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1. BBE):(EHHE 

B pa6oTe OITHCbiBa.IOTCH 06lliNl CXeMa o6pa6oTKH H OCHOBHbi€ anropHT

Mbl, HCI10JTL3Y€MLie UJHI aHaJJH3a :3ICCII€piiM€HTaJihHOii HH¢OpMaQHH, penlCT
pHpye:V10fi ycTaHOBKOi1 'T~mepOH" II I B 3KCnepHMeHTaX ITO llCCJI€llOBaHH10 

rrpoueccoB HHKJU03lli3Horo o6pa3oBaHlUI K 0 
-, K *0 (892) -, ¢-Me3oHOB B rryti

Kax pa3.1H4HOfO KBapKOBOfO COCTaBa ( 77, K, p) Ha BOAOPOll.HOi.f H H,LI,€pHbiX 

Ml1lll€HHX npH 3Hepnm 11 ,2 f3B. 

YcraHoBKa 'THnepoH'', pacrroJIO)K€HHa.H Ha 18 KaHane ceprryxoBCKoro 
YCKOpHTeJlH, COCTOHT H3 rrytiKOBOfO CJ1€KTpOM€Tpa (puc. la) H CIT€KTp0MeT

pa BTOpH\.llibiX tJ:a

CTHI1 (pnc. 16). B ee 
COCTaB BXOllHT CH-

CT€Ma HCKpOBbTX 

(HITK) H rrponop-
IJ;I.fOHa.J'IhHbiX (IlK) 

KaMep,v qepeHKOB-

CKH€ (C) H CUllHTHJ1-

JIHUHOHHbie ( S) Cti€T

tiHKH, fO}J,OCKOIIbl 

(f), 3JI€KTpOMafHH

Tbl (Cll-129, MC-12). 
C6op ,IJ;aHHhiX ocyrue
CTBrr.HeTcR B pe)KH

Me OH-JiaiiH C IIOMO

ll1b!O 3BM EC-1010. 
Ha 3Tarre 11JlaHH-

pOBaHHR 3KcnepH-
MeHTa 6hiJIO rrpoBe

.ueHo Mone.rmpoBa-

PHc. 1. YcTaHOBKa "lH

nepoH": a) nyqKOBbiH 

cneKTpoMeTp, 6) cneK

TpOMeTp BTOpHqHbiX qa

CTHI..J;. 
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nue nnu onrnJ\.unauuu pacnonmKenHa annapaiypLI, perncTpnpywrueii co6htTHR nccnenyeMbTX peaKUHii. 
C t~eJihiO H3y4eHHff npoueccos 

h +A -• K 0 >X, K0 -+ n 1·7i-' ' . (1) 

h + A ~ K 'o (892) + X , K '"'(892) + -, K " ; (2) 

h+A4r:h+X, 

(3) A ~ p • Be • Ctt, Pb 

ycranoBKa 3Kcn01mposaTJacL s rryLJJ;<ax 77-Me::~oHon, K-Me3oHon H npoTOHOBHa Marnnrt-ILie nenrLI 6Lmn 3amtcaHhi fl 1\.Uutnnonos co6LITHtf, ynosnersopHIOI.UHX TpHrrepHOMy YCJIOBHIO: perHcTpatUtH IIyttKOBoil qacTitULT no MHilleHH n nsyx JapmKeHHLtx ttacnn.J; s nereKTopax - nponopuuonanLnoH KaMepe DK-7, ro.nocKonax rl 'r 2' f' 3- nocne MHUlCHlt. 
VhsneqeHne Qm:n:rqecKoif Hinj:JOpMatmn npon3nonnnoch n OJUU1 c noMOIIthlo onnc'hiBaeMoro KoMmrei<ca nporpaMM*. 

2. CXEMA OBPABOTKH 11H<!>OPMAUHI1 

06w.aR cxeMa aHaJIH3?. mu:bopMauilli n pe)f(HMe ocl>¢-nattn nptmenena na puc.2. 
llpouef'c o6pa6orKn pa3JlC,TlHercR na pRn 3Tanos: 
- reoMeTpH1.JeCK3R pei<OBCTpyi<UlHI co6LITHil; 
- onpenenemte HMnynLcon 3apR)f(CHHLIX ttacnru; 
- cranrcn'qecKnli rum.rtn3 co6LnnH; 
- aHaJIH3 cnetcrpon; 
- paClJCT ,uHcp{j:JepeHQHaJThHhTX CelJeHHil. 
,Il,.riFJ pememm 3THX 3aJJ;alJ Ha 3BM CDC-6500 6hm co3naH KoMnJTeJ<C nporpaMM. KpoMe Taro, Jl;JIJI <flyHKUHOIIHponamm 3TOJ:i CHCTeMbi neo6XO,lJ)iM na6op )lOITOJIHIIT€J1hllbTX rrporpaMM, C llOMOll{J.JO KOTOpLIX onpeneJJJI€TCH: - npoerpaHcTnenuoe nono:a(eHHe TpeJ<oBhiX .n.ereKTopon; 
- I<O:JcfJQJnuneHTht Man-mnmro nann~ 

*Ani>T~pHaTHBHan cncTeMa nporpaMM .nmt o6pa6oTKJJ ?~TIIX J.Ul!!HhJX 6bma pa3pa6oTana o H<bB3 (Cepnyxoa) 12/. ,UJJn nonytteHltR !lmJnttecKnx pe3YJJhTaToB Hcnom.::waaJlHCt. o6e cncTeMT,J nporp:UlM. 
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- reOM€TpH4€CKaJI 3ciJcl:JeKTHBHOCTb (aKCeJTTaHC) ycTaHOBKl'i: 
- 34J¢eKTI1Bl!OCTH OTD:€11bHbiX D,eTeKTopoB H ycTaHOBKH B UeHOM; 
- 3QJ<l:JeKTl1BHOCTH nporpaM:vtbi reoMeTpH'.J:€CKOi1: peKOHCTpyKUHH C0-

6biTYU':'r. 

