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1, B B e B e H H e 

11ccnenoB8HHe aneKTpOHHO-q>OTOHHblX flHBHeli B eemecTB8X C T.ll)Keflb!MH 8TOM8MH IlPH He-

6on&wux ·aaeprB>IX nepBB'IHblX '18CTBit (cOTHII Mae) npeACTaBmleT 3H8'1BT0flbHblll BHTepec Afl.11 

TeOpBII nueaell, T8K KB.K B aToll o6naCTlt. K8CK8AH8.II Teopu.11 BCTp0'18eTC.II C cepb03Hb!MB TpyA

HOCT.IIMH, CB.1138HHblMH C CHflbHOll 38BHCHMOCTblO ce'leHHli aneMeHT8pHblX ane1'TPOM8I'HHTHUX 

npouecCOB OT aHepI'HH H 6on&WHM pacce.llHHeM flHBHeBhlX '18CTH!l, 

l13y'leHHIO K8CK81(HblX npoueccoa B CBHHue H MeAH npH He6onbWHX aHeprH.IIX 6bm 

DOCBSIIUeH P.IIA pa60T, /\8BWHX caeneHH.11 0 pa3BHTHH flHBH.11 C I'ny6n11oll B cpenHeM
11

-
51

, 

Uen&ro H8CTO.IIIUell pa60Tbl, BbIDOnHeHHOll npH DOMOIUH KaMepbl BHnbCOH8 C nnaCTHH8MH, 

.l!Bfl.llflOCb aKcnepnMeHT8flbHOe H3y'leHne flHBHell, o6pa30B8HHblX B CBHH!le aneKTpOH8MH C 

aHepI'nell OT 45 AO 330 Mae, B nocnenHee epeM.11 aHanorH'l!IblM MeTOAOM 5bm BbIDOnHeH 

/6-8/ 
p.!!A pa6oT ·' pacwHpHBWHX o6naCTb HCCneAOBSHH.11 AO 1 raa, 

• 
2, TTOCT8HOBK8 aKcnepHMeHT8 

.nn.11 HCcnenoaaHH.11 aneKTPOHHO-q>OTOHHblX flHBHell, Bbl3B8HHblX aneKTpOH8MH B CBHHUe, 
. m; 

6hma HCilOflb30B8H8 KaMepa 8HflbCOH8 C nnaCTHH8MH, ycTaHoaneHH8.II Ha IlY'IKe aneKTpOHOB • 

3KcnepHMeHTbl 6binH BbmonHeHbl HS CHHXpOllHKflOTPOHe na6opaTOpHH .11AepHblX npo6neM 

0115111 B 1060 r. CxeMa OilblT8 npHaeneHa Ha PHC, 1, ·ny'IOK aneKTpOHOB B03HHK8fl B pe-

ayn&T8T0 KOHBepCHH y -.KB8HTOB OT pacnana rf' -Me30HOB, o6paayIOIUHXC.II HS BHyTpeH-

Hell MHWeHH CHHXp01WKJIOTPOH8, CBHHUOBblll KOHBepTop TOJIIUHHOli 4 MM 6bm noMeWeH nepen 

OTKflOH.IIIOIUHM MarHHTOM, Bbl/\efl.llBWHM aneKTpOHbl 38A8HHOII aHeprHH, 3ueprH.11 aneKTpOIIOB 

IOI · 
onpenen.1111acb MeTOAOM TOKOHecymell HHTH • Paa6poc aHeprrrn BBOAHMblX B KaMepy 

aneKTpOHOB COCT8B11.lln 5-7%, 

B ODbITe HCD0flb30Banacb K8Mepa BHn&COHa, AHaMeTpOM 40 CM, 8HanorH'III8.II no KOII-

/10/ 
CTPYKllHH ODHC8HHOII paHee H npHcnoco6neHH8.II /\fl.II pa60Tbl B pe)KHMe nepeKOMnpec-

CHH/ I l t. TTpH HCD0flb30B8HHH 6on&woro 'IHCna nnaCTHII MeTOA nepeKOMDpeCCHH D03BOnHn 

COKp8THTb llHKfl pa60Tbl K8Mepbl no cpaaHeHHIO C o5b!'IIIblM pe)KHMOM B nonTopa p838 

(no 60 ceKyHJ:d, KaMepa aano11a.11nac& CMec&ro aproaa c renneM no naeneHH.11 1140 MMpT,CT, 
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Puc. 1. CxeMa onhlTa. y - ny'IOK y -KBBHTOB, e - ny'loK aneKTpoaoa, 
K- CBHHITOBbtii: KoaaepTop, M - MarHHT, KB - KaMepa BHn&COHa. 

