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Alekseev G.D. et al. 13 80454 

On the Fffect of Ga~ Mixture on SQ~ Mode 
of Perfonnancr of n '-!ire Chamber 

~·-------~-------------

1. BBEAEHHE 

B Hawea:i pa6oTe I l l 6b1Jll-1 C006uteHbl OCHOBHble xapaKTep!-1CTI-1KI1 

caMoracRuterocR cTpi-!MepHoro paapRAa ;ere paapRAa/ 8 npo80Jl04HO.:i 

KaMepe. KaMepa HanonHRnacb ra3o8oa:1 cMecblO 50 "'oAr+ 33 %CH 4 + 
+ 17%(0CH 3) 2 CH 2 npH aTMOc<t>epHOM Aa8neHI-111. 

B HaCTORutea:i pa6oTe np!-18eAeH~ 3Kcnep!-1MeHTaJlbH~e AaHH~e o 

8111-!RHI-11-1 raao8oro HanonHeHHR Ha aMnlli-ITYAH~e 11 8peMeHH~e xapaK

Tepi1CTI1K!-1 KaMep~. HccneA08aH~ T8K!Ke CTa61-1JlbHOCTb pa6oT~ KaMep~ 
B ere pe!KI1Me, CTpyKTypa MepT80H 30H~ 11 yCJl0811~ cy~eCTB08aHI1R 

8 KaMepe KaK ere pa3pRAa, TaK 11 p83PRA8 re.:irepa-M101111epa /rM 

pa3pRA/. 3TI1 11CC11eA08aHI1R npeACTa8JlR10T 11HTepec K8K C npaKTI-1-

4eCKO.:i T04K11 3peHI1R, TaK 1-1 C T04KI1 3peHI1R 11Y4Wero nOHI1M8HI-1R 

MeXaH!-13Ma o6pa3088HI-1R CTpi1Mepa. 
0cH08H~e I-13MepeHI1R 8~nonHeH~ np~-1 HanonHeHI111 KaMep~ raaosoa:i 

cMeCb~ 113 aproHa, MeTaHa 1-1 MeT11JlaJlR 8 pa3JlH4H~x nponop~I-IRX np11 

aTMoc<t>epHOM Aa8JleHI1H. KpoMe 3Toro, CAenaH~ 113MepeHI1R c ra3o8~

MI1 CMeCRMI1, 8 KOTOP~X 8MeCTO MeTHJl8JlR 11Cn011b308aJ111Cb a~eTOH, 

3TI1Jl08~.:1 3$Hp, 3T11Jl08~.:1 Cnl-!pT H HeKOTOp~e HX KOM611Ha~HI1. DOJlb

waR 48CTb HCCJ1eA08aHH.:i 6~11a 8~nOJlHeHa Ha KaMepe, OnHC8HHO.:i 8 

pa6oTe I l l . /AHOAH~e np080JlOKI1 A1-18MeTpOM 50 MKM H8MOT8Hbl C wa

roM 10 MM. KaTOAH~e nnocKOCTI1 YAaJleH~ OT aHOAHO.:i Ha 8 MM/. He

KOTOp~e 11CCJleA088HI1R npOB0A11Jl11Cb Ha KaMepe, 8 KOTOpO.:i paCCTOR

HI1e MelKAY aHOAH~MI1 np080JlOK8MI1 6bll10 y8eJlH4eHO C 1 0 AO 16 MM, 

11 nocpeA11He MeiKAY H11MI1 6~111-1 HaTRHYT~ noTeH~HaJlbH~e np080JlOKI1, 

KOTOp~e HaXOA111111Cb nOA nOTeH~HaJlOM KaTOAH~X nllOCKOCTea:i. 

2. rA30BAR eMEeb: APrOH + METAH + METHnAnb 

2. 1. AMn1111TYAH~e 1-1 speMeHH~e xapaKTepi1CTI1KI1. 

eTa611J1bHOCTb ere pe!KI1Ma 

Ha pHc.1 npeAcTa811eH~ 3a8HC11MOCTH cpeAHea:i aMnJli1TYA~ HMnynb

co8 TOKaC KaMePbl, o6ny4aeMoa:1 3JleKTPOHaMH ,B-11CT04HI1Ka 
90 Sr , 

OT HanpRIKeHI1R n11TaH11R U np11 pa3JlH4H~X nponop~I1RX aprOHa 11 Me

TaHa 11 nOCTORHHO.:i KOH~eHTpa~HH MeTHJlaJlR /17%/. 3AeCb H HI11Ke 

p83A80eHI1e nHKa aMnJ111TYA 8 0611aCTI1 60JlbWI1X CHrHaJl08 HrHOpl1py

eTCR H npi180A11TCR 11x cpeAHRR aMn1111TYAa. nono!KeHI1e cTpenoK Ha 

t 



taaoo 

1 
t::l:. 

::!( 

~ 
'f{]{) 

2.0 J.O 

10 20 40 70 {)5 

{0 5.0 
U,kB 

PMc.l. 3aaMCMMO~Tb cpeAHe~ aMnnMTYAW MMnynbCOB TOKa 

'C'Ka"Mepbl OT Hanpmr.eHI>Ul nMTaHH.A U ,llpM pa3Jlt.14HO~ I<OH-. 

~eHTpauMM MeTaH~. KoHueHTPaUM.A MeTMnan.A - 17%. 

100 

1::: 
~to 
1::: . 
~ 

1 

I 
0,1l 

2,5 3,0 

12 20 

P11c. 2. 3ap.AAOBbte 
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.1-----L__ _________ .! _____ - I 

J.S 11,0 '1.5 s.o 
U, KB 

PHC · 1 COOTBeTCTByeT nepeXOAHbiM' Hanp.A>KeH11.AM U
11

, npH KOTOpbiX 

fl0JlOBI-1Ha CHrHanOB flPMHaAne>KHT ere pe>KHMy, a llOJlOBMHa - npo

flOPUMOHanbHOMy. KaK BI1AHO 113 PI1CYHKa, H3MeHeHHe KOHUeHTpauH11 

MeTaHa npHBOAHT K CMe~eHI1~ aMnnHTYAHWX XapaKTepi1CTHK, cna6o 

BJlH.A.A Ha HX HaK~OH H COOTHOWe~11e aMnJlHTYA B npon~PUI10HaJlbHOM 
11 CTPI1MepHOM pe>KHMaX. 

