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lfoCJie,I(OBaIIHe npouecCOB po~eHHR 'l8CTHU 3.JieKTpOMaI'HHTHOii 
,. • ~ . t . . . 

npupo,nH, T,e. npoueccoB C y-qacTlleM 3JI8KTPOHOB ll raMMa-KBaHTOB, 
.JIBJIHeTCR 0,I(HllM 113 aKTYaJII,HUX. pa8,I1;8JIOB (_pll:8IIKH. BUC()KlIX :meprnii. 

IlpnHUnll H8MepeHHR.3®8KTHBHOtt MaCCU 3JI8KTpon~noaHTpOHHUX 
nap H raMMa-KBaHTOB c· llOMOntI,D HCKpOBHX Ra.Mep H raMMa-Cil8KTpO
MeTpOB ns cBHHUOBoro cTeKJia 6WI · BnepBHe ·· npe,nJiolteH H peaJill30BaII 
B Ila<lopaTOPHH Bucoxwc· aHepl'HR CJUIB B 1964-65 rr.(M.H~XaqarypaH 
H.ltP• ABr.CBH,l(,CCCP,lH82249, Bm1n,OlillOT3,1966, II, c:,47; . 

11. A.A3Hll0B H ,Jtp. arnn, B7-2070,' Jly<!Ha, 196 4; 14.N~Xhachatu
ryan et al., Nucl. Instrwn. and Meth., 51, 1967, 309). C llOMOntI,ID 
.JtBYXKaHaJILHOro qepeHKOBCKoro Macc-cneKTPOMerpa <IHJIH o<I-•·. . . 
HapyxeHU pe,JtKHe 3JI8KTPOMarHHTHUe pacna,JtU· f H ~ -ue30HOB Ha 
3.JieKTPOH-noanTpoHHYi> napy n nsMepeHH HX napuna.,u,Hue nmpHHu 
(R.G,Astvacaturov et al,,' Phys. Lett., 27B, 1968~ 45; M,N,!Chacha
turyan et al,, Phys. Lett,, 24B, 1967, 349; M.A.A8llMOB n ,np. 
H,nepmlll g)ll:smta, 6, 196?, 515). '· 

0,nHaKO )1,JI1l ,I(aJII,Hefu!m:x HCCJI8,I(OBaIIHii Tpe60BaJICJ'l 60.Jiee' COBep
meHHH:ii npn6op, )L,m llOHCKa T.fllteJIUX peSOI;IaIICOB B CHCT8Ma.X e+e-, (o, 
rr0 '[ n T .,n. B Jia6opaTOPHH Bucoruu: aHeprnii Ollilli 6u..1 npe.I(JloJteH ' H · 

C03,I(a!I 90-KaIIa.,u,HHii -qepeHKOBCKmi Macc-cneKTpoMeTp, Ka'lecTBeHHO 
OTJIHtJ:a.IOIQJmCR OT ,I(ByxKaIIa.JU,HOro. ' . ' ' 

.nnccepTBQH.fI HanllCaIIa Ha·ocHOBe pa6o./I-IO/, BWIOJIHeHHUX' B 
I9?I-?9 rr B Jia6opaTOPHH BHCOKHX 8Heprnii Ollilli. 

ileJffiID.pa60TH smJIJiJIHC:E. paapa60TKa~ CO$,I(8.lm:8 9~rulHaJII,HOrO 
-qepeHKOBCKOI'O MaCC-ClleKTpOMeTpa n'ncCJie,noBaHHe ero napaMeTpOB Ha 
ny'IKe sJieKTpoHoB ll Ir- MeaoHoii··c llMllYJILCOM J - 5- rsB/c. · 

AI<Tya.JI:E,HOCTL pa6oTH cobTO:UT B' coa.namm ycTaIIOBKli, ll03BOJlfIIO
meH np6Bo,n:n:T:E. nmpoKHii Kpyr :n:cCJie,noBainn!: npoueccoB, B KOTOPHX 
reHep:n:pyDTCJ'l 'laCTHIUi a~eKTpOMarmITHO! npupo,nH. 

ABTop l!ammnaeT: 
I. Paspa6oTKy :n: C03,naHHe 90-KaH8JII,HOro 'lepeHKOBCKOro 

Macc-cnexTpoMeTpa. 
· 2. KoMIIJieKCHj'D HaJia,JU<y 90-KaHEIJII,HOro 'lepeHKOBCKOrO ·Mace- . 

cneKTpoMeTpa :n: :n:cCJie~oBaJm:e ero napauerpoB Ha ny'IKe MeKTPOHOB :n: 
ll:UOHOB _ C m.myncOM J - 5 raB/c, . . 

Harmrur HOBHSHa JI 3H8'!HMOCTI, · pa6om' 'COCTOK'l' B row, qro Bnep
Jllle B CCCP JI ,11;pyr:HX crpaHax-ytiaCTHHita% 00ml co:i,-aHa .1LHOr01taBa.tL

HaJ1 YC?aH0Bxa - 'l8p8HX0BC1Udt MaCC-Cll8JtTp0M8Tp Ha· 9O
1

XaHaJI0B 10<IJia

.ltaJlll!M P811:0p,J!;RWOillap81leTprum ,ltJIB y0TaH0B0ll: no,-o<IHoro THna.B npo-

.. 

0~1i.;J!!!IICrrllLJ;\ mm~ 
~;tq:m::JX i!(;f.,1:!.i.':Ormud 
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necce COS;ttamtli ycTaHOBRH pemeH neJJHtt pg,1t HOBWC BOnpOCOB B o~c
Tll M0TO~ qepeHitOBClGOC ;tteT0KTOp0B~ IlCKI>OBWC Il nponopnnOHaJil,HWC 
K8M0P Il ~TJ,t1IJIHUHOHHWC cqeTqnKOB, Ta.K,Ha.IIIJEM0P: 

l. Paspa60Ta.Ha KOHCTP~ MO~Jil! MHOrOKaHaJil>HOrO qepemtoB
cKoro cneKTPOMeTpa c peKo~ aHepreTnqecKHM paspemeHneM. 

2. Paspa6oTaHH H cos~ cncTeMH KOHTp0Jill CTa6WU,HOCTil 90-
KaHam,HOro qepemtOBCKOro Cll0KTPOM0Tpa C llOMOl!lI>ID: a) 90 MIDUiaTIOp
HWC HMllYJII,CHWC CB0TOBWC ncTO"llmKOB Ha OCHOB0 RI>IlCTaJJJIOB No.~(Ti) Il 
pa,nnonsOTona 241 Am ; 6) ncKpoBoro paspg,1ta, ocBemamnlero qepes 
CB0TOBO.Itll O,nH0BpeM0Hll0 90 (poTOYMHOll01TeJI0H qepemtOBCKOro Cll0KTPO
M0Tpa (cncTeMa OTHOCilT0Jll,HOrO KOHTPOJil! CTa6HJII,HOCTil). 

3 •. Ilpe.IVIOJlt0H R pea,msoBa.H cnoco6 Ka.Jm6poBKn 90-KaHam:,Horo 
qepemtOBCKOI'O·cneKTp0M0Tpa C llOMOl!lI>IO cncTeMH OTHOCRT0JII,HOro 

KOHTpoJill CT86IlJll,HOCTR. 
4. Paspa60Ta.HO H COS;ttaHO BliCOKOBOJil,THOe llllTaHH0 32 Ma!'HllTO-

CTPn:xtnm>HHWC RCKPOBWC K8M0P pasM~POM 920x920 VJll.
2

• 
5. Ilpe.IVIOJlt0H R npEMeHeH Ha npa.KTRK0 cnoco6 HacTpofuw c~cTe

MH RCKpOBWC RaMep OT pa,nlIOa.KTilBHOro RCTOqHRK8 8JI0KTPOHOB. 
6. B nponecce KOMIIJI0KCHOH HaJia,I(Kll H npoBe;tteHM qlli3lA0CKHX 

RSMepeHRH onpe;tteJieHli ocHoBHHe napaMeTpli Macc-cneKTpOMeTpa: yrno
BaH TOqHOCTh, 8HepreTM0CK00 paspemeHne R TOqliOCTh BOCCTaHOBJI0HHli 

aqxp0KTRBHOH MaCCli. 
Ilp8KTM0CKBJI I!0HHOCTh llOJIY'i0HHliX pesyJII,TaTOB COCTOilT B TOM, 

