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I. BBeneHHe . 

OcHOBHliM KOllllOH8HTOU, onpeA8JlllDIIIHII CTeneHh 6HOJIOrHqec­

KOA onacHOCTI/J,B IlOJlllX HOHHSHPYIOlllHX ~sJiyqeHHtt 88 881111/JTOtt ycKO­

PHTeJiett npOT9!10B,,' fiJ3JIHllTCH_:H8t1TpOHli WHpOKOf~ Al/18Il880Ha. SHep­

rd ( OT .T8IlJIOBliX H8t1TpOHOB AO irnttTpOHOB C SHeprHett,. C5JII/J8K0£1 
. ' - ' ' ' . - .. , 

K aHeprHH ycKOp8HHliX np0°TOHOB) • Ilp111 p8W8HI/JI/J Bonpoca .o TOM, C 

K8K0£1 AOCTOB8PHOCTI>K)_ UOEHO ~SMepl!TI, 8KBHB8JI8HTHYll AOSy HeA­

TpOHOB Hll8IOllllll~.~CH _B pacnopHS8HIIIH _ npHqop~J4H, HJII/J K8KI/Je ~ei:ro~ 

~ H. npHC50pli CJI8AY8T I/J~IlOJII,80B8T:E> AJlll STI/JX ue~e«,. HeOC5XOAI/Jtia, . 

HHqiopuaUI/JfL ~c5 a,HepreT111ttecKHX CIT81(Tpa~ HeATpoHOB B m.11p9,_Kou_ 

AHanasoHe 8H8pr~tt.,IlpHqeu cneKTpoueTp .lieATpOHOBAOUl'lH, C 

OAHOtl cTopo~., oc5.naAaTI> BliCOKoil 11yBcTBI/JT8JI)?HOCTI>ll C BCJieA-
. . . 

CTBH8 U8JlOC~I/J. llOT!)~.OB ·HettTpOHOB 88-881111/JTOli),,.c )U)YI'Otl-: n~s~ 

BOJl1'Tl> HSMepHTI>,cne~TPli B mHpOKOU_~anasoHe aHeprH«~ CpeAI/J 

HBB80THliX .cneKTpoueTpOB H8£1TpOHOB, no-BM;ztHMOlly,, H81/JJ1yt1ml/JU 06-, 

pas~u yKaSaHHliU Tpec50B8HI/JHU YAOBJI8TBOpH8T A8T8KTOp EOHHepa/I/~ 

npeAOTaBJIHllllld co6oA AeTeKTop ueAJieH_HliX H~ttTpOHOB Li:J ( Eu) 
C Ha6op~II J¥8POBliX no~I/J8TI/JJI8H~BliX 88U8AJll/JT8Jiei-1 pasJII/JtI~liX A.118-

ueTpOB. 9AH8f0 BOSIIOllHOCTM I/JCITOJII,80B8HHH cneKT~OUeTpa EOHHepa 

orpaHI/Jtl8~.AI/J8Il880~0U 8Heprl/JA. OT o,or SB AO IOO MSB llpl/J pasyu­

HliX pasuepax saueAJIHTeneA •. 

B H8CTOHD1ei-1 pa6oTe 8H8JII/J81/JpyeTCH 1/JHqJOpMBUI/JH O qyBCTBI/J­

T8JII>HOCTI/J A8T8KTOpa EOHHepa,pa8BHB88TCH ueioA BOCCT8HOBJI6HI/JH 
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aHepreT.11qecKHX Cll8KTpOB HettTpOHOB aa aa111.11Tott ycKOpHT8Jiett npo-
1 

TOHOB B ;o;.11anaa0He aHeprHtt OT O,OI SB ;o;o aHeprHH ycKopeHHHX 
1npoToHoB H npHBOJUITCH Hauepeum~e cneKTps ueiiTpOHOB aa aa111HTott 
1c.11HXpOLt.l1~JIOTpOHa Ha SHeprHD npoTOHOB 660 MaB H CHHXpO~SOTpOHa-
1 

Ha SHeprHD npOTOHOB IO raB. 

2. 8aBHC.11MOCTD qyBCTB.11T8JIDHOCTM X8T8KTOpa 

EQU!Iepa OT 8Hepr.111iI H81.tTpOHOB 

nnH ycnemHOrO HCfi0JID80BSHiffl B Cll8KTpOM8TpHH H8itTpOHOB ;n;e~ 

T8KTOpa EOHHepa Heoe5xo;n;HMa HH~OpMaLtHH O SaBHCHMOCTH ~YBCTBH­

T8JIDHOCTH ;D;8T8KTOpa M8;D;n8HHYX H81.tTpOHOB C aaM8;D;nHT8JIHMH paa­

JIHqHiiX ;n;HaMeTpOB OT 8HeprHH H81.tTpOHOB; 

IlpH:ee;n;eHHaJI EoHHepou, SBHHrOM H Epau6neTTOJI/I/ 8KcnepHJl8B­

TaJIDHaH HH~opMaLtHH O aaBHCHJIOCTH qyBCTBHT8nDHOCTH ~eTeKTopa 

Li3(~u) B nonHaTuneHoBi,Jx mapoBsi aaue;o;nHTeJIHX orpaueqeBaeTos 

HHTepBaJIOU SHeprHl.t OT 50 K8B ;n;o I4 MaB H T8MOBHUH H8lTpOHaMH. 

