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BBE,4EHHE 

,lJ;peiii)OBhle K&Mephl no cpaBHeHHIO C 6eci)HJILMOBhiMH 

HCKpOBhiMH H nponOpllBOHanLHhiMH K&MepaMH o6naMIOT P.ll

~OM npeHMymeCTB: 

- BhiCOKOe npoCTp&HCTBeHHOe pa3peWeHHe; 

- B03M0)1(H0CTL HCnonL30B&HHJI B M&rHHTHOM none npaK-

TH'IeCKH 6e3 noTepH TO'IHOCTH I I/; 

- OTHOCHTenLH&JI npoCTOTa KOHCTpyKD;HH KaMep6onLWO

ro pa3Mepa. 

llpocTpaHcTBeHuoe pa3peweHHe ~peiil)osoii KaMepw npu 

3&MHHOH TO'IHOCTH H3MepeHHJI BpeMeHH ~peiil)a 3&BHCHT OT 

cocTaBa pa6o11eii ra3osoii CMecu: a= V 2D t, r~e D - KOJI)

I)unueHT ~l)l)y3HH, t - speMJI ~peiil)a :meKTpoHoB. Cne~o
BaTenLHO, ra3osoe HanonueHHe ~peiil)osoii KaMepw ~on)I(Ho 

06ecne'IHTL nHHeHHOCTL BpeMeHH ~peiil)a B 3&BHCHMOCTH 

OT nyTH H HMeTL M&noe 3H&'IeHHe K031)1)HD;HeHTa ~l)l)yJHH 
3neKTPOHOB D . HanpuMep, npu HanonHeHHH KaMepw aproHoM, 

MeT&HOM H 3THneHOM OTHOWeHHe a 2 COOTBeTCTBeHHO p&BHO: 

a 2: a2: a 2 = 81 : 2,25: 1,44/21. 
I 2 3 

1. 3KCHEPHMEHTAJihHAJI YCTAHOBKA 

Hccne~osan.ocL Bn.HJIHHe HeKoTopwx ra3oswx cMeceii 

118. pa6oTy K&Mephl C ~peiil)oBLIM npoMe)lcyTKOM 50 MM /3~ 
PaccToJIHHe Me~y curHanLHOii B K&TO~LIMH nnocKOCTJIMH 

COCT&BnJIHO 7 MM, H& K&TO~hle nposonOKB /c warOM 2 MM/ 

no~asanocL B03pacTaiOID;ee HanpJI)I(eHHe OT E min ~0 E max. 
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Puc. 1. <l>yHK!lUOHa/lbHa.R cxeMa yclftaHOBKU. 

IIoreHu;uanoHble npoaonoKH Haxo~unucb no~ uanpJDKeHHeM 

E max . KaMepa o6~qanacb qepe3 CHCTeMy KOnnHMaTopoB 

[3- HCTO'iHHKOM 
1 Ce, uufllopMau;HJI qepeJ speMJI -aMnnu

TY.!I;HbiH npeo6paJoaarenL nocrynana ua aMnnHTY.IUfbiH aHa

llH3aTop. ~YHKIJ;HOHanLHaJI CXeMa ycTaHOBKH noKa3aHa Ha 
puc. 1. 

2. 3KCIIEPHMEHTAJibHblE PE3YJibTATbl 

2.1. ApzoH-MemaHoaa.R CMecb 

IlpH H3MepeHHH CKOpOCTH Apeiflla JneKTpOHOB B JaBHCH

MOCTH OT BellH'iHHbl E max , BO BCeX cnyqaJIX 3aKOHllHMH

poBaHHbiH {3- HCTO'iHHK nOMeiiJ;ancJI Ha paCCTOJIHBH 20 MM 
or curuanLHoi HHTH. 3HalfeHue E min Bbl6upanocLH3 ycno

BHJI BLICOKOH JqxpeKTHBHOCTH KaMepbl, npH BCe X H3MepeHHJIX 

3414leKTHBHOCTL COCTaBnJlna npHMepHO 99,7~ no BCeH DnO
IIJ;a,!J;H KaMepbl. 
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Puc. 2. CKopoc•b opeu~ 3AeK•POH06 6 306UCUMOC1/IU o• 
Ka•oOHOZO HanpJIJICeHUJI. raaoaaJI CMeCb Ar + CH 4 • 

Ha puc. 2 rroKaJaHw JaBHCHMOCTH cKopocTH Apeiijla. 

