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OBlIWI XAPAicr'EPHCTHKAPABOTll 

AKTyWHOCTD pa6om. B T8tISHH8 IlOCJISMero ,I(8CJJTHJ!STRJI BO MHO
l'WC Jia6opaTOIJHJDC MHpa B8'AYTOJI paspa60TRH M8TO,I(OB P8I'llOTP8ItlfH ~c~ 
0 IlOMOIIt!'>D M8KTpoHHWC .I(8T8KTOpoB, pa6otreff Cpe.I(off·KoTO,PWC OJIY38T aJ>
roH K RC8HOH 60JII,mOff IJJlOTHOCTH (RaMep H CtI8TtIHROB BllCOROro .I(aBJ!8HHJJ, 
.I(STSRTOPOB Ha ROH,nSHOKpoBaHHUX aproHe H RCSHOHe). lfHTepec K HHM 

o6yCJioBJieH TeM, tITO KCilOJII,SOBaHH8 IJJlOTHoro B8lll8CTBa Be.I(eT R nporpec
cy B pememm MHOI'llX npo6JreM, TaRHX,Hanpl!Mep, Kalt TotIHoe onpe,neJieHKe 
ROOl)'AHHaT tiaOTlm, HSMepemre SH8PrHH trac~ Cil8RTp0M8TpaMH IlOJmOro 
norJIOll!SHlIJl:, peI'llOTPaitWJJ raMMa-RB8HTOB K HSITPHHO, HSyt!eHHe peaRitWA, 
H,I(YlltmC C otrem, Ma.7IHMH cetreHH.llMH. 0.ngaxo Ha IlPaltTHRe TaRHe ,I(8T8RTOp!l 
Ill)HMSHJll>TOJJ WI.II pememra: orpaHHtreHHoro tmCJia sa.natr. B OT.I(eJII,HWC CJIY-· 
tramc, a m,i:eHHo WI.II pernoTP8ItlfH qao~ B .nHanasoHe ope.nHHX aHepm, 
r,ne HOHH38ItlIOHHil8 R8M8pll Ha J!H.I(ROM aproHe HJIH RCSHOH8 MOryT l!M8Tl, 
onpe.I(eJieHHile ,I(OCTOHHOTBa B OpaBH8HHH C KCilOJII,Sye.MilMH IlPH60paMH,B006-
lll8 OTCYTOTByl)T COOTB8TOTBYl)IIIH8 paspa60TRH. HMeeT MSCTO Taltllte HS,I(OC
TaTOtm:OCTD wm:.npoTHBOpetmBOCTD .I(aHH!lX 06 HOHHSaitWOHHHX nponeccax, 
npmrcxo~ B IJJlOTHOff cpe,ne, 'ITO saTPY'AH.118T npHM8H8HH8 paCCMOTpeH
HWC ,I(8T8RTO.POB B npaxTKite lpl!3HtI8CROrO axcnepHM8HTa. 

, Uem, pa6oTH. UeJIDD pa6oTH JIBJIIL7IOCD KsytteHHe nponecooB HOHHsa-
ItWH, Il,POHOXO.ItlmlKX B IJJlOTHOM rasOBOM HJIH ROH,neHCH,POBaHHOM B8lll8CTBe, 
a TaRJEe paspa6oTita K 003,I(aRl!l8 ,I(8TSRTOpa trac~- MHOrooe~OHHOff KOHH-
38ItlfOHHOff ItaM8,Ill Ha J!H,I(ROM aproHe,npe.nHasHatieHHoff WI.II perHOTP8ItlfH: 
trac~ B o6JracTlt cpe.nHHX aHeprHff H HCCJie,noBaHHe ee pa6otIHX xaprutTe
PHO'fKR. n,m SToro 6HJia 003,I(aHa axcnepm.teHTaJ!DHaJJ YOT8HOBita, BKJllltiaB
lllaJl,IlOMHMO ,I(eTeRTO,POB, OHOT8My me T8PMOCT8Tltp0B8IDIJI, OHOT8MY O'IHOTRH 
K KOHTpo.lISI"tIHOTOTH rasa,· aJieRT,POHHOe H BllOOKOBOJII,THOe o6opy,ttOBWfl!8. 

