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B CBHSH c rrepexoAOM WHSHKH qacTKU BUCOKHX aHeprK~ B o6xacTL 

anepl'H~ B A8CHTKH H COT!ill rHraaxeKTpOHBOXLT Bee OCTpee CTaHOBHT­

Cfl rrpo6xeua HSMepeHHH SHepl'HK HJIH HA6HTKWHKBUHK qacTHU CTO•L •W­
COKHX SHeprH~. IlpH ~OOTHrHyTblX B llBCTOH~ee BpeMH 3HeprHHX STa 

npo6xeMa B OCHOBHOM pemaeTCfl nocpeACTBOM qepeHKOBCKHX cqeTqKKOB. 

QqeBHAHO, qTo nepexoA B o6xacTL uunyx»cOB qacTHU IOO+IOOO !'3B/c 

6yA6T CBfl3aH c peaKHM YB6XHqeHH6M paaMepOB H ycXOllH6HH6M STKX 

cqeTqHKOB. ITOSTOMY B HaCTOH~ee BpeMH B6AYTCH HHT6HCH»Hlile no•cKH 

HOBblX M6TOAOB HA6HTHWHKBUHH qacTHU BliCOKHX BHeprH~. 0AHMM H3 Ta­

KHX M6TOAOB MO~eT flBHTLCfl HA6HTHWHKauKH qacTHU no HX nepeXOAHO­

MY HSXyq6HHD. 

IlepexoAHoe KaxyqeHKe, BOSHKKaJJ~ee npK nepexoAe aapnaeHnott 

qacTHUli qepea rpaHMuy paaAexa AByx CpeA c paaxHqHJilllH AKSX6KTpH­

qecKHMK CBOlCTBBJIH, 6WJIO BrrepBUe T60peTHqecKH npeACK8SaHO 

H,M.~paHKOM H B.I.fi1Ha6yprou B I945r. B I959r. r.M.I'apH6HHOM 

6uxo ITOKaaaBO, qTo HHT8HCHBHOCTL nepeXOAHOrO aaxyqeHHfl peJIJITH­

BHCTCKHX qacTHU HanpaBX6H8 B OCHOBHOM :anepeA H cocpeAOTOqeHa :a 

peHTreHOBCKO~ o6xacTH qacTOT. IlpH STOY HHT6HCH»HOCTL uanyqeHa~ 

B orrpeA6X6HHOM qacTOTHOM KHTepEaxe HM66T peaKyD aaBHCHMOCTL OT 

5HeprHH qacTHU. HMefl B BHAY STO, a TaK~e TO o6CTOHTeX•CTBO, ~TO 

B OTxuque OT HaxyqeHHfl BaBHXOBa-qepeHKOBa HHT6HCHBHOCTL rrepeXOA­

Horo H3Xyq6HHfl pacTeT HerrpepHBHO c y»eJD!:qeHH&M 3H6pl'llll qacrH~, 

6blJIO ITOKaaaHO, qTO nepeXOAH06 H~xyqeHHe UOlDIO HCITOXLSO:aaT• ~ 

A6T6KTHPOBaHHfl qacTHU BliCOKHX 3Heprxlt. 3KCH8pHMIHTBXLH!ile xccie­

AOBaHHfl ITOATBep,lU1XH BOSMOllHOCTL C03AaHHfl TaKoro A6T6KTOpa. 

n)t!IB.KO HCITOXbSOBaHHe peHTr6HOBCKOrO nepeXO;lU{OrO KanyqtHHfl 

AXH ~eT6KTHpOBaHHfl qacTHU BliCOKHX aaeprHI ocno~HfteTCH H806XO,lU1-

MOCTL~ OTA6X6HHH raMM8-KBaHTOB nepeXOAHOrO H3XyqeHHH OT aapltlleH­

HOtt qacTHUH H Aax»He~mett HX perHCTpauHe~. B TO xe BpeMft rrepeXOA-
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- ~oe H3Rytl6HH6 B onTHqecKOA o6nacTH qacTOT MOJIHO pel'HCTPHPOBaTL 

nocpe'ACTBOK onTHqecKHX CHCT6M H ~9Y aHaJrOrHqHo qepeHKOBCKHM cqeT­

qHKaM. 0'AffaKO norapH~MHqecKaH 3aBHCHMOCTL HHT6HCHBHOCTH Hanyqe­

HHH n onTHqecKoA o6naCTH qacTOT OT 3H6pl'HH qacTHU He noaBORH6T 

npH paayuHblX paaMepax cqeTqHKOB o6ecrreqHTL 'AOCTaToqHy10 paspema10-

~y10 crroco6HOCTL rrpH H'A6HTHWHKaUHH qacTHU. 

B HaCTOH~ett 'AHCCepTaUHH rrpe'AJIOEeH MeTO~ H~6HTHWHKal.lHH qac­

THU BNCOKHX 3HeprHA, JIHmeHHNtt yKa3aHHoro Bblllle H6'AOCTaTKa, a TaK­

Ee rrpHBB'A6HN pesynLTaTN 3KcrrepHM6HTa, nO'ATBepE~aID~e BOSMOEHOCTL 

cos~aHHH 'A6T6KTOpa qacTHU BHCOKHX 3H6pl'llA Ha OCHOBe rrepeXO'AffOro 

HSnyqeHHH B onTHqecKoA o6nacTH qaCTOT. B OCHOBe rrpe'AJIOE6HHOro 

M6TO'Aa H'A6HTHWHKaUHH qacTHU BNCOKHX 3HeprHA neEHT TO 06CTOHT6JIL­

CTBO, qTo. rrpH perHCTPauHH H3Rytl6HHH B HHTepnane ManblX yrnon BO­

Kpyr HarrpaBR6HHH 'ABHE6HHH qacTHUN, HHT6HCHBHOCTL rrepeXO'AffOrO HS­

Rytl6HHH B OITTHqecKott o6naCTH qacTOT HM66T oqeHL CHXLHJD SaBHCH­

MOCTL OT 3Hep~ qacTHUH. 