TaKoA Ha6op rrporpaMM 6hr.rr TaK)Ke pa3pa6oTaH H sse.u;eH s D,eil:cTBHe 
Ha 3BM CDC-6500. 

3anncaHHhi€ B CDCUHaJJht-WH: 3KCrT03HUHH ycTaHOBKH ( C BhiKJUOlJ:eHHbi:VI 
3JieKTpo:vmn-IHTOM ).lC-12) rpeKH nyllKOBblX qacTHU cny)KHJlH nsm onpene
nemut KOOp!..l,HHaT IpeKOBblX ;IeTeKTopoB yCTaHOBKH (reoMeTpltrecKaH Ka
J1H6pClBKa) ··3 . flonytJeHHbie 3HalleHHH KOOp;D;YIHaT 3aiTHCbiBa.TII1Ch H3 ,TlHCKO
ByJO TI3:'Vlf1Th H HCITO.'lb-

30B<JJ!l1Cb npo<paMMO:i1 

reoMerpHqecr<ofi pe- ~~~~~~~~~ 
KOHCTpyKUHH. 3aperH- -

CTpHpOBaHH8H yCTa-
HOBKOli HH¢opMaUHR 
0 co6hiTHHX, 3aiiHGaH

liaH Ha Mai'HHTHbiX :TeH

·TaX, qHTaeTGH H o6pa-

6aThiBaeTCH nporpaM

Mm':J: 1€0M€TpJFI€CKOi1 

pei(OHCTpyKUHH YlHOlO

TpeKOBbiX co6brTHi1 '4.'. 
IJpH pe1COHCTPYKUHH 

Bbi;r::J,eJIHlOTCH C06biTHH 

CO CJiegyiOLUeH TOII0-

J101HeH: He MeHee llBYX 

BTOpHIIHblX pa3HOHM€H

HO ::mpr.Di<eHHbiX qacnru. 
BpeMrr o6pa6oTKH 3THX 

JI€HT 6biJ10 yMeHhW€HO 

r-m 30'fo 6naronapH 
Dpe.Il,BapHT€J1bHOH rrpo

Bepi(€ HH¢op:vmu;:vm o 

co6hiTHH Ha Ham1qHe 
nocTaTottiWro ;r::J.JUI pe
KOHCTPYKUHH co6hiTHH 

PHc. 2. CxeMa ananH3a 

3KcnepHMCHT3nhHOit HH· 

clmpMaUHH. 

CTATHCTI1~ECKHH OnPEAlAlHHE 
AHA '"' f--------l>IJ'rnKJH&nOCT11 '----,-""_J _ __J ETEKTOPO& 
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TpefiyeiYtotf T(JTIQJ!Or!IH KOJ!H'IeCTna cpafloTaRlUHX 3JieMCHTOU TpCKOBhlX 
nen~KTopos. Hn1lopMau!H-I o pPtZOIICTpyupos;umhiX co6h!Tilf!X BMene 
C HCXOIUtoif HH¢OpM<ll.{Hf>~i o6 lTIIX C06J,ITHHX 33nHCh!l3aJ13Cb Ha M:lr!H!T
Hble neHTM - 6aHK rpeKOB. Hw:twpMaUHH o MOHHTOPIIhJX rJHcnax 3anHchi
sa.rtach Ha liHCKOBYlO TI2!\1HTf,. 

Ilocne onpeneneHHR HMI!YJlbCOB ny4KOBOi'l H BTOJllftll!f,!X tJ3CTHit H BOC
CTaHOBJleHHH B€fHJ.l HHhl B3aHJ'vTQJJ€~ki 131-IR (11JII--l TOtrKH pacnalla J{" -M€30H3) 
Ha MarHHTHbTe neHThl CYMMapHLIX pe3yJihT3TOB (JlCP) TlpOH380)JJI.IT3CL 
33miCh 6aHKa C06LJTHJ1:. Tip11 CTaTHCTH'ICCKOM 3H3J!H3t' co6I~ITHli C Jl('p OT-
6HpanHCh co6J,nHn, YJtoDJTCTBopFUOU(He rmny KpnrepHeB, ~ npoBOllHJIOCh 
nocrpoeHHe rncrorpaMM no QlH3HtJeCKHM nepeMeHHLIM. Co3HaHHbtC QlafrJihl 
niCTOtpaMM liJIH KUJKJioii JlCP 3anHCLlB3JlHCb ITa liHCK. TIOCJI€ o6pa6oTKH 
Bcex JlCP 3TH QlaiJ:JILI CYMMHpODaJlHCh H C03llaBanCR naKeT cyMMapHbiX 
f"HCTOrpaMJ\1. 

TionytJeHHbi€ 8 pe1yJJhTaTe annpoKCliMUUHH CHCKTPOB 'IHCJia C06J,rnt~'t 
HccnenyeMhrx npoueccoR, nonpamwm-tbte Ha reoMeTpwJecKyto 3Qlr:l>eKTI1B
HOCTh (aKC€rtTaHC) H 3f\1Q;leKTH8HOCTb perHCTpai.UlH C06LJTHi:f, l101BOJlHIOT 
rtOJTY'IHTb HHQ!Qlep€1IUHaJlbT-fhl€ CC4eliHR. 

