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0O HECTABHUJIbHOCTHU 3JJEKTPOHHOIO NYYKA BETATPOHA

B. M. AHTOHOB, B. B. EBCTUI'HEEB, b. A, KOHOHOR

(TTpeacTasiera ofbeauHeHHpM cemunapom HUM SI® u ®Td TIIM no cnckTpoMeTpHi)
Beenenue

BeraTpoH ¢ BbIBEIEHHBIM 3JICKTPOHHBIM MYYKOM gBJASIETCS HCTOYHHKOM
MOHO3HEPIeTHUECCKHX JEKTPOHOB BBICOKOH SHEPrUM U IIPUMEHSIeTCs /s HU3-
JYyYEHHS B3aMMOLEHCTBHA 3JCKTPOHOB C BELIECTBOM.

Jnst mosydeHus: KOJMYECTBEHHBIX PEe3Y.IbTATOB NPH 3TOM UpE3BbIUaHO
BaXKHBIMH XapaKTCPHCTHKAMH SIBJSIIOTCA CTaOW/JAbHOCTb 3HEPTHH M MaJsas
HOJNYUIHPHHA 3HEPTETHUECKOrO pacnpeje/eHus JeKTPOHOB B IIYUKe, .

Onnako, Kak noxasano Hamu [1], [2], BBuAY psna dakropos aueprers-
YEeCKHH CIEKTp JeKTPOHHOTO NyyKa HecTaOHIU3UPOBAHHOTO GEeTaTpoHa HMe-
ET NMOJYWHPUHY okoJo 2%. HccaegoBaHue 3HEPTeTHUECKOTO CMeKTpa 3JeK-
TPOHHOTO Iy4Ka OeTaTpoHa H ero cTaOUAbHOCTH JaeT BO3MOMXKHOCTh MOJIYUYHUTh
pPEKOMeHN UK IO H3TOTOBJEHHIO BHICOKOCTaOW/IbHEIX GeTaTPOHOB 1l YCTaHO-
BHTL ONTHMaJ/bHbIE PEXKHUMBI ero paboThl.

Hccnenyercst HecrabuabuocTh Geratpona Ha 10 Mas kouerpykunu Tom-
CKOT'O IMOJHTEXHHYECKOTO HHCTHTYT&, BBIBOJ, 3JEKTPOHHOIO NYYKa B KOTOPOM
OCYLIECTBJAEH 3JEKTPOCTATHUECKHM MeTOLOM.

B KOHLie YyCKOPUTEJAbHOTO UIHKJIa 3/ACKTPOHBI CMEHlaloTCs OOMOTKOM,
VCUJHBAIOIIEH TIOTOK B LEHTPadbHOM cepjedHHKe noawca GeTaTpoHA 10
rpAaHULBl HECTaOMWABHOCTH, T. €. OKPYZKHOCTH, TJe 3JEKTDOHBI BEIXOAAT H3
obsiacTun JeACTBHA (POKYCHPYIOUIMX CHJ MarHuTHOro noas. Pesxo Bospacra-
eT aMIJIMTyZa OeTaTPOHHBIX KoJeOaHuil 3/eKTPOHOB, IIar HX CHHPAaJAbHOI
TPAeKTOPHH CTAHOBHTCS MOCTATOYHOH [AJs1 00x04a Jo0OBOIH NOBEPXHOCTH
BHYTPEHHEH IJacTHHBI OTKIOHAIOULEro KOHAEHCAaTopa, IJIeKTPOHBl, Hpolils
OTKJOHAIOUee NOJe, 0CBOOOKAAITCA OT AeHCTBHS VIPaBASIOIIErO MaTHHT-
HOTO [10JIs1 U BHIXOAAT K3 YCKOPHUTEABLHO! KaMepsl.