HoBHSH8 pa6oTH. HoBKSHa pesyJIDTaTOB ,nH008PTanml SaRJIIJ'i8.8TOJI B 
CJI8.I(yllll8M: A, 

. -~ BHeoeHa OIIp0l(8JI8HHOOTD B l(aHHHe O l(8T8KTltpyu!IHX OBOIOTBax 
C'i8TtmROB Ha OCHOB8.TB8PJlO~ aproHa K K08HOHa, BWmJieH!i ooodeHHOOTlrt 
HoHKsarizoimoro peDMa n·TBe1>,1tol qiase H O.ICeJiaHH oneHKil napayeTpoB, 
xapaKTeJ)HSYJl!lHX aroT P8DM pa6om; 

- DOJ!yt!8Hll OHOT8MaTH'i80RHe axonepl!MeHTaJII,Hll8 .ICaHHil8, O?"paJtalJltHP, 

OBolom'nponopttKOHaJII,ma: CtI8TtIHKOB DPH nepexol(e K 60JII,llllD4 It1IOTHOO-
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THM KaR npx nommemm .ItaBJiemm, TaK H npx cmutemm TeMIIepaTYJlli npa 
BliCOROM ,ItaBJiemm; 

- IIPH BliCOimX ,ItaBJieHlmX B CMeCH aproHa c KCeHOHOM o6HapyxeH 
"HeMeTaCTa6~ B~RT Ilemmara",, RO'l'Op!llt npimO,ItHT R p0C'l'Y llOHH-
3~ B Jiamme. IIpH cne~ecimx yOJiommx: wcoxoro .ItSBJ1emm ycTa-
HOB1!eHH SamICHMOCTH J../P = f(E/P) , r.ne ti. -nepB!lff xoaq$I-
I\HBHT lrOHHS~ TayHce~a B aproae, RCBHOHe ll lIX CMBCH. IloRasaHo, 
'!TO HCIIOJII,SOBrume aproaa c He60JII,mol ( ~ 0, 5%) npmreCLll RCBHOHa B 
nponopnHOH8JII,HWC c"!e'l"'!HRax BliCOKoro ,It8l!Jlemm o6ecne"!HBaeT SHa"!Ilrem,
Hoe YJIY'lllleHHe HX xapaKTepJICTHR - cmmaeT pa6o"!ee HanpueHHe B I,5-2 
pasa H YJIY'llllaeT me BHepreTH"!ecxoe paspemeHHe. 

- . Cos.naHa MHormmeKTpo~M HOHHSanHOHHM RaMepa Ha D,!VtOM ap
roHe, npe~asHa"!eHHMWIR OIIpe,IteJiemm 8H8prHH l! H,It8H'l'Hg)H~ "!SCTim 
c 'l'O"!HOCTLll ~ I50 RSB B o6Jracm SHeprd: ~ IOO - 200 MaB: . 

IlpaRTR"!eCROe SHa"!eHHe ,ItHCCepT~ 3aRJill"!aeTca: B TOM, '!TO ee 
pesyJlLTa'l'HMOryT 6HTL HCnOJII,SOBaHH ( l! B HaC'l'OJI1118e BpeMJI y-Jl.8 HCnOJll,
symoa:)A7ISpa3BllTWI Me'l'O,ItOB perHCTP~ 11acTJm. Ewro noitasaHo B COB
MeC'l'HOM npe,nJIO%eHHH ~M-OIDIH-HT~. 11TO HcnwsoBrume CMecH aproHa 
C R08HOHOM .naeT BOSMOlEHOCTL ooa~ ,IteTeRTOpa HelTPHHO C MaCCO! B 
COTHH TOHH. llr.Iu<oaproHOBM HOHHSanHOHHM RaMepa 11 ycTaHOBRa no 
O"lllCTKe H ROHTpoJill "!llCTOTH rasa MOI'j'T 6HT1, HCnOJll,SOBaHH Ha ycROpJITe
.JlflX B SRCnepl{MeHTax no llSY"!emm YlIP.Yl'll.X. H Heynpyrmc a,JU)OH-H,Itepma: 
BSSBMO,ItelcTBHI npH ope,IOD,IX aHeprzmc. 

IIOJioaemm .IOICC8p'l'ainm. npelICTaB1!BHHHe ,MB SaimlTH, OTpazaDT 
OOHOBHHe pesyJ1LTaTH ,ItHCCBPT~ :e: BRJlJJ"!8DT: 

I. :3xcnepl{MeHT8JILHH8 pe3yJII,Ta'l'H, OTPazaDll!RB oco6eHHOCTH HOHH-
3anHOHHOro peDMa B TBe~OM aproHe 11 KCeHoHe, a TaKlle o~erua,: H8KOTO
pHX ~TOpoB, xapaRTBPHSYJOll{HX ,IteTeXTHPYDitKe CBOIOTBa C"l8T"lllKOB Ha me 
OCHOBe. 

2. XapaRTePHCTHKH npoIIOPnHOHMbHHX C"!BT"!llKOB, OTpaxamtqHe·:ra:sMe
Hemre BX lt8TeRT11pyll!IIHX·CBOICTB lijlK nepexo.ne K 6o.,u,DmM JL!IOTHOCTJtM, 
IIOJIY118HHH8 B paSJIHtrimx SRCII8pl{MeHT8Jll,HHX YOJIOBRRX. 

