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K8K naaecTHo, c noMOWbro mxepHbiX ljloTosMynE>cnfi obm oTKpbiT pall '180-

THU: . n :!:, K± }; + A • He118BHO B p800Te/11 cooomeHbl cP8KTbl, 

yK83biB810WHe H8 OOH8pyJKeHHe ( T8KlKe 0 DOMOWbiO cPOTOSMynbCHfi) HOBOfi 38-

p!!JKeHHOfi qacTHUbi, X8p8KTepncTHKH KOTopofi H cxeMbi p8CD8118 npellnOn8raroT

ca cne11yromHMH 

x-c: +no -14 m '" 1,78 rsa "' 2,2.10 · cex; 

+ no T "'3,6·10-14 
cex; m .. 2,95 rsa 

npoHnnrocTpnpyeM pacnonoJKeHne H3BeCTHbiX '18CTHU H8 WKane BpeMeHH 

lKH3HH X 
:1: ± 

K+ no. IL n A1-0 

10 
-6 

10 
-B 

10 
-lO -l7 

10 cex 

3a HCKniO'IeHHeM no -Me30H8 BCe STH '18CTHUbl .ObinH OTKpb!Tbl 0 no

MOWbiO TpeKOBb!X npHoopoB, 8 no OTKpb!T 0 noMOWbiO sneKTpOl!HKH, T8K K8K 

TeopeTH'IeCKH obin .npellCJtasaH ero. pacna11 Ha .2 y -KBaHTa, 

HepellKH Bb!CK83b!B8HHH1 'ITO B HHTepaane BpeMeHH lKH3HH 1Q-10 .. 1Q-17ceK 

qacTuu,· soaMOJKHo, H HeT, OllHSKo, TaKofi BbiBOil He ooocHoBaH, T.K. ··He 3H8!1 

p~cnall~bl~ CBO~fiCT!;l ';!80TH~, O'leHb TpyllHO ooHa~ylKHTb HX MeTOI18MH sneKTpo

HHKH1 8 KOpOTKHil: npooer, H3MepaeMblfi MHKpOH8MH1 HCKniO'ISeT BOaMOJKHOCTb 

lleTeKTHpOB8HHli cymecTBYIOWHMH TpeKOBbiMH npHoOp8MH, McKniO'IeHHe COCTaBnHIOT 

ljloTosMynbCHH, B nocnellHHX, npaKTH'IeCKH, ewe He obmo ueneHanp8BneHHbiX 



UOHCKOB KOpOTKOlKHBy!IlHX 'laCTllll H o6napylKeHHe I 11 , HOBOH 'laCTHUbl AOfllKHO 

uaMeHl!Tb 9TO nonoJKenue. B narneii pa6oTe121 o6ocHOBbiBanacb nepcneKTIIBHOCTb 

¢oTo9Mynbcnonnoro MeTona nm1 noncKoBbiX pa6oT n nccnenoBaHIISI renepaunn 

qacTIIII c BpeMeHeM JKnann I0-12-ti0-16 ceK. Ebxna CJlenana ouenKa BepoSITHOC

Tll neTeKTllpOBaHIIS! KOpOTKOlKRBYIIlliX qaCTllll B aaBIICl!MOCTll OT ceqeHIIS! reHe

paUllll :n BpeMenn JKnan:n, cornacno KOTopoii np:n r ~ 1012 ceK n a ~ 

1o-30cM2 OJlHO co6biTIIe cnenyeT oJK:nnaTb na .~ 106 aBean. 

B nacTOSI!IleM coo6mennn nanararoTCSI 6onee }leTanbHbie pac'I~Tbi 1 noKa

abmaro!Ill!e nepcneKTHBHOCTb noncKa n nccneJloBaHHSI renepaunn qac-

Tllll X CO. CBOHCTB8Mll B COOTBeTCTBllll C pa60TOHI 1 I 1 npnqeM npennonaraeMaSI 

Mace a X -qacTHllbi ~ 2 f9B Bnonne nonycKaeT :nx renepau:nro B o6nacTn 

yCKOpHTenhHbiX 9Heprnli 1 T.K; CB060JlHaSI 9HeprllSI B. c.u.M. 'JlflH.P P CTOflKHOBe-

Hllli npll 70 f9B paBHa 9,5 f9B; 

Oc.HOBbiBaSICb na naH~hiX pa6oTh/ 1 I, npoBeJleM oueHKY 9!flifleKTl!BHOCTH 

UOHCKa '18CTHll X npn o6ny'leHHH lfloT09MynbcHli na CepnyxoBcKoM ycKopn-

Tene, B cnyqae, KOrJla npn ee pacnaJle no nenocpeJlCTBeHHO KOHBepinpyeT 

B napy Llannua - e + , e - • ·PacqeT nponaBeJleM, nanpnMep, nnSI cnyqag, KOrJla 

'laCTl!Ua reHepnpyeTCH C 9Heprneii 10 f9B ll pacna}laeTCH Ha n ·'t_ H fl 
0 

CpeJlHHH npo6er qacTl!llhl X JlO pacnaJla c yq~ToM·penSITHBHCTCKoro 

yBenn'leHHSI paBeH: 

l 
14 . -14 10 

< > = 3•JO MKICeK • 2,2•10 CeK J, 7B "" 37 MK. 

( B nocneJlyromnx pac'leTax npnMeM, 'ITO < l > =40 MK). 

EyJleM C'll!TaTb
1 

'ITO pacnaJl X nponcxoJlHT B nanpaBnennn, nepneHJlH-

KynSipHOM BeKTOpy CKOpOCTH X -'laCTllllbi, a MaCChi n :t ll :no npnMeM 

paBHbiMH, TOrJlB B na6opaTOpHOH Cl!CTeMe l!X 9HeprHH 6yJlyT OJll!HaKOBbiMH. 

