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ropHOB M.r. HAP· 13 - 12921 
lii3MepeHHe 3HeprHH OTPHl.laTeJlbHbiX nHOHOB 
MHOrOCilO~H~M nonynpOBOAHHKOB~M cneKTpOMeTpOM 

DnHc~aaeTCA MeTOAHKa H3MepeHHA 3HeprHH OTPHl.laTe!lbH~x 

17--Me30HOB B AHana30He 10 7 100 M3B MHOrOCilO~HbiM nonynpOBOA
HHKOBbiM cneKTPOMeTpOM. PaccMoTpeH anropHTM 6paKOBKH co6bi
TH~ C HapyweHHeM HOHH3al.lHOHHO~ 3aBHCHMOCTH BCileACTBHe ynpy
rHX H HeynpyrHX AAePHbiX 83aHMOAe~CTBH~ npH npOXO>KAeHHI-1 4ac
TI-1l.l~ B 8e~eCTBe AeTeKTOpa. B Ka4eCTBe KPI-1TepHA OT6opa HC
nOJlb308aH nOKa3aTe!lb x2 C $yHKl.lHOHaJlOM, Bblpa>KeHHbiM 4epe3 
T04HY~ TOil~HHY nonynpOBOAHHKOBOrO AeTeKTOpa. 3KcnepHMeH
TaJlbHaA npoaepKa MeTOAHKH B~nOJlHeHa Ha MOAeilH cneKTPOMeTpa, 
COCTOA~e~ H3 Tpex Si(Li) AeTeKTOpOB. AnA BbiAe!leHHA y3Koro 
3HepreTH4ecKoro HHTepaana HcnonbaoaaH MeTOA npo6era. Pac
CMoTpeH Bonpoc 0 8biAeJleHHH M~OHOB H3 ny4Ka 17- -Me30HOB. 
npoBeAeHH~e HCCileAOBaHHA noKa3aJlH npaBHJlbHOCTb B~6paHHO~ 

MeTOAHKH H anropHTM08 pac4eTa. A6COil~THaA T04HOCTb, KOTOpaA 
MO>KeT 6b1Tb nony4eHa AaHHbiM MeTOAOM, -0,5 M3B B WHPOKOM 
AHanaaoHe 3HeprH~. 

Pa6oTa BblnO!lHeHa 8 Jla6opaTOPHH AAePHbiX npo6neM OVI.s:llil. 

npenpHHT 061>8llHH8HHOrO HHCTHTyTa Slll8pHblX HCCnellOB8HHA • .Qy6H8 1979 

Gornov M.G. et al. 13 - 12921 
Energy Measurements of Negative Pions 
by Multilayer Semiconductor Spectrometer 

A method of energy measurements of negative pions is 
developed and tested experimentally. The x2 -criterion 
with exact widths of semiconducto r detectors was used 
to separate events with the ionization dependence viola
tion and for energy determination. It is shown that an 
absolute resolution may be $500 keV in a wide energy 
range. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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1. BBE,QEHVIE 

B AaHHO~ pa6oTe H3IlO>KeH~ pe3yilbTaT~ HCCileAOBaHH~, KOTOPble 
ABilA~TCA pa38HTHeM MeTOA08 onpeAe!leHHA 3HeprHH aapA>KeHHbiX 
4aCTHl.l C nOMO~b~ CJlOHCTOrO nonynpOBOAHHKOBoro cneKTPOMeTpa 
ycTaHOBKH 11 nHOH11 /11. 0CHOBHaA l.le!lb HCC!leAOBaHH~ COCTOA!la 
B 3KCnepHMeHTaJlbHO~ npoaepKe npHMeHHMOCTH MeTOA08, H3IlO>KeH
H~X B pa6oTe n~ K H3MepeHH~ 3HeprHH OTPHl.laTeJlbH~X nHOHOB. 

Cnel.lH$HKa H3MepeHHA 3HeprHH OTPHl.laTe!lbH~x nHOHOB c no
MO~biO AeTeKTOpOB, perHCTpHpy~~HX 3HeprOBb1Ae!leHHe 4aCTHl.l, 
onpeAeilAeTCA oco6eHHOCTbiO HX OCTaH080K. HeonpeAeJleHHOe 3Hepro
Bb1Ae!leHHe 8 AeTeKTOpe npH 3aXBaTe OTPHLlaTe!lbHOrO nHOHa AA-
pOM AeJlaeT He803MO>KH~M HCnOJlb308aHHe MeTOAa H3MepeHHA no 
nOJlHOMY norno~eHH~, H eCTeCTBeHHbiM peweHHeM B TaKOM C!ly4ae 
A8!1AeTCA HCnO!lb308aHHe cnoHcT~x cneKTpoMeTpoa. CnoHcTaA 
CTPYKTypa cneKTPOMeTpa no3BOJ1AeT 8~Ae!lHTb AeTeKTOp, rAe 
npOH30WJla OCTaH08Ka, H AilA onpeAe!leHHA 3HeprHH BOCnOilb30-
BaTbCA noKaaaHHAMH npeAWeCT8y~~HX AeTeKTOpoa. 

