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Ha ocHoBaHun pe3ynbTaToOB YNC/IEHHBIX PACHETOB NCCEAYIOTCS OCODEHHOCTN TEPMOANHAMMYECKOrO COCTOSIHMS
BbICOKOTEMMNEPATYPHOI n3nyHatowein nasepHoii nnasmbl. O6CYKAaOTC 3aBUCMMOCTU XapaKTepUCTUK nasep-
HO-UHAYLIMPOBAHHOIO PEHTrEHOBCKOrO W3MyHEHUs! OT AJSIMHbI BOJIHbI Y UHTEHCUBHOCTU BO3AECTBYIOLLErO MM-
nynbca Nd-na3epa B ArianasoHax M3MeHEHUsI UX 3HaYeHN, OTBEHAIOLLUX CXEME CKATUS MULLEHW UHEPLNABHOTO
TEPMOSILEPHOrO CUHTE3a UMMYNLCOM PEHTrEHOBCKOro usnyyenus. Vccnegyrores ocobeHHocTu TepmogmMHamu-
YECKOro COCTOSIHUSI MJ1a3Mbl, 0BPa30BaHHONR B pe3ynbTaTe BO3AENCTBUS UMMYNbCA JIa3€PHO-UHAYLNPOBAHHOIO
PEHTrEHOBCKOrO M3MyYEHNsl Ha NJIOCKMNE MULLEHN U3 NIErKNX MaTepuasos, Haubonee BOCTpebOBaHHbBIX B KaYeCT-
BE MaTepuasioB BHELUHEro CNosi TEPMOSILEPHON MuweHn — abnsTtopa, B KOTOPOM npoucxoguT obpasosaHue
JaBneHns, Okumatowero muleHb. [lpeacTaBneHo cpaBHeHWEe TEPMOAMHAMUYECKUX XapaKTEPUCTUK MNia3Mbl,
0obpa30BaHHO NpuU BO3AENCTBUM NAa3epPHOro UMMyfAbCa, U NiasMbl, 0Opa30BaHHON Npu BO3aelicTBUN Nasep-

HO-UHAYLMPOBAHHOIO PEHTIFEHOBCKOIO UMMYJbCA.
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1. BBEAEHUE

B ocnose BbIOOpA JITMHBI BOJTHBI U3JIYIEHUS JIA3€P-
HOTO JipaifBepa yCTAHOBKU MHEPIIUAJIBLHOTO TEPMOSJIED-
soro cunreza (UTC) sexur cpaBHUTEJBHBI aHAJIN3
3aBUCUMOCTEN OT JIJINHBI BOJIHBI SHEPTETHIECKUX ID-
derTuBHOCTEN COOCTBEHHO MPOIECCa TEHEPAINH H3JTy-
YEHUS U €r0 BO3JEHCTBUS HA TEPMOSIIEPHYIO MUIIEHbD.
B kauecTse apaiisepa neiicreyromeit [1-3] u crpostmx-
ca [4-7] na3epHBIX YCTAHOBOK, IIPEJIHA3HAYEHHBIX JIJIs
3ayKUTaHUs TEPMOSJIEPHON MUIIEHU — TOJIyYeHUs] Tep-
MOAAEPHON SHEPruu, IIPEBbIIIAIONIIECH JIA3EPHYI0 — HC-
[IOJIB3YETCs Jla3ep Ha HEeOJMMOBOM CTEKJIe, CIIOCOOHBI

* E-mail: vergunovaga@lebedev.ru

887

B HACTOSIIEE BPeMsi 00ECIIeInTh MAKCUMAJIBHYIO JHED-
retuky yctanoBku. [Ipumenurenspuo Kk Nd-azepy pedn
ujger 00 MCIOJIb30BAHUU JIA3€PHOTO UMITYJIbCA, OCHOB-
HOM, BTOPOH U TpeTheidl rapMOHUK U3JIy4eHUs C JJIHA-
MH BOJIH coOTBeTcTBeHHO A = 1.06 MM, 0.53 MKM u
0.35 mrM. DHeprerudeckasi 3pHEKTUBHOCTH Tpeodpa-
30BaHMs U3JIydeHrsI OCHOBHOI rapmonnku Nd-jazepa B
u3JIlydeHue BTOPOil rapMOHUKHU cocTaBigeT okoJo 60 %,
a Tperbeit — okos1o 40 %. C apyroii CTOPOHDI, ¢ yMEHD-
[IIEHUeM JIJINHBI BOJIHBI BO3/IEHCTBUE U3J/yY€HUsI CTaAHO-
BuTCs OoJiee 3PHEKTUBHBIM C TOYKU 3PEHUsT PATIUI-
HBIX ACHEKTOB CKATHS MUINIEHU KaK IPU HIPIMOM 00-
JIyIEHUU MUIIEHN JIA3€PHBIM HU3JIy9YeHNeM, TaK U IIPHU
HEIPSMOM OOJIYIEHUN PEHTTEHOBCKUM HU3JIy9IeHHUEM, B
KOTOPO€ IIPeIBAPUTEIHLHO IPe0dpa3yeTcs Ja3epHOe U3~
sgyaerne. C yMeHBIIEHUEM JIJIMHBI BOJIHBI YBeJIMUINBA-
ercsi KO3(MPUIMEHT IOTJIOMIEHUsI U3JIyY€HUsI, M€ JIeH-
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Hee Pa3BUBAIOTCH IJIA3MEHHbIE HEYCTOUINBOCTH, OTBET-
CTBEHHBIE 33 T'€HEPAIU0 ObICTPHIX JIEKTPOHOB, KOTO-
pble MOT'YT OCYIIECTBUTb HEXKEeJIATEJIbHBIN IIpe/IBapu-
TEJIbHBII IPOI'PEB MUIIIEHU.

B caydae mpssmoro obstytienuns, KOraa Jia3epHoe u3-
JIyIeHUe BO3EHCTBYeT HEIOCPEJICTBEHHO Ha BHEITHUI
cJioft MuteHn — abJIATOp, MaTEPHAIOM KOTOPOT'O CJIy-
JKaT JIEeTKWe MaTepPUaJIbl, TaKHe KaK ILIACTUK, Oepuii-
JUR WUad yrJiepoJ HMOBBIMICHHON IIJIOTHOCTU — 3aBU-
CHMOCTHU TEPMOIMHAMUYIECKUX BEJIUIUH 00pas3yroIeii-
Cs IUIA3Mbl OT MHTEHCHUBHOCTH U JJIMHBI BOJIHBI BO3-
JEMCTBYIOIIEro JIA3ePHOIO MMITYJIbCA JIOCTATOYHO I0-
JPOOHO MCCJIEIOBAHBI U TEOPETUYECKHU, U SKCIIEPUMEH-
TaabH0. OCHOBHBIM (DAKTOPOM, KOTOPBIIl perysmpyer
TEPMOIUHAMIYIECKOE COCTOSHIE JIA3EPHOIT I1J1a3MBbI JIer-
KX MaTE€PHUAJIOB, sIBJISETCS MOTJIONIEHUE JIA3€PHOTO U3~
JIydeHusI B 00JIACTU IIA3MEHHOI'O PE30HAHCA C ILIOT-
HOCTBIO, OJIM3KON K KPUTHIECKON TIJIOTHOCTH TLIA3MBbI,
per [r/erd’] = 1.83 - 1073A/ZX2 (A w Z — aromubiii
HOMED M 3apsiJI0BO€ UHCIIO0 HOHOB IIA3MBI, A, [MKM| —
JUTMHA BOJIHBI JIA36PHOTO U3JIydeHusl ). ITOT haKT mpu-
BOJIUT K XOPOIIIO U3BECTHBIM 3aBUCUMOCTSIM TEMIIEPATY-
PBI U IJIOTHOCTH OT JIJIMHBI BOJTHBI A\ U MHT€HCUBHOCTHU
I;4s asepHOTO MMIyIBCA (2, 8]:

T (Izas/pcr)2/3 X (Ilas)‘2)2/3=
P x Per (Ilas/pcr)Q/3 X (Ilas//\)Z/B'

