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§ I. Cxewa KaHana 

Y CKOpeHHe ,ne iiiTpOHOB Ha CHHXp04J830TpOH6 OL:Um/l 12/ ,nano B03YOli

HOCTD C~OpYMpOB8TD KB8314YOHOXPOY8TMqecKH~ H6.iiiTpOHH~K KaHan aa cqeT 

npouecca CTpMUUMHra .1{6HTpOHOB H8 BHyTpe~He~ Y~WCHM yCKOpMT~JIH. 

0CHOB8HMCY .l{JIH 3TO~ pa60T~ llOCJIYliMJI pacqeT MYllYJIDCHOrO CI16KTpa 

H6KTpOHOB. llpOCT~C OU6HKM npouecctt \.iTpMllllMHra B MYllYJIDCHOY llpM6JIM

li6HMM C 14Cll0JID30B8HK6Y BOJIHOBO.iii ~YHKL\14M J{C~TpOHa J{Jili nOTCHUMaJia 

XllJIDTCHa ( ol.=2,3·I012_ cw-1 , jl-=II·I012cw-:-1 131) noKaa~aJJT cne

.1{)'1111166: 

I) MMny~•CHYI cnexrp HCITpOH08, BYWCAmKX 1!3 MHWCHH llOA yrnow U0 , 

Mlle.e.r liMpMHY (Jt4)~ AU . liawel OOJiaC.TH HMnYUCOB ACAT pOHOB (pMc.Ia). 

2) Wilpi.ula -iu;ily JIDCHoro pacnpe}teJi~HIIa ife~tpoHoB 6~cTpo pac TeT, et:nM 

BO'ilneJ:tari. ' B KaitaJI He~TpOHY, BYIIe]{UlHtl 110.11 yrna»K, OTJIHqfibUIH OT Ob • . 

3 )' B yrnoso~ pacnpe.l{eJieHMH Heb•poHoB cTpMnn~iira ~ ~ y~eHDwaetcH 
B 2 paaa npH H311CHCHHH aaHIIyTa.IIDHOrO yrna OT 0 .1{0 6 IIPaA 

~ = II falJ/c), ( pi.c. IO). 

ll?,no6Hble JlacqeT~ cTpHnnMHra d c HcnoJID30BaHMeu noTeHuMana XllllD

HaxOJ{liTC:! B y]{OBJICTBOpMT6JIDH011 COrJiaCMH C 3KCll6pMII6HTOM/l2/. 
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CornaCHO C~enaHHHY bUWe OU8HKaY, KaHan He~TpOHOB CTpO~JICH Ta

lt~lol o6pa30iol, t!TOOU ~Cli0JI:&30ll8Th Hei1TpOHH CTp.lilDil-HHra, llblllle~w~e no,n 

yrnow He OoJiee I 1o1pa,n; K Hanpa.llneHI4JO ,nei1Tpoao:a-. 

t ~T~u yc1lOlli!Hw y.ztoBneiTBopHeT ~~~we!ib 143 Al ,ll}ialoleTpOll I c1o1 H .ztn~

aoid f. = 3 Clot, paCD01lOll8HHa BHYTPH CKOpHT8JIH • 

Cpa3y OTMt:T14M, t!TO pa a01lOlle:L loii!W8HH BHY~P* ycKOpl4Te1lH ll03BO

nHe1.' 14CDOJih..,OBaTh ero D01le l4JIH 01DIC1.'Kiri HeltTPDHHOrO ny'iKa. YrJIOBOi1 . 

pas6poc BHyTpeaHero ycKopeHHoro ny'itca cocTaBJIHeT 0,5..0,6 M_pa,Zl B ro-

puaoaTan:r.aoid llJIOCKOCTH 14 3H8414T~Jl:&HO loi8H:&m6-B BepTHKan:&HOI ·/l3/. 

Ilpl4 npoxoll.zteHl414 wHweHH, pacnono:&eaaol aa pa~uyce R 11=2819 cu ,Aelt

TPOHbl DOBOpa'iHB810TCfi Ha yro~ lfR..,=I.06 llp8,Jh T .e • OTHOCHT6JI:&HO cepe

~HHbl loll!i!I6Hl4 _llOBOpOT COCTaBJIH6T ,i0,53 IIPSA• 

MaoroKp8THOO -pacceHH~e ,ll6HTpOHOB .npH npoXoll,lleHHH CKB03l> loii!W8-H:& 

npHBO,ll~.T K TOllY, . 'iTO cpe~HeKBa,llp8Ti! 'iHHit yrJIOBOI pas6,poc DY:'iKli Helt-

TpOHOB :6y-p;eT paBeH . . 
() _ _i_ IS , fL' 