NMnynase cOpoca nMeeT mepeAHHH (DPOHT HECKOMBKO .MEHbIIHA, gewm
! mcex, HO 3TO HE OKas3blBaeT MTHOBEHHOro BO3JeficTBHA na nyudok. C rno- -
MOLIbIO CUHHTH/IALHOHHOIO cdeTunka v ocuuaaorpada CH-1 usmepeHne,
uTO Haubogabliee BpeMs cOpoca coctaBager 16 mcex [4]. Caezosarenbro,
BpeMsl CMEIeHHS! M IBBIBOJAA 3JEKTPOHOB HMMeeT KOHEUHYI0 BeJHYHHY. IT0
O3HayvaeT, UTO HEKOTOPble 3/1eKTPOHBI MCIYCKAIOTCH C HOMHUHAMBLHOII 3HEpTi-
efl, a Apyrue 3afep:KUBAIOTCST U B CBA3M C 3ITHM TIOJABEPTAIOTCS TOMOJII-
TeJbHOMY YCKODPEHHIO, NpHodpeTas AOMOJHHUTEIbHYIO 3IHEPTHIO.

Otcrona MOXKHO clieJiaTh BBIBO/, UTO OCHOBHOI 3HEpreTHUYECKHII pasopoc
00ycaoBaeH OCTaTPOHHBIMH KoJeOaHUsSMH, KOHEYHBIM BpeMeHeM ¢Opoca,
HECTAOHABHOCTLIO NHTANLErC HANPAKEHUS H BJIAHAHHEM OTKJIOHSIOUIETO KO-
JeHcaropa.

228



3aBucMMOCTb 6Ga3HCHOI LHUPHHBI IHEPTETHYECKOTo: CIIEKTPA
OT ‘0eTaTPOHHBIX KoJieGaHH¥

Ananusz paanHajibHOrO ABHKEHUS 3JMEKTPOHOB MOKA3bIBAET, YTO JBHIKE-
HUe MOXKHO OMHCaTb CHHYCOHJAJbHOW BOJHON ¢ AMIJHTVIOH 3aTyXxaio-

mefl xak
1 ]

I > 1
v1i—n v b » ()

rie 7 —110Ka3aTeJb CNaJaHusi MAarHUTHOTO IOJs,
B — cooTtBeTcTBylonlag MHAYKLMSA Ha paguyce pPaBHOBECHOH OpOUTH.
3aTyXaHHe aMIJIMTYAb OeTaTPOHHBIX KOJeOaHUMl NPUBOAHT K YMEHBLIEHHIO
HEPreTHYeCKOro pas3bpoca YCKOPEHHBIX 3JeKTPOHOB.
[110THOCTH YCKOPSAOUIETO MACHUTHOIO MOTOKA

&b = @Dy -sin wf. ' (2)

lpu onpeneneHHO! BeJMYHHE MATHUTHOIO NMOTOKA CpadaThBa€T LErb
‘CMEIIEHHA H 3JEKTPOHBbl HCNMYCKArTCd, 067anas8 ONpeleeHHbIM HMIYJAbCOM
’ Bp=xr®, - (3)

IJHepreTuyeckoe pacnpeneseHde MOxKeT ObITh NPEJACTABACHO COOTHOLUE-
HHEM
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Puc. 1. 3aBucumocts GasHCHON UIM-
PYHBl  DHEPreTHUeCKOro CclexTpa oT
SHEDTHH YCKOPEeHHBIX 3JeKTpoHoB (da-

3a cGpoca pasHa 75°).

Ha puc. 1 npemcraBnena pacyetHas 3aBHCHMOCTb Ga3HCHOH IMIMPHHEL
YHEPTETHUECKOTO CIEKTPa OT 3HEePrHH YCKOPEHHBIX 3/eKTPOHOB IIPH I10-
£TOARHON (ase c6poca paBHolt ', = 75°. M3Menenune sHeprum gocrHraercs
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peryaupoOBKOI HaNpsXKCHHsSI HAa MarkHuTe 6eTaTpoHa. HaqamvaH/aﬂ aMIJIHTV1E.
COOTBETCTBYIOLLASE PACCTOSIHHIO HHXKEKTOpd OT PaBHOBECHOI ‘'OpOHTHI, paBHa
2,8 ¢m. U3 puc. 1 BHAHO, YTO MUHHMAJbHBI] 3HEPTreTHUECKHH pa3bpoc 3eK-
TPOHOB COOTBETCTBYET MaKCHMaJ/ibHON IHEPTUH YCKOPEHHBIX JE€KTPOHOB,

