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Coana.KHe sonoponHott cTpBMepaott KaMepbi ocTaeTCSI 
aKTyanhHott MeTo.llHqecKott aanaqeft Sl.llepaoa $HaHKH. TaKaH 
K8Mepa, paOOT8SI O.llHOBpeMeHHO B KaqecTBe MHWeHH H ne
TeKTOp8, OTKpoeT .llOfiOnHHTenbHbie B03MO)I{HOCTH B $H3Hqe

CKHX 9KCnepHMeHT8Xo 
nonbiTK8 C03.ll8HHSI BO.llOpO.llHOif pa3pSI.llHOif KaMepbl Obtn8 

snepBbte ocy mecTBneaa B pa6oTe 11 I, , rne ObinH nony
qeHbi TpeKH B BO.llOpO.lle npH H80niO,lleHHH pa3pSI.ll8 H8 CTa
.llHH nepexona naBHHbi B cTpHMep c noMOllibiO 30Da. B aa
CTOHmee speMH senyTcSI wupoKHe uccnenoBaHHSI B UEPHe, 

rne npennpHHHM810TCSI fiOfibiTKH nonyqHTb B BO.llOpO.lle pe
)I{HM nDK8nH38UHH p83pSI.ll8 no TpeKy HOHH3HpyiOmeif qacTHUbl 

nyTeM coanaHHSI aeaasepweHHoro CTpHMepaoro paapSI.lla 

B KaMepel21. • DOfihlTKH npSIMOrO $oTorpa$HpOB8HHSI cne-

.llOB B cMecgx Bonopona c renueM 6wnu cnenaaw B pa6o-

Te 13 1. 
PaooTbi c sonoponoM noKaaanu, qTo paaBHTHe paapgna 

B HeM X8p8KTepHayeTCH oqeHb MSnbiM CBeTOBbiM BbiXO.llOM 

B BHllHMOif oonaCTH cneKTpa, H .llnSI B03MO)I{HOCTH perHCTpa
UHH CTpHMepoB B OOblqHOM pe)I{HMe TpeoyeTCH cymeCTBeH

HOe ysenuqeHHe aanpg)l{eHHOCTH sneKTpuqecKoro nong B Ka

Mepe. KpoMe Toro, B Bonopone aaoniO.llaeTCSI oqeHb ObiCTpoe 

yCTBHOBneHHe npOOOSI npoMe)l{yTKa, fiOCKOnbKy Manoe BpeMSI 

)I{H3HH B030Y)I{JleHHblX ypOBHeH BO.ll0p0ll8 ( "' 1 HC), BbiCBe
qHBBIOWHXCSI B nanbHeif o6nacTH ynbTpa$uoneTosoro uanyqe
HHH, npHBOllHT K ObiCTpoif ¢oTOHOHHaauHH raaa 14 I . . B pa
ooTe 12 I npu ucnonbaoaaHHH nooaBoK MeTaaa K sonopony, 

qTo yBenuqHBaeT HpKOCTb cnellOB npH 38Jl8HHOH aMnnHTy)le 
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BbiCOKOBOnbTHOI"O HMnynbca, YllSnOCb c<floTOI"pa<fJHpOB8Tb 

cnellhl B BOilOPOile npH llSBneJIHH "'0,4 8TM. 

