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88EAEH~E 

C ]0-x rr. Ha4anMCb MHTeHCMBH~e MCCneAOBaHMR B o6naCTM penR

TMBMCTCKO~ RAePHO~ ¢M3MKM/l/. 0AHMM M3 HaM6onee MHTepeCH~X RB

neHM~, 06HapymeHH~X B 3TMX MCCneAOBaHMRX, OKa3anCR KyMynRTMBH~~ 

3¢¢eKT, TeopeTM4eCKM npeACKa3aHH~~ A.M.6anAMH~M 1 ~' 
i\nR 3KcnepMMeHTanbHOrO MCCneAOBaHMR 3aKOHOMepHOCTeH KyMynR

TMBHOrO pomACHMR 4aCTM~/a-B' M B~RCHCHMR npaBOMCpHOCTM TeOpCTM-

4eCKMX nonomeHM~, ne~a~MX B OCHOBe npeAnO~CHHbiX rMnOTe3, nOTpe-

6osanOCb co3AaHMe ¢M3M4CCKMX ycTaHOBOK, YAOBneTsopR~~Mx cneAy~

~MM ycnOBMRM: 

- B03MomHOCTb M3Y4eHMR npo~eccos, MAY~Mx c Mano~ sepoRT

HOCTb~ /AM¢wepeH4ManbHOe CC4CHMe nOpRAKa HCCKODbKMX MMKpo-
6apH/(138/c~) Ha HyKnoH ¢parMeHTMPY~~ero RApa, T.e. 6onbwMe 

nopRAKM KyMynRTMBHOCTM/; 

- B03MOmHOCTb M3Y4CHMR pOmAeHMR BTOpM4H~X 4aCT~~ B WMpOKO~ 

06naCTM KMHCMaTH4eCKMX nepeMeHH~x; 

- He06XOAMMOCTb M3y4eHHR 3aBHCHMOCTM nP04CCCa KyMynR4HH 
ut diUMHUrO Beca RAPa MHWCHM; 

- CnOC06HOCTb HCCneAOBaTb XapaKTepMCTMKM KYMYDRTMBHOrO pom

ACHMR ADR 6onbworo 4Mcna copTos BTOPM4H~x 4aCTM4 /Me3oHos (rr, K), 
HyKnOHOB (p, d, t, a He , 4 lie) H aHTMnpoToHos/. 

i\nR peweHMR 3THX 3aAa4 s fl83 OMRM 6~na C03AaHa 3KcnepMMeH
ranbHaR ycTaHOBKa AMCK-2 !

7 ', KOTopaR npeACTaBnReT co6o~ spa~a
~~M~CR MarHMTH~~ CnCKTpOMeTp M npeAHa3Ha4eHa AnR M3y4eHHR npo

~eCCOB ¢parMeHTa~MH RAPa-MHWeHH s HHKn~3HBHO~ nocTaHOBKe 

/1/ 

npHH4MnMaDbHaR CXeMa ycTaHOBKH nOKa3aHa Ha pHC.1. nepBH4H~e 

4aCTM~~ - npOTOH~ MDH AC~TPOH~ C HMnynbCOM 8,9 138/c. 

YcTaHOBKa AMCK-2 AaeT B03MOmHOCTb H3y4aTb npo~eccbl KYMYnR
THBHoro pomAeHHR MC30HOB H HyKnOHH~X CHCTeM Ha pa3H~X MMWeHRX 

/OT BOAOPOAa AO ypaHa/. MHWeHM HMenH AMaMeTp 30 MM H TOn~MHy 
OT 0,1 AO 8 r/cM 2 • 

8TOPM4H~e 4aCTH~~ C /¢parMeHT~ RApa-MHWeHM/ perMCTpMpDsanMcb 
B HHTepsane yrnoB DT 49° AD 180° DTHDCHTenbHD HanpasneHMR nep
BM4HDro ny4Ka M B HHTepsane HMnynbCOB OT 0,15 AD 1,6 138/c. 
MMnynbCH~~ aHanH3 BTOpH~H~X 4aCTH4 DCy~eCTBDRDCR C nOMO~b~ Mar
HMTa H /npH yrne nosopoTa 22,3°/. i\nR nos~weHHR cseTDCMn~ ycTa

HOBKH HCflOnb30BancR AY6neT KBaApynonbHio.l_~ .. ill1.H3 Q
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PHc. I • CxeMa 
(c) YCTaHOBKH. 

C ¢oKyCOM 86nVI3VI C4eT4VIKa 83 • 
HHTep8an pervtcTpvtpyeM~x VIMnynb
co8 cocTa8nRn OKano 9% oT cpeA-
Hero 3Ha4eHVIH. 

