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IO.A.EemiKOB; H.C.rnaroneBa, A.fl.rono~BacToB, A.A.KyJHeuoB, E.A.KynaKoB, 

IO.JIYKCTI:!Hhlll, E.A.MaTIOllleBCKl:lii, A.T.MaTIOllll:IH, B.T.MaTIOllll:IH, 
O.B.Oxpl:IMeHKO, B.E.Pa,uoMaHoB, 11.C.Cal:ITOB, C.A.Ce)lbiX, B.A.CTenaHeHKO, 

O.IO.T.liTIOlllKl:IH~, C.A.Xopo30B 

r.r.TapaH 
C/Ju3wteCKUU uHcmumym UM. II.H.Jle6eiJeoa PAH, 117924, MocKBa 

B.TI.KoH)lpaTbeB, JI.B.KpacHoB, 11.B.CTenaHoB . 

Hay•mo-uccJieiJooameJI&CKuu UHcmumym ¢u3UKU CaHKm-Jlemep6ypzcKozo 

iJapcmoeHHozo yHuoepcumema, 198904, CaHKni-Jlemep6ypz 

H.H.Hypro:lKHH, E.K.XycaHHOB 

zocy-

· C/Ju3uKo-mexHu'lecKuu uHcmumym, MH-AH Pecny6JIUKa KaJaxcmaH, 480082, 
z.All.Ma-Ama 

K.raeBCKH, 51.MnpKOBCKH, 3.IlaBnOBCKH, A.TinaTKOBCKH 

HHcmumym paiJuo3JieKmpoHuKu BapmaocKozo noJiumexHu'lecKozo uHcmumyma, 

JloJI&Ula 

M.CTeMnHHCKH 

Ka¢eiJpa 3KcnepUMeHmaJI&HblX MemoiJoo .RiJepHou ¢u3UKU JloiJ3UHCKOZO 
yHuoepcumema, JloJI&Ula 

K.HoBtJeB 
HHcmumym .ROepH&IX uccJieiJooaHuu u 11iJepiwu 3HepzemuKu, ColjJU.R, Eo11zapU.R 

rn6pH)lHbiH MarHHTHbiH cneKTpOMeTp rfloC npe)lHaJHatJeH )lll.ll l:ICClle)lO
BaHHH B llytJKaX tJaCTHU ycKOpHTellbHOrO KOMnneKCa Cl:IHXpOcpa30TpOH......:.._HyKllOT

pOH Jia6opaTopl:ll:l BhiCOKHX :mepmii 06oe)lHHeimoro HHCTl:ITYTa MepHbiX nccne

)lOBaHl:lii. OcHOBHhiM pemcTpl:lpYJOIUl:IM np1:16opoM ycTaHoBKl:l .liBn.lleTC.ll )lByxMeT
poBa.ll CTpHMepHa.ll KaMepa. Bo3MO:lKHOCTb perl:ICTpl:lpOBaTb BTOpl:ltJHbie. 

3ap.ll:lKeHHbie tJaCTHUbl B llOllHOM TeneCHOM yrne (41t-reOMeTpH.ll) H OT61:1pan~ l:I3Y

qaeMbie co6biTH.H C Bb!COKI:IM BpeMeHHbiM piJpellleHHeM )lenaeT ycTaHOBKY rfiEC 
' ' • • • • ', - • f 

npHro)lHOH )lll.ll HCClle)lOBaHl:IH lllHpOKOro cneKTpa MepHbiX .. B3al:IMO)leHCTBl:IH, B 

TOM lJHClle C 60llblllOH MHO:lKeCTBeHHOCTbiO BTOpH'IHbiX tJaCTHU HfHnH OlJeHb 

pe)lKHX. fiMeHHO HCClle)lOBaHH.liM pe)lKHX npoUeCCOB 6hmH llOCB.liiUeHbl BCe npoBe

)leHHbie . )lO HaCTO.liiUero BpeMeHH ceaHCbl . o6nyqeHH.ll yCTaHOBKH B llytJKax 

pell.liTHBHCTCKHX .ll)lep. 3TO- UeHTpallbHbie CTOllKHOBeHH.ll .ll)lep (1), o6paJOBaHHe 
nerKHX mnep.ll)lep B nepucpepnqeciCHX CTOllKHOBeHH.liX [2] u nepe3ap.ll)lKa nerKHX 
.ll)lep (3), npOHCXO)l.liiUHe C BepO.liTHOCTbiO llOp.ll)lKa 10-4, 10-6 H 10=-4 COOTBeTCT

BeHHO OTHOCl:ITellbHO BCeX Heynpyrl:IX npouecCOB. 
Hu:lKe )laeTC.ll KpaTKOe onncaHne cneKTpoMeTpa, npuBO)l.liTC.ll ero xapaK

TepncTHKH H OCHOBHble MeTO)lH'leCKHe pe3yllbTaTbl, KaCaiOIUHeC.ll KalJeCT~a nony
qaeMOrO 3KcnepnMeHTanhHOro MaTepuana. Eonee no)lpo6Ho OT)lenhHhie YJllbi 

cneKTpoMeTpa onncaHbi B cooTBeTCTBYJOIUHX pa6oTax, cchmKn Ha KOTOpbie co)lep

:lKaTC.ll B TeKCTe )laHHOH CTaTbH. 

CneKTpoMeTp . · 

CneKTpOMeTp rnoc 6bm CMOHTHpOBaH B H3Mep'u.fenbHOM naimhbm1e c TaKHM 

pactJeTOM, 1JT06bi o6ecnetJHTb B03MO:lKHOCTb ero pa60Tbl KaK B 'nyqKaX pen}ITH
BHCTCKHX · .ll)lep, TaK u B nyqKax BTOpHtJHhiX qacTl:IU u .ll)lep cuHxpocpaJoTpoHa u 

HyKl1oTpoHa. K HacTo.liiUeMy BpeMeHH cneKTpoMeTp 6hin •. IicnonbJOBaH Jlll.ll 

peruc-fpauim B3aHMO)leHCTBHH llytJKOB .ll)lep ( OT BO)lOpO)la )lO cepbl) C pUJJilllJHbiMH 
> i ~ ' ' • • 

MHllleH.liMH. 
06muii ·BHil cneKTpoMeTpa ~pe)lcTaMeH Ha puc.L Bl,me)leHHhiii n3 ycKopu-

Temi «IlyqOK» .ll)lep nponycKanc.ll tlepe3 CTpHMepHyro <<KAMEPY»; pacnonmiceli

HYID B 3nc!Ki'poManinTe «1CTI-41», c ycTaHoBneHHoii BHYTP" nnu BHe ee ~<MI1-
lllEHbi0>> 'u )lanee nornomanc.ll B <<JlOBYlllKE». Curnanhi,: s'bi)leneHHbie c' no

MOIUbiO CUl:IHTHllll.liUHOHHbiX ClJeTlJHKOB (H )lpyrHMH B03MO:lKHbiMl:l )leTeKTOpaMH) 
Cl:ICTeMbl; «TPflrrEPA», 3neKTpOHHKa KOTOpoii pa3Memanach B. 3KCriepnMeHTanb

HOM )lOMiiKe «3L{l»,nocrynanu Ha annaparypy. «3ATIYCK rEHEPATOPA». Ccpop
MHpoBaHHhiii reHepaTOpOM l:IMnynhCHbiX Hanp.ll:lKeHHii·, (rHH) C )lBOHHOH cpopMH

pyroiUeii nHHHeii (,[{$11) BbiCOKOBOnhTHhiii nMnynhc .no «J111HI111 TIEPEL{A qM» 

~----------------~ Cl.n:.c~:;~;:iii.tlil m~:riiTJT l 
:,. !I!.-!~m;ax uccr.eM\:i>~ilt~ I 
t! ~~SJlHOTSKA ~ 
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Pnc.l. 3KcrrepnMeHT3JlhH<UI ycraHOBKa rYIEC 

qepe3 comacyJOmee ycrpoiicrso «TIEPEXOJJ.» nocrynan 11a ::~neKrpO.Uhi «KA

MEPbl». llpn 3TOM crpnMepHhie cne.nhl, o6pa3yJ01UHec» no rpaeKropn»M Jap»
)KeHHhiX qacrnu, pemcrpnposannch c noMOlllhJO «Cl>OTOCHCTEMbi». HBH -

