
:e; .. · 3-Y/;.-~lr<.' __ : ~: · 
.. . 10 ~--_ 1r£<·_ .. . . -. 

. COOBIUEHHH · · 
OB'bE,li;HHEHHOrO. ' 

'• ·,' .. \ - HHCTHTYTA ••• < 

··; · ::. '· H.,li;EPHhiX 
.. ~ -HCC~E,li;OBAHHA .. ~ .. : 

13 - . 6140 
. $ lJ V"(. '"""·-"'· ......... . 
.. --~ -oz.,0. ·-__ , a ___ : . 

. . .' ' -. 

. ~ . . . 

.. 
.>.•'• I _, 

't•.. . ' 

. .,. : .•. _· 
·' 1M ,; .. i 

' .. 

·.. ·.: 
~- ·._: = -, .· w 

;;a _·;. 

I 
! 
• • 

' ' 

.· ... 

- .. "; 
lli.Ba.nKap, · B~B.BHHorpaAOB, H.K.K~HAH , . . . : . 

B.A.M8K~HM8HKO,. r.MapTHH~Ka,' IO.H. Xap~~B, ': ;:·~;· 
Jl.llil.llf~op;· B.r. H~IC).I('. '.. . ·. ::·:. ·. 

" .. ' -~ 

' . 

METO~KA .· - :. 
3KCilEPJ1MEHTAJ1bHOro. 11CCJIE.D;OBAHJ1H . 

.· ·. MHOlKECrBEHHOrO ·. OBPA30BAHJ1H ·: . 
. . . " HEHTPAJibHhiX ''IACTHU: .... '. ·._·. . . ;~ 

·a 
il n-- P-B3AHMO.D;Et1C.TBJ1HX llPJ1 5 r3B/(j 

·. -.. c::nOMOIUhiO · :llPOilAHOBOYI · llY3W'bKOBOYI. · 
~ . . . . . . . . 

i. • •• .. 
~ ·.1971. 

KAMEPhl -· . 
. ; ... '• 

., 
·---··· .. 

. . -
-·:. 



13 - 6140 

lll.Ba.JIKap, B.B.BHHorpMOB, H.K.KyQH,[IH*, 
B.A.MaKcHMeHKO, r.MapTHHCKa, IO.H. XapJ<:eeB, 

· JI.lllaHAop, a.r. fl~IOK 

METO,l(HKA 
3KCnEPHMEliTAJibHOrO HCCJIE,l\OBAID1fl 

MHOXECTBEHHOrO OBPA30BAID1fl 
HEtfrP AJibHbiX 1JACTHU 

B n- P-B3AHMO,l\Et1CTBHSIX nPH 5 r3B/C 
C llOMOII(biO llPOllAHOBOt1 llY3biPbKOBOt1 

KAMEPLI 

* 

Ohe.tmHC!!~H:l r.Hif('[J,~'·i 
I,Cltpn!;!X e~e.no:4<:~r-~ ~ 

&MGJiHOTEHA 

TolWHCCKHll rocyJlapcrBeHHbill yHHBepcHrer. 



B uacToSimee BpeMSI _ c noMOIIlhiO MeTpoBoli nponaHoBoli nyshiphKOBoit 

KaMepbi Ol1.Hl1/ I/ npoBOJlSITCSI nccneaoBaHnH rr p -BsanMoaeitcTBnit npn 

5 faB/ C C MHOlli9CTB9HHbiM o6pa30B8HHeM BTOplPIHblX Heil:TpanhHbiX 'I8CTHU, 

npoayKThi pacnaaa KOTophiX coaeplliaT · raMMa-KBaHThi, 

Cneun~nKa auannsa BsanMoaeliCTBnit TaKoro Tnna B ycnoBHSIX onnchlBae-

.Moro aKcnepnMeHTa (nponaHoBaH nyshiphKoBaSI KaMepa cpeaunx pasMepoB) 

saKniO'I89TCSI B TOM, 'ITO XOTSI B nccneayeMbiX C06biTHSIX Bceraa npncyTcT

ByeT OT OllHOrO JlO TISITH KOHBepTHpOB8BIIlllX raMM8-KB8HTOB, aToro KOnii-' 

'IeCTB8 B 6onhlllllHCTBe cnyqaeB H91lOCT8TO'IHO llnSI KHH9M8TH'I9CKOH HJl9HTH~HKaiinn 
peaKUHH, OoaTOMy Tp81lllUHOHHhl9 MeTOilbl KHH9M8TI!'I9CKOit I!ll9HTW!JHK8UI!I! KaHanoB 

. peaKunit (eM., uanpnMep ,12/) cTaHOBHTCSI uerrpneMneMhiMH, Ha·cMeHy nM 

npHXOJlSIT MeTOJlhl CT8THdTH'I9CKOrO pasaeneHHSI KaHanOB peaKUH8 /3-6i, 

CooTBeTcTByromaSI MeTOJlHKa aKcnepnMeHTanhHoro nccneaoBaHHSI JlBYX

. 'nyqeBbiX rr-p -B38HMOil9HCTJIHit npn 5 faB/c C MHOlli9CTB9HHhiM o6pa30B8HHeM 

ueil:TpanhHhiX qacTnu nsnollieHa B aauuoit pa6oTe, PaccMoTp~Hhi cnellyromne 
' . 

· BonpoChi: Bbi'Incneune pa,snn'IHhiX ~nsn'IecKnx xapaKTepncTHK co6hiTn8 · c 

y -KBaHTaMn, MollennpoBaHne nccneayeMhiX peaKunit, noaroHKa pac'IeTHhiX 

-cneKTpOB K 8KCITepHM9HT8nhHhlM pacnpelleneHHSIM H8 OCHOBe M9TOil8 H8HM9Hh

IIlllX KB81lp8TOB 1 CT8TifCTH'I9CK8SI Hll9HTHtPHKaUHSI BTOpi!'IHhiX 'I8CTI!U C llOMOillbiO 

8- aneKTpoHoB, onpelleneune npnMecn !floHoBhiX raMMa-KBaHToB, 

3 
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§ 1, TiporpaMM8 Bb!'IIICJleiUHI !jJII311'1eCKIIX xapaKTepiiCTIIK C06b!TIIii 

3Ta nporpaMMa 3aHnMaeT npoMe~yToqaoe MecTo B uenn oopaooTKH 

COfib!TIIll Me~llY nporpaMM8MII reoMeTpllqeCKOll peKOHCTpyKUIIH II CT8TIICTH'IeC

KOrO aaann3a, C noMOIUblO nporpaMMbi BbinOJIHSIIOTCH cnenylOIUHe onepaunn: 

a) .KoppeKUIISI KHHeMaTH'IeCKHX napa.MeTpOB TpeKOB xl , yqHTb!BalOlU8SI ITOTepH 

aa noa11sau11ro, TopMosaoe nsnyqeane 11 MHoroKpaTaoe pacceHHIIe; 6) onpenene

HIIe KUHeMaTII'IeCKI'IX napaMeTpOB ~aMMa-KB8HTOBj B). Bbl'IHCJleHIIe s!jJ!jJeKTIIBHb!X 

II HellOCT8lOIUIIX M8CC pa3Jlii'IHb!X KOMOIIH8UIIii: 'laCTIIII; r) ITOJly'leHIIe IIMITyJlbC

HbiX II yrJIOBb!X xapaKTepiiC'riiK BTOpii'IHbiX '18CTIIU H IIX KOMOIIHaUIIii: B CIICTeMe 

ueHTpa Mace nepBH'IHOrO B3811MO)leii:CTBIIH, 

Bxonaoii: na!jlopMaulleii: llJlfl nporpaMMbi HBJIHJOTCH aaxollHIUIIecH aa nep!jJo

KapTax ~aHHbie q TpeKax, nonyqeHHbie c noMoiUblO nporpaMMbi reoMeTpnqec

Koft peKoHcTpyKunn coobiTnii:' 17 I, 

PesynbTaTbi sanllcbiBaJOTCH aa MarHIITHyro neaTy 3BM "E3CM-4" 11 nepe

na!OTCH aa 3BM "CDC 1604-A ", aa KoTopoii: c noMOIUbro nporpaMMbi " SUMX " 