4 

llasneHHe I\ KaMepe CTa6HnH3HpoBanocb PTYTllblM KOIIT8KT!lb1M MSHOMeTpOM C TO'IHOCTblO 

llO 2 MM pT.CT. B KaqeCTBe pa6oqel! )KHllKOCTH HCnOn&3OBanacb CMeCb 70% 3THnoaoro 

cnHpTa H 30% BOllblo 3Ha'IHTen&Hoe· yMeH&llleHHe •'IYBCTBHTen&Horo BpeMeHH KaMepbl B CBSl-

3H C ucnon&3OB8HHeM nnaCTHH, yaenH'IHBIIIHX ee BffYTpeHHIOIO nosepXHOCTb, nOTpe6osano 

Jl<eCTKOll CHHXpOHH3ailHH KaMepbI c ycKopuTeneM. 

2 
BHyTpH KaMephl nOMe11Ianoc& 9 CBHHilOBblX nnaCTHH o6mel! TOnmuHol! 50 r/CM Ha 

nyTH ny'IKa: 4 nnacTHHbl: TonmuHoll no 3 MM, 2 nnaCTHHbl - no 4 MM H no OllHOii: nnacTHHe 

TOJIJIUIHoA 6, 8 B 10 MM. Bb!cOTa nnaCTHII COCTBBnS!ll8 100 MM, paCCTORlllle M8)KllY nnaCTB

H8MH - 25 MM. TTnaCTHHbl 6blnH noKpblTbl TOHKHM cnoeM 6aKenHTOBoro naKa. 

KaMepa cpOTorpacpHpOBanaCb CTepeocpOToannapaTOM. TTpocMOTP H H3MepeHHe CHHMKOB 
/12/ 

npoH3BOllHnHCb Ha CTepeonyne H penpoexTope 

3. 3KcnepHMe11Tan&11b1i! MaTepHan H ero o6pa6oTKa 

KaMepa 6hlna 3KCnOIIHpOB8118 B nyqxe aneKTpOIIOB npH 'leTblpex 3118'1e!IHSIX a11eprHH 

aneKTpOIIOB 330;!:.20, 230;!:.15, 130;!:.10 1r 45;!:.5 Maa. PaccMaTpHBaeMblii: a 1lan&11eii:11IeM 

3KCnepHMeHTan&Jlbli! M·aTepHan OCIIOB811 118 H3y'{e!IHH 1003, 321, 634 H 290 nHB!leii:, COOT

BeTCTse1111O. 

B nponecce pa3BHTHSI aneKTpOHHO-cpOTOIIJIOro K8CK81l8 cneKTp BTOPH'IHhlX '18CTHil 

H3Me11sieTcsi, CMSlr'laHCb C ,Yllane11HeM OT TO'IKH B03JIHKIIOBe!IHSI K8CK8/l8. TT03TOMY ace 

xapaKTepHCTHKH KaCKBllHOro nponecca cymecTae1111O aaaucHT OT a11epruu 06peaa11usi cnexTpa 

BTOpB'lllLlX aneKTPOIIOBx>. A11anu3 MHOrOKpaT11oro paccesiHHH aneKTpOHOB B aproHe,'KOTO

pb1i! cocTaanS!ll 70% raaa, Hanonmmlllero xaMephl, noKaaan, 'ITO onpeAeneHHasi aHeprusi 

o6pe3aHHSI cneKTpa MO)KeT 6bITb BBelleHa nyTeM OT6opa cnellOB aneKTpOHOB C onpelleneH

llbIM OTKno11eHueM OT nepao11a'lan&11oro Hanpaane11usi. Ha puc. 2 npuBe1le11a pac'leTHasi 

38BHCHMOCTb cpellH8~B81lp8TH'IIIOro OTKnOHellHH aneKTPOH8 OT nepBOHa'{an&11oro 11anpaane

