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IIpoBenens abcoMOTHBIE U3MEPEHUS CIIEKTPA PEHTTEHOBCKOIO M3JIY 9€HUS IIJIA3MbI, DOPMUPYEMOIi BBICOKO-

NHTCEHCUBHBIM dDeMTOCGKyHILHbIM JIA3€PHbIM U3JIy4Y€HHNEM Ha IIOBEPXHOCTU TBepILOTe.HbHOI’?I MUIIIEHW, B IITPOKOM

ANAIIa30HE ITapaMeTpOB BSaHMOﬂeﬁCTBHH IIpU BapbUPOBaHUU MHTECHCUBHOCTU U KOHTPACTa JIa3€PHOI'O UMITYJIb-

ca. BHepBBIe B €IMHOM 39KCIEPHUMEHTE ITIOJIYIE€HO dHEPIreTUIeCKOe pacliipe/iejieHrue II0TOKa KBaHTOB U3 I1IJIa3Mbl,

CcO37aBaeMOil HAa MeTaJIIndecKoil mutienu, B guamnaszone oT 0.1 k3B mo 1 MsB u Boimre. Ha ocHoBe mostyueHHBIX

JaHHBIX JaH aHaJIUu3 (i)I/ISI/I‘IeCKI/IX IIPOIIECCOB, IIPOTEKAIOIINX B obacTu BBaHMO,ILeI'?‘ICTBI/IH. HonyquH OI€HKH

TeMIlepaTypbl (lDOHOBBIX U ropAvux 3JIEKTPOHOB IIJIa3MBbl, UCCJICZIOBaHa UX POJIb B I'eHepalluu IIOTOKa KBaHTOB

u 3(i)(i)eKTI/IBHOCTI/I KOHBEPCUU JIA3CPHOI'O M3JIYyY€eHUdA B Pa3/IMYHbIC JUAITa30HbI. O6Hapy>KeHa TeCHasA CBA3b

Ha6.HIO,I[a€MbIX pe3yabTaTOB C KOHTPaCTOM U HUKOBOW MHTEHCUBHOCTBIO JIA3€PHOI'O U3JIy4Y€eHU.

DOI: 10.31857/S0370274X25020192, EDN: KMXBQF

1. Beenenne. C pa3BuTueM J1a3epHBIX CUCTEM HO-
BOTO IOKOJICHUSI, CHOCOOHBIX TeHEPUPOBATH UMILYJIbCHI C
9KCTPEMAJIbHO BBICOKOI NMMKOBON MOITHOCTBIO B IIHAPO-
KOM JlMana3oHe JymTesbHocTeill (or gecarka dbemroce-
KYHJ[ 10 HaHOCeKYHH) [1,2]|, nist u3ydeHus: cramm jo-
CTYIIHBI UCCJIEOBAHNS, CBA3AHHBIE C BEIECTBOM B 9KC-
TPEMaJILHOM cocTostHuu [3-5], smaboparoproit acrpodu-
3uKoii [6, 7], snepHoit oToHuKoi [8,9], GBICTPOI KUHE-
TUKOI Ja3epHoii wasmbl [10], pacupocrpanerneMm yaap-
HBIX BOJIH [11], MexaHU3MAaME YCKOPEHUsI OBICTPBIX JIEK-
tpoHoB [12-15] u muOo)kectBo apyrux. Cama mno cebe
XapaKTepusalys PeHTTeHOBCKOTO U3JIydYeHHUs Ja3epHOil
IJTA3MBI ¢ TOYKHU 3PEHUs €r0 SIPKOCTH, CIEKTPAJbHBIX
XApPAKTEPUCTUK M 3aBUCAMOCTH OT NIAapaMeTpoB BO3-
neiticrust [16,17] Tak:ke mpuoGperaer BBICOKYIO 3Ha-
YUMOCTH B CHJIy NEPCIEKTHB IIPUMEHEHHS] B MPHUKJIAI-
HBIX 3aJ[a9aX, TJe ILIa3Ma BBICTYIIAET y¥Ke He O0beK-
TOM HCCJICIOBAHUSA, & UCTOUHUKOM YaCTHIL (3JIEKTPOHOB,
MOHOB, IMUPOKOINATIAZ0HHOTO PEHTTEHOBCKOTO U3JIyYe-
HUs) Jis cBepXObICcTpoil mojcBerku [18], crekrpocko-
mun (B oM uncsie EXAFS u XANES) [4,19] u T

Cpeay 4pe3BLIMAIHO IMUPOKOTO CIIEKTPa BO3MOXK-
HBIX JUATHOCTHUYECKHX MeTonoB [20-25|, npumensie-
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MBIX B JIa3ePHO-IJIA3MEHHBIX SKCIIEPUMEHTAX, PEeHTIre-
HOBCKAasl JIUATHOCTUKA IIO-IIPEXKHEMY OCTAeTCsl OJHUM
u3 HamboJiee MOIIHBIX WHCTPYMEHTOB WCCJIEIOBAHUSI,
JTATONIUX BO3MOYKHOCTH TOJIYYUTH OINEHKH TAKUX KJTIO-
YEBBIX IJIA3MEHHBIX I1apaMeTPOB KaK TeMIleparypa u
IUIOTHOCTD IJIA3Mbl, MOHU3AIMOHHOE COCTOSTHUE, CPE/I-
Hsisl SHEPIUS TOPSIUX JIEKTPOHOB, 3P HEKTUBHOCTH T'e-
HEpAIMK JIMHEHYATHIX KOMIIOHEHT PEHTIE€HOBCKOI'O U3-
JiyueHusi. Be3ycjI0BHO, CIIOCOOCTBYET STOMY U IIPABUJIb-
HBII ToA60p obopymoBamus. Tak, HEMOCPEJICTBEHHO Je-
TEKTUPYIOIIUE PEHTTEHOBCKUE MPUOOPHI 3a9aCTyI0 00-
JIAJIAI0T OI'PAHUYEHHBIM HEPIreTUYECKUM Pa3peIleHneM
(corHu 3B il OJIyIIPOBOJHUKOBBIX JETEKTOPOB, IO~
paaka 10% g COMHTHIUISAIMOHHBIX), Y3KUM Jdala-
30HOM YyBCTBUTEJIbHOCTH, HHOTIA TPEOYIOT BbIBEIEHIUS
B PEXKUM CUeTa KBAHTOB (4TO 3aMeJyIseT IIPOIECC Ha-
Gopa manubix). [ToaTOoMy HONOJHUTEILHO MOTYT OBITH
YCTAHOBJIEHBI (DUJILTPBI WA JUCHEPTUPYIONIHE IPUOOo-
pbl (mumHIpUYecKue wiu cepudeckue KpUCTAJLUIbL,
nudpakuonnbie pemierku). CTOUT BBIAECIUTH IPUGODLI
HOBOTO MOKOJIeHUsI [26, 27|, COBMEIIAIIIE BBICOKYTO 10~
[JIOIIAOIILY 0 CHOCOOHOCTD JIJIsi KBAHTOB BBICOKOI dHEp-
IUH, HEIJIOX0E SHEPIeTHIECKOe Pa3pelleHne U BO3MOXK-
HOCTB ITO3MIIMOHHOW YyBCTBUTEJLHOCTH, YTO aKTyaJlb-
HO JIJIs 33Ja4 CIIEKTPAJIbHBIX U3MEPEHUNl U BU3yaJn3a-
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AU C BBICOKUM ITPOCTPAHCTBEHHBIM PA3PEIIeHUEM B Jia-
3epHBbIX dKciepuMeHTax [28]. Tem He MeHee, ¢ y4eToMm
SKCIIOHEHITUAJIBHO CIAJIAIONIEl ¢ POCTOM SHEPIUM OIH-
Garorreil CrleKTpa PEeHTTEeHOBCKOTO U3JIydeHns, pabodnii
CIIEKTPAJIBHBII AUAA30H IPUOOPA TOTO WJIA UHOTO TUIIA
OKa3bIBAETCs JIOCTATOYHO y3KUM. 1103TOMY 3KCIIEpUMEH-
TaJbHBIE UCCJIEIOBAHUS SMUACCHU PEHTTEHOBCKOIO MU3JTy-
YEHUS 9aCTO OKA3BIBAIOTCS COCPEIOTOYCHHBIMY HA OIIPe-
JIEJIEHHOM JIMalla30He CIIEKTPa, COOTBETCTBYOIIEM KOH-
KPEeTHOIl pelaeMoil 3ajiade I0 Jia3epHO-ILJIa3MEHHOMY
B3aNMOJIENCTBHIO.

