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I/ICCJIB,]IOBaHbI pas3anynsa, BOBHUKAIOIe B U3/1yYaTeJIbHbIX PEHTI€HOBCKHUX CIIEKTPaxX aproHoBbBIX KJIacTepos,
B036y}K,llaeMbIX IIPpU J1a3epHO-KIacTepHOM U Ja3epHO-KalleJlbHOM B3alMOJEeHCTBUAX. Ppe,unomem;l PEHTIreHO-
CIIEKTpaJlbHble METOOUKH, [I03BOJAIONIME OIIPEeNedATb napaMeTpsl 06pa3y}omeﬁca I1adMbl Ha pas3HbIX CTagUuAX
ee 3BOJIOLUU. POKa3aH0, 4YTO B IIepBbI€e MOMEHTBI Harpesa KiaacTepa Hauboiee PIH(I)OpMaTPIBHbIMI/I ABJIIAIOT-
CA CIIEKTPBI II0JABIX MOHOB, B TO BpeMA KaK NHarHoCTHKa IO3OHUX cTaguil MozxeT IIPOBOOUTLCHA IIO 06BIYHBIM

JUHUAM MHOro3apfaaHbIX MOHOB.

1. B HacTosAlee BpeMA BecbMa akTyalbHbIMU ABJIA-
IOTCA HUCCJIelOBaHUA B3aMMOJeHCTBUA MOLIHBIX Ja3ep-
HbIX KMIYJbCOB C KJIacTepHbIMU MulieHAMH. Tarue
ucCleI0oBaHNfA, C ONHON CTOPOHBI, JAlOT MH(pOpMaNuio o
(yHZaMeHTalbHbIX CBOMCTBaX BelllecTBa B 3KCTPeMallb-
HBIX YCIOBUAX, & C IPYToit CTOPOHBI, NO3BOJNAIOT UCIONb-
30BaTh HOBble MOAXOIbI IJIA pelleHUA pAfa NpUKIal-
HbIX 3ajady, TaKUX, KAk UHUIUMKADPOBaHHE ANEPHBIX pe-
aKLKil, yCKOpeHUe 3IeKTPOHOB U THAKENbIX YacTHUIl, CO3-
JaHUe IDKOT0 PeHTT'eHOBCKOI'0 UCTOUHUKA [JIA MeIUKO-
O6UOIOrnYeCKUX U IUTOrpaduuecKuX MPUIOKEHUN.

Hcnonb3oBaHue KiIacTepHBIX MHUIIEHeHl HalaraeT
OorpaHNYeHUA Ha MJIUTEIbHOCTb JIa3epPHOT0 MMIYJbCa.
OueBugHO, uTO B3auMojeiicTBue OyneT 3>hPeKTUB-
HbIM, eclld 3a BpeMA [elcTBUA KUMIIylbca KjacTep He
ycneeT MONHOCTbIO pa3pyWUTbcA, T.e. B pe3yibTa-
Te KYIOHOBCKOTO B3pblBa €ro IIOTHOCTh He CTaHeT
HusKe KpuTHdeckoil. Ppu Bcex pasymHbIX pasmepax
KJIacTepoB 3TO YCIOBHE O3HadaeT, 4YTO JIUTEIbHOCTb
71a3epHOro MMIyibca [ONKHA NeaTb B (peMTo- UIu
cyONMKOCEeKYHAHOM [Juanas3oHax, T.e. c KIacTepa-
MU 3Q(PEeKTUBHO MOrYyT B3alMOAEHCTBOBAaTb TOJbKO
CBEPXKOPOTHKUE J1a3epHble UMITYIbChHI.

Opnako Jaske B 3TOM clydae pa3Mep HKjacTepa He
MosKeT ObITh CIMIIKOM Mail. [lero B TOM, YTO CBEPXKO-
POTKUI Na3epHbIM MMIYIbC Bcerfga obnafaeT NpeibIM-
IyJIbCOM, AIUTEILHOCTh KOTOPOro, KaKk MPaBUIIO, MEKUT

1 e-mail: anatolyf@hotmail.com
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y#Ke B MMKOCEKYHIHOM Auamna3oHe. Ppu 3ToM KoHTpacT
Ja3epHOr0 UMIYJbCa, T.€. OTHOLIEHNE MOLIHOCTH Ja3ep-
HOr'0 U3Ty4YeHHA B MaKcUMyMe GeMTOCEKyHIHOr'0 UM-
OyJnbca K MOLUIHOCTH NpPeJbIMIIYIbca, 0GbIYHO He MPEBBI-
maer sHauenuit 10°-10°, a ecium BooGme He mpemmpu-
HUMAaTh HUKAKUX CIeNUalbHBIX Mep, TO OH OKa3bIBa-
eTcA eme Xxyme. PTo o3HauaeT, YTO eclld MHTEHCHUB-
HOCTb OCHOBHOIO MMILYJbCa JOCTATOYHO BeauKa (0GbI4-
HO DKCIIEPUMEHTHI NPOBOAAT INPU IUIOTHOCTAX [OTOKA
Qlas > 10'7—10'8 Br/cm?), To mnoTHOCTL MOTOKA B Mpe-
IBIMIylbCe COCTaBIAET He MeHee 101310 BT/CM2 u
BIIOJIHE JOCTAaTOYHA [JIfA pa3pylIeHUA KiacTepa elie 10
HIpHUX0Ja OCHOBHOro MMmyinbca. YToOBI OCHOBHOU HM-
HOyJIbC MOT B3alMOJENACTBOBATH C INIOTHON CepAleBUHON
KJIacTepa, ero pa3Mep HoJeH ObITh MOpAAKAa MUKPOHA.
NMmeHHO AnA KIacTepoB TaKMX pa3MepoB B OCIEHUE TO-
Ibl OBLIM MONyUYeHbI Haubolee MHTepPECHbIE Pe3YIbTaThl
(cm., manpumep, [1-14]).