Iloa;n;Hee non.11acou, HryeH Bau naTou H EpHKou/2/ 6sna Hauepeaa 

qyBCTBHT8JIDHOCTD B HHT8pBane auepr:1111.t OT 5 ;n;o 600 KSB.PacqeTs 

qyBCTBHT8JIDHOCTH, BiillOJIH8HHiie Epau6JI8TTOU, SBHHrou H EOHHe­

poulI/, xauceuou H Cau;o;ualepou/3/, XaHKHBcou/4/, 8a6opoBCKHu/5/ 

HaXO)UITCH B xopomeu cornacHH C 8KCll8pHU8HTOJI H uez;zcy 00601 ;o;nH 

H81.tTpo·HoB C 8Hepr.11el.t 6onee O ,I llaB. O;D;HaKo Ha6Jll);it88TCH C50JIH08 

pacxoz;n;eu.11e pacqeTOB ;n;nH aaue;n;n.11TeneA ue6oJIDmHx ;it1aueTpoB B 

HHTep;eane SHeprHl.t OT Io-2aB AO IO KSB (cM.pHc.I-4). Han.11q.11e 

TaKHX pacxoz;iteHHl.t BHOCHT Heonpe;n;eJI8HBOOTD B ~YHKIUIH qyBCTBH­

T8JIDHOCTH ;n;eTeKTOpa Li3(~u) C mapOBHUH aaue;o;n.11TeJIHMH B 

OC5JiaCTH npouezyTOQHHX H81.tTpOHOB. C Lt8JIDE ycTpaHeHHH STOl.t Heon-

4 

.'' 

pe;n;eneHHOCTH B 0C5'b8;D;MH8HHOJI MHCT.11TyTe H;n;epm~x HCCJie;n;o:eamdi 

6sna HSL!epeHa aaBHCHMOCTD qyBCTBHT8Jll>HOCTH ;n;eTeKTopa LiJ(fu) 
. , pa8!18p0ll 4X'tMu2 C mapOBHllH fiOJIH8T.11JI8HOBiiYH 3aM6;D;JIHT8JIHMl'I C 

;n;1mueTpaL1H 3' 2' 5; IO ;D;KJitMOB OT auepr1,rn HeitTpOHOB B. HHTepBaJie 

8HeprHit OT I0-2aB ;n;o-103aB/6/. ~auepeHHH C5HJIH BHllOJIH8Hll ueTo­

;n;ou c~eKTpOMeTpHH aueprHH HeitTpOHOB no·;epeMeHH nponeTa Ha HM­

nyJil>CHOM C5HCTPOM peaKTOpe 06'b8;D;HH8HHOro HHCTHTyTa H;n;epHiiX 

HCCJI8;ztOBaHHl.t • PeayJI1>TaTii H8M8pem,it npHBe;zteHH Ha p111c • I-4. B ;n;an1,­

Heitmeu npH BOCCTaHOBJI8HHH cneKTpOB UH 6y;o;eu HCllOJl!,SOBaTI, H8Me­

p8HHH8 qyBCTBHT8Jll>HOCTH ;n;eTeKTOpa ;n;JIH aaM6JlJIHT8Jietl 'AHaMeTpOY 
. . . 

2, 3, 5, IO ;o;mtlllOB B HHTepBaJie aHeprHtl OT O ,OI SB ;n;o 14 MaB, a 

AJIH "H8tlTpOHOB C SHeprHett 60JIDW8 !4 Ma:e - qyBCTBHT8JII,HOCT~, pac­

cqH;aHHlie XaHceHOM .11 CaH;n;uaepo.1/3/, HopuHpoBaHHHe K pea~JIDTaTaM 

H8.U~peHHll B o6nacTH C5HCTPHX Hel,frpOHOB (0 ,I MaB < E < I4 MaB). 

nJIH Jt8T8KTOpa C SaMe;ztJIHT8JI8U ;itHSM8TpOM I2 ;D;KJl.tMOB 6y;n;eu HCfiOJII,­

SOBaTl> aaBHCHMOCU qyBCTBHT8JIDHOCTH OT 8HeprHH H8tlTpOHOB, pac­

CQHTaHHYE XaHceHo~ H CaaJii,al.tepou/3/ H H~pu.11poBaHaym. ~ peayJID­

Tarau HaMepeHHtl B ;n;.11anaa0He auepr.11« OT O,I MaB AO I4 MaB. 

3. Meron BOCCTSHOBJl8HHH 8HepreTHqecKHX cneKTpoB'HeiiTJ)OHOB 

MeTO;D; BOCCTSHOBJl8HHH . cneKTpOB aettrpOHOB aa Sal!lHTOl.t 

YCKOpHTenest YCJIOBHO pa8;zt8JIHU H_a ;itBe B8aHUOCBH3SHHli8 QSCTH: 

B_0CCTaHOBJI8HKe cneKTpa B HHT8pBaJie SHeprfftl OT_ 0 ,OI 8_B ;llO 

20-IOO Ya;e C HCfiOJl!,SOBaHHeU ;n;eT6KTOpa EoHHepa H BOCCTSHOBJl8HH8 
' • • '• S L 

·cneKTpa B oC5nacTH SHeprHtl OT 20 MaB ;n;o 8H8prHH Hei!Tp~HOB, paB-
,· j • ·, ,. 

Hott SHeprHH ycKopeHHliX npoTOHOB~. 
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3.I. BoccTaHOBn8HH8 cneKTpOB cneKTp0118TpOII BOHHepa 

EcnH :AeTeKTop BoHttepa c aaue~HTene11 :AHa11eTpa j nouec­

THT» B ITOTOK H8iTpOHOB, HM8E~HX 8HepreTHqecKHI CIT8KTp q>(E), 
TO qHcno HMnyn1,coB, aaperHCTPMPOBSHH08 :l{8T8KTOpOII N(j) B 8:l{H­

HHUY Bp8118HH, 6y:A8T CBH38HO cne~E~HM COOTHOW8HH8M C ~yHKUHelrlCJ>(E) 

Emo.x 

N(j)+ l(J)= i K(E,j)<l>(E)dE, CI) 

Emin 

r:Ae G (j) - norpemHOCTl, B HSMepeHHH CKOpOCTH cqeTa :A8T8K-

TOpa; 

K { E, j) - aaBHCHlfOCTl, qy11cTBHT8n»HOCTH :A8T8K_Topa C aa11e:it­

JIHT8Jl8II :AHaMeTpa j OT aaepri!H H81rlTpOHOB E ; 
E min, E mo.x-KHHH.llaJI»HaH H MaKCHllaJI»HaH aaeprHH aeRTpoHOB 

Toro yqacTKa cneKTpa,aa KOTOpOII ~YBKUHH qyBCT­

BHTen»HOCTH npw,eu OTJIHqffYII~ OT HyJlfl. 

