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BBEilEH~E 

8 npocTe~weM cny4ae Teop~~ ~anyl.leH~~ BaeHnoea-4epeHKoea 

/V184/ npe,QnonaraeTc~, 4TO 3SPR*eHHSR 4SCTH~a ,QBH*eTCA B npo-

3PS4HO~ cpe,Qe npAMOilHHe~HO H paBHOMepHO Ha HeorpaHH4eHHO 

60llbWOM nyTH/t/. 8 3TOM CilY4ae, KSK lt13BeCTHO, H3Ily4eHHe xapaK

TepH3yeTCA OCTpO~ HanpaeneHHOCTb~ nO,Q yrilOM 

e' 1 
0

= arccos--
(3n 

/1/ 

r,Qe n - noKa3aTellb npenOMlleHlt1A cpe.Qbl; f3=v!c - CKOPOCTb 4ac

T\.1l.lbl e e.QHHHL.ISX cKopocTIII ceeTa. Ha ct>opMYilbl /1 I Henocpe.QcTeeH

HO nonyl.laeTcA noporoeoe ycnoeHe AilA V184: 

{3> !_ . 
n 

/2/ 

nopor TSK}f(e npHCYTCTeyeT B BbiPS>KeHHI-1 ,O,Ilfl cneKTPSilbHO~ nnOTHO

CTH lt13Ily4eHHA Ha 4SCTOTe w, npHXO,QR~e~CR Ha ,QiliiiHY a nyTH 4SC-

THL.I~ C 3SPA.QOM e: 

dW ~ ~ (1 - _1_) aw. 
dw c 2 (32n2 
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3.QeCb CJle,QyeT o6paTHTb BHHMSHHe, 4TO cneKTPSilbHSR nnOTHOCTb 

VI3Jly4eHHR B /3/ J1HHei:1HO 3aB!IICHT OT AilHHbl TpaeKTOpllllll 4aCTH~bl. 

Te me ceo~cTea HB4 nony4a~TCR, ecn111 eocnonbsoeaTbCR eecbMa 

HarnRAH~M MeTOAOM /2/ - paCCMaTP!IIBaTb IIIHTep$epeH~III~ BOilH, HC

nycKaeMbiX rapMOHIII4eCKIIIMIII OCU,HililRTOpaMH, pacnonomeHHbiMH BAOilb 

TpaeKTOPHH 4aCTH~~- H Ae~CTBHTenbHo, HanpaeneHHOCTb H3Ily4eHHR 

060CTpReTCR C yeenH46HI-'IeM AilHHbl TpaeKTOpHH 4aCH1U,bl, a CaMO 

H3Ily4eH!-1e Hl-'!me nopora ocna6nReTcR eo ece 6onbwe~ CTeneH!II. Ha 

3TI-'IX me C006pa*eHH~ CileAyeT, 4TO CBO~CTBa H3Ily4eHHR H3MeHRTCR 

AI1R orpaHH4eHHoa::i TpaeKTOpHIII 4aCTHU.bl. 

HMeHHO TaKaR aaAa4a peweHa e pa6oTe H.E.TaMMa 13 1, TaM me 

yKa3aHbl npeAeJlbl npHMeHHMOCTH ¢l0PMYJ1 /1/, /2/, /3/: 

<<>t 0 [(3n-1[»1, /5/ 

l 



a 
t 0 ~ 2v"""". !6! 

YcnoaHe /5/, 04eBHAHO, nepeXOAHT e /4/ npH ({3n-1) ~ 1, OAHaKo, 
ecm1 {3n M6Jl0 npeBbiW6€T e,qHHYI~Y, CT6HOBHTCR CYI.I.\€CTB€HHblM HMeHHO ycnoaHe /5/ . 

.QnA ,qanbHet1wero cne,qyer npoaHanl-131-1posarb BbtPa)f(eHio1e All.R 
cneKTP6JlbHOt1 n!lOTHOCTH lo13Jly46HHR, HCnyCK6€MOrO npH orp6Hio14eH
H0~ /,qnHHDH a I rpaeKTOPHH 4aCTH~bt, ABY~)f(y~eHc.R a 6ecKoHe4Hot1 
cpe,qe /3/, 00CKOilbKY AJ1YIH6 BOilHbl RBJl.R6TC.R €CT€CTB6HHbiM M6CWTa-
6oM ,QJlHHbl 1'P6€KTOPIIIH, 6y,qeM nOJlb3086TbC.R ee OTHOW€Hio1€M K ,\ -
,qm1He sonHbl a eaKyyMe. Tor,qa /3,4/ 

sin2 [ 2!J!!!. (..!..... - cos e ')] 
q 2 (.\) ~ .\ '_j}.n 

<-1-- cose')
2 

{3n 

---. 