HAeHTVI~VIKa~VIH 8TOPVI4H~x 4ac
TVI~ ocy~ecT8nHnacb nyTeM He3a-
8VICVIM~x VI3MepeHVI~ 8peMeHVI npone
Ta Ha 6a3e 3,8 M C4eT4VIKaMVI 81 
/8epTVIKanb 80 MM, ropV130HTanb 
15 MM/ VI 83 /50, 10/, VI Ha 6a3e 
1 M C4eT4VIKaMVI s2 I 4 3' 4 5/ VI 
83 • C4eT4VIKVI 8 1 VI S 2 VIMeiOT 
C~VIHTVInnHTOp~ TOn~VIHO~ 0,5 MM. 

Pa3pewa10~ee 8peMH cneKTpoMeTpa pa8HHnocb + 260 nc • 
.[\nR n08biU;eHVIH HaAe>KHOCTVI 8biAeneHVIH none3HbiX co6biTVI~ 8enocb 

VI3MepeHvte VICHVI3a~VIOHH~X noTepb 8 C4eT4VIKaX 83 VI 84 /TOn~VIHa 
C~VIHTvtnnRTO~a 3 MM/ VI VIHTeHCVI8HOCTVI Vl3ny4eHVIfl Ba8VIn08a-4epeHK08a 
8 4epeHK08CI<VIX C4eT4VIKax Ha T8ePA~X paAVIaTopax Cn VI ell VI 8 ra-
3080M 4epeHI<08CKOM c4eT4VIKe Cr . 

0THOCVITeTbHYIO VIHTeHCV18HOCTb ny4Ka YCKOpeHH~X 4aCTVI~ VI3MepHeT 
TeneCKOn C4E T4VIK08 85 , 86 , 87 • fpaAYVIP08Ka TeneCKOna OCy~eCT8-
nHnacb MeTO~OM VI3MepeHVIfl Ha8eAeHHO~ aKTVI8HOCTVI 8 yrnepOAe 
/c T04HOCTbK ~ 5%/ npVI o6ny4eHVIVI nonVICTVIpona (CgHg) 8 ~OKyCe 
nep8V14Horo ry4Ka. 

no 8CeMy nyTVI 8TOPVI4H~X 4aCTVI~ 6~n ycTaH08neH 8aKyyMnp080A 
C pa3p~8aMM 8 MeCTaX yCTaH08KVI C4eT4VIK08. 

B HacToRu~~ pa6oTe AaHo onvtcaHvte MOAenvtpo8aHVIH MeTOAOM MoHTe
Kapno npo~ecco8 po>KAeHVIH VI pervtcTpa~vtVI 4aCTVI~ ycTaH08KO~ c y4e
TOM 3$$eKTOE1 83aVIMOAe~CT8VIfl 8 MVIWeHvt VI 8 8e~eCT8e cneKTpOMeTpa, 
KOTOpoe Heo(iXOAVIMO Anfl 88eAeHvtR nonpa80K npVI 8bi4VICneHVIVI VIHKniO-

MO,QEnHPOIIAHHE METO,QOM MOHTE-KAPnO nPOUECCOB POm,QEHHH 
H PEfHCTf>AUHH 4ACTHU BTOPH4HOf0 nY4KA 

noA 803At!~CT8VIeM nep8V14HOro ny4Ka C paAVIanbH~M pacnpeAeneHVIeM 
vtHTeHCvt8HOcrvt no fayccy I aT - 7 MM/ a MVIWeHvt B03HvtKaiOT VICT04HVI
KVI 8TOPVI4H~:< 4aCTVI~, pacnpeAeneHH~e no npoeK~VIvt npo~VInH nepavt4-
HbiX 4aCTVI~ lia nnOCKOCTb, HOpManbHYIO K HanpaeneHvtiO pervtcTpa~Y!VI 

8TOpvt4HbiX 4·KTvt~. 06o3Ha4vtM 4epe3 R cny4a~Hble eenVI4vtHbl, pacnpe
AeneHH~e pa3HOMepHO. nonHpH~e KOOPAVIHaT~ (rt , ¢t ) T04eK VICT04-
HVIKOB onpeA!nHIOTCH po3~rp~weM geyx cny4a~H~x 4VIcen R1 vt R2 : 

121 
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AnH H3y4eHHH co6cTBeHH~X xapaKTepHCTHK cneKTpoMeT.la 6~na 

Pd3blrpaHa H30TpOnHaH 3MHCCHH BTOPH4HbiX 4dCTHI..\ 1-13 MHW•~HH, Hanpas

neHHe 3MHCCHH (ai , cPj) onpeAeJlHJlOCb ClJ.IC ABYMR CJly4aliHbiMH 4HCna

MH R3 H R4 : 

~ arc cos [ 1 - (1 -- cos a ) • R
3 

] , 
max 

/3/ 

rAe a max - MdKCHMaJlbHOe 3Ha4eHHe nonHpHoro yrna. 