By:itelf no11aran E min = o,or 8B JI En,~)t = 160 MaB. 

COOTHOW8HH8 (I) npe;ACTSBJlfl8T 00601,l ypaBHIH.118 tp8Jtl'On»lla 

nepBoro POAa OTHOCHT8Jl1,HO ~YHK[UJH <D(E) • HaXOK:l{8HB8 pemeHHH 

8TOro ypaBH8H.IIH OTHOCHTCH K T8K HaSNBaeMHM o6paTHHM aaAaqau 

lfaTelfaTHqecKOI ~BSHKH, T.e. sa:itaqau, CBH38Hfrall C o6pa.euBelf 

npHqHHHO-CJ18:l{CTB8HHOI CBH3H HJIH, ;ApyrHUH CJIOBaMH, K aa:itaqaJI 

OTNCK8HIIH aeHsBecTiraX npHqHa HSB8CTirax·cne:itcTBHA. Pemeaile ypa11-

&ea~~ (I) uoaeT Be cy~eCTBOBSTl, B~06~e HJIH cy•ecT~OB8T1, ~e :A11H 

BCHKOi B8BOA qacTH. Kpoue Toro, 8AHHCTB8HHOCT1, p~~eHHH He BcerAa 

MOZ8T 6NTD rapaHHpOB8HBOl,l/? /. qTO KacaeTCH cy~eCTBOB·a·~Hff. pe_: 

meHHH ypaBH8HHH (I) B Hameu cnyqae, TO OHO CJ18~8T HS nocTaBOBKH 

6 
·, -

~HaHqecKol aa:itaqH. qT06N rapaHTHPOBSTl, 8:AHHCTB8HHOCT1, pemeHBH 

aaAaqH, H806XO:AHIIO ;llOOnpe~eJIBTl, ee, OCHOBYBSHCl, Ha Tex HJIH 

HHNX npe;ACTSBJ18HHHX O xapaKTepe HCKOlfOro pemeHHH/7/, Hffaqe 

rOBOPH, Ba anpHopaol HH~OpllaUHH O Cll8KTpe HeiTpOHOB. IlpHqe11 

8T8 HB~OpYaUHH, C C,tHOA CTOpOHH, :l{OJI~Ha 6NT1, ;llOCT8TOqaa, qTo6a 

MOSHO 6NJIO rapaHTHpOBSTl, 8:AHHCTB8HHOCT1, pemeHHH,C :l{pyrol,l -

Knacc ~YHKUHi, B K~TOpOII B8;ll8TCH ITOHCK pemeHHH, :l{OJIE8H 6NT1, 

;llOC!STOqHo mKpOKHM. 

Cy~ecTByE~He 118!0~ pemeHHH ypaBB8HHH (I) C U8Jll,D BOCCTa­

BOBJ18HHH cneKTpOB aelTpOHOB CIT8KTPOll8Tp011 BOHHepa ycJIOBHO HODO 

paa6Bfl, BS TPB rpynnH: 

a)-np8ACT8BJ18HB8 cneK!pa JlHHeKaon KOU6HB81Uf8118B8C!lraX· 

~yHKitJII, 

6) H8XOKA8HH8 pe■8Hlft Me!O~OII BT8p8QBI, 

B) ICIT0Jli80B8BII ■Mo~a H8D8Hli■IX KBS~paTOB AJlfl np1dll1sea­

aoro .pe■eHlft ypaBH8HU (I). . 
Ms Be 6yie• npoBOAJ!Ti xe,ansoro a&an1aa a,mx·»etoAoB,a ocTaao-

BB.IICB !OBiKO Ba cnoco6e BB8XIHU anpBopuol IBWCPM8U)IB B Kaaxo• 
18 HBX. 06aop yKaaaHHYX M8!0~0B ,Jt&H B pa6ote Poy,,a/8/, B KO!O­

pol OOJllPllll!CB XOCTS!OUO DOEl&ff 616~aorpa~BH. 

- Op■ pe■tB■■ ypaBH8B■B (I) .118!,O~·· ,O!HOCH.BlfHCH K aep1ol 

rpynne, pemes■e nptACTaUJlll'f 11■xe 

n 

Cl>{E)=_LoCi 'Pi.(E,pi), 
:. ·l•I. · , ,_ 

(2) 

rAe cii , f>i.- -:-; ■oso1111_e napall!!PHi 

'ft.(E,pl) ~ anp■opao HJlBl:'l"e ~yBKUHB. 
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I 

8TH U8TO]Ul .UOllHO HCil0JlD80BaTD TOJIDKO B TOU cnyqae, 8CJIH Bli6op 

6aBOBI,JX qiyHKUHi1 'f> i. ( E,pt) oqem, xopomo o60CHOBSH H TOqH~ H8B6CT-
I • 

HS JieBaH qac:D ypaBH8HHH (I). OJHaKO HSJiffqHe rrorpemHOCTH rrpH 

na.uepeHHll f;(J) KaTaCTpOlf}HqecKH CK83HBa6TC.H Ha peayJIDTaTe. 