,_ - '{i -~ -j->d v ~ . 
1\ 03~14U148HT 1/f2 TIOHB1IH8'TCH 143-aa· TOro, 'iTO ij8i!TpOHii o6paayJOTCH .UO 

BCelt .zt1l~He lol l4U16H~. 
8,t=0,56 MPSA ,ll.llfl f!t .= II rsB/C~ 

qo~ 06 14~YT He T01lhKO HeltTpOHbl OT CTpHDD14Hr8 ~eitTpOHOB, BO 14 

He l'iTpo~bl, po:&~eHHble B aeynpynx ,_npoueccax. ~ pa6oTe/4/ ~np~~ene~a 
npH Fa =9,38 r sB/c .nomi cTpMnnMara no ooraoweijMm ~~ Bceu aeynpyrHY 

; ,, - _;.; · : . .. - ,-._. 
npoueccaM H8 cpe.ztHeM H,npe ~OTOSYYJI:&Cl4l4 (A=47), KOTOpaH OK83a118C:& pan-

HOlt 0,22.! 0,04. !tis sToro cne.ztyeT~ qoro Jia O.ztHil ·corpMrimiaroiibil aeitl

Tpoa npHXO)VITCH _..,7 HekTpOHOB, pOJt,11;6HHWc ;B aeynpyrHX 'Dp01.{8CC8X · l4 -

xapaKTep~t~SYJOUlHXCli 1UIIp0Kl4lol HliDy.ll:&CHWI Ci18K'lpOM C. YaKCH»an:&'i:IOI.t rpaHH-

U6it ,... I/2 Pet • B pa6oTe / 5/ oueaeao yrnoBoe pacnpe.ztene~He nopK'iHbiX 

HeiTPOHQ.II M3 Be no~ ~e'!CTBH6M npO'fOHOB c 'amyJI:&COM Pp :: 9 rsB/c, 

KOTOpoe OK838Jl0Ch "' 0,06 PSA14aH. Ilepec1DITbiB8n STY B6.11H1DIHY K >al
ny4:&Cy H8118TaJO~X HYKHOHOB 5,5 raB/C 14 cpa~HHBaR T646CHbl8 yrJibl CTPHD-
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if. a) 

" 
" A .. ,. Poi 'r"* 

'-' )\ 
--·· -: --~ - - -

10 lf.lr•J " " " P..trt4t<l 

FMc . I. a)- 1bmyucaoe pacnpe,J;e.lleHHe crplmnHHroaiiX HeRrpoHoa, 

Bli.lleTeBUI}IX llO,ll; yrJIOM ,paBHHM 0° ,K H8llpaBJieHIHJ ,1\e~T pOHOD llfJH 

('c,l =II raB/c H Pc( =5 rall/c. B p8CI!ete HCllOJib30BaJIIl.Cb BOJIHODall 

<PYHKLUUI .n;eittpoHa .D..IIll noreHilHMa XIJJ!bTeHa. 

6}Yr.IIOBOe pacnpe,n;e.lleHHe CTpHDilHHrOBWX He~TpOHOB npH 

p t>l =ll r:JB/c H Put =5 f:Jil/c. 

+ 

R,E! ~ K, D - II, 
8K 

17 --j D-M 
75.0M 

156,5.., 

Pv.c.2. Cxeua HeftTpOHHoro KaH~a. 
i·l ~ )Ui weHh; . A1 - oTBe.pcT.illl/a;cro,;,r..ll.X ·l!flTHHT a ycr..opi!TenR; 

A2 , A3 - nuupa3ypli B 6eTOHHOli ~J 1'llliHTef:1 , i ·:~ · ~ nepmii 11 

aropoi-1 KOJI Jiv.wuopv; T;,;-uom;ropv.p'yllmtH11 renect;on; 'i' - reJle 
CKon (Ak r:~c). 
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illlHra >'1 BTOpr'lllH !:i..'< He ltTpOHOB, llOJJYilr'lY, llTO B H8~TpOHHOY KaHaJJe lo!Oll

HO O~N'!~aTb ~ 2% H8~TpOHOB >'13 Heynpyrr'lX npo~eCCOB B YN'!W8HH, 

ilOCKOJJbKY nepe~ 3~8KTHBHO~ 06JJaCTbJO Kawepbl HaxO~~lTC!l CT8JibH08 ,., 
BXO~H08 OKHO H B O~OpO,!l ( -7'Yr) t B Kauepe ll 0!1BJJ!110TC!1 BTOpHilHb18 Hei'i -