QqeBHilH0 1 qTO C031l8HHe BOilOPOilHOA CTpHMepaoA KaMe

phi, pa60T8IOIUeA B pe:lKHMe o6pbiB8HHSI pa3pS11l8 1 H8T8nKH

B8eTCSI H8 cepbe3Hhle TeXHHqecKHe TpyllHOCTH B CHny OC0-

6eHHOCTeft pa3pHna B sonopone. Eonee nepcneKTHBHhiM 

SIBnSieTCSI1 DQ-BHilHMOMy, llPYI"Oft MeTOil, C ycneXOM OCyiiieCT

BneHHhiA e renHesoA cTpHMepaoA KaMepe 15,6 I, , - HC

nonb30BaHHe ll8HHOI"O BbiCOKOBOnhTHOI"O HMnynbC8 H llOCTH

*eHHe noKanH38UHH 38 cqeT B031leACTBHSI npHMeceA H8 KOH

<fJHrypaUHIO pa3pSIIla. 3TOT MeTOil D03BOnSieT BBeCTH B pa3-

pS11l M8KCHM8nhHYIO MOIUHOCTh npH ll8HHOA aMnnHilyTe 

BbiCOKOBOnbTHOI"O HMnynbC8 H nonyqHTb 6onhiiiYIO S1pKOCTb 1 

qeM npH npHMeHeHHH KopoTKoro HMnynbca. H3yqeaHe B03-

MO*HOCTH pei"HCTp8UHH TpeKOB B TSKOM pe*HMe pa60Tbi 

BOilOPOilHOA CTpHMepHOA KSMephl SIBnSieTCSI uenbiO HSCTOSI

meA pa6oThi. 

AnnapaTypa 

3KcnepHMeHTbl npOBOnHnHCb CO CTpHMepHoA KSMepoA 

aHaMeTpoM 22 eM c pa3pHilHhlM npoMe*yTKOM 7 eM. Buy T

peHHHli o6'heM KSMepbi OTneneH OT aneKTPOilOB CTeKnHH

HbiMH Kpb!IIIKSMH TOniilHHOll 1,2 CM. Ha KSMepy HenocpeacT

BeHHO OT reHepaTOpa BbiCOKOBOnbTHbiX HMrrynbCOB ITOil8B8nCH 

9KCITOHeHUH8nhHbiA HMITynbC C nepellHHM <flpoHTOM OKOnO 

10 HC, C ITOCTOSIHHOll BpeMeHH aKCITOHeHTbl CIT81l8 .,.1,5 MKC 

H aMnnHTynoH: no 280 KB. 3anycK KaMepbi ocymecTBnHncH 

OT aneKTpOHOB1 HCITYCKSeMbiX HCTOqHHKOM 90Sr H pei"HCT-

pHpyeMbiX onHHOqHbiM CUHHTHnnHUHOHHbiM cq~TqHKOM. MH

HHM8nbH8H 381lep*K8 BbiCOKOBOnhTHOI"O HMnynhC8 COCTaBnH

na 0,4 MKCe ~OTOI"pa¢HpOB8HHe BenOCb H8 nneHKy "THIT 29" 

qyBCTBHTenbHOCTbiO s 0 85 = 2000 en. rocT. Hanonue-

' HHe KaMepbl npOH3BOnHnOCb TIIIaTenbHO oqHIUeHHbiM BOilOpO-

IlOM I 7 I . llo6aBKH esonHnHCb B KaMepy nocne ee oTKaqKH 

no ypoBHH 10- 2 Top c npoMe*YToquoH: rrpoMbiBKoA. 
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Pe3ynhT8Tbi 

TipH pa6oTe CTpHMepHOll KSMepbi B pe*HMe C8MOIIIYHTH

pOB8HHSI p83pS11l8 (HCITOnb30B8HHe llnHRHOI"O BbJCOKOBOnbTHO

I"O HMnynhca) B qKcToM soaopoae ynaeTCSI rronyqHTb ynoe

neTeopHTenhHbie TpeKH npH ITOHH*eHHOM ll8BneHHH 1"838. 