BbiiTOJIHHeTcH ·cTaTIICTII'IeCKIIii: aaamt3 · coobiTIIii:, 

OcTaHOBIIMCH aa chenymmux anropnTMax nporpaMMbi: · 

a) Bbl'lliCJleHHe KHHeM8TH'IeCKIIX napaMeTpOB TpeKOB II 6) onpeae.neane 

napaMeTpoB raMM~-KBaHTOB, OcTaJtbHbie anropHTMbi' - .Bbi'IIICJteHIIe s!jJ!jJeKTIIB-

'' 
Hb!X Mace II nepeBOll p83Jlll'IHb!X BeJIII'IllH B CIICTeMy ueHTpa MaCe nepBII'IHOrO 

B3aiiMOllefiCTBllfl - CT8Hll8pTHbie 18,91, 

a) Bbi'IIICJteHIIe KIIHeMaT!I'IecKnx napaMeTpoB 

TpeKOB 

B nporpaMMe reoMeTpnqecKoi!: peKoHcTpyKUIIII COObiTIIii: 
171 

KIIHeMaTn'lec-,. ' .. 
Klle napaMeTpb! p t cf t )'.. onpe)leJlf!lOTCSI MeTOllOM H8IIMeHb!UliX KB8llpaTOB 

xl' . 
Tioll KIIHeMaTII'IeCKIIMli napaMeTpaMII TpeKa ITOHIIMaeTCfl liMITyJlbC p 1 

83HMyTaJlbHblii cp II rnyoiiHHbltl A yrJthl B Ha'laJlbHOii: TO'IKe TpeKa, 

4 

j 

ITyTeM annpoKCIIMaUIIII TpeK8 

tJeHIISI HMITyJlbCOB OK83b!BaJ01 

KliX napaMeTpOB OTpa)KalOT l 

HeOOXOJliiMO BBeCTli nonpaBl 

norpeiUHOCTfiX BeJIII'IIIH p , 

KpaTHhiM ,pacceHHJieM. B en: 

TOpM03HOe 113JlY'IeHIIe II !jJnro: 

. J1MnyJtbC nepBII'IHOro' T] 

no !jlopMyne 

~ =.Po - j 

rae Po- cpeaani!: HMnynbc n: 

L - annaa TpeKa no B3aiiJ 

UllOHHbie no:repH penSITHBIICTC 

J1MnynbCbl BTOpii'IHbiX T 

pii no !jJopMyne 

P = f[ r 1 
(P;) + L 

rae P 11 L -nMnynbc II nn1 r 
IIMnynbc B nponaae 1101 ( f 

11Mnynbc 'laCTliUbl1 OCTa 

COOTHOIUeHIIfl npooer-IIMIIyJlbC 

J1MrryJtbCbl SJleKTpOHOB ( 

11 panllaUIIOHHbie noTepll corm 

p = pr (1 + cp L ) + I 

xl 
11HlleKCOM "r" 0003H< 

Kol!: nporpaMMe; "M" - norpe1 



{ 

aKTepncTnK co6hiTnli 

9 M9CTO B uenn o6pa6oTKH 

!KOHCTpyKUllll H eTaTHCTHqee

IOTCSI cnellyroume onepaunn: 

B x/ , y.;mTbiBaromaSI noTepn 

no,e pacceSinne; 6) orrpellene-

B) · Bbiqnenenne 9$1jleKTHBHhiX 

Tnu; r) rronyqenne nMrrynbe

n nx KOM6nnaunfi B encTeMe 

~TeSI HaXOllHlUH9eSI Ha rrepljlo-

10 nporpaMMbi reoMeTpnqee-

!HTY 3BM "B3CM-4" n rrepe

oMOlUbiO rrporpaMMbi " SUMX " 

orpaMMbi: 

TpeKoB n _6) onpelleneHne 

:Mbi' - .Bhiqneneniie aljlljle~THB

eMy uenTpa Mace ·rrepBnqnoro 

rrapaMeTpoB 

. !71 . ' . 
!HH. eOObiTHM KHH9MaTnqee-

t ' 
'OllOM HaHM9HblUIIX KBallpaTOB 

' . . . , 

19Ka IIOHHMaeTCSI IIMIIynbe p , 
~nbHOfi.ToqKe TpeKa, 

·• 

1 

nyTeM annpoKcnMaunn TpeKa BIIHToBofi nnnnefi. nonyqaeMbie npn aToM ana-

qeHHSI HMnynbCOB OK83b!BaroTCSI 3aHII)K9l!HbiMII, a norpelllUOeTII KHHeMaTnqee

KHX napaMeTpOB OTpa)KaJOT nnlllb TOqHOCTb H3MepeHIISI KOOplliiHaT, DoaToMy . 

HeOoXOllHMO BB9CTH nonpaBKy K HMnynbCY Ua IIOHII3aUHOHHbl9 noTepii, a B 

norpelllnoeTSIX Bennqnn P , ¢ , ,\ yqecTb BKnall, o6yenoBnennbiii: Mnoro

KpaTHbiM _pacceSIUf!eM. B cnyqae aneKTpoHOB neo6xollnMo yqeeTb noTepn na 

TopMosnoe nsnyqenne n ljlnroKTyaunn B Bennqnnax aTnx noTepb. 

MMnynbe nepBnqnoro TpeKa KoppeKTnpyeTeSI na nonnsaunoHHbie noTepn 

no ljlopMyne 

- C L 
H (1) 

I'll9 p 0- Cp9llHllfi HMnynbC ny'lK8 rrepBHqJibiX qaeTHU npn BXOll9 B KaMepy, 

L - )lnHHa TpeKa llO B3allMOlleii:eTBHSI 1 
C -1 

11 =0,95 MaBle eM - nonnsa-

Ull0Hllbl9 noTepn penSITllBHCTeKOM qaeTHUbl B nponaHe, 

MMnynbebi BTOpHqHbiX Tp9KOB KOppeKTHpyroTeSI Ha HOHH3aUHOHHb19 IIOTe
u 

pn no ljlopMyne 

P = f [ f -I ( P r ) + L I 2 ] , ( 2) 

rlle P H 
r 

L -.uMnynbe n llnHna TpeKa x/ P = f ( L ) -saBHenMoeTb npo6er-

HMnynbC B nponane /10/ ( {.;..1 
- ljlyHKUHSI, o6paTUaH f ) . 

MMnynbe qaeTHUbi, OeTaHOBHBilleii:eH B KaMepe, BbiqnenH9TCH e IIOMOlUbiO 

eOOTHOill9HHH npooer-nMnynbe, 

MMnynbebi aneKTpOHOB ( nosnTpOHOB) KOppeKTHpyroTeSI Ua HOHH3aUHOHHbl9 

n pallHaunoHHbie noTepn eornacno enellyrorueii: ljlopMyne 1111: 

(3) 

x/ 
MnlleKeoM "r" o5osnaqeHbi BennqiiHbi, BbiqnenHeMbie B reoMeTpnqee-

Koii: rrporpaMMe; "M" - norpelllnoeTn Hs-sa MHoroKpaTnoro paeeeSIHHH, 

5 



I"Jl9 C /J = 0,0026 CM-1 ( B9.Jlli"IHH8 C t> DO.Jiy"'eHa B Dp9JlllO.JIO:lK9HHH 1 'ITO 

H3M9pH9TCH TO.JlbKO H8"'8.JlbH8H "'8CTb Tp9K8 1 H8 KOTOpOH yMeHbllieHHe HMlly.Jib

Ca He np.eBbilliaeT 30%). 

f1orpelliHOCTH KHJieMaTH'I9CKHX napaMeTpOB TpeKOB Bbi'IHC.JIHIOTCH CUI".JIBC-

HO 

'6.P/P = [(6.P/P)~ +(6.P/P).j+(!:iP/P )~] 1/2,. 
6.¢ = ( ( 6.¢)~ + ( /:if/J ) ~] 1/2 

6.A = ( (6.A ): + ( !:J.A )~] 1/2 , 

(4) 

rile ( !:i P I P ) = 0,02 - norpewaocTb, B03Hl!KaromaH ns-aa aeonHopOilHOCTH 
H 

MarHHTHoro nonH Ill, 

(6.P/P)M=CM/f3L 1/.J, 

6.AM_;, C;>., L 1
/

2 /P f3cosA, 

!:i¢M= C¢L 1/2 I p f3 ' 

f3 = P/[P2+ m2 ]1/2, 
(5) 

m- Macca "'8CTHUbi, c M I c ¢ I c A - KOHCTaHTbi: eM= 0,32 CM 112, 

C ¢ = 0,65 MsBic cM-1 12 n CA.= 0,91 MsBic cM-1 12 
1121 • 

B cnyqae sneKTpoHoB K norpewaocTH nMnynbca no6aB.JIHeTCH norpew

HOCTb, B03HHK8101Il8H H3-38 ~.JIIOKTyaUHl! pa)ll!8UHOHHbiX DOTepb: 

(6.P/P.) = c L1/2 
.. r r 

( 6) 

rne cr 0,032 cM-1/2 I 1 21 
' . 

