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1. Baeoe11ue 

Panee / ii 6hlJIO .nano 0611.1ec onttca1rnc 6ecqiHJJhMOBoro HCKponoro 

cneKTpOMCTpa /pHC. la/ .nm, HCCJJC,.UOBalrn.R perenepauHH neihpaJJl,111,IX 

. KaOIIOB, B COCTaB .,KOTOporo BXO,.UHJJa CHCTCMa CUHIITHJJJJ.RUHOllllb(X 

C'IeTLfHKOB / 2/. C noMOll.lhlO JTHX CLfeTLfHKOB OT6HpaJJHCb co6bITH.R, 

noxm,rne Ha pacna,.Ubl KaoHOB, tt Bbipa6aTbIBaJJc.R TpHrrcpHhIH HMTIYJJbC, 

3anycKaBUJHH HCKpOBbIC KaMepbl, ,neTCKTOpbl JJeTITOHOB H CHCTCMY BhIBo

..ua HllqJOpMaUHH Ha 3BM /pHc. 16/. 

CKopOCTh TIOJJYLfCHH.R JKcncpHMeHTaJJhHblX ,naHHblX no perenepauHH 

B 60JJhllJOH CTene,rn 3aBHCeJJa OT KaLfeCTBa pa60Thl CHCTCMhl 3anycKa 

HJJH ee JqJqJeKTHBIIOCTH. 3qiqicKTHBHOCTblO 3anycKa Mhl Ha3bIBaeM 

OTHOUJCHHe KOJJHLfCCTBa pacna,.UOB ueuTpaJJhHhlX 'LfaCTHU - "BHJJOK", 

uau,neHHhlX nporpaMMOH reoMeTpH'LfCCKOH peKOHCTPYKUHH, K 0611.1eMy 

t{HCJJY co6b!THH, 3aTIHCaHHhlX Ha MarHHTHYIO"JJCHTy. Bb!COKa.R 3qlqJCKTHB

HOCTh 3anycKa cnoco6cTBYeT 6onee npo,nyKTHBHOMY HCTIOJ1h30BaHHIO 

speMeHH YCKOPHTCJJH, COKpa11.1eHHIO BPCMCHH, Heo6xo,nHMoro ,.UJJH o6pa-

60TKH ,.uaHHhlX Ha 3BM H, HaKOHCU, COKpa11.1eHHIO o6'heMa MarHHTHhIX 

neHT, Ha KOTOPhlX 3anHCh!BaeTCH nepBH'LfHaH HHqJOpMaUHH. 

IlpH npoBe,.UeHHH 3KCnepHMCHTOB H3MCHHJJHCh THTihl MHIIICHCH, HX. 

nOJJO)KCHHe Ha ny'LfKC u COOTBCTCTBCHHO - ,.UJJHHa pacna,nHoro o6'beMa: 

reoMCTPHH I - ,.UJJHHa pacna,nHoro o6'beMa 6 M, reoMeTpHH II - 9 M. 

HcnoJJb30BaJJHCh TpCXMeTpOBh!C )KH,.UKOBO,.UOpO)tHaH / 3 / H )KH,.UKO,.UCHTe

pHeBaH I 4/ MHIIICHH, a TaK)KC MHIIICHh H3 yrrrepo.na ,.UJJHHOH ,1 M C .nrroT

HOCThlO"' 0,9 r/cM 3 • 

HH)Ke . OTIHChIBaeTCH BhI6op OTITHMaJJhHhIX napHaHTOB pe)KHMa 

3anycKa cneKTpoMeTpa B pa3HhIX ycrrOBHHX ero pa6oThI H rrpHBO.D;HTCH 

pe_3YJJhTaThl ~pcrr~..uonaHHH 3THX pe)KHMOB no HHqiopMaUHH, IIOJJY'LfCHHOH 

B xo..ue 3KcrrepHMeHTOB. 
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11puoeneHHhie pe3ynhTaThI MoryT 6hITh HCIIOnhJOBaHhI nmi: nanh
Heiilllero cooepllleHcT!JooannH crreKTpoMeTpa, a TaK)Ke rrpu rrnannponaHHH 
npyrux :rncrrepnMeHTOB rrono6Horo pona. 

2. Bb16op omrnMa/lbnozo 6apuanma 3anyc1<a 

8 Hat.J:ane 3KCIIepHMeHTOB, Korna qJOHOBhie ycnoBmI B paiioHe 
pacrrono)KeHHH crreKTPOMeTpa He 6wnn H3BeCTHhl, nnH Bhl6opa OIITH
ManhHhlX ycnOBHH pa60Thl ycTaHOBKH B reoMeTpHH I HCcnenonanHCh 
TPH paJHOBHAHOCTH JarrycKa /TPI, II H III/, oTnnt.J:aBllIHecH pacrro
no)KeJrneM Ct.J:eT'-IHKOB H HX BKnIO'-IenneM. 

Pacrrono)KeHHe C'-IeTt.J:HKOB H 6noK-CXeMa 3neKTpOHHKH / 5/ 
rrpuneneHHhie Ha puc .1, OTHOCHTCH K JarrycKy T PI I I. B JarrycKax T PI 

. u I I C'-IeT'-IHKH <l>I -<1>8 ycTaHaBnHBaJIHCh BIInOTHYIO K rrnocKOCTH <l>I I 
B ABa BepTHKanhHhIX pHna cneBa H CIIpaBa OT OCH IIY'-IKa / J/. KroMe 
Toro, o JarrycKe MornH yt.J:aCTBOBaTh C'-IeT'-IHKH JI n 11, ycTaHOBneHHhie 
B HerrocpencTBeHHOH 6nH30CTH K rrnocKOCTH r I I H rrepeKph!BaBlU:tie no 
rrnoll\ann ee neByIO n rrpaByIO t.J:aCTH. B n106oii paJHOBHAHOCTH JarrycK 
crreKTPOMeTpa OCYII.\eCTBnHnCH IIpH COBrraneHHH CHrHanoa cxeM CCJI 
H CCl1, BhmenHBllIHX COOTBeTCTBeHHO neByIO H rrpanyro TpaeKTOPHH 
t.J:aCTHU "BHnKH": 

