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::H1BJII10i£KA 

1 l1HCTMTYT cjJH3HKH Bb!COKHX aHeprHiI AH rnP, UoiITeH/EepnHH. 

2 
UeHTpanhHbiiI HHCTHTYT cjJH3H'10CKHX HCCnenoaaHHiI, 

EynanewT, BHP. 



1. PaHee B o6utHX 1-Ie,PTaX 6bIJI onHCafl 6ecqJHJibMOBblH 

HCKpOBOH cneKTPOMeTp / l, 21, C noMOII.tbIO KOToporo npo • 

BOJJ;HJIHCb 3KcnepHMeHTbI no H3y1.feHHIO K0 
-pereuepaQHH 

1.fepe 3 .n;eyxnHOHHhie pacnaJJ;bl / 3, 4/, 
KpoMe .n;eyxnHOHHhlX co6hlTHH cneKTPOMeTp perHCTpH­

poeaJI Tpexl.faCTH'-IHbie pacnaJJ;bl JJ;OJirO)KHBYII.tH?C KaOHOB C 

.n;eyM.ff: 3ap,rn<eHHhIMH qacTHUaMH: K µJ /KM3/-, K ~
3 
/KE3/­

H K0
173 

/Kil3/- pacna.n;hI. 3TH pacna.n;bI 6bIJIH HcnoJih3OBaHhI 

JJ;JIH BOCCTaHOBJieHHH cneKTpa na.n;aIOII.tHX KaOHOB, a T,aK)Ke 

CJiy)KHJIH B Kal.feCTBe BHyTpeHHHX MOHHTOpOB npH HOpMH· 

POBKe 3KcnepnMeilTaJihHbIX pe3yJihTaTOB /3,4/. C::::aMOCTOH· 

TeJibHbIH HHTepec npeJJ;CTaBJIHeT H3y1.feHHe qJOpMqJal<TOpOB 

e nenTOHHblX pacna.n;ax H, e 1.faCTHOCTH, e KM3-pacna.n;e. 

,lJ;JIH HJJ;eHTHqlHKaUHH KM3-pacna.n;a e ycTaHOBKe HC· 

noJib3OBaJICH .n;eTeKTOP MIOOHOB. HH)Ke npHBOJJ;HTCH ero 

onttcaHHe H aHaJIH3 pa60Tbl. 

2. ,lJ;eTeKTOp MIOOHOB COCTOHJI H3 CUHHTHJIJIHUHOHHbIX 

cl.feT'-IHKOB H 1.fyryHHoro qJHJihTpa, nornomaernero CHJihHo· 

B3aHMOJJ;eHCTBYIOutHe 1.faCTHUbI /pHc. 1/. <l>HJibTP HMeJI B 

cepe.n;HHe eepTHKaJihHYIO menh rnttpuuoii 20 cM, pa3.n;en.ff:B• 

IUYIO ero Ha JJ;Be noJIOBHHbI - cnpaea H CJieea OT OCH 

nyl.fKa. Ka)KJJ;aH noJIOBHHa cocTO11na H3 .n;eyx ceKUHH JJ;JIHHOH 

no 125 cM. / oKono 900 r / CM 2 /. Ilocne nepeoiI H BTopoiI 

CeKQHH pacnoJiaraJIHCb C~HHTHJIJIHUHOHHhle Cl.feT'-IHKH. Bo­

CeMb /HJIH .n;ecHTb BnOCJieJJ;CTBHH/ H3 HHX, pa3MepoM 20 
X 64 X 2 CM 3 Ka)KJJ;bIH, uaXOJJ;HJIHCb 3a BTOpoii ceKQHeH 

qJH.ribTpa H CJIY)KHJIH MIOOHHblM roJJ;OCKOnOM. PacnoJIO)KeHHe 

Cl.feT~iHKOB JJ;eTeKTOpa H_ npoue.n;ypa no.n;6opa pe)KHMOB IlpH·. 

ee.n;e11h1 e / s/ . . 
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B MOMeHT cpa6aTbIBaHHH TpHrrepa HMilYJJhChl co C1IeT· 

1IHKOB MIDOHHoro rOAOCKona perHCTPHPOBaJJHCh H 3ailHChl· 

BaJJHCh Ha MarHHTHYID JJeHTy. 3JJeKTpOHHKa, o6pa6aTbIBaro­

maH CHrHaJJbl co c11eT1IHKOB H 06ecne11HBaIDll\aH BhIBOA HH· 

«liopMal{HH C AeTeKTopa B 3BM, OilHCaHa B 161., 

3. IIpoBepKa pa60Thl AeTeKTOpa MIDOHOB COCTOHJJa B Bbl· 

AeJJeHHH KM3-pacnaAOB nocne reoMeTpH11ecKoii. peKoH· 

CTPYKUHH Ha 3BM co6bITHii, 3aperHCTpHpoBaHHhIX cneKT· 

poMeTpOM. 