HMnynbcHoe pacnpeAeneHHe po~AeHH~x 4aCTHI..\ s~6Hpan<JCb pasHo

MepHbiM B HHTepsane .±, 15% OTHOCHTeJlbHO 1..\eHTpdilbHOro 1-111nYJlbCd 

cneKTpOMeTpa P8 /':no HMnynbC 4dC Tl-11..\, pO~AeHHbiX B qeHTpe MHWe

HH H npOXOAHlJ.IHX no OCH cneKTpOMeTpa/. 4aCTH4bl, pO~ACHHble B MHwe-

HH c AdHHbiM HMnynbcoM H HanpasneHHeM, nonaAaiOT B ane:nypy cneK

TpoMeTpa, rAe B3dHMOAei:1CTBYIOT C MdrHI-1THbiMH nonAMH H l!elJ.IeCTBOM 

3JleMeHTOB cneKTPOMeTpa. TpaeKTOpHH 4dCTH4 B KaHane crJeKTpoMeTpa 

s ropH30HTaJlbHO~ (H) 1-1 sepTH

Ka11bHor:1 ( V) nJlOCKOC-RX nOKd3dHbl 

Ha p1-1c. 2. On1-1caHHe MdrHI-1THbiX 

3JleMeHTOB 6biJ10 npoBel\eHO B npH-

PHc. 2. XoJJ: nyqeii fl MJ.!IIIlTHoii 
onTHKe yCTaHOBKH, 

6nH~eHI-1H TOHKHX J1HH3 TOKI-1 B 

3THX 311eMeHTdX Bbi6Hpi1Jli-1Cb TdKI-1-

MH, 4T06bl 4dCH14bl C LieHTpdJlbHbiM 

HMnynbCOM ( P,) , pO~I\eHHble B 

4eHTpe MI-1WeHI-1, cPOKYOIPOBd11HCb B 

nnOCKOCTH C4HHTHJ1JlATClpa S3 
/pHc. 2/. Ha 3TOM 3Tarre B3aHMO

Aer:1cTBHe B MI-1WeHH H E:elJ.IeCTBe 

C4HHTHJlJlATOpOB S1 1-1 S2 He Y4H-

TbiBaeTCH. 

PomAeHH~e B MHWeHH 4dCTH4~ dHdJ1H3HPYIOTCH no HMnyniCdM MarHH

TOM H • TaKHM o6paaoM Te 4aCTH4bl, y KOTOPbiX HMnynbc ~~ocTaTo4HO 

CI-1JlbHO OTJ1H4deTCH OT 4eHTpdJlbHOrO (ps) , OTKJlOHAIOTCA OT OCH 

cneKTpOMeTpa H He peri-1CTpl-1pyiQTCA. 

Ha CJleAYIOlJ.IeM 3Tane pac4eTOB Y41-1T~BaeTCA B3dHMOAe~CTBI-1e BTO

PI-14H~X 4dCTI-14 c BelJ.IeCTBOM cneKTpoMeTpa. B Ka~AOM 3Jle~eHTe TOJllJ.IH

HO~ ~X C41-1TdiOTCA KOOPAI-1HdTa 1-1 HanpaBJleHI-'!e ABI-1~eHI-1A ~a BKOAe 

H Ha B~XOAe c y4eToM B3di-1MOAer:1cTBHA c BelJ.IeCTBOM 1-1 noJeM. TaKMM 

o6pa30M, npOXOAH 4epe3 C4MHTI-1JlJlATOp TOJllJ.II-1HO~ !\X , 4dC TM4bl TepHIOT 

3HeprMIO !\E ~ (dE/dX). i\X 1-'!Jll-1 MMnyflbC t\p ~ 1\E/ (1 , M MC nbiTbLBdiOT 

MHOrOKpdTHOe Ky110HOBCKOe pacceHHI-'!e CO cpeAHeKBdAPdT~4H~M yrJlOM 

B nJlOCKOCTH pacceAHI-'!A: 

<r(' ·- 21(~hH) )¥ 
p • (:3 p r 

/4/ 

npM 3TOM rr = 44,3 r/cM
2 

/pdAI-1dl\MOHHaA AJ11-1Hd noni-'!CTHpona/. 
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Pxc.3, Jlpotl>HJlb BTOpHY:Horo nyY:Ka rro ropH30HTaJlH p;JlH 8 1 

npeAnonardfl, 4TO yr nbl pacceflHVITl 11 pacnpeAeneHbl no layccy, 

nony4aeM: 