]4HccepTauHH COCTOHT HS BB6'A6HHH, qeTNpex rnaB H aaKJIDqeHHH. 

B zepnoA rnane o6cyJt;ita!JTcH TeopeTHqecKHe H aKcrrepzMeHTalll>HHe pa~ 

60TN, BNITORH6HHN6 no rrepeXO'AffOMY H3Rytl6HHJO. BTopaH rnana nOCBH-' 

~eHa aHaJIHay M6TO~a 'H'A6HTHWHKauHH qacTHU no rrepeXO'AffOJIY HSHyti:e­

HHJO, KOHCTPYKUHH H B03MOEHOCTett npe'AJ!araeMoro 'A8T8KTOpa. SKcrrepH-

• M6HTaXLHaH ycTaHOBKa H M8TO'AHKa HSwepemdt OllHCaHH . B Tp8TL8A rna­

Be. q~TBepTaH rnana CO'A6PllHT pesyJU.TaTH HSMepem1A. 

Ilepett'AeM K KpaTKOMY OllHCafUU) OCHOBHlllC MaTepuanoB 'AHCCepTa­

UHH, saKn10qa10~XCH BO BTOpoA, TpeTLeA H qeTnepTOA rnanax 'AHCCep-

Tauua. 

HAeHTHWHKayHH qa~THlfl _ ~HCOKHX aHeprHA no HX 

rrepeXOJUIOllY HSH;y1!8HHE. 

B pa60T6 [I] HCXO'Afi H3 o6~8H3B6CTHOro BHpaZE!HHH 'AJIH HHT8H-
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·CHBHOCTH rrepexo~Horo HSHytl6HHH 6uxo 

o6nacTH tiaCTOT ( e > 1. ) rrpH f ~ I H 

noKasaHo, qTo B onTHqecKott 

(!} << "Ji /2 

dW j 2e.2 f!/'<ifY 
dw ~ 1Tc[(mc%-)2+ (l1;p 

(I) 

qTKy'Aa cne~eT, qTQ MaKCHMYM HHT6HCHBHOCTH rrepeXO'AffOro Hsnyqe­

HHH Ha6nJO'AaeTcH npH yrne f9= .JS me/E ·; c ynenHqeHHeM aHepr1m 

qacTHU E MaKCHMyu cygaeTCH H C'ABHraeTCH B CTOpOHY M6HLfilHX 

yr non. 

liHTerpHpOBaHHe wopwyxa (I) no yrny OT 0 ~o nnpe~eneHHoro c9 
~aeT 

dW e~f {f._&EJ 2 1-i ((_(IE)i 71 
dw ~ jTc -[(;;72 -t 1 T tnll~ ~ 1.Jf' ·(2) 

KaK cne~eT HS (2), ~OHR HHT8HCHBHOCTH, saKn10qeHHaH B rrpe-
a/ me~/_ 

'A8Rax yrnOB 0-:- f9~< me /E H 0-f- fl>'> . /£ COOTB6TCTB6HHO 

COCTaBnHeT 

cJW e.2 41_ £ ;• 
of w ::::: ~JiC (j (me< (3) 

H 

c1W ~£ fti,!!l§_)~ tj 
dw -Jrc l1 lm.c2 

, (4) 

1.e. nHTeHDHBHOCTL nepexo'ASoro HsnyqeHHH, SaKJlllqeHHaH B WHKCHpo­

naHHOM HHTepnane yrnon 0-f (:} pacTeT c 3Heprwett KaK ,..., E4 , 

ecJIH E7«n1.c}'E" ; c pOCTOM 3H6PI'HH 3Ta SaBHCHMOCTL nocTerreHHO 

ocna6enaeT H rrpH rncjf:-<<& nepeXO'AHT B norapH(lluH~eBJym.9To 
03HaqaeT, qTO ecnH COS'AaTL 3KcnepHM6HTanLHJ'"~ ycTaHOBKy, cnoco6-

HYJO pe!'HcTpHponaTL WOTOHN, Hcny~eHHNe B HHTepnane yrnon OT 0 

'AO "OITp6'A6R6HHOro 3HaqeHHH f) ' TO aqxpeKTHBHOCTL 'A6T6KTHpOBaHHH 
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qacT!llU TaKOtt ycTaHOBKOtt 'AOJilltHa B Cl/!JlbHOtt CTeneH!ll 3aB!llC6Tb OT 

SHeprlll~ qacT!llU. 

IlOCKOJibKY nepeXO'AHOe l/!3JiyqeH!lle Ha O'AHOU rpaH!ll~e pa3'AeJia 

'AByx cpe'A 06Jia'AaeT MaJIOH l/!HTeHC!llBHOCTbD, TO 'AJlfl yBenHq6H!llfl 3~K­

Tl/!BHOCT!ll per!llCTPauHlll 3apHllt6HHblX qaCT!llU CJI6'AJeT l/!CnOJib30BaTb 

CJIO!llCTyJO cpe'AJ. B STOM cnyqae, ecn!ll 3oHa qiopMHpoBaH!llH !ll3JiyqeH!llH 

B BaKyyMe M6Hbme paccTOHH!llfl Mellt'AJ CJIOHMH, l/!MeeT M6CTO npOCTOe 

CJMMlipOBaHl/!6 l/!HTeHCl/!BHOCTett l/!3JiyqeH!llfl OT Bcex nJiaCT!llH. c 'Apyrott 

CTOpOHbl, 6CnH B KaqecTB6 CJIOeB l/!CnOJib30BaTb npo3paqHble nJiaCTl/!Hbl 

c TOJil!lHHOtt, 6onbmett 30Hbl qiopMHPOBaH!llH !ll3JiyqeH!llH B cpe'Ae, TO !llH­

TeHC!llBHOcTb l/!3JiyqeHl/!H 6y'AeT B'AB06 60Jibmett, qeM Ha O'AHOtt rpairnue. 