KpHTepHeM HX OT6opa HBJJHJJOCb' HaJJH11He CHrHaJJa OT 

c11eT1IHKa MIDOHHoro roAOCKona, pacnonomeHHoro Ha npo­

AOJJ)KeHHH OAHOro H3 TpeKOB BOCCTaHOBJJeHHoro pacnaAa 

KaOHa. IIpH 3TOM Tpe6oBaJJOCh, 1IT06hI IlPOAOJJ)KeHHe TpeKa 

nonaAaJJO B HeKOTopyro 3«P«PeKTHBHYID o6JJaCTh, pa3Mepbl 

KOTOpoii, onpeAeJJHJJHCh pa3MepaMH c11eT1IHKOB C y11eTOM 

MHOroKpaTHoro pacceHHHH MIDOHOB B «PHJJbTpe. 
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rpaHHI{hl 3TOH 06JJaCTH HaXOAHJJHCh H3 pacnpeAeJJeHHH 

X ·KoOpAHHaT IlPOAOJJ)KeHHii TpeKOB MIDOHOB, IlOCTpoeHHhIX 

AJJH Ka)KAOro C1IeT1IHKa MIDOHHOI'O I'OAOCKOna. B pacnpeAe -

JJeHHH BXOAHJJH IlPOAOJJ)KeHHH TpeKOB, KOTOphie COOTBeT­

CTBOBaJJH cpa6aThlBaHHID AaHHOro c11eT1IHKa. PacnpeAeJJe­

HHH, nony11eHHhie AJJH co6LITHii, 3aperHcTpHpoaaHHhIX a 3K· 

cnepHMeHTe H AJJH KM3-pacnaAOB, reHepHpoBaHHhIX MeTo­

AOM MoHTe-Kapno, npHBeAeHhI Ha pHc. 2. PacnpeAeJJeHHH 

OTHOCHTCH K OAHOH IlOJJYilJJOCKOCTH I'OAOCKona, AJJH APYroii 
OHH BhirJJHAHT aHaJJOI'H1IHO. 
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PHc. 2. PacnpeAeJJeHHH a IlJJOCKOCTH rOAOCKOila X ·KOOPAH· 
HaT IlPOAOJJ)KeHHH TpeKOB pacnaAHhIX MIDOHOB, COOTBeT­
CTBYIDll\HX cpa6aThIBaHHIO OTAeJJbHhIX c11eT1IHKOB: 1 - 3K· 
cnepHMeHTaJJbHhie pacnpeAeJJeHHH; 2 - MOAeJJHpOBaHHhie 
pacnaAw. 

P a3JJH'!He cpopMhI pacnpeAeJJeHHii, OTHOCHU\HXCH K pa3 -

HhlM C'leT1IHKaM, H 'IHCJJO '!aCTHI{ B Ka)KAOM H 3 HHX onpe • 

AeJH!JJOCb reoMeTpH1ICCKOH 3!p!peKTHBHOCThID perHCTpal{HH 

onpcAenc1mL1x Ko11«1iurypa1,i:Hii KM3-pacnaAoB. 
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HcxonH HJ npHBeneHHhlX pacnpeneneHHH, rpaHHUhl Ji­
ieKTHBHOH o6nacTH no ropHJOHTanu BhI6panH iia 10 CM 
6onblue, tJeM paJMephl C'leTlJHKOB. BepTHKanhHhle paJMephl 
o6nacTH COBnananH c paJMepaMU ClJeTlJHKOB. IIonpaBKH, 
CBHJaHHhie C BOJMO)KJlhIM BhI6hIBaHHeM MIOOHOB Ja 3TH 
npenenhl, ytJHThlBanHCh npu onpeneneHHH reoMeTpnqecKon 
JiieKTHBHOCTH neTeKTOpa. 