Bwmecre ¢ Tem, mosyueHune crieKTpa peHTTEHOBCKOTO
U3JIydYeHHs] B MaKCHUMAaJIbHO IMUPOKOM JIUAIIa30HE JIAeT
JIOTIOJTHATEJILHYIO BayKHYI0 NHMOPMAIUIO 00 3JIEKTPOH-
HOM aHCAMOJIE B I[€JIOM U O POJIM PA3IHIHBIX MEXAHU3-
MOB HarpeBa W YCKOPEHUS IIPU BAPbUPOBAHIM ITAPAMET-
POB BO3JIEHCTBYIOIIErO JIA3€PHOTO U3JIy YEHMSI.

B macrosimeit pabore HamMu BIepBble OBLIO IIPOBe-
JIEHO M3MEpPEHUEe CIEKTPA PEHTTEHOBCKOIO U3JIydYeHUs
PEIIATUBUCTCKON JIa3€pHOI IJIa3MBbl B HEPrEeTUIECKOM
muarazone ot 0.1 mo 103 kaB. JIjist TOCTHKEHUST BBICO-
KOI'0 JIMHAMUYIECKOr'O JTUalla30Ha ObLI IIPUMEHeH Habop
abCcoMIIOTHO KanOpPOBaHHBIX AeTeKTopoB. Ilmazma Ha
[TOBEPXHOCTU METAJINYECKON TBEPIOTEJIbHON MUIIEHU
dopMUpOBaJIACH JIA3€PHBIM UMILY/IbCOM JIJIATETEHOCTHIO
50 dbc, mMKOBas WHTEHCHMBHOCTH KOTOPOT'O BapbUPOBa-
nack ot 106 510 meckompkux emuanm na 108 Br/cm?. B
€JIMHOM 3KCIIEPUMEHTE II0JIyYeHa MHMOpMAIUs O IPO-
TEKAIOMNX B ILIa3Me (PU3NIECKUX IMPOIECCax: U3yIeHO
YCKOpEHHE TOpsAYnX 3JeKTPOHOB W WX POJIM B T'eHepa-
MU JIMHEHYaThIX KOMIIOHEHT ILJIa3Mbl, HArpeBa BeIlle-
cTBa OOPATHBIMA TOKAMHE, IOJyYEHBI OIMEHKH Ha -
bEeKTUBHOCTD PEHTTEHOBCKOIO MCTOYHUKA B PA3IMIHBIX
SHEPIeTUYECKHUX TUAIIA30HAX.

2. ITocranoBka 3KcnepumeHTa. B pabore wuc-
CJIEJIOBAJIOCh PEHTTEHOBCKOE M3JIyUYEHUsI OT 3JIEKTPOHOB
IJIa3MbI, (DOPMHUPYEMOil HA MMOBEPXHOCTU TVIAJIKONU MO-
JIMOIEHOBOI MuIilieHn (heMTOCEKYHIHBIM JIa3ePHBIM U3~
sgydenueM. VIMIysabc ¢ JUINTEIBHOCTBIO OKOJIO 55 de u
sueprueit ot 0.3 mo 50wmx dokycupoBasics BHeoce-
Boil mapabonoit (F/D = 6) nmox yriaom okoso 45 rpa-
JIycOB K HOpMaJju. lIukoBasi MHTEHCUBHOCTH JIOCTHUIa-
ma 2.8 x 10 B/cM? m Morma GBITH yMEHBITEHa IPO-
MTOPIMOHAIHHO SHEPIUU UMITYJIHCA 0€3 N3MEHEHUN yCJI0-
BUil poKycupoBKU. KOHTpPACT UMITYJIbCa 110 [IbEIEeCTAILY
ycuiieHHOro crnonTanHoro usiaydenus (YCU) cocrasiisii
okosio 5 x 1078 3a 10-100 ¢ mo muka nmMmmysbea (Ipu
HOJIHOM JUIATENBHOCTH OKOJIO 1 HC JI0 NHMKA UMILYIIBCA ),
HO TakKzKe MOT 6bITh yayumen 10 1072 3a cuer BHeape-
HHsI KOHTpaCT-K/IMHepa Ha ocHOBe MeToauku XPW [29].
JlBa snauenns kourpacta (mmskmit, 5 x 1078, u BbICO-
kuit, 107%) maee qyis KpaTKocTH MBI 6y/1eM 0603HAUATD

L u H coorserctBenno (or aurit. low n high). 3uade-
HUEe KOHTPACTa OIPeJIeJisieT MHTEHCUBHOCTD B I1be/IeCTa-
sge YCU u, ciieioBaTeIbHO, IapaMeTphl ILIa3MEHHOIO
c1os1 (IIpeIIa3Mbl ), BO3HUKAIONIETo MOJT JeHCTBHEM 9TO-
T'0 M3JIyIeHUs Ha MOBEPXHOCTU MUIIEHU U PA3JIETAIONIE-
rocsi B cropoHy Bakyyma. CeoiicTBa nperuiasMel (IipoTsi-
2KEHHOCTH, 3aBUCHUMOCTh KOHIIEHTPAIINH JIEKTPOHOB OT
PACCTOSIHUS ) UIPAET CYIIECTBEHHYO POJIb B MEXAHU3MAX
IIOTJIONIEHUS W3JIy9eHUsI 1 HaOOpe dSHEPIUU SJIEKTPOHA-
MU IIpU BO3JEHCTBUE HEIIOCPEICTBEHHO (heMTOCEKYHI-
HOTO uMILysibca [12-15 u cchuiKu B HUX].

J1J1st AMATHOCTUKY PEHTTEHOBCKON SMICCUN HAMHU UC-
[I0JIB30BAJICST PSIJT JIETEKTOPOB, IOKPBIBAIOIIIX INAITA30H
or ~1005B g0 1 M»>B:

i. IIponyckatomas audpakInOHHASs PeIeTKa, KOTO-
past mpejcraBiisieT coOOil MePUOIUIECKYI0 CTPYKTYDPY
CBODOIHO BUCSIIUX TOHKUX 30JI0THIX IIPOBOJIOYEK, 3a-
HOJIHAIOMUX y3KyIo 1meab (70 MKM), ¢ OTHOIICHHEM 3a-
30pa Mexky Humu K rnepuogy pemerku 0.25 [30]. Paspe-
IeHne mpubopa Mo JIMHAM BOJIH OMPEIEIs/IOCh IINPH-
HOH OCHOBHOI Imesm u cocrasisio 4 A Bo Beem juana-
30He m3MepeHuil. Perucrpaiys pasBepHyTOrO IO IIPO-
CTPAHCTBY CIIEKTPa MPOBOIMJIACH HA PEHTTE€HOBCKYIO
I[I3C kamepy GreatEyes BI DD ¢ pasmepom mnukce-
gt 13 X 13 mrM. [lpu dpurcupoBaHHOM 3HAYEHUM WH-
TepBaJIa JJINH BOJIH, IPUXOISAINEroCs HA KAXKIBbI ITHK-
CeJIb, COOTBETCTBYIOIIUNA 3HEPreTUuYeCKUil nHTepBaJl U3-
MeHsieTCsl (IIOCKOJIbKY SHEPIHsi KBaHTa OOPATHO IPO-
HOPIUOHAJILHA €r0 JJIUHE BOJIHBI), 9TO TAaKXKe OTpa-
KAETCA HA SHEPTETUIECKOM DAa3PEIIeHUN MOMHUMO IITH-
puHbl 1meyn. Bo u3berkaHue 3aCBETKU OT OITUYECKO-
0 W3JIydYeHUs IJIa3Mbl Iepes, KaMepoil pa3Melrasics
buwabTp THTana TogammHON (.1 MKM, OmpemesAONuit
HUZKHIOIO TPaHUIly JeTeKTupoBaHus Ha ypoBHe 803B.
PeasibHasi BepxHsisi I'DaHUNA JI€TEKTUPOBAHUSI COCTAB-
Jista 0koJ10 1.5 k9B u Obuia 00yciioBsieHa, BO-TIEPBBIX,
[IPOILyCKAHUEM MUKPOCTPYKTYPhI PEIIETKA U3 30JI0Ta
roJiuHOoNl 0.5 MKM, KOTOpasi CTAHOBUTCSI IIPO3PAYHOIA
Jutst 6oJIee SHEPreTUIHBIX KBAHTOB, W, BO-BTOPBIX, OJIH-
30CTBIO HYJIEBOT'O TOPSIKA Iu(PAKIIUU, TEPEKPHIBAIO-
mero 6oJiee BBICOKOIHEPTETUYHYIO 9acTh ClekTpa. Me-
ToAuKa OOpabOTKM CIIEKTPOB, BKJIIOYAIONIAS BbIIEIIE-
HU€ UCTUHHOT'O CUTHAJIA B IEPBOM MOPsAIKE IudPAKIUN
C yCTpaHEHHEM BJIUSIHUSI BBICIIUX IIOPSIIKOB, OIMCAHA
B pabore [30].

