIy4ae U3-3a OOJIbINOI SHEPIUU CBA3U SKCUTOHA
MPAKTUIECKN BCH JHEPrUsi JA3EPHON HAKAYKH IIEPEXO-
s B 9KcuToHHbIe mian /I konebanust oKcuma 1IMH-

TTucema B 2KOTO
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Ka, Ha KOTOPBIX U mpoucxoaut mnporecc OB®D. [Tist mpo-
necca pesonancaoro OB® HeobxoauMo HaJIMIME KAKIX-
JIOO TOJISTPUTOHHBIX KOJIEOAHUN B ONTUYECKU BO30YK-
JIEHHO Cpejie ¥ MHTEHCUBHOCTH OOPAIIEHHOIO CUTHAJIA
[IPOTIOPIINOHAbHA, NHTEHCUBHOCTH PEKOMOWHAITNN STHUX
HOJISIPATOHOB (pHC.4), UTO COIJIACYeTCsl ¢ TeopeTHde-
ckumu opmymnamu (3)—(4). IIpu 9T0M HHTEHCHBHOCTH
OOpAIeHHON BOJHBI MOYKET OBITH BBIMIE MAIATONIEH 13-
3a IepeKavKu SHEPIrurd OT PEKOMOMHUPYIONIUX [TOJISIPH-
TOHOB.

Obuapyxennbiit Hamu Mexaauzm OB® B mosrympo-
BOJIHUKOBOI1 Cpe/ie CYIIEeCTBEHHO OTJINYAETCs OT IIPOIEC-
Ca YEeTBIPEXBOJIHOBOI'O CMEIIEeHUsI Ha, BCTPEYHBIX IIyd-
KaX B OIITHYECKH HeJIMHEHHOM cpegie [11-15]. Tam Takke
npoucxoaut OB® curHajbHOM BOJHBI, HO Cpejia, JT0JIK-
Ha OBITH ITPO3PAYHON JJIsI BCEX IIyYKOB cBeTa M 0bJia-
JIaTh KyOMYeCKOl ONTHYeCKO# HeaumHeitHoCThIO. 3-3a
MaJIOll BEJIMIUHBI KyOUIECKON ONMTHUYIECKON BOCIIPUIM-
IUBOCTU dDDEKTUBHOCTH OOPAIEHUS CBETa HEBLICOKA
u Tpebyercs OoJbIONl 00beM HeJINHETHON cpeabl. B Ha-
meM ciaydae umeroT Mecto MexauamsMbl OB® Ha kBajipa-
ol (3) [16-18] nim paxke smuneiinoi (4) [19,20] on-
THUYECKO HOJISIPUBAIMK IIOJIYIIPOBOIHUKA, KOTOPHIE 110
OIIpeJIeJIEHUIO BbIme KyOudaeckoit. st mpoBepku yda-
cTHst JIMHeRHON nosisipusyeMoctu (4) B HameM addexre
MBI HCIIOJIb30Ba M Hagatomumii UK cBer, mojsipu3oBaH-
HBII TOJIBKO HMEPIEHIUKYISIPHO OCH POCTA IJIEHOK. TeM
CaAMBIM HUCKJIIOYAJIOCH BJIMSHAE KBAIPATUIHON MTOJISPH-
3yemoctu (3) oxcnza nmHKa. IIpu 9TOM MHTEHCUBHOCTH
curnajia OB® majasa s B moaTopa pasa, 9To TOBO-
PHUT O CYIIECTBEHHOM BKJIaJe JIMHEHHON IOJISIPU3yeMO-
cru u Hasmanu KPC Ha nossipuToHHBIX Kostebauusx (4).
Panee [21] mbl Habmonau Takxke Hepesonancaoe OB®
B mwieHkax ZnQO B MUPOKOM JMara3oHe CIEKTPa OT BU-
guMmbix 10 UK BoaH. toT sddeKkT ObLI HA MOPSAIOK
Menbirie pe3oHaHcHoro OB® u cBsi3aH ¢ M3MeHEHUEM
[TOKA3aTeJsd MPEJOMJICHUS CBETA HA WHIYIIUPOBAHHBIX
Jla3epoM CBOOOIHBIX HOCHATENIAX 3aPsa B IOJIYIIPOBO/I-
HUKOBOI1 cpeje.

Astop Beipaxkaer 6uaromapuocts B. T. BoakoBy 3a
[IPEIOCTABJIEHNE TIEHOK OKCH/IA [IHHKA.
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