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', Arrro~UIHUeBhie µ;pr11q>OBhle Tpy6Ku (.D:T),' pa6oTaromne' npn IlO~blllleimoM µ;a-
BJiemrn, .!IBJIHioTClI 6aOOBhlM JeTeKTOpm.1 MIDOHHOi'i CIICTCMhl ycTaHOBKU AT JIAC, ' 

. npe~~a::3H~"!eHHOll )J;Jlll npoi3eµ,cm1~ nccnep,oBaHillI ·ua LHC /1/.'. Ycrro~ui:B KOTO-' 
phlx 6yµ;yT. pa6oTaTh µ,eTCKTOphr. MIDOHIIoi'i cll'cTei~hl, xapa.'iTep11oyroi~H j:\OBOJihIIO · 

; BblCOKJlMH 3arpy3KaMH (µ,o 3 · 1Q3 ::~";:J, Bhl:JBaH~'.i.1Mii He TOn:hKO "Ia:CTUQaJ:t~I,'rreTH:;. 
U\I1Mll lI0,06JiacTii nepece•remrn IlY,IKOB)HO TUKJKe JIOCTOllllllhlM q>OHOM HeIITpcmoB 

,, . . . . . . , •. · • . , ., •,. . , , I · .. , • .. . . .·. 
u conyTcTBJIDU\IlX raMMa:KBaHT_oB·,/2/. · IloaToMy noMuMo BhlCOKoro npocTpau- • · ,, 
CTBeHHoro pao.peUieHUH oivinM HO OCHOBIIhIX Tpe66Bam1ii K ·µ;eTeKT~pa}'.t'MIOOHHOll 
,cncTeMbI•lIBJIHeTcJI paii;naQIIOHHM cToi'1ii:OcT·h. ':, , · · .. · 

' ,B OCHOBHO~. aq>q>eKThl CTapemrn II~Y'IaJI~IC~;IlplI pa6oTe B ·riponop~IIC?~aJih-, 
uoi1 pe:lKIIMe /3,4/ .. Yxyµ;llleHIIC xa1'mKTepII~TIIK ACTCKTopo~ lIBJIHeTClI cJieACTimeM 

• qi6pMnpoBaHmI IIOl'IIIMCpHhIX <eOeP,llll(~;m_ii B 3llCKTpO~Hoii rram1i1e lI ux,~ca:lKµ;~~llll' 

ua BHyTpeHHiIX n,oBepXIIOCTnX µ;eTCKTopa. 0,Ho MO)l{eT npolI~JI.IIT~~lI B paonII'IHhl~ . 

aq>q>eKTaX, TaKU~, KaK JMCHbllieHIIC K08q>q>ll~II~:HT'a :'raooBoro yrnn:emrn, CJ:lKe~IIC,, · 
n I1C"!eouonem1e· nrraTo C'ICTI~oii xapaKTep11cT11K1i,: Bo;pacTamre TOKOB y-re"!KII. 
OcHOB~OlI :lKe: BhlBOA IICCJICP,OBam1i'1 Mcrnrno ccpopMynnpoBaTb crreµ,yroll\IIM o6pa~ 

' 'OOM: ycnmrnaeTClI. CBlIOb 'KOaq>q>m::(ltCIITa raooBor~ ycnJI~HillI C UIITeHCUBHOCThIO 
'BHeurnero 06.irr1emui:, KOTOpM BbipalKaeTC~ B IlOTepe cnoco6HOCTU 'i£eTeKT~pa;' 

~epeHocnTh oarpyoKH /5/. , .· , ... · .. ·, , · .. ·; /' .. ,. ,. ,\ .. 
. , .il:JIH 'crry"IM ,Ke CTapemrn ripn pa6c>Te B CT{)HMepHOM. pe:lKUMe HaM H3BeCTHhl 

TOJlhKO peOY.JibTaTbI uccrreµ,oBaHU!I ~lllllIHllll o6Jiy'Ieiurn Ha pa6o;,'y nrraCTUKOBhlX 

Tpy601Cc ,raooBOll ~Mecbro 30%Ar+ 70%C4Hrn /6/, arr19tmH1ieBhlX . .D:T, Ha:n,?JI~ 
'•HeHHhIXj~11Me'J'.UlI84!Upow/7 / u CMe~bID, Ar+ 75%C4H10,/8/, ,iCTapeH~Ie, ,nrra

'cTUKO~hlX Tpy6oK, UMeIOil:(UX. penIICTIIBHhii°I Ka Toµ,' c yµ;enhHhlM conp?TIIBJieHUeM 

'.1030M Ha KBa~paT, ~b1paom1ocb B Il011H?M UC'IeOHOBeHii11nJiaTO BI C"!eTHClll xa-, 
paKTepHCTIIKe y:lKe npn aKKyM,ym1poBaHHOM oapH

