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A H H o T a u H H 

0nHC8H MeX8HH3M BnHHHliH OOCTOHHHOrO aanpH.>KeHHH H8 pe30H8HCH blil . Bbi C OK O'i8C T O T Hbl il 

paapH.a. nonyqeHbl rpaHH'iHbie COOTHOWeHHSI .anSI PBP B 38BHCHMOCTH OT 'i8CTOT bl K On e 6 aHH H 

H p8CCTOSIHHSI Me.>K.ay aneKTp0.08MH H paCCMOTpeHbl B03MO.>KHOCTH no.aasne HHH peGOII8 HC HOr O 

paapH.aa. 
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:lTHbli! 

Horo 

1.8BeJJ.eHH e 

CymecTBOB8HHe HeKoTopbiX s¢¢ e KTOB B ¢H3H'iecKoi! ann apaType , rJJ.e BbiC OK O'i 8C T OTH O_e 

H8npSDKeHHe HOJJ.8eTCSI H8 sn e KTpOJJ.bl , H8XOIJ.SilUH e CSI B B8KyyMe , o 6b!'iHO nplillHC biB8e T CSI npOSlB 

neHH SIM BTOpH'iHOi! SMHCCHH c noBepxHOCTH sneKTpOJJ. OB . C 'iH Tae T C H, 'iTO rnaB HbiM HCTO 'iHHKOM 

OCJ10)!(HeHHH 1 B03HH,K810lUH X B 8 B8KyHpOB8HHbiX p e 30H8TOpa x JlHHei!H biX H d .\HKJlH'i e C KHX yCKO pHTe-

,/ l-5/ 
nen , HBnHeTCSI HH3 KOBonbTHbii! pe30H8HCHbii! B biCOKO'i8CTOTHhi i! p a3 pHJJ. ( P8P - multipac tor) · 

8 'i8CTHOCTH 1 P8P nonHoCTbiO npenSITCTByeT HnH c e pbe3HO 38TpyJJ.HSie T Hcnonb30B 8HH e a B Tore H e 

paTopoB IJ.ilSl nony'ieHHSI Bbi C OKH X yCKOpSI!OlUHX H a npSIM e HHH , BCn e JJ.CTBH e He6naron~HSITHOrO Bil HSI 

HHSI Ha peMHM B036y)!(JJ.eHHH r e HepaT0pa. Cym ecTByeT p SI JJ. cnoco6oB, no3B OilH!O lUHX yMe H b WHTb 

BilHSIHHe P8P H npeoJJ. o neT b onacHyio o6nacTb H a npH)!(eHHil. 8 K8)!(JJ.OM KOHKpeTHOM cnyqae Hc

nonb3YIOTCSI p83J1H'iHbJe MeTOJJ. bl, BbJ60p KOTOpblX CBSI38H C H3BeCTHbiMH KOHCTpyKTHBHblMH 38Tpy JJ.'-

HeHHSIMH. 

HaH6onee paJJ.HK8ilbHbiM cnoc o6oM p e w e HHSI JJ.8HHOi! npo6ne M bi HBHilOCb 6 hi Hcno n b30B8HH e 

B pe30H8TOp8X YCK OpHTe nei! MeT8JlJl OB HilH nOKphlTHi! C KO<~ci:JtPHUH e HTOM BTOpH'iHOi! 8MHCC HH 

( K83) MeHbwe 1. K co)!(aneHHI0
1 

HeH3BecTHbi MeTann bJ, yJJ.oB n e TB OpSI!O lUH e 8 TOMY ycnOBHIO 

H JJ.OnyCK810lUHe HX HCUOJ1b30B8HHe B pe3 0H8TOpax C B b iCOKOi! JJ.06pOTHOCTbiO . )K e nae M biH scpci:JeKT 

JJ.8.eT llOKpb!THe n OBepXHOCTH Sil e KTpOJJ.OB pb!Xilb!M CilO e M C8)!(H. 0JJ.H8KO T8K Oi! CilOH HenpoqeH 

H rpacl>HTH38UHR CTeHOK CHHM8eT JJ.06pOTHOCTb pe3 0H8TOp8. 

0JJ.HHM H3 H8H6 o n ee ynoTpe6HTeJlbHbiX CnOC 0 60B , CJlY)!(8lUHX IJ.ilSI y c Tp8 H e HHSI B p e30H8 T O

p8X yCK OpHTenelt HeMenaTe ilbHblX s ci:JcpeKTO B , SlBilSieTCSl HOJJ.8'i8 He60ilbW OrO ( no C p8BHe Hl1 10 

C YCKOpSI!OlUHM) HOCTOSIHHOrO HanpSI)!( e HIH I H8 sneKTpOJJ.hi . 0JJ.H8KO IJ. O CHX n o p HeT eJJ. li HOr O 

B3rilSIIJ.8 H8 MeX8HH3M JJ.ei!:cTBHSI nOCTOSIHHOr O CMelUeHHSI H KpHTe pH e B IJ. il SI OUe HKH H e 06X OJJ.H MOlt 

BeilH'iHHbl 9TOrO H8HpS!MeHHSI. CyrueCTBy e T MH e HHe, 'iTO H OCTOSIHHO e C M e lUeHH e ( "p8C 'iH W 8 10lUee" 

) " ,/ 1,2 / 
none OTC8Cb!B88T H8 CTe HKH pe30H8TO p a X80 TH'ie CKH JJ.BHr810lUH e CSI s n eKTpO Hbl H H OHb l , 

H TeM C8Mb!M npe nSITCTByeT B03HHKHOB e HH!O C BeTSilUerOCSI p83pS! JJ. 8 . 

AB T Op hl STOlt CT8TbH, HCXO IJ. SI H3 K OHUenUHH, 'iTO HHHUH8TOpOM HJ18 3M e HHOr O p 8 3pSIJJ.8 B 

13 1 
pe30HaT o p e ycKopHTeng HBnHeTCSI P8P , C 'iH TaiOT , 'iTO npH n o JJ.aqe n o cTOSI H H o r o HanpH)!( 8HHH 

H8 sneKTpOJJ.bl npOHCXOIJ.HT HapyweHHe cp830Bb!X ycnOBHlt B b iJle Ta BT OpH'iH blX SJleKTp OHOB , Heo6xo

IJ.HMhlX IJ.ilSI B03HHKHOBeHHSI H CT86HJ1bHOrO Cy lUeCTBOB8HHSI p e30H8HCH Or O p a3pSIJJ.8. 

B JJ.8HHOlt pa6oTe 6bJno H3y•IeHo noBeJJ.eHHe rpaHHU PBP B o6nacTH c paBHHTe nbHO HH3 KHX 

qacToT, ne)!(alUHX B JJ.Hana30H:! pa6o'iHX JJ.ilHH BonH UI~Kn OTpOHOB. Te opeTI~'ieCKH oueH e H a H 

9KC n epHMeHT 8ilbHO nony'ieHa B e JlH'iHH8 MHHHM8ilbHOrO nOCTOSIHHOr O HanpH)!( e HHSI CMeWe HHSI, H eo6 -

XOIJ.H M OrO IJ.ilSI nOJJ.8BJleHHSI p83pSIJJ.8 1 B 38BHCHMOCTH OT npOH3 B e JJ. e HHSI 'i8CT 0 T hl K One6a HHlt H8 

paCCTOSIHH e M8)!(JJ.y sneKTp OJJ.8MH. Vf3y'i8J1 8C b B03 M 0)!( HOCT b n8CC HB 8UHii 8 Jl e KTpo:..:oB , B p e3yilb" 

TaTe KOTOpOlt yM e Hblll8eTCSI KP. ~, H e npliBOIJ.SI K yxyJJ.WeHJi ,O JJ.06pOTHOCTii C H C T eMbl 1 li C LJ. ena -