6) .OnpeneneHne napaMeTpoB raMMa-KBaHTOB 

J1Mny.JibCbl I"8MM8-KB8llTOB Bbi"'HC.JIHIOTCSI DO ~OpMyne 

py = p- + p+ ' 
( 7) 

6.Py. = [ (6.P_ ]2 + ( 6.P+ )2 p/2, 

• rne P_ (P+) -HMnynbChi sneKTpoaa (nosHTpoaa). 

AsHMyTa.JibHbiil: H rny6HHHhiH yrnhi Jl.JIH raMMa-KBaHTa Bhi'IHC.JIHIOTCH KaK 

B3BellieHHbie cpe)lHHe 3H8'IeHHH COOTBeTCTBYIOIIlHX YI".JIOB )l.JIH Tpex HanpaB.Jie

HHil:: aanpaBneHHH ( ¢ o• Ao ) , onpeJle.JISieMoro no KoopJlHHaTaM To'IeK poJKJle

HHH H KOHBepCHHI"8MM8-KB8HTa, H HanpaB.JieHHH ( f/J1 • A1 H ¢2• A2 ) 9.JieKT-

poHa H nosHTpoHa: 

6 

2 • 2. 
,~.. =I W ,~.. /I 
'f' Y ~ i=O ¢ i 'f' i i=O 

2. 2 

Ay = I WA. At/ I 
i=O I' i=O 

I"lle W" = ( 6.x.) -~ 

OnpeJleneane npnHaJlriE 

Jl9i1:CTBHIO llpOH3BOJlHTC¥i C 

Oy · < 5° , I"Jle Oy - yr 

pqHHOil: napbl H HanpaB.JieHHE 

I"8MM8-KB8HT~I 

k¢=(¢o -¢1)/[1 

lc, .. (A -A ) I [ ( L 
1\ 0 k 

¢k H Ak - asnMyTa.JibHhii 

onpe)le.nHeMbie no ~OpMy.Jial 

HHJleKcy i = 1,2. Pacnpel 

xapaKTep c HyneBbiM. cpeJlJ 

B) ITpoaepKI 

ITpoBepKB: MeToJlHKH o: 

KB8llTOB npOH3BOJlH.JI8Cb C 

( 1300 C06biTHfi THna 17-p 

npaBH.JlbHOCTb H3MepeHHH Ml 

CHH pacnpe)le.JieHHH Be.JIH'IHH 

Ha pnc. a npnBeinet 

I"8MMa-KB8HTOB1 a Ha pHC. f 



[eHa B npennono>KeHIIII, 'ITO . 

:oTopoii yMeHbiiieHMe IIMnynb-

rpeKOB Bbl'Il!CmiiOTCH Cllrnac-

(4) 

liOIIIaH 113-Ga H901lHOp0JlHOCTII 

L Il2 I p {3 ' 

· p 2 · 2 ) Il2. 
. + m ' 

(5) 

IHCTaHTbi: CM = 0,32 CM 1/2, 

--1'/2 /121 
C CM ' • 

[ynbca no6aBnHeTCH norpem-

ll!OHHb!X noTepb: 

( 6) 

>iMa-KBaHTOB 

~H no c:jJopMyne 

( 7) 

M~a-KB8HT8; Bbl'IIICnHIOTC_H KBK. 

fiX. yrnoB nmr Tpex nanpaBne-

10 KOOplll!H8T8M TO'I9K pO>Kll9-

( ¢I • AI 11 ¢2• A2 ) aneKT-

1 

. -2 
rae W" = ( ~x) . 

2 

~rp=[IW,~. 
Y i=O .'1'1 

-II2 
] ' 

A\[~ w ]-II2 
L.\1\y= t:.o At , ( 8) 

OnpenenenMe npMnanne>KHOCTM raMMa-KBaliTOB K MccneayeMoMy B3anMo

neiicTBIIIO npo113BOLliiTCsr cornacHo ·KpiiTepllsrM I k¢ I ~3 , I ~ I ~3 • 

Oy · < 5° , rne Oy - yron Me>KJly nanpaBnenlleM BhrneTa aneKTpon-no311T

ponnoii napbl II HanpaBneHII9M, o6pa30B8HHbiM TO'IK8MII pO>Kll9HHH II KOHB9pC1111 

I'8MM8-KB8HT8! 

k¢ = ( ¢o - rp ,.J I [ (~¢of2 + ( ~rpk )2] I/2' 

kA =(A O-Ak) I [ (~Ao)2 + (~Ak)2 ]112' 

( 9) 

rpk II Ak - 8311MyTanbHblii H rny6HHHblii yrnbl aneKTpOH-n03RTpOHHOii napb! 0 

onpeae'nsreMble no c:jJopMynaM ( 8). B KOTOpb!X CYMMHpOB8HIIe npoiiCXOlliiT no 

11Hll9KCY i = 1,2. PacnpeneneHIIH- Benii'IIIH krp II k>._ IIM9IOT rayCCOBCKIIi!: 

x:apaKTep c HyneBbiM cpellHIIM 3Ha'IeHIIeM 11 enmm'IHoii Jlllcnepcllei!:, 

B) ITpoBepKa MeTollMKM orrpeneneHMH KMHeMaTMqecKnx 

rrapaMeTpOB I'8MM8-KE'8HTOB 

llpoBepKa MeTOlliiKII onpeneneHIIH KHJI9MaTII'I9CKHX napaMeTpOB raMMa-'

KBaHTOB np0113BOJlllnaCb C noMOlllb!O C06b!THii C JlByMSI I'aMMa-KBaHTaMII 

) , llpoBepHnHCb 

rrpaBHnbHOCTb 113MepeHHSI MaCChi 17° - M93DII8 0 Cp9J1HHX 3Ha'IeHHi!: .H llHCnep

CHii pacnpeneneHHii Benn'IHH k ¢ H kA 

Ha p11c. a rrpiiBeneHo pacnpeneneHIIe no ac:jJc:jJeKTIIBHoH: Macce nsyx 

raMM8-KB8HTOB, 8 H8 pHC, 6 H B - pacnpeaeneHHH no Bennql!H8M , k rp H kA , 



H 

'lll1 

100 

Jsc!..;t H H 

n a> 

a) Pacnpenenen11e co6biTIIti Tlma 

"-P .. n "+ "- 2y II "- p .. p "-2y 
no s<jl<jleKTIIBHOlt MSCCe LlBYX I'8MMS-KBSHTOBj 
6) pacnpenenea11e raMMa-KB8HTOB no neml'liiHe kq, 
n) pacnpenenea11e raMMa-KBaHToB no Benll"liiHe kA 

06pa6oTKa aTnx cneKTpoB, aana cneayromne pe3ynbT8Thi! B HHTepsane Mace 

oT_ 100 ao 170 M aB cpeanee 3Ha"'enne a¢!fleKTHBHoii MaCChi aByx raMMa-KBaH

ToB.n cpeaHeKBaapaTH"'HOe OTKnOHeHHe OT cpeanero 3l!8"18HHSI COOTBeTCTBeH

HO paBHhi! Myy = 135,5 :!:. 0,6 Mas 11 uM = 14,2 :!:. 0,4 MaB. Ananorn•!Hbie 

senn"'Hllhi am~: cneKTpoB 6) n 's): f'cp = 0,03 t.. 0,02, f'>., = -0.0~:!:. 0,02, 