2 

~ 

npQH3BOA11J111Cb TaK>Ke 113MepeHI1.A 11 3ap.AAOBbiX xapaKTepHCTI1K, 

Aflrt 1.1ero a 113Mepi1TeJlbHY!O uenb BKnt::l4\'macb 11HTerpHpyiO~a.A uenoLJ

Ka C nOCTO.AHHOA apeMeHI1 3 MKC. /5e3 Hee nOCTO.AHHart apeMeHI1 

annapaTypbl 6brna - 5 HC/. 3n1 xapaKTepi1CH1KM BHeWHe Mana OTnl1-

4a~TCfl OT npeACTCJBneHHbiX Ha PI1C. 1. HeKOTOpbie MX 4v1CneHHble na

pa~1eTpbl npMBeAeHbt a Ta6n. 1. ---

Ta6nvtl\a 1 

-
CH 4 ---,% 0 1 0 20 . 40 70 

Ar + CH 4 -

Urr KB 2,60 2,97 3,30 3,36 4' 11 

Qn1 nKn 3,3 3,3 3,6 4 'I~ 2,4 

Ql12 nKn 111 15 1 z 12 12 

a KB-1 3,7 2,6 2,2 2,3 2,0 

3AeCb Q Til 1-1 Q 112 eCTb cpeAH11e 3Ha4eHH.R 3ap.AAa CHrHa!lOB 

COOTBeTCTBeHHO B orpaHM4eHHO-nponopuHO~ai1bHOM 11 ere pe>KMMaX 

a T04Kax nepexoAa U = U n. Ben~o~4HHa a xapaKTepl13yeT HaKnoH 

3apfiA0BbiX xapaKTepMCTI1K B erC pe>KHMe, KOTOPble annpOKCMMHPOBa

JlHCb (j)opMynoA Q=Q 112 ·expla(U-U 11 )l. 
BenH411HY Q 111 MO>KHO HHTepnpen!poaaTb KaK KpHTI14eCKHA 3aPRA, 

npM KOTOpOM npOI1CXOA11T nepeXOA TayHCeHAOBCKOA naBMHW B CTpH

Mep. eneAyeT OTMeTWfb, 4TO 80 BCeX HaWI1X 11CCileAOBaHH.AX Q l1l 

npaKTM4eCKM He 3aBMCHT HH OT npoueHTHOrO COCTaBa ra30BOA CMe

CI<1, HM OT ~10HH3Mpy10u~eA cnoco6HOCTM 11CilOJlb3yeMoro 113Jly4eHI1R. 

He3Ha411Tei1bHOe 113MeHeHMe BeJ1M4HHW Q 111 npOI1CXOAMT TOJlbKO flPM 

3aMeHe rac.A~MX A06aeoK. B AaHHOM cny1.1ae Q 111 "' 2.10 7 e I e -

3ap.AA 31leKTpOHa/. 3TO AOBOilbHO 6IJH3KO K Be11M411He 10 8
e, KOTO

pa.A cneAyeT 1-13 ycnoe1<1R PeTepa /2/ (ad ,. 20) Ail.A naBHHHO-cTpi-1-

MepHoro nepeXOAa B OAHOPOAHOM none. 
3ap.AA0B~e xapaKTepHCTHKI-1, 1<13MepeHH~e npl-1 pa3nM4HOM KOnM-

4eCTBe MeTMnan.A B ra30BOi1 CMeCH, npHBeAeHbl Ha p11C. 2. B OT IlH-

4He OT MeTaHa yeenH4eHI1e KOI1114eCTBa MeTHilail.A npaKTM4eCKM He 

OKa3~BaeT BJlH.AHM.A Ha aMnilHTYAY CHrHana B nponopuHOHa!lbHOM pe

>KMMe, HO cy~eCTBeHHO yMeHbWaeT ee B ere pe>KMMe. Opl1 3TOM 

yMeHbWaeTC.A, npaBAa, He3Ha4HTeflbHO, 11 AI111Ha CTPMMepa, 
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npi1CYTCT811e MeTI1Jlailf1 8 ra30BO~ 

cMec~~t oKa3bt8aeT pewa10111ee 81111f1HIIIe 

Ha cTa611n~HOcTb £r~ pem11Ma. B 3TOM 

pem11Me MeTI1Jlailb no CYII\8CT8Y onpe

Aeilf!eT .Be11111411HY pa6o4e0 ·o6nacTM 

KaMepbl •. Ha PIIIC •. 3 8~AH0, · KaK pacwl-1-

pfleTCfl nnaT,O C4eTHO~ xapaKTepi1CTH

KI-1 c Ao6a8he~~~teM.MeT~~tnanH. 4acT~~t4-
Ho 3TO M'omHo o6'bfiCHIIITb yMeHbWeHI1eM 

aMniliiiTYAW ClllrH~~{ 8 ere pem~~tMe C 
pocTOM KOHUeHTpau~~t~ ~et11nanH. Ha 

plllc.4 npeACT~~Il~H~ 3aBIIICHMOCTI1 
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pe>KH~a ••. ~ ·': 
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AI1111Te1111Hos;'T~~t wMhynbc6s H'a nony8bt- , : ';.r 
COTe (t t!z ) Ill ·":\EjP.,TB.0,?1 30Hbl (0 OT KOHL(eHTpaUIIIIII MeTaHa 'J.<i Me

H1Ilallfl :.s. r~_3oso~ 'cMec~~t, lt>opMa ~~tMnynbca ,c ·t<aMe:pbt -~~~qanc]lcb no 

OCl\HililOrt:>a<!iy, a- ~eni14~Ha MepTsoi:l 30Hbt - n<J ci-iHmeH'IiltO 3$¢et;<THB

