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06ffiAH XAPAKTEPHCniKA PA60Tbl 

ITpencraenReMaR n11cceprau11R ocHoeaHa Ha Marep11anax 11ccnenoeaH11A 11 
paJpa6oTOK, BbmonHeHHbIX aBTOPOM B Te'leHHe 1983 - 1988 rr. B OHHH. 
0Ha noceRmeHa coJnaHHD 11 11cnonbJOBaHHD 3neKrpoHHOA annaparyphl rp11rre
pa, per11crpau1111 11 C'IHTbIBaHHR naHHba C .nponopu110HanbHblX _KaMep (ITK), a 
TaKllce CHCTeMbl c6opa naHHbIX MarHHTHOrO cneKTpoMerpa MACITHK, npenHaJHa
'!eHHoro nnR 11ccnenoeaHHR RnepHbIX peaKUHA np11 BblCOKHX (5 + 9 f38/HYK
noH) 3HeprHRX, 

AKryanbHOCTb pa6on1 onpenenReTCR ee HanpaeneHHOCTbD Ha coeepmeHcr
eoeaH11e coepeMeHHbIX 3Kcnep11MeHranbHbIX ycraHoeoK, pa6oraDIIll1X B 06nacr11 
li)H3HKH BblCOKHX 3Hepr HA: 

* o6ecne'!eHHe BblCOKOA H3_611parenbHOCTH rp11rrepHblX CHCTeM cneKTPOMe
rpa · 3a c'!eT noBblllleHHR epeMeHHOro paJpemeHHR; 

* 06ecne'!eH11e BblCOKOro 6bJCTponeACTBl1R, Koopn11HaTHOA 11 epeMBHHOA 
TO'IHOCTH np11 per11crpau1111 3neMeHrapHbIX '!aC_THU; 

* nOBblllleHHe 6blcTponeACTBHR CHCTeM c6opa naHHblX; 
* coJnaH11e annaparypbJ, cnoco6HOA (Ja c'!er 6blcrponeAcre11R 11 epeMeH

HOA TO'IHOCTH) 311)¢1eKTHBHO pa6orarb. B ycnOBHRX BblCOKHX Jarpy30K. 
llenb pa6on1 JaKnD'!aeTCR B COJnaHHH 6onee coeepmeHHOA, paUHOHanbHO 

opraHHJoBaHHOA annapaTYPbI, o6nanaDmeA ny'!mHMH pa6o'!HMH xapaKrep11cr11-
KaM11. 

Hay'!HaR HOBHJHa: aHanHTH'leCKH 11 3Kcnep11MeHranbHO 11ccnenoeaHa eoJ
MOllHOCTb or6opa 3neMeHTapHblX 'laCTHU MeronoM coenaneHHA C ManblMH pa3-
pemaDmHMH epeMeHaMH, enepebre coJnaHa annaparypa, pemaDmaR 3TY 
B ycnoBHRX BblCOKl1X (no 10

7 
'laCT11U/C Ha C'leT'll1K) Jar PY30K 

CCCP Ha 11Jo6pereH11e ~ 1432436). 

Jana'IY 
(a .c. 

ITpenno•eH op11r11HanbHblA Meron HacrpoAKl1 JaneplleK B KaHanax ITK. Co-
JnaHbl annaparypa aBTOMaTH'!eCKOro ynpaeneHHR 3THMH JanepllKaMH, CHCTeMa 
C'beMa naHHbIX ITK, npoHJBOnRmaR C'IHTLIBaHHe TOnbKO 3Ha'lameA HHll10PMaUHH, 

PaJpa6oraHbl: YCTpOACTBO nnR npHeMa 11 onTHManbHOrO Kon11poeaHHR naH
HbIX c ITK; CHCTeMa c6opa naHHbIX, o6ecne'll1BaDmaR MaKCl1ManbHYD (nnR an
naparypbl a· craHnapre KAMAK) CKOPOCTb HaKonneHHR HHll)OpMaUHH B TB'IBHHe 
UHKna BLIBOna ny'!Ka 11 nepena'IY naHHLIX B ynaneHHYll 38M B nayJaX MBllnY 

UHKnaMl1, 
ITpaKTH'IBCKaR UBHHOCTb pa6on1 JaKnD'!aeTCR B TOM, ''ITC C noMOillbD pa3-

pa6oraHHOA annaparypbl Ha cneKTpoMerpe MACITHK 6LIJIH npoeeneHLI 11ccneno
eaHHR B036y•neHl1R HYKnOHHLIX peJoHaHCOB B r n~6~~oHeynpyroM neArpoH
RnBPHOM pacceRHHl1 11 peaKUHA A(d,p)X npH 9 f38/c B 06nacr11 6onbillHX no
nepe'IHLIX HMnynbCOB npoTOHOB, 3KcnepHMBHTanbHLE nOHCKH npoRBnBHHR n11-
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6apHOHHba peJOHaHCHba COCTORHHA B peaKUHH H(d,p)X npH 9 r38/c, nony

'leHbl cneKTPbl l!eATPOHOB, HcnycKaeMba c 6onbmHMH nonepe'IHblMH HMnynbcaMH 

B COYl!apeHHRX l!eATPOHOB C Rl!paMH BOllOPOlla, l!eATepHR H yrnepol!a npH 9 

r38/c. 

ABTOp JantHmaeT: 

1. AHanH3 CTPYKTYP OCHOBHba Y3Il0B JneKTPOHHOA annapaTYPbl MarHHTHba 

cneKTPOMeTpOB H MeTOllOB noBbllileHHR HX npoH3B0llHTenbHOCTH-

2. AHanH3 J~~eKTHBHOCTH perHCTpauHH JneMeHTapHba '!aCTHU MeTOllOM 

cosnal!eHHA np·H Mama pa3pema1im11x speMeHax • 

3. Pe3YilbTaTbl pa3pa60TKH annapaTYPbl TpHrrepa nepsoro YPOBHR H JKC

nepHMeHTanbHOro Hccnel!OBaHHR ee X apaKTepHCTHK. Cx eMHble pemeHHR HaHo

ceKYHllHOA JneKTPOHHOA annapaTypu. 

4. PeJynbTaTbl pa3pa60TKH, BHel!peHHR H JKcnepHMeHTanbHOro Hccnel!o

BaHHR xapaKTepHCTHK JneKTPOHHOA annapaTYPbl C'IHTblBaHHR HH\l!OpMaUHH C 

nponopu110HanbHba KaMep. 

5. PeJynbTaTbl pa3pa60TKH H BHel!peHHR YCTPOACTBa npeo6pa30BaHHR 

l!aHHba c nK H annapaTYPbl c6opa l!aHHba cneKTpoMeTpa MACUHK. 

Anpo6auHR: OCHOBHble pe3ynbTan1 pa6on1 llOKnal!blBanHCb Ha HaY'IHo-Me

TOllH'leCKHX ceMHHapax nBTA H nHn, npel!CTaBnRnHCb Ha Me)l(l!YHapol!HblA CHM

no3HYM no Rl!epHOA JneKTPOHHKe (BapHa, 1988), ny6nHKOBanHCb B BHlle 

)l(ypHanbHba CTaTeA, npenpHHTOB H coo6meHHA OHHH [1 + 8], nony'!eHO aB

TOPCKOe CBHlleTenbCTBO CCCP Ha H306peTeHHe W 1432436 [9]. 

06beM pa60Tbl: llHCCepTaUHR COCTOHT H3 BBel!eHHR, nRTH rnaB H 3aKnll'le

HHR, COl!ep)l(HT 91 CTpaHHUY MamHHOnHcHoro TeKCTa, 40 PHCYHKOB, 2 Ta6nH

Ubl H 6116n11orpa\liH'leCKHA cnHCOK nHTepaTYPbl H3 86 HaHMeHo8aHHA-

conEPJKAHHE PAliOThl 

Bo BBel!eHHH 060CHOBb1BaeTCR aKTyanbHOCTb pa6on1, C\l!OPMYnHpoeaHbl ee 

uenH, onpel!eneHbl OCHOBHble nono)l(eHHR, Bbl!leCeHHble Ha JantHTY. 

8 nepBoA rnase paccMaTpHBaeTCR COCTaB annapaTYPbl cneKTPOMeTpOB, 

BblllenRllTCR OCHOBHble Y3nbl JTOA annapaTYPbl, paccMaTpHBallTCR Jal!a'IH, pe

maeMble TpHrrepHblMH CHCTeMaMH, annapaTypoA perHCTpaUHH TpeKOB H anna

paTypoA c6opa llaHHba, CTPYKTypa JTHX Y3Il0B, onpel!enRllTCR OCHOBHbIB na

paMeTpbl, X apaKTepH3YllntHe HX pa6oTY, ll!OPMYilHPYllTCR Tpe6osairnR, npel!b
RBnReMbIB K 3THM y3naM. 