IJ K. cp = 1, 18 :!:. 0,02 H (]K. = 0,95 + 0,02. 
>.. -

KaK snaHo H3 aTHX naHHhiX1 BbimeonncannaH MeToanKa o6ecne"'HBaeT 

nony"lenne necMemenllhiX 3Ha"lennii nMnynbcoB n yrnoB 

BHnbHO OUSHel!HbiMH norpellll!OCTSIMH 9THX BenH"'Hl!o 

y-KBaHTOB c npa-

. 3aHH:lK8HHaH norpelllHOCTb B BenH"'HHaX a3HMyTanbl!hiX yrnOB 1 .BHaHM0 1 

CBSI38Ha C OTCyTCTBIIeM y"leTa norpellll!OCTH B a311MyTanbHOM yrne aneKTpona 

H3-3a <flnroKTyaunn paanaunoHHhiX noTepb I 13/. 8To. o6cTOSITenbCTBo 6bmo 

y"'Teno B aanbHeiiiiJeM anann3e co6biTnii. 

B Ta6n. 1-3 npnBeaeHhi TO"'HOCTII H3MepennSI KHHeMaTn"leCKIIX napaMeT

poB TpeKoB, a¢¢eKTHBHhiX n neaocTaromnx Mace pa3nH"'HhiX KOM6nnauuli "l~c

Tnu, IIOny."'SHHbie B pe3ynbTaTe ycpeJJHSHIIH COOTBSTCTBylOUlliX BenH"'IIH B 

= 1000 C06biTHSIX, 

8 

l 

B Ta6n. npeacTasm 

+ .KBSHTOB• 1T- ·-M830HOB ·II n 

B Ta6n. 2 noKa3aHbi Tl 

KOM6HH8UHii "laCTHU, 3aBHCHM 

MO:lK8T 6biTb Bb!pa:lKel!a B BHl 

6.M
8 

=a +.b (M -.a 

rae a '· b 1 c .. ":' KOHCTSHT 

annpOKCUMaUHH 8KCnepHMeH1 

B Ta6n. 3 npuBeaeHbi T! 

pa3;'JH"'HbiX KOM6HJiaunii "laC~ 

IIorpelllHOCTH.B KBaapaTe He 

6.M~ =a'+ b' (c' -

KaK BHJlHO 113 aTnx Tal 

pa3nH"'l!hiX "18CTHU COCTaBnHro 

Taromnx Mace - 8-18%. 

§2, OuenKa n 

ITpn o6pa6oTKe cnnMKo 

IIY3blpbKOBhiX KaMep, KOI'Jla H 

BHH1 COIIpOBO:lKJl89MbiX 3Ha"'HTI 

KBaliTOB 1 B9CbM8 B8:lKHO IIpa 

raMMa;..KBaHTa K uccneayE)MC 

0 TOM 1 K8K8~ JlOnH ¢oHOBhlX 

co6biTHSIX, 

OuenKa <Pona ocymecTE 

uuanbHoii nporpaMMhi 1 . no3BOl 

"cny"'aiiHhiii" raMMa-KBaHT 

x/ 
B nannoM aKcnepm.v 

KaMepe. 11x nMnynhChi. H3Mep 

nocTb oTpa:lKaeT neonpeaenen 

TanbHbiX npoTOHOB" H3M8pS110TC 



y 
a-KB8HTOB; 

no senii'II!He kcp 
no senii'II!He kA .• 

ynbTaThi: B HHTepsane Mace 

oil: Macchi nsyx raMMa-KBaH-

ero 3Ha'IeHHll COOTBeTCTBeH-

l,2 :!:. 0,4 Mas. AnanorH'IHhie 

t.. o,o2, r>.. = -a,o:a :!:. o,o2, 

~an.MeTonnKa o6ecne'IHBaeT 

1 yrnoB y-KBaHTOB C npa-

IHH. 

:HMyTanhHhiX yrnoB, ,BHAHMO~ 

anMyTanbHOM yrne aneKTpoaa 

• . 8To o6cTOllTenbCTBO 6hinO 

Hll KHHeMaTH'IeCKliX napaMeT

pa3n!i'iHhiX KOM6HH8UHii: 'I8C

:OOTBeTCTBylOUlliX . BenH'IHH B 

j 

l 
l 

1 

B Ta6n. 1 npe)lcTasneHhi TO'IHOCTII ·naMe penns senn'IHH )lnll raMMa-

.KB8HTOB1 77::. -MeSO HOB H llpOTOHOB x/ • 

B Ta6n. 2 IIOKa3aHhl TO'IHOCTH H3MepeHHll acpcjJeKTHBl!hiX MaCC paanH'Il!hiX 

KOM6Hl!aUHii: 'I8CTHU. 3aBHCHMOCTb JJOrpellll!OCTH 13 Macce OT BenH'IHl!hl MaCChi 

Mo>KeT 5hiTb Bhlpa>Kena B anne 

6. M a = a + b ( Ma - c ) , ( 10) 

rne a , b , c - KOllCTaHThl, npnsenennhle B Ta6n. 2, onpe)leneHhl nyTeM 

annpoKCHM8UHH aKCJJepnMeHTanbHhiX 3aBHCHMOCTeii:. 

B Ta6n. 3 rrpnsenel!hl To'InocTn HaMepenns KBanpaToB nenocTaromnx Mace 

paanH'IHhiX KOM6HH8Uliii: '18CTHU II napaMeTphl a b , • c 38BHCHMOCTH 

norpell!HOCTH B KBa)lpaTe H9)lOCT8lO.Il!9ii: MaCChi OT BenH'IH!Ihl MaCChi: 

a'+ b' (c'- M~) I M~ ( 11) 

KaK BHJlHO H3 aTHX Ta6nHU1 Cpennne TO'IHOCTH H3MepeHHH HMJJynbCOB 

pa3nH'Il!hiX 'laCTHU COCTaBnHlOT 10-12%, acjJcjJeKTHBIIhiX MaCC - 3-6%, a Henoc

T8101l!HX M8CC - 8-18%. 

§ 2. OuenKa npnMecn cjJonoBhiX raMMa-KBaHTOB 

TipH o6pa60TKe CHHMKOB1 nony'leHHhiX C IIOMOil!blO TH>KenO>KH)lKOCTHhiX 

IIY3hlpbKOBhiX KaMep, KOr)la Ha cPOTOrpaqJHH HMeeTCH HeCKOnbKO B3aHMO)leii:cT

BHii:1 COIIpOBO>KJlaeMhiX 3Ha~HTenhl!hiM KOnH'IeCTBOM KOl!BepTirpoBaBil!HX raMMa

KB8HTOB1 B9CbMa B8>KHO npaBHnbHO onpenenHTb llpliH8Jln9>KHOCTb Jl8HHOPO 

raMM8~KB8HTa K HCCne)lyeMOMy B38HMO)leii:CTBHlOo C 9THM.CBll3aH .BOIIpOC 

0 TOM, K8K8H JlOnll cPOHOBhiX raMM8-KBaHTOB llpHCYTCTByeT B HCCne)lyeMhiX 

C06hiTHHXo 

OuenKa cjJona ocymecTBnena MeTOJlOM MonTe- Kapno c IIOMOil!blO crre

unanbl!Oii: llporpaMMhl, noasonnsmeii: OllpeJlenHTb sepoHTHOCTb t: Toro, 'IT() 

"cnyqaii:Hhlii:" raMMa-KBaHT 6yJleT "cMOTpeTb" B TO'IKY B3aHMO)leii:CJ'BHHo 

x/ B JlaHHOM aKcllepnMenTe oKono 50% llpoToHoB ocTaaasnunaeTCH B 

KaMepe. Hx ~MIIynbChJ. HaMepsroTCH 110 11pp6ery c TO'IHOCTblO 10% ( llorpem

nocTb oTpa>KaeT HeonpeJleneHHOCTb B aaaanu JlnHHhl TpeKa). Y!MnynbChi oc-

TanbHhiX llpOTOHOB" H3MeplllOTCll 110 Kpl!BH3He TpeKa C TO'IHOCTblO 14%. 