H3 ~OPMYD /7/, /8/ BHAHO, 4TO BABDH OT nopora ({3n>1) 
pacnpe,qeneHHe HB4 14M€€T OCTPbiH M6K01MYM no,q yrnoM a~ 
yCJlOBHH 
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!8! 

yrnoeoe 
/1/ npH 

~ » 1, /9/ .\ 
KOTOpOe, 046BHAHO, COOTB€TCTByeT /4/, ECilH )f(€ YCJlOBHe /9/ He 
BblnOJlHR€TC.R, TO J.13Jly4€HH€ YTP64HB6€T OCTPYIO Hanpae.neHHOCTb, 
H B TeM 601lbWei:1 CTeneH"f, LleM MeHbW€ OTHOWeHHe a/A. npl-1 3TOM 
n01lO*€HHe M8KCHMYM8 B yr.nOBOM pacnpe,qe.neHI-11-1 H€CKOhbKO OTJlHLia
eTCR OT 38BHCHMOCTI-1 /1/,H 3TO OTilHL!He T8Kme B03pacTaeT C yMeHb
weHHeM a;A. BnepBble 3To 6btno oTMel.leHo e /5/ 1-1 noKa3aHo noToM 
3KCnepHMeHT811bHO B /6/. 

11HTepecHble oco6eHHOCTH a03HHKaiOT 1-1 a6J1H3f.1 nopora. 11HTep¢e
peH~HOHHbt~ 41l€H /8/ OnHCbtBaeT, KpOMe r.naBHoro nHKa nOA yr.noM OQ /1 I, e111e 1-1 pR,q 6oKoebix. C yMeHbW€HJ.1eM 3Heprf.11-1 LlaCTHttbt AO 
J.1 HH*e nopora /2/ r.naBHbti:1 nHK nOAXO,QJ.1T K rpaHHU,e pea.nbHbiX 
yr.nOB H86J110AeHHfl (0' =0) 11 38TeM J.1CLie3aeT 38 Het:f/?/, HO 60KOBble 
nHKH ocTaiOTCfl npH .n106oH 3HeprJ.1Y1 LlacTH~bl annoTb ,qo {3 ~o. TaKI-1M 
o6paaoM, nopor KaK TaKoeoH a J.13!1y4eHHYI 4acTH~bl c orpaHYILieHHoi1 
TpaeKTOpHH,, CTpOro roBOPA, OTCYTCTBYeT. 

f.naBHblei nHK HMeeT rpaHHU,bl TaM, r,Qe YIHTep$epeHL(YIOHHbli1 4JleH 
enepeble o6p81J.18€TCR B HYJ1b. 3TO npOHCXOAHT, KOrAa apryMeHT CJ.1-
HYC8 paaeH ±'IT. fpaHHU,bt )!{€ r.naBHOrO nHKa OK83biB810TCfl nOA 
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yrnoM* 8'::0 

1 
{3-

D± }:_ 

/10/ 

a 
np~ yMeHbWeH~~ ~ OT BepxHero 3Ha4eH~R, OnpeAe!lReMoro /10/, 

K H~mHeMy rnaBHN~ MaKC~MYM nocreneHHO HC4e3aeT. no3TOMy 3Ha-

4eH~e ~~COOTBeTCTBY~~ee nO!lHOMY ero ~C4e3HOBeH~ID, MOmHO C4H

TaTb npaKT~4eCKHM noporOM ~84: 

{3n - 1 -{3},_ • /11 I 
a 

TaKHM o6paaoM, A!lR paAHaropa orpaHH4eHHOH ron~~H~ y nopora 

acerAa cy~ecrayer o6nacrb 

1 

n+ L 
a 

< {3 < 1 

n- },_ 
a 

/12/ 

KOrAa rnaBHbli4 MaKCHMYM e~e He COBCeM HC4e3, HO BK!laA ero B ofi

~ee H3!1y4eH~e pe3KO CHHmaeTCR H HHTeHCHBHOCTb H3!1y4eHHR aaee

AOMO He YAOB!leTBOpReT /3/. 0TC~Aa, B 4aCTHOCTH, CTaHOBHTCR 

nOHRTH~M H $H3H4eCKH~ CM~C!l yc!lOBHR /5/, KOTOpoe B HaWHX 

o6oaHa4eHHRx ~opMyn~pyercR raK **· 

{3n -1 » {3~ , 
/13/ 

06CyA~B HanpaaneHHOCTb H3!1Y4eHHR H OK0!1000poroa~e RaneH~R, M~ 

nepe~AeM K aHa!1H3y 3aBHC~MOCT~ cneKTPa!lbHO~ 0!10THOCT~ ~3I1Y4e

HHR, AI1R 4ero B~4HC!1HM HHTerpan /7/, He BBOAR KaKHX-nH60 or

paHH4eHH~ Ha AI1HHY rpaeKTOPHH: 

dW 4rre2a 1 [.21ran 1 .2rran(l 1)] 
(1---) 8•--(- +1) -Si-- --- + ¢ 

{32n2 A {3n A {3n 
/14/ 

dA A 3 

*He06XOA~MO OTMeT~Tb, ~TO rpaHH~a, 

MOmeT OKa3aTbCR HeAOCTHmHMOio1 Aame npH 

ycnoe~e /5/. 