3. O!JPEnEJJEHI1E nPOCTPAHCTBEI!l!OfO !JOJJOJKEI!l1H 
TPEKOBb!X LlETEKTOPOB 

TpeKoBLie nereKTOpbl ycraHoBKH 'THnepoH" (IH'Kponhie nposoJIOtJ
Hbte KaMepbi, nponoptU10H3JTb!Ihie KaMCpi,J, CUHHTHJIJIHUHOHHLie f"O)lOCKO
rtbl) npencTaBmnor co6ort na6op napannen&HLrx nposorroK (nnacnm ro
nocKonon), pacnoJJO)J{CHIIbJX B ommH nnocKocru. DpocrpaHcTBCHHoe no
JIO)J{CHHe nereKTopos onpenenHeTCR KOopmmaTaMH X, Y, Z cepeiUUtht nep
soH (cHnJaJIT,Hoi-1:) nposonoKH H yrnaMH nosopora a. (3, y rrrrocKocTH nereK
Topa BOKpyr ocei1 X, Y, Z. Depen Ha4aJTOM Ha6opa ,UaHHblX Ha ycTaHOBK€ 
llpOH3BOJJ.HTCfl JQCTHpOBKa KaMep, TO eCTh B npenerraX 3a)laHHblX ,llOrtyCI<OB 
llJlOCKOCHt KaMep BblCTpaHBalOTCH rtepneHli,HKYJIHpHO OCH Z, a CHfHam,Hble 
nposorroKH ~ napanrreJIJ,Ho ocHM X HJIH Y, a raK>Ke reoJie3HiteCKHe H3Mepe
HHJI X-, Y-, Z-KoopnHHaT nereKTopos c TOttHOCThlO ± 1 MM- YI<a3mmoH roq
HoCTH HCJI.OCTaTotJHO llJlH X-, y -KoopllHHaT. no3TOMY. HCrtOJth3YH M€TOW1· 
KY -'3/, Ha OCHOB€ cneunarrr-.Hoi1 3I(Crt03HUHH, B KOTOpoii perHCTpHposanacb 
HHQlOpMaUHH 0 rty4KOBhTX 4aCTI-TilaX, nyreM MHIIHMWlUUHH OTKITOIJeHHfl 
KOOPllHHaT rpeKOR or nprrMhiX nmmH yToqHHJIH X-, Y -KoopJJ.HI-IaThi rpeKo
BIJ!X nereKTopon. B pe3ynhrare o6pa6oTKH 6onee 10 TLicn•t rryt.tKoBLTx 
qacTHU rotJIIocr& B onpenenemm X-, Y -KoopJJ.HHaT nereKTopoB cocrasH
na ±30 MKM. 
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4. rEOMETPHqECKAH PEKOHCTPYK!ll1H C0Eb!Tl1i1 

Uenblo reoMerpHti€CKOi1 peKOHCTPYKUHH HBmieTCii pacrro3HaBaHH€ 
rpeKoB co6biTlli! n orrpe~eneHJ.fe HX napaMerpoB. Pa3pa6ora.HHhill opH:rH
HaJihHhiH anropnrM pacno3HaBaHHJI rpeKOB / 4/ B 3Hatrn:renhHm1: crerreHH 
HCITOJib3yer oco6eHHOCTH perncrpHpyeMbiX ycraHOBKofl 'TnrrepoH" co6nr
THi1: Manhre yrnnr pa3nera rrponyKroB paCIIaJ."J;a cj;-, K *0 (892)- H K 0-Me3o
HOB, 0611Uie roqKH 11 qaCTHlfifO€ COBIIa..u;eHt-1:€ rp€KOB, IIpHCYTCTBH€ ¢10HO
BblX HCKp H Tp€KOB. 

TpeKaMH Ctm:ram1Cb COBOKYIIHOCTH roqeK, o6pa3YJOlllHX B rrpene.rrax 
3~a.HHhiX .uonycKoB (±2-4 MM) ITpHMhie mnnrn. Tpe6osarrocn, lff06ht Ko
JU1qecrso roqeK Ha rpeKax 6nmo 6onnwe 3aJJ.aHHhiX MHHH.MaJihHhiX B€JIHtJllH 
KaK ,n;nH 6noKos KaMep, raK H ,n:;m or.n;ennHnrx non6noKos, cocrasnmomHX 
6noK. Tpe6osaHHe o Haxo)f()l;emrn ToQeK Ha no~6noKaX, c oro-Ioft CTopoHDI, 
rapaHTHpOBaJIO 3a,rJ;aHHyiD MHHHMaJihHYID ~JIHHY TpeKa, a C ,l'l;pyroH - IT0-
3BOJIHJIO yMeHhlllHTh o6mee KOJIHqecTBO ToqeK Ha TpeKe H TeM CaMbiM yBe
JIHqHTb 3¢l¢leKTHBHOCTh pacno3HaBaHHH TpeKa. Hail,neHHnre "TpeKoanre" 
TOqKH He BbitJepKHBaJIHCb 113 o6I.I.J;ero MaCCiffia TOqeK. 3TO yMeHblllaJIO CKO
pOCTh pacrr03HaBa.HHH, HO rapaHTHpoaano oTcyTCTBHe noTeph TPeKOB 113-3a 
IIOHBJieHHH JIQ)I(HbiX TpeKOB B pe3yJihTaTe npHCOe.D,HHeHHH ToqeK TpeKa 
K ¢JoHOBbiM TOqKaM. 

