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1. BBEJlEHI1E 

COBpeMeHH~H 3Tan ~ccneAoBaH~H B 06nacT~ penRT~B~cTCKOH RAep
HOH ¢~3~K~ npeADRBnReT K 3Kcnep~MeHTanbHoH MeTOA~Ke nOB~weHH~e 
Tpe6oBaH~R. 3TO OTHOC~TCR B oc06eHHocT~ K ~HTepBany 3Hepr~H no 
nopRAKY Ben~4~Hbl B HeCKonbKO r3B/HYKnoH, B KOTOPOM cy6aAPoHHbie 
11 penRTI1BI1CTCKl1e 3¢¢eKT~, 113Y4aeMbie nYTeM Ha6nlOAeHI1R TRlKenblX 
BTOP~4H~X dAPOHOB, He ~rpalOT cy~ecTBeHHOH ponl1 /Hanp~Mep,!1.211. 
n03TOMY, HapRAY C AOCTaT04HO T04HblM ~3MepeHl1eM ~MnYJ1bCOB 11 3Hep
rl1H BTOPl14HblX 4aCTI1~, Heo6xOA~MO aHanl1311pOBaTb KoppenR~1111 MelKAY 
H~M~, a TaKlKe HaAelKHO pa3AenRTb 3TI1 4aCT~~bI no Macce. nOcneAHee 
ycnOBl1e np~o6peTaeT ~cKnlO4l1TenbHO BalKHoe 3Ha4eH~e npl1 ~ccneAO
BaH~~ ~HTepeCHoro npo~ecca ~cnYCKaHI1R 60nee TRlKenblX RAepHblX 
¢parMeHTOB, 3¢¢eKTI1BHOe Ce4eHI1e KOToporo /B 3aBI1C~MOCT~ OT YC
nOB~H Ha6nIOAeH~R/ Mano. OKa3b1BaeTCR, 4TO HeKOTopble ~3 AeHC TBYIO
~~X B HaCTOR~ee BpeMR cneKTpOMeTpOB penRT~B~CTCKI1X 4aCT~~ B CO
CTORH~11 YAOBJ1eTBOp~Tb 3TOMY Tpe6oBaH~1O npl1 ycnoB~I1, 4TO K o6pa
60TKe 3Kcnep~MeHTanbHoro MaTep~ana 6YAYT npl1Bne4eHbi AocTaT04HO 
3¢¢eKT~BHble MeTOAbl cTaT~cT~4ecKoro aHan~3a. 

B HacTOR~eH pa60Te npeAnOlKeHbI 11 npoaHan~3l1pOBaHbI anrOpl1T
Mbl pa3AeneHI1R no Macce 0AH03apRAHbIX 6b1CTPbIX ¢parMeHTOB /p ,d, t/, 
per~cTp~pyeMbix MarH~THbiM cneKTpOMeTpOM c npOBon04HblMI1 KaMepaM~ 
nBTA 13/, 3¢¢eKT~BHOCTb i1eHcTB~R 3T~X anrop~TMOB ~nnlOCTpl1pyeTcR 
Ha npl1Mepe 3KCnepl1MeHTanbHbix AaHHblx, KacalO~l1xCR B3aI1MOAeHCTB~H 

a -4aCT~~ C nerKI1MI1 RApaMI1 /npOTOHbI, AeHTpOHbI, RApa 12C/ np~ 
~Mnynbce 4,5 r3B/c/HYKnoH, KorAa BTOpl14Hble 4aCT~~bI perI1CTpI1PYIOT
CR nOA yrnoM -140 MpaA. 

2. OT60P C06~THA 

Heo6xOA~MbIM ycnOBl1eM HaAelKHoro paSAeneHI1R no MaccaM 6blCTPblX 
4aCTI1~ RBnReTCR T~aTenbHoe BbiAeneH~e C06b1TI1H, T.e. oT6op TaKI1X 
3anYCKOB YCTaHOBK~, KorAa Ha saAaHHOM ypOBHe 3Ha4I1MOCT~ MOlKHO 
c4l1TaTb, 4TO 4epe3 per~CTpl1pylO~YIO 4aCTb YCTaHOBK~ npowna TonbKO 
OAHa 4aCTI1~a, o6pa30BaHHaR B I1ccneAyeMbix B3al1MOAeHCTBI1RX, Pa
Hee /4 ,51 aHanor~4HaR 3aAa4a pewanaCb nYTeM np~MeHeH~R ABYX cne
AY~I1X He3aB~C~MblX Kpl1Tep~eB oT50pa: 

1/ npRMaR n~H~R, annpOKCI1M~pYIO~aR TpaeKTOp~1O 4aCT~~bl, AonlKHa 
npOXOA~Tb 4epe3 BbiAeneHHYIO 06nacTb, onpeAenRIO~YIO paSMepbl M~WeHI1, 
c Y4eTOM MHorOKpaTHoro KynoHoBCKoro pacceRH~R; 

2/ paCCTORH~e A MelKAY Y4aCTKaM~ TpaeKTOp~~ 4aCTI1~bI BO BXOA
HOM ~ BblXOAHOM cerMeHTax cneKTpOMeTpa, onpeAenReMoe B BepT~Kanb
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HOH nnOCKOCT~, npOXOAR~eH 4epe3 CepeA~HY aHan~3~py~ero MarH~Ta, 
He Aon~HO npeB~waTb HeKOToporo Kp~T~4eCKoro 3Ha4eH~R. 

Uenecoo6pa3HO paCCMOTpeTb APyroH nOAXOA. COCTOR~~~ B np~MeHe
H~~ eA~Horo Kp~Tep~R reOMeTp~4eCKoro oT6opa C06~T~M. 