Hbl HeKOTOpble Bb!BOIJ.bl • 

Pa6oTa 6hlna npe JJ.npHHSITa , rnaBH hlM o 6pa3 0M , JJ.ilSI H 3 yY e HiiSI ycn oB «lt B 03HiiKHOBeH iiSI 

P8P « cnoco6oB ero noJJ.aBneH«H, 3aJJ.a'ia nonHoro KOilH'ieCTBe HHoro onHcaHHSI sToro SIBneHHR 

He CT8BHJ18Cb. 
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2. Mex-aHH3M PBP H BmHIHHe nocTOSJHHoro HanpSJ)KeHit:SJ CMeweHHSJ Ha ycnoBHSJ 

ero aoa6y)K.lleHIISJ 

noSJCHIIM MexaHII3M PBP, nonaraSJ .lliiSJ npocTOThi, 'ITO BTOpH'IHbie aneKTpOHbi BbineTaiOT 

C Hyneaolt H8'1811bHOlt CKOpOCTbiO H npOXO.llSIT Me)K3JieKTpO.llHOe paCCTOSJHIIe nOLl .lleitCTBIIeM 

BhlCOKO'I8CTOTHOI'O nonSJ . 6ea COy.llapeHIISJ C MOJieKynaMII OCT8TO'IHOI'O raaa. 

Tor.lla np11 Bb!ITOJIHeHIIH 113BeCTHbiX COOTHOWeHIIA Me)K.llY H8'1811bHOll: cpaaoJt BbineTa rp 
Lln!IHOlt pa3pSI.llHOI'O npoMe)KyTK8 d , 8MnJIIITy .!lOA npiiJIO)KeHHOrO HanpSJ)KeHIISJ u;,. II '18CTOTO# 

KOne68HIIlt W , nepBII'IHbllt . aneKTpOH nona.llaeT H8 npOTIIBOnOJIO)KHbllt SJieKTpO.ll '1epe3 O.llHH 111111 

HeCKOIIbKO nonynepiiO.llOB a/q HanpSI)KeHHSJ CO CKOpOCTbiO, .llOCT8TO'IHOlt LliiSI Bbi611B8HIISJ BTOpll'l-

Hb!X aneKTpOHOB B KOIIH'IeCTBe 60IIblUe 1 • 8 pesyJibTaTe nepiiO.llll'leCKOI'O nOBTOpeHIISJ STOI'O 

npouecca B03HIIKHeT aneKTpOHHbilt nOTOK, OCUIIIIIIHpyiOlUIIA Me)K.lly aneKTpO.ll8MH CHHXpOHHO C '18C-

TOTOlt aneKTpll'leCKOro nonSJ. 

K . /6/ ~ A. 
BK nOK83b!B8IOT 'IHCJieHHbie p8C'IeT·bl , HMeeTCSJ H8'1811bH8SJ 't'a3a 'f' , np11 KOTOpOlt noc-

ne Bb!ITOJIHeHIISJ ycnOBIIlt B036y)K.lleHIISJ aneKTpOHbl nponeT810T Me)KSJieKTpO.llHbllt 3830p TO'IHO 38 

TIOIIOBHHY nep110.ll8 • 

.LJ.ng 0)KH.ll8eMOlt e.lliiHCTBeHHOlt H8'1811bHOlt cp83bl BbineTa LlOJI)KHa, B CHIIY He06XO.lliiMOCTII, 

CylUeCTBOB8Tb e.lliiHCTBeHH8SJ CKOpOCTb COY .llapeHHSJ v,. . (3.lleCb 11 .llanee ace pac'leThi 11 pac-

Cy)K.lleHHSJ Be.llyTCSJ LJ.IISI O.llHOI'O "cpe.llHero" aneKTpOHa, HMeiOWero CKOpOCTb BbiJieTa 

811bHOe pacnpe.lleneHHe aneKTpOHOB no CKOpOCTSJM Mbl He y'IHTb!B8eM) • 

V· 
01 

pe-

6y.lleM paCCM8TpHB8Tb CHCTeMy, COCTOSJlUyiO H3 LlBYX nnOCKHX napannenbHbiX aneKTpO.llOB, 

pacnono)KeHHhiX Ha paccToSJHHH d • YpaaHeHue .llBH)KeHHSJ aneKTpoHa a O.llHOPO.llHOM aneKTpH

'IeCK OM none T8KOll: KOHcpHrypaUHII, IIMeeT BH.ll: 

( 1 ) x "' ~ U Sin ( w t + .p ) • 
ma m 

Bae.ll e M H e KoTopyiO aenii'IHHy U 
0 

( c paaMepHOCTbiO HanpSJ)KeHHSJ), aaaucSJWyiO oT ixpoH3Be.lleHIISJ 

'18CTOThl KOne6aHHJt w Ha .llJliiHY 3830pa d 

uo 
e 11 m - Macca 11 aapSI.ll aneKTpoHa). 

!!!.. w' d' 
e 

J.1n11 B 'IHCJieHHOll: cpopMe: _, 
~ r n J "' 2,26 • 10 ' 2 ( fd) [MrU CM] 

Tor.lla, HHTerp11pyg ( 1), nony 'laeM: 

~ [ cos ¢ - cos ( ¢ + (J ) ]_ + {3 0 f3,. 

~ [ (J cos ¢ - . sin ( ¢ + (J ) + sin ¢ ] + {3 
0 

(J .. 1 • 

(2) 

(3) 

(4) 

r.lle a M nniiTy.lla U m H CKOpOCTb aneKTpOH8 npe.llCT8BJieHbl B BH.lle 6e3p83MepHbiX BeJIH'IHH: 

~ = Um . 
rT ' 

V O- H8'18JlbH8SJ CKOpOCTb abineTa 

{3 =-~; f3x"' ~..L, 
0 • w d w d 

"cpe.llHero" aneKTpOH8, V,.- KOHe'IH8SJ CKOpOCTb COy.llapeHHSJ 

c a neKTPO.llOM, (J - yron nponeTa aneKTpOHOM paapSI.llHoro npoMe)KyTKa. Benii'IIIHOll: {3 MO)K-o 
H O npe He 6pe'lb (npll He CIIHlUKOM M811biX 3H8'1eHHSJX fd ), T8K K8K ~8'18JibH8SJ CKOpOCTb V0 
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lT 

:TOTO# 

r o 

noc-

38 

:TH 1 

p8c-

pe-

OB 1 

r-

eHHH 

IHH 

y BTOPH'IHbiX aneKTpOHOB HeaenHK8, Tor.a81 .ansi e - 1T ( p83pH.Obl Bb!Cl.IIHX IIOPH.OKOB He p8c-

CM8TpHB8eM) H3 ( 4) nony'l8eM 38BHCHMOCTb { e (¢ J 

e (ricos¢ + 2sih ¢) = 1. (5) 

0oK8:lKeM, 'ITO ycnoaHH B036y:lK.aeHHS! PBP BbmonHHIOTCSI nHl.llb a aeKoTopoM HHTepa8ne <!>83 H 

8MIInHTy.O, 

Vf3 (5) cne.ay:eT, 'ITO e 
CT8HOBHTCSI SICHblM nocne p8CCMOTpeHHSI ycnOBHSI cp830BOll: yCTOli:'I.HBOCTH npoueCC8 1 KOTOpoe HMe-

eT BH.O: 

~I · < o 
a¢ O==rr 

H H3 ( 4) nony'l8eM tA ¢ ::: 2; ¢ -~ 32,5° 1 T.e. M8KCHM8nbHblll: yCTOli:'IHBb!ll: yron BbineT8 COOT-
TT 

