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Pa6oTa JlblllOnHeHa e 06~eHHCTHTyTCKOM Hay'llHO-MeTOAHqecKOM 
OTAeneHHH 06~eAHHeHHOro HHCTHTyTa J1,ItepHbCC HccneAOBB.HHR, 

Hayiume PY~OBOAHTenH: 

AOKTOp ~H311KO-MaTeMaTHqecKHX HayK~ 
CT8pm11R HayiumR COTpy,n:HHK -

K~H,D.aT·TeXHHqecKHX H8YK, 
CT8pDIHR Hay!UmR COTpy,n:HHK 

QfJHqHMbHHe OMOHeHTlil:· 

AOKTOp TeXHHqecKHX HayK, 
npoqieccop 

KB.H,n:H,qaT ~H3HKO-MaTeM8THqecKHX HaYK, 
Mn~m11R'HayiumR COTPYAHHK 

roJIYTBilll 
. Hropb AHaTOnbee11q 

BAPAB_Alll 
ReoHH,D. CepreeeHq 

3AHEBCKH0 
DpHR BaLµI8BOBHq 

BEJiflEB 
Hropb MHXaRnoeHq 

Be,lzylltee Haytnio-HccneAOBaTenbcKoe yqpe~eHHe: 
HHcTHTYT ~H3HKH J!l,ICOKHX aHeprHR, IlpoTeHiio 

3llll!HT8 ,n:HccepTaq11H COCTOHTCII "~ " ______ 1989 r. 
B ____ qacoe Ha 3aceA&HHH Cneq11an11a11poeB.HHoro CoeeTa 
Jl-04?.0I.02 npH Ra6opaTop1111 J!l,ICOKHX aHeprH8 06~eA11HeHHOro HHCTHTyTa 
flAepmoc Hccne,n:oeB.H11R, r,.IJ.ydHa, MocKOBOKOR o6n, 

C AHCcepTaq11eR MOlKHO 03H8KOMl1TbCII B 6116nHOTeKe RBa orurn. 
AeTopetfiepaT pa3ocn&H 11_ 11 _____ 198 r. 

Yqemi8 ·ceKpeTapb . ~ 
CneqHMl13HpOsaHHoro CoBeT~ '7 . . ( . )ol.~.JillXA'l{EB 

OEIUA.ff XAPAKTEPHCTI1KA PAEaTI:l 

A1q:yaJI1,HOCTl> 

Ba~aenmee MecTo B HaytIHHX nporpaMMax ycxopnTeJ11,HHX ~eHTpoB sa
HI!MaIOT axcrrepHMeHT8JII,HHe ncCJie,n:oBaHIDI B IIY'IKaX HeRTp:irno ll aHTRHeRT
pnHO BHCO.KIDC aHeprnfl. Ha coopy,icaeMOM B H8CTOR!ll88 BpeMSI B CepnyxoBe 
YcxopnT8Jl1,HO-H8ROIIMT8Jll,HOM ROMIIJieKce TaKJKe 6y,n:eT BlllIOJIWiTI,CJi mnpo
RaR rrporpaMMa aeRTpnHHHX ncCJie,n:oBaH~. 

Ilporpecc B aTon OdJiaCTll ~R3llRH aJieMeHTapHHX ~acT~ BO MHoroM 
onpe,n:eJIReTCJi MeTo.n:~ecRnM odecne~eaneM a&cnepnMeHTaJll,HHX noCJie,n:oBa
H~ n, B nepByro o~epe,n:1,, - pa8BHTH8M T8XHllRH KOOJl'AHHaTHHX ,n:eTeKTO-
poB. , 

B HacToR!llee BpeMSI B HeRTpnHHoM IIY'IKe H~Ba B pelltl!Me Hadopa 
a&cnepnMeHTaJII,HllX ,n:aHHHX padoTaeT O,n:Ha Z3 KpynHeflmmc YCTSHOBOK -
- "HeflTp:mIHHfi ,n:eTeKTOp" COTpy,n:H~eCTBa EepJIHH - BY',llanemT - }J.ydHa -
- CepnyxoB. MMe:romyroCJi B COCTaBe ycTaHOBRH @ll8~8CI<YJO annapaTYPY C 
HeKoTopwn ,n:onoJIHeHIDIMn npe,n:noJiaraeTCJi ncnOJII,SOBaTl> .nmi: npoBeieHlitfI 
nporpaMMH no_HeilTpmnraM HcCJie,n:oBaHRaM Ha YHK. · 

UeJII, padoTH - cos,n:aHHe KOop,n:nHaTHHX ,n:eTeKTOpoB ,n:Jlll yoTaHOBM 
"HeflTpHromfl ,n:8T8KTOp" a,n:eKBSTHO y,n:OBJI8TBOp.lll!XIl.0:X npoeKTHl:lM Tpe6oBa
HllRM H npoBe,n:eHHe M8TO,n:~ecRHX HCCJie,n:oBam xapaKTepHCTHK ,n:eT8KTO
poB: 

- C pa,n:zoaKTHBHl:lM HCTO~HKOM; 
- B IIY'IK8 3SJ)Jtllt8HHHX ~acT~ HeflTpnHHOro KaHaJia ,n:JIR. ,n:8T8RTOpOB 

"Ml)OHHOro Cll8KTPOM8Tpa. 

Harnaa SOBHBHa. B ,n:nccepTan,l!OHHOfl pa60T8 np1rne.n:eHH peayJII,TaTH 
aKcnepm.teHTai1,Hmc HcCJie,n:oBaHHfi xapaxTepncTnK 'doJ11,nm:x ,n:peflq>0Bwt Ka
Mep, HSXO,n:mIIIIXCR B COCTaBe MllOHHOro cneRTPOMeTpa ycTSHOBM "He!TpHH
HHi! ,n:eTeKTop". 

Ilpe,n:cTaBJieHa HOBSR KOHCTPY~ doJ11,mofl ,n:pefiq>OBO! RaM8pH, nsrOTOB
Jl8HHOfl Ha OCHOBe OT8~8CTB8HHHX COTOBHX naaeJiefl. 

Ilpe,n:noJioxeH n peaJinaoBaH aa ycTaHOBKe "He!Tp:runmit ,n:eT8KTop" 
nMIIYJII,CHHi! pem BHCOKOBOJII,THOro ImTamm 8Jl8KTpo,n:oB 60JII,IIIHX ,n:peflq,o
BHX KaMep, · odecne'l.l!BSJOUUJ;a;,.p_~.l:l~W~.Jl~~- padoTy ll0CJ18~HHX. 

C r,,.c-. ,, ..• , . , · · · •· ·,'l • ,,,,..,.,..,,,.,., ' J~ (-,·OJ;ri.,;~...c.•h:,.h~,:,<t:l ~.::t~Lt-Tt./\ t· 
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IlpaKT.0"!9CKa.fI llBHHOCTI,. Ha OCHOBe npe,nJIOXBHHOfl KOHCTPYKU!ill coa,u;a
HH 6oJU,urne ~eitqioBHe KaMepa, acnOJII,30BaHHHe B Ka~ecTBe Koop,naHaTHHX 
,u;eTeRTOpOB Ha ycTaHOBKe "HeflTpllHHW! ,IJ;BTBKTOp". Ilpe,u;noJiaraeTC/i HCnOJII,
aoBaJme aTHX ,u;eTeKTOpOB B HeflTplWHHX 3KCnepm.1eHTax Ha YHK. 

HMllyJU,CHOe IIRTaHne aJIBKTpO,D;OB ~eitqioBHX KaMep MOXBT 6HTI, HC
nOJIDSOBaHO KaK cnoco6 y.ny-cnneHM xapaKTepHCTHK ,u;pyrax ra30BlilX ,IJ;0T0KTO
poB. 

.AB Top aaIItHII1aeT: 
1. IlpaKT.0"!0CKH0 peayJibTaTH: 
- corJiaCHO npoeKTHHM Tpe6oBaHMM paapa6oTaHH ll C03,IJ;8HH 60.JII,llllie 

~eitqioBHe KaMepa; 
- coa,u;aHHHe ~eitqioBHe KaMepH ycTaHOBJIBHH ll aanymeHH B Ka~eCTBe 

KOOp,D;llH8THlilX ,u;eTeKTOpOB ycTaHOBKll "HeilTPRHHW! ,u;eTeKTOp"; 
- BHe,u;peHO RMIIyJU,CHOe BHCOKOBOJII,THOe IIRTaHHe KaK cnoco6 yJiyqme

HM xapaKTepHCTHK.,IJ;peflqioBHX KaMep. 
2. MeTO,IJ;.0"!9CKHe peayJibTaTH: 
- 3KCnepRMeHT8JU,HHe llCMe,D;OB8HM xapaKTepHCTllK nponopIJ;ROH8JII,

HlilX KaMep C KaTO,IJ;HhlM C~llTHBaHReM ll npoTOTllnOB ,u;pefl~OBHX KaMep; 
- 3KCnepRMeHT8JII,HHe HCMB,IJ;OBaHM xapaKTepHCTHK cepdHlilX ~efl~

BlilX RaMep ,IJ;JJR·paaJm~HHX raaOBHX CMecefl H paa~lilX cnoco6oB 
BHCOKOBOJII,TH.oro llHTaHH.fI 8Jl9KTpO,D;OB - nOCTO.fIHHHM ll .. HMnyJII,CHHM. 

Anpo6aUHSI pa6oTa. PeayJii,TaTH, noJioxeHHae B ocHoBy ,u;accepTaIJ;Rn, 
,IJ;OMa'AWlaMCI, Ha Ha~lilX CBMHHapax OHMO, Ha pa6o~x COBemaHll:.fIX no 
HeflTpllHHOMY ,IJ;BTBKTOPY, Ha aace,u;aHll:.fIX ceKUllli Y~eHoro COBeTa OHHM, 
npe,n;cTaBJJ.ff.llll:CI, ~a XII Me'1\Il;YIJapO,IJ;HOi1. KOH~pem:urn no qiHBMKe Hei1TpHHO ll 
acTpOqili3HKe .(1;InOHM, Ce~afl, 1986). 

• IJy6mRamm. B ,u;nccepTaUHH o6o6meHH peay.iu.TaTa pa6oT, Bano~eH
HHX aBTOPOM B 1980-1989 rr. B OHMO, JIBS q_mrn:, H!l'/BS (Ce!%inyxoB) •. Oc
HOBHHB peayJU,T8Tli ony6JIHKOB8HH B pa6oTaP• 2•3 •4 •5•6•7 • ~/ ~· 

• - - • • ,. "J ;· ,' , 

CTpyKTYJ>8 H o6~eM 8llCCBpTarmH. JJ:HccepTaIJ;RSI COCTOHT ll:3 BBB,IJ;BHM, 
~BTHPBX rJiaB, aaKJIIO~eHM ll H3JIOXeHa Ha CTpa~ax. B He~ co,u;ep
DTC/i 48 PHCYHKOB. ll CllHCOK nnnpyeMoil MTepaTYPH HS 39 H8llM9HOBa
Hd. 

CO.ILEPJKAHHE PAEOTII 

Bo BB089HllH no,u;~BPKHYTa 8KTYaJII,HOCTI, npo6JieMH, C~OPMYJIUPOBa
HH neM pa60Tli, onpe,u;eJIBHH OCHOBHHe noJIOJlteHM, BHHeceHHHe Ha aamaTy. 

B nepB0:!1 rJiaBe ll8JIO~eHO: KPaTKOe OllHCaHHe ycTaHOBKH H qili3Hqec
KOfl nporpaMMH HCMB,IJ;OBaHHil, ~HOBlie YMOBH.fl B BOHS Hei1TpllHHOro ,u;e
TBKTOpa H Tpe6oBaHM K KOOp,D;HHaTHHM ,u;eTeKTOpaM. 
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fJiaBHHe oco6eHHOCTM per~cTpaUHa nponeccos saaHMo,u;eitcTBH.fI 
Hei1Tpl1HO o6yMOM8HH Kpai1He M8Jlh1M HX ceqeHneM. IloMe,IJ;Hee Be,IJ;eT 
aBTOMaTaqecKH K UCIIOJII,3QB8HUIO M8CCliBHlilX ,IJ;eTeKTOpOB, KOTOpHe 0.r(HO
BpeMeHHO .fIBMIOTC.fI MHillBH.fIMM M aHaJIU38TOpa~. 

.PacrroJIOMeHne Hei1Tpl1HHOro KaHaJia M 3Jl8M9HTH .r(0T9KTOpa IIOKaSaHH 
Ha pirn. I. 

neutrino 
detector decay 

volume 

~

--~ ..J-12~0m .J target __Jproton 

UIL_'._ I fr-@ r beam r = , • m 
pulse shi~l;---7 

.,. 60m 

I 
muon iron· 

shield focusing 
~nses 

Puc. I. PaCIIOJIOMeHne 3Jl9M8HTOB He:0TpHHHOro KaHaJia 
H<l.iB3 (CeprryxoB). 