C 3TO~ 4enb~ 0603Ha4~M ~epe3 Xl ~ X2 KOOPA~HaT~ T04eK nepe
ce4eH~R TpaeKTOp~~ 4aCT~4~ C nnOCKOCTb~ M~weH~, nepneHA~KynRp
HO~ K OC~ nY4Ka nepB~4H~X 4aCT~4 InM/. a Xs ~ X4 - npoeK4~~ OT
pe3Ka a. OKa3bIBaeTCR. 4TO Bce 3Kcnep~MeHTanbHO nony4eHH~e pac
npeAeneH~R P(x i ) KOOPAHHaT Xi Ii = 1 ••••• 41 cnY4a~Horo BeKTopa 
X MO~HO onHcaTb $YHK4~eH OAHoro B~Aa: 

P(Xi ) 1 
W(Zj) III 

a i 1 + zi 

rAe 

Xi -hi a'li 
(----.-) ,npH X, ~ h,. 

c 11 1 1 

Zi ~ 11 ' I 

hi - Xi )a 2i, npH Xi < hi' 

c 2i 


napaMeTp~ hi, eli' c 2i • a 11 "I a2i onpeAenRIOTCR npVl $HTHpOBaHHH 
HcxoAH~X 3KcnepVlMeHTanbH~x AaHH~x. HOPMHPYIO~VlH MHO~HTenb a i 3a
B~C~T OT 4HcneHHOCTH BbI60PKVI, no KOTOPOH npoBoAHnoCb CTaTHCTVI
4eCKoe 04eHHBaHHe. CneAyeT OTMeTHTb, 4TO 3Ha4eH~R 3THX napaMeT
pOB 3aBHCRT OT COOTHoweHVlR MemAY 3$$eKTHBH~MH ce4eHHRMH 06pa30
BaHHR AeTeKTHpyeM~x 4aCTH4 "I "IX HMnynbcoB, a TaKme OT paAHa4HoH
HOH AnHH~ cpeAbl. B Ta6n.1 npHBeAeHbl, B Ka4eCTBe ~nnlOcTpa4HH, 
4~cneHH~e 3Ha4eHHR o6cymAaeMbix napaMeTpoB, nony4eHHbie AnR Bbl6op
KH 3KcnepHMeHTanbH~x AaHHblx, OTHOCR~HXCR K HHTepBany HMnynbcoB 
BTOp~4H~X 4aCTH4 13,8~8,21 r3B/c IB~6opKa III. 

CooTHoweHVlR 111 MomHO paCCMaTpHBaTb KaK CTaHAapTH3a4V1~ KOOP
AHHaT aeKTopa x, a pe3ynbTaTe KOTOPOH nony4aeTcR cnY4aHH~H BeK
TOP z, o6naAalO~VlH CBOHCTBOM ~30TponHH H ~Me~HH nnOTHOCTb Be

4 

PORTHOCTH II (1 + Zj r 1.3TOT aeKTop, aHanorH4HO x, oAH03Ha4HO 
1 

OTpa~aeT npOCTpaHCTBeHHYIO KOH$Hrypa4~1O TpaeKTOpVl 4aCT~4bl. n03TO
MY eCTeCTBeHHO onpeAen~Tb TeCTOBYIO CTaTHCTHKY AnR reOMeTpVl4eCKO
ro oT6opa C06~THH cneAylO~HM 06pa30M: 

*reOMeTPl1'IeCKaH peKoHcTpYKIJ;l1H C06blTl1H Ol1l1CaHa B 141 

Ta6JIHIJ;a 
1JHcneHHble 3Ha'IeHl1H napaMeTpOB X 1 -pacnpe,o;e.neHl1I~ / I / 
AJIfI BblOOPKl1 3KCnepl1MeHTaJrhHbIX ,o;aHHblX, KaC~~XCfI 
BTOPH'IHbIX tJ:aCTHU C HMIIYJIhCOM /3,8~8,2/ r3B/c, 
HcnycKaeMblX B CTOJIKHOBeHHflX a-tJ:aCTHU C JIerKHMH 
fI,o;PaMH npH 4.5 r3B/c/N. 1JHCJIeHHOCTh BblOOPKH - 15 TbIC. 

hi c Ii C 2i ali a 21 

3.0±0,02 0,19±0,02 0.29±0,02 2,1±0,1 3,4±0,2 

2 -0,74±0.02 0,26±0,02 0,20±0,02 3,5±0,2 2,3±0, I 

3 -1,6±0,2 2,0+0,2 1,9±O,2 3,I±O,2 3,3±0,2 

4 3,1±0,1 2,2±0,2 1,8+0,2 3,4±0,2 2,9±O,2 

4 4 
Q Zj )-1 = - In i ~ 1 (1 + L In (1 + Z i ). 121 

i = 1 

Ha pHc.l nOKa3aHO, B Ka4eCTBe npHMepa, pacnpeAeneHHe CTaTHCTHKH 
Q, nony4eHHoe AnR Bbl60PKH II. MomHo 3aMeTVlTb, 4TO VlHTepBan KPVl
TVl4eCK~X 3Ha4eHHI:1 Qo' npeAcTaBnRIO~~x npaKT~4ecKHH ~HTepec, AO
aonbHO W~pOK, Q 0 5~ 19. n03TOMY KOHKpeTHoe 3Ha4eH~e Qo 4eneco

06pa3Ho B~6paTb KaK MomHO 60nbwVlM, 
HO T aKHM, 4T06bl, HanpHMep. pacnpe-

P(Q~ _ AeneHHe KOOPAHHaT T04eK nepece4e
HHR TpaeKTop~H C nM 6b~0 HopManb
H~M. HMeHHO TaKoe pacnpeAeneHHe 
nonY4aeTCR npH 4HcneHHOM MOAenVlpo

0.1 BaHHVI TpaeKTop~H 4aCTH4 C Y4eTOM 
MHorOKpaTHoro KynoHoBcKoro pac

0.05 

PHc.l. Pacl1pe,o;eneHHe TeCTOBOH CTa
THCTHKl1 Q, onpeAeneHHoH COOTHome
HHeM /2/ H BbltJ:HcneHHOH AnR Bbl60pKH 

o L.. f.lj?I,.X~ I II. CTpeJIKOH YKa3aHo Kpl1THtJ:ecKoe 
o 5 10 15 Q 3HatJ:eHl1e Q o = 8. 

2 3 
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PHc.2. Pac~pegeneHHe KOopgHHaT X2-3Kc.n-HTN TOqeK nepeCeqeHHH TpaeKTOpHH
N(O; 1,8) 

ogHosapHgHhlX qaCTH~ C nnOCKOCTbW 

MHJIleHH MH C06bITHH, ygoBneTBOpHIO

II(HX KpHTepHW Q < 8. IIYHKTHpHoH nH
tODD 
HHeH HapHCOBaHO HopManbHoe pacnpe
geneHHe N(O; 1,8), annpOKCHMHpyw~ee 
3KcnepHMeHTanbHbIe gaHHble. l1ocpe
gHHe YKasaHhl paSMepbl MHIIleHH • .!laH
H~e OTHOCHTCH K B~60pKe II. 

