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B .D;aHHOH pa6oTe npo,D;OJI)I(eHO ODHCaHHe cneKTpoMeTpa KYMYJUITHBHhiX 
a,D;poHOB (CKA), H8 KOTOpOM 6&U10 npoae,D;eHO HCCJie,D;OBaHHe o6pa30BaHHR 
KYMYJI.RTHBHhiX a,D;pOHOB Ha ycKopHTene Y-70 11<1>B3 (Cepnyxoa) npu 3Hep
rHRx CBhiiiie 15 r3B. 3KCDepHMeHT BhiDOJIH.RJIC.R B HHKJII03HBHOH DOCTa
HOBKe 

+ 
P + A ... h-+ ... (1) 

/1/ 
PaHee 6&ma oDHcaHa KOHCTPYKUH.R cneKTpoMeTpa, cuCTeMa ,D;eTeKTopoa, 
TpHrrepHa.R H perHCTpHpyroiUa.R 3JieKTPOHHK8 cneKTpOMeTpa. 3.D;ec& Mhl npo
BO,D;HM ODHCaHHe CHCTeMbl c6opa ,D;aHHhiX, nporpaMMHOH o6pa60TKH ,D;aHHhiX 
u npoue.D;yp&I Bhi'IHCJieHHR ,D;H<I><I>epeHUHaJI&HbiX cet~eHHH. CxeMa cneKTpo
MeTpa BOCDpoH3Be,D;eH8 Ha pHC.1. 

O.SM 

Puc.l. BuiJ cneKrpoMerpa CKA (npoifjWibHaJI npoeKI4W1). 

1. CBOP JlAHHbiX C YCT AHOBKH 

CucreMa c6opa .D;aHHhiX c ycTaHOBKH CKA .RBJUieTC.R aapuaHToM cucTe
Mhi MES121 • OHa BKJIIO'IaeT a ce611 (puc.2): 

a) 3BM CM-4 c no,D;KJIIO'IE!HHhiMH HaKonHTeJIRMH Ha MarHHTHOH JieHTe 
EC-5012-03, 

6) annapaTYPY CBII3H yCTaHOBKH C 3BM, y.D;aneHHOH Ha 200 M: napan
JieJI&HhiH perucrp aao,D;a-B&IBO.D;a GIG0131 , KOHTPonnep y.D;aneHHOH CBII3H 
CCBCH0141 , 

B) annapaTYPY KAMAK: HHTep<t>enc 3BM KK-04, KOHTpoJIJiep&I KpeiiTa 
c <t>nKcupoBaHHhiMH nporpaMMaMu KK-01, cBR3aHH&Ie c OCHOBH&IM KpeH:ToM 
qepe3 napannen&H&Ie perHCTPhi KP-07 151 . 

.... -~~~.!' ·-- ~-, -!~;.;-:-~ ; 
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Puco2o EIIOK-(;XeMa c6opa oaHHbVCo 

)lnH CHHXpoHH3llQHH pa6oTbl 

KPE~IT 
1 

KPEV1T 
2 

38M CM-4 --------------
V1MV1TATOP KAHAAA 

GIGO TPVlrrEP A 
TPVlrrEP B 

KOHEU nPVlEMA 

3BM c ycTaHOBKOH ncnonb3YeTC.R 
,lUia HCTO'IIHHKa npepbiBaHHif:"Tpnr
rep B" .- KOHeQ UHKna ycKopmen.a 
H Tpnrrep A - .D;aHHbie yCTaHOBKH 
roTOBblo llocne Bblpa60TKH CHrHa
na "Tpurrep A" ycTaHOBKa 6noKH
poaanaCb .u;o npuxo.u;a cnrHana 3BM 

"KoHeQ npneMa" 0 
llporpaMMHLie cpe.u;cma MES 

o6ecnequaruoT: 
a) HHHQHaJIH3allHIO npneMa no 

npepbmaHmo, apeM.R peaKQHH Ha 
npepbmaHue (apeM.a OT nocTynneHHH 
Tpnrrepa .u;o nepaoH: onepaQHH a 
Kpeit:Te) COCTaBn.ReT 150 MKC; 

6) npneM AaHHbiX a nporpaMM
HOM pe)IQ{Me C nHKOBOH CKOpoCTblO 
80 Kcnoajc; · 

BJ 3anHCb npHH.RTOH HHlPoPMa.J..UUt Ha ManunHytu Jlt21'1Y \;U \;KU!'U\;lbtu 
100 K6aHT/C, npH11eM npHeM .D;aHHbiX H 3anHCb npoHCXO.D;.RT O.D;HOBpeMeHHO; 

r) o6pa60TKY npHH.RTOH H 3anHCaHHOH HH<I>opMaQHH B HHTepaanax 
Me)l()l;y C06biTH.RMH. 