B camoe mnocienHee BpeMA CTalo BO3MOMKHBIM HC-
Hoib30BaHNe (PEeMTOCEKYHAHBIX J1a3epHBIX KUMIIYJbCOB,
061a1al0MIX CBEPXBEICOKMM KOHTpacToM nopagka 100
10! [15-22]. B aToM ciyuae a3epHbIil IpeIbIMIYIbC He
paspylLIaeT KiacTepa U BbicoKas 3()()eKTHBHOCTHL B3au-
MoJelicTBUA MOKeT obecneunBaTbCA NPU [0pa3ao MeHb-
muUX pasMepax KiacTepoB. Pampumep, eciu AnuTenb-
HOCTh MMIIyJlbca cocTaBifgeT 1Ic, To pasMep KiacTepa
MoeT He npeBprmath 0.1 MEM. Pockonbry TonmuHa
CKUH-CIIOA I ANUHBI BOMHBI Haubolee pacnpocTpaHeH-
HBIX JIa3ePOB COCTABIAET CTONLKO K€, IePeXo] K MCIONb-
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30BaHUIO HE CJIMIIKOM KDPYIHBIX KJIacTepoOB NO3BOJAET
mepeiiTu K McCleJoBaHUIO CYIIECTBEHHO APYTOro TUIa
B3aMMOJENCTBUA, a UMEHHO B3aMMOAENCTBUA, MPHU KO-
TOPOM OJIHOBPEMEHHO HarpeBaeTCA Becb 00beM KJacTe-
pa, a He TOJNLKO ero MOBEPXHOCTHBIN cioil. PakTuuecKu
ATO ¥ Ha3bIBAaeTCA Jla3epHO-KJIaCTEePHLIM B3aMMOMAEMHCT-
BHMEM, B OTJIMYKE OT M3y4aBIIErocAd paHee, KOTOpoe Mpa-
BUJIbHEe Ha3bIBaTh Ja3epHO-KamelbHbIM. PoguepkHeMm
ellle pa3, UTO SKCIEepPUMeHTalbHOe UCCIeloBaHNe TaKoro
mpoljecca cTajlo BO3MOKHBIM JIMIIb ceiiuac, YTO CBA3aHO
¢ co3gaHueM (eMTOCEKYHAHBIX Ja3ePOB CBEPXBBICOKOIO
KOHTpacTa.

Pactosman pabora mocBfillleHa M3y4YeHUIO Kak pas
TaKoro THUIAa B3aUMOJAeHCTBUA. P poBegeHHbIE DKCIEPHU-
MEHTbI MO3BOJIMJIM BIIEPBbIE UCCIEA0BAaTh Pa3inyus, BO3-
HUKaloIMe B U3NyYaTelbHbIX PEHTTEHOBCKUX CIEKTpax
aproHOBBIX KJIacTepoB, BO30GYyJaeMbIX IpU Ja3epHO-
KJIacTEePHOM U Jla3epHO-KalelbHOM B3aMMOJEHCTBUAX.
PpennoxeHbl peHTreHOCIEeKTpaibHble METOANKHU, TO3BO-
AAOIMe ONpeleNfATb MapaMeTphbl oOpa3syioleiicA muas-
MbI Ha pasHbIX CTaguAX ee 3Bojdionuu. PokasaHo, 4TO B
nepBble MOMEHTHI HarpeBa KiacTepa Haubosee nHpopMa-
TUBHBIMU AIBIAIOTCA CMIEKTPHI MOJLIX UOHOB, B TO BpeMA
KaKk AMarHoCTHKA MO3THUX CTaAMil MOMKET MPOBOJUTHCA
0 OOBIYHBIM JHUHUAM MHOT03apANHBIX MOHOB.

2. PrcnepumeHTaNbHBIE UCCIEI0BAHUA GBI BBIIOJ-
HEeHBI Ha nasepHoii yctaHoBke Xtreme Light ITT (XL-IIT)
B UnctutyTe pusuxu Kutaiickoit akagemun Hayk. Jla-
3ep Ha Ti:Sa, paboramomuii Mo cxeMe YUPIMPOBAHUA,
co3fmaBall NTUHENHO MONApPU30BaHHOE MMITYJIbCHOE WU3IY-
yeHne Ha anuHe BonHbl 800 HM c sHeprueit no 1k u
anuTenbHOCThIO ~ 100 dc. YBenuueHue KoHTpacTa Ja-
3epHoro manyuenus jgo 10'° ma mwxane B coTHM muko-
ceKyHI oT ocHoBHOro 100 heMTOCEKYHIHOr0 MMITYyIbCca
JOCTHUrajloch 3a CYeT HKCIO0Jb30BaHWA TaK Ha3bIBaeMoil
OPCPA-cxems! [23]. Takoe 3HaueHue ja3epHOro KOH-
TpacTa Mo4YTHu Ha 4 mopAnKa Bbillle TUMMYHOT'O KOHTpAc-
Ta UCIOJIb3yEMbIX paHee Jla3epPHbIX YCTAHOBOK.