3aBUCHUMOCTL 0a3HCHOH LIMPHHBI IHEPTETHYECKOTO CMEKTPA OT KOHEYHOrO
BpEeMeHH cOpoca

CBs3b MeXIy NPHUPOCTOM IHEPrHH M H3MEHEHHeM MOTOKa B OeTaTpoH:
BLIPaXKaeTcst COOTHOLIEHHEM ,
Ad> = RAE. (6)
CieaoBaTebHO, KaKA0MY 3HaueHHI0 mpupocra AE B 6erTaTpoHe J0.1KHO
*00TBETCTBOBAThL ONPEACIEHHOE U3MEHEHHE I10TOKa BHYTpU opOuTh, Tak kak
HapacTaHHe MATHUTHOTO MOTOKa INIpo-
%EZ,’ : B HCXOHUT O CHHYCOMAAJbLHOMY 3ako-
40 ny {2], To onHoMy 1 TOMY Ke EpeMenI
cOpoca npu pasHbix dasax 6vier co-
OTBETCTBOBATh PAa3/JHUYHOE H3IMEHEHo
o8 - NMOTOKa H, CJAELOBATEALHO, Pa3JIIUHLL
npupoct sHeprun. Ilpupocr 10mo.a-
HUTENbHOH 3SHEPrUd VMEHLIAeTCs ¢
vBeauuenuem gasnpl cbpoca 371€KTpo-

2.6 HOB ¢ PaBHOBECHOH OpPOUTHI. DTO 1a-
\f:cmst | eTcs CAeIVIOIHM COOTHOIICHNEeM, No-
\ Jyvyennnim B padore {3
24 AFE 27 Az R
= cte g, (7;
E T
02l \ rae At — LJIHTEJBHOCTH HMIV.ILCA,
N T .-- nepuon ¢-¢assl cGpoca.

, - Ha puc. 2 npeacrapaena pacuer-

Hasi 3aBUCHMOCTb OGAa3UCHOIT IHPIIHEL

75 30 43 60 75 9o OSHEPIETHUECKOrO crheKkTpa oT  (asni

7’2,0[18 cOpoca NpH HOCTOSHHOLN IHEPTHH Ve-

' KOPEeHHBIX 3JIeKTPCHOB. JLJUTEILHOCTS

Puc. 2. 3asucumocts GasucHoit wu-  IMIVJIbca c6poca pasHa 16 mcex. Iz

PUHbL CMEKTPA  SIEKTPOHOB OT DALl e "9 gy, 4YTO MHHUMaJbHBIl 3HED-
CMEIUCHHA 3JeKTPOHOB Npu TOCTOAHHOH o R

SHEDIHH, reTHYecKHd pa3bpoc  COOTBETCTBY et

(base cOpoca 3/MeKTPOHOB paBHoil 90°.

Onnako an1s crabunbHoll pabotel Getartpona asy cHpoca Beerga AeaioT

HecKoabko meHbie 90°, tak kak c6poc npu 90° morpe6oBan 6n Xopouwei

crabuau3allud aMIVIATYAbl 'TOKa MarHuTa oetatpona [3].

3aBHCHMOCTh 3HEPreTHYECKOro ChneKTpa or HecTaGHJABHOCTH
: NUTANEro HAMPAXKEHUd

HecTabuabHOCTh MUTAIOMIETO HANPSIKEHUS (GETaTpoHA BHI3HLIBAETCH 113-
MEHEeHHEM HaNpPsKeHHs HJAH 4acTOTbl MHTAIONUIEH CeTH. '

