


AHxt-~ep r. 11 AP. 13-80 463 
CI1CTeMa nponop~HOHanbH~x KaMep cneKrpoMerpa 
6HC-2 

AnR Marlii1THOrO cneKTpOMeTpa 6HC-2, C noMO~b~ KOTOpOro 
npOBOA11TCR n011CK HOBbiX 48CTI1~ Ha KaHane HeHTpanbH~X 4aCTI1~ 
cepnyxoecKoro ycKopHTenR, pa3pa6oTaHa CHCTeMa nponop~Ho
HanbH~x KaMep 6onee 4eM Ha 6000 KaHanos. On11c~ea~TCR xapaK
Tepi1CT11K11 ny4Ka HeHTpanbH~X 4aCTH~, ycnOBI1R pa60T~ nponop
~HOHanbH~X KaMep Ha KaHane 11 11X XapaKTepi1CT11K11 B yCnOB11RX 
pa6oT~ Ha ny4Ke. AocT11rHyTo npocTpaHcTBeHHOe pa3peweHI1e 
nponop~HOHanbH~X KaMep 0,6 MM 11 HX epeMeHHoe pa3peweHI1e -
20 HC, nponop~HOH8nbH~e KaMep~ pa6oTa~T Ha nHHHH C 38M 
EC-1040 11 TPA-lOOli. 

Pa6oTa B~nonHeHa B na6opaTOPI111 B~COKI1X 3HeprHH OHRH. 

npenpHHT 06~eAHHeHHOro HHCTHTYT8 AAePHWX HCCneAOB8HHH, AY6Ha 1980 

Eichner G. et al. l3-80A63 
A System of BIS-2 Spectrometer Proportional 
Chambers 

A C,J,&L tpm n 

1. BBE,ltEHHE 

,ltnR nOHCKa HOB~X 48CTH~ Ha HeHTpanbHOM ny4Ke cepnyXOBCKOrO 
ycKopHTenR coaAaH 6ec~HnbMoB~H cneKTpoMeTp 6HC-2 OH~H 111 . 

noHCK HOB~X 48CTH~, pOmAeHH~X B CHnbHWX B3aHMOAeHCTBHRX 
HeHTPOHOB ny4Ka C MHWeHb~, ocy~eCTBnReTCR nyTeM perHCTpa~HH 
Hx pacnaAoB. CpeAH npoAYKTOB pacnaAa coAeP*aTCR HeHTpanbH~e 
CTpaHH~e 48CTH l.lbl - !1. - rHnepoH~, K 0 

- Me3oHbl, pe rHcTpHpyeMble 
s A8HHOM 3KcnepHMeHTe no MOAaM pacnaAa: 

f1.0-+ p + 11 -' 

K 0
-+ 11++ 11- • 

8 

KpoMe Toro, cneKTpoMeTp perHcTpHpyeT OAHY HnH 6onee aapR-
meHHbiX 48CTHI.I, BblneTa~HX 113 MHWeHH OAHOBpeMeHHO C /1. 0 HnH K0

• 

B ycTaHoBKe 6HC-2 npHMeHeH cneKTpoMeTpH4eCKHH MarHHT THna 
Cn-40 C 3~~eKTHBHOH AnHHOH 200 CM, WHPHHOH 100 CM, BbiCOTOH 
aaaopa 30 eM. 

TaK KaK omHAaeM~e ce4eHHR reHepai.IHH HOBbiX 4BCTH1.1 aecbMa 
Man~ /~10-82cM2f, yCTBHOBKa B 1.1enoM AOnmHa HMeTb BbiCOKy~ 3~
~eKTHBHOCTb K perHCTpHpyeMWM MOAaM pacnaAa H OTBe4aTb HHme
cneAY~HM Tpe6oBaHHRM. 

1. CneKTpoMeTp AOnmeH pa6oTaTb a ny4Ke HeHTpoHoa HHTeHCHB
HOCTb~ AO 5·10 7 HeHTpOHOB 38 I.IHKn ycKopHTenR npH TO~HHe MH
WeHH OT 1 AO 200 r/cM 2. 

2. KoopAHHaTHble AeTeKTop~ AOnmHw cnpaanRTbCR c aarpyaKaMH 
OT 48CTHI.I, o6paay~HXCR npH B3aHMOAeHCTBHH HeHTPOHOB ny4Ka 
C MHWeHb~, H HMeTb 3~eKTHBHOCTb 2: 98% npiA periACTPBI.IHIA MHOro
TpeKOB~X C06b1TIAH. 

3. Ha-aa ManoH anepTypbl MarHHT8 Cn-40 paCCTORHIAe OT MIAWeHIA 
AO MarHHTa AOnmHo 6~Tb MIAHIAManbHbiM IAnR o6ecne4eHHR MaKCIA
ManbHO aoaMomHoro TenecHoro yrna/. 

4. Ha nyTH periAcTpiApyeMWx 4aCTHLI He AOnmHo coAepmaTbCR 
IACT04HIAKOB MHoroKpaTHoro pacceRHIAR, orpaHIA41ABa~ero paapewe
HIAe cneKTpOMeTpa. 

5. CHcTeMa aanycKa ycTaHOBKIA AOnmHa o6ecne41ABaTb 3~~eKTIAB
H~H aanycK npiA perHCTpai.IIAH C06biTHH, COAepm~HX MHOro4aCTIA4H~e 
pacnaAbl. 

Bee 3TH Tpe60BaHHR onpeAenHnH THn, pa3Mepbl lA KOHCTPYKLIH~ 

KOOPAIAHaTHbiX AeTeKTOPOB cneKTpOMeTpa, a TaKme KOH~rypai.IH~ ycTa
HOBKH B 1.1enoM. 
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B Ka4ecrse KOOPA11HaTHbiX· AeTeKTopoB 6bi.IJI1, BbiQp,aHb~ ngonop~l1o

HP.IJ,bHble KClJtlepbl /nKY,, Km:opbte oree4aiOT np,aJ<TI14eC,I<ltL eceM rpe6o-. 
BpHI1RM, nepe411CneHHbiM BbiWe. 06!Aee 41-!CnO, CI1J;"HanbHbiX npOBOnOK., 
8, ·ci1CTe'iile nJq oHC-2 npeBbll\laeT.· 6.000'. Hcnonb30BaHI4e nw rk Cl4t;TeMe. 
3anY,c;.Ka cneKTP,OM~.Tpa no3,BOni1110c o6epne414Tb, 3CIJ<I>~KTI4BJ-Ib!fi 113Cl-;lpa
renbHbiH 3anycl(. np11 per14c-r,pa~1:111 pa3ni44HbiX· MOA· pacr;~aAa BTOP.J.14HbiX 
4aCTI1l.j.. · 

-~c.e llf9·11 ocTanbHa,R.;ar.mapa;rypp Cl;leKTPOMeTpa) o~C-:2; Ra6'b,TqJOT! 
Ha,·'J:J11H11.f1, c 3BM· TPA-l;OO,H 11. EC-1 040 .. 

