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A,QbinOB r.T., BoQO!IbHHOB A.C., raeBCKH B., 
H~~:rMaHoa T.c., Ubii'aHoa 3.H. 1 - 8123 

OnpeaeneHHe a~~eKTHBHOCTH cneKTpoMeTpa B onbiTe no 
rr- e -pacceHHHIO npn aHepi'HK 50 faB 

0nHCbiB8eTCH npoueaypa OIIpeaeneHHH a~~eKTHBHOCTH H8X0)1{AeHHH C06bi
THH B OnbiTe no ynpyi'OMY 1T -e-pacceHHHIO IIpH aHepi'HH nepBH'IHb!X nHOHOB 
50 ras. MeTOAOM MoHTe-Kapno nony'leHa 38BHCKMOCTb a~~eKTHBHOCTH 
cneKTpoMeTpa oT cpeaHero 'IHcna 'laCTHU ny'IKa, npowearnnx qepea ycTaHoa
KY 38 BpeMH naMHTH HCKpOBbiX K8Mep. CpeAHHH a~~eKTHBHOCTb ·cneKTpOMeTpa 

paBHa (94~0,9)%. 0CHOBHOH BKnaA B npHBeAeHHOfi OlliH6Ke COCT8BnHeT CHC
TeMaTH'ieCK8H norpeWHOCTb. 

Coo6meHHe 06he,nHHeHHOrO MHCTHTyTa JI,IlepHhiX HCCJie)lOBaHHI 

~y6Ha, 1974 

ti:)J974 061>eOUHeHHbiU UHCJIUIIYII JIOepH&IX UCCAe006aHUU ,4y6Ha 

I . BBBTOOfr!li! 

B HaCTO~e~ pa6oTe OITHCHBaeTCR npoue~, paspa60T8HHaff ~ 

onpe~aneHKH 3~KTHBHOCTH Haxo~eHHR COClHTH~, saperHCTpHpOBaHHHX 

MarHHTHHM HCKPOBHM CIIeKTpOMeTpOM B OOHTe IIO ynpyrOMY TI-e-pacceRHHD 

npz aHeprHH nepB~X TI-MeaoHoB 50 raB /!, 2•3/. 3TOT BOrrpoc yxe 

OClC~CR HaMH B pa6oTe / 4/, r~e ClH~ paCCMOTpeHH MeTO~ IIO~eHMR 
HH~PMauHH, He06XO~O~ ~ MO~e~pOBaHKH pa60TH 3KCrrepHMeHTaHDHOH 

YCTaHOBKH, no peaHDHHM COClHTHRM, 3aperHCTpHpOBaHHHM B 3KCrrepHMeHTe. 

CrreKTPOMeTp COCTOaH Jll3 Tpex Cl~OKOB, CO~ep~ 6eC~MOBHe 

MarHHTOCTPKKUHOHHHe HCKPOBHe KaMepH / 2/ H nponopUHOHaHDHHe KaMepu/3{ 

aH~3HPYJlll6rO MarHHTa H CHCTeMH 3anyCKa H3 CUHHTWIJI.HUl'IOHHHX 

c~eT~OB z ~epeHKOBCKHX c~eT~HKOB n~oro nor~o~eHHR. B aKcnepHMeH

Te HCIIOHL30B~aCb ~OBO~opo~aa MKrneHb. EnoKH KaMep ClH~ pacno

~Ollt6HH rrepe~ MKrneHbK>, Mellt,l('{ MKrneHbK> H MarHMTOM H 3a HHJI. 

3KcnepHMeHTaHDHaff HH~~ perHCTpzpo~aCb C IIOM~biD 3BM, 

pa60TaBWe! Ha ~ C YCTaHOBKO!. 

,Uim Orrpe~aneHHR 3~KTHBHOCTH CII6KTPOM6Tpa M6TO~OM MOHT6-

Kapno pasurpu~cb aKTH pacceRHHR TI-Me3oHoB Ha a~eKTpoHax, BOC

npoH3BO~Cb TpaeKTOpKH ~aCTKU, ~aCTBYDmMX B peaKUHH. llpH 3TOM 

~HTHB~OCb ,IJ;HqxpepeHI.UiannHoe ce~eHMe npouecca, MHoroKpaTHoe pac

ceRHMe ~aCTKU, pa,D;HauHOHHH6 IIOTepH 3HeprHH a~eKTpOHa, reoMeTpHR 

YCTaHOBKH H CHCT6MH c~eT~OB, ~aCTBYDmMX B 3aTIYCF.S, peannHHe 

rrapru.!eTpH rrepB~HOrO II~Ka. B COOTB6TCTBHH C cpoHOBHMH YC~OBHRMH, 

HM6BWHMH MeCTO B 3KCIIepHMeHTe, pa3HrpH~Cb H BOCCTaH8BJlliB~Cb 

TpaeKTOpHH ¢QHOBHX TpeKOB H ¢QHOBHe HCKPH B CIIeKTPOMeTpe. 3aTeM 

MO~e~pOBMaCb paeloTa 3KCrrepHMeHTaHDHOit annapaTypH. llpe,n;CT~eHMe 

0 paelOTe ~eTeKTOpoB H ~yrHe H60ClXO,IJ;HMHe ~aHHHe ClH~ II~~eHH Jll3 

aKcrrepHMeHTaHDHO~ HH~po~arurn I 41. B pesy~TaTe pa6oTH rrporpaMMH 
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I!IOHTe-KapJIO Ha MarllliTHYJO JI€HTY 3ai1JieHBaJiae:b ROOp,Itll!BaTHM HHqlopMa

IlHR, eOOTBeTeTBYI<JIIM peaJI:bHHM ,IJ;B.HHHM, perVIeTpHpyet.mM B aKerrepHMeH

Te. 3aTeM 8Ta HH!fx>PMaUHR o6pa6aTHBaJiae:b TeMH X€ eaMHMH IIporpaMMB.

