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AKTYAJihHOCTh IIPOBJIEMH. 3JieKTpormrHHTHble ~pwpaxTOphl HyKJioHa H 
nHOHa OnHChiBaDT npocTe~WHe as8Muo~e~cTBHH OCHOBHhiX noJie~. ·HauepeHHe 

BeJIH~HHbl ~p~aKTOpoB. KaK 4JyliKqHH' ltB~aTa 4-HMnyJibca. ~TOHa /< 2 t 

HBJIHeTCH BBJKHOtl s~a~etl ~HSHKH SJieMeHTapHbiX traCTHQ
0 

TaK KaK TeopeTlc\:_ 

~eCKH~ aHaJIHa no~eHHbiX ~aHHb!X n03BOJIHeT DO~Tb MeXaHH3M B3aHMO~e~
CTBHH.3JieKTpOMarHHTHOI'O DOJIH C HyKJIOHOM H nHOHOM. 

B o6JiacTH npocTpaHcTBeHHono~o6Hh!X nepe~asaeMh!X 4-HMnyJibCOB 

( K 
2 
<. 0) H3~eHHe ~pwpaxTOpOB HyKJIOHOB ITpOBO~HJIOCb' B. 3KCDepHMeHTax 

no pacceHHHXJ aJieKTpoHoa Ha npoToHax H .D;eiiTpoHa.X. B o6JiaCTH speueHMno

~o6Hh!X nepe~asaeMh!X 4-HMnyJibqo:a. ( k 2 > 0) · ~pwpaxTOphl HyKJIOHOB oqe- . 
~ . ' ' 

HHBaJIHCb H3 ~aHHb!X 0 Ce~eHHHX H JI'JIOBhiX pacnpe~eJieHHHX_ BTOpH~ ~ac-
THQ B npoqeccax aHHHI'HJIHQHH: 

e +. ..,. e-~ J1 c+ 1'1.. (I) 
. . . 

O.D;HaKO Ha-aa ImHeMa'l'HKH 3THX npoqeccos ,CJIIleCTByeT orpaaaqeHHe OT o' 
~0 4 H.: (-3 .5 ( raB/ c >2}. Ha BeJIH~Hy KB~aTa nepe~asaeuoro 4-HMnyJib

ca. B TO.~e BpeMH.H3 ~cnepCHOHHb!X COOTHOWeHHa CJie.D;yeT •. ~TO H3Mepe-, 

HHH HMeHHO B 3'1'0~ OCiJiac'l'H npe.IJ;CTaBJIHXIT 60JibWOtl HHTepec t TaK KaK B. Hea 

HaxO~TCH peaOHaHChl .fJ t .Gi.J H )";·. BHOC.fili!He. CJIIleC'l'BeHHbl~ BKJI~ B ' 
HyKJIOHHble ~pwpaxTOphl, 

. ... . .,. -
3KcnepHMeHThl Ha JCKOpHTeJIHX.CO BCTpe~Hb!MH e e - ~KBMH DOSBO

JIHJIH t H3MepHH Ce~eHHe peaKqHH 

e+.,.. e- .....;.... fli+ + !li-, (2) 

onpe~eJIHTb ~PMf>a.KTop DHOHa. Ho H 3.IJ;eCb' CJIIle.CTByeT ~I'paHH~eHHe Ha 

KB~aT nepe.IJ;asaeuoro 4-HMnyJibca ( 1< 2 He uo~eT CihiTb M~Hbme 4 m_t c: 
:::::-o.o?a <raB/c>2>. · · ·. · 

' ,· ,. \ 

B npocTpaHCTBeHHono~o6Ho~ oCiJiacTH riepe~a:aaeMh!X 4-HMnyJibcds 

~PMf>a.KTop mfOHa HCCJie.D;OBMcR C DOMOIIlbD peB.KqHH SJieK'l'popo~eHHH IDIOHa 

I 
t•J >t:_I,J/''[1-ll•'f::J,~I Hi':lCfi~TY<. 

·< . I . . 
· -_,Hbl>' :/r:,.~:_~noa~Hr: 



e -- + p - !ii + +- e.- + n , 

pe~H ynpyroro pacceaHHH OHOHOB Ha sneKTpoHax 
$- -r e-- 5i- + e- , 

(3) 

(4) 

a ~aKEe pacceHHHH nHOHOB Ha ~ax renHH. 

B HaCTO~ee BpeMH ~CTBeHHUM npo~eCCOM,npH H3yqeHRH KOTOporo 

MOJiti!O llOJIY'DIT:& ,D;B.H!W8 0 ljx>JlMimtTOpax BYRJIOHa H IlllOBa npH MaJnix aHa'le

tmmC :KB8,1(paTa nepe,n;rumoro 4-m.myJU.ca<.BO BpeMemniO,D;06HOH 00JraCTK,JiBJISI8T

Cit peaKIJ,WJ o6paTHoro 3JieKTpopoJ!UteHIDI llHOHa (OSII): 

9i- + p ~·· e+- +-e.::+ n. (5) 

Hccnep,oaaHHe 31'0ii peaKr:(lm npH sHeprHH J/~-MesoHa 275 MsB (non

Ha.H sileprHH ·B 51-p- c.q.M. - W=:1295 MaB, trro Bblllle pesoHaHCa ·· · 

A(I236)), noSBOnHnO ODpe~enHTb ,D;HpaKOBCKHii HSOB9KTOpHblii tPoP$KTOp 

HyMOHB. F;~( J<.2.) H tPoP~Op ImOHa F;,(k2 ) ,D,JIH KBB,IIJlaTa nepe,D;!UIHOrO 

4-HMeynbca B ,IJ.HMa30H9 l_,48~Sk2~ 3,05 cp;2 
·H. no nOJIYll9liHH;M ,D;aHlibiM 

H~TH cpe,n.HeKBa,n.paTHI:ffihlit PB,ll.HYC. Yi ~MesoHa. · -'! 