3. 06HapyxeHH!rlt B CMeCK aproHa o ROeHOHOM llPK BliCOKRX ,ItaBJIBHH
JDC "HeMeTaCTa6KJn,mrlt a~RT IleHmlHI'a" K 8KCn8pJIM8HTaJII,Hoe no,ItTBBP,:
,lt8HJ18 oy111eOTB8HHOrO YJIY'llll8HlfJI xapaRTepJIOTHR nponOPnHOH8JII,HHX C"!BTlm
KOB BliOOKOro ,ItaBJiemm: llPll sanOJIHemtK me OMBOLD aproaa C KOBHOHOM. 

4. 3amlcm.tocTK nepBOro xo~eHTa TayHc·e~a o.T omomeHU. 
E/P B aproHe, RC8HOH8 H me CMBCH, YCTaHOB1!8HHH8 IIPH one~eoroa: 
YOJIOBBJDC :SSCOKOI'O ,ItaBJ18HlfJI. 

5. JteTeKTOp llaCT:lllt.:.. woroceJtnHOmiyD ltSMBPY, npe~asHa11emiy11 

2 

I 

;1, 

,) 

.Jt.Jm perHCTpa!lml, H.ItBH'l'.Wq)IDWnHK :e: onpe.neJieHHa: aHeprmx sapuemmx 11ac
T:lllt (npoTOHOB, IJ,t M830HOB) B o6JiaCTH ope,IOD,IX (.-vI00-200 MaB) SHeprd 
K'pesynTaTH BCOJI8.It0:eamta: ee xapaRT8pJICTHR. 

.6. Ilpe,nJIODHl!UI no npaKTK"!eCKOMY HCIIOJII,SOBamm pesym,TaTOB ,ItHC
cepT~. 

Anpo68IIIIH pa6om. PesyJI&TaTH pa6om peryJISIPHo 06c~c1, Ha 

Hayt!Ho-t48T0~8CKRX CBM:lmapax Jia6opaTOPlllt H,It8pmlX npo<ineM OHffH, ,ItO
P:Jia.It!iBSJmCL ~ ceccimx Qllq) AH CCCP (g"/eBpaJII, I977 :e: I982 rr.), Ha 3 
Mez,JtyHapo~OM COBemamm no Me'l'O,ItHK8 npoIIOPnHOH8Jll,HHX K ,ttpef:tqx)BHX Ra
Mep <7.,lJy6Ha, I978). IIo MaT8pi!aJI8M ,ItHCCepT~ ony6Jr:e:1tOBaHO IO pa60T 
/I-IO B zypHBJiax Jlffi'N, IlT:3, ffl, a TaKZe B BH.Ite npenPHHTOB :e: 0006-

. - . ' 
oteHd OIDm. 

. 06MM 2mccepTaIJ!!. Jt:e:ccepT~ COCTOHT :e:s BBe.nemm, 118TSpeX 
rJiaB, SaP:JJD"!eHHa: :e: npJIJI~Hl!UI 06DtHM o&l.eMOM I47 CT~, BXJilltiaJI 
45,PHCYHKOB Iii 5 Ta6.mm;. CIIKOOK JmTepaTYl)(,I co,n:epmT I64 Ha3BaHHa:. 

CO,IIEPltAIIlm .IlHCCEPI'Aium 

B ,ItHccepT~ MOSHO Bli,It8.Jill'l'I, ,ItBa pas,It8Jla: 
- llCCJie,n:oBaHKe rasomtt nponOPnHOHSJll,HWC C"l8T"!lll':OB BLICOKoro ,n:a.B

JJ:8RlilJI Ha OCHOB8 aproHa lt RC8HOHa H 
- paspa60TKa K ltCOJI8,It~BaHHe lt8T8KTOpoB Ha ROH,I(BHCHpoBammx 

aproHe K XCBHOHe. 

Bo BBenemm x .ItHccePT~ IIPHBOMTM 061JtJ1Ie cBe.nemm o pa6oTe, 
OTll8"!a8TCa: alt'l'YaJILHOCTl, Tew H ee CBJISI, C JL!IaROM HSY"!HO-HCOJie,ItOBa
'f8Jll,OK'.IIX pa6oT omm, a Tana .naeTCa: xpaTRoe llSJIOJtemre oo.nep,:aHWI 
,ItHCC8PT~-

IIepBM rJia:aa .ItHccePT~ npe.ncTaB1UieT co6ol o6sop pa6oT, cBJI
sammx 00. C"!8T'IHRaME: BI,ICOKOro ,ItaB1!eHHa:, a TaKZe pa6oT, nocBJI111eHHRX 
,lt8T8KTO.P3M Ha KOH;ItBHCHpoBSHHHX aprOHe H RCBHOHe. 