BeTCTByeT yrny .anSI MHHHM8nbHOrO 3H8'1eHHSI e 1 KOTOpoe Mbl npHMeM 38 HH:lKHIOIO rp8HHUy p83-

pSI.OHOll: o6n8CTH, YcnoaHe <P830aoll: ycTOli:'IHBOCTH npouecc8 .aorryCK8eT cyl.lleCTBOBE!HHe oTpHu8-

TenbHbiX <!>83 1 KOTOpb!e orp8HH'IHB810TCSI nH.l.ll b B03MO:lKHOCTb!O BbineT8 aneKTpOH8 ( aenH'IHHOll: ero 

H8'18nbHOll: CKOpOCTH), 0pH Hyneaoll: CKOpOCTH BbineT8 0 ::: ¢ ~ 32,5° , H COOTBeTCTBYIOI.liHe 

3H8'1eHHSI e ne:lK8T a HHTepa8ne: 0,269 ::: .f < 0,319, T,e, IIpH <i>HKCHpOB8HHOM 3H8'1eHHH 

fd HMe!OTCSI .aBe rp8HHUbl p83pSI.OHOll: o6n8CTH - BepXHSISI H HH:ikHSISI, 

0ueHHM BnHSIHHe IIOCTOSIHHOrO H81IpSI:lKeHHSI CMel.lleHHSI H8 ycnOBHSI B03HHKHOBeHHSI p83pSI.08, 

' 
3H8K H81IpSI:lKeHHSI cMel.lleHHSI a CHMMeTpH'IHOll: CHCTeMe ile Hrp8eT ponH. AnSI onpe.aeneHHOCTH 

6y ,a eM C'IHT8Tb 1 'ITO MHHYC HCTO'IHHK8 IIOCTOSIHHOrO CMeWeHHSI IIO.OKn!O'IeH K aneKTpo.ay 0 p8CIIOno

:lKeHHOMY B H8'18n·e KOOp.OHH8T, 

Tor.a8, yp8aHeHHe ( 1) npHMeT BH.a: 

i = _e_[U sin(cut +¢)+EcMl . 
md ., ( 6) 

B .08HHOM cny'l8e aeo6xo.aHMO p8CCMaTpHB8Tb .aa8 yp8BHeHHSI .OBH:lKeHHSI, T8K K8K B 38BHCHMOCTH 

oT _H8npaaneHHSI yron nponeT8 aneKTpoaoM p83pSI.aaoro npoMe:lKyTK8 6y.aeT p83nH'IHbiM, AnSI Bbi

nonaeHHSI pe30H8HCHbiX cooTHOl.lleHHll:, o'leBH.aao, aeo6xo.aHMo, 'IT06bi 01 + 02 = 2rr, r.ae 01 H 02 -

yrnbl nponeT8, COOTBeTCTBYIOWHe npOTHBOIIOnO:lKHblM H81Ip8aneHHSIM .OBH:lKeHH-SI, 

Ope.acT8BHB H81IpSI:lKeHHe cMeweHHSI a BH.ae: 

y = 

H81IHl.lleM .OB8 yp8BHeHHSI: 

ECM --, uo 

e [ (} J cos ¢ + sin ¢ - sin ( ¢ + (} J ) ] + ¥:1 y (} : + {3 0 e J 1 (7) 

AnSI K8'1ecTaeaaoro 8H8nH38 npouecc8, uenecoo6p83HO npeae6pe'lb aenH'IHHoll: {3
0 

(KaK H a 

npe.Obl.OYWeM cny'l8e), non8r8SI, O.OH8KO, 'ITO 38 C'leT H8~8nbHOll: CKOpOCTH BbineT aneKTpOHOB 

MO:>KeT 1IpOHCXO.OHTb H npH TOpM03SIWeM none, 

Vf3 ypaaaeHHll: (8), (9) nony'l8eM: 
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~ 

'~ 

r.ne 

.. 

t~ ¢ = A ( y I 0 I ) 

R(y~O,) 

-2------.,---------
__ · y__i__[y__!__f}_l)_-~_I! __ (__y__!_~J...:....) ___ _ 
2 ( rr - 01 )( cos 01 - 1 ) + 01 ( 2rr - 01 ) sin 01 

A (y 1 01 )':! [0 1 + (2rr 61 ) cos () 1 ] + Y, y I ( 2 rr - ()1 ) 
2 

( () 1 - sin ()1 ) - () /[ ( 2 rr- 0 1) cos 0 1 + sin () 1;] I 

2 
B ( y I 01 ) = ( 2 1T - 01) sin 01 + y, y I () 1 [ cos 0 1 - 1 + ( 2TT - 01) sin 61] - ( 2TT - () 1) 

2 
( 1 - cos () 1) I . 

3HaH aaaHCHMOCTH ¢ (>:~ () 1 ) H of (y, ()1 ) , ·MO)KHO nocTpOHTb cpyHKUHIO of = ,~(¢). Peaynb

TSTbi pacqeTa llpHae.neHbl HS pHC. 1. Heo6XO.LlHMO OTMeTHTb 1 'ITO H npH HanH'IHH llOCTOHHHOr'O 

HanpH)KeHHH CMeweHHH M8KCHM8nbHbifi yCTOit'IHBblfi yron BbineTa sneKTpOH8, onpe.nenHIOillHfi HH)K

HIOIO rpaHHUY o6naCTH, OCTaeTCH npe)KHHM cp =;321ft' Tor.na BnHHHHe CMellleHHH Ha rpaHHUbl o6-

naCTH MO)KHO HHTenpeTHpoaaTb cne.nyiOillHM o6paaoM. KaK BH.LlHO H3 pHc, I, no Mepe yaenHqe

HHH y 1 npoHcxo.nHT Cy)KeHHe HHTepaana cpaa. HH)KHHH rpaHHua o6nacTH no.nHHMaeTcH, a .nnH 

nonyqeHHH npe)KHHX 3Ha'leHHfi ~ Ha aepxHefi rpaHHUe Tpe6yJOTCH ace 6onbwHe sHaqeHHH yrna 

BbineTa cp • npH HeKOTOpOfi BenH'IHHe CMellleHHH HHTepaan cpa3 yMeHbwaeTCH HaCTOnbK0 1 'ITO 

aepxHHH rpaHHUa C()ana.naeT c HH)I(Hefi • .[lanbHefiwee yaenH'IeHHe y npHae.neT K cpbiBY Me)!(-

. sneKTpO.LlHO!"'O pe30HaHCHOr'O pa3pH.na. 

HapH.ny c B03MO)KHOCTbiO cywecTaoaaHHH .nayxsneKTpo.nHoro peaoHaHcHoro paapH.na annoT~ 

.LlO HeKOTOpO!"'O 3HS'IeHHH y HanH'IHe llOCTOHHHO!"'O TOpM03Hiller'O sneKTpH'IeCKO!"'O llOnH C03.Lla- -

eT ycnOBHH .nnH B036y)K.LleHHH Ha O.LlHOM H3 sneKTpO.LlOB O.LlHOSneKTpO.LlHOr'O pe30HaHCHOr'O paa

pH.na. CywHOCTb ero MO)KHO HanO)KHTb cne.nyJOillHM o6paaoM. EcnH sneKTpoH, BbineTea·wHfi c Ha-

qanbHOfi CKOpOCTbiO V O 1 B TeqeHHe yCKOpH!Oille.fi 'J-aCTH ii.epHO.Lla BbiCOKO'IaCTOTHOr'O nonH He 

.LlOCTHr' npOTHBOllOnO)KHOr'O sneKTpO.Lla, TO llO.Ll .nefiCTBHeM TOpM03Hillefi CHnbi OH H3MeHHT Hanpaa

neHHe .LlBH)KeHHH H CTOnKHeTCH C HCXO.LlHbiM sneKTpO.LlOM, npouecc MO)KeT HOCHTb pe30H8HCHblft 

xapaKTep (aHan orH'IHO .nayxsneKTpo.nHoMy paapH.ny), e cnH yron nponeTa sneKTpOHOM a .nayx 

HanpaaneHHHX paaeH 2rr 1 a sHeprHH coy.napeHHH .nocTaTO'IHa .nnH nonyqeHHH KB3 6onbwe 1. 