OCHOBHAH IP PAEO'lli cocToMa B cos,D;aHHH onTHtleCKHX ~m~poKosaaop

EHX_TpeKoBNX HCKpOBNX K8M8p, CHCT8MH BHCOKOBOnbTHOrO nHTaHHH H CHCT8-

MH onepaTHBHOrO KOHTpOnH KaMep ,ll,JIH DpoB8,I1;8HHH 3KCD9pHM8HTOB no HSyqe:.. 

HHID . ilpoqecca Oi3fl, a . TaKE~, HCM8,II;OBaHHH 3TOI'O npoqecca npH 3Heprmi 

!Ji -i.lesoHa r&:i. MsB, ,rVIfi npoaepKH BOSM?JKHOCTH KOnHtl8CTB8HHOI'O_ aHa.JIHSa 

8I'O C nOMO~bD ,II;HCD8pCHOHHOii MO,D;enH, yCTaHOBneUKfi:KBa3HDOporOBOI'O 

nciae~eHHH 8MIIJIHTy,ll,bl npoqecca oarr B o6naCTH HHJK8 pesoHaHCa A (!236) H 

onpe~eneHHH cpe,D;HH:ic' sHatleHHii F;v H fi B HHTepsa.ne 0,5cp~:2~1<2~ 2,o<P;f. 
HAYtfiiAH HOBM3HA H fiP.Al{'fHqECKAfl·l.(EHHOCTh. llpH sHeprHH nHo.Ha 164 MsB 

JI3MepeHO ,D;H@lepe~oe . '. cet~eHHe· peaK~H 08II, onpe,D;emiHH sneK

TpHtleCKHii qx,p~Top · nHOHa F;; H · · ,IJ.HpaKOBCKHii MSOBeKTOpHHii . qx,pMijltu<Top · 

HYMOHa ~~ B o6nacTH KBB,IIJlaTa BpeMeHHnO,D;OdHHX nepe,D;aHHHX-4-HMDJnbCOB 

0,5 cfi/~1<2,.; 2,ocp;:(.k2 =I ,4r/>~2 > .- Onpe,D;eneHH TaKEe'BMlW>t ~ 'cet~eHife -· 

peaKqHH Ooll COCTOHHHii C npO,D;OnbHOii H nonepetlHOI.i nonHpHsaqHel.i BHpTY~ 
a.Jl.bHOI'O tPoTOHa. ,; ' . - , . - .· .. 

' ' 'I"-

no ,II;aHHHM 0 BenHtlHH9 tPoP~TOpa OHOHa, DOJIYllSHHHM B 3KCnepHM8H-

. Tax DO HCCne,D;OBaHHIO npoqecca Ooll npH 3H8pi'HHX DHOHa 275 MsB H 164 MsB, 

onpe,D;eneH cpe~eKBB,IIJlaTKtJHHiipa,D.HYcnHOHa. 
Coa,D;aHHHe H Hccne,D;OBaHHHe ODTHl<ecKHe lmlpoKosaaopHHec,TpeKOBHe 

HCKpoBH8 K8M8pH, CHCT8MB. BHCOKOBOnbTHOI'O nHTaHHH H CHCT8Ma onepaTHB~· ~ 
Horo KOHTponn KaMepycnemHo sKcnnyaTHpoBa.nHCb Ha nyqKe 97 -MesoHOB 

MesoHHoro ·KaHana cHHXpOUKMOTpoHa OHHH B Tetle~e,HecKonbKHX ~eT. C 

HX nOMO~D no~eHH OCHOBHH8 pesynbTaTH 0 npoqecce Ooi! npK 3H8pi'HHX 

nHOHa 275 .MaB H !64 MsB. 
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Jl,JIH OnHCaHHHX B p.HCC9pTaqHH 111MpoKOSa30pHUX HCKpOBNX KSMep nony

tl8H H HCCne,D;OBaH peJKHM SaDOMHHaHHH, nOSBOnHBIDHii HCnOnbSOBaTb HX B 

sKcnepaMeHTe no onpe,D;eneHHJO cetleHHH peaKqHH 

g;- -r P- _/'++/-+n. 

Paapa60TaHHH9 OnTHtl8C_KH8 IDHpOKOSa30pHHe Tp8KOBH8 HCKpOBH8 K~epH, 

CHCT8Ma BHCOKOBOnbTHOI'O DHTaHHH H M8TOp.HKa OnepaTHBHOI'O KOHTpOnH sa 

Kat~ecTBOM pa6oTH KaMep MOryT 6HTb acnonbsoaaHH so MHorax APYI'HX 3KC-
nepHMeHTax. ·. . 

CJ1EJ1,YI!l(HE PE3YJI1TA'lli BWJ,BHI'ADTCH ,ll.illl 3A!qi1'1'H 
I. KoHcTpyKqHH onTHtleCKHX IDHpoKoaaaopHHX TpeKOBNX HCKpoBNX KaMep · 

H peaynbTaTH HCCne,D;OBaHHH HX XapaKT8pHCTHK. 

2. CHCTeMa onepaTHBHOI'O KOH~nH KatleCTBa pa60TH.HCKpOBHX'K8Mep, 

n03BOnHBmaH BO BpeMH C9aHCOB Ha YCKOpHTene B8CTH 3~KTHBH08 Ha6nJO,D;e

HH8 3a napaMeTpaMH KaMep, a TaKES ll~T:&,D;OnOnHHTenbHyD HHtPcpMaqKD 

06 HX xapaKTepHCTHKax. 

3. P(;laynbTaTH HCMS,I\OBaHHH pa6oTH HCKpOBNX_ KaMep B peJKHMe sano

MHHaHHH, KOr,D;a TpeKH . B KSMepe Ha6nJO,D;a.JIHCb tlepes I0+900 MKC 

nocne npoxoE,D.eHHH t~epes Hee tlaCTHqbl. 