1

p,e 0,5 Krr/cM. Hcc~eµ,oBruiii.n :lKe 
rui:ro~UHUeBblX .D:T, HailOJIHeHHbIX AIIMeTIIJI:)ci>npoM;noKaoarrn; "IT~/xoT:ii:; :a Mt!CTe 

. ~6Jiy"IeHUH Ha CUrHaJihHOlI npOBOlIO'IKe 6bmII o6Ha.'py)KeHhl ~TJIO)KCHUlI TOJIIUHHOll 

5 ~KM, KaKHX-JI~6o HOMeHeHUll B, pa6o"!UX na~aMeTpax µ;eTe~Topa He H'aomoµ;a~ · 
noch BilJIOTh' µ;o ,Bemt"IIIHhl co6paHHoro oapnµ;a:)2 Kl'l/CM, TaK:lKe He ·6hlJIO oa.Me-, 

"!eHO OHa'IUTeJI_I;>HhlX' ltOMeHCHllll B, pa60~11x xapaKTepUCT.IIKllX ,Tpy6oK' C' ra::30BOll ' . ' 
cMeci,ro :Ar + 75%C4H10 npi1 aK

1

KyMyrrupo:aaHHOM oapHµ;e 17 Krr •. · . . . ' 
B .'aT~II pa60TC Mhl' ~e CT;BHJIH 11,CJlblO . nccrrep,oBaTb oaBHCHM~Th UOMeHeHHJI 

xapaK~epIICTIIK ipeiiqio~hlX Tpy6oK npu' o6rry"IeHim OT pa'.:inu..iHhlX 'cpaKTopoa; 
TaKIIX,KaK npIIMeHHIDU\Uecn KOHCTPYKQIWHH~e 't'a TepuaJihI,' MaT~pnan:hl' raooBhlX 
~oeµ;irneHni't,, ~opOCTh 'npoµ,yB~', 'Ha.i'iw1~1e npi~M~ceii;:a '~aoOBOll CMeciI, a TllK:iKe 
1iccrreµ;oBaTb µ,ei'ICTBUe '.pa::JJIII'~hlx: go6aBOK K raoOBOll CM~CU. CH~I:lKaIOil:(UX' UJill < 
µ;a:lKe ycTpaHlIIOU\HX 'ocpcpeKThl BhI:JBaHHbI~ µ,n1iTeJihHhIM 06rry.'iein1eM '/9 / ..• OcHo~: 

. ' u ', .. ' ''' .:.. ,, . ,•. . . '. _, ~ ,' \ ' ', i • , ·I,' ' I ; 1 '1 

BHou naµ;a•1eH .6hlrro ,uoy~IHTI: noMeHemxe pa60•1~1x ,X'.1PaKTepuc-r1IK arr10Mn~n~B~x 
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,nT B nponopQUOHaJihHOM n CTpnMepHOM pe)KUMaX pa6oThl npn µ;JIIITCJihHOM 06-

rry"IeHHH npn HanorrHeHHH nx raooBoii cMecbro Ar + 15%C.02 + 2, 5%iC4H10 npn 
3 a TM, lIBJilIBllleHClI nepBhlM npoTOTllllOM pa6o"!eH CMecn. MIDOHHOro µ;eTeKTOpa 

ycTaHOBKH ATJIAC. 

IIPO:QE,il,YPA H3MEPEHHM. 

lkcrreµ;oBaHHe npoQecca CTapeHUH npoHOBO)J;lllIOCb oµ;HOBpeMeHHO Ha ~Byx ,nT' 

raoOBble o6'beMbl KOTOphlX 6blllll IlOClleP,OBaTeJibHO coep,nHeHhl Me:lKp;y co6oH (pnc.l ). 

ArrroMHHHCBhie Tpy6KH TOJIU\HHOII 0,5 MM HMeJin paoMephl ¢ 30 x 300MM
2

. KoHQe

Bhle narrrylllKH Tpy6oK 6bIJIH cµ,erraHhl HO KanpoJIOHa. CnrHaJibHhle npOBOJIO"IKII IIO 

6epHJIJIHeBOH 6poHOhl HMeJIU p,naMeTp 100 MKM. Bee raooBble KOMMYHIIKaQIIII6blJIII 

BhlDOJIHeHhl Tpy6KaMH no pnrrcaHa-noJIHaMHAacll (TEHUG), 0611:(rur µ;JIIIHa KOTO

phlx He npeBocxoµ;nrra 2 M~ raoonM CMeCh npIIrOTaBJIUBaJiaCh napaIIee nyTeM CMC
lllIIBaHUlI KOMilOHeHTOB, KOJIH"!eCTBO npnMeceii B KOTOphlX He npeBOCXOP,IIJIO 0,1 % · 

(B OCHOBHOM onpeµ,eJilIJIOCh npHMeCHMH, coµ;ep:lKall\UMIICH'B CO2), Th.o no Tpy6oK 

BhlBOP,HJIClI B aTMoccf>epy "Iepeo oaTBOp no O"IIIU\eHHoro napaq>UHOBOrO Macrra. 