TP = CCJI + CCl1 + A, rne nnH Tri 
CCJI = <I> /1-4/ + <I> /9-12/ + r /13-16/ +JI+ An H 
ccn = <1> /5-8/ + <1> /13- 16/ + r /9-12/ + 11 + Ari; 
nnH TPII 
CCJI = <I> /1-4/ + <I> /9-12/ + r /1-4/ + r /13-16/ + An n 
cc11 = <I> /5-8/ + <I> /13- 16/ + r /5-8/ + r /9-12/ + Arr; 
nnH TPIII _ 
CCJI = <I> /1-8/ + <I> /9-12/ + r /1-4/ + r /13-16/ + An u 
cc11 = <1> /1-8/ + <1> /13-16/ + r /5-8/ + r /9-12/ + Arr. 
B cKo6Kax yKaJaHhI HOMepa ct.J:eT'-IHKOB, cnrHanhI KOTOphIX t.J:epe3 
cxeMy "MJil1" rronananHCh Ha COOTBeTCTBYIOII.\He BXOAhI cxeM conrrane - -
HHH. 

CpenHHe OTCt.J:eThI cxeM conrraneunii 3a UHKn pa6oThI yc1<opnTenH, 
HnnrocTpHpyIOII.\He pa6oTy Tpnrrepnoii CHCTeMhI, 3qJqJeKTHBHOCTh 
JarrycKa, rronyt.J:ennaH rrocne o6pa6oTKH co6hITHii, JarrncanHhIX na 
MarnHTHhie neHThI c nornKoii T PI - I I I, n O)KHnaeMoe Konnt.J:ecTBO 
TpHrrepoB IIOKa3aHhI B Ta6nnue .I. IlpnneneHHhie B Heii naHHhie OTHO - . 
CHTCH K pa6oTe crreKTpOMeTpa c BOAOPOAHOH MHllleHhlO na IIY'-IKe npri 
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HHTeHCHBHOCTH npOTOHOB 2.10 11 ' c6pacblBaeMhIX Ha BHyTpeHHIOIO 

MHIUeHh yc1<opnTeJrn. O:>Kn.n;aeMoe I<OJIH'leCTBO 3anyc1<0B ou;eHHBaJIOCh 

Ha OCHOBaHHH pac11eTOB BhIXO,D;a K0 
-Me'30HOB H3 aJIIOMHHHeBOH MHIIIe -

HH /6/. 
PacCMOTPHM Ha npnMepe Ta6JIHI.l;hl I pa6oTy TpHrrepHOH CHCTeMhl. 

C11eT cxeM CCJI H CCII xapa1<Tepn3yeT noTOI< 11acTnu; JieBoii H npaeoii 

IlOJIOBHH cneI<TPOMeTpa. OH onpe.n;eJIHJICH, B OCHOBHOM, qJOHOBhlMH 

1.JaCTHD;aMH H BTOpH'-IHhIMH 1.JaCTHD;aMH, norry11eHHhIMH B pe3yJihTaTe 

B3aHMO,D;eHCTBHH B MHIIIeHH HeiiTpOHOB, COCTaBJIHIOII.l;HX 60JihIIIYIO qacTh 

ny1.J1<a. Pa36poc B Cl.JeTe 3THX cxeM CBH3aH C HenocTOHHCTBOM qJOHOBhIX 

YCJIOBHH npH pa3HhIX pe:>KHMax pa6oThl YCI<OPHTeJIH H pa3HhIX HanpaB -

rreHHHX MarHHTHoro IlOJIH aHaJIH3HpyIOI..I.l;ero MarHHTa cneI<TPOMeTpa. 

IIo.n;I<JIIOl.JeHHe eeTo - C'-leT'-IHI<OB yMeHhIIIaeT C'-leT 3THX cxeM Ha 20-: 30o/o. 
,[(rr.si: ecex Tpex BH.D;OB 3anyc1<a ycTaHOBKH c1.JeT cxeMhI CCTP 

xapaI<TepH3yeT I<OJIH'-leCTBO co6hITHH, npH I<OTOPhIX ,D;Be 1.JaCTHI.l;hl 

O,!l;HOBpeMeHHO npoxo.D;HJIH crreea n cnpaBa OT OCH cneI<TPOMeTpa. 3TOT 

c'-leT cocTaBJIHJI He 6orree 5o/o OT c1.JeTa cxeM CCJI nrrn CCII. IIo.n;KJIIO'-le -

HHe BeTo-c1.JeT1.JHKOB yMeHhIIIaeT OTC'leThl cxeMhl C.CTP B 2t3 pa3a. 

IIo.n;1<JII01.JeHHe I< CCTP c1.JeT1.JH1<a aHTHcoena.n;eHHH Bhl,!l;err.si:eT 

co6hITHH C ,D;BYMH 1.JaCTHD;aMH, B03HJII<aBIIIHMH O,!l;HOBpeMeHHO B o6rraCTH 

3a MHIIIeHhlO. 3THMH co6bITHHMH H 3anyc1<arrc.si: cneI<TpoMeTp. IIO,D;KJII0-

1.JeHHe C1.JeT1.JHKa aIITHCOBna.n;eHHH yMeHhIIIarro '-laCTOTY 3anyc1<0B npnMep

HO B 10 pa3. 

H3 Ta6JIHI.l;bl I BH,!l;HO, 'ITO CKOpOCTb H 3cpcpeI<THBHOCTh 3anycKa 

ycTaHOBKH pa3JIH1.JaIOTCH B 3aBHCHMOCTH OT THila TpHrrepa. Jly'-IIIIHM 

01<aJarrc11 3anyc1< TP I I I, o6ecne'-IHBIIIHH 3cpcpeI<THBHOCTh 65o/o. Han6orrh

IIIee 1.JHCJIO 3anycKOB .n;aearr TPI. O.n;HaKo Bee OHH He Morrrn 6bITh 

HCilOJih30BaHhl H3 - 3a orpaHH'-leHHH ofrheMa naMHTH 3BM, Il03B0JIHBIIIeii 

npnHHMaTh TOJihKO OKOJIO 30 co6hITHH 3a I.l;HKJI. EoJiee BbICOKaH CI<OpOCTh 

3anyc1<a .n;rr11 TPI H TPII 6hrna o6ycrroerreHa co6hITHHMH, nMHTHpoeae

IIIHMH "BHJIKH". 3TH co6bITHH Bbl3bIBaJIHCh qJOHOBhIMH 1.JaCTHD;aMH, 

npoXO,!l;HBIIIHMH 1.Jepe 3 C1.JeT1.JHI<II II .n;aeaBIIIIIMII IICTIIHHO - crry'-laHHhie 