'ITO cos~aH ycTaHOBKa ll03BOJil!0T npoBO~Th ncCJie;ttOBaHl'lll pe,niwx 
nponeccoB,B KOTOPWC o6pasymCJI qaCTHnli a~eKTpOMarHilTHOH npnpo.Itll, 
C UeJIE,IO no.nyqemm HOBWC ;tta.HHWC O CTpOeHilll MaTepnn. Ta.K, Ha.IIIJEM0P, 
c IlOMOl!lI>IO 90-KaHam,HOrO qepeHKOBCKoro MaCC-Cll0KTPOM0Tpa B 1976-77 
rr. 6~ HsyqeHa CTPYKTYPa ~qxpepeHr(Ilam:,Horo ceqemm: pea.Itnlffl 

gr- + p - 'l + n. ' (l) 
DO pac~ '1 ~ 1f npn HMllYJII,C8X HaJI0TaIOOlliX Ir -M030HOB 3, 26 H 
4, 75 rsB/c- B OMaCTH nepe;tta.BaeMWC HMllYJII,COB OT t,..i.n. ;ttO 0,3 (rsB/c)2 
(V.V.Arkhipov et al., JDJR, E1-11596, Dubna, 1978). B ~qxpepeHUH
aJII,HWC ceqemmx pea.KUHH (l) o6HapyzeH saMeTHHH MIDlllMYM B nepe,nHeM 
~eHilll, YKa3lill8Dlllfil Ha CYIIt0CTB0HHYIO p0JII, aMIIJIHTY.Itll C RSMeHe.,. 
Hll0M cnnpam,BOCTH. B 1978-79 rr. ycTaHOBKa l!CDOJll,SOBMaCh ;ttJill 

Rsyqemm xyMYMTRBHOro pOJK;ttemm n°, i H u.J
0 

- MeisoHOB. 
OnliT cos;ttamm: MaCC-Cll0KTPOM6Tpa MOJKeT 6liTh HCDOJI1,SOB8.H B 

noCJie,nyD!tWC paspa6oTKaX B oMaCTil MeTO~ @!3H'10CKOro 8KCllepn-

M0HT8. 
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CTpy!tTypa l{HCcepTamm OTBe'laeT ns6paHHOH T0Me • .llnccepTamm 
cocronr ns BBe;tteHna, qerHpex rna.B n 38.KJIDqeann, co;ttepimr 120 
crpaHn~ rexcra, 98 pncyHKoB, 8 ra6nn~ n 6n6nnorpaipnqecxntt 
cnncox nnreparypu ns 105 HasBrurntt. 

Bo BBeneHnn onncimaeTCJI pasBnTne MeTO,IU!KH qepemtoBcrn 
Macc-cneKTPOMeTpoB, IlMOlKeHO TO HOBOe, qTO,no MH6HHIO aBTopa,BHO
CHTCJI B pa6ory no ns6paHHoil TeMe,H nepeqnCJieHI:l ocHOBHHe no~oxe
HM, BliHeCeHHlle Ha samnTy. IlpHBO~TCJI ormc,ne 90-KaHaJihHOro 
qepeHKOBCKOrO Macc-cneKTpOMeTpa (pnc.I Il 2) I/. 

OcHOBHmm MeMeHTaMH Macc-cneKTPOMerpa .!!BJIHIOTCJI: 
v I. qepeHKOBCKl!H 90-KaHa.m,HIDi ro;ttOCKOII HS CBHHUOBOrO CTeKna 
CI-90, IIOSBOJifilOIJlllH C BliCO~OH TOtJHOCThlO ns11epgTh SHeprmo MeRTpo
HOB n raMMa.-KBaHTOB. 

2. 32 npoBo~otJHue MarHHTocrpnrumoHHue ncxpoBue KaMepu illU-32 
paSMepaMH pa6ot1e:ii o6~CTH 920x920 MI,l, c IIOMOJl1hIO ROTopwc nsMepg
IOTCH Hanp~eHHH a~eRTPOHOB H ROHBepCHOHHllX nap. B ~ae perncTpa
nnn raMMa-KBaHTOB Me.ll',ny rpynnaM11 ns -qeTHIJeX KaMep pacno~araIOTCJI 
Me;ttlilie ROHBepTopu KI-6, TOJill!HHOH no 0,4 pa.n;.e;tt. RaJIO];UH. 

3. ro~OCKOil ll3 20 CUHHTlIJIJilIUHOHHllX Ctl0Ttnm:OB CrI-20, IlCilO~
syer,nru: .UJill YBe.nnqeHM ajxIJeRTHBHOCTn Tpnrrepa :u no~emm ~onomm
T0JII,HOH HH<pOpMannn O Hanp~eHnn Il tIHC~e BTOplf'lllliX sapgxeHHUX 
qacTHU. 

4. TMeCROII CnnHTlIJIJilIUHOH!illX Ctl0T'l'.HIWB CI-3 ;ttJill MOHilTOpnpoBa
Hru:t nytIKa n aHTilCOBna,n;aTMhHUe cqeT'IHKil AI H A2. 

5. !lleCTh O;ttHOROOp;ttnHBTHl1X nponopnnoHaJihHl1X Ra.Mep IIIU-6 ~JIil 

n3lvrepemm HanpaBJielllilI na,n;aroum:x Ha MnmeHh traCTHU. 
6. }Kn,DJWBO;ttOPO.ItHall Mlllil0Hh H2 ,nJIHHOiJ: 80 CM, ~a.MeTpOM 7 CM 

H TOJill!HHOiJ: CT6HOR 0,005 pa,n;.e~. V 

7. rasoBIIB noporoBIIB qepeHKoBcRIDi cqeTtIHK C0, :ucno~syeMUft 
np:u KaJin6poBxe qepeHKoBcRoro ro~ocxorra .UJill BII,ll;e~emm: a~eRTPOHOB 
B nyqRe OTpHUaTe~HIDC II- M030HOB. 

8. a~eRTpOHHall annapaTYPa, Buno~eHHM B crrumapTe "Blilll1I.II" 
(520 6~0KOB) n B CTaH,JJ;apTe "KaMaK" (IOO 6JIOROB). 

9. 8BM Tnna HP2II6B c BHelllHnMn ycTpo:iicTBaM:u. 
IO. J3uCOKOBMhTHOe IIBTaHile IlCRpOBllX RaMep ll trepeHKOBCKoro 

ro~OCKOIIa. 
II. YcTpoiicTBa, rrpe,nHasHatieHHlle .UJill pacnpe;tteJiemm:, c6opa :u 

pereHepannn rasoBo:ii cMecn ncxpoBmc :u nponopnnoHBfilHillC Kru.1ep. 
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PHc.I. 06I!1HK BM.I( 90-KaHaJibHOrO qepemtOBCKOrO MaCC-Cil6KTpOM6Tpa, 
I-qepemtOBCIWii: 90-Ka.HaJibllllli ro~ocKon; 2-ycTpottcTBO KaJm6pOBKll 
qepeHKOBCKoro ro~OCKOila Ha MeKTpOHax; 3-cncTeMa OTHOCllTeJll,HOro 
KOHTPOJUI cTa6liJll,HOCTlli 4-cmtHT~OHHHH ro~ocKon; 5-KoHBepTopu; 
6,I2-~0MIIBll C 8BM H 8~6KTPOHHKO~; 7-RcKpOBUe KaMepu; 8,IO-orpruit
~6HH6 H CRCT6Ma B6HTH.7I/IIUIH r.mmeHH; 9-BHCOKOBOnTH06 IlHTa.HH6 llCKpO
BHX KaMep; II-cocy~ ,nJIII l!W.I(Koro BO~opo~a; I3-cqeTi:rmtH aHTHCOBn~e
mrll:; I4-nponopmroH~HHe KaMepu; I6-cmtHT~OHHHH MOHHTOPi I7-, 
ra30BUH qepeHKOBCKHH cqeTqmt; I8-BUCOKOBMbTHUe HCTO'IHHKH nponop
IUIOH~HHX KaMep; I9-D,D;KOBo~opo,D;Haa: MlmleHhi 20-cncTeMa pereHepa
In!H raaa KaMep; 2I-BUCOKOBMbTHH8 RCTO'IHHKH R HaKOilRT~HH8 eMKOC
Tll HCRpOBHX Kru~ep; 22-BUCOKOBonTHllii HCTO'IHHK qepeHKOBCKHX n 
CmtHTRJLlifIUHOHHHX ~eTeKTOpOB;: 23-6eTOHHOe OCHOBaHHe. '· 

