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BeeoeHue 

He.D;aBHO HaMH 6hlnH 3aperucTpupoaaHhl u c4JoTorpa4Ju

poaaHhl cne,D;bl penJITHBHCTCKHX HOHRlHPYIOI.QHX 'laCTH~ 

B BO,D;OpO,D;HOH CTpHMepHOH KaMepe npH a TMoc4JepHOM ,D;aB

neHuu/1/. ~OCTHrHyTb TaKoro ycnexa y.D;anocb, ucnonb3YJI 

pe)I(HM CaMOWYHTHpOBaHHJI/ 2 /, npu KOTOPOM Ha KaMepy no

,D;aeTCJI ,D;nHHHhiH BhiCOKOBOnbTHhiH HMnynbC, npH 3TOM BBO

,ZI;HMaJI B pa3p.R,D; MOIIlHOCTb yaenH'IHBaeTCJI H .RpKOCTb 

CBe'leHHJI CTpHMepOB COOTBeTCTBeHHO B03pacTaeT. Ilony

'IHTb xopowo noKanH30BaHHhle cne,D;hl qacTu~ B TaKoii KaMepe 

y,D;aeTcJI, ynpaanJIJI pacnpe,D;eneHHeM .RpKOCTH cae'leHHJI no 

cTpHMej,y nyTeM BBe,D;eHHJI B ra3 Manhlx npuMece:ii ,D;pyrux 

ra30B I 1. ~nJI ycnewHoii perucTpa~uu cne.D;OB B BO,D;opo,D;HO:ii 

KaMepe OKa3anOCb He06XO,D;HMhiM BBeCTH B KaMepy ,D;06aBKH 

MeT aHa I OT ,D;ecJIThiX ,D;one:ii ,IJ;O O,D;Horo npo~eHTa/ u napoa 

BO.D;hl /coThle ,D;onu npo~eHTa/141. TaKue He6onLwue .D;o6aBKH 

He H3MeHJIIOT CBOHCTB KaMephl KaK BO,D;OpO,D;HOH MHWeHH. 

3TH npHMeCH yMeHbWaiOT CKOpOCTb pa3BHTHJI pa3p.R,D;a B 

BO,D;OpO,D;e H CnOC06CTBYIOT noKanH3a~HH CTpHMepHOrO pa3-

p.R,D;a B pa:iiOHe nepBH'IHOH naBHHhl nyTeM CHH)I(eHHJI TeMne

paTyphl 3neKTpOHOB H nornOIIleHHJI 4JoTOHOB. 0HH npHBO,D;BT 

TaK)I(e K yaenH'IeHHIO KOHTpaCTHOCTH Me)I(,D;y o6naCTbiO 

o6pa30BaHHB nepBH'IHOH naBHHhl H OCTanbHOH 'laCTbiO pa3-

pB,D;HOrO KaHana B BO,D;OpO,D;HOH CTpHMepHOH KaMepe. B ,D;aHHOH 

pa6oTe no,D;p06HO HCCne,D;yiOTCJI xapaKTepHCTHKH TaKOH Ka· 

Me phi H H3y'laeTCB 3aBHCHMOCTb noKanH3a~HH Cne,D;OB HOHH· 

3HPYIOIIlHX 'laCTH~ B BO,D;OpO,D;HOH CTpHMepHOH KaMepe OT 

KOH~eHTpa~HH npHMeCeii, HanpJI)I(eHHOCTH 3neKTpH'IeCKOrO 

nons H ,D;aaneHHB ra3a B KaMepe. 
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Puc. 1. 4Jolflozpa(Juu c11ei>oe 3/leKIIIPOHOB /eui> ceepxy/ e eo
i>opoi>Hou ClllpUMepHOU KaMepe (H 2+1%CH4+0,025%H

2
0) npu i>ae- ~ 

lleHUJIX a/ 760 Top, 6/ 600 Top, e/ 400 Top, z/ 200 Top; 
E = 27,0 KB/c..w; D = 2,5. ,l(lluHa 111peKa coclflae.tiJielfl 16 c..w. 
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3Kcnepu..weHmaAbHble pe3yAr,mamr,r u o6cyJKoeHue 

KoHCTPYK~JI xaMepw B Bcnon~o3yeMoii annapaTypw 
OnBCaHa B pa6oTe /l •2/. 0TKa'IICa ICaMepw OCYI:QeCTBnJinaCJ. 
AO ypOBHJI 2 • 1 CJ3Top C npoMe)l(yTO'IHOH npOMWBICOii npB 
3anonHeHBB. HanoJIHeHBe xaMepw npoB3BOABnOcJ. BOAOPOAOM 
BWCOICOH 'IBCTOTW. KonB'IeGTBO npBMeCB MeTaHa B napoB . 
BOAW B3MeHJinOCh no OTC'IeTaM o6pa3:QOBOrO B&KyyMMeTpa 
B nyTeM pa30aBneHBJI ra30BOii CMeCB B IC&Mepe BOAOPOAOM. 