B cxeme HempsiMoro cxxarusi Ha TEPMOSIIEPHYTIO
KAIICYyJly  BO3IEHCTBYeT WMIIYJIbC PEHTTEHOBCKOIO
U3JIyYeHusI, KOTOPBI 0Opa3yeTcs pu BO3eiicTBAN Jia-
3€PHOI0 UMITYJIbCA HA BHYTPEHHIO CTEHKY 0D0JI0YKU-
KOHBEPTEPA, B TIEOMETPUYECKOM IIEHTPEe KOTOPOIO
[IOMEIaeTCs TepMosiepHas Karcyia. Ha seiicTByro-
et MeraJpKoysIbHOM sa3epHoii ycranoske NIF (LLNL,
CIITA) [2, 3] ucmonb3yeTcss KOHBEPTED IIMH/PHYE-
ckoit dopmbl. s obecriedennsi BBICOKOI CTeITeHM
KOHBEPCHUU JIA3€PHOI0 W3JIyIEHUS B PEHTTEHOBCKOE
B KadecTBe MaTepuajia KOHBEPTEPa MCIIOJIb3YIOTCS
BEIeCTBa C OOJIBIIMMU 3aPSJ0BBIMU UUCIAMU, TAKUAE
Kak 30J0T0 u obenmenublii ypan [9]. B pesymbrare
[IpY HEIPsIMOM OOJIYUE€HUN KOHEYHOE YHEPreTUIeCKOe
BO3JIEficTBIE Ha abJIATOp TEPMOSIEPHON KAaICyJIbl
uMeeT KOMIIEKCHBII XapaKTep, KOTODBI OIpeesd-
€TCsl TePMOIMHAMUYECKIMI CBONCTBAMH KAK ILIA3MBbI
KOHBEPTOPA, TaK U IIa3Mbl abJIsiTOpa, a TaKXKe HeJId-
HEHHBIMA 3aBUCUMOCTSIMH IIPOOErOB PEHTIEHOBCKOI'O
U3JIydYeHUsT OT TEMIEPATYPHl M ILUIOTHOCTH B TOW U
JApyroit 1miasme. B dacTHOCTH, O 3TOI IpUYMHE B
OOJIBIIIMHCTBE PaHee OIyOJIMKOBAHHBIX PabOT, IOCBs-
MEHHBIX (pr3nKe HEmpsMOro O0JIydeHusi, Pe3yIbTaThl
[IPEJICTABJIEHBI B BUJIE MTOTOBOTO 3aK/IF0YEHNs O paboTe
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KOHKPETHOM! CXeMblI Jla3ep—KOHBepTep—Karcy/a. Takue
JIAHHBIE TPUMEHUTEJIbHO K YCJIOBHUAM OOJIyU€HHsS Ha
ycranoBke NIF cymmupoBanbl B paborax [2, 3] u
OTHOCATCST K OOJIyIE€HHUIO KAICYJIbl C a0JsaTOpPOM u3
IJIACTUKA PEHTIeHOBCKUM UMILYJIECOM, 0OPAa30BAHHBIM
pu 00JTyYeHUN BHYTPEHHEH IOBEPXHOCTH KOHBEPTOPA
73 30JI0Ta U3JIyYeHneM Tperheil rapmonuku Nd-razepa.

Bwmecre ¢ Tem [t AeTAJIbHOTO MOHUMAHUS KOHEU-
HOTO Pe3yJIbTaTa KOMILIEKCHOTO IIPOIECCa HEIPSIMO-
ro BO3JIEHCTBUS TPEJICTABIISETCS BaXKHBIM HCCJIEIOBA~
HU€ ero COCTABHBIX YacTeil B PA3JIMIHBIX YCJIOBUSIX
oburyuennst. Takme pacyeTHO-TEOPETUIECKUE HUCCIIEI0-
BaHUsI, BBIIIOJIHEHHBIE B JAHHON paboTe, OTHOCATCH K
U3YYCHUIO TEPMOINHAMUIECKOTO COCTOSHUS W W3JIYy-
qaTebHBIX CBOMCTB IIJIa3MBl KOHBEPTEPa, 00pPa30BaH-
HO# BO3IENCTBUEM U3JIyYCeHUd IEPBbIX TPeX MapMOHUK
Nd-nazepa, U TepMOIMHAMHYECKOI'O COCTOSHUS IIJIA3-
MBI abJIgTOpa, 0OPA30BAHHON BO3IEHCTBHEM WMILYIh-
ca JIA3ePHO-NH/Iy TUPOBAHHOI'O PEHTT€HOBCKOI'O H3JIy de-
HUS.

Pacuersr O6putm  mpoBeseHbl 1m0 1D-mporpamme
RADIAN [10]. B ocuoBy koma RADIAN mosoxe-
Ha (DUBMKO-MATEMATHIECKAS MOJE/b, COJIEPIKAIIAs
yPaBHEHUdA ABYXTEMIICPATypPHOIl paJulalliOHHON I'U/I-
POAMHAMUKHU. Y YUTHIBAETCS JIEKTPOH-MOHHBIN 0OMeEH,
KJIACCHYeCKasl WM yMEHbINEeHHasl 3JIeKTPOHHAs Tell-
JIOIIPOBOJTHOCTD. JlazepHoe wW3iydeHne IOTJIONAeTCs
00paTHO-TOPMO3HBIM CIIOCOOOM. Y paBHEHHUS I'a30BOM
JUHAMHUKN PENIaloTCsl COBMECTHO C MHOI'OI'DYIIIO-
BBIM YPaBHEHHEM IePEHOCA COOCTBEHHOIO W3JIyI€HUsI
m1a3Mbl. B pamMkax mpeicTaBiIeHHON pabOThI MCIIOJIb-
30BaJINCh ypaBHEHHs cocrostHus BemjecTBa (YPC)
U CIEKTpaJIbHble KOI(PDUIMEHTHI IOTJIONIEHNsT U3~
aydenust n3 6asel mampeix THERMOS [11, 12]. B
00J1aCTH BBICOKMX TEMIIEpATyP U HU3KHUX ILJIOTHOCTEN
paccmarpuBaemoit 3agaun YPC, Kak mpaBuio, 0Ju3K0
Kk YPC nneansnoro rasa.

B pasj. 2 npejcraBiieHbl pe3yJsibTaThl TUCIEHHOTO
MOJIE/IMPOBAHUS B3aMMOJIEHCTBUS UMILYJIbCOB H3JLy e~
HUS TEePBOil, BTOPOit 1 TpeTheil rapmonnk Nd-yrazepa
¢ maTeHcHBHOCTAME B auamasone 103-10'° Br/cm? c
IIJIOCKON MuIlienpio u3 3oJi0ta. Ocoboe BHUMaHME y/le-
JISIETCsI CJIy9ai0 UMITYJIbCa BTOPOi rapMornku Nd-jase-
pa, UCIOJIb30BaHIE KOTOPOTO IIPE/IIIOJIAraeTCsl B IIPOEK-
T€e POCCUHCKOM MeraKOyJIbHON yeTaHoBKH [5]. O6cyx-
JAK0TCsT 0COOEHHOCTH 00PA30BAHUS IIJIA3MBl U €€ U3JLy-
qaTeJbHBIX CBOMCTB, CBSA3AHHBIX C IIEPEHOCOM JHEPIHHU
COOCTBEHHBIM H3JIydeHneM 1mia3mbl. [IpoBogurcs cpas-
HUTEJbHBI aHAJU3 TEPMOJIMHAMUYECKUX XapaKTepu-
CTHUK, OTHOCAIIUXCA K U3Jydalolleil jiazepHoil 1ia3me
MMUINIEHU U3 30JI10Ta, 0OPA30BAHHON JIa3€PHBIM U3JIy4e-
HUEM ITIepBOii, BTOPOii u TpeTheil rapmornk Nd-yazepa.
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B paszn. 3 npencraBiieHbl pe3ysibTaThl 9UCIEHHOTO MO-
JeJIMPOBAaHUS B3ANMOJIEIHCTBIS JIA3€PHO-UH LY THPOBAH-
HOT'O PEHTTE€HOBCKOT'O M3JIyYeHNUsl C IUIOCKUMU MUIIIEHSI-
MU U3 JIETKAX MATEPUAJIOB — IIACTUKA ¥ BHICOKOILIOT-
HOT'O YTJIEPO/IA, KOTOPBIE UCIIOIB3YIOTCS B KAYECTBE Ma~
TepuaJsioB abJisITOpa TepMOsiIepHbIX MulleHeii. O6Cy K-
JTAIOTCS 0COOEHHOCTH OOPA30BAHMS TIJIA3MbI, CBA3AHHDIE
C TIOTJIOIIEHUEM U TIEPEHOCOM BO3JEHCTBYIONIErO PEHT-
TEeHOBCKOI'O M3JiydeHusi. 1IpoBomuTcsi cCpaBHUTEIbHBIN
aHaJIN3 TEPMOINHAMUIECKUX XapPAKTEPUCTUK, OTHOCS-
IUXCsl K JIA3ePHOI IIa3Me OJHOTO U TOrO YKe MaTepu-
aJia mpu 00JIyYeHUHN UMITYJIbCAME JIA3EPHOIO M PEHTTe-
HOBCKOTO U3JLyICHWUSI.

2. TEPMOJANHAMUNYECKOE COCTOSHUE
BBICOKOTEMIIEPATYPHO
U3JIVYAIOIIIEN JIABEPHOM I1JIA3MBI

Yucsiennble pacyeTbl B3aUMOJENCTBUS HMITYJIHCOB
U3JIydYeHUud IepBOH, BTOPOA U TpeTbeil TIapMOHUK
Nd-nazepa, HHTEHCUBHOCTH KOTOPBIX JIEXKAJIHN B TAATIA~
sone 1013-10% Br/cm?, ¢ miockumu MumeHsMu u3 30-
JIOTa OBLTN BBIMIOJIHEHBI C UCIIOJIb30BAHUEM OIMITHIECKUAX
KOHCTaHT, PACCUUTAHHBIX B OTCYTCTBHE JOKAJIHLHOTO
repmosmHaMmuieckoro paprosecust (JITP) B mnasme
[11], m ¢ y4eTom OrpaHWYEHHsI MOTOKA 3JIEKTPOHHOI
TeronpoBoHocTH. OrpanutveHre MOTOKA JIEKTPOH-
HOH TeIJIOPOBOJHOCTU MOJIEIMPOBAJIOCH BBeJIEHNEM
ko3 dunmenrta orpanundenus f. = 0.03-0.08, uro ga-
BAJI0O BO3MOYKHOCTH COTJIACOBATb PE3YJILTATHI pacdeTa
C 9KCIMEPUMEHTAJTbHBIMU PE3YJIHbTATAMU IO KOHBEPCHH
JIA3€pHOT0  M3JIydeHusi B peHTreHosckoe. OrcyT-
CTBHE OTPAHWYEHHS TEIJIONPOBOIHOCTA MPHUBOIUT
K PaCYeTHBIM 3HAYEHUsIM KOHBEPCUU, 3HAYUTETIHHO
NIPEBBIIAIONTIM KCIIEPUMEHTAJIbHbBIE JJAHHBIE.