HCTO'IHHKH BhiCOKOro nOCTOHHHOro HanpH)KeHn» .llJlH 3ap».na KOH.UeHcaropoB fi1H. 
· B 3KcnepnMeHTanhHOM .UOMHKe «3JJ.2» 6hma pacnono)KeHa 3neKrpoHHaH an-

mipirrypa «KOHTPOll51» pe)KHMOB pa6orhl «KAMEPhi» co croiiKaMn «KA

MAK» n MHKpo-3BM, a TaK)Ke annaparypa renesnJHOHHOH cncreMhi KOHrpon» 

«TCK», nepe.naJOlUaH KaMepa Koropoii Haxo.unnacb p».noM c «Cl>OTO». Bso.u cern 

HHTaiOIQero HanpH)KeHHH B «3JJ.2» OCYlUeCTBneH ',Jepe3 «Cl>l1llbTP». CncreMa 

«fA3» BKnJOtJana s ce6» ypasHoBellleHHhiH «fA3fOllb,lJ,EP», annaparypy «KOH

TPOllb fA3A» n cneunanhHoe noMemeHne .llJl» 6anno11os c «HEOHOM». lln» 

y.uo6crsa. 3Kcnnyaraunn n Mo.nepHnJaunn annaparyphl oHa cMoHrnposaHa Ha 
llO.llBH)I(HbiX Tene)I(KllX. 

OcHOBHhiM .uereKropoM cneKrpoMerpa »Bn»eTC» crpnMepHaH KaMepa.c '-lyscr

snrenhHhiM ofueMoM 188x77x58 cM3• 011a BblrronHeHa H3 He6onhlUOro 11a6opa 

CTaJl.llaptH30BaHHbiX 3neMeHTOB, .llOllYCKaJOlUHX pa3nH'IHhie BapnaHTbl c6opKH KaK 
IIO 'IHCny 3neMeHTOB , (3neKTpO.UOB, OTCeKOB), TaK H llO CllOCo6y HX KpenneHHH 

; 2 

' ,. 

(Kneii, ynpyme ynnomeHint, repMernK). B Ka'-!ecTBe ::meirpo.uos suyrpu 66-beMa 
KaMepbi ncnonh3oBaHa no'-!epnenaH ceTKa H3 uep:iKaseJOmeii cr:uilf· c »'-leiiKoii pa3-

2 j : > ",i 

MepOM 0,5x0,5 MM H .UHaMetpOM IlpOBOnOKH 50 MKM, KCHOp<U! BKneena Me;;K.Uy 
Meianim'-lecKnMn paMaMn (sbtcoKosonhrithiH ::meK-fpon) u Meraim~~·ecK~~- pa~wii 
H CTe!IKOii - CeKUHeii KaMepbl 6e~JnHIIOH ::meKTpO.U). llplf3TO~; o6ecrr~'-IHBaeTC~ 

' . - ~ - : ' - .· -- -. . . 
3KBH.UHCTaHTHOCTh 3neKTpO.UOB, HCKnJO'-IaJOTCH 3neKTpH'-1eCK<UI, KOpO!Ia H CBeTOBble 

6nuKH Ha nposonoKax, a np03pa'-!uocrh ::~neKrpo.uos· n'pu' ¢oroiJ>a¢np6saimn 1-p~- . 
KOB ocraerc» .UOCTaTO'-IHO BbiCOKOH - PK,OIIO so%. '' ' ' ' ' ' 

llyqOK ycKopeHHhiX '-!aCTHU nponyc'KanCH. '-!epe3 BXO.UHOe H Bhix'o.nHoe OKHa Ha 

Bhtcore 70 MM Ha.u cpe.nHHM (BhiCoKosonhTHhiM) 3JJeKrpo.noM Ka~iepbi. 0Kua 3a

KphiThi oprcreKnoM, ronmmwii l MM. Bhtxo.uuoe OKHO 6i.ino cMeuieHo B cropouy 
OT nHIIHH' nepe.na'-IH BhiCOKOBOnhTHOfO. mmynhCa, T.e. , B CTOpOHY OTK.iJOHeHHH 

MamnroM nepsn'-!Horo nyqKa '-!aCTIIU, ero iteHrp Haxo.nnnc» Ha paccrmiHiin 70 MM 
' ' 

or npo.nonhHOH oc11 KaMepbl. Ueurp sxo.uuoro OKHa 6b1Jl cMemeH Ha 25 MM or 

npo.nonh~IOH 'ocn B npOTIIBOrronO;;KHYlO cropoHy. 0KHO .nn» BBe.nemi~ c~ieHHhiX, B 

TOM '-IHCne MeTanJlH'-!eCKHX, MHlllelleH 6h1Jl0 pacnono;;KeHO c6oKy Ha paCCTOHHHH 

570 MM or nepe.n11eii creHKH. Eonee no.npo611o KOHCTPYKUH» KaMepbi n ee pa3Me

meHne B Mamnre npnse.neHbl B pa6ore [4]. 
· Cpe.uHee 3Ha'-!eHne senn'-IHHhi HIIJlYKUHH MarHHTHoro non» B 3KcnepHMeHrax 

cocrasn»no ·- 0,8 + 0,9 Tn. 
faJOBhiH o6'beM crpHMepHoii Ka.Mephl - 950 n. HanonueHHe KaMepbl pa6o

'-IHM raJoM (Heon c npnMeChJO BOJ.nyxa) H no.u.uep;;Kai!He nocro»HCTBa ero cocrasa 

o6ecne'-IHBanHCh C IIOMOlllhiO MeTQ.UHKH, OIIHCaHHOH B pa6ore [5). Jln» onepa

THBHOro Konrpomi " H3Mepeun» npnMecn BOJ.nyxa 6hmn pa3pa6oraHhi cneuHanh
llble Manora6apHTHhJe ra3opa3p».UHhJe .uar'-IHKH [6]; ycrauosneunhte uenocpe.ncr,. 

BeHIIO :.B CTeHKaX. KOprryca · KaMephl. 
l13MepeHHe H KOHTpOnh speMeHH naMHTH CTpHMepHOH KaMephl ocymeCTBnH

nHCh C nOMOlllhiO BCIIOMOrarenhiiOH 6eccpHnhMOBOH HCKpOBOH KaMephJ;·npo.nysae
MOH BhiXO.UHlUHM H3 CTpHMepHOH KaMeph! pa60'-IHM fa30M. 3TOT MeTO.ll, onnc'aiJ

llhiH B pa6ore [7], noJson»eT .uocraro'-IHO 6blcrpo (3a 20 + 30 MHH) ocymecTBn»Th 

H3MepeHne . speMeun naM»TH (3 + 5 MKC) crpnMepHoii KaMepbl no xapaK

repncTHKaM 3cpcpeKTHBHOCTH BCnOMOrarenbiiOH HCKpOBOii KaMephl 6e3 3aTpar Bpe

Me!IH ycKOpHTenH. 
OnncaHHe Kll)K.llOfO yma H pe3ynhTaTbl HCnhJTaHHH CHCTeMhl BhiCOKOBOnhTIIO~ 

ro uMnymcHoro nHTaHH» Ka.Mephl npnse.neHhi s pa6ore [8]. C uenhJO o6ecne'-lemi» 

6ecnepe6oHHOfO cpYJ!KUHOIIHpOBaiJHH CTpHMepHoii Ka.Mephl B 3KCnepHMCIITanbllbiX 

nccne.nosaHn»x Ha ycKopnrene coJ.naHhl .use MO.UHcpHKaunn reueparopa, onJJcan

HhJe s: pa6orax [9, l 0]. 3KcnnyarauH» re11eparopos noKmana, '-ITO Oint 

o6ecne'-IHBaJOT Ha.ue;;Knoe (He MeHee ·I 05 cpa6arh1Batmii) nuramte KaMephl BhiCOKo

sonhTHhiMH HMnynhcaMn c napaMerpaMn: a~mnHry.ua - 500 KB, uecra6unhHOCTh 
aMflnHTY.llhl;-- l %, .nnurenhHOCTb·Ha nonyBhiCOTe- 12-IIC, Ja.uep;;KKa BhiXO.lliiO-

r------------------~ t'<J.· • - -- ·• ~ , .• - .. 1'11Y I !' tii-.:J 4,.~~:.;.. ••• 1 ... ~·~•1 f:i ........ .,. 
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ro Hl\.tnYJlhCa OTHOCHTeJlbHO JanycKaJOUlero - $; 500 HC, HeCTa6HJlh,HOCTh 3a

nep:lKKH ...,---- 2,5%, cpeJlHlUI tJacrora BhiXOJlHhiX HMnynhcos s 3KcnepuMeurax ua 
ycKopurene - 0, 1 fu. 