Pacno3HaBaHHe TpeKOB HaqHHaJIOCh B o6nacTH 3a MarHHTOM MC-12, 
r.[le nyqum:e ¢JoHOBbie yCJIOBHH H TpeKH OT OTpHUaTe.JibHQ H llOJIO)f(HTeJib
HO 3apa)l(eHHbiX qaCTHU xopolllo pa3,~J;eJIHIDTCH /51. HH¢lopMai.J;HH o TpeKax 
33. MarHHTOM HCII0Jlh30BaJiaCb ,Il;JIH paCII03HaBalUiH TpeKQB UO MarHHTa. 

B peJyJibTaTe pa6oThi nporpaMMhi reoMeTpHqecKoH peKoHCTPYKUmi 
nJIH Ka)f()l;o:H: 3apa)l(eHHoH lffi.CTHUht, npoxonameH: qepe3 Marmu, CTaHoam
ca H3aecTHhi ee TpaeKTopHH a np~cTpaHcTae no MarHm-a: 

Y =A~ Z + B~, 

( 4) 

H Y -npoeKUHH nocne MarHHTa: 

(5) 

TiapaMeTpbi A 11 B Ha.XO,l'J;HTCH MeronoM HaHMeHblllHX KBa.IlpaTOB. C no
MOIIJ,biO .lla!IHOft nporpaMMbl 

14
/ O,ll,HO COfihiTHe 8.HaJIH3HpOBaJIOCL B cpe.u,

HeM 3a 0,25 c aa 3BM CDC-6500. 
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5. OflPEX\EITEIIl1E l1MIIYIThCOB 3APRlKE!IIIblX lJACTl1U 

Boccrru-IOsJteHt.fe HMnyn~>coa JapA~et;HhiX qacnnt ocymecrBnmwcL 
c noMOUlhfO :'v1eTo.ua, npe.UJIO)Kemroro B 'G- H anamnposaHHoro K t-JalllHM 
ycJioBHHM 171 . HMnynbc qacTHUhr P onpen;e;merca no ¢opMyne 

= 1 , ... ,6 - nepeMeHHbie, H3M€HRKllUH€CH B 

mnepsane -:l ,1; (A 11 , B11 ) - t·paHHIJ,bT H3MenermH napaMPTpos X11 (napaMeTpbi rpaeinoprm); x 1 , x 2 -·-X-, Y -Koop.UHHan.r rpaei<:ropHH B cepen;mre 
MHltieHJ-f (Z ..,-3525 MM); X 

3
- Y -I<':OOpnJ1'H3Ta Tpaei<TOPHH B ueHrpe ( Z =0); x 4 - X-Koopnm:rara rpaeKropHH na m,rxone H3 Marmua ( Z =2000 MM). 

BeJIHQHHhl KOOp)liH-JaT X l - X 
1 

onpeueJIHIOTCH H3 ypaBHf'HH:ti: ( 1) . X 
5 

= ljP; x 6 -- Y -npoeKUHH yrnoB onomHeHHJt r.racTHUbi, npomenweH qepe3 MarHrn; Tn (x) = cos In . arccos ( x) I - nonmiOMbt qe6btWesa, G _i j k ~ m -- na6op 
I<:03Q:>cflHLVfeHTOB, paccttHThtBaeMhiH ITO IIporpaMMe /?/. ,lL•ut )lOCHPKel!I1H 
TOttHOCTH BOCCT3HOBJTet-rHH HMilyJH,COB i\P / p ""'0,1% OKa3aJIOCh )lOC"raTOt{
HO 3 ThiCHtf K03cj:JQ:>HtJ;HeHTOB, KOTOpbie _3rQ:>eKTHBHO 33MCHHT K3pTy M3r·· I-mrnoro no;m :meKTpoManmTa MC-12 iS , H3Mepennyro B 400 ThiCHttax 
TOtfeK. 

6. OIIPEllEITEHI1E KOOPllHHAT BEPIIII1Hhl COBbiTl1H 

PeKoHcTpyKIUIH KoopLU.YHaT aepmHHhi co6hiTI-iR ocymecTBJmrrach c no· 
MOlUbJO non;nporpaMI'I1I.I, orrHcat-rnofi B pa6oTe /9/. B neH llJlR onpe;.teJH~HHH 
KOopJJ;HHaT Bf'plllH:IlM 0-Tpei<:OBoro c;06hiTHH X= (X v' Y v, Zv) MHHHMH-
3HpOB3JICH cj:JyHI<:UHOHaJT 

S ~ (II. X - B l T W (II. X - B) • (7) 

Pemem-te nMeer BH.Il 

(8) 
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rn;e 

1 0 -Ax! 8 xt 1 I a 2 
X 0 0 0 

0 1 -AYl Byl 0 1 ' 2 0 0 : Oy 
A~ B~ w~ 

' 
1 /a 2 1 0 -A xu B Xn 0 0 0 

X 1 ' 2 0 1 -AYn 8 vn 0 0 0 lay 

C4Inanoch, liTO TpeKH rrpHHa,llJie)f(aT O)lHoi1 aepwHHe, ecn11 

< r >""' (9) 

- paccTOHHHe OT i -ro Tpe.Ka ;'lo aepwHHhi ( Xv, Y v, Zv)-co6hrTmt. 
l1crro.'Ih3YeMaH aenHttHHa r MaKe= 6 MM 6brna nonyl.leHa 3MnHpWiec-