OcHOBHaR 3al!a'la, pemaeMaR TpHrrepHblMH CHCTeMaMH, 3aKnll'laeTCR B Bbl

l!eneHHH none3Hb~ co6bITHA H Bb~a6oTKe CHrHanoB llflR HX perHCTpaUHH- 8 
3aBHCHMOCTH OT CflO)l(HQCTH 3al!a'IH npouel!ypa OT6opa MO)l(eT 6bITb pa3l!eneHa 

_Ha HeCKOilbKO JTanoB (YPOBHeA TpHrrepa). KonH'leCTBeHHblA aHanH3 pa6on1 
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CHCTeM OT6opa 6e3 Y'leTa ceneKTH8Hba CBOACT8 ero annapaTYPbl npHBOllHTCR 

~ pa6oTax*. 8Knll'leHHe CHCTeMbl npel!BapHTenbHOro OT6opa n03BOnHT H3 

scex npoaHanH3HPOBaHHba co6bITHA (S,n) OT6HpaTb C BepoRTHOCTbll 8 - no

ne3Hble H C BepoRTHOCTbll u - \l!OHOBbIB. 1.J11cno OT06paHHba Ha l!aHHOM ypo

BHe TpHrrepa .co6bITHA R, = >< s, n, rl!e >< = SP + u( t - p) (P - llOilR no

ne3Hba co6brrHA). flpHBOllHTCR MeTOllHKa oueHKH pa6on1 annapaTYPbl TpHr -

repa, Y'IHTblBa~maR ee ceneKTHBHYll cnoco6HOCTb-
Bo BTOpOM pa3l!ene paccMaTpHBaeTCR aQnapaTypa TpeKOBba l!eTeKTOPOB, 

ll!OPMYilHPYllTCR OCH08Hble Tpe6oBaHHR K 6bICTPOlleACTBHll, speMeHHOMY H npo

CTpaHCTBeHHOMY paJpemeHHll, HanaraeMble Ha annapaTypy Heo6x OllHMOCTbll 

pa6on1 B ycnoBHRX BblCOKHX 3arpy30K. floKa3aHa Heo6x OllHMOCTb HMeTb non

HblA KOMnneKT annapaTYPbl Ha Ka)l(l!blA Kattan perHCTpaUHH. PaccMaTpHBaeTCR 

3alla'!a 6b1cTporo CbeMa l!aHHblX, B03HHKallntaR B CBR3H C BblllOnHeHHeM JToro 

Tpe6oBaHHR- AHanH3HPYllTCR cnoco6bl, n03BOnRllDtHe YMeHbmaTb HenpOH3BO

llHTenbHble JaTpan1 Ha nepel!a'IY HynesoA HH\l!OpMaUHH C Hecpa6oTaBmHX Ka

Hanoa. 

8 TpeTbeM paJl!ene paccMaTpHsaeTcR annapaTypa c6opa l!aHHba. flp11so

l!RTCR nepe'!eHb OCHOBHba CTaHl!apTOB Ha JTY annapaTY.PY H npHMepbl opra

HH3aUHH CHCTeM c6opa llaHHba, C03llaHHba Ha HX 6aJe. Onpel!enRllTCR an

napaTYPHble HCTO'IHHKH OCHOBHba orpaHH'leHHA .Ha CKOpOCTb Ha6opa JKcnepH

MeHTanbHOA HH\l!OpMaUHH H MeTOllbl H_X CHH)l(eHHR: YMeHbmeHHe 06beMa l!aHHba 

3a C'leT HCKnll'leHHR HyneBOA H C)l(aTHR H36bITO'IHOA HH\l!OpMaUHH H Y'leT BnH

RHHR ycnoBHA pa6on1 (HenpepblBHblA HnH HMnYnbCHblA ny'IKH) Ha CTPYKTYPY 

CHCTeMbl (Hcnonb30BaHHe 6y111epHOA naMRTH, MeCTO BKilll'leHHR CHCTeMbl npel!

BapHTenbHOro OT6opa). 

8 'leTBepTOM pa3l!ene onHCb!BallTCR . JKnepHMeHTanbHaR YCTaHOBKa 

MACUHK, pemaeMble ell 3al!a'IH, ycnOBHR pa6on1, H ll!OPMYnHPYllTCR BbITeKall

DtHe OTClllla Tpe6oBaHHR K annapaType. YcTaHOBKa npel!Ha3Ha'!eHa llnR HJY

'!eHHR MexaHH3MOB Rl!epHba peaKUHA npH penRTHBHCTCKHX JHeprHRX H npel!

CTaBnReT co6oA llBYXnne'leBoA MarHHTHblA cneKTPOMeTp c nposonO'IHblMH Ka

MepaMH, pa60Tall11tHA Ha nHHHH c 38M EC1010. CxeMa pa3MemeHHR cneKTpo

MeTpa Ha KaHane Mel!neHHOro BblBOlla CHHXPOll!a30TpOHa OHHH npHBel!eHa Ha 

PHC. 1. 8 COCTaB YCTaHOBKH BXOllRT nepeMemaeMblA OTKilOHRlllltHA MarHHT 

Ml, cny•amHA llnR Bbl6opa 11ccnel!yeMoro yrna 11cnycKaHHR per11cTp11pyeMba 

OCHOBHblM nne'IOM 'laCTHU, aHanH3HPYlllltHA MarHHT M2 B OCHOBHOM H attanH3H

PYlllltHA MarHHT M3 B conpR)l(eHHOM nne'!aX cneKTPOMeTpa, n03BOnRllntHe npo

H3B0llHTb HMnYnbCHblA aHanH3 '!aCTHU-

* 

l13MepeHHe HMnynbCOB perHCTpHpyeMba '!aCTHU npOH3B0llHTCR no yrny OT-

c.verkerk. on-Line Filtering. In Proc. of the 1978 CERN Scool 
of Computing. Jadwisin, Poland (1978), CERN 78-13, p.65. 
M.Turala. Application of Wire Chambers for Triggering PUrposes. 
Nucl. Instr. and Meth., 176(1980), p.51. 
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KnOHeHHR B nonRX aHanHJHPYDmHx MarHHTOB M2, M3 c noMOmbD CHCTeMbl npo
nopUHOHanbHba KaMep Kl+ K19. nnR opraHH3aUHH rpHrrepa KoopnHHaTHba 

PHc. 1. CxeMa pacnono)f(eHHR annaparypbl cnenpoMerpa MACfiHK. 
T - MHmeHb, M - MOHHTOpbl nr1Ka, Kl + Kl9 - nposonO'IHble KaMepbl, 

co+ C7 - CUHHTHnnRUHOHHble C'leT'IHKH, Ml+ M3 - MarHHTbl, 

nereKTOPOB HCnOnbJYDTCR CHrHam1 co CUHHTHnnRUHOHHba C'leT'IHKOB Co + 

C7. 3TH )f(e CHrHam1 Hcnonb3YDTCR nnR H3MepeHHR speMeHH nponera H 

HOHHJaUHOHHba _norepb perHCTPHPYeMm qacTHU B CUHHTHnnRUHOHHba C'leT'IH

Kax. 8 JaBHCHMOCTH or pemaeMoA Jana'IH rpHrrep Bb~a6arLmaercR no cos

naneHHD CHrHanoB CUHHTHnnRUHOHHblX C'leT'IHKOB. OCHOBHOro HnH conpR)f(eHHO

ro nne'leA cneKrpoMerpa, nH6o no HX o6meMY cosnal!eHHD (KoppenRUHOHHbie 
HCCnenoBaHHR). 

Bo sropoA rnase onHcLmaercR annaparypa, npenHaJHa'leHHaR nnR opraHH

JaUHH CHCTeM rpHrrepa nepsoro YPOBHR, o6nanaDmHX BblCOKHM speMeHHblM 

paJpemeHHeM. PaccMarp11BaDTCR OCHOBHble ~aKTOpbl, BnHRDmHe Ha 3~~eKTHB

HOCTb pa6on1 raKHX CHCTeM. fipHBOnRTCR OCHOBHble X apaKTe PHCTHKH anna

paTYPbl TpHrrepa no speMeHH nponeTa, nony'leHHbie e peJynbTaTe HcnLrraHHA 
Ha YCTaHOBKe MACnHK. 

BpeMeHHoe paJpemeHHe anna

paTypu·(u • 220 nc) noJeonReT 

paJnenRTb npOTOHbl H neATPOHbl 

no CKOPOCTRM (BpeMeHaM nponeTa 
Ha 6aJe ~ 22 M) B HHTepeane 

HMnYnbcoe ennoTb no 7 f38/c. 

