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1 06~aa xapaKTepHCTHKa pa6oTbl 

AxTyanhHOCTh npo6neMhl. Iloucx u noyqeHue pe,o,xnx pacnap,oB MIOO

H0B ll IlllOHOB, a TaKme ,11,pyrnx npoueccoB C llX yqacTUeM JIBnlleTCJl 0,11,HHM 

110 eamHeiiurnx Hanpaenem1ii uccne,11,oeaHuii qiuoux11 oneKTpocna6hIX eoa11-

MOACBCTBHll. Oco6oe MecTo cpe,11,u Hux oaHHMaIOT noucKu oanpemeHHhIX 

e cTaH,11,apTHOH MOAenn oneKTpocna6hlx soauMo,11,eiicTeuii oaKOHOM coxpaHe

HHll MIOOHHOl'O '!Hcna npoueccoB, TaKHX"KaK: µ+-+e+e+e-, µ+-+e+,, µ-A 
->e+ A*, µ+e- -> µ-e+, µ+ ~e+,,, 1r+ _.µ-e+e+v, a Taxme nonynenTOHHhle 

pacna,11,hl 1r+ -+e+vee+ e-, 1r+ ->e+ve,, 1r+ ->µ+ e+ e-vµ, 
Paoel!Tlle q>lll3HKH oneMeHTapHhIX qacTUQ BO MHOrOM onpe,11,enl!eTCJI 

cymecTBYIOIUllMll OKCnepuMeHTallhHhIMll BO0M0)f(H0CTJ!Mll. Jl:nll npoee,11,eHUJI 

lllllpOKOU nporpaMMhl uccne,11,oeaHUU e o6naCTll qlllOUKII oneMeHTapHhIX qa- . 

CTllQ II .11,11,epHoii q>llOllKH Ha llHTeHCllBHhIX MIOOHHhIX ll 7f'-Me0OHHhIX nyqxax 

6h!na npe,o,nomeHa, cnpoeKTHpoeaHa 11 coop,aHa cneKTpoMeTpnqecxu ycTa

HOBKa APEC (AHan11oaTop PE,11,Knx Co6hITlltt). CneKTpoMeTp cocTOHT no 

Ha6opa K0aKCllallhH0 pacnonomeHHhIX IJ;unHH,D,pH'IeCKllX MHoronpoeonO'IHhIX 

IIponopuuoHanbHhIX KaM~p (IJ;MIIK) u CQHHTHnnllQH0HHoro ro,11,ocxona, no

MeIQeHHhIX B MarHHTHOe none, lf K0MnneKca oneKTpOHHOU annapaTyphl pa60-

Ta10meii Ha n11H1111 c 8BM. CneKTpoMeTp APEC noosonJ1eT 11oyqaTh MHO

roqacTH'IHhle npoQeCChl npll 6onhlllOM TenecHOM yrne e ycnOBllJIX BhICOKllX 

oarpyooK (,11,0 107 cex-:-1 OCTaH0B0K qacTHU B MlllllCHll). ' 

IJ;enh pa6oThl •. H0Mepe1111e Tonorpaqi1111 _MarHHTHoro non.11 MarH11Ta 

CII-173 cneKTpoMeTpa APEC 11 uoyqe1111e eooMomHoCTH noBhlllleHHJI erp 

0,11,HOpO,D,H0CTll. Paopa6oTKa MCT0,11,l!Kll 1mro_TOBnCHllJI CQllHTHnnl!UllOHHhIX 

C'ICT'IHKOB u11n11H,11,p11qecxoro ro,11,ocxona cneKTpoMeTpa u 11ccne,11,osaH11,e 11x 

xapaKTep11cTHK. Coo,11,aH,11e KoMnnexca. nporpaMM ,11,nll HanaAKH, ,11,11arHOCTHK11, 

ynpaeneHHJI ll KOHTpOnJI paonll'IHhIMll CllCTCMaMll CilCKTp0MCTpa: cneu11a

n11oupoBaHHOl'O npoueccopa PACTP, oneKTpo1111x11, nponopunoHanhHhIMH 

KaMepaMH 11 ,11,p. Coo,11,aH11e c11cTeMhl ynpaen.11eMoro OT 8BM _6hICTporo 

MHOroq>yHKUHOHanhHOro 'Dp11rrepa cneKTpoMeTpa APEC. Ilpoee,11,eH11e Ha 

cneKTpoMeTpe APEC oxcnepHMCHTa no no11cxy oanpemeHHhIX pacna,11,oe 
µ+ ->e+ e+ e-, 1r+ -+µ-e+ e+v 11 11oy'ieH11IO p~,11,xoro npouecca 7r+ ->e+vee+ e-, 
Mo,11,enupoea1111e ll o6pa60TKa OKcnepHMCHTallhHhIX ,11,aHHhIX. 

Hay'!Hal! H0BlloHa. Ilpe,11,nomeua op11r11HanbHaJ1 MeTo,D,nKa 11oroT0Bne

HHJ1 CQHHT1InnJ1QllOHHhIX C'leT'!lll(OB, llMCIOIUllX qiopMy qacTll QllflllH,D,pa p,nll 

ro,11,ocKona CilCKTpOMeTpa APEC, 11oyqeHhl IIX xapaKTepHCTllKH II HanucaHa 

y
0

H11eepcanhHaJ1 nporpaMMa Mo,11,en11posaHIIJ1 MCT0,11,0M MoHTe-Kapno ceeToc-

6opa B OilTII'ICCKllX CllCTCMax lllllpOKOro Knacca. 

Coop,aHa c11cTeMa ynpaenlleMoro OT 8BM 6hlcTporo MHoroqiyHKQIIO

uanhHoro Tpurrepa cneKTpoMeTpa APEC Ha ocHoee IIHq>opMaQlllI co CQIIH-
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TUJIJI.HQUOHHOro rogoCKOIIa II nponopQUOHaJibHbIX KaMep, II03BOJI.HIOlll;a.H ocy: 

IJ'.J;ecTBJI.HTb perucTpaQUIO co6hlTIIII pwmPrnoro Krracca B ogHoii DKCIIOtJIIQUU c 

y'IeTOM KOHIJ>IIrypaQUII co6bITllll. BpeM.H pwpemeHU.H COCTaBJI.lleT IIpII 0TOM 

~10 HC. 
Ha cotJgaHHOM cneKTpoMeTpe APEC npII o6pa6oTKe 1rn!J>opMaQIIII 06 

OCTaHOBIIBlllIIXC.H B MUllleHU 1, 1 • 1012 7r+ -MetJOHOB o6Hapy)KeHO 8 pacnagoB 

1r+ --+e+vee+ e-, II BbI'IIICJieHa napQIIaJibHa.ll sepo.l!THOC'l·b 0Toro pacnaga oa 

c'IeT HaJill'III.H cTpyKTYPhl mtoHa Rsn = (4.6 ± 1.6 ± 0.7) · 10-10
• 

Ha OCHOBaHUII Ha6paHHOll CTaTIICTUKll norry'IeHa BepXH.H.H rpaHUQa OT

HOCUTeJibHOll Bepo.HTHOCTU pacnaga 7r+ --+ µ- + 2e+ + v Ha ypoBHe goCTO

BepHOCTII 90% 

B _f(1r+--+µ-+2e++v) 
16

_
10

-6 

r - r( 1r+ --+ µ+ + vµ) < . ' . 

IIorry'IeHHoe oHa'IeHue Br B 5 pw yrry'ImaeT egIIHCTBeHHYIO B Mnpe oQeHKY, 

cgerraHHYIO paHee B ,IJ;y6He. 
IlpoMogerrIIpoBaH BapIIa.HT nocTaHOBKII llKCIIepIIMeHTa 'no IItJY'IeHUIO 

pacnaga 1r+--+ µ+e+e-vµ Ha rreTy Ha cneKTpoMeTpe APEC. 

IlpaKTII'IeCKa.H QeHHOCTb. IlpegJio)KeH II pearrIItJOBaH cnoco6 noBblllle

HII.H ogHopogHOCTII MarHUTHOro norr.H a 4 pa3a a cneKTpoMeTpe APEC nyTeM 

uecTaugapTHoro 'BKJIIO'IeHII.H ero o6MOTOK, 'ITO IIOOBOJIIIJIO cyr.u;ecTBeHHO yn

p00CTIITb o6pa60TKY ll pa6oTy CIICTeMbI iJ>IIJibTpaQUII IIHIJ>opMaQIIU. 

MeToguKa uoroTOBJieHII.H CQIIHTIIJIJI.HQIIOHHbIX C'IeT'IIIKOB, IIMeIOlll;IIX 

!J>opMy qacTII QIIJIIIHgpa grr.H rogocKona cneKTpoMeTpa APEC, MO)KeT IIC

TIOJibtJOBaTbC.H Ha gpyrIIX ycTaHOBKaX C QIIJIIIHAPII'IeCKOll reoMeTpIIell geTeK

Topa. YnIIBepcaJibHa.H nporpaMMa MogerrupoBaHII.H MeTogoM MoHTe-Kaprro 

cBeToc6opa B onTII'IeCKIIX cucTeMax mIIpoKoro Krracca npIIMeirnrracb B He

CKOJibKIIX rpynnax OH.HH II B PSI (IIIseiiQap1rn ). 