KHM nyTeM Ha OCHOBe 3H3JIH33 BhiLJ;eJieHHOro lJHCJla K0 
-Me3oHOB 113 )l3HHOi1 

Bhi60pKH TpHrrepHblX Co6hiTHi.:f B 33BHCHM0CTH OT BeJIHlJHHbi r MSKC 

7. CTATI1CTI14ECKI1H AHAITI13 COEb!Tl1H 

0CHOBHOil 33LJ;3llei1 CTaTHCTHlleCKOfO aH3JIH33 REIJIH€TCH ITOCTpOeHHe 
pacnpe.ueneHHH no ¢H3HllecKHM nepeMeHHhiM .unH co6hinlli HccneJJ;yeMoro 
npouecca, oTo6paHHhiX c JICP no pHAY KpHTepHea. Hcnonh30BaJIHCL cne
.nyroume KpHTepHH oT6opa: 

a) OT60p co6hiTlUf ITO TOITOJIOfHH aepWHHhi, COOTBeTCTByiOIUHii HCCJie
nyeMOMY npoueccy: )lBa BTOpHl!HbiX TpeKa AJIH peaKU:HH (1); OLJ;HH rry4KO
Bhii1 H )J;Ba BTOpHtJHhiX TpeKa .LJ;JIH peaKUHft (2) H (3); O)J.HH ny4K0Bbill: 
H TPH aTopwuthiX TpeKa .r:J;JIH pacna,n;a nyqKoaoro K+-Me3oHa no MO.LJ;e "+ rr + rr; 

6) aepunrna co6biTHH )J;JIH peaKUHfi (2) H (3) )lOJl)KHa H3XO.LJ;HTbCH 
a o6nacTH MHlll€HH. ToqKa pacnana MH peaKQHH (l)H nyQKoBoro K+-Me30-
Ha .ll;QJI)KH3 HaXO)lH"TbCH B paCITMHOft 30He; 

B) IIpH Bbl,IJ;€Jl€HHH npoueCCOB (2) H (3) Tpe6yeTCH OTCYTCTBHe CHrHa
na nnR K -Me3oHa a cooraeTCTByiOUleM cerMeHTe Cl.leTQHKa C 

6 
. 

.llnH oTo6paHHhiX co6hiTHH Hccn~yeMhiX npoueccoa onpenenHnHCh 
3Hatzemui ¢ei1HM3HOBCKoll nepeMeHHoH (x ) , nonepel!Horo HMnynLca (pT) 
H 3cjl<fleKTiiBHOif MaCChi (M) . 3Ta HHclJopMar[HH HCITOJIL30B3Jl3Ch npH ITOCTpoe
HHH OKOJIO COpOKa CITeKTpOB ITO 3clJc}JeKTHBHOfi Macce 3apn:>K€HHhiX ttaCTHU 
a pa3HhiX HHTepaanax 3HatteHH:H nepeMeHHhiX x F 11 p T .UJIR Ka)f()loro uccne-
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nyE'!\TOro npouecca. fncrorpaMMHpoBmme uro6paHHhlX co6I,nnH npoBo
UHTCH c HcnoJih30BarmeM naKera nporpaMM HBOOK ·tn· llnn o6nerqe
HHR pa6oThl BMeCTO 60.'lhUJOI'O KO:ml!eCTBa ·o)lHOMepHI·IX Hi.CTorpaMM (60-
nee 100 nnyK) npHMeJuinHcb nsyMepHhJe nrcrorpaMMhT (20 wryK). 

llm:r ycrpaHeJHm r\JoHa, CBH:l<lJIHOI'O CO 833HMOn,eti.CTBHf1MH nanaHJIJHIX 
'13CTHT.T. C BeJUCCTFl0'\11 8 nyttf(e YCT3HOBT<H, H3 fHCTOrpaMM, nonylle!H!\..IX 
B 1KCfi03HUHH C MHUleJ!bJO, BJ,J'HfT3.'11tCh f'OOTBeTC"fBYlOLUHe f"HCTorpaMMhl 
H3 3Kcno3HUHH Oe3 MHU.IeHH. 

8. OEPA!iOTKA Cf!EKTPOB 

AnnpoKCHMaUHR cneKTpoB JQJr\JcKTHBHhTX Mace npononHnach c noMo
UlhlO nporpaMMhl MHHHMII33Um1 fj1yHKUHOH3JI08 Fl.ir"\-1{J.,[ 'II/ Bblpa:iKC
HHeM 

dN 
-- ~ BG (M), aR(M) '(Ml, 

dM 
(10) 

rne R ( M)- ¢YHKUH.A faycca nnR ( rr +-" -) ··CneKrpoB HJIH pennnmHcrcKaR 
QlyHKUHH 6pefna-BHniepa nnn ( K .._ n -) -cneinpoB, ~ ( M) - reoMerpwtec
Ka.H 3rjJQJeKTHBHOCTh, HMCIOIU3H BH)l exp (-6M), BG(M) -- tfJO!I, KOTOpblfi 
napaMeTpH30BancH B BH.Ue 

(11) 

rne ai - napaMCTphi. 0TMCTH!V1 Ba)KHOCTL yiiera B ¢opMyne (10) JaBHCH
MoCTH aJ<cenraHca or 3¢l¢eKTHBHoH Macchi. Ee3 yqe-ra f(M) H3MepenHarr 
BeJTHl!HH3 M3CChl K'• '] (890) -M('10H3 OTJHi'taCTCH OT CpCJlHCMHpOBOfO 3HatteHHH. 