CaMoe npocToe He· TO )f(e epeMR 

YHHBepcanbHoe pemeHHe Jana'IH 

paJneneHHR 3THX 'laCTHU Ha nep

BOM YPOBHe TpHrrepa 3aKnD'laBT

CR B nony'leHHH epeMeHHba OTMe
TOK, HaH6onee TO'IHO COOTBeTCT-

t1 tz t, 
2a. ----<1 

PHc. 2. 06mttA BHn nnOTHOCTeA,pacnpe
neneHHA epeMeHHba OTMeTOK_C'IBT'IHKQB. 

2a - pa3pemaDmee epeMR coenaneHHA. 
t 

1 
, t, , · t • - ueHTPbI pacnpeneneHHA. 
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t 

BYDmHx MOMeHTaM nepece'leHHR C'leT'IHKOB perHCTPHPYeMblMH qacTHUaMH, H 

aHanHJa 3THX cHrHanoe Ha coenaneHHR e JanaHHba epeMeHHba HHTepeanax. 

J~~eKTHBHOCTb perHCTpaUHH 3neMeHTapHba 'laCTHU npH 3TOM 6yneT 3aBHCeTb 
OT pa3pemaDmero epeMeHH cxeM coenaneHHA HOT TO'IHOCTH epeMeHHOA npH

BR3KH, a TaK)f(B OT TO'IHOCTH COBMemeHHR BO epeMeHH CHrHanoe, aHanH3Hpy

eMba Ha coenaneHHR (ecnH cHrHanos 6onbme, 'IBM nea). 
BepORTHOCTb perHCTpauHH MeTonoM coenaneHHA 'laCTHUbl C JanaHHOA CKQ-

poCTbD onpenenReTCR eepoRTHOCTbD nonanaHHR ee epeMeHHba OTMe_TOK (ne

penHHX ~POHTOB CHrHanoB co C'leT'IHKOB) B HHTepean ± a BOKpyr HeKoTopo

ro t. EcnH 3anaTb ~YHKUHOHan 

l + n 

1, Ct) =IP- CT - t_ J dT, 
\ \ . (1) 

l - n 

xapaKTepH3YDmHA eepoRTHOCTb nonanaHHR CHrHana i-ro C'leT'IHKa B HHTep

ean t ± a, TO eepoRTHOCTb onHOBpeMeHHoro nonanaHHR B 3TOT HHTepean 

CHrHanoe c HeCKOnbKHX C'leT'IHKOB 6yneT paeHa 

FC tJ = n 
i 

I. CU. 
\ 

(2) 

MaKCHManbHOe 3Ha'leHHe ~YHKUHOHana FCt), COOTBeTCTBYDmee onTHManbHOMY 

nono)f(eHHD HHTepeana HHTerpHpoeaHHR 2a (pHC. 2), 6yneT paBHO eepoRTHQ

CTH nonanaHHR CHrHanoB co C'leT'IHKOB B 3TOT HHTepean, T.e. 3~~eKTHBHQ

CTH perHCTpaUHH 'laCTHU c ~HKCHPOBaHHOA CKOpOCTbD, JanaHHOA Ha6opoM 

ti. TaKoA cnoco6 Bb~HcneHHR 3~~eKTHBHOCTH npHMeHHM nnR nD6ba pi Ct), 
B TOM 'IHCne H nony'leHHba 3KCnepHMeHTanbHQ. 

PaC'IBThl 3~~eKTHBHOCTeA perHCTpauHH npoeonHnHCb nnR CHCTBMbl CUHHTH-

nnRUHOHHba C'leT'IHKOB OCHOBHOro nneqa ycTaHOBKH MACnHK. PeJynbTaTbl 

pac'IBTOB noKa3bIBaDT, 'ITO, npH epeMeHHOM pa3pemeHHH OTnenbHba C'leT'IH

KOB u ~ 200 nc, ycTaHOBKa paJpemaDmero epeMeHH cxeM coenaneHHA < 2,5 
3~~eKTHBHOCTH (& < 99 7.). K HC npHBeneT (nnR 5 C'leT'IHKOB) K CHH)f(eHHD 

TaKOMY )f(e pe3ynbTaTY npHeeneT H omHOKa > 100 nc B cornacoeaHHH Ha-

'lanbHba Janep)f(eK. 
nnR nony'leHHR epeMeHHOA OTMeTKH Heo6xonHMO YCTpOACTBO, o6nanaDmee 

cnoco6HOCTbD KOMnBHCHPOBaTb ~peMeHHYD JaBHCHMOCTb BbaOnHoro CHrHana 

OT ~nYKTyauHA aMnnHTYn HMnynbCOB C ~JY H KoopnHHaTbl MecTa nepece'leHHR 

C'leT'IHKa 'laCTHUeA, a TaK)f(e pa60Tocnoco6HOCTbD B ycnOBHRX 6onbmHX 3a
rpy30K (HMeTb Mance MepTBOe epeMR HenponneeaDmerocR THna), ObITb npoc

TLIM B HaCTpOAKB. nnR pemeHHR Jana'IH OblnO pa3pa60TaHO cneuHanbHOe 
YCTpOACTBO epeMeHHOA npHBR3KH (YBfi), paCC'IHTaHHOB Ha pa6ory co C'IBT-
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4HKOM, npocMaTpneaeMbIM C nsyx CTOPOH nBYMR ~3Y. YBn (CM. pnc. 3) co
nep*HT BxonHbre ~OPMHPOBaTenn C npHBRJKOA K nOCTORHHOA qacTH nepenHero 

~ 

sxi7::--,.__ __ ;i 
8~1=----~ 

&1 b·:::L, 5T~--

&2 

GKK 

Bh!X 

Pnc. 3. 6noK-cxeMa YBn n speMeHHaR nnarpaMMa era pa6onr. 

~POHTa cnrHana n cxeMy KOMneHcaunn KoopnnHaTu (GKK). Ilpn cosnaneHnn 
sxonHblX CHrHanoB HanpR*eHne GKK Ha4nHaeT HJMeHRTbCR co CKOPOCTbIO k, a 
no OKOH4aHHH coenaneHHR B Te4eHne 0,5 T (T -

sxonHblX ~OPMHPOBaTeneA), - co CKOPOCTbIO 2k. 
ro cnrHana 

cp = (t
1 

+ t
2 

+ LJcp + T) / 2, 

nnnTenbHOCTb HMnynbCOB 
BpeMR noRsneHHR BbIXOnHo-

(3) 

HccnenosaHnR xapaKTepncTnK YBn nposonnnncb H~ ycTaHOBKe MAGilHK s 
pa6o4eM ceaHce Ha cnHxpo~aJoTpoHe omrn. 6Lrnn BLmonHeHbI nse cepnn HJ
MepeHnA epeMeH nponeTa, noJsonnemne cpaBHHTb peJYnbTaTu, nony4eHHhre c 
YBn, C peJYilbTaTaMn, nonyqeHHblMH C ~OPMHPOBaTenRMH 
noporoM en~) n c nocnenYIOmeA aMnnnTYnHoA KoppeKuneA. 

C ~HKCHpOBaHHblM 
Ha pnc. 4 npn-

seneHu pacnpeneneHnR paJHOCTH speMeH nponeTa - HJMepeHHoro Henocpen-
500 r--~>-------+---+---, 

n~ 600 
YBil 

400 500 

400 
300 

300 

200 

200 

100 t _; 

f f I I 100 . 
o I ·2 _ _J __ r-• 

• -, 0 46 47 48 49 50n• 42 43 44 45 46n• 

Pnc. 4. PacnpeneneHHR, xapaKTepnJYIOllll1e epeMeHHoe paJpemeHne 
annapaTypu HJMepeHHR epeMeHn nponeTa c ncnonbJOBaHneM n~ n 

YBn. illTpnxoeaR nnHnR - 6eJ Y4eTa, cnnomHaR - c yqeToM nonpa
BOK Ha ~nYKTYaUHIO aMnnnTyn ~3Y. 

6 

CTBeHHO H Bbl4HCneHHOrO no HMnynbCY qacTHUbl- PeJYilbTanr HCOh!TaHHA 
csnneTenbCTBYIOT, 4TO YBn KOMneHcnpyeT BpeMeHHOA paJ6poc BbIXOnHoro HM

. nynbca ,· o6ycnosneHHbIA H3t.,-eHeH11eM MecTa cunHTnnnRunn n ~nYKTYauneA aM
nnnryn cnrHanoe ~3Y; ·c :roA.-llCe T04HOCTbIO, 4To n nporpaMMHbIA cnoco6 
roppeKUHH naHHblX ,•,nony4eHHblX C n~. MepTBOe epeMR YBn ~ 20 HC. 

