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,.'~ ' . -:' ·n~TeKTOpbl 3apRlKeHHblX 'laCTIIU, B KOTOpblX IIMee_TCSI B03-

I::~ 

:Y 

·~:·:. ;.'· · .,_MOlKHOCTb npocneAIITb nyTb.,'laCTIIUbl 11. BC~ 113MeHeHIIR, npoiiCWell-. ~· 

Wile C Heit Ha STOM -nyTII,- AaBHO 3aHIIMaiOT: BIIAHOe MeCTO B .. MeTo

AaX 9KCnep11MeHTanbHOH, 4>11311KII, nosTOMY .6onbmoii: IIHTepec npiiB

.nex' K ce6e HOBbiH I'a3opa3pRAHblH TpeKOBbiH AeTeKTOp - CTpiiMep-
, > • ' ' /12/ ' 

~?Sir KaMepa, npeAnolKeHH~Iii: coBeTCKIIMII 4>11311KSMII ' , CTpll-

' .t~pHaR'KaMepa AaeT He TOnbKO,HOBYIO B03MOlKHOCTb Ha6niOAeHIIR .. ~.-:.: ' . ~. ~ 

.TpeK'f! 3apSilKeHH.Oii: '18CTIIUb1 1 HO II OTKpbiBa'eT, HOBble o6naCTII np11-

·MeHEiHIIR ~TpeKOBOI'O np116opa, RBnRRCb ynpaBnSieMbiM H ObiCTpOAeii:.;. 

CTBYIOWIIM ·AeTeKTOpOM, 0AHSKO, B, CBR3H C ManoA. SlpKOCTbiO. TpeKa, 

npiiMeHeHIIe HeoHa ttnn HanonHeHIIR KaMep RBrineTcSI· Heo6xoAIIMbi~· 

ycnOBIIeM nony'leHIIR-AOCTSTO'IHOit AnSI npSIMOI'O 4>0TOrpa!l>llpOB~HIISI 
• > • 

SlpKOCTII .cneAOB B KaMepe, npyrlle OAHOaTOMHble I'S3bl II IIX.. CMeCH '-;'. 

AaioT cywecTBElHHO MeHbWYIO SlpKOCTb, H AnSI yBepeHH~ii: pei'IICTpa-

" > • /3/ 
, - UHII cneAOB -B -HIIX Tpe6yeTCSI npRMeHeHRe yc11n11Tenei\ _ CBeTa .. ·. .····, . . . . 

· ~:- · BMec~·e c TeM, -B03MOlKHOCTb Ha6niOAeHIIg _ TpeKOB B pasnu'IHbiX ra~ 

. 
.· 

.. '' . ... . 

3~X 11
1

• B. 'ISCTHOCTH, B ren1111 1 OTKpblBlleT nepcneKTIIBbl npHMeHe-;_, 

HRSI KaMephl AnSI onpeAe~eHHOI'O Knacca ~113R'19CKHX RCCneAOBSHIIH 

II Ka'leCTBe I'830IIOA.MRW9HH, 

HaHooni.wun HHTepec. H3 6naropoAHMX rasoa npeAcTaanneT 

renuA. C~6MTRSI, Ha6niOA89Mble Ha renRII, MOI'YT Ob!Tb nerKO HH

TepnpeTHPOBSHbl B. CHny.: ripOCTOI'O CTp09HRR ere R/lpa, 8TO lK9 . . ~· . . 
o6cToSITenbCTBO nosaonsieT _ CAenaTb. TeopeTH'IecxyiO oueHKY pRAa 

' . 
xapaKTepRCTRK aaaiiMOAeii:CTBIIR 'laCTRU c RAPSMII reniiSI. HHTepec 

·K. HSOniOAeHRIO B38RMOAefiCTBRH B rim11R ITOBblW89TCSI onai'OASPR 
!io· 

3 . 

~ ; 
:.. 

•· 

:·.: ... 
~ ~-· 

.. 

...( 

"" 
,• 



HSnii'II!IO B pacnopiDKeHHH SKCnepHMeHTSTOpOB yHHKSllbHOrO 'H3~ 

TOna renHR-3, RBnmomerOCR CHMMeTpH'lHbiM H30TOny BOAOpOJlS 

TpHTHJO. 

~ '. ~ . ·,. 

C uenbJO nony'leHHR xopomo noxanH30BaHHhiX cneAOB -H aoa

MO)){HOCTH HX perHCTpaUHH npRMbiM tPOTOrpatiJHpOBSHHeM 6hm npeJinpH~ 

HRT UHKn pa6oT, HanpaaneHHhlX Ha sxcnepHMeHTanbHOe H3y'leHHe. 

HeKOTOphlX XapaKTepHCTHK sneKTpH'leCKOrO pa3pRA8 B renHH. 3TH 

/4-9/ -~ 
pa60Tbl nernH B OCHOBY petiJepHpyeMOlt AHCCepTaUHHo 

B 0 B Be A e H H H ASH KpaTKHlt 063op MeTOJlHKH TpeKOBbiX. 

npH6opoa, HX MeCTa B tPH3H'!ecxo~ sxcnepHMeHTe H aHanHa.HeAocTa~ 

KOB TOrO HUH HHOrO MeTOJla. PaCCMOTpeHhl pa3nH'!Hble THnhl raao

pa3pSUIHbiX KaMep, BKnJO'lSR CTpHMepHble, H- 06Cy)){ASIOTCR HX SK-

cnepHMeHTSllbHhle B03MO)){HOCTH •• 

nHCCepTaUHR COCTOHT H3 Tpex rnaB. 