BMeCTe C TeM C!leAyeT OTMeTHTb, 4TO H AJ1A MeTOAa H3MepeHHA 
3HeprHH no no!lHOMY norno~eHH~ npH no8~WeHHH 3HeprHH cTa6Hnb
H~x 4aCTHl.l CilOHCTaA CTPYKTypa cneKTpOMeTpa TaK>Ke CTaH08HTCA 
Heo6xoAHMO~. BcneACTBHe pacTa eepoATHOCTH Heynpyroro eaaHMo
Ae~cTBHA npH yee!lH4eHHH 3HeprHH 4acTHl.l cneKTPOMeTpH4ecKaA 
IlHHHA AeTeKTOpa HCKa>KaeTCA - nOABJlAeTCA 11 XBOCT 11 8 CTOPOHy 
HH3KHX 3HeprH~. CnoHCTaR cTpyKTypa cneKTpoMeTpa e 3TOM cny-
4ae n03BOJ1AeT npoKOHTPOilHPOBaTb 3HepreTH4eCKHe noTepH 4ac
THI.l~ B AeTeKTHPYIO~eM Be~eCTBe H OT6poCHTb Cily4aH C HapyweHHeM 
HOHH3al.lHOHHO~ 3aBHCHMOCTH. 

2. METO,QHKA Bbi,QEJlEHH.s:l C06biTHI1 C HAPYlllEHVIEM 
HOHH3AUHOHHOI1 3ABHCHMOCTVI B CJlOHCTOM CnEKTPOMETPE 

.QnR B~Ae!leHHR C06~TH~ C RAepH~MH peaKl.lHRMH B pe>KHMe H3Me
peHH~ no nOJlHOMY nor!lO~eHHIO B pa60Te ~/ HCnOJlb30BaJlCR KpH
TepH~ X2 C ltJYHKl.lHOHaJlOM: 
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n ~Ei 3 - ~E iT 2 
X 2 = l (---------) ' 

n i = 1 a (~E iT ) 
Ill 

rAe ~i3 - 3Kcnep~MeHTanbHO 3aper~cTp~po8aHH~~ c6poc 3Hep
r~~ 8 i -oM cnoe, ~E iT - TeopeT~4ecK~ npeACKa3aHH~~ c6poc 
3Hepr~~ 8 TOM me cnoe, a(~EiT)- CTaHAapTHOe OTKnOHeH~e pac
npeAeneH~fl e HeM noTepb 3Hepr~~. 3Ha4eH~e x 2, B~4~cneHHOe 
Anfl BXOAHO~ 3Hepr~~ 4acT~L4~ E, pa8HO~ cyMMe noTepb 3Hepr~~ 

n+ 1 
e n + 1 cnof!x E = .l ~E 1· 3 , cnym~no Kp~Tep~eM 6paKo8K~ co6~T~~. 

)= 1 

Anfl ~3MepeH~fl 3Hepr~~ OTP~i,4aTenbH~X n~OHOB, KOrAa OT6pa
C~8a~TCfl noKa3aH~fl nocneAHero AeTeKTopa, HeT aHanor~4HO~ 
803MOmHOCT~, TaK KaK CyMMa noTepb 3Hepr~~ 8 cnOfiX He COOT8eT
CT8yeT BXOAHO~ 3Hepr~~ 4aCT~i,4~. no3TOMY Anfl o6pa60TK~ 3KCne
p~MeHTanbH~X AaHH~x, nony4eHH~x 8 ny4Kax OTP~I.4aTenbHbiX n~o
HOB, Mbl ~cnonb30Ban~ Kp~Tep~~ X 2 , M~H~M~3~PYF1 C!>YHKi,4~0Han 
cneAY~lllero 8~Aa: 

~R. - ~R i n 13 
2= l (----· 

X n i = 1 a(~R i3) 
) 2 ' 121 

i-1 i 
rAe ~Ri - TOnl!IHHa i -ro nnA, ~R i3 =Ri(E- j~1~Ej3)-Ri+1(EJ,;1~Ej}-

Ta ~e TOnl!IHHa, HO nony4aeMafl 8 pe3ynbTaTe noArOHKH no napa
MeTpy E , a(~Ri3 ) - A~cnepc~fl ~Ri 3 . 0TMeT~M, 4To, 8 oT
n~4~e OT BblpameH~fl I 1 I, Mbl nepewn~ K ¢YHKL41-10Hany c HOpManbHO 
pacnpeAeneHHbiM~ een~4~HaM~. B pe3ynbTaTe MHH~M~o~3al4~~ ¢yHK
L4~0Hana 121 onpeAenf!eTCfl 8XOAHafl 3Hepr~fl E ~ COOT8eTCTBeH-
HO - npo6er 4acT~i,4~. Kp~Tep~eM 6paK08K~ co6~T~~ Anfl rr--Me-
30H08 cnym~T 8en~4~Ha x 2 ~ ycno8~o~e ocTaH08K~ n~o~oHa 8 n + 1 
-oM nnA: 

n n+l 
i ~ 

1 
~R i -3 a (R(E)) < R(E) < i ~ 

1 
~R i + 3 a (R(E)). 131 

Anfl cTa6~nbHbiX 4acT~L4 ycnoe~e B~AeneH~fl no npo6ery np~ 
~Rn+ 1 >3a(R(E)) MOmHO ~3MeH~Tb Ha 6onee meCTKoe: 