HaA.neM ycnoaHH aoaHHKHOBeHHH H cTa6HnbHoro cywe9TaoaaHHH o.nHosn.eKTpo.nHoro PBP. 

_nycTb llOnO)KHTenbHOe HanpH)KeHHe npHno:iKeHO K sneKTpo.ny 1 HSXO.LlHilleMyCH B HS'Iane KOOp.LlH-

HaT, 06oaHa'IHM () 
1 

- yron nponeTa, npH KOTc poM x = 0 , x < d (oqeaH.nHo, 'ITO ()
1 

> rr 

H HMeH BBH.LlY I 'ITO npH () = 2 1T I X = - vk X = 0 llOCne ~HTer'pHpOBaHHH ypaaHeHHH .LlBH)Ke-

HIIH 1 Mbl nony'IHM cne.ny!OillYIO CHCTeMy ypaaHeHHfi: 

~ [cos ¢ - cos ( ¢ + () 1 ) ] y()1+{30 =0 (9) 

~ [ () cos ¢ + sin ¢ - sin ( ¢ + () ) ] - Y, y () 
2 + {3 0 < 1 1 . 1 1 0 1 

( 10) 

{3k 2 rr y - f3o ( 11 ) 
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~ J I . 
1 

•ro 

o6-

'ie-

LIS- _ 

a-

: Ha-

!pas-

- TT y - -- p_Q_ 
cos¢ 

PaCCM8TpHB8H ¢a30BYID YCTOA'iHBOCTb npouecca, KOTOpaH HMeeT BHLl: 

nonyqaeM B bipa)KeHHe: 

.; > ~!!Y_.::__§._g_ 
2 rr sin¢ 

ae 
a¢ 

0 I 

P e waH COBM e CTHO ( 12) H ( 13), n o ny'iHM ycnOBHe yCTOA'iHB OCTH B OKOH'i8TenbHOM BHLle: 

.; ~ __ !!_Y _ _ _ _ 

2rrsin¢ -cos¢ 

( 12) 

( 13 ) 

( 14) 

VIa ( 12), ( 14) BHLlHO, 'iTO o6n ,::.:: Tb BOaMO)KHblX ¢aa Bbine Ta aneKTp OH8 ne)KHT B HHTepsa-

ne 90° > ¢ > 9° ( T8K K8K 

(9) H (10) H npeHe6peraH, 

y < 

2rrsin¢-cos¢>{J, tg ¢>.1_ , ¢> 9°), noLlCT8BHM (12) B Bblptt)K e HHB 
2TT 

KBK o6bi'iHO , senH'iHHoA (3
0 

, nony'iHM cneLiyiDWHe B bipa)KeHHH: 

~-~-- + ctg 01 
TT sin 0

1 

1 

TT ( 0
1 

- sin 0
1 

) + TT tg ¢ ( 1 - COS 0
1

) - . YJ e l 

( 15 ) 

( 16) 

BocnonbaosaswHcb (15) H (16), nocTpOHM aaBHCHMOCTb y = y(¢) , aHa (12)- .f =.f (¢). 

3TH KpHBbie npHBeLieHbl H8 pHC. 2 H noaBOnHIDT Hay'iHTb noBeLleHHe rp8HHU o6naCTH cyweCTBO

B8HHH paapHL18 B 38BHCHMOCTH OT BenH 'iHHbl CMeweHHH y , HH)KHHH rp8HHU8 o6naCTH H8XOL1HT

CH nocne H8nO)KeHHH ycnOBHH yCTOA'iHBOCTH npouecca ( 14), KOTOpoe H8 pH C. 2 H306pa)K e HO nyH~t' 

THpHOA nHHHeA, BepXHHH rpaHHU8 o npe Li e iiHeTCH C nOMOWbiD KpHBOA M8KCHM8IIbHO LlOnyCTHMbiX 

3H8'ieHHA y • Ha pHC. 3 nocTpoeHa nony'i e HHBH TBKH M o6pa30M ¢yH KUHH .; = ,; ( y ) Vl3 

XOL18 3TOA KpHBOA BHLlHO, 'iTO rpaHHUbl o6naCTH c6IIH)K8IDTCH npH yB eiiH 'ieHHH CMeWeHHS'I 'II npH 

3H8'ieHHH y ::: 0,11 OLlHOaneKTPOLlHbiA pa~pHLl LlOII)KeH npeKp8THTbC H, MoMeHT ero B03HHKHOB e .

HHH onpeLienHeTCH MHHHMBIIbHOA aHeprHeA coyLiapeHHH, Heo6XOL1HM OH LliiH n o ny'ieHHH KB3 > 1. 

npHBeLleHHbiA BbiWe 8H8IIH3 LlBH)KeHHH 3IIeKTpOH8 B SIIeKTpH'ie CK OM none CLleii8H C HeKOTo-

pb!MH ynpOW eHHHMH: He y'iHTbiB8eTCH 38BHCHMOCTb pacnpeLieneHHH BTOpH'iHbiX 3 II e KTpOH OB no 

yrnaM H CKOpOCTHM BhliieTa OT 3HeprHH H yrna naLieHHH nepBH'iHhlX SIIeKTpOHOB, npe He6pe raeTCH 

npOCTp8HCTBeHHbiM 38pHLlOM H BIIHHHH e M HeOLlHOpOLlHOCTH nOII5!, 

HeCMOTpH H8 OTMe'ieHHble HeLlOCT8TKH, T8KOA MeTOLl pew e HHH u e n e c oo6p83HO HCn OII b30B8Tb 

LlnH K8'ieCTBeHHOr'O 8H8IIH38 p e30H8HCH0r' O p83pstL18, BCIIeLlCTBH e ero H8r'IIHLlHOCTH H npOC T OT hl 

M8TeM8TH'ieCKHX BbiKII8Ll OK, 

nnH nposepKH CLlenaHHhlX 3LleCb OUeHOK H nony'ieHHH 6onee TO'iHhlX K OnH'ieC TB eH HhlX COOT

HOWeHHA 6bin nOCT8BIIeH 3KCnPpHM e HT, 

3. AnnapaTypa H MeTOLlHKa aKcnepHMeH~a 

CxeM8TH'ieCKHA BHLl akcnepHMeHT8nbHOA YCT8HOBKH IIOK838H H8 pHC. 4 , 0Ha COCTOHT H3 
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MOWHOr'O 8BTOr'eHep8TOp8, C06p8HH0r'O no .C!ByXT8KTHOH CXeMe 118 naMnBX rY-22A, 11 CTeKnSIH

HOr'O KOnOKOna C KpyrnbiMI1 MeTannH<IeCKHMH aneKTp0Ll8MH . BepXHHi! aneKTPOLl HenOLlBH>KHO 38-

KpenneH, 8 Hli>KHHi! MO)!{eT nepeMeCWBTbCSI no BepTHK8nH - nonO)!{eHHe ero TO'!HO K OHTpOnHpy

eTCSI • .!lnH yMeHbWeHI!SI BnHSIHHSI Kp8eBblX 9cp<l:JeKTOB B p83pS!LlHOM npoMe)!{yTKe Llli8MeTp aneKTpO 

LlOB Bb!6paH M8KCHM8nbHO B03M0)!{Hb!M If p8BHb!M 20 CM . nnaBHOe li3MeHeHHe BbiXOLlHOl! MOW

HOCTH reHep8TOp8 OCyWeCTBnSinOCb C nOM () WbiO liHLlYKUHOHHOr,O cp830perynSITOpa, KOTOpbll\ ynpaB-

nSieT MOMeHTOM 38)!{1fr'8HHSI THp8TpOHOB BbinpSIMHTenSI If MeHSieT BenH'lHHY 8HOLlHOr'O HanpS!)!{eHHSI 

OT 0 no 5 KB. Bo BCeM LlHBna3oHe <IBCTOT OT 9 no 23 Mru reHepa To p pa3BnaaeT Kone6aTenb

Hyid MOWHOCTb, LlOCT8TO'!HYIO LlnSI nony'leHHSI H8 aneKTpOLl8X He06XOLlliMOr'O H8npSI)I<eHHSI 6 e3 

npHM e HeHHSI npoMe)!{yTO'lHOr'O pe30H8HCHOr'O KOHTypa. 

