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@ EpesaHcrcuu 4Juau04ecrcuu uHcruryr, \ 983r. 

B rrpe;D;!l,nymeii: pa6oTe [I] paccMaTpHBa.JICH Borrpoc rrpHMeHHMoc­

TH CIUfiITH..71JlffiUIOHHoro ;a;eTeKTOpa Ha ocHoBe KpHCTaJI.1.Ia .Na.I ( T f) 
B Kai:recTBe E- ;a;eTeKTopi. B ( cl E / d X , E) - TeJiecKorre B yCJioBH­

mc Bl:lCOKoro ypoBH.II ~ - cpoHa. c 8TOR ~eJibIO rrpoBepHJiaC:b pa6oTa 

TaRoro ;a;eTeKTopa B ycJIOBHSDC p~Hl:lx H3Mepemtii Ha BHYTpeHHeM 

rryi:rKe cHHXpoTpoHa • 

.UeTeKTOp pacrr~~CH B KaMepe ;a;eTeKTBPOBa.HIDI YCTaHOBRH 

"e-A" 'ITO IT03BOJiffJIO O,nHOBpeMemro c perHCTpl.UHe:ll: sapmtemrux 

i:rac~. BWieTaromIDC H3 MIDUeHH B pesyJibTaTe B3aHMo;a;e:ll:cTBIDI MeK-· 

TpoHOB c R,Il;pl.MH yrJiepo;a;a, ITpollI3BO;a;HT:b KaJIH6pOBKY ;a;eTeKTOpa ITO 

ITOJIOJKeH:IOO IIHKa OT yrrpyroro e-p pacceHHHH. Tmrni:rHaH KapTll!H8. 

crreKTpa i:racT:m:i:, perHCTPBPYeMHx ;a;eTeKTopoM, rroKasaHa Ha pHcyH­

Ke. KaR BH;a;HO H3 pHcyHKa,crreKTP llIMeeT .n;Ba xapaKTepH!:IX ~esKHX 

crra,na. 3TH CITa;a;l:l B03HHKa!OT H3-3a orpaHHi:reHHO:li: T~ KPHCTaJI~ 

JIB. K COOTBeTCTBYJOT rrpe;a;eJI:bHl:lM 3Ha'!eHHHM aHeprKH COOTBeTCTBeH­

HO rrpOTOHOB (380 KaHaJI) llI ;a;eii:TPOHOB (530 RaHa.JI), BHIDe KOTOPIDC 

OHR yxe He OCTaHaBJlltBa!OTCH B :KpHCTaJI.1.Ie llI,CJie;a;OBaTeJibHO, Bl:l;a;e­

JimOT 3HeprHIO, M8H:b!DYIO rrpe;a;eJI:bHOH. ,llaHHl:IH :KpHCTa.JlJJ. KMeJI T~~­

HY 40 MM, i:rTo cooTBeTcTeyeT rrpe;a;eJibHO:li: :;meprHH rrpoTOHOB Tp = 1 
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= 105 MsB H ;n;eRTPOHOB tq = 142 MaB. 

IlOCROJ!I,:Ecy" 3HeprOBH,IJ;eJleHHe B Rp:liCTSJIJie rrpH rrpox0'1t,ll;BH!m ero ,._, 

rrpoTOH.aMH He rrpe:sH!IIB.eT rrpe,n;eJtlilioro sHatieHIDI Tp , .To B o6JJ.a.CT:& 