coena.n;eHIIH, KpaTHOCTh I<OT·opbIX HH:>Ke I<paTHOCTH cxeM, BXO,!l;HBIIIHX 

e TpHrrep. Bep0HTHOCTb TaI<IIX COBna.n;eHIIH oco6eHHO ee:rnKa 6hrna ,!l;JIH 

reoMeTpHII TPI, r.n;e e BhI,D;erreHHH co6hITHH y1.JaCTBOBarrn C1.JeT1.JHKH, 

pacnorro:>KeHHbie, npaI<TH'-leCKH, TOJihI<O B .n;eyx. IlJIOCKOCTHX - <l>I I 

II I'll. 
HcnOJib30BaHile C'-ICT'-IHKOB r 1- r 8 II T p I I He 3Ha1.JIITeJihHO 

IlOBbIIIIarro 3cpcpeKTIIBHOCTh 3anyc1<a, TaI< 1<a1< . 6oJiblIIIIHCTBO 1.JaCTHI.1;, 

nona.n;aBIIIIIX B nocrre.n;Hne c1.JeT1.JHKI1, npoxohI1rro Ta1<:>Ke 1.Jepe3 3Ty 

IlJIOCKOCTb. O.n;HaKo I<OJII11.JeCTBO Tpnrrepoe yMeHhIIIaJIOCb B ,D;Ba pa3a, 

"' 

5 



nOCKOJibKY B 3anycKe y:>Ke He yqacTBOBaJIH Te co6bITm1/ KaK qJOHOBbie,-. 
"I 

TaK H none 3ll hie/' B KOTOpbIX o6e qacTHIJ,bl nepeceKaJIH TIJIOCKOCTh r I 
C 0,11.JIOH CTOPOHhl OT ociz cneKTpOMeTpa. 

IlpH oT6ope co6bITHH n T PI I I Jq>q>eKTHBHOCTh 3anycKa noBbirna

nacb' a ,11.0JIH cJiy•-mHHhIX 3anycKOB COOTBeTCTBeHHO na,11.aJia 6oJiee tJeM 

n ,11.na pa3a no cpanneumo c T PI n T PI I, 6naro,11.ap11 ycTauonKe 

C'leTtJHKOB <1>I nepe,11. nepBOH HCKpOBOH KaMepoiI. 3TO npoHCX0,11.H.rio, 

He CMOTpH Ha noHH:>KCJIHe Kpa THOCTH COBTia,11.eHHH /nee C'IeT'IHKH TIJIOCKO

CTII° <1>I BKJII0'laJIHCh B CXeMhl CCJI H CCfl 0,11.HOBpeMeHHO/. 

TaKHM o6pa30M' B T p I H T p I I OCHOBHhIM HCTO'IHHKOM TIJIOXHX 

3anycKOB, He co,11.ep:>KaBilIHX "BHJIKH" pacna,11.on KaOHOB, HBJIHJIHCb 

tpOHOBbie tJaCTHIJ,hl, nona,11.aBilIHC s CtJeTtJHKH nJIOCKOCTH <1>1 I, HO ne 

npOX0,11.HBilIHC qepe3 nJI0CK0CTb <1>1' pacnoJIO:>KCIIIIYIO cpa3y nocJie 

pacna,11.Horo o6'heMa. 

B reoMeTpHH I JKcnepnMenTaJibHaH HHtpOpMaIJ,HH noJiytJaJiaCb 

c 3anycKOM Tima T PI I I. Opn nepexo,11.e K reoMeTpHH II ero nornKa 

OKa3aJiaCb Hey,11.0BJICTBOpHTeJibJIOH. KaK TI0Ka3aJio M0,11.eJinponanHe 

pacna,11.0B KaOHOB B 3TOH reoMeTpHH, ,11.JIH 6oJibllIHHCTBa .11.BYXTIHOJIHWX 

pacna,11.on, B03HHKanrnHx B onpe,11.eneunoil: tJaCTH pacna.11.uoro o6beMa, 

o6a nnoua nepeceKaJIH nJIOCKOCTb c~eTtJHKOB r1 n6JIH3H OCH cneKTpo

MeTpa. IloJTOMY JIOrHKa 3anycKa B JTOM CJiyqae 6&IJia H3MeHeHa TaK, 

'IT06bI C'leT'IHK r4, ycTaHOBJieHHblH B u,eHTpe .TIJIOCKOCTH, HBJIHJICH 

o6IIJ,HM ,11.JIH TpaeKTOpHil: nesoil: u npanoiI qacTnu, pacna,11.a /T PI Y /: 

cc11 = <1> /1-8/ + <1> /9-12/ + r /1-4/ + r /13-16/ +An. 
ccn = <1> /1-8/ + <1> /13-16/ + r /4-7/ + r /9-12/ + An. 

Ha pnc. 2 npHBe,11.enw OTHOCHTeJibHWe qacTOTW cpa6aTwnaHHH 

ctieTtIHK0B, oTpa:>KaIOIIJ,He pa3HHUY n JiorHKe T PI I I HT PI Y. XapaKTepH

CTHKH 3anycKa: T PI Y ,11.JIH cpan11e11m1 c T PI I I npnne,11.en&1 TaK:>Ke 

n Ta6JIHIJ,e I. 
KaK H O:>KH,11.aJIOCh, npH nepexo,11.e K reoMeTpHH // KOJIHtJeCTBO 

"BHJIOK" 3a IJ,HKJI yneJIH'IHJIOCh, npHMepno, B 1,5 pa3a 3a C'ICT yBeJIHtJe

HHH 'IHCJia perHCTpHpyeMbIX TpexqacTH'IHbIX pacna,11.on KaOHOB. YMCHb

rnenHe 3qJqJeKTHBHOCTH 3anycKa TP IY CBH3aHO C BKJIIO'ICHHCM C'ICT'IHKa 

r4, CTOHBillero B TIY'!Ke H CHJibHO 3arpy:>Kennoro. Cnyqail:Hble cpa6aTbI

BaHHH )Toro C'ICT'IHKa npHB0,11.HJIH K yneJIH'ICHHIO qJOdOBWX 3anycKOB 

cneKTpoMeTpa. 

