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Pa6oTa ~HnonijeHa ~ ~a6opaiopHH H~epHHX npo6~eM o6De~HHSHHoro 

HHCTHTyTa H~epHHX HCCne~oBaHHA. 

; · Hay'IHHA pyKoBO~HTenb: 

~OKTOp TeXHH'IeCKHX HayK 

OcpHUHa_nbHHe OllllOHeHTH: 

A .ILcliHnHnnoB 

~·,r~ 

~OKTOp cpH3HKO-MaTeMaTH'IeCKHX HayK, npocpeccop B.K.JIHnH~eBCKHA 

B • .n.rrewexoHOB 
""' ' ' . 

~OKTOp-cpH3HKO-MaTeMaTH'IeCKH~ HayK 

Be~ymee Hay'IH~-Hccne~oaaTen&cKoe 

JleHHHrpa~CKHA HHCTHTYT H~epHOA cpH3HKH 

JleHHHrpa~CKOA ,o6naCTH). 
.)_ 

3amHTa ~HCCepaUHH. COCTOHTCH 11 II 

yqpeuenHe: 

AH CCCP ( r. , raT'IHHa, 

1991 r. 

a " " 
.ll-047. 01.03 

'Ia COB 

npH 

Ha 3ace~aHHH , cne~HanH3Hpoaannor~ coaeTa 

Jla6opaTOpHH H~epHHX npo6neM 061>e~HH.SHHOro 

HHCTHTyTa H~epHHX HCCne~oBaHHA, r . .lly6Ha, MOCKOBCKOA o6nacTH. 

'·' 
C ~HCCepTaUHeA MOli:HO 03HaKOMHTbCH B 6H6RHOTeKe OHl!H. 

ABTopecpepaT pa3ocnaH 11 II 1991-. r. 

Y'leHHA 

~OKTOp 

CeKpeTapb CneUHaRH3HpOBaHHOrO COB~ 

ipHmO-K&THK&T ... O<HX "'yi ./j}l/ D. A. "TYOOO 

05mAll XAPAKTEPHCTHKA,PA50T~ 

~!!Y!!~!!,!!Q£!!!,_!!I!Q~,!!~!'!!!!.!. O~HHM H3_ Ba:Z:HI>IX HanpaBJieHHA HCCne

~oBaHHA !pH3HKH cnafiax .B3aHi.IO~eACTBHJ:( HBJIHeTCH llOHCK H H3y'leHHe 

pe~KHX pacna~OB MIOOHOB H llHOHOB 1 11: TaKlte ~pyrHX npaUeCCOB . C HX 

yqacTHeM. 0C06ae MeCTO cpe~H HHX 3aHHMaiOT llOHCKH npouecCOB 1 THlla: 

jl•-+e•e•e-, jl+-+e•7, ll-A-+etA*, 3anpemeHHI>IX B CTaH~apTHOlt MO~eJIH 

3JieKTpOCJiafioro B3aHMOJ!eACTBHH 3aKOHOM COXpaHeHHH MIOOHHOra 'IHCJ!a. 

B pH~e npe~JIOJKeHHI>IX TeOpHA, ~onycKaJ9mHX cymecTBOBaHHe. MaCCHBHJJIX 

HeATpHHO, rapH30HTaJibHJJIX KanH6pOBO'IHJJIX 6o30HOB 1 npeOHOB HJIH cynep

CHMMeTpH'IHJJIX 'laCTHU, B03MOXHI>l no~ofiHHe npoUeCCJJI, npOHCXO~HmHe C 

HecoxpaHeHHeM MIOOHHOrO 'IHCJia. TaKH!7 HCCJ!e~oBaHHH np.OBO~HTCH HJIH 

nJiaHHPYIOTCH 80 BCeX nafiopaTOpHHX, HMeiOwHX HHTeHCHBHJJie Me30HH!>le 

ny'IKH. 

llOHCKH pacnaJIOB MIOOHQB, 3anpeweHHI>l~ B CTaH~apTHOA MO~eJIH, ~ 

oueaKa sepxneA rpaHHUbl OTf!OCHTeJibHOR 

npoueccos ~aeT B03MOXHOCTb oueHHTb 

BepOHTHOCTH 

peaJibHOCTb 

{R) 3THX 

OTJieJibHJJIX 

TeOp~TH'IeCKHX na~XO~OB H BHeCTH BKJ!a~ B peweaHe ~aKHX_ 

tpyn.riawenTaJibHI>IX aonpocoa coapewennoA !pH3HKH, KaK: sonpocil: CHMMeTflHH, · 

B npoueccax CJiafioro B3aHMO~eACTBHH; B03MOJKHOCTb nepeXO~OB THna:· 

Ve : Ve' Vll: Vll H Ve ~ V~, Ve : Vjl; pa3JIH'IHe !pH3H'IeCKHX CBOACTB 

3JieKTpOHa H MIOOHa; HaJIH'IHe MaCCI>l y HeATpHHO H ~p. 
JlOCTHXeHHH COBpeMeHHOA !pH3HKH 3JieMeHTapHI>IX qacTHU BO MHOrOM 

CBH3aHJJI C nporpeCCOM B MeTO~HKe · 3KCnepHMeHTa 1 · OCOfieHHO . 3TO 

OTHOCHTCH K H3y'leHHIO pe~KHX npo~eCCOB, npOBO~HMI>IX _Ha ny'IKaX 

BJJICOKOA HHTeHCHBHOCTH. llacJie~HHe. ~OCTHXeHHH, B '3TOA a6JiaCTH CTaJIH 

B03MOXHJJI C. flOHBJieHHeM nos oro flOKOJieHHH ~eTeKTOpOB 

MHaronpoBOJIO'IHJJIX nponopUHOHaJibHJJIX H ~peA!pOBI>IX KaMep, HMeiOwHX 

XOpOwHe KOOp~HHaTH!>le H BpeMeHHJJie .xapaKTepHCTHKH H fl03BOJIHIOWHe 

aBTOMaTH3HpOBaTb npouecc flOJiy'leHHH HH!pOpMaUHH• 

JlJIH nOHCKa H. HCCJie~oBaHHH pe~KHX npoueCCOB B Jlllll OHHH C03JiaH 

MarHHTHHA cneKTpoweTp APEC (AHaJIH3a TOp ,- PE~KHX•., Co6HTHA)

YHHBepcaJib~aH ycTaHOBKa C WHpOKHMH B03MOXHOCTHMH. Era TpeKOBaH 

~eTeKTHpyJOwaH CHCTeMa ll03BOJIHeT H3y'laTb KHHeMaTH~y np~ueccaB B 

6aJibWOM TeJieCHOM yrJie H npH BI>ICOKOA 3arpy3Ke, 6Jiaro~apH np~MeHeHHIO 

~~-:~~:-; •:·~--.~..-. t•Y- ' 
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pa3pa6oTaHHax HaMH UHRHH~pHqecxHx MHoronpoaonoqHax nponopuHoHanb