B npoQecce Ha6opa AaHHbiX KOHTponupoaanucb cne,n;yromue pacnpe.u;e
neHH.a H3MepeHHbiX BenH11HH C npe.D;CTaBneHHeM HX Ha rpa«fluiJecKOM .D;HC

nnee: 
apeM.anponeTHLie cneKTpbi t 1 (SI - S4 ) , t 2 (82 - 84) , t,(S3 - S 4 ) ; 

- ~I !'J.X -cneKTpbi cqeTquKoB S 1+ S4 ; ..., 
- aMnnHTy.D;HLie cneKTpbi qepeHKOBCKHX cqennKoB C1, 2; 
- apeMeHHLie cneKTpbi !'J.N 1M acex KaHanoa perncTpaQHH .u;peH:<PoaLix 

KaMep; 
- «flopMa paCT.R)J(KH c6poca nyqKa Ha MHWeHb ( CKOpOCTb MOHHTOpHOrO 

cqeTa tlMI !'J.t ) ; 

2 

OTHOWeHHe OTCIJeTOB MOHHTOpOB M1/M2; 
pa6oquif HHTepaan 3HalleHnit: HHAYKQHH MarHHTHoro non.a ycKopmen.a 

(B-cepH.R); 
X- H Y -pacnpe,n;eneHH.R OTCIJeTOB CHrHanbHblX HHTeH .D;peif«flOBbiX KaMep 

( oTo6pa)J(eHHe npo«flnn.a ny11Ka) ; 
pacnpe.u;eneHHe CYMMbl cpa60TaBWHX HHTeH B O.D;HOM C06biTHH ( o6o6meH
HbiH KOHTpOnb 3«fl«fleKTHBHOCTH KaMep H «flOHOBbiX 3arpy30K). 

~ 

OnepaTHBHbiH KOHTpOnb no.u;o6Horo Ha6opa pacnpe,u;eneHHH H HX «flyHKQHO
HanbHbiX COOTHOWeHHH n03BOn.ReT ocymecTBn.RTb nOCTO.RHHbiH HHTerpanbHbiH 
KOHTpOnb CTa6HnbHOCTH pa6oTbi .D;eTeKTOpHOH CHCTeMbi, a B pe)IQ{Me HaCTpoH
KH o6nerqaeT no.u;6op BpeMeHHbiX 3a.D;ep)J(eK B TpurrepHOH CHCTeMe H CHCTe
Me BpeMeHHOrO aHanH3a, CTeneHH aTTeHIOaUHH B aHanOrOBbiX KaHanax H T . .D;. 
B npoQecce HaKonneHH.R Haxo.u;unocb He MeHee 100 rncTorpaMM. llpnMeHe
HHe rpa«fluqecKoro .u;ucnne.a o6ecne<rnaaeT TaK)J(e B03MO)J(HOCTb oTo6pa)J(e

HH.R KOppen.RUHOHHbiX MaTpHQ TUna : i - Tj , !'J.E i - ~ H T .,D;. 

2. HMllY JlbCHblA AHAnH3 

,LJ;n.a o6ecneqeHH.R HMnynbCHoro aHanH3a B cneKTpoMeTpe ucnonb3o
aanc.a MarHHT c anepTypoH: 149 x 280 MM H nnHHoH nonrocoa 1540 MM. 
,LJ;n.a ynyqweHH.R o.u;Hopo.D;HoCTH non.a a npenenax pa6o11eH: anepTypbi 6Lmn 
yCTaHOBneHhl nOniOCHbie HaKna.D;KH, npo«flHnh KOTOpblX 6bm OnTHMH3Hpo
BaH .D;n.R 3TOH QenH Ha OCHOBaHHH COOTBeTCTBYIOJllHX pacqeTOB. llpH .D;aHHOH 
KoH«Pnrypanun pa6o11eH: o6nacTn MarHHTHoro non.a ponb KpaeBLIX J«fl«PeK
TOB 6bma He3HatJHTenbHa. 06pa60TKa H3MepeHHOH KapTbl MarHHTHOrO non.R 
nOKa3ana, liTO npH BbiiJHCneHHH HMnynhCa ,D;OnyCTHMO ynpomeHHe paclleTOB 

nyTeM ucnonb30BaHH.R 3«fl«fleKTHBHOH nnHHhi MarHHTHoro non.a ( L3 «<I «<I 0 = 

= 1640 MM) 0 B Ka)J(,li;OM ceaHce H3MepeHHH nono)J(eHne TpeKOBbiX .D;eTeKTo
pnR R OJTOf'KOC'TH MllrHnTHnrn IIHIIRH~A ~RPpTHKIIRJ..HOU' KOHTpORHpllRAROf'J.. 