IIpe)I(Ae Bcero 6wno BccneAoBaHo B3MeHeHBe BBAa Tpe
ICOB B 3aBBCBMOCTB OT A&BneHBJI ra3a B xaMepe. Ha puc. 1 
noxa3aHw cneAW 3nexTpOHOB npB A&BneHHB pa6oqero ra3a 
B xaMepe: 760, 600, 400 B 200 Top, cclloTorpacilBPOBaH
HWe B HanpaBneHBB, napannenhHOM 3neKTpB'IeCICOMY nomo 
/BBA cBepxy/ npB E = 27,0 KB/c..w B AB&cilparMe oo'heiCTBBa 
2,5. CocTaB pa6oqero ra3a: BOAOPOA c A06aBxaMB 1~ Me
TaRa B 0,025~ napoB BOAW. Ha puc.2 npBBeAeHw clloTorpa
cilBB, CHJITWe npB TOM )l(e HanpJI)I(eHBB qepe3 OOICOB}'IO 
CTeHKY ICaMepW B HanpaBneHBB, nepneHABKynJipHOM nomo 
/BBA c6oxy/ npB D = 0,8. H3 3TBX clloTorpacllBii BBAHO, 'ITO 
c yMeHJ.meHBeM AaBneHBJI B xaMepe noxaJIH3a~JI yxyAWaeT
CJI, HeCMOTpJI Ha B03pacTaHBe OTHOWeH11JIE/p.IIo·BBABMOMY, 
cxopocT:f. pacnpocTpaHeHBJI pa3pJIAa npB yMeHJ.meHBB AaB
neHBJI CTaHOBBTCJI CTOnh BWCOICOH, 'ITO H&JIH'IBe npBMeCB 
MeTaHa B napOB BOAW CT&HOBBTCJI HeAOCT&TO'IHO 34M!leiCTBB· 
HWM AnJI o6ecne'leHBJI noxanB3&:QBB TpexoB. 

H3 clloTorpacllBii BBAHO, 'ITO A&)l(e npB aTMoccllepHoM 
A&BneHBB ue y acex cTpBMepoa /BBA c6oxy I B neHTpe 
o6pa3yeTCJI JlpiCO CBeTJII:Q&JICJI "TO'IICa". 0THOWeHBe 'IBCna 
CTpBMepOB C T&ICHMB "TO'IIC&MB" B :QeHTpe IC OOI:QeMy 
'IBCny CTpBMepoB TaJC)I(e xapaxTepB3yeT, H&PJIAY C pa3-
MepaMB "TO'IeiC", 34MileKT nOIC&JIH3aUBB. 

IIpB pa3JIH'IHWX A&BneHBJIX B xaMepe 6wna BccneAOBaHa 
3aBBCBMOCTh AnBHW noxanB30B&HHoro yqacTxa cTpBMepa 
OT aMnnBTYAW BWCOICOBOnhTHOrO BMnynJ.ca. C 3TOH nenJ.IO 
clloToMeTpBpoaanBCh /ua clloToMeTpe Mcl»-4/ clloTorpacilBB 
cneAOB qacTB:Q /BBA c6oxy I. cl»oTorpaMMW npeACTaBneuw 
Ha puc. a 3a AJIHHY noxanB30BaHHOro y'I&CTICa CTpBMepa 
npBHBManac~o AnBHa yqacTxa d , noxa3aHHaJI Ha pBcyHxe. 
3aBBCBMOCTh 3TOH AnHHW OT aMnnBTYAW BMnynJ.ca npB 
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pa3JIH'IHWX AaBneHBJIX B xaMepe AaHa Ha puc. 4. Mw Ha-
6moAaeM AOBOnhHO pe3IC}'IO 3aBB~BMOCTh 34MilexTa noiCanB· 
3a~B OT AaBneHBJI B ICaMepe, a BMeHHO: npB AOCTaTO'IHO 
BWCOICOM AaBneHBB /600 Top B 1 a•..w/ noxaJIH3&~JI XOpo
maJI, /d-2 MM/, anpBMeHJ.WBXAaBneHBJIX/400B 200 Top/ 
3aMeTHo xy*e I d = 15+20 MM/. Ha6moAaeTCJI xapaxTepHwii 
noporOBWH 34M!leiCT, "TO'IKH" nOJIBnJIIOTCJI TOnhiCO npB AOCTa
TO 'lBO 6onhWOM A&BneHBB ra3a I- 600 Top/. no-BBABMOMY, 
npB onpeAeneHHOM A&BneHBB npoBCXOAJIT xaxBe-To xaqecT-
BeHHwe nepeMeHw B MexaHB3Me pa3BBTBJI pa3pJIAa. 0 