500 
ceRHHR* • B cnY4ae B~6oPK~ II KPHTH
4eCKoe 3Ha4eH>1e AnR C06~TH~,Qo 
YAoBneTBopR~~HX Ha3BaHHOMY ycnoBH~, 
paBHO 8. Ha pHc.2 H306pa~eHo pac

_ npeAeneHHe KOOPAHHaT T04eK nepex2o~ ,I, :... ,I, ....... ce4eHHR TpeKOB o,qH03apRAHblX 4a
X2. ,eM CTHLI** C nM, nony4eHHoe nO>1 ycno

BHH Q < 8 H COOTBeTCTBy~~ee Bbl60pKe II. Ha ypOBHe 3Ha4HMOCTH 
0,3 OHO He OTnH4aeTCR OT HopManbHoro, KOTopoe TaM ~e HaHeceHO 
nYHKTHpHO~ nHHHe~. B Ta6n.2 npHBeAeH~ 4HcneHH~e 3Ha4eHHR YPOBHR 
3Ha4HMOCTH TeCTOBO~ CTaTHCTHKH Q AnR Q < 8 H Tpex B~60pOK 3Kcne
pHMeHTanbH~X AaHHbIX, OTHOCR~HXCR K paanH4HbiM HHTepBanaM HMnynb
COB BTOPH4HbiX 4aCTHLI. 

Ta6JIH~a 2 
YpOBHH SHaqHMOCTH a TeCTOBOH CTaTHCTHKH Q npH 
nopore gHCKpHMHHa~HH Q < 8 ,I:\JlH Tpex Bbl6opOK 
3KcnepHMeHTanbHbIX gaHHblx, OTHOCHII(HXClI K paSnHqHblM 
HHTepBanaM SHaqeHHH HMnynbcoB P perHcTpHpye~x 
qaCTH~ 

~ 

Bbl60pKa I II III 

P (r3B/c) 2,8-5,7 3,8-8,2 5,8-12,2 

a (%) 4 7 15 

*AHanOrHqHbIH pesynbTaT 6bLl1 TaKlKe nonyqeH paHee /4,5/, 

**MeTogHKa pasgeneHHH no 3neKTplilqeCKOMy sapHp;y 6blCTPbIX TlIlKe-
IlbIX qaCTH~ "nlilcaHa B /6.7/. 

" 

3. HaEHTH~HKAUHR 4ACTHU no MACCAM 

B pRAe cneKTpOMeTpH4eCKHX YCTaHoBoK npeAYCMOTpeHa C>1CTeMa 
,qBo~Horo He3aBHCHMoro H3MepeHHR BpeMeHH nponeTa per~cTpHpyeM~X 
4aCTHLI /HanpHMep, /3,8-11//, 6narOAapR 3TOMy cy~ecTByeT B03MO~
HOCTb nonY4HTb ABe He3aBHCHM~e oLleHKH /m 1 H m2/ Macc~ Ka~AO~ 
4aCTHLI~. Ha pHc.3 npHBeAeH~ cneKTp~ Macc OAH03apRAH~x ~parMeH
TOB /p, d, t/ C HMnynbcaMH /3,8+8,2/ r3B/c, HcnycKaeM~X B CTonK
HOBeHHRX a -4acnlLl C RApaMH yrnepo,qa npH 4,5 r3B/c/N /BbI6op
Ka 11/. 3TH pacnpeAeneHHR Bbl4HcneHbI no nOKaaaHHRM nepBOH (m 1) 
H BTOPOH (m ) nap~ C4eT4HKOB. HeTpYAHO TaK~e aaMeTHTb, 4TO, HC

2 
nonb3YR TonbKO OAHOMepH~e cneKTp~ Macc 4aCTHLI /pHc.3/, Henb3R 
AOCTaT04HO y6eAHTenbHO BbiAenHTb R,qpa TPHTHR, B TO BpeMR KaK paa
AeneHHe npOTOHOB H Ae~TpOHOB ,qnR HeKOToporo Knacca >1HTepeCHbiX 
~HaH4eCK>1X aa,qa4 Mo~eT OKa3aTbCR HeAOCTaT04H~M, Aame C Y4eToM 
nonpaBoK Ha ~nYKTyaLlHH aMnnHTYA OT ~3Y. 

N 

- ln1 
.-.... m 

21500 

AP= (3,8+8,3) r3B/c 
Bbl5DPKA TI (15Tblc, COcfbITWU) 

a 


1000 


500 t 

l m, r3B/c2 

o 
o 0,5 1. 1,5 2. 2,5 3. 3,5 

PHC. 3. CneKTp Macc op;HosapHp;HblX qaCTH~ ,I:\JlH BbJ60pKH II. 
m1 H m2 - MaCCbl qaCTH~, onpep;eneHHble no P;BYM napaM 
CqeTqHKOB HesaBHCHMO. 

3.1. f{pumepuu (m , m2 )t 

IiIH~pMaLlH~ 0 ABYX aHa4eH>1RX MaCChi (m t H m2 ). onpeAenReMblX He
aaB>1CHMO B Kam,qOM KOHKpeTHOM Co6bITHH, MO~HO >1cnOnbaOBaTb ,qnR no
CTpOeH>1R ABYMepHoro KpHTep>1R, 05naAalO~ero nOBblweHHOH 3<!><!>eKTHB
HOCTblO BblAeneHHR 4aCTHLI onpeAeneHHoro copTa /T. e. >1MelO~HX Maccy 
mo/' B aHanOr>14HblX ycnoBHRX KpHTepH~ TaKoro pOAa 06bl4HO npeA" 
CTaBnR~T B B>1Ae cneAy~ero KBaApaTH4Horo BblpameH>1A 5 