Ha puc. 1 npencraBieHsl pe3yabTaThl pacdera BO3-
JeficTBUA JIa3€PHOIO MMILYJIbCa C IIOCTOAHHON WHTEH-
cuBHOCTBIO [jqs = 3 - 10 Br/cm? u anmmoit Bos-
el A = (.53 MKM Ha IUIOCKYIO MHIIEHb U3 30J10Ta
TosmuHOM 30 MrM. IIpuBeeHbl 3aBUCUMOCTH OT TIPO-
CTPAHCTBEHHON KOOPJAWHATHI IJIOTHOCTH W TEMIIEPATY-
pBl IJIa3MBI, a TaKXKe IJIOTHOCTH ITOTOKa JIEKTPOH-
HOH TEeIJIONIPOBOJHOCTU U JIYYUCTOIl TEIJIOIIPOBOJIHO-
CTH IJ1a3Mbl Ha MOMeHT Bpemenu ¢ = 0.5 Hc. JlazepHoe
HU3JIydeHre IIOIVIONAeTCs B UCHAPEHHON YacTH MHUIIIe-
HUA — KOPOHE — 3a CYeT 00PATHO-TOPMO3HOI'O MEXaHU3-
Ma ¥ JOCTUTAET 00JIacTel ¢ KPUTUIECKOH TIIOTHOCTHIO
per = 0.017 r/cm® npu Z ~ 62. (Ha puc. 1 koop/uHaTa
T OTCUHATBHIBAETCA OT JIEBOU I'DAHUIILI MUIIIEHH, JIa3€eP-
HOe M3JIyYeHre [ajaeT Ha MUIlleHb cupasa.) C TedeHn-

€M BPEMEHU KPUTHUYECKad IIJIOTHOCTH IJIa3Mbl yIAJIsA-
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Puc. 1. a) 3aBUCUMOCTN OT MPOCTPAHCTBEHHONW KOOPAUHATI
nnotHoctn p (nunusa 1), Temnepatypbl Te (Aunus 2), noto-
Ka anekTpoHHol TennonposogHocTu F. (nuvus 3) u pagna-
UMOHHOrO notoka Frqq (nuuus 4). 6) 3aBucnmocTtn oT npo-
CTPaHCTBEHHOW KOOPAMHATBLI CKOPOCTU yaenbHoro (B eanHuue
obbema) 3HeproBolAeNeHNst Na3epHoOll SHEPrum qiqs (NUHUA 5)
u usnyvartensHoli cnocobroctn J (nuHus 6) nnasmel. PucyH-
KN OTHOCATCA K MOMeHTy BpemeHn t = 0.5 Hc, nasepHomy
MMMYCY C MOCTOSIHHBIM MOTOKOM Ijas = 3 - 10%* BT/CMQ,
A = 0.53 MKM Ha niockyto MuweHb n3 3ono0ta. HavanbHoe
nonoxxernne muwenn 0 < z < 30 MKM, nasepHoe n3NyyeHune
najaeT Ha MuLUeHb Cnpasa

ercs 0T HAYAJILHOTO IIOJIOXKEHUSI TPAHUIIBI MUIIEHN: K
0.5 1C OHA pacmoaraeTcs Ha pacCTOSHUN 24 MKM OT Ha-
YaJIbHON I'PAHUIIBI CJI04 30J10Ta, B TOYKE C KOOPAUHATON
r &~ 54 MKM. Bésbmias dacTh J1a3epHOTO U3JIyIeHUs
[IOTJIOIIAETCS B OOJIACTA C KPUTHUYECKON TJIOTHOCTHIO
(puc. 1, kpusasg 5). 13 06/1acTH HOTJIOIIEHUS JIA3EPHOTO
U3JIy9eHUsT SHEPTHsT TOTOKOM 3JIEKTPOHHON TeIIonpo-
BojHoCcTH (KpuBag 3 Ha puc. la) mepeHocuTcs BriyOb
30JI0TOTO CJIOS. DTO HPUBOAUT K IIPOIPEBY ILIOTHBIX
CJIOEB MUIIEHH, T/e bopMupyercss 00JaCTh reHepaInu
COOCTBEHHOTO M3JIyUeHUs ILJIa3Mbl. B pacderax c yte-
TOM OI'DAHUYEHUs [TOTOKA JIEKTPOHHON TEILJIONPOBOJI-
HOCTH 00pa3yroTcst 60jee pe3kue MpOPUIN IIIOTHOCTH
U TEeMIepaTypbl, 9eM B pacderax 6e3 OrpaHUIeHUs O~
TOK& 3JIEKTPOHHON TEIIONPOBOIHOCTH.

DJIEKTPOHHAST TEIJIOMPOBOHOCTD TEPEHOCUT TEILIO
B MeHee IJIOTHON YacTU KOPOHBI B 00JIACTU C KOODJIH-
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HaTaMu ¢ > 45 MM (nuHus 3 Ha puc. la). Paguanuy-
OHHBIN TOTOK (JimHUA 4 Ha puc. la) siBasercs Gosee
3 PEKTUBHBIM MEXAHU3MOM IIEPEHOCA YHEPTUHU BIVIYOh
MUIIIEHN, YeM [TOTOK JIEKTPOHHOM TEIJIONPOBOIHOCTH.
Penrrenosckoe mziyuenue 3hbOEKTUBHO TOTTIOMAETCS
(oTpuraTesbHblE 3HAYEHNS II0TOKA PEHTTEHOBCKOT'O U3~
JIyYeHUs Ha KPUBOIi 4) BOIM3M IPAHUIIBI HEUCIIAPEHHO-
ro 3og0ta (x ~ 30 MKM), OpOrpeBasi U UCIAPssi HOBbIE
cion 3o50ta. B pesysnbrare pacrpejesieHust IJIOTHO-
CTHU U TEMIIEPATYPhI BOJIM3HU 00/IACTH UCITaPEHNST XapaK-
TEpU3YIOTCH 3HAUUTE/ILHBIMA T'DAJINEHTAMU JTUX Be-
guauH. Tax, Opu M3MEHEHWN IPOCTPAHCTBEHHON KO-
opauHarel Ha 6 MM (45.5 MEKM < z < 51.5 MKM)
IJIOTHOCTDb p YBEJIUYIUBAETCS OT pPor A 0.017 1/ em® 1o
10per &~ 0.17 v/cM3, 3/1eKTpOHHAST TeMIIepaTyPa yMeHb-
maercss ot T, ~ 1.8 k3B mo T, ~ 400 3B, cpemaunii
3aps yMenbInaercs ot 62 o 47. Ilpu u3menenun mpo-
CTPAHCTBEHHON KOoopauHaThl Ha 2 MKM (43.5 MM <
< x < 45.5 MKM) WIOoTHOCTH yBeauauBaercs or 10 pep
110 50, (oxom0 0.65 v/cm?). To ecTh B COOTBETCTBUMI
¢ [13] mnorHOCTE Ha pOHTE AGIANNE yMEHBIIACTCS
MPAKTUYECKH 0 IKCIOHEHIIUAJILHOMY 3aKOHy. Temite-
paTypa oT (ppoHTa abJAIUN IO 0OJTACTH C KPUTUIECKOH
IJIOTHOCTBIO pacTeT Kak T’ ox 22/°.

Wznydarenbuas criocOOHOCTD IJIa3Mbl IPHOIHKEH-
HO MOXKeT OBITH IpejicTaBieHa Kak [14,15]

J=15 1010W\/ﬁ(%)2 x

( 2.41
X

14+ ——
T.
rne I — cpenHmii IOTEHIWAJ HMOHU3AIUU BEIIECTBA.
IlepBoe ciraraemoe B CKOOKax OIpesesisieT BKJIAJ TOD-

) Tk /e - c,

MO3HOI'O U3JIydYeHHsI CBOOO/IHBIX 3JIEKTPOHOB, BTOPOE —
BKJI/T CBI3aHHO-CBSI3aHHBIX 1 CBOOOTHO-CBS3aHHBIX IT€-
pexonioB. IIpu 3TOM B BBICOKOTEMIEPATYPHOI IIa3Me
JIETKUX 3JIEMEHTOB OCHOBHOW BKJIAJ[ B U3JIyYIaTEIbHYIO
CITIOCOOHOCTH BHOCHUT TIepBoe ciaraemoe. J[jis mia3mbr
MHOr03apaHbIX HOHOB I /T, 0Ka3bIBAETCS B JUANA30HE
4-10, ¥ OCHOBHOW BKJIaJI B H3JIy4aTeJbHYIO CIIOCOD-
HOCTb BHOCHT BTODOe cjaraemoe. B masme c ycraHo-
BUBIIIAMCS 3aPSIIOBBIM COCTABOM WM3JIy9IaTeIbHAS CIIO-
COOHOCTH 3ABUCHUT OT TEMIIEPATYPbI KaK T! / 2, OT ILIOT-
HOoCcTH — Kak p?. Takas 3aBHCHMOCTDL IIPUBOJUT K TO-
MY, 9TO MAKCHMYM DEHTTE€HOBCKOTO M3JIydeHUs (KpHU-
Basd 6, puc. 16) npuxoaurcs Ha 06/1aCTh € MJIOTHOCTHIO
(4-10)per 1 Temmepatypoit 400 5B u cmemen mpu6/m-
3UTEJIBHO HA 3 MKM OT MaKCHUMyMa IIOIJIOIIEHUS JIa3ep-
HOTO M3JIyI€HUs BIVIyOb TBEPIBIX CJIOEB ILJIA3MBI.