2. COG)/,\~, CMI;T~Mbl IlK 

·cl4cTe;f'1a nK 6HC-2 C()AePlKI1T 11 IlK. Pa3M~Pbl, p,a60414X< o6rlayifei1:
B~ex· IlK cnet<TPOMeTpa, a. TaKlKe 14X OCHOBHbJe KOHCTPY,KTJ1BHble• na;. 
paMeTpbl npl4se,c(.eH~r a ra6J1141.\e. Bee .IlK /.3a ·11cKnJ04eH11.eM IlK '21 -· ,ot 
ABYXKOOPA11HaTHbl~ 'H. COAepma·r· 'a OAHO~ r:a30E!OM-- o6"beMe! .i:\se, Cl1r;'Hqnb
Hble nno'2KOCTI1: "X;, - c BepniKi3nbHoi1 Hat;~OTKOi-11 CJ.1rHaJ1bhlbiX ~po_: 
BOnO~ 11 "'f."'- ~ ropi1,30HTanbHOH HaMOTKOH, C11ri;JanbHbl):( nl),pQOnOK. 
Pa31',iell\eHI1e ABYX c1'1rHanbHbl)$. n.riocKocrei-1 s. OAHOM· ra3oBOM o'6oeMe 
npOA11kTOBaHO B OC,HOBHOM coo6pameHI1flMI1 pa3Mel!leHI1fl B03MOlKHO 
6orlb~Oro 4~Cn~ nnOCKOCTeH ~a 6a3e OT M14W~HI1,AO Mar.H~Ta Cn-40, 

Cocras 11 pacnonomeHI1e scex 3neMeHToe.cneKrpoMerpa 6MC::.2 
Ha KaHane Hei1Tpanb,HbiX 4aCTI11.\ cepnyXOBCKoro yCKOPI1TeJJfl noKa3p
Hbl Ha pi1C. 1. CneKTPO~eTp COCTOitiT 113 MarHI1Ta Cll-40, yrnepOAHOH 
MHweHI1. (T), ~_ C!:\11 HTHnilfll\110HH?ro c4eT411Ka aHTI1CosnaAeHHi1 I~~·, w,ecTI1 
nK AO MarHHTa /llK1..;.nK6/, nRTV! nl< nocne MarHHTa, /llK?..;.nl{:ll/, 
C~HHT11 . .fi11'RL\110HHOro roAOCKona' .(Gl) J.13 '14 C4eT4HKOB, 1,40-KaHanb
Horo 4ep~HKOBCKoro. c4eT4!<1Ka nonHoro. nornol!leHI4R.,, /4CiliT/ 131,AeTeK
Topa MIOOHPB, 113 32 c~HH~Hilflfll\11~HHbiX c~eT411KOB (G2, '03) , .. 11 Cll~·IlbT
pos H3 lKeneaa, Hei1TpoHHoro MOHI1Topa (MN). 

nl'lTb IlK /llK2_;tnK~/ pac~c;>IJ~lKeHb\, pocne. 11 pacnaAHOro o.~l?eM<;J 11 

AJ111HO~ OKOJ10 1 M, orpaH114~HHOrO n.r:JOCKOCTRMI-1 nKl .. l-1 n!{2. ~K/,2..;.6/ 
cnymar AJ1fl soccraHo'sneHI1R -ipaeKTOPI1i1 4aCTI11..1, BbiiJe;TpiOU\H>$ 1:1~ 
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• I 
Ta6m1~a 

» P83iliePH • L s S1 N ii S' 
IlK ... ... ... .., ca:rn.n~B. B/B CII'H. Ilp&e;-

X y X y X y X y X y ~B.,~., 'I&HJle 

I 200 200 6 6 2 2 2 2 60 60 IOO 20 
2 400 300 8 - 2 - 2 - I60 - IOO 20 
3 400 300 8 8 2 2 2 2 I92 150 60 20 
4 400 300 8 8 2 2 2 2 I92 I50 60 20 
5 820 300 8 8 2 2 2 2 396 I38 60 20 
6 820 300 8 8 2 2 2 2 396 I38 60 20 
7 1000 600 6 6 2,I6 2,I6 I I 456 456 IOO 20 JI'O.I JIIUIO"fKJII 

22,5° 
8 1000 600 8 'a 2 2 I I 480 288 60 20 
9 IOOO 600 6 6 2,I6 2,I6 I I 456 456 IOO 20 yrOJI H8110'1'DI 

22,5° 
10 IOOO 600 8 8 2 2 I 'I 480 288 60 20 
II IOOO 600 8 8 2 2 I I 480 288 .60 20 

06o3Ha4eHI1R: 

L - paccroHH11e MelKAY 3neKTPOAaMI1, S - paccTORHI1e MelKAY cl1r
HanbHbiM11 npoB0110KaMI1, 81 - paCCTORHI1e MelKAY B/ B nposonoKaMI1, 
N- 411cno Cl1rHanbHbiX npoeonoK, ~ - Al1aMeTp s/s 11 cl1rHanbHoi1 
nposonOK11, X - paaMep nK no ropi130HTanl1, y - pasMep nK no 
BepTHKanl1. 

MI1WeHI1, a TaKlKe 4aCTHL\ - npOAYKTOB pacnaAa, B03HI1Kai0~11X 

8 pacnaAHOM OO"b~e. nK1 npeAHa3Ha4eHa AnR peri1CTpa~l111 TpeKOB 
aapRlKeHHbiX 4aCTI41..1, BblneTaJOIAI1X 113 MHWeHI1. np~-1 nOM0~11 nKl 
BOCCTaHaBJ111BaiOTCR KOOPAI1HaTbl T04K11 B3ai1MOAei1CTBHR HeHTPOHOB 
B M11WeHI1. . 