feuepaTOp, OCh KOTOporo OTKnOHeHa no ropH30HTanH OT OCHKaMepbl 11a 45°, 

rionKnJOtJeu K nocnenueii c noMOUlhJO cneuuanhuoro y3n~ CThJKOBKH. 3ror yJen 

~BJl51~~Cll TaK:lKe cornacyJOUlHM ycTpOHCTBOM Me~Jly KOaKCHanhiiOH JlHHHeH nepe

JiatJ~ H.3JleKTp0JlHOH CHCTeMOH KaMepbi. HpH 3TOM 30Ha OTKnOHeBJIOro MarHHTOM 

n~~a 3ap51:lKeHHhiX I.JaCTHU H HeOTKnOHlleMhiX, neTl!UlHX snepen, lleHTpanbHhiX 

tJacnJU nmanu KaMephr ocranach cso6onuoii Mll pa3Memeuu51 npymx nereKTH
PYJOlllH?' .ycrpoiic:nl cneKrpoMerpa. 

.. TpeKH s crpuMepuoii KaMepe pemcrpiiposanuch rpexo6neKTHBHhiM crepeo

cp_oroanraparoM. (crepeo6aJa - 300 MM), JaKpenneHHhiM ua sepumue Kouyca, 

ycTauosn~uuoro, s maxre llpMa Mar~HTa. CneMKa npoH3Bonunach c noMOUlhJO 

q6neKTHBOB. OKC5-50-l H OKC5-56~I ua BhiCOKotJyscrsuremHYJO uenep

cpopup_osauuyJO 50-MHJlJlHMerposyJO a::~pocporonneuKy .THfl-24 H THfl-42. Pa3Me-

phr H306pa:lKeHHll tJysCTBHTeJlbHOro · ofueMa KaMepbi Ha Kanpe - J8,5x48 MM2. 

HMnynhCHhiH JanycK crepeocporoannapara u noncseTKH penepHhJX Kpecros ocy

mecTBJ151JlHCh c noMOUlhJO annaparyphr, onucauoii s pa6cne [ 11 ]. 

KoMnneKc rpurrepuoii annaparyphr crpuMepuoii KaMephr ycranoBKH fHEC 

pa3pa6aTbiBanC51 TaKHM o6pa30M, I.JT06bl o6ecnetJHTh 3QJQJeKTHBHOe Bhinenetme H 

pemcrpauu10 pa3Hhrx uccnenyeMhiX penKHX npoueccos, HMeJOmux Mecro · npu 

B3aHMOneiiCTBH51X peJll!THBHCTCKHX llnep . .[{Jill Ka:lKnoro 3KCnepHMeHTa C03nasanaCh 
cneuuanhtral! cucreMa rpurrepa. 

06UlHM nn51 BCeX HCnOJlh30BaHIIhiX B 3KCnepHMeHTaX CHCTeMaX TpHrrepa 6bi

J10 npHMeHetrHe B KatJeCTBe neTeKTOpOB CUHHTHJ1J151UHOHHhiX CI.JeTI.JHKOB CO CUHH

THJlJlliTOpaMH Ha OCHOBe nOJlHCTHpona, QJOTOYMHO:lKHTeJlH KOTOpblX 3aUlHUleHbr' OT 

Maf!JHTIIOfO nOJ151 H MOUlHhiX 3JleKTpH4eCKHX noMeX, B03HHKaiOUlHX npH nonatJe 

Ha CTpHMepuyJO KaMepy HMnynhCOB BhiCOKoro uanpll:lKeHHll.' CseT 'or TeX CUHH

THJlJlliTOpOB, KOTOpble 6biJ1H pacnoJlO:lKeHbl B o6JlaCTH CHJlhHhiX MarHHTHOfO (no 

0,9 Tn) H ::~neKTpHtJecKoro (no 15 KB/cM) noneii nepenasancl! ua cporoyMHO:lKH

Tenu no CBeTosonaM JlJ]HtiOH 270 CM. 

Bo scex QJH3HtJeCKHX 3KcnepHMeurax, nposenetrHhiX no cux nop ua ycrauos

Ke fHEC, anropHTM BhrneneHHll HCCnenyeMhiX B3aHMoneiiCTBHH OCHOBhiBanC~ Ha 

H3MepeHHH 3ap51)l0B uaneTaJOUlero llnpa JlO B3aHMoneiiCTBH51 H peJ151THBHCTCKoro 

51npa-ocrarKa nocne sJaHMoneiicTBHll s MHrneuu, a raK:lKe pemcrpatiull pen51TH

sucrcKnx' 'cpparMeuros-cneKTaropos pa3sannsmerocl! ·llnpa-cuapllna. 51npo-cuaplln 

n 'cppaiMenii.r-cneK.rarophr (BKnJOI.Jal! uyKnoul,r-cm!Kiarophr) _or nepslitJHoro peri51-

rusncrcreoro 5!npa neTl!T sm:pe)l B Y3Km.i K:o'uyce, H 3TO o6do~TeJlbCTBO ll03BOJlliJ10 

JlOCTHraTb' BhiCOKOH reoMeTpH4eCKOH '3QJQJeKTHBHOCTH "fpnrrepa. 

Cl>onoshre ycnosn51 n pa3pemeune cuni-ininri51UHOHHhiX' ctJeTtJHKOB • I! pe)rmMe 

onpenenennll Japllna raKoBhl, tJTo · Ka)KJlYJO cpyHKUHJO (H3Mepeulie Japllna riiileplln-

4 

pa, H3Mepeune 3apllna pacnasrnerocll 51Jlpa H r.n.) BhJOOJlHl!JlO uecKoJlhKO nereKTo
pos. flopom pemcrpnpyJOUleH 3JleKTpOHHKH non6npanHCh rilK:, I.JT06bJ onTIIMli-

3HpoBaTb 3QJQJeKTIIBHOCTh pemcrpaUHH H yposeHb QJOHOBhiX JanyCKOB KaMepbl. 

AMnnnrynhi c nereKTopos JannchiBanHch ua nncK 38M (AT 386), tJTO no3sonl!Jlo 

B nocnenyJOUleM . auanuJe yrotJHliTh npasoMepuoCTh rp11rrepa (uanpliMep, npliMe

Hllll pauroBYJO ciaTIICTHKy). TaK:lKe ¢nKC11posannch H npyme· naimi.Ie o pa6ore 

cncreMhl rpnrrepa, uanpnMep, aMnnnrynhi Krum6posotJHhiX cu'riian.os. 

C noMOUlhJO rpynnhi ctJeTtJHKOB SA _(pnc.2) H3Meplln~cb Japl!Jl 11 uanpaMeune 

3apll:lKeHHhiX I.JaCTHU B 30He nYtJKa no MHilleHll H Bh[JleJll!JlHCb HYtJKOBhie I.JaCTIIUbl, 

HMeJOUlHe 3a)laHHhie napaMeTpbl llnpa-cuapll)la. flpH nepeXOJle OT onuoro 3KCnepH

MetJTa K npyroMy 3Ta rpynna CI.JeTI.JHKOB cymecTBeHHbJM o6pa30M He H3MetJl!JlaCb. 