:mei<TpoHOB ,WJJI raJosoi cMecu Ar + CH 4 , npu pa3JIH'IHoi 

KOHQeHTpan&H MeTaHa. 

BHAHO, 'ITO C yBeJIH'IeHHeM KOH.UeHTpalUIH MeTaHa Mal<

CHMan&HOe 3Ha'leHHe CI<OpOCTH Apeiflla 3Hei<TpoHOB yuenH

'IHBaeTCJI 6onee 'leM B 2 pa3a, AOCTHraJI rrpH 100~ CH4 
3Ha'leau II CM/MKCeK. B aexoTopoM AHarraJoae aarrpJI)I(eH

HOCTR 3Hei<TpH1feCI<OrO DOHJI CI<OpOCTL APei4Ja HMeeT no

CTOJIHHOe 3Ha'leHHe, yBeJIH'IeHHe KOH.UeHTpal(IIH MeT aHa CABH

raeT "DJIATO" CI<OpOCTH Apei4Ja B o6naCTL 6omaiiiHX HaDpJI
)I(eHHOCTei. 

Ha puc. 3 /xpusa.ll 1/ rroi<a3aH AUarra3oH 3Ha'leau:H xa

TOAHOro aanp.a)l(eHHJI 1'\E max , DpH KOTOpOM CI<OpOCT&Apeii

flla DOCTO.aHHa B rrpeAenax 1 ~. 3aBHCHMOCTL Aaaa ,WIJI pa3 -

JUI'IBOi KOHQeHTpalUIH MeTaBa. 
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Puc. 3. BeAU~UHa nAamo CKOpocmu opeu¢0 3AeKmpOH06 no 
KamOOHOMY Hanp.RJICeHUIO 6 3a6UCUMOCmU om KOHijeHmpaijUU 
MemaHa. 

CKopocTL ~peu~a 3neKTpoHoa a JaBHCHMOCTH oT aenH
qHHbl E max ~nH paJnHqHoH KOHUeHTpal.UIH MeTaHa npH 
~o6aaKe a cocTaB raJoaou CMeCH npHMepHo 3,6~ C 2 H5 OH 
noKaJaHa Ha puc. 4. BH~ao, qTo ~o6aaKa napoa cnHpTa 
C~BHraeT pa6oqHH pe)I(HM KaMepbl B CTOpOHY 6onblllHX Ha
llPH>KeHHOCTeH, Cyii.(eCTBeHHO yaenHqHBaH npH 3TOM "nnaTO" 

KaMepbl DO MaKCHMallbHOMY KaTO~HOMY HanpH>KeHHIO 
I puc. 3, KpHBaH 2/. 

3HaqeHHe MaKCHMallbHOH CKOpOCTH ~peH~a 3lleKTpOHOB 
B JaBHCHMOCTH OT COCTaBa raJOBOH CMeCH llOI<aJaHO Ha 
puc. 5: KpHBaH 1 - ~nH Ar + n o/c CH 4 , KPHBaH 2 - ~H 
Ar + n% CH 4 + 3,6 o/r .~ H SOH , I<PHBaH 3 - ~nH raJOBOH CMecH 
Ar +20%CH 4 +(0,ltf%lC 2 H 5 0H.YMeHLIIIeHHe JHaqeHHH cxo

pocTH ~peH~a 3lleKTpOHOB aproH-MeTaHOBOH CMeC~ npH ~o-
6aBKe napoa cnHpTa /I<PHBble 1 H 2/ o6'h.RCHHeTcH, no
BH~MoMy, BOJpaCTaHHeM BepOHTHOCTH COy~apeHHH Me~

neHHblX 3nei<TpoHoB npH aae~eHHH C 2 HsOH a cocTaB raJo
BOH cMeCH 14·' KpHBaH 3 noKaJblaaeT, qTo ~o6aaKa 1~ 
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Puc. 4. CKopoc•b opea¢0 3AeK•poH06 6 3aBUCUMocmu om 
KaiiOOHozo Hanp.RJICeHu.R E 

max 

c2 H sOH B COCTaB raJOBOH CMeCH Ar + 20% CH 4 npH-
BO~HT I< yMeHLIIIeHHIO CKOpOCTH ~peH~a npHMepHO Ha 4%. 