Ha puc. 2 ns cpaBHeHUS IpeICTaBIeHBI TPOCTPAH-
CTBEHHBIE PACIIPE/IeJIEHNs IIJIOTHOCTH P, TEMIIEPATYPbI
T., CKOPOCTH YIEJIHLHOTO SHEPIrOBBIJIEJICHUs JIA3EPHOI

890
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Puc. 2. CpopmupoBaHHble B 3010TOM ciioe K MomeHTy 0.5 HC
noA feiicTBrneM nsnyyerus nepsoii (nuxuu 1, 4), sTopoii (nn-
Hum 2, 5) u Tpetbeil (nnvun 3, 6) rapmonuk Nd-nasepa c
Lias = 3.10% BT/CMZ. a) 3aBNCMMOCTU OT NPOCTPAHCTBEHHO
KOOpAMHaTLI NNoTHOCTU p (nuHumn 1, 2, 3) u Temnepatypbl T
(nuHun 4, 5, 6). 6) YaenbHoe sHeproBbIAENEHINE Gqs Na3epPHO-
ro nsnydenus (nuvum 1, 2, 3) n usnyyatenbHas cnocobHOCTbL
nnasmel J (4, 5, 6). Hauano koopauHat coBnagaer c feBoii
rpaHuueil muweHun. B HavanbHbIi MOMEHT BpeMeHU npaBasi
rpaHnua MuLlLeHU pacnono)keHa Ha pacctosHun 30 MKM oOT
Havana KoopauHaT

SHEPTUH (jqs W U3TYIATEHHON CIIOCOOHOCTH TL1a3MBbI J
B MoMeHT BpeMenu 0.5 Hc, cchopMUpPOBAHHDBIE TTPU BO3-
JeficTBUU 1epBOIl, BTOPOI U TpeThbeill rapMOHUK JIa3€ep-
HOTO M3JIyYeHWs Ha NJIOCKuit cjoit 3oi1ota. IIpuBene-
HBI PE3Y/IHTATHI PACIETOB C KOI(PDUIIMEHTOM OrpaHU-
9eHUst 3JIEKTPOHHOI TertonpoBogaoctu fo = 0.03. Jla-
3€pHOE M3JIydYeHUe TOIJIONAETCsI B 00JIACTH ILJIA3MBI C
IUIOTHOCTBIO BIJIOTH JI0 KPUTUYECKON IJIOTHOCTH ILJIa3-
MBI, COOTBETCTBYIOIIEN JIJINHE BOJIHBI BO3/IEHCTBYIOIIE-
ro JiazepHoro uaaydenns. C yMEHBIIEHUEM JITMHBI BOJI-
HBI YMEHBIIIAETCS IITUPUHA 00JIACTU IOTJIONIEHUS: H3JIY-
JeHne IIePBOI TAPMOHUKH IIOTJIONIAETCH B OTHOCUTE I b-
HO IPOTSI?KEHHOI 00JIACTH C IIUPHUHOI OKOJIO 28 MKM,
U3JIydeHne BTOPOil rapMOHUKU — B 00JIACTH IMUPUHOMN
0K0JIO 16 MKM, TpeTbeil — OKOJIO 5 MKM. 3aBUCUMOCTD
Neer A~2 IpHBOIUT K TOMY, UTO OBJACTH IIOTJIO-
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Tabnuua 1. 3HayveHUs KOOPAWHATbLI MOBEPXHOCTM C
KPUTUYECKOW MJIOTHOCTBIO MJIa3Mbl, Tcr, KPUTUYECKON
NAOTHOCTU Pcr, @ TaKXe TemnepaTtypbl T, U cpefHero
3apsga Z B 06AacT KPUTUHECKON MIOTHOCTW B MO-
MeHT BpeMeHun 0.5 HC Npu BO3LEWCTBMU HA MJIOCKYO
MULLEHb U3 30J10Ta J1a3ePHOr0 M3NyHeHUsi C MOTOKOM
Tias = 3- 10" Bt/cm? Ha nepsoii (A = 1.06 MkM), Ha
gTopoli (A = 0.53 MkmM) 1 Ha TpeTbeid (A = 0.35 MKkM)

rapMOHMKax
A\, MKM | Zepy MEM | per, T/eM® | T, k3B | Z
0.35 50 0.045 1 60
0.53 54 0.017 1.8 62
1.06 91 0.0038 3.9 66

IIIEHUS JIA3ePHOTO M3JIy9eHUsi C MEHbIIeH JJINHOM BOJI-
HBI PACIIOJIOYKEHBI OJTMKe K TTOBepXHOCTH abstsiuu. [1pu
9TOM B 00JIACTH TOIJIONIEHHUS IIJIOTHOCTH ILTA3MBbI TEM
BBIIIIE, a TEeMIepaTypa TeM HIXKEe, YeM MEHbBIIE JJIU-
Ha, BOJIHBI JIa3epHOTO m3jaydenus. B Tabin. 1 mpusese-
HBI 3HAYEHNU KOOP/IMHATHI IOBEPXHOCTU C KPUTUIECKOM
ILUIOTHOCTBIO, T¢p, KPUTUIECKON IJIOTHOCTH Py, 8 TAK-
2Ke TeMuepaTypol T, U cpefHell CTeeHn HOHU3aIun Z
ILUIa3Mbl B 06JIaCTH KPUTHUYECKON IJIOTHOCTA B MOMEHT
BpeMenu (.5 HC IPU BO3AEMCTBUNU ITOCTOSHHOTO MMOTOKA
nazepHoro maayuenns I, = 3-10% Br/cm? ¢ qymmavm
BostH 1.06 MxM, 0.53 MKM 1 0.35 MKM Ha IJIOCKHH CJIOH
3osiora. HavanbHOe 10OJI0KE€HNEe TPAHUIIBI MUIIIEHU, Ha,
KOTOPYIO AefICTBYyeT J1a3epHOe m3aydenue, 30 MKM.

Ilepenoc sHeprum 3J€KTPOHHON W JIyIUCTOU TeT-
JIOIPOBOJIHOCTHIO B 00Jjiee IIJIOTHBIE 110 CPABHEHUIO C
KPUTHYECKOH IIJIOTHOCTHIO 00JIACTA MUIIIEHU ITPUBOIUT
K (POPMUPOBAHUIO KPYTHIX I'DAJUEHTOB IIJIOTHOCTH U
TeMIepaTypbl, 0COOEHHO IIJIOTHOCTH B KOPOHE BOJIA3U
abyIAMOHHON ToBepxHOCTHU. [leperHoc sHeprum BHYTPD
MUIIEHU BOJIHON JIyYMCTON TeILIONPOBOJHOCTH (BOJIHA
Mapiaka) ONUCHIBAETCS PEIIeHUEM, IIPUBEICHHBIM B
[14,16,17]. C ucnosb3oBanneM paccauTaHHoro B [11]
poccenamngoBa mpobdera K03 UIUEHT MOTJIONEHNST U3~
JlydeHus B 30/10Te B inanasone miorHocreit 0.1-1 r/em?
u Temuepatyp 0.01-0.5 k3B MoxkeT O6bITH AIITPOKCUMU-
poBan popmyIoit

1 p*
kr=— ~d— cm?
B R TECM/F’

3
rme 6 =53, « =03, 8 =2, psr/em’, T, Bk3B.
B mpeamnonoxkennu, 4T0 U3 06/IACTU TOTJIOIICHUST JIa-
3EPHOT0 U3JLYYCHUS T1JIa3Ma TPOrPEBAETCSI TIOCTOSTHHBIM

MMOTOKOM U3JIydeHus I.qq, 3aBUCHUMOCTD KOODJIMHATHI
(bPpOHTa TEII0BOI BOJIHBI OIPEIEIIETCS KaK

Ty o pOHBHD/(B45) [(B+3)/(3+5) y(p40)/(5+5),

B ycnoBuax paccmaTpuBaemoil 3aga4uu

@y O p~ 0001086

13 3TOr0 COOTHOIIIEHHS CJIE/LyeT, YTO CKOPOCTH IIPOTpe-
Ba XOJIOJIHOT'O 30JI0Ta MEJIJIEHHO YMEHbBIIIAeTCs CO Bpe-
MEHEM U PACTeT C yBeJUYEHUEM I'DEOIIEro IOTOKA M3~
ayqdenusi. K Mmomenty Bpemenu t = 0.5 HC peHTTEHOB-
CKO€ U3JIydeHne, 00pa30BaHHOE B 00JIACTH TOTJIONIEHUSI
JIa3ePHOI'0 M3JIyY€HUs] BTOPOI TAPMOHUKY C MHTEHCHB-
Hoctwo I1,s = 3 - 10 Br/cm?, nporpesaer npubiusu-
TEJIFHO 3 MKM IEPBOHAYAJIBHO TBepaoro 3osota. Cire-
JIy€T OTMETHUTb, YTO IPU TOW K€ WHTEHCUBHOCTU JIa-
3€pPHOr0 HM3JIyYeHUs] PEHTTEHOBCKOE H3JIydYeHue, oopa-
30BaHHOE TIPU BO3JEHCTBUN JIa3€PHOTO U3JTyYeHUs Tpe-
Theil TAPMOHUKH, IPOHUKAET B XOJOJHOE 30JI0TO Ha
0.22 MkM rTiybOKe, YeM I[IpU BO3JEUCTBUU U3JTyIEHUS
BTOpOit rapmonuku, U Ha 0.36 MKM riybxke, yeM IpHU
BOBJIEHCTBUY U3JIyYeHUs] IEPBOil TADMOHUKH, TOCKOJIb-
Ky HMHTEHCHUBHOCTH PEHTTEHOBCKOI'O U3JIydeHus, o0pa-
30BAHHOTI'O 110/, JAEUCTBUEM U3JIy4YeHUs TPEeTheil rapMo-
HUKU BBIIE, YeM IIPU BO3EHCTBUN U3JIyUeHUs [T€PBOt
U BTOPO# rapMOHUK.

