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1. Bae.[leHue 

B nocne.llHlie I'O.llbI B PSI.Ile na6opaTopufi Be.llyTCSI HaCTOH'llIBhie uccne

.ll0B8HlISI no C03.ll8HlIID HlITSIHOI'O C'leT'llIKa 'IBCTlIU C *lI.llKOCTHbIM aanonae

HHeM. ITpe.llnonaraeTcSI, 'ITO Bcne,ll 38 cqeT'llIKOM MO*eT 6bITb C03.llaaa 

*lI.llKOCTHaSI HlITSIHBSI KaMepa, KOTOpaSI 6y.lleT o6na.[laTb BbICOKlIM npocTpaHcT

BeHHblM u BpeMeHHblM paapellleHHeM u 6onblllOH nnoTHOCTbID pa6oqero Be

IUeCTBa - MHIIleHH. 

K HaC.TOSIIUeMy BpeMeHH Y.llOBneTBOplITenbHbie peaynbT8Tbl nony'leHbl 

nHIIlb co C'leT'llIKOM, KOTOpbIH HMen HlITb nHaMeTpOM 3,5 MKM lI HanonHSincSI 

*lI.llKlIM KCeH0HOM 1 11• 8¢¢eKTlIBHOCTb perucTpauHH 'IBCTlIU B HeM C0CTaB

nSina - 1, a KOa¢¢HuHeHT nponopuuoaanbH0I'0 pa3MH0*eHHSI - 102• O.llHaKo npH 

pa6oTe C TeM *e cqeT'llIKOM, HD HMeBIIllIM HlITb 12 MKM, 9KCnepuMeHTaTo

paM He Y.llBnDCb nony'IHTb Y.llOBneTB0pHTenbH0I'0 peaynbTaTa. 

MHDI'O'llICneHHbie nonhITKlI nony'IHTb pa6o'IHH pe*HM B C'leT'IHKe C 60-

nee .llellleBofi pa6oqefi cpenofi - *H.llKHM aproaoM - He npHBenH K *enaeMofi 

uenlI 12 ,3 ,41 • BcHKlIH paa npu nocTH*eHHlI HanpSI*eHHOCTlI nonSI -2. 106 BlcM 

Ha OTnenbHbIX yqaCTKax HlITlI B03HlIKano cna6oe pa3MHD*eHHe aneKTpOHDB, 

TOI'.ll8 KaK Ha OCTanbH0H ee nnHHe pa3MHO*eHHe aneKTpOH0B npaKTH'leCKlI 

~TcyTCTB0Bano. nanbHefilllee ITOBbIIIleHHe HanpSI*eHHOCTlI nonSI nplIBO.lllino 

K noKanbHDMY lICKpOBDMY pa3pHny ¢nroKTY8UlIOHHDI'O THna. 
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.HBneHlrnM, COIIp0BO)l{Jl8IOmllM pa60TY C'I9T'IllK8 C )Kll.[lKllM aprOHOM1 

.naH p.11.n o6'b.lICHeHnfl: 12- 51• OCHOBHOH CMbICn nx CBO.[lllTC~ K TOMy, 'ITO B 

aproae llHTeHCllBHO rrpm!Bn.lIIOTC.II o6'beMHble n rroBepxHOCTHbte ~OTOIIpouecchI, 

rrpneo.n.11mne K noKanhHbIM paap.11.naM. O.nnH na crroco6oe 6opb6b1 c sTnM 

.IIBneHlleM en.nenc.11 B .no6aBKe K aproHy rac.11mett MHoroaTOMHOil: KOMIIOHeHTbl 

no rrpnMepy Toro, KaK sTo .nenaeTc.11 B raaoBbIX caMoracHmnxcSI c'IeT'IllKax. 

nosToMy O.UHOH ll3 38.[l8'l HaCTO.IImett pa60Thl SIBnSinacb 9KCIIepnMeHTanbH8.II 

rrpoBepKa .[l8HHOrO IIpe,nIIOnO)K9Hll.lio ilnSI 9TOH uenn B OilbIT8X llCIIOnb30B8-