~:L 
0 ~ 1,111,4 

i 11\\=-+-+--i I\ 7 
\\ll r TV' i 

/'P?~,f I 
MK\-32 KHi cn-20 ~t-9J 

\~}1~ ·-In 
Pnc.2. CxeMa 90-rumanHoro ~epeHKOBCKOro MaCC-CileKTpoMeTpa. 
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OcHOBHUe napai~eTpU ~8T6KTOpOB 90-Ka.HMbHOro qepeHROBCKOro 
Macc-cneRTpm.ieTpa npIIBe~eHU B Ta6~.I. 
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B nepBOH r~aBe ,ru1ccepTru.um OilHCJIBaeTCJI 90-KaHMbHUii: qepeHROB
crurn: ro~OCROIT H3 cBmrn:oBoro CTeMa. ro~OCROil COCTOHT l'I3 90 M,I(eH
Tll'IllllX ra.MMa-cneRTpoMeTpoB (Mo.uy~eil), paa~e~eHHux Ha Me rpynnu 
no 45 M0.17Y~eil B KaJJUJ;Oll. Pa,zmaTop MO.l7YJLFI l'I3rOTOMeH l'I3 CBmrn:oBoro 
CTeMa MapKH TIJ/-I BUCOKOll npoapa'll!OCTH H·HMeeT qioprzy meCTliI'paHHOll 
npn3MU BUCOTOH 350 MU C ,I:U1aM6TpOM BIIliCaHHOil OKPYJKHOCTH OCHOBa.HJUI 
175 MM. IIp:1mO,I:U1TCJI KOHCTPYKnl'f.ff MO.DY.JI/I qepeHROBCROro ro~OCRona, 
o6ocHOBaHHe B!l6opa paaMepoB pa,zmaTopa, peay~hTaTu FICc~e~oBaHM 
M66B ,nJIII o6ecneqerum OilTnqecKoro ROHTaKTa M6210JY ~aTOpOM ll WOTO
YMJIOl!GITM6M/2/. HMoxeH MeTo~ no~6opa woTOYMJIOl!GITeReil Tnna ~3Y-49E 
H ~e~nTeJI/I ~ q><>TOYMJIOJKHTe~eil. 

Ilo~o6HO OIIBCUBa.IOTCJI ycTpoilcTBa KOHTPOJI/I CTa6~HOCTH ~epeH
ROBCKOro ro~OCKona. B RaqecTBe reHepaTOpOB CTa6MbHHX CB6TOBU.X 
mmyncoB ncnonaymCH 90 KpncTMJIOB Na.:J(l't), 3Kcrroirnpyewx pa.itHo
naoTonoM 241Arn,H 90 T8.IJMOCTaTnpOBa.HHUX CB8TO,I:U10~0B. 

HcTO'lHHR cBeTa Ha ocHoBe KpncTMJia NQ.3(Te.) n pa,zmonaoTona 241 A111. 
(sHeprmI Mt,q>a-qacTKU 5,5 MsB l'I HHT6HCHBHOCTb"' IOO pacn~ B ceK.) 
Blill~eH_B BM,I(e repMeTH'll!Oro nwnm,DJ)llq8CKOrO ROHTe:imepa ll3,W9PBJZD
MHHHJI ~eTpOM IO MM H BUCOTOtt 5 MM co CTeKJJJIHHUM OKOIIIKOM" .:J/ • 

Cpe,IJ;Hee 3HaqeHHe aMIIJllITY,IJ;HOro paapememm ( FWHM) 90 CB6TOBU.X 
llCTO'IHHKOB paBHO 5, 2% •. CBeTOBaJI BCilUIIIKa OT HCTO'IHmta NQ.1 +d. B cpe~
HeM 8KBHBaJI6HTHa BCIIHIUKe qepeHKOBCKOro Ha,zyqemm OT MeKTPOHOB C 
sHeprnett I,2 rsB. 

MeTO~ KOHTPOJI/I CTa6WII,HOCTH raMMa-cneKTPOMeTpOB c IlOMOlll!,D 
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NQJ + d.. -llCTO'IJU!KOB He II03BOJI.H8T YtJllTHBaTI:, II3M8H8HIDI, KOTOplrn 

rrpo.11cxo,1JJIT co BpeMeHeM B caMHX KpliCTa.JIJiax B peayJI:r,TaTe BJlll.HHIDl 
pa3JI.l!lllfltX qia.KTOpoB. YKa3a.HHHli He.n;ocTaTOK B 3HatrnT8JII:,HOH CTerreH.I! 

UOJKHO ycTpa.HliTI:, IIP.l!M8H8Hli8M CB8TOBoro reHepaTopa, II03BOJI.fllOil1ero C 

IIOMOmI,IO CllCT8Mlt'CB8TOBO.I(OB O~OBpeMeHHO 8KCIIOH.l!POBaTI:, 6V1'ruoe 
'lUCJIO .n;eTeKTOPOB OT o~oro liMIIYJII:,CHOro HCTOlllfmta CBeTa/4 • llCTO'l
HliKOM CBeTa CJIYDT llCKpa (puc.3), B03IIBKa!Olll8-f! B B03~0M npoMe

JKYTRe paap,mmma c qacToToii "' IOO :ru. 
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Pnc.3. CHCTeMa OTHOCllT8JII:,HOro ROHTPOJI.H CTa6llJII:,HOCTH ll 
KaJiu6poBirn 'lepeHROBCRoro ro.n;ocrtorra. 

I-cBeTOBO,;J;; 2-B~lirft!OmHec.ll Tpy6KU; 3-BblCOKOBOJII:,THblli paa'beM; 4-

BIIBTH pery.Jll!POBIUI aaaopa paa~a; 5-IIJiaCTUHa-CB8TOBO.I( H3 opr
CTeKJia; 6-KOJKYX qepeHROBCROro rc.,:i;oCROIIa; 7-MO.J:IYJII:, qepeHROBCROro 
ro.rrocKOIIa; 8-KpOHlllTeHH; 9-urunrn~uqecm CB8TOBO.I(; IO-aJieRTpo.n;. 

CHcTeMa Il03BOJI.H8T OCY!ll8CTBJ!.HTI:, OTHOCllTeJII:,Hllli ROHTpOJII:, CTa6UJII:,

:!OCTI! rrapaMeTpOB ra1111.1a-cneRTpOM8TpOB ll Ra.HaJIOB CII8RTPOMeTpuqecrtoii 
::J.~e::TpOHIIBll, B npouecce ROHTpOJI.H Bhl'lllCJI.HIOTC.ll OTHOUJ8Hll.ll aMilJlliTy.n; 

scex cneRTpciueTpOB K aMIIJlllTY.ne "C5a30BOro" CII8KTPOMeTpa. llliip.mm 
;:iacrrpe,neJiemrti STH.?C OTHOilleHllll ( FWHM ) cocTaBJI.HIOT rv 9% II, B OCHOBHOM, 

o6yCJIOBJI8HH qJJIYKTY8.UH.IIM1! trnCJia <pOT08JI8RTpOHOB ~3Y. CucTeMa II03BO
:J.lleT OCY!ll8CTBJI.l!Tb OTHOCUT8JibHltll KOHTIJOJII:, cTa6WII,HOCTli C TOlllfOCTI:,IO 
He xyJKe 'I.CM I%. 3Ta CllCTeMa II03BOJI.HeT TaKJKe IIpOBO,n;l!TI:, Kami6pOBKY 
rai.11.1a-crreKTpOM8TpOB, )J.JJ.ll 8TOll U8JIH nyqoK 8JI8KTPOHOB OTKJIOH.ll8TC.ll 
nonopOTHHM uarHuTm.1 B o,nUH irn Mo,nyJieil ro,nocKorra ·c "6aaonIDi:" ), n np11 

IIOMO!llll CllCTerru OTHOCllT8JibHOro KOHTp0.11.ff CTa6Il.lll,HOCTII onpe,neJI.HeTc.ll 
uena Ra.HaJIOB BCCX OCTaJII:,HHX 89 CII8KTpOM8Tpll'l8CKHX TpaKTOB, To'!-
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HOCTI:, KaJIH6pOBKH c IIOMOmI,IO OllliCa.HHOll CllCTe11ru COCTaBJiffeT I, 75%. 