MakcuMyM HU3Iy9IaTeTbHON CIIOCOOHOCTH TIIA3MBI
CMeIIEeH B 00JIaCTD € IJIOTHOCTBIO, IIPEBBIIIAIONIEH KPHU-
TUYIECKYIO TJIOTHOCTD, 1 COOTBETCTBEHHO C TEMIIEPATY-
pOit, MeHbIe#l TeMIepaTypbl B OOJACTH MOTJIOIICHUS
JrazepHOro n3iydenns. Hanvenbimee cmerienne — OKO-
JIO 3 MKM — UM€EeT MECTO JJIsl CJIydas TPeTheil rapMo-
nuku. /lj1s BTOpOil rapMOHUKHU OHO COCTABJISIET 9 MKM,
st nepsoii — 44 mMxm. B pesysbrare (¢ yuerom pac-
[TOJIOZKEHUST 00JIACTEll MTOTJIONEHUsI JIA36PHOTO U3JLyUe-
HUsl) MAKCUMYMbI M3JIyIaTeJbHON CHOCOOGHOCTU OKA3bI-
BAIOTCs JIOKAJIM30BAHBIMHU I[PUMEPHO HA OJMHAKOBOM
paccrosiHuu OT abJISIIUOHHON 1oBepxHOCTH. VX 3HA4Ye-
HUST T€M OOJIBITIE, YeM MEHBIIIE JJTUHA BOJHBI JIA3EPHOTO
U3JIyYeHUs 33 cIeT D0Jiee BBICOKOI IIJIOTHOCTH B 00J1ac-
T u3jydenus. [Ipu sTom, oHAKO, UpUHA 06JIACTH 13-
JIYYEHUsI YMEHBIIIAETCsI C yMEHbIIEHNEM JIJIMHBI BOJIHBI
3a cueT DoJiee BBICOKMX I'PA/IMEHTOB IJIOTHOCTH U TEM-
mepaTypbl. ITO MPUBOIUT K TOMY, UTO JOJIsI JIA3EPHOTO
U3JIy9eHNs, KOHBEpTUPYyeMasi B COOCTBEHHOE U3JTyIeHUE
ILUIA3MbBI, PACTET HE3HAYUTEIHHO C YMEHBIIEHUEM [JIU-
HBI BOJTHBI BO3JIEHICTBYIOIIETO JIA3EPHOTO M3JLy I€HUS.

Ha puc. 3 npupejeHa 3aBUCUMOCTb OT BPEMEHU KOH-
BEPCUU JIA3€PHOT0 U3JIy4YEHUs B PEHTT€HOBCKOE H3JIyde-
HU€ Ha ILIOCKOM CJIOE 30JI0Ta IIPU BO3IEHCTBUH ITOCTO-
SIHHOT'O J1azepHoro ummnyibea 3 - 1014 Br/cm? ¢ pazmmd-

8*
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Puc. 3. 3aBMCnMOCTb KOHBEPCUY MOCTOSIHHOMO JIa3€PHOTO UM-

nyneca Ijqs = 3 - 10 BT/CM2 B PEHTreHOBCKOE N3JlyYeHune
oT BpemeHu. Kpusble mognucaHbl HoMepamun rapmoHuk: I —
A = 1.06 mkm, IT — X = 0.53 mkm, IIT — X = 0.35 MKkm

HBIMHZ JyrHaMH BoJIH. C TedeHneM BPeMEeH! Macca Ipo-
rpeToil IJIa3Mbl U, KaK CJIeJICTBUE, KOHBEPCUSI B DEHT-
TeHOBCKOE M3IydeHne yBeqmauBaioTcsd. 1locie ~ 0.5 HE
poct KoHBepcuu 3amemisdercd. Ilocite sToro momenTa
BPEMEHH OTHOCHTEJILHO OOJIbIIE TIOTJIOIIEHHON SHEPI UK
IIePEXOIUT BO BHYTPEHHIO M KMHETUYIECKYIO SHEPIHUIO
IUTa3MBbI, BKJIaJ B IOTEPU Ha U3JTyUeHHE yMEHBIAeTCs.

Konsepcust oTHOCHTEIBHO €1a00 PACTET C YMEHbIIIe-
HUEM JIJIMHBI BOJIHBI JIA3€PHOIO MMITYJIbCA: IIPUMEPHO
ot 0.38 mpu A = 1.05 mxm 1o 0.45 mpu A = 0.35 MKM.
OTU JaHHBIE HAXOMSITCSI B XOPOIIIEM COTJIACUU C OIyO-
JINKOBAHHBIMU JIAHHBIMH SKCIIEPUMEHTOB, KOTOPbIE JJIst
HHTEHCUBHOCTH Ja3epHoro mymyibca 101410 mexar
B J0cTaTOoYHO y3KOM auanasone 0.3-0.5. Tak, B skcme-
puMeHTax [18-21] 3HAYEHNE KOHBEPCUH COCTABIIIO OKO-
g0 0.4 nuis m3/IydeHns: nepBoil rapMoHuKH, okoso 0.44
I8 U3JIy9eHus BTOPOH rapMOHUKHU U OKoJio (.48 misa
U3JIyYeHNs TPeThbell TapMOHUKH. Pe3yabTaThl ducJieH-
HOT'O MOJIEJIMPOBAHUS COIVIACYIOTCS C SKCIIEPUMEHTAIIb-
HBIMU JIAHHBIMU 110 KOHBEPCUU IIPU yIeTe OrPAHUIEHUS
ITOTOKA, JIEKTPOHHOMN TEIJIONPOBOIHOCTU ¢ KO3(Mdurim-
enroM fo = 0.03.

Becbma BbICOKasi KOHBEPCHS W3JIy4YeHHUS IIE€PBBIX
Tpex rapMoHnK Nd-sta3epa B peHTT€HOBCKOE U3JTyIeHIe
B «OTKPBITOM» TeoMeTpun OOJIyIeHUS IJIOCKONM MUIITe-
Hu Ha yposHe (0.3-0.5 aBiseTcs IPUYMHONU TOTO, UTO
B «3aKpBITOil» I€OMETPHUHU OOJIyYeHHs JIa3ePHBIM HM-
IIyJIbCOM BHYTPEHHE CTeHKH KOHBepTepa IPHU IIepen3-
JIYIEHUU ¥ IIE€PENOrJIONEHNN PEHTTEHOBCKOTO W3JIyde-
HU$ YBEJIMYIUBAETCHA MACCa HAIPETOTO 30JI0TA, & CTEIIEHb
KOHBEPCUH JIOCTUraeT 3HaveHuit Brtors 1o 80 % [3,22].