ft 

B I rna Be o6CY*AaeTCR BbJ6op cnoco6a B03JieltcTBHR_ Ha 

raaoBhllt paapsm c uenbJO nony'leHHR xopomo noxanHaoaaHHhiX .cne- · 

JlOB aapR)){eHH~IX 'ISCTHU B renHH, o6nall!liOIIlHX JlOCTSTO'lHO 60nbl!l0~ 

RpKOCTbJO. B STolt *Ei. rnase onHChmaeTcR ·axcnepHMeHTanbHaR Tex-· 
\ 

HHKS H 06Cy)){ASIOTCR cneUHtPH'leCKHe Tpe60BSHHR K OTAenbHblM. ya~ 

naM annapaTyphi. 

f naB a Il · COAep)){I!T OUllC8HI!e CTpHMepHOlt KaMepbl, npeJI

HS3HS'leHHOlt AnSI AeTeKTHpOBSHIIR OCTaHaBnHBSIOI!lHXCR B K8Mepe·· 

• MJOOHOB, pa6oThl STOlt xaM.ephl B ny'!Ke MioOHOB CHH_xpoUHKnOTP.o

Ha OIU111· 11 peaynbTaThl HeKoTophiX H3MepeHHlt tiloTorpatiJHlt_ ocTa

HOBHBI!lHXCR MIOOHOB H -sneKTpOHOB C uenbJO BbiRC_HeHHR Upllr<>AHO~- , 

TH Bh16paHHOrO pe)!(HMa pa60Tbl K8Mepbl ·JlnR HCnOnb30BallHR B tPH-

3H'leCKHX sxcnepHMeaTax. 

B Ill' rna Be npliaeJieHhl · sxcnepHMellThi no perHcTpaUHH -

TpeKOB 3apR)){ellllhiX 'IBCTHU B renHeBOlt C'I:'PHMepHOlt K8Mepe npH 

llBnH'lHH 3HS'li!TenbHOlt KOHUellTpSUIIH npHMeCH Jlpyroro raaa (JIO 

20%) .. H npH nOBblllleHllOM ( AO. 6 STM.) JlaBnellHH raaa B KaMepe. · 

Bw6op Hanpaanelli!R noHCKa ipe6yeMoro.stlltlJexTa onpeAenHnCR 

cneJiyJOmHMII ·coo6pa*eHHRMH. Kax- H3BeCTHO, RpKOCTb cTpHMepa 

paCTeT C yaenH'!eHHeM ero AnHHhl np11 HeH3MeHHOM 3H8'leHHH Han-
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--~g)){eHHOCTH sneKTpH'leCKOrO ~~~Ro npH ,STOM HeOnpeAeneHHOCTb. 

. B nono)!(eHHII Tpexa 'lSCTHUhl pacTeT HenponopUHOHSllhHO Jinl!He 

'. '· C~HMepa. Eme B ~epBb~X ny6nHK~UHSIX, KSCSJOI!l~XCR HC~pOBbiX xa-

, · ' · · /1 I .· -
Mep . C 60llhlllHM 3830p0M , pa60TSIOI!lHX B npoeKUHOHHOM pe)){H-

Me,_ 6hillO 3aMe'leHO, 'ITO nyTb '18CTHUhi 'lepe3 _ K8Mepy MOJKHO npoc_

neJIHTb no xapaxTepHhiM oco6eHHOCTRM, aoaimH'aiomHM npH onpe-

AeneHHhiX ycnOBHSIX Ha sneKTpH'leCKHX pa3pRJISX, nepeceKaJOI!lHX 
' .... "' 

• _ _, _Hci<:poaon npoMe)){yTox. nocxonbxy a TaxoM pe)){HMe caeTHMOCTb 
' .... ~. 

CTpHMepa liocTHraeT MSKCHManbHO B03MO)){HOlt, JinR JlSHHOro snex-

TPH'lecxoro nonR Be'IIH'li!Hhi, TO ST<!T 3~~-~; MO~HO nono~~Tb • B 

-~CHOBY cnoc~6a perHCTpaUHH TpeKOB 'ISCTHU B cna6oc~eTRI!lHXCR 
·raaax. 

B §2 nepaolt rnaaw npHBOAHTCR oriHcaliue Hcnon6ayeMhlX a 

··axcnepHMeHTaX no raaOBOMY pa3pRAy KaMep, CHCTeMhl _HX OTKS'l_;,,' 

KH H HanonHeHHR, BbiCOKOBOUbTHblX reHepaTOpOB H. CI!CTeMhl ynpaa

neHHR- H tPOTOrpa'~HpOB8,HHR. 3xcnepHMeHTbl npOBOAHnHCb co' CTeK-
. . : 

_nRHHbiMH ,KaMepaMH 0 300 MM H BhlCOTOlt 100 MM.' npH pa6oTe c 

paapsmaMH, paaBHBaJOI!lHMHCR Ha aecb 11cxpoaolt npoMe)){yTox, Ka.:.: 

Mepa; H3rOToaneHH8H H3 JlHSneKTPHKS (clinHKBTHOe Hia opraH~~ 
'!ecxoe. cTexn~) AOU)){Ha HMeTb npoaOJIRI!lee n·oxphlTHe, o6~cne'lH

saJOmee. ciexaHHe aapRAOB c. ·llHS.nexTpH:Koa aa ·_apeMsr Me*AY cpa-

6aThiBaHHSIMH. npHBeJieHa OUeHKS JIOnyCTHMhiX rpaHHU 3H8'leHHlt . 

yJieUbHOrO noaepXHOCTHOro COnpOTHBneHHSI npOBOJlSII!lero noKphlTHSI. 