TnnntJHhiH cocras rpynnhl SA (ua npnMepe rnnepl!Jlepuoro 3Kcnep11Meura [12])-

nepBbiH CI.JeTI.JHK CO CUHHTHJlJlliTOpOM 200x200x5 MM 
3

11 BTOpOH (y BXO.Il.HOfO OKHa 

KaMepbl)- CO CUHHTHJlJlliTOpOM 50x30xl0 MMJ H )lnHHHbl~ CBeTOBonoM. 8 HeKO

TOpblX 3KcnepnMeurax no6aMl!JlHCh sero-ctJeTtJHKH Mll YMeHhllleH1151 sepoliT

uocTH JlO)KtlbiX JanycKOB CTpHMepliOH KaMepbl OT B3aliMO.D.eHCTBHll B Mllllletlll 

I.JaCTHU H3 «rano»-nYtJKa. 

B 3KcnepHMeHTe no nccnenosatJIIIO ueHTpWibtlbiX coy.o.apetiuii 24Mg-Mg npH 

HMnynhce 4,5 .r::~B/c Ha HYKnOH [13] 3apl!:lKeHHbJe npO.D.YKThl B3aHMO.D.eHCTBllll 

peJ151THBHCTCKHX. llnep MarH1151 ·c 51.D.paMH MarnHeBOH. MHllleHll pemcTpllpOBanHCb 

rpynnoii ctJeTtJHKos Sc (p11c.2 a), a ueiirpanhHhie- rp~noii SN CtJeTtJHKll o6e11x 

rpynn nepeKpbJBanH TeJleCHbie yrnhi• (KOHYChl C yrnoM 2,4°) BhiJleTa tJaCTIIU-CneK

TaTOpOB OT cpparMetJTaUHH llnpa-cuapllna, OTCYTCTBHe CHrHana OT KOTOpbiX 03Ha7 

I.JanO, I.JTO npoH30IllJIO B3aHMoneiiCTBHe BCeX HYKnOHOB l!Jlpa-cuapli.D.a, C l!JlpOM 

MHilleHH, I.JTO, B CBOIO 04epe.D.b, BCJle.D.CTBlle paseHCTBa pa3MepOB Coynapl!IOUlHXCll 

l!Jlep, oJHatJano ManocTb npuuenhuoro napaMerpa coy.o.apeHllll. fpynna ctJeTtJIIKOB 

SN 6h1Jla BbiOOJlHeHa B BH)le «C3HnBHI.Ja» H3 nl!Tll CJlOeB, Ka)KJlbiH H3 KOTOpbiX liMeJl 

10 CM :lKeJle3a H 2 CM nnaCTHKa. 

TaKoii rpnrrep noJBonnn c BhiCoKoii ::~cpcpeKTHBHoCThiO 3aperncrp11posaTb co-

6hiTHll npouecca, HJlymero c sepol!THOCThiO ...; 4·10-4 or ue;npyroro B3aliMo

neiicTB1151 51Jlep .. 
flpH npoBe.D.eHHll 3KCnepHMeHTOB no HCCJle.O.OBaHHIO o6pa30BaHHll II pacnana 

pen51TIIBHCTCKHX mnep51Jlep [2] ctJeTtJIIKll rpynnhi Sc (pllc.26) nonuocThiO nepeK-

pbiBanll reneCHhiii yron Bhmera li.D.pa-ocrarKa oT nuouuoro pacnana mnepl!Jlep 

BHYTPII tJysCTBHTeJlbHOfO o6neMa CTpHMepHOH KaMepbl, II C HX noMOIUbiO H3Mepl!Jl

Cll ero 3apH,u. CtJeTtJHKll rpynnhi S8 6bmu npenuaJuatJeHbi JlJlll li~Mepeumi 3ap51Jla 

rnnepl!Jlpa, . BhiJleresrnero 113 MHilleHH, · pacnono:lKeuuoii. sue KaMe phi uenocpe.o.cr

seuuo nepen ee sxonHhiM OKHOM. . 

5 



a) .,..--------
/ -

/ ' 

I T 

rry<IOK 
.._ 

\ '\/7-f-., I 
' / .... / ' 

_________ ..... 

nyqoK ... 

Sc 

6) -------- ....... , 
/- . ' 

/ SK ' / T / \ 

/1~-·: 
I I . 

\V? /'\/--
SA\ Sa. // S 

' _....... c 
....... -----·--

B) 
/ 

I 
I 

,. 
/ --------- ....... 

T 

I ,(.._ OK I I 

v 
II)"' .. -H>I-1 : / I 

1/l)( / ~ \ / 

Srr SA \ . -----' ...... _____ _ 
Sc 

PHc.2. CxeMa pacnonoJKeHIDI )leTeKTopos TpurrepHoH CIICTeMhi B 3KcnepnMeHTax. · 

llyuKTHpoM o6o3Ha'leH BHeumuli KOHTYP o6MoToK Marni!Ta ICll-41. T- MIIUieHh, SK
CTpHMepHa51 KaMepa 

6 

Jlm1 JanycKa CTpHMepHOH KaMephl H cpoTorpaqmlJeCKOH perncTpaUHH C06biHUI 

Tpe6osa.noch, lJT06hl rpynnoli · clJeTlJHKOB S 8 6wJa JapemcTpHposaua · lJaCTHUa · c 

3ap51JlOM, 'paBIIhiM Jap51JlY HccneJlye~!Jm mnep51Jlpa, a fllynnoii_ SC- C 3ap51Jl0~1 Ha 

eJliiHHUY 6onhUJHM, COOTBeTCTBYIOIUHM 51Jlpy-OCTaTKy, o6pa3yiOIUeMyC51 B peJynhTa

Te MeJOHHOro pacnaua mnep51Jlpa, B npOCTpaHCTBeiiHOM HHTepsa.ne Me)f(JlY 3THMH 

rpynnaMH ClJeT'IHKOB, B OCIIOBIIOM B 'IYBCTBHTenhiiOM ?6beMe CTpHMepHOH. 

KaMephl. 

3ToT Tpurrep no)laBn51n cpoHOBhie· co6biTH51 na lJeThipe nop51JlKa H nOJsonun 

perHCTpHpOBaTh HCCne)lyeMhle C06hiTH51, npOHCXOJl51IUHe C Bep051TIIOCThiO nop51JlKa 

10-6 oT Heynpyrnx BJaHMOJleiicTBitii. noJlpo6noe ero onucanHe )lana s [12,14]. 
., ·. .• . ·3 3 7 7 . 

B 3KcnepuMenTax no uccne)loBaHHIO nepe3ap51JlKH H B He '11 Li B Be [3] 
Hcncin.h3'o8a.nach 6onee npocTa51 no cpasHeHHIO c mnep51JlepHhiM cxe~ta Tpurrepa 

(pHC.2B); nocKOnhKY MHUJellb noMema.nacb BHYTPH KaMephl, H itccnenosanc51 O)lllO~ 
cTynen'laThiii npouecc, HcnomJoBa.nHCh TomKo _clJeTlJH~H rpynn SA . H Sc .Iln5! 

JanycKa CTpHMepHoii KaMephi Tpe6osa.noch ysenH'IenHe Ja)laHHoro Jap51Jla uccne~ 

JlyeMoro 51Jlpa Ha e)lHHHUY npH nponeTe Me)f(JlY 3TIIMII JlBYM51 rpynnaMH ClJeTlJHKOB, 

T.e. B nO)laBn51IOIUeM lJHCne CnYlJaeB B MIIUJeHII. 

JlaHHhiH TpHrrep nOJBOnHn C BhiCOKOH 3cpcpeKTHBIIOCThiO JaperHCTpHpOBaTb 

C06biTH51: nepe3ap51JlKH pen51TH_BHCTCKHX 51Jlep. 6e3 H3MeHeHH51 HX aTOMHOrD Bee a, 

npOIICXQ)l}JIUeii C Bep051TIIOCThiO nop51JlKa 10-4 OT HeynpyrHX BJaiiMOJleHCTBHH. 

B CnYlJae ·Heo6xo)li!MOCTH Hc,nonhJosa.nach speM~nponeTHa51 • cucTeMa [ 15], 

HJMep51IOIUa51 speM51 nponeTa lJaCTHU Me)f(JlY clJeTlJIIKaMH rpynnhi STF (puc.2s) c 

TOlJHOCThiO 0,1 HC. 0Ha 6bina pa3pa60TaHa H npHMeHeHa )ln51 H3MepeHH51 m.tnynhCa 

TpHTOHOB B nYlJKe, HMeioiUeM cpe)lHee JllalJeHHe HMnynhca 6 f38/c, C TOlJHOCThiO 

0,2% ua nponeTnoii 6aJe 77 M. 