{ 

11 = <1j> vf- fnR5 

¢ = 2rrR6 • 
/51 

npoXO>KA€HI1€ 4aCTVIl.l 4€p€3 3neMeHTbl MarHVITHOi1 OnTVIKVI CX€Man1-

4€CKVI noKa3alm Ha PVIC. 2. Co6biTVIe C4V!Tanocb ''none3HbiM 11
, ecn111 

TpaeKTOPVIfl 4dCTVIl.lbl npOXOAVIna 4epe3 81 , 82 , S3 , 113-3a He60nbWVIX 

pa3M€p08 C4e·:4VIK08 TpaeKTOpVIVI 4aCTVIl.l 8 CneKTpOMeTpe MO>KHO C4VI-

TaTb napaKCVI,JnbHbiMVI, no3TOMY MarHVITHbl€ 3n€M€HTbl OnVICbl8anVICb 

8 npV16nVI>K€HV111 TOHKVIX nVIH3 
1

S!. no TaKOMY anropV!TMy MOA€nVIp08anOCb 

npoxo>KAeHHe qacTVILl (rr, K, p, d, t, 3 He, 4 He)4epe3 KaHan cneK

TpoMeTpa, np11 3TOM a8TOMaTVI4€CKVI nony4anCTl npO<!JVInb /KOOPAVIHaTHOe 
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PHC. 4. Tipo¢HJib BTOPH.tiHOro TIY'!Ka no rop!130HTaJm AJIH s2 

pacnp€A€Il€HI-1e/ BTOpi-14HOrO ny4Ka B Ka)f(AOM 3Jl€M€HTe Cll€KTPOM€Tpa. 

Ha p1-1c. 3-5 noKa3aHbl npo<tJI-1111-1 no ropi-130HT an1-1 AilFI C4eT·mKOB S 1 , 

s2 1-1 Sa COOTB€TCTB€HHO. Ha pi-1c.6-8 noKa3aH~ npo$1-1.11-1 3TI-1X 

C4€T41-1KOB no B€pTI-1KaJll-1. Ha pi-1c.9-11 1-1 12-14 COOT BeT-

CTBy~aFI i-1H<lJOpMa~I-1FI C y4€TOM TOpMO)f(€HI-1FI 1-1 paCC€FIHI-1FI 

C4€T41-1KOB /npoToH~ c I-1MnynbcoM 300 M3B/c/. 
Ha B€1J1€CTBe 

B MeTOA1-14€CKI-1X ~enr~x nporpaMMa no3BOI1ReT l-13y4aTb BI11-1FIHI-1e no

Jl0)!(€Hi-1~ C4€T41-1KOB Ha xapaKT€pi-1CTI-1KI-1 ny4Ka BTOpi-14HbiX 4aCTI-1~. 

PacC41-1T~BailHCb cneAY~IJII-1e xapaKTepHCTHKI-1 cneKTPOM~Tpa: pacnpe

AeneHI-1e BXOAHbiX TeneCHbiX yrnos O(p) H aKcenTaHc P 0 • H1-1)f(e 6y

AYT nOAP06Hee OnHCaH~ 3Ti-1 P€3YilbTaT~, nOilY4€HH~e MerOAOM MOHTe
Kapno C nOMOIJib~ nporpaMMbl DISCO 
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PACnPE)J.EnUH1E BXO)J.HbiX TEnECHbiX YrnOB (fl(p)) 
l-1 AKCEnTAilC A0 CnEKTPOMETPA )J.HCK-2 

5e3 y4eTa TOpMomeH~R ~ MHoroKpaTHoro pacceRH~R npoxomAeH~e 
8TOP~4Hb1X 4a<:T~l\ 4epe3 C4eT4~K~ cneKTPOMeTpa onpeAenReTCR 3aKo
HaM~ MarH~TH<)i1 onT~K~. Ecn~ 8 M~weH~ 4aCT~l\bl pomAaiOTCR ~aoTpon
Ho, TO Ha Ka«AYIO 4aCT~l\Y np~XOA~TCR 3neMeHT TenecHoro yrna 

an = 4rr /N' rAe N - 4~cno pomAeHHbiX 4aCT~ll 8 4rr cp. TaK~M 

0•10 
~ o6paaoM, 8XOAHOi1 TenecH~i1 yron 

2,2 

'··t I 1,4 

::~; ' 
460 470 480 490 500 510 520 

P (M38/c) 
PHc,J5. 3aEHCHMOCTb BXOAHO
ro TenecHoro yrna crreKTpo
MeTpa oT ~rrynbca qaCTH~. 