TP OH?• 

~PaccTaHOBKa o6opyJ.~OBaHH!1 B KaHaJJe llOK83aHa Ha pH C. 2 , 

i3HyTp81!HMH nyllOK ycKopeHHbiX J.~8itTpOHOB B38HY0~8HCTByeT C MHIB8Hb10, 

He ~TpOHbl npOXO~R T "'7 II B ll8rHir1THOII llOJJe yCKOpi4T8JJH M qepe3 MaitJia-. 

poBOe OKHO M OT BepCTHH B CTOHKax Y8rHHTa yCKOpi4T8JJ!1 non~aJOT B 3K

cnepHY8HT8JibHblit 3aJJ. ilyllOK H8HTPOHOB Ha 1-MeTpOBJD BO~OpO~HYD KaMe-

py~$OpMHpye:t.' •'Y"' P"'''"'""'" ,, .. ,, ... "'''"""''''"" ''""'' 
15 0 H 220 ~-i{OJIJil!MaTOpbl l!MeJJH OTBepCT!r111 14xi5 ll 2lx22 Wlz COOT-

~ llTO ll 0 3BOJJHJJO llOJJY~Tb Ha BXOJ.IHOU OKHe K8116pb1 nyllOK 

P,aTpOHOB 45x50 uu2 (pHC.3), lJCTHpOBI\a KOJJJJMMaTOpOB npO!r13BOJ.~HJJaC:r:. 
t tii'-"CC· 14CllOJI1>3 0BaHHe u T80~0JIHTa H npe~M3140HHOrO YPOBH!l • 

~ ilepe~ KOJIJIHYaTOpOM KI B 06JiaCTI4 npaMO£! BH]t:iloiOCTH loii41D8HM ycTa-

HOBJ18H UOHH:Oplr1 pyD~14lt T~Jl6CKOfi TJol >'13 Tpex C~HTMJIJI!l~HOHHbiX Cll6T~

KOB C ]tOllOJIHMT8 Jll>HbiU KOHB6pTOpOlol nepe~ nepBblll H3 Hlr1X, 

§ 2. HanpaaneHHe KaHana 

11p ocTpaacrBe aHoe .nonoxea1.1e ael'lrpoaaoro KaHami onpe~e.nae i'ca pa

~Ma.n:r:.aol'l M a31Joly TaJJbHOl'l KOOp~HHaTaloiH UHIB8HM BHyTpH yCKOpHT8.11!1, 

B Ka lle crae p ac qeraoro aanpaa.neHH!l KaHaJJa npi4Hir1wa.nac:r:. KacaTeJI:r:.Haa K 

OKp ylltHOC'l'lr1 C U8HTPOM, COBll~aJO~Hiot C YOHT8litHbiY ~8 11Tp0Jol KB~paHTa . 

n ea cT.BI1T8Jll>H08 HanpaB.118HI46 0°. H8HTPOHHOrO KSHaJia OTJIH~aeTC!l OT 

paCil8THOr o no C JI8J.~YIO~Ir1ll npHilHHau: 

6 



a) TeopeTM'IeCKI.lf paBHOBecHaH op6HTa OTJIM'IaeTCH oT pac'leTHOH oJCpylK

HOCTH. 

6) Pean:&Haa paBHOBecHaa op6HTa HcKaEeHa wa-aa norpewHocTe~ B uar

HMTHOU none [ Ill BHMHHHH TOKOB ~YK~, KOTOp~e HaBO~flT Cfl B KOHCTpyK

I.(HHX YCKOpHT9Jillj CJieA-OBaT9JI:&HO, HCKallteHHfl OpUIIITbl aaBHCHT OT npo

H3BQAHOH no BpeueHH (H). 

nocne ycTaHOBKIII »ltlmeHH B pac'leTHou nonoxeHHH Ha o c 11 JtaHana , 

aa!PilKCi!pOBaHHOY OTBepCTI!fliiH B KOJlJIHUaTopax, 6EIJlO onpe.z~eneHO cneUM

aJJ:&Hblll 9KCneplllueHTOII HanpaBJieHIIIe KaCaTeJI:&HOH It pean:&HOH opC5HTe B 

l'O'l!Ke paCliOJIOJ:eHM8 IO!IIleHH.)lJI8 3l'OrO C5bl.ll BpeMeHHO HCK.~JOIJ eH KOJJJIHI.HI.TO fJ 

K1,paCWHpeHa 8llC5pa3ypa A2 J.1 B 4U M Ol' MJ.Il!JeHIII Ha nyTH HC i1 Tp0!!110fO ny'l 

Ka yctaROBneH renecKon T (Ak ccc). i.feJ[_ny C'ICT'I~KaJ.! J1 aRrv. c o~nil,Jtemui A 

1r1 coBnll,Z{eHHa CCC nouell(aJICR anJOIIHHI!eBbiH KOHBepTop He ~i Tp OHOB k (.ZIJlH-