(rn 1 -rn )2 (rn 2 -rno )2 2o + .:::: k , 1312 b 2a

r~e B Ka4eCTBe Mep~ y~aneHHocT~ 3KcnepHMeHTanbHO onpe~enReM~x 

3Ha4eHHi71 rnj 1 i = 1,21 OT mo Hcnonb30BaH~ 3Ha4eHHR 1a ~ b 1 nono
BHHbl WVlPHHU Ha nonOBHHe B~COTbl MaKC~MYMOB COOTBeTCTBYKlII\VlX cneK

TPOB Macc IpVlc.3/. napaMeTp k HrpaeT ponb KBaHTVlnR ~BYMepHoro 
pacnpe~eneHVlR H nO~OHpaeTCR C Y4eTOM TpeoyeMoro YPOBHR 3Ha4H

MOCTVI ~R KOHKpeTHoi71 pewaeMO~ $Vl3V14eCKO~ 3aAa4~. TaK, Hanp~Mep, 

ecnVl npe~nOnOll<Wrb, 4TO cneKTp~ Macc 4acT~1I YAOBneTBop~TenbHO 

onVlCblBalOTCR HOpManbHblM pacnpe~eneH~eM. 4TO npaKTVl4eCKVI on~3KO 

K VlCT~He, TO np~ k = 3 BHYTPVl 3nnVlnCOB 131 CO~epll<VlTCR - 99,8% 
4aCTVllI ~aHHoro copTa (m )' B Taon.3 npVlBe~eHbI, ~R Tpex BbiOOPOKo 
npoaHan~3V1POBaHHbIX 3KcnepVlMeHTanbHbiX ~aHHbIX, 4V1cneHHble 3Ha4eHr-1R 

napaMeTpOB a r-1 b, a TaKlI<6 COOTBeTCTBY~~Vle VIM ypOBHH 3Ha4r-1MOCTr-1 

r-1 BepORTHO~:TVI f3lj OWr-16Kr-1 BToporo po,/:\a, CocToRlIle~ B TOM, 4TOa i 
B Ka4eCTBe 4aCTr-1l1bl i - ro c.opTa npVlH~MaeTcR 4aCTr-1l.\a j -ro copTa 

1 i r-1 j 0003Haya1OT. COOTB6TcTBeHHo, npOToHbI. ~eViTpoH~ r-1 R~pa TPr-1

Tr-1RI. 3TVI pe3ynbTaTbi nonY4eHbI B npe~nOflOll<eH~~, 4TO k = 3. np~ 
MeHbWr-1X 3Ha4eHVlflX k B03paCTalOT 3Ha4eHVlfl aj r-1 YMeHbwalOTCfI BepORT

HOCTVI f3ij • HaooopoT. oonbW~M 3Ha4eHVlflM k COOTBeTCTBYIOT MeHbWr-1e 

a j VI oonbWVle f3 ij. KaK YlI<e ynOMr-1HanOCb, KOHKpeTH0e 3Ha4eHVle k 
no~o~paeTcR C Y4eTOMcnellVl$r-1K~ pewaeMoVi 3a~a4~. a TaKlI<e ycnoBVlR 

KOHKpeTHoro oonY4eHVlfI. TaK. Hanpr-1Mep. POCT f3 C YBenVl4eHVleM ~M
nynbca perVlcTpVlpyeMbix 4aCTr-111 CBfl3aH, B 4aCTHOCT~, co 3Ha4r-1Tenb

HblM nOBblWeHVleM 3arpY3KVI annapaTYPbl, Kor~a Vlcnonb3yeTcfI MaKCVI

ManbHafl HHTeHCVlBHOCTb nY4Ka nepBVl4HblX a-4aCTVllI. 

Ha PVlc.4 B Ka4eCTBe VlnnlOCTpallVlr-1 

npVlBe~eHa ~r-1arpaMMa pacceflHVlR CO

OblTr-1i71 B nepeMeHHblX r-1 ~R Bbl'" m l m 2 
OOPKVI II. 113 3TOVi ~r-1arpaMMbl BblTe

KaeT TaKlI<e, 4TO cneKTp Macc npOTO

HOB npOCTr-1paeTCfI BnnOTb AO 
23 - 4 r3B/c no Kall<Aoi71 nepeMeHHoH 

N m l H m 2' npH4eM COOTBeTCTBYKlII\He 
~ 

nonocbI cneKTpOB B VlHTepBane -1,5+ ~ 
+4 r3BI C 2 He CKoppenHpOBaHbl. AHa2 

N norVl4Hafl Cr-1TyallVlfl VlMeeT MeCTO• +~ • ... " ... "' .. .. ..". ." .~..." ~ 3 cnY4ae ~eViTpOHOB H fI~ep TpVlT~fI. 

3Tr-1 oonbw~e $nYKTyallHr-1. He Y4V1TbIBa............,,, . '" ....... 
............. .. , 
 eMbie Kp~TepVleM 13/, onpeAenfllOT MVI
............ . 

............. ' 

H~ManbHoe 3Ha4eHVle ypOBHfI 3Ha4V1MO............ , .. 

CTVI oocYll<~aeMoro KpVlTepHfI. 

o PHC. 4. )J.HarpaMMa pacceHHHH O,lJ;HOsa-

PH,lJ;HbIX qaCTIUI; B nepeMeHHblX m 1 

Tn1 ,r38/c'l. H m 2 ,lJ;J1Jl: BblOOPKH II. 
o 2 3 4 

6 

Ta6JIHIJ;a 3 
tIHCJIeHHble 3HaqeHHH napaMe.TpOB a H b KpHTepHH 13/ 
npH k = 3 ,lJ;J1H Tpex BblOOPOK npOaHaJIH3HpOBaHHblX 