HHSI OT 3HeprHH H 'npo6era aneKTpOHa B raae KaMepbl. 113 ;'{PHBbIX Ila puc. 2 BHllllO, 'ITO 

anH npo6era 25 MM (anuHa npoMe~yTKa Me)KllY nnacTHHBMH) oTKnoHe11ue anexTpo11a OT 

nepao11a'lan&11oro 11anpaane11usi CTaHOBBTCH aaM~THhlM npu aHepruu 1 - 1 ,5 Man u pe3KO 

aoapacTaeT. c aan&HeillllHM )'.Mell&11Ie11ueM aHepruH. TTpu a11anuae cpoTorpacpul! nua11eii: 6bmu 

1'.CVllO'l8HH H3 o6pa60TKH TP8KH C OTKJlOH8HH8M t > 3 MM Ha llllH!le 25 MM, 'ITO 3KBHBane.HT

IIO BBelle!IHIO acpcpeKTHBIIOl! 3llepruu o6pe3aHHH E , paa11ol! 1 - 1 ,5 Maa. 

KaK noKaaanu KOIITpOnbHhle H3Mepe11HSI, BH3yan&ll8SI oneHKa MHOroKpaTIIOro paccesi

llH.11 IIpH· npocMOTpe o6ecne,ruaaeT yaoaneTBOPHTen&Hbti! OT6op cneaoa c pacceH11HeM llO 3 MM 

x) 31leCb H HH)Ke Mhl He 6yaeM BBOllHTb pa3nH'IHH Me)KllY BTOPH'IHblMH aneKTPOH8MH 

H nO3HTPOH8MH. 
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PHc. 2. 3sBHCHMOCTb cpeAH8KBSAPSTHqHoro OTKnOHeHHH cneAS aneKTpOHS;/ii" 

oT BenHqHHbI npo6ers R B rsae KSMepb1. UmppsMH y KpHBbIX 

YKS3SHS aHeprHH aneKTpOHS B MaB. 

HS AnHHe npoMe>KyTKS KSMepblo npH npOCMOTpe 426 nHBHei! C 3HeprHei! nepBHqHbIX 

aneKTpOHOB B 330 MaB BCe TpeKH MelKAY nnsCTHHSMH 6btnH pS3AeneHbl HS TpH Knsccs: 

s-) cneAbl npHMbie, 6ea BHAHMblX HCKpHBneHHli; 6) cneAbl C 3SM8THblMH HCKpHBneHHHMH 

H B) cneAbl aneKTPOHOB, ABHrSJOWHXCH B rsae AH(jl<pyaHOHHO. B Ts6nm1e 1 npHBeAeHbl ASH-

Hble O pscnpeAeneHHH cneAOB aneKTpOHOB no 3THM KnSCCSM BO BCex 9 npOMe>KyTKSX KSM8pbl. 

T s 6 ·n H n s 1 

3,4 6,8 10,2 13,6 18,1 22,7 29,4 38,6 48,8 

s 640 936 1116 1127. 1851 881 600 381 251 

6 11 31 63 69 81 81 35 56 41 

B 23 24 59 96 82 106 142 127 94 
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Ha pHC. 3 IIOKa3aHbl pacnpeneneHHll. cnenoa aneKTpOHOB no OTK1IOHeHHllM l OT nepao-

na'IallbHoro HanpaanenHSI Ha nnHHe TpeKa B ~5 MM Jl1lll Tpex Knaccoa. PacnpeneneHHSI no

CTpoeHbI no pe3yllbTaTaM H3Mepe1rni! Ha penpoeKTOpe 100 Tp0KOB KaJKnoro Knacca. 113 pac,

npeneneHHil BHJlHO, 'ITO ace cnenu nepaoro Knacca HMeIOT OTKno11e11He He 6onee 1 MM, 

Jl1lll Knacca •5• T01lbKO 15% cnenoa HMeJOT OTK1IOHeHHe 001lbWe 3 MM H Jl1lll nocnenHero 

Knacca JO% cnenoB HMeJOT OTK1IOHeHHe MeHbwe 3 MM. OTcroJlA cne.nyeT, 'ITO cne]lbl Knacca 

·a• npHHa.nneJKaT B OCHOBHOM aneKTpOHaM C aHeprHei! MeHbWe 1 Maa, TOK 'ITO OT6op co6u