Y JlOBneTBOp-SIJOmHe Tpe6oaa-HHSIM: npOBOJlRI!lHe noxpblT~SI nony'laJOT

csi c nOMOI!lbiO 'sTHUOBOro StPHP8 
1op~OTHTaHOBolt' KHCUOTbl, HnH c 

~ " ' . . . -. .. . 
not.i.ombJO cne'uHanbHoro SHTHCTa~HKa "anxaMoHa" ,· TSK)){e Bhmycxae-

MOrO XHMH'leCKOlt npOMbll!lneHHOCTbiOo 

. . / nepeA' aanonHeHH~M iatiepa 'oTK8'1HBaeTcsr JIO Aaaneimsr n~ 
-2 , , 

' pSUIK8 10 TOp H OAHOKpaTHO npOMbiBaeTCSI renHeM C nocneAyJO-
. ·. , , -2 -. , , 

melt OTKB'lKOlt AO 10 Top. TaKaS! npoueJiypa JiaeT JlOCTaTO'lHO ' 

, CTa6HlibHhle XapaKTepHCTHKH pa60Tbl K8Mep JlUSI OnHHBKOBbiX COC

T8BOB HBUOnHRJOI!lero KSMepbl raaa. nnsr HanonHeHHSI KaMep HC

nonb30BSUCSI npOMbll!lUeHHbllt renHlt MapKII 'TenHlt BbiCOKOH "IICTO-: . 
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. Llng: nHTaHHSI KaMe: HCn01Ib3YIOTCSI BhiCOKOBO/IbTHhie ·aMnynbC

HhJe reaepaTOphl THna ApKanbeBa-MapKca, ~eTonHKa pacqeTa. T~KHX 

aneMeHTOB reaepaTopa, KaK qacno KaCKanoB1 eMKOCTb oTneilbHOA 

·ceKIIHH1 BenaqHHhl MeJKKaCKanHhiX. H 3apSinHoro COIIpOTHBneHHH 1 

a TaKJKe cxeMhi KOMMyTaUHH reHepaTopa, aarrpaBneHa Ha ooecrre-

qeHHe ycToAqaBoA paoOThl nocnenHero H rronyqeHHe 3anaHHOA 

aMnnHTYnhi HMnyilbca Ha eMKOCTHOA HIU'py3Ke, LlnSI 9KCnepHMeHTOB 

··' C KaMepaMH OhinH ~3rOTOBneHhl nae KOHCTpyKUHH reHepaTOpOB, . 

feHepaTOp 'HMIIynbCHOrO HanpSIJKeHHSI (fl1H )-'KOaKCHanbHOro' THna1 
. - . .. /5/ 

npenHa.3HaqeHHhlH nnSI nHTaHHSI KaMep C 3a30pOM no 10 CM 

0H HMeeT 13 KOHneHCaTOpHh!X CeKUHl!. 110 2 coenHHeHHh!X napan

nenbHO KepaMaqecKHX KoHneHCaTopa KOB-2, OomaSI eMKOCTb -

. 5000 nljl. LlnSI yMeHbiiieHHSI ~OoCTBeHHOH HHn~KTHBHOCT.H f\JHa .KOH

neHCaTOpHhie CeKIIHH H pa3pS!llH!fKH pacnonoJKeHhl g onHy nHHHIO 

H HMelOT OOIIIYIO OCb CHMMeTpHH •. BMec:re C 3aiiiHTHh!M KOlKYXQM 

OHH rrpencTaBnSIIOT COOOH KOaKCHailbaylO nHHHIOo. feHepaTOp .3apSJiKaeT-
. . 

CSI OT npoMhiiiineH.Horo BhlnpSIMI!TenSI THna BC 20:..10 H np11 aapru;t-. 

HOM HanpgJKeHHH 25 KB n03BOnSieT nony~HTb Ha Harpy3Ke 50 nljl 

HMrrynbC aMnnHTynoA 250 KB, feaepaTOp paccqaTaH Ha MaKCHManb..; 
. . . -1 . • 

ay10 qacToTy cpaoaThiBaHHSI 10 ceK • Oo•naSI .3aneplKKa nom~neHHSI 

Bh!COKOBOnbTHOrO I!Mnynbca, BKniOqaSJ 3a!leplKKY B THpaTpOHHOM 

reHepaTope nO!llKHra fl1Ha, COCTaBnSieT. 0,8~ 0,2 MKCeK, 

BTopaSI KOHCTpyKIIIISI reHepaTopa C perynHpyeMhiMH pa3pS!ll

HhlMH npoMelKyTKaMH. ohma pa3paooTaHa 11 aaroToBneaa anSI ac

cnenoBaHHSI paoOThl KaMep B oonbWOM !1Hana30He HanpSilKeHHOCTII 

aneKTpllqeCKOro nonS!, feaepaTOp HMeeT 20 CeKUI!A, EMKOCTb CeK

IIHH COCTaBnSieT B600 nljl (3 KOHtleHCaTopa K15-4)~ fl1H HMe.eT 

repMeTHqHh!H KOJKyX H MOlKeT paooTaTb B aTMOCijlepe a30Ta npH 

.llaBneHHH !10 8 aTM. feHepaTop YCTOAqHBO paooTaeT B naana30He 

3apS!llHhiX HanpSilKeHHH 2 t-20 KB, npa naaneHHH a30Ta B. KOlKyXe 

B Ilpenenax 2-4 aTM. H TOqHO A IIO!lCTpOAKe HCKpOBhiX npOMelKyT

KOB MHHHManbHaSI 3aneplKKa HMnynbca MOlKeT Oh!Tb llOBeneHa no 

0,3 MKCeK, 
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. ·. l13M.epeHI!e Bh!COKOBO/IbTHhiX HMnynbCO~. npOH3BOnH'I'CSI C no

MOIIIblO ocuannorpaljla H BhiCOKOBOilbTHoro. nenil;enSI· aa aneK;po- · 

ni!THqeCKHX COIIpOTI!BneHH~X~ 

nocKonbKY riayqanacb xapaKTepHCTHKII aneKTpaqecKoro pa3-
.- ,· . . . 

pS!lla, pa3BHBaiOmerocH oT aneKTpoaa cnena aapSIJKeaaoli qacTHIIhi, 

3anycK rHH H CIICT~Mhl '$oTorpaljJHpOBSHHSI paapruxa ocymeCTB~'SIII-
• . 90 ... 