BLrxonLr qacrvru onpenenRnHCh no ¢mpMyne 

M 
MaKe 

N =a r R (M) dM) dM, (12) 

rne M MI1H, M Me.Kc HBJIRJOTC.A rpaHHUaMH o6nacTH armpoKCHMarnm cneK
Tpoe. llm:r ( n+n-) -cnei<:rpos rpaHHUaMH nBnHJOTC.A 450 H 540 M3B, )lJIR 
(K+ rr-) -cnexrpoB ··- 640 H 12t!O M3B. IlorpeumocTH R (12) onpeneJIHJTHCh 

C ylJ.eTOM I<'OppeTIHUHH Me>Kll.Y napa~eTpaMH annpol<CHMHpymmeJ:'r. ~YHKUHH. 
flpH 3l!aJHi3e napUH3J1hiihlX cneKTpOB, nonyqemihiX B OT)leJIM·IbiX HHTepBa
J13X ( xF, pT), yCTaHoRneHo orcyTcrsne cncreMarHqr>cKHX cMetueHHH 
B Macce H wnprme K"- H K t.s ( 892) -Me3oHon. flo3TOMy npH Qlvrre cne1npoe 
3Hattem-te Maccr,r Je- H K"" 0 (892) -MeJOHOB 6Lmo 3a¢HKCHponaHo Ha cpetme-
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MHpOBOM 3HatieHHI1, a WHp11Hbl -- Ha 3Hat.I€HHH, rronyqeHHOM npH arinpOKCHMal(HH CyMMapHh1X CIT€KTpOB. Bee napUHaflhHhl€ CII€I<:Tphi OIIHChiBa.J1HCb ¢YHKUHeH (10) CBepoHTHOCThlO P(x2) nyt.uue5%. 

9. OTIPEL\EJ1EHI1E 3<l><I>EKTI1BHOCTI1 YCTAHOBKH 

fl.nH paC4€Ta reoMetpHtieci<Oi1 3<{lciJeKTHBHOCfH (aKC€DTaHCa) yCTa.HOBKH Ha 6a3e nporpaMMLl FOWL /12' 6hma paspa6otaHa cneuHa.rl:nHaH nporpaMMa. B 3to:i1 nporpaMMe rv.:eTOAOM MoHte-Kapno MO,n;em-rpoBaJ"IHCh co6hiTHH, HMHTHpyrouJHe JnyqaeMLIH npouecc, npocneJKV>Ba~10Ch npoxo)K)J;eHHe qacTm~ qepe3 cneKtpoMerp c yqeToM KpatepHeB ot6opa co6Lrrilli B nporpaMM€ reoMeTpHqecKoH peKOHCTpyKUHH. B KaqectBe HMHtHpyiDruero npou;ecca 6LIJ1 Bhr6pm-r 

AKcerrrmc pacct.IIITLIBancH KaK Q:lyHKUHR ¢ellHMai-IOBCIWH nepeMeHHoH (xF), norrepet.IHoro HMITYJILca (pT), a I(JIH K* 0
- H 3¢¢er<THBHOH Macchi npo,UyKTOB pacna.ua. 

C uenLIO nOBLtwem-m CKopocni pacqeTa KHHeMaTm£€CKaH o6nacTh H3yqaeMLIX rrpOIJeCCOB {0,4 :S xF< 1 H PT ~ 0,5 r3B/c) 6LUia Pa3.D;€JI€Ha Ha JiqeilKH C waroM 0,1 ITO XF H PT• B KOTOpbiX HMHTHpyiOIJJ;Hii npouecc 6biJI reHepHpOBaH C HCIIOJlb30BaHHeM M€TO)la CyiJJ;eCTBeHHOfi Bbr6opi<11 '13~ ITonytieHHbie pe3yJihT<;tTbi npHBe.ueHLI Ha pHC. 3. 

E,io 

10 

5 

Ko + --n rr *' + K 18921-K rr-

0,5 0,7 0,5 0,7 
a 6 PHc. 3. reoMeTpH<I€CKaH 3c{:lcfJeKTHBHOCTb ycTaHoBKH L(nH rrpou;eCCOB UHKJIEO:UiBHOrO o6pa30BaHHR a) K 0- H 6) K* 0 (892)-Me30HOB. 
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2500 
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Pnc. 4. 3cPTeKTHBHOCTb pcrHcTpawm RTo

pnomoro TpeKa B 6JJoKe KaMep Me>t<ny 

MfUlleHbiO H cnei<TpOMeTpH<leCKHM Marnn

TOM B 3aBHCHMOCTH OT apeMeHH ( 1 n:eJie

HBe no lliKaJie t COOTBeTCTBYeT 4 <tacaM). 

Pnc. 5. nonnb!M cneKTp 3cPcPeKTHBIIbiX 

Mace CHCTeMbl (1t+1T+"1T-)-Me30HOB. 