n 
IR(E)- R 0(E)I < 3a(R(E)), rAe R0 (E) = R(E n+ 1) + i ~ lRi, 

R(E n+ 1) - npo6er 4acT~l4bl c 3Hepr~e~ En +1 ,3aper~cTp~o~posaHHoi:1 

8 n + 1 -oM AeTeKTope. 
OnpeAeneH~e M~H~MyMa ¢YHKL4~0Hana 121 80 MHOrHx cny4af!x 

MomeT oKa3aTbCfl 3aAa4el:1 6onee npocToi:1 ~ Tpe6y~l!lei:1 MeHbwero 
speMeH~ pa60Tbl 38M, 4eM no~CK MaKC~MyMa ¢yHKi,4~H npa8AOno
A06~f!: 
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n-1 
f(E, ~E 1 , ~E 2 , .... ~En)= f 1 (E .~E 1 ) · f2 (E- ~E 1 .~E2 ) ... fn(E-i~ 1~Ei .~EJ, 

rAe f 1, 7 , ... , f n -¢yHKL4~~ pacnpeAeneH~fl noTep b 3Hep r~~ 
8 cnof!X / l , TaK KaK, B OTn~4~e OT 141, ¢yHKi,4~0Han 121 CO-

· Aepm~T TOnbKO HOpManbHO pacnpeAeneHH~e Ben~4~H~, ~ OTCyT
CT8Y~T cnomHOCT~, C8fl3aHH~e C He06XOA~MOCTb~ CW~BK~ pacnpe
AeneH~~ pa3n~4HO~ aHan~T~4eCKO~ ¢opMwlpacnpeAeneH~~ naHAay, 
Bae~noea, raycca, ne~Hal~- 51 . no3TOMY ~Meno c~cn ~ccneAO
BaTb 803MOmHOCT~ MeTOA~K~ X 2 C ¢YHKi,4~0HanoM 121 He TOnbKO 
Anfl 8~AeneH~fl co6biT~~, HO ~ Anfl onpeAeneH~fl 3Hepr~~ 4aCT~L4. 

3. 3KCnEPHMEHTAnbHAH nPOBEPKA 
METOAHKH OnPEAEnEHHH 3HEPrHH 
H OI6PAKOBKH C06MTH~ 

Ha p~c. 1 npeACTa8neHa cxeMa 3Kcnep~MeHTa Anfl Kan~6po-
804H~x o6ny4eHH~, KOTOp~e 8~nonHflnHCb Ha ny4KaX Me30HHOrO 
TpaKTa CHHXPOL4HKnOTPOHa na6opaTOPHH fiAePH~X npo6neM OHHH. 
Tp~o~ Si (Li) AeTeKTopa A2-A4 npeAHa3Ha4eH~ Anfl per~o~cTpa1.4~H 
noTepb 3HeprHH 4aCTHi,4. Konn~o~MaTop~ Kl, K2 8~Aenfi~T ny4oK 
4aCT~L4. cooT8eTCT8Y~liiH~ paaMepaM A2-A4, H CHHma~T ¢oHosy~ 
3arpy3Ky. An~MHH~e8~e ¢HnbTP~ ~o~cnonb3osan~o~cb npH o6ny4eHH~ 
n~oHaMH Anfl 3aMeAneHHfl ny4Ka c Ha4anbHO~ 3Hepr~o~e~ 100 M3B. 
npoTOHH~e o6ny4eHHfl np080AHnHCb 6e3 ¢HnbTPOB. TpH Si(Li) 
AeTeKTopa Al, AS, A6 cnymaT Anfl B~AeneHHfl 4aCTHL4, npoxOAflliiHX 
4epe3 A2-A4 H ocTaHa8n~o~aa~~o~xcfl a 4yBcTBHTenbHOM o6oeMe AS. 
0T6Hpa~TCfl COfiwTHfl, COOT8eTCTBy~He norHKe C08naAeH~~ 
Al-AS, H aHTHCo8naAeHHfl A6. 

K1 

Jl6 

& 
P~o~c. 1. CxeMa 3Kcnep~o~MeHTa Anfl Kan~o~6poao4Hwx o6ny4eHHH. 
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AnR yMeHbWeH~R BKnaAa ~CKa~eHH~X aMnn~TYA C ~2-~4 np~ 
npoxo~AeH~~ 4acT~~ 4epea KpaeBble o6nacT~ AeTeKTOPbl ~ 1 , ~5 
~aroTaBn~ean~cb c A~aMeTpoM 4yBCTB~TenbHol::t o6nacT~ ( G' 4 ,0 , ) , 

MeHbwel::t, 4eM ~2-~4 /~4 •0 , IA2-~4/ = 8 MM, Gl 4 ,0 • /~1.~5/ = 
= 5 MM/. Ton~~Ha 4YBCTB~TenbHbiX o6nacTel::t (W 4 ,0 , ) AeTeKTopoe 
~2-~4 paBHa 3,5 MM np~ nonHoi::t TOnlii~He (W) 4 MM, W /~1,~5,~6/= 

W4.0. /~1,~6/ = 0,6 MM, W4.0 . /~5/ = 0,4 MM B npOTOHHOM 
o6ny4eH~~, W 4 ,0 , /~5/ = 0,6 MM - B n~OHHOM 06ny4eH~~, 
~ /~5/ = 32 MM. 

