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OBIUAfi ~AK'rEPttcmll\A PABOTU 

AK!YM:&HOCT:& npo6new 

BQapacTa10witt O R/3.lliJlW,f rOJJ:0111 Kpyr aa.n:aq 6!iCTPO pa3BHBaIOll18ttcst 
pe,llST.HBHCTCKOft suepaott (pl'I3HKH, a 'l'aKllt8 lllHpORJd\ ,IUl8IIa30El llPaRTHtJeC
KRx; ll.P.l!JIOllteliHl YCKPpeaiw:x .D:O ~OORHX aaepruti T.Rze.mx HOHOB oape
lt81.[HJIH ueo6XO~OCT~ C03lt8~ 3qi<p8RT~BHWI; HCTOqaHKOB MHOroaapsJJt
BJiX HO~OB. B YCROPH'1'8lU>HHX KOMIUI8RC8X, r.n:e He ape;IU'CMOTpeao YB8-
Hlf'i8HM 38,pR.ltllPCTli i!OEJOB B ijpO~ecce. yc~opem, a YCKOplJIO'rcst .Rnpa, 
nonyqaeMJ;ie aenocpe.n:cTB8HllO H3 HOHHOro HCTOtJIIHKa /TaKOBUM .RBJIR:eTC.R 
YCROPl!':81.[l,BHi! I<OMil118lt\J Cl!l!XP0ql830TPOHa JIW 0.IDM/, npo6neMa cos.n:aHIDJ 
HOHHOrO ~CTOtJHHKa_oco6eHHO aKTYM:&Ha H ~THtJeCKH .RBJIR:8TC8 npo6-
~eMOH C03.D:8HM HCTOtJW,:Ka JI.Itep. 

BTOp!,lM KpyroM npo6neM 8BJlff8TC8 PRlt aanaq aTOME!Oli (pH3HRH, 
c~aaHHH~ C B3aJIMOlt~lOTBH8M OHCTPHX sneKTPOHOB C HOila.Ml!, B'qacT~ 
HOCTH aanatta H3MepeHM cetteHHA rny60KOtt HOl!H3ailHH llO~OUTel.[l,!WX 
HOHOB 3l.t8KTpOBHHM y,ItapOM, ROTOpaJi .ItO aocne.n:aero BpeMelUI ae HaXO
nHml. CBoero pemem. 

~a()OTH 

Uel.[l,~ pa6o-ru s~eTcst !)!lspa60T1ta RpHoreaaoro a~eRTpoHao-.nyqe
Boro HCTOtJHHRa r,IHOI'03apl3,!lllliX HOHOB, npoBe.ztel!He 3ROllepHM8HTOB ao 
rny60KOil HOIDI~auHH aTOMOB H HOHOB sneKTPOHHHM Y.IIa.POM, HCll01.[1,30Ba
lUI8 paspa6oTaaaoro aoaaoro H9TO~JmRa ,llJl8 HSMepeHHS cetteHH~ rny6o
Koil HOHH38UHH aonouTem,HHX HOHOB aneKTpOHIWM Y.D:SPOM H ,llJl8 apoBe
.n:eaas ceaacoB ycRopea:as n~rKHX iu1ep aa cHaxpoclJaso,,rpoae JIB3 orum. 
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Hay•rna.R HOBH3Ha 

B OCHOBy ,zmccepTaIU!H IIOJIOllteHH pa60TH/l-6/, BHIIOJIHeEUrue aBTO
poM B 1971-77 ro)lax. Pa3pa6oTaHa KOHCTPYKmm OCHOBHHX Y3JI_OB KPHO
reHHOro ::lJieKTPOHHO-JIY':!eBOro 11CTOtIID1Ka MHOrosap,mHHX llOHOB KPv!OH-1. 
MCCJie)lOBaHH peUMB pa60TH C03.ll8HHOrO HOHHOro HCTOtIHHKS. PeaJIB30-
B8HHa.R BeJIRtIHlia ~aKTOpa HOHH3ailHH ( 6,4•1□18 CM~2) o6ecnetIHJia IIO
JiytieHHe B HOHHOM HCTOtI!ll'IKe KPHOH-1 snep yrJiepo)la, 830Ta,•a TaKllte 
HOHOB Ar+15 H xe+29• Pea.Jm:3ailR8 "tIHCTHX" YCJIOBliIH HO!ll'I3ailHliI II03BO
JIHJI8 Bll6pBHe H3MepHTL ceqeHM rJIY60KOii HOHH3ailHH llOJIOUTeJII,HHX 
HOHOB aproHa 8JI6KTPOHR!lM Y.ll8POM IIPH ~rutCHPOBaHHOH aaeprHH 60M6aP
nzpy!0111HX 8JI6KTPOHOB 2,5 KaB. B qacTHO'CTH, 6HJIH' BH.IIeJieR!l CJIYtiaH 
onao- H .IIBYX8JI6KTpOHHOtt HOHH38IU1H liIOHOB Ar+5 H Ar+6 H H3MepeHH 
oT.n:em.Ho cetieHRR 3THX ,nponeccoB. 

IlprutTRtiecxas geHHOCTL 

C03)!8H KPHOreHHHil: a.ireKTpoirno-.nytleBoil llCTO'IHH~ MHorosapji;rurux 
liIOHOB KPHOH-1. llcnom,aoBaH~e 3T'oro .HCTOtIHHKa Ha c1rnxp~aaoTpOHe 
JIB8 Ollifil II03BOJillnO ·BaepBHe llpOB6CTH .)!Jm:TeJILR!lil: ceaHC ycp;operum· 
yrJiepona H RHC1!0PO.IIa Ha CHHXpoc'fia30Tpoae JIB3 Oillm )I0.3Heprl!H 
4,.f raB/HyKJIOH ii BHIIOJIHHTL pa.II qinaaqecKi!x aKcnepl!MeHTOB c 3THMH 
S)lpaMH. .. -
· PaspadoTaHHaa.TeXHoJiorHR H HaKOIIJiea~ omT pa6oTH RCIIOJIL3o-
BaHH B HOHHOM HCTO~HHRe KPHOH-2 H MoryT 6HTL H9IIOJIL30BaHH npR · 
C03)!8HH~, HOBHX_, 6oJiee MOlllHHX H llp01iI3BOIUITeJILHHX aJieKTpOHHO-.nytle
BHX HCTOtIHHKOB;MHOr03aplI)lR!lX HOHOB. 

Anpo6amrn 

Ilo MaTepHaJiaM pa60TH C)l6JI81i!,1 )lORJiaIU,I Ha lY BceCOI03HOM.COBe
maHHH IIO YCROPHTMRM 3apaiiteHHHX qacTHIJ; (MOCRBa, 1976) 11 Ha X Mellt
ItYHaPO.IIHOtt RO!ImepeHnHH IIO YCROPHT8JIRM sapaiiteHHHX qacTHIJ; BHCORHX 
aaeprzfi (CepnyxoB, 1977). 

Ily6JIRR8.IlHH 

Ilo pe3yJILTaTaM BHIIO~HeHHHX zccJie~oBaimn ony6JIHROBaHO wecTL 
pa60T B BH)le CTaTeii B ieypRaJiaX l['l'q), JK8'N>, llpellpHHTOB H C006nteHHft 
OMHM; ~ORJ!a)lOB B Tpynax KOHqJepe~zii. 
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06~eM pa60TH 

.ImccepTailHS co)lepuT 87 cTpa~ MalIIHHOIIHCHoro TeKcTa, 23 cTpa
H~ PHCYHKOB, COCTOHT H3 lllITH rJiaB, BHBO)IOB H 6H6JIHOrpa~im. BKJDO
qaromett 48 HaHM6HOBaHHtt. 

COCTOSHHe BOIIpoca H 38,ltaqz HCCJienOBaHM 

3KcnepHMeHTH, IIPOBe)leHHHe C nepBHMH BaPH8H18MH aJieKTpOHHO-JIY-
: /7/ /8/ 

qeBoro HOHHOro HCTOtIHHRa - ycTaHOBKaMH M3!-l H M3!-2 , llOKa-
3aJIH, qTo B 3JI8RTPOHHOM nyqp;e B03MOlltHO y)leplltaHHe IIOJIODTeJILHHX 
HOHOB. EHJiu aaperzcTpHpo:sa.HH zoHH c+5, tJ+6 , o+?, a TaRllte 
Au+19/ 7/ • .AHaJior11qHHe 3JieKTpOHHO-JiyqeBHe HOHHHe HCTOtIHHKH, 
cos.n;aBue1me BO 1.>paHum/91, crn,lIUl 1, 2Pr/Il/, B aacTomnee 
BpeMS HaXO,ItiJTCS B CTaJIHH npoeKTUpOBaHl!SI HJIH HaJia)IKH. 