Pwpa6oTaHHbIII KOMnrreKc nporpaMM notJBOJIIIJI nposecTII .. uarragKy pe

rucTpIIpy10r.u;eii 0JieKTpOHIIKII nponopQIIOHaJibHbIX KaMep ( ~ 16000 KaHaJIOB) 

II ucnbITaH11e caMIIX KaMep, a TaK)Ke o6ecne'Iurr c<bgauIIe cneQIIaJIIIOIIposau

uoro npoQeccopa PACTP (6bicTpogeiicTBIIe ~ 15 MKc) gJI.H 6blcTpoii IJ>IIrrb

TpaQUII co6bITIIII npII IIccrregosauIIII pegKIIX npoQeccos ua cneKTpoMeTpe 

APEC. 

ABTOp oai.QurgaeT: 

1. Pwpa60TKY II COtJ;\aHIIe MeTOAUKII U3fOTOBJieHII.H CQIIHTIIJIJI.HQIIOHHbIX 

C'IeT'IIIKOB, IIMeIOlll;IIX !J>opMy 'IaCTII QIIJIIIHgpa. 

2. Pwpa6oTKY II cotJgamie annapaTuoro II nporpaMMHoro KOMTIJieKCOB 

AJI.ll HaJiagKII, gIIarHOCTIIKII, ynpasrreu11.H II KOHTpOJI.ll pa3JIIl'IHbIMII Cll

CTeMaMII cneKTpoMeTpa APEC. 
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3. Pwpa6oTKY II coogaHue cncTeMbI ynpaBJI.HeMoro OT 8BM 6blcTporo 

MHoro!J>yuKQUOHaJibHoro TpIIrrepa cneKTpoMeTpa APEC. 

4. PetJyJibTaT 0Kcnep11MeHTaJibHoro IItJy'Iemrn pacnaga 1r+ --+e+vee+ e-. 

5. PetJyrrbTaT 0Kcnep11MeHTaJibHoro noncKa pacnaga 1r+ --+µ-e+ e+v. 

Anpo6aQII.ll pa6oTbI u ny6rrIIKaQ1m . .Il:IIccepTaQII.H HanucaHa·ua ocHoBe 

uay'IHbIX pa6oT, BbIIIOJIHeHHbIX c y'IaCTIIeM aBTopa B JI.HIT OH.HR B nepIIog c 

1976 no 1992 rr. OcHOBHble petJyJibTaTbI, npegcTaBJieHHbie B gnccepTaQ1111 go

KrraghlBaJIHCb ua XII Me)KgyHapogHoM c11MnotJ11yMe no J1gepHoii 0rreKTpoH11Ke, 

Coser.u;auIIJIX no nporpaMMe IIccrregosaHIIII Ha MM<P (3sem1ropog, 1985 n 

MocKBa, 1989), III Me)KgyuapogHoii KOHIJ>epeHQHH no HHOKIIM aKTHBHOCTJIM 

(EpaTIIcrrasa, 1985), Low Energy Muon Science in 90's [LEMS-90] (Villigen, 

1990), Ha pa60'IHX COBer.u;aHH.HX II ceMHHapax H ony6rrHKOBaHbI B 12 pa6oTax: 

c6opHIIKe TpygoB Me)KgyHapogHoro CIIMnOtJIIyMa no J1gep11oii 0JieKTpOHIIKe, B 

)KypHarrax IIT8, NIM, .ff<P n coo6r.u;eHn.Hx OH.HH[l-12]. 

CTpyKTypa n o6'beM AIICcepTaQnn. JJ:nccepTaQHJI cocTOHT no BBege

HU.H, Il.HTH rrraB, oaKJIIO'leHII.ll n cogep)KUT 121 CTpaHIIQY TeKCTa, BKJIIO'Ia.H 

9 Ta6JIIIQ, 32 pncyHKa II CilHCOK QHTIIpyeMOH JIHTepaTypbI 110 136 HaHMeHO

Bauuii. 

2 CoAep:>KaHHe pa6oTbl 

Bo BBegeHHII o6oCHOBaHa aKTYaJibHOCTb TeMbI ucciiegosaHHJI, c!J>opMy

JIHpOBaHbI Qem1 pa6oTbI II onucbrnaeTCJI cTpyKTypa g11ccepTaQn11. 

' B nepeoii rrrase npusegeHo o6r.u;ee onncam1e cneKTpoMeTpa APEC, 

npegcTaBJieHa nporpaMMa 0KCnepkMeHTOB Ha OTOH ycTaHOBKe, B 'Ia

CTHOCTII IlOIICKa pegKHX pacnagoB MIOOHOB II 71"-MeOOHOB: µ+ --+e+ e+ e-' 
71"+ _:e+Vee+ e-, 11"+ --+µ.:...e+ e+v. 0cHOBHble oco6eHHOCTII nepe'IHCJieHHbIX 

npo~eccos: KpattHe HIIOKHe sepo.HTHOCTH :.V 10-12 + 10-13 npu 6orrblllOM 

!J>oue II MHoro'laCTH'IHOCTb npeg'b.HBJI.HIOT cepbetJHble Tpe6osamrn K OKcne

pnMeHTaJibHOtt annap~Type. TaKa.H an'napaTypa AOJI)KHa o6rragaTb Bbl_COKIIM 

npocTpaHCTBeHHbIM
0 

,11 BpeMeHHbIM pwpemeHHeM, HMeTb xopomy10 a!J>!J>eK

THBHOCTb perncTpaQHII. 

JJ:rrJI 0<f><l>e~TIIBHOH perucTpaQHII MHOfO'IaCTll'IHbIX npoi(eccoB Heo6xo

AIIMO llt.leTb JCT3.HOBKY C 60JiblllllM TeJieCHbIM yrnoM. B cneKTpOMeTpe APEC 

0To gocTnrHyTo QHITHHAPH'lecKoii reoMeTpneii geTeKTnpy10r.u;ei'i 'IaCTH. Hc

norrbtJOBaHne QHJIHHgpu'IecKoii reoMeTpnn o6ecne•urnaeT: 

- TeJieCHbIH yrorr cneKTpoMeTpa ~ 2. 1r, 0!J>IJ>eKTHBHOe IICIIOJlbtJOBauue pa6o

'Iero o6'beMa MarHHTHoro norr.H; 
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Puc. 1: O6muii BUI:\ cneKTpoMe

Tpa APEC. 

1 - MmueHbj 2 - ]:\eTeKTupyIOIUaJI 

'laCTb (:U:MIIK); 3 - CQUHTllmI.ll

QUOHHble C'leT'lllKllj 4 - CBeTO

B0,I:\blj 5 - <P8Y; 6 - oneKTpoHuKa 

:U:MIIK; 7 - o6MoTKll MarHuTaj 8 

- .llpMo Marm1Ta; 9 - nonJOca Ma

rHuTa. 

- H30TpOnHJO CBOllCTB cneKTpOMeTpa B nnoCKOCTH, nepneH]:\HKyn.llpHOll OCH 

coneHOH]:\a H CB.lltlaHHYIO C 0THM YHH«pnKaQHIO noruKH aanycKa ycTa

HOBKH, ynpoIUeHHe CHCTeM «pHITbTpaQHH H nporpaMMHOll o6pa6oTKH 

]:\aHHblXj 

- noporOBble CBOllCTBa npn ncnoITbtlOBaHUll MHIIIeHU Manoro ]:\HaMeTpa, TaK 

KaK onpe]:\eneHHOMY pa]:\uycy TpaeKTOpllll 'laCTHQbl COOTBeTCTByeT on

pe]:\eneHHblll UMnynhc. 

O6mnii BHA cneKTpoMeTpa npe,I:\CTaBneH Ha puc. 1. B Ta6nnQe 1 np1rne]:\eHhl 

OCHOBHble xapaKTepHCTHKU cneKTpoMeTpa. 
J];eTeKTHPYJOIUHll 6noK nt1 QUITHH,I:\pU'leCKHX MHoronpoBono'IHhIX npo

nopQHoHanbHhIX KaMep H CQHHTHITIT.llQHOHHOll ~O,I:\OCKOnH'leCKOll CHCTeMbl pa

cnono:arnH Me)KAY nonJOcaMH MarHHTa CII-173. Ily'loK OT ycKopHTen.ll BBO

AHTC.ll B MHIIIeHb B,I:\OITb OCH MarHHTa, COBna]:\aJOmeii C. OCblO CHMMeTpHH Ae

T.eKTHpyIOmero 6noKa. OcHOBHblMH KOOp]:\HHaTHblMH AeTeKTOpaMH cne~Tpo

MeTpa APEC .llBIT.llIOTC.ll 18 KOaKCHaITbHo pacnono)KeHHblX :U:MIIK. CneK

TpoMeTp APEC no□BomieT AeTeKTHpoBaTh H H□Mep.l!Th HMnynhcbl OAHOBpe

MeHHo. HeCKOITbKHX 'laCTHQ (B TOM 'IHCne H ,-KBaHTOB), onpe,I:\eIT.l!Tb OHaK 

oneKrpn'leCKOrO t1ap.11Aa 'laCTHQ. IlpH HaITH'IHH aMI,IITHTYAHOro aHaITHtla CH

rHaITOB C nponopQHOHanbHblX KaMep B03MO)KHa H H]:\eHTH«pHKaQH.ll THna 'la

CTHQ. IlponopQIIoHanbHble KaMepbI H c'leT'IHKH roAOCKona HMe_JOT ~anoe Ko

ITH'leCTBO BemecTBa ,I:\IT.ll yMeHbIIIeHH.ll MHoroKpaTHoro pacceHBaHll.ll '{aCTHQ, 

TaK KaK H0MepeHHe IIMnynbca oap.H)KeHHOll '{aCTHQbl npoH3BOAHTC.ll no HC

KpHBITeHHIO ee TpaeKTOpHH MarHHTHblM noneM. I'aMMa-KBaHTbl perHCTpHpy

lOTC.ll no KOHBepCHOHHOll e+ e- - nape, 06pat1y10meiiC.ll B cneQHaITbHOM QHITHH- -

APH'leCKOM KOHBepTope. 
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Ta6nHQa 1: Ocuoauble xapaKTepHCTHKH cneKTpoMeTpa APEC. 