,lJ,aJiee .n:aeTC.ll OIDICa.HIIe CII8RTPOM8TpuqecKoil arrrrapaTYplt Macc
CIIeKTPOMeTpa, ee .I(OJirOBpeMeHHoil CTa6HJII:,HOCTH n ~yrHX xapaKTe

PlICTliK. 0IIHCltBa8TC.ll ycTpoilcTBO aBTOMaTmecKoro li3MepeHliff xapaKTe
PlICTHK CII8KTpOM8TplI'leCKOH arrrrapaTYPH H CHCT8Ma BHCOKOBQJII:,THoro 
IlllTa.Hll/I rar.iMa-Cll8KTPOM8Tpa. 

B KOHU8 rJiaBlt IIPllB8.I(8Hlt pe3yJII:,TaTlt HCCJI8.I(OBaHH.ll /eperoBCRO
ro ro.n;ocKoTia na lIY'lite MeKTponoB c aneprueil 2 - 4 raB I,S. 3a.Bu

cUMocT:r, cpe~en BeJIH'lIIHlt anepreTnqecKoro paapeUJeHIDI .nM 90 Mo,ny
Jieil ro.n;ocKorra ( FWH M ) xoporuo ormcHBaeTC.ll BHpaJKenneM: 

t:.E/E. (°/.) = 0,7 +9,2/✓ E(r3Bf (2) 
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Pnc,4. 3HepreTli'l8CKlle paapellleHH.ll qepeHKOBCKIDC CII8KTpOMeTpoB: 

1-J.A.Appel et al.,Nucl.Instr. and Meth.,127,1975,495; 2-J .. S.Beal 
et al.,Nucl,Instr. and Keth,,117,1974,501; 3-~.Dydak et al.,Nucl. 
Instr. and Meth,,137,1976,427; 4-14.Holder et al.,Nucl.Instr. and 
Keth., 10s, 1973, 541; 5- HaCTO.llmaR pa6oTa. 

CpaBHeHHe cpe~en BeJIHtmHH SHepreTn'lecKoro paspemeH.l!.ll }J)IH 90-
Ka.HaJII:,Horo qepeHKOBCKoro ro.n;OCKOIIa B 3aBRCID/IOCTR OT 8Hepr:im C 
pesyJI1,TaTaMH .n;pyrmc aBTOPOB IIpHBO.n;RTC.ll Ha pnc.4. Hs PHCJHKa B~o. 
'I.TO Ham CII8KTJ)OMeTp o6Jia.n;aeT JIY'lilmM 8HepreTH'I.8CKHM paspeme1meM. 

Al.mmrTy-~e xapaKT8PHCTmtlI CII8KTPOM8TJ)OB JIHHefurn C TO'lHOCTI:,IO 
He xy&e I%. BapH~ ar.m.mrry,ll;lt no llOB8pXHOCTli qepemtOBCKOro ro.n:o
CKOTia He npeBltlllaeT 8%. AMwmTY.n:a ,ll;OCTlll'aeT MmmMaJll,Horo 3HatI.eHH.ll· 

B o6Jiacrn MeJUJY ~ywi: COCe,ll;HHMlI cneKTPOMeTpru.m. 3nepreTH'I.8CKOe 
paapemeHHe B 8TOtt o6JiacTlI yxy,n;maeTC.ll Ha 50%, 3a.BHCID/IOCTI:, aMWm:-
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TY;rr,ll. Clil'HaJia OT yrJia na,nemm SJieKTpOHOB lf.lill raM!,'!a-KBlliiTOB '51 )J,J!JI 

u;eHTpa.lII,HOH o6JiaCTliI pa,z~naTopa rru11Ma-cIIeKTpOMeTpa B JiIHTepBaJie c'· 

yrJIOB 0°-6° omrcIIBaeTCJI saBIICID.10CTI,IO Bll,I\a A (O).Co~ 1/j • 
,li.Jm rrpamLJII>HOro BOCCTaHOBJiemm ru.mJIHTy.n;u B cneKTpOMeTpax B 

CllJIY ee 3aBlICllMOCTll OT KOOp,n;HHaTu n yrJia rra,nemm qacTUU Heo6xo
,ll;llMO rrpoBO,ll;llTI, KOppeKnJiil{). ¥13!.mpemur IIOKa3aJIH, TITO cpe,n;HIDI BeJIH
tiliIHa aMilJIHTY.n;HOH KOppeKil;Ull PaBHa 3, 5%, a Ma.KCllMaJII>HOe 3HatJ8Hll8 
He rrpemnnaeT 8%. 

EILJm rrpoBe,neHU ll3Mepemm IIO,ll;aBJiemm a,tij)OHOB B qepeHKOBCROM 
ro,nocKone B nyqI<J IC-Me30HOB, co.nel)]lallleM"' 2, 5% sJieKTponoB rrpn 
HMIIYJII>Ce 2 rsB/c 61. Ilo,naBJieHne a,tij)OHOB ll3M8pro!OCI, ,n;Jill MO,ll;YJI.fl 
qepeHKOBCRoro ro.nocKOIIa, a Ta.IOKe C UCIIOJII>30BaHll8M ,ll;OIIOJIHHTeJII>Horo 
118,tij)OHHOro" qepeHKOBCKOro CtieT'lllta, pacIIOJIOJK8IIlIOro rrepe.n MO,ll;YJI8M. 
Pa.n;MaTop 118,tij)OHHOro" ctieTtillKa ll3 CB~OBoro CTeMa MapKU T<D-I 
llM8JI pa3Mepu 800xI80x80 MM3 • K M8HI>Iill'IM rpam=rM pa,nnaTopa 6wrn 
rrpUMeeHU .n;Ba !pOTOYI,U!OJKUTe.Jlll cI>3Y-49, ·CHrHaJI11 c KOTOpUX CYM!',UlPOBa
JIHCI>. IIpn ll3Mepemm rro.n;aBJiemm C "a,npOHHUM11 C'!eTt!llltOM CllrHaJIU C 
Hero :11 c MO.i:tYJISI cneK:cpo11etpa cyw.rnpoBaJinc;,,a B Ka.Hane "a.npOHHoro" 
C'!8Ttffilta BBO,n;MacI> ,IJ;llCKp:IIM0liau;l!.ll aMIIJIBTy;rr,IJ.. 'Ilpu sqxpeKTUBHOCTll 
perncTpaumr MeKTPOHOB 90% KO~eHT IIO,n;aBJieHAA a,tij)OHOB paBeH 
8,0xI0=-4 ll 3,8x10=-4, COOTB8TCTB8HHO )J,J!JI ttepeHKOBCKOrO MO,ll;YJIJI lI 
,n;JIJI CllCTeM!1 ll3 qepeHKOBCKoro MO,IJYJIJI ll 118,tij)OHHOro" CtieTtnma. 