5 f9Bo l1MnynhCbl T7 -MeaOHOB B CllCTeMe l!OKOH ·X paBHbi: 

* .m2 2 Y. · . 
P = [(2} - mrr] = 0,9 faBle, 

a yrnhi BbineTa B na6opaTopnoa cncTeMe c JianpaBnenneM itBnli<eHHH X coc-

TaBflli!OT:· 
-: :.<! :!!~.:. -

4 .• 

.,1 
I 

i. 
\ 
f, 
I 

l 
tl 
l 

•til 
~ 
I 

' ~ 

I 
I 
I 

I 

=l0°20'. o/J =·arc sin ( 
T7 

+ Ecnn np:n pacnane no na e , e , y aneKTpOH ll noaHTpOH I 

AHKynSipHO K HanpaBneHHIO ABHJKeHHS! no ll YHOCS!T BCIO 3Hei 

paTopnofi cncTeMe :nx aneprnn OAHHaKOBbi n paBHbi . E • ~ 2,5 

neTa B n.c. l!O OT~omeHHIO K HanpaBneHHIO ABHlKeHHH no · B 

p = E • • p.! 
mrr 

=-2- HaXOAS!TCH :na ycnoBnH: E • • sin o/J 
+ 

oTBeTcTBHH c aTHM nonyqnM, 'ITO yron paaneTa napbi e , e 

21/J ~ 3°10'. 

TaKnM o6paaoM, pacnan X -'laCTHI!bi B. 9ToM· cnyqae 1 

KaK 3-ny'leBaH aBeana. C yaKHM yrnOM paaneTa ABYX 'laCTl!U 1 

Toporo cocTaBnSieT c nanpaBnenneM noneTa X yron, 6nna1 

Ma nepBH'IHoro TpeKa X -'laCTHI!bi. 

0ueHHM BepOHTHOCTb lj>OHOBbiX C06b!Tlli11 KOTOpbie Mory'I 

pacnaAbi X -qacTHU c OJKHnaeMbiMH npnanaKaMn. <l>onoBbie 

HOM MoryT 6biTb o6ycnoBneHbi. cnenyromnMn TpeMH npouecca11 

3-ny'leBOH aBeaAbl na penHTHBHCTCKHX 'laCTllll npll BaaHMt>.Ae~ 

¢oTo9Mynbcim onnoli na 6biCTpbiX qacTnu, BbineTaromeli na ne 
·. + + . . . 

2) pacnan K - -MeaoHOB HB n- + no.; 3) o6paaoBan:ne e 

poHOM nnn noaHTponoM ( TaK naabiB~eMbili npouecc "fridents · 

!O!IlllMll :na nepBH'IHOli aBeaAhl aa C'leT pacnana no Ha nap 

LlnSI ouenKn lflona B nepBoM cnyqae, KOTOPhili Mbi o6oa 

neynpyrHX CTOnKHOBeHHS!X n - -MeaOHOB c E = 60 ra~ .H npO,TI 

Ha OCHOBe pa6oTIS-5I MOlKHO C'IHTaTb1 'ITO cpennee 'IHCflO p 

'lacTnu B aBeanax, o6paaoBaHHhiX na Sinpax ifloToaMynhclm: < 

TenbHO, cyMMapnaH noTenunanbHaSI nn:nna nnH HX BaanMonenc 

L ecnn. Mbi orpaHH'IHBaeMCH na6nroAeHHHMH na paccTOSIH 

paBHa: L = 9 < l > =360 MK. BepOS!THOCTb neynpyroro sa. 

'laCTHll.C HJlpaMH ifloT09MynbCHH C<J
1 

=·L/<)1. >., rAe <'·)!. > 

6er B3aHMOneliCTBHS!·C S!JlpaMH ifloT03M~flbCHll JlflSI n -Meao 

9!Ieprnn 5-t60 faB. MolKIIO npn6nnJKenno C'IHTaTb no~TOHIIHhi!I. 

cneJloBaTenbllo, C<J = B,s· • 10-4.- Llanee, BepoHTnocTb C<J 
1 ' 2 

5 



lBOli 'IaCTIIUbl AOnJKIIO 

Banach nepcneKTIIBHOCTb 

11enoBaHIIS1 reaepaunn 

~Ha OU9HKa BepOSITHOC-

:TII OT C9'I9HllSI rene-

Dl2 ceK II a "' 

·Hhl9 paC'I~Thlt IIOKa-

:epauiiii 'Iac-

rpii'IeM npeanonaraeMaSI 

repaunro B o6nacTn 

~. ·amr..P p "cionKnoae-

HKY s«<>~eKTHBHOCTn 

:epnyxoBcKoM ycKopn

.eaao Koin3epinpyeT 

1ep, anSI cny'Iall, Korna 

Sl aa n "!:.II no 
>M penSITHBHCTCKOrO 

trrpaaneann, nepneann-

1 :t: H :no rrpnMeM 

YllYT OAUHaKOBb!MH. 