3. Ka<Jecm0e1111b1ii aua/lu3 pa6omb1 cucmeMbl 3anyc1<a no 
"1<apmu111<aM" co6blTTlUU 6 UC1<p06blX 1(QMepax 

Ilpou,e,11.ypa reoMeTpHtiecKoii peKoHcTpyKu,1111 co6hITHH npH o6pa-

6oTKe HHqJOpMaIJ,HH BHe JIHHHH CBH3H C 3BM CHJILH0 YCJIO:>KHHJiaCL 
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B npncyTCTBHH qJOHOBbIX TpeKOB HJIH . HCKP, 3ape,HcTpHpoua111lblX 

KaMepaMH BMCCTe C IlOJIC3HblMH. B CBH3H C '.JTHM nepHOJlH'ICCKII 

npOBOJlHJICH BH3yaJibH~i _KOHTpOJib pa60Tbl ~CTRHOBKH nocpencTBOM 

BbIJl_alJH na nelJaTb TonorpaqJHH co6bITHH 7 / - Tai< Ha3hlBUCMOH 

"KapTHHKH" /pnc. 3/. Ha "KapTHHKe" B MRCWTa6e npencTaBJICH0 

pacnOJIO)l(eHHC KaMep, ClJeTlJHKOB H ManmTa. KoopnnHaTbl BCCX HCKP, 

3aperncTpnpoBaHHbIX B naHHOM co6bITHH, OTMeYaJIIICb 3BC3,!J,0'1KaMH, 

a cpa6oTanwne ClJeTlJHKH - .U.BYMH 6yKBaMH "C", Il0JIO)l(CIIIIC K0TOpblX 

COOTBeTCTBOBaJIO KOopnnnaTaM ClJCTlJHKa. 

TaKoro po.na KOHTp0Jib Il03BOJIHJI no.n6npaTb HY)KIIYI0 IIIITCIICHB

HOCTb H CJIC,!J,HTb 3a KRlJCCTBOM c6poca nyYKa na MHWCllh, C03,!J,aBaH 

yBepeHHOCTb B npaBHJlbHOH pa6oTe ycTaHOBKH npH na6ope CTaTHCTIIKH, 

a TRK)l(C Il03BOJIHJI BilOCJie,!J,CTBHH BblHCHHTb npnpo.ny JI0)l(llblX 3anycK0B. 

fJOCJIC,!J,HHH Hl!qlOpMaUHH 6hiiia IlOJIY'1CHa IlpH. aHaJIH3C 1200 "KapTIIIIOK" 

co6bITHH, 3aperncTpHpOBaHHblX B f'COMCTpHH [[ npn IIIITCIICHBII0CTII 

""2.10 I I npoTOHOB/UHKJI, c6pacbJBaeMhlX na BIIYTPCIIHIOIO MIIWeHb ycKo

pllTCJIH. 6511/o BCCX "KapTHHOK" nonyqeno npn pa6oTe c1;,'KTpo;.1eTpa 

C aonopo,!1,HOH MHWCHhlO, OCTRJihllhlC - C MaKeTOM MHWCHH. 

f1p11 HaXO)l(,!J,eHIIH "BHJIKH" HCilOJlh30BaJIHCb ycnogHH OT6opa'co-

6b1THH, 6JIH3KHC K TCM, KOTOPhIC npHMCHHJIHCh B nporpaMMe reoMeTp11-

'1eCKOH peKOIICTPYKUHH na 38M. KoJIHlJeCTBO naii.n~HHhlX "BHJIOK" 

COCTRBJIHJIO 7O%.oT o6mero '1HCJia "KapTHHOK" KaK npn H3MepeHHHX 

C B0,!1,0ponnoii MHWCHblO, TaK H 6e3 nee. Pa1nnua B KOJIHlJeCTBC BHJIOK, 

Hatt,!J,CHllhlX BH3yaJibHO, H nporpaMMOi reOMCTpHlJeCKOi peKOHCTPYKUHH 

o6bHCHHCTCH TCM, l{TO BH3yaJibHaH npoue.nypa Menee TOlJH8.. 

AnaJIH3 noJiyYeHHhIX "BHJIOK" .naeT cne.ny10mne pe3yJihTaTbl. 

1. H3 xapaKTepa 3arpy3KH ClJeTlJHKOB CileKTpOMeTpa / 2 / H 

cpe.nnero qncna ncKp /pnc. 4/, 1aperncTpnpoaannh1x .naTlJHKaMn 

KaMep / 8/ ' cne.nyeT' lJTO nau6oJihWee lJHCJIO qJOHOBhIX lJaCTHU npoxo

,!J,HJIO qepe 3 KaMepbl, ycTanoirneHHhIC .no MarnnTa. Ilo "KapTHHKaM", 

co.nep)l(amnM "BHJIKH", nocTpoeno pacnpe.neneHHe no lJHcny TpeKoB, 

3aperncTpHpoBaHHhIX B 3THX KaMepax 3a BPCMH HX naMHTH /1,5 MKCeK/. 

KaK BH,!J,110 H3 3TOf'O pacnpe.neneHHH /pnc. 5/' TpeTh. co6blTHi 

conpOBO)l(,!J,aJiaCb .U.BYMH H 6onee qJOHOBbIMH TpeKaMH, npHlJCM 3Ta 

H36hITOlJHaH 3arpy1Ka C03,D;aaanach qJOHOBhlMH lJaCTHUaMH, neTHmHMH 

CO CTOpOHhl YCKOpHTCJlJI, a TaK:>KC H30TpOilHhIM pa;:i;HaUHOHHhIM qJOHOM. 

IlpHCYTCTBHe MHllieHH B nylJKe HC3HalJHTCJihHO MCHHeT KapTHHY qiona 

B 3THX KaMepax. MarHHT OTKJIOHHJI 3TH lJaCTHUhI, H KaMepbI, pacnono

)KCHHble 3a HHM, npaKTHlJCCKH He HMCJIH qJOHOBhIX HCKP H TpeKOB. 