Heo6xo,ItHMo OTJIBTHTL, 11TO B JmTepa'l'YPB OTeyTCTBy8T CHCT8MaTll"!ec- ' 
Koe HCCJl8,ItOBaHH8 JCapaKT8PHCTHR C"!eT"!llKOB BliCORoro ,ItaB1!emm, TeM He 
MeHee ORK ycnemao HCIIOJILSOBaJIHCL }1,1ISI pemeHWI PfJ,Ita 38,ltall. KaR MOlltHO 
BH,It8TL,BHCOR08 ,ItaBJ18HHe, B ~e. He a:B1!a:eTCJI llpeWITCTBHeM }1J!SI 

npono,PnHOHSJll,HOro pasMHosemm SJlBltTpoHOB B6Jr:e:SK aRO,n;a C"!8TtmRa. BMec
Te C TeM, ;yB8JIB"!8HKe JL!IOTHOCTH TP~OHHHX rasoB :e: CMecea, OCYDt8CTB
JilleMOe des aHallHSa npo~eccoB, npo1tcxo,ItmitBX B o6'I>eMe c11eTtmRa, npzBo
-'tll'l' K HenpHHTHHM OJie.ItcTmtSD4, . a mieHHo, R pe.JIH"!eHHD pa6011ero Hanpue
mm C"l8T'mKS, cmmemm CR0p0CTH ,ttpeftipa HOCHTeJieft sapsma, 11TO 0Tpa
lm8TM Ha DpeMeHHHX XapaKTepi!CT:e:RaX C"!BT"!llRa H yxy;nmemm SHeprem-
11ec1toro paspememm, 11ro mmyz.ItaeT pa6oTan c msxm.m Roa~eHTa:.m 
rasoBoro ycWiemm. 
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B pa3pa60TRax ,n;eTeRTOpoB Ha OCHOBe ROJmeHCHpoBrumoro aproHa 
H RCeHoHa MOJICHO BU.IteJmTb pim Hanpa:wremrll, IlOJIYlll!BlllHX HaR6om,mee pa3-
BRTRe: 

- ROOMRHaTHUe ,n;eTeRTOp!l, OimTHiie o6pa31J,H ROTOp!lX Il03BOJIJmT 
,n;ocTRraTb paspeme1mJ1 ± 8,5 tmt,IB RaMepax c .IUICRpeTHHM c~eMoM H ;t20 
MRM B CaMOynpaBJilleMWC ,n;peffqioma: RaMepax; 

- cneRTpoMeTpllJI sneRTpoHOB ll raMMa-RBaHTOB npll HH3RIDC 3Heprrunc • 
.nocTRreyToe paspeme1me cocTaBJilleT 33 R3B f whm MR sHepnm sneRT-
poHOB I MeB B im.n;RoM aproHe H 46 1tsB fwhm MR raMMa-RBaHTOB c 
9Heprneff 660 R3B B ~ROM RC8HOHe. 

- KaJropHMeTpH Ha ~ROM aproHe, ROTOp!le,B OTJmlme OT nepetmc
neHHWC BSme ,n;eTeRTOPOB Ha llm,IUtOM aproHe ll RC8HOH8, WllpORO HCil0.1II,3YJOT
CJI B 3RCil8PIIM8HTax Ha COBpeMeHHWC ycROPHTeJISIX. Kalt noRa3Ma IlpaRTRRa 
RX HCilOJII,30BaHHH,Omi OTJmllaJDTCJI BHCORHM 3HepreTH'{80RHM paspemeHHeM, 
BOSMOJKHOCTbm a.ztarrTanmr R ycnoBPi:H:M sRcne!)HMeHTa, npocTo:!!: RMH6poB1toff 
H JlimOM ,Iijlyl'HX ,ll;OCTOHHCTB, 

111H:po1toe HCil0JII,90B8HHe ,n;eTeRTOPOB Ha ROJm8HCHpoBaHHHX aproHe H 
RCeHOHe B 3RcnepHM8HTax H8CROJII,KO orpamr<mBaeT HHSRM OKopocTb ~eff-
qia sneKTPOHOB (---20D-300 HC/MM), a Ta.!O!te npo~eMH, CMSaHHHe c :ircnonb

. 90Ba.HH8M HHSKHX TeMITepaTYP H C O'Il!CTKO:!!: rasa, B oco6eHHOCTH RC8HOHa. 