0)IH01t H3 3aJiaq pa60TH.SBJI86TCS pa3pa60TRa, Ha OCHOBe npe)IJio
llteHHOH E • .II • .IIo~oM H)leH zcnoJILao:sa.HM xpnoreHHOtt OTRaqxz H cBepx
npoBo.ItSmero WORYCHPYK>mero COJieHOH)la, ROHCTPYKIWH RPH07e,HO-Mar
HHTHOH CHCTeMl:l C ROHTaKTHHM MeTO)lOM T6PMOCTaTHpOBaHHR l H plI)la 
~H3HtieCRHX CHCTeM o6ecneqeHHS xpzoreaHoro MeKTPOHHO-.nytleBoro HC
TOqliHRa MHoroaapR,lIHHX HOHOB. 3a)laqefi HCCJI6)!0BaHHS SlBJI!JeTCS z3yqe
!ll'Ie pelKl'!MOB pa6oTH cosnaaaoro zcToqEIBRa c neJILB) noJIYqeHHS "qzc
THX" ·YCJIOBHii HO!il'I38IU1H, o6ecneqHBaIOll1HX )!Jll!T6JILHHe BpeMeaa Y.ll6P
lltaHR8 HOHOB B o6JiaCTH HOHH1ailH' H, CJie.JIOB8.T6JIL!IO, IIOJIYqeHHe BRCO
KHX 38plI)lHOCTett 3THX HOHoB' 2•3 • KpoMe Toro, B 38)la'ffl HCCJI6)!0Ba
HHS BXO'T_jyoBe)leHHe aKcnepzMeEIToB no rJIY6oxott HO!il!l3ailHH C,A/, 
Ar I! Xe 2 npo6JieMH ananTailHH l!OHaoro l!CToqllruta KPHOH-1 aa 
ycxopl!TeJI/5,~/ Hero HCllOJIL30BaHHe B ceaace ycxopeHHS s~ep G, 
tJ. 0 I! rJ e aa YCROpliITeJILHOM ROMIIJiexce CHHxp~a30TPOHa / 6/. 

K 3ailll!Te npencTaBJiaeTCS 

a) KoacTpyRitHR H peayJILTaTH HCllHTaEIHtt xpnoreH!IO-BaRYYMHOfi 
CHCTeMH, CB6PXIIPOBO,Iti)ll!eii MarHHTHOtt CHCT6MH C ROHTaKTHHMM6TO)l0M 
TepMOCTaTHpOBamm H 3JieMe!ITOB 3JI8RTp0!IHO- H HO!IHO-OIITHqecxott 
CliICTeM 3JI6KTpOHHO-JIY'l8BOro ROHHoro RCTO'!ID!lta. 

6) PesyJILTaTH HCCJI6)!0Ba!mtt peUMOB pa60TH HOHHOrO HCTOqHHRa 
KPHOH-1 IIPH HCllOJIL30B8HHH MarHHTOIIOrpyxeHHOli aJieRTPOH!IOH nyIIIRl!~ 

B) PeayJILTaTH 3RCII6PHM6HTOB IIO rJIY60ROH HOHH3anlll! yrnepo.n:a, 
aaoTa, aproHa H RC8!IOHa, B ROTOpHX 6HJIH llOJIYqeHH S)lpa c+6, t,/+?, 
a TaKllte HOHH Ar+15 I! .xe+29• 
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r) HsMepeime ceqeiml ROEmSSIUUI IIOJIOD'fe.JII,HSX ROBOB apro.a:a 
8JieK'fp0BHWI y,JtapOM IIPR ~mtCRPOB8HHOI a.a:epro 6O.MCSap.ItHpYl)llll![X 8JieK-
Tp0HOB 2,5 RsB B HOIDlSamtOHBOI ~eIIOl:IKe: . 

A -t' V' 3 ... , ·,I) -t-12. 

II 
-1-~ /I -t~/ I ~ /Iv+- _, //JI' -;1_ •• -

7 
"' 

r - r i' ~7-Y 
" flv- 1/ 

n) Pesym.TaTH pa6O'f IIO a.ztaIITSIUUI HOHHOI'O RCTOqIDIKa KPHOH-I 
K YCJIOBRSM Ba YCKOpHTeJie Hero HCllOJIDSOBSHR!I ;ltJlff YCKOpeHHS snep 
C, ti, 0 H Ne .a:a ycxopHTem..a:O11 1toMIIJlexce. cH.a:xpo/{lasoTpo.a:a. 

KPATKOE CO.]].EP!AHHE PABOTH 

I. IlpHIDlHII 8elcTBKS 8JleKTpoHHo-.nxi;eBoro HOHHoro HCToqmuca 

I. B 8JieKTpOHHO-.cy,leBOM HOHHOM'HCTOqHmte sa,ttaqa o6ecneqemm 
6O.lJl,JJ!OI'O l:IHCJia SKTOB BSaHMO'J].elcTmm 6HCTPHX aneKTPOBOB c HOHOM, 
.a:eo6X0,1U'IMOI'O ~ o6paSOB8IDIS HOBa C-BHCOKOI xpaTBOCTDD HOWISSIUUI, 
pemaeTcs CO3'J].8W!leM B o6~eMe 8JieKTPOHHOI'O IIYl:IK8 JIOBymRB ;ltJlff IIOJIO
DTem.wx IIOHOB. Yxo'P, .IOHOB IIS·JIOBymR.I B pam!aJII,HOM Ha!IpaBJielllIJI 
orpaID11:1HBaeTCS"IIPOBHC8JilleM"IIO'femut8.Jl8., o6yCJIOBJieBHSM apoctpae:
C'fBeHHHM sapsnoM anextpoaaoro ayqxa, apoxo.nsmero B ;,:u>e~oBOI 
Tpy6Ke. Altczam,iml YXO'Jl HOHOB. Dpe'P,O'fBpa!llaeTCS COS,JtaHHo/1 r'femut
am,mx 6apDepOB aa OKO.a:eqimx ce:ia:uwx ;,:u>e:aipOBOI Tpy6KK 12 • HHZSK
~ pa6oqero 0 :Eiemec1rBS, ynep:raHHe m:o.a:oB B JIOBynme npz .IOHHSSIUUI 
H BHBO'Jl HOBOB HS JIOBYJ]IKH ocymeCTBMeTCS cosnaimeM Ha ce~x 
'P,pe:aipOBOI Tpy61tH COOTBe'fCTBYllllllHX pacape'P,eJieWII IIOT8mutaJIOB. 

B I'JiaBe I paCCMOTpeaa ape'J].Jioxe.a:e:aa MO.lllilPHKrunm HSBeCTHOI'O 
MeTO,Jta HMIIYJII,CHOI HHXe~ pa6oqero_BemecTB8 B HOHBYD JIOBYJIIRY 
(MeTO,Jta •,meKTPOHHOI'O peryupoB!llHRdf"I27) ' cyu KOTopol COCTOH'f B 
TOM, 'll:TO BO BpeMS BHXeKIU'IH I'Jiy6i!!Ha aKCH8JI!,HOI'O SaDHpaHHS, COS'J].a
Ba6MOI'O Ha ce:ia:uwx 'P,peti~BOI Tpy6KH, 'J].eJiae'fCS uem,me I'Jiy6HHH pa
'J].H8Jll,HOI'O"DPOBHCaHWl"IIOTemutana B ;,:u>eiipOBOI Tpy6Ke. IlpeHMym8C'fBO' 
TaKOI H!Dlt8KIU'IH COCTOH'f B TOM, 'll:TO BB8'J1,8HHHe HOim HaXO;itS'f.CS B ys
KOI O6JI8CTH 8Jl6KTPOHHOI'O ayqxa B6Jll'ISH ero OCH H HM8DT a.a:epI'.HB) 
KOnedaHHtt,MeHLWYD,qeM npH IlOHHOM 3aIIHPaHHH. Jro odcroarenLC?BO 
ape'J].C'faBMeTCS CyJll8CTBeHHHM c TOl:IKH speHHS o6ecneqeHHS BHCOKOI 
ac{xpeKTHBBOCTH HOH.ISSIUUI. CBSSD MelltltY rny6HHOI 8KCHSJIDHOI'O saDHpa-
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HHS t:..U (B) H rpaHll:qHHM pa,IIHYCOM o6JI8CTH HOHHSaIUiH Y- (cM) B 
c.nyqae ~eHTpamHoro npoxol!r,llemm aneKTp0HHoro ny'!Ka H paBHOMepHoro 
pacnpeneneHM 3Jl6KTPOHHOI'O sapana B nyqKe ,naeTCSI ypaBH6W!leM: 

ti ll = 1 S". 10 '1 I, £.;' L .Rr1 ~ l2. ~ 1 1 
I I- u 'lz. Cl ~ ' , (I.I) 

I - TOK 3JI6KTPOHHOI'O nyqKa (A), /j - llOT6~H8Jl B o6JiaCTH HOHlI38-

ium OTHOCHT6JILHO R8TO,Jta (B), fl.. - BHYTP8HHHH pam,:yc 'JlP6fuliOBOH 
Tpy6Ka. (CM), C( - panHYC 3Jl6KTPOHHOI'O nyqKa (cM). 