Ha puc. 5 npBBeAeHa 3aBBCBMOCTh xo34M!lB~eHTak= _! 
/OTHOWeHBe 'IBCna CTpBMepOB C "TO'IIC&MB" B :QeHTpe CTBB· 
Mepa x o6I:QeMy 'IBcny CTPBMepoB/ oT xoHneHTpanBB noxa
nB3YIOI:Qeii npBMeCB napoB BOAW. BBABO, 'ITO xopomBii 34M!lexT 
AaeT xoHneHTpa:QBJI napoB 0,025-0,3~. YBenB'IeHBe HanpJI· 
)I(eHHOCTB 3nexTpB'Iecxoro nonJI B HexoTopwx npeAenax 
T&J()I(e He npBBOABT IC pOCTy 'IBCna CTpBMepOB C "TO'IKaMB" 

B neHTpe /eM. puc. 6/. 
B A&HHoii paooTe B3y'leHa TaJC)I(e 3&BBCBMOCTJ. 'IBcna 

o6pa3}'IOI:QBXCJI CTpBMepOB OT A&BneHBJI B KaMepe npB pa3 • 
nB'IHWX 3Ha'leHBJIX aMnnBTYAW BWCGICOBOnhTHOrO 
BMnyn~oca. Ha puc. 7 noxa3aHa TaxaJI 3&BBCBMOCTh 

'IBCna JlpiCBX CTpBMepoB /KOTOpWe BBAHW npBWOTOrpacilBpO· 
BaHBB Tpexa no uanpe..BneHBIO 3nexTpH'Iecxoro nonJI c AHa
cilparMOii d = 2,5/ OT AaBneHBJI BOAOPOA& B ICaMepe. BBAHO, 
'ITO 'IBCnO CTpBMepOB Ha 1 CM AnBHW Tpexa C B3MeHeHBeM 
A&BneHBJI B HanpJI)I(eHHOCTB nonJI B IC&Mepe nO'ITB He MeHJI· 
eTCJI. HaBeCTHO, 'ITO c noBwmeHBeM AaBneHBJI HapacTaeT 
'IBCnO nepBB'IHWX BOHOB, ICOTOpoe npBBOABT IC yBenB'IeHBIO 
'IBCna CTpBMepoB, KaiC 3TO HaOniOA&nOCh B 'IBCTOM BOAO· 
poAe /I/. XapaxTep ua6moAaeMoii 3&BBCBMOCTB npB uanB'IBB 
MeT aHa B napOB BOAW B IC&Mepe, no· BBABMOMY, CBJI3&H 
C OCOOeHHOCTJIMB cilopMBpOB&HBJI cneAOB B npBCYTCTBBB 
npBMeceii. C noBwmeHBeM AaBneHBJI uapacTaeT 'IBcno 
CTOniCHOBeHBH B B03paCTaeT nponecc HeiiTpanB3&:QBB Ha· 
qanJ.HWX BOHOB B3 • 3& aKTBBB3&:QBB MeXaHB3Ma npBnBn&HBJI 
3neKTpOHOB IC npBMeCJIM, npBCYTCTBYIOI:QBM B BOAOPOAe. 