C nOMOJllhiO HHBenHpa C TO'IIHOCTbiO 0,2 MM, liTO COOTBeTCTByeT OWH6Ke 
B onpe.u;eneHHH HMnynhCa 0,5%0 C ytJeTOM KOOp.D;HHaTHOH TOIJHOCTH npeif<l>o
BbiX KaMep (0,15 MM) OWH6Ka BOCCTaHOBneHH.R HMnynLca, CB.R3aHHa.R C TOIJ
HOCThiO reoMeTpHIJeCKOH «flHKCaUHH TpeKa 3ap.R)J(eHHOH IJaCTHQbi, COCTaBn.R

na ax -1%0 
HMnynhCHbiH cneKTp O.D;H03ap.R.D;HbiX qacTHU, perHCTpnpyeMbiX cneKTpo

MeTpOM, ne)J(an B HHTepaane OT 250 .D;O 1300 M3B/Co ,lJ;n.a nepeKpbiTH.R 3TOrO 
HMnynLCHOrO .D;Hana30Ha H3MepeHH.R npoBO,D;HnHCb npH TpeX 3HaiJeHH.RX Mar
HHTHOrO non.a: 0,1, 0,2 H 0,3 Tno llpn HMnynhcax 1000 M3B/c AOMHHHpyro
myro ponL a HMnynbCHOM pa3peweHHH urpaeT KynoHOBCKoe pacce.RHue, 
o6ycnoaneHHa.a HM own6Ka B onpeneneHHH HMnynLca u 0 > uxo llpu 3TOM 
ycnOBHH HMnynbCHOe pa3peWeHHe An.R qaCTHQ CO CKOpOCTblO f3 MO)J(eT 6hiTb 
npn6nH)J(eHHO oueHeHO no «flopMyne 

a = M'!P : ..jLI<f3· fHdf ), c p 

rne L p - 3«fl«fleKTHBHa.a pa.u;uaQHOHHa.R .u;nHHa u f Hd f - HHrerpan MarHHT
Horo non.ao C uenbro CHH)J(eHH.R Lp KOnH11ecTao aemecma B ronoaHoH: 11aCTH 
cneKTpOMeTpa 6Lmo yMeHbWeHo nyTeM yMeHbweHH.R B .u;onyCTHMblX npe,n;e
nax TOnlllHHbl CBeT03amHTHbiX H 3neKTpOMarHHTHblX 3KpaHOB H TOnlllHHbl 
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200 600 1000 PIM3B/c) 

OKHO S KaMepe Y-70 (Ti, 70 MKM) 

cqer'IHKH 81, 82 (83, 84) 

KaMepbi ,[(Kl + 3 

KaMepbi ,[(K 4,5 

6oKCbi c renHeM 

S03JJ:YX 

Puc.3. HMnyllbCHoe pfl3peureHue npu ptl3-

IIU'IHbiX 3HfllleHURX no/IJI 8 QHQ/IU3UPYIOU4eM 

MQZHUTe. 

eQHHTHJIJUITOpoS, SO see npoT.fDKeH

Hhle npoMe:>~cyTKH Me~y OTJJ:eJihHbiMH 

.n:ereKTOpaMH cneKTpOMeTpa 6bUI SSe

Jl:eH renHif. B HTore Kon~Necmo se

IUecTBa S pa.IJ:HaQHOHHbiX e,llHHHU8X 

S OCHOSHbiX 3neMeHTaX cneKTPOMeT

piNecKOrO TpaKTa (pHC.l) COCTaBHJIO: 

0,35. 10-2 

1,0. 10-2 • (4,0 ·10-2 ) 

0,7 ·l0-2 

0,6 .lQ-2 

0,5 ·lo-s 
1,2 ·10-8 . 

Ha pHc.3 npHseJJ:eHbi peaynbTaTbi pacqera HMnynhCHoro pa3pellleHH.fl M.fl 

nHOHOS H npoTOHOS npH pa3niNHbiX 3HaqeHH.fiX nOJUI S MarHHTe cneKTpO

MeTpa. IlpH H~ 0,1 Tn HMnynbCHoe pa3peiiieHHe JJ:n.R nHOHos Haxo.n:HTe.R 

Ha yposHe 2%, JJ:n.R npOTOHOS S M.flrKOH qaCTH cneKTpa OHO YXYJJ:IIIaeTC.fl 

.no 5-:-6%. 