,lJ;aHHblX* H COOTBeTcTBy~e lIM 3HaqeHHH YPOBHH 

3Ha'lHMOCTH ai H BepOHTHOCTH f3ij InpHHHTb qaCTHIJ;Y 

j-ro copTa B KaqeCTBe qaCTHIJ;b1 i-ro copTa; i H j 

0003HaqruoT npoToHbl, ,lJ;eiiTpoHbl H H,lJ;pa TPHTHH/, P-
HMnyJIbC O,lJ;Ho3apH,lJ;HO:H: qaCTHIJ;bI. N ie - qHCJIeHHOCTb 

nO,lJ;BbI6oPKH qaCTHIJ; i -ro COPT a B f -fi BblOopKe. a i 

H f3 ij ,lJ;aHbl B % 

BbloopKa I II III 

P (MsB/c) 2,8-5,7 3,8-8,2 5,8-12,2 

a(l·bB) 68 100 155 
b(M3B) 127 201 257 

IIpoToHbl Npl = 13836 Npil 9236 NplII = 537 

ap 2,6 5,8 16,0 
f3 pd 0,01 0,23 1,8 
f3 pt < 10-4 < 10-4 0,1 

)J.eHTpoHbI 279 1710 6956Ndl Ndil NdlII 

ad 2,6 5,8 16,0 

f3 dp 0,02 0,12 0,5 

f3dt < 10- 3 0,05 0,1 


5I,lJ;pa TPHTHH Nt! 4 NtH 21 NtIll 216 

at 2,6 5,8 16,0 

f3tp 0,2 1,0 0,3 


2,0 4,5 20,0
f3 td 

* /6.71
)J.BYX3apH,lJ;Hble qaCTHl\b1 HCKJIlOqeHbI 

7 



-

~ ( 23.2. Kpumepuu me' w2 

npeACTaBnReT HHTepeC APyroH ABYMepH~H KpHTepHH. B KOTOPOM 
HapRAY C HH~opMa~HeH a Macce 4aCTH~~ Hcnonb3Y~TCR CBOHCTBa no
PRAKOBOH CTaTHCTHKH W 2 IHanpHMep {12/2 I. I1TaK. B Ka4eCTBe OAHOH 
COCTaBnRIOU4eH me 3TorO KpHTepHR (me. w2 ) 6epeTCR cpeAHee B3BeweH
Hoe 3Ha4eHHe Macc H m2 perHcTpHpyeMoH 4aCTH~~:m1 


2 + b2
a m m2 1 
me 141 

b2a~ + 

rAe MHO~HTenH a H b Te me, 4TO H paHee IpHc.3. Ta6n.3/. BTopaR 
KOMnOHeHTa, aHanorH4Ho /7/,onpeAenReTcR cneAY~HM 06pa30M: 

1 1 f 2n-l ]2.
W

2 --2 + - }; [F (mn ) -	 151o 
L 12f f n'" 1 2f 

3AeCb F(mn ) - ycpeAHeHHaR ~YHK~HR HaKonneHHOH BepORTHOCTH: 

mn £ 
F 	 1 J }; Pn(m).drn. 161 

£ o n = 1 

nOCKonbKY 3KcnepHMeHTanbHO H3MepRIOT ABa He3aBHCHM~X 3Ha4eHHR 
Macc, m1 H m2 • TO £ = 2. CooTBeTcTBY~He pacnpeAeneHHR P1 (m) 
H P2 (m) MomHO B3RTb HenocpeAcTBeHHo H3 3KcnepHMeHTa. CneAyeT 
OTMeTHTb, ~TO B OTnH4He aT KOMnOHeHT KpHTepHR (m 1.m2 ) nepeMeH
Hble me H W 2 He RBnR~TCR He3aBHCHM~MH. Ha pHc.5 H306pa~eHa AHar
paMMa (me'w~) AnR B~60PKH II. TaM me yKa3aH~ KpHTH4eCKHe 3Ha
4eHHR nepeMeHHoH w~ AnR AeTeKTHpyeMWx 4acTH4. 4HcneHH~e pe3ynb

TaT~ nonY4eH~ AnR Bcex 
I Z 

Tpex B~60pOK 3KcnepH••••. :::: Wdt 
MeHTanbH~X AaHH~x.OHH0,.3250,3 
npHBeAeH~ B Ta6n.4. 

N w 
2

Pci1 	 2
0,195 PHc.5. (m c ,w 2 )-pac3 

npeAeneHHe oAHo3apHA
HbIX 'laCTH~ AnH BblOOPKH 
II. YKa3aHbl KpHTH'leCKHe 

0,1 3Ha'leHHH W 2, pa3AenHJ:O
lIU1e HHTepBanbl AJHI npo
TOHOB H AeHTpOHOB, W~d' 
a TaK~e AeHTpOHOBK "::::::: .. :~:~.":-:n-
H RAep TPHTHH. W d2 

t'Ot! j .;npL .. " ,,~[1L . . Tnt! H ypOBHH 	 3Ha'lHMOCTH, 
o 	 2. 3 COOTBeTCTBYIDmHe 9THM 

mw • raB/c2 KpHTH'leCKHM 3Ha'leHHHM. 

Ta6nHl:~a 4 
To ~e, 'ITO B Ta6n.3, HO AnR CTaTHCTHKH(me.W~),

2onpeAeneHHOH IPoPMYnaMH /4/ H /5/. wpd H W~t 

KpHTH'leCKHe 3Ha'leHHH. pa3AenHIOII\He HHTepBanbl Anl'l 
npOTOHOB H AeHTpoHoB, a TaK~e AeHTpoHoB H l'IAep 
TPHTHH, COOTBeTCTBeHHO. KpHTH'leCKHe HHTepBanbJ 
AnH me OIIHcaHbI B Taon.5 

f BbloopKa I 	 II III 

P (r9B/c) 2,8-5,7 	 3,8-8,2 5,8-12,2 

wpd 0,311 0,195 0,270 
2 0,332 0,325 0,280

W dt 

npOTOHbI NpI ;::; 14165 NplI ::: 9714 Np III 498 

a p 0,003 0,20 21,4 
i3 p d 0,010 0,07 0,8 

< 10-4 < 10-4 <10 -3i3 p t 

AeHTpOHbI Ndl = 294 NdII '" 1798 N dIll 7867 

ad 0,410 0,50 0,45 
i3 dp 0,150 I, 10 1,30 

0,014 0,01 0,26i3 dt 

.HApa TPHTHH N tI ;::; 5 	 NtII ;::; 23 

at 0,85 0,95 
i3 tp 0,28 0,40 

0,06 10,00i3 td

f, 
nOCKonbKY CTaTHCTHKa wf 151 HMeeT BHA KBaApaTH4Ho~ $OpM~, 

H3-3a 4ero B03HHKaeT ABY3Ha4HOCTb IpHc.S: OAHO H TO me SHa4eHHe 
U)~ MomeT COOTBeTCTBOBaTb ABYM paSHbtM 3Ha4eHHRM Macc me/,To onpe
AeneHHe KpHTH4eCKHX HHTepBanOB no nepeMeHHo~ me RsnReTCR 60nee 
cnomHblM. Boo6ll1e rOBopR, 4eneco06pasHo onpeAenRTb He OAHOMepHbte 
HHTepBan~ no KamAO~ nepeMeHHO~ OTAenbHo, a A8YMepH~e KpHTM4eCKHe 
06naCTH. 3aAa4a AononHHTenbHO ocnomHReTCR BcneAcTBHe Toro, 4TO 
C POCTOM HMnynbca P AeTeKTHpyeMbtX 4aCTH4 AHarpaMMa (m c • (d~) npe-