COOTBeTCTBY~U\aR {3:: --1-, 
n--A/a 

f3=1 , ecnH He a~nonHeHo 

** EcnH n o4eHb Mano npeablwaer 1 , TO HB4 Momer Bbl3b1BaTb ronb

KO YilbTpapenRTHB~crcKaR 4aCTH~a ({3=1), a rpe6oaaHHe K A!lHHe 

paAHaTopa ~ ero npo3pa4HOCTH CTaHOBHTCR 0C06eHHO mecTKHM: 

?!.... « (n-1). 
a 

3T~ COo6pameHHR, no-BHA~MOMy, HeAOCTaT04HO Y4~Tb1Ba~TCR npH 

pa3pa60TKe ra30BbtX 4epeHKOBCKHX C4eT4~KOB /8,9/ • 
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rAe 

¢~- _:_4e=-2-[Ci~(-1- +1) -Ci 2rran (-1- -1)] + 
A2f30 2 A {3n A {3n 

+~· -'ec.,2;:-'-[csin-2rr_an_(_1_·· +0- sin-2rr_an_(_1_ -1)] + 
. rran2A A {3n . A {3n 

2e 2 1 . 2rran ( 1 +--[(1- -)cos-- - + t) + (-1- + 
{3n 

1) cos ·z,.an <-1- - 1)] + n>. 2 {3n A {3n 

4e 2 
1 1+/3n +--- n 

A2{3n 1-{3n 

8e 2 ---. 

A {3n 

/15/ 

An~ AOCTSTO~HO 6onbWHX a MO~HO npeHe6pe~b 4neHOM ¢ 8 ~OpMyne /:1,4/ • 3aBHCio1MOCTb OT a, Ol.le.BH,QHO, 6y,QeT HeJH1He~H()~ ,Q() TeX nap, 
nor<a KS)I(,Qbli:1 1-13 14HTerpc;U1PHbiX CHHYCOB He .. ,QOCTHrHeT SCI-1MnTOTH-
4eCKOfO 3Ha4eHHR rr/ 2. 3a,QaHHaR. CTeneHb He11HHe~HOCTJ.1, B,Qa!lH OT nopora ,qocrHraercA. np111 ~eHbWI-lx · 3Ha4eHHRX a, 4eM aPnH3H nopora, . - - ' ', ' ' . ' ' nocKOJlbKY B noc.ne,QHeM cnyl..lae BTOpO~ HHTerpanbHb/!1 Cl-1HyC I'JPI-1-
6m'lmaercR K rr/2 e 

130
1_

1 
pas Me,QneHHee /HMeHHO 3To H npJ.1ee-

no 8 pa6ore 131 
K YCilOBHAM /4/ J.1 /5//. 8 TeX CilY48RX, KOr,Qa 

4JleHOM ¢ npeHe6pe4b He11b3A, 3SBVICHMOCTb /14/ OT {3 CTaHOBHTCR 
6ecnoporoeoi:1, nocr<oilbKY a /14/, /15/ Her HH O,QHorb 4neHa HJlH 
IIIX C04eTaHH.A·, KOTOpble 6bl HC4e3aJlH HH)!{e nbpora •. 3aBHCHMbCTb /14/ OT a B TaKOM Cl1Y4ae, eCTeCTBeHHO, TaK)!{e OCTaeTC.A cy~ecT
BeHHO HeilHHe~HO~. ~HTepnpeTa4Hfl ¢oPMY11 /14/, /15/, TaK )!{€ KaK 
J.1 J.1CXO,QHbiX /6/ J.1 /7/, He .ABJl.AeTC.A 311eMeHTapHO~, TaK KaK OHa 
8KJ1~4aeT 8 ce6.A J.1 H3ny4eHHe, CB.A3aHHOe C Ha4aJlbHO~ J.1 KOHe4HO~ 
T04KO~ ,QBJ.1)!{€HJ.1.A 4aCTH4~· 3TOT 3¢¢eKT KOH~OB MO)!{HQ B~,Q€JlJ.1Tb 
TOJlbKO 8 aCJ.1MnTOTH4eCKOM CI1Y4ael3/, 

KaK BH,QHO ltl3 npoee,qeHHOrO aHaJlH3a, Bee OCHOBHbJe xapaKTepH
CTJ.1KJ.1 HBLI cy~ecTaeHHO aaei4C.AT OT TOI1~14Hbl pa,qHaTopa. B HacTo~
~e~ pa6oTe, KpoMe TOro,npoee,qeHo 3KcnepHMeHTailbHOe Hccne,qosa
HHe yrnoebiX pacnpe,qeneHH~ J.1 3HepreTJ.14etKoi1 ·aasHCHMOCTlr1 J.1311y4e
HH.A, 8036y)!{,QaeMOrO 3JleKTPOHaMJ.1 B CJl~,Q.AHOt:i MJ.1WeHlr1 TOJl~J.1HO~ 1,24 MKM Ha ,QJ1J.1He 80JlH~ 4000 ~. npH TOI1~14He MHWeHH, BTpoe npe
BbJWa~~e~ ,QJ1J.1HY BOJlHbl J.13IlY4eHJ.1fl, OT4eTJlHBO npo.A8JlRIOTCR lr1HTep
¢epeHL.tlr10HHbl€ 3¢¢eKTbl t ca.AaaHHble c ee TOiliJ.Ilr1Hoill. B TO )!{e speM.A 
MHOrOKpaTHOe pacce.AHHe 3JleKTPOHOB 8 CJliO,Qe npJ.1 3HeprJ.1J.1 ,Qa)!{e 
Hlr1)!{e noporosoi/1 He CI114WKOM CJ.1JlbHO J.1X lr1CKa)!{aeT. 