THi! KnaccoB •a• H •5• COOTBeTCTByeT BBeJleHHJO nopora o6pe3aHHSl cneKTPa Ha ypOBHe 

E = l - I ,5 . Maa. norpewHOCTb, CBSI3aH!laSI C HeonpeneneHHOCTbJO TaKOi! KnaccmjJHKaUHH cne

JlOB, 3Ha'IHTe1lbHO MeHbW0 CTaTHCTH'IeCKOH Jl1lll 0OllbWH!ICTBa npoMeJKyTKOB H npH011HlKaeTCSl 

K Heil nHWb B nocneJlHIIX npoMelKY,TKax KaMepbI. O.nHaKO Jl11Sl 3THX npoMelKyTKOB norpewHOCTb, 

CBSI3aH!lall C nonpanKaMII na He31j)lj)eKTHBIIOCTb perHCTpaUHH H lj)OH, B HeCK01lbKO pa3 npeauwa

eT CT0THCTH'I0CKyJO. 

4. KacKaJlHbie K£HBb1e 

IlonyqeHHbie KaCKaJlHbie KpHBbie N(Eo,E,t)- cpeJl!IHe 'IHCna aneKTpOHOB H no3HTpOHOB 

c aHeprHei!, 6ollbwei! E , Ha rnyoHHe nornoTHTeng t - npencTaaneHbI Ha pHc. 4 .nnst 

'IeTb1pex 3!1a'IeHHil 3HeprHH nepBH'IHUX aneKTpOHOB E O H E = 1 Maa. 8 3KCnepHMeHTallb-

HO nonyqeHHbie pacnpeneneHHSI 0blna nHeceHa nonpanKa Ha reoMeTpH'leCKyJO Heaq,q,eKTHBHOCTb, 

o6ycnonneHHYJO npocTpaHCTBeHHOH paCXOJlHMOCTbJO 1IHBHSI H KOHe'lHbIMH pa3MepaMII nep.BH'l-

11oro ny'lKa aneKTpoHoB. llnst onpe.neneHHSI nonpaaoK 0blnH OTo6paHbI 134 nHDHSI c nepBH'lHQi! 

aneprHei! 330 Maa Ha Kanpax C MHIIHMallbllbIM tjlOIIOM. llnSI HHX 0blnH H3MepeHbI KOOpJlHHa-

, Tb! TO'leK DbIXOJla aneKTpOHOB H3 nnaCTHH no OTIIOWeHHJO K OCH 1IHBIUt. TTony'leHHOe T0KHM 

o6pa30M npoCTpaHCTDeHHOe pacnpenene1me BTOpH'lHbIX aneKTpOHOB no3DOflH110 HSHTH cpen

HJOJO 3<p<peKTHDHOCTb perHCTpaUHH aneKTpOHOD Jl11Sl KSlKJl0ro npoMeJKyTKa. 31j)lj)eKTHBHOCTb 

perncTpaunn cne.noB B 1IHBHe OT aneKTPOHOB C a11eprnefi 330 MaB, OCb KOTOpbIX 6nH3Ka 

K cepeJlHHe ocneweHHOi! 30HbI, panHa: JOO% Jl11Sl nepBbIX Tpex npoMeJKyTKOB H yMeHbwaeTCSl 

no 60% .nnSI nocnenHero npoMeJKyTKa. 

KpoMe 3Toro no npocTpaHCTBeHHOMY pacnpeneneHHJO TO'leK BbIXOJla aneKTpOHOB H3 

nnaCTHH Obin OIIeHeH lj)OH OT 1IHDHei!, pa3BHBSJOWHXCSl DHe OCBeweHHOi! 30Hbl, <PoH, CBSI3aH

Hbii! C pa0OTOi! .,yCKopnTeng, H <pOH ecTeCTBeHHOi! paJlHOSKTHBHOCTH MaTepH81IOB KaMepbI Obin 

onpenene11 no lj)OTOrpalj)HSIM KSM0pbt, nony'leHHbIM D OTCyTCTBHe KOHBepTopa. B ny'lKe y -

KB8HTOB. 