Hax xaMep. 

~~~~-2~~Q!~~ Co3~aHHe yHHBepcanhHOR ycTaHOBKH, npe~Ha3HaqeHHOR 

~RH nOHCKa·H H3yqeHHH pe~KHX·npoqeCCOB pacna~a'MDOHOB H nHOHOB 1 a 

TaKXe B3aHMO~eRCTBHH MDOHOB H nHOHOB C semecTBOM. llpOBe~eHHe 

::~xcnepHMeHTanbHoro noHcxa ·: pacna~a , .. t .... e•e•e- Ha co3~aHHoil: 

annapaType, Ha6op cTaTHCTHqecxoro MaTepHana 1 ·no3BORHDmero c~enaTb 

OUeHKY BepxHeR rpaHHUU OTHOCHTeRbHOil: BepOHTHOCTH (Rit...,3e) pacna~a 
-ll 

Ha ypoBHe R~_,3 e - 10 ~-

!!~~~!!~~L!!Q!!!!~!!~· C03~aHa YHHKaRbHaH ycTl'!-HOBKa - IIIHpOK~anep

TypHail: MarHHTHUil: cneKTpOMeTp APEC 1 Ha KOTOpOM MOXHO npOBO~HTb 

IIIHpOKYD nporpaMMy HCCRe~OBaHHil: 1 B TOM qHcne H3yqeHHe pe~KHX 
. ~- ~2 • 

pacna~OB nHOHOB H MDOHOB Ha ypoBHe 10 - 10 OT BepOHTHOCTH 

o6aqHoro pacna~a. .ne.TeKTHpyDmaH qacTb cnexTpoMe.Tpa sx}mqaeT 

CHCTeMy H3 18-TH UHRHH~pHqecKHX 'MHOronpOBOJIOqHax., rrponopUHOHaRbHaX' 

KaMep H CUH,HTHRHU-~O~HUil: ro~OCKOH1 'pa6oTaDm~'e' Ha RHHHH C 3BM. 

Hccne~OBaHa OC06eHHOCTH pa60TU KaMep 1 HMeDmHX UHRHH~pHqecKyD 

reoMeTpHD. llpe~noxeHa H peanH30BaHa opHrHHanbHaH 

UHRHH~pHqecKHX MHOronpOBOROqHaX . . 
n03BORHKimaH xaMep 1 

KaMepa C MHHHMaRbHO B03MOXHUM KORHqecTBOM BemeCTBa 

o6~eMe (3+20 Mr/cM2
). 

KOHCTpyKUHH 

C03~aBaTb 

B pa6oqeM 

Co3~a~Hail: xoMnnexc annapaTypa ircno:nh30BancH· ~nH noHcxa 

pacna~a ~· .... e•e•e-. no pe3y.ribTaTaM o6pa6oTKH nonyqeHHoro MaTepHana· 

6una C~enaHa OUeHKa BepxHeil: rpaHHUU qTHOCHTenbHOil: BepOHTHOCTH 

pacna~a Ha ypoBHe R 
3 

::s 3, 6 ·10-u 
~.... e 

!:!I!~!!!!~~£!~!!-!!~!!!!Q£1:!!• C03~aHa ycTaHOBKa YHHBepcanbHOrO THna 

APEC; HMeDmaH 60RbiiiOil: TenecHail: yron (-2n · CTepa~) 1 ~eTeKTHpyDmHil: 

06»eM 1 ~HaMeTpOM .1040 MM H ~RHHOil: 600 MM, BUCOKOe BpeMeHHOe 

( 1 HCeK) 1 "npOCTpaHCTBeHHOe ( 1+2 MM) H : 3HepreTHqecKOe . ( 1 +5%) 

pa3peii1eHHe 1 -H cnoco6HaH nepepa6aTUBaTb HHilJOpMaUHD 0 XHHeMaTHKe 

MHoroqacTHqHax co6uTHil: npH 3arpy3xax ~o 106 co6aTHil:/cex. 

Pa3pa6oTaHa .H peanH30BaHa TeXHOROrHH H3rOTOBReHHH UHRHH~pH

qeCKHX MHoronpoaonoqHax nponopuHoHanbHax xaMep anepaae· B npaKTHKe 

~H3Hqecxoro SKCnepHMeHTa B CCCP H CTpaHaX yqacTHHUaX .OHHH. 

3xcnnyaTaUHH pH~a xaMep .6onee 10-TH neT. npo~eMoHcTpHpoaana HX 

BUCOKYD Ha~eXHOCTb. 

2 

Pa60TOCnoco6HOCTb H 

xoMnnexce 6ana no~TBepxneHa 

Ha.zieXHOCTb .. C03~aHHOil:_ ycTaHOBKH B 

+ + + -
·pacna~a ~ -+e e e 1 BO BpeMH 

B peanbHOM 

KOTOporo 

800 qaCOB. 

::~xcnepHMeHTe 

annapaTypa 

no nOHCKY 

iia:nexiio. H 

::~~eKTHBHO npopa6oTana 6onee . . 

OnaT C03~aHHH H 3KCnnyaTaUHH cneKTpOMeTpa 

HCnORb30BaH B HCCRenoBaHHHX no ~H3HKe qacTHU 1 

ycKOpHTeRHX. 

~!!!QI!..:.~~!!!!!!!!~~!.:. 

1. Pa3pa60TKY H co3naHHe neTeKTHpyDmeil: 

APEC MOXeT 6aTh 

nposonHMUX Ha 

qacTH 

anepTypHoro 

KOaKCHaRbHO 

MarHHTHOrO cnexTpoMeTpa APEC 1 BKRDqaDmyD 

IIIHpdxo-

18-Tb 

pacnonoxeHHUX UHJlHHnpHqecKHX MHoronposonoqHax 

nponopUHOHaRbHUX KaMep. 

2. HccnenosaHHe cneuH~HqecKHX oco6eHHOCTeil: pa6oTa MHoro

nposonoqHax nponopUHOHaRbHUX KaMep HMeDmHX UHJIHHnpHqecxyD H 

rHnep6onHqecxyD reoMeTpHD. 

3. KOHCTpyKUHDi MeTOnHKY H3rOTOBneHHH : H HCnaTaHHH UHRHH~PH:

qeCKHX (rHnep6onHqecxHx) MHoronpoaonoqHax nponopuHoHanbHUX xaMep 

C MaRUM KORHqeCTBOM BemecTB.a B pa6oqeM 06MiMe. 

4 :· · Pe3 y nhTaT ·:::~ xcnepHMeHTaJibHoro · HccnenosaHHH· pacna~a 11.+ -+e • e • e-.· 

~~p~~~~~~-p~~~!~-~-~¥~~~~~~~~; .nHccepTaUHH HanHCaHa Ha OCHOBe 
HayqHaX pa60T

1 
~~~ORHeHHUX C yqicTHeM aBTopa B RHll OHHH ~ nepHO~ C 

1974 no 1990 r. 0CHOBHUe pe3yJibTaTU nHCCepTaUHH ~OKRll~UBaRHCb Ha 

II H III Mexny~aponHUX COBemaHHHX no nponopUHOHaJibHUM H ~peil:~OBUM 

xaMepaM (,ny6Ha 1975 H 1978r) 1 MexnyHaponHoil: KOH~epeHUHH no npoao

noqHaM KaMepaM (BeHa 1980 r:) I XII MexnyHaponHoM CHMn03HyMe no 

H~epHOil: 3JieKTpOHHKe· (,ny6Ha 1985 r) 1 III MexnyHapo~HOR KOH~epeHUHH 

no HH3KHM aKTHBHOCTHM (EpaTHCRaBa 1985 r), XIV MexnyHaponHOil: 

KOH~epeHUHH no HnepHOil: ~H3HKe f(EpaTHCRaBa. 1990 r), Ha pa6oqHX 

COBemaHHHX H ceMHHapax H onyonHKOBaHU B. 12-TH pa6oTaX: c6opHHKH 

TPY~~B MexnyHaponHux cosemaHHil: H xoH~epeHUHil: 1 xypHaJia Nucl. Instr. 

and Meth. H. coo6meHHH OHHH [1f12). 

£!I!~!!~I!~_!!_Q~~~~-8!!££~2!~!!!!!!· ,nHccepTaUHH COCTOHT H3 

BBeneHHH
1 

UHTH rJiaB H 3aKnDqeHHH H conepXHT 120 CTpaHHU TeKCTa 1 

BKRDqaH 14 Ta6RHU
1 

56 pHCYHKOB H CnHCOK UHTHpyeMOil: JIHTepaTypu H3 

134 HaHMeHOBaHHR. 

3 



conEP~AHHE PABOT~ 

~Q~~~~~~~~~ 060CHOBaHa aKTyaJibHOCTb TeMU HCCJieJIOBaHHSI, 

C~OpMyJIHpOBaHU UeJIH pa60TU H OIIHCUBaeTCSI CTpyKTypa JlHCCepTaUHH. 