~lli reoMeTp~eeROro H RHH8MaT~eeKOrO BoeeTaHOBJieHH.a: C06HTHI, KOTQ

p!:i€ 6HJIH HeiiQJI:b30BaHH ~ o6pa60TRH 8KenepHM€HTaJI:bHHX ~X / 5,6/, 

0rHOIIIelllie 'll'!eJia eo6HTHI, HaA,neHHHX Ha STOM reHepHpOBaHHOM MaTepHa

Jie, K HX IIOJIHOMY 'll'!e.ny .ztaeT B€~HHY a@>eKTHBHOeTH eneKTpoMeTpa, 

3Ta ~RTHBHOeT:b 3aBVIeHT RaK OT RatJeeTBa pa60TH yeTaHOBRH, TaR 

H OT KatJeeTBa nporpaMM, paspa6oTaHHHX ~ IIOHeRa H ~eHTH~BUHH 

eo6HTHA. 

CpaBHeHHe xapaKTepHeTHK peaJI:bHHX H reHepHpOBaHHHX eo6HTHI no-

3BOJIHJIO YTOqHJiT:b napaMeTpH nporpaMMH MOHTe-KapJIO. 

II. MO,UEJIVIPOBAHHE AKTA II-e-PACCEmillR 

Mo,neJIHpoBaHHe aKTa II-e-paeeemmJI H rrpoBe,neHHe TpaeKTOpHI tJae

THU qepea YCTaHOBRY 6HJIO BHITOJIH8HO eJI8,ny!OIIIHM o6paaoM, 

Hf~JI:bC nepBHtJHOrO il-M€30Ha paaHrpHBaJIC.ff B COOTB8TCTBHH C 

aKcnepHMeHTaJI:bHHf~ .D;aHHHMH B B~e rayccoBeKoro pacnpe,neJieHHR co 

cpe,nHHM 3H8tJ8Illi8M 50 raB/e H CTaH,napTHHM OTKJIOH8Illi8M 800 MaB/e. 

~ renep.HpOBaHl1JI II03~ H yrJIOB nepBHtJHHX il-M630HOB HeiiOJI:b30Ba

JIHe:b paerrpe,neJieHHJI, IIQJIYtJeHHHe VIS aKerrepHMeHTaJI:bHoro MaTepuaJia, 

IIpH STOM YtJHTHBaJiaC:b pa60tJM anepTypa MOHHTOpHoro TeJieeROIIa. ilo-

3HUH.ff TO'!Rii paeee.ffilli.ff na.namtero il-M830Ha paaHrp}iBaJiae:b paEHOMepHO 

B.D;nnl> Been .nJIHHH MHIIIeHH (50 eM). CetJeHHe rrpoueeca ynpyroro IT-e

paeceJIHHR B saBHeHMOCTH OT nepe,ItaHHoro HMIIyJI:bea 6HJIO npe,ncTaBJieHo 

B BH,ne 

df)/dq = K ( q3- q-t q-;:AX) Fl( ql) ; 

F(q2)=1- q2 r~/6 + ..• , K =520.98Mb (II3B/c)2, 

4 

r,ne qMAX - MaKeHMM:bHHH nepe,naHHHA IDilTIYJI:be, r Jr - epe,nH8KBa,JJ;p8T>f<J

HHH aJieKTpoMarirnTHHH pa,nHYe Il-MesoHa ( B paetieTax npHHRTO r,- = o. 7 f ) • 

AsHMYTaJI:bHH~ yrOJI IIJIOeKOeTH paeee.ffilli.ff BTOpHtiHHX tJaeTHU BH6HpaJie.ff 

eJIYtJaHHHM o6pa30M B HHTepBaJie 0-2~. IlpH MO,D;eJIJI[pOBaHHH TpaeRTOpV!H 

BTOpHtiHOrO 8JI8KTpoHa YtJVITHBUJIJI[e:b ero pa,D;HUUHOHHH8 ITOTepVI B BemecTBe 

yeTaHOBRH. 

0TKJIOHeirne TpaeKTOpHH tJaeTVIU B MarHHTHOM IIOJie IIPOH3BO~Oeb 

B COOTBeTCTBHH C rHITOT630~ 06 ~eanbHOM MarHHT6 1 0,D;H6KO ,nnR ~,noro 

TpeKa 6HJI8 pasHrpaHa eJiyq~a.ff HeO,nHOpO,nHOeT:b MarilliTHOPO ITOJI.ff 

paBHOB8PORTHO B HHT8PBaJI8 ± 0,2%. 
Ilpoue~a Mo,neJIJI[pOBaHH.a: TpaeRTOpHH tJaeTHU II-e-eo6HTHH BKJIIDtJaJia 

TaRX8 yqeT MHOPOKP8THOrO KYJIOHOBeROPO paeee.a:HHH, Bee BemeeTBO 

yeTaHOBRH 6HJIO rrpe,neTaBJI8HO B BH,D;e Ha6opa 99 TOHRHX CJI08B orrpe,ne

JI8HHHX THITOB BemeeTBa, KY,D;a BXO,nJIJIH ~,nRHH BO,nopo,n, raaoo6pa3HHH 

reJIJI[H, B03,D;YX, M8,D;h, MaHJ!ap, llOJIJI[STMeH. YrJIH OTKJIOH8HHH qaeTHU 

B KalK,Il;OM eJioe pasHrpHBaJIHCb B COOTB8TCTBHH C TeOpHeH !,iOJibepa H 

TpaeRTOpV!H tJ8CTVIU rrpocJie~BUJIJI[Cb OT CJIOH K eJIOID qepe3 BCID yeTaHOBKY. 

llpVI MO,D;8JIJI[p0BaHHH HeiTOJI:b30BaJI8Ch peaJI:bHM P€0M€TpHR CHCT€MH 

aarryeRa yeTaHOBKH. ~eTBeHHOe OTJIJI['ll'l€ 3aKnDtiaJIOeb B TOM, 'ITO 

Bee pa3M€pli eUHHTHJIJIRUHOHHHX VI qepeHROBCKHX CtJ8TtJVIKOB 6HJIJI[ JMeH:b

IIJ€HH ITO BH81IIHHM Kp8.RM Ha 3 MM. 3TO 6HJIO c,neJiaHO ,IJ.IDl HCKJIJOqeHH.Il 

a@>eKTa rpaH~HHX o6pe3aHHH B reoMeTpHtieCRO~ rrporpaMM8, C STOH 

xe ueJI:biD HMITYJibCH rrepBVIqHHX Il-MeaoHOB orp~BaJIVIC:b sHaqeHHeM 

49-51 ThB/c. 

HeROTOpM Heaqi{leRTHBHOCTb rrporpaMM ITOHCK8 VI peROHCTpyro.I,ID! 