4. Onpe,D;eneRHe' C8tl8HHH npoqecca oarr npK 3H8pi'HH DHOHa !64 MsB. 

5. Onpe,D;eJieHHe BenHtlHH iPoPM:fJaKTOpa DHOHa F$; H ,IJ.HpaKOBCKOI'O 

HSOB8KTOpHOI'O tPoPM:flaKTOpa HyMOHa J:;V npH Cpe~eM SHatlSHHH KBa,n.paTa 

nepe,D;aHHoro 4-HMDJnbca 1<2 =1 ,4· ,P;l. . · 
6. Onpe,D;e~eHHe BM8,li,OB . COCTOHHHI.i C paaJIHtlHOI.i noJIHpKSaqK81.i BHpTY:_ 

anbHoro qoToHa a ,D;H~pe~anbHoe cetleHHe npoqecca 03II npH aHepraH 

nHoHa I64 MaB. . .. 

AIIPOBAQllfl PAEO'lli. ~eaynbTaTH ,D;aHHoii ,D;HccepTaqHH ,D;OI<na,D;HBaJIHCb H 

o6cyl!(,IJ,a.JIHCb Ha ceMHHapax Jia6opaTOPHH H,D;epHNX npo6neM 06'be,D;HHe~oro 

HHCTHTyTa ~epHNX HCcne,D;OB~n; ony6nHKOBaHH B ~HaJie IIT3fl+3 , 
JKYPHa.ne "ll,D;epHan ~PHsaKa"/4 •51. · • · 

OBhEM PAEO'lli. ,IlHccepTaqKH ccicTOHT H3 BBe,D;eHHH; nHTH rnaa H sa- · 

MJOtleHHn; · oHa co,D;eplKHT 122 CTPaHHI.\H M8IIIHHonHcHoro TeKcTa, 58 pHcyH- · 

KOB H 6H6nHorp&pHtl8CKH£i CDHCOK H3 !00 Ha3BSHHa. 

co~ )l.HCCEP1'AJ.Ull1 

Bo BB8,II;8HHH pacCMOTpeHH MeTO,D;H 3KCnepHM8HTaJibHOI'O 0Dpe,D;M8HHH 

sneKTpoMBrHHTHNX IPop~OpoB HYKnOHa H DHOHa·H nonyqeHHHe c HX no~ 
MOJ.qbD pesy~bTaTH. 0co6o B~M8H npOqecc OSII~ KOTO,pwA HMH8TCH npaKTH_: 

~8CKH e,D;HHCTBeHHHM HCTOtlHHKOM,II;BHHHX 0 CTpyKType_HyMOHa H DHOHa BO'. · 

BpeMeHHnO,D;06Hoii o6~aCTH npH Ma.JINX. 3Hatl8HHHX KBa,u.paTa nepe,D;8HHOI'O . 

4~1fwriy~bca~ ·11:Mar810Tcn ocHOBHHe TeopeTHtlecKHe MO,I\MK, c noMOIIIbD KOTo-

3. 



pux npoao~nacb o6pa60TKa aKcnepHMeHTanbHHX ~aHHHX no aTo~ npo~eccy. 
060CHOB~BaeTCfl He06XO~MOCTb HCCRe~OBaHHfl npo~ecca 03fi npH aHeprHH 
nHOHa 164 MaB. 

B nepBO~ rnaBe OnHC~BaeTCfl 3KCnepHMeHTaHbHafl YCTaHOBKa, Ha XOTO
poH Hayqancfl npo~ecc 03ll. O~M H3 OCHOBHHX ~eTeKTOpOB YCTaHOBKH, 
CRJE~M ~fl OT60pa C06~HH H BOCCTaHOBReHHR npOCTpaHCTBeHHOH KaPTH~ 
~. JmJIJieTCR onTK'leCKEIJI ompoxosasopHWI TpexoBaJI ncxpoBaH KaMepa. B 
nepBOH rnaae ll0~06HO H3RaraDTCfl KOHCTpy~fl KB.Mep H HX OCHOB~e 
xapaKTepHCTHKH. .J 

B §1.1 npHBO~HTCR cxeMa aKcnepHMeHTa H OnHC~BaDTCR ~~H oc
HOBHHX Y3ROB YCTaHOBKH. HsnaraDTCR HMHalleHHe, KOHCTpy~fl H XapaKTe
pHCTHKH C~HTHRR~O~, BO~ llepeHKOBCKHX ClleT'IlHKOB H llepeHKOB
CKHX cneKTpoMeTpoB nonHoro norno~eHHR. 

B §1.2 onHCNBaeTcR KOHCTPYK~R onTHlleCKHX mHpoKosaaopHHX TpeKo
BHX HCKpOBHX KB.Mep. B ycTaHOBK9 HCnORb3JDTCR ~Be KaMep~ pasMepOM 
450x380 wl- C O~HM 3a30pOM (50 MM).Omi pa60T~ IIpll aTMOC!j)ePHOM ~aa;_ 
neHHH·H HallORHRDTCfl nocpe~CTBOM npo~aa. 3anyCK HCKpOBHX KaNep ocy
~9CTBnfi9TCH c noMO~b~ 5-xacK~ reHepaTopoa ApK~beaa-MapKca, cxeMa 
KOTOpNX npHBO~HTCH.4se B3aHMHO nepne~~e npo~ 06eHX KaMep 
<floTOrpruplqlOBaHHCb O~HM KHHOannapaTOM ~K-5. 0nHCNB8lDTCH KOHCTpy~H 
penepHHX nnaCTHH, He06XO~HMHX ~R npOBe~eHHH o6pa60TKH . ~HRbMOBOH HH