892

3. TEPMO/JMHAMUYECKOE COCTOSHUE
IIJIA3MBI, HATPEBAEMOW
JIABEPHO-UHJIYIIMMPOBAHHBIM
PEHTTEHOBCKUMM M3JIYUYEHUEM

TepmoguHAMIYECKOE COCTOSIHUE ILIA3MBI, KOTOPas
obpaszyercst NMpu HArPEBE JIa3ePHO-UHYIIUPOBAHHBIM
DPEHTIeHOBCKIM WM3JIy9IeHUEM ILIOCKOW MUIIEHHU, UCCIIe-
JIOBAJIOCH HA OCHOBE YUCJIEHHBIX PACYETOB B3aMMOJIEH-
CTBUsI MMILYJIbCA PEHTTEHOBCKOIO W3JIyU€HUsl, T€HEPU-
pyeMOTO B KOHBepTepe U3 30JI0Ta, C MUIIEHSIMHI U3
mwractuka (miorHoets 1.07 1/cm®) u BbICOKOIIOTHO-
ro yraepoga HDC (high density carbon, nsornoctsb
3.5 r/cm®). Ha puc. 4a ma mMomenT Bpemenu 1 Hc
[IPUBEJICHBI ITPOCTPAHCTBEHHBIE PACIPE/IETICHNAST TEM-
neparypbl, IJIOTHOCTH U JABJIEHUS B ILJIA3Me€ MHUIIe-
HA U3 IJIACTUKA TPU BO3JEHCTBUM HA HEe UMITYJIbCa
DPEHTIeHOBCKOTO M3JIyUEHUsI ¢ WHTEHCUBHOCTHIO [qq =
= 2.5- 10 Br/cM?, KoTOpHIit TeHepEPOBAICA OT M-
MyJIbCa U3JIyYeHus BTopoil rapmornku Nd-jazepa ¢ n-
TEHCUBHOCTBIO 155 = 3.3 - 1014 BT/CMQ. CoorBercTBy-
IOI[As TOW MHTEHCUBHOCTH DPEHTTE€HOBCKOTO HMILYIIh-
ca pajualnoHHasl TeMreparypa cocrasiser Tr..q =
= (I;qqa0)Y* = 246 5B, rme 0 — mocrosumas Cre-
dana—Bonbivana, I,y — WHTErPAIbHBIN IO CIEKTPY
MOTOK WU3JIydYeHus. [IJIaHKOBCKUIT CHEKTPaJbHBIN T0-
TOK U3JIyYE€HUST UMEET MAKCUMYM [IPU SHEPIUH KBAHTOB
hv ~ 2.72T,qq =~ 700 3B. I'enepupyemoe peHTTeHOBC-
KO€ U3JIy4YeHre 30JI0Ta B JIMaa30He SHEPIUil, 6OJIBITIX
2 k3B, nmeer soKaIBHBIE IMKK, 00YCJIOBJIEHHBIE JIMHUSI-
MU Ha mepexojiax Ha M-0607104Ky (SHeprus u3syIeHnst
smaun M1 cocrasister 2.1 k9B) u pekoMOUHAIIMOHHBI-
MU CKAYKAMU B 9TOM JKe JHala3oHe.

B HavyajgbHBII MOMEHT BpEMEHU IpaBasi ['DAHU-
a2 IJIACTUKOBOTO CJIOsI, HA KOTOPYIO BO3JEHCTByeT
BHEIIIHEE PEHTIEHOBCKOE U3JIyYEHHEe, HAXOJUTCS IPH
x [MrM] 0. AGasgnuonHOe JaBJICHUE, KOTOPOE IPH-
BOJWUT K TeHepaIiy yIapHON BOJHBI BHYTPH MUIIECHH,
obpasyercs B 00JTaCTH KOPOHBI, TPOTPETOI PEHTTEHOB-
CKHM U3JIydeHrueM J10 TeMIlepaTypbl okosio 150 3B, pac-
[TOJIOYKEHHON Ha pacCTOdHUU —84 MKM OT I'DAHUIBI 00-
sgydenusd. [L1oTHOCTS B 9T0# 06/1ACTH COCTAB/ISIET OKOJIO
0.8 r/ cM®. BenmunHa abJIsAIMOHHOTO JIABICHAS B PAC-
qete cocTaniisieT okoso 60 Mb6ap. N3BecTHbIi 13 paboT
[2, 3] ckeftiuHT 7UIsT AGIATMOHHOTO JABJIEHAS TIPU BO3-
JefCTBAN PEHTTEHOBCKOTO WM3JIyIEHUS HA MUIIEHb W3
wractuka P [M6ap] = 17OIT7£(15) [IpU TOTOKE Ipqq =
= 2.5-10" Br/cm? maer smauenue okoso 50 M6ap, uto
XOPOIIIO CONJIACYETCS C PE3YABTATOM YHCICHHBIX pacde-
TOB.

W3yyenne BBICOKOHEPreTHYHON YACTH CHEKTPA
[IPOTPEBAET MUIIEHDb Tepe (DPOHTOM YIAapPHOI BOJIHBL.
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Puc. 4. a) MNpocTpaHcTBeHHblE pacnpeaenernsi NAOTHOCTH p
(nuHns 1), Temnepatypsl Te (nuHus 2), pasnenus P (nunus
3), chopmMupoBaHHble B NIaCTMKOBOM cioe K 1 HC nog Aeii-
CTBUEM NajaloLero CnpaBa pPajMaunoHHOro notoka I.qq =
=25.10" BT/CM2, paAunauunoHHblii NoTok Fi.pq — nuHns 4.
Fqd Ha BHeWHel rpaHuLE Tpound PABEH rpeloliemMy paana-
unoHHoMy noTokY Irad (Fred(T = Tvound) = Irad). 6) TMpo-
CTpaHCTBEHHble pacnpegeneHust nnotHocTn p (AuHus 1), Tem-
nepatypsl Te (nunust 2), gaenenust P (nnnus 3), notoka snek-
TpoHHoI TennonposoaHocTn Fe (nuHus 4), chopmuposaHHbie
B MNJACTMKOBOM CNOE€ MOA AeliCTBUEM Na3epHOro MMMy/abCa
Tiws = 2.5 - 10 BT/CMZ, A = 0.53 mkm B t = 1 He. Jlu-
HUS 5 — BKNaj Na3epHOro U3NYYeHUS (g

Tak, uzaydenne ¢ SHEPrUsiMA KBAHTOB, IIPEBBITIAIOIIN-
Mu 2.1 k3B, IpoHUKaeT B MUIIIEHb IPUOIU3UTEIHHO HA
paccrosiane 10 MM (o1 —90 MKM 10 —100 MKM), Tje
dopmMupyeT 06/1aCTh, TPOTPETYIO JI0 TEMIIEPATYPBI OKO-
g0 10 3B. Bouree xecTKoe U3IydeHne ¢ SHEPrueii, mpe-
Bocxozgieii 3.4 k3B (Bble sneprun ceszu M-37ekT-
POHOB), IPOHUKAET eI1e TJIyO2Ke, IPOrpeBast IIa3My [e-
pex dpoHTOM yaapHOil BoaHbL 10 ~ 1 9B (Ha puc. 4a
koopauHata ¢ = (—200)—(—100) mxm). Tem He Menee
yIapHasl BOJIHA sIBJsieTCs cuibHOI. [lmoTHOCTE 3a ee
dpoHTOM cocTaBiigseT 0Kojo 4.6 F/CMB, JaBJieHNEe —
okosio 100 Mbap. K momenty Bpemenu 1 e ymapHas
BOJIHA, PACIIPOCTpaHsieTcs Ha paccrosinue =~ 103 MKM.
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Ha puc. 46 upencraBiieHbl IPOCTPAHCTBEHHBIE PAC-
npesieieHus B MOMEHT BpeMeHH! i

1 mc temmepa-
TYPBI, IJIOTHOCTH U JIaBJIEHUS B IIJIA3Me MUIIEHH U3
wiactuka (CH), obpa3oBaHHON IpU BO3IEHCTBUU HM-
IIyJIbCA W3JIy9eHusi BTOpoii rapmonnku Nd-j1a3epa ¢ Toit
JKe€ MHTEHCHUBHOCTBIO I, = 2.5 - 10'% BT/CM2, 9710
U B pacdeTe C UMILYJIbCOM JIA3€PHO-UH/IYIINPOBAHHOIO
DPEHTTEHOBCKOTO M3J/IydeHHUsi. B 9TOT MOMEHT BpeMEHU
Jla3epHOe m3JydeHne HanboJiee 3DMEKTUBHO TOTIONIA-
erca upu & ~ 100 MKM B 00J1aCTH KPUTHYECKO ILJIOT-
noctu (= 0.012 r/cm®), Temmeparypa B KOpoHe J0C-
turaer 1.7 x3B. U3 obsractu morsomenust J1a3epHOTO
U3JIy4YeHUsI TOTOKOM 3JIEKTPOHHOIN TENJIONPOBOIHOCTA
IJTa3Ma, IPOTPEBAETCH /10 00JIacTel ¢ KOOPAMHATON T A
~ —17 MKM OT IEpPBOHAYAJILHON I'DAHUIIBI BEIECTBA.
Benanunna abusiimoHHOTO JaBJIEHUsS] COCTaBJIAET OKO-
g0 30 M6ap. AnasmTudecKne 3aBHCHMOCTH TEMIIEpa-
TYPBl U JABJIEHUs] TOJJHOCTBIO MOHM30BAHHOW ILIA3MBbI
OT MHTEHCUBHOCTH U JIJINHBI BOJIHBI U3JIyYeHUs JIa3ep-
HOT'O MMILYJIbCA, BO3/EHCTBYIONIErO HA MUIIEHb JIETKUX
9JIEMEHTOB, JIAI0TCS U3BECTHBIMU CKelimHramu [2, 8]:

L [20 -] 23
T Bl = — | ——= Ias cr ~
o8] = - || (/o)
~ 2/3 4/3
~ 12Ilas(15))\ﬂ/ ’
2y —1)1%3 2/3
P M6 = | Y= cr Ias cr ~
[M6ap] [37_1 Per (Lias/ per)
~ 2/3 —2/3
~ 35Ilas(15) 1 /
3nech  14(15) MHTEHCUBHOCTD JIA3€PHOTO W3-
JIY4EHUST B  €JIUHUIAX 1015 BT/CM2, Cv =
= (Z + Dkp/A(y — 1)m, YZI€JIbHAS  TEeILIOeM-
KOCTh HArpeBaeMoOro BeIIeCcTBa, kp — IIOCTOSIHHAS
Bompmvana, m, — Mmacca IpoToHa, ¥ — HOKa3aTesb
aJimabaThl.

CxkeiuirHT gaeT OJin3Kue K PACICTHBIM 3HAYCHUS Xa-
paKTepHOI TeMIiepaTypbl B 00JIACTH HATPEBa ILIA3MBbI
JIa3epHbIM U3JaydeHneM — okKojio 1.2 k3B, u abmasdiu-
OHHHOT'O JaBJIEHUsT — OKoJ10 22 Mbap. YaapHast BOJIHA
¢ maByienueM 3a dporTom 32 Mbap K MOMeHTYy Bpe-
meHu 1 HC jocTuraer obJacTH ¢ KOOPIAMHATONW OKOJIO
—62 MKM.