1. .IJ:eTeKTHPYIOIUHll o6'heM: 

2. KonH'leCTBO HH«pOpMaQHOHHbIX KaHanOB KaMep 

3. KonH'leCTBO CQHHTHITIT.llTOpOB B r"o]:\OCKone 

4. Hanp.ll)KeHHOCTb MarHHTHoro non.ll 

5. TenecHblll yron 

6. IlpocTpaHCTBeHHoe paapeIIIeHHe 

7. BpeMeHHoe paapeIIIeHHe 

8. To'IHOCTb onpe,I:\eneHH.ll oueprHH 1 -KBaHTOB 

9. To'IHOCTb onpeAeneuH.ll ouepnrn e± (70 MoB) 

10. CKopocTb ua6opa cT.aTHCTHKH 

,I:\UaMeTp - 1060 MM, 

,I:\ITHHa - 600 MMj 

~ 15 TblCj 

36 IIIT. 

AO 1.8 Tn; 

~ 0, 7 · 41r cTepa,I:\; 

1-;- 2 MMj 

1 HCj 

1 +5%; 

2%; 

AO 100 co6/ceK. 

.IJ:eTeKTHPYJOIUaJI 'laCTh ycTaHoBKU pat1MemaeTC.ll B pa6o'leii o6nacTH 

MarHHTa III-o6paauoro THna CII-173, cnpoeKTHpoBaHHoro B HHH8<PA HM • 

E«ppeMoBa ,U.B. IlapaMeTpbI MarHuTa npHBe]:\eHhl B Ta6rr. 2. Tonorpa«pH.11 

Ta6rrHQa 2: IIapaMeTphl MarHHTa cneKTpoMeTpa APEC. 

Hanp.ll)KeHHOCTb MaruHTuoro norr.ll 

ToK Bot16y)K,I:\eHH.ll 

Ila]:\eHHe uanp.ll)KeHH.11 

lfHcrro BHTKOB B o6MOTKe 

Korrn'leCTBO napanrrerrbHblX BeTBeii B o6MOTKe 

Pa6o'lan o6nacTb: AHaMeTp - 1090 MM, Amrna 

PaaMepbI MarHHTa 

Macca MarHIITa 

AO 1,8 Th. 
2000A. 

440 B. 

868 

24 

( 880-;- 1040) MM. 

3,6 * 2,8 * 3,0 M
3

• 

153 T. 

MarmrTuoro norr.ll MarHHTa CII - 173 1mMep.llrracb npH uecKOIThKIIX t1Ha'le

Hll.l!X nHTaJOmero TOKa n npH pa31IH'IHblX BapuanTaX no]:\KITJO'leHirn o6MOTOK 

MarHHTa. 

Ilpu H3MepeHU.llX MarHHTHOro norr.11 B CTaH]:\apTHOM BapnauTe BKITIO'le

Hll.ll o6MOTKH norry'leHa HeO]:\HOpO,I:\HOCTb AH = ±fyuar+Jrujn = 7.3% B pac

norro)KeHHH nponopQnonanhHhIX KaMep I+ XII. C ;;;bJO y;y'IIIIeHH.ll OAHO

pO,I:\HOCTH MaruuTuoro norr.ll B paiioHe pacnorro)Kemrn :U:MIIK cneKTpOMeTpa 
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6hlJIO npoe'IIITaHO ueeKOJlbKO BapIIaHTOB BKJIIO'IeHII.11 eeKQIIH KaTyllleK Ma

rHIITa. MaKeIIMaJibHO OAHOPOAHOe none nony'IeHO npn OTKJIIO'IeHllll BOebMll 

KpaHHJIX eeKQllll II 11enOJib0OBaHUH TOJlbKO oeTaBlllllXC.lI 'IeThlpex QeHTpaJib

HhIX eeKQllll e o6enx eTopoH OT QeHTpa MarHnTa. B OTOM BapIIaHTe U0Me

pemUI AaJIH HeOAHOPOAHOeTb Jj.H = 1.8%. Ilpn npoBeAeHIIll OKenepnMeHTa 

JienonbOOBaJIC.lI HaiIAeHHhlH BapnaHT BKJIIO'Iemui o6MOTOK CII-173. 

Bo BTopoII rnaBe onnehlBaeTC.lI KOHeTpyKQJI.11, TexHonorJI.11 11oroT0Bneun.11 II 

neeneAOBaHIIe eQJIHTIIJIJI.IIQIIOHHhlX eqeT'IIIKOB. rOAOeKona eneKTpoMeTpa. ro-

PIIe. 2: KoHeTpyKQH.11 eQJIHTJIJIJI.IIQHOHHoro roAoeKona: 1 - MIIllleHb, 2 - eQnH

THJIJI.IITOphl BTOporo. P.l!Aa, 3 - eQIIHTHJIJI.IITOphl TpeTbero P.IIAa, 4 - nepexo

AHhlll eBeTOBOA, 5 - oeHOBHoii: CBeTOBOA, 6 - <1>8Y. 

AOeKon (pue. 2) eoeTOIIT JID Tpex QllJIHHAPll'IeeKJIX P.IIAOB eoeTO.lllQJIX IID 4, 

8 n 24 e'IeT'IJIKOB, 11Me10mux AHaMeTphl 110, 245 n 670 MM, AJIIIHOH 350, 

500 n 600 MM. K eQHHTllJIJI.IIQJIOHHhlM e'IeT'IIIKaM rOAOeKona npeA'b.llBll.llIOTe.11 

ClleAyIOIQJie Tpe6oBaHU.11: 

1. MIIHIIMaJibHaJI TOlllQIIHa eQHHTllllll.llTOpa, T.K. TO'IHOeTb onpeAeJieHU.11 

OHepru11 oneKTpOHOB oaBUeIIT B oeHOBHOM OT OHepreTU'IeeKHX noTepb 

n MHoroKpaTHOro paeee.llHJI.11 B BemeeTBe eQHHTll/111.IITOpa; 

2. AOeTaTO'IHO BhleOKOe 6hleTpOAeHeTBUe { ~ 1 He); 

3. A1111Ha eBeTOBOAOB He MeHee 1,3 M, noeKOllbKJ eQIIHTH/111.IIT0phl e'IeT

'IJIKOB paenollO)KeHhl B MarHIITHOM none Han p.ll)KeHHOeTblO AO 1,8 Tn, 11 

Heo6XOAIIMO o6eene'IHTb BhlHOe <1>8Y oa npeAellhl MarHHTHOro IlOll.llj 

4. HaJill'IJie B 0AHOM MeeTe KOHTaKTa ABYX qaeTeii: e'IeT'IIIKOB 6eo np11Me

HeHII.II KaKJIX-111160 KneeB II/Ill 0aMaDOK All.II o6eene'IeHII.II pao6opHOeTJI 

eneKTpoMeTpa; 
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5. e6op eBeTa TOJlbKO e OAHOro TOpQa eQUHTIIJIJl.llTOpa, T.K. Ha BTOpOM 

.11pMe MarHIITa Cil-173 {pne. 1) pacnono)KeHa oneKTpOHIIKa UMIIK • 

OTAeJibHhlll e'IeT'IHK eoeTOIIT IID nnaeTII'IeeKoro eQIIHTIIJIJI.IITOpa, ne

pexOAHOro n oeHOBHoro CBeTOBOAOB, <1>8Y XP2020 (3 + 6 Ha p11e. 2). OCHo

BHoII eBeTOBOA npil)KIIMaeTC.lI K nepexoAHOMY 6eo KaKoII-m160 eMaoKn • .IJ:n.11 

yny'IllleHil.11 yeJIOBHii eBeToe6opa II eBeTOHDOJI.IIQIIJI eQHHTIIJIJI.IITOp n nepexo

AHhllI eBeTOBOA o6epHyTbI 6enoii: 6yMaroII JI noToM qepHoii KonnpoBaJibHoii: 

6yMaroii:. _CQIIHTIIJIJI.IITOphl B roAoeKone 06paoy10T oaMKHYTYIO QIIJIIIHAPH-

Pne. 3: CxeMa yeTaHOBKII Ail.II q>OpMOBKll eQJIHTJIJIJI.IITOpa: 1 - eQJIHTllllJI.11-

T'op, 2, - nyaHeoH, 3 - MaTpnQa, 4 - noJIIIOTIIllellllOKeaHOBaJI )KIIAKOe,Tb, 5 -

BHHTOBoii AOMKpaT. 

qeeKyIO noBepxnoeTb. Ka)KAOMY eQIIHTJ11111.11Topy npIIAaBanacb q>opMa qaeT11 

QllllIIHApa. Ho nnaeTll'IeCKoro CQHHTHJlll.llTOpa HDroTaBllHBaJiaCb IIOllIIpoBaH

HaJI oaroTOBKa B q>opMe np.11MoyronbHOro napaniienenHneAa cooTBeTCTBYIO

mero paoMepa. 3aroTOBKa yeTaHaBllHBanacb Me)KAY MaTpHQeH n nyaHCOHOM 

n OTa c6opKa noMemanacb B T~pMocTaT · {Pnc. 3). B Te'Ie1rne 5 + 6 qaeoB 

TeMnepaTypa B TepMoeTaTe mmeIIHO IlOAHIIMaJiaCb AO 87° + 90° C. Ilo AO

eTH)KeHHH OTOII TeMnepaTyphl MaTpnQa C nOMOIQbIO BIIHTOBoro AOMKpaTa 

MeAneHHo onycKanaeb ua nyaHcou, npI1AaBa11 c6opKe q>opMy QHmmApa Hy)K

HOH KpHBJJOHhl. B TaKoM cocTO.IIHHll c6opKa BhlAep)KHBanacb npH noeTo.11uuoii 

TeMnepaType HeCKOllbK0 qacoB, noTOM IlOAorpeB TepMOCTaTa OTKlllO'IaJIC.11 II 

TeMnepaTypa B HeM oa 14 + 15 'lac. CHJl)KaJiaeb AO 20°C. 