HOCTIII riplil •yBen~~t4eHIIIIII~ rlilOTHOCTH 3arpy3_KIII aHOAt::tOr:1 npOBODOKH' (3 -
4acTH4clMr .. i":' H3 'PHCYHKa BIIIAHO, 4TO 111 MeTaH 111 MeT~~tJianb .. AQ~OilbHO 
CI1IlbHO BillllfliOT .Ha seni14111Ry' MepTBOH 30Hbl., 0AHaKO :Ha' .t,!lJIII.TepbHOCTb 

IIIMnynbca IIIX "A~HCTBIIIe -pa3Jli14HO. EC!llll yB~m14et::tl1e .. K0Ilr;,4e'ci'sa Me

TSHa 3Ha41'1Te!lbtW cp~j:fa111aeT A!liiiTe!lbHOCTb' ~MnY~b.c;.a,. TO M~T\'I!la!lb 
,. • •• ~ #' ,. - ~ ·t 

npaKTIII4eCKK He oKa3wsaeT· Ha Hee HIIIKaKOrO B!llllflHIII~~ --
., 

i:~ ' ' 
2. 2. nepeX6A' s-' pe>Ki..tM 'iei1repa-Mronnepa 

~.:; 'l,"'· 

nplll IIICC!leAOBaHI1111 pa60Tbl KaM'epbl 'C pa3!1114Hbi.M ,, ra30BbiM t-tanonHe

HIIIeM 6bt!l0 o6Hapy>KeHO, 4TO B OAHOH l1 TOi:l' IKe~'KaMep(( .M.QlKHO nony-

4111Tb KaK ere- pe>KHM,, TaK 11 rM pe>K~M. Ecnl1 'rq30B\'Ifl .cMeCb C((,(\ep

lK11T OTHOCIIITe!lbHO Manoe KO!llll4eCTBO opraHIII48CKIIIX. A06aeOK ,.:·;To nplll 

yBeDI148HIIII1 HanpfllK8HIII~ Ha KaMepe BM8CTO ~~~~XOA~·I-13 ~poMo~~~~~o
HanbHOrO pe>KII!Ma B CTpiiiMepHbiH npOHCXOAIIIT\ nepex'&A B. CM 'pelKIIIM. Ha 

PIIIC.5 o603Ha4eHa rpaHI1~a, BWWe KOTOpoi1 B 11CnODb3yeMOH HaMill 

KaMepe Ha6niOAaeTCfl ere pe>KIIIM. Ha· PIIIC.6 npeACTasneHbl 'OCI.IIII!lno-

rpaMMbl, A8MOHCTPHPYIOII\11e nepeXOAbl 1113 npohOPLIIIIOiiaDbHOrO B. ere 

pe>KIIIM /a/, 113 nponop~IIIOHa!lbHOrO B rM pemiiiM /6/ npH yBe!li148HI111 

Hanp~>KeHIIIfl Ha KaMepe 11 nepeX9A OT rM pelKIIIMa K CrC pem~~tMy /s/ 

np111 yse!ll14eHI111 KOHUeHTpa~llll1 MeT~~tnanH. Ha OCl\lll!lDOrpaMMaX BIIIAHO, 

4TO nepeXOAW OT nponop~IIIOHa!lbHOrO pe>KI1Ma K CTPIIIMepHOMY Ill reA

repOBCKOMy Ka4ecTBeHHO pa3!l~~t4a~Tc~. B nepso~ cnyyae /p11c.6a/ 

aMn!lMTYAa MMnynbca 1113MeHHeTcfl cKa4KOM. Aame s· nepeXOAHOi1 o6-

nacTIII see IIIMnynbCbl ere pe>KII!Ma IIIMet:JT .OAHHaKOBYIO .¢opMy Ill MS!lbtA 

aMn!liiiTYAHWi:l pas6poc. Bo BTOPOM C!ly4ae /66/ aMn!liiiTYA~ IIIMnY!lbCOB 

np11 nepeXOAe OT nponOPLIIIIOHanbHWX K reArepOBCKIIIM MeHfleTC~ He

npepbiBHO, a 11x ¢1opMa 111 An~~tTenbHOCTb s :noR o6'nacTM 6oiiee 111!1111 

MeHee "cny4aAHbl 113-aa ¢nYKTya~~~tA B pacnpOCTpa,HeHIIII-1 pa3p~Aa 
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PHco6o Oc~HnnorpaMM~ CHrHanos 

c KaMep~, AeMOHCTPHPY~~~~~e ne-
peXOA~ MelKAY pelKHMaMH! 

a/ nponop~HoHanbHbti1-ere pe>KHM, 
CH4 

-30%, (OCH
3

) 2CH 2- 20%, 
Ar+CH 4 ' 
6/ nponop~HOHaJlbHbiH - rM pelK~M, 

CH 4 -0%, (OCH 3 ) 2 CH 2 - 4%, 
Ar + CH 4 
s/ rM pelKHM - ere pelK~M, 

CH4 
-0%0 

Ar + CH 4 

0 5HM 
L I I I I I 

l a) l 6) l oJ 

P~co7o ~oTorpa$~H paapRga, geMOHCTPHPY~~~e nepexog 
OT rM pe>K~Ma K ere pelK~MY np~ ~3MeHeH~H KOH~eHTpa~HH 

MeT~nanRo 

a/ rM pelKHM, (OCH 3 ) 2 CH 2 -3,5%, N=10 6 ; 
6/ nepeXOAHblH pelK~M, (OCH3) 2 CH 2 - 9%, N = 10 6 

s/ ere pem~M, (OCH 3 ) 2 CH 2 - ID%, N = 10 6 
0 

BAOJlb aHOAHOH npOBOJlOKH 0 Ha6n!OgaeMblH HaM~ ycTaHOB~BWHi1CR rM 
pelK~M ~MeeT THI11114Hbte xapat<Tepii!CT~K~ o <l>opMa rei1reposcKoro 11M
nynbca 38B~CI1T OT MeCTa nonaAaHII!.A 48CH1l.!bl, K8K :no Ha6JJIOA8J10Cb 
B pa6oTe /S/ o npH KOI1JU1M8~~~-~ ny4Ka H8 l\eHTp llPOBOJlOK~ AJIHHOH 
16 CM A11HTeJ1bHOCTb HMilYilbCa COCTasn.ReT -1,5 MKC, 4TO onpeAe
JlReTCR speMeHeM pacnpOCTpaHeHI-!.fl pa3p.RA8 BAOilb BCeH llPOBOilOKII!o 