n·ncb- 'IllCTbie )Kll.[lKOCTll - aproH, KCeHOH, MeTaH - n CMecn aproHa C MeTa-

- HOM, 

8KcrrepnMeHTaM c )Kll~KnMn cpe.naMn rrpe.nwecTBOBana cepnSI nccne.noea

Hnii. pa60Tbl C'I9_T'IllK8 C 'IllCTbIMll raaaMn ll ra30BbIMll CMeCSIMll p83HblX 

KOHUeHTpaunii n .naBneHnii, .[lOXO.USimnx .no 100 8TM, OCHOBH8SI uenb 9Tll~ 

nccne.noBaHllH aaKnIO'Ianacb B H8XO)l{Jl9Hllll 38KOHOMepHOCTeft H3MeHeHHSI 

xapaKTepncTnK C'IeT'InKa c pocToM rrnoTHOCTH pa6o'Ieft cpe,nhl, TTpe.nrronara

fIOCh, 'ITO TaKHe 38KOHOMepHOCTH MoryT 6bIT.b 9KCTparronHpOB8Hbl K Ill!OT

HOCTH )KH.[lKOCTH n IIOMoryT rny6)Ke IIOH.IITb oco6eHHOCTH pa6oTbl 

)KH.[lKOCTHoro C'i9T'IHK8, ilyManocb T8K)Ke, 'ITO OilblTbl C raaaMH II03BOn.lIT 

6onee orrpe.neneHHO Bb16paTb OIITHManbHYIO KOHUeHTpaunro )Kll.[lKOii CMecn, 

KoTopa.11 o6na.nana 6b1 Hanny'IwnMn paap.11.nHhIMn xapaKTepncTnKaMn. 

OIIblTbl C raaoM rrpe.ncTaBnSinll n caMOCTOSITenbHhlft llHTepec .nn.11 rro

ny'IeHll.lI IIOBOH lllI~OpMaunn O pa6oTe C'I9T'IllKOB C 9KCTpeManblIO 6onbWllM 

.naeneHneM raaa. 

2. ArrrrapaTypa 

O6ma.11 6noK-cxeMa arrrrapaTypbI rroKaaaHa Ha pnc, 1. OHa BKnro'IaeT 

B ce6.11 CllCTeMy O'IllCTKll raaa, CllCTeMy TepMOCT8TllpOB8Hll.lI C'I9T'IllK8 n 

ll3MepnTenbHYIO sneKTpOHllKY, 
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a) KoHCTpyKUHH C'leT'IHKa. O6mntt BH)l ero BMecTe c TepMo-

cTaTnpyromett py6awKott nao6pa)KeH Ha pnc. 2. ct>opMa C'leT'IHKa 

UHf!HHJlp:HqecKaH; )l:HaMeTp KaT0)la cocTaBnHeT 6 MM, a aH0Jl8 - HHTH H3 

BOnb<fipaMa, IIOKpb!T0fi TOHK0ti IIneHKOti aonoTa, - 10 MKM. BblCOKOBOnbTHoe 

HaIIpH)KeHHe OTpHUaTenbH0ti II0nHpH0CTH II0)laeTCH Ha KaT0Jl, a CHI'Han CHHMa

eTCH c HHTH. Y cqeT'IHKa HMeIOTCH T0pU0Bb!e 0KHa n BaKyyMHhle Ty6yCh! JlmI 

IIpocMoTpa pa6o"<Iero o6~eMa B oceBoM HaIIpaBneHHH. Bee aeTann C'leT'IHKa 

IIepeJl c6opKOti T!IlaTenbH0 IIp0Mb!BanHCb B aueToHe H 9THn0B0M CIIHpTe. ro

TOBb!ti cqeT'IHK IIepea Ka)KJlbIM HaIIonHeHHeM pa6oqefi cpeaott TpeHnpoBancH 

Ha BaKyyM H "IIpOMb!BancH" pa6oqefi CMeCbIO raaoB. 3TH Mepbl IIpeaocTop0)K

H0CTH 'o6ecIIe'IHBanH xopowyro B0CIIp0H3B0)lHM0CTb peaynbTaToB H3MepeHHH. 

6) CH CT e Ma Tep MOC Ta TH p OB a H H H. 3a)laIO!IlHMH , aneMeHT8MH B 

aT0ti CHCTeMe HBnHIOTCH TepM0)laT'IHKH T 1' T 2• T 3, . T 4• a H3MepnTenbHb!MH 

- II0TeHuHoMeTpH'leCKHe aneKTp0HHbie M0CTbl. 

