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WccnepoBanbl ocobeHHOCTH 00pa30BaHMs IIIA3Mbl IIPU HArpeBe BENIECTBA IIYyYKOM JIA3€PHO-YCKOPEHHBIX

6bICprIX JIEKTPOHOB. ITU 0COOEHHOCTH CBS3aHHBI C COOTHOIIIEHUEM TEeMIIa HarpeBa u CKOpOCTeﬁ II0TEePb dHEP-

TUH 3a CHeT paJUuallMOHHbIX IIPOIIECCOB 1 S.HGKTpOHHOﬁ TEeIJIOIIPOBOJHOCTH, KOTOPBIE PEryJINPYIOTCA 3aBUCUMO-

CTbhIO QHEPTIUU YaCTUIl I'peroniero 1yvkKa OoT €ero "HTeHCUBHOCTH, xapaKTepHoﬁ JJIg JIA3EPHOI0 YCKOPEHUS 3JICK-

TPOHOB. rIOKaSaHO7 9TO IIOTEepUu SHEPruu pacryT ¢ poCTOM MHTEHCUBHOCTHU IIYYKa U B 3HAYUTEJTbHON CTeneHnu

OrpaHMYMBAIOT 3HAYEHNE MaKCHMAJILHON TeMIlepaTypbl obpasyroreiics mia3mbl. O6CyK1aeTcst BOSMOYKHOCTh

remepanuu MOIIHOI'O HUMIIYJIbCA 7Y-U3JIYICHUA HEATCPHOr'O IIPOUCXOXKJEHUAd 3a CHYET TOPMO3HOI'O MU3JIyYC€HUA

JIa3€PHO-YCKOPEHHBIX JJIEKTPOHOB.

DOI: 10.31857/S0370274X20030029

1. JIazep-TLIa3MEHHOE YCKOPEHNE 3aPS?KEHHBIX Tac-
THUII, O3BOJIAET MEHEPUPOBATD IIyYKHU 3JIEKTPOHOB UJIM
HOHOB ¢ PEKOPJAHON JIsi JIAGOPATOPHBIX YCJIOBHIA ILJIOT-
HOCTBIO TIOTOKA JHEPTUU, COOTBETCTBYIONIEH WHTEH-
CHBHOCTH BO3JEHCTBYIONIEr0 HA MHIIEHbH JIA3EPHOIO
UMITyJIbCa. B COYETaHUH CO CIIOCOOHOCTBIO 3apszKeH-
HBIX YacTull 3P(PEKTUBHO TepesaBaTh CBOIO JHEPIHUIO
TBEPJAOMY BEIECTBY B KYJOHOBCKUX CTOJIKHOBEHUSX
9TO OIpEJE/seT YHUKAJIbHbIE BO3MOMKHOCTH ILYIKOB
JIA3EPHO-YCKOPEHHDBIX 3aPSKEHHBIX YaCTHUIL JJIs CO3/1a-
HUsl BBICOKOTEMIIEPATYDHOM, IUIOTHOMH Iuia3mbl [1—4].
ITpuMEHUTEIBHO K IIyYKaM JIa3€PHO-YCKOPEHHBIX JJIEK-
TPOHOB TaKasi BO3MOXKHOCTb AKTUBHO HCCJIELYETCS ISt
reHepad MOIIHBIX YJAAPHBIX BOJH C JABJIEHUEM B
corHu u Jaxe Tolcaun M6ap [2] mus uccienosa-
HUsl ypaBHeHusi cocrosinusi semectBa (YPC). dasie-
e g0 10'6ap MoxkeT OBITH JOCTUTHYTO TPHU HArpe-
B€ IIyYKOM HEPEJATHBUCTCKUX OBICTPBIX 3JIEKTPOHOB,
00pa30BaHHBIX IIPU BO3ACHCTBAU HA MUILIEHD JIA3EPHO-
ro WMIyIbCa C IapaMeTpoM BiamMogeficTsus IN\? =~
~ 1016-10'"Br-mxm?/em? (I m A — COOTBETCTBEHHO
UHTEHCUBHOCTD U JJIMHA BOJIHBI JIA3€PHOIO U3JIyYCHUA)
[1,2]. JasbHeiimuil pocT naBJjeHUs BIJIOTH JI0 JeCATKOB
I'6ap oTBedaeT UCIOIB30BAHUIO Iy IKA PEIATUBUCTCKIX
9JIEKTPOHOB, YCKOPEHHBIX IPU HapaMeTpe B3auMOJei-
crBus, npesbimaiomem sHadenus 108 Br-mxm? /em?
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[2]. Eme ompa cropoHa NpakTHYECKOO MHTEPECA CBs-
3aHa C BOBMOYKHOCTBIO MeHepalldi MOIIHOI'O MMILYJIbCa
JKECTKOI'0 PeHTTeHOBCKOI'0 N3JIyYeHNUsl IIPH HArPeBe ITyd-
KOM JIa3ePHO-YCKOPEHHBIX 3JIEKTPOHOB BEIECTBA, THAMKE-
JIBIX 3JIEMEHTOB.