Ilo 'pacnpeneneHHHM MonenupoBaHHhIX co6hITHH, xopomo 
COBnana10IQHM C JKCnepHMeUTanhHhIMH pacnpeneneHHHMH, 
6hmo HanneHO, 'ITO a yKaJaHHhIX ropHJOHTanhHhlX rpauuuax 
3$$eKTHBHhlX o6nacTeH ClJeTlJHKOB uneHTH$HUltpyeTCH ue 
MeHee 98o/o Bcex MIOOHOB, BhIJBaBillHX cpa6aThIBaitHe ClJeT­
lJUKOB neTeKTOpa. KonutJeCTBO co6hlTUH Ha JKcnepnMeH­
TanhHhIX pacnpeneneHHHX, He nonaBillHX B 3$$eKTUBHhle 
o6nacTn Ka)Knoro ctJeTtJuKa, onpenenHnoch, KpoMe pac­
ceHHUH B $HDhTpe neTeKTopa, cnytJaHHhIMH cpa6aTbIBaHHHMU 
ClJeTlJUKOB npu JanycKe ycTaHOBKU C06hITHHMU npyroro 
Tuna. 

Ilo onucaHHOMY Bhlllle KPHTepu10 C BhI6paHHhIMH paJ -
MepaMU 3¢¢eKTHBHhlX. o6nacTeH nonanaH~H 6hmn OT06paHhl 
KM3-pacnanhl HJ ecex V0 -co6hITHH, JaperncTpupoBaHHhix 
cneKTpoMeTpoM. Ha puc. 3 noKaJaHo pacnpeneneHne ecex 
pacnanHhIX MIOOHOB B nnocKoCTH ronocKona. CoenaneHne 
JKcnepnMeHTanhHhIX u MonenupoeaHHhIX pacnpeneneHnn 
/puc. 3/ nonTeep)Kna~T npaBUDhHOCTh OT6opa neTeKTOPOM 
KM3-pacnanoB. 

4. Cpenu co6bITUH, OT06paHHhIX cornacHO ycTaHOBneH­
HOMY KPHTepHIO K8.K KM3, conep)KHTCH He6onhlllaH qacTh 
HenpaBnnhHo une11Tn¢uuup0Bannh1x KE3- unu KII3-pacna- -
noB. HenpaBHnhHaH unenTH$UKaUH.ff 6hlna BhIJBaHa cneny10-
IUHMH npHtJHHaMH: 

1/ HenonHoe nornoIQeHHe nHOHOB a $HDhTpe; 
2/ cnytJaHHhie cpa6aThiBaHHH C'leTlJHKOB neTeKTopa; 
3/ pacnan nHOHOB Ha MID0H H HeftTpHHO. 

BKnan Ka)Knoro HJ JTHX npoueccoB MO)KeT 6h1Th oueHeH 
KODHlJeCTBeHHO. 

OueHKH, 0CHOBaHHhie Ha JKCnepHMeHTanhHhIX naHHhlX/7/ 
no HJytJeHHIO H.riepHhlX naeuu B )KeneJe H 6eTOHe, noKaJhl­
BaIOT, 'ITO B_ 1:1ameM cnyqae npH JHeprHHX nHOHOB OT 6 
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Puc. 3. PacnpeneneHnH B nnocKocTH ronocKona ropHJOH· 
TanhHhIX /a/ H BepTTHKanhHhIX /6/ KoopnunaT nponoD)KeHUH 
TpeKOB MIOOHOB: 1 - JKcnepHMeHTanhHhie pacnpeneneHHH, 
2 - MonenupoBaHHhie pacnanhl. 

7 



AO 25 I'3B/ifaepOHTHOCTh uenpaBHnhHOi HAeHTHqJHKBQHH 
MIOOHa no nepaoi npn•mue paBHa /0,1 + O,2/o/o. 

CpeAHHH Bennqnua cnyqafiHhlX cpa6aThlBBHHi Ka~Aoro 
cqeyqnKa MIO0HHoro roAoCKona, uaiAeHnaH H3 pacnpeAene­
uni pnc. 2 H OTHeCeHHBH KO BCeM 3aperncTpHpOBBHHhlM 
V'!.co6blTHHM, cocTaBnHna Bennqnuy /O,2±.0,O3/o/o. 