,IJ;anee, c nen~oro Bwoopa onTBMan~ouoii xouneHTpanBB 
npBMeceii owna BCCneAOB&Ha 3&BBCBMOCTh 'IBCna CTpBMe
pOB OT aMnnBTYAW BWCOICOBOnhTHOrO BMnyn~oca npB pa3· 
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Puc. 2. fPomozpa~uu cAeooa 3AeKmpoHoa /auo c6oKy/ a KaMe
pe (H 2+ 1%CH 

4
-t0,025%H •. ,P) npu oaaAeHU.RX a/ 760 Top,.,_ 

6/ 600 Top, a/ 400 Top, z/ 200 Top; E = 27,0 KB/cM, r 
D = 0,8. ,l!AUHa c,Pomozpa,PupoaaHHoii 'lacmu pa3p.ROHozo 
npoMeJICy111KQ COC111Q6A.Re111 4,5 CM. 
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JIB'IHhiX KOHD;eHTpaD;HJIX MeTaHa It napOB BO)J;hl. AMnnHTyp;a 
BhiCOKOBOnhTJloro HMnyn~oca npH 3TOM MeHJinacb B npe.u;enax 
237 33 KB/CM, KOHD;eHTpaD;HJI MeTaHa - /0,2+5,0/~, KOH
:u;eHTpaD;HJI napoB Bo.u;w - /0,025+0,300/~. Pe3yn~oTaTw 
H3Mepeuaii noxa3aHw ua puc. 8 H 9. Ba.u;uo, 'ITO c H3Me
HeHHeM 3neKTpH'IeCKOrO nonJI H KOHD;eHTpa:o;HH npHMeceii 
B yKa3aHHhiX npe,nenax 'IHCnO CTpHMepOB OCTaeTCJI npH
MepHO llOCTOJIHHhiM. 

B HaiiiHx npe.nw.nYID;Hx pa6oTax Mhl accne,noBanH poeT 
JipKOCTH TpeKOB B BO,nOpO.u;HOH KaM~e C llOBhiWeHHeM Ha
npJI:>KeHHOCTH 3neKTpH'IeCKOrO nonJI I/ H H3MepHnH BpeMJI 
naMJIT-H /4~ Oxa3anoc~o, 'ITO JIPKOCTb pacTeT naueiiuo c yBe
nH'IeHHeM 3neKTPH'Iecxoro nonJI, a BpeMJI naMJITH cocTaB
nJieT oxono 1 MKC. KaMepa 3anycxanacb OT 3nexTpouuoro 

HCTO'IHHKa H cpa6a ThiBana 2- 3 pa3a B CeKyH,ny, T. e. MepTBOe 
BpeMJI no xpaiiueii Mepe ue npeBwwano .noneii cexyu,nw. 

3aKAIO'ieHUe 

B Bo,nopo.nuoii cTpHMepuoii xaMepe c noxanH3YIOI:u;HMH 
npHMeCJIMH MeTaHa H napOB BO,[(bl, pa6oTaiOID;eii B pe:>KHMe 
CaMOWYHTHpOBaHHJI, nonyqeHhl H c4!oTorpa4!HpOBaHbl cne,nbl 
3neKTPOHOB npH ,naBneHHJIX oT 200 Top .no 1 aJIM. IlpH 3TOM 
3414lexT "Toqequoii" noxanH3a:o;HH cTpHMepoB B03HHKaeT 
TOnbKO npH yBeJIB'IeHHH ,naBneHHJI llO'ITH ,[(0 aTMOC4!epHoro, 
'ITO ll03BOnJieT Hap;eJITbCJI Ha CyiD;eCTBOBaHHe 3TOrO 3414lexTa 
H npH 6onee BbiCOKHX ,naBneHHJIX. 3414leKT noKanH3aD;HH 
cna6o 3aBHCHT OT aMITnHTY.[(bi BbiCOKOBOnbTHOrO HMnynbCa 
H xou:u;eHTpa:u;HH npaMeceii B accne,noBaHHhiX npe,nenax. 

3KCITepHMeHTanbHO ycTaHOBneHO, 'ITO B TaKOH KaMepe 
'IHCnO CTpHMepOB Mano MeHJieTCJI npB H3MeHeHHH B 3aMeT
HbiX npe,nenax ,naBneHHJI ra3a, uanpJI:>KeHHOCTH 3neKTPH'Ie
cxoro nonJI H xou:u;euTpa:u;HH npaMeceii B xaMepe. 