KoHTponh nono)f(enm~ nYlJKa ua MHllleHH ocymecTBn51nc51 HeCKOnhKHMII 

CUHHTHn{I51UHOHHhiMH rD)lOCKOrlaMH C OT06pa)f(eHHeM Ha )lHCnnee 38M npocpHn51 

H nono)f(eiiH51- nYlJKa B JauanHhiX TO'IKax. 

CHcT~Ma KOHTpon51 cTpHMeplloii KaMephi cneKTpoMeTpa [ 1·6,17], o6ecnelJHBa

na KOHTpOnh OCHOBHhiX napaMeTpOB pa60lJHX ·pe)f(HMOB KaMepbi: ~tnniiTYJlhl· H 

Ja)lep)f(Klf, B~ICOKOBOnhTHOro IIMnynhCa Ha 3neKTpO)laX KaMephl _H BhiXO)le. l,'!llepa

TOpa, )la~neHH51 H TeMnepaTyphi B KaMepe, KO)f(yxe H OKpy)f(a_IOIUeii cpeJle, Hanp51-

)f(eHHH ·. BhiCOKOBOnhTHhiX HCTO.lJHHKOB nHTaHH51 reHepaTOpa~ )laBnelll151 B pa3-

p51JliiHKaJ( reuepaTopa H B. nepeJlaiOmeii HMnynhc nHHHH, semt'lliHhi MarHIITIJOro 

non51. CHCTeMa-HaKannHBa.na )laHHhie o6 ycnoBII51X npose)lelllt51 ceanca 11. cpOTor

pacpHpoBa!fH51 cne)lOB 51JlepHbiX BJaHMO)leHCTBHH B, KaMepe - lJIICnO nepBIIlJIIhiX 

'laCTHU (s .UHKne H o6mee), speM51 pa6oThl ycKopHTen51, lJIICno JanycKoB 11 .cpa6a

ThiBaHHH KaMephi (reHepaTopa), cpoTopemcTpaTopa, noM epa · cpoTonnenoK 11 

CHHMKOB; a TaK)f(e JlpyryiO TeKYJUYIO HHcpop~taUIIIO; 
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, HenpepLIBHbiH npueM, HaKonneuue, auanuJ HHcpopMaumi u cpuKcuposaHue 

asapHHHbiX CHTyaUHH o6ecne'IHBanHCb C HOMOIUbJO MHKpo-38M H npOMbllUJieH

IIOH annapaTypLI KAMAK. llm1 uanauKH u TecTOBbiX nposepoK cucTeMLI ucnonL-
308anocb cnemtanbHO · pa3pa6oTatmoe · ycTpoiicnio, cnoco6Hoe HMHTHposaTL 

cumanLI scex KaHanos s Tpe6yeMoii speMeHHOH nocne}loBaTenLHOCTH, npu'leM 

onepaTop· C HOMOIUbJO KOMMyraTopa MOf OCylUeCTBHTb nepeKnJO'IeHHe KaK BCeX 

KaHanOB O}lHOBpeMeHHO, TaK H n1060ro HJ HHX. 11HcpOpMaUml 0 BCeX CHrHanax 

BbiBO.UHnaCb HOMHMO UBeTHOfO MOHHTOpa Ha ne'laTaJOIUee ycTpOHCTBO B BHJle 

o61Uero panopTa asToMaTH'IeCKH JlBa paJa s CMeuy unu no )l(enaHHJO onepaTopa. 

flporpaMMa nOJBOmlna HMeTb HHcpOpMauHJO 06 3cpcpeKTHBHOCTH pa60Tbl BCeX 

CHCTeM B OT}leJibHOCTH H cneKTpOMeTpa B uenOM. 

BLICOKHH yposeHb :meKTpoMarHHTHbiX noMex OT pa6oTaJOIUeii cTpHMepHoii 

KaMepbl ncnpe6osan JaiuHTbl CHCTeMbl OT c6oes B pa6oTe. llml 3TOfO 38M ,pa3Me-

1UanaC·b B . 3KpaHHpOBaHHOM 3KCnepHMeHTanbHOM JlO~tHKe, 6LinH. npuMeHeHbl 

TpaHccpopMa~opiiLie paJs~JKH u cpnnLTpLI nuTaJOIUeii cem. 

lln~ onepaTHBHOfO BHJyanbHOro Ha6nJO}leHH~ Ja pa60TOH CTpHMepHOH KaMe

phi BO BpeM~ 3KCnepHMeHTa HCnOJ1b30BanaCb TeneBHJHOHH~ CHCTeMa KOHTpon~ 

(TCK), onucaHH~ s pa6oTax [18,19]. 3Ta cucTeMa no3son~na pemcTpuposaTb, 

JanoMHIJaTb u }lanee OTo6pa)l(aTb Ha 3Kpaue TB-MOIIHTOpa secb 'IYBCTBHTenbHbiH 

o6beM · CTpHMepiiOH KaMepbl, 'ITO }laBanO B03M0)1(110CTb Bbi6HpaTb ycnOBH~ 3KC

H03HUHH H nOnY1.JaTb CBe,UeHH~ 0 pe)I(HMe pa60Tbl CTpHMepHOH KaMepbl H CHCTeMbl 

TpHrrepa. Tipeo6pa30BaHHe CBeTOBOH HHcpOpMaUHH B :!lneKTpH'IeCKHH CHrHan (pa3-

sepTKa H306pa)l(eJIH~) OCylUeCTBn~nOCb B TeneBH3HOHHOM CTaH}lapTe. 

flapaMeTpbl CTpHMepHbiX cne}lOB B KaMepe 

H TO'IHOCTHhle xapaKTepHCTHKH cneKTpOMeTpa 

KaK OTMe'lanocL BLJWe, Jln~ cpoTOrpacpuposaHu~ TpeKos s cTpnMepHoii KaMe

pe 6wnu' ucnonbJOBaHbl a3pocpoTonneHKH - Tl1fl-24 ('lyscTBHTenMIOCTb 

so.ss=4500 e}l.f0CT, H3MepeHH~ pa3peuiaJOIU~ cnoco6HOCTb R=40 MM-
1
) H 

Tl1fl-42 ('IYBCTBHTenbHOCTb so 85 = 1400 e}l.f0CT, R = 75 MM-
1
). neno B TOM, 'ITO 

ecrili' Jln~ perncTpauuu cne}lOB pen~THBHCTCKHX OJlii03ap~JlHLIX 'laCTHU uau6onee 

noitxoJUilUeii oKa3anacL caM~ 'IYBCTBHTemu~ cpoTonneHKa Tl1fl-24; HecMoTp~ 
Hllee' cpaBHHTenMIO HeBbJCOKYJO cp(:norpacpH'IeCKYJO IIJHpOTy, TO }ln~ pemcTpaUHH 

cne}lOB 'laCTHU C CHflbHO pa3nH'IaJ01UeHci HOHinupyiOIUeH cnoco6!IOCTbJO He06-

XOJlHMa· nneHKa C 60JJbWOfi cpoTorpacpH'IeCKOii WHpOTOii H XOpOWHMH HpOTHBOO

peonbllblMH csoiicTBaMH. · Kor}la s KaMepe npoucxo~T · sJaHMOJleiicTBH.H pen.H

THBHCTCKHX ~Jlep, B TOM 'IHCne It MHOro3ap~JlHbiX,' C ~,upaMH MHIIIeHH, Hap~JlY C 
3TI1MH .· ~Jlpap.,m B03HHKaJOT . pen~THBHCTCKHe O}lli03ap~JlHble lJaCTHUbl C MHHH