nettCTBHT8JlDHO, .llli MOll8U KOHTpOJIHpOBSTD 6JIH80CTD saperHCTpHpO­

BaHHOi! <llYHKUHH_ N(j) K TOqao.uy o6paay 

E,...111r 

N(J_)= ~K(E,J)<P(~)dE: 
_ Ernin 

(3) 

H8H8B8CTH011 <lJYHKUHH (l)(E) JIHWD c TO'IHOCT»E JO OWH6KH H8UepeHH11 

maxjN(J)-N(j)j~e. (4) 

TorJa, KSK rroKaaaHO TypqHffHY, KoSJIOBN.11 H MaJIK8BHqeul7/, BCBrAa 

) 
(I\ ). • 2n-n E 

.UOllHO Hai!TH JBB <lJYHKUHH Q),(E) M <PiE :: 'Y1(~ + C·Stn(E,,. • .,-E,ninl' 

o6pa8N KOTOpliX 

E,-.o.,. 

,V. (j )= J K (E, j) $. (E)dt (5) 

e,..;n 

E,...., 
A{'<j)= J,ae,j)~(E)d~ (6) 

e ... ;n 

O;JUIOBpeueHHO Y'AOBJ18TBOp.Hll! H8paB8HCTBy/3/ C O}lHOI JI TOI se 
_ l}JHKitH81 N (J) , ecnH ~yHKitXH K( E,j) - HerrpepNBHaH <PYHKUHB 

8H8prHH t . TaKJUI o6paaou, ypaBH8H'HII (I) C TOqHOOTl,I) 'l1,,0 OWHO­

KH, H8118p8HBH YJOBX8TBOp.HeT 6ecqHCJI8HHaH COBOKYDHOOTD <PYHKUBI, 

8 .. 

CKOJlD yrOJHO CHJlDHO pa8JIHq8Efl!HXCH .U8llJY co6ott. IloaTouy, CTpe­

U.HCD pemHTD ypaBH8HHe (I) C rrpH6JIHE8HHOi1 Jl8B011 qaCTDE H rrona­

ra.H ee ToqHo H3B6CTHoi1, UN rroqTH HSBepHoe rrpHJ811 K JlOllHO.Uy pe­

meHHE, COJepza111e~y Heorrpe~eneHHO OOJlDWHe, 6HcTpO OCUHJIJ1Hpym111He 

KOIIITOH6HTH. 

PemeHHe ypaBH8HH.H IIBTOJO.U HTepauntt CBO~HTC.H K HaxOEJ8HHD 

nonpaBOK K HyxeBouy rrp~6JIHZ8HHE <P0 (E) rryTeu rrocneJOBaTen»Horo 

npH.U6H8HH.H TaKoro orrepaTopa,qTOOH rrpn JOCTaToqHO OOJIDWO.U qHcne 

HTepauntt n 06paa1,1 WYHKllHH <1>n ( E) 
E"""" 

N,/j) = i K(E,J )Q>"(E)d~ (7) 

E,..;n 

OHJIH 6JIH3KH K H3.U6p8HHHU B8JIHqffHa.U N(J) / 7/. IlepBli8 rronpaBKH 

. OK83I,JB8ETCH OTHOCHT8JI»HO UaJIHMH, 8CJIH HaqHHBTD C JOCTSTOqHo 

, rJIBJKHX ~yHKUHi1 <Po(E),HO B JaJI»Hettmeu OHH pacTyT, OOHapyllHBBH 

BC6 6onee 6HCTplie OCUHJIJI.HUHH, rrpHqeu 3TOT pOCT o6yCJIOBJ18H npH­

cyTCTBYEfl!HMH B nenott q~c_TH (I) -nouexa11e f. (j). B HacTOHfl!ee . 
Bp8.UH OOJI»mott rronjJIHpHOCTDE ITOJID3yeTcH apoueJ3pa HTepauHtt, 

npeMolleHHa~ CKO<lJH~Jou H ron~o.u/9/, KOTopaH apHBO~T K pemeHHm, 

H8 38BHCH11!8Uy OT BHOopa HyJieBoro rrpHOJIH~eHHH. O~HaKo crnallHBSHHe 

4/yHKUHtt Ha·Kalt;llO.U mare HT8paUHi1 rrpHBOJHT K TOMY,llTO pemeaHe 

CllJlDHO 3aBHCHT OT BliOpSHHOro cnoco6a crnaXHBSHHH, C ITOMOUU,I> 

KOT-~poro BBO;IJ;HTC.H anpHOpHSH HH4/0pUaUH.H O 4/opue cneKTpa He£1Tpo­

HOB. 

~Cil0JlD80BBHHe ueTOJS HaHM8H»WHX. KBam>aTOB JJI.H peweHHH 

ypaBH6HH.H (I) CBO;llHTC.H K MHHHUH3a~HH KBa~paTHqHliX 4/opu 

lrnH 

rJe 

'X.-=Xo+X 1 

'X. = 'X-o -t- 'X.z 
l.o= !:E.2(j} 

J 
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'X.,= ! [<P(Eil-<PoC E, )]
2 

t 

X~= I:tcp(EL-1 )-2<P(Ed-t- q>(Et+1)1'" 
L 

Et- TOtjKH paa6H8HHH aaepreTuqecKoro HHT6pBalla. 

qneH 'X0 xapaKT8pBsyeT cpe~ee KB8;!lp8THqH08 0'1'KJ1.0H6HK8 llOK888HHI 

;l{eTeKTopoB,paoot1HTaHHJ,1X o 1cnons0Baa1e11 WYHKUd tiyBOTBH'1'8JI1,HOC­

Tel l((E,j) ft BOOC'1'8HOBll6HHOro ctteKTpa 0'1' •suepeauoro UCJla 

HHllyllliCOB. 

it, - -cpe~H8-KB8;!lp8TBt!H08 OTKnOH~Hl8 BOCCTaH8BllD88HOro onex­

Tpa OT anp1opao aa~auuoro, <P0 (E) • 

Xz - tinea, xapaKTepasy1>ul "rna;ztKocu" :aooo'l'auauHBaeuoro 

Oll6KTpa. 