2. BliBO'Jl HOHOB HS o6JiaCTH HOHHS~HH ocymecTBM6TCS npe,UJIO
xeHHHM E • .U • .Uo~OM MeTO'J].OM yBeJIHqeHHS llOTemutana ceKIU1il:, orpaHH'qli
BaK>lllHX o6JiaCTI, HOHH381UiH, no IIOTe~HaJia KpaftHeil:, saIIHpruomeft ceK
~ H Bimie. PaCCMOTpeHO qeTHpe_pel!tHMa BliBO'J].a HOHOB. MHHll'.MMDH!lH 
3HepreTH'q6CKHil: pas6poc MOHOB peaJIHsyeTCS npH 8'J].Ha6aTHqecKOM Bl:1-

BO,Ue, ROI',Jta BpeMR' llO,Il'l,eMa IIOTe~ana ce~Htt SHaqHT6JILHO npeBOC
XO'J].HT nepHO'Jl aKCHaJihHHX ROJie6aHRn HOHOB. YcJIOBHe 8'J].Ha6aTH'qHOCTH: 

-6.~ ( ) T >> 1,44,f/J ,/~ fu , I.2 

T - BpeMR non~eMa noTe~aJia ce~HH io ypoBH8 sanHp8lllmero noTeH
UHaJia (c), ':; - OTHomeHHe MaCCH K sapany HOHa (aT.en.), L -
1UIHH8 o6nacTH liOHHS~ (cM)' A ti - rny6HHa aKCH8JIDHOI'O sanHpa
HHS (B). '--..... 

B STOM cnyqae BpeMR :mmona HOHOB paBHO BP6M6Hll non~eMa no

Te~Ma ceKIU'lil: T. 
EcJIH npH BHBO'J].e HOHOB B o6JJB.CTli HOHHSaIUiH o6pasyeTCS BHT8Jl

RHB8!01Uliil: aKCli8JIDHHit rpam,:eHT IIOTe~aJia H BpeM8 ero ycTaHOBJieHHS 
npeBOCXO'J].HT BpeMR BHXO'J].8 HOHOB, TO ;ltJlff cnyqaa, xorna rpa'J1,HeHT 
llOTe~aJia paBHOMepea, 8HepreTHqecKHil: pa36poc HOHOB, o6ycJIOBJieH

,HWi BHXO'J].OM, .onpe,neJIReTCS H3 COOTHOm~e;_;;aaa:;;:_.c..: ---

AV = s,52 • ro-5 1/ If ( ~-) 2 

, (I.3) 

BpeMR Bl:lxo,n:a HOHOB H3 o6JiaCTH HOW!ISaIUi;;..:.._H.;,_: _ __, 
t I 8 I0-4 :lfJ::L Tl, z 

1 

BHX. = ' 4 • -V .i! . ~ 1 

T - BpeMS YCT8HOBJI8HHS KO.a:eq.a:oro rpanHeHTa llOT8~HaJI8 
f BliX. - BpeMR llllXO'J].8 HOHOB H3 O6Jl8CTH ROHRS~ (c), 
Heqe:aa pasHOCTD llOTe~aJIOB Ha Kpaax o6JI8CTR HOHHSaIUiH, 
3HepreTHqecKHil: pas6poc HOHOB ( iB ). 
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M.1nmMam.Hoe BpeMH BHXO,Ita HOHOB ,ztJll1 ,IUlHHoro Bl:lTSJIKHBaKllllero 
rpa,IOJeHTa COOTBeTCTByeT MrHOBSHHOMY ycTaHOBJiewm rpaitHSHTa Hon-
pe.neJllJeTCJJ BupallteHHeM: / M L, z 

t BliX. = I,44 • 10-6 • T W . (I.5) 

B 3TOM CJiyqae aaepreTaqecKHtt pa36poc HOHOB 

AV==-w. (_I.6) 

Il. KoHCTPJ:RUrui aoaaoro HcTOqHHKa KHl:OH-I 

I. SJieKT~HHO-JJYlJeBoA HCTOtrHlfR MHorosap.if,ItRWC HOHOB KPlfOH-I 
npe.rtHaaHaqea .ItJl8 reH~paqHH nyqKOB JJ.Itep JierRHX BJieMeHTOB C qem,ro 
ax nocJie,1tyiomero YcKoperum Ha' caaxpoipaao'Tpoae m oamt Taxoe ·Ha-· 

3HaqeHHe HOHHoro HCTOqffiIBa onpe,JteJIHJIO pan·~H3HqecKHX H BKCIIJiyaTa
qllOHHHX Tpe60BaHHtt K HeM:y: o6ecneqeHHe He06XO,IUtMOfi KliTSHCHBHOCTH 
a.nepaoro · nyqxa, ero · "qHcToTu", orpaHHqeime · noTpe6meMott MOl!lHOCTR 
BeJIHqHHOtt 5 KBT, Tpe6oBaime ,lt1Ill'leJI1,HOfi pa60TH B aBTOHOMHOM pelltHMe~ 

Pa3pa6oTaHHas Ha OCHOBe npe,llJioiteHHOtt E.Jl.l(oHqOM H.IteH HCnOJII,-
30BaH.IIH Rpaoreaaott OT~atrKR H CBeP?JPOBO.ItRmero COJISHOH.Ita,KOHCTPYK
qrui OCHOBHllX Y3JIOB 3JieRTpOHHOJiyqeBOro HOHHOro HCTOqHHKa Il03BOJIH
Jia cos.nan, ycTaHOBKy KPHOH-I. y,noBJieTBoparomyro BTHM Tpe6oBammM. 

2.' C03,ItaHHM KpHorel!HO➔.farHHTHM CHCTeMa HOHHOro HCToqruma/I/ 
n03BOJIHJia ycnemao peum:TL' ,PR.It CJIOlltHHX ~eXHHqeCKHX 3a,Itaq. 

a) IloJiyqeHo "3aMOpozeHHOe" <liOKYCHpYJOmee MarHHTHOe none C Ha
npa~eHHOCTLID ~ 13 KS, o6ecneqaBimmee B03MOllCHOCTL IlOJiyqelmJJ tlJIOT
HllX 3JISKTPOHHW( nyqKOB C Bl:lCOKOA CTeneHDID KOMneacamm BJieRTpoH
HOro aapa.zta HOlmMR. 

6) IlpHMeHeHHe CBepxnpoBO,Ital!lero COJieHOH,Ita Il03BOJIHJIO c<'()opMJrpo
BaTL MarHHTHOe noJie C .ItOIIYCKOM Ha OTKJIOHeHHe OCH MarHHTHoro noJIR 
OT reoMeTpaqecKoA OCH xopnyca O,OI CM, o6yc.noBJieHH1:&M Z£lCTKHMH 
Tpe60BalmBMl[ R BeJmqHHe TOKOOce;n:amm BJISRTp0HHoro nyqKa Ha .npett
qJOB:yID Tpy6Ky. 

B) KoH,IteHcaqHJJ H RPHOCOp6qHJJ Ha C'l'eHRax ;lll>efuf/OBOii: TP:f6RH, ·. 
HMeJOOU,lX TeMnepaTypy OKOJIO 4,2 K, o6ecneqHJIH CBepXB!iCOKHff BaXYYM 
B 06JiaCTH HOHH3aqHH H 3qi(peKTilBHYJO llaRYYMHYJO P83M3RY 06JiaCTH HOHH-
3aqHH OT BHemaero 06'!.eMa. 

Oco6eHHOCTJJMH CBepxnpoBO,Itffl!lefi qJOKYCHPYID!llett MarHHTHOA CHCT8M!l 
(CMC) HOHHoro HCTOqHHKa KmOH S!BJIIIIY.l'CJi peUM "3aMOp0lEeHHoro" TO
Ka H KOHTaKTHHfi MSTO,Jt TepMOCTaTHpOBaIDUI BCex BJISMSH'l'OB CMC, pas-
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MemeHHHX B BaKyyMe H OXJI!lllm8!0lllHXCJJ aa c~ej TerIJIOBllX KOHTaKTOB B 
M8CTaX HX npHUMa K reJIHeBOMY RpHOCTaTt' I • Ha PlIC. I npe,ncTaBJie
Ha cxeMa KpHoreHHO~MarHHTHOH CHCTeMH HOHHOro HCTOqlllllta KHIOH-I. 
IlapaMeTpH qJOKYCHpyromero COJISHO:i,ma npHBS,ltSBH B Ta6JI. I. 