Ha B.liOJlL ny'IKa 18 cw, BbiCOTa 4 cu, TOJIUlHHa I cu). Tene c Kon wor ne

peuell(aT:&CH nepneHAHKynHpHo Kaaany, coxpaHHH o611(ee HanpaaneHIIIe Ha 

IIHWeHJ,, 

C6poc .nelh•p oHOB Ha UHWeHJ. np01!3BO,llloiJ1Cfl C paCTfllttllOH D pacTyll(ell 

uarHHTHOII noJie, '1To6bl y'leCTI> BJlltlfiHMe H Ha opC51r1TY • 

JlO.IIy'leHHali paaHOCTHblll nyTe ll ( C KOHBCpTOpOLI M 6ea KOHBepTopa) 

3 a BMCMMOCTL 'llr1 CJii1 Ol'C'Iel'OB Ol' yrJJA. MCll:,ny HA.IlpaBJJCHHCM llHJJCT a I!C HTpO-

HOB 11 HarrpaB.IIeHMCM KaHana IlOY.a3aJI!l Ha p~tC 4. h Ta OJJV. l\C 1 lljlMU&)( CHll 

yr.llhl f1p , COOTBCTCl'BYDIIll1e MaKCV.IAYMa.LI YfJJOil hiX paCnpe)( E.1C HI111 ( p11C . 4) , 

)1..1111 pa3HhiX v.uny.IILCOB Po( ycKopenHhiX )l.e>lrpeHoB. 

IlJifl TOrO• 'ITOObl HCilTpOHbl, BbiWe}IW!rle liOi~ 0° lr13 z.a1WC HH, iiiJllrl TO'IHO 

no OCHU KOJJJIHI.laTO.pOB Kl 11 K2 , IJI1WUH:b HC06XO;D;-HMO nepe~;e CTI1Tb BJJ;OJ1:6 

OCCBOH JIIIIHI!H KOJlJIHUaTop OB Ha BeJIH'IIIIHY 
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ilOCKOJI:bKY Tpe6yeMbl8 nepeN811\8111-Ifl III-IW8HI-I OK838JlHC:b IISJll:llotJ,I H .ztJlii 
, ~. ~ "" . . ' ·• ., r , r-

H8~TPOHOB C HllllYJI:bCSIIH (3,!0+5,09) f a l3/C llO'lTH YKJI8.zt~8DT Cfl B po~ , 
I < o I .• ~ (,.", • 

JI OBHHY .ztJIHHhl. MMW8HH, OOJIY'l8HI18 } :-MeTpOBOR B ?.l\ O pO,l\H O ~. K~e pbl B' 3TOM 

HHTepsaile H.llllYJI.hCOB npOXO,l{HJIO n pH 0)\HO.Il ( pacqet HOU:) ll OJIOJ!C eH~ H MHW8HH. 
. . 

)!Jill 66~yqeHHll Ka.Mepbl . ·~ e lttpOH!WH C l!MllYJI:bCOlol 2 , 23 fJ13/C l1 Mt:HhWe M>! -
. . 

WeHh OblJia nepe.ztBMHyTa Ha 32 MIA B,l\OJib OCM KaHaJia . r · /,l.lJx;li 0!.(6HKH K~JIH'WCT~8 Y .:.KB8HTO~ 'B K8H8Jl6 Q.blJI np_OB~.zt~H C~~L(M
a~l>Hblit 3KCnepMII6HT C T,OHKMUM 8J11011,MHMI 6.tjbl)l M CBMHUOBblU K.OHB6pTOp.SM11 

O,lli4H_~ ~~Oit llJIO!ila.ztM . H O,IIMH~KOBOit , ii.ztepHO~ TOJlllU1Hbl: , . 

N z!J z11 
Al • A-il = N~ • APr ' 

' . . . ·~ . 

r .zte N - 'l» cxo a.z~e p B IIMWeHM, , A - aT OMHblit Be c. 

9TOT 3KCnepMUBHT nor.aaaJI, I{T·O 4MCJIO · { -KBaHTOlJ,· H.zty~~Uix 14 3 IIHIJIBHH 

llO,ll 0°, HB npeBumaeT 3% OT qwcna HBHTpOHOB, H.ztYIIU1X B TO.Il ~e Ha-

npasneHHH. 
., . 