MeTOA~Ka OT6opa 4acT~~ c OA~HaKOBbiM npo6eroM ynoTpe6nR
nacb HaM~ no np~4~He OTCyTCTB~R ny4KOB C BbiCOK~M paapewe
H~eM. c~rHanbl co ecex AeTeKTOpOB 4epea cneKTPOMeTp~4eCK~e 
TpaKTbl noAaBan~Cb AnR KOA~POBaH~R Ha CTOi::tKy MHOrOMepHOrO 
aHan~aa Ail ~ Aanee nepeAaBan~cb B 38M HP2116C. Kan~6poe-
Ka cneKTPOMeTp~4eCK~X TpaKTOB npOBOA~naCb C nOMOlllb~ a-4aC
T~~ 226Ra. 

Ha p~c. 2 npeACTaeneH~ 3Kcnep~MeHTanbHble cneKTPbl noTepb 
3Hepr~~ B ~2-~4. nony4eHHble np~ o6ny4eH~~ B npoTOHHOM ny4Ke. 

.!. 

l..leHa KaHanoB B Ka~AOM ~3 cneKTPOB '-" 100 K38, 0TMeT~M, 4TO i • 

Ha4ano wKanbl npeo6paaoeaH~R Al..ln cToi::tK~ MHoroMepHoro aHan~aa 
COOTBeTCTByeT Nk = 30. 

PeaynbTaTbl BOCCTaHOBneH~R Ha4anbHOi::t 3Hepr~~ npOTOHOB 
MeTOAOM MaKC~ManbHOro npaBAOnOAOfi~R /MMn/ /4/ ~ Ha~MeHbW~X 

N 

::r 1 , 
0

,

2 

N ~ 100 150 200 Nk 
300 n .n

3 

200 

100 

I ~L N ~L. I 

f~ ~ ~ .. Nk 200 ' ~ 
100 ' @x 

I ~ 
100 150 200 Nk 

P~c. 2. 3Kcnep~MeHTanbHble cneKTPbl noTepb 3Hepr~~ B AeTeKTo
pax np~ o6ny4eH~~ B npoTOHHOM ny4Ke. 
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KBaApaTOB (x2 )/2/ npeACTaBneHbl ~a p~c. 3. npH OT6ope no 
Kp~TepH~ )( 2 B Ka4eCTBe BepxHei::t rpaHH~bl ~Cnonb30B?nOCb 3Ha-
4eH~e, paBHOe 6, 4TO COOTBeTCTByeT 5-npo~eHTHOMy ypOBH~ 
3Ha4~MOCT~, a TaK~e npoeepRnocb AOnonHHTenbHoe ycnoeHe /3/ 
OCTaHOBK~ npOTOHa B AeTeKTOpe ~5. WTPHXOBKOI::i B 3HepreT~-
4eCKOM cneKTpe, eoccTaHoeneHHOM c noMo~b~ MMn /p~c. 3/, 
~ B cneKTpax noTepb 3Hepr~H B AeTeKTopax /pHc. 2/ BbiAeneHbl 
co6biTHR, npoweAWHe no KPHTep~~ x 2 H ycnoeH~ /3/. PeaynbTaTbl 
BOCCTaHOBneH~R 3Hepr~~ MeTOAOM x2 ~ MMn AnR npoweAW~X COObi
T~I::t coenaAa~T H cornacy~TcR c pac4eTHbiM~ 3Ha4eHHRMH, nony-
4eHHbiMH npH MOAenHpoBaHHH 3Kcnep~MeHTa: Tp=50,534 M3B, 
ap= 0,370 M3B . 

Tp=50.5"M3B Tp•5D.54 M38 

N~ C5p::D,4D M38 Op=D,4D M3B 

200 
MMn II t.il xz 

P~c. 3. CneKTPbl 3Hepr~>~l::t npoTOHoB, eoccTaHoeneHHble no no
TepRM a AeTeKTopax c noMo~b~ MMn H x 2 . 

Co6biTHR, oT6poweHHble e AaHHOM 3KcnepHMeHTe npH Hcnonb
aoeaHH~ Kp~TepHR )( 2 , COOTBeTCTBy~T cny4aRM C HapyweHHeM HOH~-
3a~~OHHOH 3aB~C~MOCTH BCneACTBHe . nH6o RAepHbiX peaK~Hi::t, nH60 
KpaeBbiX 3~eKTOB, 4TO B03MO~HO H3-3a MHOrOKpaTHOro pacceRHHR 
npH HeAOCTaT04HO cKonnHMHpoeaHHOM ny4Ke. CneAyeT cne~~anbHO 
nOA4epKHyTb, 4TO B AaHHOM 3KCnepHMeHTe OT6Hpa~TCR 4aCTH~bl 

B y3KOM 3HepreT~4eCKOM HHTepeane H3 ny4Ka C WHPOKHM cneKTpOM, 
KOrAa KOnH4eCTBO 4aCTH~ , npOXOA~liiHX CKB03b ~1-~5 , Ha nop~AOK 
npeBOCXOAHT KOnH4eCTSO 4aCT~~ C OCT8HOBKoi::t 8 ~5. 