B npon;ecce o6rry"IeHnH .IJ:T aHO)J;HhlH TOK npeBhllllaJI npII6JIUOIITeJihHo Ha µ;Ba 

nopHµ;Ka TOK, O)KHP,aeMhIH no ycrroBIIHM paµ;IIaQHOHHOH narpyoKII B ATJIAC. lfo

BecTHo, "IT0 1CKOpOCTh CTapeHHlI CBHOaHa He TOJihKO C BeJIII"IHHOll Bblp;eJIIIBllleroclI 

oapHµ;a, HO TaK:lKe n co CKOpOCThK> HaKODJieHHH ero /3,4/. IIoaTOMY O)J;HOBpe

MCHHO, IICCJI~)J;OBaJIOCh CTapeHHe ABYX Tpy6oK, IIHTCHCHBHOCTII o,6rry"!eHmr. KOTO

pbIX paoJIH"IaJIIIC~ IlpIIMepHO B 3 paoa. 06Jiy"IeH~e DpOHQBO~HJIOCh µ;:ayMH 6eTa

UCTO"IHHKaMH: Sr90 (aKTHBHOCTh 5-108 Bk) n T/204 (2-108 Bk) . .D:rrmia o6rry"!aeMhlX 

OOH ,nT BP,OJih npOBOJIO"IKII COCTaBJIHJia 12 MM, 
B npoQecce o6rry"IeHIIlI KOHTporrnpOBaJIUCh HeCKOIThKO pa.'Go"IIIX napaMeTpOB, 

Bo-nepBhlX, rienpephlBHO noMepHJICH npoTeKaromnn "!epen Tpy6xy TOK. Bo-BTOphlx, 

CUCTeMaTH"IeCKII IIIJMCpHJIClI K03lpq>HQUeHT raooBoro ycnrreirnll' µ;eTeKTOpOB B npo

nopQIIOHaJihHOM pe:lKIIMC npn aTMoc<f>epHOM µ;aBJICHIIH, .IJ:m1 0Tqro Ha He6oJiblllIIe 

npcnie)KyTKII BpeMeHiI B Tpy6Kax c6paChIBaJIOCh µ;aBJieHiie H IIIJMCpJind1 aMilJIHTy

AHhlll cneKTp CIIrHaJI~B 'oT 'ncTO"IHIIKa Fess . .II:JIH IIOMepeHHlI aMIIJIIITY)J;HOro cneK-
. , , , ''•l :· . . . . , 

Tpa cIIrttarroB· c .IJ:T ncn9rrwoBaJICH aap~OtJYBCTBIITeJibHhIH · ycIIiiHTCJlh II napHµ;o-

r{iiqipoB~H npeo6parib~a.Teiih (Lecroy 2249W). KarrII6poBKa K8.H~a perHCTp~H 
' ,··, ' 'i ,I . . • . ' . • • 

npoUOBOP,HJiaCb CUCTeMaTU"IeCKU C IlOMOil:(hID npHMoyroJibHhlX IIMDYJibCOB paoJIII"I-

HOH BeJIH~HHhl OT r~Hepa;opa. :CITo6bl UCKJIID"IHTb BJimIHHe UOMeHeHIIll µ;aBneHmr, 
T~Mriepa:ryp@, 'napru.ieTpOB yc1mnTeJIH II T.µ;:, aMilJIUTj'AHhlll cn~KTphl OT HCTO'I

irnxa Fe55 IIDMep.itrruci. i'ax B o6rry"IeHHOH, TaK II B "KOHTporihHOH" TO"!Ke, He noµ;

BepraBlllelIClI o6rry"!eHIIID. lfoMeHeHHe K03cf>q>HQIIeHTa raooBoro ycIIJieHHlI KOHTpo-

-----..... --._._.,_.... .. l t~\J\Ci:.r.:i. .. .1.-Jt r;li~ryT\ 
j wtti,si,u ecc.,~1a~iu1d 1 

i 6WSJlir!OT~HA . '. -· ..-.-.,,...~ 
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PHc~':1. C:x:eMa annapaTypbI µ;mI o6JIY'IeHII.II II II:JMepeHIIH napaMeTpOB 
µ;peii:~OBI1X Tpy6oK. . . 

~IHpOBaJIOCb no OT:1iqllleHIIIO IlO/IO)IWHMH IDIKOB B aMilJIII'I'yp;HbIX cneKTpaJC B ·o6rry-
. . ~ . . . ' ' 

'!aeMoii: H KOHTporrbHOH TO'!Kax. , 
· · AHarrorwIHhIM o,6pa:JoM. KOHTpoirnpoBarrcJI Ko:l<I><l>m:i;IIeHT ra:JoBoro ycurreHIIJI 