RcHo, 4TO Heilb3.A np.AMO cpa8Hlr1BaTb 3KcnepHMeHTailbHble peaynb
TaTbl, nol1y4eHHbJe Ha Mlr1W€Hlr1·~ HaXO,QR~eillcR 8 BaKyyMe, C pac4e
TaMJ.1 no ¢opMyne /7/, koTopaR HanHCaHa ,QllR Ha6ntO,qaTenR, noMe
IJ.IeHHOro 8 Ty )!{e cpe,qy, B KOTOpoi1 ,Q8J.1)!(eTC.A 4aCTH~a. 8 nepBOM 
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np~6n~*eH~~ Heo6xoA~Mo, no Kpa~He~ Mepe, y4eCTb oTpameH~e 

~ npenoMneH~e Ha rpaH~~e cn~Aa-saKyyM. TorAa nony4~M 

dW sin28cos 20 
sin 2 [ ~ (1 - {3 ..j n2 - siri'O)] 

{31\ ./16/ 

To4Hoe peweHHe 3To~ 3aAS4H nony4eHO s pa6oTe 11 01 • 

Y4~Tb1Ba~, 4TO TpaeKTOpHR 4aCT~~b1 He orpaH~4eHa TOiliL\HHO~ 

M~WeH~, a 4SCTH~a np~XOA~T ~3 BSKYYMa, npOHH3b1BS€T M~WeHb 

~ YXOA~T B BSKYYM, Mbl nony4aeM Bblpa>KeHI-1€ AJm cneKTpallbHO~ 

nnoTHocn1 3Hepr-~H KaK pe3y1lbTaT cynepn031-1~HYI none~, reHepl-1-

pyeMbiX HS nyTI-1 ABYUK€HI-1~ 4SCTI-1~bl B BSKyyMe nepeA nnaCTYIH

KOC1 (P 1 ), HenocpeACTB€HHO B nnacT~HKe (P 2 ) V1 B saKyyMe 3a 

nnaCT~HKOi< (P 
3

): 

2 2 . 
~~ 8e {3 n sin 20\P

1
+P

2
+P \ 2 • /17/ 

d)\ rril 2 3 

( y4eTOM MHOroKpaTHOrO OTPS*€HI-1A H np€1lOMJleH~A HS rpaHI-!~SX 

YKS38HHble KOMnOHeHTbl nOI1R HMeiOT BYIA 

4n2cos0..jn2-sin2 e 
P 1 = xax 

(n2 cos e + ...; n 2 -sin 20)2 (1- {3 cos 0) /18/ 

rge 

( . 2rra . 2rra _ 1 -2-~0) x exp -1-- + 1--- v n -sm , 
!.{3 II 

( . 2rra . 2rra . 1 • 2 . 2e·)]1 
-exp-1--+1--yn -Sin xa, 

11{3 II 

1+(3cose 

...; n 2 -Sin2 O-n2 cos e 
a~[l-( 

V n 2- ·sin 20+ n2 cos fJ 

/21/ 
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8 o6uteM c.ny4ae !.13.ny4eH!.1e onpe,Qe.nReTCfl KorepeHTHbiM cno>K€HI-1€M 
80I1H TOI1bKO C KOHe4HbiX Y4aCTKOB TpaeKTOpt-11-1 4aCTH1.4bl, npi-1MblKatO
IJ.IHX C o6elo1X CTOpOH K rpaH!.11.4aM. 3TH y4aCTKJ.1 TpaeKTOPHYI 06bi4HO 
Ha3bl8aiOT nyTeM KOrepeHTHOCTYI, a ,Qlllo1Ha J.1X _ ,QJ1R ,QaHHOrO C11Y4'SR 
onpe,QenReTCfl ¢opMynaMJ.1 I A - AilYIHa B011Hbl 8 8aKyyMe/: 

(3>. 
20- (3cose) 

A 

/22/ 

/23/ 

COOTHOW€HH€ ,QJ11-1H KorepeHTHOCTH Mem,Qy co6oH, a TaKme C ,QJ1HHOi1 
80I1Hbl ,QaeT npe,QcTa8IleH1.1e o BKna,Qe H3!1Y4eHHR c paanH4HbiX y4acT
KOB TpaeKTOPYII-1 4aCTI-11.4bl, a TaK>K€ 0 erO HanpaBJ1€HHOCTI-1. 

3KcnEP~MEHT 

HeKoTopbre 1-13 paccMoTpeHHbrx 8brwe oco6eHHOCTei1 1184, o6yc.no8-
neHHbiX KOH€4HOi1 T0!1lJ.II-1HOH pa,QHaTOpa, 6bii1H HCCI1€,Q08aHbl HaMH 
3KcnepHMeHTanbHO c noMOIJ.IbiO ycTaHo8KH, no,Qpo6Ho on1-1caHHOH 8 pa-
6oTe111(MHW€Hb 6oM6ap,QHPOBanacb HMny!1bCaMH 3!1€KTPOHOB, KOTO
Pbl€ ycKopRnHCb KacKa,QHbiM reHepaTopoM. ToK ny4Ka 8 HMnynbce 
COCTa8!1RJ1 €,QJ.1HHL4bl MHKpoaMnep npH ,QJ1J.1T€JlbHOCTJ.1 I-1MnyllbC08 2-4 HC 
"' 4acTOTe noeTopeHHR 10 Mr1.4. Pert-~cTpHpoeanocb Hany4eHHe e 
cneKTpa!lbHOM AHanaaoHe AA = 100 A Ha AI11-1He eonHbr A=4000 A. 
6bi!1H !.13M€P€Hbl 9 yrnOBbiX pacnpe,Qe!l€HHi1 H 3HepreTI-14€CKafl aaBHCI-1-
MOCTb BbiXO,Qa J.13!1Y4€HHR no,Q yrnOM 40° K ny4KY ,QI1R 3HeprHI-1 3!1€KT
pOH08 OT 120 ,QO 280 K38, TO €CTb KaK Hlo1me, TaK J.1 BbiWe nopora ~BY /149 K38/. 