9 



llpHH8lln9>KH()CTh 9neKTpOH-TI03HTpOHHOil: napbi K aaimoMy. B38HMOll9il:CT

BHIO onpeaemieTCS C TIOMOllihiO BenH'<IHH k cp 1 k ,\ ( CM, ( 9) ) 1 KOTOp!;>I9 sims-· 

IOTCS !flyHKUHSMH KOOpllHHaT ToqeK o6pa30B8HHS . ( . X A 1 y A 1 Z A ) H KOH

BepCHH raMMa-KBaHTa ( X 8 1 Y 8 1 Z 8 ) 1 BenH'<IHH PY 1 ¢ y 1 .\Y H 

HX norpeWHOCTeil:, 

nns onpeaeneHHS 3li8'<19HHS f "pa3bii'pbiBanHCh" Ha6opbi yKa3aHHbiX 

BhiWe, BenH'<IHH. BenH'<IHHhi K. A 1 Y A z A I X B I y B I z B I py ¢y· 

,\y MOnenHpOBanHCb B COOTB9TCTBHH C 9KCnepHM9HTanhHhlMH pacnpeaeneHHB

MH, BbinO nony'<leHO OKOnO 11 TbiCS'<I T8KHX Ha6opOB1 113 KOTOpbiX 3% ynoaneT-

Bopsno ycnoBHIO 

I kcP I 'S. 3 H I k ,\ I ~ 3 • ( 12) 

llpH aano>KeHHH llOTIOnHHTenhHOI'O KpHTepHS 

() <50 y (13) 

BenH'<IHH8 f yMeHhW89TCSI llO 1 %, 

3HaHHe BenH'<IHHhl f ll89T B03MO>KHOCTb onpeaenHTh OTHOCHTenhHOe. 

'<IHCnO !floHDBbiX I'8MM8-KB8HTOB 

8 = (N1 -N ) IN. 

3aech N - '<IHCno raMMa-KBaHToB 1 npnHaane>Kamnx 3Be3ae 1 

I'8MM8-KB8HTOB1 YllOBneTBOpSIOWHX ycnoBHSM ( 12) -( 13), 

BenH'<IHHa N onpeaenseTcs H3 ypaBHeHHs 

N1 =N +£ (N2 -N), 

rae N 2 - cpeaHee '<IHcno raMMa-KB~HTOB Ha CHHMKe, 

( 14) 

N1 - '<IHcno 

( 15) 

B aameM cnyqae BenH'<IHllhi N1 N 2 H e paBllbi: N 1 = 2. 141 

N2 .. 4 H ( = 0101 •. 0TCIOll8 8 "'1%. 
TaKHM o6pa30M1 !floH raMMa-KBanToB, ae npHaaane>Kamn:x n:ccneayeMo

My B38HMoneil:CTBHI01 npH IICTI01lh30B8HHII KpHTepHeB ( 12) - ( 13) OK83bU3aeTCS 

M81lblM, 

10 

1" 
~ 

..,....,, 

'J. 
l 

r~-

§8, llonroHKa paC'II 

B 9KcriepnMe!ITe; Bbm 

K8M9pbl cpellHHX p83M9pOB1 

>KeCTB9HHOCThiO KOHBepTIIpOt 

M8TH'<I9CKOil: Hll9HTH!fJHK8UHH 

C9'<19HHS peaKUHil: C li9CK01lb: 

C9'<19HHil: peaKUHil: HCTI01lh3Y9' 

qeTHhrx pacnpeaeneanil:, co'o, 

pnMeHTanhllhiM pacnpeneneH: 

3TOT M9Ton npHBOnHT 

llbiMH napaMeTp8MH - ceqe 

!flyHKUHOHSn HMeeT BHll 

x 2 =II [ (N 1
3
• -N: 

k i . .. ' 

npH ycnoBHII 1 'ITO. 

3nech 

(l) 7 UJ=UT H UJ.: 

T 
Nn 

1 ul elk 

I ul £' 
J 

9 
N i .t - Ha6nronaeMoe '<IHCn 

9 
N .t =7 N i.t - nonHoe ."<~Hen 

pacnpeneneHHe k - cneKTp~ 

UHH C06biTHSI j -il: peaKUl 

( M8KCIIM81lbH8SI) I'p~HHU8 C 

nnSI pemeHHB 9TOil: 38 

paMMa, B KOTOpOil: TIOHCK I 

9Tane MeTonoM 1\;'oHTe-KaJ 

3anaJIHoe qucno pa3 reHepl 



>bl: K .U8HHOMY B38RMOll9~CT

. (eM, (9)}, KOT0p1;>!9 sn3nSI-

XA t y A z A R KOH-

BenR'lRH Py , ¢y , A.y n 

IBaniiCb~ aa6opbt yKaaaHHbiX 

'B ,. y B • z B • Py ¢ ' y 

MeHTanbHhlMR pacnpe.ueneang

JOB, R3 KOTOpb!X 3% y,uosneT-

( 12) 

(13) 

b onpe,uenRTb OTHOCRTenbHOe. 

( 14) 

nKamnx asea.ue, N 1 - qncno 

(12)-(13). 

HSI 

(15) 

:HRMKe, 

H .. e · paBHbi: · N 1 = '21 14, 

~ r:tpiiHS~:tneJKamux nccne.nyeMo

pneB ( 12) - ( 13) OKa3biBaeTCSI 

. §8, DonroHK8 pacqeTHbiX pacnpeneneHI!ll K 9KCnepnMeHTanbHb!M 

cneKTpaM 

B 9Kcnep11MeHTe, BbmonnSieMOM c noMombro nponaaosoil: nyabipbKOBO~ 

KaMepb! cpe.UHIIX paaMepoB1 113-3a OTCyTCTBRSI C06b!TRfi C ,UOCTaTO'lHOll MHO

JKeCTBeHHOCTblO KOHBepTRpOBaBmRX raMMa-KBaHTOB 06bi'lHb!M MeTO.UOM KRHe

MaTR'l9CKOH Rll9HTIIrpRKaURII /2/, B0061Ile I'OBOpSI 1 H9BOSMO:H{H0 onpe,uenRTb 

ceqeHRSI peaKURll C HeCKOnbKRMR 77°- M930HaMR, D09TOMY ,ung onpe,ueneHRSI 

ceqeHRll peaKURH ncnonbayeTCSI MeTOll nO,UI'OHKR (rpRTRpOBSHRSI) aa6opa pac

qeTHbiX pacnpe,ueneHIIH
1 

COOTBeTCTByromRX RCCne,uyeMb!M peaKURSIM 1 K 9KCne

pnMeHTanbHb!M pacnpe.ueneHRSIM, 

:3TOT MeTOll npRBOllRT K HaXOJKlleHRIO MRHHMyMa rpyHKUIIOHana C ll9113B9CT-

Hb!MR napaMeTpaMR - ceqeHRSIMII 11ccne.uyeMbiX peaKUR~. B · uameM cnyqae 

rpyHKUROHan IIM99T BRll 

(tar 

npn ycnoBRII, 'ITO 

:£ CJI=Ur II (](~) < (]. < (] (2) i 1, . .. , m 

I 
1 - 1 - I 

( 17) 

3.uecb 

T 1 (]I ( /11. p ilk 
Nk ' Nu :£ 

I 
(Ji (lk 

( 18) 

9 N 
1 

k - aa6mo.uaeMoe qncno co6biTIIfi B -oM IIHTepBane k- cneKTpa, 

9 N k =:£ N i k - nonnoe. qncno co6btTIIfi B k -oM cneKTpe, · p 11 k - pacqeTnoe 
i 

pacnpeneneune k - cneKTpa j -~ peaKURII, l lk - BepOSITHOCTb pei'RCTpa-

UUU C06b!TIISI 
j -it peaKURII B k -OM cneKTpe 1 u(/) ( CJ (:)) - MRHIIM8nbH8SI 

(MaKcuManbHaSI) rpaauua cetJeHUSI j :...fi peaKUUII. 