TpeKH BHilHhi no aasneHHH 400 Top, a rrpH 6onee BhiCOKOM 

naeneHHH coepeiiieHHO Hcqe3aiOT B o6meM cseqeHHH scero 

ra3oBoro o6'heMa. TioshiiiieHHe aarrpSI *eHHOCTH nonH He 

H3MeHSieT o6meli KapTHHbi B K8Mepe 1 H, TSKHM o6pa30M 1 

MO*HO I"OBOpHTb 0 cymeCTBOB8HHH HeKOTOpOI"O rrpenenhHOI"O 

ll8BneHHSI 1 DpH KOTOpOM pa3pHil pacrrpOCTpaHHeTCSI H8 BeCb 

o6'heM H TpeKH ae BHilHhl aa ¢oae aToro cseqeHHH. HanH

qHe npeaenbHOI"O naeneHHH nnH sonopona (KaK, errpoqeM, 

H llnSI HHepTHblX I"830B) MO*eT 6biTh oTqaCTH CBH38HO C 

COOTHOIIIeHHeM Me*lly BpeMeHeM pa3BHTHSI pa3pHna H Bpe

MeHeM aapacTaHHSI BbiCOKOBOnbTHoro HMnynhca. Ha aTo 

yKa3biBaiOT H naHHbie, rronyqeHHbie B pa6oTe I 2 I , oaHaKo 

Mbl He CT8BHnH uenbiO neTSnhHOe HCCnenOB8HHe 9TOI"O SIBne

HHSie 

Ha pHC. 1a noKa3aH TpeK aneKTpoHa B eonopone, c<PoTo

rpa<fJHpOBSHHbiA B HanpaeneHHH BnOnb aneKTpHqecKOI"O ITOnH 

npH nasneHHH 200 Top. Ha pHc. 16 rrpHseneua <PoTorpa<fJHH 

TpeKa e qHCTOM eonopone rrpH nasneHHH 200Top s uanpae

neHHH nonepeK aneKTpKqecKoro nonH (BHil c6oKy). CTpHMe

pbi HMeiOT KHCTeByiO <flopMy, H nnHH8 H8H6onee SlpKO CBe

TSI merOCSI yqaCTK8 COCTaBnHeT OKOnO 2 CM. H3 Cp8BHeHHH 

<floTOI"pa<fJHA 1 rronyqeHHbiX B ll8HHOM pe*HMe K8Mepbi, C <floTO

I"pa<flHHMH H3 pa6oThi I 2 I MO*HO 3aKniO'IHTb, qTo B aToM 

cnyqae CTeneHb nOK8nH38UHH He 38BHCHT OT nnHTenbHOCTH 

BbiCOKOBOnbTHoro HMrrynbca. KaKHX-nH6o cymecTBeHHbiX 

oco6euaocTeli B cTpyKType cTpHMepoB B sonopone no cpae

HeHHIO c renHeMI5 I ae OTMeqaeTcH, qTo yKa3biBaeT aa 

npHMeHHMOCTb pe*JIM8 C8MOWyHTHpyiOIUBiiCH CTpHMepHOll 

KaMephl nnH rronyqeHHH TpeKoB B sonopone. 

ilo6aBKH llpyrHX I"830B K Bonopony cyiUeCTBeHHO BnHHIOT 

H8 HpKOCTb TpeKOB H caMy B03MO*HOCTb HX nonyqeHHH H 

¢oTOI"pa¢HpOB8HHSI ITpH 6onbWHX nasneHHSIX B KaMepe C 
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a) 

6) 

PRe. 1. ~oTorpa~st cneaa aneKTposa a aoaopoasoA xaMepe 

(a - BHa caepxy, B.llOnb sarrpaaneHH.H aneKTpHqecKoro non.H; 

6 - BHa c6oKy) IIpH aaaneHHH 200 Top (aHacpparMa o6~eK
THBa D = 0,8). 
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.llBHHbiMH rrapaMeTpaMH. Hccne.llOBaHH.H .ll06aaoK 6eaaona, 

aaoTa, MeTaHa rroKaaanH 1 qTo ace OHH CMema~ rrpe.llenb

aoe .llBBneaHe aa 1 aTM 1 a aa"6onbmee yaenHqeaHe .HpKocTH 

H3 .llBHHoro aa6opa .llo6aBoK .ll89T MeTaH. Ha pHc. 2 H 3 
IIpHBe,lleHbl cpoTorpacpHH TpeKOB B BO.llOpO.lle C .ll06aBKOft Me