IIpescraBiienHble JaHHBIE ITO3BOJISIIOT IIPOBECTH
KOJIMYECTBEHHOE COIMOCTABJICHIE XAPAKTEPUCTUK Tep-
MOJIMHAMHUYECKOTO COCTOSIHUSI TIa3Mbl, 00Pa30BAHHOIM
BOBJIEHCTBUEM JIA3€PHOTO MMILYJIbCA BTOPOl TapMOHU-
ku Nd-j1azepa v UMITyJIbCa JIA3€PHO-UH Iy IUPOBAHHOI'O
W3JIyYeHUsT MPU OJIMHAKOBBIX MHTEHCHUBHOCTSIX ODOMX
UMITYJIbCOB. PeHTTeHOBCKOe

U3JIyYeHHEe HarpeBaeT
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Tabnuua 2. 3aBUCMOCTY OT NNOTHOCTM NMOTOKA MPEOLLErO PEHTIEHOBCKOrO UMMY/IbCa CKOPOCTN abnsiunu BewecTsa Mu-

weHn dm/dt, pasnenns Pap 1 NNOTHOCTU popr Ha TPaHnue abnsiymm, CKOpocTy pacnpocTpaHeHust hpoHTa abasiuum no

muwenn Vo = (dm/dt)/p n ckopoctn yaapHoii BoaHbl Dy,

Lrad, A, dm/dt, Pai, Pabl, Vabt, Dy,
10* Br/cm? MKM 108 r/em-c M6ap r/em® 108 em/c 108 em/c

CH 0.63 1.06 1.33 20 0.3 0.31 5.63
CH 2.52 0.53 3.8 59 0.47 0.88 10.8
CH 5.74 0.35 6.7 103 0.7 1.56 16
HDC 0.63 1.06 1.33 23 0.55 0.1 3.07
HDC 2.52 0.53 4.1 72 1 0.29 5.84
HDC 5.74 0.35 7.8 142 1.3 0.56 8.47

kopony CH-mumienn s0 rTemmeparypsr 100-200 3B,
IIPUMEPHO Ha IOPs/IOK OoJiee HU3KOW, YeM B CIIydae
HarpeBa Ja3epHBIM U3IydeHneM. BmecTe ¢ TeM xapak-
TepHas IVIOTHOCTH B 0DJIACTH HAIDEBA PEHTTEHOBCKUM
murybeom 0.5-0.8 r/em® B 40-60 pas mpesocxomuT
IUIOTHOCTh ILIa3Mbl B OOJIACTH HAIDEBA JIA3€PHBIM
U3JIyYeHWeM, KOTOpas B 3TOM ciydae OJM3Ka K
Kputnieckoit mwiornoctn mwiasmbl — 0.012 r/em®. B
pe3yibraTe abJIANMOHHOE [IaBJIEHWE U JABJIEHHE 33
GPOHTOM yIApHOII BOJIHBI B HEHUCIAPEHHON dacTu
MHUIIIEHN B CJIydae PEHTIeHOBCKOI'O HarpeBa IIPUMEPHO
B J pasa BBIIIE, YeM B CJIydae JIa3ePHOT'O Harpena.

W3 TeopeTnyueckux u IKCIEPUMEHTAJIBHBIX UCCIIEI0-
BaHWil M3BeCTHO (CM., HampuMmep, [23]), uTo mpu BO3-
JefCTBUAN JIA3ePHOTO MOTOKA, Ij4s C JUIMHOI BOJHBI A
Ha, BEIIECTBO KJIACCHIECKUiT 00pPAaTHOTOPMO3HOM Mexa-
HUA3M IIOIVIOIIEHUS, IIPH KOTOPOM SHEPIus JIa3ePHOTO
VMITYJIbCA TIEPEIACTCS TEILIOBBIM 3JIEKTPOHAM ILIA3MBI,
peo0JIalaeT NP 3HAYEHUSX [apaMeTpa B3anMOJeli-
creus oA\ < 10 Bromxw?/em?. Tpu [jasA\2 >
> 10* Br-mxm?/cm? yBesmuuBaercss posib GeccTONK-
HOBUTEJIbHBIX MEXAHU3MOB TIOTJIONIEHUSI, KOTOPhIE CO-
MIPOBOK/IAIOTCS TpaHchopMaliyeil 1a3epHoit SHEPTUN B
SHEPI'HUI0 OBICTPBIX JIEKTPOHOB. st TOro 94T0o0bI N3be-
JKATh HEXKEeJATeTbHOTO 3pdeKTa reHepanu ObICTPBIX
3JIEKTPOHOB IIPH OJHOM 1 Toif ke Beamunue Ij s A2, Ha-
npumep 104 Br-mxm? /cM?, mpu MeHbImedt qymane BoJI-
HBI MOXKET OBITH HCIOJIb30BAH JIA3E€PHBI MMILYIbC C
GOJIbIIIell NHTEHCUBHOCTBIO Ijqs o< A~ 2. IlpuMeHnTe H-
HO K HEIPSIMOMY CXKATHIO 3TO O3HAYAET, YTO IIPU O/I-
HOIl W TOW Ke BeJUYUHE Ilas)\Q YBEJINIUBAaCTCI pan-
AIIMOHHAS TEMIIEPATypa B KOHBEPTEPE W TEM CAMBIM
YBEJINYUBAETCS TOTOK U3JIy4YeHNs Ha BHYTPEHHIOIO Kall-
cymy. Ecmm T1as A2 1014 BT~MKMQ/CMQ, opu JIJIAHE
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BOJIHBI J1a3epHOro uaiaydenus A = 1.06 MKM J0mycTH-
MBIl IIOTOK JIA3€PHOI0 U3JIyYeHUsT Ha KOHBEPTOD [jqs =
= 0.89-10' Br/cm?, a ipu gymne Bostabt A = 0.35 MKM
JOIyCTUMBIHN IMOTOK JIA3€PHOTO M3J/Iy9eHUsT YBEININBa~
erca 710 Ijas = 8.16 - 101 Br/cm?. Takum o6pason,
[IpY 33 IAaHHOM 3HAYEHUH TIapAMETPa B3aNMOIEHCTBUS C
YMEHBIITEHUEM JJTTHBI BOJIHBI JIA3€PHOTO U3JIy 9€HUsT Pa-
JTUAIOHHBIH TOTOK PACTET IPUMEPHO KaK Ipqq o A2,
a paJUallOHHasl TeMIepaTrypa — KakK Trqq X ALY 2,
9TO MPUBOJUT K YBEJUIECHUIO aOJISIIINOHHOIO TABJICHUST
U CKOPOCTHU abJISIITUN.

PerynupoBka MHTEHCUBHOCTEH JIA3€PHBIX UMILYJIb-
COB WM3JIy9eHUs PA3JIMIHBIX TADMOHUK B COOTBETCTBUU
¢ yeaosueM Ijg A2 = 10 BT'MKM2/CM2 ObLI& UCIIOJIb-
30BaHA JJIs1 CPABHUTEILHBIX PACUYETOB B3aUMOJICHCTBHUS
AMITYJIbCA JIA3€PHO-UH/IYIINPOBAHHOIO PEHTTEHOBCKOTO
U3JIy9eHUs C MUATIEHSIMI U3 TUIACTUKA U BBICOKOTLIOTHO-
ro yriepoga HDC. Hekoropbie pe3ysabTaThl 3TUX pac-
9eTOB TPUBEJEHBI B TabJ. 2. BBICOKOIIOTHBIN yrite-
POJT KaK MaTepuasl abiasaTopa JiJisi TEPMOSIIEPHBIX MU-
meHeil 06J/1ajaeT PAIOM MPEUMYIIECTB [0 CPABHEHUIO
¢ CH-mnactukom. OCHOBHOE M3 HHX COCTOUT B TOM,
9TO 3a CYeT 3HAYUTETHLHO 00Jiee BBICOKON IJIOTHOCTH
(6osee yem B 3 pasa) ymapHas BOJIHA, IIPU IIPOUUX
PaBHBIX YCJIOBHUSIX, HAIDEBAET BEIIECTBO JI0 MEHbIIEi
TEMITEPATYPBI, YTO HO3BOJISIET JIOCTUIHL OOJIee BHICOKOM
crenenn cxkarust muttenu. [Ipu srom HDC-marepuadt,
COCTOSIIIUI U3 yraepoia — 3JIEMEHTa C OTHOCUTEJHHO
HU3KHUM 3apsIIOBBIM YHCJIOM, OCTAETCSI MATEPHATIOM C
HE3HAYUTEJIbHBIMU TIOTEPSIMUA SHEPIUH HA COOCTBEHHOE
u3JIyYeHre mia3Mbl. B IpUBEIEHHBIX pacyeTax KOHBep-
CHsl JIA3ePHOr0 U3JIyYeHUs] B PEHTI€HOBCKOE COCTAB/ISIET
70 %80 % u ciabo 3aBUCUT OT JJIMHBL BOJHBI (pa3HU-
1a cocrasiageT 5 %) peHTreHo00pa3yoIero Ja3epHoro
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dm/ dt, 10° F/CM2/C
10