·X • .c paBHhi: 

.· 

. . . ( 0,9 rsa/cJ 
arc sm "' 

5 rsa/c 

+ Ecnn npn pacnane no aa e , e , y sneKTpoa II noanTpoa BhmeTaroT nepnea-

AIIKynSipHO K aanpaBneHUIO ABll}K9HIISI fl 0 II YHOCSIT BCIO snepriiiO, TO B na6o

paTopHOH cncTeMe IIX saeprnn oa!laaKOBhi n paBHhi E •"' 2,5 rsa, a yrnhi Bhi

neTa B n,c, 110 OTHOW9HIIIO K HanpaBneHUIO ABII}K91IIISI no · B 1Ipii6nii}K9HIISIX: 

mrr 
aaxonSITCSI II3 ycnoBIISI: E • • sin t/1 "' . . -

2
-

+ -
oTBeTcTBIIII c sTIIM nony'InM, 'ITO yron paaneTa napbl e , e a n.c. 

. B co-

TaKIIM o6paaoM, pacnaa X -'IaCTllUbi B · sToM cny'Iae 6yaeT BhxrnSIAeTb 

KaK 3-ny'IeBaSI aaeana c yaKIIM yrnoM paaneTa nayx 'IacTnu, 61IcceKTpnca Ko-· 

Toporo cocTaBnSieT c aanpaBneaneM noneTa X yron, 6nii3KIIli K yrny IIano

Ma nepBH'IHoro TpeKa X -'IaCTIIUbi, 

OueHIIM BepOSITHOCTb ljJOHOBbiX C05b!Tllli, KOTOpbl9 MoryT llMIITnpoBaTb 

pacnanhi X -'IacTnu· c O}KH.qaeMbiMII npnaaaKaMn, ¢oHOBbie co6biTIISI B ocaoa

HOM MoryT 5biTb o5ycnoaneHhi. cnenyrownMn TpeMSI npoueccaMII: 1) o5paaoaaane 

3-ny'IeBOli 3B93Ahl H3 penSITIIBHCTCKHX 'IBCTIIU IIpii B3aHMOA9liCTBHH C S!/lpaMH 

ljJoTosMynbcim oaaoll: II3 5biCTphiX 'IacTnu, BhmeTaroweli na nepBH'IHOli 3B93Ablj 
+ + . . 

2) pacil:an K - -M930HOB HB n- + no ; 3) o5paaoBaHII9 + e , e 

pOHOM Hnll II031ITpOHOM ( TaK Ha3~IBa9Mblll: npouecc "fridents . " 

-napbi siieKT

), Bbin9Ta-

IOiniiMH H3 rrepBH'IHOJI: 3B93/lbl aa C'IeT paCIIB.IIa n ° Ha rrapy .llannua, 

llnll OU9HKH ljJoaa B rrepBOM cny'Iae, KOTOphili Mbl o5o3Ha'IIIM F l t B 

aeyrrpyriiX CTOnKHOB9HIIS!X n -M930HOB c E = 60 fsB H npOTOHOB c E ·= 70 fsB, 

Ha OCHOB9 pa50T/3 -5/ MO}KHO C'IHTaTb, 'ITO Cpenaee 'IHCnO penl!THBHC~CKHX 
'IacTnu B aaeaaax, o6paaoBaHHhiX. aa llApax «!>oTosMynbCHII: < u >"= 9, Cnelioaa

Tenbao, cyMM8pH8SI IIOT9HUII8nbH8ll AnHHB Jlnll HX B38HMO}leli:CTBHSI .C S!ApBMH -

L , ecnu. Mhi orpaHH'IHBaeMCll aa5nroaeHHBMI:I aa paccTosrHHH < l >. , 5yaeT 

paaaa: L = 9 < l > =360 MK, BepoSITHOCTb aeyrrpyroro aaaHMonelicTBnll sTHX 

'IBCTHU c SIApaMH ljJoTosMynbCIIH w "' L I<.\> , rae < · ,\ > - cpeaanli npo-
l 

5er B38llMOA9liCTBHll C Sl/lp8Mll «J>oTOsMynbCHH }lnll fl -M930HOB B AH811830H9 

SHep.rHH 5-t60 fsB, MO}KIIO IIpn5nii}K9HHO C'IHT8Tb .IIO,CTOSIHHblM < ,\ >"' 42 CM H, 

cneaoaaTenbao, w = B,s· • 10-4, -llanee, aeposrTHOCTh 
l 

5 

(<)2 ; 'ITO aaeaaa 



6yueT llMSTb aeqeTHOS qncno TOnbKO penRTI!nllCTCKHX qaCTllU (cTOnKHOn8Hll8 

C KnaancnofiOAHbiM HSl!TpOHOM) IIO A8HHbiM MHOI'llX pafiOT! (L)2 = 0,1 

BepoHTHOCTb w 
3 

Toro, 'ITO n sTnx aneauax qncno nyqefi panno TpeM, 

sanHCllT OT 3H8pi'8THqeCKOI'O CIISKTpa qacTHU 0 reaepnponaHHbiX n rrepnnqHb~X 

3n83AaX, Ecnn ycpeuHHTb CIISKTp, IIpiiHIIMaR unn Cp8AH8ll sneprnn 

. 16 71 
7 ran, TO IIO A8HHbiM ' w3 =0,6 • n -Meaoaon nennqnHy = 

B COOTneTCTniiii C 3TIIM nonyqnM: 

s: <iJ • (L) • (L) = 4d0 
-5 

1 1 2 3 

nerKO llOKa38Tb
0 

qTo 4JoH ".f{ n cnyqa.e o6paaonaHIIR 3n83Abl C OAHOll aapn-
. ' + - 0 q: 

lKSHHOll qaCTIII!Sil II napoil e , e OT pacnaua 1T - MHOI'O M8HbW8 qeM .J 1 

LlellcTniiTSnbHO, n 3TOM cnyqae nMeCTO W 3 Mbl IIM88M llO uaHHbiM/6,
7

/ w;"'0,25 

II AOllOnHIITSnbHO HylKHO nneCTII W = 1/85 ·, 
, -7 . 