KaCKQJlHbie KpHDbie, npHBe.neHHbie Ha pHc •. 4, D nonynorapHlj)MH'leCKOM MSCWTaoe 

xopowo annpoKCHMHpyIOTCR IlpSIMbIMH B o6naCTH, pacnonolKeHH0i! 38 MSKCHMYMOM. Bbl'lH

cneHHbie MeT0Jl0M HSHMeHbWHX KBanpaTOB IIOKa3aTenH COOTDeTCTDYJOWHX 3KCIIOHeHT 
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~ ~ 2 
IIM0IOT 3HB'l0Hllll: (0,050.±.0,003) CM /r, l-0,048:t.0,003) CM /r,l+0,050:!:.0,004) CM /r 11 

2 
(-0,10:!:.0,0l) CM /r AillI aHepr11ll 330, 230, 130 11 45 Maa,coOTB0TCTB0HH6. 

/1/ 
B pa60Te EnoKepa, KeHHH II naaocj>cKoro 6bmo noKa3aHo, 'ITO BHYTPH ca11Hua 

40% o6mell IIOH113Bllllll B MaKCHMyMe IlllBHlI C03Aa0TCSI aneKTpOHBMH, pacceSIHHblMH Ha3aA. 

Ilnll K8'10CTB0HHOli OU0HKII BKnaAa TaKHX aneKTpOHOB AillI 'laCTII IlllBHell 6bmll BB0ll0Hbl 

AOilOilHIIT0IlbHbl0 Kp11Tep1111 OT6opa - He C'll!T8Ill!Cb Cil0llbl 'IBCTHU, pacceSIHHblX Ha3aA OTHO

CIIT0IlbHO' OCII IlllBHlI. KonuqeCTBO Ill!BHeli AillI aHepruli 330, 230, 130 II 45 MaB COCTaBillI-

2 
no 426, ?:54, 303 H 2681 cooTBeTCTBeHHo. Ha Tonmnaax, npem.rmaromnx :W-30 r/cM , 

113-38 YB0Il11'10Hllll yrnosoli II npoCTpaHCTB0HHOli paCXOAIIMOCTH IlHBH0BhlX 'IBCTHU B03MOlK

HOCTb BblA0IleHHlI pacceSIHHblX Ha3aA aneKTPOHOB B MHOf'OnnaCTIIH'IBTOll KaMepe yxyAmaeT

ClI • Ha pnc. 4 npHB0ll0Hbl K8CK8AHhl0 KPIIBbie, nocTpoeHHhle AillI aTIIX IlHBHeli, KaK BIIAHO 

113 pHCYHKa, AOillI pacceSIHHbIX Ha3aA aneKTpOHOB COCTaBillieT B palioHe MBKCHMyMa KaCKaA

HOll KpHBOli OKOilO i0% H 6bICTpO yaen11'111BaeTCSI C TOilWHHOll nornoTHTSillI, 

IlnSI nony'leHHlI CB8A8Hllli 06 yrnoaoli paCXOAIIMOCTH Ill!BH0BbIX '18CTIIU 6bmH 113Mepe-

Hbl npoCTpaHCTB0HHhle yrllbl Bbln0Ta aneKTpOHOB OTHOCHT0IlbHO OCH IlHBHlI 0 AnSI acex 

npoMeJKYTKOB. Ha pnc. ti IlOK838Hbl KaCKaAHbl0 Kp11Bbl0 AillI pa3HblX MaKCHMBilbHblX yrnoa 0 • 

TenSI 

YrnOBbie pac~p0A0Il0Hllll BTOpH'IHbIX aneKTpOHOB B 3BBl!CIIMOCTII OT TOilWIIHbl nornOTH

AillI '10Tbipex aHepruli nepBH'IHbIX 'IBCTHU np11B0ll0Hbl Ha p11c. 6, 7. 