B rrpe'AnaraeMott KOHCTPYKU!lllll 'A6T6KTopa cno!llcTaH cpe'Aa pa3'Ae­

JieHa Ha tl. ceKU!lltt l/!3 e npo3paqHblX ITJiaCTl/!H B Kallt'AOtt C6KU!lll/l. 

C!llcTeMott nnocKHX 3epKaJI, pacnonollteHHblX Mellt'AJ ceKU!llHMH !ll Ha'A 

CJIO!llCTOtt CP6'AOH, nepeXO'AH06 l/!3JiyqeH!ll6 HanpaBJIHeTCfl Ha nHH3y.Ilo­

CJI6'Affflfl woKycHpyeT WOTOHbl, HcnymeHHble B pa3nHqHblX nnacTHHax no'A 

'AaHHb!M yrJIOM e B KOJibUO C U6HTpOM, Jl6lltal!lHM Ha OnTl'!qecKOH OC!ll 

JI!llH3bl, lll c pa'AHycoM ~=- -/-63& ( 1- !lJoKycHoe paccTOHH!lle nHH3b!) 

He3aBl/!Cl/!MO "OT paccTOHH!llfl Mellt'AY TpaeKTOp!llett qacTl/!Ub! l/l OCbD npl/!60-

pa aHaJIOrl/lqHo nHH3aM, l/!CnOJib3yeMb!M B qepeHKOBCKHX cq~Tql/!Kax.){aa~paJ 

Ka , pacnonollteHHaH B !lJoKaJibHOM nnocKOCTH nHH3bl, no3BOJIHeT pe-

rl'!CTPHPDBaTh c noMOU\bD !lJoTOJMHOlltHT6JIH ~OTO~bl, HcnymeHHble B !llHTep­

BaJie yrJIOB OT 0 ;!(0 ;liaHHOrO (} • Ta.KHll o6pa30ll, M6Hflfl TOnDKO 

annepTypy 'AH8WPaI!Mbl, MOlltHO nepecTpaHB8Tb np!ll60p Ha pa3nHqHbl6 3Ha­

qeH!llfl !llHTepBana yrJIOB O+ f9 

Pa36!1l6Hl/!6 CJIOl/!CTOM cpe'Ahl Ha C6KUH!ll yMeHbmaeT noTep!ll np!ll 

cBeToc6ope no cpaBH6H!llD co cnyqaew, KOr;lla !ll3JiyqeHHe, o6pa3oBaBme­

eca B ,l(B.HHOtt nnacTHHe, npoXO'AHT 3aTeM qepes Bee nocne'AJDl!lHe nnac­

Tl/!Hbl. B nOCJI6'AHeM cnyqae nplll onp6'A6Jl6HHOM ql/lcJie nJiaCTl/!H 'AaJlbHett-
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~ee l/!X yBenHq6Hl/!6 He np!llBO'AHT K cymecTB6HHOMy YB6JI!llqeH!llD ql/lcJia 

WOTOHOB, BblXO'AfllllHX l/!3 cJIO!llcTott cpe;l(hl. B onHcaHHOU B 'AHCcepTaU!lllll 

ceKU!llOH!llpOBaHHOM CJIOl/!CTOtt cpe'Ae HeT nplllHU!llnl/laJibHOro orpaH!llqeH!llfl 

Ha ~cno WOTOHOB, BblXO'AfllllHX l/!3 cno!llcToU cpe;llb!. 

B npe;liilOJIOllteH!lllll, qTo !lJJIYI\TyaU!lllll !lJoTosJieKTPOHOB B !lJoTOYMHO­

llt!llTene, perl/!CTPlllPyJOU16M nepeXO'AHOe l/!3JiyqeH!lle, no;liql/!HflDTCfl 38KOHY 

IlyaccoHa, Ha.l\'AeHa CBH3b Mellt'AY pa3pemaDmett cnoco6HocThD ol.f>_;'.f-' 
l/l ql/!CJIOM CJIOeB 11-1.. [2] • KaK noKa3b!BaDT pacqeTbl, npl/l pa3yYHOM 

ql/!CJie CJIOeB ( YYI.- .:< 2 • I08 ) l/l np!ll perHCTpSU!lllll l/!3JiyqeH!llfl B lllHTepBa­

Jie yrJIOB 0 + () = I0-2 + I0-8 B 06JiaCT!ll 3Hepr!lltt ~ = E/ni.c2 ~ I 

Icf + 104 06ecneql/!BaeTCfl pa3pemaDU1afl cnOC06HOCTb 6.f-'~J3~ 
I0-4 + IQ-8 • Ilplll 3TOM s!lJ!lJeKT!llBHOCTb perHCTpaUH!ll 3apHE6HHOtt 

qacT!llUbl, 38B!llcHmaH OT ~cna woTosneKTpOHOB, 06pa3yeMblX !lJoTOHa.MH 

nepeXO;nHOrO l/!3JiyqeH!llfl, l/l OT nopora 'AHCKplllMlllHaullllll BblXO'AffOrO l/!M­

nyJibCa !lJOTOJ'MHOlltHTeJIH, B TOH lite o6nacT!ll sHepr!lltt 6JI!ll3Ka K IOQ%. 