CSI OT KOCMHqecKHX qaCTHU HnH aneKTpOHOB rrpenapaTa Sr ;· · 

npomenwax qepea KaMepy. 

B §3 noKa3aHhl nyTH nonyqeHHSI. B CTpHMepaoA. KaMepe, Ha

IIOnHeHHOi!. renaeM, xopoweA noKanHaauHH cnenoB 3apS!lKeHHhiX 
171 -

qaCTHII . 
npa· pa3BHTIIII paapSina. a oo'beMe ra3a, oTneneHHOM o'T aneK

TponoB CIIO~M nHaii.eKTpi!Ka, He npOIICXOniiT nepexona K .3aKIIIOtiii

TellbHOA CTan1111 IICKpOBOro npooog npoMelKyTKa - ayroBOMy pa3-

pSI!ly. PaaBHBWIIHCSI B raae cTpHMep aaKaaqaaaeTCSI.nOB~pxaocT

HhiM paapS!llOM no naaneKTPHKy. ToK 3apS!llKH EiMKOCTH aHaneK'rpll-. ... . '· ... 

Ka TeqeT no HOHH311pOBaHHOMY KaHany CTpHMepa, qTo IlpiiBO!liiT 

K yaenl!qeHIIIO· KOIII!qecTBa I!Cnyc~aeMoro CTpHMepoM. CBeTa •. TaKIIM 

oopa30M 0 eCIIII Ha. TSKOi!. HCKpOBOH npoMelKyTOK nonaTb aneKTpH

qeCKHH HMllYIIbC 0 nnHTenbHOCTb KOTOpOrO npeBhiWaeT BpeMSI0 HeoO

XOlli!MOe lliiSI. pa3BIITHSI pa3pS!lla HS BCIO, nnRHY npoMelKyTKa1 TO 

KOHijJHrypaUHSI pa3pS!lla He oyaeT 113MeHS!TbCH B 3aBHCIIMOCTH OT 

nnHTellbHOCTH I!MnynbCa H .onpenenSieTCSI'TOIIbKO.,CBOi!.CTiiaMII .raaa. 

BcneacTBHe KRCTeoopaaHoro, aeTBHIIIerocSI xapaKTepa paa-

pSina, pacnpOCTpaHSIIOIIIerocSI OT MeCTa B03HHKHOBeHHSI nepBI{qHol!. . 
naBI!Hh!

0 
B 9TOM MeCTe B pa3pS!lle Bhi!leiiSieTCSI . S!pKO .-caeTSIIIIKi!.CSI 

yqacTOK lliiiiHOi!. 10 MM, S!pKOCTb KO.TOporo yohiBaeT B HanpaB:

neHHII pa3BIITIISI crpHMepoB (pRe. 1a). 8TH yqacTKH Bhi/l.enSIIOT 

-.TpeK' qaCTI!Uhi, npoweawHl!. qepe3 KaMepy. TaKIIM oopaaOM B I:'e-

111!11, np11 pa3BHTHII pa3pS!lla Ha BeCb npoMelKyTOK, HMeeTCSI B03-

MOJKHOCTb rrpocnenHTb HanpaaneHHe qacTHIIhi H nerKo nonyqHTb 

TpeK BhiCC?KOH S!pKOCTH CBeqeHIISI (npll HanpSilKeHHOCTH nonS! B Ka

Mepe 20 KBfCM SlpKOCTb n03BOIIS!eT llpi!MeHS!Tb nHaljlparMy 8 HIIH 

11 npu ljloTorpaljJHpoBaHHII Ha rrneHKY qyBCTBHTeiibHOCTblO So,s5,; 
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6) ·c no6asKoil 0,1%-ou KOHUeHTpaunu nuHeHa; s) c no-
6asKoil 0,01%-ou KOHUeHTpauuu nnHeHa. 
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1200_'roCT). OnHaKo ·noKanuaauull cmina oKaabtsaeTcll HenocTa

ToqHo XO~OWeil BClieACTBUe 3HaqHTelibHOH npOTH~eHHOCTH llpKOrO 

yqaCTKa H HeOnpeneneHHOCTU ero rpaHUUo Tpe6yeTCll KSKOe-TO 

B03AeHCTBUEi HS MeXSHU3M p83BUTR!I pa3pHAS C Uellb!O ynyqweHH!I 

1IOK81IU38UUR cnena. 
/10/ 

KaK H3BeCTHO 1 npuMeCH· MOryT cymeCTBeHHO BliR!ITb 

HS MeXSHU3M pa3pMa B HHepTHbiX ra3SX~ nocKOnbKY CTpHMepHbr1i: 

MeXaHH3M pa3BUTUH pa3pHAa CBH3aH C pacnpOCTpaHeHReM R norno-
. . /10 11/ . . ' ' 

meHReM cpOTOHOB '. 1 MO~HO 6blliO O~HASTb, qTO A06aBKR, nor-

liOWSIOWUe cpOTOHbl 1 U3MeHHT xapaKTep pacnpOCTpaHeHRH CTpRMepOB 

OT o6naCTU nepsuqHOll 118-BRHbi. 