B BakyyMHO#l KaMepe na3epHbIil IMy4YoK (POKycCHPO-
BalcA BHeOCeBbIM mapabonndyeckuM 3epkaiaom (f/2.0)
HAa MMIOYJIbCHYIO T'a30BO-KJIAaCTEpPHYIO aproHOBYIO MHU-
weHb (puc.la). B Bakyyme pasmep (oraibHOro HAT-
HAa Ha MUIIEHU N0 yPOBHIO MHTeHcuBHocTH 1/e? pas-
HAJNCA ~ 7 MKM, a MJIOTHOCTh IMOTOKA Ja3epHOil AHEepTUu
mocTurana qps = 2.6 - 101 Br/cm®. Jlna npoussoact-
Ba KJIaCTEPOB KCIIONb30BAJIOCh KOHUUYECKOE COIJIO [JIH-
HOU 6 MM CO BXOZHBIM M BBIXOJHBIM OTBEPCTHUAMHU AMa-
MeTpoMm 1.0 u 2.0 MM cooTBeTcTBeHHO. Pa BeIxonme u3
coljla co3faBaliach CBEPX3BYKOBasA MMIYJlbCHaA CTPYA
Ar. JaBiaenue mogaBaeMoro B COINIO rasa ObLIO ONTH-
MHM3UPOBaHO 10 YBEIWYEHUIO BhIXOAA KJIACTEpPOB C pa-
nuycom Re ~ 0.15MrM. [lng sToro 6h1IM MpOBeAeHBI
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Puc.1. (a) — Cxema skcnepumenra. (b) — Tunuunas
JeHcHUTOrpaMMa CIIeKTpa aproHoBOil MIa3Mbl B 06aacTu
mmue BomH 3.9-4.3 A, saperucTpupoBaHHas CHEKTPOMeT-
pom ®CPP. (c) - Iluporoanana3oHHbIH PEHTTEHOBCKUM
CHeKTp, 3apeructpupoBanHbiil P3C, paboTaomuM B peku-
Me cyeTa eJUHUYHBIX (DOTOHOB

pacueThl [0 NporpamMMmam, HCIONb3yeMbIM IIpU OIKCa-
HUU ra30fAMHaMUYeCKUX IPOLECCOB B cominax, GopMupy-
Iomux AByxdasusle cTpyu [24, 25]. U3 pacueToB clieno-
Ballo, YTO Ha paccTOoAHUU 1 MM OT Kpad collia JUaMeTp
KriracTepoB 0.3 MKM M MaKcuUMalbHafA ILNIOTHOCTbH aTo-
MOB Na; ~ 1.5-102° cm—2 pocTuraroTca npu naBieHun
raza B 706ap. OTmeTuMm, uTO, KaKk IOKa3al BKCIEpU-
MEHT, MAaKCUMYM PEHTTeHOBCKO! aMuccuy Habmarogaica

KaK pa3 Ipy TaKoM [aBleHUU rasa.
PeHTreHoBcKoe u3NyudeHHe MIa3Mbl, CO34aBaeMoit
HOpY B3aUMOJEHCTBUU Ja3epHOI'0 M3IMy4YEHUA C KiIacTe-
Pucema B APT® tom 94

Beim. 3—4 2011



JuarHocTuka paHHell cTaguy HarpeBa KJIacTepos ... 189

pamu Ar, perucTpupoBanoch GOKYCHPYOUIKMM CIEKTPO-
METPOM C [pPOCTPaHCTBeHHbIM paszpemennem (OCPP)
[26-28] na ocHose KpucTaLta kBapua 10-20 (2d ~ 4.9 A),
M30THYTOro 1o cheprudyeckoil MOBEPXHOCTH C PafgnycoM
kpuBu3Hbl R = 150 MM (puc. 1a). CeKTpomMeTp UCIONb-
3oBancA B pemume @CPP-1M, npu KoTopoMm [AeTeKTop
pacronoskeH Ha OKpy#HocTU Poynanzma u cnekTpanbHOe
paspellleHHe He 3aBUCUT OT pa3Mepa UCTOYHHMKA. Pac-
M0N0 eHNe CHeKTPOMeTpa o0ecleynBalo pPErucTpanunio
CHEKTPOB C IPOCTPAaHCTBEHHBIM pa3pelleHreM BIOJb 0CU
nazepHoro nyuka. lleHTpanbHas gnuHa BOMHEI Oblia paB-
Ha A\g = 3.9A. CnexTpanbublil AnamasoH permcTpanuu
cocraBaan 3.7—4.25 A. Paccrosume ot ToukuM (okycu-
POBKHU I1a3ePHOT0 M3Iy4YeHHUA 10 LeHTpa Kpucraiia Obl-
10 paBHO a = 449.4mm. ChoerTpanbHoe paspelleHue
cnekTpoMeTpa 610 He xye ~ 3000, a mpocTpaHCTBEH-
Hoe paspeuenue 6z ~ 50 MKM. B kauyecTBe merekTopa
ucnonb3oBanack peHTreHoBckasa P3C-ramepa DX-440 c
pa3MepoM nukcens 13.5 MeM. UyBcTBUTeNIbHaA miomas-
Ka KaMepsbl ObLla 3allileHa 0T BUAUMOIO U yiabTpadu-
OJIETOBOI'0 U3Iy4YeHUA JBYMA CIOAMH QUIbTPA U3 MOTH-
IpoNuIeHa TOMIUHONU 1 MKM, MOKPBITOTO C JBYX CTOPOH
0.2 mem Al. Pa puc. 1b npeacraBiena TUNUYHAA JEHCH-
TOrpaMma crneKkTpa B o6nacTu AauH BOIH 3.9-4.3 A.