3¢<f>eKTHBHOCT1'1 OT)J.CJihHbiX Tpei<O

BbiX ,IJ,CTCJ<TOpOB 6hiJIH onpeneneHbl 

C HCOOJih30B3HHCM TpCKOB ffiiOHOB 

or pacnana K ~ -~ "+"- . 3ror cno

co6 no3BonReT onpenenHTh 3¢¢eK· 

THBHOCTh pa6oqej.:i 30Hbl ,IJ,CTCKTOpa 

B OTJIWIHe or npouenypht onpe,D,e

nemm 3¢<t>eKTHBHOCTH riO nylfKOBbiM 

lJ3.CTHUaM. JlnR pa3HbiX )J,eTCKTOpOB 

aHa cocramma 7 5-:- 95%. 3¢¢>eKTHB-

HocTL perHcrpauvn.-r npocrpancrBeH

Horo rpeKa B pa3HhiX 6noKax KaMep 

COCT3BJIRCT 93-98%. Ha pHc. 4 B Ka· 

lfecTBC IDtniOCTpatlH.H TlpHBC]:l;CHbl 3H3· 

lfeHHR 3cfl4JCKTHBHOCTH perHCTp3UH1J 

rpeKa B 6noKe KaMep Me»<.ny MHIIle

HhlO H MarHnroM MC-12 .IJ.JIR pa3-

mtlfi·IhtX JKCTT03J.1UHH. Bli.ll.Ho, lffo 

B TClfCHHC Ha6opa CT3THCTHKH 3£PcfleK-

THBHOCTb perHCTp3I.U!H TpeKa OCT3-

BaJI3Cb ITOCTORHHOi:f H COCT3BHJI3 B CpenHeM 93%. Ha OCHOBC mtcl>opM3UHH 

o pa6ore rpeKOBhiX JlCTeJ<ropon Mero.n;oM MoHre-Kapno npoee.n;eH pacqer 

3<f>¢eKTHBHOCTH YCT3HOBKH, KOTOpaR COCT3BHJI3 78 ± 2% . 
.Unn pacqera 3¢Q.leKTHBHOCTH. rpMrrepa 6bm ncnoJih30BaH pacnau nyq

KOBoro t<aoHa no Mane K + -·• rr +" +" -. Tonononm raT< oro npouecca ornn-

qaercR OT rononormt HccnenyeMhiX npOI.\eccoB HarrwrneM nononnnrenL~ 

HOrO TpeKa OT Ont-toro H3 77 + -MC30HOB B o6JiaCTH Me)K)ly MHillCHMO H CflCK

TpOMeTpHqecKHM ManmroM. TpHrrepnaR J<}l¢eKTHBHOCTh 6hma onpenene-

10 



Ha J-Ia QCHOB€ 50 TbTCHY. peKOHCTpyHpOBCUH-IbiX CJlytJaeB pacnai{a K+ -• r/r/rr(pHC. 5) H COCTaBH_T1a 40% ±.3%± 7% (craTHCTH4€CKaH H CHCT€Manili€CKaH OWH6KH COOTB€TCTB€HHO}. 

10. !IPOBEPKA llPOfPAMM OEPAEOTKI1 

11ponepKa KOMILteKca rrpor-paMM flJ1H aHamna uaHHhiX npoBO.UI-LLach Ha OCHOB€ CMOil€JIHpOB3HHbiX co6biTHli. 2J)HJ HX pacqera 6bJJia ponpa6oraHa CTI€LlH3JJhHaH rrporpaMMa MO,U€.TIHpOBa.HHH HCKYCCTB€HHbiX C06biTH(r M€TO,ll0M MoHre-Kapno, no3BOJIHlOWaH rrorryqan co6hiTHH HccrreAy€MbiX peaKUHH B paMKax onpei'leJJeHHoll reoMerpHH ycraHoBKH c yqeroM MHoroKpanroro KYJJOHOBCKoro pacceHHHH, reoMerpwiecKoro pa3pewemm H 3cpQ:H"KTHBHOcrH pa60Tbl ,U€T€KTOpOB. 
EaHK C:viO,ll€JJHp083HHbiX Co6hiT.H:i1, B KOTOpOM Ka:IK.UO€ C06biTH€ rrpep,CTaBJI€HO J.-rHci:JOpMaUH€i1 0 cpa6oraBUIHX 3JTE'M€HT3X Tp€KOBhlX i~€T€KTOfJOB, HCITOJih30BD.JJCH KaK BXO,llHaH l1HciJopMUUWI .UJJH nporpaMM 3HaJU13a D,aHHbiX. BLrxonHaH nn¢opMaUHR, rronyqeHHaH a pe3ysrbrare o6pa6orKH co6hn~H, CODOCTaBJIHJiaCb C HCXO.UHbiMH ,lJ;aHHbiMH ITO KOJIH4€CTBy C06biTHi) H HX KOOp,IUU-IaTaM, yrJJOBbiM H HMITYJJhCHbiM xapaKT€pHCTHKaM. 06pa6orKa HCKyCCTBeHHbiX co6biTH:i1 C H3B€CTHbiMH xapaKrepHCTlfK3Ml1 noKa3aJia, qro B npo.uecce o6pa6oTKH He npoHcxo,a;HT cyr.uecrBeHHhiX ucKa:IKeHHH H I10T€ph C06hiTHli. 3QJ¢'eKTHBHOCTh rrporpaMMbi l€0M€TpHqecKoJ{ peKoHcrpyKUHH co6hiTHH: oKa3aJiach panHoti: 97%. 

11. PE3YJibTATbl 

IJpHBe,lleM roqHQCTHhi€ xapaKT€pHCTHKH, ITOJ1YI.f€HHbi€ ITpH o6pa60TK€ ll.BYX MHJIJIHOHOB rpHrrepHbiX C06biTHi1:, COQTB€TCTByiOmHX rrpoueCCaM K+ +A _. K 0 (K*0 (892)) +X. B pe3ynhTare o6pa6orKH 6hiJ1H BLI.lleJieHhi 9 TblCJ!ll K 0
-M€30HOB H 16 TbiCH4 K *0

(892)-M€30HOB. 
Ha pHc.6-8 rrpHBe.UeHbi crreKTphr 3cP¢eKTI1BHhiX Mace ( rr+ rr-) -, (K+rr-)H (rr + ;/rr-) -Me30HOB, a B ra6m1u;e ~ ae_TJuqHHLI M