C06HTHH MOPJI8 6HTb 06YCJIOM8H8 OIIJH6oqHO~ VI,D;8HTVI!'PHK8.I.Ui8H 8JI8KTpOHa. 

~R yqeTa STOPO aq¢eRTa aMIIJIHTY.nH CHrHaJIOB C qepeHROBCKHX CtJ8TtJH-
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KOB, KOTOpHe HCUOHb30BaHHCD ~ ~eHTH¢HKaUHH ~aCTHU, paaarpHBa

XHCD B COOTBeTCTBHH C peanbHHMH pacnpe~aneHHHMH ~ ll-Me30Ha H 

3JieKTpoHa • 

PeayJIDTaT MO~eXHPOBaHHH ~peHnRanDHoro ceqeHKH npouecca 

ynpyroro ll-e-pacceRHHH H yqeTa reoMeTpHH YCTaHOBKH ~TpzpyeTCH 

pHcYHKOM I, r~e npRBe~eHo pacnpe~eJieHHe peanDHNX H reHepzpoBaHHNX 

C06HTHH B 3aBHCHMOCTH OT 3HeprHH BTO~OrO aJieKTpoHa. Pacnpe~aneHHH 

Y~OBJieTBOPHTeJIDHO corJiaCymTCH. 

Ill. MO.IWJlHPOBAirnE WHOBHX YCJIOmiD 

HHqoPMaUI:teH ~ paaarpHBaHKH qoHOBBX TpeKoB H ~onOJIHHTeJIDHBX 

HeKp C~ xapaKTepHCTHKH qoHa, nOJiyqeHBHe B pa6oTe / 4/. ~i\ 
eeaHc, COOTBeTCTBYDm»H O~OH MarHHTHOft JieHTe H eo~epxamm! OKOJIO 

I% nOJIHoR cTaTHeTHKH, xapaKTepzaoBaJicH co6cTBeHBHM aHaqeHHeM cpe~

Hero ~MeJia nyqKOBBX ~aCTHU (A), npome~X 3a BpeMH llaMHTH HCRPOBHX 

KaMep.' ~CJIO qoHOBNX TpeKOB B C06HTHH pa3HrpHBaJIOCD B COOTB6TCTBHH 

c nyaccoHoBeKHM pacnpe~eJieHHeM. PeaJIDHaH qoHoBaH aarpyaKa B ceaHcax 

H3MeHHJiaCD B ~anaaoHe 0,2 < A < I,6. 

llpoue~ pa3HrpHBaHKH napaMeTpoB qoHOBHX TpeROB 6HJia aHaJID

rH~Ha npoue~e paaHrPHBaHHH cooTBeTcTBYDm»X napaMeTpoB nepB~Horo 

ll-MeaoHa B aKTe ll-e-paeceHHHH. AHaJio~HM o6paaoM paaHrPHBaXHCD 

HMITYJIDCH, ROOp~aTH H yrJIH HaRJIOHa qoHOBBX nyqROBNX ~aCTHU. 

llpoeTpaHCTB6HHOe pacnpe~eJieHHe ~aeTHU 6HJIO BOCeTaHOBJieHO C HCITOJIL-

30BaHHeM CIT6UHanbHNX ll~OBNX C6aHCOB, ROTOpHe peryJIHpHO npoBO~CD 

B Te~eHHe 3RCnepHMeHTa. PaaarpHBae~rue KOOp~aTH qoHOBNX IT~OBNX 

~aCTHU He OrpaHH~HBaXHeb anepTypoi\ MOHHTOpHoro TeJieCKOna. 

B MO~eJIHpOBaHHe qoHOBNX YCJIOBl:tR 6~0 TSKEe BKJIDqeHO paaHrPH-
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PRe. I. Pacnpe~aneHHe co6NTHH II-e -pacceHHHH B aaBHCHMOeTH oT aHep

rHH BTop~Horo aJieKTpoHa. CnJiomHoR JIHHHeR npHBe~eHN ~e 

,IUIJJ peaJIDHNX C06HTHH, nyHRTHpHOi\ - ,Ir.1ISl C06HTHH 

MoHTe-Kap.rro. 
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BaHHe ~OnOJlliHTe~HHX HCKp, He ~e~ Ha TpeKax. CBe~eHHR 0 qac

TOTe ITOR~eHHR H 0 KOOp~aTHOM pacnpe~e~eHHH TaKHX HCKp OH~ 

ll3~eqeHH H3 pe3y~hTaTOB, n~eHHHX UpM noHCKe cpoHOBHX TpeKOB/4/. 

IY. MO.[EJ1!1POBAHI1E PAEOTb! KOOP,Ul:lHATiillX .1IETEKTOPOB 11 PEI'l1CTP11-

PYKXUEti 3JIEKTPOHlOO! 

B RaqeCTBe RCXO.n;HHX 3Ha'leHHM BepORTHOCTH perRCTPaUMR HCKp 

TpeKoB IT-e-pacceRHHR acn~soB~Ch II rpynn napaMeTpR30BaHHHX 

3q¢eKTMBHOCTeH )J.7IR K~O~ RaMepH, KOTOpl:le 6HJIH ITOJIY'leHH PaHee/4/. 

B K~OM rpynne, CO~ep~all{eH 3q¢eRTMBHOCTh HCRpOBOro npoMe~TRa 

l! BepORTHOCTh perMCTPaUMH COOTBeTCTBYJOOlero MarHHTOCTpllKIJ,HOHHOrO 

CHrH~a Cl>eMHHM ~aT'lMROM, 6H~a npOM3Be~eHa napaMeTpM38UMR no 'li1C~ 

cPoHOBHX TpeiwB n no paccTORHHID Me~ ~YMR TpeRaMH. B ~~HeidweM 

3Tl! HCXO.n;HI:le 3Ha'l:eHHR 3q¢eKTHBHOCTeid 61:1~ CKOppeRTRPOBaHI:l C y-qeTOM 

~nyx 3@)eKTOB. 