TepMOCTaTnpyromaH py6awKa JlnH C'leT'IHKa - JlByxcnottHaH H BblII0nHeHa 

H3 rreHoIInacTa. Oxna)K)leHHe H TepM0CTaTHpoBaHHe C'leT'IHKa ocymecTBnH

nocb B WHp0K0M HHTepBane TeMIIepa'l'yp - OT K0MHaTH0ti JlO TeMIIepaTypbl 

)Kll)lK0I'0 a3oTa - IIyTeM aBT0MaTH'leCKoti II0Jl8'1H B TerrnoByro py6awKy C'leT

'IHKa IIopuntt )KllJlK0I'0 aaoTa. To'IHOCTb perynnpoBaHHH TeMrrepaTypb! C0CTaB

nHna :!::.. O, 1°. 
B) CHCTeMa 0'IHCTKH raaa. CHcTeMa BKnroqaeT B ce6H (cM. 

pnc. 1) 6oKC c aTHn0Bb!M CIIHpT0M JlnH oxna)K)leHHH raaa Jl0 TeMIIepaTypb! 

- 100°c H gqefiKy: C MeTannnqeCKHM KanbUHeM, HarpeBaeM,yIO Jl0 

700°c. Oxna)K)leHne aTHn0B0I'0 CIIHpTa B 6oKce Jl0CTHranocb c II0M0!IlbIO 

:)!_{ll)lK0I'0 aaoTa. raa B 6oKce Bb!Mopa)KHBancH OT IIap0B B0Jlbl Jl0 10-6 

o6~eMHblX '18CTett, a B KanbUHeBott noByWKe 0'IH!IlancH OT KHcnopoaa Jl0 

10-7 qacTett. 

r) l1 3 Me pH Ten b Ha SI a II II a pa, Ty pa. OHa C0CT0HT ( CM. pnc. 1) 

H3 KaT0JlH0I'0 II0BT0pHTenH, nHHetiH0I'0 ycnnHTenH, IIepec'leTH0I'0 ycTpottcT-
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Ba H ocummorpaqia, Ha KOTOpOM HSMepsmacb aMnnHTyJla HMnynbCOB. OMH

qecKaH aarpyaKa JlnH HMnynbCOB, nocTynaIDUlHX co cqeTqHKa, COCTaBnHna 

11 MO~, a BXOJlHaSI eMKOCTb - 50nqi. 'tJyBCTBHTenbHOCTb annapaTypbI COCTaB

ngna - 4. 10-6 a. 

3. 8KcnepHMeHTbl c rasoBbIM cqeTqHKOM 

Bo scex aKcnepHMeHTax, onHCbIBaeMbIX HH>Ke, HccneaoaanHCb JlBe 

xapaKTepHCTHKH cqeTqHKa - aMnnHTyJlHaH H cqeTHaH. HaMepeHHH npoBOJlH

nHCb anH aproaa, Kceaoaa, MeTaHa H cMeceil: aproaa c MeTaHoM: 99% Ar. + 

+ 1 % CH 4 , 95% Ar + 5% CH 4 H 90% Ar + 10% CH4 • 

Bo BCE;!X OllbITax reoMeTpHH aKcnepHMeHTa 6bma HeHaMeHHOil: H cqeTqHK 
. · 60 

o6nyqancg y -KBaHTaMH OT BHewaero HCTOqHHKa Co 

PeaynbTaTbI HSMepeHHil: aMrinHTYJlbI HMnynbCOB npeJlCTaBneHbl Ha 

pHC. 3, 4, 5, 6, a aaHHbie cqeTHbIX xapaKTepHCTHK - Ha pHC. 7, 8, 9, 10. 

HH>KHHH ToqKa Kamaoil: KpHBOil: CO0TBeTCTByeT npeaeny qyacTBHTenbHOCTH 

annapaTypbI, a aepxHHH - Haqany KopoHHoro HnH HcKpoaoro paapHJla. 

XapaKTepHCTHKH cqeTqHKa, pa6oTaIDmero npH HHSKHX aaaneHHHX aproaa, 

MeTaHa H cMecn aproHa c MeTaHoM, xopowo cornacyIDTCH c aKcnepnMeHTanb

HbIMH aaHHbIMH MHOrHX apyrux aBTopoB (cM., _HanpHMep, /6-111). 