C ;!ipyroi1 cTopoHhl 'Anfl pa3'AeJieH!l!H qacT!llU c HMnynhcaM!ll IOO+IOOOI'sB/c 

no MaccaM Heo6XO'AHMbl pa3pemaDUU'le cnoco6HocT!ll nopH'AKa IO~+ro-9 • 
Cne'AOBaTeJibHO, npe'AnaraeMblil ABTeKTOP no3BOnHT ocymecTB!llTb pa3'Ae­

neH1rn qacT!l!U B !ll3ommyJibCHOM nyqKe no MaccaM. 

KaK Blll'AHO l/!3 (2), 1lllCJio !lioTOHOB nepeXO'AHOro !ll3JiyqeHHH 3aBH­

ClllT OT tG . ITOCKOJibKY 'Anfl 'AByx pa3'A6Jlfl6Mb!X no MaccaM qacT!llU 

C O'AHHaKOBb!MH lllMnyJibCaM!ll np!ll !'"::!: I l/!M66T M6CTO COOTHOmeH!lle 

</L !I! /2 - MaCCbl qaCTlllU)' TO npl'l /2 ~J l/l 

l'!HTepBaJie yrJIOB o+e qlllCJIO WOTOHOB, l'l3JiyqeHHblX 

Yu/! C< 't2/2 
W!llKclllpoBaHHOM 

JierKoil qacTl'!U6il, 6y'AeT 60Jibme, qeM Jll3JiyqeHHbIX THllteJioil qaCTJl!UBH. 

CJIB'AOBaTeJibHO, BepOHTHOCTb perHcrpaUllllll nerKOH qacTl'!Ub! ~' (t/9) 
60JiblllB' qeM BepOHTHOCTD pertrnTpaU!lllll THllteJioil qacT!l!Ub! ~a. {ta. & ) . 

PacqeTbl noKa3b!BaDT, qTo nplll q!llcne cnoeB fYl.. = 108 + 2 • 108 

. KOS!lJWHU!llBHT pa3'A6Jl6Hlllfl 'AByx qaCTJl!U no MaCCaM f:<= 5'-2 (,Ya (Y ~' &.£ t9 J 
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'AOCTJl!raeT rv ro-5 + ro-3 IIPJI! pa3'A6J1eirnJI! SJieKTpOHOB JI! IlJl!OHOB c 

Jl!MllyJI:&C8.MJI! 5 + 20 I'SB/C JI! ""'10-4 + 10-2 IlPJI! pa3'AeJ16HJl!H ITJl!O­

HOB JI! npOTOHOB c Jl!MllyJI:&CSMJI! 100 + 400 raB/c. J!JIH o6nerqeHJl!H pac­

qeTa 'AeTeKTOpa B 'AJl!CCepTaUJl!JI! npJl!B6'A6Hhl HOMOrpaM14hl, CBH3hlBSfilllUfe 

1.1ellt'AY co6oli Q, m JI! ~ (} 

Bblllle yi!.e y1ta3h!Banoc:r., qTo 'AJIH HeaaBJl!CJl!Moro CYMMHPOBaHJl!H 

Jl!a.·yqeHJl!H OT BC6X IlJISCTJl!H CJIOJl!CTOli cpe'Ah!, Tpe6yeTCH, qT06hl 30Ha 

wopMHpoBaHJl!fl ttanyqeHJl!fl B BaKyyue i, 6Will MeH:&me paccTOHHHH 1.1ellt­

'AY IlJISCTJl!HSM>l c . l-13 TeOpJl!JI! nepeXO'AHOro Jl!3JiyqeHJl!fl Jl!3BeCTHO, 
">. lf'-

qTo ~,--- 2Tr[{tf9f+i] ( ~ - WIJl!Ha Jl!3J1yqeHHOli BOJIHhl), OTKY'AS BJl!'AHO, 

qTo c yBeJittqeHReM sHeprHH qacTHU aoHa wopMRpOBaHJl!fl, a cne'AOBa­

TeJI:&Ho 11 paaueph! npewraraeuoro 'AeTeKTOpa, CHJI:&Ho yBeJIJl!qaTcfl. B 

TO lite BpeMfl BJl!'AlfO, qTo Xf yge B 06JiaCTH of:9 ~ 3 H6 aaBJl!CHT 

OT 0 . C 'Apyron cTopoHH, KaK cne'AYeT Ha aHaJIHaa wop1.1ynhl·(2), 

Jl!HTeHCHBHOCTb Jl!3JiyqeHJl!H, 3aKJ1roqeHH8.ll BJ3 06JiaCTH o: ;r& ~ 3 

COCTaBJIHeT ""20+30% OT Jl!HTeHCJl!BHOCTJI!, 3aKJ1roqeHHOli B HHTepBaJie 

0 ~ ~$ ~ 20+40, r'Ae eme sHepreTJl!qecKafl aaBHCHMOCT:& MHoro peaqe 

norapHWMHqecKoli. Cne'AOBaTeJI:&Ho, 'Aallte B npe;zuronoJtteHHH, qTo npeBhl­

meHJl!e aoHh! wopopoBaHJl!fl Ha'A paccTOHHJl!eM 1.1eJK'AY rrnacTHHa.MJI! npHBO­

'AJl!T It IlOJIHOMy IlO'AaBJieHJl!ro nepeXO'AlfOro Jl!3J1yq6HHH, Jl!HTeHCJl!BHOCT:& 

Jl!3J1yqeHHH B 06JiaCTJI! 0(9""' 20+40 MeHHeTCH MaJio. TaKHl.4 o6pa30M, 

IlOTepflB HeKOTOpyro qacT:& Jl!HTeHCHBHOCTJI!, Jl!3J1yq6HHOli IT O'A MSJIBMJI! yr­

JlaMJI!, r'Ae aoHa wopMJ11poBaHJ11H BeJIBKa, MOXHO nonyqJl!T:& 6on:r.mon Bh!Jl!­

rphllll B HHTeHCJl!BHOCTJI! Ha e'AJl!HJl!UY ;liJIHHhl CJIOJl!CTOli cpe'Ah!, yueH:&maH 

pacCTOHHJl!H Mellt'AY IlJiaCTHHaMH. 