BalKHOll xap~KT0pHCTHKOli ,KaCKaAHOro npouecca lIBillI0TCSI HHTerpanbHblii npo6er 

IlllBHlI I(Eo, E) =JN(Ec, E ,t) dt • l1HTerpanbHhili npo6er CBSl3BH C aHepr11eli, nepBH'IHOli 
0 

'IBCTllllhl IlpOCThlM COOTHOW0H110M: 

E 0 =• I (E
0
,E) <sc0>/p(E

0
,E )=g(E

0
,E )I(E

0
,E ), (I) 

rAe £ - KpllTH'l0CKalI aHeprHSI, a t 113MepSieTClI B paAHBUIIOl!HhIX 0AIIHl!Uax. p(E
0

,E ) 

Y'IIITbIBaeT B!30A0HH0 aaepr1111 o6pe3BHIISI, a ycpeAH0HHhlii CeKBHC <sc11> .. yrnoayro pacxo-

• AIIMOCTb aneKTpOHOB (cM. p11c. 7). 

B Ta6nnue ~ npeACTaaneHhI aenH'IHHhI I(E O , E = I Maa), nony'leHHhie AillI '10Tbl-

p_ex· anepr11ll nepBll'IHblX aneKTPOHOB. l1HTerpailhl OT KBCKBAHhIX KpllBblX Bbl'IHCilSIIll!Cb uyTeM 

npOAOillK0HlllI KaCKBAHblX KpHBblX n COOTneTCTn1111 C HallA0HHblMH AillI HHX 3H8'10HlllIMII noKa-

3aTenell aKCilOH0Hll118IlbHOro cnaAa. 

T a 6 n H' u a 2 

Eo 1° . 
I(Eo' E = 1 Man) N(E

0
,E=1Man,t)dt · g(E

0
,E= l,M9n) 

(Man) 2 . 
(r/cM

2
) (Msa cM

2
/r} 0 (r/cM ) 

330 85,4 96,3 3,43 

230 57,8 64,8 3,55 

130 38,6 41,6 3,13 

45 16,8 . 17,:.? 2,62 
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5, 06cy]l{AeHH0 peaynbTSTOB 

Ha pHc. 8 npencTaaneHbl nony'leHHble B HaCTOlmleil pa60Te KSCKallHhle KpHBb1e ang 

nepSH'lHbIX sneKTpOHOB C sHeprHell 45-330 Mss COSM0CTHO C naHHblMH pa60T, SblnonHeHHbIX 
. /6,8/ 

S 9TOM lKe AHana30He SHeprHll , 

Jf(E0 ,E =IMeV, tt 

3,0 
,,-- ........ , 

,,' "i 
, \ 

\ J72 
\ 

2,0 

,,a 

'30 \ 
\ 
\ 
I 
I 
\ 

' ' ' ' ' ' \ 
' ' ' ' 

~ ,_ 
0 1 , , , , , , , , , , , , ,, , , .a, , , 2 , , , , , 

m m ~ M m ~ 
t,zjcM 2 

PHC, 8, KaCK8llHbl0 KpHSbie npH pa3nH'lHbIX :rnepI"HSIX nepSH'lHblX aneKTPOIIOS Eo • 3Ha'le
HHSI E 0 s Mas yKa3aHhI umj,paMH y KpHsh1x, Ha pHcy11Ke n0Kaaa11b1 THilH'lHhie norpew110-
CTH H3Mepel!HH, LlaHHble npH Eo=92, 19.l, 372 Mas S3SITbl H3 pa60Tb/61, npH Eo =277 Mas -

H3 pa60Thl/8/, 
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B nepaoli H3 HHX, BblnonHeHH0li npH noM0WH nponaH0BOli KaMepbI, aHeprHH o6peaaHHH 
. m, 

cneKTpa BT0pH'IHbIX 'laCTHU ·TaKlK8 COCTaBnHeT 0K0no I MaB • TTpH nony'leHHH KaCKallHblX 
/8/ 

KPHBbIX BO BT0poli paoOTe, BbmonHeHH0li C MHoronnaCTHH'laT0li KaMepoli BHIU,COHa • 

aHeprHH o6pe3aHHH perHCTpyeMoro cneKTpa aneKTp0H0B HenocpeaCTB8HH0 He BB0llHTCH. 