ManbiiOii HmiH3YJOIUeH cnoco6HOCTbJO; C ·o}l!IOH CTOpOHbl, ll cpaBHHTenbliO Me}l-
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Puc.3. XapaKTepitcru'!ecKue KpHBLie (1, 2) u neperpy30'IHa~ cnoco6HoCTb ·o', 2') a::Jpo~ 
cpoTOnneHOK TltnOB 24 (I' I') u' 42 (2', 2'). KpHB~ 3' _;,:neperpYJO'IH~'cnoco6HOCTL 
cpoTOnneHKH «KonaK S0-122» no naHHbiM pa6oTLI [20]: H•- BeJIH'IHHa 3Kcno-
3HUHH, D - noqepHeHite cpoTocno», d, d0 -~ pa:3MepLI H3o6pa)l(eHIDI MHpbi 

neHllbJe CHJ1bHOHOHH3HpyiOIUite' OCKOJIKH .H}lep, 'neT.HIUHe m})l nJ06LIM yrnoM K Ha

npasneHHJO 3neKTpH'IecKoro nomi, snnoTh 'Jlo :cosnauemi.H c ero HanpimneHneM, c 

Jlpyroii CTOpOHbl. TaKoii OCKOnOK co3riaeT HCKpOBOH cneri's CTpHMepHOH K:ID.fepe c 

~pKOCTLJO, · ua uecKomKo nop.H.UKOB npesLiinaJOmeii .HpKOCTh cpeJlHHX · cTpHMepos 

Ha cne}le pen.HTHBHCTCKOH lJaCTHUbl, ll Bbl3biBaeT CHflbliOe p~MbiTHe ~3o6p~eHU.H 
Ha CIIHMKe BflflOTb Jlb 061Uell 3aCBeTKH }laliHOf0: Y1.JaC~Ka, TaK KaK cpOTOrpa'q,~'leC
KOH IUHpOTbl nneHKH 3a~~Jl0MO II~ XBaTaeT. Tib3To¥y ~~~eCTBO.~HHMK(JB HO~HMO 
'IYBCTBHTenLHOCTH, pa3pelllaJOmeii cnoco6uocTn 'u .lllnpoTLI, cpoTo'rine~Kn ia~ucuT 
OT xapaKTepHCTHK, CB~3~Hllb!X C 6onhlllOfi neperpJ3KOH flO CBery qysc:TBHTenhHOfO 

cpOTOCflO.H •. ~ 

Ha .puc.3 npuse}leHLI ceHCHTOMeTpH'IecKne xapaKTepncTHKH, nonyqeuuiie B 

<!JoTOna6opaTOpHH, 0115111 }ln.H. JlByx Tll~O~ a3po<lJOT~~neHO~, HCnOflb30BaHHbiX 

npu <!JoTorpacpuposaHHH KaMepbl fHEC. . • .. , 

• KpHBLie 1 u 2 xapaKTepH3YJOT cseTO'IYBCTBHTen~HOCTh u ¢oTorpacp~'leCKyJO 

lllltpory. 3THX nneHoK. TioJlo6HLie xapaKTepncTH'IecKne KpHBLie o6LI'IHO npuso-
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JlliTCjf B c~paBO'lHOH nnTeparype. KppKKaMH Ha pnc.3 OTMe'leHhi JHa'leHH51 noqep

HeHHH · n sKcnmminii, ·coc>TnerCTBYJOIUne t.HiKcnManhHhiM- paJpemeHH51M ¢<nocno51. 

Kp~Bhiej 1' n 2' xapaKTepHJYJOT neperpyJo'lHYJO cnoco6HOCTh 3THX )J(e cpoTO

nneHOK. OHH 6bmH nonyqeHhi c noMOlllhJO cpoTorpa¢npoBaHH51 CTaHJlapTHOH 

lllTpHXOBOH MHphl, rpynnhl 3JleMeHTOB KOTOpOH pacnOJlO)J(eHhl no cnnpann Ha 

6aJnce 20 MM. MacmTa6 cpoTorpacpnposaHHjf MHphi ( 1 :32) Bbl6npanc51 TaKHM 

o6pa30M, _'lT06hJ npH HOpManhHOM llO'lepHeHHH cpOTOCJlQjf mnpnHa HJ06pa)J(eHH51 

CaMOfO KpynHOrD lllTpHXa (HHH HHTepsana Me)J(Jly HHMH) 6bma 6nHJKa K cpe)lHeMy 

JlHaMeTPY . (..:. 40 MKM) ino6pa)J(eHHjf cTpnMepoB Ha cpoToenoe npn cpoTor

pacpnposaHHH KaMephi. B npouecce cpoTOrpacpnposaHHjf Mnphl 3KenoJHUHjf MeH51-

naeh llO'JTH B 10 000 paJ. C poeTOM 3KeriOJHUHH nponeXOJlHT eHH51HHe lllTpHXOB, 

JaTeM MHpa HJ06pa)J(aeTejf ennOlllHhiM KpJ)I(KOM )lHaMeTpOM d, paJMepbl KOTOporo 

paeTYT no M.epe ysenn'leHHjf 3KenoJHUHH. KpHBhie 1', 2' oTpa)J(aJOT OTHoenTenh

HhiH poeT pa3MepOB HJ06pa)J(eHH51 MHphl e HeXO)lHhiM 6aJHeOM d0 . BHJlHO, 'ITO npn 

HJMeHeHHH 3KenOJHUHH )lHaMeTp KppKKa HJ06pa)J(eHH51 MHphl JlJlji cpoTonneHKH 

Tl1II-24 peJKO paeTeT (ena6a51 neperpyJO'lHa51 enoeo6HoeTh no 3KenoJnunn). )ln51 

THll-42 poeT 6onee nnaBHhiH n no)lo6eH xapaKTepnpnKe cpoTonneHKH «Ko)laK 

S0-122» (nonyqeHhi no )laHHhiM pa6oThi [20]). 

Cne)lyeT OTMeTHTh, 'ITO npH HenpephiBHOH pa6oTe eTpHMepHOH KaMepbl B 

}lllHTenhHOM eeaHee Ha yeKopnTene nMeJOT MeeTo Kone6aHH51 .uasneHH51 n TeMnepa

TYPhi pa6oqero raJa BHYTPH o6'heMa KaMephi, o6yenosneHHhie HJMeHeHH51MH aT

MoecpepHoro .uaBneHHjf n TeMnepaTyphi OKp)')KaJOmeii epe.Uhi. KpoMe Toro, KaMepa, 

paJMeiUeHHa51 B JaJope 3neKTpoMarHnTa, no.usepraeTe51 .uononHnTenHihiM Kone-

6aHH51M TeMnepaTyphl, eB51JaHHhiM e pa60TOH eaMOro 311eKTpOMarHHTa (BKniO

'JeHne, BbiKnJO'JeHne, HJMeHeHHe BeJlH'JHHhl TOKa). TaKHM o6pa30M, npoHeXOJlliT 

Me}llleHHhJe HJMeHeHHjf yenOBHH o6paJOBaHHjf eTpHMepHbiX ene)lOB B KaMepe. llo-

3TOMY }lll51 llOJl)lep)J(aHH51 Tpe6yeMOrD Ka'JeCTBa eHHMKOB HeJlhJ51 orpaHH'JHThe51 

cra6n~HJallHeH napaMeTpOB BhiCOKOBOJlhTHOro HMnynhea II eoeTaBa raJOBOro Ha

llOJlHeHHjf. BoJHnKaeT Heo6xo.unMoeTh B noeTOjfHHOH KoppeKUHH pe)J(nMa pa6oThi 

KaMepbi. TaKa51 KOppeKUHjf pe)J(nMa pa6oTbl KaMephi B cneKTpoMeTpe fi1EC ocy

mecTBJljfnaeh e llOMOlllhiO eOOTBeTeTBYJOIUero perynnpoBaHH51 aMnJlHTY.llhl BhieOKO

BOJlhTHOro HMnynhea npn er() cpnKeHpOBaHHOH )lJlHTenhHOeTH II eTa6HJ1HJHpOBaH-

HOM eoeTaBe raJOBOro HanonHeHHjf. . 