Ilaom, M KaOHH, po,nmeHHh!e B Ml1ill0Hl1, qioeycapYJOTC.fI B pacrra.nHH:11 
KaHa.Ji 120 MeTpOB .r(JIHHOil TpeMSI Jll!H38Mlf. 1KeJie3Hbll1 MIOOHHhlli (111.JII,Tp, 
rrorJioma!Olllnil aapSIXeHHh!e KOMnOHBHTH pacrra.noB KM IT - M830HOB .naeT 
B03MOMHOCTI, IIOJIYqeHM Ilyt!KOB Hei1TpJmo 11 8HTHHeilTpl1HO illHpOKOro crreKT
pa, .nnxpoMaTaqecKHe IlytIKH He:0Tpl1HO a aHTHHeilTpl1HO, Ilyt!KH o6orameH
HHe 3Jl8KTPOHHHM HeilTpHHO. 

Hei1Tpl1HHH:0 .neTeKTOp COCTOHT 113 MMilleHU-KaJIOpHMeTpa, JIHBHeBoro 
.r(8T8KTOpa 3Jl0KTpOHOB l1 MIOOHHoro crreKTpOMeTpa. 

MHT: 
IMrneHb-KaJIOpHMeTp cocTOHT us 37 Mo.nyJieil. Ka,nmuil MO.r(YJI!, co.nep-

1 - MeJie3HYJO MarHHTHYJO paMy paaMepoM (4,5 X 4,5) M2, TOJlllll1H0:!1 
IIO_MM no IIytiey c BHyTpeHHHM OKHOM paaMepoM (3 x 3) M2; 

2 - IO CUHHTUJIMUHOHHHX cqeTqHKOB paaMepoM (0,2 x 0,3 x 5) M3, 
Harro~eHHlilX Ml1,I:(KUM cnnHTl1JIMTOPOM Ha OCHOBe yai1T-CIIffPHTa; 

3 - ,IJ;Be IIJIOCKOCTM (X MY) 113 ,iij)eit~OBlilX KaMep. 
Bee 8KTHBH0:!1 MHilleHrr-cnrrHTHJIMTOpa orpaHHqrrBaeTC/i paaMepOM 

(3 X 3) M
2 

l1 paBeH 50 TOHH8M l1 110 TOHHaM C 8.JIIOMl1Hl10BliMll ~WlbTpaMH. 
IlpoeKTHa.fI 34XIJeKTffBHOCTI, perncTpaurrn MIOOHOB COCTaBMeT 90%, 3Hepre-
TnqecKoe paaperneHne E/Ef = 15 - 25%, yrJIOBOe paaperneHHe A 01' = 

(IO - 30) Mpa.n/p raB/c • 
AHBHeBH:!1 .r(BTBKTOp 3Jl0KTpOHOB pacrrOJIOXeH B aaaope Me.nmy Ml1!110HI,IO-
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KaAOpHMeTpOM ll MJOOHHHM cneKTpOMeTpOM. Ero paaMepu (0,2 x 3,6 x 
X 3,6) M3• neTeKTOp COCTOllT ll3 18 ropll30HTaAl>HHX meeK. Kall\Il:afl 
meflKa UMeeT 3,6 MB ,D:JIBHy, 19 CM B BHCOTY, 20 CM B rAyCiney n coc
TOllT ll3 12 MOeB CBHHU;a no 4 MM K~llil ll 12 MOeB ~HT~Topa. 
neTeKTOp TOJil!lHHOll II pa,n:HaUHOHHHX ,D:JIBH yBeAH'lllBaeT noAe3Hlli! oCi~eM 
,n:M perHcTpaunn ~e - pacceRHHJI, Ta.tam OH HeoCixo~,1 ,n:M perIJ:CT
pannn raMMa-KBaHTOB ll 3AeKTpOHOB OT B3aHMo,neflcTBllfl Ye C Hy.KJIOHaMll. 

XapaKTepllCTllKH JIBBHeBoro ,neTeKTOpa Ci11Jlll ll3Y'J:eHH B IlY'J:Ke sapR
xeHHUX qacT.HU B HHTepBaAe aHeprnn oT I ,no 5 raB: 

- aHepreTnqecKoe paapemeHHe 16/VE % ; 
- Heaq:qeKTHBHOCTl> pas,neAeHM a,npOHOB ll 3AeKTPOHOB I,5% npll 

I,6 raB n ~ 0,8 % npll 4,5 raB; 
- cpe.n:Hee sHaqeHne pacnpe,neAeHM a~zy;n HMnyA1>COB OT aHeprHH 

na.naIOOlero aAeKTPOHa B OCiAaCTll OT I .no 5 raB llMeeT ,nocTaTOqHO 
xopomyIO AllHeflHOCTl>. 

MroOHHllil cneRTPOMeTp pacnOAOXeH B ROHU;e ycTaHOBRH H COCTOHT ll:3 
13 MarHllTHHX xeAe3HWC ,D:HCROB: .nnaMeTp ,D:llCKa 4 M, TOAmHHa no nY'J:RY 
220 MM. llii:Tl> ,D:llCKOB TOJil!lHHOfl 220 MM pacnoAoXeHH B nepe.n:Hefl qacTll 
cneKTPOMeTpa, BOceMl> ,D:llCKOB - (2 x 220) MM - B KOHU;e. X ll Y MOCKOC
Tll ,npencpoBux KaMep pacnoAo~eHH B saaopax Mell\Il:y .nncKaMH. MrooHHhlil 
cnekTpOMeTp npe.n:HaaaaqeH ,n:M naMepeH!lllI HMnyAl>COB n onpe,neAeHHR sHaKa 
sapmteHHHX MJOOHOB. IlpoekTHOe paapemeHne no HMIIYAl>CaM MIOOHOB COCT~BM
eT B cpe,n:HeM AP/pl" = IO %. nBe XY ro,nOCKOIIBqecKHe CUH.HT~'lJIJI.IIlUWHHHe 
MOCKOCTll pacnOAOXeHH B 3-eM ll 6-0M aasopax ll CJiyJKaT ,n:M onpe,neAeHM 
BpeMeHHUX ll npocTpaHCTBeHHUX KOOp,nllHaT npoxo.nffi!IHX MIOOHOB. Ha pnc. 2 
npe,ncTaBJieHa BpeMeHHaR CTPYKTypa IlY'J:Ka no qeTBepHHM COBna,neHllRM 
Bcex CUllHT~OHHHX MOCKOCTefl ~JOOHHOro cneKTpOMeTpa. 

B saBllCllMOCTll OT peXHMa paCiOTH ycTaHOBRH sanycK 3AeKTpOHllRH 
CqflTUBaHM ocymecT~eTCR JIBCiO OT nepBoro CiaHqa YCKOpllTeM (paCioqnfl 
Tpllrrep), AllCiO OT COBna,neHllfl CllrHaAOB C pa3HHX CUHHTll~OHHUX 
MOCKOCTefl. HcnOAl>30BaHHe Tpllrrepa OT ro,nocKOIIBqecRHX MOCROCTefl, 
nepeKpHBal001llX Beel> qyBCTBllTeAl>Hufl OCiMM MIOOHHOro cneRTPOMeTpa, 
no3BOM8T llCMS,D:OBaTl> (ll3MepHTl>) TaRHe paCioqne xapaKTepHCTllKll KaMep,. 
KaK n1,e,necTaAH, CKOpOCTll .npeflqe ll 3qqJSKTllBHOCTl> perHCTpaUllll TpeROB. 

,lJ,n.l! BOCCTaHOBJISHllfl TpeKOB qacT.HU B KaAOpHMeTpe ll B MIOOHHOM 
cneRTpOMeTpe llCnOAl>3YJOTCR ,n:Ba Tllna KaMep (pa3MepOM (4 X 0,5) ti- ll 
(4 x 2) M2• OCia Tnna HMeroT noxo~ CTPYRTYPY .npefl~OBHX flqeek. npen
~oBue RaMepu paaMepOM (4 X 0,5) M2 (ll3rOTOBA8HH B ffliBS) HMeIOT flq8fl
RY c ,n:AllHOtt .npeflqe paBHOfl 250 MM. 360 KaMep TaKoro Tllna paaMemeHH 
B aaaopax pa3HHX MarHHTOB BTOpofl TIMOBllHH MllWSHll-KaAOpHMeTpa. KaMe
pu paaMepoM (4 X 2) M2 (R3rOTOBJI8HH B OMHH) COCTOHT ll3 8 flqSSR C 
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c ,nAHHOtt .npeflqe paBHOfl 120 MM. 120 .ttaMep Ta1toro Tmia .~11Jlo nsroToBJie
HO, 68 ll3 HllX llCnOAl>8YJOTCR B nepBOtt qaCTll KaAOpRMeTpa.ll 36 B MllOHH~M 
cneKTPOMeTpe. Ilonepe'll!Oe ceqeHlle O,D:HOfl .npeflcpoBOI flqSflRH. KaMepH BT~
poro.THna noKasaHo Ha pnc. 3. 

Pile. 2. BpeMeHH8fl CTPYRTYPa 
nyq.tta no qeTBepHHM coBna,ne
HHRM Bcex CURHT~OHHUX 
WIOCROCT8fl. 

Tue. 3. Ilonepeqaoe ceqe1me 
o,n:Hofl flqeflRH ,npeflq,oBofl .tta
Mepu. 
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Ha pnc~ 4 npllBO,D:llTCR BpeMerutoe pacnpe,ne~eHlle CllrHaAOB c npOBO
AOK ,npeflq,c>I!HX RaMep MllOHHOro. C!J8RT1)0~41!'1'pa ll ~eHHOI '180TB: OHID,! ,· - . 
(~3000 RaHaJIOB) npn padoTe B Hei!TpllHHOM ny'IR8. Ha11aAO pacnpe.neAeHM 
xapaKT8pll3Y8T CYJ,1M8pHHfl ypOB8Hl> DJYMOB no ItaMepaM,:8.RCnOH8HUR8mHHfl 
XBOCT onpe.neMeTCR <pOHOM Me,n:AeHHUX Hei!TpOHOB. 

Cep1>88HHM npenRTCTBlleM npll npoBe,neHRll 8KCnepHM8HT~B iia HeflTpllH
HOM ,neTeRTOpe RBMSTCR ~OH, sarpyxamurfl perllCTPllPYIOmYJO annap8TYJlY• 
Tpy,nHOCTll npn peKOHCTPYKmll'l HeflTpllHHHX coCiHTllfl Ha.KJia,nUBaIOT xecT.Rllfl 
npe,neA Ha ,nonycTRMYJO sarpyscy ,neTeRTOpa. B .RaqecTBe npe,n:BapHT8Al>HOfl 
oneHRH ,nonycTHMOfl,sarpySKll ,neTeKTOpa Ci11Jla npllHRTa.B~RHa 0,5 

1
/M

2
• 

B pesyA:E.TaTe ycueHRH ll pacmRpeHM XeAeSHOro MIOOHHOrO qillJil>Tpa 
sarpysxa HeflTpRHHoro .neTe.RTopa Ha ROHeu 1988 ro.na cocTaBJIHJia 
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(I+ 2) 
1
/M

2 
(npn roI3 

IlPOTOHOB) npn pa6oTe B IIY'l:Ke lllll:POKoro cneKTpa 
Hei!TpmIO. ·ocHOBHBM HCTO'IBHKOM qJOHa RBJUIIOTC/I "paBHOBecmm" MlDOHH 
(OT B38HMO,ne:l!cTB.Wr He:l!TpilHO B fl - ~hT~e). B CBR3il C TeM, qTo KO
Jlli'ISCTBO (JJOHOBblX MlDOHOB npeBHWaeT 0,5 1/Nf ,nJIJI pa60Tll B IIY'l:Ke lllll:po
Koro cneKTpa npe.ztn:oxeH n HacTpanBaeTCSI pelllliM peaoHaHcHoro BHBo,na. 
BpeMeHHaR .nnarpaMMa c6poca IJY'l:Ka Ha wnueHh He:l!TpHHHoro KaHana B aTOM 
CJIY'l8e npe,ncTaBJifieT co6ofl IlJITl, HMIIynhCOB ~TenhHOCTl,JO 5 MKCSK c 
BpeMeHHHM paccTORHlieM Me.»my HMIIynhcaMH IO MKCeK. 

N 
•104 

1,0 

0,5 

0 0:------~--~------=--=::.:_ _ __J 
6 3 9 12 

T (HKCeK) 

Pnc. 4. BpeMeHHoe pacnpe,neneHHe cnrHanoB 
C npOBOnOK ~eflipoBblX KaMep M!OOHHOro cneKTPOMSTpa 
n wnueHHOi! qaCTil OMHM npH pa6oTe B He:t!TpHHHOM 
IJY'l:KS, 

Cos.naHn:e 6on1,mo:tl n .noporocTOJillle:l! ycTaHOBKH "HeflTpHHHH:tl .neTeKTop" 
noTpe6oBano TmaTeJlbHo:tl npopa6oTKH n li3Y'!eHHH <fiRa~ecKo:tl nporpaMMu 
ncMe,noBaHH:tl, B'pesynTaTe qero 6~ cqiopMY~poBaHu Tpe6oBaHHJI K 
KOOJUJ;HHaTHOMY .neTeKTOpy. 