Ha KpHBbIX pnc. 3 BHJlH0, qTo aMnnHTyJla HMnynbCOB B qHCT0M aproHe 

naaaeT c pocToM aaaneHHH. YcTaHoaneHo, qTo cTa6HnbHaH ,pa6oTa apro

HoBoro cqeTqHKa Ha6nIDaaeTCH nHWb Jl0 JlaBneHHH raaa -so aTM. TTpH 6onb

WHX JlaBneHHHX cqeTqHK pa6oTaeT Kpail:He HecTa6HnbHO H peaynbTaTbI aKcne

pHMeHT0B nnoxo BocnpOHSBOJlHTCH. B cqeTqHKe qaCTO BOSHHKaIDT KpaTKOBpe

MeHHbie paapHJlbI npH HanpH>KeHHHX aaBeJl0MO HH>K8 npo6HBHoro SHaqeHHH. 

B HeKOTOpbIX cnyqagx TaKHe paapHJlbl npHBOJlHT B JlanbH8il:WeM K CTa6HnH

SaUHH pa6oTbI cqeTqHKa, OJlHaKo B noaaanmomeM qncne cnyqaea aa nepBbIM 

me paapHJlOM cneayeT cepHH HenpepbIBHbIX paapHJlOB. ilnH Hx npeKpameHHH 
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HanpH)Kemre Ha ctJ:eTtJ:UKe npnxoannoch cHn)KaTh Ha 20-30%. CtJ:eTHb1e xapaK

TepncTnKn C 'IllCTbIM aprOHOM, KaK Bll,llHO ll3 pnc. 8, BO BCeM llHTepBane 

,llaBneHllll He llMeIDT nnaTO no Hanpg)KeHllID, 

3HatJ:nTenhHO 6onee xopornne pe3ynhTaTbI nonytJ:eHbI npn pa6oTe c 

MeTaHOM. CtJ:eT'IllK npn ManhIX n cpe,llHllX ,llaBneHllHX MeTaHa (ao 50 8TM) 

nMeeT rnnpoKyro nponopunoHanhHYID o6nacTh (aTa o6nacTh npn6nn)KeHHO cooT

BeTcTByeT nnHettHOMy yqacTKy llMnynhCHOH xapaKTepnCTllKll, npe,llCTaBneHHOll 

B norapn~MnqecKott rnKane), KoTopaH xapaKTepnGyeTCH Koa~~nuneHToM npo-

4 
nopunoHanhHOCTll - 10 • O.llHaKO C poCTOM ,llaBneHHH K09~~nuneHT nponop-

UllOHanhHoro ycnneHllH 6bICTpo naaaeT, ilaHHBH 38KOHOMepHOCTh MO)KeT 6b!Th 

o6~HCHeHa, no-Bll,llHMOMY, BnllHHlleM o6~eMHoro npocTpaHCTBeHHoro 38PH.ll8 

Ha pa3pH.ll, CtJ:eTHoe nnaTo y MeTaHOBoro ctJ:eTtJ:llKa (cM, pnc. 8) CHatJ:ana 

pacrnnpHeTCH C poCTOM ,llaBneHllH, 38TeM Cy)KaeTCH ll npn ,llaBneHllll 

- 75 aTM npaKTntJ:eCKH nctJ:eGaeT, 

KaqeCTBeHHBH Kapnrna pa60Tbl MeTaHoBoro cqeTtJ:llK8 noa 6onhlllllM ,ll8B

neHneM 3aMeTHO OTnnqaeTcH OT KapTllHbl pa60Tbi aproHOBoro CtJ:eTtJ:llKa, TaK, 

noHBneHne O,llllHO'IHbIX pa3pH.llOB o6bi'IHO He conpoBO)K,ll8eTCH nocneayromett 

cepnett pa3pH.llOB, I1 nnrnh npn caMbIX 6onhrnnx aaBnemrnx pa6otJ:ne nMnynhcbI 

conpoBO)K.llBIDTCH cepnett GaTyxaromnx nocnepa3pH.llHhIX nMnynhcoB,Pe)KnM pa-

60Tb1 CtJ:eTtJ:llKB npn 9TOM coxpaHHeTCH, 

Hannyqrnne peGynhTaThI 6hmn nonytJ:eHbI npn nccneaoBaHnn cMecett 

aproHa c MeTaHoM (pnc, 4,5,6,8,9,10). 