AnnapaTYPa Tpnrrepa. o.cY_mecTBnReT 0T60p qacrnu co cKopocTRMH, ne*a
lllHMH s· HHTepeane··v ± dV, r ne dV onpenenReTCR paJpemaIOl!lHM epeMeHeM co
enaneHttA •.. GpeDHRR cKopocTb~V JanaeTCH non6opoM Janep*eK cnrHanos nnR 
•Ka*noro KaHana,. aHannJnpyeMor:o -Ha_ .c.osnaneHnR, OTHOCHTenbHO cTapToBoro 
(Hyneeoro ..;. cM. pnc. 1): 

l. 

t di 
- l 
- -- + t 

V C' 

(4) 

r ne 1 i - paCCTORHHe OT CTapTOBOro C4eT4HKa no i -ro, t c i - noCTORHHaR 
no6aBKa B Janep*KY, BHOCHMaR C4eT4HKQM. Ilepexon OT cpenHeA CKOPOCTH 
v, K v. (nnn OT BpeMeHH npbneTa t, K tz Ha 6aJe 1.) npoHJBOnHTCH HJ
MeHeHneM Janep*eK t di : 

CV - V )1 ( t - t ) 1 
dt = t 

di. di z 
t 

di. 1 

• z 

V V 

z • 
(5) 

• z 

TaKHM o6paJOM nepexon K perncTpauHn co6LrrHA c HHbIMH speMeHHbIMH xapaK
TepHCTHKaMn ocymecTBnReTCH nyTeM YCTaHOBKH Tpe6yeMblX Janep*eK BX onHblX 
cHrHanoe H paJpemaIOmero speMeHH cosnaneH11A. QqesHnH6, 4TO 3~~eKTHBHO 
~YHKUHOHHPOBaTb MO*et TOilbKO aBTOMaTHJHPOBaHHaR (ynpaBnReMaR 38M) CH
CTeMa. llnR peanHJaUHH · :HoA JanaqH 6Lrnn paJpa6oraHhl 6noKn KAMAK 
YGG1.8, YGG2.4, Kil356 H GMT. 

IlporpaMMHo-ynpaBnReMbie' cxeMbl coenaneHHA (EiOCbMHBX'onosaR - YGG1.a H 
nee qenrpex BX onosue - YGG2. 4) o6ecne4HBaIOT fiBTOMfiTH'!eCKYIO YCTaHOBKY 
paJpemaIOmero epeMeHH B nnanaJoHe OT 100 nc no 16 He c maroM ~ 62 nc. 
BpeMeHHOe paJpemeHHe o6eHx YGG He XY*e 100 nc. KpoMe TOro, nnR T04-
Horo COBMemeHHR BO epeMeHH BXOnHblX CHrHanoB B 3TH ex eMbl BBeneHbl ynpa
BnHeMbie Janep*KH - nnR ceMH BX ones BOCbMHBX onosoA H nnR Tpex BX onoB 
4eTbrpexexonOBblX YGG. HJMeHeHHe Janep*eK npoHJBOnHTCR B nHanaJOHe O + 

2 He c maroM ~ 62 nc. 
6noK Kil356 conep*HT 8 ~opMHpoBaTeneA c ~HKCHPOBfiHHblM noporoM H 

ynpaBnHeMblMH Janep*KfiMH, HJMeHHIOllll1MHCH OTO no 15 HCC maroM B 1 HC. 
KoMMYTfiTOP 6UCTPbIX norn4eCKHX CHrHanos GMT nOJBOnReT Ha nI060A HJ 8 

BbIXOnOB no.ziaBaTb nH6o m:>6oA HJ 16 BXOnHbIX CHrHanoB (npHMblX HnH HHBep
CHblX), nH60 noCTORHHblA norH4ec1rnA YPOBeHb ("O" HnH .. 1 .. >. YnpasneHHe 
npoHJBOnHTCR OTnenbHO,Ka*nhIM BbIXOnHblM CHrHanoM. 

AnnapaTypa TpHrrepa npencTaBnReT co6oA cncTeMy HJ 
paJMemeHHblX B. onHoM KPeATe (CM. PHC. 5) H ynpaBnHeMblX 
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6noKOB KAMAK, 
38M THna PC-XT. 



CttrHanbl C YBn OT cqerqHKOB O + 4 pa3BeTBnHDTCH B KD356 H qepe3 
He3aBHCHMbie 3anep•KH (B KD356 H KD355) nocrynaDr Ha nse YCC1.8. 
KHM o6pa30M 3anaDTCH nsa HHrepsana cKopocren or6ttpaeMbn qacrttu-

nse 
Ta

Kpo-

I I 

·'Fl co I """" I 1•=1 I YCCl .8I 11 I YCCI •• I 11 I '"T I 11 I ~~~ I I i I KPOII I ! ! KCOI• 

Co, C4 3anep)!(aHHb1e 

Pttc. 5. CrpyKTYPHaH cxeMa annaparypbl rpttrrepa. 
co + · C4 - CHrHanbl c YBil CUHHTHnnHUHOHHm cqerqHKOB. 

co, C4 3anep)!(aHHble - crapTOBblrl H cronOBblrl CHrttanbl 
nnR H3MepeHHH speMeHH nponera. 

Me roro,B cocras annaparypbl rpttrrepa BKnDqeHbl npeo6pa3osarenb speMH
Kon KA303, ronocKonttqecKHA perttcrp KP011 H cqerqHK KC014. qro no3so
nHer npOH3BOnHTb aBTOHOMHYD HacrpoAKY CHCTeMbl rpttrrepa H KOHTpOnb ee 
pa6orbl napannenbHO c npoueccoM Ha6opa 3KcnepHMeHranbHOA HH~opMaUHH-

HcnbITaHHH annaparypbI rpttrrepa 6bmH nposeneHbl Ha ycraHOBKe MACilHK B 
ceaHce Ha CHHxpo~a3orpoHe Il83. Pa3pemaDmtte speMeHa, ycraHosneHHbie Ha 
YCC. cocrasnHnH 3 He H 5 He. CttrHanbl c YCC ttcnonb3osanttcb B Kaqecrse 
MeroK nnR nocrpoeHHH nsyx nononHHrenbHbn speMHnponerHbn cneKrpos H3 
o6mero, Ha6HpaeMoro s IDHPOKOM (~ 20 HC) speMeHHOM HHTepsane. Ha PHC-
6 npencrasneHbl rttcrorpaMMbl pacnpeneneHHH 3~~eKTHBHocren o6ettx YCC no 
speMeHH nponera. 3~~eKTHBHOCTb onpenenHnacb orHomeHHeM qffcna co6b1-
THA, "noMeqeHHbn" YCC. K o6meMy HX qHcny s naHHOM KaHane. 

~OpMa nes~n CKnOHOB fHCTorpaMM n03BOnHeT oueHHTb speMeHHOe pa3peme
HHe CHCTeMbl s o. 5 HC (nonHaH IDHPHHa Ha nonyBblCOTe l. IlpaKTHqecKH non
Hoe nonasneHHe cqera or qacrttu, speMeHa nponera KOTOpbn ne•ar BHe HH-
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~ 
1 

J 
:) 

repsanos, or6ttpaeMba YCC, 
Merana. 

: • 0 

f, r 
t 

nonrsep•naer 3~~eKTHBHOCTb 

t .. · 
.l~~ t 

o.sj 

npenno•eHHoro 

♦ 

' t 
I 
♦ 

0 1= • rN"JAI U PIIIII Y uuu I 
2 4 nS 6 

Pttc. 6. PacnpeneneHHH 3~~eKTHBHocren or6opa qacrttu 
no speMeHH nponera. KpttsaH 1 - nnR pa3pemaDmero speMeHH 3 He, 

KPHBaH 2 - nnR·5 HC. 

B rperbeA rnase onHCbIBaercH annaparypa perttcrpauHH HH~opMaUHH npo
nopuHoHanbHba KaMep (IlK), cqHTbIBaHHH naHHba H reCTHPOBaHHH CHCTeMbl 
nK. IlpHBOnHTCH OCHOBHbie pa6oqHe xapaKrepHCTHKH annaparypbI. 

llnR perttcrpaUHH rpaeKTOPHA 3apH)!(eHHba qacTHU B MarHHTHOM cneKrpo
Merpe MAGilHK HCnOnb3YeTCH CHCTeMa nponopUHOHanbHba KaMep (IlK) C anna
parypon, pa3pa6oraH~on Ha OCHOBe rH6pttnHOA HHrerpanbHOA MHKPOCXeMu 
K405XIll. DnHHM HJ OCHOBHba 3neMeHTOB CHCTeMbl RBnRDTCR nnani perncr
paUHH Ha 16 KaHanoB Ka)!(naH. 06mttn 06beM perHCTPHPYDmen annapaTYPbl 
cocrasnHer ~ 4600 KaHanos (oKono 290 nnar perttcrpauHH). 