tPDP~H. · 
B §§!.3-1.4 H3nar8lDTCR pesynbTaTN Hccne~OBSHHR xapaKTepHCTHK 

HCKpOBHX KB.Mep. llpH HanonHeHHH KaMep llHCTNM iieoHoM TpeKH .B HHX conpo
BOJK,qaDTCfl npo6oHMH no cTeKny, KOTopNe MacKHpJDT TpeKH H ao. MHorHx 
cnyqafiX ocna6RRDT HX .HpKOCTb. )J,o6aBKH M9TaHa CHH3MH .HpKOCTb npo6oeB 
no cTeKny HyMeHbmHRH KORHlleCTBO cna6ux TpeKoa B KaMepax. O~oapeMeH
HO ~o6aaKH M9TaHa ll03B0nHRH YM9HbmHTb apeM.H naM.HTH HCKpOBHX KaMep. 
Ha pHc .I npHae~e~ saaHcHMOCTH apeMeHH naM.HTH r H oTHomeHHR ? Tpe
Koa HOpManbHOH .HpKOCTH K llHCRJ sanyCKOB KaMepN OT KORHll9CTBa ~06aBnR
euoro M9TaHao B 3KCnepHM9HTe HCnORb30aanacb raaOBafl CM9Cb 1 ~OCTO~afl 
H3 99,6% HeoHa H 0,4% MeTaHa~ Euna HayqeHa saaHCHMOCTb a~KTHBHOCTH 
C HCKpOBHX KB.Mep OT yrna npoxo~eHHfl ~epe3 HHX '!laCTH~·(pnc.2) •. 0Ha 
ocTaaanacb 6nH3KO~ K IOO% no'!lTH ~o yrnoa a 30?. 

B0 BTOpOH rnaBe OnHC~BaeTCfl MeTO~Ka onepaTHBHOrO KOHTpOnR Ka
lleCTBa pa6oTu HCKpOBHX KB.Mep. 0Ha nosao~Hna He TOnbKO aecTH KOHTponb, 
HO H nony-qHTb ~ononHHTenbHyD HH<flop~ o xapaKTepHCTHKaX HCKpOBNX 
KB.Mep. B aTOH·Ee rnaae paccuoTpeHa pa6oTa ~aHHHX.HCKpOBNX Kauep B 
peli!HMe 3allOMHHaHHR. 

B §fl.! npHBe~eHa CXeMa KOHTpOnfl"KalleCTBa pa60TN HCKpOBNX KB.Mep. 
H3MepeHHe apeueHH Ts Mew MoMeHToit no~a'llH Ha HCKpoayn xauepy BNco-
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PHC. I. H3MeHeHHe BpeMeHH naM.HTH f"' HCKpOBNX KaMep Ha ypOBHe . 

C =0,95 CMaKC. H OTHOWeHHfl '2 'llHCna Tp~KOB HOpManbHOH .HpKOCTH 
K llHCRy 3anyCKOB KaMep B 3aBHCHMOCTH OT XOnHlleCTBa npHMeCH 
M9TaHa. 

Ef;lJ a 
adet•et}J. 
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PHC~2: 3aBHCHMOCTb 3~KTHBHOCTH C HCKpOBNX KaMep OT yrna 
npoxoJK,qeHH.II llaCTH~: {' - nepaa.H KaMepa, ; - BTOpa.H KaMepa. 

KpHENe a: H 6 no.nytle~ DpH paaiiou OTHOCHTenbiiOM OTBepcTHH 
o61>eKTHaa. · · · · • · 
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KOBOHbTHOrO HMnyHbCa H MOM9HTOM ee npo60R xapaKTepH3yeT BpeMR pa3BH

THH paap~a B Kauepe H nosaoxneT CYAHTb o Ka~ecTBe ee pa6oTH. B xo~e 

Ha60pa 3KCnepHM9HTaHbHOrO MaTepHaHa IIOCTOHHHO H3M9pHHOCb cpe~ee 3Ha

~eHHe ae.JIHtlliHbt i'; H npH yae~eHHH ero Ha 15+20% (~To yKaaHBaHO Ha 

yxy~eHHe Ka~ecTaa TpeKOB) Bl(JIJO~aHCH npo~B. Ha pHc.3 npn~eHH rpa
qmxn K3MeHeimH BE!JIK1nllm ~& B T9'ieHKe 3KCIIepHMeHTa. 