Tpe6oBaHHJI, npe,n'bJIBJifieMUe K TpeKOBHM ,neTeKTOpaM .D:OCT8TOqHo Bll
COKH, OHH .no~ HMeTh Mom~h .no !6 uf Ha o.ney MOCKOCTb npH npocT
paHCTBeHHOM paapemeHHH He :xyxe I MM. lhIMO MOCKOCTe:l! OKOno 80, 
TO~Ha no IJY'l:KY He 6Mee !50 MM. 

neTeKTOpll ,noJllKHu HMeTh 6ec~bMOBH:tl c~eM HHipopMarurn. PeKOHCT
py~ C06HTH:l!, H3Y1IaeMblX B .neTeKTOpe; .D:OJllKHa OCYIIl0CTBJJJIThCII 6ea 
IlPHMeqeHHJI qenoBeKa K aHa~ay .naHHblX Ha 3TO:tl CT~HH o6pa60T.Kli, 

6 

~ 

I 
! 

B1,16opy KOHKPSTHOro KOOp,nHH8THOro ,neTeKTOpa npe.nmeCTBOBana 6onb
maR pa6oTa no coa.naHHIO H HCMe,noBaHHIO xapaKTepHCTHK paann:qHux THnOB 
MHOrorrpOBOnoqHllX K8M8p, naHHHS HCMe,noBaHHH npe,nCT8M8HH BO BTOpO:l! 

~-
Harr6onee noJIHO Tpe6oBaHH.flM, npe,nMBJJJISMHM K KOOp,nrrHaTHllM ,neTeK-

TopaM He:l1TpHHHOro KanopID118Tpa, y,noMeTBOp.fllOT Me.nyiomn:e npH60pH: 
- nponopurroHaJihHHe KaMep1,1; 
- nponopurroHanhHHe KaMepH C KaTO.I(HhlM cqnTIIBaHHSM IlHqiopMaUHH; 
- ,npe:l1qioBH8 KaMepH, 
IlpoTOTHilOM KaMep ,neTSKTOpa MOryT MyJ!iliTh nponopunoHanhHHe Ka

MepH Il3rOTOBJieHHH8 B OHMO OWUI ,nJIR 3KcnepHM8HTa HA-4. CBume 80 KaMep 
paaMepoM (3 X I. 5) M2 _6WIO Il3rOTOM8HO Il npoBepe*o B COCTaBe 3TOro . 
3RCnepl1M8HTa. OcHOBHllMil HSCYIItHMH 3Jl8M8HTaMH KaM0pH .flBJifIIOTC.fl COTOBlle 
naHeJIIl c MaJIHM 1toJ1HqecTBOM BemecTBa no nyqey (~0,3 r/c~). 

HcnOJlh3Y.fl mar CilrHaJibHoro 3Jl8RTpo.na 2 MM coxpaHReTCR B03MO~HOCTh 
rpyrrnnpoBRH cnrHanhHHX npoBOJIOR no 1,2,3 Ha o.nrrH RaHan per11cTpaurr11 
cnrHaJia, Ilpl1 3TOM peaJin3yeMa.fl npocTpaHCTBeHHaR TOqHOCTh OT.D:SJihHO:l! 
KaMepH - CTaMapTHOe OTKJIOH8Hli8 npRMoyrOJihHOro pacnpe,neJiemrn.- COOT
B8TCTB0HHO COCTaBMeT 0,7; 1,3; 2,0 MM, MepTBOe BpeMR nponopurr0Han1,
HO:l11taMep1,1 100 HCeK, OHa o6ecneqrrBaeT ac[xI:eRTilBHYJO'PSrilCTpaUHIO 
~ 99·, 6 % npll mHpHHe rrnaTO no aii4€RTHBHOCT.U perHCTP8UH11 TpeROB 

~(60(} + 1000 B). 
IlponopUHOHaJihHHe KaMepH C KaTO.D:HhlM cql1TIIBaHH8M HHq10pMaUHl1 0 

ROOp.I(HHaTe qacTHUH, O6JI~aR BCSMH .nocTOilHCTBaMH 06!,lqHHX nponopu110-
HaJihHllX RaMep, Il03BOMIOT yny'llIIUTh TO'lHOCTh perncTpauarr TpeROB. ~ 
aayqeHHR xapaRT8Pl1CTilK 6wrn Il3rOTOM0HH Tpl1 0.I(HHaKOBHe 1taMep1,1 pa3-
MepOM (220 x 220) MM2, ROTOpble co611paJ1HCh B O.D:IlH 6JIOK l1 o6~8.I(l1H.fl-: 
JlllCh B 0.I(IlH rasOB!:rn o6~eM. A.Ho.nu RaMep naroTaBJ1HBannc1, Il3 n030JlO
qeHHO:l1 BOJlh(l)paMOB0:11 npOBOJlO.KJI .nrraMeTpOM 20 MRM c maroM HaMOTRil 
2 MM± 30 MRM. IlJIOCROCTl1 R8TO.I(HHX aneRTpO.I(OB naroTaBJIIlBaJIIlCh TaKJKe 
li3 Il030JIOqeHHOi1 BOJihljipaMOBO:ll npOBOJlO.KJI .nrraMeTpOM 50 MKM C' maroM 
HaMOTRil 1 MM ± 15 MRM, 

Pacnpe.neJieHHe HMYUffPOBaHHOro aapR.na peracTpapoBaJioc1, c o.nHoro 
KaTO.I(a B Ka%~0:l! Ka¥epe, BTopo:l! KaTO.I( 3838MJIRJ1CR li MY~IlJl 3KpaHOM. 
C11rHaJill peracTpapoBaJIIlCh c 14-Ta KaTO.D:HHX nOJIOCOK Ilillplrno:l! 2 MM 
B,KaJIQJ;o:11 KaMepe, OCTaJlbHHe KaTO.I(HHe IlOJIOCKll 3838MJlRJIIlCh. CarHaJI 
C KaJIQJ;9:l1 KaTO.nHo:11 noJIOCRil nOCTYnaJI Ha Bxo.n aapR.I(O-qyBCTBUTeJ11,iJ:oro 
YCHJIIlTeJl!I. BHxo.n coe,naHRJICR C 8MMHTy,nHO~Ul1(11pOBHM npecidpa30BaTeJieM. 
3apR.I(O'lYBCTBHT8JlhHH:l! YCHJIHT8Jlb aMen xapaKTepaCTIIRH: qyBCTBHTSJlh
HOCTh ~0,5 B/rrK , IeyMhl ~ 3.10-15 K, .n.imTeJihHOCTh nepe,nHero cppOHTa 
HMITYJihCa 40 HCeK, BXO.n;Ha.fl .n;nHaMlI'l8CKaR. eMKOCTh C ~ !_20 n~. ~ 
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HaIIOJIHerum RaMep llCIIOJII,30BaJiaCI, CMeCI, ra30B: aproH - 67%, fI306yTaH -
- 30 %; MeTMaJII, - 3 %; qipeoH - 0, 2 %. ,lLJm BHpa6oTrur Tp.11:rrepa ucrroJib-. 
30BaJIHCI, TPH CUHHTWIJil:!UHOHHbIX cqeTqHRa, BKJIIOqeHHbIX Ha COBIIa'AeHHe C 
noporOBiilM trepeHKOBCRHM ctreTtrUKOM, HCKJIIOtraBmHM qacTllUl,I C llMIIYJlbCOM 
MeHee 1,5 raB/c. 

TotrHOCTb perHcTpaUHu TpeKOB oueHHBaJiac1:, no pacnpe'AeJieHmo BeJIH
trHHH ll = (x1-x2)-(x2-~3), r'Ae x1, x,, x~. - KOOP'AUHaTH TpeKOB B 
RaMepax. ECJIH .icaMepu paBHOTOtrHH 0., = (),.} = o3 = Oi ( bi. - cpemie-
KBa.n;paTlltrHaR omu6Ra), TO omu6Ra B KOOP'AHHaTe ~ O'AHOfl RaMepll onpe
'A8JIR8TCR H3 BHpaJJteHHR {)i = ~/(6 . 

Pacnpe'AeJieHHe BeJIHqHHl,I ti CTPOHJIOCI, 'AJIR KOOP'AHHaT X. BH
trIICJieHHbIX 'ABYMJI MeTO'Aa!Afl. IlepBHfl H3 HHX, MeTO'A cpe'AH8B3BemeHHoro, 
npH KOTOpOM ROOp.ItHHaTa traCTllUl,I Bl,l'IHCJIReTCR H3 BHpaJKeHHR : 

Z.llt(<J,-f} 
X = L. ro"-?J 

r'Ae Qi. - HH.nYUHPOBaHHHfi sa!)M Ha i -off RaTO'AHOfl noJIOCRe, 9 - CMe
meHHe pacnpe'AeJieH.HR sapH,l'.l;OB H3-3a HaJIHtrHR eY.ROCTHOfl CBR3H Mel!U{y 
aHO'AOM H RaTO'AOM RaMep. Cpe'AHeKBa.JU)aTlltrHaR Oilll16Ka pacnpe'AeJieHHR 
B 3TOM CJiytrae paBHa 160 MI<M, 'ITO COOTBeTCTByeT TO'IHOCTH onpe'AeJieHIIR 
ROO!)'AHHaTH B O'AHOfl RaMepe: 6i = ~/'16 = 65 MI<M. TotrHOCTI, onpe-
'A8JleH.HR ROOP'AllH8T TpeROB MOJKeT 6HTI, N 

YJIYtrmeHa, eCJIH 'AJIR onncaHHR pacnpe
'AeJieHHR HH.nYUHPOBaHHOro sapH,l'.l;a HC
nOJII,30BaTI, COOTHOmeHne: 

A 
j = c)l{JPs(x-x.)} 

r'Ae A~ BeJIHtrHHa, nponopUHOHaJibHaR 
cyMMapHOMY sa!)My, HH.nYUHPOBaHHOMY 
Ha RaTO'Ae; S - CB060'AHHfi napaMeTp, 
xapa1<TepnsyIOOU:1fl mupHHY pacnpe'AeJie
HIIR sapH,l'.l;a Ha RaTO'AaX. Ha ·PHC. 5 
npnBe'AeHo pacnpe'AeJieHne BeJllltrllHH l1, 
noJiytreHHOe C n0Mom1:,ro 3TOro BllpaJJte
HllR. Cpe'AHeKBa.n;paTH'IHOe OTRJIOH8HHe 
pacrrpe'AeJieHM ~ = 120 MI<M, Toq
HOCTb onpe'AeJieHM ROOP'AHHaTH B O'AHOfl 
KaMepe 6, = 50 MI<M. 

"' 

"' 

zoo 

-124 •JU 

li(f'm) 

a.=120rm 
c,;=so,-,m 

"' '" 
PHC. 5. Pacnpe'AeJI8HHe BeJIHtrH-
Hll 'AJ!R KOOp.ItHHaT, Bl,l'IHC-
JieHHHX no M8TO'AY HaHMeHbIDUX 
KBa,IJ;paTOB. 

,lLJm HCCJ18'AOBaHM saBHCHMOCTH TO'IHOCTH perHCTpaUJIB KOOp.ItHHaTH 
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TpeRa OT mupHHH RaTO'AHHX n6JIOCOK 6blJia H3rOTOBJieHa nponopIUIOHaJII,HaR 
RaMepa, KOHCTPYKUHR KOTOpofl aHaJiorlltrHa RaMepaM ycTaHOBKH HA-4. OTJIH
qHe saKJIIDtraeTCR B TOM, 'ITO RaTO'All BHilOJIHeHH B BH'Ae noJIOCOR H3 npOBO
'ARmefl RpacRH, paccTORHne MeJ!O];J ueHTpaMH noJiocoK - 18 MM. UeHTPH no
JiocoR 'ABJX RaTO'AOB c,nBHHYTH OTHOCHT8Jl:E,HO .JU)yr .JU)yra Ha 9 MM. HanpaB
JieHHe nOJIOCOK nepneH.nHRYJIRPHO HanpaBJieHHID aHO'AHHX npoBOJIOR. 