PeHTreHoBcKuil CIEKTpP B MIUPOKOM JUana3oHe dHEp-
ruit usmepsinca 16-6utusiM P3C, paboTalouum B pesu-
Me cyeTa eJNHUYHBIX GOTOHOB, KOTOPBIi yCTaHABINBAJ-
cA Ha paccrogHuu ~ 1.2M or miasmsel (puc.la). le-
TeKTop 3akpeiBaica puabTpamu 30 MEM Be u 12.5 MEM
Al nna Toro, yTo6eI 0TCEYb (OTOHBI C HU3KOI BHEPrU-
eii. J[omoMHNUTENbHO MOLIHBIN MarHUT ObL1 yCTaHOBIEH
MeKAy [1a3Moil M AeTeKTOPOM AlA OTBOZA B CTOPOHY
ropAYMX DIEKTPOHOB, YCKOPEHHBIX B Ja3epHOU miIa3Me.
CrneKkTp, 3aperucTpUpOBaHHBIM TaKUM HPUGOPOM, MpU-
BeZleH Ha puc. lc.

3. B namux npegpigymux pa6orax [29-31, 21] cnexrt-
Pbl aproHOBO# IIa3Mbl U3YYalNCh B PEeRUME la3epHO-
KanelbHOro B3anMojeicTBUA. PhITO ycTaHOBIEHO, UTO
B HabmrogaeMblil MHTErpalbHbIM 10 BpEMEHU dMUCCHUOH-
HBIfi PEHTI€HOBCKUIl CIIEKTDP JAIOT BKIAIbl pa3iUvHbIE
CTaAu¥ SBONIONUM CO3[JaBaeMoil mnasMbl. [JITMHHOBOI-
HOBaf YacThb CIEKTpa, MOKa3aHHOTO Ha puc. 1b, dopmu-
pyeTca riaBHbIM 006pa3oM Ha HayalbHOU CTaguy Harpe-
Ba CaMbIMM INIOTHBIMU U HE CIMIIKOM HarpeThIMU I1a3-
MEeHHBIMM 001acTAMU, a KOPOTKOBOITHOBaA — pa3iieTeB-
melica MeHee NJOTHOW U 0ojiee BbICOKOTeMIIepaTypHOMH
nmia3Moit Ha ropasjo Honee no3gueil craguu. PockonbRy
pa3Mep KJIacTepoB B TeX BKCIEepUMeHTaX COCTaBIAIN IO-
panka 1 MKM, T.e. ObLI CyImeCTBEHHO OONbIIEe TONIIUHBI
CKUH-CIIOf, HarpeB KiacTepa Iuel HepaBHOMepHOo. B Te
MOMEHTHI, KOTla ero MOBEPXHOCTHLIN Cloi yie GbLI pa-
30rpeT [0 3HAUUTEILHOM TeMIepaTyphl U HauMHal pac-
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MUPATHCHA, BHYTPEHHUE YacTHU OCTABalINCh XOJIOTHBIMU
U HENOJBUAKHBIMHU.

B paccmarpuBaeMoM Temepp cilydae HarpeB Bcex
yacTeil KiacTepa GyJeT HPOMCXOAUTHL OJHOBPEMEHHO, a
co3faBaeMas Ha CTaJuU Harpepa mia3ma OyAeT ropasio
onHoponHee. Hcnonb3ysA pa3BUTYIO paHee CTallOHap-
HYIO KMUHETHYECKYIO MOJelb 1 BhIUKCICHHbIE Il NOHOB
aproHa aTOMHble KOHCTaHTHI [21], MOHO paccuuTaTh
SMUCCHOHHBII CIIEKTP, COOTBETCTBYIOUINI 3TOil cTaguu
sBOJMIONNM mia3Mbl. Jlo Tex MOMEHTOB BpeMeHH, IIO-
Ka KjiacTep 3aMeTHO He pacmupuica (T.e. A0 Bpeme-
HU Texp ~ R /Vien ~ 150¢c npu TunuyHOM 3Haue-
HUU Vjon ~ 10%cM/c), ero aTOMHYIO MIOTHOCTb MOH-
HO CYMTaTh MOCTOAHHOM: Na, = 2.1-10%2cm—3. Tor-
na cnekTp GyZeT 3aBHCETb TONBLKO OT OJHOTO MapaMeT-
pa, BIEeKTPOHHON TeMIepaTyphl mia3Msbl T, TOCKOIbKY
SIEKTPOHHAA MIOTHOCTDL (M CTeleHb MOHM3auuu) Gyner
ompenenAThCA ypaBHeHUAMHU GanaHca. B cooTBeTcTBUU
¢ Mojenbio [21] B KMHETHYECKUX ypaBHEHHAX yuTeM 1-
HPOIEHTHYIO (GPaKkIuIO FOPAYNX DIEKTPOHOB CO CpefHel
sHeprueit 7 KaB. CneKkTpsl, paccuynTaHHble AIA pa3iny-
HbIX 3HaueHUU TeMnepaTypsl u3 uHTepBana 10-1003B,
HOKa3aHbI Ha pUC. 2a.