Ilp8lt118rae11ul HIK8 U8TOJt :BOCCT8HOBB8HU cnenpo:a B8lTpOBOB 

BKJIDtiaeT B ceC5H JllOIHBJTHe BH■e H8TOJUI X8B opraa1qeox1 CIH88H­

HH8 qacTH. 06oauaqH1 qepea N(J)aaper10Tp■po:aau.ay» csopocT~ 

cqeTa Jt6'1'6KTOpa BOHH8pa C 88118~1'1'8~8· Jtl816'1'p0M j • Saepre­

TnecxHI ;itxanasos OT E,.,;,. ioEnuu paaoe5H• ■a SI HHTePIU 

( Ei., EL+t ) TSK, ffO 

E,= Eniin=O,Oh& , 

E· = E d{t-•> 
l I , 

Es,= E,.,All •160 M36 

~=;,exp ( Es3/'E,) 

llepea N 06osaat111 :nnop c xo1noaes,a11■ N(J) , np11 <P-
. :aeKtop c xo11nouea,a11■ <P (Ei,)O.Ei. , 11ep11 A -11a,p■Q 11y11c,­

~BTem,uocHI Cll6K!P0IIHPll BOHBlpa ( a.,..; - 11J:B0H■'1'UH0CH, 

;1te,enopa c J -T.wlf sa11eiuuJ1e■ x seltpoau c aaeprnl E i ) . 

10: 

Honom,ayH BBe;l{emme Bame oC5oaaatieHHH, HHTerpam,aoe ypaB­

H6HHe (I) C TOtlHOCTlill ;l{O omHC5KH nauepeHHH l(.J) UOJEHO aannoan 

B YaTpHt!HOM BH;l{e: 

fJ::A<P. (9) 

B nepBOU npH6nHK8HHH 6y~eu HCKaTli pemettue ypaBH6HHH (I) 

B Knacce W,HKnmt, z~eDmHx BH~: 

4 E -E/rK -r 
FCE,o<e:,rK,r•K>= I~l(r~e + f>E, cm> 

11:•I It 

r;l{e d.tc, T,c., p . .Y - .HcK011ue napaueTpH. ]lna BHCiopa uyneBoro 

npHC5nHJ:8HHff npe~onoHllt 'IITO·Cll8KTP H8£1TpOHOB sa 881i!HT0'1 ycKo­

pHT8nel 6nzaoK K nzueluoR cynepnoaHUHH pacnpe;ll8neHHH MaKoBonna 

c llaKCBHy■ou 0,025 8B ( T!~=0,025 813), oneKTpa 88M8AB8HHYX 

uelTpOHOB BHAB I/E ( fo=I) 11 irpex cneKTpOB ncnapeHIH c nunepa-
. . T{o) T (o) T (o) 

typallft n;zuia 1 = 0,5 llaB, · 3 = 2,5 Ua:a n 4 =IO YaB, 

TO eoTli BH~8p811JHyneB08. npH6nHK8HH8 B BB~8 
· ~ E -E/r,(oJ -10 
fo(E)::: f.,~KT~o)2 e 11 +pE . 

,,.J (0) , Koa~IUHGH!Y V\ IC I o onpe)teHll 18 Cll8;l{JDllX OOO!BOmeHBli: 

(i Co_! <Pr. H. 
I - I: . 

J 11 E · . -½c•J 

T
,.,. e · c1E 

E, I 

II 

(II) 



po= 

f.u, r o( C•) E - Fii/r Co) 

<l>n.H- Je I ... ,.,z. e I dE _ .. ___ ,,, 
E 

\ J~ dE 

Ell E 

(I2) 

e:lt8 . e-.s E -E/T (o) 

_J(OJ= _/ (d{. I (OJ_ 
IAz <11.1 Oty -

<Ps.H- 1 P0i dE -
Eu; . 

s cl.:•> tCo)Z e d E 
~' • .(I3) 

f E"s 4 E 
J L -r,Co)Z 

E.3, K"=l. IC 

-El,T, (DJ e IC dE 

a;llec1> E, =0,0I an, E11 =I an, E3, = O,I Man, 

E.,.8 = 25 Man; 

Q>r.H, cpn.M, q> 6. H - IIJIOTHOCTH IIOTOKOB 'lelIJIOB!iX, npo.11elltyTOtJHl,IX 

(IaB < E < O,I MBB) H 61,1cTp!,1X (O,l Ma~<E ~25 Man) aettTpOHOB, 

cooTB8TCTB8HHO, ua.11epeHH1,1e nponopUHOHBJII>H!iM B F3 -ctJeTtJHKOU c 

aa11e;llJIHT8JIHIIH/IO 'II/. l-icno111>ayH qiyHKIUlll . F o ( E) B .KatJecTBe 

BYJI8BOro npH6JIHllt8HHH, IIPHll8HHII K Hel O;llHH pas HT8p8UHOHHyll 

npOU8;llYPY CKOq>HJI;lla-roJI;lla/9/. nJIH BTOrO YIIHOlltH.11 .IIBTpHtmOe ypaB-
T . , 

aeuHe (9) cJieBa -Ha 11aTp1ny A (TpaaonoHHpoBaHuWI .uaTp.aua A) 

BJIII. 

r~e 

ATN= ATA<l> 

W = B<J>, 

- T- T 
w=AN , B·AA. 

12 

(14) 

(15) 

:1::,;t_. 