7 



B TaKHX ycnoBHRX norHKe OT6opa YAOBneTsopR~T 4aCTH~~ 
He TOnbKO B y3KOM 3HepreTH4eCKOM HHTepeane C COOTBeTCTBy~HM 
HHTepeanoM npo6eroe, HO H 4aCTH~~ c 6onee e~coKOH Ha4anbHOH 
3HeprHeH, KOTop~e nH6o nonaAa~T e aaAaHH~H HHTepean npo6eroe 
no npH4HHe RAePH~X peaK~HH, nH60 HMe~T 6onbWHH npo6er, KOrAa 
3a C4eT MHOroKpaTHOro pacceRHHR npOXOART 4epe3 onpaBKH Ae
TeKTOPOB A2-A4. OnpeAeneHH~H BKnaA e HcKa~eHHe HOHH3a~HoH
HOH 3aBHCHMOCTH BHOCHT TaKme 3~~eKT yMeHbWeHHR aMnnHTYA~ 

CHrHana npH npoxOmAeHHH 4aCTH~ e6nH3H KpaR 4YBCTBHTenbHOH 
o6nacTH . 

06ny4eHHe 8 nHOHHOM ny4Ke B~nonHRnOCb B ycnOBHRX, OTnH4-
H~X OT 3KcnepHMeHTa c npoTOHaMH. Hcnonb3oBaHHe an~MHHHee~x 
~HnbTpoe AnR aaMeAneHHR nHoHOB c Ha4anbHOH 3HeprHeH 100 M3B 
AO 3HeprHH -20 M3B npHBOAHT K YXYAWeHH~ 3HepreTH4ecKoro 
paapeweHHR H yeenH4eHH~ yrnoeoH pacxoAHMOCTH ny4Ka. B pe
aynbTaTe CKOpOCTb Ha6opa CTaTHCTHKH 8 nHOHHOM o6ny4eHHH 
COCTaBHna -0,1 C-l, 4TO Ha ABa nOPRAKa MeHbWe CKOPOCTH B npo-

TOHHOM o6ny4eHHH. AnR yeenH4eHHR CKOpOCTH Ha6opa OKa3anOCb 
Heo6xoAHM~M Bb1Kn~4HTb H3 norHKH coenaAeHHH AeTeKTop A1, 
4TO, eCTeCTBeHHO, npHBeno K ycHneHH~ KpaeB~X 3$¢eKTOB. 

BTopaR oco6eHHOCTb nHOHHoro o6ny4eHHR aaKn~4aeTCR e Ha
nH4HH 3Ha4HTenbHOH npHMeCH M~OHOB 8 ny4Ke /-30%/, 8 OTnH4He 
OT 4HCTOrO ny4Ka npOTOHOB. 

AnR B~AeneHHR 4HCTO nHOHH~X C06~THH MOmHO non~TaTbCR 
HcnonbaoeaTb KPHTepHH x 2, npoeepRR co6~THR no rr "' IL-rHno
Te3aM. 

Ha PHC. 4 npeACTaeneH~ peaynbTaT~ o6pa6oTKH Ha6opa AaH
HbiX, nony4eHHbiX npH MOAenHpOBaHHH 4HCTO nHOHHOrO o6ny4eHHR, 
MeTOAOM HaHMeH bWHX KBaApaTOB no TT H 1L - rHnOTe3e. nnaBHaR 
KPH eaR - TeopeTH4ecKoe pacnpeAeneHHe x 2. BI-IAHO, 4TO ecn~-1 
B Ka4eCTBe BepxHeH rpaHH~~ B~6paTb 3Ha4eHHe, paBHOe 6, TO 
B 60% cny4aee TT 1-1 1L - rHnOTe3~ He pa3AenR~TCR. no3TOMy AnR 
HAeHTH~HKa~I-!H ni-IOHH~x co6~THH HaM!-1 1-!cnonbaosanacb AOnonHI-1-
TenbHaR HH~pMa~HR 06 3HeprOB~AeneHI-11-1 4aCTH~ np~-1 OCTaHOBKe 
e AeTeKTope A5. 

CneKTP~ noTepb 3HeprHI-1 e A2-A4 1-1 cneKTP 3HeproB~AeneHI-IR 
e A5 npeACTaeneHbl Ha p1-1c. 5. l..leHa KaHanoe e KamAOM lof!3 cneKT
poe = 50 K3B. 

CneKTP A5 c~OPMHpoeaH nyTeM HanomeHHR ABYX npo~eccoe: 
OCTaHOBOK M~OHOB, AnR KOTOp~X cneKTP 3HeprOB~AeneHI-IR HMeeT 
BepxH~~ rpaHH~Y =3,5 M3B /KaHan ~103/, COOTBeTCTBY~~~ 
3HeprHH M~OHa c npo6eroM, paBHbiM TOnllli-IHe A5 /0,6 MM/, 1-1 oc
TaHoeoK TT -Me30HOB, AnR KOTOP~X cneKTP 3HeproB~AeneHI-IR 
BKn~4aeT B ce6R noTepl-1 3HeprHH 4aCTH~aMI-1, HCnyllleHH~MH RAPOM 
np~-1 aaxeaTe nl-1oHa. 
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N 

r 

0 

PHc. 4. PacnpeAeneHI-!R no x2 AnR nHOHHOH 1-1 M~OHHOH r1-1noTea 
npH o6pa6oTKe Ha6opa noTepb 3Hepri-!H, nony4eHHoro MOAenHpo
eaHHeM 4HCTO ni-IOHHOrO o6ny4eHHR. nnaBHaR KPHBaR - TeopeTI-1-
4eCKOe x2 -pacnpeAeneHI-!e. 