cneKTp:t IIp:tBee 3TOro 3HatieHl'IJI rrpoTOHH He BHOCHT BKJia,IJ;a. To ~e ,._, 

MOJltHO cKasa T:o H o ;n;eliTpOHaX c sHeprHeli BHll!e T d • 8To 06cToa-

TeJl:OCTBO MOJ!tfIO HCIIOJ!I,30BaT:O ,IJ;Jlff orrpe,n;e.JieHIDI 3HepreTH'!0CKIDC 

cneKTPOB rrpOTOHOB H ,n;eHTPOHOB. ,lJ,mI 3TOro rrpe,n;IIOJ!OJIGIM, 'ITO 

BKJla,IJ; B o6myIO RapTJIBY crreRTpa' rrpe,n;CTa:BJI8HHYIO Ha p:1rnyHKe, OT 

Bcex THIIOB im.cTHU, KPOMe rrpoToHoB B oMac2'.H aHeprHH HIDKe T p J 

OIDICHBa.eTCH TOH ~e qwHKIUie~, 'ITO H BHme T p • Tor,n:a rryTeM aKc­

Tparro.rullnm B IDI3R03HeprH1IHJID oMaCT:O (T < 1 p) MOlKHO orrpe.n:e­

JUIT:O BKJia,IJ; 3THX 11aCTRn B o6myIO KapTmzy, 'ITO II03BOJJJ.IT BH,IJ;eJUIT:O 

crreKTP rrpOTOHOB. IlOJiy1I8HHhlH TaKHM rryTeM crreKTP 3HeproBH,n;eJleHHR 

rrpoTOHOB B KpHCTa.JJJle Na. I cKJI~aeTca HS HCTHHHoro 3HepreTH-

11ecKoro CII8KTpa npoTOHOB K IIOTep:o 3Hep!'KH rrpoTOHOB, HMe~ 

sHep:rmo BHllle rrpe,n;eJI:oH
0

0R. ,Il,a.nee, aa,n:aB aHepreTH'!ecKIDi crreKTP 

npoTOHOB B aHa.Jlll:TR1!8CKOM BH,IJ;e, MOlKHO Y'J8CT:O ,n:OJllO B~.na OT 

ITpoTOHOB, KMe~ 3HeprHIO BHllle noporoBOH K BOCCTaHOBHT:O HCTHH­

HbiH ·cneKTP rrpOTOHOB. 

MH npe~cTaB:wm: ~pe~Ji!RJibHOe ce11emre BHJteTa rrpoToHoB 

c aHeprHeH T rrpH B3aHMO,n;ettcTBHH 3J!8KTpoHOB c R,I(paMll B BJlf,JJ;e: 

(d6/dT)p= Ap Pp e;p(-T/Top), (I) 

r.n:e Pp - JiIMIIYJ!:OC BHJteTruoI11ero 1!3 R,I(pa rrpoTOHa, T - ero roraeTJ11-

11~cKaJI aHep!'IDl, A H Top - HeH3B0CTHHe KOHCTaHTH ll:HBapKaHT­

HOro aHepreTH'l:ecKoro crreKi'pa npoTOHOB. Tor,n;a 'l:HCJ!O npoTOHOB c 

I 3Hepni:en T :s HHTep:BaJte A T ' IIOIIa,Il;aIOIIIWC :s .n;eTeKTOp, MOlKHO 

rrpe~cTaBKT:D :s BJlf,JJ;e : 

.L 

J 

A N ~ ( T ) = fl 1 Pp e x p ( - T / Top ) ~ T, (2), 

a rroJIHoe 'l:ll:CJ!O rrpoTOHOB c sHeproBU,n;eJteHHeM B KPHCTSJIJie,paBHHM 

T B HHTepBaJie A T 6y,n;eT 

ANp(T) = t.N~(T) t AN; ('tp (T)), (3) 

r,n:e 

AN~(<tp(T))=f!, Pp exp(-'rp(T)/Top)/~iP/llT (4) 

- 'Il'!CJ!O rrpoTOHOB c sHepr:11eli <t p ( T) >-T p , KOTOpaR cooTBeTcT­

:syeT BH,IJ;eJIHeMoli B Kp:KCTaJ!J!e sHepnrn:, paBHOH T. 
\f?ymmrui: rr p ( T) orrpe;n;eJIRJJ.a.C:O CJ!e,n:y!(ll\HM o6pas OM. 