BatutcJmu 

WC•)= BFo, 
(I6) 

r;lle KO.IIIIOH8HT8UH B8KTopa fo HBJIHllTOH 8H8tJ8HHH q>yHK}lHH f O (Ei.) 

B TOtJKax E.: paa6ueHHH aHepreTHtJeoKor.o ;llHanasoHa OT E, JtO Es.a, 
-r.e. fo(i.) = Fo (Ei.). 

Hatt;ll8.II 8JI8118HTl,I ;llHaroHaJII>HOtt UBTPHIUl Dl•)c IIOMOllll>ll COOTHOW8HHH 

H H8tt;ll6ll B6KTOp 

(I) fo(E,:) 

clu = Wi.'-'> 

(1)
1 

= D ''\At l•~ 

(17) 

(18) 

3-rouy B8KTOpy COOTBeTCTByeT q>yH~Hfl <P,(E). Ilp01{8]cypa CKOq>HJI;lla­

roJI;ll8 IIp8]cyC.118TpHB88T IIOBTOp8HH8 HTepal{Htt n pas, HCIIOJII>Syfl 

IIOCJI8;llOBaT8JII>HO B K8tJ8CTB8 CJI8]tYDmero npH6JIHllt8HHH Hatt;lleHHl,ltt 

' -
C nouom1>11 COOTHOW8HHtt (I6)-(IB) B8KTOp cph. M1,1 noka orpaHH-

tJHUCH O;llHOtt HTepanuett H HCIIOJII>Byeu noJiytJ8HHYll q>yHK}lHll Q),(E) 
;llJIH yTotJH8HHH napaue-rpon a<", T k, p, K . HonHe napaue-rpH 

d.kC•\ T (,} B H X, aall]:(e.11, MRHHUl'IBHPYH KBa;llpaT11Jtrny10 qiopuy 
J K 1 r I 

n ~ 

-v C•)= '[F(E· o( <•>r <n ~ '/ )-<p (E"·)1(I9) 
A. I [__, L1 IC. 1 IC I r 1 1 f t l '..) 

. t•I I 

noc11e tJero n1,11.1ucm1u KBa;llpaTHtJHYJO qiopuy 

Es.z 

,, l ~[ N/j )- f ,, K(E,j l ct>.(E) <IE 
X o - L;- . N (j ) 

J 
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z. 
] · (20) 

I 



KOTopaH xapaKTepKsyeT cpe;itHee KBa;itpaTlfqHoe OTKJIOH0Hlf8 IlOKaSaHHtt 

;lt0T8KTOPOB, paccqHTaHH~X C KCil0RD80B8HH8.II q>yHKUHtt qyBCTBHT6JlD­

HOCTett K(f,j) If cneKTpa (l), (E) ,. nonyqeattoro Ha nepBo.11 mare 

BOCCTaHOBneHKH Cil0KTpa, OT HauepeHHO~O qHcna H.IIIlYRDCOB. 

Ilocne SToro B0RTOp f0 B ypaBH0HUH (!6) 88.110HH0TCH B0K­

TOpOU F. c Ko.unoHeHTaun F. {Et, ~tt ':' T:'~ p 1, J'1), npoue~pa 

llOBTOpH8TCH ;ltO Tex nop, noKa HRH 

x.<"'= ,[N(j}- s::ZK(E,~)cpn(E)'4E] 2 

o L,. N (J) 
·J 

H0 CTaHeT ueHee sa;itaHHOlt BemfllHHH s- , HJIH IlOBTOp0HH8 npoue.l(ype 

H0 C5y,1teT npHBO]tHTD K H8.110H0HHD napalleTpOB fXtt,, T ", p, r 
B npe,1tenax TOqHOCTH BeqlfCJl0HHH STHX napaueTpOB. B nepB0.11 cnyqae 

B KaqecTB0 cneKTpa H8ttTpOHOB npHHHUa0TCH q>yHKUHH 'Pn(E) 
BO BTopou - HTepaUHB BlillOJlHHDTCH 011t0 ffipas, npHqeu Tpe6yeuoe 

llHCJlO HTepauHtt m onpe;itenHeTCH H8 YCJIOBIIH, 
F5z 

(n+MJ [ N(j)-JEK(~,j)<pn.,,.(E)dE 

X 0 -4 N(j) 
' J 

2 

] ~S' 
(2I) 

r;ite (ph-tm (E) - q>yHKUHH, nonyllalllltaJICH nocne llpH118H8HHH tn 
paa npoue;itype HTepauxtt CKOq>Hn;ita-ron;ita t C HCllOR»80BBHB811 B Ka­

ll8CTB8 ll8pBoro npHC5JlHZ8HBH q>yHKUHH <J>n(E) • B nocne;itH811 

cnyqae B K8ll8CTB8 cneKTpa H8itTpOHOB npHHHIIB8TOH q>yHKQHH 'Pn
1
,...(E). 

IlpB BOCCTSHOBR6HHH cneKTpOB uettTpOHOB W C5y;it8.II Hcnon»BOBBT» 

saue~nHTenu c ;ltH8.118Tp_!UIH 2, 3, 5, IO-~ I2 ;LtDhOB. 

nJ11: llpOB8pKH B08.ll~ZHOCT8tt HCllOR»80BaHHH OllHCBHHOrO B9W8 

MeToia C uen»D BOCCTaHOBneHHH Cll0KTPOB uelTpOHOB, OTBHIIH9X 

14 
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l1 ,.' 
;i,, ,, 
1, 
Ii 

l 
t 

I 
1~ 
:,\ 
'J 
rf 
ir) 
i! 
! 

r 
l 

~

Ii'•. 