Teopusi 0Opa3zoBaHUs UMITYIBCHOM ILIA3MBI IIPU Ha-
IPEBe BEIIECTBA JIETKUX IJIEMEHTOB IIOTOKOM HEPEJISATH-
BHCTCKHUX JIA3€PHO-YCKOPEHHBIX 3JIEKTPOHOB ObLIa pas-
Buta B paborax [1,2,5,6]. Hacrosmas paGora nocss-
IIIEHA TEOPETUIECKOMY UCCIIEIOBAHUIO OCOOEHHOCTEl 00-
pa3oBaHUsl ILJIA3Mbl IIPU HAIPEBEe BelIeCTBa I[IOTOKOM
OBICTPBIX JIEKTPOHOB, BKJIOYasl CJIyYail PeIsTUBHUCT-
CKHUX 3JIEKTPOHOB, C Y9€TOM IOTE€Pb YHEPTUU, KOTOPHIE
[PUCYIIM, B TOM YKCJIE, ILJIA3Me TSAXKEJIbIX JIEMEHTOB.
MexaHu3MaMy TaKUX [IOTEPb SHEPIUN SIBJISIOTCS, TIPEXK-
Jie BCEro, PaINAIOHHOE OXJIAXKICHIE ILIA3MbI, & TAKXKe
SJIEKTPOHHAS TEIUIOIMPOBOIHOCTD U TOPMO3HOE MU3JIyde-
HUE 3JIEKTPOHOB CaMOro I'peromniero mmydka. Vccsempyercs
HATPEB ILIA3MBI C IJIOTHOCTHIO, OJIN3KONW K HAYAJIBHON
ILIOTHOCTH BEIIECTBa. Takasi Iia3Ma B CIydae BemecTBa
JIEPKUX 3JIEMEHTOB OTBEYaeT JOCTUKEHUI0 MAKCUMAJIb-
HBIX JIABJIEHUIT, & B CJIy4Yae BEIIEeCTBA TSXKEJIBIX dJIeMeH-
TOB — €Ille ¥ MAKCUMAJIbHOM KOHBEPCUU SHEPTUU B SHEP-
IUIO YKECTKOT'O PEHTIEHOBCKOI'O M3JIyYEHUsI. YCTaHOBJIE-
HBI IIpeie/IbHbIE 3HAYEHUs] TEMIIEPATY PhI ILIa3Mbl, KOTO-
pbI€ OIPEEJIAIOTCs IeHCTBAEM YKA3AHHBIX BBIIIE MeXa-
HU3MOB IIOTE€Ph SHEPIUH, B TOM UUCJIE, [IPU HATPEBE ITyd-
KOM PEJISTUBUCTCKUX JIEKTPOHOB, YCKOPSIEMbBIX IIPU MH-
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TEHCUBHOCTAX JlazepHoro umiymabea 1019—102° Br/cm?,
JIOCTUTHYTBIX B COBPEMEHHOM SKCIIEPUMEHTE.