. . Zl~ OOJiy.t~eHHii K8UBPJi Beo6XO,!IHUO B K8Z,Zt0ll -IU!Klle- ·Y,CKOpMT~Jlli C6pa

CbiB8T:b Ollp8,!18JI8HH08 KOJI!!Il6 CTBO HeitTpOHOB. , 

, ::·• • , ,llpaHpo,BKa. He~iT.POHP.ll PCYIJIBCTBJI.fi6TCii CIIOC\)6011, 6JIH8KH.II. K. ,!1·3j!·OliBH

l:IOitiY n/8/. 
UocJie .ztocuaeHHll uarHI4THhlU noJieu Ha cpe.ztHeu pa.ztlrly:ce yrcKoplr!·.teJI!l 

R'l =2800 cu aa.ztaHHoit BeJIJ4qwnu H0 , nupa6.a~biBaJ1~H;. a_anyc~~.IIUIA CHrHaJI 1 

Hcuox»ayeu~ .ztJI.fi ynpaBJI6Hirl.fi uexaHHauou pacmHpeHK.fi ~auepbl H cxeuol 

11BOpOt 11 UOHHTOPKPYXli!IBrO T6JIBCKOna:. C' aa',JtepaKo·f J~?C70 MC ny'qoi( ,!161-

. 'fpoao:a· no,JlBO.ztiUt CR K ul'weiui·, pac'ItoJioaellirolt aa P8JlB)'ce R M ~ 1-1 H8ueae-
~ . ' ' ' ' , l ' ' . ' ,. . ,., ' ' ; 

BIBM ll8CTOTW yCKOpfUllll,ero· il'OJIIi 6i.ICtpo H'aBO,llHJIC.fi li8 ·ulr!QIBHI> . Ha MOHIIfto-

ptpyDIIUIA · ten ecKon itpa' ·atoli ·noii8,ll8JIM aapHaeHHYe · i HeltpaJI:~>Hbie ·qactK

uw 6 uJ.tilieHit ; ,·lla'Cn ··aeift'jla.uuiix llaCTHU llblahiBaJia Balllni·oj(eltctBBH, '» 

9 



1\ OHBepTOpl: MOHJdTOpa Jd 1 COOTBeTCTBeHH0 1 yBeni4'11JdBana Clle'f. IIO ~OCTKJ:e

ltldM ua uoHMT ope Ncp oTcqe"rOB Bhlpa6aTWHlJICll ynpaBnllllUU4la Hwny m.c, 

KOTOphlM OTitnJOqanoc:& ycKO.pHJDU(ee Bl{ none CJdltXp04JaaoTPOHa, M nyqoK yc

ltOpeHHblX ~eiaTpOHOB CBOpaq~!BancH B paCTyll(eM MarHHTHOM none Ha BHyT

p8HHJdi1 p~r~y c , T.e. O'rXO~Jdn OT MMWeHM. 

TaKall np ol\e~ypa noaBomma nony'IIMT:& ~nMTe·n:&HOCT:& c6poca llaCTir!l\ 

Ha MMWeH:& (0, 6-1.0) MC. 

CHcTewa ~oaH.poBKH nyqKa HeiilTpOHOB ycTOLl'IIMBO pa6oTaJia npH KHTeH

c~IBHOCTH BHy Tp8HHero nyllKa IO 7 -ro9 ycKop8HHblX ~8i!TpouoB, ooecne'IIMBaR 

B Kauepe· ,.., !00 He~TpOHOB Ha CHJIIYOK. 

Viuny JI:&e ~e>ITpoHoB, norr~aiOU(HX B ur~w-eHL, Ol\eHTtlBaeTCH no ciJopuyn8: 

Pa = 0.3 • (Ho + H'l: ). ( H-,/Ho )• RM , 

r~e HM - HaHp nlleHHOCT:& warmrTHoro i10nH Ha pa~11yce 

Kor~a Ha Ro none paBHO H
0

• 

(I) 

R,., B TOT IIOMeHT, 

B (I) He yqi1TblBaJDTCll a~eitThl 1 CBHaaHHble C paawepaMJd ycKopeHHO

ro nyllKa . \'ix yqeT rrp11 sen 6hl K aaueHe RM B (I} Ha ( R,.. -dR ) , r~8 
cfR -aMmi1Ty~a p~Han:&HblX KonedaH11U B ITY'IKe. 

3arpy aKa Kawephl onpe~enfleTCH N3g -Konlrl'leCTBOM np -Baalrlwo~eiilcTBMi 

( a.sea~) Ha CHirlloH\8. ;J.11ll Ol\eii!UI cjJJIIJKTYal\liiH t/3(, 11-0lltKO BOCITOJI:&aOBaT:&Cll 

llpOCTOLl ilJopuy JIOLl 

- ( +Ji.--t..L') Nlt = N3t. i - fVJC Ncp 

( 'lepTOLl OTYe 'l811bl cpe~Hir\8 aHaqeHidH). 