~liH- nposepKR BliUHHRH raCHWRX A06aBOK B renufi BBOARliSCb 

npuMec& paannqHbiX yrnesonoponos, KOTOpbte RMeiOT wupoKuil cneKTp 

nornomeHRH- cpoTOHOB. Hx nornoiuaiOmaH cnoco6HOCTb. R ceqeHRe 

ROHR38UUU 3SBRC!IT OT CliO~HOCTU MOlieKyn~~ KpOMe TOr01 yrneso-

. noponbi 6hmu Bbt6paHbi .R3 qucna PI!31IRqHbiX racHmRx no6,asoK c 

Uellb!O yMeHbWeHRH accopTUMeHTa AOUOliHRTenbHbiX 8TOMOB1 BBo-_ 

ARMbiX B re.nui!;. 

Ebmo nccnenosaHo sriuHHue TaKux no6asoi, KaK MeTaH ( CH~ ), 

6eH30li ( c 6 "6) • reKCaH ( c 6 HH) u URHeH ( c 10 H iel • npR KOH

ueHTp'auuR 6eHaona, _reKCaHa R nuHeHa, pasHoil 0,1% (nnS! MeTaHa 

npn KoHueHTpauuu "' 1 %) , noKanuaauRH .cseqeHUH nel!:cTBRTen&Ho 

ynyqwaeTCll (puc. 16), npRqeM sun paapMa cna6o ·aasucuT oT ' 

THUS. yrnesonopona. npR. UOHH_)KeHHU KOHUeHTpauuR npRMeCU AliH 

6eH3ona R reKCaHa KapTuHa 

xapaKTepHbiH nnH renuH. 

~ 
pa3pHAa flOCTeneHHO nepeXOAUT B. BRA 1 

npu noHu~eHUH KOHueHTpauRR nuHeHa 6bmo aaMeqeHo cosep-

weHHO oco6oe noseneHRe paspHAa, aaKniOqaJOnieecH s TOM, qTf1-

BMecTo npOT~eHHOl!: o6naCTR C UOBbiWeHHOll llpKOCTbiO J18 pa3pH

nax, B o6naCTR RX ueHTpOB o6pa30B8HRH1 flOHBliHliRCb pqeHb pe3KO 

liOKaliU30BSHH~e noqTR CcpepRqeCKHe HpKO CBeTHWHeCH o6pa30BSHRH 

-"'ToqKn" (puc. ls). noKaliR38URH AOCTRraeT OflTRMYMS npR KOH

ueHTpSURR nRHeHa Ha yposHe coTbiX nonel!: npoueHTa. Ha pRe. ? 
npRBeA~Ha ·aaimCRMOCTb nnoTHOCTR ~CeX pa3pHAOB no TpeKy 'ii' 
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\•· P~.2. 3aaaCHMOCTh qucna paapHJ:toB n H 'IHCna paapHJ:toa c 

JIOKaJIH30BaHHblMR CBeTRllUIMHC5t UeHTpaMH ii T Ha e.r:UI-

... ( 
~." .. l 

HHIIY ltJIHHbl OT aMllJlHTYltbl BbiCOKOBOJibTHOI'O HMnyn&ca. 

·".-

10 ·. 

H llJIOTHOCTH pa3pS!ltOB C 'TO'IK8MH' n T· • PaaMep caeTRmux-

;" CR 06JiaCTeil He MeHReTCR C H3MeHeHReM HanpRlKeHHOCTH llOJIR. 

·(ao BC5IKOM Cny'Iae B .naana30He 13-25. KBICM) 1 a HX llJIOTHOCTb 

(R'T) He 3aBHCHT OT. aaneplKKH BbiCOKOBOJibTHOI'O RMllYJibCa ( B 

• npenenax. nocTORHCTBa . n ) HJIH ltJIHTeJibHOCTH ¢pOHTa.HapaCTa- . 

HHSI BhlCOKOBOJlbTHOI'O HMllyJibca, T,e, a¢¢eKT pe3KOH JlOKaJIH3aUHH 

HaCTynaeT.llpR.OllpeneneHHOH KOHUeHTpaUHH npHMeCH1 3aBHCHT OT 

llpHJIOlKeHHOI'O K KaMepe HallpRlKeHHR H He 38BHCHT OT -KOHUeHTpa

UH~ nepBH'IHbiX aneKTpOHOB, 3TO RBJieHHe MOlKHO Ka'IeCTBeHHO 

06'b5ICHHTb. 'Bbii'OpaHHeM' llpHMeCH. B y'laCTKaX pa3pHJ:ta C .~aKCH

~M~JlbHOH KOHUeHTpauuefi aneKTpOHOB llpH 6JIH3KHX 3Ha'IeHHRX KOH

UeHTpaUHH npHMeCH H aneKTpOHOB, 

-....... B ucnon&ayeMOM pelKHMe pa6oTbl KaMepbl gpKOCTb TpeKoa 

3aBHCHT OT HX 'IHCna, TaK KaK yMeH&maeTCR. ltOJIR 9Hepi'HH
1 

11pH

X0JtRiaaRC5t Ha OltHH TpeK; XoTR H Cyl!;leCTBYIOT HeKOTOIJble npoUeCCbl
1 

KOMlleHCHpyrouiHe 9TO RBJieHHe, CllOC06HOCTb KaMepbl B TaKOM pe-

:·.< 

.. 

.\ 

. . 
lKHMe pei'HCTpHpOBaTb OltHOBpeMeHHO HeCKOJibKO .TpeKOB OI'paHH'Ie- . 

aa, 

C UeJibiO OUeHKH B03MOlKHbiX IICKalKeHHH TpeKa B KaMepe 

6bm npoaenea pac'IeT CMemeHHR ueaTpa o6paa6aaHH5t 

CTpiiMepOB d oT aaaqelinR E/p nng aecKon&KIIX apeMeH aa-

paCTaHIIR ¢poRTa IIMnyJibCa. r 1 Ha OCHOBaHHII YCJIOBHR M11Ka ad= 20, 

rne a - nepBbiA ~oacjlljlnulleHT. TayceHAa, a d -. llYTb naBIIHbl 

AO Ha'Iana CTpiiMepHOI'O MeXaHII3Ma pa3BIITIIR pa3pRAa. 