3. IIPOrPAMMHAH OBPABOTKA .[(AHHbiX 

3.1. 06pa60TKa MOHHTOpHOH HH<l>OpMaQHH, 

KpHTepHH 6paKOSKH C06hiTHH 

Oco6eHHOCTbiO pa6oTbi eneKTpOMerpa .RSJUiere.R perHcTpaQH.R eo6biTHH 

S3aHMOJJ:eHCTBH.fl S MHilleHH SO seeM H3yqaeMOM HHTepsane 3HeprHH nepSIN· 

HbiX qaCTHU S Ka~OM QHKne ycKOpeHHR no Mepe HapacTaHH.fl 3HeprHH 

SHyTpeHHerO nyqKa ycKOpHTen.fl. ,[(n.fl nonyqeHH.fl 3HepreTHqecKOH 3aBHCH· 

MOCTH Hecne.n:yeMoro npouecca eo6biTHR, 3aperHCTpHposaHHbie s JJ:Hana30He 

3HeprHH 15+ 65 r3B, pacnpe,nenHJIHCh npH aHMH3e JJ:aHHbiX no 7 3HepreTH

qecKHM HHTepsanaM Ha OeHOSe OTcqeTOS B-cepHH (HHJJ:HKaTopa 3HaqeHHH 

MarHHTHOH HHJJ:YKUHH Ha paBHOSecHOH op6HTe ycKOp.ReMbiX npoTOHOS) • 

IlOeKOnbKY edOTHOilleHHe nOKa3aHHH MOHHTOpoS H CeqeHH.fl S3aHMOJJ:eHCT· 

SH.fl ycKOpeHHbiX npOTOHOS e pOCTOM 3HeprHH HenpepbiSHO H3MeH.fleTC.fl, 

TO HaKonneHHe eyMM MOHHTOpHbiX OTcqeTOS JJ:On)I(HO secTHCb OTJJ:eJibHO 

no K~OMY '3Heprer~NecKOMy HHTepsany. ,lln.R o6ecneqeHH.fl TO~ oro eOOT· 

SeTCTBH.fl ")I(HBOrO" speMeHH MOHHTOpHOH H TpHrrepHOH CHCTeM OHH 6nOKH· 

4 
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pOSMHCh eHHXpoHHO Ha speM.R 3anpera perHCTpaQHH. IlpH aHanH3e C06biTHH 

qaCTh H3 HHX, He y.n:osneTSOp.RIOI.qa.R 3a.IJ:aHHbiM KpHTepHRM OT6opa, 6paKy

eTC.fl. )ln.R COOTBeTCTBYIOIUeH KOppeKQHH MOHHTOpHbiX OTCqeros HaMH 6binH 

Sbl,ll;eJieHbl .n:se MOJJ:bl 6paKOSaHHhiX C06biTHH. Mo.n:a "1" COOTBeTCTsyer HJJ:eH

TH<l>HKal.lHH co6biTHH KaK "cnyqaifHbiX", T .e. o6ycnosneHHbiX no.RsneHHeM 

TpHrrepHoro CHrHana H3-3a cnyqaifHoro HMO)I(eHHR oTcqeros s TpHrrepHbiX 

cqeT'IHKax. qaCTOTa TaKHX Hano)l(elmn ysen~NHsaerc.R c ysen~NeHHeM <l>oHo

SbiX 3arpY30K cqer'IHKOS. 0CHOSHbiM KpHTepHeM npHHa.IJ:ne)I(HOCTH eo6bi· 

TH.fl K 3TOH MOJJ:e 6binO HapyiiieHHel COOTHOilleHH.fl 

t 1 It 2 = L 1 I L 2 , (2) 

r.n:e t 1 , t 2 - speM.R nponera qacTHU Ha 6a3ax L 1 , L 2• CooTHOIIIeHHe (2), 

oqesHJJ:HO, JJ:OJDKHO SbinOnH.fiTbC.fl HE!BaBHeHMO OT eKOpOCTH qaCTHQ H HX 

MaCChi. IlpH 6paKOSKe C06biTHH no MOJJ:e "1" MOHHTOpHbie OTcqeTbl COXpa

H.RnHeh, T .e. 3aHOCHnHCb S MOHHTOpHbie eyMMbl COOTSeTCTBYlQIUHX 3Hepre

TINeCKHX HHrepsanos. 

BpaKOSKa no Mo.n:e "2" OTHOCHnaCh K "nnoxHM" co6biTHRM, He y.n:os

nemop.RIOI.qHM 3a.IJ:aHHbiM KpHTepH.RM Kaqecma. K TaKOSbiM MornH 6biTh 

npH'IHCneHbl C06biTH.fl C nponycKaMH OTeqeTOS S HecKOnhKHX nnOCKOCT.fiX 

.n:pen<PosbiX KaMep, HeoJJ:HOTpeKOSbie eo6biTH.fl, C06biTH.fl, KOOp.D:HHaTbl 

TpeKOS KOTOpbiX ne)l(aT 3a 3a.D:aHHbiMH reoMeTP~NecKHMH rpaHHQaMH (Ha

npHMep, Ha KpbinbHX u::toopWKeHHH MHWeHHJ. IIu.u.uuHJ>Jt:: ~uuJ>Jutn (;J:Sii;;san.n• 

e HeoJJ:H03HaqHOCT.fiMH H HCK~eHH.fiMH S pa6oTe TpeKOSbiX JJ:eTeKTOpos H .fiS

n.RIOTC.fl OCHOSHbiM HCTOqHHKOM HCK~eHHH H3yqaeMbiX HMnynhCHbiX 

pacnpe.n:eneHHH qaCTHQ. 0HH TaK)I(e JJ:On)I(Hbi HCKniOqaThe.fl H3 aHanH3a. qT06bi 