ii. [Ipsimasi perucrpaliysi OJMHOYHBIX KBAHTOB Ha
peutrenoBckoit [I3C kamepe GreatEyes BI DD c o6-
paTHOit 3acBeTKOil ¢ pa3pemnierneM okojo 250358 B ana-
mazone 2-30k3B. [lnst BBIBOHA JIeTEKTOpPa B PEXKUM
cueta (POTOHOB Tepe KaMepoil pacroiaraucs GUIbTP
400 MKM GepUIIHS, OTCEKAIOIIIIT TIOTOK KBAHTOB C SHEP-
rueii Huxke 2.5 k5B. BepxHsig rpaHuna mo sHeprum je-
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TEeKTUPOBAHUS ONPEE/IAIaCh IYBCTBUTEIBHOCTHIO aK-
TUBHOI'O CJIOSI MATPUIIHI.

iii. IIpgmas perucTpaliiss OJIMHOYHBIX KBAHTOB HAa
[IUKCEJIbHOM ITO3UIIMOHHO-1yBCTBUTEJIBHOM JIETEKTOPE
MediPix ma gume rommmuoit 1mm CdTe, obecreun-
BAIOIIUM YBEPEHHYIO PErMCTPAINI0 KBAHTOB BBICOKOIA
sueprueil [28] u sHepreTHUecKUM pa3peIIeHHEM OKOJIO
10 %. Hamu 351eCh TakzKe HCIOJb30BAJICS MeTAJJIHYe-
cKkuilt GUIBTP /I OTCEUeHNsT KBAHTOB C SHEPrueil Menee
HECKOJIBKUX JIeCSTKOB K3B (5 MM antoMuHus).

st uamepennit B quanazonax 2—30 u coimre 30 k3B
UCTUHHAS (POPMA CIEKTPA BOCCTAHABJINBAJIACH C IIPUMeE-
umenneM Monrte-Kapio momenmupoBanus st yaera HAJIO-
JKEeHUsI KBAHTOB IIpu u3Meperusix (3dpdekr pile-up [31])
U BJIASIHUSI HEKOTE€PEHTHOI'O PACCEsHUsI KBAHTOB BBICO-
KOl 9HEpI'UU B aKTUBHOM CJIoe JieTekTopa [32, 33].

Ob6a mpubopa ObLM abCOIOTHO KaaUOPOBAHBI HA
PEHTTeHOBCKUX MCTOYHMKaX: Feb5 (mapa mmanit K ne-
pexoma 5.9 u 6.4k3B) u TakkKe JMHEHUATBIX KOMIIO-
HeHTax Iua3Mbl Meau (8 u 8.9k3B), mommbaena (17.4
u 19.6k3B) mas II3C kamepsr GreatEyes, ncrounu-
ku Am241 (59 x3B) u Cs137 (661 x3B) mst MediPix.
KomuaecTtBo dhoToHOB ompenesiercst Mo 9uUCTy 3acBe-
YEHHBIX KJIACTEPOB IIMKCeJIell Ha MaTpPHIlE JIETEKTOpa B
cJlydae OJHOKBAHTOBBIX m3MepeHuii. [Ipu passioxenun
CIIeKTpa 1mocje JudPaKIMOHHON PeneTKn Iucjao Gporo-
HOB OIIPEJIEJIETCS [0 aMIUINTY/e CUTHAJIA HA, OIpele-
JIEHHOM 3HAYEHUU SHEPIrUU U IIepecyere B UKMCJIO KBaH-
TOB Ha OCHOBE U3BECTHBIX KAIubpoBOK. JIuueiiHOCTH OT-
kimka jgerekropa GreatEyes B mamepsemom nuanazone
sHepruil cocrapjisgeT He MeHee 99 % coryiacHO JaHHBIM
npousBouTesis. [ToJHBI IOTOK KBaHTOB Ha CTepau-
aH MEePeCYNTHIBAETCS Ha OCHOBE M3BECTHON TeOMETpUN
9KCIIEpUMEHTA.

KsanToble 3(MdeKTuBHOCTH IV BCEX JIETEKTOPOB
C yYeTOM YCTAHOBJIEHHBIX (DUJIBTPOB IIOKA3aHbI Ha
puc. la. Hakomienune crmekTpoB i KaKIOrO 3HAUE-
HUsl UHTEHCUBHOCTHU/KOHTPACTA HMPOBOJUJIOCH B CEPUM
n3 100-1000 BeICTpEJIOB C AUCIIEPCUEH SHEPTUU JIA3EPHO-
ro UMITYJIbCa OKOJI0 b %. VI3Mepennst B cepum n3 MHOZKE-
CTBa UMILYJIbCOB, B IIEPBYIO OYepPeib, HEOOXOAUMBI JIJIsi
HAKOILJIEHUSI CTATUCTUKU TP OTHOCUTEIBHO MAaJIOM II0-
TOKE KBAHTOB C dHeprueil OOoJibIlle HECKOJIBKUX COTEH
k3B npm m3mepennax mereKTopoM iii. XoTsa HeoOXommMo
OTMETHUTb, YTO BCE BUJbI U3MEPEHUIT [TO3BOJISIIOT TIOJIY-
YaTh JAHHBbIE [PU KCIO3UIUU BILUIOTH JIO OJIHOIO M-
nysibca (IIpU CHUZKEHUU SHEPreTUIeCKOr0 PA3PEIIeHNUs ).
Kazkapiit mMIyJIbC IPUXOAUI B CBEXKYI0 TOYKY Ha IIO-
BEPXHOCTH MUIIEHH, JJIsl 9€r0 [IOCJIE IHsIsI 3aKPeIIsIach
HA TPAHCJIATOPAX M MOCTOSHHO CMEIIAJIACh B ILIOCKO-
CTH MEPETS’KKHU C IMOMOIIBIO MMAroBbIx apurareseit. Jle-
TEKTOPBI PACIIOJIATAJIACH B [TEPEIHEN IJIOCKOCTH MUIIe-
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V HUCHOJIb3yeMbIX JETEeKTOPOB C YYeTOM YCTAHOBJEHHBIX
unbrpos (a), BOCCTAHOBJIEHHBIE IMUPOKOAMAIA30HHBIE
ciekTpel dN/dE peHTIeHOBCKOrO WM3JIydeHHsl JJIsi HEKO-
TOpBIX IapamMerpoB B3auMogelicteusi (b)—(d) u crekTpsl
peHTreHoBCKOro uanyuenust N(E) niasmbl B HU3KOIHED-
reTUYHOM JuanasoHe (e)

HU B HAIIpaBJIeHNH, OJIM3KOM K HOpMaym. B Hampasiie-
HUU KayKJIOTO JIETEKTOPa YCTAHABJIMBAJICS TAKXKe Mar-
HUT, OTKJIOHSIIOIIMI CBOUM ITOJIEM JIEKTPOHBI ¢ SHEPTHU-
eit 10 HeckobkuX M3B 11 mpemoTBpalnenns mosiBIie-
HUsI HEXKEJIATEJIbHOTO CUTHAJIA.

[TorpentHocTs AMIUIATYABI UCTUHHOTO CIIEKTPA W3-
MEHSIETCsI JJIsi Pa3JIMYHBIX IHEPreTUIeCKUX 00JjacTei
CIIEKTPA, YTO CBSI3aHO C OCOOEHHOCTSIMM WM3MEpPEHUi
U CJIOYXKHOM TPOIEeMypoil BoccTaHOBJeHUA. B obsracTsax
30.1-1, 3-20, 40-600 k3B ona ne npesbimaer 20 %, mMu-
HUMYM IOPSIJIKa €IUHUIL] IIPOIEHTOB JOCTUIaeTCs BOJIH-
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31 MaKCHMYMOB KBaHTOBOI 3 PEKTUBHOCTH, HO JTOCTH-
raer sHadenuii Boime 80 % B y3Kux 06JIaCTAX IIepexoa
OT OJIHOTO JIETEKTOPA K JIPYTOMY.