!IepBaR KoppeKIJ,HR rrpe~cT~RJia co6ofi y-qeT aqxpeRTa 3aBHllleHHR 

HCTJIHHOH 3@leKTHBHOCTH KaMepH rrpn BJ:lqHc~eHHH ee ITO OTCYTCTBHIO HCKp 

B ITJIOCKOCTH R~!epH B HeROTOpOM ~ana30He BORpyr qMTHpOBaHHOrO 

TpeRa (MJ:l HCII0~30Ba.JIH ~ana30H .:!: 2 MM). 3q¢eRT 3aRJIID'l:aeTCR B TOM, 

'ITO rrporp~ll.Ia nOHCI\a TpeKOB HHOr~a BRJIID'l:aeT B TpeRM IT-e-co6HTRJI 

WOHOBHe ncRpH. 3To nponcxo~T, Kor~a K~lepa He cpa6oT~a no TpeRy 

IT-e-pacceRHHR, a cpoHOBI:lH TpeK rrpome.rr ~OCTaTO'l:HO 0JIM3RO OT TpaeRTo

pHH padoq:etJ: 'l:aCTYllW ll ~~ COOTBeTCTBJIDmYID HCRpy B RaMepe. KaqecT

BeHHO 3TOT 3qxpeRT 6HJI ell{e 3aMe'l:eH UpH paspa60TRe nporpaMM nOHCRa 

C06HTHM. llpe~apnTe~HHH aH~3 CBH~eTeJI:bCTBO~, 'ITO TaKOe 3aBI:l

meHHe aq¢eKTMBHOCTH )J.7IR co6HTHH c ~~4ff ¢oHOBHMH TpeRaMH 60.1Ibwe, 

'l:eM )J.7IR C06HTMtl: C O.n;HHM cpoHOBI:lM TpeROM, a B COOHTIDDC 6e3 cpoHOBI:lX 

TpeROB 3TO 3aBI:lilleiD!e OTCYTCTBYeT. 
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~eT~HaR npOBepKa 3q¢eKTa noKa3~a, qTO Be~JqHHa OTHOCHTe~h

HOrO 3aBHWeHHR npH6~3HTeJlbHO O,)J;IDlgKOBa )J.liR BCeX ~X KaMep, 

noqTll OTCYTCTBYeT )J.7IR OO~hlliMX KaMep, pacnO~OXeHHHX sa MarHHTOM 

(ns-sa MaJioid sarpysKH Ha e.:rurniDJ.Y MOllla,n;I:!) H He MeiDJ:eTcn npn nepe

xo~e OT o.n;Horo ceaHca K ~yrOiiiY. 

06c~eMH~ 3q¢eKT HCKaxeHMR 3q¢eKTHBHOCTH KaMep 61:1~ CKOMneH

CHpOBaH c~e.IJYI<lllMM o6pasoM. Mo~eJIMpo~ch co61:lTHR c q;w.rroM cpoHOBHX 

TpeKOB 0,I,2,3. HCXO~e 3q¢eKTHBHOCTM HCKPOBHX npoMeKJTKOB npH 

3TOM MO~eJIMpOBaHHH TpaHccpop~mpoB~Ch B03Be~eHHeM B HeKOTOpyro 

cTerreHh P, pa3JIHqHJID )J.7IR co6HT~ c pa3JIMqHI:lM qnc~oM cpoHOBI:lX TpeKon. 

ITo COOI:lTHRM, CMO~eJIHpOBaHHI:lM TaKHM CnOCOOOM, BHOBh HaxO~HCb 

3q¢eKTHBHOCTH HCKpOBHX KaMep,M cpe,n;HRR no MOKY Kal'llep 11 BTOp!1qHaR 11 

3q¢eKTHBHOCTb MCKpOBOrO npoMeKJTKa cpaBHHB~aCb CO 3Ha'leHHeM 

COOTBeTCTBYKIIIeH HCXO.n;HOH BeJIHqHHJ:l. KpHTepHeM npaB~~HOH TpaHC!pop

MaUHH MCXO.n;HOH 3q¢eKTHBHOCTH )J.7IR C06HTH~ C onpe~e~eHHI:lM 'lMCJIOM 

cpoHOBI:lX TpeKOB R~OCb paBeHCTBO BeJIMqHH "BTOpl1'lHOH 11 H "nepBUqHoid" 

3q¢eKTHBHOCTR. 

Ha pRc.2 npnBe~eHH pesy~bTaTI:l TaKoro ncc~e~oBaHHR. PRCYHKH 

a,6,B H r OTHOCRTCR K C06HTHRM C qnc~OM ~HOBI:lX TpeKOB 0,1,2 H 3, 

COOTBeTCTBeHHo. ITo OCR a6CUMCC OT~O~eHa BeJIHqnHa CTeneHM P, no 

OCR op~HaT - OTHOCRTe~HaR pasmma "rrepBM'lHOH" 11 "BTOpM'lHOtl:" 

aq¢eKTRBHOcTv.. BH,nHo, 'iTO Hawry'lWI1e 3HaqeHJ1R P paBHH I; I,5; 

3,5 R 5,0 )J.7IR 'li1C~a cpoHOBI:lX TpeKOB O,I, 2 H 3 COOTBeTCTBeHHO. 

BTopaR KoppeKil,HR 6H~a CBR3aHa C TeM, 'iTO B V.CITOJib30BaHHO~ 

rrapaMeTpR38UHK 3q¢eKTRBHOCTe~ He 61:1~0 J'lTeHO, KaK BJIMRIDT Ha 

aqxpeKTV.BHOCTb KaMep BpeMR rrpoxo~eHHR cpoHOBOH 'laCTMI1,11 OTHOCRTeJibHO 
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PHc. 2. Pesy~TaTH no~6opa napaMeTpa P , KOMneHcHp~ero sqqeKT 

3aBHill8HHR HCTHHHOH 3~KTHBHOCTH KaM8pH. llo OCH a6CUHCC 

OTJIOEeHa BenH'iKaa P, ITO OCH Op~aT - OTHOCHTe~HaR BenH

qJi!Ha paaHocTH Meilf,DY "BTOpli!'iHoii" n "rrepBH'iHoii" cpe~eii no 

6noxy s~KTHBHOCTbD HCKpoBoro npoMeEYTKa. PHcYHKH a,6,B 

n r cooTBeTCTBYIOT ~cny ¢oHoBHx TpexoB 0,1,2,3. 