N tIll '" 191 

13,70 
0,03 

12,00 

8 	 9 
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TepneBaeT cy~ecTBeHH~e ~3MeHeH~H. TaK~M 06pa30M, KaK ~ cnepOBa
no O*HpaTb, CTPYKTypa Kp~TH4eCKHX 06naCTe~, ~nH, 4TO TO *e ca
Moe, pBYMepH~e KpHTep~H (me. W~) oT60pa opH03apHAH~X 4aCT~~ 
3aB~cp.T OT ycnoB~~ 3KcnepHMeHTa. 3Ta CTpYKTypa onpeAenHeTCH 3KC
nepHMeHTaTopOM ~CXOAH H3 xapaKTepa ~ ~enH pewaeMO~ 3apa4H. 

B paHHOH pa60Te np~MeHRnaCb HeCKonbKO ynpo~eHHaR npo~epypa 
B~60pa KpHTH4eCKHX o6nacTeH, TaK KaK CTaBHnaCb ~enb nHWb npOHn '/I' 

n~CTpHpOBaTb peHCTBHe paHHoro KpHTep~R. 3Ta npo~epypa 3aKn~4aeT
CH B cnepy~~eM. Ha OCHOBaHHH $OpMyn 161 H lSI, no cneKTpy Macc 
IHanpHMep, pHC. 31 pa3blrp~BanHCb Ha 3BM MeTopOM MOHTe-Kapno, pmI ~ 
Ka*pOH B~60PKH. ABYMepHble pacnpepeneH~R (me' W~ ) ~3Y4aeMblx 4a
CTH~ Ip, d, tl no OTpenbHOCTH. np~ 3TOM OCTanbHble !-laCn1~~, KPO
Me paCCMaTpHBaeMOH, HCKn~4anHCb no Kp~TepH~ (m l' m2 ). AnH nony
4aeM~X TaKHM 06pa30M ABYMepHblX $YH K~~H BepOHTHocTei:1 Wi (me' W ~ ) 

HaxopHn~Cb HHTepBan~ 3Ha4eHH~ ycpepHeHHblX Macc TaK, 4T06bl 06"eM 
B~6oPKH BHYTPH KpHTH4eCKO~ 06naCT~ COOTBeTCTBOBan,npH paHee 
YCTaHOBneHHOM KpHTH4eCKOM 3Ha4eH~~ (vG' 3apaHHOMY ypOBH~ 3Ha4H
MOCTH a1 IHHAeKC~ i. j coxpaHRIDT npe*H~~ cMblcn/. nOA06paHH~e Ta
KHM 06pa30M HHTepBanbl < me> AflH Ip, d, t/np~BepeHbl B Ta6n.5. 

CneAYeT, opHaKO, ~MeT b B BHAY, 4TO B cnY4ae MHorOMepHblX KP~

TepHeB H, TeM 60nee, pononHHTenbHO, HeopH03Ha4HOH paCCMaTp~Bae
MO~ TeCTOBOH CTaTHCTHKH TepReTCH opH03Ha4Hoe COOTBeTCTB~e Mempy 
YPOBHeM 3Ha4HMOCTH H KOH$Hrypa~HeH Kp~T~4eCKOH 06naCTH B AaHHOM 
npOCTpaHCTBe cny4aHHblx nepeMeHHblX. OTc~pa BblTeKaeT, 4TO B Ka~
pOM KOHKpeTHOM cnY4ae pewaeMOH 3apa4H B03H~KaeT Heo6xop~MOCTb 
nop6HpaTb KOHKpeTHblH BHP 06naCT~ Kp~T~4eCK~X 3Ha4eH~H TecToBoi1 

CTaT~CT~KH, C Y4eTOM Tpe6yeMo r o 
2 YPOBHR 3Ha4~MOCT~ ai H AonyCTHMoH W P d 

BenH 4HHbi BepOHTHOCTH OUJH6KH BTOPOP, % ! 
[ / ro popa f3 ij . 

Ha p~c.6 nOKa3aHO pacnpeAeneH~e 
HaKonneHHO~ BepoRTHoCT~ 

99. 1/
I/~p><10 

P.J 

I 
98, 

Pi (wi) J Wj(me,(oi)ldm e • /71If P _10-1 , <me> mo m i97. '1 t~ CTaT~CT~K~ W~ lSI AnH Bcex Tpex 
4aCT~~ i-ro copTa Ip, d, tl ~ Tpex,/ I 
aHanH3~pyeMblx B~60pOK ~CXOPHblX ,,; 

3, ~ I !1iPpx 10- , 

lJ 
2, r i I PHc.5. PacrrpepeneHHH HaKorrneHHb~ 


BepOHTHOCTeH Pi /7/ CTaTHCTHKH 


W ~ /5/, rrpoMop;em1poBaHHble NIH rrpo
Pt~ 
TOHOB, p;eHTpOHOB H Hp;ep TpHTHH:'ll /Bbl6opKa 11/. YKasaHbl KpHTWleCKHe 

0 0,2 0,3 1/3 
SHaqeHHH, cooTBeTcTByro~He YPOBHRMc..:l 
SHaQI1MOCTI1, rrpHBep;eHHbiM B Ta6JI.4.~ 

TaOJlHu;a 5 
HHTepBaJIbl < me > SHaqeHI1H y'cpep;HeHHblx Macc me .o;JlR 

rrpOTOHOB, p;eHTpoHoB H Rp;ep TPHTHS! HS Tpex BbIOOPOK 

3KcrrepHMeHTaJIbHb~ p;aHHb~. CooTBeTCTBYID~e KPHTH

'leCKHe SHaQeHHlI wG H YPOBHR SHaQHMOCTH a i p;aHbI 

B TaoJl.4 

BbIoopKa II III 
lJ:acTmr;a 

(me <md I w~ < W~d) (me < md W 
22> wpd2) 