KpnoreHJJaJl cHcTeMa HOHHoro HcToqHHKa KHIOH-I paapa6aTHBaJiacL 
C yqeTOM He06XO,ItHMOCTH HenpepHBHOii: aBTOHOMHOH pa60TH HCTOtrHHKa Ha 
YCKOpHTeJILHOM KOMIUISKCe CHHXpOcfa30TpOHa B Tetre1me HeCKOJILKHX 

cyTOK. H3Mepea!llle BSJIHqHHll TerIJionpHTOKOB R l!tH,ltKOMY reJIIDO H a30Ty 
COCTaBHJIH D;I25 H 9,9 B~,COOTBSTCTBeHHO, trTO onpe.rteJIHJio BPSMll MeE
lIY otrepe,ItHNMH 3aJIHBKaMH KpHoareHTOB, paBHOe 3 CYTKB.M. 

3! Paapa60TaHHM KOHCTPYRIUlB CHCTeMH ceKqHH .ItPSH~OBOH Tpy6KH 
3JI8KTpOHHOro nyqxa Il03BOJIHJia 003,ltaTL B qacTH ceKUHff J!PeilpOBOH 
Tpy6KH JI0K8.Jil,1!YID 06JiaCTL c nOBl:lID8HHHM ,IUlBJISHHeM pa6oqero BemecT
Ba - o6JiaCTL BBO,Ita, Heo6XO.rtRMYIO mm ocymecTBJieHM HMIIYJII,CHOH HH
lltSKqHH HOHOB pa6oqero BemecTBa B itoHl!YIO JIOBymKy MSTO)l:OM "BJieKTpOH
Horo peryJIHpOBl!lHKa" /l2/. Ha pnc. 2 npe,ncTaBJiemi cxeMa BHYTPeH
Heil qacTH HcToqHHKa KPHOH-I. UeHTpamime ceKqHH .npe:ttifloBOH Tpy6KH, 
orpaHHtrHBaJJlllH~ 06JiaCTL HOHH3anHH, B p~6oqeM pel!WM'e HM8IOT TeMne
paTypy OKOJIO 4,2 K, o6ecneqHBaSJ BHCOKHH BaKYYM B o6JiaCTH HOHHSa
qHH H 3qXt}SKTHBHYIO pa3BJJ3KY OT BHemaero o6~eMa HOT 06JiaCTH BBO)ta, 

~ KOTopaa coa,naeTCJI B paitoae nepwx ceKnHil, aaxo,Ital!lHXCSJ B pa6oqeM 
~ pe~e npH TSMnepaType lKll,ItKOro a30Ta. BHyTpeHHHH ,IUiaMeTp ceKqHH 

;npe~OBOH Tpy6RH - 0,5 CM. 
4. B BKcnepHMeirrax no HO.HH3aqHH npHMeH!JJiaCL MarHHTOllOrpyEeH

HM 3JieRTp0HllruI nymKa C CHCTeMOH 3JieKTPO~OB THila IlHpca. ]iJrfr Ha
rpeBa TepMOK8TO,Jta .mmMeTpoM 0,3 CM HCilOJIL30BaJICa BJISKTPOHIDlH no
,norpeB. Ilep:ooaHC BJISKTpOHHO~ nymx. H COCTaBJllJJI (5+IO) ·I0-6 ¾/I3/. 

5. CzcTeMa no,naqH pa6oqero raaa B o6JiacTL BBO.Ita BKJIIOqgeT B 
ce6JJ 0,IU{H HJIH TpH HaTeKaTeJllJ H Ka1IHJL71.8Pl!YID Tpy6Ky, llO,lt8JOlllYKl ras 
OT HaTeKaTeJiett Henocpe.rtCTBSHHO B o6JiaCTL BBO.zta. HaTeKaTeJIH o6ec
neqHBaIDT cTa6ruu.HHfi n peryxapyer.ruH B npeJ1:enax (ro-4_ ro-8) Top-n/c 
noToK raaa. Pacxo.n pa6otrero raaa cocTaBJmeT (ro-5 + ro-6) 
Top•JI/C. B KaqecTBe pa60trllX ra30B HCilOJIL3YIY.l'CJI 3THJieH (C~4), 
830T, KHCJIOpo,It, HeOH, aproH, KCSHOH. 

6. Sapa,nown COCTaB HOHOB, o6paayIOl!lHXCJJ B HCTOqHHKe KPliOH-I, 
aHaJIH3HpyeTcsi B Macc-cneKTpoMeTpe no BpeMeHH npoJieTa. 0TJIHqH
TeJILHOH oco6eHHOCTLID npIIMeWJewx cneKTPOMeTpOB ,~eTCJI HaJIHqze 
nepHO)ll'lqecKOH ~ORYCHpOBKH B npocTpaHCTBe ;npen~ 4 , Il03BOJ18IOmen 
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npoBO,IUiTI, ea HOHami ROJIJieKTOP ~o 50% HOHHoro TORa H3 liCTOqHHRa. 
Paapa6oTaea cepw:J R3 Tpex Macc-cneRTpoMeTpoB no Bl)ElMeHH nponeTa. 
c ,ItJIHHOil nponeTHOli 6a3H I, 2 H 4 M. Paapem8IOma.a cnoco6HOCTI, O~HO
MeTpOBOro cneRTPOMeTpa, HCnOHI,30BaBWeroc.a B 3RcnepRMeHTaX, co
CTaBJIReT R = 30 no ocHOBaHHKJ mma .IVIfI ROHOB c f = ~ •. 

rn. PesymTaTH HCCne~oBaHW'J pelKHMOB pa60TH HCTOqlll'IRa 
Jrev{OH-I 

UeHI,ID MHHOfi cepHH 3RcnepHMeHTOB C HOHHHM HCTOqlll'IROM KPllOH-I 
6ano nonyqeHHe TaRoro pelltHMa ero pa6oTu, KOTopan B OTCYTCTBHH 
~OHa OCTaTOqHHX ra30B no3BOJI!IH 6a nonyqaTI, ~aRTOp HOHH3aIJ;HH 
J 'C"' = (4-6}•IDI

8 
CM

2, o6ecneqHBa.R npH 3TOM HHTeHCHBHOCTI, HOHOB 
"'rolI 3H. sap/HMn. 

0CHOBHHe pesyHI.T8TH 3RCnepHMeHTOB CBO,It8TCR R cne~meMY: 
I. YcToilqID3Hll pel!WM HOHH3aIJ;HH C y~eplltB.HHeM HOHOB B HOBymRe 

H HX nocne~IO!llHM BHBO~OM MOlKHO no.nyqHTI, TOHI.KO npH CTPYKType 
ceroui:n ~ellgJC>BOli TPY6RH, HCKmoqaromen B3aHMO~eftCTBHe 3HeRTPOHHoro 
nyqKa C BHyTpeHHefi noHOCTI,ID MeuHoro ROpnyca ~ORYCHpyromero cone
HOHM, KOTOPHH npH HamiqHH TaRoro B3aHMo~efiCTBHR npeI(CTaBJI!IeT 
co6on pesoHaTop c BHCOROfi uo6pOTHOCTI,ID. 

2. YcTaHOBHeHo, qTo HM8IDT MeCTO ~a KaHana nocTyllJleHw:J ~OHO
Boro rasa B 06HaCTI, HOHH3a!UiH KpHoreHHOro 3H8KTPOHHO-.nyqeBoro 
HOHHOro HCTOqHHRa: 

a} MOneeyna rasa, nocTynaroIIUie B o6naCTI, HOHH3a!UiH H3 BHem
Hero o6MMa; 

6) Moneeyna rasa, CR0~8HCHp0BaHHHe Ha BHYTpeHHefi noBepXHOC
TR ,npe~OBOfi TPY6KH, C6RBaewe KOMnOHeHTaMH 3HeKTpOH-HOHHOfi CHC
TeMH B 06HaCTH HOHH3aIJ;HH. 