B_ CTpIIMepHa'M pe,KIIMe pa6oTbI npII pa6o<reM µ;aBJieHIIH
0 

II" ::mrpy:JKax r,rnpHp;Ka 
200 rIJ;. KpoMe Toro, peryrrHpHO II:JMepJIJiaCb c:.ieTHaJI xapaKTepIICTIIKa .IJ:T npn 
riopore perIICTpaIJ;IIII 'oiono 9. MKA. Ha pIIc.2. IlOKa:JaH . T#nII'IHhlll BII~, C'IeTH<?H 
xapaKTepIICTIIKII J];T µ;o Ha<rarra o6ny<reHIIH, II:JMepeHHOH npn 06Jiy<reHIIlI,;)JieKTpo
HaMII OT Sr90

• Pa6o<ree Hanp.11,KeHIIe 6bl~O paBHO 4,8 ~.B. IlpH 3TOM To1(~ Tpy6K1i, 
o6Jiy'!aeMOH Sr9

~ COCTaBJI.IIJI OKOJIO 2,3 MKA, a C Tpy6K~,'~6Jiy'iaB~eiicJI O'I' Tl204 -

0,8 MKA'. Ha puc.3 IlOKa:JaH aMilJIIITyp;HbIH cne~Tp CIIriiarroB' BO BpeMii o6ny'leHII.II 
µ;eTeKTOpa. Xo-r.ii KOJilI'!e~TBO ~TpIIMepHbIX CII~H:aJIO~_-cricTaBJI~JIO Bcero 1/3 o; 
o6ui;ero 'iIICJia curHarroB, IIX BKnaµ; B cyMMapHhlH TOK

0

6hlJI npII6JIIIiJnTeIIbHO 85%. . ~ -· ·, . ' - .: . ,, 

.4 

, :I 

· PHc. 2. 

130 

E 120 

:f 110 
I) 

Z 100 .. .. 90 0 
0 g, 80 .. u 70 

60 

50 
"-L 

4.5 

t 
+ ··~·· + + t + +·' 

+ + 

,. 4.6 ' 4.7 4.8 4.9 5 5.1, 
HanpRa:emi:e, xB 

;,:1; 

C<reTHaJI xapaKTepIICTIIKa µ;peii:cI>oBOH ;py6KII: C,rpeJIKOH YK~aHO 
HanpH)KeHIIe, npII KQTopoM ripoIIOBOl];llJIOCb 06Jiy'iCHIIe. 
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PE3YJibTAThl 

IlepBOHa'laJibHO np~nonaraJIOCb npoBO)J;IITb II0MepeHIIH 6eo IlOCTOHHHoro npo

;a;yBa, o6HOBJIHH raooByIO CMeCb o;a;irn pao B cyTKII. O;a;HaKO y:iKe nocne 18 'laCOB 

o6ny'leHIIH, 'ITO COOTBeTCTByeT Bblµ;enIIBIIIeMYCH oap.H;a;y 0,12 Kn Ha Tpy6Ke, 06-

Jiy'laBWeHCH 6onee IIHTeHCIIBHO, pa6o"!ne napaMeTpbI o6eIIX Tpy6oK peoKO yxy;a;

WIInIICb. ToK yMeHblllIInc.H Ha 25% OT nepBoHa'laJibHoro oHa'lemrn, ·a 4>opMa aM

nnIITY;D;HblX cneKTpOB CIIrHaJIOB OT Fe55 cyw;eCTBeHHO II0MeHnnacb KaK B pa60'lIIX 

TO'lKax,TaK II B KOHTpOllbHblX. Ha pIIc.4 IlOKaoaHbl cneKTpbI, II0MepeHHble cpaoy 

:lKe no 0KOH'laHIIII o6ny'leHIIH n nocne Toro, ~aK raoOBa.H CMeCb
0 

6blna nonHOCTbIO 

oaMeHeHa. ThaBHblH nnK B_ a:i..inrrnTy;a;HoM cneKTpe, II0MepeHHOM B pa6otiei'x TO'lKe, 

pao;a;enIInc.H Ha µ;Ba, IIpII'leM pao;a;BoeHne IlIIKa coxpaHnnocb II nocne o6HOBlleHIIH 

raoa. ThaBHbIH :iKe nIIK B cneKTpe, II0MepeHHOM B KOHTponbHOH TO'lKe, pacwn

pIIncH, o;a;HaKO nocne 0aMeHbl raoa BOCCTaHOBIIn npe:lKHIOIO 4>opMy. TaKOH a4>4>eKT 

6blCTporo . "CTape:ii:IIH" . II0BeCTyH. ew;e co. BpeMeH II0y"l'.eHIIH C'leT'lIIKOB reiirepa-

PHc. 4. 
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AMnrrn-ry;a;Hble cneKTpbI cnrHaJIOB c ;a;peii4>cmoii Tpy6Kn, 
ImMepeHHbie ;a;o II nocrre oaMeHbl pa6ot1eii cMecn npII 
o6ny"IeHIIII ee OT Fess. 
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M10nrrepa II CBH3aH C ImMeHeHIIeM XIIMII"IeCKoro COCTaB raooBOII CMecu B npo

u;ecce o6rry"leHHH /3/. B )];8JlbHe11weM ;a;eTeKTOpbI 6blllU 3aMeHeHbl, a ImMepeHHH 

npoBO)J;llllIICb npII IlOCTOHHHOM npo;a;yBe co CKOpOCTbIO 20 CM3 /MUH. 