Bo BTOOOH rnaBe npmio~TCJI pesyJII,TaTH llCM8,ll;OBaHHH ,n;eTeKTHpyJO
lltlDC CBO:!!:CTB I:(IJJillH.ll;pRtteCRIDC C'IJ:8Ttlll'.ROB, 3an~eMWC Jm,ItRHM R TBep.w,IM 
aprOHOMH RC8HOHOM. D 'IJ:aCTHOCTR, llSY'IJ:MaCb BOSMOJ!tHOCTb pasMH0%8HHH 
sneRTpoHOB B TBep,n;ott qiase, yxasamm Ha KOTOPYJJ 6wm paHee nMyqeHH 
JlimOMaBTOpoB. PesyJII,TaTH 3TOil rnaBH YJ:ta9HBaJDT Ha TO, "ITO JI,J1.F! C'IJ:eT
tmROB.Ha OCHOBe TBep,n;oro aproHa R RC8HOHa XapaRTepHHM SiBJIJI8TCJI, HOHH-
sariii:ollinrl!: peDM pa60TH C, H8ROTOJ)HMK oco6eHHOCTJIMR. . . . . 

Ha PHO, I. BH.Tmq, tITO B aMIJJmTY,I(HOM pacnpe,n;eneHHR JI,J1.F! TB8p,n;oro 
aproHa R RCeHOHa Hapimy C OCHOBHOff tJ:aCTbID cneKTpa, COOTB8TCTBYJOmett 
ROHRSartllOHHHM m.myJII,CaM, Ha6JmutaeTCJI npoTmteHHHff "XBOCT" m.myJII,COB 
c 6om,llll00l 8Mit7IRTYJ:taMR, C pocTOM HanpmteHHH na cti:eTtIHKe m.m.mTYJJ;_a 11 
RHT8HClll3HOCTb 3TRX m.myJII,COB SaMeTHO B03paCTaIDT. C ~yrott CTOpoHH, 

' RaR aMIJJIRTYJ(a, Tait 11 RHTeHCRBHOCTb (SoJII,mmc m.myJII,COB c Teti:eHIIeM_ Bpe
MeHH Y},lem,mamrcb, Tor,n;a RaR OCHOBHOii Cil/HtTP He RCIIllTHBM SaMeTHHX . 
119M8Hemni. SamtcHMOCTb aMIIJm'l'YJ(H H RHT8HCl!BHOCTR l'!MIIyJII,COB-"XBOCTa" 
OT nanpmgemm nposIBJI1t1IaCb B CBOeo6pasHOM 3qq)eRTe "rRCTepesRca" CtJ:eT
HOff.XapaitT81)HCTHRR, ROTOpli! s8ltJm1UUicJI B TOM, tITO Ill)H O~OM R TOM 
lite sHatJ:eHRR Hanp!Dltemm 'llIMO RMIJY.1II,COB, COCtIRTHBaeMUX CtJ:8TtmROM, 6H
no 6o.m,me, xor,n;a Hanpmgemre pocno, R MeHDme, 1tor,n;a OHO CHmt8JIOCb. He-
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Pac. I. 

40 60 BO 100 no 
HoMep KaHO/IC1 

CneRTP ID.fiIYJll,COB OT raMMa-RBaH'fOB I37cs ..._ 
,If,JIJI cti:e'l"mlta, sanomreHHoro TBeJWlM aproaoM. 

CMOTPII Ha Ha6JmutaeMoe ycMeHHe tJ:aCTR llM!IyJII,COB,MR CtJ:8'l'tmROB Ha TBep
,ll;OM aproHe H KCeHOHe xaprutTepeH llOHll9artllOHlIWi pem, a omeqemme 3qi
ipeR'l'H MOryT 6HTI, y,n;oMeTBOPllTeJI&HO 00'!,SICHeHH HaJIJirlmeM B6Jm3llaHO,n;a 
CtJ:eT'Illlta MHRpoo~acTett MR MRRpoilOJIOCTett, B OltpeCTHOCTlI ROTOp!lX MO
xeT·llpollCXO,n;RTJ:, pasMH01teHRe sneRTpoHOB. 

Ewro Haii..n;eno Ta.IO!te, "ITO aMIJJIRTYJ(a cHrHaJia B TBep,n;oit qiase, RaR 

UpaBRJIO, 6wra mnne, ~eM B ~en qiase, "ITO YRa3HBaeT Ha TO, ~TO B 
RPHCTaJIJiaX 3aXBaT sneRTPOHOB npm.reCJ!Mll Mem,me nmmeT Ha B8JllltIHHy' Bl:1-

xo~oro Clll'HMa. AnnpoRcm.mpyJI aMWillTY,IOIYID xapaRTepHCTKity :ea:paJteHReM 

(l = 1-. ;K llo Ln(r/ra) dr 
rl(. ra 1 + K/E(r)lnCiVra) 

r,n;e Q - BeJmtJ:llHa co6HpaeMoro Ha aHO.D:e sapima, (1 0 - Ha~aJII,HW! 
sapim ene1tTpoHoB, K - RosqxlJJmHeHT peRoMdRHanmr, E(r) - nanp!DlteH
aocTI> IlOJIJI, ..._ ra , rK - Pa.ztRYC aHO.D:a R RaTO,ll;a, MOltHO IlOJIY'DITI, 0I(8H
Ky .. R03qxpHI(R8HTa peKOM6RHartllll 

Kn.Ar- = 0,4I ± 0,03 
K')IC.-llr = 0,52 ± 0,02 
Kn.Xe = 0,!9 '± 0,08 
K)l(.xe = 0,4I ± 0,02 

RB/CM 
RB/CM 
RB/CM 
RB/CM ( E.Shibamura e.a. ). 