3. IIMupokoamamna3oHHBLIA PEHTreHOBCKUIA
crekTp miasmbl. Ha pucynkax 1b—d mpeacrapiess
BIIEPBBIE TIOJydYeHHbIE abCOIOTHBIE
30HHBIE CcnekTpbl dN/dE 1l HEeKOTOPBIX 3HaYeHWi

MITPOKO I AT~

[apaMeTpoOB B3aUMOJIEHCTBUS B IIPEJIIOJIOKEHUN H30-
TPOITHOTO PACIPEEJIEHIsT KBAHTOB IO IIPOCTPAHCTBY
[17,34], HopMupoBaHHbIE HA OJMH JIA3EPHBIA BBICTPE]
B eIUHUYHOM TejiecHOM yriie. CepbIMU IIPSMOYIOJib-
HUKAMU [OKA3aHbI 00JIACTH OTHOCUTEIHLHO HEBLICOKOM
JIOCTOBEPHOCTU BOCCTAHOBJIEHHOTO CIIEKTPA, O YeM OBLIO
HamucaHo Bbime. OJHAKO [IPU 9TOM BHUIHO XOPOIIee
[epeTeKanne JTAHHBIX OT OJIHOTO JIETEKTOPa K JIPYTOMY,
YTO TIO3BOJIsIET 0€3 Cepbe3HBIX I0TePh JIOCTPOUTH
rpacduk 10 HemnpepbiBHOrO. PopMa PEHTTEHOBCKOIO
CIIEKTPA, BOOOIIE IOBOPSs, UMEET CJIOXKHBIN BUJ B CHJLY
HAJIN4IUd TOPMO3HON COCTABJAIONIEH, a TaKzKe JIMHeMH-
YaThIX KOMIIOHEHT (PEeKOMOMHAIMOHHBIE NPOIECCHl U
nepexoibl U3 BO30YkKIeHHbIX cocrosHmil) [35]. Tak
B HAIleM CJIydae MOXKHO YeTKO BbIIegnTh K-ambda
(17.4%3B), K-6era (19.7k3B), a Takke ciuBarorinecs
L smann momubnena (2.3-2.6 k3B). B obiactu Masbix
suepruii (Meree 1 K3B) TakKe IPUCYTCTBYIOT HECKOJIBKO
CTabUIIHHO TOSIBJIATONIIXCS [TMKOB, BIJIHBIX HA CIIEKTPAX
N(E) na puc. le. Cpenn aux muku okoso 280 u 52038,
KOTOpBIE MBI CBSI3bIBAEM C XapPaKTePUCTUIECKUMHU
JIMHASIMEA  yTJIEPOia U KUCJIOPOJA M3 MOBEPXHOCTHBIX
CJIOEB OKHCJIA ¥ 3arpsi3HEHUI TOJIIIMHON 10 JIeCSITKa
HAHOMeTPOB [36], 9TO CPABHMMO C TOJIIUHON CKUH-CJIOST
JUTsI JIA3€PHOTO M3JTIydeHust. Psij Ipyrux MuKOB yaaeTcst
paspenuTh HEMHOIO JeTajibHee. Tak, muku BOIM3U
1405B, 220, 300-5005B MoryT ObITH MPOACCOIUUPO-
BaHBbI C TEPEXOJIAMU B BBICOKOMOHM30BAHHBIX ATOMAX
mosmbena  (Zn-nonobusie, Cu-mogobHble U JIpyrue).
OTHOCUTE/IBHO HEBBICOKOE pa3pellleHue CIIEKTPOMEeTpa
HE TO3BOJISET JIETAJBHO Pa3PEIIUTh CTPYKTYPY STUX
CHEKTPAJIbHBIX KOMIOHEHT. /3yJueHue aMIInTy 1 THKOB
MOXKET OBITH IIPEJIMETOM OTJIEJIbHONW CTATBHHU, [TOITOMY
3J1€Ch OIPAHUIMMCS] KOHCTATAIIUEN UX IIPUCYTCTBUSI.

4. ObcyxkaeHue. a. YcKkopeHue 20pA%UT IAEKMPO-
HO6 U Mmemnepamypa naadmov. Popma pEHTIEHOBCKO-
IO CIIEKTPa B Pa3HBIX OOJIACTAX MOXKET OBITH OXapaK-
Tepu30BaHa SKCIOHEHINAJIBLHO CIIaJarorieil dpyHKineit
suna f(F) ~ exp(—E/T), tne muoxurenb T Hamps-
MYIO CBSI3aH C TEMIIEPATYPOIl 3JIEKTPOHOB B ILIa3Me
[23,37,38|. B cuiibHO HEPABHOBECHOH (hEMTOCEKYH THOM
JIa3ePHOI IIJIa3Me IOHSITUE TEMIIEPATYPhI YCJIOBHO, HO
CHEKTPY 3JEKTPOHOB TaKKe CTABUTCS B COOTBETCTBHE
9KCIIOHEHITUAJLHO CIAIAIONas MYHKIS 110 AHAJIOTHN C
MakcsesioBckuM pacipeienenuem [34, 39]. Ckopee cie-

JIyeT TOBOPHUTb O CpE€JIHENl dHEPIUu,KOTOpas B CIIydae
TPEXMEPHOTO DACIIPEIEJIEHNsT ONpeiesiercss Kak 3/2T
[40, 41], X0oTs1 B JIATEpATYDPE HIPUHSITO TOBOPUTH UMEHHO
0 TeMIIepaType JIEKTPOHOB B ILIa3Me. TakuM 00pa3oM,
9KCIIEPUMEHTAJIBHOE OIPE/IEJIEHNEe HAKIOHA DPEHTTE€HOB-
CKOI'O CIIEKTPA JIA€T OIEHKY 3JIEKTPOHHBIX KOMIIOHEHT
ILJIA3MBI.

B j1asepHoil 1m1a3Me Npu TBEPIOTEILHOM BO3JEii-
CTBUU 3JIEKTPOHBI HAONPAIOT SHEPTUIO HE TOJBKO BCIIE-
crBue 0OpPATHOTOPMO3HOI'O IIOIJIOMIEHHUSI IO JECSITKOB
u coreH 3B [42], HO u moz JeiicTBueM GeCCTOIKHOBU-
TEJIbHBIX MEXAHU3MOB, IPUBOASAIMINX K ITOSBJICHUIO T'O-
PAYUX IJIEKTPOHOB, TEMIIEPATYyPa KOTOPBIX PACTET C
YBeJIMYeHUEM WMHTEHCHUBHOCTHU II0 CTEIEHHOMY 3aKOHY
IY/3-1/2 y nocturaer coTHnm K9B IpH MHTEHCHBHOCTH
okosio 108 Br/cm? [12-15]. losist GBICTPBIX YacTHIL B
o0IlleM WX 4KCJIe TaKKe MPOIOPIMOHAJIBHA UHTEHCHB-
HOCTH JIA36PHOIO UMILyJibca [43].