llnSI pemeHUSJ 9TO~ aa.na'lll HaMil 6bma paapa6oTaHa cneuuanbHaSI npor

paMMa, B KOTOpOit nOHCK MIIHIIMyMa npOIICXOllliT B ,UBa 9Tana, Ha nepBOM 

9Tane MeTo.noM MonTe-Kapno umeTCSI npu6niiJK9llHbiit MIII!IIMYM• llnSI 9Toro 

aa.uanaoe tJIIcno pas reuep11pyroTCSI aa6opbi napaMeTpoB, pacnpe.ueneHHbiX no 

11 
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il 
:)i 
:.I 
'·I 

l'l 
!il 
ill 
i!j 

\i 

I 
! 
·I 
'I 
I 

.IIOpMallb.IIOMy 3aKO.IIY C 3aJla.IIH?IMH CpeJlHHMH 3H8'Ie.IIHHMH H JlHCIIepCHHMH H 

Bbi6HpaeTCH Ha6op1 Jla!OIIlllll MHHHMallbHbiH )( 2 , Ha BTOpOM aTan; B 06ll8.CTH 

JialiJle.II.IIOrO MH.IIHMyMa IIpOIICXOJliiT IIOHCK 6onee TO'I.IIOrO MIIHHMyMa, 8TOT 

IIOHCK ocymeCTBllHeTCH nyTeM BapbHpOBaHHH Bcex Ce'IeHHti .ll:a 3aaaHHblll war 

JlO TeX IIOp1 IIOKa )(
2 

He nepecTaHeT yMeHbWaTbCH, 3aTeM War yMeHbWaeTCH 1 

11 BCH npouenypa noBTopneTcn·no Tex nop1 noKa 3Ha'IeHne wara .ae cTaHeT 

Me.abwe ·3anazmoli TO'I.IIOCTH, 

Ka~aaH BapnaunH ceqeHIIii conpoBo~aaeTCH HopMnpoBKofi ce'IeHIIfi Ha non

Hoe Ceqezme II IIpoBepKOfi Bb!IIOllHeHHH YCllOBHfi ( 17), 3To II03BOllHeT OTb!CKH

BaTb MH.IIHMyM IIpH lli060M orp8HII'IeHHH Ha rrapaMeTpb!, 

Docne .II8XO~JleHIIH H86opa Ce'JeHHfi1 Jl810IIliiX MHHIIM8llbHOe 3H8'IeHIIe )( 2 
. I 

B rrporpaMMe JlllH Ka~noro napunanh.aoro ce'IeHHH a1 Bbl'IIICllHeTCH IIOrpew-

· HOCTb !J.a I IIyTeM peweHIIH. ypaBJieHHH 

)(
2 

( a1 , ... , a 1 ± !J. a 1 , ... , a m) - )( 2 (a 1 , ... , a 1 , ... , a m ) = 1 • ( 19) 

DpiiBeJleHHblll MeTOJl MIIHHMII38UIIH Jl8ll B03MO~HOCTb y'npaBllHTb IIOHCKO.M 

MIIHHMyMa x/, 

§4, MoaennpoBaane aByxny"!eBbiX rr- p- BsanMoaeficTBI!II 

C I"8MM8-KB8HT8MII 

B npeJlbiJlyweM naparpacpe onucaHa MeTOJlHKa onpeneneunn ce'Ieunfi 

peaKUHfi nyTeM no.nroHKH pac'IeTHbiX pacrrpeaeneHI!fi K aKcnepnMeHTanbHbiM, B 

Jl8HUOM rraparpacpe IIpiiBe]le.IIbl .IIOBbie XapaKTepiiCTIIKII MeTOJliiKII IIOlly'IeHHH 

pac'JeT.IIbiX .CIIeKTpOB C IIOMOIIlbiO MeTOJl8 MOHTe-Kapno, Doapo6HO MeTOJlHK8 

MOJlenllpOB8UHSI OIIHCaHa pauee B pa6oTe / 15/1 IIOCBSIIIleHHOfi. MOJlenupoBaHHIO 

'fT - p- B3anMO.UefiCTBHfi C o6p830BaHI!eM TOllbKO HefiTp8llbHbiX "'aCTIIU ( 0 

lly'IeBbie 3Be3Jlbl C raMM8-KBal!T8MH), 

B HaCTOH.utefi pa6oTe pa3pa6oTaua MOJlHcpnKaUHH MeToJlHKH 1 Heo6xoanMaH 

JlllSI MoaennpoBaUHSI JlByxny'IeBhiX B3aHMoaeficTBHil: c raMMa- KB8HT8MH, B 

x/ A.aanorii'I.IIbifi anropl!TM MIIHIIMI:!3aunn ncnonb3yeTcSI B nporpaMMe 
MINUIT I 14/, 
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aKcrr·epHMenTe 6b1ri11 BBeaenb: 

CBSI3aliiibie C npoBepKOH TO'Ili: 

TpeKOB 3Be3Jlbl, ( 0T6pacbiBall 

llbiX TpeKOB 3BeGJlbl 6blllll 

8TIIX Tp~KOB IIpBBbiWallll30%) o 

CooTBeTCTBenno B rrporp1 

libifi MHo~nTenb 1P. B Bece c1 

( neBb!IIonneiiiiH) KpnTepnen·. L 

6bmo Moaen!!poBaTb rrorpewnoc 

3Be3Jlbl, 

DorpeWliOCTH KHIIeMaTH'll 

IIMIIyllbCa II Jllll:!llbl 1 MOJlemipO 

H3-38 MHOI"OKpaTUOI"O pacceHII~ 

.aocTH H3-3a own6oK H3Mepe 

B /22/, 

B Ka'leCTBe annnbi TpeKa 

L3 L4 L 5 • 3aecb L1 

IIMIIYllbCOM B pa6o'leM Bemec~ 

ao B3anMoJleil:cTBHSI 1 . L 2 =-. 

B38l!MOJleliCTBHSI 1 a - CllY'li 

nnTepnane [ 0 1 1 ] : L 3 - Ill 

Ha), L3 =f3ycr £~{1-a); 

( )
-1/2 y=1-{3 ,TH 

{3 c - BpeMSI ~ll3liii H CKOp 

(paCCTOHHHe Me~y TO"'KOfi B3 

Mepbi B nanpanne.ann .llBHJKeF. 

· annna TpeKa 1 MoaennpyeMaSI 

C IIOMOIIlblO JlaHIIOfi III= 

TT p -> TT p + (1,2,3,-

TT p -> pp~+(0,1,2)r. 



Ha"'eHHSIMH H /lHCnepCHSIMH H 

Ha BTopoM aTane -B o6nacTH 

~e TO"'HOro . MHHHMyMa. 8TOT 

x · ce"'eHHll na aa'naHHbiH war 

,cg, 3aTeM war -YM9HbWa9TCSI 1 

:a 3Ha"'eHH9. wara He CTaHeT 

HOpMHpOBKOH C9"19HHH Ha non-

17), 8TO no3BOnSI9T OThlCKH-

M9Tpbl. 

C MHHHManbHOe· 3Ha"'9HH9 )(
2 

. I 

Sl a J Bbi"'HCnSieTcSI norpew-

. 'a i ' .. • I am ) = 1 • ( 19) 

IMOlKHOCTb y'npaBnSITb noHCKO.M 

Tl'- p- B38HMOJl9fiCTBilfi 

DJlHKa onpeneneHHfl C9"19HHH 

null K aKcnepnMeHTanbHbiM, B · 

IHCTHKU M9TO/lHKH nony"'eHHfl 

a-Kapno, Tionpo6HO MeTOJlUKa 

llOCBSIW9HHOH MO)lennpoBaHHID 

~ _ n~ifTpanbHbiX qacTnu ( 0 

{aUUSI M9TOJlUKU 1 neo6XOJlHMafl 

rBHH · c raMMa- KBaHTaMn. B ._ 

1 ucnonbayeTcfl B nporpaMMe 

J 
J 
l 
t 

l 

aKcriepnMenTe obinH BB9Jl9Hbi JlOnonnnTenbHbte KpnTepnn oToopa co6btTnfi, 

CBSI3aHHbl9 C npOB9pKOH TO"'HOCTH H3M9p9HHSI KHH9MaTU"'9CKHX napaMeTpOB 

TpeKoB sBeaJlht. ( OTopacbtBanncb co6btTHH, y KoTopbtx JlnHHbi L a~pnJKen
HbiX Tp9KOB 3B9SJlbl ObinH M9U99 2 CM HnH OWH6KH H3M9p9HHSI HMnynbCOB 

9THX Tpe:KOB npBBb!W8nH30%) • 

CooTB9TCTB9HHO B nporpaMMe MonennpoBaHHSI onpe)lengncSI JlOnonnnTenb- . 