- ~ 
·~~~ I I 

~~~~~~~~ 
TflltJi:WJ ,;r;c .. , I I 

=~ .. ,-...: . .- . _ .. -· .. ·-·. .~· .. ';'-'-. __ ,.~ . 
....... • •• ,., JiJ "" Sll Tf'IOCtl) 

1 b 2IJ 

PHc.3. Pp~KH HsMeHeHHH ~HT9HhHOCTH ~pMKpOBSHHH HCKPOBoro 

KaHaHa ( ~) C Te~eHHeM BpeMeHH ~H ~Byx HCltpOBHX KSMep. 

CTpeXKaMH OTMe~eHH MOMeHTN npO~Ba KaMep CB9~M raaoM. 

B §ll.2 npe~cTaaxeHH pesyxbTaTH H3MepeHHH apeMeHH paaBHTHH HCKPO

aoro paap~a B KaMepe, no~eHHHe npH Ha~eHHH ee xapaxTepHCTHK. llpH

BO~TCH ~aHHHe 06 HSNeHeHHH BpeMeHH pa3BHTHR HCltpN npH HSMeHeHHH COC-:

TaBa raaa, aMilJIHTy~ BHCOKOBOXbTHOrO HMnyXbCa, yrxa npoxo~eHHH ~ac

TH~ qepea KaMepy H 3~epEKH B no~a~e BHCOKOBOXbTHOrO HMnyXbCa Ha HC

ltpOBYJO KaMepy. 

B §fl.3 paCCMOTpeHH HSMeHeHHH B KOHCTpy~HX ~eTeKTOpoB 3KCnepH

M9HTaHbH0£1 YCTaHOBKH, KOTOpHe 6wrn BWOJIHeHH ~H npOBe~eHHH HCCXe~o
BSHHH pe~H 

!Ji- +P -- _/'+ +/- H'l. (6) . 
B ~epeHKOBCKHX CneKTpoNeTpax BM9CTO p~aTOpa HS CTeKXa HCnOXb30BaHCH 

B0~0£1 p~aTOp, a HCltpOBNe KaMepH BO BpeMR 3KCnepHMeHTa no H3~9HHD 

pe~H (6) paOOTaHH B pe~Me 3anOMHH8HHH. ,IJ,.nH 3TOro Ha KSMepN ':IO~a
BaJIHCb nocxe~OBaT9XbHO ~Ba BHCOKOBOXbTHNX HMnyHbCa: nepBN£1 - 'flepea 

speW'! -0,8 MKc nocxe npoxo~eHHH ~acTH~,-"sanoMHHaJJ!Ildt" ee CJI~, a 

BTOpOit- ~epes BpeMR -25 MKC H 60Xbme, BN3HB~A nOBTOpHID\. paap~ 
B~OXb 3Tcro cxe~a, _. HO 3HatrnT9JxbHO OOXbmeA .HpKOCTH. 

B §ll.4 npHBe~eHH HeKOTOpble xapaKTepHCTHKH HCKpoBNX KaMep, KOr~a 
OHH pa60T81lT B _ palltHNe. 3anOMHH8HHf!: BpaYH nSMHTH, · 3aBHCHMOCTb srM>eK-
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THBHOCTH KSMep OT yrxa·npoxo~eHHH ~epe3 HHX qacTH~. ,IJ,.nR KaMep He-· 

nOXh30BaHaCb raaOBaH CM9Cb, "COCTOH!qaH H3 94 ,!J% HeOHa,. 5% aproHa H 

0,2% M9TaHa. TpeKH XOpomero Ka~eCTBaHa6JW~aHHCh npH 38,!1,9plKKe BTOporo 
BNCOKOBOXbTHOrO HMnyXbCa Ha 10+900 MRC. . 

B §ll.5 noKaaaHo, ~To pe~M sanoMHHSHHH ~H ~aHHNX HCKpoBHX Kauep 
HeXh3H o6oHCHHTh o6paaoBaHKeM MeTacTa6RXbHHX aTOMOB. IU1R6o-

xee aepcRTHoe o6oHCHeHHe Ha6xv~aeMoro pe~ua - aM6HnOX.HpHM AH~3HR. 

B TpeThe£1 rxaae npRB~eHa npo~e~a Ha6opa cTaTHCTH~ecKoro ua
TepHaHa H npe~BapHT9XbHOrO OT6opa C06NTH£1 npo~ecca 03ll. 

B §ill.I onHcaHH napaMeTpH nyqKa J.I-~MesoHoB, KOTOPHH HcnoxhsOBaH~ 
CH npH npOBe~eHHH 3KCIIepHM9HTa. 

B §§ill.2-ill.3 HSXaraeTCH npo~e~a Ha6opa CTaTHCTH~eCKOrO MaTepHa-· 

Xa Ha nyqKe .fi--MeSOHOB CHHXpO~KXOTpOHa, M9TO~Ka KOHTpOXH 3a CTa- .. 

6HXhHOCTblll pa60TH ~eTeKTOpoB H annapaTypN. 3a 90 'iaCOB 'iepea 

MHmeHb C ~KHM BO~OBO~OM 6uxo npo~eHO 4•1010 nHOHOB, a qepes nyc

TYJO MHmeHb - 0,3·10
1 

nHOHOB. B pesyxhTaTe saperHcTpHpOBaHO 112000 
C06NTHa Ha MHmeHH C BO~Opo~OM H 2000 C06NTHA Ha nycTOA MHW9HH. llep

BHWaH o6pa60TKa Ha6paHHoro CTaTHCTH~eCKOrO MaT9pHMa BNIIOJIHeHa Ha ·. 

3BM "MiiHCK-22" H 3~Macb B BBe~eHHH orpaH~eHH£1 Ha BpeMeHHHe H 

aMIIXHTy~e napaMeTpH ~eTeKTOpOB, ~0 n03BOXHXO J'M9HbmHTb ~H C~a£1-

HNX C06NTHit. B pesyXhTaTe ~H ~MbHeitmero aH8.!IH38. OCTMOCb 10800 CO

ONTHit, ~0 COCTaBHJIO 10,6% OT ~epBOHaqMhHO Ha6paHHoro CTaTHCTH~ec-
KOrO MaTepHaHa. . _ _ 

B §ill.4 npHBe~eHa npo~e~a o6pa60TKH lf>HXhMOB0£1 H~pM~H .. c Hc
