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Pa6oTa BblnonHeHa B Jla6opaToptm $I1J.ep~biX npo6neM 06'l>e1J.HHei=r-

HOro liHCTHTyTa $I1J.epHbiX HCC11e1J.OBaHlUI 
, Hay"'Hblii pyKoB01J.HTenb: 

1J.OKTOp cpm:niKO-MaTeMaTH"leCKliX. HayK 
OcpH~HanbHble onnoi:ieHTbl: 

C.M.KopeH'leHKo 
fl 

1J.OKTop cpHimKo-MaTeMaTH"leCKHx HayK · B.li.CenHBaHOB 
KaH1J,H1J.aT cpmmKo-MaTeMaTH"leCKHX HayK B.,I{.JlanTeB 

Be1I,yw.ee Hay"'HO-Hccne1J.OBaTenbcKoe y"'pe)K1J.eHHe: 
liHcTHTYT $I1J.epHoii cpu:JUKH Cu6HpcKoro oT1J,eneHU$I AH CCCP (HoBo-
CH6np CK) . . . . 

3aUJ,UTa 1J.llCCepTa~Ull COCTOUTC$I "~" 1991 r. 
B "_" "JacoB Ha :Jace1J.aHUH Cne~uanll3upoBaHHoro coBeTa ,I(-047.01.03 
npH Jla6opaTopuu $I1J.epHbiX npo6neM 06'be1J,UHeHJ.Ioro UHCTHTyTa $I1J.ep-

HblX uccne1J.oBaHHii, r. ,I{y6Ha, MocKoBcKoii o6nacTH. . . 
c 1J.UCcepia~ueii MO)KHO onHaKOM11TbC$I B 6H6nuoTeKe' OH.flll. 

ABTopecpepaT pa:JocnaH "_" · 1991 r. j . 

~"leHblH ceKpeTapb cne~Hanll31IpOBaHHOrO COBeTa 
1J.OKTop cpH:JHKo-MaTeMaTu"lecK:nx HayK IO~A.BaTycoB 
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1 OBIIJ;A.fl XAP AKTEPMCTHKA P ABOTbi 

AKTYaJibHOCTb npo6neMbi. OgHoii u:J rnaBHbiX mtga"l <fln:JUKU aneMeH

T~pHbiX "laCT11~ $IB11$IeTC$I 11ccnegoBrume iix peAK11X pacnagoil; TaK11e 

aKcriep11MeHTbl; Hap$I~y c gpyr11M11 11CCnegoBaHIDIM111 ll03BOruiiOT rny-

6oKO npoH11KaTb B nbH11Mame tiaKoHOB np11pogbl; no~aTb 11H<flopMa

~11IO o TOHK11X a<fl<fleKTax B:JaHMogeiicTBuii, cnoco6cTBYJOT co:JgaHuro 

egnlioii cpumi~ecKoii KapT11Hbl M11pa. 

K "l11cny npo~eccos, Bbl:JbiBaiOUJ,llX nocTO$IHHblii 11HTepec 4l11mnmB, 
OTHOCHTCH. peAK11e. ir oanpew.eHHble pacnagbl JL+ --+ e+ 'Y , JL+ --+ e+ e- e+, 

J.L+ --+ e+e-e-t:'vev~, 7r+ --+ e+e-e+ve. 1I:Jy"leH11e aT11X npo~eccoB no

:JB011$IeT nony"l11T~ CBegeH11$I 0 <flyJigaMeHTaJlbHbiX CBOiiCTBax ll110HOB 11 
nenToHoB: npoBep11Tb cnpaBegnllBOCTb :JaKoHa coxpaHeH11H nenToHHoro 

"l11cna, nony"'UTb nH<f>opM~11io o cTpyKType n11oHa; pa3n11"'H11 <f>11:J11-

"!eCK11X cBoiicTB MrooHa 11 aneKTpoHa. !Io:JBonHeT nony"l11Tb cBegeHI1H, 

BbiXOgH~11e oa paMKH CTaH)l.apTHOH Mogen11, CB11geTenbCTByrou(11e o Ha-

1111"11111 "HOBOR <f>11311K11". 

OrpaH11"leH11H na BepXHroro rpaH11~Y BepoHTHOCT11 oanpe~eHHbiX 
npo~eCCOB )l.aeT BOOMOJKHOCTb npoBep11Tb pa31111"1Hbie TeopeT11"leCK11e 

' • • > • ' ' • 

Mogenii Ha gaHHOM Knacce npo~eccoB, OTBeprHyTb IIX IInii gaTb orpa-. . 
HII"leHIIH Ha IIX napaMeTpbi. 

G IIOY"leHIIeM pegKIIX npo~eccoB CB$IOaHa npo6neMa coogaHI1H cooT

BeTCTByrow.eii periicTpupyrow.eii annapaTypbi, cnoco6Hoii acp<f>eKTIIBHO 

periiCTp1IpOBaT:b npo:u;eccbl Ha ypOBHe OTHOCII~enbHOH BepOHTHOCTII 

10-12 - 10.:;.13 II HIIJKe. 8TIIM Tpe60BaHI1HM OTBe"laiOT- cneKTpOMeTpbi 

c 471" reoMeTpiieii, K KOTOpbiM OTHOCIITCH coogaHHbiR B JIHII OIUIM 

MarHIITHblii innpoKoanepTypHblii YHIIBepcanbHblii cneKTpoMeTp APEC 

(AH:annoaTop PE~KIIX Co6biTnii)~ CneKTpoMeTp · cnoco6eH-113Y"laTb 

KIIHeMaTIIKY npo~eccoB :B 6onblliOM TenecHOM yrne, o6na)l.aeT Bblco

Koii oarpioo"!Hoii cnoco6HOCTbiO. 8To o6ycnoBneHo IIcnonbOOBaHIIeM B 

)l.eTeKTIIpyrow.eii CIICTeMfi ~IIiiiiH)l.pii"'eCKIIX MHOronpOB0110"1HbbX KaMep 

c COO~BeTCTByrow.eii periiCTp1Ipyrow.eii aneKTpOHIIKOR. 