AnR 4acT~ll c AaHH~M ~MnynbCOM 
onpeAenReTCR 4~CnOM n(p) 3T~X 

4acT~l\, nona8w~x 8 c4eT4~K~ S1 , 

S2 , Sa, ~ AaeTcR cneAYIO~ei1 $op
Mynoi1: 

0(P)=n(p).80. !61 
nony4eHHOe pacnpeAeneH~e 

8XOAH~X TenecH~x yrnos noKa3aHo 
Ha p~c. 15 AnR 1..\eHTpanbHoro ~M
nymca P

8 
= 500 tbB/c. AKcen

TaHc cneKTpOMeTpa AaeTCR ~HTer

panoM OT {! (p) 

1 "" 
A o = - r n <P) ctp • n; 

Ps 0 

Ben~4~Ha A0 He aa8~C~T OT P8 ~ onpeAenReTCR MarH~THoi1 onT~Koi1 
~ reoMeTp~ei1 AeTeKTOP08 sl ' s2 ' Sa • no nporpaMMe DISCO nony-
4eHO A0 = 1,62·10-5 cp. 

MHOIOKPAT~OE KYnOHOBCKOE PACCERHHE 
l-1 TOPMOIE~HE 4ACTHU B BEmECTBE CnEKTPOMETPA 

npoXOAR 4epe3 8e~eCT80 C4eT4~KOB S1 ~ S 2 , 4aCT~l\bl pacce
~BaiOTCR ~ s~5~saiOT ~3 KaHana cneKTPOMeTpa. TopMo~eH~e BTOP~4H~X 

4acT~ll 8 se~ecT8e TaKme ~3MeHReT 8XOAH~e TenecH~e yrn~, no
CKOnbKy n~H3~ cneKTPOMeTpa $OKYC~PYIOT Ha Sa l\eHTpanbH~i1 ~M

nynbC P
8 

• B KOHe4HOM C4eTe 4~cno aaper~cTp~po8aHH~x 4acT~ll 

naAaeT C pOCTOM B3a~MOAei1CTB~R B Be~eCTBe cneKTPOMeTpa, 
4T06bl y4eCTb Bn~RH~e yKa3aHHbiX 3$¢eKTOB, C nOMOlJ1biO nporpaMMbl 

DlliCO 6~n~ nony4eH~ pacnpeAeneH~R BXOAH~x TenecH~x yrnos 
c y4eToM pacceRH~R ~ TOpMomeH~R ~ 6ea TaKoro y4eTa. CooTBeT
CTBeHHO 6~n~ TaKme B~4~cneH~ aKcenTaHc~ c pacceRH~eM I A0 pace./ 

~ 6ea pacceFH~R /A0 6ea pace./. 0THoweH~e 3T~x ABYX sen~4~H 
onpeAenReT ronpaBKY Ha pacceRH~e: 

l=(A 0 pacc I A 0 6e3 pace). 

16 
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~· 

0,4 

PHc.I6. 3¢¢eKTHBHOCTb cneK
TpoMeTpa gnH pa3JIHtJ:HbiX tJ:acTHu; 
B 3aBHCHMOCTH OT HX HMTIYJibCa 
C ytJ:eTOM TOpMO~eHHH H pacce

HHHH B Be~eCTBe CtJ:eT'IHKOB, 

B o6~eM cny4ae c aai!I1CIH OT 
COpT a 4aCTI14 11 11X 11MilynbCOB, 

EcTecTBeHHo, 4TO 3Ha'1eHI1e c 
3aBI1CI1T OT KOnl14eCTB·! Be~eCTBa 
B KaHane /Hanpi1Mep, ·ron~I1H~ 

C411HT11nmnopos/. Ha i>I1C. 16 no
KaaaHa 3aB11CI1MOCTb n<>npaBKI1 Ha 
pacce~HI1e (c) OT CO>Ta 11 11M
nynbca BTopi14H~x 4acr114, An~ 

TOn~I1H 3KBI1BaneHTH~X C411HT11nn~

TOPOB /y4TeH~ CBeTOBC~~, OKHa 
C4eT411KOB 11 Be~eCTBO B03AYXa/ 
X1 =1 ,31 MM 11 X2 = 1 ,(7 MM COOT
BeTCTBeHHO, 

3Kcnepi1MeHTanbHaH nposepKa MOAenl1posaHI1~ pa6oTbl cneKTpoMeTpa 

npoBOA11nacb np11 A06asneHI111 pacce11Ba10~ero se~ecTBa HenocpeACTBeH
Ho nepeA C4eT411KaMI1 81 11 82 , 