B cnexTpanbHOM pOuana3oHe, NPUBEIEHHOM Ha
puc.2a (cMm. Tarme puc. 1b), pacmonaraioTcsa 3 mwupo-
KUe CIeKTpalbHble CTPYKTYPhI CO CPEIHUMHU JJIMHAMU
BoH mopagka 4.11-4.13A, 4.14 4.15A u 4.18 4.20A.
Boof6uie roBopsa, Kammad U3 3TUX CTPYKTYP MOMKET
COCTOATb K3 1LEJOro pAla pa3lUuHBIX CIEKTpalbHBIX
IepexonoB, Kak wWHPoKo u3BecTHbIX (K, -nuuun, nu-
DIEKTPOHHBIE CATEIUIUTHI), TAK ¥ [EpPeX0J0B, KOTOpPbIE
cTald W3y4aThCA JHWIIb B caMble MOCIEeJHUE TOMbI
(mepexogpl B MONBIX KMOHAX, WIA THUIEPCATELIATHI
[15,16,21, 29-36]). Jluaum K, (4.1918A) nu Kg»
(4.1947A) HelTpalbHOrO aproHa MomnajaiT B IpaBylo
CTPYKTYpPY. J3Iechb e JekaT F-nomo6Hble caTellInThI
152522p® —1522522p°. B neHTpadbHYIO CTPYKTYpPY IO-
nagaioT O-nofo6HbIe caTeltuThl 152s%2p°—1522522p*,
a N-nogobuele caTemrnmuThl 1s2s522p*—15%2522p® pac-
HOJIOeHbl B JeBOi cTpyKkType. Pomummo »sToro, B
[paBo¥, LEeHTpalbHOWN U IeBO CTPYKTypax MOryT
HPUCYTCTBOBAaTh M'MNIEPCATENIUTEI TUIIOB

1525%2p%3s*3p™ —15225%2p°3s*3p™,

1525%2p°3s*3p™ —15225%2p*35%3p™,

1525%2p*3s*3p™ —15225%2p>35*3p™
COOTBETCTBEHHO, KOTOpPhIE MpeNCTaBIAIOT coboil mepe-
xogel B K L-nonsix uvonax (mozpoGuee cm. [15,16,21,
29-36)).

W3 puc. 2a BUJHO, YTO IPU MOBBIMIEHUU TEMIEPATY-
PBI MIa3Mbl SMUICCUOHHBIM CIEKTpP 3aMeTHO MeHAETCHA.
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Puc. 2. (a) — CneKTpb! U31yYeHNA aproHOBO#i MIa3Mbl, pac-
CYWTaHHbIe B paMKaX CTallOHAPHOII KMHeTUYeCcKoil Mone-
Ay [UIA pasnudYHbIX 3HaveHuit Temmneparyp. (b) — Braan
[IePEeX0/I0B B [OJBIX MOHAX B M3Iy4aTelbHbIi ciekTp. (c) —
3aBUCHMOCTD CIIEKTPa OT IIOTHOCTH 3JI€KTPOHOB IPU QUK-
CHPOBaHHOI1 TeMImepaType

1A mpaBoit CTPYKTYPBI 3TO NPOABIAETCA INIaBHBIM 00-
pa3oM B CMeLIeHUH IONOKEHUSA ee LeHTpa THAMECTH, a
IJIAl [EHTPANbHOM U N1eBOil — B POCTe MX OTHOCUTEINbHBIX
MHTEHCHUBHOCTEI.

s onpesenenus BKiIaga B SMUCCUOHHBIN CHIEKTP pa-
JUALMOHHBLIX TEePeX0oN0B Pa3HBIX THUIOB GbLIN MpOBele-
HBI pacyeThl, I'le Hepexoibl B NONBIX HOHAX He YUU-
Pru pacueTrsl mokazanu, 4TO 1A HU3KHUX
TeMnepaTyp, He npesbimamomux 50 3B, smMuccuoHHBIN
cnekTp npaktudecku Ha 100% cocrouT u3 IMHUE MO-
ab1x noHOB. [lna Temnepatypst 1003B nonbie noHb! moim-
HOCTBIO ONpENeNAIT IPaByI0 CHEKTPAIbHYIO CTPYKTY-
Py, BHOCAT npuMepHo 50-IPOLEHTHBIN BKIag B MHTEH-
CHUBHOCTbH IIeHTpalbHO! U NPaKTUUYECKU He MPOABIAIOT-

ThIBAJINCh.

cA B neBoil cTpyKType (cM. puc.2b). Takum oGpasom,
HIpY HU3KUX TeMIepaTypax U3IyueHHe KIacTepoB Mpak-
THUYEeCKH MOJHOCTHIO ONpefieliAeTCA IepexoJaMu B OJIbIX
WOHaX, HO [Jajke AIA BHICOKOTEMIIEPATyPHOH [Ia3Mbl UX
BRIIaJ BechMa 3aMeTeH B Haubonee AIMHHOBOIHOBOM dac-
TH paccMaTpPUBaeMOro CIeKTpa.