ijen:b pa6oTbl. _ Coo)l.aHHe CIICTeMb! perii<>TpHpyrow.eii aneKTpOHIIKII 

nponopD;llOHMbHbiX KaMep cneKTpoMeTpa APEC, npe)l.Ha:JHa"!eHHoro 

)l.ITH IICcne)l.OBaHllH pe)l.KllX npo~eCCOB pacnap;a MIO<>HOB II lliiOHOB, a 
TaKJKe npoBe)l.eHllH lliiipOKOR nporpaMMbi IICcne)l.OBaHD B o6naCTII ooa

IIMO)l.eRCTBllH l1X c Be~eCTBOM. IIpoBC1J.eHIIe Ha )l.aHHOM cne:KTpoMeTpe 

1· Ctn,er:D<it'\iiihltl Ulj_cnn"fi \ 
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noncia Tpex13neKTpoHHoro 6e::menTpMHHoro pacmip;af.lt·- e+e-e+ c 
n;enbiO ycTaHOBneHM.S: BepXHell rpaHMD;bl OTHOCMTenbHOll Bepo.s:THOCTM 

pacnap;a Ha ypoBHe RJ.'ae < 10-11 
• " 

Hay~Ha.s: HOBM3Ha. Conp;aH wnpoKoanepTypHbin MarHMTHbiH cneK
TpoMeTp APEC - yHMKMbHM ycTaHOBKa p;n.s: npoBep;eHMH mnpoKon 

nporpaMMbl JICcnep;oBaHnn, BKnro~a.s:. nny~eHne pep;Knx pacnap;oB rm
oHOB u MIOOHOB. Conp;aHa perncTpnpyroma.s: aneKTpOHHKa nponopn;n:o
HMbHblX KaMep Ha OCHOBe cneD;ManbHO pa3pa6oTaHHOll MHKpOcXeMbl . .J ·' . . . 

K405XII1 c o6mnM ~cnoM KaHanoB perncTpan;Jm 16 Tblc, llpep;no-·-·. . . . .• . ---

JKeHa M peanM30BaHa CXeMa KOMnaKTHoro pa3MemeHM.S: 13UeKTpOHMKM 

B .cnen;nanbHO panpa6oTaHHbiX KapKacax. CB.s:3b MeJKp;y KaMepaMM n 
· KapKaCaMll B~nonHeHa c.nOMOmbiO opn:rn:HanbHbiX neHTO..JHbiX Ka6enen 

nnroTOBneHHbiX p;n.s: p;aHHoro aKcnepn:MeHTa. 
Ha conp;aHHOM cneKTpoMeTpe APEC npoBep;eH nonc:K pacnap;a p.+ -

e+e-:e+. Ilony~eHa on;eHKa :BepxHen rp~Hn:n;bl oT'iiocn:Ten:bHon Bepo.s:T

HOCTM pacnap;a Ha ypoBHe RJ.'3e < 3, 6 * 10-11
• 

· IlpaKTn:~ecKa.s: ueHHOCTb. Conp;aHa ycTaHOBKac wn:poKMMH BOnMoJK

HOCT.S:MM, MMeroma.s: · p;eTeKTMpyromn:ii 06'beM p;n:aMeTpOM l040 MM. lt 
p;nn:Hon 600 MM, . o6ecne~MBaroma.s: 6onbiiiOH TenecHblll yron pern:cTpa
un:n: ( 0, 7 * 47r CTepap;), BbiCOKOe BpeMeHiioe (1 HCeK), npOCTpaHCTBeH-
Hoe(l -. 2 MM) n :mepreTn:~ecKoe panpeweHn:e. (1.- 5% ). - > • 

.. Pa:Jpa6oTaHa n peannnoBaHa a<J><J>eKTHBHM cn:cT~Ma perlicTpn:py

romeii. aneKTpoHn:KM nponopn;n:oHanbHbl~ KaMep, cnoco6Ha.s: pa6oTaTb 
npn narpynKax 6onee 106 co6biTnn/ceK .. 8KcrrnyaTan;u.s: ee :B Te~eHI:iu 
p;n~~eJibHOrO BpeMeHI:I, c~aCTb aneKTpOnnKI:i 9KCnnyaTI:IpyeTC.S:. 6o~ee l0 
neT) noKanana ee BbiC~Kyro cTa6unhHOCTb u Hap;e)KHOCTb. · · ·_. . . · · 

. ~- B~mMO~H~~TI:I yc:raHOBKM AP_EC B n;e~(>M li per~c~pilpyid~~ii ~n~~:. 
Tp()H~l{l:I nponopn;n:oHanbHbiX KaMep B ~a.<;THOCTI:I nop;TBepJKp;aiOTC.S: . 
npo¥ep;eHI:IeM.13KcnepuMeHTa.no nquc~y pacnap;a p.+. -. ~te~e~, TOribKO 
·_ao_.~pe~~,I~OTopqr()_am~apaTypa np,op_a{;()~aJia 6onee 80Q, ~acoB: ·; .. • 

OnbiT conp;aHMH l:I ~:KcnnyaTan;uu cm!KTpOMeTpa AY~C_MO)I{er .6biTb 

.¥~<?~enoB.~H 13 uc:c~~A,9~a~~~~ ~() ~~o~lf~ ~~c~~d. P~~a69:T_~a-~.~o~A~~ 
H~~·c,n~K'!:PPMeTpa ArEc uHuq:mrpo}38J}().pa6oT.hl, _non;o)I(MB~l!~ 'Iie;t~ano 
so.l3P~¥,~HH?MY •. p,~airy .llc9IeA~:maHnn . pep;K~~. npq~ecso~ -.. ~~. M,~~<)}I:S:bix 

~~x:;;,~~~ae-~: .. ~ ... ·,;:;.:.·;., " . ., ... , ·"··· ..... . ..... :. ·-r··. 
l :~ "!"" 
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1. Panpa6oTKY n conp;aHne perncTpnpyiOmen aneKTpOHRKn: nponop-
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n;noHanbHhlX KaMep p;eTeKTn:pyromeii ~acTn: wn:poKoanepTyp:Horo 
MarHHTHOrO cneKTpOMeTpa Ha"' ·16 TbiCH~ KaHanOB pern:cTpa-
n;n:n:. •. . . 