2. XopoImo u3BeCTHO, YTO 3PPEKTUBHOCTH IIpe-
00pa30BaHUs SHEPIUU JIA3EPHOTO U3JIyYeHUS B dHEP-
U0 OBICTPBIX 3JIEKTPOHOB 1) M XapaKTepHasl SHeprusi
JIa3epPHO-YCKOPEHHBIX 3JIEKTPOHOB E pacTyT ¢ pocTrom
mapameTpa I \2. 3HaunTenpHAS CTelensb TpamcdopMa-
MU JIA3€PHOTO WM3JIyI€HUs] B SHEPIUI0 OBICTPBIX IJIEK-
TPOHOB JOCTHUIAETCs IIPU IIPEBBIIIEHNH apaMerpa I;\2
sauennit 101° Br - mxm? /em?. VIMeroTest TaHABIe MHOTO-
YUCJIEHHBIX IKCIEPUMEHTOB, YKA3bIBAIOIINE HA TO, UTO
[IPU WHTEHCUBHOCTU W3JIyYEHUsI OCHOBHON TapMOHUKU
Nd-nazepa 1016—10' Br/cm? crenens Tpancdopmarm
7 Jexut B gumanasone sHadenunit ot 10 mo 30 %. K co-
JKAJIEHUIO, HAJIE’KHBIX KOJIMYECTBEHHBIX 3aBUCAMOCTEN
CTereHn TPaHCMOPMAIIUU 7) OT UHTEHCUBHOCTH U JIJIH-
HBI BOJIHBI JIA3€PHOTO HM3J/IyY€HUsI B HACTOSIIEE BPEMsi
ue umeercst. [1o 9Toit mpuYnHe OTHOIIEHNE MHTEHCHBHO-
CTell IPEIOIIEro MOTOKA OBICTPHIX JJIEKTPOHOB M YCKOPSI-
IOIEro JIa3epHoro umiysibea 1) = Ip /I, 6yner ucnosib3o-
BaThCs B JAHHON paboTe B KAUecTBe mapaMeTpa 3a1a4u,
3HAYEHUs] KOTOPOI'O JIEXKAT B YKa3aHHOM BBIIIE JUAIA-
30He. Bmecre ¢ TeM, J10CTATOYHO HAJIEXKHBIE 3aBUCHMO-
CTH WMEIOTCS JJIS XapPAKTEPHOU SHEPIUHU IJIEKTPOHOB,
YCKOPSIEMBIX IIPU OTHOCUTEIBHO KOPOTKON JIJIMHE BOJI-
HBI JIA3EPHOI0 UMITYJIbCA, COOTBETCTBYIOIIEH H3JIy YEHUIO
1-it — 3-it rapmonuk Nd-srazepa. 91t 3aBUCHMOCTH 00b-
eJIMHSAIOT JIAHHBIE IKCIIEPUMEHTOB M TEOPETUIECKUX MO-
JleJieit B Bujie COOTHOIIEHNi [7, 8]

Buev & 0451, 09)A%)Y? mpn Ipa9A% < 0.1, (1)

EMeV ~ 1.2(IL(19)>\2)1/2 upu IL(19)>\2 >1 (2)

B KOTOPBIX HHTEHCHBHOCTD 3/IydeHus 1, (19) n3MepseT-
ca B equannax 101 Br/cm?, qymHa BOJIHBI A — B MUK-
pPOHAaX, a HEpPrust OBICTPOTO 3J1eKTpoHa Fyey — B M3B.

PaccMOTpUM HArpeB HOJIyIIPOCTPAHCTBA HECKIMA-
€MOr'0 BEIEeCTBa MOTOKOM MOHOIHEPIeTUYECKUX IJIeK-
TPOHOB, 3HEPTUsI KOTOPLIX 3aBUCUT OT MHTEHCUBHOCTH
YCKOPSIIOIIETO 9JIEKTPOHBI JIA3EPHOTO UMITYJIbCA B COOT-
BercrBun ¢ (1) n (2). O6pasoBaHue IIA3MBI ¢ MAaKCH-
MaJIbHOM Ha4YaJIbHOHU IJIOTHOCTBLIO, PaBHOIl HadaJIbHOM
IJIOTHOCTHU, TPOMCXOJUT 34 IEePUOJ] BPEMEHU, B Teve-
HUE KOTOPOrO HArPEBAEMOe BEIIECTBO MOYKHO CUUTATD
HETOABUKHBIM. J[JIMTEIbHOCTD 9TOTO TEPUOoIa WA Bpe-
Ms1 abJISAIMOHHOIO HATDY?KEHUs tp, (COIJIACHO TEPMUHY,
BBezieHHOMY B [1]) cocrasiisier, npubiauzkeHHO, BpeMs, 3a
KOTOPOE BOJIHA PA3TPy3KU OT BHEITHEH IIOBEPXHOCTH II0-
JIYIIPOCTPAHCTBA PACIHPOCTPAHAETCA K BHYTPEHHEH I10-
BEPXHOCTHU HATPEBAEMOTO cJiost BemecTia. C ygeTom To-
ro, 9TO COIJIACHO aBTOMOZEIbHOMY pernenuto [9] mosm
TEILJIOBON U KUHETUIECKON SHEpruil mpu IJIOCKOM H30-