Bee ~o~MnYilbCbl II!MelOT CT8HA8PTHYIO aMniliHYAY -1 MA /aMil!lHTYAHbiH 

paa6poc +8%/ o MepTsoe speM.R nposonOKM - 450 MKC o 
<f>oTorpa¢11111 pa3P.RA8 B KaMepe Ha PHC o 7 AeMOHCTPII!PYI'JT nepeXOA 

rM pelK~-tMa B CTpii!MepHbli1 llPH yse!lM4eHI-H1 AOJlM MeTMJ18JlFl B ra30BOH 
CMeCM o Me>KAY raSOBbiMM CMeCRMH, B KOTOpbiX H86!110AaiOTC.R YCTOH4M
BWe rM H ere pelKMMW, cy~eCTByeT npoMelKyT04Hafl 06J18CTb, B KOTO

poJ::i pa3PFlA, no-BI-1AHMOMY, pacnpeAem~eTCR CI1Yll8HHbiM o6pa30M Mem
AY 3THMM pelKMMaMM. KpoMe 3Toro Ha ¢oTorpa<f)11RX pasp.RAa s npo
Me>KyT04HOM pelKMMe BMAHW K8t<Me-TO llOCTOpOHHMe CTpMMepOilOA06HWe 

CBeTR~MeCR 06J18CTM, npOII!CXOlKAeHMe KOTOPbiX HellOH.RTHO • 
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CneAyeT OTMeT~Tb, 4TO AH~ ~~KC~pOBaHHO~ ra30BO~ CMeCM Ha-
6n~AaeTC~ nM60 TOHbKO ere pemHM, n~6o TOHbKO rM pem~M. nepexo
Aa ~3 OAHOrO pem~Ma B APYrO~ C noMO~b~ ~3MeHeHM~ Hanp~meHH~ 
n~TaHH~ nony4~Tb He YAaeTc~. MecTO ere pemHMa cpeAH APYr~x pe
mHMOB pa6oT~ nposono4HO~ KaMep~ Hnn~cTpHpyeTc~ cneAY~~e~ cxe-
MO~. 

PeuM padOTH K8Mep.u: 
K KaKOMy pemHMy nepexo

A~T KaMep~ npH nos~weH~H 
HanpRmeH~~ nocne nponop
~HOHanbHOro, 3aBHCHT OT 
cocTasa rasosp~ cMecH. ey
~ecTBeHHoe 3HB4eHHe, no
B~AHMOMy; HMenT TaKme A~a
MeTp aHOAHO~ npOBOn.OK~· H 
AaBheHHe rasa a KaMepe . 

C!U-peiDIII 

.. , 

"' "' 
~ 
!l! 

~ 
1.l 

~ 
!l! .. 
g 
"' 2.3. eTPYKTypa 

MeP,TBO~. 30Hbl 

. 'An~' X:apaKTep~CTHKH sarpy304HOi1•-cnoco6HocTH Ka·Mepbr ·a pa6ote 
1
/41 

6brno BBeAt;lHO noH~THe 11MepTsa~ 30Ha 11
• MepTBYIQ 30HY ~ MOmHo 

paccMaTp~aaTb .KaK 3~~eKTHBHYI~ .sen~4HHY npoH3BeAeHH~, AnHHbl. (8) 
... • 1,. ... 

y4aCTKa aHOAHOH npOBOn.OK~, KOTOp~H CTaHOBHTC~ He4yBCTBMTenbH~M 

nOCile B03H~KHOBeHH~ ~Mnynbca, Ha MepTBOe BpeM~ 3TOrO y4aCTKa, 
OnpeAen~eMOe BpeMeHeM OTXOAa nonom~TeilbHbiX HOHOB OT aHOAHOt1 
nposonoKH. H~me onHcaHbl ~3MepeH~~ senH4HHbl 8 H saBHCHMOCTH ee 
OT speMeH~ MeTOAOM saAepmaHHbiX caMocosnaAeH~t1. 

exeMa ~3MepeHH~ npeACTasneHa Ha pHc.8. 06ny4eH~e senocb 4e
pe3 KOnn~MpTOp WHPHHOt1 f • eHrHan, B03H~KW~~ Ha o6ny4aeMOi1 
npOBOnOKe, n0c11e Y,c~neH~~ (1) pa3BeTBn~eTC~ Ha ABa KaHana. 
B OAHOM H3 H·~x OH 3aAepmHsaeTC~ 3aAepmKoi1 (2) Ha speM~ t ~ 
noAaeTC~ Ha BXOA CXeMbl COBnaAeHHi1 (3) , Ha APYrOV. BXOA KOTOpoi1 
cHrHallbl nocTynaroT HenocpeACTBeH~o nocne yc~nHTen~. eHrHan Ha 
BbiXOAe (3) no~sn~eTc~ B TOM cny~ae, ecnH 4epes speM~ t nocne 
B03H~KHOBeH~~ c~rHalla Ha npOBOHOKe Ha Hei1 B03HHKaeT e~e OAHH 
HMnyllbC. 
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P~c.8. exeMa H3MepeHH~ 
saAepmaHH~x caMocosna
AeH~i1. 1 - yc~nHTenb; 

2 - saAepmKa; 3 - cxe
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N(t) = I ' 
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""' 

f .. 

liiio 
t (MKC) 

t < T, 

t > T. 

'Q) 

jJ 
~ 

800 

_, lJJ 

600 

PHc.9. eTPYKTypa MepT
soi1 30Hbl. 
a/ I- K'pHsa~ caMocos'
naAeH~i1 B Cfe pem~Me 

/WH~HHa K01111HMa;opa 

e = 20 MM/. n - KpH
aa~ caMOCOBnaAeHHi1 
8 It~ pem~Me. 