Konl14eCTBO nK, pa3Me~eHHbiX MelKAY pacnaAHbiM o6"heMOM 11 Mar
H11TOM, Bbl6paHO 11CXOAfl 113 C006pameHI1H AOCT11lKeHI1R: a/ MaKCHManb
HOro renecHoro yrna 11 6/ ysepeHHoro soccTaHosneHHR rpaeKTOPI1H 
4aCTI11.\. tvJH o6ner4eHI1l'l npOCTpaHCTBeHHOH 11 CWI1BKI1 11 nnOCKI1X Tpe
KOB ilK5 nosepHyTa Ha yron 22,5° OTHOCI1TenbHO ropH30HTanbHOH 
OCH. 3a MarHI1TOM cneKTPOMeTpa 11Cnonb3YIOTCR nK CO CTaHAaPTHbiM 
pa3MepOM pa6o4eH 06JlaCTI1 /1000x600/ MM2,KaK BI1AHO 113 p11c. 1, 
KalKAafl 4aCTI1~a 3a MarHI1TOM peri1CTpl1pyeTCR 4eTbiPbMR "X "-nnoc
KOCTRMH Ka~1ep 11 4eTblpbMfl "Y "-nnocK.OCTRMI1. np11 3(jl(jleKTI1BHOCTI1 
ilK 98% TaKOe KOI1114eCTBO perHCTPI1PYIOliii1X nJlOCKOCTeH AOCTaT04HO 
AJ1R yBepeHHOrO BOCCTaHOBneHI1R nonyTpaeKTOpi1H Sa MarHI1TOM yc
TaHOBKI1. 
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,llm'l npOCTp8HCTB6HHOi:1 11 CWM!31<1-1 11 nnOCI<L1X noJlyTpeKOB 38 Mar

Hio1TOM nK] 1-1 !1K9 lo1MeiOT 11 KOCyl011 'HaMOTI<y CHrHaJlbHbiX nflOCKOCTeill. 

npoBOJ10KJ.1 B CltliHaJlbHbiX nnoCKOCTRX K8lKAOM 1-13 3TKX ICaMep HaMo

T8Hbl no,q yrJlOM 22,5° OTHOCHTEHlbHO sepTio1KaJ1H H !'JOA YillOM 45° 

OTHOCHTBJlbHO APYr ,qpyra •. nosopOT nK5, pacnoJlOlKBHHOM AO MarHH

Ta, l-1 11 KOC8R 11 HaMOTKa npOBOJlOK B nK] H nK9, KpOMe Taro, cy

ll~BCTEWHHO yMeHbWaiOT 4HCJ10 JlOlKHbiX TpeKOB, reHepHpyeMbiX npH 

noHCKe Tpei<OB nporpaMMOi:1 reoM£!Tpl14eCKOil! peKOHCTPYKI.Il-111 C06bi

TMill. nK yKpenneHbl H~ cne1.1HaJ1bHbiX nOACT8BKax, KOTOpble ycTaH9B

JleHbl Ha 2-x cJlepMax pa3MepoM /5x2/. M 2 - OAHa (j)epMa ,qo aHa!lH3H-. . . 
py10~ero MarHHTa, sTopaR.- nocne Hero. KoHCTPYKL111R nqAcTaBoK 

no3BOJ1ReT IOCTHposaTb nK no KOOPAI-1HaTe "x" /nonepe~ ny4Ka/ 

s npe,qenax + 70 MM 1.1 no KOOPAM HaTe "y" I no sepnman~tt/ - s npe

Aenax +15 MM. B,qonb ocH'ny41<a /no I<OOPA!-IHaTe "z"/ no,qcTaat<H 

MOryT nepe,qB!-1raTbCR Ha Tenell<l<ax' yCT8HOBJ1BHHbiX Ha cJlepMax. KoH

CTPYKLIHR nOACTaBOI< o6ecne4HBaeT noBTOPHYIO yCT8HOBKy KaMep Ha 

ny40K C T04HOCTbiO +0,2 MM. 3To n03BOJ1RBT npH nOBTOpHOH ycTaHoB

KB KaKOH-m160 KaMepbl !o1C~IJI04HTb BTOpi14HOe 113MepeHHB ee 11 CJ~BI1-
iOB11 OTHOCI1TB!lbHO j\pyrHX KaMep. 

1-iCXOAHbiB KOOPAI-IHaTbl BCeX nK OTHOCHTeJlbHO CI-ICTeMbl KOOPAi1HaT, 

CBfl3aHHOH C ny4KOM Hei:hpa!lbHbiX qaCTI-1~, H3MepRJ111Cb C T04HOCTbiO 

+1 MM. 3aTeM KOOPAI-IHaTbl YT04HRJ111Cb MeTOAOM "np.AMbiX
11 

TpeKOB, 

npe,qCTaB!l.AIOUII-IM co6oA perHCTpa~HIO BCeMH nK OAI-1H04HbiX TpeKOB 

B OTCYTCTBHe MaiHHTHOiO nO!lR. 0cTaT04HaR HalipfllKeHHOCTb MarHHT

HOiO nonH Cn-40 COCTaD!lf!J1a npl-1 3TOM He 6onee 1+3 3PCTeA. TaKOH 

MeTOA no3BOJ1ReT 11 CElR3aTb 11 see m< APYi c ,qpyroM c T04HOCTbiO 

+0,1 MM. 

- nK cneKTPOMeTpa 5MC-2 pa6oTaJ1H Ha ny4Ke HeATpaJlbHWX 4aCTH~ 
c ABYMR rasoBbiMI-1 HanonHeHHRMH: 

a/ 77%Ar+20%C02 +3%C2 H5 0H, 

6/ 83,7% Ar + 13% CO 2 + 3% C2 H 50H + 0,3% CBrF 3 /cJlpeoH-1351/. 

,[lnR ra3oBoro o6ecne•~eHHR nK 6b1Jl pa3pa6oTaH cnet~lllaJlbHblH nynbT, 

n03BOJl.AIO~I-1H CMeUll-1BaTb raSOBble I<OMnOHeHTbl, HaXOAH~HeCR B 6anno

HaX BbiCOKOiO AaBJleHI-iR, 

Mcnonb30BaHJ.1e s ra30BOM nynbTe poTaMeTpoB 1-1 npeLt113HOHHbiX 

Hrqnb4aTbiX HaTeKaTeneA n03BOJ1HJ10 C BbiCOKOH T04HOCTbiO CMeWHSaJ"b 

ra30Elble KOMnatieHTbl H o6ecne411BaTb .f.'lOJlroepeMeHHO ElblCOKyiO CTa-

61-lJlbHOCTb ra30BOH CMeCH. 0TKJlOHeHHe COAeplKaHI-1R C02 OT 3a,qaH

HOrO He npeBb!Wano 0,5%, c~50H - /0,1+0,15/%, CBrF3 - 0,01%. 