3~~eKTHBHaH pa6ora TaKHX CHCTeM B ycnoBHHX BblCOKHX 3arpy30K B03-
MO)!(Ha ronbKO npH coorsercrBYDmeM cornacosaHHH speMeHHba xapaKrepHCTHK 
ornenbHba KaHanos. Il03TOMY OCHOBHOe BHHMaHHe npH HacrpoAKe ynenHnOCb 
nsyM ~aKropaM: KOMneHcaUHH reMnepaTYPHOA 3aBHCHMOCTH speMeHH 3anep)!(KH 
KaHanoB H pa36pocy napaMeTpOB MHKpocxeM, KOTOPblrl npHBOnHn K pa3HOA 
nnttrenbHOCTH nnaro KPHBOA 3anep)!(aHHba cosnaneHHA y pa3nHqHba KaHanos. 
llnR nocrtt•eHHH iiattnyqmero speMeHHoro pa3pemeHHH cttcreMbI 3anep)!(KH HH
nttsttnyanbHba KaHanos Hacrpattsanttcb raK, qro cepenHHbI KPl1Bba 3anep•aH
Hba cosnaneHHA nnR scex KaHanos cosMemanttcb. C 3TOA uenbD 6bIJIO pa3-
pa6oraHo cneuttanbHOe ycrpoAcrso, no3BOnHDmee H3MePHTb npoMe)!(yToK spe
MeHH Me)!(ny MOMeHTOM npttxona cHrHana Ha sxon KaHana perttcrpauHH H ce
penHHOA speMeHHoro HHrepsana, s reqeHHe Koroporo npottcxonttr 3anttcb B 
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RqeAKY naMRTl1o OKoHqaTenbHaR nposepKa nnaT 
nacb Ha aBTOMaTl1311POBaHHOM CTeHAe. Ha p11c. 

MOCTb speMeHHOrO cornacoBaHl1R 
ueHTPOB KPl1BhlX 3aAep:llaHHhlX COB
naAeHl1A AnR KaHanos nnocKocT11 
OT HanpRll<eHl1R ynpasneHl1R 3aAep-

X<KaM11 uynp. linaroAapR TaKOA 
MeTOA11Ke YAanocb nonyq11Tb spe-
MeHHOe pa3pemeH11e KaHanos B 
npeAenax nnOCKOCTl1 ~ 25 HC 
(nonHaR m11p11Ha Ha nonos11He Bbl-
COThl), qTo 06ecneq11no 3~~eKTl1B
HOCTb ~ 997. np11 CTpo6e 3an11c11 

At 
/Hat<, 

+a 

35 

~~ 
25 

20 

\ 

per11cTpau1111 ocymecTBnR-
7 npeAcTasneHa 3as11c11-

.,. 

Anl1TenbHOCTbD 70 HC. a& to <+ 1.s 2.2 2.6 3.0 3.+ ·Z/y•p(l) 

0TAenbHble nnocKOCTl1 11cnonb-
_3yeMblX B cneKTpOMeTpe nponop- P11c. 7. 3aBl1Cl1MOCTb speMeHHoro 
U110HanbHhlX KaMep COAepll<aT OT pa3pemeHl1R OT uynp. 

96 AO 304 c11rHanbHhlX Hl1TeA. CTPYKTYPHO OHl1 pa3AeneHbl Ha rpynnhl no 16 
KaHanos. Kall<AOA rpynne COOTBeTCTBYeT nnaTa per11cTpau1111*. ITnaTbl pac-
nonaraDTCR HenocpeACTBeHHO Ha ITK. 

Ha p11c. B npeACTasneHa CTPYKTYpHaR cxeMa annapaTYPhl ITK. nnR cneKT-. 
poMeTpa MACITHK 6bm BbI6paH sap11aHT opraHl13au1111 cq11n1BaHl1R AaHHhlX , 
06ecneq11saDm11A BhlCOKOe 6bICTPOAeACTBl1e 3a cqeT BbU1eneHl1R 11 onpoca B 
Cl1CTeMe ITK TOnbKO Tex rpynn KaHanoB (nnaT per11cTpau1111), B KOTOpbIX co
Aepll<l1TCR HeHynesaR 11H~OpMaUl1Ro 8bU1eneH11eM 3Tl1X nnaT 11 cq11Tb1BaH11eM C 
Hl1X AaHHhlX 3aHl1MaeTCR_ 6y~epHaR CTaHUl1R (EiC). KaxmaR EiC o6beAl1HReT AO 
16 nnaT (256 KaHanoB per11cTpau1111) H pacnonaraeTCR PRAOM C COOTBeTCT
BYDml1Ml1 ITK. Bee 6y~epHhle CTaHU1111 06beAl1HeHhl nocneAOBaTenbHOA Mar11cT
panbD nepeAaq11 AaHHhlX, Haq11HaDmeACR 11 0KaHq11saDmeACR B np11eMHOM 6noKe 
(IT!i), KOTOPhlA ynpaBnReT npoueccoM CbeMa l1H~OpMau1111. 

ITpeAYCMOTpeHo aBTOMaT11qecKoe (OT 38M) ynpaeneH11e 3aAepll<KaMl1 B Ka
Hanax per11cTpau1111 ITK. YnpasneH11e npOl13BOA11TCR OTAenbHO A'nR Kall<AOA 
nnOCKOCTl1 noAaqeA HanpRll<eHl1R uynp' KOTopoe Bh~a6aTLIBaeT cneu11anbHhlA 
11CTOqHl1K. 3aAepll<Kl1 MOrYT 6LITb YCTaHoeneHLI B Al1ana3oHe 320 + 600 HC. 

nnR KOHTponR pa60Thl annapaTYPhl ITK npeAYCMOTpeHbl TPl1 pel1<11Ma TeCTl1-
poeaHl1R. ITepBblA pell<l1M no3BOnReT (no Han11q11D c11rHanoB OT 3apRll<eHHhlX 
qacT11U) npoeepl1Tb o6myD pa60Tocnoco6HOCTb OTAenbHOA nnoCKOCTl1 ITK. 
nsa APYrl1X pell<l1Ma TeCTl1POBaHl1R (C 38M 11 aBTOHOMHLIA) no3BOnRDT npo113-
BOAl1Tb TmaTenbHYD npoeepKy Kall<Aoro KaHana annapaTYPhI per11cTpau1111 11 
cq11n1BaHl1R AaHHhlX C ITK. 
* C .r .6ac11naA3e, B .K .IOA11H. OpraH11Jau11R 6hICTporo cq11nIBaH11R AaHHLIX np11 

pacnonoX<eH1111 3neKTpoH11K11 per11cTpau1111. Ha nponopu110HanbHLIX KaMe-
pax. ITpenp11HT OHHH, 13-10521, ny6Ha, 1977. 
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nocneAoeaTenbHaR 

! - 11H11u11an113au11R_5q11n __ .. ,. .. 
I . --.------+-------, 

I ITP I I ITP I I ITP I Tp11rr. 

~---Tp11rrep 
I TecT. 3aAepX<Ka 

--- •------------ynpaeneH11e (OT 38M) 
P11c. 8. CTpYKTYpHaR ex eMa· annapaTYPhl nponopu110HanbHhlX KaMep. 

EiC -6y~epHb1e craHu1111, ITP - nnan1 perncrpau1111, ITli-np11eMHhIA 6noK, 
Teer AITK - 6noK opraH11Jau1111 recr11posaH11R annaparypu ITK, 

uynp - 11croqHl1Kl1 HanpRll<BHl1R ynpaBnBHl1R 3aABPll<KaM11. 

B qerseproA rnaee on11cb1BaercR annaparypa cneKrpoMerpa MACITHK, ocy
mecrenRDmaR cX<ar11e, HaKonneH11e 11 nepeAaqy. e 38M 3Kcnep11MeHranbHOA 
l1H~OpMau1111. 