6/ 3as~cHMOCTb Ail~Hbl 
11 MepTBOr011 y4aCTKa 
nposon.OKH OT BpeMeHH 
B ere pem~Me, paCC4~
TaHHa~ no $opMyne /1h 

PaccMOTPHM CHa4ana 
All~ npOCTOT~ C11Y4ai1, 
KOrAa nocne B03HHKHO
BeHH~ cHrHana,~a speM~ 

T OTKmD4aeTC·~ BC~ 

nposonoKa /rM pem~M/. 
~OrAa HHTeH~HBHOCTb 
c4eTa saAepmaHH~x ca
Moc;snaAeHHi1. · 

Ecn~ me nocne B03H~KHOBeH~~ cHrHana OTK111Q4aeTc~ He BCR npo
sonoKa, a TOilbKO ee 4aCTb 8(Q , TO naAeH~e MHTeHCHBHOCT~ C4e
Ta B MOMeHT t OnHCbiBaeTC~ ~PMY110i1 

N"" -N(t) 
N-00--

8(t) 

e 
8(t) 2 

-(--) 
2e 8(t) <f. /1/ 

2 no~sneH~e B I 1 I 41leHa (8(t) /2 0 CBR3aHO c TeM' 4TO npH npo-
XOmAeH~H 4acT~~bl Ha paccTO~HHH MeHbwe 4eM 8(t) I 2 OT Kpa~ Kon
IlHMaTopa AilHHa o6nacT~ He4yBCTBHTellbHOCTH Ha o6ny4aeMOM y4acT
Ke OKas~saeTc~ MeHbwe 4eM 8(0 . TaK~M o6pasoM, ~3Mep~~ sasH
c~MOCTb N(t), MomHo no ~opMyne /1/ onpeAenHTb 8(t). 
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CxeMa J.13MepeHJ-Hl N (t) , npl-1ee,qeHHa.R Ha p1-1c •. 8, .RB11.ReTC.A ynpo-

~eHHOIA. A11.R 11y1.1wero Bb1,qe11eHJ.1.R npoxo,q.A~J.1X 1.1epes K01111J.1MaTop f 

l.laCTI-11.\ CHJ.13Y OT aHOAHOJA npOB0110KJ.1 6bl111i1 YCTaHOB11eHbl AOn011HJ.1-

Te11bHbllA K0111111MaTop li1 Ct.II>IHTJ.11111RI.IJ.10HHbllA C4eT41i1K, BK11104eHHbfi1 Ha 

coena,qeHii1.A c KaMepoiA. 

Ha P~>~C. 9a np111ee,qeHa Kpi-1Ba.R sa,qep>KaHHbtx caMocoena,qeHHI1 cHr

Ha110B c KaMepbt, pa6oTaiOIJlei1 B ere pe>KJ.1Me IKPJ.1Ba.R I I' a Ha 

pl-1c.96 - COOTBeTCTByiO~a.R ei1 3aBJ.1CJ.1MOCTb o(t). B 3TOM H3Mepe

HJ.1J.1 COOTHOWeHJ.1e aproHa J.1 MeT aHa B ra30BOH CMeCii1 6bt110 9515, a 

KOHI.\eHTpal.\li1R MeTI;111a11.R - 17%. n11o~a,qb ~li1ryp~, orpaH114eHHOi1 Kpli1-

BOH o(t) Ha PI'IC. 96, paBHa ~ 85 MKC X CM, 4TO 6m13KO K Be11l't4J.1-

He MepTBOH 30Hbl Ailfl 3TOH ra30BOlA CMeCii1: g "' 100 MKC X CM lcM. 

PI-1C •. 41, onpe,qe11eHHOH no CHii1>KeH111:10 3<j>¢eKTii1BHOCTii1 npM yee11Hi.leH1!11i1 

n110THOCTJ.1 3arpy3KJ.1 aHOAHOlA npOB0110Kl!1 {3 -LtaCHU;laMI!1. 

A11R cpaeHeHJ.i.A Ha p1-1c.9a np11ee,qeHa "KPI-1B~.R (ll) caMocoena,qe~ 

HJ.1H, no11y4eHHa.R B rM pe}KJ.1Me. nose,qeHii1e 3TOH KPI1BOM noKa3~BaeT, 

4TO noc11e B03HJ.1KHOBeHJ.1.A rM pa3p.R,qa BC.R aHO,qHa.R npOB0110Ka OCTa

eTC.R He4yBCTBJ.1Te11bHOi1 B Te4eHP1e ~ 450 MKC. 

3. APYrHE rA30BbiE eMEeH 

KpoMe rasoe~x cMecei1, cocTo.A~Ii1X 1i13 aproHa, MeTpHa 11 MeTI111a-

11.R B pa311J.14H~X nponOJ?ttJ.1RX, 6bt11J.1 1i1CC11eAOBaHbl ra30Bbte CMeCH, B 

KOTOp~X BMeCTO MeTJ.111aSl.R I>!Cn011b30Baili>!Cb at.~eTOH, 3TJ.1IlOB~lA Cnli1PT 

1-1 3TJ.1IlOBbti1 3<I>J.1p. Bbt6op 3TJ.1X opraHt-t4eCKJ.1X ee~ecTB 6~11 o6yc11os-

11eH rnaeHbtM o6pa30M 1-1x ,qocTynHOCTbiO. Ao6aBKii1 BHOCI1111i1Cb e ap-

CH 
roH-MeTaHOBYIO CMeCb ( 

4 - 40%) 111160 no OT,qem~HOCTH, IlH60 
Ar + CH 4 

B C04eTaHJ.1.RX CnJ.1pT + MeTI111aSlb J.1 cn1-1pT + 3<I>J.1p. 