6~n11 npoBeAeH~ 4eT~pe cep1111 113MepeHI1~ c 3KBI1BaneH"H~MI1 Ton~I1-

HaMI1 C411HT11nmnopos S 1(X 1 ) 11 S 2(X 2), paBHbiMI1: 

S 1 (X 1) s2 < x2) 

xi 
1 1, 31 MM; xi 

2 1 '07 MM; 

XII 
1 

3,58 MM; XII= 
2 3,04 MM; 

xm = 
1 

5,84 MM; xm = 2 5,00 MM; 

xiv = 8,11 MM; 
xiv _ 

6,97 MM, 1 2 -
Ta6nHu;a 

Ps Ni!/Nr Nm/NI NiY I Nr 
(M3B/c) aKcnepBMeHT. pac'!eT KCITep¥1MeHT. pac'leT ~Kcnep&eBT. pac'leT 

II 0,746Z0,032 0,739±0,01 0,621:!:0,028 0,58s±O,OH 0,468:!:0,025 0,47()t.Q,013 

300 p o. 462±0 ,oro 0,4II±0,019 0,242±0,006 0,217±0,01~ 0,13~0,005 0, 143±0,0IO 

d - 0,193±0,024 - 0,53ot0,01< - 0,00~,003 

II 0,853±0,069 0,898±0,01L 0,781:1:0,063 0,78z.t0,016 0, 7IG±o,059 0,703±0,015 

500 p 0,67GiO,OII 0,666!0,016 0. 505-+o. 008 0,5IJ:I:O,OI4 0,409±0,007 0,404±0,012 

d 0,465±0,018 0,46Sl:0,017 0,257:I:O,OII 0,301:1:0,012 0, 125±0,007 0,199:1:0,010 

T1 - 0,971:!:0,019 - 0,924±0,018 - 0,91~,018 

900 p 0,886!0,022 0, 913:!:0,018 0,842±0,021 0,862:1:0,017 - 0,8Q(}t(),016 

d 0,793:!:0,018 0,831±0,017 0,670:1:0,018 0,704±0,015 - 0,609:1:0,014 

B Ta6n114e noKa3aH~ OTHOWeHI1~ 411Cna 3aperi1CTpl1pOBaHH~X 4aCT114 

Ha II, III 11 IV 3Tanax 113MepeHI1~ K cooTBeTCTBYIO~eMy 411cny nep
soro 3Tana. noKaaaH~ TaKme oTHoweHI1~, nony4eHH~e np~ MOAenl1posa

HI111, Ha npi1BeAeHH~x AaHH~x B11AHO, 4TO pac4eT 11 3Kcnepi1MeHT xopo

wo cornacyiOTc~. 
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TEOPETH4ECKCE OnHCAHHE BPEM~nPOflETH~X CnEKTPOB 
H CPABHEHHE HX C 3KCnEPHMEHTOM 

KaK BHAHO H3 pHc.15, cneKTPOMeTp perHCTpHpyeT 4aCTH~~ C HM
nynbCH~M HHTepEanOM hp , aCHMMeTpH4HO OTHOCHTenbHO ~eHTpanbHOrO 
HMnynbCa. B 3aEHCHMOCTH OT Mace~, 4aCTH~~ HMe~T pa3H~e CKOpOCTVI 

{-1 = p 1 y ~2;--;-2 a VIHTepsane hp 1-1, cneAOBaTenbHO, nonaAaiOT 
s pa3H~e KaHanb speM~nponeTHoro cneKTpa. Cs~3b Me~AY HOMepoM 
KaHana n i I 8 pE M~ nponeT a t - n i I VI cKopoc TbiO f3i 

q 
191 

rAe q VI no - KanV16pOB04H~e KOHCTaHT~ cneKTpOMeTpa. TorAa VIM
nynbC pi Anf1 LaCTVI~bl (m) , nonaswe~ 8 KaHan c HOMepoM ni , 
AaeTCR ¢opMyno~: 

m 
p. cc --:---

1 ~~ 
-./(~---) -1 q 

1101 

3TO COOTHOWeHVIE ll03BOnReT onpeAeflVITb VIMilynbCH~e cneKTp~ 4aCTVI~ 

no speMRnponenlbiM cneKTpaM. BepoRTHOCTb npoxo~AeHVIR 4aCTVI~ 

4epe3 KaHan onr,eAenReTCR pacnpeAeneHVIeM BXOAHoro TenecHoro yr na 
D(p) lpVIc.15,, a sepoRTHOCTb po~AeHVIR 4aCTM~ Is He6onbWOM 

VltHepsane senVI'IHH /\p 111 /\0 I onpeAenReTc~ AVI¢¢epeH~VIanbHbiM ce4e
HVIeM191 : 