AMnllHTYAHhle II BpeMeHHhle xapaKTepncTHKH e'IeT'IIIKOB IIDY'IaJIIICb 

Ha eneQHaJibHOM eTeHAe e noMOIQbIO (3 - IICTO'IHIIKa 90 Sr. AMnllIITYAHhlH Cil

ruan eHUMaJIC.lI e nocneAHero AHHOAa <1>8Y, a BpeMeHHOII - c aHOAa <1>8Y. B 
peoynbTaTe I1ee11eAOBaHIIII nony'IeHa HeOAHOPOAHOCTb aMnmITYAhl e'IeT'IUKa 

t1A = ±jrnu+jroio = ±33%, rAe Amax II Amin - MaKCHMMbHaJI II MaHIIMaJib

HaJI aMnJI;;YAhl ~;rHaJIOB npn paDHbIX noJIO)KeHH.IIX ,B-IICTO'IHIIKa • .IJ:mma no

r~oIQeHil.11 eBeTa B CQJIHTHllJI.IITOpe {66±7) CM. Ilpn ycTaH~BKe ,B - UCTO'IHHKa 

7 



B QeIITpe CQHHTHnJI.llTOpa aMnlIIITYAHOe paopeweHUe C'IeT'IUKa (nonHaJI IIIH

pHHa Ha nonym,icoTe) cocTaBn.irno 80%, a BpeMeHHoe ~ 1 Hc. IlonyqeHHOMY 

aMnlIIITJ;rt;HOMY pacnpe;ri;eneHIIlO C yqeTOM CTaTHCTII'IeCKIIX <J>nyKTyaQHll Ha 

nepBOM ;rt;HHOp;e <J>oTOJMHO)KUTell.lI COOTBeTCTByeT ~ 12 <J>oTmmeKTpOHOB n 

a~<J>eKTIIBHOCTb CBeToc6opa ~ 1 %. 
L(n.lI npoBepKH npaBIInbHOCTII OQeHOK no a<J><J>eKTIIBHOCTll CBeToc6opa 

6brna HanucaHa nporpaMMa pacqeTa MeTop;oM MoHTe-Kapno npoxo)Kp;eHII.lI 

CBeTa B p;ocTaTO'IHO ClIO)KHhlX onTII'IeCKHX CHCTeMaX orpaHu'IeHHhlX nnoc

Kl!MH, QlllIHHAPH'IeCKHMII Hnll c<J>epuqecKIIMH noBepXHOCT.lIMU. PacqeThl no 

0TOll nporpaMMe COBnann C 0KcnepuMeHTallbHO nony'IeHHOll a<J><J>eKTUBHO

CTblO CBeToc6opa. 

B TpeTbett rnaBe onHCblBaeTC.lI OCHOBHaJI ;rt;eTeKTHPYlOII.\a.ll 'IaCTb cneK

TpoMeTpa: QIImrnp;puqecKHe MHOronpoBOlIO'IHhle nponopQHOHaflbHhle Ka

Mepbl. PaccMoTpeHhl cucTeMa perucTpupy10ll.\ett aneKTpoHHKH nponopQuo

HanbHhlX KaMep, Bonpocbl HacTpOllKH'u KOHTpOll.lI 0TOll 0lleKTpOHHKH. L(aeTC.lI 

onucaHne CTeHp;a H nporpaMMbI, noOBOll.lilOII.\ell TeCTIIpOBaTb II HacTpanBaTh 

aneKTpOHHKY nponopQHOHallbHhlX KaMep. 

B aKcnepIIMeHTax no noIIcKy pacnap;a µ+ ---+e+ e+ e- n IIccne;rt;oBaHIIIO 

pacnap;a ,r+---+e+vee+ e- B c6opKe npIIMeH.Hnocb Torr.hKO 12 UMIIK c o6ll.\IIM 

'IIIClIOM CllrHaflbHhlX npoBOlIO'IeK - 7627 II CTpIInOB - 384. 8neKTpOHHKa IIK 

BhlnonHeHa Ha OCHOBe 6onhwux rII6pup;HhlX HHTerpai1hHhlX cxeM K405XII1. 

Ka)Kp;aJI MHKpocxeMa K405Xlll BKn10qaeT B ce6.H BCIO Heo6xop;nMy10 aneK

TpoHHKY p;n.ll p;Byx HIITP.ll IIK. 8Tu MHKpocxeMhI pacnausanIIcb Ha nnaTax 

UCII-32 no 32 KaHana. IInaTbI IICII-32, B CBOIO oqepep;b, KOMnoHoBanHCh B 

6nOKII p;o 35 nnaT B OT;rt;ellhHOM KapKace aneKTpOHHKH IIK, a KapKaChl Kpe

nHITHCb Ha .HpMe MarHIITa CII-173. 06ll.\ee 'IIIcrro' KaHan<>B pemcTpaQIIH -

~ 16000. lIH<J>opMaQH.lI o cpa6oTaBIIIHX npoaono'IKax oanHChlBaeTC.lI B TpHr

rephl naM.lITU MIIKpocxeM K405XII1 no cnrHany "cTpo6 oanHcII". lIH<J>op

MaQn.lI HO TpHrrepoB naM.lITH OT;rt;eITbHhlX KaHanOB C'IHTbIBaeTC.lI nocrre;rt;OBa

TerrbHO C OT~eITbHhlX TIJiaT, BKJIIO'IeHHhlX B 06IQYIO MarHCTpanb KapKaca. 

Borrhwoe 'IHcrro KaHanOB arreKTpOHHKn, Heo6xo;rt;HMOCh HX MaccoBott Ha

cTpottKH H KOHTporr.lI npHBerro K coop;aHUlO aBTOMaTHOHpOBaHHOro cTeHp;a n 

cooTBeTCTBYIOII.\ero nporpaMMHoro o6ecneqeHJI.lI ;rt;JI.lI 0THX Qerrett. ABTOMa

THOHpoBaHHhltt CTeH;rt; H nporpaMMa IlOOBOIT.lleT: 

1. CHHMaTb KpHBJlO oa;ri;ep)KaHHhlX COBna;rt;eHHll perHC'rpHpJlOII.\HX KaHa

ITOB nponopQHOHaflbHhlX KaMep; 

2. onpep;err.lITb noporH cpa6aThlB3.HH.lI KaHanOBj 

3. HOJ'IaTb nepeKpeCTHhle HaBO;rt;KII C KaHana Ha KaHaJI npH rr106blX (oap;a

BaeMbIX nporpaMMHhlM o6paooM) KOM6HHaQH.lIX BXO/];HhlX cnrHanOBj 
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4. npOBO;rt;UTh Bee HOMepeHil.lI Ha 0/J;HOll nrraTe B IlOlIHOCThlO aBTOMaTHOH

poBaHHOM pe)KHMe; 

5. oanoMHHaTh norryqaeMhle xapaKTepncTHKH nrraT IICII-32 B Ha MarHIIT-

HhlX HOCUTeJI.lIX. 

CTeH;rt; coo;rt;aH Ha 6aoe annapapyphl B cTaHp;apTe KAMAK H pa6oTa ero 

npoIIcxop;HT nop; ynpaBrreHHeM 8BM. B cpep;HeM na npoBepKy op;noi1 nrraThI 

na CTeH;rt;e Tpe6oBanocb 3 MHHJThl. 

B 'IeTBepTOll rrraBe onHChlBaeTC.lI HaHOCeKyHp;Ha.ll rrorHKa H TpexypoBHeBaJI 

CHCTeMa ipllITbTpaQUII HH<J>opMaQIIII, CHCTeMa c6opa, KOHTpOIT.lI H nepe;u;aqu 

;rt;aHHhlX CO CTieKTpOMeTpa B 8BM H COOTBeTCTBJlOII.\HX nporpaMMHhlX npo

;rt;JKTOB. Ilpu noHCKe oanpell.\eHHoro (µ+ ---+e+ e+ e-) II uoyqeHHH pep;KHX pac

na;rt;oB ( ,r+ ---+e+vee+ e-' ,r+ ---+µ- e+ e+v) cneKTpOMeTp B OCHOBHOM perHCTpII

pyeT co6hlTH.lI, npep;cTaBiI.lllOII.\He co6ott ipon, KOTOpblll /J;OCTHraeT oqeHb 

6oIThIIIHX BeITH'IUH. 3ap;aqa npe;rt;BapuTeJibHOlf <J>urrbTpaQIIII co6bITllll nepep; 

ux C'IHThlBauueM p;n.lI nepBona'IanhHOll o6pa6oTKU B 8BM CM-4 n ;a;arrh

nettwett oamICblO ee Ha MarHUTHYlO rreHTY pewena nyTeM OT6opa IICKOMhlX 

co6hlTIIll Ha HeCKOITbKHX ypoBH.lIX. 