I13MepeHJ.1.A, OnJ.1CaHHble B 3TOM pas,qe11e·, 6biilM BbtnOJlHeHbl Ha 

,qpei1<I>OBOH KaMepe C noTeHI.\J.1a11bHblMI1 npOBOilOKaM!-1. IPaCCTO.AHI!Ie OT 

noTeHI.II-IaJlbHOH ,qo aHOAHOIA nposonOKii1 - 8 MMI. B TaKoiA t<aMepe Ha

np.R>KeHHOCTb 3JleKTPI-14ecKoro n011.R B Jli')60M MeCTe ,qpe!A<j>oeoro npo

MeH<yTKa ocT'aeTC.R ,qocTaT04HO BbiCOKoi1 I> 1 KBicM np~-1 U > 3 KB/, 

4TO np!-IBOAI-IT K 3Ha4!-1TeJlbHOMy ynyLtweHI-1~ BI-!Aa ,qpeA<I>osoA xapaKTe

PI-ICTI-IKH, no cpasHeHH~ c KaMepon 6es noTeHI.\HailbH~:>~X nposonoK. 

B Ta6n.2 np!-lse,qeHbl 3Kcnepi-1MeHTailbHble ,qaHHble All.A Hccne,qosaH· 

HbiX HaMI-l ra30BbiX CMeceA: 06~aCTb pa604HX Hanp.RH<eHHlA Cre pe>Kii1-

Ma; AI11i1Ha nnaTO C4eTHOH xapaKTepHCT1i1Kii1 (6-U) ; MepTBfl.R 30Ha (eJ j 

BeJlli14J.1Ha CTpo6a (T) , He06XOAii1Ma.A ~Il.A nony4eHJ.1.A 95%-HOH 3~<l>eK-

Tli1BHOCT!-1. 

10 ... 

) . 
'I I: 

r 
~1 
' . 

t. 
' p 

II 

I I 

J ' 

Ta6n1-11.1a 2 

l'aMmaJI no6a.E.Ka 06JiaCT:b paOO'lilX 
VB "f' , M.KC • OM Harrps!llte HIDl:, K B 

11 J 
T,HC 

MeTWiaJI:b (I7%) 3,4-4,! 700 30 I70 

t\neTOH (!2,5%) 3,7-4,! 400 65 
CrmpT (4%) 3,5-3,8 300 95 I40 

MeTHJiaJI:b ( 2%) + 

On.HPT (4%) 3,3-3,7 400 75 

MeTHJiaJI:b ( 4%)+ 
OrmpT (4%} 3,3-3,9 600 60 

MeTWiaJI:b (6%)+ 
OrmpT (4%) 3,3-4,2 900 40 I40 

~HP (IO%)+ 
CmtpT (4%) 3,5-4,! 
apey. (20%)+ 

600 75 I70 

CrmpT (4%) 3,6-4,5 900 40 2IO 

3.1. raaoea.R cMecb: aproH + MeTaH + al.leTOH 

Hcc11e,qoeaH1-1e pa6oTbt KaMepbt c rasoeoi1 CMect.to 1-13 aproHa, Me

!aHa 111 at.~eToHa noKasa11o, 4TO npli1 AOCTI-I~eHii11i1 onpe,qeneHHoro Ha

np~>KeHJ.i.R B KaMepe Ha6Jlto,qaeTC.R ere paspR,q, 06 3TOM rOBOPI-1T KaK 

Bli1,A aMnJ11.1TYAHbiX cneKTPOB, TaK 1i1 XapaKTepHbte AilR ere Pe>K11Ma 

<I>OI)Ma li1 speMeHHbte napaMeTpbl li1Mnynbcoe c KaMepbt. Ben!-141-!Ha pa6o-

4e~ 06SlaCTH KaMepbt, KaK H B C11y4ae MeTHJlail.A, 3aB!-1Cii1T OT K011!-1-

4e~TBa al.leTOHa B COCTaee rasosoi1 CMeCii1. TaK,np!-1 1i13MeHeHH11 AOil!-1 

al.leTOHa OT 5 AO 19% BeJlli141-1Ha nnaTo C4eTHOlA XapaKTepli1CTII1KH 803-

pacTaeT OT 0 ,qo. 1,2 KB. 

BMecTe c Ka4ecTBeHHbiM coena,qeHI-IeM xapaKTep!-lcTHK KaMep~:>~ AilR 

al.\eTOHa 1-1 MeTI-!JlaJl.R Ha6mo,qaiOTC.R 11 HeKOTOpbte, B OCHOBHOM KOJlli1-

4eCTBeHHble, OTili-141-!.R. TaK, aMnJli-1TYAHbiH paa6poc I-1MnynbCOB ere 

pe>tji-!Ma COCTaBn.AeT B CJly4ae al.leTOHa 25 7 30% - BMeCTO 40% All.R 

MeT!-Inan.R. 11HTepsan Mem,qy Hanp.Rx<eH!-I.AMH nepexo,qoe I ... II 11 II ... III 

11 



/eM. pa6oTy 111 I cocTa8nfleT 250 7300'6 ~ 700 7800 B coOT8eTcT
CT8eHHO Anfl a~eToHa ~ MeT~nariH. Ben~4~Ha Kp~T~4ecKoro aapHAa 
Q ll1 , np~ KOTPPOM npm1,CXOA~T nepeXOA TayHceHA08CKOH na8~Hbl 8 
CTP~Mep, pasHa ~ 7 • 1 0 e, 4TO np~MepHO B Tp~ pas a MeHbWe, YeM 
8 cny4ae Me'r~nanfl. I13M,eHeH~e AOn~ a~eToHa 8 rasosoilt cMeCI1, 8 
0Tfl~4~e ~T MeT~n~nfl, npaKTI14eCK~ He Bfli1ReT Ha aMnn~TYAY ~11rHa
na 8 ere pem11Me. rasosafl CMeCb, COAepma~afl a~eTOH, AaeT 8eni1-
4~HY MepT80H 30Hbl npi1MepHO B A8a pas a 6onbWYI0, 4eM :no nony4a
eTCH c MeT~naneM. 

Ha~6onee cy~eCT8eHHWM HeAOCTaTKOM a~eToHa no cpa8HeHI1~ c 
MeT~naneM C npaKTI14eCKOH T04K~ 3peH~fl fl8nReTCfl MeHbWaH nOAB~m
HO~Tb 3neKTPOHOB 8 o6naCTI1 cna6wx 3fleKTpl14eCKI1X noneA, 4TO 
orpaH~Y~8aeT np~MeHeH~e raso8W~ cMeceA, COAepma~11X a~eTOH, 8 
APei1$0BWX KaMepax. 