~-~~Q~Q~-~~~~~ 06CyXJiaiDTCSI BOIIpOCU. aK:ryaJibHOCTH IIOHCKa H 

R3y"leHHSI peJIKHX paciia)lOB MIDOHOB H IIHOHOB, a TaKXe JipyrHX IIpOUeCCOB 

C HX y"laCTHeM. B 3TOM BaXHOM HarrpaBJieHHH HCCJie)lOBaHHA IIO ~H3HKe 

CJia6UX B3aHMO)leACTBHR OC06UR HHTepec BU3UBaeT IIOHCK IIpoUeCCOB THIIa: 

jl+-te+e+e- 1 jl+-te+'¥ 
1 

jl-A-te+A•, 3aiipem.eHHUX B CTaHJiapTHOR MO)leJIH 

3JieKTpO-CJia6oro B3aHMO)leACTBHSI 3aKOHOM COXpaHeHHSI MIDOHHOro. "lHCJia, 

HO JlOIIYCKaeMux· B p.I!Jle JipyrHX MOJleJieA. 

PaCCMaTpHBaiDTCSI TeopeTH"leCKHe MOJieJIH, B KOTOpUX pa3pemeH 

pacrraJI ll+ -+e + e • e-, rrpHBOJISITCSI B03MOXHue JIHarpaMMU pacrra)la, 

pac"leTHUe OUeHKH BepxH~R rpaHHUU ero OTHOCHTeJibHOR BepOS!THOCTH, a 

TaKxe· 3KCIIepHMeHTaJibHUe pe3yJibTaTU. 

Y"lHTUBa.ll KpaRHe HH3KHe B03MOXHHe Be·poSI~HOCTH IIOJI06HUX 

IIpOUeCCOB, 3KCIIepHMeHTU IIO HX 06HapyxeHHID BUIIOJIHSIIDTCSI Ha 

BHCOKOHHTeHCHBHUX rryqxax "laCTHU (JIO 107 cex-1
), H rrosToMy sxcrrepH-

MeHTaJibHa.ll arrrrapaTypa JIOJIXH·a o6ecrre"lHBaTb BUCOKOe BpeMeHHOe H 

rrpocTpaHcTBeHHoe· pa3pemeHHe rrpH· MaxcHMaJibHO B03MOXHOM TeJiecHOM 

yrJie perHCTpaUHH. CJieJiaH 063op IIO lliHpOKOarrep:rypHUM )leTeKTHPYIDIUHM 

CHCTeMaM a'aH60Jiee IIOJIHO y JlOBJieTBOpS!IDUJ,HM 3THM Tpe6oBaHHSIM. KaK 

rrpaBHJIO 3TO .. yc:ra~OBKH. HMeiDUJ,HH UHJIHHJlpH"leCKYID reoMeTpHID H 

paCCMOTpeHU IIpOBOJIO"lHHe xoopJIHHaTHue )leTeKTOpU~ ITOJip06Hee 

, ycTaHOBKH 1 Ha KOTOpUX , IIOJiy"leHU IIOCJie)lHHe 

"SINDRUM", PSI, {ll -t 3e,- R < 1,0·1Ci-
12

, .); 

(ll -t e'¥, - R < ·4,9·10-11 ) H "TPC", TRIUMF 

R < 4', 6·10-12
). 

peKOpJIHUe pe3yJibTaTH: 

"Cry.stal Box", LAMPF 

(ll -+ e KOHBepCHSI, 

ITp.HBOJlSITCSI cpaBHHTeJibHUe .xapaKTepHCTHKH UHJIHHJipH"leCKHX 

MHOrOIIpOBOJIO"lHHX IIpOIIOpUHOHaJibHUX KaMep, HCIIOJib3yeMUX B Ka"leCTBe 

UeHTpaJibHUX KOOpJIHHaTHUX )leTeKTOpOB B pSIJie YCTaHOBOK. 

~Q-~!QQQ~-~~~~~ )laeTcSI o6mee OIIHcaHHe co3)laHHoro crrex:rpoMeTpa 

APEC / 1 /, IIpe)lCTaBJISIIDIUero co6oR CHCTeMy KOaKCHaJibHO paCIIOJIOXeHHUX 

UHJIHHJIPH"leCKHX MHororrpoBOJIO"lHUX nporropUHOHaJibHUX KaMep (UMITK) H 

CUHHTHJIJISIUHOHHOrO rO)lOCKOIIa, IIOMeiUeHHUX B MarHHTHOe IIOJie, H 

KOMIIJieKca SJieKTpOHHKH pa6oTaiDUJ,eR Ha JIHHHH C 9BM. 

4 

UHJIHHJIPH"lecxaSI reoMeTpHSI crrex:r-poMe:rp·a o6ecrre"lHBaeT: 

- SqxfleKTHBHOe HCIIOJib30BaHHe pa60"lero 06'beMa MarHHTHOro IIOJISI; 

H30TpOIIHID_ CBORCTB crrex:rpoMe:rpa 

JIHKY JIS!pHOR OCH COJieHOH)la H CBSI3aHHYID C 

3arrycxa yc:ra~oBKH, 

o6pa6oTKH JiamiuX; 

Y!!pom.eHHe CHCTeM 

B ~JIOCKOCTH 1 rreprreH-

3THM y~H~HKaUHID JiorHKH 

~HJibTpaUHH H rrporpaMM 

- rroporosue csoRcTBa, Tax· xax orrpeJieJieHHOMy paJIHycy 

TpaeKTOpHH "laCTHUH COOT.BeTCTByeT orrpeJieJie.HHUR JIHarra~OH HMIIYJibCOB. 

OCHOBHUe XapaKTepHCTHKH CIIeKTpOMeTpa APEC. 

1. ne:reKTHpyiDIUHR 06'b.eM: )lHaMeTp :_ 1060> MM 1 )lJIHHa - 600 MM i 

2. KOJIH"leCTBO H~~OpMaUHOHHUX KaHapoB KaMep 

(aHOJIHHe IIp~BOJIO"lKH H K~TOJlHUe IIOJIOC~H) 

3. KOJIH"leCTBO ~UHHTHJIJISITOpdB B .rOJIO~KOIIe 

4. HaiipSIXeHHOCTI," MarHHTJioro IIOJiSI 

5. TeJieCHUR yroJI 

6. Dpoc:rpaHCTBeHHOe pa3pemeHHe 

7. BpeMeHHoe pa3pemeHH~ 

·.t. 

:..15 THC; 

.36li!Ti 

. ,JlO "1 I 8 T JI i 

~o, 7·4 rr c:repa.z,t; 

1+2 MM; 

1 ac; 

8. TO"lHOCTb OIIpeJieJieHHSI S~eprHH 7-KBaHTOB 1+5%; 

9. TO"lHOCTb orrpeJISJre~}{SI 3H~prH ·'e± (70 MsBf:' 2,0%; 

10. cxopocTb 
1 aa6~pa cTaTHCTliKH · JIO 100 co6jcex.·' 

: ~ 

06mee yc;poRcTBO Miirmi:rab~o· crrex:rpoMe:rpa APEC ·• rroKa3aHo aa 

pHC. 1. CIIeKTpOMeTp COCTOHT H3 : )leTeKTHpyiDIUeR "laCTH 1 BKJIID"lliiDUJ,eR,. B 

ce6.11 .. UMDK, ..• ,CUHH'fHJIJISIUHOHHUe C"leT"lHKH,, KOHB~p:rpp H, ~!HllieHbi 

MarHHTa 1_ , . C93JlaiDIUerq paBHOMepHoe MarHHTHOe IIOJie ¥ .. )leT.eKTHPYIDIUeR 

"laCTH; CHCTeMU 3aiiycKa ycTaHOBKH;.-CHCTeM C'beMa H. o6pa60TKH 
,.. •. . . '.' '" I • t ' ' 

HH~OpMaU!1Jf,., .. , 

I' 

•PHC.1. 06IUHR BHJl crreKTpOMeTpa APEC. 