ilnH Bcex CMecett 6onhIIIOM K09~HUlleHT ycnneHllH ( - 104 ) coxpaHH

eTCH BnnOTh ,llO ,ll8Bl1eHllfi 100 8TM, ilo 9TllX 3H8tJ:eHllM ,llBBneHHH B CtJ:eTHOM 

xapaKTepncTnKe Ha6nroaaeTcH nnaTo no HanpH)KeHnro. OaHaKo HaKnoH nnaTo 

C pocTOM .llaBneHnH 6b1CTpo yBennqnBaeTCH, 

KaqecTBeHHaH KapTllHB pa60Tbl CtJ:eTtJ:llKa co CMeCHMll npn BCex .ll8B

neHHHX cxo)KaH, CtJ:eTtJ:llK pa6oTaeT ycTOM'IHBo KaK npn' Hll3Knx, TaK n npn 

BbICOKllX ,llaBneHHHX, 
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Ha pnc. 3 !'I 7 npHB8Jl8.HbI TaK)K8 peaynbTaTbI H3Mepeantl: C KC8HO.HO

BbIM cqeTqnKoM. XapaKTepnCTHKH aToro cqeTqnKa, KaK BHJl.HO na pncyHKOB, 

Mano qeM OTnnqa10TCR OT COOTB8TCTBYIOIIIHX xapaKTepncTHK aprOHOBoro cqeT

qnKa. 

ilnnTenbHOCTb nepen.aero $poHTa nMnynhCOB B naMepeangx c raaaMn 

aaBncena oT pona raaoB, naBneana n aanpg)Ke.HHR n naMeHRnacb B npenenax 

2 - 10 MKCeK. BpeMR cnana HMnynbCOB 6bmO paBHO 500 MKCeK n onpeneng

nocb nocTORHHOH BpeMe.Hn uenn cqeTqnKa n Bxona naMepnTenb.Horo TpaKTa. 

Bblill8 OTMeqanocb, qTo OCHOBHaR uenb naaaotl: qacTH nccn~JlOBa.Hntl: 

aaKn10qanacb B nayqeann oco6eaaocTn pa6oThl cqeTqnKa npn 6onhrunx naB

ne.HnRx raaa. C aTnx noanunu nonyqe.HHbie peaynhTaTbI noaBonR10T cnenaTb 

cneny10mne BbIBOJlbI. 

Bo-nepBbIX, npn pocTe naBneang raaa CBbiille 50 aTM aMnnnTyna HM

nynhCOB aaMeT.Ho nanaeT. 3To RBneane oco6eaao qeTKo npoRBnReTCR npn 

pa6oTe C OJlHOpOJl.HbIMH qncTbIMH raaaMn. YMe.HbruaeTCR runpnaa n yBennqn

BaeTCR .HaKno.H cqeTHoro nnaTo. ITpn JlaBneanRx raaa oKono 100 aTM nnaTo 

npaKTnqecKn ncqeaaeT. 

Bo-BTopbIX, pa6oTa cqeTqnKa npn aanonaeann qlfcTbIMH raaaMH -

apro.HOM, KC8HO.HOM,MeTa.HOM -npH 6onbillHX JlaBneHHRX CTaHOBHTCR HeycTott

qnBotl:. CTa6nnhHaR pa6oTa np11cyma nnrub cqeTq11Ky, aanon.HeHHOMy cMeCRMn 

apro.Ha C MeTa.HoM. CocTaB CMeCH npn 8TOM M0)1{8T BapbHpoBaTbCR B runpo

KHX npenenax. CTa6nnb.HOCTn 06ecneqnBa10TcR anecb, no-BHJlHMOMy, netl:cT

BHeM Tex *e xoporuo naBecT.HbIX Mexa.anaMoB rarueang paapgna, KoTopbie 

conpoBo)KJlaJOT pa6oTy caMoracRmerocg cqeTqnKa· npn anaKnx n cpenanx 

( .HeCKOnbKO a TM) naBne.HHRX. 

PeaynbTaTbI nccnenoBaanti: c raaaMn non 6onbrunM naBne.aileM, aKCTpa

nonnpoBa.HHbie K nnoT.HOCTH, COOTB8TCTBy10met1: nnoT.HOCTH )KllJlKOCTH, OJl.H0-

3.Haqao yKa3bIBa!OT .Ha TO, qTo )KllJlKOCT.Hbie cqeTqnKH Ha qncTOM apro.He, 

Kee.HO.He n MeTa.He JlOn)K.Hbl pa6oTaTb Kpatl:.He H8CTa6nnbHO. 3TOT BbIBOJl Ha-
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xoanTcH B xopoweM KaqecTBeHHOM cornacnn c ~aKTnqeCKHMH peaynbTaTa

MH nccneaoBaHnil: )KllaKoaprOHOBoro 12,3,4 ; n )KllaKOKCelloHOBOI'O / l/ cqeTqn

KOB. OnbITbl C raaOBb!MH CMeCHMH aaJOT o5Haae)KHB8JOIIlee yKa3aHHe Ha TO, 

qTo cqeTqnKH C )KllaKHMH pacTBopaMH na oaHoaTOMllbIX n MHoroaTOMHblX 

cpea aon)KHbI o5naaaTb ycToil:qnBbIMH xapaKTepncTnKaMn. 