MaKCHM8nbHOe paCCTOSIHHe Me)!{LlY aneKTpOLl8MH p8BH O 1 5 CM, 11 MeHSISI ero <I e pe3 1 CM , 

MO)!{HO nony<IBTb HHTepecyiOWHe Hac 38BHCHMOCTH c M8nbiM waroM H3MeHeHHSI fd • B biCOKo

'IBCTOTHoe H8TipS!)!{eHHe H8 aneKTpOLl8X li3MepS!nOCb C TO'!HOCTbiO He xy>Ke 3% CT8TH'!eCKHMH 

aonbTMeTpaMH THna C-95 . 

npeLlB8pHTenbHOe p83pe)!{eHHe B 06'beMe C03Ll8B8nOCb <i:JopB8KYYMHblM H8C OCOM THTI8 

PBH-20, BbiCOKHi! BBKYYM nocTHrancH c noMOWbiO 8rperaTa THna BA - 0 , 5-l. · Ha ¢n8Hue B8KyM-

HOr'O arper8T8 KpenHTCSI 383eMneHHhlii aneKTpOLl If HMeiOTCSI CTieUH8nbHhle OTBepCTHSI LlnSI OTKB'!-

Kif CTeKnSIHHOr'O KOnOKOna . YnnOTHeHHe KOnOKOnB H8 pe3HHOBOM KOnbu e OK838nOCb H8Lle)!{H hlM 

-5 
B p860Te If n03BOnHnO nonyqaTb p860'1Hii B8KYYM : 1• 10 TOp. qepe3 15 MHHYT nocne H8-

nyCK8 B 06'beM 8TMOC<i:Jephl, .!lnH H3MepeHHSI Ll8BneHHSI HCTIOnb30B8nCSI CT8HLl8pTHhlii M8HOMeTp 

BYIT- 1 c naT'IHKaMH nT-2 If nM- 2. 

- 5 
npli Ll8BneHHH 1· 10 TOp, LlnHH8 CB060LlHOr'O npo6era aneKTpOHOB MHOr'O 60nbWe BenH-

'lliHhl p83 pS!LlHOr'O npOMe)!{yTK8, HOHH38UHSI MOneKyn OCT8TO'lHOr'O r'838 M8nOBepOSITH8, If npo6ol\

H8SI H8TipSI)!{eHHOCTb TIOnH Cn860 38BHCHT OT npHpOLlhl r'838 If ero Ll8BneHHSI, 

B /10/ 
npHBeLleHbl pe3ynbT8Tbl HCCnenOB8HHSI HI13KOBOnbTHOr'O p83pS!Ll8 H8 '!8CTOTe 

15 Mr'U npH LlnHHe 3830p8 15 CM B WHpOKHX npenenax H3MeHeHHSI Ll8BneHHSI, Ha BOCTip0!13BOLlli

MOM 3LleCb pHC. 5 TIOK838HO, 'lTO npH Cp8BHHTenbHO Bb!COKOM Ll8BneHHH BTinOTb LlO Ll8BneHHi! 

n o pSILlK8 HeCK OnbKHX MHKpOH, B 06'beMe B03HHK8IOT p83 nH'!Hbie MOLllicpHK8Uiili nn83MeHHOr'O p83-

pS!Ll8, np!i Ll8nbHel\weM ynytiWeHHH B8KyyM8 TIOSIBnSIIOTCSI uTin83MOHLlblu, KOTOpb!e HC'le3810T npH 

s 1 · 10-
4 

Top. .!18nee H8'lHH8eTCSI o6n8CTb Ll8BneHHii, cooTaeTCTBYIOW8H "'lHCTOMY" PBP. noc-

ne B03HHKHOBeHHSI PBP H86n10Ll8eTCSI x8p8KTepHoe rony60B8TOe CBe'leHHe OCT8TO'lHOr'O ['838 1 

o6ycnoaneHHOe 6onbWOi! nnOTHOCTbiO aneKTpOHHOr'O TOK8 nBBHHhl . (CKopOCTH aneKTpOHOB, Heo6-

XOLlHMbie nnH nony<IeHHSI KB3 6onbwe 1, MHoro 6onbwe cKopocTeii, Tpe6y!OWHXCSI nnH HOHH38-

UHH MoneKyn n106oro ra3a) • 

.!lnH HLleHTHcPH K8Uiili rp8HHU p83pSILlHOi! o6n8CTH HCnOnb30B8nCSI TIOCTOSIHHb!i! TOK, KOTOp bl 1\ 

nOHBnSieTCSI B uenH aneKTpOLlOB , BCnenCTBHe TIOTI8Ll8HHSI 'l8CTH BTOpH'lHblX 9neKTpOHOB H8 CTeHKH 

COCYL18 . Vf3M e peHHe 9TOr'O TOK8 npOH3BOLlHnOCb npH TIOMOWH MHOronpenenbHOr'O r'8nbB8HOMeT-

pa T. M - 95. BbiCOKO<I8CTOTHoe H8npH)!{eHHe reHep8TOp8 c BHTK8 CBSI3H nonaa8nocb Ha aneKTpo-

Llbi qepe3 6onbWYIO p83LlenHTenbHYIO eMKOCTb, 

nocne ao36y)!{LleHHSI PBP c noaepxHo~TH aneKTponoa BbiLlenHIOTCSI 6onbwHe KonnqecTB8 

ancop6HpOB8HHoro r'838 H nponyKTOB p83no)!{eHHSI aaKyyMHoro M8Cna. HecMoTpSI Ha BbiCOKyiO 
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CKOpOCTL O TK84 KI1, naan e HI1 B B o6·beM e M OM B T nOB bi C I1TbC51 H8CT OnbKO , 'iTO B 0 36ynHTC H nn83 M B H

Hblil p83pHn. Cy LLl8CTBOB8HI1 B n n83MBHJ!Or'O pa3pHna B T 8 4 B HH B H B CK OnbKHX MHHYT 3 8M B THO M B HH-

BT rpaHHUbl o6naCTH , KOT Opbl B B03Bp8LLl8IOTCH K nepB OH848nbHbiM 3 H84BHH51M nHLLlb flO 

/ 12 / 
BHH HBKOTOpOr'O BpeMBHH 

E brno 3aMe4eHo , "!TO np11 nnHTenbHOa p a6oTe ycTaHoBK» Ha 9n e KTponax o6 p a3y e TcH pa n yM

Hoe KOnbUO n»9nBKTpH48CKOil flnBHKH. (Q llpHpone TBKHX nneHOK 11 BnHHHHI1 HX H8 p83pHn cywe -

/4 ,5/ 6 
CTBy!OT pa3nH"!HL>IB llpenfiOnOMBH1151 , npHlli1CbiB8!0LLlHB liM B8MHy!O pOnb llpli 803 yMne HHH 

pa3pHna). 