Ha pucynke 2a npejcraBiieHa 3aBUCUMOCTh OT WH-
TEHCHBHOCTH U KOHTPACTA OIEHKHW TEeMIIePaTypbl TIo-
psIdeil 3JIEKTPOHHOM KOMITOHEHTHI HJAA3MBI Thot, HOJIY-
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Puc.2. (Ilermoil onaiin) 3aBUCHMOCTL TEMIEPATYDPLI
3JIEKTPOHHBIX KOMIIOHEHT IIJIA3MBbI OT IIapaMeTPOB JIa3ep-
HOT'O MMILYJIbCA: TOPsTINe JIeKTPOHBL Thot (), 9JIEKTPOHBI
B IJIOTHON MpUTrpaHudHoOl obsactu Thuk (b) " (HOHOBBIE
9JIEKTPOHBI IA3MBbI 1 plasma (C)
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YE€HHOW TPU BOCCTAHOBJIEHUM HCXOIHON (DOPMBI CIIEK-
tpa Buna f(F) ~ exp(—FE/Thot) upu Monre-Kapio
MojiesinpoBanuu. VHTepecHO 0OpaTUTh BHUMaHUE Ha
JIUHAMUKY POCTa TEMIEPATYPhl i PA3HBIX 3HAUE-
Huit KOHTpacTa. JPHPEKTUBHOCTD M€HEPAINNA TOPSINX
9JIEKTPOHOB B 00JIACTU yMEPEHHOH MHTEeHCHBHOCTH (110
~4 x 10" Br/cM?) Bomme s L mvimysibea, TOTa Kak
HepexoJl K PeJITUBUCTCKOMY BO3JeicTBuio (OJimke K
10'8 Br/cm? u BBIIe) IepeiaeT muaeperso K H mMITyITh-
cy. Kak nna H, tak u njia L ummysibca BO3pacTaHUe
MHTEHCUBHOCTY OCHOBHOT'O UMITYJIbCA HEN30EKHO COIIPO-
BOXKJIA€TCsI [TOBBIIIIEHNEM aMILIMTY/IbI [IPEIBIMITYJIbCOB,
a, CJIeJIOBATENIHHO, U YJJIMHEHUEM IIPEIJIa3MEHHOTO CJIOST
HA [MOBEPXHOCTH MUIIEHU. Pa3jier KOPOHbI K MOMEHTY
[IPUXOJA UMITYJIBCA OIPEJIEJISIeTCS TOTOKOM MOITHOCTH
nbesiecrana YCU, KoTOpbIil pacreT 10 Mepe yBeude-
HUsl WHTEHCUBHOCTH OCHOBHOI'O WMMIIyJIbCa. PacdeTs u
ouenku (32,44, 45] ykazpiBaior Ha HOPMUPOBAHUE HEOI-
HOPOJIHOT'O I'DAJIUEHTA KOHIIEHTPAIMH, B KOTOPOM IIPH-
cyTcTByer OoJiee ILUIOTHAS KOPOTKAas 00JIACTH IMOIKPHU-
TUYIeCKO TJIa3Mbl JUIMHOU MeHee 1 MKM W IIPOTSI?KEH-
Hasl (JI0 JIECTKOB MUKPOMETDOB) pas3pekeHHas (MeHee
0.1 KpuTHYIeCKUX KOHIEHTpAIMi) IJIa3Ma, KOTopas He
BHOCHUT DEIIAIONIEr0 BKJIAJA B YCKOPEHHE 3JIEKTPOHOB
[IPU HAIMX YCJIOBUSAX B3auMojeiicTBusi. BozueiicTBue
L mMIrysibca COPOBOXKIAETCS YyCKOPEHHEM JIEKTPOHOB,
BEPOSITHO, 33 CYET MEXaHU3Ma PE30HAHCHOTO IOTJIONIE-
Husi. MOXKHO OTMETUTH JOCTATOYHO XOPOIIee COBIIAIe-
HUE CTEIEHHOTO 3aKOHA POCTa TeMIepaTypbl Topsideil
SJIEKTPOHHON KOMIIOHEHTBI C M3BECTHBIM W3 JIUTEPATY-
pol: Thot ~ (IN?)'/3 [12,13] (3estenas mTpuxosas jTunms
Ha puc.2a). IIpu aToMm mepexoj| K cy6-pessiTHBUCTCKOMN
MHTEHCUBHOCTU B Cilydae L HUMIYJIbCa COIPOBOXKIAET-
cs POCTOM JUIMHBI Tpemia3mbl. OUTUMYM pe3oHaHCa
HE JOCTUTAETCsI, 3PMEKTUBHOCTD YCKOPEHUS CHUXKAET-
cst [44,46,47]. B 1O »Ke BpeMsl MHTEHCUBHOCTH eIlle
HEJIOCTATOYHO JIJIsi MPOSBJICHUS PEJIATUBUCTCKUX IIPO-
1meccoB. HeMOHOTOHHOCTH KPUBOW TaK»Ke MOKET OBIThH
cBsi3aHa ¢ KO PUIMEHTOM IIOIJIOIEHNSs, KOTOPBIN TaK-
K€ MMeeT CJIOXKHYIO 3aBHCHMOCTH OT JIJIMHBI IPeIria3-
MbI, K&K 9T0 0TMedasoch B pabore [48]. CoBoKynHOCTD
9THUX (PAKTOPOB OObSICHSIET CJIOXKHBIN BHJI 32BUCUMOCTH
JUist L uMIysIbca U IepesioM ¢ IIPOBAJIOM, HAOJIIOIaeMbIit
na puc.2a B obmactu 101710 Br/cm?. B mmamasome
soime 1018 Br/cm? poct TeMmepaTyphl yKasbIBaeT CKO-
pee Ha TOHJIEPOMOTOpPHOE ycKopenue u J X B marpes
(Thot =~ 511[4/(1 4 0.731A\? — 1] k3B [14], cunas mrpu-
XOBag JIMHUs Ha puc. 2a). Bbicokag MHTEHCUBHOCTL MO-
2KET CII0COOCTBOBATD IIOIIABINBAHUAIO UMILYIHCOM 113~
MBI K IOBEPXHOCTH U YKPYUIEHUIO I'PAINEHTA IIJIOTHOCTH
[47,49], HOo HAJIMYKE JIMHHOIO PA3PEXKEHHOI'O CJIOs, TEM
HEe MeHee, IPUBOJIUT K JUCCHUIIAIUN SHEPIUH, HAIIPUMED,
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Ha BO30Yy»KJeHue Ma3MeHHbIX BosH [32]. Hanbosbmiee
3HAYEHNE TEMIIEPATYPhI cocTansgeT okoyio 180 kaB.
1715t TO/IKPEIIeHUsT HAIUX [IPEJIIOI0XKEHU ToTpe-
OyeTcs duCIeHHOE MOojie/IupoBaHue. TakyKe HHTEePECHBIM
MIPEJICTABJISETCS IepecdeT Yncjia POTOHOB B aOCOJIIOT-
HO€e YHCII0 3J1eKTPOHOB [37]. PaHee B CX0XKHUX yCIOBUSX
B3aMMOJIEHCTBHs OBLIO TI0KA3aHO [23], 9T0 KOJmIecTBO
TOPMO3HBIX KBAHTOB cocTapigeT nopsaaka 0.01 ot ancia
TOPSTIUX SJIEKTPOHOB B O0JIACTH YKECTKUX KBAHTOB. DTHU
ACIIEKTBI CTAHYT [IPEIMETOM OTJICJIHHOMN ITyOIUKAIIIN.

Boszsparmasics k cirydaio H uMITyJsibca, MOYKHO yTBEp-
KJIaTh, YTO IIPEIIA3MEHHBIA CJIOH 371eCh 3HAYATE]Ib-
HO KOpodue, 4eM B ciydae L wmwmimysabca. Bojee Ttoro,
noHuzarus u (GopMUpPOBaHUE MPEIIa3Mbl UJAET Ha 0O-
Jiee KOPOTKOM BPEMEHHOM OTPE3Ke Iepes] OCHOBHBIM
mukoM H uMITysibCca, MOCKOJIBKY WHTEHCHUBHOCTH B €r0
nbejiecTase, JIOCTATOYHAS Il MOHU3AINUA I[TOBEPXHO-
CTHU, JIOCTUTAeTCs He3aI0JIr0 JI0 BO3/IEHCTBUS COOCTBEH-
HO (PEMTOCEKYHIHOTO MMILYIbCA. JTO, C OIHON CTOPO-
HBI, XapaKTEPU3YETCsI OTHOCUTEJIHHO CJIA0BIM MOTJIOIIe-
HueM 1 MeHee 3(pPEKTUBHOI reHepanueil ropsiInx J1eK-
TPOHOB IIPY WHTEHCUBHOCTH MEHEE HECKOJIbKUX €JIUHUIL
ra 107 Br/cM? mo cpasnenmio ¢ L mvmyiscom. C apy-
roii CTOPOHBI, JUIMHA Pa3peKeHHON 1m1a3mMbl H uMIrysib-
ca MpHU PEeIATUBUCTCKON MHTEHCUBHOCTH HEBEJIMKA, ITO
OTIpEJIEJISIET HEBBICOKYIO Juccunanuio suepruu. OteH-
Ka Ha TEMIIEPATypPy TOpsSUuX 3JIEKTPOHOB HAXOJUTCS B
XOPOIIIEM COTIACHHU C TIOHIEPOMOTOPHBIM YCKOPEHUEM U
mocruraer 3Hadenusi B ~ 320 k3B mpu wmHTeHCHMBHOCTH
oxoJ10 3 X 108 Br/cm?.

WHTepecHbIt ACHIEKT, CBSI3aHHBIN C TOPAIAMHI IJIEK-
TPOHAMU B IIJIA3Me, OTHOCUTCS K IIPOIIECCaM TeIIonepe-
HOCA U TIepepacIpeiesIeHus 3apsiia BOIn3u 001acT B3a-
nmo/ieiicTBust. HeckoMmiieHcupoBaHHBIi 3apsif], 06pasyo-
IIUICST BCJIEJICTBHE BBLIETA TOPSYUUX JIEKTPOHOB KAaK B
CTOPOHY OT MHUIIEHH, TaK U BIVIyOb Hee, CO3IAeT IOJIs
HanpsizkeHHOCTbI0 B MB /cMm. IIpu o6parnoM Toke 371K~
TPOHOB BBIJIEJISIETCS TEIIO 33 CYET OMUYIECKOIO COIPO-
THUBJIEHUSI, HATPEBAIOIIEE ILJIOTHOE BEIECTBO MUIIEHH.
Camu ropsdme 3JIeKTPOHBL IIPU CTOJKHOBEHUSX B ILIOT-
HOW 9aCTH IIa3Mbl TAKXKe [IE€PEIAI0T YacTh CBOEH dHep-
run B oobeMm. Temiieparypa, B IEepBOM MPUOJIMKEHIH,
3aBUCUT OT SHEPIUU TPOHUKAIOMINX YACTHI] U UX KOJIH-
YeCTBA U MOYKET COCTABJISATH €IMHUIBI K9B u Oosee B
OKOJIO TIOBEPXHOCTHOM IIOTHOM cJioe (10-20 MKM) mpu
PEeJISTUBUCTCKON MHTEHCHUBHOCTH JIA3€PHO-ILIA3MEHHOTO
BozeiicTBus [50-54].