1 - _MHI~eHb i 2 - )le-x;eK'I"HPYIDIUaSI "!aCT~ 

CIIeKTpOMe'fpa (UMI1K) ;_ 3 -:-, CUHHTHJI;

JI.IIUHOHH}le C"leT"lHKH; 4_- CBeTOB?JIUi.;. 

5 ;- <ll;')Y;, 6 - 06MOTKH MarH_HTa i . , .: , 

7,-_S!pMO MarHHTa; 8 ~ II9JIIDQ~ 

MarHHTa; 9 - SJieKTpOHHJ,<a, U~~ i ·.• .. 

10 - IIOMeiUeHHe C MHKpOKJIHMaTOM. 

·5 
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cxeMaTKqecxoe H3o6pa~eHHe ~eTeKTHpyDmell: qacTH cnexTpOMeTpa 

noxa3aHo H~ pHc.2. 

-71 

PHc.2. cxeMa ~eTeKTHpyiDmell: qacTH cnexTpoMeTpa. 

1 - MHW9Hb; 2 - CnOH aHO~HHX npOBOnoqeK UMTIK (ToqxaMH, Ha HH~HeR 

npoeKUHH, OTMeqeHH ~BYXKOOp~HHaTHH9 

4 · --JtOHBepTop raMMa-KBaHTOB; 5 -

3H9ltTpOH- ll03HTpOHHOll: napH. 

KaMepu) ; 3 - CUHHTHllllHTOpH·; 

TpeK ll03HTpOHa; 6 - Tp9KH 

OCHOBHHMH KOOp~HHaTHHMH ~eTeKTOpaMH APEC cnexTpoMeTpa 

SIBHSIDTCH 18 . KOaKCHall&HO pacnono:z:eHHHX UMTIK C ManHM KOnHqecTBOM 

aemecTBa B pa6oqeM o61>eMe J 21 (Ta6n. 1). KaMe pH ~enSITCH Ha ~sa THna: 

perHCTpHpyDUlHe TOllbKO a3HMyTanhHYD KOOp~HHaTy H ~BYXKOOp~HHaTHHe -

perHCTpHpyDmHe a3HMyTanbHYD H OCeByD (Z) KOOp~HHaTH (UMTIK 1,4,9 H 

13). 

CHrHanH C KaMep llOCTynaDT Ha 3neKTpOHHHe CXeMH, BKnmqa~e B 

ce6sr ycHnHTenb- ~pMHposaTen&, 3a~epzxy H naMHTh. 

KpOMe npOll<:JPUHOHanbHHX _KaMep B JieTeKTHpyDmeR o6naCTH 

ClleKTpOMeTpa pa3MemaeTCH ro~OCKOll H3' CUHHTHHHSIUHOHHHX 

cqeTqHKOB. CHrHanH CO cqeTqHJtOB llOCTynaDT Ha 6HCTpHe norHqecKHe 

C~9MH, BHpa6aTHBaDmHe HMnynbC 3anyclta BeeR ycTaHOBKH H Ha CHCTeMy 

BpeMeHHoro aHanH3a. 
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!} 319,6 480 2,09 

343,6 512 2,H 

_a 405.5 640 1.99 

_4 2_9.5 672 2,01 

_L 478,8 _7_~8 __ 1,96 

10} 539.3 768 2,21 

11 563,3 768 _2,30 

12 629,2 960 _2,06 

13 1ci2.i 1152 1,92 

14} 
758 -- 1152 2,07 

782 1152 2,13_ 15 

16} 
841,9 1152 2,30 
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7.1 18.5 

3.8 42,3 

11.2. 28.5 

3.8 15,6 

3,8 15.6 

13.6 34.7 

3,8 15,6 

~-~_1_?2_ 
18L2 

0 
46,3 

3.8 15,6 

t --
3.8. t::56 
3.5 125 

~9.9 273,3 

Ta6nHua 1. bcHoBHHe napaMeTpH UMTIK 

cneKTpOMeTpa-APEC. 

CK06KaMH OTMeqeHH 6HOKH H3 nByX 

KaMep, BHllOHHeHHHe KaK O~HO Uenoe 

H HMeiDmHe o6mHR ra30BHll: o6'beM. 

TipH H3yqeHHH pe~KHX npoueceoB 

OCHOBHOll: llOTOK HH~OpMaUHH, npe~

CTaBHHIDmHll: C060ll: ~OH, nocTHraeT 

oqeHb 60llbWHX BenHqHH. ~HllbTpaUHH 

HH~OpMaUHH HaqHHaeTCH Ha 3Tane 

TPH-repa, C llOMOmhiD MaltOpHTapHOll: 

~OrHKH. HCllO~b3YIDmeR HH~OpMaUHID C 

CUHHTH~~RUHOHHOrO ro~OCKOna H 

UMTIK / 3 /. Ha BTOpOM 3Tane HH~Op
MaUHR npOXO~HT npe~BapHTe~bHYID 

o6pa60TKY H ~H~bTpaUHID B 3BM H B 

cneuHa~H3HpoaaHHO~ npoueccope, a 

3aTeM 3allHCHBaeTCR Ha MarHHTHYID ~eHTY ~llR OKOHqaTellbHOR o6pa60TKH. 

~-I2~!e~a-~~~~~ paccMaTpHBaiDTCH o6mHe aonpocu pa6oTu 
I • . 

nponopuHoHan&HHX KaMep H oco6eHHOCTH o6ycnoaneHHHe UHHHH~pHqecxoll: 

reoMeTpHeR xaMep. 
cxeMa UMTIK noKa3aHa Ha pHc.3. AHO~Hue npoaonoqKH pacnonolteHu 

llO o6pa3yiDmeR UHHHH~pa 1 Melt~Y -~BYMH 'KOaKCHa~hHHMH UHllHH~pHqecKHMH 

KaTO~aMH. KaTO~H BHllOllHHIDTCH H3 npOBOllOKH (a) H~H B BH~e CllllOWHHX 

naacaHOBHX UHllHH~pOB (6), Ha KOTOpHX HMeiDTCH reHHKOH~allbHHe 

npOBO~HmHe llOllOCKH ~~H onpe~eneHHH KOOp~HHaTH B~Ollb OCH KaMepu. 

~ 

., ~r~: ~: c:., ... ---6) .... 
--...... 

~ 

· PHc.3. ~xeMaTHqecKoe H3o6palteHHe 

uHnHH~pHqecxoll: MHoronpoaonoqHoR 

nponopuHoHan&HOR KaMepu 

R
0 

- pa~Hyc 

Bonoqex; R
1 

peHHero H 

aHO~HOrO CHOSI npo

H R
2

- pa~HYC BHyT-

BHewHero x·aTO~OB i 

H - ~nHHa xaMepu; 

7 
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Pa3pa6oTxa uHnHHnpHqecxHx xaMep noTpe6osana nposeneHHH 
aHanH38 ~8KTOpOB, BnHHDIJlHX H8 3~eKTHBHYD .H CTa6HnbHYD pa6oTy 
xawep: ycToRqHBOCTb nposonoqeK npH B03neRCTBHH H8 HHX 
3neKTpOCT8THqecKHX H rpaBHT8UHOHHUX CHn 1 TOqHOCTb npOCTp8HCT
BeHHOrO pacnonozeHHH 3nexTponos xaMepu H np. 