Hb!H MHOJKHT9nb W- B B9C9 COOb!THSI 1 TaKOH 'ITO W = 1 ( 0) npH Bb!llOnH9Hl'III 

( H9Bb!llOnH9HliH) KpHT9pH9B. llnH nony"'9Hllfl TaKoro MHOJKUT9nfl ueo6XOJlllMO 

6bin0 MOJl9nHpoBaTb norpeWHOCTH KHH9M8Tli'I9CKHX napaMeTpOB ll JlnHHbl Tp9KOB 

3B93Jlblo 

TiorpeWHOCTll KHH9M8TH"19CKHX napaMeTpOB Tp9KOB 3B93Jlbl 1 KaK cpyHKUHSI 

UMnynbCa H )lnHHbl
1 

MO)lennpoBanHCb cornaCHO ( 4); npu 9TOM norpeWHOCTH 

us-sa MnoroKpaTuoro pacceSIHHSI Mo)lennpoBan:ncb no cpopMynaM (5), a norpew

uocT:n 113-38 OWlloOK H3M9p9HHfl KOOpJlHHaT - no cpopMynaM, npHB9Jl9HHblM 

B /22/ • 
B KaqecTBe JlnHHbt TpeKa np:nH:nManacb ua:nMeHbWaSI :na Ben:n"'HH L 1 , L 2 ., 

L !S • 3JleCb L 1 - MaKcHManhHbtil npo6er qacTHUbt c naHHbtM 

HMnynbCOM B pa60"'9M B9W9CTB9 K8M9pbt JlO OCTaliOBKH1 £2 - JlnHHa TpeKa. 

cpeJlHSISI nnnHa 
no BaanMonellcTBHfl, L 2 =- L 2 l'.n ( I - a ) , rne L 2 

BaanMoneil:cTBHs:t, a - cny"'ail:noe ~mcno, paBHoMepno pacnpenenennoe B 

nnTepBane [ 0, 1 1 L 
3 

- JlnHHa JlO pacnaJla qacTHUbt ( B cnyqae rr - Meso-

Ha), L
3

=f3ycr £~(1-a), 

r=(l-f3Fz/2, T H 

{3 c - Bp9MSI JK:li3HH H CKOpOCTb "18CTHUbi; L 4 
- noTenunanbHas:t nnnHa 

(paccTOSIHH9 M9lKJlY TO"'KOH B3aHMOJl9HCTBHSI H rpaHHU9H pa6oqero o6veMa Ka-
-" nsMepennaSI" 

Mepbi B nanpaBneunn JlBH:lK9HHSI qac'rnuhl); L 5 = f ( P ) 

nnnua TpeKa, Monen:npyeMas:t auanorn"'no /151. 
C noMombro Jlanno:ll: nporpaMMbi 6btnH cMonennpoBanbi peaKUHH 

TT p ll JlP• 
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llnH ITOBhlW9HHH aljlljleKTHBHOCTH C'leTa MOA9nHpOB8HH9 peaKUHfi C 

'IHCnOM BTOpH'IHhlX '18CTHU MeHee 5 npOH3BOllHnOCb C Hcnonb30B8HH9M reae

/ 18/ 
paTopa nepnljlepnqecKn.x co6biTHil: • 

PesynbTaT MonennpoBaHHH - cneKTpbi a!jl!jleKTHBHbiX n aenocTaromnx Mace 
/ " . 

pa3nH'IHbiX KOMfiHHaUHH 'IaCTHU, pacnpeneneHHH no HMnynbCaM H yrnaM raM-

Ma-KBaHTOB, • 1T - M930HOB H npoTOHOB, a T8K)K9 BepOHTHOCTH perHCTpaUHH 

peaKUHfl: - fibinH HCnonb30B8Hbl B 3KCnepHM9HTanbl!OM HCCn9AOB8HHH STHX 

peaKUHfl:, 

+ §5. CTaTHCTHqecKoe pasneneane " -Mesoaos H npoToHOB 

C nOMOIUbiO 8 - aneKTpOHOB 

~ 8 OnHCb!BaeMOM 3KCnepHM9liT9 nonomHTenbHbl9 TP9KH C HMnynbCOM llO 

900 Mas/ C pasneneHbl BH3yanbHO (no HOHH3aUHH) Ha npOTOHbl H 1T + - Me- ' 

30Hhi. Cpenn nonomnTenhHbiX TpeKoB c HMnynhcaMH 6onee 900 Maa/c oKono · 

15% HM9JIII 8 - 3Jl9KTpOIIbl C aaeprneil: 6onbW9 MaKCHMaJibHO B03MO)KHOH J:IJIH 

+ npOTOH8 C nal!Hb!M HMnynbCOM It noaToMy fibinH OTH9C9Hbl K 1T -Me30H8M, 

OnaaKo nocne aToro ocTasanacb nosonhHo cymecTseanaH rpynna aepasnenea

HbiX COfibiTHfl: ( 35%) , Cp9J:IH KOTOpb!X He06XOllHMO 6binO onpenenHTb KOJIH'I9CT

BO npOTOHOB H TT + - M930HOB. 

OnHHM H3 cnoco6os peweHHH aTofl: sana'IH HBnHeTcH CTaTHCTH'lecKoe 

pasneneane TpeKoB c noMoiUhiO 8 -aneKTpOHOB, 3TOT CITOC05 OCHOB8H H8' 

TOM, 'ITO BenH'IHHbl BepOSITHOCTeil: nOHBJ19liHH 8 -aneKTpOHOB OTnH'l8IOTCH 

nnH npoToaos It "+ - Mesoaos I 17 I. 

DnH aaxomneHHH Jlonu npoTOHOB cpe/lH aepa3JleneHHbiX TpeKoB 5bm ncnonb-

30B8H M9TOil M8KCHMyMa npasnonOJ:IOfiHSI C norapHijJMH'I9CKOH ljlyHKUH9H npaBJ:IOIIO

llOfiHH L , aaanorH'IHO 1181; 

.N 
L = ~ [ -f 1 F ( [, P1 ) + n1 en (e 1 F ( {, P1 ) ) ] , 

J=l 

F ( f, P 1 ) = f G p ( P
1 

, q oJ + (1 - f ) G" ( P
1 

, q o ) 
( 20) 

{ - OTHOCHT9nbH09 KOJIH'I9CTBO npoTOHHbiX Tp9KOB, ] - { - TT -r - M930HHbiX 

TpeKoB, N - rronaoe 'IHCJIO TpeKOB, P; H e i - HMnynbC H llJlliHa j- ro 

TpeKa, n I - 'IHCJIO 8 - aneKTpOHOB Ha j -OM TpeKe C npoeKUH9H HMnynbCa 

14 

. '• 

I 
l 
I 

·J 

q >q 0 , Gp(P,q 0 )(l 

8 - aneKTpoaa c npoeKune~ 

Ha ellH~H'IHOfl: nn~ae: 

Bmax 

G1T,p (P,qo) = f (} . 

"· ¥o 

817, p = 
c (1- {32-

(32 £2 ... E 

8' . - aneKTpOHB C KHH9TH'l9C 

BepOSITHOCTH llJlSI 8 - aneKT] 

ca. iJ ; E max (E 0 ) - MaB 

poaa, q1 (E) (q 2 (E))- MHll 

8 - aneKTpoaa c aaeprneil: 

~YHKUHSI npasnonono5HSI . 
f • OcTanhHbie senH'IHHhi H• 

llnSI nposepKH BbiW90nHC 

Tp9KOB C nOMO!UbiO 

Hbl9 BTOpH'IHbiMH 

8 - ane 

1T-- M93 
. , .,.,. 