AnR o6ecne4eHHR cTa611JlbHoro coAepmaHHR ~peoHa a pa6o4eA 

ra30BOil! CMBCH npe,qsap~t~TeJlbHO npHrOTOBJl.Anacb Ha cne~HaJlbHOM 

CTeHAe CMeCb aproHa C OAHO- 111111 ,qsyxnpot~eHTHOA A06aBI<OH cJlpeoHa. 

B ,qanbHel4weM 3Ta cMecb l-1cnonb3osanacb AJlR np~t~roTosneHHR 11 pa-

6o4eA11 ra30ElOH c.MeCI1. 
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,[lnR ra30BbiX KOMMYHI-11<31.11-lH npi1MBHRJ18Cb npo3pa4HaR nX,B Tpy6Ka, 

Bbln:(CKaeMaR OTe4eCTBet-tHOH npOMbiW!lBHHOCTbiO. 4epe3 KalKAYII) nK 

BO BpeMR pa60Tbl npOXOAI-IJla ra3oBaR CMeCb CO CKOpOCTbiO ., 

/60+80/ CM3/MI-1H. 

CHCTeMa nMTaHHR nK COCTOMT 1113 HHSKOBO!lbTHOiO /H/B/ ni-ITaHHR 

3JleKTpOHI1KH, pa3Me~eHHOH HenocpeACTBeHHO Ha KaMepax, 11 BbiCOKo

BOnbTHOro /B/B/ nHT,aHHR nK. 

,llnR H/B nHTaHI-IR Mcnonb3YIOTCR I-1CT04HHKH THna TR-9255/A, 1.13-

roTOBJlReMwe npoMwwneHHOCTbiO BHP. Bee I-1CT04HMKJ.1 CMOHTHposaHw 

B liBTblpex CTOHKaX npOI13BOACTBa 011~11 1-1 1-lMeiOT KOHTpOJlb no Ha

npRlKeHI110 J.1 'ToKy. 

CHCTeMa B/B nHTaHHR nK COCTOMT 1-13 6!10KOB Tl-lna N-11'30, Bbl

ny~eHHbiX cJlMpMoA 11 BeH3e!lb 3IJeKTPOHHK11 /CllPr I. KalK,qbtA 6noK N-1130 

co,qepm1-1T 4eTblpe He3aBHCI-1MbiX HCT04HI-1Ka, o6ecne41-1Bai0~1-1X HanpH

lKeHMe ,qo 6 KB np11 ToKe Harpy3KH 500 MKA. KalK,q~A I-1CT04HMK MMeeT 

3JleKTpOHHY~ CI-ICTeMy 3a~I-1Tbl OT neperpy30K no TOKy Ill HanpRlKBHI-110. 

H1-1mHJ.1H npeAe!l orpaHJ.14eHI-1R.no TOKy COCT8BJ1ReT 50 MKA. np11 npe

BbiWeHI-11-1 ycTaHOB!leHHbiX npeAeJlOB no TOKY Hnl-1 HanpfllKeHI-110 BKJ110-

4aeTCR CHiHa!ll-1331.11-lR. 11CT04HI-1KI1 MOIYT ynpaBnRTbCR C nOMO~biO 38M, 

K KalKAOMy MCT04HMKY no,qK!1104e'H MHKpoaMnepMeTp C npeAe!lOM WKa!lbl 

B 50 MKA AIIR T04HOrO KOHTPOJlR TeMHOBbiX TOKOB nK 1-1 3arpy30K BO 

BpeMR 11 C6poca 11 HHTeHCHBHOCTI-1. 11CT04HHKM o6ecne4MBaiDT CTa61-1!1b-

HOe B/B HanpRmBHMe Ha nK BHe 3aBI-1CI1MOCTH OT sarpy3KM. BCR 

cHcfeMa a/a nHTaHHR CMOHTI-lposaHa a CTOi1Ke 11 BI-1WHR11
• 

3neKTPOHMKa nK COCTOHT 1-13 aHa!lOiOBOill /6b!CTpol:1/ 1-1 1.11-lcJlpOBOH 

/perHCTPI-IPYIO~eA/ 4acTei:1. AHanorosaR 4aCTb pacnonolKeHa He

nocpe,qcTBeHHO Ha KaMepax H co,qeplKHT YCM!lMTB!li1-$0pMI-1pOBaTe!ll-1, 

a Tal<lKe cxeMbl 11 1-1111111 121 • Co cxeM 11 11111111
, BbtnO!lH6HHbiX s CTaHAapTe 

TTL "' ECL, cHHMaiOTCH cyMMapHble cMrHaiJbl c 1/12, 1/4, 1/2 

4aCTBH CMrHaJlbHOH nJlOCKOCTI-1 nK, a TaKme CMiHaJl CO BCeH nnoc

KOCTH. CyMMapHble c~-1 rHanbl 11 111111' 1 1-1cnon b3YIOTCR AllR opraHH3alii1H 

1-lMnynbca 3anycKa cneKTPOMeTpa 121 , AilR 113MepeHHR 3arpy3oK nK 

BO BpeMR 1.11-lK!la yCKOPI-ITeJlR, a B nay3bl MelKAY 1.111KJlaMI1 - A!lR KOHT-

ponfl 3a ypOBHBM WYMOB nK. ' 

3neKTPOHHKa nK1, nK2 COCTOI1T 1-13 4-KaHaJlbHbiX yCI-1!11-lTe!leH-cJlOp-

MHpOBaTeJleill/4/ 1-1 3anOMI-1HaiO~HX peri1CTPOB. CBR3b MelKAY yCI-1!11-1-

Te!lRMH H perHCTpaMH OCy~eCTBJlReTCR no 50-0MHOMY Ka6eJ110 A!li-IHOH 

100 M, KOTOpblill AOnO!lHI-ITe!lb HO BblnOJlHRBT cJlyHKI.II-110 3aAepmKH HH

cJlOpMal.li'IOHHOiO Cl-lrHana OTHOCHTeJlbHO CTp061-1py10~ero 1-lMnyJlbCa. 

no,qpo6HO 3Jl~KTpOHI-1Ka nKl, nK2 OnHCaHa B pa6oTe /51,3neKTpOHHKa, 

ycTaHOB!lBHHaR Ha nK1, nK2 Bblpa6aTbiBana Cl-1rHaJlbl AIIR npOI.IeCco

pa !61, BKJ1104eHHoro a CHCTeMy 3anycKa cneKTpoMeTpa. Ha npo1.1eccop 

nocTynaiOT CHrHa!lbl nK1 C KalKAOH npOB0!104KI-1, C nK2 - Cl-lrHa!lbl 
11 111111' 1, 06bBAI-1HRIO~I-1e no 4 CHiH3!1bHbiX npOBOJ104KI1. 