OneHRH TO'IHOCTH npOH3BO'AHJIHCI, no pacnpe'AeJX8HHID BeJIHtrliHH d = 
= C

1 
- C;, , r'Ae C, n C.i - KoopmrnaTH JiaBHHH, BHtrllCJieHHHe H3 

pacnpe'AeJieHHR HH,nYUHPOBaHHOrO 3a!)Ma Ha pa3HHX RaTO'AaX KaMepH. Ilpn
HHMaR TO'IHOCTI, perncTpaUHH no KaTO'AaM O'AHHaKOBOfl, MOJKHO onpe'AeJIHTI, 
TO'IHOCTI, perHCTpaUHH JiaBHHH O'AHHM KaTO'AOM KaK o = 6A/'il' , r'Ae 

°'1 - cpe'AH8KBa.JU)aTW!HOe OTRJIOHeHHe pacnpe'AeJieHHR BeJIHtrliHH . A 
BlltrHCJieHHe ROOPJ(HHaTH JiaBHHH npOH3BO'AHJIOCI, 'AByMR cnoco6aMH: 

no cpe'AHeB3BemeHHOMY pacnpe'AeJieHM HH.nYUllPOBaHHoro Ha KaTO'Ae sapH,l'.l;a 
H M8TO'AOM qiHTHpOBaHM pacnpe'AeJieHHR np:a6JIHJJteHHofl cpymaureff. IlpH BH
trHCJieHHH ROOP'AHHaTH BTOPHM cnoco6oM qiHTHpOBaHHe 3RCnepHMeHTaJII,HHX 
'AaHHHX npOH3BO'AHJlOCI, pacnpe'AeJieHHeM Koil!H, npOHHTerpHp.OBaHHHM no 
RaTO'AHOfl noJIOCRe. Pacnpe'AeJieHHe KomH 6paJIOCb B BH'Ae: 

j(x}== [(.r-x~/s12+-.1 + 9 
r'Ae Xo - KOOP'AHHaTa ueaTpa, S - noJIYil!HPHHa aa nOJIYBHCoTe, 
/j - 3HatreHHS cIJyHRUJIB B MaRc~e, Cf - nOCTORHHOe CMemeHHe. 

ECJIH Xi - ROOPJ(HHaTa ueaTpa (., -off IIOJIOCRH H w' '."" paCCTORHHS MSlK
'AY ueaTpaMH noJIOCOR, TO npOHHTerpHpoBaHHHM pacnpe'AeJleHHeM Konm RB-

JIReTCR /fYHKUHR: Xi./. Iv'~ 

.[=jfra:Jdx 
1i- ~ 

Ha pnc. 6 npHBS'ASHli 38BHCHMOCTH TO'IHOCTH onpe'AeJieHM KOOPJ(HH8TH 
Jl8BHHH (KPHBaR 1) H 38BHCHMOCTH napaMeTpa S pacnpe'AeJieHHR sa
!)M8 Ha RaTO'Ae (Kp.HBaR 2) OT IDHPHHH nOJIOCOK (lllllPlIHEI IIOJIOCOR 'AEl8TCR 
B S'AHHHUEIX WIL , l''A8 L = i MM - paccToRHHe MeJIQl;y aHO'AOM H &aTo
'AOM). TotIHOCTI, OU8HHBaJ18Cl, no KOOPJ(HHEITaM Jl8BHHH, onpe'A8JISHHHM qiH
THpOBaHHeM 'A8HHHX pacnp8'A8Jl8HH8M KoIDH. BH6op pacnp8'A8Jl8HM Koma 
6WI o6yCJIOBJ18H T8M, 'ITO SHa"leHHJI TO'IHOCTH npH HCnOJII,SOBamm 'Ap.yrHX 
pacnpe'AeJISHd OR838JIHCI, CYlltSCTBeHHO xy,y.e. IlpH mHpHHS IIOJIOCOK 18 R 
36 MM TO'IHOCTI, perHCTpaUJIB npHMepao COBna.n;aeT c TO'IHOCTI,ID onpe'AeJle
H:wI KOOPJ(HH8T B o6H'lllllX nponopUHOHSJII,HHX RaMepax c maroM CtrllTHBSHM 

2 H 4 MM COOTBeTCTBeHHO. 
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Pile. 6. 3aBilCllMOCTb TO'!HOCTil 
perHCTpa!U!R JiaBHHhl (Kpll
BaJI I) Il sHa'!eHIDI napaMeTpa 
(KpHBaJI 2) OT Illl'IpllHhl noJIOCOK. 

,UpeilqioBaJI .itaMepa pam,iepoM (3000 x 
x 1500) MM

2· c pacnpe.n;eJieHHHM .n;peil
cpoB!:lM noTeHUnaJioM 6wra nsroToBJieHa 
,l.J;JIJI IlCCJie.n;oBaHIDI TO'!HOCTil perilCTpa
rurn Koop.n;nHaThl npoJieTalOfl!eil 11acTH-UhJ. 
Ilonepe'!Hoe ce~ettne o.n;Hoil .n;peilqioBoil 
JI'!eilKH .itaMepu np,rne.n;eHo Ha pHc. 3 
( l = 95 MM) • KaMepa cocToJIJia Il3 
6-Til o.n;HHaKOBhlX JI'!eeK. McCJie.n;oBa-
HM npOBO,l.J;llJIRCb Ha CTeH,ne C pa,nilO
aKTilBH!:lM liCTO'!HilKOM I06 Ru .n;JIJI 
CJie.n;yromrrx rasoBhlX cMeceii: I - .Iii + 
+ 30 % c4Hro; 2 -Jr.+ 5 % CO2; 
3 - .lh + 5 % CO2 + 5 % CH4; 
4 -J'C + 7 % CO2 + 0,25 % CzH50H. 
CKopOCTb 06MeHa CMeCil B KaMepe 
cocTaBJmJia 20 JI/'lac. ,lJ,Jm ycnJieHM 
CilrHSJIOB C npOBOJIOK KaMepu IlCnOJib-
30BaJIHCb 3apJI,nO-'!YBCTBilTeJibHhle 
ycHJIHTeJIR c noCJie.n;yromRM wopMHpoBa

HneM .n;o YPOBHJI CTaH,napTHOrO CRrHaJia. C~bpMHpOBaHHhle cn:rHaJihl nepe.n;a
BaJIHCb B 6JIOK BpeMJI-rui:cppOBhlX npeo6pa30BaTeJieil C .n;aJibHeilIIIBM BBO,l.J;OM 
HHWOPMarurn B 3BM. IlpRMeHeHHe sap.ff,ll;O-'!YBCTBHTeJibHHX ycHJIHTeJieii nosBo
JIJIJIO pa6oTaTb c noporoM perHcTpa!U!R Q. .nop = 4-ro-H K ( ~ 0;5 MKA). 

To'!HOCTb perHCTpauRR KOOp.n;n:HaT npoxo.n;mrteil '!aCTll-Uhl B .itaMepe 
oneHRBaJiacb no pacnpe.n;eJiemno BeJIH'!HHH Ll = (x1 - x2) - (x2 - x3), 
r.n;e x1, x2, x3 - KOop.n;nHaTH Tpe.ita, onpe.n;eJIJieMHe no cHrHaJiaM c Tpex 
CllrHaJibHhlX npOBOJIOK, npll 3TOM KaJIR6pOBO'!Hhle xapaKTepllCTliKH ( X = 
= I ( t .n;peilwa)) ,nJIJI paSHhlX npOBOJIOK npllHilMaJIBCb o.n;nHaKOBHMH. To'!
HOCTb perncTparui:n (ft: O,l.J;HOil CllrHaJibHOil npoBOJIOKll Bhl'!HCJIJIJiaCb CJie
.n;yromHM o6pasoM: 

6_.- .J'WlfH 
t - 2.36 V6' ' 

r.n;e fWHM - rioJIHaJI nrnpHHa Ha nOJIYBhlCOTe rncTorpaMMhl pacnpe.n;eJie
HM BeJIIl'Ullihl ls. ,lJ,Jm CMecn Jlz + 5 % CO2 cpe.n;HJIJI TO'!HOCTb no 
.n;peilWOBOil ,l.J;JIRHe ,l.J;JIJI 0,l.J;HOil npOBOJIOKH COCTaBJIJieT 0,6 MM ( CM. pnc. 7). 

B Ta6JIHUe I npilBe.n;eHO cpaBHeHne pa3JIR'!HhlX THnOB .itaMep, o6ecne
'!HBa!OlllllX TO'!HOCTb perncTparui:n He xy~e I MM, KOHCTPYKIU!Jl KOTOPhlX 
Il03BOJIJieT cos.n;aBaTb .itaMephl C>OJiblllliX IIJioma.neil. KOJIR'!eCTBO KaHaJIOB 
onpe.n;eJmJiocb npoeKTH!:lMH Tpe6oBaHIDIMn K KaMepaM (pasMephl, Koop.n;nHaT
HOe paspemeHHe, KOJIR'!eCTBO.IIJIOCKOCTeil). 
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20 40 60 X(HH] 

Ta6~a I 

TRIT .n;eTeKTOpa 

Ilponoprui:oHaJibHaJI .itaMepa c 
aHo.n;Hh!M c'!HTh!BaHHeM HHWOPMa
rui:u 

IlporiopnHoHaJibHaJI .itaMepa c 
.EtaTO.n;HhlM C'!llTh!BaHileM llHqJOP
MaIUill 

,npeiig_ioBaJI KaMepa (J/z + 5% CO2) 

PHc. 7. 3aBHCilMOCTb TO'IHOCTll 
perHcTparui:H TpeKOB .n;JIJI raaoBhlX 
CMeceil I, 2, 3, 4. 

KOJI-BO KaHa
_JIOB (WT. ) 

80000 

8000 

4000 

lllirpHHa IIJiaTO 
no s/fXIieKTilBHOCTll, 

A (B) 

600 

200 

IOO 

McCJie.n;oBaHHJI no.itasaJIR~ '!TO npu IlCITOJib30BaHHil B ycTaHOBKe OC>hl'!
HhlX nponopnllOHaJibHhlX KaMep Tpe6yeTCJI or.pOMHOe KOJIU'!eCTBO KaHaJIOB pe
rHCTparui:H UHWOpMariun:, 'ITO npHBe.n;eT K BhlCOKOil CTOHMOCTil ycTaHOBKll. 
McnoJib30BaHI1El nponoprui:oHaJibHhlX KaMep C KaTO,l.J;HhlM C'!HTh!BaHHeM 1-!H<pOpr.m
IU!ll IT03BOJIJieT nOHl'l31ITb KOJIII'!eCTBO I<aHaJIOB B IO pas, o.n;HaKO, npll 3TOM 
Heo6xo.n;HMo npoBO,l.J;UTb aMITJll!Ty.n;Hwl aHaJI1-13 B Kal!Ol;OM .KaHaJie. Han6oJiee 
nplleW.JI.eMhlM JIBJIJieTCJI np1-1MeHemre .n;per.cpOBhlX KaMep C C>OJibllllil/1 .n;peilqioBHM 
npoMeJKYTKOM, '!TO no3BOJIJieT HMeTb MllHUMaJibHOe .KOJU!'!eCTBO KaHaJIOB pe
rucTpanuu uHcpopMarum ( CM. Ta6Jiuny I), peamrnoBaTb nepeonpe.n;eJiemie 
no KOJll-!'!eCTBY TO'!eK Ha Tpe.Ke, npOBO,l.J;llTb U3MepeHHe yrJIOBhlX xapa.KTe-

pUCTUK Tpe.Ka B o.n;Hoii .KaMepe. 
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B TPeTI,efl rJiaBe H3JIO}itefill oco6eHHOCTll .KOHCTpyrourn cepnilHOil ,n;pe:ti
cpOBOil .KaMepH, c:acTer,m raaoo6ecnetreH.11ll 11 sJieKTpOHHa.fI armapaTypa pe
rncTpan.:v.: HHg')OpMarurn c ,n;peiic}oBHX .KaMep. 