' 

' 

OT cneKTPOB _HettTpOHOB sa aa11tHTOtt ycKOPBTenelt, C5tm BOCCTaHOB­

Jl0H Cil8KTP aettTpOHOB B none HanyqeHKH Ha paccTOHHKB IOO C.11 

OT Pu-Be HcToqHHKa c no~IW.11 Bexo;ito.11 (0,95,t0,0B)I07 H/ceK. 

R,-Be HCTOllHHK no.11e11tancH Ha paccToHHHH I ,SM OT nona H ~ 3.11 oT 

CT0H Il0.110llt0HHH, B KOTOp0.11 npOBO;ltHRBCD BauepeHHH. ~nH ylleTa 

BKna;ita H8RTpOHOB,· pacc8HHlWX B no.11e11teHHB, C5enH B9llORH8H9 H8-

11epeHHH C "TeHeBe.11" KOHyco.11, KOTOpeH no.11e11tancH .uez~ ;lt8T0KTO­

pa.llll H &-Be HCTOllHr.mo.11. Ha p.uc.5 npHBe;itelW cneKTpe HettTpouoi 

Ra-Be HCTOllHBKa H Pu-Be HCTOllHHKa nJIJJc pacceHHlWe HettTpom,, 

a TBKH Hop.1111poBaHHlilt 'fHllHllHHH cnenp Pu -.Be HCTOllHHKa/I2/ .' 

BoccTaHOBJI9HH91 cneKTp npaBBJl»HO OTpazaeT BHTerpan»HHtt llOTOK 

aett,poHoB e y;itoBneTBopBTen»HO oneceBaeT qiop.uy cneKTpa Pu-Be 
HCTOqH!Ka, 0.1tHaKo, KBK B cne;itOBBJlO OU;ltaT», paccuaTpHBae.uea 

.118T0.1t BOCCTaHOM0HBH Cll8KTpOB HelTpOHOB H.1188'? llJlOXOI paapeme­

HH8 no aHeprHI. 

l.2. BoocTaHOM9H■8 cneKTPOB H81Tp0HOB BYCOKHX 
bep,rHI 

nnn BOCCTaHOBJl8H■H cneKTPOB HelTpOHOB C SHeprHea C5onee 

20 M8B .119 Hcnon~aoBaJIB 11ero.1t, B KOTOpOM anpHOpHaH HHq>OplfaUBH 

0 cneKTpe penHTBBHCTCKHX ueKTpOHOB BBO)lBJlaC» TaKH.11 ze 06paao11, 

KBK BB .118TO)l8 ,npHM8HH8.IIOU ,1V1H BOOCTSHOBneHlffl Cll8KTPOB uett­

TpOHOB BiiCOKHX SHeprHtt no cp8)lH81fY IIHCJiy 11cepex11 H "penHTB­

BHCTCKHX" ny-qea B BB88;itax B H)l8pHliX a.11ym,~HHX/I3/_ CneKTP 

HettTpOHOB aa Ba111HTOH yoK~p!T8Jiel HCKanca B napaMeTpH110CKOI 

qiopue 
-S-

CP, ( E,) a cp O E ;ltJIH 
I . 

Emift~-E ~ Ee (23) 
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I . 

2. 
(l)

2
(E)=Co-t-Ct(-t-C2E. P.U Ec~E~EmClx, 

rAO f rnin =20 MaB, Ee ::0 ,6 E rnCl1< , E,..c>.i" uaxcuuaJil>HWI aHep-

rm1 HeitTpOHOB B cneKTpe, <P0 ,,S', Co,, C1,, C2 -111cKOYHe napaueTpbl. 

, IlapaYeTpbl HaXOAHJIHCl, HS CHCTeW ypaBH8HHit 

rAe (J)!ot 

;;, En,,011 

J CV,(E)dE + 1 q>2 (E)dE == 'Ptot. 
E.,.;,. Ee. 

4>,(Ernio) = <p(EMin) 

, cp, (Ee) --q>
2 

( Ee) 

d'P,(E)I = d<J>a(E)I 
dE E=Ec dE EcEc: 

q>2 ( E max) = 0 , 

(24) 