2. 3anncaHHYIO Ha MarHHTHhie JICHThl HHqJOpMaUHIO O cpa6oTaB-

lliHX B ;:i;aHHOM 3anycKe ClJeTlJHKaX MO:>KHO HCilOJlh30BaTh npn reoMeTpn-

"' 
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qecKoii peKOHCTPYKUHH co6bITHH, orpaHnqnaa.sI c ee IlOMOIUblO o6nacTb 
IlOHCKa TpeKoa a KaMepax. 3To MO)KHO ,D;enaTb, ecnn CHCTeMa nepe,D;aqn 
nmpopMaUHH O cpa6oTaaIIIHX cqeTqHKax ,Il;OCTaToqHo Jcl>cl>eKTHaHa, T .e. 
Ka)K,D;aH Haii,D;eHHaH "annKa" conpoaO)K,D;aeTCH MeTKaMH acex cqeTqHKoa, 
ne)Ka}UHX Ha TpaeKTOpHHX ee qacTHU, H ecnn cl>oHOabie TpeKH ,D;OCTaTOqHO 
pe,D;KO HMHTHPYIOT ycnoaHH, ahmOnHeHHe KOTOpbIX Heo6XO,D;HMO ,D;nH 
HaXO)K,D;eHHH "aHnKH". Ilo paccMOTpeHHbIM "KapTHHKaM" 6binO Haii,D;eHo, 
qTo. ,D;nH 950/o acex "annoK" HMelOTCH MeTKH acex COOTaeTCTayroiunx 
cqeTqHKOa. TaKHM o6pa30M, MeTKH cqeTqHKOa MO)KHO HCilOilb30aaTb 
npn peKOHCTPYKUHH co6bITHH H yMeHbIIIHTb, TaKHM o6pa30M, apeMH 
pa60Tbl reoMeTpnqeCKOH nporpaMMbl. 

3. )];nH abIHCHeHHH xapaKTepa cl>oHOabIX 3anycKoa cneKTPOMeTpa 
6bIIlH npoaHanH3HpoaaHbl "KapTHHKH"' He CO,D;ep)Kaiune "annoK". OKa-
3anocb, qTo cl>oHOabie 3anyCKH MO)KHO pa3,D;enHTb Ha TPH xapaKTepHbie 
KaTeropnn. 

Ilepaa11 KaTeropn11 aKnroqaeT a ce611 nonoanHy "nnoxnx" 3anycKoa 
H onpe,D;enHeTCH, KaK H roaopnnocb paHee' norHKOH aKnroqeHHH a Tpnr
rep nnocKOCTH r I. B 6onbIIIHHCTae cnyqaea 3TH 3anyCKH CaH3aHbl 
C o6pa3oaaHHeM HeCKOilbKHX qacTHU a paiioHe nnocKOCTH <I>I, ,D;ae H3 
KOTOpbIX npoxo,D;HT qepe3 COOTaeTCTayroiune cqeTqHKH nnocKOCTH <I>I 
H <I>I I. Ilocne MarlIHTa TOilbKO 0,D;Ha H3 3THX qacTHU nona,D;aeT B HY)l(Hble 
cqeTqnKH, npnqeM, · KaK npaanno, oHa npoxo.D;HT qepe3 cqeT'IHK r4. 
Cpa6aTbIBaHne He,D;OCTaIOIUHX C'leTqHKOa nnocKOCTH r I I abI3aaHO 
cnyqaiiHoii qacTnueii. 

BTopaH KaTeropHH cl>oHOabIX 3anycKoa, COCTaan1110iua11 25"/o, 
ahI3aaHa cnyqaHHbIMH coana,D;eHHHMH a cxeMax JneKTpOHHOH norHKH: 
a 3TOM cnyqae no HCKpaM a KaMepax He y,D;aeTCH aoccTaHOaHTb KaKHX -
nn6o TpeKoa. OcTanbHbie 25"/o "nnoxnx" 3anycKoa OTHeceHbI K TpeTbeH 
KaTeropHH. OHH abI3aaHbl ,D;ayMH cl>oHOabIMH qacTHUaMH, npoIIIe,D;IIIIIMH 
ace nnn IlO'ITH ace nonynnoCKOCTH C'leTqnKoa, cpa6aTbIBaHne KOTOpbIX 
He cooTaeTCTayeT norHKe 3anycKa ycTaHOaKH: qacTHUbI nn6o CXO,Il;JITCH 
nepe,D; MarHHTOM, nn6o He nepeKpeiunaa10Tc11 3a HHM, nn6o nepeKpeI.Qn
aaIOTCH a pan:oHe nocne,D;Hen: nnoCKOCTH. TaKHe 3anycKH ca113aHbI co 
cnyqaiiHbIMH coana,D;eHHHMH cl>ouoabIX qaCTHU H npocqeTaMH BeTo- C'leT
qnKoa. 

TaKHM o6pa30M, npoae,D;eHHhlH aHailH3 "KapTHHOK" yKa3hlBaeT 
Ha TO, 'ITO OCHOaHhlM HCTO'IHHKOM IlO)l(HhlX 3anycKoa cneKTPOMeTpa 
xanHIOTCH cl>oHOabie qacTHUbI, neTHIUHe co CTOpOHbI YCKOPHTenJI, a TaK)Ke 
qaCTHUbI, pO)l(,D.eHHbie a3aHMO,D;eHCTaHeM IlY'IKa C JneMeHTaMH ycTaHoa
KH, pacnon0)KeHHbIMH a paHOHe nnOCKOCTH C'leTqHKOa <I>I. 
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4. Pa6oma cucmeMbl 3anyc1<a npu pa31lb1X Muwe11J1x·. 
pe2e11epamopax 

Ilpn HJy':leHHH pereHepaunn KaOHOB Ha ao.n:opo.n:e, .n:eiiTepuu 

H yrnepo.n:e BJaHMO,D;eHCTBHe ITY':IKa C COOTBeTCTBYIOIUHMH MHllleHHMH 

CHnhHO MeHHno qJOHOBhie ycnoBHH ycTaHOBKH, 'ITO, B rrpHHUHrre, Morno 

rrpHBO,!l;HTh K yMeHbllleHHIO 3cpcpeKTHBHOCTH crreKTpOMeTpa HJ· Ja rrpocqe

TOB TpHrrepnoii JneKTpOHHKH H 6onhllIOr_o KOnH'IeCTBa qJOHOBhIX HCKp 

/cM. puc. 36/, JaTPY.D:HHIOIUHX reoMeTpuqecKyIO peKOHCTPYKUHIO Ja

perHCTpHpoBaHHhIX co6hITHH. 