PaccwaTpHB8DTCH npennozeHHue cnoco6u 
oco6eHHOCTeR UHnHHnpHqecKOR reoMeTpHH 

KOMneHC8UHH 
Ha pa6oTy 

BnHHHHH 
K8Mep. 

PaccqHT8HHUe Heo6xonHMUe nonpaBKH nnH reoMeTpHqecKHX napaMeTpos 
K8Mep nOK838HU Ha pHC.4, a B03M~ZHUe KOppeKTHpOBKH 38 cqeT 
BUCOKOBOnbTHOrO nHT8HHH K8Mep H8 pHC.5. 

4L ,_, 
Q< 

... 
Q1 

qr 

0 ----

..)h. 
v. 

1.00 

m 200 m ® .m IJtXJ R,lf 

0 200 400 R (NNI 

.nnR · su6opa onTHManbHOR 

PHC.4. Heo6xonHM8H 8CHMMeTpHqHOCTb 
nonozeHHe aHonHux nposonoqex, 
o6ecneqHB8DIJl8H HX ycToRqHBOCTb, B 
38BHCHMOCTH OT·pa£Hyca K8Mepu (R) 

H paCCTOHHHH 8HOn-KaTon (L) 1 npH 

~= ~-

PHC.5. COOTHOWeHHe HanpHXeHHR 
H8 BHyTpeHHeM (V

1
) H HapyzHOM 

(V
2

) KaTonax 1 Heo6xonHMoe nnH 
o6ecneqeHHH YCTORqHBOCTH aHon
HUX npoBonoqeK,B 38BHCHMOCTH OT 
panHyca K8MepQ (R) H paCCTOHHHH 

aHon-KaTon (L) 1 npH L
1 

= L
2 

= L. 

KOHCTPYKUHH H nposepKH pHna 
TeXHHqe'CKHX peweHHR 6uno H3rOTOBneHO HeCKOnbKO B8pH8HTOB . KaMep. 
npHsonHTCH HX napaMeTpu H pe3yn&TaTu, nonyqeHHue B npouecce 
HCUUT8HHH/4/. OnHCUBaeTCH BnepBUe C03naHH8H rHnep6onHqecKaH 
MHoronpoaonoqH.aH nponopuHoHan&HaH KaMepa/5/, a KoTopoR UP?.aonoqKH 
3nexTponoa pacnonozeHu non yrnoM K o6pa3yDmeR UHnHHnpa H 3TO 
n03BOnHeT H3MepHTb KOopnHHaTy anon& OCH KaMepu. PaCCMOTpeHU 
aonpocu npoeKTHpoaaHHH H nepcneKTHBU Hcnon&30BaHHH rHnep6onHqecKHX 
KaMep. 

8 

~~!~~~!~~--[~~~~ conepzHT nonpo6Hoe OnHcaHHe KOHCTPYKUHH, 
TeXHOnorHH H3rOTOBneHHH H HCnHT8HHH pa3pa60T8HHUX nnH 
cneKTpoMeTpa APEC KaMep. 

' 
~ 
! 

i 
BaZHO OTMeTHTb, qTo KpOMe o6uqHUX Tpe60B8HHR npenoHBnHeMHM K 

KOopnHH8THUM neTeKTOpaM ( BUCOKaH 3~eKTHBHOCTb, KOopnHH8TH8H 
TOqHOCTb H HanezHOCTb), nnH K8Mep cneKTpOMeTpa APEC npHHUHnHanbHOe 
3HaqeHHe HMeeT yMeH&weHHe xonHqecTBa semecTaa B pa6oqeM o6oeMe, a 
cnenosaTen&Ho yweH&WeHHe.noTepH 3HeprHH H MHoroxpaTHoe pacceHHHe 
qaCTHUU. .RaHHOe ycnOBHe onpenenHeT TOqHOCTb H3MepeHHH . HMny n&ca 
3apHzeHHOR qacTHUU no TpaeKTOpHH ee nBHZeHHH B MarHHTHOM none H 
MHHHMan&HyD era H3MepHeMyD BenHqHHy. B nHccepT8UHH paCCMOTpeHU 3TH 
aonpocu. ~ 

MaxcHMan&HoR npo3paqHocTH neTeKTHpyDmea o6nacTH cnexTpoMeTpa 
ynanOCb noCTHrHyTb 1 HCnOnb3YH 6onbliiHHCTBO KaMep ( 12-Tb H3 18-TH) 
paCTHrHBaeMoro THna. CXeMaTHqecKH KOHCTpyKUHH 6noxa cnaoeHHHX 
paCTHrHBaeMUX KaMep (UMnK 6-7) noKa3aHa Ha pHC. 6. · nepBOHaqanbHO 
KOnbUeBUe ~naHUU (1) 38KpennHDTCH Ha TeXHOnOrHqeCKOM BHyTpeHHeM 
onopHoM 3neMeHTe ( 2) 1 HMeDmeM ~opMy UHnHH~pa. Mexny ~naHuaMH no 
o6pa3 YDIIlHM UHnHHnpa HaTHrHBaDTCH nposonoqxH. nposonoqKH 1 

pacnonoxeHHue Ha onHoM nHaMeTpe 1 o6pa3yDT 3nexTponu xaMepu (3 1 4) • 

BO BpeMH YCT8HOBKH KaMepu Ha pa6oqee MeCTO ~naHUU 3aKpennHDTCH Ha 
KOHCTpyKTHBHHX 3neMeHTaX o6mero 6oKca neTeKTHpyDmeR qacTH 1 a 
BHyTpeHHHR onopHUR 3neMeHT ynanHeTCH 1 npH·3TOM 3anaHHOe HaTHll:eHHe 
npoaonoqex nonnepxHaaeTcH HapyxHoR o6onoqxoa 6oxca. B 
neTeKTHpyDmeM · o6oeMe ocTaDTCH Ton&xo . npoaonoqxH 3nexTponoa 1 · 

pa6oqHR ra3 li orpaHHqHaaDmHe ra3osua o6oeM nascaHosae nneHKH (5). 

PHC.6. CeqeHHe paCTHrHBaeMOR 
UMnK (KaMepa noxa3aHa Ha 
TeXHOnorHqecKOR OCH8CTKe; 
OCb BpameHHH npoxonHT BHH3Y). 

1 - Kon&ua, o6pa3yDmHe ~aHuu xaMepu; 2 - pacnopHuR 3neMeHT; 
3 - KaTonHae npoaonoqKH; 4 - aHonHue npoaonoqxH; 5 · - ~orpaHHqH

' \' TenbHHe o6onoqKH i 6 - oxpaHHOe • KOnbUO; 7 - MeCTO 3anaHB8HHSI 

Jj -K8TOnHUX ·npoaonoqex; 8 nnaTu pacnaHBaHHH nnH 8HOnHHX 
npoaonoqex. 

9' 



)lpyroA: THn KaMep, · HCnOJJb3yeMblA: B ycTaHOBKe, - ,caMOJlO.ll.llep

lKHBaJODlHeCSI KaMepbl. ~.JJaHUbl 9THX KaMep npHKJJeeHbl K TOHKOCTeHHOMY 

onopHOMY UHJIHH.llpy, KOTOpb!A: no.n.neplKHBaeT npoBOJJQqKH B pa6oqeM 

HaTRHYTOM COCTOSIHHH (UMTIK 1,2-3,4,9 H 13, Ta6JJ.1). 