H36e)l(aTb HeKa)l(eHHH a6COniOTHbiX 3HaqeHHH eeqeHHH, CS.fl3aHHbiX C 6paKOS· 

KOH C06biTHH TaKoro THna, COOTSeTCTBYIOIUHe OTCqerbi MOHHTOpOS HCKniOqa

nHCh npH Ha6ope MOHHTOpHbiX cyMM. TaKHM o6pa3oM, npH 6paKosKax 

no MOJJ:e "2" OTcqeTbl MOHHTOpos, COOTSeTCTSYIOIUHe speMeHH "nnoxoro" 

C06biTH.fl, nHKSHJJ:HpOSanHCb. A6coniOTHa.R HOpMHpOSKa MOHHTOpos S OT· 

Jl:eJihHbiX 3Heprer~NecKHX HHTepsanax npOSOJJ:HJiaeb S CneQHanbHbiX KMH-

6pOSOqHbiX H3MepeHH.fiX, SbinOnH.ReMbiX S K~OM CeaHCe Ha6opa JJ:aHHbiX. 

3.2. 06IUa.R oprai;IH3aQH.fl 06pa60TKH HCXOJJ:HbiX JJ:aHHbiX 

06pa60TKa HH<l>OpMaQHH, 3anHCaHHOH Ha MarHHTHbie neHTbi, npoSOJJ:H· 

nach s TpH 3Tana. OCHosou nepsoro nana 6hma reoMeTpHqecKa.R peKoH

CTPYKUH.fl co6hrrHn, T .e. soccTaHosneHne TpeKos 3aperHCTpHposaHHbiX 

qaeTHQ, onpe.n:eneHHe yrnos OTKnOHeHH.fl S aHanH3HpyiOIUeM MarHHTe H HM· 

nynhca qacTHU. CooTseTCTseHHo ocHosou anropHTMa o6pa6oTKH JJ:aHHbiX 

3JJ:ech 6bmH: JJ:eKOJJ:HpOSKa peKOpJJ:a 3anHeH OTJJ:eJihHOrO C06biTH.fl Ha OeHOSe 
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Puc.5. KoppeiiJf/4UOHHflR MaTpul4fl w.tnyllbc-epe.M.R npo11eTa 

OII.R noiiOJICUTenbHbiX 'laCTU/4 (H=0,2 T11). 

4 
U,He 

30 t. HC 
50 

t -cneKTp AJIH llaCTHU B HHTepsane HM

nyn&COB P = 5 25 + 57 5 M3B/ c. B )KeCT

KOH qacTH cneKTpa, rAe speMeHHOH 

aHaJJH3 H3-3a nepeKpbiTHH t-pacnpe

AeJieHHii CTaHOBHTCH He3Q>Q>eKTHB-
--- -- --- -• •- ,._,...,.,,..,._ ......... , ....... .,.,......, ..... TI'OO." , 
n.DJJVJ, I-Jtll.l1 DU¥J. .............. O¥&J1 a ..... avaava..o a.a. .,..,. __ 

Puc.6. Bpew~npolleTHblil cneKTp OII.R 

HOB HCnOITh3YeTCH pacnp~)J;eJieHHe aM

nnHTYA Ac, CHrHaJJOB c C-ct~eTliHKOB. 

)lJIH HCnOITh3yeMoro HaMH BO,WIHOrO 

pa,n;HaTopa co cneKTpocMemaromen 

Ao6asKon noporosbm HMnyn&c AJIH 

KaOHOB H npOTOHOB COCTaBITHeT COOT

BeTCTBeHHO 550 H 900 M3B/c ( OH 

HecKOJlbKO HIDKe, qeM AJlH liHCTOrO 

BO.IJ.HHoro pa,n;HaTopa, H3-3a 6onee 

3Q>Q>eKTHBHOrO HCnOITb30BaHHH ynh

TpaQ>HOITeTOBOH llaCTH qepeHKOBCKOrO 

H3ITYlfeHHH npH HaJJHliHH CMeCTHTenH 

cneKTpa). 
noJIOJICUTe/lbHbiX 'lQC1Ul4 

COM (550±25) M3Bjc. 

c w.tnyllb-
HAepH&Ie Q>parMeHTbi c pasHhiM 

3HalleHHeM omoUieHHH p/ A H z/ A 

(p - HMnyJlbC Q>parMeHTa, Z - 3apH)J;, 

A - t~Hcno HYKJIOHOB) He MoryT 6hiTh 

pa3)J;eJieHbl Ha OCHOBe TOITbKO (t , p) -aHaJJH3a. B 3TOM cnyqae o6menpHHH

TbiM cnoco60M pa3)J;eJieHHH HBJIHeTCH KOM6HHHpDBaHHbiH ( t , ~E/ lU ) -
aHWlH3. AMnnHryAa E-cHrHana npH6nH)KeHHO CBH3aHa c speMeHeM nponeTa 

8 

t COOTHOUieHHeM 

~ = C 1 • z2 • t 2 + C 2 • 

B KoppenHUHOHHOH MaTpHUe ( t , !'!. E ) Q>parMeHThi c pa3nH11HhiM z/ A 
rpynnHpylOTCH B pa3ITH11HbiX o6naCTHX H MOryT 6biTb pa3)J;eJieHbl HaJJO)KeHHeM 

COOTBeTCTBYlOI.UHX rpaHH11HbiX YCJIOBHH. 