B CIICTeMy Bhlpa60TKH 6blCTporo Tpurrepa nepBoro ypoBH.lI OT6opa 

cneKTpoMeTpa APEC BKITIO'IeHhl CQIIHTIIITJI.lIQIIOHHhle c'IeT'IIIKH ro;ri;ocKona H 

nponopQIIOHaflbHhle KaMepbI, KaK npaBirno CTpllnOBhle. 3a 100 HC npHHHMa

eTC.lI peweuue o oanncn nu<J>opMaQnu o co6blTim, yp;oBrreTBOp.lIIOII.\eMy ;ri;ocTa

TO'IHO )KeCTKIIM KpHTepII.lIM OT6opa, B Tpnrrepbl naM.lITH arreKTpOHIIKII npo

nopQHOHaflhHhlX KaMep, cneQnpoQeccopa PACTP (P ACnooHaBaTerrh TPe

KOB) II p;pyrott perIIcTpnpyIOII.\ett annapaTyphl B cTaHp;apTe KAMAK. 

Ha BTopoM ypoBHe OT6opa pa6oTaeT cneQnanHoupoBaHHhill rrpoQec

cop P ACTP . PACTP oa ~ 15 MKC nposep.lleT narruqne B co6hlTllH TpeKOB 

c Tpe6yeMOll KpHBllOHOll ll OHaKOM u npu npHH.lITllll ITOJIO)KlJTerrbHOro pewe

HII.lI B 8BM CM-4 Bhlp;aeTC.lI cnrHan na C'IIIThlBanne B ee naM.lITh norrHott 

1rn<J>opMaQHII O co6blTHH. 

Ha TpeTbeM yposue oT6opa B pe)KlIMe on-line. B 8BM CM-4 pa6o

TaeT nporpaMMa 6blcTpoi1 <J>1rnbTpaQHH, onpe;ri;err.lIIOII.\aJI.lI Hanuque B c'o6b1-

THll arreKTpOHOB ( 2:: 1 ) u noonTpOHOB ( 2:: 2 ) oa BpeM.lI ~ 30 MC. Ilpn 

BhmorrneHIIH 0THX ycrroBHtt un<J>opMaQH.lI no naM.lITH 8BM CM-4 nepe;a;a

eTC.lI no KaHany np.lIMoro p;ocTyna B 8BM EC-1040 H oamtchmaeTC.lI TaM 

na Marn11Ty10 rrenTy p;rr.lI rrocrrep;y10ll.\ero off-line anaiinoa. Ha nepBoM ypoBne 

OT6opa ncnOITbOOBaflUCb nporpaMMnpyeMbie 6blCTpble MllKpocxeMhl naM.lITU 

K500PE149. BrroK-cxeMa 6blcTpoi1 nornKu np1mep;eHa na pnc. 4. ,IIcnorrboo

Banne MIIKpocxeM naM.lITH B Ka'IeCTBe aneMenTa oT6opa onpe;ri;errenHhlX KOM-

6unaQutt BXO;rt;HhlX curnanoB noOBOITUlIO Y'IHThlBaTb MHoro6paoue BapHaHTOB 

cpa6aTblBaIIU.lI C'IeT'IUKOB u OHa'InTeIThHO COKpaTHTb oa;ri;ep)KKY Tpurrepa. B 
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Pttc. 4: IlpttHQttnttanbHaJI 6noK-cxeMa 6bICTpoii norHKH. 

KJI 353 - cxeMa <J>opMttpoBaTeJib - oaAep:iKKa; KJI 354 - cxeMa cosnaAeHnii; 

JIII - cxeMa oT6opa; MC KJI 360 - cxeMhl Ma:lKopHTapHhlX cosnaAeHHH. 

CHCTeMe 6bICTpoii norHKH ncnonboyeTCll llH<J>OpMaQHJI c nponopQHOHaJlbHhlX 

KaMep. ,UnJI 0Toro cnrnanhl BbICTPOE HJIH HO oapaHee Bb16paHHhlX KaMep 

o6'bCAHHJIIOTCll B rpynnhl II noAalOTCJI Ha BXOAhl cxeM Ma:lKopHTapHhlX cosna

ACHHH. B HaIIIeM cny-<1ae Tpe6osanocb, 'iT06hl B Bhl6paHHhlX KaMepax cpa6o

TaJIO ~·3 rpynn. IlpnMeHeHHe Ma:lKopttTapHhlX cxeM COBUaACHHH yMeHbIIIHJIO 

'iHCJIO oanycKOB s ~300.pao. 

B CHCTCMe 6bICTpoii .JiorHKH (BJI) MO:lKHO ycnoBHO BhlACJIHTb cxeMbl 

1-ro ypoBHJI, pa60Tal01Qlle C CllrHanaMH OT ACTeKTopoB, H cxeMhl 2-ro ypo

BHJI, npoHOBOAJIIQHe norH'iCCKYIO o6pa60TKY CllrHaJIOB co CXCM 1-ro ypoBHJI. 

CBJiob MC:lKAY 0THMll ypoBHJIMH npoHOBOAHTCll 'iepeo 0JleMeHThl ynpaBJieHHJI, 

ycTaHOBJieHHhle B Ka:lKAOM KaHane. B Ka:lKAOM KaHane HeOaBHCHMO MoryT ocy

lQCCTBJIJITbc.ll CllCAYK>IQHe onepaQHH: 

• nepeAa'ia cHrHana oT cxe·Mhl 1-ro ypoBHllj 

• OTKJIIO'ieHHe nepeAa'iH CHrHana ( npu 0TOM BOOMO:lKHa UOAa'ia KOHTpOllb

HOro CHrHaria); 

• ycTaHOBKa nocTOJIHHoro curHana (noTeHQuana) Ha BXOAe cxeMbl 2-ro 

ypoBHJI. 

HanH'ille 0JICMCHTOB KOHTpOJIJI H ynpaBJICHHJI, a TaK)Ke CTaHAapTHblX 6JIOKOB 

KAMAK 6blcTpoii noruKH ynpaBJIJieMhlX OT 0BM, noosonJieT onepaTHBHo 

MCHJITb norHKY oanycKa, npoHOBOAHTb UOA60p OaAep:lKeK, KOHTponuposaTb 

pa6oTy <t>0Y, nponopQHOHaJibHhlX KaMep, caMoro 6noKa BJI. 
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Puc. 5: BKJIJO'ieHue P ACTPa B C-AeTeKTop. 

Ha sTopoM'ypoBHe oT6opa pa6oTaeT cneQuanuoupoBaHHhlii npoQec

cop P ACTP. IlpoQeccop BhlnOJIHJieT cneAyK>lQHe <l>YHKQun: 

1. Ilo cnrHany "CTapT" OT MacTep-Tpurrepa nepsoro ypoBHJI oT6opa 

C'iHThlBaeT HH<J>OpMaQHIO O co6bITHH C oapaHee Bb16paHHbIX QHJlllH

APH'iCCKHX KaMep cneKTpOMeTpa. 

2. OprammyeT nornaroBhlii CABHr nH<J>opMaQHH. 

3. IlposepJieT HH<l>OpMaQHIO O co6bITHH Ha HaJIH'iHe TpeKOB oapaHee Bhl-

6paHHhlX KOH<J>urypaQHH Ha Ka:lKAOM mare CABHra. 

4. OnpeACJIJieT KOJIH'iCCTBO o6Hapy:lKeHHhlX TpeKOB OaAaHHblX KOH<J>ury

paQHH oa nonHhlii npocMoTp. 

5. B oaBHCHMOCTH OT KOJIH'iecTBa HaiiAeHHbIX TpeKOB coo6IQaeT 0BM 06 

OKOH'iaHIIH npoCMOTpa II HaJIH'illll noneoHoro C06b1Tllll. 

6. OpraHnoyeT 6noKuposKy MaCTep-Tpnrrepa nepsoro ypoBHJI Ha speMJI 

npocMoTpa, a TaK:lKe Apyrne cny:iKe6Hhle KOMaHAhl. 

7. Ilo KOMaHAe OT 0BM P ACTP MO:lKeT 6b1Tb BhlKJIJO'ieH no cncTeMhl 

<l>HJibTpaQHH HH<J>opMaQHH H DOABeprHyT TCCTHposaHHIO C noMOlQblO 

0BM. 
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Ilo OKOH'lamrn npoCMOTpa npo11eccop BHOBb roTOB K o6pa6oTKe C1IeAy10-

111ero co6hITII.ll. Cnoco6 C'beMa nmpopMaQmI n IlOIICKa TpeKa IlO.l!CH.lleTCJI 

puc. 5. Jlorn'lecKue curHanhl nepem1chrna10TCJI c Tpurrepoa naM.l!TII peru

cTpupy10I11eii aneKTpOHIIKII KaMep B t1aMKHYThle B K01Ihl-lO CABIIrOBhle (K01Iblle

Bhle) perucTphl, nocne 'lero B perncTpax ocyI11ecTB1I.lleTCJI noIIIaroBhltt CABIIr. 