CneuonaTenbHo, S: = w • w • w' • w = 2,5 ·10 • OueanM 4JoH S:2 no 
. 1 1 2 3 4 

± ± . . 
nTopoM cnyqae: pacnau K ... n +no • Ceqeane reaepaunn CTpaHHbiX qacTIIU 

n n p CTOnKHOnSHIIRX llpll 25 rsnlc IIO AaHHbiM/8/ COCTannneT = 4 Mfi, T,e, 

= 0,2 aeyrrpyroro c~qeann , a poeT ceqeann aaMeunneTctl, Llanee rrpii6nnJKeHHO 

n nononiiHe co6biTIIfi rrponcxounT reaepaunn aapn JKSHHblX K -Meaoaon. Ecnn 

UpiiHRTb, qTO K 70 ran ceqeane K - M830HOn COCTannneT = 0,3 Heyrrpy

roro ceqeann,n n nononnae cnyqaen nponcxounT renepaunn aapn

JKeHHbiX K -Meaonon, To s4J¢eKTnnnan nepoRTHOCTb nx reaepaunn w = 0,15. 
± . ± 1 

BeponTHOCTb ·pacrraua K na n + no (L) = 0,25 •• Ha unnne < l > 
± 2 

neponTHOCTb pacrraua K -Meaona naJKe c nenbiCOKOfi saeprnefi, T,e. 6ea 

yqeTa pennTHnllCTCKOI'O ynennqeHIIR np8M8HII JK113HII, COCTanHT! 

~ 
·3 

40 MK 

-14 -8 = 
3•10 MKICeK •1,2•10 CSK 

1.1 • io -:5 

no + - q: na e + e + y w = 1/85. CneuonaTenbHO: .J 2 = BeponTHOCTb pacnaua 4 . 

= (L). (L) • (L). (L) "'5·10- 9 , B Tp8Tb8M cnyqae ~OH 5
3 

OUSHIIM n 
1 2 3 4 

cneuyiOwnx rrpeunonoJKeHnnx. Cpeunee qncno no -M830HOn0 renepHpyeMbl"; n 

nepnnqHblX aneauax, cocTannneT nononnny qncna aapnJKeHHblX 11,ecnn < n > ;, 9, . . s 

KBK paaee llpllHHT0 0 TO <nHo > = 4,5. CneuonaTenbHO, cpeuann neponTHOCTb 

DhlneTa na nepnnqnoil aneauhl aneKTpoaa nnn rroanTpoaa aa cqeT pacnaua 

aa rrapy Llannua 6yueT panna: 

6 

:,\ 

I 

-~ 
J 
L 

.1 

;'I 

\ .j 

l 
l . ~ 

(I· ·'! 

I j 

\. .. , 
•) 

1'. ,. 

.. , 
) 

!_{ ~~, 
·~~ 

) 

I. 

•' ~-

\ 
.'· 

• • •• ·: • '] "< :'· 

(L) =4,5·2·-0,11. 
I . 85 · · 

' ~ .. -. 

BeponTHOCTb 

·+ 
phi e + e 

cJ 
2 

• ' o6paaonaHllH 'Tpollioi" ,· T,e. reaepaunn. 

na. tryTn <[). ·.!3· 4JoT03MynbCllH, MOlKHO OUSHHTb I 

Cornac'Iio ·nocneumiM, ·cpeuHnH ·pacqeTHan unnHa unn 'TpoilKn' 

cocTannHeT .. rrpn saeprnn 1 ran 90 CM, 'rrpn 10 ran· =.,·50 

Hhi~/ 101 aa6mouaeTcn cornacne pac>leTHbiX 11 orrbiTHbiX uaHHbi 

"TpoeK' n rrporraiie, II03TOMY MOJKHO IIp11HRTb 0 qTO 

40MK 
(L)2 = 1 . 

- (90+ 50) CM 
2 

CneuonaTenbHO, S:3 = w 1 

-5 
6·10 

(L) = 
2 

7 ·10 - 6 

. KpoMe aToro •TpoilKn" MoryT 6biTb 6biCTpo oTueneHbi 01 

pacrrauon X -qaCTHU, TaK KaK OHII xapaKT8pii3YIOTCR Oq8Hb y: 
· · I 111 , 

pacnpeueneaneM. LlellcTnnTenbHo,.rro uaHHblM , ecnii aneKT 

1'1110 1 ran, TO yron paaneTa (} o6paayeMoll HM napbr: (} 

aneprnn aneKTpoaa 10 ran , f) = 1 '. 