5. BbJqHCllEHHE 11HBAPI1AHTHbiX 

)lH~~EPEHU11AllbHMXCEqEHHA 

HopMHpoBaHHbie Ha OAHH HYKJIOH HApa-MHUieHH HHBapHaHTIIhie AHQ>Q>e

peHQHaJJhHbie CelleHHH AJIH peaKUHH (1) CBH3aHbl C H3MepeHHhiMH BeJIHliHHa

MH COOTHOUleHHeM: 

E du(E ) E d2u(E ) E N-N1-N.t. M (E ).K ·t 
0 0 ~ ' c 0 c 

--;,:·-dy-=A·q2dqd0= Aq2dq ·M-M1-M~· ArdO -·(a) 

r)J;e E 0 - 3HeprHH nepBH11HbiX npoTOHOB, A- aTOMHhiH HOMep HApa-MHme

HH, E H q - Cpe,IUiHe 3HalleHHH nOIDJOH 3HeprHH H HMnyn&ca llaCTHLU>I B HM-

nyJThCHOM HHTepsane df! , dO - 1,0 r 

BXO)J;HOH TeJieCHhiH yron cneKTpO

MeTpa ( 1 · 10-3 cp) , N - t~Hcno 
qacTHU AaHHoro copTa, 3aperHcTpH

poBaHHhiX B HHTepBane d q , ( -
3Q>Q>eKTHBHOCTh TpHrrepa, M - no

Ka3aHHH MOHHTOpa, Me (E 0 ) 

KOHCTaHTa MOHHTOpa (liHCJIO OT· 

ClleTOB MOHHTOpa npH na,n;eHHH 

nepBHliHoro npoToHa c 3HeprHen E 0 

Ha MHllieHh C e)J;HHH11HOH H,D;epHOH 

nnoTHOCThlO) , N 41 H M 41 - t~Hcno 

Q>oHOBhiX C06biTHH H Q:lOHOBbiX OT

ClleTOB MOHHTOpa (npH OTCyTCTBHH 

MHmeHH), N 1 H M 1 - t~Hcno co-

6hiTHH, 6paKyeMbiX nporpaMMOH 

o6pa60TKH no 3a,D;aHHbiM KpHTe

pHHM H COOTBeTCTBYlOIUee liHCJIO 

OTcqeTOB MOHHTOpa. K c -· nonpas

Ka Ha ycpeAHeHHe ceqeHHH no Ko-

A 

0,8 

H=O,JT 

0,5 

H=0,2T 

0,4 

H=0,1T 

0,2 

0,2 0,4 0.6 0,8 1.0 1,2 P, fJ8/C 

Puc. 7. 3a6UCUMOCTb 2eOMeTpU'leCKOU 3fjj
ifJeKTU6HOC7U OT UMnyllbCQ 0/I.R nUOH06 

U npOTOH06 npu rpex 3H(JIIeHWIX MQZHUT· 

HOZO noii.R. 
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HetJHOMY HHTepsany 3HaqeHHH d q 

(rOOMeTpuqeCKaR 3cPcPeKTHBHOCTb) 
H d n . AKcenTaHC cneKTpoMeTpa 

Ar = N'/N
0 

= F(8, ¢,X
1

, Y
1

,X 1, Y1 , Z 1,q,m,H, pi'Rl, r m), (4) 

r.n;e N 0 - qHCJIO 11aCTHU C MaCCOH m H HMnyJI&COM q , BbDieTaJOlUHX B 
TeJiecHOM yrne dO C llOJIR:pHbiM H a3HMYTaJibHbiM HanpaBJietiHeM ( 8, ¢) 
H3 T011KH Mnweuu c Koop.n;unaTaMH X T , Y 1 ; N' - quCJio qacTHU, 3ape
rucTpuposaun&Ix Tpurrepuoii cxeMoH cneKTpOMeTpa npu 3a,D;aHHOM 3Ha
qeuuu nona H B auanu3upyromeM MarHHTe. AKcemauc cneKTpoMeTpa B&I
qucnaeTca .n;na 3a,nauuoro ua6opa q , m , H nocpe.n;cmoM Mo.n;enuposauHH 
npoxo)l(,l],euua qacTHUbi 11epro cneKTpoMeTp ua ocuose MeTo.n;a MonTe-Kapno. 
B cooTBeTCTBHH c no3uuue8 u pa3MepaMH (X 1 , Y 1 , Z 1 ) .n;ereKTopos u 
KOHCTpyKTHBHLIX 3JleMeHTOB Bee& TpaKT cneKTpOMeTpa 6&DI. pa36HT B,ll;OJlb 
ocu z ua 80 3JieMeHTOB. Po3&Irp&IW yrnos pacceaHHR:, sepoamocTH pac
na.n;a HecTa6HJI&HbiX qaCTHU C BpeMeHeM >KH3HH r m H BbNHCJieHHe HOHH-