TEPMHUYECKOM pazJieTe PaBHBI, JJIg TeMIepaTyphl IJ1a3-
MBI, KOTODasl JOCTUTAeTCsl 3a BpeMs th, B [2] mosmydeno
cJleyloliee pelleHue

1/3 2/3
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rae I,y — TJIOTHOCTH TOTOKA TOTJIOMIEHHON 3HEeprum,
p — HadajbHas IJIOTHOCTH HAIPEBAeMOrO BellecTBa,
Cyv = (Z+1)kg/(y—1)Am, — yaenbHas TEILIOEMKOCTD,
Z — crenenp nonn3anuu, kg — mnocrosinaas BogbiMana,
~ — moKaszaresb aguabarbl, A — aTOMHBII HOMEp NOHOB
IUIA3MBL, M, — MACCa [IPOTOHA,

1
ty, = — 4
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Vi = [(y—1)CyTy)*/? — usorepmurteckas CKOpOCTD 3By-
Ka, [t — MACCOBBIl mMpober OBICTPOrO JIEKTPOHA C Ha-
JaJIbHOM Heprueit F, KOTOPBI pacTeT ¢ POCTOM dHEp-
run F 1o KBaIpaTUYHOMY 3aKOHY B CJIydae HEPeJIsaTU-
BHCTCKOT'O 3JIEKTPOHA U 110 JITHEHHOMY 3aKOHY — B PeJisd-
THBUCTCKOM CJIy4ae; pacdeT Ipobera 3JIeKTPOHA B ILJIa3-
Me aJIIOMUHUS IPU CTeleHn noHu3amnuu Z = 11, njs Ko-
TOPO# OYIAyT CIejaHbl YUC/IEHHBIE OIEHKU IAHHON pa-
6OTBI, JaeT C UCIOJb30BaHueM JaHHbIX [5,10] mo Top-
MO3HOI CIIOCOOHOCTH IJIa3MBI B PE3yJIbTaTe OMHAPHOI'O
U KOJUIEKTUBHOT'O B3aMMONIEUCTBUS OBICTPOIO SJIEKTPO-
Ha C 3JICKTPOHHOII KOMIIOHEHTOH IJIa3MbI U PACCeAHU
Ha MOHAX IJIa3MBbl CJICAYIONINe PEe3yJIbTaThl:

p= e B? = 0.8E% v u pt = 1, F ~ 0.9F\ev, r/em’

()
Henr mannOil pabOTBI COCTOMUT B TOM, UTOOBI HATH
[peJie/IbHOEe 3HAYEHUEe TeMIeparypbl 1), KOTOpoe oIpe-
JleJisieTcsi JIeiCTBUEM TEePEeYnCIeHHBIX BbIIIEe MEXaHU3-
MOB TIOT€PH Heprun. [[JI0OTHOCTH TOTOKOB SHEPIUU TOP-
MO3HOI'O0 H3JIyYeHHs JIEKTPOHOB ILJIA3MBI U 3JIEKTPO-
rplt/ P
u I, = Wopp/p COOTBETCTBEHHO, KOTODBIE COIEPIKAT
JIYYEUCILyCKATeIbHbIE CIIOCOOHOCTH 3JIEKTPOHOB ILIA3-
MBI W;p U 371eKTPOHOB IIyuKa Wy, IpH UX paccesHun

HOB ITIy4Ka OIIPEAC/IAI0TCA BbIpa2KEeHU MU I,-p =

HA MOHAX IUIA3Mbl. JlydenciryckareabHas CIOCOOHOCTH
9JIEKTPOHOB IIJIA3MBI JA€TCsI N3BECTHBIM COOTHOIIEHUEM
[11]

2
24 1/2 .2 3

Wyp =1.73-10 ZTY?p? spr/em”® -c,  (6)
B KOTOPOM TemIepaTypa T M IJIOTHOCTDH p ILIa3Mbl H3-
MepSIOTCs, COOTBETCTBEHHO, B KaB u r/cv®.

