
" . ' 
A- '4-S 

OBbEnJ-1HEHHbiJ.1 
V1HCTV1TYT 
fl.llEPH b!X 

V1 CCnE.ll OBAH V1 M: 

.LJ.y6Ha 

~ • ... • • ·• I 
= :r 
! a: • = I 
! 
2 • .. 
~ 

1717 

.LJ.y lOaHb-uaa, CstHb .lJ.aH-'!aH, Y UayH-cpaHb, 
XyaH Uay-q)!{aHb 

METO.ll OnPE.D.EnEHV'ffl 
cnEKTPA nY4KA HEM:TPAnbHbJX 4ACTV1U 

Bb!COKV1X 3HEPIV1M: 

···~ 



~,1'!· .... · •. ·-t·:·.·.··~-( ·'. ',it~,.:::',('' 
\ -~~~ '' r ; 

I
I ",C_c . 

. i . 
,< .t .· ..• ··! 

,._,.:._._, __ :·~ .•. -·;; . ,~', 

l 
' ~~ 

I ~. 
I .• 

t< 
'• ,. 

!,1 ,·;:· 

,lj 
. 

;rr·- - -·......-.:-; 

. ~ 

iF 
~-

•.l' 
i\ 
1·~ )\. 
::1. 
I·'' 'lil 

:~·~_.: l' 
·1 

:'!~: 
'\l'j; 

<,)_ 

• 
I 

~ 
\\'() 
(\) 
"<::> 
~ 

' 

·;·~--;"'"-- --~-~~-~:~· ~-~~---.~,. '\-t:7\.~; .. -~.--.. ~ .: ·~; ,,, - :;~~?!_;:' ~.r: ~ :;,_~-~~~~-~~-:o/7'"~~~-~~-..--·r 

·, 

:. 

1717 

TJ.y 101111..-uall, CliHb TJ.xH-'IaH, Y UayH-cPaHb, 
XyaH Uay-q>KaHb 

METOTJ. onPEnEnEHH~ 

CnEKTPA nY4KA HEHTPAnbHblX "iACTHU 
BbiCOKHX 3HEPrHH 

HaupaaneHo a >K3T<l> 

.............-:--~~-~;.,;.~......,..,.....·--··· . 

L
hug'uem:~H\1 l/i~CT~it~~- · \ 
l,lt:~I:.E.::':: ':TZJJe)\0!;1'':.• . 

,,- V' ·r .. ~~~ -~· )~·-"~~:•'"\ ' ~ 
-~'Vlil\:~-,t1 /l-V n lC:.·w \:-

--~ ... -~~-.-:·-· _......_.--~··"'"--·""" . 

• 

\. 

. \ 
'·j_;.i 

"' ·-~-1 

·~ 
··/ .. ·; 



' 

I 
0 

-~ 'l~··r 

~~/'" ' 
r~ '., 

., ,-. 

r ~ > 

0 
Hay'leHHe aaasMo.a.eAcTBRil H&ltTpan&HbiX 'laCTBU (n, K~, ••• ) c syKnoHaMR npR awcoux 

9HeprRRX RM88T 60IIbW08 3Ha'I8HH8 B HCCII8.1J.OB&HRB 91I8M8RT8JmloiX '18CTRU • 

O.a.saJto npoae.a.eaae 9KCD8pRM8HTOB 38TPY.IJ.BR8TCR T&M, 'ITO CD81tTp Dy'lltOB 

aeltTpMbBbiX '18CTBU H8R3B8CT8Ho I1M810UlH8CR B H8CTORU18·e Bp8MR 9KCD8pRM8HTellbkble 

,IJ.aHH&I8 B 9TOII o6nacTR ewe 0'18Hb H83H8'1RT81IbHbl, 

H sacToawell pa6oTe npe.a.naraeTca MeTo.a. onpe.a.eneHHR cneltTpa ny'lxos aeiTpanb

. HloiX '18CTRU, DOIIY'I8HHbtX OT YCKOpBT81IR BbiCOXRX 9HeprBA, 

npe,IJ.DOIIO>KRM, 'ITO 9KCD8pRM8RT npOBO.IJ.RTCR B Dy3&lpbKOSOit lt4 M8p81 ltltCDOHBpOBaR-

saa a seiiTpanbBOM ny'lxe. Tor.a.a MO>KHO OT6Hp8Tb C06biTHR1 DpRH8.1J.II8>K8UlB8 O.IJ.HOMY 

a TOMy >K8 xaaan;r peaxuaa. Ha ocaoae excnepRM&HTanbBoro as8pr8TR'IecKoro pacnp8.a.e

neHR!! C06b1TIIA· ODp8.1J.81I8HHOrO K8H41I4 p8aKURR MO>K8T 6b1Tb DODf'lllH 9HepreTR'I8CKHII 