BTOpaS! oco6eHHOCTb KaMep cneKTpOMeTpa APEC B TOM, qTQ OHH 

pa3MernaJOTCSI B orpaaHqeHHOM pa6oqeM b6'beMe MarHHTa H He06XO.llHMO 

onTHMaJJbHO era HCnOJJb30BaTb. KOHCTpyKTHBHble 9JJeMeHTbl KaMep .llOJ!lKHbl 

o6ecneqHBaTb aeo6xo.nHMoe 

pa3Mepu. 

HaTHlKeHHe npOBOJJOqeK 

~ 

HideR MHHHMaJJbHble 

Ha OCHOBaHHH .pe3yJJbTaTOB pacqeTOB H npoBe.neHHOro H3yqeHHSI 

npoqHOCTHblX, TeMnepaTypHb!X H ycTaJJOCTHblX ·xapaKTepHCTHK pH.na 

o6pa3UOB o60CHOBb!BaeTCH Bbl60p MaTepHaJJOB H OnTHMH3HpyiOTCH 

reoMeTpHqecKHe napaMeTpbl OCHOBHblX ::tJJeMeHTOB KaMep (aHO.llOB, 

KaTO.llOB, ~JJaHUeB H onopHb!X 9JJeMeHTOB) /
6
/. 

llpH Bbl60pe He06XO.llHMOro HaTHXeHHSI .npOBOJJOqeK yqHTb!BaJJHCb~ 
~ 

pacTaJJKHBaJOrnHe 9JJeKTpOCTaTHqeCKHe CHJ!bl CO ·'CTOpOHbl 

npoBoJJoqeK, .naaaoro ::tJJeKTpo.na H co cTopoau .npyroro 

rpaBHTaUHOHHb!e CHJ!bl (.llJJH ropH30HTaJJbHO pacnOJJOXeHHOA: 

coce.nHHX 

::tJJeKTpo.na; 

KaMepu); 

aeToqaocTH .. npocTpaHCTBeaaoro pacnonoxeHHH npoBOJJoqeK; B03Moxaoe 

H3MeHeHHe HaTS!XeHHH npOBOJJOqeK npH : H3MeHeHHH TeMnepaTypu 

oKpyxaJOmeA: cpe.nu; ocna6neaHe aaTHXeHHH npoBoJJoqeK H3-3a .ne~opMaUHH. 

KOHCTpyKTHBHb!X 9JJeMeHTOB. 

PaCCMOTpeHb! H yqTeHb! ~aKTOpb! BJIHHIOUlHe Ha H3MeHeHHe HaTHXeHHH' 

npOBOJJOqeK. PacqHTaHb! .ne~OpMaUHH ~JJaHUeB'". KaMep H o6mero 60KCa, 

BJJHHHHSI H3MeHeHHH TeMnepaTypu, , a TaKXe H3MeHeHHe HaTS!XeHHH 

~poBonoqeK npH nepepacnpe.neneHHH aarpy3KH.~ 

OnHCUBaJOTCH pa3pa6oTimaue TeXHOJJOI'HH H3rOTOBJJeHHR· UMDK 

.llHaMeTpOM .llO 0,5 M, MeTO.llOM Henpepb!BHOA: ·HaMOTKH /
7

/ .H' KaMep 

6oJJbmero .nHaMeTpa (.no 1, o M / 81. Eonbmoe BHHM!{HHe y.n.eneac;>, B"anpoca-M 

aa.nexaocTH KaMep, KaK aaH6onee Tpy.nao3aMeHHeMb!M ::tJJeMeH!aM 

CneKTpOMeTpa. HcnOJJb3yeMaa TeXHOJJOrH~ H xeCTKHA: KOHTpOJJb KaqecTBa 

Ha BCeX onepaUHSIX no3BOJIHIOT, H3rOTaBJJHBaTb KaMepbl 

pa6qTaJOrnHe .llJIHTeJJbHOe BpeMSI 6e3 KaKOA:-JJH60 npo~HJJaKTHKH. 

aa.nexao 

OnHCb!BaJOTCH C03.llaHHble CHCTeMbl,. , o6ecneqHBaJOrnHe 

pa6oTocnoco6aocTb KaMep: Bb!COKOBOJJbTHOe nHTaHHe, ra3oo6ecneqeaHe 

H CHcTeMa KOHTpOJJR 3a yTeqKoA: pa6oqeA:.cMecH 191 

KaMep 

llpHBO.llHTCH MeTO.llHKa HCnb!TaHHSI H 

Ha · aBTOMaTH3HpOBaHHOM 

nonyqeaaue 
/10/ 

CTeH.lle 

10 

xapaKTepHCTHKH 

H BO BpeMH 

noJJHOMamTa6aoro 

CHHXpOUHKJJOTpOHa 

HCnliTaHHH Ha nyqKe nHOHOB J.t-TpaKT~ 

RHO B COCTaBe .neTeKTOpa 3apgzeHHb!X qacTHU 

cneKTpOMeTpa APEC f 11f, pHC.7. 1.0 

rz 

o.s 

0 
3.0 

o· C MQC!HUmHbiNI 
no11eM 

X· lie3 NIQ2HUm• 
Hoao naiiSI 

3.5 U,Kt» 

PHC.7. 3~eKTHBHOCTb KaMepb! (UMTIK 6) 

6e3 MarHHTHoro nonH H B none 0,5 Tn. 

fJJaBa 3aKaHqHBaeTCH OnHCaHHeM 

o6meA: KOMnaHOBKH .neTeKTHpyDmeA: qaCTH 

cneKTpOMeTpa H TeXHOJJOrHH ee MOHTaza 

H .neMOHTaza, .nonycxa10mea 3axeay 

OT.lleJJl.Hb!X KaMep. 

Qff!~ff-~~~~~ nOCBHDleHa onHCaHHIO 9KCnepHMeHTa no nOHCKY pacna.na 

J.l+ -> e•e•e-, Bb!nOJ!HeHHOMY B RHO OHHH Ha cneKTpOMeTpe APEC. OnHCb!

aaeTCH CXeMa nonyqeHHH ~ TpaHcnopTHpOBKH nyqxa nHOHOB (pHC.8), 

PHC.8. CXeMa nocTaHOBKH 3KCnepHMeHTa 

no noHcKy pacna.na J.l• ... e•e·e-

~~ - ~a30TpOH; CD -.HOBOpOTHb!A: MarHHT; 

MR - MarHHTHble JIHH3b1 i , M - Me30HO

o6pa3yJOmaH MHmea&; n - nornoTHTen& -

JIOBymKa; .BT.- BaKyyMHb!A: TpaKT. 

.llJJH npOBO.llHMOrO 9KCnepHMeHTa 

3apgzeHb!X qacTHU BKJ!DqaJODlHA:,,B ce6SI 

HCnOJ!b3yeTCH TOJ!bKO 

* UMTIK 1+12, (Ta6n; ll 
.neTeKTOp 

H TpH 

pH.lla '·cUHHTHnJIHUHOHHb!X cqeTqHKOB. )leTelCTOp 7-:KBaHTOB ( KOHBepTOp H 

KaMepb! 13718, pHC. 3) 3aMeHeHb1 norJJOTHTeJ!eM .llJIH yMeH&!DeHHH 

aezenaTen&aoro ~aa. KoMnaaoaxa .neTeKTHpyK>mea qacTH cneKTpoMeTpa 

noKa3aHa Ha pHc. 9. r . 

Ha noHcK pacna.na J.l+ ... e·e•e- 6b1no 3aTpaqeao 6onee 

pa60Tb1 YCKOpHTeJJH. HHTeHCHBHOCTb nyqKa npOTOHOB 

800 qacoa 

COCTaBJJHJ!a 

0,7+1,5 MKA. Cpe.llHSISI HHTeHCHBHOCTb OCTaHOBOK nHOHOB C, nocne.nyDDlHM 

pacna.nox rr• -+ J.l+V H 

5 1 8•105 CeK-1
• 3a qHCTOe 

pacnaJJOCb . 1 1 15 ·10
12 

MDOHOB. 

o'cTaHOBKOA: MIOOHa B MHmeHH 

BpeMSI Ha6opa CTaTHCTHKH 

COCTaBHJ!a 

B MHmeHH 

DepBOHoqaJI&HaH ~HJ!bTpaUHH noToKa HH~pMaUHH npOH3BO.llHJJ4Cb 

* UMTIK 7-8 8 3KcnepHMeHTe·He HCnOJJb30BaJIHCb. 