IlOJTOMy B Ka)K,!l;OM JKcrrepHMeHTe orrpe.n:enHnCH ypoBeHh MaKCH· 

ManbHOH HHTeHCHBHOCTH ITY':IKa, rrpH KOTOpOM KOnH':leCTBO qJOHOBhIX HCKp 

exue He yMeHblllano .n:onro "BHnOK", Haii.D:eHHhlX rrporpaMMOH / 3cpcpeKTHB • 

HOCTh JarrycKa OCTaBanacb TaKOH )Ke, KaK ITPH pa6oTe ycTaHOBKH. 

C MaKeTOM MHlllenu/. . 

KaK OKaJanoch, .n:nH BCex JKcrrepHMeHTOB MaKCHManhHaH HH· 

TeHCHBHOCTh 6bma O,!l;HHaKOBa / c TO':IHOCThlO + 1 So/o/ u COOTBeTCTBOBana 

2,5.10 11 rrpoToHaM/ceK, rra.n:aBllIHM na BHY'~-penn1010 MHllleHL ycKopu

TenH. OTCYTCTBHe JaBHCHMOCTH MaKCHManhHOH HHTeHCHBHOCTH, rrpu 

KOTopoii Morna pa6oTaTh ycTaHOBKa, OT KOnH':leCTBa Bell.(eCTBa, co

.n:ep)KaBlllerocH B M_HllleHH, CTaHOBHTCH ITOHHTHhIM, ecnn paCCMOTpeTh 

rrpOHCXO)K,D;eHHe qJOHOBhIX qacTHU' rrorra.n:aaurnx B JneMeHThl crreKTPOMeT -

pa. 

<l>on COCTOHn HJ Tpex K0MITOHeHT: 

1/ qacTHI.(hl, pO)K,D;eHHhie B neyrrpyroM BJaHMO,D;eHCTBHH HeHT· 

poHOB rryql(a C MHllleHhIO·pereHepaTopoM; 

2/ qaCTHUhl, pO)K,D;eHHhie Ha JneMeHTaX ycTaHOBKH, pacrro

no)KeHHhIX B rryqKe /MaiinapOBhie OKHa pacrra.n:noro 06'heMa, Cl.(HHTHnnH· 

TOPhl C':leT':IHKOB <l>I H rI, paMKH rrocne.D:HHX HCKpOBhIX KaMep HT.IT./; 

3/ ':laCTHI.(hl a Jane YCKOPHTenH, PO)K,!l;eHHhle a .n:pyrHX MHllleHHX. 

C yaennqenneM ,D;nHHhl MHiueHH yaenH'IHBarracb TOJlhKO JarpyJKa 

cqeT':IHKOB u HCKpOBhlX KaMep, pacrrOJIO)KeHHhIX ,!l;O MarHHTa. 3Ta 

JarpyJKa orrpe.n:errHrracb' B OCHOBHOM' rrepaoii KOMITOHeHTOH cpona 

/puc. 6/. Bcrre.n:cTBHe oqnxuaroxuero .n:eiicTBHH ManmTa JarpyJKa 

C':leT':IHKOB rrnoCKOCTH r I I Marro yBeJIH':IHBarrach C poCTOM .n:nHHhl 

MHllleHH H orrpe.n:errHrracb' B OCHOBHOM' BTOpoii H TpeTheii KOMITOHeHTaMH 

<bona. 

TaKoe rroae.n:enue JarpyJKH xopolllo urrrrrocTpupyeTcH pacrrpe.n:e -

rreHHeM cpe.n:nero qucrra HCKp, JaperncTpHpOBaHHhIX .n:a T':IHKaMH paJHhIX 

KaMep /Ta6rr. 2/, HJ KOTOporo BH,!l;HO, 'ITO pa60Tocrroco6HOCTh ycTa· 
• HOBKH rrpn ITOBhillleHHH HHTeHCHBHOCTH ITY'IKa orpaHH':IHBarraCh qJOHOBhlMH 
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HCKpaMH B nepBbIX ,neB.HTH KaMepax. B Ka:>K,I(OM H3 :rncnepHMeHTOB 

MaKCHManbHOH HHTeHCHBHOQTH COOTBeTCTBOBano 0,I(HO H TO· :>Ke cpe,nHee 

•rncno HCKp, 3aperHCTPHPOBaHHbIX B 3THX KaMepax, paBHOe 4 /.nae 

qJOHOBbie HCKpbI/. 

,!J;aHHbie, xapaKTepn3yromne pa6oTy nornKH TPI I I H TPIY B 

3KCnepHMeHTax C pa3HbIMH MHJIIeH.HMH, npnae,neHbl B Ta6nnue 3. 

Ha6nro,naeMoe yMeHbWeHHe CKOpOCTH 3anyCKOB C yaentt'leHHeM TonmHHbl 

MHWeHH o6b.HCHHeTCH ocna6neHHeM ny'IKa .nonro:>KHBymnx KaOHOB, 

Tpex'laCTH'IHbJe pacna,nbJ KOTOph!X COCTaBn.HIOT OCHOBHYIO 'laCTb pe

rHCTpnpyeMbIX co6bJTHH. 

IlpHBe,neHHble BbJWe xapaKTepHCTHKH pa60Tbl ycTaHOBKH /3qiqieK· 

THBHOCTb ·3anycKa, OTC'leTbl cxeM 3neKTPOHHOH norHKH, cpe,nHee 'IHCno 

3aperHCTpHpoBaHHblX KaMepaMH ·HCKP H T.n./ npe,ncTaBn.HIOT co6oii 

cpe,nHHe BenH'IHHbl 6onhworo 'IHCna OT,nenhHblX H3MepeHHii, nony'leHHbIX 

B Te'leHHe ceaHCOB, .nnnTenhHOCTb KOTOpb!X ,noxo.nnna .no lOt 15 cyTOK. 