OTHOCHTenLHhlH BKnaA a q>OH TpeTLeH rrpHqHHhl oueun­
Bancn cneAYIOIQHM o6pa30M . .l(nH Ka~Aoro HMnynLca nnoua, 
3HBH KPHTepHH HBXO~AeHHH TpeKOB reoMeTpHqeCKOi npo­
rpaMMOII AO H nocne MarHHTa /9/, orrpeAenHnH BepOHTHOCTh 
pacnaAa nnoua c TaKoi Konqinrypauneii, KOrAa MIOOH ocTa­
eTCH B rrpeAenax AOnyCKOB, npHHHThIX nporpaMMOi. B3Be­
lIIHBBH 3aTeM 3TH aepoHTHOCTH no cneKTPY pacnaAHhIX 
nHOHOB_ 181, MO~HO nonyqHTh cpeAHIOIO BepOHTHOCTh pacnaAa 
nHOHB B HHTepB~ne HMnynLCOB 6- 25 I' 3B/ C C ManLIM 
H3MeHeHHeM uanpaBneHHH ABH~eHHH H 3HeprHH.BL1qncneHHH 
noKa3hIBBIOT, qro 3TB aennqnua PBBHa O,75o/o. 

IIonuyIO BepOHTHOCTh HenpaBHnhHOH HAeHTHq>HKBQHH 
KM3 - co6LITHH MO~HO OQeHHTh 3KCnepHMeHTanLHO. .l(nH 
3Toi uenn BocnonL3yeMcn pacrrpeAeneuneM acex 3ape­
rncTpnpoBaHHLIX TpexqacTHqHLIX co6blTHii no Bennqnue ES -
3Heprnn pacnaa111erocH Kaoua B cncTeMe oTcqeTa, rAe 
npoAOnhHBH KOMnOHeHTB CYMMapuoro ·HMnynLca ABYX 3BpH­
~eHHhlX qacTHQ paBua uyn10 /io/. _ 3To pacnpeAeneune 
HMeeT BHA, npeAcTaBneHHLii ua pnc. 4 cnno111uoi KpHBOH, 
rAe nepBLIH MBKCHMYM cooTBeTCTByeT KM3-pacna~aM, 

a BTopoi - KII3-pacnaAaM. TaKoe ~e pacnpeAeneune AnH 
KM3, OT06paHHhlX C nOMOIQhlO AeTeKTOpa MIOOHOB, noKa3aHo 
a BHAe rHCTOrpaMMhl, a AnH MOAennpOBBHHhIX co6blTHH -
TOqKaMn. Ilpn E 5 > 493 M3B BHAHO ue6onL111oe npeBbl111enne 
3KcnepnMeHTanLHhlX ToqeK nan; MOAennpoBaHHhIMH. 3To 
npeBblIIIeHHe Morno 6LITh Bhl3BBHO AOnonHHTenhHhlM cqeTOM 
KII3-co6LITHi BcneACTBHe yKa3aHHLIX BhlIIIe rrpnqnu. Benn 
pa3HOCTh Me~AY 3KCnepHMeHTanLHhIMH H MOAennpoBaHHhlMH 
E 5 -pacnpeAenennHMH AnH KM3 B 06nacT11 E5>493 M3B 
oTnecTH K nonnoMy qnqny KII3- co6LITHii B 3Toii o6nacTn, 
TO Mhl nonyqHM OQeHKY BepoHTHOCTH uenpaBHnhHOH HAeH­
THq>HKBQHH KM3-pacrraAoB MIOOHHLIM AeTeKTopoM. 3Ta oueu­
Ka OKa3anaCh paBHOi /O,9±O,O5/o/o. 
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Pnc. 4. PacnpeAeneune rpexqacTnquhlx pacrraAOB no Be­
nnqnue ES /cM. TeKcr/. 

TaKHM o6pa3oM, 3KcnepnMenranLnoe onpeJJ,eneune ae­
poHTHOCTH ttenpaBHnhHOH HAeHTHq>HKBQHH KM3-pacnaJJ;OB 
H oueHKH BKnBAB. B 3TY Bennqnuy pa3nnqnLIX _ q>H3HqeCKHX 

npoueccoB cornacyIOTCH n;pyr c n;pyroM. 