CpaBHeHHe co 3HatJeHRIIMR, nMyqeHHID/IR B ~OCTH,yitasHBaeT na TO, tITO 
pe1toM6~ B TBep.n:ott qiase MeHDme, ti:eM B Jm,IUtoii. 

CooTBeTcTJ3YlllltRe_oI(eHRH eHepreTH'{ecxoro paspememm c~eTtIRROB ,n;a
m BeJill'mHY ,., I2% fwhm ,If,JIJI ~oro R TBep,n;oro aproHa R ~ !5% MR 
TBep,n;oro Rcenona npH E., = 660 1tsB. 
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B TpeTbett r.1raBe paCCMOTpeH!l CBOffCTBa rasoma: npono~OHaJII,HllX 
cqe'.l"mKOB R HeROTOptle SaROHOMepHOCTR rasoBoro ycMeHIDI llPH 6onnmx 
WIOTHOCTJIX. CBoi1cTBa cqe'l"mROB, ROTopue sanOJIH&JmCb aproHOM, RceHOHOM 
R CMecmm Ha HX OCHOBe, RS~aJmCb B pasHHX 8RcnepID11eHTaJII,JtllX YMOB:wrx: 
npR BllCORHX (.ztOCTHraBimlX IOO aTM) ,ItaBJiemIJDC, np:a: BllCORmc ,ItaBJieH:wrx 
R HHSRHX TeMIIepaTYP8,X. 

Hs~eHHe Tpa,Itm:tliomna: rasoma: Han~Te.1rei1 - aproHa, RceHoHa 
:a: CMec:a: aproHa C MHOroaTOMHHM rasoM - MeTaHOM noRaSMO, qTO pocT 
,ItaBJieHIDI B cqe'l"mRax npHBO,ItHT R HeCTa6HnHOCTH B pa6oTe, YMeHbmemm 
rasoBoro ycMemm, sHaq:a:TenHoMy BospacTamno pa6oqero HanpmreKIIJI :a: 
WIOXOMy 8Hepre~eCKOMy paspemeHHIO. CMSaHO 3TO C PJJ,ItOM np~ - co 
CmateHHeM nO,ItBWmOCTH HOCRTMei1 SaPJma, CORpa!lteHHeM ,ItJIHHII CB060,ItHOrO 
npo6era s.1reRTpoHoB. EonlllYJ) PQnb Taiate HrpaIOT nponeccs c ~acrneM 
BOS6yir,Itemmx aTOMOB rasa, Be.ztYlitl{e R o6pasOBaHHIO BOS6~eHHHX MOJreRyJr 
R nOJmJieHmi 6onmoro q:a:c.1ra cpoTOHOB C noMe,D;yJlllei1 cpoT08MllOCHel MeRT
poHOB :a: npe~eBpeMeHHHM pasB:a:rneM ROpoHHoro pasPJJ,Ita. 

3,IteCb HHTepec npe.ztCTaBJISDOT CMec:a: HHepTH!lX rasoB. Kroc ORaSMOCb, 
B CMec:a: aproHa C RceHOHOM BOSMOl!Ha ,It0llOJlHHT8nHM ROHHSartIDI aTOMOB 

·npKMec:a: RC8HOHa B peaxumr 

,ir* + xe ➔ Ar + xe+ + e-. en 
OT~e aTOro a@>eRTa OT xopomo :a:snecTHoro sifxIJeKTa Ilemm:Hra saKJIIl'Ja
eTcSI B TOM, qTQ B (I) aTOM aproHa H8XO,ItHTCSI B HeMeTaCTa6RnHOM BOS-
6yir,IteHHOM COCTOJJmra C BpeMeHeM DSHH ro-Bc., 8HepI'WI ROToporo BHme 
noTeHUHMa ROHHsrunm RCeHOHa. IlpH·BllCOKmC ,ItaBJieimmc, ROr,Ita BospacTa
eT qacTOTa CTOJIRHOBem Me~ aTOMaMH,BepoSITHOCTb ROHHSRpyD!Ilero 
CTOnRHOBeKIIJI C npEMeCblO pacTeor,:a: .It1ISI IO aTM aifxIJeRT 6y,neT SaMeTeH yz.e 
IlPH ROHI{eHTprunm RCeHOHa "' r:i. B COOTBeTCTBKH co C.D:MaHllllMH npe.ztnOJIO
JteHKm.ffl 6sno Hai1,IteHo, qTo ,no6aBJieHHe HesHaq:a:TeJrbHoro KonB:qecTBa ("'0,5%) 
KCeHOHa B aproH npHBO,ItHT R CTa6HnHOi1 pa6oTe cqeT~ROB B TeqeHRe 
,ItJDITenHoro BpeMeHH R CytlieCTBeHHO y~aeT ero xapaRTePHCTHKH -
yue~eT B I,5 - 2 pasa pa6oqee HanPID!teHHe (PHCo 2) RB I,5-I,8 pas 
y~aeT SHepre~ecRoe paspemeHKe, KOTOpoe K TOMY Jte B MeHLmett CTe
neHH SaBHCRT OT ,ItaBJiemm. 