Pa puc.2c noxasaHa 3aBUCHMOCThL H3Iy4aeMoro
CIeKTpa OT IUIOTHOCTU MIasMbl Hpu (UKCUPOBAHHOMN
TeMmnepaType. BujaHo, uYTO NOBBINIEHHE MJIOTHOCTHU
BeleT K YMEHbIIEHUIO CTeNeHNM HOHU3AlUU ILIa3MBbl.
Pro BmonHe mnoHATHO, T.K. MOBBIMIEHHE IJIOTHOCTHU
naeT OBICTPBIA pPOCT CKOPOCTH CTOJIKHOBUTEILHOU
peKoMOMHANNY U CONPOBOMKIAETCA MEPEXOJOM OT KOPO-
HaJbHOI'O WOHU3AIMOHHOTO PaBHOBECHA K DPaBHOBECHIO
Caxa. Otrmetum, uTo moBbIlmieHue N, cKa3blBaeTcA Ha
U3JIy4aTelbHOM CIEKTPe aHANIOTMYHO NOHMMeHHIo T,
HOCKOJNBKY B 000MX ClydasAX HagaeT CTeleHb NOHU3aluu
H1a3MBbl.

CHeKTphI MONBIX HOHOB MOMKHO HCHONB30BaThb ANfA
OVarHOCTUKYU HarpeBa KIACTepOB Ha CTaJWU BO3JEHCT-
BHSAI OCHOBHOTO J1a3epHOro uMnyisca. EcTecTBeHHO, 4TO
€CJIM PerucTpamud CIeKTPOB IPOUCXOAUT 6e3 BpeMeHHO-
ro paspemleHus, To HabarogaeMblil cieKTp OyJeT ompe-
IenAThCA He OJHUM 3HAaYeHHUEM TeMIepaTypPhbl, a IelbIM
HenpepbIBHBIM HabopoMm. MoKHO cuMTaTh, YTO TeMIe-
paTypa B mpoljecce HarpeBa MOHOTOHHO YBEJIUUYUBAETCHA
B COOTBETCTBUHU C YBEIMYEHHEM J03bI IOIIIOLIEHHO a-
3epHOI1 YHEPruy O HEKOTOPOro MaKCMMalbHOI'o 3Haye-
HUA Tinax, ¥ PACCUUTATH UHTETPAll CBETHUMOCTHU MO Bpe-
MeHH, KOTopblil OynmeT 3aBuceThb OT Ty,ax. Pocie aTo-
ro, BapbupyA Tinax, MOMKHO HONBITAThCA HAWIYYLINM
o0pa3oM omucaTh AJIMHHOBOIHOBYIO YacTh HaOIOJaeMo-
ro cunekrpa. /[lnfa maHHOro »KCHepUMeHTa HaWIydllee
cornacue 6110 mony4eHo npu T = 1003B (puc. 3).
OTmeruM, yTo nporpammsl [37-41], ucnons3yemsle gis

(e} —
0 [\

N
~

Intensity (arb. units)

Puc. 3. ConocTaBieHue 3KCIIepUMeHTAILHOI0 U pacyeTHO-
ro CIIeKTPOB anfA obinacTu OauH BoaH 4.13-4.20 A

oIpeeleHr s aTOMHBIX KOHCTAHT (3HepPruu ypoBHEil, Be-
POATHOCTU paAMalMOHHBIX U ABTOUOHU3AIMOHHBIX IMe-
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PEXOLOB, CKOPOCTH CTONKHOBUTEILHBIX IEPEXOLOB), HE
npefHa3HaueHbl ANA OPelU3UOHHOr0 pacueTa JJINH BOJIH
CHeKTpalbHbIX nepexomoB. Poasromy otauuusa B pac-
IOJIOKeHUM pacyeTHbIX U DKCIIePUMEHTAaIbHbIX IHKOB
BIONHe NOHATHBI. Pauboinee BamHON B TaHHOM clyudae
fIBNfleTCA UHTerpalbHad CBETUMOCTb IIa3Mbl B Kaka0i
U3 paccMaTpPHUBaeMbIX CIEKTPalbHbIX CTPYKTYD.