BToprur rJiaBa rrocrutmeHa CRCT8Me llCKPOBUX li nporropu;uOHaJII,HUX 
KaMep Macc-crreKTPOMeTpa. ,lJ.ByxKOOp,n;lll!aTHUe rrpoBOJIOTIHUe MarHllTO
CT~:11:IUlllOHHHe llCKPOBUe KaMepu c pasMepoM pa6otteli o6JiaCTll 920x:920 
MM BUIIOJIHeHU c maroM HaMOTKli SJieKTpO,n;OB I r.~7 /. Me'1t3JieKTPO,n;HOe 
paccTomme 9' 6 MM. 06'beM Kal',lep ll30.7ll!p0Ba.H IIOJIHSTMeH-JiaBCaHOBOli 
IIJieHKoil TOJIIIti!HOli 0,06 MM. 32 liICKPOBUe KaMepu co6paHU B 8 MO,n;yJieli 
ITO 4 KaMepu B Kru!Ul:OM. ,lJ.Be Ka.Mepu B MO,ll;YJie c tteTHUMli ~OMepa.MH 
pacIIOJIOJKeHU ropll30HTaJII,HO' a ,I(Be ,n;pyrire pa:rnepHYTU H~ 17°. McKpo
BUe KruAepu rrp0.JJYB8.IOTCJI ra30B0li CM8CI,IO liI3 HeoHa liI I,5% 8TliIJIOBoro 
cni,rpTa. ,li.Jm sKOHOM1m pacxo,na rasa npHMeHHeTCJI cllcTeMa, o6ecne'llma-
1Dllla.H 3a?AKJIYTYJO UlIPKYJI.flIUOO rasoBott cMecn nee pereHepall;ll!O. 

B ClICTeMe BUCOKOBOJlI,THOro IlliTaHl!.11 llCKPOBUX KaMep ,n;Jill ,ll;OCTIDKe
Hl!.11 6oJII>meil Ha,JJ;eJKHOCTll B Kat!8CTB8 KOMMYTliIPYIOJ!lllX MeMeHTOB BU6:paHH 
M8TaJIJIOK0Pa.MWl:8CKll8 BO,ll;Opo.rnrue TnpaTpOHU TlIIIa T00-500/16. Ew!o 
rrpoBe.n;eHO liICCJI8,ll;OBaHll8 90 JID)aTpOHOB TIDia TTIIT-500/16 c UeJII>!O 

Bu6opa oIITl'IMaJII>Horo peDMa 8 • Oco6oe BIDIMmIRe y,ne.n.a:JIOCI> BU6opy 
peJmMa, 06ecne'!RBaD1I18ro MmmMaJIJ,HUe sa,nepJKKy R ippOHT BUCOKOBOJI&T-
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Horo m,myJII>ca • .If.nH YJIY'Illl8m!.ll BpeMeHHHX rrapru,10TpOB rrpID,10H0HO 
IIOJIOJKUT8JII,HOe TOKOBOe CM0l!leHlle. 

Ha pnc. 5 rrp1rne.n;eHa 6JIOK-cxer,m BUCOKOBO,I>THOro IlllTaHl!.11 llCKpo
BUX KaMep ttepemtoBcKoro uacc-crreKTpoMeTpa/9 • 3Ta cncTeua 06ecrre
tI1IBaeT sa,neplKKy B rro,n;aqe BUCOKOBOJII>THoro ID.,myJII>Ca Ha KaMepy 
~ 200 HC rrpn cJJpOHTe 30-45 'He n H83aBllCID.1YIO peryJIUpOBKY a.J,!IIJIHTyw,I 

BUCOKOBOJII>THoro m.myJII>Ca Ha RaJK,D;OH 1mr,1epe. CncTeMa IIllTaHl!.11 Ka.Mep 
3KCIIJIYaT>Ip0BaJiaCI> B 06I11e:i1: CJIOJKHOCTll OitoJIO 5000 ttacoB ll IIORa3aJia 
BUCOKyID Ha,II;0lKHOCTI>. 

Pnc.5. MOK-CXeMa BUCOKOBOJII,THOro IIllTaHJm llCKPOBUX KaMep. 
EY-6JIOK yrrpaBJiemm; R!?A-6ucTpHtt !pOPMl!POBaTeJII> aMIIJmTY;rr,IJ.; EB3-
6JIOKH BUCOKOBOJII>THOro sanycKa; EBM-6JIOKH BUCOKOBOJII>THUX HMIIY~I>COB; 
EPII-6JioKll pas,neJII>Horo IIllTaHM; EHO!I-6JioKli m.myJII>CHoro otnnnaIOmero 
IIOJIII; E3-6Jiorui: 3alIUiTU; 11UY-llMHTaTop Il;llKJIOB YCKOpllTeJIH; BC-BHCOKO
BOJII>THU8 BUIIPfIMRTeJili; C-HaKOIIllT8Jil,HUe eMKOCTll; P-pa3MHODTeJil'I 
,n;JIJI 0~ IIOJie:ii; IIOII-6JIOK IIOCTo.mmoro O'llilljaJ!lllero IlOJlfl • . 

illecTI> rrponopi.moHaJil,HUX KaMep Macc-cneKTpoMeTpa HMexrr pa6otJYJI) 2 . 
o6JiaCTI, I50xI50 MM, paccTosnme M~ aHO,wtott n KaTO,n;HOtt IIJIOCKOC-
TSI),(:11 8 w.CHrHaJibHH8 H:IIT:11 H6MOTaHU 30XOQ8HOI BOXb$P6MOBOI rrpOBO
JIOKOli ,nmlM0TPOM 0,02 MM C maroM 3 MM. RaMepu npo.ztYJ3a!OTCSI rasOBOii 
cMecI>D ns aproHa, 20% yr~eKHCJioro rasa R 3% aTMOBoro cni,rpTa. 
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C IIpOITOPIUWH8.JII,HlL'{ IWMep llH!pOpMai:um ITOCTynaeT ITO 288 ITapa.JI
JI8.JU,HllM KaH8.Jia1.1. PerncTpUPYIDmaJI aJieRTpomma llCRPOBUX KaMep ITpe.n
CTaI3JI.1!8T codoii: rrapaJIJI8JII,HO-IIOCJI8.I{OBaTeJII,lzyID CHCTeMy C 3aIIOMm!aHH
eM llHrpQPMar.um Ha MaI'HllTOCTpmo:nromrnx JillHRIIX sa.nepJKIIB. CncTeMa 
II03BOJU18T perncTpnpoBaTI, 640 ROOp,I{llHaT llCRp B O.I{HOM sarrycRe ycTa
HOBIIB. BpeMll ITepe.natrn llHrpoprtar.um B 8BM ~ 7, 2 MC. 

.Il.rrJI HacTpOilltll H IlpOB8PKll CHCT8MLI llCRPOBLIX RaMep ITepe.n pado
TOli Ha YCROPHTeJie ITp8.IJ;JIOX8H ll peaJIH30BaH crrocod, 3HatrnTeJII,HO 
CORpa.!11a.IOlllIDi ITOTepn ycitopHT8.JU,HOro BpeMeHH Ha H8.Jia.I{O'llille paOOTLI • 
HacTpOii:Ka CllCT8MLI RaMep ITPOiiSBO,I{HTCJI C IIOMOIIU,' ~Oll30TOila 
I 44ce + I 44Pr c aHeprneii aJieRTPOHOB .no 3 MaB I • 

CncTeMa HCRPOB!DC ll rrponopIUIOH8.JII,HllX KaM~p OLIJia llCCJI8.I{OBaHa 
Ha IIY'lli8 sapruKeH!llX qacT:im. OcHOBHlle xapaKTepHCTllKli llCRpOBLIX ll 
nponopunoHa.JIIiHllX KaMep Macc-cneRTpoMeTpa npllBe.neHLI B Ta6JI.I. 

TpeTI,JI rJiaBa IIOCBllllleHa CIUIHTlit7IJIHIU10HHHM .I{8T8RTOP7£ ll CllCT8Me 
sarrycKa 90-KaHa.JIIiHoro qepeHKOBcRoro Macc-cneKTPOMeTpa I/. 