N~ , n2 . I 

0 .' /:;;. ''. / ';/ ~i-·· ' 

~ ~~ N . 
I nJ 

i •' 

I 

50 100 150 200 Nk 

n4 

P1-1c. 5. 3Kcnepi-!MeHTanbH~e cneKTP~ noTepb 3HeprHH e AeTeKTo
pax A2-A4 1-1 cneKTP 3Heproe~AeneHHR np~-1 ocTaHOBKe 4acTH~ 
e A5, nony4eHH~e npH o6ny4eHHH e ny4Ke nHoHoB. 
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TaK KaK nocTORHHble ~eneilt CI>OPMHpoeaHHR cneKTpoMeTPH4eCKHX 
ycHnHTeneilt B AaHHOilt pa6oTe COCTaBnRnH 0,4 MKC, HCKameHHR 
CHrHana OT noTepto 3HeprHH MIOOHaMH B A5 npH p.-+ evv pacnaAe 
AOnmH~ Ha6niOAaTbCR nHWb B 18% cny4aee OCTaHOBOK MIOOHOB. 
CpeAHHe noTepH 3HeprHH 3neKTPOHOB OT pacnaAa MIOOHdB 8 A5 
cocTa8nRIOT -150 K3B. TaKHM o6pa30M, eepxHRR rpaHH~a cneKTpa 
3Hepro8b1AeneHHR AnR MIOOHOB npaKTH4eCKH He pa3M~Ta. B 3Kcne
PHMeHTanbHOM cneKTpe A5 /pHc. 5/ 3Ta rpaHH~a OT4eTnH80 
npOR8nReTCR KaK 11CTyneHbKa 11 B omHAaeMOilt o6naCTH. 

0T6HpaR co6~THR, AnR KOTOPblx 3HeproB~AeneHHe 8 A5 npe-
8~waeT 8epXHIOIO rpaHH~y cneKTpa MIOOH08, ~ nony4aeM npaKTH-
4eCKH 4HCTblilt Ha6op nHoHHbiX AaHHbiX. Ha pHc. 5 WTPHX08Koill e~

AeneHa 4actb cneKTP08 AnR co6biTHill c 3Hepro8b1AeneHHeM 8 A5, 
6onbWHM 3,65 M3B /KaHan ~106/. Ha pHc. 6 npeACTa8neHo pac
npeAeneHHe X 2 no nHOHHOilt rHnOTe3e AnR B~AeneHH~X C06~THill. 
BHAHO, 4TO 3KcnepHMeHTanbHoe pacnpeAeneHHe xopowo cornacy
eTCR c TeopeTH4eCKHM. YpoeeHb cornacHR no KPHTePHIO nHpcoHa 
COCTaBnReT 80%. 

N 
100..--------------., 

P1-1c. 6. PacnpeAeneHHe no x 2 AnR co6biTHill c 3Hep roBbiAeneHHeM 
8 A5> 3,65 M3B npH o6ny4eHHH e nHOHHOM ny4Ke. 

AHanH3 cneKTP08 AnR co6biTHill c 3Hepro8b1AeneHHeM a A5, 
MeHbWHM 3,65 M3B /He3aWTPHX08aHHaR 4aCTb Ha PHC. 5/, noA
TBepmAaeT npeAnonomeHHe o TOM, 4TO 3Ha4HTenbHaR AOnR co6~

THIII a 3Toilt o6nacTH npHHaAnemHT MIOOHaM. MaKCHMyMbl cneKTP08, 
COOTBeTCTBYIO~He He3aWTPHX08aHHOilt 4aCTH, cornacyiOTCR C OmH
AaeM~MI-1 AnR MIOOHOB, 4TO OC06eHHO OT4eTni-1BO BHAHO B cneKTpe 
A4, rAe pac4eTH~ilt MaKCHMYM pacnpeAeneHHR noTepb 3HeprHH 
MIOOHaMH HaXOAHTCR B KaHane ~162. 
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PacnpeAeneHHR no X 2 AnR MIOOHHOilt rHnoTe3bl npeACTaBneH~ 
Ha pHc. 7. BHAHO, 4TO AnR co6biTHill c 3HeproBb1AeneHHeM a A5 
3,65 M3B /N k /A5/ < 106/, 3KCnepHMeHTanbHOe pacnpeAeneHHe 
npH6nHmaeTCR K TeopeTH4eCKOMY, B TO epeMR KaK AnR C06biTHill 
C 3Hep roBbiAeneHHeM > 3, 65 M3B X 2 -3a8H CHMOCT b HaXOAHTCR 
B R8HOM npOTHBOpe4HH C TeopeTH4eCKOill H nOA06Ha pac4eTHOilt 
AnR OWH604HOill rHnoTe3bl, noKa3aHHOill Ha pHC. 4. 

N 

L.O 
NK(,Q5)>105 

PHc. 7. PacnpeAeneHHR no x 2 AnR nHOHHOill 1-1 MIOOHHOIII rHnoTe3 
co6biTHill c 3HeproBb1AeneHHeM 8 A5 < 3,65 M3B npH o6ny4eHHH 
B nHOHHOM ny4Ke. 