1. MoMeHeHHe Koo<l><l>Hu;HeHTa raooeoro ycHJieHH.H B nponopu;HoHaJib

HOM pe:lKHMe 
Ha pnc.5 noKaoaHbl aMnnnTy;D;Hbie cneKTpbI ClirHaJIOB OT IICTO'lHIIKa Fess·, no

rry'leHHble Ha pa3HblX aTanax o6ny"IeHIIH. 3Be3)J;O"!Ka:MII IlOKaoaHbl cneKTpbl, 1m

MepeHHble B KOHTporrbHoi'1, a Kpy:iKKaMn - B pa6o"lei'1 TO'lKax. Ilocne Toro, KaK 

nOJIHbIH aKKyMynnpoBaHHblH aapH;a; cocTaBim 1 Krr, HaMeTnrrocb pao;a;BoeHne rrra

BHoro nnKa. Ilocrre 2 Kn µ;Ba nnKa CTaJIII HBHo Bblpa:iKeHbl, a nocne 3 Krr paccTOHHne 

Me:iK;a;y IlIIKaMn CTaJIO 0Ha"IIITenbHO 60llbWe IIX wnpnHbl. 8TOT" a4>4>eKT BnepBble 

6blrr no;a;po6Ho ncc·rre;a;oBaH B /10/ n o6'bHCH.HeTCH TeM, 'ITO npn o6rry"leHnII nomI

MepHa.H "wy6a" Ha npOBOllO"!Ke HapacTaeT HepaBHOMepHo, B OCHOBHOM co CTOpo-

PHc. 5. 

... l :eys••~· 
50 

0
200 400 600 

! 
800 D'-1 1000 1200 1400 1600 

1'H 1 ""_:;:?S: I I 
o 200 400 600 800 1000 1200 1400 1600 
0 

i= rRn~ ~40 / 

20 ..£,, 
o t I 

200 400 600 800 1 000 1200 1400 1800 

:J~:sJ 
O 200 400 600 800 1000 ., 1200 1400 1600 · 

I<1rnan AI.\IT 

AMnrrIITY;D;Hble cneKTphl cnrHaJIOB c ;a;pe114>0Bm'i Tpy6Kn, 
II3MepeHHble npII 06rryt1emm ee OT Fes5 Ha paaHblX 

CTa):(1rnx o6rry"lemrn. 
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Hhl paµ;noaKTIIBHOro IICTO'IHII_Ka. ,Il;Ba IlllKa B aMnnIITY)'.l;HOM _cneKTpe COOTBeT

CTBYIOT perIICTpaUim peHTreHOBCKIIX KBaHTOB, nornomeHHhIX B ra3e COOTBeT

CTBeHHO "nepeµ;" u·"3a" npoBono'IKOll. 

Konn'!eCTBeHHOII xapaKTepucTuK011 cKopocTII cTapemrn µ;eTeKTc5pa npuHJITO 
C'IIITaTb npmi;eHTHOe ll3MeHeHne ra:JOB0ro ycuneHIIJI, OTHeceHHOe K eµ;UHIUJ;e co-

6paHHoro 3apHµ;a Ha eµ;nHnIJ;y µ;nUHhl npoBono'!Kll. ·Ha puc.6 noKa:JaHa oamrcu

Mo'cTb OTH0UieH{1~· ra:JOBhIX ycimeHir:ii B ~6ny"<IaeM~ii u KOHTponbHOII TO'!Kax OT 

BenII'IIIHhl co6paHHoro 3apHµ;a. CKopocTb cTapemrn, BbI'IIIcneHHM no nono:a<eHIIIO 

BToporo n~Ka, c~cTa.Blma µ;~JI o6enx Tpy6oK oKono K2;
1
~M. 
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2. MoMeHeHue xapaKTepHCTHK e CTpHMepHOM pe:lKHMe 

Ha pnc. 7 IlOKa3aHa 3aBIICIIMOCTb TOKa C Tpy6Ku, o6ny"<IaeMOH IICTO'IHIIKOM 

. Sr90
, OT nonHoro Bhlµ;emrnwerocJI 3apHµ;a. Bnµ;Ho, 'ITO II3MepHeMhIM TOK Meµ;neHHO 

B03pacTan c yBeJIII'IeHneM co6paHHoro 3apHµ;a II ero BeJIH'IIIHa 1mMeHm1acb Ha 

20% npu cyMMapHoM co6paHHOM 3apHµ;e, 14 Kn. HeKOTOphle 1mne6aH1IH B Benu

'IHHe TOKa CBJI3aHbl C nepepbIBaMu B o6ny"<IeHim, Bhl3BaHHhIMlI npuroToBneHIIeM 

ra:JOBOII cMecu B3aMeH 1mpacxoµ;oBaHHOII. Ha6n10µ;aBweeCH-B03pacTaHne T9Ka He 

CBJI3aHO C yBenn"<IeHneM 3apHµ;a B CTpIIMepe .• TaK Ha pnc.8 IlOKa3_aHhI cneKTphl, 113-