1..JTo6bi 1136eMaTb o6pa3oaaH11H nl19neKTpH4B CKOil nneHK11 11 yMeHbWI1Tb aepoHTHOCTb B03 HHK

HOBBHHH nn83MBHH0r'O pa3pHna BO BpBMH H3MBpBHUil, B8KYYMHblfi a rpe raT 6b!n CH86MBH 8 3 0THOfi 

BbiMOp8MHB8!0LLlBfi noayWKOli, a 9 n BKTponbi nepen pa60TOfi TW8TenbHO npOMbiBBnHCb 11 06B3r'8MH -

a ani1Cb non HanpHMBHI1BM, CTBHKH KOnOKOna T8KMB MOr'yT HBnHTbCH nononHHTBnbHbiM HCTO"!HHKOM 

nOMBX, nOCKOnbKY nonana!OWHB H8 H11X 9nBKTpOH b! Bbl3b!B8!0 T BTOpH4HY!O 9MHCCHIO CO CTBKna H 

npHBOnHT K nOHBnCHH!O 38pHna H8 C T BHK8X, VJ3-3a pHna HBnBHHfi, B03HHK8!0LLlHX 6onee HnH M B H B B 

c n yqaliHO , nOTCHUH an CTBKna MO)!( B T MBHHTbCH , 'iTO nprr aeneT K HBTIOCTOHHCTBY nonH B pa3pHn

HOM npoMeMyTKB H K nay3H8 4HOCTll ( r'HCTB pB3HCy) xapaKTBpHCTiiK , no9TOMY , BHyTpBHHHH n o a e px-

HOCTb cocyna 6bina noKpbiTa n poaonHLLlHM cnoeM caMH, nony'iBHHoil OT CMHI'BHHH yrneaonoponoa. 

nocTOHHHoe HanpHMBHHe Ha 9neKTpon nonaaanocb 4epe3 pa3BH3biBB!OWHfi qmnbTp oT cen e 

Hoaoro B b!TipHMHTB nH, HanpHMBHHB KOTOpOr'O H3M e HHnOCb OT 0 no 500 B . 

L!;JH BH3yanbHOr'O 06HapyMeHH51 onH09nB KTpOnHOr'O p83pHna npo nenanH Cneny!OIUB e: B 

UBHTpe 9 n B KTponoa nOM B W8JlOC b He 6onbLLl OC KOnH"!BCTBO 4YBCTBHT e n bHOr'O niO MHHOcJJ Opa ( BHnnB MHT) . 

nocne B03HHKH OBBHH51 pa3pHna, n o Mepe ya e nH4BHH51 CMBWBHHH , OnHH n!OMHHOcJJOp nOCTeneHH O 

noracan, T o rn a KBK npyrofi, H8XOnHWHfiCH Ha 9nBKTpone C nonOMI1TB nbHbiM TIOTBHUH8nOM, npo - · 

nonMan niO MHHBCUHpOB8Tb non neiicTB I1 B M 9 nBK T pOHHOli 6oM6apnHpOBKH, 

npll H3MepeHHH rpaHHU p83pHnHofi o6naCTH 6b!n0 38M B 4BHO, 'i TO p a3pHn MOMB T npOTB K8T b 

npn HanpHX<BHHHX, 3H84H T BnbHO OTnH48IO WHXC51 OT HanpHMBHHH 38M HI' 8 HH51 . no- aHnHMOMy, 9 T O 

npoHcxon»T 113-3a anHHHHH npocTpaHCTB B HHOro 38pHna. AnH ycTpaHB H H H anHHHHH npocTpaHcTn eH-

HOI'O 38pHna BbiXOnHOB H8TipHM B HHB r' BHe paTopa nnaBHO nonaonHnOCb K rpaHHU8M H3BHB pa3pHn 

HOH o6n8CTH , HanpHMBHHB C8MOCTOl'ITBnbHOr'O 38MHI'8HHH, npH KOTOpOM nOHBflHnCH nOCTOHHH blli 

TOK a uenH 9nexTponoa, np11HHManocb 3a rpaHHUbi o6nacTH PBP. 

Co6niOneHHe acex yKa3aHHbiX Mep npe nocTopoMHOCTH no3aonHno no6HTbCH noaTOpHeM OCTH . 
pe3yn bT8TOB H 113MBpHT b rp8H114HhlB HanpHMBHHH C yno s neTBOpHTBnbHOH T O 'iHOCTb!O, 

4. 06cyMnBHHB pe3ynbT8TOB 

Ha pHc . 6 H3o6pa)KeHa o6naCTb caMocTOHTen bHor o 38MHr a HHH PBP no p e3ynbTaTaM 

9KC n e pHMBHT8. 3H84BHHH rp8HH4Hb!X HanpHMBHHH COBnana!OT C TBOpHefi B nOpHnKe BBnH"!HH, 

/6-1 0, 12/ 
a T8KMB C naHHb!MH npyrHX HCCnenoaaTenefi , 38HHM8BWHXCH 8 H8nH30M pe3ynbT8TOB 

C Y4BTOM H848flbHhlX CKOpOCTBH BhlneTa 9flBK TpOHO B , 

3acnyMHB8 BT OC060r'O BHHM8HHH HanH'iHB neBOH rpBHHUbl o 6naCTH B pafiOHB f d :;: 90 Mr'U . CM . 

npH MBHbWHX 3H84B HHHX fd pa3pHn C8MOC TOHTBnbH O HB B03HHK8BT ( nonara!OT, 'iTO npH 9 TOM 
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'. 

/4/ -3 
K83 pasHo e.nHHHue). 8 .naHo aHa'leHHe d/>.. =-7,06·10 (Ed ::. 230), nony'leHHOe H3 pac-

'leTa, 'ITO K83 CT8HOBHTCSI MeHbwe e.nHHHUbi npH 3HeprHH coy.napeHHSI 200 3 B. 8 HaweM cny

'!ae , n O-BH.llHMOMy, 60nbWe COOTBeTCTBye~ .nelkTBHTe~bHOCTH 3HeprHSI B 50 38 1 npHBe.lleHH8SI 

/ 8 / . 
B , (CneUH8nbHbie H3MepeHHSI MHHHM8nbHOil: 3HeprHH coy.napeHHSI H e npOH3B O.llHnHCb), 

8 Onpe.neneHHbiX ycnOBHSIX H8nH'IHe nesoll: rp8HHUbl MO)!(eT OK838TbCSI none3Hb!M 1 HanpH

M e p, B OT.nenbHbiX y3nax clJH3H'IeCKOll: annapaTypbi, r.oe soa6y)!(.neHHe P8P S!BnS!eTCSI He)!(enaTenb,-

Hb!M, 3aMeTHM 1 'ITO B K8MepaX UHKnOTpOHOB 3H8'1eHHSI fd no HanpasneHHID M8f'HHTHoro nonS! 

06bi'IHO He npeBbiW8IDT YK838HHOil: 5enH'IHHbl, 3TO He 6onee, K8K C'I8CTnH50e CTe'leHHe 06CTOSI

TenbCT81 T8K K8K pa60'I8SI '18CTOT8 H p83Mepbl YCT8HOBKH Bbi6Hp8IDTCSI no .llpyrHM C006pa)!(eHHSIM, 

no5e.oeHHe 5epxHell: rpaHHUbl B o6naCTH 60nbWHX Ed , r.ne aHa'leHHe .; 6nH3KO K 

senH'IHHe, Bhl'IHcneHHoll: .nnSI Hyne5oA cpa3hl 5 hlneTa aneKTpOHOB .; 0,319), a T8K)!(e Teope-

TH'IeCK8SI 38BHCHMOCTb .f =!. ( cp) 1 H306pa)!(eHH8SI H8 pHC, 1, n0380nSIIOT .llyM8Tb1 'ITO .ll8YX3neK-

TpO.llHbiA p83pSI.ll .llOn)!(eH npeKp8W8TbCSI npH y 0,05. 