Cutestyst Teopun TOPMO3HOIo usirydenus [11] mis Jry-
YEHNCITyCKATEIBLHON CIIOCOOHOCTH SJIEKTPOHOB Iy IK&, 0~
JIygaeM BbIparkeHNe, aHAJIOIHIHOe BhIpazkeHuio (6), pu
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BBIBOJIE KOTOPOTO BMECTO KOHIIEHTPAIIUH SJIEKTPOHOB
ILIa3MBbI HAJIO OIIEPUPOBATH KOHIIEHTPAIIAEH 3JIEKTPOHOB
nyuka ny = Iy /vE, a BMECTO TEIIOBO# CKOPOCTHU JIeK-
TPOHOB IJIA3Mbl — CKOPOCTBIO 3JIEKTPOHOB IydKa v. B
uTore st BeauIuubl Wi, morydaeM

1672 Z2%e%n; I, N

Wiy = 2 27€ 0
b7 3832 m.3h E

Z 1
~1.7-10%Z <Z) ;Mbv’ spr/em” - ¢, (7)
e

B KOTODOM: M, U € — MACCa W 3apsJ IEKTPOHA, C —
CKOpOCTB CBeTa, h — HOCTOsHHAs 11JIaHKa, 1; — KOHIIEeH-
TpaIymsa WOHOB MmaasMbl, I, usmepsercsa B 101 Br/em?.
I110THOCTH IIOTOKA SHEPIHH, 06YCIIOBIEHHOTO 3JIEK-
TPOHHOH TeMIONPOBOIHOCTDLIO, 3AIIIIIEM IIPUOIIZKEHHO
kak I. = kT°/2gradT ~ kT7/?p/p ¢ ucnonpzoBammem
U3BECTHOTO pe3yibrara Jist Koabdunuenra k [12, 13|

kA 8-10"(Z +3.3)7", spr/em- ¢ xoB7/2. (8)

Moncrasnss B (3) Iy = Ip — Irp — Iy — I, moyuaem
IpuOINKEHHOE yPABHEHHUE MU OIPEIEeICHUS IIPeIeIh-

HOU TeMruepaTypsl 1

. (T*)M LWI,(T*)”2 Ly IC(T*)”Q_O
Tho Iy \Tho Iy Iy \Tho ’
9)

B KOoTOpOoM T}o TpeJicTaBisgeT coboit Temreparypy T},
6e3 yuera norepb suepruu (npu I, = Ip B dopmyse

(3)), a moroku Ip, Iy, I, paccunTbIBaIOTCS IO mapa-
MeTpaM IJIa3Mbl B OTCYTCTBUH TIOTEPH SHEPTUU.

B ypasuennu (9) Bropoit wieH npeicrasiisier coboii
JIOJTIO SHEPTHU MOTOKA T'PEIONIAX JJEKTPOHOB, KOTOpasi
TPATHUTCsI HEIIOCPEJICTBEHHO Ha HAIPEB BEIECTBA, TPe-
TUH, Y4eTBEPTHIN U IIATHIA — JOJIX SHEPIUU, OTHOCAIIAEC
K MOTEPSIM 32 CYeT TOPMO3HOTO M3JIyIeHHs 3JIEKTPOHOB
IJTA3MBI, TOPMO3HOTO M3JIy9YEHUs SJIEKTPOHOB ITy9IKa M
9JIEKTPOHHOI TEeIIONPOBOIHOCTH.

Ucnons3ys (1)—(3) u (5)—(8), mis oTHOIIEHHI TOTO-
kOB Irp/Iy, Iy /Iy u 1./, momyqaem (mpu v = 5/3)

2 1/2
v _p9.7(2) (24-) 7 «
Iy A Z+1

0.230nr AY3,  Ip19)A2 < 0.1,

2/3
£ )
X 772/3 12/1117, IL(19)>\2 > 1, (10)
L(19)

finr (I519)A)Y3, Ir19)A? < 0.1,
1.254,., I A > 1,
(11)

Iy ufZ
b g0z 2
Iy S0 (A)
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I 4/3
i 75777 X
I, (Z+33)p°
I2/3
L(19) 2
A 7/2 7/117”,)\4/3, IL(19)>\ < 01,
X —Z 11 5/6 (12)
05320 T 19 A2 > 1.
HrA