- llJIOBHOCTl> llOTOKa H8itTpOHOB C aHeprHeit 6oJiee 

20 MaB, H8Y8p8HHWI C no110m1,m yrJ18POACOA8P:1Bmero aKTHBBUHOHHOrO 

A8T8KTOpa114/, <l>(En,,1n)- 3H8118HH8 CilOKTpa H8itTpOHOB npH SHeprHH 

20 MaB,BOCCTaHOBJ18HHOro c nouo~m Cil8KTpOY8Tpa EOHHepa. 

4. PesyJ11>T8TH H8U8p8HHH Cll8KTOOB H8itTOOHOB 
sa Sal!UiTOit ycKOpHT8Jl8it 

OnHcaHHHit BHme Y8TOA BOCCTSHOBJI8HHH cneKTpOB HeitTpOHOB 6HJI 

HCilOJll,SOBaH AJIH HSY8p8HHH cneKTPOB H8itTpOHOB sa aamHTOit CHHXpO­

UHKJlOTPOHa Ha SHeprHll npOTOHOB 660 MaB H CHHXPOWaSOTpOHa Ha SHep­

rHID npOTOHOB IO raB. MecTa H8M8p8HHH BH6HpaJIHCl, TBKHY o6pasou, 

IIT06H cneKTpH H6itTpOHOB 6HJIH 6JIH8KH K ycJIOBHD MaKCHYaJil>HO 

16 

11zecTKoro11 H 11uarxoro11 cneKTpoB Ha ycKopHTenax npoToHoB tta 

BHCOKHe aHeprHH,a IlJlOTHOCTH llOTOKOB 118CTHU BHCOKHX SHeprHit 

YOlltHO 6HJIO HaAOXHO perHCTPHPOBaTl> IIIM8IDmHYCH B Hamey pacnopa­

Z8HHH yrnepo~COACP:lalltHY ~8T8KTOpOM (H8CKO~l>KO H8itTpOHOB Ha 

KBBAPaTHHit caHTHM8Tp B C8KYHAY). Ha pHc.6,7 noKasaHH U8CT8 H8Y8-

peHHH cneKTPOB H8itTpOHOB. YcJIOBHHU Ha1116onee 11llt6CTKoro 11 cneirrpa 

YAOBJ16TBOpHJIO ll0Jl8 HSJIY118HIIIH aa cnnomHOit 68TOHHOit samHTOit CHH­

XPOUHKJlOTpOHa (pnc.6 TOIIKa I), Ha KOTOPYD naAaJIH HyKJIOIW BHCO­

KOit SHepr111H,06pasoBaHHH8 B MHID6HH Ill CT8HKax BaKyyuHoit KaM8pH 

ycKOpHT8JIH. YCJIOBIIIHY OTHOCIIIT8Jll,HO 11JIHrKIIIX11 cneKTpOB YAOBJ18TBO­

pHJIH llOJIH HSJiy118HHH Ha CHHXpowasoTpOH8 (pHc.7 TOIIKIII I 111 2). IIOJIH 

H8itTpOHOB B STIIIX M8CT8X WOPYlllpOBaJIIIICl> HSJIY118HH8Y 1 MHOrOKpaTHO 

0Tpallt8HHHM B npoeuax ipua uarHHTa CIIIHXpowaaoTpOHa HOT CT8H 

nouemeHHH,B KOTOpou pacnoJia~aJIHCl, A8T6KTOpH. IIplll BOCCT8HOBJ18HHH 

Cil6KTpOB H8itTpOHOB Sa aamlllTOit CHHXPOUHKJIOTpOHa E hlAX ·. llpH;_ 

HHM8JlRCl> paBijOit 660 MaB,a B Il0Jl8 H8itTpOHOB B6JIH8111 CIIIHXPOW880T~ 

poHa E.-..=I raB." 

Ha p111c.8 npHB8A8HH Alllq>qJ8p8HUH8Jll>HHO cneKTPH H8itTpOHOB,a 

Ha plllc.9 -OTHOCIIIT8Jll>HHit BKJlaA H8itTpOHOB C paaJIHIIHOit aaepr111eit B 

IlOJIHHit AOSOBHit 8KBHBaJI8HT. 

KaK H OXHAaJIOC1> 1WOpUa Cll8KTpOB H8itTpOHOB 1 B OCHOBHOY 1 SaBH­

CIIIT OT KOYilO~HUHH aam111Tbl,a H8 ·OT UaKCHYBJll>HOit SHeprHH ycKopeH­

HHX npOTOHOB. Sa cnnomHott sa~HTOit pa~HaUHOHHaH o6cTaHOBKa B 

OCHOBHOM OfiP8A8JlH8TCH HBitTpOHaYH BHCOKOtt aHeprHH ( ~80% B8JlHIIH­

HH AOSOBoro SKBHBaJieHTa o6ycJIOBJI8HO TaKHMH HeitTpoHau111), B TO 

Bp8YH KaK aa aamHTott, HMemmett npoew, OCHOBHOit~BKJlaA B AOSOBHtt 

aKB111BaneHT o6ycnoBJieH 6blCTpHMIII HettTpoHaYH. 
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} .... ! 

! . 

npHHHMBJIBCh paBHOtt 660 YaB,a B none uefftpOHOB B6JIU8H CKHXJ)O­

~aso,poHa · E ...... ~ = I ra:e ~ 
Ha pHc.B npHB8A8HI,I AK<P4}8p8H~HaJlliilli8 Cll8KTPli ueltpouo:e,a Ha 

pHc.9 - OTHOCHTenLHlin BKna,It HeHTpOHOB c pa3xnqaol aueprxel B non­

BUI A080BUI 8KBHBBn8HT. 

KaK H OU~BnOCh, ~opua Cll8Ktpo:e uea,pouoD,B OCHOBHOU, sa­

BHCH! OT KOMllOBHJ.tl!H 88lilHTU,a HOO! MaKCHUBllHOff aueprHH ycKopeH­

H!:IX npOTOHOB. Ba cnnomHol 88lill!OI PBAHBIU!OHHWJ o6cTaHOBKa B oc-. 

HOBBOM onpe~eJUleTCH uel,pouaYH BUCOKOH aueprHH ("'80~ B8JIHqHHU 

AOBOBOrO 8KHBB.118Hf8 o6ycJIOBJl8HO Talt!IJDI Helrpoururn:, B TO 

BpCHJI ItaK 3a 8BIIIHTOl,illl81llil81 npoew,ocBOBHOI BKJ18l\ B ;ltOBOBYl 

aKBBBSJl8BT o6ycnonneu 6uc~puuH ueltponaxs. 

.HsuepeHHU8 cneKTpU seltpoHOB ■cnon»BOBIUJIC~ np• JC!BBO:BJ10-

BII CT8ll8HH AOCTOBepuoctH B8M8p8BBS DD■~uonuon ~08U nefttpono:e 

np■dopa11a,ncnonL3yeKmm np■ onepst1Uia nasepouma ua yosopne-
' . . 

ux OHSH • 
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~3UepeHH~e cneHTp~ HeHTpOHOB Hcnonb30BanHCh npH ycTaHOB-

• neHHH CTeneHH 'AOCTOBepHOCTH H3MepeHHH 8KBHBaneHTHOH 'A03~ HeH-

TpOHOB npH6opaMH,HCnOnb3yeM~MH npH onepaTHBH~X H3MepeHHHX Ha 

ycKOpHTenHX OWl0:. 
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