TaRHM o6pa30M, ,I(JilI nonyqeHW'J BHCOKoro BaKYYMa B o6naCTH HOHH-
3aIJ;HH KpHoreHHOro 3HeRTpOHHo-.nyqeBoro HOHHoro HCTO~HH~ Heo6xo~n
MO o6ecneqHTI, HH3ROe lla!)I.(HBHI.HOe uaMeHHe nnoxo RO~eHCHPYIDIIUIXCR 
ra30B (rHaBHHM 06pa30M, BOI(Opoua H renM) H HCKJIIOqeHHe TOROOCe
.ItaHM Ha ce:imHH ~pellipOBOfi TPY6RH. YcTaHOBHeHo, qTo TOROOCeMHHe 
BeHHqHHOfi B HeCROnLRO MHKpOaMnep HCRmoqaeT B03MO~HOCTI, nonyqeHRR 
HOHOB BHCOKHX 3apl:II(HOCTefi. 

B 3RcnepHMeHTax no HOHH3aIJ;HH pa6oqHx rasoB: 3THHeHa, 830Ta, 
aproHa H RCeHOHa - 6an peMH30BaH pellUIM pa6oTa HOHHoro HCTO~HHKa 
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KPllOH-I, B KOTOPOM sa BpeMR HOHH3aIJ;HH 40 MC I(0.7Ili HOHHOro 3apl:l
ua ~OHOBHX ra30B COCTaBMHa He 6onee (5-IO}% OT o6mero HOHHoro 
38pl:II(a Ha BHXOI(e HOHHOro HCToqHJ!Ka. BeHHqHHY 3KBHBMeHTHOro ~aB
nerum ocTaroqHoro rasa, o6ecneqHBaRJmero aa BpeMR HOHH3aIJ;HH z- (c) 
CTeneHI. KOMileHCaIJ;HH aneKTPOHHoro 3apl:lna HOHaMH J-.. npH CKOpOCTH 
3HeRTPOHOB ?J :m (cM/c}, MOXHO HruiTH no gJC>PMYHe: 

p = ~--
/l0- _cz--.~-~ 

_ 'c;: 0-;f /1 

l = OJ ?-(t}c/t 
r 

(3.I) 

(3.2) 

P - BenuqHHa 3KBHBaHeHTHoro .uaBJieHRR ocTaToqHoro raaa (Top), 
K = 3. ro-I? npH KOMHaTHOll TeMnepaType rasa, 
A - ROHHqecTBO aTOMOB B MOneKyne OCTaTOqHoro raaa, 
Do ... t - ceqe~e HOHH3a!UiH 8.TOMa OCTaTO!!HOro rasa (ct?)• 

PacqeT no ~OpMYHe (3.I) nOK83HBaeT, qTO B ycHOBRRX npoBe~eH
HHX 3KcnepHMeHTOB CKOPOCTI, nocTynneHHR ~OHOBOro rasa B sneKTPOH
HHfi nyqoK COOTBeTCTBOBaHa 3KBHBMeHTHOMY I(aMemno 830Ta, mAerome
ro KOMHSTHYD TeMnepaTypy, PaBHOMY "'8•I□-II Top, ROTOpoe c no
MOIUI,ID TPa.ItHIUIOHHHX MeTO~OB OTRaqRH B Tpy6Re ,npefi~a o6ecneqHTI, 
38TPY~HHTeHI.HO. 

3. B_xo~e 3RcnepHMeHTOB C HOHHHM HCTOqHHROM KPllOH-I 6UHH HC
llHTSHH cne~IDIIUie BH,lll:,I peryJiHpOBRH ROJmqecTBa HHl!reKTHpyeMHX B 06-
HaCTI, HOHH3aIJ;lm HOHOB pa6oqero BemecTB8; 

a} H3MeHeHHe Be~:mm .naBJielllt8 pa6oqero rasa B o6nacTH 
BBO~a, 

6) i H3MeHeHHe Be~HHH TORS aneKTpOHHOro ny~a BO BpeMR 
BBO~a, 

B} MeTO~ "aneRTpOHHoro perynHpOBWHKS" 1121, 
r} HSMeHeHKe aMIIJIHTy,mi aRCJ4MI,HOro 3allHpaHRR BO BpeMH 

BBO~a - MO.I(Hq)HIU!POBSHHHfi MeTo~ "aneKTPOHHoro peryupoBIIUIRa". 
HaH6onee y~o6EWM .ItJIR npaRTHqecKoro npHMeHeims BH6paH MeTo~ 

"aneKTPOHHoro perymi:poBIIUIRa", nosB0.7IliIDlllHll ocymecTBJlllTI. peryHHpoB
KY ,IUiCTaHUHOHHO"J4 C BHCOROfi TOqHOCTI.Kl. 

4. IlapayeTpa HOHHOro HCTOqHHKa KH'IOH-I. 
a) .ll.7I8 ueneff HOHH3aIJ;HH ncnOHI,30BaHC8 aneRTPOHHHll nyqOK C TO

ROM (I - r:s} AH 3Heprne8"3HeRTpOHOB (2-4} KsB. 

0 9 



6) lln:OTHOCTh TOKa 3JI8KTPOHHOro IIYqKa COCTallJlf!Jia (I5+30) ~. 
B) MaKCIIIM8JlhHaff ~TSJihHOCTh HOHH381UiH - 40 MC • CM 

r) Cy~apmdi HOHHHll sapafO perHCTPHPOBaBilllil1C8 Ha BHXO.Ite .Hs° 
HCTO'IHHKa, COCTaBJll'rn ( 6-8) • IO . aJieM. sap. 

:n) ,llJmTSJihHOCTh HOHHOro IIIMJIYJihCa Ha YPOBHe IIOJIOBHHH aMIInllTY
.Itll cocTaB.7tRJia (60 + IOO) MKC • 

e) l!aCTOTa CJIS,ItOBaIIIDI l.U'IKJIOB HO!lll3~W1 - (0,I + 0,2) J:'u. 

B HOHHOM HCTOqHHKe KH!OH-I BII8pBHe YitaJIOCh peaJIH30B8Th HM
llYJihCHYIO HHllteKIUID pa6otJero BemecTBa B HOHHYIO JIOBYJill{Y MSTO,ItOM 
"aJieKTpOHHOro perynzpOB111HKa". B ::lTHX axcnep11IM8HTaX 61m peaJIH30-
BaH pe:arnM C "qHCTl:IMll" YCJIOBRRMH HOHH3~W1, 'ITO IIPH HCIIOJih30BaHllH 
HOHHOro HCTOqHHKa KH!OH-I Ha YCKOPHTeJie BalKHO .ItJlll o6ecneqeaRR 
Tpe6yeMOl1 'IHCTOTH ycxopeHHOro R,Itepaoro JIY'IKa. KpoMe Toro, OTCYT
CTBHe IIOCTMHHOro IIOTOKa MOJISRYJI B HOBBYIO JIOBYJill{Y ll03BOJ1118T 3Ha
quTeJihHO YIIPOCTHTh npcme:nypy aaxo:ar,:neHRR H3 axcnepllIMSHTaJihHHX 
:ztaH!lllX CetJeHHl1 HOHH381UiH 3JI8KTpOH!lliM Y.ztaPOM H, CJI8)t0BaT8JlhHO, IIO
BHCHTh TOqHQCTh ::lTHX H3MepeHHl1 • 

IY. PesyJihTaTH axcnepHM8HTOB no·HOHH38llHH·yrJiepona, 830Ta, 
aproHa H xceaoaa B HOHHOM HCTO'IHHKe KPHOH-I 

I. C HCllOJih30BaHHeM aJieKTpoaao-nyqeBoro HoHHoro KCTO'Imnta 
KH!OH-I axc1Iep11IM8HT81IhHO nsyqanzch npcmeccH rJiy60KOit HOHH381UiK 
pa:na an:eMeHTOB 3JI8KTPOHHl:lM y:napOM B )tll81Ia30He BeJmqaa ftiaKTOpa 
HOHHsarum (0 + 6,4)•Iif8 cM-2 H aaeprHH aJieKTPOHOB (2,I+3) KaB. 

B 8RC1Iep11IMeHTaX IIO HOHll3~HH yrxepo:na R aaoTa 6HJIH sa~rH
CTPHPOBaHH g:npa c+6 B xoJIHqecTBe :no 3°I09 !!iiP H g:npa N +? B 
KOnzqecTBe :no 2•I09 !fiii~. Ha pHC. 3 npe:ztCTaB.n:eH cneKTP HOHOB 
asoTa, IIOJiy'~'l!HX 3a 39 MC HOHH381UiH IIPH TOKe aJieKTpo11aoro 
nyqxa 0,9 A • •. 