Il~OBUe ClUIHTH1L1IlIIUIOHHile cqeTtillIW CI-3 npe,D;Ha3Hatia.JOTCJI .IJ;JI.lI 

MOHHTOpnpoBamm IIOTOKa sapruKeH!llX qacT:im, IIa.I{8lO!llIDC Ha Mm118HI,. 
AHTIICOBIIa.I{aTeJIIiHlle ClUIHTHJIJUlIUIOHHile CtieTqmtn·AI n A2 CJIYJKaT .IJ;JI.1I 

HCKJJJO'l8HIDI sarrycROB ycTaHOBKlI OT tiaCTliU, npoxo,wnllHX B.I{aJIII OT OCH 
nytIKa lI IIOIIa.I{a!JI!tll'.X B Hepadoqyio OOJiaCTI, MH!ll8HH ll sa ee npe.I{eJIU. 

ro.nocRonnqecKHe CIUIHTH.7L7IJlltllOHHLl8 C"l8TtIHKH•CrI-20, pacIIOJIO
xeHHue M82!UJY qepeHKOBClIBMH CIIeRTPOMeTpru.m ll HCKPOBllMli KaMepru.rn, 
BLIIIOJIIDIIOT qeTupe cpym<:Uim: a) YJIY'IIIIa.IOT arppeKTllBHOCTI, sarrycROB ycTa-: 
HOBKli B c;ryqae perncTpaunH raMMa-KBaHTOB; 6) YJIY"lllla.JOT Bp8M8IJHY10 ll 
ITPOCTPaHCTB8IJHY10 ceJieKIUilO COOUTnii:; B) ,!{a.JOT llliq>C?PM~ 0 'lllCJie ll 
HaIIpaBJI8Hllll BTOpll"IHUX sapruKeHHHX tiacT:im ll ROHBepcllOHlllX nap; 
r) II03BOJIIIIOT ll,I{eHTll~OBaTI, ROHBepCHOHHUe napu H3MepeHneM HOHH-
38IUIOHHLIX IIOTepI, B ClUIHTllJIJUlTOpe ro.nocKona. , 

M3MepelllllI Ha IIytIKe PeJUITllBllCTCKllX qacT:im IIOKa3aJill, "ITO Bg?-
rpeRTllBHOCTI, Bcex CIUIHTllJIJUlIUIOHHUX C"l8T"lliKOB OJili3Ka KIO□% (Ta6n.I). 

B ro.I{OCROlllltieCKUX C"leT"IUKaX llCIIO.Jll,30BaH cnocod YJIY'IIIISHlllI 
paBHOMSPHOCTll CBeTocdopa nyTeM ncn9JIIi30BalllllI KOMOUHar.um OTpaxaTe
Jieii: C pa3Jll1"llillMlI RO~eHTaMll OTpaxemm. 

C rioMonu:,m ctieTtmKOB CIUIHTllJIJUlIUIOHHoro ro.nocKona rrpn perncTpa
nmi o.rgmo'IlllX sapruKeHHUX qacT:im c ajxlieKTliBHOCTI,Jl)N 90% MOJmO OCJia
OliTI, q:ioH OT .I{Byx n OOJiee sapm1teHHUX tiacT:im B IOO pas. 

, CncTeMa sarrycKa Ma.CC-CIT8KTPOMeTpa BupaOaTllllaeT "TpnrrepHUii:" 
cnrHaJI, KOTOpuit OCYJ!leCTBJmeT sariycR perncTpnpy!Ollleil annapaTYPU rrpn 
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BLIIIOJIH8H:lm: CJie.n;yIOmHX TpedoBamtli: I. Ha,mqne COBITa.I{8Ill!H CIIrHMOB 
V 

BO BpeMeHll OT .I{eTeKTOPOB CI, C2, C3, CTI-IO, crII-20, CI-45, 
C46-90 H aHTHCOBITa.I{eHIDI Clll'HMOB OT cqeTtIHKOB AI, A2. 2. 3nepro
BI:meJieHne qacTnn B KaJK,I:l;OM IIJieqe qepeHROBcRoro ro,nocRorra· n cyM
MapHoe :meproBI:meJieHne rrpeBll!llaIOT sa.nrurnue aHepreTnqecrurn IToporn. 

CncTeMa sarrycRa DKJIJOtiaeT B ce6.li CIUiHTHJL/UIIUIOHHHe, qepeHKOB
cRHe ,neTeRTOpll ll cxeMy 8JI9RTpOHHOH JIOI'lilIB OTOOpa COOllTllli. Paspe
Illa.IOIJl88 BpeMll CHCT9Mhl sanycita COCTaI3JI.II8T 40 HC, a CYMMapHaJI 3a,It9pllt
Ka - 490 HC (odycJIODJieHa ITpOXOlJ01:8Hll8M cnrnaJia ITO CIT9RTPOM9TPH

qecKOMY Tpa.KTy). 
B qeTBepTOii:'rJiaBe ITPHB8.I{9Hhl pesyJIIiTaTh! llCCJI8.I{OBa.Jllill 90-Ka

HaJII,HOro tiepeHROBCROro Macc-cneKTpOMeTpa Ha nyqKe OTp:imaTeJIIiHllX 
IIHOHOB C EMITYJIIiCOM 3, 26 II 4, 75 faB/c/1/ • . 

l:!cCJie.I{OBaHHe OCHOBH!lX napaMeTpOB uacc-cneKTpOMeTpa ITpOBO.I{H
JIOCii c noMonu:,10 npouecca (I). Ha pnc. 2 B MacDJTade rrp1me,neuo pacno
JioxeHHe ,neTeRTOpoB Ma.cc-cneKTPOMeTpa rrpn nsyqeHllll aToro ITpouecca 
Ha cnrucpoqiaaoTpOH8 JiadopaTOpllll BLICOKHX aHeprnii: Ollil}l ITpH IIMnyJII,Ce 
n--M830HOB 3,26 raB/c. YroJI M8llOJY HarrpaBJieHIDn,lli Ha ueHTPhl KaJK,I:l;Oro 
IIJietia qepeHKOBCKOro rO.I{OCKOITa (23° ITPH 3,26 ran/c) BU6paH H3 YCJIO
BIDI MaKCHMaJII,HOH 81WJ8KTHBHOCTH perncTpauIDI nsyqaeMoro ITpouecca 
nyT8M MO.I{8JIIlpOBaHl11I Ha 3BM, ll 0Jill30K K MlIHlII\IaJII,HOMY yr;ry pasJieTa 
,nByx ra.MM8.-KBaHTOB' Ha KOTOpue pacna.naeTCJI 1 -M830H. rem,1eTpli'Iec
KaJl 31WJ8KTliBHOCTI, perncTpa.unn npouecca. (I) B OITTllMa.JII,HOll reoMeT-

PIDI"'4%. 
3anycK Macc-cITeI<TpoMeTpa ITPOH3BO.I{HJICJI, ecJIH aHeprllll tia.CTllU B 

CIT8KTpOM8Tpa.x JieBoro Il npaBoro Ha.IIPaBJieHHii (E it ll E12.) ll HX cyw~a. 
(En+ Et,> npeBllilla.lill H8KOTopufi nopor, orrpe.neJUieMUii KllH8MaTHKOli 
ITpouecca. Ilpn mmyJIIiCe n--MeaoHoB 3,26 r:iB/c Owm nu6paHu noporn 

E;r1 = E12. ::?: 300 MaB n E;rt + E l'2. ::?: 2500 MaB. 
06pa6oTKa 3RcnepHMeHTaJII,HLIX .I{a.HHLIX, 3a.IIIICaHHllX Ha MaI'HllTHYID 

JieHTY, rrpOBO.I{HJiaCI, ITO nporpaMMe _peROHCTPYKUHll COOLITllli Ha 3BM 

CDC-6500. 
, n aTnx yCJIOBHJIX OWUI npoBe.neHLI nccJie.noBaHIDI pa.6oTLI ,neTeKTopoB 

Ma.cc-c~eKTPOMeTpa5oT_ llHT8HCHBHOCTH I:ryqrul,, ROTOpaJI MeHJIJiaCI, OT 
0,9xIO ,no 3,2xIO n /ceK. Ilpn 3TOM OCHOBHLie xapaKTepHCTllRII .I{8T8K
TOpOB MaCC-CIT8KTPOM8Tpa ITpaKTH'l8CRll OCT8.BaJillCii .H8ll3M8HHh!MlI. 