CneKTpbl noTep b 3Hep rHH nHoHaMH AnR co6biTHilt c N k I A 51 > 106, 
npoweAWHX no KPHTepHIO x2 (x 2 <6), npeACTa8neHbl Ha PHC. 8. 
WTpHX08Koill BbiAeneHbl 4aCTH cneKTp08 AnR co6biTHilt, YA08neTeo
pRIO~Hx ycno8HIO /3/ ocTaHo8KH nHoHa e A5. CneKTPbl Ha4anbHOill 
3HeprHH nHoHoB, nony4eHHble MeTOAaMH MMn 1-1 x 2, npeACTa8neHbl 
Ha pHC. 9. WTpHX08KOilt B cneKTpe, 80CCTaHOBneHHOM C nOMO~biO 
MMn, TaK me KaK 1-1 Ha pH c. 3, B~AeneHbl co6biTHR, npoweAWHe 
no KPHTepHIO x 2 H ycnOBHIO /3/. BHAHO, 4TO C noMO~biO KpHTe
pHR X 2 1-13 cneKTpa, HMeiO~ero AnHHH~ilt 11X80CT 11 8 CTOPOHY 8~
COKHX 3HeprHi:1, BbiAenRei.CR CHMMeTpH4HaR 4aCTb C napaMeTpaMH, 
6nH3KHMH K pac4eTH~M: '1'77 = 21,988 M3B, a 71= 0,360 M3B. Cne-
AYeT cne~HanbHO nOA4epKHYTb, 4TO HanH4He 11 XBOCTa 11 CO CTOpo
H~ B~COKHX 3HeprHilt xapaKTepHO AnR MeTOAHKH BOCCTaH08neHHR 
3HeprHH 4aCTH~ npH H3MepeHHH B pemHMe "HanponeT 11

, 8 OTnH4He 
oT pemHMa ''Ha nonHoe· norno~eHHe", KOrAa noR8nReTCR "xeocT 11 

CO CTOPOH~ HH3KHX 3HeprHilt. 
CA8Hr cpeAHHX 3Ha4eHHill 8 3KcnepHMeHTanbH~x cneKTpax oT

HOCHTenbHO pac4eTHOrO Ha BenH4HHy -100 K3B 4aCTH4HO o6R3aH 

II 



PHc. 8. CneKTP~ noTepb 3HeprHH nHoHaMH a AeTeKTopax A2-A4 

AnR co6~THH, npoweAWHX no KPHTepH~ x 2• 

'fxz22.09 M3B 
0:1=0,39 M3B 

Tlf=22,10 M3B 
o.~~=O.t.O M3B 
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PHc. 9. CneKTP~ 3HePrHH nHoHoB, aoccTaHoaneHHWe no noTepRM 
a AeTeKTopax c noM~b~ MMn H x2· 
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Ha11H4H~ 3Ha4HTeJ1bHOrO <I>OHa C06biTHH C HapyweHHeM HOHH3ai.IHOHHOH 
3aBHCHMOCTH, KOTOP~H B nHOHHOM 0611y4eHHI-1 npeBbiWa11 K011H4eCTBO 
co6~TI-1H 6e3 I-1CKa>KeH!-1H. Ha p1-1c. 9 BI-1AHO, 4TO 11 xaocT 11 co CTo
poH~ B~COKI-1X 3HeprHH Bblpe3aeTCR C nOMOIJ1b~ KPI-1Tepi-1R X2 He 
nOI1HOCTb~. BTOPOH nplo141-1HOH CABI-1ra Ha Be111-141-1HY- 0,5% np~-1 
pafioTe 6e3 CI-1CTeMbl CTa61-1111-13al.llo11-1 MOr 6b1Tb APeH<!J napaMeTpOB 
311eKTPOHI-1KI-1, TaK KaK Ha6op CTaTio1CTI-1KI-1 B ni-10HHOM ny4Ke npo
A011>Ka11CR 3Ha41-1Te11bHoe apeMR I- 10 4/. 

4. 3AKni04EHHE 

B 3aK11~4eHI-1e CAenaeM HeKOTOP~e 3aMe4aHI-1R o6 3HepreTI-14eCKOM 
pa3peweHI-11-1, AOCTI-1raeMOM C nOMOIJ1b~ I-13110>KeHHOH MeTOAI-1KH I-13Mepe
HI-1R, 