B obsactu sneprun kBaHTOB 5-15 K3B cymecTByer
006J1acTh, He “3anyM/IeHHasd” XapaKTePUCTUIECKIMU JIU-
HUSIMA, KOTOPas KaK pa3 MOXKET OTPAXKATb COCTOSHUE
IWIOTHOM oOs1acTu BemtecTBa. C 0IHOM CTOPOHBI, SHEPT U
B 9TON 00JIACTH CYIIECTBEHHO IIPEBOCXOUT OIEHKH JIJIsT
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bOHOBOIT TEMITEPATYPBHI CAMOI ILIA3MBI HA TIOBEPXHOCTH
(corrn 3B [55]), ¢ mapyroit CTOPOHBI, TeMuepaTrypa ro-
PSYUUX 9JIEKTPOHOB, OIEHEHHASI TI0 BBICOKOIHEPTeTHUIHOM
YaCTH PACIIPENeJIeHUs], 3HAUUTEJIbHO Bblie (0COOEHHO
nust marencusrocTH Bhime 1017 Br/cm?). Moxkuo oxu-
JIATh, 9TO TOPMO3HAsS YACTDb CIIEKTPA HEIOCPEICTBEHHO
OT TOPSYUX IJIEKTPOHOB JA€T B ITON 00JIACTH KBa3U-
ITOCTOSIHHYIO TIOJICTABKY K PE3YJIbTUPYIOMIEMY H3Mepsie-
MoMy crieKTpy. HaMu HaO/110/1a71aCh OTINYIAIONIASC JIN-
HaMUKa POCTa HAKJOHA PEHTTEHOBCKOT'O CIEKTPa JIJIst
H u L nvmynsco. Ha pucynke 2b npuBeieHbI OleHKT
TEMIIEPATYPHI IJIOTHOTO BEIIECTBA, B MPUTPAHUIHOMN 06-
gactu Thyk MOJydeHHbIE B obsactu 5—15 k3B npu Boc-
CTAHOBJIEHUH WCXO/HOTO CIeKTpa. HempemeHHO, BbIsic-
HEHUE TOYHBIX 3HAYEHUII TpeOyeT pemreHus KUHEeTHdIe-
CKIX ypaBHEHHUI u MojeaupoBanus. BakHo mo0aBUTDH
TaK>Ke, ITO TEMIEPATYPa IJIOTHOTO BEIIECTBA CUJIHHO
HEOTHOPOJIHA 1 OBICTPO yOBIBAET IIPHU yXO€e BIIyOb MU-
IIE€HN, TIO9TOMY IOJIyUeHHAs HAMHU OIICHKA OTPAXKaeT
CKOpee JINIIb CaMble OJIN3KNE K T'PAHUIIE MUIIEHN CJIOU.

Tem ue menee s H uMIysibca oty deHa BO3pacTa-
IOIasd 3aBUCHMOCTH OT HHTeHCHBHOCTH (0T 5 10 20 K9B
[0 Mepe POCTa WHTEHCUBHOCTH OT YMEDPEHHOW 10 pe-
agrusucTcekoit). Torma kak s L umirysbca mokasa-
HUs HI2KE U, 00JIee TOTO, B N3MEPEHHOM [INATIA30HE MH-
TEHCUBHOCTHU CJIa0O0 3aBHCAT OoT mocjemueil. ITo marmre-
MY MHEHHIO, 9TO HAIPIMYIO CBSI3aHO C POJILIO MPEILIas3-
MeHHOro cjios. Ilpu pocTe NMpOTSKEHHOCTH T1a3MblI 00-
JIACTH PeHEepAIlMU FOPAYUX JIEKTPOHOB (0bsacTh dop-
MHUPOBAHUSI HE CKOMIIEHCHPOBAHHOTO 3apsiJIa) OTIAJIsieT-
Cs1 OT I'PAHUIIBI IIJIOTHON MUIIEHH. DKPAHUPOBKA B ILIa3-
M€ IIPUBOJUAT K OCJIA0JIEHUIO OOPATHOIO TOKa, KOTOPOEe
KOMIIEHCUDYETCS POCTOM SHEPIHHM U KOJMIECTBA TOPs-
YUX IJIEKTPOHOB.

Ilepexo/ist B HUBKOIHEPTETUIECKHH TUATIA30H U3Me-
pennii (npumepro 0.1-1 k9B), MOXKHO OIEHUTD TeMIIepa-
Typy DOHOBOII 37IEKTPOHHOM! KOMITOHEHTHI 1 plasma CAMOI
IUTa3Mbl B 00JIACTH B3amMoJieiicTBusI. KBaHTBI ¢ Takoi
SHEprueil UCIYCKAIOTCS HEMOCPEJICTBEHHO ILJIA3MEHHOM
KOPOHOI, ITOCKOJIbKY JJIMHA WX Mpo0era B IUIOTHOM Be-
IecTBe Ype3BblUaiino maja. Ha pucyHke 2¢ qana 3aBu-
CUMOCTB OIICHKHU TEeMIIEPATYPbl SKCIOHEHITUAJIBLHO CIIa-
JTAIONIeil 9acTu MSATKOTO PEHTTEHOBCKOTO CIIEKTPa B 00-
sactu 0.5-1 k3B, B KOTOPOIit OTCYTCTBYIOT IPKHUE XapaK-
TEPUCTUYECKHE KOMIIOHEHTBHI. 3HAYEHUE TEMIIEPATYPbI
Tplasma B JIAHHOH 00JIACTH MOYKET OBITH CBS3aHO C IIPH-
MBIM HAIDEBOM JIA3€PHBIM H3JIy 9€HUEM, OIIMCAHHOM, Ha~
npumep, B padorax [42, 55]. MoxkHO oTMeTuTh GoJsiee BbI-
cokue nokazanusd s H ummyinsca (1o 4005B npu nn-
tencusnoctu Beime 1018 Br/cm?). D1o cesasano ¢ 6osee
KOPOTKOM IIpeNIa3MOil UMITyJIbCa C BBICOKMM KOHTpAa-
CTOM — SHEPTHs JIA3€PHOT0 U3JIYyUE€HUs JTOCTUTAET CJIO,

O/IM3KOTO K KpuUTHaeckoMy. Takzke BHUIEH CIaJ 3HAUe-
HUI TeMIIEPATYPBI IIPU JIOCTUXKEHNN MAKCUMAJIbHBIX HH-
TEHCUBHOCTEI J1jIsi 000MX THUIIOB UMITYJIbCOB. IIpu sToM
cuany L mMIysibca HACTYIIAeT IIPU MEHbINe HHTEHCHB-
HOCTHU. DTO MOXKET OBbITh CBA3AHO C MHOXKECTBOM (hak-
TOPOB: BO3paCTaHKe II0 Mepe POCTa MHTEHCUBHOCTHU IIe-
PEKAYKN SHEPTUN JIA3EPHOTO UMILYIbCA B TOPSIINE DJIEK-
TpoHbl [43], BiusiHUE IPEIBIMIYJILCOB HA (HDOPMUPOBA-
HUE IPEeIIA3MEHHOI'O CJIOsI, U3MeHeHre KO3(hMOUIUEHTA
oTpaxkeHus WIa3Mbl [56] u T.11.