O6cyuM mipesiesibHbIe XapaKTePUCTUKK HATPEBa ILIa3-
MBI ITOTOKOM JIA3€PHO-YCKOPEHHBIX OBICTPBIX JIEKTPO-
HOB Ha npuMepe pertenus ypasuenus (9) ¢ yaerom (10)—
(12) mnsa mnasmer amomuansg (Z = 11, pn, = 0.8,
fr = 0.9) U yCKOPSIOIIEro JIA36PHOIO UMITYJIHCA U3JIY-
veHust neppoii rapmonuku Nd-nazepa (A = 1.06 MxMm)
npu cremenun Kousepcuu 17 = 0.2. Vmenno amomMuHuTit
YaCTO UCIOJIb3YeTCsl KaK PEIePHbIl MaTepUuaJl B IKCIIe-
pumenTax 1o uccaegoBanuio YPC. TenpeHIn BIMsTHIS
PA3JIMIHBIX MEXaHU3MOB [TOTE€Ph YHEPIUH [TOMOTAET I10-
HATH aHaau3 coorTHorrenuii (10)—(12). s mepensrTu-
BHCTCKUX 9JIEKTPOHOB oTHOIIeHue I, /I, He 3aBUCAT OT
WHTEHCUBHOCTH JIA3€PHOIO UMITYJIBCA, U COCTABJISET OKO-
g0 0.4. Biusinue moTeph 9HEPruu HA TOPMO3HOE U3JIY-
YeHUe JIEKTPOHOB IIyYKa U 3JIEKTPOHHYIO TEILIOIPOBOJI-
HOCTb PACTYT C POCTOM JIA3€PHOIl MHTEHCHUBHOCTH, CO-
OTBETCTBEHHO, KakK [ i/ Sul z/ % Ho ecu [IpA UHTEHCUB-
nocru 1017 Br/cm? ornomenue I./I, cocrapisier oKo-
go 0.35, To orHomenue I/l cocrapisier BCEro JIUIIb
0.0007. Pemenue ypasuenus (9) Jyisi HEPEJIATUBUCTCKUX
9JIEKTPOHOB TOKA3bIBAET, YTO OTHOIIEHHWE TEMIIEPATYP
T./Tho ciaabo MeHsIeTCS OT MHTEHCHMBHOCTHU JIA3€PHOTO
HMITYJIbCA U cOCTaBsgeT 3Hadenue okoyo 0.75. [Ipu srom
JIOMUHHUPYIOIIIM MEXaHU3MOM IIOTE€Pb SHEPIUU SABJISET-
Csl TOPMOBHOE M3JIy9eHHE IJIa3Mbl — 0KOJIO 35 %, Teruio-
POBOHOCTH OTBETCTBEHHA 3a TOTEpH 0KOJIo 5 % smep-
U, a TOPMO3HOE U3JIydeHHe IIyJIKa — 3& JECAThIE T0JIU
[IPOIIEHTA.

J1J1st peIITUBUCTCKUX 3JIEKTPOHOB BO3PaCTaeT OTHO-
CcUTeJIbHAS POJIb OTEPh IHEPIUU HA SJIEKTPOHHYIO Tell-
sonposoguocts. Eciu ornomenue I,/ I, umeer TeHgen-
U0 K CJIADOMY YMEHBIIIEHUIO ¢ POCTOM UHTEHCUBHOCTU
JIa3€PHOTO UMITYJIbCa, KakK IL_I/ 6, to oruorrenue I./I,
pacTeT ¢ POCTOM HHTEHCHBHOCTH JIA3EPHOTO HMITYJIb-
ca, Kak Ij;’/ 6 OiHaKO, KaK U B CJIydae HepeJsiTUBUCT-
CKUX OBICTPBIX JIEKTPOHOB, JOMUHUAPYIOIMUM MEXaHU3-
MOM IOTEPH OCTAETCSI TOPMO3HOE WM3JIyI€HHUE IJIa3MBI.
Orrorenne I,p/I, 1jisi TOPMO3HOIO M3JIyUeHUs IIy9IKa
BBIXOJIUT Ha IIOCTOSIHHOE 3HAaYeHHe, HO OCTaeTCsl, I10-
npexkuaemy, majoir Beamuuuoit — 0.004. Pemrenue ypas-
HeHust (9) Il PEJIITUBUCTCKUX JIEKTPOHOB Iipn [, >
> 102°Br/cm? mokasbiBaeT, YTO OTHOIIEHHE TeMIle-
paryp Ti/Tho UPAKTUUECKU HE MEHSETCs C JIA3EPHOM
MHTEHCABHOCTHIO, OCTABASICH PABHBIM HPHUOJIU3UTEIHHO
0.28. Tak:xke c/1ab0 MEHSIOTCS W CyMMapHBIE TOTEPHU
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SHEPIUH HA TOPMO3HOE M3JLy9€HUe IIJIA3Mbl U TEIJIOIPO-
BogHOCTh. OHEM COCTABJISIIOT JIJIsI PEJIATUBUCTCKOIO IIy Y-
Ka okoJsio 80 % suepruu. Ilpu sToM, Kak yKasbIBajoCh
BBIIIIE, OTHOCATEIHHBIN BKJIAJ IOTEPh SHEPTUH 38 CUET
TEIJIOIIPOBOIHOCTH PACTET C POCTOM JIA3€PHON MHTEH-
cusnoctn: ipu I, = 10%° Br/cMm? nmorepu smeprum co-
craBaAoT okosto 10 % sweprum, npu I, = 10%! Br/cm? —
yxe 35 %.