Ha pHc. 7 npHse .neHa aKcnepHMeHTanbH8SI 385HCHMOCTb rpaHHU oT 5enH'IHHbi cMeweHHSI. He

KOTopoe y5enH'IeHHe sepXHI?A H yMeHbWeHHe HH)!(HeA rpaHHUbl B pall:oHe EcM=5Q B MO)!(eT 

6hlTb o6bSICHeHo B03HHKHoseHHeM O.llH03neKTpo.nHoro paapH.na. OueHKH, npoH35e.oeHHhl~ c no

MOWbiD cpopMynbi (11) .nnSI Ed =202 Mru.cM ( y =-0,054), .naroT 3HaqeHHe 3HeprHH 3neKTpoHa 

8 3TOA TO'IKe BeCbM8 6nH3KOe K 50 38, npH y5enH'IeHHH fd Tpe6yroweeCSI .OnSI B036y)!(,lle-

HHSI O.llH03neKTpO.llHOf'O pa3pS!.ll8 3H8'1eHHe y 6y.neT yMeHbW8TbCSI ( T.e, npH peanbHO cywe-

CTBy ro WeM pacnpe.neneHHH 3n9KTpOH08 no CKOpOCTSIM 803M0)!(H0 O.llHOBp9M9HHOe cyweCT8088HHe 

o6eHx p83HOBH.llHOCTeA pa3pS!.08), 

8 .nanbHeAweM xapaKTep no5e.oeHHSI rpaHHU aHanorH'IeH pHc, 3. O.nHaKo, K8K H cne.nosano 

0)!(H.ll8Tb1 HM e iDTCSI KOnH'19CTBeHHbl9 p8CX0)!(,ll9HHSI 1 06ycnosneHHbie 5nHSlHHeM H8'18nbHbiX CKOpo-

CTe A BbineTa. 

8 e nH'IHHa rpaHH'IHOro HanpS1)!(9HHSI CMeweHHSI, npH KOTopoM nonHOCTbiD npeKpawaeTt::SI 

pa3pS!.ll 1 nOK838H8 H8 pHC, 8, 8 o6n8CTH 6onbWHX 3H8'1eHHll: fd , r.ne BnHSIHHe H8'18nbHOA 

CKOpOCTH MeHbWe CK83b!B89TCSI H8 pe3ynbT8T8X 1 nony'leHa 5enH'IHH8 y :_ 0,16, 'ITO cne.nyeT 
rp 

C'IHT8Tb xopowHM co5na.neHHeM c npoH350.llH5WHMHCSI oueHK8MH, y'IHTb!B8SI .nonyweHHbie npH 

3TOM 3H8'1HTenbHhle ynpoweHHSI, Pa3nH'IHOe nose.neHHe paapH.na B 38BHCHMOCTH OT 3H8Ka nocTOSIH

Horo H8npS1)!(9HHSI H8 sepXH9M aneKTpo.ne 06bSICHSI9TCSI HeCHMMeTpHeA H8llleA CHCTeMbi, Kor.na 

O.llH03neKTpO.llHbiA pa3pS!.ll B036y)!( .naeTCSI H8 HH)!( HeM 3neKTpo.ne , pe3KO B03p8CT8IDT 110TepH 

BTOpH'IHbiX aneKTpOHOB H pa3pS!.ll npeKp8W89TCSI p8Hbllle, (CnoA C8)!(H HM99T 11<Jr9HUH8n HH)!(He-

f'O 3neKTpo.na, 'ITO 6naronpHS! 'CCT5yeT nona.oaHHID Ha Hero '18CTH 3neKTpOH05 na5HHbi). 

Ha pHC. 9 H306p8)!(9'!8 B OTHOCHTenbHbiX e.OHHHU8X 388HCHMOCTb TOK8 OT H811pS!)!(eHHSI 

CM9WeHHSI H8 BepXH9M 3n9KTpo.ne npH clJHKCHpOB8HHOM 3H8'19HHH 8MnnHTY .llbl 8biCOKO'I8CTOTHOf'O 

H8npS1)!(9HHSI, 3H8'1HTenbH09 y5enH'IeHHe TOK8 na5HHbl npH 110.ll8'1e M8nOf'O CMeWeHHSI H8 3n9KT

pO.ll MO)!(eT 6biTb Hcnonb30B8HO .nnSI yny'lweHHSI Kn.n Tex ycTpoAcT5 1 B KOTOpbiX P8P npHMe-

HS!eTCSI .OnSI yMH0)!(9HHSI '18CTOTbl, ( npH 38.ll8HHOM . 3H8'19HHH f d , BbiXO.llH8SI KOne6aTenbH8SI 

MOWHOCTb onpe.nenS!eTCSI 0 rn88Hb!NI 06p830M 1 KOH8eKUHOHHbiM TOKOM 1 senH'IHH8 KOTOpOf'O orpa

HH'I9H8 npOCTp8HCT8eHHbiM 38pS!.llOM ), 

J..13MepeHHSI npOBO.llHnHCb C aneKTpO.ll 8MH 1 H3f'OTOBneHHbiMH H3 Hep)!(8BeroweA CT8nH, AHa-
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n o rH'lHbie aneKTpOLlhi "!3 apyrHx M e TannoB npo M hiwneHHoit 'lHC TO T bi ( Cu, Fe, Ti , A r ) H e npH

BenH K cymeCTBeHHbiM H3MeHeHH SI M rpaHHU p83pS1Ll.a, 'ITO C OB naa a e T C H 8 61110 lle HIISIMH T aMara-

/ 12/ 
Bhi • PBP He B03HHKaeT C OBCeM, ecnH noBepxHOCTb aneKTPOLlOB n oK p biTa p biXII h iM c n oeM c a -

)!{H, BepoSITHo, npH o6 hi'lHOH cTerieHH 3arpS13HeHHSI a THx Me T ann?B , KB3 6m13 KH M e)!{ay co6oli 

no BeiiH'lHHe ( H 60IIbWe 1 ) , 

M bi y)!{e ynoMHHanH, 'ITO B03HHKHOBe HHe nna3Me HHoro pa3 pS1Lla npHBOL111T K H3M e lieHI110 

rpaHHU PBP. np11 Cpb!Be pa3 pSIL18 KpaTKOBpeMeHHb!M B biKIIIO 'le HH eM r eHepaTo pa HIIH nyTeM ynyq

weHHSI BBKyyMa, o6nacTb cywec TB OBBHHSI PBP c y)!{ae TCSI HIIH pa3 pSIL1 npe Kpawae TCSI c o Bc eM , 

KBK 8TO npOHCXOLlHT H npH nOL18'le nOCTOSIHHOrO CMeWeHHSI, 8 3 8B I1C H MOCTH OT C OC T OSI HHSI S ll e KT

pOLlOB H npOLlOII)!{HTen bHOCTH nna3 MeHHoro pa3pS1aa, BpeMSI OTCYTC T B HSI PBP MO)!{ e T 6biTb pa3 -

IIH'lHb!M, 

/11/ 
Vf3BeCTHO, 'ITO CIIOH 8LlCOp6 HpOB8HHblX 8TOMOB 11 HOHO~ H8 noBepXHOC TH 8 11e KTpOL18 

BIII1SieT H8 pa6oTy · Bb!XOL18 H M e HSieT KOScpqlHUHeHT BTOpH'lHOH 8MI1CC11H, 3cpcp e K;r o6p8T..HMOro 

OTpaBneHHSI OKCHLlHhlX K8TOL1 0 B, B bip8)!{81011LIIlHCSI BO BpeMeHHOM yMeHbLU e HHH aneKTpOHHOA SMHC-