MeTO,Qlt1Ka lt13MePeHHR yrnoBbiX pacnpe,QeneHI-1i1 no cyuteCTBY He 
OTJ1J.14allaCb OT OnHCaHHOH 8 pa6oTaX /6, 12 , 13 /. 0cHOBHbiM M€TO,QJ.1-
4€CKJ.1M nplt1H1.4HnOM, o6ecn€4lt1BatOlJ.IHM He06XO,QHMYIO T04HOCTb lo13Mepe
HYIR yr!108biX pacnpe,QelleHlt1H, R811RJ1aCb 0,QHOBpeM€HHafl perlt1CTPal.41o1A 
J.1HT€HCJ.1BHOCTH J.1311Y4€HHR 8 ,QByX KaHa.nax /no,Q ABYMR yrnaMH/ -
cneKTpOMeTpH4€CKOM lt1 MOHHTOpHOM. T04HOCTb H3M€P€HJ.1R yr!lOBbiX 
pacnpe,Q€!1€HHi1 onpe,Q€!1RJ1aCb CTaTHCTJ.14€CKHMH norp€WHOCTRM1o1 J.13-
M€P€HJ.1R J.1HT€HCio1BHOCTio1 J.13Ily4€Hio1R 1o1 $aHa. 11HT€HCJ.18HOCTb lo13!1Y4€Hio1A 
8 060io1X KaHanax lo13M€PR.naCb C nOMOUibiO ¢OTOYMHOmlo1Te.neH, pa6oTatO
IJ.IIo1X B pemHM€ C4eTa $OT03Jl€KTpOHOB. 8 P€3YJlbTaTe Bp€M€HHQrO 
aHaJllo13a t1MnyilbCOB, nocTynatOutt1X OT ~3Y, nORBJlA.naCb B03MOmHOCTb 
OTA€I1RTb M€gfi€HHYIO KaTOAO!liOMI-1H€CL4€HL4J.1IO OT lo1CC.ne,QyeMoro J.13Ily4e
HJ.1R no epeMeHI-1 BbiC8e4!.1BaHt1R. Hcc.ne,Qoea.nacb TaKme no.nRPt13ai.41-1R 
lo13I1Y4€Hio11'1. 0nTI-14€CKaR CYICTeMa, BKJ1104atOlJ.IaR ,Q8a 3epKa.na, KOTO
pbre epa(4alli-1Cb BOKpyr OCJ.1, npOXOARuteH 4epe3 Mt1W€Hb. nepneH,QHKy
IlRPHO ny4KY 3!1€KTPOHOB, noaaonRna Bbi.QenRTb yaKHH y4acTOK cneKT
pa c noMOutbtO MOHOxpoMaTopa 6ea nepeMeuteHHR nocne,QHero. 



np~ ~3M€P€H~~ 3HepreTH4€CKO~ 3SB~CHMOCTH 8 YCJlOB~~X, KOr,Qa 

MHOrOKpSTHO€ pacce~HI-1€ 3J1€KTPOH08 HS M~WeH~ CY~€CT8€HHO ~3M€H~

J10Cb, onpeAe.neH~e cyMMapHoro aap~Aa 3neKTPOHOB, npowe,QWHX·4epea 

M~WeHb Sa 8peM~ 3KCn0311tli,IIIV1 1 OCYW,€CTBJ1~J10Cb C. nOMO~biO HHTerpa_

TOpa TOKa, CO~,Qio1HeHHOro C TOKOnpHeMHHKOM L\14IliiiH,Qplo14€CKOi:1 ¢lOpMbl, 

OXBSTbiBSIOW,erq ,QH8na30H yril08 .:!::20° • Heo6XO,QV1MO OTM€TI-1Tb, 4TO 

BblXO,Q H3J1Y4€HH~ Ha €AHH\.1L\Y aap~,Qa 3J1€KTPOHQB, npOW€,QWIIIX 4epe3 

Mlo1W€Hb, 06Hapy>KH88€T t-!€KOTOpy10 3S8HCIIIMOCTb OT speM-€Hl1., nocne 

no,Qa4H ny4Ka Ha MHWeHb s~XOA nocTeneHHO na,QaeT, np~~t6.n~~t>Ka~cb 

K B€Ilr.14~He, COOTB€TCT8yiOW,€~ HSCbiW,€HIIIIO ,QSHHOi:1 BP€M€HHOi:1 3aBII!C~

MOCT!II. np!114111HY 3TOrO ~BI1€H~~ 8bl~CHHTb H€ Y.QSilOCb. 3TO o6cTo~

Te!1bCT80 6bln0 y4T€HO 8 lo13MepeHII!~X 3HepreTIII4€CKOi:1 38BHCIIIMOCTH -

T04Kr.1 Ha rpa¢lHK€ COOTB€TCTBYIOT 1-13M€P€HIII~M, BblnOJ1H€HHbiM -4epe3 

1 4 noCile BbiBO,QS ny4K8 HS MHW€Hb, - TO €CTb 8 o6.naCTII! HSCbl

w,eHH~ BpeMeHHO~ 38BHCIIIMOCTH. 