OueHHM oJKnuaeMyiO qacToTy ueTeKTnpoaaann ·aonbrx-qac· . ~ 

raeMblMH cnoilcTn8MII n aani!CIIMOCTII OT nennqHH ceqeHIIll rei 

TaeMCR nonyqnTb aaKniOqeane o nopnuKe nennqHHbi unn ceqea 

X -qacTnu ·no uaHHblM pa6oTb/ 11 • KaK yKaaaJio n aToll pa6 

nne nbl3b!Banocb nepnnqaoll qacTnueil c alieprnell 6onbwe 10 l 

ITo A8HHhlM/12/ UOTOK qaCTIIU C aHeprneil,panHofl nnH n 

' qeann, na rpaanu·e aTMoc4Jepbl cocTannHeT 3,5,1o-5cM-2ceK-1, 

3MY nbCIIOHHblS CTOIIKH n Ollb!TaX/1 I l!MSnii. pa3M8p 20x~ 

nHCb = 500 qacon Ha nbiCOT8 0 COOTneTCTnyiOwefi oqTaToqaoll 

~epbl 260 r /cM2, .B COOTneTCTnllH C aTHM, ecnn AaJKS npeH 

HIISM llOTOKa 6blCTpb~X qaCTIIU ( ncneACTnne Manoro Koa<jl¢HUIII 

coxpaanTcn aaaqnTenbHan uonn rrepnnqnoil aneprnn y 6onbWSI 

TO cyMMapHblil UOTOK C aneprneil ~ 1012an Ha CTOUKS COCTl 

B OllblT~X ncnonb30DaniiCb aMynbCIIII TOnwiiHOll 50 Mn, HaHeC• 

CTOpOH. Ha . 49 IIII8HOKo 

7 



ICTRU {CTOnKHOBeHne 

IT: W
2 

;, 0,1 

0 nyqefi paBHO TpeM1 

38HHbiX B nepanqHbiX 

cpenaeli •saeprnn 

'3=0,6. 

3Abl C OJlHOH 38pli-

lrO MeHbWe qeM .~ 1 • 

ao Jl.aiiHbiM/6, 71 w; ,.0,25 

teHRM ljloH ~ 2 BO 

aunn cTpaHHhiX qacTnu 

lenl!eT = 4 M61 T.e. 

:!I. nanee npn6nnJKenno 

( K -Meaonoa. Ecnn 

3mreT = 0,3 neynpy-

!Hepaunl! aapl!-

·eaepaunn w = 
1 

0,15. 

!5 •. Ha Jinnne < l > 

saeprnefi, T.e. 6ea 

raanT: 

~ = 
2 

n ·~ 
3 

oueanM B 

!OB1 renepnpyeMbi:X: B 

!HHhiX n,ecnn <n > ;.. 9, .. 
cpeJlHlili BepOl!THOCTb 

' aa c'!e.T pacnana 

'••' 1 . 
WI =,4,5·2 • BS. 0,11 · 

BepoliTHOCTb w 2 o6pa30B8HRli "TpoliKii"' T.e. reaepaunn . an~KTpOHOM na-

pbl ~ + + e aa. nyTn·· <l> .a· ljloToa~iynbcnn, MO.JKI!o oueanTb' no JiaHHbiM/9/. 

Cornacao 'nocneJIHHM, ·cpeJIHlili 'pacqeTHali Jinnaa Jinli "TpoliKn" B 'ljloToaMynbcllll · 

COCT8BnsieT 'npn aaeprnn 1 rsa 90 CM, 'npll 10 rae = . 50 CM, a no J1BH-
·J101 . . . 

HbiM aa6moJiaeTCli cornacne pacqeTHbiX n onbiTHbiX JlBHHhiX npn reaepaunn 

"TpoeK" B nponaae; ll03TOMy MOlKHO npRHliTb1 qTo 

w = 2 

40 MK 

!:_ {90 + 50) CM 
2 

CneJloBaTenbH01 

-5 
6·10 

7 ·10 - 6 

. KpoMe aToro. "TpOliKR" MOryT 6b!Tb 6biCTpO OTJleneHbl OT OlKRAaeMbiX 

pacnaJIOB X -qacTRU 1 TaK KaK onn xapaKTepnayiOTCli oqeHb yaKRM yrnOBbiM 

pacnpeJienenneM. lleil:cTBnTenbno,. no J18HHbiM/ 111 , ecJm aneKTpon nMeeT anep-

rn10 1 rae1 TO yron paaneTa (} 

aneprnn sneKTpona 10 rae , f) = 1 '. 

o6paayeMoli nM naphi: (} = 7' '·a npn 

OuennM oJKnJiaeMyiO qacToTy JieTeKTnpoeannR noebiX qacTnu c npeJinona
o 

raeMbiMII ceolicTBaMn e aaencnMocTn oT aennqnn ceqennil: renepaunn. nonhi-

TaeMcli nonyqnTb aaKniOqenne o nopRJIKe aennqnnbi Jim! ceqeansr re.aepaunn 

X -qacTnu ·no. JlBHHbiM pa6oTb/ 11 • KaK yKaaano e aToli pa6oTe, · eaanMoJieficT

ene ebi3bieanocb nepenqaoli qacTnueli c afieprneil: 6onbwe 1012 ae. 

no JlBHHbiM/ 121 noToK qacTnu c aaeprneli~paenoil: nnn ehlwe aToro ana

qennli, aa rpannu·e aTMocljlepbi cocTaBnReT 3,5.1Q-5cM-2ceK-1cTep-1. · 

3MynbCHOHHbie CTOUKH e OnbiTaX/1/ l!Menn. p83Mep 20x25 CM2 ll o6nyqa-. 

nHCb "' 500 '!8COB 1!8 BbiCOTe, COOTeeTCTeyiOweli oqTaTO'!HOH Tonwnne 8TMOC

tjlepbl 260 r /cM2 • . B cooTBeTcTenn c aTnM, ecnn JlaJKe npene6peqb ocna6ne..: 

nneM noToKa obiCTpbiX qacTnu { acneJicTane Manoro KoaljlljlnuneHTa aeyrrpyrocTn 

COXp8HHTCli SH8'!HTenbH8l!,. JlOnli nepanqaoli aaeprnn y 6onbWefi JlOnn '!8CTHU), 

To cyMMapHbili noTOK c saeprneli <:: 1Q12ae aa cTonKe cocTaBnl!n = 105. 