10 

MOMeHTa TIO~~ BHCOKOBnnDTHOrO RMUY~Ca, BpeMR Me~ cpa6aTHBaHKH

MM YCTaHOBKH R HeKOTOpHe ~yrze ycnOBRR, KOTOpHe B HameM cnyqae 

He MOrn» 6HTD npe~CTaBneHH RBHHM o6pa30M n»60 BCne~CTBHe OTCYTCT

BHR cooTBeTcTB~e~ RHWOPMaUHH, na6o Ra-sa He~ocTaTxa cTaTRCTHKH. 

Y~eT KOppeARUH~, BH3HBaeMHX He3~CHpOBaHHHMM H3MeH8HHRMH BH8illHHX 

ycnoBRi, 6Hn BHllonH8H HaMM 

~o6aBo~x xoppeARUHz onpe~eneHa no~6opoM MaKCHM~Horo 

COOTBeTCTBHR XapaKT8pHCTHK pe~HHX H reHepHpOBaHHHX C06HTHM. 

HaH6onee ~CTBRTe~HHMR K pa3~0ro po~ KOppenEUHRM pa60TH 

KaMep ~CD ~cno RCKp Ha TpeKax C06HTHR TI-e-paCC8RHHR B OT~e~

HHX dnoKax HCKPOBHX KaMep H ITonHOe ~Hcno HCKp B C06HTHH. 

Ha pRc.3 npHB8~8HO pacnpe~eneHHe C06I.ITHZ no nonHOMY qncny 

HCKp ~ O~OM H3 THIT~X rpynn CTaTHCTHKH. CnnornHOH nRHH8H 

rrpHBe~eHH ~He ~ pe~HHX co6HTHA TI-e-pacceRHHR, ITYHKTHPHOH 

nRHHeii npe~CTaBneHH ~HHe no C06I.ITHRM, MO~en»pOBaHHHM 683 yqeTa 

~o6aBO'iHHX Koppe~. B!mHo, qTo 3TH pacnpe~eneHHR nnoxo corJiaCYJOTCJI 

~yr C ~yrOM, XOTR cpe~e 3Ha'i8HHR qJi!cJia HCKp ~ 060HX pacnpe

~eneHHii npaKTHqecKH coBrr~a.JOT. lilaxcm.tYM pacrrpe~eJieHHR, rronyqeHHoro 

~ reHepHpoBaHHHX C06HTHH, CMe~eH B CTOPOHY MeHbillHX 3Ha'i8HHH 

llonHOrO 'iHCna HCKp, O~aKO B 3TOM pacnpe~eneHHR OTCYTCTBYeT XBOCT 

C06HTHH C 60~illHM ~CnOM OTKa30B KaMep, HMeiDmHHCR B peanbHOM 

pacnpe~eneHHR. Cne~OBaT8~HO, 3Ha'iHT8~HaR 'iaCTb peanbHHX C06HTHH 

HeCK~KO "nyqrne" MO~enHpOBaHHHX, 3aTO H860JibillaR HX 'JaCTb CYJ.!18CT

B8HHO ":x:yJ!te". B COOTB8TCTBHH C 3THM, ITpH BB8~8HHH COOTBeTCTBYIOOI8H 

ITOITpaBKH MH 3aBHillanH 3~KTHBHOCTH BCeX KaMep ~ 6nnLrnez qaCTH 

reHepHpoBaHHHX C06HTHH H 3aH~ ee ~ OCT~HHX C06HTHH. lonE 

"xopomruc" H "llnOXHX" C06HTHH, a Ta.Kllte CTeneHb TpaHC<fx>PMal.UI:H 

II 



._, ., ,., 
41=10011 

iRa ~950 

£a~ 94 2 

PI:!c. 3. Pacrrpe,neJieiDJe eo6biTRR ITO ITOJIHOMY •meJIY ReKp. iJyHKTRpOM ITpH

Be,IJ;eHbl .n;aHHble MoHTe-KaPJio, eiTJioWHo~ JIHHRe~ - peaJibHble .n;aH

Hble. Co6biTIDI MoHTe-KaPJio reHepRpOBa.Hbl 6es y<1eTa .n;o6aBO'l

HbiX KoppeJIHUHii. Paerrpe.n;eJieHIDI ITJioxo eorJiaeyroTeH Me~ eo-

6oii. 
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-- 8KCITepHMeHT /3980/ 
---- JV\oHTe-Kaprro /1000/ 
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PI:!e. 4. PaeiTpe,neJieiDJe eo6biTRH ITO ITOJIHO~~ tJ:ReJIY ReKp (eo6b1THH Te 

~e, 'ITO H Ha pRe. 3). iJyHKTRPOM ITPRBe,IJ;eHbl ~e MOHTe

Kapno, eiTJioWHoA JIHirneii - peaJibHble .n;aHHble. Co6biTRH MoHTe

Kapno reaepRpoBa.Hbl e yqeToM .n;o6aBo'lHblx KoppeJIHUHA. CorJia

eRe paeiTpe.n;eJieHHii eYmeeTBeHHo JIY'lille, tJ:eM Ha pRe. 3. 
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ReXO~X 3Ha'leHHH ad¢eKTHBHOeTeH KaMep TmaTeJ!bHO ITO,IJ;6RpaJiaen ~ 

K~oz RS II rpyniT eTaTReTHKH TaKHM o6pasoM, 'IT06bl rrpRBeeTR 

paeiTpe,neJieHHH reHepRpOBaHHbiX eo6biTR~ ITO ITOJIHOMY tiHeJIY ReKp B 

MaKeHMaJibHOe eOOTBeTeTBHe e peaJibHbiMH .n;aHHbiMR. 

Ha pneYHKe 4 ITpHBe,IJ;eHbl paeiTpe,IJ;eJieHHH eo6biTH~ ITO ITOJIHOMY 

tJ:HeJIY HeKp ~ reaepHpOBaHHbiX H peaJ!bHbiX eo6biTHii ITO TOii ~e rpyrriTe 

CTaTRCTHKH, KOTOpaH 6biJia npe,IJ;CTaMeHa Ha pHeYJIKe 3. Mo,neJIRpOBaHHe 

ITpOBe,IJ;eHO·e y<l:eTOM ,IJ;OITOJIHRTeJ!bHbiX KOpp~, OITRCaHHbiX Bblme. 