0
, a (f .llJIH K, *0), rronyqeHHhie B p€3YJibTaTe arrnpOKCHMai.Uiil CII€KTPOB ITO clJopMyJie (10). I13M€peHHhT€ B€JJH4HHhi Mace M

0 
.UJIR K 0

-, K :to (892)- H K +-Me30HOB cornacyHJTCH C COOTB€TCTByiOW:HMl1 cp€D;H€MHpOBbiMH 3HaqeHID1MH / l4/. C yqeTOM pa3pelll€HHR no Macce cornacyercrr co cpe,llHeMHpoahrM 3HatieHH€M H H3MepeHHaR lliHpHHa K* 0 (892) -Me3oHa. 8ro CBHi'l€T€JlbCTByer o roM, t.rro onpe)J;erreHHe HMDY.llhCOB ll yrJIOB 3apR)I{€HHbiX 4aCUIU rrpOH3BO,lJ;HTCH 6€3 cyi.ueCTB€HHbiX CHCTeMaTHq€CI<HX OWH6oK. 
06pa6orKa HCKYCCTBeHHblX C06hiTHH, OfiHCaHHaR B IIYHKT€ 10, IT03BOITHna TaK)f(e onpenem1Th T04HOCTHbie xapaKrepHcTHKH co6hiTHH. TaK, no

ll 
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Be 

~::'::"---::-:---L-~~ 
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300 

N 
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Cu 
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Cu 
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Pb 

1.1 ) 
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N 

1000 
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Pb 
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520 
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Pnc. 7. CneKTpbl 3cf:l~eKTHBHhTx Mace CHCTeMbl(K+ rr-)·MP30HOB. 
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Pm::. 8. CneKTP :Jc\JrjJeKTHilHhTX M::J.CC cncreM ( 7i +-" f-;r) - N 
!'>1C>OHOB B '·'~Y'Jae, Korn:a onpeneneHhT HMnynLChl 
BCf'X Tr-MC30J!OR 

1000 rpewHocrH B orrpe.n;enemm napaMerpos A 
H B rpeKoB BTopwmhTX qacnfU paBHhi aA = 
o-oQ,5MpaJI., 01\ ~0,5MpaJ~,aB :==!,5 M~, 

OB o=J ,5 Ml\'T. k.oopnHH3Thi TOt?eK B3~UfMO· 
neXcrBHH H sepwmi pc:~cna.n;oB K 0-Me30HOB 500 onpe.n;emnOTCH C TQ'-IHOCThlO a X == 0,5 MM, 
n = 0,5 MM, 0 = lQ MM. 11MnyJlbCbf BTO· y z 
pHttTibiX '-13CTIUJ: BOCCT3J-JaBJ1HB3IOTCH C TOli-
HOCThiQ 0,8%. P:npemeaHe no :J¢cpeKTiiBI-IOH 
Macce .n:nH K 0 

-Me3oHa cocTaBJIHeT 4 1\bB, liTo xopomo cornacyercH c Jt<cnepHMeH
TaJihHoif sem-tllrn-wH. 

4acrnua MmneHh M0 (M3B) 

K" Be 497,6 ± 0,1 
Cu 497,5 ± 0,1 
Pb 497,5±0,2 

K* 0 (892) Be 896,4 ± 0,6 
Cu 895,5 ± 1,1 
Pb 896,1 ± 1,2 

493,9 ± 0,5 

3AKJ1104EH11E 

460 500 520 

Ta6mma 

u, r (M3B) 

3,9±0,1 
3,9±0,1 
3,6 ± 0,2 

52,4±2,0 
53,8 ±4,0 
56,8±4,7 

6,0 ±0,5 

OnncaH KoMrvreKc nporpaMM, pa3pa6oraHHhiii: ,n;nH rutaJ1H3a JKcnepnMeHTaJihHoH rmclJopMaUHH C ycTaHOBKH ''fHnepoH". llpHaeD;ellhi OCHOBHhte aJifOpHTMhi 3THX nporpaMM. lloKa3aHO, liTO .rJ;aHH3R CHCTeMa nporpaMM 
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o6ecneqrrsaeT ITOJiyqeHH€ H€CM€ll.l;€HHbiX OUeHOK HMIIYilbCHbiX H yr!10BhiX 

xapaKT€pHCTHK C06hiTY:lft. C IIOMOI.llhiO 3THX rrporpaMM o6pa60T3.HO 5 ::'>1HJ1· 

JUiOHOB TpHrTepHblX C06blTH:i1, 3aperHCipHpOBaHHbiX .UJlH HC.TJ1€,Il,OB3.HHH 

HHK.'U03HBHoro o6pa30B3.HIDI K 0
- H K *0 (892) -~e30HOB B a;apoH-HD;epHblX 

B33.HMO.D;€J:l:CTBlli1X, H ITOJiyqeabi cilH3WieCKHe p€3YJihT3.Tbl, Orry6JIHKOBa.HHbl€ 

a pa6oTe ll5( Co3Aarmoe nporpaMMHOe o6ecneqem;re MmKeT 6bTTh Hcno.:Tb-

30BaHo npH o6pa6orKe UaHHbiX c npyrnx 3.rreKTPOHHbiX cneKTpoMerpoa, 

B T01\'T Y:Hcne 11 npoeKTHpyeMbiX Ha YHK. 
ABTOpbr 6rmronapHbT IO .A.Eynarosy, B.M.KyThHHY H B.E .<J)JIHrl1Hy 

3a nocTa:HOBKY 33.Jlat.IH H ueHHLie coaeTbi, C.A.AKHMeHKO x A.TI.TiasnMHO

sy 3a none3HI->Ie o6cy)K)J.emm. 
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