I 11 I 

rAe ei - yron PO~AeHVIR 4aCTVI~. 
TorAa VIMnym.cHbl~ cneKTP pervtcTpvtpyeMbiX 4aCTvt~ 6yAeT npovt38e

AeHVIeM 3Tvtx ABYX seponTHOCTe~. nepe~TVI K speMRnponeTHOMY cneKTpy 
MO~HO, VICnOnb3~'R ~K06VIaH: 

I dpl I 2 Pi Oiii = yi ii ;=no . 1121 
rAe y 1 - nope~~-¢aKTop. TorAa: 

Teop. d2a Teop. TPop. -1 -1, dpi 
N (n 

1
. ) = JC ( ---). 0 (p . )K T (p . )K 

0 
~p ) I -d- I • 

dpdfl I I I I ni 1131 

N Teop.( ) 6 " n 1 ·• 4VIcno co biT VI VI s KaHane n 1 • 

K-KOHCTaHT3, BKn~4aiO~aR VIHTeHCHBHOCTb nep8V14HOrO ny4Ka (Jp) 
VI TOn~VIHY MVIWe,H (XA) BAOnb nepBV14HOrO HanpasneHVIR, KT(pi) -
nonpaBKa, y4VIT~BaiO~aR TOpMO~eHVIe VI MHOrOKpaTHOe pacceRHVIe 4aCTVI~ 

s MVIWeHVI, K0 - nonpasKa Ha pacnaA. 
d2 Teop. 

3To cooTHoweHVIe c y4eToM Bblpa>t<eHVI~ AnR ( ~ ) . I 11 I, AnR 
dp. p l 

nTeOp. (pi) 161 ,. I I I 1121 u " --- no3sonReT onVICbiBaTb speMRnpo-
dn1 

neTHble cneKTPbl, nony4eHHble B 3KcnepV1MeHTe. 
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Puc.17. OnucaHue 3KcnepHMeHTanb

HbJX BpeMJinponeTHblX cneKTpOB p;nR 

pa3nll'IHblX tiaCTH~ C HMnynbCOM 

1000 f3B/c. a/ npOTOHhl H p;eATpo

Hbl; 6/ 3He H 4He ; a/ TPHTm1. 

nonpaBKa Ha B3a~MOAe~CTB~e 
BTOP~4HbiX 4acT~l.l a M~weH~ K ,<I!) 
6~na nony4eHa ~HTerp~poaaH~eM 
no yrnaM cneAY~~ero a~pameH~R: 

N 

200 

100 

N 

3000l 

2500 

2000~ 

1500 

1000 ~ 

500 ~ 

2 
]l 

_ ..I.o- cos8i) 
To 

e 

3He Nj 4
He 

\1\ 60 r L~ i 

\ ~' 6 ' ' 
20 ' 

• L 

105 110 120 125 130 135 
n 

t 

I h B 

I 

·~ I 
I 
~-125 

Ei 

KT(pi,ei )= 1 f oo p2(X) .e-~h cos(8i +1j)w(
71
)d

71
dx 

T f f E(X) 

/14/ 

O·oo 

rAe f - TOn~~Ha MHWeH~ BAOnb BTOp~4HOrO ny4Ka; w(q) - pacnpe
AeneH~R no yrny np~ MHoroKpaTHOM pacceRH~VI /raycc/. :1Ta aen~4VIHa 
CBR3~BaeT 4VICnO 4aCTVII..l, pOmAeHHbiX Ha rny61o1He X C VIMIIynbCOM p(X) 
VI yrnoM 8(X) = ei + q, c 4VICnOM 4aCTVII..l I pi VI ei I Ha BbiXOAe. 
Jlao~HO~ VIHTerpan B /14/ Bb14VICnRnCR MeTOAOM MoHTe-Kapno. 

np~ pac4eTe $OpMbl cneKTpa Y4VITbiBanlo1Cb TaKme $nyKT~~l.lVIVI B an
napaType, npVIBOAR~He K pa3Ma3biBaHVI~ cneKTpa. B V!Tore apeMRnpo-
neTHbl~ cneKTp VIMeeT BVIA: 

A oo Teop. 
N (n i ) = f N (n i + m)w (m) dm , 

•oo m2 

1 '-~. 
w(m)= --· e , 

~aA 

rAe 

a A = 0,7 KaHaJla • 

/15/ 

CooTBeTcTa~e TeopeTVt4ecKoro onVtcaHVIR apeMRnponeTHbiX cneKTpoa 
AnR VIMnynbca 4aCTVII..l 1000 M3B/c c 3KcnepVIMeHTanbHbiMVI AaHHbiMVI no
Ka3aHo Ha p~c. 17 /no OCVI OPAVIHaT - 41o1Cno C06b1Tio1~ 3KCneplo1MeHTanb-
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HOrO cneKTpa, no OCH a6c4HCC - HOMep KaHana/. HopMHpOBKa nposo
AHnacb no 4Hcny co6~TH~ B nMKe. 