0CHOBHaR qacrb annaparypu cneKTPOMerpa (3a 11CKnDqeH11BM YBIT 11 per11-
crp11pyDmeA annaparyphI ITK) pacnonoX<eHa e 3Kcnep11MeHranbHOM AOMl1Ke. 
Annaparypa c6opa 3Kcnep11MeHranbHhIX ·AaHHi.IX pa3MemeHa e AByx· KpeArax 
KAMAK - Kp. 1 11 Kp. 2 (CM. p11c. 9) • KpeAn1 coAepX<ar crpo611pyeMb1e AUIT 11 
BUIT, rOAOCKOn11qecK11e per11crpu, 6noK npl1eMa AaHHhlX c annaparypu ITK, 
cqerq11K11, per11crphl AnR cq11rb1BaHl1R noKa3aHl1A BOnbTMBTPOB, qacbl 11 Ha-
6opHhie per11crpb1, 11CDOnb3YBMhlB AnR 3aHeCBHl1R cnyll<e6HOA l1H~OpMau1111. 
Cq11rhIBaH11e AaHHhlX 113 3Tl1X KPBATOB ocymecrBnRBTCR C IlOMOWbD KOHTponne
POB KK001, per11crpa KP001 11 copr11posm11Koe 3anpocoe KYoo6 no MBTOAY, 
npeAnOll<BHHOMY e pa6ore*. 

nnR 06ecneqeH11R 3~~eKr11eHoA pa6oru cneKrpoMerpa c nponopu110HanbHhl
M11 KaMepaM11 6Lm pa3pa6oraH cneu11anbHhlA 6noK, KOTOPhlA DPOl13B0Al1T np11e·M 
AaHHhlX C AITK, npeo6pa30BaH11e 3Tl1X AaHHhlX 11 Bhl.Zlaqy B Mar11crpan_b KpeAra 
l1H~OpMau1111 B .cll<aTOM 11 YA06HOM AnR AanbHeAmeA o6pa6orKl1 B11Ae. linoK 
MOX<er 06cnyE11earb AO 8192 KaHanoe per11crpau1111. OH npeAcrasnRer co6oA 
MOAYnb KAMAK m11pl1HOA 2M, KOTPPLIA pa3MemeH B Kp. 2 (p11c. 9), raK qro 
Il03BOnRer C~OPMl1POBaTb uenbHhlA MaCCl1B AaHHhlX 06 OTABnbHOM co6bITl111. 

BXOAHhlB AaHHhlB nocrynaDr C annapaTYPhl ITK B B11Ae 25.-pa3pRAHoro cno
ea, cocroRmero 113 16-paJpRAHoro no311u110HHoro KOAa cpa6oraem11x B nnaTe 

* R.H.~ypasnes, A.r.rrerpoe, B.T.C11Aopoe 11 AP• C11creMa e cTaHAapre 
KAMAK AnR qreH11R l1H~OpMau1111 C pa3HhlX rpynn 6noKoB. Coo6meH11e 
OHHH, Pl0-9056, ny6Ha, 1975. 
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KaHanoB "RD" H 9-pa3pllnHoro nBOH'iHOro HOMepa nnaThl "N". 8 nocTynaK>
IIIHX Ha BX on naHHblX 6noK Bb1Z1en11eT oTnenbHbie KnacTepbl (rpynm1 cpa6oTaB -

WHX onHOBpeMeHHO cocenHHX KaHaflOB) H !liOpMHpyeT 16-pa3pllnHble cnoBa, 
conepga111He nonHYIJ HH!liOpMaUHIJ 06 3THX KnacTepax, B TOM 'iHCne HO K~ac-

Tepax, pa3Me111eHHbIX B cocenHHX nnaTax. 
conepgHT KOn KOopnHHaTbl KnacTepa Nk (13 

pa - L2 + LO. 

8bIXOnHoe CflOBO (CM- Ta6nHUY) 
pa3p11noB) H KOn nnHHbl KnacTe-

llaHHble O KnacTepe, B 3aBHCHMOCTH OT ero llflHHbl ( l) , KOnHPYK>TCII nBYMll 
onHOM 

(B L) 
cnoco6aMH- EcnH l < B, BCI! HH!liOpMaUHI! 0 KnacTepe 3aKfllJ'ieHa 
cnoBe, KOTOpoe conepgHT (B Nk) KoopnHHaTY cepenHHbl KnacTepa H 

B 

OT CIIMNT- C'll!T'IMJOI CC 

PHc. 9. CTpYKTYPHal! cxeMa annapaTYPbl 
c6opa H nepena'iH B 38M 3KcnepHMeHTanb
HbIX naHHblX. Allfi H 8llfi - aHanoro- H Bpe
MIIUH!liPOBbie npeo6pa30BaTenH; r p -
ronocKOnH'ieCKHe perHCTpbl; EY - 6noK 
ynpasneHHR; En - 6y!liepHa11 naMRTb; 
YMBK - ynnHHHTeflb MarHCTpanH BeTBH 
KAMAK; Al - KOHTponnep KpeATa THna Al; 
nE - npHeMHblA 6noK AUK. 

KOn ero nnHHb(: L = l - I • llaHHble O 6onee nnHHHblX KnacTepax BblllalJTCI! B 

nBYX cnoBaX: nepBoe conep*HT KoopnHHaTY ero Ha'iana H L = •7• (npH3HaK 

llflHHHOro KnacTepa), BTOpoe - KoopnHHaTY .KOHUa KnacTepa H L 
"O". 

CKOPOCTb npHeMa H npeo6pa30BaHHI! HH!liOpMaUHH cocTaBnl!eT ~ 300 HC ·Ha 

sxonHoe cnoBo. 
Ta6nHua. ~opMaT cnoBa BblXOnHblX naHHblX 

RI 6 I RI 5 I RI 4 I RI 3 I RI 2 I RI I I RIO I R9 I RB I R7 I R6 R51 R4 R3 I R2 I RI 

L2 I LI l!BOH'iHblA HOMgD KaHana - Nk LO 

Bbmon 'iaCTHU H3 CHHXPO!lia30TPOHa OHHH npoH3B0llHTCI! HMnynbCaMH nnH
TeflbHOCTblJ no 400 MC H nepHonoM cnellOBaHHII 6 + 10 c. CpenHee 'iHCflO 
3anycKOB B UHKne - 200, a CflOB B co6bITHH - 40. MaKCHMaflbHYIJ CKOPOCTb 

Ha6opa naHHblX B 3TOA CHTYaUHH o6ecne'iHT annapaTypa, KOTOpal! B Te'ieHHe 

UHKna Bbmona nY'iKa H3 CHHXPO!lia30TPOHa npoH3BOnHT HaKonneHHe naHHblX B 
6y!)iepHOA naMRTH, a B nay3aX Megny UHKflaMH nepenaeT 3TY HH!liOpMaUHIJ B 

38M. 
AnnapaTy_pa c6opa naHHblX BKfllJ'iaeT B ·ce611 6y!liePHYIJ naMl!Tb o6beMOM 

16K 16-pa3pl!l!HblX CflOB H 6noK ynpaBneHHII Ha6opoM naHHblX (EY) , KOTOPbie 
pa3Me111eHbl B TpeTbeM KpeATe. KpeAT pacnonogeH B 3KcnepHMeHTaflbHOM no-
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MHKe p11noM c Kp.l H Kp.2 (CM. PHC. 9). Conp11geHHe 38M c annapaTypoA 
KAMAK ocy111ecTBfllleTCI! 'iepe3 CTaHl!apTHblA npaABep BeTBH. nocKOflbKY 38M 
BMeCTe C HaKOOHTenl!MH Ha MarHHTHOA neHTe EC-1052 pacnonogeHa Ha Pac
CTOl!HHH ~ 150 MOT cneKT~OMeTpa, CBl!3b C HeA npOH3BOnHTCI! 'iepe3 YllflH
HHTenH MarHCTpanH BeTBH KAMAK (YMBK), KOTOPbie o6ecne'iHBalJT 06MeH Ha 
paCCTOl!HHe no 1 KM. 

06111ee ynpaBneHHe HaKonneHHeM naHHblX BO BpeMI! UHKna Bbmona IlY'iKa 
OCYllleCTBfll!eT 6nOK ynpaBneHHI!. fio neHxony (BO~peMI! UHKfla BbIBOlla nyq

Ka) CHrHana "TpHrrep" EY HHHUHHpyeT CbeM naHHblX co6bITHI!, B pe3YflbTaTe 
'iero HH!liOpMaUHI! 06.oqepenHOM co6bITHH C'iHTbmaeTCI! H3 KpeATOB B 6Y!liep
HYIJ naMl!Tb. no OKOH'iaHHH UHKna EY HHHUHHpyeT C'iHTbmaHHe HH!liOpMaUHH o 
UHKne B uenoM, a 3aTeM coo6111aeT 38M O HaflH'iHH B En nonrOTOBflBHHoro 
MaCCHBa 3KcnepHMBHTaflbHblX naHHblX. nocKOflbKY pa3Mep npHHHMaeMoro Mac
CHBa He MO*eT 6bITb onpeneneH 3apaHee, 3anHCb naHHblX B En (nn11 npelloT

Bpa111eHH1! HCKageHHI! HH!liOpMaUHH) Ha'iHHaeTCI! C HeKOTOporo 3anaBaeMoro 

nporpaMMHO (HeHyneBoro) cinpeca, 'iT06bl npH nocTH*BHHH MaKCHMaflbHoro 

anpeca 3aHeCTH B 3ape3epBHPOBaHHOe TaKHM o6pa30M anpecaoe npoCTPaHcT
BO OCTaBWYIJCI! aenO'iHTaHHOA HH!liOpMaUHIJ o co6LITHH H cnyge6Hbie cnoea 
UHKna. 