4. 3KcnepnMeHTbl c )KllaKOCTllbIM cqeTqHKOM 

8 3THX nccneaoBaHHHX C'{eTqnK aanomrnncH COOTBeTCTBeHHO )KllaKHM 

aproHOM, KC8HOlIOM, MeTalIOM H CMeCHMH aproaa C MeTaHoM. 

ITepBbie aBa 0Ilb!T8 na 3TOil: cepnn 3KcnepnMelITOB - C aproHOM H KCe

HOlIOM - B auaqnTenbHOil: Mepe HBnHnHCb KOHTponbHbIMH, TaK KaK ann HHX 

xopowo 5bmH H3BeCTHbl 3KCnepHM8HT8nbHbie aaHHbie na pa5oT / l-4/ 

KaK y)Ke OTMeqanocb, qyBCTBHT8nbHOCTb annapaTypbl B OilbJTe COCTaB

nnna 4. 10-.5 B. ITpn eMKOCTHOil: uarpyaKe 50 n~ sTo noaBonnno perncTpn-
4 

poBaTb HMnynbCbl C qncnoM aapnaoB ~ 1,2. 10 • KoMilTOH-aneKTpOHbl OT y 

KBaHToB 
6

°Co Mornn coaaaBaTb B o5oeMe cqeTqnKa B )KHaKoM aproue 
4 4 

nnn MeTaue ~ 4. 10 nap nepBnqHbIX aapnaoB, a B )KHaKoM Kceaoue - 5.10 • 

ITpn nonuoM co5npaunn aTnx aapnaoB Ha sneKTpoabI cqeTqnKa MaKcnManbHaH 

aMnnnTyaa nMnynbCOB aon)Klla 5bma aocTnraTb ~ 1,5. 10-4 B. 

PeaynbTaTbl naMepeHHil: C )KllaKHM aprOHOM H KCellolIOM npeacTaBne

llbl KpHBbIMH 9 n 10 ua pnc. 3 n KpHBbIMH 7,8 n 9 - Ha pnc. 7. l1a Kpn-

Bb!X ann aproHa Bnaao, qTo aMnnnTyaa HMnynbCOB B wnpoKoM ananaaoHe 

auaqennil: aaqpn)KeHnn Ha cqeTqnKe He npeBb1wana BennqnHbI 10-4 B. l1 TOnb

Ko npn HailpH)KeHHH Ha cqeTqHKe ~6,5 KB aMnnnTyaa nMnynbCOB pe3KO 

BoapacTana. OnHaKo aTa o5nacTb aanpn)KeHnil: xapaKTepnaoBanacb Kpail:aeil: 

aeycToil:qnBOCTb!O pa5oTbl cqeTqnKa. 3~~eKTHBHOCTb perncTpamm y -KBaH

TOB 5bma aaaqnTenbHO lIH)Ke, qeM B cqeTqnKe c raaoBbIM aanonHeHneM 

( CM, KpHBbJe Ha pnc, 7). ITo cymecTBy, B aKcnepnMeHTe perncTpnpoBanncb 

TOnbKO Te Y -KBaHTbI, KOMilTOlI-3neKTpOllbl OT KOTOpblX nonHOCTb!O Tepnnn 

cBoJO aHeprnro B o5oeMe cqeTqnKa. 
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AHanornqHaSI KapTnHa Ha6nronanacb n npn pa6oTe c )KHnKRM KCeHoHoM 

( CM. KpHBYIO 10 Ha pnc. 3 li KpHBYIO 9 Ha pnc. 7). 3necb TaK)Ke He 6bmO 

nonyqeHo paaMHQ)KeHRH sneKTpoHoB B cqeTqnKe. OnHaKo KoscM>nuneHT c6opa 

nepBnqHbIX aapSinoB B KCeHOHe 6bm HeCKOnbKO Bbillle, ·qeM B )KHnKOM aproHe. 
,,-

KaqecTBeHHO KapTRHa pa60Tbl aproHOBoro H KCeHOHOBOro cqeTqHKOB 

B neTanSIX llOBTOpHna KapTHHY, KOTOpaSI B03HHKana ~ OllbI~aX / l-:3/. 