Ilpu CIIHXpOHHOM CABIIre B perIIcTpax npoIICXOAIIT Bpa111em1e Bceii nnocKoii 

"!J>oTorpa!J>nu" C06bITII.ll. 06bI'IHall MHOrOBXOAOBall cxeMa COBilaAeHuii cpa-

6oTaeT Ha HeKOTopoM IIIare,CABIIra, ecnu B C06hITIIII np11cyTCTByeT TpeK, co

BilaAa10111uii C KOHIJ>11rypa11ueii COeAIIHeHIIJI ee BXOAOB C BhIXOAaMII CABIIrOBhIX 

perHCTpOB. HoMep IIIara CABHra npu 0TOM onpeAe1IJ1eT at1IIMYTa1IbHYIO KOOp

AIIHaTy 11e11Tpa KPIIBIIt1Hhl TpeKa - yron cp, a KOHIJ>urypa11uJ1 COeAIIHeHIIJI

IIIa6noHa --:- paAIIYC KpHBIIt1Hhl u paCCTOJIHIIe QeHTpa KpIIBHt1Hhl OT QeHTpa 

MIIIIIeHII. C noMOl.llblO Ha6opa TaKIIX CXeM COBnaAeHJIH MO)KHO peanut10BaTb 
Tpe6yeMhIH MaCCHB IIIa6noHOB. 
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Puc. 6: 06I11aa 6rroK-CXeMa npOXO)K)J;eHIIJI IIHIJ>opMaQHII a cneKTpOMeTpe 
APEC. 

Coop;aHa nporpaMMa p;rrJI pac'leTa IIIa6rroHoB, noKphIBaIOII-IIIX ace BODMO)K

Hhle KOHIJ>nrypa11uu TpeKOB. Paopa6oTaHa. nporpaMMa A1IJI II!-fHTaQIIH Tpe

KOB aneKTpOHOB B P ACTPe. Paopa6oTaHa cucTeMa TecT11poBaHHJ1 u KOH

TponJI pa60TbI cne11uanuoupoBaHHoro npo11eccopa PACTP' OT 8BM. TecT 

P ACTPa TaKoii nporpaMMoii oaHnMan oKono 10 MIIHyT. Ko04>iJ>III-1IIeHT noAa

BJieHIIJI !J>oHOBhIX C06hITIIll COCTaBH11 ::::J 9. 84>4>eKTIIBHOCTb pacnot1HaBaHIIJI 
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arreKTpOHHbIX TpeKOB ::::J 96%. 

Bonee TO'IHhIH noncK II IIAeHTII4>1IKa11u10 TpeKOB oapJI)KeHHhIX 'laCTIII-1, 

IIMe!Ol.llHXCJI B co6hITIIH, ocyI11eCTB1IJ1eT on-line nporpaMMa 6hICTpoii 4>II11b

Tpa11uu 1rn4>opMaQIIII pa60Ta10I11all C AaHHhIMH, C'IHTaHHhIMII C TplirrepoB 

naMJITH aneKTpOHIIKH nponop11II0HanhHhIX KaMep B naMJITh 8BM CM-4. An
roplITM no1IcKa aHanoru'leH npIIHQimy pa60Thl cne11npo11eccopa P ACTP. 

06111aa cxeMa · npoXO)K)J;emu1 IIH4>opMa11nn npep;cTaBrreHa Ha puc. 6. Per1I

cTpupy10111aa annapaTypa, Ha KOTOPYIO•IlOCTynaeT IIHIJ>opMaQIIJI co cneKTpo

MeTpa, BhlnorrHeHa B cTaHp;apTax KAMAK (9 KpeiiToB) u BIIIIIHJL 

B IlJITOH rrraae npuaep;eHhl peoynhTaThl 0Kcnep1IMeHTOB no noucKy pac

nap;oB µ+ -+e+ e+ e- u 7r+ -+µ- e+ e+v u uccnep;oaaHIIJO pacnap;a 7r+ -+e+vee+ e-. 

Bhl'IIICneHa norrHaa aepoJITHOCTh pacrrap;a 7r+ -+µ+ e+ e-vµ II rroKaoaHa aoo

MO)KHOCTb uoy'lemrn aToro pacrrap;a ua rreTy crreKTpoMeTpoM APEC. .IJ:u

arpaMMhl rrpo11ecca 7r+ -z+ vie+ e- rrpep;cTaarreHhl Ha pIIc. 7 Hau6011hIIIIIii 

~ 
n+ (j_--
~ 

(a) (6) 

P11c. 7: .IJ:uarpaMMhl pacrrap;a 7r+ ->e+vee+ e-: a - 'laCTh, CBJ1t1aHHaa c Top

MODHhIM 1m11y'lem1eMj 6 - CTPYKTypHo-oaancuMaa 'laCTh. 

IIHTepec p;nJI uccrrep;oBaHIIJI npep;cTaBnJieT Ta 'laCTh pacrrap;a, KOTopaa orrpe

p;enJieTCJI BHyTpeHHeii CTpyKTypoii rruoHa ( puc. 76 ). 8Kcrrep11MeHTa1IhHhlii 

MaTepuan no pacrraAaM 11"+-+e+vee+e- u 11"+-+µ-e+e+v rrony'leH B 0Kcrro

t1JII-1JIJ1X no no11cKy pacrrap;a µ+ -+e+ e+ e- Ha crreKTpoMeTpe APEC. CxeMa 

0Kcrrep11MeHTa noKaoaHa Ha p11c. 8. BhIBep;eHHhIH II paCT.l!HYThIH rro ape

MeHn ny'IOK npOTOHOB C 0Heprueii 659 ± 6 MaB II IIHTeHCUBHOCTblO 0, 7 + 1, 5 
MKA noaopOTHhIM MarHIITOM HarrpaBnJirrCJI Ha Met10H006paoy10111y10 MIIllleHb 

(M). II110Hhl, po)Kp;eHHhle B MJIIIIeHII II BhlrreTa10I111Ie nop; yrnoM 47° K ocu 

ny'IKa rrpoToHoB, oaxBaThIBaJOTCJI B Met10HHbIII KaHan III. IIcrronhoyeMhIH B 

0KcnepuMeHTe rry'loK 11"-Met10H0B c IIMnyrrhCOM 170 MaB / c cop;ep)Kan ~ 20% 

IIOt1llTpOHOB. 
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Puc. 8: CxeMa nocTaHoBKH OKcnepHMeHTa. 

<I> - q>aooTpOHj err - noBOpOTHhlll MarHHTj MJI - MarHHTHall nuHoa; M -

Meo0Hoo6paoy10ma11 MmneHbj II - nornoTHTenh-nOBYllIKa; BT - BaKyyMHhltt 

TpaKT. 

Pacna,a;w µ+ ->e+ e+ e- H 1r+ ->e+vee+ e- HMeJOT no o',a;noMy oneKTpoHy 

H no ,a;Ba noOHTpona, 'ITO ,a;ano BOOMO)KHOCTb opraHHOOBaTb 06my10 noruKy 

oanycKa ycTaHOBKH. Bcero 6wno npoBe,a;eHo 9 ceaHCOB o6mett ,a;nHTenhHOCThJO 

800 qacoB, HO HHX ~ 500 'faCOB Ha6opa CTaTHCTHKH. Cpe,a;HJIJI HHTeHCHBHOCTb 

OCTaHOBOK 7r+ -MeOOHOB C nocne,a;yJOIUHM pacna,a;oM 7r+ ->µ+vµ H OCTaHOBKOH 

MIOOHa B MllllleHH COCTaBHnH ~ 5, 8 • 105c-1 • TaKHM o6paooM, B MHllleHH 

pacnanOCh Nµ = 1, 1 • 1012 MIOOHOB. qHcno oanycKOB ycTaHOBKH BO BpeMJI 

o~cnep11MeHTa co C'flITbIBaHHeM B 0BM CM-4 Kone6anoch B npe,a;enax 15-30 

c-1
, nooToMy cneu11an110HpoBaHHhitt npoueccop P ACTP He ucnonhOOBancJ1. 

CKopoCTh nocTynneHIIJI ,a;aHHhlX B EC-1040 cocTaBHna 1-2 co6wTHJI B ce

KyH,a;y. Bcero Ha 184 MarHHTHhlX neHTax 6wno oanncauo 2,5 MnH. co6bITHtt. 

06pa6oTKa OTHX ,a;aHHhlX 6wna npoBe,a;eua B HecKonhKO OTanoB Ha 0BM EC-

1040, EC-1060, EC-1061, VAX-8350 11 nepconanhHhlX 0BM. 

Bw,a;eneHHe pacna,a;a 1r+ ->e+vee+ e- npo11cxo,a;Hno no cne,a;y10m11M KpH

TepHJIM ,a;nJI OT6opa KaH,a;H,a;aTOB ,a;nJI OToro co6bITHJI: HanH'fHe npe,a;llleCTBO

BaBlllett pacna,a;y OCTaHOBKH nHOHa B MHllleHH, Mac ca pacnaBlllettCJI. qacTHUhl, 

o,a;HoBpeMeHHOCTh npOXO)K,D;eHlfJI Bcex Tpex oapJl)KeHHbIX 'faCTHQ. B COOT

BeTCTBIIH C BpeMeHHbIM paopellleHHeM, ,a;aBaeMbIM ycTaHOBKOH, C'fHTanOCh, 

'ITO TpeKH B co6bITHH BOOHHKnll o,a;HoBpeMeHHO, ecnH no KpattHett :Mepe B 3 
CQHHTIInnJITOpax, qepeo KOTOpbie npolllnH pru:mwe TpeKH, BpeMJI nOJIBneHIIJI 

c11ruanoB oTnn'fanoch He 6onee 'feM Ha 3 HC. TaKHX o,a;HoBpeMeHHhlX co6w

THH c oa,a;ep)KKOH Me)K,a;y cqeT'fHKaMH oT O ,a;o 3 11c oKaoanoch 27. qHcno 
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cny'fattHhlX co6bITHll B HHTepBane BpeMeH~I 3 - 6 HC COCTaBHno 9. Ho 27 

o,a;noBpeMeHHhlX co6bITHtt 12 no Macce pacnaBlllettCJI qacTHQhI 140±16 MoB 

y,a;oBneTBOpJIIOT runoTeoe O TOM, 'ITO OTO 6brn nHOH. Pacnpe,a;eneHHe OTHX 

12 co6bITHH no BpeMeHH noKaoaHo Ha pnc. 9. .Il:eBJITh co6bITHH no oToro 

-50 0 50 100 150 ,~ . 