KpoBHX KSMep. 0Ha BeXacb B'_~Ba 3Tana •. CHa~Ma ,OT6~pMHCb C06NTHH

1 

HM9!lllllH9 B ~OA KaMepe TOXhKO no O~OMy Tpeey .XOpomero Ka~eCTBa, 6es 
H3XOMOB. B OOemc npoe~RX. 3aTeM .npOBO~XOCb H3NepeHHe na~eTpoB 
TpeKOB ~ OCTaBWHXCH IIOCXe nepsoro 3TaDa 2500 C06NTHA. 0HO BNIIOJIHeHO 

c IIOMOIIIbll CKSHHPYJliiiHX ycTpoACTB AaJIT..:.1 H IlYOC-50 JIBTA .OHIDf. OcHOBHaH 

MaCCa co6NTHA o6pa60TaHa Ha AaJIT-1H30%). 0CTB.BmH9ClJI. -20% c06NTHA, 

xapaxTepH3YDIIIH9CH HHSKOit KOHTpacTHOCThll H306paieHHH O~OrO_H3 TpeKOB, 

o6pa6aTNBSJIHCh Ha IlYOC-50; ·HsJiclJ[e~a MeTO~Ka onpe~exeHHH npo~eHTa Ha

xoJteHHA, Kor~a Ha ~TOrp~H HN99TCH ~Ba H 6oJif.me XOpoWHX 'l'peKOB. 8Ta · · 

nonpaaia cocTaaHxa (2,2±!,0)% H. 6uxa yqTeHa npH onpe~eJl~HHH ce~eHHa 
npo~ecca oarr. . ' · . . ·. · . . . 

B §ill.5 OnHCNBaeTcH reoNeTp~ecKan peKoHcTpyKqHa co6NTHA H KoppeK-
. . . . I 

-~H aMIIXHTy~O-BpeMeHHNX· ~aHHHX. 0T6HpaJIHCh C06NTHH 1 TO~Ka B38JIMO~eA-

CTBHH KOTOpblX . HaxO~X&Cb · B . NHIII9HH 1 3HeprHH perHCTpHpyeWX 3X8K'l'pDHOB 

£; H nosHTpoHoB £ 2 npeswaJIH 50 MsB, a CYJOiaPHOe sHeproB~exeHHe 
£. +Ez 6uxo 6oxbme. 200 MsB. OI'paHJflleHHe Ha sHeprHH sso~ocb c ' . . . . . . 

~eJlhll yweHbmeHHH HH3K03HepreT~ecxoro ~Ha, a T&KKe Hs-sa.HeBucoxol 
aifxll8KTHBHOCTH CII9KTpo~eTpoB npH··uam.vi: 3HeprHRX perHCTpHpyeYWX. llacTH~. 
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B peayRbTaTe AHR nocRe~ero aHanHaa ocTanocb 338 co6uTHti, aaperHc-

TpHpOBSHHIDC Ha MHmeHH C BO,ll;OpO,D;OM H 2 co6blTHR OT nycTOH MHWeHH. . 

qeTBePTaR rRaaa COAepMHT aHanH3 OT06paHHIDC C06hlTHH, BHITUHHeHHHtt 

Ha SBM BSCM-6. OcTaamHecn 338 co6wHti BKJIKlliBilT a ce6n KS.K coclaTl!II OT 

npo~ecca 08ll, TaK H C06UTHR qoHOBUX npo~eCCOB, a T~e C06blTHR, CBR-

3SHHUe c ynpyrHM pacceRHHeM nHOHOB Ha npoToHax. UeRb ,n;aHHoro aHaRHaa 

COCTOMa B Bbl,ll;eReHHH C06blTHH, CBR38.HHbiX C npo~eCCOM 08ll. 

B §IY .I onHcaHa Iipo~e.n;ypa no,n;aMeHHR cpoHa, suaaaHHoro ynpyrHM 

pacceRHHeM nHOHOB Ha npOTOHax. 0Ha_;..OCHOBSHa Ha KHHeMaTHlleCKOM aHanHae 

C06hlTHH. llpH 3TOM HCnORb30BanCR TOT cpaxT, liTO npH 3~aHHOH 3HeprHH 

HaneT~ero nHOHa yrnu auneTa pacceKHHoro nHOHa H npoToHa oT,n;aliH OA

H03HallHO CBR3aHU. llpoae,n;eHHUH 8HaRH3 n03BOnHn CHH3HTb BKn~ cpoHOBllX 

co6w'Hn OT ynpyroro pacceRHHR .n;o--i%, noTepn co6h!THH Hccne.n;yeMoti peax

~H cocTaaHna ~IO%. Ann ,n;anbHetimero aHanHaa OCTaJIOCb 165 co6wHti, re

HepHpOBSHHHx Ha MHWeHH C BO,D;OpO,D;OM, H HH O,ll;HOrO C06UTHR OT nyCTOH MH-

meHH. 
B §IY .2 ,n;SH aHanHa aKn~a cpoHOBb!X npoqeccoa B aKcnepHMeHTanbHHe 

,D;SHHUe. B·peaynbTaTe MO,D;enHpOBaHHR nonylleHO, liTO B OCHOBHOM cpoHOBHe 

co6UTHR.CBR3aHU c npoqeccoM 

$- + ,P - !ii o + Y +- n. (7) 

Bse.n;effi.!e orpaliHlleHHH Ha KB~aT He,n;ocTBIOll!eti Maccu ( flfx2~ I ,05 (raB>2 ) , 
Ha aenHliHHy aqxpeKTHBHoti Maccu e+e:.napu (t:J ~ !60 MaB) H Ha at.mJIHTy,n;u 

HMnyRbCOB B 60KOBb!X C~HTHRR~OHHIDC ClleTliHKax(.4~ 2,2.4 HB; r,n;e ,.Q HB
HaH6onee BepORTHaR aMnnHTy,n;a) 3HaliHTeRbHO CHH3HRO 3cpcpeKTHBHOCTb pe

rHCTp~H co6UTHti, CBR3SHHIDC c cpoHOBb!MH npoqeccaMH. Ha pRe .4 noKasa

Ho, KS.K H3MeHReTCR BH,ll; pacnpe,n;eneHHR no KB~paTy He,D;OCT~eti MacCU 