MepeHHbie B o6ny'IeHHOII ll KOHTponbHOM TO'!Kax npu 3arpyoKe ieTeKTopa 200 rIJ;, 

Korµ;a cyMMapHhlll aKKyMynnpoBaHHhlll 3apHµ; 6hIJI_ 10 Kn/ CM. CneKT!)hl npaKTII'Ie

cKn He OTnH'IaIOTCJI no ·<popMe, a aMnnllTY)'.J;hl cnrHanoB, lI3MepeHHhIX B o6ny"<IeHHOll 

TO'!Ke, yMeHbrir1in11cb npn~epIIo Ha 10%. Mbr TaK,Ke npoBepuJIU aqi<peKT nocnenM

nynbcoB, II3MepJIH CKOpOCTb C'IeTa npII µ;nnTenbHOCTll HMnynbCOB qiopMIIpoBaTenJI 

100 II 1000 He, 11 He o6Hapy,Knnu pa3HIIQY B H3MepeHHJIX ,B K~>HTponbHo:ii n 06-

ny"<IaeMon TO'!KaX. Bo3pacTaHn_e TOKa, Ha Halli B3rnJI)I;, CBH:JaHO C yBenn'!eHneM 

wyMOBbIX IIMnynbCOB,He KoppenIIpy10mnx C llMnynbCaMH, Bhl3BaHHhIMll '!aCTll

IJ;aMn OT paµ;noaKTllBHoro llCTO'IHHKa. IlpollCXO)K)'.l;eHIIe lIX MO)KeT 6blTb CBJI3aHO . 

C ManTep-a<p<peKTOM /11/ ll3-3a 3arpH3HeHIIJI noBepXHOCTll KaToµ;a. 

Korµ;a Benn"<IIIHa co6paHHoro 3apHµ;a 6hlna 3 Kn, Mhl Ha"<Iann perynHpHo noMe

pHTb wnpnHy nnaTo c'IeTHOll xapaKTepncTnKn Tpy6Ku npu.nppore perncTpari;nn 

9 MKA, o6ny"<IM ee aneKTpOHaMH OT Tl 204 npn GarpyoKe ~lOi:>" rIJ;. illIIpIIHa nnaTo 

onpeµ;enJinaCb B µ;nana:JoHe ll3MeHeHHJI C'IeTa C µ;eTCKTOpa OT 95 µ;o 105% OKono 

cpeµ;Hero 3Ha"<IeHHJI. 3aBnCHMOCTb urnpHHhl nnaTo OT co6pa:iu1oro oapJIµ;a noKa-

3aHa Ha pIIc.9. ,Uo Ha"<Iana o6ny"<IeHIIJI UIIIpIIHa nnaTO COCTaBmina OKono 450 B, a K 

MOMeHTY Ha'!ana CllCTeMaTn'IeCKllX II3MepeHllll OHa 6blna 25.0 B, II B )'.l;aJibHenweM 

IlO'ITll He ImMemmacb. 

3. BJIHJIHHe oarpyoKH Ha xapaKTepHCTHKH ~eTeKTOpoe 

KaK 6bmo ycTaHOBneHO npn aHaJIH3e pe3ynbTaToB CTapeHHJI ra:JOBhIX µ;eTeK

TOpoB, pa60Ta10mu~ B nponopIJ;llOHaJibHOM pe,KHMe, CTapeHne Ii:poHBnJI~TCJI B no

Tepe 11Mn.cnoco6uocTii coxpaHJITb Koa<p<pllIJ;HeHT ra:JoBoro ycuneHIIH npu yBenu"<Ie

uuu 3arpy3Kll. Ha puc.10 IlOKa:JaHbl :JaBIICUMOCTll OTHOCUTenbuoro C'IeTa Tpy6KU 

OT BenII'IllHhl 3arpY3KII BHeUIHero o6n:y"<Iemrn npu nopore periicTpaQlIII 36 MKA, 

Korµ;a nonHhIM aKKyMyi:riip;;BaHHhlII GapJIµ; cocTaBnsrn 12 Kn/ CM; CKopocTb c'!eTa 

µ;eTeKTOpa BapbIIpOBaJiaCb nyTeM ocna6neHIIJI ny"<IKa aneKTpOHOB OT IICTO'IHIIKa 

Sr90 HecKonbKIIMH ~no.111111 anIOMIIHIIeBhIX qionbr. Ocna6neHue noTOKa aneKTponoB 

qionbraMII II0Mepsrnocb B oTµ;enbHOM onhITe npn Manhlx ( oT 50 µ;o 500 rIJ;) cKopo

cTJIX C'!eTa Tpy6KII B 'IIpeµ;r:mno)KeHirn, 'ITO acpcpeKTUBHOCTb ',UT 6nll3im K 100%. 
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PHc. 9. IpaHIIIJ;hI nrraTo C'ICTHOII xapaKTepIICTHKH. 