3H8'19HHHX MHHHM8JlbHOrO n: 

2,8 Mas/c x/, DnH 153 oTpH 

HbiMH: 0,04 :!:.. 0, 11 H -0,08 :!:.. 

C 0)!{Hll89MbiM { ,; 0, 

TaKHM o5pasoM, naaaa 

IU9HHOrO 3H8'19HHSI J:IOJIH 1T+ -

KOBo 

x/ u . . 
r•3MepeHHSI npoeKUH~ 

· npocMoTpOBbiX cTonax YDG-50 
rHSI llJISI aneKTpOHOB B nponaHE 



1 Mo.uenn:poBaane peaKun:ii c 

noCb C HCITOnb30B8HII9M reae-

9KTHBHblX II H~llOCTa!OllliiX Mace 

no n:MrrynbcaM II yrnaM raM-
' ' ' 

K~e BepoHTHOCTII pern:CTpaUIIII 

ITanbiiOM IICCne.uoBaHIIII aTn:x 

M930HOB II rrpOTOHOB 

KTpOHOB 

nbHbi9 TP9KII C IIMITYnbCOM .UO 

iliili) Ha ITPOTOIIbl II 17 + - Me

,caMII 6onee 900 Mas/c oKono 

e MaKCHManbHO Bo3Mo~nofi nm1 

nii OTH9C9Hbl K 17 + -Me30H8M, 

ecTsean~H rpynna nepasneneH

.!O 6bmo onpeneniiTb Konn:'lecT-

i'III HBnHeTCH CT8TIICTII'19CKOe 

IOB, 3TOT CITOC06 OCHOBaH Ha· 

8 -aneKTpOIIOB OTnii'18lOTCSI 

tsneneHHbiX TpeKoB 6bm IICrronb

mpMII'lecKofi !jlyHKUHeti npaB~ono-

). 'q 0 ) 
1 

( 20) 

leKoB, 1 - f - 11 -r - Me3oHHbiX 

1 - IIMrrynbc II nmma i- ro 

.1 TpeKe c npoeKUIIefi n:Mnynbca 

j 

I l; 
I 

I .I 

t 
I 

! 
I 

I 

• l 

q > q,
0 

· , G t> ( P, q 
0 

) ( G 
17 

( P , q0 ) ) BepoSITHOCTb o6pasoBaHIISI 

8 - aneKTpona c npoeKuiiefi IIMrrynbca q > q0 npoToaoM ( 17· -MesaaoM) 

na eaii~II'IHOfi .uniiHe: 

q2(B) 

(P,E)dE fR(E,q)dq (21) 
qz(B) 

c ( 1- {32 E )- nnoTHOCTb BepoSITHOCTII o6pasosaHHSI 

E max 17,[> 

8' - aneKTpona c KHHeTII'IecKoil: aneprn:eil: E I 17/, R (E, q ) - nnoTHOCTb 

sepoHTHOCTII nnH 8 - aneKTpona c aaepriiefi E n:MeTb npoeKUIIJO IIMnynh-

ca. q E max (E 
0 

) - MaKcnManbHaH ( MIIHHMan~uaH) anepriiSI 8 -aneKT-

pona, q
1 

(E) ( q 
2 

(E))- Mn:Hn:ManbHaSI (MaKcn:ManbHaSI) npoeKUIISI IIMnynbca 

aneKTpoHa c aHepriiefi E C = 0,039 MaB /c anSI nponaaa I 19/. 

<IJyHKUIISI rrp~B.UOITO.U06HSI ( 20) HMeeT nHIIIb O.UHH H9H3B9CTHblfl rrapaMeTp 

{ , 0cTanbHbl9 Benii'IHHbl H8XO.USITCSI H3 8KCITepHM9HT8, · 

llnSI rrpoBepKH BbiiiieOITHC8HHOil: M9TO.UHKH CT8THCTH'19CKOrO pas.ueneiiHSI 

Tp9KOB C ITOMOIIlblO 8 - an~KTpOHO~ 6binH HCITOnb30B8Hbl TpeKH, o6pa30B.aH:.. · 

Hble BTOpH'IHblMH 17-- Me30H8MH. Orrpe.uengnaCb BenH'IHHB f rrpn: llBYX 

aaaqean:Six MnHnManbaoro n:Mrrynbca 8 -aneKTpoaa, q0 : 1,8 n 

2,8 Mas/c xl. nng 153 oTpn:uaTenbHblX TpeKOB 3H8'I9HHSI f OKa3anHCb paB

HblMH: 0,04 :!::.. 0, 11 H. -0,08 :!::.. 0,12 COOTBeTCTB9HHO, 'ITO 1XOpOIIIO cornacyeTCSI 

C O~H.U89Mb!M f .,; 0, 
TaKHM o6pasoM, .uaHHaSI MeTo.un:Ka o6ecrre'IIIBaeT onpe.ueneHHe necMe

meHHoro 3Ha'leHHH nonn: 11+- Me3oHoB (npoToHoB) cpenn: nepa3.ueneHHbiX Tpe-

KOB, 

x/ l13MepeiiHH npoeKUHil: HMnynbCOB 8 - aneKTpOHOB ITpOBO/lHllHCb aa 
· npocMoTpOBbiX cTonax YITC-50-80. Hcnonb30Banacb 3aBHCIIMOCTb npo6er-anep

rn:g nnH aneKTpOHOB B nporrane, npiiBenenaaH B pa6oTe /19/, 
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. MeTOJlHKa, OIIHC8HH8SI El HBCTOHWeti pa6oTe, 6biii8 HCI101Ih:30El8lla JliiH 

9lCCI19pHM9liT81IbliOrO HCCII9JlOEl8HHSI .. TT- p - ElS8HMOJl9tiCTBHti IlpH 5 fsB/ C 

C . MHO:lK9CTBeHHbiM o6paSOB8HHEiM lleii:TpallbHbiX 'i8CTHU, IlpOBOJlHMOI'O C 

IIOMOlllbiO M9TpOBOfi IlpOilaliOBOfi IIySb!pbKOBOti KaMepb! 011.HI1, tfaCTb pesynhTa

TOB, KaCaromastCSI IIOHCKa p8JlH8UHOHHbiX paCII8JlOB MeSOHHbiX H 6apHOHllbiX 

peSOH8HCOB 0 orry6nHKOB8H8 B /20,21/, 
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Taonnga I. Cpe~Hne TO~HOCTn nauepeHnH KnHeMaTn~ecKnx napaYeT-. 
pOE raMYa- KBaHtOB1 n-YeSOHOE L1 npOTOHOE 

'llacTnu;a aPfp% Atp" A}.o 
) 

/ ¥ II O,IS 0,4 
n± IO 0,3 0,8 
p I2 0,8 I,8 

Taonnga_f. CpeARHe TO~HOCTH L13MepeHnH swweKTHEH~ Mace, 

M3 ( E MaE), paamJ.~Hl.OC KOM_onHau;ni! ~aCT11IJ; 

CncTeMa - llMJji1J,% ~aCTL1IJ; a !:J .(! AM3 

n- r 2 0,086 ISO 35 6,2 
p~ 2 0,090 950 45 3,0 
n+n- 3 0,090 2~0 35 5,0 
P n - 5 0,074 !080 55 ·3,3 
n-2¥ 5 0,075 200 50 6,0 
n+n-2¥ IO 0,083 500 60 5,I 
P n-2~ 22 0,067 I350 93 3,8 

TaonL1~o Cpe~Hne TO~HOCTn nauepeHnH KEa~paToE He~ocTaro~nx 

uacc, M2H (raE2), paann~Hb!X KouonHau;nti·tzaCTL1IJ; 

CltcTeMa - -~QCTHIJ; a' 13' c' AM~ A11tft.,l % ,, 0 

n+n- O,I5 0,27 8 0,37 8 
P n - 0,15 0 0,20 18 -
n+n-2'( 0,2U 0,07 6 0,38 14 
P n-2'( 0,15 0 - 0,20 18 
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