Puc. 9: Pacnpe,a;eneHne o,a;Ho

BpeMeHHhIX co6bITHll c Mac

cott 140±16 MoB oTHOCHTenhHO 

BpeMeHH npHxo,a;a nHona. 

'!Hcna nona,a;a10T Bo BpeMeHHOtt HHTepBan 45 11c nocne pacna,a;a nHoHa. Ho 

pacnpe,a;enenHJI co6bITHtt .no BpeMeHH MO)KHO TaK)Ke c,a;enaTh oaKn10qenne o 

TOM, 'ITO O)KH,a;aeMblll q>OH cny'fattHbIX coBna,a;eHHlf B npHHJITOM HHTepBane 

45 11c cocTaBnJieT ~ 1 co6bITHe. Ho 9 cny'fattHhlX co6bITHtt B TOT )Ke HHTep

Ban 45 HC nona,a;aeT 1 co6bITHe. 0To TaK)Ke nooBonJ1eT c,a;enaTh oaKnJO'feHiie, 

'ITO O)KH,a;aeMOe 'fHcno cny'fattHbIX co6bITHll B Hatt,a;eHHbIX 9 cny'faJIX pacna,a;a 

11"+ ->e+ Vee+ e- TaK)Ke COCTaBnJleT ~ 1 co6blTHe. 

O)KH,a;aeMoe '!Hcno pacna,a;oB oa cqeT BHyTpe1111ero TOpMOOHoro Hony-
1 u II 'feHHJI, COCTaBnJleT B nallleH CTaTHCTHKe ~1. ony'feHHall HaMH CTaTHCTHKa 

npaKTH'lCCKH He neceT HHq>OpMaQHH O BKna,a;e TOpMOOHOro uony'feHHJI, XOTJI 

ono onpe,a;enJ1eT, B ocnoBHOM, nonny10 BepoJITHOCTh pacna,a;a 1r+->e+vee+e-. 
Cpe,a;H Ha6n10,a;e11nwx pacna,a;oB oc110B11y10 qacTb, npHMep110 7 co6bITHtt, co

cTaBnJIJOT pacna,a;w, o6ycnoBneHHhle HanH'fHeM CTPYKTYPhl nuo11a. 

Ilonyqe11a oue11Ka napuHanhHOtt BepoJITHOCTH pacna,a;a 1r+ ->e+vee+ e

oa C'feT HanH'IHJI CTpyKTYPbl nHoHa 

Rsv= f(1r+-,e+vee+e-sv) = Nsv i:::::(4 , 6 ±l, 6 ±0, 7)·l0-10, 
f(1r+-,µ+vµ) NocT • ESD 

r,a;e N SD = 7 - qncno pacna,a;oB, o6ycnoBneHHhIX nanH'fHeM cTpyKTypw nHoHa. 

BTop~ OllIH6Ka - OTO OllIH6Ka oa C'feT Heonpe,a;eneHHOCTH oq>q>eKTHBHOCTH 

perHCTpaQHH. 
IIpH pac'feTe oq>q>eKTHBHOCTH perHcTpaQHH pacna,a;a 7r+-,µ-e+e+v 

n,pe,a;nonaranoch, 'ITO MaTpH'IHhlll oneMeHT - KOHCTaHTa, a oneKTpOH OT no

cne,a;y10mero pacna,a;a µ -> evv perHcTpnpyeTCJI BO BpeMeHHOM HHTepBane 
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~ 10 ns, Tpe6oaaBIIllfMCll 6h!cTpott nomKott oT6opa. IlporpaMMhl MOAenu

poaamrn Anll paomI'IHhIX npo11eccoa Ha cneKTpoMeTpe APEC cot1AaHhl c 

11cnonht10BamrnM CIICTeMhl GEANT. 8cJ>cJ>eKTIIBHOCTh pemcTpa111I11 rr+ -+ 

µ- + 2e+ + V C y'leTOM He06XOAIIMhIX nonpaBOK (Ha BpeMeHHhle BOpOTa, 

OHepreTU'leCKhle BOpoTa II T.A.) OKaoanach paBHOll e = 1.2. 10-6 nplI none 

0.315 Tn. He o6Hapy)KeHo HU OAHoro co6h!Tllll pacrraAa rr+ -+ µ- + 2e+ + v. 
Ilony'leHa 011eHKa BepxHett rpaHIII.\hl OTHocuTenhHOH aepOBTHOCTU pacnaAa 

rr+ -+ µ- + 2e+ + v Ha ypoBHe AOCTOBepHOCTU 90% 

Br= f(rr+-+ µ- + 2e+ + v) < 1.6 . 10-6. 

f(rr+-+ µ+ + vµ) 

8To tJHa'leHue Br B 5 pao yny'llllaeT 011eHKY, CAeJiaHHYIO paHee B .I(y6He II 

l!Bnl!eTCll ny'lllIIIM B Mnpe. 

Pacna,q rr+ --.µ+ e+ e-vµ, KaK OTMe'lanocb paHee, o6ycnoaneH cna6hIM u 
oneKTPOMarHUTHhIM BtJaIIMOAellCTBUeM. 8ToT pacnaA He Ha6nIOAanCl! OKcne

puMeHTanhHO, tJa IICKnIO'leHUeM OAHoro co6hITUll, cny'lallHO t1aperucTpupo

BaHHOro B 1955 r. B cJ>oTOOMynhCUl!X. HMeIOIQUeCll TeopeTU'leCKUe 011eHKU 

OTnu'laIOTCll B :::::: 8 pao, II nooToMy Mhl noBTOplinU pac'JeThI u IItJY'IIInU BOtJ
MO)KHOCTh noucKa pacnaAa rr+ --.µ+ e+ e-vµ Ha cneKTpoMeTpe APEC. 

Ha nepaoM oTane MeTOAOM MoHTe-Kapno 6hlnu creHep1IpoBaHhl co-

6hITUll c ucnonhtJOBanueM MaTpU'IHoro oneMeHTa. IlonHaJI Bepol!THOCTh npo-

11ecca rr+ --.µ+ e+ e-Vµ onpeAenlleTCll npaKTU'leCKU nonHOCThIO BKnaAOM BHy

TpeHHero TOpMOtJHoro ut1ny'leHUll, u ee MO)KHO npeACTaBUTh B BUAe: R( 11"+ -

µ+e+e-vµ) = W(rr+-+ µ+e+e-vµ)/W(rr+-+ µ+vµ):::::: Rrn = 0.33·10-6
• Ha 

BTOpOM 0Tane MO_qenupoBaHUll 6hlna paC'IUTaHa BeppBTHOCTh perncTpal.\lIU 

pacnaAa rr+ --.µ+e+e-vµ cneKTpoMeTpOM APEC. Co6bITUll c aecoM, nony

'leHHhie Ha nepaoM · OTane MOAenlip~aaHUll · 6hrnu nponyIQeHhl 'lepet1 ycTano

BKy. B HallleM cny'lae (Puc. 10) B crreKTpoMeTpe OTCYTCTBoaan nepBhlll PBA 

Cl.\UHTirnnlll.\UOHHhIX C'leT'IUKOB • .I(nll yMeHbllleHUll cJ>oHOBhIX ycnoBUll npeAno

naranocb ncnonhtJOBanue MIIllleHU a BHAe BaKyyMMIIpOBaHHoro o6'beMa. IllI

OHhl c nMnyrrhcOM 170 MoB / c paCIIaAanUch B BaKyyMe B QUnlIHApe, pacnono

)KeHHOM a QeHTpe ycTaHOBKII II IIMeIOIQeM AnIIHy 70 CM u AHaMeTp 10 CM. Pac

naAHaJI OOHa - 40 CM orpaHH'IIIBaeTCll ycnOBIIllMII Tpurrepa. TpaeKTOpllll ny'I

KOBhIX rr+ -MetJOHOB perI1CTpI1pyeTCll ABYMll napaMH paoHeCeHHhIX ABYXKOOp

AIIHaTHhIX nponop11I10HanhHhIX KaMep. CneKTpoMeTp APEC IIcnonhooaanCB 

AnB perI1cTpa111II1 not11ITpoHa II oneKTpoHa OT pacnaAa rr+ Ha neTy. IlpeAno

naranoch, 'ITO B Bhipa6oTKe Tpilrrepa, 6YAYT IICnonhOOBaThCll, KaK II paHee, 

cTpilnOBhle KaMephl (IV u IX) 11 BTopott PBA roAOCKona. MoAenI1poaaH1Ie 

npoBOAIInOCh npu MarHIITHOM none 500 re. 
IlpII lll!TeHCUBHOCTII IlY'IKa nlIOHOB 1=5. 105 /c II BpeMeHII 0KCnOt3III.\Illl 

5 · 105c npn Tpe6oBaHnn npoxo)l(Aemrn e+ 11 e- '1epet1 paoHhle rpynnhl B 
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3 4 A--l'e 5 ~ 3 

Puc. 10: CxeMa oKcnepnMenTa no uoy'leHHIO pacnaAa rr+--.µ+e+e-vµ. Kpe

cTaMII Ha TpeKaX 'JaCTIII.\ OTMe'leHO cpa6aThIBaHIIe AeTeKTOpOB: 1 - ABYXKO

OPAIIHaTHhle IlY'IKOBhle nponop11noHanhHhle KaMephl, 2 - BaKyyMnpoaaHHhlll 

o6'beM, 3 - aaKyyMupoaairnhltt pacnaAHhlH o6'beM, 4 - 1111nIIHAPil'leCKIIe npo

nop11110HanhHhle KaMephl (To'IKaMII OTMe'leHhl ABYXKOOpAIIHaTHhle KaMephl), 

5 - CQIIHTIInnllTOphl. 