B rnaae II to 
onHCbiBaeTcR ycTaHOBKa c ren11eaon .cTpiiMep-. . 

ROil KaMepoA, npenHa3H8'16HHaH AJIR KOMllJI6KCHOil npo~epKII llpll-

I'OAHOCTII npeAJIOlK6HHOI'O pelKHMa pa60Tbl KaMepb! B· peaJibHbiX yc-· 

/5/ 
ndaii5IX pa6oTbi aa ycKopHTene • KaMepa npenaaaaaqanac& nnR 

perHCTp8UIIH OCTaHaBJIIIBaiOiniiXCR MIOOHOB, 

.llnR ynpaaneHHR KaMepoA· 6btn Bbl6paH MeTOA1 OCHOBaHHblll 

.,aa aaanuae HOHH3aUHOHHbiX noTep& a6nH3H TO'IKH ocTaHOBKH qacTH

Ubt, 3TOT aHaJIH3 npOBOAIIJICR C llOMOinbiO cneUIIaJibHO pa3pa6oTaH-

. /6/ . 
HOI'O MHOI'OHIIT6BOI'O nponopUIIOHaJibHOI'O C'feT'IHKa • Ynpaane-.:: 

Hlle pa6oToA KaMepbt ocymeCTBJIRJIOCb nayMR npollopuuoaan&HblMII 
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C'l9T'IHK8MH, BKniO'l9HHbiMH Ha COBnaA9HHSI, C'!eT'lHKH HM910T C9T

'l8Tbl9 aneKTpOAbl H 061IlHlt · I'830Bb!lt 06'beM CO CTpHMepHolt KaMe

pelt, T,e, MHHHM8nbHOe KOnH'l9CTBO BellleCTBa MmKilY TO'lKOlt aHanH-· 

38 9H9pi'HH 'laCTHUbl H TO'lKOlt OCT8HOBKH, Pi:cnonmK9HH9 nponop

UHOHanbHblX C'l9T'IHKOB. B6nH3H CTpHMepHOJl. KaMepbl B 06UxeM C Helt 

ra3oBOM o6'beMe noTpe6oaano cneuHanbHOlt aKpaHHpOBKH cqeT'lH

KOB, Bb!6opa HX MHHHM8nbHOI'O yitaneHI!,g .OT ·KaMepbl; BblpaBHHBSHHSI 

aneKTPH'leCKoro nonS! a pall.oae nepexoAa o6'beMa KaMepbi a o6'beM 

C'l9T'IHKOB H MeponpHSITHlt no ycTpaHeHHIO HaKonneHHSI 3apSIIlOB H8 

AH9neKTpHKaX. Ha pHC. 3 npHB9AeHa· o6UlaSI 6noK-CXeMa ycTaHOBKH, 

LlnSI nyqKa MIOOHOB, HMeiOmer~ pa36poc no npo6eraM oKono 3 r/cM~ 
. . 2 

B KaMepe AHaMeTpOM 400 MM C nnoTHOCTblO renHSI-7 MI'ICM; CHC-

TeMa OT6opa n03BOnsieT nony'lHTb OAHY OCTaHOBKY .Ha 1!0-15 cpa-

6aTb!BaHHlt, MaKCHManbHaSI CKOpOCTb Ha6opa HHTepecyiOIIlHX C06bi

THil: COCTaBnSieT 4-5 C06b!THlt B .MHHYTY• 

AaanH3 .ciJoTorpaciJHli: pe -pacnaAOB (pHc. 4) B KaMepe no

Ka3an '3aBHCHMOCTb CTpyKTypbl cnella OT HOHH38UHH, 0cTaHaBnHBa10-

lllHli:CSI a KaMepe Me3oH HMeeT cnnoumoll., 6eccTpyKTypHb!ll. cneA 

c xapaKTepHbiM yaenH'leHHeM SlpKOCTH K TO'lKe ocTaHOBKH. XoTSI 

ciJoTOMeTpHpOBaHHe cnellOB· MlOOHa H aneKTpOHa llano pa3HHUY B no

'lepHeHH,H BCei'O B 5-_10 pa3, pa3HHUS B HOHH3aUIIII BH3yanbHO xo- • 

porno HAeHTIIciJHUHpyeTCSI. IlonOlK~HHe TO'IKH BbineTa aneKTpOHa BC9I'

A8 COOTBeTCTByeT KOHUY (c TO'lHOCTblO AO ·lllllpHHbl cneAa) cnella 

MlOOHa, T,e, cneA OCTaHaBnHBaiOUlel!.CSI qaCTHUbl. COOTBeTCTByeT ee 

npo6ery. MHHHManbHbili: yron HaKnoHa TpeKa K aanpaaneHHIO aneK

TpH'lecKoro nonli, npH KOTOpOM He M9HSI9TCSI ero CTpyKTypa, COC

TaBnSieT 40°. Ha pnc. 5 npellcTaaneao pacnpelleneHHe omn6oK 1!3-

MepeHHSI Ha CTepeopenpoeKTOpe yrnOB HaKnOHa TpeKOB aneKTpOHOB, . 

B KaMepe He 06HapylKeHO CHCT9M8TH'l9CKHX H3MeHeHHli: 'lYBCTBII

TenbHOCTH no BbiCOTe llnH 8311MyTy, 

B §1 rnaBbi III AaHbl pe3ynbTaTbl 9KCnepHMeHTOB nO· Ha6-

niOAeHHIO ·TpeKOB 3apSIJKeHHbiX 'laCTHU B renneaoil: KaMepe npH Ha-
. /8/ 

nH'liiH 3H8'lHTenbHOil: KOHUeHTpaUHH I'a3a , 8TO MOJKeT OK838Tb-

Cli none3Hb!M AnSI paClllllpeHHSI accopTHMeHTa Slll9J?o C. KOTOpblMH 

12 

.. 