BcR perMCTPI-IPYID~aR 3!1eKTpOHI-1Ka nK3, nK4 pacnonolKeHa He

nocpeACTBeHHO Ha KaMepax. PasMe~eHI-le seeR peri-1CTPHPYIO~eA 3!1eKT-
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pOHHI<H Ha nl{ .QaJlO B03t~OlKHOCTb HapR.QY C H€KOTOpbiM yMeHbWeHitleM 
noTpe6nReMoj;\ MOUIHOCTI-1 Ha Ki'll1aJl, H36emaT b O'OJlbWOrO KOJ1114eCTBa 
coe.qHHIHeJlbHbiX Ka6eneV. 1-1 paaceMOa. Ha OAHOH nnaTe paaMepoM 
162x184 MM 2 pasMeUieliO 8 KaHa.n'oa/71, Kam.qbiH ltl3 KOTOpbiX CO.qeplKitiT 
yCHil~ITeJlb, O.QHOBitl6paTOp 3aAepmKH, TPI-1 rrep 3an0~11t1HaHHfl CO 
CTp06ItlpOBaHitleM H BOpOTa C41HbiBaHitlfl. 11H¢opMaL\H.R C nK3, nK4 
cHwMaeTCA 6noKoM C4HTbiBaHMfl, BblnOJlHeHHbiM a cTaH.qapTe KAHAK 181 • 
C KaM<f.lOVo 8-KaHaJlMlOH nnaTbl CH~1MaeTCfl ObiCTPbiH c~-trHan 11 HJlW', 
"npHBfl3aHHbiH 11 K nepe.qHeMy C!JpOHTY cpa6oTaBwero O.QHOBH6paTopa 
aa.qep>KKIII. 3n1 CHrHaJlbl 11CnOJlb3yiOTCR AllR aanycKa YCTaHOBKH 121. 

B 'Ka4eCTBe YCitiJ1HTeneii-$opMHPOBaTene~ B m<s-;.nK11 HCnOJ1b3y
IOTCfl YCHJlHTeJJH /O< Kali<.Qafl nm'lT a KOTOPbiX co.qepmi1T 6 KaHanoe. 
PerltiCTPHPYKltllaJ'l LtaCTb 3J1CKTPOHHK11 nKs.;.nK11 COCTOI1T 113 32-KaHanb
HbiX ro.qoct<Onos nma r2-922' BblnOnHeHHbiX B CTaH.qapTe KAMAK /9/. 
B ro.qoc1<0ne r2-922 co.qep>KHTCft .qea. cy6a.qpeca no 16 KaHanoa. 
Kam.qbJj;\ KaHan ro.qocKona cocTOI-IT H3 pery111-1pyeMo~ 3IleKTpoHHO~ 
3aAeP>KKH, TPH rrepa naMflTI1 11 BOPOT ~ITeHI1fl, 

4TeHHe HH¢opMa~l11-1 C ro.qOCt<OnOB B 3BM OCYUieCTB11RCTCfl C no
MOUibiO 6noKa KO.qMpoaaHI1fl nKn-381 110~ opraHI13i!I~I1R koToporo no
ssonReT nepeAaBaTb B 3BM I-IOMepa TOilbKO cpa6oTaBWHX npOBOJlOI< 
nK. 

t BR3b per~t~CTpltlpyiOUleJ)\ 3JleKTPOH11K11 nK5-i:nl{ 11 C yCitiJ111Te11f!MH 
OCy~eCTBJ1ReTCfl 100-napHWM Tene¢OHH~M KafieneM T111la 
rnn-1 00x2x0. 14. BbiXOAHOH CHn~an ypOBHR TTL nepe,qaeTdl no 
CKpy4~HH~M napaM Ha paCCTORHHe 50 M. np11 3TOM 3aMBTHOrO MCKS
meHI1fl cV~rHana He Ha6niO.qaeTcA. 

MepTBoe speMR scex pa3HOB11AHOCTet)l HcnonbayeMOH 3neKTDOHHKH 
He npeBbiUJaeT 6QQ HC 1-1 n03BOJ1ReT B llp11Hl.IMile perHCTpl1pOSaTb 
llOTOl< ~~aCTH!.I, llpOtue.qWI1X 4epe3 nK, BeJlH4MHOH AO 1 0 6 4SCTHI.I 
a ceKyHAY Ha nposonoKy. 

lJyscnn1TenbHOCT b acex yc~t~n~t~TeneH nl< Bbt6paHa paaHoH 2 MKA, 
4TO o6ecne4!-1BaeT ycTOH41-1BYID pa6oTy ycHnHTeneii np11 paaMell.leHHI-1 
Ha OAI-IOH nl{ 60ilbWOrO 41<!CJ1a l<aHanoB /.qo 1000/. 