6
ad 10 BT/CM2

I

T
P, Mbap

150

100

50

6

Lo 10" BT/CM2

P

Puc. 5. Ckopoctb abnsiumn BewectBa muwernn (a) u ab-
NSUMOHHOE AaBneHne ans abnstopa (6) u3 nnactuka CH
(cnnowHble YepHble JMHMM) 1 BBICOKOMIOTHOTO YFIepoAa
HDC (wTpuxoBble NMHWM) B 3aBUCUMOCTU OT MOTOKA rpero-
LLero PeHTrEeHOBCKOro M3nydeHnsi. AHaANTMYECKNE Bbipake-
Hus u3 [2] Ha rpadhukax — ChAOWHbIE KPacHbIE ANHNN

u3jydenus. Bo BTOpOM M TpeTbeM CTOJIONAaxX TadJI. 2
yKa3aHbl MHTEHCUBHOCTH PEHTT€HOBCKOI'O UMITYJIbCA W
JIJTMHBI BOJTH M3JIy9€HUsT PEHTTEHOOOPa3YIOIIEero Jra3ep-
HOTO UMITYJibCa. B TabJji. 2 TpUBEIEHBI YCPETHEHHBIE 110
BPEMEHU 3HAYECHUST CKOPOCTH abJISIIIUH BEIECTBA MUIIIE-
uu dm/dt, naBnennst Pup; W IUIOTHOCTH Pup; HA IDAHU-
11e abJIAIK, CKOPOCTH PACIIPOCTPaHeHUsT (DPOHTA abJIsi-
1y 110 Mutern Vo = (dm/dt)/p (tne p — ninorHOCTH
3a (GPPOHTOM yJAaPHOIl BOJIHBI) U CKOPOCTH YAAPHO# BOJI-
HBI Dy .

Ha puc. 5 moctpoenn! rpaduKn 3aBUCUMOCTHA CKO-
pocru abusiu dm/dt u abIAIMOHHHOrO JABJIEHUS OT
MAJAOIIEr0 PAIUAIIMOHHOTO TIOTOKA ISl TLIACTUKA W
BBICOKOIJIOTHOTO yTJiepojia. Pe3ynbrarsl pacueToB Jjis
ILUTACTUKA XOPOIIO COBIAIAIOT C (hopMyIaMmu
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P, Mbap

100

80

60

40

20

1 1
—100 -50
T, MKM
Puc. 6. lNMpocTpaHcTBeHHOE pacnpegesieHne LaBAEHUS B MO-
meHTbl Bpemeru 0.5 He (kupHble nuHum) u 1 He (ToHKne nu-
HWUW), XapaKTepu3yloLne pacnpoCTPaHeHNe YAAPHON BOHbI B
muwensix CH (wrpuxosbie auvun) u HDC (cnnowxbie nu-
HWUM), MPU BO3AEACTBAN MOTOKA PEHTrEHOBCKOIO N3JTyHeHUs
2.5.10™ BT/CM2, reHepupyemMoro B 30/1I0TOM KOHBEPTOPE Npu
ero obayqeHn NasepHbIM UMMYALCOM BTOPOV FapMOHUKN C
NHTeHcnBHOCTbIO 3.56 - 10™* BT /cm?

Py [M6ap) = 170 115 1.,
dm/dt [r/em® /c] = 107 1343(15)

pa6ots! [2]. Ckopocts abisiiuu dm/dt u abasnuoHHOe
JaBJIEHUE C YBeJIMYEHHEM TI'DEIOIIEr0 PEeHTTEHOBCKOIO
noroka syt HDC pacrer cuiibHee, 9eM Il [IJIACTUKA.
Pezynbrare: pacaeros giusg HDC moryT 661Th nHTEPTIO-
JINPOBaHBI KaK

P [MGap] = 214 I)5(,5),

dm/dt [v/en?fc] = 1.2 107 19815,

Ha puc. 6 npusenenst mpoduin gaBiaeHus, GopMupye-
Mble B m1a3Me wiactuka u HDC B pa3sumdabie MOMEHTBI
BPEMEHH IIPU BO3/IEWCTBUU UMILYJIbCA PEHTTEHOBCKOI'O
msnydenus I.qq = 2.5 - 1014 Br/cm?. Bnauenns nasie-
nust B chopMUPOBAHHOI yraapHOi Bosine ~ 100 Mbap
oKasbIBaroTcsa Ou3kuMmu B tactuke u HDC, ckopocth
pacIpocTpaHeHus YIAPHON BOJIHBI B IIACTUKE BBIIIE B
1.9 paza. Ilpu oxmoit u Toit Ke Macce TOJIINHA, abJIsI-
topa u3 HDC MeHbIlle TOJIIMHBI ILJIACTUKOBOIO abJIsi-
Topa npuMepHO B 3 pasa. I[losTomy mHecmoTps HaA TO,
9TO CKOPOCTB IIPOXOKIEHUsI YIAPHON BOJIHBI HUXKE, UC-
[IOJIb3Y€EMbIii JIA3EPHBIH UMIIYJIbC JIJIs C2KATUS KAICYJTI C
absstopom u3 HDC moxkeT ObITh BHIOpaH KaK MUHU-
MyM B 1.5 pasza KOpode, 9TO BBINOJHO C TOYKU 3PEHUS
Pa3BUTUA TUAPOAUHAMUAYECCKAX HEYCTONYUBOCTEH.
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4. SBAKJIFOYEHUE

BrimosiHeHHBIE PACYETHO-TEOPETUIECKUE HUCCIIEI0-
BaHNs [MOKA3aJIi, YTO IPU OOJIyIEeHUH IJIOCKOW MHUIIe-
HU U3 30JI0Ta I1a3MO00Pa3YIOIMNM JTa3€PHBIM UMILYIh-
COM CTEIeHb KOHBEPCUU IHEPTUU JIA3EPHOTO M3JTY I€HUS
B SHEPI'HIO PEHTTEHOBCKOI'O W3JIyYeHUs BeCbMa CJla-
060 3aBUCUT OT JJINHBI BOJIHBI JIA3€PHOIO HM3JLyYEHUS.
FEe znauenue jjisi mepBBIX TpeX MApMOHUK W3JIyI€HUS
Nd-nazepa snexur B nuanazone 0.4-0.5. B 3axpsrroit
reomeTpun O0JIyUeHHsS KOHBEPTOPA 3TO IIPUBOIUT K
yBeJMUeHnIo Kousepeuu BILIOTH 10 80 %. U3-3a cia-
60lf 3aBUCHMOCTH KOHBEPCHM OT JJIMHBI BOJIHBI IIp€-
UMYIIECTBO HCIIOJIb30BAHUS H3JIyUeHUs] TPeTheil rap-
moHuKH Nd-j1a3epa MOXKET COCTOSTH B BO3MOXKHOCTHU
WCIIOJIb30BaHUsi 60Jiee BBICOKON MHTEHCUBHOCTU PEHT-
reHOOOPA3YIONIErO JIA3EPHOIO UMIIYJIbCA JJIs COXPAHe-
HUsI HU3KOI'O YPOBHSI I'e€HePAIui ObICTPHIX JIEKTPOHOB
n BPMB-paccestius. OgHako B cxeMe HempsiMoro ob-
JIyI€HUS Pa3Mep TePMOSIEPHON KaICyJIbl 3HAYUTEIHHO
MEHbIIIE Pa3MEPOB KOHBEPTOpPA, YTO MUHUMU3UPYET
HEraTUBHOE BJIMsIHUE OBICTPBIX JIEKTPOHOB Ha CXKaTHe
Kancyabl. B cBoio ouepens, BPMB-paccesinne moxker
HE MPUBOJUTH K 3HAYUTEIHHBIM OTPUIATELHBIM II0-
CJIEJICTBUSIM, TIOCKOJIBKY PACCESTHHOE JIA3€PHOE U3JLy e~
HUe Oy/IeT B 3HAYUTE/IbHON CTEIEeHU I1ePEeIoT/IOMaThHCs
B KOHBepTOpe. B Takom ciyuae WCIIOIH30BAHUIE UM-
[MyJIbCa WM3JIydeHus BTOPOil rapmonmkn Nd-jazepa c
WHTEHCUBHOCTBIO, OJIN3KO K NMHTEHCUBHOCTHU UMITYJIHCA,
U3JIyYeHUs TPEeTheil TADMOHUKHI, MOXKET OBITh B KOHEU-
HOM cYeTe D0Jiee SHEPreTUIeCKU BBITOIHBIM 10 CDaBHe-
HUIO CO CJIyYaeM TPeTheil TapMOHUKHU C y4YeToM DoJiee
BBICOKO 3 (heKTUBHOCTH TPEOOPA3OBAHNS M3JIY I€HUS
ocHOBHOIT rapmonnKu Nd-y1a3epa B M3/IydeHne BTOPOi
rapMOHUKU 10 CPABHEHUIO C IPe00pa30BaHUEM B M3JIYy-
JeHUe TPETheil TapMOHUKHY.

BaarogapHoctu. ABTODBI CTATHU TPU3HATEIHHBI
. 4. Tockouy 3a mosesnbsle 06CyXKJIEHUS U IIOMOIIb B
II0JIFOTOBKE CTAThH.

®dunancupoBaHue. Pabora BhIOJIHEHA TIPU T101-
nepxkke Poccuiickoro donga dyHIaMEHTAIbHBIX HC-
cireioanmit (rpast Ne19-02-00299A).
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