XoT~ cniO,Qa 1o1 ~s.n~eTc~ .Q8yOCHbiM KPHCTannoM, see >Ke s HaWHX 

HCC!1€,QOB8Hio1~X ,QBOi:1HO€ Ily4enpei10MJ1eHH€ npSKTr.14€CKV1 H€ CK83b1Ba

€TC~. no3TOMy paC4€Tbl npo80,QI4!11-1Cb no ¢lopMynaM Ail~ lo130Tponkol:1 

cpe,Qbl, a noKasaTe.nb npenoMJleHH~ Ha AflHHe BO!lHbl 4000 A Ail~ 
CiliO,Qbl npii!H~MSI1C~, KSK H 8 pa6oTe/1SI,paBHbiM 1 ,58. 

06CY~EHHE PE3YnbTATOB 

Ha p~c.l noKa3aHbl yr.nosble pacnpe,QeneHI-1~ H3IlY4eH~~t~, sos6y>K

,QaeMor'Q""3ii'eKTpoHaMH P83I1~4HbiX 3Hepr~-ti4 8 CillO,Q~HOi:i MHWeHH TOI1W,Io1-

HOi4 12400 a. KaK BH,QHO, WIIIPHHa IIIX ,QOBO!lbHO 3H84HTeilbH8. ~flR 

60ilbWIIIX 3HeprHi4 3Il€KTPOHOB OHS onpe,Qe.n~eTC~ ,QIII$paKU,HOHHbiM~ 

yc.noeH~MH, no3TOMy 3Kcnep~t~M€HTSilbHble peaynbTSTbl Hen.noxo cor.na

CYIOTC~ C paC4€TaM~t~ no ¢lOPMYI18M 1171-/211. npH HH3Kio1X 3Hepriii~X 

yrflOBbl€ pacnpe,QeileHHR cy~€CTBeHHO HCKS>KSIOTC~ nO,Q BI1~~HH€M 

MHOrOKpSTHOrO pacce~H~~ 3IleKTPOHOB B CiliO,Qe. no 3TOi4 >Ke np~41o1-

H€ CHH>KSeTC~ ~ CTeneHb nOilRpH3SU,~III H3IlY4€H~~. 

Ha PHC.2 npHBe,QeHa 3a8~C~MOCTb nOJ10>K€HH~ MSKCHMYM8 B yr.no

BbiX pacnpe,Q€!1€HH~X OT 3Hepr~~tlo1 3!1€KTPOHOB. nyHKTHpHOi4 KPHBOi:i 

nOK83SHa 38814CIIIMOCTb, Bb1T€KSIOW,8~ H3 npe,Q€IlbHOi:1 T€0PHIII, KOTOpaR 

C Y4€TOM npe.nOMJ1€HHR Ha rpaH~~tU,e CillO,Qa-saKyyM npH06peTaeT BillA 

80 ~ arc sin}n2 - -
1- . /24/ 

fJ2 

noporosoe YCilOBIII€ 121, KOHe4HO, np~t~ 3TOM He MeH~€TC~ /T04K8 

nepece4eH!II~ nyHKTio1PHOi4 KPVIBO~ C OCbiO a6CU,HCCI, O,QH8KO Ail~ pa

,QH8Topa K_9H€4HOi:1 T0!1W.V1Hbl, KSK 8lo1,QHO 1113 paC4€T8 no nplo16IlV1>K€HHOi:1 

$OpMyne I 1 fi/ lwTp~-tx-nyHKTHpHa~ KPV!Ba~/ 1o1 T04HbiM ¢lopMy.naM I 1 7 I
/21/ lcnJ10WH8R KP1o1BSR/, pea.nlo13Y€TC~ YCilOBHbli:i nopor, COOTBeTCT

BYIOW,I-1~ nOJlHOMy IIIC4€3HOB€Hio110 rilSBHOrO MSKCHMyMa 143 06.naCTio1 
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so 

10 

30 60 91) JfJ 60 90 

8. zpaa 

,.. zoo 
E,K>B 

... 
Pac.2. 3aaHCHMOcTn rrono~eHHR 
MaKCHMYMa B yrnoBOM pacrrpe~e
neHHH OT 3HeprHH 3neKTpOHOB: 
cnnoruaan KPHBan - pac~eT no 
wopMynaM /17/-/21/; rryHKTHp
Han - rro ¢opMyne /24/; ruTpax
rryHKTHpHan- no ¢opMyne /16/; 
TO~KH - 3KCIIePHM€HTa.ribHble 
pe3yn:oTaTbi. 