2; Panpa6oTKY n con~aHn:e MeTop;n:KH HacTpoiiKH KaHanoB perncTpa
n;nn nponopqHOHMbHbiX KaMep U KOHTpOnH HX napaMeTpOB7 

3. PenynhTaT aKcnepnMe~:ranbHoro nccnep;oBaHini pacnap;a p.+ -
e+e-e+ 

Anpo6aun.s: pa6oTbi n ny6nnKaunn . .II:nccepTan;n.s:HanncaHa Ha oc~ 
HOBe Hay~HbiX pa6oT, Bb:i:rionH:eHHbiX c y~acTneM aBTopa B JUIIT OliHli 

B nepnop; c 1978 no 1990 r. ·pcHc>BHble penyrihTaTbl ~nccepTatinH p;o
Knap;biBanncb. Ha III MeJKAYHapop;HoM CoBemaHnH no. nponopn;noHanb
HbiM n p;pen<J>oB:blM KaMepa:M (.II:y6Ha,- 1978 r.), XII MeJKp;yHapop;HoM 
cuMnonnyMe no .s:p;epHon aneKTpoHnKe (.II:y6:Ha, 1985 r.), IIIMeJKp;yHa

pop;Hon KOH<J>epeHD;liH no HH3KMM aKTliBHOCT.S:M (BpaTncnaBa, 1985 r.), 
XIV MeJKp;yHapop;Hon KoH<J>epeHn;nn no Hli3KliM aKTliBHOCT.S:M (BpaTH
cnaaa, 1990 r.), :Hapa6o<lnx coBemaHn.s:x n ceMnHapai n ony6n:iumBaHbl 
B 7 pa6oTax: c6opHUKaX Tpyp;oB Me)Kp;yHapO;IJ;HblX COBe~aHHll H KOH<J>e~ 
peHn;nii, JKypHane Nucl. Instr .. and Meth. II coo6~eHu.s:x OliHli [1-8]. 

CTpyKTypa n o6'beM llHccepTaunn . .II:nccepTar~n.s: cocToHT H3 BBe
p;eHn.s:, n.S:Titrna_B, 3aKniO~eHH.S: H cop;ep)KUT 110 CTpaHliD; TeKCTa, BKUIO
~a.s: 6 Ta6nnn;, 45 pHCYHKOB H cnHCOK D;l:ITHpyeMOll UliTepaTypbi 113 108 
HanMeHoBaHirii. 

2 CO,I(EP)KAHHE PABOThl _ 
. ' __ ; 

Bo BBelleHim o6ocHOBam1 a~TyanbHOCTh TeMbl :Hccn~p;~BaHn.s:, c<J>op:My;. 
nnpoBaH:bx u;enu paf?oTbl n onuci:.IBaeTc.s: cTpyKTypa p;~ccep-i-auHli. . , . 

B nepBon rnaBe o6cyJKp;aro'Tc.s: Bonpocbl aKTYMbHOCTll nccnep;oBa.:. 
nnB: pep;Knx npon;e~co:B, a ~acTHOCTR pacnap;oB p.+ ~- e+,,, ·p.+ -4 

e+e..::.e+, p.+ ~. e+e-e+vevJ.', :;+ - e+e-e+ve . . Y~HTi.ma.s: o~eH~ Ma

nble oTHocnTenhHble Bepo.s:TH:o-cTn nny~aeMbiX npou;eccoB; '<J>opMynH
pyroTc.s: Tpe6oBaHMH K cooTBeTcTByromeii annapaType: MaKCHManbHo 
BbiCOKOe BpeMeHHOe, npocTpaHCTB_eHHOe H 9HepreTU~eCKOe panpewe

HHe, 6onbwm'i TenecHhiii yron perncTpan;illi, cnoco6IIocT:b · pa66TaTb 
npn BbiCOKOHHTeHCHBHbiX ny~KaX -.iacTHD;. , ,, 



· K 'lliCJIY ycTaHOBOK yp;osneTBop.a:ro~:n:x Ta.ImM Tpe6osaH:n:HM OTHO
ciiTCH lliiipoKoanepTypiWii · M~rHIITHbiR ·. cneKTpo~eTp .APEC ( AHanii

ilaTop PEp;KHX Co6biTIIii). OcHosy Tp"eKosoii cHcTeM~ cneKTpoMeTpa 
COCTaBn.a:eT Ha6op ll3 18 ~II1IIIH)J;pll'leCKIIX KOaKCila1IbHO pacnonmKeH-: 

. HhxX ·nponop~uoHanbHblX KaMep p;IIaMeTpoM oi 128 MM p;o 629 MM 
u BbiCOTOH oT 360 MM p;o 600 MM. BbicoKoe speMeHHoe pa3p~llleHue 
yC'raHOBKli o6ecne'liiBaeTCH. TpeMH c4IIHTIIii1IH~HOHHbiMII rop;OCKOllaMli 
p;IIaMeTpaMII 110, 240 u 663 MIInniiMeipa. Konii:qecTBO c'leT'liiKOB B 
rop;ocKonax cqoTBeTCTBeHHO 4, · 8.Ju 24. HII)l{e npiioop;.a:Tc.a: ocHOBHble 

. xapaKTepucTIIKII cneKTpoMeTpa APEC: . . . 
. · :1. ,I:(eTeKTIIpyiO~llll 06'beM: p;llaMeTp - 1060 MM, BbiCOTa - 600 MMj 

· 2. Koiiu:qecTB~ K~Hano:B periicTpa~u 15 Tblc; 
3. Kon:n::qecTBO c~IIHTIInn.a:TopoB B rop;ocKone 36 lliTi 

,{ HanpHJKe~H~~Th MarHIITHoro no~H p;o 1, 8 Th; 
. . .. ,, . . . ' : . . ' II' . 

5~ · TenecHblii yron periicTp~uu 0, 7 * 471" CTepap;; 
6. IlpocTpaHcTBeHHoe pa3pellleHue 1 - 2 MM; · 

7. BpeMeHHoe pa3pellleHlle 1 He; 
8; To'lHOCTbonpep;~~eHn1 ~Hepriiii arreK-rpoHoB (70 MaB) 2, 0%; 
06~uii BII):l; cneKTpoMeT{m noKa3aH Ha puc.l. B cocTaB ycTaHO-

BKII ~a~)l{e BXO)J;IIT CliCTe~m Tpiirrepa,: ~~cTeMbl C'beMa ll o6pa6oTKli 
IIH<f>opMa~IIli. . . .. . . -

Puc~ 1. 06~uii BII)J; · cneKTpo-

. MeTpa APEC: .1 - MHllleHh; 2 

- ~ummp;pu:qecKue nponop~

oHanb~ble KaMepbi; 3 - c~IIHc- .. 
Tunn.a:liiioHHble c'<!eT'liiKIIj 4 -

CBeTOBO)J;blj 5 - <f>8Y; 6 -
o6MOTKII MarHIITa; · 7 - HpMO 
MarHIITa; 8 ,· - ·. rionroca • Ma

rHIITa; 9 ,- aneKTpOHIIKa Ka
Mep; 1Q - TepMOCTa6II~II3IIpO
BaHHOe noMe~eHIIe. 