CD8KTp Dy'llt8 C DOMOUlbiO T80p8TB'I8CXOrO pac'leTa, 

Ka" aasecTso, 'I&M MeH&We '!Reno 'IACTRu s KoHe'IHOM cocroas&a, TeM npowe 

9KCD8pRM8HT0 8CRH DpH 9TOM C8'1eJIR8 BBT8p8CYIOU18rO B8C KaHana peeKIIRB .s8 0'18llb MMO / 

OTBOCHT8DbB'? .D.p;yrBX K8HMOB p8aXIlHR, Ha n_8psloll B8riiR.IJ. J:liiR B81U81t 118118 BOSMO>KBO 

6l>Ulo .. 6w oTo6paT& co6biTHII ynpyroro pacc8RHBR. H a caM oM >K8 .a.ene npollecc ynpyroro 

p8CC8BBHII O'I&Bb Tpy.D.BO OTIIR'IHTb OT .a.pyrBX Dpoi18CCOB DO KBB&MaTBK8, noaTOMY HaB601IH 'f>. 

yao6HO OT6Bp8Tb co6biTRR TRD8 Tp8XIIY'I8Bb1X 3B~3A 

a
0

+:p· .. b++ c++ d-.• (J) 

r.a.e p - npoTOH (Mswes&), a 0 - nepsa'IHaa seltTpanbHas '18CTB11a. Ecna a
0 

npe.a.cTas-

o - 0 0 
IIR8T co6olt, sanpHMep, D (seiiTpOH) HIIH K- R K -Me30H (83 Dy'llt8 K2 -M830HOB) TO 

MO>KHO OT6Hp8Tb CII8.1J.YIOU1R8 K8HMiol p881UlRB: 

n + p .. p + p +:rr 

K
0 

+p .. K\p +·rr (fi) 

~ -· + K+p .. p+:K+rr 

0 ±- + + R +· p .. I +:rr +:rr ~ 

. 0 
Heo6xo.a.sMo OTMeTHT&, 'ITO ecnu pa3Mep KaMepbl .a.ocTaTo'<eH .a.na peracTpaUHH V -'lac-

THo, TO .a.na onpe.a.eneHR« cneKTpa ny'lxa K~ -Me3oHOB KaHan peaiUlHR 
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ewe y .llo6a4e, Tax xax · oa c&Mbll npocTol. 

.. 
it·, 

(ID) 

•·!,' 

'l ' 
C1 

,llrur SltCD&pBM&HTS 0 XOTOpbll DpOBO.IlBTCSI B ltllM&pe 8Bn&COR80 ' 91tCDORBpOIUiBBOI B 
0 . 

Dy'lxe · K 2 -M&30HOB, au6onee pa3yMHO oTo6paTb xaaan peaxuaa (In) , Ta·x xax K.lles-· 

\: 
.r}' 

: ~ 

0 
TKcpaxauaH 3&pSIJK&HHhiX qacTHU B .llpyrax xaaanax 38TPY.IlHRTenbHa, EcnB.• .eHepr!lfl K2 -w,- ,f 

3oaa H.e CSonblUe 350 M&a, To ':"OJKHo no xaHeMaTBKe O.llH03H4'JHo 0npe.ll~.IITb aHepraJO 
0 ' 

nepBB'IROI"O K 2 -Meaoaa, Bbl3biB8101U8I"O KaHan peaKUIIR (ID). , He oCSpawaH BHRMSRHII 118 

B.ll&RTBcpRit8UHIO 38pHJK8RROI '18CTHUbl B ltOH8'1HOM COCTOIIHBH, 

TpyJ:tHOCTb oT6opa BbiW&DEIP&'IHCli&HIIbiX xaaan~B peaxuRa 38MJO'Ia&TCII B To.M, 'ITO 

BylKBO ODp&.llenHTb0 BM9liKOb liB H&3aperapTpHpOB8HHbl9 '18CTHI1hl B Bb16p8HHb1X 3B83.1l8X, 