B onhiTax ncnonbaoeanncb aMynbcnn Tonwnaoli 50 MB, aanecennhie c JlBYX 

cTopon .aa. 49 nneHoK. 
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8 COOTBeTCTBHH C 9THM, II npHHHMaSI, 'ITO cpeJlHIIH npo6er Heynpyroro 

Ba8HMO)leiiCTBHSI B aMyiibCHH TBKOH lKe K8K II npH 10,..70 faB, T.e. "" 37' CM,. 

nony'IHM :Jlml o6tnero 'IHCIIa B38HMOJleHCTBHJi B aMyiibCHH BeiiH'IHHY 1,3 ·, 103. 

CneJloBaTenbHo, ecnn 6bi 6bmH npoaaannanpoBaHbi Bee co6biTHSI B3aHMO

JleiicTBHH '18CTHU c aaeprneft Z 1012 SB H HaiiJleHO OJlHO, KOTopoe C~Jlep:H<HT 
'IBCTHUY X , TO ce'!eane ee reaepaunn 6yLteT = 103 paa MeHbme e 

ce'lellHSI reaepaUHH fi -MeaOllOB (KOHe'IHO, 9TH paCCYJKLteHHSI. JliiSI 1-ro Cny'laSI 

yCIIOBHbi) • 0Jlll8KO aaannay, npHBeJlellHOMy B/ 1/, MOI'IIa 6biTb noLtBeprllyTa TOIIb

KO ae60IIbill8SI '18CTb C06biTHii, ToKoH B CBHHUOBbiX npOKIIaLtKBX II nneHKaX, Ha 

KOTopwe aaaocnnacb aMynbCHSI, reaepnpoaanocb npn6nnanTenbHO B aoceMb paa 

6onbme aaeaJl n, cneJloBaTenbao, o6mee nx '!Hcno cocTaBnSI no "" 104 • .Ha aToro 

cKopee cneJlyeT, 'ITO ce'!eane reaepaunn X -'laCTHU ae yMeHbmaeTCSI B 103 

paa no cpaBaeanro c ce'!eaneM reaepaunn ll -Meaoaoa •. Ecnn C'IHTaTb aTo 

yMellbmeane paBHhlM 300 (T.e. ce'!eane reaepaunn '!aCTHU B o6nacTH aaeprnli 

"" 70 faB COCTBBIISieT 1o-28cM2), TO noSIBIIeHHe '18CTHUbl X cneJlyeT 

OlKHJl8Tb Ha "" 330 3Be3Lto 

• CneJloBaTenbHO, c y'leTOM JlOIIH pacnaJlOB. no aa napy e+ .j. e OJlHO ·co-

6biTHe MOlKIIO OlKHlt8Tb Ha "" 2,6 • 104 3Be3Jl, TO eCTb BepOSITHOCTb )leTeKTHpO

• aaHHSI X -'laCTHUbi cocTaBHT: W = 4·10-5• CpaBHHBaSI sTy aenn'IHHY c Bhl-

'IHcneHHbiMH paaee BepOS!THOCTSIMH cjJOHOBbiX C06biTHJi 5 = 4•10-5; 5 "5•10-9; 
. 1 2 

5 = 7•10-6, cneLtyeT. aaKniO'IHTb, 'ITO aenH'IHHaMn 5
2 

H 5 MOlKHO npe-
3 . 3 

ae6pe'lb II rnaBHbiM SIBIIS!eTCSI cjJoa 5 1 • 0JlH8KO ero BenH'IHHa ·· He· SIBIIS!eTCSI 

CTOIIb 6onbmoli, 'IT06bi CyiUeCTBeHHO noMemaTb noHCKY X -'laCTHU, OTJleneane 

KOTOpbiX OT cjJoaa MOJKeT 6b!Tb HBLtelKHO npOHaBeJleHO no KHHeMaTH'IeCKHM xa

paKTepHC.THKBM JlBYX'I':CTH'IHoro pacna)la X -'laCTHUbl. TaK, aanpnMep, B cny-

'lae pacnaLta X 

ee cneLta, cneJla 
+ 

-'laCTHUbl JlOnlKHa co6niOJlaTbCSI KOMnnaaapHOCTb nepBH'IHOI'O , 
* . . 

fi (nnH npOTOHa) II peaynbTHpyiOIUero BeKTopa HMnynbCa 

napw e , e • noaToMy noncK pacnailB aa napy llannua, aecMoTpSI aa Manyro 

BepOS!THOCTbo HMeeT npeHMyiUeCTBO B CMbiCIIe Hai'IIS!ltHOCTH C06biTHSI ·n OTLtene

HHSI ~ro oT ·cjJoaa. B pa6oTe/13/ 6blnH npoaeLteHhi ycnemabie onbiTbi B cjJoToaMynb

CHSIX, o6ny'leHHbiX ll --MeaoaaMH 60 faa, no conocTaBneanro e +, e -nap oT 

Koa'sepcnn· y -KBaHTOB c poJlHTenbcKoli aaeaLtolt, noaToMy MOlKHO olKHJlaTb, 

'ITO B03MOJKeH nOHCK pacna)lOB X 'laCTHU, aaanOI'H'IHblli OCyiUeCTBIIeHHOMY 

B/ i/, T.e. 6ea o6paaoBaHHSI napbl llannua. 

8 

06cyJlHM, aaKoaeu, aoaMOJKHOCTb rron.cKa aefiTpanbHbiX X 
+ - . 

pacnaJlOM X 0 -> fi -+ fi • npenMyiUeCTBOM B nOHCKaX 9TOI'O pac 

HeHHIO C paaee paCCMOTpeHHbiM, S!Bns!eT_CSI TO, 'ITO OTCyTCTBye~ 

1/85, KBK B cny'!ae pacnaJla aa napy llannua, cneJloBaTenbHo, 

3-1o-3. 