Ha1t0Heu, 6h!JIO npoBe'AeHo corrpoTD.BJieHHo qepeHKOECKJl!X cqeTqv.­

I\OB c npewraraeww 'A6TeKTOpOM B CJiyqae l!CITOJll>30BaHHfl HX Wlfl paa­

'AeJieHHH ITHOHOB OT KaOHOB. nJIJl!Ha 066HX TJl!ITOB cqeTqHKOB paCT6T C 
2 

yBeJIHqeHJ11e111 m.myn:r.ca qacTHU p KaK ? ; B TO lite BpewH npH 

.\ 
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. O'AJ{Oll JI! TOAi lite p WIJl!Ha qepeHKOBc:wro cqeTqJl!Ka ,..,., 6 pas 

6on:r.me 'AJIJl!Hhl npe'Anarae11oro 'AeTeKTopa. 

S1tcnepH11eHTaJI:&Harr qacT:&. 

J!Jrfl Jl!CCJ16'AOBaHJl!H SHepreTJl!l!6CKOtt 3aBHCJl!MOCTJI! Jl!HTeHCHBHOCTJI! 

nepexo'AJ{oro Jl!3J1yq6HJl!H, 3fil{Jlfill!6HHOH B MaJIOM Jl!HTepBaJie yrJIOB BO­

Kpyr HanpaBJieHJl!fl 'ABJl!ieHJl!fl llaCTJl!Uhl, a TaKXe rrepeXOAHOro Jl!3Byil6Hfilt 

B CJIOJl!CTOli cpe'Ae JI! crreKTpaBLHoro pacnpeA6X6HJl!H rrepeXOAHOro HaJiy­

qeHJl!H B OITTJl!l!eCKOli 06JiaCTJI! l!aCTOT, 6h!J1 IlOCTaBJieH 3KCnep11MeHT Ha 

l!JlIKe aneKTpOHOB c :meprnm.rn "" 20+55 Mali mrneMHoro ycKOpJl!TeJIH 

(HlKeKTopa) EpeBaHcKoro aneKTpOHHoro CHHxpoTpoHa APYC(3,:. S] 

IIyqoK aneKTpOHOB c aHepreTJ11l!ec1t1r111 paa6pocou: A% :::: I% 

JlHHettHoro ycKOpJl!TeJIH OTKJIOHHJICH MarHJl!TOU: Ha yroJI 90° H, npon­

'Afi qepea KOJIJIJl!MaTop, rrorra'AaJI Ha SKCrrepHMeHTaJlbHyro YCTaHOBKy.Ilo­

CJie'AJ{Hfi rrpe'AcTaBJIHJia co6oM BaKyyuHyro 1ta1.1epy c anroMHHHeBwm BXO'A­

Hhll.! H Bh!XO'AJ{ID! OKHBMJI! TOJlfilJl!H0!1 5i;r • IlepeXO.l(HOe Jl!3Jiyqemrn o6pa-

30Bh!BSJ10C:& B O.l(HOtt Jl!3 CTeKJIHHHb!X ITJ18CTJl!H TOJlfilJl!HOli !2~, 220,)' 

Jl!JIJI! 450/" ' rro1.1emeHHhlX B BaKYYMHyro Ka.Mepy. CTeKJifiHHh!e ITJiaCTJl!Hhl 

ycTaHaBJIJl!BaJIHC:& rrpOTHB rryqKa 'AJl!CTBHUJl!OHHO 6ea HapymeHJl!fi BaKy-

yua JI! 6ea BhIKJirotieHHfi aneKTpOHHOro rryq1ta. 

3epKaJIO, H3rOTOBJieHHOe BaKYYMHb!M HaIThIJ16HHeM aJIBJMJl!HJl!fi Ha 

CT6KJifiHHyro ITJiaCTJl!Hy TOJIIJUfHOM I2'J-' ' OTKJIOHflJIO Jl!3eyl!eHJl!e B OITTJl!­

qec1tott o6nacTJI! qacTOT Ha 90°, KOTopoe aaTeM npol1'AH qepea JIJl!Hay 

JI! AHa~parKy, perHcTpHponanoc:r. woToyuHOlKHTeneu. liHTeHCHBHOCT:& 

SJieKTPOHOB onpe,l(eJIHJiac:& rrpJI! IIOMOIJUf UJl!JIHH.l(pa ~apa,l(efi. TeMHOBOli 

TOK ~SY, a TaK~e TOK, o6yrnoBneHHhlli WOHOBh!MJI! qacTHUrurn JI! Jl!3Jiyqe­

HHeu, B03HJl!KfilHM B paaJIJl!~HllX l!SCTflX ycTaHOBKH, KOMIIeHcHpOBaJicfi; 

rrpJI! STOU: CTeKHflHHhle ITJiaCTHHhl H3-ITO,l( 3J16KTpOHHOro rryqKa y6Jl!paJIJl!c:&. 

3SIJUfTa Been ycTaHOBKJI! OT ~OHa ocymecTBJlflJiac:& CBHHUOBbUIH, llteJiea-
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. HIDm H rrapa\[lHHOBblWI 6JIOKa!.114 • . BCH YCTaHOBKa TmaTeJIDHO IDCTHPOBa­

naCD. 