1. M3MeHeHHe HANPAKEHHS NPHBOAHT K H3MEHEHHIO SHEPTHH VCKOpeE-
HBIX 2JIEKTPOHOB, ec/iiu (pasa cOpoca nocrosiHHas. Yrto6bl H36aBHTbCS OT
5TOro, GeTaTpOHbL CHAGKAKOTCS cXeMamu cTaGUIH3aUHH, KOTOpHIe obecrc-
UHBAIOT 3a7aHHbIH YPOBEHb SHEPIHH NYTEM aBTOMATHUYECKON MOCTPONKH

tbaspr c6poca 3MeKTpOHOB. HanpsikeHHe Ha MarHute feTaTpoHa BbIpa-
Kaercs

U= U,sinw, (7 p
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roe U -— 3ajaanbbil ypoBeHb HANPAXEHUA,
U, — aMIIUTY IHOEe 3HAUYE€HHE HaINpAXKEHH.
Creiond

U
o = arcsin — . (8)
[}]
IMoacrapaga (8) B (6), moaydum
AF e U
— = Z— Asctgarcsin —. Y
E T & o ()

CaenoBaTe/ibHO, H3MEHeHHe IUTAIIIEro HanpsXeHHs NPHBOAUT K H3Mele-
HIIO YHEPTETHUECKOTO CIEKTPa JEKTPOHOB IIPH MOCTOSHHON SHEPTHH.

A1 o3
. | T
o2 £ =const| ,
l/
o1
‘{0 55 5 75 - 10 7ol

Puc. 3. 3aBucHMOCTH Ga3HCHOH LUHPHHML
CIeKTpa 3MEKTPOHOB OT HecTaGHJILHOCTH 1iH-
Tatomero Hampskenust (E=const, o =T75%.

45y 0,3[
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Puc. 4. 3aBUCHMOCTL 0A3HCHOH IHHDHHLI CIHEKTDA
JeKTPOHOB OT HECTAOHJLHOCTH YacTOTH MTHUTAKOWLC-
ro manpsKenust (E == const, ¢ =T).

Ha puc, 3 nokasdna pacuerHas 3aBHCHMOCTDL 0a3MCHOH UIMPHHBL 3HEP-
TeTHUECKOro ClieKTpa OeTaTpoHa OT HeCTAOMIBHOCTH NHUTAIOMIETO Haipsaxe-
aHa. Fi3 pucyHKa BHAHO, YTO HECTAOMJBHOCTHL MHTAKOINErO HAMPSZKEHHS 10%
BLI3LIBACT M3MEHEHUe Oa3iCHON LIMDHHBI CIEKTpPa 3JeKTPOHOB B 2 pasa.

2 V3MeHeHMe YACTOTH MUTAOLLE(l CETH MPHBOAHT K PACCTPOilKe pe3o-
HAHCHOFO KOHTYpa CHJOBOTO NHTaHhs OeTaTpoHa, YTO BEACT K PE3KOMY H3-

MEHEHWIO TOKa BTOPHUHON 0OMOTKH Gerarpona. [lostroMy ans YCTOAUYUBOTO
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VpoBHs cTabuaun3alHy 3Heprud ¢paszyv cbpoca HEOOXO0AUMO YMEHBUIATh, YTO
COOTBETCTBEHHO YBEJAHUHBAeT LIHUPHHY 3HEpreTHUecKkorg pasbhpoca. Ha puc. 4
II0Ka3aHa pacyeTHass 3aBHCHUMOCTb Oa3HCHOI LIHPHHB 3HEPTETHUECKOTH'
CIeKTpa 3JeKTPOHHOIO NMyuKa OT HeCTabHABHOCTH YACTOTHl MHTAMOUIEro Ha-
npsizKeHus OGeTaTpoHa.

Bausnve nedaekropa Ha 3JeKTPOHHbIH NyyoK OGeTaTpoHa

OTKJIOHSAIONIHI KOHAEHCATOp AJs BBIBOZA 3JEKTPOHOB IHTACTCH HM-
NVJLCHBIM HanpsxXeHHeM NHKOBOro Tpancdopmaropa [4].