KaMepax (IV, IX) 11 paoHhle c'leT'IIIKII aToporo pB,qa roAocKona, O)KIIAaeMoe 

'IIIcno cny'laeB AeTeKTIIpoBaHIIll N1r-+µeev :::::: 180 + 200. IlpII OTCYTCTBIIII BTO

poro pB,qa MO)KHO IIMeTh N1r-+µeev:::::: 430+450. Ho 0TIIX oQenoK cneAyeT, 'ITO 

eCTh peanhHaJI BOOMO)KHOCTh IItJY'IIITh pacnaA rr+ --.µ+ e+ e-vµ na ycTaHOBKe 

APEC. 
B oaKnIO'leHIIII ccJ>opMYJIIIpOBaHhl OCHOBHhle peoyJihTaThl pa6oThl: 

1. IlpeAnO)KeH II peanIIOOBaH BapIIaHT necTaHAapTHOro BKnIO'leHIIll Ma

rHIITa CII-173 AJIB nony'leHIIll o,qnopoAHoro MarHIITnoro nonB B Ma

rHIITHOM cneKTpoMeTpe APEC, cooAaHHoro anepBhie B MIIpe Anll IIc

cneAOBaHIIll peAKIIX pacnaAOB MIOOHOB II 11"-MetJOHOB na MeOOHHhIX cJ>a-

6puKax. 

2. Paopa6oTana 11 coo,qana MeTOAUKa uoroTOBneHIIll 36 CQUHTUnnBQH

OHHhIX c'leT'IIIKOB 1111nI1HAPII'lecKoro roAOCKona cneKTpoMeTpa APEC, 

uoy'leHhl IIX xapaKTepucTIIKII u uanIIcana yHUBepcanbHaJI nporpaMMa 

MOAenIIpOBaHllll MeTOAOM MoHTe-Kapno CBeToc6opa a onTU'leCKIIX Cll-

CTeMaX nmpoKoro Knacca. 

3. Paopa6oTaH 11 COOAaH KOMnneKC nporpaMM Anll HanaAKII 11 AIIarHOCTIIKII 

perucTpUpyIOIQeH oneKTpOHUKII nponopQIIOHanhHhIX KaMep ( ~ 16000 

Kananoa) II ucnblTaHUll KaMep. 
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4. Paopa6oTaHa H coo;a;aHa cncTeMa ynpaBmieMoro OT 0BM 6hlcTporo 
MHorocpyHKQHOHaJihHoro Tpnrrepa cneKTpoMeTpa APEC Ha ocHoae HH
<f>opMaQHH co CQHHTHnn.!IQHOHHoro ro;a;ocKona H nponopQHOHaJlhHhIX 
KaMep, IlOOBOll.!IIOIQaB ocymecTBn.!ITh perHCTpaQHIO C06hITlfll paonH'f
HOro Knacca B o;a;noit 0KCilOOHI{lflf C y'feTOM KomfmrypaQHH co6hITlfll. 

5. Paopa6oTaH H coo;a;au KOMnneKc nporpaMM ;a;n.!I cneQHaJIImHpoaaHHoro 

npoQeccopa P ACTP ;a;n11 6hlcTpoit <f>HnhTpaQHH co6hITHH npn uccne;a;o
BaHHH pe;a;KHX npoQeccoa na cneKTpoMeTpe APEC. 

6. IIpH o6pa6oTKe HHlpOpMaI{Hlf 06 OCTaHOBHBllIHXC.!I B MlfllleHH 1, 1. 1012 

1r+ -Meoonoa o6Hapy)KeHo 8 pacna;a;oa 1r+ --+e+vee+ e-, H Bhl'IHcneHa 

napQHaJlhHaB aepO.!ITHOCTh 0Toro pacna;a;a oa C'feT HaJIH'IH.!I CTpyKTYPhl 
mwHa Rsv = (4.6 ± 1.6 ± 0.7) • 10-10 . 

7. Ha OCHOBaHHH Ha6paHHOll CTaTHCTHKH nony'feHa aepxH.!I.!I rpaHHI{a OT
HOCHTeJihHOR aepo.!ITHOCTH pacna;a;a 71"+--+ µ- + 2e+ + v Ha ypoaHe 
;a;ocToaepHOCTH 90% . 

Br= r(1r+--+ µ- + 2e+ + v) < 1.
6

. 
10

_6 _ 

r( 1r+ --+ µ+ + v,,) . 

IIony'feHHoe ona'feHHe Br B 5 pao yny'flllaeT e;a;HHCTBeHHYIO a MHpe 
OI{eHKY, c;a;enaHHYIO paHee a ,Il;y6He. 

8. Pac'IHTaHa nonmu1 aepO.!ITHOCTh pacna;a;a R(1r+ --+ µ+e+e-v,,) = 
W(1r+ --+ µ+e+e-v,,)/W(1r+ --+ µ+v,,) ~ Rrn = 0.33 · 10-6 n npo
Mo;a;enHpoBaH aapHaHT IlOCTaHOBKH 0KCnepHMeHTa no lfOJ'feHHIO 0Toro 

· pacna;a;a Ha neTy Ha cneKTpoMeTpe APEC. 

OcHOBHhle peoyJihTaThl ;a;HccepTaI{Hlf ony6nHKOBaHhl a cne;a;yJOIQHX pa-
6oTax: 

1. BapaHoa B.A. IIporpaMMhl KOHTpon.!I nponopQHOHaJihHhIX KaMep H 
eneKTpomtKH Ha nHHHH c 0BM M-6000. - Coo6meHne OijJUI, 13-
11373, ,Il;y6Ha, 1976. 

2. BapaHoB B.A., )Kypaanea H.H., Kopen'feHKoA.C., KopeH'feHKO C.M., 

KopHeB B.H., KpaB'IYK H.II., KocapeB r.E., Ky'IHHCKHR H.A., M)Ka
Blf.!I ,Il;.A., MoHceeHKo A.C., HeKpacoa K.r., CMnpHoa B.C., <l>HnHn
noa A.H. ABTOMaTuoupoBaHHMii cTeH,l{ ,l{Jl1I ucnMTamuc ll;HJIHH,l{pH

'lecKHX nponopu;uoHaJibHMX KaMep. - Coo6meHne OHJIH, 13-12631, 
,Il;y6Ha, 1979. 
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3. BapaHOB B.A., KopeH'IeHKO C.M., CMnpnoB B.C., XoMyToB H.B. Cu

cTeMa aBTOMaTH'leCKOI'O KOHTpOJI.!I napaMeTpOB ,l{eTeKTopa oap.!I)f(eH
HhlX qacTnu; cneKTpoMeTpa APEC. - Coo6menHe OHJIH, 13-80-226, 

,Il;y6Ha, 1980. 

4. BapaHOB B.A., )Kypaanea H.H., Hnen6ypr P ., KopewrnHKO C.M., Kop
HeB B.H., Ky'IHHCKHH H.A., Me;a;Be;a;h C.B., C1rnaea A.H., 'lypHH H.H., 
illaapQeH6epr <I>. CncTeMa c6opa·n nepBH'lHDH o6pa6oTKII nmfwpMa
u;mr, nony<rneMOH Ha C-l{eTeKTope cneKTpoMeTpa APEC. - Coo6me

HHe OHJIH, 13-81-162, ,Il;y6Ha, 1981. 

5. BapaHoB B.A., EaTyxoBH'f rr.r., 3.1Io10n.!I <l>.E., Hnen6ypr P., KoMa
poB B.H., KopeH'feHKO ,A.C., Kopen'feHKO C.M., KocapeB r.E., Ko
CTHH B.<I>., KpaB'IYK H.Il., Ky'IHHCKHH H.A., M)KaBH.ll ,IJ;.A., MuQenh

Maxep r.B., MoHceemm A.C., HeKpacoB K.r., CMHpHOB B.C., <PH
mmnoB A.H., <l>ypcoB A.IT., PycaKoBH'f H.JI., XoMyToB H.B. J{eTeKTop 

oap.!I)f(eHHhlX qacTnu; cneKTpoMeTpa APEC. - Coo6meHHe OHJIH, 13-

81-381, ,Il;y6Ha, 1981. 

6. BapaHOB B.A., EBTJXOBH'f n.r ., 3.!IOIOJI.ll <l>.E., Hnen6ypr P ., Kopen
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