Ewra. onpe.neJieHa KOOp.I{llHaTHaJI T.OtIHOCTI, qepeHKOBCROro ro.I{OCKOIIa. 
Ha pnc.6 ITpllB8.I{8Hll pa6npe~eJI~HIDI pa3HOCTeii BElJIH"ll!H 0.I{HOilM8HHllX 
KOOp.I{llHa.T TOtieK BXO,I{a qacT:im OT npOROHB8PTilpOBaBillllX raMMa-KBaHTOB, 
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onpe.n;eJieHHUX C IIOMOI!1I,IO llCitpOBUX Ka.Mep ll C IlOMOJllI,JJ tiepeHitOBCKoro 
rO,D;OCKOIIa IIyTeM Bl1'IlICJI8IUiiI 111~8HTpa TJIJKBCTll" 8JIBKTpo1,mrHllTHOrO 
JIHBIDI, pa3BHBruomeroCJI B CB~OBOM CTeKJIB. lllup:0:Hu 8TUX pacrrpe.n;e
Jiemrli xapaKTepH3Yl()TCJI cpe.n;neKBa.n;paTlltIHW,m OTKJIOHBI!ll/IMH 61( =E{~ ~ 
38 MM. YtJeT HBTOtJHOCTll, KOTOpyro BHOCJIT B 8TH BC.IIll'Illlill l'ICKpoBue 
KaMepu,.n;aeT lI,7IR ROOp,!J;HHaTHO:ii TOtJHOCTH tJepeHKOBCKoro ro.n;ocrwrra 
BeJIJ!lraHy O.x = 6!l = 35 MM. 
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PHc.6. Pacnpe.n;e.nenWI paSHOCTe:il KOOP.n;HHaT TotJeK nxo.n;a B 
tJepeHKOBCKH:ii ro.n;OCROII llX ll li!:J ' orrpe.n;eJieHHux no llCKpOBID.! Kar.!Oparvr 
<Xim, YHK) H tJepeHKOBCKOMY ro.n;ocKorry <145, Yi). 

.ll;n.!I.Tex raMMa-KBaHTOB, KOTopue llCilb!TaJill ROHBepcllll B ROHBep
TOpax o6oruc ITJietJ Macc-crre1tTpoMeTpa,yro.,1 pasJieTa_orrpe.n;eJIJieTcR c 
IIOMOI!1I,l0 llCitpOBblX Kar.mp. HanpaBJieHWI BWieTa 8JieRTpona ll Il03llTPOHa 
KOHBepCllOHHO:il rrapu OTJIHtJaIOTC.ll OT HarrpaBJieHll.ll rrepBlltJimro rru.1ua
KBaHTa. AHaJill3 IIOKa3b!BaeT, tJ:TO OCHOBHOii BKJia.n; B OTKJIOHeHHe 8JI8K- . 
TpoHOB (IT03llTpOHOB) OT HaITpaBJieHllR rrepBlltJHOro ra.MMa-KBanTa .n;aeT 
MHOroKpaTHOe KYJIOHOBCKOe paccemme B B8JllBCTBe KOHBepTopa • .lJ;n.!I 

TOtJHOCTH onpe.n;e.neHH.ll yrJia pasJieTa rBMMa-RB8HTOB ITOJiytJeHo BIIpaJKe-

AX"" X'wt-XC, MM 6.Y •YMrYC, MM 

HHe ( HWHM ) : -2 l/2., 

88n (f>Cl<J) "' :!: [6,9·10
5 

+ ie~Zr~:~ t] , (3) 
r,1te E - IlOJIHM 3HeprHa paCila,ltaJllltellc.11 tiacTH~ll, t...ToJIIIUrna KOHBBPTO-
pa B pa.n;.e.n;. ' 

TOtJHOCTb BOCCTB.HOBJiemm yrJia paSJieTa sapruiteHHUX tJacnm onpe
,D;eJI.lleTCJI MHOrOKpaTHHM KYJIOHOBCKHM paccrumneM B B8Jll8CTBe MllllleHII. 

3Hepren1:rec1toe paspememrn Macc-cneKTpoMeTpa onpe.n;eJI.lleTC.ll 
B!ipa.E8Hn8M: 

M,SI ra.MMa-RBaliTOB · 
'lz. (6E/E)11 (•!.) ~ ! [ ~, 1 + 84/E(rae.)] , (4) 

J2 

lI,7JR 3JI8KTPOH-II03llTPOHHh!X nap 
(liE/E)e•e·(¾) ~ ± [-1,1 + 64/Elr3e,))

1h.
• (5) 

TotJ:HOCTb BOCCTaHOBJieHWI aqqieKTllBHOH Maccu panHa: 
.n;JI.ll raMMa-KBaHTOB 39 f/l, ' 

(p,.M/M)n(¼) ~ ± [8~/E(ras) + m~(M) t} , (6) 
lI,7JR sapIDKBHHIIX traCTim 

(p, M/tA)e-+-e· (°lo) ~ .t a/✓ E (f3B)
0

• (7) 
Ha pllc.7 npHBe.n;eHII 8KCII8PllMBHT8JlbHll8 ll MO,D;6JillPOBaHHUe pacnpe

.n;e.neJlll.ll no CYMMe 8Heprll:ii .n;nyx raMMa-KBaHTOB OT pacna.n;a 1 -Me30HOB 
lI,7JR aHeprll:ii IC -Mesouon 3, 26 (a) 11 4, 75 raB (6). IloJIYmllpmm aTruc 
pacnpe.n;eJieHlil!: Ha IIOJIYBllCOTe COCTa.BJI.lIIOT COOTBBTCTBeHHO !5% 11 4%. 

aoo r r-'7 
-\ 200 
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600 ~ r4J ~ J 150 

'" " ~ 
" 8 400 1-/1 oonu,o L.\, -j 100 
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200 [- l -1 50 
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Pnc.7. 3Kcnepl!MeHTaJibHlle ll Mo.n;eJillPOBaHirue (rJia.n;KM KPHBM) 
pacnpe,n;eJ.Iemm: no cYliMe aneprll:ii .n;nyx rBMMa-KBauToB OT pacna.n;a 
~ -M830Ha·.n;JllI 8Heprll:ii lr-M630HOB 3,26 (a) ll 4,?5 raB (6). 

91tenepm.teHT8JibHlI8 cneKTPll ,ajxlleKTHBHl:lX MaCC. ~ -Me30HOB IIpll 
auepI'llll 3,26 H 4,?5 raB npe,n;cTaBJieHII Ha pnc.8. IloJIYWnpRHR pacrrpe
.n;eJ.Iemtii Ha IIOJIYBllCOTe COCTaBJI.lllOT COOTB6TCTB8HHO i9,5% II ±n%. 

IlpH npone,n;eHllH qill9RtJ6CKllX ll9Mepen:rm npOBO,!J;HTC.ll HenpepRBHRH 
KOHTpOJlb annapaTypR Macc-cneKTpoMeTpa. Ha netraTaromee ycTpollcTBo 
wm 8KpaH .n;HCIIJie.ll MOlKHO Bb!BBCTH CBllllle 500 pa3JllltJHllX rHCTOrpaMM, 
xapaKTepHSYJOOlllX pa6o.TY annapaTypll H Ka~6CTBO Ha6npaeMOli llHgJOpMa

um,:. Ha 3KpaH ,ItlICIIJie.ll BllBO.n,ITC.ll TaIOKe ll306pa.Jtelil!Ji llCKPOBl:lX H 
rrporropUIIOHaJ.lbHlIX KaMep, tJepeHKOBCKHX cneKTPOMeTpOB RIDI Been ycTa
HOBKH (pHC, 9) • 
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T.lili Ilpll 3Heprmr n-_ M830HOB 3,26 (a) ll 4,75 raB (6). 

700 

PHc. 9. CHl!MOit C 3ItpaHa .IUiCIIJie.il Jo - C06HTR!I, aaperHCTPI:!POBaH
HOro ~iacc-crreKTpoMeTpoM (ropirnoHTaJII>HaJI npoeroum). 

B sarurroqen:im IlpIIBe;n:eHH OCHOBHHe BHBO~ .nnccepTarnm. 
I. I'JiaBHh!M pesyJII,TaT pa60TH Sa.ItJilOqaeTCH B cos.namm BITSPBlie B 

CC,CP H ~pyrnx CTpaHax-yqaCTHHUax OOfil:! MHOrOKaHB.IILHon YCTaHOBKH -
qepeHKOBCKoro Macc-crreKTpouexpa Ha 90 KaHB.IIOB, oan~aJJ~ero pe
Kop~Hl:JMM rrapa.Mexprum MH YCTaHOBOK rro~oaaoro THrra. 