· · · TI;IIniiHp;pli"'eCKaH reoMeTpiiH cneKTpoMeTpa: 
- o6ecne'lltBaeT 6onbl1IOR TenecH!>lii yroii perHcTp~IIII II3y:qaeMbiX npo-

~~eccoB; · 
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- ll03BOnHeT a<f><f>eKTIIBHO 'IICll01Ib30BaTb pa60'<!Illl 06'beM MarHIITHOrO 
nonH; . .. . 
- o6yCJiaBniiBaeT m3oTponiiiO csoiicTB cneKTpoMe~pa B. nnocKOCTII R_;;_ ¢> 
, 'ITO B CBOIO o:qepep;b rio3Bon.a:eT ynpocTIITb c:n:cTeMbl Tpiirrepa, pea-
1III30BaTb 6biCTpble nporpaMMbl cpiinbTp~II • 

ff.JI' 

Puc.2. CxeMa p;eTeKiiipyro

~eii "'aCTII cneKTpOMeTpa. 
1 - MIInieHbi 2 - nponop~uo

HanbHble KaMepblj 3 - C~liH
~II1I1IHTOpblj 4 - KOHBepTop 
raMMa - KBaHTOBj 5 · - TpeK 

no3IITpoHa (aneKTpoHa); 6 -
.. ' 

TpeKil aneKTpOH - ll03IITpOH-
u 

HOII napbl. 

BTopa.a: rnaBa OTBep;eHa. onucaHIIIO Tpurrepa · cneKTpoMeTpa. CII

cTeMa aanycKa ycTaHOBKII BKnro:qaeT B ~etSH 6blcTpyro noru~y ucnonb

ayrouzyro CllrHaJibl OTC~IIHTlmn.a:~IIOHHMX rop;OCKOllOB II IIH<f>opM~liiO 
c nponop~oHanbHhlx KaMep. B cBHan c TeM, 'ITO Konu"'e~TBo aneMeH
ToB p;eTeKTIIpyiO~ell CIICTeMbl Be1IHKO, a C06blT:Wi MHOrO"'aCTII"'Hble, 
ucnonbaoBanacb Ma)l{opiiTapHa.a: noruKa. ,I:(nH oT6opa no KOM6IIH~:n:HM 
cpa6oTaslllliX aneMeHTOB II<inonbaOBaHbl cxeMbl 6blcTpoif nporpaMMII
pyeMOll naM.a:Tli K500PE149; 8To no3Bol1uno aKoHowlo peanll3oBaTb . . . 

noriiKy, KOTopyiO C · llOMO~biO CTaHp;apTIWX aneMeHTOB COBnap;eHIIll II 
aHTl!COBnap;eHIIROpraHII30BaTb O"'eHb Tpyp;HO. Jipu aTOM aHa'lliTe1IbHO 
coKpa~aeTcB: o6.~a.a: aap;ep)l{Ka Tpiirrepa. · .. 

·. Q:qeHh Ba)l{HO ucnonbaoBaHHe p;eTanbHoii uH<f>opM~~ c nponop~-

5 



. oHMbHbiX Ka.Mep. 0Ha nocTynaeT B 6blcTpyio norliKy c BbiXOp;OB Bbi
CTPOE HJIH perHcTpHpYIOII.\eR aneKTpoHHKH "'epea Ma)KopHTapHbie 
cxeMbl coanap;eHHR. Hcnoiib30BaHHe HH<PopMaD;HH c nponop:qHoHarib
HbiX KaMep B cHcTeMe TpHrrepa p;IDI H3y"tJeHHH pacnap;a Jl+ --+ e+ e- e+ 

no3B01IH1IO npHMepHO B 300 pa3 yMeHbUIHTb. 'tJHC1IO 3anycKOB. 
. B CHCTeMe TpHrrepa Ba)KHOe MeCTO 3aHHMaiOT cne:qnpo:qeccophl 

6biCTporo OT6opa C06biTHR, nocK01IbKY nocne. 6bJ:cTpOR IIOrHKH noTOK 
HH<PopMaiJ;HH, B OCHOBHOM <PoHOBbiR, ell.\e C1IHUIIWM aenHK Ami. 3anHCH 
II nocnep;yroll.\e:il o6pa6oTKII a 8BM-t' PeanH30BaH arreKTpOHHbiRII npo
rpaMMHbiR aapiiaHTbl cne:qnpo:qeccopa; IlpHH:qHn pa6oTbl o6oHx ocHo

BaH iia noHCKe Heo6xop;IIMoro 'tJHCIIa TpeKOB c HY)KHOR KpHBH3HOR B co-
6biTHH OT06paHHOM 6biCTpOR1IOrHKOR. II pH aTOM aneKTpOHHbiR npH60p 
6blcTpbi:il (15 MKc) HO 6onee rpy6bl:il, a np()rpfLMMHblilcne:qnpo:qeccop 
Mep;m:iHHbiR (5- 30 MC) HO o6nap;aeT BbiCOKOR a<P<PeKTHBHOCTbiO Hp;eH-. 

TH<l>IIKa:qrm Tpexoa. · · . · eo 
B TpeTbe:ill'rraae paccMaTpHaaeTcH cll:cTeM:a perHcTpa:qHII II c"'II

TbiBaHHH.IIH<PopMa:qHH C nponop:qiiOHaiibHbiX .KaMep cneKTpOMeTpa 
APEC. PerncTpiipyiOII.\aJI aneKTpoHHKa nponop:qnmianbHhlX,KaMep yc
TaHOBKII pa3pa6oTaHa Ha OCHOBe BoiibUIOR fll6pHp;HoRHHTerpanbHOR 
CxeMbi (BrMC) K405XII1. ,I(aHHaJI Briiq 6blna·pa3pa6oTaHa B OIUIM 
cne:qHanbHO p;n.a cneKTpoMeTpa APEC II ocaoeila npoMbiinneHHOCTbiO. 