B eaMoM .uene, KaK noKaJaHo B pa6oTe [21], B eTpnMepHoii KaMepe nom;px

HOCTHa51 llJlOTHOCTh H3nYlJeHml 3neKTpOHHOH naBHHhl - <r H, eo(nBeTeTBeHHO, 

crpnMepHoro ene.ua B uenoM nponopunonanhHhi nponJBe)leHHJO aEN, · r.ue a -
nepBhiH K03cpcpnuneHT IioHnJaunn TaylieeH)la,- E - m'lnpjf)J(eHHOeTh 3neKTpnqee

Koro • non51 B KaMepe, N ·- qneno 3neKTpOHOB B nasnne. C'JHTa51,- ·'ITO 

ajp = f(Ejp), TO'lHee, ajn = f(E/n), r.ue p- .uasneHne, n - nnoTHOeTh raJa, 

JaBHejfiUa5J OT · ero TeMneparyphl T, n annpoKeHMHPY51 cpyHKUHJO Jasncn'MoeTH 

ajn· CTeneHHOH, . MO)J(HO orpaHH'lHThCjf nepBhiM 'JJleHOM paJnO)J(eHHjf 
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Pnc.4. I13MeHeHHll OTHocHTeJJhHoii senwmHhi ~cr I cr oT _ speMeuu npu ssone KaMepbl B 
pa6otmii pe)I(IIM fi 

aj 1l- (£/ ll)m. Tor.ua OTHOeHTeJlhHhie HJMeHeHH51_ .<r. B. JaBHeHMOeTH.OT OTHOeH

TeJlhllhiX HJMeHeHHH E, p n T paBHhi ., 
11<r/<r =(till/ E)(m + I)(l +InN)- (!1P /P-AT /T)[m(l +InN)- I]. 

Benn'lnHa InN npaKTH'leeKn noeT051HHa n pasHa npn6nnJnTenhHO 20 lll151 eTpii

MepHoii KaMepbl e HeOHOM npn paJBHTHH naBHHhl OT O)liiHO'lllhiX 3JleKTp01IOB. 

lloKaJaTeJlh eTeneHII m JaBHCHT 'OT 'JIIeTOThl pa6o'lero' raJa H .rin51 HeOHa e npii

MeehJO sm.uyxa MO)J(eT 6hiTh npHH51T paBHbiM e.ununiie. 

Ha pueA npnse.ueHhi paee'JIITaHHhie no 3TOH ·q,op~yne JaslleiiMOeTII !1<r / <r · OT 

speMeHll, onpe.uen51eMhie TeKyiUHMH JHa'leHH51Mll E, p .w T B O.llHOM 113 ceaHcos 

o6nyqeHH51 KaMephi Ha cnHxpocpaJoTpoHe. 8 Ha'lane cea11ca · Kor.ua, KaK o6hi'lHO, 

pe)J(HM KaMepbl ycTaHaBJ1HBaeTC51 H nO)lCTpanBaeTCjf, OTMe'JaJOTC51 Jlla'JHTeJlhHhJe 

liJMeHeHH51 BenH'lHHhi <r (JlO 40% n 6onee). 3aTeM pe)J(IIM pa6oThi Km.tephi nocTe

neHHO CTa6llni1311pyeTC51 C nOMOlllhiO_ KOppeKUHH aMnJIIITYJlhl BhiCOKOBOJlhTIIOro 

HMnynhca, ocymecTBn51eMOH B JaBHCHMOeTI! OT TeKymiiX )laHI!biX, nonyqaeMbiX OT 

CHCTeMhl KOHTp01151. CymecTBeHHhiX· OTJlH'lHH B KU'leCTBe cpOTOCIUIMKOB B cpe.lllleM 

npn 3TOM ue Ha6nJO.uaeTC51; 

TaKHM o6paJOM, .nocT051HCTBO semt'IHIIbl <r MO)J(eT cny)J(IITh 6onee o6mmt 

KpHTepHeM Ka'JeCTBU nonyqaeMhiX B -· )lJlHTellhiiOM ceaHCe CIIIIMKOB, a IIO.U-
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P11~.S. OrjJaHwieHHoe "-m6Io ·croJJKHoaeimii dN 1 dx a He011e np11 HopMaJJLHLix yCJJoBHliX a 

MHHHMYMC HOIIHJaUHH [23] (cnJJOillHal! KpHBal!) 11 'IHCJJO CTilHMepoa dN I dl, Ky6tmaMeTpoa 

KOTOpbiX 60JlblllC naHHOro (TO'IKH) 

JlCP,)((HBaTb 3TO OOCT051HCTBO MO)((HO aBTOMaTI-1'-ICCKOH KOppeKUHCH aMnJIHTYJlbl Bbi

COKOBOJlbTHOro HMnynLCa, C OOMOlUbiO, nanpHMep, H3MepeHHH CBCTOBOH 3HeprnH 

TpeKOB (22]. 3)lcCb He06XO)lHMO, O)lHaKO, Y"fHTbiBaTb, '-ITO CBCTOBM 3J{cprH51 H, 

COOTBCTCTBCHIIO, CTenellb 00'-1CpHeHH51 CJIC)lOB Ha cpoTOCJIOe 6yJlyr 3aBHCCTb He 

TOJibKO.OT. CTa6HJibiiOCTH napaMeTpOB BblCOKOBOJibTHbiX HMDYJibCOB, HO H B 3Ha'-IH

TCJibiiOH CTeneHH OT cpnYKTYaUHH UOTepb 3HepmH '-!aCTHUbl, · pemcTpHpyeMOH B 

CTpHMcpiiOH KaMepe, KaK B )leTeKTOpe C «TOHKHM CJIOCM» BeiUeCTBa. 

lln.SI CaMOro CTpHMepnoro cne)la B KaMepe xapaKTepeH 6onbliJOH pa36poc pa3-

Mepos CTpHMepOB H 3aMCTHO MeHblliM, '-!eM yJleJibiiM nepBH'-IHM HOHH3auH51, HX 

nnoTHOCTb Ha · cne)le. Ha pHc.5 npeJlcTasneHa TeopeTH'-!eCKM [23] KpHBM 

orpaHH'-Ieuuoro '-!Hcna cTonKHOBeHHH dN I dx s ueone npH HopManbHbiX ycnosH.SIX 

B MHHHMyMe HOHH3aUHH B 3aBHCHMOCTH OT DOTepb 3HepmH 60JiblliC )laHHOH (yc

JIOBHe w > w0). Ha 3TOM · )((e pHcynKe s BH)le TO'-IeK· npeJlCTaBneHbi H3MepeHHbie 
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80 

60 

40 

20 

1.11 1.12 1.13 

M(p,rr._), f3B/c 2 

Pnc.6. PacnpeneneHne 3cpcpeKTHBHLIX Mace 

CHCTCMbl (p, 1f''), .· B COObiTllliX C pacnanoM 

A-'laCTHULI B 3K_cnepHMCHTe [25]. KpHBal! --::

peJyJJLTaT annpOKCHMaUHH C HOpMaJJbHblM 

pacnpeneneHHCM · c napaMeTpaMH: . cpennee 
. . 2 2 

3Ha'ICHlle - 1' 116 r3B/c' X /'!HCJIO crene-

HCH cao6onbl- 34/16; cpenneKaanpaTHqnoe 

OTKJJonenHe - 9 M::~B/c2 

N 

4 

3 

2 

I I !)... 
t VI! ~- -O 1 I - -· 3.9 

PHc.7. PacnpenenenHe 3cpcpeKTHBHbiX Mace 

CHCTCMbl (
4
He, 7t-) B C06biTllliX. c· llHOHHbiM 

pacnanoM nmepllnpa ~H B 3KcnepHMeHTe 

[26]. KpHBal! ,- peJynLTaT annpoKCHMaUHH 

nopMaJJbHbiM pacnpenenenHeM c napaMCTpa

MH: cpennee 3Ha'ICHHC - 3,922 r3B/c
2

, cpe.!l-. . . 2 
HCKBanpaTH'IHOe OTKJJOHCHHC - 3 M3B/c ; 

x2
/'!HCJJO creneHeH CBo6onbl- 1,6/3 

[24] no cneJly pen.SITHBHCTCKOH OJlHo:mp51JlHOH qacTHUbi Ha CHHMKe KaMepbi cneK

TP,OMeTpa rnEC 3Ha'lemi51 'IHCJia CTpHMepoB dN I dl, Ky6 ):IHaMeTpOB KOTOpbiX 

6onbllle ):laHHoro (ycnosHe d 3 >' d ~). BHAHO, 'ITO Bbiiiie :mepreTH'IecKoro nopora 

perncTP_aUHH KaMepbl ( ~ 150 sB) 3TH KpHBble COOTBeTCTBYIOT Apyr Apyry. To eCTb 

nonepetiHble pa3Mepbi CTpHMepOB 3aBHC51T OTJlOKaJJbHbiX SHepreTH'ICCKHX DOTepb 

'laCTHUbl, K(:JTopblC o6ycJiaBJIHBaiOT o6pa30BaHHe KJJaCTep~B~C£YCTKOB CB060):IHLIX 