TBHB IIpU .llBBneHU.HX 400 Top H 1 8TM1 COOTBeTCTBeHHOo 

3aBHCUMOCTb .HpKOCTU TpeKOB B OTHOCHTenbHbiX e.llHHHU8X 

OT HBIIPH*eHHOCTH IIOn.H B KaMepe IIpU pa3nHqHb!X .llBBneHH.HX 

IIpUBe,lleHa HB puc. 4. 3KcrrepUM9HT8nbHbie TQqKH IIonyqeHbl 

H3 ycnOBH.H Ha6niD.ll8eMOCTH cne.llOB IIpH paanHqHbiX .llH8cppar

M8X cpoToarrrrapaTa • .HpKOCTb J = 1 oasaqaeT, qTo cne.llbi 

y.llanocb ccpoTorpacpHpoBaTb rrpH .llHacpparMe D = 2; .HpKocTb 

J = 2 - rrpH !JlHacpparMe D = 2,8 ; J = 4 - rrpH D = 4 ; 
J = 8 rrpH D = 5,6 • 0KaabrBaeTcH B03MO*HbiM rronyqHTb 

Tp9KH .llOCTBTOqHOH HpKOCTH IIpH yMepeHHhlX HBIIP.H*eHHOCT.HX 

aneKTpHqeCKOrO IIOn.H B KaMepe IIpH .llBBneHU.HX BIInOTb .llO 

8TMOCcpepHoro H MO*HO HB.lleHTbCSJ IIO.llOftTH K 6onee Bb!COKHM 

.llBBneHHHM. Puc. 4 HnniDCTpHpyeT TBK*e BnHHHHe .llo6aBKH 

MeTBHB HB HpKOCTb TpeKOB B. BO.llOPO.lle. .HpKOCTb cne.llOB 

B BO.llOpO.lle paCTeT IIpH .ll06aBneHHH MeTaHa 1 a HaqHH8.H C 

.llBBneHH.H 400 Top, cne.llbi aoo6me He cpopMHpyiDTC.H B oTcyT

CTBHe IIpUMeCU MeTaHa, KaK y>Ke OTMeqanOCb Bb!llie. Ha 

puc. 5 IIOK838H8 3aBHCHMOCTb OT .llBBneHH.H B KBMepe MH

HHMBnbHOft HBIIp.H>KeHHOCTH aneKTpHqecKoro IIOn.H, He06XO.llH

MOft .lln.H cpOTOrpacpHpOBBHH.H HB Hamy rrneHKY IIpH .llH8cpparMe 

D = 2,8. 
Ha pHc. 6 rroKaaasa aaBHCHMOCTb y.llenbHoro qucna .llO

cTaToqso .HpKHX CTpHMepoB IIpH .HpKOCTH 1 IIpeBbllli8IDlli9A 

HeKOTopyiD IIOporoByiD, OT .llaBneHHH B BO.llOPO.lle. DoCKOnbKy 

B qHcTOM BO.llopo.lle rrpH .llaBneHHH1 rrpeBbilliBIDllieM 400 Top, 

Cn9.llbl 1 KBK y>Ke rOBOpHnOCb1 He cpopMHpyiDTCSl, TO IIpH .llaB

neHHH 400 Top B KaMepe 6bmo .llo6aaneHo 0,2% MeTaaa, 

a IIpH .llBBneHHU 1 8TM - 0,5% MeTaHa. 
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a) 

6) 

Pee. 2. ¢oTorpa$eH ene~a aneKTpoaa B Bo~opo~Ho~ KaMepe 
(a - Be~ eaepxy, 6 - BH~ e6oKy) e ~o6aBKO~ 0,Z0~ MeTaHa 
npe ~aaneaeH 400 Top D = 0,8. • 
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a) 

6) 