Cormnacuo (10)—-(12), ornomenue I,/ yMmenbiraer-
cs1, a oraomenwue I, /I, Ha060POT, pacTer ¢ yMEHbIIEHU-
eM JIJIMHBI BOJIHBI JIA3EPHOIO MU3JIy4YeHUs KaK B CJIydae
PEJISTUBUCTCKUX, TaK U HEPEJSATUBUCTCKUX JIA3EPHO-
YCKOPEHHBIX JIEKTPOHOB. DTO MPUBOIUT K TOMY, 9TO
[IOTEPU SHEPI'UH, CBA3aHHBIE C TOPMO3HBIM U3JLy Y€HUEM
IJIA3MbBI ¥ 9JIEKTPOHHON TEIIOIPOBOIHOCTHIO B CJIyUae
JIA3ePHOT0 UMITYJIbCA U3JIydeHus 3-ii rapMoHuKH INd-
Jlazepa OKa3bIBaloTcs comocraBuMbl — 18 n 12 %, coor-
BETCTBEHHO, B CJIy4Yae HEPEJIITUBUCTCKUX JIEKTPOHOB U
15 u 45 % — B pensruBucTCKOM ciy4dae. [Ipu 3Tom cHE-
JKEHUE TeMIIEpaTypPhl 38 CYET IOTEPh SHEPIUH OKA3bIBa-
ercst MeHbIe — orHotenue Ty /Tho st HEPeJsITUBUCT-
cKoro ciy4asd coctaBiseT okoyo 0.8 m 0.35 myis1 pendarn-
BHUCTCKOI'O CJIydas.

Tlostyuennbie BbIlIe pe3yIbTaThl JAIOT BO3MOXKHOCTD
YTOUHWUTD OINEHKH pafoThl [2], OTHOCsIMECS K HArpe-
BY IIOTOKOM HEPEJISITUBUCTCKUX DJIEKTPOHOB, U OIIEHUTH
TeMIIepaTypy IUIA3Mbl [IPH HATCPEBE IMOTOKOM DEJIATHU-
BHUCTCKUX JIEKTPOHOB. Bo3Bpamasics kK caydaro 1-it rap-
MOHUKH u3jrydenusi Nd-jiazepa, [jisi HEPEJISITUBUCTCKO-
ro myuka mpu maTencusHoctH I;, = 107 Br/cm? cire-
JIyeT OYKUJATh HATDEB AJJIOMUHHUEBON ILIA3MBI JI0 TEM-
mepaTypbl 1.2 k3B, jyisi pesIsiTUBHCTCKOrO ITy4Ka IIPU
nnrencusroctn I, = 102°Br/em? — 1o 33x3B, uro
OTBedYaeT JOoCTHKeHuIo masienuit okoso 0.7 u 20 '6ap
cooTBercTBeHHO. IIpeobpaszoBanne 3HAYUTEILHON Ya-
CTH HEPrud IIy4Ka OBICTPBIX 3JEKTPOHOB B PEHTIe-
HOBCKO€ U3JIy9eHNE IIa3Mbl O3HAYAET T€HEPAIIUIO MOIII-
HOT'O WMILYJIbCA YKECTKOIO PEHTTEHOBCKOI'O U3JIyJeHMUSI.
Tak, ucxoisi U3 IPUBEIEHHOIl BBIIE OIEHKHU, ILIa3-
Ma AJIOMHHHEBOU MUIIEHU, HATDEBAEMAasi PEeISTUBUCT-
CKUM IIyIKOM 3JIEKTPOHOB, YCKODEHHBIX IIPH WHTEH-
cuBHOCTH u3jydeHusi 1-it rapmonuku Nd-jazepa I; =
10%° Br/cM?, sBIfieTCss MCTOYHMKOM JKECTKOTO DEHT-
TEHOBCKOI'O H3JIy4eHHWs C IDAHWYHON 3SHEprueil KBaH-
TOB 0K0JI0 30 K3B, MHTEHCHBHOCTDH KOTOPOTO COCTABJISI-
er oxkono 108 Br/cm?. Kpome Toro, HecMOTpsi Ha OT-
HOCHUTEJIbHO HU3KYIO 3(PHEKTUBHOCTH MpeoOpa30BaHUsS
SHEPI'UH PEJIATUBUCTCKOTO 3JIEKTPOHHOI'O IIyYKa B SHEP-
IUIO U3JIy9eHUs] DU €ro TOPMOXKEHUU B ILIa3Me — OKO-
g0 0.4 %, WMITyIbC Y-M3JIy9eHUs HesJePHOrO IPOUC-
XOXKJIEHUS C TPAHUYIHON dHeprueit B Heckosbko MsB
mpu I, = 10%2°Br/cm? moxker mocTuraTh 3HaMEHMit