3.2. ra308afl CMecb: aprOH + MeTaH + 3$~p 

Mc~neAOBaH~H noKa3an~, 4TO 8 KaMepe, HanonHeHHOA raadsoilt 
CMeCbiO, COAepmal!\eA 3$~p, TaKme Ha6n!'lAatoTCf'l 11MnynbCbt ere. pa3pfl
Aa. 0AHaKO B ~OAe 113MepeHI1H 8WR8~fl0Cb aHOMaflbHOe no8e~eHI1e 

C4eTH~X x~paKTep~cT~K Ka~epw. A 11MeHHO, np11 AOCT~meH~~ He~oTo
poro HanpRmeH~R Ha KaMepe OA~H04HWA c4eT np11 AanbHei:1weM no8w
weH~~ HanpHmeH~fl Ha411HaeT naAa·h. ·np~ 3TOM naAaeT, He AOCt,~r-
HY8 100%, 11 3$Q:Jei<T~8HOC;b KaMepbl. . . ' 

TaK~M o6pa3oM, c ra3080i:1 CMecbto ~3 aproHa, MeTaHa 11 3$~pa 
OKaaanoc,b HeB03MOmHbiM,nOny4~Tb CTa6~nbHbl~ ere pem~M, npi-1rOAHbiA 
AnR npaKT~4ecKoro ~cnonb308aH~H. 

3.3. raso8aR cMecb: aproH + MeTaH + cn11pT 

5wna ~ccneA08aHa aproH-~eTaHo8an cMecb ~ A06a8KoA 4%· cn~pTa. 
11cnonb308anc~ cn11pT, ocyweHHWA npoKaneHHWM MeAHWM KynopocoM. 
Am=~ KaMepbl B ere pemi1Me 6btna nony4eHa C4eTHaH xapaKTepi1CT~Ka' 
KOTopa,H ~Me~T nnaTo no Hanp.RmeHI-110 AflHHOA AO 300 B. 

XapaKTepHoA oco6eHHOCTbiO cn~pTa fl8nHeTc.R 04eHb 6onbwoA cKa
YOK aMnn~TYAbl c~rHana np11 nepexoAe OT orpaHI14eHHo-nponop~11o

HapbHOro K ere pem~My. TaK, Qnl = 2,8 nKn, Qn2 = 35 nKn · 
f"a~osaR CMeCb, COAep,>Ka~aH cn~pT, OTm1YaeTCH TaKme XOpowei1 
APeA$080H xapaKTepi1CT11KOA no cpa8HeHf.110 c APYr~M~ .ra30Bbll1~ CMe
CHM11, KOTOPble 11<:;CneA08am~cb HaM~. 3TO C8H3aHO C 8biCOKOH CKO
pOCTbiO APeA$a 3neKTPOH08 11 cna6oA e~ sa8~CI1MOCTbto oT HanpH>KeH
HOCT~ nonfl, YTO AOBOflbHO 8amHO AflR APeH$08WX XaMep. 

0AHaKO 6onbWaH 8en~YI1Ha MepTBOR 30Hbl ~ ~ 95 MKC X CM ~ Ma
naR 8efli1411Ha oonacT~ pa6o4~X Ha~pfl>KeH~A orpaHI14118a~T npi1MeHe
H~e 3TOA raso8oA cMec11. AanbHeAwee ysen~4eH~e KOH~eHTpa~l1~ 
cn11pTa c ~enbiO pacw~peHI1H pa6o4eA o6nacTI1 KaMepbt Heso3MOmHo 
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P~c.10. Kp118we sa8~C~MOCT~ 
OA~HOYHOro C4eTa (N) ~ 3$
Q:JeKT~BHOC~~ ~) KaMepy OT 
HanpHmeH~H. 

CH 4 ras: ,, - 40%, 
Ar + CH 4 · 

.., 

C2 H5 OH - 4% , (OCH3 ) 2CH 2 ..:; 6%. 

100 

I 

80 

100 tfO 2011 250 
T, HC 

P~c. 11. 3a8~C~MOCTb 3$¢eK
T~8HOCT~ KaMepbt OT Afl~TeJib
HOCT~ CTpo6a. 

I - CH4 -40% 
Ar '+ CH 4 . ' ' 

C 2'H5 OH .! 4%, (OCfi~)'2 CH
2
-6%. 

I CH ' ' 
II - 4 - 40% 

AR + CH4 . ' 

(OCHd 2 CH2 ~ 1?%. 

f.13-3a KOHAeHca~~~ cntlpTCi Ha 3heKTPOAaX KBMepl>f, YTO np~BOAk1T K 
pe<lKOMy B03pacTaH~IO WYMOB. " 

11ccneA08aH~H noKasanM, YTO 6onee nepcneKTM8HWM~ AnH np~Me
HeH~fl H8flfliOTCH rasoswe cMec~, 8 KOTopwx nap~cn~pTa ~chonb-
3YIOTCH C08MeCTHO C MeT~naneM ~n~ 3QJ~POM. 

3.4. raso8afl cMecb: aproH + MeTaH + cn~pT + ~eT~nanb 

e ~enbtO pacUJ~peH~H o6nacT~ pa6o4~X HanpRmeHMA s raso8yl0 
CMeCb aprOH + MeTaH + cn~pT 6wn~ A06a8neHW napw MeT~nanH. np~ 

3TOM, yme AflH KOHtleHTPall~~ 6% MeT~nanH, 6btna nony4eHa C4eTHaH 
xapaKTep~cT~Ka c An~HoA nnaTo OKano 900 B. /OTM~T~M, 4TO B OT> 
CyTCTB~e Cnl'tpTa Afl.A 3TOr.O nOTpe6os~nacb 6bt KOH~eHTp8l{l1.R Me
Tl1nanH - 20%/. BenMY~Ha MepT8oA 30Hbt yMeHbtul1nacb !Y - 95 1:1KG, x 
X CM AO 40 MKC X Ct-j., np11 :H"Ot-1 APei1<f!.08aR xapaKTep~CT~~a KaM~Pbl 
YXYAW11nacb HesHaYMTenbHO. 