B OllbITaX' C )KHnKHM MeTaHOM He ynanocb aapel"'.HCTpHpOB8Tb liMnynb

Cbl OT y -KBaHTOB. ITpH HanpSI)KeHHSIX Ha cqeTqHKe B 10 KB llOSIBnSinHCb 

noKanbHbi9 paapSinbI, KOTOpbie conpoBO)KnanHCb o6HnbHbIM o6paaoBaHHeM 

TeMHbIX "xnonbeB"' H HHTeHCHBHbIM nepeMelllHB8HHeM )KHnKOCTH B6nnan HHTH. 

B 9THX 9KCnepHMeHTax MeTaH npenBapHTenbHO oqnmancSI nyTeM MHoroKpaT

HOft nepeKpHCTannnaaunH li oTrOHKH TSI)KenbIX H nerKHX qipaKUHft, B TOM qnc

ne BOnbI n KHCnopona ,no ypoBHSI 10-5 - 10-6• ITosTOMy OTCyTCTBHe RMnynb

COB OT y -KBaHTOB 6bmo CBSI3aHo, BepOSITHO, C HanHqHeM B MeTaHe 

sneKTpOOTpHuaTenbHbIX npnMeceft THna BTOpHqHbIX qiparMeHTOB OT MoneKyn 

MeTaHa. Heo)KHnaHHbIM SIBlinOCb 06paa0Ba1me B )KHnKOM MeTaHe caMonpona

BOnbHbIX paapSinoB npH HanpSI)KeHHli Ha cqeTqnKe Bcero nHlllb B 10 KB, 

Torna KaK B raaoo6paauoM MeTaHe non naBneHHeM 75 aTM aHanornqHbift 

paapSin HaCTynan npH 13 KB ( CM. KpHBYIO 6 Ha pnc. 3). 3TOT qiaKT M0)KHO 

o6'bSICHHTb nlilllb o6pa30B8HHeM paapSinOB B ny3bipbKax MeTaHa. 

ITpn aanonHeHHH cqeTqnKa cMecSIMR na aproHa n MeTaHa qeTKO Ha-

6nronanacb rpaHnua paccnoeHHSI STRX cpen B )KHnKoM c·ocTOHHHH. KoHueHTpa

UHSI o6paaynIIIHXCSI qiaa 6bma HenaBeCTHoft. B Ka)Knoft li3 9THX qiaa He ynanocb 

aaperHCTpHpoBaTb RMnynbCbl OT y -KBaHTOB. HanpSI)KeHHe npo6oSI COCTaB

nHno 6-7 KB. 11 TOnbKO Korna B aproHe OCTaBanHCb nHlllb cnenbI npHMeCH 

MeTaHa, 6bmH aaperHCTpHpOBaHbl RMnynbCbl OT y -nanyqeHHSI ( CM. KpHBYIO 

8 Ha pnc. 7). AMnnnTyna HMnynbCOB OCTaBanacb Ha ypoBHe qyBCTBRTenb

HOCTH annapaTypbI. 
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OTCYTCTBne a¢¢eKTa paSMHO.lKeHnH aneKTpoHOB B .lKnnKnX cMecnx, paB

HO KaK ll B 'illCTOM .lKnnKoM MeTaHe, CBHSaHO B OCHOBHOM C Hll3KllM no.TeH

unanoM npo6on STllX .lKllnKocTei!:, KOTOpblH BOSHnKan, BepoHTHO, B rasOBbIX 

n napOBblX MllKponySbipbKax. 

5. O6cy>KLieHne H BbIBOilbl 

HccnenoBaHnH c nHepTHbIMn rasaMn eme pas nonTBepnnnn 6naroTBop

Hoe BnnnHne MeTaUoBoi!: no6aBKn Ha pa6oTy cqeT'IHKa npn SHa'InTenhHOM pac

nmpeHnn no OTH01IIeHn10 K cymecTByromnM naHHbIM nnanasoHa naBneunn rasa, 

noxonnmero no 100 aTM. OnHaKo npnMeHnMOCTb aToro nonomeHHH K .lKnn-

KnM paCTBopaM HymnaeTCR B nanhHei!:lllllX aKcnepnMeHTanbHblX noKasaTenbCT-

Bax. 