IlpH HOHH3~HH aproaa 6HJIH saperHCTPHPOBaHH HOH!:l C MaKCHMa.Jil,
HOl1 sapa:ztHOCTh!O +I5. Ha pnc. 4 npe,ItCTaBJieH p!I,It OCl.U'[JIJIOrPaMM 
CIISKTPOB 3ap!I,ItHOCTett HOHOB KC8HOHa, IIOJiyqeHHl:lX sa BpeMR HOHll3al.U'[H 
OT 3 :no 39 MC • Ha pHCYHKa BH,I(HO, 'ITO c yBeJIHqeH.HeM BpeMeHH 
HOHH381UiH HOHH HH3KHX 3ap!I:ztHOCTel1 nepeXO,ltflT B lloHl:l 6onee BHCOKllX 
38p!IIJ;HOCTel1, IIPH 3TOM cneRTP 38p!I,I(HOCTel1 OCTaeTCH )tOBOJihHO Y3KHM. 
H3 OCl.U'[JIJIOrpaMMH CII8KTpa 38p!l)tHOCTel1 HOHOB RCeHOHa, COOTB8TCTBY
romett BpeMeHH 110ffii381UiH 39 MC ' CJie:nyeT. qTo MaKCHMaJihHaa sapa:n-
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HOCTh HOHOB B cneRTpe COCTaBHJia +29, MHHHMaJihH8.ll - +I8,sapa:ztHOCTh 
B MaKCHM:yMe Cll8KTpa +24. IlpHMeCh HOHOB fliOHOBHX raSOB 38 39 MC 
HOHH381UiH ae npe~a,T (5 + IO)%, qTO CBH)t8T8JlhCTBY8T O "qlICTHX" 
YCJIOBRRX HOHH381.U'IH 2 • 

TaKIIM o6pa30M, Ha ycTaHOBKe KH!OH-I BII8pBHe Y:ztaJIOCh peaJIH30-
BaTh fliaKTOp HOHH381.U'IH j 7: = 6,4•I0I8• CM-2 , 1IpeBHIIIalOJllHl1 QiaKTOp 

HOHII3~1IH, ,I(OCTHrayTHll B HOHHOM HC'l'O'IHHKe IleHHHHra, IIpHMepao B 

IOO paa. PeaJIH3~ TaKoro fliaKTOpa HOHH381.U'IH o6ecnetJIIJI8 IIOJiyqe
HH9 peROp:ztHHX 38pfl)tHOCTel1"HOHOB. 

2. 8Kcnep11IM8HTaJihHH8 :naaHHe B BH,Ite OCUHJIJIOrpaMM CII8KTPOB 
38p!I,I(HOCT9l1 HOHOB aproHa, IIOJiylJ9HHl:le llPH IIJIOTHOCTH TOKa an:eKTPOH
aoro IIY'IK8 I7 ,5 A/crl- II aaeprHH ::lJISKTPOHOB 2,5 KaB, 6HJIH peamr-
30BaHH .It,7IR aaxo:ar,:neaM ceqeHHll rJiy60ROll HOHII381UilI HOHOB aproaa 
::lJISKTPOHHl:lM Y.zta~OM B ,Itlianasoae B9nll'IHH fliaKTOpa HOHH3al.U'[H 
(0,6 - 4,5)•ro1 CM-2 • 3Ta sa:naqa pemaJiaCh C IIPHM9H9HH8M M8T9Ma
THqecRoro annapaTa (4,I - 4.3) ns pa60TH/I4/: 

.I . . -Gi.{Z- . r-
/V{ ( ! f'/ :: fltt e G": • L -Oz ~ l 

/Vi (j'i::) ::. 11,.re~ _,. J _ -t-!/u_e . . .r, (4.I) 
. • . • . •r.- ~ j 'l 
./ .,,.1 II -~ J t -1- /I. .:e 

/V,c (J L =- ,:ie +.... I(,. • 

KoafliQiHUH8HTH A ,c i onpe,Ite.7tR.OTC8 BHpalKSHRRMH: 

AKi /x :t-l = IIK-t;. ro-.er,,__ IS.· 
/( ' 

/Ix K = N,c (Oj - Al( K-1-IIK K-r ... - A,u • 

(4.2) 

(4.3) 

Si - ceqeHHe o:naoKpaTHOl1 HOHHs~.11.11 noaa c sapg:naocThro i._, 
NI( ( i' f:} - KOJI.IIqecTBO HOHOB C 38pfl)tHOCTh!O K np.11 fliaKTOpe 

HOHH3al.U'[H J 'L"" • 
.IfJIR .IIOHH3auHOHHOl1 uenoqK.11*> 

II + t. 
LJ ,- '1..,, _4, + s:;... Y ~ £1 -+ K ~ /1 -,. 7 
nr ,. ")/'fl' Fv" - ftv -:> 

_., ;JV"-t,-Z 

*'HOHH3~HOHH8.ll USIIO'JKa npe.IXJIOlltSHa E • .n • .n:omiou. 
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Haitn:ea Ha60p cetJ:eIDiii, y,nOBJieTBOpHIOlllllH 3KCllepRMeHT8Jll,IIlIM ,naHIDIM. 
B CTPOKe (1) T.a6JI. II npe.ncra.BJieHl:,I aaitn:eHHUe BeJIHtJ:HHU cetJ:eHHil, B 

crpoKe (2) npnBe.neHU 3KcnepRMearam,lllle pesym,raru H3 pa6orul15/, 
B CTPOKe (3 ) - pesym,TaTll reopeTH'l:eCimX pactJ:eTOB A.CaJIOlla/I6/ . 
no Mo,neJIH .nBOitHl:,IX coy,napeHHil. 

Pesym,TaTll pacqeTOB ;ztJtR BSRTOH HOHH38UHOHHOil uenOtJ:KH, npOB&
.neHHllX B COOTBeTCTBHH c MaTeMaTntJ:eCKHM annapaTOM (4.1-4.3) npn 
IlOJiytJ:eHHOM aa6ope cetJ:eHllil, BMecTe c 3Kcnep~eHT8Jll,~H TO'l:KaMH 
npe,ncTaBJieHU B Bll,ne RpHBUX Ha PHC. 5. Onra6KH B onpe,neJieIDIH ceqe-
HHit oueHHBaIOTC/J B +15%. . - ' ' 

Ha pnc.6 npe,ncraBJieHU saatJ:emta cetJ:ellHil noHHsariHH (noJIHUX, 
o,nHO- H ,neyxsJieKTPOHHOH HOIDI38ItHH) B 8aBHCHMOCTH OT 3apHitHOCTH 
HOHOB. 

v. HoHllllit HCTO'IHHK KFHOH-1 Ha ycKopnTem,aoM KOMOJieKce 
CHHXpoifJa30TPQHa Jm:3~0lliM_ 

1. Ha nepBOM 3Tane 3Toro !UiKJia 3KcnepHMeHTOB HOHHl:,IH HCTO'IHHK 
KPHOH-1 6llJI ycTaHOBJieH aa HHXeKTOpHOM KOMllJieKce JlY-9M. IlpecJie,no-
BaJiaCh UMh R8Y'iemm B03MOllHOCTeil RCilOJih80BaHliH ROHHOro RCTO'IHHRa 
KPMOH-1 B RatJ:eCTBe sJieMeHTa ycRopnrenHoro ROMIIJieRca ,nJIJI npoae.nemm , 
ceaHCOB YCKOpearu:i JierKHX s.in;ep (rJiaBllllM o6pa30M,c+6 H ;v'+7) Ha 

ClIHXpcxtJa80Tpoae. 
B xo.ne aKcnepHMeHTOB 6HJio ycraHoBJieao, 'ITO noJiytJ:eHHIO pa6oqe

ro pe:arn:Ma npeIIRTCTByer llOTOK BO,nopo.na H3 o6~eMa {f)opHHXeKTOpa, C 
KOTOpHM HOHHl:,IH HCTO'IllHK KPHOH-1 6WI COCTHKOBaH qepes OllTHtJ:eCKRH 
corJiaCOBaTeJU,, o6Jia,naBWRH 60JihWOH BaKYYMHOH npOBO,nHMOCThlO. 