II~eHH!le IlPH cneueqmqecKHX YMOBWDC BllCOKOro ,ItaBJieHHSI RS 
OpaBHemm XSPaRTePRCTHR pas.7nPIHl:lX cqe'l"mROB SaBKCHMOCTH J../P = f (E/P) 

(PH0.3) OTpallal)T pocT ROHHsrunm Ka.KB CMec:a: aproHa C K08HOHOM 
sa cqeT peaRitlDI (I), TaR :a: B ~cTWC aproHe :a: xceHoHe nPH BUCOKHX .ztaB
JreHHSIX sa O'IeT peaxnmi acco:u,raTKBHOi1 ROHHSB.I{lm 

R* + -R ➔ 11; + e- , <2> 
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B ROTOpoft 8Hepr:a:g BOS6yir,IteHRSI -R npeBUmaeT nopor 8TOH peaR:u,IH, 
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~ 
3aBRCHMOCTL J../P = f (E/P) 
.It1ISI aproHa, KCeHOHa H CMec:a: 
Ar + O, 5% Xe nPH BUcom .ztB.B

.1reHWDC. (- - - ) ,namme Kpmxcxpa ' . 
np:a: ~aBJreHR!IX .no I aTM. 

B qeTBepTott •. r.1raBe ,ItHccepTanim OimOHBa!OTCSI ROHCTIJYI(UWI :a: pe
syJILTaT!l RCIIllTaHRSI MHOroceRUHOHHOi1 ,m,n:xoaprOHOBOft HOHHSa:u;IOHHOi1 KaMe
pH. KaMepa ,nettcTeyeT KaR npo6el!Hsi1 TeJreCROIT H BMecTe c RSMepeHHeM 
npo6era (:mepnm) qacrnnu B. ,ItHanasoHe cpe.Itimx ( ~ I00-200 MaB) aHep
m nosBOJllieT no :a:oHHsa.I{lm onpe.zteJISITL copT qacTJmH. l{eTeKTRIJYD!l8.f[ 
qacn RaMep!l (p:a:c.4) npe.ztCTaBJISieT co6oft CTOnRy TOHKKX (~20 MKM) 
aneKT!)O,ItOB, pas.zteJieHHHX npoMeJtyTK8MH B I,8 MM. 3.lreKTpo,ltH o6pas.yDT 24 
ceKI{RR KaMepH, Klllr,ItaJI RS KOTOpE,IX coe,It:a:HeHa C OT,It8nHHM npe,nyoRJIHTeJreM
R ~Mee qepea ycM:a:Ten H AIUI c aHaJIRSaTOpoM. CxeMa npx6opa npe.zt
CTaBJieHa Ha pnc. 5 • .1vIR npoBepKll qyBCTBRT8nHOCTH KaMe!Jl!tROHHSRpyJJ
~eMY :a:s~emm KaMepa O~MaCb raz.it.m- KBaHTaMR OT BHemHRX RCTO'tlIDJKOB 
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P.llo. 4 • .UeTeRTRPYJlllaJI 't!aOTl> D,ll;I<OaproHOBOii RaMe!)ll. 

6Dco :ir I37cs , KOTO!)lle ITOSBOJI&1Jl! Ha6.mo.ItaTD pa60TY 0,I(HOBpeMeHHo 
Boe:x: oe.Killrlt RaMe!)ll, a Truate d.. - 't!aoTHQaMH OT HOTO't!HHROB, HaHe
oemrwc Ha rroBe,PXHOCTl> ane1tTpo'AOB B HeoKOJII,Jm:x: oe.KD;WrX: ttaMe!)ll. B ~o
rrOJmeHHe R STOMY 6wra rrpoBe'AeHa SKOITOS~ K8MepH B ROOMll't!eoim:x: JJY
'tJS:X:. PesynTaTH rrottasWlaDT, 't!TO aHepreTll't!eo1toe paspememre KaMe!)ll orr
pe'AeJISeToH, B OOHOBHOM, myMSMK ane1tTpomrmr 11 OOOTaBnHeT~I5o RsB 
fwhm • 'tJTO llOSBOJDieT pel'llOTpllpoBaTD B OT~eJ!l,HOtt oeimim RaMepH OHI'-
H8JI OT MllliHMBJll,HO llOHllSllpYJ)l!lett 't!aOT:irnt,I. 