· '.lln• peweaRsr &Toro aonpoca npe.ttnaraeTCR cne.llyJOWRI xpaTepRI. Kax 113B8CTHO, aone-

pe'IBbla HMDYli&Chl BCRXHX CllnbBOB38HMO.Il9IICTByiOWHX qacTHU, pOJK.IlaiOWHXCII BO 
. ~ ' ' 

aaaHMO.IlalcTBBII, DO'ITH o.llaHaxoBbl (200 M&a/c <I Pl I< 500 Mea/c) a no'ITII ae 31lBIICHT 

OT ·nepBH'IHOJl &ReprHH, Ecna BCQ HM8101UK8CII B COCShiTHH 'laCTKUbl 3ap&I"BCTpRpOBSHb10 TO 

BX cyMMapawl nonep&'IHbll HMnyn&e paaea ·rtynJO (a npe.llenax owa6ox R3Mepeaasr). O.llaa-

~ 
"e' 

xo, ecna co6loiTHe KMeno ae3aperacTpapoaaHslole 'lacTauw, xa>K.IlaB ai!t ltOTopwx yaeon-a . 

nonep&'IHhll RMnyn&e I P .. l , TO cyMMapRHI nonepe'IHblll KMnyn&e 3aperKcTpKpoaaHRhiX 'lacTIIu'' .. 
.. J. D, .. ll} 

cpaay cTan CSbl I i>.lii • I I P.L i I • 
1•1 . 

I".ll& a - 'IRCno Jl&3aperac·TpRpoaaaablx qacTRii. Owa6xa H3MepeHHII nonepeqJioro 

AP.L:< 50 Maa/c, Tax 'ITO Pi·>· 4£\Pi: • TaxaM oCSpaaoM, &TOT xpaTepaA .llOBOnbHo 

HMnynbCa 

'!&TKO 

OTiiH'la&T C06b!THII, y XOTOpi>IX BCe 'laCTRilbl 3ap&I"HCTpHpOBaRbl0 OT co()&i.TRI C Re3apera

;"'"'t:Tpl!pOB8HHWMB 'laCTRIUIMB, 

JlliB OTo6paHHbiX,DO STONy XpHTapRIO C06biTHI0 y XOTOphiX BC& qacTHUbl 3apai"HCTpH• 

poeaa~>~, wolKHO onpe.llenaTb aHepraJO nonepe'IHHX qacTau, nocne qero nerxo nony'IHTb 

·eaepr8TII'Ieeaoe pacnp~.ll&lleHae co6biTRI onpe.lleneaaoro xuana peaxuaa N
1 

(E) , O'leBB.Il-r 
I . 

HO,_'l~O aaepreTH'I9Cit08 pacnpe,lleneRRQ N (E) CBII3aHo.c &Hepr&TB'I&CKHM CDQXTpoM Dy'I-

U D (I) Cll&.llYJOIUBM o6pasoM: 

I I 
N (E)•-u (E)•a(E)·Il0 (A) 

r.lle ,
1 (E) - ce'leHae Bbl.ll&n&HHOI"O xaaana peaXUBH DpB .ll8HHOI D&pBH'IHOI KHH&TH'IQCXOI 

nepraa E ; N0 -&3BecTaag xoacTaaTa, CBB31111Helil c nnoTROCTbJO MaTepaana, B xoTOpoM B03-

BRxaeT peaxnalil. 

0TCIO.IlA CD&IITp DOJiy'la&TClil B BH.Il&: 

a(E) • t/(E) 
!f,ooi(E) 

(B) 

x) Ha nnocxocTH, nepneH.IlBKynHpaoA x aanpaaneaaJO nepBB'IHol qacTRUhl, MO.Ilyn.b aex

TOj)Hol CYMMW .llBYX H 6onb1Uero 'IKCna DpOK3110nbROI"O H8Dp4Bn&HRlil nonep&'IRbiX RMDyli&COB 

C O,llBRaltOIIWM MO.IlyneM B DO.IlaBnBJOW&M 'IRene cnyqaeB 6onbwe, '19M MO.Ilynb OT.Il9nbHoro 
nonepeqaoro awnynbCa. 
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K co>Kaneaal6, &KcnepRM&BTanbHoe 3Ra'leHae 17
1 

(E> B aacTollwee apeMll R8113B&CTHo, 

no&TOMY ,llnll ODp&.ll&n&KBII 17 1 (E) RaM npH.Il9TClil npaCSerHyTb X TeopeTR'I&CKOMY ·p8C'l&Tfo 
o-1 (E) 