Puc. 6 xapaxTepHJyeT Heo6xo~HMYIO cTa6HnLHOCTL co
CTaaa aproH-MeTaHoaou cMecH. KpHBaH 1 noKaJblBaeT 
OIIIH6xy L\ f HJMepeHHH ~peuciJoaoro npoM:e>KYTI<a, paaHoro 
50 MM, B JaBHCHMOCTH OT KOHUeHTpaUHH MeT aHa npH HJ
MeHeHHH nocne~eH Ha 1~. 

KpHBaH 2 noi<aJblBaeT TY >Ke JaBHCHMOCTb ~H raJoaou 
cMecH Ar +n% CH4 +3,6% C 2HsOH. TaK I<aK ~o6aaKa napoa 
c2 H sOH B COCTaB raJ OBOH CMeCH OCYIUeCTBnHeTCH npo
nycKaHHeM qacTH raJa qepeJ cnHpT, Ha napuHanLHoe ~as
neHHe nocne~ero BnHHeT TeMnepaTypa oxpy>KaiOIUeH cpe~. 
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Puc. S. MaKcuMaAbHaJI cKopoclllb f>peiuja 3AeK111POH06 6 3a-
6UCUMoc•u 011 napf.IUQAbHOZO COC111a6a apzoH-Me111aH060U 
za3o6oil CMecu. 
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Puc. 6. OIUUOKa Ll e U3MepeHUJI ()peiltjj060ZO npoMeJICYIIIKa, 
pa6HOZO SO MM, npu U3MeHeHUU KOHf.leHIIIpaf.IUU MelllaHa Ha 
1* /KpU6bJe 1 u 2/. OIUUOKa Ll e U3MepeHUJI ()peii{P06020 
npoMeJity111Ka, pa6~020 SO MM, npu Ll t = 1°C 6 3Q6UCUMOC111U 
0111 KOHIIeHIIIpaf.IUU cnup111a /KpU6QJI 3/. 
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Puc. 7. 3a6UCUMOClllb 6peMeHU opeikjja om nymu Emin =2,1 KB; 
Emax"" 6,5 KB. qaCI/fb 3U6UCUMoc•u npeocllla6AeHa 6 y6eAu
t~eHHOM MUCWllla6e. 

0wB6Ka (t, f) H3MepeHHJI ~peii<}IOBOrO DYTH 50 MM OpB H3-

MeHeHBH TeMnepaTypbl Ha }°C DOKa3aHa KpBBOH 3 B 3aBH

CBMOCTB OT KOHIJ;eHTpaiJ;BB COBpTa B COCTaBe CMeCH Ar + 2(]7,(]-14. 

TaKHM o6pa3oM, npa pa6oTe c 6oJILWBMB ~peB.<}loBbiMB 
OpOMe>Ky-TKaMB >KeJia TeJILHO yBeJIB'IIIBa Tb KOHIJ;eHTpau;BIO Me

TaHa. ,Z:(o6aBKa napos COBpTa, yBeJIB'IBBaJI DJiaTo no E max ' 

YCJIO)I(BJieT npo6JieMy CTa6BJIB3au;BB COCTaBa ra30BOH CMeCB. 

Ha puc. 7 noKa3aua 3aBBCBMOCTL speMeHB ~peB.<}la OT 

DYTH ~JIJI ra30BOH CMeCB Ar + 20% Oi 4 + 3,6% c2 H 5 00 . 
KaTo~uoe uanp.li>KeHBe ua MBHe ~peB.<}losoro npoMe>KYTKa 

B03pacTaeT OT E min= 2,1 KB ~o E max= 6,5 KB. 
Ha puc. 8 noKa3aHa auanorB'IHa.ll 3aBBCHMOCTL npB pa-

6oTe ua cMeca Ar +50% CH 4 ; E . = 2,3 KB; E = 5,25 KB. 
min max 
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Puc. 8. 3a6UCUMOClllb 6peMeHU opeikjja 0111 nymu. E min= 2,3 KB; 
Emax= 5,25 KB. qacmb 3a6ucuMocmu npeocllla6AeHa 6 y6eAu
t~eHHOM Macwma6e. 