TeM He Meaee B xo.ne o,naoro H3 KpaTKOBpeMeHllllX_8RCllepRMeHTOB 
6HJIH noJIYtJ:eHl:,I ycRopealllle .no aaeprHH 2,2 MaB/ayRJIOH s.i,npa asoTa 
(V+? B ROJIHtJ:eCTBe ""107 ~ H 8.npa re.mm He+2 B ROJIHtJ:eCTBe 

8 ~ /6/ HMO. 
,_ 10 HMll. • 

2. B xo,ne no,nroroBKH R ceaacy c uem,IO nommemta aa,nemocTH 
R M06HJII,HOCTR ROHHOro HCTO'IHHRa KFHOH-1 6llJI MO,nepHH8HpOBaH p!:IIt 

ero CHCTeM. Mo,nepHH8auHB BaRYYMHOtt ClICT€MH 3aKJDOIJ:aJiaCh B ycTaHOB
Re Melil;Ity KFHOH-1 H wopnaxeRTOpOM HMnym,caoro BaKYYMHOro saTBOpa, 
coe,nHHlHOIUero HX BaKYYMlllle o6~eMH ,nJIJI nporrycita.HIDl HOHHOrO 
llY'l:Ra a:a BpeMR 13 MC R 8aKpllTOrO MellUJ:Y HMllYJI!,CaMH HHXeR!UiJ51• 

12 

Hcnom,s0Ba1rn:e saTBOpa ll08BOJIHJIO llOJIY'IHTh pemIM pa60Tll HOHHoro 
HCTO'IHHRa, n,neHTH'Illllil pelKHMY B_CT€~ItOB!lX ycJIOBMX C aBTOHOMHOH 
BaRYYMHOli CHCTeMoil. Mo,nepHH3auH8 3JieKTPOHH0-0llTHtJ:eCROil CHCTeMll 
3aKJIIO'IaJiaCh B 3aMeHe MarHHTOllorpyl!teHHOH llymRH 3JieRTPOHHOH llymROil 
c RaTo.noM, BHHeceHHHM B MarHHTHOe llOJie, COCTaBJIHIOIUee 16% OT no
JIH B ueaTpe COJieaon.na,TaK 'ITO HMeJia MeCTO wecTHKpaTHa8 KOMnpeccWI 
SJieRTpoaaoro nytJ:Ka MarHHTHllM noJieM ( 17 I. B xo,ne ceaaca HOHHUil Hc
TO'IHHK HMeJI CJie,rorroIUHe pa60tJ:He napaMeTpll. TOK 8JieRTpOHHOro llY'IKa 
COCTaBJillJI 50 MA npH llJIOTHOCTH TOKa 60 A. BpeMR HOHH38UHH - ,no 
150 MC , ,nJIHTeJII,HOCTh HOHHOro HMllYJihCa aa ypOBHe llOJIOBHllll aM

llJIHTY,nll - 35 MRC, tJ:aCTOTa UHRJIOB HOHH38UHH onpe,neJIHJI8Ch qacTOTOH 
pa60Tll ycKOPHTeJI8 H COCTaBJIHJia 0,12 ~- HoHHl:,IH 3apH,n Ha ooxo.ne 
H3 HCTO'IHHRa ae 8aBHCeJI OT BH,Ita pa6oqero aemeCTBa H COCTaBJIHJI 

2•109 an.sapiHun., npn~eM .no 80% aToro sap1:1n:a perncTpnpoBaJIOCh 

aa Bxon:e JlY-20 B aneprype UHJIH~a wapa,ne8 .nHaMeTpoM 1 cM. Ha 
JIHHeilaoM ycRopnTeJie JlY-20 6llJin ycRopeHl:,I 8.npa c+6, N +?, o+8 u 
N e+10 co· cJie,nyJOIUHMH imTeHCHBHOCT8MH: 

c+6 - 2.107 ~ ti+? - r-107 ~ o+8 - 5.106 ~ HMll. ' l'!Mll. _ ' HMl1. ' 

N e+IO - I•I06 !!ii? • 
MaRCHMMhHa8 RHTeHClll3HOCTh ycRopeHHl:,IX Ha CHHXP0ql880Tpoae H 

s~erncTpnpoBaHHl:,IX aa ooxo.ne RaaaJia Me.nJieaaoro BHBo.na R,nep c+6 H 
0 COCTaBHJia COOTBeTCTBeHHO 2,8•I04 ~ii: H 6•1G3 ~ilii:. IlpH 
llOllllTRe YCKOpHTh 8,npa aeoaa 6llJIO saperHCTPHPOBaHO H~RaTopaoe 
KOJIHtJ:eCTBO ycRopeHHl:,IX .no aaeprHH 84 raB s.i,nep aeoaa. 

Ha pnc.? npe,nCTaBJieHll cneRTpll YCROpeHHl:,IX Ha CHHXpCX{)a30Tpo
He s.i,nep C, 0 H tie, saperncrpnpoBaHHUe aa ooxo.ne RaaaJia Me,IIJieij
Horo BllBO,Ita c llOMOIIU',lO cneKTPOMeTpa y,neJII,HUX noreph aaeprHK/18/. 
AHaJIH3 8THX cneKTPOB llOK83llBaeT, 'ITO npH ycKopeHHH a,nep yrJiepo,na 
HX ,noJIH B o6meM cneRTpe npeBIImaeT 90%, llpH YCROpeHHH RHCJIOpo.na 
.ItOJI.8 8,nep KHCJIOpo,Ita npeBHmaeT 80%. IloTepH BCJie,nCTBHe no,nXBaTa 
8JieKTPOHOB npH CTOJIRHOBemtax C MOJieKyJiaMH OCTaTO'IHOro rasa, He
COBepmeHCTBO c·ncTeMll no,naqH pa6oqcro BemecTBa B ROHHl:lll HCTO'IHHR H, 
R8.R CJie~CTBlie 8Toro, He~ocTaTO'IHO BUCORa!I 'IliCTOTa BBO,nRMoro pa6o
qero BemecTBa o6ycJIOBWlli Hey,uaqy nonuTRR ycRopemm smep HeoHa. 

B xo.ne ceaHca o6mee BpeMR pa60Tll HOHHoro HCTOtJ:HHKa KPliOH-1 
aa· YCROpHTeJie cocTaBHJIO 540 qacoB, 3a 8TO Bpe.Mll HCTOqHHR HH pasy 
ae BCKpuBMca. IlorepII BpeMeHH aa TeKymee o6cJiy:arn:roHHe KPIIOH-I He 
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apeBHJllaJill .IJ;BYX qacoB Ral!Utl:le .!OlOe cyTOK R 6wrn BH3B8Hll Heo6xo
,ItRMOCTl>ID 38.7IBBKR KpnoareHTOB B Kpll0CT8Tli HCTOqHHRa. 

HecTa6llJll>HOCTI, sapiu:i;a ycKopeH!lllX 8J.J;ep. Ha BHXO,IJ;e JIY-20 38 -
BCe Bper&J He apeB!llllaJia 20% / 6/. 

Hcaom,30BaHHe HCTOqHHKa :KFMOH-I BaepBHe B Mllpe .IJ;aJIO B03MO~
HOCTI, npoBeCTll .IJ;.7IBTeJU,Hllll ceauc YCKOpeHIDI s.nep CHO .no aueprHH 
4,2 raB/HyKJIOH ll BHllOJIHHTI, plI.IJ; ~H3HqecKRX 3KcaepHMeHTOB C 3THMH 
8.IJ;par.m Ha aponaHOBOH,CTPHMepuon KaMepax H Ha ~OT03MYJil>CMX. 

BllBOJ(U 

I. Paspa6oTaHll, HCllllTaHII ll apnMeHeHII B aJieKTpOHHO-JIY'l8BOM 
HOHHOM HCTQqHHKe KpnoreHHO-BaKYYMHaH ll CBepxapoBO,ltfflll88 MarHllTHM 
CllCTeMR ~OKYCHpyromero COJieHOll.IJ;a C KOHTaKTHIIM MeTO.IJ;OM TepMOCTaTH
pOBaHM. 

2. Paspa6oTaHII ll apHMeHellll 3JieMeHTli aJieKTpOHHO- H llOHHO
oaTnqeCKOH CllCTeM aneKTpOHHO-JIY'leBoro llOHHOro HCTO'lHHKa,a TB.KlKe 
CllCTeMa no,naqn pa6o-qero BemecTBa B o6JiaCTI, BBO,IJ;a llOHHOro llCTOqHll
Ka. Paspa6oTaHa H BBe.neHa B 3KCllJIYaTaiiaro cepIDJ H3 Tpex Macc
cneKTpOMeTpOB ao BpeMeHH npoJieTa C .IJ;JIHHOH npoJieTHOH 6a3li I, 2·n 

4 M. 
3. IlpoBe.neuo llCCJie,IJ;oBaHlle pel!Ci'lMOB pa60Tll ROHHOro RCTOqHHKa 

KPHOH-I,B pesym,TaTe KOTOporo 6wm peaJIH30BaHll "qncTHe" yCJIOBM 
ROlll3aiian, ll03BOJIHBlllll8 llOJIYqRTI, ~aKTO p ROHll3aiiaR j L = 6, 4 • I0I8 CM-2 • 

4. B aKcnepKMeHTax ao HO!ill38.IlHH yrnepo.na, asoTa, aproHa H 
KCeHOHa nonyqefffi si.npa asoTa ;/ +? B KOJIHqeCTBe 2•I09 :t;iiP , s,npa 
yrJI~.IJ;a c+6 B KOJIRqecTBe 3•I09 ~'a TaK~e ROHR 1,+15 

H 
+ 

HMll. 
Xe • 

5. BaepBHe H3MepeHll ceqeHRR rJiy60KOH ROHR38.IlRH IlOJIO:imTeJIL
HllX HOHOB aproHa 3JI8RTpoHH!lM y,napoM apH ~RKCHpOBaHHOH 3HeprHH 
60M6ap.nnpyrol!lHX 3JieKTpOHOB 2,5 KaB B HOHHsaQROHHOft ~ellO'!Ke 

. Ii " 
'f +-')' : 'ii. 