,.· 

... 

8 

PHC,3, 'EnoK-CXeMa ycTaHOBKa AnSI perncTpaUHH MIOOHOB, 1 - Ka

Mepa, 2 - nponOpUIIOHanbHbl9 C'leT'lHKH, 3,4 - CUHHTHnnSI

UHOHHb!li: TenecKon, 5 - 6epnnnneBbili: clJ!InbTp, 6 - 381IlHTa, 

7 - AononHHTenbHbiil qmnbTp, 8 - KBaApynonbHbie nHH3bi 

Me30HHOI'O KaHana, 9,10 - ycnni!Tenb, 12 - llHCKpHMHHaTop, 

13- cxeMa nponycKaHnSI, i4- cxeMa ynpaaneHHSI.H 6no

KIIpOBKH, 15,16 - AHCKpHMIIH8TOp II CXeMa COBnaAeHHli:, 

17 - TnpaTpOHHbil!. reaepaTop, 18 -· rlfH Tnna ApKaAbeaa

MapKca, 19 - cxeMa ynpaaneHIISI ciJoToannapaToM. 
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PHc.4. <l>oTorpalj!Hst ll e . -pacnana. 
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20 
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PHc.5. PacnpeneneHHe owHooK H3MepeHHli rnyoHHHhiX yrnoa. 

14 

MOlKeT paoOT8'fb CTpHMepHast K8Mepa-MHWeHbo nnst BbiSICHeHHSI 

XapaKTepHCTHK K8Mepb!1 paoOT8IO!I{eli IIpH .OOIIbWHX KOHUeHTpaUHSIX· 

IIpHMeCH, OhinO HCCIIeAOBaHO BIIHSIHHe pa3IIHqHbiX:KOHUeHTp8UHfi 

MeT aHa II pH OoiUeM naaneHHH 'r~aa B. K8M~pe 7 40 Top. c y'aenH'Ie-
. . . . -

HHeM KOHUeHTpaUHH MeT8H8 TpeK- CT8HOBHTCSI o01iee- KOHTpaCTHblM 

38 C'IeT rra.rteHHSl CBe'IeHHst,'cB~~ro ra30~0r;)' ~Ot.eMa, a aaTe~ H8'IH-

. aaeTcst 3ilMeTaoe ·cH.HlKeHHe,'stpKOCTH. TpeKa,. KOTopoe. ~·pH6n!{3HTenb

ao ~porropuHoaa~~H~ -K~~.npaTy yaenH'IeHH~-~~aueaTpauHH (.n~5ne-. 
HHst) npli .naaaoll aMrrnnTy;e: Bhi~oK6aom:;aoro ~~rrynhca. -. 6oiihwast 

stpKO~Tb CBe'IeH~st·B pailoHe Tpe~a ri03BOIIste~lj!OTOrpalj!H;O~~Tb 
CIIeAhl IIpH ~HHlKeHHH O~meli CBeTHM,OCTH p~3pstna .oonee, 'IeM Ha 

IIOpstAOK 110 cpaaHeHHIO c. renlleM. npH .. OOIIbWHX ( OOIIbWe 5%) KOH

UeHTpaUIISIX MeTaaa crreKTpaiibHhili . cpcTaa · Hany'IeHIIR orrpe.nensteT

cst uenHKOM 3TIIM ra3oM. npH aToM stpKoCTh TpeKa MOlKHO rroabi

CHTh AOIIOIIHHTeiibHOli A008BKOli 830T8 Ha.ypOBHe 0,1%-~li KOH~eH

Tp8UHII 38 C'IeT Tp8HC!j!OpM8UHfi YIIbTpalj!HOIIeTOBOrO H3IIy'IeHHst Me

T8Ha. Ocooenno xapaKTepno ana_stHHe nooaBKH aaoTa a CMecH rennst 

·. 11 ao.nopona, ·TaK KaK aonopon rro'ITH ne .HMeeT li3IIY'leJIHst s:.oonac-

Til BHAHMoro crreKTpa; H~ p11c. 6 rrpaaenena ljloTorpalj!IIR TpeKa 

B CMeCH SO% _He+ 2Q<J6 -~"4 + o;1% Nl! IIpll ' H811p stlKeHHOCTH · 

aneKTpH'l·ecKoro nonn 27-'ita/cM ~~· rrneHKy' S 
0

,
85 

llpH OTHOCHTeiib!JOM OTBepCTIIII .oo'beKTHB8 1 :2,8; 

1200 rocT 

C UeiibiO BblstCHeHIISI B03.MOlKHOCTH ylieiiH'IeHHst nn_OTHOCTH ae

llleCTB8 B CTIJIIMe~~oit. KaMepe Ob!IIO llpe.nrrpHHSITO, H3>:_'IeHHe paoOTbl 
t~ . . 