2.2. CMecb apzoHa c yzAeKUCAbiM za3oM 

3aBBCBMOCTb CKOpOCTB ~peil<}la 3JieKTpOHOB OT BeJIB'IHHbl 

MaKCBMaJILHOro KaTO~Horo HaOp.li>KeHBJI ~peB.<}IOBOH KaMepbl 

noKa3aHa ua puc. 9a - ~JIJI ra3osoB. c.Mecu Ar + CO 2 
Ha puc. 96 - ~JIJI CMeCB Ar +C02 + 3,6% c2 H 5 OH. BH~O, 
'ITO pa6oTa Ha CMeCH aproH + yrJieKHCJibiH ra3 Tpe6yeT 

CyiUeCTBeHHO 6oJiee BbiCOKHX HaOp.li>KeHHOCTeH 3JieKTPB'IeC

KOrO OOJIJI DO cpaBHeHBIO C aprOH -MeTaHOBOH CMeCbiO. 

,Z:(o6aBKa napOB COBpTa OpB 3aMeTHOH KOHIJ;eHTpau;BB CO2 
OpaKTB'IeCKB He Bbl3biBaeT B3MeHeHBJI MaKCBMaJibHOH CKO

pOCTH ~peil<}la, CMeiUa.ll, O~HaKO, pa60'IBH pe)I(HM B CTOpOHY 

60JibiJJBX HaOpJI>KeHHOCTeH. 
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Puc. 9. Creopoc•~t ~pe* e aaeucuMoc•u o• rea•ooHozo Ha
npAJtteHWI E max • /a/ - zaaoeaJI CMect. Ar +CO 2 ; 
/6/- zaaoeaJI cMec~t Ar + C02 + 3,6% C2H 

5
0H • 

3&BRCRYOCTL BpeYeHR ,llpei41a OT nyTR ,llpeiij)a AJIJI ra-

30BO:i cueca Ar + 10% C0 2 R Ar+10%C0
2
+3,6% C~ 5 0H 

noiCa3aHa aa puc. 10. KaTO,IUioe aanpJilKeHRe B03pacTaeT oT 

E min= 2,0 reB, .llO E max = 8,25 reB .llJIJI cuecR 6e3 A06&BICR 

cn&pTa R AO E max = 9,5 reB B CJI}"'ae A06&BICR napos CnRp
Ta. 

12 

t 
i 

1 
I 

I 

0 2 " G I 10 ;; 
I I 11 200~ 

I I I 

. 
100~ 

160 

....... 
" f2l) 

6001- ~ 
'-' ..... 

¥J 

~r 
4171 

~ 1/ 1•1·/bfOf. COt 21»1-
(oJ • 11, • tor.co2 • 3. 6 i. C2 H·OH 

r J 
0 f() 20 !(..,.,) 30 ~0 50 

Puc. 10. 3a6UCUMOC11lb epeMeHU opeu(Ja 0111 nymu. Tlacmb 
3UBUCUMOC111U npeocmaBAeHa B yeeAU'IeHHOM Macruma6e. 