Ba.n;Ho, 'ITO paciTpe.n;eJieHHe reHepRpOBaHHbiX eo6biTRH COOTBeTeTByeT 

p98J!bHbiM ,IJ;aHHbiM B CYmeeTBeHHO 60J!bllie~ CTeiTeHH, 'l9M 6e3 y<i9Ta 

aToro a~KTa. CYmeCTBeHHo JIY'lllie eorJiacyeTeH e peaJ!bHbiMH ,naHHbiMH 

B 3TOM CJ!y<iae R B9JlH'lRHa OTHOmeHRH 9~KTHBHOeTe~ ,IJ;Byx paSJIR'lHbiX 

BapHaHTOB ITporpaMMbl llORCKa H BOCeTaHOBJieHHH e06biTHH, aTa BeJIH'IHHa, 

paBHaH I,044 ~ peaJibHbiX ,IJ;aHHbiX, 6es yqeTa .n;oiTOJIHRTeJ!bHbiX KoppeJIH

UH~ COeTaBJIHeT I,008 (pHc.3), C yqeTOM RX B eOOTBeTCTBHH e OITHCaH

HO~ Bblme npone.n;ypo~ paBHHeTeH I,043 (pRc.4) • 

Ha pneYHKe 5 ITpe.n;eTaBJieHo cpaBHeHHe peaJinHbiX ( eilJ10WHoii JIHHHeii) 

H reHepnpOBaHHbiX (ITYHKTHpoM) C06biTRii, TeX ~e, 'ITO ITpe.n;eTaBJI9Hbl 

Ha pnc,4, ITO 'lHeJIY HCRp Ha TpeKax eo6HTHH B TpeX 6JIORax eiTeKTpo-

MeTpa. BepXHHe pRCYHKH npe.n;cTaBnRIDT co6o~ ,IJ;aHHble ~ X -ITpoeKUHH, 

~e-~ Y-npoeKnHH. BH.n;Ho, 'ITO paeiTpe,neJI9HRH ~ peaJ!bHbiX 

H reHepRpOBaHHbiX e06biT~ ,IJ;OeTaTO'lHO Xopomo eorJiaeyroTeH. 

llpR MO,Il;eJIRpOBaHHH e06biTHH ReiTQJ!b90BaJiaen HH~pMaUHH 06 

3q¢eKTRBHOCTH HeKpoBbiX KaMepx perneTpaUHH ~HOBbiX TpeKOB, ITOJ!y<ieH

HaH B pa6oTe / 4/. aTH 9~KTHBHOeTR, TIOJ!y<ieHHble ~ K~OH KaMepbl 

no TeM ~e II rpynnaM eTaTHeTHKH, He 6biJIH ITapaMeTpH30BaHbl ITO ~ 

JIR6o .n;pyrHM napaMeTpaM. 

13 
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Pnc. 5. Pacrrpe~e~eHHe co6~THa ITO ~HC~ KCKp Ha TpeKax B OT~e~~X 

~oKax MCKpDB~X KaMep. TpM BepXHMe pKcynKa COOTBeTCTBY

IOT X -rrpoero.um, TpM HID!tHHe - Y -rrpoero.um. ilyHKTMPOM 

H306prurte~ C06~TK.ff l.lOHTe-Ka~O, CMOIDHOtl: ~mm:ea - peam,

~e co6~TKSI. 
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PRe. 6. Pacnpe~e~eHHe co6~TH~ no yr~y eY paa~eTa BTOP~~x Tpe

KOB B Y -rrpoemnm. ilyHKTHpOM rrpe~CT~e~ C06~TK.ff MoH

Te-Ka~o, CMOIDHOa ~Melt - peam,H~e C061:1TK.ff. BH,zteH rrpo

ITYCK C06~Td B ,IUiana30He 0,2 - 0,4 1\ll!JLIDipa,IUiaHa, CB.ff3aH

~a C MepTBNM BpeMeHeM C'Le~X ~T~OB B KaMepax TpeT:&e

ro 6~0Ka. MoHTe-Ka~o Y~O~eTBOPMTe~HO BOCIIpOH3BO,IUIT 3TOT 

3<fxlieKT. 
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B rrpouecce reHepMpOBaHHR COdHTH~ yqHTHBaHC.fl TaKXe KOHKp8THHZ 

M8Xa.HH3M perHCTPa.uilli HH<jJopMa.uilli C'b8MHHMH ,IJ;aTtrnKai.lli KaMep. l{OH8'lliM 

illllpHHa MarHHTOCTpHKUHOHHOrO CHrHana H MepTBOe BpeMR YCRnHTe~ez

ilJopr.rnpoBaTe~e~ /I/ ITpHBO,uwm: I< TO!v'fY, "'TO H3 ,IJ;Byx CHrHaHOB, pacrro

~OlK8HHHX Ha paCCTOiiHHH MeHee 5 MM, C BHCOKO~ 3@leKTHBHOCTb!O perl:lCTPH• 

pOBanCfl TO~bKO CHrHan, paCITO~OlKeHHH~ d~e K C'beMHO~ry ,IJ;aTtJHKy. 

llapru.leTpH BCCX ,IJ;aT'IHKOB, HeOdXO,IJ;ID.llie ,JJ.IDI MO,IJ;e~pOBaHHR, dH~ ITO~

tJeHH ITO peaHbHHM COdHTHRM. 

KaK OITHCa.HO B padOTe /I/, ,JJ.IDI Ha,IJ;CJKIIOH H,JJ;eHTHcfJHKamm COdHTHH 

C Mf!JI!:IM yr~OM pa3~eTa BTOp.lltiHHX '!aCTHU BO BTOpOM d~OKe HCKpOBHX 

KaMep HH<jJopMauHH perMCTpHpOBanaCb C OdOIIX KOHUOB MarHHTOCTPHKUHOH

HOM ~eHTH. Tarwz JKe MCXa.HYI3M 6H~ sanoJKeH H B nporpm:uey MoHTe

KaPJio. B TpeTbeM d~OKe MCKpOBHX KaMep, r,IJ;e HH<jJopMalllffi CHHMaHaCb 

~Hllib C O,IJ;HOro KOHUa MarH.IlTOCTp~IOHHOH ~eHTH, 3@leKT MepTBOrO 

BpeMCHli ,n:aT'InKOB B Y-npoeKUHli np>!BO~ K CYJ!leCTBeHHOH IIOT8Ie 

•reX C06HTIIH, Y KOTOpl:lX yro~ pas~eTa B 3TOH rrpOeKUHn 61:1~ M8Hblll8, 

'!eM 0, 4 !viiDIJll'lpa.n;11a.Ha. aq¢eKT ~!OCTpl1pyeTC.fl p.ll:CYHKOM 6, r,IJ;e ITPH