6. I'enepayusa penmeaeH08CK020 UBAYUEHUA 6 DASHHLT
anepeemuveckur duanasonax. lopsanme JIEKTPOHBI,
YCKOpsiEMbI€ B IJIA3M€e, BO MHOTOM OTBEYAIOT HE TOJBKO
3a IeHEPAIMI0 TOPMO3HOIO PEHTTE€HOBCKOI'O CIIEKTPa, HO
7 3a BO30yXKJIEHNE JINHEHIATON KOMIIOHEHTBI, B IACT-
moctu K, JjuHuHn MoimbaeHa, KOTOpas IPUCYTCTBYET
B CIEKTPE U HMEeT PsiJl MHTEPECHBIX IIPUJIOXKEHUIA,
CBsI3aHHBIX C 3ajadeil penrtreHorpadun [11,46,57].
Wsyuenne 3zaBucumoctu moToka K-ambda KBaHTOB
MOIOJIEHA OT MHTEHCHUBHOCTU U KOHTPACTA IIOKA3aJI0
JIOCTATOYHO TECHYIO B3aMMOCBS3b C TEMIIEPATYPOil ro-
PAYNX JIEKTPOHOB U €€ 3aBHUCUMOCTHIO OT KOHTPACTA U
WHTEHCUBHOCTH. 1TaK Ha pUCyHKe 3a, b, rjie npuBeIeHbl
rpacduku st moroka K, keantos N(K,) n addex-
THUBHOCTU T€HEPAINU B €IMHUIHOM TEJECHOM yIJe 3a
BeicTpent 7(K,) auHeitgaToil KOMIOHEHTH! (OTHOIIEHHE
o0I1ieil SHEPIrUKM KBAHTOB K SHEPIUU JIA3€PHOIO MUMITYJIb-
ca Ha MUIIEHN ), MOYKHO CHOBa OTMETUTH IPENMYIIIECTBA
IJIOXOr0 KOHTpacTa (a, cJeioBaTeabHO, u GoJiee Ipo-
TSPKEHHOH NpeIyia3Mbl) TP HU3KONH MHTEHCUBHOCTH
BO3JIEICTBYS Ha MUIIEHB: 3a CUeT JAeHCTBUS IIbeIeCTalla
YCU ycaoBus mist 3bdHEKTUBHON EpeIadn SHEPrun K
IJIa3Me OT JIA3ePHOr0 WMMILYJIbCA OKA3bIBAIOTCS OITH-
MaJjibHee, YeM JIjIsl BBICOKOTO KOHTpacTa. [Ipu BbICOKOII
WHTEHCABHOCTH JIA3€PHOTO WU3JIyYEHUsl TPOTIKEHHBIN
MIPEIIA3MEHHBII CJION OT MPEeIbIMITYJIbCOB L mMIrysibca
HE II03BOJISIeT JOCTUYhb BBICOKOIO moromenus. Cxoxue
3aBACHMOCTHU HAOJIIOJAIOTCA TAKXKE U IIPU HUCCJIEI0Ba~
HAM TTOTOKA W 3(DPEKTUBHOCTH TEHEPAIIUH KBAHTOB C
sueprueii 6osee 100 k3B, N(>100x3B) u n(> 100 xsB)
Ha puc. 3¢, d.

Hng H umiyabca WHTEPECHO OOpaTUTL BHUMAHUE
HA TIOCTEIEHHBIN 3aBaJI KaK [IOTOKA, TaK U d(PDHEKTUB-
HOCTHU reHepannu KBaHTOB Ka Ha MaKCHMAaJbHBIX 3HA-
YEeHUsIX MHTEHCUBHOCTHU (IIOCJIE/IHIE TOYKY Ha KPACHBIX
KPUBBIX pHUC.3a,b, HECMOTpsI Ha IIO-IIPEXKHEMY PacTy-
Iy TeMIepaTypy JEKTPOHOB, cM. puc.2a. Ha mam
B3IJIsIJl, IOMUMO yBEJINYNBAOIIENCS JIJTMHbBI IPEILIa3MBbl,
9TO TaKyKe BO MHOIOM CBSI32HO C IIPOIECCOM TI'€Hepa-
mnn K, kBanTos. ITo Mepe pocTa TeMmepaTypbl TOPIINX
9JIEKTPOHOB IVIyOMHA UX ITPOHUKHOBEHUS B MUIIIEHD yBe-
JmauBaercsi. Vlciyckaemble ¢ 6OJIBIION TJIyOUHBI KBaH-
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Puc. 3. (Llpernoii onmnaiin) ITorok N u adpdexkruBHOCcTh renepanuu 7: Ko xBanros (a), (b), kBanToB ¢ sHeprueii > 100 k3B

(¢), (d) m xBanTOB B OKHe Hpo3pauHocTH Bouel (), (f)

Thl PEHTTEHOBCKOI'O M3JIyY€HHUsl IIPOCTO IOTJIOMIAITCS B
cJIoe IIOTHOTO BellecTBa. Takoro 3apaja He HaOJIIOHA-
ercs JUist KBAHTOB ¢ sHeprueit 6oee 100 ksB, puc. 3¢, d,
KOTOpBIe 0018 /10T OOJIBINEN TPOHUKAIOIIEH CII0COOHO-
CTBIO.

IIpocToie onenku o metory Monte-Kapio mposera
9JIEKTPOHOB B BemlecTBe [58] MOKa3BIBAIOT, UTO YACTH-
el ¢ sHeprueit 300 k9B npu TPOHUKHOBEHUU B CJIOI MO-
Jb/IeHa UCITyCKAIOT HAMbOOo IbInee KommdecTBo K-ambda
KBAHTOB Ha IJIyOWHE OKOJIO JABYX JECATKOB MUKPOMET-
POB, OKOJIO TIOJIOBUHBI KOTOPBIX CITOCOOHO TIOKUHYTH MU-
IIEHb U JIOCTUYD IETEKTOPA, HAXOIAIErOCs Ha TepeIHel
cropone mwuiieru. [Ipum sueprum sjexkrponos 100 k3B
rIyOMHA MIPOJIeTa COKPAINAETCS 0 €INHUIL MUKPOH, 10
TOJIIIIUHBI BEIIECTBA, IIOYTH He MOTJIOMAoIIel moTok Ky
KBaHTbI. 110 9T0i1 2Ke IpuYrHe KPUBBIE IOTOKA KBAHTOB
JmHeHYaToro n3aydenus st L u H uMmiyabcoB OymyT
CTPEMUTBHCS APYT K Jpyry. Pe3yabrarsl, B 1e0M, XO-
POIIIO COIVIACYIOTCSI C OIEHKAMK U C paHee HADJIIOIAB-
IIUMUCS JAHHBIMYM TaKKe JIJIs MOJIUOIEHOBON MUIIIEHU
[43, 45, 46].

MaxkcumasbHoe 3HaveHume moToKa K, KBaHTOB
OBLIO 3apPEruCTPUPOBAHO i H wuMIysbca Tpu WH-
TencusHocTn okosio 2.5 X 108 Bt/cM? m cocrasmio
(3 + 1) x 10®mryx/(cp. BeIcTpesn) 1pu 3hdeKTHB-
HOCTU KOHBEPCHUU U3 JIA3€PHOr0 U3JIYYEHUsT OKOJIO
2 x 1075/(cp. Boicrpen) umu 0.02% /(cp. BbICTpEs)
OT SHEPIMM WMILYJIbCA HA MUIIEHU. DTa BEJIUYNHA
IMucbma B 2K9TD  Tom 121 2025

BbIIL. 3 —4

COCTaBJIsieT IPUMEPHO TOJIOBUHY OT OBIINEH KOHBEPCUM
n3nydenns B gumanaszoHe 2-30x3B. Ilpum pasmepe uc-
royHnKa nopsaka 10-20Mxm [45,57] mrasma MoxKer
HIPUMEHSITHCST JJIsl 38189 [OCTPOEHUs] PEHTIEHOBCKUX
n300pazkeHuil BBICOKOIO [IPOCTPAHCTBEHHOIO pPasperre-
HUsI C 9KCIIO3UIHEH BIIOTH JI0 OJHOTO UMILYJIBCA.

WNmest abCOTIOTHBIE CIIEKTPHI PEHTTEHOBCKOTO U3JIy-
YeHUsI, CTAHOBUTCSI MHTEPECHO OIEHUTb TaKXKe IIOTOK
KBaHTOB U B Juamna3oHe 0ojiee HU3KUX dHepruei, Ha-
upuMep, Ha JJIMHE B OKHe Ipo3padnocTu Boisl (Water
window 280-5303B), KOTOpBIE IIPEACTABIAIOT UHTEPEC
JJ1s1 33024 Jurorpadun gagbHero Y@ quanaszoHa, peHT-
TEeHOBCKON MUWKpOCKomnn u paguorpadun. Ha pucymn-
kax 3e, f npuseens 3apucumoctsb noroka N (Ww) u ad-
dexrurocTu renepanun 1n(Ww) xsanTos 280-5505B
OT WHTEHCUBHOCTU W KOHTpacra. JuHamuka, B 1eJI0M,
[OBTOPSIET YK€ OIMCAHHBIE JAHHbIE U HE HY¥XKJIAETCS
B MOBTOpHOI mHTepIpeTanuu. MakcumasibHas dddex-
THUBHOCTB JIOCTUTAETCs Iyt H wmMItysbca u cocTaBisier
~0.07 %/ (cp. BBICTpEN) P HOTOKE KBAHTOB JI0 2.5 X
x 101 mrryk / (cp. BeICTpEsT). Yncio pasyMHO coryiacyer-
sl ¢ IAaHHBIME JJIs1 (beMTOCEKYHIHBIX cucTeM [59] u ox-
HOBPEMEHHO HAIVISIHO UJIIIOCTPUPYET PA3HUILY C ILIa3-
MO#l OT 0oJiee JJIMHHBIX UMILYJIBCOB, TJ€ JJIsi MSII'KOI'O
PEHTreHa JOCTUTaIOTCsl PEKOPIHBbIE [TOKA3ATeNH B €H-
auipl % [60,61]). HecMorpst Ha cpaBHUTEIILHO HU3KYIO
3¢ HEKTUBHOCTD, ICTOYHUKY OT (DEMTOCEKYH/IHOM 11a3-
MBI 00J1aJ1at0T 60JIee KOPOTKOIM JIJIMTEIbHOCTBIO PEHTIe-
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HOBCKOT'O WMITYJIbCA M MOTYT 3aHSTH CBOIO HUIILY JIJIsi
BpeMsI-Pa3PEIIeHHONH CIIEKTPOCKOIIIH, [TOJIyYeHUsT U300~
pakenuit u T.J.