B OCHOBY .KOHCTpyro.um cep11ilHoil .KaMepH OHJIH IIOJIOJKefill l<OHCTPYRTHB
HHe pernemm 11 11cCJie,n;oBaHIDI xapaKTepucTnK ,n;pei1cf-oBHx KaMep paaMepor,1 
(3 x I,5) M2 rr (4 x 2) r/. pep:ailHa.fI .Kar.iepa cocTOHT na BOCbMH o,n;HOTUII
HHX ,n;peficI--OBHX .fitreeK C .n:mrnoil IIpOBOJIO'IHHX 3JI8.KTpO,n;OB 4 M n ,n;peillfJOBl:!Mll 
npor.1eJKyT.KaMn 120 MM. IIorrepetrHoe cetremre KaMepH no.KaaaHo Ha pnc. 8. 
KoHCTPYKTI:!BHO KaMepa COCTOMT ll3 Tpex OCHOBHHX 3Jlet,leHTOB: ,n;Byx naHe
Jieil (pllc. E,, II03. 9) JI paw.H, oopa30BaHHbi1 ,n;ByMJI OOKOBHMI:! IIJI1lHKaMH 
(pnc. 8, II03. 6,7) ,n;mmo:il 4 MeTpa n ,n;By:XMeTpOBl:lMU 6aJIY..8MU,· CI:!rHaJII,
HOil I:! BHCOKOBOJII,THOP., ll3rOTOBJieHH11Ml'J I:!3 CTe.KJIOT8.KCTOJII:!Ta. llitJKH.!I.fI 
naHeJI1, n par.m o6pasyroT .Kopnyc, BepXH.!I.fI naHeJib JIBJI.fieTCH KPHIIIKoil .KaMe
pH. repMeT11aa~JI sJieMeHTOB paMH, a TaroKe parm n naHeJII:! .Kopnyca npons
Bo,n;nTc.fI repMeTMKOM. YIIJIOTHeHne Kopnyca 11 .KpHlll.KH BHIIOJIHeHO cne~aJII,
HblM lllHypOM H3 IIOPI:!CTOil pe3HHH C ,n;ocTaTO'IHO rJia;J;KOti IIOBepxHOCTI,IO, 
.KOTOphlli B.KJieeH B nas paMH • .lJ,Jm YJIY'Illl8HH.fI IIOBepXHOCTll nasa .Kopnyca II 
IIpOTHBOJieJKameil eMJ IIOBepXHOCTH Kpllill.KH I:!CIIOJII,30BaJiaCI, TeXHOJIOrll.fI Ha
HeceHIDI TOH.KOro CJIO.fI 3IIOKCH,ll;HOrO .KOMIIayIUJ;a, m~e!Oll1ero no yIIJIOTH.fI!Omefl 
noBepXHOCTH .KOHTa.KT c JiaBcaHOBoil IIJieH.KOil. Iloc,ne noJI11Mep11sanH11 JiaB
caHOBa.fI IIJieH.Ka CHHMaeTC.fI 11 Y~'IeCTBO IIOJiytreHHOil IIOBepxHOCTH onpe,n;e
Jl.fieTC.fI 'IJ1CTOTOil IIOBepXHOCTl1 JiaBCaHOBOil IIJieH.Kl1. IlaHeJII:! (oTetreCTBeH
HOro IIPOl13BO,ll;CTBa) BHIIOJIHeHH 1I3 cnenaaJII,HOro COTOBoro MaTep11aJia C 
MaJTh!M KOJIJ1'IeCTBOM BemecTBa TIO IIytrey • .lJ,Jm YJiytrllleHl1.!I repMeTl1'IHOCTH 
KaMepH naHeJIH C BHyTpeHHe:IJ CTOpOHH IIOKpHBaJil1CI, q>TOpJIOH03IIOKCH,ll;HblM 

JiaKO!J:. 
IIoJieBHe npoBOJIO.KH .I(JI.fI q,-opwrpoBaHI:!.fI 0.I(HOPO.I(HOro 3JieKTPl1treCKOro 

IIOJI.fI KaMepH pacna.fIHH Ha netraTHHX IIJiaTaX C rnaroM - 5 MM (B pailoHe 
c.0:rHaJibHoro sJieueHTa - 6 MM (cu. pnc. 3), MaTepnaJI - 6ep.l1JlJllleBa.fI 
6pOH3a, .n:naMeTp IIPOBOJIOK 0,2 MM, ycnJIHe HaT.fIJKeHIDI 400 r. C neJII,IO 
KOMIIeHca~n 3(1lI)ElKTOB, CB.fI3aHHHX C 3Jl8KTpOCTaTl!'I8CIIBM B3a1mrn.n:eilcTBll
eM l1 npoBncaHI:IeM JIPOBOJIOK OOJII,lll011 ,ll;Jll1HH, Bee IIOJieBHe npOBOJIO.Kl1 aa
~M.KCHpOBaHH ~TOpJIOH03IIOKCH,ll;Hl1M JiaKOM Ha treTupex no.n;.n:epiKIDlaIOmnx IIJiaH
KaX. CTpyKTypa CHrH8JII,HOro 3JieMeHTa IIOKasaHa Ha pn:c. 8 ll 3. OH co- . 
.n;epJirnT: 'IeTupe CllrHaJII,HHe IIpOBOJIOKH (II030JIO'IeHHHil BOJII,~paM·, .n;HaMeTp 
IIpOBOJIOR 50 .MRM, ycnJIHe HaT.filKeHIDI 200 r), nonepeMeHHO CMemeHHHe OT7 
H0Cl1T8JII,HO neHTpaJII,HOil ocn Htre:!1.Kl1 Ha fj =±0, 75 MM, ,ll;Jl.fI ycTpaHeHH.!I 
JieBO-npaBo:11 Heonpe,n;eJieHHOCTM; ,n;eC.fITI, KaTO.I(HblX IIPOBOJIOK (OepHJIJrne
Ba.fI 6poHsa); .n;Be oxpaHHHe (oepHJ!.JllieBa.fI opoHsa). CHrHaJibHHe n oxpaH
HHe IIpOBOJIOiill OT,ll;eJieHH OT .KaTO.I(HblX .KepawxtreCKOil ll30~eil. TO'IHOCTI, 
[£1!.Kcanirn: IIPOBOJIOK cn:rHaJII,HOro 3JieMeHTa He xy;,ite 0, 15 MM. C neJII,IQ 
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KOMIIeHC8UIDI aJleK'rPOCT8T.ll'l:eCKOrO B38ilMO,IJ;eilcTB.IIB I:! TipOBI1:C8IDlll TipOBO
JlOK cnrHaJll>HHX il BHCOKOBOJll>THHX aJleMeHTOB, a TaKJKe ,nJlfI ycTpaHeHll.fl 
BJl.lIBHIDl nsrn6a TiaHeJieil B KOHCTPYimIDD xaMep BBe,IJ;eHH ,IJ;Be Tio.n.n;eplltKH 
paMo'llloro T:una. ,lI.Jut o6ecTietieHIIB sa,IJ;aHHoro n o,IJ;nHaKoBoro sasopa MeJK

,IJ;y TiaHe.llflMH B ueHTpe KaMepH TIO ,ll;JlllHe 4 M C paBHllMll Tipm4e:JKYTK8Mil 

ycTaH8BJlllB8J!.HCl, 5 qil!KCHpy!Ol!IHX ynopoB. 
. ,lI.Jut o6ecTietieHIIB yCJ10Bnil -TioJKapo6esoTiacHocTn cnrHaJ11>HHe n BHco-

KOBOJlbTHHe 6aJlKH C BHemHeil CTOPOHH KaMepH 38KPHB8IOTCfl repMeTil'!HHM.ll 
MeTaJIJm'leCKmm a.K_PaHaMll, KOTOpHe .ITMeIOT rasOBHe BBO,ll;H ,IJ;Jlfl TIO,n,IJ;yBa 

830TOM. 
Ilpli R3rOTOBJleHlili TIPOBOJIO'!HHX KaMep 60JlblllliX IIJlOma,IJ;eil" B03HRKaeT, 

pR,ll; Tpy;nHOCTeil, CM38HHHX C HapymeHReM MexaHHtiecKOil ycTOiltiilBOCTil 

TipOBOJlO'!HHX aJleKTpO,ll;OB, BH3HBaeMHX aJ1eKTPOCT8TiltieCKRMll CHJ18Mll ll 
,IJ;eilCTBReM CWIH T.fDKeCTli. ~pOCTP8HCTBeHHOe paspemeHne OT,IJ;eJlbHOil cnr
HaJibHOil npoBOJlOKH ,IJ;peil~OBOil KaMepH CM38HO C ll3MeHeHReM ee TiepBOHa
'!8Jll>HOrO TIOJIOJKeH.IIB TIOCJie TI0,ll;8'Ill IIOTeHUHaJla Ha aJieKTpO,ll;H il TipoBnca
HReM sa ctieT co6cTBeHHoro Beca. KpoMe Toro,· .BCJle,IJ;CTBilil CMemeHM Tipo
BOJIOK, il3MeHfleTCfl reoMeTpM aJieMeHT8pHOro rrpoTIOpuliOH8JlbHOrO ctieT'!il

Ka, 'ITO TIPilBO,ll;llT K il3MeHeHIDO KOa~eHTa rasoBoro ycWieHM TIO ,IJ;Jlll
He npoBOJIOKH u CMemeHUIO HatraJla IIJlaTO TIO aqxlJeKTilBHOCTil perHCTpaU,Iil 

Tl)eKOB. MsMepeHM ,IJ;Jlfl BOJibqipaMOBOil. TipOBOJlOKH (,5 50 MKM, .Jl)Il'IHOll -
- 1,3 M, YCl'IJll'Ie H8TJIJKeHIDI - T = 200 r) TIOK838Jlll, ~TO M8KCIDA8JlbHOe 

npOBl'IC8HRe TIO,ll; ,IJ;el!cTBReM CilJlll T.lIJKeCTll MeHee 50 Mro,1, a ,ll;Jlfl TipOBOJlOKH 

ll3 6epllJlJ1ReBOil 6pOH3H (,5 50 MKM, t = I,3 M, T = 475 r) - MeHee 
70 MKM. 3TH 3HatieHM MeH1,me MexaHntrecKOil TO'IHOCTl'I qil!KC8U}Il'I TipOBOJlOK 

Cl'IrHaJll>HOrO aJieMeHT8. 
B pesyJU,TaTe TipOBe,IJ;eHR.fl ilCIIHTaHl'Ill OT,IJ;eJibHHX aJleMeHTOB l'I ncCJle- • 

,ll;OB8Hl'Ifl xapaKTepllCTllK TipOTOTllIIOB C03,IJ;aHa cepl'Il!Ha.fl ,IJ;peil~OB8.fl KaMepa 

co CJie,IJ;yromnMR TiapaMe Tpa?AR: 
- pa3Mep tIYPCTBRTeJll>HOil o6JiaCTil - (4000 x 2000) mf; 
- KOJllltieCTBO cnrH8JlbHHX TipOBOJIOK - 32 mT; 
- ,ll;HaMeTp Cl'IrHaJlbHblX TipOBOJIOK - 50 MKM; 
- ycl'IJlRe H8TJIJKeHM cnrHaJlbHHX TipOBOJIOK - 200 r; 

- KOJll'ItieCTBO KaTO,ll;HHX TIPOBOJIOK - 80 mT; 
- ,IJ;RaMeTp KaTO,ll;HHX TipOBOJlOK - 200 MKM; 
- ycnJll'Ie H8T.fDKe_ID'l.fl K8TO,ll;HHX TIPOBOJIOK - 475 r; 

~ KOJllltreCTBO oxpaHHHX TipOBOJlOK - 16 mT; 

- ,IJ;naMeTp oxpaHHHX TipOBOJlOK - 200 MKM; 
- ycllJll'Ie H8THJKeHil.fl oxpaHHHX TIPOBOJlOK - 475 r; 

- KOJll'I'!eCTBO TIOJleBHX TipOBOJlOK - 859 r; 
- ,IJ;naMeTp TIOJleBHX TipOBOJIOK - 200 MKM; 
-,ycllJll'Ie H8TJIJKeHil.fl TIOJleBHX TipOBOJlOK - 400 r; 
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- TO'IHOCTb ~ilKCaiurn TipOBOJIOK cnrH8JlbHHX aJieMeHTOB - 0,15 MM; 
- oum6Ka B Tip,IBlI3Ke TIPOBOJIO'IHHX M8CCilBOB .K TO'!Hh!M 

OTBepCTIDlM .KaMepH - 0,4 NL'A; 

- TOJim,IHa KaMephI TIO IIytIKY - 120 MM. 