0Ha npep;cTaan.aeT co6o:il p;aa He3aBHCHMbiX noiiHbiX xa:Harra perHcTpa
:qHH B Of);HOM KOpnyce, B cOCTaB KOTOp~X BXO;JJ;HT ycnn~Teii:b, p;HCKpH
MliHIIpyiOII.\HR Op;HOBH6paTop, O;JJ;HOBH6paTOp aap;ep)KKH II. TpHrrep na

MHTll. 

··:,_.-t'· 
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Pnc.3. BnoK"'cxe:M:a·BrHG·K405XIIL' · :: · .,:">' 
::"0•_~·-;·~:~t'";•-~· ''t ,-.·." ~--;_ . ~----~··-..::. { _,_;._- ... ,._ . - ,:- ..• -... ~-f -~_-;:·. --/ ____ ··~!·· ·. ~ ·1.- ;~.·-_· <"-l ~'":' '; 

Mcnonb3Y,H BriJ:C K405XII1, pa3pa6oTaHa nnaTa aneKTpomiKII Ha 

6 

II 

t 
l 
7 

I 

·~ 

I 
'j 

( 

32 KaHana (IICH-32), cTaB~aJI ocHoaoli ~HcTeMbi periicTpa:qrm; ]3ieo~ 
p;Hbie cllrHanbi ()T Ii~~ep K aneKTpOHHKe nocTynaR>T no. cne~muibHo~y 
neHTO'tJHoMy . xa6enro ·. p;mm:Ho:il o:Kono 2, 5 :M. Ha. nnaTe. perncTpatiiin 
IIMeiOTCH .IIHp;liBIIp;yanbHble BbiXOp;bl c. TpH~repoB .. naMHTll " "K()Opp;H
HaTHbiR TpaxT''; Bhixop; c TpHrrepoa naMHTH c ()6'bep;HHeHHeM npoao

no"tJeK - ''c~e:qrrpo:qeccopH:hl:il TpaKT" UBbiXOp; BbiCTPOE MJIH. Cli~. 
rHanbl BbiCTPOE HJIH Hf};YT Ha Ma)KOpHTapHble cxeMbi coarra~eim:il 
6biCTpOR1IOrliKII,. a '~ crre:qrrpo:qeccopHbiR TpaKT" npep;Ha3Ha~eH p;nH CIT-· 
cTeMaPACTP. · . · . . . · . 

Tina Tbl II CH ..:32 ycTaHaBIIIIBaiOTC~ B Kapxacbl; Bcero ncnd1Ib3Y~TCH 
15 xapxacoa Ha 35 nnaT xa)Kp;bl:il~ Brrot..:cxeMa miaTbl IICM-32 H l<ap'
xaca aneKTpOHHKII rrporrop:qiloHanbHbiX KaMep rroKa3aHa Ha pnc.4 H 5; 

i"~H~.f'~ 

PHc.4. BnoK-cxeMa nnaTbl 
IICH-32. 

. . .,- ' ·-
~-r~r. 
~;.., .. ·~· 

PIIc.5. Bnox-cxe1ia Kapxaca · 

aneKTpOHHKII 
nponop:qnoHaiibHhiX .KaMep. 

C"'IIThlBanne· :rm<PopMa:qHH. c Tpnrrepoa rraMHTH a.6rrox·.Kop;IIpoaa-
. HHH KH018 rrpmmaop;uTcH rpynnaMu rro32 rrpoaono~KH im~ nonmtTHo . 
'ITeHHe up;eT nocnep;oaaTenhHo no Mepe:Bo3pacTa:iriD! lioMepa x<:i.Mepbi. 

ITocKOJibKY HH<PopMaiJ;HH c OAHOH KaMepb£ pa36pocaiia no pa:JHbiM Kaf>~ 
KaCaM, "'TO onpep;eJIHeTCH TexHII'tJeCKHMU YCIIOBIIHMU,·TO f);JIH opraHH3a-:-·, 
:quii nocnep;oaaTenbHoro onpoca KaMep co3p;aHa cne~HanbHaJI cHcTeMa; 
0Ha no3aomieT o6ecne~nTb nro6yro nocnep;oaaTe1IhHocT:b 'tJTeHHH.~naT · 

- - - . . . . . ' l 
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perncipa~nn nn6o no HanepeA oaAaHHOH nporpaMMe, nn6o c ynpaBne- · 
HHeM (.)':[' ?B1Yf. :Ha pnc.6 noKaoaHa 06ll.\8JI cxetm BhlBOAa HH<f>opM~llll 
.no cneKTpoMeTpa. 

Pnc.6. 06~8JI cxeMa opraHnoa~nn BhlBOAa nH<f>opMa~nn B 
. cneKTpoMeTpe APEC. 

arHOCTHKH. perHCTpnpyiOll.\eH aJieKTpOHHKH nponop~HOHanbHhlX KaMep 

cneKTpoMeTp~ .APEC. Co~AaHbl cTeHAbl AJIH onpeAeneHHH ycTaHOBKH 
. ll noporoB Kaaa:no:B perncrp~nn c ncnonbOOBaHneM reHepaTopoB MM-.. . .. , . . ., .. . ·.. . . . . . . ., . . . . ·.· . . ' 
••nynbcoB HapacTaioll.\eH AMnnnTYAbl (rMHA). BnoK.:.cxeMa i'aK'aii·cn-

cTeM:bt n()KariaH:a lla pnc. 7. 

8 

Pnc.7. BnoK-cxeMa cncTeMbl 

AIIH • onpeAeneHHH n()pora 
cpa6aThlBaHHH KaHana pern
cTp~nn C HCn01IWOBaHHeM 
rMHA.• 
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,I1;JIH onpeAe1IeHHH OaAep)KeK ll HaCTpOHKH KaHanOB perncTp~HH no 
AJIIITenbHocTxi ncnonbooBaHbl KaK cncTeMa pa6oTaiOll.\rui B MTOHOMHOM 
pe)KnMe, TaK u ~BTOMaTrmnpoBaHHhlH cTeHA paiioTaiOll.\~H c ynp.aBne
HneM OT 8BM. BnoK-cxeMa aBTOMaTnonpoBaHHoro cTeHAa noKaoaHa 
Ha pnc.S. ABTOMaTnonpoBaHHhlH cTeHA nooBomieT TaK)Ke onpeAenHTb 

ll noporu cpa6aTblBaHHH KaHanOB. 