Ha p11c. 10 np11BeAe.Hbl KPI7f8bte 3aB~C11MOCT~ OA11H04Horo cYeT..a (N) 
11 3¢¢eKT~8HOCTI1 («'") KaMepl>t OT HanpHmeHI1R nt;!TaHI1l't, a Ha 
p11c.JJ ~ 3a811C~MOCTb 3¢$eKT11BHOCTI1 OT Afl11TeflbHOCTI1 CTpo6a (~, 
KOT.opal't np11 ycn081111 pa8HOMepHoA no nno111aA11 3arpy3K~ KaMepbt 
npeAcTasnRe:r .cqf?ot::l AP,.eApof:!YI' ~apat<Te,pi1CTI1KY·• 

H' ~-- ., 
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3.5. ra30BaR CMecb: aproH + MeTaH + cn~pT + 3<\l~P 

Ao6asKa 4% cn~pTa s ra30BYIO cMecb aproH + MeTaH + 3¢111P non
HOCTb~ ycTpaH!IIJla aHOMaJlbHOe noseAeH!IIe C4eTHOA xapaKTep!IICTMK!II, 
0 KOTOpOM rOBOPIIIIlOCb B~We. np~~t 3TOM yseJ1!114eH!IIe KOH~eHTpaQ!IIIII 
3¢Mpa npM80AMT, KaK Ill B CJ1y4ae MeTMJlaJlR, K paCW!IIpeHMIO pa6o4eA 
o6naCTIII KaMepbl Ill yMeHbWeHIIIIO MepTBOA 30Hbl, XOTfl OH MeHee 3¢1<\JeK
TMBeH B 3TOM OTHOtueHMIII, 4eM MeT!IIJlaJlb, B TO me speMR 3<\lMP C!llllb
Hee yxygwaeT APeA¢osyD xapaKTep!IICT~~tKy. 

4. BbiB.OAbl 

3KcnepMMeHTanbH~i AaHHWe, npMBeAeHHwe B AaHHOR pa6oTe, no
Ka3b1Bai')T, 4TO ycTOi14111BbiA ere pa3PflA 140meT 6b1Tb nony4eH B pa3-
I11114HWX ra308WX CMeCRX, KOTOpMe OTJ1!114a!OTCR KaK no KOMnOHeHTHOMY 
COCT88y, TaK Ill no np04eHTHOMY COAepmaHMI0·3TMX KOMMOHeHT. He
o6XOA!I\MO TOilbKO, 4T06bl KOHI~eHTpaL\HH raCR!l\IIIX A06asOK 6b1Jla 6onb
we HeKOTOp0!-1, T.K. !']Pill MeHbtu~A KOHt,\eH"rpat\1-1111 8 KaMepe 6yAeT Ha-
6n!OAaTbCR He CTplllt.lepHbiR, a reArepoBCKIIIH pa3pRA. e t,\eJlbl<} COKpa
ll\eHMR paCXOAa MeTIIIJlaJlH, KOTOpbiR A080JlbHO AOpor Ill HYlKAaeTCH 8 
TPYAOeMKDR 04MCTKe, AilR npaKT!II4eCKoro npiiiMeHeHMR MOlKeT 6~Tb 

CH 4 
peKOMeHAOBaHa aproH-MeTaHosan cMecb -40%) c A06a8-

Ar + CH 4 
KaMIII 3TIIIJ1080rO CnMpTa /4%/ M MeTMJlallR /6%/. 

AsTop~ 6naroAaPHhl A.B.Kyn~08Y 3a 4eHH~e coseTw, a TaKme 
n.n.HeMeHosy sa noAAepmKy pa6oTw. . ' 

n11TEPATYPA 

1. AneKcees r.A. MAP· OvHH1, 13-80-4'f7, Ay6Ha, 1980. 
2. PeTep r. 3neKTpOHHWe naB!IIH~ Ill npo6oR 8 ra3ax. nepe80A 

c· aHrn .. "M111p", M., 1968.· '·• 
3. Charpak G.; Sauli F. N!M, 1971, 96, p.363. 
4. Alekseev G.D. et al. NH1, 1978, 153, .. p.157. 
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BeT JH1 npo6eJIOB B' Barnei1 6u6JIHOTeKe? 
Bb! MOJKeTe noJiy'-ll!Tb no no'-!Te nepe•n!cJieHHble,I!HlKe Kllllrlt, 

.L\l,2·E405 

PI ,2-11529 

.L\6·8846 

.L\13-9164 

.L\1 ,2-9224 

.L\·9920 

.L\9-10500 

,!l2·10533 
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.L\17·11490 

.0.6·11574 

.0.3-11787 

,U,I3·11807 

.0.1,2-12036 

p 18-12147 

OCJ!ll OHI! He 6b!Jlll' 3aKa3aHbl paHee. 

Tpy)ILI IV MeXCAyeapo,IIHoro cHwnoliiY' 
1!8. DO ¢<:a3BJCC liWCOICBX 3BeprEA It 3ne
.,eHTapuux 'IJlCTil!l' Bapna, 1974. 

TpyJILI Mel!f.JIYII&po.l!lioll IW<OJU..J·ceuu
H:ttpa W01lO.l'Udi .yUJ:eHC.JX. AtcTYAJiLU:.We 
npo6neuw $113111<!1 3newenT&J>IIWX qac;· 
THll. Co•n•. 1974. · 

XIV coBell.IIHlHe rm &Aepnoil CIICKrpo
CKOnHH ll TCOpHH X,llpa. )J.y6Ha, 1975. 

Me~yH8.pO,D;HOC COBCIW\~BC no UCTp· 
j!,IUCC UpOB0110'1KLIX Kl!Wlep.)J.y6Ha,l97 5. 

IV Me>~:J~ynapb.Jillldll ceuH!Iap no npo-
6new•u• <jlonnm l!MCOJ<BX 3Hepndl.tly6-
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