2arm:meM 01!8BH,IJ;HOe COOTHOmeHKe; 

R(CCp) = R (Tp)+ R(<tp-T), (5) 

~ 

r,n:e R ( x) - rrpo6er rrpoTOHOB c sHep:rKeli x, R ( T p) = R 0 - TOJ!-

l!1KHa Kp:liCTamta:. HcrroJ!:Dsya TaMK1IHHe ,naHHHe no sa:rui:CKMOCTH R(x)t 
a TaRllte COOTHOmeHHe ( 5) ' MOJKHO IT0Jty1Ill:T:O 3aBHCHMOCT:O T OT 't'f B 

BH,IJ;e Ta6Jmu; H IIOIIHTaT!>CH HaHTH 3MIIHp:H'!eC:eyID cpopeyJty, OIDICH:Ba!Q­

lllYIO 3TY 3aBHCll:MOCT:O. MH IIOJ!YtnPIH' 'ITO B IDITepecyBJ1l9H Hae o6JJ.ac­

TH 3HeprliH 3Ta 3aBHCll:MOCT:O xopomo OIIHCH:BaeTCH <!JoPMYJ!OH 

_, ol - f!> F ~ ( 't' p -T,.) 
Tp-T=fl('t'p-Tp) · • (6) 

,lJ,mI Kpll:CTaJ!J!a Na. I TOJ!I11KHOH 40 MM w IIOJ!Y1IKl!K CJte;n;yIOI11Ke 

S!Ja1IeHHH rrapaMeTpoB: A =7,77 ; cf.. =0,62 ; f->=0,0375 (aHep­

rmi: ll3Mepa:eTCH B MeraMeKTpoHBOJII,Tax) .Ha COOTHOmeHIDI (6) Jl6rRO 

IIOJ!Y'IKT:O ~ , 

'Lp'"Tp+exp[oL/2p(1- J1- ;~ f.n Tp~T) 1 (7) 
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R ,_, 

1 I cl'tp I= 'Lp- Tp 
qT Tp - T o{ - 2 f.d~ n. ( 'tp -% ) 

AHaJiorWIHaJI npoue.uypa npoBo~acb R ~ .neliTpoHoB. 

Cb!rn,IJ:aeMoe tmCJIO .neii:TpoHOB c 3HeproBH.ne~eH:HeM B KpRCTaJI~e 

HHTepBaJie A T npe.ncTaBJ!lieTCR B BR.ne: 

AN"' (T) "'L1Nd (T)+ ANd ('tci (T)), 

r.ne 

AN~(T)::: AaPcl exp(-T/To,4) L!.T 

.. I d'Ld I t.Nd-Ae.Pdexp(-Td(T)/T0 d) dT AT, 

@JHKIUUI 'Cd (T) 9npe.neJI.ffJ!aCb aHaJIOrH'IHO 't'p (T): 

(8) 

T B 

(9) 

(IO) 

(II) 

~ d..
1 

( J 1.i~· D T.,1.-T
0

)] (I2) 
't"cl(T)"'Td+exp[e_r.,' 1-1-o<,z t.n-P->- • 

IlpPI 3TOM MH TIOJrytm~ B =9,2I ; d..
1 

=0,62 ; fJ' =0,34. 

BKJia..n B o6Jlll'rli cneKTP OT ~yrHX THITOB tJ:aC'l'fill; A Nrp MH npe,It-

CTaBKJIH B BH,IJ;e: 

ANq, "' /(~ exp (- T / To'f>) AT, 

r,IJ;e A"' PI Tocp - He:li3BeCTHHe rrapaMeTpH. 

Tor,IJ;a OJKH,IJ;aeMl:lli aHepreTlitJ:ecKP!H cneKTP 'laCTPIU, 

MllX .neTeKTopOM' MOJKHO npe.ncTaBRTb B BH,IJ;e: 

(13) 

perHCTpP!pye-

Cl. N(T): A Np (T) +A Nd (T) +ti Nq, (T ). (14) 

JI.a.nee npOPI3BO~aCb IlO.IJ;I'OHRa BHPaJKeHPIR no.n 3KCTiepPIMeHTaJU:o­

HHH cneKTP MeTO,Il;OM Ha.PIMelil>!llliX KBaJJ:paTOB c U~D Oilpe,IJ;e~e.mm He­

R3BeCTHHX napaMeTpOB A1, A2, A3, Top, T0 4, T0~. 