ITOMHMO rrepexo;!lttoro H3JiyqeHHH B OIITHqecKOM o6naCTH qacTOT 

B IIJiaCTHHe o6pa3YJOTCH \[lOHOBble TOpM03HOe H qepeHKOBCKOe H3JI]'ie­

HHH, Bbl3BattHble rrepBHqHoM qacTHue«, a TaKEe rrepexO'AHOe, Topwoa­

aoe H qepeHKOBCKOe H3JiyqenHH, BblSBaHHble s - :meKTpOHaMH.HaH-

6onee HHTeHCHBHliM H3 HHX HBJIHeTCH qepeHKOBCKOe H3JiyileHHe. O;!Uia­

KO rrpH f' ~ I H n..~ I,45 yron Hanyqett1rn BaBHJIOBa-l!epeHKOBa 

o, ~aie Cos :t./~ 60JIDIU6 yrna IIOJIHoro BHyTpeHHero OTpaxeHHH 

CBeTa B rrnacTHHe fJ. = a.ic S•""' :t./n.. , T.e. qepeHKOBcKoe HS-1!>.o. . 

nyqeHHe He BliXO;llRT HS rrnaCTHHli. K TOMy :&e, 6CJllf 'Aaxe qepeHKOB-

CKOe H3JiyileHHe Blilt'AeT HS rrJiaCTHHbl, OHO He MOEeT saperHcTpHpo­

BaTDCH, T.K. yron H3JiyqeJIHH BaBHJIOBa-qepeHKOBa MHOro 60JIDme HH-

- TepBB.Jia OXBaTb!BaeMIDC . ;ztRa\[lparuoM yrnoB, B KOTOpOM peI'HCTpHpye~cH 

rrepexo;!lttoe 11anyqenHe. KaK rroKasan aHaJIHs 1BJIHHHHeM Bcex npoqHX 

\[lOHOBliX HanyqeHHiA MOEHO rrpene6peqD. Tew He Mettee, BKJia'A rrepe­

qHcJieHHblX \[lOHOBblX H3JiyqeHHM onpeAeJIHnCH 3KCrrepHMeHTaJIDH0 CJie~­

mHM o6pasou. liaBeCTHO, qTo HHTeHCHBHOCTD rrepexo;!lttoro l13JiyqeHHH 

B rrnacTHHe c TOJill(UHOtt, MBBDO 6oJIDmett 30Hbl \[lOpMHpOBaHHfi uanyqe­

HHfi B Cpe'Ae, He aaBHCHT ~T TOJill(HHbl rrJiaCTHHbl, a HHTeHCHBHOCTH 

TOpM03HOro H qepeHKOBCKOro H3JiyqeHHM aaBHCHT OT Hee. CJie'AOBaTeJID­

HO, ecJIH H3MepeHHfi rrpOBO;l\HTD B IIJiaCTHHax paaJIHqHblX TOnll(HH, aa­

TeM rronyqeHHble aaaqeHHfi HHTeHC•BHOCTett 3K?TPaITOJIHpOBaTD K Hyne­

BOM TOJill(HHe, TO 3HaqeJIHe HHTeHCHBHOCTH rrpH HyJieBott TOJill(HHe 6y­

~T COOTBeTCTBOBaTD HHTeHCHBHOCTH rrepeXO'AHOro l13JiyqeHHH.liMeHHO 

II03TOMY B 3KCrrepnMeHTe HaMH l13MepeHHH rrpOBO;l\HJlHCD B CTeKJifiHHblX 

IIJiaCTHHax Tpex pa3JIHqHblX TOJill(HH. Kpoue Toro, 6narO'AapH TOMy,qTo 

Il KaMepe 6b!JI C03'AaH BaKYYM -v 10-2 MM pT.CT., IIOJIHOCTDID 6una HC­

KJIIDqeaa B03MO~HOCTD o6paaoBaHHH 11anyqeJIHH BaBH~OBa-l!epeHKoBa 

B raae. 
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B rrpouecce aKcrrepHMeHTa H3MepHJIHCD 'AB6 B6JIHqHHbl: aHO'AHbltt 

TOK \[lOTOYJ.!HOlitl1T6Jlfi I~9y l1 TOK UHJIHH'Apa ~apa'A6H Iu.~. J(JIH rrepe­

XO'Aa OT 3Tl1X BeJiuq11H K HHTepecyiomeMy Hae q11cny \[lOTOHOB rrepeXO'A­

Horo H3JiyqeHHfi B l1HT6pBaJie ~H BOJIH ri/I • H606XO;l\HMO 3HaHH6 

K03{j){flHUl16HTa CB6TOC6opa ycTaHOBKH £{A) ' K03\M.ll1UH6HTa YMHOEeHHfi 

K. OTHOCHT6JIDHOV. cneitTpaJIDHOii xapB,JTepHCTHKH s ()i) H KBaHTOBOiA 

a{j){fleKTHBHOCTH '2. ()i,..,) \[loToyMHOlitHTena. e. 0) 11 K HaMH 6blJIH 

OIIP6'A6JI6Hbl 3KcrrepUM6HTaJIDHO, a 3HaqeHHfi S()o) l1 >z,(A..,) 6b1JIH 

B3HTbl H3 rrapnopTHblX 'AaHHblX \[lOTOYMHOl!CJllT6JIH. 

9KcrrepHM6HTaJIDHbl6 peayJIDTaTI:A l1 HX 06cy1;q:ieH11e. 