SJieKTP,OHOB, ):laiOIUHX Ha'lanO JlaBHHHO-CTP,HMepHOMY npoueccy npH OO):Ia'le BbiCO

KOro Hanp51)((eHH51. 3uepreTH'IeCKOMY nopory perncTpauHH 150 sB 6y):leT COOTBeT

CTBOBaTb KJiaCTep C 'IHCJIOM SJieKTP,OHOB (KpaTHOCTb!O) - 4, TaK KaK Ha o6pa30-

BaHHe O):IHOH SJICKTpOH-HOHHOH napbl 3aTP_a'IHBaeTC51 B cpe):IHeM 3HeprH51 

BeJIH'IHHQH 36,4 sB. • . . . . . . 

llpaKTH'ICCKHBCe CTP,HMepHbie KaMepbl, HCUOJIL3yeMbie B 3KCOepi1MeHTaJibHLIX 

ycTaHOBKaX, HMeiOi scpcpeKTHBHLIH nopor perHCTP,llUHH DO KpaTHOCTH KnaCTepa, 

3Ha'IHTCJILHO npeBLIIIJaiOIUHH.e):IHHHUy, T.e. CTpHMepHLIH cite):( B HHX06paJyeTC51 B 
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P11c.8. · XapaKTepHrui K3IJTHHa pacnaua mnepllttpa sonopona B crpliMepHoif KaMepe 
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OCIIOBIIOM KJ13CTepaMH :meKTpOHOB, T3K KaK HH3KHH nopor npHBOJlHT K JlO
nOJliiHTenhHOii neperpYJKe perHCTpHp)'IOlUHX ycTpOHCTB no CBeTy CTpHMepOB OT 
MHOro:meKTpOIIIIhiX KJ13CTepOB H ::llleprH'IIIbJX 0-::lneKTpOHOB, He BhiXOJllllllHX 33 
nmpHHy cnena no npo6ery. Ha6monaeMall Ha cnene nnoTHOCTh CTpHMepos .OJlH03-
HalJIIO onpenenlleTCll 3cpcpeKTHBIIhJM 3HepreTHlJeCKHM noporoM pemCTpauull. Cy
meCTsosaune 3cpcpeKTHBHoro nopor-a pemcTpauuH no KpaTHOCTH nomKHo YlJHThJ
BaThCll npu H3Mepemm K03cpcpuuueHTa nncpcpy3HH 3JleKTpouos no cpoTorpacpllliM 
CTpHMepOB. 

TOlJIJOCTh H3MepeHHll KOOpJlHHaT B CTpHMepiiOH KaMepe ycTai!OBKII ri1EC xa
p3KTepH3yeTCll cpeJlHeKBa!lpaTHlJHbiM p336pOCOM B 0,3 MM H3Mepe111!hiX KO
OpJlHHaT TOlJeK OTHOCHTeJlhHO niiiiHH, annpOKCHMHPYJOllleH TpaeKTOpHIO 3apll)l(eH
HOii lJaCTHUhJ B npocTpaHcTBe KaMephl. TolJHOCTh onpeneneHHll KoopnHHaT 
uesunuMoii sepmHHhJ B3aHMOJleiicTBIIll B 1\.moronYlJeBbJX co6LJTIIliX BHyrpn TBep- . 
JlOH MHlllellll BJlOJlh nYlJKa He X~e I MM. 

TolJHOCTH onpenenenuJ~ HMnyJlhCOB no cpoTorpacpHJ~M co CTpmtepuoii KaMephl 
COCTaBnJ~Jlll - I% JlJlj! 0JlH03apliJlllhiX lJaCTIIU npH $;J r3B/c (nHOHhl) II - 3,5% 
npu - 4 r3B/c (npOTOHhl), JlJlll JlByx3ap~JlllhiX lJacmu -6% npu - 17 r::~B/c. B 

pe3yJlhTaTe B 3KCnep11MeHTe [25] B cneKTpe 3cpcpeKTIIBHhiX Mace CIICTeMbJ p1t- OT 
pacnana A-lJaCTHU (puc.6), HMeJOlllHX mupoKnii cneKTp HMnyllhCOB, cpenueKsan
paTHlJHoe OTKJ!Ol!eHHe COCTaBHJlO - 2,2 M3B/c2, a B 3KCnepnMeHTe (26] B cneKTpe 

CHCTeMbJ 
4
He,rt- OT pacnana mnepJ~npa ~ H (pnc.7) c IIMnyJlhCOM ;.;. 17 r3B/c -
2 ... . . . . . 

2,7 M3B/c . B 66oux CllYlJaliX ~pe,!lHHe 3HalJeHHJ~ cneKTpos cosrianaJOT c Ta6mtlJ-
HhJMH B npenenax OlliH60K onpe]leJleiiHll, 'ITO CBHJleTeJlhCTByeT 06 OTCYTCTBIIII 3a-
MeTHhJX CHCTeM'aTHlJeCKHX Olllii60K. . . . . . . 

Ha pnc.8 npnseneua cpoTorpacpnll pacnana, mnepllnpa sonopona B cTpnMep-
uoii KaMepe. . . . ' . . . . . . , . 

B 3aKnJO'Ieune asTophl Bhipa)l(aJOT ncKpeHHJOJO 6naron:apuocTh H.H.rpacposy 
3a aKTHBHoe )"iacTue B n3roToBneunn, ilananKe u 3KcnHyaTauuu scex YJnoscneK
TpoMeTpa; B.A.EyreuKo, B.A.L{p03JlOBy, o6ecne'lmimmt pa6o.fy Tenesu3uouuoii 
cncTeMM Kmrrpollll s ceauce o6nYlJeHnJ~ rHEC; H.E.Enosn11oii, nposenweii cepn10 
li3MepeHHH CeHCHTOMeTpH'IeCKIIX xapaKTepHCTI~K liCnOJlh3~BaHIJbiX 'a::~poqjoTOnJle
HOK, 11 E.A.MaTJOWHHoii 3a noMOiuh np11 ocpop~IJleHHH namloii cTaThll. 
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AspaMeHKo C.A. n np. 
MarnHTHhiH cneKTpOMeTp rnEC 

. 
CneKTpOMeTP rnEC- :3KCnep11MeHTani 

KOTOpOH 51BmleTC51 JlByxMeTPOBa51 CTPUMepHi 
none n noJBOmJOIUa51 pernCTPnpoaaTh 3apa:lK< 
peuueii MniUeHn, 8 nonnoM TenecuoM yrne .· 
eTCa Jlm nccne}loaaunii peJlKlfX npo 
MHO:>KecTaeuuocrn BTopniJHhJX IJacTnu. B p 
cneKTpOMeTPa, ero .xapaKTepUCTlfKlf If OCIIOI 
romnecg KaiJeCTBa nonYIJaeMoro SKcnepnMe 
ua ny6nnKaunn, B KOTOphlX 6onee nonpo6uo o 

Pa6oTa Bhmonueua B Jla6opaTOpnn BhJC< 

npenpHHT Ofue)IHHeHHOI"O HHCTHTyra ll,lle 

nepeBOJl aBTOpOB 

Avramenko S.A. et al. 
Magnetic Spectrometer GIBS 

The GIBS spectrometer is an experiment 
placed in magnetic field as the main detector 
charged particles emitted from an .inner tarl 
geometry). The set-up is used for investigatio: 
of secondary particle multiplicities. In the I 
spectrometer of the Laboratory of High Em 
methodical results concerning quality of obta 
to the papers in which some parts. of the sp 
presented. · 

The investigation has been performed at t 
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