6 

HanOMlll!M, tJ:TO R3MepeHWi npOBO,IJ;RID1Cb npR yr~e pe:rRCTpa.n;m! 

tia.cTRU"-'78° R 3H6Pl'HR Ha.JieTaxmmc a~eKTpoHOB, paBHOH 4,5 raB. 

06pa.60TKa ,na.HHHX npoBO,IJ;RJiaCb Ha 3BM E3CM-6 c RCilOJll:o30BrumeM 

no,n;aporpa.MMH FU MIL.! • IlpR 3TOM Beeb sKcnepRMeHTaJU:oHHH cneKTP 

pas.ne~CR Ha TPR ytJ:acTKa. IlepBH:lf y'!B.CTOK OXBaTHBaJI 180-320 Ka­

Ha.JIH a.HaJ!li3aTOpa, tJ:TO COOTBeTCTBY6T mITepBaJIY 3HeprID1 60...90 MsB, 

BTOpoii: y'!a.CTOK - OT 430-ro .no 500-ro (115 ... 130 MaB), TpeTllli 

ytJ:aCTOK - BHme 600-ro Ka:HaJia. 

OT!eBH):O{O, tJ:TO Ha BTopoM ytJ:acTKe ANp = O, a Ha TpeTbeM -

RANd=O. 
B pesyJlliTaTe no.nroHKll MH nOJIY~ .IJ.JUI rrapaMeTpa Top H~O-

Ha npoTOHHOrO cneKTpa 3HatJ:eHRe 

Top = 75 :g MaB. 

,lJ.ruI cpaBHeHWl saMeTRM, tJ:TO corJiaCHO ,na.HHHM ,npyrHX 3KCTiepR­

MeHTOB [21 sHatJ:eHRe rrapaMeTPa Ra:RJloHa RHBaIJKaHTHoro sHeprern­

tJ:ecKoro cneKTpa npoTOHOB cocTaBJUieT ,...,. 70 MsB, tJ:TO HaXO.IJ:l'ITCR B 

xopomeM cor~acRPI c ITOJIYtieHHHM Ha.Mil: 3HatJ:eHReM. 

qTO xe KacaeTCR sHatJ:eHRR Tod , TO CJie.nyeT rro.ntJ:epKHYTb, tJ:TO 

OHO MeHee Ha,nelKHO R3~3a OTCYTCTBRR .nocTaTOtJ:HOrO a~cnepRMeHT~­

HOro MaTepmJia o cneKTpax tJ:aCTPIU Tmite~ee .ne:i!:TpoHa ( T > T d ) • 

Ilo aToii rrp1I1:IRHe Mhl He rrpoBo~ aHB.Jmsa omR60K orrpe,neJieHllJi Be­

J!l:I'IRHH Toq ' R Cµ3.BH6HRJi c RMeI<JURMHCR B J!l:!TepaTYpe ~. a 

rrpno.nRM Jmlllb rroJrytJ:eHHoe HaMl1 ee cpe,nHee sHa11eHRe: Toq ~ 22 MaB. 

Ta.roIM o6pasoM, MOJKHO CRB.3aTb, '!TO ormca.HHHli Bwe MeTo.n npR­

MeHRM· ,nJIJl orrpe.nMemta xaµ:i.KTepRCTRK RHBapRaHTlD:lX 3HepreTRtJ:eCKIDt 

CileKTPOB rrpoTOHOB R(npR HaJIHtJ:RR ~ocTaTO'IHOro CTaTRCTRtJ:eCKOrO Ma­

Tep:HaJia) .u;ei-iTPQHOB, BHJieTailllKX R3 H,IJ;ep,IIO cyMMapHO?.W cneKTPY sa­

pRJKeHHHX qaconm, perRCTPJ!PYeWX ,u;eTeKTOpoM KOHetJ:HOit TOJllIIRHH. 
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