BO,IJ;HTCR pacnpe,IJ;e~eHHe pe~HHX (c~Ol!IHaH ~) 11 reHepHpOBaHHHX 

(IIYHKTI1p) C06HTH~ B 3flBI1CHMOCTH OT yr~a pa3~eTa BTOpH'lliHX '!aCTHU 

B Y -IIpOeKUHH. 113 pHCYHKa BI1,IJ;HO, 'ITO nporpaMMa f,]OHTe-Kap.liO 

,IJ;OCTaTO'IHO XOpOl!IO BOCIIpOH3BO,IJ;HT 3TOT 3~KT, KOTOPHH COCTaBITHeT 

OKO~O I% BCei-1 CTaTHCTHKH. TaKoro a(fxlJeKTa He HaMIO,IJ;aeTC.fl B X

rrpoeKUHH BC~e,IJ;CTBH8 OT~OHRIDmero ,IJ;8~CTBHH MarHHTa. 

Y. PE3YJibTATbl 

KaK yJKe 61:1~0 OTM8tJeHO BHlll8, ,JJ.IDI reHepHpOBaHHH C06HTllH BCH 

3KCrrepHM8HT~HM liH<jJopMB.UTI.fl dH~a pa36HTa Ha OT,IJ;eJThHHe rpynrrH. 

16 

,UJ!H !>.10,IJ;e~pOBaHHH KaJK,IJ;OH rpynnH rrpM reHepHpOBaHHH HCITM:&30B~Cb 

HCXO,IJ;HHe ,IJ;aHHHe, ITQHYtJ8HHHe ITO 3TOH rpyrrne pe~HHX C06HTHH. 

reHepHpOBa.HHe llpOH3BO,JJ;V~OCb ,JJ.IDI pa~H'!HHX 3HaqeHHH cpe,IJ;Hero qJ1c~a 

<jJoHOBHX TpeKoB >.. n ,IJ;Harra3oHe oT 0 .no I, 6 c craroM 0, I. 3aTeM 

IIO~eHHHe pe3y~:&TaTH !'pHTHpOBa.JIHCb 3aBHCI1MOC Tb!O £ (>..) = A+ B>. + CX 
H .nnH RaJK,IJ;oro cea.Hca H3 ,IJ;a.HHOH rpynnu orrpe.ne~aco a~RTllBHOCTb 

CIT8KTpOMeTpa ITO HH,IJ;HBH.IlVaHbHOt.ry 3HatJ8HH!O ').. / 4/ B 3TOM ceaHce. 

,UnR onpe.ne~emm cpe,IJ;Hez a~KTHBHOCTH cneKTpoMeTpa B arwnepnMeHTe 

,IJ;a.HHHe ITO BC8M Cea.HCaM 61:1~ B3B8l!leHH B COOTBeTCTBl111 CO CTaTMCTnKOH 

MOHHTOpHHX OTC'IeTOB B KaJK,IJ;OM Cea.HCe. ll~eHHM TaKIDA o6pa30M 

aqqeKTHBHOCTb crreRTpoMeTpa oRa3anac:& panHoz 0,940 ~H Han6o~ee 

3q¢eRTHBHOrO BapHa.HTa rrporpru.~ IIOHCKa C06HT~. ITo H~l oueHKaM, 

CHCTeMaT~eCKM OlliH6Ra B onpe,IJ;e~eHl1l1 3TOH Be~tJMHH COCTaBnHeT 

OKMO 0,I5 (I-£), T.e. paBHa OKO~O 0,009. oTa OU8HRa C~e.mreT 113 

a.HanH3a ,IJ;a.HHHX, TIMY'JeHHHX rrpH Bapbl1pOBaHHH rrapaMeTpOB MOHTe-Kap.liO 

,JJ.IDI llO,IJ;6opa 3HatJe~, Ha~HM o6pa30M BOCllpOl13BO,IJ;HmHX XapaKTepHC

THKH pe~HHX C06HT~. 

3aBHCHMOCTH 3~KTRBHOCTH CIT8KTpOMeTpa OT cpe,IJ;Hero 'IHC~a 

<jJoHOBHX TpeKOB ~H ,IJ;Byx THllH"'HHX rpymr CTaTHCTRKH rrpRBe,IJ;eHH Ha 

PHCYHKax 7 11 8. C~olllHoii ~ei-1 YJ<a3aHH !'pHTHPOBa.HHHe ,IJ;a.HHHe ,JJ.IDI 

HaH6o~ee 3q¢eRTHBHOH rrporpaMMH llOHCKa C06HTHH, llYHKTHpHOZ -

,IJ;a.HHHe ,JJ.IDI MeHee 3q¢eKTHBHOH rrporpaMMH. 11x 3THX PHCYHKOB BH,IJ;HO, 

"'TO 3q¢eKTHBHOCTb crreKTpOM8Tpa rra,uaeT C yBe~eHReM <jJoHOBO~ 3ar

PY3KH. O,IJ;HaKo, ,IJ;aJKe rrpn OTCYTCTBHH ~HOBO~ 3arpy3KH aq¢eRTHBHOCTb 

He .nocTnraeT IOO%, qTo cBH3a.HO c rroTepez co6HTHH H3-3a MepTnoro 

BpeMeHH C'beMHHX ,IJ;aT"'KKOB B RaMepax TpeT:&ero MORa. 