V
npOTOHbI V * 

(me oS: mp Iw~ > W~d ) (me ~ «J2
2 < wpd2) 

( mp < me < 
I 2 

m t [Wpd< 
2 

< Wdt (mp < me < m d 

AeHTpOHbl 
2(02 < 2wpd 

V 
(md < me < m t 

W ~ < U)~t ) 

Hp;pa TPHTHR ( me> md I w2
2 > W d

2 
t 

.e. me <md rrpH YCJlOBHH, "ITO wi < W~d HJlH me ~ mp npH yc-

JIOBHH, "ITO w 2 > W 2
2 pd 

3Kcnep~MeHTanbHblX paHHblX. HHTepBanbl ~HTerpHpOBaH~R YKaaaHbI 
B Ta6n.5. Ha 3TOM ~e pHCYHKe HaHeceHbI KpMT~4eCK~e 3Ha4eHMH 
CTaTMCTM K~ W ~, COOTBeTcTByID~~e YPOBHHM aHa4MMOcT~, cOAepmal~HM
CH B Ta6n.4. 

OAHOMepHble pacnpeAeneHMH Pi (w~ ) MorYT OKa3aTbCR none3HblM~ 
np~ oueHKe 3Ha4eH~1Ii aepOHTHOCTeH f3 Ij ~n~, APyr~MM cnOBaMM, AO
nYCTMMolli BenM4~HbI np~MeCM $OHOBbIX 4aCTMU. ::lTO ~CKnID4MTenbHO 
aamHO npM HccnepoaaH~M 4aCT~U onpepeneHHOro copTa, ce4eHMe 06
pa30aaHMH KOTOPblX no cpaaHeHHID C ppyr~MM 4aCTMuaM~ H~4TO~HO Ma
no IHanpHMep, HApa TPMTMR, pHc.3/. 

4. PE3YJlbTATbi 

Ha~6onee HarnHAHoH ~ y6eAMTenbHoH npoBepKolli 3m$eKTMBHOCTM 
AeHcTa~R o6cY*AaeM~x B AaHHolli pa60Te Kp~Tep~eB pa3AeneH~R 6b1CT
PblX 0AH03apHAHbIX 4aCT~U HBnReTCH cneKTp Mace 3T~X 4aCT~~. AnH 
BbI50PK~ II OH nOKa3aH, KaK y*e ynoMMHanocb paHee. Ha p~c. 3, 

10 11 
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N x400 

x4 gAl"" 
TPMfIol'itxl 11r

lOOO 
npoTOlolbl I I AEMTPOHI1! 

1000 

.. 

~qKP"T£P~" 
.. g'~8 ('mc,w.') 

n KC':£P:\ 
l' • 

, us, 
2 

PHc.7. To lI!:e. qTO Ha pHc.3. H0 no
2

CJle npHMeHeHHH KpHTepHeB (me' w2 ) 
H (m l' m2 ) cOOTBeTcTBeHHo. YKasaHhl 

qHCJleHHble sHaqeHHH N C06blTHi"f. 00

naBlIIHX B OT,n;enbHble HHTepBaJIbl /'t,. m = 
= 100 M3B/c 2 AnH 060HX KpHTepHeB. 

rAe r~cTorpaMM~ Hs06pama~T pacnpe
AeneHHR saperHcTpHposaHHblx cneKT
pOMeTpoM C06blT~H, K KOTOPblM He npH
MeHRnHCb HHKaKHe APyrHe Kp~TepHH 
oT60pa, KpOMe reoMerpH4eCKoro. 3TO 
pacnpeAeJleHHe, HO nqcne aHanHsa 
c06blT~14 no KpHTep~RM (m l • m2 ) 
H (me' w~ ), np~seAeHO Ha pHC. 7. TaM 
me YKasaHbl 4Hcna N C06blTHH, nonas-
WVlX S COOTseTCTSYIOIIIVle HHTepsanbl 
/'t,.m = 100 M3B/c 2 AJ1fl KpHTepHR 

• m2) H ( me' w no OTAenbHocTVI. I1s conOCTasneHVlR p~c. 3 VI 72 
S~TeKaeT npemAe Bcero, 4TO S HHTepsane SHa4eHHH Macc 2,3 .;. 
.;. 3,5 r3B/c2 , S KOTOPOM CHrHan OT RAep TP~THR 6bln Ha YPOSHe $0
Ha AO aHaJlHSa C06blTVlH /p~c.3/, nocne npVlMeHeHHR Kp~TepHes Sbl
AenReTCR 4eTKHH yeA~HeHHbIVl MaKcHMyM, nonomeHHe KOToporo XopOWO 
cornacyeTcR co SHa4eHHeM Macc~ mt RApa TpHT~R. CneAyeT np~ 3TOM 
nOA4epKHYTb, 4TO S cnY4ae Kp~Tep~R (me. w ~ ) He Tpe6yeTcR T04HO 
sHaTb 3Ha4eH~e m t • MomHO TaKme 3aMeTHTb, 4TO cneKTpbl Macc, no
nY4eHH~e npH nOMO~H 060HX KpHTepHes, YAosneTsop~TenbHO CorJlacy
~TCR APyr C APyrOM. HeKOTopaR pasHH~a SHYTPH HHTepsanos 3Ha4e
HHH, YAaJleHHblX OT MaKCVlMYMOS, Sbl3saHa, KaK yme ynoMHHanOCb, TeM, 
4TO 3nnHnCbI /3/ Kp~TepVlR (m 1, m2 ) He oxsaTblsa~T AJ111HHbIX nonoc 
A~arpaMMbl pacceRHHR /pHc.4/, Sbl3saHHbiX 60nbwHMH $nYKTya~HRMH ~s-
MepReMblX speMeH nponeTa 4aCTH~. 