KpHT8PHH OT6opa Cn81l0B CB0JlHTCH K perHCTpaUHH Tp8K0B C a,W,eKTHBHblM nonsp.HblM yr

noM no OTH0W8HHIO K OCH nHBHH, He np8Bb1Wa!OWHM 60°, perucTpauuu TpeK0B 'laCTHU, npo

X0llHWHX B0nH3H OT OCH llHBHH H He pa~ceHBaIOWHXCH B raae. OT6op B aToli' paoOTe cneaoB 

6ea aaMeTHoro pacceHHHH.B raae C00TBeTCTBY8T T0My, 'IT0 aHeprHH o6pe3aHHH cneKTpa 

BT0PH'IHbIX aneKTp0H0B E n.onlKHa 0blTb oKono I Maa, T.e. T0lKe 6nH3Ka K BBeaeHH0i! B Ha

CT0HWeli paoOTe. KaK cneayeT H3 JlaHHblX HaCT0HW8li paoOThl (puc. 5), pa3nH'IH8 KaCKall

HbIX KPHBblX npH perHCTpaUHH BC8X BT0pH'IHblX aneKTp0H0B H aneKTp0H0B, cnellbl KOT0pbIX 
0 2 

nelKaT B K0Hyce 0;;; 60 • H8B81lHK0 B 061.1acTH t ~ 40 r/cM • 3TO n03B01lH8T cpaBHH-

BaTb KaCKallHble KPHBbie, npHB81l8HHble Ila PHC. 8 083 BB81l8HHH B HHX cymeCTB8HHbIX no

npaBOK. KaK BHllHO H3 pHC. 8, JlaHHb18 tic~x Tpex pa60T HaX0llHTCH B YllOBneTBOpllT8J)bHOM 

cornaCHH. 

3aaHCHMOCTb cpeauero npo6era I(E O , E } OT aHeprHH nepBH'IHblX aneKTp0HOB npuae-

ll8Ha Ha pHC. 9 no naHHblM HaCTOHWeli pa0OTbl H npyrux HCCll81lOBaHHil, BbinonHeHHhIX npu 
/6-8/ 

noMOIIIH Tp8KOBbIX KaMep • KaK BHllHO H3 aToro pHCYHKa, cpe)lHHli npoo,er llHHeliHO 

aaBHCHT OT aHeprHH nepBH'IHoro aneKTpOHa B llHanaaoHe aHeprui! nepBH'IHblX aneKTPOHOB 
/i3/ 

OT 45 llO 1000 MaB (cM. TaKlK8 ). 

CpellHHH a·enH'IHHa Koa(jxj>HUH8HTa g ( Eo, E =I MaB) B 4>opMyne (2) no JlaHHhIM HaCTO-
.. /8-8/ 

HW8li pa0OTbl ( Taonuua ~) H npyrux uccnenoaaHHH • Bbin0llH8HHbIX B o6naCTH aHepruli 
2 

llO 400 MaB, C0CTaBnseT (3,3:!:,0,4) MaB CM /r Hnu 21 MaB, ecnH t II3M8p.!1Tb B 

paaHaUHOHHblX 8/lHHHUaX (6,4 r/cM
2

'
141 

). Bocnom,aoaaBWHCb H3BeCTHblMH 3Ha'l8HHHMH 

<~;; 1,3 (pnc. 7J H KPHTH'l8CKOi! aHeprHH • =7,4 Maa
1141

, nonyqaeM: 

p (E 0 ,E = I Maa) = 0,46 :!:,0,10. 

TaKHM o6pa30M aHeprm1, Bblll81lHeMaH B llHBHe aa C'leT HOHH38UHOHHbIX noTepb aneKTpOHOB 

c E > 1 Maa, cocTaanseT TonbK0 nonoauHy nonHoli aHeprHH nHBHH. OcTallbHaH 'laCTb 

aHeprHH llHBHH pacceuaaeTCH aneKTP0H8MH C aHeprueli, MeHbweli I MaB. 

CornacHo aaHHblM Taonuubl I, HHTerpan 1 11ns ManoaHeprH'IHbIX aneKTpOHOB (rpynna 

·a•) cocTaBnHeT oKono 30% OT I(E
0
,E =lMaa), Hali11eHHoro 11ns rpynn 'a' H '6". 0Tc10-

11a cne11yeT, 'ITO cp81lHHe nOTepH aHeprHH aTHX aneKTp0HOB eqeTeepo npeebIW8IOT HOHH3a

UHOHHbl8 nOTepH penHTHBHCTCKHX aneKTPOHOB nHBHH H cpe11HHH aHeprHH "MHrKoli' 31l8KTPOH-' . 
Holi KoMnoHeHTbl • nneHH ( E < 1 Mae ) cocTaanseT OKono 0, I Mae. 3TOT BbIBOll cornacyeT-

cs C pe3ynbTaTaMH ebI'IHCll8HHli Kpoyq,op11a H Meccena
1151 

• 
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BbIIIOnHeHHble AO nocneAHero BpeMeHH paC'leTbI nHBHeli MeTO.ttOM cny'laliHbIX HCilbI-
. . 