KaMepbl B pelKHMe IIOK8IIH38UHH CBe'IeHHSI pa3pstna llpH p83IIII'IHbiX 

A8BIIeHHSIX reiiHst, 3TH A8HHhle T8KlKe B H3BeCTHOli Mepe MoryT 

• obiTh aKcTpanonHpoaaHhi Ha paooTy renHeaoi!: · KaMepbi rip11. HH3-KHX 

TeMrrepaTypax. Bhmo oonapylKeao, 'ITO c rroahiWeHHeM .naaneHHst 

/4,9/ 
MeHReTCSI K8K stpKOCTb, T8K H CTpyKTypa TpeKa . , npH Aaane-

- HHH OKOIIO 3 8TMo CIIeA CT8HOBHTCSI 6eCCTpyKTypHbiM 1 AH!jlljly3Hb!M
1 

H IlpH A8IIhHei!:WeM IIOBbiWeHHH A8BIIeHHSI HC'Ie3aeT B oomeM Allljl-

- ljly3HOM CBe'IeHHH BCero OO'beMa KaMepb!, norrOIIHIITeii&Hast O'IHCTK8 

reiiHSI CHHlK8eT IIOpor IIC'Ie3HOBeHIISI TpeKa. TaKIIM o6pa30M, rrony-:-: 

'IeHIIe TpeKOB 'I8CTIIU Ilpll IIOBb!WeHHOM ABBIIeHHII Cyll{eCTBeliHO 

15 
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3aBHCHT OT. HanH'IHH B KaMepe npHM9CH, 113 HCCne.QOBaBWHXCH npH

. Meceli Haany'IwHli· peaynhTaT aana npHMeCb nHHfi!Ha Ha ·ypoBHe 

' 0,08-0,06%, C. STOH npHM9Cb10 yitanocb nony'IHTb _Tp9KH BflnOTb 

.QO .QaBneHHll. B. 6 _aTM. npH HanpiDK9HHOCTH Sn9KTpH'I9CKOro nonll 

B KaMepe, H.e npeBbiwaroweM ,30 KslcM. «<loi-orpacjJHll cneaa npa .QaB

neHHH 6 aTM npaBe.Qeaa Ha pac. 7 • 

0CHOBHbJe pe3ynbTaTbl MOlKHO cfjlopMynHpOBaTb cne.QyiOIIlHM 

o6paaoM, 

1. npeanoJKeH HOBhili noaxoa K noKanaaanaa CBeqeaaH ra3oBo

ro pa3pli.Qa B o6naCTH ero B03HHKHOB9HHll. nyTeM B03.Q9HCTBHll 

Ha KOHcjlarypanaici paap·H.Qa B renaH ao6aBKH Ha ypoBHe 0,1-0,01% 

KOHU9HTp81IHH. y.QaeTCll H3M9HHTb pacnpe.QeneHH9·llpKOCTH H3ny'IeHHll 

B.QOnb paapli.Qa a nony'IHTb xopowo noKanaaoBaaayro o6nacTb cBe

'IeHHll C ~OCTSTO'IHO Bb!COKOH llpKOCTblO B pal!:OHe cneaa 'ISCTHilbl, 

2, Pa3pa6oTaHa H SKCllOHHpOBaHa B ny'IK9 'ISCTHU OT YCKOpH

Tenli.SKCll9pHMeHTanbH8ll ycTaHOBKa C ynpaBnHeMOH renaeBOH CTpH

Mepaol!: KaMepoli~ npe.QH83H8'!9HH8ll .Qnll .Q9T9KTHpOB8HHll. OCTSHOBOK 

MIOOHOB. npoCMOTp H 06Mep. nony'IeHHbiX cjJOTOrpacjJHl!: flOK838nH 

paBHOMepHOCTb .. 'IYBCTBHTenbHOCTH KSMepb! H B03MOlKHOCTb BH3yanb

HOli H.Q9HTHcjJ_I{K81llfH C06bJTHli no HOH~381lHHo noKanH3811Hll cneaa 

noaBonHeT aaMep.liTb rny6aHHhiii.y~on c TO'IHOCTbiO 2%. a npo6er 

·qaCTHilbl He. XylKe 0,2-0,3 MM B. npOCTp8HCTB9 o6'beKTa• • 

3, npe.QnOlKeHHblH pelKHM pa60Tbl KaMepb! ll03BOnlleT pea.JiH30-

B8Tb ee pa6oTy co aaa'IaTen!>HbiMH npHMeCHMH apyrax raaoa. Koa-
~ . 

ll9HTp81IHH npHM9CH MOryT COCTSB~liTb . .Q9CliTKH npOU9HTOB, HpKOCTb
1 

.QOCT8TO'IH8H .Qnll cjJOTOrpacjlapOBSHHll Tp9K8 1 .QOCTHraeTCll 6e3 cy~ 

Ill9CTBeHHOro yaenH'I9HHll HanplllK9HHOCTH nonll B KSMepe nyTeM 

BB9.Q9HHll .QOnOnHHTSnbHOil: npHM9.CH 830Ta,_· C.QBHr8IOIIl9it Cll9KTp H3-. 

ny'IeHRll. 

4', 11ccneaoaaaa B03MOlKHOCTb nony'IeHHll _noKanaaoaaaaol!:: o6-. 

·nacTa caeqeHHH.paapHaa npa aaaneHHliX Bb!We aTMoccjlepHoro (s 

npeaenax 6 aTM,). OnpeaeneHbi. Tpe6oaaHHH K cocTaay raaa B Ka

Mepe H H8llplllK9HHOCTH sneKTpH'I9CKOrO nonll Anll nony'ISHHll cjloTo-c . 

. rpacjJHpyeMbiX TpeKOB 38plllK9HHblX 'ISCTHU, 
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- -5. Pa~~MOT~eiii.i"'aeKo~op&xe npaanan&x .KoacTpyaposaHHSI KaMep, . - --. . 

.•. -HM.ny.llbC_Hb.IX··reHepaTOpbs, CHCT6Mbi ynpasneHHSio nposeAeH ·8H81IH3 

B03MOlKHbiX npH'IHH HCKalKeHHSI TpeKOB B KaMepe H pa3p800T8~b!. 

MeTOAbi .oopbobl C HHMH, 

. : -

naTep_aTypa-· 
-., . 

• .J 
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