BbiBO,Libl 

1. Ha ocHcse MeTOAa MoHre-Kapno C03AaH~ nporpaMM~ pac4eTa 
xapaKTepHCTHK cneKTpOMeTpa /BXOAHO~ TeneCH~~ yron, HMnynbCH~~ 

pa36pOC M T.p./ C Y48TOM TOpMO*eHMR H pacceRHMR, He06XOAMM~X 

AnR 8~4MCneHMR HHKn~3MBH~X Ce4eHM~ PO*AeHMR KyMynRTMBH~X 4aC
™4• Pe3ynbTaTbl Bbi4McneHMR Mcnonb30BaHbl s pa6oTax/4·9 •101 . 

2. TeopeTM4ecKoe onMcaHMe speMRnponeTHbiX cneKTPOB, npo<)>~1ne~ 

pacnpeAeneHHR 4aCTH4 Ha nnocKoCTH n~6oro AeTeKTopa, a TaK*e 
MOAenMposaHMe 3$$eKTOB AOnonHMTenbH~X pacceMBaTene~ no3BonHnH 
y6eAMTbCR B npaBMnbHOCTM pa60T~ cneKTPOMeTpa. 

Asrop~ s~~a*a~T 6naroAaPHOCTb ~.B.KynbnHHo~ M B.r.nepeB034M
Kosy 3a noMOWb s pa6ore. 
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6anAHH A.M. H AP · P1-83-4Jlt 

MOAenHpoaaHHe 3~)eKTHaHOCTH cneKTpOMeTpa ~HCK-2 
MeTOAOM MoHTe-KaJ>no 

~aHO onHCaHite MOAemtpoaaMHR npot.~eccoa pOM<AeMHR H perHCTPaiiHH aTOpH4-
MOrO ny4Ka Ma Cnt!KTpOMeTpe llHCK-2 C y4eTOM 3~eKTOa a3aHMOAeHCTaHR a MHWe HH 
H ae111ecrae cneKTpoMerpa. llnR a~oNHcneMHR ce4eHHR POM<AeHHR 4aCTHII awnonHeHw 
pac4eTw no HMnym.cHWM pacnpeAeneHHRM axoAHOro renecHoro yrna, axcenraHcy 
cneKTPOMerpa, nonpaaKaM Ha pacceRHHe H ropMoM<eHHe 4aCTHII a KaHane cnexrpo
MeTpa, no MOAeJlHpOaaHHIO 3KCnepHMeMTallbHbiX apeMRnpoJleTHWX CneKTpoa. 0ony4eHO 
COanaAeHHe a npet,enax 10% T04HOCTH pe3yJlbTaTOa MOAellHpOaaHHR H MeTOAH4eCKHX 
3KCnepHMeHTOa no onpeAeneHHIO ~KTHaMOCTH cnexTpoMerpa c AOnOJlMHTenbMWMM 
pacceHaare~RMH H pacnpeAeJleMHeM OTC'IeTOB a apeHRnponeTMWX cnexrpax AnA pa3-
nH4HbiX COpToa perHCTpHpyeMWX 4aCTHII 8 MMTep&aJle HHnyllbCOB OT 300 A0 

1000 1'138/c. 

Pa6ora awnorHeHa a fla6oparopwH awcoxHx 3MeprwH OHRM. 

. .. ldln -A.~. et .11 • 

~imulation of the ~ISt-2 Spectrometer Efficiency 
"by the "Monte·tado ftethcd 

The production and det~tion pnoces~es of the sr~Oftdary particles~ 
taking Into account the interactions effects la the tat<get and mat.erhl of 
the ntSt-2 ~pectrometer, are described by the ~n~e-tarto slmul~ion. The 
input solid angle dlstrtbution, the spectro~ter acceptance, the scattering 
and energy loss corrections in the spectrometer channel are calculated. The 
experimental time-of-flight spectra are simulated. The colncldence within 
the 10% accuracy of the simulation r~sults and experiments on the determi
nation of efficiency of a spectrometer with additional scatters Is obtained 
and of count distributions in the time-of-flight spectra for different types 
of particles detected wi~hin the 300 upto 1000 HeV/t momentum range. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 

Cormun ' catioll of the Joint Institute for Nuclear Research. DubN 1983 
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