RCH 32 

~ 

nPa4Eq~t6 

Pnc.S. BnoK-cxeMa aBTOMa-:
TnonpoBaHHoro cTeHAa AIIH 
onpeAeneHnH oaAep)KeK n no

poroB cpa6aTblBaHHH. 

BcH nH<f>opM~llH o xapaKTepncTnKax perncTpnpyiOll.\eH aneKTpo:
HIIKH coxpaHHeTCH B naMHTn8BM ·n ncnonboye'i'CH npn Heo6XOAIIMO-
CTH. 

B peoynbTaTe npoAeJiaHHOH pa6oTbl KaHaJibl perncTp~nn HMenn 
nopor ~pa6aTblBaHHH 2+0,.5 MKA n oaAep)KKY 550-f-10 He npn oHa"<JeHnn 

ynpimiiHIDll.\ero noTeH~ncina·l, 50 B.· 
· Coop;ali'KoMn'neKc nporpaMM AIIH onpeAeneHHH;a<f><f>eKTHBHocTn·Ka

Mep ll KpHBOH ~aAep)KaHHblX . coBna~eHnH . nepeA ll BO · BpeMH Ha6opa 
CTaTHCTllKH. 

Becb KoMiim!Kc. arrnapai'ypbl o6~·cne"<Jnn Hage)I(HYJO n cTOOH1IbHYJO 
pOOOTY aneKTpOHHKll , nporiop~HOHaJibHblX KaMep ll BCero cneKTpOMe
Tpa :sO :BpeMH ceaHCOB no· noncKy pacnagoB p.+ '-+ e+ e- e+. 

!IJIT8JI rrrasa noCBHll.\eHa OIIHCaHHIO 9KcnepHMeHTa no nOHCKY pac
naga p.+ -+ e+ e-e+ .. 8KcnepHMeHT BbliiOJIHeH B JUIII ORHH Ha cneK

TpoM:eTpe APEC. CxeMa KaHana rry"<JKOB n pa~nono)Kelme Ha HeM cneK-
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TpoMeTpa noKaaaHo Ha pn:c.9. 

Pn:c.9. CxeW=t pacnoJio)KeHIUI cneKTpoMeTpa APE€ Ha TIHOHHOM riy~Ke 
<flanoTpOHa. <I> - <flanoTpOHj err - nosopOTHbiH MarHHTj MJI - MarHHT
Hble JIHHObij M- MeooHoo6p~yro~aJI MHilleH:f:>j II- n~rrroTHTeJibj BT

BaKYYMHhlH TpaKT. 

,Il;nH nposep;eHIIH aKcnepiiMeHTaiicnorri.oosarracb c6opxa-IIo_12_ npo
nop:u;IIoHarrbHbiX KaMep C COOTBeTCTBYIO~eii arreKTpOHIIKOH Ha ;...._ 8 TbiC. 
KaHaJIOB. Ce~eHIIe p;eTeKTIIpyro~cii ~aCTJI cneKTpoMeTpa B sapiiaHTe 

noiicKa pacnap;a p.+ ...,.-+ e+ e- e~ noKa:JaHO· Ha pn:c.10. MecTo, npep;Ha
o:Ha~e~moe 13-18 KaMepaM, oanorrHeHo norrroTIITerreM p;nH yMeHbllleHIIH 
<floHa; 

MoMepeHIIH nposop;IIrriicb Ha ny~Ke niiOHOB c IIMnyrrhCOM 170 MaB / c 
Bcero 6blrro nposep;eHo 9 ceaHcos o6~eii p;rriiTerrbHOCTbiO 6orree 800 ~a
cos; IIO HIIX 500 ·~acos Ha6opa cTaTIICTIIKII. Cpep;HHH IIHTeHCIIBHOCTb 
OCTaHOBOK TIIIOHOB C. TIOCJiep;yiO~IIM pacnap;OM 7r ...,.-+ .flV II OCTaHOBKOH 

MIOC>Ha a MIIIlleHII cocTaBIIJia 5, 8 * 105 ceK . Bcero B MinneHII ocTaHOBII
rrocb rr pacnarrocb 1,15 * 1012 MIOOHOB. IIocrre 6T6opa 6biCTpoii rroriiKoii 
II npoBepKII. Ha HaJIII~IIe • arreKTpOHHOrO TpeKa,. npoiiOBO;IJ;IIJiaCb OaniiCb 
co6biTIIH Ha· MarHiiTHYIO rreHTy, CKopocTb Ha6opa cTaTIICTIIKII cocTa-

BIIJia 1 ~ 2 B CeKyHp;y. · . - ' : · - ·. ' 

10 

. . . 

PIIc.10. c~~eHue AeTeKTIIpyro~eii ~aCTH cneK;poMeTpa APEC B :Sa~· 
piia:H~e-p;rrH n6n:cKa /t+ ~ e+e-e+. 1, 4, 5,_ 6·~· c~HHil;IIJIJIHil;lloHilliie· 
c~eT~HKllj 2 - OaMep;JIHTeJibj 3 -.MIIIlleHbj: 7; 8 - KaMepblj 9 .:Ka6eriiij 10.: 
IOCTIIpOBO~HbiH yoerr; 11 - cniopHhlH JiuhiiH;IJ;p caMonop;~ep)l{ifsruo'i:u;eiicH' 
KaMepbij 12- CTpiiTIOBrui nosepXHOCTbj 13- aHO;IJ;Hble nposmiokn; 14-
nposorro~~e KaTop;hl; 15 - ranosb:re o6orro~KII;,16 :. riorrioTIIT.errh; .17 -
o6~IIH.60KC. . . . ... . . . . '· 

:~,, --~ 

• c 
"'·~;. •'· . . . ' .,_ '• '· ·~ ..... . . ~<-~~··. ,. 