CyMMapHbiH pas6poc 3a.qepx<eK c~-t rHanoe nK, nocTynaiO~!IIX Ha 
Tpl1rrepbl n<JMfiTVI perHCTPHPYIOUieH 3JleKTPOHHKH, COCTaBJlfleT .:!:_15 HC, 

3. KOHTPOJlb 

CHCTeMa nK cneKTPOMeTpa 6MC-2 pa6oTaeT Ha J1HHI1H c 38M 
EC-1040 11 TP..A-1001i. Pa6oTa m< I<OHTponHpyeTCfl KaK a on-line, 
Tal< H B off-line -pe>KHMaX. np11 noMOll\H TeCTOBbiX Cl-lrHailOB npo
BO.QHilaCb npe.qsapi1TeJlbHa~ nposepKa o6~e~ p~60TOCnoco6HOCTH nK, 
Ka6enbHbiX I<OMMYHHKa~HM 1>1 3JleKTPOHH,KH. TecTOBble HMnynbcbl 1.1epe3 
B/B eMKOCTH no.qaBaJlHCb Ha B/B nnoCKOCTI1 nK. C Cl-1rH8JlbHMX 
npoBOJ104eK CHitiMaJ1Cfl 11HAYLIHPOBaHHbiH CHI-Hall. 
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An11 Bblpa6oTKI1 TecT-HMnynbca 6bln paapa6oTaH cneL!HaiJbHbti:i 
6JlOK, KOTOPbiH MOr pa6oTaTb KaK B allTOHOMHOM pe>KHt-le, TaK 11 B 
pemHMe BHewHero aanycKa. Ha BbJXOAe 6noKa Bbtpa6an.aaaeTcR HHBep-
THPOBaHHbiH HMnynbc B CTaH.qapTe NIM, KOTOpbiH pa3MHOlKaeTCSl 
11 4epea AOnOJlHHTCilbHOe HHBepTI1PY~Uiee ycTpOHCTBO, YBeJlH4H-
B810Uiee ·aMnmny.qy AO 5 B' noAaeTCR Ha see nK O.QtiOBpeMeHHO. 
TaKa11 CIIICTe~1a I<OHTPOilA n03BO.l1f!Jla nepe.qaaaTb B 3BM 11HC!lOPM8L!HIO 
co acex nK c ~eJlbiO o6HapymeHI1R Ae¢eKTOB eo seeM TpaKTe KaHana 
pei-11CTP81.11-1H. 

B pem11Me on-line KOHTPOllHPOiilamtcb aarpyao4Hble 1t1 wyMOBble 
CBOHCTBa nK, 4aCTOTbl Cpa6aTbJBaHHfl npOBOJlOI<, pacnpe.qeneHml no 
411CJly 11 WHpHHe KJ18CTCPOB, 3¢l4leKTHBHOCTb npoflOPL!I10H8IlbHb!X Ka
Mep. B on-line- pe1KI1Me B03MOlKHO nony4eHHe I<PI1Iilb1X 3a.qepmaHHbiX 
COBna.qeHI1H, H3MepeHI1e BpeMeHHbiX cneKTpOB 11 T • .q. 

B off-line -pellli1Me KOHTPOJ1Hpoaanacb 34$eKTHBiiOCTb nK no sanw· 
C8HHbiM Ha MarHHTHYIO neHTY Co6biTHRM, onpe.qeJlflJlOCb llOJlOlKeH11e 
CABHros nK 11 yT04HflJ111Cb HX KOOPAHHaTbl, 113MepRJ10Cb npOCTpaHCT
aeHHOe paapeweHI1e nK. 

4. PA60TA CHCTEM~ nK B nY4KE HE~TPAJlbHWX 4ACTHU 

Hel:iTpanbHbiH ny4ot< BbiBOAHTCP. 113 KaMepbl ycKopHTeJlR noA yr-
noM 13 Mpa.q 11 COCTOI1T B OCHOBHOM 1-13 HeHTPOHOB H raMMa-KBaHTOB 
c. ·He60JlbWOH npi1MeCbiO K0 -Me3oHoB /2+ 3/%. An11 no.qaeneHI1fl raM
Ma-t<BaHTOB B lly40K BBOA11TCR raMMa-¢HJl~Tp 1-13 CS~Hl.lt!l, TOJlUIHHa 
KOTOporo MomeT AHCTBHI~HOHHO MeH§lTbCR OT 0 AO 20 CM. B pe3yJ1b
TaTe np!-1 BXO.qe B cneKTPOMeTp 6!1C-2 ny40K COCTOI-1T B OCHOBHOM 
113 HeHTpOHOB. 3apR>KeHHble 4t!lCTI1L!bl BbltipaCbiBt!liOTCfl 1-13 ny4Ka Mar
HI1THbiM flOJ1eM YCKOPI1.TenR 1-1 OI.IHUI<.liOIIII<IM MBrHHTOM nma Cn-129, ycTa
HOBJ1eHHbiM 3t!l raMMa-¢~1JlbTPOM. 

HHTel-iCH BHOCT b HeHTPOI-1013 B KaHane CO CHI BnReT OKOJ10 1 0 6 HeMT
pOHOB/ 1.111 Kil, np11 C6poce Ht!l BHyTpeHHIOIO MHilleHb- 1 0 ll npOTOHOB/ LIHtCJl, 
Cpe.qHI1H HMnynbC HeHTPOHOB COCTa9JlAeT /35740/ r3B/c, 
npH 11CnOJ1b30Bt!lHH11 9 cneKTPOMeTpe yrnepO.QHOH MHWeHI1 AflHHOH 4 CM 
cpe.qHRA aarpys1ca nl{ pasHa /2-;.5/ .10 5 4aCTI11.1/~11KJl. PacTR>KKa ny4Ka 
MO>KeT MeHRTbCfl OT 0,4 AO 1,5 c, TO eCTb Cpe.qH~R 3arpyst<a nK 
MOlKeT 14eHf!TbC.A B 374 paaa B 3aBHCW~OCTH OT YCJ10Bl<IH pa60Tbl 
yCKOPHTeJlf!, 

Bee nf( cnei<TpOMeTpa nepe.q YCTt!lHOBKoj;\ H<l nyLIOK Hei4TPOHOI3 npo
WJlH 11CnbiTaHH~ C OOMOUibiO pa.qHOCli<THBHOro HCT04Hio1Ka 90 sr H 3B~1 
TPA-10011 • Ha cTeH.qe 6biJIH npoaepeHbl pasni-14Hble ra3oewe cMeCI1 
11 noJly4eHbl OCHOBHble xapaKTepHCTI1KH nK. 