.· 
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aaaoceKy~~HHMH 3ReKTpOHHHMH CXeMaMH 3anycKa, B nor:HKe KOTOpHX 
yqHTHBancSI xapaxTep ,HcKoMoro pacna~a H . napaMeTpH annapaTypu 

4 . . : 
(tlJaKTOp no~aaneHH,SI 2·10 ) . 3aTeM OT06paHHble C06biTHH ctlHJibTpOBaJIHCb C 
noMOII!biO 6ucTporo anropHTMa, onpe~'enSIIOI!lero aanaq·ae· TpeKOB c 

~pHBH3HOa, COOTBeTCTBYIOI!lea 3nexrpoay .H ~BYM n03HTpoHaM. Dpowe~niHe 

anropHTM C06~THH 3aiiHC~BaJIHCb Ha MarHHTH~ : JieHTY CO CKOpOCTb!O 
1 +2 co6jcex. Bcero 6una 3anHcaHa HHilJOpMaUHSI o 2, 5 ·10

6 

MHOroTpeKOBHX . co6HTHSIX .. 

PHC.9 CeqeaHe ~eTeKTHpyiOI!lea qacTH cneKTpOMeTpa APEC, BapHaHT 
'· ·, • .-. . . ~ •. + ' :+ -

Hcnon&3yeMua B 3KcnepHMeHTe no 'noHcKy pacna~a ~ -+ e e e. 

1.~ BXO~HOR CU,HTHRDSIUHOHHHR 9qeTqHK;. 2 - 3BMe~nHTenb; 

3 - MHWeHb; ~.5 H 6
1

- nepBHR,BTOpOR H Tpe~H~_pSI~H CUHHTHRRSIUHOHHHX 

cqeTqHKOB r:o~ocxona; 7 . - car.wnO,!l~eplKHBBIOI!la.SicSI ~aMepa; 8 - paCT:f!rH

na·eMaSI c~aoeaaaSI xaMepa; 9 - HHtlJOpMaUHOHHHe xa6eJIH; .10 - IOCTHpo-
~- '· . ~ 

BoqauR y3en pa.CTSirHBaet.mR KaMe pH; 11 - onop.H
1
UR UHRHH.Up ca~~i;I~.U-

~ep~HBBIOI!leRCSI KaMepu; 12 KaTO.U~ C ITODOCKBMH .UDq H3MepeHHSI KOOp-

~HHaTu s.non& oca xaMepu; 13 - aaonaue npoaonoqxa; .t4 -: np,o~on~qaue 

KaTo.nu; 15 - 3al!lHTHue orpaaHqHTen&aue o6onoqKH; 16 - nornoTHTen&; 

17 - 061!lHR 60KC ~eTeKTHPYIOI!leR qacTH. 

12 

06pa60TKa MarHHTHUX neHT BUnORHSIRBCb HB 

3Tanos. nepsuR · 3Tan - npoaepxa . cpa6aTuBaHHSI 
3BM B HeCKORbKO 

aeo6xo.nHMoro qHcna 
.neTeKTOpOB. BTopoR 3Tan - onpe~eneHHe napaMeTp~B TpeKOB. TpeTHR 

3Tan - llpOBepKa nepeceqeHHSI B X-9) IIROCKOC"I;H, (nepneH.ItHKYRHpHOR. O~H 

nyqxa H KaMep) Tpex H 6onee TpeKOB C yqeTOM nor:HqecKHX KP.HTepHeB .' 

nocne qeTBepToro 3Tana - soccTaHoBneHHSI co6uTHSI B npocTpaHCTBe 

(X-9)-Z) H OT6opa C06U'(HR no KHHeMaTHKe, OCTBROCh -104 C06UTHa • 

.nan&aeRwaH o6pa6oTKa ~aaaux noTpe6oaana aaanH3a H o1-.neneHHSI 
+ + - + - ' + .• -

OCHOBHUX HCTOqHHKOB tlJOHa: pacna.nu ~ -+ e V eV ~e e H ~ -+ e V e V ~! i 

pa3nHqaue KOM6HHaUHH cnyqaRaux coana.neaaR pacna~a MIOOHa li· 

HMHTaUHH n03HTpOHOM 3ReKTpOHa HnH pacceHHHeM ._ no3HTpOHa a a 

3neKTpoae. 

Ha pHc. 10 npHae.neao o.nao H3 3anHcaHHLIX tlJOHOBLIX co6UTHR, r.ne 

BXO~SII!lHR H3 BHe ll03HTpOH (TpeK 1) HMHTHpyeT 3ReKTpOH, TepSieT 

3Hepr:HIO B MHWeHH H BUXO.IlHT KaK n03HTpOH C MeH&wea 3HeprHeR (TpeK 

3). 9TO .co6uTHe cnyqaRHO COBna.naeT no BpeMeHH H MeCTY c BLtneTOM H3 

MHWeHH n03HTpOHa OT pacna.na MIOOHa (TpeK 2). 

a 
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PHC,10. DpHYep pacneqaTKH 90CCTaHOBReHHOr:O C06U1HSI. (Ha_pHCYHKe 

llpHBe.neHa BCnOMOraTen&HaSI HHtlJOpMaUHSI -;pe3yn&TaT' o6pa60TKH C06UTHSI. 

Ha pa3HUX 3Tanax ~HRbTpaUHH). 

a) C06UTHe B nnOCKOCTH R-9), 6) C06UTHe B· llROCKOCTH R-Z. 

Cl>HRbTpaUHSI OCTBBWHXCH co6uTaa no BC~ 6onee JKeCTKHM 

nor:HqecKHM, 3HepreTHqecKHM H . .BpeMeHHUM KpHTepHS!M Ha COOTBeTCTBHe 
+ ++- '+ + - +-rHnoTH3aM pacn.a.nos ~ ... e.e e H ~ ... e vev~e e coxpaTHna qHcno 

KaH.UH.IlBTOB .ItO 65. Pacnpe.neneHHe 3THX C06UTHR no 3H~prHH H HMnyn&cy 

nbKa3aHO Ha pHC.11. KOHTypOM 0603Ha,eHa o6naCTb, B KOTopyiOnona.neT 
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907. MOJleJIHpOBaHHllXC061lTHfi ll+ -+ e•e•e- H KOTOpaH . Ii'piiHHTa KaK 

o6nacTb JleTeKTHpoBaHHH 3Toro pacnaJla. ~3 pHc.11 cneJtyeT, qTo 

npeJlCTaBneHHlle C061lTHH - 3TO pacnaJlll ll+ -> e+v ev~e + e ~ H !pOH 

cnyqaf!HllX COBnaJleHHfi, H HH OJlHO 3aperHCTpHpOBaHHOe C061lTHe He 
~ MOXeT 6:b1Tb HHTepnpeTHpOBaHO KaK pacnaJl ll+-+ e•e•e-. 

..,,40 

~ 
~ 30 

::i 20 

1!;!: 
10 

'll~ 

< 
·: ::: .;:" · .. . .. . . : ... ..... 

80 

PHC.11. PacnpeJteneHHe co61lTHR, 

YJlOBneTBOpH~mHx KHHeMaTHKe pacnaJla 
·~ : .... + . - + - + + + -

ll -+ e v ev lle e H ll .... e e e , 

no cyMMapHOH 

HMnynhcy, IPtotl. 