Heo6itO.IlHMO OTM&TRTb, 'ITO 6onee JK&naTenbHO Bbi'IHCn&HHe COOTHOW&HRll 
I . .,Z (E) 17tot ( E ) 

aM acTo ,.. (E) , Tax ~taK nonyqeaable TeopeTR'IecxRe 3aa.,:easlil .llnlil -:::-n. CSnaJKe x 
I "t.t ,.,) . 

axcnepBM&RTSnbHbiM, '18M .llnH caw oro C8'18RBl1 rt· (E) , DO&TOMY cpopMyny (S) y.llOCSRO 

nepe!IRC8Tb B cne.llyiOW&M .BR.Il&: 
N

1 
(E) 

a( E) • "•• (E) 
~) 
"tot(E) 

(B) 

r.lle utot(E)- nonaoe ceqeaae peaxnaK, H3 4:JopMynbl (B) BR.IlHO, 'ITo,nony'IHB axcnepaM&H· 

TanbRO aaepreTK'Iecxoe pacnpe.lleneaae co6&rTKI onpeaeneHaoro xaaana pe&ltUKK N
1 

(E) 

a acnonb3)'H TeopeTR'I9CKYIO KPKBYJO 38BKCHMOCTH cooTHOW&HKll im. oT aHepraK E , 1 
~·'E) 

MO:>KHO nony'IKTb eaepre.TK'I&CKHI cnexTp nyqxa aeiTpan~>Hbllt qacTB'f!, Talt lt&lt N0 -a3BecT-

aasr KORCT8RT8
0 

a TO'IHOCTb HM&IOWHXCH B HaCTOSIILI88 apeMH 9XCD8pHM9KTanbHbiX aaH~biX 

".;.t (E) .llOCT8TO'IR8, 

TeopeTK'IecxaR 
,' (E) 

KpRBaH 38BBCHMOCTII COOTHOW9RRB --
O'tot(E) 

OT aaeprKR E MO>K&T 

6&rT& nonyqeaa .llBYMH cnoco6aMK: a) !IO CTaTHCTR'I9CXOI MO.Ilena; 6) !IO MO.Il&nK O.llHO-

M830RROI"O o6MeRa, Cnoco6 a) DpRM&HKM ItO BC&M peaKDKHM R .lla&T ll&nB'IRHI>l COOTROW&HBi. . . 

I /1/ 
~ , KOTOpble xopowo cornacyroTcsr c axcnepKMeRTanbRbiMK (c owa6xol M&RbW& l~ ) 

o-"',(E) " E) . 
Kpaaasr 38BKCHMOCTR cooTaoweHKH PP.,C. oT xaueTB'I&cxoA &aepraa E nepaoaa'l~b"' 

uJA.um (El 
HbiX R&ITpOHOB B o6nacTH 1-9 r&B nolta38Ha Ra pHC)'HX8. KpHB8lil' non)''I&Ha C DOMOILibiO CTSTBCTR-

/2/ ' . 
'19CXOII T90pRK B Dp&.llCTaBneHRB &cp4:JeKTRBHOll MaCChi C y'l&TOM H306apHb1X '9ClCTOBHI:I, 

!IO&TOMY oRa HBnlii&TCH TO'IROI, 

4To KacaeTcsr cnoco6a 6), TO oR cnomaee, 'I&M cnocoCS a), Koaeqao, 3Hasr ce'I&RKlil -

ynpyroro paccesrRKR a nepe3aplil.llltR .llnR rr -· N B38RMO.Il&ICTBRI DpK p83Rbll( 9R8Jli"RIU 

K KOHCT8RTY 

RRH u·' (E) 

0'"'' (E) 
onpe.lleneRHK 

CBR3R fr- .N 

.llnlil N- N 

cneKTpa ny'IK& 

CTBHSI ewe MatiO H3BeCTHbi. 

B3aRMO.Il&ICTBHI, STBM CDOC060M MO>KRO nony'IRTb COOTHOIU&-
/J/ . 

B38HMO.Il8ICTBKA , O.llH81tO C!IOC06 6) Mano DOMOraeT npK 

K~- M930HOB, Talt KaK .llO CRX nop C9'18KRB fr -·K B3aKMO.Il&l-

ABTOpbi 6naro.llapR&I npocpeccopy 4maH Baa -roro a ero rpynne B OvUIH 3a none3Rble 

o6cy>K.Il9RHR K TOB, na .£la-Ty 38 DOMOWb B Bbi'IKCneRKR KpRBOII, a T8K>K9 Bblp8>K810T 

6narO.Il8 pHOC Tb B.M. Manblleay 3a none3Hhle 3aMe'laHRH. 
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