<l>oaoBbiMH co6biTHSIMH··a cny'!ae pacna)la X 0 '18CTIIUbl H 

6apHOH .... fi ± -MeaoH) 6yJlyT pacna)l~ Ko -MeaoaoB .H ·A 

ypoaeHb aToro cjJona. 

BepoSITHOCTH poJKJleHHSI K 0
. nnn A B nepBH'IHbiX aaeall 

HHTb paBHbiMH pa~ee Bbi'IHCIIeHHOli BepOHTHOCTH (<)1'. npH 

52 • (<)1 = 0,2 
+ 

BepOHTHOCTb pacna)la K 0 
aa n + n i (<) 

. 1 2 

JKHann K; .- r =0,88·to-10
1
ceK, cnenoBaTenbHo, aepoSI 

6ea y'leTa penSITIIBHCTCKOrO yBeiiH'IeHIIH na nyTII <l> 

(<) 

3 
= 40 MK I 3·10 

1 ~K/ceK • 0,88 ·10 -
1

~eK 
-3 

1,5•-10. 

8 COOTBeTCTBHII C 9TIIM cjJoH 5 ~o- paaen: 

5 0 = (<) • (<) • (<) 
K 1 2- . 3 

2·10 -·. 

llnSI pacnaJloB A H8 npOTOH H n 6yJleM nMe.Tb ru 

5.10-4~ CneJloBaTenbHO, S'A = 1·1 o-5. TaKIIM o6paaoM, aepi 

BbiX co6biTHli MeHbme, •IeM W = 3·10-3 • YrnoBbie xapaKTepi!C 

K ~ II ,\ . B 38BIICIIMOCTII OT HX SHepri!H II aarrpaBneHIIH Bb 

'IBCTHU B co6cTBeHHOli CIICTeMe, O'!eBI!JlHD, ·MoryT ·n CoBna)laT: 

}( 0 , OJlH8KO, IIOCIIe H3MepeHIIII KHHeMBTI!'IeCKHX xapaKTepi!CT 

II A MoryT 6biTb aanelKHO oTneneHbi oT pacnanoB Ko 
1 

X 

·x noMHMO paCCMOTpeHHbiX npHMepOB nOHCK8 pacnaUOB 

noJKeHH8H rrpouenypa 3THX noi!CKOB, O'leBHIIHO, paUIIOH811bH8 Ill 

II llpYI'HX B03MOJKHO cyiUeCTBYIOIUIIX KOpOTKOlKHBYIUIIX '18CTI!Uo 

na6nronaT.enb BHa'!ane nonJKea naiiTH aaeaLtbi, aw3BaHHbie Baal 

nepBH'!HbiX 6biCTphlX '18CTHU 0 aaTeM 111151 o6aap)'lKeHHSI co6b!TH 

IIOHCK cpeLtH _KOHyca BTOjJH'IHblX penSITIIBHCTCKHX qaCTHU H8 p! 

OT 3Be3 llbl, T.e. KOI'Jl8 BeCb 3TOT KOHYC H8XOIIHTCSI eme B nc 
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: npo6er aeynpyroro 

) faB 0 To9o "' 37- CM, . 

II . B~ilii'IIIHY 1, 3 .o 103, 

BC9 C06b!TIIll B3aiiMO-

100 KOTOpoe COA9plKIIT 

paa M9HbW9 e 

·.neHIIll Ailll 1-ro cny'lall 

6biTb no.nileprHyTa Tonb-

IaAKaX II nneHKaX0 Ha 

311T9ilbHO B BOC9Mb paa 

LBilll no "' 104 o Ha aToro 

e yMeabwaeTcll s 103 

Ecn11 C'IIITaTb aTo 

IIU.B o6nacTII aaepr11n 

Ubi X cne.nyeT 

+. 
napy e + e o.nao ·co-

~epoliTHOCTb A9T9KT11p0-

g STY B9ilii'IIIHY C Bhl-

"' 4·10-5; 5 .. 5o10-9; 
2 

11. ·5
3 

MOJKHo npe-

senii'IIIHa·ae·liBnlleTcll 

X -'laCTIIU, oT.neneHHe 

KIIH9MaTII'19CKIIM xa

raK, aanpHMep, B. cny

taapaocTb nepBII'IHoro 

!I'D, BeKTopa IIMnynbca 

a, H9CMOTpll Ha Many!O 

r11 co6biTIISI ·II oT.nene

Hbie onbiTbl B cpoToaMyilb-

+ 
!HIIIO e , e nap OT 

MY. MOlKHO OlKIIAaTb, 

~ ocywecTBileHHOMy 

J 
j 

i 
I 
I 
I 

l 

06cyJUIM
1 

HaKOH9U 0 B03MOlKHOCTb noiiCKa HeliTpailbHbiX X0 
.-'laCTIIU C 

+ 
pacna.noM X 0 .. II +II o IlpeiiMywecTBOM B noHcKax aToro pacna.na, no cpaB-. 