B peayJ1bTaTe CTeH.qOBbiX MCnbiTt!lHI1H ~na Bb16paHa ra30Bt!lA CMeCb 
77%Ar + 20% C02 + 3% C2H 5 OH. Ha p11c. 2a ,6 np~~tee.qeHbl saBHCitiMOCTI1 
3¢¢et<THBHOCTI1 11 WyMa HeKOTOPbiX~PHJlO>KeHHOrO B/B Hanp~-
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PHc. 2. 3aaHcHMOCTH 3$<!let<THBHOCTH (c) 
~a (N lli) nK C)T npHilO)f(eHHOro afa Ha

npR)f(eHHR (U): a/ ,QilR nK, pacnOJlO)f(eHHbiX ,QO 

MarHHTa cn-40' I - nK2 "X,' II - riK5 ''X", 
III - nK6 "X", IV - nK5 "X, I Kpl-1 Bafl l43Me

peHa Ha cTeH,Qe/; Ia, Ua, III.a - cooT aeT

CTBYIOli.IHe 11WyMOBble 11 KPI-1Bbte; 6/ ,QilR nK, 

pacnOJlO)f(eHHbiX a a MarHHTOM, I - nK? "X", 
·II - nK7 "Y ", III - nK8 "Y ''; Ia,IIa,llla-
COOTBeTCTBYIOll.ll-16 11WYMOBble 11 KpHBble; 

a/ ,QilR O,QHO~ 113 nK paaMepoM /1000x600/MM2. 

)f(e~HR npH pa6oTe nK s nyu.Ke He~TpoHoa. Ha pl4c.2a noKaaaHbl xa

paKTepHCTHKH nK, pacnoJlO)f(eHHbiX ,QO Ma rHHT a, Ha p!-iC. 26 - xapaK

TepHCTHKH nK, pacnoJlO)f(eHHblX aa MarHHTOM. 

Ha PHC. 2a KPHBaH IV ,QilR nK5 "X, nony4eHa B pe3yilbTaTe 

CTeH,QOBbiX HCnbiTaHH~. BH,QHO, 4TO npl-1 pa6oTe Ha ny4Ke Bee Kpl-1-

Bble CHCTeMaTH4eCKH C,QBHHYTbl 8 CTOpOHY M6Hbllil4X HanpR)f(eHH~. 3TO 

CBR3aHO C TeM, 4TO, ao-nepBbiX, npl-1 CT6H,QOBWX HCnbiTaHHRX HCnOJlb-

30Bam1Cb 3IleKTpOHbl pa,QHOaKTHBHOrO l4CT04Hl4Ka 90 Sr C MHHHMaJlb

HO l40Hl43HPYIOll.l6~ CnOCOfiHOCT biO, a 1 BO- BTOpbiX, npH HenpepbiBHO~ 
pa6oTe B ny4Ke He~TPOHOB B Te4eHHe HeCKOilbKHX CYTOK 8 nK yMeHb

ruaeTCR KOI1H4BCTBO 3IleKTPOOTPHL!aTeilbHbiX npHMece~ 8 ra3080~ CMe-

CH (0 2 ). . 

nocne Henpo.QOil)f(HTenbHO~ 3KcnnyaTaliHH nK Ha yt<aaaHHO~ raaoao~ 
CMeCH Ha6JliO,QancR HBYCT0~41-1Bbl~ xapaKTep pafiOTbl nK /y8e!1H4BHHe 

WyMOB 1 HCKpoo6pa308aHMe/. npH HCCI16,QOBaHMRX 1 8blnOJ1HeHHbiX Ha 

CT6H,Qe, fibiilO 06Hapy)f(eHO OTJlO)f(eHMe yrnepo,qa Ha B/B np080IlOKaX, 

KOTOpoe R8HI10Cb 1 no-BM,QHMOMy, npl-14HHO~ yKa3aHHO~ HeCTafiMilbHO

CTI-1. B. peaynbTaTe ,QononHHTen bHbiX cTeH,QOBbiX HCnbrTaHH~ 6brna no

,Qo6paHa ,QpyraR raao8aR cMecb: 83,7%Ar + 13%C0
2

+ 3%C
2

H
5

0H+ 

+ 0,3%CBrF 3 . Bee,QeHHe 3IleKTPOOTPHL!a-renbHO~ ,qo6aBKH 8 BHAe 

lf>peoHa 1361 n03BOilHI10 nOilY4HTb YCT0~4HBYIO pa6oTy nK B Te4eHHe 

,QilHTBilbHO~ 3KcnnyaTal!HH KaMep B YCilOBMRX ny4Ka HB~TpOHOB. 
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PHc.3. BpeMeHHble CBO~CTBa CHCT6Mbl nK: a/ 3aBMCHMOCTb 

3$1JeKTH BHOCTI-1 (E) nK OT ,QI1HT611 bHOCTH 11 CTpo6-cVI rHana" 

(r CT ) npl-1 pa6o4eM Hanpit)f(eHHH;. 6/ 3aBMCI1MOCTI-1 OnTH

Mail ~HOH aa,qep)f(t<H (c 
3

8,LI. ) 11 CTpo6-cH rHarra'' oT a/a Hanpp,
)f(eHHH (U) Ha nK. 

N'IIM. 
IS 

J-[cTP.·(l'IJH 
I 'I IJ-'[C71~·50H 
13 

~ 1 
12 

II 

ltJ U ItS tf '1.7 u u s.ow~a 

6/ 

--,--III 
H•s.q 
n.; 

PHC. 4. PaaMepbl H U.HC110 t<IlaCTepoB 8 nK: a/ cpe,QHMI UJH

PHHa l<!lacTepoa (N cp. Kll. ) a aaBHCitiMocTH oT e/e HanpR-

meH~t~R (U) Ha nt{; 6/ 4HC110 t<IlaCTepoB (N ~Jl), 3apen-1CTpH-

pOBaHHbiX nK, He BKJ1104eHHOH B CHCTeMy aanycKa; AJlfl 

pa3nH4HblX MOA aanycKa cnell_TpoMeTpa; N co6. - 4Hcno 

co6b1Titl~/mar rv.cTorpaMMbl, N - cpe,qHee u.~t~cno t<nacTepoe, 

Ha.:i,qeHHOe 113 f"HCTOrpaMMbl: I - npH OT6ope Of.IHO~ BTOpH4-

HO~ u.acTHI.Ibl (n.,i), II - np1-1 oT6ope 4eTbrpex H 6onee 

BTOPI-14HbiX u.acTHLI (n > 4), HI- npH OT6ope Tpex ~1 6onee 

BTOPl44HblX 4aCn1ll (n:::. 3) • • 

Ha pHc.2e npHBeAeHbl AJlR yKa3aHHO~ cMec~t~ aaBVICitiMOCTH 3$$eK

THBHOCTH H l!lyMa O,QHOH 113 nt< paaMepoM /100Qx600/ MM 2 OT npi1JlO

)f(eHHOrO a/a HanpR)f(eHHH. Kat< BH.QHO 113 PHCYHKa, K011H4ecTso wyMo

BI>IX 11MflYilbCOB yMeHbWaJlOCb nou.nt Ha nopR,QOK no cpaBH€HHIO C ra-

30BOH CMeCbiO 6e3 <!lpeoHa-1361. 