04eBI-1AHO, 4TO WI-1PI-1Ha BOCCTaHOBJleHHbiX 3HepreTio14eCKI-1X cneKT
pOB B AaHHOM 3KCneplo1MeHTe He COOTBeTCTByeT 3HepreTio14eCKOMY 
pa3peWeHI-1~, TaK KaK CneKTp~ 4aCTI-11.1, OT06paHHble 110ri-1KOH yCTa
HOBKH, cpaBHI-1Mbl no WI-1PI-1He C BOCCTaHOBJleHHbiMI-1. 113B11e4eHHe 
1-1H<IlopMai.IHI-1 o pa3peweHHI-1 1-13 cpaaHeHI-1R pac4eTHoro cneKTpa 
OT06paHHbiX 4aCTI-11.l C 3KCnepi-1MeHTa11bHbiMI-1 B AaHHOM C11y4ae He 
KOppeKTHO, TaK KaK 110ri-1KOH ycTaHOBKI-1 1-13 Ha4a11bHOrO cneKTpa 
4aCTI-1ll oT61-1paeTcR cneKTP 6onee y3KI-1H. no3TOMY cornac1-1e pac-
4eTHbiX 1-1 3Kcnepi-1MeHTa11bHbiX pe3y11bTaToB a AaHHOH pa6oTe cne
AYeT paccMaTp!-1BaTb KaK AOKaaaTe11bCTBO npaBI-111bHOCTH pa3pa-
6oTaHHOH MeTOAI-1KI-1 I-13MepeHI-1H, HO He KaK npRMY~ AeMOHCTpal.ll-1~ 
B03MO>KHOCTeH no paapeweHI-1~. AJ1R 0611y4eHI-1R B ny4Ke nlo10HOB 
B AaHHOM 3KCnepi-1MeHTe pac4eTHOe pa3peweHio1e COOTBeTCT8yeT 
8e111-141-1He a= 250 K3B, 1-1 A11R npRMOH 3KCnepi-1MeHTa11bHOH npo8ep
KI-1 He06XOAI-1Mbl I-13MepeHI-1R 6e3 AOn011HI-1Te11 bHOrO OT60pa 8 ny 4KaX 
4aCTI-1ll c pa3peweHHeM 6onee 8biCOKI-1M. 

B pa6oTe 111 HaMI-1 6bi110 noKa3aHo, 4TO A11R 4aCTI-1ll 8 o6nacTI-1 
3Hepri-1H, COOT8eTCT8Y~IJ1eH npo6eraM, MeHbWI-1M no11HOH T0111J1HHbl 
CTOnKH 1-13 nnA 6e3 11 MepT8biX11 C110e8, Ha611~AaeTCR CJ1a6aR 3a81o1-
CI-1MOCTb 3HepreTI-14eCKOrO pa3peweH1<1R OT 3Heprl-11-1 4aCTI-11.l, 1-1 MO>K
HO AnR 8b1Ae11eHHOH o6naCTI-1 3Hepri1H paccMaTpH8aTb 3a81-1CI-1MOCTb 
cpeAHero pa3peweHI-1R OT T0111J11-1Hbl nnA. TaKaR 3a8HCI-1MOCTb AnR 
nHOH08 c 3Hepr!-1eH oT 10 AO 50 M3B npeACTa811eHa Ha p1-1c. 10. 
C nOMOIJ1b~ AaHHOH 3a81-1CI-1MOCTI-1 MO>KHO no yC11081-1RM 3aAaHHOH 
T04HOCTI-1 8bl6paTb T0111J11-1Hy AeTeKTOP08, Hanplo1Mep, 81-1AHO, 4TO 
AnR 8b1Ae11eHI-1R YP08HeH 8036Y>KAeHHR RAep, OTCTORIJ11-1X APYr OT 
APYra Ha 1-2 M3B, 8 3KcnepHMeHTax no pacceRHI-1~ OTPI-11.laTe11bH~x 
ni-10H08 MO>KHO ynoTpe611RT b CTOnKI-1 KpeMH!-1e8biX nnA C T0111J11-1 HOH 
2-3 MM • 

B pe3y11bTaTe 8blnonHeHHoro I-1CC11eA08aHI-1R pa3pa6oTaHa 1-1 3K
cnep!-1MeHTa11bHO npo8epeHa MeTOAHKa onpeAeneHI-1R 3Heprl-11-1 oTp!-1-
l.laTeilbH~x ni-10H08 C nOMOIJ1b~ C1101-1CTOrO nonynp080AHI-1K080rO 
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6 
K3B 

2 
XAeT. 

f. MM 

P~c. 10. Pac4eTHaR aae~c~MOCTb 
cpe~Hero 3HepreT~4ecKoro paa
peweH~R CTOnK~ KpeMH~eB~X nnA 
6e3 11 MepTBbiX CilOeB11 OT TOili!I~Hbl 
~eTeKTOPOB ~R n~OHOB C 3Hepr~e~ 
OT 10 ~0 50 M3B. 

cneKTPOMeTpa, OCHOBaHHaR Ha aHai1~3e 4aCT~4H~X noTepb 3Hep
r~~ e ~eTeKTopax. TaKo~ cnoco6 np~ro~eH ~R ~aMepeH~R 3Hep
r~~ 11106~x aapR>KeHH~x 4aCT~I..I c Heonpe~eneHH~M 3HeproBbl~ene
H~eM np~ OCTaHOBKe /B T.4. o6yCI10BileHH~M nOrilOI!IeH~eM/. 

AJ1R B~~eileH~R C06~T~~ C HapyweH~eM ~OH~3ai..I~OHHO~ 3aB~
C~MOCT~ npe~IlO>KeHO ~ CnOil b30BaT b Kp~TepJ.1~ X 2 C <)>yHKI..I~OHailOM 
/2/,KOTOPbl~, B OTI1~4~e OT pa60Tbl 12 1_ , 3an~CaH 4epe3 T04Hble 
3Ha4eH~R TOillli~Hbl nnA, a He 4epe3 cpe~H~e noTep~ 3Hepr~~. 

3KCnep~MeHTailbHO noKa3aHO, 4TO T04HOCTb MeTO~a ~R onpe
~eileH~R 3Hepr~~ 4aCT~LI fa · - 0,5 M3B/ oKaa~eaeTCR He xy>Ke 
T04HocT~, ~ocT~rHyTo~ c noMOI!IbiO MMn. 
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