~CCJI6'AOBaHHfi 3HepreT11qecKott 3aBHCHMOCTl1 l1HT6HCHBHOCTH nepe­

XO;!Uioro H3Jlyil6Hl1H B OITTHqecKOH 06JiaCTl1 qacTOT npoBO;l\HJ!HCD B HHTep­

BaJie yrJioB o+ (} = a • 10-2 ; 6 • 10-2 ; 4 • rn-2 ; a • rn-2; 

2 • 10-2 ; 10-2 • 

KaK noKaaaJIH H3MepeHHH, rrp11 yBeJI11qe11HH TOJimHHbl nJiacTHH HH­

Te11c1rnHocTD per11cTpHpyeMoro H3Jiyil6HHfl yBeJI11q~rnaeTcfi MaJio, T.e. 

KaK l1 Ol!CH'AaJIOCD, BKJia:zi qepeHKOBCKOro l1 TOpM03HOro l13Jiyqe11111ii 'AOC­

TaTOqHO MaJI. 

ConocTanne11He peayJIDTaTOB 11aMepeH11lii c TeopHeiA rrepexo;!lttoro 

l13JiyqeHHfi IIOKa3aJIO CJie~IDmee. Ha6JIID'AaeTCfi CHJIDHaH aaBHCHMOCTD 

q:1cna cpoTOHOB rrepeXO'AHOro HaJiyqett1rn OT aHepr1rn aJieKTponoB. Ilp11 

3TOM, B HCCJie~eMOlii 06JiaCTH 3H6pI'HiA 3Ta aaBHCHMOCTD TeM peaqe, 

qeM M611Dlll6 HHTepnaJI OXBaTb1Ba6MblX ;l\Ha([lparMoiA yrJIOB. TaK, rrpH l1H­

T6pBaJie yrJIOB O+ e = 8 • 10-2 aaBHCHMOCTD qHcJia clJOTOHOB OT 

3H6PrHl1 3Jl6KTPOHa HM66T BH'A ,.., E • a npH O+ €} = rn-2 ,...., EB • 

IlpH 3TOM XO'A 3KCIT6pl1M6HTaJIDllblX a11aqe1111iA 'AOBOJibHO xopomo corJia­

cyeTCH c TeopeT11qecKHW'I KPHB!:AW'I. O;!UiaKO a6coJIIDTHI:Ae anaqeaHH,Ha­

MepeHHble 3KcnepHM6HTaJIDHO, npeB!:AlllaIDT B cp6,l(H6M Ha 45% COOTB6TCT-
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Byi>IIIH8 T80peTHqecKHe KPHlllie, qTO MOEeT 6li~b peaynbTaTOM HeCOOT­

BeTCTBHH rracrropTHh1X 3Ha•IeHHli 90) H >z('/.,.,) c ;naHHblllH HCIIOnb­

ayeworo HaMH ~9Y,HnH xe HeTOqHoro H3MepeHHH TOKa sneKTPOHOB 

UHnHH;npoM ~apa;neH. 

Mccne'AOBaHHe sHepreTHqecKoli aaBHCHMOCTH rrepexo,lUloro Hany­

qelll!H B cnOHCTh1X cpe;nax 6liJio rrpoBe;neHo rrpH qffCne rrnacTHH nt= 5 

H t'\I\. = 9. eaccTOHHHff MelK;lly rrnaCTHHaMH COOTBeTCTBeHHO COCTaBnff­

nH I,O cw H 0,5 cw; TOnl!IHHa rrnacTHH - IIO~ • CorrocTaBneHHe 

SKcrrep11weHTanhHh1X peaynbTaTOB c TeopHeli noKaaano, qTo B cnoHc­

Tott cpe'Ae ;nettcTBHTenbHO Ha6nID'AaeTCff ycHneHHe HHTeHCHBHOCTH rre­

pexo~Horo HanyqeHHH no cpaBHeHHD c HanyqeHHew B O.lUIOli rrnacTHHe. 

O~HaKO STO ycHneHHe He rrporropuHOHanbHO qHcny rrnacTHH, T.K. 

qacTb CB8Ta TepH8TCff B cawoli cnOHCTOtt cpe;ne. c yqeTOM STOro o6-

CTOHT8HhCTBa SKcrrepHMeHT COBIIa~aeT c TeOpHett c TOqHOCTbID ~o 

KOSlj)<pHUHeHTa I,45 ' 0 KOTOpOM rOBOpHnOCh BHme. 

Ilpe'ACTaBnaeT HHTepec cne~mHtt ifJaKT. IlpH sHeprHHX sneKTpo­

HOB ~ 40-t-50 MSB 30Ha iflopMHpOBaHHff HanyqeHHH B BaKyywe HeHaMHO­

ro MeHhme paccTOHHHH uellt;zur rrnacTHHaMH. TeM He MeHee, rro~aBneHHH 

HHTeHCHBHOCTH rrepexo,lUloro HanyqeHHH B rrpe'Aenax .a1tcrrepHMeHTanhHhlX 

OIDH60K He Ha6nro~aeTCH. 

Mccne~oBaHHe crreKTpanhHoro pacrrpe~eneHHH rrepexo,lUloro Hany­

qeHHH penHTHBHCTCKHX sneKTpOHOB B OITTHqecKOtt o6naCTH qacTOT 

rrpe~cTaBnHeT caMOCTOHTenhHlitt HHTepec, IlOCKOHhKY Bee 3KcrrepH­

MeHTli, BNIIOnHeHHlie ~o HaCTOHmero BpeMeHH, rrpoBe~eHH B cnyqae 

HepenHTHBHCTCKHX aapHllteHHh1X qaCTHU. ~nff HCCne~oBaHHfl crreKTpanh­

HOro pacrrpe'ABHBHHH HanyqeHHff MBlK;lly ~aiflparuoti H ¢0TOYMHOJ!rnTeneM 

rroMemamich paam1qHue orrTHqecKHe !l>HnhTpH. 