3a 6onhwoii oTpe3oK apeMenn B pa6oTe ycKopnTen.11 na6nro.nannch 

H3MeHeHHH pe:>KHMa c6poca HnH H3Menemrn qJOHOBbIX ycnoBHH B 3Kcne

pHMeHTanbHOM 3ane. 3TH OTKnOHeHH.11 HeH36e:>KHO npHBO.I(HnH K qinyKTya-

1.(H.!IM xapaKTepHCTHK ycTaHOBKH, OTHOC.Hmnxc.11 K OT,nenbHbJM H3Mepenn

.HM, CB.!13a·HHbIM C Ha6opoM CTaTHCTHKH B Te'lenne . l '?-2 'laCOB. Ha 

pnc. 7 B Ka'leCTBe npnMepa, Hnnroctpnpyromero pa6oTy ycTanoBKH 

3a 6onhWOH OTpe30K BpeMeHH, npHBe,neHbl ,naHHbJe no 3qJqJeKTHBHOCTH 

3anycKa H cpe,nHHM OTC'leTaM MOHHTOpa 3a ceaHC 3KCnepHMeHTa 

C .neiiTepneaoii MHWeHblO. Bn,nHO, 'ITO B H3MepeHH.HX, r.ne 3qJqJeKTHBHOCTb 

3aiiycKa IlOCTO.!IHHa, C'leT MOHHTopa TO:>Ke IlOCTOHHeH. YMe,HblIIeHHIO 

3qiqieKTHBHOCTH 3anycKa /tt3MepeHH.H N2 22f-3O, 85""91/ cooTaeiciayroT 

BhI6pocbJ B C'leTe MOHHTopa, CBH,neTenbCTBYIOmne O Bb!COKOH HHTeHCHB· 

HOCTH IlY'IKa B 3THX H3MepeHH.HX. 

5. 3a1u1101Je1we 

I 

Bb16paHHbie pe:>KHMhI 3arrycKa cneKTpoMeTpa T PI I I n T PI Y · 1 
HMenn 3qJqJeKTHBHOCTb B HeCKOnhKO pa3 6onee BbICOKYIO, 'leM B ,npyrnx . 

aHanorH'IHbIX 3KCIIepnMeHTax / 9,10/. OHH o6ecrre'IHnH CKOpOCTb 3anyc-

Ka,- 6ntt3KYJO i< pac'leTHoii, H c1rnnn orpairn'leHne Ha 'IHcno rrpHHHMaeMbIX 

3BM co6bITHii, CB.H3aHHoe c o6beMoM ee rra_MHTH. ,!J;anhHeiiwee yMeHb· I 
weHHe nO:>KHbIX 3arrycKOB ycTaHOBKH orpairnirnaanoCJ; IlOTOKOM qJOHOBbIX : 

'laCTHU, neT·.!11.1.(HX CO CTOpOHbl YCKOpHTemi, a TaK:>Ke 'laCTHI.(, B03HHKaa-' 

WHX IIpH B3aHMO,neii:CTBH.!IX IIY'IKa CBemecTBOM 3neMeHTOB CIIeKTpOMeT~_ 

pa,· pa:iMemenHhix B paii:oHe rrnociocTn <l>I. 
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MaKCHMaJibHaH HHTeHCHBHOCTb ny'lKa, npn KOTOpoii Morna pa6o -
TaTb ycTaH0BKa, COOTBeTCTBOBaJia c6pocy' Ha BHyTpeHHIDID MHllieHb 
/2,5+3/· 10 11 npOTOHOB 3a ll;HKJI. Ha 3TOM )Ke ypoene c6poc 6bIJI 
orpaHH'leH npeneJibHO-nonyCTHMOH A030H H3Jiy'leHHH B 3KCnepHMeH
TaJibHOM 3aJie. 

3aBHCHMOCTb 3¢¢eKTHBHOCTH TpnrrepHOH 3JieKTpOHHKH OT .nn
TeHCHBHOCTH IlY'lKa H TOJI~HHhl MHllieHH HBJIHeTCH cneu.u¢uKoii: cneKTyo
MeTpa, CBH3aHHOH C 60JiblliHM conep)KaHHeM B ny'lKe HeiiTpOHOB / 2 • 

OnnaKo 3Ta 3aBHCHMOCTb He BJIHHJia na $H3H'leCKHe pe3yJihTaTbl 
3KCnepnMeHTa, TaK KaK B npou.ecce o6pa60TKH 3KCil~PHMeHTaJibllhIX 
nannbIX MOHHTopupoeanne /onpenenenue noToKa nonro)KHBy~ux Kaonon/ 
npoeonunocb no 'lHcny K°

113 
H K0

173 pacnanon !Ill, 3aperucTpupo
nannbIX B Tex )Ke YCJIOBHHX, 'ITO H ABYXIlHOHHble pacnanbI. 

B 3aKruoqe1rne aBTOpbl C'lHTamT CBOHM npm!THbIM nonroM no6na
ronapHTb 11.H.KaKypuHa, A.H.Mopo3oea, B.B.CTenauoey, H.J1,qepHL1-
mena 3a noMO~b · B rrponeneHHH ceancon no HaKorrneHnm Heo6xonnMoii 
HH$0pMaU.HH, JI.<l>.KnpHJIJIOBY H rpyrrrry orrepaTopoB JIB3 3a rrpoCMOTP 
":t<apTHHOK" c Torrorpa¢ueii: co6bITHH, A.11.EapaHOBCKoro n KOJIJieKTHB 
E3CM-3M 3a TeXHH'lecKoe o6ecrre'leHne HOpMaJILHoii pa6oThI 3BM. 
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Ta61mna I 
CpaBHHTenLHiie xapaKTepHCTHKH peZIDlOB 3arryc1ta cneKTPOMeTpa 