2.3. ApzoH- uao6ymaHoBaJI CMeCb 

Ha puc. 11a noKa3aHa J&BHCHMOCTL cKopocTH ,llpei4Ja 

3JieKTpOHOB OT BeJIHqHHLI K&TO,IlHOrO HanpJilKeHHJl )lJIJl raJO

soi cMecH npH paJJIHqHoi KOH~eHTpa~HH HJo6yTaHa. TaK 

K&K BCJie,llCTBHe pa,llH&~OHHLIX 3~eKTOB B COCT&B aproH

H300YT&HOBOB CMeCH BBO,IlHTCJl ,ll06aBKa MeTHJI&JIJl, puc. 116 
llOK&3LIB&eT H3MeHeHHJl, B03HHK&IOI.QHe npH nponyCKaHHH 

qacTH raJosoi cMeCH qepeJ C
3

H
8

0
2

• llepe3 MeTHJiaJIL 

npH TeMnepaType 21° C nponycKaeTCJI 10, 20 H 40~ raJosoi 

cMecH I cooTBeTCTBeHHO KPHBLie 1,2 H 3/. 3aBHCHMOCTH 

nonyqeHLI ,llJIJl raJosoi CMecH Ar + 10% C 4H 10 • BHAHO, qTo 
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Puc. 11. C~eopoc8t. ~pe~ 3AeK8poH06 6 3a6UCUMOC8U 08 
KaiiiO~HOZO Hanp.JIJiteHUJI "E max • ajaj • Za306a.JI CMeCt. 
Ar + c4 "Jo ; /6/ - 2a306a.JI CMect. Ar+lO%Ct,HjQ. +C3H a02.: 
Kpu60.JI - ttepe3 Me8UAOAt. nponyc~eae8c.JI 1Uffo za306ou 
cMecu, KPU60.JI 2 - 2~ u ~epuea..11 3 - 4~ npu t = 21° C. 

He6om.maJJ .u;o6aBICa MeTBJiaJI.. npaiCTR'Iecn He 113Me

HJieT MaiCCRM8JlhHOrO 3Ha'leHRJI CICOpOCTII )lpeltlla 3neiCT • 

poHOB, CMe[QaJI, O,D;RaiCO,pa6o'llll pellaiM B CTOpoHy HeCICOnLICO 

6onJoWRx HanpJJ>KeRROCTel 3neiCTpR'Iecxoro nom1 • )'Be

nR'IRBaJI BnaTO no MaiCCIIM&nloHOMY ICaTO,D;ROMy IUUip.-.eDIO. 

3aBRCRMOCTio BpeMeHR )lpeicjla OT nyTR ,D;n.ll CMeCR 

Ar+5%C4 H 10 +C 3H 8 0 2 noxa3a&aRapuc.l2. 'lepe3 

MeTHJiaJIJo nponyciCanocJo 25~ ra3oBoi cuecR npR Teunepa-
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Puc. 12. 3a6UCUMOC8t. 6peMeHu ~peu(Ja 08 ny8u. E min 
= 2,3 KB; E max = 8,5 KB. qac8t. 3aeucuMoc8u npe~c8a6AeHa 
6 yeeAU'IeH~OM MaCfiiBaOe. 

Type 21° C. KaTo.D;Roe HanpJJ>KeHRe Ha .u;peiij)oBou npoMe>KfT-

xe B03pacTaeT oT E . = 2,3 KB .u;o E = 8,5 KB. m1n max 

3AKJIJOqEHHE 

IlpoBe,D;eHHLle RCCJie,D;OBaHRJI noiCa3anR B03MO>KHOCTio no· 

Jiy'leHRJI XOpomeii: JIRHeii:HOCTR ,D;JIJI 3aBRCRMOCTR BpeMeHR 

.u;peic)a OT nyTR npR .u;peii:I)OBOM paCCTOJIHRR ,[1;0 50 MM ICaiC 

Ha 6RHapHwx ra3oBwx CMecJJx Ar + CH 4 , Ar + CO2 , 
Ar + C 4 H 10 , TaiC R npR .u;o6aBICe napoB C 2H

5
0H R C 3H

8
0

2
• 

IlpR pa6oTe C 60JIIoWRMR .u;peiij}OBLlMR npoMe>K)'TICaMR HaM 

npe.D;CTaBJI.IIeTCJI pa3yMHLlM pa6oTaTJo Ha aproH·MeTaHOBOB 

CMeCR C ICOHileHTpaJUieii: MeTaHa He MeHee 50~. 
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B 3aKmoqeHHe aBTOphl 6naro.n.apJIT B.H.Acl>aHacLeBa H 
P. M .lia3noay 3a rroMOll\L B pa6oTe. 
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