(2) 
':'V 

VI a ( 2) CJie~yeT, 'ITO HYlltHO BhlChipaT:r, Nq> B HecKon:&Ko paa donbWHY, 

'leu NaB ( KoarM.Jltll\lrleHT rrponopl\lriOHaJI:&HoCTirl ueJt~Y Ncp 1r1 NaB • IIOlii:HO 

ll0,!161-1paT:&, 11 3MeHHH TOni!ll-IHY KOHBepTopa K Ha YOHKTOp8 HnK M8HHH pac

CTOHH!-18 OT MOHJdTOpa ~0 141-!WeHl-1). qpeaMepHOe yBe JII1'1eHI-I.e Ntp YOJ:eT ITpl-1-
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Be CTH K llOffBJieHHIO npOCIIeTOB B UOHHTOpe, liTO HelKeJiaTeJI:&HO. IlpaKTH

lJe CKI1 Bu6Hpanoc:& N3B=5 (5 rpexnylJeBwc aaea;l{ aa ca11uoK, Pn =5 f :Jll/c) , 

Nr:p=50 . 

~opuyna ( 2) ;l{aeT H6CKOJI:&KO aaHHlKeHHYIO O~eHKY ¢JI IOKTY~HU , T.K. 

He YliliTID!aeT flJJIIJKTY~HU B KOJI11.lJeCTBe He iiiTpOHOB, llOllaBWI1X B KaMepy B 

npo!Jel!yTOK OT ynpaBJiff lOIIIero 11UllYJI:&Ca ( #cp) ;1{0 OTBO;l{a nylJKa OT Ul<IWeHI1. 

§ 4. Liunyn:&cauu cneKTp ae ~lrpoaoB 

J{nR onpe;l{eJieHHff Hunyn:&caoro cneKrpa aeitrpoaoB 11 HanpaBneaHH Ka-
"""' aana B I-uerpoaoR ao~opo~ao~ Kawepe 11CllOJILJOBaJII1CL J-ny4euue sB eJ~u , 

KOTOpue 113MepJIJIHCL Ha HPJ4 (- tlO%) ll ITYOC (,... 2LJ%). 

PeayJlbTaTu Hawepeaau o6c'U1TID!amlc:& no c11crewe nporpauJ..f9,IO/. 

J;ib1JII1 14CllOJ1:&30BaHbl 113U6peHHff 55 TUC.3Be3;!{ npld 8 3Heprl1!1X e 

·. HanpaBJI6HI1e KaHana B Kauepe onpe~ennnoc:& no ~opwyne 

r ;l{e P., .- cyuuapablla HM!IYJI:&c ~ .-ro£1 3Be3;l{bl. 

(3) 
,.._, 

Cy~u!.lpOBaHI16 (3) UOliHO npOB0}{11T:& no BCeM. 3B63;l{aU, HO 6onee Bbl

ro~HO onpe;qeJIHT:& HanpaBJI6HH8 KaHaJia,cyUUHpyH TOJI:&KO B: . 3B83}{, OT

·B8,lJalliiiHX peax~w11 np-pp:x-. • B aroi! peaK~H aer aeaaper14CTpepo

Bal!HbiX BTOpl1liHWC lJaCTI1~ 11 p._ B npe;l{eJiax . OWH60K l13MepeHI1 ii HanpaB

JI6H B~OJI:& oc11. Ka!Jana. ni11p11Ha yrnoBoro pacnpe~eneHHH q ~JIH Be ex 

3-nylleawc aBes,ll oKaauBaercH ~ -1,4 pas ooJlbwe wapi1Hb! yrnoaoro gao,.. 

npe,lleJieHI1ff , Pi. ( np- ppx - ). , 

Y'liliTbiBaff, IIT0 1 np-..pp.l.- COCTaBJifleT ."-' 6% OT BC6X 3-Jiy lleBWC 

aBea~ npH P=5 raB/c .(npa .uea:&winl eunyJlbce aTOT npoueHT Bb!We), nonylla

eu, liTO ~JIH onpe;l{eJieHI4H aanpaBneHH.R Kaaana no Blol,ll;eneHHI:l:U A ( np- ppX-) 

Tpe6yeTCH CTaTHCTI1Ka B ll4)2x0.06 ~12 pas M8H:&Wa.R, 118U np11 CyUMHpOBa
BHH (3) 6ea Bb160pKH. 
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BNAeneHHe peaKIU4H n.p .-. ppJi.