IIpo:u;ecc o6pa60TKII. CTaTUCTIIKH npoxop;IIJI s~·HeCKOJibi{O aTanos. 
CHa~~~a npo~epJirrocb coC:,TBeTcTBHe 'oaper~cTpiipOBaHHoro co6hlTIIH 

Tpiiri'epy II onpep;err!Jrrii_cJ:) napaMeTpb1 ;TpeKos. TpeTiiii II .~eTeepTb:rii 
aTanbi_OaKJIIO.~aJIHCb.B oi:rpep;erreHim HaJI~'t{lffi o6.~eii seplliiiHhl }l;JIH scex- ..• 
~aCTII:Il; B 'R :; .f/J ni:rOCKOCTH (neprieHp;luyrrHpHc>'ii OCH Ka:Mep) II B npo-
CTpaHCTBe. . . . . ·.· . ··. .. · . __ . . -.--___ • _ ·.· . , ·_ . _ -· . .· 

Cpep;II ocTaBWIIXCH npnMepHo 10 ThlC; co6brTIIii 6orrhllle norrosHHb1 
npep;cTaBi.tHIOT co6oir 6a6a-pacceHHHe. BbiJIII OT6pollleHbl H.Bce co6bl- . 

· TIIH-sKo~opblx 6:blrro 6onee Tp~·TpeKoB :imii'noMn~o,Tpexo~'liMerroci. 
6orree 12 ci:ry~aiiHo pacnorro)KeHHhlX cpa6oTaBlliiiX nposorro~eK; . 
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Pnc.l2. PacnpeAeJieHHe 
.J . 

MOAerrnpoBaHHbiX ·co 6biTHH 
p.+ --.· e+ e- e+ no cyM.MapHoii 

aHepnm. H ·nMnyrrhcy. 

OcTaBwnec.SI 65 co6biTHH npoBep.SIJIHCb Ha coQTBecTBHe.rnnoTeoaM 

pacnaAOB p.+ -t e+e-e+ H p+ --. e+e-e+veilw Ha pnc.ll H 12 npeA-
•·· . . ?- . 

CTaB1Ie1Jbl pacnpeAeJieHHS! no :meprHH H HMnyJibCY OCTaBWHXCSI H MOAe-
JIHpOI3aHHbiX co6biTHH p.+ -t e+ e-e+. KoHTypoM o6oomi:<JeHa o6rracTb, 

B :KoTopyro nonaAaeT 90% MOAerrnpoBaHHbiX co6biTHH H ioTopa.SI npn

HHTa,' KaK o6rracTb AeTeKTHpoBaHim pacnaAa. 

·-:----

,.. ··~i;'riir 
t·li'' 
l:ii il 
l:liiil 

a 6 
Pnc.l3. IlpnMep co6biTHSI npHHHMaeMorb KaK pacnaA 

p.+-. e+e-e+veilw a) nrrocKOCTb R- </>, 6) nrrocKOCTbR.:.... Z. 

12 

Ho pnc.ll crreAyeT, "'TO ocTaBWHec.SI co6biTHSI ~To pacnaAbl p.+ .--. 
e+ e-~+veil" H <J>oucrry'laHHbiX coBnaAeimii. Hn OAHO oaperncTpnpoBaH
HOe co6biTHe :He MmKeT 6MTb HHTepnpeTHpOBaHHO KaK pacnaA Ji+ '-t . 
e+ e-e+. Ha pilc.13 npnBeAeHo OAHO no co6biTHH npoweAwee Bee aTanbl 
o6pa6oTKH, KOTopoe OTHeceHo K pacnaAY J.L+--. e+e-e+veziw 

OqeHKi BepxHeii rpaHuqbl oTHOCHTenbHOH Bepo.SITHOCTH pacnaAa 
p.+ -t e+ e- e+ Ha ypoBHe 90% -HOH AOCTOBepHOCTH, CAeJiaHHaH, A1I.H 
crry'lrui, KOrAa HCKOMoe co6biTHe :He Ha6JIIOAaeTCSI: · 

R
.· __ W(p.+-.e+e-e+) _ lnlO _

3 6 
_
10

_11 
!l3e- - -,* 

· W(JL+ -t e+e-e+vev") f"3e * NJl . 

rAe fJl3e - a<J><f>eKTHBHOCTb perncTpaqnn pacnaAa p.+ --. e+ e-e+ (5,6%) 
NJl- 'lHCJIO pacnaAOB MIOOHOB B MHWeHH( 1, 15* 1012). . 

Ilorry'leHHbiH penyJibTaT B 50 pan yrry'lwaeT oqeHKy, CAeJiaHHYIO 

paHee :8 ,[(y6He, H HaxOAHTCSI Ha ypoBHe coBpeMeHHbiX MHpoBbiX AO
CTH)KeHHH~ 

lin noJiy'leHHbiX penyJI:bTaTOB CJieAyeT, 'lTOHa6JIIOAeHHOe KOJIH'leCT

BO pacnaAOB p.+ ~ e+ e-eTVeV~ COCTaB1I.SieT 44, 8TO COOTBeTCTByeT 

OHa'feHHIO Bepo.SITHOCTH pacnaAa Rll3e2JJ = (3, 1+0,5) * 10-5. 
,[(aHHoe OHa.qeline Bepo.SITHOCTH pacnaAa p.+ ·--. e+e-e+v'evJl Haxo~ 

AHTCSI B.COrJiaCHH C TeopeTH'le~KOH oqeHKOH ( 3, 54*10-s) H OHa'leHHeM 
( 3, 3 * 10-s ),. noJiy'leHHbiM B pa6(:>Te [27). , . . . . . 

B naKJIIO'leHHH c<J>opMyrrnpo~aHbl. ocHOBHble. peoyrrhTaThl pa6oTbl: 

1. Panpa6oTaHa ~ cooAaHa perncTpnpyro~a.SI arreKTpOHHKa qHJIHH

APH'leCKHX MHOronpoBOJIO'lHbiX nponQpqnoHaJibHbiX KaMep A1I.H 

wnpoKoanepTypE:oro M:arH~THoro cneKTpoMeTpaAOEC c o6~HM 
KOmi'leCTBOM KaHaJIOB 15 TbiCSI'l. Ilpn: ee COnAaHHH HCn.OJibOOBaHa 

cneqriarrbHO panpa6oT~aR A1ISI qeneii cneKTpOMeTpa BrHC 

K405XII1. CneKTpoMeTp ~peACTaBrrHeT co6oii nepayro B CCCP 

<f>noii.qec:Kyro yC'raHOBKY c · qHJIHHApWieCKHMR KaMepaMH H npeA

HaOHa'leH Aiur: npoBeAeHHSI wnpoKoii nporpaMMbi nccrreAoB<i.Hnii 
no <I>nonKe ~rreMeHTapHblx 'lacTnq HaToimoro SIApa. 
.· : ,.· - '- ' . . -

2. CooAaHa naparrrrenbHo-nocrr~oBaTenbHrui cncTeMa C'lHTbiBaHHSI 

c nporpa.MMnpyeMoii nocrreAOBaTenbHOCTbiD onpoca HH<I>opMaqn-
OHHbiX ·KapT. 