ITpousBesieHO 3KCNEPHMEHTAJbHOE HCC/ACAOBAHHE 3aBHCHMOCTH HHTEH-
CHBHOCTH BHIBEJEHHOrO 3JIEKTPOHHOTO INYYKA OTHOCHTENbHO ashl CMelleHHsn
TIPH [OCTOSIHHLI (haze BHIBOJA. Pe3ysabTaTel NPHUBEAeHsl Ha pHC. 5. PucyHOK

S

Pouboda = 54

LS

Orrnacu meneHon UHMBHCUBMOCMS

30 40 50 60 7o §0 9o Pasa cdpoce
2pad.

Puc. 5. 3aBHCHMOCTE MHTEHCHBHOCTH 3ACKTPOINIOTO 1137
ka GeraTpoHa oT (assl CMelleHHs NPH NOCTOAHHOH (v
BBIBOTA 3JE€KTPOHOR.

1I0Ka3blBaeT, YTO JJ15 MOJYyUeHHs] BBICOKOI H cTabHAbHOH HHTEHCHBHOCTH H3-
JAydyeHuss HeOGXOMAUMO a3kl BHIBOLA H CMeIleHst 3JAEKTPOHOB C PaBHOBECHO!!
OpOUTH RenaTh OLMHAKOBHIMH, HeoO0XOAMMO TakzKe YUHUTBLIBATH, UTO OTK.JIO-
HAIOMHI KOHIEHCATOP SIBASETCA TPYOBIM 3/JeKTPOCTATHUECKHM 6eTacneKTpo-
METpPOM H MO3TOMY M3MEHEHHe HaNpsAxedus Ha HeM OyIeT BJAWATH Ha HeEp-
TeTHYECKHl CIEKTp 3JeKTPOHHOro myuka Gerarpoda. A Tak Kak ¢asa cMe-
IEHHst 5JEKTPOHOB ¢ PABHOBECHOH OpPOMTHI aBTOMATHYECKH H3MEHAETCs CXe-
Mofi crabuauszauud, To ¥ a3y BHBOAA HEOOXOJUMO TaKike H3MEHATH CHH-
XpOHHO ¢ (a3oil cMeUeHHA. -

3akaruecHue

Takum o06pasoM, nokasaHo, 4To Oa3ucHAs UIMPHHA SHEPreTHUECKOro
criekTpa CTa6HJIH3MPOBAHHOTO (GeTaTpoHa COCTaBJAsfeT JecsThie JOJIM Npo-
HeHTAa.

[TpousBefeHHble pacueThl AOKAa3blBAIOT, YTO C TOYKH 3pEHHdA IHEPTeTH-
YeCKOro CIIeKTPa U3MeHeHHe SHePTHH 3JeKTPOHHOTO NMydyKa 6eTaTpoHa Jydle
BCETO NPOH3BOAMTH NMyTeM HM3MEHEHHs1 HANpPAXKeHHs Ha MarHuTe GeraTpoHa.
ocraBiasasa (asy c6bpoca nocrosHuoi. COpoc HAEKTPOHOB Jyulile BCEro MNMpo-
M3BOAUTL APH (pase HECKOJbKO MeHblieil 90°, utoObi H36aBHTbCS OT rpo-
MO3JKHX CXEM JKEeCTKOH CTaO0WIU3alyH NMHKa aMILIHTVIBE TOKa B MArHUTE
6eratpona. CxeMbl, obecneunBarwliye CTa0HIU3ALUUIO 3HEPTHH 3JCKTPOHOB
NyTeM aBTOMAaTHYECKOil NOACTPOHKYK (a3bl cMelleHHs HX C PaBHOBECHOH Op-
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GUTHl, HApPYWAIOT B TO K€ BPEeMS JSHEPreTHYECKHH CMEKTD 3/EKTPOHHOTO
nyyka GeTaTpoHa B mpejedax IeCcATHIX AOJCH NPOILeEHTa.

Mg KecTKofi cTaGHAM3aluM IHEPTHH 3JEKTPOHOB BbIBEACHHBIX H3 Oe-
TaTpoHa (asbl BbIBOAbI M CMeIIEHHs 3JEKTPOHOB C PaBHOBECHOH OPOHTH
A0J2KHbl OBITb aBTOMATHYECKH CBA3aHBL
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