3aUHOHHbiX llOTep& npOBO.n;HJIHCL ,D;JIR: 
~~~-~~~-.---~--.-T -~r~~. 

0 

10° 

<. t 0 

Ka)l(,l],oro 1 -3JieMeHTa c yqeToM ero 
llJIOTHOCTH ( pi ) H pa.n;HauHOHHOH 
,D;JIHH&I ( R 1 ) • Ha puc.7 noKa3aua 
3aBHCHMOCTh ~ OT HMllYJILCa ,D;JIR: 
necKOJILKHX. 3naqenu8 H. llo.n;po6-
Ho npoue.u.ypa Mo.u.e.nupoHaHHJt reo

MeTpuqecKOH 3cPcPeKTHBHOCTH H yqeT 
cPoHOBbiX npoueccOB OllHCaHbl B pa-
6oTe 181 . B Ka11ecme npnMepa 
ua puc.8 noKa3aua H3Mepeuuaa ua
MH 3aBHCHMOCTb .n;u<Jxt>epeuUHaJILHO
ro uusapuaumoro ce11eHHH o6pa-
30BaHHH llHOHOB OT HX KHHeTH
qeCKOH 3HeprHH B peaKUHH p + 12C-+ 
-+ ,-(159°) + .... 

" >. 
J: 

~ 
u 1fi1 .... 
~ 
'--

"' J:: 

to' u 
<f 

·w 

103 

-· 10 p+C -.TI-1159°)+ X 

200 400 

¢ 1 Puc.8. HHeapuaHTHoe iJutj¢epeH1fUQ/IbHoe 
? 

600 800 
\.MaB 

Ce'leHUe o6p0308QHUJI nuOH08 8 pl!ll1CI4UU 
p+ 12c-+ ,-+ ... , U3Mepermoe npu E

0 
= 

=57F3B. 

ABTop&I 6naro.n;apaT E.A.Mopo3osa, H.B.rop6yuosa u coTpy.n;uHKOB 
ceKTopa B&I11HCJIHTeJI&HOH TexnuKn CH30 OHHH 3a o6ecneqeuue ua,Ae)f(HOH 
pa6oT&I cncTeM&I c6opa .n;aun&Ix na 6a3e 3BM CM-4. · 
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HET JIH l1POBEJJOB B BAlDER BHBJIHOTEKE? 

Bbl MOJKeTe nony•IHn no no•ITe nepi!'IHCnetDible HHJKe KHHrH, ecnH oHH He 6bUIH 3a
Ka:J&Hbl pBHee, 

.lll3-84-63 

.ll2-84-366 

.ll1 ,2-84-599 

.ll17-84-850 

.llll-85-791 

.ll13-85-793 

.ll4-85-851 

.ll3,4,17-86-747 

.ll1 .2-86-668 

.ll9-87-105 

.ll7-87-68 

n2-87-123 

.ll4-87-692 

.ll2-87-798 

.ll14-87-799 

.lll?-88-95 

Tpy.llbl XI Ml!liCJlYHBJXlAHoro CHMn03HYM8 no RAepHoli 
- 3neKTpOHHKe. BparHCnasa, lfexocnoaaxHR, 1983. 

Tpyltbl 7 MI!JKJ1YH8po,II,Horo COBeJUaHHR no npo6neM&M 
KBBHTOBOH TeopHH noJIJI . Anywn, 1984. 

TpyJlbl VII MeJKAyHapoAHoro ceMHHapa no nJXl6neMBM 
<IIH3HKH BbiCOKHX :HieprHit Jly6Ha, 1984. 

Tpy.ttbl UI Me-.a.yHaJXlAHoro CHMn03HYMa no H36paHHbiM 
npo6neM8M CT8THCTH'IeCKOli MeXBHHKH. Jly6Ha, 1984. 
(2 TOMaj 

Tpy.llbl Me-.a.yHaJXlAHoro coaeJUaHHR no ucanHTH'IecKHM 
Bbi'IHCnetfiUIM Ha 38M H HX npHMeHetfHIO B TeopeTII'IecKOH 
<IIH3HKe. Jly6Ha, 1985 . 

TpyJlbl XII MeJKAyH8JXlAHOro CHMil03HYM8 no RAepHoli 
:meKTpOHHKe. Jly6Ha, 1985. 

Tpy.ttw MeJICAYH8JXlAIIOH wxonw no CTpYJCTYpe J!Apa. 
Anywn, 1985 . 

Tpy.lll>l V Me-.a.)'118po.IDioil wxonw no HeAlpoiOiol ciJH3HKe 
Anywn, 1986. 

Tpyllbl IX Bceco103Horo coaelll&HHII no ycKODHTeJUIM 
38plllKeHHbllt 'laCTHU. Jly6Ha, 1984. i2 TOMB) 

Tpy.lll>l VIII Me-.a.yHapoAHoro CeMHHapa no npo6neM&M 