H9HIIIO C paaee paCCMOTp9HHbiM 0 S!BilSI9TCSI TOo 'ITO OTCyTCTByeT Koa¢¢11UII9HT 

1/85, KaK B cny'!ae pacna.na aa napy llan11ua, cnenosaTenbHO, senii'IIIHa W"' 

s.to-30 

<l>oHoBbiMH co6biTIIliMII B cny'lae pacnana X0 · '!aCTIIUbl Ha 

6ap110H ... II :t -Meaoa) oynyT pacnaAbJ K 0 -M930HOB .11 A o OueaitM 

ypOB9Hb STOI'O ¢oHao 

BepoSITl!OCTII poJK.neHIISI K 0 nn11 A B nepBII'IHhiX aseanax MolKHO npn-

HS!Tb paBHbiMII 

'J 2 • UJ 1 "' 0, 2 

panee Bbi'II!Cil9l!HOll BepOS!THOCTU UJ 1' np11 onpeneneHIIII 

+ 
BepoSITHOCTb pacna.na K; aa II + II UJ 

2 
0,69o BpeMSI 

lKII3HII K; .- r =0,88·10-10
1 
ceK, cne.nosaTenbl!o, sepoSITl!OCTb pacnana 

6ea y'leTa penSITI!BricTcKoro yneni!'I9HIISI Ha nyTII <l> 

14 . -10 -3 
UJ = 40 MKI3·10 MK/ceK •0,88·10 ceK "'1,5•10. 

3 

B COOTB9TCTBIIII C STllM ¢oH 'J ~o· paBeH: 

'J o= UJ • UJ. • UJ 2•10 - 4
• 

K 1 2· 3 

6y.neT pasHa: 

llnH pacna.noB A Ha npoToH 11 II 6yneM I!Me.Tb UJ 2 =0,66 11 UJ 
3 

5.to-4: CnenoBaTeilbHO, 'J A = 7ol o-50 TaKI!M oopaaoM, sepOS!THOCTII ¢oHo

BbiX co6biTIIii Menbwe, '!eM W "' 3·10-3 o YrnoBhie xapaKTepiiCTIIKII pacnauoa 

K ~ II A . B 38BIIciiMOCTII OT IIX SHepr!!ll II HanpaBil9HIISI Bblil9T8 BTOpii'IHbiX 

'18CTIIU B co6CTB9HHOfi CIICT9M9 0 0'19BIIAH0 1 'MoryT II COBnanaTb C pacnanoM 

X 0 
0 

OAH8K0
0 

nocne 113MepeUliSI KIIHe!Y18TII'IeCKIIX xapaKTepiiCTIIK pacnaAbl 

K 0 11 A !YioryT 6biTb Ha.neJKHO oT.neneHbi oT pacna.nos X 0 

1 
Ilo!YIIIMO pacc!YioTpeHHhiX npn!Yiepon noncKa pacna.noB X -'laCTIIU 113-

noJKeHHBSI npoue.nypa STIIX il0l!CKOB0 0'19BIIAH0 0 paUIIOHailbl!a llilSI o6napylKeHIISI 

II npyrl!X B03M0lKHO cyWeCTBYIOWIIX KOpOTKOlKliBYWIIX '!aCTIIUo B STIIX noiiCKaX 

Ha6n10UaTeilb BUa'!ane AOillKeH HaliTll 3Be31lbl 0 Bbi3B8HHbie B3aii!YIOAefiCTBIIeM 

nepBII'IHbiX 6biCTpbiX '!aCTIIU, aaTeM .nnSI o6HapylKeHIISI co6biTIIl! npo113BOAIITb 

nOliCK cpenll .KOHyCa BTOpli'IHbiX penSITIIBIICTCKIIX "l8CTHU Ha paCCTOS!HIIII ';' 100MK 

OT 3B93 Ublo To eo KOI'Aa B9Cb STOT KOHYC HaXOUIITCSI ewe B none apeHliS!o 
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TABJIWQA I 

Pacna.l X - x± + a- •- :Jr ± + e + + e- + r 
3aeprws X Yro11 BlUe- Yro.l BW118'la J!Jmync-X0 --Yro.l pas'iera-e~ e---;;;- naps -B .laGoparopHOI -
qacrw~ B ra~0 Meso- ~Me3oHa B B maGoparop- cwcreMe B 38BRCHKocrw or pacna,~;a B cwcre-
.laGoparop- Ba B cwcre- .~aGoparopHOI HOI cwcreMe Me no . 
HOI CJ!Cte- Me X -qac- CWCTeMe raB/C n now yr.1avw 450 I350 Me TJI~ epJI&HlBY.IJI'PBO "' ... . J1 

E lBX18HMD nb E lBJIZ8HJID no . 

noJIIIaSl 00 0 9,97 Io 34 20 17 
IO rn 45 4° I4 8,5 Io 48 2 4I 

90 IO 20 5 3 10 3 57 
I35 23 30 I,5 10 30 I4 30 

Kwaerw- 0 0 2,4 6 40 9 rl 
'leCES.S 45 10 10 2,15 7 20 9 40 
I raB 90 36 30 1,38 II 30 16 10 

:: 135 81 50 0,63 24 40 33 '37 -
TABliWUA 2 

Pacna,~; X-- P ... .x•- P + e + + e- ... ; 
3aeprws Yro:t. BHJiera Yro.1 B&nra Jrwync B Yro.x pasnta e +, ·e- JiapH B J18GoparopHOI ewe-

:t.~.c:c- B cwcreJie X - B Jiacloparop- .laGoparopHol 'l8M8 B 38BWCJ!KOCTJI Of pac~ B CWCT8M8 nf 
-.acrw~ HOI CJIC'l&Ka CMCteMe nepD8HlBY.ISpHO X lBH- no,~; yr:t.aKH 45° X 135° reMe l!iiB.!C p n!S p nl:l p no Z8BWD nO E lB~8HWD no 

1ao1S oo oo oo 0,76 8,8 10 52 . 20 37 
IO raB 135 45 24~5 710 2,27 7 5 2 6 3 5 

90 90 14 10 17 10 5,41 4'47 3 30 4 48 
45 135 6 20 40 30 8,49 1!44 II 14 4I 