JlpxocTh cne,noB B Taxoii xaMepe ,nocTaTO'IHa ,nnJI 4!oTo
rpa4!apoBaHHJI HX 06bi'IHbiMH 4!0T006'beKTHBaMH Ha 06bi'IHYIO 
4!oTonneHKy, a BpeMJI naMJITH ll03BOnJieT pa60TaT& B HH
TeHCHBHbiX Me30HHbiX ny'IKaX. 
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Puc. 3. Tunu'iH&Ie ,Po•ozpaMMbl CJipuMepoa, coc•aaAJIIOU#UX 
CAeO 'iaCIIIUIIbl /auO c6oKy/ 6KaMepe (H

2
+1%CH

4
-t0,025%H20) 

npu oaaAeHUJIX 1 I 760 Top, 2/ 600 Top, 3/ 400 Top, 
4/ 200 Top; E = 27,0 KB/cM. 
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16 18 20 22 24 26 28 30 E[KB/CM] 
Puc. 4. 3a6ucuMOCIIb CAUHbl AoKaAu3o6aHHozo y'"laCIIKa 
CllpUMepa 011 OMnAU111YCbl 6biCOK060Ab111HOZO UMnyAbCa 6 Ka
Mepe (H 2 +1%CH 4+0,025%Hi))npu pa3AU'iHbiX CaeAeHUJIX: •-
1 a111M; x - ()OO Top; ~ - 400 Top; o- 200 Top. 

K 
1.0 

0~ 
0 0 I 

0 
0 

Puc. 5. 0111HOCU111eAbHoe '"IUCAO AOKaAu3oeaHHbiX C111PUMepo6 
6 3Q6UCUMOCIIU 0111 KOHijeH111pOijUU napoe 60Cbr 6 KOMepe 
(H

2
+1%CH

4 
+ C%H

2
0) npu a111Moc(JepHoM caeAeHuu E = 

= 32,5 KB/cM; c- KOHijeH111paijUJI napoe 600bl. 

QOI Q02 Q03 O,Oit0/)5 Q1 Q2 0.3 0,4 QS Cl•t.J 
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Puc. 6. 011fHOCU1/IeAbHOe '"IUCAO AOKOAU3060HHbiX 
C111pUMepoe 6 306UCUMOC111U 0111 OMnAU111YCbl 

6biCOK060Ab111HOZO UMnyAbCO 6 KaMepe npu 

OIIMOC(JepHOM OaeAeHUU. 

~ l 0 0 

a.s 0 0 I 0 

I 

0 
22 21. 26 28 30 32 3t. E{KB/crt.j 

I 

N 
{ct~,-9 

1.5 

I 
I 
0 

1.0 ~ i a 0 

f I 

I 
0.5 

0 200 '00 600 760 P(rop]. 

Puc. 7. 3aeucuMOC111b '"IUCAa c111puMepoe Ha eCUHUflY CAUHbr 
CAeCa 0111 CaeAeHUJI 6 KaMepe npu pa3AU'iHbiX 3HO'ieHUJIX 
aMnAU111YObl ebrcoKoeoAb111Hozo uMnYAbca: • - 32,5 KB/cM, 

x - 27,0 KB/cM, o - 22,7 KB/cM. 
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Puc. 8. 3aeucuMocmb 'IUCAa cmpuMepoe Ha ec)uHUIIY c)AUHba 
CAec)a 0111 aMnAUIJyc)ba 6bJCOK060Ab1/IHOZO UMnyAbCa npu 
pa3AU'1Hbax KOHIIeHmpaJIUJIX MemaHa e KaMepe n/)u a1f1Moc(j~.
HOM c)aeAeHUU (1-l:z +C%GI4 +0,025%H20): e -5%CH

4
; x-l%U"\; 

o-0.2% 
1
GI 4; C- KOHIIeHmpaJIUJI napoe MemaHa. 

N 
{ct·t"J 

1,5 

I 
X 

0 • 0 t i i ,or • )( 

X " " 0 
0 

I 
~5 

t 
N 

[c,.-•]~ ;y; 22 24 26 28 30 32 E{HB/cH) 

1.5 

I 0 0 • f • X 

IP r 0 

X )( " 

0.5 

20 22 2' 26 28 30 32 E[KS/CH 1 
Puc. 9. 3aeucuMocmb 'IUCAa cmpuMepoe Ha ec)uHUIIY c)AUHbl 
CAec)a 0111 aMnAumyc}bJ 6biCOK060Ab111HOZO UMnyAbCa npu paa
AU'IHbiX KOHI#eHmpaJIWIX napoe eoc),, npu amMoc,PepHoM 
c)aeAeHUU (H 2 +1%CH 4 +C%~0): e-0,300%H20; 
x-0,050%H:f>; o- 0,025%H 20;C- KOHJieHmpaJIUJI napoe eoc)ba. 
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