ciJH3HKH BbiCOKHX 3HeprHli . .lly6Ha, 1986. (2 TOMB) 

Tpy.llbl X Bcecoi03Horo coaellWIIUI no ycxopHTMIIM 
38pllliCe101bllt •acrHU. Jly&q, 1986. (2 TOMB) 

Tpy.ttw Me-.a.yHaJXl.ttHOli wxonw<eMIDiapa no <IIH3HKe 
TlllltenbiX HOHOB . Jly6Ha, 1986. 

Tpyllbl CoaebWIHII "PettopMrpyma- 86''- ,lly6Ha, 1986. 

Tpynw MeJKAYH8JXlAHOro coaellWIIUI no TeopHH 
ManO'IBCTH'IHbiX H KBapK-upGHKWX CHCTeM . .lly61fa,1987. 

Tpynw VIU Me-.a.yHaJXl.IDioro COHJUaHHR no npo6neMBM 
KBBHTOBOli TeopHH noJIJI . AnyWTa, 1987. 

Tpyllbi U Me-.a.yHaJXlllHOro CHMn03HYMa no npo6neM&M 
B38HMO.tteliCTBIUI MIOOHOB H nHOHOB C BeU&eCTBOM . 
.lly6Ha, 198 7 

Tpy.ttw IV Me-.a.YHapo.ttHoro CHMn03HJNa no H36pBHHbiM 
npo6neMBM CT8THCTH'IecKoA MeX .. HKH . .lly6Ha, 1987. 

4 p. 50 K . 

4 p. 30 K . 

5 p . 50 K . 

7 p . 75 K . 

4 p. 00 K . 

4 p. 80 K . 

3 p. 75 K . 

4 p. 50 K . 

13 p. 50 K . 

7 p. 35 K . 

13 p. 45 K . 

7 p. 10 K . 

4 p . 45 K . 

4 p . 30 K . 

3 p. 55 K. 

4 P- 20 K . 

5 p . 20 K. 

38Ka:Jbl H8 ynOMIIHyTble KHHrH MOryT 6wn. HallpUineHbl no 8Jlpecy: 101000 MocKBa, 
rnaano'ITBMT, n/11 79. H3Jl8TenbcKHil ornen 06-.enHHeHHoro IDICTHTYTa RAepHbUt HCCnenoa&HHli. 

Ben.11ea H.M. a Jlp. 
CneKTpOMeTp ICYMY11.11THBHLIX a,u;poHoB. 
C6op JliiiiHhiX, BH8JIH3 co6hl'l'HA 

13-88-342 

0DHC8Hhl CHCTeMa c6opa JlaHHhiX, OC06eHHOCTH 8HaJIH3a C06hiTHii 
H npoue,u;ypa BhJ11HCJleHHJI JlHctxJ>epeHQHaJILHhiX HHKJ1103HBHhiX Ce-leHHA: 
npa o6pa6oTxe JliiiiHhiX c ycT&HOBKH CKA - cneKTpoMeTpa ICYMYJIJI· 
THBHhiX a,u;poHOB. CneKTpoMeTp pasMemanc.ll s KOJILQE!BOM sane ycxo
pHTen.ll Y-70 H~ B3 (Cepnyxos) a 6h1Jl acnoJlh30BBH JlJlJI H3yqeHH.II 
npoueccoB KYMYJIJITHBHOrO o6p830B8HHJI '18CTHQ npH 3HeprH.IIX OT 15 
JlO 65 r3B. 

Pa6oTa BhDIOJIHeHa B Jia6opaTopHH BhiCOKHX 3Heprd OHRH. 

Coo6.....- 06MJup IIIIIOr'O &HCI&IJI6 ueplllollt BCCJI...._.., ,lly6aa 1988 

nepeBOJl O.C.BHHorpa,u;osoA: 

Belyaev I.M. et al. 
Cumulative hadron spectrometer • 
Data acquisition and data processing 

13-88-342 

Data acquisition system, specific characteristics of data proces
sing and the procedure of the differential inclusive cross sections calcu
lation for data processing from CHS - cumulative-hadron-spectrometer 
are described. The spectrometer was placed in the ring hall of the IPHE'a 
U-70 (Serpukhov) accelerator and was used for research of cumulative 
particle production at energies from 15 to 65 GeV . 

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