TBHHli HOCSl'I' q,parMeHTBpHbili xapaKTep, H B03MOJKHOCTH np>1Moro cpaBHem,rn a:aumx .[IBHHbIX 

C pe3ylibTBTBMH 3THX pacqeTOB orpaHH'leHbI, Ha PHC. 10 npHBe.tteHa nonyqeHHB>! no AB/IHbIM 

HBCTO!Illleli paoOTbI · KBCKBllHBSI KpHBB>l N(E0 =200 M3B 1 E =l M3B) t ) H KPHBble, Bbl'IH-
. . E /16/ 

cneHHble .ttn>I E O =200 M3B H =I ,5 H 2,5 M3B • 3.tteCb )Ke .ttn>I cpaaHeHH>! npHBe-
' /15/ 

.tteHa KBCKB.[IHBSI KPHBB>I, Bbl'IHcneHHa>I npH BbICOKOM nopore o6pe38H~>l E =10 M3B • 

KaK BH.[IHO H3 PHCYHK8, p83nH'IHe paC'WTHb!X 3Ha'leHHli K8CKB.[IHOi! KPHBOi! H 3KCnepuMeHTBIIb

HO no,Iy'leHHbIX aenH'IHH He Bb!XO.[IHT 38 npe.ttenb! 20%. Y'IHTb!BaSI Tpy.ttHOCTH pacqeTa nHB

H>l npH M8nbIX .3Heprn>IX BTOpH'llll>IX 'IBCTHU H Heorrpe.tteneHHOCTb 3HeprHH o6pe3BHR>I, TaKoe 

cornacae cne.ttyeT npH3HaTh xopowHM. 

CpaBll8Jill0 3KCnepHMeHTanhHO H8ii.[leHHbIX K8CK8.[1Hb!X KpHBb!X (H8CTOrol!8>! p800T8 H 
/6-8/ I l 7 I ' 

.[18HHble ) C pe3ynhTBT8MH P8C'leToB MeTO.[IOM MOMeHTOB MOlKHO npoBeCTH noKa 

nHWh KOCBeHHbIM cnocooc!M, TBK KaK 3TH p8C'leTbl Ob!nH BbIIIOnHeHb! .ttn>I lIHBHeli, o6p830B8H

Hb!X He sneKTpOH8MH, 8 y -KB8HTaM11
1181

• H8116onee YllOOHO TBKOe Cp8BHe1111e MOJKHO npo-

- /19/ 
aeCTH .ttn>I HHTerp8nbHbIX npooeroa nuaHea, nocKOIIbKY corn8cHo p8C'leT8M , HHTerp81Ib-

Hbie rrpo6er11 nHBHei!, o6p830BBHHb!X 3neKTpOH8MH ii y -KB8HT8MH, 6nH3KH B cny'18e E >> E. 
/18/ 

0 

./ln>I Bbl'IHCneHHb!X MeTO.[IOM MOMeHTOB K8CK8.[1Hb!X KpHBb!X g ( Eo • e= (1!,0,5)Msa) = 
2 

=(l,8!,0,25) M3B CM Ir. 3T8 BenH'IHHB MeHhWe 3KCnepuMeHT8nhHO nony'leHHoro 3HB'le-
2 

HH>I (3_.3!,0,4) M3a CM Ir. 

B 38Kmo'leHHe nonh3yeMc>I cny'laeM rro6naro.ttap11Th IO,B. M8KCHMoaa, T. H. T0Mnnu11y, 

B.11. Opexoaa, B.C.CMHpHoaa, A.11. ToK8PCKyro, E.A,lliaaHeay 38 noMOlllh a p860Te, 

Mb! 6naroaapHbI M.M~ KynroKHHY, P .M. Cyn>1eay :a A.11. 4>ununnoay 3a oocy)KaeHH>I pe3ynh
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