Ilpn gaHHOM nopore perncTpau;nn DHa'IIITCllbHOe '<UIClIO nponopu;noHaJihHbIX IIM

nyllhCOB yJKe He perncTpnpyeTCll II YMCHhllICHUC C'ICTa B 0611y'IeHHOII TO"IKe npo

ncxognT .oHa'IUTCllhHO paHbUie, 'ICM B KOHTp01IhHOII. 3cpcpeKTIIBHOCTh Ha'IIIHaeT 

CHII)KaTbCll c oarpyoxn 700 fu;/12 MM n yMeHbUiaCTCH BABOC npn BClIII"IHHe oa

rpyDKH 5000 fu;/12 MM, 

CHH)KCHIIe acpcpeKTIIBHOCTU BhIDBaHo CYll\CCTBCHHbIM IIDMCHCHHCM COOTHOUie

Hirn nponopu;HoHa1IhHhIX II cTpIIMepHhIX cnrHarroB c ,UT. Tax.Ha ?nc.11 noxaoaHhI 

aMillIIITYAHhIC cneKTphI, IIDMepeHHbIC npu 'ICThlpex paomI'IHhIX IIHTCHCIIBHOCTHX 

o6rry'IeHIIH, npII'ICM Il01IHOC 'IllClIO cnrHaJIOB B Ka:a;:goM CilCKTpe ogxrnaKOBO. Bu
gHo, 'ITO C BOopacTaHIICM oarpyDKII CYU\CCTBCHHO BOopacTaeT gollll nponopu;no

HaJlhHhIX IIMilYllhCOB, npn 3TOM aMnmITyga CTpIIMepHhIX CllrHaJIOB YMCHhUiaeTCll 

HCDHa'IIITCllhHO. Ilpu OTHOCUTellhHO ue601IhUIIIX oarpyoxax nyTeM IlOBbIUICHUll Ha

npHJKCHIIH Ha Tpy6Ke ygaeTCH goBeCTU gomo CTpnMepHbIX UM~YllhCOB go 100%. B 
TO JKe BpeMH ·npn oarpyoxax 6orrec 1 xfu;/ CM gorrH nponopu;noHaJihHhIX m.mynh

coB OCTaCTCll DHa'IlITCJ'IhHOII npu Bcex HanpH:lKCHlIHX II oHa TCM 601IbUie, 'ICM BbIUie 

oarpyoxa. 
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Puc. 10. 3aBIICIIMOCTb OTHocuTeJibHOII cKopocTn c~ieTa OT 
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3AKJIIOqEHHE 

PenyrrbTaTbI nccrreµ;oBamrn. nnMeHemiii xapaKTepncTHK µ;Byx arrIOMHHIIeBbIX 

µ;peii:cpoBbIX Tpy6oK, HanorrHeHHbIX ranoBoii: cMeCbIO Ar + 15%C02 + 2, 5%C4H10 

npn 3 aTM, o6rry"laeMbIX IICTO"lHIIKaMII Sr90 n T/2°4 noKanarrII: 

1. CKopoCTb CTapeHII.ll npu pa6oTe B nponopQIIOHallbHOM pe:lKHMe OKa:JallaCb 

K2:/~M. He 6bI110 naMe"leHo panmt"IU.ll B. cKopocTn ~Tapemie npn µ;Byx HH
TeHCHBHOCT.IIX o6rry"lemrn, BbmbIBa101.1.uix cyMMapHhie -ro:icn c 'Tpy6oK 0, 7 n 

2,3 MKA. 

2. Ilpn yBeJIII"leHlIH co6paHHOro nap.11µ;a npmICXO)l;IIT II3MeHeHH~ COOTHOWe

HH.II Me:lKµ;y KOJIII"lecTBOM cTpnMepHblX n nponopqnoHMbHbIX cnrHMoB. Ilpn 

• GTOM He npoIICXO}l;HT nHa"lIITeJibHOro II3MeHeHil.ll B BeJIII"lIIHe·KOGcpcpuqneHTa 

ranoBoro ycnJieHH.ll )];JI.II CTpHMepHbIX cnrHMOB. Hx aMilJllITyµ;a yMeHbWimacb 

Bcero Ha 10 % npn Bhlµ;emiBweMc.11 nap.11µ;e 12 Krr/cM. 

3. XoT.ll C yBeJIII"leHIIeM co6paHHoro nap.11µ;a Ha npoBOllO"lKe II3MeH.lleTC.ll COOT

HOWeHIIe Me:lKµ;y CTpnMepHbIMH u nponopQIIOHallbHbIMII CIIrHarraMII, He 6bIJIO 

naMe"leHO . yMeH&WeHHSI TOKa C µ;eTeKTOpa. HanpoTIIB, BeJIII"lIIHa TOKa Bbipo

crra Ha 20% K KOHQy o6rry"leHH.II, Korµ;a BeJIII"lIIHa aKKyMymxpoBaHHoro nap.11µ;a 

6birra 12 Krr/cM. BonpacTam1e TOKa, no-B~HMOMY, CB.II3aHo c yBem1~1em1eM 

WYMOBbIX HMilYJibCOB, BbI:JBaHHblX MarrTep-GcpcpeKTOM Ha KaToµ;e. 