KaK cne;zureT H3 ifJop1.1ynH (2), B OIITHqecKOti o6naCTH qacTOT 

rrpH f' ~ I 11 (} ~<. :rr./2 crreKTpanhHOe pacrrpe~eneHHe HMeeT BH'A cOi/>.. 

\ 
\ 
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. 9KcnepHM8HTanhHHe peaynhTaTH, rronyqeHHHe rrpH sHeprHH sneKTpc·o~ 

E=20,0; 30,0; 40,0 H 50,0 MsB ' HHTepBane OXBaTHBaewh!X yrno: 
0 

0 +& = 8 • !0-2 H B HHTepBaJie ~H BOHR 3200+6500 A XOpO[J 

OilHCHBaDTCfl COOTBeTCTBYDDU!MH TeopeTHqecKHMH KPHBHMH. 

TaKHM o6paaow! rrpo'AenaHHHe HaMH pacqeTHHe H SKcnepH1.1eH­

TanDHHe HCCne'AOBaHHH IT03BOnHIDT 'AenaTh cne~I11He aaKnroqeHHH: 

I. IloKaaaHo, qTo B OITTHqecKott o6naCTH qacTOT HHTeHCHBHOCTh 

rrepexo,lUloro HsnyqeHHH B HHTepBane yrnoB O.;- fl~< n:i-c.2/c:- pacTeT 
4 · ~ ~c 2 1 

c sHeprHett KaK "' E , a B HHTepBane yrnoB O-c v >'> /£ 

norapHifJMHqecKH, qTo MOlKeT 6HTh HCl10Hh30B8.HO ~ff H~eHTHWHKaUHH ~ 

qacTHU BliCOKHX SHeprHtt. 

2. Ilpe~OlKeHa KOHKpeTHaH KOHCTPYKUHH ~eTeKTOpa qacTHU Bli­

COKHX SHeprHtt, HcrronbaJDmero rrepexo,lUloe HanyqeHHe. IloKaaaHo, 

qTo OH crroco6ea paa'AenHTb sneKTpOHH OT 6onee THlltenh1X qacTHU B 

o6nacTH HWIYnDCOB ;no ..... 30 rsB/c, a TaKlKe 11H0Hli OT KaOHOB H rrpo­

TOHOB B 06naCTH HMIIynbCOB 'AO ~ 300+500 I'sB/C. OueHeH BKna'A B 

paape~aIOJllYll crroco6aocTh ;neTeKTOpa ifJoHOBh1X rrpoueccoB. 

3. SRcrrepHMeHTanDHO Hccne'AOBaHa saepreTHqecKaH aaBHCHMOCTb 

HHTeHCHBHOCTH rrepeXO,lUIOro HanyqeHHff B paanHqHh1X HHTep~anax yr-

. nOB O+ (9 B Cnytiae O'AfiO!i rrnaCTHHli H cnOHCTOli cpe'AU, COCTOHmett 

H3 IlffTH H 'AeBHTH rrnaCTHH. Mccne'AOBaHO TaKlK6 CIT6KTpanbHOe pacrrpe­

'Aeneime rrepexo,lUloro HanytieHHH B orrTHqecKol o6nacTH qacTOT. Bo 

Bcex onyqaHX XO'A sKcrrep11weaTanbHh1X aHaqe!llll xopomo cornacyeTcH 

c COOTBeT~TBYIDillHMH TeOpeTHqecKHMH KPHBJ:am, HO a6COJIDTHli8 saaqe­

HHH rrpeBlilllaIDT TeOpHID B cpe,lUleM B I,45 paaa. 

4. 3KcrrepHM8HTaJlbHO ITOKaaaHO, qfO B cornacum c TeOpHel ITPH 

(}1:, )"K.c)IE Ha6JID'AaeTCff 'AOBOnDHO CHnDHaff 38.l!HCHMOCTb HHT6H-

CHBHOCTH rrepexo,lUloro HanyqeHHH OT saepr•a sneKTpOH9B. Sxcnepm-
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MeHTanbHO TaKKe IlOKa3aHO, qTO HCil0nD30BaHHe cnOHCT!ilX cpe'A c pac7 

CTOHHHeM wez.izy nnacTHHaMH 6onbmHam, qew aoHa wopMHPOBaHHH Hany­

qeHHH B Cpe'Ae, Il03BOnHeT 3HaqHTenbHO ycHnHTb .HHTeHCBBHOCTb Ha~y­

qeHHH. 

5. IlO'Ap06H!id1 a.H8.lllt3 B03MOlEHOC'l'el MeTo~a ~6T6KTHPOBaHHH qac­

TH~ BHCOKllX aaepl'Htt no HX nepexo~owy uanyqeHH~ B onTHqecKott 06-

nacTH qacTOT, npocTOTa npe~araewott KOHCTPYKIU!H 'AeTeKTopa, a 

TaKEe pesynb9aTH aKcnepHM6HTRnbHNX Hccne'AOBaHHK Il03BORHIOT Ha'A6HTb­

CH, qTO TaKO~ 'A6T6KTOP MOlleT 6HTb HCilOnDSOBaH B o6naCTH 3HeprH~, 

r'Ae HCilOnb30BaHH6 qepeHKOBCKHX cqeTqHKOB yze aaTpy~HTenbHO. 

Ma.epxa.ni, HcnonbaOBaHHHe B ~cc~TaJ.UIH, ony6nHKOBaHH B pa-

6oTax [l + 5] H 'AOKna'AHBanHCb Ha _lle~apo~Hott KOHcpepeHiurn no 

H'AepHoD aneKTpOHHKe (Bepcan», l968r.). 
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