· .. ~ : 
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3. ConAmia aBToMaTIIniipoBaHHM ciicTeMa·· Harrap;KII II p;IIarHocTIIKII 
periiCTPliPYIOll.\eH. aneKTpOHIIKII npom)p~IIOHaJihHbiX KaMep; 

- .. 

4. Conp;aHHhiH KOMnnexc arrnapaTyphi IIcnonhnoBaH B axcnepll:MeHTe 
no noiicKy pacnap;a p+ -+ e+ e- e+. 3a BpeMH axcnepiiMeHTa perii
cTpiipyroll.\M aneKTpOHHKa Hap;e:tKHO II a<fl<fleKTIIBHO npopa6oTaJia 
6onee 800 -qacoB Ha ny"'IK~ ycxopii_TenH. 

5. 3aperiiCTpiipOBaHHOe B O;IJ;HOH :3KCn03II~IIII C JL+ -+ e+ e- e-f- ~0-
nli"'!eCTBO pacnap;OB JL+ -+ e+iJ-e+VeVI-' COOTBeTCTByeT BepoHT

·-.... HOCTH pacnap;a (3, 1+0, 5) * 10-5 II Haxop;HTCH B cornaciiii c 're
opeTII"'JeCKOH o~eHKOH R~-'3e2v = 3, 54 * 10-5 II axcnepuMeHTOM 

Rl-'3~2v. = 3, 3 * 10-5 
• "~ 

1 

. 6. Ha ocHoBaHIIU Ha6paHHOH IIH<flopM~uu o pacnaBWIIXCH B MII
meHII 1,15 * 1012 MIOOHOBl B ,penynhTa'fe p6pa60TKII cp;enaHa 
o~eHKa BepxHeH rpaHu~ OTHocuTenhHOH BepoHTHOCTII ( R) pac
nap;a p+ -+ e+ e- e+ Ha ypoBHe R~-'3e < 3, 6 * 10-11 

•. thoT penynh-
TaT COOTBeTCTByeT ypOBHIO MIIpOBbiX ;IJ;OCTII:tKeHIIil. . 

OcHOBHble penynhTaThi p;uccepTa~IIII ony6nHKOBaHbl B cnep;yiOll.\IIX 

pa6oTax:-
l. BapaHOB B.A., BaHKO IO., EBTYXOBH"'I rr.r., 3HniOn;¢.E.,'Ko

peH"'JeHKO A.C., KopeH"'!eHKO C.M., KocTIIH B.<t>., Kpa:B"'IyK H.TI., Ky
"'IliHCKIIii H.A., M:tKaBuH ,II;.A., MouceeHKo A.C:, HexpacosK.r., CMIIp
HOB B.C., <l>ununnoB A.M. II XoMyToB H.B.,.~IIcTeMa nanycxa II c'beMa 
uH<flopMa~IIII cneKTpoMeTpa APEC. B c6.: XII Me:tKp;yHapop;HbiH CIIM-

. noniiyM no Hp;epHoil aneKTpoHUKe. ,II;13-85-793, ,II;y6Ha, OMJIM, 1985, 

c.310. 
2.· BapaHoB B.A., )KypaBneB H.M., MneH6ypr P., KopeH"'!eHKO C;M., 

_KopHeB B.M., Ky"'IIIHCKIIH H.A., Mep;Bep;b C.B., CuHaeB A.H., 't!ypiiH 
M.I~: II illBap~eH6epr <t>., CIIcTeMa c6opa II nepBI1"'IHOH o6pa6oTKII 
IIH<flopMa~uu, nony-qaeMoil ~~C--p;eTeKTope cnexTp~MeTpa APEC. Co-
o611\eHIIe OMJIM, 13-:-8l~162,)(y6Ha, 1981. . .. . . 

3. BapaHOB B.A., EBTYXO~li"'I n.r., 3H310n1l <t>.E:, Mneii6ypr P., 
KoMapoB B.M~,- KopeH"'IeHKO 'A: c., KopeH"'!eHKO C;M., KocapeB f.E., 
KocTuH B.<t>., KpaB~K · H.TI., Ky"'IIIHcKirii H.A., M:tKaBIIH ,II;.A., MII
~enhMaxep :r,B., MoiiceeHKO A. C., HexpacoB K.r., CMupiiOB-B.C., <l>u
niinno:B A;M., <l>ypcoB A.TI., PycaxoBu"'I H.JI., XoMyToB H.B.; ,II;eTeK- ' 
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Top napH:tKeHii:bix "'IacTII~ ~rreiTpoM:eTpa APEC. Coo611\eHIIe•.OMRM,. 
13-81-381; ,II;y6Ha, 1981. . . . .. . . . . ' 

4. BapaHoB B.A:, )KypaBneB H.M., KopeH"'!eHxoA;C., KopeH"'!eHI{O 
C.M.; KopHeB B.M., KpaB"'~YK H,II., KocapeBr.E., Ky~IIHcxH:il H.A., · 
M:tKaBIIH~,II;.A;, Mouceeii~oA.C., HexpacoB K.r;, CMnpHoB B.C., <l>ti.;. 
nunno:B A.M., ABTOMaTllniipoBaHHbiH cTeHp; p;nH. ircnhiTaHliH ~IimiH'
p;pii"'IeCKIIX i:Iponop~IIoHarr:bHhlx KaJ:iep. Coo611\eHIIe OMJI~, 13-12631, 
,II;y6Ha, 1979. . . .. 

5; KopeH-9:e:S::ko C.M. ii Ky"'IIIHCKIIH H.A., IlnaTa an~KTpOHII~M Arrk · 
perucTpa~1Iu ciirmuioBnponopll;HoHarrhHhix KaMep. Coo611\eHHe OMR:ll, . ., ' 
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