2. Paspa60TaHa KOHcTpYKIUm qepeHitoBcitoro raMMa-crreitTpoMeTpa Ha 
CBJ1HUOBOro CTeitJia. Ha OCHOBe rru.~-crreitTpOMSTpOB 3TOM ItOHCTPYE-

14 

~ cos;n:B.H 90-KaHam,mtii '!epeHitoBcm ro,n;ocitolI. Cpe.n;rum: BemitmHa 
3HepreTK'!ecKoro~aspememm: MO.lJYJiett aToro rrpn6opa HBJilleTCH o.IJ.HOH 
Ha JJY'llI!mt )J)IH npn6opoB 1Io,n;o6Horo Tmia: 

~E/ElfwllM t•J.) =0,'1 ... 9,2/✓ Elr~e.). 
3. Paspa60TaIIH ll COS,JJ;aHU 90 MllHRa.TJDpHHX mmym,cHUX llCTO'l!Hll

Ka cBeTa Ha ocHoBe KPHCTaJIJIOB NQ,(Tt) ll pa,nnoa.KTIIBHHX llCTOtnmKOB 
am,qe_-qacT:en 241Am )J)IH KOHTPOJill pa60TH 'lepeHKOBCKOro ro,n;ocKOIIa. 

4 •. Paspa6oTaHa ll 003,JJ;aHa CllCTeMa OTHOCllTeJII,HOro KOHTpOJIH 
CTa6mHOCTll 90MO.lJYJI8R qepe:mtOBCKOrO rO,JJ;OCKOIIa OT O,Il,HOrO llCTO'l
HllKa CBeTa, B lta'l8CTBe KOToporo llCIIOJII,3Y8TCH IICiq)OBOil: paspst,n;. 

Ilpelt,lIO:z8H II peaJIRSOBali CIIOC06 KaJm:6pOBRll 90-KaHaJI!,HOro 
qepemtOBCKOro .ro,n;OCKOIIa C IIOMOlllI>ID CllCTeMH OTHOCllTeJI!,HOro KOHTPOJIH 
cTa.6MI,HOCTII C TO'IHOCT!,ID I,75%. CJIOC06 CYlll8CTB8HHO COKpaI!(aeT 
saTpaTH YCKOpllTeJII,HOro BpeMeHll Ha KaJIH6poBey. 

5. IlpoBe,n;eHo ncCJie,n;oBaHIIe 90-Ita.HanHoro qepeHKoBcKoro ro,n;oc
KOJia Ha n:yqKe 3JieKTpoHOB ll IIlIOHOB B llHTepBaJie m.mym,c?B 2-4 raB/c. 

9Itc1IepHMeHTaJ11,HO onpe,n;eJieHa BeJill'llIHa Jio,n;aBJiemm a,npoHHoro 
~Ha rrpll aHeprllll 2 faB Mo,n;yJieM qepeHKOBCKoro ro,n;ocKolia II cllcTeMoi 
llS MO.lJYJIH '!epeHKOBCKOro ro,n;OCKOIIa ll ,n;OIIOJIHllTeJI!,HOro "a,n;poHHoro" 
C'IST'llma. 

Onpe,n;eJieHa ItOOp,n;HHaTHaJI TO'IHOCT!, 'IepeHKOBCKOro ro,n;OCKOTia 
. . 6x = 6~ = 35 MM. 

6. Paspa6oTaHa ll C03,n;aHa CHCTeMa BHCOKOBOJILTHOro IIlITaHWI 32 
MaI'HllTOCTPmm:HOHHHX lICKpOBHX KruAep pasMepa.MH 920x920 r.!M

2 , 06Jia,JJ;a
JO!ll8.H BHCOKOH Ha,1{8.lKHOCT!>ID. 

7. Ilpelt,lIOlKElH ll peaJIR30BaH crroco6 HaCTpofum ClICTeMH IICKpOBWC 
Kruitep MaCc-crreKTpOMeTpa OT pa,nllOaKTRBHOro f> -HCTO'!HHita' ItOTOpuit 
IIOSBOJIHeT CBeCTll K MllHHMYMY HCIIOJILSOBaHlle ycKOPHTeJI!,HOro BpeMeHu 
)J)IH Ha.Jia,n;O'Il!UX pa6oT CIICTSM& llCKPOBUX IWMep u ITOBHCHT!, aqxp8KT,m-· 
HOCT!, pa60Tl,I YCKOpllTSJIH Ha cplI3H'l8CIOOI 3KCIIepIDl!eHT. 

8. IlpoBe,n;eHO HCCJie,n;oBaIDie xapaKTepHCTmt 32 Mal'HHTOCTPlilaJ.llOH
HllX lICitp0BUX zru.,;ep pasMe~ruvm: 920x920 r,1ra2 II 6 rrpoIIOplU!OHa.71!,HllX lm

Mep pasr;1ep&m I50xI50 MM OT pa,IUiOaitTHBHOro ~ -llCT01llllllta H Ha · 
n:yqKe sapruKeHHHX qacT~ ycKopllTeJIH. Ha n:yqKe sapaxemmx tJ:acT~ 
IIOJIY'ISHH CJie.JJ;Yl(lmHe pesyJII,TaTH~ SqxpeKTRBHOCT!, lICKpOBHX lta.Mep B 
cpe,n;HeM 96%. I{oop,nHHaTHa.ll TO'Il!OCTI> bx = 0,45 Ml/I )V.lJJ llHCOKOBOJIJ,T
HHX IIJIOCKOCTeH H 6i1 = 0,30 MM )J)IH sasewremrux WIOCKOCTeH. 3qxljeK
TllBHOCT!, HCKPOBHX Itru.mp npn KOJ!WISCTBe lICiq) B Kru,iepe 8 II MHOroTpe
KOBall 31NJ8KTHBHOCTL IIpll KOJIBtJ:SCTBe TpeKOB,paBHOM 5,BHme 90%. 
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3cM>eKTHBHOCTL Bcex nponop!O!OH8JILHHX ItaMep~99%. BpeMeimoe 
paspemeime~85 HC. Koop,T(lm:aTHaJI TO'lHOCTL Cox = 611 =IMM. 

9. IlpoBe,n;eHa KOMIIJ18KCHaJI HBJIBJUta 90-KaHaJil,HOro l!epeHKOBCKO
ro Macc-cne1tTpoMeTpa H ncCJie~oBaHa ero pa6oTa Ha IJY1IKe oTpmi;aTem,
HIIX llHOHOB c m.mym,coM 3,26 H 4,75 I'3B/c·c llOMOlllLID npo~ecca 
.'.TCP-+ ~ln) n, npH Ma:mnc nepe,n;aBaeMUX HMIIYJILcax. 

IO. IlpoBe,n;eHH o~eHKH TO'lHOCTeii H3Mepemm yrJia pa3JieTa, CYM- ·. 
MapHoii SHepnm H sqq>eKTHBHOil MaCCH ,n;JilI ,n;Byxl!aCTH'lHHX pacna,n;OB C 
llOMOlllLID 90-KaHBJILHoro lJepeHKOBCKOro Macc-cneKTpoMeTpa. 8TH ze 
BeJIHtlllliH onpe,n;eJieHH H3 8Kcnepm.ieHTa. ,ll;7Ill npo~ecca jrp-~ln)rt npH . 
eHeprmi: 3,26 raB cooTBeTcTBYBllllHe TO'lHOCTH paBHH: b.Bx,=!0,026 pa,n;; 
(._t:,E/E).,,= ! 5% H (b.M/M)11=, ± 9%. . 

II. C llOMOlllLD 003,Il;aHHOro 90-KaJiaJILHOro lJepeHKOBCKOro Macc
cneKTPOMeTpa :acCJie,n;oBaHa CTPYKTYPa .n;:HqxpepeIIUHaJII,Horo cel!eHRI! 
pe~ '.irP - 'l n, B o6JiacTH nepe,n;aBaeM!iX mmym,coB OT tn1,l'I. ,n;o 
0,3:(I'3B/c)2•·nPH m.myJII>Ca.x H8JI8TaJXmlX llHOHOB 3,26 H 4,75 rsB/c, 
a TaKZe HSY'!BJIOCL KYMYMTHBHoe po~emi:e rr0, l H W 0 

- MesoHoB B 

pe~ _ (1io) 
Ji + A - 00 ( 18 0°) -t- - • • 
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