3HeprHH, · · Etot, H 

OUeHKa BepXHeR rpaHHUll OTHOCHTenbHOfi 
j.t+ -+ e•e•e- Ha ypOBHe 90%-HOR JlOCTOBepHOCTH 

pacnpeJleneHH~ nyaccoHa JlnH cnyqaH xorJla 

Ha6n~JlaeTcSI: 

~epaH\HOCTH pacnaJla 
CJlenaHHaSI cornacHo 

HCKOMOe C06:biTHe He 

W(IJ.• .... e·e·e-) 
R = ----------=--

J.t->3e W(J.L+-+ e•vevll) 

. -I I 
'< - !~!Q ___ ·= 3,6·10 -- N 
- cJ.L->3e· ll 

rJte: cll .... 3e - 3cp!pe1CTHBHOCTb perHCTpaUHH pacnaJla ll+ -+ e•e•e- (5, 6%) i 

M~OHOB B MHweHH ,(1 1 15·1012
). NIJ. - qHcno pacnaJlOB 

nonyqeHH:biH pe3ynbTaT B -so 

paHee B .Uy6He, H HaXOJlHTCSI 

- - JlOCTHXeHHfi. · 

pa3 ynyqwaeT oueHKY, 

Ha ypoBHe COBpeMeHHllX 

CJlenaHHY~ 

MHpOBllX 

B 3aKn~qeHHH C!pOpMynHpOBaH:bl OCHOBH:ble pe3ynbTaT:bl pa60T:bl: 

1. Pa3pa6oTaHa H C03JlaHa CHCTeMa H3 18-TH KOaKCHanbHO 

pacnonoxeHHllx UHnHHJlpHqecKHX MHoronpoBonoqHllX nponopuHoHanbH:biX 

KaMep C . o6mHM KOnHqecTBOM HH!pOpMaUHOHH:biX KaHanoB -15 T:biC. JlRSI 

·wHpoxoanepTypHoro MarHHTHoro cneKTpoMeTpa APEC. cneKTpoMeTp 

npeJlHa3HaqaeTCH JlRH· npoBeJleHHH WHpOKOH nporpaMM:bl HCCReJlOBaHHfi no 

!pH3HKe. 3neMeHTapH:b1X qacTHU H HJlepHOfi !pH3HKe ·. 
2: C03JlaHa annapaTypa 1 o6ecneqHBa~maH _pa6oTocn6co6HOCTb 

nponopUHOHanbH:biX KaMep: CHCTeM:bl B:biCOKOBORbTHOrO nHTaHHH H 

re.3o6ecJ1eqeHHH xaMep H cHcTeMa KOHTponH 3a yTeqxon pa6otiea cMecH. 

Ha OCHOBaHHH ,aHa~H3a xapaKTepHCTHK C03JlaHHOfi annapaTyp:bl 

OnTHMH3HpOBaH:bl peXHM:bl pa60T1l BCeX CHCTeM. 

14 
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3. Pa3pa6oTaHa H onTHMH3HpOBaHa KOHCTPYKUHSI H TeXHOnorHH . . ~- . - . 
H3rOTOBReHHH. UHRHHJlpHqecKHX MHOronpOBOnoqH:biX nponopUHOHanbH:biX 

KaMep. C03JlaHa H BHeJlpeHa MeTOJlHKa KOHTpOnH KaqecTBa H3rOTOBneHHSI 

H HCn:biT~HHH rOTOBllX KaMep. Be~ 3TO n03BORHRO H3rOTOBHTb 6onee 40 

HaJleXHO pa6oTa~mHx KaMep pa3HOH MOJlH!pHKaUHH c o6mHM qHcnoM 
. . 

aHOJlH:biX npoBonoqex -35 T:biC. 

4.. llpeJlnOJKeH H peanH30BaH OpHrHHanbH:biH. MeTOJl C03JlaHHH 

UHRHHJlpHqecKHX MHoronpoBonoqH:biX KaMep. C03Jla.HH:ble KaMep:bl OTnHqa~TCH 

peKOpJlHOH npo3paqHOCTb~ ( 3+20 Mr /CM2 Ha OJlHH' HH!pOpMaUHOHHllH en of!). 

BnepB:ble pa3pa60T~Ha MeTOJlHKa H ocymeCTBneH MOHTalK ·Ha6opa ·TaKHX 

KaMep B orpaHHqeHHOM 3aMKHYTOM 06DeMe. 

5. ~ccneJlOBaHll OC06eHHOCTH pa60T1l UHRHHJlpHqecKHX MHOro

npoBonoqH:biX nponopuHoHanhHllX KaMep. _onpeJteneHi>I KPHTepHH 'Bll6opa 

OCHOBHllX napaMeTpOB KaMep 1 npoaHanH3HpOBaHO BRHSIHHS qJaKTOpOS; 

onpeJtenH~mHx pa6oTocnoco6HoCTh KaMep. 

6. BnepBlle pa3pa6oTaHa H C03JlaHa rHnep6onHqecxaSI 

MHoronpoBonoqHaSI nponopuHoHanbHaH xaMepa 1 no3BOnSI~maSI 

perHCTpHpOBaTb JlBe KOOpJlHHaT:bl:. (a3HMyTanbHY~ H BJl6nb OCH KaMep:bl) 

H HMe~maH Manoe KonHqecTBO BemecTBa B pa6oqeM 'o6D~Me. ~ccneJlOBaH:bl 
xapaKTepHCTHKH 3TOH KaMepll. 

7. C03JlaHHllR KOMnneKC an~apaTyp:bl Hcnonb30BanCSI B 3KcnepHMeHTe 
no noHcKy pac.naJla 1-L· .... e•e•e-. 3a BpeMH 3KcnepHMeliTa am1apaTypa 

HaJleJKHO H 3cp!peKTHBHo npopa6oTana 6onee 800 qacoB Ha n'yqlce 
ycxopHTenH. 

8. Ha OCHOBaHHH o6pa60TKH H aHanH3a HH!pOpMaUHH 0 pacnaBWHXCSI 

B MHWeHH 1 , 15 ~ 1012 M~OHOB, CJlenaHa OUeHKa BepxHefi rpaHHU:bl 
OTHOCHTenbHOfi 
R < 3,6·10-11

• 

JlOCTHJKeHHH: 

BepOSITHOCTH (R) 

9TOT pe3ynhTaT 

r 

pacnaJta ll•_,e•e•e- Ha ypOBHe 

COOTBeTCTByeT ypOBH~ MHpOB:biX 

OCHOBHlle pe3ynhTaT:bl JlHCCepTaUHH ony6nHKOBaH:bl B cneJly~mHX 

pa6oTax: 

1.Baranov V.A. 1 Evtukhovich P.G. 1 Filippov A. I. 1 Fursov A.P. 1 

Korenchenko A.S. 1 Korenchenko S.M. 1 Kostin B.F. 1 Kravchuk N.P. 

Khomutov N.V. 1 Kuchinsky N.A. 1 Moiseenko.A.S. 1 Mzhavia D.A. 1 · 

Nekrasov ·K. G. 1 Povinec P. 1 Szarka J. 1 Smirnov V. S. 1 Vanko J. 1 and 

Zyazyulya F.E. ARES spectrometer. - NIM 1 1986 1 v.Bl7 1 p.438. 
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2. Filippov A.I., Fursov A.P., Korenchenko A.S., 

Korenchenko S.M., Kravchuk N.P., Nekrasov !C.G. and Vanko J. Low 
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v.B17, p.441. 
3.EapaHOB B.A., BaHKO 10., · 

KopeH'IeHKO A.C., KopeH'IeHKO C.M., 

EBTYXOBH'I n. f. , 
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KpaB'IYK H .n., 

HexpaCOB K.f., 
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