· M/c aae,n;eHHeM KpHTepHeB, yKasaHHIDC B §§IY.I H IY.2. 

B §IY.3 onpe.n;e~eHO llHCRO co6HTHH npoqecca oarr, aaperHCTpHpOBSH

Hb!X B ,n;SHHOM aKcnepHMeHTe. PacnpeAeReHHe no ia~aTy He,n;ocTaDll!eti Mac-
2 . . 

eli H1l 131 ocTaamerocn co6UTHR annpoKCHMHposanocb no MeTo.n;y HaHMeHb-

mHx KB~aTOB CJMMOti ,D;BYx pacnpe,n;eneHHH 1 nonylleHHllX npH MO,D;eRHpOBaHHH 

npo~ecca oarr H cpoHOBOro npoqecca (7). HaH,n;eHo, liTO B pesynbTaTe 3KCne

pHMeHTa 3aperHCTpHpOBaHO !04 :!: !5 C06blTI:I~ HCCJie,izyeMOti p~S.K$111 08ll. 

llpHBe,D;eH!i pacnpe,n;eneHHR aaperHCTpl:lpOBaHHHx C06UTHH no KHHeMaTHlleCKHM 
nepeMeHHiiM. 

B nnToti rRaae nposo,D;HTCR aHanHa peayRbTaToB aKcnepHMeHTanbHoro 

MCCne,D;OBaHHR npo~ecca QSIT H CpaBHeHHe I:IX C npe,D;CKa3aHHRMH TeOpHH. 
B §Y.I onpe,n;eJieHo CelleHHe npo~ecca oarr .. c 3TOH ~eJibD paccMOTpeH!i 

BCe B03MOMHU8 nOTepH, KS.K'npH Ha6ope CTaTMCTHlleCKOrO,MaTepHana, TS.K H 

npH era 06pa60TKe. ~KTI:IBHOCTb ycTSHOBKH COCTaBHJia C ,n;eT~O ,64:!:Q ,07, 

a 3cpcpeKTI:IBHOCTb o6pa60TKH - eo6p~0,68:!:o,03. B peayRbTaTe cpe,D;Hee 

/ 8 

,D;H~epeH~anbHO€ CelleHHe npo~ecca 08ll OKa3anOCb paBH!iM 

e/2() +1,0 ~3 .·? -2 
dn, ·clf2.z = ( 4,8 _1 ,2 >·IO eM""· cp • 

0Ho nonylleHo npH yCROBHH perHcTp~H aneKTPOHOB,H noaHTpOHOB c aHep

rHeti £1 , .·t; ~ 50 M3B, £,+£2 ;iii: 200 MaB, Mcnyli!eHHIDC no.n; yrJiaMH, 

6JIH3KHMH K 70° no OTHOWeHI:ID K nHOHHOMJ IIY'1KY ,:meprrui Ill!OHOB '7" 164 N13B, 
cpe,D;Hee 3Ha'Ieime KBa,ItpaTa m!pe,n;aHHoro 4-HMnyJibca A'2 =I ,4 Wt.4 -~. 
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K6acJpam He<locmaiO~eU Maccbl 

PHc.4. Pacnpe,n;eJieHHR OT06p8.HHbiX co6UTHH no KB~aTy He,OCTaD-' 
ll!eti MaCC!i Ptf; I - see co6iiTHn; 2 - no,n;aaJieH cpoH OT ynpyroro 
pacceRHHR nHOHOB; 3'- TO.JKe, tlTO H Ha rHCTOrpaMMe 2, naCRe 

sse,n;eHHR KpHTepHes OT6opa 11::0·2,2.4 HB H dJ~ !60 MaB. 

B §Y.2 onpe.n;eJieH!i cpop~axTop nHOHa ~ H HaoseKTOpH!iti HyKno~ 
cpopMcp8.KTOp. F;Y. C 3TOH ~eJib!l 3KCnepHMeHTanbHOe . pacnpe,D;eJieHHe C06UTHH. 

no KOCHHyCy yrJia BllneTa . & YBHpTyanbHOrO cpoTOHa B (!ii-p ) - C.~.M. 
annpOKCHMHpoBanOCb TeOpeTHlleCKHM 1 pacCllHTa.HHW B paMKax ,D;HCnepCHOHHOH 
MO,D;eJIH C JlleTOM KOHKpeTHNx YCJIOBHH 3KCnepHMeHTa (pHc.5).·B KaqecTBe · 

sapbHpyeMoro napaMeTpa B!i6paH ;;v, a aHalleHHe. · J:;. sbipB1twiocb c no

MOll!bll. cooTHilmeHHR , J:;= f't'- ~ . B!illHCRemian Ha ocliose HMeDll!HXCR Teope
THlleCKHX npe,n;cTaMeHHti seJIHllHHa c pasHa 0,06. B peayJibTaTe no~eHo, 

9· 



tlTO fi =O,sa!O,IO, ,t;;v=0,94::!::0,I0. 06pa60TKa HMe~XCSI. 3HatJeHHH f; , 
no.nyqeHHhiX H3 aHaJIH3a pe~H oan. noaBOJUfJia onpe~eJIHTb cpe~eKBa,Iq)a-
THtnn>in pa,u.eyc nHoHa < 'i/ > ~ = ( o, ?I::!::o ,IO) w. · 

d~ 
~ 

{Htf) 

5. 

2 

f. 

-! -as 0 Q5 1 cosor 

PHc.5. 8KcnepHM9HTaJibHOe pacnpe~eJieHHe C06UTHil npo~ecca oan 
no cos & ¥ • CnnoiiiHan KpHBaSI - TeopeTHtJecKHit pact~eT. . . 

B §Y.3 BUITOJIHeH M0~9JibHO He3aBHCHMHH aHaJIH3 3KCnePHM9HTaJibHNX 
~SHHNX, B pe3yJibTaTe KOTOporo onpe~eJieHH BKJI~ B ~pe~aJibHOe 
CetleHHe npo~ecca 08ll COCTORHHR C paaJIH~HOH nOJISipH3~eil BHPTYaJibHOro 
¢<)ToHa. CpaBHeHHe · sKcnepHMeHTaJibHNX ~SHHNX c TeopeTHtJecKHMH, pacctrn