TH'IeCKHx Kp HT6p!.16B : 11 8CHWilTOTb1 11 
}.,. 

npOBO~MJIOC~ C HOMO~D KHH6W8-

/11/ C rpaHH'IHbiW 3H8'16HH6M 

30 !JoB ltlJIH !liYHKL\!.1H paa68118HCa 3HeprHH f' 

{P[:--, F = M:. + Mp-E · 
c.. t1 t ' i r.z~e Mn , Mp - wacca aeUrpoaa 14 npoToHa cooTBBTCTBeHHo; 

~ ~ - cywwapaaa aaeprHH Bcex BTOp!.1'1HbiX qacTHL\ B a:aea.z~e, ) 
~ 

,nna p e aKL\HH np- pp:JI. - F = 0 , C j''I6TOM OWH60K l13WepeHH~ -

6m!a t<o K 0 . Co6biTHe i, C'IHT8JIOC~ peaKU~Ie~ np- pp1r , ecn!rl 

I F. I < 10 M3B •• 

J . _ .f. ) . 00a KJlHT6p1.111 ,'J,UBaJ!1.1 COBDa,I(aJO[;l~i 6 p eayJlbT8Tbl, 

v~ 

' 

f 
c;.." 
~ 

,llByuepHoe pacnpe.z~eneHI1e no HanpaBJIHOUIHU KOCHHycau ( m, • n, ) ~ 
Cj'MW8pHbiX HUITj'JlbCOB 3B63.lt ~ , y~OB116TBOpHlOIIlliX Klr!H6WUT!rl'I6CKOWY 

KpHT6plllO, npHB6.Jt6HO Ha p!.1c,5, 

fiCHO p83illi486TCH cryU~eHHe T046K OKOJIO m"'U,026 H nx ..0,001. 

_ ~ onpe,li6116Hio;H HWDj'JibCHOrO cneKTpa CTpHnllHHrOBbiX-H6lfTpOHOB, 

H.AY:IIIHX no K8Ha.JlY, Hcnon~aoB811HC~ cywwapHble 111~ny ni>cbl· I P< I .ztna co-

6wull, y~OBJJ6TBOpHilll(llX (a) KHH61t8TH'I6CKOWy KpHT6plllO npOL\6CC8 

np- ppJC H (6) Tpe60B8HHKJ, 'ITOObl yron U6ll.l{j' Pt H HanpaB116HH-
I 

ew KaH8Jla He npe:abiWan 30 • 

Ilo OT06p8lfHbiiJ T8KHW oopa30W C06biT"l1HU 6blllH HOCTpOOHbl HUllj'JibCHb16 

CneKTpbl H6UTpOHOB, aaperHCTpHpOBaHHbiX B !-MeT pODOl\ BO,llOpO)IHO~ KB.lle:.. 

pe (pHC, 6 - I3), (lnpe,ll6JI61!1'16 Cp6JJ.HI'IX 3H846HI'IA I'IUHYJlbCOB H6~TpOHOB M WH

pi'IHbl I'IMllj'Jl bCHblX pacnpe.n.eneHHA n pOBOJJ.I'IJlOCb B JJ.Ba 3Talla,l!a nepBOI.! 3Ta

ne HO BC6M C06blTMl!M Ollp6JJ.6Jll!Jl0Cb ~ II f6-;;;-, a H8 BTOpOM 3T8 npoue

.z~ypa llOBTOpH118Cb .ztiDI C06 biTHi1, J';AOBJI6TBOpHKJCli'IX j'CJIOBI110 
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PHc.5. Asyuepaoe pacnpe~eneHHe no HanpaBnHD~HM KO~HHycaw 
cyuvapHHX HMDynLcos 3-nyqesHx 3Be3~, y~osne:rsopnnmwx KH He
uarHqeCKHll KpHTepHHM peaK~~m l?j-'-. f' f' 1i · . 

....... 
m, 

O.lf 

•• 

... 

· 1,1 --
.... 
· 1.1 

... ... "• 

PHc.6. l~nynhCHH~ cneKTp 
HeA:rpOHOB c j5 =5, IU raB/c. 

~PM c. 7. 1-ilmyJihCHHA cn eKrp 
~ HeArpOHOB C_O =4,35 r3B/c. 

l3 

PHc.b. HunynLCHUA cneKrp 
HeATpOHOB cj5 =J,3J r3B/C. 



Ta6n. 2. Cpe~Hlfe 3Ha'!eHttR »u:nynbCOB, lll»pHHH m.myJibCHHX pacnpe

.n;eneHHA ll Ol.leHKH cneKrpanbHHX lll»pHH ~nmyJibCOB HeiiTpOHOB B KaHaJie, 

.. 
" 

"·. 