5. BakJirrogyenue. [lpu ncrosb30BaHUN TUPOKOJIM-
alla30HHON PEHTIeHOBCKOI NUArHOCTUKH HA OCHOBE IIa-
PAJIeIBHOTO MPUMEHEHUS JE€TEKTOPOB, IT€PEKPBIBAIO-
muX Jguanas3oH 3Hepruit kBautos oT 0.1 k3B mo 1 M»sB
u Oojiee, OXapPAKTEPU30BAH CHEKTD H3JIyI€HUs ILIa3-
MBI, OopMHUpPyeMOil mpu BO3AelcTBUN (HEMTOCEKYHII-
HOT'O JIA3€PHOI'O WMILYJIbCA Ha TBEPIOTEJIbHYIO MeTaJ-
JINYECKYIO0 MWINEHb. BIiepBble IOJIyYeH aOCOJIFOTHBII
CIEKTD C JUHAMWYECKAM JUAIMA30HOM B YETHIPE IIO-
psifiKa 110 3Hepruum KBaHTOB. lccjenoBaHbl 0COOEHHO-
CTH CIIEKTPa IIPU BapbUPOBAHUU ITMKOBOI MHTEHCUBHO-
ctu BoszelicTBusA (0T HeckKoMbKmX emummt Ha 1016 10
3 x 10'® Br/cm?), a Tak:ke KOHTpacTa U3JIyueHust (OKo-
70 2 X 107 u cebume 107).

Ha ocHOBe m3MepeHHBIX JAHHBIX IIPOBEEHA OIEHKA
SJIEKTPOHHBIX KOMITOHEHT JIA3€PHOM II1a3MbI B IIIMPOKOM
JMana30He SHEPIUil U BBISABJICHO BJIUSIHUE TEMIIEPATY PBI
9JIEKTPOHOB Ha, CBOMCTBA N€HEPUPYEMOI'O PEHTIEHOBCKO-
r'o U3JIy4eHusi. DTO UMEET BaXKHOE 3HAUEHUE KaK C TOY-
KU 3PEHUs] BbIABJICHUSA (DU3UIECKUX IIPOIECCOB B JIa3€P-
HOI1 IUIa3Me, TaK U [IPU UCIIOJIb30BAHUU IIOTOKA KBAHTOB
¢ HauboJibIell 3(PPEKTUBHOCTHIO B IIPUKJIAIHBIX 3318~
qax. [lokazano, 9T0 mpeIIa3MeHHBIN CJI0, dhopMupy-
eMBbIil 1I0J] JIeliCTBUEM IIPeIbIMILY/IbCOB JIA3ePHOIO U3-
JIyYeHUsI, UT'PAET OIPEIEISIONYyI0 POJIb B BOIIPOCE IIO-
TJIOIIEHNS U3/ Iy deHns u 3 PeKTUBHOCTH HECCTOTKHOBU-
TEJIbHBIX MEXaHU3MOB YCKOPEHUs JaCTUIl. 1aK, mpu Iu-
KoBoit naTeHcuBHOCTH 10 ~ 1017 Br/cM? masmume mpe-
IUIa3Mbl 00ECIeYNBAECT YCKOPEHUE YACTHUI[ IPU Pe30-
HAHCHOM TIOTJIOIIEHUH JI0 XaPAKTEPHOTO 3HATEHUS TeM-
nepaTypsl nopsika 50 k3B. Bojiee KopoTkas mperiiasz-
Ma JJIsi UMITYJIbCA C BBICOKMM KOHTPACTOM OIIPEJIE/IsIeT
BBICOKHI KOI(PDUINEHT OTPAKEHNUS IJIA3MBL U IIPUMEP-
HO B 1.5 pa3a MeHblllee 3HAUEHUE TEMIIEPATYPhI YACTHII,
ITpu nepexosie K PEISITUBUCTCKON NHTEHCUBHOCTH (CBBI-
me 108 Br/cm?), HanmpoTus, JyIMHHAS TpEIIasMa, Jisa
HAMITYJIbCA C HA3KAM KOHTPACTOM CIIOCOOCTBYET JUCCH-
[AIMY SHEPIUU M3JIyYEHUsI 110 Mepe PaCIPOCTPAHEHMs
Jepe3 IJIa3MEHHYI0 KOPOHY HOJ-KPUTHIECKON KOHIIEH-
TPaIUU JIEKTPOHOB. MaKcuMaibHOE 3HAYCHHE TEMIIe-
paTyphl TOPAINX JIEKTPOHOB ornenmBaercs B 180 kaB
IIpH MHTEHCHBHOCTH OKoJIo 3 X 108 BT/CMQ. st M-
IIyJIbCA C BBICOKMM KOHTPACTOM 9Ta OIEHKA IPUMEDPHO B
2 pasa BbIIIIE, a CTEIIEHHOIN POCT TeMIIEPATYPhI OT UHTEH-
CHUBHOCTHU HAaXOJUTCSI B XOPOIIIEM COIJIACUU C U3BECTHBIM
MEXaHU3MOM TTOHAEPOMOTOPHOTO ycKopenus u J X B ma-
rpesa.

OnpeesIsIIoNIyo poJib Iperia3Ma U Topsaue 3J1eK-
TPOHBI HUIPAIOT TaKXKe IIpU TeHepalui KBAHTOB Xa-

pakrepucruaeckoro usiydenus (K, sunusg monubuena,
17.4x3B) u 1pu GHICTPOM HAIDEBE ILIOTHOI'O BEHIECTBA.
B ciygae mocsenHero Bo3pacTaloliuii IMOTOK TNOPSYUX
qacTuI] BriyOb MUIleHn U (GOPMUPYEMbIil BCJIEICTBHE
9TOr0 HECKOMIICEHCUPOBAHHBIN 3apsAll CO3NAI0T CUJIbHBIN
00paTHBIN TOK, IPUBOJIAIINN K HAI'PEBY ILJIA3MBI JI0 TEM-
[IEPATYPBI B €IUHUIBI U JECATKE K3B.

Hakouer, B obiacTu HU3KUX dHEPruil KBAHTOB (Me-
Hee 1k3B) Takke OGHApyKeHO, 4TO (HOPMHUPOBAHUE
[IPOTSI?KEHHOM IpeILIa3Mbl MPEsITCTBYET 3(PPEKTUBHO-
My HarpeBy ILIa3Mbl BOM3U moBepxHOCTH. [ls 00omx
3HAYEHUI KOHTPACTa W3JIyYeHUs [IOKA3aHO, YTO OIEHKA
TeMIepaTypbl (POHOBOM IJIa3MbI CHUXKAETCSI IIPH MAKCH-
MaJIbHBIX 3HAaYeHUsiX nareHcuBHocTH. [lamenne addek-
THUBHOCTHU HATPEBA TAKXKE OTPAXKAETCS B CHUKEHUU -
dEKTUBHOCTHU reHepaIM KBAHTOB B OKHE IIPO3PAYHOCTH
Bobl (280-5509B). Haubonbimas usmepenunas spdek-
tuBHOCTD coctasisier 0.07 %, 9To pasyMHO coriacyercs
C JINTEPATYPHBIMU JAHHBIMH.

dunancupoBaHue paborbl. Pabora BeimoIHEHA
npu ToiiepxkKe MwuHHMCTEpCTBA HAYKH W BBICIIETO
obpasosanusi Poccuiickoit ®enepanuu  (corsanienue
#075-15-2021-1361) ¢ ucnosb30BaHneM 0OOPYIOBAHUSI,
3aKYIUIEHHOM IIPU IO/[JIEPKKE HAIIMOHAJIBHOTO IIPOEKTA
“Hayka 1 yHUBEPCHUTETHI .
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