B_nl!TOA r naBe paccMaTpHBa~TCI! 3KCnep_HMBHTaflbHble pe3ynbTan1, nony-
'ieHHble C noMOlllblJ cneKTPOMeTpa MACUHK C HCnOflb30BaHHeM onHcaHHOA 
annapaTyp1,1. HccnenoBaHHI! npoBOnHnHCb Ha CHHXPO!lia30TPOHe OHHH. 

BLIIDe 

fiY'iOK 
BbmeneHHblX H3 CHHXPO!lia30TPOHa penl!THBHCTCKHX 'iaCTHU nanan Ha M11mea11 
H3 CHZ, co. H C (CM. PHC. 1), YCTaHaBfll1BaBm11ec11 noo'iepenHO B HOHOnpo

Bone MenneHHOro Bhmona nY'iKa. B r~·.. J+C-a,d+X U,3 ~ 

~ 0.2, '~---.~-. 
Ka'ieCTBe nepBH'iHblX 'iaCTHU 11cnonbJo-

u 0.1 

' . 
.i □ • 10 

C 
~ 

' . 
~ 0.05 

' "' 

! d+D-a,d+X 

~\#~~ 
~~ 

l --. 

. . 
ean11cb npOTOHbl, neATPOHbl, a-qaCTHUbl. 

0THOCHTBflbHOe MOHHTOPHPOBaH11e 

O. I 0 

.O. OS 

PHC. 10. HMnYflbCHbie cneKTpbl llBATpo-
0 t-------,-------,-r--, HOB 1 3aperHCTp11poBaHHblX non yr flOM 

d+H-;,d+X 0,139 pan BO B3aHMoneACTBHl!X neATpo
HOB C RnpaMH aonopona, neATep1111 11 

f,i.~~ • yrriepoita npH 9 f38/c. filTp11xoa1,re 
f1'f KPl1Bbie - pe3YflbTaTbI annpOKCl1Mau1111 

t • ------~~'!!!'.l!!!!l' yqacTKOB cneKT!)OB OT 5, 5 no '7, 0 f38/c 
0 '--· 9 nnaBHblMH KPH~b!MH • 

j:>. GeV/c 
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HHTeHCHBHOCTH nepsHqHoro nyqKa npoH3BOnHnocb C noMOlllbD nsyx TeneCKO
noB CUHHTHnnRUHOHHLa cqeTqHKOB, HanpasneHHLa Ha oTnenbHYD MOHHTOPHYD 
MHmeHb. BTopHqHLie qacTHULI perHCTpHpoaanHCb CUHHTHnnRUHOHHLIMH cqeTqH

KaMH co+ C7 H nponopuHOHanbHLIMH KaMepaMH IlKl + IlK19. 
C nOMOmbD cneKTPOMeTpa MACilHK C HCnOnb30BaHHeM onHcaHHOA BLIIDe an

napaTYPLI 6LIJJO anepBLie npOH3BeneHO H3MepeHHe HMnynbCHLa cneKTpOB BTO
pHqHLa npOTOHOB H neATPOHOB c 6onbmHMH nonepeqHLIMH HMnynbCaMH*, o6pa-

3YDmHXCR BO B3aHMOneACTBHRX neATPOHOB C HaqanbHLIM HMnynbCOM 9 r3B/c C 
RnpaMH MHmeHH, C HMnynbCHLIM pa3pemeHHeM. 100 M38/c. H3MepeHHR npo
BOnHnHCb non yrnoM 0,139 pan npH HHTeHCHBHOCTH (0,5 + 5) X lOg neAT

poHOB B HMnYnbcax nnHTenbHOCTbD OKono 0,4 CH qacTOTe 0,1 ru. nHana-
30H H3MeHeHHR HMnynbCOB BTOpHqHLa qacTHU COCTaBHn OT 3,3 r3B/c noqTH 
no KHHeMaTHqecKOA rpaHHULI HX HCnYCKaHHR. BTopHqHLie npOTOHLI oTnenR
nHCb OT neATPOHOB no H3MepeHHLIM 3HaqeHHRM HX HMnynbCOB H apeMeH npo
neTa Me•ny cqeTqHKaMH co H C4 Ha 6a3e nnHHOA OKono 22 M., Ha PHC- 10 

npHBeneHLI cneKTPLI neATPOHOB, nonyqeHHbie BO B3aHMOneACTBHRX neATPOHOB 
c HMnYnbcoM 9 r3B/c c RnpaMH aonopona, neATepHR H yrnepona, npH nepe
naqax HMnYnbca neATpoHaM B HHTepaane ltl ~ 1,4 + 1,1 cr38/c)

2
• 

8 peaKUHH dp ➔ pX npH HaqanbHOM HMnynbce neATPOHOB 9 r3B/c MeTonoM 

HenocTaDmHx Mace nposonHnHCb noHCKH nH6apHOHHLa COCTORHHA. H3MepeHHR 
oxBaTLIBanH HMnynbCHLIA HHTepaan BTOpHqHLa qacTHU OT 3,4 no 9 r3B/c. 
AHanH3 nonyqeHHLa naHHLa noKa3an, qTo a o6nacTH 2 :,;; ~ :,;; 2, 5 r3B/c

2 

He Ha6nDnaeTCR KaKHX-nH60 oco6eHHOCTeA, YKa3LIBaDmHx Ha o6pa30BaHHe 
pe30HaHCHLa COCTORHHA. 6LIJJa oueHeHa aepxHRR rpaHHUa ceqeHHR 06pa30-
BaHHR nH6apHOHHLa COCTORHHA. B 3TOA o6naCTH Mace OHa COCTaanReT 0,1 
+ 0,1 MK6/(r3B/c)'. IlonyqeHHLie a npouecce H3MepeHHA naHHLie o peaKuH-

1 * . ' 
RX H(d,d)N npH 6onbmHX nepenaqax HMnYnbca BTOpHqHOMY neATpOHY no3-
BOnHnH oueHHTb napaMeTpLI aMnnHTYn pacceRHHR Ha HYKnOHaX KOpOTKO*HBY-

* * * ** mHX HYKnOHHLa pe30HaHCOB N (1410), N (1520), N (1680) 

* n.c.A.rHpeA, H.K.830POB, ..• , ID.A.Ko•eBHHKOB H np. HccnenoBaHHe pe
aKUHA A(d,p)X npH 9 r3B/c B o6nacTH 6onbmHX nonepeqHLa - HMnYnbCOB 
npoToHoa. IlpenpHHT OHHH, Pl-86-728, ny6Ha, 1986. H~, 1987, T.46, 
c.1137. 

·n.C.A•rHpeA, H.K.830POB, .•. , ID.A.Ko•eBHHKOB H np. CneKTpLI neATpo
HOB, HcnycKaeMLa c 6onbmHMH nonepeqHbIMH HMnynbcaMH s coynapeHHRX 
neATpoHoB c RnpaMH aonopona, neATepHR H yrnepona npH 9 r3B/c. Ilpe
npHHT OHHH, Pl-88-23, ny6Ha, 1988. H~, 1988, T.48, c.1758. 

**fl.C.A•rHpeA, H.K.830POB, ••• , ID.A.Ko•eBHHKOB H np. 3KcnepHMeHTanb
Hbie noHCKH npoRBneHHR nH6apHOHHba pe3oHaHCHba COCTORHHA B peaKUHH 
H(d,p)X npH 9 r-3B/c. 8 KH.: Tpynbl CHMn03HYMa no HyKnoH-HYKnOHHblM H 
anpoH-RnepHLIM B3aHMoneACTBHRM npH npoMe•YTOqHba 3HeprHRX- flHH~, 
fleHHHrpan, 1986, c. 43. 
n.C.A•rHpeA, H.K.B3opos, .•• , ID.A.Ko•eBHHKOB H np. Bo36Y•neHHe HYK
noHHLa pe30HaHCOB B rny6oKo HeynpyroM neATPOH-RnepHOM pacceRHHH
TaM ge, c.348. 