P,.o 
{!1e vjc} 

5100 

4355 

3830 

3100 

2230 

/?30 

1430 

12.50 

" 

t:>P, a 
(11ev; c) 

192 

168 

132 

103 

81 

62 

4 6 

4 6 

v P, tr.I, :J 

Ll PKIINtiA<L l::J P,..,MepuT. 
(Mev;c/ (Mevj c} 

112 85 

152 71 

111 61.4 

89 53 

70 40 

52 34 

3.5 29 

34 29 

~ ~i C, 9. l~MilYJib:HLIA cne!(rp 

~ neArpoHoB c p =3, IU f3B/c • 

~PMc,lU, Ytwnyn:cHwA cnexrp 
~HeHTpOHOB C p = ~ ,~3 f3B/c, 

:r , 
I .• , 
I 

l 

H P.., r,;,• 

PMc . II. J)ltny~bCHuii cneKrp~ 

HeAr pOHOB C p =1,73 f3B/c,, 
·~------~--~----------tf 1,# u t.t t.J Jll P, (filtrl , 
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( 4) 

ITonyt~eHHble B peayn:&TaTe P 1-1 llP = VtJp:~.' npi-!Be,neHbl B Ta6JI!t1Ue 2, a 

Ha pltlc.6-I3 OT!o18\!8Hbl rpaHit!Ubl, COOTB8TCTBYXJU(l-18 yCJIOBI-IKl (4) • 

fiOJiyt!eHHble ~lAUYJI:bCHble CUBKTpbl He UTpOHOB Wl-lpe l-ICT!tiHH~ , T8K KaK 

" OHI-I BKJIJ0 \!8JOT, B \!8CTHOCT!tl, l-131A8pltiT8JI:bH118 OWI-16KH. ;l{pyrltle npHtjlt!Hbl 

pacwHpeHHH cneKTpOB UOI'YT 6b1Th CBH38Hbl C tjlJIKlKTY8.UI18 ~ SHepr i!H ,neltTpO

HOB, nona,naJOU(ItiX B uHweH:& (cu.~opuyny I), npoueccauH o6nyt~eH!tiH H Ha

wepeH!tiH. 

ilpi!OJ!HlKBHHO UOlKHO UOJ!Olii:I!Th 

Ha CK83aHHOI'O CJie,nyeT, \!TO STa OU6HKa YOlK8T 6b1Th HCCKOJI:bKO 38BbiW6Ha. 

B Ta6lli!Ue 2 npRBe,neHbl aHat~eH!tiH cpe,nHRX I!MJFYJI:&COB, Wl4pHHbl pac

npe,neneH!tl~ 11 OU8HKa WltlpHHbl cneK:pa ltiUUYJI:bCOB HBaTpOHOB B KaHane, 

iloJiytleHHble OU,8HKiot LlP C~p. H8XO,llRTCH B Y.llOBll8TBOpi4T8 JI:bH.OY CO

I'JI8Citlltl C BYqJotCJieHHbiYH no BOJIHOBO~ ~yHKUH11 ,llJIH llOTBHUHWia XXJJI:&TeHa. 

Ha pltlcyHKe BH,nHbl HH3KOsHepreTRt!Hble .14 BbiCOKoaaepreT!tl t!Hble "xBoc

Tbl11 lotYllYJI:bCHbiX pacnpe,neJieHHlt. B HH3KOSH6pi'8TH\!Hbllt 11XBOCT 11 , KaK It! 

O&lot,ll8JIOC:b 1 nona,naeT OKOJIO 2~ He~TpOHOB. 

B aaKJIIlt~eaRe aBTOPbl et~HTaJOT cBoldu npi!HTHbiY ,noJII"oY Bblpaan:& 

6naro,napaocT:& A.M.Ean.nHHy, K.EewJI!tly,A.MI1XYJIY 11 B.n.KapnoBcKouy aa 

noeroaHHYJO no~epaKy pa6oTbl, ·B.C.EapaweHKoBy, r.c.Eepeai!Hy , K.r.ry,nH

we, B.~.KoToBy, P.w.neoe,neBy, n.r.MaKapoBy, 3.HoBaKy- aa ueHHble 

COB6Tbl, .KOJIJIBKTit!BaY OT,ll8JIOB CHHXpe>qlaaoTpOHa H LI8CTepCKHX J!B9 -a a UO

IIOU(:b B woHTaxe H HaJia,nKe KaHaJia,RonneK:rHBau KO, OBK, 09~A H OOrll~-aa 

llOUOU(:b B o6llyt!eHI111 · Ka!o16pbl I! H3Y6R6Hit!HX, 
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7~ P,ffit;r} " '·' 
~c.l2 . l~nyRbCHU~ cneKTp 

He!ITpOHOB C f =l,4Jf313/C. 

~c.lJ. lJ.myJibCHbiA cneKTp 

He~TpOHOB C f ·,1,25 f3B/c. 
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