B treTBepTOil rJiaBe aHaJll'IsnpyeTc.fl BH6op rasoBofi CMecn ,nJlfI ycTa
HOBKH U ll3JIOJK6HH MeTO,ll;UtrecKUe ilCCJle,IJ;OB8Hil.fl xapaKTepilCTilK cepl'Il!HHX 

,D;peil«ioBHX KaMep. 
raaoBa.fl CM6Cb, TipilMeHfleMa.fl ,ll;Jlfl HaIIOJIHeHM ,D;peilqJOBHX KaMep, 

,ll;OJlJKHa Y.nOBJleTBOPflTb MHOrllM, TIO,IJ;trac rrpoTUBOpetrUBHM, Tpe6oBaHU.flM. 
rasoBa.fl CM6Cb ,ll;OJIJKHa 06ecrretruB8Tb MUHID.18JlbHhlil saXBaT aJieKTpOHOB, 

60311,moe ra30BOe ymtneHue rrpn OTHOCllT6JlbHO He60JibillOM H8TIPfl!K6HUU, rrpo
TIOpIU10H8JI1,HOCT1, cnrHaJia U3Mep.fleMOil I:!OHI:!38U}IU U T.,ll;. 0CHOBOil IIP8KTil
'!6CKU Bcex rasoBHX cMeceil ,IJ;Jlfl ,IJ;eTeKTopoB .flBJlfleTCfl Jlz . ,lI.Jm rame
HM paspJUJ;a B KaMepy Heo6xO,IJ;HMO ,IJ;068BJlflT1, MOJI6I{Y"MpHhdi ras. I1CTIOJI1,-
30B8HVi.e 'IUCTHX MOJleeyMpHHX r830B 38Tpy,D;HeHO il3-3a Heo6XO,ll;HMOCTil 

TipuMeHeH.lIB BHCOI-Coro Harrpfl!KeHH.fl, Tpe6yeMoe ,IJ;Jlfl 06ecTietreHH.fl HYJKHOro 
rasoBoro ycHJieH.lIB. IloaTOMY B TIPOTIOPUHOHaJ11>HHX rasoBHX ,IJ;eTeKTopax 
trame Beere TipnMeH.flIDT 61rnapHHe umr TpoilHRe cMecu c .Jz. B KatrecTBe 
OCHOBHoro rasa U ,IJ;068BI-COil MOJleeyMpHHX rasoB. Ha I'830Byro CM6Cb ,ll;Jlfl 

,D;peilgJOBllX KaMep C 60JibIIIIIM ,D;peilq>OBhlM TIPOMeJKyTI-COM HaI-CJia,IJ;l1B8IOTC.fl ,ll;O
IIOJIH_HTeJibHhie Tpe60BaHM. 3Ta CMeCb ,IJ;OJIJKHa o6ecrretrIIBaTb IIOCTO.flHHyro B 
60JI1,illOM UHTepBaJie HaIIp.flJK6HUil CKOpoc_Tb ,IJ;peilq,,a a.n:eI-CTpOHOB U MUHHM8JI1,

HOe sHatieHUe I-CoarpiflfmueaTa ,IJ;rrqxmrsuu. 
Crreunif)uxa ycTaHOBKU "HeilTpIIHHllil ,IJ;eTeKTOp" TIPHBO,ll;HT eme I-C O,ll;HO

MY Tpe6oBaHmo •. B YCT8HOBKe m.meTCfl 360 CU,IHTUJIJiflUHOHHHX crreTtrUKOB, 
H8TIOJIHeHHHX JKJ:!,ll;KIIM CUUHTHJLJliI!l.'OPOM Ha OCHOBe ya:ilT-cmrpuTa. Ilo.flBJifleTCfl 

,ll;OTIOJIHUT6JlbHOe YCJIOBHe - CM6Cb, UCIIOJib3yeMa.fl ,ll;Jlfl H8TIOJIH6HII.fl ,IJ;peilcto
BHX KaMep, ,ll;OJIJKHa 6HTb IIORapOB3pl1B06esorracHo.ll. 

B Hameit CJIYtrae ueJiecoo6pasHo ucrroJI080BaT1> cMeCI, J/z, + co2• Tpe-
6oBaHII.fl K TO'!HOCTH U3Mepemm CKOpOCTII ,IJ;pe.llrTia SJieKTPOHOB B Ka.1.iepe 
orrpe,D;eJlfleTC.fl OTHOmeHHeM Tpe6yeMoil BeJIH'IHHll IlpOCTp8HCTBeHHOI'O paspe
meHM K ,ll;Jll'IHe .npei1(lJOBOro rrpoMeJKyTI-Ca. TaK rrpu pasperneauu 1 MM n ,IJ;JIHHe 
,D;peilcpOBOro rrpoMe:JKYTKa 120 MM CKOpOCTb ,D;peMia Heo6XO,ll;ID.m OTipe,IJ;eJl.flTb 
C TO'IHOCTbIO 0,8 %. 

IlpH HCIIOJlb30B8HUil xar~ep C 60Jib[!IlIMJI ,D;pei1tpOBh!MH IIPOM6JeyTK8MH Bll
COKOBOJibTHlle xapaKTepHCTHKI1 MaTepHaJIOB, rrpnMeHJier.mx .I(Jl.fl nsrOTOBJieHI'.l.fl 
KaMep, H8ICJia,IJ;hIB8IOT orpaHHtreHH.fl Ha 3HatreHI-Ie Harrp.Fl)KeHHOCTR IIOJlfl D ,D;pe:fl
cf;OBOM rrpoMeJKyTKe. _ EhIJio rroKasaHo, 'ITO ,IJ;Jlfl cMecrr .Jh., + CO2 ( 94 % + 6 %) 
M8I<CIIM8JibHOe il3MeHemie CI-COpOCTU .n;pei1,To3 rrpn H3MeHeHirn HaTIPflJ!{eHHOCTU 
IIOJlfl OT 0, 5 ,ll;O 3, 0 KB/ CM COCT8BJlfleT I8 %. B K8l\!epe c ,D;peilcpoBhlM 
rrpoMeJKyTKOM I20 MM lI3MeHeHUe H8IIpmKeHHOCTI1 OT 0,5 ,ll;O 3,5 Iill/cM 
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npOHCXO;D;llT Ha ;D;.,'ll!He ~ 7, 5 !.!I.I, 'ITO cocTa.BJI.lieT ~ 6 % OT BeJrn'IHHH 
,npeilq;OBOrO npoMelK'JT.Ka. B .naHHOM c.nyt1ae MOJKHO OTRa3aTLC/i OT TpedoBa
HIIB Hacl-.lllleHIIB .npeilcIJOBOii CROpOCTli li padoTaTL B odJiaCTli ee MaRCIThlYMa. 
Bllurpbllll npn 3TOll1 COCTOIIT B yr,leHLilleHllli HanpruKeHHOCTH 3JieRTpII'IeCKOrO 
noJI./I. Tar< ;D;JI./I CMeCH :Jz_ + 6 % CO2 MaRClllAJ'M .npeiicjJOBOii CKOpOCTH .noc

THraeTC.fI nprr Hanp.f!lKeHHOCTU ,.., 0, 5 KB/ CM. 
CKOPOCTL .npeiiq-.a cTaHOBHTC.fI cpymm;Heii ;o;Byx napaMeTpOB: KOHUeHT

pawrn CO2 H Hanp.f!lKeHHOCTH aJieKTPHtieCKOrO noJI,.q (E). IlpH BHdope pado
"leii TO'IKH Heo6xo.nnMO OilTHMH3HpOBaTL CKOpOCTL .npeii~.a no o6oHM napa
MeTpaM C neJILIO IlOJIY'I6HH.fI IAHHHMaJILHOii 'IJBCTBHTeJII,HOCTll K l'IX H3l,leHe
HH.fIM. Bwro no.Ka3aHO, 'ITO ;D;JI.fI CTa6HJIB3aUHH .npeiicpOBOii CKOpOCTH C TO'l
HOCTl,IO ±o,4 % Heo6xo.nrn110 fIJl!KCI'lpOBaTL E B .n1irana30He 0,45 - 0,59 ·KB/CM. 
Ilpn E = 0, 48 KB/ CM ;D;JI./I cTa6HJIH38Ul'IH .npeilgJOBOil CKOPOCTll c TO'IHOCTl,IO 

Arv = ±Q, 4 % He06XO;D;.llMO qiHKCHpOBaTL IWHUeHTpaUHIO CO2 B ;D;Hana30He 
5. 7 - 7 %. Bll:COKOBOJII,THHe HCTO'IHHKl1 ( TO'IHOCTl, ycTaHOBKlI ~HX =±□, I%) 
H .nemiTeJIH C' pa36pOCOM 3HatieHHi1 conpOTHBJieHHil He 6oJiee 2 % .nocTaTO'l
HO Ha;D;elKHO o6ecne'<Il!BaJOT·padoTy B y.Ka3aHHOM ;D;Hana30He 3Ha'leHHii E. 
A.BTOMaTH3lipOBaHHa.fI CHCTeMa ra300decnetJeHH!1 no3BOJI./IeT nOJIY'IHTL CTa-

6HJII,HOe co.nepJKaHHe .no6aBKH CO2 Ha ypOBHe (6 ± 0,2)%. 
Ilown.m oTMe'leHHHX napa111eTpOB Ha CKOpOCTL .npeiicpa BJil1.fieT HaJI1'.!'IHe 

"HeKOHTpOJIHpyeMHX" npHMeceii B ra3e, KOTOpHe IlO.fI.BJI.lIIOTC.fI H3-3a He.no
cTaTO'IH0:11 repMeTWIHOCTlI 1wpnyca KaMepll, ClICTeMH ra3006ecne"leHH.fI lI 
ra30BH;D;eJieHlI!1 lI3 cTeHOK. M3MepeHlI.fI Ha BHXO.ne O;D;HOii ll3 KaMep MIOOHHO
ro cneKTPOMeTpa, HaTe.KaHlie KOTOpo:11 6wro 4.6 JI/"laC, B pa60'IlIX yCJIO
BH.fIX (.naBJieHHe Ha Bllxo.ne KaMepH - 5 ..- 8 MM MaCJI./IHOrO CTOJida, npOTOK 
ra30BOil cMecH - 40 JI/tiac), noRa3aJIH co.nepJKaHl'le KHCJiopo.na - 0, 05 %, • 
a30Ta - 0, 07 %. IloRa3aHO' 'ITO B cMeCH J/r, + 6%C02 npn HaJil'l'IHlI 
G,I%0

2 
BpeM.fI JKH3Hl'l aJieKTPOHOB.no npHJIHnaHlI.fI cocTaBJI.1IeT IO MRC. Ilpn 

MaRCHMaJILHOM Bpe!,leHl'l .npeiiq.a ( 3' 6 MRCeR) nepBl!'IHhlX aJieRTpOHOB B .KaMe-
pe .naHHoe co.nepJKamre ro1CJiopo.na ,nonycTI'IMO. Msr.mpemrn Ll V' Iv npn 
E = 0,5 KB/CM, IlORa3aJil!, "ITO .no6aBRa 0,5%~ B aAeCL .Ji+ 6%C02 npn
BO;D;l!T K H3MeHeHlIIO CROpOCTlI .npeihf.a Ha 2 %. .lJ,n.fI o6ecne'leHlI!1 CTa61'1JIL
HOCTlI cRopocTn .npei11a Ha ypoBHe ±o,4 % Heodxo,nHMo, 'IT06H npHMec1,N2 _ 
He npeBHll!aJia 0,2 % ''ITO o6ecne'liIBaeTC~ ;D;JI./I .KaMepH C HaTeRaHl!eM 
4 '6 JI/tiaC nplI CKOpOCTl'l npoTO.Ka ra30BOii mecn ,10 JI/"laC. Pe3yJILTaTH 
lI3MepeHliii co.nepJKaHlI.fI KHCJIOpo.na l! a30Ta Ha BHXO;D;e RaMep, aHaJill3 BJilI.fI
HlI!1 HX Ha .npeii¢OBYIO CROpOCTI,, a TaKJKe HCCJie.noBaHHe xapaRTepHCTHK Ma
ReTa l! OTIHTHO~ cepllH .npeiiQX>BHX .KaMep Il03BOJil!Jill onpe.neJIHTL BepXHHii 

npe.neJI no HaTeRaHlIIO .KaMep paBHHii 2 JI/"lac. 
OnHT padoTH C MaReTOM l! OIIHTHOii cepneii ,npeiiljlOBHX RaMep C HCilOJII,-

30BaHneM .nByXKOMTIOHeHTH0:11 cMeClI fi'l + ?%CO2 IlO.Ka3aJI, "ITO B .KaMepax, 
Haxo.nmnRXCH B pa6otieM peJKHMe, C Te'leHneM BpeMeHlI (HeCROJII,KO ,neC.fITKOB 
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MHeyT) Had.mQIJ;aeTCH pe3ROe IlOBbllJleHne "!aCTOTH IIIYMOB, npHBO,It.fIII!ee K 
Il0!1BJieHHJO TORa (O,I - 2,0) MKA B nelll! oxpaHHHX H CHrHaJII,HHX npOBO
JIOK, npeRpamaromeroCH TOJII,RO npn BpeMeHHOM CH.fITRH BHCOKoro Hanp.FIJKe
Hll.fI. Il03TOMY 6wrn npoBe,neHH HCCJie,noBaHM no IlOHCKY raC.filltHX .no6aBOK 
K ,nByxKOMTIOHeHTHOii CMecH :lh + 7%CD2 , He npeBl:llllaromnx HOJlMH B3pWlo
n noxapode3onacHOCTH H Il03BOJI.fIJDmlIX HMeTI, doJiee YCTOii"IHBHe pe.lltHMH 
pa60TH .KaMep. McCJie,noBaHHJI TIOKa3aJIH, "ITO .no6aBKR MeTaHa .no 5 % lI 
CillipTa K ,nByXKOMIIOHeHTHOii CMeCH fit+ ?%CO2 npaKTH"!eCKH He BJIIDDOT 
Ha 3Ha"leHne .npeii~oBoro TIOJI.II, npn KOTOpOM CKOpOCTI, .npeii(fia 3JI8KTPOHOB 
HMeeT MaKCHMaJILHOe 3Ha"!eHHe lI OHO OCTaeTCH TaKHM ze, KaK lI ;D;JI.fI 

. .rtBYXKOMIIOHeHTHoii CMecH At + 7%co2 , Ho B TO xe BpeWI saBncHMOCTH 
cpe,nHHX 3Ha'leHnii sapima OT Hanp.FIJKeHH.fI Ha CllrHaJILHOii npOBOJIOKe 

Q'I' = f ( ll.5 ) c.rtBHraB'.lTCH B cTopoey yBeJIH'leHlI.fI Us, CJie,noBaTeJILHO, 
a~ec1, CTaHOBl!TCH doJiee BHCOROBOJII,THOii (o6JiaCTL nponopnnoHaJILHOro ra-
30BOrO YCHJieHrur Ha Cl!rHaJILHHX npOBOJIOKaX Haxo,nHTCH TIPH 6oJiee BHCOKHX 
Hanp.lUKeHlI.fIX lLs ;D;JI.fI Tpex ( Jlz + 7%C02 + 5%CH4) - n 'leTHl)ex ( .J7: + 
+ 7;1oC02 + 5%CH4 + 0,51oC:zH50H) - ROMIIOH0HTHHX CMeceii). McCJie,noBawm 
xapaRTepHCTl!R cepl!iiHHX .npeiiqx>BHX RaMep IlOKa3aJil!, "ITO npn HCTIOJIL30Ba
Hllll "!eTHpeXROMIIOHeHTHOii CMecn 'laCTOTa IIIYMOB ;D;JI.fI pa60"!HX pe}l(HMOB 
RaMep He npeBbllllaeT I0 ~. IlpH 3TOM lllllpll!ia llJiaTO llO 8qqJeKTHBHOCTll 
pernc'l'parum TpeROB cocTaBJI.fieT IOO + 250B. 