TaHHHMH no ~HCnepCHOHHOH MO~eJIH C HCfiOJib30BaHHeM 3HatleHHil ~ H ~v , 
no.nyqeHHhiX B ~aHHOH ~CC9pT~H, fiOK83aJIO, tlTO OHH HaxO~TCSI B XOpO
meM cornacHH. 

. OCHOBHHE PE3Y.llbTATH )U1CCEPTAI.Ufi1 

I. ~SI 3KCnepHM9HTOB no HayqeHHD npo~ecca oan H3rOTOB~eHH OfiTH
tl9CKHe mHpoK03830~e TpeKOBH9 HCKpOBH9 KaMepH C Ma.JIHM KOJ!Htl9CTBOM 

B9!1{9CTBa Ha nyTH ~9T9KTHpyeMHX tlaCTH~. ~SI o6ecnetJeHHSI BHCOKOBOJibTHO-. 
ro IDITaHHSI KaNep paapa60TaHH H H3rOTOBJieHH 5-KaCK8,1U{He reHepaTOPH 
ApK~beBa-Mapxca, HM91ll11H9 BHCOKyD 3qxpeKTHBHOCTb pa60TH B mHpoKOM ~a

D830He pa6otJHX HanpmteHHI!. 

2. lloxaaB.Ho, tlTO ~06aBKH M9TSHa B HeOH 3HatmTeJibHO YJiytllll!lXlT xa...: 
tleCTBo Tpexo:B, YMBHbman npH 3TOM xo.imt~eCTBO H RpKOCTb npo6oea no cTe

KJIY pSMoR HCKpOBHX RSMep. BH6pa.H padotrnn cocT8.B raaoaon cMecH, o6ec-

netmBBm!Hil HOpMaJibHylO RpKOCTb npaKTHtl9CKH BC9X Tp9KOB •. llo~o6~o Hay-. 
. tl9Ha. 3aBHCHMOCTb 3~KTHBHOCTH HCKpClBHX RaMep OT yrira' IIpOXO~eHHSI ' 
qepea HHX qacTH~. . 

3. Paapa60TaHa H HCnOJib30BaHa B 3RcnepHM9HTax CHCTeMR onepaTHB
HOro ROHTpOJI.Il xaqecTaa pa60TH 111HpoxoaaaopHNX HCKpOBWc_ RaMep i ocHOBaH
HM .Ha perHcTp~H BpeMeiru ·tflopMHpoBaHHSI HCKpOaor'o KaHana. C ee no
MOII{bD HCCJie~OBaHH aaBHCHMOCTH pa3BHTHSI paap~a OT H3MeHe~SI napSMeT
pOB BHCOKOBOJibTHOrO HMnYJibCa H 'yrJia DpOXO~eHHSI tlacTH~ qepea RaMepy. 

4 •· ~R ~ruimrx HCKPOBHX KSMep Hccne~OBaH peliG'IM aanOMHHaHHR, no-
3BOJIHBmHR Ha6JID~aTb B KaMepax TpeKH qepea 10+900 MKC fiOCJie 
npoxo~eHHR ~eTeKTHpyeMHX t~acTH~. 

5. BunoJIHeH 3KcnepHM9HT no HgcJie~OBaHHD npo~ecca oan npH 3HeprHH 
+ . ' 

nHOHOB I64 MsB H aaperHcTpHpOBaHO I04-I5 co6UTHil sToro· npo~ecca. Ce-
t~eHHe npo~ecca, onpe~eJIReMOe reOMeTpHeH 3KCnepHM9HTaJlbHOH·ycTaHOBKH 

npH ~onoJIHHTeJibHHX ycnoBHRX, HaKJI~BaeMHX Ha aHeprHH perHcTpHpyeMMX 
snexTpOHOB H noaHTpoHoB £,, £~50 MaB H £,+£2 fi!t 200 MaB, paBHo 

. - 2 +0,8 -33 ? 
Ao = ( 3,6 -o,g )•IO cMr. 

O~eHxa cpe~Hero ~H~pe~aJibHoro·cet~eHHR-~aHHoro npo~ecca cocTaBJIReT 
B9JIHtlHHy 

. (/2.() . +I,O -33 ? -2 
c(S2f·oiJ2;z = ( 4,8 -I,2)•!0 CMr•Cp • 

6. fiOK83aHO, tlTO ~cnepC.HOHHaSI MO~eJib fi03BOJIR9T KOJIHtl9CTB9HHO 
OfiHCaTb BCD COBOKYnHOCTb 3KcnepHM9HTaJibHHX ~aHHHX no npo~eccy 08ll. 

Onpe~eJieHH H3oBeKTOpHHn tflopMi{laKTop HyKJIOHa F,~~"=0,94::!::o,IO H tflopMi{laKTop 

nHOHa ~=0,88::!::0,!9 npH cpe~eM aHat~eHHH KBa,IU)aTa nepe~aHHoro 4-HM
nyJibCa 1<2 

=I ,4 w_-Z • Ha OCHOBaHHH. ~SHHNX 0 tfloPMPaKTOpe nHOHa, no.nyqeH

HHX npH HCCJI9~0BaHHH npo~ecca 08ll, Ha~eHO, tlTO cpe~eKBa,Iq)aTHtlHHH 
p~yc nHOHa <rt >~ '=(O,?I ::!:: 0,!0) <riM. · , 

7 • Mo~eJibHO H93aBHCHMO onpe~eJieHH BKJI~ B ~~pe~aJibHOe ce- . 
tl9HHe npo~ecca 08ll COCTORHHH C npo~OJibHOil H nonepetiHoit fiOJIRpH3~eit 
'BHpTyaJibHOro if>OTOHa H. fiOK838!10, ., tlTO no.ny:qeHHHe peayJibTaTH COrJiacYDT- ..• 
CR C T90p9THtl9C~HMH 3Hatl9HHRMH: 

sxcn ·· · , · + · 
ArS nonep.HenoJinp.=(3,4-0,7) H6; 5Teop. =3 05 H6· 

A nonep.HenonRp. ' ' 

Ao'-~~g~on.noiinp. =(0,4::!::o,5) H6; t::.o Teop. =0,73 H6. 
npo~on. non11p. .. 
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