8 

Pac.J. YrnoBhle pacnpe
~eneHHH H3JiyqeHHH C 
gn1moli sonHbl 1c ~ 4000 A 
AflH pa3JIH~HhlX 3HeprHH 
9neKTPOHOB: crrnomHaH 
KPHBaH - pacqeT no 
WOPMynaM /17/-/21/; 
e - H3nyqeHHe, ITOJIH

pH30BaHHOe B ITJIOCKOCTH 
aaOnro~eHHH; + - H3Jiy
qeHHe, rronspH3oBaHHOe 
B rreprre~HKYJIHpHoH 
ITJIOCKOCTHo 

(3 ~ I 
n+ A/a /25/ 

Ycnoa~e me /2/ s AaHHOM cny4ae 
yTpa4~BaeT $~3~4€CK~~ CM~Cn. 
3TOT BbiBOA nOATBepm,QatOT Yl 
3HepreT~4eCKYie 3aB~CYIMOCTYI. 

Ha pHc.3a noKaaaH~ aaa~c~
MOCn1 BbJXOAa ~3ny4eHI-1.R no,q 
yrnoM 40° OT 3HeprHH aneKTpo
HOB, paCC4J.1TaHHbl€ no $OpMy.naM 
/17/-/21/ /cnnowHa~ nHHH~/, 
no $OPMyne /16/ /nyHKTHpHa~ 
nHHH.R/, J.1 3KCnepi-1M€HTanbH~e 
T04KJ.1o noCKOJ1bKY a6con~THa.A 
cneKTpa.nbHa.A 4yBCTBI-1T€nbHOCTb 
YCTaHOBKJ.1 He J.13MepeHa, BbiXO,Q 
J.1311Y4€HYIR Ha PHCYHKe npHB€,Q€H 
8 OTHOCit1T€J1bHbtX e,QHHYI~ax, npt.1-
4eM MaKCYIMaJ1bHbl~ BbJXO,Q 80 BC€X 
c.ny4a.Ax npl-lH.AT paeHbtM 1. Hanlt1-
4Yie MaKCHMyMa o6yc.nosneHo TeM, 
4TO rnaeHbl~ nJ.1K HB4 np~--1 V'13Me
HeHHV'I 3HeprV'IYI 31TeKTPOHOB npo
XO,QJ.1T 4epea yro.n 40°,.Q11.A KOTo
poro V'ICcne,qyeTcR 3HepreTH4e-
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PHc.3. 0THOCHTenbHaR saBHCHMOCTb HHTeHCHBHOCTH H3ny

~ nag yrnoM 40° /a/ H nonHero Bb~oga H3n~eHHH 

/5/ OT 3HeprHH 3JleKTPOHOB: CllJlOWHaR KpHBaH - pacqeT 

no $opMyrraM /17/ -/ZI/; nyHKTHpHaH -no $opMyrre /16/; 
TO't!KH - 3KCriepHMeHTaJlbHbie pe3yJlbTaTbr; CTpenKoft IIOKa-

3aHa noporoBaH 3HeprHH, onpegenHeMaH H3 ycnOBHR /2/. 

' 

l'O 

CKSFI 3881-1CV1MOCTb. 3KcnepVIMeHT8!1bHble T0'-lKI4 HenJlOXO 11 J10)1(8TCA 11 

HB cn.nOWHYIO Kpi-'IBYIO., a paCXO)I{,Q6HI-1e C n.yHKTI-1PHOi:1 KPVIBD~ nOKS3bl

eaeT BKJlB,Q lti3Ily4eHVIA C ,YI..IBCTKOB TpaeKTOpl-11-1 4aCTVI~bl 8 BaKyyMe 

s6m1S1-1 rpaHML.t, KOTOpbrH He Y4111TbreaeTc.A ¢opMyno171 116/. V1HTeHcHs

HOCTb V13Jly4eHio1R ,QJlR noporosoH /1-13 yCI10Bio1R /2// 3HeprVIVI ,QOCTa

T04HO een~Ka ~ COCTaBn~eT OKOnO 15% OT ee MaKC~ManbHOrO 3Ha-

4eHH~. 

Ha p~c. 36 noKa3aHbl 3ae~c~MOCT~ nonHero BbiXo,qa l-13ny4eH~R oT 

3Hepr~~ 3J1eKTpOHO~. nyHKT~P,HaR KP~BaR noJ1y4eHa nyTeM 4HCneH

Horo ~HTerpH.poeaH~R no 8 y.rnoeblx pacnpe,qeneH~i11, pacc4~TaHHbiX 

no ~opMyne /16/, a cnnowHaR KP"BaR- no ~opMynaM /17/-/21/ .. 

MaKC~MYM Ha pac4eTHbiX Kpi-1BbiX CB~3aH C TeM, 4TO 4aCTb ~3Ily4eH~R 

npeTepneeaeT nonHoe BHyTpeHHee oTpa~eH~t~e Ha rpaH~l.le cn~.Qa

eaKYYM ~ He BbiXO.Q~T ~3 nnacT~HK~ • 3KcnepHM€HTailbHbl€ T04K~ no

ny4€Hbl a pe3y.nbTaTe rpa¢1~4ecKoro ~HTerp1-1poeaH~R 3Kcnep~MeH

TanbHblx. yrnoBbiX pacnpe,qeneHI-114, HOpM~poeaHHblX c noMoW,biO 3Hep

reT~4eCKoi11 3aB~CHMOCTI-1, H3MepeHHOH .QilR yrna 40°. KaK e~.QHO ~3 

pHC.36,3KCnep~M€HTailbHaR 3aB~C~MOCTb B ~CCile,QyeMOM 3HepreT~-

4€CKOM .A~ana30He He .QOCT~raeT MaKC~MyMa, n03TOMY An~ cpaeHe

HHR C pac4eTHbiM~ Mbl COBM€CTHJI~ ee CO CnJIOWHOVi Kp~BOH B KOHL\€ 

3HepreTH4€CKoro ,QHana30Ha. 0TM€4€HHaR HeKoppeKTHOCTb He Mewa-. 