14 

8 3aKnDqeHHH (liOPMYnHPYDTCR OCHOBHbie pe3ynbTan1 nHccepTaUHH- Ilpen
CTaBnReMaR nHccepTaUHR o6o6maeT pe3YnbTaTbl pa3pa60ToK, C03naHHR H HC
cnenoBaHHR pa6oqH~ xapaKTepHCTHK OCHOBHba y3noa 3neKTPOHHOA annapaTy
Pbl MarHHTHOr O cneKTpoMeTpa MACilHK, a HMeHHO: annapaTypbI TPHrrepa, pe
rHCTpauHH HH(liOpMaUHH c nponopUHOHanbHba KaMep H c6opa naHHba. OnHcaH
HaR annapaTypa Hcnonb3YeTCH B nposonHMba Ha CHHXPO(lia30TPOHe OHHH C 
noMOmbD YCTaHOBKH MACilHK HccnenosaHHRX MexaHH3Ma HnepHLa peaKUHA npH 
penHTHBHCTCKHX 3HeprHHX. Pa3pa6oTKa, HCnbrraHHe H BHenpeHHe annapaTy
PLI B COCTaB cneKTPOMeTpa MACilt!K mno napannenbHO C 3KcnepHMeHTanbHbIMH 
HccnenosaHHRMH. Oco6aR ueHHOCTb pe3ynbTaTOB 3THX HcnLrraHHA (B TOM 
qHcne H Ha CTanHH pa3pa60TKH) 3aKnDqaeTCH B TOM, qTo OHH npoBO~HnHCb 

B peanbHba ycnoBHHX npH onHOBpeMeHHOM Ha6ope 3KCnepHMeHTanbHOA HH(liop
MaUHH. 0CHOBHble pe3ynbTan1 npencTaBneHHLa B nHccepTaUHH pa6oT 3aKnD
qaDTCH B cnenyDmeM: 

1. C(liOPMYnHpoBaHLI OCHOBHbie Tpe6oBaHHH, npen'bHBnHeMbie K 
y3naM 3neKTPOHHOA annapaTYPLI cneKTPOMeTpoa. 3TH Tpe6osaHHH 
nonb30BaHLI npH pa3pa6oTKe annapaTYPLI· 

oTnenbHbIM 
6bIJJH HC-

2. Pa3pa6oTaHO H BHenpeHo 3amHmeHHOe aBTOPCKHM CBHneTenbCTBOM CCCP 
Ha H306peTeHHe YCTPOACTBO speMeHHOA npHBH3KH nnH 6onbm~x CUHHTHnnHUH
OHHblX cqeTqHKOB, o6ecneqHBaDmee norpemHOCTb. BpeMeHHOA OTMeTKH (u) 

220 nc, MepTsoe speMH - 20 He. 

3. IlposeneHa aHanHTHqecKaH oueHKa 3(1i(lieKTHBHOCTH TpHrrepa nepsoro 
YPOBHH. IlonyqeHbl KOHKpeTHbie 3HaqeHHH OCHOBHba napaMeTpos CHCTeMbl 
TpHrrepa, o6ecneqHBaDmHX BLICOKYD (~ 997.) 3(1i(lieKTHBHOCTb. Pa3pa6oTaHa, 
co3naHa H HCnLrraHa B pa6oqHx ycnoBHRX cHcTeMa TpHrrepa no apeMeHH 

nponeTa cneKTpoMeTpa MACllHK. BpeMeHHoe pa3pemeHHe, nocTHrHYTOe anna
paTypoA TpHrrepa, cocTaBHno 500 ·nc (nonHaH mHpHHa Ha nonyBLICOTe). 

4. Ilpenno•eHa H npHMeHeHa MeTonHKa HaCTPOAKH KaHanoB p~rHCTPaUHH 
llK, qTo o6ecneqHno BblCoKoe apeMeHHoe cornacoBaHHe 3anepgeK a npenenax 
oTnenbHOA nnOCKOCTH (nonHaR illHPHHa Ha TIOJiOBHHe BblCOTbl - 25 HC), qTo 
n03BOnHno npH KOPOTKOM CTpo6e 3anHCH (70 HC) nocTH'-1b BblCOKOA (99 7.) 

3(1i(lieKTHBHOCTH. Pa3pa6oTaHa H BHenpeHa annapaTypa aBTOMaTHqecKoro 
ynpaaneHHH 3anep•KaMH a KaHanax H annapaTypa, npoH3BonRmaH cqHTLIBaHHe 

TOnbKO 3HaqameA HH(liOpMaUHH C IlK • Co3naHbl H B~enpeHbl s:pencTBa aBTOMa
TH3HPOBaHHor6 TeCTHpoBaHHH 3TOA annapaTypbl. 

5. Pa3pa6oTaHbl H BHenpeHbl 6nOKH npHeMa H npeo6pa3oBaHHH HH(liOpMaUHH 
c nponopuHoHanbHLa KaMep, 6y(liepHoA naMRTH, ynpaaneHHH HaKonneHHeM 
naHHba, ynnHHHTenb MarHCTpanH BeTBH KAMAK. Ha HX OCHOBe C03naHa H 
BHenpeHa CHCTeMa c6opa naHHba cneKTPOMeTpa MACllHK, YBenHqHamaR Ha no
pRnOK CKOPOCTb Ha6opa 3KCnepHMeHTanbHOA HH(liOPMaUHH. 

6. OnHcaHHaH annapaTypa Hcnonb3YercH B nposonHMba c noMombD YCTa-
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HOBKH MACnHK Ha CHHxpo~a3orpoHe Il83 OHHH HccnenosaHHRX. MexaHH3Ma 
RnepHblX peaKUHfl npH penRTHBHCTCKHX 3HeprHRX. 0Ha no3BOnHna pewHTb no
BOnbHO WHPOKHA Knacc ~H3HqecKHX 3anaq: C noMOWbD cneKTPOMerpa MACnHK 
HccnenoBaHbl peaKUHH ACd,p)X H ACd,d)X npH 9 f38/c B o6nacrH 6onbWHX 
nonepeqHblX HMnYnbCOB BTOpHqHblX nporoHOB H neATPOHOB, nposeneHbl nOHCKH 
nH6apHOHHblX COCTORHHA B peaKUHRX dp ➔ pX MeronoM .HenocraDfuHX Mace, 
oueHeHbl napaMerpbl aMnnHryn pacceRHHR Ha HyKnoHax KOPOTKOlKHBYWHX HYK -

* * * noHHblX pe3oHaHCOB N (1410), N (1520), N (1680). 

Pa6on1, ony6nHKOBaHHbie no reMe nHccepraUHH: 

1. ID.A.KolKeB~HKOB. 6noK npHeMa H npeo6pa3oBaHHR HH~OpMaUHH C nponop
UHOHanbHhlX KaMep. npenpHHT OHHH, 13-85-697, ny6Ha, 1985. nTJ, W 6, . 
1986, C. 81. 

2. ID.A.KolKeBHHKOB, n.K.IlhITKHH. AHanH3 3~~eKrHBHocrH perHcrpauHH Jne
MeHrapHbIX qacrHU MeronoM cosnaneHHA npH Mam1x pa3pemaDWHX speMe
Hax. npenpHHT OHHH, 13-88-627, ny6Ha, 1988. 

3. 8.~.6opeAKO, 8.M.fpe6eHDK, •.• , ID.A.KolKeBHHKOB H np. YcrpoACTBO 
speMeHHOA npHBR3KH·nnR 6onbWHX CUHHTHnnRUHOHHblX cqerqHKOB. npe
npHHT OHHH, 13-86-362, ny6Ha, 1986. nrJ, W 5, 1987, c. 87. 

4. 8 -~ .6opeAKO, ID .M.Banyes, ... , ID .A .KolKeBHHKOB H np. 6wcrponeAcrsy
DWHe nornqecKHe 6noKH B craHnapre KAMAK I (BhmYcK 1 l. Coo6meHHe 
OHHH, Pl0-85-661, ny6Ha, 1985. 

5. 8.M.fpe6eHDK, ID.A.KolKeBHHKOB, A.8.CenHKOB. CxeMbl cosnaneHHA c npo
rpaMMHo-ynpaBnReMhlMH napaMerpaMH. Coo6meHHe OHHH, Pl0-87-846, ny6-
Ha, 1987. 

6. n.C.AlKrHpeA, H.K.83opos, ••• , ID.A.KolKeBHHKOB H np. OpraHH3aUHR H 
annaparypHaR peanH3aUHR rpHrrepa no speMeHH nponera c BbICOKHM pa3-
pemeHHeM. npenpHHT OHHH, 13-88-437, ny6Ha, 1988. 

7. r.~.AKHMoBa, n.B.6ynKHH, ... , ID.A.KolKeBHHKOB H np. Annaparypa nnR 
HananKH KaHanoB perHcrpaUHH HH~OpMaUHH C nponopUHOHanbHhlX KaMep. 
Coo6meHHe OHHH, 13-84-308, ny6Ha, 1984. 

8. n.C.AlKrHpeA, f -~-AKHMOBa, .•• , ID.A.KolKeBHHKOB H np. 
nopuHoHanbHblX KaMep MarHHTHOro cneKrpoMerpa. 
13-86-164, ny6Ha, 1986. nTJ, W 4, 1987, c. 44. 

CHcreMa 
npenpHHT 

npo
OHHH, 

9. 8.M.fpe6eHDK, ID.A.KolKeBHHKOB. YcrpoACTBO speMeHHOA npHBR3KH nnR 
6onbWHX CUHHTHnnRUHOHHhlX cqerqHKOB. ABT: CBHn. W 1432436. □Hn□T3, 
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