rJzy6:ima KaMepH 'AOOTaTO'tJHa .It1IH Toro, 'tJT06H B He! IlOJlHOOTDIO YK-
± 

n~aJIOH npo6er npoTOHOB O SHepr:irea ~o !20 MaB R Il -MeSOHOB O SHep-
r:ireff 'AO 50.MaB. SHeprim 't!aOTlmtl MOJmO O~HlITD, l'l[SMepnB ee npo6er, 
'tJTO HeTpy;IJ;HO O'AenaTl> 0 llOMOiltI,IO Heono,mott MeRTpoHlIRH, ~e.mra oe~. 
B KOTOpo::li npoHSODJJia OOTaHOBKa 'tJaOT:irnt,I. OIJ;eHRJI[ no1tasHB8lOT, 'tJTO rrpn 
HOllOJII,SOBBHJm aMm1:pl'l['tJeo1toro oooTHomeHJl[H, OBHSW!ruomero rrpo6er 't!aOTK
~ 0 ee SHepnett,o.I(HOBpeMeHHO O orrpe'AeneHHeM MeoTa OOTaHOBKH 'tJaO~ 
ll BeJll!['tJJl[H!l l'l[OHJl[S~ TOJII,RO B .ItBYX rrpe~ oeltll;WtX,TO'tJHOOTD KsMe
pemm npo6era OOOTaBllT t$ 200 MRM. 

8 

!Ji,xo:1 
CU2HO/II] 

N, 

Ar Ni 

!1!9..:.....§. 

CxeMa lm'AROaprOHOBOtt KOHKS!mHOH
HOll R8M8 Pll • 

Pa6oTa O KaMepott rroRasaJia, 'tJTO OHa 'AOCTaTO'tJHO npocTa B SKCIIJJY
aTa.qim x HMeeT cTa6~HHe xapaxTeIJHCTHKH npx pa6oTe B Te't!e.ime ~
Tem,Horo BpeMe.Em. 1Iepes CYTim BeJIH"tJKHa BliXO.I(HOro CHI'H8Jia COXPaHHSTCH 
C TO'tJHOCTDID ± I RaHM, a B RO~e ceaHca,'AOCTKral311lero H8'A8JIH,OTIUIOHe
HHe COCTaBMO :1 KaH8Jia (n;eHa RaHBJia ~ 20 KaB). 

KaMepa MOJreT 6HT1> HCllOJII,SOBaHa .n;,m cneRTpoMeTp:e:H H ~eHTH@!Ra
IJ;KH 'tJaCTHIJ;. TO't!HOCTD KSMepeHHH HOHHSa.qlm B OT'AeJII,HOtt ceRIJ;lm lm,ltRO

aprOHOBOtt RaMe!)ll Hec1tom.Ro :xyxe,"tJeM B Tenecxorrax xs mm ( !50 xaB 
npoTKB 90 RSB .n;,m IIIU(), 0,I(HaRO ope~ 'AOCTOKHCTB K8Me!)ll Me'AfeT OTMe
THTD cio~ anepTYPY (¢ IO CM) :e: 6om,mott aRTKBHlill o6'I>eM (N 3 JIHTpa ) , 
ROTO,PHii npnHe06XO,ltHMOCTJI[ MOJEeT 6HT1, YBenH'tle}!, a Truate OTOYTCTBlle 
,:zyBCTBHTeJil,HOOTH R ~an;KOH!WM IlOBpellt,ll;emmM, 'tJTO 'AenaeT RaMepy ono
co6Hott RO_HltyplipoBaTD C RMelDlllHMHCH 'A8T8KTOpaMI{ MK. ~O.llOJIWITl, me. 

3a.ttJIKJqeHHe CO'AeJllmT Cl!aTl:dt o6sop IlOJJY't!8HllllX pesy~DT8TOB, a 
TaRllte HeROTOp!l8 peKOMe~~ no BOSMOJl!HOMY IDC IlPRM8H8HlIIO B npaRTHKe. 

B IIpHJIOlt8H1Ie R ~coepTa.qim BKJIJO't!eHH 'tJlIMSHH!le SHa"tJemm: He_ROTO
pliX napaMeTpoB lI paMJl['tJHlie SaBHCKMOCTH, :x:apaRTepKSYJ!)llllre aproH lI Kee
HOH Kalt pa60'tJYIO Cpe'Af 'A8T8KTOpoB KOHHSHpyiJlltlDC lISJJY't!em. 
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