KaR OTMe"la~OCI, BHille, IlpH 3RCTIJiyaTannn .KaMep C HCTIOJII,30BaHlieM 
,nByXKOMIIOH0HTHOii ra30BO:ii CMeCH Je + 6%C02 C Te"leHl!eM BpeMeHlI B 
HeROTOPHX KaMepax IlO.fIBJI./IeTC.fI TOR B nelll! Cl!rHaJILHHX npoBOJIOR. TaK .KaR 
l!3MeHeHHe raSOBO:ii CMeCH Jlz + 6%C02 Ha CMeCI, C raCJiml'IMH .no6aBKaMH 
Ha ycTaHOBRe "HeiiTpnHHHii ,neTeRTOp" He npe.nnOJiaraeTC.fI, Heo6xo,nHMo 
6wro HaiiTH TaRO~ pelKlIM pa60TH, ROTOpl:lii o6ecne"IHBaeT Ha;D;elKEiy!O 3RCilJ1Ya
TaUHJO RaMep C ;D;BYXKOMTIOHeHTHOii ra30BO:ii CMeCI,B). PemeHHe .naHHO:ii npo6Jie
MH 6wro Haii.neHO l! CYmfiOCTI,' ero 3a.KJIIO"!aeTCH B CJie.nyromeM: Ha 8JI0RTpo.nu 
pacnpe,neJieHHoro noTeHUHaJia no,naeTcil HMTiyJII,CHoe HanpmiteHl!e OTpHUaTeJII,
Horo 3Ha.Ka, Ha cnrHaJU;HHe npOBO~ORH - HMTiyJII,CHOe Hailp.lUKeHl!e llO~Olllli
T0JII,HOro 3Ha.Ka, HaJio~eHHHe Ha IlOCTO.fIHHHe HanpmteHH.fI, Ilpl!"leM HMIIYJII,C
HOe HanpruKeHne no.naeTCH Ha 3JieRTpO,nH TOJII,RO Ha BpeM.fI cdnoca IIy'IKA 

YCKOpllTeJI.fI Ha MHilJeHL. IlpH l!CilOJII,30BaHHH TaRoro peJKHMa nnTaIDI!I IlOBH
maeTC.fI Ha;D;eJKHOCTL pa60TH ,npeiiqx>BHX KaMep, IlOCROJILKY CHl!lKa0TCH Be~ 
PO.fITHOCTI, o6pasoBaHlI!1 ROpOHHHX pasp.fI;D;OB Ha MHKPOOCTPH.fIX. B CJIYtiae, 
'eCJil'l TaRo:ii paspJI.n B03HHR B KaROM-JIH60 MecTe RaMepH (HaTiplIMep, B6JIH3ll 
MHRpOOCTpR!I npo11L11a "lacTnna), OH_racnTCH B MOMeHT BpeMeHll, COOTBeTCT
BYIDmU:ii OROH'IaHlllO HMTiyJII,CHHX Hanp.lUKeHl!ii Ha aJieRTpo.nax. Sa BpeM.FI Me.l!Ol:Y 
nuKJiaMH pa60TH ycRopnTeJI.fI od~eMHHii sapJI.n paccacWlaeTCH no.n .neiicTBHeM 
TIOCTO!IHHHX IlOTeHUHaJIOB. AMrumory.na HMnyJII,CHHX Hanpmtemiii (Ha ycTaHOB-
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Ke ,v I KB) B cyrl!Me C nOC'.i'O.fIHHhlMH HanpJIJKemIBMH BHOHpaeTC.fI 113 yCJIOBJI:ii 
noJIY'!eHWI pa6otiero KOaif$m11eHTa ra3oBoro ycMeHWI. Ilepv,on cnenoBaH11.fI 
m.myJibCHoro Hanp.fllKeHWI onpeneMeTC.fI BpeMeHHO:ll nnarpa~~~on paooTH ycKo
p11TeJI.fI. 

•Ha PRC. 9 npH.ion.fITC.fI cpaBHHTeJibH!le xapaKTepncTHKII nBYX KaMep 
(Ill 2) npH nocTO.fIHHOM n :llMIIYJlbCHOM pe.lilliMax paOOTH. H3 pnc. 9 BllnHO 
cymecTBeHHOe OTJIB~e B 3aBHCilltOCTll '!aCTOT!l lllYMOB (npaBaR WKaJia) 
OT .Hanp.fIJKeHWI Ha cnrHaJibHHX npoBOJIOKaX ·(nyHKTHPHHe KPJIB!le I n 2 -
- nocTO.fIHHOe Hanp.fI.lKeHne Ha aJieKTponax KaMepH, CIIJ!OfilHHB I n.2 - JlM

nyJibCHOe Hanp.fI.lKeHHe). BcnencTBne nepnonntiecKoro BKJIIO'!eHrui: n BHRJIIO~e
HM paOO'!ero pe:lllliMa KaMep OOJiaCTb '!8CTOTHlllYMOB nop;mKa IO '.KI'u cy
mecTBeHHO c,n:BnraeTC.fI B CTOPOHY yBe.Jrntiemm HanplllKemrn·H, KaK cnencT
Bne naHHoro 3qxpEJKTa, HMnyJibCHH:ii peJKHM naeT 3aMeTHhll1 BHHrphllll B llIHpHHe 
TIJiaTO no aqxreKTHBHOCTfl per11CTpawr11 TpeKOB ~acT.lill; OT HanplllKeHn.fI Ha 
CI!I'HaJibHHX npOBOJIOKax. }LJm KaMep, xapa.KTepnCTJIKn KOTOPHX np,meneH!1 
Ha pnc. 9, llIHpnHa TIJiaTO yBe.Jrn~BaeTC.fI npHMepHO Ha IOO B. Ilpm.rnHeHne 
:llMIIYJlbCHoro pel!lliMa 3Ha~TeJibHO nOB!1lllaeT HaneJKHOCTb paOOT!l K8Mep 
BO BpeMfI ceaHCOB·ITO HaOopy CTaTRCTll.KR. 

KaJK,JJ;hili CI!I'HaJI:6HH:ii aJieMeHT OTneJibHO!l npe:llqJOBO:ll ~e:ii.KR conepJKliT 
4 CI!I'HaJibHHe·npOBOJIOKR. ,UJr.fI HaneJKHo:ll pe.KOHCTPYKIUIB Tpe.ita nocTaTO"lHO 
3 TO~KH Ha np.fIMo:ll, npn ncnOJib30BaHnn 4-x cnrHaJibHHX npoBOJIOK Ml1 
HMeeM nepeonpeneJieHne,n a@leKTRBHOCTb perncTpannn .fl~e:ii.KR MPJKHO one
HHTD no cnenyrome:ll qiopMYJie: &= 6,l~6J&., +li,2 8, {f-t'f)-1-6A,l,,(t-f,J + 
+ G4G/,,J 1-f,i) + 818l,1t{ t-f,t), rne 6, , · t,i , t1 , tJ( - a@eKTnBHocTn 
perncTpannn .KoopnHHaT TpeKa oT~eJibHHMH npoBoJio.KaMH ~pe:ll~oBo:ll ~e:ll.KR 
( l1 - 3qqiElKTllBHOCTb I-o:ll npOBOJIOKH, npn MOHHTOpnpoBaHnn OCTaJlbHHMll 
TpeM.fI cnrHaJibHHMil npOBOJlOKaMH). Ha pnc. IO (ceMe:llcTBO KPllBHX I, Jie
Ba.fI lll.KaJia) npnBeneHa 3aBRCHMOCTb aqqieKTllBHOCTll perncTpawrn TpeKOB 
KaMepaMn MIOOHHOro cneKTPOMeTpa OT HanpmKeHM Ha CITT'HaJlbHHXnpOBOJIO
KaX. Hs pnc. IO BHneH pa36poc xapa.KTepncTnK KaMep. CeMe:llcTBo 2 (npa
Ba.fl WKaJia) - 3aBHCHMOCTb·~aCTOT!1 lllYMOBHX HMnyJlbCOB KaMep MIOOHHOro 
cne.KTPOMeTpa OT HanpmKeHH.fl Ha-cnrHafilHHX npoBOJlOKaX. To~Kl?Mll nOKa3a
H!1 3Ha'!eHH.fI ~aCTOT!l wyMOB nM ll.fITll KaMep, npeBHWaromnx orn6aIOieyIO. CYM
MapHa.fI wnpnHa TIJiaTo no a<iiq:eKTRBHOcTn perncTpannn Tpe.KoB nM .KaMep 
MIOOHHOro crre.KTpOMeTpa cocTaBJI.fleT All. -=:: IOOB npn nopore perncTpannn 
cnrHaJIOB paBHOM I MKA. 

-BalltH!1M YCJIOBlleM 3@eKTllBHO:ll paOOT!l ll noJIY'!emIB pe3yJinTaTOB B 
orrpeneJieHnn KOOp.IJ;RHaT npe:llqJOBO:ll KaMepo:ll .fIBJl.fleTC.fI onHoponHOCTb npe:ii(p()
BOro IIOJI.fI.•·HeonHoponHocTn B pacrrpeneJieHnn rroJie:ll B npe:llqioBHX .fI~e:llKax 
MO~Ho one,rn:Tb no rncTorpaMMe pacrrpe~eJieHll.fI Be~HH Kz, paBHo:ll: 

, Kz = <Tr - T2)-(T3 - T4) = <Tr + T4)-<T2 + T3). 
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0,5 

PHc. 9. Xapa.KTepHCTllM nByx KaMep 
(In 2) npn nOCTO.fIHHOM n RMIIyJlbC
HOM IlliTaHnn: I,2 (JieBa.fI lll.KaJia) -
- 3~KTliUlHOCTb perncTpannH TpeKoB 
B 3aBnCHMOCTll OT Hanpll)KeHn.fI Ha 
cnrHaJlbHHX rrpOBOJIO.Kax; I,2 (nyHK
THp, npaBa.fI mKaJia) - ~acToTa wy
MOB npH nocTO.fIHHOM Hanp.fI.lKeHnn; 

1.1 

E 
1,0 

0,5 

0 

/ / 
.,' . --~.{ 

1,9 u.,.a, 

1,8 

to 
I,2 (CTIJIOWH!le JlllHI!ll) - '!8CTOTa 
wyMOB npn llMilYJlbCHOM H8Ilpll)KeHHn. 

F 
• kfu • 

• 1·0 

I • 

• I//1 
5 

0 
2,0 

U5 (1<B) 

Pnc. IO. 3aBHCHMOCTb 3ifqieKTllBHOCTll perncTpannn 
Tpe.KOB (I) n '!8CTOTa wyMOB (2) B KaMepax MIOOHHOro 
cne.KTpoMeTpa. 
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Ha pnc. II noKaaaHa rncTorpaMMa pacnpe,neJiemm BeJin'llIHH ¾· 
Cpe,nHee aHa1rnHne •¾ cocTaB.rurnT 16, 9 HceK. HepaBeHCTBO cpe.nHero aHa
~eHIDI ¾ HYJIIO yKa3HBaeT.Ha pa3JIH~rre B CKOpOCTIDC .npenia no napaM 
npOBOJlOK S1,4 n s,,~ . 3Ta paamma xopomo Bll.I(Ha HJ=l pnc. 12, r.ne 
noKa3aHO ll3MeHeHHe cpe,nHero 3Ha~eHruI ¾ OT KOOp.nrrHaTH TpeKa no 
,npefiipoBoMY> npoMe;eyTey. Paa~rre no cyMMe (T1 + T4) n '(T2 + T3) B 
KOHUe .npeficpoBoro npoMeJKyTKa COCTaBJUieT 40 HCeK, ~TO npHBO.I(lIT K 
Olllll6Ke B onpe,neJieHllll KOOp,nnHaTH paBHO:il 0,8 MM (npH CKOpOCTll ,npe:ilta 
aJieKTPOHOB .niur raaoBofi cMecn Jh + 6%C02 paBHO:il 40 MM/MKceK). 