okosio 10 Br/cm?. Baxkno OTMETHTH, 9TO € POCTOM
aTOMHOI'O HOMEpa BEIEeCTBA MUIIEHH WHTEHCUBHOCTH
PEHTTEHOBCKOTO U3JIyUeHUs 38 CIeT TOPMO3HOTO U3JLy-
YEHWsT JIEKTPOHOB ILIA3Mbl U Iy9YKa PACTYT JIMHEMH-
HO CO CTENEeHbI0 MOHU3AIUU ILIa3Mbl. Pacdersl ¢ WC-
[OJIb30BAHUEM M3JI0XKEHHOW B paboTe MOJE/N MOKa3bl-
BAlOT, 4TO B ILIasMe 30s10Ta n0 90 % smeprum mydxa
OBICTPBIX JIEKTPOHOB Oy/ieT MPeodPA30BAHO B IHEPIUIO
TOPMO3HOIO WM3JIyYeHUsI C TPAHUYHON SHEpPrueil OKoJIo
5K3B. Yto KacaeTcs ~y-uzjaydeHusi B Pe3yabTaTe TOD-
MOYKEHUsI Ty4YKa OBICTPBIX 3JEKTPOHOB B ILIa3Me 30-
JIOTa, €ro MHTEHCHBHOCTH BO3pacTaerT B 2-3 pasa 1o
CPaBHEHUIO € ILIA3MOI aJIIOMUHUS W IPU WHTEHCHUBHO-
cru I, = 10?°Br/cm? MoxkeT mpeBbINATH 3HAYEHHE
107 Br/cm?.

3. OcHOBHBIE BBIBOJIbI pAbOTHI COCTOSIT B CJIEJLYIO-
meM. IIpu Harpese BemecTBa My YKOM 3JIEKTPOHOB, yCKO-
PEHHBIX JIa3ePHBIM UMILYJILCOM C MHTEHCUBHOCTBIO, TIPe-
soimaromieit 1017 Br/cm?, npesenbras Temmeparypa na-
rpeBa B 3HAYUTEJIHBHOM CTENEHU OIPeJIesIsieTCsl IOTePsi-
MU 3HEPTUU, KOTOPbIE ODYCJIOBJIEHBI TOPMO3HBIM W3-
JiydeHreM Tjia3Mbl. [loTepu sHeprum pacryT ¢ yBejm-
YEeHMEM UHTEHCUBHOCTHU I'PEIOLIETO IIyYKa JIEKTPOHOB.
Jlng mrasMbl AJIOMUHUS B CJIydYae IMy9Ka HEPEJIATH-
BHUCTCKUX 3JIEKTPOHOB 3TU MOTEPH COCTABJISIIOT OKOJIO
40 %, B ciydae IydKa peJATUBUCTCKUX 3JIEKTPOHOB —
okosio 80 %. Harpes miasmbl IIy9KOM peJATHBUCTCKUX
JIA3€PHO-YCKOPEHHBIX JIEKTPOHOB WHJIYIIUPYET IeHepa-
IUIO MOIIHOI'O UMIIYJIHCA, KECTKOTO PEHTTEHOBCKOTO M3-
JIyYEHUs ¢ TPAHUYHON 3HEprueil B HECKOIBKO JIECATKOB
k3B ¢ maTencusHOCTLIO, Tpesbmaiomei 1018 Br/cm?,
U MOIIHOTO UMIIYJIbCA Y-U3JIyYE€HUsT HEesIIEPHOTO MPOWC-
XOXKJICHUsI C T'PAHUYHON dHepruei B HeCKOILKO M3B ¢
MHTEHCUBHOCTBIO, pesbimaromieit 1016 Br/cm?.
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