4. IIInpnHa nrraTo C"leTHOH xapaKTepncTnKn µ;eTeKTopa, II3MepeHHa.ll npn no

pore perncTpaq1rn 9 MKA, yMeHbWUJiacb c 450 B µ;o 250 B npn co6paHHOM. 

nap.11µ;e 3 Kn/ CM. ,Il;arrbHeiiwee 06rry<1eHue He npirnerro npaKTU"leCKU K yMeHb

weHUIO WIIpHHbl nrra.o. 

5. CTapeHHe B CTpHMepHOM pe».:nMe npo.lIBHllOCb B yxyµ;wemxu cnoco6HOCTII 

µ;eTeKTOpa nepeHOCIITb narpynKH, KOTopoe Bbipa:lKaeTC.ll B H3MeHeHUII co

OTHOWeHH.II Me:lKµ;y CTpHMepHbIMII II nponopQIIOHallbHbIMil cnrHarraMII npn 

yBeJIII"lemxeM aKKyMym1poBaHHoro nap.11µ;a. 
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.CTapem1e ~JIIOMnttneBhrx ApeiicpoBhIX Tpy6oK, . . 
ttanoJIHettHhI~ ra30Bo11 cMechto Ar+ 15 % CO2+ 2,5 % C 4 H I ci 

l1cCJieAOBaHO CTapettne ABYX MioMHHHe~blX ApettcpO~bIX Tpy60K, HanoJI
HeHHbIX · ra30BOH . cMeCbIO Ar+l5%C02+2,5%C4Hj 0 npn , 3 an.1, B 
nponopu,noHaJibHOM H CTpiIMepHOM pe)KHMax pa6oThl: B npou,ecce o6JiytJeHH51 

'{3-HCTOlJHHKaMn COOTHOIIIeHu'e Me)KAY lJHCJIOM. caMoracm1,11xrn CTpnMepHblX H · 
nponopll,HOHaJihHblX, ' CllrHaJIOB _' 6bIJIO , 3:7. / CKOpOCTb ' CTapeiurn . B 

nponopu,no!1aJih~o~ pe~11~e ~~51 06e11x,Tpy~~K OK~3~ach: paBHOH: }_;l;~t. He· 

'6hIJIO 3aMetJeHO cyin;ecrneHHbIX HaMeHeimH pa6o411x x~paKTepnCTHK Tpy6oK B 
CTpttMepHOM pe)KHMe npn MaJiblX 3arpy3KaX; TOK C ACTeKTOpOB B03poc Ha 20 % 

' KKOHU,Y I o6Jiyqemrn, Koma HaKOTIJieHHblH 3ap51A' COCTaBHJI 14 Kn. CpeAHHH 
3ap51A B cTpnMepe yMeHhllIHJIC51 Bcero Ha 10%. CTapem1e B cTpnMepttoM pe)KnMe 
ripoSIBHJIOCh · · B · H3MeHeHn11 . cooTH01IIemi51 · Me)l(Ay CTIJHMepHhlMH n 
nponopU,HOHa:,lbHhlMll , CllrHaJiaMH II · TIOJib3Y · nponopu,irnttaJihHblX. nptt 
yBeJitttJeHHn aKKYMYJIHpoBaHirnro iiap51Aa. · · , :'. : · ·· ··. . 
· · · Pa6oTa BhlITOJIHem1 B Jfa6opaTOp11n.51Aeptthlx npo6JieM 0115111; 

Ilpcnp1111T 061.~A~He;uio~ ll;ICTtt'T;TaSIA!!PllblX HCCJJ~~~Ba11i111: n:y611a, 1995 ' 
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' ' •··, ,The aging of two alm~1inumdrift tubes. with Ar+l5%C0~+2,5%C4HIQgas 
mixture at 3 atm operated both' in streamer and proportional modes has been 
studied in proportional and linihed sreamer modes. During the irradiation with 
intense beta-sources the ratio of streamer and proportional signal numbers was 

3:7: ::rh~ estimated 'agt~g rate.in pro,podi~~al mode is c;;t~m--,there wa~ n~ 

sufficient change in the tube performance at the.streamer.,rriode at low count 
rates. At the end ,of the test when tlie total collected charge was 14 Caul. the tube 
currents increased by ,20% and the average charge of streamer signals had. 
reduced only' by '1Q%( The main .result of aging in streamer mode was art, 
increase of proportional signal fraction at high count rates.. . . 

The investigation· has been performed· at the Laboratory of Nuclear 
Problems, JINR. . . , . 
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