5 • .l(onH co6LITHH, uenpaBHnhHO nn;eHTHq>HQHpOBaHHhlX 
KaK KM3 H3 - 3a cnyqaHnoro cpa6aTLIBaHHH cqerqnKOB mm 
pacnan;a nnonoB, n;ocraroqno Mana, qro o6ycnoBneno BLI· 
COKOi 3q>q>eKTHBHOCThlO nornoiueHHH an;poHOB B TOnCTOM 
cnoe ~eJie3a. Ilpn neo6xoJJ.HMOCTH ona · MO~eT 6h1Th eIQe 
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yMeHhIIJeHa B xo,ne ,nanLHeiimero aHaJIH3a co6LITHH. He 
rrpHBO,II;H KOJIHqecTBeHHb!X oueHOK, yKa)l(eM Ha HMeI0111HeCH 
3,necb B03MO)l(HOCTH: 

1/ HCIIOJib30BaHHe KHHeMaTuqecKHX KpHTepHeB ,II;JIH ,naH­
Horo THIIa pacrra,na; 

2/ HCIIOJib30BaHHe aMIIJIHTY,II;bI CHrHaJia ,II;JIH ,naHHOro 
TpeKa, 3aperHCTPHPOBaHHOro ,neTeKTOPOM 3JieKTPOHOB /CM. 
pHC. 1/; 

3/ yMeHbllieHHe ,norrycKOB Ha OTKJIOHeHHH KOOp,II;HHaT 
HCKp OT rrpHMOH JIHHHH rrpH BOCCTaHOBJieHHH TpaeKTOpHii: 
reoMeTpnqecKoii rrporpaMMoii rroHcKa co6bITHH c uenhro no­
KaJIH3aUHH pacrra.na IIHOHa. 

6. B KaqecTBe rrpHMepa HCIIOJib30BaHHH ,neTeKTopa MIOO· 
HOB B 3KcrrepHMeHTax no pereHepaunn /J,4/ MOiKHO rrpnae­

CTH PHC. 5,6, r.ne IIOKa3aHbl yrnOBble H MaCCOBbie pacrrpe­
,neneHHH co6bITHH, HBJIHIOll.lHXCH KaH,II;H,II;aTaMH a ,II;BYXIIHOH· 
Hhle pacrra,nbl. qHCTbie KIT2- pacrra,II;bl ,II;OJiiKHbl KOHUeHTpH­
poBa ThCH rrpH MaJiblX yrnax pacceHHHH 0 u HMeTb HHBa­
pHaHTHYIO Macey M , 6JIH3KYIO K Macce KaOHa. <l>oH B 3THX 
pacrrpe,neneHHHX o6pa3yIOT' C OCHOBHOM, TpexqacTHqHble 
pacrra.n;bI KE3 H KM3, yrJihI pacceHHHH KOTOpbIX H HHBa­
pHaHTHaH Macca rrorra,naIOT B HHTepaan COOTBeTCTBYIOll.lHX 
aennqnH, xapaKTepHbIX .nnH KIT2-co6LITHii. BL1qnTaHHe n.neH­
THcpnunpyeMbIX KM3 -co6bITHii, KaK BH.n;Ho H3 pnc. 5,6, 
cymecTBeHHO yMeHblliaeT qJOH. 
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Puc. 5. Yrnoaoe pacrrpe,neneHHe co6hITHH - KaH,nn,naTOB 
· B KIT2-pacrra,n;LI: a - 1 - ace KaH.n;n,naThI, a-2 - TO iKe 

rrocne BbJqHTaHHH H,II;eHTHqJHUHPOBaHHbIX KM3-:pacrra,noB, a·-
3 - TO iKe rrocne BhiqnTaHHH n,neHTHdmunpoBaHHhIX KM3-
H KE3-pacrra,noB; 6 - BbJqTeHHhie· H,neHTHqJHUHPOBaHHbie 

KE3-pacrra,n;LI. 

II 



tJ 

+70 +so i,90 5fXJ 5JO 520 N38 

Puc. 6. Pacrrpe,lleJieHue no HHBapHaHTHoii Macce co6bITHii -
KaH,llH,llaTOB B KTI2-pacrra,llhl: a-1 - Bee KaH,llH,llaTbI, a-2 -
TO )Ke rrocrre BbJl-IHTaHHH H,lleHTHQJHUHPOBaHHbIX KM3- pacna­
.llOB, a-3 - TO )Ke rrocrre BhlqHTaHHH H,lleHTH¢HUHpOBaHHhlX 
KM3· H KE3-pacna.lloB; 6 - BbJqTeHHbie HJ.(eHTH¢uuupoBaH· 
Hhie KE3-pacrra,llbI. 
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