5. 	BblBO.obl 

Ha OCHosaHHH SblnOnHeHHoro S HacToR~eVl pa60Te aHaJl~Sa MomHO 

cAen aT b cneAY~~H e SbISOAbl: 


1. Pa3pa60TaH eAVlHblVi KpVlTepVlVl /2/ reOMeTpH4eCKoro oT60pa 
C06bITVlVI, perVlcTpVlpyeMbix MarHVlTHblM cneKTpOMeTpOM C nposon04HblMH 
KaMepaMH/3~ 3TOT KpVlTepHVI n03sonReT CYWeCTseHHO YMeHbWHTb nOTe-
PVl HCTVlHHblX C06blTVlM, CSOAR HX K 3Ha4eHH~ -15% s HaH60Jlee KPVlTVI
4eCKOM VlHTepSaJle ~Mnynbcos per~cTp~pyeMblx 4aCTVI~ /sbl60pKa III, 
Ta6n.2/. 

2. npeAJ10meHbl H npOaHaJlHSHpOSaHbI Asa ASYMepHblX KpVlTepHR 

' m ) VI (me' w~) oT60pa C06bITHt4 no MaccaM 4aCTH~. no~ nOMO(m l 2 

12 

>if 

... 

.. 

U 

~H 3TVlX TeCTOS YAaJlOCb 4eTKO H OAH03Ha4HO SblAenVlTb RApa TPVlTVlR, 
CHrHaIl OT KOTOPblX 6~Jl Ha YPOSHG! $oHa. 3TVI KpVlTep~VI cpaSHVlMbl 
no MO~HOCTH H MorYT npVlMeHRTbCR KaK aIlbTepHaT~SHO, TaK VI cos
MeCTHO. 

DonbwoVl npaKTVl4ecKVlVI VlHTepec npeACTasnReT sonpoc 0 rpaHVI
Llax npVlMeHVlMOCTH pa3pa60TaHHblX reCTOS, APyrVlMVI CJlOSaMVI, HaCKOJlb
KO MaJlO MomeT 6blTb OTHoweHHe ce4eHVlVI OJ /a i 06pasosaHVlR 4aCTHLI 
j-ro copTa no OTHoweHH~ K Il~6oi1 APyroVl 4aCTVlLle i-ro copTa, 4TO
6bl HX MomHO 6blno 06HapymVlTb Ha $OHe OCTanbHbIX. 3TOT sonpoc Ka
4eCTBeHHO pewaeTCR npH HepaseHCTsanOMO~VI 

a·
2 f3 .. (~l ) ~ 1 . a i

i.,fj J10j 

B Ha~6oIlee KpVlTVl4eCKOM paccMoTpeHHoM HaMVI cIlY4ae RAep TPVlTVlR 3TO 
OTHoweHVle MomeT COCTaBnRTb - 10-4 +1()-6 /4V1cneHHble 3Ha4eHVlR AJlfl 
a i VI f3ii AaHbl B Ta5n.3 H 4/. 

ASTOPbl 6IlaroAapHbl A~peKTOpy nBTA, 4neHY-KoppecnOHAeHTY 
AH CCCP M.r.Me~epflKOSY 3a 
Tbl . 
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CnOBVIHCKVIi1 6., Mynac 3., lKMbipOB B. H. 
~AeHTVI¢VIKa4VIR no MaccaM 6wcTpwx OAH03aPRAHWX ¢parMeHTOB, 
perVICTpVIpyeMbiX MarHVITHbiM cneKTPOMeTPOM C npOBOJlO'-lHbiMVI 
KaMepaMVI 

Pl-87-51 

npeAJlONeHW VI npoaHaJlV13VIPOBaHW TpVI KpVITepVIR OT6opa 6WCTPWX 0AH03apRAHWX 
¢parMeHTOB, perVICTpVIpyeMbiX npVI nOMOlJ1VI MarHVITHOrO CneKTpOMeTpa C npoBOJlO'-lHbi
MVI KaMepaMVI: 

1/ eAVIHVI'-lHWi1 KpV1TepVIi1 reoMeTpVI'-leCKOro OT6opa C06WTVIi1; 
2/ ABa AByMepHwx KpVITepVIR pa3AeneHVIR no MaccaM npoTOHOB, Aei1TpOHOB VI RAep 

TpVITVIR. reoMeTPVI'-leCKVIi1 KPVITepVIi1 CHVI*aeT nOTepm VICTVIHHWX C06WTV1i1 B HaVI6onee 
KPVITVI'-leCKOM VIHTepsane VIMnynbcos Vl3y'-laeMwx '-laCTVI4 AO- 15%. KpVITepVIVI pasAene
HVIR no MaccaM OCHOBaHw Ha AByKpaTHOM, He3aBVICVIMOM onpeAeJleHVIVI MaCC '-laCTVI4· 
0HVI n03BOJlRIOT BbiAeJlVITb '-laCTVI4bl, Ce'-leHVIe o6pa30BaHvtR KOTOpbiX COCTaBJlReT 1 Q- 11 + 
+10-E Ce'-leHvtR o6pa30BaHVIR OCTaJlbHWX '-laCTf14. 

Pa6oTa BblnOJlHeHa B na6opaTOPVIVI Bbl'-lf1CJlf1TeJlbHOi1 TeXHVIKI1 VI aBTOMaTVI3a4f1VI 
OWl~. 

Coofii..QeHHC 06'he}:]JIHeHHOrO HHCTHTyTa R,llCpHblX HCCJle,!l;OBa.HHH. }ly6Ha 1987 

nepeBOA q~B~T~O~~B~------------------------------------~----------------------------, 

Sfowinski B., Mulas E., Zhmyrov V.N. 
Identification by Masses of Relativistic ~ne-Charged 
Nuclear Fragments Registered in the Magnecic Spectrometer 
with ~ire Spark Chambers 

Pl-87-51 

There are proposed and analysed three criteria of effective selection 
of relativistic one-charged nuclear fragments registered by means of the 
magnetic spectrometer with wire spark chambers: 1) unified criterion of 
geometrical selection of events; 2) two two-dimensional criteria of selec
tion by masses of protons, deuterons and tritons. Geometrical criterion re
duce the loss of true events within the most critical interval of particle 
momenta up to about 15%. Criteria of selection by r:1asses are based on double 
independent. measurement of part i c 1 e masses .. They give the -Eoss i b i 1 i ty to 
select particles produced at the cross-section of about 10 +lo-G lower than 
all the other particles. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Auto~ation, JINR. 
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