€T C.QenaTb BbiBO.Q, 4TO H~ paC4€THble, H~ 3KCnepHM€HTaJibHbl€ 3aBH

C~MOCT~- He 06Hapy~~Ba~T KaKI-1X-n~6o OC06eHHOCTei11 B6JIH3H noporo-
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Ta6nH~a 

E J3 ()"""" s,=s, s. 
K:>B rpa,u. 0 0 

A A 

120 0,58667059 22 2572,84 II793,53 
140 0,61956388 29 2704,82 18139,47 
160 0,64810625 33 2839,75 00 

100 0,67314781 36 2956,21 • 
200 0,6953!404 38 3076,03 • 
220 o, 71500021 41 3106,88 • 
240 0,7328167! 44 3099,53 • 
260 o, 74881006 48 3001,60 • 
200 0,76332243 til 2937,99 • 

soH 3HeprHH, onpeAellReMoalt 1.13 ycnoaHR /2/" np1.14eM nnaBHb!alt xapaK
Tep 3HepreTH4eCKOalt 38BHCHMOCTH COXpBHR~T KOMnOHeHT~ H3Jly4eHHR, 
o5yCJ10BJ1eHH~e KaK ABHmeHHeM 3aPRAB B cpeAe, TaK H B BaKyyMe. 
Ka4eCTBeHHOe npeACTaBJleHHe 06 HX BKJlaAe AaeT Ta6.111-14a, B KOTO
poalt npHaeAeHbl AllHHbl KorepeHTHoeTH AllR .\ = 4oo0.& BCniOAe (8 2 ) 
Yl 8 8aKyyMe (81:8 3 ) 8 3a8HeHMOeTH OT 3HeprHH 3JleKTp0HOB A11R 
yrn08 Ha6niOAeHHR, COOT8eTeT8yiO~HX MaKeHMyMaM H311y4eHHR. Ba
KyyMHaR AJ1HHa KorepeHTHOeTH COCTa8nReT npHMepHO TPH 4eT8ePTH 
A11HHbl 8011Hbl H3Jly4eHHR H cna6o H3MeHReTeR 80 SeeM 3HepreTH-
4eCKOM AHanaaoHe. AnHHa KorepeHTHOCTH a cn10Ae npH MHHHManbHO~ 
3HePrHH npHMepHO 8 TPH paaa npeBbiWaeT A11HHy BOJlH~ H311y4eHHR. 
no3TOMY KOMnOHeHTa H311y4eHHR C TpaeKTOPHH 4BeTH4~ 8 8aKyyMe 
MeHee HHTeHeH8Ha, 4eM KOMnOHeHTa, e8R3aHHaR C TpaeKTOpHe~ 
8 cpeAe. 

8blwe nopora HB4 AllHHa Kor.epeHTHOCTH 8 cpeAe aoapacTaeT AO 
6ecKOHe4HOCTH, HO, nOCKOJlbKY KOrepeHTHOe H311y4eHHe Ha61110A8eT
CR TOJlbKO C TpaeKTOPHH 4BCTH~bl, orpaHH4eHHOJit TOJl~HHOJit MHWeHH, 
TO HanpaaJleHHOCTb ero CPBBHHTellbHO HeBbleOKa, a BKllaA 8 non
HOe H311y4eHHe XOTR H QKa3biBaeTeR AOMHHHPYIO~HM, HO Bee me He 
no38011ReT npeHe6pe4b BBKYYMH~MH KOMnOHeHTBMH. 

3TH paCCY*AeHHR XOpOWO HJl~CTpHpyiOTCR pae4eTaMH no ¢opMyJ1aM 
/16/ H /17/-/21/, npHBeAeHH~HH Ha PHC.1-3. ~3 ¢opMyn /22/ H 
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/23/ BI-IAHO, 4TO Aillt!Hbl KOrepeHTHOCH1 OKS3b1BSIOTCfl KOHe4HblMH 

snnoTb AO f3 -~o 0. a cne,QOBaTeilbHO, Ha.ny4eH~t~e aapAAa, nponeTaiO

~ero 4epea nilSCTHHKy, He \IIC4e3aeT npH Ili060~ CKOPOCTH. 

npoee,QeHHbiH aHail\113 HSrilR,QHO ,QeMOHCTp\llpyeT OTil\114\lle CBO~CTB 

HBLI AilR pa,Q~t~aTopa Mana~ TOilW.HHbl oT cooTeeTcTBYIOW.Mx xapaKTe

p~t~cTHK, BbiTeKaiOUJ.HX \113 npe,QeilbHO~ TeopHH. 
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