TPI TPII · TPfil 

'lbtcno oTcqeTOB cxeM CCJI znH ccn 6e3 
BeTo-cqeTqzxoB (qactH!la cneBa HJIH cnpaBa) (IS-24):rt (I5-20)x (7-I2)1t 
tmcno otcqeTOB cxeM CCJI HJIH ccn (qacTzrta 
cneBa JUIH cnpaBa, npoxo~JIIIIM MHMO BeTo-
cqeTqJIICOB) (I2t20) K (IO+I5)1t (6...IO)it 

lbtcxo COBlla,D;eHH! CCTP -CCJl+CCil 6e3 
BeTo-cqeTqHXOB qacTHita CX8B8. H cnpaBa) I200 800 '.300 
trzcxo OTC~8TOB cxeim CCTP..CCJI+Ccn (qacTHita 
cn~Ba H cn)aBa, npoxo~a•as Mez.ir;y Beto-
cqeTqHitallll 600 260 ISO 

qzcno otcqeTOB _ cxew 
CCTP • CCJI +CCil +A .. TP ( "BHXKa H3 pacna,n;-

70 '.30 I'.3 Horo o6t.eMa) 

OZH,!taeMoe KOXHqecTBO co6YTRR. I2 I2 I2 

3qxpeKTHBHOCTL 38.IIYCKa 0,25 0,'.3 0,65 

TPIY 

. (IO-I2)It ., 

(S.IO)K 

400 

I70 

28 

IB 

0,46 



c,.) 

j 

Ta6RHUa 2 

Cpe,n:Hee qHCRO HCKP B KaMepax npH paOOTe cneKTPOMeTpa C 
paSHHMH MHmeHRQ. 

~ I.;.3 4.;.6 7+9 I0-12 I3-I5 I6-I8 B~ H ,1LRMH 
MHIJJeHH 

MaKeT 3,I 3 3 2,3 I,9 2,3 

' Bo~opo.n: (2I r/cM2) '.3,4 '.3, 4. '.3' '.3 2,4 I,7 2,I 

,I(e~Tep:0:it ( 50 r/cr/-) '.3' 6 '.3,7 '.3,6 2,4 I,5 I,8 

Yrnepo.n: (90 r/cM2) 3,9 '.3, 8 3,8 2,3 I,4 I,6 



-.,i:. 

. Tac5JIHUa 3 

XapaKTepl'IcTl'IKH sanycKa TPill M TPIY rrptt padoTe 

CI19KTP0MeTpa C pa3HbIMH 1.mmerrmrn: 

reoMeTpllR ( BM~ sanycKa) reoMeTprrn I (TPill) reouerpnR IT ('TPIY) 
Ma- H2 .n:2 C Ma- H C .U2 C 

BM~ MHIIISHH ICeT KeT 
2 

,Il)nrna MHmSHH ( r / CM2) - 2I 50 90 - 2I 40 50 80 

! KoJHitieCTBO Ol!Cl'I)l;aSMbIX 
TpHrrepoB/n1ntn I6 I2 9 6 24 I8 I5 I3 8 

qHCJIO TpHrrepHbIX 
HMTIYJI~~OB/nHKJI - -ccn + An+CCTI+An+A=TP 20 I3 7 4,8 44 28 23 16 I3,5, 

3cp~eKTHBHOCTD sanycRa 0,65 0,46 



,------------------------------------, 

n!:'4K08bWI KOAAHMATOP cppQHTAAbHblE 

C4ET41,1KH MOH\IITOP 

l PffEHEPATOP AHH1- PACOA.O,HblVI 18 MArHHTOCTPHKUVOHHblX nPO&CW>4- BETO- HE~TPO...... I 
C"IETI.IIIIK 06bfM HblX MCKPO&OIX KAMEP (X,~JlAT4111Kt'1) C4ET"IHKH HOHMTOP · I 

q> 1-'t CTPD6-HMnYJ\bC MK) 1-4, 9
1 

10 
r 1 r---1 ----------- -----, 
I I ) 
I I 
I I 
I I 
I I 
I I 
I I 
I ~.L...--1 I 
I I 
I ~-+--r-+--.-+-~-+-' I 
I I 
I 

1 HA .nOntKY C4HTblBA~~ Y- _/ 
HA CXEHbl cosnA,O,EHHi 

HA J\OrHKY ClfHTblBAHH~ 
-- - --- __ . ___ ------ -J 

cl>OTOYMHD>KMTEJlb 

6J1DK 3A.0,EP>KEK 

ci> OPM"PDBATEJlb 

!:1Cl,tnl4TEJ1b 
PA3MHO>KMTEJ1b C 3A
AEP.>KEHH bl M BblXDAD M 
(HJlM BXO,I\DM) 

CMECMTEilb 

D CXEMA coanA,o.EHHH 
~ 
-0- 8~;PA3MHD>KHTEJ1b x 6 

Pnc. I. MarHHTHhiii cneKTpoMeTp 11 6noK- cxeMa ero 3J1eKTpo1111oii 
JlOrHKH. --
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Pnc. 3. Tonorpaqm.H co6LITH.H B IlJI0CK0C'.fH• : a/ 6ecqiOHOBOe 
co6LITHe' 6/ co6LITHe B npncyTCTBHH 6oJILIIIOH qJOHOBOH 3arpy3KH. 
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Pttc. 4. Cpe,uuee l{HCno HCKp, 3aperHCTpHpoBaHI{hIX .uaT'!HKaMH KaMep. 
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PHC. 5. Pacnpe,ueneHHe none3HhlX C06hlTHil no l{HCny TpeKOB, 3ape
rHCTpHpOBaHHhIX HCKPOBhIMH KaMepaMH ,uo MarHHTa. 
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Pnc. 6, 3aBHCHMOCTh 3arpy3KH C'-leT'-IHKOB OT ,ll;JIHHhl /BH.n;a/ MHIIIeHH· 
pereHepaTopa. 
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HOMEP U~E~HUU, BblOOAHEHl-lblX B TE~(UUE CEAllCA 

Pnc. 7. IIoae,n;eHHe 3¢¢eKTHBHOCTH 3arrycK~ H HHTeHCHBHOCTH ITY'-IKa 
B Te'-leHHe ceaHca pa60Thl crieKTpoMeTpa C ,n;eiiTepHeBOH MHIIIeHblO. 
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