Koop.nnHaTHOe paapemeHHe OT.I(eJlbHHX cirHSJlbHlIX npOBOJlOK, ll3MepeH
HOe no ·pacnpe,neJieHnIO BeJIH~f!H BTopofi paaHOCTH, npirne.neHo Ha prrc. 7 
.I(JlfI npOTOTITITa ceprrfiHOil KaMepH ll B cpe,nHeM no .npe:ilqJOBOMY npoMeJKyTKY 
paBHO Di ~ 0,6 MM. IIo pacnpe,neJieHnIO BeJirr~rrHH ¾ MOJKHO ou;eHHTb 
cpe,nHIOIO TO~HOCTb perHCTpau;nn KOOp.nnHaTH npOXO.I(HlllllX ~aCTllI:I; .I(JlfI KaMep 
MlOOHHOro cneKTpOMeTpa, KOTOpaR He XYJKe I MM .I(JlfI CMecrr .fl Z + 6%C02 
ll CKOpOCTll ,npeficpa 3Jl8KTpOHOB 40 MM/1.mceK. 

N 
•103 

1,6 

1,2 

0,8 

0,4 

Ob ..,- 2-1 

-200 -100 0 100 200 
K

2
111ceK} 

Pnc. II. Pacnpe,neJreHne BeJlll
~HH ¾• 

r:1~ 
-12 -6 0 6 12 

. X(CH) 

Pnc. 12 •. 3aBHCllMOCTb cpe,nHero 
3Ha~eHim'· K03qlpHI:l;lleHTa K2 OT 
KOOp.I(HHaTl,l _TpeK8 B ,npefiqJOBOM 
npOM8JKYTK8. 

,ll.ruI paapemeHIDI JieBo-npaBofi HeotHoaHa~aocTH npoBOJIOKH KalK,JJ;oro 
CHrHaJibHOrO 3JleMeHTa nonepeMeHHO CMeII1eHH OTHOCHT8JlbHO u;eHTpa .npefi
if,OBHX R~eeK Ka!llep Ha Be~HY () = ±o, 75 MM. IIpn 3TOM 3cp!Je.KTHB
HOCTb paa,neJieHM JieBHX n'npaBHX Tpe.KOB MOlitHO ou;eHHTb no pacnpe,neJie-
HHIO B8JIH~llHH Kr paBHOil: 

Kr = I/2(Tr - 3T2 + 3T3 - T4) = ± 4.6 T 

20 

r.ne 4 T - BpeMeHHO:il C.I(BHr crrrHaJIOB, onpe,neJlfieMH:il .KOOp,nllHaTHHM C.I(Bll
roM ( 6 ) cnrHaJibHlIX npOBOJIOK OTHOCllT8JlbHO neHTpa CllMMeTpllll .npeilcpOBOil 
~e:il.Kl1. Ha pnc. 13 noKaaaHo pacnpe,neJieHHe Be~HHH K1 ,nJIR cnrHaJlb
HHX npOBOJIOK .npeiiif,OBHX KaMep MRJOHHOro cneKTpOMeTpa, ycpe,nHeHHOe no 
.npefi!p()BOMY npoMeJKyTey. Ha pnc. 14 nOKa3aHO H3M8H8Hlle cpe,nHero 3Ha~e
HruI K03qqllII:l;H8HTa Kr B aaBHCHMOCTH OT KOOIJ.I(HHaTH TpeKa B .npeficpoBoil 
KaMepe. Ha pa cnpe,neJI8HllR Kr .I(Jlfl +2 ti T H -2 A T MO:at!IO ou;eHHTI, 
BepORTHOCTb Olllll6.Kll B onpe,neJieHllH JieBHX H npaBHX T!)eKOB, KOTOpaR 
COCTaBJIReT ,..,2 % • 

N 

• ,0 3 

a.e 

Q.6 

Q,4 

Q.2 

• 200 -100 0 100 200 

K1 (HCeK} 

Pnc. 13. Pacnpe,neJieHne Be~n
HH K1• 

80 

40 

--.-----. 

0 '--

5 
.:. - 40 ·-::,r::: 

-80 • 
-12 -6 0 6 12 

X (CM) 

Pnc. 14. 3aBHCHMOCTb cpe,nHero 
3Ha~eIDIB KI OT .KOOIJ.I(HHaTH. 
TpeKa B .npeficpoBOM npoMeJKYTKe. 

Koop,nHHaTHOe n yrJIOBOe paapemeHHe MIOOHHOro cne.KTpOMeTpa 6HJIO 

noJI~eHO CJ18.nyIOil1RM o6pa30M! ~epe8 BOCCTaHOBJieHHHe B KaMepax "cTpHHrn" 
(oTpeaoK TpeKa, npoBe,neHHl:rll B OT.I(eJlbHOil .KaMepe) no-MeTo.ny HaHMeHbJIIIDC 
.KBa,npaTOB, npOBO.I(HJICR TpeK, onpe,neJIRJICR ero yroJI H .KOOp.nn:HaTa B 
OT.I(8JlbHOil .KaMepe. rHcTorpaMMHpOBaJIBCl, OT.KJIOHeIDIB 11 CTPHHrOB" B KaMepe 
OT (pliTHPOBaHHOro TpeKa. Bepxan:e ou;eHKH KOOp.I(HHaTHOro paapemeHHR 
MRJOHHOrO cneKTpOMeTpa (TaK KaK TP~HO ~eCTl, B.KJia.n eyJIOHOBC.KOro pac
ceRIDIB n: OCTaTo~on HaMar~eHHOCTH) .naroT peayJI1>TaT paBHl:rll ' 0 ~ 
~ 5, 9 MM. AHaJior~oe pacnpe,neJieHHe .I(JlR yrJIOB .naeT Bepxinoro ou;eHey 

yrJioBoro paapemeIDIB O::: 63 M!)a.n. 
TipoBe,neHHHe HCCJ18.I(OBaHHR xapaKTepHCTH.K H BH6op pelKHMOB pa60TH 

6oJibJIIIDC .npeilcpoBHX KaMep, a TaroKe npHMeHeHHe HMilYJlbCHoro peDMa pa6o-

-----
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Tl:l CHCTeMl:l Bl:lCOKOBOJII,THOro IIl1TaHM SJieKTpO,Il;OB IT03BOJiliJlli o6ecITetrUTI, 
Ha.IJ;eJ!IBYIO pa60TY KaMep MIOOHHoro cITeKTpoMeTpa B ceaHcax ITO Ha6opy cTa-· 
THCTHKH B TetreHIDI 5 JieT. 

B 3aKJIIOtremrn: ITPHBO,Il;HTCff OCHOBHl:le pe3ymTaTbl ,rr;,rccepTaunoHHOil 
pa6om: 

1. IlpoBe,n;eHll ncCJie,n;oBaHHH pa3JIH'!Hl:lX THITOB ra30Bl:lX ITpOBOJIO'IHHX 
,n;eTeKTOpOB ITPOITOPUHOHaJII,Hlle KaMepu C KaTO,Il;HhlM C"IHTl:lBaHne1,1 Irnq;opMa
UHH, !IpOTOTHIT ,rr;peilllJOBOil KaMep1:1) H o60CHOBaH Bl:l6op ,n;peilq,OBoiJ KaMepl:l 
,n;JIJI ycTaHOBKH "HeilTpHHHHn ,n;eTeKTOp". 

2. lfuyi:reHa 8JI6KTpOcTaTJUta JI 3apJmOBl:le xapaKTeplICTIUUI ITPOTO-
TilIIOB ,n;peiJq,OBl:lX KaMep. IloJiyi:reHHl:le pe3yJILTaTl:l ITOJIOJK6Hbl B OCHOBY 
KOHCTPYKUHH 'CepnilHl:lX ,n;peilqiOBl:lX KaMep. 

3. Pa3pa6oTaHl:l H C03,1:(aHbl ,rr;peiJqiOBble KWilephl IIJioma,rr;:r,IO 8 r.i2 ,Il;JIJI 
ycTaHOBKil "HeiJTpHHHHn ,rr;eTeKTOp". 06mee KOJliI'16CTBO 1rnrOTOBJI6HHl:lX 
KaMep paBHO 120. 

4. l'IcCJie,n;oBaHl:l xapaKTepHCTHKII KaMep C pa3JIII'1Hh!Mll ra30Bill,UI 
CM6CIDJIII. IloKa3aHO, "ITO KaMepbl pa6oTaIOT 6oJiee Ha,rr;eJKHO H a@l6KTHBHO 

co CMeCf.lMH Jlz + ?%CO2 + 5%CH,1, J/z + ?%CO2 + 5%CH4 + 0,25%C2H50H, 
i:reM C Bb16paHHOiJ ,JJ;JIJI HaITOJIHeHHH KaMep B ycTaHOBKe ,rr;ByxlWMIIOH6HTHOi1 

cMeCLIO J/z + 6%C02• 

5. Ilpe,rr;JIOJiteH H peaJIH30BaH Ha ycTaHOBKe "Hei1Tp1IHHID1 .n;eTeKTOp" 
HOBhli1 crroco6 IIUTaHHJI 8JI6KTpO,Il;OB 60JII,IlJliX .n;pen@OBblX Ka!;Iep. l'IMrryJILCHIDl 
pe!KIIM Bl:lCOKOBOJII,THOro IIHTaHYJ.f.l 06ecITei:rnBaeT CTa6Yi.JII,HYRJ n Ha.IJ;eEJIY!(J 
pa6oTy KaMep. 

6. Pa3pa6oTaHa MeTO.TI;HRa H rrpoBe.n;eHH HCCJie.n;oBaHHJI xapaKTepHCTHR 
cepniJHl:lX ,npeiJipOBl,!X KaMep MIOOHHOro CITeKTPOMeTpa C HCIIOJII,30BaHHeM 
pa,nnoaKTHBHoro HCTO"IHHKa n B HeilTpHHHOM rryi:i:Ke M\QB8: 

a) lICCJie,n;oBaHa 3aBUCIIMOCTI, lllliPHHl:l IIJiaTO ITO a@eKTHBHOCTH 
perncTpau1m TpeKOB B KaMepax MIOOHHOro CIT6KTpOMeTpa, KOTOpaH ITPH 
ITOPOre perncTpaunn l MKA cocTaBJIJieT /V 100 B; 

6) H3MepeHa TO"IHOCTI, perHCTpau1m TpeKOB i:raCTIIU B KaMepax .TI;JIH 

pa3JIH'1Hl:lX raSOBblX CMecen Ha CTeH,TI;e C pa,nnoaKTHBHblM HCTO"IHHKOM H B 
HeilTpHHHOM IIyi:rKe. IlOKa3aHO, "ITO TO"IHOCTI, perncTpauIDI TpeKOB MIOOHOB 
He xyJKe l MM; 

B) HCCJie.n;oBaHO pa3pemeHHe JieBO-ITpaBoil H60,ll;H03Hai:rHOCTH B ~peiJ
qJOBblX wi:eilKaX KaMep. He~@eKTHBHOCTI, pa3pememm JI6BHX 1I ITpaBl:lX 
TpeKOB B 0,Il;HOiJ KaMepe COCTaBJIJieT rv 2%; 

r) oueHeHl:l HeO,nHopo,n;HOCTH 8JI6KTPH'18CKHX ITOJieil B ,n;peiJqJOBOM rrpo
MeJK,Y"TKe. IloKaSaHO, "ITO pa3JIH'11Ie B KaJIH6pOB0'1Hl:lX xapaKTepHCTHKaX 
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OT,ll;6JII,HJ:lX ITpOBOJIOK H63Ha"IHT6JII,H,O II ITPIIBO,Il;HT K OlllJI6Ke B H3Mepemm 
KOOP.JJ:1!H8Tbl ,v 0,t MM. 

7. Cos.naHHh!e 60.'ll,Illi!e ,npeilipOBHe K8Mep1:1 ycTaHOBJI8Hll II pa6oTaIOT 
B YCTaHOBRe "HenTpHHHHn .neTeKTOp" OKOJIO 5 JieT. 

OcHOBHble pe3yJILTaTH ,nuccepT8UHII ony6JIHKOBaHbl B CJI6,Il;YRJIIUIX 
pa6oTax: 
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