NHTepecHO conmocTaBUThL 3TOT Pe3ylnbTaT C HONYYeH-
HBIM paHee A GoIbIINX pa3MepoB KiacTepoB. Pamom-
HUM, 4TO B [21] ANMHHOBOIHOBAA YacTh CIEKTPA XOPOLIO
MogenupoBanack HabopoM ropasfgo 0ojlee HU3KUX TeM-
neparyp (or 10 mo 303B). Pro nokassiBaer, uto mpu
Na3epHO-KaNelbHOM B3aUMOJEHCTBUM yie IOocle OKOH-
yaHUA HarpeBalollero UMIylbca OCTaeTCA HellporpeToit
IUIOTHaA cepjlieBUHa KilacTepa U CpefHAA TeMIlepaTypa
Ha 3TOH cTaiuy OKa3bIBaeTcA 3amMeTHO Hume. 06 saToM
TaKkKe I'OBOPUT U OUeHb BhICOKAA WHTEHCUBHOCTL IHU-
Huit K, 3aperucTpupoBaHHbIX B s3KcIepuMeHTe [21], mo-
CKROIIbRY AJIfl UX U3Ny4YeHuA HeoOX0JUMO OJHOBPEMEHHOe
IPUCYTCTBUE ropAYNX DIEKTPOHOB U HEATpPaNbHBIX aTo-
MOB aprosa. B ycioBusax e l1a3epHO-KIacTEPHOIr'0 B3au-
MOZeiCTBUA NOABIEHNEe ropAYNX 3JIeKTPOHOB 10 BpeMe-
HU coBIajaeT ¢ GbICTPOIt HaualbHOH MOHU3aNel aTOMOB
aproHa ONTUYECKUM Ja3epHbIM [0JeM NPakTHUeCKU BO
BceM o0beMe KiacTepa. JIpyrumu cioBamu, K MOMEHTY
NOABIEHUA [OPAYUX DIEKTPOHOB BeChb aproH ye HOHU-
30BaH u auHuA K, uU3nydaThbcA He MoeT. B cmerT-
pax, HaOmnioJaeMbIX B HacToflell paboTe, He OUeHb MH-
TeHcuBHaA nuHUA K, NpUCYTCTBYyeT, YTO 0ObACHAETCA
IBYMA npuunHamu. Bo-nepBbix, pa3mep KiacTepa ObLl
HECKOJIBKO G0MbLIE TOMMUHBI CKUH-CII0A (T.€. 3TO He ObLI
cllydail 4uCTO J1a3ePHO-KIAcTePHOr0 B3aMMOJEHCTBUA).
Bo-BToprIX, nuHua K, usnydanach XOJMOJHBIMU KiacTe-
paMy, pachoioKeHHBIMU GIM3K0 K (poKalbHOMY NATHY,
B KOTOpbIe mnonajaiu ObICTpble 3JIeKTPOHbI, CTE€HEPHPO-
BaHHbIE B IleHTPalbHOM 06nacTu GoranbHOr0 NATHA.

B [21] 610 moKa3aHo, YTO KOPOTKOBOIHOBAA YacTh
CHeKTpa, NpUBeleHHOro Ha puc.lb, ompenenseTca Mo-
MeHTaMU BpeMeHHU, Korja y:;e KilacTepbl pa3ieTelluch U
chopMupoBaly JOBOJIbLHO OAHOPOJHBIN Na3MeHHbIN Ka-
Han. PapameTps! nna3Mmbl Ha JaHHOW cTaiuu ee 3BOJIO-
UM MOT'YT ObITh OllpefeleHbl [0 3TOI YacTH CIeKTpa.
EcrecTBeHHO, 4TO, KaKk U B IPeABIAYLIEM ClIydae, Hy#HO
IPUHATL BO BHUMaHKe 3aBUCHMMOCTb IIapaMeTpOB Inas-
MBI OT BpeMeHU U MOJellpoBaTh UHTer palbHbIi 110 Bpe-
MEHH CIeKTpP CYMMO¥ I10 KpaliHeil Mepe HeCKOJIbKUX TO-
YeK [0 IJOTHOCTH M TeMmeparype. PamomuuMm, uto B
[21] cekTp MozenMpoBaiCcA CyMMO# IBYX IIa3M C TeM-
neparypamu 2000 u 6005B. Ina HacToAmero skcnepu-
MeHTa TaK;Ke OKa3aloch HeoOXOAMMbBIM HCIOJIb30BaHKE
CYMMBI JBYX IIa3M, HO C 3aMeTHO MeHbIINMU TeMIlepa-
typamu 600 u 1005B (puc.4). OT™MerumM, 4TO celaHHOe
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Puc. 4. ComocTaBieHre 3KCIIEPUMEHTAILHOIO U pPacyeTHO-
ro CIeKTPoB aiaA obaacTu AauH BoaH 3.93—4.01 A

BhIllIe 3aMeYaHue N0 MOBOJY TOUHOCTHU pacyeTa MoJIoKe-
HUA CIEKTPAlbHBIX IEPEX0/0B B IOTHOI Mepe OTHOCUTCA
U K 3TOMY y4YacTKYy CIEeKTpa.