BpeMeHHbl€ CBO~CTBa CHCTeMbl nK npeACTaBI16Hbl Ha pHC. 3. THnH4-

HaR 3aB~t~CHMOCTb 3.<1J¢ei<THBHOCTH nK OT AJliHeilbHOCTH 11 cTpo6-CVirHa

Ila11 not<a3aHa Ha PMC. 3a. npHBeAeHHaR KpHBaf! BKI1104aeT B ce6.R 
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P~c.5. npocTpaHCTBeHHa.R H BpeMeHHa.R T04HOCTb nK: 
a/ npocTpaHCTBeHHOe pa3peweH~e nK Ia ~ 0,6 MM/j 
6/ epeMeHHO~ cneKTp cH rHanoe 116brcTpoe HJlH" /war 
rHcTorpaMMbl - l1 He/; CHAN - HoMep KaHana, CONT-
4~CnO C06biTH~ B KaHane. 

BpeMeHHOe pa3peweHHe CVICTeNbl 3anyCKa, OAHHM H3 OCHQBHbiX 3ne
MeHTOB KOTOPO~ .RBn.R~TC.R CaMH nK /2/. 1 

Ha p~c.36 ~3o6pameHa 3aB~CvtMOCTVI onTvtManbHO~ 3aAepmKVI 
11

CTpo6- CH rHana" OT B/ B Hanp.RmeHvt.R Ha nK. BvtAi-W, 4TO npvt no
BbiWeHvtvt Hanp.RmeHvtR Ha nK Ha 10 0 B, 3aAepmKa 11 CTpo6-cVI rHana" 
yMeHbWaeTC.R npVIMepHO Ha 20 HC. 

Pa3MepbJ J.1 4vtCIJO KJlacTepos B nK npVI "pa604HX11 ycnoBH.RX no
Ka3aHbl Ha pV1c .• 4a,6. 4Hcno KnacTepos /pV~c.46/ npV~BeAeHo 11n.R 
nK, He BKJ1~4eHHO~ B CHCTeMy aanycKa. 3TOT PVICYHOK Hnn~CTp~pyeT 
pa6oTy nK COBMeCTHO C CHCTeMO~ aanycKa cneKTpOMeTpa. npei\CTaB
neHHWe pacnpeAeneHvt.R noKa3~Ba~T, 4TO npvt paaHwx MOAaX 3anycKa 
4vtCnO nomHbiX 3anyCKOB He npeBbiUJaeT HeCKOilbKVIX np04eHTOB. 

npocTpaHCTBeHHa.R VI BpeMeHHa.R T04HOCTb 1\n.R 01\HO~ H3 nK 
vt3o6pameHbl Ha pV1c.5. P~c.5a npeACTasm.JeT rV~cTorpaMMbl npocTpaH
CTBeHHoro pa3p~.R fa ~ 0,6 MM/. AocTvtrHyTa.R npocTpaHCTBeH
Ha.R T04HOCTb .RBn.ReTCR TvtnH4HO~ AflR nK C waroM HaMOTKVI CvtrHa!lb
HbiX npoeonoK 2 MM VI HaXOI\vtTC.R a xopoweM co-rna CVIJ.1 c OOl!leV~a
eecTHO~ ¢opMyno~ a= ---k. r11e s - war HaMoTKvt /91. 

' y'12 
nonHa.R WvtpJ.1Ha Ha hOJlYBbiCOTe BpeMeHHOrO cneKTpa COCTaBn.ReT 

OKOJJO 20 HC /p~c.56/. 
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5. 3AKJ1104EHHE 

npei\~TaBJleHHa.R BWWe CMCTeMa nponOpi.IVIOHanbHWX KaMep ycneWHO 
pa6oTaeT c '1978 ro,Qa 'Ha cepnyxoecKoM ycKopMTene e cocTage 
cneKTPOMeTpa 611C-2. no nporpaMf1e f10J.1CKa·,I;IOBbiX .\-laCT~ll Ha Mar
HMtHWe neHTW 3anV~caHo cewwe 12 MnH. co6wTJ.1~, o6pa6oTKa KoTo
PbJX aeAeTC.R B HaCTO.Rl!lee BpeM.R. 

ABTOpW noHvtMa~T, 4TO ycneWHOe C03/1aHJ.1e TaKO~ KpynHO~ CMCTe
Mbl nK 6brno 6bl HeB03MOmHO 6e3 TPYAa 6onbworo KOJlJleKTMBa, '1-1 B 
CB.R3M c 3TvtM BblpamaiOT rny6oKyiO 6naroAaPHOCTb KonneKTVIBaM K6 
Ill, li~Xa OnbJ;fHOrQ 3KcnepvtMeHTaJlbHOrO npOM3BO,QCTBa, a '!'aK)J(e 
npOM3BOACTBSHHO~ rpynne Hay4H0-3KCnepvtMeHTaJlbHOrO 3JleKTpOH
HOijO OTI\eDa Ila6opaTopvtvt e~~OKHX 3Hep.rvt~ OH.RH. 
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PyKonHCb nocTynV~na a H3,QaTenbCKH~ oT,Qen 
2 HIOJlR 1980 ro,Qa. 
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TEMA TWIECKME KA TErOPMM llYBJU1KAID1A 

OBnE~EHHOrO KHC~A ~PHYX 

MCCJIE~OBAHMA 

MH.aeKc TeM&TJIKa 

1. 3KcnepHMeHTaflbHaR ¢M3HKB BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTaflbHaR HeHTpoHHaR ~H3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~H3HKa TR*eflWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. J.'.&TOMaTH3aUHR ofpa60TKH 3KCnepHMeHTaflbHIIIX 
AaHHbiX 

11. Bb14HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. ~CCfleAOBaHHR TBepAIIIX Ten H *HAKOCTeH 
RAepHbiMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~3HKa RAePHIIIX peaKUHH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTIII 

17. TeopHR KOHAeHCHpO&aHHOrO COCTORHHR 

18. ~cnonb30BaHHe pe3yflbTaTOB H MeTOAOB 
~YHAaMeHTaflbHWX ¢M3H4eCKHX HCCfleAOBaHHH 
B CMe*HIIIX o6naCTRX HayKH H TeXHHKH 