Jl-r:+-llr '-.. II/~/ IJ
_,f /J+J /)-tll. 

V' -- V' ---: •. -/711' • 

6. IlpoBe.neua pa6oTa ao a,IJ;allTa.IlHll ROHHOro HCToqruma :KFMOH-I 
K YCJIOBHHM pa60Tli Ha yCKOpHTeJie, B pesym,TaTe KOTOpoif B HCTO'!HHKe 
6WI aonyqea ycToifqRBHH pa6oqnif pe~ c "qncTmm" YCJIOBRRMR ROHR-
38.IlHH. 
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?. G HCilOJll,SOB!UllleM HOHHoro HCTO'lHHKa KPHOH-I Ha CHHXpoqa
SOTpoHe npomi.neH .IJ;JIHTem,HIDi ceB.Hc ycxoperum .i:r,nep C, II, O H tie 
H BHilOJIHeH p.im <pll3K'iecIOIX axcnepm,reHTOB C TpeKOBilMH ,IteTeKTopaMH 
H qlOT03My-JU,CHHMH. BnepBue B MHpe .impa KHCJIOpo,1ta H HeOHa ycxopeHll 
,Ito aHeprnH 4,2 raB/HYK,1IoH. 

C,4 

I 4,6 

2 

3 3,31 

Ta6.1, I. llap&MeTIJi ~01<1CB!)YllllerO CO.IBROIUl8 

.II l!altlleHOBBRll8 DBp&IIBTp(lll lle.uuRB DD 

I. Jl>mRB odYOTU CO.IBHOJIUl8 120 CII 

2, llQTpeHllllll .IDIBMBTP odMOTJ<B 5 CII 

3. MaTepau CBep%11pOl!OJlllllXB Hr-50 

4, JlRBMeTp c11ep:mpoJ10)11111!8ro aa6e1111 6ea 
830.IHlll!B 0,5 IN 

5. 06111811 Jt.DHB c11epJ11p01!0)lllllJ(B JI od1roue 
COJ!OK0.1,1111 2550 11 

6, 06111Be l!O.IH8CTJIO llllTl!OJI JI odllone 1500) 

7. HIIJIJKTUHOCTJo CO.IOHOIIJ(8 0,54· l'II 

8. BanprllellHOCTJo 11erR11TKOro JI0.111 B 118HTpe 

CO.leH0.1,1111 DPJI 'f01!8 80 A 12,0 sa 
9, llellll'lllHB 38DBC8HHOII aaeprll 11erHHROro 

JIOIIII CO.leKC.1,1111 DPJI 'fOKe 80 A I,75- 11:b 
IO, lllollllUII, aoaepeuoro ce.uu 11&'f8p118.18 

IO c.l-BOptl1~ C0.IOKCIIJ(8 

Ta6.1nma n. 3HalJ8HBR ceqeffltli nonson, OllRO- 11 ,l[BJX3Jl£KTgoeaott BOM38UKH HOHOB 

apro•a aJ1eKTpol!llllll Yll8poM Cs BIU1Hllll8X nr1 c.,2) 
I - axcnepmMeRTanmre pe3JJD,Tam, DOJl1'{eH1111e ea JCTSHOBKe ICPIIOII-I /4/, 
2 - 3Kcnepl!MeRTanHHe pe3JJ1J,TSTH, nox1•em111e ea ICPIIOll-2 /I8/, 
3 - pe37JIJ,T8TH pacqeTOB CaJiona A /I?/. 

G'5 G's 
6'7 Ga ~ G'ro G'u ~2 Gs-.i c;;. .. , c;; .. 1 G;I ~ .. i c;; .. 6 

3,5 2,05 I,45 2,3 0,92 I,38 I,4 0,88 0,65 0,45 0,30 0,20 

0-,6 0,48 0,35 0,25 0,18 

~,39 l,67 0,72 l,76- I,IO 0,66 l,56 0,68 0,45 0,34 0,26 0,18 
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Pnc. I. 06IIWH BR,lt KpnoreHHO-MarIDITHOH CllCTBMll. l - CEBPXIIPOBO,Ita
l!Wll coneHolln, 2 - KJIIO'l, 3 - npoMBlii;yTOtJHOe KO~O co CllaH
Mll CBBPXIIPOBonmutoB, 4 - re.imeBIDi KPllOCTaT, 5 - TOKOllOn
BO,Ital!lllB llIHHH, 6 - JKBCTKliB ytJaCTKll illllH, ? - llO.InlFIJKHHB 
aneKTpO,n;u KOHTaKTOpa, 8 - a30T!lllll KPllOCTaT, 9,10 - TOpue
ooe P~lmllOHHHe 3KpaHH, II - BaKYYMHHH KOlllYX, 12 -;- "II.7Ia
Ba!Ol!WH11 p~a.IUIOHH!:zii: 3KpaH, 13 - MaHOMBTplltJBCKllH MT'lllK. 

~, " tl oJ ,1, ■ 11 n Of,fl 

-· 

Pile. 2. BeyTpeHHmI tJaCTL llOHHOro llCTOtJHIIKa KFHOH-l; l - Tpy6Ka 
nonatJll rasa B o6nacTL BBOM, 2,15 - TopueBHe P~a.IUIOHHHe 
3KpaHU, 3 - 3HBKTPOHH8.il nymKa, 4 - TBKCTOJmTOBI1e CTOH6ll
Kll, 5 -o6MOTK.a coneHoa,ua, 6 - Kopnyc coneHoa,ua,? - ceK

.QHJI ~eil!pOBOH Tpy6Kll, HMBIDIIWB TBMllepaTypy u~oro asoTa, , 
8 - ceKQHH, HMBIDIIWe TeMnepaTypy Jm,UKoro·remm, 9 - reJme
BHfi KPllOCTaT, IO - llIHHa, H - nocnemma (25-ll) ce:rmllll, 
RMelOIIl8.il Te.r.mepaTypy ~oro asoTa, 12,13 - MarHIITHHii no
ir~c, 14 - aneKTPOH!lllll KOMeKTOp, 16 - ll30JIRTOP BHTllrllBaIO
mero aneKTPO.Ita, 19 - 3ReKTPO.JU,i BHXOnHoft JlliH3H. 
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PKc. 3. CneKTP sapa,ItHOCTel B0H0B asoTa sa 39 MC H0llll3aIUm. 

PHc. 4. 38.BRCHMOCTL BR,lta CII8KTpOB sapg,ItHOCTei ll.OHOB I(C8HOHa 0"' 
BpeMeHll HOHHSaIUm. 
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Pnc.5. 3BOJIIO!Um CllSRTpa 38!)R,ItHOCTeft HOHOB aproHa B 38l3IlCRMOCTH 
OT qlaRTOpa HO!m38llM. 

G" 
cm1 

10-~8~ • (5 

0 G"(1\ 

X G'(2) 

4 

3 

2 

o 4 s . 6 1 8 g 10 ft 12 l 

Pac. 6. 38l3RCHMOCTh ceqe1mn RO!m38IUIR HOHOB aproaa OT 38!)8,ItHOCTR. 
C5 - noJiaoe ceqeime I G (I) - ceqe1me o,n:HoaJieRTPOHHoft 
ROIDI38llHH, G' (2) - ceqe1me .ItBYX3JISRTPOHEIOn HOlm38llRH. 
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n I C 

r 
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I ~ ~ ~ Nl-l'af-1 
20 30 40 50 60 10 Bl 90 100 110 

r\l C 
n 
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B 

so 

, . N•a• 
10 m m 40 m ~ w M m m 

Puc. 7. CneRTPH n~ep Ha BHXO~e C1iJHXPO<PB,30TpOHa 
np2 yc1topeHBH a - yrJiepona, 6 - RHCJlopona, 
B - aeoHa. 
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