Pee. 3. ¢oTorpa$es eneaa sneKTpoaa B aoaopoaaoA KaMepe 
e ~o6aBKoA 0,5% MeT aHa (a - sea eaepxy, 6 - ae~ e6oKy) 
npe ~aaneaee 1 aTM ( D = 0 ,8) . 
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PHCo 4. 3aBHCHMOCTb SlpKOCTH TpeKOB ( B OTHOCHTe.TibHbiX 

e.llHHHUaX) B BO.llOpO.llHOM CTpH:MepHOii K8Mepe OT 8Mfl!IHTY.llbl 
Bb!COKOBO!IbTHOrO HMfly !IbC8 npH p83!IH'IHb!X ll8B.TieHHSIX H C 
pa3.TIH'IHbiMH ao6aBKaMn: I. - 100 Top ( H 2), 2. - 100 Top 
(H2 + 0,2% CH4), , 3. - 100 Top ( H2+ 2% CH4), 4. -
200 Top (H 2), 5.- 200 Top (H 2 +0,2%C~),I3.- 200 Top 
(H 2 + 2%CH 4) 1 7.-400 Top(H 2 +0,2%CH~,8.- 1 aTM 

( Hz + 0, 5% CH 4) . • 
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Pnc. 5. 3aBHCHMOCTb MHHHManbHoA uanpsnKeHHOCTH aneKT

pH'IeCKoro flO!ISI 1 Heo6XO.llHMOA .ll!ISI $OTOrpa~HpOB8HHSI Ha 

$ OTOfl!IeHKy C 'IYBCTBHTe.TibHOCTbiO SO ,S
5 

= 2000 ea. 
rocT 'lepe3 o61>eKTHB c .llHa$parMoA D = 2,8 OT .ll8B.TieHHSI 
B KaMepe: 1 - (Hz) ; 2 - (Hz+ 0,2%CH 4), npH .naaneHHH 
760 Top npHMecb MeTaHa cocTaanHna O,o%. 
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Puc. 6. 3aBHCHMOCTh ynenhaoro qncna nocTaToqao HpKHX 
cTpHMepoB B BonoponaoA KaMepe oT naBneHHH (npu naB
neHHH 400 Top K Bonopony no6asneao 0,2% MeTana, npH 
naBneHHH 760 Top - 0,5% MeTana). 
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3aKni01enue 

TaKHM o6pa3oM, aa ocno:ee npenBapHTenhHhiX 9Kcnepu
MeHToB, npoBeneHHhiX c BonoponaoA CTpHMepaoA KaMepoA 
C BHeWHHMH MeKTponaMH MOlKHO yTBep>KnaTh, qTo cl>opMa 
pa3pHna, a cnenosaTenhHo, H noKanH3aUHH TpeKoB B Bono
pone npH nnuTenhHOCTH HMfly.llhCa, npeBhiWaiOm;eA HeCKOnhKO 
HBHOCeKyHO, He 38BHCHT OT CBMOA nnHTenhHOCTH HMnynhCBo 
3TO fl03BOnHeT pa60T8Th B pe>KHMe CBMOWyHTHpOBBHHH, 
npH KOTOpOM MO>KHO nonyqHTh MBKCHMBnhHYIO HpKOCTh Tpe
KB npH 3808HHOA BMflnHTyne lahiCOKOBOnhTHOro HMnynhCBo 
no6aBKH npyrHX r830B K BOnOpOOY cym:eCTBeHHO yBenHqH
BBIOT HpKOCTh TpeKOB H KpOMe TOro fi03BOnHIOT ocym:ecT
BHTh CBMY B03MO>KHOCTh HX cl>opMHpOBBHHH npH 6onhWHX 
OBBneHHHX BOOOpona. TipH 9TOM ynaeTCH cl>oTorpaci>HpOBBTh 
cneObi B BonoponaoA cTpHMepaoA KaMepe BnnoTh no naBne
HHH Bonopona, paBHOrO 1 BTM npH HBfipH>KeHHOCTH 9neKTpH
qeCKOrO nonH, COCTBBnHIOm;eA 27 KB/ CM. 
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