OCHOBHOH pesynhTaT nccnenoBaHni!: c .lKllnKHMll cqeT'InKaMn, nony'ieHHhltt 

B naHHott pa6oTe n B pa60Tax;-I-4I, cBonnTcH K npnsHaHnro Toro ¢aKTa, 

'ITO nono6HbJe C'ieT'illKll OTnH'iaIOTCSI 6onblIIOtt HeCTa6nnhHOCThIO. C'ieT'illKll 

BeCbMa 'iyBCTBHTenbHbl K Manett1IIHM npnMeCHM, nonanaromnM B .lKHnKOCTb 

B HeKOHTponnpyeMbIX nosax. lllepoxoBaTocTn n MHKponysbipbKn napa n rasa 

Ha noBepxHOCTll HllTH HBnnIOTCSI OCHOBUb!Mll ueHTpaMn ¢opMnpoBaHnH nO.lKHbIX 

paspnnoB, K'.0Topb1e nponcxonnT npn cpaBHnTenbHO HnsKnx HanpHmeunnx. Bos

MO>KHo, 'ITO paSBHTllIO STllX paspHnOB cnoco6cTByIOT pasnH'IHbie MoneKynnp

HbJe nneHKH, 06pasy10mnecn Ha noBepXHOCTH HHTett, Ha KDTDPbIX MOI'YT B03-

HHKaTb HBneHnH ManTepa. Ha HeCTa6nnbHOCTb pa6DTbl C'ieT'IHKa BnnHeT, 

no-BnnnMoMy, a¢¢eKT nonTnrnBaHHH K noBepxHocTn npoBonD'IKll non nettcT

BneM HeonHoponuoro aneKTpnqecKoro nonH MoneKynspHwx npnMecett, Haxo

nHmnxcH B mnnKDCTn. 3ToT a¢¢eKT non.lKeH saMeTHO llSMeHHTb CDCTaB .lKHn

KDCTll HenocpencTBeUHo y npoBono'IKH n TaKHM nyTeM BnnHTb Ha npouecc 

paSBHTllSI aneKTpDHHblX naBHH. HaKOHeu, cnenyeT ynoMHHyTb 06 a#eKTe 

11 



npocTpaHCTB0HHOfi HeynopRnoqeHHOCTll MoneKyn B *llllKOfi cpene. 3TOT s¢

¢eKT c Hens6e*HOCTbID non*eH npnBOllllTb K KpaTKOBpeMeHHbIM, HO 6onb

llillM ¢nroKTyaunHM sHeprnn sneKTpoHoB B sneKTpnqecKoM none n cnoco6cT

BoBaTb paHHeMy pa3BHTHID HeKOHTponnpyeMb!X paspgnoB, 

CoBOKynHOCTb paCCMOTpeHHb!X ¢aKTOpOB 6yneT H0ll3M0HHO conyTCTBO

BaTb ~ceM nccnenoBaHHHM C *llllKOCTHblM cqeTqllKOM C noCTOSHHblM sneKT

pnqecKHM nnTaHneM n 6yneT aens6e*HO npenRTCTBOBaTb ¢opMllpOBaHllID B 

aeM ynpaBnReMoro paspgna. Bb1xon ns sToro saTpynHeHnH cnenyeT ncKaTb, 

no-BHllliMOMy, Ha nyTH ncnonb3OBaHHR HMnynbCHb!X ll BbICOKoqaCTOTHb!X 

nonefi nnn Ha nyTH saMopa*HBaHHH pa6oqefi cpenhI B cqeTquKe. 

B saKnroqeHne aBTOPhI cqnTaroT CBOHM nonroM no6naronapnTb 

B.M. IToHTeKopBo n B.IT. ll*enenoBa sa HeusMeHHhifl HHTepec K naHHhIM 

nccnenoBaHHRM ll noCTORHHyID nonnep*KY B pa6oTe. ABTOpbl rrpH3HaTem,Hh! 

TaK*e r.11. CenuBaHoBy, n.M. CopoKo, B.l1. HnKaHopoBy, M.IT. BanaHnnHy, 

B,f. 3HHOBy ll A,ll, KoHHHy 3a nnonoTBOpHb!0 llHCKYCCllll ll KOHCynbTaUHH 

,no BonpocaM, paccMoTpeHHhIM B naHHOfi pa6oTe, 
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