17 
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FMc. 7. 3asacKMOCTb a~KTHBHOCTM cneKTpoMeTpa oT cpe~ero ~He~ 

qoHOBHX TpeKOB ~ O~OH HS TH~HHX rpynn ceaHCOB, CilRom

HO~ ~HHeH npOqMTHpOBaHH ~aHHHe, nanyqeHHHe no HaH6o~ee 

aq¢eKTHBHO~ nporpaMMe noHCKa C06HTHft, IT,YHKTHpHO~ 

nonyqeHHHe no MeHee aqqeKTHBHO~ nporpaMMe. 
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FMc. 8. Te xe .namrne, ~To H Ha pac o 7, ~ BTopo~ THnH'!HoA rpyn

rw ceaHCOBo 

II 

Ha pHCYHKe 9 lipHBe~eHH "BHXO~" HCC~e,IJYeMoi peamum: B HameM 

aHcnepHMeHTe, Toe. ~c~o saper~~cTpHpoBaHHHx co6HTIIA IT-e-pacceHHHH 

Ha O,nlm nep:ewnwft ll-MeSOH, IT~ Ha BO~Opo,llHYlD MHmeHb, B 

SaBHCHMOCTH OT cpe~ero ~C~a qoHOBHX TpeKOB '). o KaJir,naH TO~ 

COOTBeTCTBYeT O~OMY CeaHCYo ~e rrpHBe~eHH ITO pesy~TaTaM 

HaH6~ee aq¢eKTHBHoro BapHaHTa nporpaMMH liOHCKa H peKOHCTPYKUHH 

C06HTH:Ii H He HCIT~eHH Ha aqqeKTHBHOCTb cneKTpoMeTpao ~THpoBaHHe 

STHX ~X npHMO! CO CB060~M H~OHOM YKa3HBaeT Ha H~He 

SaBHCHMOCTH "BHXO,Ita" OT '). o 3qxpeKT BHXO,IO:!T sa npe~e~ ~yx CTaH

~apTHHX OT~OHeHHio ~ ~X, nonyqeHHHX ITO MeHee aqqeKTHBHO! 

nporpaMMe, 3Ta SaBHCHMOCTb 6~ee HPKO BHpaxeHa H BHXO,IO:!T Sa 

npe~e~ IIHTH CTaH,ItapTHHX OT~OHeHHI. 

Ha pHcYHKe IO npe~cT~eHH Te xe ~aaHwe, Hcnp~eHHHe Ha 

aqqeKTHBHOCTb ClieKTpoMeTpa ITO pesy~TaTaM onHCaHHHX B HaCTO~eH 

pa6oTe BH~~eHHHo B rrpe~e~ax o~oro CTaH.ItaPTHoro OT~oHeHHfl 

He Ha6Jm,ItaeTCJl SaBHCHMOCTH "BHXO~a" pea.runm OT HHTeHCHBHOCTH, ~TO 

~eTCH C~HHM aprYMeHTOM B n~sy KOppeKTHOCTH npoBe~eHHHX 

BH~c~eHHfto 

HaMH 6H~O HCC~e~OBaHO TBRXe ITOBe~eHHe aqqeKTHBHOCTH CITeKTpo

MeTpa B SaBHCHMOCTH OT rrepe,ItaBaeMOrO HMUy~ca q2 o ~ Ha6opa 

~OCTBTO~HO 6~WOi CTaTHCTMKH BO BCeM ~OCTyTIHOM ,IO:taiTa30He nepe~a

BaeMNX HMIT.Y~COB co6HTHH paasrpw~cb pasHoBepoJITHO no BCeM 

BOSMOXHHM SHa~eHHJIM nepe,ItaBaeMoro HMITy~ca. AHanHS rrpoBO~CJl 

Ha OCHOBe napaMeTpoB, rronyqeHHHX ~ 0~0~ HS TH~HHX rpynrr 

CTaTHCTHKH. He 6B~O H~eHO CYmeCTBeHHOH SaBHCHMOCTH 3~KTHBHOCTH 

CITeKTpoMeTpa OT nepe,ItaBaeMOrO HMny~Ca H npH ~~HeAmeM ~SKqeCKOM 

aHanHse aKcnepHMeHT~HHX ~amrux 6wra HCrr~soBaHa o~a H Ta xe 

Be~a S~KTHBHOCTH ~ BCeX q2 , 

19 
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PHC. 9. 'ill:CJIO HaJl,nCHHllX C06b1Tlli1 B C8a.HC8, OTH8CCHH08 K O;n:IIOMY II8p

BH"'IHOMY fr -MC30HY, l18,Uill0018MY Ha BO,UOpO,IlHYIO MMll!CHJJ, n 3aBV.

CVli\~OCTll oT cpe,UHero q:vrcJI9. QXJHOBbiX ITY'fKOBbiX TpeKOB. )laHHble 

HC CKOppel\TllpOBaHbl Ha aq$mTMBHOCTb Cl18l\Tp0M8Tpa. C!JJIOJ!I

H3.fl JJJIHll.Fl - pC3YJibTaT qMTMpOBaJ!ll.Fl CB060,UHO:i1 rrpm,IOH JillHll

CM. IlaKJioH aToll: rrpm.1ol1: OTJIHqaeTCH OT HYJIJI OoJiee qeril na .una 

CTaH,UapTHI:lX OTI\JIOH8Hll.Fl. 
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PHc.IO. Te xe ,Ua.HHHe, qTo H Ha pac. 9, CKOppeKTHpOBaHHI:le: Ha aq¢eK

THBHOCTb CIT8KTPQM8Tpa, BblqHCJI8HHYJ0 B HaCT0~8H pa60T8. 3a

BHCHMOCTb OT HHT8HCHBHOCTH lipH ~THpOBaHHH ,UaHHbiX CB060,U

HOH ITpHMOH JIHHH8H He ITpeBI:llllaeT o~oro CTaH,UapTHoro OTKJIOHe

HKff. CITJioiDHoi JIKHHel1: H3o6paxeHo cpe~ee 3HaqeHHe rrpe~cTan

JieHHHx Ha 3TOM pHCYHK8 CKOppeKTHPQBaHHI:lX ~aHHbiX, ITYHKTRp

HOH - cpe~ee SHaqeHHe aTRX ~a.HHHX 6es rrorrpaBKH Ha 

aqqeKTHBHOCTb CIT8KTPQM8Tpa. 
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B S~eHHe aBTOPH 6~aro~pRT ~peKUHD Ea6opaTopHR BHCOKHX 

3Hepr~~ H ~peKUHD Ea6opaTOpHR BH~RC~T8AbHO~ T8XHKKH H aBTOMaTH

SauHH OHHH sa BOSMOMHOCTn BHno~eHHH aTo~ pa6oTH. ABTopH 6~aro~pHT 

TaKX8 B.ll.lliHpHKOBa H ~.C.llepBymOBY sa opraHHSauHID HaH6~ee y~o6-

HOrO pe~a pa60TH ClC 6200 BO BpeMH BHn~eHHH 3TO~ S~~. 

a TSEX8 B8Cn KO~eKTHB onepaTOpOB 3BM nBTA. 
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