/13/ . 
CHH ( HanpHMep, ), HBBOL111T Ha MhiCnb, 'ITO npH'iHHoA npeKpaweHHSI PBP B Haw eM cnyqae SIB-

nSieTCSI yMeHbweHHe KB3 Bcne ac T E\ He aacop6uHH noBepxHOCTblO aneKTpoaa aneKTpooTpHuaTe nb

HhiX HOHOB, MO)!{HO npeanonO)!{ HTb, 'iTO. 6onbLUOe K OnH'ie CTBO OTpHU8TellbHb!X HOHOB KHCnopoaa, 

o6pa3y!OWHXCSI npH nna3Me HHOM p83pSI.Ue , C03.UBeT H8 Sll e KTpO.Ue TOpM03SIWee ane KTpH'ie CKOe 

none 11 yBenH'iHBaeT pa6oTy Bbrxo.ua. Co BpeMeHeM HOHbi p e KoM6HHHpy iOT , H SMHCCHSI noc T eneHHO 

B OCCT8H8BnHB8eTCSI , nocne npOLlOn)!{HTenhHOH OTK8'lKH, K Or.Ua KOIIH'i e CTBO OCT8TO 'lHOrO ra3a B 

o6neMe yMeHbw aeTcSI , p e uH.UHB OB oTpaBneHHSI He Ha6niO.uano ch, 

AHanor11'lHbie pe3 y llbTaTb i 6 binH n o nyqe Hb i npH B03 6y)!{neHHH nna 3M e HHo r o p a3pS1Ll8 B aTMo

ccpepe .upyroro a neKTpo oTp11uaTenbHoro r a3a-x nopa. E bwa HCn biTaHa TaK)!{e cepa, H e 3H8'ii1Te nb

Hoe KonJ.!qecTBO K OTopolt noMewanoch H e n o cpe.ucTBeHHO Ha Me.UH OM a n e KTpo ae. C cepoA PBP 

' npeKpawanCSI H8 HeCKOnbKO ,UeCSITKOB M11Hy T, np11qeM 8KCnepHM8 HT M O)!{HO 6 h!Jl0 nOBTOpSITb H e -

OrpaHH'leHHOe 'iHCnO pa3, 

HeCMOTpSI H8 TO, 'iTO OCT8n8Cb HeBb!SICHeHHOA 38B11CHMOCTb npO.U On)!{ HTenbHOCTH OTpa Bn e 

HHSI OT HanH'iHSI Ha noBepXHOCTH aneKTpO.UOB CnOSI OKHCI1 H .UHSn e KTpH'ie CKOA nne HKH, 8 T OT Cno

C06 MO)!{eT 6b!Th 11CnOnh30B8H ,UnSI n OL18BneHHSI pe30H8HCHOr o p83 pSI.U8 6e3 yxy.uweHI1SI .U06poT

HOCTH pe30H8TOpa, .D,nSI 8TOr O He06XO.UHMO , 'lT0 6 hi B 06'be Me npHCyTC TBOBano KOHTpOnHpyeMOe 

KOnl1qeCTBO OTpHU8TenbH biX HOHOB OTpaBnSI IOLUero B eLUeCTBa, nonyqeHHb!X T e M HIIH HHb!M CTIOC0-

60M ( TepMH'leCK11M pa3 nO)!{_eHH8M B B8KyyMe , B nn83MeHH OM pa3pSILle HnH non ,U e l\CTBH e M H OHH-

3Hpy!OWHX H3nyqeHI1A) , 

TaKHM o6pa3oM, paccMOTpe HHe · M e xaHI1 3 Ma PBP H pa3 nH'lHhiX c n oco6 oB e('o n o aaBne HI1SI, 

n o 3B OIISieT caenaTb cn e ayiOwHe B biBOLl bi, 

1. npH rpa HH'lHOA B e nH'lHHe noCTOSIHH Or O CM eweHI1SI PBP npe Kpa w a e T C SI B p e3ynbT8Te 

HapyweHHSI cpa30B b!X YCIIOBHA BbllleTa BTOpH'lH biX S lleKTpOHOB, He06XOLlHM blX LlnSI C yW e CTBO B8HHSI 

p e 3 0 118HCHOrO npouec ca, .D,nSI n o nS! niiOCKHX. aneKTpOLlOB rpaHH'iHbi e C OOTHOLUeH HSI Bb!TIOIIHSIIO TCSI 

C LlOC T8TO'lHOlt LliiSI npaKTH'ieCKHX OUeHOK TO'iHOCTblO npH 3H8'i e HHSIX fd > 250 MrU,CM 

y rp ::; 0,16• ,; B =· 2 fH~ 0 ,3·2), 3HaSI B e nlf'lHHY U
0 

, nerKO H8HTH a6COII IO THYIO B e ll11'iHHY rpa H11'i-

H Or O CMe weHI1SI H B b i'lHCIIHTb o6nacTh ·cywecTB OB 8HHSI PBP. 
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2. 8bJ60pOM BenH'IHHbl fd < _90 MrU.CM MO}KHO H36e}K8Tb B03HHKHOBeHHSI pa3pSI.ll8 1 TBK K8K 

npH 3TOM 3HeprHSI COy .aapeHHSI aneKTpOHOB B o6n8CTH pe30HBHCHbJX HaUpSI}KeHHA He.llOCT8TO'IH8 

.anSI nony'leHHSI KB3 6onbwe 1. 

3. PaapSI.ll He B03HHKaeT, ecnH _ UOBepXHOCTb aneKTpO.llOB UOKpblT8 8eWeCT80M 1 HMeJOWHM 

~enKo.aucnepcayJO cTpyKTYPY, HnH cnoeM aneKTpooTpuuaTenbHbJX HOHOB, TSK KSK KB3 noaepx

HOCTH CT8HOBHTCH MeHJ;>We l. 

3 a K n 10 " e H u e 

VJay'leHHe pe30HBHCHOrO 'pa3pSI.ll8 -UOK83ano, 'ITO HMeeTCSI HeCKOnbKO 803MO}KHOCTeA .llnSI 

ero UO.ll8BneHHSI, npe.acTaBnSIJOWHX npaKTH'IeCKHA HHTepec • .[lnSI UpOH380nbHOA CHCTeMbl sneKTpo

.llOB rpaHH'IHbJe COOTHOWeHHSI MOryT 6bJTb nony'leHbl C UOMOWbJO 'IHCneHHbiX p8C'IeT08 HnH 1 SKene-

pHMeHTan bH0 1 XOTSI UOpSI.llOK UpH8e.lleHHblX 3.lleCb BenH'IHH 1 no-BH.llHMOMy 1 cyWeCTBeHilO He H3Me-

HHTCSI. 

no.a·a'IS UOCTOSIHHOrO HanpSI}KeHHSI H8 aneKTpO.llbl MO}KeT HCUOnb30B8TbCSI He TOnbKO .anSI 

no.aasneHHH PBP 8 peaoHaTopax nuHeAHbiX H UHKnH'IeCKHX ycKOpHTeneA, HO H B aneKTpOHHbJX nepEO

KnJO'IaTenSix, pa6oT810WHX H8 8TOM BH.lle p83pH.ll8. 

QnacHaH ( oco6eHHO .anH 8BTOreHep8TOpOB) o6naCTb H8UpH}KeHHA 1 UpH KOTOpblX B03MO}KeH 

PBP, npeollloneaaeTCH npH 6onbwoA CKopocTH HapacTaHHH HanpSI*eHHH Ha aneKTpo.aax, npeBbJ

waJOweA cKopoCTb paaaHTHH PBP. _O.aHaKo "l?ouecc ycTaHoaneHHH cTauuoHapHoro cocTOHHHH 

p83pH.ll8 B .llBHHOA pa6oTe He paCCM8TpHBaeTCH. 
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