BosHukaet Bompoc: MOYeMy B YCIOBHAX HACTOAIIETO
SKCIEepUMEHTa, KOTra MIOTHOCTh MOTOKA Ja3epHOro M3-
nyveHus Oblia Beiuie, yeM B [21], B pesyuabTare hopmu-
poBaiicA IIa3MeHHBIH KaHal ¢ 3aMeTHO MeHbIIeil TeM-
nepatypoii? OTBeT Ha BTOT BONPOC CBA3aH C HAIUYU-
eM IJIMHHOTrO 3afHero ¢poHTa HarpeBaloL[ero 1a3epHOro
HMIIylbca, T.e. C TaKk HAa3bIBAeMbIM NOCJIEUMIYJIbCOM.
Kax Gb110 noxasano B [42,43], popMupoBanue mia3MeH-
HOr'0 KaHaja MPOUCXOIUT HeaquabaTUUECKU U TeMIepa-
Typa mia3Mbl Ha 3TOM dTale pacTeT He TOIbKO M3-3a
TepMalu3alnuy FOpAYUX 3IEKTPOHOB, HO U 3a CUET Ha-
rpeBa IIa3Mbl MOCIEMMIIYIbCOM. PoBblIlleHNe KOHTpac-
Ta 1a3ePHOT0 UMIyJbca CKa3bIBaeTCA TOILKO Ha MOJaB-
JeHUM NpeJbIMIylbca U Ha MOCIEUMIYyNbC He BIHAET.
Ppu ucnonb3oBanuu KiacTepoB oYeHb GONBLIINX pa3Me-
POB IIIOTHBIE NIa3MeHHble 061acTU C 3aKPUTUYECKOH
IVIOTHOCTBIO OCTAIOTCA M K MOMEHTY OKOHYaHHUA OCHOB-
HOT'0 JTa3epHOT'0 UMIyJIbca. B pe3ynbpTaTe mocaenMnyibe
s (heKTUBHO MOrJIOMAaeTCA U TeMIepaTypa MIa3Mbl pac-
TeT. Ppu ymMmeHblneHun pa3mepa KiacTepoB 3ddeKTuB-
HOCTH MOTJIOMIEHUA MOCIEeUMIyNbca MajfaeT, YTO U MpU-
BOAUT K He CTONb CUIBLHOMY HarpeBy mna3Mmbl. MeHb-
Iee 3HAYeHUEe KOHEYHOII TeMIlepaTyphl, JOCTUraeMoe B
YCIOBUAX HACTOAIMIEr0 SKCIEPUMEHTA, NOATBep:KAaeTCA
aHaTM30M IIKMPOKOJUANA30HHOI0 CIEKTpa, PerucTpupy-
emoro Ha pertreHoBckoM P3C (cm. puc.lc). Ecanm B
[21] aTOT CIEKTP COOTBETCTBOBAI CPEelHEH TeMmepaType
20003B, To Tenepb OH HEMIOXO OMMChIBaeTCA TeMIlepa-
typoit 3005B. OTmerum, YTO Ipu TakKoll TemmepaType
uHTeHcuBHOCcTb auHuK Heg momHa ObITh HUME YPOBHA
MIYyMOB, T.e. 5TO} IMHUU He NONKHO HaAGMIOAATbCA, UTO
U GbLT0 3aMKCUPOBAHO B HACTOAINIEM DKCIIEPUMEHTE.
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4. Takum o6pasoM, npoBefeHHbIE B HacToAlEed pa-
60oTe sKCIEPUMMEHTHI MO3BONUIM BIIepBbIe HCCIeOBaTh
pas3nuuuf, BO3HUKAIOIUe B U3Iy4yaTelbHbIX PEHTI€HOB-
CKUX CIIEKTpaX aproHOBBIX KJacTepoB, BO30y#JaeMbIX
IIpY la3epHO-KIacTEPHOM U la3epHo-KalelbHOM B3auMo-
JeficTBuAX. Pa ocHoBaHMY BBINOTHEHHBIX MCCIeI0BaHUI
MOKHO clleflaTh ClefyIoliye BbIBOJbI.

Ppu nazepHo-kiacTepHOM B3auMOJeHCTBUU, B OTIH-
4yye OT Ja3epHo-KalelbHOro, 0JHOBPEMEHHO IPOUCXOAUT
pasorpeB Bcex yacTeil Kiactepa. Ponyuaromasca nnas-
Ma fABifeTca 6ojlee OOHOPOJHON U Ha 3TOM 3Taine obia-
naetT Gonblleil cpefHeil TeMnepaTypoii.

Cragua B3aMMOJEHCTBUA C Ja3epPHBIM HMIYIbCOM
JaeT OCHOBHO# BKJaj B M3jly4deHue IJIa3Mbl B Auanaso-
He IIUH BONH Mexnay nuHuamu K, u O-noqo6HbIMU ca-
TelnuTamMu. Ppu 3ToM OCHOBHYIO pOlb UTpalOT CIEKT-
PBI MONBIX MOHOB. UyBCTBUTENBHOCThH CHEKTPOB MOJIBIX
VOHOB K NapaMeTpaM I1a3Mbl N103BONAET MCIONIb30BaTh
UX IJIA OUarHOCTHUKU IJIa3Mbl Ha 3TOH CTaiuyu 3BOJIO-
IUU.

Pa srane popmupoBanus nna3meHHoro Kasana (moc-
e OKOHYAHUA OCHOBHOTO /1a36PHON0 MMIIYIbca) G0ib-
IIYyIO PONIb UrpaeT Harpes IIa3Mbl IOCIEUMIYIbcoM. B
CBfI3M C 3TUM KOHeuYHasa TemlepaTypa NiIa3Mbl 3aMeT-
HO MOBBIIIAeTCA NPU YBelWUeHUM HayalbHOI'0 pasMepa
KiacTepa, 4To obecreunBaeT Ooinee 3(p(peKTUBHOE MOIJI0-
meHue nocieuMmnynbca. JInA QUarHOCTUKM napameTpoB
I1a3MeHHOI'0 KaHajla MOr'yT ObITb HCIOIb30BaHbl CIEK-
TpaibHble TuHUKU He-nogo6HbIX HOHOB U UX Li-nomo6Hble
caTeJlIuThI.
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